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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
journals in which the main scientific results of dissertations for the PhD degree and for the degree
of Doctor of Science should be published» recommended by the Higher Attestation Commission for
the following specialities:

1.5.10 Virology (medical and biological sciences)
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Pestome

CnycTs 80 neT ¢ MOMeHTa OTKpbITUS NepBOro BUpyca HaluMm cooTevecTBeHHKoM [.M. ViBaHOBCKMM ycTaHoBMe-
HO, 4TO BCe OpraHM3mbl Brocdepbl 3eMnu ABNSAIOTCA NPUPOAHBIMU X03sieBaMmn BUPYCOB. Bupychl, 06beanHeHHbIE
B HedhopManbHbIi AomeH Vira, nHuumMpyoT Bce Tpu gomeHa buocdepbl: apxen — Archaea, 6aktepum — Bac-
teria, aykapuot — Eucarya (Bogopocnu — Algae, rpubbl — Fungi, npocTtenwme — Protozoa, pacteHuns — Plantae,
©ecno3BoHOYHblE — Invertebrata, Nno3BoHoYHblE — Vertebrata). MNpouecc opmMupoBaHMa NONYNALMOHHBIX FeHO-
(hOHOOB BMPYCOB B pe3yrnbraTe B3auMOZEWCTBUSI C MOMYMNSLMOHHBIMU FreHODOHAAMM UX XO3SIEB NMPOMCXOQNn
B YCMOBUSAX MEHSOLWENcs cpeabl 06uTaHns Ha npoTsxeHun 3,5 mnpa net n obecneynn orpoMHoe MHoroobpasne
BMpocdepbl. HakonneHne gaHHbix 0 BMpocdepe 3emnu, CBA3aHHOE C BHEOAPEHWEM TEXHOMOMMIA MacCcoBOro na-
pannenbHoro cekBeHnpoBaHusi (NGS), npmBeno k HEOOXOAMMOCTN PEKOHCTPYKLMM MOAXOA0B K Knaccudukalmm
BMPYCOB U pecopMmnpoBaHuto, HadmHasa ¢ 2018 r., TaKCOHOMUN BUPYCOB C BBEAEHWEM HOBbIX BbICLUMX PaHroB
(meratakcoHomus). Ha ceHTabpb 2025 r. gna npeacrtaButenert Bupocdepbl MexayHapogHbIM KOMUTETOM MO Tak-
coHomMum BupycoB (ICTV) NpuHsTEI 15 TaKCOHOMUYECKNX PaHroB, OCHOBHbIE U3 KOTOpbIX: HaguapcTeo (Realm) -7,
uapcteo (Kingdom) — 11, Tun (Phylum) — 22, knacc (Class) — 49, otpag (Order) — 93, cemenctso (Family) — 368,
poa (Genus) — 3768, Bug (Species) — 16 213. [JlanbHeNLWUA NPOrpecc UCrosb30BaHNA METareHOMUKKN, MeTaTpaHc-
KPUNTOMMKM 1 rnobansHOM 3KonorMn Bupocdepbl HeMUHYeMO NpuBedeT K AanbHenWwnM N3MEHEHNsSM B Takco-
HOMUWM W MEeraTakCoHOMUWN BMPYCOB. JTO ByaeT MMeTb yHAAMEHTaNbHOE 3HAYEHWE B MOHUMaHUW 3BOMOLNM
Orocdepbl 1 NpUKNaaHy 3HaYMMOCTb AN pa3paboTku HOBbIX MOAX0A0B obecneveHus Guonoruveckon Gesonac-
HOCTU U MUHMMW3aLMM NOCNEACTBUIA YPE3BbIYANHBLIX ANNAEMUYECKUX COBLITUI, CBSI3AaHHBIX C MPOBNEMON HOBbIX U
BO3BpaLLatoLwmxcs (emerging and reemerging) MHEKLUNIA.

Knroyeenlie cnoea: makcoHomusi supycos; ICTV,; enobanbHasi akonozusi supycos; domeH Vira; supocghepa;
MeaamaKkCOHOMUS
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®durHaHcMpoBaHMe. ABTOPbI 3asiBMAOT 06 OTCYTCTBMM BHELLHErO (hMHAHCUPOBaHWS NPy NPOBEAEHWUN NCCNEA0BaHNS.

KoHdbnukT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBUE SIBHBIX U NMOTEHUMArbHbIX KOH(MUKTOB MHTEPECOB, CBA3aH-
HbIX C Nybrmkaumen HacTosiLLen cTaTbm.
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Abstract

For nearly 80 years since the discovery of the first virus by the Russian scientist D.l. lvanovsky, it has been
recognized that all organisms of Earth’s biosphere serve as natural hosts for viruses. Viruses, grouped within
the informal domain Vira, infect all three domains of cellular life: archaea — Archaea, bacteria — Bacteria, and
eukaryotes — Eucarya (algae, fungi, protozoa, plants, invertebrates, and vertebrates). The formation of viral
population gene pools through interactions with the gene pools of their hosts has taken place under changing
environmental conditions over 3.5 billion years, giving rise to the vast diversity of the virosphere. The accumulation
of data on the Earth’s virosphere, facilitated by the advent of high-throughput sequencing technologies (NGS),
has necessitated a reassessment of approaches to virus classification and, since 2018, has led to a reform of
viral taxonomy through the introduction of higher taxonomic ranks (megataxonomy). As of September 2025, the
International Committee on Taxonomy of Viruses (ICTV) recognizes 15 taxonomic ranks for viruses, the most
significant being: realm — 7, kingdom — 11, phylum — 23, class — 49, order — 93, family — 368, genus — 3769,
and species — 16,215. Ongoing advances in metagenomics, metatranscriptomics, and the global ecology of the
virosphere will inevitably drive further changes in viral taxonomy and megataxonomy. These developments are of
fundamental importance for understanding the evolution of the biosphere and of practical relevance for developing
new strategies to strengthen biological security and to mitigate the consequences of epidemic emergencies
associated with emerging and reemerging infections.
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BBenenne

Bupycs! npenctaBisor coboil ¢opMy BHEKIETOYHOM
KU3HU U MOTUYMHSAIOTCS BCEM 3aKOHaM MOMYNISLMOHHOMN
FEHETUKH, SBOJIIOLIMN U HKOJIOTHU. Bupycsl onpeaesnstor
Kak MOOWJIbHBIE T€HETHUYECKHE 3JIEMEHTHI, KOTUPYIO-
e Kak MUHUMYM OJIMH CTPYKTYpHBI O€JIOK BHpHOHA
(xarrcua), B KOTOPHIH Ha OTPEAICTICHHOM JTarle KU3HEH-
HOTO LIMKJIa BUpYCa yIakoBaHa BUpycHas reHomHas PHK
umu JIHK. B 5ToM oTHOIIIEHUH BUPYCHI MOKHO OXapaKTe-
pHU30BaTh KaK KallCHJ-KOAUPYIOUINE OPraHU3MBI, B IIPO-
THBOIIOJIOKHOCTD KJIETOUHBIM Opranuszmam. Bee Bupycs
o0beMHEHBI B OTIENbHBIN HepopMalbHBIH JOMEH Vira
Hapsay C TpeMsl JAPYTMMH (KJIETOYHBIMH) JOMEHaMHU
6uocdepsl: apxeu — Archaea, 6axrepun — Bacteria (Tipo-
KapHOThI — Procarya), 3ykapuoTsl — Eukarya.
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Enunyio cucremy kiaccupuKaul ¥ HOMEHKJIATyphl
BUPYCOB pa3padaThIBaeT M yTBEPKAAET MEXKTyHAPOIHBIN
Hay4HbII OpraH — MexayHapoaHbIld KOMUTET IO TaKCO-
Homuu BupycoB (ICTV, International Committee on Tax-
onomy of Viruses), KOTOpBIA AEUCTBYET o 3rumoit Ot-
JIeNICHUS BUPYCOJIOTHN MeXIyHapOJHOTO COI03a MUKPO-
ouonornueckux obmects (IUMS). Komuter onpezaenser
TaKCOHBI (OT IapCTBa 10 BH/A), yCTAaHABJIMBAET IpaBUIia
MMEHOBaHHS, PaCCMaTPUBAET HPEATIOKEHHS 10 N3MEHe-
HUSIM U MyONUKYeT opUIMaIbHbIe OTYETHl U 0a3bl JAaH-
HBIX 110 BUPYCHOM TaKCOHOMHUH Ha CBOEM O(HIIHATIEHOM
caifre: https://ictv.global

Buo eupyca onpenensior Kak Tpyniy BHPYCOB C €IU-
HBIM 3alIAIIEHHBIM TeHOPOHIOM, (POPMHUPYIOIINX MOHO-
(puneTnIecKyro rpymmy, KOTopas MOKET OBITh OTAeleHa
OT JpyTUX Tpymn (6u006) Ha OCHOBE MPHUHATHIX MapamMe-
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TPOB, TaKUX Kak OOIIAs IBONIOIMOHHAS WUCTOpHs (TeHe-
TUYeCKast U (PCHOTHITUIECKAsT CXOKECTh), PEIUINKATUBHBIC
CBOIiCTBa, 00111as1 IKOJIOTHYECcKas HUIIA (KPYT X035€B U I1e-
peHOCUYHKOB). Bubl 001a1at0T eAMHBIM MOMYIIAIHOHHBIM
reHo(hoHIOM, GOPMHUPOBAHNE U IBOJIOIHS KOTOPOTO MPO-
HCXOAUT B PE3yabTare B3aWMOACUCTBHA C IOMYJIIIIAOH-
HBIMH TeHO(OH/IaMH XO3sIMHA U TIEPEHOCYHKA B YCIOBHSIX
ITOCTOSIHHO MEHSIIOIEHcs cpenbl oouTtanwus [1]. I'enernde-
CKHE M3MEHEHHS MOMYJSIIMOHHOTO TeHO(POHIA OTpeeNs-
IOT 3BOJIIOLUIO BUPYCOB, a B PSIJIE CIYy4YaeB U UX XO3S5EB:
Kak POKapHoT (OaKTepuu, apxen), Tak U 3yKapuoT (BOIO-
pociH, pacTeHus, TpUObI, pocTeiimue, 6€CrI03BOHOUHBIE
Y TI03BOHOYHBIE KUBOTHBIE, BKIIIOYAs YEIOBEKA).

B nocnexnune roapl B pe3ynbraTe pa3BUTHS TEXHOIOTHIA
MacCOBOTO MapaJUICIbHOTO CEKBEHHPOBAaHUA (next-gen-
eration sequencing, NGS) mpou3olen OrpOMHBIH Ka-
YECTBCHHBIN W KOJMUYECTBEHHBIH CKadOK B 00JacTH Ha-
KOIUICHUSI TEHETHYECKHX MAHHBIX U OMHCAHHUS HOBBIX
BUJIOB, POJIOB U CeMeMCTB BUpycoB. B pe3ynbrare kiac-
cudUKaIUs BUPYCOB BHYTPH M3BECTHBIX CEMEHCTB ObLIa
3HAYUTEIHHO U3MEHEHA, a TaKKe J0OABICHO MHOXKECTBO
HOBBIX CceMeiicTB. BBeZeHbl HOBBIE TAKCOHOMUYECKHUE
paHTH UIsI OObeAWHEHUs ceMelcTB B oTpsansl (Order),
knaccel (Class), Tumer (Phylum), mapctBa (Kingdom)
u Haanapersa (Realm) (Taoom. 1).

OCHOBBI AHTHTeHHOM KJIaccupUKALMH BUPYCOB

OTKpBITHE BUPYCOB 3YyKapwoT (pactenmii) — 1892 1
[2, 3], xuBoTHBIX — 1897 In. [4], uenoBeka — 1901 r. [ 5], po-
kapuot (6akrepuit — 1917 1. [6, 7], apxeit — 1974 1. [8, 9])

PEOAKLIMOHHAA KOHLEEMNUWMA

(pucynox) 3ansio nopsaka 80 net. Torna ¢ HakoTIIEHUEM
YHCIa BBIICIEHHBIX BUPYCOB OCTPO BCTaJl BOTIPOC O CTaH-
JApTU3aldNd METOJOB UX HIACHTU(UKAIIMKA U KIacCU(H-
Karmu. JIocTymHbIe B TO BpeMsi METO/IBI U TIOJIXO/IbI OBLTH
OCHOBaHBI Ha WCIIOJIH30BAHUH CEPOIIOTHYECKUX PEaKIHH.
Ha ocHoBe mpuHATHIX KpuTepueB (4-KpaTHas pasHHIA
B TUTPE TOMOJIOTUYHOM MMMYHHOM CBHIBOPOTKH, MPHU KO-
TOpOM (UKCHPYETCS TOJOKUTENBHBIN pe3ynsrar) Obuia
pa3paboTaHa nepBasi CHCTEMa OIIPE/IEJICHHS POICTBA MEX-
Iy BUPYCaMH W OObeIMHEHHs UX B aHTHUTCHHbBIE TPYIIIIBL
IlepBBle aHTUTEHHBIE TPYIITHI OBIIM ONMCAHBI JJIS TIepesa-
BaeMbIX KOMapaMHu M KJellaMu apOOBUPYCOB: epynnul A,
B, C, D, xotopble ey B OCHOBY (JOPMHPOBAHHUS POJIOB
U CeMeHCTB BUPYCOB: Alphavirus, Flavivirus, u Bunyavi-
rus cootBeTcTBeHHO [10, 11]. B manpHeiemM aHTUTeHHBIE
TPYIITBI WM BXOJMJIM B COCTaB 00pa30BaHHBIX POZIOB U Ce-
MEWCTB, Wi (OpMHUpOBaIN cCOOCTBEHHBIE. TeM He MeHee
AQHTUTCHHAs Ipynna (WIN CEPOKOMIUIEKC) JIONroe BpeMs
OCTaBaJIMCh 0a30BOM TAKCOHOMHYCCKOW CIUHUIICH BHY-
TPHUPOIOBOH Kaccu(pukanuy BUPYCOB. AHTHTEHHAs KJlac-
cu(uUKaIys He yTpaTUiIa CBOETo 3HaYEHHs U B HACTOAIIEe
BpeMsi ITPaKTHYECKH TTOTHOCTBIO COBMAAET C KIIacCU(H-
KaIlueil BUpyCOB BHYTPHU pojia Ha OCHOBE (PHIIOTeHETHYE-
CKOTO aHaJIN3a.

OCHOBBI TAKCOHOMHH BHPYCOB
U padora Me:kIyHapoIHOr0 KOMHUTETA
no rakconomuu supycos (ICTV)

C pa3BUTHEM MOJEKYIAPHO-TEHETHUECKUX METONIOB
U DJIEKTPOHHOM MHKPOCKOIIMM TAaKCOHOMHUS BHPYCOB

Tadauna 1. Yucno BUI0B, posioB, ceMeiicTB, oTpsaoB, mpuHAThIX ICTV k 2005 .
Table 1. The number of species, genera, families, and orders accepted by ICTV by 2005

Otuer ICTV o pabote MexIyHapoJHOro KOHrpecca
Otyer Ccbuika 10 BUPYCOJIOTHHU, COCTOSIBLIETOCS B: Coneprxanue
Report Reference Reporting ICTV Proceedings at the International Con- Content
gress of Virology held in:
[epBorit . Xenbcunkh, 1968 43 cemeiicTBa U TPYTITBI
First Wildy (1971) Helsinki, 1968 43 families and groups
Bropoit Bynanewr, 1971, u Manpuz 1975 47 ceMeicTB U TpyIIl
Second Fenner (1976) Budapest, 1971, and Madrid, 1975 47 families and groups
Tperuit laara, 1978 50 cemeiicTB U rpynn
Third Matthews (1979) The Hague, 1978 50 families and groups
UYetBepTslii CrpacOypr, 1981 54 cemeiicTBa ¥ TPYIIIBI
Fourth Matthews (1982) Strasbourg, 1981 54 families and groups
2420 BUpYCOB, MPUHAUISKALIUX
IIarerii Francki et al. (1991) Cenpaii, 1984, DamonToHn, 1987, u bepaua 1990 K 73 cemeiicTBam H Tpymnmnam
Fifth ’ Sendai, 1984, Edmonton, 1987, and Berlin, 1990 2420 viruses belonging to 73 families or
groups
1 otpsn, 50 cemelicTs, 9 moaceMencTs,
. 164 pona u 6onee 3600 BUaOB BUPYCOB
Isji[ft(l:lmn Murphy et al. (1995) (52232%119 9933 1 order, 50 families, 9 subfamilies,
gOW, 164 genera and more than 3600 virus
species
3 orpsina, 63 cemeiicTBa, 9 moxCceMeNCTB,
CenpMmoit van Regenmortel et al. HUepycanum, 1996 240 ponos, 1550 BunoB
Seventh (2000) Jerusalem, 1996 3 orders, 63 families, 9 subfamilies,
240 genera, 1550 species
3 orpsna, 73 cemeiicTsa, 11 moncemeiicTs,
Bocbmoit Cupnreit, 1999, u ITapux, 2002 289 ponos u 1898 Bu0B
Eighth Fauquet et al. 2005) Sydney, 1999, and Paris, 2002 3 orders, 73 families, 11 subfamilies,

289 genera and 1898 species
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Jmurpuit Dpunpux Bansrep Pun Openepux Tyopt Denuke 1’ Dpenb Kapna Beze
HNocudosuu Jledpdaep (Walter Reed) (Frederik Twort) (Felix d’Herelles) (Carl Woese)
VBanoBckuit (F. Loeffler) 1851-1902 1877-1950 1893-1949 1928-2012
(Dmitriy losifovich 18521915 1901 — Bupycsl 1915 — Bupycsl 1917 — Bupycst 1977 — onucanue
Ivanovsky) 1897 — BupycHI 4eJIoBeKa Oakrepuit Oakrepuit apxei Kak
1864—-1920 SKMBOTHBIX human viruses bacterial viruses bacterial viruses OTHENBHOTO JJOMEHA
1892 — Bupycsl animal viruses (>xenToit uxopaj- (OakTepuodar, (bakTepuodar ouocdepsl, descrip-
pacTeHui, (amyp, xu, Yellow fever bacteriophage) JHU3EeHTEpHIHON tion of archaea as a
plant-based viruses Foot-and-mouth virus) Oammiel, bacterio- | separate domain of
(TabayHoM disease) phage of dysentery the biosphere
Mmo3zauky, Tobacco bacillus) Tepoe TopcBux
mosaic virus) (Terje Torsvik):
1974 1. — Bupycol
apxen
archaea virus
(6akTepuodar
Halobacterium
salinarium
Bacteriophage
of Halobacterium
salinarium)
Dykapuotsl (Eucarya) [pokapuotst (Procarya)
Bomopocnu (4lgae) Bakrepuu (Bacteria) Apxeu (Archaea)
I'pubs! (Fungi)
Tpocreiimue (Protozoa)
Pactenus (Plantae)
BecnosBonounsie (Invertebrates)
TTo3BonounsIie (Vertebrates)

Puc. TlepBooTkpriBarenn BUpycoB (HehopMabHbIil JoMeH Vira), HHQUIMPYIOLIMX IpeCTaBUTeIeH BCeX JOMEHOB GHoChepbl 3eMiTH.

Fig. Virus discoverers (informally the Vira domain), infecting representatives of all domains of Earth’s biosphere.

MOJTyYUJia BO3MOXKHOCTh IOMHMO AHTHUTEHHBIX CBsI3€i
onuparbcs M Ha (PU3UKO-XUMUYIECKUE XaPAKTCPUCTUKH,
Takue Kak MOP(OJIOTHs BUPHOHA, TUI HYKJIEHHOBOH KHC-
JIOTHI, HAJIMYHE WU OTCYTCTBHE JIMIUIHOW OOOIOYKH
U T.J. DTO MPHUBENO K GOPMUPOBAHNIO OOJBIIOrO YHCIIA
«KJIACCUYECKUX» BUPYCHBIX POIOB U CEMEHCTB, KOTOPHIE
00beMHNIN OONBITMHCTBO CAMBIX aKTyaJIbHBIX BO30OYIH-
TeJel nH(EKIMii YeToBeKa U JKUBOTHEIX. B 3TOT mepron
BO3HHKJIa HEOOXOIMMOCTh pPa3pabOTKu O(QHUIIHATBLHBIX
CTaHAAPTU3UPOBAHHBIX KPUTEPUEB IJIsI HOMEHKIIATYPbI
Y KJIACCU(HUKAINH BUPYCOB, YTO B UTOTE MPUBEIIO K CO3-
naHuio MEeXIyHapoIHOTO KOMHUTETa 10 HOMEHKIAType
BupycoB (ICNV).

ICNYV, xoTopsrii mo3nHee 6611 nepenMenoBaH B Interna-
tional Committee on Taxonomy of Viruses (ICTV), Obu1
ocHoOBaH 22 uronsa 1966 1. B Mockse Bo BpeMms 9-ro Kon-
rpecca MexayHapoIHOW acCOUAIINN MUKPOOHOIOTHYe-
ckux obmects (IUMS) no nnnnnaruse Bukropa Muxaii-
noBuva JKnanoBa. BpeMeHHBIH PYKOBOISIIMI KOMHTET,
CO3JIaHHBIN TpeMs TOIaMH paHee, IPUIIACKI OT Kaxaou
CTpaHbl — WwieHa HannoHanbHOTO MHUKPOOHOIOTHYECKO-
ro oOmiectBa IpeicTaBUTeNs-Bupyconora. HaszHaueH-
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HBIE TPENCTABUTEIN CTAH YIPEIUTEIHHBIME WICHAMHU
ICTV. Ucnonautensubiii komuter (MK), u30paHHBIN
MU JIJIs Haj3opa 3a aearenbHocThio ICTV, paspaboran
Ha0Op MpaBMII, KOTOPBIE OBLTH 0A00PEHBI HAITMOHATHHBI-
MH 4YJieHaMH{ Ha MOCIEAYIOIIeM 3aceJaHuu B XOJE TOTO
JKe KOHrpecca. BakHbie pemeHus 3TUX yIpeIUTeIbHBIX
3acelaHui 3aKiroyaiuchk B ToM, uyto ICTV co3gact yHu-
BEPCAbHYIO CHUCTEMY KJIaCCH(MHUKAIMH W HOMCHKJIATY-
pHl BUPYCOB (T.€. OIHY JJI BCEX BHPYCOB HE3aBUCHUMO
OT XO35MHA), YTO OaKTEepHAIBHBIN KOJAEKC HOMEHKIATY-
pBl He OymeT MPUMEHSATHCS K BHPyCaM M YTO MPABUIIO
IpropuTeTa MyONMKanuu He OymeT coOmromarbes. OTH
MIPUHIIAITEI YCTAaHOBHIIA CHUCTEMY, B KOTOPOW pEIICHHUS
ICTV OynyT ompenensaTh Kak cO37aHUE, TaK U HauMe-
HOBaHHSI TAKCOHOB, TAKHUM 00pa3oM OTIEINSIS BHPYCHYIO
TaKCOHOMHIO OT OOJIBIITMHCTBA OMOJIOrHYECKON TaKCOHO-
MuH (OOTaHUYECKOM, 300JIOTMYECKON U T.]1.), TIOCKOJIbKY
MEXIYHAPOIHBIC KOABI PETYIHPYIOT TOJBKO HAa3BaHUSA,
HCIoNb3yeMble B Ononornu. Ha yapenurenbHOM 3acena-
gue ICTV Ttaxxke ObU1a HOCTaBIIEHA 3aadya O ABHKEHUN
B HAIPaBJICHUW BHEIPCHUH JIATHHH3UPOBAHHON OMHOMU-
ATBHON HOMEHKJIATYPBI BUPYCOB.
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UK coznain yeTblpe MOAKOMHUTETA HAa OCHOBE KJ1accuu-
Kalli¥ 10 TUIY XO35IMHA, KOTOPOro MH(UIUPYIOT BUPY-
Cbl. UJEHBI MOIKOMUTETOB IIPEUIOKUIA POABL U CEMEN-
CTBa JJIs1 U3BECTHBIX BUPYCOB HACEKOMBIX, TO3BOHOYHBIX
KUBOTHBIX, pacTeHUH 1 OakTepuil. Kaxkapiii mogkoMuTer,
Bo3mIaBIsieMblil wieHoM MK, coCcTos U3 CIIeIualIncToB,
NPEACTaBIIONINX OCHOBHYIO TPYIIy BHPYCOB B Ipe-
Jenax CBOEH KOMIIETEHIINH, DTH CHEIHAIHCTHI, B CBOIO
odepe/b, BO3MIABILIN paboune rpynms! (Study Group),
npeyIaraBIiye Kiaccu(ukanuio 1 HOMEHKIATypy B IIpe-
Jiesax paccMaTrpuBaeMsbix cemeiicTs. TakcoHomust, npen-
JOXeHHasg paboyMMM Tpymmamu, o0CyXJanach COOT-
BeTCTBYIOIMM noakomuteroM U MK u mocne moctmxe-
HUS comiacHs JOJDKHA OblIa MOJMYYHTh OKOHYATEIHHOE
yrBepkaeHue ot Bcero cocrasa ICTV. Ta xe Ga3oBas
cXeMa COXPAaHsETCs U 10 Cel JeHb — OOJIBLIMHCTBO TaK-
COHOB M HAaMEHOBAaHMI TaKCOHOB BO3HHUKAIOT B TIPE/JIO-
KEHUAX, CACNAHHbBIX CIEIHATN3NPOBAHHBIMI PAOOYNMHU
IpyHIaMH, Ybsi paboTa KOOPAUHUPYETCS] U KOHTPOIUPY-
etrcs UK. OcHoBHas paboTa 1o BeIpaboTKe TaKCOHOMHUYe-
CKUX KpHUTepHEB, (HOPMHUPOBAHHE HOBBIX BHIOB M POJOB,
NPEIUIOKEHHS 110 HAMMEHOBAHUSM BUAOB (OMHOMHHAb-
HBIM, HEJIATHHU3UPOBAHHBIM) H T.JI. IPOBOIUTCS B COOT-
BETCTBYIOIIUX pabounx rpynnax. [Ipudem st kpurepuu
BBIPAa0ATHIBAIOTCS Al KQKAOTO OTACIBHOIO CeMEHCTBa
He3zaBUCHMO. Paboume Tpymnmsl NPUHAMAIOT DPEHICHUS
ITyTe€M TOJIOCOBAHMSA, MPH ITOM IPENTIOKUTh U3MEHEHUS
WIN JONOJIHEHHS B TEKYIIHMH CTaTyC MOTYT HE TOJIBKO
qICHBI paboueit TPYIIBI, HO 1 JIF000# BHPYCOIOT-CIICIIH-
anucT (WU KOJJIEKTHB CIIEUAIICTOB).

Hauwnnas ¢ mepBoro ordera pabotsl ICTV, 0CHOBHEI-
MU TaKCOHOMUYECKHMHU PaHTaMH, C KOTOPBIMU paboTanu
pabouue rpymibl, OUTH pox U ceMeicTBo. [lepBrIit 0T-
yeT o padore ICTV Boimen B 1971 1. u BKJIIOUa B ceOs
ormcanne Bcero 290 BupycoB, o0beanHEHHBIX B 19 po-
IoB, nBa cemeiictBa (Papovaviridae n Picornaviridae)
U 24 rpynmel, KOTOphIE elle He ObUIM TaKCOHOMUYECKH
dhopmammzupoBans! (Tabmn. 1). s xaxmoit rpymmsl ObLT
BbIOpAaH «TUIHYHBIN MPEICTaBUTENb)» — YacTO BO3OYIH-
TelIb MHPEKINH YeJI0BeKa, 10 Ha3BaHUIO KOTOPOTO IPyII-
Ia, pox WIH CEMEWCTBO MOJyYajdd COOTBETCTBYIOIIEE
Ha3BaHHe. Takxe ObUI MPHUBEAEH CIHCOK BHPYCOB, BXO-
JSIIUX B TPYTITY, C UCIIONB30BaHUEM YCTOSIBILIETOCS HaH-
MEeHOBaHHA BHpyca. HeoOxoamMo OTMETHTH, YTO pedb
HAET UMEHHO O BHPYCax M MX aBTOPCKUX WM HCTOPH-
YEeCKUX Ha3BaHUSIX, MOCKOJIBbKY KOHIIEHIMS 6uda BHpyca
[IOCTENECHHO BBOAMIIACH MO3AHEE. [[s1 Kaxaod rpymibl
TaKXe MPUBOANIICA CIIUCOK BUPYCOB, KOTOPBIE, BO3MOX-
HO, TaKKe SBJISIOTCS WICHAMM JaHHOW TPYIIIEL U B Oyy-
meM Oy/yT BKITIOUSHBI B HEe.

Konyenyus euoa eupycos. BBenenue NOHATHS 6uda
BUpYCa IPOUCXOANIIO MOCTENEHHO, C TOCIETYIOMIEH IBO-
mroruert, u popmansHo ObuTo TpuHATO ICTV B 1991 1
[12, 13]. B mocnenyronmx oTueTax pabouyue TpyIIIBI
Havald KiIacCUpUIMPOBaTh pa3HblC BUPYCHI IO BHIAM,
OIIHAKO CaMoO TOHSTHE BHJAa BHpyca IpeTepreBaso u3-
MeHeHus. B orgere 1991 r. Bux Bupyca ompenemsics
KaK «IIOJIMTeTHYecKasl rpyIna BUPYCOB, COCTABIISIONMIAs
PETUTMIHPYIOIIYIOCS JIMHUIO ¥ 3aHUMAIOIIas OIpeeseH-
HyI0 9Konorudeckyto Humry» [12]. K 2013 1. aTo monsarue

PEOAKLIMOHHAA KOHLEEMNUWMA

OBLTO M3MEHEHO Ha ClieyIolee onpezenenue: «Bun sB-
JISIETCS HU3IIMM YPOBHEM TAaKCOHOMHUYECKOW HEpapXHH,
yrBepxkaeHHsM ICTV. Bua npeacrasnser co0oif MOHO-
(UIETHYECKYIO TPYIITY BUPYCOB, CBOWCTBA KOTOPBIX MO-
T'YT OBITh TU(QEPEHIIUPOBAHBI OT TEX, YTO IMPHUHAIEKAT
IPYTHUM BHJAM, C HCIIOIB30BAaHHEM MHOXKECTBA KpPHUTE-
pueB». Mnu, B Goee COBpeMEHHOM BapHaHTe, BHJ] — 9TO
«MOHOQHIETHYECKas TPyINa BHPYCOB, KOTOpask MOXKET
OBITH OT/EJIEHA OT APYTUX TPYHH (614008) HAa OCHOBE IIPH-
HATBIX KpUTEpUEBY. /|11 HAMMEHOBAaHUS BUJIOB BBEJCHbI
OMHOMHUHAIFHBIC HEJIAaTHHU3NPOBAaHHBIC HAUMCHOBAHUS,
I7ie TIepBOE CIIOBO COOTBETCTBYET HAMMEHOBAaHUIO POAA,
a BTOpOE SIBIISIETCS CIeNMATN3UPOBAaHHBIM, 9acTo cop-
MHUPOBAHHBIM Ha OCHOBE JIATHHU3WPOBAHHON TPaHCIUTE-
pamyy UCTOPUUECKOTO HANMEHOBAHUS THIIOBOTO BHpYycCa
WM BBI3bIBAEMOI HO30JIOTHH.

B HacTosmiee BpeMsi OCHOBHBIM KPHUTEPHEM JCTEPMI-
HAIUS 8UO08, POO08 U cemelicing SIBISIeTCSI TCHETUIEeCKas
JTUCTaHLIMA MEXAY BUPyCaMH WM TPYIIaMU BUPYCOB,
ompezenseMas TpPU IONAPHOM CPABHCHHHM TE€HOMHBIX
IIOCJIEIOBATENLHOCTEN. 3HAUEHUS T€HETUUECKON IUCTaH-
[IUH, KOTOPBIE MO3BOJIAIOT AU((HEepeHIIMPOBaTh BUPYCHI
BHYTPH CEMEWCTB Ha HEPapXHYEeCKOM YpPOBHE, OIIpe-
NIEJISIOTCS  COOTBETCTBYIOIIMMH PaOOYUMH  TPYIIIaMH,
KaK MpaBWIO, ¢ TNPUMEHEHHEM CHEIMATU3UPOBAHHBIX
ouonH(popMaoHHBIX ToaxoA0B (Hampumep DEmARC
[14, 15]). Ucnonb3yioTcsi HYKJICOTUAHBIE W aMUHOKIIC-
JIOTHBIE TOCJEIOBATEIbHOCTU KOHCEPBAaTUBHBIX BHUPYC-
HBIX OenKoB (Hampumep Oenka mommmMepassl RARp wmm
HYKJIEOKaTlcua) rae kpuTepueM auddepeHnuanum Mo-
XeT ObITh ycTaHOBJIEHHBIH mopor 90-93% wuaeHTH4yHO-
CTH aMHHOKHCIIOTHOH mocienoBaTensHoCcTH. Odunnans-
Ho npunAThe ICTV XapakTepucTHKH poroB, CEMEHCTB,
OTpSIIOB U 00JIee BRICOKAX TAKCOHOMHYECKUX PaHTOB T1e-
puoamdecku myonukyoores B pasneine «ICTV Taxonomy
Profiles» xypnana Journal of General Virology (https://
www.microbiologyresearch.org/content/ictv-virus-tax-
onomy-profiles)

Taxconomuueckue paneu viue cemeticmea. Kak yka-
3bIBAJIOCH BBIIIE, OCHOBHBIMU TaKCOHOMHUYECKUMH €NIU-
HULaM, KOTOpbIMU BHauase onepuposan ICTV, sBusmuce
POIBI 1 CEMENCTBA, C IOCTENIEHHBIM BHEIPECHHEM CaMOTO
HU3KOro paHra — Buja. Ho Takyxe npoBOAMINCH MOMBITKU
00BEINHATE CEMENCTBA B 00JIEE BHICOKME TAKCOHOMMUYE-
ckue paHru — orpsiasl (Orders), Ha OCHOBE OOIIUX Xapak-
TEPHBIX CBOWCTB B CTpaTeTHH TeHOMa, MOP(OIOTHH BH-
pUOHA W HATWYWS (PIIIOTCHETHYECKUX CBSI3EH MO CaMBIM
KOHCEpBaTUBHBIM Oenkam U MoTuBaM. K 8-my oruery
ICTV (2005 r.) ObUIH BBIAEICHBI TPU OTpPsa, OOBEIU-
ustrorue xpocrareie dharu (Caudovirales), BUPYCHI ¢ 0Ol-
HOoHHUTEBBIM KpymHbIM (+)PHK-renomom (Nidovirales),
BUPYCHl C OMHOHUTEBHIM KpymnHbIM (—)PHK-renomom
(Mononegavirales). BcnenctBue mTOTUPUICTHICCKOTO
MIPOUCXOXKICHUSI U BBICOKOW CTENEHU I'€HETUYECKOM IH-
BEPreHIIMN yCTaHOBUTH HBOJIOIIMOHHBIE CBS3H Ha Oolee
BBICOKOM YPOBHE CUMTAJIOCh HEBO3MOXHBIM. B 3T0M CBsI-
31 ocoboe 3HaueHne umena kinaccuuxanus bamtumo-
pa, npemoxkeHHas B 1971 T. kak MOMBITKA OObEIMHHUTH
BHPYCHI B OoJice KPYITHBIC TPYIIIHI HA OCHOBE THIIA MX
TeHOMa W CTpaTerud pemukanuu. B xmaccudukanmm
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EDITORIAL CONCEPT

Bantumopa Bupychl ObLTH pa3aencHsl Ha 7 rpymm (I-VII)
B 3aBucuMoctHy oT Tuma ux reaoma (JJHK umu PHK, on-
HOIICTIOUEYHAsI WM ABYXLEMOYEeYHAas, MOJIOKHUTEIHHOMN
WIK OTPHULIATENIbHON MHOJSIPHOCTH, HaJU4Ue OOpaTHOM
TpaHCKpHUNTa3bl U T.J.). OJHAKO BAKHO MOTYCPKHYTH,
YTO JaHHAs CUCTEMa HE OTPaKaeT IBOJIIOIMOHHBIC CBSI-
3M BHYTPH WM MEXAy IpyNIaMu BUPYcoB. Bupycsl, o1-
HOCSIIHECS K OJHOHN TPYIIe, MOTYT OBITH SBOIOIIMOHHO
HE CBSI3aHHBIMH, HO UCIIOIH30BATh CXOMHBIC MEXaHU3MBI
perikanuu. TakuM o0pa3zoM, NaHHAs KIacCU(pHUKALUSI
MPUHIAMTHAATBHO OTINYAETCS OT TAaKCOHOMHUH, pa3zpada-
TeiBaeMoit ICTV, koTopas HampaBiieHa Ha OTOOpakeHne
SBOJIFOITMOHHBIX JIMHUW Pa3HbIX TPy BUPYcoB [16].

OcobennocTu COBpeMeHHOﬁ TAKCOHOMHUH
H MEraTakCoHOMHMH BHPYCOB

B nauane Broporo necsatwietuss XXI B. ¢ pa3BUTHEM
texHonorud NGS cTan HakaruIMBaThbCs MAaCCUB TeHETHYE-
CKHUX JIaHHBIX, IEMOHCTPHPYIOIINX OTPOMHOE pa3HooOpa-
3¢ B yOMKBUTAPHOE PACIIPOCTPAaHEHNE BUPYCOB B OMOC-
¢depe. VYriyOneHHBIH aHAIU3 SBOJIOLMOHHBIX CBA3EH
MEXIYy pa3HbIMU TPyHIaMU BUPYCOB M UX KOABOIIOLUU
C KJICTOYHOU (hOPMOH KU3HH U3MECHII OIICHKU 3HAYCHUS
BHPYCHOTO MHUpPa B CTAHOBJICHUU U 3BOJIOLUH XU3HU HA
3emimie [17, 18]. DT maHHBIE TOTPEOOBAIM TEpPEeCcMOTpa
paHee MPUHATHIX KPUTEPHUEB TAKCOHOMHH BHPYCOB, OITH-
pArOILIMXCSl B TOM YUCIIC HA ()EHOTHIT U SKOJIOTHIO BUPY-
coB. B atoii cBsa3u B 2016 . ICTV yTBepanin BO3MOKHOCTh
BKITIOUCHUSI B O(HUIMATBHYIO0 TAKCOHOMHIO BHPYCOB, W3-
BECTHBIX HUCKIIOYUTENBHO M0 JAHHBIM MX T€HOMHBIX IO-
cienoBarenbHOCTeld. COmIacHO ATOMY MOJIOKEHHIO, (op-
MHpPOBAHHE HOBBIX BHIOB M JPYTHUX TAKCOHOMHYECKUIX
CIUHUI] MOXKET TPOU3BOIAUTHCS 0€3 MpenBapUTEIHHOTO
orpezeneHns (PEHOTHITHYECKUX XapaKTEPUCTUK BHUPY-
ca (crexTpa X03s5eB, MATOTCHHOCTH), 0€3 €ro BBIICICHUS
B KyJIBTYpe KJIETOK WM MOJCIBHBIX JKMBOTHBIX, & TAKKE
0e3 MOp(hOJOTHUYECKOM BH3yaTu3auy BUpHoHOB [19, 20].
B mocnemyromem Opum pa3paboTaHBl U OIMyOIMKOBAHEI
MIPUHIUILI, ONPENEIIONNe MUHUMAIbHBIE CTaHIApPTHI
IUTSL TAHHBIX O BUPYCHBIX TEHOMaX. DTH CTaHAAPTHI MTPe-
YCMaTpUBAIOT, YTO BUPYCHI, BKIIIOYAEMbIE B TAKCOHOMUIO
ICTV, nomkHbl OBITh MPEACTaBICHBI MOJHBIMU WA KO-
JTUPYIOIIUMH TOJIHBIMU T'€HOMHBIMH IOCJEIOBaTEIbHO-
CTAMH, KOTOpPBIE TOYHO COOpaHBI ¥ JIMIIEHBI apTe(akToB
(omm6ok) cexBenupoBanus [21-23]. IlpuHsaTHe Takoro
MO/IX0/Ia CIIOCOOCTBOBAJIO 3HAYUTEIHHOMY DPACIIMPEHUIO
OoUIMANTEHON TAKCOHOMHU 32 CUET BKJIFOYCHUS OOJBINO-
T0 YHciia HOBBIX TaKCOHOB, TNIABHBIM 00pa3oM Ha OCHOBE
JTAHHBIX, TTOJYYEHHBIX B pe3yJbTare MaclITaOHbIX MeTare-
HOMHBIX HccrenoBanuii [24]. Bmecrte ¢ TeM mpoaoikaer-
csl IUCKyCCHUs O IIeTIeCO00Pa3HOCTH IPUMEHEHHUS Pa3ind-
HBIX KPHUTEPHEB ISl TAKCOHOMUYECKOH KilacCU(PUKAIINN
OTAETHHBIX TPYI BUPYCOB. B 4acTHOCTH, IUIsT BUPYCOB,
UHOHUIUPYIOMINX >KUBOTHBIX M PACTECHUS, TPAIUIIMOHHO
COXpaHsIETCs aKIICHT Ha OMOJIOTHYECKUX CBOHMCTBAX, TOTIA
KakK JUIsi BUPYCOB TIPOKAPHOT B OONBIIMHCTBE CITyJaeB HC-
MOJIB3YIOTCSI TCHETUYECKHUE XapAKTEPUCTHKH Ha YPOBHSIX
0T BUJA JI0 OTpsiza.

C npyroil CTOpOHBL, BO3MOXXHOCTH CTPYKTYPHOI'O aHa-
nmu3a BUPYCHbIX OenkoB — curHaryp (Hallmark genes),
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takux kak tun PHK/JTHK-monmumepassl Wid T yKIaa-
Ky Oeska HyKJIEOKallCHIa B BUPHOHE, W JaXKe BBISBIIC-
HUE OIPEAETICHHBIX aTTEPHOB B UX COCTaBe ITO3BOJIIIN
OOBEMHUTH B «CYIEPTPYIIIBD BUPYCHI, YBOIIONNOHHASL
CBSI3b M@y KOTOPBIMHU HE MOXET OBITh POCIIEKEHA ITy-
TEM aHaJIM3a Ha OCHOBE CPAaBHEHHUS T€HOB 1 TEHOMOB [25—
27]. O1HUM U3 TaKUX XapaKTEpPHBIX JJI1 BUPYCOB CTPYK-
TYPHBIX MOTHBOB ABJISIETCS 0C00ast YKIIaKa B KallCHIHBIX
Oenkax, oOpa3oBaHHAs BOCHMBIO AHTHIIAPAJIICIBHBIMU
B-mensiMu, OpraHM30BaHHBIMH B JBa [-IHCTa, KOTO-
pBIe IJIOTHO yMakoBaHBI ApyT K Apyry. Ilo cBoemy Buay
C OTIPENeNICHHOTO paKypca JaHHas yKJIaJKa HallOMHHAET
PYJET C KEMOM (MIIU C JKeJe), BCICACTBUE YEro TaHHBIN
TUN YKJIAJKA aMHHOKHCIIOTHON ENH MOMYYHJ IIHPOKO
HCIIOJIb3yEeMO€E B HacTodAllee BpeMs Ha3BaHue «single jel-
ly-roll» (SJR) [28]. Takast apXuTeKTypa NPUAACT KallCHIY
YCTOHYMBOCThL U BeTpedaercs y mHorux JIHK-Bupycos.
B BHpyCHBIX KancuIax 4acTo BCTPEYAETCs CTPYKTYpa,
cocrosilias M3 JABYX IIOCIENOBATEIbHO COEIUHEHHBIX
SJR-moMeHOB, B 3TOM cliydae ee 0003HAYaI0T KaK JTBOM-
Has jelly-roll» ykmanka (double jelly-roll, DJR), xoropas
TaKKe CIY>KUT BaKHBIM TAKCOHOMHUYECKUM MTPU3HAKOM

K 2017 ©. Ha ocHOBE OOJBIIOTO MacCHBa TaKUX PadbOT
ObUTH c(hopMUPOBaHEI 0OIEe BBHICOKHE TAKCOHOMHYECKHE
panru (Merarakconomus): Kinacc, Tun, Llapcmeso, Haoyap-
cmeo (¢ mpoMexyTouHsIMU panramu). B 2018 u 2019 .
ot u3MeHeHus Oblm npuHATH ICTV [29]. Takum ob6pa-
30M, B HacTosIIee BpeMsl KiacCH(UKaIUs BUPYCOB BHYTPH
HehOpMaIBHOTO AoMeHa Vira BKIoYaeT 15 odunmanbHo
npusHaHHBIX ICTV TakCOHOMHYECKMX PaHTOB OT BHIA
no HamapeTsa (Realm) (Tadu. 2 u 3).

HanmapctBo Riboviria o0bequHICT MPAaKTUICCKH BCE
n3BecTHble PHK-conepxainue BUpyChbl, FTEHOM KOTOPBIX
MOXeT OBITh TpeAcTaBiIeH pa3HeiMH (opmamu PHK:
CErMEHTUPOBAHHON WJIM HECErMEHTHUPOBAHHOW OJHOLIE-
noueunoit PHK nonoxwurensaoit (ss(+)RNA) mnu otpu-
natenbHoN (ss(—)RNA) mossipHOCTH, ABYXIENOYEYHON
PHK. K 3ToMy HaalapcTBy TakKe OTHECEHbI BUPYCHI CO
cTajquel oOpaTHON TPAHCKPHIILIUH B IIUKJIE PETIIMKALUU
¢ PHK- unmu JIHK-renomom. Bce Bupychl 3TOM Tpymimbl
xkoaupyror PHK-3aBucumyro PHK-momumepaszy (RdARp)
M obpaTHyIo TpaHckpunTasy [30].

K mapnapctBy Monodnaviria oTHECEHBI OTHOLIETIOUEY-
uele JIHK-Bupycsl (ssDNA), a Ttaxxe Mmenkue IByXIe-
noueunsie JJHK-Bupycer (dAsDNA) ¢ konbleBoit ¢popmoit
reHoMa JUIMHOM, Kak mpaBmio, 2—10 ThIC. map HyKJICOTH-
J0B. XapaKTepHOH 0COOEHHOCTBIO PEACTaBUTENEH Ha/I-
LIapCTBa SBJISETCS HAJMYUE BUPYCHOTO T'€Ha-CUTHATYPHI,
koaupytomero sHaonykieazy (HUH), koropas 3anmyckaer
PETUTHKANNIO TEHOMA IT0 MEXaHNU3MY «KaTSIIErocs KOJb-
na» («rolling-circle»). B 3aBucuMocTn oT THIa BUPHOHA
(MKocasmpuyecko, (PUITAMEHTO3HOH WK TIeoMOpdHOI
(hopmbI) U Kpyra X035eB (apxen, OaKTepuH, 3yKapHOTHI)
MOHOJIHaBHPYCHI pa3/ieeHbl Ha 4 apcTBa.

Hamnapctso Varidnaviria npenctaBieHo pasHOOOpa3HbI-
mu dsDNA Bupycamu, 1 KOTOPBIX XapakTepHa MKOCad-
Jprdeckas MOpQOJIOrys KarlCua 1 IBOiHas BepTHKAIbHAS
«double jelly-roll» (DJR) yknamka B IJIaBHOM KariCHIHOM
6enke (MCP). Bupycs! manHOTO HaguapcTBa HHPUIMPYIOT
peacTaBuTeNeH Bcex ToMeHoB buocdeps [31].
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Tabauua 2. epapxus qomena Vira (TakcoHoMmdeckue panru, npuasatsiii [CTV! mis kinaccupukauy BUPYCOB)

Table 2. Vira Domain Hierarchy (taxonomic ranks accepted by the ICTV for virus classification)

TakcOHOMHYECKHIt

paur

Taxonomy ranks

Cydduxe
Suffix

OCHOBHBIC KPUTEPUH U XapaKTEPUCTUKU
Main criteria and characteristics

KonuuecTtBo

(ua nrons 2025 1)

Number (July
2025)

Realm
(Haoyapcmeo)

Kingdom
(Llapcmeo)

Phylum (Tun)

Class (Knacc)

Order (Ompsi0)

Family
(Cemeiicmeo)

Genus (Poo)

Species (Buo)

-viria

-virae

-viricota

-viricetes

-virales

-viridae

-virus

BsIcinii TaKCOHOMHYECKHIT paHT, 00beANHSIONINI BUPYCHl HA OCHOBE (hyHJaMEHTAIIBHBIX
OMOIOrMYECKUX XapaKTePHCTHK, TAKNX KaK THII HYKJICHHOBOI KHMCIIOTBI, TUIT PEILTHKALMH
TeHOMa, HaJIM4Ue OLPE/CICHHBIX BUPYCHBIX T€HOB-CUTHATYD
The highest taxonomic rank that unites viruses based on fundamental biological characteris-
tics such as nucleic acid type, genome replication type, and the presence of certain signature
viral genes

MerarakcoH, 00be UM Tunbi Ha OCHOBE OOIIMX BUPYCHBIX FCHOB-CUTHATYP WIIH HX
OT/IIENIHBIX MOTHBOB Ha CTPYKTYPHOM YPOBHE
A megataxon that unites Phyla based on shared viral signature genes or their individual
motifs at the structural level

Merarakcon, 00bequHs oMU Kiiaccyl Ha OCHOBE OOIIEH IBOMOIMOHHON HCTOPUH, TIPOSIB-
JISIOLIEHCS Yepe3 TUII TeHOMA M HaJIM4Ue/CX0XKECTH BUPYCHBIX reHoB-curHaryp (viral hall-
mark genes, VHGs), 4acto Ha cTpyKTypHOM ypoBHe, Takux kak PHK-, JIHK-monumepassi,
OEJIKH Karcuia v criocod ux cOOpKu
A megataxon, uniting Classes based on a shared evolutionary history manifested thru ge-
nome type and the presence/similarity of viral hallmark genes (VHGs), often at a structural
level, such as RNA and DNA polymerases, capsid proteins, and their assembly method

OObeMHAT OTPSIIBI B KPYITHBIE 9BOJIIOIIMOHHBIC BETBU HA OCHOBE OOIIMX BHICOKOKOHCEPBa-
THUBHBIX XapaKTePUCTHK (PEIUIMKATHBHBIA MOYJIb, CTPATEr sl FEHOMA, XapaKTepPHBIE CTPYK-
TypHI Kalicua). SIBIsieTcs MpOMEXYTOYHBIM PAHTOM MEXKTY «KIaCCHYECKOI» TaKCOHOMHEN
BUPYCOB U «METaTakKCOHOMHUEH»
Unites Orders into major evolutionary branches based on shared highly conserved char-
acteristics (replicative module, genome strategy, characteristic capsid structures). It is an
intermediate rank between classical virus taxonomy and megataxonomy

O6beaunsier Cemeticmeéa Ha OCHOBE OOIIMX CTPYKTYPHBIX MPU3HAKOB: CXOXas popma BUpH-
OHa, COIOCTABUMBIE Pa3MEePhl U OPraHU3ALMs TCHOMA, CXOKECTh CTPATETHH PEIUTUKALUY 1
skcnpeccun reHoma (cyorenomusie PHK, cioco6 co3peBanus momunporensa, u T.1). @uo-
TEHETUYECKasi CXOXKECTh 110 KOHCEPBATUBHBIM JOMEHAM KJIIOYEBBIX OCJIKOB PEILIMKATHBHOIO
rkomruiekca (PHK-, JIHK-monumepassl, peruimkaTuBHbie (haKTOPhI)

Groups Families based on common structural features: similar virion shape, comparable size
and genome organization, and similarities in replication and genome expression strategy
(subgenomic RNAs, polyprotein maturation method, etc.). Phylogenetic similarity in the
conserved domains of key proteins of the replication complex (RNA and DNA polymerases,
replication factors)

O0benuHseT Poobl BUPYCOB €O CXOKeH opraHu3auueil reHoma (THII, pa3Mep, CTPYKTypa) U
Mopororueit BuproHa. BHyTpu cemeiicTBa pozs! 001a1a10T GHIOreHETHIECKOIT 61130~
CTbIO IPU CPABHCHHUH aMHUHOKHUCJIIOTHBIX l'lOCJ'lellOBaTeJ'leOCTeI\/’I KOHCEPBATHBHBIX BUPYCHBIX
OenkoB
It unites viral Genera with similar genome organization (type, size, structure) and virion
morphology. Within the family, genera exhibit phylogenetic proximity when comparing the
amino acid sequences of conserved viral proteins

Mouodunernyeckas rpyrnmna BUA0B, 00beIMHEHHBIX HA OCHOBE OOLIEH YBOIIOLIUOHHOM
HCTOPHU U BEIPAXKCHHON F'eHeTHYECKOU U (DHIOreHeTHUECKOH OIU30CTH
A monophyletic group of species united based on a shared evolutionary history and ex-
pressed by genetic and phylogenetic proximity

Momno¢uiernyeckas rpyIa BUPYCOB, OTAENCHHas OT APYTHX IPYIIT BUPYCOB BHYTPH poja
Ha OCHOBE FCHEeTHYECKHX, OMOIOrHYECKUX, IKONIOTHIECKHX KPUTEPUEB
A monophyletic group of viruses, separated from other groups of viruses within the genus
based on genetic, biological, and ecological criteria

22

49

93

368

3769

16215

International Committee on Taxonomy of Viruses

HamnapctBo Duplodnaviria obbenunaser dsDNA
BHPYCHI, KOTOPBIE KOAUPYIOT 4 BUPYCHBIX TeHA-CUTHATY-
pBI: TaBHEBIN O6enok karncuga ¢ HK97-nonoOHoi ykman-
KO, OeJIoK mopTajia, mpoTeasy, HeOOXOAUMYIO I CO-
3peBaHus Karcuaa, 1 ATDazy-Hykieasy, HeOOXOAUMYIO
nnsa ynakoBku JIHK B kancun. K atomy HaauapctBy
MpUHAAIeKAT XBocTarblie nByxuernodednsie JHK-Bu-
pycel Oaxrtepmit u apxeit (Caudoviricetes), KOTOpBIC

paccMaTpHBalOTCA Kak OIHU W3 Hanbojiee MHOTOYHC-
JIEHHBIX BHUPYCOB Ha 3emile, a TakKe BHPYCHI Pa3HOO-
Opa3HbBIX OHOKJIETOYHBIX dYKapUOT M BUPYCHI Tepreca
KUBOTHBIX [32].

HaamapctBo Adnaviria oosenuuaseTr Bupycsl ¢ dsDNA
TEHOMOM, KOTOPBIH YIIAKOBaH B Karcuja B Bujae A-(hopMbl
JHK (mpaBo3akpydeHHas). ATHABUPYCHI HAMICHBI TOIb-
KO Y TepMOQIIBHBIX apxeil. Jpyroit 0coOeHHOCTBIO HaI-
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Taéanua 3. Hagunapersa nomena Vira
Table 3. Realms of domain Vira

1 2

3 4[5 ] 6] 7

g ol ]Juln[n]ia]i1s5]1e

Hapuapcrso Tun reHoma, CTpaTerny peruiiKanm
Realm Genome type, Replication strategies

Yucno 4ieHoB

Number of members

Apean B buocdepe
Areal in Biosphere

HapcrBo
Kingdom

Tun
Phylum

Knacc
Class
Otpsin
Order

Apxen

CemeiicTBO
Family

Archaea
Bbaxrepun
Bacteria
Bonopocnu
Algae
T'puoOsI
Fungi
Pacrenus
Plantae
IIpocreiimme
Protozoa
Becno3sonouHbIE
Invertebrate
ITo3BOHOUHEIE
Vertebrate
Yenosek
Human

IIpoka-
PHOTBI Oykapuortsl (Eucarya)
(Procarya)

dsDNA, nuneiinas [THK B Bume
A-dopMbl, TIaBHBLT OeIIOK Kancuga
(MCP) umeer ctpyktypy (YKIaaKy)
tuna SIRV2
dsDNA, linear A-form DNA, the main
capsid protein (MCP) has a SIRV2-type
structure (fold)

dsDNA, rasusbiii (MCP) u MUHOpHBII
(mCP) kancuaHbIe TPOTEUHBI HMEIOT
ykiaaky o tumy single jelly-roll (SJR)
dsDNA, the major (MCP) and minor
(mCP) capsid proteins have a single
jelly-roll (SJR) fold

dsDNA, nunetinas JIHK, raBHbri
6enok kancuna (MCP) umeer cTpykry-
py (yxinaaky) HK97-nono6Horo tuma
dsDNA, linear DNA, the main capsid
protein (MCP) has an HK97-like
structure (fold)

ssDNA u dsDNA, xonbuesas popma;
PeTUIHKALHS IPOXOAUT 10 THITY
Katsiierocs koinsia (rolling-circle).
ssDNA and dsDNA, circular form;
replication occurs via a rolling circle
mechanism.

Adnaviria

Singelaviria

Duplodnaviria

Monodnaviria

dsDNA, nuneiinas ¢popma, 6enku
KallCUJia UIMEIOT CTPYKTYPY
(YKIafiKy) 1Mo THITY BEPTHKAIEHOTO
double jelly-roll (DJR)
dsDNA, linear form, capsid proteins
have a vertical double jelly-roll (DJR)
structure (fold)

PHK-renom, Brirouast ss(+)RNA, ss(—)
RNA, dsRNA, cermeHTHpOBaHHBIE
1 HECETMEHTHPOBAHHBIE HOPMBIL; TaKKe
BKJIIOYAET PETPOBUPYCH X MOOYIIEHEIC
TCHOMHBIC PETPOIEMEHTHI
RNA genome, including ss(+)RNA,
ss(—)RNA, dsRNA, segmented and
non-segmented forms; also includes
retroviruses and mobile genomic retro-
elements

Varidnaviria

Riboviria

sSRNA B nupkysspHoit popme,
HPH PEIUIMKALUK UCIOIb3yeTCs
CaMOCIUIAMCHHT C UCHOJIb30BaHHEM
pubo3uma
ssRNA in a circular form, self-splic-
ing using a ribozyme is used during
replication

Ribozyviria

HexnaccupuiupoBaHHbIE KIACCHI
M ceMelncTBa
Unclassified classes and families

12

22

18

36
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[[ApCTBA SBJISETCS YHUKAIbHAS O-CIIUpajbHas CTPYKTypa
(yxnamka) mmaBHOTO Oenka karcuaa [33].

HanmapctBo Ribozyviria BKIIOYaeT eIUHCTBEHHOE Ce-
MelicTBo — Kolmioviridae. K 3ToMy ceMeHCTBY NpHHA/I-
nexxar Bupycsl rernaruta D genoseka (1-8 reHOTHITBI, pox
Deltavirus) n porcTBeHHbIE eMy BHPYCHI, HHPHLIUPYIO-
M€ TO3BOHOYHBIX U OECIIO3BOHOYHBIX YKHBOTHBIX. JTH
BUPYCHI SIBJISIFOTCSI BUPOUAOMOJOOHBIMH KOJIBIICBHIMU
PHK-pemnkoHaMu, KOAMPYIOIUMHU HYKIJICOKAIICHHBIN
oemnok (0-antureH). Ilomo6HO BUpouaM, puOO3HMBHPYChHI
UCIIONB3YIOT KJIETOYHbIE TPAHCKPHUIIHOHHBIC MEXaHH3-
MBI JUISl PETUTMKAIIUN TCHOMA U 3aBUCST OT JAPYTHX BUPY-
coB s (hopMHPOBaHHST WH(EKIIMOHHBIX 000JOYEYHBIX
yactull (HarpuMmep, oT BUpyca remnaruta B) [34, 35].

HannapcrBo Singelaviria oO0benuHseT BUPYCHI apxei
u 6akrepuii ¢ JJHK-renomom (dsDNA) B iuHeHHON HITH
KonbLeBor (opme. Bupycel, BXonsdmue B HaIIapcTBo,
KOTUPYIOT 1Ba maBHBIX Oenka xarncuga (MCP u mCP),
00a U3 KOTOPBIX XapakTrepusyrores «jelly-roll» ykmaakoit
(SJR), a Taxke ATdazy, HEOOXOMUMYIO IS YIIAKOBKH
JHK B HyKkIii€okarcu.

TaxcoHOMUS BHPYCOB, HHPMIMPYIOIINX Y€I10BEeKa
U NI03BOHOYHBIX )KUBOTHBIX

Bupychl, uHpUIUpYIOIIME YelloBeKa M IT03BOHOY-
HBIX JKUBOTHBIX, BXOIISIT B COCTaB HE MeHee 45 ceMeicTB
u 25 orpsanoB U mpexncrtasneHsl Bcemu tunamu PHK-
u JTHK-reromoB (Ta6.1. 4). BObInas 4acTb BUPYCOB Y€II0-
BEKa U II03BOHOYHBIX )KMBOTHBIX sBIsF0TCs PHK-comepaxa-
My BUpycamu (Riboviria) (31 cemeiictBo, 15 oTpsinos).
H3meHeHHs B TAKCOHOMHHM BHUPYCOB 4YEJIOBEKa M IO3BO-
HOYHBIX KMBOTHBIX B MOCJICAHHUE TOJbI OBLIM B OCHOBHOM
CBSI3aHbl C PEOPraHU3alUeil «KJIACCHYECKUX) CEMENCTB
ITyTeM MOBBILICHUS UX PaHTa J0 OTPSIOB U KIACCOB C CO-
OTBETCTBYIOIIMM TIEPECMOTPOM CTaTryca M pacliipeHHeM
YKCJIa BXOSIIUX B HUX POJIOB M BUJIOB.

Bupycbl ¢ ss(—-)RNA-reHoMOM O0OBEIUHEHBI B THII
Negarnaviricota (Riboviria: Orthornavirae). BuyTtpn
Negarnaviricota chopMmupoBaHbl 4 Kiacca Ha OCHOBE
tuna renomMHoil PHK. Bupychl ¢ ogHoIEnoueyHbIM He-
cermeHTHpoBaHHBIM PHK-reHOMOM OTHECEHBI K Kiac-
cy Monjiviricetes, K KOTOpPOMY IPHHAJIECKUT OTPSL
Mononegavirales, BKIOYaIOINNA BaKHBIE CeMEHCTBA Ta-
TOT€HHBIX BUpPYCOB (Paramyxoviridae, Pneumoviridae,
Filoviridae, Rhabdoviridae u np.). Bupycel ¢ cermen-
tupoBaHHBIM SS(—)RNA-renomoMm (2-3 cermMeHTta) OTHe-
CeHBl K Kiaccy Bunyaviricetes, BKIIOYAIOUIMNA OTPSAIBI
Elliovirales n Hareavirales. B otpsin Elliovirales Bomum
B Ka4yeCTBE CAMOCTOSITEIbHBIX CEMEHCTB XaHTaBUPYCHI
(Hantaviridae) u opToOyHBSIBUPYCH (Peribunyaviridae).
B otpsin Hareavirales Bonumu apeHaBUpYCH (Arenavi-
ridae), pnedoBupycel (Phenuiviridae) 1 HauPOBUPYCHI
(Nairoviridae). Takum o00pa3oM, COBpEMEHHOE TaKCO-
HOMHUYECKOE MOJIOKECHUE TAKUX BAKHBIX MATOTCHOB, KaK
BO30YIUTEIN TeMOPPAruiecKor JTUXOPAJKH C MOYSUHBIM
cuaapomMoM (Bupyc Xanrtaan) n Kpeimckoii-Korro re-
MOpparu4ecko JIMXOpaliKH, clenywolee: Bunyavir-
icetes: Elliovirales: Hantaviridae: Mammantavirinae:
Orthohantavirus: Orthohantavirus hantanense u Bunya-
viricetes: Hareavirales: Nairoviridae: Orthonairovirus

PEOAKLIMOHHAA KOHLEEMNUWMA

haemorrhagiae, cooTBeTcTBeHHO. BUpyCHI ¢ cerMeHTH-
poBaHHBIM ss(—)RNA-remomom (6-10 cermeHToB) OT-
HECeHBI K Kiaccy [nsthoviricetes, BKIIO4as ceMEHCTBO
Orthomyxoviridae (otpsan Articulavirales), x xoTopoMy
MprHaaIexkar BUpycsl rpurina A (Alphainfluenzavirus in-
fluenzae) u B [36-38].

Bupycsl ¢ ss(+)RNA-reHOMOM OTHECEHBI K JByM TH-
nam — Kirtinoviricota n Pisuviricota. Kirtinoviricota
BKJTIOUaeT BayKHBIE CeMeliCTBa MaTOreHHBIX BUPYCOB Fla-
viviridae (xnacc Flasuviricetes, otpsan Amarillovirales)
u Togaviridae (xmacc Alsuviricetes, otpsn Martellivi-
rales). TakuMm 00pa3oM, TaKCOHOMHYECKOE IOJIOKEHNE
Ba)KHOTO TaToreHa — Bupyca renaruta C — ciieayroiiee:
Flasuviricetes: Amarillovirales: Flaviviridae: Hepacivi-
rus: Hepacivirus hominis. Ha ocHoBe cemeiicTBa Hepe-
viridae opranuzoBaH oTpsn Hepelivirales (Kirtinoviri-
cota:Alsuviricetes), B KOTOPBIH TaKXe BOIIIO CEMEHCTBO
Matonaviridae, X KOTOpOMYy TPHUHAUICKUT BUPYC Kpac-
Hyxu (Alsuviricetes: Hepelivirales: Matonaviridae: Rubi-
virus: Rubivirus rubellae).

Bupycs! ¢ cermenTHpoBaHHBIM dSRNA-reHoMOM oTHe-
ceHbl k THIy Duplornaviricota, xnaccy Resentoviricetes.
otpsny Reovirales, koTopble OBUT COPMHPOBAH HA OC-
HOBE ceMelcTBa Reoviridae ¢ IOBBIIICHUEM paHra BXO-
JSIIIX B HETO MOACEMEICTB 10 ceMelcTB Sedoreoviridae
u Spinareoviridae w peopraHm3anyeidl 4ucia U CTPYK-
TYpBl BXONAIIMX B HHUX POXOB M BHIOB. CeMeilCTBO
Sedoreoviridae Bkmo4aeT BO30yIUTENICH KUIICYHBIX HH-
¢exmmii — poraBupycsl (Reovirales: Sedoreoviridae: Ro-
tavirus) u po; opouBupycoB (Reovirales: Sedoreoviridae:
Orbivirus) — apOOBUPYCOB, B KOTOPBIH BXOIAT BO30OYIH-
Tenn 3a00JIeBaHMUN YKMBOTHBIX (BUPYC OOJE3HHM CHHETO
si3pika (Orbivirus caerulinguae) M STU300THYECKON Te-
Mopparudeckoit 6onesnu (Orbivirus ruminantium) v de-
JoBeka (BHPYCHI Tpymmsl Juxopaaku Kemeposo Orbivi-
rus magninsulae).

Heckonbko TpUBENEHHBIX BBIIIE NPUMEPOB JIEMOH-
CTPUPYIOT MPUHIUIIBL, 10 KOTOPbIM, HaunHadg ¢ 2018 .,
TAaKCOHOMHSI BHPYCOB OBLIa pacHIMpeHa M JIONOJHEHa
KakK BBEJCHHEM OMHOMHHAIILHBIX HANMEHOBAHUH BUJIOB,
Tak U (opMHpPOBaHHEM Oolilee BBICOKHX TaKCOHOMHYE-
CKUX paHros. MHpopmanus mo HpUHATHIM U paTHdHU-
nupoBaHHbiM ICTV H3MEHEHUSIM B TAKCOHOMHH pa3-
JUYHBIX TPYMIT NEPUOANYECKH ITyOINKYIOTCS B pasjerne
«CTV Virus Taxonomy Summaries» B xypHane Journal
of General Virology (https://www.microbiologyresearch.
org/content/ictv-virus-taxonomy-summaries).

3akiaouenue

ITocnemuue DOCTHXKEHWSA B OOJACTH METareHOMHUKH
U METaTPaHCKPUITOMHUKH CYIIECTBEHHO PaCIIUPHIN
3HaHMsI O pa3HOOOpa3HK BHPYCOB M MX POJU B 3BOJIO-
AU KU3HU. MOXHO ¢ YBEPEHHOCTBIO YTBEPXKIaTh, UTO
BHUPYCHI SBISIOTCS HanOoJiee MHOTOYHCICHHBIMHI U Pa3-
HOOOPAa3HBIMH MPEACTABUTEIIAMHU KHU3HU Ha 3emie. O0-
Iee YHCII0 BUPYCHBIX YaCTHII, CYNIECTBYIONNX Ha 3eMIie
B ;roboe Bpemsi, ortennBaercst B ~ 103°—103! [39, 40]. Tak-
COHOMHUSI BUPYCOB TUHAMUYHO pa3BuBaetcs Oosee 50 et
U CETOIHS MPECTABIIET COO0M PEKOHCTPYKITHIO IBOJTIO-
MU OCHOBHBIX TPYIII BUPYCOB OT BHIIOB U POIIOB JIO IBO-
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EDITORIAL CONCEPT

JIIOLMOHHBIX TPYMIBI CaMbIX BBICOKUX paHroB. OueBua-
HO (yHIaMEHTaJbHOE 3HAYCHHWE TAaKCOHOMHH BHPYCOB
Kak B TEOPETUYECKOM, TaK M B MPHUKIATHOM KadecTBe
Ha (hoHEe yOMKBUTApHOTO PAaCIpOCTpaHEHHs BHUPYCOB Ha
3eMJIe CpeIu BCEX MPEICTaBUTENCH TpeX JOMEHOB (Ar-
chae, Bacteria, Eucarya) 6nocdepsl. Bce oprann3Msl Ha
3emiie SABIAIOTCSA XO35€BaMU Pa3sHOOOpPA3HBIX BUPYCOB.
JaneHeimmii mporpecc B U3y4eHUH BHUpochepsl Oymer
JIOCTUTAThCA C UCTIONB30BaHUEM TI0IX0JJOB METraTaKCOHO-
MHH ¥ IMO00aJIbHOM SKOJIOTHU BUPYCOB

K Hactosimemy BpemeHu noMeH Vira BKITlodaeT 7 Hajl-
napcTtB (realm) BUpPYcoOB, KOTOpble C(OPMUPOBAHbI Ha
OCHOBE (hyHIaMEHTaIbHBIX OMOJIOINYECKUX CBOIMCTB BU-
PYCOB, TaKHMX KaK THIT pETUTUKANMS TeHOMA 1 THIT OEJIKOB,
(hopMUpYIOIINX BUPYCHBIA Karmcua. M eciu OCHOBHEBIE
KpuTepuu GOpMHUPOBAHUS BUIOB, POJIOB, CEMEHCTB U OT-
PSIOB MOJKHO paccMaTpuBaTh Kak OKOHYATEIBHO cop-
MHUPOBAHHBIE, TPOIOIDKAIONINECS HCCIEAOBaHUS IOKa-
3BIBAIOT, YTO CTPYKTYpa MEraTakCOHOMHUYECKHX PAaHTOB
MOXET OBITh IepecMoTpeHa [41].
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COBpeMeHHbIe noaxoAabl K KOHCTPYUpoBaHUKO U NPUMEHEeHUI0
peKOMGMHaHTHbIX BUpPyCcOB
Mpoxoposa N.B. , Bnacoea H.H., IOxakos A.I",, l'yntoknH A.M.
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Pestome

B 0630pe onucaH psia BUPYCHbIX BEKTOPOB U PACCMOTPEHbI Pa3nnyHble MeTOAbl KOHCTPYMPOBAHNS PEKOMOUHAHT-
HbIX BUPYCOB, 0CO60€ BHMMaHWe yaeneHo cucteme romonornyHon pekombuHaumm n CRISPR/Cas9, onncaHa Bos-
MOXHOCTb UCMONMb30BaHUS pa3HbiX KNOHUPYOLLMX BEKTOPOB (BUAbl nna3mug, BAC). Takke B 063ope npeacrasneH
CpaBHUTENbHBIM aHann3 adpEKTUBHOCTY 1 6€30MacHOCTU NPUMEHEHNST BUPYCHBIX BEKTOPOB KakK Ans CO3AaHus
pekOMBOUHaHTHbIX BaKLUWH, Tak U ANs NOfyYeHUs1 OHKOSIMTUYECKUX BUPYCOB, NpenapaTtoB Ans reHHON Tepanuu.
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K KOHCTPYMPOBAHMWIO M NMPUMEHEHUIO PEKOMOBUHAHTHBIX BUPYCOB. Borpocki supycomnoeuu. 2025; 70(5): 417-430.
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Abstract

The review describes certain viral vectors and considers various methods for constructing recombinant viruses
with special attention paid to the homologous recombination and CRISPR/Cas9 system, and also describes the
capabilities of using various cloning vectors (different plasmids, BAC etc.). The review also presents a comparative
analysis of the effectiveness and safety of using various viral vectors, both for creating recombinant vaccines and
for obtaining oncolytic viruses, as well as medicines for gene therapy.
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REVIEWS

BBenenue

BakuuHanus sBisieTcst 9JKOHOMUYHBIM U 3(h(HEeKTHBHBIM
crmoco0oM OOpKOBI ¢ pacIpOCTpaHESHHEM HHPEKITHOHHBIX
3aboneBanmii. Haunnast 1796 1. (mepBast BakmmHAIuS,
npoBeneHHas 3. JI>KEHHEPOM) HCIIOJIb30BAIUCH JKUBBIC
ocnalbieHHble, Aajiee MHAKTUBHPOBAaHHBIE W BIIOCIIE/-
cTBUU CcyObequHIYHBIC BakiuHBI [1-3]. Ha HauampHOM
JTane Co3/JaHHusA PEKOMOMHAHTHBIX BAaKLIUH B OCHOBHOM
WCTIOJIB30BAJIM JIUIIb TIOKCBUPYCHBIE, TepIeCBUPYCHBIE
1 aJICHOBHPYCHBIE BEKTOPHI, B HACTOSIIIEE BPEMS CO3aHO
3HAUUTEIHHOE KOTMYECTBO PEKOMOMHAHTHBIX BaKI[UH OC-
HoBe JIHK- n PHK-conepxammx pekoMOWHAHTHBIX BH-
pycoB [4], onHako B Poccuu Ha mpakTUKE UCHOJB3YETCs
Toibko BakiuHa «I'aM-KOBHI-Bak».

Ha nacrosmmii MOMEHT K COBPEMEHHBIM MOIW(HUKA-
[IUSIM TIPeTaparoB CHENu(pUIecKoil MpopUIaAKTUKN OT-
HOCSITCS BAKLIMHBI HA OCHOBE PEKOMOWHAHTHBIX BUPYCOB,
BUpycononoOHbIX Yactul, a takxe JJHK- nm MPHK-Bak-
[IUHBI, YTO TIO3BOJISIET 3HAYMUTENHHO MOBBICUTH 0e3-
0NacHOCTh U 3 (HEKTUBHOCTh BaKIMHALIUU, PEIIUTh P
mpo0iieM, BO3HUKAIONIUX IPH MUCIIOIIE30BAHUU TPaTUIIH-
OHHBIX JKMBBIX aTTeHYHPOBAaHHBIX BUJOB BakIMH. Taroke
PEKOMOMHAHTHBIE BUPYCHI MCIOIB3YIOTCS Ul CO3IAHUSA
MIpenaparoB JAJsl JICUEHUSI OHKOJIOTUYECKUX U T'€HEeTHYe-
ckux 3abonepanwii [1, 3, 5-8].

Kak npaBuiio, pekoOMOMHaHTHBIE BEKTOPHBIE BUPYCHBIE
BaKIMHBI pa3padaThIBAlOTCA Ha OCHOBE HCIIOJIE30BAHUS
armaToreHHOTO0 TEeTEPOJIOTHYHOTO BHPYCHOTO BEKTOpa
B KaueCTBE MPOIYIEHTA IEJCBhIX aHTUTCHOB (puc. 1),
MTOCKOJBbKY NPUMEHEHNE FOMOJIOTMYHOIO BUpyca B Kaue-
CTBE BEKTOPA IPEAONpPEENsIeT BO3MOKHOCTh PEBEPCUU
€r0 BHPYJIEHTHOCTU NPU PEKOMOMHALMU C HCXOIHBIM
BUPYJICHTHBIM Bo30ynuTeneMm [3, 9]. BakiuHHBIE peKoM-
OWHAHTHBIE BUPYCHI COJep KaT MOTU(PHUINPOBAHHBIN Te-
HOM C TPOMOTOPOM Iepe]] calTaMH KJIOHUPOBAaHUS IS
BCTPOMKH OJJHOTO WJIM HECKOJBKUX UY)KEPOIHBIX TE€HOB,
KOJUPYIOIIMX LEJIEBbIE MPOTEKTUBHbIE aHTUreHbl [10].
IIpu npuMeHeHNN BEKTOPHBIX BaKIMH HMPOUCXOIMUT KC-

npeccus aHTUIeHa, aHaJOrMyHasi TakoBOW MpH ecTe-
CTBEHHOW MH(EKIINH, CO3aeTCSI BOSMOXXHOCTH JOCTaBKH
LIEJICBBIX AHTUTECHOB B OIpPEICICHHBIC KICTKHA M TKAaHU
[1, 11, 12]. T'ereponoruunbie BEKTOPHBIE BAKIIMHBI pa3-
pabaTpIBafoTCsl HA OCHOBE JBYX M OOJiee BUPYCHBIX BEK-
TOPOB, KOTUPYIOIINX OJHU U T€ K€ WU Pa3HbIC LIeJICBhIC
aHtureHsl. [Ipu AByKpaTHOI cxeMe BaKIWHANUU (HOPMU-
pyercsi Oonee BHIPAKCHHBIH M JITUTSIEHBIA HMMYHHBIN
OTBET II0 CPAaBHEHUIO C OJHOKPATHOW WM JBYKpPATHOM
BaKIMHAIMEeH OHOBEKTOPHOM BakiuHOM [1, 13].

MakcuManbHO BBICOKHE YpPOBEHH 0O€30MAaCHOCTH
JOCTHUTAETCSI UCTIOIH30BAHUEM BAKIIMH «OJHOTO ITHKIIa»
WIH «OJHOTO BUPYCHOTO MOKOJEHUS». DTO BaKLUHHBIE
peKOMOWHAHTHBIE BUPYCHI, U3 TEHOMa KOTOPBIX YIaJIeH
Oenok, HeoOXOMUMBIH IJisl BUPYCHON peruiuKanuu (Kak
MIPaBHIIO, 3TO OEJIOK, yYaCTBYIOIIHI B COOpKE BUPHUOHA).
[TapamrensHO ¢ KOHCTPYHPOBAHHEM PEKOMOMHAHTHOTO
BHpYyCa A PEIUIMKAIINN TaHHOTO MOIU(ULIUPOBAHHO-
IO areHTa CO3AaeTcs CIeUUaTN3UPOBaHHAs JIMHUS Kile-
TOK, B KOTOPOH CHHTE3WpYyeTCs OCIOK, HEOOXOMMMBIN
JUIS BUPYCHOM peruinkanuu. B pesynbrare geQexTHbIH
PEKOMOWHAHTHBI BUPYC pPEILTUIMpYeTcs B Moaudwu-
[IUPOBAaHHON KYJIBType KJIETOK M HapaOaTHIBAIOTCS €ro
npenapaTruBHbIe KonndecTBa. OQHAKO B MAKpOOpraHU3-
M€ 3TOT BUPYC MPU CHHTE3€ OCHOBHBIX MPOTEKTUBHBIX
OCIIKOB TEpSIET BO3MOKHOCTh K TPOAYKTUBHON HMH(DEK-
LMY U TTOJTHOLIEHHOW cOopke BUpHOHOB. [Ipu BBeneHun
TaKOTO0 PEKOMOMHAHTHOTO BHpYyca aKTHBHUPYIOTCS 00e
BETBH MMMYHHOU 3aIlIUTHI: TYMOpalbHAas U KIETOYHAS,
a ero KOHTaruo3HOCTh U CIIOCOOHOCTD K MEPCUCTCHITNU
yTpauuBatorcs [14, 15].

Jnsi pekoMOMHAHTHBIX BakIWH C MENBI0 YCHIICHUS
AMMYHHOTO OTBETa M YBEIHUYEHHUS €T0 JIUTEIHHOCTU
HEOOXOJIIMO HCIIOJb30BaHUE aJbIOBaHTa, XOTS (op-
MHpOBaHHUE 3aIIUTHI BO3MOKHO  Oe3 Hero [1, 3]. Ilpu
[IepOpabHOM WJIM UHTPAHA3aIbHOM BBEJCHUH PEKOMOU-
HaHTHas BUPYCHas BaKIMHA CIIOCOOCTBYeT BHIpaOOTKE
Kak 00IeT0 MIMMYHHOTO OTBETa, TaK 1 MECTHOM peaknu
OpraHm3Ma B 3aBUCUMOCTH OT crioco0a BeeneHus [1, 10].

Puc. 1. Cunres neneBoro nporenHa pudocoMaMu KIETKH.

Fig. 1. Synthesis of the target protein by cellular ribosomes.
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MeToabI KOHCTPYHPOBAHUS PEKOMOMHAHTHBIX
BHPYCOB

[ KOHCTPYHMpOBaHUS PEKOMOMHAHTHBIX BHUPYCOB
pa3paboTaH psJl METOIOB: TOMOJIOTMYHAs pPEKOMOWHA-
uus (I'P) [16], TpaHCTIO30H-0NIOCPEIOBAaHHBIN MHCEPIIU-
OHHBII MyTareHe3 [17], HykneasHsle Metonsl ZFN [18],
TALEN [19], a Taxke HOAXOABI OOpaTHOW TE€HETHKH
[20, 21] u ap.

OO0paTHas TeHeTHKA TI03BOJISIET IMOTYIUTh N3MEHEHHBIN
OHMOJIOTHYECKH aKTHBHBIA BHPYC MyTeM TpaHcheKunu
WH(QHUIMPOBAHHBIX BUPYCHBIM BEKTOPOM JIMHUH KJIETOK
IJIa3MHUIaMH, KOTOPBIC CONEPIKaT TeHBI, KOMUPYIOIIHE I1e-
neBbie Oenku. BHOCA U3MEHEHUS ITyTeM BBEICHUS MyTa-
Uil B pa3ianyHble LENEBbIC T€Hbl, MO)KHO CHUXATh BUPY-
JCHTHOCTh W MEHSTh aHTUTEHHBIC CBOWMCTBA KaK CaMOTo
BEKTOpPA, TaK U KIIOHHUPYEMBIX BUPYCHBIX T€HOB [22].

Kaxk npaBwuiio, 11t co3nanusi peKOMOMHAHTHOTO BUPY-
ca HeoOXOIMMBI BUPYCHEIN PEIUNMEHTHBIA BEKTOP U JI0-
HOPHBIN TJIA3MHUJIHBIN (MJIM CHHTETHUYECKHI) HOCHUTEIb
uenesoro rexa. [{ns supycusix JJHK-BexTopoB noaroro-
BHUTEJIBHBIN ATall HA dTOM 3aKaHumBaeTcs. s reHeTu-
yeckoit monudukanuu PHK-BupycoB HeoOxoaum mpen-
BapUTENIbHBIN 3Tan noyy4deHus komruiemeHtapaoi JTHK
(x1HK) [16]. Omuako cunTe3y momHOpa3zMepHbIx kJIHK
MOJKET IPEMATCTBOBATE PsiI MPUYMH, TAKUX KaK TOKCHY-
HOCTh Ui Oakrepwii (uto pemaercs merogomM CPEC
(Circular polymerase extension reaction), Ipu KOTOPOM
MIPOUCXOIUT MOCIEe0BaTENbHAs COOpKa BEKTOpa U3 aM-
TUTMKOHOB TIPH TTOJIMMEPa3HOH IEMTHON peakIiu ¢ oopar-
HOW TpaHCKpHuNuueii), oopa3zoBaHue mimwiek u ap. [21].
JanpHeliue mpolecchl MOMYyYSHUS PEKOMOMHAHTHBIX
PHK-conepsxaiux BUPyCOB TakKe UMEIOT PsAJl OTIUUHM,
KOTOpBI€E 3aBUCAT 0T Tuna BupycHoi PHK: renom «+», re-
HOM «—», UHTETPUPOBAHHBIN T€HOM, CETMEHTHUPOBAHHBIN
TeHOM WM AByXLleroyeuHbli renoM. Hampumep, nmns pe-
xoMmOmHaHTHEIX PHK-comepikamnix BHPYCOB ¢ TEHOMOM
«+» HeobOxomuMma >¢(deKTHBHAS JOCTaBKa (Yallle BCEro
HCHOJb3YIOT JUMIIOCOMBI) BHOBB cuHTe3upoBaHHoi PHK
B IIUTOINIA3MY KIIETKH, B TO BPEMS KaK JUIsl peKOMOMHAHT-

a/a

OB30PbI

HbIX PHK-conepskamux BUpycoB ¢ TEHOMOM «—» Tpely-
€TCA BUPYC-TIOMOIIHUK WK Ja)Ke BCTPOHKa N3MEHEHHON
nonHopasmepHoil k/IHK B xpynnsiit JIHK-conepxamuit
BUPYCHBIH BEKTOp, aHAJIOTHYHO TOMY, KaK ObLia Ioryde-
Ha MapKHpOBaHHAs pPEeKOMOWHAHTHAs BaKI[MHA IPOTHUB
qyMbI KpynHOTO poraroro ckora (KPC) [23].

OTHOCUTETBHO PETPOBUPYCHBIX PEKOMOMHAHTOB H3-
BECTHO, YTO KOHEYHBIM IPOIYKTOM IOIHMEpPa3HOW pe-
akuuu sBisiercs apyxuenodeuysnsii JJTHK-nposupyc, co-
JeprKalliii Bce BUPYCHBIC T'eHbl U (IaHKMPOBAHHBIHN 3’-
u 5°-LTR (long terminal repeat, ATWHHBIE KOHIIEBHIE
nosTopsl). [IpoBupycnas JIHK, nnterpasa (IN), otnens-
HbIC BUPYCHBIE U KJICTOUHBIC O€IKM 00pa3yroT BUPYCHBIN
MIPENHTETPAIIMOHHBIA KOMITIEKC, KOTOPBIH HMIIOPTHPYET-
csl BHYTpb s11pa, a IN karanusupyer BCTPOMKY BUPYCHOMI
JIHK B renom knetku [24]. OnHako Ha COBPEMEHHOM 3Ta-
TI€ CO3/1aHbI JICHTUBUPYCHBIE BEKTOPHI C IE(PEKTOM HHTE-
rpassl (IDLV), koTopble yke mociie OAHOKPaTHON HMMY-
HU3AIUN CTUMYIUPYIOT UINTENbHBIA UMMYHHBIH OTBET
1 00J1a1af0T BEICOKMM ypOBHEM Oe3omacHocTH [25, 26].

i co3maHusl peKOMOMHAHTHOIO BHpYCa HCIHOIb3Y-
eTcs XOpOIIo BocHpousBoAuMbIA mMeton [P (puc. 2 a).
Jlis monmy4ennsi peKoMOMHAHTHOTO BHpyca rpu I'P xoH-
CTPYMPYIOT IUIa3MHUAHBIA BEKTOp € (IaHKUPYIOIIUMHU
LIEJIEBOH T€H MOCIEN0BaTEIbHOCTIMHU, TOMOJIOTHYHBIMU
MeCTy BCTPOHKH B reHoMe BekTopHOro Bupyca [16]. JHK
IUTa3MUIHOTO BEKTOpa BBOAUTCS B HH(UIIMPOBAHHBIE
BUPYCOM KJIETKH WM KOTPaHCQUIMPYETCS C TEHOMHON
JIHK Bupyca. B TpaHChHUIHpOBaHHBIX KIETKAaX MpPOWC-
XOIUT OOMEH IMOCIEeI0BATENbHOCTIMA MEXIY TUIa3MUJI-
Hoit u BupycHoil JIHK, comepkamuMu romMoioruvHbIe
ydacTku. [IoCKONbKy BHPYCHBIH BEKTOp NOKEH MMETh
KaKOH-JTHOO0 CEeJIEKTHBHBIN MapKkep, TO peKOMOWHAHTHBIE
BUPYCHI OTOMPAIOT KJIIOHUPOBAHUEM HAa OCHOBE Pa3HUIIBI
PeIIMKaliy NCXOIHOTO M MMEIOIIETO MapKep peKoMOu-
HAHTHOTO BHUpyca [27].

Ha mnactosimmii MomeHT Haubonee 3(QeKTHBHBIM
Y YHHBEPCAILHBIM METOJIOM PEJaKTHPOBAHHUS BUPYCHOTO
reroma seisiercs Texaonorus CRISPR/Cas 9 (puc. 2 6)

o/b

Puc. 2. OcHoBHBIE METOAbI CO3aaHUA peKOM6I/IHaHTHLIX BHUPYCOB.

a — roMoJIorH4Has pekombuHamms; 6 — cucrema CRISPR/Cas9.
Fig. 2. The main methods for creating recombinant viruses.
a —homologous recombination; b — CRISPR/Cas9 system.
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REVIEWS

[19, 28]. Ona xapakTepu3yeTcs BBICOKOH KOPPEKTHO-
cTteio pepaktupoBanua JIHK-muieneit u HU3KOW ak-
TUBHOCTBIO PaCIIEIUICHUs BHE MUILIEHEH, OTHOCUTEIHHO
MPOCTHIM HCIOIb30BaHUEM, MO3TOMY cuctema CRISPR/
Cas 9 BeiTrecHwiia npenumectsytomue ed ZFN u TALEN
[29, 30]. Texnomorus CRISPR/Cas9 ocHoBana Ha TOM,
YTO JUIsl Paclo3HaBaHUs LIEJIEBOU MOCIENI0BATEIbHOCTH
ucnons3yrores He Oenku (kak y ZFN u TALEN), a He-
6onpine mosnexynas! Hanpasisitoneid PHK (HPHK, guide-
RNA). Cucrema penaktupoBanus reaoma CRISPR/Cas9
cocroutr w3 JIHK-cBs3pIBaromiero omMeHa, OTBEYaro-
IIero 3a PaclO3HABAHWE W CBS3BIBAHWE ONPEACICHHON
nocnenosatenbHocTn JJHK, u addexropHoro nomena,
obecmeunBatomero pacmerenne JJHK [29]. Pemaktu-
poBaHKE NMPOXOAUT B 2 3tamna: pacierienus JHK u mo-
cienyroiei permapamuu [28], KoTopas MPOUCXOIUT JTHOO
MMOCPEACTBOM HETOMOJIOTUYHOTO COCAMHCHUS KOHIIOB
(non-homologous end joining, NHEJ), mu60 romonoruy-
Horo BoccTanoBieHus (homology-directed repair, HDR).
Jnst moBeIeHUss APGEKTUBHOCTA M TOYHOCTH BBOIH-
MBIX H3MEHEHUH HCIIONB3YIOTCS METOABI, MOJABISIONINE
NHEJ u ycunusaronue HDR, xoTopble 0CHOBaHBI Ha XU-
MUYECKON MOAYISALUM, CUHXPOHU3UPOBAHHOM AKCHpec-
CHH TIePEKPBIBAIOLINXCA TOMOJIOTUYHBIX y4acTkoB [31].
[IpeumymectBom CRISPR/Cas9 sBISIOTCS  JIETKOCTH
u ckopocth cozmanus HPHK, Bo3aMoxHOCTE Momuprka-
LIUH HECKOJBKUX HeIeBbIX reHoB. TeMm He Mmenee CRISPR/
Cas9 umeer orpaHuYeHUs], CBI3aHHBIE C Pa3HULICH B CKO-
poctu pacueruienus: JIHK 1o cpaBHEHHIO O CKOPOCTBIO
peIIMKanny BUpyca, HEOOXOAUMMOCTBIO MOBBIIEHUS (-
(eKTUBHOCTH BOCCTaHOBJICHHUS [28].

[lIupoko BOCTpeOOBAHHBIE TEXHOJIOTHH DPEIAKTHPO-
BaHUSI T€HOMa OBICTPO M YCHEIIHO pa3BHBAIOTCA. Tak,
HenaBHO paspabortannas CRISPR/Cas9-cucrema BeITEC-
Hiaercs HOBEIM MeTogoM NICER, ocHoBaHHBIM Ha HC-
oJIb30BaHUU HHKa3bl CasY, co3maromieii Julllb OgHOILe-
MOYECYHBIE Pa3phIBbl, KOTOPHIE BOCCTAaHABIMBAIOTCSA 0€3
OTIACHOCTH BO3HHKHOBEHUS MYTAIlWi, YTO PACIIUPSCT
BO3MOXKHOCTH JJISl KOPPEKIUU TEHETUYECKUX Hapylle-
HUH, aCCOIMMPOBAHHBIX C OIPEETICHHBIMU 3a00JIeBaHH-
smu [32].

Kionupyrommue BeKTOpbI

[Tna3mMunHBIE BEKTOPHI UMEIOT 00S3aTeNbHYI0 MUHU-
MaJBbHYIO CTPYKTYpPY, BKIIOUAIONIYI0O TOYKY Hadaja pe-
TUAKAK (0ri), CEJIEKTUBHBIH MapKep YCTOHYMBOCTH
K aHTHOMOTHUKAaM ¥ MHOKECTBEHHBIH CAlT KIIOHUPOBAHUS
(MCS) [33]. B xagecTBe BEKTOPOB IMIEPEHOCA HCIIONB3YIOT
U IpyTHe pa3HOBUAHOCTH TUIA3MHUJI: (POCMUIBI, OCHOBAH-
HbIe Ha OakTepuanbpHON F-ruta3zmmime; KOCMUABI, conep-
xane JJHK ¢ara nsamOaa ¢ cos-ydacTkoM, IpoACKEBbIe
IUIa3MHIIBI U3 MTaMMOB Saccharomyces |34], nuHeitHbIe
mnasMuel Streptomyces u ap. [35]. OpHako Hakoruie-
HUE U BBIJCICHUE TUIa3MU]] U3 APOXCKEN sBIsieTcs Oonee
CIIOKHBIM, TPYAOEMKUM H JOPOTOCTOSIIMM TPOLECCOM
o cpaBHEeHHIO ¢ Escherichia coli [36].

BAC (Bacterial artificial chromosome) — HU3KOKOTIHIA-
HbIE BEKTOPHI C BBICOKOH eMKOCThIO (110 300 kb) mo cpas-
HEHUIO ¢ IIa3MuaHbIME BekTopamu (o 10 kb), mcmons-
3yeTcst IUIsl KIIOHUPOBAHUS OOJNBIIIX BUPYCHBIX TEHOMOB
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[27, 33, 37, 38]. [IpeumymectBamu BAC siBnsitoTCs BbI-
COKasi TOYHOCTh PEIUIUKAINN, OTCYTCTBHE CEJICKTHBHOTO
JIABIICHHS Ha BUPYCHBIN reHOM B E. coli, OTCyTCTBUE TOK-
cudeckoro ¢ ¢exra asa 6akrepuit [27].

Haubonee momymsipHbIM METOIOM TIONYYICHUS KIOHH-
PYIOIIUX BEKTOPOB SIBISETCS PECTPUKTA3HO-IUTA3HBIN
METOJl, TaKXKe CYIIECTBYeT P aJbTepPHATUBHBIX TeX-
Honoruiti: MCS u GakrepuanbHas cbopka in vivo [39],
FastCloning [40], pekoMOMHANMOHHOE KIOHHPOBAHKE
GATEWAY [41], SLiCE [42], Golden Gate [43]; He3aBu-
cumble ot murupoBanus ELIC [44], SLIC [45], HAC [46],
One-step SLIC [47] u In-fusion [48].

BupycHbie BEeKTOpbI

AJICHOBHUPYCHI 9aCcTO MCHONB3YIOTCS B Ka4eCTBE BEK-
TOpa, 00NajgarT HIMPOKUM TPOIH3MOM, BBICOKOH 3¢b-
(heKTHBHOCTBIO TPAHCAYKIIUU, OTCYTCTBUEM HHTETPAITIH
B TeHoM xo3siHa [1, 49]. B kadecTBe BEKTOpPOB Ha OC-
HOBE aJICHOBHpYCa BBIOMPAIOT KaK CIIOCOOHBIE K PEIUIU-
Kalli{ BapUaHTHI, TaK U C €€ Ie(EKTOM: B 3aBHCUMOCTH
OT TOTO, COAEPKaT OHU BCIO 00AaCTh PAaHHUX ICHOB, OT-
BETCTBEHHBIX 32 MOIU(HUKAIINIO IKCIIPECCHH TEHOB X035~
MHa ¥ CHHTE3a BHPYCHOTO O€NKa, WM TONBKO €€ YacTh
[1, 50, 51]. Jns 3ppekTuBHOrO UMMYHHOTO OTBETA BbI-
00p a/IeHOBUPYCHOTO BEKTOPA OCHOBBIBAETCSI HA UCTIOJb-
30BaHWM MaJIOPACIPOCTPAHEHHBIX CEPOTUIIOB, YTOOBI
n30eKaTh AaHTUTENI03aBUCUMON HHTUOUIINY €TO PEIUINKa-
uu [49]. AnenoBupyc 5-ro tuna (AdS) panee sIBISICS
CTaHJAPTHBIM BHIOOPOM B KaueCcTBE BEKTOpa, OJJHAKO Ha
JAHHBIA MOMEHT €ro NMPUMEHEHHIO MPEMATCTBYET BBI-
COKasl CepoNpeBAIEHTHOCTh CPEIH JItofIeH, KoTopasi J0-
cturaet 90%, mo3ToMy JUIS pPEIIeHus TaHHOH IPOOIeMbl
HCIIONB30BAIMCEH APYTUE, 00Jiee peAKUe TUIBI aJeHOBH-
pycoB s yenoBeka (Ad26, Ad35, Ad11) u aneHOBUpY-
cbl XKUBOTHBIX [1, 52]. Beicokas ceponpeBaieHTHOCTh
MIPUBOANT K CHIDKCHHI0O UMMYHHOTO OTBETa, KaK OBLIO
MPOJEMOHCTPHPOBAHO BO BpeMs HCIIBITAaHHUS BAaKIIU-
Hbl-kaauaara STEP nporus BUY: y BakIIMHMPOBAaHHBIX
HACTyMaJo MOoBbIIeHHe BocpunmunBoctu k BUY [53].
Jns 3amumter or SARS-CoV-2 co3madbl B TOM YHCIIE 0/10-
OpeHHBIC I MAacCOBOTO MPUMEHEHUS BAaKIIMHBI KaK Ha
ocHoBe Ad5 [54-57], Ad26 [1, 54, 56, 58, 59], Tak u Ha
ux koMOuHanuu [54]. Taxke mpoTHB JuXopanku D0oja
ObUTH pa3paboTaHBl BaKIWHBI C HCIONb30BaHHMeM AdS
[60, 61] u Ad26 [62].

PaznuuHbIe cepoTHUIBI  aJeHOBHpYCa [IIMMITaH3E
(ChAd) u, B wactHoctn, ChAdOx1 (Bextop ¢ medex-
TOM PEIUIMKAINHN) OBUTN HCTIOIB30BAHBI ISl CO3MAHUS
BEKTOPHBIX BaKIIMH-KaHAUJATOB ITPOTHB BUpYyca OellIeH-
ctBa (RABV), MERS, SARS-CoV-2 u ap. [1]. Hecmo-
Tps Ha To uTO BakiuHy-KaHaugara ChAdOx1 nCoV-19
TpU3Haau 0e30MacHOM, Y BaKIIMHHUPOBAHHBIX OBLI 00-
Hapy)XeH BBICOKHI YpOBEHb ayTOAHTUTEN K TPOMOOIH-
tapHoMy ¢akropy 4 (PF4), uto oObsicHseTrca oOpa3o-
BaHUeM koMriuiekca PF4 u aneHOBHpYCOB (B TOM ymcie
u AdS, Ad26) [1, 63—65]. AneHOBHpPYC IUMITaH3€ OBLI
HCIIONIF30BaH B Ka4eCTBE BUPYCHOTO BEKTOpA MpPHU pas3-
pabotke BakiuH-kKaHauaatoB ChAd3-EBO-Z mporus
Bupyca D6oma [66], ChAdOx1-GnGc npoTus auxopa-
ku nonussl Pudr [67].
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BexTopbl Ha OCHOBE a/IeHOACCOIIMMPOBAHHBIX BUPYCOB
(AAV) sBRsIOTCS TOMYNISPHBIMU U T€HHOH Teparuu
1 JI0CTaBKU TepaneBTuueckux anturen [11]. Hecmotps
Ha pacnpOCTpaHEHHBIH UMMYHUTET K AAV, HEKOTOpbIE
BaKIIMHBI Ha WX OCHOBe (popmupyloT Ooyiee BBICOKHI
1 YCTOMYMBBII UMMYHHBII OTBET 10 CPABHEHUIO C IPYyTH-
MU THIIaMu BakiuH [1]. [lepBbiM OBLT co31aH pekOMOU-
HaHT AAV ¢ BUpyCcOM IIpocTOoro repreca 2-ro tuna [68],
a panee paspaboran rAAV-Bl1-Fc, skcnpeccupytrommuit
aHTHUTENA C HEWTpaU3yIollell akTHBHOCTHIO IPOTUB 00-
TyJOTOKCHMHA TUHa A [69], a Taxke BaKUMHA-KaHIUAAT
rAAV-COVID-19 [70]. [lns renHoi# Tepanuu pazpaboTaH
1 o100peH psia npenaparoB: Onasemnogene Abeparvovec
Ha ocHOBe AAVY 1y jIedeHUs CIMHAJIbHO-MBIIICUHON
arpoun y nereit [5, 6], Valoctocogene Roxaparvovec
u Etranacogene Dezaparvovec Ha ocHoBe AAVS and ne-
genust remodruu A u B [7, 71], Voretigene neparvovec
Ha ocHoBe AAV2 mis neuenuss amaBposa JlebGepa [8].
Opnnako mpuMeHeHrne rAAV, 0coOSHHO B BBICOKHX JO-
3ax, MOXET OBITh OTPAaHUYEHO M3-32 PEaKii UMMYHHOMH
CHCTEMBI, KOTOpPBIE MPUBOAAT K BOSHUKHOBEHHIO TOKCH-
yecknx 3¢ddexroB. MMMyHOCynpeccus, nmpuMeHseMas
JUIsl TIOJABJICHUS] UMMYHHBIX peakuuii Ha A AV-BeKTop,
BO MHOTHX ciiy4asx Hea(dekruBHa. [IpnunHoil BO3HHK-
HOBEHHSI TOKCHYECKHX 3((eKToB SBISIOTCA peakuuu
aJalTUBHOTO UMMYHHUTETa Ha aHTUreHbl Karcujga AAV,
a TaKkKe Ype3MepHas aKTUBAIMS CHCTEMBI KOMILIEMEH-
ta. K mo6ounsM 3¢ dexkraM mpuMeHeHUs1 A AV-BEKTOpOB
OTHOCHUTCS: TPOMOOTHYECKass MUKPOAHTHOIIATHS, Hapy-
[IEHHE KPOBOOOpAIICHUs TICUeH! (MOJIHUEHOCHAS Tera-
TOTOKCUYHOCTD), TOKCHYHOCTh B OTHOILIEHUH 33HUX KO-
PEIIKOB CIIMHHOMO3TOBBIX HEPBOB, MHOKAp/ANT U ajulep-
ruyeckas peakuus. Ha pazsutue Tokcndeckux 3¢ (exToB
nocne BBeAeHUsT AAV-BeKTOpa BIMSET: AO3UPOBKa, ce-
potunt AAV, cnioco® BBeIeHUS, HHIUBUAYAIBHEIE OCO-
OEHHOCTH MAallMEHTOB (BO3PACT, HATMUUE OIPEAETICHHBIX
3a0omneBanuin) [72].

ITokcBUpYCHBIE BEKTOpPBI XapaKTEPU3ZYHOTCSI BBICOKOM
MMMYHOT€HHOCTBIO M CIIOCOOHOCTBIO BBI3BIBATh YCTOM-
YUBBIA U OBICTPO (POPMHUPYIOIIUNACT UMMYHHBIA OTBET,
KOTOPBIIl MOXKET yCHIIMBAThCS TIPH KOMOMHAITNH 2 BEKTO-
poB [1, 73]. IIpenMyImeCTBOM MOKCBUPYCHBIX BEKTOPOB
sBIIsIeTCS HauOonpiast (~ 25 T.I.0.) €eMKOCTh, YTO IIO-
3BOJIIET KOHCTPYHPOBaTh MYJIFTHAHTHTCHHBIE BaKIIMHBI
[1, 74]. Yame Apyrux HCHOIB3YIOTCS OCJIabIeHHBIE Op-
toniokcBupychl: MVA u NYVAC. OnHako npy BBeI€HUU
6ombioit 10361 (cBbime 108 BOE) BO3MOKHBI cepbe3HBIE
nobounsie 3¢ dekTer. Takke HEJOCTaTKOM BaKLIWH Ha
OCHOBE TOKCHBPYCOB SIBISIETCS BO3MOXHOE CHIKEHUE
MMMYHHOT€HHOCTH y JIUI, paHee MPHUBUTHIX BaKIIUHOMN
MIPOTHUB HaTypanbHOW ocmbl [75]. Ha ocHoBe MVA Obl-
JU TIONy4eHbl pPEeKOMOWHAHTHBIE BaKIIMHBI-KaHIUAATHI
SARS-CoV ADS-MVA [76], MVA-MERS-S mpotus
MERS-CoV [9], Ha OCHOBE BHpyca OCIBI KaHapeeK
CO3[JaH PEKOMOWHAHT TIPOTHUB LUTOMETAIOBHPYCHOM
napexmmn (ALVAC-gB) [77], nns KoHCTpyHMpOBaHUS
LIVP-hIFNa u LIVP-mIFNa ucnons3oBani BUpYC OCIIBI
KOpOB, JaHHBbIE PEKOMOMHAHTHBIE BHPYCHI OBLIHA pa3pa-
6otanbl B Poccnn, OHN XapaKTepH3yIOTCsI BBICOKOW OHKO-
CEJICKTUBHOCTHIO U OHKOJIMTHYECKOH aKTHBHOCTHIO [78].

OB30PbI

B P® B MHCTUTYTE XUMHUYECKOH OHMONIOTHH U (BDyHIAMEH-
tanbHoM MenuuuHbl CO PAH B.A. PuxTtepom u coaBT. Ha
OCHOBe BUpyca ocrioBakIuHbl mTamma VV-GMCSF-Lact
OBLT CO3/1aH OHKOJIMTUYECKUH BUPYC JIIst OOPBOBI C pakoM
MOJIOYHOM KeJie3bl, Ha IaHHBIII MOMEHT IIPOBEIEHBI KIIH-
Huueckue ucnsitanus | ¢asst [79, 80]. g momydenus
VV-GMCSF-Lact ucnonp3oBanu poauTEeIbLCKUHA IITaAMM
LIVP Bupyca ocrioBaKIMHEI, OBUTO MPOBEICHO yAaJeHNE
(¢parMeHTa T€HOB THMHUAWHKMHA3bl U POCTOBOTO (hax-
TOpa, BCTPOEHBI F€Hbl MHAYKTOPa MPOTUBOOITYXOJIEBOTO
UMMYHHOTO 0TBeTa IuToknHa I M-KC® (rpanymnorurap-
HO-MakpodaraipHbIii  KOJOHHECTUMYIUpPYIOMUil  (ak-
TOp) M OMHOTOKCHYECKOTO Oeika jaktantuHa [79]. Tak-
ke B Poccnu ObLH TpoBeieHBI CpaBHUTENBHBIE UCCIIEI0-
BaHMs OHKOIWTHYECKOH aKTUBHOCTH PEKOMOHWHAHTHBIX
mTamMMoB Bupyca ocnoBakiuasl LIVP-RFP 1 MVA-RFP
C WHAaKTHBHPOBAaHHBIM T'€HOM THMHUIWHKHHA3Bl B OTHO-
[ICHUH COJHMIHBIX OIyXoiei [81].

B kxadecTBe BUPYCHOTO BEKTOpa AJIsI CO3JaHUsA Ipe-
MaparoB ISl TEHHOW Tepanuy U JICYeHHS OHKOJIOTHYe-
CKMX 3a00J1€BaHN UCTIOIB3YETCS BUPYC MPOCTOTO Tep-
meca 1-ro tuma (HSV-1). HSV-1 ob6namaetr Gonbpmioi
€MKOCTBIO, @ TAK)XK€ IPOSIBISIET BHICOKYIO aKTHBHOCTH
OTHOCHUTENBHO AecTpyKuuu omyxonei [82, 83]. Tem
HE MEHee CYyIIEeCTBYIOT MpolieMbl ¢ obOecrneuyeHueM
0e30macHOr0 M BBHICOKOMPOAYKTHBHOTO IPOU3BOACTBA
Takux mpenaparoB. IIpeMMyniecTBEHHBI TPOMMU3M
o0enkoB HSV-1 Kk MOBEpXHOCTHBIMH pelenTopaM Kiie-
TOK HEPBHOM TKaHM M BO3MOXXKHOCTH JEJICIHH TeHa
Us3, BBI3BIBAIONIETO aKTHBAIMIO M cuUHTe3 ¢acdaru-
JMVTHO3UTON-3-KWHA3bl, oOnajaromeld CUTHAJIbHON
¢yHKIMEH B mponeccax HponuQepanud U arnomnTosa
OIYXOJIEBBIX KJIETOK, aenaroT HSV-1 sddexTuBHbIM
UHCTPYMEHTOM [JIsl JICUEHMS OINyXOJed LEeHTpalbHOMI
HepBHOU cuctemMbl. OCHOBHBIM HEIOCTATKOM HCIIOJIb-
3oBaHud HSV-1 B kauecTBe BEKTOpPHOTO BHpyca I
TEeHHOHN Tepamuu SBISETCS TOKCUYHOCTb, CBSI3aHHAS
C 0COOGHHOCTSIMH BEKTOpaA, a TaKXKe MHAYKIIHS BOCIIa-
nenus. [loaromy nensro mogudukanuu HSV-1 aenser-
Cq CHUXXCHUE HEHMPOTOKCHYHOCTU M YBEIMYECHHE CIIO-
coOHOCTH BUpYCa MOpaxarh KJIETKH IJIHOMBI, a TaKKe
CO37aHNe BO3MOXHOCTH 3KCIIPECCHPOBATh pa3iIU4HbIe
TPAHCTEHBI, YCHUJIUBAIOUINE COOCTBEHHBIH IPOTHBO-
onyxoJyieBpli UMMyHuUTeT [84]. IIpoTHBOOIyXONEBbIE
CBOWCTBA ONMMCAHHBIX PEKOMOMHAHTHBIX OHKOJIUTUYE-
CKHUX I'epIeCBUPYCOB UCHBITaHBl KaK in Vifro, TaK U Ha
Mozensax in vivo. Hanpumep, mramm HSV1716 npo-
IIes1 TpU KIMHNYecKuX ucnbitanud | ¢assl [85].

Ha naHHBII MOMEHT CYIIECTBYIOT YK€ OJOOpEHHBIE
VYrpaBiieHHeM 110 KOHTPOJTIO Ka9eCTBa MHUIIEBBIX TPOIYK-
TOB 1 eKkapcTBeHHBIX cpencTs (FDA, CILA) npenapartst:
Imlygic nns jgeyeHus 3710Ka4eCTBEHHOM MellaHOMBI [86],
Vyjuvek mis tepamuu auCTpopUUECKOro OyIIe3HOTO
snuaepmonusa [87].

N3 PHK BUpYCHBIX KOHCTPYKIIHH, BBIJESAIOT BEKTOPHI
Ha OCHOBE BHpyca BE3HWKYJsIpHOTO cTtoMatuTa (VSV),
KOTOpBIE O0JIaZafoT BBICOKMM YPOBHEM PENpPOAYKLUHU
U XapaKTepHU3yIOTCs HU3KOM MPEeBaICHTHOCThIO AaHTUTEN
y mone#t [1, 88, 89], mupokum tponuszmom [89], BeIco-
KO MMMYHOTE€HHOCTBIO IIPH OJHOKPAaTHOM BBEIECHUU
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U TPOJIOHTUPOBAHHBIM HMMYHHBIM OTBETOM. MX HM-
MYHOT€HHOCTH 110 CPaBHEHHIO C BaKI[MHAMH Ha OCHOBE
RABV c¢ pedexrom perummkanuu ropasno Beime [10].
K nHemocrarkam VSV-BeKTOpOB OTHOCHTCS: HHU3Kas (-
(PeKTUBHOCTH IPH MOBTOPHOM BBEJCHHH, c1abo BBIpa-
JKEHHBIM TPOMU3M K PAKOBBIM KJIETKaM IO CPaBHEHUIO
C JAPYTUMHU OHKOJMTHYECKUMHU Bupycamu [89]. VSV-
BEKTOP HCIIOIB30BAJICS IS YK€ OMOOPEHHON BaKI[MHBI
npotuB Bupyca D6omna (rVSV-ZEBOV) [1, 88]; a Taxxke
JUTS BaKIMH-KaHAMJIATOB I MPO(UIAKTHKH reMoppa-
rudeckor nmxopagku MapOypr [90], muxopanku Jlac-
ca[91] u mp.

Baxk1iHbEI Ha OCHOBE JISHTHBHpYCA ¢ 1e(heKTOM UHTETpa-
361 (IDLV) cTUMynmupyiOoT WHTEHCHBHBIN W JUTMTEIBHBIN
MMMYHHBI OTBET TIOCJIE€ OIHOKPATHOM HMMYyHHU3AIlWH,
00JTaZatoT BBHICOKUM YpOBHEM Oe3omacHocTH [1, 25, 26].
IDLV nony4enst n3 BUY unu Bupyca ummyHonedum-
Ta 00e3bsiH MyTeM YHaJieHHs] U3 TeHOMa OOJIacTH, OTBe-
Yaolel 3a peruKalyo BUpyca, U MyTalMel JJTHHHBIX
KOHIIEBBIX ITOBTOPOB CHTHAaja YIAaKOBKHM M T'€Ha WHTErpa-
3p1 [1, 10]. Onnaxo IDLV xapaxrepusyercsi 3HaUHTEIHEHO
6oJiee HU3KUM YPOBHEM 3KCIIPECCUH 110 CPABHEHUIO C HH-
TErpUpPYIOUIMMCS JIEHTUBHpYCcoM [92, 93], a Takxke Ooiee
HU3KMAM YPOBHEM PHCKa HHCEPLUOHHOTO MyTareHesa [94].
Ha ocnore IDLV co3maHbl peKOMOMHAHTHBIC BUPYCHI IJIsT
MOBBITIICHUST 3()P(HEKTUBHOCTH TPAHCIYKIUU JACHAPUTHBIX
kietok [95], Takxke IDLV ncnonb3oBaiicss Uit TOCTaBKU
anTureHoB Bupyca rpunma HIN1 [96, 97].

bnaronapst BeICOKOH TeHOMHOW CTaOMIBFHOCTH B Kade-
CTBE BEKTOpa UCIOJIB3YIOT BUpyc naparpunna PIV cepo-
tumoB 1, 2, 3 u 5, a taxke B/HPIV3 — xumepHsIii BHpyc
naparpunna KPC u yenoseka. YcTaHOBIEHO CyLIECTBO-
BaHHE BO3MOXXKHOTO PACIIMPEHHSI TPOMHM3Ma W IOBBI-
[IEHUsI MaTOTeHHOCTH MpH Hcmonb3oBaHuu PIVS [98].
Ha ocnose PIV ckoHCTpyHpOBaHbI BaKLIMHBI-KaHAHUJAThI
JUId TpO(QUIAKTUKKA THaparpuia 4ejioBeka 2-ro THIa,
COVID-19 [99], pecniupaTopHO-CUHITUTHAIBHONU BUPYC-
Hoit nHpeknuu [100], muxopanku D6o0ma [101].

IIpuHATO CUMTATh, YTO BAaKIIUHHBII BUpyc kopu MeV
mrammoB Schwarz n Moraten sBnsieTcs 0e30mMacHBIM
BUpPYCHBIM BekTopoM [10]. MeV no3BossieT co3naBaTh
MOJNIMBAJICHTHEIE PeKOMOWHAHTHBIE BaKUWHEBL. [IpeaBa-
puTeNbHAs BaKIIMHAIKS TPOTUB KOPH OOBIYHO HE CHU-
aeT MMMYHHOT€HHOCTH BaKLIMH C IpUMeHeHueM MeV
B Ka4eCTBE BUPYCHOI'O BEKTOpa, Takxke MeV orinnua-
eTCs BBICOKOH cTabmibHOCTRIO [102]. OnmHako OBLIO
BBISIBJICHO, YTO paHee C(HOPMHPOBAaHHBIA WMMYHHUTET
K KOPH MOXXET BIHATH Ha 3(pPEeKTUBHOCTP MMMYyHH3a-
MM B 3aBUCUMOCTH OT BBIOpaHHOTO aHTHreHa [103].
Ha ocunoe MeV 0butn pa3zpaboTaHbl BaKITUHBI-KaHH-
JaThl A TpoIIakTUKY Tuxopanku 3anagHoro Huma
[104], nuxopaaku YukyHryHbs [105], nuxopaaku 3uka
[106].

WHorna ucnonb3y0T U BUPYCHBIIA BEKTOp Ha OCHOBE
BHpyca 6one3nu Hprokacma (NDV) ¢ Hu3KO# BHpPYJICHT-
Hocthio (NDV LaSota, B1), nockoneky Beenenne NDV
MOBBIIIAET MHAYKIHUIO MHTEpdepoHa, a ero Oenku 00-
JajaloT aabloBaHTHBIMU cBoricTBamu [10, 107]. BaxHo
VUHUTHIBATh, YTO YEIIOBEK MOXKET OBITH MoaBepkeH NDV,
IIPH ATOM OOBIYHO TeUeHUE 3a00JICBaHMSI JIETKOE U HE BBI-
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3pIBaeT ociaoxHeHui [108], omHako HemaBHO OBUIH 3a-
(huKCHPOBaHBI 2 CMEPTENHHBIX CITydast IIOCIE 3apasKeHUS
moneit ¢ ummyHocympeccuei [109]. DddexTuBHOCTH
MMOBTOPHOW BaKIMHAIIMK ¢ TpuMeHeHrneM NDV B kaue-
CTBE BEKTOpPA MOXKET CHIDKATHCS WM3-3a HATHYIUSI aHTHTEI
K HEMY, YTO OTPAaHUYMBAECT BO3MOXKHOCTH €0 MOCTOSH-
Horo ucnonb3oBanus [4]. Ha ocnoBe NDV 6putn paspa-
OoTanbl BaknuHBI-Kauaunatel mpotus COVID-19 [110],
nuxopaaku D6omna [111].

XapakTepucTUKa BUPYCHBIX BEKTOPOB MpeECTaBICHA
B Ta0JIHIIE.

3akiaouenue

B coBpeMeHHBIX MOAXOAAX K HMMMYHH3aLUM JHOACH
Y ’KUBOTHBIX BCE Yallle HCIOJb3YIOT PEKOMOUHAHTHBIE BH-
pycHbIe BakuHBL. [[prMeHeHe peKOMOMHAHTHBIX BaKIHH
Ha OCHOBE T'OMOJIOTHYHOIO PEIUIMIMPYIOLIETOC BEKTOpa
UMEET BBICOKUI PHUCK BOCCTAHOBIJICHHS €r0 MaTOI€HHBIX
cBoiict [1, 3, 9]. C menbio n306exars peBepCHN BUPYIICHT-
HOCTH B030yauTensi, Obl1 pa3paboTaH aJbTepHATHBHBIN
BapHaHT ¢ 0oJiee BBICOKUM YPOBHEM O€30M1aCHOCTH — BaK-
[IMHBI HAa OCHOBE T€TEPOJIOTHYHBIX BEKTOPOB W BEKTOPOB
¢ 1e(heKTOM PETUIMKAIH — «OIXHOTO BHUPYCHOTO ITOKOJIE-
Hus [3].

Co3nmanne ¥ MpUMEHEHNE PEeKOMOMHAHTHBIX BHPYCOB
JUIS BaKIHMHOIPO(MIAKTHKH, TEPAUH OHKOJIOTHYECKUX
3a00JIeBaHMi, TEHHOH Tepanuy, U3y4eHHs] BUPYCHOTO Te-
HOMA 3HAUYMMO YIYYIIAIOT apceHall 3allUTHBIX CPEACTB
B COBPEMEHHOW MEIUWIIMHE, BEeTepUHAPUH U OHMOJIOTHH,
B 1leJIoM. B Hacrosee BpeMsi METOROIOTHSI MOTY4EeHUs
pexoMOMHAaHTHBIX BaknuH Ha ocHoBe CRISPR/Cas9, ro-
MOJIOTHYHON PEKOMOHMHAIIMKN U T.A., TOBBICHIN HX 0e3-
OIIaCHOCTh U 3(QPEKTUBHOCTh BaKIMHALMH, CHENIAIN
BO3MOXKHBIM CO3[aHHE HOBBIX METOJIOB JIEYEHHUS OHKOJIO-
TMYECKUX M TeHeTHYEeCKHX 3a00JeBaHUil, a HMCClIenoBa-
HUS B JaHHOM 0OJIACTH OCTAIOTCSI OOHUM M3 KIIFOUEBBIX
HaIpaBJIeHUH B COBPEMEHHOI BUPYCOJIOTHH.

OnmHako TpUMEHEHHe PEKOMOWHAHTHBIX  BHPYCOB
B KaueCTBE BaKIMHHBIX MPENapaToB IO HACTOAIIETO Bpe-
MEHH OTHOCHTCS K MaJIOM3yYeHHBIM HAIIPaBJICHHAM Kak
B SMHUAEMUONOTHH, TaK M B 3MHU300TONOTMH. B BeTepuHa-
PHH CO3[aHO Y YCHEIIHO IPUMEHSIOTCS OOJIBIIOE KOJIHIe-
CTBO PEKOMOWHAHTHBIX BAKIMH, YTO BIIOJIHE OMPABIAHHO,
IIOCKOJIBKY WX HCIIONb30BaHME Ha JKMBOTHBIX JAET CTaTH-
CTUYECKH 3HAYUMBINA A1 MEOUILMHCKHUX HCClenoBarenei
Mareprall mpu aHanmm3e 3(QQGEeKTHBHOCTH M 0e30MacHOCTH
pPEKOMOMHAHTHBIX BakKUMH. PacrpocTpaHeHue BHpPYCOB
B LIEJIEBOM TOMYISILIMU BCEIna MPEAIonaracT BO3MOXHBIN
KOHTAaKT BUPYCHOTO BEKTOpA C €ro BUPYJIEHTHBIM aHAJIOTOM,
co371aBasi MPENOChUIKN K YaCTUIHOMY HJIH TTOJTHOMY BOC-
CTaHOBJIEHMIO NAaTOIeHHBIX cBOIcTB. Kpome Toro, ciemyer
YUYHUTHIBATh M CKOPOCTh M3MEHYMBOCTH BHPYCOB, KOTOpast
st PHK-comepkamiix BUpycOB COCTaBIISIET NPHOIU3H-
TeapHo 1072-10* HyKIICOTHAHBIX 3aMEH Ha CaiiT B IO, a IS
JTHK-conepxarux BupycoB — 10°-10° HykIeOTHIHBIX
3aMeH Ha caiT B rof [117, 118]. CremoBarensHo, BOmpoc
O IPUMEHEHHH PEKOMOMHAHTHBIX BHPYC-BaKLMH JOJDKECH
pemiaTbcs Ha OCHOBE COBMECTHBIX HCCIIEIOBAaHMH dITHIIE-
MHOJIOTOB, 3MM300TOJIOTOB, BUPYCOJIOTOB ¥ MOJIEKYIISIPHBIX
O1OIOrOoB.
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Tabauna. CpaBHUTENBHAS XapaKTEPHCTHKA BUPYCHBIX BEKTOPOB [52, 55, 83, 84, 88, 98, 102, 108, 112-116]

Table. Comparative characteristics of viral vectors [52, 55, 83, 84, 88, 98, 102, 108, 112-116]

OB30PbI

CemeiicTBO,
o Emkocth
pasmep reHoMa BupycHslii BeKTOp BeKTODA JlocronncTaa Henmocrarku
Family, genome Viral vector pa Advantages Disadvantages
. Vector capacity
size
JTHK-cooeporcawue eupycoi
DNA viruses

Adenoviridae

Ad5, Ad2e,

Iupoxuit TponusM, 3dpdexTuBHast
TPAHCIYKIHUS, OTCYTCTBHE HHTET PN

Puck TpomM6030B.
Ad5: BbICOKHiT ypOBEHb IPEBAJICHTHO-
CTH aHTHUTEN y JIIonei

Travieso T., Li J., Mahesh S., Mello J.D.F.R.E., Blasi M. The use of
viral vectors in vaccine development. NPJ Vaccines. 2022; 7(1): 75.
https://doi.org/10.1038/s41541-022-00503-y

Jogi H.R., Smaraki N., Rajak K.K., Yadav A.K., Bhatt M., Eins-
tien C., et al. Revolutionizing Veterinary Health with Viral Vec-
tor-Based Vaccines. Indian J. Microbiol. 2024; 64(3): 867-78.
https://doi.org/10.1007/s12088-024-01341-3

Brisse M., Vrba S.M., Kirk N., Liang Y., Ly H. Emerging concepts
and technologies in vaccine development. Front. Immunol. 2020;
11: 583077. https://doi.org/10.3389/fimmu.2020.583077

30-451mo/kb  ChAd, ChAdOxl 615 Tmo/kb _ BICHOM Xo3IMHa Risk of thrombosis.
Broad tropism, efficient transduction, lack oy . .
. R Ad5: high antibody prevalence in
of integration into the host genome h
umans
Parvoviridae AAV 4.5 1m0/kb Bbicokuii ¥ yCTOHUUBBIA MIMMYHHBIH OTBET  PHCK TSDKENbIX TOKCHUECKUX 3B (EKToB
4,7 t.m.o./kb o A strong and sustained immune response Risk of severe toxic effects
. Beicokue 10361 TOBBILIAIOT TOOOYHBIX
Beicokast ”IMMYHOT€HHOCTb, JUIMTENIbHBIN EKTOB, HU3KAL HMMYHOTEHHOCTS
Poxviridae MVA, NYVAC, MMMYHHBII OTBET, OOJIBIIAs EMKOCTb. > Yy " ’
25 t.m.o./kb L o P y MPUBUTHIX OCHOBAKIIMHON
200-300 T.m.0./kb \%{0)% High immunogenicity, long-lasting immune Hi . .
: . igh doses increase side effects, low
response, high capacity . P .
immunogenicity in smallpox vaccinees
OoecrieyeHne 6e30MacHOCTH
. BonbIas eMKOCTb, Ha TIPOU3BOICTBE, TOKCHYHOCTh
Herpesviridae
HSV-1 15-25 t.m.0./kb BBICOKAs OHKOJIUTUYECKAs! aKTHBHOCTh BEKTOpa
152 t.m.o./kb - - . ) L . . .
High capacity, high oncolytic activity Ensuring safety in production, vector
toxicity
PHK-cooepocawyue supycot
RNA viruses
o HeB03MOXXHOCTB IIOBTOPHOTO
Hu3kas peBaJIcHTHOCTb aHTUTEI Y JIFOZICH,
.. BBEJICHUSI, HU3KAsl CEIICKTUBHAS
Rhabdoviridae Jo 6 T.m.o. BBICOKAsi HMMYHOT€HHOCTb
VSV . - . OHKOJINTHYECKAsi aKTUBHOCTh
11 r.m.o./kb Up to 6 kb Low antibody prevalence in humans, high s S .
! - Inability to re-administer, low selective
immunogenicity - ..
oncolytic activity
BpricokHii ypoBeHb 0€30M1aCHOCTH, AJIUTEIb-
HBI IMMYHHBIH OTBET, CHIDKCHHBIN PHCK
Retroviridae IDLV Jo 10 T.m.o. HWHCEPLUOHHOIO MyTareHe3a Huskuil ypoBeHb 3KkcIpeccun reHoB
10,7 T.n.o./kb Up to 10 kb High level of safety, long-lasting immune Low gene expression level
response, reduced risk of insertional muta-
genesis
PIV1, PIV2, Beicokast reHOMHast CTaOMIIBHOCTD B03MOKHEGHI;i%If;p;:(:&TZTPOHHSMa
PIV3, PIVS, 1,5-2,5 tm.o./kb . . o . . .
High genomic stability Possible expansion of tropism and
B/HPIV3 e
pathogenicity
Penko: HeratuBHOE BIMSHUE
CrabIIbHOCTh, BOSMOXKHOCTD CO3aHUS HUMMYHH3aIlUH OT KOPY Ha HMMYHOTCH-
Paramyxoviridae MeV 5 1mo/kb TMOJIMBAJICHTHBIX BaKIIUH HOCTb PEKOMOMHAHTHBIX BaKLIUH
15 Tm.o./kb T Stability, the possibility of creating polyva-  Rarely: the negative impact of measles
lent vaccines immunization on the immunogenicity
of recombinant vaccines
CHmxeHue 3¢ GeKTHBHOCTH
Bricokast ”UMMYHOTEHHOCTB, a/IbIOBAHTHBIC {IpH TTOBTOPHOM BBEICHHIH
NDV 4,5 ..o./kb CBOIiCTBa P pes P d
High immunogenicity, adjuvant properties Decreased effecti veness upon repeate
’ administration
JUTEPATYPA Choi K.S. Newcastle disease virus vectored vaccines as bivalent or

antigen delivery vaccines. Clin. Exp. Vaccine Res. 2017; 6(2): 72.
https://doi.org/10.7774/cevr.2017.6.2.72
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€36197. https://doi.org/10.7759/cureus.36197
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PIrBY «HaumoHanbHbIM ccnenoBaTenbCkUi LEHTP ANMAEMMUONONMM U MUKPOBUONOrMM UMEHN MOYETHOIO akagemMuka
H.®. Namaneun» MuHsgpasa Poccuu, 123098, r. Mocksa, Poccus

Pestome

BBepeHue. AgeHoBupycHas MHpeKLUss BCTpeYaeTca NOBCEMECTHO B BUAE CMOPaAM4ecKuMx CriyyYaeB U OTAenb-
HbIX BCMblLeK. AgeHoBupyc Yenoseka 55-ro reHotuna (HAdV-55), angemuuHbii gnsa tepputopun Kutas m KoxHon
Kopew, BbI3blBAET OCTpble pecnupaTtopHble BUpYCHble nHdekumn (OPBW) pasHon cTeneHn TsSxXeCcTn kak cpeam
rPaXKOAaHCKOro HaceneHns, Tak U B BOMHCKUX KOMMEKTMBaxX B pasHbIX cTpaHax mMupa. [eHOMHble nccrnenosaHns
cnoco6CTBYOT AOCTOBEpHON naeHTudukaumm HAdV-55.

Llenb gaHHon paboTbl cocTosna B ugeHtudmkauumn HAAV, BeigeneHHoro B Mockse B 2022 r., npoBeAeHUN NofHo-
rEHOMHOIO CEKBEHUPOBAHMWSA U CPABHUTENBHOIO FrEHOMHOIO UCCIEAOBaHMS.

Martepuanbl u metoabl. HAdV-55 Bbigenvnu 13 obpasua nayneHTa, rocnmtann3MpoBaHHOrO C MHEBMOHWEN, UC-
cnepoBanu MeTogamu aHanusa nonMmopduama AnnHbl PECTPUKLMOHHBIX hparMeHTOB 1 NONTHOFEHOMHOTO CEeKBe-
HUPOBaHUSA. BUOMHOPMALMOHHBIN CPaBHUTENbHbIVM aHanNM3 BbIMOMHANM ANs BbIOOPKM reHoMOB 83 N30nsToB.
PesynbTathl. [poBegeHO NMonHOreHoMHoe cekBeHupoBaHue usonata HAdV-55, Bnepsble BblgeneHHoro B PO.
MocnepoBatenbHocTb reHoma m3onata SCV3008:Ad55 genoHuposann B GenBank (perMctpauyoHHbI HOMEpP
PQ641625). BbisiBneHbl yHukanbHble MyTaumm B reHome SCV3008:Ad55, ogHa 13 KOTOpbIX NpUBOAMNA K KOHCEp-
BaTUBHOM 3ameHe T29A B NEHTOHe, He BNusoLen Ha ero oyHKkummn. dunoreHeTUYeCKUn aHanna nokasan knacre-
pusaumio SCV3008:Ad55 ¢ nsonatamu knagbl |l, BkNoumBLIEN npeacTaBuTeneit 7 CTpaH pasHbiX KOHTUHEHTOB,
4YTO CBMAETENbCTBYET O LUMPOKOM pacnpocTtpaHeHun HAAV-55. M3onsaTel aHaeMuyHbIX pernoHoB Kntas u KOxHon
Kopeun chopmupoBanu otaeneHble knaabl. iccnegosaHne nonuMmopdguamMa A5IMH MUKPOCATENNUTOB B HETPAHCIK-
pyeMbix 0bracTtsax reHoma cTano AOMOMHUTENbHBLIM MHCTPYMEHTOB pasnnyeHns 6rnm3kopoacTBEHHbIX FEHOMOB.
3akntoyeHue. CpaBHUTENbHOE reHOMHOE nccnegoBaHune usonsatos HAAV-55, nosBuBLuerocst B pesynsraTte pe-
kombuHaumm HAdV-14 n HAdV-11, noka3ano meaneHHoe HakonneHve mytauun ¢ 1969 r. kak B TpaHCNMpyembIXx,
TaK U B HETPaHCNMpyeMblx 06nacTsx, NO3BONMMO BbIIBUTL YHMKanNbHbIE 3amMeHbl HoBoro nsonsata SVC3008:Ad55.
[MonyyeHHas reHOMHas MHpopMauns 3anoXxuna oCcHOBY ANs AanbHenwero MoHutopuHra HAdV-55 B Poccum m
NpoAeMOHCTPMpOBana MHPOPMAaTUBHOCTb M 3HAYMMOCTb MOMHOrEHOMHbIX MCCMegoBaHUA Ans HabniogeHus 3a
apeHosupycamu. PaspaboTtka 1 BHegpeHue B NpakTUKy METOA0B reHOTUNMPOBAHUS, HaUENeHHbIX Ha BbiSBNeHne
HAdV-55 1 apyrmx KnMHNYeCKn 3Ha4MMbIX reHOTUMOB, NMO3BOSNUT 3HAYUTENBHO NOBLICUTL 3M(EKTUBHOCTL ANarHo-
CTUKN afeHOBMPYCHbIX MHAEKLMI C YrPO30M Pa3BuTUS BPOHXOMHEBMOHNN.

KntoueBble cnoBa: adeHosupyc yenoseka 55-20 eeHomuna; HAdV-55; nornnHoeeHoMHoe cekgeHuposaHue,; Qousio-
2eHemuyecKul aHanu3

Onsa umtupoBaHua: WewnH O.A., PoikoBa H.H., Kynaga M.C., Epmonosa E.W., Oxaposckasa T.A., MNonoea O., Hu-
kuteHko H.A., KpacHocnobopues K.I., Bypuesa E.WN., 3ybkoea O.B., BoponuHa O.J1., MnHuBypr A.J1. leHeTnyeckasn
XapakTepucTvka nsonsta ageHoBupyca yYernoseka 55-ro reHotuna (Adenoviridae: Mastadenovirus), BnepBble Bbl-
aeneHHoro Mockse B 2022 r. Boripocsi supyconoauu. 2025; 70(5): 431-443.
DOI: https://doi.org/10.36233/0507-4088-297 EDN: https://elibrary.ru/aatdbs

®duHaHcupoBaHue. Paborta BbinonHeHa npu (HOMHAHCOBOW MOAAEPXKE rocyaapcTBeHHoro 3agaHus HULIOM wm.
H.®. Namanewu (pernctpaunoHHbin Homep N.122021800184).

KoHdnukT nHTepecoB. ABTOpbI AeKNapupyroT OTCYTCTBUE SIBHBIX U MOTEHUManbHbIX KOHMIUKTOB MHTEPECOB, CBS3aH-
HbIX C NybrmMkaumen HacTosILLEN CTaTby.

OTuyeckoe yTBepxaeHue. ViccnegosaHve nposoaunu npu Jo6poBonibHOM MHOPMUPOBAHHOM COfacuy NauneHToB.
MpoTtokon uccnepoBaHust ogobpeH ATnyeckum kommtetom MBY3 1. MockBbl «HMEKLMOHHas knuHudeckast bonbHuLa
Ne 1 [lenaptameHTa 3apaBooxpaHeHunsi ropoga Mocksbi» (MpoTtokon Ne 8 ot 28.12.2022).
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Genetic characteristics of the isolate of human adenovirus
type 55 (Adenoviridae: Mastadenovirus) isolated in Moscow
in 2022
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National Research Center for Epidemiology and Microbiology named after Honorary Academician N.F. Gamaleya of the
Ministry of Health of the Russian Federation, 123098, Moscow, Russia

Abstract

Introduction. Adenovirus infection occurs globally in the form of sporadic cases and isolated outbreaks. Human
adenovirus type 55 (HAdV-55), endemic in China and South Korea, causes acute respiratory viral infections (ARVI)
of varying severity, both among the civilian population and in military units in different countries of the world.
Genomic research facilitates reliable identification of HAdV-55.

The aim of this study was to identify HAdV isolated in Moscow in 2022, as well as to conduct whole-genome
sequencing and comparative genomic research.

Materials and methods. HAdV-55 was isolated from a sample of a patient hospitalized with pneumonia and
analyzed using restriction fragment length polymorphism analysis and whole-genome sequencing. Bioinformatics
comparative analysis was performed on a sample of sequences of 83 isolates.

Results. The whole-genome sequencing of first isolated in Russia HAdV-55 was conducted. The sequence of isolate
SCV3008:Ad55 was deposited in GenBank (Accession Number PQ641625). Unique mutations in the SCV3008:Ad55
genome were identified, one of which resulted in a conservative T29A substitution in the penton that did not affect
its functions. Phylogenetic analysis showed clustering of SCV3008:Ad55 with isolates of clade Il, which included
representatives of 7 countries on different continents, indicating a wide distribution of HAdV-55. Isolates from endemic
regions of China and South Korea formed separate clades. The study of microsatellite length polymorphism in
untranslated regions of the genome became an additional tool for distinguishing closely related genomes.
Conclusion. The obtained genomic information laid the foundation for further monitoring for HAdV-55 in Russia
and demonstrated the informativeness and significance of whole-genome studies for monitoring adenoviruses.
The development and implementation of genotyping methods aimed at detecting HAdV-55 and other clinically
relevant genotypes will significantly improve the effectiveness of the diagnosis of adenovirus infections with the
threat of developing bronchopneumonia.
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BBenenue

AneHoBupycHI (ceMeicTBO Adenoviridae) — 6e3000310-
YyeyHbIe, comepikaniue apyxuenodeunyro JJHK Bupychl,
MOIPA3NENSIIOT Ha 6 ponoB: Aviadenovirus, Barthade-
novirus, Ichtadenovirus, Mastadenovirus, Siadenovirus
u Testadenovirus. AICHOBUPYCHI MJICKOIIMTAIOIINX BXO-
AT B pon Mastadenovirus, Bkinodatonuii 6onee 50 Bu-
noB. AnenoBupycsl uenoBeka (HAdAV) otnocstes k 7 Bu-
nam: Mastadenovirus adami, M. blackbeardi, M. caesari,
M. dominans, M. exoticum, M. faecale u M. russelli'.
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Pazmuunrpie Bunst HAAV o0mangaror pasHbIM TKaHEBBIM
TPOIU3MOM, YTO 33a4aCTYI0 KOPPEIUPYET C KOHKPETHBI-
MU KIMHHYCCKHUMH cuMIIToMamMu uHpekuu [1]. HAAV
BBI3BIBAIOT B OCHOBHOM OCTpEIE PECITUPATOPHEIE BUPYC-
Hele uHpeknun (OPBUM), HO MoryT Takke mopaxarb
OpTraHbl 3pPCHHS, KHIICYHUK, MOYCBBIBOMSALIUC ITyTH
U HEpBHYIO cHCTeMy. TshKecTb 3a00JeBaHUS 3aBUCHUT

TCTV. Family: Adenoviridae. Jloctynro mo: https://ictv.global/
report/chapter/adenoviridae/adenoviridae
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OT TUIAa BUPyCa U MMMYHHOTO cTaryca xo3suHa [1-5].
Haubonee cepre3nble pecimpaTtopHble HHMEKIIUH BBI3bI-
BaroT HAdV 8 renotumnos u3 10, npuHagiexamux BULY
M. blackbeardi: 3,7, 11, 14, 16, 21, 50, 55 [6].

Uctopus Beimenenns HAAV-55 B oTnensHBIN TeHOTHIT
IIOKA3bIBACT POJIb U PA3BUTHE METOIUUCCKON 0a3bl BUPY-
COJIOTHH, CIOCOOCTBYIOIIEH Oojiee TOUHOW Kiaccupuka-
uH BUpycoB. Briepsbie arnnmunsbiii Bupyc HAdV-11 xak
B030ynuTens OPBU Obu1 BBISIBIEH ¢ IOMOIIBIO HMMYHO-
XuMHYeckux mMetoqoB B 1974 . [7]. B 1991 . cpaBHeHuME
nommop¢usma e GpparmeHToB pectpukuun JJHK u3o-
JIATOB IIO3BOIMIO BeLaenTh renotun HAJV-11a u moxka-
3aTh, YTO BUPYCHI 3TOTO TEHOTUIIA ACCOIMMPOBAHBI C UH-
(hexrTuei BepXHUX BIXATEILHBIX IIyTEH M OPOHXOITHEBMO-
Hueit [8]. B 2009 r. 6bu1 omyONMKOBaH MEPBBIA MONHBIN
reaoMm HAdV-11a uzonara HAdV11-QS (perucrpamnnon-
Heii HOMep FJ643676), momydeHHbId cOOpKOil mepeKphI-
BaIOIINXCS aMILTUKOHOB, CEKBEHUPOBAHHBIX 110 CoHTeEpy.
CpaBHeHHE [aHHBIX CEKBEHHPOBAHUS CII0OCOOCTBOBAIIO
nokazarenbcTBy mpoucxokaenuss HAdV-1la  mocpen-
cTBoM pexkomOuHanmu: reHoM HAdV-11a umeer B ocHo-
Be reHoM HAdV-14 u vacth rena rekcona HAAV-11 [9].
B 2011 r. pabouas rpymnma mo ajeHOBHpYyCaM 4YeIOBEKa
(Human Adenovirus Working Group) pekomeHoBasa uc-
TI0JTE30BaTh CUKBEHCHI TIOJTHBIX TEHOMOB JJISl THITHPOBAHUS
u xapakTtepuctuku HAAV u xnaccuduimpoBars pekoMOn-
HAHTHI B HOBBIE TCHOTHUIIBI NP OTIUYUU HYKICOTHIHON
MOCTICIOBATEIBHOCTH W Ouosiornmdeckux cBoiicts [10].
Ha ocHoBanmu »tux pexoMennmammii B 2013 1. pexoMOu-
Hant HAdV-11a 6pu1 HazBan HAAV-55 ¢ TumoBsiM u30-
astom HAAV11-QS [11]. PeTpocnieKTUBHBIE HCCIIENOBA-
HMSI KOJUIEKIIMOHHBIX M30JIATOB Iokasainn, uro HAdAV-55
siBrsiercss sHAeMudHbIM it Kutas u FOxwnoit Kopeu
Y IOMHHUPOBAJI CPEeI BUPYCOB, BbIeneHHbIX ipu OPBU
B Ilexune ¢ 1965 mo 1985 1. [8]. Bembimkun HAAV-55-
OPBI B oOpraHM30BaHHBIX KOJJIEKTHBAX (UKCHPYIOT
¢ 1969 r. cpenu BouHCKOTO KOHTHHreHTa B Ucnanum [7],
B IleHTpe npodeccruonansHoi noaroroBku B CLHA [12],
cpenu aerei B Aprentune, Yunu u Ypyrsae [13], B ncu-
XUaTpuueckux HHCTUTyTax WM3pawns [14], B ceMeiHbIX
xoutekTrBax B Kurae [15]. HAdV-55 mo cpaBHeHHIO C pe-
CIHUPATOPHBIMH aJCHOBHPYCAMH JPYTHX T€HOTHIIOB BBHI-
3bIBaeT OoJiee TsHKEIbIe 3a00JIeBaHUS U TIPE/ICTABIISIET 3Ha-
YUTENbHYI0 YIpo3y 3/10poBbi0 HaceneHus [6]. B Poccuu,
o gaHHbBIM LeHTpa SKOIOTUHN U SMHASMHOIOTHH TPHIIIA
Nucturyra Bupycomorun uM. (.M. iBanoBckoro ®I'BY
«HHUISM um. H.®. T'amanen» Munznpasa Poccuu B co-
TpyaHuyecTse ¢ 10 onopHeIME 6a3aMH, B AMTUAEMHYECKOM
cezone 2021-2022 rr. Ha HCCIEIOBAHHBIX TEPPUTOPUIX
4acToTa IMOJIOKUTEIHHBIX MPOo0 Ha aJeHOBHUPYCHI COCTa-
Buna 7,7% (1793 obpa3ua) n3 yuciaa TECTUPOBAHHBIX Ha
OPBU [16]. HAdV, BeineneHHbI#H U3 oqHOro M3 1793 00-
PpasIoB, cTaix 00bEKTOM IOIPOOHOTO HCCIICAOBAHMS.

Heab padotsl — unentudukanys HAAV, BeieneHHoro
B Mockge B 2022 1., IpoBeJIeHHUE MOJTHOTEHOMHOTO CEKBe-
HUPOBAHUS M CPABHUTEIHHOTO TEHOMHOTO HUCCIICTOBAHMSL.

MaTepna.m,l U METOAbI

Mamepuanst. bponxoansBeossipubrii jaBax (BAJI)
OT TOCIUTAIU3UPOBAHHOTO MY>KYHHEI 34 JIET C AUarHo-

OPUTUHAJbHbBIE NCCNEAOBAHUA

30M «ITHEBMOHUSI HEYTOUHEHHAs.

HUccnenoBanmne mpoBOauIy Mpu 10OPOBOIEHOM HH(DOP-
MHpPOBaHHOM corviacuu mamuenta. [Iporokon uccuenopa-
HUA omoOpeH DtudeckuM komuteroM ['BY3 . MockBbI
«Undexnnonnas kimHu4eckas Oompamuna Ne 1 Jlemap-
TaMeHTa 37paBooxpaHeHus ropoaa Mockse» (IIporoxon
Ne 8 o1 28.12.2022)

Memoowt. Hoenmugpurayuio 6upycos IPOBOIUIH TI0-
cpeactBoM 3kcTpakunu PHK//IHK u3 knuangeckoro ma-
Tepuana ¢ nmomorpio Habopa «PUBO-IIPEIT» («MHTep-
nmabeeprucy, Poccus) ¢ mocnenyromieit aereknueir PHK/
JIHK Bo3Oynureneit pecniupaTopHbIx HH(EKIUil B OMH-
Mepa3HOU MEMHON PeakIuu ¢ 00paTHOW TPaHCKPHITIINEH
B peanbHOM BpeMenH (I1L[P-PB) ¢ ucmons3oBannemM koM-
Mepueckux TtecT-cucteM «AmmmCenc OPBU-ckpun-
FL» («HMutepmabcepBuc», Poccus) cormacHO HHCTPYK-
IIUH TIPOM3BOJUTENS HA JETEKTHPYIOIIEM aMIUTH(UKATO-
pe Bio-Rad CFX-96 (Bio-Rad, CILIA).

Buvloenenue HAdV. Bupyc HakammBadd B KJIETKax
HEK?293 (aM0puoHansHO# mouku denoBeka): 100 Mk
BAJI 3apaxanu kierku (0,5 % 10° kiaetok/3 cM?, HHKY-
OupoBanu B cTaHAapTHHIX ycnoBusx (+37 °C, 5% CO,)
JI0 HACTYIUIEHUS! I[UTONATHYECKOTO JeHCTBUA (HH}IS
Jist mpemapaTuBHOTO HapalluBaHU BHPYCa HCIOIB30-
BaJIM KYJNBTypajbHbIe Yallku guamerpoM 15 cm. Mudu-
LUpOBaHHbIE KiIeTKU nocie HactymieHus 100% LI co-
Ompany, KOHIEHTPUPOBAIN HU3KOCKOPOCTHBIM ILEHTPU-
¢yrupoarrem (2000 06/10 MuH), pecyCHEHIUPOBAIH
B Oydepe (0,01 M tpuc-HCI pH 8,0, 0,01 M NaCl, 5 MM
O/ITA), monBepranu TpeM LUKIAM 3aMOPAKUBAHUA—OT-
TauBaHusA M HeHTpudyrupoamu npu 5000 06/10 muH,
0CaJIOK yhansind. AJCHOBHPYC W3 CyIEepHATaHTa OYH-
[IaJId METOAOM YJIBTPAlCHTPU(PYTHUPOBAHUS B TPAAHCH-
T€ IUIOTHOCTH XJIOPUCTOTO T1e3us (B ctymenuatoM (CsCl
¢ mokazarenem mpemomieHus 1,355, 1,365 u 1,375)
u paBHoBecHOM rpaauente (CsCl ¢ mokasarenem mpe-
nomiienus 1,365).

Ananuz nonumopuszma Onun pecmpukyuoHHuIx pae-
menmos (II{P®). I'enomuyto JJHK ounmennoro Bupyca
BBICTSUTA C HCIIONIb30BaHUeM Habopa Wizard Genomic
DNA Purification Kit (Promega, CIIA). /IHK (1 mxr)
rugponusoBamu pectpukrazamu Cfr41l, Xagl um Xhol
(Thermo, CIIIA) 1 aHaTU3UPOBATIH METOIOM JIEKTPOdO-
pe3a B arapo3HOM relie, MCIOb3ys Oosee ITUTETbHYIO
BBIICP)KKY Il AETEKTHPOBAHUS HHU3KOMOJEKYIISIPHBIX
¢parmenroB. Anamus [1JIP® in silico npoBogwmu ¢ mo-
Moipio mporpamMMel Geneious Prime (Biomatters, HoBas
3enanans).

Cexgenuposanue u coopka zenoma. IlpuroropneHne
OMOMMOTEeKH BBIMOIHSAIN C IpMeHeHneM Habopa KAPA
HyperPlus Kit (F. Hoffmann-La Roche Ltd., IlIBeiina-
pUs) COIIACHO IPOTOKOJNAM MPOU3BOIAUTENS, MPOBEPKY
KadecTBa M pa3Mepa OHMOIMOTEK MPOBOIMINA C IIOMO-
mpio anekTpodopesa Ha yunax High Sensitivity DNA
Chips 2100 Bioanalyzer System (Agilent, CIIIA), cexBe-
HupoBanue — Ha mpubdope NextSeq 500/550 (Illumina,
CILHA), ucnons3ys kaptpumxu Mid Output 300 cycles.
Jlnst cOOpKU TIpOYTEHUH de novo W 1o pedepeHCHBIM
MOCTIeIOBATENILHOCTSIM HCIONB30BAI TAKEeT HPOrpaMMm
CLC Genomic Workbench v. 21 (Qiagen, CILIA).
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Tadauua 1. Hltammer HAAV-55, ucnons3yemble i TeHOMHOTO aHAITN3a C LENbI0 H3YYEHUs PACIpOCTPAaHEHHs BUPYCa, PETHOHAIBHON
MEPCUCTEHIMU U TeHETHYECKOH H3MEHYHBOCTU

Table 1. HAdV-55 strains used for genomic analysis in order to study the spread of the virus, regional persistence and genetic variability

Howmep B 6a3§ NCBI Mecro Beienenust | Tox BLI}{[eJ]eH.I/Iﬂ gzrggﬁf:iiggg; MecTo BbIIETICHUS Ton BLIL'[eHeH}/Iﬁ

GenBank Accession Number Country Year of isolation Number Country Year of isolation
MN654381.1 Eruner / Egypt 2000 PP002035.1 Kuraii / China 2018
MN654383.1 Eruner / Egypt 2000 PP002036.1 Kuraii / China 2018
MN654385.1 Eruner / Egypt 2000 PP002037.1 Kuraii / China 2018
MN654380.1 Eruner / Egypt 2000 PP002043.1 Kuraii / China 2018
MN654382.1 Eruner / Egypt 2002 PP002044.1 Kwuraii / China 2018
MN654390.1 Eruner / Egypt 2005 PP002045.1 Kuraii / China 2018
MN654391.1 Erumner / Egypt 2005 PP002046.1 Kuraii / China 2018
MN654386.1 Eruner / Egypt 2007 MH256653.1 Kwnraii / China 2018
MN654384.1 Eruner / Egypt 2008 MH256655.1 Kwuraii / China 2018
MN654387.1 Eruner / Egypt 2009 MH256657.1 Kurait / China 2018
MG905110.1 HWcnanms / Spain 1969 MH256654.1 Kwuraii / China 2018
FJ643676.1 Kuraii / China 2006 MH256656.1 Kuraii / China 2018
JX123027.1 Kuraii / China 2010 PP002040.1 Kuraii / China 2018
JX491639.1 Kuraii / China 2011 MT806174.1 Kuraii / China 2019
JX123028.1 Kurait / China 2011 MT806175.1 Kuraii / China 2019
MK123979.1 Kuraii / China 2011 MT806170.1 Kuraii / China 2019
KJ883522.1 Kuraii / China 2011 MT806172.1 Kuraii / China 2019
KP279748.1 Kuraii / China 2012 MT806173.1 Kuraii / China 2019
KP896478.1 Kuraii / China 2012 MT806171.1 Kuraii / China 2019
JX123029.1 Kurait / China 2012 OM714808.1 Kuraii / China 2020
KC857701.1 Kuraii / China 2012 OP375144.1 Kuraii / China 2021
KP896483.1 Kuraii / China 2013 MN654388.1 Cunranyp / Singapore 2005
KJ883520.1 Kwuraii / China 2013 MN654389.1 Cunranyp / Singapore 2005
KJ883521.1 Kuraii / China 2013 MN654394.1 CLIA / USA 1976
KP896484.1 Kuraii / China 2013 MN654392.1 CIIA / USA 1997
MK123980.1 Kwuraii / China 2013 MT513753.1 CHIA / USA 2006
MK123981.1 Kuraii / China 2013 MN654395.1 CIIIA / USA 2020
KF908851.1 Kuraii / China 2013 MNG654375.1 1OsxHas Kopesi / South Korea 2009
MK886831.1 Kurait / China 2015 MN654376.1 IOsxnas Kopes / South Korea 2009
KX289874.1 Kwraii / China 2015 MNG654377.1 IO>xnas Kopes / South Korea 2009
KY070248.1 Kuraii / China 2016 MN654378.1 IOsxHas Kopes / South Korea 2009
KY780931.1 Kwuraii / China 2016 MN654379.1 1Oxnas Kopes / South Korea 2009
KY780932.1 Kurait / China 2016 KX494979.1 IOsxnas Kopes / South Korea 2016
KY780933.1 Kuraii / China 2016 KY471318.1 1O>xHas Kopes / South Korea 2017
PP002039.1 Kuraii / China 2018 KY471322.1 IOsxnas Kopes / South Korea 2017
PP002041.1 Kuraii / China 2018 KY471319.1 IOxnas Kopes / South Korea 2017
MNO052861.1 Kwuraii / China 2018 KY471320.1 1O>xnas Kopest / South Korea 2017
MK123978.1 Kwuraii / China 2018 KY471321.1 1O>xHas Kopes / South Korea 2017
PP002033.1 Kwuraii / China 2018 KY471323.1 IOxmnas Kopes / South Korea 2017
PP002034.1 Kurait / China 2018 MWO053454.1 IOsxnas Kopes / South Korea 2019
PP002038.1 Kuraii / China 2018 MN654393.1 Snonus / Japan 2012
PP002032.1 Kwuraii / China 2018
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s yTOYHEHUs! TOCIIeI0BaTeIbHOCTEH TOMOIIOIMMEPOB
MIPUMEHSUTH CeKBeHUpoBaHUe Mo CoHrepy, HCIOIb3Ys
Habopsr BDT UltraSeq HP Kit (SenseCare Bio, Kurait),
anekTpodope3 MpoBOIMIN B Kammmispax 50 cMm, B re-
ne POP-7 na mputope 3500 Genetic Analyzer (Applied
Biosystems, CIIIA).

Cpasuumenvuviii anaau3. B cpaBHUTENbHBIA aHaIHU3
BKJIFOUMIH 83 moiaHbIXx reHoMa HAAV-55 (Tabua. 1) u re-
Hom HAdV-14 (MF062484). BeipaBHUBaHUE T€HOMHBIX
MOCJIeIOBAaTeIbHOCTEH BBEIOOPKH W30JISTOB, MIOCTPOCHUE
¢wmnorenernueckoro apeBa Neighbor-joining, pacuer
ANI (average nucleotide identity, cpeqHei HyKkIeoTHIHOM
WJIGHTHYHOCTH) BBITIONHSIM C IOMOIIBbI0 Moayas Whole
Genome Alignment makera mporpamm CLC Genomic
Workbench v. 21 (Qiagen, CIIA). [dna Bu3yanu3zauuu
JipeBa ucnoib3oBanu nporpammy MEGATI [17]. Tpanc-
JSIIAIO0 PaMOK CUMTHIBAHHS M BHIPAaBHUBAHWE aMHHOKHC-
JIOTHBIX NTOCJIE0BATENHLHOCTEH BBIIONHSIN B IPOTpaMMe
MEGALL [17].

PesyabTarsl

B BBIOOpKE pecnupaTtopHBIX 00pa3loOB, NOCTYIHB-
IIMX W3 cTaluoHapoB MockBsel B ce3oHe 2021-2022 rr,
12 comepxamn HAAV mo mamnem I1LP-PB. OO6pa3ubt
MPOAHAIM3UPOBANIN IO 3HAYEHUSM BHUPYCHON HArpy3KH
¥ MHOXecTBeHHOCTH MH(peknnu. Omun n3 00pasmnos (bAJI
MAIMEeHTA, TOCIIUTATH3UPOBAHHOTO C ITHEBMOHUEH), OTIIH-
YaBIIUICS BBICOKMM ToKa3areneM Harpysku JTHK HAAV

al/a

OPUTUHAJbHbBIE NCCNEAOBAHUA

(3HaueHue noporosoro 1ukia, Ct = 12,3) u oTcyTcTBUEM
COITyTCTBYIOIIEH HHMEKINH IPYTUMH PECIUPATOPHBIMU
BUPYCaMH, UCTIONB30BaIH i1 n3omanuu HAdV.

BrineneHHplil aeHOBUPYC HISHTU(GHUIMPOBAIN Kak
HAdV-55 Ha oOCHOBaHWMM J[aHHBIX CEKBEHHPOBAHWS,
JIeIOHUPOBan B lOCYIapCTBEHHOM KOJUIEKIIUU BUPY-
coB UHctutyTa BHpyconmoruu um. [[.M. MBaHOBCKOrO
OI'bY «<HUIDOM um. H.®. T'amanen» Munzapasa Poc-
cuu nox HoMepoM SCV3008:Ad55, reHoMHbBIE TaHHBIE
3apeructpupoBain B GenBank (perucrpaivioHHBIH HO-
Mep PQ641625).

Anamuz IIIP® JIHK wu3onsta BBISIBUI CIEQYIOLIME

¢dparmentsr: Cfrd1l (12894, 8674, 7768, 2664, 1194,
1181 1403 m.1.), Xhol (10335, 8005, 6544, 5761,2628, 1355
u 150 mu) m Xagl (20615, 5219, 3789, 2944, 1359
u 852 n.H.). Ha puc. 1 (@) npencraBneHbl Haubosee Apkue
n3 HuX. CoIoCTaBIeHNE C JAHHBIMH in Silico T U307ATOB
HAdV-55 (MG905110), HAdV-11 (AY163756) un HAdV-14
(MF062484) (puc. 1 6) moaTBep>KaaeT CXOACTBO PECTpPH-
KIMOHHBIX ~ (parmeHToB  m3omsatoB  SCV3008:AdS5
n HAdV-55 (MG905110) u momgdepkuBaeT, 4To0 B PEKOM-
ounante HAAV-55 oCHOBy Te€HOMa COCTaBIITIOT TEHBI
HAdV-14.

CxonctBo ¢ HAdV-14 moxazan u pacuer ANI mex-
ny rteHomMamu HAAV-55 BbIOOpKH, TpenCTaBICHHBIMU
B Tabm. 1, SCV3008:Ad55 n HAdV-14 (MF062484). 3naqe-
uue ANI mexxny HAdV-55 u HAdV-14 cocrasuno 98,7478—
98,9411, a mexny reromamu HAAV-55 — 99,6546-100,000.

06/b

Puc. 1. [Tommmopdusm aMH pecTpUKIMOHHBIX (PparMeHTOB, MOMy4IeHHBIX ¢ pecTpukrazamu Cfr41l, Xagl n Xhol.
a — st JTHK uzonsita SCV3008:AdS5 in vitro; 6 — nist JHK mrammo HAd-55, HAd-11 u HAd-14 in silico.
Fig. 1. Restriction fragment length polymorphisms (RFLPs) using Cfr411, Xagl, and Xhol restriction enzymes.
a — DNA of the SCV3008 isolate in vitro; b — DNA of the HAd-55, HAd-11 and HAd-14 strains in silico.
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Puc. 2. dunorenernueckoe apeBo Neighbor-joining, mocTpoeHHOE HAa OCHOBE MOJTHBIX TeHOMOB §3 m3omsaToB HAd-55, mpeacraBneHHBIX
B Tabun. 1, u renoma m3onsata SCV3008:Ad55 (PQ641625).

Kuazer 0111 oxapakrepusoBansl B erenae. MF062484 — uzonst HAd-14, npencrapiser BHELIHIOWO TPYIIITY.

Fig. 2. Neighbor-joining phylogenetic tree constructed based on the complete genomes of 83 HAd-55 isolates presented in Table 1, and the
genome of the SCV3008:Ad55 isolate (PQ641625).

Clades 0-11I are characterized in the legend. MF062484 — HAd-14 isolate, represents an outgroup.

B ¢wrorenernuecknii aHanu3 BKIIOYIIN  H30JS-
o1 HAdV-55, Beigenensbie B 8 crpaHax B 1969-
2022 rr. (Tabn. 1). JIpeBo romosoruu MpeAcTaBIeHO Ha
puc. 2. Kak BHJHO M3 pHCYHKA, TEHOMBI c(popMHUpOBa-
1 4 xnazael. B 6a3oByto knany «0» Bonun HanOosee paH-
Hue u3onsatel MG905110 (Mcnanus, 1969), MN654394
(CHIA, 1976) u m3omar MN654395 (CLIA, 2020). Kia-
1y «I» obpazosanu 13 u3omaros u3 FOxnoit Kopen u 1sa
m3onsata u3 Kuras (2011 u 2015 rr). Knaga «II», ocHoBy
KOTOpO# cocTtaBmiM M30JATHl M3 Erunra (12 m3omsTos),
Obuta HamOosnee pazHOOOpasHa IO MPEACTABICHHOCTH
ctpad. B Hee Bonwn u3onsatel u3 Cunramnypa (MN654388
n MN654389, 2005), Snomum (MN654393, 2012),
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CIOA (MN654392, 1997; MTS513753, 2006), Ku-
tas (JX123027, 2010) u BBIACTCHHBIA HAMH W3OJST
SCV3008:Ad55. Camyro MHOTOYHCIeHHYIO Kitany «I1I»
oOpazosanu w30t Kutas 2006-2021 T

B xmage «lI» wMakcumanbHO ONU3KAM H30JATY
SCV3008:Ad55 no 3nauenuto ANI (99,9396) Gbu1 u30-
nt 13 Anornn (MN654393). OToirunst MexX Iy TeHOMaMHu
SCV3008:Ad55 m MN654393 BeIABHIM KaK B HETPaHC-
JUPYEMBIX 00JacTsIX IeHOMa, TaK M B T€HaX CTPYKTYp-
HBIX M HECTPYKTYpHBIX OenKkoB (Tadui. 2). BrisBneHHBIE
3aMEeHBI COTMOCTABMIIM C TOCIEA0BATENbHOCTAMH APYTHX
TeHOMOB BbIOOpKHA. OTMETHM, YTO CpaBHEHHE oOnacTeit
ITR u Ommxalmmx K HAM OBLIIO BO3MOXKHO HE JUIS BCEX
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Table 2. Characterization of substitutions in the genome of isolate SVC308-Ad55

HasBanue obnactu renoma/CDS
Name of the region of the genome/CDS

3amena B renome SVC308:Ad55
otHOCHTENbHO TeHoMa WPAFB415
Substitution in the SVC308:Ad55 genome

3aMeHbl B IOCIIEI0BATEILHOCTH
Oenka
Substitutions in amino acid

Berpewaemocts
MyTaIuu
Mutation frequency

relative to the WPAFB415 sequence
C134T** Clade Egypt*
A445G SVC308:Ad55
Herpancimpyemere obmactu / T3437C SVC308:Ad55
Untranslated regions
A3924G SVC308:Ad55
G34619T*** SVC308:Ad55
pIX 14,2 x/la / 14.2 kDa C3536T SVC308:Ad55
pIVa2 50,9 x/la / 50.9 kDa T4656C WPAFB415
128,9 xJla JHK-nonumepasa / Co707T SVC308:Ad55
128.9 kDa DNA polymerase T6764A WPAFB415 Lys—Asp
G8779A SVC308:Ad55
pTP 73,4 x[la/ 73.4 kDa
C8815T Clade Egypt*
L1 52/55K 43,9 x/la / 43,9 kDa C11734T SVC308:Ad55
L1 pllla 65,6 kTa / 65.6 kDa G13349A Clade Egypt*
) T13787A SVC308:Ad55 Thr—Ala
L2 nenton 62,5 k/la / 62,5 kDa penton protein
G14203A SVC308:Ad55
T16315C WPAFB415 Glu—Leu
L2 pV 40,1 x[la / 40.1 kDa
G16530C WPAFB415
E2A 58,3 x/la JIHK-cBsi3pIBatomniuii 6emok / .
58.3 kDa DNA-binding protein G22776A SVC308:Ad55
L4 22K 21,6 x1a/21.6 kDa C26083T Clade Egypt* His—Tyr
L4 pVIII 25 x[Ta / 25 kDa A26918G WPAFB415
E3 18,5 kDa/ 18.5 kDa T28096G SVC308:Ad55

Mpumeuanne. * —xpome MT513753, MN654393, JX123027; ** — o6macts ieBoro ITR ecTh Tonbko B 65 reHoMax u3 85; ¥** — obnacts reHOMa riepes

npaBeM ITR mpucyTcTByer TombpKo B 75 reHomax u3 85.

Note. * —except for MT513753, MN654393, JX123027; ** — the left ITR region is found in only 65 of the 85 genomes; *** — the region of the genome

in front of the right ITR is present in only 75 out of 85 genomes.

reHOMOB. /3 BEBISBICHHBIX 3aMeH 4 OBLTH XapaKTEePHBI
JUss OONBIIMHCTBA M30JATOB Kianmel «II», 4 sBusumck
VHUKAJIBHBIMH JJT1 TEHOMA SIITOHCKOTO M30JIATa, 12 3aMeH
ommyanu uzomatr SCV3008:AdSS.

3amMeHbI B 4 paMKaX CYUTHIBAHUS ObUTM HECUHOHUMUY-
HeIMU. MyTtarms B nienrtone (Thr29Ala) Opia yHUKaNB-
Ha s moara SCV3008:AdS5. 3amensr B IHK-onm-
mepaze (Asp566Lys) u B Oenke pV (Leul05Glu) otnu-
Jain STMOHCKHHA U30iaT MN654393. MyTarus B Oenke
L4 22K (His162Tyr) Bctpewanach y 14 H304TOB KJIaabl
«II», Britodass SCV3008:Ad55 (tabm. 2).

[Tpu aHamm3e TEHOMOB MBI OOpaTWIM BHUMAaHHUE Ha
HEOAHOPOIHOCTH pa3MepoB monu-A/monu-T-mocnenosa-
TETLHOCTEH B MEXTEHHBIX 00macTaX (TabJ. 3). Pazmepsl
obmacreit 2—6, ormeuennsie B reHome SCV3008:Ad55,
OBUIH XapaKTEpHBI [UIsi MHOTHX TEHOMOB BEIOOPKH
HAdV-55. O6nacte 1 ¢ 3amenoit A6G sBisIach yHH-
kampHOM w1 SCV3008:Ad55. ITlocnemoBareabHOCTH
TOMOIIOTMMEPOB B TEHOMAX aJIcHOBUPYCOB, Ha3bIBACMBIC
TaKKe MUKPOCATEINIUTaMH, 0OpaTHiii Ha ceOsi BHUMaHHE
HCCIIeIOBaTeNIel TIPH pacClieIOBAaHUK BCIIBIIICK aJIeHO-

BHPYCHOU MH(M)EKIINU CO CMEPTEIHHBIMU UCXOJAMH B BO-
nHckux komnektuBax CIIA B 2006-2007 rr. TTomumop-
¢U3M JIMH JOKYCOB MHKPOCATEIUTUTOB CTal MapKepoOM
BBICOKOTO pazpemuieHus s orHecenns HAAV-14 k ox-
HOM Bcmblimke [18]. MbI mpoBenu cpaBHEHHE JIOKYCOB
MHKpPOCATEIUTUTOB y n30sATOB Kiaael [I «kEgypt», BKiTto-
yyuBlIed 17 U30JI9TOB Pa3HBIX KOHTUHEHTOB. M3 naHHBIX
Ta0J1. 4 ciexyert, 4To OONBITMHCTBO H30JSATOB Kbl ObI-
JI0 CXOMHO TO pa3Mepy MHKPOCATEIUIMTOB BCEX O JIOKY-
coB. MakcuManbHOE KOJIHMYECTBO JIOKYCOB (4) oTimdaino
reHoMbl u3oisToB U3 SAnmonun (MN654393) u Poccun
(SCV3008:Ad55), mo 3 JoKycam OTIHYANICS TCHOM €ITHH-
ctBeHHOTO M3oisaTa m3 Kwuras B kmame I (JX123027),
0 JBYM pa3sHbIM JOKycaM — wu3onsatel u3 CHIA
(MN654392, 1997, MT513753, 2006), mo omHOMY —
m3onaTel m3 Cuaramypa (MN654388 u MN654389).
N3 10 erumetckux n30i8TOB B Kaazae 11 Tpu nMenu o o-
HOMY JIOKYCY OTiH4HMi. Takum oOpa3oM, MpH BBICOKOM
KoHcepBaru3Me TeHoMoB HAdV-55 nokycsr Mmukpocaren-
JUTOB JCHCTBUTEIBHO MO3BOJSIOT PA3IUYUTh TCHOMBI
BHPYCOB B Ipe/iesiaX OAHOM KITaIbl.
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Tadauua 3. O6acTu MOBTOPOB B TEHOMAaX BHIOOPKHU aJ€HOBHPYCOB YelOBeKa 55-ro Thna
Table 3. Regions of repeats in the genomes of a sample of adenoviruses belonging to genotype 55

Ionoxenue no resomy PQ641625 / KolMuecTBo n3o-
N - COCGI[HI/I? OPC Mzonsr Yucio HYKJICOTHJIOB B IOBTOpE TR
The position acco_rdlng to PQ641625 Isolate The number of nucleotides in the repeat Number of isolates
genome / Neighboring ORS
MF062484/China/2010* 1
OP375144/China/2021 3
MW053454/China/2023 1
PQ641625/Russia/2022 1
1 3918-3933 bp / pIX; pIVa2 MN654393/Japan/2012 1
MN654378/S.Korea/2009 24
MN654392/USA/1997 5
MN654394/USA/1976 1
FJ643676/China/2011 48
MF062484/China/2010*
MN654395/USA/2020 1
MW053454/China/2023 3
KY471322/S Korea/2017 9
2 10651-10664 bp / pTP; L1 PP002032/China/2018 21
PQ641625/Russia/2022 7
MN654394/USA/1976 37
MK123980/China/2013 6
KP896484/China/2013 1
MF062484/China/2010* 1
13620-13630 bp/L1 pllla; L2 penton PP002034/China/2018 !
3 [polyA signal sequence (aaataaa) MN654388/Singapore/2005 16
13627-13633 bp] PQ641625/Russia/2022 66
PP002040/China/2018 1
MF062484/China/2010*
MK123978/China/2018 1
PQ641625/Russia/2022 51
4a 17323-17334 bp / L2 pX; L3 pVI -
KY070248/China/2016 20
MN654394/USA/1976 12
KP896484/China/2013 1
MF062484/China/2010*
17341-17352 bp / L2 pX; L3 pVI KX494979/S.Korea/2016 5
4b [polyA signal sequence (aataaa) -
17339-17344 bp] PQ641625/Russia/2022 75
KH289874/China/2015 5
MF062484/China/2010*
MT513753/USA/2006 1
MK123981/China/2013 3
5 29474-29486 bp / E3 20.2 kDa; E3 OM?714808/China/2020 1
10.3 kDa PQ641625/Russia/2022 17
KP896483/China/2013 37
JX123029/China/2012 25
KP896484/China/2013 1
MF062484/China/2010* 1
p 34006 — 34016 bp / E4 ORF2; E4 MT513753/USA/2006 3
ORF1 PQ641625/Russia/2022 28
JX123029/China/2012 53

Ipumeuanue. * — npenkoBsiii reHoM Human adenovirus 14.

Note. * — the ancestral genome of Human adenovirus 14.
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Tabauna 4. Pazmep JT0KycOB MHKPOCATEIIIUTOB B TeHOMAaxX H30JTOB Kians! I «Egypty

Table 4. Size of microsatellite loci in the genomes of clade II «Egypt» isolates

Jlokyc M3onst Pazmep romMornonuMepa (ar) Jloxyc W3onst Pasvep F()(h:;);‘l olaMepa
Locus Isolate Homopolymer size (nt) Locus Isolate Homopolymer size (nt)
1 BonbmncTBo* / Most A(13) 4a, 4b BbonpmmncTBo / Most A (10); A(10)
MN654380 (Egypt 2000) A(12) JX123027 (China 2010) A (10); A(11)
MN654392 (USA 1997) A(12) MN654392 (USA 1997) A (9); A(10)
MN654393 (Japan 2012) A(14) 5 BbonpmmucTBo / Most T(9)
PQ641625 (Russia 2022) A(13)G (1) MN654393 (Japan 2012) T(11)
2 BonpmaCcTBO / MoOst T(11) PQ641625 (Russia 2022) T (11)
MN654393 (Japan 2012) T (12) JX123027 (China 2010) T (10)
PQ641625 (Russia 2022) T (12) MT513753 (USA 2006) T (14)
JX123027 (China 2010) T (12) 6 BonpmuacTBo / Most A(8)
3 BonprmncTBo / Most A(10) MN654393 (Japan 2012) A (10)
MN654386 (Egypt 2007) A(11) PQ641625 (Russia 2022) A (10)
MN654387 (Egypt 2009) A(11) MT513753 (USA 2006) A (11)

MN654388 (Singapore 2005)
MN654389 (Singapore 2005)

A(11)
A(11)

Ipumeuanne. * — B kaazne I «Egypt» 17 uzonsaros.

Note. * — Clade II «Egypt» contains 17 isolates.

O0cyxneHue

B mpexncraBnenHoii pabore BIEpBBIE OMHCAaH TEHOM
m3oiara HAAV-55 SCV3008:Ad5S5, BwlmeneHHOro Ha
tepputopun P®. OTMeTHM, YTO MOJEKYISPHO-3MUAEC-
MHUOJIOTHIECKUE TEHOMHBIC WCCIICOBAHUS aJ[CHOBHUPY-
coB B PO, BrImONHEHHBIE paHee, SIBISIOTCS SAUHUIHBIMU
U MOCBAIICHBI 3yueHuto M. caesari HAAV, Bo30ynuTe-
Jeii peciupaTopHbIX nHpeKkmi y aereit [19]. Coop cpas-
HUTENBbHON MH(QOpPMALUU Al TEHOMHBIX HCCIIEIOBAHUN
3aTPyIHEH B CBSA3U C HU3KOH CTENEHBIO BHEIPECHUS MeE-
TOJIOB TCHOTHUITUPOBAHUS B JIA0OPATOPHYIO AUATHOCTUKY
a/IeHOBHPYCHOI NH(EKITNH.

B Poccun MOnEKyNnsIpHO-TEHETUYECKUN MOAXOM, OJ0-
Opennsiii ¢ 2010 ., IPUMEHSIOT IS AITHIEMHUOIOTHYE-
CKOT'O MOHHTOPHHTA aJICHOBUPYCHOW HH(EKINH U HICH-
TH(UKAIMA BO3OYyOUTENs 1O ceMmeiicTBa Adenoviridae
B Pedepenc-nienTpe mo muarnoctuke rpumma 1 OPBU
Ha 6a3ze HMU rpunma um. A.A. CmopoaunHIesa, B Llen-
Tpe 3KoJoruH U snuaeMuonoru rpunmna HUIDOM um.
H.®. T'amanen u B omopubIx 6a3zax Pocmorpebnanzopa.
Ha ocobom koHTpoOIe HaxoAsTcs aieHOBUPYCHBIE HH(pEK-
UM Y JeTel, KOTOpble TaKXe MOJIeKaT MOJICKYJSIPHOI
JIMarHOCTHKE COTIIACHO KIIMHWYECKHM PEKOMEHIAITNSIM?.,
Onnaxko renotunupoBanne HAdV He BXOIUT B IepedeHb
METOJIOB JIA0OPATOPHOM AUATHOCTHKH.

ECDC (European Centre for Disease Prevention and
Control) He MPOBOANT IUTAHOBOTO HAONIOACHUS aACHOBH-
pycHOH MH(EKINU U PUKCUPYET TOJIBKO BCIBIIMIKH 3200-

’KnuHHYeCKHe peKOMEHIAMH (IIPOTOKON JICYCHHUs) OKa3aHUs Me-
JMIMHCKOW IMOMOIIM AETAM OOJBHBIM aJeHOBHPYCHON HH(GEKIH-
eif; 2013. ocrymuo mo: http://niidi.ru/dotAsset/69f7{879-9765-
4634-a621-8792act587b7.pdf

neanus, Toraa kak CDC (Centers for Disease Control
and Prevention, CIIIA) pa3paboranm peKkOMEHIAITNN
no uaeHtudukanmmu HAAV Ha ocHOBe ammmupukanuu
HYKJIEMHOBBIX KUCIOT M co3gan HanuonaneHyio cucre-
My OTYETHOCTH Mo Tumam aaeHoBupycos (The National
Adenovirus Type Reporting System, NATRS). Ilo cBezne-
uussM NATRS, 8 2017-2023 rr. HAdV 6 reHoTHIIOB 5B-
nsutMch Hambonee pacnpocrpaneHHbIMHA B CLLA, cpenn
kotopeix HAAV-7 u HAdV-14 Buna M. blackbeardi co-
craswn 13,4 u 7,8% coorBerctBeHHo (https://www.cdc.
gov/adenovirus/hcp/outbreaks/index.html).  SImonckas
HAIIMOHAJbHASI CHUCTEMa JMHIEMHUOIOTHYECKOTO HamI30-
pa 3a WHPEKIMOHHBIMU 3a00JIEBAaHUSMHU TaKXKe IMPOBO-
IUT TEHOTUIHPOBAHWE aJCHOBHPYCOB, OTMEYasl CpEIu
npeobnanatouux M. blackbeardi HAAV-3, 7, 11, 34, 35,
a cpenu MUHOPHBIX 14, 16, 55, 66, 68, 79 [20]. CDC Ku-
Tas koHTponupyeT rpunm u OPBU, HO He mybmukyer
B OTKPBITOM TMEUATH OTYETHI 10 TeHOTHIIHPOBAHUIO BU-
pycoB [21]. Takum oOpa3oM, U3 HAIIMOHAIBEHBIX CHCTEM
koHTponst yder HAdV-55 mpoBoauT ToibKO cHcTeMa
anuaHaA30pa AnoHuu.

AHanmu3 HaydHBIX myOnmukanwmii 3a 2012—2025 rr., pas-
MemeHHBIX B PubMed, mokasain, uro u3 48 crarei, ymo-
MHUHAIOMIUX B KIO4YeBBIX cioBax HAAV-55, 39 (81%)
omyOnukoBaHO wuccienoparensimMu u3 Kwuras, 7 —
n3 IOxnHoit Kopen, no onnoit — u3 CIIIA u Cenerana.
Takoe cooTHoIIeHUE MyOIUKAIMIl TOATBEPKIAET DH-
nemuaHocTh HAAV-55 mnsa Kutas u FOxuHo#t Kopen.
Cremyer OTMETUTD, uTO U3 myOnukanui FOxuo# Ko-
peu TOJBKO B JABYX MPEACTABICHO HCCICIOBAHHUE WH-
¢dexmuit HAAV-55 cpenu rpaxmaaHCKoro HaceIeHUS,
B OCTaIIbHBIX ommcaHbl Bcublmkun OPBU, BrI3BamHOMI
HAdV-55, cpenu Bounckoro koHTUHTeHTa [22]. Temy
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HAdV-55-undexnuu cpeayu BOCHHBIX TPOJOJIKACT IMy-
omukarus n3 CILIA [23], mocBsmeHHas aHAIHU3y H30-
nsaTa Bupyca MWO053454, BbiieneHHOTO OT aMepuKaH-
CKOTO BOEHHOCHY>alllero, Haxoausuierocs: B FOxHoM
Kopee B 2019 1. MzonsaT MW053454 oTiinuasncs ot 10x-
HoKopeiickoro nzonsata KX494979 2016 r. ogHolt cu-
HOHMMHYHOH 3aMeHO#l. B Hamem uccnemoBanuu oba
n3omsTa Bouwt B kinany I «South Korea». B Cenerane
¢ 2012 mo 2015 r. y martmentoB ¢ OPBU M. blackbeardi
HAAdV BeisiBum B 9 city4asx, cpeu KOTOPhIX OTMeue-
Hel HAAV-7, HAdV-55 u HAdV-11 [24]. IIpuBenen-
HBIC JaHHBIE CBUIETEIHCTBYIOT O TOM, YTO T€HOTHUIIU-
poBanne HAdV mocreneHHO BXOAUT B 1a00paTOPHYIO
MPaKTHKY.

YunThIBas BHIIECKa3aHHOE, IS IPOBEECHUS CPaBHHU-
TEJIBHOT0 uccienoBanns reaoma u3oinara SCV3008:Ad55
MBI BOCTIONB30BajHCh AaHHBIME GenBank, coOpaB BbI-
60opky u3 83 uzomsaToB 1969-2022 rt. u3 7 crpad. Ananus
BBIOOPKH TTOKa3aJI BEICOKOE CXOACTBO reHoMoB HAAV-55,
nocturaromiee 1o nokasarenro ANI 99,7-100%, gto co-
miacyeTcs C JaHHBIMH JPYTUX HCCIIEHOBAHUI, BBIMOJ-
HEHHBIX Ha MEHbIIIEM KOJIMYECTBE U30JTOB [25]. BMecTe
¢ TeM (UIOTCHETHYECKUI aHaJM3 MO3BOJIMII Pa3/ICIHUTh
TEHOMBI BEIOOPKH Ha KJIabl, YTO CBUACTEIBCTBYET O Ha-
JIMYUY T€TEPOreHHOCTH Jake IPU BBICOKOW T'OMOJOIHH.
Knaner I u Il cooTBeTcTBOBanm reorpadmueckoi mpu-
HAJJIC)KHOCTH H30JIATOB W TIOKa3ald SIUACMHYECKYIO
CBSI3b KaK MeX1y nzonsaramu u3 Kuras, Tak u u3onstamu
n3 IOxnoit Kopen. U3onsater n3 Erunra 20002009 rr.,
CTpaHsbl, yaJIeHHO OT 3HAeMHYHbIX 110 HAdV-55 Teppu-
TOPUH, KJIIACTEPU30BAINCH C U30JIATaMU U3 5 TOCYIapCTB,
B TOM uuciie Kutas, 4To CBHIETEECTBYET O pacpoCTpa-
Henun HAdAV-55, yemy crocoOCTBYIOT mporecchl riioba-
nu3anuu. CrieayeTr OTMETUTh, YTo B kiany 11 Bomuiu mpe-
MMYIIECTBEHHO H30IIATHI OT TPa)KTaHCKOTO HACEIICHUS.
Hckmrouenue coctaBuiny u3onatel u3 Cunramypa u Smo-
HUH, TIOJTy4YeHHbIe M3 00pa3IloB BOSHHBIX, 3a00JEBIINX
OPBH [25].

CpaBHUTENBHBI T€HOMHBIA AHAINU3 BBISBWI OTIMYHS
m3onsata SVC3008:Ad55, a uMeHHO 12 TOYKOBBIX MyTa-
U, pacpeeNICHHBIX TI0 BCEMY TeHOMY, U3 KOTOPBIX He-
CHHOHIUMHYHO} ObllIa 3aMEeHa B paMKE CUUTHIBAHUS IICHTO-
Ha L2 62,5 x/la, npuBonsmas k 3amene T29A B N-koHIie
OenkoBol mocienoBaTeabHOCTH. 110CKOMBKY 3aMeHa KOH-
CepBaTHBHA, OHA HE CKAa3bIBACTCS Ha aMQUIIATHIECCKIX
cBoiicTBax N-KOHIIEBOI crivpaiti Oeltka ¥ Ha CHOCOOHOCTH
motrBa PPRY (4245 a.o.) B3auMoneicTBOBaTh C JOMEHaA-
MU WW KIIeTOYHBIX YOMKBUTHHIIUTA3, YTO OOECIeYnBa-
€T IMPOHMKHOBEHUE BUPYCa B 3YKAPUOTUYECKYIO KIIETKY,
oTIpeeIsItoniee ero NHPpEKIMOHHOCTE [26].

JloTIOTHUTENbHYI0 HH(POPMALUI0O O Pa3sHOOOPA3UH
OJIM3KOPOJICTBEHHBIX T€HOMOB HM30JIATOB Kiaabl 11 man
aHanmu3 ToaUMOpduU3Ma IMH MHKPOCATEIIUTOB (TO-
MOTIOJIUMEPOB) 6 JIOKyCOB B HETPAHCIHPYEMbIX 00ia-
ctax. Y3 17 usonaroB xianel 10 UMeIn OoTIAYUE XOTA
OBl 0 oHOMY JOKyCy. M30mater u3 Snonnu u Poccun
OTIMYAIIACH OT APYTUX H30JATOB KIAIBl MO 4 JOKycam
MHUKpOCATENIUTOB. Takoi MOaXoJ]] MO3BOJIMII Pa3IUuUTh
Jake M30JIATH U3 Erumta BHYTpH IBYX perHOHOB: AJIEK-
caugpuu (2000-2002) u Kaupa (2005-20009).
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3akaoueHue

CpaBHUTENFHOE TEHOMHOE HCCIIEIOBaHUE H30JIATOB
HAdV-55, mosBuBIIEerocss B pe3ynbTare peKoMOMHa-
unn HAdAV-14 1 HAdV-11, nokasano MemjIeHHOE HaKo-
mieHue MyTtauuil ¢ 1969 r. kak B TpaHCIMPYEMBIX, TaK
U B HETPAHCIUPYEMBIX OOIACTAX, MO3BOJMIIO BBISIBUTH
YHHUKaJIbHBIC 3aMeHbI HOBOro m3onara SVC3008:Ad55.
[onmy4yennas reHOMHass WH(GOPMAIUS 3ATOKHIIA OCHOBY
IUTSL Pa3pabOTKU THATHOCTUIECKIX HAOOPOB U NATbHEH-
mero MouutopuHra HAdAV-55, BbI3bIBaromiero HHQEK-
MU, OCJIO)KHEHHBIC OPOHXOITHEBMOHUEH. B TO ske BpeMs,
IIOCKOJBKY aJICHOBUPYCHI ITOIBEPKEHBI PEKOMOMHAIIN-
OHHOI U3MEHYHMBOCTH, & TOPSYHE TOUYKH pPEKOMOMHALINU
MHOXKECTBEHHBI (T€HBI TMEHTOHA, TEKCOHA, (HIaMeHTa
(¢pubepa), E1, E3 u E4) [27], »MEHHO TOIHOTEHOMHOE
ceKkBeHHpoBaHKe 3(P(HEKTUBHO B MOHHTOPHHIE M MOJIE-
KyJSIPHO-OTIUAEMHOIOTMIECKOM aHaJli3e BO30OyAHTeNeit
a/IeHOBHPYCHOI NH(EKITHH.
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Pestome

BeepeHue. LiutomeranosmpycHas MHdeKUMs cnocobHa MHAyLMpoBaTb pas3BUTUE PE3NCTEHTHOCTU OMyXOMneBbIX
KNEeTOK K XMMMUOTepaneBTUYECKMM npenapaTtam MocpeacTBOM MOAYMAUMM anontoTudeckux nyten. B nowvcke
ansTepHaTUBHBIX MpenapaTtoB, HanpaefeHHbIX Ha NPeodoNieHne BUPYC-acCOLMUPOBAHHOW PE3UCTEHTHOCTH,
NepcrneKkTMBHBIM HamnpaBneHneM SBMSIETCA NPUMMEHeHVWe HaHomaTtepuanoB (aucnepcHon opMbl ynnepeHa
dC,). BO3MOXHOCTb MPeoaoeHnst BUpyC-acCoLMMpOBaHHO NEKapCTBEHHON YCTOMYMBOCTU OTKPLIBAET HOBbIE
BO3MOXHOCTV AN pa3paboTky KOMOUHMPOBAHHbBIX TEPANEBTUYECKNX CTPATErniA B NIEYEHNN ONyXOmnen.

Llenb — oueHUTb BNUSHWE LUTOMEranoBUPYCHOW WHMEKUUM Ha PEe3UCTEHTHOCTb KMETOK renatokapLvMHOMbI
M NpOMUENoUNTapHOro neiko3a K [OOKcopybuuuHy, a Takke mnoTeHuman aucnepcHoro dynnepeHa dC,
B BOCCTAHOBIEHUW YYBCTBUTEMBHOCTM K XUMUOTEPanum JOKCOPYBULIMHOM KINETOK MOHOLMTaPHOW NeNKeMuun.
MaTepuanbl U mMetoabl. Vccnegosanu kneTku: renatokapuuHomsl (Huh 7.5), npomuenoumTapHoro nenkosa
(HL-60), moHouutapHon nerkemun (THP-1); untomeranosupyc (wtamm AD169). OkcnepMmMeHTanbHas 4actb
BKItoYana obLenpuHATbIE KynbTyparnbHble U BUPYCOMOrnyeckne metogbl, UMMYHOLIMTOXUMUIO, UMMYHOOBMOTHHT,
nonuMepasHyto LIeMHyo peakumio B pexvnmMe peanbHOro BpeMeHu, NonnMepasHyto LenHyo peakumio ¢ obpaTtHom
TpaHckpunumen, MTT-TecT.

PesynbTaTthl. LinTomeranosupycHas MHMeKUMs B KneTkax renarokapumHOMbl M NMPOMUEnouUTapHoro nenkosa
CHV>Kana LmMToTokcuMyeckoe aenctame gokcopybuumHa Ha 30%. B kneTkax MOHOLMTapHOM NenkemMmn codeTaHHoe
npuMeHeHne foKcopybuLmHa ¢ aucnepcHbIM dynnepeHom dC,, NpUBOAUIO K BOCCTAHOBIEHWIO HYBCTBUTENIbHOCTU
MHMULMPOBAHHBIX KMETOK K xumuoTtepanun. [pu atom 93% rubenb onyxoneBbiX KNETOK gocTturanacb ¢
npumMeHeHneM JoKCopybuLMHa B 2 pa3a MeHbLUEWN KOHLEeHTpaumm.

3akntoyeHue. LiutomeranoBupycHas UMHdeKUMss OPMUPYET  PE3UCTEHTHOCTb K [AOKCOPYOWUMHY Ha
reMono3TUYECKNX (KMeTKM MPOMMENOLMTapHOrO Nerko3a M MOHOLMTApPHON NEeNKeMUn) U COnuAHbIX (KNeTku
renaTtokapuuHOMbI) OnyxoneBbix Mogensix. lpumevartenbHO, YTO CoYeTaHHOe AeWcTBMe AoKcopybuumHa ¢
AucnepcHbiM dynnepeHoM dC,, He TOMbKO MO3BOMAET NPEOLOIeBaTb BUPYC-OMOCPEA0BaHHYIO NIEKAapCTBEHHYIO
YCTOWYMBOCTb B KIETKaX MOHOUMTAPHOMW NEAKEMUU, HO N NO3BONSIET OOCTUYb BbIPAXEHHOMO LIMTOTOKCUYECKOro
adpdpeKTa Npu CHNXKEHHbIX KOHLIEHTPaLMSAX AOKCOPYOULIMHA, YTO OTKPbIBAET NepCneKkTuBbl Ans pa3paboTku kombu-
HMPOBAHHbIX TEPANEBTUYECKMNX CXEM CO CHWDKEHHOW TOKCUYHOCTbLIO.

KnioueBble crnoBa: yumomezanosupyc derioseka; OucnepcHell ¢ynneped dC,,; Huh 7.5; THP-1; HL-60;
2ernamokapuyuHoma; nelikos; nelikemusi
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Resistance and chemosensitivity restoration in human
cytomegalovirus-infected tumor cells to doxorubicin through

combined treatment with aqueous fullerene dC
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Abstract

Introduction. Human cytomegalovirus infection can induce tumor cell resistance to chemotherapeutic agents
through modulation of apoptotic pathways. In the search for alternative approaches to overcome virus-associated
drug resistance, the application of nanomaterials (aqueous fullerene dC, ) represents a promising strategy. The
potential to overcome human cytomegalovirus mediated chemoresistance opens new avenues for developing
combined therapeutic approaches in oncology.

Aim — to evaluate the impact of human cytomegalovirus infection on the resistance of hepatocellular carcinoma
and promyelocytic leukemia cells to doxorubicin, as well as the potential of aqueous fullerene dC,, to restore
chemosensitivity in monocytic leukemia cells.

Materials and methods. Hepatocellular carcinoma cells (Huh 7.5), promyelocytic leukemia cells (HL-60),
monocytic leukemia cells (THP-1), and HCMV AD169 were used. The experimental procedures included standard
cell culture techniques, virological methods, immunocytochemistry, Western blotting, Real-Time Polymerase Chain
Reaction, Quantitative Reverse Transcription Polymerase Chain Reaction and MTT assay.

Results. Human cytomegalovirus infection reduced doxorubicin cytotoxicity by 30% in both hepatocellular
carcinoma and promyelocytic leukemia cells. In monocytic leukemia cells, combined treatment with doxorubicin
and dC,, restored chemosensitivity to human cytomegalovirus infected cells, achieving 93% tumor cell death at
half the standard doxorubicin concentration.

Conclusion. Human cytomegalovirus infection induces doxorubicin resistance in both hematopoietic
(promyelocytic leukemia, monocytic leukemia) and solid (hepatocellular carcinoma) tumor models. Importantly,
combined treatment doxorubicin with aqueous fullerene dC, not only overcomes virus-mediated drug resistance in
monocytic leukemia cells but also enhances cytotoxicity at reduced doxorubicin concentrations, offering prospects
for developing less toxic combined therapeutic regimens.

Keywords: human cytomegalovirus; aqueous fullerene C,, (dC,,); Huh 7.5; THP-1; HL-60; hepatocellular carci-
noma; leukemia
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BBenenne

B mocnennue necsatuieTus HaKalUIMBAarOTCS JaHHBIE,
CBUJCTETLCTBYIONINE O BAKHOW POIM HH(DEKIIMOHHBIX
areHTOB B Pa3BUTHHU OHKOJOTHMYECKHX 3aboineBanuii [1].
Huromeramopupyc (LIMB) (cemetictBo Herpesviridae)
HE SIBIISETCS KJIACCHYCCKUM OHKOTECHHBIM BHPYCOM, HE-
CMOTPS Ha DKCIIEPUMEHTAJIbHBIC TAHHBIC, YKa3bIBAIOIINE
Ha €ro CrIoCOOHOCTh TpaHCchopMHpPOBaTH (GHUOPOOIIA-
cTol [2], renarouutsl u kietku HepG2 [3]. Onnako pe-
3yJBTaThl MHOTOYMCIICHHBIX UCCIICIOBAHUI MOJTBEPKIa-
10T OHKOMoaynupymwiee nericteue [IMB [4], pu 3ToM

BupycHble JIHK w/mmu Oenku oOHapykuBaroTcs y 90—
100% nanueHTOB ¢ pa3IMYHBIMU TUIIAMH OMyXose [5],
YTO JIeJIaeT aKTyaJbHBIM U3yUYEHHUE €Tr0 POJIH B MaTOTeHe-
3€ 3JJ0Ka4YeCTBEHHBIX HOBOOOPA30BaHUIA.

IIMB — HOIMrUCTUOTPONHBIA BHUPYC, MNEPCUCTUPYET
B OpraHU3Me IOCie MEePBUYHON MHQEKIMHU, TIepHOIHYC-
CKU peakTuBUpysich. KIeTku KpoBU cClyXaT OCHOBHBIM
pe3epByapoM nareHTHOW wH(pekuuu. Panee mamm OBLIO
nmokaszaHo, yTo uHdekmus [IMB kieTouHOi THHUHA MOHO-
uutapHoil neiikemun THP-1 uHIynmpyer ycToW4MBOCTH
k noxcopyoununy (JJOKC) [6]. IIpumeqarensHO, 9TO TIpO-
TUBOBHUPYCHAsl Tepalusl TaHLIWUKIOBUPOM HE BOCCTaHAaB-
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JIMBAET YyBCTBUTEIILHOCTh K XUMUOTEPAINH [7], 4TO yKa-
3bIBaeT Ha HEOOXOMMMOCTH ITOWCKA HOBBIX TOIXOMOB IS
MIPEOIOTIEHHUS BUPYC-OTIOCPEIOBAHHON PE3UCTEHTHOCTH.

JIOKC — omun u3 HambOonee 3(p(HEKTUBHBIX MPOTUBOO-
MyXOJIEBBIX IPENaparoB, MHUPOKO MPUMEHSEMBIX B Tepa-
MUY Pa3HBIX 3JI0KaYeCTBEHHBIX HOBOOOpazoBaHMi. On-
Hako kiumHH4Yeckoe ucnonb3oBanue JOKC orpanuueno
€ro BBIPAXEHHOH Kapauo- W HEPPOTOKCHIHOCTHIO. AK-
TyaJIbHOH TpoOIeMOH MHOTHX HCCIEIOBAaHUM SBIAETCS
MIPEOJONICHUE YCTOMUMBOCTH OIYXOJIEBBIX KIETOK K XH-
MHOTEpanuy IMpHU OTHOBPEMEHHOM CHM)KEHHH TOKCHYE-
cxoro BozneiictBust JIOKC. IlokazaHo, 9To pecBeparpol
MOBBIINIACT IUTOTOKCHYECKyto akTuBHOCTH JJOKC B oT-
HOIIIEHNH KJIETOK paKa MOJIOYHOH JKeJie3bl uesloBeKa Mpu
OJTHOBPEMEHHOM TPHUMEHEHUH WIIH 33 24 4 10 IpHMeHe-
Hus JJOKC [8] u ycwimBaeT 1UTOTOKCHYECKHd 3ddext
JOKC B kierkax kapuUMHOMBI ToJicTOM kuuku [9]. Hpy-
THe CTPaTeruy BKIIOYAIOT HCIOIb30BaHHWE KOMOWHAIIHH,
takux kak AICAR u JIOKC, B cocTtaBe HaHOYACTHUIT IS
MIPEOIONICHUsT MPOOJIeMbI TOKCHYHOCTH TPH TapreTHON
Tepanuu, MpU 3TOM COXPaHAIOTCA MOIIHBIE IPOTHBOPAKO-
BbI€ 3()(EeKTHI B KJIETKAX KAPIIMHOMBI JIETKHX, KapIIMHOMBI
TOJICTOM KUIIKH, aJICHOKaPLIMHOMBI IIEHKH MaTKH, OCTPOM
T-KJI€TOUHON JNEHKEMUH M KapLUHOMBI MOIKEITYIOYHON
xkenesbl [10], a Takke MpUMEHEHWE MUIIEIUT Ha OCHOBE
TPGS1000 n xypkyMHUHA AJ1s1 IPEONOIEHUS PE3UCTEHTHO-
CTH B KJeTKax paka jerkux [11]. Kpome Toro, onurony-
kneorun DTO1 mokazan moTeHIman B ycusieHnn dpdekra
JOKC npu renarouesutoisipHoit kapruHome [12].

Hucnepcubiii pymnepen dC,, sBISETCS NMEPCIEKTHB-
HBIM CpPE/ICTBOM B OWOJIOTMH W MEIHIMHE, MyOIUKauu
0 XHMHYECKHX ¥ OMOIOTHYECKUX CBOMCTBAX 3TOTO BEIle-
CTBa CBUIETENLCTBYIOT O €r0 MaJIOM TOKCHYHOCTH, aHTH-
OKCHJIaHTHOH M MPOTHBOBOCHAIUTEIBHOM aKTUBHOCTH,
pano3axuBistomux cporictax [13, 14]. CornacHo nan-
HBIM JIMTEpaTyphl, HaHohopmMbl Gymiepena C,, obnana-
onme ruipoUIEHBIMU CBOWCTBAMH, JEMOHCTPHPYIOT
BBIPQKEHHYIO TPOTHBOBHUPYCHYIO AaKTHBHOCTH IPOTHUB
LIMPOKOTO CIIEKTpa MaroreHos, Bkitodas BUY, Bupyc
D0boma, pa3Hble mTamMmbl Bupyca rpummna (HIN1, H3N2,
H5N1), ameHoBHpyCH M pecHHpPaTOpHO-CHHIIUTHAIb-
HBIi Bupyc [15-17], Bupyc mpoctoro repneca 1-ro tuna
u I[IMB [18].

[TosTOMY HeabI0 Hcciea0BaHus OBUIO N3yUSHHE BIIUS-
HUs 1uToMeranoBupycHoi napexnun (LIMBU) Ha dop-
mupoBanue pesucteHTHocTH K JJOKC B KJI€TOYHBIX JIH-
HUSIX TEeMaTOKapIUHOMBI M IPOMHUEIIONUTAPHOTO JIEHK03a
U OLIEHKa CIOCOOHOCTH HAHOMCIIEPCHOTO (GysuiepeHa
dC,, npeononeBaTh XMMHUOPE3UCTEHTHOCTE B [IMB-nH-
(PUIMPOBAHHBIX KJIETKAX MOHOLMTAPHOH JIEHKEMHH TIPH
cogeranHoM npumenenuu ¢ JJOKC.

MarepuaJjbl 1 METOABI

Knemku. B paboTe ucnonp30BaHbl: KIETOYHAS JTHHUSA
¢ubpodmacToB Jierkoro 3mOproHa uvenoBeka (DJIDY),
KIIETKH TematokapruHoMsl Huh 7.5, xmerkm mpomwme-
mouuTtapHoro jeiiko3a HL-60 u KiIeTkn MOHOIUTapHOU
neiikemun THP-1, momydeHHble M3 0OaHKa KICTOYHBIX
kynetyp ®I'BY «HULIDOM um. H.®. Namanen» Mun-
3apasa Poccuu (MockBa). i monaepkanus KIETOUHBIX
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kyaeTyp ©JIOU 1 Huh 7.5 ucnonb30Baau MUTATEIHHYIO
cpeny DMEM, a nuaum HL-60 u THP-1 xynsTuBupo-
Bamu B cpene RPMI-1640. B coctaB muTaTenpHBIX cpel
BXOJIWJIY CIIEAYIOIIME KOMIOHEHTHI: L-timroramuH (2 MM),
reaTamunuH (50 MKr/min), ¢petanpHast ObIYbS CBIBOPOTKA
(10%). Bce peareHThI Ob11H IPHOOPETEHBI y OTECYECTBEH-
Horo noctasiuka (OO0 «ITandxo», Poccus). Kontpons
KauecTBa IMOATBEPIWI OTCYTCTBHE MHKPOOHOHM KOHTa-
MUHaIMHU (KaK BHEKJIETOYHOH, TaKk U BHYTPUKIETOYHOMH)
B UCIOJIb3YEMBIX KIETOYHBIX KYJIbTYPaXx.

Bupyc. B uccnenoBaHNM NPUMEHSUIH J1aOOpaTOPHBII
mramMm LIMB ADI169, mnpenocraBieHHbIH BHPYCHOM
komiekuuen HUIIOM um. H.®. IN'amanen. Bupychbiit
Marepual TacCUpOBaJM Ha KylbType kietok @JIOY
C MOCJEYIOMUM ONpeAeTcHIEeM HHPEKITHOHHOTO THTPa
METOIOM OnsnkooOpa3oBanus. TuTp de novo momydeH-
Horo Bupyca coctapisut 1 X 10° BOE/mi (Gnsitikoo6pasy-
OIIUX eANHAL Ha 1 mi).

Hucnepcroiii - hyinepen  dC,, ObUl  NPENOCTaBIEH
OI'bY I'HII «MHcTuTyT nMMmyHonoruny @MBA Poccuu.
Mop¢ornoruueckuii aHanu3 TMPOBOAWINM Ha CKaHUPYIO-
miem anekTpoHHoM Mukpockorie TESCAN MIRA 3 LMH
(pe’XUM BTOPHYHBIX JMIEKTPOHOB, YCKOPSIOIIEE HarpsoKe-
Hue 5 k3B, Tok myuka 130 mA). O6pa3Lel TOTOBIIN METO-
JIOM BO3IYIIHOH CYIIKH 0€3 METaJUIMIEeCKOTO HAIIBUICHHSI.

MTT-mecm. Jlnsg ompenencHusl XU3HECIOCOOHOCTH
kietok nocie Boszaekcteus JNOKC un dymnepena dC,
npuMeHsn ctasAapTHeii MTT-tect. Knerounble Kyib-
TYpsl HHKYOHpOBQJIM C TETPAa30JIMEBBIM KpacHTEIIeM
(MTT, 1 mr/mn) B Teuenue 2 4 ipu 37 °C. O6pa3zoBaHHbII
(hopmasan sxcrparuposaiu 0,04 M pacTBOpOM CONSTHO#M
KHCJIOTHl B M30mponaHoie. Koln4ecTBEHHYIO OIIEHKY
MIPOBOJIMIM METOIOM CHEKTPO(POTOMETPHUH Ha IUIAHIICT-
HoM punepe TECAN npu 570 HM ¢ koppekiueit poHoBO-
ro curxana Ha 620 Hwm.

Hmmynoyumoxumusn. Hdna nerexuun LIMB-undumnm-
POBAHHBIX KJIETOK MCIIOIB30BAIM HMMYHOIEPOKCUAA3-
HBI METOZ C TIepBUYHBIMH aHTUTEJIaMHU HPOTUB BHPYC-
HeIx OenkoB IE1-p72 u pp65 (Abcam, Benukobpura-
Hus). [IpenapaTsl BU3yaqu3upoBajal C MCIOJIb30BAHUEM
mukpockona AxioCam MRc5 (Carl Zeiss, I'epmanns)
¢ 400-kpaTHBIM yBeNHYEHHUEM M LHU(POBOH perucTpanu-
el 1300paKeHHIH.

Hmmynobnomune. TpaHnchep HA HHUTPOIEIUTIOIO3HBIC
MeMOpaHbl IPOBOJMIIN MOCJE MPEIBAPUTEIBHOTO DIIEK-
TpodopeTndeckoro pasaeneHus OenkoB B 12% momm-
aKpUJIaMHIHOM rejie. Busyanu3anuio MpoBOAMIN METO-
IoM XeMumitioMuHecueHun (cuctema Bio-Rad, CLLIA)
C TOCNEAyIONIeH KOMUYEeCTBEHHOW OIEHKON IHU(POBBIX
n3obpakenuit B mporpamme Imagel (Bepcus 1.52, NIH,
CIIA). [ns HOpMalIM3aluU JaHHBIX HCIONb30Balu Oe-
JIOK [-aKTHH.

Honumepasuaa yennasa peakyusi ¢ 0Opamuol mpanc-
kpunyueti (OT-IILJP). Torameayto PHK »skcrparupo-
BAIM C WUCHONB30BaHWeM peareHta Tpu3on (Thermo
Fisher Scientific, CIIIA) mo crangapTHOMY MpPOTOKOIY.
Cunte3 xomruiementapHoit JIHK ocymectsimsun mpu
nomonu 1 mkr totansHoii PHK u xommepueckoro Ha-
6opa oOparHoil Tpanckpunrazsl MultiScribe (Applied
Biosystems, CLLA). IlpaiiMepsl mas amMIutupHUKandu
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MPOEKTHPOBAIIM HAa OCHOBE IIOCIIEAOBAaTENbHOCTEH Te-
Homa mrtamMma [IMB ADI169 c¢ ucnonb3oBaHHEM: MPO-
rpammel Vector NTI Advance 11, anroputma tepmonu-
Hamu4eckoro nporHosuposanus (Themfold Web Server)
n nHctpymenTa Primer-BLAST (NCBI). B xauectse 3H-
JOTEHHOTO KOHTpOJIs ciyxuil reH GAPDH.

lonumepasnas yennas peaxyus ¢ Oemexyuell pe-
3yniemamos 8 peoicume peanvnozo epemenu (IIL[P-PB).
Jua Beigenenus renomHoi JIHK nmpuMeHsnu xommep-
yeckuii Habop «/IHK-cop6-B» (PBYH IITHUUS Pocno-
TpeOHaa30pa, Poccus) cormacHo cTaHIapTHOMY MTPOTOKO-
Ty SKCTPaKIHUU HYKIEMHOBBIX KHCIOT. KonmnyecTBeHHOE
onpenenenne [IMB JIHK Bemonusiau metogom I[TL[P-PB
C WCIIONIb30BAHUEM CIICIIHATTU3UPOBAaHHOTO Habopa pea-
rearoB (OBYH HHHUUD Pocmorpebnanzopa, Poccus).
AMIUTMUKANNIO TPOBOAMIN B TEPMOIMKIIEPE C JIETEK-
uer (IyopeceHTHOTO CUTHAjIa Ha KaXK/IOM IHKIIE.

Cmamucmuyeckuti ananu3 BBHITIOTHSIIA C TIPUMEHEHU-
eM mporpamMMmHOro obecreueHus Prism 9.1.1 (GraphPad
Software, CIIIA) u SPSS Statistics 27 (IBM, CILIA). O6-
paboOTKy IDaHHBIX MPOBOIWIH B CTPOTOM COOTBETCTBUU
C aKTyaJbHBIMH METOIMYECKUMH PEKOMEHIAIHSIMHU.

Pe3syabTarhl

IIpucomosnenue u xapaxmepucmuxa dC,. ®ynnepen
de MONTyYaId 110 MOTUGHUITMPOBAHHON METONUKE THa-
(uapTpanmy, B KOTOPOil CTaHAAPTHBIN THATH3 3aMCHUITN
TaHTCHIMAIBHON yIbTpaduiIbTpaliied B COOTBETCTBUU
C paHee OMyOMMKOBaHHBIM TpoTokoioM [18]. [Tomyden-
HbIe 00pa3Lbl MPEACTABIAIN COOON arioMeparsl pa3me-
poM okojio 100 HM, copMHPOBAHHBIE M3 0OJIEE MEIIKHMX
yacTul auamerpom 15-30 um.

Lumomoxcuuecxoe oeticmsue JJOKC na knemxku Huh 7.5
u HL-60. JIns onpeneneHus TUTOTOKCHYECKOTO ICHCTBUS
JOKC xnerounsie ymaun Huh 7.5 u HL-60 nakyGmpo-
BaJIM B IPUCYTCTBUU Pa3HBIX KOHIICHTPALUN aHTHOMOTH-
ka: 0,1-10 mxr/mn s Huh 7.5 (puc. 1 a) u 0,33 Mkr/mi
st HL-60 (puc. 1 6). Ycranosneno, uro 50% IUTOTOKCH-
geckas nosa (I, ) HOKC mns knerok Huh 7.5 cocrasu-
na 2,6 MKr/mi, Torga kak juist HL-60 maHHBIN 1TOKa3aTenb
ObLI 3HAYMTEIBHO HIbKe — 0,05 MKT/MIL

ala

OPUTUHAJbHbBIE NCCNEAOBAHUA

Xapaxmepucmuxa LIMBH 6 knemrxax Huh 7.5 u HL-60.
B xonme nccnenoBanus MmerogoM KommdectBeHHoU TTL[P-
PB ouenuBanu copepxanue BupycHoil JIHK B kierou-
HeIX JiuHUAX Huh 7.5 u HL-60 B Teyenme 14 cyt mo-
cine WHQHUIUPOBAHWSA. AHAIN3 TOIXYYEHHBIX ITaHHBIX
(puc. 2 a) BBISIBIII CHUKCHHE KOJIUYECTBA BHPYCHOM
JHK B pacuere Ha OfiHY KJIETKYy B 00€HX HCCIIEAYEMbIX
munusax. B kimerkax HL-60 conepikaHue BUPYCHOTO re-
HoMa ymeHbmiock ¢ 1,22 + 0,01 Ig (1 cyr mocne uH-
¢uruporanwus) 10 0,78 + 0,02 Ig (14 cyt nocie nupuim-
poBaHusI). AHAJIOTWYHAs AWHAMHKA HaOmromaizach B JIH-
uuu Huh 7.5, roe mokazarens camsmics ¢ 1,86 + 0,03 Ig
B 1-e cytku no 1,22 + 0,06 Ig Kk KOHITY SKCIIEpUMEHTAITb-
HOTO TIepHo/a.

Jns xapakrepuctuku Tedenus [IMBU B k1eTOUHBIX 111-
Huax Huh 7.5 u HL-60 npoBoawiv aHanu3 BUPYCCIENN-
¢uaecknx OeIKoB, cOOTBeTCTBYIOMMX cBepxpaHHei (IE)
u pauneii (E) cramusm nadexnronHoro npouecca. Kier-
ku 3apaxanu [IMB npu MHOXKECTBEHHOCTH HMH(DHUIIIPO-
Bauus 2 BOE/kieTky ¢ mocienyromuM MOHUTOPHHTOM
conepxanust IE1-p72 u pp65 B Teuenue 14 cyT.

Haubobiiee KOJHMYECTBO KIETOK, COIEPIKAIIUX OCIKH
IE1-p72 u pp65, 3admkcupoBano B muann HL-60 Ha 1-e
cytku (37,7 £ 2,3%), Torna xak B KyasType Huh 7.5 mak-
CUMaJIbHBII ypOBEHb WH(HUIHMPOBAHHBIX KIETOK OTMe-
4yeH Ha 2-e cyTku (42 + 6,5%). K 14 cyt B obenx Kie-
TOYHBIX TUHUSIX HAOTIONATOCH CTATUCTUIECKH 3HAYMMOE
(» < 0,05) yMmeHblIeHHE YHUCHAa KIETOK, MO3UTHBHBIX
mo IE1-p72 m pp65 (1,5 + 0,9 u 1,6 + 0,9 coorBeTcTBEH-
HO), YTO YKa3bIBAET HA 3aBEPIICHHUE JIUTUICCKON BHPYC-
HOH perukanuu (puc. 2 0).

Pesynbrarel  MccnemoBaHUS —BBIABWIM  JHHAMHUYeE-
CKOE€ yMEHbIIEHHE KOHUeHTpauuu BupycHon JHK
U COKpAIllCHHE MOMYJSIHUU KIETOK, IKCIPECCUPYIOIIUNX
IE- u E-anTurens! [IMB, B Teuenue 2-HeAeIbHOTO NEpU-
ona Habmonenus. HaGmromaemass quUHaMHKa yKa3bIBaeT
Ha DBOJIONHUIO0 MHPEKIHOHHOTO Tpolecca OT aKTUBHON
PEeIUIMKAlMOHHOW CTaJuu K JIATEHTHOM NEPCUCTEHIIMU
BHpYCa B 00EHX M3YUYCHHBIX KJIETOYHBIX MOICIISX.

Llumomoxcuueckoe Oeticmseue JOKC mna xnemxu
Huh 7.5 u HL-60, unguyuposannvie [[MB. Ha ocHOBaHUI

o/b

Puc. 1. luroroxcuueckoe aevicteue JJOKC na kietku Huh 7.5 (@) u HL-60 (6).

Fig. 1. Evaluation of doxorubicin-induced cytotoxicity in Huh 7.5 (a) hepatocarcinoma and HL-60 promyelocytic leukemia cells (b).
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Puc. 2. lunamuxa copepxanus JJHK LIMB (a) u Bupycubix 6enkxoB IE1-p72 u pp65 (6) B knetkax Huh 7.5 u HL-60 ¢ 1-x no 14-e cytku
oce HHQUIIPOBAHHS.

Fig. 2. Longitudinal monitoring of CMV DNA content (a) and IE1-p72/pp65 viral protein expression (b) in Huh 7.5 and HL-60 cell lines
during 14 days post-infection.

Puc. 3. llurorokcuueckoe aeiicteue JJOKC na xnerku Huh 7.5
n HL-60, nadummposanusie [IMB.

Fig. 3. Doxorubicin-induced cytotoxicity in cytomegalovirus
infected Huh 7.5 hepatocarcinoma and HL-60 promyelocytic
leukemia cell lines.

aHaJIM3a JI0303aBUCUMOI IIMTOTOKCHYHOCTHU OBLTH BRIOpa-
HBI cyOoToKcnueckue KoHneHnTparuu JOKC: 6 Mxr/mn s
xierounoi smanu Huh 7.5 1 0,6 mxr/ma s HL-60.

BeuT BEITONHEH CPaBHUTENHHBIA aHAN3 ITUTOTOKCH-
yeckoro aeiicteus JJOKC Ha knerounslie nuauun HL-60
u Huh 7.5 npu vanmuuu m orcyrcteuu [IMBU. Kier-
ku yuann HL-60 o6pabareBamm JIOKC B koHIIEHTpa-
run 0,6 MKT/MIT uepe3 24 9 rocie BUPYCHOTO 3apayKeHusl.
Jst xnerounor kyneTypel Huh 7.5 mpumensiu Gonee
BBICOKYIO KOHIICHTpAITHIO Tpermapara (6 MKr/mir), KOTO-
pyro BHOCWIH yepe3 48 u nocne napunupoBanus. Takon
T PepeHIINPOBAHHBIN MOAXOJ ITO3BOIHI OLUEHHUTH BIIH-
STHUE BUPYCHOM HH(pEKINH Ha 3PPEeKTHBHOCTH XUMHOTE-
PaleBTUYECCKOTO areHTa B Pa3HBIX KIETOYHBIX CHCTEMAaX.
AHanmm3 UUTOTOKCHYEeCKOro 3(¢eKTa NPOBOTUIN MO-
cie 24-gacoBoit HHKyOaruy ¢ aHTHONOTHKOM. Pesynpra-
THI IPEACTABIEHBI Ha puUc. 3.
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B ximerkax HL-60 wHabmiomaioch JOCTOBEpPHOE
(p < 0,05) cHIWKeHUE MUTOTOKCUYECKOTO 3 deKTa aH-
THOMOTHKA — KOJIMYECTBO HEKHU3HECIOCOOHBIX KIIETOK
ymensmmmiiocsk ¢ 80,3 £ 0,6% B HemHOUIIUPOBAHHON
KyasType a0 53,3 + 1,9% B uHQuUUHpoBaHHOW. AHa-
JOTHYHBIA TpoTeKTUBHBIA 3¢ ekt [IMBU Ovu1 3ape-
rucTpupoBaH B kinetkax Huh 7.5: mokasarenu kinetod-
HOH TmOenu cHHU3WIUCH ¢ 56,3 £ 0,8 g0 27,6 = 0,7%
(p < 0,05). IlomyueHnHbIe pe3yNbTAaTHl CBUACTEIECTBYIOT
0 BBIpAXEHHOM MoaynupytowmeMm aeicrsun [IMBU,
CHUKAIOIIEM ITUTOTOKCHYCCKYTO 3 ekTnBHOCTH JJOKC
npuMepHo Ha 30% B 00enx MCCIIeAyeMBIX KIETOYHBIX
JUHUSAX, YTO MOXKET OBITh OOYCIOBICHO BUPYC-UHAYLIU-
POBaHHBIMH HM3MEHEHHSMH KIETOYHOTO MeTadoim3Ma
WM aKTUBAIMe! 3alIUTHBIX MEXaHU3MOB B MH(HUIIHPO-
BAaHHBIX KJIETKaX.

IIpomusosupycroe Oeticmesue gynepena dC,, na xiem-
xax THP-1. Panee ObUia ToOKa3aHa J0303aBHCHUMAsT TIPO-
tuBoBUpycHas aktnBHOCTh dC, B otHOmennn [IMBU na
knerkax OJI2Y [10]. B Hacrosiem uccneqoBaHUM U3yda-
m Bmusane dC ) ma conepxanne BupycHon JIHK mero-
nom IIIP-PB, skcripeccuto renoB ULI23 (cBepxpaHHHI
oenok 1E1-p72) u UL54 (JJHK-mmommmepasa) meromom OT-
[P n BupycHsix 6enxoB (IE1-p72 n pp65) mMeTomom «Be-
ctepH-0mo» B LIMB-un(uumposannsx kierkax THP-1.
ITomyueHHbIE pe3yIbTaThl IPEACTABIEHBI B TA0M. 1.

Pezynprars! nccneoBaHus IEMOHCTPHPYIOT 3HAYUMOE
BosnelicTre aucnepcHoro ¢ymwiepena dC  Ha MOJEKy-
nspHbie Mapkepbl [IMBU B knerkax THP-1. Otmeua-
JIOCh JJOCTOBEPHOE CHWXKEHHE 3Kcrpeccuu reHa ULS4
Ha 57% (p < 0,05), ymensiienue yposHs 6enka IE1-p72
Ha 28% (p < 0,05) 1 3HaUMMOe CHIDKEHHE BUPYCHOW Ha-
rpy3k (p < 0,05). IIpn aTOM yBeIHYeHNE SKCTIPECCHH Te-
Ha UL 23 He ObUIO CTAaTUCTUIECKHU 3HAYUMEIM (p > 0,05),
a cozeprkaHue Oerrka pp65 coXpaHsIOCh Ha HU3KOM YPOB-
He (p > 0,05).

[TomyueHHble HaHHBIE CBUACTEIHCTBYIOT O CEJICKTHB-
HOM WHTUOMPYIOIIEM JeHCTBIH IUCTIEPCHOTO (ysuiepeHa
dC,, Ha onpesieNieHHbIE dTaNbl BUPYCHOW PEIUIMKALUH,
YTO TPOSIBIISIETCS B YMEHBIICHUH YPOBHS CBEPXPAHHETO
oenmka (IE1-p72), CHIKEHHM DKCIPECCHHU TMO3IHUX BU-
PYCHBIX TE€HOB W YMEHBIICHUH BUPYCHOIN Harpy3KH.
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Tabauua 1. Biusnue gucnepcHoro dymnepena dC  Ha TeueHHe NMTOMETaTOBUPYCHON HH(ekiuu B kineTkax THP-1

Table 1. Quantitative analysis of aqueous fullerene dC, nanoparticles impact on human cytomegalovirus replication kinetics and infectivity in THP-1

cells
Iapamerp JHK, xormit/ma (1g)
Parameter UL54, yen. en. / CU UL123, ycn. en. / CU | IE1-p72, ycn. en. / CU pp65, yen. en. / CU DNA copies/ml (Ig)
dC,— 1,01 £0,16 1,01 +0,19 1,02 +0,1 0,04 + 0,02 6,0+ 0,6
dc,+ 0,43 +0,08* 1,52+ 0,45 0,73 +0,08* 0,02 + 0,02 2,0 +0,7*

Ipumeuanne. * — craTuCTHYSCKH 3HAYUMBIe pazianuus (p < 0,05).

Note. * — statistically significant differences (p < 0.05).

Couemannoe Oeticmsue Oucnepcrozo gynepena dC,,
u JIOKC na L{IMB-unguyuposannvie xnemxu THP-1. C me-
JBI0 U3YYEHHS MOTEHIIMAIFHOTO CHHEPIUYEeCKOTO B3aHMO-
JEHCTBHSL HCCIIENOBAI KOMOWHHUPOBAaHHOE BO3ZEHCTBHE
mucniepcroro dymepena dC, u JIOKC ma knetodnyro
muauto THP-1, undunuposannyro [IMB. B pabore uc-
MOJIB30BANIM  CJIEAYIOIIME KOHLEHTPALMOHHBIE JUara3o-
Hel: jucnepcHoro ¢gymrepena dC ., — 12,5-100 mxr/m;
JOKC — 1,25-5 Mxr/miu. DKCHepruMEHTANbHBIN IU3aiiH
IperycMaTpUBal CUCTEMAaTHUECKYI0 OLIEHKY IUTOTOKCHU-
geckux 3((eKToB Bcex BOSMOXHBIX KOMOMHAIMHA yKa-
3aHHBIX COCOUHEHWN I BBIIBICHHUS IOTCHIMAIBEHO
CHUHEPrHYeCKUX B3aUMOJCUCTBUI MEXIy H3y4yaeMbIMU
areHTamu. [ OIEHKW CHHEPTHIECKOro d(dekra ObLIo
MIPOBEAECHO KOMILIEKCHOE UCCIICIOBAHNE KOMOMHUPOBAHHO-
ro niefcTBus aucnepcroro dymnepena dC, ) B KOHLEHTpAIK-
ax 12,5, 25,0, 50,0 u 100,0 mxr/mn u JJOKC B xoHIIEHTpa-
musix 1,25, 2,50 u 5,00 mxr/mn vHa HMB-uH(uimmpoBanHsie
knerku THP-1. Pesynbrarel ucciaenoBaHus JIEMOHCTPHPY-
IOT BBIP@KECHHBIH CHHEpPrudecknii 3¢ QexkT KoMOWHAIH
mucniepcroro Qysmiepena dC,, ¢ JIOKC, nposrsronmics
B 3HAYUTEJIHHOM IOBBIIIEHUN IIUTOTOKCUYECKOH aKTHBHO-
ctu nipotuB LIMB-nadummposannsx xnerok THP-1. Ber-
SIBTIEHO TOCTOBEPHOE CHIDKEHHE KOJMYECCTBA HEXHU3HECTIO-
COOHBIX KJIETOK TP BCEX MCCIIEAOBAHHBIX KOHIIEHTPAIUIX
JOKC, npu 3TOM B MH(HIIMPOBAHHON KYIETYpe IIUTOTOK-
crdeckuid 3¢ ekt ObUT MouTH B 2,5 pa3za MEHEe BBIpaXKEH
TI0 CPABHEHUIO C HEWMH(PUIMPOBAHHBIMH KJIeTKaMH. Pe3yiib-
TaThl UCCIIEIOBAHIS CBUETEICTBYIOT O 3HAYUTEIHHOM I10-
TeHLMpoBaHUH LuToToKcH4Ieckoro aeiicteust JJOKC mpu ero
COUYETaHHOM ITPUMEHEHHH C HAHOUCIIEPCHBIM (PyIuIepeHOM
dC_, B otHOmennu [IMB-nH(UIMPOBaHHBIX KIETOK JIMHUH
THP-1. Ilomy4deHHple SKCIEpPUMEHTANBHBIC JAHHBIC BBI-
SBWJIM YETKYIO JI0303aBUCHMYIO CHHEPIHI0 H3Y4aeMbIX
COEIMHEHW: TPHMEHEHWe MHHUMAIBHBIX 3((peKTHB-
ueix koHmeHTpanuii (1,25 mxr/mn JJOKC B xomOuHarmu
¢ 12,5 mxr/mn dC ) NOCTOBEPHO TOBBILIANO YYBCTBH-
TENBHOCTh MH(UIMPOBAHHBIX KJIETOK K XUMHOTEPAITeBTH-
yeckoMy Bozzaeiicteuio (p < 0,05). IIpu 3TOM Makcumaib-
HOTO IMTOTOKCHYECKOTO 3(pQeKTa, XapaKTepH3yIOIIErocs
rudenpo 93,0 + 2,5% KIeToYHON TOMYISIINH, JOCTUTAIN
IIPY UCTIONB30BAaHUH ONITUMAIIBHOTO COYETaHMUs KOHIIEHTpa-
i — 2,5 Mxr/mMin JIOKC u 50 MKr/Mi1 HAaHOIHCIIEPCHOTO
(ynnepena dC (puc. 4). [Tomy4eHHbIE pe3yIbTaThl IEMOH-
CTPHUPYIOT MEPCIEKTHBHOCTH MCIONB30BAHMS JUCIIEPCHOTO
(ymnepena dC,, 11 TIOTEHIMPOBAHKS ITMTOTOKCHYECKOH
tepanuu npu [[MB-accoummpoBaHHBIX OHKOTEMAaTOJIOTH-
YecKUX 3a00JIeBaHMsX.

[IpoBencHHBIN (aKTOPHBIA aHANIHW3 JAHHBIX C MPHUME-
HEHHEM METOJ]a TJIABHBIX KOMIIOHEHT C ITOCIEIYIOIIM
BapHMaKC-BpalleHUEM MO3BOJIII BBIACIUTH J1BA TOMU-
HUpyIOMMX ¢akTtopa 3(PHEKTHBHOCTH XUMHOTEPAIUH,
OCHOBHEIE TIApaMETPhl KOTOPBIX CHCTEMAaTH3MPOBAHEI
B Tadja. 2. J[aHHbIC KOMIIOHEHTHI OOBSICHSIOT HanOOJIb-
HIYIO JTOJFO AUCTIEPCHH B HCCIIEYEMOM BBIOOPKE H MOTYT
paccMaTpHUBATLCS KaK KITFOYEBBIC (haKTOPHI, OMPEIEIISTIO-
e HabIonaeMble 3aKOHOMEPHOCTH.

Pesynbrars! pakTOpHOTO aHANKM3a BBIBHIIN 3HAYMMBIH
BKJIaJ] KITFOUEBBIX KOMIIOHCHT B OOIIYIO BapraOeIbHOCTh
3¢ (GEKTUBHOCTH XUMHOTEPATICBTUYECKOTO BO3ICHCTBUSI.
IepBoiii gaxrop o0bsicHsn 49,3% HaOmomaeMoi Juc-
nepcuu, BTopoit — 38,5%, AeMOHCTpUPYS BBIPAXKEHHYIO
MOMUHAHTHYIO PpONb OSTUX KOMIOHEHT. COBOKYIHBIN
BKIaa AByX (aktopoB mocturan 87,9%, 4To ykasbiBa-
€T Ha UX OIpeNesdiolee 3HaueHHe B (pOopMHUpOBaHUU
BapHaOeIbHOCTH XUMHOTEPANIEBTHUCCKOTO OTBETA.

s KoNMM4YecTBEHHON OLIEHKM B3aUMOCBA3EH MEXKIY
HCCIIEIYEMBIMA TIapamMeTpaMi ¥ BBIICICHHBIME (hak-
TopaMH ObUT TPOBEAEH aHaidu3 (PaKTOPHBIX HArpPy30K.
B Tadn. 3 mpencraBieHa COOTBETCTBYIOIAS MaTpHIIA,
r7e HanOosee 3HaYNMbIC KOPPEISIUHN (C MaKCHMAaTbHBI-
MU 3HAUYECHUSMH HArpy30K BBIICICHBI I HATIISATHOCTH.

[epBoif KOMITOHEHTE COOTBETCTBOBAJIH BBICOKHE 3HA-
genus kouneHTpanuun JJOKC (0,801) u Gonpiee komw-
YEeCTBO HEXKMU3HECTTOCOOHBIX KieTokK (0,916), uTo mo3Bo-
nsieT 0003HAYMTh ee Kak KoMIoHeHTa «L{uroTokcnueckoe
neiictue JJOKC». Bropas xommonenta (0,968) mmena
HaubOoIee BEIPAKECHHBIC KOPPEILILIUU C KOHIICHTPAITUIMU
nucniepcHoro dysnepena dC,, mosTomy Oblia MHTEp-
nperupoBana kak xomnonenrta «Kouunentpamus dCp».
Wnrepriperanivs  pe3yasratoB  (aKTOPHOTO — aHAJIHM3a
MOATBEP)KAAET €ro BAIUAHOCTbD, T.K. BBIJCICHHBIE KOM-
MMOHEHTHI UMEIOT YETKOE CONepKaTelbHOe OOBSICHEHUE,
YTO CBHUIETEIBCTBYET 00 a/IeKBaTHOCTH IPUMEHEHHOTO
aHATUTHYECKOTO Tonxona. [IpoBepka MCXOMHBIX Tpes-
MOCBUIOK C MCIIOIh30BAHUEM TeCTa CPepUIHOCTH bapt-
JeTTa IMOKa3ajda CTATHCTUYECKH 3HAYUMBIA pe3yabTar
(» <0,001), uro 060CHOBBIBACT MPABOMEPHOCTDH PUME-
HeHHUS (HAKTOPHOTO aHANIM3a K WCCICAYEMBIM TaHHBIM.
[lomyueHHOE 3HAYEHNE p-yPOBHS YKa3bIBACT HA HATHMIUE
3HAUYUMBIX B3aUMOCBSI3eH MEXy MepeMEHHBIMH, 10CTa-
TOYHBIX JJIS TPOBEICHUSI JAHHOTO BUAa MHOTOMEPHOTO
aHaM3a.

KoppensimonHast CBsI3b MOJTYYeHHBIX KOMITOHEHT C d(-
(hEKTUBHOCTHIO XHUMHUOTEPAITUY OIICHUBAIN C MTOMOIIBIO
ko3¢ ¢unmenta xoppensaun Crnupmena (p). beutn yera-
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Puc. 4. Couerannoe neiicteue JJOKC u nucnepcuoro dymnepena dC, na kietku THP-1, undunuposannsie LIMB.

Fig. 4. Evaluation of combination treatment with doxorubicin (DOX) and aqueous fullerene dC,; nanoparticles in cytomegalovirus infected
THP-1 cells.

Tabauna 2. XapakTepuCTHKA KOMIOHEHT
Table 2. Characteristics of Key Components

VYnenbHbIi BKIAJ B AUCTIEPCHIO, Yo

No Komnonenra CoOCTBEHHBIE 3HAYCHHS Rotation Sums of Squared Loadings, %
. Key Components Eigenvalues KaXKI0H KOMITOHECHTHI HAKOTICHHBII
variance cumulative
Iutotokcuueckoe aeicteue JJOKC
! DOX-induced cytotoxicity 1,480 49,3 49,3
5 Konnentpanus dC, 1,156 38,5 87.9

dC,, concentration

Taomuma 3. Marpuna (pakTopHBIX Harpy30K sl [TOKa3aTesei, BIUsoMmUX Ha 3((HEKTHBHOCTh XUMHOTEPAINN
Table 3. Factor loading matrix for parameters influencing chemotherapy efficacy

Komnonenra
TTokazarens Components
Parameter
2
HexuzHecrmocoOHbIe KIICTKH
Non-viability cells 0,801 0,433
Konnentparusa JJOKC _
Concentration DOX 0,916 0,180
Konnentparnus dC, 0.015 0.968

Concentration dC,;

HOBJICHBI CTATHCTUYCCKU 3HAYMMAsI TIPSIMasi KOPPEIISIIn-
OHHAasI CBSI3b 3aMETHOM TECHOTHI KOMMOHEHTHI 1 «lluTo-
Tokcuueckoe neiicteue JJOKCy» ¢ konnuecTBOM HeXU3HE-
cnocoOubIx [IMB-uHbUIIpOBaHHBIX KIETOK (p = 0,641;
p = 0,003) u crarucTHUECKH 3HAYNMAS TIPsIMasi KOppesi-
LIMOHHAS CBS3b 3aMETHOM TECHOTHI KOMIIOHEHTHI 2 «KoH-
nerTpanus dC «” C KOIMYECTBOM HEXU3HECIIOCOOHBIX
IMB-un¢ummposanssix knerok (p = 0,595; p = 0,007).

Oo6cyxnenue

CornacHo TaHHBIM COBPEMEHHBIX MCCIEIOBAaHUM, OKO-
710 20% ciy4aeB 3JI0Ka4Y€CTBEHHBIX OMYXOJICH y YesoBe-
Ka UMEIOT BUPYCHYIO 3THOJ0THI0. Ha cerogusHuii 1eHb
JIOKa3aHa OHKOT€HHas POJib HECKOJIBKMX BUPYCOB, TAKHX
Kak BUpyc OmmuteiHa—bapp, Bupychl remnatuta B u C,

450

T-mumboTpomHEIi BUpYC YenoBeka 1-Tro THra, BUpYC ma-
MIJIOMBI Y€JI0BeKa, TeprecBrUpyc 8-ro THIIA U MTOJIHOMa-
BUpYC KJIETOK Mepkens. DNUIeMUOI0OrHYECKHE U MOJIe-
KyJSIpHO-OMOJIOTHYECKHE MCCIIEAOBAHNS MOATBEPKAAIOT
MX 3HAYUMYIO pOJb B Pa3BUTHH JHUMponponnpepaTus-
HBIX 3a0OJICBaHUM, TeNaTOLE/UIIONIIPHON KapIHHOMBI,
paka ImIeHKH MaTKd U JPYTHUX 3JI0KAYECTBEHHBIX HOBO-
obpazosanuii [19, 20].

IIMB — mmupoko pacrnpOoCTpaHEHHBIN OIMIOPTYHUCTH-
YECKHI ATOreH B YEJIOBEUECKON NOMyIsiun. Pe3ynbrarst
MHOTOUYUCIIEHHBIX HUCCIEJOBAaHMM MOATBEPKAAOT BBICO-
KyI0 4acToTy oOHapyxenus BupycHbix JHK u cnenndu-
yecknx O0enxoB LIMB B TKaHSX pa3HBIX 37TOKaueCTBEHHBIX
HOBOOOpazoBaHui [21]. OcoOyio KIMHUYECKYIO 3HAUM-
MOCTb IIPEJICTABIISIET YCTAHOBJICHHAS B3aUMOCBSI3b MEXKITY
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BpokaeHHOH (Gopmoit [IMBU W MOBBIIEHHBIM PHUCKOM
pa3BuTHA 0CcTpOro IuM(OOIACTHOTO Jiekiko3a [22].

[IpoBeneHHbIe HcCiIeOBaHM BBISIBUIN KOMIUIEKCHOE
B3auMmojeiicteue mexay [IMBU u nutoTokcmueckum
neiicreueM JIOKC B pasHbIX OIyXOJIEBBIX KJIETOYHBIX
auHuAX, Takux kak THP-1 (octpas monomumTapHas
nerikemus) [6, 7, 23, 24], HL-60 (ocTpeiii mpomue-
JTOMUTApHBIN Jneiko3) u Huh 7.5 (remarokapriuaoma).
PesynbraTel, mosydeHHBIE B HACTOSINEM HCCIEAOBa-
HUU, CBUJIETEJIbCTBYIOT O BHIpDAXKCHHOM pa3HUllE B UyB-
CTBUTENHHOCTH KJIETOUHBIX nuHMA Huh 7.5 mw HL-60
Kk JJOKC, uro moaTBepxkaaeTcs 3HAUUTEIbHBIM pa3iiu-
unem 3navenni 1J1, (2,6 mxr/mia npotus 0,05 Mxr/mi
COOTBETCTBEHHO). DTO MOXET OBITh CBSI3aHO C OCOOCH-
HOCTSIMH KJIETOYHOTO MeTabonu3Mma B pa3HbIX THIIaX
OITYXOJIEBBIX KIJIETOK, YTO TpeOyeT JaJIbHEeWIero msy-
YEHHUsI Ha MOJIEKYJsipHOM ypoBHe. J{unamuka [IMBU
B HCCIEIYyEeMBbIX KJIETOYHBIX JIMHUAX XapaKTephu30Ba-
Jach TMOCTENEHHBIM CHIDKCHHEM COACPIKAHUS BUPYC-
Hoit JIHK u ymeHplmIeHHEM KOJIMUYECTBA KJIETOK, CO-
nepxamux csepxpanuuil (IE1-p72) u pannuii (pp65)
BUPYCHBIE OCJIKHU, YTO YKa3bIBa€T HA MEPEXO] OT JUTH-
4ecKoil K mepcuctupymomeil ¢paze napexnuu. [pnme-
4aTeabHO, YTO MaKCHMalbHas 3KCHPECCHS BHUPYCHBIX
0enkoB HaOJrOfaNach B pa3Hble CPOKU: B KieTkax HL-
60 — Ha 1-e cyTkm, Toraa kak B Huh 7.5 — Ha 2-¢ cyT-
KM Toclie HHQUIMPOBAaHUA. DTH pa3iaudus MOTYT OT-
paxarb OCOOEHHOCTH BHYTPHKJIETOYHBIX IPOIECCOB
B pa3HbIX THNax ki1etok npu [IMBU. Takum obpazom,
MBI npeanonaraeM, yto [IMB He MOXeT npoayKTUBHO
3apakaTb paKoBbIE KJIETOYHBIEC IUHUU, SKCIIPECCUPYIO-
[I1ie OHKOTEHHBIE aJuIeNId. DTO COTINACYETCS C Pe3ylb-
TaTaMU APYTHUX HcCclefoBaTeneii, KOTopble MOKa3alu,
YTO ONpE/ICICHHbIE OHKOT€HHBIE aJIIeNIH, BKIOYas aH-
tured T (TAg), uarnbupyror UMBMU [25].

Ocoboro BHMMaHHS 3aciIyXHBaeT BBIABICHHBINH 3(-
ekt cHmwkeHUs IUTOTOKCcHMYeckoro nekctBus JJOKC
Ha 30% B 00ewmx KJIETOYHBIX JUHHUAX Tmocie [IMB-un-
¢urnmpoBanust. ITOT PEHOMEH MOXET OBITh 00YCIIOBIIEH
BUPYC-UHIYLUPOBAHHBIMU HM3MEHEHUSMHU KIJIETOYHOTO
MeTa0oNM3Ma /MM aKTHBALMEH 3alllUTHBIX MEXaHW3-
MOB, YTO OTKPBIBACT HOBBIE HANpPaBICHUS IS U3yUECHUS
MEXaHU3MOB JICKAPCTBEHHON PE3UCTEHTHOCTH MpPHU BU-
PYC-acCOIMUPOBAHHBIX OITYXOJISX.

CoBpemenHas npotuBoBHpycHas Tepanusa LIMBU, oc-
HOBaHHas MPEUMYIIECTBEHHO Ha MHTMOUTOpaX BUPYCHOM
JHK-nonmmmMepassl (TaHIMKIOBHP M €r0 aHAJIOTH), Je-
MOHCTPHpPYET OIpaHHUYCHHYIO 3((EKTUBHOCTD, BO3JEH-
CTBYS UCKJIFOYHMTENIFHO Ha JIUTHYECKYIO CTAaJIHI0 MH(EK-
LIMOHHOTO IMKJIA ¥ HE OKa3bIBas BIMSIHMS HA JIATCHTHBIE
(opmbl Bupyca. B Hammx npensiaymumx ucciaeqoBaHuIX
OBUIO YCTaHOBIIEHO, YTO KOMOHWHAIUS TaHIMKIOBHpA
¢ JIOKC He mno3BomisieT NpeojoieTh CHUKEHHYIO 4YyB-
ctBuTenbHOCTh LIMB-nnduunpoBannsix kinerok THP-1
K xumuoTepanuu [7]. [IpoBeneHHBIN yrTyOJIeHHbIN aHa-
JM3 MOJEKYISPHBIX MEXaHHU3MOB BHPYC-OIIOCPEIOBaH-
HOM JIEKapCTBEHHON YCTOWYMBOCTH I103BOJIMII UACHTH-
(uIMpoBaTh HOBBIE KIIACCHI COCAMHEHHH, 00JIaTalonnx
[TOTEHIIMAJIOM JUISI BOCCTaHOBJICHHUS XHMHUOIYBCTBUTEIb-
Hoctu LIMB-ua(UIIMpOBaHHBIX KIETOK [6, 26, 27].

OPUTUHAJbHbBIE NCCNEAOBAHUA

Cpenu MHHOBAIIMOHHBIX IIPOTHBOBUPYCHBIX Ipernapa-
TOB OCOOBII HHTEPEC MPEACTABIAIOT YIIIEPOIHBIE HAaHO-
YaCTHUIIBI, B YaCTHOCTH BOHas aucnepcus dysiepena C,
(dC,,), MPOSABIAIOIIME BHIPAKEHHYIO AKTHBHOCTH B OT-
HOILIEHUM TeprecBUpycoB, B ToM uucie [IMB [13-18].
Onnum u3 npenmymects dC ) sABIAETCA BO3MOKHOCTD
€ro IPOMBIIUIEHHOTO MPOU3BOJACTBA C HCIOIb30BAHU-
€M CTaHJapTHOH TEXHOJOTWUH YABTPa(UIBTPAIH, YTO
obecreurBaeT CTaOMIBHOE IMOMYYCHHE BBICOKOKOHIICH-
TPUPOBAHHBIX PACTBOPOB C BOCIPOU3BOANMBIMH XapaK-
TepucTHKaMu. /laHHAsS TEXHOJIOTHS OTIIMYAETCS BRICOKOH
9KOHOMHYECKOI 3(p(hEeKTUBHOCTBIO M JIETKO MAacCIITaOH-
pyeTcs 10 MPOU3BOACTBEHHBIX 00beMoB. Hapsiay ¢ Oma-
TONPHUATHBIM TpoduieM 0e30MacHOCTH M BBIPAKEHHOH
MIPOTHBOBUPYCHON aKTHBHOCTBIO ITO JAETaeT JUcIepc-
Heiii Qymnepen dC,; MepPCIEKTUBHBIM KaHIMAATOM JUIs
pa3paboOTKH HOBBIX TEPANIEBTHYECKIX CPEACTB, 0COOEHHO
aKTyaJbHBIX B YCIOBHSIX POCTa PE3UCTEHTHOCTH K Tpa-
JUIMOHHBIM MIPOTUBOBUPYCHBIM Ipernaparam, U Ajs Te-
parnuy MepCUCTHPYIOMINX BUPYCHBIX HH(EKIUI.

HccnenoBanue NpOTUBOBUPYCHOM AKTUBHOCTH JMC-
nepcaoro Qysnepena dC,; BBIABUIO €TO CEIEKTHBHOE
JeiCTBME Ha pas3Hble JTalbl BHPYCHOH pETUTUKAINU
B knerkax THP-1, uadumuposannsix LIMB. HanbGonee
BBIpOKEHHBIM OBUTO MHTHOMpYIOIee BIMSHHE Ha JKC-
npeccuto reHa UL54 (JAHK-mommmepasa), ypoBeHB
cBepxpanHero 6enka IE1-p72 u conepxanue JJHK [IMB.

Hacrosiiee uccnenoBaHue BBISIBUIO NPUHIMIIHAIB-
HO BaXHBIH ()EHOMEH CHHEPrHYecKOro B3amMMOAEH-
CTBUS MEXIy MPOTHBOOMyXxoieBbIM mpenaparom JOKC
v HaHodopmoit pymnepena C, B BHIOPaHHOM JIManasoHe
KOHLIEHTPALNH, TPH KOTOPOM OTCYTCTBOBAJ INTOTOKCH-
geckuit 9pPext (1o 100 mxr/mi). [lomydeHHbIE TaHHBIE
JEMOHCTPUPYIOT JABa KJIIOYEBBIX acCHEKTa: BO-NEPBBIX,
KOMOMHHMPOBAHHOE NpPHMEHEHHE YKa3aHHBIX COEAHMHE-
HUi a)ke B MUHUMAJIbHBIX KOHLIEHTPALUAX CIOCOOCTBO-
BaJIO IPEOI0JICHUIO BUPYC-UH Y IIUPOBAHHOM PE3UCTEHT-
HOCTH OITYXOJIEBBIX KJIETOK; BO-BTOPBIX, ONTHMAaJIbHBIN
UTOTOKCHYECKUI 3((eKT, XapakTepu3yromuiics rude-
nb1o 607ee 90% KIeTOUHON MOMYSAINH, 10CTHTAJICS TIPH
coueranHoM wucnosb3oBaHuu JIOKC B koHLEHTpanuu
2,5 MKI/MI ¥ HaHOAMCIIEPCHOTO (QyiiepeHa B 103€
50 mxr/mi. IIpoBeneHHBINH (aKTOPHBIN aHAIN3 TOATBEP-
aun 3Ha9MMOCTh 00oux komnonentos (JJIOKC u dC,)
101t 3 peKTUBHOCTH Tepamnuu, MPHUUEM UX COBMECTHBIH
BKJIaJ 00BsAcHT 87,9% BapnabeabHOCTH pe3ylbTaToB.

Pe3ynbrarsl MpoBEIEHHOTO MCCIIEIOBAHMUS OTKPHIBAIOT
HOBbIE BO3MOXXHOCTH ATl Pa3pabOTKH TEPaNeBTUYECKUX
CTpaTeruii NMpu OHKOJIOTMYECKHUX 3a00JIeBaHUSX, acco-
uuupoBaHHbix ¢ [IMBMU, Bkitoyas kak remarosioruye-
CKHE, TaK U CONMAHBIE omyxosu. llomydeHHble naHHBIE
00OCHOBBIBAIOT HEOOXOMMMOCTD JAILHEHIIETO U3YYESHUS
MCTIONB30Banus aucnepcHoro ¢ymiepena dC  mnst mo-
TeHUUpOBaHus xumuorepanuu npu LIMB-acconuupo-
BaHHBIX OHKOJIOTUYECKHX 3a00JIeBaHUIX.

3akJ/oueHue

LIMBU ¢dopmupyer pesuctentnocth k JJOKC Ha re-
MOTIOATHYECKHUX (TIPOMHUEIIOIUTAPHBIA JIEHKO3, MOHO-
IUTapHas JEHKeMUs) ¥ CONHMIHBIX (TemaroKaplIuHOMA)
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OIyXO0JIeBbIX MozemsX. IIpuMedaTensHo, 4TO COYeTaHHOE
neiicreue JIOKC ¢ nucnepensiv dymnepenom dC, mo-
3BOJIIET HE TOJBKO INPEOJI0JIEBATh BHUPYC-OMOCPEAOBaH-
HYIO JICKapCTBEHHYIO YCTOMYMBOCTD B KJIETKaX MOHOILIU-
TapHOU JIEMKEMUU, HO U JOCTUYb BBIPAKEHHOIO LIUTO-
TOKCHYECKOTO 3 PeKTa MPH CHUKEHHBIX KOHIIEHTPAIIIX
JIOKC, 49TO OTKpBIBaCT MEPCHEKTUBBI IS Pa3pabdOTKU
KOMOWHHUPOBAHHBIX TEPANEBTUYECKUX CXEM CO CHIDKEH-
HOM TOKCUYHOCTBIO.
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Hepatitis B and C viruses seroprevalence and risk factors
among health care workers (HCWs) in referral hospitals
in Brazzaville, Republic of Congo
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Department of Virology and Molecular Viral Oncology, Faculty of Health Sciences, Marien Ngouabi University, Brazzaville,
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Abstract

Introduction. Hepatitis B and C viruses cause chronic infections leading to liver cirrhosis and hepatocellular
carcinoma.

This study aimed to determine the seroprevalence of hepatitis B and C viruses and the potential risk factors which
might influence the prevalence among health care workers (HCWSs) in Brazzaville, Republic of Congo.

Materials and methods. We conducted a cross-sectional study from June to November 2022 among HCWs from
the Talangai and Makélékeélé referral hospitals, Brazzaville. 107 HCWs were included and serological screening was
carried out using rapid screening tests followed by the ELISA technique, after completing a survey questionnaire.
Results. The mean age was 36.56 + 11.62 years with a female predominance of 1 : 0.36 sex ratio, laboratory
technicians were the most represented socio-professional category. Seroprevalence of HBV was 7.48% and that
of HCV was 3.74%. During their service, 40% have already been the victims of blood exposure accidents and have
7 times more risk of contracting HBV (odd ratio [OR] = 7.01 (95% Confidence interval [CI] 1.54-31.96); p = 0.01).
Conclusion. These data show that hepatitis B and C viruses are still endemic among HCWs in Republic of Congo.
We can conclude that the health care sector is a high-risk profession due to infection with hepatitis B and C viruses.
It is therefore necessary to improve the health and safety conditions of HCWs, implement new strategies to reduce
occupational exposure to blood and body fluids, and reduce viral contamination by hepatitis B and C.

Keywords: Hepatitis B virus; Hepatitis C virus; Seroprevalence; Health care workers, Blood exposure accident;
Brazzaville; Congo
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CeponpeBaneHTHOCTb BUpycoB renatuto Bu C

n ¢pakTopbl pUcKa cpean MeaMLMHCKUX pabotHukoB (MP)
B cneumnanusnpoBaHHbIX 6onbHUUax B Bpa3ssaBune,
Pecnyb6nuka KoHro

Juthéce P. Malanda-Kiminou*, Ferdinand E.B. Got’, Gervillien A. Malonga*

Kadhenpa BUpycoOnorMm u MonekynsipHo/ BUPYCHOM OHKOMOTUM, (akynbTeT MeauLMHCKUX Hayk, YHuBepcuteT MapueH
Hryabw, bpassaBunb, Pecny6nuka KoHro

Pestome

BeepneHue. Bupychl renatutos B 1 C BbI3bIBAOT XPOHUYECKUE MHMEKLMMW, NPUBOASLLME K LLUPPO3Y NeYeHn U re-
naToLennionsapHOM KapuuHome.

Llenblo AaHHOrO nccnegoBaHnsa GbIno onpeaenyTs ceponpeBaneHTHOCTL BUpYcoB renatutos B n C 1 noteHum-
anbHble dakTopbl pyUcka, KOTOpble MOryT BUSATL HA PAacNpOCTPaHEHHOCTb cpean MeanMumMHCKnX pabotHukos (MP)
B bpassaeune, Pecnybnuka KoHro.

MaTepuanbi n metoabl. Mbl npoBeny nonepevHoe nccnegoBaHne ¢ UioHa no Hosibpb 2022 1. cpean MP B cneuu-
anuanpoBaHHbIx 6onbHuuax Tanavran n Makenekene B bpassasune. B nccnegosanue 6bino BkntodeHo 107 MP.
Ceponornyeckmin CKpUHWHI NPOBOAMIIN C UCMONb30BaHNEM 3KCTNPECC-TECTOB, a 3aTeM C NOATBEPXAEHUEM peak-
TUBHbIX Pe3ynbTaToB B UMMYHOEPMEHTHOM aHanu3e nocne 3anofHeHUs aHKeTbl.

PesynkTratbl. CpegHuii Bo3pacT naumneHToB coctasun 36,56 + 11,62 roga, B koropte npeobnaganv XeHLWwuHbl
(cCooTHOLLEHME XKEHLUMH N MyX4unH cocTasurno 1 : 0,36). Hanbonee npeacraButensHon couunanbHO-npogeccuno-
HanbHOW KaTeropuen 6binu nabopaHTbl. CeponpeBaneHTHOCTb BUpyca renatuta B cocraBuna 7,48%, a Bupyca
renatuta C — 3,74%. 3a spems pabotbl 40% MP aBnanunck xxepTBamy HECHaCTHbIX CNyYaeB, CBA3aHHbIX C KOHTaK-
TOM C KpPOBbIO, ¥ MMenu B 7 pa3 GonbLUniA pUCK 3apaxeHns BupycoM renatuta B (koaddpuumeHT wanHcos [OLL] =
7,01 (95% poseputenbHbii uHTepsan [AN] 1,54-31,96); p = 0,01).

3akntoyeHue. MonyyeHHble AaHHblE CBUAETENBCTBYHOT O TOM, YTO BUPYChI renatuToB B n C no-npexHemy LWmMpoko
pacnpocTpaHeHbl cpegn MP B Pecnybnuke KoHro. MoxHo caenatb BbiBog, 4To MP siBNsitOTCS rpynnon BbICOKOIO
pucka nHdmumupoBaHus Bupycamu renatutoB B n C. B aTol cBA3M HEOOXOAMMO yNyylnTb YCnoBus Tpyaa v 6es-
onacHoctn MP, BHeApuTb HOBblE CTpaTerMn AN CHUKEHNs NpodeccuoHanbHOro KOHTakTa ¢ KpoBbto U Buonoru-
YECKUMM XUAKOCTAMU, a TakKe CHU3UTb YPOBEHb 3apaxeHus Bupycamm renatutos B u C.

KnioueBsle cnosa: supyc 2enamuma B; eupyc 2enamuma C; cepornpesaneHmHocms; MeOUUUHCKUE pabomHUKU;
HecyacmHble Cllydau, C8s3aHHbIe C KOHMAaKMOoM C Kpoebio; bpas3aesurb; KoHa0

Onsa untupoBaHusa: Malanda-Kiminou J.P., Got F.E.B., Malonga G.A. CeponpeBaneHTHOCTb BUPYCOB renatntos B
n C un cbakTopbl prcka cpean MmeguumHcknx pabotHukos (MP) B cneunanmanpoBaHHbix 6onbHUuax B Bpassasune,
Pecnybnuka KoHro. Boripock! supyconoeauu. 2025; 70(5): 455-462. DOI: https://doi.org/10.36233/0507-4088-334
EDN: https://elibrary.ru/soarbm

®duHaHcupoBaHue. ABTOPbI 3asBNSAOT 06 OTCYTCTBUM BHELLHEro (hMHaHCUPOBaHUS MPU NPOBEeAEHUN UCCIEA0BaHUS.
BnaropgapHocTb. Mbl xoTenun 66l nobnarogapuTe JOKTOPCKYO NporpaMMy no 340POBbI0 U Bronorum yenoseka Ha
akynbreTe MeamumHckux Hayk (FSSA) YHueepcuteta Mapuen Hryabu (UMNG) 3a npenocTaBneHHyo NOMOLLb.

MbI Takke xoTenu 66l nobnarogapuTbe MEAULIMHCKUX PabOTHVKOB M aAMUHUCTPATUBHbLIN NepcoHan 6onbHuy TanaHram un
Makenekene B Bpa3s3asune, Pecnybnvka KoHro.

KoHdonuKT nHTepecoB. ABTOpPbI AeKNapypyloT OTCYTCTBME SABHbIX Y NMOTEHLMAnNbHBIX KOH(MUKTOB MHTEPECOB,
CBsI3aHHbIX C Nybnukaumein HacTosiLLen cTaTbi.

ATnyeckoe yTBepxaeHue. ViccnenosaHue NnpoBoAnnocs nNpu 4o6poBonbsHOM MHOPMUPOBaHHOM COrflacum
yyacTHukoB. [MpoTokon nccnegosaHns ogobpeH KomuteTom no atuke nccnegoBaHunin B 0bnactu agpaBooxpaHeHus
MuHucTepcTBa HayyHbIX uccnepaoBaHuii n TexHonorui (Mpotokon Ne 320/MRSIT/IRSSA/CERSSA ot 05.04.2021),
3aTeM Mony4un BTOPUYHOE paspeLleHne oT dhakynsreTa MeaMUMHCKNX Hayk YHusepcuteta Mapuen HI'YABU
(pernctpaumoHHbIi Homep: 75/ UMNG.FSSAV-DOY).

Introduction

Viral hepatitis is caused by five different types of viruses,
including hepatitis virus A, B, C, D and E. Hepatitis B virus
(HBV) and Hepatitis C virus (HCV), are among the leading
causes of chronic liver diseases such as cirrhosis, liver failure and

*D1H ABTOPbLI BHECIIN paBHLIfI BKJIaJ B HAalTUCAHUEC CTAaTbU
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hepatocellular carcinoma (HCC)[1, 2]. Viral hepatitis is a global
public health problem, on a par with communicable diseases
such as HIV/AIDS, tuberculosis and malaria [3]. All hepatitis
viruses have hepatocyte tropism and cause inflammatory lesions
leading to an acute liver infection that can progress to chronic
liver disease. If left untreated, chronic infection progresses
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insidiously towards serious complications such as cirrhosis and
HCC [4]. There are an estimated 248 million people living with
chronic hepatitis B, 110 million living with a positive anti-HCV
antibody and 80 million with active HCV viremia [5, 6]. While
each year nearly 10 to 30 million new contaminations by these
viruses are recorded [7]. Viral hepatitis is now ranked as the
seventh leading cause of mortality worldwide [6]. Hepatitis B
virus Surface Antigen (HBsAg) and HCV seroprevalence vary
according to region. There are regions with a high prevalence of
HBsAg (Africa, South-East Asia), regions with an intermediate
prevalence (Eastern Europe, North Africa, Greece, Japan)
and low prevalence (Northern Europe and the USA), with
respectively 5 to 10%, 2 to 5% and less than 2% of the general
population chronically carrying HBs antigen [8]. Global
HCV seroprevalence is estimated between 2 and 3%, that of
sub-Saharan Africa at 2.98% [9, 10]. In Republic of Congo,
HBYV seroprevalence varies between 5.3 and 9.9% depending
on the population studied [11-13] and HCV seroprevalence
is estimated at 2.9% [14]. Health care workers (HCWs) have
an increased risk of becoming infected with hepatitis B and
C viruses, approximately four times more than the rest of the
population, due to their direct contact with bodily fluids and
substances patients such as blood, and other contaminated
body fluids, as well as due to blood exposure accidents (needle
stick injuries and others) [15, 16]. It should be noted that in the
Republic of Congo, the national hepatitis control program raises
awareness about the importance of hepatitis B vaccination.
However, the HBV vaccine is not free or included in the
Expanded Program on Immunization (EPI) for newborns. In
addition, HBV vaccination, including for healthcare workers, is
voluntary and not mandatory. Among non-immune HCWs, the
risk of HBV infection after percutaneous exposure ranges from
less than 6% (if HBeAg negative) to 30% (if HBeAg positive).
In developing countries, 40 to 65% of HBV infections among
HCWs are attributable to percutaneous occupational exposure,
whereas the corresponding risk in developed countries is low,
less than 10% [17]. In East Africa, the prevalence of HBsAg
among health care workers is estimated between 7 and 8% [18].
Kateera et al. reported a prevalence of 2.9% of chronic hepatitis
B infection, indicated by positive HBsAg, and 1.3% of HCV
positivity, indicated by anti-hepatitis C virus antibodies,
among tertiary hospital workers in Rwanda [19]. Ziraba et
al. found chronic hepatitis B infection in 8.1% of HCWs at
a Ugandan university hospital [16]. Republic of Congo is no
exception, Deby Gassaye et al. (2015), report a prevalence
of HBsAg among nursing staff at the University Hospital of
Brazzaville (CHU-B) of 5.3%, of whom 50% were HBeAg
positive; 36.3 and 11.5% had anti-HBc and HBs antibodies
respectively; while the prevalence of the presence of anti-HCV
antibodies was 4.4% [11]. This study aimed to determine the
seroprevalence of hepatitis B and C viruses and the potential
risk factors which might influence the prevalence among health
care workers in Brazzaville, Republic of Congo.

Materials and methods

Study population, samples and data collection

We conducted a cross-sectional study from June to
November 2022 among health care workers from the
Talangai and Makeélékélé referral hospitals in Brazzaville,

OPUTUHANbHbBIE NCCNTEAOBAHUA

Republic of Congo. In total, 107 apparently healthy HCWs
who had direct or indirect contact (biological fluids, soiled
objects, etc.) with patients were included. Administrative
staff were not included in our study. After collecting blood
samples from health care workers at the two health centers
included in the study, serum analyses were performed at the
Serology Unit of the National Blood Transfusion Center
of Brazzaville (CNTS Brazzaville). For each participant,
a survey questionnaire was completed with data on
sociodemographic characteristics including gender, age,
marital status, profession. Clinical characteristics included
risk factors for transmission of hepatitis B virus and hepatitis
C virus, such as blood exposure accidents (stings, cuts,
splashes) and non-professional risk factors (transfusion,
drugs, scarification, piercing, tattooing, stay in a boarding
school, stay in prison, nosocomial risk from surgery or dental
care, risky sexual intercourse, sexual partner with HBV/
HCYV, multiple sexual partners, drug-addicted sex partner).

Rapid screening tests for detection of hepatitis B
surface antigen and anti HCV antibodies

The NADAL HBsAg strip test (nal von minden GmbH,
Moers, Germany) was used for the detection of hepatitis
B surface antigen in serum. The NADAL ‘“nal von
minden” immunochromatographic tests have a sensitivity
0f99.9% and a specificity of 99.9%. Concerning HCV, rapid
diagnostic tests called One Step anti-HCV Rapid Screen
Test NANTONG Jiangsu Province, China) was used for the
detection of anti-HCV antibodies in serum.

Enzyme linked immunosorbent assay (ELISA)
for detection of hepatitis B surface antigen and anti
HCYV antibodies

As reference, after detection of HBsAg and anti-HCV-Ab
by rapid screening tests, HBsAg and anti-HCV status of all
serum samples was determined by ELISA (Monolisa HBsAg
ULTRA and Monolisa Anti-HCV PLUS V3, Bio-Rad,
Marnes-la-Coquette, France) of the 4% generation (100%
sensitivity, 99.94% specificity) following manufacturer’s
instructions.

Statistical analysis

Database was created using Excel 2013 (Microsoft) and the
data was analysed using Epi-info software (version 7.2.2.6).
The odds ratio (OR) and their 95% confidence intervals
(95% CI) were calculated and the result was considered
statistically significant at p < 0.05.

Ethical approval

This study was conducted according to recommendations of
the Declaration of Helsinki. Approvals were obtained from the
Health Sciences Research Ethics Committee of the Ministry
of Scientific Research and Technology under reference
number 320/MRSIT/IRSSA/CERSSA, the highest institution
for the approval of experiments on humans in the Republic
of Congo. The study then received secondary authorization
from the Faculty of Health Sciences of Marien NGOUABI
University (reference number: 75/ UMNG.FSSAV-DOY).
HCWs participating in the study gave their written, free and
informed consent and completed the survey form. The data
processing was anonymous and the results confidential.
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Results

Sociodemographic characteristics

A total of 107 health care workers were included in
this study and women were the most represented [78/107
(72.90%)] (Table 1). The mean age was 36.56 £ 11.62
years and the age group most represented was 35-44 years
(28.97%), with extremes of 17 and 63 years. The majority
of agents were single while the most represented socio-
professional category was that of laboratory technicians.

HBsAg and anti-HCV antibodies seroprevalence

We found in this study, a prevalence of 7.48% (8)
and 3.74% (4) for HBsAg and anti-HCV antibodies
respectively (Table 1 and 2). There were more women than
men among the positive subjects, in particular 5 women were
positive for HBsAg and 4 for anti-HCV antibodies, although
not statistically significant (p = 0.5). Half of the HBsAg-
positive subjects (50%) were in the 35-44 age group, while
half of the anti-HCV antibodies positive subjects (50%)
were over 45 years old. For both HBsAg and anti-HCV

Table 1. Distribution of HBsAg and anti-HCV antibodies according to sociodemographic characteristics

Tabdauua 1. Pacnpenenenune HBsAg u anturen k HCV no conuanbsHo-aemMorpadguueckum xapakTepucTHKaM

Variables / TTapaverpsr n (%) _ HBsAg 'A.nti—HVC antibodies
Positive / TTo3utuBHbl, 1 (%) | Positive / ITo3utuBHsl, 1 (%)
Gender / Ilon
Female / Xenckuit 78 (72.9) 5(62.5) 4 (100)
Male / Myxckoit 29 (27.1) 3(37.5) -
Age (vears) / Bospacm (nem)
15-24 23 (21.5) 1(12.5) -
25-34 25(23.3) 1(12.5) 1 (25)
3544 31(29.0) 4 (50.0) 1(25)
>45 28 (26,1) 2 (25.0) 2 (50)
Marital status / Cemeiinoe nonosicenue
Single / OnuHOKHi 84 (78.5) 5(62.5) 2 (50)
Maried / B 6paxe 21 (19.6) 3(37.5) 2 (50)
Divorced / Pazsenen 2(1.8) - -
Profession / [Ipogeccusn
Lab Technician / JTabopant 31(29.0) 6 (75.0) 3(75)
Nurse / Mencecrpa 26 (24.0) - -
Student trainee / CtyaeHT-cTaxep 20 (19.0) 1(12.5) -
Midwife / Axymiepka 16 (15.0) 1(12.5) 1 (25)
Doctor / Bpau 7 (6.0) - -
Biocleaning agent / Yoopuuk 3(3.0) - -
Surgeon / Xupypr 3(3.0) - -
Health Assistant / MeauIuHCKUI TOMOILHUK 1(1.0) - -
Accidents involving exposure to blood / Cnyuau konmaxkma c Kpogvio Yes, 43 (40.2) 5(62.5) 1(25)
Stings / Ykycsl Yes, 26 (24.3) 5(62.5) 1 (25)
Splashes / bpsizru Yes, 11 (10.3) - -
Cuts / ITope3st Yes, 6 (5.6) - -
Non-professional risk factors Yes, 64 (59.8) 3(37.5) 3 (75)
Blood transfusion / Tpanc¢yzuu Yes, 4 (3.8) 1(12.5) -
Drugs / Jlekapctsa - - -
Scarification / Cxkapuduxarms Yes, 8 (7.5) 1(12.5) -
Piercing / [Tupcunr Yes, 5 (4.7) - 1(25.0)
Tattoo / TaryupoBka Yes, 7 (6.5) - -
Boarding school stay / [IpeObiBanue B IKOJIE-UHTEPHATE Yes, 3 (2.8) - —
Prison stay / TropeMHOe 3aKiTto4eHIEe Yes, 3 (2.8) - -
Nosocomial risk (surgery) / Puck 6onbHuunol nunpexuun (xupyprus)  Yes, 4 (3.8) - -
Nosocomial risk (dental care) / Puck 6onbpHI4HOMN nHbeKunu Yes, 11 (10.2) _ _
(cTomarosorust)
Risky sexual behaviour / PuckoBanHOe ceKcyalbHOE TOBEICHUE Yes, 6 (5.6) - -
Sexual partner with VHB/VHC / Cekcyanbhelit napraep ¢ VHB/VHC - - -
Multiple sex partners / Heckonbko cekcyalbHbIX TapTHEPOB Yes, 12 (11.2) 1(12.5) 2 (50.0)
Drug-addicted sexual partner / CekcyanbHblil mapTHEp, CTPaAAIOIINI Yes, 1(0.9) B B

HapKOTI/I‘-ICCKOﬁ 3aBUCHUMOCTBIO
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Table 2. Distribution of HBsAg and anti-HCV antibodies according to risk factors
Ta6auua 2. Pacnipenenenne HBsAg u antuten k HCV mo ¢pakropam pricka

OPUTUHANbHbBIE NCCNTEAOBAHUA

HBsAg Anti-HCV antibodies / Auturena k HCV
variables Mo, | Omomenie | povalue | Tommmmon, | o 00T/ [
(%) aHcoB 7 (%) OTHOLICHHE IAHCOB

Piercing / [upcune
Yes / [la - - - 1(25) 6.53 (0.57-74.5) 0,13
No /Her 8 (100) 1 3(75) 1

Multiple sex partners / Heckonvro cexcyanw-

HbIX NAPMHEPO8
Yes / [la 1(12) 0.47 (0.05-4.03) 0.493 2 (50) 3.68 (0.49-27.63) 0.205
No / Her 7 (88) 1 2 (50) 1

Drug-addicted sexual partner / CexcyanvHuiii

napmuep, cmpaoawuli HapKOMU4ecKou

3a8UCUMOCTIBIO
Yes / Jla - - - - - -
No /Her 8 (100) 4 (100)

Risky sexual behaviour /

Puckoeannoe cexcyanvhoe nogedenue
Yes / [la - - - 4 (100) 1 -
Yes / [la 8 (100) - -

Scarification / Ckapugpuxayus
Yes / [la 1(12.5) 0.53 (0.06-4.55) 0.555 - - -
No / Her 7 (87.5) 1 4 (100) 1

Tattoo / Tamyupoeka
Yes / [la - - - - - -
No/Her 8 (100) 1 4 (100) 1

Accidents involving exposure to blood /

Cnyyau Konmakma ¢ Kpogsio

Yes / [la 5(62.5) 7.01 (1.54-31.96) 0.01 1(25) 1

No /Her 3(37.5) 1 3 (75) 0.52 (0.05-5.01) 0.558

antibodies, there were more positive cases among laboratory
technicians than in other professions, but differences were
not statistically significant (p > 0.05).

Risk factors associated with HBsAg and anti-HCV
seropositivity

Blood transfusion, drugs, scarification, piercing, tattoo,
boarding school stay, prison stay, dental care, surgery, risky
sexual behaviour, sexual partner with HBV/HCV, multiple
sex partner and drug-addicted sex partner were considered
as non-professional risk factors and none of them were
statistically significant related to hepatitis B and C. Blood
exposure accidents were the only risk factor associated with
the development of hepatitis B. HCWs who were victims of
blood exposure accidents were 7 times more likely to contract
HBV (odd ratio [OR] = 7.01 (95% Confidence interval
[CI] 1.54-31.96); p = 0.01). Of all these HCWSs, 43 reported
blood exposure accidents. Stings, cuts and splashes were
cited as types of blood exposure accidents from which,
stings were the most represented accounting for 37.43%.

Discussion

In Sub-Saharan Africa, infection with hepatitis B virus
(HBV) or hepatitis C virus (HCV) is the main risk factor for
hepatocellular carcinoma (HCC) [20]. Infection with HBV

and HCV is a major public health problem in the Republic of
Congo, particularly among HCWs [11]. Health care workers
in our study were predominantly female. Deby et al. reported
in 2015 a female predominance in Republic of Congo [11].
Many studies in some countries in Africa and around the world
report similar results, Shao et al. in Tanzania with 78.5%
[21] and Algahtani et al. in Saudi Arabia with 73% [22].
This majority can be explained by the fact that the majority
of staff in these two health centers are women. Although a
study conducted among HCWs in Burkina Faso by Pietra
et al., revealed a majority of men [23]. The age group most
represented in our study was 3544 years; similar to the
results reported among HCWs in South-Eastern Nigeria (31—
40 years) [24]. About age, Ugandan studies also reported a
mean age of 36 years [16, 25]. We found a seroprevalence
of 7.48% (8/107) for the HBV and 3.74% (4/107) for HCV
among HCWs of the two reference hospitals. Our results
on seroprevalence of HBsAg is close to the 7% reported
by Muller et al. among HCWs in Tanzania [26] but slightly
higher than that obtained by Deby et al. on the HCWs of
the Brazzaville University Hospital in 2015 which was 5.2%
[11]. Some Sub-Saharan African countries have reported
lower HBV prevalence rates; 2.6% among HCWSs and
medical waste handlers in Ethiopia [27], 2.3% in HCWs
of an urban referral hospital in central Sudan [28], 1.1% in
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HCWs who are in regular contact with blood, body fluids
and patients in Nigeria [29], 2.9% among workers at the
University Teaching Hospital of Butare in Huye District,
Rwanda [19], 4.5% among HCWs in Kenya [30]. On the
other hand, in Cameroon and the Democratic Republic of
Congo, neighboring countries of the Republic of Congo, an
alarmingly high HBsAg prevalence rate of 10.6 and 18.6%,
respectively, has been reported in HCWs [31, 32]. HCV
seroprevalence of 3.74% found in our study population was
similar to that of 3.2% obtained among HCWs in Abbottabad,
Pakistan [33], and fairly close to the results reported by
Deby et al. among HCWs at the Brazzaville University
Hospital, which was 4.4% [11]. Cameroon, Ethiopia and
Sierra Leone report even lower HCV seroprevalence rates
of 1.7, 0.4 and 2.5% respectively [34—36]. These disparate
HBYV and HCV seroprevalences from one study to another
could be explained by the number of participants. The more
participants there were, the more the prevalence increased
because of the power of the sampling. This finding is shared
by meta-analysis studies [37]. The other reason could be
differences in the routine HBV vaccination policies which
in turn may influence immunity of HCWs and the lack of
a policy to raise awareness of HBV and HCV risk factors
[38]. In our study, although all participants (HCWs) were
asked about their HBV vaccination status, none had been
vaccinated. This data was deemed unusable and was
therefore not included in the results. In some hospitals, no
instructions are posted or given on what to do in the event
of a blood exposure accident, which was the case in the
facilities where we conducted our study. This highlights the
reality of viral hepatitis B and C among HCWs in Central
and West Africa. The seroprevalence of both viruses were
higher in female HCWs; 62.5% versus 37.5% for HBsAg
and 100% versus 0% for HCV. This is due to an effect
of overrepresentation of women in our study because in
most studies no statistically significant difference was
found between female and male HCWs [21, 38—40]. In
terms of profession, an increased proportion of HBV
(6/31, 19.35%) and HCV (3/31, 9.67%) positives was
observed among laboratory technicians, followed by the
categories of midwife (1/15; 6.66% both HBsAg and
HCV) and student trainee (1/20; 5% for HBsAg). Similar
observations have been reported in a study with laboratory
technicians in Uganda (18.18%) [16]. We see the same
dynamics with HCV. Okasha et al. in Egypt (2015) report in
the laboratory technician profession a prevalence of 4.8%;
although half that of what we found [41]. This suggests
that variations between different HCW cadres could reflect
different levels of exposure risk. It is therefore possible
that the risk of infection differs according to health care
professions. Laboratory technicians were not only the most
represented professional category in our study, but they also
perform blood sampling and are constantly exposed when
performing medical tests. It should be noted that in the
Republic of Congo, in almost all hospitals, blood sampling
of patients is carried out by laboratory technicians. This
explains why our results are different from other studies
that have reported high prevalence of hepatitis B and C
among nurses and doctors [27, 29]. However, HBsAg and
anti-HCV antibodies positivity according to occupation did

460

not give any statistically significant difference (p > 0.05).
Exposure to fluids from potentially infected patients is quite
high. We found a considerably high proportion of HCWs
exposed to blood exposure accidents (43; 40%). 63% (5) of
HCWs with needle sting injuries tested positive for HBsAg
and 25% (1) for anti-HCV antibodies, yet only 7.5% (8) had
been vaccinated against hepatitis B, with barely one HCW
having received the recommended three doses; no immunity
tests for anti-HBs antibodies were performed. These results
seem similar to those obtained by Okasha et al. in Egypt
and by Deby et al. in Republic of Congo, where blood and
needles were the main sources of contamination [11,41 ].
Thus, HCWs who are victims of blood exposure accidents
have 7 times more risk of contracting HBV. This result is
different from that obtained by Yizengaw et al. in Ethiopia
[27] and Shao et al. [21] who had respectively obtained
contact with a positive case of hepatitis and blood transfusion
as main risk factors. Concerning HCV, the most important
risk factor appears to be unsafe sex. However, we did not
observe any statistically significant difference. In contrast,
Okasha et al. in Egypt reported that the most important risk
factor was accidental needlestick injuries [41]. This may be
explained by the daily use of needles by health personnel.

Our study may have some limitations: (i) Due to insufficient
technical facilities, we were unable to search during this
study for other serological markers of HBV, namely anti-
HBs Ab; HBeAg; anti-HBe Ab; anti-HBc Ab as well as
the viral load of HBV and HCV. This could have informed
us about the different stages of carriage of these viruses.
(i) HCWs in services with a high risk of occupational
exposure, such as surgical emergencies and blood banks, were
not included in our study because they were overwhelmed
by the workload and were reluctant to participate in our
study. (iii)) We were unable to establish a strong causal link
between the risk factors described and hepatitis B and C
virus positivity. It may be that the participants were infected
before entering the workplace.

Conclusion

This high prevalence shows that hepatitis B and C are still
endemic among HCWs in Republic of Congo. Furthermore,
we can state that the health profession constitutes a profession
at risk due to infection with hepatitis B and C viruses. To
reduce the prevalence of HBV and HCV among HCWs
it needs a new strategy that reduces occupational exposure
to blood and body fluids. There is need for increasing the
awareness and prevention of contracting and transmitting
HBYV and HCV infections among HCWs, to integrate HBsAg
screening and HBV vaccination during recruitment sessions
for public and private sector health workers in order to help
protect health workers in the sector and control the spread
of the virus. Vaccination against hepatitis B virus infection
could also be made mandatory for preclinical medical and
nursing students. The Ministry of Health could consider
offering subsidized or free Hepatitis B vaccination to HCW.
In addition, in Congolese hospitals, occupational medicine or
the Ministry of Health must play the role of providing ongoing
training for all health professionals in infection prevention,
and of displaying procedures to be followed in the event of
exposure accidents in work areas at risk of exposure.
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Seroprevalence of Anti-Mpox Virus IgG Antibody and Awareness
of Mpox Disease in Ibadan, Southwest Nigeria
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Abstract

Purpose. Mpox cases were previously common in children; recent outbreaks of clade Il have mostly affected
young adults. Therefore, this study examines the knowledge, attitudes, and seroprevalence of the Mpox virus
among consenting participants in Ibadan.

Materials and methods. Eligible individuals were those who voluntarily participated in the study and met the
inclusion criteria specified for the study. A cross-sectional survey was conducted involving 94 respondents,
investigating socio-demographic factors, awareness levels, attitudes toward prevention, and infection rates. The
anti-Mpox virus IgG antibody was detected quantitatively using the Enzyme-Linked Immunosorbent Assay (ELISA)
technique. The data were then analyzed using the x? test, while the antibody quantification was displayed with a
Box and Whisker plot; statistical significance was determined at p < 0.05.

Results. The majority of respondents were female (66.7%) and aged 58 years and above (20.0%). Most had
tertiary (40.0%) and secondary education (34.4%). Awareness of the Mpox was moderate, with 61.1% having
heard of the virus, primarily through news (20.0%) and healthcare workers (18.9%). However, knowledge gaps
were evident: only 38.9% recognized symptoms, and 40.0% understood modes of transmission. Attitudes towards
prevention were generally positive; 60.0% believed Mpox could be prevented, and 73.3% were willing to take a
vaccine. Still, readiness to engage in screening was low; 81.1% had never been tested, and 58.9% were unaware
of local test availability. Regarding seroprevalence, females showed a significantly higher infection rate (27.4%)
than males (9.6%) (x? = 3.854, p = 0.050). Age-wise, the highest infection rates occurred in those < 18 years
(61.5%) and 53-57 years (66.6%) (x> = 30.817, p = 0.000), indicating significant age-related differences.
Conclusion. The findings highlight the need for targeted public health education, increased test access, and
focused intervention strategies to improve Mpox virus prevention and control, especially among vulnerable age
groups and under-informed populations.
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YactoTa BbisBneHus aHtuten knacca IgG k sBupycy Mpox
M ocBeAOMITIEHHOCTbL O 3aboneBaHun Mpox B UbapaHe,
oro-zanagHasa Hurepusa

John Olusola Olayiwola® , Adesuwa Oluwatofunmi Akagbosu', Oyindamola John Samson?,
Ademola Emmanuel Alaba’, Babalola Sunday Aponjolosun?, Stephen Ademola Soyemi?

'OToeneHve MeamumMHCKon MukpoGuonorum, kadeapa MMKpoGuonorum u GuoTexHonornm, YHuBepcuteT Agkamm
Kpoytep, Ono, Hurepusi;

20TpeneHve aKornornyeckon Mymkpobuonorum, kageapa MMKpobuonorum n GruotexHonorum, YHusepcutet Amxkaiim
KpoyTep, Ono, Hurepusi;

3[dnarHoctuyeckuii ueHTp PAOQOS, kadbenpa natonorum, 6orbHULE YHUBEPCUTETCKOTO Konneaxa, MbaaaH, wrat Ono,
Hurepusa

Pestome

Llenb. PaHee cnyyan Mpox 6binn pacnpocTpaHeHbl Cpeaun AeTew; HeAaBHWe BCMbILLKW, BbI3BaHHbIE BUPYCOM Kra-
Abl |1, B OCHOBHOM 3aTpOHYNM NuL, MOnogoro Bo3dpacTa. MiccrnegoBaHve HanpasneHo Ha U3yYyeHne 3HaHu o BUpY-
ce Mpox 1 OTHOLLEHUS K HEMY, @ TaKxke cepornpeBanieHTHOCTU cpeau koropTel nuu B M6agaHe, Aasunx cornacue
Ha y4YacTue B UCCnegoBaHUN.

MaTepuanbi u metoabl. K yyacTtuio B uccrieqosaHum 6uinm gonyLieHsl 4o6poBorbLbl, COOTBETCTBOBaBLUME YCTa-
HOBMEHHbIM KpUTEPUAM BKIHOYeHUst. Bbino npoBeaeHo nonepeyHoe nccnegoBaHve ¢ ydactnemM 94 pecroHaeHToB
ONs M3yveHus coumanbHo-gemorpaduyecknx aktopos, YPOBHS OCBEOOMIEHHOCTU, OTHOLUEHWS K npodwunak-
TUKE 1 YyPOBHSA MHULMpoBaHus. AHTUTENa knacca IgG k Bupycy Mpox KonM4yecTBEHHO Onpeaensnmu ¢ NoMOLLbH
mMeToaa TBepaodasHoro MMMyHodepmMeHTHoro aHanmaa (MPA). 3atem gaHHble aHanU3npoBanu ¢ MCNonb30BaHu-
eM KpuTepus X2, a KONIM4eCTBEHHOe onpefeneHne aHTUTen otobpaxany ¢ NOMOLLbIO AMarpaMmbl TUNA «SLLMK C
ycammy; CTaTUCTUYECKY 3Ha4MMOCTb onpegensinu npu p < 0,05.

Pe3ynbraTtbl. BonbLUMHCTBO pecnoHAeHToB Oblnu XeHwmHamn (66,7%) B Bospacte 58 neT un ctapwe (20,0%).
BonblumHcTBO MMenu Beicwee (40,0%) n cpeaHee obpasosaHue (34,4%). OcsegomneHHocTs 06 Mpox 6bina yme-
peHHon: 61,1% ONpOLUEHHbIX Crblllany 0 BUpPyce B OCHOBHOM 13 HoBocTel (20,0%) n oT paboTHMKOB 34paBoOX-
paHeHuns (18,9%). Tem He MeHee npobenbl B 3HaHWAX Obiny o4eBUAHbI: ToNbko 38,9% 3Hanu o cumnTomax 3abo-
nesaHusa 1 40,0% noHumanu nytv nepegayn Bupyca. OTHoOLEHNE K NPpOUNaKTUKE ObINo B LLENOM NONOXUTENb-
HbIM; 60,0% cuntanu, 4to Mpox MOXHO nNpeaoTBpaTuTb, U 73,3% Obiny roToBbl BakLMHUPOBaTLCA. TeM HEe MeHee
rOTOBHOCTb Y4aCTBOBAaTb B CKPUHUHIE Gbina H13Kkow; 81,1% pecnoHAeHTOB HUKOrAa He NPOXOAUNN TECTUPOBaHME,
a 58,9% He 3Hanu o JOCTYNHOCTM TecTa B UX pernoHe. YTo kacaeTcs ceponpeBaneHTHOCTH, Y XeHLWUH YyacToTa
BbISIBNEHNS aHTU-Mpox Bbina 3HaunTensHO Bbiwwe (27,4%), Yem y MyxuunH (9,6%) (x? = 3,854, p = 0,050). B Bo3-
pacTHOM paspes3e camble BbICOKME noKasaTenu cepono3nTUBHOCTM Habnoganues y nuy mnagwe 18 net (61,5%)
1 B Bo3pacTte ot 53 go 57 nert (66,6%) (x? = 30,817, p = 0,000), uTo yKasblBaeT Ha 3HAYMUTENbHbIE BO3PACTHbLIE
pasnuuus.

3akntoyeHue. MonyyeHHble AaHHbIE NOAYEPKMBAOT HEOOXOAUMOCTL LIeNeBOro NpocBeLleHust B obnactu obue-
CTBEHHOTO 3[paBOOXPaHeHUs, pacluMpeHus 4oCTyna K TeCTUPOBaHWIO U pa3paboTkun cTpaTernin LeneHanpasneH-
HOro BMeLLaTenbCTBa Afs yrnyyeHus npounakTukm n KoHTpons Mpox, 0co6eHHO cpean yAa3BMMbIX BO3PACTHbIX
rpynn n ManonHOPMNPOBAHHOIO HaceNeHus.

KnioueBble cnoBa: Mpox; ceporno3umusHocmsb, UMMyHOZﬂO6yﬂUH G; aHmumena; ecrbiwka

Onsa uutnposanuma: Olayiwola J.O., Akagbosu A.O., Samson O.J., Alaba A.E., Aponjolosun B.S., Soyemi S.A. Ya-
cTOTa BbisiBNeHusa aHtuten knacca lgG k Bupycy Mpox n oceegomneHHocTs 0 3abonesaHumn Mpox B i6agaHe, toro-3a-
nagHas Hurepus. Boripocsi supyconozuu. 2025; 70(5): 463—470. DOI: https://doi.org/10.36233/0507-4088-337
EDN: https://elibrary.ru/spvndn

®duHaHcupoBaHue. ABTOPbI 3asBNSAOT 06 OTCYTCTBUM BHELLUHEro (hMHaHCUPOBaHUS MPU NPOBeAEHUN UCCIEA0BaHUS.
KoHdonuKT nHTepecoB. ABTOpPbI AeKNapypyloT OTCYTCTBME SABHbIX Y NMOTEHLMANbHBIX KOH(IUKTOB MHTEPECOB,
CBsI3aHHbIX C Nybnukaumein HacTosiLLen cTaTbu.

ATnyeckoe yTBepxaeHue. ViccnenosaHue NnpoBoAnnock nNpu 4o6poBonbsHOM MHGOPMUPOBaHHOM COrfiacum
nauueHToB. NpoTokon uccnegoBaHus ogobpeH KommuTeTom no aTuke uccrnenoBaHuin hakynbTeTa €CTECTBEHHbIX HAayK
Yuusepcuteta Agxaiin KpoyTtepa, wrat Ono (npotokon Ne FNS/ERC/2024/025SM ot 13.12.2024).
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Background

Monkeypox (Mpox) is a viral disease pathogen of
which belongs to the Poxviridae family, a group of large
and complex DNA viruses. It has been characterized into
two groups of strains with varying case fatality rates [1].
Between January 1, 2022, and February 1, 2023, more
than 87,000 cases and 141 deaths attributed to human
Mpox were reported in 111 countries worldwide [2].
Since 1970, when it was first confirmed, monkeypox has
been reported in central and western African countries,
including Cameroon, the Central African Republic, the
Democratic Republic of Congo, and Nigeria [3, 4]. How-
ever, the actual burden of monkeypox in Sub-Saharan Af-
rica remains poorly defined.

The increased global spread of Mpox recently under-
scores the need for enhanced surveillance and public
health emergency preparedness, especially in areas with
weak health systems, such as Nigeria [5, 6]. The first oc-
currence of the disease outside Africa was in the USA
in 2003, with 47 human cases attributed to close contact
with prairie dogs believed to have been infected by ro-
dents imported from Ghana [7]. Subsequently, four ad-
ditional cases outside Africa were detected, linked to the
largest clade II monkeypox virus (previously called West
African clade) outbreak between 2017 and 2018 [3, 8].
The outbreaks of Mpox in Europe and North America
suggest the potential for further transmission in non-en-
demic settings [9—11].

Additionally, most cases of Mpox in Nigeria do not re-
port contact with animals, while over 50% have a histo-
ry of contact with persons with similar skin lesions. The
clade II monkeypox virus was previously described as
causing a less severe illness than the Congo-basin clade
and smallpox [7]. Nevertheless, some cases in Nigeria
were associated with adverse outcomes [8, 12]. Conse-
quently, further research is needed on the possible risk
factors for mpox and its severity as observed in recent
outbreaks, including the role of immunity and coinfec-
tions [9].

The discontinuation of routine smallpox vaccina-
tions since 1980 and the potential for asymptomatic hu-
man-to-human transmission may have played a role in the
virus’s evolution [13]. Additionally, changes in human
behavior, travel patterns, and population movement have
likely contributed to the rapid spread of the 2022 outbreak
[11, 14]. Despite increasing case numbers, research on
the epidemiology, clinical symptoms, and transmission
pathways remains limited [15]. As the outbreak continues
to evolve, further studies will be essential in improving
our understanding of the virus and refining public health
responses [15]. Therefore, this study was carried out to
investigate the seroprevalence of anti-Mpox virus IgG
antibody in Ibadan, Southwest Nigeria.

Materials and methods

Study Location and Design
This study was conducted at the Ibadan North Local

Government, Oyo State, Nigeria, from January to
June2025. Eligible individuals were people who consented
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to participate, while ineligibility was due to non-consent.
A cross-sectional and laboratory-based study was used to
investigate the occurrence and prevalence of the virus.
Institutional ethical approval (FNS/ERC/2024/025SM)
to carry out this work was granted by the Research Ethics
Committee of the Faculty of Natural Sciences, Ajayi
Crowther University, Oyo State, Nigeria.

Demographic Data Collection

A structured questionnaire was used to assess the
socio-demographic data of the participants, as well as
their awareness, knowledge, and attitudes towards Mpox
infection, after obtaining verbal consent following proper
education of the participants.

Sample Collection

A total of 94 blood samples were collected from
participants via venipuncture after obtaining their
consent. The minimum sample size for estimating anti-
Mpox IgG seroprevalence was computed using Cochran’s
formula with 95% confidence (Z = 1.96), anticipated
prevalence of 7% (Cochrane, 1977), and desired precision
(d = 0.05), yielding a total of 100 samples. Allowing for
an anticipated 10% non-response rate, the target sample
size was 111 respondents. Ultimately, 94 participants were
enrolled and included in the final analysis due to resource
constraints. The blood samples were collected into the
EDTA bottles and spun by centrifugation at 3000 rpm
for 10 minutes to separate the serum. The serum is then
separated into a plain bottle and kept at -80° C before the
serological assay according to Reed et al. [2004].

The work was duly approved by the Research Eth-
ics Committee of the Faculty of Natural Sciences, Ajayi
Crowther University, Oyo. The approval number (FNS/ER-
C/2024/025SM) was given for the conduct of the research.

Detection of Anti-Mpox Virus IgG Antibody

This Mpox-IgG Antibody ELISA kit was used to
detect the occurrence of anti-Mpox IgG antibody by
measuring the intensity of the color change using a
spectrophotometer. The standard curve was prepared
by plotting Optical Density against the of anti-Mpox
IgG antibody concentration obtained from standards
according to the manufacturer and was therefore used for
the interpretation of the readings from the sera.

Data analysis

Data collected was statistically analyzed to evaluate the
association between different variables at 95% confidence
intervals using SPSS version 23. Statistical value
below 0.05 (p < 0.05) was considered statistically
significant. A Box and Whisker plot was used to present
the concentration of anti-Mpox virus IgG antibody. The
data is then presented using frequency tables, simple
ratios, percentages, and charts.

Results

Socio-demographic variables among the respondents
The socio-demographic data showed a variety of ages
of the respondents, with > 58 years having the highest
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occurrence (20.0%), while 2327 years were the least age
group (4.4%). There were more females (66.7%) among
the respondents and males (23.3%); however, 10.0% of
the respondents did not disclose their gender (Table 1).

Awareness and Knowledge of the Mpox Virus
among the Respondents

The knowledge of the Mpox disease, its symptoms,
and transmission was observed among 55 (61.1%)
respondents. The means of awareness about Mpox disease
was observed to be more (20.0%) through broadcasting,
while 18.9% of the respondents heard through healthcare
workers; however, 34.4% of the respondents have not
heard about Mpox infection (Table 2).

Attitudes toward Mpox Virus Prevention among
Respondents

There were 54 (60.0%) of the respondents who knew
that Mpox disease can be prevented, while 24 (26.7%)
did not believe Mpox disease can be prevented;
however, 12 (13.3%) of respondents did not respond. It
was observed that 16 (17.8%) of the respondents were
ready for regular handwashing, while 9 (10.0%) of the
respondents were ready to wear protective devices for
prevention. There were 66 (73.3%) of the respondents

Table 1. Socio-demographic variables among the respondents
Taomuua 1. CounansHo-nemMorpaduuecKie JaHHbIE PECIIOHICHTOB

Frequency (%) /
Yacrora (%)

Demography / lemorpacdus

Age (years) / Bospact (rozsr)

<18 14 (15.6)
18-22 6(6.7)
23-27 4(4.4)
28-32 2(2.2)
33-37 10 (11.1)
38-42 5(5.6)
43-47 9 (10.0)
47-52 10 (11.1)
53-57 4(44)
58 above / 58 u Gonee 18 (20.0)
No response / Het orBeta 8(8.9)
Gender / ITon
Male / My>x4uHBI 21(23.3)
Female / )Kenuunst 60 (66.7)
No response / Her orBeTa 9 (10.0)
Educational Level / O6pazoBanue
No formal education / Her oOpa3oBanust 1(1.1)
Primary / HaqansHoe 10 (11.1)
Secondary / Cpennee 31(34.4)
Tertiary / Boicuiee 36 (40.0)
No response / Her orBeta 12 (13.3)
Ethnicity / DTHHUYeCKast TPHUHAAICHKHOCTD
Yoruba / itopyda 35(38.9)
Igbo / ur6o 39 (43.3)
Hausa / xayca 1(1.1)
No response / Het nanHbIX 15 (16.7)
Religion / Penurust
Christianity / XpucTuancTBO 77 (85.6)
Islamic / Ucnam 3(3.3)

No response / Het orsera 10 (11.1)
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who indicated willingness to take the Mpox virus vaccine,
while 6 (6.7%) of the respondents expressed a phobia of
the vaccine against Mpox disease (Table 3).

Concentration of Anti-Mpox Virus I1gG Antibody
and Seroprevalence by Gender

The seroprevalence of the Mpox virus IgG antibody
was 27.4% among females, while it was 9.6% among
males. p-value was found to be 0.005, which showed that
the Mpox virus is statistically significant among females
(Table 4). The concentration of anti-Mpox virus IgG
antibody was observed to range from 67.7 pg/mL to 131.4
pg/mL in the blood samples collected from females (Fig. 1),
while the concentration of anti-Mpox virus IgG antibody in
males ranged from 60.6 pg/mL to 131.8 pg/mL (Fig. 2).

Seroprevalence of Mpox virus by Gender and Age

The seroprevalence of the Mpox virus antibody was
higher in the age group < 18 years (61.5%), 53-57 years
(66.6%), and > 58 years (50.0%). Moderate prevalence
was observed with 43—47 years (42.8%). However, there
was no occurrence of Mpox IgG antibody among the 18—
27 years and 38-42 years age groups of the respondents.
The p-value was found to be 0.000, which showed that
anti-Mpox virus IgG antibody occurrence is statistically
significant among the children and adults based on the
age range (Fig. 3).

Discussion

Mpox is currently not regarded as a public health emer-
gency of international concern; however, it continues to
spread in several countries, such as Nigeria. A compre-
hensive understanding of awareness, knowledge, and
control measures for this disease by people is crucial.
This study assessed the awareness and seroprevalence of
anti-mpox virus IgG antibody among apparently healthy
individuals in the community of Ibadan.

This study revealed that the majority of respondents
were aware of the Mpox disease, with 61.1% affirming
awareness of the disease, which is confirmed in a study by
Ogoina et al. [16], who found that 60.5% of participants
were aware of Mpox and demonstrated adequate knowl-
edge. However, a notable proportion, 31.1% of the respon-
dents, reported not being aware of the virus in this work.
This finding was also corroborated by the report of Olojede
et al. [17], where 90.6% were aware of the Mpox, and on-
ly 52.2% had good knowledge scores of the disease.

In this study, the respondents frequently indicated that
news, family and friends, healthcare workers, and so-
cial media were their primary sources of information for
awareness; however, broadcasting had a higher percent-
age among the sources of information. These findings
were supported by previous studies conducted by Awoy-
omi et al. [18], Al-Mustapha et al. [19], and Bakare et
al. [20]. In our findings, social media had a second source
of information score for the awareness of Mpox disease.
Although social media plays a key role in information
dissemination, it is attributed to a source of misinforma-
tion [21]. This finding was corroborated by the work of
Olojede et al. [17], where social media was among the
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Table 2. Awareness and Knowledge of the Mpox Virus among the Respondents
Ta6auna 2. OcBeIOMIICHHOCTb M 3HaHUS O BUpyce MpoX cpey pecIOHICHTOB

Variables / Boripocsr Frequency (%) / Yacrora (%)
Have you heard of the Mpox virus?
Crplliany Ju Bel 0 Bupyce Mpox?
Yes / Jla 55 (61.1)
No /Her 28 (31.1)
No response / Her orBera 7(7.8)

If yes, what is your primary source of information about the Mpox virus?
Ecnu na, To Kakoit y Bac OCHOBHOW MCTOYHHK MH(popMaln o Bupyce Mpox?

News / HoBoctu 18 (20.0)
Social media / Corcern 13 (14.4)
Healthcare workers / PaboTHuku 3npaBooxpaHeHus 17 (18.9)
Friends/Family / Ipy3ps/Cembs 7(7.8)
Others / Ipyrue 4(4.4)

No response / Her orBera 31(34.4)

Do you know the symptoms of the Mpox virus?
3HaeTe JIn BBl CUMIITOMBI HH(EKIINH, BBI3BAaHHOW BHpycoM Mpox?

Yes / la 35(38.9)
No / Her 42 (46.7)
No response / Her oTBeta 13 (14.4)

If yes, which of these do you associate with Mpox virus?
Ecnu na, To Kakue U3 HUX BbI CBSA3BIBACTE C BUPycoM Mpox?

Fever / JInxopazxa 15 (16.7)
Skin rashes / Koxxnast cbinb 18 (20.0)
Headaches / TonoHast 60116 7(7.8)
Muscle aches / MebIteutbie 6011 4(4.4)
No response / Her orBera 46 (51.1)

Do you know how the Mpox virus is transmitted?
3HaeTe 1K BBI, KaK nepegaercs Bupyc Mpox?

Yes / la 36 (40.0)
No /Her 44 (48.9)
No response / Her orBeta 10 (11.1)

If yes, which of these do you think is a mode of transmission?
Ecnu na, T0o Kakoit U3 repevncIeHHbIX HIKE, 10 BallleMy MHEHHIO, SIBIISIETCS ITyTeM Tepenadn?

Direct contact with infected person / IIpsiMoit KOHTaKT ¢ HHHUIUPOBAHHBIM YEJIOBEKOM 25(27.8)
Contact with animals / KoHTaKT ¢ ;KHBOTHBIMH 6 (6.7)
Airborne droplets / Bo3aynHo-KanenbHbIH IyTh 9 (10.0)
Others / Ipyroe 1(1.1)
No response / Her orBeta 49 (54.4)
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Fig. 3. Seroprevalence of Anti-Mpox IgG Antibody according
to Age groups.
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primary sources of information for respondents. Our
findings revealed that people are better reached through
broadcasting and social media for community interven-
tion during a disease outbreak. Our study also evaluat-
ed the knowledge of the participants about the means
of transmission of the Mpox virus. Only 48.9% of the
respondents understood the methods of transmission of
the Mpox virus. Overall, awareness and knowledge of
the Mpox disease were generally low, which is similar to
the findings of Al-Mustapha et al. [19], who reported low
knowledge in a cross-sectional survey on public knowl-
edge of the Mpox in Nigeria.

The attitudinal score of the respondents in this work was
observed to be moderate. Our findings showed that 60.0%
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believed that Mpox could be prevented, and 73.3% ex-
pressed willingness to take public vaccination. This re-
port suggests a relatively high vaccine acceptability rate
in Nigeria; this report shows little deviation from a sim-
ilar study conducted in Ghana, where there was 41.7%
willingness for public vaccination [22].

In our study, seroprevalence of anti-Mpox virus IgG
antibody was observed to be 21.5% among the sur-
veyed population. This seroprevalence is slightly low-
er compared to the 27.9% seroprevalence reported
by Ogoina et al. [16] in a study. However, in another
study, Ogoina et al. [23], reported a higher prevalence,
where 163 out of 265 cases of anti-Mpox virus antibody
were confirmed. Our study showed that the occurrence
of anti-Mpox virus IgG antibody can be age dependent,
as our study observed higher occurrence of the Mpox
among the age groups: < 18 years (61.5%), 53-57
years (66.6%), and > 58 years (50.0%). This finding re-
vealed that the Mpox virus can be common to children
and adults, which could be due to the immune status
of the age groups. This finding corroborates Mauldin et
al. [24], who suggested the Mpox infection was more
common among children.

Conclusion

This study revealed a relatively high level of aware-
ness about the Mpox virus among respondents, but there
were low knowledge scores about the disease. The dis-
crepancy between awareness and knowledge scores in
this study underscores a persistent need for comprehen-
sive public education. The current findings may suggest
emerging vulnerability in both pediatric and older adult
populations, possibly due to lower immunity, close con-
tact exposure exhibited by these groups, or unvaccinat-
ed status following the cessation of routine smallpox
vaccination.
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Table 3. Attitudes of the Respondents toward Mpox Virus Prevention
Tadauna 3. OTHOLICHUE PECIOH/ICHTOB K poduiakTrke Mpox

Frequency (%) /

Variables / Borpocsr Yacrota (%)

Do you believe the Mpox virus can be prevented?
Bepurte 11 Bbl, 4T0 BUpYC MpOX MOXKHO IPEAOTBPATUTE?

Yes / la 54 (60.0)
No / Her 24 (26.7)
No response / Her orBeta 12 (13.3)
Which of these preventive measures do you think are effective?
Kakne 13 3TUX IpEeBEHTUBHBIX Mep BbI cunTaeTe 3pheKTHBHBIMU?
Regular handwashing / Perynspaoe MbITbe pyK 16 (17.8)
Avoiding contact with an infected person / 36erath koHTakTa ¢ HHOUIIMPOBAHHBIM YETIOBEKOM 9 (10.0)
Wearing protective devices / HomeHue 3alMTHBIX yCTPOHCTB 11 (12.2)
Vaccination / Bakiunauus 27 (30.0)
Others / ipyroe 1(L.1)
No response / Her orBeta 26 (28.9)
Are you willing to take a vaccine for the Mpox virus?
ToTOBBI 1M BBI C/1eNaTh IPHUBUBKY OT BUpyca Mpox?
Yes / Jla 66 (73.3)
No / Her 6 (6.7)
Not sure / He yBepen 6(6.7)
No response / Her oTBeta 12 (13.3)
Do you think healthcare workers in hospitals are adequately trained to manage the Mpox virus?
CuynTaere 1 BbI, 4TO MEIUIMHCKHE PAOOTHUKH B OOJIBHUIIAX TOCTATOYHO MOATOTOBIICHBI K 00ph0e ¢ BUpycoM Mpox?
Yes / Jla 58 (64.4)
No /Her 4(4.4)
Not sure 13 (14.4)
No response / Her orBeta 15 (16.7)

Table 4. Seroprevalence of Mpox virus according to Gender
Tadauna 4. CeponpeBaleHTHOCTh BUpyca MpoX B 3aBUCUMOCTH OT MOJa

Variables / TTon Number examined / Yucino o6cienoBanubix | Number of seropositive (%) / Yucno ceporno3utuBHbIX (%)
Male / My>x4nHBI 31 3(9.6)
Females / XKeHmuuas 62 17 (27.4)

¥ =3.854,df =1, p=0.050
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AnarHocTnka MHPEKLMOHHOro U remMarrfiloTUHUPYHOLLEro TUTpa
Bupyca rpunna A/Mannappg lNeHcunbBaHusn/10218/84 (H5N2)
No U3MEeHEeHUI0 MUKPOBSA3KOCTU BUPYCHOM MeMOpaHbl nocrne
B3anmogeucteua ¢ pocchonunuaHbimm mogudmkaTopamm

Ha npumepe 6ecxonecTepuHOBLIX JIMMOCOM

KoHtapos H.A."2 | Morapckas W.B.2, Jonroea E.N.2, KoHTaposa E.O.3, NomasaHos B.B.4,
lMadpapos P.P#4, MapaaHnel C.I4, KOmMuHoBa H.B.2

'®rAQY BO «[lepBbiti MockoBckuiA rocyaapCTBEHHbIN MeanumMHCKUA yHnBepcuTeT um. U.M. CeveHoBa» MuHaapasa Poccum
(CeueHoBckuin YHuBepcuteT), 119991, r. Mocksa, Poccus;

20MBHY «Hay4Ho-nccnenoBaTenbCkvin MUHCTUTYT BaKUMH U cbiBopoTok uM. V.U, MeyHukoBa», 115088, r. Mockea, Poccus;
3OMBY «®denepanbHbI HAYYHO-KIMHUYECKMIA LIEHTP Ceumanv3npoBaHHbIX BUOOB MEAWNLMHCKON NOMOLLM U MEOULIMHCKMX
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Pestome

BBepeHue. [poTBOBUPYCHOE OENCTBUE psiga NpenapaToB CBS3aHO ¢ Mogudmkaumen nunuaHon MeMmopaHbl Bu-
pycoB BcrneacTaue ux npumMmeHeHns. OamH n3 BO3MOXHbIX MEXaHW3MOB Takon MoandmKaLmMm BUPYCHOM MeMbpaHbl
3aKII0YAETCA B 3KCTPAKLMM XonectepmHa u3 membpaH BUPUOHOB.

Llenb pa6oTbl. MI3y4nTb METOAMKY OnpeaeneHms MHMEKLMOHHOIO U reMarrnioTUHUPYIOLLEro TUTpa BMpyca rpunna
NTUL NO M3MEHEHNIO MUKPOBSI3KOCTU BUPYCHOW MembpaHbl nocne uHkybauum ¢ pocdonunuaHsiMm mogndunkato-
pamMmun — 6ecxonecTepuHOBbLIMU NINMOCOMaMM, COCTOALLMMN M3 dpocchaTnannxonvHa n docdaTannataHonaMmmHa
B MOfIbHOM OTHOLLEHUN 1 : 2, B TeveHune 48 u.

MaTtepuanbl u metoabl. [1poLecc aKCTpakumMmn NoATBEPXAANV AByMS MeToAaMu: renb-unsrpaumnen ¢ pagmoak-
TUBHO MEYEHHbIMU TMNOCOMaMM U BUPUOHAMU, a TakkKe MO U3MEHEHWNIO BENUYMNHLI Nonsapusaummn driyopecueHT-
Horo 3oHAa 1-aHnnUHoHadTanuH-8-cynboHaT-aHnoHa (8-AHC) B BUpycHol membpaHe.

Pesynbratbl. O6HapyxeHa KOppensunoHHas CBs3b Mexay M3MeHEeHNeM WUHAEKLUMOHHOIO U reMarrioTUHUPYHo-
LLero TMTpa 1 MUKPOBSI3KOCTbIO BUPYCHON MEMOpPaHbI.

3akntoyeHue. lNpegnoxeHHas B pabote MeToaMKa MO3BOMSAET NMPOBOAUTL KOMUYECTBEHHOE OnpefdeneHne wH-
HEKLMOHHOW 1 remarrnioTUHUPYOLWEN akTMBHOCTY BUpYCa rpunna B 3aBUCHMOCTU OT U3MEHEHWUIA MUKPOBS3KOCTH
MembpaH BUpYCOB Nocne B3aMMoaencTans doconunuaHbix MogmudukaTopos. [NpeactaBnseTcs BO3MOXHbLIM UC-
Nonb30BaTh BbISABEHHYO 3aBUCUMOCTb AN onpeaeneHns MHPEKLUMOHHOW 1 reMarrnioTUHUPYHOLWENR akTUBHOCTM
BMpYCa rpunna B npegenax ogHoro cepoTuna B KNMHNUYeCKon nabopaTtopHON AMarHoCTUKE, MPUMEHSS pasnuyHbie
dnyopecueHTHble 30HAbl. B kayecTBe NnNodunbHbIX MOANMUKATOPOB BUPYCHON MeMOpaHbl MOXHO MCMOMb30-
BaTb HE TONbKO MMNOCOMbI ONPEAErieHHOro COCTaBa, HO U Takne COEANHEHWS, KakK 3TUNEHITINKONb, SPUTPUT, Mu-
LiepuH.

KntoyeBble cnoBa: b6ecxoniecmepuHo8ble /IUNOCOMbI;, 8UPYC 2purna; 3KCmpakyusi XornecmepuHa; MUKpOes3-
Kocmb 8upycHoU membpaHbi; nabopamopHasi OuazHocmuka

Onsa untupoBaHus: KoHtapos H.A., Morapckas W.B., Jonroea E.WN., KoHTtaposa E.O., NomasaHoe B.B., lMada-
poB P.P, MapgaHnnsl C.I., lOmuHoBa H.B. [uarHocTuka MHMEKLMOHHOO 1 reMarrnioTUHUPYoLWEero TuTpa Bupyca
rpunna A/Mannapg NMeHcnnbBanus/10218/84 (H5N2) no n3ameHeHuo MMKPOBA3KOCTM BUPYCHOM MeMOBpaHbl nocne
B3aumopgencTausi ¢ poconunuaHebIMM MoandmKaTopamy Ha npuMmepe 6ecxonecTeprHOBbLIX MMMOCOM. Bornpochk!
supycornoeauu. 2025; 70(5): 471-476. DOI: https://doi.org/10.36233/0507-4088-326 EDN: https://elibrary.ru/atftvd
d)VIHaHCVIpOBaHVIe. ABTOpr 3aaBnsaT 06 OTCYTCTBUWU BHELUHEro CbI/IHaHCVIpOBaHVIFl npu nposegeHnn uccrnegoBaHud.
KoHnUKT MHTepecoB. ABTOpPbI [eKNapupyoT OTCYTCTBME SIBHBIX U MOTEHLMATIbHBIX KOH(IMKTOB MHTEPECOB, CBsI3aH-
HbIX C NybrMkaumen HacTosILLEN CTaTby.
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Abstract

Introduction. The antiviral action of a number of drugs is associated with their modification of the lipid membrane of
viruses. One of the possible mechanisms of such modification of the viral membrane is the extraction of cholesterol
from the membranes of virions.

Objective of the study. A method has been developed for determining the infectious and hemagglutinating titer
of avian influenza virus by changing the microviscosity of the viral membrane after incubation with phospholipid
modifiers, using cholesterol-free liposomes consisting of phosphatidylcholine and phosphatidylethanolamine in a
molar ratio of 1 : 2 for 48 hours as an example.

Materials and methods. The extraction process was confirmed by two methods: gel filtration with radioactively
labeled liposomes and virions, and by changing the polarization value of the fluorescent probe 1-anilinonaphthalene-
8-sulfonate anion (8-ANS) in the viral membrane.

Results. A correlation was found between the change in infectious and hemagglutinating titer and the microviscosity
of the viral membrane.

Conclusion. In this regard, it seems possible to use this dependence to determine the infectious and
hemagglutinating activity of the influenza virus within one serotype in clinical laboratory diagnostics, using various
fluorescent probes. It should be noted that not only liposomes of a certain composition can be used as lipophilic
modifiers of the viral membrane, but also such compounds as ethylene glycol, erythritol, glycerol.

Keywords: cholesterol-free liposomes; influenza virus; cholesterol extraction; microviscosity of the viral membrane,
laboratory diagnostics
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BBenenue

Ha ceromusmiauit IeHh UMEETCST 3HAYUTETEHOE KOJIHYe-
CTBO Pa0OT, MOCBAMICHHBIX U3YUYECHHUIO POTHBOBUPYCHOTO
JEWCTBUS JINTIOCOM B KOMIUIEKCE C Pa3HBIMU XMUMHUYECKH-
MH COCTUHECHUSMH M METOJaM H3YYCHHS MEXaHW3MOB
B3aUMOJCHUCTBHSI TAKUX JUIIOCOM C Pa3HBIMU 000JI0Yed-
HbIMU BHpycamu [1-9]. OOMEH TUNHIAMH C JIHIIOCOMa-
MU TIPABOITUT K M3MCHECHHUIO (DU3MIECCKUX XapaKTEPHCTHK
JIOKaJBHOTO OKPY)KCHHS OCINKOBBIX AHTUTEHOB BHpYCa
TPHIIA U K HEBO3MOYKHOCTH U3MEHEHHS NX KOH(OpMAIUu
MIPU B3aUMOJICHCTBHU C PEIENTOPaMH KIICTKH-XO3SMHA.
[Ipu 3TOM B JHTEpaType OTCYTCTBYET MH(POPMAIHS O Ha-
JIMYUX 3aBUCHMOCTH MEX]y BEIMYMHAMHU UH(EKIIMOHHO-
T'O ¥ TEMarnIIOTHHUPYIOIIETO TUTPa BUPYCa TPHUIIA OT (hu-

472

3MYECKUX XapaKTEPUCTHK BHPYCHON MeMOpaHbl. OmHON
U3 TaKUX XapaKTePHUCTHK, KOTOPYIO JOCTaTOYHO IIPOCTO
OIIPEAENNTh, WCIIONB3yd pPa3IH4HbIe (IIyopecleHTHBIE
30H/BI, SIBISICTCS MHKPOBA3KOCTb, YTO MOXET SBIISATHCS
JMarHOCTUYECKHM IIPU3HAKOM. VI3MEHEeHHe MUKPOBSI3KO-
CTH 3aBHCHT OT COZIEPKAaHHS XOIeCTeprHa B MEMOpaHe.

Hean — pazpaborarh METOJ, MO3BOJISIFOLIUIA OIpee-
JATh WHQEKIMOHHBIH W TeMarmIIOTHHUPYIOIIUN TUTP
BHpyCa TPUNINA B 3aBHCHUMOCTH OT W3MEHEHHUS MHKPO-
BSI3KOCTH BUPYCHOW MEMOpaHbI MOCJIE B3aMMOJCHCTBUS
¢ OecxosecTepuHOBBIMH JIUTIOCOMaMH.

MaTepI/IaJIbI U METOAbI

OO0BEKTOM HCCIIETOBAHISI CITY KIJI IITAMM BHPYCa TPHII-
na rnru, A/Mamnapn [encunsBanus/10218/84 (H5N2).
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Bupyc BoipammBanu Ha 10-ZHEBHBIX KypUHBIX SMOpH-
oHax. McxonHblii MHPEKINOHHBIA THUTP BHpPyCa COCTaB-
s 7,0 £ 0,2 1g 50% smMOpHOHaNBHBIX HHOUITUPYIOIINX
no3 B 1 mn (QUJL, /mi). Vsydenune npoTHBOBUPYCHOTO
JeCTBUS BUpPyCa MPOBOAWIN B IIEPEBUBAEMOI KYIIBType
kietok MDCK (kietkn mouexk cobaku Manuna—/lap-
ou). Knerkn muamu MDCK BbeiceBamu Ha 24-JTyHOYHBIC
IUTAaHIIETH U UHKyOupoBaym 14-24 4 o popmupoBaHus
MOHOcTos, 3annMaromiero ot 80 1o 90% pocTtoBoil mo-
BEPXHOCTU. 3aTeM BHOCUIHU B JiyHkH 1o 0,1 mi1 BUpyc-
cojiepKaIeil KUIKOCTH (MHOXECTBCHHOCTh MHQEKITUH
cocrapmsna 0,01 THJ, /xkn (50% TkaneBas uuronaru-
Yyeckas J03a Ha KJIEeTKy)) B cpene anbdha-MEM u uHKY-
Ouposanu B Teuenue 72 4 B armocdepe CO, npu 36 °C.
Ilocne nHKybGanum KIETKH NpombiBain cpenoii MEM
U BHOCWIH OECXOJIIECTEpUHOBBIC JIMIIOCOMBI B IIyH-
KU IUIAHIIETOB C MOHOCJIIOEM KJIETOK B 00beme 0,5 mul.
[InanmeTs! ¢ kneTkamMu HHKYOMpoBau B armocgepe CO,
mpu 36 °C B Teuenue 30 MuH. 3aTeM B KyJbTypaJbHON
JKUJKOCTH OMPEICIITN WH(OEKIIMOHHBIA W TeMarTiIo-
TUHUPYIOIINI THUTp Bupyca. VHQPEKIMOHHOCTh BHpYyca
ONpenessuld MO TUTPOBaHUIO B 10-IHEBHBIX KypUHBIX
SMOpHOHAX TIPH WX 3apAKCHWH B AJUIAHTOMCHYIO IIO-
nocTb. HQEKIIMOHHBIA TUTP pacCUUTHIBAIN TI0 METORY
Puna—Menua. Peakuuio remMarmirOTHHAIMKM TPOBOAMIIN
CTaHJApTHBIM O0pa3oM C HCIIOJIB30BAaHHUEM KYPHHBIX
sputrpountoB [10]. McxomHplii reMarmiIiOTHHUPYIOMINN
tutp coctaBist 2048 TAE/mn. JIumocomsl mosydand
10 CTaHIAAPTHOMY METOAY C He3HAYUTCIHHBIMU Mo du-
kamusivu [11]. Ilpemapar docdarnannxonuna (Sigma,
CIIIA) B xoHneHntpamuu 1-2 mr/mi B pacteope 0,01 M
KCI unky6uposanu npu 70 ‘C B TeyeHue 10 muH, Taxke
HCIIOJIB30BAJIM TIpenaparbl cMecHu (GochaTuauadTaHo a-
MuHa U pocharummxonuna (Sigma, CIIIA) B MoTbHOM
cooTHouleHUH 2 : 1. Pa3Mepsl U 4aCTUYHYIO KOHLEHTpa-
LU0 JIMIIOCOM OIPENEeISUId  CIEKTPOPOTOMETPUIECKU
¢ momoreto (otoanekrpokosopumerpa (OIK) mo me-
toxy I'emnepa [12]. Ans crabunm3anum TUIocoM 100aB-
nsun nonmdTUiIeHruKoIb 6000 (Sigma, CLIIA) B xoHed-
HOH KoHIIeHTpanuu 2,5 MM. PacnpeneneHue naumocom
m3 cMmecu GocoNUIUIOB MO pa3MepaM MPEACTABISIIO
co00ii raMMa-paclpezie/leHie CO CPeIHUM PaJuyCcoM JIU-
nmocoM R = 85 + 2,5 HM, cpeiHUI MHIEKC TTOJIUUCTIEPHO-
CTH JIMIIOCOMAJIbHBIX Aucrnepcuit cocrasisut medee 0,1.
CpenHsis yacTU4HAs KOHLEHTpAlMs JIMIOCOM U3 CMECU
dochomunumos cocrasuna N = (6,45 = 0,1) x 105 cm?.
Omnpenenenue CTENEHN OKHCIEHHOCTH JIMTIOCOM IPOBO-
WA TI0 OOIIENPUHATON METOIUKE C pacueTOM HHIEKCA
okuciennoctu (MO):
_(D n D 300)

14(0) (1),
(D 215 D 300)
e D,,,, D, u D, — onruyeckas IJIOTHOCTb aHa-
JTU3UPYyeMOTro  o0paslla, HW3MEpeHHas OTHOCHUTENb-

HO 95% sTHIIOBOTO CcITUpTa Ha crieKTpodoTomeTpe Anthos
Zenyth 200th (Biochrom, BenukobpuTanwst) mpu amuHax
BoiH 233, 215 1 300 uM cooTBeTcTBEHHO. CTAaOMIBLHOCTD
JTUTIOCOMAITLHOW JTUCTICPCUH OIEHUBAIA 10 H3MCHE-
HUIO Pa3MEepOB YACTHIl B 3aBUCHUMOCTH OT CPOKa XpaHe-
Hus (mpu Temneparype 4 °C B tedenue 20 cyT), CBETO-

B MOMOLLb BUPYCONOry

MPOMYCKAHUIO TIPHU JIJTMHE BOJHBI 640 HM C TOMOIIBIO
cnekrpodoromerpa Anthos Zenyth 200th (Biochrom,
BenuxoOpuranus) u n3era-noreHnuany (L) KoTopblit
OTIPENEeNSUTA 110 3IEKTPOPOPETUIECKON TMOJBHKHOCTH
JIUIIOCOM B JHUCIIEPCHH METOIOM MHKpO3JIeKTpodopesa
¢ momoripio mpubopa Zetasizer-2 (BemukoOputanus).
C 1enplo BBISIBIECHUS SKCTPAKIUM XOJECTEpUHA JIUIO-
COMaMH NPUMEHSUTH Tellb-QUIBTPALUIO U PaTUOMETPHIO
MedeHHBIX '*C-X0JIeCTepHHOM BUPHOHOB 1 *H-nHYIMHOM
JIUIIOCOM B KOJIOHKE JUIsl Tellb-QUIBTPaluU C cedapo-
3011 4B (Sigma, CIIIA). OTcyTCcTBHE BUPHOHOB B (hHIIB-
TpaTte B O0OOMX CIIydasX KOHTPOJIUPOBAIH C ITOMOIIBIO
peaknuu reMarcmotuHanuu [10]. PaquoMerpuro oopas-
OB OCYIIIECTBIISUTH ¢ TToMoIsio paauomerpa (bJI-BJIb-2,
P®). [lna onpeneneHnss U3MEHEHUS MHUKPOBSI3KOCTH JIH-
MUIHOW MeMOpaHbl BUPHOHOB U JIUIIOCOM ITPHMEHSIICS
¢myopecnientHsrit 30Hx 8-AHC («Sigma», CIIIA) B ko-
HeyHoHM KoHmeHTpauun 10 MxM. s onpeneneHus Be-
nuuHbl nonsipusanun (P) ncnonb3oBany criekTpodioo-
pumerp ®moopar-02-TIlanopama (P®), A . = 360 Hwm,
A, =400-550 aM. Bernuuny P onpenesnsiu o Gopmy-

SMHUC

ne [leppena—S610HCKOTO:

1 1 1 xTt,
= 4= =
p p, b, 37 I ),

rae P — nonspu3zanust GiayopecleHIMy 30HAa B MeMOpa-
He; V' — MONSIpHBINA 00beM 30H12, T, — BpeMsl XKHU3HH (iryo-
pecuenumy, Pj— npenenbHas nonspusanus GiryopecieH-
LM 30HAA, 7] — BA3KOCTb CPebl, R — ra3oBas IOCTOAHHA,
T — temneparypa cpeabl, paBHas 298 K, x — nocrosiHHas
Bonsrmana. [onspuzariro ¢iryopeclieHIIN 30HAa B BU-
PYCHOM HHOKYJIATE OIpeNessUIN A0 J0OABICHUS JIUIIOCOM
M TI0CJIe MHKYOAINH C JIMTTOCOMaMH, KaK OMHCAHO BHIIIIE,
B TeueHHe 48 4. KOHTpoJbHBIN NpenapaTtoM sBISICSA BH-
pyCHBII MHOKYIAT. KonndecTBeHHOH OLIEHKOH MPOTHUBO-
BUPYCHOTO JAEUCTBHS JIMIIOCOM sBIsIack BeauuumHa AT
(1gDUJL, /mn), paBHas pasHOCTH MHQPEKIMOHHBIX TUTPOB
JI0 ¥ 1ociie BHeceHus! aunocoM. CTaTHCTHYecKylo o0pa-
0OTKy pe3ysIbTaToOB, MONMYyYeHHBIX U3 4-KpaTHBIX TIOBTOPOB
Ka)XJIOT0 3KCIIEPUMEHTa, MPOBOAMIN CTAaHIAPTHBIMH Me-
Togamu ¢ momonipio Microsoft Excel 2010 ¢ mpoBepkoit
BBIOOPKH Ha HOPMAJIbHOE pacHpeliefieHne C HMOMOIIBIO
kputepust KonmvoropoBsa u pacuera f-KpuTepus, pa3nnaus
CUMTAJIN IOCTOBEPHBIMHU ITpH p < 0,05.

PesyabTarsl

Ha mepBoM srame uccieqoBaHuii ObUIO TPOBEACHO
W3y4YeHHe CTAOMIBHOCTH JIUTIOCOMANBHBIX THCIIEPCHH.
Ha pue. 1 mpencrasiieHa 3aBUCUMOCTB, OTpaKarolas
CTaOUJIBHOCTh JIMIOCOMAJIBHBIX IUCIIEPCUM B 3aBHCHU-
MOCTH OT cpoka xpaHeHus npu 4 °C. Ha pucynke Bun-
HO HE3HAYUTENIbHOE, B INpeJesiaX OIMIMOKH, YBEeIHYeHHe
CpEIHEro pajnyca JUIOCOM B TUCTIEPCUH IPU XPAHEHUU.
CBETONPONYCKAaHUE JIMIIOCOMANBHON JUCIEPCUM IPU
temmeparype 25 °C u mimHe BomHbl 640 HM coCTaBIIsI-
110 75%, 94TO COOTBETCTBYET TpeboBaHMUsAM [ ocynapcTBeH-
HOil (papmakonen P®. HM3BecTHO, YTO YCTOHYHMBOCTH
KOJUIOWZHBIX PacTBOPOB HAOIIOAAETCS NMPH 3HAYCHHAX
n3era-noreHnuana 6onee 30 MB o abconroTHOMY 3Have-
auto [13]. Cpengree abCONMIOTHOE 3HAUCHUE J3ETA-TIOTCH-
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Fig. 1. Change in liposome size at 4 °C for 20 days.
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Fig. 2. Gel filtration of radioactively labeled *H-inulin-free cholesterol-liposomes and *C-cholesterollabeled influenza virions.

[paxa JUImocoMm coctaBmwio { = 65 = 1,5 mB. 3nauenue
MO ucxonnoit nucnepcun aunocom cocrasuio 0,1, mpu
xpaHeHuu B TeueHnue 20 cyT npu temmneparype 4 °C MO
He3HaunTeNbHO yBenuumics a0 0,15. B oboux ciywasx
MO =e npeBsIan npeaeasHoro 3HaueHus, pasHoro 0,4.
C 1enbIo MPOBEPUTH THITOTE3y IKCTPAKIINN XOJIeCTEPHHA
13 BUPYCHON MEMOpPaHBI, TIOCIIC MHKYOAIliH C BUPUOHAMH,
MeUYeHHBIMH “C-XOJIeCTEpPHHOM B TEYEHHE 5 U, AUCIIEPCHIO
¢ MeYeHHBIMH *H-HHYTHHOM JIUIOCOMaMH (HpaKIOHUPO-
BAIM TIO0 pa3MepaM Tenb-QuibTpanueii Ha cedapose 4B.
Br1o oOHapy>keHO, YTO OCHOBHAS YaCTh MEUCHBIX JIUTTHAIOB
HaXOAUTCS B COCTaBE YaCTHUII, COBIAIAIOIIIX IT0 CBOUM pa3-
MepaM C UCXOAHBIMU JumnocomMamy. CoBIagany He TOIBKO
CpeIHue pa3Mepsl, HO U pachpeseseHue 1o pamepam. He-
OorpIras (hpaxiys JIUTIOCOM B pe3yiIbTare B3auMOISHCTBHS
C BUPHOHAMH NpeBpaTwiiack B Ooiiee KpyIHBIE arperarsl.
B ux cocrase Tax:ke IpUCYTCTBOBAI BHPYCHBINA XOJIECTeE-
puH (puc. 2). DKCTpakius XojecTeprHa U3 BUPUOHOB BO3-
MOKHA TOJIBKO TIPH KOHTAKTHOM B3aMIMOJICHCTBUH JINTTOCOM
Y BUpUOHOB. Takas cUTyamusi MOXeT HaOMIOmaTbCs TMpU
pa3pyIleHNH JBOMHOTO SJIEKTPUYECKOTO CJIOS BHPYCHBIX
MeMOpaH JIMTIOCOMaMH. DKCTPaKIHs XOJECTEpUHA OecXo-
JIECTEPUHOBBIMH JIUIIOCOMAMH TIPUBOAMIA K CHIDKEHHUIO
MHKPOBSI3KOCTH BHPYCHBIX MEMOpaH, 4To ObIIO MOATBEPK-
JICHO C TIOMOIIBIO OTpeeIeHNs] BEMYUHBI MOJIPH3aIN
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(hiryopectientim 30H10B 110 Gopmyne (2). Pacuersr moka-
311 yMEHBIIEHHE MHKPOBA3KOCTH BHPYCHBIX MeMOpaH
¢ (5,0+0,4) x 107 ITa-c mo (1,0 £ 0,05) x 107 ITa-c B Teue-
HHUe 48 9 mocyie WHKyOanuu ¢ aunocomamy. B BupycHoM
KOHTpOJIE YMEHBIIEHHE MUKPOBI3KOCTH MeMOpaH He Mpo-
ucxonuiio. Ha ocHOBaHHMHM MONMy4eHHBIX PE3YNIBTaToB OBIIO
CIIENIaHO TIPEATIONIOKEHHE O BO3MOYKHON KOpPpENIUK HH-
(heKLIMOHHOM ¥ FeMarNIIOTHHHPYIOIIEH aKTHBHOCTH BUpYCa
OT MHUKPOBSI3KOCTH MeMOpaH BHPHOHOB, U, TIOCKOJIBKY H3-
MEHEHHE MHKPOBS3KOCTH BHPYCHOM MEMOpaHbI BBI3BIBAET
M3MEHEHHE MPOCTPAHCTBEHHOIO PACTIONOKEHHS aHTHIEH-
HBIX OEJIKOB, TIOCIIE/THEE MOXKET OBITh UCIIONB30BAHO B Kaye-
CTBE IMAarHOCTUYECKOTO NIpH3HaKa. BBl TOTydeHs! 3aBH-
CHMOCTH MH(EKIIMOHHOTO U TeMarNIIOTHHUPYIOIIETo TUTpa
OT MHUKPOBSI3KOCTH BHPYCHBIX MEMOpaH C BBICOKAM KOA(-
(ummentom xoppermsimuu. Ha pue. 3 mpencraeneHa yObI-
Barollfasi JMHENHas 3aBUCHMOCTb MH(EKIMOHHOTO THTpa
OT MHKPOBSBKOCTH MeMOpaHbl BUpyca. [ remarnitoru-
HUPYIOIIETO TUTpa OblIa MoMyyeHa yObIBaroIIast SKCIIOHEH-
LHaTbHas 3aBUCUMOCTS (puc. 4). Ha rpadukax npuBeaeHb
ypaBHEHMS JTUHUM TPEH/Ia, 10 KOTOPhIM MOXKHO PacCUUThI-
BaTh ITOKA3aTeNI HHPEKIIMOHHON 1 TeMarrIOTHHUPYIOIICH
AKTUBHOCTH 10 SKCIEPUMEHTAILHO ONpPEACICHHBIM 3Hade-
HHSIM MHUKPOBSI3KOCTH MEMOpaH JUTsl KOHKPETHOTO IITaMMa
BHUpYyCa IPHITIA.
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Fig. 3. Dependence of infectious titer of the virus on the microviscosity of the viral membrane.
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Fig. 4. Dependence of the hemagglutinating titer of the virus on the microviscosity of the viral membrane.

3akiaouenue

Takum oOpa3zoM, mpeanoxkeHHas B paboTe METOAMKa
H03BOJISIET MPOBOJMTH KOJMYECTBEHHOE OMpeIesICHHE
MHQEKIIMOHHON W TeMarmTIOTHHUPYIOMEH aKTHBHOCTH
BHpyCa I'pUNNA B 3aBUCHMOCTH OT M3MEHEHHH MHKPO-
BSI3KOCTH MeMOpaH BHPYCOB IIOCIE B3aUMOAEHCTBUS
tdhochomumuaHbXx MomupUKaTOpoB. [JaHHEIH METON MO-
KET HaWTH MPUMEHEHHE B BUPYCOJIOTHYECKUX HCCIIE0-
BaHUSX U KIMHUYECKOH J1a00paTOpHOH INarHOCTHKE PU
orpenesieHNH MH(PEKINOHHOW W TeMarnIiOTHHUPYIOIIEiH
AKTUBHOCTH BUPYCOB T'PHIIIA.

CrnemyeT OTMETUTH, YTO HM3MEHEHHE MUKPOBSI3KOCTH
BHPYCHOM MeMOpaHBI MOXKET MPOUCXOAUTH IPH B3aWMO-
JeMcBUU C TIOOBIMU APYTHMHU (HOCHOTUITUAHBIMU MOIH-
(uKaTopamMu, KOTOpble MOXKHO HMCIOJIB30BaTh AJISL OIIpe-
JIeJICHHS BHIIIEYKa3aHHBIX TUTPOB BHPYyCa TPUIIIIA.
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AuntuTtena npotuB VP3 echovirus 30 (Picornaviridae:
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Pe3tome

BBepeHue. LLnpokas pacnpocTpaHeHHOCTb aHTepoBupyca echovirus 30 (E30) n criydan TSHXENoro Te4eHnst NH-
deKkummn ykasbiBaloT Ha HeobxoaAMMOCTb paspaboTkv CpeacTB MMMYHONPOMUNAKTUKN. B CTPYKType noBepXHOCT-
Horo 6enka VP3 psiga aHTepOBMPYCOB HaWAEHbI ANUTOMbI ANA HENTPaNU3yLWNX aHTUTEN u T-KNeToYHOro oTBeTa.
OpHako ummyHoreHHble ceoncTtea VP3 E30 He nayyeHbl.

Llenbto HacTosilwen paboThl SBUMaCk XapakTepucTMka MMMyHOreHHOCTH kancugHoro 6enka VP3 E30 n nsyyenne
BMpYCHENTpanuayLwmx ceoncTts aHTuTten npotns VP3 E30.

Matepuanb u metoabl. PekomGuHaHTHbIN VP3| 1 xuMepHbIii Benok S, -VP3_,, coctoawmin ns S-permoxa VP1
HopoBupyca 1 nonHopasmepHoro VP3 E30, akcnpeccuposamv B Escherichia coli. S -VP3_,, ucnonssosanv ans
thopmmposaHusa BUpyconogobHbIx vactuy (BnY). Oenicteue S,-VP3_,, Ha aeHaputHble kneTku (LK) venoseka
OLEeHMBanM MeToAOM NPOTOYHON LMTOdnyomMeTpmum no nameHexmto akcnpeccun HLA-DR, CCR7, CD80, CD83 u
CD86. [ina uccnenosaHns UMMYHOTEHHbIX CBOWACTB S, -VP3_,, MMMYyH13MpOBanu molwen nuHuv BALB/C u mop-
CKYIO CBMHKY. TUTPbI aHTUTEN U NX aBUAHOCTb ONpPeAensany MeTogoM MMMyHodbepMeHTHoro aHanusa. Baanmopen-
cteue aHTuten npotme VP3 ¢ Bupycom E30 mM3yyanu ¢ NOMOLLbIO MMMYHO3MEKTPOHHOW MUKpockonun. Cnocob-
HOCTb HENTPanM3oBaTb BUPYC UCCNEAOBaNM B KynbType KNeTok ambpuoHansHon padgommnocapkomsbl (RD).
PesyneTatbl. PekoMBuHaHTHBIN VP3_,, BbI3biBaN HenomnHoe cospesaHue [K Yenoseka, xapakrepuaytoieecs oT-
CYTCTBMEM CTUMYNALUN IKCpeccun xemoknHooro peuentopa CCR7. BkntoyeHne VP3 B coctaB xumepHbix BnY
NPUBOAMIIO K NOonHomy co3peBaHuio [IK n cunbHOMy rymopasnbHOMY MMMYHHOMY OTBETY Y nabopaTopHbIX XUBOT-
HbIX. AHTUTena npoTtue VP3 xapakTepn3oBanunch BbICOKOW aBMOHOCTbIO, CNOCOBHOCTLIO BbI3biBaTb arfioMepaumio
BUPYCHbIX YacTu in vitro n HentpanusosaTb Bupyc E30 B kynbType knetok RD.

3akntoyeHue. [onyyeHHble pesynsTaTsl CBUAETENLCTBYIOT O TOM, 4TO VP3 MOXeT BbITb MCMOMb30BaH B KavyecTse
aHTUreHa B cocTaBe CyObeanHUYHOM BaKLUMHbLI NPOTUB aHTepoBupyca E30.

KnioueBble cnoBa: echovirus 30; VP3; supyconodobHbie Yacmuubl; XuMepHbie BErKu, 8aKUUHbI
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DOI: https://doi.org/10.36233/0507-4088-347 EDN: https://elibrary.ru/thgkin

®duHaHcHMpoBaHue. ABTOpPbI 3asBIAOT 06 OTCYTCTBUM BHELLHEro (OMHAHCMPOBaHWS MPW NPOBEAEHUN UCCMEA0BaHUSI.
KoHdnukT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBME SBHbIX U NMOTEHUMAarnbHbIX KOH(MMMKTOB MHTEPECOB, CBA3aAH-
HbIX C NyBnuKkauveln HacTosLLen cTaTby.

OTnyeckoe yTBepxAeHMUe. ABTOPbI NOATBEPXAAIT COOMOAEHNE UHCTUTYLMOHANbHbBIX U HauMOHanbHbIX CTaHAapToB
Mo MCMonb30BaHUO NabopaTopHbIX XKUBOTHbIX B cooTBeTCTBUM ¢ Consensus Author Guidelines for Animal Use (IAVES,
23.07.2010). MNMpoBeaeHne uccnenoBaHuii ogodpeHo Atudeckum kommtetom PbYH HHUNISM nm. akapgemuka W.H. Brio-
xuHow PocnotpebHapsopa (npotokon Ne 5 ot 25.11.2021).
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Abstract

Introduction. The widespread occurrence of enterovirus echovirus 30 (E30) and cases of severe disease indicate
the need for vaccine development. Epitopes for neutralizing antibodies and T-cell response have been found in
VP3 proteins of some enteroviruses. However, the immunogenic properties of VP3 E30 have not been studied.
The aim of this work is to characterize the immunogenic properties of VP3 E30 and testing the virus-neutralizing
properties of antibodies against VP3 E30.

Materials and methods. VP3_, and the chimeric protein S -VP3_,, consisting of the S region of norovirus VP1
and VP3 E30 were expressed in Escherichia coli. S -VP3_,, was used to form virus-like particles (VLPs). The
effect on human dendritic cells (DCs) was assessed by flow cytometry to measure changes in HLA-DR, CCR7,
CD80, CD83 and CD86 expression. BALB/c mice and guinea pig were used for immunization with S -VP3_,.
Antibody titers and avidity were determined by ELISA. The interaction of antibodies with VP3 E30 was studied
by immunoelectron microscopy and virus neutralization in embryonal rhabdomyosarcoma (RD) cell culture.
Results. Recombinant VP3 E30 caused incomplete DCs maturation, characterized by the understimulation of the
CCRY7 chemokine receptor expression. Inclusion of VP3 in the chimeric VLPs resulted in complete DCs maturation
and a strong humoral immune response in laboratory animals. Antibodies against VP3 were characterized by high
avidity, the ability to induce agglomeration of viral particles and neutralization of E30 in RD cell culture.
Conclusion. The obtained results indicate that VP3 can be used as an antigen in the composition of a subunit
vaccine against enterovirus E30.
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BBenenue

Echovirus 30 (E30), sBrstonuiicst OqHAM U3 TIPEACTa-
Butenei suaa Enterovirus betacoxsackie (Enterovirus B),
IIMPOKO PACIPOCTPAHCH TI0 BCEMY MUPY H MPEICTABIISICT
cepbe3HyIo mpobnemy s 3apaBooxpanenns [1]. Bupyc
E30 sBnseTcss HEHPOTPOIHBIM, HHOHUITMPOBAHHE MOXKET
MIPOSIBISITECS B (POPME MECHUHTHTA PEKe MEHUHTO3HITe(ha-
nuTa, SHIehATUTa WIK CUCTEMHOTO 3aboneBanus. Hau-
6onee yacto E30 geTexTupyeTcs npyu BUPYCHOM MEHHWH-
THTE Y JIeTel 1 y JII C 0CcTIa0IeHHBIM HMMYHUTETOM [2].
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Y uHQUIHUPOBAHHBIX MAIMEHTOB OTMEUAIOTCS CHIILHBIC
MPUCTYTIBI MUTPEHH, BBICOKAs TEeMIleparypa, CBETO0O-
S3Hb M ApYrHe KIMHU4Yeckue npossieHus. OOcienoBa-
HUe neTel ¢ Bei3BaHHBEIM E30 MEHMHTUTOM ITOKAa3aJio, 4TO
WHOUITUPOBAHUE ACCOLUUPYETCS C HAPYUICHUSIMA PETH-
OHApPHOIO KPOBOTOKA, BEPOSITHO CBA3AHHBIMHU C Ilepe-
OpoBackyIsIpHBIM BocmanieHueM [3]. DHTepoBupyc E30
SIBJISIETCSl YacTOM MPUYMHOM BCHBILIEK M MOABEMOB 3a-
6oneBaemocTr MeHuHruToM. B EBpone B 2015-2018 rr.
E30 cocraBun 14,5% Bcex NOATBEPXKIEHHBIX CiIydaeB
sHTepoBUpycHON mHpekuu [4]. MMmeroTrcs cooOmeHus
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o toM, uto E30 renerndecku pazHooOpaseH. duiorexe-
TUYECKHH aHajIW3 Ha OCHOBE HYKJICOTHIHBIX IMOCIE0-
BaTENbHOCTEH TeHa KarcuaHoro oenka VP1 mokaszan cy-
IIECTBOBaHUE § MOHO(QHICTHUSCKUX TPYNI WIH JIUHUN
Bupyca [5]. Takum oOpa3om, mmpoKas pacHpoCTpaHEH-
HOCTb U CIIy4au TSDKEJIOTO TeueHHs OOJEe3HH YKa3bIBalOT
Ha HEOOXOIMMOCTb Pa3pabOTKU CPEeCTB UMMYHOIIPO(H-
naxktuku E30-mabexnum.

Bupyc E30, xak u npyrue SHTEpOBHUPYCHI, UMEET MEIl-
kue 0e300070ueyHbIe BUPHOHBI, IIOBEPXHOCTh KalcHAa
KOTOPBIX 00pa3oBaHa TpeMs 6enkamu — VP1, VP2 u VP3.
B3aumoneiicTBue 3TX 0G€IKOB MEXKAY COOOI MPUBOAUT
K 00pa30BaHUIO y4acTKa CBA3bIBAHHMS BHpYyCa C peLen-
TopoM KieTku. Hambomee wccnenoBaHHBIM y 3HTEpO-
BHUpYCOB sBisieTcs 6ei1ok VP1, B koTopoM 0OHapy:keHO
MHO)KECTBO JTMHEHHBIX 3MHUTONOB IJIS1 HEUTPATU3YIOIIHNX
BUPYC aHTHTEN. DTO ONpeAessieT BHIOOp OONBIIMHCTBA
uccnenosarene B nmonap3y VPl nns co3maHus BakUMH
MPOTUB PHTEPOBUPYCOB [6]. CBOMCTBA IPYrux MOBEPX-
HocTHBIX OenkoB E30 m3yuensl Hemoctarouno. Ha mpu-
Mepe MOINOBHpYyca OBLIO MOKa3aHo, uTo VP3 mpossisin
Oonee BBIPAXKEHHYIO CIOCOOHOCTH K HMPOHUKHOBEHHUIO
B TOJOBHOW MO3r dYepe3 remarolHuedannyecknii Oa-
pbep mo cpaBHenuto ¢ VP1 [7]. YcranosneHo, uto VP3
Enterovirus D68 urpaer kito4eByio poib B MOAABICHUU
BPOXKJICHHOTO MMMYHHTETa XO3iMHA, OJOKHUPYS CHHTE3
nuTepdeponos I tuna [8]. B crpykrype VP3 HekoTOphIX
SHTEPOBUPYCOB HaMJECHBI 3MUTONBI I HEHTpalu3yro-
mux antuten [9-11] u T-kinerounoro oreera [12]. D0
yKa3bIBaeT Ha BO3MOXKHOCTh MCIONb30BaHMA Oenka VP3
SHTEPOBUPYCOB B KadeCTBE aHTUIECHA AJIsI Pa3padOTKU
BaKIUH WIHA TeparneBTHYecKoil MumeHn. OnHaKo HMMY-
HoreHHble cBoiicTBa VP3 E30 He n3ydeHsl.

Heab nccnenoBaHusd — XapaKTEPUCTHKa UMMYHOTEH-
HbIX cBoicTB VP3 E30.

MaTepna.m,l U METOAbI

B pabore mcmonp30Banyu HYKIEOTHIHYIO TMOCIEI0Ba-
tenpHOCTE VP3 Echovirus 30 isolate NSW-V46-2008-
ECHO30 (GenBank Ne MF678335.1). Jlns ycnemHoi
skcripeccun B Escherichia coli mpoBomumm ontuMu3a-
LU0 KOJIOHOB C HCIOJB30BAaHMEM HH(OPMAIUH, MPEa-
cTaBlIeHHOM B 6a3e nanHbix Codon usage database (http://
www.kazusa.or.jp/codon/). JIHK cuntezupoBamun 8 OO0
«JTromunipo6 PYC» (Poccust). Pexombunantheii VP3
MOJTy4aliv, Kak onrcaHo panee [ 13]. [y moBbIIIEHUS UM-
myHoreHHOCTH VP3 E30 00benuHsIN B OMHY MOJICKYITY
C TIOCJIEA0BATEIEHOCTHIO, KOAUPYIOUIeH S 1 MapHUPHBII
peruonbl VP1 HopoBupyca (S -VP3_, ), kak omucaHo
panee [14]. benok S -VP3_, skcnpeccuposanu B E. coli
Rosetta 2 (DE3) (Novagen, CILIA) u ounmmany ¢ UCIONb-
3oBanueM IMAC Sepharose 6 Fast Flow (GE Healthcare,
[IBernmsa) B neHarypupyromux ycimousax. ms dopmu-
poBaHus BHUpycomonoOHbx yactull (BmY) mpoBommmu
muanus potuB 1000 o6seMoB OydepHOTO pacTBOpa, CO-
nepxarrero 50 MM tpuc-HCI, 150 MM NaCl, 20% caxa-
po3sl, pH 7,5. [l ynaneHus 3HI0TOKCUHOB IIPUMEHSUIN
Detoxi-Gel (Pierce) B COOTBETCTBUHU ¢ pEKOMEHIAUIMU
MIPOU3BOANTEIIS U CTEPHIIN30BAIH (DPHIIBTPOBAHUEM C M-
ametpoMm 1nop 0,45 MKM.

B MOMOLLb BUPYCONOry

THonyuenue anmucwvieopomox. CaMoK 25 MBIIIEH TTH-
auu BALB/c (Bo3pact 8 men, macca 18-20 r) aBax-
bl MMMYHHU3UPOBAJIM BHYTPHUOPIOIIMHHO C HWHTEpBa-
som 2 Hen. s nmmynusanuu 1-i rpynisl (10 Mblieit)
ucnosb3oBasin S00 MK pacTBOpa, coaepxkaiero 10 Mkr
Genka S -VP3_. . 50 MM tpuc-HCI pH 7,5, 150 MM NaCl
u 20% rmoko3sl; 2-10 rpynmy (10 Mblmeit) IMMyHU3U-
posamu 500 MK pacTtBopa, comepskamiero 10 Mkr Gemka
S-VP3_. ., 100 mxr Al(OH), («imbuo», Poccus), 50 MM
tpuc-HCI pH 7,5, 150 MM NaCl u 20% riroko3sl. Kon-
TPOJNBHYIO TPyHITy (5 MBIIeil) IMMYHHU3UPOBAIN BBEE-
HueMm 500 mxn G6ydepnoro pacteopa (50 MM tpuc-HCl
pH 7,5, 150 MM NaCl u 20% nmroxo3sl). Yepes 21 cyt
Mocyie BTOPOH IMMYHHU3AITUH Y MBIIIEH 3a0Mpann KpoBb,
TOTOBHJIM CBIBOPOTKY KpOBH U xpaHuau npu —70 °C.

Camky wmopckoit cuHku (Cavia porcellus) (Bo3-
pact 9 mec, macca 700 T) IMMYHH3UPOBAIN TOAKOXKHO
IBAXIBI C WHTEpBajIoM 2 Hexd. Jnsd KaXmod HMMyHH-
3allMd  MCIONB30BaddM | MJ pacTBopa, coaepiKalle-
ro 500 mkr 6enka S -VP3 . . 5 mr Al(OH),, 50 MM Tpuc-
HCIpH 7,5, 150 MM NaCl 1 20% rmokoser. Uepes 21 cyT
MOCJIe€ BTOPOW HMMMYHM3AallMM Y XHBOTHOIO 3a0upaiu
KpPOBBb, TOTOBHJIY CBIBOPOTKY KpOBU U xpaHmu ipu —70 °C.
Jlia monmydeHust Gppakiuu HMMYHOITIOOY/IMHOB Kitacca G
U3 CBIBOPOTKH KPOBH HUCIOIb30BAIN METO BICAIMBAHUS
Cynb(haroM aMMOHUS.

Hmmynopepmenmmuuiii ananus. OOHapykeHHE aHTUTEN
npotuB VP3 E30 u ompeneneHue WHAEKCAa aBHIHOCTH
aHTHUTEI TPOBOAMIIH, KaK ormrcaHo panee [13], ¢ HeOomb-
MM W3MEeHEeHusAMH. {151 oOHapyKEeHUsI aHTUTEI B ChI-
BOPOTKE KPOBU MBIIIH UCIIOIb30BAIN KOHBIOTHPOBAaHHbBIE
C MEPOKCHIAa30H XpeHa aHTUTENa KO3l K CYMMapHBIM HM-
myHorno6yauHam mbeimn (MMTEK, Poccus) u antutena
MPOTHB MBIIIHMHBIX UIMMYHOIIO0YIHHOB Kiacca M (IgM)
(Elabscience, Kurait). [lns BBISABIEHUS aHTUTEN MPOTHB
VP3 E30 y Mopckoil CBUHKH MPUMEHSIH OeloK A, Me-
YeHHBINH nepokcuaa3oi xpena (PI'YH HUUOM um. I1a-
crepa, Poccus).

Onexmponnas Mukpocxkonus. s OXy4eHUs MUKPO-
¢dororpaduit BnY wucmons3oBaiM TPaHCMUCCHOHHYIO
SNMEKTPOHHYIO MHKpockomuio. Ha menHyro cerky, mo-
KPBITYH0 MapiIOAUEBOM IIICHKON-NOMI0XKKON, HAHOCHU-
U 5 MKJ pacTBopa Oejka B KoHIeHTparuu 100 Mxr/mt,
WHKYOHMPOBAJIX B TEYEHUE 5 MUH, OTMBIBAJIN BOJIOW OT He-
CBSI3aBIINXCSA KOMIIOHEHTOB M OKPAIIMBAIH BOJHBIM pac-
TBOpOM 2% ypanunanerara (pH 4,5) B reuenue 20 c. O0-
pasIpl aHAIM3WPOBAIM C TIOMOIIBIO MPOCBEYHBAIOIIETO
anexkrponHoro mukpockona HT7700 (Hitachi, Anonus).

IIpu onenke crnocoOHOCTH aHTUTEN POTUB S -VP3 .
B3auMoJielicTBoBaTh C¢ BupuoHamMu E30 B KkadecTBe
HCTOYHMKA DHTEPOBHPYCA HCIIOIB30BATH (PEeKAIUU JIBYX
OOJIBHBIX, B KOTOPBIX METOJOM MOJMMEPa3HOH Iler-
HOW peaknuy ¢ oOpaTHOW TpaHCKpHITIIeH OblIn OOHa-
pyxensl E30 ¢ rerorunom eC2 (E30-eC2 1194/24) u h
(E30-h 2671/17). TotoBum 10% cycnieH3uto Gexanuii
B ()U3HOIIOTHYECKOM pPacTBOpe, IEHTPUPYTHPOBAIU
npu 5000 06/mMuH B TeueHue 10 MMH, cymepHaTaHT MO-
ClleZIoBaTeNbHO (PUIIBTPOBAM Yepe3 MeMOpaHHbIe (HUITb-
TpHI ¢ pazmepom nop 0,45 u 0,22 mxm. K 20 mxn Bupyc-
HOM cycrneH3uu 106aBnsny 20 MKI UMMYHODIIOOYJTHHOB,
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BBIJICICHHBIX W3 CHIBOPOTKH KPOBH MOPCKOH CBHHKH,
MMMYHU3UPOBAHHOM S -VP3_, . METOIOM BbICAIMBAHHUS.
B kasecTBe OTpHLATENEHOTO KOHTPOJS HCIOIB30BAIU
MMMYHOIJIOOYJTMHBI MOPCKOW CBUHKH, HMMYHU3UPOBaH-
HOH monyueHHbIM panee VP1 HopoBupyca [15]. Cmech
nHKyOupoBanu B Tedenue 30 mun npu 37 °C, 3ateM B Te-
yenue 12 9 nipu 4 °C. Ilocne nHKyOarwu npenapaTs IeH-
Tpudyruposanu B tedenue 30 mus npu 14 000 o6/MuH.
[Tomyuennsle ocanku pazBonwin B 20 MKII BOIBI U HAHO-
CHJIM Ha CETKY JJIS 3JIEKTPOHHOH MHKPOCKOIINH, KOHTpa-
CTHPOBAJH B BOTHOM pactBope 2% dochopHo-Bonbhpa-
MOBOU KHCJTIOTHI U BU3YQJIM3UPOBAIHU C MIOMOIIBIO IIEK-
TPOHHOTO MHUKPOCKOIIA, KaK OITHUCAHO BHIIIE.

eticmeue na oenopummnvie kanemxu (JK). JK momy-
gany, Kak onucano panee [16]. MOHOIMTHI BTSN
13 MOHOHYKJICAPHBIX KJIETOK KPOBH B3POCIBIX 3JIOPOBBIX
JIOHOPOB C IIOMOIIBIO 2-4acOBOM ajare3uu Ha 48-1yHou-
ueix mranmetax (Costar, CILIA). Hempununimue kieTku
OTMBIBAJIM, OCTaBIIMECs KJIETKH WHKYOMpOBalIH B Cpe-
ne RPMI-1640 (Gibco, BenukoOpuranus), comepxa-
mei 10% sMmOproHanbHOM Tensubel chIBOpOoTKH (PAA,
Agctpus). Ha 1-e u 3-u CyTku B KyJIBTYypbl BHOCHIIU
mo 20 ur/mn unTepneiikuHa (IL)-4 u 100 Hr/™Mn rpany-
JIOLUTAPHO-MAKPO(araaTbHOTO  KOJIOHHECTUMYIHPYIO-
miero akropa (Sci.store.ru, Poccust). Ha 7-e cyTku mo-
mygennsie Hespenble JIK (8/1K) mepeBoamimu B CBEXYIO
MUTATEeTIBHYI0 CpeAy U KyIbTHBHPOBAIU C M0OABICHU-
eM 10 MKI/MJI HOJUIIENITUAA VP3E3O WIn SN—VP3E30 B Te-
yenue 48 4. HeratuBHbIMUH KOHTpOisiMM sBisuiuch K
6e3 mobamnenus pekomOuHaHTHBIX OenkoB (HAK) u 1K,
WHKYOHMpOBaHHBIE C KOHTPONBEHBIM pacTBopoM (KP) — m-
3atom Oakrepuii, Tpanchuimposanuasix pET22b, xorto-
PBIF TIPOIIENT BCE 3Tanbl OYMUCTKH, aHajsornyuo VP3 .
u S -VP3_. . [[0N0KUTENbHBIM KOHTPOJIEM SIBIISUTUCH 3pe-
meie JIK (3/1K), mHKyOMpoBaHHBIE B TeUeHUE 48 9 B IpH-
cyterBuu 25 ur/mi IL-6 (Sci.store.ru, Poccust), 25 ur/mn
IL-1B, 50 ur/mn dakropa Hekposa omyxonu-o. (TNF-a)
(R&D, CIIIA) u 1 mxr/ma npoctarmaaguaa E2 (Sigma,
CIOA). Iocne unkyOaruu K cobupanu, okpammBain
(ITyopeCIIeHTHO-MEYEHBIMH MOHOKJIOHAJIbHBIMH aHTH-
tenamu Kk HLA-DR («Copbent», Poccust), CCR7, CD80
(BioLegend, CIIIA), CD83 (Elabscience, KHP) u CD86
(eBioscience, CIIA) u aHanM3UpOBAIM Ha TPOTOY-
HoM nutodmyopumerpe FacsCalibur (BD Biosciences,
CIOA). JIK reiitupoBany 1o npo¢mio mpsMoro u 6o-
KOBOTO CBETOpPAcCEMBaHHSA U OICHWBAIM JIOJIO KIIETOK,
HECYIIUX MeMOpaHHBIE MOJIEKYJBI, a TaKKe TeOMETpH-
YEeCKyI0 CpEeIHIOI HWHTEHCHBHOCTH (hIyopecleHInn
(GMFI) kak moka3zarenb CpeIHEro KOJMYeCTBa MOJIEKYI
Ha OZIHOH KIIETKE.

Peaxyuio nelimpanuzayuy TPOBOAWIH, KaK IETATHHO
onmcano panee [17]. Ha knmeTkax sMOpuoHaIbHOU pad-
nomuocapkoMbl (RD) («buomor», Poccus) ompenens-
m 50% 1uronmarndyeckoe aeicTBHUE (L[HZ[SO) IS IITaM-
MoB E30 ¢ rernotunom eC2 (u3omsar 2045/23) u reHOTH-
oM h (u3o1sat 2700/16), paHee BBIIEICHHBIX OT OOIBHBIX
SHTEPOBUPYCHBIM MEHUHTHTOM U XPAHSIIUXCSA B pado-
yeit komwteknua @BYH HHUNMDOM uMm. akagemuka U.H.
bnoxuno#t Pocmorpebnamzopa. LI peructpuposamu
Ha 4-e CyTKH BU3yalIbHO U KOJIOPUMETPUUECKAM METOIOM
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BoccTaHoBieHus Terpazonus (MTT) (3-(4,5-aumeTrnTu-
azon-2-mn)-2,5-nmudenmnrerpazonus opomun) [18]. [la-
Jiee 1J1s UCCIIEI0OBAaHUsl HEUTPAIM3YIOIIHUX CBOMCTB aHTH-
TEJI CBIBOPOTKY KPOBH MMMYHH3HPOBaHHBIX J1a00paTop-
HBIX )KMBOTHBIX ITporpesainu B TedeHue 30 MuH npu 56 °C.
s mocnenoBaTenbHbIX pa3BeleHUH UCIIOJIb30BajIH M0J-
HYI0 IIUTATENbHYIO0 cpeny, conepxantyro 100 LTI/, E30.
Cwmecs nHKyOnpoBanu B Tedenue 1 1 npu 37 °C u nepe-
HOCWIX B 96-JTyHOYHBIN IUIAHIIET, COACP AN HE Me-
Hee 95% MoHocnosa kietok RD. Jlns xaxaporo Bupyca
HCTIONIB30BAJIN IO TPH CHIBOPOTKHM KPOBHU MBIIIEH U CHIBO-
POTKY MOPCKO¥M CBHHKH, HMMyHU3UpOBaHHble S -VP3 .
HccnenoBanue mpoBOIWIM B JBYX IOBTOpax. B KoH-
TPOJIbHBIE JIyHKH BHOCWJIM NMHUTATENBHYIO cpeny Oe3 BH-
pyca. Kietkn naky6upoBanu B Tedenue 96 4 mpu 37 °C
1 5% CO,. l1pu ucnonp3osanun MTT Helirpanusyrommit
TUTP OTPENEISIIN 110 MTOCIIeTHEMY Pa3BEJCHHIO CHIBOPOT-
KM KPOBHU, B KOTOPOM CPEJHHMH IMOKA3aTellb ONTHYECKON
IUTOTHOCTH Tipu AyuHe BoHBI 570 HM (OIT) Ob11 paBeH
uny npesslan passuny mexay OII B myHkax ¢ He3apa-
>KeHHBIMH KieTkamu 1 OIl B yHKaxX ¢ KIeTKaMmu, 3apa-
xenubivu 100 I | E30, pasnenennyro Ha 2.

Cmamucmuueckyio 06pabomky TaHHBIX TIPOBOHIIH C UC-
none3oBanueM nporpamMmel GraphPad Prism 8 (GraphPad
Software, CILIA). [Tpu cpaBHEHHH HECKOJIBKHUX 3aBUCUMBIX
BBIOOPOK HCHONB30BAIN TecT PpunMaHa U IpH HepaBeH-
CTBE BBIOOPOK TPYIIIBI CPABHUBAIMA IAPHBIM 3HAKOBBHIM
PaHTOBBIM TecTOM BuiikokcoHa.

PesyabTarhl

Panee coo0manoch, 4To OTAENbHbBIE eI THIBI TOBEPX-
HOCTHBIX OenkoB enterovirus-A71 obiamanm ciaboit M-
MYHOT€HHOCTBIO Ja)K€ TPU HCIOIB30BAHUU ATbIOBAH-
Ta [19]. B cBs3M ¢ 3TUM /JI TOBBIIIEHUS UMMYHOTEH-
HOCTH HaMy OBLI [OJIy4eH XMMEpHBIA Oenok S, -VP3 .
cocrosmuit u3 S-gyactu VP1 HopoBupyca m VP3 E30
(puc. 1 a), c MonekysipHO# Maccoit 51 k/la. Takoit 6emok
croco0eH (OpPMUPOBATh OKPYIVIBIE BUPYCOIONO0OHBIE
CTPYKTYpPBI, JUAMETpP KOTOPBIX BAPBUPOBAN IPUOIU3U-
tenbHO oT 20 1o 50 M (puc. 1 6).

Ha mepBom JTame wucciemoBaHUS WMMYHOTCHHBIX
CBOWCTB OLICHMBAJH JCHCTBHE PEKOMOWHAHTHBIX VP3]530
u SN—VP3E30 Ha JIK. C 3101 11€71510 HE3pelible MOHOIIUTAap-
uere JIK yenoBeka MHKyOHpOBaIIN C HCCIIETyEeMBbIMU O€I-
KaMH, a 3aTeM oneHnBan ux penorur. [eiictBue VP3 Ha
JK BeIpakamoch B HeOOIBIIOM MpHpocTe moiau CD83*-
n CD86"-knerok n ysenmuenuu GMFI CD80'-knerok
OTHOCUTENBHO OTPULATENbHBIX KOHTposeH (puc. 2).
Wukyoamus JIK c SN—VP3E30 BBI3bIBAJIa YBEJIMYEHUE J0-
mu CD86™-knetok u poct ux GMFI, uto roBoput 00 yBe-
JMYEHUU KOJIMYECTBa KOMHUWA 3TOM KOCTUMYJIMPYIOIIEH
MoieKynbl Ha Kietke. Taxke S -VP3_, uHaynuposan
yBenuuenue sxcrpeccun CD80, koTopoe NposBIsIIOCH
B POCTE MHTEHCHBHOCTHU (DIyOpPECICHIINHA OKPAIICHHBIX
JK u okaspiBan Bozaeiicteue Ha CD83 u CCR7, kotopoe
PETUCTPUPOBATIOCH KaK YBEIWYEHHUE JOIHU KIETOK, HECY-
X 3TH Mapkepsl. CleayeT OTMETHTD, YTO AKCIPECCHs
BCEX MEPEUMCIICHHBIX BBIIIE MOJEKYJ, HHIYLUPOBAaHHAs
VP3 wmn S -VP3_, , 3aMETHO ycTymaia ypoBHIO 9KCIIpec-
cuy 3TuX Mousiekya Ha 3/IK MOJIOKUTENBHOTO KOHTPOII,
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Puc. 1. benok S -VP3_,| (bop(ngqgeT BUPYCOMNONO0HbBIE YaCTHILIBI
n4).

@ — 5nexTpodopeTHIECKas MONBIKHOCTE OunIIeRHoro S, -VP3 . (1) B cpas-
Henuu ¢ PageRuler Plus Prestained Protein Ladder (Thermo Scientific) (2);
6 — anekTponHas mukpodororpapus Bnl, obpazosannbix enkom S -VP3, ./

(yBenuuenue 12 000).
Fig. 1. The S -VP3 . protein forms virus-like particles (VLPs).

a — electrophoretic mobility of purified S -VP3_, (1) compared to PageRuler
Plus Prestained Protein Ladder (Thermo Scientific) (2); b — electron
micrograph of VLP formed by e S -VP3_, (12,000x magnification).

CO3pEBaHUE KOTOPHIX OBLJIO MHAYLUUPOBAHO CMECHIO Me-
JIMaTOPOB BOCTIAJICHHUS.

NMMyHmI3amst MBIIeH OenkoM SN-VP3E30 mokKasana,
YTO CPEIHUUA TUTP CYMMapHbIX aHTHTeN MpoTuB VP3

ala

B MOMOLLb BUPYCONOry

cocTtaBul mpuoau3uTensHo 1/35 000, a mpu MCMONB30-
BaHuu agproBanTa — 1/115 000. Turpser antu-VP3 IgM
Takke OBUTH BHICOKMMH U B CpeHeM cocTaBisuia 1/6600
u 1/8800 mpu MMMYHH3AIIMH COBMECTHO C aIbIOBAHTOM
(puc. 3 @). AuTUTeNna 061anaI OTHOCUTEIHHO BHICOKH-
MU MHJIEKCAMH aBUIHOCTH, B cpeaHeM 75% ams cymmap-
HbIX aHTuTen U 49% nna IgM. Hcnonb3oBaHue anbio-
BaHTa HE MPUBOIWIO K 3HAYMMBIM U3MEHEHISIM HHIIEKCa
aBUAHOCTHU aHTUTEN npotus VP3 (puc. 3 6).

IIpu uccnenoBaHUM B3aMMOJICHCTBUSI aHTUTEN MPOTUB
VP3 ¢ Bupnonamu E30 mokaszano, 9To 100aBIICHUE FM-
MYHOITIOOYJIMHOB MOPCKOI CBUHKH, UMMYHH3HPOBaHHOMH
S\-VP3_,, K BbIeIEHHBIM W3 (pexanuii npenaparam E30
pa3HBIX T€HOTHUIIOB MPHUBOAMIO K 00pa30BaHUIO BUPYC-
HBIX aromeparoB (puc. 4 6, 6). B peakiuu HelTpanu-
3anuu OBUIO YCTAHOBIICHO, YTO TIpH pa3BeacHuu B 20—40
pa3 copepxxamue aHTU-VP3 CBIBOPOTKM KpOBU MBbIIIEN
¥ MOpCKOM CBUHKM HeWTpamuzosanmu 100 LTI, E30
000HX TeHOTHUTIOB.

Ob6cyxnenue

OnrepoBupyc E30 sBiseTcs mmpoKo pacnpocTpaHeH-
HBIM TIaTOTE€HOM, KOTOPBIA 3aHWMAaeT BeAyllee MECTO
cpeau npencraButeneit Buna Enterovirus betacoxsackie,
obnamaronmx HeiiporponHocThio. lloBcemecTHas pac-
MIPOCTPAHEHHOCTH U TSHKECTh BBI3BIBAEMOTO 3200JIeBaHMUS
OTIPENeIAIOT HE00X0MUMOCTh pa3paboTku E30-BakuunHsl,
B TOM YHCJIe Ha OCHOBE MOBEPXHOCTHBIX OEJIKOB Karcuaa
Bupyca. [loBepxHOCTHBIE OENKM BHPHOHA IHTEPOBHPY-
COB HE IIMKO3WJIMPYIOTCS, IOITOMY HMCCIEAyeMble B Ha-
crosiiel pabore Gesiku ObLIH Moy4ensl B E. coli. VP3|
MIPEACTABIAECT cO00M PEeKOMOMHAHTHBIM aHAJOT ITOJTHO-

o/b

Puc. 2. Oxenpeccus monekyn HLA-DR, CD80, CD83, CD86 n CCR7 na nennputhbix ketkax (JIK) nocie nnxy6armu ¢ VP3 v S -VP3,, .
a —uHTeHcuBHOCTD (uryopecuenunu (GMFI); 6 — npoueHT ki1eTok, Hecymmx Mapkep (ructorpammbl Throku). THIT KICTOK, MX CTHMY/IATOPOB U aHAIH3UPYEMBbIC
Mapkepsl — moj| rucrorpammamu. Paznnums ¢ u/IK o6o3uagens:: T —p < 0,05, 7' — p<0,005; pasnuuns ¢ JIK, nakyouposanusiMu ¢ KP, 0603HaueHsr: * —p < 0,05,

** — p <0,005 (B mapHOM 3HAKOBOM PAaHIOBOM TecTe BuikokcoHa).

Fig. 2. Expression of HLA-DR, CD80, CD83, CD86, and CCR7 molecules on dendritic cells (DCs) after incubation with VP3 or S -VP3

E30°

a — the fluorescence intensity (GMFI); b — the percentage of cells bearing the marker (Tukey histograms). The cell type, their stimulators, and analyzed markers
are shown below the histograms. Differences from unstimulated DCs are indicated: ¥ — p < 0.05, ™ — p < 0.005; differences from DCs incubated with negative
control are indicated: * —p < 0.05, ** — p <0.005 (paired Wilcoxon signed rank test).
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Puc. 3. Xapaxrepuctuka anturen Kk VP3 . nociie HMMyHH3aIlMU MBILIEH XUMEPHBIM Oerkom S -VP3_ . .
a — TUTPBI QHTUTEIT; O — MHAEKC aBUJHOCTH aHTUTEN. 1 — uMMyHu3anus 6e3 agproBanTa (7 = 10), 2 — MMMyHH3aLuHK ¢ axbioBaHTOM (1 = 10).
Fig. 3. Characteristics of antibodies to VP3_,  after mice immunization by the chimeric protein S -VP3_ .
a — antibody titers; b — antibody avidity index. 1 — immunization without adjuvant (n = 10), 2 — immunization with adjuvant (n = 10).

ala o6/b e/c

Puc. 4. Ummyno3nekTpornbie Mukpodororpadun E30 (yeenmuuenue 12 000).

a — mpemapar IOcIe B3aUMOACHCTBUS ¢ aHTHTenamMu npotuB VPl HopoBupyca; 6 — arperatsl E30-eC2 1194/24 mocne B3auMmomeiicTBUs
¢ anTuTenamu npotus VP3_ .« 6 —arperarsl E30-h 2671/17 nocne B3anMozieiicTBus ¢ anTuTenamMu npotus VP3 . .
Fig. 4. Immunoelectron micrographs of E30 (12,000% magnification).
a — preparation with antibodies against norovirus VP1; b — E30-eC2 1194/24 aggregates after interaction with antibodies against VP3
c—E30-h 2671/17 aggregates after interaction with antibodies against VP3 , .

E30”

pasmepHoro VP3 E30. Monekyna S -VP3_ . sBisercs
XUMEpoii, B KoTopoi S-momen Oenka VP1 HOpoBupyca
GIL.4 ciut B omHy monekyny ¢ VP3 E30. Takoe cius-
HUE MO3BOJIAIO TTorydarbh BriY, y KOTOpBIX Ha ITOBEPXHO-
ctu npeacrasiieH VP3 E30. DiekTpoHHas MUKPOCKOIIUS
nokasana, uro S -VP3_. dopmupyer Bol pasnoro pas-
Mepa (puc. 2 6). ITo HaOIIOEHHE COTIacyeTcs C paHee
OITyOJIMKOBAaHHBIMH JTAHHBIMH, B KOTOPBIX ITOKAa3aHO, YTO
pexomOuHanTHBI VP1 HOpoBupyca ¢ reHoTunom GII.4
oOpasyer mo kpaitHeir mepe Tpu Tmma BmU ¢ gumamer-
poMm ~ 52,45 u 26 um [20].

ITockonbky JIK SIBISIOTCS Ba)KHBIM 3BEHOM Pa3BUTHUSA
MprOOPETEHHOTO MMMYHHUTETa ¥ HEOOXOMUMEBI JUIS TIep-
BO (a3pl MHHMIMANWK (OJUTUKYISAPHBIX T-Xemmepos,
KOTOpBIE, B CBOIO OYepellb, CIIOCOOCTBYIOT BhIpaOOTKE
B-KxieTkamMu TONTOXHBYIINX BBICOKOAQ(QHUHHBIX aHTH-
Ten [21], HaMu OBLTO IPOBENEHO CPaBHEHUE BO3ACUCTBUS
VP3,, u S -VP3_ . na penorun K. Ycranosneno, 4ro
nukyoarus JIK ¢ VP3 Bei3biBana ciiabpie uameHenus de-
rvotumna K (aebompimoi mpupoct gomu CD83"-u CD86™-
KJIETOK " yBennueHue skcrpeccun CD80") u He cTumynu-
poBaina skcnipeccuro CCR7 na moBepxuHoctn JIK (puc. 2).
CCRY7 sBrsieTcs OCHOBHBIM XEMOKHHOBBIM PELENTOPOM,
KOTOpBIA HampasisgeT murpanuto JIK u3 nepudepude-
CKUX TKaHel B TMM(aTHYEeCKHe y3JIbl, a TIPH €r0 OTCYT-
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CTBHH akKTHBalUs (OIUTUKYIAPHBIX T-xemmepoB Hapy-
maetcs [22]. Bo3aMokHO, 3T0 HabOmroneHue oOBsICHSIET
OIMCaHHYIO paHee C1a0yl0 UMMYHOT€HHOCTb OTAEIBHBIX
MIENTHIOB MTOBEPXHOCTHBIX OCIIKOB SHTEPOBHPYCOB [19].
S -VP3_, BbI3bIBAJ YBEIUYECHUE IKCIPECCHU KOCTHMY-
nupytromux mMojekya CD80 u CD86, mapkepa 3penoctu
CD83 u xemoxunoBoro peuentopa CCR7 Ha moBepx-
HocTH JIK, 9TO BEpOATHO CBSI3aHO CO CIIOCOOHOCTBHIO
S-VP3,., dopmuposare BnY. Ongnako mo cpaBHEHHUIO
C MOJIOKUTENFHBIM KOHTPOJIEM YBEIMYEHHE IKCIIPECCHU
HCCIIElyEMBIX MapKepOB OBIJIO YMEPEHHBIM, 4TO OTpaxa-
1o co3peBanue He Bcex JIK yenoBeka.

Jns nanbHEeHIINX SKCIIEpUMEHTOB IO HMMYHHU3AIHH
71a060paTOPHBIX JKHBOTHBIX MBI HCIIOIB30BATH TOJBKO
S -VP3_,,. Y Mbled, uMMyHU3UPOBaHHbIX S -VP3
JNETEKTHPOBAJINCH BRICOKHE TUTPHI 1 HHIIEKCHI aBUIHO-
CTHU KaK CYMMapHBIX aHTHUTeI, Tak U IgM-anTuTen npo-
tiB VP3 E30 (puc. 3). CpaBHeHHME HMMYHOTEHHOCTH
S -VP3_, ¢ HMMYyHOT€HHOCTBIO aHAJIOTUYHOTO XUMEP-
Horo Geinka S -VP1, conepxamero VP1 E30, nmmy-
HU3aIUs KOTOPBIM MPOUCXOINIIA [0 AHAJIOTHYHON CcXe-
Me [17], mokazano, 4TO TUTPHl U UHAEKCHl aBUTHOCTHU
anturten npotus VP3 Obutn BEITIE, UeM y aHTUTEN MPO-
tuB VP1 E30. D10 cBHIeTenbcTBYeT 0 Oojiee CKOpPOM
IpolLlecce CO3pPEBaHMs aHTUTEN NpoTuB VP3. NUmmy-
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HOTJIOOYTMHBI MOPCKOH CBUHKH, MMMYHH3UPOBaHHOHN
S-VP3_,, BeI3bIBaNM 00pa3oBaHue arioOMEPATOB JBYX
HanboJee pacmpocTpaHeHHbIX B Poccum reHOTHIIOB
BHUpycoB E30, BeIIENEHHBIX U3 KINHUYECKOTO MaTepu-
aja. DTOT pe3ylbTaT CBUAETENHCTBYET O CHOCOOHOCTH
aHTUTeN NpOoTUB VP3 CBA3BIBATHCSA C JUKUM BHPYCOM.
Kpome Toro, celBopoTOdHBIE aHTHUTENa MpOoTUB VP3,
MOJIy4eHHBIE TIPH WMMYHHU3AalWH MBIIIEH ¥ MOpPCKOM
CBHUHKH, OBIIM CIIOCOOHBI HEHTpPaJN30BaTh I'€HETHYE-
CKHM pasnuuaromuecs mraMmsl E30 B KyIbType KIETOK.
CxopmHbIe pe3ynbTaThl OBIIN TOTYYEHBI ISl IPYTHUX JH-
TepoBHUpycoB. llpyn nccienoBaHMM MOJHMKIOHATBHBIX
CBIBOPOTOK Y€JI0BEKA MOHOKJIOHAIIbHBIE aHTUTENA IPO-
THUB OJHOTO T€HOTHUIIa MOTYT OJIOKHpPOBATh 3apaKeHUE
KJIETOK B KYJIbTyp€ C IPYTHMH I€HOTUIIAMHU U CEPOTH-
MaMu SHTEPOBUPYCOB [23, 24].

3akjouenue

Takum o6paszom, VP3 E30 BbI3bIBAI HEMONHOE CO3pE-
Banue JIK, xapakrepusyrouieecss OTCYTCTBHEM CTHUMY-
TSIUH  dKCIpeccnd XxeMokuHoBoro penentopa CCR7.
Bxmrouenne VP3 B coctaB xumepnsix BnU mpuBoauio
K co3peBanuio JIK u cunbHOMY rymMopanbHOMY UMMYH-
HOMY OTBETY Yy JIaOOpaTOpPHBIX J>KUBOTHBIX. AHTHTENa
npotuB VP3 E30 xapakTtepu3oBalvcCh BBICOKOW aBHI-
HOCTBIO M CITOCOOHOCTBIO CBSI3BIBATh M HEHTPAIN30BATh
BHPYCHI IBYX HanOojee pacpoCcTpaHeHHBIX Ha TEPPUTO-
puu Poccuu renorumnor E30. [lomyueHHBIE pe3yasTaTsl
CBHUIETENbCTBYIOT, 4o VP3 B cocrase S -VP3_, B niep-
CIIEKTHBE MOXKET OBITh BKJIIOYCH B COCTAaB KOMOWHHUPO-
BaHHOM BaKIMHBI JUIsI TPO(UIAKTHKN SHTEPOBUPYCHBIX
WHQEKITAH.
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