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Kypnan «Bompocsl BHPYCOJOTMM)» 3HAKOMUT UYHUTATENEH C JOCTHXKEHHSIMU POCCUHCKOM
W MHPOBOI BHPYCOJIOTHH, TIOMEIIAET CTaThH, MOCBIIIEHHBIE H3YYCHUI0 BUPYCOB M BUPYCHBIX
OoJie3Hel YenoBeka, )KUBOTHBIX M pacTeHHd. BHIHOe MECTO B M3JaHUH OTBOAUTCS ITyOIHKAIIHA
PE3YIBTaTOB 3KCIIEPUMEHTAIBHBIX Pa0OT M0 Pa3IMYHBIM BOIIPOCaM O0IIeH 1 YaCTHOW BUPYCOJIO-
rud. B xKypHale rmedaTaroTcsi MaTepHalibl, CIIOCOOCTBYIOIINE BHEIPEHUIO B MIPAKTHKY JTOCTHXKE-
HUH BHPYCOJIIOTUYECKOIN HAYKHU TI0 JINKBUIAIIUH U CHIDKCHHIO PAcIpOCTPAaHEHHOCTH NH()EKIINOH-
HBIX 3200JICBaHUH, a TAKXKE UX TUATHOCTHKE, TPO(DUIAKTUKE U JICUCHUIO.

B 0030pHBIX cTaThsix 0000IIAOTCS MOCICAHUE JOCTHKECHUS B 00JIACTH BHpycoyoruu. Ynra-
TCJIb HaﬁﬂCT B )KypHaJI€ OIIMCAaHNUEC HOBBIX MCTOA0B HCCHCHOBaHHﬁ, METOANYCCKUX HpI/IéMOB, HO-
BOH arnmapatypbl ¥ PUCIIOCOOICHUH.

KypHan paccunTan Ha BHUPYCOJIOTOB, SIHUIEMHOJIOTOB, TIAPa3UTOJIOTOB, (papMakoioros, 6HoO-
XMMHUKOB U JPYIruX CIICHUATINCTOB.

The Journal «Problems of virology» is focused on current advances in virology in Russia
and the rest of the world. It covers research in virology and viral diseases of humans, animals,
and plants. Emphasis is given to the original experimental studies on various aspects of general
and special virology. The reviews of recent and historic developments in virology are regularly
published.

The journal promotes the implementation of advances in virology aimed at treatment, reduction
of'the incidence and elimination of infectious diseases and enhancement of diagnostics, prevention,
and treatment practices as well. The target audience of the journal are virologists (including
medical and veterinary virologists, scientists and practitioners), epidemiologists, parasitologists,
pharmacologists, biochemists and specialists in related medical disciplines.
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TaIWi Ha COMCKaHWE YYEHOH CTENeHN KaHWUaTa HayK, Ha COMCKaHNe YIEHOH CTENeHH JOKTOpa HayK»
T0 CHEIMATEHOCTSIM:

1.5.10 Bupycomorus (MeTUIUHCKYE U OHOIOTHIECKAC HAYKHN)

3.2.2 Ouupemuonorus (MEANIIMHCKUE ¥ OMOJIOTHYeCKre HAYKH)

3.1.22 Undexnmonnsre 60me3nn (MEIUIMHCKIE U OHOJIOTHYECKHE HAyKH)

3.3.6 dapmakonorus, KITMHAIECKast (hapMakooryst (MEIUITNHCKAC U OMOJIOTUISCKUE HAYKH )
B cootsercteum ¢ pexomennanmsivia BAK (tmesmo BAK ot 06.12.2022 Ne 02-1198), JKypran otHOCHT-
cs1 k kareropun K1, kak m3nanue, Bxomsmee B 6a3b1 qanapix SCOPUS u RSCL

The journal is indexed in the SCOPUS database and is included in the «List of peer-reviewed scientific
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of Doctor of Science should be published» recommended by the Higher Attestation Commission for
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CpaBHUTeNbHbIA aHaNU3 KpuTepueB Knaccudumkaumm psaa
rpynn natoreHHbIX JJHK- n PHK-cogepxalwux sBupycoB
Ha OCHOBE NreHOMHbIX AaHHbIX

CusukoBa T.E., Ilebenes B.H., bopncesny C.B.

PIrBY «48 LleHTpanbHbIN Hay4HO-MUCCegoBaTenbCkuii MHCTUTYT» MuHoGopoHbl Poccuu,
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Pestome

B 0630pe paccmoTpeHO 060CHOBaHME KpUTEPUEB NMAEHTUMMKALUM TaKCOHOMUYECKON NPUHAANEXHOCTN HEKOTO-
pbix rpynn natoreHHbix OHK- n PHK-cogepxawmux BupycoB Ha OCHOBE pe3ynbTaToB CEKBEHUMPOBAHUSA reHoma.
[MpoaHannanpoBaHbl 4aHHbIE CEKBEHMPOBAHUS FTEHOMHOW HYKIIEMHOBOW KUCNOTLI BUPYCOB, FEHOM KOTOPbIX Npea-
cTaBneH ggyxuenoyeqHon OHK (Ha npumepe opTonokcBupycoB), ogHouenoveyHon «nntocy PHK (Ha npumepe
anbgaBmpycoB 1 (hriaBMBMPYCOB), OQHOLIENOYEYHON HECerMeHTUupoBaHHoM «MuHyc» PHK (Ha npumepe dwmno-
BMPYCOB), OAHOLIENOYEYHOW CermeHTnpoBaHHon «MmuHyc» PHK (Ha npumepe apeHaBupycoB n ¢neboBupycoB).
[ns kaxgon rpynnbl BUPYCOB YCTAHOBMEHbI YPOBHU FEHETUYECKOW U3MEHYMBOCTM, OMpPEeAensione OTHeCEHNe
CpaBHMBaEMbIX BUPYCOB K TAKCOHaM PasHbIX NOPSAKOB.

KnioueBble cnoBa: eeHom; [JHK- u PHK-codepxaujue supychl; epyrnrbl 8UPYCO8; CEKBEHUPOBaHUE; eeHemuYe-
CcKasi UBMeHYUB0CMb; OPMOMNOKC8UPYChI; anbghasupychi; ghrnagusupycsl; ¢punosupycsl; ape-
Hasupycebl; chriebosupychbl

Ona untupoBaHua: Cusmkosa T.E., Jlebener B.H., bopuceuy C.B. CpaBHUTENBHLIN aHann3 KpUTepueB Krac-

cudpukaumm paga rpynn natoreHHbix JHK- n PHK-cogepkalumx BupycoB Ha OCHOBE reHOMHbIX AaHHbIX. Borpocs!

supycosnozauu. 2024; 69(3): 203-218. DOI: https://doi.org/10.36233/0507-4088-238 EDN: https://elibrary.ru/njrkwu

®duHaHcHMpoBaHue. ABTOPbI 3asIBMSIIOT 06 OTCYTCTBUM BHELLUHErO (DHaHCUPOBaHUS NpY NPOBEAEHWUW UCCNEA0BAHNS.

KOHMNUKT nHTepecoB. ABTOPbI [eKNapupyoT OTCYTCTBME SIBHBIX U MOTEHLMAbHBIX KOH(IMKTOB MHTEPECOB, CBSA3aH-
HbIX C MyBrMkauuein HacTosLen CTaTbi.
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Comparative analysis of the taxonomic classification criteria
for a number of groups of pathogenic DNA
and RNA viruses based on genomic data

Tatiana E. Sizikova, Vitaliy N. Lebedev, Sergey V. Borisevich

48 Central Scientific Research Institute of the Ministry of Defence of the Russian Federation, 141306, Sergiev Posad,
Russia

Abstract

The basis for criteria of the taxonomic classification of DNA and RNA viruses based on data of the genomic sequencing
are viewed in this review. The genomic sequences of viruses, which have genome represented by double-stranded DNA
(orthopoxviruses as example), positive-sense single-stranded RNA (alphaviruses and flaviviruses as example), non-
segmented negative-sense single-stranded RNA (filoviruses as example), segmented negative-sense single-stranded
RNA (arenaviruses and phleboviruses as example) are analyzed. The levels of genetic variability that determine the
assignment of compared viruses to taxa of various orders are established for each group of viruses.

Keywords: genome; DNA and RNA viruses; group of viruses; sequencing; genetic variation; orthopoxviruses;
alphaviruses; flaviviruses; filoviruses; arenaviruses; phleboviruses
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BBenenne

Bupycsl — 3T0 OOnMMraTHBIE BHYTPHKIETOYHBIE IIa-
pa3uThl, UMEIOIUME COOCTBEHHBIN T'€HOM, KOIUPYIOIIHMA
CTPYKTypHBIE OETIKH 1 (pepMEHTHI, M CIIOCOOHBIE PETUIH-
LUPOBAThCS TOJIBKO B UyBCTBUTENBHBIX KIETKax [1].

B coBpeMeHHO# Ki1acCU(pHUKAIIMK BUPYChI PEICTABIIS-
10T OTJENBHBIN, HO ()OpPMaIbHO HE BBIJENICHHBIH aHaJIOT
nomena (domain) — Viruses, HapsiLy ¢ Tpems TITaBHBIMU
JMIOMEHAMH JKHUBOW MPHUpOnbl: apxesmu (Archaea), Oak-
tepusmu (Bacteria) u sykapuoramu (Eukarya). BayTtpu
nmoMeHa Viruses BHPYCHI OOBCAMHEHHI B 6 OCHOBHBIX
HagmapctB (realm), 10 mapcte (kingdom), 17 Ttumos
(phylum), 65 otpsnmos (order), 233 cemeiictBa (family)
1 2606 pomoB (genus), BKimogaromux 6omiee 10 TeIC. omu-
CaHHBIX BHIOB (species). BHYTpH OCHOBHBIX TaKCOHO-
MHUYECKHX PAHTOB HCIOJB3YIOT IMPOMEXYTOUYHBIE PaHTH,
TaKkde Kak IMOATHII, mojceMeiicTBo, moxapon'. Konuen-
LU BHIA B BUPYCOJIOTUH pa3padaThIBaiach C CEPEIHHbI
1980-x rr. B HacTosi1Iee BpeMs IT0J] BUIOM BHpYCa IOHU-
MaloT MOHO(MIETHYECKYIO T'PYIITy BHPYCOB, 3aHUMAlO-
IIMX OJHY SKOJIOTMYecKylo Humry. U sTa rpynma Moxer
ObITh nuddepeHpoBaHa OT POACTBEHHBIX BHPYCOB Ha
OCHOBE CEPOJIOTHYECKUX, TeHETHUECKUX WIN (PHIIOTeHE-
TUYECKUX KPUTEPHUEB.

TpanumuoHHbIe TMOAXOABI HASHTU(HUKAIMKA W KIiac-
cU(UKAINU BUPYCOB OCHOBAaHBI HAa aHTUTEHHBIX CBA3AX
M BKIIOYAIOT B ce0sl cepojiorndyeckue (peakiusi Heu-
TpaJU3aliy, PeaKiys TOPMOXXECHUS TeMarTIIOTHHAIH)
U UMMYHOXHMHYECKHE METOAbl (MMMYHO(EPMEHTHBIN
aHamn3, MeTol (IIyopeCIMPYIOIIUX aHTUTeN U Ap.). B oc-
HOBE JTAaHHBIX METOJIOB JISKUT B3aUMOJIEHCTBHE BUPYCOB
co crnenuduyeckuMu aHTUTenamMu. DaxkTopom, HEMo-
CPEICTBEHHO BIUSIOLINM Ha BOCIPOU3BOIUMOCTH MOIY-
YEHHBIX JITAaHHBIX, SBISETCS WU3MEHYMBOCTH ITOBEPXHOCT-
HBIX aHTHT€HOB BHPYCOB, KOTOpas OOyCIIOBJIEHA IBYMS
TeHETHYECKUMH IPOIeCCaMu: APEH(OM, He BBIBOISAIIUM
IITaMM BUpYca 3a TpeJelibl TaHHOTO BHIA, W IIH(TOM,
OTIPEIeIAIONINM N3MEHEHUS, TPUBOJIAIINE K MOSBICHUIO
HOBOIO BHIa BHpyca [2, 3], a Takke HEOOXOIUMOCTHIO
WCTIOJIb30BAHUSl CTaHIAPTH30BAHHOTO AHTUTEIIOCONEP-
JKalrero cyocTpara mpu CTpOroM COOTIONCHUH TTPHHIINTIA
«EOUHCTBEHHOTO pasnuuuss». Kpome Toro, mocTaTodHo
CJIOKHO YCTaHOBUTH CTPOTHE KOJIMYECTBEHHBIE TPAHUIIBI
CEpONIOrMUYECKUX PAINYUM NPU YCTAHOBJIEHUU BUJOBOMI
UACHTUYHOCTH. [ uaeHTnduKanum u KiaccupuKanuu
BHPYCOB Ha OCHOBE aHTUTEHHBIX PEaKIMi HCIOIb3YIOT
CTaHJapTU30BaHHbIE TAHENH CHIBOPOTOK W AHTUICHOB,
KOTOpBIE XPaHATCS B KOJUJICKIUSX BUPYCOB. MUHUMAIb-

ICTV. Current ICTV Taxonomy Release. Available at: http://talk.
ictvonline.org/taxonomy/
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HBI MOpPOr KPaTHOCTH AaHTUIEHHBIX pa3ivyuil B Iepe-
KpECTHOM peakluuu, HeOOXOAMMEBINH U JOCTATOYHBIN s
WIeHTH(UKAIMK TOTO WM HHOTO BHpyCa B KavyecTBe
CaMOCTOSITEJIbHOTO BUJIA, 3aBUCUT HE TOIBKO OT UCIOJIb-
3yeMOT0 CepOJIOTMYECKOT0 TECTAa U KOHKPETHBIX METOIH-
YEeCKHUX 0COOEHHOCTEW ero MOCTaHOBKH, HO M OT TaKCO-
HOMUYECKON MPUHANIEKHOCTH HCCIELYEMOro H30JsTa
BHpYCa U BapHaHTa CPABHEHHUS.

AHTUTEHHBIE CBSI3U BBISBIISIOTCS TOJBKO BHYTPH POA-
CTBEHHBIX TPYII BHPYCOB, KaK IPaBWIIO, MPHHAIJIEKA-
IIUX OHOMY BUIY U poxy. [y onpenenenns Kpurepruen
Ooyiee BBICOKMX TaKCOHOMHYECKHX PaHTOB (CeMeHCTBO
¥ BBIIIIE) OCHOBHOE 3HaY€HHE MMEIOT THUI M CTPYKTypa
TeHOMa, CTPYKTypa BUPHOHA (THUI CHUMMETPUU HYKIIEO-
Karcuaa, Yucio KarncoMepoB, HaJUUUE WM OTCYTCTBUE
cymnepkarcusa)'.

B Hacrosiiee BpemMs OHO W3 BaKHEMILIMX MECT B /M-
THOCTHKE MH(EKIIMOHHBIX 3a00JIeBaHUI 3aHUMAIOT MOJIe-
KYJIIpHO-OMOIOTHYECKHE W MOJIEKYJIIPHO-TeHETHIECKIE
METO/IBI, HalpaBIICHHBIE Ha M3y4YeHHE OCOOCHHOCTEU re-
HOMa. B muarHocTike BUPYCHBIX HH(EKIIMOHHBIX 3a00I1e-
BaHWI HanboJIee YacTo MCIIONB3YIOT BRIABICHHE BO3OYAH-
TeJIsL C UCIONB30BaHUEM MOJIMMEPA3HOM LIEITHON PeaKUU
(ITLLP), AHK-uumoB, a Takke CEKBEHUPOBaHNWE T€HOMHBIX
HykienHoBBIX kuciot (HK). [[ns mpoBenenns cexBeHU-
poBanust HK Tpamuumonno ucnons3yror merox CaHrepa
[ouT. o 2]. B HacTosIee BpeMs IMIMPOKOE pacipocTpaHe-
HHE TIONyYHIA TEXHOJIOTHH CEKBEHMPOBAaHMS HOBOTO MO-
KOJICHUSI — MACCHBHOE TMapajlieIbHOE CEKBEeHUpOBaHUE [4]
U HaHOTIOpOBOE cekBeHupoBanue [5]. [locnennue Mmonenu
ABTOMAaTHYECKUX CEKBEHATOPOB MO3BOJISIOT IPH CEKBEHHU-
POBaHHH TOIYYUTh 3HAYUTENBHBIA 00BEM T€HETHIECKON
uHdopmar. BHenpeHue METOIOB CEKBEHHPOBAHUS
HOBOI'O IOKOJIEHUSI IPUBOAMT K YNPOUICHUIO IpoLecca,
YMEHBIICHUIO BPEMEHHBIX 3aTpar (B MEPBYIO O4epes — Ha
aHaJIU3 Pe3yNbTaTOB) U CHUKEHUIO €T0 CTOUMOCTH.

AHanm3 ucciaenoBaHuid B 001aCTH MOJICKYIISIPHOH Ono-
JIOTMH U TEHETHKH BHPYCOB, CBHJETEILCTBYET O LIMPO-
KOM BHEAPEHUHM B MPAKTUKY METOJA CEKBEHUPOBAHUS
JUTS TEHOTHIIHPOBAaHUS BO30OyIUTEIEeH OMACHBIX M 0C000
ONacHBIX BHUPYCHBIX HH(ekuuil. B Hacrosmee Bpems
JUISL KaXXJAO0ro CEeMEWCTBa OMpENesICeHbl CBOM KpPUTEPUU
TaKCOHOMHH, KOTOPbIE MOTYT OBITh OCHOBaHBI Ha OIIpe-
JIeICHHOM T€HEe WJIM TPyTIIe TeHOB, T.€. CEKBeHUPOBAHUE
reHoMHbIX HK BHpPYCOB MOXXHO YCIOBHO pasfeiuTh Ha
CEKBEHHPOBAaHHE MO OJHOMY T€HY M CEKBEHHPOBAaHHE
o BceMy TreHoMmy. BreiOop BapmaHTa CEKBEHHPOBAHUS
3aBHCHUT OT TOCTaBJICHHBIX 3afa4. s Kiaccupukanuu
HOBBIX BHJIOB, KaK MPaBUIIO, TPEOyeTCs MOTHOTEHOMHOE
CEKBEHHPOBAaHUE, NPU XapaKTEPUCTUKE T€HOBAPHAHTOB
BHYTPH BHJa MOXET OBITh UCIIONIF30BAHO U CEKBEHHPO-
BaHUE OIPEEIEHHOrO IreHa. Pe3ynbsrarel CeKBEeHUpPOBa-
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HUS MOT'YT OBITh MCIHOJIb30BaHBI B KadeCTBE aJIrOpUTMa
OTIpe/IeNICHHsT MECTa BHOBD BBIICJICHHOTO M30JISTa BHPY-
ca B COOTBETCTBYIOLIEM TAKCOHE ceMmeilcTBa. B HacTos-
mee BpeMs pa3paboTaH MOPSIOK IIPUMECHEHUS MOJICKY-
JSIPHO-OMOJIOTHYECKNX W MOJEKYJISPHO-TEeHETHIECKUX
METOJIOB, OCHOBaHHBIM Ha CTPYKTypHPOBAHHOM MOAXOJE
(anmropuT™e) MHAMKAIMY ¥ TE€HETUIECKOH XapaKTepUCTHU-
K€ TaToTeHHOTo Owoyormyeckoro areHta. OOOCHOBaH
TPEXYPOBHEBBII AJITOPUTM MOJIEKYISPHO-TEHETUYECKOM
XapaKTepUCTHKN MaToreHoB (I ypoBEHb — BBIABICHHUE
B030yauTens ¢ momombko [P, II ypoBens — cexBeHmpoO-
BaHHe (pparMeHTOB reHoMa Bo3Oyaurend, 11l yposens —
MIPOBEJICHHE TEHOTUITUPOBAaHUS [6].

I'paHuIBI BUa ONIPeeNstoTCs KpUTEPUIAMH, TPUHATHI-
MU MeX1yHapoaAHBIM KOMHUTETOM 10 TAKCOHOMHUH BUPY-
coB (International Committee on Taxonomy of Viruses,
ICTV) nnsa naHHOW Tpymmbel BHPYCOB. Moekyssp-
HO-Omonorundecknii ananus renomuoit HK uccnexyemoro
BO30yAUTENS], OCHOBAaHHBIN HA JTaHHBIX CEKBCHUPOBAHMS,
ITO3BOJINT TOYHO ONPENETUTh BO3MOXHBIH YPOBEHb W3-
MEHUYMBOCTH BHYTPH JJaHHOTO BUA.

Bo30yaurenu 0co00 onacHbIX BUPYCHBIX HH(EKIHOH-
HBIX 3a00JI€BaHUI — 3TO BUPYCHI, TEHOM KOTOPBIX MpEa-
ctasneH apyxuenodeqnoil (ds)/IHK, mm6o oxxoueno-
yeyno# (ss)(+)PHK, nmu6o omuonenoueynoii (ss)(—)PHK.
Kpurepun ompeneneHust 10 BHAAa YETKO OIPEIENICHBI
ICTV. Kputepun BblieneHUs OTACIBHBIX BUPYCOB U HX
TEHOBAPHAHTOB, KaK IPaBWIIO, OMPEAEISIOTCS HCTOPH-
YECKOW TPAaJULUM JUIsl 3TOM IpyINIbl, IPpU 3TOM JAHHBIE
MOJIEKYJIIPHO-TEHETUYECKHX ~ HMCCIEOBAaHUH  XOPOILIO
COIVIACYIOTCS C pe3yNbTaTaMHM, MOIYYEHHBIMU IpPU HC-
[10JIb30BaHUM CEPOIOIMUECKHUX TecTOB. OHAKO MpHU HC-
MIOJIb30BAaHMM TOJIBKO JAaHHBIX CEKBEHHPOBAHMS I'€HOMa
JUIsl pa3HBIX TPYII BUPyCa OTCYTCTBYIOT YHHUBEPCAIbHBIE
KOJIMYECTBEHHBIE KPUTEPHH, YETKO OTPEEIAIONINe TaK-
COHOMHYECKYIO IIPUHAATIEKHOCTh HCCIIEAYEMOro Bo30y-
JUTEIS.

Heasb paboTel — mpoBecTH 0030p W CPaBHUTEIHHBIN
aHalN3 KpUTEPHUEB, IPUMEHAEMBIX A HICHTUPHUKALUU
U ONpeAETIeHNs] TAKCOHOMHYECKOH MPUHAAJIEKHOCTH Psi-
na rpynn naroreHusix JJHK- u PHK-cogepxamux Bupy-
COB Ha OCHOBE T€HOMHBIX JJaHHBIX.

Bupycsol, renom koropbix npeacrasiaed dsIHK

HarypanbHas ocnia — 3a6oneBaHne 4eloBeKa, XapaKkre-
pu3yroleecs BbICOKo seranbHocThio (30-50%), MHOTO-
YHCJICHHBIMHU, Pa3HOOOPA3HBIMU W TKEIBIMH OCIIOXKHE-
HUSMH. BOCIpHMMYMBOCTD YeloBeKa K 3TOH MH(EKIUU
cocrasisiet 6oiee 95% [7-11].

B mpupone npomomkaroT IUPKYJINPOBaTh OPTOIOKCBHU-
PYCBI, B TOM YHCJI€ U TATOT€HHBIE JIs YeIOBeKa: BUPYCHI
OCIIbI 00€3bsIH, OCIIBI KOPOB, ocmbl OyiiBonoB. C mpekpa-
[ICHWEM BaKIWHAIWK TPOWCXOANT CHIKEHUE KOJUICK-
TUBHOTO IMMYHHTETA, YTO MO3BOJIIET PACIPOCTPAHATHCS
B YEJIOBEYECKON MOMYJISIMK MAaTOIeHHBIM IS YeJlOBeKa
opronokcBupycaM. CKOPOCTh HAKOTUICHUSI MyTalllil B Te-
HOME OPTOIOKCBHPYCOB cocTaisieT 1 X 10° Hykneotun-
HBIX 3aM€H Ha cailiT B rof [12].

I'eHoM OpTOMOKCBUPYCOB TPEACTaBIEH JUHEHHON
ds/IHK pasmepom 170-250 ThIC. map HYKJICOTHUAHBIX
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ocTarkoB (1.H.0.) [ 13, 14]. [1epBbIc MOMBITKH YCTAHOBUTH
SBOJIONMOHHYIO YIaJeHHOCTh Pa3HBIX BUIOB OPTOIOKC-
BHUPYCOB OBLIN MPEAIPUHSATHI IIPU TOMOIIY ITOCTPOCHUS
PECTPUKIIMOHHBIX KapT reHoma. Elie B KOHIIEe IpOILIoro
BeKa OBUTM TIOCTPOEHBI PECTPUKIMOHHBIE KapThl T€HO-
MOB BCEX HM3BECTHBIX K TOMY BPEMEHH IIpe/CTaBUTENIEH
pona Orthopoxvirus. Takoe KapTHpOBaHHUE MOXET CITy-
JKUTH KpUTEpUEM TIPUHAUICKHOCTH HCCIEAYEMOTO BUPY-
ca x pony Orthopoxvirus, a BHyTpH poJia — KpUTEPHEM
MPUHAUIEKHOCTU K TOMY MM MHOMY Buay. OnHako npu
WCTIOJIb30BAaHUU JAaHHOTO METONa HeNb3sd YCTaHOBHWTH,
KaKOW M3 BHOOB ABIAETCS CaMBIM OJHM3KHM K HaubOoliee
o01ieMy TpeAKy H, COOTBETCTBEHHO, MMeeT OOJNBIINK
3BOJIIOLMOHHBIN noreHan. OTBET Ha 3TOT BOIIPOC MO-
JKeT JaTh CEKBEHHUPOBaHWE M M3yueHHE (DYHKIMOHANb-
HO-CTPYKTYPHOH OpraHu3allid T'€HOMa HCCIEAyeMOro
OPTOTIOKCBHpYCa.

IlonHas cTpykTypa reHOMa BHpyCa BaKLUHBI ObLIa
onpenenera B 1990 r. [13], Bupyca HaTypalbHON OCIIBI —
B 1992 r. [14]. CpaBHUTENbHBIN aHAIU3 TEHOMOB BUpYyCa
BaKIMHBI M BUPyCa HaTypaJbHOW OCIIBI ITO3BOJIMI yCTa-
HOBHUTb YPOBEHb U3MEHYUBOCTH UX F'€HOB. YCTaHOBJIECHO,
9TO TaKHe XapaKTEPHCTHUKH BHUpPyca BAaKIWHBI U BHpyca
HaTypaJIbHON OCIIbI, KaK NMaTOT€HHOCTh W KPYT BOCIIPH-
MMYMBBIX X03€B, OIPEIEINSIOTCS pa3sHBIMH HaOOpaMu
reHoB [14]. 31o o3Ha4aerT, 4To0 BUpPYC HATypajabHON OCIIbI
HE MOT TPOU30MTH OT BHpYyCa BaKLMHBI, a TAKXKE BUPYC
BaKIIMHbl HE MOI' IPOM30MTH OT BHpyca HaTypalbHOM
ocnbl. B To ke BpeMs Hajauuue BbIPAXXKEHHOM rOMOJIOTUU
B LIEHTPAJbHONW 00JIacTH reHoMa yKa3bIBaeT Ha TO, YTO
3TH BUPYCHI UMEIOT OOIIET0 MPeeCTBEHHHUKA.

CpaBHeHHE HYKJICOTHAHBIX TOCIE0BaTEeIbHOCTEH BH-
pyca BakLMHBI M BHpyca HaTypaJlbHON OCIIBI yKa3bIBaeT
Ha TO, YTO OHU UMEIOT MPOTSHKEHHBIE JENEUN OTHOCU-
TEJIBHO ApYT Apyra. ToT BUpyc, KOTOpPBIA IPU CPABHEHUN
JIByX BHUPYCOB HMeeT HaumOoyiee IMPOTSKEHHBIH TeHOM,
SBJISIETCSl DBONIOIIMOHHO OoJiee OJM3KUM K BUPYCY-TIpe/-
[IIECTBEHHHUKY, YTO, KaK TPABUIIO, TIOATBEPKAAETCS CPaB-
HEHHEM YPOBHS T'OMOJIOTMH Hanbojee KOHCEPBAaTHBHBIX
reHoB. VI3 U3BECTHBIX K HACTOSIIIEMY BPEMEHH OPTOIIOKC-
BHPYCOB Hambosee IpoTsSHKEHHBIM T€HOMOM M HanOolee
MOJHBIM HAbOpOM BHUPYCHBIX T€HOB 00NafaeT BHPYC
octbl kopos [13, 15].

[ mpeHTHUKANINN pa3sHBIX OPTOMOKCBHPYCOB HC-
MOJIb30BaHbl pa3ndyHble HaOopsl reHoB. OmMcaHO Hc-
MOJIb30BaHME I 3TOM LieAM T'€HOB XEMOKHHCBS3BIBA-
forero Oenmka U o/ B-uHTEPPEPOHCBSI3BIBAIONIETO OEITKa,
a Takxe reHa 6emnka A27C, KOOUPYIOLIETO KOHCEPBAaTHB-
HBIA Oenok BupHoHa [12]. [nd uaeHTH(DHUKAIIME BHOBB
BBIJICJIIEMBIX HM30JISITOB OPTOIIOKCBHPYCOB KaK HOBBIX
MITAMMOB KakKoTO-THOO HWACHTU(OUIUPOBAHHOTO BHIA
WIM KaK NPEACTaBISIOUINX OTAEIbHBIA CaMOCTOSITENb-
HBIH BHPYC, NTEPCIEKTHBHON SBISETCS CTPATETHs, Tpes-
noxenHas G.L. Emerson u coasr. [16], npenxycmarpusa-
I0IIasi aHATU3 9 OTKPBITHIX PAMOK CUMTHIBAHMSI T€HOMA:
A7L — paHHWHA TPaHCKPHUIIIUOHHBIN (akTop, Ooibimas
cyosenuanna; A10L — ocHOBHOW LEHTpanbHBIA OEnoK;
A24R — PHK-nonmumepasza 132; DIR — uHOpMaImoH-
Has PHK xsmupyromero ¢gepmenta, Oomplnas cyonenu-
nuna; DSR — JIHK-3aBucumas nykneotuadocdarasa,
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E6R — runoretnueckuii 6enok; E9L — JIHK-monmumepasa;
HA4L — 6emok, accommmupoBanusiii ¢ PHK-mommmepasoi;
J6R — PHK-nonumepasa 147.

Takoifi METOOUYECKUN ITOAXON OBUI WCIIONIB30BAH IS
AACHTH(OUKAIIN ~ TAKCOHOMUYECKOH  TMPUHAIC)KHOCTH
HENIaBHO BBISBJICHHBIX OPTOIIOKCBHPYCOB: BHUPYCOB OCIIBI
KoImiek, AxmeTa, Assicka. C 3Tol 1eNTbI0 OBUTO MPOBENCHO
BEIPABHUBAHUE CIICTUICHHBIX TEHOMHBIX TIOCIICIOBATEIb-
HOCTEH OpPTOIMOKCBUPYCOB, MpeacTaBsromux CeBepHyIO
Awmepuky u Crapsiii CBeT.

JlanHBIE CpaBHEHHMS TEHOMHBIX ITOCJIEIOBATEIBHO-
cTeil 9 BBIOpaHHBIX T€HOB BHPYCA OCIBI KOLIEK (IITaMM
Wramust_09/17) ¢ COOTBETCTBYIOIIUMHU T¢HOMHBIMHU TI0-
CJIETOBATENIEHOCTSIME  JIIT BUPYCOB OCIIBI  KPOJIMKOB,
ocbl 00€3bsIH, HATYpalbHOW OCIIBI, OCIBI KOPOB, Bak-
LUHBI, 3KTPOMEIUHU CBUACTEILCTBYIOT O TOM, YTO BH-
pPYC OCIIBI KOIIEK SIBIISICTCS OTHAICHHO POICTBEHHBIM
10 OTHOIIICHHUIO K IPYTHM OPTOMIOKCBUPYCAM, B TOM YKC-
ne BceMm 10 nmuHUAM BUpyca octbl kopoB [17] 1 HexaBHO
BEIIeTICHHBIM cyOimausM [ 18, 19]. TIpu atom oOHapyxe-
HO Oonee OIM3KO€ POACTBO C MPOTOTUIHBIM IMITAMMOM
BHpYCa SKTPOMEIHUH.

Ha ¢woreneTnaeckoM nepeBe  OPTOMOKCBHPYCOB
mramM Uramust 09/17 Bupyca ocmel Kommek (GpopMupyeT
OTAENBHBINA KJIAacTep, BKIIOYAIOIIUM TakXe HEIaBHO BBI-
JIeTIeHHbIH OoT Makak B Mrammn mramm Abatino. Hykieo-
TUAHAS UIEHTUIHOCTH mramma Uramus 09/17 u mramma
Abatino cocrasisier 99,66%, B TO BpeMs Kak ¢ pedepeHT-
HbIMHU IITaMMaMu BHUpyca skTpomenuu — 98,11-98,13%.
[o pesynmeraram aHamn3a reHa reMarnIIOTHHMHA, YPOBEHB
uaeHTHIHOCTH mTamMa Mrtamms 09/17 u mrramma Abatino
eme BoiIe (99,79%) [20]. CnemoBarensHo, mTaMMbl MrTa-
must_09/17 (BeLAENIEHHBIN OT KomIek) U Abatino (BbIIeNeH-
HBI OT Makak) MOT'YT PacCMaTpHUBAaThCs KaK ITAMMBI Ofl-
HOTO HOBOTO opTomnokcBupyca Craporo Csera (BUPYC OCIIBI
KOIIIEK).

Wzyuenue cTpyKTyphl TeHOMa BUpyca AXMeTa [oKa3ajo
HanboJee BRICOKYIO HICHTUIHOCTD JAHHOTO BO30YIUTEIIS
C BHPYCOM OCITBI KOPOB. [10 CpaBHEHHIO C BUPYCOM OCIIBI
KOPOB, B LIEHTPAJIbHOW YacTu reHoMa BUpyca AXMera OT-
cyTcTBOBaN TONEKO TeH CPXV119A, xonupytomuii Oemox
pa3mepoM 80 aMHHOKHCIIOTHBIX OCTaTKOB, B TO BpeMs KaK
OH cojepxayl Manelii reH AKMV059, orcyTcTByrOmui
y M30JIATOB BUpYyca ocmbl KopoB. Hambompmmii ypoBeHb
TEHOMHBIX Pa3JIMUUil yCTAHOBJIEH IO OTHOIICHUIO K BU-
PYCY 9KTPOMEJHH, B LIEHTPAIbHOM PETHOHE KOTOPOTO OT-
CYTCTBYIOT 7 MaJbIX T€HOB, BELIBICHHBIX B IICHTPAIHHOM
JacTH TeHoMa BHpyca Axmerta [21].

Q@UIOreHETUYECKUI aHAJIN3 IEePEKPBIBAIOLIEICS II0-
CJIeI0BATEILHOCTH reHoma pazmepoM 28 037 I.H.0. BbI-
SIBUJI, uTO BUpYC Ansacka (utamm AK2015) mpencrasnser
co0Ol OTHENBbHYI0 T€HETHUYECKYIO JIMHUIO OPTOITOKCBHU-
PYCOB, KOTOpasi 3HAYUTEIHHO OTIIMIACTCSA KaK OT CEBEPO-
aMEPUKAHCKHUX OPTOMOKCBUPYCOB (BUPYCHI OCIIBI €HOTOB,
OCIBI CKYHCOB, OCIIBI IIOJIEBOK) TaK U OT OPTONOKCBUPY-
coB Craporo CBera (BHpPYCH OCIBI BEpOIIOMOB, OCIIBI
BaKIIMHBI, OCIIBI KOPOB, IKTPOMENTUHN, AXMETA).

Bupyc Asicka BXOOUT B MOHO(DHIIETHYECKYIO KIIaTy Op-
TonokcaupycoB Craporo CeTa, ypOBEHb pasaM4usl C OT-
JIEMBHBIMU BUIAMH KOTOPBIX cocTaBisier 6,1-7,3%, coot-
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BETCTBYIOIIMI TOKa3aTeNnb MpU CPaBHEHUH C CEBepoame-
PHUKaHCKMMM OpTONOKCBUpycamu cocTasiseT 12,3—12,8%.
B 3T0# CcBA3M cnemyer OTMETUTbH, YTO YPOBEHb I'€HETHUE-
CKHUX pa3iMuuii MEeXIy CPaBHHBAEMbIMU OPTOIOKCBHpPYCa-
mu Craporo Csera xone6nercs ot 0,6% (B ape BHpyC OCIbI
BepOIIONOB — BUPYC OCIIBI TTOJIEBOK) 110 3,2% (B mape BUpYC
SKTPOMEIINH — BUPYC HaTypalibHO# ocribl) [ 18].

PaccmoTpeHHbIE JaHHBIE TIO3BOJSIIOT  YCTAaHOBHUTH
BHUJIOBYI0 MICHTHU(HKALMIO BHPYCOB Axmera, Auscka
U OCIIBl KOUIEK KaK OTHENIBbHBIX NMpeACTaBUTENEH poaa
Orthopoxvirus.

IlonokeHne HOBBIX OPTOIIOKCBHPYCOB Ha (pHUIIOTCHE-
TUYECKOM JiepeBe opTomokcBupycoB Craporo Cgera,
o pe3yinbTaraMm cekBeHupoBaHusi reHoB A7L, A10L,
A24R, DIR, D5R, E6R, E9L, H4L, J6R (umerommx Omm3-
KH€ YPOBHU KOHCEPBATUBHOCTH) MIPEACTABICHO Ha PUCYH-
ke [18, 21, 22]. Pe3ynbrarhl CEKBEHUPOBAHUS I'€HOMOB
HOBBIX OPTOIOKCBHPYCOB ITO3BOJISIOT IPEAIONararb Bo3-
MO>KHOCTh PEKOMOWHAIIMY MEX/Ty HUIMH U YK€ W3BECTHBI-
MH TIPEACTaBUTEISIMU POJia, B PE3ylbTaTe KOTOPOro BO3-
MOYKHO CITOHTaHHOE TOSBJICHHUE BAPHAHTA C MTOBBIIIEHHBIM
YPOBHEM MATOTEHHOCTH JJ1s YEJIOBEKA, BEPOATHO, IPUOIH-
YKAIOIIEMyCs K TAKOBOMY JJIsl BUPYCa HaTypajbHON OCTIBIL.

Ha ocHoBaHMHU CyIIeCTBYIOIIMX KpUTEPHEB AeMapKa-
MM BUJOB OPTOMOKCBHPYCOB' HAMHU IMPEATIOKEHBI Cle-
JyIOUIMe KOJIMYECTBEHHBIE MOKa3aTelH ISl IIPOBEACHUS
TAKCOHOMHYECKON XapaKTepPUCTHKH HOBBIX H30JIATOB
opronokceupycos (Tadiu. 1). Heo0xomumMo 0TMETUTB, YTO
IIPY TIPOBEIEHIH TAKCOHOMUYIECKOH XapaKTepUCTUKU Ha-
MU HCIIOIb30BaHbI JaHHbIE YaCTHYHOTO CEKBEHUPOBAHUS
reHoma. Pe3ynbTaThl MOJHOTEHOMHOIO CEKBEHUPOBAHUS,
0€e3yCIIOBHO, TTO3BOJIAT YTOYHUTH NPEATIOKEHHBIE KOJH-
YeCTBEHHBIE IOKa3aTell, OIHAKO BO3MOXKHBIE HM3MEHe-
HUSI BpsiL i OyIMyT HOCUTH KapIUHAIBHBII XapakTep.

Bupycel, renom kotopbix npeacrasieH ss(+)PHK

Hdns aHanuza KpuTepueB HICHTH(UKALMK BUIOBOM
npunagnexxHocty  PHK-comepxkamux  BupycoB 3TOro
KJIacca Io pe3yibTaTaM CEeKBEHHPOBAHUS T€HOMa paccMo-
TPEHbl JTaHHBIE CEKBEHHPOBAHUs MpeNCTaBUTENeH pona
Alphavirus cemeiictBa Togaviridae — BUPYCOB KOMILIEK-
COB BEHECYAIBCKOro sHIedanomuenurta jomranein (BIJI)
¥ BOCTOYHOTO SHIIehaomuesura jornanei (BcOJI) unpen-
craureneit pona Flavivirus cemeticta Flaviviridae — Bu-
PYCOB KOMITJIEKCa ATIOHCKOTO JHIe(anuTa.

Anvepasupycor

Pon Alphavirus cemeiictBa Togaviridae oObeauHseT
B Hacrosllee BpeMs 34 caMOCTOSITENbHBIX BHpYca, pas-
JIeTICHHBIX Ha 7 AHTUTEHHBIX KOMIUIEKCOB (KOMILIEKCHI
Bupyca Jleca bapma, Bupyca BeOJI, Bupyca Haymy, Bu-
pyca Jleca Cemnuku, Bupyca BOJI, Bupyca 3amamHoro
sHIedaToMuenuTa Jomaael 1 HeKIacCH(PUITMPOBaHHBIE
anb(aBUPYCHI.

CtpoeHne reHoma anb(haBUPyCcOB BBINIAUT CIEIYIO-
oM 00pa3oM: «KIMHPOBAHHBIN 5'-KOHEN, HeTPaHCIH-
pyemas o0nacTh, TeHbl HECTPYKTYypHBIX OenkoB Nspl,
Nsp2, Nsp3, Nsp4, 26S; PHK, coneprxaiias reHbl CTpyK-
TYPHBIX O€JIKOB, HETpaHCIHpyeMas 00JIacTb, ONU-A T0-
cJIefoBaTeNIbHOCT Ha 3'-koHIe. OOmmid pa3mep reHoma
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COCTaBJsieT okojio 12 Thic. HyKieoTHaA0B [23-26]. Pac- OTHJIHBIX 3aM€H B COOTBETCTBYIOLIUX MO3HIIMAX FeHOMA
YeTHasi CKOPOCTh MyTaluil (KOTOpBIE TIOTEHIINAIBFHO MO- B TOx [27].
TYT IPUBECTHU K MOSIBIICHUIO BUPYACHTHBIX JUIS YEIIOBEKa B xommuiexke BOJI Bxomar anb(haBUPYCHL CO CXOXKHUMHU

NPUPOAHBIX IITAMMOB) AJSI TCHOMOB YKa3aHHBIX alb(a-  TCHETHYECKUMH XapaKTePHUCTHKAaMH M IEPEKPEeCTHOH
BUPYCOB cocCTapisieT npuomu3utTensHo 1,0 x 107 Hykie-  aHTUTCHHO# akTHBHOCTBIO [28]. Anb(aBUPYCHI SIBISIOT-

Pucynox. [Tonoxenue BUpycoB Axmera, AJISICKa U OCIIBI KOIIIEK Ha (PHIOTEHETHIECKOM JiepeBe opTonokcBrpycosB Craporo Ceera.
Figure. The position of the Alaska virus, the Akhmat virus and cat poxvirus on the phylogenetic tree of the Old World orthopoxviruses.

Taoauna 1. KomnuecTBeHHbIE MOKa3aTeH Ui IPOBEISHHSI TAKCOHOMUYECKOH XapaKTepUCTUKU HOBBIX H30JISITOB OPTOTMIOKCBHPYCOB IPH CEKBEHUPO-
Banuu 1o redam A7L, A10L, A24R, DIR, D5R, E6R, E9L, H4L, J6R

Table 1. The quantitative indicators for the taxonomic characterization of new isolates of orthopoxviruses based on A7L, A10L, A24R, DIR, D5R,

E6R, E9L, H4L, J6R genes

Pe3ynbrarhl CeKBEeHUPOBaHHUS (YPOBEHb PasIHIHii
MEX]y CPaBHHBAa€MBIMHU OPTOIIOKCBUpPYCAaMH), %o
Sequencing results (the level of differences between
the compared orthopoxviruses) %

BBIBOJ 110 pe3y/bTaTamM CeKBEeHUPOBAHMS
Conclusion based on sequencing results

Menee 0,6

Less than 0.6

0,6-3,2

3,2-7.3

7,3-12,8

CpaBHHBaeMbIE OPTOITOKCBHPYCHI OTHOCSTCS K OHOMY BHIY
The orthopoxviruses being compared belong to the same species
0,6-3,2

CpaBHHBaeMbIe OPTOIIOKCBUPYCHI OTHOCSTCS K Pa3HBIM BUIAM MOHO(DHICTHYECKON KIIaIbl
opronokcaupycoB Ctaporo Cera, 32 HCKIIOUCHHEM BUpYyca AJLsICKa M BUpyca AXMeTa
The orthopoxviruses being compared belong to different species of a monophyletic clade
of Old World orthopoxviruses, with the exception of the Alaska virus and the Akhmat virus

CpaBHHBaeMbIe OPTOIIOKCBUPYCHI OTHOCSTCS K Pa3HBIM BHIaM MOHO(PHIETHIECKON KJIa bl
opronokcBupycos Craporo Ceera
The orthopoxviruses being compared belong to different species of a monophyletic clade
of Old World orthopoxviruses

CpaBHHBaeMbIe OPTOMOKCBHUPYCHI OTHOCSATCS K Pa3HBIM MOHOMHICTHYESCKIM KIIa[aM
(Craporo 1 Hosoro Cgera)
The orthopoxviruses being compared belong to different monophyletic clades
of Old World orthopoxviruses and New World orthopoxviruses
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csl pe-OMepIKEHTHBIMU apOOBUPYCaMH, BBI3BIBAIOIIIMMHU
SMHU300THH JIOUIAAeH W BCHBIIIKH 3a00JE€BaHUHA Yelo-
Beka [29]. Kommnekc BOJI pasmensercst Ha 6 TOATUIIOB
(I-VI), B xotopeie Bxomat 9 Bupycos [30], HauOonbIIce
3HaueHHE JUIA 3[PaBOOXPAaHEHHS W BETEPUHAPUH HMEET
Bupyc BOJL

duoreHeTHUECKUN aHaIU3 BUPYCOB KomIuiekca BOJI
OCHOBaH Ha OIpEeeNIeHNH HYKJICOTHIHOW IOCIeNoBa-
TENBHOCTU T€HOB CTPYKTYpHBIX OenkoB [24, 26, 31, 32].
N.L. Forrester u coasT. [28] mpoBesit aHAJIU3 KOMILJIEKCa
BOJI ¢ nomo1iibio ceKBEeHUPOBaHUS TEHOMOB 94 TaMMOB
BHUPYCOB C MOCIEAYIOMUM (DUIOTCHETHIECKUM aHATN30M
MIPU UCHOJB30BAHUU OTKPBITBIX PAMOK CUMTBIBAHUS JIJIS
CTPYKTYpHBIX W HECTPYKTYPHBIX OenkoB. Pe3ymbrarsl
aHaIM3a TMOKa3ajH, YTO CENEKUHUs SIBISIETCS OCHOBHBIM
(haKTOpOM 3BOITIOIIUY ATHX BO3OYIUTENEH, a TaKKe onpe-
JIENISAIOIMM MEXaHHU3MOM MOJIEKYJSIPHBIX 9acOB AAaTHPO-
BaHUs HauOoJee MO3AHEro 00IIero mpeaKa, KOTopoe s
nontumnos ID/IAB/IC/III u IE cocrasusger 149-973 rozna.
IE-noatun xommiekca BOJI xapakrepusyer 3HAYUTEINb-
HBIA DBOJIOLMOHHBLIA CHOBHUL. YBEJIIMUEHHE KOJIMYECTBA
AMHHOKHCJIOTHBIX 3aMEH B CTPYKTYPHBIX OelIKax sIBIIseT-
€Sl YHUKAJIBHBIM JJIS 3TOTO MTOATHIIA, YTO OTpaXKaeT ajar-
TalUIo0 BO30YAUTENS K YHUKAIFHOMY BEKTOPY — KOMapam
Culex taeniopus.

IIpoBeneHHbIe HWCCIETOBAaHMS TO3BOJIMIIA TTOATBEPINTH
TUNoTe3y, cortacHo Kotopod moxrunsl IAB u IC mpou-
30IIUIM OT PH300THYEcKoro noxaruma ID BcaeacTBue My-
TalWi, YTO TPHUBENO K W3MEHEHHIO HX OSIHIEMHYECKUX
1 3MU300THYECKUX XapakTepucTuk [26, 32-35]. [lenenue
BHYTpH KoMIUTekca Ha nontunsl -V panee Obuto mpoBe-
JICHO TIO pe3ylibTaTraM CepoJorHYecKux TecToB. OmHaKo
muddepennmanus Mexay cyotunamu A-F aHTUreHHOro
noatuna | mpu UCMONB30BaHUU TONBKO CEPOIOTHUECKUX
TECTOB HEBO3MOXKHA [36-38]. Pe3ynbrarsl CeKBEeHUPOBaHUS
renoMHo PHK MoryT BHECTHM M3MEHEHHUS B CYLIECTBYIO-
LIyl0 B HACTOSIIEE BPEMsl TAKCOHOMMYECKYIO HOMEHKJIa-
TYpY, B pe3yJIbTare 4ero HeKOTOphIe ITaMMbI BO3OYANTEIIs
BOJI ceituac kmaccuuuMpyIoT Kak OTAENbHbBIE CaMOCTOsI-
TenpHble BUpychl. Hanpumep, noxrum IF cymecTBeHHO OT-
JIM9aeTcsl OT Apyrux cyOTnmnoB moxartwma | u B HacTosmee
BpeMs paccMaTpuBaeTcs He Kak mTaMM Bupyca BOJI, a kak
OTAENBHBIN BO30yauTENb (BUpYyCc Mosso das Pedras).

Jlo oTHOcHTenbHO HenaBHEro BpeMeHu Bupyc BceDJl
paccMmarpuBaics KaK EIMHCTBEHHBIH IPENCTaBUTENb
OJTHOMMEHHOTO KoMIUIekca. OfHaKko B pe3ynbTaTe Mpo-
BEICHHBIX B MOCJETHEE BPEMsI TEHETHYECKHX HCCIIeN0-
BaHUN NPEACTABUTEIN IOKHOAMEPUKAHCKOTO IIOATHUIIA
B030ynuTenss BcOJl paccmarpuBaroTcs B KadecTBE OT-
JIENBHBIX [ITAMMOB CaMOCTOSITENIFHOTO BHpPYCa, IONY-
YHBIIETO Ha3BaHME BUpyc Manapuara [39]. YcraHoBie-
HBI pazianunst Bupyca Manapuara ¢ Bozoyauresem BeDJl,
nupKynupyouum B CeBepHO AMeEpHKe.

CornacHo KJaccu(uKanuy, IPEUIOKEHHOU
N.C. Arrigo u coaBt. [27], ceBepoaMepHUKaHCKUH TOA-
Tun Bupyca BcOJI o0pasyer ofHy reHeTHYECKYIO JTHHUIO
komrIuiekca BeDJI (muamst ). DTa nuHUS BKIIIOYAET IITaM-
Mol Bupyca BeOJl u3 CepepHoit Amepuku. FOxHoamepu-
kaHckuit noarun Bupyca BCOJI, wiu Bupyc Manapuara,
pazzened Ha auHuy 11, T u IV.
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DUIOreHETUYECKUN aHalu3, NPOBEACHHBIA C IIOMO-
uisio nporpammsl MUSCLE [40], BBISIBIIL, YTO IITAMMBI,
BBIZICTICHHBIE OT OONBHBIX HA ['aWTh, OTHOCSITCS K JIH-
Huu I, xotopast npencrasnsieT U30m4Thl U3 LleHTpans-
HOW u FOxHON AMmepuku u u30a8Thl U3 LleHTpanbHOI
Awmepuku, ¢opmupytomue lleHTpanpHOaMEpHUKaHCKYIO
KapuOckyto MoHOGMIETHIECKYIO CyOnuHuio. Bpems mo-
SIBIICHUS HamOoJIee MO3THETO OOIIero Mpenka s dTon
cyomuann 1939 1. (I95 —1931-1948 rr.). B mpenenax nan-
HOW CyONTMHUY HOBBIE U30JIATH 3 [aUTSHCKOTO KiTacTepa
OJTM3KH K U30IIATaM, BhIZeieHHBIM B [laname. OnieHnBae-
Masi CKOPOCTh 3BOJIOLMHU cocTasisieT 1,2 X 1074 Hykieo-
TUJHBIX 3aMeH B rof [27].

KonmuiecTBeHHBIE TIOKA3aTENN ISl IPOBEICHUS TaKCO-
HOMHYECKOU XapaKTEPUCTUKHU HOBBIX H30JISITOB BHPYCOB
komruiekcoB BOJI u BeDJI o pesynbraram ceKBeHUpOBa-
Hus reHoMHoil PHK npencrasnenst B Ta0a. 2.

®Dnasusupycwot

[IpencraButenu poma Flavivirus — 3T0 BO30OymUTE-
JH, TeHOM KoTopelx mpernctasieH ss(+)PHK, comepxa-
el 7-MeTHITYaHO3MHOBBIN K31 Ha 5'-koHIile. | eHoMHas
PHK pa3smepom oxosio 11 ThIC. HyKIEOTUIHBIX OCTAaTKOB
(H.0.) COOEPKUT OAHY OTKPBITYIO PaMKy CUHTHIBaHUA,
KOTOpasi (IaHKHpOBaHa S5'-KOHIEBBIM KAIHPOBaHHBIM
HEKOAMPYIOLUM PErMOHOM U 3'-KOHLIEBBIM HEKOJIUPYIO-
IIMM PETMOHOM, COBMECTHO (DOPMHUPYIOLTUMH TETIIEBU-
HYIO CTPYKTYpY, HEOOXOAMMYIO IJIsi BUPYCHOM peruinKa-
LMY ¥ TPAHCIISALIUH, ¥ CONEPKUT IETEPMUHAHTEHI, OTIpeie-
JSTIOIIHE MATOTeHHOCTH BO30yauTens [41].

OTKpBITas paMKa CUUTHIBaHUS (PIaBHBHPYCOB KOIH-
pyet 10 GenkoB, BKITIOUAIOIINX 3 CTPYKTYPHBIX (Oerok
nHykneoxancuga (C), TpaHcmMeMOpaHHBIN Oenok (prM)
u 6enok o6onoukw (E)), a Takxke 7 HecTpyKTypHBIX (NS,
NS2a, NS2b, NS3, NS4a, NS4b u NS5) 6enkos [41].

Pon Flavivius (cemeiictBo Flaviviridae) pa3nensiercs
110 MeHbIIIeH Mepe Ha 14 rpymm, 3To AeneHne 6azupyercs
Ha JAaHHBIX aHAJIN3a HYKJIEOTHUIHOTO COCTaBa TEHOMHBIX
PHK u paccunuTaHHBIX HA €r0 OCHOBE aMUHOKHUCIOTHBIX
MOCIIEIOBATENLHOCTIX CTPYKTYPHBIX OENKOB, aHTHICH-
HOMY POJICTBY U JPYTHM XapakTepuctukam [41].

JBymst OIM3KOpPOACTBEHHBIMH TPYIIaMU BHYTPH poJa
Flavivirus sBnstoTcs rpynisl BUpycoB Hrakis u smoHCKo-
ro 2HIedanuTa.

I'pynma simoHCKoro 3HIIEQanTuTa, KPOME OTHOMMEHHO-
ro BHpYycCa, BKIIOYaeT Takue BO30OyIuUTeTn WH(EKIIHOH-
HBIX 3a00JIeBaHMH YENIOBEKa, KaK BHPYCH dHIE(hantnTa
Honuusl Mroppes, sauedanura Can-JIyn, 3amagnHoro
Hwuna, nenre, xentoil nuxopaaku. ['pynma Hraiis Bkiro-
4aeT, B 4aCTHOCTH, BUpychl Mibeyc, Pocuo u 3uka'.

MuHuMaIBHBIA IOPOTr KPATHOCTH AHTUIEHHBIX Pa3iu-
YU B TIEPEKPECTHOW PEaKIuu, HEOOXOMUMBIA U JOCTa-
TOYHBINA [T HASHTU(HUKAINN TOTO WA UHOTO (JIaBHBH-
pyca B KauecTBE CaMOCTOATEJBHOTO BHAA, COCTaBISET
oonee 4 [42]. Tlo pe3ynprataM CEKBEHHUPOBAHHS IeHOM-
Hoil PHK noporoBoe 3HadeHue, yka3blBawollee Ha IpH-
Ha/JIeKHOCTh 2 CPAaBHUBAEMBIX (DITaBUBUPYCOB K OJJHOMY
BUTY, IOJDKHO OBITH Oomnee 84% [43].

YcTaHOBIEHNE TAKCOHOMHYECKOH MPUHAIIIEKHOCTH
BHOBb BBIIESIEMBIX (JIaBUBHPYCOB OyIET pacCMOTPEHO
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Ha TpuMepe Bupyca Pocuo, koTophlii panee ObLT Kiac-
cuuIMpoBaH Kak moAaTwr Bupyca Mmseyc [44]. Bupyc
Pocuo Briepsrie Ob11 BoieneH B mTare Can-Ilaymno (bpa-
3wius) B 1975 1. oT YenmoBeka, MOruOIIero ot SHIehatn-
Ta Heu3BeCTHOU 3TumMosioruu [45]. JletanbHOCTH cpenu
3abomneBmmux npesbimaet 10% [46, 47].

Opranmzanus renomHoit PHK Bupyca Pocuo (c yka-
3aHHEM TCHOB CTPYKTYPHBIX M HECTPYKTYpPHBIX OEIIKOB)
IpecTaBieHa B Ta0J1. 3.

s ycTaHOBJIECHHS] TAKCOHOMMYECKOTO POJCTBA BUPY-
ca Pocuo ¢ apyrumu ¢naBuBHpycamM# IOCTaTOYHO HC-

OB30PbI

MOJIh30BaTh JaHHBIE CEKBEHHPOBaHMs reHa Oeika NS5
pasmepom 1358 HyKJI€OTHAOB.

YpoBeHb TOMOJIOTHH YKa3aHHOTO Yy4YacTKa IO CpaB-
HeHHIo ¢ BUpycoM Wiseyc cocrasnser §81,9%, ¢ Bupy-
com 3uka — 78,3%, C BUPYCOM SIIOHCKOTO DHIIC(aInTa
— 64,5%, ¢ Bupycom 3amagnoro Humna — 65,0%, c Bupy-
coM sHIedanmuTa noiauHel Myppest — 64,7%, ¢ Bupycom
sanedanura Can-Jlyn — 66,1% [41, 48-50].

[lomyuyeHHbIe JaHHBIE JAIOT OCHOBAHUA UIS MPOBEIC-
HUS TAKCOHOMHYECKOM XapaKTepUCTUKH HOBBIX U30JISTOB
(h1aBUBHPYCOB TIO pe3ysibTaTaM YaCTHYHOTO CEKBEHHPO-

TaﬁJmua 2. KonnuecTBEeHHBIE MOKa3aTe Il JUISL TIPOBEACHU S TaKCOHOMUYECKOU XapaKTCPUCTUKH HOBBIX U30JISITOB BUPYCOB KOMIIJIEKCOB BDJI u BeDJT

10 pe3ynbTaraM CeKBeHHpoBaHUs reHoMHoi PHK

Table 2. The quantitative indicators for the taxonomic characterization of new isolates of VEE and EEE virus complexes based on data of sequencing

of genomic RNA

Pe3ynbTar CeKBEHHPOBAHHUS
(YpOBeHb pasyiyMili MeXIy CpaBHHBaeMbIMH anbdaBupycamu), %
Sequencing result (the level of differences between the compared
alphaviruses), %

BeIBOZ IO pe3ynsraTtaM CeKBEHUPOBAHHS
Conclusion based on sequencing result

Memnee 0,1
Less than 0.1

CpaBHHBaEMbIE H30JISATHI BAPYCOB OTHOCATCS K OHOMY T'€HOTHITY
OTIPEICIICHHOTO CyOTHITa
The compared virus isolates belong to the same genotype of a certain

subtype

CpaBHHBaeMbIe H30JATHl BUPYCOB OTHOCATCS K OJHOMY CyOTHITY
ONPEEIEHHOrO MOITUIA

0,1-03 The compared virus isolates belong to the same genotype of a certain
type
CpaBHI/IBaeMbIe U30JISITbl BUPYCOB OTHOCATCA K Pa3HbIM ITOATUIIAM
0,3-2,3 KOMILIEKCa
The compared virus isolates belong to different subtypes of complex
CpaBHVlBaeMble U30JIATBI BUPYCOB OTHOCATCSA K Pa3HbIM KOMIIJICKCaM
Bonee 2,3 pona Alphavirus
More than 2.3 The compared virus isolates belong to different complexes
of Alphavirus genus
Tadauna 3. Opranusanus renomuoit PHK Bupyca Pocuo [48]
Table 3. The organization of the genomic RNA of the Rocio virus [48]
Bupyccnenuduueckue denku YuyacTku renoma Pasmep (u.0.) [No3uumu renoma
Viral proteins Genome regions Size (nt) Position in genome
5’- 1 3’-HeTpaHCIUpyeMble Y4aCTKU S'HKP 92 1-92
5’ and 3’ untranslated regions 3'HKP 424 10 371-10 794
C 354 93-446
CrpyKTypHBI€ OeNKn -
Structural proteins p.M >01 447-947
E 1503 948-2450
NS1 1059 2451-3509
NS2A 681 35104190
NS2B 393 41914583
HectpyKTypHble Genku NS3 1857 4584-6440
Nonstructural proteins NS4A 378 6441-6818
2K 69 6819-6887
NS4B 768 6888-7655
NS5 2715 7656-10 370

Ipumeuanue. HKP — Hekonmpyemblil pernoH.

Note. NCR — noncoding region.
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REVIEWS

BaHus renoMHoi PHK (o reny Genka NSS5). Pesynbrars
IpeCTaBJIECHbl B Ta0JI. 4.

Bupycsl, renom koTopbix npeacranieH ss(-)PHK

[Ipu ananm3e 3TOTO KIacca pacCMOTPEHBI TPYIIIIBI BH-
PYCOB C HECErMEHTHPOBAHHBIM (Ha MPUMEPE MPEIICTABH-
Tesel cemeiicta Filoviridae nopsnka Mononegavirales)
¥ CETMECHTHPOBAaHHBIM TeHOMaMU (Ha TpUMepe TpeacTa-
BUTENEH ceMeiCTB Arenaviridae u Phenuiviridae mopsin-
Ka Bunyavirales).

Dunosupycoi

Takconomus cemeiictBa Filoviridae B mociieqHue ne-
CATHJIETHSI TIpeTepIieNa CYyIIECTBEHHBIE H3MEHEHHSI.
Emie B KOHIE MPOLLIOrO BeKa B 3TO CEMENCTBO BXOAMII
SIUHCTBEHHBIN pox — Filovirus, KOTOPBIA BKJIIOYAT BU-
pycsl MapOypr u D6oma [51]. BHenpenue B mpakTHKY
BHPYCOJIOTHYECKHUX HCCIEIOBAaHMH METOJIO0B MOJEKY-
JSIpHOW OMOJIOTUM M MOJIEKYJISIPHON T'€HETHUKU IMPHUBEIO
K CYIIECTBEHHOMY M3MEHEHHIO TaKCOHOMHHU CeMeicTBa
Filoviridae. Ha pogoBoM ypoBHe cHauana pox Filovirus
ObLI pazneneH Ha poasl Marburgvirus u Ebolavirus (B Ha-
cTosiIIee BpeMs MoyduBIIne Ha3Banus Orthomarburgvi-
rus u Orthoebolavirus) [52]. B manpHelem ObUT UACH-
TUGUIMPOBAH Pl HOBBIX (PUIOBUPYCOB, MPEACTABIISIO-
X caMmocToaTenbHble ponsl Cuevavirus, Dianlovirus,
Striavirus, Thamnovirus [53, 54].

Bupyc D6ona — obuiee Ha3BaHHWE BUPYCOB, OTHOCS-
mmxcs K pony Orthoebolavirus cemeiicta Filoviridae.
Ha ypoBHe Buma BHpyCOB cHadana BUpyc D0oia ObIIT
paszeneH Ha BUpPYChl D0oia-3awp (0 OMHAPHOW HO-
MeHknarype — Orthoebolavirus zairense) u D6oma-Cy-
naH  (Orthoebolavirus sudaense), paccMaTpuBaeMbIX
paHee Kak MOATUIBI OIHOTO BO30yauTeNs. 3aTeM B Ka-
YEeCTBE OTHCIHHBIX BHPYCOB OBLIM WACHTU(DHUITIPOBAHBI
MaTOTeHHBIE Ul 4yenoBeka BUpychl D6omna-Taun dopect
(Orthoebolavirus taiense) [55] u D060ona-byHnuOymKmo

(Orthoebolavirus bundibudgioense) [56], maroreHHbII
Ul TIpUMatoB BUpyc D0oma-Pectron (Orthoebolavirus
restonense) [57] u Bupyc bombamu (Orthoebolavirus
bombaliense), MaTOTeHHOCTh KOTOPOTO JUIS KaKUX-THOO
’KUBOTHBIX B HACTOsAIIEE BpeMs He orpenaeneHa [58, 59].

Takum o6pazom, U3 6 BUAOB BUpyca J0ona 3 BUa BbI-
3BIBAIOT y YeJIOBeKa 3a00JieBaHUE C BBICOKOMW JIETAIbHO-
cThio: D0oma-3aup — nerampHOCTE 50-90%, D60ma-Cy-
naH — okoio 50% u D6oma-byrnudymkno — okono 30%.

B cemeiictBo Orthomarburgvirus panee BXOIUI OAHH
BHJ — Bupyc MapOypr. Bupyc Ravn, B HacTostmee Bpems
paccMaTpHBaeMblii B Ka4€CTBE CaMOCTOSTEILHOTO BH-
pyca, cHadaja CYMTAJIM OTAEIBHBIM IITAMMOM BHpYycCa
Map6ypr [60].

PaccMoTpuM SKCriepUMEHTaNbHBIC JaHHbBIE CEKBCHU-
pOBaHUs TEHOMOB, KOTOpBIC JIETJIH B OCHOBY M3MEHEHUS
TaKCOHOMHH ceMelicTBa Filoviridae.

C uenpio (QUIOTCHETHYECKOTO aHaln3a IPEICTaBH-
Tenen cemeiictBa Filoviridae S.A. Carroll u coasrt. [61]
MPOBEJIH JIETANIbHBIN aHau3 97 MOJIHOr€HOMHBIX HYKJIEO-
TUJHBIX IOCJIE0BATENbHOCTEN, U3 KOTOPBIX 55 yCTaHOB-
sensl nociie 2010 . C noMompo 0alieCOBCKOTO aHAIMU3a
ABTOPBI OIPESITAIN CKOPOCTH ABOJIONUH | TIpeIoara-
eMOo€ BpeMsI MPOUCXOXKACHUS (PIIOBHPYCOB OT OOIIETO
npeaka. PaccMOTpuM pe3ynbrarbl CEKBEHHPOBAHUS JIIS
OT/AEIBHBIX (PUIOBUPYCOB.

Bupyc D6ona-3aup

IIpn ananuse 22 NOJHOIEHOMHBIX IIOCIENOBATENb-
HOCTEH, BKJIIOYAIOIINX 0Opaslbl, B3ATHIE B PasHBIX pe-
THOHAX, BBISBIEHO, YTO TEHETHYECKOe pa3sHooOpasue
MEXIy ITaMMaMH Bupyca D0o0ia-3aup HE3HaYHTENb-
HOE€, MaKCUMaJIbHOE pa3iInyie MEXKAY HYKICOTHIHBIMU
MOCIEAO0BATCIEHOCTIMHU cOCTaBisIeT 2,7%. Y mrTaMMoB,
BBIJICTICHHBIX B XOZI€ OJHOW BCIIBIIIKH, YPOBEHb Pa3iH-
ynii eme Hwxke. Hanpumep, pasnuuus B HyKJI€OTUAHBIX
ITOCIIEIOBATENFHOCTSX H30JISITOB BBIIEIEHHBIX B Jlya-

Tadauua 4. KonndecTBeHHbIE TOKAa3aTEeNH I IPOBEACHHS TAKCOHOMUYECKON XapaKTEPUCTHKN HOBBIX H30JIATOB (DJIaBUBHPYCOB IO pe3ylibTaraM
cekBennpoBanus renomuoit PHK (1o reny 6enka NSS5) (BuA-BUpyC — FeHOTHUII-IITAMM)

Table 4. Quantitative indicators for the taxonomic characterization of new isolates flaviviruses based on data of sequencing of genomic RNA (the

NS5 protein coding region) (virus species—genotype-strain)

Pe3synbrarhl cCeKBeHUPOBaHHUs (YPOBEHDb PA3IHUMi MEXKLY
cpaBHHUBaeMbIMHU (IaBHBHpYCcaMu), %
Sequencing results (the level of differences between the
compared flaviviruses), %

BbIBOZ 110 pe3ysbraraM CEKBEHUPOBAHUS
Conclusion based on sequencing results

Menee 16
Less than 16

CpaBHPIBaCMHC H30JIATHI BUPYCOB OTHOCATCS K OJHOMY U TOMY K€ BUY

(aBuBHpPYCOB

The compared virus isolates belong to same flaviviruses species

CpaBHI/IBaCMLIe H30JIAThI BUPYCOB IIPEACTABIIAIOT pa3HbIC BUbI, OTHOCAIINXCS

16-25

25-36

K OJIHOM M TOM JKe rpyIIe (pJIaBUuBUPYCOB

The compared virus isolates represent different species belonging to the same group

of flaviviruses

CpaBHHBaeMBbIe H30JIATHl BUPYCOB OTHOCSTCS K Pa3HBIM Ipyniam (GpIaBHBHPYCOB
The compared virus isolates represent different group of flaviviruses

Ecnu onuH 13 cpaBHHBAaEMbIX M30JSTOB HACHTU(DUIIUPOBAH KAK OTHOCSIIIUIACS

Bonee 36
More than 36

K pony Flavivius, npyroii He SBIISIETCS YWICHOM AAHHOTO pozia
The one of the compared isolates is identified as member of Flavivius genus,

while the other is not a member of this genus
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OB30PbI

TaﬁJmua 5. KonnuecTBeHHBIC TOKa3aTeIn JUISL TIPOBEACHUSA TaKCOHOMHYECKOMH XapaKTCPUCTUKHN HOBBIX U30JISITOB q)HHOBprCOB I10 pe3yjbTaTaM

cexkBeHuposanus renomuoit PHK (1o reny 6enka L)

Table 5. Quantitative indicators for the taxonomic characterization of new isolates of filoviruses based on data of sequencing of genomic RNA

(L protein gene)

Pesynbrarhl cekBeHHpOBaHUs (YPOBEHb pa3Inyuuii
MEeX]y CpaBHHBaeMBIMH (HIIIOBUpPYCaMH), %o
Sequencing results (the level of differences between
the compared filoviruses), %

BBIBOZ 110 pe3y/bTaraM CEeKBEHUPOBAHHUS
Conclusion based on sequencing results

Mesnee 4,5
Less than 4.5

CpaBHI/IBaeMLIe H30JIAThI BUPYCOB OTHOCATCS K OJHOMY U TOMY K€ BUY

¢unoBupycoB

The compared virus isolates belong to same filovirus species

CpaBHI/IBaCMHC H30JIAThI BUPYCOB IIPEAIIOIOKUTCIIBHO NPEACTABIISAIOT Pa3HbIC

4,5-20

BH/IbI, OTHOCSIILIUXCS K OZTHOMY M TOMY K€ oy (GHIOBHPYCOB
The compared virus isolates presumably represent different species, belonging

to the same genus of filoviruses

CpaBHUBaeMbI€ U30JIAThl BUPYCOB MPEJCTABISAIOT Pa3Hble BU/IbI, KOTOPbIE MPE/TIO-

20-35

Bonee 35
More than 35

JIOKUTEIIBHO MOTYT OTHOCUTBCS K OTHOMY M TOMY K€ POy (PHIOBHPYCOB
The compared virus isolates represent different species, presumably belonging

to the same genus of filoviruses

CpaBHHBaeMbIE H30JIATHI BUPYCOB IIPECTABILIIOT Pa3HbIE POJIbI CEMEHCTBA
Filoviridae
The compared virus isolates represent different genus of Filoviridae family

60 ([emokparuueckas Pecnybnmmka Konro) Bo Bpems
enbitku 20072008 rr., 0s11u MeHee 0,07% [61, 62].

Bupyc D60na-Cyoan

Ilo cpaBHeHuto ¢ Bupycom Dbona-3aup BUpyc D60-
na-CynaH uMmeet OoJjiee OrpaHHUYEHHOE reorpadudeckoe
MIPOUCXOXICHNE, BCE 5 M3BECTHBIX BCIBIIMIECK K HACTOS-
[IEMy BPEMEHH IPOU3OIILIHA B paliOHE MPOTIKEHHOCTHIO
He Oosee 560 KM, YTO TPEAIOIOKHTEIBHO OTpaXKaeT
OTPaHWYCHHOE pacCIIpeNeICHIe MPUPOTHOTO pPe3epByapa
WIH JIpyrue 3KOJOTMYecKhe orpaHudeHus. [lo Bupycy
D60mna-CynaH npoaHAIM3UPOBAHO 5 TOJTHOTC€HOMHBIX I10-
CJIENOBaTEILHOCTEHN, 10 OJTHOM M3 KaXKJI0W BCIBIMIKH. Pe-
3yJBTaThl TOJIHOTCHOMHOTO CEKBEHHPOBaHUS INTAMMOB
BUpyca D0oma-CynaH TIOKa3ald, 4TO B IICJIOM H3MCH-
YUBOCTH BHPYCOB BHYTPH BHJAa HU3KAas, MaKCHMalIbHOE
KOJMYECTBO HYKJIEOTUAHBIX 3aMeH (5,2%) ycTaHOBIEHO
Mexay uzonsaramu u3 Cynana, BeiieseHHbIMHA B 2004 1.,
u Yraanel B 2011 1. [61, 62].

Bupyc D6ona-Pecmon

IIpoananusupoBansl 7 MOITHOI€HOMHBIX IOCIEIOBA-
TeJIbHOCTEH M305ITOB BUpyca D6ona-PecToH, BhIIEICH-
HBIX BO BpeMs BCIBIIEK y HU3MMX NnpuMaToB (Pecton,
[encunsBanus, CILIA) uB 1996 1. (Texac, CILIA), na Ou-
munnuHax B 1989 . m 20082009 rT. oT cBuHEH [57, 59].
[Tony4eHHblE NaHHBIE MOKA3aIU BIMSHUE HA T€HETHYE-
CKYI0 M3MEHUYMBOCTh KaK BPEMEHHBIX, TaK M MPOCTpaH-
CTBEHHBIX (akTopoB. OlLICHUBAaEMBIl YPOBEHb T€HETHYE-
CKOI U3MEHYUBOCTU MEXy Pa3IMYHBIMU BBIIEICHHBIMU
m3onstamu coctasisit ot 0,08 mo 4,5% [61].

Bupyc Mapbype
HccnenoBano 60 mnocnenoBarenbHOCTEH 48 M30ITOB
OT 4esIoBeKa U 12 M30514TOB OT JieTy4ux Melieil. [Tomyuen-
HBIE pe3y/bTaThl MOKa3aJM, YTO YPOBEHb FEHETUUECKOM 13-
MEHYHMBOCTH MEXy IITaMMaMHi BHpyca MapOypr He mpe-

BbIaeT 4,6%. YpoBeHb FeHETUUECKOM N3MEHYNBOCTH MEX-
Iy Bupycamu MapOypr u Ravn cocrasui oxomno 20% [60].

Jlisi OLIEHKM BIMSIHUSL JAHHBIX CEKBEHHPOBAHUS Te-
HOMOB Ha TaKCOHOMHIO cemelictBa Filoviridae ueneco-
00pa3HO pacCMOTPETh COOTBETCTBYIOIINE PE3YIBTAThI IS
BBISIBJICHHBIX B MOCIeHee BpeMs (unoBupycos. Tak, s
BUpyca bomOany, ypoBeHb TeHETHYECKOH M3MEHYMBOCTH
KOTOpOTO OT BHpyca D6ona-3aup cocTapisieT okono 18%,
OTMEUCH BBHICOKUH YPOBEHb UACHTHYHOCTH reHOMOB (98%)
mrammoB U3 Ceeppa-Jleone u Kenuu [58]. Ilpu cexBenu-
poBarum Bupyca Jlnosu (pox Cuevavirus) ycTaHOBIIEHO,
YTO O TIEPBUYHON CTPYKTypE IMOCICHOBATEIBHOCTH Ie-
HomHoi PHK Bupyc Ha 57,3—-57,7% omnn4aercs ot BUpyca
MapOypr u Ha 51,8-52,6% ot Bupyca D6oma-3aup [63].

IIpu  cexBeHupoBanuu Bupyca Menria (pox
Dianlovirus) mo ¢pparMeHTy reHa HyKJICOMPOTEHHA yCTa-
HOBJIeHa 74% WAEHTUYHOCTh MO0 OTHOLUEHHUIO K BUPYCY
JInoBu, o ¢parmenty rena VP35 (69% uaeHTHIHOCTH
0 OTHOIICHUIO K BHpycy D0ona-CymaH, o ¢pparMeHTy
rena PHK-3aBucumoii PHK-nonumepasel — 66-68% nis
wieHoB pona Ebolavirus, 64% MASHTUIHOCTH C BUPYCOM
JInosu u oxoio 60% c Bupycom MapOypr [64].

Ha ocHoBaHMM pacCMOTPEHHBIX TaHHBIX MOKHO TIpeI-
JIOXKUTh CIIEYIONINE KOJIMYSCTBEHHBIC MMOKA3aTeNnu st
MIPOBEICHUST TAKCOHOMHUYECKOW XapaKTePHCTHUKH HOBBIX
M30JISITOB (DMIIOBHPYCOB IO PE3yNbTaTaM IIOJIHOTO HITH
YaCTUYHOTO (10 reHy Oenka L) ceKBeHHpOBaHUS TEHOM-
Hoit PHK. Pe3ynwrars! npeacrasneHs! B Ta0JI. S.

Apenasupycol

CewmelictBO Arenaviridae TipeaCcTaBIsIeT cOOOH OONb-
myro rpynny PHK-copepxamux BupycoB, I€HOMHas
PHK KOTOpBIX COCTOMUT M3 JABYX CErMEHTOB M oOiamaer
aMOWICEHCHOM cTparernell KOMUPOBaHUSA. ApPEHABHUPYCHI
pazzensitor Ha apeHaBupycbl Craporo u Hooro Cgera.
DT0 pasneeHne OCHOBAHO Ha CEPOJIOTMYECKUX U (DUII0-
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TeHEeTHYECKUX KPUTEPUSX, a TaKkKe Ha reorpaduyeckoMm
MOJIOKEHUH YHAEMHUYHBIX PETHOHOB.

B cemeiictBO Arenaviridae BXOAWT OOWH POJX
(Arenavirus), KOTOpBIH BKIIIOYaeT 24 Bupyca [65].

I'enom apenasupycoB cocrout u3 ss(—)PHK, Bxitoua-
roreit 6ompmoit (L) u manerii (S) cermeHTsl. L-cerMeHT
(pasmep mpubmmsuTensHo 7,1 THIC. H.0.) KOAMPYET BH-
pycuyto PHK-3aBncumyio PHK-nommmvepasy (L) n muHK-
cBsI3bIBatOLIMN Oestok (Z). S-cermeHT (pa3Mep HpuoiIm-
3UTENBHO 3,4 THIC. H.0.) KOJUPYET OeJIOK HyKJICOKaICH Ia
(N) u mpeamecTBeHHUKA 000JI0YEIHOTO TIMKONIPOTEHHA,
KOTOPBIH B X0JIe OHTOT€HEe3a PaCIleIUIIeTCs Ha IITHKOIPO-
teunsl G1 u G2 (GPC) [66].

[Ipu onieHke BAMSHUA PE3yNbTaTOB CEKBEHUPOBAHHS Te-
HoMHol PHK apeHaBUpyCcOB Ha TAKCOHOMMIO MPEJCTABH-
TeJel 3TOro ceMelcTBa 11e1eco00pa3Ho OTAEIBFHO PAcCMO-
TpEeTh JaHHbIE, TOTyYEHHBIC IPH CEKBEHHUPOBAHUH T€HOM-
Ho#t PHK apenasupycos Ctaporo (Bupyc Jlacca) u HoBoro
Csera. O10 00YCIIOBIEHO TEM, YTO HKHOAMEPUKAHCKHE
apeHaBUPYCHBIE TEMOPPAarnIecKue JTUXOPAIKH, B OTIININE
ot nuxopaku Jlacca, 00nafaroT BEIPa)KEHHBIMU PUPOA-
HBIMHU OYaraMu, BBIXOJ 3a MPEeIbl KOTOPBIX B €CTECTBEH-
HBIX YCIIOBHSX SIBIISIETCS] MAIIOBEPOATHBIM COOBITHEM.

IlItammer Bupyca Jlacca mo pesyiabraraM CEKBEHU-
poBanus reHomHod PHK mepBoHauanpHO OBUTH pac-
npezenieHbl Ha 4 TeHeTHYecKHe JIMHWUY, B JajbHEHIIeM
ObUTM YCTAHOBJICHBI €llle 2 TeHeTHYEeCKHE JMHHUH, XOTI
ICTV oHu odummansHo eie He Ipu3HaHkI [67, 68]. JIu-
Huu 1-3 BeIIENEHBI TOJBKO B Hurepuu, B T0 Bpems Kak
TUHYA 4 BBIENEHa B pa3HbIX CcTpaHax 3amaaHoi Adpu-
ku. Pesynwrarsl cekBenupoBanusi reHomHoit PHK moka-
3aJI1 BBICOKMI YpOBEHb T'€HETUYECKOM H3MEHYMBOCTHU
Mexay muHusIMu 1-4 (10 27% 10 HyKJIEOTHTHOM MOCIIe-
JoBaTeIbHOCTH). Heo0X0MMMO OTMETUTD, YTO Pa3TUdns
M0 HYKJICOTHAHOMY COCTaBy TI'€Ha IJIMKONPOTEHWHA IS
Pa3HBIX TEHETUUYECKUX JIMHUHI BUpyca Jlacca Huke, uem
JUTS TeHa OelTka HyKJIGOKaIlCHIa.

[Ipu cpaBHEHNH HYKJICOTHIHBIX ITOCIIEIOBATEILHOCTEH
mTaMMoB BHpyca Jlacca yCTaHOBIEHO, YTO MOCIEN0Ba-
TEJIBHOCTHU IITAMMOB, OTHOCSIIUXCS K OJHOMY U TOMY K€
reorpa)uIeckoMy perroHy, ABIAIOTCS OUYeHb CXOIHBIMHU
(ypoBens mpeHTHUHOCTH Oojee 99%). Ilpu cpaBHEHHH
IITaMMOB Bupyca Jlacca U3 pa3HbIX perOHOB YCTaHOB-
JIeHa 3HaYUTeJbHAs BapuabenbHOCTh, IPUYEM JIJIsl TEHOB
6enkoB L u Z 6onee Bricokast (10 26%), 4eM AJisi TEHOB
6enxoB GPC u N.

duoreHeTHUECKU aHaIu3 apeHaBupycoB Hosoro
Caeta 0a3upyeTcs Ha CEKBEHMPOBAaHHM I'eHa Oenka Hy-
KJIGOKAICua, 1o pe3yasTaTaM KOTOPOro MpOBEIECHO pa3-
JIeJIeHre BUPYCOB, BXOAALINX B JaHHYIO TPYTITy, Ha TPH
knagel (A, B u C). Bo30yaurenn 0cobo OmacHbIX apeHa-
BUPYCHBIX TeMOpParm4eCcKuX JMXOPagoK (apreHTHHCKON,
OonuBHUIiCKON, OpPa3UIIBLCKON U BEHECYIITBCKOI) — BUPYCHI
XynuH, Madyno, C30ua u ['yaHapuTo COOTBETCTBEHHO,
OTHOCATCS K Knajae B. YpoBeHb reHeTHuecKoil H3MEHUU-
BOCTH TI0 TeHy Oellka HyKJICOKaIlCHIa U Pa3HbIX IITaM-
MOB OZIHOTO M TOTO € BO30yauTeNs He NpeBbImaeT 5%,
B TO BpeM$ KaK aHAJIOTUYHBIH ITOKa3aTeNnb IPU CPAaBHEHUU
passbix apeHaBupycoB HoBoro CBeTa, BXOJAUIUX B OAHY
knany, npessiaetr 40%, a B pa3Hble kiansl — 60% [69].
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PaccmoTpeHHBIe TaHHBIE MOTYT OBITH HCIOJIB30BaHBI
JUI OTIpEeNeNIeHNs] KOJIMYEeCTBEHHBIX IOKa3aTeneil mpHu
MIPOBEIEHUH TAKCOHOMMYECKOM XapaKTePUCTHKH HO-
BBIX M30JIATOB apeHaBHpycoB Craporo (II0 pe3yisraram
ceKkBeHHpoBaHUs 10 TeHy Oenka L) m HoBoro Caera (1o
pe3ynbpTaTaM CEKBEHHpOBaHus 110 TeHy Oenka N). Pesyib-
TaThl IPEACTABICHBI B TA0JI. 6.

Banoasupycwi

I'enom GaHnmaBUpyCOB, Kak M APYIHX IpeICTaBUTE-
nel cemeirictBa Phenuiviridae, COCTOUT U3 3 CETMEHTOB
(L, M u S) (-)PHK. L-cerment reaoma (= 6400 H.0.) co-
JEPKUT OJIHY OTKPBITYI0 PaMKy CUMTBHIBAHUS, KOAUPYIO-
myo PHK-3aBucumyro PHK-nomumepasy. M-cermeHT
reoMa (= 3400 H.0.) COAEPKUT OIHY OTKPHITYIO PaMKy
CUMTBHIBAHUS, KOIUPYIOIIYIO MPEIINIECTBEHHUKA IIHKO-
mpotenHoB (Gn u Ge). S-cermenT, coaepkamuit 1744 v.0.,
nMeeT aMOMCEHCHYI0 OpraHu3aIuio, Koaupyer 6emok N
B aHTUCMBICIIOBOM OpPHEHTAllUHd M BUPYCHBIH HECTPYK-
TypHbIi 6enok (Nss) B cMbIciioBoit opuenTaryu [70, 71].

BiusiHue pes3ynbraroB CEKBEHUPOBaHMS T€HOMHOU
PHK GanmaBupycoB Ha TaKCOHOMHIO ATOH TpyIIIBI pac-
CMOTpPEHO Ha IpuMepe HoBoro Bupyca Jabu (Bo3Oymu-
TeJIb OCTPON JIMXOpPaAKH C TPOMOOIIUTONEHHNYECKUM
cunapomoM (SFTS)), otHocsamerocs k pony Bandavirus
cemelictBa Phenuiviridae.

OUIOTeHETUYECKUH aHaNIu3, MPOBEJIEHHBI C IIOMO-
IIbI0 ONpEIENICHUs] MOJHOPA3MEPHBIX MOCIIEA0BATEb-
Hocreit cermenToB L, M u S Bupyca J[abu, ycraHOBuMII,
YTO JaHHBIM BO30OYyIUTENbh 3aHUMAET MPOMEKXYTOIHOE
MOJIOKEHUE MEXAY IBYMS IPYTMMHU TpylmaMu poja
Bandavirus (rpynma CuUnMIMACKOW MOCKHTHOW IJTHXO-
paaKu u rpymnmna Bupyca Y yKyHHEMH), T.€. IPEACTaBISET
HOBYIO Tpymy poaa Bandavirus [72-75].

B xome npoBejeHHsT CEKBEHHPOBAHUS TE€HOMHOMU
PHK BrisiBneno 6 renorunoB Bo3Oyautens SFTS (A,
B, C, D, E u F). YpoBeHb reHeTHUECKHUX pa3IUIUN
Bupyca [labu m npyrux O0aHIaBHUpPYyCOB B 3HAYHUTEIb-
HOU CTETICHU PA3IMYaeTCs MPU CPABHEHHUH IO PA3HBIM
reHaM. YpOBEHb T'OMOJIOTHH BHpycoB Jlabu H Yyky-
HuemH 1o cermenraM L, M u S remomuoit PHK co-
craBisier 34, 24 u 29% coorBercTBeHHO. HambGoinee
YHUKaJBHOW CTPYKTYpO# XapakTepusyercs TeH Oeika
NSs, mjisi KOTOPOro ypoBE€Hb TI'OMOJIOTHUHM C JIPYTUMHU
¢nedoBupycamu cocrtasuser ot 11,2 mo 16,0% [76].
B 10 ke BpeMsi ypoBEHb F'OMOJIOTHUHU IO cerMeHTaM L,
M u S paznuunbeix reHoTHNOB Bo3OyauTens SFTS co-
craBasia 95,8-99,8, 94,1-99.9 u 94,8-99,7% coorseT-
CcTBeHHoO [76, 77].

st mpoBeieHnsl TAKCOHOMHYECKON OLIEHKH H30JI5TOB
Bupyca SFTS nocraTtouHo HCIONB30BaTh JaHHBIE CEKBE-
HUpoBaHUs reHa Oenka L. KonnyecTBeHHbIE ToKa3arenwy,
KOTOPBIE MOYKHO HCIIONIB30BaTh MPH MPOBEICHUU TaKCO-
HOMHYECKOU XapaKTEPUCTUKH BHOBH BBIIEJICHHBIX H30-
nsatoB Bupyca SFTS, npencrasnens B Tad1. 7.

TakuMm 00pazoMm, Jaxke pe3ynbTaThl YACTUIHOTO CEKBeE-
HupoBaHus reHoMHO HK BHOCST cyliecTBeHHbII BKIa
IpU TPOBEACHUH TAKCOHOMUYECKON XapaKTEpUCTHKHU
BHOBb BbIsBIsIeMbIX JIHK- u PHK-conepxamux Bupy-
coB. BBUJy HEHOCTaTOYHOCTH TaKCOHOMMUYECKON HJIEH-
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TaﬁJmua 6. KonmnuecTBeHHBIC MOKa3aTeIn JUISL TIPOBEACHUSA TaKCOHOMHYECKOMH XapaKTCPUCTUKHN HOBBIX U30JISITOB apCHABUPYCOB 110 PE3YJIbTaTaM

cexkBeHupoBaHus reHoMHol PHK

Table 6. Quantitative indicators for the taxonomic characterization of new arenavirus isolates based on data of sequencing of genomic RNA

PeByJ'II)TaTLI CEKBEHUPOBAaHUSA

I'pynna .
O6nacth (ypoBeHb pasiuunii Mexy
apeHaBHPYCOB o BrIBOJ IO pe3ynbraTaM CeKBEHUPOBAHHS
CEKBEHUPOBAHHS CpaBHHUBAEMbIMH apeHaBHpycamu), % . ]
Group Conclusion based on sequencing results

of arenaviruses

Sequencing region | Sequencing results (the level of differences
between the compared arenaviruses), %

Memnee 1
Less than 1

Craporo Csera
(Ha mpumepe

Bupyca Jlacca)

0Old World LFCH Ge.mca L Lo
i -protein gene

arenaviruses

(Lassa virus

as example)

2-26
Bonee 26
More than 26
Menee 5
Less than 5
Hogoro Cgera
(na npumMepe
BHpyca Mauyno) T'en Genka N
New World arena- N-protein gene 5-40
viruses (Machupo
virus as example)
bonee 40
More than 40

CpaBHHBaEMbIC H30JIATHl OTHOCSTCS K OJJHOW U TOM kKe
TeHEeTUYECKOM JTMHUU BHpyca. BeposTHO, UTO cpaBHUBae-
MBI€ IITAMMBI BBIICJICHBI B OJTHOM H TOM K€ PETHOHE
The compared isolates belong to the same genetic lineage
of the virus. It is likely that the compared strains were
isolated in the same region

CpaBHUBaeMbIe U30JISITHl OTHOCATCS K OAHOM U TOMH ke
TeHETHYECKO JINHUH BHpYyCa
The compared isolates belong to the same genetic lineage
of the virus

CpaBHHBaeMBbIEC H30JIATHI OTHOCATCS K Pa3HbIM
TeHeTHYECKHM JIMHUSIM BHpYyca
The compared isolates belong to the different genetic
lineages of the virus

CpaBHHBaeMbIE H30JIATHI PEICTABISIOT Pa3HbIC BUPYCHI
The compared isolates represent different viruses

CpaBHHBaeMbIE H30JIATHI ITPECTABISIIOT Pa3HbIE IITAMMBI
BHpYCa, OTHOCSIIUECS K OHOM U TOMH JKe TeHeTUIECKOU
JIMHAN
The compared isolates belong to the same genetic lineage
of the virus

CpaBHHBaeMBbIC H30JIATHI IPECTABILIIOT Pa3HbIe BUPYCH,
BXOMSIIIIUE B OJHY H TY XKe KIamy
The compared isolates represent different viruses from the
same clade

CpaBHHBaeMBbIe H30JAITHI IPEICTABILIIOT Pa3HBIC BUPYCHI,
BXOJIAIILME B PA3HbIC KJIa bl
The compared isolates represent different viruses from
different clades

Taﬁnnua 7. KonnuecTBEHHBIC MTOKa3aTeIn JUIST TIPOBEAICHUS TaKCOHOMHYECKOM XapaKTCPUCTUKHN HOBBIX U30JIITOB BUpYyCa I[a61/1 110 pe3yjibTaTaM

CEKBEHUPOBAHUs MO TeHy Oeska L

Table 7. Quantitative indicators for the taxonomic characterization of new isolates of Daby virus based on data of sequencing of genomic RNA

(L protein gene)

Pesynbrarhl CeKBEeHUPOBaHUs (YPOBEHb Pa3IHIHii
MEX[Iy CpaBHHBAaeMBIMHU QHIOBHPYCcaMu), %
Sequencing results (the level of differences between
the compared isolates), %

BBIBOJI 110 pe3y/bTaTaM CeKBEHUPOBAHMS
Conclusion based on sequencing results

Menee 0,2 CpaBHI/IBaeMLIC U30JIATBEI BUPYCOB OTHOCATCA K ONHOMY U TOMY K€ T€HOTUITY BUpYyCa

Less than 0.2

The compared isolates belong to the same genotype of the virus

02-42 CpaBHHBaeMBIC U30JIAThl BUPYCOB OTHOCSTCS K Pa3HBIM FEHOTHIIAM BHpYCa
= The compared isolates belong to the different genotypes of the virus

CpaBHHBaeMbIe H30JSITH BUPYCOB MPEACTABISIIOT Pa3HbIE BHBI, KOTOPBIE PEAIIONO-
42-31 JKUTEJIBHO MOTYT OTHOCHTBCSI OHOM U TOH e rpyIne pona Bandavirus
’ The compared virus isolates represent different species, which presumably may

belong to the same group within genus Bandavirus

Bonee 35 CpaBHUBaeMble U30JIATHI BUPYCOB MPECTABISIOT Pa3HbIE TPYIbI poaa Bandavirus
More than 35 The compared virus isolates represent different groups within genus Bandavirus

TA(GUKAIUN C WUCTIOIH30BAHUEM CEPOJIOTUICCKUX METO-
JI0B, JaHHble cexkBeHupoBaHusi reHoMHOM HK nomxHb
3aHATh IPUOPUTETHOE MOJIOKEHHE.

ICTV akTHBHO HCTIONB3YeT JUIS KIACCHU(PUKAINH JaH-
HbIE CEKBEHHPOBAHUS FCHOMOB BO30yauTeneii. CornacHo

YCTaHOBJICHHBIM TPEOOBAHUSM, TIIABHBIM KPUTEPUEM IS
uAeHTU(UKANNN BUIAa BUpPYyCa SIBISICTCS MACHTUIHOCTH
MOCJIEAOBAaTEIFHOCTH HYKJIEOTHIOB cBbime 90% [78].
OmHaKo BMECTE C TEM B HACTOSIIEE BPEMS HAXOJUT IIIH-
pOKOE TIPUMEHEHNE TaKKe METON UACHTU(DUKAIIUN BHUIIA
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BHpYCa C HCIOJB30BaHUEM KOPOTKOTO y4JacTKa T'eHOMa,
OIPE/IC/ICHHOI0 T'eHa WM HECKOJbKMX T'€HOB. BaxkHO
OTMETHUTh, YTO HE TOJIBKO JUISl KAXKIOIO Kiiacca BUPYCOB,
HO W JJI1 TAKCOHOB 00JIce HHM3KOTO YPOBHS MPHU IPOBE-
JICHUU YaCTHYHOIO CEKBECHHPOBAHMS C IIEJIBI0 TAKCOHO-
MUYECKOH HJCHTU(HUKAIMU BHOBb BBIJICIIEHHOTO H30-
JIATa BO30YIHUTENS HEOOXOIUMBI 000CHOBAaHHBIA BHIOOD
y4acTKa Te€HOMa JIJIsl CEKBEHHPOBAHHS M OIpPEICICHUE
KOJIMYECTBEHHBIX KPUTEPUEB, MO3BOJISIOLINX MTPOBOAUTH
uaeHTuukanuo. Pa3HBII YpOBEHb KOJUYECTBEHHBIX
nokazarenet st JJHK- u PHK-conepxaimux BupycoB
OIIPEIEIISAIOT Pa3IHyusl B CKOPOCTH SBOJIOIMHU, KOTOPas
st PHK-conepyxammumx BUpycoB B cpeiHEM Ha 2 TOpsia-
ka Bbime (1 X 10° u 1 x 107 HyKIeOTHAHBIX 3aMCH Ha
CalT B Tojl COOTBETCTBEHHO). C IIENIbI0 TaKCOHOMHYE-
CKOW MACHTU(UKAIIMU BHOBD BBIICJICHHOTO M30JIITa BU-
pyca ¢ MOMOIIbI0 CEKBEHUPOBAHUS HEOOXOIUMO POBE-
JICHUE CPABHUTEIILHON OIICHKUA C OXapaKTePU30BaHHBIM
ITaMMOM Bo30ymuTens. [Ipu 3ToM BBICIIUM TaKCOHOMU-
YECKHM YPOBHEM, B MpeleiaXx KOTOPOro JOHKHBI HAXO-
JIUTHCS aHAIM3UPYEMBbIN U30JIAT BO3OYIUTENsI M BAPUAHT
CpaBHCHHS, ABJSICTCS PO BHPYCOB.
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MMMyHHaH PeakKTUBHOCTb ABYX GMonorn4yeckux MOAeneﬁ

Ha NPUBUBKY MHaKTMBMpOBaHHOﬁ BaKLIMHOﬁ QazVac

NPOTUB KOpOHaBUpPYCHOU nHcpekymnn COVID-19

MbipsaxmeTtoBa B.LL. |, XXannaposa I"'A., bucenb6aesa K.b., TortaHoBa C.A., TybickaHosa M.C.,
>Kyrynucos K.[., Kytymbetos J1.B.

PI'M «HayyHo-uccnepoBatenbckuii MUHCTUTYT Npobnem Guonornyeckon 6esonacHoctuy M3 PK, 080409, nrr. Bapaevickui,
Pecny6nvka KasaxcrtaH

Pestome

BBepneHue. Cneumnduryeckasn npocmnakTnka psaa MHEeKUMoHHbIX 6onesHen BBeAeHa B kanenaapb MeAULIMHCKUX
npuBMBOK. [Mpon3BoaCTBO MMMYHOMPOMUMAKTUYECKUX NPENapaToB B LIENAX YCTAHOBIIEHNS CTAHAAPTHBIX CBOWCTB,
B TOM uyncne no 6es3onacHocTn un cneumnduryeckon achpeKTMBHOCTN, TpebyeT CTpororo coonioaeHns pernamen-
Ta U3roTOBMEHMS, @ JOCTOBEPHOCTb MOJSyYEHHbIX PE3ynbTaToB — NPOBEAEHNS KOHTPOMS YKa3aHHbIX NapaMeTpoB.
Cneumndumyeckyto apdeKTMBHOCTb BaKLMHHbLIX NPenapaTos CTaHAAPTU3NPYIOT MO NokasaTensam CTUMYNALMN rymo-
panbHbIX PaKTOPOB UMMYHUTETA, (POPMUPYEMbBIX B OPraHU3Me NPUBMTLIX MOAENbHbIX B1ONOrMyeckmx 0ObEKTOoB.
Llenb pa6oTbl. OnpegeneHne MIMMYHHOW peakTUBHOCTU 6enbix Mblllen Ha NPpMBMBKY BakumMHon Qaz\Vac ans ycra-
HOBMEHMS BO3MOXHOCTU UX UCMOMb30BaHUS B Ka4eCTBE BUONOrM4YeCcKon MOAENM B OLEHKE UMMYHOTEHHOCTU Bak-
LMHbI BMECTO CUPUNCKUX XOMSIKOB.

MaTepuanbl n metoabl. OLeHKY MMMYHHOW PEaKTUBHOCTM MOAEMbHbIX KMBOTHbLIX NPOBOAMIIN MO KONUYECTBY Ce-
POKOHBEPCUBHOCTW, CKOPOCTU U AMHaMWUKE TUTPOB aHTUTen Ha Bupyc SARS-CoV-2, hopMmmpyembix B OpraHuame
nocne nNpPMBUBKN UCMbITYEMON BaKLMHOWN.

PesynbTtatbl. Pesynsrarthl uccnegoBaHuin nokasanu, YTo ucnbiTyemMble bruonornyeckue mogenv obnagatot npu-
MEPHO OAMHAKOBOW MMMYHHOW PeakTUBHOCTBIO Ha BBeAeHWe BakuuHbl QazVac, noaTBepxaarolmm cBuaetenb-
CTBOM KOTOPOW SBMASANNCL YPOBEHb U AVHAMMKA TUTPOB aHTuUTen. [pn aHanuae KpaTHOCTW yBENUYEHNS TUTPOB aH-
TUTEN B CPaBHEHUN C TaKOBbIMU KOHTPOJbHBIX XMBOTHbIX, CUPUCKME XOMSIKM 00raaatoT cpaBHUTENbHO GonbLuen
peakTMBHOCTbLI0. Ho Genble Mblwm, cBoboaHbIE OT NaTtoreHHon Mukpodnopskl (CMN®P), cTaHAapTHBI NO MHTAKTHOCTU
oT aHTuTen Ha Bnpyc SARS-CoV-2.

3akntoyeHue. NonyyeHHble JaHHble CBUAETENbLCTBYET O TOM, YTO MMMYHHAs PeakTMBHOCTb GerbiX Mbilei Ha
BBeAeHMe BakuuHbl QazVac no ckopocTy 1 AnHamuKe oOpMMPOBaHNS BUPYCHENTPaNU3yOLWNX aHTUTEN SBNSETCS
NpaKkTUYeCckn paBHO3HAYHOW UMMYHHOW PEeaKkTUBHOCTU CUPUMCKMX XOMSKOB. B opraHuame Genbix Mbillen kaTte-
ropum CMN® 0o NpvBMBKM BaKLUMHONW, B OTNIMYME OT CUPUINCKUX XOMSIKOB, HE coepKaTcst (DakTopbl r'ymopasnbHOro
UMMYyHUTETa, cneunduyHble K Bupycy SARS-CoV-2.

KnroueBble cnoBa: umMmyHHasi peakmueHocms, supyc SARS-CoV-2; peakyus Helimpanusayuu, 8akyuHa

Onsa uutupoBaHuA: Mbip3axmeTtoBa b.LU., Xannaposa A., BuceHbaeBa K.b., TontaHoBa A.C., TybickaHo-
Ba M.C., XKyrynucos K.[J., KytymbeToB J1.b. IMMyHHasi peakTMBHOCTb ABYX BMOMnormyecknx mogenem Ha npuBmBKy
WMHaKTUBMPOBaHHOW BakumHon QazVac npotuB KopoHaBupycHow uHdekunm COVID-19. Bonpock! supycomnoauu.
2024; 69(3): 219-230. DOI: https://doi.org/10.36233/0507-4088-222 EDN: https://elibrary.ru/mcackf

BnarogapHocTn. ABTOpbI BbipaxatoT bnaroqapHoOCTb pyKOBOACTBY M COTPYAHMKAM MHCTUTYTa 3@ OKa3aHHYO NOMOLLb B
NpPOBEAEHNN JaHHbIX UCCNEAoBaHUN.

UctouHuk cpmHaHcupoBaHusA. Pabota BeinonHeHa B pamkax [ocygapcTBEHHOro 3apaHusi «Ycnyru no obecneveHuio
6uonornyeckor 6esonacHocTy B cchepe Haykm» Ha 2023 roa, npu dmHaHcoBorn noaaepxke MuHucTepcTea 3gpaBooxpa-
HeHus Pecny6nukun KasaxcraH.

KoHdnukT nHTepecoB. ABTOPbI AEKNapupyOT OTCYTCTBME SIBHBIX U MOTEHLManbHbIX KOHMINKTOB MHTEPECoB, CBA3aH-
HbIX C Nybrmkaumen HacTosiLLen cTaTbm.

ATnyeckoe yTBepxaeHune. ABTOPbI NOATBEPXAAIOT COBMNoAEHNE MHCTUTYLIMOHABbHBIX M HALMOHAaNbHbLIX CTaHAAPTOB NO
MCMONb30BaHMI0 NabopaTopHbIX XMBOTHBIX B cOOTBETCTBUM ¢ Consensus author guidelines for animal use (IAVES 23 July
2010). MNpoTtokon uccnegoBaHusa ogobpeH Komutetom no 6uoatnke Hay4yHo-MccnenoBaTenbCcKoro MHCTUTYTa npobnem
6uonoruyeckor 6esonacHocTy MuHucTepcTea 3apaBooxpaHeHusi Pecnybnuku KazaxctaH (MpoTtokon Ne 2 ot 14.08.2023).
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Abstract

Introduction. Specific prevention of a number of infectious diseases has been introduced into the vaccination
schedule. The production of immunoprophylactic drugs, in order to establish standard properties, including
safety and specific effectiveness, requires strict adherence to manufacturing regulations, and the reliability of
the results obtained requires monitoring of these parameters. The specific effectiveness of vaccine preparations
is standardized according to the indicators of stimulation of specific antibody response formed in the body of
vaccinated model biological objects.

Objective. Determination of the immune reactivity of white mice to vaccination with the QazVac vaccine to establish
the possibility of using them as a biological model in assessing the immunogenicity of the vaccine instead of Syrian
hamsters.

Materials and methods. The immune reactivity of model animals was assessed by the seroconversion rate,
dynamics of antibody titers to the SARS-CoV-2 virus formed in the body after vaccination with the test vaccine.
In the case of seropositivity of animals before administration of vaccine or placebo, the level of immune reactivity
was calculated by the difference in antibody titers between control and vaccinated animals or by the difference
in antibody titers before and after immunization. Specific antibodies were detected and their titer was determined
using a neutralization reaction.

Results. The research results showed that the tested biological models had approximately the same immune
reactivity to the administration of the QazVac vaccine, confirmed by the level and dynamics of antibody titers. When
analyzing the fold increase in antibody titers in comparison to those of control animals, Syrian hamsters were more
reactive compared to mice. But SPF white mice were standardized in their lack of the immune reactivity to SARS-
CoV-2 virus before the immunization.

Conclusion. The data obtained indicate that the immune reactivity of white mice to the administration of the
QazVac vaccine in terms of the rate and dynamics of the formation of virus-neutralizing antibodies is approximately
equivalent to the immune reactivity of Syrian hamsters. Before immunization with the vaccine, SPF white mice,
in contrast to Syrian hamsters, do not have humoral immunity specific to the SARS-CoV-2 virus. The immune
reactivity equivalent to that observed of Syrian hamsters and the absence of antibodies to the SARS-CoV-2 virus
at a baseline indicate the superiority of the use of white mice in assessing the immunogenicity of vaccines against
COVID-19 and/or obtaining specific factors of humoral immunity.
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BBenenune

O dexTrBHBIM criocoOoM TpodHITaKTHKN HH(DEKITH-
OHHBIX 3200JICBaHUI W TUKBHIAIIMN MX SIHAEMUYECKO-
IO pacupoCTPAaHEHUs SIBISETCS MOBBIIEHUE UMMYHHON
3alIATHl OpraHU3Ma C TIOMOIIBI0 BaKIMHHBIX TIperapa-
toB [1-10]. Tak, mna mpeaynpexaeHus cirydaeB 3a0o-
JIeBaHUST U TPEAOTBPALICHUS SHUAEMUNA KOPH, MOJIHO-
MUENUTa, TPUMIA U JIp. CONHAIBGHO OMAacHBIX Oosie3Hel
B MEJMIMHCKOM MPaKTHKE MPOBOIST COOTBETCTBYIOIIYIO
UMMYHHYIO MTPO(GHIAKTHKY JIOIECH ¢ paHHEro BO3pacTa
v/vmm B miporiecce ux xm3Hu [11-14]. Cnenuduaeckas
npo¢uIakTuKa psAaa MHPEKINOHHBIX Oosie3Hel BBeneHa
B KaJieHIapb MEIUIIMHCKUX NpHUBHUBOK. [IpomsBomcTBo
MMMYHOITPO(MIAKTHYECKUX TPETapaToB MoApa3yMeBaeT
CTporoe coOmoeHNe perviaMeHTa U3TOTOBJICHNS B LIENAX
HX COOTBETCTBHS 33aJJaHHBIM CTaHIAPTHHIM TPeOOBaHH-
sM!, B TOM 4nciie Mo 0e30MacHOCTH M CHenupHIECKON
3¢ PEKTUBHOCTH, a TaKXKe IPOBEICHHE KOHTPOIS yKa-
3aHHBIX HapamMeTpoB [15, 16]. Crnenudpudeckyro ¢ dek-
TUBHOCTh BaKIWHHBIX TIPENapaTroB CTaHIAPTH3HPYIOT
[0 TIOKA3aTesIM CTHMYJSIIUN TYMOPAIBHBIX (DaKTOpOB
UMMYHHTET2, (OPMHUPYEMBIX B OpraHM3Me€ INPHBHTHIX
MOJIETTBHBIX OMOJIOTHYECKUX OOBEKTOB.

B cBf3u ¢ BO3HMKHOBEHHUEM NAHAEMHUU HOBOW KOpO-
HaBupycHoi uHpekun (COVID-19) B pa3HBIX cTpaHax
ObuTM pa3paboTaHBl pa3IWYHbIE BAaKIUHBI MPOTHB STOH
00JIe3HN, U3 KOTOPBIX OHHU MOJYYWIN MEXKIYHApOIHOE
IOpU3HAHUE, OPYTUE HCIONB3YIOTCS B HALMOHAJIBHBIX
macmrabax [17-19]. B Pecniyonuke Kazaxcran B mepruon
nangemun COVID-19 nmpumeHsIIM UMOOPTHEIE BAKIITHBI
(«Cnytauk V», Poccus; SinoVac, Kuraii; Pfizer, CIIIA)
1 oTedecTBeHHYI0 BakiuHy (QazVac, Kazaxcran) mpotus
3TOI MaToJOTHH, BBICOKAas OE€30MacHOCTh M YOBJIETBO-
putesnbHas 3(pQPEKTHBHOCTh KOTOPBIX ObLIa MPOIEMOH-
CTpUpOBaHA B KJIMHUYECKUX HccienoBaHusax [20-22].
IIpu onenke nMMyHU3UpyONMEeH 3(h(HhEeKTHUBHOCTH OTede-
CTBEHHOM BakIMHBI QazVac B KauecTBe OHOJIOTHYECKOM
MOJIETT HCIONB3YIOTCS CHUPUHCKHE XOMSKH, KOTOPBIX
[IPUBUBAIOT UCTIBITYEMON CEpUEH BaKLIMHEIL, a 4yepes3 7 CyT
IOCJIe BBEJCHHS BTOPOM JO3BI Iperapara MOABEpraioT
HCCIIEIOBAHUIO HA COZIepKaHHe CIEeHU(pUUECKUX BUPYC-
HedTpanusyomux anturen [23]. CortacHo TpeOoBaHU-
M AHaJUTUYECKOT0 HOpMaTHBHOTO jgokymeHTa (AHJI)
KOHTPOJISL Ka4uecTBa’ Ha Mpenapar, B 00pasiax ChIBOPOT-
KU KPOBU MOJCIBHBIX XKHUBOTHBIX B 3TH CPOKH JIOJIKHBI
B xome peakuuu HedTpanmzanuu (PH) onpenensthes
cnennuIecKre aHTUTeNa B TUTpe He Hike 32. Hcmons-
30BaHME CHUPHUIICKMX XOMSKOB B KadecTBE J1aboparop-
HOW MoOJenu A OLUEHKM MMMYHOT€HHOH aKTHBHOCTH
BaKIMHBI OBIJIO CBA3aHO C TE€M, YTO OTH XMBOTHBIE BOC-
npuuMYUBH K 3a00neBannio COVID-19 [24, 25] u B ux
OpraHu3Me B MMOCTUH(EKIIMOHHBIH Tepro GOPMUPYIOT-
cs crieruduyeckre aHTHTeNa K S-0enky Bupyca SARS-

'WHO. Coronavirus (COVID-19) Dashboard. Available at: https://
covid19.who.int
2AHATUTHYECKUIA HOPMATUBHBIH HoKyMeHT (AHJI) KoHTpoOIs Kade-
cTBa MHAaKTUBHpOoBaHHOH BakuuHBI QazCOVID-in (QazVac). I'sap-
nmerickmit; 2021.

OPUTUHAJbHbBIE NCCNEAOBAHUA

CoV-2. Ot Hauana maHIeMHUHd HOBOW KOPOHABUPYCHOM
WHQEKIUN O HACTOSIIETO BPEMEHH OBLIO OIMyOIUKO-
BaHO OOJBIIOE KOMUYECTBO HCCIIEAOBATEIBCKUX PaldoT,
B KOTOPBIX aBTOpaMH ObLIH UCIIOIB30BaHBI Pa3HbIC BUIBI
JKAUBOTHBIX B Ka4ECTBE OMOIOTHIECCKON MOJIEIH TIPH IIPO-
U3BOJICTBE M KOHTPOJIE MMMYHOOHOJIOTHYECKUX Ipera-
patoB npotuB COVID-19 [25-35]. O BoCIpUUMYHUBOCTH
K BUpycy SARS-CoV-2 menkux rpeizyHoB Rodentia (MbI-
W, cUpuiickue XOMSKH) [36—39], XUIIHBIX KUBOTHBIX
Carnivora (XOpbKH, KOIIKH, cobaku) [40—42] u Hedeso-
BeKOOOpa3HBIX 00e3bsH Primates (3emeHas MapThIIIKa,
OOBIKHOBEHHAs1 WIPyHKa, adpukaHckuii 0abyuH, Ma-
KaK-pe3yc) COOOIIMIIN PsJT YICHBIX, C pa00TaMH KOTOPBIX
MOXKHO O3HAKOMHTBCS B 0a3ax JaHHBIX bioRxiv, Medline
u PubMed [43-48]. OmHako OMBIT UCHOIB30BAHUS CU-
PHICKHAX XOMSKOB TIOKa3ajl, YTO 4acTO B UX OpraHu3Me
cozeprkarcs crienudryeckue aHTurena K supycy SARS-
CoV-2 [49] no Hauana ucciea0BaHus U, COOTBETCTBEHHO,
WX HaJIMYME HE MO3BOJISAET IONy4Yarh JIOCTOBEPHBIE CBE-
JIEHUS O CTAHIAPTHOCTH UCIIBITYEMOM BaKIIMHEI.

Henap uccjenoBanus — onpeneieHrne UIMMYyHHOR pe-
AKTUBHOCTH OEJBIX MBIIIEH Ha IPUBUBKY BakIMHOH Qaz-
Vac 111 yCTaHOBJICHUS BO3MOXKHOCTH WX UCTIOH30BAHUS
B KadecTBe OMOIOTHYECKON MOAENTH B OIEHKE MMMYHO-
TeHHOCTH BaKIIMHBI BMECTO CHPHICKHX XOMSKOB.

MaTepl/la.]'IbI H METOAbI

Bakyuna. B xauecTBe UMMYHU3HUPYIOIIETO HHCTPYMEH-
Ta ObUTa UCTIONTB30BaHa BakIuHa QazVac, M3roTOBICHHAS
n3 BapuanTa «OmukpoH-tOsxnas Appuka» supyca SARS-
CoV-2 B tpex cepusix (cepuu Ne 1, No 2, No 3) mo nmeii-
CTBYIOUIEH CTaHAAPTHOM TEXHOJIOTHUHU.

Bupyc. JIns npon3BoCTBa UCIIBITYEMON BaKIIMHBI U I10-
ctaHoBkd PH ObLT MCHONB30BaH HITaMM TE€HETUYECKOTO
BapuanTa «OmukpoH-IOxHas Adpuka» Bupyca SARS-
CoV-2, aanTHpoBaHHBIN B KyNbType KJIETOK Vero ¢ 6uo-
JIOTHYECKOH aKTHBHOCTBIO 6,67 £ 0,22 1g TLJL /oM.

Kynomypa knemox. Jlns monydeHuss OHMOMAacChl BU-
pyca SARS-CoV-2 u mocranoBku PH wucmonszoBamu
JUHHUIO KyneTyphl KieTok Vero (WHO), ceptudummpo-
BaHHYI0 BcemupHOW opraHuzanued 3apaBOOXpaHEHUs,
BEIPAIIICHHYI0O MOHOCIIOEM B IUIACTHKOBBIX KJIETOYHBIX
¢dadpukax Cell Factory, MmaTpacax u muanmerax. Kier-
KM BbIpallliBaiii B nutatesnbHol cpene DMEM c conep-
skaaueM 5—10% QeranpHOM CHIBOPOTKU KPOBU KPYITHOTO
poraroro ckota (FBS). [l mogaepkaHus KHU3HECTIOCO0-
HOCTH KJIETOK HCTIOJB30BAIN Ty K€ MUTATENbHYIO CPENy,
HO ¢ conepxanuem 1-2% FBS.

JKusommuwie. B xadecTBe mabOpaTOpPHBIX >KUBOTHBIX
OBUTM MCIIOTB30BAHBI KIIMHUYECKH 3/I0POBBIE 30JI0THCTHIE
cUpHiickue XOoMsAKH kuBOM Maccoit 70-80 r m Gecro-
pomHBIe Oellbie MBIIIH, CBOOOAHBIE OT MATOTEHHOW MH-
kpodmopsr (CIID), xusoit maccort 1822 1. JKuBoTHBIX
COIEpXaNd B YCIOBHAX HAyYHO-IKCIIEPUMEHTATBHOMN
ouonoruueckor kmHukn (ABSL-2) ¢ ypoBHEM OHOJI0-
rudeckoil 6esomacHocty 1I, Tme mpemycMOTpeHsl caHH-
TapHBIN MPOITYCKHUK, IPUTOYHO-BBITSKHASI BEHTHIISAIINSA,
ocHareHHas QuiasTpamu ToHkor ourctkn HEPA, cienin-
aJbHBIC KIIETKU TSI COACPKAHUS )KUBOTHBIX C aBTOHOM-
HOM Imojaueil Bo3ayxa, KopMa U BOJBL.
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Oyenxa umMmynHou peaxmugnocmu sicugommusix. OLeH-
Ky MMMYHHOW PEaKTHBHOCTH MOJEIBHBIX JKMBOTHBIX
MIPOBOAMIIM 110 KOIUYIECTBY CEPOKOHBEPCUBHOCTH, CKOPO-
CTH U IMHAMUKE TUTPOB aHTUTEN Ha BUpyc SARS-CoV-2,
(opMHpYyEMBIX B OpraHU3Me ITOCJIe TPUBUBKH HCITBITYe-
MO BakIIMHOH. B ciryuae cepono3UTUBHOCTH KUBOTHBIX
JI0 TIPUBMBKU BAaKLMHOM WIIM M1anebo ypoBEeHb UMMYH-
HOW PEaKTUBHOCTH PACCUMTHIBAIH IO PAa3HHIE TUTPOB
aHTUTEN MEXy KOHTPOJIBbHBIMHU U MTPUBUTHIMHU BaKI[MHOI
MOJIETISIMM WJIM TI0 pa3HUIIE TUTPOB aHTHUTEN A0 W MO-
cie BakuumHanuu. Crienuuueckrne aHTHTeNa BBISBISUTH
U YCTaHaBJIMBAIU UX TUTP C moMo1ubio PH.

Tlocmanoska peaxyuu netimpanuzayuu. PH npoBonumm
Ha MOHOCJIOHHOU KyJIbType KJIETOK Vero, NpUroTOBJIEH-
HOW B 90-TyHOYHBIX TTACTHUKOBBIX IUIaHIIETax. B kade-
CTBE pPEaKIMOHHOM CMeCH MCIHONB30BANM ABYKpaTHbIE
pasBenenus (1 : 2, 1 : 4 u 1.1.) UccaeqyeMOH CHIBOPOTKH
KpPOBHU CHPHIMCKHX XOMSIKOB M O€JIBIX MBIIIEH Ha moaaep-
AMBAIOIIEH Cpeie U KYJIbTypalbHyI0 CYyCIEH3UIO BUpYyca
SARS-CoV-2 Bapuanra «Omukpon» ¢ turpom 100 TLUL, ,
B34TBIX B PaBHBIX OOBEMHBIX COOTHOWIEHUAX. llomyuen-
HYIO0 CMECh BblAepxuBaiu npu Temmneparype 37 °C B Te-
yeHue 60 MMH M BHOCWIM B PaBHBIX J103aX B HE MEHEE
4yeM 4 JIyHKH 96-TyHOYHOTO IUIaHIIEeTa C TECTOBON KyJb-
Typol KJIeTOK. B KauecTBe KOHTpONA H03bl CYCIEH3UIO
BHpYycCa TUTPOBAJIN Ha TOH K€ KYJIBType KIETOK UCTIONB3YS
ee mecsrukparaeie (1071, 1072 1073, 107*) pasBenenus Ha
MOAJEPKUBAIOILEH cpene. [ KOHTpons KauecTBa Kyib-
TYpPBI KIIETOK OCTaBJISUT HE MeHee 4 TyHOK 0e3 BHECeHHUS
PEaKUOHHON CMECH U BUPYCa, HO € 3aMEHOM Ha MOAJAEp-
*uBaroiyto cpeny. Kynstypy knetok B mianmerax ¢ PH
BBbIIEp)KUBANU Npu Temneparype 37 °C B TedeHue 5 CyT,
Mocye 9ero NMPOBOAMIN YUET Pe3ysIbTaToB IO LUTOMATH-
yeckomy newctButo (IIITJI) Bupyca. OrcyrctBue III1J]
B KyJIBType KJIETOK, NPH HAJIWYHH €r0 B KOHTPOJBHBIX
JyHKax C J030M BHpycCa M OTCYTCTBHM B JyHKax C KOH-
TPOJIEM KauecTBa KYJIBTYPHI KIETOK, OINpPEACIAIN Kak
HEUTpaIM3annio BUpyca WIA HaJMYUe aHTUTEN, a HajH-
yre HII/I, npu yKa3aHHBIX COCTOSHUSX B HEPEUHUCICH-
HBIX KOHTPONIIX, — KaK OTCYTCTBHE HEHTpanu3aluu
U crienn(pUIecKuX aHTHTEIN. 3a TUTP aHTUTET IPUHUMAITN
TO HAaWBBICIIEE PAa3BEACHUE CBHIBOPOTKH KPOBH, KOTOPOE
B He MeHee 50% ciaydaeB HEHTpaInu30Bao PenpoIyKLHUI0
Bupyca. TUTp aHTUTEN OMUCHIBAJIM B OOpaTHBIX IU(PO-
BBIX BEIMYMHAX JBYKPAaTHBIX DPa3BEAECHUH CHIBOPOTKU
KpoBu. TuUTp BUpyca U CBIBOPOTKH KPOBH PacCUUTBIBAIN
mo L. Reed u H. Muench [50]. JlocTroBepHOCTE pazHOCTH
TUTPOB aHTUTEIN, (OPMHUPYEMBIX Yy MOJENIBHBIX JKHBOT-
HBIX, ycTaHanuBaiu 1mo CteroneHty [51-53].

Hmmynusayua scusommuvix. VIMMYHH3AITUIO MOJENb-
HBIX JKMBOTHBIX IIPOBOJAMIN IIyTEM BHYTpPUMBIIIEU-
HOTO BBEJICHUS HCIBITYeMOH BakiuHbI B fno3e 0,5 M
B UYETBHIPEXIVIABY0 MBIIILY JIEBOM 3aJHEH KOHEYHOCTH.
Ilepen nabeKIMEN MecTO yKona obpabarsiBamu 70° aTH-
JIOBBIM CIIMPTOM U BBICYIIMBANU. KOHTPOIBHBIM KHBOT-
HBIM BMECTO BaKIMHBI BBOAWIM KOMMEpPYECKHH (U3M0-
noruyeckui pactsop xnopuaa Hatpus (AO «Xumdapmy,
[IpIMKeHT).

Onpedenenue 6esonachocmu. be30macHOCTh BaKIU-
HBI OIICHWBAJIN IyTEM MPOBEIECHUS MPOIEAYp KOHTPO-

222

7 KadecTBa comiacHO Tpebosanusam AHJ] Ha mpena-
par u mo pe3yabpTaraM WHBEKIWH ABYX €ro MMMYHH3H-
pyrommx 4ejaoBedeckux m03 10 cupuiickuM XoMsKaMm
u 10 OecropomubiM OenbiM MbIiaM kateropuu CII®
BHYTPHMBIIIIEYHO B MBIIIIBI 33JJHUX KOHEYHOCTel. Bak-
LUHY CYMTaId 0e30MacHON B ClIydae COOTBETCTBHS CTe-
PHIBHOCTH, COAEPXKAaHUsS SHIOTOKCHHA, o0Iero Oeika,
knetouHoit JIHK u nuporeHHOCTH HOpMAaTHBHBIM 3Haue-
HUSIM, yCTaHOBIEeHHbIM B AH/I, a Tax:ke pu BBKUBAHUU
BCEX MPUBHUTHIX JBOMHON J1030M Mpemapara CUPHICKHUX
XOMSKOB M OeNbIX MBIIIEH 0e3 pa3BUTHS MECTHOM U 00-
el maTolIoruy B TeueHue 14 cyr.

Cxema uccnedosanuss ummyHoeennocmu. CUPHACKHX
XOMSIKOB ¥ O€JIBIX MBIIIEH pa3aenrii Ha 5 rpyrm mo 20 ro-
JIOB KaXJIOTO BHAA: 1-10 TPYNIly >XMBOTHBIX NPHBHBAIIU
BakIMHOM cepun Ne 1, 2-10 — BakunHoM cepun Ne 2, 3-10 —
BakIHOM cepun Ne 3, 4-10 — rmarie6o, a 5-10 TPyIIy OCTaB-
T 6e3 SKCIIePUMEHTAIBHOTO BMEIaTeNIbCTBa. 3a MpH-
BUTBIMU M KOHTPOJIbHBIMHU >KUBOTHBIMH BEJU €KEIHEBHOE
KIIMHUYECKOe HAaOIIOJIeHNE ¢ peruCTpaIieil TeMIieparyphl
Tela, JKUBOM Maccel. Ilepell MOCTaHOBKOM 3KCIIEpUMEHTA
OT BCEX CHPUMCKUX XOMSIKOB U O€JbIX MBIIIEH coOupanu
00pasIpl CHIBOPOTKH KpoBH. llpm 3TOM 00pasmbl KpoBU
OT CHUPHUICKUX XOMSIKOB COOMpa U3 MEKPE3L0BO BEHHI,
a 'y MbIIIel — U3 IOAXBOCTOBOM BeHbl. Ha 14, 21, 28, 35-¢
CYTKH TIOCJIe MHBEKINHM BaKIMHBI U I1ae00 CHIBOPOTKY
KpPOBH COOMpany OT 5 TOJOB >KMBOTHBIX Ka)KAOTO BHIA,
y CHPHICKHX XOMSKOB U3 MEKpPE3LOBOH BEHBI, a Yy MBI-
niel — U3 IEHHBIX COCYJOB TOTAIbHO IIyTEM JEKAIMTa-
un. OOpa3Ibl CEIBOPOTKH KPOBH TIEpe MCCIIeN0BaHUEM
B PH nonsepranu Tepmudeckoil 00paboTke Ipu TeMIepa-
Type 56 °C B Teuenue 30 MUH.

Cmamucmuyeckas obpabomxa. CTaTUCTUYECKUIN aHa-
JU3 pe3yNbTaTOB MPOBOAMWIM C MCHOJB30BAaHHEM IIPO-
rpammHuoro obecnedennss GraphPad Prism8. [JoctoBep-
HOCTb pa3lIu4Iui Mexny nokasaremsimu (p < 0,05) ompe-
JEISUIN ¢ IpUMeHeHneM kputepus CThroJeHTa.

ABTOpPBI TTOATBEP)KAAIOT COONIONEHHUE WHCTHUTYIHO-
HaJbHBIX U HAIlMOHAJIBHBIX CTaHIApPTOB 10 HCIIOJIB30BaA-
HUIO Ta0OpaTOPHBIX XHUBOTHBIX B cooTBeTcTBUH ¢ Con-
sensus author guidelines for animal use (IAVES 23 Ju-
ly 2010). IIporokon uccnenoBanusa onoopen Komurerom
no Ouostuke HaydHO-mMcCenoBaTesbCKOTO HWHCTUTYTA
npoOiiem Omonornyeckoil 6e3omacHoCcTH MUHHCTEPCTBA
3npaBooxpanenust PecmyOnuku Kazaxctan (IIporoxon
Ne 2 ot 14.08.2023).

PesyabTarhl

KoHTpone ucmonb3yeMblX cepuil BakIMHBI IIOKa-
3aj], 9YTO OHW COJEp)KaT KOJIMYECTBO BOJOPOAHBIX HO-
HOB B mpenemnax 7,24-7,31, obmero Oenka — 92,765—
99,343 mxkr/0,5, knerounoit JJHK — 37,32-38,94 ur/0,5,
sHoToKCcHHOB He Oonee 0,15 ME/Mn n popmanpaeruna
He Oonee 20 mr/m. Pe3ynpraTsl HCIBITAaHUS HA CTEPUIIb-
HOCTbH C TIOMOIIBIO BBICEBA Ha IHUTAaTENIbHBIC Cpepbl (Ms-
COTICTITOHHBIA OyITEOH, MSCOMENTOHHEIA arap, Calypo
1 THOTJIMKOJIEBYIO) OBLIM OTPULATEIbHBIMHU, YTO YKa3bl-
BaJIO HA YUCTOTY OT HOCTOPOHHUX MHUKPOOPTaHU3MOB.

Cupwuiickie XOMSKH U Oenble MBIIH, TOTYIHB-
mre 2 1035l BaKIIMHBI BHYTPUMBIIIEUHO, OCTAINCH KH-
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BEIMH W 370pPOBBIMH B TeueHHe 14 cyT HaOmoneHus,
KpOME TIEepBOTO IHS IOCIE WHBEKIMH IIPErmapaToM,
KOTZa OTMEYald MOHIKEHHYIO MOABMKHOCTBH JKHBOT-
HBIX B TeueHue 2—4 4. B ocTanbHOE BpeMs KUBOTHBIE
000UX BHUIIOB, IPUBUTEIE IBYMSI J03aMHU BaKITUHBI, OBLITH
AKTUBHBIMU U 3I0POBLIMHU. B MecTe BBeI€HHS BAKIIUHEI
B TEUCHHE HAONFOIaeMOT0 MepHo/ia KaKue-Iu00 maTosno-
TUU HE pa3BUBAIUCE.

Hcxons M3 NOMy4YEHHBIX Pe3ylabTaTOB MCCIENOBaHUM
OBUIO CIeNlaHoO 3aKJIFOYCHHE O TOM, YTO TPH CEPHU Bak-
[MHBI, TONBEPTIINECS HWCCICIOBAHUIO, SBISIOTCS 0€3-
OTIACHBIMH ¥ IPUTOIHBIMH JIJIsI OLIEHKU HIMMYHOT€HHOCTH
Ha MOJIENIbHBIX JKUBOTHBIX, a ITPH HEOOXOJMMOCTH U Ha
TIONSIX-TOOPOBOIBIIAX.

Bce xxuBOTHEIC, MPUBUTHIE BAKIIMHOM 1 11a1ie00, a Tak-
K€ COJIEpKaBIIMECs B YCTOM KOHTPOJIE B TEUCHUE BCETO
reproa HaOIIOACHUS, KOTOPEIH mmmics 35 cyT, octaBa-
JIUCH KUBBIMH U 3JOPOBBIMU. Pe3ynbrarsl nccinenoBanuit
00pa3noB CHIBOPOTKU KPOBH, COOPAHHBIX JI0 IIOCTAHOBKH
OTIBITA U B TIOCIICAYIOMINE CPOKH MTOCIIC BBEICHUS BaKIIU-
HbeI ¥ 11ane6o, B PH nokasans! B Taou. 1.

Kak BusHO M3 maHHBIX Tabm. 1, B oOpa3nax cbIBOPOT-
KU KPOBH OOJIBITUHCTBA CUPUMCKUX XOMSKOB JI0 Hadaja
HCCIIEOBAaHUS IPUCYTCTBOBANIN (DAKTOPHI, HEHTpaIH3y-
tomue Bupyc SARS-CoV-2. Cepomno3uTuBHBIE KUBOT-
HBIE OBLTH BBISBICHEI B IBYX I'PYyTIaX, HCIIOIh30BAHHBIX
JUIS TIPUBUBKH BaKIIMHOM, U rpymne mianedo. Cpennue
TUTPBI TakuxX (pakTopoB coctaBmsuy 3,06 = 1,7 B rpyI-
e trane6o u 3,6 + 1,4 u 8,8 + 2,8 B 1-if u 3-if rpymnme
COOTBETCTBEHHO. JKUBOTHBIE 2-i TPYIIIBI OBLIN MOIHO-

OPUTUHAJbHbBIE NCCNEAOBAHUA

CThIO MHTAKTHBI OT aHTHUTEJ, HEUTPaAIU3YIOIIUX BUPYC
SARS-CoV-2.

B o006pasmax CBIBOPOTKH KPOBU BCEX KUBOTHBIX, IMPHU-
BUTBHIX BaKLMHOM, HE 3aBHCHUMO OT CEpPHM Npemnapara, K
14-M cyTKaM B rpynmnax 0TMEJaJIcsi pocT TUTPOB aHTUTE,
HelTpanusyronmx Bupyc SARS-CoV-2, ot 10,0 + 3,2
no 26,8 £ 7,84, xoTopble TPEBBILIATH HCXOIHBIC TH-
Tpel B 5,3 pasa B 1-if rpynne, 10-kpatHo Bo 2-H rpyn-
ne u 3-kpartHo B 3-if rpynmne. CpenHee 3HaU€HHE TUTPOB
aHTUTEN MO TpeM rpymnmnam coctaBuiio 18,7 + 6,12, uto
O3Ha4aeT npupocT B 4,8 paza OT UCXOAHOTO CPEHETO TH-
Tpa 3,9. B rpymnne mmarebo KpaTHOCTb IPUPOCTa aHTH-
TeJN B 3TOT CPOK ObLTa HE3HAYUTENLHON U cocTaBuia 1,7.

B mocnenyromyie Cpokr B CBIBOPOTKE KPOBH JKHBOT-
HBIX, TIPUBUTHIX BaKIMHOW, OBLT 3aperucTpUpOBAH Haib-
Heimmit poct TuTpoB aHtuten. K 21-M cyTkam B rpymmax
0bu10 3amKcHpoBaHO HapacTaHue THTpa oT 78,2 + 25,60
0 96,4 + 31,35 co cpeqHMM 3HAUEHHEM JUIA BCEX Tpex
rpymm 86,2 +28,89. K 28-M cyTkam TUTpbI aHTUTEN B TPYTI-
Max >KABOTHBIX C BAaKIUHAIWCH JTOCTUIIIN MaKCUMAIBHBIX
3HaueHui, konedasmmxcs ot 102,6 £31,35 10 132,5+ 62,71,
co cpeaHuM Tokazatenem 115,2 + 39,87. Cpennue 3Haue-
HUSI KPAaTHOCTHU TIPUPOCTA TUTPOB AHTHUTEI 110 CPAaBHEHUIO
C UCXOmHBIMH cocTaBwid K 21-M cytkam 22,1 u x 28-m
cyTkaM 29,5, a 10 OTHOUICHHIO K THUTPaM KOHTPOJIBHOM
rpymnel — 22,6 u 41,1 coorserctBeHHo. Ha 35-¢ cytku
9TOT MOKA3aTelIb OCTABaJICS BHICOKMM M cOCTaBuII 39,84.
B T0 BpeMs Kak y KOHTPOJIBbHBIX KHBOTHBIX 32 BECh IIEPHOL]
HAOITIONEHNS TIPUPOCT aHTHUTEN, HEUTPATU3YIOMINX BHPYC
SARS-CoV-2, He orMeyarcs.

Tabauna 1. lnramuka TuTpoB BHA B cBIBOpOTKE KPOBH CHPHICKUX XOMSKOB 0 U ITOCIIE IPUBUBKH BakIuHON QazVac

Table 1. Dynamics of virus-neutralizing antibody titers in blood serum of Syrian hamsters before and after vaccination with QazVac vaccine

[pyrnmna CpOKH HCCIIeIoBaHus CHIBOPOTKH KPOBH, CYT
Group Cepm{ BAKITHHBI Yucno JKUBOTHBIX, abc. Time of serum examination, days
Vaccine series Number of animals, abs.
Ne 0 14 21 28 35
1 QazVac, 20 3,6+1,4 192 +6,4 96,4 + 31,35 132,5+ 62,71 114,0£27,3
cepust 1 (10) (5) (5) (5) 5)
series 1
2 QazVac, 20 0 10,0£3,2 78,2 +25,60 102,6 + 31,35 79,6 25,97
cepus 2 (10) (5) (5) (5) (5)
series 2
3 QazVac, 20 8,8+2.8 26,8 + 7,84 84,2 +£29,73 110,4 + 25,60 1052+ 31,4
cepus 3 (10) (5) (5) (5) (5)
series 3
CpenHue TaHHbBIE 110 TPEM IpyIIamMm 60 39+19 18,7+ 6,12 86,2 + 28,89 115,2 +£ 39,87 99,6 + 28,22
Average data for the three groups (30) (15) (15) (15) (15)
4 [Tnane6o — pus. 20 3,06+ 1,7 38614 38+1,4 2,8 +£0,76 (10) 2,5+£0,82
pactBop (10) (10) (10) (10)
Placebo — physical
solution
KpaTHOCTH MOBBIIIEHUS! TUTPOB @HTUTEII B ONBITHBIX TPYTIIax 1,27 4,84 22,68 41,14 39,84

OT ypOBHS TUTPOB aHTHTEN B KOHTPOJIBHOM IpyIie
Multiplicity of the increase in antibody titers

in the experimental groups compared to the level of antibody
titers in the control group

Ilpumeuanue. 3nech u B Tabn. 2: BHA — BupyCHEHTpanu3yOIie aHTUTENA; TUTPBI AHTUTEN B OOPAaTHBIX BETMYMHAX KPATHOCTH Pa3BEICHUS CBIBOPOT-

KU KpOBH; B CKOOKaX — YHCJIO KUBOTHBIX.

Note. Here and in the table. 2: VNA — virus-neutralizing antibodies; antibody titers in inverse multiples of serum dilution; number of animals in paren-

theses.
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Tadauua 2. [Junamuka TutpoB BHA B ceiBopoTKe KpoBH Oenbix Mblieit kareropun CII® nocie npuBuBKY BakuuHoi QazVac

Table 2. Dynamics of virus-neutralizing antibody titers in serum of SPF white mice after inoculation with QazVac vaccine

pyrma Co . Ynci1o KHBOTHBIX, a6c. Cpoxku HCCIIE/I0BAHHS CBIBOPOTKH KPOBH, CYT
Group VPHS BAKIHHBI Number of animals, Time of serum examination, days
accine series
Ne abs. 0 14 21 28 35

1 QazVac, 20 0 4,4 +0,96 89,2 +314 104,6 + 31,4 98,4 +£29,4
cepust 1 (20) (5) (5) (%) (5)
series 1

2 QazVac, 20 0 8,1 +1,71 112,4 +£25,7 129,3 + 37,11 119,4 £27,8
cepust 2 (20) (5) (5) ) (5)
series 2

3 QazVac, 20 0 5,6 +1,19 97,4 +32,9 106,4 + 27,6 113,6 £33,6
cepus 3 (20) 5) ) )
series 3

Cpennue JaHHbIE [0 TPEM IpyIam 60 0 6,03+ 1,54 99,67 + 29,6 113,43 + 110,46 + 38,8

Average data for the three groups (60) (15) (15) 32,03 (15)

(15)

4 [Tnane6o — ¢us. pactBop 20 0 1,4+0,8 48+1,6 8,8+3,91 3,6+0,8
Placebo — physical (20) ) ) ) )
solution

KpaTHOCTb MOBBIIIEHUSI TUTPOB AHTUTEIN B ONBITHBIX 0 431 20,76 12,89 30,68

rpyIIax oT ypoBHS TUTPOB aHTHUTE B KOHTPOIBHOM Ipymie
Multiplicity of the increase in antibody titers in the experi-
mental groups compared to the level of antibody titers in the
control group

AHamu3 WHANBHIYAIIEHOW CEPONO3UTHUBHOCTH TIO aH-
tutenaM Ha BUpyc SARS-CoV-2 moka3zain, 4T0 y cupHii-
CKHUX XOMSIKOB, IPUBUTBIX BAaKIIMHOH, ypOBEHb CEPOKOH-
Bepcun coctaBua 100%, T.e. y BceX IMPUBUTBHIX KUBOT-
HBIX (HOPMHUPOBAIHCH BUPYCHEUTPATIHM3YIOIINE aHTHUTENA,
TUTPBI KOTOPBIX BO3PACTaU C TEUEHUEM BPEMEHHU.

B wuccnenoBaHMX, MPOBENEHHBIX aHAJIOTWYHBIM 00-
pa3oM mapanienbHO Ha OeNbIX MBIIIax, ObUTH HOTyYeHBI
TaKKe MOJIOKHUTEIbHBIEC PE3YNbTaThl, KOTOPHIE MpUBEIe-
HBI B Ta0JI. 2.

Kak BumHO W3 maHHBIX TaOl. 2, B 00pa3ax CHIBOPOTKH
KPOBH OEJIBIX MBIIIEH, B OTIINYNE OT CUPHUHUCKUX XOMSKOB,
JI0 BaKIMHAIWHU HE BBIABISUINCH (DaKTOPHI, HEHTPaIU3yro-
e Bupyc SARS-CoV-2. OnHO y HHTaKTHBIX KHUBOTHBIX
KOHTPOJILHOH TpyNITbI Takue (GpakTopsl ObLIIH OOHAPYKEHBI
B HU3KMX TUTpax MOCie BBeAeHMs Imianebo. B rpymmax
OEJIBIX MBIIIEH OIBITHBIX TPYTII, TOJBEPTHYTHIX BaKIMHA-
Uy, ¢ 14-x CyTOK OnpeAessuINCh aHTUTEa B HEBBICOKHUX
TUTpax, KOTOPBIE YK€ B ATOT CPOK Ooyee deM 4-KpaTHO
MIPEBBIIANN BUPYCHEHTPAIN3YIOMINI YPOBEHb (haKTOPOB
KOHTPOJIBHOM Tpymnmnbl. B mocnenyromme CyTKH THUTPBI
AHTUTEN Y TPUBHUTHIX BAaKI[MHOW OENBIX MBIIIEH YBEIHUIH-
JIMCh 3HAYUTENIFHO M JOCTUINIM MaKCUMAJIbHBIX 3HAYEHUH
Ha 21, 28, 35-e cyTkH, cpeHue 3HAaUE€HUSI TATPOB COCTAaB-
s 99,67 +29,61, 113,43 £32,03 1 110,46 + 38,85 coot-
BeTCTBEHHO. CEepOIIO3UTHBHOCTh CPEH MMPUBUTHIX OEIIBIX
MBIIIEH BO BCEX IPYIIaxX COCTABUIA, KAK U Y CUPUHCKUX
xoMskoB, 100%. MakcuMaibHBIE TUTPHI aHTUTET OBLTH
3apEruCTpUpPOBaHbl HAa 28-€ CyTKH, UX CpeHEe 3HAYCHUE
coctaswiio 113,43 + 32,03. Ha 21-e cyTku mocie nepBoit
BaKIMHAIWH THTPHI aHTUTEN Yy BAKIMHUPOBAHHBIX JKUBOT-
HbIX Oonee yem 20-KpaTHO TNpPEBBIIIATHM HecHenudude-
CKHU (DOH 3aJCPIKKU PETIPOLYKIIUH BHPYCa, OTMEUaeMBbIi
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B KOHTPOJIBHOM I'pyIIe, a Ha 28-€ CyTKH 3TOT II0Ka3aTelb
65611 paBeH 12,9. [Ipu 3TOM ypoBEHb KpaTHOCTH ITPEBBILIIE-
HUSI TUTPOB aHTUTEN B OIBITHON TpYIIE MO CPaBHEHHIO
C KOHTPOJILHOHU K 35-M cyTKaM ObLT MPEAeThbHO BEICOKAM
u cocrasui 30,7.

PesynpraTel uCCHIeNOBaHUM, MOMYYEHHBIE OpU MPO-
BefieHuy PH, mokasanu, 4To Kak y CHUPHMMCKHX XOMSIKOB,
TaKk M OeNbIX MBIMIEH Mocie MMMYyHM3allM{d BaKIMHOMN
QazVac BBISBISETCS MOCTBAKIMHAIBHAS CEPOIMO3UTUB-
HocTh B 100% ciydaeB. BupycHeitpanusyronye aHTH-
Tea B CHIBOPOTKE KPOBHU CHPUICKHX XOMSIKOB M OENBIX
MBILIEH omnpenensyuch ¢ 14-X CyTOK Mocie BaKIUHALUU
B TUTpax 18,7 + 6,12 y cupuiickux xomskoB u 6,03 £ 1,54
y OembIX MBIIIEH, KOTOpPBIE TOCTUT TN MAKCUMAJIbHBIX 3Ha-
YeHUH B TeueHHe nocienyronmx 7-21 cyT. Y cupuiickux
XOMSIKOB MaKCHMaJIbHBIE THTPHI aHTHTEN B 3TOT HEPHOL
KoJe0amch B mpeaenax ot 86,2 + 28,89 mo 115,2 + 39,87,
a 'y 6enmpIx MbImen — ot 99,67 + 29,6 no 113,43 + 32,03.
[IpuBeneHHble JaHHBIE YKA3bIBAIOT HA TO, YTO OECTIOpOA-
HbIE OebIe MBIIIN 00JIaal0T JOCTATOYHON UMMYHHOI pe-
AKTUBHOCTBIO B OTHOIICHUH 1IEIbHOBUPUOHHOTO aHTUT€HA
Bupyca SARS-CoV-2, Haxonsuierocs B cOCTaBe WHAKTH-
BHPOBaHHOH BakuuHbl [57, 58]. OmgHako HEOOXOTUMO
NOAYEPKHYTh, YTO UMMYHHAsl PEAKTUBHOCTb CHPHUMCKHUX
XOMSIKOB HECKOJIBKO TIpEBBIIIalia IMOKa3aTenn OeNbIX MBI-
11eH, T.K. y IEPBBIX KPaTHOCTh YBEJINUEHHS TUTPA AaHTUTET
Ha BCEX CPOKaxX HMCCIIEIOBAHUS UMea OOITbIlIee YHCIOBOE
3HadeHue. OHaKo 3Ta pa3HuL@a A0 21-x CyTok He umena
3HAUYMMOTO paznuuud. Paznudue B KpaTHOCTH HpUpocTa
TUTPA aHTUTEIT OTMEUYANIOCh, HAUMHAA € 28-X 10 35-€ CyTKU
rocjie IMMYHHU3aINH.

[IpeumymecTBOM O€CIIOPOAHBIX OEIBIX MEIIICH KaTe-
ropuu CII® sBaseTcs TO, 4YTO OHU A0 HMCIOIb30BAaHUS



BOMPOCHI BUPYCOJIOTUW. 2024; 69(3)
https://doi.org/10.36233/0507-4088-222

B HCCIIEIOBAaHMSIX TapaHTUPOBAHHO CBOOOAHBI OT BH-
pyca SARS-CoV-2 u aHTHTEN K 3TOMY BO3OYIHTEIIO.
Takoe coCTOSHUE II03BOISCT nojy4yarb CTaHAAapTHBIC
pe3yabpTaThl OIEHKHM HMMYHOTE€HHOCTH HCIIBITYEMOTO
npemapara** [59].

Oo0cy:xneHue

OleHKa MMMYHOT€HHOW aKTHBHOCTH BakUuHBI Qaz-
Vac (QazCOVID-in) mpoBOAXTCS MO YPOBHIO aHTHUTEI,
(hopMHpYEMBIX B OPraHM3ME CHUPHICKHUX XOMSKOB ITOCIIE
JIBYKpaTHOT'O BBEJEHMsI 3TOro npemnapara [23]. OTor Bux
JKUBOTHBIX OBLI B3AT B KaueCTBE JIAOOPATOPHOU MOJEIH
JUIsL CTaHAAapTH3alM UMMYHOT€HHON akTUBHOCTU Bak-
LUHBI BCIIEJICTBHE €TI0 CPAaBHHUTEIHHO BBICOKON BOCIIPH-
nvunBoctd K COVID-19 u mocraroyHoit MMMyHHOMN
PEaKTUBHOCTH Ha BO30YIHMTENb 3TOW Oone3Hu [24-26].
OnHako B TpoIecce HCIONBb30BAaHMUS STHX JKHBOTHBIX
ObUIO OTMEUYEHO, YTO B OpraHM3Me psiia U3 HUX BBIAB-
JSFOTCSL TYMOpaJIbHBbIE (PaKTOPBI, HEWTPATU3YIOIIHE BH-
pyc SARS-CoV-2 B tutpax, mocturaromux a0 5-6 log,
(meomyOnukoBaHHbIE JaHHBIE). BeposaTHO, 3TH (hakTOpHI
SIBJISIFOTCS CJICICTBUEM KOHTAKTa >KMBOTHBIX C MAHAEMHU-
YEeCKHM BHUPYCOM depe3 KopMa H/UITH ¢ 00CTyKHBAIOIIUM
[IEPCOHAJIOM B IPOLIECCe Pa3MHOKEHMS U BBIPAIMBaHUA,
T.K. )XUBOTHBIE [TOCTABJIAIOTCS YACTHBIMH MpPEATPUHUMA-
TEJIIMHU, KOTOPBIE COIEPIKaT UX B YCIOBHSIX, HE 00ecedn-
BAOIIUX OMOIIOTUYECKYIO OE€30MaCHOCTh OT MAaTOT€HHBIX
MUKPOOPTaHU3MOB, B TOM YHUCJIE€ OT KOPOHAaBUPYCHOI
napexmn COVID-19. OrcyTcTBHE HHTaKTHOCTH Jabo-
paTopHOil MOAEIH He AaeT BO3MO)KHOCTH YTBEPAUTEIHHO
OLICHMBaTh MMMYHOIE€HHYIO aKTHUBHOCTb MHCIIBITYEMOIO
rperapara, B CBSI3H C YeM MPHUXOJUTCS JOMOTHUTEIHHO
oAOUPaTh KUBOTHBIX, CBOOOAHBIX OT IEJIEBBIX AHTUTEII.
B takom ciyuae npoiecc cTaHAapTH3AUKU BaKIIUHBI MO-
JKET BBIMTH 3a ITpeesIbl perlaMeHTHOTOo cpoka. Kpome To-
r0, CTaTUCTUYECKUIN aHAIU3 BIMSHUS HEUTPAIU3YIOLMIUX
(hakTOpOB B OpraHN3Me CUPUICKIX XOMSKOB, UMEBIIUXCS
710 BaKIIMHAIINH, Ha TIOCIEAYIONIYI0 UMMYHHYIO pEaKTHB-
HOCTb JKUBOTHOTO HJIM BBIPAaOOTKY aHTUTEN MOKA3bIBACT,
YTO UMEETCsl Koppenauus (CTaTUCTHYECKas 3HAYMMOCTh
pasHHUIBI) MEXIy HaludueM HeHTpamusyromero (ak-
topa SARS-CoV-2 u BbIpaborkoil antuten [54]. Ora
CTaTUCTUYECKH JOCTOBEpPHas pa3HMIA BBIBISUIACH Ha
ypoBHe 3HauuMocT p = 0,05 ¢ noBepUTENbHBIM HHTEP-
BamoM 0,95 [55]. BrlmenepeuucieHHoe HE IMO3BOJISET
CTaHAapTU30BaTh UMMYHOT€HHOCTh Ipenapara o Kpar-
HOCTH YBEJIMUEHHA TUTPa AHTHTEN C HCIOJNB30BaHUEM
CEPOTMO3UTHBHBIX KUBOTHBIX.

B 21011 CBA3M C LENBIO 3aMEHBl CUPUHCKUX XOMSKOB
B HCTIBITAHUSX OBUIH HCIIOJIE30BaHBI OCCIIOPOAHEIE OeTbIe
MBIIIIY, BBIPAIIEHHBIC B YCIOBHUIX, CBOOOJHBIX OT ITaTO-
reHHoil Mukpodiopsl. VccnenoBanus ObIIH MPOBEICHBI

SPemenne Komurera no buostuke HayuyHo-mccienoBarebekoro
MHCTHUTYTa mpobiieM OHosorndeckoi 6e3onacHoctd MuHHuCTEpCTBa
3npaBooxpaHenus Pecny6iuku Kasaxcran. Ilporokon Ne 2; 2023.
‘“TOCT 33215-2014. PyKOBOACTBO MO COJCP)KAHUIO M yXOAy 3a Jia-
GoparopHBIMK KMBOTHBIMH. [IpaBuia 000OpyZOBaHHS MOMELICHHUN
U OpraHu3alyy npouenyp. MexrocynapcTBeHHbIH cTannapt; 2014.

OPUTUHAJbHbBIE NCCNEAOBAHUA

C HCIIOJIb30BAaHUEM TPEX CEepUil BaKLUHBI MapajIeIbHO
Ha YKa3aHHBIX JIByX MOJENBHBIX BUAAX KUBOTHBIX.

PesynpraTel mcciienoBaHMI TOKa3amw, 4To Oeible
MBIIIN TaK XK€, KaK U CUPUHCKHE XOMSKHU, OKa3aJIUCh
MMMYHOpPEaKTUBHBIMA Ha WHAKTUBHPOBAaHHBIA aHTHU-
red Bupyca SARS-CoV-2 npu BHYTpUMBILIEUHOM BBe-
JIeHuW B BUAe BakiuHBI QazVac, copOupoBaHHOW Ha
TUpaTe OKUCH aIFOMUHHS. Y KUBOTHBIX 000MX BH/IOB,
MPUBUTHIX BAaKIMHOW, ¢ 14-X cyTok copmupoBanach
cepono3utuBHOCTh 100%. JlMHAMUKa TUTPOB aHTUTEN
y OenbIX MBIl OMM3KO HAllOMHWHAJa TAaKOBYIO Y CH-
puiickux xoMmsakoB. CpeqHHe YHCIIOBbIE 3HAYCHUS THU-
TPOB aHTHUTEN y CUPHICKUX XOMSKOB Ha 14-e cyTku
B 3,1 pa3a npeBbIlIany ypOBEHb CPEAHUX TUTPOB aHTHU-
TeJ, BEIABIAEMBIX Y O€mbIX MbItei. OMHaKo KPaTHOCTh
YBEJIUUYEHUS] TUTPOB aHTUTEN IO CPABHEHUIO C TAHHBI-
MU KOHTPOJBHOH TPYNNBl Y MUCHBITYEMBIX BHIOB JKH-
BOTHBIX OblJIa OAMHAKOBOM M paBHsnach 4,31 y GensIx
Mbllel 1 4,84 y CUpUHCKHX XOMSAKOB. TUTPBI aHTUTEI
B nocnexaytomnue 3 Hen (21-35-e cyTtku) y oboux BuU-
JIOB KUBOTHBIX MMEIHM OJUHAKOBYIO JIHHAaMUKY pOCTa
10 MaKCUMaJIbHBIX 3Ha4eHUN K 28-M CyTKaM U C He-
3HAUUTEJIbHBIM CHUKEHHEM K 35-M cyTKaM. YpOBEHb
TUTPOB AHTHUTEN Y CHUPHICKUX XOMSKOB B 3TH CPOKHU
cocrtaryst oT 86,2 £28,89 mo 115,2 + 39,87, a 'y 6enbIx
MBImeH — ot 99,67 £29,6 no 113,43 £ 32,03 u He nMen
3HaYUMBIX pa3nuuuil. KpaTHOCTh yBeIHMYEeHHSI TUTPOB
aHTUTEN TI0 CPAaBHEHHIO C UMMYHHBIM (DOHOM KOH-
TPOJBHOM TPYNIBI )KUBOTHBIX OBbIJIa MPUMEPHO OJIMHA-
KOBOH y o0oux BuJ0B Ha 21-e cyTku. B mocnenyromnue
CPOKH ATOT MOKa3aTeslb y CUPUUCKUX XOMsKoB (41,14
u 39,84 Ha 28-¢ U 35-¢ CYyTKU COOTBETCTBEHHO) 3HAa-
YUTENbHO MPEBBINIAT TaKOBOH, yCTaHOBJIEHHBIM s
oenpix Mbimeid (12,89 u 30,68 Ha 28-¢ u 35-¢ cyTku
COOTBETCTBEHHO), YTO CBUJECTEIHCTBOBAJIO O CPaBHU-
TEIbHO OOJIbIIEH UX MMMYHHOH peakTHBHOCTH.

AHanu3 pe3yasTaToB CPABHUTEIBHBIX UCIBITAHUH IO-
KasbIBaeT, 4To Oeyible MBIIIHM TaK e, KaK U CHPHICKHE
XOMSIKH, 00JIaIal0T JOCTaTOYHON IMMYHHOU PEaKTHUBHO-
CTBHIO HA MPUBHUBKY MHAKTUBUPOBAHHON BaKLUMHOW Qaz-
COVID-in (QazVac) u B ux oprannsMe (GpopMHUpyroTCcs
cneundudeckue anturena Ha Bupyc SARS-CoV-2. Brl-
SBJICHHAs] IMMYHHAsl pEaKTHBHOCTH O€JIbIX MBIIIEH, He-
CMOTpS Ha CPAaBHUTEIHLHO MEHBIIYIO BEIPAKEHHOCTH, 9€M
Yy CUPUIHCKHX XOMSKOB, BIIOJIHE JOCTAaTOYHA AT OLIEHKU
MMMYHOT€HHOM aKTUBHOCTHU MCIIBITYEeMOM BaKIMHBIL. be-
aele MblK Kareropun CIID nmpeBocxoaaT CHPUHCKHX
XOMSIKOB IO MHTAaKTHOCTH OT aHTUTeNl Ha BUpyc SARS-
CoV-2. Hcxons U3 MpHUBEACHHBIX XapaKTEPUCTHK, Oec-
nopozHeie Oenbie Mbimy Kareropuu CIID moryTt OBITH
HCTIOJIB30BAHBI MPH OLEHKE UMMYHOTEHHOCTH BaKI[MHBI
QazVac B kauecTBe HOBOM OHojornyeckoit momenu. Co-
[JIaCHO JTaHHBIM JWHAMHKH HAKOIIJICHUS W TUTPOB aHTH-
T€J, KOHTPOJIHHON TOYKOW OIICHKH MMMYHOTEHHOH 3(¢-
(PEeKTHBHOCTH BaKIIMHBI MOYXHO O0O3HAYUTh 21-€ CyTKH
MoCcJie TIEPBOTO BBEJCHUS BMECTO 7 CYyT IOCIIE PEBAKIIH-
HaIlUH, MPOBOJMMOI! ¢ MHTepBajoM B 21 cyT, T.e. Ha 35-¢
CYTKHM IOCJI€ TIEpPBOTO BBEICHUS BaKIIMHBL. B TakoM ciy-
Yae CPOK CTaHJapTH3alMd HMMYHOTEHHOCTH IIperapara
cokparutcs Ha 14 cyT.
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3akirouenue

1. IlpoBenena omeHka MMMYHHOW PEaKTUBHOCTH CH-
PHICKHX XOMSKOB M OECIOPOAHBIX OENBIX MBIIMIEH Ka-
teropun CII® HA UMMYHU3HPYIOIIMN aHTUTEH WHAKTH-
BupoBaHHOro Bupyca SARS-CoV-2 ¢ ucnonb3oBanuem
Tpex cepuil BakuHBI QazVac MpOTHB KOPOHABHPYCHOM
uHpexknun COVID-19 mo nuHamMuiKe BHPYCHEHTpaIU3y-
FOIIMX aHTHUTEI.

2. CornmacHO pe3ynbTaTaM HCCIEAOBaHMH, Oecropos-
Hbele Oenble Mbimm Kateropun CII® obnanmaror mocra-
TOYHOM MMMYHHOW pPEaKkTHMBHOCTBIO Ha BBEJCHHE Bak-
uuHel QazVac u B Ux opraHusMme (popMUPYIOTCS CHIeNH-
¢udeckue anturena Ha Bupyc SARS-CoV-2, Tak ke Kak
Uy cupuiickux xoMsakoB, B 100% cnydaes ¢ 14-x cyTok
nocie UMMyHu3anuu. IIpu 3TOM TUTpBI BHpYCHEHTpa-
JU3YIOIUX aHTUTEN JOCTUTalOT MaKCHUMAaJbHBIX 3Hade-
HUH y 000WX BHJIOB KUBOTHBIX B reprof ¢ 21-x mo 35-e
CYTKH W BapbUPYIOT y CHPHIICKHX XOMSIKOB B IIpeze-
nax ot 86,2 + 28,89 no 115,2 + 39,87, y GenbIX MBIIICH
or 99,67 £ 29,60 mo 113,43 + 32,03 u Mexay coboit
HE UMEIOT 3HAYUMBIX Pa3IHIui.

3. ComacHO pe3ynbTaTaM CpaBHUTEIBHON OLIEHKU
KpPaTHOCTH YBEIWYEHUS THTPOB CIEHU(PUUECKUX aHTH-
TeJ, IMMYHHAs! pEaKTHBHOCTh CHPHHCKHX XOMSIKOB H Oe-
JBIX MBIIIEH B mepBble 21 CcyT MpeICTaBIsSETCS paBHO-
3HAYHOM, a B Ocemyromue cpoku (28—35-¢ cyTkn) y cu-
PHICKHUX XOMSIKOB OHA 3HAUUTEIHHO IPEBBIIIAET TAKOBBIE
MOKAa3aTeNu y OSJIbIX MBIIIEH.

4. CornacHo pe3yibTaTaM HCCIEIOBaHUMA, Y MHTAKT-
HBIX CHPHUIICKMX XOMSKOB YaCTO BBIABIIIOTCS (DaKTOPBI
TYMOpaJIbHOTO HMMMYHHUTETa, HEUTpaIU3YIOIINE BUPYC
SARS-CoV-2, B TO Bpems Kak Oeilble MBIIIN KaTerOpHH
CII® sBustroTCsi CBOOOIHBIMU OT aHTHUTEN Ha Bo30OynuTe-
11 kopoHaBupycHor uH(ekuun COVID-19. [IpenBapu-
TenbHas cnenuuYeckas CepONO3UTHBHOCTh y CHPHMA-
CKHX XOMSKOB OKa3bIBaeT 3HAYMMOE BIMSIHNE HA yPOBEHb
(opMHpOBaHHS TOCTBAKIMHAIBHBIX aHTUTEN, BCIE-
CTBHE HYEro IOCTOBEPHOCTH PE3YNBTATOB, MOIYYaeMBIX
MIPY KOHTPOJIE, CTAHOBUTCS] COMHUTEIBHOI.

5. IlomyyeHHbIE AaHHBIE CBUACTEIBCTBYET O TOM, UTO
WMMYyHHasi pEakTHBHOCTb OEJNBIX MBIIIeHi Ha BBEJCHHE
BakmmHBI QazVac 1o CKOpPOCTH W AuHaAMuKe (popMupo-
BaHUSl BUPYCHEUTPAIU3YIOIMIUX AHTUTEN SIBISIETCSA IpU-
MEpHO PaBHO3HAYHOW MMMYHHOW PEaKTHBHOCTH CHPHA-
CKHX XOMSKOB. B oprannsme OenbIX MbIIIeH KaTeropuu
CII® no BBeneHUs BaKIWHbBI, B MPOTHBOBEC CUPUUCKUM
XOMSIKaM, He CONEPKHUTCS (PaKTOPOB T'yMOPAIEHOTO MM-
MyHHUTeTa, cienupuyuHbix Ha BUpyc SARS-CoV-2. Pas-
HO3HAYyHasi UMMYHHAasl pEaKTUBHOCTb C IMMYHHOU peak-
TUBHOCTBIO CHPHUICKHX XOMSKOB M YHCTOTa OT aHTUTEN
Ha Bupyc SARS-CoV-2 mnoka3piBalOT HpPEeBOCXOICTBO
WCTIOJIb30BaHUs OENBIX MBIIICH NMPH OICHKE UMMYHH3H-
pyromieli akTHBHOCTH BaKIMH IPOTHB KOPOHABHPYCHOH
napexmmu COVID-19. Pesynsrarsl nccnenoBaHuid mo-
3BOJISIFOT MPOBOANUTH CTAHAAPTU3ALMIO HMMYHOTEHHOCTH
BaKIMHBI Ha 21-e CyTKH IMTOCIIe MePBOTO BBEICHHUS BaKIIH-
HbI BMecTO JeiictByromux 35 cyt no AH/I.

6. HWmeercs xoppemsuus (CTaTUCTHUECKAs 3HAYU-
MOCTh Pa3HHUIIB) MEXIy HaJIHYHEeM HEeHTPaTU3yIOIIero
¢akxTopa SARS-CoV-2 u Beipabotkoii anTuren [53, 54].
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OTa CTaTUCTHYECKH AOCTOBEpHAs Pa3HHIA BBISBISIIACH
Ha ypoBHe 3HauuMocTu p = 0,05 ¢ HOoBepUTEIbHBIM HH-
tepBanom 0,95 [55]. Crenenu cBoGOAbI 1y t-KpUTEpHUs
CrpioneHTa C JBYMS HE3aBUCHMBIMH BBIOODKAMH —
k = 8 [56]. [Ipumenenue t-kputrepus 00yCIOBICHO Ma-
JIOW MOIIHOCTBIO BBIOOPOK (1 < 30, m < 30). OTtnuuune
OT Z-KpuTepusi HECYIIECTBEHHOE C YYETOM IONPaBKU
BBIOOPOYHBIX CPEIHUX, TAKUX KaK JUCIEPCHS WIIH Cpell-
HEKBaJIpaTH4eCKoe OTKJIOHEeHHe. Vcrmonb3ys pacrpene-
JICHUE MapaMeTPOB ISl JIEMEHTOB BEIOOPKH B 3aJJaHHBIX
JMara3oHax, 3aKJ0Y9aeM, YTO pa3HHUIA CTAaTHCTHYECKH
JOCTOBEpHA ¢ ypoBHeM noBepust — p = 0,95.
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Pestome

BBepneHune. A62V B obpaTtHon TpaHckpunTalde Gbina naeHtTuguumpoBaHa Kak MyTauusl, koppenupytowasi ¢ Bu-
PYyCOMnorM4eckon Heygaden y nauneHToB, Norny4yasBLUMX Tepanuio NepBon NuHUMK, BkNtovasi TeHodosup (TDF) nnu
TeHodoBup anacgpeHamug (TAF). A62V npeacraenseT cobon TUNMYHO NONUMOPGHY0 MyTaumo cyb-cybTuna A6
BWY-1, koTopbI ABNsieTCA Hambonee pacnpocTpaHeHHbIM BapuaHToM Bupyca B Poccun.

MaTtepuanbl u metoabl. [1o pesynsratam 3anpoca k obLieeBponerickon 6ase gaHHbIX EuResist (EIDB) 6binn
chopMMPOBaHbI iBE SKBMBANEHTHbIe rPynMbl NauueHToB: 1-a rpynna — nauneHTbl ¢ A62V Ha UCXOLHOM YpOBHE,
nonyyaswue TDF unu TAF B Tepanuv nepBon nNuHun; 2-s rpynna — naumeHTol 6e3 A62V Ha MCXOOHOM YpOBHE,
nony4aswmne TDF nnu TAF B Tepanun nepsou nuHun. B kaxayto rpynny BXogurno rno 23 nauueHTa.

Pesynbratbl. CTaTucTnyeckon pasHuubl Mexay ABYMS rpynnamu no BUPYCONornyeckon apmekTMBHOCTM Yepes
4, 12 n 24 Hep nocne Havana aHTUpeTpoBupycHon Tepanun (APT) 1 No YacToTe BUPYCOMNOrMYECKUX Heyday He
BbISIBMEHO.

3akntoyeHue. [NpoBeaeHHOE UCCreaoBaHNE UMENO HEKOTOPbIE OrpaHUYeHuUs, B CBA3K C YeM ponb AB2V B addek-
TMBHOCTU APT nepBow nuHun Ha ocHoBe TDF HyxxgaeTcs B yTOUHEHUN U 3aCNy>XUBAET AaNbHENLLENO N3yYeHus.

KnroueBble cnoBa: BUY-1; A62V; obpamHas mpaHckpunmasa; cxema APT nepeozo psida; TDF/TAF

Onsa untupoBaHusa: Oxmerosa E.H., KysHeuosa A.U., Jlebenes A.B., AHToHoBa A.A., Kum K.B., MyH4yak A.M.,
TymaHoB A.C., KaseHnHoBa E.B. 3dpdpekTnBHOCTb cxem APT nepBon nuHum Ha ocHoBe TDF y BUY-nHdmumpo-
BaHHbIX MAUMEHTOB C NpeacyLiecTBytoLlen MyTaumen A62V B obpaTHo TpaHckpunTase. Bornpock! supycosnoauu.
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BnarogapHocTu. AsTopbl Gnarogapsat EuResist Network 3a npegoctaBneHve fgaHHbix U3 6a3bl gaHHbIX Euresist.
KoHMnUKT nHTepecoB. ABTOpbI AEKNAPUPYHOT OTCYTCTBUE SIBHBIX U NMOTEHLMANbHBIX KOH(IIMKTOB MHTEPECOB, CBA3aH-
HbIX C Nybnnkaume HacTosILEN cTaTbu.
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Efficacy of first-line ART regimens based on tenofovir
in HIV-infected patients with pre-existing A62V mutation
in reverse transcriptase
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the Russian Ministry of Health, 123098, Moscow, Russia

Abstract

Introduction. The amino acid substitution A62V in reverse transcriptase was identified as a mutation correlated
with virologic failure in patients on first-line therapy including tenofovir (TDF) and tenofovir alafenamide (TAF).
AB2V is a typically polymorphic mutation in HIV-1 sub-subtype A6, which is the most widespread virus variant in
Russia.

231



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2024; 69(3)
https://doi.org/10.36233/0507-4088-232

ORIGINAL RESEARCHES

Materials and methods. The European EuResist (EIDB) database was queried to form two equivalent groups
of patients: group 1 — patients with A62V at baseline treated with TDF or TAF on the first-line therapy, group 2 —
patients without A62V at baseline treated with TDF or TAF on the first-line therapy. Each group included 23 patients.
Results. There was no statistical difference between the two groups in virologic efficacy in 4, 12, and 24 weeks
after the start of antiretroviral therapy (ART) and in the frequency of virologic failures.

Conclusion. This study has some limitations, and the exact role of A62V in the efficacy of the first-line ART based

on tenofovir deserves further investigation.
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BBenenne

A62V B obparHoii Tpackpunrtaze (OT) sBisercss go-
MOJIHUTEILHOW MyTalleH, CBA3aHHOMN C JIEKAPCTBEHHOMN
yctoruuBocThio (JIY) BUY-1 [1, 2]. OHa BXOAUT B COCTaB
MYJBTHPE3UCTEHTHBIX MYTAIIHOHHBIX KOMIIJIEKCOB: KOM-
mrekca Q151M (A62V, V751, F77L, F116Y u Q151M)
W WHCEpIMOHHOTO KoMmiekca T69SSS (M41L, A62V,
T69SSS, K70R u T215Y), xoTOpBIEe BAMSIOT MpaKTHYE-
CKHM Ha Bce Ipernaparsl HyKI€03UAHBIX HHrHOnTopoB OT
(HMOT), Bkmtovasi MIUPOKO HCIOIb3yeMbIe JIAMUBYJIUH
(3TC), smrpunuradun (FTC) u tenodosup (TDF) [3].
Taxxxe A62V 4acTo BCTPEUaEeTCsl B COUETAaHUU C MYTallU-
eit K65R, Be3piBatorieit JIY k TDEF, abakasupy (ABC),
crapyauny (d4T), munanosuny (ddl) u penxo x 3TC [4].
beuto mokazano, uto A62V yrmydmaeT mpHCTIOCOOIeH-
HOCTb YCTOMUYMBBIX K JIEKapcTBaM BUPYCOB [3, 4]. A62V
SBJISIETCS. HEMOJIMMOP(GHONH MyTaluei sl BCeX IMOATH-
moB BY-1, 3a uckmouenuem noaruma A [3]. o cux mop
HEU3BECTHO, MOXET JIM paHee CyIIEeCTBOBABILAS MyTaIUs
A62V BnusATh Ha MOSIBJIEHWE OCHOBHBIX MyTanui JIY
BU1Y-1 y nmauueHToB, HaXOASAIIMXCSA Ha MEPBOM JIMHUU
Tepanuu. OJIHaKO HEKOTOPBIE aBTOPHI onpeaenuau A62V
Kak OfIHy M3 MYTaIllid, KOPPEIUPYIOIINX C BUPYCOIOTH-
YECKOM Heyjauedl y MalueHTOB, NOIYYaroliuX Teparuio
nepBoil uHuu, BKirodas TDF, n momuepkHyaun HeoOXo-
TUMOCTh JajbHEHIIEro M3y4eHUS BO3MOKHOCTH BIHSA-
Hust A62V Ha JIY k TAF [5]. B crpanax, rjae manueHTh
B OCHOBHOM HH(UIIMPOBaHBI BapHAHTAMH, OTIUYHBIMH
oT A, A62V penko BBISBISUICA UCXO/IHO, 10 Hayaja Tepa-
muu [6, 7]. Kpome Toro, A62V B OT, Kak nmpaBuio, npem-
cTaBnsieT co0oi MOIMMOpP(GHYI0 MyTaluio moaTuna Ao,
KOTOPBIH sIBIIgEeTCS HanboJee paclpoCTpaHEHHBIM BapH-
aatom BUY-1 B Poccun [8, 9]. B mepuon 20062022 rT.
B Poccun A62V Obu1 BeisiBiieH y 39,9% panee He moiy-
YaBIIKX JICYCHUS TTaleHTOR [9].

Ileqbl0 JaHHOTO HCCIIENOBAHUS OBIJIO CpaBHEHHUE
3(pPEKTUBHOCTH CXEM aHTHUPETPOBHPYCHON Teparuu
(APT) mepBoit nuaMM ¢ ucrons3zoBanueM TDF B nByx
rpymnnax: 1) B rpynme mronei, xusymux ¢ BUY (JDKB),
¢ myrtamueit A62V B OT BHUY-1 Ha ucxogHOM ypOBHE
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u 2) B rpyne JDKB 6e3 mytanuu A62V B OT BUU-1 Ha
HCXOJTHOM YPOBHE.

MarepuaJibl 1 METOABI
Juzaiin uccnedosanus u yuacmuuxu

W3 unTerpHpoBaHHO 00IIEeeBpONCiicKoil 0a3bl maH-
Heix EuResist (EuResist Integrated DataBase, EIDB), on-
HOW M3 KPyIMHEHIINX JOCTYNMHBIX 0a3 JaHHBIX TEHOTUIIOB
BUY un knuHn4eckux pesynsraroB neiictBus APT, Bce
JIOCTYIIHBIE JaHHBIE ObLIH 3arpy»ensl 21 mapra 2023 !
Hemorpadudeckas naGopManns o MarueHTax sSBisIach
HE/IOCTYTHOM; BC€ JaHHbIE OBUIM MONHOCTHIO aHOHHM-
HBIMU. DTUYECKOE O0OpEHHUE B JaHHOM Cllydyae He Tpe-
00BaIIOCH.

3arpyXeHHBIi Ha0Op NaHHBIX BKJIIOYal HYKJIEOTHI-
HBI€ IIOCJIEIOBATEIBHOCTH U COOTBETCTBYIOIIYIO UM KIIU-
HUYecKyro nHpopMarmio o 151 109 nmanmentax. beutn
c(hOpMHUPOBaHHI JIBE TPYTIIEL.

IlepBas rpymma (A62V+) — rpymnmna JDKB ¢ myTtanueit
A62V B OT BUY-1 Ha ucxomaoMm ypoBHe — ObLIa chop-
MHPOBaHa I10 CIEAYIOIIUM KPUTEPHUSIM:

a) mytauus A62V B OT BUU-1 ucxoaHo 10 Havana Te-
panuy nepBou JIMHUY;

0) OTCyTCTBHE MyTallMil yCTOWYMBOCTH K Npenaparam
HUOT na ucxogHOM ypoOBHE /10 Hadaia Tepanuu IepBoi
JIMHUY;

B) orcyrcTtBue myTarmii JIY BUY-1 k kiaccam oCcHOB-
HBIX IpenapaToB TEPaNUH MEePBOH JIUHUU (HEHYKICO3U/I-
veIX uHTHONTOpOoB OT (HHUOT), mHrnéuropos npotea-
361 (UI1) unu uarnduropos unrerpassl (UN)) wa ucxon-
HOM ypOBHE JI0 Hayaja Teparuy NepBOi JIUHUM;

r) Tepanus nepBoit auaNE Ha ocHoBe HHUOT/UIT/MN
¢ nsymst HOT B xauecTBE OCHOBBI, OJJHUM M3 KOTOPBIX
sasissercs TDF/TAF;

1) HAXOXKJICHHUE Ha TepaITiy IIepBOi TMHUHN Ooree 4 He .

B wurore 23 mamuenrta u3 EIDB coorBeTcTBOBaIN BEI-
HICTIEPEYUCIICHHBIM KPUTEPUSIM.

'The Euresist Integrated Database (EIDB). Available at: https:/
euresist.org/eidb
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Yucno manueHToB Bo 2-i rpynme (A62V—) — rpynne
JDKB 6e3 mytammuu A62V B OT BUU-1 Ha ncxomHOM
ypOBHE — OBIJIO 3KBUBAJICHTHO rpymnme A62V+: 23 maru-
enTa. ['pynma A62V— Obuia copMHpOBaHAa Ha OCHOBE
CITy4aifHO# BEIOOPKH I10 CIEAYIOUINM KPUTEPHUSIM:

a) orcyrctBue mytamuu A62V B OT BUY-1 ncxomHo
JI0 Hayasa JeYeHHUs;

0) oTcyTcTBHE MyTanuil ycroiunsoctn BUY k HUOT
Ha MCXOIHOM yPOBHE 0 Hayajia Tepanuy epBOH JINHUY;

B) oTcyTcTBHe myTanmii JIY BUY-1 k ki1accam 0CHOB-
ueix npemnaparoB (HHUOT, UII unn W) Ha ucxomHOoM
YpOBHE 10 Havaja Teparnuy IepBOi TUHHH;

I) Tepamus nepBod JuHMH, ocHoBaHHas Ha HHUOT/
UI/UN ¢ meyms HUOT B kadecTBe OCHOBEI, OIHUM
n3 koTopsIx sBiseTcss TDF/TAF;

1) HAXOXKJISHHE Ha TepaITiy IIepPBO TMHUMN Ooltee 4 He/l.

[larmeHTHI, BKITIOUYEHHBIE B HCCIIEOBaHNE, HaOmoma-
JUCHh B Pa3HBIX €BPOMEUCKUX IICHTPaX, U HU OAWH U3 Ia-
IIMEHTOB He ObLT u3 Poccum.

Jiis kaXa0ro manuenTa 3arpykajiu Cieayroye JaH-
HBIE: MOCIIeI0BAaTEIbHOCTH TeHa pol s nporeaszsl 1 OT
nepes] HauajaoM Tepanuu MepBON JIMHUU U JJIsl UHTErpa-
3bl, €CJIM TTAMEHT HaXOIWIICS Ha Teparuy MepBoil TMHUU
Ha ocHoBe MU; nara cekBeHuMpoBaHuUs oOpasia, cyoTun
BUY, cnucok myTtanuii (OCHOBHBIE U JIOMIOJHUTEIbHBIC
mytaumu k UII, HUOT, HHUOT u U B coorBercTBUN
co Crandopackoii 6a3zoit nanueix), nanasie APT (cocras
Tepanuu NepBoi JIUHUY, 1aTa Hadaja Tepanuu 1 mpeKpa-
LICHUS) U TWHAMKKa BUpyCcHOU Harpy3ku (BH).

O¢pdextuBHocts APT mnepBoil TMHHMH CpaBHHMBAIH
B JIByX TpyIIax COIYIACHO ONpEIENICHUSIM BHPYCOJOTH-
YECKOT0 OTBETA B POCCUMCKUX U €BPOINENCKUX PyKOBOJ-
ctBax (Tada. 1) [10, 11].

OPUTUHAJbHbBIE NCCNEAOBAHUA

Bupycomornueckyro s¢pdexruBaocTs APT uepes 4, 12
1 24 Hes1 OLIEHUBAJIM HA OCHOBAHUHU OTIPECIICHUS, IPUBE-
JIEHHOT'O B POCCUICKUX PyKOBOACTBaxX. [l onpenenenus
CJIy4aeB BUPYCOIOTUYECKON HEyNauu KPUTEPHH ABYX PY-
xoBoACTB OputH 00beauHeHsl. BH < 50 xommit PHK/mn
HCIOJIb30BANIM B KAYECTBE IOPOrOBOTO UM HEOIPEHEIIsi-
emoro ypoBHs BH (Bupyconorndeckas cynpeccus).

Ilox BupycomormdeckuM BeIieckoM «virologic blip»
nojipa3zymMeBaioch gocTiwkenrne ypoBHs BH < 50 xonmit
PHK/Ma ¢ mocnenyiomuM KpaTKOBPEMEHHBIM YBEJH-
uyeHueM ypoBHd BH Belle HeompenenseMoro ypoBHs
C JanbHEHIINM BO3BpALIEHHEM K ypoBHIO MeHee 50 ko-
muit PHK/mo.

Ilon Bupyconoruueckol Heynadyeld MOHMMAIM HEBO3-
MOXKHOCTH Aoctixkenus BH < 50 xommit/mn gepes 24 nen
Tepanyyd WIH MOBTOPHOE BBIABJICHUE OIPENEIIEMOr0O
ypoBHsi BH uepe3 6 Mec neuenus u 6ojee y ManueHTOB,
JIOCTHUTIIMX BUPYCOJIOTHYECKOM cynpeccuu. Takxke ore-
HUBAIM TNPOMEXYTOUYHBIE pe3ynpTrarsl AehcTBud APT
nepBoi nMHUU depes 4, 12 u 24 Hen nocine Hadana Tepa-
[IUH B ABYX TPYyIIaXx.

CraTuCTHYECKUIl aHaNN3 MPOBOAMIM Ul CPABHEHMUS
JacTOTHl CIy4daeB BHpycoyiorndeckodl 3¢ddexTuBHOCTH
B IByX IpyTIax B Ka)XbIif MOMEHT BPEMEHHU.

[anee B xaxk1oi rpymme ObUIH BBISBICHBI CIIydaH BH-
pycosorndyeckoi Heynauu. CTaTUCTUYECKUN aHAIU3 MIPO-
BOJIUIIH C LIEJIBIO ONIPENEICHUS PA3HULIBI B YACTOTE BUPY-
COJIOTMYECKON HEy[auX B IBYX IpyMmax.

Cmamucmuyueckuii anaius u susyaluzayus

Cratuctuyeckuii aHaIu3 JaHHBIX HPOBOIMIM C ITOMO-
mpio mporpammel Statistica v. 6.0 (StatSoft Inc., CIIIA).
HpeZ[CTaBHCHI/IC KOJIMYCCTBCHHBIX JAaHHBIX B HACTOAIICM

Tabauna 1. Onpenenenue Bupyconorngeckoro orsera Ha APT B poccuiickiX 1 eBpONEHCKUX PyKOBOJCTBAX

Table 1. Virologic response definitions to ART in Russian and European guidelines

PyxoBozacTBO Bupyconorudeckast 9p(HeKTHBHOCTD Bupyconoruueckuii Beruieck Bupyconoruueckuii
Guidelines Virologic efficacy Virologic blip HEyCIIex
yepes 4 Hex yepes 12 Hep yepes 24 Hep Virologic failure
in 4 weeks in 12 weeks in 24 weeks
Poccwuiickoe Cumwxenne  BH <400 kormit  BH < 50 xomuit Iocne neonpenensemoit HesosmoxxnocTs qoctixkenus BH
pykoBoacteo BHwua>1Ig PHK/mn PHK/mn BH (< 50 xomnuit/mi) < 50 kommit PHK/mut, vmi mociie Bupyco-
Russian VL decrease VL <400 copies/ VL <50 copies/ moBsimieHre BH 110 ypoBHS ~ JIOrH4eckoii cynpeccuy IOATBEP K ACHHBII
guidelines by>11lg mL mL menee 200 konuiit PHK/Mn  obnapyxuBaemsiii yposeab BH > 50 komuit
After undetectable VL PHK/mn uepe3 24 Hen nnu Oosee nocie
(< 50 copies/mL) an isolat- nagana APT
ed rising of VL to alevel of ~ The inability to achieve VL < 50 copies/
less than 200 copies/ml ml or after virologic suppression confirmed
detectable VL > 50 copies/ml
in 24 weeks or more after ART starting
EBpomneiickoe H.xo. H.xo. H.xo. [Tocne noaTBep)xaCHUS HeBo3MOXXHOCTB JOCTHKESHUS WK TTOJEP-
PYKOBOZCTBO N/a N/a N/a Heonpenensiemoir BH xanust BH < 200 xonwmit/min
European 00OHapy)XKUBaeMBIil YPOBEHb The inability to achieve or maintain
guidelines BH c¢ nocnenyrommm VL <200 copies/ml

BO3BAIIICHHEM K HEOIpe-
JIeTISIEMOMY YPOBHIO
After confirmed undetect-
able VL an isolated detect-
able VL level followed by
a return to an undetectable
level
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HCCIEOBaHNUU OCYIIECTBIISUIM C HCIIOJNBb30BAHUEM Clle-
IyIOIIeH ONMMCATeNIbHOW CTAaTUCTUKH: pa3Mepa BBIOOp-
Ku (1), MeOuaHbl U MeXKBapTHiIbHOTO nHTepBaia (IQR;
B Buge 25% u 75% npouentuneit). CTaTUCTUYECKYIO
3HAYMMOCTh Pa3IMIui MEXKIy HaOIOMaeMbIMH TTapaMe-
TpaM# OICHHBAIHU C IIOMOIIBIO BYCTOPOHHETO TOYHOTO
kputepusi Guiiepa. YpoBeHb 3HAUUMOCTH (p), TPUHITHIN
B AaHHOH pabote, coctasmi 0,05 (umm 5,0%). Buzyamu-
3a1uio BeIMonHsuM B nporpamme GraphPad Prism v. 5.0
(GraphPad Software Inc., CIIIA).

PesyabTarsl
B kaxxnyro rpynny Bouutu 23 manueHTta (Taod. 2).

BonpmmucTBo manuentoB npunumanu FTC + TDF +
EFV: 30,4% (7/23) B 1-ii rpymmie u 52,2% (12/23) Bo 2-it
rpynme. BH ucxomnso 6s1a Beie B 1-if rpynme (Megua-
Ha 5,4 xormit PHK/mi), uem Bo 2-# rpynme (4,6 xomuit
PHK/mi). B 1-if rpynme GonbHBIE panee ObUTH HHUIH-
poBanbl cyo-cyotunom A6 (87,0%), a Bo 2-it rpymnme —
cyoruniom B (82,6%). B cpennem manuentsr 6e3 A62V
MIPOXOMIIN OoJee AMuTeNnbHy0 Tepamuto (168 Hen).

IIpoananusupoBansl pesynbrarsl u3MmepeHuii BH
uepe3 4 = 2, 12 = 4 u 24 + 4 Hen nociae Hauana APT.
B Tabu. 3 npencrasieHsl pe3ynsTarbl u3Mepenus BH
y manueHToB obeux rpynm. 3HaueHus BH depes 4 nen
nocyie Hadajga APT ObUIM HOCTYNHBI y 36 TaIMEeHTOB

Ta6anua 2. XapaKTepHCTHKa TMMalMCHTOB, NPUHABIINX y4aCTHC B UCCIICAOBaAaHUN

Table 2. Characteristics of the patients who participated in the study

Cxema nepsoro psina APT A62V+ A62V—
ART first-line regimen (n=23) (n=23) p

3TC + TDF + DTG, n (%) 1(4,3) - 0,98
FTC + TAF + DRV, n (%) 1(4,3) - 0,98
3TC + TDF + EFV, N (%) 1(4.3) - 0,98
FTC + TDF + DRV/rtv, n (%) 1(4,3) 2(8,7) 0,97
FTC + TDF + RPV, n (%) 2(8,7) 1(4,3) 0,97
FTC + TDF + LPV/rtv, n (%) 2(8,7) 1(4,3) 0,97
FTC + TDF + FPV/1tv, N (%) 2(8,7) - 0,5
FTC + TDF + EFV, n (%) 7(30,4) 12 (52,2) 0,48
FTC + TDF + DTG, n (%) 3(13,0) - 0,27
FTC + TAF + BIC, n (%) 1(4,3) - 0,98
FTC + TDF + ATV, n (%) 1(4,3) 3(13,0) 0,66
FTC + TAF + DRV + cob, n (%) 1(4,3) 2(8,7) 0,97
FTC + TDF + NVP, n (%) - 1(4,3) 0,97
FTC + TDF + RAL, n (%) - 1(4,3) 0,97
3TC + TDF + LPV/rtv, n (%) - 1(4,3) 0,97
e OR B oemopoN IO PN sapoqs asnise
Nt QK] spoorsreroc epa e sosoino) ooy O
Cy6tun

Subtype

A6 20 (87,0) 1(4,3) 0,001
B - 19 (82,6) 0,003
G 2 (8,7) - 0,5
CRF01_AE 1(4,3) - 0,98
CRFO09 cpx - 1(4,3) 0,97
F - 1(4,3) 0,97
CRF02_AG - 1(4,3) 0,97

Ipumeuanue. TDF — TeHodoBupa nusonpoxcuna Gpymapar; TAF — renodposupa anapenamun; FTC — smtpunurabdun; 3TC — namusynus; DRV — napy-
nasup; RPV — pumusupun; LPV — nonunasup; FPV — docamnpenasup; EFV — adasupenn; DTG — nonyrerpasup; BIC — ouxrerpasup; ATV — ara-
3anaBup; NVP — neBupanun; RAL — panrerpaBup; RTV — putonasup; cob — kobunucrar; IQR — MexxkBapTiibHbIN pasmax; BH — BupycHas Harpyska.

Note. TDF — tenofovir disoproxil fumarate; TAF — tenofovir alafenamide; FTC — emtricitabine; 3TC — lamivudine; DRV — darunavir; RPV — rilpivirine;
LPV — lopinavir; FPV — fosamprenavir; EFV — efavirenz; DTG — dolutegravir; BIC — bictegravir; ATV — atazanavir; NVP — nevirapine; RAL —
raltegravir; rtv — ritonavir; cob — cobicistat; IQR — interquartile range; VL — viral load.
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Tabauna 3. Pesynsrarer u3mepenust BupycHoit Harpy3ku (BH)
Table 3. Results of viral load (VL) measurement

Huero usmepennii BH uepes 4 BH uepes B21_4[1 ‘:{21;63
BH ma uexon- Cpox Cpox BH 3a nepuon BH uepes 4 Hen, Hen 12 Hen, konui KOITHH
Howmep HOM YpOBHe, HaOJIIOeHNS, HaOJIIOeHYS, HaOTIONCHHS ot PHK/ M (ALog ) PHK it PHK /s
manuenra | xomuit PHK/mi Mec Heq Number of VL \?L in 4 weeks VL degrgéglse VLin 12 VL in
Patient No. | VL at baseline, Follow-up Follow-up measurements RNA “1' /mi ind X Ks. RNA 24 week
RNA copies/ml | period, months | period, weeks | during the observa- copies ( A\Zegf; s W:gpisés Jml RI\TZ 5
tion period copies/ml
A62V+
1v 4683 4 16 2 - - 40 -
2v 7852 6 24 2 - - - 69 200
3v 726 5 20 2 - - - 40
4v 6520 23 92 5 40 2,2 40 -
Sv 5817 45 180 12 - - 5817 99
6v 6660 80 320 19 0 >1lg 0 130
Tv 77 006 94 376 31 587 2,1 40 40
8v 157 783 2 8 2 - - 40 -
9v 64 201 63 252 19 528 2,1 275 40
10v 32200 7 28 4 315 2,0 10 10
Ilv 92 000 28 112 9 830 2,0 33 15
12v 49 437 130 520 37 597 1,9 - 40
13v 7286 15 60 5 1 3,8 130 120 -
14v 16 200 5 20 3 0 >1lg 0 -
15v 42 400 3 12 3 459 1,9 34 -
16v 12 454 2 8 2 - - 50 -
17v 41225 30 120 29 330 2,1 - 40
18v 211 000 27 108 7 469 2,6 6 150 000 -
19v 209 136 6 24 3 25 3,9 - 20
20v 2 080 000 58 232 15 233 39 38 40
21v 160 000 43 172 14 478 2,5 0 0
22v 1 740 000 61 244 11 2180 2,9 - 0
23v 155 707 45 180 20 1579 1,9 219 40
A62V—
la 78 000 28 112 5 - - - 25
2a 69 000 51 204 10 390 2,2 50 25
3a 134 896 22 88 7 1413 2,0 813 129
4a 61 000 30 120 15 50 3,1 50 25
Sa 67 000 40 160 14 990 1,8 50 50
6a 34 000 32 128 7 3900 0,9 50 50
Ta 230 000 35 140 16 57 3,6 50 50
8a 910 000 23 92 4 3700 2,4 - 150
9a 398 107 20 80 6 2754 2,1 282 63
10a 360 000 49 196 10 850 2,6 - 25
Ila 490 000 56 224 14 850 2,7 50 50
12a 425187 7 28 2 1191 2,5 - 40
13a 3000 31 124 6 50 1,8 50 25
14a 9900 15 60 5 140 1,9 50 50
15a 50 77 308 13 - - - -
16a 3000 50 200 11 50 1,8 50 50
17a 6600 29 116 9 50 2,1 50 50
18a 490 53 212 11 - - 50 50
19a 14 000 17 68 4 - - 50 50
20a 14 000 60 240 15 50 1,6 50 50
2la 26 915 3 12 4 631 1,6 65 -
22a 4100 33 132 8 50 1,9 - 25
23a 17 000 45 180 9 56 2,5 — 25
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(y 17 B 1-ii rpynmie y 19 Bo 2-# rpymme). Y Bcex Iaiu-
eHToB 1-i rpynnel u y 18 u3 19 nmanueHToB 2-i1 rpynisl
Habmonanocs camkenne BH 6oiee uem nHa 1 1g. Tonbko
y OIHOTro mareHTta (6a) Bo 2-H rpymme ObLIO 3aperu-
ctpupoBano cHikerne ALg BH menee gem na 1 1g, co-
craBuiiee 0,9. CTaTHCTUYECKON PAa3HUIIBI MEXTY IBYMS
rpymmaMu He ObUT0 HaiiaeHo (p = 0,95).

Uepes 12 ven pesynsrarsl m3mepenuit BH 6summ moay-
yeHsl y 33 manuentos (y 17 B 1-it rpymnme, y 16 Bo 2-it
rpymme). B 1-if rpynme y 14 u3 17 Gonsubeix BH 6blna
menee 400 xornmii/mi, Bo 2-if rpymmne —y 15/16. Cratu-
CTUYECKOHM PasHHIBI MEXAY OBYMS TpylIaMu He OBLIO
HaineHo (p = 0,6).

Uepes 24 men pesynprarsl uamepenns BH 0vun moay-
yeHsl y 36 manuentos (y 15 B 1-it rpymnme, y 21 Bo 2-i
rpymme). B 1-i rpynme y 12 u3 15 manuentoB BH 6biia
meHee 50 xommii/mit, Bo 2-if rpynme — y 18/21. Crartu-
CTUYECKOHM PasHHIBI MEXAY OBYMS TpylIaMu He OBLIO
HaineHo (p =0,7).

Junamuka BH y nanmeHToB ABYyX IpyIil 3a BECh IEpU-
ol HaOMIOeHNS MPECTaBICHA Ha PUCYHKE.

Ha ocHoBanmn munamuku BH B mepuon wHaGmoneHus
BBISIBJICHBI 1 TIPOAHAIN3NPOBAHBI CITy9au BUPYCOIOTHYE-
CKOW HEyJauu B 00€UX Irpymnmax.

Tak, B koropre A62V+ y 16 naruentos (1v, 3v, 4v, 6v,
7v, 8v, 10v, 11v, 13v, 14v, 15v, 16v, 19v, 20v, 21v, 22v)
BH nocturna neompenensemoro ypoBHs (< 50 xommit/
Mia). Y 3 manuenToB (5v, 9v, 12v) Habmoxanacs BUPYCo-
JIoTHYecKast CyIpeccusi, 3a KOTOPOH MOCIEA0BAIIN BCILIE-
cku BH. Y 2 mauuenToB (17v, 23v) BH gocturia aeonpe-
JIEISIEMOT0 YPOBHSI C MOCIEAYIOUIUM HOATBEPIKIEHHBIM
BHPYCOJIOTHYECKHAM HeycrexoM. Y 2 marueHnTos (2v, 18v)
BH ne nmocturna meompenemsiemoro yposus. Crienopa-
TeNbHO, B Koropre A62V+ BupycoJiornueckas Heyjnada
Obuta BeIsIBIIEHA Y 4 (2V, 17v, 18V, 23v) 3 23 manueHToB.

B xoropre A62V— y 19 mauuentos (2a, 4a, Sa, 6a,
7a, 8a, 9a, 10a, 11a, 12a, 13a, 14a, 15a, 16a, 17a, 18a,
19a, 20a, 23a) OplTa JOCTHTHYTA BHUPYCOJIOTHYECKAs
cympeccust. Y ogHoro nanuenta (la) BH gocturna ue-
OIPENAECNIIEMOTO YPOBHS C MOCJIEAYIOIUM HEOATBEPK-
nenabM BeruteckoMm BH. ¥V onnoro manmenTa (21a) BH
He JOCTHINa HeollpeaenseMoro yposa4. Ilpu atom ue-
pe3 12 ven BH cHu3unace g0 65 xomuii/mi, 4to co-
OTBETCTBYET BHUPYCOJIOTHUECKON A(P(HEKTHBHOCTH, a B
MOCIEeNYIONINI Nepuoa HaOMIONEeHHS pPe3ynbTaThl U3-
Mepenust BH He Obuto mocTynHBI. DTOT pe3ynbrar He
OBUT MHTEPIPETUPOBAH KaK BUPYCONOTHYECKas HEy/a-
ga. Y 2 mauuentoB (3a, 22a) BH ynana Hu»XHero mo-
POTOBOI0 YPOBHS € MOCIEAYIONIMM MOATBEPKICHHBIM
BoccTaHoBIeHUEeM. CineqoBaTenbHO, B Koropre A62V—
BHpycCOJIOTHYECcKas Heynada Obuta BeIABIEHa y 2 (3a,
22a) u3 23 nanueHToB.

MHOTro(aKTOpHBIN JTOTHCTHYECKUI PErpecCHOHHBIH
aHamM3 B 00eMX TpyIIax He OOHApYXHJ CBA3H MEXIY
BHUPYCOJIOTHYECKON Heynadel u TakuMH NepeMeHHBIMU,
kak coctaB APT, cyotunr BUY-1 u mpogomkuTeTbHOCTh
APT.

CraTUCTUYECKON pPAa3HULBI B CIy4asX BUPYCOJOTH-
YeCKOW Heylaud B JBYX Tpynmax He ObUIO HaiaeHo
(p = 0,66; nBycTopoHHMii KpuTepuit durepa).
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OocyxaeHue

Bapuanter BUY-1, pacnpoctpanennsie B Poccuu,
OTIIMYAIOTCS OT BapUAHTOB BHPYCA, IUPKYIUPYIOIIAX
B EBpone, Asuu u CeepHoii Amepuke [12]. [Ipumeua-
TEJIHO, YTO Hawubojee PacHpOCTPaHEHHBIM BapHAHTOM
BNY-1 B Poccun saBmsercs cyO-cyotun A6, BBIABIsC-
MBIl B 78,6% ciyuaeB [9]. CyO-cyOTun A6 mMeeT psj
TUMWYHBIX TOIUMOPQHBIX MyTanui, cBA3aHHBIX ¢ JIVY:
E138A u A62V B OT, L741 B unterpaze [8, 9, 13]. B on-
HOW U3 IpeAbIAyIHNX padoT MbI U3y4ald BIUSHUE paHee
cymectBoBaBiieit myrtarun E138A B OT Ha sddexTus-
HOCTh cxeM APT mepoii muauu [14]. Hacrosmiee nccie-
JloBaHUE cocpenoroueHo Ha A62V B OT.

B Oonee panmmmx wuccrnemoBaHmsx B Poccum A62V
B OT cy0-cybrumna A6 Obima oOHapyxeHa B 63% cirydaeB
y HauBHBIX MALMEHTOB U B 78% ciyyaeB y MalUEHTOB,
umeromux onsIT APT [15, 16]. HecMoTps Ha TO uTO B Ha-
cTosIIIee BpeMs HaOMoaeTcs TeHICHIHS, yKa3bIBArOIas
Ha CHUKEHHE YacTOThI BCTpeuaeMocTH A62V, ee pacmpo-
CTPAaHEHHOCTh OCTAETCA OTHOCHUTEIBHO BBICOKOHM. Tak,
B SMIHIHAJ30PHOM HCCIIEOBaHUH, MPOBEJeHHOM B Poc-
CHM HAa OCHOBE KJIMHHYECKHX 00pa3loB, COOpaHHBIX
ot BUY-nHQUINpOBaHHBIX MAIIMEHTOB JI0 Havaja Jede-
Hus B 2017-2019 rr., A62V 6bu1a obHapyxena B 37,1%
ciyuaes [17].

Henasuee nccnenosanue B Poccuut BEISIBIIIO MTOTEHIIN-
aNbHYIO CBSI3b MEXITy A62V U BHPYCOJIOTHYECKHUM IPO-
peiBoM «virological breakthrough» [18], uto xoppenu-
pYyeT C pe3ynbTaraMy IpenbIIyIIero uccienoBanus [5).
OT0 mepBoe HMcciaenoBaHue, B KOTOPOM 3(p(eKTHBHOCTH
Tepanuu nepBoi uHuM, Brmrodaromielr TDF/TAF, cpas-
HuBajM B 1Byx rpynnax: JIDKB ¢ panee cymecTBoBaBieit
A62V B OT Ha HCXOOHOM YpPOBHE O Hadaja Teparnuu
NepBOI INHUY U Oe3 Hee.

B Poccuu renorunupoanne BUY mnepen Hauamom
APT He sBrsieTcs 0043aTeIBHBIM H, KaK IPaBUJIIO, HE TIPO-
BOIUTCS B TIaHOBOM Topsizike [10]. B cBsizu ¢ aTuM st
(hopMHpOBaHHS ABYX TPYIII ITAIHEHTOB MBI OOPaTHIINCH
K OOIIeeBpOnencKoil MHTErpUpOBaHHONW 0a3e JaHHBIX
EIDB.

Pesynbrarel moxazany, 4TO MEXAY ABYMS TPyTMIIaMH
He OBUIO CTAaTHCTHYECKUX Pa3NW4HMi M0 BHPYCOJIOTHUE-
ckoii adexruBHOCTH Yepe3 4, 12 u 24 Hex mocie Ha-
gana APT, a Taxke 10 9acToTe BHPYCOJIOTHYECKHX He-
yaad. OgHaKo BUPYCOIOTHYECKas Heyada HaOIoanach
y 4 manueHToB B rpy1ie A62V+uy 2 — B rpymnme A62V—.

OCHOBHBIM OTpaHWYEHHEM HACTOSIIETO HCCIIETOBAHH
SIBISTIOCH OTCYTCTBHE TE€HOTHIIOB BUPYCa B KOHIIE TEPAINN
NEpBOH JIMHUY Y MAIIEHTOB C BUPYCOJIOIMYECKOM Heyna-
geil. Takum o0pa3zoM, He OBUIO BO3MOXXHOCTH OIICHHTb,
ObLTa JIM BUPYCOJNOTHYECKAsl HEyAada CBA3aHa C IOsBIIE-
HUEeM OCHOBHBIX myTtanmii JIY BHUY, acconumpoBaHHBIX
¢ A62V, nim oHa ObUTa CBA3aHa C IPYTUMH My TaIisimMu JIY
BHY, a taxke HEIOCTaTOYHON MPUBEPKEHHOCTHIO MalU-
entoB. Kpome Toro, cpeau 4 maiueHToB ¢ BUPyCOIOTrHYe-
CKOM Heymadeil B rpymme A62V+ oguH manueHT (2v) mpu-
HuMan 3TC + TDF + EFV u 3 mauwmenta (17v, 18v, 23v)
noyyanu APT Ha ocHoe UIT: FTC + TAF + DRV + cob,
FTC + TDF + FPV/rtv u FTC + TDF + LPV/rtv cootBeT-
CTBEHHO. /[Ba MalueHTa C BUPYCOJIOTMYECKON Heynadeil
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a/a o0/b
6/c zd
o/e e/f
/g 3/h

Pucynok. [lunamuka BH B nepron HabnroneHus.

Yposenb BH Hike 50 Komuii/Mit orpe/iesisuics Kak MoporoBslil. a—e (rpynmna A62V+): a — mauueHTs 1v, 2v, 3v, 4v, 5v, 6v; 6 — nauuenTs! 7v, 8v, 9v, 10v, 11v;
6 — nauueHTsl 12v, 13v, 14v, 15v, 16v, 17v; 2 — nauments! 18v, 19v, 20v, 21v, 22v, 23v; 0—3 (rpynna A62V—): 0 — nanuenTsl la, 2a, 3a, 4a, Sa, 6a; e — mauueHTs!
7a, 8a, 9a, 10a, 11a; orc — maruenTsl 12a, 13a, 14a, 15a, 16a, 17a; 3 — maruenTsl 18a, 19a, 20a, 21a, 22a, 23a.

Figure. The dynamics of VLs during the follow-up period.

The VL level below 50 copies/ml was defined as a cut-off. a—d (A62V+ group): a — patients 1v, 2v, 3v, 4v, Sv, 6v; b — patients 7v, 8v, 9v, 10v, 11v; ¢ — patients
12v, 13v, 14v, 15v, 16v, 17v; d — patients 18v, 19v, 20v, 21v, 22v, 23v; e—h (A62V— group): e — patients la, 2a, 3a, 4a, 5a, 6a; f— patients 7a, 8a, 9a, 10a, 11a;
g —patients 12a, 13a, 14a, 15a, 16a, 17a; h — patients 18a, 19a, 20a, 21a, 22a, 23a.
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B rpynme A62V— (3a, 22a) npunumanu FTC + TDF + EFV.
IIpu stom npumepHo y 50% nanuentoB EFV BbI3bIBaeT
Heliporicuxuarpuieckue modounsie dpdexts [19], uto
MOXKET TIOBITHSIT Ha IIPHBEPKEHHOCTS K JiedeHuto. Hanbo-
Jiee pacnpoCTPaHEHHBIM MposBiIeHreM TokcuyHoctu U1
SIBJIIETCSL BO3JEICTBHE Ha KEITyJOYHO-KUILIEUYHBII TPAaKT,
B YaCTHOCTH Jriapest; 6oJee TOoro, MpeAroYTHTENbHbIH pe-
xuM npuema UIT — 2 pasza B ieHb, 4TO MOXKET CO3aTh I10-
TeHLHaIbHbIE TPOOJIEMbI ATl MAIEHTOB C TOYKH 3PEHUS
npuBepxkeHHoCcTH [20].

Eme omHuM orpaHndeHuMeM HACTOSIIEr0 HcCCieqoBa-
HUSI SIBJIAETCS TO, YTO MAIUEHTHI IBYX TPy ObLTH HH(U-
nupoBaHsbl pazHbiMu Tunamu BUY-1: B rpynmne A62V+ —
B 87,0% (20/23) ciayuaeB cyO-cyOTniom A6, a B rpym-
ne A62V— — B 82,6% (19/23) cayuaeB cyOtumom B.
B Hacrosiee BpeMs UMEIOTCSL POTUBOPEUUBBIE JTaHHBIE
o BimsiHIK cyoTrna BMIY-1 Ha marorenes u pazsurue JIV.
Pesynbrats! psia uccie0BaHUM MOATBEPANIN THIIOTE3Y
0 TOM, 4YTO pa3Hbie BapuanTel BUU-1 MoryT umeTh pas-
Hble KJIMHUYeckue xapakrepuctuku [21]. Kpome Toro,
MOCKOJIBKY HCCIIEOBaHHE HOCHUJIO PEeTPOCTIEKTUBHBII
xapaxktep, u3mepenre BH u nocnenyromee Habmonenue
3a ManMeHTaMH He OBUIM 3aITaHMPOBAHBI ITOCIENOBA-
TEJBHO U Ha BCEX KOHTPOJIBHBIX TOUKaX MOYKHO OBIJIO Ha-
O101aTh OTPaHMYEHHOE YHCIIO YUYACTHUKOB.

3akJiioueHue

[IpoBeneHo mepBoe MUIOTHOE HCCIEAOBAaHUE, HANpPaB-
JICHHOE Ha olleHKY 3 dextuBHOCTH cxeM APT nepBoit u-
Huu Ha ocHoBe TDF y BUY-nH(bUIMPOBaHHBIX TALUEHTOB
¢ yxe cymiectBytromeit mytammeid A62V B OT. Pesynsrarsl
3TOTO WCCIEAOBAHUS TO3BOJISIOT MPHOIM3UTHCS K TOHH-
MaHHIO PUCKa BUPYCOIOTHUECKOIM HEyAa4uu B IPUCYTCTBUU
A62V B OT. Ilokazano, uto A62V B OT Ha HCXOTHOM
YpOBHE HEOUEBHAHO CHIKAET d(PPEKTUBHOCTH CXEM IIep-
Boil ymHum, copepxkammx TDF wmu TAF. Omnako ponb
3TOH MyTalluK 3aCIy>KUBACT JalbHEHIIIEro n3y4eHusl.
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npOCTpaHCTBeHHO-BpeMeHHOVI KnaCTeprlﬁ dHaJNin3 UMpKynsaumm
BUpyca adhpukaHcKkon Yymbl cBUHeU (Asfarviridae: Asfivirus)
B KanMHMHFpaACKOﬁ obnacTtn Ha ocHoBe TpexX reHeTu4eCKux
MapKepoB
YepHbiwes P.C., NronkuH A.C., WotuH A.P., 3unHsakos H.I"., KonbuH LN.C., Cagunkosa A.C.,
JlaBpeHTbeB WN.A., I'py3ages K.H., Masnym A.

OIBY «PenepanbHbIvi LEHTP OXpaHbl 340POBbS XUBOTHbLIX», 600901, r. Bnagumup, Poccus

Pestome

BBepneHune. CtpemuTensHoe pacnpocTpaHeHne adpmkaHckon Yymbl ceuHen (A4C) B KanuHnHrpaackon obnactu
obycnoenmBaeT He06X0AMMOCTb MCMNOMb30BaHUS METOAOB MOMEKYNSIPHON 3NM300TONOrMK Ans onpeaenexHns am-
HaMUWKN 1 BeKTopa pacnpocTpaHeHus nHdekuum B gaHHoM cybbekte Poccum.

Lienb paboTbl — yCTaHOBUTb XapakTep O4HOHYKNeoTMAHOro nonuMmopdunsma reHoB K145R, O174L, MGF 505-5R
y n3onatos Bupyca AYC, BbigeneHHbIx B KannHuHrpagckon obnactu, n ndyunTb LMPKYNSaumio Bo3byamTens B cTpa-
Hax BocTouHon EBponbl MeTogom cyGreHOoTUNMPOBaHUS U NPOCTPAHCTBEHHO-BPEMEHHOIO KNacTepHOro aHanm3a.
MaTepuanbl n metoabl. B kavyecTBe o6pasLoB Gronornyeckoro Matepuana ucrnons3osany Npobbl KPOBU OT XU-
BbIX W OpPraHoB OT NaBLUMX AOMALUHMX CBUHEW WM AMKMX KabaHoB, 0TOOpaHHble B KanuHuHrpagckon obnactu B
2017-2022 rr. BoigeneHue Bupyca AYC n ngeHTndmnkaumio n3onaToB NPOBOAMIN B NEPBUYHON KyNbType KNeToK
KOCTHOrO Mo3ra CBWHbM. [104roTOBKY aMMiMKOHOB LieNeBbiX MapKepHbIX obnacrtel reHoma BbIMOMHANM METoA0M
MUP c anekTpodopeTuyeckon AeTekunii 1 nocneayoLlen akcTpakumen parmeHToB 13 arapo3Horo rens. Cekse-
HVMpoBaHWe ocyLlecTBnAnNu no metogy CaHrepa.

Pe3ynbTathl. YCTaHOBNEHa UMPKYNaUnMs Ha TeppuTopumn cybbekTa-akcknaBa Poccuiickon depepaummn Bupyca
AYC, npuHagnexatiero AByM reHeTU4eCcKMM knactepam: annsootundeckomy (K145R-1Il, MGF 505-5R-11, O174L-1 —
94,3% OT nsy4veHHbIx n3onsaTtos) n cnopagundeckomy (K145R-1I, MGF 505-5R-1l, O174L-1 — 5,7%).

3akntoyeHune. HeobxoaMmo CoBeEpPLUEHCTBOBAHME MOMEKYNAPHO-3MM300TONIOMMYECKOTO MOHUTOPUHIA FeHeTUYe-
CKunx BapuaHToB Bupyca AHC B cTpaHax eBp0-a3naTCckoro KOHTUHEHTa Ha OCHOBE MapKepHbIX parMeHTOB reHoMa
BHYTpM reHoTmna ll, 4To No3BONUT NPoBOAUTL Hanbonee AetanbHbI aHanus pacnpoctpaHeHust AYC.

KnioueBble croBa: aghpukaHcKkasi yyma ceuHell; 2eHemMuYecKue MapKepbl PacrpoCmpaHeHUss; IPOCMpPaHCMeeH-
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KoHdnuKkT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBUE SBHbIX U NMOTEHUMArNbHbIX KOH(MMKTOB MHTEPECOB, CBA3aAH-
HbIX C NyBnuKkauveln HacTosLLen cTaTby.

OTnyeckoe yTBepxAeHMWe. ABTOPbI NMOATBEPXAAIT COOMOAEHNE UHCTUTYLMOHANbHbBIX U HauMOHanbHbIX CTaHAapToB
Mo MCNonb30BaHWIO NabopaTopHbIX XUBOTHBLIX B cooTBETCTBUM ¢ Consensus author guidelines for animal use (IAVES 23
July 2010). MNMpoTokon nccneposaHns ogobpeH Komuccuen no 6uoatuke PIrbyY « BHUUI3XK» (npotokon Ne B-3/2021 ot
24.05.2021).
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Spatio-temporal clustering of African swine fever virus
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based on three genome markers
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Abstract

Introduction. The rapid spread of African swine fever in the Kaliningrad region makes it necessary to use the
methods of molecular epidemiology to determine the dynamics and direction of ASF spread in this region of Russia.
The aim of the study was to determine single nucleotide polymorphisms within molecular markers K145R, O174L
and MGF 505-5R of ASFVs isolated in Kaliningrad region and to study the circulating of the pathogen in European
countries by subgenotyping and spatio-temporal clustering analysis.

Materials and methods. Blood samples from living domestic pigs and organs from dead domestic pigs and
wild boars, collected in the Kaliningrad region between 2017 and 2022 were used. Virus isolation was carried
out in porcine bone-marrow primary cell culture. Amplicons of genome markers were amplified by PCR with
electrophoretic detection and subsequent extraction of fragments from agarose gel. Sequencing was performed
using the Sanger method.

Results. The circulation of two genetic clusters of ASFV isolates on the territory of the Kaliningrad has been
established: epidemic (K145R-1Il, MGF 505-5R-1I, O174L-1 — 94.3% of the studied isolates) and sporadic (K145R-
Il, MGF 505-5R-Il, O174L-1 — 5.7%).

Conclusion. The broaden molecular genetic surveillance of ASFV isolates based on sequencing of genome
markers is necessary in the countries of the Eurasian continent to perform a more detailed analysis of ASF spread
between countries and within regions.

Keywords: African swine fever; genome markers of spread; spatio-temporal analysis; genetic variants, Kalinin-
grad region
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BBenenue

MacmrabHoe TpaHCTpaHUIHOE pacHpoCTpaHeHue ad-
pukanckoit yyMbl cBuHeil (AUC) na teppuropuu EBpa-
3UH TpeOyeT HOBBIX IMOIXOMOB K U3YUCHHIO ITUPKYIIAIIAN
Bupyca. C 3TUMH TEISIMUA PEKOMEHIOBAHO TPOBEIACHUE
MOJIEKYJISIPHO-3ITH300TOIOT HUECKOU KJIACTepU3alluU
U MYJIBTUTCHHOTO aHajK3a BHOBH BBIIEICHHBIX H30JIs-
ToB [1]. BeaencrBue 3HAYMTENBHON JUIMHBI T€HOMA BO3-
Oyautens (189 T.I.H.) BO3MOXKHO HCIIONB30BaHHE pas-
JIMYHBIX MapKEePOB PACIPOCTPAHCHUS B MPOCTPAHCTBCH-
HO-BPEMEHHOM HCCIICIOBAHUH. BOIBIIMHCTBO MapKepOB
OTPEAETISIOTCS P BBISBICHUH OJHOHYKJICOTHIHOTO TI0-
mumopousma (OHIT) wim pa3nuyuii B 4uciie TaHASMHBIX
nmoBropoB (TRS), HabmromaeMeIx B CpaBHUTEIHHOM aHA-
Ju3e MOTHOTEHOMHBIX IOCJIEIOBATEIBHOCTEH H30JSITOB
Bupyca AUC, BBIJICIICHHBIX W3 OHOJIOTHYECKOTO MaTepHa-
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7a 0T MH()UIUPOBAHHBIX KUBOTHBIX (JIOMAITHIX CBHHEH
WJIM TUKUX kabaHoB) [2].

Muriensto 111 reHoTunupoBanus Bupyca AYC sapinserT-
sl HyKJIEOTHIHAs TIOCIe0BaTeNbHOCTD JITHUHOM 475 11.H.
C-TepMuHaNbHON 00nacTu reHa B646L, koTopas Tpamu-
[IMOHHO WCIIOJIb30Baach IS UACHTH()HUKAINN 24 TEeHO-
tunos [3, 4]. Benbiku AUC B EBporie u A3uu BBI3BaHBI
reHoTunoM lI, 3a UCKIIOUEHHEM PH300THYHONW CUTYalluu
Ha octpoBe Capmunams (HUramwus), rme renotun | peru-
ctpupoBaics ¢ 1978 r., u Kuraiickoit Haponnoit Pecmy-
OJMKH, Ha TeppuTOpUU KoTopod B 2021 TI. ycTaHOBICH
SMU300TUYECKUN oyar cpeau JAOMallHUX CBUHEH, BBI-
3BaHHEIN reHoTHNOM | [5, 6]. B 2023 1. B Kurtae Brepsrie
OIMMKMCaH PEKOMOWHAHTHBIN BapuaHT Mexny [ u Il renoru-
mamu ¢ 20 cafitamu pekomOuHAINH [7].

B cBs3u ¢ nmpeobnagaromniei nupkysinueit resorumna 11
Bupyca AUC B EBpasum u oOHapyXeHHUEM pPa3JIMYHBIX



BOMPOCHI BUPYCOJIOTUW. 2024; 69(3)
https://doi.org/10.36233/0507-4088-231

remernyeckux BapuantoB, C. Gallardo u coast. (2023)
PEKOMEHIOBaH METOJI, TIO3BOJISIOMINI HAa OCHOBE pa3iiny-
HBIX MapKepoB BBLAETHUTH 24 KacTepa (cyOreHoTHmna, re-
HETHYECKHX IPYIIbI) pactpocTpanenus [1]. A. Mazloum
1 coaBr. (2023) mpemytoxeHno 6 0oCHOBHBIX (JIOKyc B646L,
LeHTpasibHast BapuabenbHas oonacts (CVR) rena B602L,
MexreHHsle ooact [73R/1329L u MGF 505-9R/10R, re-
el K145R n O174L) n 7 anbTepHAaTHBHBIX (MEXTE€HHBIE
obmactu A179L/A137R n C315R/CI147L, nokycsl 1267L,
MGF 505-5R, MGF 110-7L, MGF 505-9R, MGF 360-
10L) reHOMHBIX MapKepoB /il Au¢depeHTraiuy n30s-
TOB, MIPUHAICKAIINX reHoTuy 11 [2].

KrnacrepHblii TreHeTHYeCKHH aHalu3 pacnpocTpaHe-
HUSl — CPaBHUTENIFHO HOBBIM M TTOMCKOBBIN TOIXOM IS
nm3yueanss AUYC B Poccwuiickoit ®epepauuun. B cBs3u
C 9THM HamOoJilee WHTEPECHBIM IOKa3aTeJIbHbIM OOBEK-
TOM HCCJIEIOBaHUS SBIISIETCS SMTU300THS HAa TEPPUTOPUHU
Kanununrpasackoit odnactu.

Kanunuarpanackas obmacts — cyObeKkT-3kckiIaB Poc-
cuH, TeorpadWuecKu pacloNoKeHHBIH B Bocrounoit
Espone. Ha rore rpanmmuutr c Ilombmeii, Ha cesepe
U BocTOoke — ¢ JIUTBO, NpU3HAHHBIMH HEOIarononyy-
weiMu 1o AYC ¢ 2014 r. [8, 9]. [lepBole ciiyuaun AUC
B KanunuHrpanckoit o6mactu OTMEUYEHBI B MOMYIALUU
JIuKoro kabaHa B Havyase Hos0ps 2017 1. B Teuenue Hosi-
Opsi—nexadbps 2017 1. Ha TePPUTOPHUH perruoHa HOTH(H-
LUPOBAHO 6 SMU300THYECKUX 0YaroB Cpeiu JTUKOTO Ka-
Oana (barparrnoHOBCKHMIi paiioH) U 1 — cpeau TOMaIIHUX
CBUHEH B MTMYHOM To7ico0HOM xo3saicTBe (JIIIX) rpax-
JaHWHA, TPOXKMBAIOIIETO B Aa4HOM nocenke COCHOBKa
(ITonecckuii paiion). B sumHe-Becennuit mepuog 2018 r.
Ha TEPPUTOpHH CyOBEeKTa B MPUTrpaHUYHBIX C Ilonpmeit
paifoHax oOHapykeHbl 6 TpymoB KabaHOB c nabopa-
TOPHO MOATBepk JAeHHBIM nuarHo3oM Ha AUYC. C uroHs
o ceHTsA0ps 2018 1. MHPEKIusA MUPOKO pacIpoCTpaHH-

OPUTUHAJbHbBIE NCCNEAOBAHUA

Puc. 1. Pactipoctpanenne AUC Ha TeppuTOpuu
Kammnaunrpanckoit odnactu (2017-2022 rr).

Fig. 1. Spread of ASF in the Kaliningrad region (2017—
2022).

mack cpeau aomamHux cBuHew B JIIIX m HeckombKux
CBHHOKOMIUIEKcax KanmmHuHTpanackoit o0IacTu, 3aTpo-
HYB 7 paHee O1aronoayyHbIX paiioHOB: [ Bapaenckuii (1.
CyBopoBo), [IpaBaunckuii (1. [Ipynsl, n. HooOuiickoe,
n. benwiit fAp, n. U3Bununo, n. Kpacuoe, n. Cepreeska,
n. benkuno), YepuaxoBckuit (m. [lenpku, m. [mymko-
Bo) u ap. C Hos6psa 2018 . mo suBapp 2020 T. peru-
CTPUpPOBANU eNMHUYIHBEIC cirydan Oone3Hu [10]. B xoH-
ue urons 2022 r. mocne 2,5 meT OTCYTCTBHS BCIIBIIICK
3aperucTpupoBad 3nuzooTudeckuit ouar AUYC B JIIIX
Hecrteposckoro paitona. Bcero 3a 2022 r. HOTH(U-
upoBaHo 16 ciydaeB. 3a BeCh MEPHUO SMU300THH Ha
Tepputopun KannHuHTpajackoil obmactu oduumaibHO
noaTBepxaeHo 87 ciygaeB AYC (56 y nukoro xabaHa
u 31 y nomamraux cBuneit) (puc. 1)

Panee npoBeaeHHbIE HCCIEIOBAHNS IO aHANK3Y 9 TOI-
HOTEHOMHBIX TTOCIIEIOBATEIFHOCTEH H30JIATOB, BBIICIICH-
HeIX B 2017-2019 rr. B Kanuaunarpaackoit obmactu, mo-
Kazaiu kioHajdbHOe pasButTHe Bembimek AUYC [11]. Tak,
B HayaJie MHU300THU HA TEPPUTOPUU NAHHOTO PErHOHA
MPOU30IIJIa AOMOTHUTEIbHAs MyTauus B rene KI/45R.
JnurenbHas MUPKYIALUS T€HETUYECKOTO BapuUaHTa BU-
pyca ¢ yaukainbHeiM OHII cpenn BoCIpUMMUMBBIX KH-
BOTHBIX (AMKHX KaOaHOB) c(hOpMHpOBaIa AUBEPTrEeHTHBIN
MIPOCTPaHCTBEHHO-BpeMeHHO kiactep (mmyin) AUC B Boc-
TouHO# EBpore.

OnzootunyHas cutyarus mo AUC B Kanununrpaackon
obnactu Poccun m auckyccust 0 MPOUCXOKICHUH BO30Y-
TUTEITST B BOCTOYHOEBPOIICHCKIX TOCYIapCTBaX 00yCIOB-

'Poccenbxo3Han3op. Onuzoornueckas curyarus mo AYC B Poc-
cuiickoit @eneparmu, 2007-2024 rr. Available at: https:/fsvps.gov.
ru/wp-content/uploads/2024/02/kapra-scubimex-3a-2007-2024-
Ha-05.02.png
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JMBAIOT HEOOXOIUMOCTD IPHUBJICYEHHUSI METOIOB MOJIEKY-
JIIPHOH 3MM300TOJIOTUH B PACcCiI€IOBAaHUE BCIIBIILIEK.
Ilesn rccnenoBaHud — YCTAaHOBUTH PAacIpOCTpaHEHHUE
reHeTU4eckux BapuantoB KI145R, MGF 505-5R, O174L
Yy CTaTHCTHYECKH 3HAYMMOTO YHCJIa H3O0JSATOB BHpyca
AUC, nupkynupyomux Ha Tepputopun KanuHuHrpan-
CKOH 0071aCTH, U IPOBECTH OLICHKY SIM300THYECKOH CH-
Tyalluu Ha OCHOBE MOJIEKYJISIPHOM KJIaCTEpU3ALUU.

MaTepHaJIBI H METOAbI

Hzonamur eupyca AYC. buoiornyeckum marepua-
JIOM JJIS BBIJIEJTICHUS BHpPYCa CIYKWJIH MPOOBI OPraHoB
(TpyOuaTble KOCTH, cele3eHKa, JuMpaTHuecKue Yy3-
JIBI) OT MABIIUX JOMAITHUX W JUKUX CBHHEW, a Takke
KpPOBb OT JXKUBBIX JIOMAalllHUX CBHHEH, OTOOpaHHBIE Ha
Tepputopun Kanmuuuurpanackoi obmactu Poccuiickoi
®epnepanuu B 2017-2022 1. ¥ oKa3aBLIMECS IMOJOKHU-
TeJIbHBIMH PU UCCIIEOBAaHUU METOIOM MOJINMEPA3HON
nernHoit peakuuu (I[1LP). Beinenenue Bupyca mpoBou-
JIY B TIEPBUYHOHN KYJIBTYpe KIETOK KOCTHOTO MO3Ta CBH-
vpu (KMC), momy4eHHONH OT JOHOPOB HAa JTOTOBOPHOI
ocHoge [12]. ITociie uaeHTHPUKAIUNA 26 H30JATOB HX
HaKanjauBaiau B KyneType kinetok KMC B Tutpe He Me-
uee 6,5 Ig TAnE,_ /em’.

Buioenenue JJHK u amnaugpurayus yenesoix ppacmen-
mos. Dxcrpakuuto totanbHo JJHK BelmonHanu u3 Bu-
pycconep Kalero KyJasTypajJbHOro MaTepHaia ¢ HCIOMNb-
30BaHHeM Habopa peareHToB «/IHK-copo B» (ITHUU
Omunemuonornn  Pocnorpebuam3opa, Poccust). Awm-
A(UKAIMIO HYKICOTHIHBIX y4acTKOB TeHoB K/45R,
MGF 505-5R, Ol74L ocymectBnsnun metogom I[P
C ANEKTPOPOPETHIECKOH JETEKITHEH COTIIACHO paHee pas-
paboranHOMy npoTokoisty [13]. Beinenenue ¢pparMmeHTOB
U3 CIaliCOB arapo3HOTO Telsl IPOBOIWIN C IPUMEHEHUEM
Habopa GeneJET Gel Extraction Kit (ThermoFisher Sci-
entific, CILIA).

Cexsenuposanue. Peakuyio IpoBOIMIN C HCIONB30-
BaHneM HabopoB Big Dye Terminator Kit Bepcus 1.1
nmn 3.1 (Applied Biosystems, CIIIA) na aBromarnde-
ckoM cekBeHarope ABI Prism 3130/3130x1 (Applied Bio-
systems, CIIIA) cortacHO HHCTPYKIIMN TIPOU3BOTUTEIIS.

Buipasnusanue u gunocenemuueckuii ananus. MHo-
JKECTBEHHOE BBIPABHUBAHME HYKJICOTUIHBIX MOCIEIOBA-
TENBHOCTEH U CPAaBHUTENBHBIN aHAIN3 C JPYTHUMHU H30JI-
TaMH, UMIOPTUPOBaHHEIMU U3 Genbank (mpuioxkenue),
BBITIONHANK ¢ npuMeHeHueM anroputma CLUSTAL W
B nporpamme Bioedit v. 7.2.5. Ilpu ananmse y4urtbiBa-
JIM TIOCTIeIOBAaTEIbHOCTH IIEJIEBBIX T€HOB Y 9 M30ISATOB
Bupyca AUC w3 Kamumuuurpaackoit obiactu, omyOnu-
KOBaHHBIX paHee [11]. duiiorenes H30JATOB H3ydald
C HCIOJIb30BaHUEM KOMIIBIOTEPHOM ITporpaMmel Mega X
[0 PEKOMEHJOBAaHHONW MOJIENHN METOJIOM MPUCOEAUHEHUS
coceneit (Neighbor-Joining) ¢ Bootstrap 1000 urepanus-
MU HaualbHOU 3arpy3ku [14].

I'paduueckoe oTOOparkeHHE MOIEKYISIPHO-IIMHU300TH-
YECKUX KapT OCYIIECTBIISAIN B nporpamMmme ArcGIS.

ABTOpPBI TTOATBEP)KAAIOT COONIOAEHHE WHCTUTYIHO-
HaJbHBIX U HALIMOHAJIBHBIX CTaHAAPTOB IO HCIONb30Ba-
HUIO JTA0OpaTOPHBIX KHUBOTHBIX B COOTBETCTBUHU ¢ Con-
sensus author guidelines for animal use (IAVES 23 Ju-
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ly 2010). IIporokon ucciaenoBanus ogoopen Komuccueit
nio 6uoatrke PI'BY «BHUU3X» (mporoxon Ne b-3/2021
ot 24.05.2021).

Pesyabrarsl

K145R. Ilo pe3ynsratam cekBeHHpoBaHUs 1o CaHTrepy
noiydyeH pparment reHa K/45R (muno# 501 m.H.) mis
Bcex 26 M30IITOB. BRIABIEHO, UTO BCE MASHTH(HUIIUPO-
BaHHBIC M30JATHI W3 Kamumuuarpaackoit obmactu (35)
UMEIOT TOYeYHBbIe MyTallMu (3aMeHbl) B JaHHOM (par-
MEHTE W OTIHMYAIOTCS 0T pedepentHoro mramma Geor-
gia 2007/1 (NC_044959.2) (puc. 2 a).

Kaxk BunHo u3 puc. 2 (a), Ha OCHOBE HYKJIEOTUIHOTO
BEIPaBHUBAHUS YAaCTUYHOH TIOCIEMOBATEIHPHOCTH TEHA
K145R Bce uccnenyemsle n3onatsl Bupyca AYC MOxHO
pa3nenuTh Ha TpU TeHeThueckux BapuaHTa: KI145R-I,
ananorunuHeiit Georgia 2007/1; K145R-11 ¢ omgHoit 3ame-
Hoit C > A B monoxennu 434; K145R-111 ¢ nByms 3amena-
Mmu (C > T B monoxxenun 291 u C > A B nosnoxeHuu 434).
YcranoBieHno, uto GombmmHCTBO — 33 u3 35 (94,3%) —
M30JIATOB, BBIACIECHHBIX B HCCIEIyeMOM PETHOHE, OT-
HeceHbl K reHeTnueckomy BapuaHTy K145R-III, uckmo-
YUTENFHOMY Ui 3TOTO peruona. [Ipm stom 2 (5,7%)
m3onsata ASFV/Kaliningrad/DP2017/15355 wn ASFV/
Kaliningrad/DP2022/9201 otnocumuck k K145R-11, pa-
Hee He PEeTHCTPUPYEMOMY BapHaHTY Ha BCEH TEPPUTOPUN
Poccuu u xapakrepHomy 11t ctpad Boctounoit EBporst
(IMonbiu, JIuteel, Ykpaunbl, ['epmanuu). IIpoctpan-
CTBEHHO-BPEMEHHOI aHaJM3 paclpOCTPaHEHUs BHpyca
AUYC Ha ocHOBe Mapkepa K/45R nokasaH Ha puc. 3 (a).

0O174L. Ananus nocnegoBaTelbHOCTEN B 673 II.H., HO-
Jy9eHHBIX [P CeKBeHNpoBaHuM pparmenrtareHa O174L,
moka3zai, uro Hu oauH (100%) 13 u3014TOB, BBIIEIEHHBIX
B KanuHuHTpaackoit obnactu, He uMen 14-HYKJICOTHI-
HOW MHCepunu B nojoxeHnu 50-63 rena O174L n Obin
UOCHTHYEH pedepeHC-MoCciIe0BaTeIbHOCTH —IIITaMMa
Georgia 2007/1 (puc. 2 6). AOGcoNOTHAs SH300TUIHOCTh
Bapuanta O174L-1 Bupyca AYC nHa Teppuropun Kamnu-
HUHTPAACKOH obnacTu mokazaHa Ha puc. 3 (0).

MGF 505-5R. Ha ocHOBaHHH aHAJIHM3a II0CJIEA0BATEb-
HOCTHU (parMeHTa JIHHOHN 641 I.H. y BCEX HCCIIeTyeMBIX
00pa3moB moka3aHo, uto 100% H3y4eHHBIX B HACTOAIIEM
HCCJICZIOBAaHUH H30JIITOB OTHOCUJIMCH K BOCTOYHOEBPO-
niefickomy Bapuanty MGF 505-5R-11, mis xotoporo ObI-
Ja XapakTepHa HeCHHOHMMUYHas 3aMeHa G > A B mo3u-
un 988 reHa npu cpaBHEHHHU ¢ peepPEHTHBIM ITaMMOM
II rerorumna Georgia 2007/1 (puc. 2 g). ['eorpadudeckoe
pacrpocTpaHeHue reaoBapuantoB MGF 505-5R Bupyca
AYC B EBpone npencrasieHo Ha puc. 3 (8).

Qunozenemuueckoe poocmeo n30nAToB BHpyca AUYC
m3 Kamuuunarpaackoit obmactu PO, Ilompmm, JIuTBEL,
I'epmanuu, Pympinun u YkpauHsl IpeICTaBIEHO HA YKO-
PEHEHHOM JepeBe, BHIMOTHEHHOM KOMIUIEKCHO Ha OCHOBE
KOHKaTEHUPOBAHHOH IMOCIIEAOBATENFHOCTH 3 MapKepOB:
KI145R, MGF 505-5R u O174L (puc. 4).

Kak mokazano Ha puc. 4, WICHTUGHUIMPOBAHO IBE
rpynmsl BHyTpH reHoruna II. I'pynma 1 mosnHocTeIO TO-
MojiornyHa mrammy Georgia 2007/1. Tpynma 2 BkItoda-
eT 3 TOArpymIsl: COOCTBEHHO 2 (COOTBETCTBYET TeHETH-
yeckuM Bapuantam K145R-1, O174L-11); 2.1 (K145R-1I,
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OPUTUHAJbHbBIE NCCNEAOBAHUA

Puc. 2. MHOXeCTBEHHOE HYKJICOTHIHOE BEIPAaBHUBAHHE MapKEPHBIX (pparMeHTOB TeHOB K145R (a), O174L (6) u MGF 505-5R (8) u30onsiToB
Bupyca AUC, nomy4eHHbIX IPU CEKBEHUPOBaHUU 110 MeTony CaHrepa.

Ha pucynkax nokasan npumep BbisiBiaeHHbIX OHIT min TRS 1 ux no3sunuu B OTKPbITOW paMKe CUUTHIBAHUS.

Fig. 2. Multiple nucleotide alignment of genome marker fragments K/45R (a), O174L (b) and MGF 505-5R (c) of ASFV isolates obtained by
Sanger sequencing.

The figures show an example of identified SNPs or TRSs and their position in the open reading frame.

MGF 505-5R-11, O174L-1 i O174L-T) n 2.2 (K145R-111,
MGF 505-5R-11, O174L-1). Ina Kanuauarpaackoit obmia-
CTH MPEUMYULIECTBEHHO XapakTepHa rpymmna 2.2 (94,3%).
B dopme criopagum 3apeructpuposana rpymma 2.1 (5,7%).

ONU300TOIOTMYECKUE JaHHBIE C YKa3aHUeM reorpadu-
YEeCKOM JIOKallMK MecTa 0Toopa oOpasiia, HAMMEHOBAaHUS
M30JISTa, AAThl BCIIBIIIKH, UCTOYHUKA BO3OYAWTENS HH-
(exiuy, MapKepHO# TeHeTHUECKOH IPyIIIbI IPeAcTaBIIe-
HBI B TA0JIMIE U IPHIOKEHUH.

Oo6cy:xneHue

IIposenenne B ®I'BY « BHMUU3XK» (1. Bnagumup) pe-
(hbepeHTHBIX NHATHOCTUYECKUX ucciienoBanuii Ha AUC
o0ecreunso U3yyeHue M30JSATOB, BBIIECICHHBIX M3 OHO-
JIOTHYECKOT0 MaTepuaia OT JOMAIIHUX U TUKUX CBUHEH,
otobparnoro B 35 (40,2%) ouarax AUC u3 87 HOTHU-
LIUPOBAHHBIX Ha TeppuTopuu KannHuHrpaackoi obmactu
(mocnenoBarensHOCTH ONMyOHKOBaHKEI B Genbank, HoMe-

pa JIoCTyma TpEACTaBICHBI B MPHIOXKECHUH). bonbmoin
pa3Mep CTaTUCTUYECKON BBHIOOPKH MO3BOJSET UCIOIB30-
BaTh IOJYYECHHBIE PE3YJbTAaThl TOUEUHOIO (JIOKAJIBLHOTO)
cekBeHHpoBaHUsA Mo CoHTEpY MapKepHBIX oOmacteil re-
HOMa ISl aHAJIN3a [UPKYIIIH BUpyca U HOpMUPOBAHUS
MPOCTPAHCTBEHHO-BPEMEHHBIX F€HETUYECKUX KIIACTEPOB
B CyOBEKTe-IKCKIIaBe.

Hauunas ¢ 2016 r., Bupyc AUC Il reHoTuna, nupKynu-
pyromuii B crpaHax Boctounoii Esponsr (ITonbima, JIut-
Ba, YKpauHa U Jp.), a Takke B KanuauHrpaackoit odmactu
P®, no naHHBIM CpaBHUTENILHOIO aHAJU3a C UCXOAHBIM
mrammoM Georgia 2007/1, obnagaer HyKICOTHIHOMN
rereporeHHocThI0 [1]. Toueunble MyTauu B OTKPBITHIX
paMKax CUMTHIBAHUS U MEXTEHHBIX 00nacTsix (3amMeHbl/
nHcepruu/aenennn) y Bupyca AYC He3HaYUTEIEHO BIIH-
SIFOT Ha KYJIbTypalbHBIC 1 UMMYHOOHOIOTTIECKIE CBOM-
ctBa [15-17]. Ilpu 3TOM mNpuKIagHOE 3HAUEHHE T'eHe-
TUYECKUX U3MEHEHMH B MOJIEKYJSIPHOH 3MU300TONOTUU
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6/c

AYC n0cTaTo4HO BEJIMKO U MOCTOSIHHO aKTyalIu3UpyeTcs
[18]. IlpoBeneHrEe KOMILJICKCHOTO aHAIM3a TaKUX JIOKY-
coB, kak KI145R, MGF 505-5R, O174L, MGF 110-7L,
IGR 173R/I329L, HeoOXonuMo JUTSl U3yYEHUS KIaCTEPOB
Bupyca AUC B EBpore.

Panee mpencraBieHHbIE NaHHBIE IOKa3bIBAIOT, YTO
¢dbopmupoBanme TeHetmuecko rpymmel  KI145R-II,
MGF 505-5R-1I, MGF 110-7L-II naganoce B 2016 1. Ha
tepputopun Ykpaunsl U [loasmm [19, 20]. TIpoctpan-
CTBEHHO-BPEMEHHOM MAacCHB 3TOro Kjacrepa Ha-
omonancs B nepuon ¢ 2016 mo 2020 r. B Ilomsiie,
c utona 2017 r. mo mapt 2022 r. B JIutse. [lapannens-
HO B 2016 1. B [lonpire ObLT 3aperucTprupoBaH BapuaHT
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Puc. 3. Pactpoctpanenue Bapuantos Bupyca AUC renoruna Il Ha
tepputopuu Kanununrpanackoit obnactu u ctpan Bocrounoit Espo-
Bl HAa OCHOBE T€HETHUECKOT0 aHanu3a MapkepoB K145R (a), O174L

(6) u MGF 505-5R (8).

Fig. 3. Distribution of ASFV genotype II variants in the territory of
the Kaliningrad region and Eastern European countries based on ge-
netic analysis of markers K/45R (a), O174L (b) and MGF 505-5R (c).

O174L-11 ¢ wHCcepuuedl B OJHOMMEHHOM TI€HE, KOTO-
pomy Bcerga coorsercrByeT MGF 505-5R-II [21, 22].
ITpu sTom B oTaenbHBIX ciaydasx O174L-11 coderaercs
¢ K145R-II (2016-2020 rr.), a B npyrux — ¢ K145R-I
(2018-2019 rr.). Onuako B JlutBe, Ykpanne u Kamu-
HUHTpajackoil obmactu O174L-11 He 3aperucTpupoBaH
[1, 11, 20]. deBarnaauars Benbimiek AUC B PymbiHun
(2019 r.) cootBerctBytoT rpymme O174L-11, K145R-I,
U JIMIIb OAWH U30JST B 6 KM OT YKPAaMHCKON T'paHUILIbI
otHeceH k K145R-II u O174L-I [1]. B nmanbHeimem
aHajorngHble n3Menenus B reaome (O174L-11, K145R-
II) ormedensl y m3onsata Bupyca AUC, BBIJEICHHOTO
ot nukoro kabana B I'epmannm (2020 1) [2].
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Bapuantr MGF 505-5R-II xapakrepeH Ans H30JTOB
¢ K145R-II unu K145R-11I 1 HuKOT1a HE BCTpEYalICs Y BU-
pyca AUC ¢ K145R-1. Hao6opor, uzomsarer ¢ MGF 505-
SR-I mapannensHo npunaanexkanmu K145R-1[21]. IosBne-
HUE U [UPKYILILUS BUPYCa, IPHUHAIC)KAIIETO BapUaHTaM
K145R-I, O174L-1I B Ilonbiie u Pymeiauu B 2018-2019
IT,, MOTYT OBITH CBSI3aHBI C TOYEYHOW pemapariell rena
KI145R, nmeromeid TeaneHnuio ans Bupyca AUC wuz-3a
Haymaws Pol X JIHK-monmMepasbl, nimm pekoMOWHaIen
[7, 23]. s Gomee mryOOKOTO M3ydYEHHS MOJEKYISIPHON
sBommonuy Bupyca AYC Ha tepputopun PyMbiHIM HEO0XO-
JIIMO TIOJTHOTEHOMHOE CEKBEHHPOBaHHE M30JIATOB C aHa-
nmu3om rena MGF 505-5R.

Crnemyer OTMETHTh, YTO CHHOHMMHUYHAS 3amMeHa G Ha A
B mo3urmu 60 rena MGF 110-7L Bceraa coueTanacs ¢ BhIIIIE-
ormcanabiM OHII B oomactu MGF 505-5R [1, 11, 19, 20].
B cBs131 ¢ 3TUM SKOHOMUYECKH LIEJIECO00Pa3HO UCCIICIO0BA-
HUE OJTHOTO U3 STHX JIOKYCOB Ha BHIOOD [2].

B Kanununrpanckoit obmactu Poccum B mepu-
ox ¢ 2017 mo 2022 r. chopmupoBajcs YHHUKAIbHBIH
kmactep K145R-III, MGF 505-5R-II, O174L-1 Bu-
pyca AUC. IIpu atoM 3ameHa B nojoxkeHuu 434 reHa
K145R cootBercTBOBaja obonm Bapuantam K145R-I11
u K145R-II. Oguako K145R-III uMen IOMOIHUTEIL-
HYIO TPaHCBEPCHUIO B MO3uUUM 291 MCXOOHOrO reHa,
CJEIOBATENIbHO SBISUICS JOYEPHUM TCHOBAPHAHTOM
oT marepurckoro K145R-II.

B mpoBeneHHOM WCCIEIOBAaHUM YCTAaHOBJICHO, YTO
monar  ASFV/Kaliningrad/DP2017/15355, BnepBbie

OPUTUHAJbHbBIE NCCNEAOBAHUA

Puc. 4. lennporpamma,
HOCTPOEHHAst METOAOM
MIPUCOEAUHEHHUS cocenieil
(Neighbor-joining) u oto-
Opakaromast pUIOreHeTH-
4eCKOEe POJCTBO M30JIATOB
supyca AUC u3 Bocrounoit
EBpornbl Ha OCHOBE Kila-
CTEpHOTO aHaJIN3a.
Fig. 4. Neighbor-joining
dendrogram showing
phylogenomic of ASFV
isolates from eastern
Europe based on clustering
analysis.

BEIJICTICHHBIN W3 Onomarepuana OT JOMAIIHUX CBUHEH
B u3y4yaemoM peruone (aexabps 2017 r., [Tonecckuii p-H,
. CocHoBKa), orHocuTCs kK K145R-11, HEecMoTpst Ha TO 9TO
niepBas Benbimnka AUC B pernoHe Ob1a BEI3BaHA BUPYCOM
¢ K145R-1Il (u3onst ASFV/Kaliningrad 17/WB-13869,
MOJTy4eHHBIN U3 OoMaTepralia OT MaBIIero AUKOTro Kada-
Ha, oOHapy»xeHHoro B HOsi0pe 2017 1. Ha TeppuTopuu ba-
rpaTHOHOBCKOTO paiiona) [11]. MHTepecHO, 4TO mepBHIE
cnydan AYC B Jlutse, BeI3BaHHbIE BUpycoM ¢ K145R-I1,
Oopun 3apeructpupoBansl B utone 2017 1., a Iloxpma
u Ykpauna B 2017 I. mpu3HaHbl CTallMOHAPHO HeOmaro-
MOJIy4HbIMH [24].

B 2018-2019 rr. Ha Tteppuropun Kanununrpan-
CKOM 00JIaCTH 3aperucTpUpPOBaHO 65  BCIHBIIIEK
AYC, a Bce H30JATHl MNPUHAMIEKAIU TEHOTpPYIIIEe
K145R-III, MGF 505-5R-II u O174L-1. Ilpu aTom Ba-
puant K145R-II He momyuwmsn pacnpoCTpaHCHUS BBH-
Iy ycnemHou nukBuaanuu Benbimku 2017 o B JIIX
rpaxkaanuHa Ilomecckoro paiioHa, 4TO TUMHUTHPOBAIIO
nepexon Bupyca AUC B nukyro dayny. Takum o6pasom,
BpeMeHeM 00pa30BaHUs YHUKAJIBHOU IS pEeruoHa Te-
HETHUYECKOM Ipynmnsl sBiuserca oceHb 2017 r, a cu-
cTeMol — eBporeickuii kadan Sus scrofa. Ilpu 3Tom
BO3MOXHOCTh 3aHoca Bupyca AUC B KanuHuHrpan-
ckyto obmacts B 2017 1. 3 npyrux pernonos Poccum,
rJie HUKOIJa A0 3TOr0 HE PErnCTPUPOBAIN BapHaHTHI,
OTJIMYHBIE MO TakUM MapkepaMm, kak KI/45R, MGF
505-5R u MGF 110-7L, ot mtamma Georgia 2007/1,
MaJIOBeposTHA [25, 26].
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Taomauua. MonekyIspHO-3MH300TOIOTHYECKIE JaHHbIe 00 n3oistax Bupyca AUC, Beytenennsix B Kanmnuunrpanackoii oomactu 2017-2022 rr.

Table. Molecular and epizootological data on ASFVs isolated in the Kaliningrad region from 2017 to 2022

Jara peructpa- HcTounnx
. Mecto otGopa LU BCIIBIIIKU BO30YHTEIS
Ne HaHMeH(;BaI]H:e aoTATa o0pasioB Date HMHEKIUH KI145R 5%456;?}3 0174L
solate Place of collection of outbreak Source )
registration of isolation
JIITX, n.CocHoBka, [Tonecckuit
paiioH Jomarmnss
1 ASFV/Kaliningrad/DP2017/15355 Private household plot, 18.11.2017 CBHHBS I 11 1
Sosnovka village, Polessky Domestic pig
district
OXOTHHYBE XO3SHCTBO,
o3 T'Bapzetickuii paiioH Jukuii kaban
2 ASFV/Kaliningrad/WB2018/9737 Hunting farm, Gvardeysky 03-04.07.2018 Wild boar 111 II I
district
JlecHoit maccus, 1. npu4eBo,
5 g Ionecckuii paiion Jukuit kaban
3 ASFV/Kaliningrad/WB2018/9767 Forest area, Tlyichevo village, 07-08.07.2018 Wild boar 11 II 1
Polessky district
JIITX, ITpaBauHCKuid paitoH, 1.
CepreeBka Jomansss
4 ASFV/Kaliningrad/DP2018/9716 Private household plot, Pra- 22.06.2018 CBUHBS 1 II 1
vdinsky district, Sergeevka Domestic pig
village
K®X, Hemanckuii paiioH,
. XKunmao, yi1. lopoxHasi, 1 JomamHsis
5 ASFV/Kaliningrad/DP2018/12537 Peasant farm, Nemansky 06-10.07.2018 CBUHBS 1 II 1
district, Zhilino village, st. Domestic pig
Dorozhnaya, 1
OXOTHHUYBE XO3SHCTBO,
Ser YepHAXOBCKUH palioH Jukuit kaban
6 ASFV/Kaliningrad/WB2018/12513 Hunting farm, Chernyakhovsky 18.07.2018 Wild boar 111 II I
district
JIITX, [IpaBauHCKHiA paiioH,
1. benkuHo Jomamnss
7 ASFV/Kaliningrad/DP2018/9729 Private household plot, 22.06.2018 CBUHBS 101 11 1
Pravdinsky district, Belkino Domestic pig
village
1. JKaBOpOHKOBO,
o5 YepHAXOBCKUH paiioH Jukuii kaban
8 ASFV/Kaliningrad/WB2018/9732 Zhavoronkovo village, 25.06.2018 Wild boar I I I
Chernyakhovsky district
JIITX, YepHSIXOBCKUM paiioH,
1. [Ienpkn JloManrHsist
9 ASFV/Kaliningrad/DP2018/9728 Private household plot, 22.06.2018 CBUHBS I 1T 1
Chernyakhovsky district, Domestic pig
Penki village
JlecHoit maccus, . HoBocerno-
8- B0, barpatronoBckuii palion Jukuii kaban
10  ASFV/Kaliningrad/WB2017/16199 RO ————— 27.11.2017 Wild boar 111 11 1
Bagrationovsky district
Jlecnoit maccus, 1. KpacHoro-
- nbe, ['yceBckuil paiioH 30.07- Jukuii kabaH
A AR AU 2 Forest, Krasnopolye village, 07.08.2018 Wild boar i I I
Gusevsky district
JIIIX, IlpaBanHCKHN palioH, T
88 . bensiii Sp
12 ASFV/Kaliningrad/DP2018/9723 : 22.06.2018 CBHMHbS 111 II I
Private household plot, Prav- Domestic i
dinsky district, Bely Yar village P
OxoTHHYbE X035HCTBO, ['ypheB-
63 CKMH paiioH, 1. Kypransl 24.08— Jukuii kabaH
13 ASFV/Kaliningrad/WB2018/14814 Hunting farm, Guryevsky 03.09.2018 Wild boar 111 II 1
district, Kurgany village
JIITX, IIpaBauHCKHiA paiioH,
1. HoBo-butickoe JloMarHsis
14  ASFV/Kaliningrad/DP2018/6809 Private household plot, Prav- 08.06.2018 CBUHBS I 1I 1
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dinsky district, Novo-Biiskoye
village

Domestic pig

IIpooonscenue mabauyvt cm. Ha cmp. 249
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OPUTUHAJbHbBIE UCCNEAOBAHMA

Jlara perucrpa- Hcrounuk
) Mecto orbopa IIUN BCIIBIIIKNA BO30yaHTENS
Ne Haumen(}:z;:;: usoiTa o0pa3sLoB Date HHEKIIH KI145R 515150?R 0174L
; Place of collection of outbreak Source )
registration of isolation
CuHokoMILIeke [V kommapt-
MeHTa, [IpaBauHckuil paiioH,
1. HoBo-buiickoe AT
15  ASFV/Kaliningrad/DP2018/9753 : ) 10.07.2018 CBUHBS I 11 1
Pig farm of IV compartment, Domestic i
Pravdinsky district, Novo-Biis- pig
koye village
JIIX, HpﬁBzﬁHHCIgH/I paioH, Tomanmsis
16  ASFV/Kaliningrad/DP2018/9724 . - Py 22.06.2018 CBUHbBS il | I
Private household plot, Prav- Dt o
dinsky district, Prudy village pig
IInemennoit 3aBoa, CnaBckuii JlomarHsist
17  ASFV/Kaliningrad/DP2018/9741 paiioH 10.07.2018 CBUHBS I 1T I
Breeding farm, Slavsky district Domestic pig
JIIX, Hpal;é:m;cip;u paioH, Tomanmsis
18  ASFV/Kaliningrad/DP2018/9727 . 1. SpacH 22.06.2018 CBHHBS 11 il I
Private household plot, Prav- Domestic bi
dinsky district, Krasnoe village pig
Csunoxomiiekc 11 kommapr-
MeHTa, I. KanuHuarpaz,
.. urt. uM. A. KocMogeMbsHEHKO AloManEs
19  ASFV/Kaliningrad/DP2018/12528 B o 06-10.07.2018 CBHUHBS I I I
Pig farm of compartment III, Domestic bi
Kaliningrad, town. Them. A. pig
Kosmodemyanenko
JIITX, 'yceBckwii paiioH,
1. MasikoBckoe JloMamHsis
20  ASFV/Kaliningrad/DP2018/14812 Private household plot, Gu- 21-23.08.2018 CBUHBS 111 11 I
sevsky district, Mayakovskoye Domestic pig
village
Caunokomiuiekc [V kommapt-
MeHTa, ['yceBckuii paiioH,
" 1. TamaHckoe T e
21  ASFV/Kaliningrad/DP2019/10179 g : 23.08.2019 CBHUHBS 1T I I
Pig farm of compartment IV, e o
Gusevsky district, Tamanskoye pig
village
OXOTHHYBE X03SMCTBO, 3€JIEHO-
oo rpajCKuil paioH Juknit kabaH
22  ASFV/Kaliningrad/WB2019/10169 Hunting farm, Zelenogradsky 18.05.2019 Wild boar 1 I I
district
OxoTHHYbE X0351icTBO, Hecte-
- POBCKHii paiioH Jukwuii kaban
23 ASFV/Kaliningrad/WB2022/8997 Hunting farm, Nesterovsky 27.07.2022 Wild boar 111 11 I
district
JlecHoii maccuB BOMu3H 11. To-
24  ASFV/Kaliningrad/WB2022/9001 KFa‘peB“a’ P ] R 100170 Bt e 111 1 I
orest area near the village of Wild boar
Tokarevka, Nesterovsky district
JIITX, HectepoBckuii paiioH,
. Kanuamnzo Jomamssis
25  ASFV/Kaliningrad/DP2022/9007 Private household plot, 04.08.2022 CBUHBS 111 11 I
Nesterovsky district, Kalinino Domestic pig
village
ITnemennas depma, YepHAXOB-
CKHH paiioH, 1. [TokpoBckoe JomarmmHsis
26  ASFV/Kaliningrad/DP2022/9201 Breeding farm, Chernyak- 15.08.2022 CBHHBSI II I 1
hovsky district, Pokrovskoye Domestic pig
village
Jlecnott maccus, 1. KpacHo-
apmelickoe, barpatrnoHoBckuii Wit st
27  ASFV/Kaliningrad 17/WB-13869 paiioH 07.11.2019 Wild boar 111 II I
Forest, Krasnoarmeyskoye set-
tlement, Bagrationovsky district
o-g OxoTHUYbE X03s1icTBO, CraB- -
8 ASFV_Kaliningrad 18 WB- erorth e 07.08.2018 Jukuii kabaH I I I

12523

Hunting farm, Slavsky district

Wild boar

IIpodonsicenue mabauyvt cm. Ha cmp. 250
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Jlara peructpa- Hcrounnk
Mecro otbopa LU BCIIBIIIKHA BO30yIUTENS
Ne HanMeHOIBa?;:e usoiTa 00pa3noB Date nHbeKnuH KI45R 5]})45(;; 0174L
solate Place of collection of outbreak Source B
registration of isolation
JlecHoit maccus, 1. Illupoxoe,
ASFV_Kaliningrad 18 WB- INpaBavHCKuUii paiion Jlukuii kaban
29 12524 Forest, Shirokoe village, Prav- 30.07.2018 Wild boar AL A 1
dinsky district
Jlecnoii maccus, IIpaBauHCKmiA Mt
30 ASFV Kaliningrad 18 WB-9735 paiioH 03.07.2018 . 1T 1I 1
_ SO . .. Wild boar
Forest area, Pravdinsky district
JlecHoii maccus, 1. OCHHOBKA,
- I'Bapneiickuii paiion Jukuii kabax
31 ASFV_Kaliningrad 18 WB-9763 Forest, Osinovka village, Gvar- 07.07.2018 Wild boar I 11 1
deysky district
OxoTHUYBE X035iCcTBO, [Tonec- Tukcuii ka6an
32  ASFV _Kaliningrad 18 WB-9766 CKHii paiioH 08.07.2018 5 I 1I 1
_ EECE . . Wild boar
Hunting farm, Polessky district
JlecHoli MaccuB, I1. 3armoBe-
ASFV_Kaliningrad 19 WB- Hoe, CnaBckuii paiiox Jukuii kabax
= 10168 Forest, Zapovednoe village, IS QB2 Wild boar o . !
Slavsky district
JlecHoii maccus, 1. KameHckoe,
- YepHSXOBCKHUIl paiioH Jukuit kaban
34  ASFV Kaliningrad 18 WB-9734 Forest area, Kamenskoye vil- 25.06.2018 Wild boar I 11 1
lage, Chernyakhovsky district
Jlecnoit maccus, 1. IllyBanoso,
35 ASFV_Kaliningrad 18 WB- YepHSXOBCKHUIT palioH 13.05.2018 Jukuii kabaH I I I

12516

Forest area, p. Shuvalovo, Wild boar

Chernyakhovsky district

Ilpumeuanue. B anann3e UCIONB30BaHbI IOCIIEIOBATEIPHOCTH 26 H30JATOB, OMMCAHHBIX BIIEPBBIC B TEKYILEM HCCICAOBAHUY, M JAHHBIEC O 9 U30IATaX
Bupyca AUC, omybnukoBaHHbIE paHee ¥ UMIIOpTHpoBaHHbIE U3 GenBank. KpacHBIM I[BETOM BBLIEIEHBI H30JIATHI € TEHETUYCCKUM BapHaHTOM K145R-

11, 3enenbM BeToM — ¢ K14 5R-111.

Note. The analysis used sequences of 26 isolates described for the first time in the current study and data on 9 ASFV isolates published previously and
retrieved from GenBank. Isolates with the genetic variant K/45R-II are highlighted in red, isolates with K/45R-III are highlighted in green.

Ilocnme  MPOMOKMUTENBHOTO  OTCYTCTBHS — BUpYca
¢ K145R-II (20182021 rr.) B8 Kanuaunrpazackoit obma-
cty, B 2022 1. 611 BBIACTEH W30iAT ASFV/Kaliningrad/
DP2022/9201 Ha KpyITHOH CBUHOBOAYECKOH INIEMEHHON
¢depme B nocenke IlokpoBckoe UepHAXOBCKOTO paiioHa,
OTHOCSIIUHNCS K JaHHOMY BapuaHTy. OIHako B peruoHe
K145R-II He 6T 0OHApYXEH cpeny 3apakeHHBIX AUKHX
KabaHOB, SIBIIAIOIIMXCSA OJHUM U3 XapaKTepHbIX (pakTo-
poB pacmpoctpanenus AUC, Bkirodas uzonarsl 2022 T
[27-31]. [Ipu 3TOM OOJNE3HH PETUCTPUPOBAIH HA IIPO-
TsOKeHHH BTOpoil monoBuHb! 2022 1. B JluTtee/Ilonbie/
VYkpanHe, a TeHeTH4ecKas IOCJIe0BaTelbHOCTh BO30y-
JUTENS B OTHENBHBIX cTpaHax (JIuTee) coorBeTcTBOBANA
K145R-11 u O174L-I* [1].

Baxneitmum Mapkepom pacrnpoctpaHenus AUYC Ttak-
)Ke aBisiercss Mexxrennast oonacte /IGR [73R/I329L. Tak,
Ha Tepputopun Ilompmm, Kamuuunrpanckoit obmactu
P® u JlutBel BcTpevatoTcs nBa Bapuanta IGR-I (2 un-
cepuun 10-HYKJICOTHIHBIX TAHAEMHBIX TIOBTOPOB, HICH-
TtuuHble wtammy Georgia 2007/1) n IGR-II (3 nacepunu
TaHIeMHbIX 1moBTOpoB) [1, 11]. ¥V 7 uzonsatoB u3 Bap-

2Poccenbxo3nanzop. KomuuectBo Bembimek AUC B crpanax Epo-
el 2012-2024 rr. Available at: https:/fsvps.gov.ru/files/kolichestvo-
vspyshek-achs-v-stranah-evropy-2012-2023-gg-na-05-09-2023/?ysc
lid=1sox290fky735423172
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MHHBCKO-Ma3ypcKkoro BOE€BOJCTBA (BOCTOYHBIA CyOBEKT
[Monpmmm, rpannyamuii ¢ KannauHrpaackoil 061acToeio),
BbIIeeHHBIX B 2019-2020 rr., 00HapyEeHBI 5 HHCEPITUit
TaHJEMHBIX TTOBTOPOB B MexreHHOoU obmactu (IGR-IV).
Bce 7 obpasuos ¢ IGR-IV npunannexanu reHoBapuas-
tam K145R-II, MGF 505-5R-II, O174L-I [21]. ITocneny-
rortwii ananus okyca IGR 173R/1329L y n3onsatoB u3 Ka-
JTUHUHTPAICKON OONACTH aKTyaJieH Uil MOATBEPKIACHUS
orcyrctBus IGR-IV.

AHanu3 MaHHBIX CEKBCHHPOBAHUS OOBEKTHBHO ITOKA-
3BIBACT IYTU MOJEKYSIPHOW SBONIONHUK BO30YIUTEIS
AUC Ha eBp0-a3MaTCKOM KOHTHHEHTE. TeHIeHIus paz-
BHUTHUS DMH300THH TPOSBISIIACH CMEIICHUEM BCITBIIIEK
¢ 1oro-Boctoka (I'py3us, Apmenus, AzepOaiimxan, 1eH-
TpanbHas Poccus) Ha 3anaz (Ykpauna, benapycs, [Tonb-
wa, Jlutea, JlarBus, Jctonus, ['epmanus, Kanuaunrpan-
ckas obnacts) B epuon ¢ 2007 mo 2017 r. [18]. Cxema
TEPPUTOPUATIBHOTO MPOUCXOKICHUS M LIUPKYISLUU BU-
pyca AUC B KanmHUHTpaACKO#M 00IacTH, MPenIoKeHHAS
Ha OCHOBE MPOCTPAHCTBEHHO-BPEMEHHOIO U (DHUIIOTCHE-
TUYECKOTO UCCIIEOBaHM, IPEACTaBIeHa Ha pHUc. S. Mo-
JEKyISPHO-3TIM300TONIOTHYECKYIO  KJIaCTepH3alHio Ha
OCHOBE [IaHHBIX JIOKAJIHHOTO CEKBEHHUPOBAHUS TaKKE
TIOATBEPKAAIOT Pe3yNbTaThl MOJHOTEHOMHOTO (uiore-
HETHUYECKOTO aHaIN3a €BPOA3UATCKIX U30JISATOB, BBITIOJN-
HenHoro Y. Zhang u coasr. [18].
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3akjaoueHue

Cirygan AYC B KanmmamnHTpazackoii obmactn Poccuiickoit
®enepanyu peructpupoBaiu B reueHue 2017-2022 rr. Mo-
JICKYJISIPHO-TEHETUYCCKHI aHaN3 35 U30JISITOB BUPYCa, BbI-
JIeJIEHHBIX OT JOMAIITHUX M JIMKUX CBUHEH, IPOJIEMOHCTPH-
pOBaJ HATMYME [MPKYISINY Ha TEPPUTOPUH CyOBEKTa-3KC-
KJlaBa BHUpYyCa, NPHHAMICKAIIECTO [ABYM TI'C€HETHYECCKUM
kiactepam: srmu3ootdeckomy (K 145R-111, MGF 505-5R-11,
O174L-1 — 94,3% OT M3yd4eHHBIX H30JATOB) M CIIOpaJIH-
yeckoMy (K145R-II, MGF 505-5R-1I, O174L-1 — 5,7%).
ITpu sTOM BTOpOM KiacTep, HIMPOKO pacHpOCTPaHEHHbII
B [lonsme u JIutee, Bepsble onucad B KannauHrpaackoin
obnacty ToNbKO B Aekadpe 2017 . — mepBas Benbiika AUC
y nomamHux cBuner B JIIIX (m3onst ASFV/Kaliningrad/
DP2017/15355), u B aBrycre 2022 T. — 3NM300THYECKUH
odYar Ha IUIEMEHHOM cBUHOBomYeckoi depme (ASFV/Kalin-
ingrad/DP2022/9201). TlokazaHo OTCyTCTBHE 14-HyKIICO-
TUIHOHU uHCcepumu B reHe O174L y usonsatos Bupyca AUC,
BBIJICNICHHBIX CPEAN BOCIIPUUMYMBBIX KUBOTHBIX Kanuuun-
TpaJICKOM 00IaCTH.

Pesynbrarsl mpoBeAeHHOTO IPOCTPAHCTBEHHO-BPEMEH-
HOTO aHaJIN3a JEMOHCTPUPYIOT MAJIOBEPOSTHYIO BO3MOXK-
HOCTh 3aHoca Bo30yautens AUC B KamuHuHrpamackyio
obnmacts B 2017 1. U3 meHTpanbHBIX cyObekToB Poccun,
B KOTOPBIX HAOOIACTCsl TeHETUYECKasi TeTePOreHHOCTh
H30JIATOB BUPYCA IO TPEM U3YUEHHBIM MapKepam.

JanpHedmii MOHUTOPHHT CyOreHoTHIioB Bupyca AUC
B EBpasuu — BecbMa akTyaabHOE HAllpaBIIEHUE B MOJICKY-

OPUTUHAJbHbBIE NCCNEAOBAHUA

Puc. 5. Cxema TeppuTOpUaIbHOrO
MIPOUCXOXKICHUS U UPKYIISILIUH
Bupyca AYC B Kanununrpan-
CKOH 007aCTH HAa OCHOBE aHAIH3a
OITyOJIMKOBAHHBIX U MOTYyYSHHBIX
JTAHHBIX.

Fig. 5. The pattern of territorial
origin and circulation of ASFV
in Kaliningrad region based on
analyses of published and original
data.

JISIPHOU SIIM300TOJIOIHH, KOTOPOE MOKET CTaTh Oa30BBIM
METOJIOM M MMETh MPUKJIAJHOE 3HAYCHUE B PACCIICIOBA-
auu Benslrrek AUC.
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BoisiBneHne kopoHaBupycoB (Coronaviridae) y pyKOKpbInbIX
Ha Tepputopumn CeBepHoro KaBkasa v tora 3anagHon Cubupu
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Pe3tome

BBepaeHue. Pykokpbinble SBASIOTCA NPUMPOAHbIM pe3epByapoM kopoHaBupycoB (Coronaviridae), Bbi3BaBLLUX 32
nocnegHee gecatuneTve Tpy Benblwkn 3abonesaHus nogen: SARS, MERS n COVID-19, nnn SARS-2.

Llenb paboTbl — uccnegoBaHne MHOroobpasnsi KOpOHaBUPYCOB CPEAMN PYKOKPbINbIX, HACENSOWUX NPEATrOpHbIE U
ropHble parioHbl pecnybnuk darectaH, Antan n Kemeposckon obnactu.

MaTepuanbl u metoabl. O6pasLibl pOTOBbIX CMbIBOB ¥ (heKanum pyKoKpbInbix nccnegosanu Ha npucytcteme PHK
KOPOHaBUPYCOB C NMOMOLLbIO MONUMEPa3HOM LEeMHOWN peakummn ¢ obpatHon TpaHckpunumen (OT-TLP).
Pe3ynbratbl. [MokasaHo, 4To Gonblune nogkoBoHockl (Rhinolophus ferrumequinum), obutatowume B Pecnybnuke
[arecTtaH, ABNSAIOTCA HOCUTENAMW ABYX Pa3HbiX KOpoHaBupycos. OAvH U3 ABYX KOPOHABMPYCOB BXOAWT B COCTaB
nogpopa Sarbecovius poaa Betacoronavirus, Bkntoyatowiero Bo3dyamtenent SARS n COVID-19. Bropoi kKopoHa-
BMPYC OTHeceH Kk nogpoay Decacovirus poga Alphacoronavirus n Hanbonee 6rnm3ok Bupycam, BbiSIBIEHHbIM Cpeau
Rhinolophus spp. 13 eBponenckmx n 6nmkHEBOCTOUHbIX cTpaH. B Pecnybnuke Antai n Kemeposckol obnactu y
rMagKoHOChIX NETYYNX Mblwen, HoYHuUbl KoHHukoBa (Myotis ikonnikovi) n BOCTOMHOM HoYHMUbBI (Myotis petax),
obHapy»eHbl KOpOHaBUpYChl, Bxoaswme B pog Alphacoronavirus, nogpog Pedacovirus. Bupyc ot M. ikonnikovi n3
Pecnybnukn Antan 6nusok Bupycam us AnoHnm n Kopewn, a Takke Bupycam oT Myotis spp. n3 eBponenckux cTpaH.
Bupyc 13 Kemeposckon obnactu ot M. petax rpynnmpyeTtcs ¢ KopoHaBupycamu oT Myotis spp. U3 a3maTckux cTpaH
N 3HaYMTENbHO OTNINYAETCA OT KOPOHaBMPYCOB, paHee 0BHaPYXeHHbIX B TOM Xe NPUPOAHOM HocUTene.

KnioueBble crioBa: KOpoHasUpPyc; PyKOKpbIble, hunozeHemuyeckuli aHanu3

Onsa yntupoBanus: AwwuvHa J1.H., XXuranuHd A.B., Abpamos C.A., JlyuHukosa E.M., CmeTtanHukoBa H.A., lynan T.A.,
Kpueonanos A.B., BaosuHa E.[1., CeupuH K.A., Magxues A. A., Manbiwes b.C. BeisiBneHune kopoHasupycos (Coro-
naviridae) y pykokpbinbix Ha Tepputopumn CesepHoro Kaskasa u tora 3anagHon Cubupu. Borpock! gupycomnoauu.
2024; 69(3): 255-265. DOI: https://doi.org/10.36233/0507-4088-233 EDN: https://elibrary.ru/konejo

®duHaHcMpoBaHue. ViccnegoBaHve BbINOMHEHO 3a cveT rpaHTa PH® Ne 22-24-00377. Ot6op npob Ha Tepputopum
Pecnybnukn [arectaHa BbIMOMHEH Mpu nogdepxke Poccuiickoro HayyHoro coHga Ne 22-74-00047, https://rscf.ru/
project/22-74-00047/

BnarogapHocTu. ABTOpbI BbipaxatoT 6narogapHoCTb KypaTopy Komnnekumn pykokpbinbix MCu3XK CO PAH A.A. Macnosy
3a NOMOLLb B YCTAHOBINEHWW BUAOBON NPUHAANEXHOCTY NETYYNX MbILLEN.

KoHdnuKkT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBME SBHbIX U MOTEHUMarnbHbIX KOH(MMKTOB MHTEPECOB, CBA3aAH-
HbIX C NybnuKkauveln HacTosLLen cTaTbu.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIT COBNIOAEHNE NHCTUTYLIMOHANMbBHBIX U HALMOHAanNbHbIX CTaHAAPTOB MO
MCMonb3oBaHuo nabopaTopHbIX XMBOTHBIX B cOOTBETCTBUM ¢ Consensus author guidelines for animal use (IAVES 23 July
2010). ABTOpbI NOATBEPXKAAKT COOMIOAEHNE NHCTUTYLIMOHANMbBHBIX U HALMOHAIbHBIX CTAaHAAPTOB MO OTIIOBY XXUBOTHLIX B
COOTBETCTBUM C NPOTOKOSIOM M pekoMeHpauusMm no 6esonacHoii pabore MY 3.1.0211-20 (yts. 03.09.2020). MpoTokon
uccnenoBaHva ofobpeH OTuyeckum KommuTeToM WMIHCTUTYTa cucTemaTtuku n akonorum xmBoTHeix CO PAH (MpoTokon
Ne 2020-02 ot 14.05.2020) n arectaHckoro rocygapcTeeHHoro yHnsepcuteTa ([Mpotokon Ne 2 ot 13.05.2021).
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Coronaviruses (Coronaviridae) of bats in the northern
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Abstract

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

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

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

Keywords: coronavirus; bats; phylogenetic analysis
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Beenenue MERS, COVID-19 [1-3]. Bo30Oymurenu 3aboieBaHus

nonyunsii Ha3BaHus SARS-CoV, MERS-CoV u SARS-

Koponasupycel  (Coronaviridae:  Betacoronavirus) ~ CoV-2 coorBeTcTBEHHO. [I0Ka3aHo, YTO IPUPOIHBIM pe-
OTHOCATCS K YHCIy ONAcCHBIX BHMPYCHBIX IIaTOI€HOB,  3e€pPByapOM 3THX KOPOHABUPYCOB SBISIOTCS PYKOKPBLIBIE,
BBI3BABIINX 3a nocienHue 20 JeT TpU BCHBINIKK TSKE-  XOTA 3apakeHue uenoBeka uHpeknuamu SARS u MERS
JBIX PECNUpaTopHbIX 3a0oneBanuil y yenoBeka: SARS,  mpousomuio yepes mnpomexyTouHoro xossuHa [4-7].
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Cpenu pykokpsuibix u3 FOro-Bocrounoit Asuu u Sno-
HUM ObIIM 00HApPYXEHBI KOPOHABHPYCHI, HanOoee Omm3-
kne Kk SARS-CoV u SARS-CoV-2, a Hanbonee Oau3Kue
k MERS-CoV 6biu BEIsIBIIEHBI EBpa3un B pernoHax BO3-
HUKHOBEHUS Berbliek [8—11].

BIu3KOpOACTBEHHBIE BHUPYCHI, BXOMSIIUE BMECTE
¢ SARS-CoV u SARS-CoV-2 B mompon Sarbecovirus
pona Betacoronavirus, ObITH BBISBICHBI CPEO Pa3HBIX
BHJIOB MTOJKOBOHOCKHIX JIETYYUX MbIten (Rhinolophidae)
KaK B a3MaTCKHX, TaK U B a(ppUKAHCKAX U €BPOIMEHCKUX
crpanax [12, 13]. Haubomnee ommskue k SARS-CoV-2 Bu-
pycsl Ol 00HapyxeHs! B Kurtae cpenu Rhinolopus affi-
nis (utamm RaTG13, ypoBeHb romonoruu reHomoB 96%)
u B Jlaoce cpemu Rh. malayanus (mramm BANAL-52,
ypoBeHb romonoruu 97%) [13]. MHoOrouncieHHbIe H30-
716l SARS-CoV-2 nogoOHBIX KOpOHABUPYCOB, HAHICH-
HEIE B €BPOIICHCKUX, aQPUKAHCKUX U OIFKHEBOCTOYHBIX
cTpaHax cpenu Rhinolopus spp., otuyarorcs oT SARS-
CoV-2 3HauuTEeNbHO CHJIBHEE, TOMOJIOTHSI TEHOMOB
He npeBbliaeT 79%, Takke CyIIeCTBEHHO OTIMYaeTCA
U PELEeNTOP-CBI3BIBAIONINI TOMEH MTOBEPXHOCTHOTO TIIH-
KompoTrenHa (S), OTBEYAIONIMA 3a CBSA3BIBAHUE C KIIET-
kaMmu-muiieHsMu [14-17]. KoponaBupycsl, Bxozsiuue
B moapon Merbecovirus poma Betacoronavirus, BKIIO-
yarormmid Bo30Oymutenss MERS, BbiiBiensl B EBpasun,
Adpuxke, FHOxHOI AMeprke cpeau pasHBIX BUAOB PYKO-
kpeutbix [10, 12]. B eBpomneiickux crpanax MERS-mo-
JNOOHBIE KOPOHABHPYCHI HAWIEHBI CPEIH IJIaJKOHOCHIX
JeTyunx MeImen (cemeiictBo Vespertilionidae) [18, 19].
Uro emie 60iee BaKHO, MHOTHE HEIABHO OTKPBITHIE KOPO-
HaBUPYCHl HUPKYJIUPYIOT Y HECKOJBKUX BUAOB JETYUUX
MEIIIECH, a HEKOTOPBIC M3 HUX CIIOCOOHBI CBSI3BIBATHCS
C perentopaMu MOBEPXHOCTH KIeTOK dernoBeka ACE2
(peuentopsl SARS-CoV u SARs-Cov-2) unu DPP4 (pe-
nentopsl MERS-CoV) [10, 13, 19, 20].

ONUIEeMUONIOTHYECKAE HCCIEAOBAaHMUS 110 BBISBIIC-
HUIO KOPOHAaBHPYCOB B INPHPOIHBIX pE3epByapax U UX
TUMUPOBaHMIO B Poccun Haganuch BO BpeMs MaHASMUU
COVID-19. B 2020 1. 6pun oTKpBITEL SARS-1107106-
Hble KOPOHABHUPYCHI B ABYX BHJAX JIETYYMX MBILIEH poaa
nonkoBoHOCOB (PHK-m3o0msater Khosta-1 ot RhA. ferru-
mequinum u Khosta-2 ot Rh. hipposideros) B KpacHo-
napckoM kpae PD u u3yueHbl MX MOTHOpa3MEpHBIE Te-
HOMBI [17]. YpoBeHb TOMOJIOTUN POCCUUCKUX U30JISITOB
coctraBun 76—78% co mrammamu SARS-CoV u SARS-
CoV-2 u3 Kutas u 6611 Hanbonbmum (89%) ¢ eBponei-
ckuM mrammoM BM48-31/BGR/2008 u3 bonrapuu st
Khosta-1 u ¢ adppuxanckum mrammom BtKY72 (80%)
st Khosta-2. MERS-1momo0HbIH KOPOHABUPYC BEISBICH
cpenu TagkoHocoB Pipistrellus nathusii (u3omat MOW-
BatCoV/15-22) B nieHTpanpHO# YacTH €BPONENHCKOil Tep-
putopuu Poccuu [21]. YpoBeHb TOMOJIOTHH POCCUHCKOTO
n3onsaTa ¢ Bo3Oymuremsimu MERS cocraBum 81-82%.
J10 HaCTOSAILEr0 BPEMEHU UCCIIEN0BaHUM KOPOHABUPYCOB
cpenu pyKOKpbUIbIX Ha Tepputopun CeepHoro Kaska-
3a U a3UaTCKOil 4acTH CTpaHbl HE NPOBOAMIOCH. B xone
MIPOBEICHHOTO HCCeqoBaHus B Jlarecrane BbIsIBIECHA
HUPKYJSALUS IBYX KOPOHABUPYCOB, OTHOCSIIMXCS K MOJ-
pony Sarbecovirus pona Betacoronavirus v nonpoxny De-
cacovirus poga Alphacoronavirus. Ha rore 3amaguoii Cu-

OPUTUHAJbHbBIE NCCNEAOBAHUA

OupH 0OHAPYKEHBI KOPOHABHPYCHI, BXOMAIINE B MOAPOLT
Pedacovirus pona Alphacoronavirus.

MaTepnanbl H METOAbI

OKCHeTUIMOHHbIE paboThl, HalpaBlIeHHBIE Ha cOOp
6uomarepuana, 6putH poBeseHs! B aprycte 2020 1. B Pe-
cryonuke Antaii, B mroHe 2023 . B KemepoBckoii o0a-
ctH, B mekadpe 2022 1. u ampene 2023 1. B PecnyOnmuke
[Harectan (puc. 1). Otnossl B Pecriy6nuke Anrtaii u Ke-
MEpPOBCKOH OOJIACTH TPOBOIWIIN JIETOM CIEIHaIH3HPO-
BaHHBIMH CETSAMH, pa3MEIIEHHBIMH B MECTax IpoJieTa
KUBOTHBIX. B Pecrybnuke Jlarectan marepual oroupanu
B TIEpHOJl THOEPHAIIH PYKOKPBUIBIX B MECTaX 3MMOBOK.
s obecniedeHnst OE30MAaCHOCTH HCCIIEOBATeNed TpU
paboTe ¢ MOTEHIIHANBHO 3apaKEHHBIMU KUBOTHBIMH CO-
Oromany pekoMeHIaIuy, mpuBeacHHbIe B MY 3.1.0211-
20 (ytB. 03.09.2020).

[Ipu uccnenoBanuu COOMIONANH MHCTUTYLMOHAIBHBIC
U HaIMOHAJbHBIC CTAHAAPTHI MO HUCHOIB30BAHUIO J1A0O-
PaTOpHBIX XUBOTHBIX B COOTBeTCTBHH ¢ Consensus au-
thor guidelines for animal use (IAVES 23 July 2010),
a TaK’Ke HHCTUTYLIMOHAJIbHBIE U HALIMOHAJIbHBIE CTaHap-
THI 110 OTJIOBY KMBOTHBIX B COOTBETCTBHH C MIPOTOKOJIOM
U peKOMEHJaluAMU 1o 6e3omacHoi pabore MY 3.1.0211-
20 (ytB. 03.09.2020). [TpoTOKOI HCCIIEIOBAHUSA OBLT OJ0-
OpeH OTnyeckMM KOMHUTETOM MHCTHTyTa CHCTEMaTHKU
u sxonorun xuBoTHEIX CO PAH (IIpotokon Ne 2020-02
o1 14.05.2020) u JlarecTaHCKOTO roCyJIlapCTBEHHOTO YHH-
Bepcureta (IIporoxom Ne 2 ot 13.05.2021).

OT100paHHBIE POTOITIOTOYHBIE CMBIBBI M (PeKaTHH T10-
MeIaId B KHIAKUH a30T au00 B CTaOWIM3HPYIOMINI
pactBop RNAlater (QIAGEN GmbH, I'epmanus) mms
nocaenytouero Boiaenenuss PHK u ee ananuza metogom
MOJIMMEPa3HOH IIETTHON peakiuy ¢ 00paTHON TPAHCKPHII-
mueit (OT-IILP). IloarBepkmeHHE TaKCOHOMHUYECKOM
MIPUHAICKHOCTH JKUBOTHBIX, ONPEAeIeHHON Ha OCHOBE
MOP(OITOTUYECKUX TPU3IHAKOB, OBLIO MPOBEACHO ITyTEM
anamm3a ¢parmenta rema COI, KOTUPYIOIIETO TEPBYIO
CyObEIMHUIY HUTOXPOMOKCHAA3Bl MHTOXOHIPHUATHHOMN
JHK c npaiimepamu, onrcaHHbpIMU paHee [22].

Brigenenne PHK npoBoauiu ¢ ucnonb30BaHUEM Ha-
6opa «PUBO-mpen» (LUHWUU Snuaemuonoruu, Poccus).
CkpuHUHT 00pasioB BeIMoOTHsUTH MeTomgoM OT-TILIP
C MCTIONb30BaHUEM 00paTHOH TpaHckpunTassl M-MuLV-
RH («dua-M», Poccus), Taq JHK-momumepasst Hot
Start («/Ima-M», Poccust) mo mpotokony u ¢ mpaiime-
paMu Ha KOHCepBaTHBHYIO oOiacTs rena PHK-3aBucu-
moii PHK-nomumepaser (RdRp) xoponaBupyca (¢par-
MeHT 397 H.0.), onucaHHbIMU panee [23]. Ha ocHoBe
BHOBB CKOHCTPYHPOBAaHHOTO Habopa mpaiMepoB MoTyda-
JIM TIOJTHOPA3MEPHBIN TeH MOBEPXHOCTHOI'O IIMKOIIPOTE-
uHa muna (S) a Takxke ¢pparMeHThl TeHa nspl6. Onpe-
JleJIeHUEe HYKJICOTUIHBIX MOCIEN0BATeIbHOCTEN KaXKIOM
U3 Ienel aMIUIMKOHOB BBITIOJHSUIM HA aBTOMATHYECKOM
anamm3arope ABI Prism 310, ucrons3ys Habop BigDye
Terminator Cycle Sequencing kit (Applied Biosystems,
CLIA).

BripaBHHBaHUE HYKJICOTUAHBIX MTOCIEAOBATEILHOCTEN
ocyuiecTBIsIu ¢ nomolnbto anroputma MUSCLE B mipo-
rpamme MEGA X. [l mocTpoeHust (pUIOreHeTHIECKIX
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Puc. 1. PacnonoxkeHne MecT 0TII0Ba pyKOKPBUTBIX Ha TeppuTopun Poccnm.

A —Touku oTi10Ba Ha Tepputoprn CeBepHoro KaBkasa: 4 — nemiepa «bosnplias minHsHasS», 3 — neniepa «KapabynaxkeHTcKas», S — IITONBHH Y cela XaHI[KapKa-
MaxH, 6 — nemepa y cena Kyr; b — Touku omioBa Ha teppuropuu rora 3anagnoi Cubupu: 1 — Apreida, 2 — ypouuiie A>KeHIAapoBo.

Fig. 1. Map showing the locations of bat trapping sites in Russia.

A — capture points in the North Caucasus: 4 — Bolshaya Glinyanaya cave, 3 — Karabudakhkentskaya cave, 5 — adits near the village Khantskarkamahi, 6 — cave
near the village of Kug; B — capture points in the south of Western Siberia: 1 — Artybash, 2 — Azhendarovo tract.

JiepeBbeB McTonb30Baiu Metos Neighbor-joining ¢ mo-
nenpio 3poronid Kimura 2. BeiaucneHus mpoBOIUIH
st 1000 ureparuii.

PesyabTarsl

B mepuon 2020-2023 rr. B CeBepO-BOCTOYHOM ua-
ctu TopHoro Anrast BONMm3u Tenmenkoro o3epa, B Tpen-
TOPHBIX palloHax 3amaJHoOro MakpockioHa KysHenkoro
Aunaray, remepax M IITOJBHSIX CEBEPO-BOCTOYHOM YacTH
Bomemoro Kaskaza Obwta otoiena 101 ocoOb pyko-
KpbUIbIX 11 BUIOB, BXOSIIHMX B COCTaB CEMEUCTB MOJKOBO-
HOCBIe (Rhinolophidae) n tnankonoceie (Vespertilionidae).
Bce o0Opasiter 66Ut mpotectupoBansl Metogom OT-ITLIP
C KCIOJIb30BaHUEM IIPAaiMEPOB K I'eHY KOPOHABHPYCHOTO
remoMa RdRp. Bupycnas PHK 6pita BhIsIBICHa B 00pa3-
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max ot 11 Gompmmx TMOIKOBOHOCOB (Rh. ferrumequinum
(Schreber, 1774)) u3 Pecrryonuku Jlarectan u 2 obpasmax
OT DIIAQJKOHOCHIX JIETYYUX MBILIEH, BOCTOUHOW HOYHHUIIE
(Myotis petax (Hollister, 1912)) u3 mpenropssix paiio-
HoB Ky3Henkoro Anaray u Hounuie MkonHukoBa (Myotis
ikonnikovi (Ognev, 1912)) u3 I'opHoro Anras (Tadumima).
Tpu PHK-mmonoxxurensHbIx obpasia u3 Pecrryonmku Hare-
CTaH JOMOIHUTEIBHO aHATU3UPOBAIIH C UCTIOIB30BAHUEM
npaiiMepoB K GparMeHTy reHa nspl6, a Juis OTHOTO U3 00-
pas3IoB OBLT MOTyYeH MOTHOPA3MEPHEIN TeH 000I0YCTHO-
ro Oenka S. HoBble HYKIICOTHUAHBIC TIOCIEAOBATEIbHOCTH
BUPYCOB OBUTH JIETTOHUPOBaHbI B OaHke naHHBIX GenBank
nog HoMepamu PP265313-PP265325.
QDunoreHeTUYECKN aHanu3, OCHOBaHHBIM Ha (par-
MeHTax TeHa RdRp, BeuiBun cpemn HoBbIX PHK-m30-
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Ta6auua. Beisapinenne HHQUIMPOBAHHBIX KOPOHABHPYcaMu PyKOKpbUIbIX MeTogoM OT-TILIP u uneHTHHIMpPOBaHHEIE BUPYCHI B PECITyOINKax

[arecran, Anraii u KemepoBckoii odnactu

Table. Detection of coronavirus infection in bats by RT-PCR and viruses identified in bats in Republics of Dagestan, Altai and Kemerovo region

Koponasupyc Pon/monpon
Pernon Mecro oTi0Ba Bun Ton PHK+/uccnenoBansl KOpOHaBHUpYyca
Region Collection Site Species Year Coronavirus Coronavirus
RNA Positive/Tested Genus/Subgenus
PecnyOnuka [emepa «bonpluas ruHsHASD) Myotis blythii 2022 0/9
Jlarectan Cave Big Clay
Dagestan Republic . .
ITemepa y c. Kyr Mpyotis blythii 2022 0/4
Cave near the village Kug
TonpHu y cena XaHIKapKaMaxu Rhinolophus 2022 3/11 Betal/Sarbecovirus
Adits near the village of Khants- ferrumequinum
karkamahi
arkamant Rhinolophus 2023 2/4 Alpha/Decacovirus
ferrumequinum
Rhinolophus 2023 0/1
hipposideros
[emepa «KapabymaxkeHTCKas» Rhinolophus mehelyi 2023 0/9
Cave Karabudakhkent
[emepa «bonblias rauHIHASD Rhinolophus 2023 8/25 Alpha/Decacovirus
Cave Big Clay ferrumequinum
PecniyOnuka Anraii IMocenok Aprbibamt Myotis ikonnikovi 2020 1/4 Alpha/Pedacovirus
Altai Republi Artybash
a1 Republic ybas Mpyotis dasycneme 2020 0/2
Plecotus ognevi 2020 0/4
Eptesicus nilssonii 2020 0/4
Myotis petax 2020 0/2
Myotis sibiricus 2020 0/5
Kemeposckas VYpouuie AxeHIapoBo Myotis petax 2023 1/3 Alpha/Pedacovirus
obnacTpb Azhendarovo tract .
Kemerovo region Myotis dasycneme 2023 02
Vespertilio murinus 2023 0/3
Mpyotis ikonnikovi 2023 0/1
Eptesicus nilssonii 2023 0/1

JATOB 3 BUAA KOpOHaBHpPYcoB (puc. 2 a). JIBa BHma
KOpPOHABHPYCOB ObUTH OOHApYKEHBI Y OOJBIINX OAKO-
BOHOCOB (Rh. ferrumequinum). TlepBbiii KOpOHABUpYC,
BBISIBIICHHBIH y Tpex ocoleil M3 omHOW 3a0polieHHOM
IITOJIFHM, BXOAWUT B COCTaB moapona Sarbecovirus pona
Betacoronavirus v nanbonee 6mu30x (99,5% romonorun)
JOCTYITHBIM u3 OaHka qaHHBIX GenBank nmocienosarens-
HOCTSIM BHpYyca, OOHApY>KEHHOTO HENaBHO Y IJIaJKOHO-
CBIX MBIIIEH, ocTpoyxux HouHHL (M. blythii), u3 rpanu-
gamuii ¢ [Jarecranom [py3un (GE CoV146 Myo bly).
Jpyrue xopoHaBUPYCHL, (hOpMHpPYIOIIHE 00N Ki1acTep
Ha (PUIIOTCHETHYECKOM JIEPEBE, paHee BBISBICHBI OT pa3-
HBIX BUJOB IOTKOBOHOCOB (RhAinolophus spp.) u3 co-
npenensHbIX pernonoB: ['pysmm (GE CoV93 Rhi eur),
Bonrapun (BB99-04/BGR/2009, BM48-31/BGR/2008),
Jlupana (LBN/LB20-CO-BAT-19A), KpacHomapckoro
kpas P® (BtCoV/Khosta-1/Rh/Russia/2020), Wramuu
(Rfer4675 IT 2016) ¢ ypoBHeM romomnoruu 95,2-97,3%
JUIsl HyKJIeoTUIHBIX U 99,2—100% 11st aMUHOKHCIOTHBIX
[IOCJIE0BATENILHOCTEW. BTOPOI KOpOHABUPYC, BBISBICH-
HbIU y 2 U3 4 ocobeit Rh. ferrumequinum B pactoNoKeH-
HOW PAOM IITONIBHE, a Takxke y 6 u3 25 ocoleif u3 me-

IIepHl, yAaJIeHHOW Ha 45 KM, 10 pe3ynbsraraM (uioreHe-
TUYECKOTO aHajlu3a OTHECEH K pony Alphacoronavirus,
noapox Decacovirus. Hanbonee Onuskue BHUpYCHI (TO-
mosorust 98,3-99,0% nykneorunnbix u 100% amuHo-
KHCJIOTHBIX TOCIIEOBaTeIbHOCTEH) OOHApYKEHBI Cpeau
Rh. euryale uz cocenneii ['py3un (GE_CoV153 Rhi_eur).
Jpyrue 6nm3Kue BapraHTH KOPOHABUPYCOB paHEE BBISB-
neHbl oT Rhinolophus spp. U3 eBponeickux u appukaH-
ckux crpad: Mrammu (Bat Rferd015 IT 16), ®panuun
(FRA_EPI6 Rhfer999 5C P23), Pyammer (PREDICT
CoV-42). YpoBeHb UX TOMOJIOTUU C HOBBIMH H30JIATAMU
cocraBui 86,7-88,4% miia HykIeoTUuIHbIX U 96,9-99,2%
JUIT aMHHOKHCIIOTHBIX TOCJIefoBaTeIbHOCTEH. MeHee
ONMM3KK K HOBBIM HM30JIATaM OBLIH MOCJIEI0BATEIIEHOCTH
Alphacoronavirus ot Toro >xe Hocutens u3 Kuras (me-
Hee 77,3% HykineoTuaHbIX U MeHee 93,2% aMUHOKHUCIIOT-
HBIX). Paznuuue HyKICOTHUIHBIX MOCIEIOBATEIbHOCTEH
HOBBIX PHK-u30m5110B Alphacoronavirus w3 nByx mneiep
coctasuno 1,0%.

AHalu3 MOCIeI0BaTeIHOCTEH (parMeHTa BHPYCHO-
ro TeHOMa OT 0co0ell, OTJIOBJIEHHBIX B OIHOH INTONbHE
WIH TIemepe, MoKa3al WX WACHTUIHOCTH IPYT NPYTy
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Puc. 2. dunorenernueckue aepesbs, 0ToOpaxaroliee B3auMocBsI3u HoBbIX PHK-n30515T0B KOPOHaBUPYCOB, aCCOLMUPOBAHHBIX
¢ pykokpsutsivMu Ha CeBepHoM KaBkase u rore 3amannoi CubupH, ¥ H30JITOB KOPOHABHPYCOB U3 IPYTUX PETHOHOB MHPA.

JlepeBbst mocTpoeHsl Ha ocHOBe (parmenTta reHa RARp (@), rena Oenka S (6) ¢ ucnonb3oBaHueM mertona Ommkaiinmx coceneit (NJ). MHaekcsl momaepx-

ku paccuntansl 111 1000 moBTOpOB, HHAEKCH HOAAePKKH (> 70%) 0TOOpaskeHBI B COOTBETCTBYIOMIMX y31ax. MacmrabHas TMHeHKa yKa3blBaeT KOIUYECTBO

HYKJICOTHIHBIX 3aMeH Ha caiT. HoBble H30MIATHI BBIIEICHBI KUPHEIM MIPU(PTOM U 3BE3J0UKOH, )KUPHBIM MIpU(TOM BBIIEICHBI Takxke Bo3Oynurenn SARS u
COVID-19 (6). B ananu3 BKJIHOYEHBI 10 ABE/TPH UICHTHYHBIX nocienosatensHocT PHK-u30msaT0B M3 Pecnybnuku Jlarecran (a).

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

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

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

by asterisk, coronaviruses which caused SARS and COVID-19 are also labeled in bold font (5). Two or three identical sequences of strains from the Republic
of Dagestan were used for analysis (a).

B KaXJIOM M3 TpeX MecT OTJOBa, e ObUTH OOHapyxe-
Hbl MHQUIHUPOBAaHHEIC RA. ferrumequinum. I1oCKONBKY
aHaJIM3 MPOBEACH C HCIOIb30BAHUEM KOHCEPBATUBHOTO
reHa RdRp, mis monTBep kaeHHs MMOMYyYEHHBIX JaHHBIX
ObUT TpoBeneH aHanw3 (parmenTta Ooriee BapuadeIhb-
Horo reHa nspl6 mnst PHK-uzomsatoB SARS-nogo6HOTO
Betacoronavirus (BtCoV/Rf-6/RUS/2022, BtCoV/Rf-14/
RUS/2022, BtCoV/Rf-15/RUS/2022). Ilokazano, d9TO
U B 3TOM CJIy4ae MOCIeA0BaTeIbHOCTH aHATU3UPYyEeMOTo
(¢parMeHTa TEeHOMa KOPOHABUpYyCa OT TPEeX WHOHUIHPO-
BaHHBIX 0COOCH W3 OMHON ITONHFHU OBUTH WICHTUIHEIL.
OTH JaHHBIE, a TaK)XE€ CPABHUTEIHHO HU3KUL yPOBECHb
pazmmnuus (Menee 4,0%) reorpaduyuecky yaaJeHHBIX U30-
natoB Betacoronavirus u3 Jlarecrana, bonrapuu, Jlusa-
Ha, Utanuu u Kpacuogapckoro kpast PO cBunerenscTBy-
IOT O BBICOKOH CTaOWJIBHOCTH TE€HOMOB Y IPHPOIHBIX
HOCHUTETEH.

[TockonbKy OAMH U3 BRIABICHHBIX HAMHU BAPHAHTOB BH-
pyca u3 PecriyOnuku [larectan BXOIUT B COCTaB TIOAPOA
Sarbecovirus pona Betacoronavirus, BKIIOYaIONIeTo KaK
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Bo3OyauTene smuaemun SARS, Tak m Bo3OymuTeneit
maagemun COVID-19, 601 onydeH u npoBeneH ¢uio-
TCHETHYSCKUI aHalln3 TOJHOPa3MEPHOT0 I'eHa MOBEepX-
HOCTHOTO TJIMKONpoTenHa mumna (S) mis uzonsara BtCoV/
Rf-6/RUS/2022 (puc. 2 6). Haubonee 6mu3kue u3 omryonm-
koBaHHBIX B GenBank HyKJI€OTHIHBIX MTOCIIEI0BATEILHO-
cTeil ¢ ypoBHEM romonoruu 96,9% oxazanuce y u305sTa
Khosta-1 n3 KpacHomapckoro kpasi, BEISIBICHHOTO B TOM
e MPUPOIHOM HocuTese. [Ipu 3TOM roMoNorust Komupy-
€MBIX aMUHOKHCIIOTHBIX MTOCIIEIOBATEILHOCTEH OSITKOB S
cocrasmna 99,1%. Y apyrux, 6omee ONM3KUX IO aHATHA3Y
rena RARp PHK-u3onsToB Bupyca u3 ['py3un, eBponeii-
ckux ctpal u Jlusum, B GenBank ObUTH TOCTYITHBI JIAIITH
KopoTkue ¢parmeHTsl reHa RARp m orcyrcTBOBamm re-
HbI 0enkoB S. MckimroueHneM SBISUICS TTOJTHOPa3MEPHBIT
reHoM wmionara u3 bonrapum (BM48-31/BGR/2008).
[Ipu cpaBHUMOM YpOBHE pasziau4us (QparMeHTa TeHa
RdRp wmzomsatoB u3 PecmyOnmuku [larecran, Bonrapuu
u Kpacnomapckoro kpas (3,3-3,5%), ypoBeHb pas3imidus
Oostee BapnaOEITbHBIX TEHOB OETKOB S OBUT CPaBHUM IS
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Puc. 3. CpaBHeHHE aMHHOKHUCIIOTHBIX TTOCIIEZIOBATEILHOCTEH PELeNTOP-CBA3BIBAIOIIETO Y9acTKa pelenTop-cBsa3bIBatomero fomeHa (RBD)
koponasupyca BtCoV/Rh.fer-6 u3 Pecniyonuku Jlarecran u qpyrux KOpoHaBUPYCOB moapona Sarbecovirus.

Ilects mo3unmii (442, 472, 479, 480, 487, 491; nymepanus no mrammy AY278741), Baxusix i agantauuu SARS-CoV-nonoOHBIX BUPYCOB K PELIEITOPY
yenoBeka ACE2 [24], BblaeineHs! )KUpHEIM WpHGTOM (a). CpaBHEHNE aMHHOKHCIOTHBIX OCIEI0BAaTeNBHOCTEH, OKpYXafoIux cait rugponnza SARS-CoV-2,
SARS-CoV, BtCoV/Rh.fer-6, n apyrux SARS-CoV-nono6HbIX BUpycoB (6).

Fig. 3. Amino acid sequence alignment of the receptor-binding motif of the receptor-binding domain (RBD) of the S protein of BtCoV/
Rh.fer-6 from the North Caucasus and certain coronaviruses of subgenus Sarbecovirus.

Six positions (442, 472, 479, 480, 487, and 491; SARS-CoV #AY278741 numbering) that are thought to be important for adaptation of SARS-CoV-like viruses
to the human ACE2 receptor [24] are shown in bold (a). Amino acid sequence alignment of the region around the S1/S2 cleavage site in SARS-CoV-2, SARS-
CoV, BtCoV/Rh.fer-6 and certain bat SARS-CoV-like viruses. Four amino acid insertion (PRRA) that forms polybasic furin cleavage site in SARS-CoV-2 is
highlighted in bold (b).

napsl [arectan — KpacHogapckuit kpait (3,1%) u 3Ha-
yuTenbHO B (22,7%) mna nzonsatoB u3 [larecrana
n bonrapum, 49T0 CBHIETENHCTBYET O (OPMUPOBAHUHU
OTIIMYAIONIETOCs] BapuaHTa Sarbecovirus Ha TeppuTO-
pun roxHO# yactn P® (Pecybmuka Jlarectan n Kpac-
HOJApPCKUH Kpail) u, BO3MOXHO, [ py3un. AHann3 Koau-
PYEMOH MOCIIeN0BaTEILHOCTH IOBEPXHOCTHOTO Oenka S
mokazan (pue. 3), uro y HoBoro PHK-m3omsara BtCoV/
Rf-6/RUS/2022 orcyrcTByroT 4 aMHHOKHCIOTHBIX
ocratka (PRRA) B N-TepMuHampHOW 007acTH peler-
TOPHOTO y4acTKa, paclojiO)KEHHbIX Ha cThike S1- u S2-
CyOBEIMHHMI] MHNa U (OPMHUPYIONINX CaHT THAPOIH3A
(ypHHOBOI MpoTeasbl, XapaKTEPHBIX JJIS BO30yAHUTENIEH
nanemMuyeckoro Bapuanta SARS-CoV-2 [3, 5]. U3 6 no-
sunmit: 442(L), 472(F), 479(Q), 480(S), 487(N), 491(Y) —
B PELeNTOpP-CBI3BIBAIOIIEM JOMEHE, CYIIECTBEHHO
BIMAIOIIMUX Ha cBsi3biBaHue ¢ peuentopom ACE2, co-
Brmaganmu 3 mosuiuu (442, 480, 491) ¢ cooTBETCTBYIO-
IMMH TTo3UIMsIME Oenka S Bo3Oynutens COVID-19 [24]
(puc. 3 a). O0mas roMoIoTHsl HyKJICOTHAHBIX U aMHUHO-
KHCJIOTHBIX TOCIIE0BaTENbHOCTEH TOBEPXHOCTHBIX Oel-
koB S coctaBmia 78,6 u 71,8% COOTBETCTBEHHO.

B PecnyOmuke Amnrtait m KemepoBckoit obmacTtu
y IIaJKOHOCKHIX JIETYYHX MEIIICH, BOCTOYHONH HOYHUIIBI
(M. petax) w3 npearopHbix paitoHoB Kysuerkoro Ana-
tay u HOUHHIEI WkowuwkoBa (M. ikonnikovi) uz Top-
HOTO AmnTas, oOHapyKeHbl KOPOHABHPYCHI, BXOIAIINE
B noxpox Pedacovirus pona Alphacoronavirus. YpoBeHb

TOMOJIOTHH MEXIy Teorpadudeckd ONM3KUMHU U30JIsITa-
MH OT ABYX BHUJIOB HOYHHI], BXOISIINX B COCTAaB OIHO-
TO TIOAPOJa, OTHOCUTENHHO HEBBICOK u cocTaBmi 80,6%
JUIS HYKJICOTHAHBIX U 96,9% nand aMUHOKHCIOTHBIX
nmocieaoBarensHocTed. Ha ¢ummoreneTmaeckoM nepe-
Be (puc. 2) Bupyc u3 Pecrybnuku Anrait (BtCoV/631/
RUS/2020) rpynmupyetcs ¢ uzonsarom u3 Snonnn (Mi
CoV-1), BBIABICHHBIM TakKe B HOUHHUIC MKOHHMKOBA,
m3onmsitom u3 FOxuoit Kopeu (17BF060) ot Heuaen-
TU(GUIMPOBAHHOTO BU/Ia PYKOKPBUIBIX W C HW30JSATaMHU
ot Myotis spp. (BtCoV/012_16/M.dau/FIN/2016, M.das/
VM34/2006/NLD, M.daubentonii/UK/Wyt/971Co, M.
das/Germany/D3.38/2007, FRA EPI4 Mydau4 E7 P6,
Bat-CoV/M.daubentonii/Russia/MOW15-31/1) u3 EBpo-
bl U eBporeiickoit actu PO. Hanbonee 6mu3kuit BUpyc
u3 SAnoHuu umen romosoruto 93,9% nis HyKICOTHTHBIX
u 99,0% mis aMHHOKHCIIOTHBIX MOCJIEN0BATEILHOCTEN.
B omimune ot nzonsatoB u3 Pecny6nuku [larectan, Ho-
BBII CHOMPCKHI H30MT U3 PecyOnuku Antaii ©Men ot-
HOCHUTEIFHO HEBBICOKHI YPOBEHb TOMOJIOTHU CO BCEMU
ocTalbHBEIME omyOnukoBaHHEIME B GenBank mocmeno-
BaTE€JIbHOCTAMU OT APYTHUX BHUJOB HOCHUTEJEH, KOTOPBII
He npesblan 89,7% s HykineotuaHbix U 97,0% nns
aMUHOKHCIIOTHBIX TIOCTIEIOBATEIHHOCTEH.

Bupyc u3 KemepoBckoit obmactu ot M. petax (Bt-
CoV/Mp-8/RUS/2023) Ha (HUIOTCHETHIESCKOM Jepe-
Be (pHC. 2) BXOAWUT B TPYIILY U30JISATOB OT Myotis spp.
u3 asuarckux crpad: Kopeu, Kuras, Kazaxcrana (Bat-
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CoV/KZ-N40/Myotis_blythii/2022). Cubupckuii PHK
M305AT OT M. petax nmeer Ooiiee BBHICOKHH IO CpaB-
HEHHUIO ¢ BUpPYCcOM OT M. ikonnikovi ypoBeHb roMOJIO-
THH C KOPOHAaBHPYCaMH, BBISBICHHBIMH cpenu Myotis
spp. u3 Pecrybnmuku Kopess (B15-8) m Kuras (Bt-Al-
faCoV/JX2020-Q111, HDI131583B, BtMr-AlfaCoV/
GD2017-P294), on cocraBnser 86,4-92,6% nns Hy-
KieoTHAHBIX U 97,7-100% nnasa aMUHOKHCIOTHBIX IO-
cinegoBarenbHOCTEN. IIpy 3TOM 3HAUMUTENBHO MEHBIIE
€r0 CXOJICTBO C M30JIATaMU OT aHAJIOTMYHOTO XO35WHA,
M. petax, obnapyxenHbME B Pecriyonuke Kopes (73,3—
79,3 n 81,8-87,5% COOTBETCTBEHHO).

Oo6cyxnenue

B xo11e mpoBeIeHHOTO UCCIIeIOBAHMUS IMPKYIISINA 3 BU-
JIOB KOPOHABUPYCOB CPEON PYKOKPBUIBIX YCTAHOBIIEHA
B TpEX aJMHUHHUCTpaTUBHbIX peruoHax P®. Hccnenosa-
HHUE KOPOHABUPYCOB U UX IIPUPOIHBIX PE3e€pPByapoB paHee
B BBIOPAHHBIX AJIS1 U3yUEHUs pErHOHaX HE MPOBOIUIOCH,
OJTHAKO OHH CYIIECTBEHHO Pa3IMYaroTCs MO CTENEeHU H3-
Y4EHHOCTH Onm3nexarmx teppuropuil. B I'pysun u es-
poretickoi yactu Poccuu, rpannyamux ¢ PecmyOnukoi
JlarecraH, a Takke B €BPONECUCKUX U OIMKHEBOCTOUHBIX
CTpaHaX BBIABIEHO OOJBIIOE pa3HOOOpazne KOpPOHABH-
PYCOB, aCCOIIMMPOBAHHBIX C PYKOKPBUIbIME [12, 14—17].
Teppuropus, okpyxaromias for 3ananHoid Cudupu, nmpak-
TUYECKH HE MCCIIeI0BaHa, 32 UCKIIIOYEHHEM JOCTYIHBIX
B GenBank HeckoJbKHX MOCTIEOBATEIBHOCTEN OT PYKO-
kpbuThIX U3 Kazaxcrana (NeNe 0Q909823, 0Q909824).

BrisBneHre OMM3KOPOACTBEHHBIX BHPYCOB OT pa3HBIX
BHUJIOB IPUPOAHBIX HOCUTENEH, TaK K€ KaK U LUPKYIs-
U CYIIECTBEHHO PAa3MYHBIX KOPOHABHUPYCOB B OIHOM
BHAe Hocutess, onucana panee [10, 20] u Opu1a BBISB-
neHa Hamu cpeaun PHK-uzonsaroB w3 PecnyOmuku [a-
recrad. brmuskme Bapmantel SARS-momo0HOro BHpyca
(menee 0,5% paznuuuii) 0OHapY>KEHBI Yy NIpeCTaBUTENEH
IBYX ceMeWcTB: Rh. ferrumequinum B Jlarectane u M.
blythii B rpanndameil ¢ HuM Ipy3un. B T0 xe Bpems
cpenu Rh. ferrumequinum, OTIOBICHHBIX B JABYX COCEI-
HUX INTONBHSX, PACTIOJIOKEHHBIX HA PACCTOSHUM He 00-
nee 300 M nmpyr oT nmpyra, OBUTH BBISBICHBI KOPOHABH-
PYCHI, OTHOCAIIMECA K Pa3HbIM poJaM M OTIHYAIOIINECs
Ha 41,1-41,5% no HyKJIeoTUIHBIM U Ha 58,3% 1o aMmuHO-
KHCJIOTHBIM TIOCJIEZI0BATEIIbHOCTSIM.

Bo Bpems pa3sMHOXKEHHS ¥ 3MMOBKH PYKOKpBLIBIE 00pa-
3yIOT KpYTIHbIE CKOIUICHUS B YKPBITUSIX, TAKUX Kak Ielle-
pBI 1 IToNbHU. [Ipu 3TOM OHY ¥ Te K€ YKPBITHS UCTIONb-
3yIOTCsI pa3HbIMH BHJaMH, KOTOpbIE HE B3aUMOJICHCTBYIOT
MeXay co0oi 3a ux npeneaaMu. COBMECTHOE HCIIONIB30-
BaHWE YKPBITHHA CIIOCOOCTBYeT LUPKYISAIMHA H TOIAEp-
KAHUIO BUPYCOB B Pa3HBIX BHJAX PYKOKPBUIBIX, a TaKkKe
o0nerdaeT cMeHy XO35iMHAa BUpYcCa, a 3apakeHHe MOXKET
MIPOUCXOIUT TIPH HETOCPEICTBEHHOM KOHTAaKTe 0co0et,
HampuMep IpU yKycaxX WK mpH crapuBanun. [lomyden-
HbI€ JJAHHBIE MOKA3bIBAIOT, YTO B KAKJIOU U3 JIOKATBHBIX
rpynn Rh. ferrumequinum TUPKYITAPYET OJWH T€HETHYE-
CKHI BApHaHT KOPOHABUPYCA, C MPAKTHYECKHU HICHTUIHBI-
MH T0CJIE0BATEIBHOCTSIMU TEHOMA Y Pa3HBIX 0COOEH.

W3 pe3ynbTaToB MEYEHHS U3BECTHO, YTO JETyYHE MBI-
M CIIOCOOHBI MUTPHPOBATh Ha 3HAYMTEIBHBIE PacCTOs-
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Hus [25, 26]. Takue mampbHUE MEPENIEThI MOTYT CITOCO0-
CTBOBATh IEpeAade BUPYCOB WIIM WX BapHAHTOB MEXIY
JIOKaJbHBIMHU TOMYJISIMAMH JIETy4uX MbImei [27], a 3a-
pakeHHe OONBIIMX ITTOIKOBOHOCOB Pa3HBIMH BHPYCaMu
MOIJIO TTPOUCXOTUTH TP COBMECTHOM 3aCEJIEHHH YKPHI-
TUH 0COOSMU U3 PA3IUIHBIX JOKATBHBIX TPYIITHPOBOK.

OObenrHeHNe Ha (QUIOTEHETHYECKOM JepeBe HOBBIX
M30JITOB KOpPOHABHPYcoB U3 Jlarecrana B oOuiue Kia-
crepsl ¢ PHK-u30msTaMu U3 €BpONEHCKUX CTPAH CBUJE-
TENBCTBYET 00 MX 00IIEM SBOIIOIMOHHOM ITPOUCXOKIE-
HuH. [Ipy 3TOM MOXHO TIpeanoaararb, YTO IBOJTIOIHOH-
Hasl UCTOpHUS U30JATOB Alphacoronavirus B [larectane/
I'py3un 3HaunTETHHO OOJNIEE MPOAOIKUTENIBHA MO CPaB-
HEHHIO C u3onaTaMu Betacoronavirus, T.K. ypOBHHU pa3-
TUUHs HYKJICOTHUAHBIX MOcleaoBaTreasbHocTeil u3 Jare-
craHa/[ py3un ¢ Hambosee ONU3KMMH HOKHOEBPOIICH-
cKkuMHU BapuaHTamu coctasnsgeT 11,4-14,2 u 2,3-3,3%
COOTBETCTBEHHO.

YpoBeHb  WHOUIIMPOBAHHOCTH  JKUBOTHBIX  (00-
nee 24%), oOUTAOMKX B KAXKIIOM M3 MECT OTIIOBa B Pe-
cyOnuke Jlarecta, COMOCTAaBUM C OITyONMMKOBAHHBIMHU
JaHHBIMH 110 UH(QHUIIMPOBAHHOCTH OOJBIIUX TTOAKOBO-
HocoB B KpacHonmapckom kpae [17]. Hanpsimyto cpas-
HHBaTh WHOUIMPOBAHHOCTH PYKOKPHUIBIX B Jlarectane
U CHOMPCKUX PETHOHAX HEBO3MOXKHO, T.K. 3HAUUTEIBHO
pa3IMYaOTCs YHCIEHHOCTh HCCIIEAOBAaHHBIX JKHBOT-
HBIX, CPOKH U MeTObI cOopa MaTepuana. B Pecry6muke
Harecran or6op npo0 MpoBOAWIHN B 3UMHEE BPEMSI B T1e-
mepax W MITOJBHSAX, B MECTaX COBMECTHOTO OOWTaHUS
OONBIINX KOJMOHUN PYKOKPBUIBIX M MX HHTEHCHBHBIX
KOHTakToB. B TopHOM AnTae u mpearopHbIX paioHax
Ky3neuxoro Amaray >KHBOTHBIX OTJIABIIMBAJIN B JIETHEE
BpEMs CETSIMH B MECTaxX OXOTHI Ha HU3KOTOPHBIX y4acT-
Kax. B 3THX MecTax He OTMEUYEHO KpYyMHHBIX MeIlep,
1 PYKOKpPBUIbIE HE OOpa3yloT OONBIIMX KOJOHHH, HC-
MOJIB3YS B Ka4eCTBE YOEKHUIIa AyIjia JePEeBhEB WU HE-
OoJBIIINE TTO pa3Mepy IPYTrHe YKPBITUS 110 TUITY HeOOIb-
IIUX CKaJIbHBIX TpEUIMH. BHE MaccoBbIX CKOIUIEHUMH
PE3KO CHIDKAETCS WHTEHCHBHOCTH KOHTAKTOB MEXIY
JKUBOTHBIMHU, OTpaHUYMBAas UX B3aUMOJCHCTBUSA Kpat-
KAMU KOHTAKTaMH B TIEPUOJT CIIAPUBAHUS U KOHTAKTaMHU
MEXIy MaTepbl0 U NIETEHBIIIaMHA B THE3I0BOM IEPHO-
ne. Bo3aMOXHO, IMEHHO OTCYTCTBUE KPYIHBIX KOJIOHUMN
B 3THX paiioHax 0OyCIIOBHJIO HE TOJBKO OTHOCHUTEIIBHO
HU3KYI0 YHCJICHHOCTh PYKOKPBUIBIX B IIEJIOM, HO U HX
001y HU3KYIO 3apaKEHHOCTb.

[IpoBenenHoe mccaemoBaHuEe SBISAETCS TEPBOM pabo-
TO TIO BBISBJICHHIO KOPOHABUPYCOB CPEIU PYKOKPBLIBIX
B aszuarckod yactu Poccuu, mpuyeM ONMH U3 HOBBIX
PHK-m3omsitoB Alphacoronavirus oOHapyXeH B Majo-
HCCIIEOBAHHOM TPUPOIHOM HOCHUTeNe, Hounule VkoH-
HUKOBA. YCTaHOBJEHO Ooyiee 3HAYUTEIBHOE OTIMYUE
PHK-m3omsitoB u3 3amamuoit Cubupu OT paHee U3BeCT-
HBIX EBPOIEHCKUX W a3MaTCKUX KOPOHABHUPYCOB, UTO,
HanOoJjiee BEpOsATHO, CBA3aHO C OOJBIIEH YIaIeHHOCTHIO
UX MeCT 0OMTaHMs. 3HAYUTENbHO OoJiee U3yUCHHBIE B OT-
HOIIIEHUU KOPOHABUPYCOB, aCCOLMUPOBAHHBIMU C PYKO-
KPBUIBIMH, TEPPUTOPHH F0ro-BocToka Kuras, PecmyOmu-
ku Kopes, SImoHuM U eBpONEHCKHUX CTpaH pPa3lelecHbI
C MeCcTaMHu OTJII0BOB Ooitee ueM Ha 2800 kM.
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dayHa pykokpbUIbIX fora 3amamHoli CuOupu BKIIO-

YaeT BUIBI, UMEIOMINE KaK HCKIIOYHTEIHHO a3MaTCKOe
pacmpocTpaHeHue (BOCTOYHAsI HOYHHIIA, HOUHHIAa VKOH-
HukoBa, yman OrueBa (Plecotus ognevi)), Tak U BHIBI
3HAUMTENbHAS 4YacTh apeajla KOTOPBIX pacIlooXKeHa
B €BpONEWCKONH 4YacTH KOHTHMHEHTa (IpyHAoBas HOYHH-
na (Myotis dasycneme), CeBepHBIH KoxaHOK (Eptesicus
nilssonii)) [28]. CneacTBreM STOTO MOXKET OBITh O0BEIH-
HEHHUE B 00IIKe KIIACTEPhl BUPYCHBIX MOCIEAOBATEIBHO-
cTell, 0OHapyXEHHBIX Ha TEPPUTOPHU KaK €BPONEUCKHUX,
TaK M BOCTOYHOA3MATCKUX CTpaH. bornee scHoe npenacras-
JIEHHE O MPOUCXOKICHUU CUOMPCKHUX M30JIATOB KOpPOHA-
BHPYCOB MOTYT J1aTh TOJBKO JAHHBIE IO HOBBIM H30JI5ITaM
KOPOHABHPYCOB, KOTOPBIC, HECOMHEHHO, OyIyT O0OHApY-
JKEHBI B IPOLECCE JAIBHENUIINX UCCIE0BAHNI HAa TEPPHU-
topuu Cubupu u lansHero Bocroka Poccun.
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Abstract

Introduction. COVID-19 is strongly linked to cardiovascular disease, with direct myocardial injury and systemic
inflammation as common mechanisms. Pre-existing or infection-induced cardiovascular disease worsens the out-
comes for COVID-19 patients.

Materials and methods. To estimate the serum electrolytes (Na*, K*, Ca**, Zn) and vitamin D,, the study depend-
ed on ichroma ii device for Vitamin D, and Chemistry Analyzer for electrolytes in patient samples.

Results. A study was conducted on 192 individuals diagnosed with COVID-19, including 35 critical cases, 53 se-
vere cases, 54 moderate cases, and 50 individuals in a control group. The age group with the highest prevalence of
infection was between 50-69 years, while the lowest prevalence was observed in those under 30 years. The study
found significant decreases in calcium, potassium, sodium, zinc, and vitamin D, levels among COVID-19 patients
compared to the control group. Zinc and vitamin D, levels showed a significant correlation with sex, with males
experiencing a decline in zinc levels and females having lower vitamin D, levels. The concentration of calcium,
sodium, and zinc showed a negative correlation with age, with older patients having the lowest levels. COVID-19
patients with chronic cardiac issues and high blood pressure exhibited the lowest levels of these markers. The
severity of the disease also had a detrimental impact on electrolyte levels, zinc, and vitamin D,, with critical cases
showing the lowest levels. The complications such as heart failure were associated with lower levels of potassium,
sodium, and zinc.

Conclusion. In conclusion, the study revealed significant associations between COVID-19 and decreased elec-
trolyte levels, zinc, and vitamin D,. Sex and age were found to be correlated with these markers. Patients with
chronic cardiac issues and high blood pressure exhibited the lowest levels of these markers. The severity of the
disease was also linked to lower electrolyte levels, zinc, and vitamin D,. Complications such as heart failure were
associated with decreased levels of potassium, sodium, and zinc.

Keywords: COVID-19; Cardiovascular; Vitamin D, Zinc; electrolyte
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OneKTPoNuTbIl, UMHK 1 BUTamuH D, y naumeHToB ¢ COVID-19
C cepaevYHo-cocyanCTbIMU OCIOXHEHUSAMUN
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Pestome

BBepneHune. COVID-19 TecHOo cBA3aH C cepaevHO-COCyaAnCTbIMM 3aboneBaHnaMn, obLWLMMM MeXaHM3MaMn KOTO-
pbIX SABMASOTCA NPSIMOE NOBPEXAEHWE MUOKapAa W CUCTEMHOE BocnaneHve. PaHee cyllecTBOBaBLUME UMW Bbl-
3BaHHble MHEKLMEN CepaeyHO-cocyancTble 3aboneBaHmns yxyawaoT ucxogbl Ansa nayneHtos ¢ COVID-19.
MaTepuanbl u metoabl. B 06pasuax CbiIBOPOTKM KPOBY NaLMEHTOB NMPOBOAMIN KONUYECTBEHHOE OnpeaeneHne
anektponmTos (Na*, K*, Ca**, Zn) ¢ nomoLbio 6OXMMUYECKOTo aHanmsatopa v ButamuHa D, ¢ nomMoLLbio yecTpoint-
cTBa ichroma ii.

Pe3ynbTratbl. B nccnegoBaHuy npuHsnu yyactne 142 naumeHta ¢ guarHosom COVID-19, Bkntoyast 35 kputu-
4Yeckmx cny4yaes, 53 Taxenbix criyyas, 54 cpegHeTaxXenbix crnyyas, a Tawke 50 Yenosek B KOHTPOMbHOM rpynne.
BospacTHas rpynna ¢ HanbonbLuer pacnpoCTpaHEHHOCTLIO MHbekumn cocTaBuna 50—69 nert, a HaMMeHbLuas pac-
npocTpaHeHHOCTb Habrnoganack cpean nuy monoxe 30 net. ViccnegoBaHue BbISIBUNO 3HAYUTENbHOE CHUXKEHUE
YPOBHEN Kanbuusi, Kanus, HaTpus, unHka u sutamuHa D, cpeam naumentoB ¢ COVID-19 no cpaBHEHMIo C KOH-
TPOIbHOW rpynnoii. YpoBHU LMHKa 1 BUTaMuHa D, NpOAEMOHCTPMPOBaNU 3HAUYMTESbHYHO KOPPESALMIO C MOSoM: Y
MY>K4MH HabmioAanoch CHUKEHUE YPOBHS LIMHKA, @ Y KEHLLMH — Gonee HU3KuUi yposeHb ButamuHa D,. KoHueHTpa-
UMs KanbLms, HaTPUS U LIMHKa MMerna oTpULaTeNbHYH KOPPENSLMIO C BO3PACTOM, NMPU 3TOM Y NOXWIbIX NaUNEHTOB
Habnoganacb camas Hu3kasi KoHueHTpaums. Y nauneHtoB ¢ COVID-19 ¢ xpoHnyeckummn 3abonesaHuamu cepgua
1 BbICOKUM KPOBSIHbIM [@BneHneM Habnioganucb camble HA3KME YPOBHU 3TUX MapKepoB. TsxxecTb 3aboneBaHusi
TaKKe okasblBasia narybHoe BriMsiHie Ha YPOBEHb 3MEKTPOSIMTOB, LMHKa 1 BUTamuHa D,, Npy 9TOM B KPUTUYECKNX
cnyyaax COVID-19 Habnoganucb camble HU3KUE YPOBHU. Takme OCNOXHEHUS, Kak cepaevHas HeoCTaTO4HOCTb,
ObInKn cBA3aHbI C 6oree HU3KNUM YPOBHEM Kanusi, HaTpust U LIMHKa.

BbiBoA. ViccnegoBaHue BbISIBUNO 3HaYUTENbHYO CBS3b Mexay COVID-19 n cHMxXeHMeM ypoBHEN 3NeKTPONUTOB,
uMHka n BuTamuHa D,. Bbino o6HapyeHo, 4To Mos 1 BO3pacT KOPPenupytoT ¢ 3TUMK Mapkepamu. Y naumeHToB ¢
XPOHMYECKMMUN CEPAEYHO-COCYANCTLIMM 3ab0neBaHUSIMU U BbICOKMM KPOBSIHLIM AaBrieHnemM Habnioganucb camble
HWU3KNE YPOBHM 3TUX MapkepoB. TsxkecTb 3abonesaHus COVID-19 Takke Obina cBa3aHa ¢ 6onee HU3KMM YPOBHEM
3r1IEKTPOSIMTOB, LUMHKa 1 BuTamuHa D,. Takue oCroxHeHusl, Kak cepaeqHas HeoCTaTOMHOCTb, Bbinn CBA3aHbI CO
CHWXEHVEeM YpOBHeN Kanus, HaTpus U LIMHKa.

KnioueBble cnosa: COVID-19; cepdeurHo-cocyOucmble 3abosneganusi; sumamuH D, UUHK; 3nekmposnumai

Ons untupoBaHus: AlKhuzaie A.A.M., Jabbar E.A.K., Albadry B.J. OnekTponutbl, UMHK 1 BUTaMWUH D,y
naumeHToB ¢ COVID-19 ¢ cepaeyHO-cocyancTbiMu OCNOXHEeHUAMU. Boripockl supycomnoauu. 2024; 69(3):
266-276. DOI: https://doi.org/10.36233/0507-4088-236 EDN: https://elibrary.ru/mjyyjw

®duHaHcMpoBaHue. ABTOPbI 3a8BNSAT 06 OTCYTCTBMU BHELLHEro (ouHaHCMPOBaHUS NP NPOBEAEHUN NCCIIeN0BaHuS.
BnarogapHocTtb. ABTopbl Gnarogapst [enaptameHT 3gpaBooxpaHeHust Tu-Kap, 6onbHuuy Mvama XyceiHa,
Kapavonorm4eckuii LeHTp Hacvpumn 3a nogaepkky B NpOBEAEHUN UCCIIe0BaHuS.

KoHdnukT nHTepecoB. ABTOPbI AEKNapUpyIOT OTCYTCTBME SBHBIX M MOTEHUMabHbIX KOHPIMKTOB UHTEPECOB,
CBSI3aHHbIX C MyOnvKauuen HacTosiLLen CTaTby.

OTuyeckoe yTBepxaeHue. ViccnegosaHve npoBoamnock npv 4obpoBonbHOM MHGOPMUPOBAHHOM COrnacum
nauneHToB. [NpoTokon nccnegoBaHnsa ofobpeH aT4ecKMM KoMmTeToM hakynsTeTa Gruonornm HayyHoro konnemxa
Yuusepcuteta Tu-Kapa (Mpotokon Ne. 22 ot 02.05.2021).

, Enas Abdul Kareem Jabbar?, Bushra

Introduction

Global Coronavirus Disease 2019 (COVID-19), com-
monly known as severe acute respiratory syndrome 2, is
a serious disease caused by coronavirus SARS-CoV-2, af-
fecting the lives of all people in the world. Several previous
studies have shown that SARS-CoV-2 is similar in many
biological features to SARS-CoV, including the way it en-
ters host cells, by binding to a spike protein with angioten-

sin-converting enzyme 2 (ACE2) [1]. SARS-CoV is an an-
imal virus that caused the outbreak of severe acute respira-
tory syndrome in 2002 [2]. COVID-19 infection can lead
to long-term difficulties due to many physiological factors,
however the specific processes behind these consequenc-
es are still not fully understood. SARS-CoV-2 has both a
direct and indirect pathogenic impact. Given that the virus
depends on ACE2 for infecting the target cell, and as pre-
viously stated, ACE2 is present in numerous cells through-
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out the body, the virus will directly impact the organs it
invades [3, 4]. The virus can directly harm organs that con-
tain cells with the ACE2 enzyme, such as the respiratory
system, heart, blood vessels, pancreas, and others, leading
to long-term consequences. Furthermore, the indirect im-
pact of infection may be attributed to several factors such
as immune system dysfunction, acute infections, blood co-
agulation, hypoxia, and acid-base imbalance. Additionally,
it is worth noting the adverse psychological impacts expe-
rienced by the patient [5].

Several clinical studies have reported an association
between COVID-19 and cardiovascular disease. Pa-
tients with pre-existing chronic cardiovascular disease
appear to be closely associated with a worse outcome
and an increased risk of dying with COVID-19 [6]. Also,
COVID-19 can cause cardiovascular problems including
acute coronary syndrome, arrhythmias, venous thrombo-
embolism, and others. This is done through the host cell
receptors of the virus, ACE2, which is found in the cells
of the heart and blood vessels [7]. Therefore, COVID-19
can exacerbate underlying cardiovascular conditions and
even precipitate new heart complications. Mechanistical-
ly, the interaction between S protein and ACE2 plays a
major role in pathogenesis, particularly in cardiovascular
manifestations [8]. Potential interactions between infec-
tion with COVID-19, comorbid cardiovascular disease,
and medications are of serious concern [9].

Material and method

Study Design

The study was carried out in the Al-Hussein Teaching
Hospital, the Nasiriyah Heart Center, and several isola-
tion centers in Thi-Qar Governorate. It was a case-control
study that was done at the hospital level. To obtain total
of 192 blood samples from patients with 50 as control
sample, a basic random sample method was employed.
Arterial and venous blood samples were obtained from
both COVID-19 patients and the control group in the fol-
lowing manner: Approximately seven milliliters of each
sample were taken and then split into two parts. Initially,
a volume of 6 ml was transferred into a gel tube and al-
lowed to stand at room temperature for roughly 30 min-
utes. The remaining portion was transferred to an EDTA
tube. The gel tubes were subjected to centrifugation at
a speed of 4000 revolutions per minute for a duration
of 5 minutes. The resulting serum sample was divided in-
to three separate portions, each containing approximate-
ly 500 pl, and stored in deep freeze at a temperature of
—20 °C. Blood samples in the EDTA tube were promptly
utilized for the determination of complete blood counts
after thorough mixing. The serum separated was used for
the estimation of Serum electrolytes (Na*, K*, Ca™, Zn)
by using ichroma ii device for Vitamin D, and Chemistry
Analyze for electrolytes.

Ethics

The research protocol was approved by the Ethics
Committee of the Institution Department of Biology,
College of Science, University of Thi-Qar (Protocol
No. 22 dated 2/5/2021).
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Criteria for Selection and Exclusion

This research project includes individuals who have
been diagnosed with COVID-19 and were admitted to
Imam Hussein Teaching Hospital, Nasiriyah Heart Center,
and some isolation centers in Thi-Qar Governorate, of
both sexes and the age up to > 69 years. Patients who did
not provide a sufficient sample and the patients whose
data we could not obtain well were excluded from the
study.

Statistical Analysis

Version 26 of the Statistical Package for the Social
Sciences (SPSS) was utilized to conduct the statistical
analysis. To compare the groups statistically, independent
sample T test for mean comparison between patients and
control group and one way ANOVA for mean comparison
between groups were employed.

Results

Descriptive of Data Study

This study focuses on individuals diagnosed with
COVID-19 and encompasses a total of 192 samples.
These samples are categorized based on the degree of the
infection, with 35 instances classified as critical, 53 cases
as severe and 54 cases as moderate and 50 samples serv-
ing as a control group. Figure 1 illustrates the distribution
of samples.

Figure 2 illustrates the distribution of COVID-19
patients in this study based on their age and gender. The
age group with the highest prevalence of COVID infection
among both males and females is between 50—69 years,
whereas the age group with the lowest prevalence is
under 30 years.

Imbalances in Electrolytes, Zinc, and Vitamin D,
in Patients

The findings of the present investigation indicate an im-
balance in the concentrations of calcium, potassium, sodi-
um, zinc, and vitamin D, among those affected by COV-
ID-19. Patients exhibited a significant decrease in all of
these indicators compared to the control group, with a sig-
nificance level of < 0.05. Table 1 displays this information.

Electrolytes, Zinc, and Vitamin D,
in patient by gender

The findings presented in Table 2 indicate a statisti-
cally significant correlation, with a significance level of
>0.05, between sex and the levels of zinc and vitamin D,
in COVID-19 patients. However, no significant differenc-
es associated with gender were recorded in this study for
the electrolyte group. Males exibited the most significant
decline in zinc levels, whereas females have lower levels
of vitamin D, compared to males.

Association of Patients’ Age with Low Electrolytes,
Zinc and Vitamin D ,during COVID-19 Infection

The present study demonstrated a notable negative cor-
relation between the age of individuals with COVID-19
and their concentrations of calcium, sodium, and zinc, with
statistical significance at a level below 0.05. The group of
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Total Samples

H Control Moderate Severe Creticale

Fig. 1. Distribution of all study samples, including those from
patients and the control group.

Puc. 1. Pactipeenenue nccieoBaBIIUXCs 00pasoB OT MAUEHTOB
U KOHTPOJIHOM T'PYTIIIBL.

OPUTUHAJbHbBIE NCCNEAOBAHUA

All Patients (Age & Gender)

80
60
40
20
0

<30 30-49 50-69 >69

Years Years Years
Female 5 14 31 6
H Male 4 32 40 10

Fig. 2. The distribution of COVID-19 patients by age and gender.

Puc. 2. Pacnpenenenue nauuerros ¢ COVID-19 no Bo3pacty u
HoJy.

Table 1. Calcium, Potassium, Sodium, Zinc and Vitamin D, in COVID-19 patients and control group

Tabmuua 1. YpoBHHU KanbLysl, Kalusl, HATPUsl, IMHKa U BuTamuHa D, y nauuentos ¢ COVID-19 u B KOHTpOIBHO# rpymme

Mean + standard deviation

Parameters Control Pationts T-test Value
Ca* 9.620 £0.324 8.660 £ 1.574 0.045
K* 4.537 £ 0.446 3.370+£0.712 <0.001
Na* 140.3 +10.83 137.1£17.52 0.004
Zn 110.0 + 16.39 90.3 £24.049 <0.001
VD, 24.28 £ 6.057 14.70 £ 5.406 <0.001
Table 2. Electrolytes, zinc, and vitamin D, in COVID-19 patients by gender
Ta0auna 2. YpoBHHU JIEKTPOJIUTOB, IMHKA U BUTAMHHA D3 y manuedaToB ¢ COVID-19 B 3aBUCHMOCTH OT 1oJa
Mean =+ standard deviation
Parameters Malo Fomalo T-test Value
Ca’ 8.691 £1.631 8.619 +1.497 0.791
K 3.583 £ 0.709 3.274 £0.924 0.097
Na* 136.4 £9.812 138.3 +7.787 0.132
Zn 85.69 £25.10 97.54 +£20.53 0.004
VD, 16.79 £5.211 11.60 + 4.048 <0.001

patients above the age of 69 years had the lowest levels of
these markers. The detailed data are shown in Table 3.

The Effect of Chronic Diseases on the Levels of
Electrolytes, Zinc, and Vitamin D, in COVID-19 Patients

Chronic disorders have a substantial impact on the
values of some parameters documented in Table 4. The
present findings demonstrated statistically significant var-
iations at a significance level of < 0.05 for calcium, potas-
sium, sodium, zinc, and vitamin D, among patients based
on their chronic illnesses. COVID-19 patients with pre-
existing conditions of chronic cardiac issues and chronic
high blood pressure exhibited the lowest levels of these
measures. The highest level was found in patients without
any chronic illnesses.

Correlation between the Severity of COVID-19 Infection
and the Levels of Electrolytes, Zinc, and Vitamin D,

The findings of the present study, as presented in
Table 5, indicate that the severity of the disease has a
detrimental impact on the levels of electrolytes, zinc, and
vitamin D,. The group of patients with critical conditions
exhibited the lowest levels for all of these parameters, in
contrast to those with moderate or severe cases. These re-
sults are statistically significant at level of less than 0.05.

Electrolyte, Zinc and Vitamin D, Levels According to
Disease Complications Resulting from COVID-19 Infection

The current results showed a significant variation in the
levels of potassium, sodium, and zinc in COVID-19 pa-
tients depending on the disease complications resulting
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Table 3. Electrolytes, zinc and vitamin D, in COVID-19 patients by age
Ta6muua 3. YpOBHU 3JIEKTPOJIUTOB, IMHKA U BuTamMuua D, y nanuentos ¢ COVID-19 B 3aBucumMocTH OT Bo3pacTa

?,ifa?nﬁzfss Mean & Std. ANOVA Sig. LSD Sig.

Ca’ <30 Years 10.92 + 1.620 <0.001 0.018'2, 0.001'3, 0.001'4,
30-49 Years 8.843 + 1.417 0.006*%, 0.001%4, 0.001**
50-69 Years 8.177 + 1.385
> 69 Years 6.180 + 1.257

K* <30 Years 3.435+0.275 0.143 NS'2, NS, NSH, N23,
30-49 Years 3.564 +0.704 NS, NS
50-69 Years 3.284 +0.738
> 69 Years 3.104 +0.721

Na* <30 Years 1412+ 13.30 0.002 NS'2, NS'3, 0.0014, NS>,
30-49 Years 137.8 + 6.747 0.00124, 0.0013
50-69 Years 137.6 £ 16.12
> 69 Years 131.0 £ 12.74

Zn <30 Years 109.6 + 8.688 0.001 NS!2, 0.003', 0.006',
30-49 Years 97.46 +19.35 0.005%%, 0.029%¢, NS*¢
50-69 Years 85.04 = 26.00
> 69 Years 82.76 £ 24.04

VD, <30 Years 15.51 +3.407 0.318 NS'2, NS'3, NS, NS2?,
30-49 Years 15.28 +5.323 NS, NS
50-69 Years 13.04 + 5.829
> 69 Years 12.81 + 4.246

Table 4. Electrolytes, zinc and vitamin D, in COVID-19 patients by chronic diseases

Tabumua 4. YpoBHH 5JIEKTPOJIMTOB, IIMHKA U BUTaMuHa D, y nanmentos ¢ COVID-19 B 3aBUCHMOCTH OT XpOHUYECKHUX 3a001€BaHHI

Chronic Disease

Parameters Mean & Std. ANOVA Sig. LSD Sig.
Ca* Non 9.932 +1.591 0.054 0.024'2, NS3 NS, NS!*, NS?3, NS4,
HBP 7.042 +1.551 N§*, N§*, N§*, N§**
DM 8.925+1.285
Heart problems 8.762 +1.381
Mix 8.808 £ 1.404
K* Non 3.691 + 0.668 <0.001 0.001'2, NS'3,0.001'4, 0.001', 0.001%3,
HBP 3.091 + 0.649 NS24, NS5, 0.001%4, 0.00133, NS**
DM 3.442 +1.193
Heart problems 3.063 £0.611
Mix 3.098 £ 0.925
Na* Non 139.6 £ 6.291 0.001 0.016'2, NS'3,0.008"4, NS'3, 0.025%3, NS>¢,
HBP 132.5 < 6.960 NS23, 0.016%4, NS33, 0.016*°
DM 137.3+£11.23
Heart problems 131.3+£12.54
Mix 137.8 £ 11.02
Zn Non 94.10 £ 22.32 <0.001 0.018"2, NS'3,0.003"4, NS5, NS?3, NS?4,
HBP 75.60 +21.97 NS§??, NS*, N§*, N§**
DM 86.22 +£22.91
Heart problems 69.90 + 23.86
Mix 80.54 +£37.05
VD, Non 17.54 £5.286 0.008 NS, NS!3, 0.01214, NS5, NS23, NS4,
HBP 14.78 + 6.037 NS§*, N$*, N§*, N§*
DM 14.90 + 6.301
Heart problems 12.12 +£4.764
Mix 15.71 £ 5.589
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Table 5. Electrolytes, zinc and vitamin D, in COVID-19 patients by the severity of infection
Tabsnmua 5. YpoBHHU 3NIEKTPOSUTOB, IIMHKA M BuTamuua D, y nanuentos ¢ COVID-19 B 3aBHCHMOCTH OT TSDKECTH HH(EKIN

P:f;rflre‘ttgrs Mean & Std. ANOVA Sig. LSD Sig.

Ca* Moderate 8.338 + 1.461 0.048 NS'2,0.001'%,0.001%3
Severe 8.169 + 1.524
Critical 7.857+1.577

K* Moderate 3.497 +£0.719 NS NS'2, NS'3 NS23
Severe 3.338£0.625
Critical 3.264 +0.815

Na* Moderate 138.9 +5.896 0.001 NS'2, 0.010'3, NS??
Severe 136.5 + 6.485
Critical 135.3+10.35

Zn Moderate 109.0 + 10.98 <0.001 0.001'2,0.001'3, 0.001%3
Severe 85.28 +21.61
Critical 69.28 +21.09

VD, Moderate 15.35+5.366 <0.001 NS!2, NS'3, N§23
Severe 14.39+£4.932
Critical 12.37 3,536

from it, at a level of statistical significance < 0.05. The
lowest level of these parameters was recorded in COV-
ID-19 patients who developed heart failure as an outcome
of the infection, as shown in Table 6.

Discussion

Perhaps more than any other infectious disease, COV-
ID-19 has captured the attention of cardiologists because
of its clear association with cardiovascular disease. Direct
myocardial injury due to viral involvement of cardiomy-
ocytes and the effect of systemic inflammation appear to
be the most common mechanisms responsible for cardiac
injury [10, 11]. The presence of pre-existing and/or in-
fection-induced cardiovascular disease has been consist-
ently shown to be associated with a significantly worse
outcome in COVID-19 patients [12].

The current study included 142 people with COVID-19
infection and 50 samples as a control group (192 total
samples). Infections were distributed among patients ac-
cording to gender, and the percentage of male patients
infected with COVID-19 was 60.6%, while 39.4% were
females. The results of the current study are in agreement
with most previous studies, including the study by Su et
al. [13]. It differs from the results of a study Al-Hijaj et
al. [14] in Basra, which recorded a higher infection rate
among females instead of males. Moreover, the study
Mukherjee and Bahan [15] stated that even if the infection
rate was equal between males and females, the infection
would be more severe and dangerous in males. Among
the most important factors that lead to an increase in in-
fection among males compared to females, are hormonal
factors, as scientific research confirms that sex hormones
contribute to increasing males’ susceptibility to infection
with COVID-19 [16]. It is believed that the presence of

ACE2 receptors in testicular tissue in men increases the
likelihood of exposure to the virus and the development
of infection [17]. Social and professional factors play a
major role in increasing infection in males, as males are
exposed to the virus, such as work that requires physi-
cal presence and interaction with others. In addition, men
may have a higher proportion of social gatherings that
expose them to the risk of infection than women [18]. It
should be noted that these factors vary according to the
cultural, social, and demographic context of each region.

Depending on age, the current study recorded that the
age group ranging from 50 to 69 years includes the larg-
est number of COVID-19 patients, their percentage to the
total study population being 50%, and their infection is
more serious. Meanwhile, the lowest percentage of pa-
tients is 6.3% within the age group less than 35 years.
This result is consistent with Mushtaq et al. [19], and dif-
fers with Davies et al. [20], which stated that the most
common detection of COVID cases is in age groups un-
der 50 years old, because they are more socially active,
which increases the chances of exposure to the virus. The
high rate of infection in advanced age groups, as shown
in the results of the current study, may be attributed to
several important factors, including the immune system
and chronic diseases [21]. Older people may have an im-
mune system that is less able to fight infection and thus
increases the likelihood of developing serious symptoms
resulting from infection. Moreover, the presence of un-
derlying medical conditions such as respiratory diseases,
diabetes, and cardiovascular disease can increase the risk
of infection.

COVID-19 patients were divided in this study
based on the severity of the disease, and among them
were 54 moderate cases, 53 severe cases, and 35 critical
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Table 6. The relationship between electrolytes, zinc and vitamin D, in COVID-19 patients and the disease complications

Ta6muua 6. B3aumMoCBsA3b MEX Ty yPOBHSIMH JJIEKTPOITUTOB, IWHKa U BuTamuna D, y marmentos ¢ COVID-19 u ocnoxnenusmu 3a60eBanus

Cl‘jmplicaﬁ"n Mean & Std. ANOVA Sig. LSD Sig.
arameters
Ca* Non 8.993 + 1.581 NS NS'2, NS!'#, NS4, NS!3,
MI 8.662 = 1.364 ESL: Eﬁﬁi Egii Egii
HF 8.400 + 1.104 NS*S, NS5, NS
Arrhythmia 8.783 £2.319
PE 8.350 + 1.034
MIX 8.060 +2.617
K* Non 3.400 +0.731 0.002 NS'2, NS'3, 0.018'4, NS,
MI 3.953+0.528 NI\SIISZGNI\SI;Z4O£(S)?:4NI\SI§25
HF 3.060 = 0.282 0.012%3, 0.024%6, NS>¢
Arrhythmia 2.393+£0.344
PE 3.555 +£0.967
MIX 3.302 +£0.791
Na* Non 139.8 + 7.118 0.003 NS'2, 0.006'%, NS4, NS'3,
MI 1372£8.972 OlggfééNT\éjsijT\ézs?Nl\SIssfs
HF 132.0 +2.000 NS*%, NS*6, NS>
Arrhythmia 136.0 £2.190
PE 138.2 £ 6.751
MIX 135.0 £ 15.82
Zn Non 95.08 +21.62 <0.001 0.030'2, 0.002'3, 0.024'*,
MI 77.40 + 24.01 ﬁg%l?}jg?,;?&(’gi;,ﬁi;
HF 66.25 + 38.60 NS*, NSJIfI,STS\IﬁS“*S, NS*,
Arrhythmia 75.16 +15.83
PE 69.25 +29.74
MIX 67.84 £21.19
VD, Non 16.75 + 5.442 NS NS'2, NS', NS4, NS!3,
MI 14.87 £ 6.895 Egli ES?: Egii §§§Z
HF 13.50 = 4.203 NS*3, NS*¢, NS
Arrhythmia 15.33 £5.573
PE 14.00 + 1.414
MIX 13.40 + 5.594

cases (38%, 37.3%, 24.7%, respectively), and there was
no statistically significant relationship between them. This
may be since these samples were collected in isolation
centers, and that most COVID-19 patients who have a mild
or moderate infection do not visit hospitals, as do severe
and critical cases that require immediate intervention due
to shortness of breath and lack of oxygen, as well as severe
inflammatory symptoms resulting from their infection. Of
course, the percentages of severity of COVID-19 infection
vary in different countries, due to many factors such as the
health policies, the health care system, circulating strains,
the level of vaccination, and demographic factors [22].
According to a study Elham et al. [23], there is a clear
decrease in the levels of calcium, potassium, sodium,
zinc, and vitamin D, in COVID-19 patients, and this was
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proven by the results of the current study when compar-
ing these parameters in COVID-19 patients compared to
the control group. Calcium plays a critical role in sup-
porting both cellular and humoral immunity, and there is
widespread recognition of an increased risk of respirato-
ry virus-related illness in individuals with a low calcium
intake, compared to those with a normal calcium intake
[24]. Potassium is the most abundant cation within cells
with its share approximately 98%. It has several impor-
tant functions, including transmitting electrical impulses
in the heart, acid-base regulation, and fluid balance, and
is essential for muscle and nerve function [25]. Blood
potassium imbalance results in adverse complications in-
cluding muscle weakness and arrhythmia [26]. Important
causes of hypokalemia in these patients include malnutri-
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tion due to anorexia, decreased intake of potassium-rich
foods including fruits and vegetables, diarrhea and vomit-
ing due to illness, and of course increased potassium loss
due to diuretic therapy [27]. Some medications used to
treat COVID-19, such as azithromycin and hydroxymelo-
roquine, lead to hypokalemia. Hyperaldosterism caused
by activation of the renin-angiotensin system stimulates
the release of potassium through urine [28].

As for the causes of hyponatremia, this may be due to
the loss of sodium in the urine [29]. Severe hyponatremia
has significant associated morbidity and mortality and is
a well-known complication of water intoxication, espe-
cially in older patients with an impaired thirst mechanism
who are advised to increase fluid intake during chronic
illness. Subsequently, all patients were counselled regard-
ing fluid intake, and specific advice was given regarding
symptoms that may represent water intoxication, where
sodium monitoring on a more frequent than routine basis
may be warranted. Although we cannot be certain of the
cause of increased urinary sodium loss, it is possible that
it represents a stress response, due to increased levels of
urinary catecholamine’s, heart dysfunction, resulting in
hypervolemia and sodium deficiency [30].

Zinc deficiency in COVID-19 patients is due to respira-
tory infection depleting zinc in the body, as it is consumed
in the inflammation and healing processes. In addition to
malnutrition caused by anorexia, severe stress leads to
high levels of some proteins that cause zinc consumption
[31]. It is reported that high body temperatures in COV-
ID-19 patients lead to loss of zinc through sweating [32].
Inflammatory stress often causes a negative zinc balance
by utilizing plasma zinc and causing the release of zinc
from liver mineral-bound protein aggregates into the plas-
ma. Although zinc has different effects, it plays an impor-
tant role in the immune system. Zinc deficiency may lead
to weakened immunity and increased risk of infection.
Zinc also has anti-inflammatory effects and reduces cy-
tokine production [31]. In these findings, as patients had
decreased zinc levels, zinc was released from cells to res-
cue inflammatory stress that may have persisted over the
course of cytokine generation. Given these findings and
effects, zinc is an essential mineral to prevent the progres-
sion and worsening of COVID-19 infection. Low vitamin
D, has negative consequences for COVID-19 patients. Its
low level may occur in patients due to malnutrition and
psychological stress, in addition to calcium deficiency,
which plays an important role in the absorption of vita-
min D, [33]. There is no doubt that lack of exposure to
ultraviolet rays from sunlight, which stimulates the syn-
thesis of vitamin D3, causes the decrease.

The current study found a clear significant difference in
the levels of zinc and vitamin D, depending on the gen-
der of the patients, as the level of zinc decreased more in
males than in females, and this is consistent with what
was mentioned in the study by Maares et al. [34], where
male gender is considered a risk factor. On the contrary,
a greater decrease in vitamin D, was recorded in females
compared to males with COVID-19 infection. This result
is consistent with a study [35]. Environmental influences
and smoking may have a negative effect on zinc levels

OPUTUHAJbHbBIE NCCNEAOBAHUA

in males. While the decrease in vitamin D, in females is
greater than in males, perhaps due to lack of activity and
exposure to sunlight compared to males, as well as due
to some medical factors such as digestive disorders and
malabsorption [36].

Calcium, sodium, and zinc all have a significant neg-
ative relationship with the age of patients infected with
COVID-19, as the results of the current study demon-
strated a greater decrease in these parameters as age in-
creases. These results are consistent with the study by
Elham et al. [23]. The reason may be due to disturbances
in the digestive system associated with aging, and thus
its efficiency in absorbing these minerals decreases [37].
In addition, older adults take some different medications
that negatively affect the balance of minerals in the body,
such as blood pressure medications and diuretics. Also,
hormonal changes in the elderly, such as a deficiency in
the hormone parathormone, which regulates calcium lev-
els, lead to its imbalance in the blood [38].

The results of the current study demonstrated that the
levels of potassium, sodium, zinc, and vitamin D, are af-
fected by the presence of chronic diseases in COVID-19
patients. The greatest decrease in these parameters was
recorded in patients with a history of heart problems,
chronic high blood pressure, and diabetes. This result is
consistent with a study by Severino et al. [39], which re-
ported a relationship between potassium, sodium, zinc,
D,, and heart problems. It is known and proven in the
current study that the level of B-type natriuretic peptide
(BNP) increases in patients with critical and severe con-
ditions, as well as in the presence or occurrence of cardi-
ovascular complications, which causes a decrease in the
levels of calcium and sodium because of their excretion
through the urine [40]. Moreover, liver and kidney func-
tions decline with age, and thus the absorption of vitamin
D, decreases, which leads to a disturbance in the level
of minerals, especially calcium. As the severity of COV-
ID-19 infection in patients increases, these parameters
decrease further [41], which is literally consistent with
the results of the current study.

Changes in the level of minerals within the cells pro-
mote the activation of inflammatory pathways. Calcium
plays an important role in many important functions in-
cluding the blood clotting process. Calcium deficiency
affects the function of the heart, as it leads to decreased
contraction in the left ventricle, because the flow of calci-
um into the cell is primarily responsible for the initiation
and extent of heart contraction. This results in fibrilla-
tion, atrial flutter, and arrhythmia [42]. Potassium has a
role in the functioning of the heart, as a decrease in it
causes irregular heartbeat, as happens with a calcium de-
ficiency, which leads to a prolongation of the QT interval.
Pulmonary arterial thrombosis is caused by arrhythmia
caused by potassium deficiency during COVID-19 in-
fection [43]. Hyponatremia leads to greater activation of
the RAAS system, starting a vicious cycle. It also causes
congestive heart failure and atrial fibrillation [44]. Some
studies indicate a disturbance in the functioning of the
hormone vasopressin, which regulates and controls the
amount of water that is filtered from the kidneys. IL-6 as-
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sociated with COVID-19 infection could be a cause of the
syndrome of inappropriate antidiuretic hormone secretion
(SIADH) caused by cytokine release or due to lung tissue
and alveolar cell injury that induces STADH via hypoxic
pulmonary vasoconstriction [45]. Therefore, low sodium
could be an indicator of respiratory failure.

Zinc has antiviral properties, as it inhibits the synthe-
sis of viral RNA and prevents its replication. It prevents
the interaction of the viral S protein with ACE2 and thus
reduces the severity of the infection [46]. Zinc binds to
RNA-dependent RNA polymerase causing inhibition of
elongation and reduced binding of the viral mRNA tem-
plate [47]. Low zinc impairs lymphoid tissue develop-
ment and reduces natural killer cell function, thus impair-
ing innate immunity. Its decrease is also linked to mac-
rophage activation and cytokine generation [48]. There is
a relationship between low zinc and cardiovascular dis-
ease because its presence reduces ROS, which, when el-
evated, causes oxidative stress, which is a cause of cardi-
ovascular disease, as it causes activation of inflammatory
pathways and stimulation of cytokines and enzymes as-
sociated with inflammation [49]. There are 24 zinc trans-
porters in the heart, so any disturbance in the level of zinc
causes cardiovascular diseases such as the development
of arterial hypertension as well as coronary heart disease,
and its deficiency causes thickening of the walls of blood
vessels [50]. Serum zinc levels can be an indicator for the
diagnosis of acute myocardial infarction [51].

Vitamin D, deficiency leads to many heart problems,
including heart arrhythmia, heart failure, and sometimes
clotting [52]. Myocardium contains vitamin D, receptors
and has anti-hypertrophic effects and regulates calcium
influx and thus increases myocardial contractility. There-
fore, congestive heart failure occurs in cases of vitamin
D, deficiency [53]. Its receptors are also found throughout
the blood vessels, where it has an important role in pre-
venting atherosclerosis and the occurrence of blood clots
because it stimulates the production of endothelial nitric
oxide, downregulates pro-coagulant tissue factors, and
promotes vascular repair [54]. Therefore, cardiovascular
problems such as high blood pressure and blood clotting
occur in COVID-19 patients who suffer from a deficiency
in the level of vitamin D,. Vitamin D, reduces the severity
of COVID-19 infection, as it directly suppresses the tran-
scription of the renin gene, thus dilating blood vessels.

Conclusion

In conclusion, the study revealed significant
associations between COVID-19 and decreased levels of
calcium, potassium, sodium, zinc, and vitamin D,. Sex
and age were found to be correlated with these markers,
with males experiencing a decline in zinc levels and older
patients having the lowest concentrations of calcium,
sodium, and zinc. Patients with chronic cardiac issues
and high blood pressure exhibited the lowest levels
of these markers. The severity of the disease was also
linked to lower electrolyte levels, zinc, and vitamin D,,
with critical cases showing the most significant decline.
Complications such as heart failure were associated with
decreased levels of potassium, sodium, and zinc.
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Abstract

Objectives. Human herpesvirus 8 (HHV8) is rarely studied in Congo, despite its prevalence in Africa. Among
healthy individuals, HHV-8 does not always lead to a life-threatening infection; however, in immunocompromised
individuals, it could lead to more severe disease. The distribution of HHV-8 genotypes varies depending on ethni-
city and geographic region.

Method. A prospective cross-sectional study included 265 samples from healthy blood donors from the National
Blood Transfusion Center in Brazzaville, with an average age of 35 years, with extremes ranging from 18 to 60
years. After DNA extraction, a nested PCR was carried out for molecular detection, followed by genotyping by
amplification of specific primers.

Result. In this study, 4.9% were positive for molecular detection of HHV-8 DNA. All HHV-8 positive DNA samples
that were subjected to genotyping by ampilification with specific primers allowing discrimination of two major geno-
types (A and B). Genotype A was identified in 5 (1.9%) samples and genotype B in 2 (0.7%) samples, indicating
that both genotypes were predominant. The remaining viral DNA samples not identified as the major genotypes
were classified as «indeterminate» and consisted of 6 (2.3%) samples.

Conclusion: The results of the study suggest that Congo is an area where HHV-8 infection is endemic.
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OOGHapyxeHue 1 reHOTMNMPOBaHWe BUpYyCca repneca 4yenoBeka
8-ro TMna MoneKynspHbIMM MeToAaMu y AOHOPOB KpoBu B KOHro

Patrina J. lloukou'2, Anicet L.M. Boumba?3, Dorine F.L. Ngombe "2, Norvi R.B. Massengo?,

Gervillien A. Malonga?#, Donatien Moukassa?, Moulay M. Ennaji’
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BEEN), ®akynbteT Hayk u TexHonoruii, Moxammenus, YHusepcuteT XacaHa |l B Kacabnanke, KacabnaHka, Mapokko;
2Kadheapa 3gpaBooxpaHeHus 1 Gronorum Yyenoeeka, ®akynbTeT Hayk O 30opoBbe, YHuBepcuteT Mapuen Hryabu, Bpas-
3aBunb, KoHro;

3NccnepoBatenbckasi 3oHa MyaHT-Hyap, HaunoHanbHbINn MHCTUTYT UCCnefoBaHuin B obnactu Hayk o 3aopoBbe (IRSSA),
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“YHuepcuTeT CopboHHa, INSERM, MHCTUTYT anngemuonornm n obLiecTBeHHoro 3aapaBooxpaHeHust MNieepa Jlyu, Mocy-
AapcTBeHHas nomollb — Mapwxkckune 6onbHULbl (AP-HP), YHuepcutetckue 6onbHuupbl Mutbe-CanbneTtpuep — Charles
Foix, Bupyconornyeckas nabopatopus, Mapwk, ®paHums.

Pestlome

BBepeHue. Bupyc repneca uenoseka 8-ro tuna (HHV-8) mano u3ydeH B KoHro, Hecmotpa Ha ero
pacnpocTtpaHeHHocTb B Adpuke. Cpeaun 3gopoBbix niogert HHV-8 He Bcerga npvBOAMT K ONACHOW ANS KU3HU
MHdEKUMW; 0OHaKo y nuu, ¢ ocrnabneHHsIM MMMYHUTETOM OH MOXET NpUBOAUTL K Bornee TSHKenomy TedeHuto
3aboneBaHusi. Pacnpegenexue reHotunos HHV-8 BapbupyeT B 3aBUCUMOCTU OT STHUYECKON NPUHAANEXHOCTU U
reorpadpmyeckoro permoHa.

MeToabl. [MpocnekTMBHOE MonepevyHoe uccriefoBaHve Bkovano 265 obpasuoB OT 300pPOBLIX AOHOPOB KPOBWU
13 HaunoHanbHoro LeHTpa nepenusaHus kKpoeu B bpassasune, cpegHuin BO3pacT KOTOpbIX cocTaensAn 35 ner, ¢
npegenbHbiMK 3HaveHuammu ot 18 go 60 nert. MNocne BbigeneHus OHK n3 obpasuos Obina npoeeaeHa rHe3goBas
MUP gonsa sbiseneHna HHV-8 ¢ nocneayoowmm reHoTMNMPOBaHMEM METOAOM amnnudmkaumm ¢ reHoTun-cneLm-
UYHBIMY NpariMepamu.

Pesynsratbl. [JHK HHV-8 6bina BbiseneHa B 4,9% o6pasuos. Bce obpasubl OHK HHV-8, koTtopbie 6binu
NnoABeprHyTbl FEHOTUMMPOBAHMIO NyTeM aMnnudmKaLnmn ¢ reHOTUMN-crneunduyHbLIMK NpaiMepamu, NpuHagnexanu
K OBYM OCHOBHbIM reHotunam: A n B. leHotun A 6bin BbiseneH B 5 (1,9%) obpasuax, a reHotun B — B 2
(0,7%) obpasuax, YTO NoATBEpPAMIO BCTpedaemMocTb oboux reHotunoB. OcTanbHble 06pasubl BupycHon OHK,
He WAeHTUMUUMPOBAHHbIE Kak MpUHaAnexalumMe OCHOBHbIM reHoTunaM, Obinn  KnaccuduumMpoBaHbl Kak
«HeonpegeneHHble» 1 Bknovanu 6 (2,3%) obpasLos.

3akntoyeHue. [onyyeHHble pedynbTaThl CBUAETENLCTBYIOT O TOM, 4TO KOHIo aBnseTca obnacTeio, rae HdeKums
HHV-8 siBnsieTca sHaeMU4YHON.

KnroueBble cnoBa: KoHeo, HHV-8; KSHV; eeHomurbl; 00HOPbI Kpo8U

Onsa uutupoBaHus: lloukou P.J., Boumba A.L.M., Ngombe Mouabata D.F.L., Massengo N.R.B., Malonga G.A., Moukas-
sa D., Ennaji M.M. O6HapyxeHune n reHoTUNMpoBaHne B1pyca reprneca 4Yenoseka 8-ro Tmna MoneKkynspHbIMM MeTogamu
y AoHopoB kpoBwu B KoHro. Borpocs! supyconoeuu. 2024; 69(3): 277—284. DOI: https://doi.org/10.36233/0507-4088-237

EDN: https://elibrary.ru/plhjbw

®duHaHcMpoBaHue. ABTOPbI 3as9BMSAT 06 OTCYTCTBMU BHELLHEro (oMHaAHCUPOBAaHUS MPY NPOBEAEHUN UCCIeO0BaHMS.
BnarogapHocTb. ABTOpbl Bnarogapst MMHUCTEPCTBO BhiCLLErO 06pa3oBaHusl, Hay4YHbIX UCCIIEQOBaHW U MIHHOBALMIA
Mapokko, CNRST, JlTabopaTtopuio BUpYCOnornm, OHKONMornm, Buonornyecknx Hayk, oKpy>xatoLen cpeabl U HOBbIX
McTo4HMKoB aHeprum (LVO BEEN) n ®akynbreT Hayk 1 TexHonorni Moxammegum, ounuan YHusepcuteta XacaHa |l B
KacabnaHke, Mapokko, 3a TEXHUYECKYIO 1 (OMHAHCOBYIO NOAAEPXKKY. Takke aBTOpbl BnarogapsaT JOKTOPCKYH Nporpammy
no Bonpocam 340poBbs U 6Guonorun Yenoseka dakynsteta MeauumMHckux Hayk (FSSA) YHusepcuTeta MapueHn Hryabu
(UMNG) 3a nogaepxky B cbope AaHHbIX.

KoHdnukT nHTepecoB. ABTOPbI AEKNapupyloT OTCYTCTBME SIBHbIX U NOTEHLUManbHbIX KOHIUKTOB UHTEPECOB,
CBSI3aHHbIX C NyOnunkaumnen HacTosiLLen cTaTbu.

OTuyeckoe yTBepxaeHue. ViccnegosaHve NnpoBoaMnock Npu o6poBonbHOM MHGOPMYPOBAHHOM Cornacum
nauuneHToB. [laHHOe nccnegoBaHne GbINo NPOBEAEHO B COOTBETCTBUM C ATUHECKUMU CTaHAapTaMu UCCNefoBaHui B
obnacTu MeaguUUHCKMX Hayk 1 ¢ cornacus BHyTpeHHero atuuyeckoro komuteta CNTS (NO: 62/UMNG.FSSA.V-DOY).

Introduction

Human herpesvirus 8 (HHV-8), also known as Kapo-
si’s sarcoma-associated herpesvirus (KSHV), causes se-
veral neoplastic diseases and is responsible for all forms
of Kaposi’s sarcoma (KS). HHV-8 infection is not ubi-
quitous, but endemic in sub-Saharan Africa, parts of Eas-
tern Europe, and the Mediterranean. It is the etiological
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agent of KS, primary effusion lymphoma (PEL) and mul-
ticentric Castleman disease (MCD) [1]. KS is today the
most common cancer in people living with HIV (PLHIV),
as well as in people living with HIV who have progressed
to acquired immunodeficiency syndrome (AIDS). The
prevalence of HHV-8 varies among different populations
and is commonly found in human immunodeficiency
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virus (HIV)-positive people and men who have sex with
men [2, 3].

HHV-8 is characterized by its high genetic variability
across the entire genome. Sequence analysis of the highly
variable K1 open reading frame (ORF) allowed the iden-
tification of six major genotypes of HHV-8, named A-F.
In addition, several subtypes have been described for geno-
types A to E [4—6]. Geographically, HHV-8 subtypes exhi-
bit distinct distribution patterns linked to the coevolution of
viruses with humans during migrations throughout history
[7]. Furthermore, evidence for a relationship between clini-
cal progression of KS and HHV-8 genotypes has also been
proposed. In this regard, genotype A was significantly as-
sociated with rapid progression of classic KS and high viral
load, while genotype C was linked to low viral load and
slow progression of KS, and genotype B was associated
with a better prognosis of this disease [8§—10].

Previous reports indicated that HHV-8 can be trans-
mitted through saliva, sexual and non-sexual transmis-
sion, through blood or blood components, and during
organ transplantation [11]. However, the exact route of
transmission is still very controversial. Some studies re-
port that saliva is implicated as the main vehicle of trans-
mission in sub-Saharan children; others, on the other
hand, support the hypothesis of horizontal transmission
in adulthood [3, 12].

It should be noted that HHV-8 can be transmitted by
blood transfusion. Ensuring good hemovigilance remains
a major public health problem in sub-Saharan Africa and
more particularly in low-income countries on the African
continent [13].

Several studies support the hypothesis of a clear pro-
bability of transmission of HHV-8 by blood transfusion
in sub-Saharan Africa. A study carried out in Uganda on
transfused patients tested before and after transfusion
showed that 43% of patients received HHV-8 seroposi-
tive blood and that the risk of seroconversion was signi-
ficantly higher in recipients of HHV-8 seropositive blood
[14]. Some countries in the subregion have reported
prevalences for HHV-8 among blood donors of 14, 22
and 57% in Burkina Faso, Central African Republic and
Tanzania, respectively [3, 15, 16]. A recent study carried
out among Malian blood donors reports a prevalence
0f 10.4% [17].

The HHV-8 genome, whose size is estimated
between 160-170 kb, with at least 87 reading frames
(ORFs), is characterized by significant heterogeneity.
Molecular epidemiology studies of HHV-8 are mainly
based on the ORF-K1 (870 bp), the analysis of this region
has made it possible to identify seven major molecular
subtypes or genotypes (A, B, C, D, E, F and Z) [10, 18].
Some HHV-8 genotypes are associated with rapid pro-
gression of certain forms of Kaposi’s sarcoma. The dis-
tribution of HHV-8 genotypes varies by geography and
ethnicity. Genotypes A and C are found in Europe, North
America, the Middle East and North Asia [10, 19, 20];
genotypes B and A5 are characteristic of Africa [21]; ge-
notype D is found in the Pacific Islands and Taiwan [5];
genotype E is reported in Native Americans and Brazi-
lians [22]; genotype F was first identified in Uganda [4]

OPUTUHANbHbBIE NCCNTEAOBAHUA

and recently reported in France [2], and genotype Z was
found in a small cohort of Zambian children [23].

HHV-8 studies in blood donors are almost absent while
the most feared post-transfusion infections are of viral
origin. We studied the prevalence of HHV-8 among blood
donors in Congo.

Material and methods

Study setting and participants

This is a prospective cross-sectional study inclu-
ding 265 blood samples from apparently healthy blood
donors collected at the National Blood Transfusion Cen-
ter in Brazzaville.

Inclusion criteria:

Age between 18 and 60 years old;
Physically fit for clinical examination;
Weight greater than or equal to 55 kg.

Non-inclusion criteria:

To take pills;

Have a chronic illness;

Having received a blood transfusion;

Behavior at risk of sexually transmitted diseases
(STDs);

Menstruating, lactating or pregnant women;

We analyzed 265 samples from blood donors of both
sexes aged 18 to 60 years in accordance with national
guidelines on blood donation, from the blood bank of the
National Transfusion Center of Congo-Brazzaville.

Viral DNA extraction

After routine blood bank screening, high molecular
weight DNA was extracted from peripheral blood leuko-
cytes of all samples selected by the genomic DNA Kkits.
The protocol was adopted in accordance with the manu-
facturer’s instructions and laboratory practices.

The purity and concentration of viral DNA were mea-
sured using a nucleic acid measuring instrument (nano-
drop), the quality of which was tested by amplifying
the human beta globin gene (268 Pb) with primers
GH20: 5> GAA GAG CCA AGG ACA GGT AC 3’ and
PC04: 5> CAA CTT CAT CCA CGT TCA CC 3’ in or-
der to check the quality of our samples. After amplifi-
cation on a thermal cycler, the detection was carried out
on 2% agarose gel. All samples were suitable for viral
DNA amplification.

Positive and Negative Controls

As a positive control we used samples identified as
positive for HHV-8 during a study carried out in people
living with HIV in Brazzaville [14], and as a negative
control we used Ultra Pure Water for PCR.

Detection of HHVS viral DNA and genotyping

All blood samples were amplified with a negative
control and the human gene -globin. PCR products were
detected by 2% agarose gel electrophoresis with ethidium
bromide staining.
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HHV-8 infection was determined by nested PCR with pri-
mers to the K1 gene (ORF-K1). In the 1st PCR round, sense
primer 5’-GGC CCTTGT GTAAAC CTGT-3’(51-69) and
antisense primer 5’-AGT ATC CGA CCT CAT AAA ATG-
3’(1081-1061) were used. In the 2nd PCR round, sense pri-
mer 5’-GAC CTT GTT GGA CAT CCT GTA 3’ (76-96) and
antisense primer 5’-ACT GGT TGC GTA TAG TCT TCC-
37 (961-941) were used. The reaction mix included 2 pl of
DNA in a full volume of 25 pl containing 12.5 pl of Green
Taq Mix, 6.5 pl of ultra pure water, 2 pul of the sense primer
and 2 pl of the antisense primer.

Both reactions were carried out under the following cy-
cle conditions:

For the 1% round of nested PCR, initial denaturation
at 94 °C for 120 s followed by 35 cycles of denaturation
at 94 °C for 30 s, annealing at 50 °C for 60 s, elongation
at 72 °C for 120 s that followed by the final step which is
the extension at 72 °C for 5 minutes.

For the 2" round of nested PCR, the conditions were
the same, with the exception of the annealing step which
this time took place at 50 °C for 45s.

After amplification with a thermal cycler amplicons
were visualized on a 2% agarose gel.

All HHV-8 positive DNA samples were subjected to ge-
notyping by amplification with specific primers (Table 1).

Statistical analysis

In blood donors, the correlation between HHV-8 posi-
tivity and independent variables such as sex, age, marital
status, blood donor types and genotypes was analyzed
using a Pearson’s chi-square test or a Fisher’s exact test
with RStudio software 2023.06.0+421 «Mountain Hy-
drangea» Release with version 4.2.2 of R.

The study was conducted with the informed consent
of the patients. This study was carried out in compliance
with the ethical standards for research in health sciences
(NO: 62/UMNG.FSSA.V-DOY) and with the agreement
of the Internal Ethics Committee of the CNTS.

Result

Sociodemographic characteristics of donors

A sociodemographic analysis of the donors revealed
a male predominance, with a sex ratio (M/F) of 1.4.

Table 1. Primers for HHV-8 genotyping
Tabauna 1. [Ipaitmepsr anst reHotunupoBanuss HHV-8

The age group of 31 to 45 was the most represented.
The average age was 35 years, with extremes ranging
from 18 to 60 years. Voluntary donors made up the ma-
jority of the donor group. According to marital status, the
most represented status was that of single.

Epidemiological characteristics of the population
studied according to HHV-8 infection

Of 265 DNA samples, 4.9% were positive for HHV-
8 DNA. All HHV-8 positive DNA samples that were
subjected to genotyping by amplification with specific
primers belonged to two major genotypes (A and B),
Table 1. Genotype A was identified in 5 (1.9%) samples
and genotype B — in 2 (0.7%) samples, indicating that
both genotypes were predominant. The remaining viral
DNA samples not identified as the major genotypes were
classified as «indeterminate» and consisted of 6 (2.3%)
samples (Table 2).

The presence of HHV-8 was higher in men than in
women (4.1% versus 0.8%) with a positive correla-
tion (p = 0.08), in regular donors with the prevalence
of 2.3%, with a higher prevalence among donors aged
between 18 and 30 years (2.3%), and singles — 4.2%
(Table 2).

Description of sociodemographic characteristics
according to genotype

Among the genotypes (A and B) identified during this
study, genotype A was predominant in men. The study
group ranged in age from 18 to 60 years old with an ave-
rage of 35 years old. The highest frequency of predomi-
nant genotype A was observed in the age group (31-45)
years, as well as in singles (Table 3).

Discussion

Tremendous efforts have been made since the disco-
very of HHV-8 more than two decades ago and until re-
cently to demonstrate the potential risk of HHV-8 trans-
mission through blood transfusion. Many routine tests
have been carried out in blood donors around the world
to ensure that immunologically safe blood is provided to
patients in response to the increasing demand for blood
transfusion in our country for various medical or surgical
conditions. So far, HHV-8 testing is not routinely recom-

Gene Primers Position Reference
I'en TIpaitmepst Ho3unus Ccbuika
Type A (AF133038.1) 5"-ATACTCGGCTTTTCCGACCG-3’ 265-284 Zainab B. Mohammed, Shatha
5’-GCTCTGTCCGATGCCCAGATT-3’ 359-340 F. Abdullah
Type B (AF133040.1) 5-CTGGAGTGATTTCCACGCCT-3’ 190-209 Zainab B. Mohammed, Shatha
5"-AGTCCCGTTGCAATACCAGG-3’ 269-250 F. Abdullah
Type C (AF133041.1) 5"-CAACGCCTTACACGTTGACC-3" 202-221 Zainab B. Mohammed, Shatha
5-CATGCGTCAGTCGGAAAAGC-3’ 291272 F. Abdullah
Type D (EF589758.1) 5’-GGCCCTTGTGTAAACCTGT-3" 159-178 Zainab B. Mohammed, Shatha
5’-AGTATCCGACCTCTAAAATG-3’ 239-220 F. Abdullah
B-globin / GH20 5’-GAA GAG CCAAGG ACA GGT AC-3 268Pb

PCO4

5’-CAA CTT CAT CCA CGT TCA CC-3°
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Table 2. Epidemiological characteristics of the population studied according to HHV-8 infection status

Taﬁmma 2. 3HPII[€MHOJ'IOFI/I‘I€CK3${ XapaKTepUuCTUuKa 06CJ'ICZ[OBaHHOP’I TIOMyJIsiuU B COOTBETCTBUM CO CTATyCOM II0 I/IH(bI/ILII/IpoBaHI/IIO BUpYyCOM

reprieca yesioBeKa §-ro Tuma

Variables Negative (%) Positive (%)

IMapameTpbt N/265 (%) Herarususii (%) Io3uTuBHBbI (%) P
Gender 0.08
Ilon

Male
My KYHHBI 155 (58.5) 145 (54.7) 10 (4.1)
Female
YKeHIMHEL 110 (41.5) 107 (40.4) 3(0.8)
Age 0.1
Bospact
18-30 113 (42.7) 108 (40.8) 6(2.3)
1-45 127 (47.9) 119 (44.9) 5(1.9)
46-60 25 (9.4) 25(9.4) 2(0.7)
Marital status 0.3
CeMmeiiHOE TTONIOKEHUE
Single
OnuHOKME 141 (53.2) 134 (50.6) 11(4.2)
Married
B 6paxe 43 (16.2) 43 (16.2) 2(0.7)
Concubine 81 (30.6) 75 (28.3) 0.0.0)
B coxurenscTse : . .
Blood donors 01
JIOHOPBI KPOBHU
Voluntary
Be3Bo3MesaHbIe 125 (47.2) 121 (45.7) 5(1.9)
Family
PoncTBeHHUKH 59(22.2) 57(21.5) 2(0.7)
Regular
ITocTosHHBIE 81(30.6) 74 (27.9) 6(2.3)
Genotypes
T'enoturmnsl
A 5(19) 0(0.0) 5(1.9) -
B 2(0.7) 0(0.0) 2(0.7) -
Indefinite
Heonpenenenupiii 6(2.3) 0(0.0) 6(2.3) -
Negative
HeraruBHbiii 252(95.1) 252 (95.1) 0(0.0) —

mended, except in an endemic area, because several facts
suggest a potential role of HHV-8 in the pathogenesis of
many diseases. More importantly, most blood recipients
have immune problems that promote HHV-8 activation.
The increasing spread of HHV-8 around the world and
neighboring countries has led to the decision to test blood
donors [17]. Apart from the recent study by Malonga G et
al, there were no such studies or statistics in Congo that
would allow further interpretation [24].

Among the 13 positives, 7 samples were typeable, and
genotype A was the most predominant (1.9%), followed
by genotype B (0.7%). The major genotypes (A to Z) of
the virus have been identified as having distinct distribu-
tions among different geographic and ethnic groups that

are influenced by population migration [10, 19]. Our re-
sults showed that the majority of blood donors had both
genotypes A and B, which coincided with a recent stu-
dy conducted in Congo in people living with HIV, and
are consistent with data from the study by Betsem et
al. which found genotype A and genotype B circulating
mainly in the Cameroonian population [25]. It should be
noted that genotypes A and B were also found among KS
patients in Zimbabwe [26], in the Central African Re-
public [27, 28], in South Africa and Uganda [4, 21]. In
contrast, a study conducted by Lacoste et al. in a speci-
fic region described genotype B as the only one circula-
ting in Congo in a patient with MCD. On the other hand,
Varmazyar et al. reported that genotype A was more fre-
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Table 3. Description of sociodemographic characteristics according to HHV-8 genotype

Tadauua 3. Onucanue conuanbHO-AeMOrpaGUUecKuX XapakTepuCTHK B 3aBUCUMOCTH OT reHotuna HHV-8

HHV-8 genotype
Tenorun HHV-8
Variables -
TMapamerpsr Indefinite
N/265 (%) A (%) B (%) HeonpeneneHHbli
(%)
Gender
ITon
Male 155 (58.5)
[y — 4 (1.51) 2 (0.76) 4 (1.51)
Female
FeHIMHEL 110 (41.5) 1(0.38) 0(0.0) 2 (0.76)
Age
Bospacr
18-30 113 (42.7) 2 (0.76) 1(0.38) 3(1.13)
31-45 127 (47.9) 3(1.13) 1(0.38) 1(0.38)
46-60 25(9.4) 0(0.0) 0(0.0) 2 (0.76)
Marital status
CemeiiHOE TTONIOXKEHHE
Single
OmmHoKite 141 (53.2) 4 (1.51) 1(0.38) 6(2.27)
Married 1(0.38) 1(0.38)
B Gpaxe 43 (16.2) 0(0.0)
Concubine 81 (30.6) 0 (0.0) 0 (0.0) 0 (0.0)
B coxutenscTBe ’ ’ ' ’
Blood donors
Jlonops! kpoBn
Voluntary
Be3Bo3Me3HELe 125 (47.2) 2 (0.76) 1(0.38) 2 (0.76)
Family
S — 59 (22.2) 1(0.38) 0(0.0) 1(0.38)
Regular
HoeTosHHbIE 81 (30.6) 2 (0.76) 1(0.38) 3(1.13)
quently detected in HIV-infected patients, with or without have sex with men associated with severe pathologies. J. Infect. Dis.
KS. than in HIV—negative individuals [20]. Unlike other 20205 222(8): 1320-8. DOI: https://domrg/lQ.1093/1nfd15/]1aa180
(’1. h t Aand C h he l t £ 3. Lidenge S.J., Tran T.,, Tso FY. Ngowi JR., Shea D.M.,
studies w. er,e gen(? ypes h an ave t C arges area(? Mwaiselage J., et al. Prevalence of Kaposi’s sarcoma-associated
prevalence, IIlChldlIlg Afrlca, EurOpe, Middle East, Asia herpesvirus and transfusion-transmissible infections in Tanzanian
[29, 30], genotype A was mainly identified in our study blood donors. Int. J. Infect. Dis. 2020; 95: 204-9. DOI: https://doi.
: : : ; org/10.1016/.ijid.2020.04.018
and this genotype was mamly detected in Affica [21]' 4. Kajumbula H., Wallace R.G., Zong J.C., Hokello J., Sussman N.,
Conclusion Simms S., et al. Ugandan Kaposi’s sarcoma-associated
. . ] . . herpesvirusphylogeny: evidence for cross-ethnic transmission of
In conclusion, this study provides additional evidence viral subtypes. Intervirology. 2006; 49(3): 133—43. DOL: https://doi.
of the potential risk of HHV-8 transmission through org/10.1159/000089374 .
5. Cassar O., Charavay F., Bassot S., Plancoulaine S., Grangeon

blood transfusion. Genotyping results showed the pre-
dominance of genotype A. Further research is needed
to explain the possible presence of HHV-8 infection in
the population, which could help clarify many aspects of
HHV-8 epidemiology and viral transmission factors.
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Cuctema uMMyHothepMeHTHOIro aHanu3a Ans ceposiormyeckomn
AWarHOCTUKN reMopparn4eckoun nMxopaaku ¢ noYevHbIM
CUHOPOMOM Ha OCHOBE MHAKTUBUPOBAHHOIO OUYMLLEHHOIO
Bupyca lNyymana (Hantaviridae: Orthohantavirus)

MeaHos A.l. , O3aryposa T.K., Kypawosa C.C., Teogoposu4 P[1.,
Knebneesa T.[]., TkayeHko E.A.

PrAHY «PepepanbHbIii Hay4YHbIV LEHTP UCCREeAoBaHUiA U pa3paboTkn MMMYHonornyeckux npenapartos M. M.MN. Yymakosa PAH
(MHcTnTyT nonnomuenuta)», 108819, r. Mocksa, Poccusi

Pestome

BBepneHue. lemopparvnyeckas nuxopagka ¢ nodedHbiM cuHgpomom (ITIMNC) sensietca Hambonee pacnpocTtpa-
HEHHbIM 300HO3HbLIM BMPYCHbLIM 3aboneBaHveM Yenoseka Ha TeppuTopun Poccuiickon ®egepaumu. bonee 98%
3abonesaemocTy TIMNC BbI3BaHO opToxaHTaBupycom Nyymana (MYY). Ona nabopatopHon gnarHoctuku MMNC, B
YaCTHOCTW CepoamnarHOCTUKN KIIMHNYECKUX cnyyaes, TpebytoTcs addeKTUBHbIE (BbICOKOYYBCTBUTENBHbIE, CNeum-
drYHbIE, MaKCMMarnbHO 0GbEKTUBHBIE U BbICTPbIE B UCTMONHEHNN) CEPONOINYECcKNe TeCTbl, pa3paboTka KOTopbIX
SBMSAETCA BaXKHEWLIMM 31IEMEHTOM KOHTPONS 4aHHOIO BUPYCHOro 3aboneBaHus.

Llenb nccnepoBaHus. KoHCTpyMpoBaHue cuctembl MMMyHOodepMeHTHoro aHanmsa (MPA) ona onpeaeneHus
cneumuryeckmx aHTUTen ¢ NCNOMb30BaHMEM CTaHOAPTHOrO aHTUreHa B BUAE BbICOKOOUMULLEHHOTO MHaKTUBMPO-
BaHHoOro Bupyca 1YY B kayecTBe MMMyHOCOpOeHTa.

Martepuanbl u metoabl. [lonyyeHne npenapaToB BbICOKOOYMLLEHHOIO aHTUreHa supyca 1YY, KoHCcTpynpoBaHue
cuctembl NPA onsa onpegenexvsa cneumnduyecknx aHtuten, otpabortka napameTtpoB cuctembl MOA, napannens-
HOe TUTpOBaHWE CbIBOPOTOK KpoBu GonbHbix [TINC meTogom cdnyopecumpytowmx aHtuten (M®OA) n HoBbiM Bapu-
aHToM NDA.

Pe3ynkTathl u o6cyxaeHue. Bnepsble B nabopaTtopHon npaktuke uccnegosanus MIMC Gbina ckoHCTpyupoBa-
Ha cnctema NPA Ha OCHOBE OYMLLIEHHOIO MHAKTUBMPOBaHHOMO Bupyca MMYY (ueneBon KOMMNOHEHT 3KCnepuMeH-
TanbHoOn BakuuHbl Npotue [TIMNC) B Ka4yecTBe CTaHAAPTHOrO aHTUreHa npu NpsIMon copbumm Ha TBepayt dasy
(vmmyHonaHens). MapannensHoe TuTpoBaHne 50 06pa3uyoB CbIBOPOTOK KpoBu 6onbHbix [TINC metogamn MOA
n paspabortaHHoro BapuaHTa VA nokasano BbICOKYIO YyBCTBUTENLHOCTb U CNELM(UYHOCTb AaHHOIO BapuaHTa
NPA, otmedeHbl 100% coBnageHne pesynsraTtoB TECTOB (Ha YPOBHE MONOXUTENbHLIA/OTPULATENBHBIN pesynsTaT)
N 3HAYMTENbHBIN YPOBEHb KOPPENSALUM BENNYMH TUTPOB Crieundmnyecknx aHTuTen AByx TECTOB.

3akntoyeHue. PaspaboTtaHHbii BapmaHT UDA ang onpepeneHns aHtuten kK Bupycy MYY Ha ocHOBE O4YMLLEHHOrO
WHaKTUBUPOBaHHOro Bupyca lMYY — ueneBoro KOMMOHeHTa BakUuHHOro npenapara npotus [TIMNC B kayecTBe UM-
MyHocopbeHTa — MOXeT ObITb 3hPEKTMBHO UCNonb3oBaH Ansa cepogunarHocTuku MMNC 1 maccoBbIx cepo-anvae-
MMONOrMYECKMX UCCnegoBaHui.

KnioueBble cnosa: eemMoppazuyeckasi siuxopadka ¢ noyeqHbIM CUHOPoMoM; xaHmasupyc yymarna; xaHmasupyc-
Hasi eaKyuHa; UMMYHOGePMeHMHbIU aHanu3;, Memod ¢hrlyopecyupyrouux aHmumern

Ona untupoBanus: MeaHoB A.l., [3arypoea T.K., Kypawosa C.C., Teogoposuy P[., Knebneesa T.[., Tka-
yeHko E.A. Cuctema nMMyHodbepMEHTHOrO aHanm3a Ans ceposiornvyeckon AnarHOCTUKM remopparnyeckon nu-
XOpagKu C NoYeYHbIM CUHAPOMOM Ha OCHOBE MHAKTMBMPOBAHHOIO ounweHHoro Bupyca lNyymana (Hantaviridae:
Orthohantavirus). Bonpoce! supyconoauu. 2024; 69(3): 285-289. DOI: https://doi.org/10.36233/0507-4088-230
EDN: https://elibrary.ru/mgtslj

¢MH3HCMpOBaHMe. ABTOpr 3aaBns0T 06 OTCYTCTBUWU BHELUHEro d:)I/IHaHCVIpOBaHVIFl npu nposegeHnn uccrnegoBaHud.

KoHdnukT nHTepecoB. ABTOpbI AeKNapupyOT OTCYTCTBUE SIBHBIX U MOTEHUManbHbIX KOHMIMKTOB MHTEPECOB, CBA3aH-
HbIX C NybrMkaumen HacTosILLEeN CTaTby.

ATuyeckoe yTBepxaeHue. ViccnegosaHne NpoBoannock Npun 4o06poBobHOM MHOPMUPOBAHHOM COTMacm NaLneHToB.
MpoTokon uccneposanns ogobpeH Atnyeckum kommtetom PrAHY «PegepanbHbIN HayYHbIN LLEHTP NCCNeaoBaHWiA 1 pas-
paboTkn ummyHonornyeckmx npenapatos uMm. M.M. Yymakosa PAH (MuctutyT nonnommenmta)» (Mpotokon Ne 1906/8k
ot 19.06.2024).
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Abstract

Introduction. Hemorrhagic fever with renal syndrome (HFRS) is the most common zoonotic human viral disease
in the Russian Federation. More than 98% of the HFRS cases are caused by Puumala orthohantavirus (PUU).
Effective serological tests are required for laboratory diagnosis of HFRS.

Objective. Construction of an enzyme immunoassay (ELISA) test system for detection of specific antibodies using
standard antigen in the form of highly purified inactivated PUU virus as immunosorbent.

Materials and methods. Preparation of PUU virus antigen, designing the ELISA for detection of specific
antibodies, developing parameters of the ELISA system, parallel titration of HFRS patients sera by fluorescent
antibody technique (FAT) and the new ELISA.

Results and discussion. For the first time, ELISA based on purified inactivated PUU virus as standard antigen
directly absorbed onto immunoplate was developed. Parallel titration of 50 samples from HFRS patients blood
sera using FAT and the developed ELISA showed high sensitivity and specificity of this ELISA, with 100%
concordance of testing results and significant level of correlation between the titers of specific antibodies in the
two assays.

Conclusion. The ELISA based on purified inactivated PUU virus as an immunosorbent can be effectively used for
HFRS serological diagnosis and for mass seroepidemiological studies.

Keywords: hemorrhagic fever with renal syndrome; Puumala hantavirus; hantavirus vaccine; enzyme immunoas-
say; fluorescent antibody technique
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BBenenue

JlabopaTopHasi TUarHOCTHKa reMOpparnyecKkoi Juxo-
panku ¢ modednbiM cuaapomoM (IJIIIC) — omHOTO M3 Be-
IYITUX 300HO3HBIX BUPYCHBIX 3a00JIeBaHUI YeIoBeKa Ha
tepputopun Poccuiickoit @enepariuu (Bo30yIuTenu — op-
TOXaHTaBHPYCHI, cemeiicTBo Hantaviridae) — nOCTaTOYHO
HCclienoBaHHas TeMa, HauuHas ¢ 80-x romoB XX Beka.
OcHoBoit ceponornueckoit amarHoctuku [JIIIC Ovin
Meton (ayopecrupyrommux antuten (M®PA) [1], 3arem
— pa3iUYHBIC BapHUaHTHl IMMYHOCOPOEHTHBIX METOMOB:
ummyHopepmentHoro (UDA) u paanoMMMyHHOTO aHa-
nM3a, pa3pa0OTaHHBIE B TOM YHWCIIE aBTOpaMH JaHHON
nyonmukannu [2, 3]. Co3ganne KyasTypadbHON HWHAaKTH-
BUPOBAaHHOM XaHTAaBUPYCHOW BaKLMHBI, HaIpUMEp, Ha
ocHoBe Bupyca [lyymana (ITVYVY), npenycmarpuBaer BbI-
COKYIO CTENEHb OYUCTKU BHPYCa, YTO TA€T BO3MOKHOCTh
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TaK)Ke MCIIOJIb30BaTh BAaKLUMHHBIA MpenapaTr B KauecTBE
nmmyHocopOenTa s MDA (B cuctemax ompeneneHus
CHEeIU(PUUSCKUX aHTUTEN), T.€. B BUJE MPSIMON COpOIIUN
OYMILEHHOTO HMHAKTUBUPOBAaHHOIO BHpYyCa Ha TBEPAYIO
(azy (mmmyHonanens). Takas cucrema MDA mpencras-
JSIeT COOOM TPEXCIOMHBIN «COHABUY»: UMMYHOCOPOEHT
(cTaHmapTHBIA AaHTUTEH) — UCCIEAyeMas ChIBOPOTKA — aH-
THUBUJIOBOH TIEPOKCHUIA3HEIN KOHBIOTAT, UTO 00eCcIeurnBa-
eT Oosee BBICOKYIO CIEHU(UIHOCTh TECTA, MOCKOIBKY
CEHCUOMIM3UPYIOIINE aHTUTENA OTCYTCTBYIOT.

Heas uccnenoBanms — paspaboTka Bapuanta UDA Ha
OCHOBE BBICOKOOUHIIICHHOTO MHAKTUBUPOBAHHOTO BUPY-
ca [IYY mist onpeneneHust aHTHTEN K HEMY y OOJBHBIX
[JIIC (ceponormdeckas NHATHOCTUKA KITMHHUYECKIX
CIIy4aeB), a TAKXKe JUISI IPOBEACHUS MAaCCOBBIX CEPO-3ITH-
JEMHUOJIOTMYECKUX UCCIIEAOBAaHUI Ha 3HAEMHUYHBIX TEp-
PpHUTOPHSIX.
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MaTepI/Ia.]'lbI U METOAbI

CreiBopoTku kpoBu 00npHBIX [JIIIC ObUTH TTONTYYCHBI
n3 ObY3 [I'nd OpenOyprckoil o0nacTu ¢ mEIbi0 ce-
pOTHUIHMPOBaHUS. AHTHUTENA K XaHTaBUPYCaM B CBHIBO-
potkax kpoBu 0onbHBIX [JIIIC BBISBIAIN C TTOMOIIBIO
M®A, ontucanHoro pasee [ 1], ¢ ucrmonp30BaHEM MOHO-
BaJICHTHBIX KYJIBTyPaJbHBIX aHTUI'€HOB BUpycoB 1YY
u Jlo6paBa ([IOb), a Taxxke Huarnocrukyma [JITIC
KyJIBTYypaJbHOTO TOJIMBAJICHTHOTO AJIS HENPSIMOIO Me-
ToZla UMMYHOMII00peceHIMN mpou3Bonctea GPIAHY
«OHIMWPUIT um. M.I1. YymakoBa PAH» (MucTHTYT 110-
JMOMHENNTA) 10 MHCTPYKIHMU IpousBoxutess. ChIBo-
POTKH KpOBU OONBHBIX MOCTYHAIN M3 WHPEKINOHHBIX
OOJBHHUIL JUTSI IPOBEICHUS CIIEU(UIESCKON THarHOCTH-
ku. HpopMupoBanHOE 10OPOBONBHOE COTIacHe Malu-
€HTBI ITOJIMUCHIBAJIM IPU rocuTa u3auu. Takum oopa-
30M, OZOOpEHUs NCCIIEOBaHUS DTHUECKUM KOMUTETOM
He TpeOoBaIoCh.

B kadyecTBe cTaHAAPTHOIO AHTUIEHA B MPEACTABIICH-
Hoit UDA-TecT-cucTeMe UCTOIb30BaI HHAKTUBUPOBAH-
HBIH ounieHHbI Bupyc 1YY, npencrasnsroniuii coboit
nonygadpukar HKCIIEPUMEHTAIbHOTO WHAKTUBUPOBAH-
HOTO LIeTbHOBHPHOHHOTO BaKIIMHHOTO Tpernapara, Mmoiy-
genHoro Ha ocHose mrTamMma [1YY-TK/I-VERO mo panee
ormucaHHoW TexHonoruu [4]. KopoTko: KyIbTypaJbHYHO
XKHUIKOCTh KIIETOK Vero, nHpuImpoBaHHEIX BUpycoM [1VY,
ocBems (prtsrparmeit (gursrp-marpor PPGO60B01BA
¢ punerpom Poly Pro XL 6,0), KOHIIEHTPHPOBAIIA METOIOM
yIBTpaUIBTpaliil B TaHTEHIMAIFHOM TIOTOKe (Kaccera
Pellicon 2 mini.), ”HAKTUBHPOBAIM [-TIPONMOIAKTOHOM
B pazBenenuu 1 : 6000, xpoMarorpauecKyl OUUINAIN Ha
copbenre Capto Core 700 (GE Healthcare). TTomydennsrit
OYMIICHHBI MHAKTMBUPOBAHHBIN Mpenapar Bupyca 1YY
comepskai 5,6 x 10* komuit BupycHoit PHK/mi, 21,3 Mkr/
M 001ero Oeka.

IIpumensu cucremy MDA i onpeneneHus aHTUTEN
kiacca G (IgG) k Bupycy I[1YY B cbIBOPOTKaX KPOBH 00JIb-
ueIx [JIIIC. Ummynomanemn (Costar, xat. Ne 9018) cen-
CUOMIM3UPOBAIH OYUIICHHBIM aHTHTEHOM BHpyca [1YY
(BakIMHHBIN Tpernapar) B KOHICHTparwu 2,5 MKI/MJI
(momo6paHa mIaxMaTHBEIM TUTPOBaHHWEM) B KapOOHaT-Ou-
kapOonatHoM Oydepe, pH 9,6 (Sigma, xar. Ne C3041-
100CAP), o 0,1 mi/nyHka u uHKyOupoBanu 18 4 mpu
temneparype +4 °C. Tlocne 3-kparHoit ormbiBkH 0,05%
Tween-20 B pocdarno-coneBom 6ydepe (T-PCB) u 6710-
KApOBaHHsI CBOOOIHBIX caliToB 1% ¢eranbHON Oblubeit
ceiBopoTKoit (Gibco, BemmkoOpuranus) mo 0,2 mMi/myHKa
B Teuerne 1 4 mpu +37 °C u 3-KpaTHOW OTMBIBKH BHO-
cwn (0,1 mMi/nmyHKa) pa3BeJCHHUS aHATM3UPYEMBIX ChIBO-
porok, HauuHas ¢ 1 : 100 B UDA-Gydpepe (T-OCB-1%
(etanpHast ObIYbA CHIBOPOTKA). llapamnensHO BHOCHIN
MOJIOKUTETBHYIO U OTPULIATENIbEHYIO KOHTPOJIbHBIE CHIBO-
POTKH KpoBU O0NMBHBIX. CHIBOPOTKHM WHKyOHMpoBanmu 1 4
npu +37 °C. Ilocne 5-kparHoit ormbiBKH BHOCHIH (0,1
MII/JIyHKa) MepOKCHIa3HbIi KoHblorar npotuB IgG de-
noBeka (Sigma, xar. Ne A-6029-1ML) B onTuMamsHOM
pa3senennn (B MPA-Oydepe), momoOpaHHOM Iaxmar-
HBIM TUTpoBaHueM. MukyoupoBamu 1 u mpu +37 °C.
[locne 5-xparHo#t oTrmeiBkH BHOcwin (0,1 wmi/myHKa)
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cyoctpar TMB (Sigma, xar. Ne T0440-100ML, CIILA),
nHKyOnpoBanmy 30 MHH B TEMHOTE NIPH KOMHATHOW TeM-
neparype. Peakuuio ocranaBmuBanmu 2M pacTBOpoM
ceproit kuciotel (0,05 mi/myHka). ONTHYECKYIO TUIOT-
HocTh (OII) mmepsm pu 450 aM (Thermo Scientific
Multiscan FC ELISA reader, Thermo Labsystems, ®un-
nsHAus). Pesynprar cuuTany moiaoKUTENbHBIM NP 3HA-
geruu P/N (OIl onbita/OIl KOHTpOS B MaKCHMaITBHBIX
pa3BeneHHAxX chIBOpoTKH) 2,1 u Gosee [2].

CrarucTuyeckyto o0pabOTKy pe3yJbTaToB ITPOBOIMIIH
C WCIIONIE30BaHUEM MIPOrpaMMHOTO obecrnieueHust Micro-
soft Excel.

HccnenmoBanue mpoBOIMIIOCH NP TOOPOBOJIBHOM HH-
(hopMUPOBAHHOM COTTIACHH MaNueHTOB. [IpoToKkom mcce-
noBaHusa ogo0peH DtudeckuM komutetoM OIAHY «De-
JlepabHBIA HAayYHBIH IIEHTP UCCIEOBaHUHA M pa3paboT-
KM IMMYHOJIOTHYECKUX npenaparoB uMm. M.I1. UymakoBa
PAH (Muctutryr momuomuenura)» (IIporoxom 1906/8x
ot 19.06.2024).

Pe3yJI]>TaT])I H oﬁcymelme

Pesynwratel onpenenenus anturen (IgG) x Bo30yaw-
temo [JIIIC ¢ ucnonszoBanueM Bapuanta MDA Ha oc-
HOBE BBICOKOOUHUIIIEHHOTO HMHAKTHBHPOBAHHOTO BHpYycCa
I[TYY u M®A ¢ paznu4yHbIMUA aHTUT€HAMH YKa3bIBalOT Ha
BBICOKYIO UyBCTBHUTEIHHOCTH M CIEIUGUIHOCTH TIPEI-
nmaraemoro merona MDA, uyto 00yCloBIEHO, BO-IIEPBHIX,
KaueCTBOM OYMCTKM QHTUIC€HA U, BO-BTOPBIX, AU3AIHOM
npeanaraemoro Bapuanta U®DA, npenycmarpuparoliie-
ro HaHECEHHe aHTUIeHAa Ha TBepAylo (a3y Oe3 mpenBa-
pUTENbHOW ee ceHcuOwnm3anuu aHTutenamu. Crucrema
omnpeeNsieT aHTUTeNa UCKIIUUTENbHO K BUpycy [IVY,
MOCKOJIbKY aHTHUICH MPEICTaBIAeT COOOU IENbHOBUPU-
OHHYIO CTPYKTYpY, B peakuuu (pakTH4eCKd HPUHUMAIOT
yYacTHe SIHTOIBl BHPYCHOH 00OIOYKH, OONamaromme
tunocrnenuuanoctero  [4]. Koaddumument koppens-
1uuu () BeIU4uH TUTPOB 1o JaHHbIM MDA u UDA umen
BeICOKO€ 3HadueHwue: 0,7.

B Tab/auue npeacraBieHsl pe3yasTaThl MapalieIbHOTO
TUTPOBAHUS CHIBOPOTOK KpoBU O0ybHBEIX [JITIC B MDA
u UDA.

OTCyTCTBHUE JIOKHOTIONOKUTENBHBIX PE3YIILTaTOB TOA-
TBEPXKJICHO OTPULIATENIbHBIMU PE3yJIbTaTaMu HCCIeI0Ba-
Hus 50 CBIBOPOTOK KPOBH U3 He 3HJeMU4HbIX 1o [JIIIC
pailoHOB B mapajuleIbHOM CKPUHUHTE IOCPEICTBOM
M®A u UDA.

3ak/oueHue

Takum o6paszom, nmokazano 100% coBnaaeHue pe3yib-
tatoB MOA MDA mnpu Oonee BBHICOKOH TyBCTBHTEIBHO-
ctu MDA (B 8—16 pa3 no tutpy antuten). Pazpaboran-
Hblii BapuaHT MDA He sBisieTcs (GYHKIMOHAIBHBIM Te-
CTOM (B OTIMYHME OT peakiuu Heirpamusammn 1 MDA),
OJHAaKo Oyarofapsl JOCTAaTOYHOW MPOCTOTE, CKOPOCTH
WCTIOJHEHHS U BO3MOXKHOCTH 00CIIEA0BaHMS 3HAYNUTEIb-
HOTO KOJMYecTBa 0OpasloB CHIBOPOTOK KPOBH OH MO-
JKeT HCIob30BaTbes st cepoauarsoctuxu IJINIC, npu
oLeHKe 3(h(HEeKTUBHOCTH pa3padaTbIBaeMbIX XaHTaBUPYC-
HBIX BaKIMH U JUII MAacCOBBIX CEpO-3IHIEMHUOJIOrHYE-
CKHX MCCIEJOBAHU.
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Tadauua. Pe3ynprarsl mapajuieIbHOro THTPOBAHUS CHIBOPOTOK KpoBu GonbHEIX [JITIC B MDA u UDA
Table. Results of parallel titration of HFRS patient blood sera in FAT and ELISA

Tutp anturen

Antibody titer Ceporun
Ne n/m Ne per. Hen, GOH?BHH M®A NOA Serotype
Sample # Registration # Day from disease FAT ELISA (1YY, JIOB)
onset

vy/10b TlonuBanent* vy (PUU, DOB)

PUU/DOB Polyvalent PUU
1 9089a 12 1024/4096** 4096 0 0B
2 9086 15 2048/16 000 16 000 0 pI(0)3)
3 9092 9 64 000/256 64 000 409 600 nyy
4 9093 7 16 000/128 16 000 51200 nyy
5 9094 10 16 000/64 16 000 51200 nyy
6 9097 11 16 000/128 16 000 102 400 nyy
7 9098 10 16 000/64 16 000 51200 nyy
8 9099 6 4096/32 4096 12 800 nyy
9 9100 6 16 000/64 16 000 102 400 nyy
10 9101 16 Otp. Otp. Otp.

Negative Negative Negative
11 9103 14 64/otp (negative) 64 3200 vy
12 9104 14 16 000/128 16 000 25600 nyy
13 9107 18 32 000/256 32 000 51200 nyy
14 9112 12 64 000/128 64 000 102 400 nyy
15 9114 13 16 000/64 16 000 51200 nyy
16 9115 12 16 000/64 16 000 102400 nyy
17 9118 15 16 000/128 16 000 102 400 nyy
18 9119 10 8000/64 8000 51200 nyy
19 9120 4 16 000/64 16 000 102 400 nyy
20 9126 16 16 000/128 16 000 102 400 nyy
21 9127 9 OTp. OTp. Otp.

Negative Negative Negative
22 9129 12 16 000/128 16 000 102 400 nyy
23 9131 4 64 000/128 64 000 102 400 nyy
24 9132 19 16 000/128 16 000 102 400 nyy
25 9133 8 16 000/64 16 000 25 600 nyy
26 9134 13 16 000/64 16 000 102 400 nyy
27 9135 11 Orp. Orp. Orp.

Negative Negative Negative
28 9137 17 32 000/128 32 000 102 400 nyy
29 9138 13 16 000/64 16 000 25 600 nyy
30 9139 10 16 000/64 16 000 12 800 nyy
31 9141 12 32 000/128 32000 51200 vy
32 9142 23 8000/64 8000 25 600 vy
33 9144 9 16 000/64 16 000 51200 vy
34 9145 9 16 000/128 16 000 25 600 vy
35 9147 11 64 000/128 64 000 51200 vy
36 9148 9 4096/32 4096 12 800 nyy
37 9149 3 16 000/64 16 000 25 600 vy
38 9150 7 16 000/128 16 000 51200 nyy
39 9151 17 Otp. Otp. Ortp.

Negative Negative Negative
40 9152 9 64 000/128 64 000 102 400 vy
41 9153 6 16 000/64 16 000 102 400 nyy
42 9154 23 16 000/128 16 000 25600 nyy
43 9156 17 64 000/256 64 000 409 600 nyy
44 9157 12 64 000/128 64 000 409 600 nyy
45 9158 14 1024/32 1024 3200 nyy
46 9160 7 32 000/128 32 000 51200 nyy
47 9161 12 16 000/128 16 000 102 400 nyy
48 9162 8 64 000/64 64 000 204 800 nyy
49 9164 5 512/otp. (negative) 512 6400 nyy
50 9165 8 16 000/128 16 000 102 400 nyy

Ipumeuanue. * — luarnoctuxym [JITIC; ** — oOparHas Beau4YMHA TUTpA.

Note. * — HFRS Test system; ** — reciprocal.
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]

Mon yuutens.
K 110-neTnio co oHA poXaeHUA akageMuka
Buktopa Muxaunnosuya XXaaHoBa

[Ipoucxonsias co BpeMeHeM KaHOHM3auusi Bukropa Mu-
xaitnoBu4a JK71aHOBa CTUpaeT B HaIlled NMaMsTU YepPThI KHUBO-
ro yenoseka. Te, ko npunuu B Bupycosnoruro 10, 20 u na-
xe 30 jeT Hazaja, BOCOPHHUMAIOT €ro KaK JIETCHAAPHYIO JINd-
HocTh. Ero moprpets! un Oapenbed ykpamraioT pyKOBOTMMBINA
uM Oosiee yeTBepTH Beka MHCTUTYT BUPYCOJIOTHH, a €70 KHUTH
JIaBHO CTaly Kjaccukoil. Ho B BOCIIOMMHAHUAX TEX, KOMY Bbl-
Tajia 4ecTh paboTarh 1oji pyKoBoacTBoM Bukropa MuxaiinoBu-
4a, OH NPEACTAET KaK OUEHb SHEPIUYHBINA U MOABHKHBINA 4eNIO0-
BEK C TAaKUMH 3aMEYaTeIbHBIMU YEIOBEUYECKHMH Ka4eCTBaMH,
Kak THOKOCTh yMa, 4yBCTBO IOMOpA, 3APaBBIH CMBICI, HEYTO-
MHMOCTh U J0OpOoXKenarensHOCTh. bomee 25 mer s obmancs
C 3THM BBIAAIONIMMCS YYEHBIM M 3aMe4aTeIbHBIM YEJIOBEKOM,
Kak r'yOKa BIUTHIBAJI CTHJIb €ro pabOoTHI, OTHOIIEHHE K JIFOIISIM,
TIOBEJICHHUE B OBITY, IPUHIIHIIBI, B3[JIS/IBI HA KU3Hb.

Buxtop MuxaiioBU4 OBUT CaMBIM MOJIOBIM TIPEACTABUTE-
JIEM KOTOPTHI BETUKHX OT€UECTBEHHBIX BUPYCOJIOTOB IIEPBOTO
nokonenust. OH poawics B 1914 rogy B ykpauHCKOM TOCEINKE
[IrenrHo B ceMbe MeCTHOM MHTEIMreHnuu. OTel ero Obul
BpayoM, MaTh — yuuTenbHuied. O4eHp paHo, eme A0 Io-
CTYIUIEHUS B LIKONTy, OH HAY4MJICS YMTaTh W mucarb. Yuran
OH BCerzia 04eHb MHOTO, OBICTPO M BCETAA OMHMI COJepIKa-
HHUE NPOYUTAHHBIX UM KHUL.

B nercrBe oH oOyumiics urpars Ha (oprenuano. JTo yme-
HUE OYEHb NPUTOAMIOCH €My B CTYIEHYECKHE TObl, KOTIa
OH nonpabarsIBaj TarepoM B kuHoTearpe (puitbmbl Torna Obl-
T HEMBIC W HY>KIIUCh B MY3BIKAJIHHOM COIPOBOXKIACHHM).
Ha Bropom kypce Hammcan onepy «Jlyma npo kazaka Omnana-
ca» M IIOCTaBHJI €€ C OAHOKYPCHUKAMH B CTyIGHUECKOM Tearpe.
B 3pesnsie Tonp! OH MHOTIA CaauiICsS 3a MHCTPYMEHT M OYCHb
CTapaTebHO [0 HOTaM Mrpa yaie Bcero 3Tions! [lloneHa.

B 16 net Hauanmack caMocTOSITeNIbHAS TPYAOBast )kU3Hb BUKTO-
pa Muxaiinosuua. B Te BpeMeHa A7l TOCTYIIIEHHUS B UHCTUTYT
JIMI[aM HETIPOJIETAPCKOTO TPOUCXOKACHUST TPEOOBAIICS TPYHO-
Boii ctax. IToaTOMy cpasy nocie OKOH4YaHMsI LIKOJIbI OH HaHsJICS
JOPOXXHBIM pabounm. IHTepecHO, YTO HECMOTPS Ha MOJIOOCTb,
paboune, OOJBLIMHCTBO M3 KOTOPBIX TOAWIMCH €MY B OTIIBI,
3a TPaMOTHOCTb ¥ CIIPaBEeIUTMBOCTD BBIOPAIM €ro OpHUrasrpoM.
V>ke Torna MposIBUIICS €10 OPraHU3aTOPCKUI TAJIaHT.

K 22 rogam oH ¢ omiinuMeM OKOHYMI XapbKOBCKUM Menu-
nuHCKui MHCTHTYT. Ilo3xke, yxe Oyaydn BOSHHBIM BpauoM,
Buxrop MuxaiioBud 3a04HO y4UHICS Ha (PU3UKO-MaTeMaTH-
yeckoM (hakynbreTe JICHUHIpaJCcKoro yHUBEPCHUTETA.

Iepssrit 10-netHuit nepuox aedarensuoctu B.M. XXnanosa
CBsI3aH CO CIIY’KOOH B IMOTpaHWYHBIX BOWCKAaX TYPKECTAHCKO-
TO BOGHHOTO OKPYTa, I7I€ OH CEPhE3HO 3aHMMAJICS PEIICHHEM
HanboJee akTyalbHbIX 3a/1a4 HHPEKINOHHOH MaToIOTHH.

B nepuon 1946-1950 rr. Bukrop MuxaiiioBuu paborai mo-
CIIEZIOBATENFHO 3aBelyIOIMM J1abopaTtopyei, OTIeNIoM U au-
pexTopoM XapbKOBCKOTO MHCTUTYTA SMUAEMHOIOTUM U MUKPO-
6uonorun mm. 1.M. MeunnkoBa. OH CKOHIIEHTPHPOBAI YCHITHS
PYKOBOZIMIMOTO MM KOJUIEKTHBA Ha 00pB0E ¢ KpaeBOi IOCIEBOCH-
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HOIi naronoruel Toro BpeMeH! (OpIOIIHOM, CHITHOM U BO3BpAr-
HBIH THQBL, TU3CHTEPHS, TCATUTHL, IETCKUE HH(EKIHN).

B 30 ner B.M. XXnaHoB Hamucan CBOXO NEPBYK0 MOHOIpa-
(huro, MOCBAIIEHHYO 3THOJIOTHH 1 STIHAEMHUOJIOTHH HH(EKIU-
oHHoOTO renaTtuta (6one3ns boTkuHa), B HEW BIIEpBHIE IPUBE-
JICHa CTpOiHas cHUCTeMa JO0Ka3aTeIhCTB BUPYCHON HPUPOJIBI
nmaHHOTO 3a00neBanus. B 1947 rony, B 33 roma, oH Oiectsiie
3alIMTHI 3Ty paboTy KaK JOKTOPCKYIO UCCEPTALHMIO.

B Bospacte 35 ner oH omyOnukoBan (yHIaMEHTATbHBIN
Tpyn «DBoNoLHs MHPEKIIHMOHHBIX Oose3neiy. Torma ke mM
OpLTa pa3zpaboTaHa U MpeIoKeHa OTHA U3 TIEPBBIX KIACCH(H-
Kalui BUPYCOB — IpobiiemMa, kK koropoit Buktop MuxainoBuu
TaKk)Ke HEOJHOKPATHO BO3BPAIIAJICS B MOCIEAYIOIINE TOABI.
Yepes 20 ner (B 1968 1) B 3HAK NpU3HAHMS 3aCIIyT B 3TOH 00-
JacTH OH OBUT MOXU3HEHHO N30paH WIeHOM MeXIyHapoHO-
r0 KOMHUTETa M0 KIacCH(UKANN 1 HOMEHKJIAType BUPYCOB.

brnaronapsi cBoMM SIpKUM Hay4HBIM M OPTaHU3aTOPCKUM CIIO-
cobroctsam, B.M. JKnaHnoB Obu1 epeseicH B MOCKBY | B Teue-
Hue 10 et (1950-1960 1) BO3IMIABISI ANMUAEMHUOIOTHUECKYIO
ciryx0y CCCP, cHauarna kak Ha9anbHUK [ JTaBHOTO TIPOTHBO3ITH-
nemuueckoro Yrpasnenust M3 CCCP, a 3ateM Kak 3aMECTUTENb
Munnctpa 3apaBooxpaneruss CCCP u [maBHBINM caHUTapHBIH
Bpau CCCP. Bce cBoM CHITBI, OIIBIT M SHEPTUIO OH HAIIPaBUII
Ha opraHm3anuio 6opb0bl ¢ uH(pekmsMu. Heorennm Bkian
Buxkropa MuxaiinoBuda XXnanosa B pa3paboTKy TEXHOJIOTUH
MPOW3BOJICTBA BAaKLIMH IIPOTUB I'PHITIIA, KOPU U ITOJTMOMHEITUTA.

B 38 ner B.M. JKnanoB 0bu1 m30paH 4I€HOM-KOPPECIIOH-
neatoM AMH CCCP, a B 45 neT — akaJIleMHKOM.

B 1956r. Buktop Muxaiinosuy JXaaHoB OCHOBAI Kyp-
Han «Bompockr Bupyconorum» U OBUT €0 TIAaBHBIM pe-
JTAKTOPOM J10 KOHLIA KU3HHU.

B 1961 rogy B.M. J)KnaHOB cTan TupekTopoM BeyIIero Bu-
PYCOJIOTUYECKOTO yupexAeHusl Haulell ctpansl — MHcTuTyTa
Bupyconoruu um. J[.11. isanosckoro AMH CCCP, xotopsiMm
PYKOBOAMII 10 KOHIIa CBOMX JHEeH. C MHCTUTYTOM CBsI3aHa BCS
€ro HocCIIeyomIas, O4eHb IUIO0TBOPHAsI, HAyYHAast U OpTaHH-
3alOHHAs AesTeabHOCTh. OH Hadall ¢ TOTO, YTO KOPEHHBIM
o0pazom MomepHU3MpoBas MHCTUTYT, MpHUBIEK K pabore Ta-
JAHTIMBYIO HAay4YHYI0 MOJIOACKD M3 YHCJa MEPCIeKTUBHBIX
KaHAUJATOB HayK M acnupaHToB. CO BpeMEHeM OHM CTasld
JOKTOpaMH HayK, nmpodeccopaMu U BO3IIABWIM BHOBH CO3-
JaHHBIC JJaboparopuu U oTaensl. TakuM oOpazoM, Bukropom
MuxaitnoBnueM (aktudecku OblIa co3maHa OyayImas IIKoia
COBETCKHX BHPYCOJIOTOB, KoTopas B 70-90-e rons! Obuia u-
IIOM OTEYECTBEHHOU BUPYCOJIOTHH.

[TapamiensHO OBIIM MOCTPOEH PAAMONIOTHYECKUH M MO-
JeKyJISIpHBIA Kopryca MHCTHTYTa BHPYCOJIOTHMH, B KOTOPHIX
pasmectiiich 10 HOBBIX J1aOOpaToOpHii, B TOM YHCIIE KyIbTyp
TKaHEH, PaJANOaKTHBHBIX H30TOIOB, (H3HOJIOTHH BHPYCOB
u npyrue. [lo nannnaruse Bukxropa Muxaiinosuda Oba co3-
JIaHbI OT/EJIbI KIMHUYECKOW BUPYCOJIOTUH M BUPYCHBIX Tera-
TUTOB, HauaJId (DYHKIIMOHUPOBATh 6 PErHOHAIBHBIX LIEHTPOB
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BcemupHoii oprannzaiuu 31paBoospaHenus (1o npobiemam:
I'punm, Ap6osupycsl, ['epriec, Jxonorus BupycoB, BupycHsie
renarutsl, CITN).

IIpezunent PAMH H.H. bnoxun HazBan MHCTUTYT BUpYyCO-
JIOTUH TOTO BPEMEHH «TOPAOCTHIO AKaJIEMUM.

B Bukrope Muxaiiiopudue OpraHuU4HO COUYETAJIMUCH JIIO-
00Bb K HayKe, OTPOMHBIH TBOPYECKWUH MOTEHIMAJ, THUTAa-
HUYecKasi paboTocrnocoOHOCTh, OnecTsmas namsThb, HC-
KJIFOUUTENbHBIA OPraHU3aTOPCKUN TaJlaHT, 3HAHUE IIONEH,
JOyLIeBHas MEAPOCTh U, KaK OH CaM TOBOPHII, «HEHCIIPaBH-
MBI ONITUMHU3M».

Bor Heckonbko sApkuX uepT xapakrepa Bukropa Muxaiino-
BUYA:

1. Cioco0HOCTHL OTHOBPEMEHHO BHIIOJIHSITH MHOKECTBO
00/IBIINX U MATEHbKHUX e

Buxrop Muxaitnosmy, kak Lle3aps, Mor 6ecenoBarh ¢ He-
CKOHYaeMOW BEpEHULEH NPUIIEAINX C pa3HBIMU BOIPOCAMU
JIFONIeH, CTaBUTh CIOXKHBIE OIBITHI, OTAABaTh PACHOPSDKCHUS
CEKpeTapro U MOJIIyYHBaTh HaJl CBOUMHU MOJIOJBIMU HEOIIBIT-
HBIMU TIOMOIIHUKaMHU.

2. CiocoOHOCTH BHIAETH JAJIbIIe U 00JIbIIe CoO0eceTHNKA

OH oOmagan crocoOHOCTHIO MOMEHTAJIBHO CXBAaTHIBATh
CYTb JIF000TO BOIIPOCA U, AHATM3HUPYSI Uy XKYIO HJICI0, HAXOAUTb
B HEW HOBbIE TPAaHHU U BOBMOXHOCTH, CKPBITHIC OT TOHUMAaHHUS
CaMoro aBTopa.

3. CiocoOHOCTD He 3alUKIUBATHCH HA Heyaadyax

Y Bukropa MuxaiiioBuyda ObII0 peIkoe KauecTBO — He ITe-
PEeXHBATh 10 MOBOAY BYEpAIIHUX HempusitTHocTed. OH ro-
Bopwi: «Hano nemars meno m gymars O TOM, YTO AajblIle,
a MpoIUIoe €CTh MPOIUIoe U Heyero ero 0e3 KOHIa BOPO-
wuTh. IIpoananusupyi, cienayl NpaBUIbHBIE BBIBOIbI —
u Briepe. [lopaxeHune — 3To JIMIIb YPOK Ha Oyayriee». DTo
OBUIO CKa3aHO Ha CIEeIYIONINH JICHb IT0CIIe TOTO, KaK OH I10-
JIy4HJI BBITOBOP paifkomMa mapTuw 3a nepepacxon (ouna 3ap-
1aTel B MHCTUTYTE. Ha cnexyromee yTpo st mpumien yre-
maTh €ro, HO OH Kak OyATo ObI yxe 3a0bLT, UTO TPOU3OIILIO,
U CKa3aj: « 1o ObUIO BYEPa, a HAJIO TyMaTh O TOM, YTO OyIeT
3aBrpa. Eme L{uiepon roBopmi, 4to miymno pBaTh Ha cebe
BOJIOCHI OT TOpsI, KaKk OYJTO TOpe YMEHBIIUTCS, €CIIH T0JI0Ba
CTaHET JIBICOI».

4. Cnoco0HOCTh BUAETDH B CAeJTAHHOM JAPYTrHMH 0obl1Ie,
YyeM BHJIUT CaM UCTIOJIHUTEJIb

Korna Bukrop MuxainoBuy BEICTyIIaJI OIITOHEHTOM, OH I10-
paskaJl He TOJIbKO ITyOOKHMM aHaJIM30M paboThl, HO U YMEHHEM
BUJETH TO, YTO HE YBHJEIN CaM JANUCCEPTaHT. DTO ObLI Bcerna
BBICHINH ITHJIOTaK, BO3MOXKHBIH TOJIBKO Oaromapsi spyauivy,
AHAJTUTHYCCKHM CIIOCOOHOCTSIM M AaKTUBHOMY OTHOIICHHIO
K IPOYUTAHHOMY, CTPOTO TOBOpSA, OH OBII HE OINIOHEHTOM,
a IJIaBHBIM 3aILUTHUKOM.

5. IlapafpokcaabHOCTDL MbINLTCHUS

Bo Bpemst xonoaHoi BoiiHbl Buktop Muxaiinosuuy, Torna
3aMECTUTENh MUHHCTpPA, OBLI TUPEKTOPOM COBETCKOM Me-
munuHcKoi BhicTaBkH B CIIA. Kak-To HOYBIO OBLT COpBaH
U COXKKECH COBETCKHI (hj1ar, KOTOpBIH BHCET IEpei BXOIOM
B BBICTaBOYHBLIN MMaBHIILOH. BO3MOXHO, 3TO ObljIa MOJUTHYE-
ckas akuusi. Buktop MuxainoBud pacnopsiiuics MOBECUTh
HOBBIH, a COOpaBIIMMCSI KOPPECTIOHICHTaM 3asBIII: « TaKyro
IIIYIIOCTh MOTJIM COBEPIIUTDH TOJBKO YCKOJIB3HYBIINE OT 3BO-
JIOIUH 00€3bAHBDY. JTO OBIIO cpa3y K€ pacTHPaKHUPOBAHO
razeramu CIIA 1 umeno Gonbimii a3dekt, 4eM Bce BOZMOXK-
HBI€ TIPOTECTHI COBETCKOM CTOPOHHBI.

IOBUNEVHBIE JATbI

6. CriocoGHOCTH MepecTpanBaThCs HA XO1Y

Bukropa MuxaiiioBudya HHOTIA yIpeKaiu B KOH)OPMH3ME.
I/IHOFﬂa OH ﬂeﬁCTBMTeﬂbHO MCHAJI COGCTBCHHLIe peUICHUs.
Jnst craHmapTHOTO PYKOBOAWTENSI 3TO HEXapaKTEepHO, Kyna
MpoIIe T0-BOCHHOMY: NPHKA3 HauaJIbHUKA — 3aKOH JUIS TTOJI-
YHHEHHOTO.

3anarue Haykoii Bukrop MuxaimioBUY cuMTain caMbIM yB-
JICKATCJIbHBIM H3 BCCX BHJO0B YeJIOBEUSCKOM JACATCIBbHOCTH.
On roBopuit: «CtaBsi 5KCIIEPUMEHTHI, MBI KaK Obl 33J1aeM MpH-
pone Bormpocsl. OHa OTBEYaeT, a MBI JyMaeM — 4To OBl 3TO
3Haumi0? Y Tak mar 3a marom npoaBHraeMcs 1o TEPHUCTOMY
MyTH 1o3HaHus. [1opoii ka3aiock, YTO OTABIX €MY B TATOCTb.
OH TommIICs, cKydan 6e3 paboTsl. Men, KoTopsle TECHUINCH
3a €ro BBICOKHM JIOOM, BCe BpeMs TpeOOBallk BbIXOIa M pe-
anuzaiuu. Bukrop MuxaiinoBuu padoTan NOCTOSIHHO U 0e3
ocraHoBOK. OH /aBaj ce0e 3a/laHusl U caM e BBIMOIHSI HX,
He JieTasi HUKaKUX CKHJIOK Ha BO3PAcT M yCTallOCTh.

Crapenme ero myrano. Jlocturays 70 J1€T, OH 4acTO TIOBTOPSLT:
«41 yxe crapernii genoBek!» Ero paccrpanBamm cHIbKeHHE pabo-
TOCTIOCOOHOCTH U (usuyeckre Henyrd. OH roBopuit: «PaHb-
111 51 MOT' TIMCarh B JIF00OH 0OCTaHOBKE — B IOE3JIE, CaMOJIeTe,
BO BpeMs1 KOJUIETUI B MHUHHCTEPCTBE U JIKE B MAIlIMHE MEXTY
JBYMsI 3aCeIaHNsIMY, a ceifuac OOJIEHMIICS U cTall ceOst Gepedny.

Cwmbicn xu3HE Bukrop MuxaitioBud BUIEN B ABIKCHHU
BIIEpE]] ¥ MTO3HAHNH HOBOTO. OH HaXOAMIICS B COCTOSIHUH BeU-
Horo norcka. Ero ynpekaiu 3a 1l000Bb KapIMHAIBLHO MEHSThH
HalpaBJICHUA HAy4YHBIX HCCJ’IC[{OBaHHﬁ, OCTaBJIsIA Ha IOJITY-
TH Hadarele pa3paboTku. CaMm OH, cMesiCh, HaCUUTaJ CEMb
Pa3IMYHBIX HAYYHBIX CHENHAILHOCTEH, KOTOPbIE OH CMEHHII
3a 25 5ieT. ETo ONIMOHEHTHI MIIM, KaK OH MX Ha3BIBAJI, «3aKJIs-
TBIE PY3bs», CINTAIN TAKOH ITyTh HEPa3yMHBIM M Manod(-
(dhexruabIM. [10 MX MHEHUIO, 3aHUMAsICh YeM-HUOYb OHHM,
OH J100mJICs OBI TOPA3I0 OOJIBIIIETO.

OH JieiicTBUTENBHO 00 pa3pabarsiBaTh HOBBIE OOJIBIINE
poOsIeMbl, W, KaK TOJBKO JIEJIO JIOXOAMIO A0 HEoOXOnuMO-
CTH JUIMTEIHHOTO HAKOIUIEHHUSI BTOPHUYHBIX YACTHBIX AETallCH
1 (haKkTOB, OH TEPSUI K IpodiieMe HHTepeC, opydast J0paboTKy
YYEHUKaM.

3HaBIIME €ro JIIIM YETKO JENHINCh Ha JIBE KaTeropuu:
Jpy3elt 1 HemoOposkearenei, IPOCTO PaBHOAYIIHBIX CPEIn
HUX He 0b110. Kak-To ckazan MHE 0 HeJoOpoXKeIaTeNsix: «ITH
JIOIM IPUHUMAIOT 100pPOTY 32 MATKOTEJIOCTh, THOKOCTH BBI-
JIAfoT 3a OECHPUHINIIHOCTD, BOCIIUTAHHOCTh 33 YHCTOILIION-
CTBO, a TEPIUMOCTh OOBSABISIOT TPycOCThIO. Uykol ycmex
OHHU MEPEKUBAIOT Kak COOCTBEHHYIO Heylady, IOIMEHSIOT
HEJIOCTYIHbIE ISl HUX TMOHSATHS NMPUBBIYHBIMHU IITaMIIaMH.
UroObl Oe3Haka3aHHO PYKOBOAWTH M3-32 yIVIa, OHM IHUIIYT
AQHOHHMMKH B BBIIIECTOSIINE OPTaHU3ALIII.

Ceepx3amauerd Bukropa Muxaitnmosuda OBIIO BEIBECTH
Hallly BUPYCOJIOTHIO Ha MHPOBOW YPOBEHB, & BCE OCTAJIbHOE
(boprba amOuIMiA, WHTPUTH, 3JIOMBIXATEIbCTBO, 3aBHCTh
W TIpoyee) OH OTHOCHII K HEM30e)KHOMY «(OHOBOMY» IIyMY.

HeopmmaapHsle perienust, mapaloKcaIbHbIC IIOCTYTIKH 1 OpH-
TYHAIIbHBIE OLIEHKH M BBICKa3bIBaHUA Brkropa MuxaiinoBuya
CITyX/IN OECKOHEYHOH M U3ITIOOICHHON TEMOH TSl pa3rOBOPOB
n}0)1e171, KOTOPBIC TaK WJIM MHAYC C HUM COIIPUKaCaINCh.

B 50-¢ roxel, koraa Beiack A0XoAasiiasi 10 adcypaa 6opb-
6a 3a mpuopureTh (moMHUTE ropaoe «Poccus — poanHa cio-
HOB»?!), Buktop MuxaitnoBnu mobuin noBTopsaTh: «CoBer-
CKUH JMINIYT Ha J[BE TOJOBBI BHIIIE aMEPHKAHCKOTO» HIIH
«CoBeTckuii mapaiud — CaMbIil IPOTPECCUBHBIN B Mupe!»
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Korna Bukropa MuxaitoBruya 1o ero npocs0e Ha3HauHIH
JTupeKkTopoM MHCTUTYyTa BUPYCOJIOTHHU, OH Ha3Ball 3TO «Iepe-
BOJIOM Ha HH30BYIO paboTy», a Kor/ia N30pajy 4IeHOM Ipe3u-
IUyMa paifkoMa IapThH, OH COOOIINIT: « 51 Teneps mapTHITHBIH
JIesITeNb pailoHHOTO MacImTabay.

Buxropy MuxaiinioBudy NpUHAAIEKaT TAKUE SIPKUE BbIpa-
KEHUsI, KaK «OMOJIOTMUECKH MTOTEHIUAIl CTPaHbD» U «O0po-
KpaTH4ecKui cagu3m». BIOpOKpaToB OH Ha3bIBaJ «TPYIIIOH,
OCYIIECTBISIONICH pPyKOBOAAIINE (PYHKIIMM) HITH «pPhlYaraMu
TlocynapcTBeHHOTO amnmaparay.

B omHoi#t u3 pabot oH chOpMYTHUPOBAT OCHOBHBIC CTHMYJIBI
Hay4HOU paboThl: «ITO JHOO0 BBHIMOIHEHHE COIUAIBHBIX HIIH
AJIMUHUCTPATUBHBIX 3aKa3oB, J'll/I6O Hay4YHOC J'IIO6OHI)ITCTBO
WJIN MOpaJIbHAsi OTBETCTBEHHOCTDHY.

Bukrop MuxaiioBU9 THOOWIT MPUITyMBIBaTh CBOU M ITOBTO-
PATH UyXkue adOpPU3MBI, KOTOPBIX 3HAT BO MHOJKECTBE:

«IToka ogHM NOKANbIBAIOTCS 10 KOPHEH, APyrue yCueBaroT
JOTAHYTBHCA 10 ILIOA0B».

«CTOHT JHIIL OJHOMY CECTh TeOe Ha TOJIOBY, KaK TYT JKe
3a HUM BBICTPaMBAETCs OUEPEabY.

«OKOBBI M3MYYECHHOTO YCIOBCUCCTBA CHCTAHBI U3 KaHIIC-
JSpCKON OyMarm.

«K mo6oit nenosoit 6ymare Hago IpUAETIaTh HOTHY.

«Ecnu Bce BpeMs Oyziels TOBOPUTH OAUH — Oy/emib BCeria
IIpaB».

«OnBIT yBENMYMBAECT HAIy MYIPOCTh, HO HE yMEHBIIACT
HAaIIICH TITYTIOCTHY.

«Cawm 4dept He pa3depert, 0TUero y Hac OBICTpee MPOIBUTA-
IOTCS T€, KOTOpPBIE UAYT HA3aD».

«5] HUKOTIA HE YTBEPAKAaJl, YTO HayYHbIE COTPYIHUKHU BCET-
Jla IPUHOCSAT Bpeay.

«Crenarb M3 MyXH CJIOHa MOXHO, HO 3TO JIOpOro o0oiaeTcs».

«PyKOBOZIUTH — 3TO MPOCTO YMENO PyKaMH BOAUTH: TOTO —
TyZa, 3TOTO CIOIay.

«Yem OostbllIe 5T 3HAIO, TEM OOJIBIIIE 3HAIO JIUIITHETOY.

«Hano 60poThes He ¢ TIIECEHBIO, a C CHIPOCTHION.

«YT00BI TOWTH 10 IEJIH, HAJI0, IO KpailHel Mepe, HATHY.

«HckyccTBO OBITH MyAPBIM COCTOMT B YMEHHH 3HaTh, Ha
YTO HE CIIEAYeT 00paniaTh BHUMAHHUCY.

«Camoe 1m10X0€ B )KH3HH — TO, YTO OHA IIPOXOIHT.

«Hu omgno OmaromessHue He OCTaercst Oe3HaKa3aHHBIM,
HO BCe Ke 10OphIe Jiena JesaTh peHTa0eIbHee 3IbIX).

Ero npoxykruBHOCTh TIpocTo mopaxaer! Becero um 0bu10
omyonukoBano 6oiee 2500 pabot, B Tom umcie 1003 cra-
M ¥ 32 xHUrH. ITogx ero pykoBOACTBOM ITOATOTOBIEHO 0O-
nee 40 moxTopoB u 60 KaHIUAATOB HAYK.

Onennts HCTHHHBIN BKiany B.M. JKmaHoBa B Hayky Ham
ele TOJBKO MPEICTOUT, Be/lb, Kak U B ciydae ¢ JI.W. BaHoB-
CKUM, MHOTHE €ro HAeu M pa3pabOTKH JAJIEKO OIepexalu
BpeMs U JI0 CUX MOpP HE OLEHEHHI 110 JOCTOUHCTBY.

Tak, B.M. XKnanos B 1974 rogy BbICKa3aJl THIIOTE3Y, COITIAC-
HO KOTOPOH BHPYCHI SIBISFOTCS BaYKHBIM (DAKTOPOM 3BOIOIHN
opraHmueckoro mupa. IIpeomorneBas BHAOBBIE Oapbephl, BH-
PYChI MOTYT IEPECHOCUTH OTACIIbHBIC T'CHBI WM I'PYIIIbI TCHOB,
a unrerpaiusa BupycHoi JIHK ¢ xpomMocomamu KJIETOK MOXKET
TIPHBOJIUTHK TOMY, YTO BUPYCHBIE T'€HbI CTAHOBSITCS YacThIO KJle-
TOYHOT'O T€HOMA. DTa IMI0Te3a OblIa TIOJHOCTHIO TOATBEPIKACHA
B JIaJIbHEHMIIIEM.

Hpyras ero rumores3a 00 «MHTErPaIbHBIX» HHYEKINAX CBSI-
3aHa C IIUPOKOI 0ONACTBIO MATOJOTHH, JAEKO BBIXOASIICH
3a paMKH HHPEKI[HOHHBIX 3a00ICBaHUMA.

292

Jlornueckum npogomkeHueM (GyHIaMEeHTaJIbHBIX HCCIIEN0-
BaHUIi, IpoBeJeHHBIX BukTopom MuxaiinoBudueM u ero Hayd-
HOM IIIKOJIOH, CTasl0 MCIIOJIh30BAaHNUE METOJOB TeHHOW HMHKe-
HEpHUH AJIs TPOM3BOJICTBA BAKIIMH U HHTEP(EpOHa.

Jlebenuuoit mecHeld Bukropa MuxaiinoBuua okazai-
csa CIINJ. On ogHuM W3 TIEpBBIX, emie B 1984 roay, moHsu
BO)KHOCTh 3TOM NMpPOOJIEMbl M 3aJI0KWUJI HAay4YHBIE OCHOBBI €e
n3y4deHus, OBICTPO pa3BepHYN HCCICIOBaHUS IO BBLAEIE-
HUIO U W3YYEHHIO BUPYCOB, pa3pabOTKe AMArHOCTHYECKHX
TECT-CHCTEM, AKCHEPHMEHTAJIbHOW TEparuy, IOIydCHUIO
MPOQUITAKTHYECKUX BAKIHH.

K uncny caMbix BbLAAIOUIMXCS, TIOOANBHBIX U OOIIEHpPH-
3HaHHBIX 3aciyr B.M. JKnaHnoBa orHocuTCs pa3paborka Ha-
Y4HO 000CHOBaHHOH MPOTPaMMBbI IMKBUAALIMH OCIIBI B MHPE,
KoTopast Obl1a mpeasioxkena uM ot juna Coserckoro Corosza
B 1958 romy. O6namast JTapoM Hay9IHOTO MPEABUACHUS, TIPEa-
moxun u obocHosan Ha XI ceccnn BecemmpHOU accambien
3paBOOXPAHEHUA MpPOrpaMMy [I00aTbHONW JHUKBUAALNU
OCTIBI, KOTOpasi CTajla MEPBBIM ONBITOM HUCKOPEHEHMS 3TOTO
CTpaIIHOTO HMH(EKIMOHHOTO 3a00JeBaHUsI BO BCEM MHpeE.
CeromHsi HEBO3MOXKHO TPOCTO IPEACTABUTb, YTO 3T MOPO-
Basl, WJIM MTOBAJIbHAS, HH(EKIHS ObUIa OMHON U3 CAMBIX JAPEB-
HUX (Hapsay ¢ 9yMoOi) M cMepTensHO omacHbIX. OHa ObLTa
MTOCTOSHHBIM CITyTHHKOM 4YeJIOBEYECTBa, IOpakas IoaeH
BCEX BO3pPacTOB M HalMoHaimbHOCTel. [loruban npakruue-
CKHM KaXX/IbIi BTOPOW-TpETHii 3a00JIEBIINH, @ CPEH BBKHB-
IIMX MHOTHE CTAHOBMJIMCH CIICIIBIMHU U 00€300paKeHHBIMH.

Cwmenas mporpamma Brukropa MuxaiinoBiya BCTpeTHa B CBOe
BpeMs1 HEMAJIbIi CKENITUIIN3M, HO €€ pealn3alysl yBeHIaIach ye-
pe3 ABa AECATUIICTHS ONECTAIINMM MTOTOM — OcCTia ObLIa JIMKBH-
JIMpOBaHa JiaXke B TeX cTpaHax A3uu U AQpHKH, IIe HCIOKOH
BEKOB CYIIIECTBOBAIM MOCTOSIHHBIE O4ard 3TOTrO 3a00JIeBaHMSI.
Mo campIM NPHOIN3UTETEHBIM OLIEHKAM, CTPATET sl BCEMUPHOTO
HCKOPEHEHHS OCIBI TIOMOITIA CIIACTH COTHH MIJUTHOHOB JKH3HEH.

B 1976 romy B.M. JXXnaHoB ObIT Harpa>kA€H MOYETHBIM 3HA-
koM BO3 «budypkannonnas uria» u AUIUIOMOM «3a Bbljia-
IOIIMECS 3aCIYTH B AeJie TUKBUAAIUH OCIBI BO BCEM MUPE».

B 2020 roay 3a cBoM ycWIUs 10 UCKOPEHEHHIO OCTbl Buk-
Top MuXaillloBUY BMECTE C aMEpUKaHCKUM OBIHAEMHOIIO-
rom YimesimoMm Deiiru 6pumn ynocroern npemun Future of Life
Award.

I'enepanbubiii cexperapp OOH Antonny ['yTeppuin ckazan
1o 3TOMy NoBoAy: «MbI Bce B goary nepen Bukropom XKaa-
HOBBIM U buiiom ®deliru u 3a UX pemaroiuil BKIal B UCKO-
pEHEHHE OCIBI».

Bumr Tetitc nobasmm: «OHHU SABISTIOTCS (PeHOMEHATHHBIMH
MIpUMEpPaMHu TOTO, YTO 3HAYHUT MCIOJIB30BaTh HAYKy IS IJIO-
0aBHOTO 3/IPaBOOXPAHEHUS.

OcHoBarenp ABMKEHHS 32 dPPEKTUBHBIA aNbTPyH3M YH-
JIbIM MaKICKUII Tak O3arfaaBUiI CTaTho, MOCBsMEHHY0 JKa-
HOBY: «Jly4mmii genoBek U3 Koraa-nmmodo XuBMIKMX». Jlymarto,
YTO 3TO CIPaBEIIIHBO!

Buxtop MuxaiinoBuu ckonvaincs B 1987 romy B Bo3pac-
Te 73 net. [locnenHss 3anmmch, KOTOPYIO OH cleal B JHEBHU-
Ke: «5] He COBEpIINII TOTO, YTO JOJIKEH ObLI ¥ MOT COBEPLIUTH
B CBOEH JKU3HI.

D.U. Epuios,

axademuk PAH, 0-p meo. Hayk, npogheccop,
2NABHBILL HAYYHBIU COMPYOHUK

QI'BY « HUL[OM um. H®. I amaneu»
Munzopaea Poccuu, Mocksa
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]

O BpyyeHun NocyaapcTtBeHHOU NpeMnUn B 0611acTu Hayku
N TeXHuKu 3a 2023 rop uneHy-koppecnoHaeHty PAH
MeTpy Muxamnosuuy YymakoBy

12 urons 2024 . B ['eoprueBckom 3aie bonbmoro Kpemnesckoro ABopiia, B IeHb HE3aBUCUMOCTH Poccuu, cocTosi-
nock Bpyuenue ['ocynapcrBenHbix npemun Poccutickoit depepannu B obnactu Hayku 1 TexHUKH 32 2023 1. [Ipemun
Bpyuanuchk [Ipesunentom Poccun B.B. IlytunbimM. OgHum U3 staypeatoB [ ocyqapCcTBEHHON MPEMUU SBIISAETCS JOKTOP
OHONOTHYECKUX HayK, mpodeccop, wieH-koppecnonaeHT PAH u unen pepakuunonHoro Cosera xypHana «Borpocsl
Bupycosorun» [lerp Muxaiinosuu YUymakos. [Ipemust npucysxaeHa 3a nuki GyHIaMeHTAIBHBIX U MPUKIIAAHBIX padoT
10 M3y4eHHI0 (YHKIUI TeHa OCHOBHOTO OIMYXOJIEBOTO cympeccopa pS53 B HopMme u narojoruu. [lerp MuxaitnoBuy —
CBIH BBIIAIOIIMXCS U BCEMHUPHO M3BECTHBIX COBETCKHUX BHpyconoros akagemuka AMH M.II. UymakoBa 1 ujieHa-KOp-
pecniongenta AMH M.K. Bopommnosoii. Cepneuno no3apasisieM [lerpa MuxaiinoBuda ¢ 3TOH BBICOKOM Harpamon
U JKeJaeM JallbHEHIIero MpOoIBETaHNU BCEMY BCEMUPHO H3BECTHOMY BUPYCOIOTHYECKOMY KiIaHy YyMaKOBBIX.

I'maBHBIM penakTop, akagemuk PAH /I K. Jlveo6
OTBeTCTBEHHBIH cekpeTapb, wieH-kopp. PAH C.B. Anvxosckuii
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