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B 0030pHBIX cTaThsiXx 0000IIAOTCS MOCICAHUE JOCTHKEHUS B 00JIACTH BHpycoJioruu. Yura-
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BOH armaparypbl ¥ MPUCIIOCOOICHUH.

XKypHan paccuuTaH Ha BHPYCOJIOTOB, SIHEMHOIIOTOB, MAPa3UTOIOTOB, (HapMaKoJIOoroB, OHO-
XUMHUKOB U JIPYTUX CIICIUATUCTOB.
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The journal promotes the implementation of advances in virology aimed at treatment, reduction
ofthe incidence and elimination of infectious diseases and enhancement of diagnostics, prevention,
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pharmacologists, biochemists and specialists in related medical disciplines.
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55 net OTtaeny akonornu BupycoB ¢ Hay4yHo-npakTuyeckum
LLeHTPOM MO 3KONOrumM U aNMAEeMMosniorum rpunna
(MHcTuTyT BUpYyconorum um. [1.1. UBaHoBCKOrO

drbyY «<HULUIM um. H.®. Namanen» MuHsagpasa Poccun)

JlbBoB [1.K. , Anbxosckun C.B.

WHctutyT Bupyconorun nmenn .M. MisaHosckoro ®I'BY «HauvnoHanbHbIN nccneqoBaTenbCKUn LIEeHTP annaeMmonornm
N MUKpOGMONOrMmM MMeHn noveTHoro akagemuka H.®. Mlamanen» MuHagpasa Poccun, 123098, r. Mockea, Poccus

Pestome

B cratbe npuBeaeHbl MCTOpUYECKME acrnekTbl U OCHOBHbIE pe3ynbTaTel pabotel OTaena akonorum supycos (O3B)
¢ Hay4Ho-npakTnyeckMm LEHTPOM MO 3KOMOrMM U 3NUAEMMONorin rpunna, KoTopbi Bbin opraHnsoBaH B 1969 r.
Ha 6a3e MHcTtuTyTa Brpyconornm um. .M. Neanosckoro AMH CCCP. JestenbHocte O3B Ha npoTtskeHun Gonee
50 net Gblna HanpaeneHa Ha pa3paboTky yHAaMeHTanbHbIX NPObreM aKONornn BUPYCOB, BKIMKOYas BOMPOCHI hop-
MWPOBaHMA NONYMALMOHHBLIX reHOOHAOB BUPYCOB B NPUpOAe, W NPoBeAeHNEe KOMMMEKCHbIX KpynHoMacLUTabHbIX
nccnegoBaHuii B MHTepecax bruobesonacHocTu rocygapctea. OCHOBHOe BHVMMaHue B paboTe otaena nocBsLEeHO
npobnemam ocobo onacHbIX (apboBMpPYCHBIX) 1 coumanbHO 3Haunmbix (rpunn u apyrne OPBW, napeHTeparnbHble re-
naTuTbl) BUPYCHbIX MHGpeKUmiA. B pesynirate aTon kpynHomacluTabHow paboTel Ha Tepputopun CesepHon EBpasunm
Obinn n3onmpoBaHbl 6onee 2 TbiC. LUTAMMOB 300HO3HbIX BUPYCOB (17 podoB, 8 CeMeNCTB), IKONMOTMYECKN CBA3AHHbIX
C pasnUyHbIMU BUOAMMN YNEHUCTOHOMMX NEPEHOCYMKOB 1 MO3BOHOYHbIX X03sieB. MHOrve 13 HMx Obinu 3aperncTpmpo-
BaHbl B MEXAYHapOAHbIX KaTanorax B Ka4eCTBe HOBbIX BUAOB. M3yyeHa ponb BblAerNeHHbIX BUPYCOB B NaTOMNOrm Ye-
rioBeka, onuncaHbl HOBbIE BUPYCHbIE MHAEKUMK, pa3paboTaHbl AnarHocTuydeckme npenaparbl. [onyyeHHble B oTaene
Hay4Hble pe3ynsTaTbl UMEIOT BLICOKU NPUOPUTET U NPU3HaHLI HA MUPOBOM YPOBHE.

KnioueBble crioBa: 3Ko/102usi 8UPYCO8; HOBbIE U 8038pawjalouuecs: UHGhbeKyuu; 2pun; Kieweeol sHueganum;
OPBW; apbosupycel; napeHmeparibHble 2ernamumal; KOPOHasuUpyChl

Onsa uutnpoBaHus: JlbBoB [.K., Anbxosckui C.B. 55 ner Otgeny akonorum BMpycoB € HaydHo-npaktude-
CKMM LEHTPOM MO 3Konormv u anugemuorniorun rpunna (MHctutyTt Bupyconorum um. O.U. NeaHosckoro ®rbY
«HUU3M um. H.®. Namanen» Munsgpasa Poccun). Bonpocs! supyconoauu. 2024; 69(1): 7-21. DOI: https://doi.
org/10.36233/0507-4088-217 EDN: https://elibrary.ru/xdikxk

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

KoHcbnuKT nHTepecoB. ABTOpPbI AEKNAPUPYIOT OTCYTCTBUE SIBHBIX U NMOTEHUMArbHbIX KOH(MUKTOB MHTEPECOB, CBA3aH-
HbIX C NybrMkaumen HacTosILLEeN CTaTby.
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Abstract

The article presents historical aspects and key achievements of the Department of Virus Ecology (DVE) with the
Scientific and Practical Center for Influenza Ecology and Epidemiology, which was established in 1969 at the
D.l. Ivanovsky Institute of Virology of Academy of Medical Sciences of the USSR. For over 50 years, the DVE has
been devoted to addressing fundamental issues in virus ecology, including the formation of viral populations in
nature, and conducting comprehensive large-scale studies in the interest of the state’s biosecurity. The department’s
primary focus is on particularly dangerous (arboviral) and socially significant (influenza and other acute respiratory
viral infections, parenteral hepatitis) viral infections. As a result of this extensive work in the Northern Eurasia
region, over 2,000 strains of zoonotic viruses (17 genera, 8 families), ecologically linked to various arthropod
vectors and vertebrate hosts, have been isolated. Many of them have been registered in international catalogs
as new species. The role of these isolated viruses in human pathology has been studied, new viral infections
have been described, and diagnostic preparations have been developed. The scientific results obtained by the
department are of high priority and internationally recognized.

Keywords: ecology of viruses; emerging and reemerging infections; influenza; tick-borne encephalitis; ARVI;

arboviruses; parenteral hepatitis; coronaviruses
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Cratbs IOCBsAIIEHA FOOWIEeHHBIM cOoOBITUAM: 300-11€-
turo Poccuiickoit akagemun Hayk, 225-neturo Boen-
HO-MeIULUMHCKOM akagemuu, 80-metutro WMHcTUTyTa
Bupycojorun uMm. JI.M. VBaHoBckoro, a Tarke 110-i
TOJIOBIIIMHE CO JTHS POXKIECHUS COBETCKOTO BHPYCOJIOTa
B.M. XnanoBa. [Ipounsiit ¢pyHmaMeHT MeauKo-OHOIIO-
THYECKOTO HAIPaBJICHUs N3y4YCHUS] BUPYCHBIX UH(EKINH
B MHTEpecax OMOIOrmIecKoi 6€30MacHOCTH TOCYIapCTBa
OBUT CO37aH HAIINMH BEITUKAMHU TPEIIIeCTBEHHUKAMH,
MpEeXJe BCEro 3To akageMuku Bupyconoru M.IL. Yy-

MakoB, A.A. CmoponunueB, B.M. XKnaHoB, co3garens
JIOKTPUHBI MIPUPOTHON OYarOBOCTH HH(EKITMOHHBIX 00-
ne3neit E.H. ITaBnoBckuii (puc. 1). MoIIHbBINA UHTEIUIEKT,
ITUPOKHUI KPYro3op, HEYKPOTUMAasl DHEPTUs M OpraHu-
3aIMOHHBIN TaJaHT obecrmedrin (popMUpOBaHUE OTEYe-
CTBEHHBIX HAyYHBIX MEKIYHAPOIHO MPU3HAHHEIX IIIKOI.
Crnenyroliue MOKOJICHUs HCCieaoBaTeeli, paboras B Cy-
POBBIX YCIOBHSIX JKCIEAUITAN, HEPEIAKO COTPSKEHHBIX
C CEepBhEe3HBIM PUCKOM, U B JIADOPATOPHUAX, MPOJOIKATIN
pa3BUBaTh IIMPOKUI (POHT HCCICIOBAHUN MPHUPOTHO-

Puc. 1. E.H. [TaBnoBckuii B kpyry npenojasareneii u ciaymaresneid VI kypca Bosrnasiasgemoil uM kadeapsl o01ei 6HoI0ruu 1 mapasurolio-
ruu BoerHo-MeaumuHckol opaena Jleanna akagemun um. C.M. Kuposa, 1955 1.
Bepxuuit psn: 10.B. Unuepun, A.A. Toposenko, J[.K. JIeBoB, K.®. Jlo6poBonbckuii, A.A. Kapsikun; cpennuii psa: B.H. Hukomaes, I'I. CmupHOB,
E.H. MaBnosckuii, A.B. I'yueBuy; nwkuuit psa: B.H. Moropun, B.C. Henenbsko, H.M. Yiakos, B.J. Iyt

Fig. 1. E.N. Pavlovsky in the circle of teachers and students of the VI course of the General Biology and Parasitology Department of the
S.M. Kirov Military Medical Academy, 1955.

Top row: Yu.V. Chicherin, A.A. Gorovenko, D.K. Lvov, K.F. Dobrovolsky, A.A. Karyakin; middle row: B.N. Nikolaev, G.G. Smirnov, E.N. Pavlovsky,
A.V. Gutsevich; bottom row: V.N. Motorin, V.S. Nedelko, N.M. Ushakov, V.I. Shut.
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04aroBbIX WH(EKIHH (KaK N3BECTHBIX, TaK U paHee HEeu3-
BECTHBIX MOTEHIMAIBHO OMACHBIX), CO3MAIOIINX YTPO3y
6100e30macHOCTH.

Benymas ponb B pa3BUTUM OTEYECTBEHHOM BUPY-
COJIOTUH TIPHUHAIICKUAT WHCTUTYTY BHUPYCOIOTHH WM.
J.1. UBanosckoro (manee — MIB), yupexaeHHOMY 1OCTa-
HoBnenuem CoBera Hapomneix Komuccapor ot 30 wuto-
H1 1944 1. Ne 797 006 opranmzanuu AKageMUu MEIUIIH-
ckux Hayk CCCP (AMH CCCP). B coctas AMH CCCP
ObL1 BKJIIOUeH VB, ocHOBaHHEIN Ha 0a3e OTIEIEHHUS BH-
pycosorny Bcecoro3HOTo HWHCTHTyTa SKCIIEPUMEHTAIb-
HOW MenuuuHbl. VM OCHOBOIOJIOXHUKA BHPYCOJIOTHU
J.M. VBaHOBCKOTO OBUIO IPHCBOCHO HMHCTHTYTY IIO-
cranoBieHreM Cosera Munuctpos CCCP or 19 neka-
Opst 1950 . Ne 4344. lupextopamu VB Obutn KpymnHbIE
OpraHU3aTophbl 3PaBOOXPAHEHUS U BCEMUPHO U3BECTHHIE
yaensie: A.T. KpaBuenko (1944-1950), A.A. CmoponuH-
ueB (1950), MLII. Yymakos (1950-1955), I[1.H. KocskoB
(1956-1961), B.M. Kanor (1961-1986), I.K. JIsBOB
(1987-2016). B.M. XXnaHoB mpeBparuin WHCTUTYT B CO-
BPEMEHHBIH, ITMPOKO U3BECTHBII B MUPE HAYyUYHBII LIEHTP.
Ha 6a3e IB (hyHKIIMOHHUpPOBAJH IIECTh IIEHTPOB Beemup-
HOW opranuzarun 3npaBooxpanenus (BO3) u 6pu1a opra-
HU30BaHA CHUCTEMa MOATOTOBKU HAyYHBIX KaJpPOB B Mac-
mradax rocymapcTBa 1 3a ero mpeaenamu [1].

B 60-¢ roner B mupe, ocobenno 8 CCCP u CIIA, cy-
IIECTBEHHO BO3pPOC YPOBEHb HCCIIEJOBAaHHH IO HOBBIM
U Bo3BpamammuMmcs uHekmsMm [2—4]. B uHTepecax
Omoornyeckor 0e30IMacHOCTH TocyaapcTBa chHopMupo-
BaJIOCh COTNIACOBAaHHOE MHEHHE B akajemudeckux (AMH
CCCP, AH CCCP) u agmunucTtpatuBHbIX (MuH3IpaB
CCCP, locynapCTBEHHBIM KOMUTET MO HAyKE M TEXHHU-
Ke) Kpyrax o HEOOXOAMMOCTH OPraHM3alHUU CHUCTEMBI
M0 KOMILJIEKCHOMY HW3y4YeHHIO0 TpoOJieMbl BO3HUKHOBE-
HUS BHEIITATHBIX SMUIEMHYECKUX CHUTyaIuil. bomsimoe
3HauU€HHE OTBOAMIOCH M3YyYCHHIO OMOJIOTMYECKOro (Io-
JNOOHO pajuanoHHOMY) (hOHa Ha TEPPUTOPHU CTPaHBI
1 COTIPENeNBbHBIX rocynapcTB. Jist 3Tol e ObuT co31aH
Bcecorosnstii LleHTp 3K0510ruu BUPYCOB U POTUBO3IIH-
JIEMHUYECKOM 3alIMThl HaceJeHHs U BoicK (fnanee — [[OB)
Ha 06ase otmena »kronoruu BupycoB (OOB) MB [1]. Hau-
0oJee BaXKHBIMU TIO3BOHOYHBIMU KHBOTHBIMHU — IPUPOI-
HBIMHU pe3epByapaMu IJIs1 300HO3HBIX BUPYCOB SIBIISIOTCS
nTunbl (Aves), TpeI3yHB (Rodentia) W neTy4Yre MBIIIT
(Chiroptera). bonee 200 m3BecTHBIX apOOBHUPYCOB KO-
JIOTHYECKH CBSI3aHBl C NTUIAMHU. B HEKOTOPBIX Ciydasix
IITUIB SIBIISTFOTCS. OCHOBHBIM TIO3BOHOYHBIM XO3SHHOM,
[IPUHUMAsI aKTHBHOE y4acTHE B ()OPMHPOBAHUU BHPYC-
HOTO TIOMYJISIIUOHHOTO TeHO(OHa, a B JIPyTUX CIyXKaT
TSt BUpyca d3PPEKTUBHBIM aMILTHPUKATOpOM. Poib mruit
B IUPKYISIIUN apOOBHPYCOB OMPEIEISIETCS HECKOIbKU-
MH (aKTOpamMH, MPEeXJe BCEro: BBHICOKAs YHCIEHHOCTh
Y IUIOTHOCTH TIOMYJSIIIMKA B MECTaX THE3MOBaHWN (s
IITUI] BOAHOTO M OKOJOBOJHOTO KOMILIEKCA), OTIbIXa
U 3UMOBOK, C€30HHBIE MUTPALIH C TPAHCKOHTUHEHTAJIb-
HBIM TIEPEHOCOM BHPYCOB M TEPEHOCYMKOB (KJIEIeit),
THe3710BaHUe B Hopax. s yrryOIeHHOTO U3ydeHus 30-
OHO3HBIX BUPYCOB, CBSI3aHHBIX C NTHULIAMH, C YUYETOM UX
pOIM B pacmpoOCTpaHEHHH BHPYCOB, OBUI OpraHW30BaH
Bcecoro3Hblil OpHUTOIOTHYECKUN KOMUTET ¢ KOOPAHMHA-

PEOAKLIMOHHAA KOHLEEMNUWMA

[IUOHHBIM COBETOM MO MUTPALUH INITHUI] U METUIIMHCKON
opHuTONOTMH. JIaHHBIN KOMUTET pacmoiaraics Ha 06azax
Wuctutryta O6uomoruu Oumonorudeckoro otaeneHuss AH
CCCP (pyxoBomutens Wnbnyer B.J.) u UHcTHTYyTA BU-
pyconornun um. .. MBanosckoro AMH CCCP (pyk.
JIsBoB /I.K.). OOB o6nagan mupokoil CeTbi0 OMOPHBIX
6a3 Bo Bcex peruonax CCCP. bruia pa3zpaborana o0nenu-
HEHHas IporpaMMa HCCIIEAOBAaHNN M IBAXKBI B TOJ IIPO-
BOJMIINCH KOH(EPEHLINH C 00CYKEHNEM IUIAHOB U MOy~
YEHHBIX PE3YJBTaTOB.

TepputopnaibHble OMOpPHBIE 0a3bl, PACHOJIOKEHHBIE
npaktuueckn Bo Bcex perumoHax CCCP, BosmaBmiu
SHEepPTUYHbIe TPodecCHoHaNbI, B KOPOTKUE CPOKU cop-
MHUPOBABIINE HAYYHbIE KOJUIEKTHBBI CHEIHAINCTOB: BH-
PYCOJIOTOB, 300JI0TOB, aPaXHO-IHTOMOJIOTOB, CITOCOOHBIX
MIPOBO/INTH KOMILIEKCHBIE TTOJIEBBIE U J1a0OpaTOpHbIE HC-
cnenoBanus. [loutn Bce pykoBoguTeNnn B mponecce pado-
TBI 3aIIUTHINA JOKTOPCKUE, & OCTAIbHBIE CIIEIUATHCTHI —
KaHnuaarckue guccepranuu: WM. Bunorpaa (JIeBos,
VYkpaunna), 1. Bounos (Munck, benapycs), I1. Ckodepria
(Kummnes, Mongasus), @. Kapace (bumkek, Kupru-
sus), T. [Tak, M. KoctiokoB ([lyman6e, Tamkukucran),
C. Kapumor (Anma-Arta, Kaszaxcran), H. Mupsoesa
(baxy, Azep0Oaiimxkan), B. 3akapsu (EpeBan, Apmenus),
M. Kyp6aHoB (Amxaban, Typkmenuctan), A. Menues
(Tamkent, Y36exucran), B. 3nooun (Mpkyrck), ©. Bycsr-
ruH (Owmck), I. JleonoBa (BnanguBoctok), A. Tumodeesa
(FOxno-CaxanuHck) U Jp.

Taxum o6pazom, B CCCP npoBOaMIIICh UCCIIEIOBAHMUS
M0 BBISBICHUIO OHMOMOTHYECKOTO (DOHA, aHAIOTUYIHBIC
W3YUYEHHIO PaHalliOHHOr0 (poHA. DTO OBUIM TIEPMaHEHT-
HBIE MaHEBPHI 10 MPOTHO3Y M CHIKEHHUIO TOCIEICTBUI
YpEe3BBIYANHBIX MUAEMHYECKUX CUTYAIlUil MPUPOIHOTO
Y PYKOTBOPHOTO MTPOMCXOMKICHHSL.

ODB ¢ Hay4YHO-NPAaKTUYECKUM LEHTPOM IO 3KOJIO-
run u snugemuonorud rpunmna (B30 6su1 opranuso-
BaH B 1969 r. B pamkax peanuzanuu locynapcTBeHHON
IIpOrpaMMBbl UCCIIEN0BaHUM yupexkaeHHoro Beepoccuii-
CKOTO IIEHTpPa IO 3KOJIOTMH BHPYCOB M 0CO0O OMACHBIX
U crnaboun3ydeHHbIX HHDeknmii Ha 6aze B. Co3nmarenem
1 OeCCMEHHBIM PYKOBOAMTENIEM OTIENa Ha MPOTSHKEHUH
6onee 50 ner Ovl1 akanemuk PAH, mpodeccop, n-p men.
Hayk J[.K. JIeBoB (pmc. 1, 2). OCHOBHOH IeTbI0 paOOTHI
orAena OBUIO HWCCIEMOBaHUE OMOpazHOOOpa3ws W pac-
MIPOCTPAaHEHUs] 300HO3HBIX BHPYCOB U BBISBICHHE YIPO3,
KOTOpBIE OHH TPEICTABIAIOT Il OMOOE30IMacHOCTH TO-
CymapcTBa B KadecTBE BO30yauTeNledl HOBBIX M BO3Bpa-
marormuxcst uH}ekiwi. OCHOBHbIE HANPaBICHUS pabOTHI
BKJIFOYAJIM KOMITJIEKCHOE M3y4YeHHE SKOJIIOTHYECKUX, TI03/1-
Hee W TeHEeTHYECKUX, (PaKTopoB (OPMHUPOBAHUS ITOITYIIA-
[UOHHBIX TEHO(OHIOB MATOTEHHBIX BUPYCOB B MPHUPOJE,
aHaJIM3 MEXaHU3MOB MIPEOIONICHUS BUPYCaMHU MEXBHIOBO-
rO-MEXTaKCOHHOTO Oapbepa, MCCIIeT0OBaHNe MIPUINH ITOSIB-
JEHUS U PACHpPOCTPAHEHHUS] HOBBIX M BO3BPAILAIOIINXCS
BUPYCHBIX HH(eknuii. bonmbioe BHUMaHue B paboTe oT/e-
JIa TaKkXkKe YAeIUIOCh HaA30py 3a HMUPKYISIHEH Ce30HHBIX
BHPYCOB C pecipaTopHbIM ImyTeM nepenaun (OPBI).

B cocraB OOB Bxomuiu mepBOKIAcCHBIE CIIELUAIIHN-
CTBl MEJUIMHCKOTO W OMOJIOTHYECKOTO MPOQHIIL: BHPY-
COJIOTH U OMOJIOTH ¢ OTPOMHBIM OIIBITOM Ja0OPaTOPHBIX,
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Puc. 2. Imutpuii Koncrantusosud JIbBOB, A-p Meq. HayK,
npocgeccop, akagemuk PAH, co3narens n pyKoBoguTenb oTaena
skostoruu Bupycos (1969-2023), nupexrop HUU Bupyconoruu

nm. JI.1. VBanosckoro (1987-2014), modeTHsIH TOKTOp
Boenno-menunuHckoit opaena Jlennna akagemuu um. C.M. Kuposa
(2004).

Fig. 2. Founder and Head of the Virus Ecology Department
(1969-2023), Dr. Dmitry Konstantinovich Lvov, Professor,
Academician of the Russian Academy of Sciences.
Director of the D.I. Ivanovsky Research Institute of Virology
(1987-2014). Honorary Doctor of the Military Medical Academy
of the Order of Lenin named after S.M. Kirov (2004).

Puc. 3. E.W. bypuesa, 1-p Mel. HayK, pyKOBOAUTEIb OTIEIIa SKOJIO-
run BUpycoB ¢ 2023 1., pyKOBOAHUTENb JIAOOPAaTOPHH ATHOTOTHUHU U
SMHAEMHOJIOTUH TPHIIIA.

Fig. 3. E.I. Burtseva, Dr. Sc. (Med.), Head of the Virus Ecology
Department since 2023, Head of the Influenza Etiology and Epide-
miology Laboratory.
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300JIOTHYECKUX U apaxHO-PHTOMOJIOTUYECKUX IOJIEBBIX
WCCIIeIOBAaHMI B IPUPOIHBIX odarax MH(peknnii. B xom-
IJICKCHBIX MCCIIEIOBAHISIX aKTHBHOE yJYacTUe MPUHUMA-
JU COTPYIHHKH CMEXHBIX Jabopartopuii otaenoB MB:
KJIMHUYECKOW BHUpycosoruu, I'ocyaapcTBEHHON KOJIek-
LMK BUPYCOB, MPUKIIAJTHON BUPYCOJIOTHH M UMMYHOJIO-
r'vH, apOOBUPYCOB, MOJIEKYJISIPHOW BUpycosoruu. B mpo-
necce padorst OOB TecHO corpyaamyan ¢ MHCTHTYTOM
MHUIEMHONOTHH M MUKpooOuonorun uM. H.®@. 'amanen
PAMH, MHCTHTYTOM OMOOPTaHUYECKOH XMMHU MM. aKa-
nemukoB M.M. Illemsxkuna n FO.A. OBunaankoBa PAH,
BHIMU »kcnepumenTtansHoi BetepuHapuu uM. M.P. Ko-
BaneHko PACXH, PoccuiickuM Hay4HO-UCCIIEIOBATENb-
CKUM TIPOTUBOYYMHBIM HHCTHTYTOM «Mukpo6» Pocmo-
TpebHag30pa, VHCTUTYTOM MOJIEKYIApHON OHONOTUu
uM. B.A. Durensrapara PAH, [{eHTpanbHbIM UHCTHUTY-
ToM snuaemuonorun PocrorpeOHamzopa, MHCTHTYTOM
mpo6ieM skosoru u 3Bomormu uM. A.H. Ceepuesa
PAH u npyrumu yupexIeHUSIMU KaK CaHUTApHO-3IHIe-
MHUOJIOTHYECKOM, TaK ¥ BETEpUHAPHOI Ciry:k0 CoBETCKO-
ro Coro3a u PO.

B 2016 . UB npekpatui cBoe cyIiecTBOBaHUE B Kade-
CTBE CaMOCTOSITEJILHOTO YUPEXKICHUS U BOLIEN B COCTAB
OI'BY «HanumoHanbHbIH HCCIEAOBATEIbCKUNA LEHTP dIIU-
JEMHOJIOTHH U MUKPOOHOJIOTMH UMEHH MOYETHOTO aKa-
nemuka H.®. 'amanen» Munzapasa Poccun. B Hacros-
1iee BpeMs B COCTaB OT/eJNIa BXOIAT: 1JaOOpaTopusi 3THO-
Joruv U snuaeMuonoruu rpunna (pyk. bypuesa E.W.,
I-p Men. Hayk; ¢ 2023 1. — pyxoBoautens OOB, puc. 3),
naboparopust 6uorexHonoruu (pyk. AmpxoBckuii C.B.,
I-p 6won. Hayk, wi.-kopp. PAH) (puc. 4), madoparopus
skojorun BupycoB (pyk. ®ensxuna 1U.T., kann. 6uon. Ha-

yK) (puc. 5).

Puc. 4. C.B. AnpxoBckuid, 1-p 6non. Hayk, wi.-kopp. PAH, pykoBo-
JIMTENb 1a00paTopuy OMOTEXHOIOTUH OTAEIA SKOJIOTUH BUPYCOB.
Fig. 4. S.V. Alkhovsky, Dr. Sc. (Biol.), corresponding member of

the Russian Academy of Sciences, head of the Biotechnology Labo-

ratory of the Virus Ecology Department.
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Pabora OOB cBs3aHa ¢ co3gaHuEeM U Pa3BUTHEM HO-
BOTO HAYYHOTO HAIPaBJICHHUS B BUPYCOJIOTHH — SKOJIOTHH
(MonexynsapHoit) BupycoB. B mporecce paboThl UCIONB-
3yI0TCS 9KOJIOTUYECKHH MOAXOI U MareMaTHYECKUE Me-
TOABI MHOTO(AKTOPHOTO aHaJIM3a JJIS CO3JaHUs HOBOM
HAay4YHOM KOHLENIUHU — 3aKOHOMEPHOCTEH LUPKYIALUU
BUPYCOB B PA3IMYHBIX JaHAMA(THO-KIMMaTHYCCKUX
nmosicax CesepHoit EBpasum. Jlnst atoro Owin paszpabo-
TaH ¥ HCIOJIb30BaH YHHUKAJIbHBII METOJ JKOJIOTO-BUPY-
COJIOTMYECKOTO 30HAMpOBaHMA Tepputopun CeBepHOH
EBpasun u mpoOTHO3MPOBaHMS SMHAEMHYECKHX (IMU30-
OTHUYECKHX) CUTyalluii B pa3iM4HBIX JaHIIMa(THO-KIU-
MaTU4ecKux mosicax Ha Teppuropuu Coserckoro Corosa
U CONpEIEIbHBIX CTpaH (puc. 6) [5-16].

B pesynbrare 3Toi KpynmHOMacIiTaOHOW paboTHI OBI-
71 M30JIMPOBaHbl Oojee 2 ThIC. ITAMMOB BHPYCOB § ce-

Puc. 5. U.T. ensixuna, kaua. 6HoI. HayK, PyKOBOAUTEb 1abopaTo-
PHU SKOJIOTUH BUPYCOB OTAENA SKOJIOTUH BUPYCOB.

Fig. 5. I.T. Fedyakina, Ph.D., Head of the Virus Ecology Laboratory
of the Virus Ecology Department.

PEOAKLIMOHHAA KOHLEEMNUWMA

MeHcTB, 17 poloB, SKOIOTUYECKH CBA3aHHBIX C Pa3HBIMHU
BUJAMHU YIEHUCTOHOTUX MEPEHOCUYUKOB M MO3BOHOYHBIX
X03s51e€B. MHOTHE U3 HUX OBLIM 3apETUCTPUPOBAHBI B MEX-
JlYHApOJTHBIX Karajorax B KauyecTBe HOBBIX UIA HAyKH.
brbima m3ydeHa poib BBIJENEHHBIX BHPYCOB B IIATOJIO-
THM 4YeJIOBEeKa, OMHCAHBl HOBbIE 300HO3HBIE MHQEKINH,
pa3paboTaHbl JWarHocTU4eckue mpemnaparbl. [lokazano
MTOBCEMECTHOE PACHpPOCTpaHEHHE B JAHIMA(THBIX 30-
HaX TYHAPBI, TAlTH U JTUCTBEHHBIX JICCOB BUPYCOB, IIe-
PEHOCHMBIX KOMapamH, BKIIFo4asi BUPYChI rpymbl Kanm-
¢dopuwuiickoro sunedanura (Bun California encephalitis
orthobunyavirus) w Tpynmsl Bupyca baram (Bufg
Bunyamwera orthobunyavirus) pona Orthobunyavirus,
cemeiictBa Peribunyaviridae (puc. 7). Brepsrie Obiia
MOKa3aHa ¥ M3yueHa LUPKYJIIHA U ONpEAesieHO 3Hade-
HUE B TIaTOJIOTUH YEJIOBEKa M KUBOTHBIX Ha TEPPUTOPUHU
CCCP, Ounnsanann (6ones3ns Ilorocra) u Lsermu (60-
ne3nb Oxens60) Bupyca Cunabuc — Bo3Oymutens Ka-
penbCKoit muxopaaku u Bupyca l'eta u3 pona Alphavirus,
cemeiictBa Togaviridae (puc. 8, 9).

HoBble Bupychl OBUIM OTKpBITBI THpu 00cienoBa-
HUM Tepputopun lleHTpampHONH A3uM W 3akaBKasbsl.
BriepBeie Obin ommcan Bupyc Juxopaaku Mcchik-Kyms
(Nairoviridae: Orhonairoviruses), acCOIMHPOBAHHBIN
C JIETYyYUMH MBIIIAMH M HMX apracoBbIMU KJIEIIaMHU
(puc. 10). Hossle Bupycsl nuxopanok Tamasl u Bypana
(Nairoviridae: Orthonairovirus), nuxopagku CeIpaa-
peu (Picornaviridae: Cardiovirus) ObUTH WU30JUPOBAHBI
OT MKCOZOBBIX KJIEIIel, COOpaHHBIX Ha KO3aX M KOPOBax
B ITyCTBIHHBIX OMOIIeHO3aX. HEeCKONbKO HOBBIX BHUPYCOB
(Apramar, YumMm, [epans) ObUIM BIEPBBIC W30JIUPOBAHBI
OT apracoBBIX KIemiel, COOpaHHBIX B HOpax I'PHI3YHOB.
BrimenepeuncieHHble BUPYChl ObIITH KJ1acCU(pUIIIpoBa-
HBI KaK pasHble BUAbl pona Orthonairovirus cemeicTBa
Nairoviridae. BniepBble M30IMPOBaHHBIA U3 apracoBBIX
kneweit Bupyc Kapum (Flaviviridae: Flavivirus), pon-
CTBeHHBINH BHpycy Porisin-®Papm (AdraHucraH), OTHO-
CHUTCA K KOMIUIEKCY KJIEHIEBOTO dHIIEe(aanTa 1 BHI3bIBAET
CIOpaJUUECKUe CIIydyau JIMXOPaJO0dHOTo 3a00JIeBaHUSA
y uenoBeka. B Cpenneit A3nuu ObLT BIIepBbIe N30JIMPOBaH
HOBBIH (hmaBuBHpYC COKYIYK, SKOJOTHIECKH CBSI3aHHBIN

Puc. 6. MepuanonaibHOE 30HINPOBAHIE
tepputopun CCCP — uccrnenoBanust
T10 BBISIBJICHUIO OMOJIOTHYECKOTO BUPYCHOTO (pOHA
aHAJIOTUYHO paJHalliOHHOMY
U JaHIIAadTHO-KINMATHYECKOMY
paifoHUPOBaHHUIO.

Fig. 6. Meridional sounding of the USSR
territory — studies on identification of biological
viral background similar to radiation
and landscape-climatic zoning.
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Puc. 7. 3apaxkeHHOCTh KOMapOB M IMMYHHasI TIPOCIIOIKA CPEMM HACETIEHHUsI OTHOCUTENHLHO BUPYCOB ceporpyts! KanmdopHuiickoro suiedamumra.
Fig. 7. Mosquito infestation and immunity in the population to California encephalitis serogroup viruses.

Puc. 8. Pactipoctpanenue Bupyca CHHIOUC — BO30YIUTEIS
Kapenbckoit nmuxopazaku (Juxopaaka Okenb60, 6one3us [Torocra)
(Togaviridae: Alphavirus) B @eHOCKaHIUH.

Fig. 8. Distribution of Sindbis virus, the Karelian fever pathogen
(Okelbo fever, Pogost’s disease) (Togaviridae: Alphavirus)
in Fenoscandia.
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C JIETYYUMH MBIIIaMH, ¥ POACTBCHHBIN BUPYCY JICTyUHX
Meimieir OHTe00e n3 Adpuku. B Kupruszum nz apraco-
BBIX KJIEIIEH, COOpaHHBIX B THE3AHBIX HOpax NTHI, OBII
H30JIMPOBaH HOBBIN BUPYC Tionek, mo3Hee OTHECEHHBIH
K pony Qaranjavirus cemeiictBa Orthomyxoviridae.

B pamkax oTmenpHON HOANIPOrpaMMBl OBUTH MTPOBEe-
HBI HKOJIOTO-BHPYCOJIIOTMYECKHE UCCIEAOBAHMS CUCTEMBI
«xnem Ixodes (Ceratixodes) uriae — KOJIOHUATBHBIC
MOpcKkue nTump» B 3amonsapee. B 1969-1974 rr. cot-
HY LITaMMOB OBUIHM M30JIMPOBAHBI OT Kiewed Ix. uriae,
COOpaHHBIX B KOJIOHHUAX MOPCKHX NTHI[ Ha MOOEPEKbIX
Oxortckoro, bepunrosa u bapennesa mopeir. C 1 xB. M
MOBEPXHOCTH THE3IOBbSl yAaBaJloCh coOpaTh 10 7 ThIC.
kiemeil (Bce $azpl Meramopdo3a — JIHMYHMHKH, HUMQBI,
1Maro), u3 KOTOpsIX Beiaensn 10 100 mraMMoB pa3nnd-
HBIX BUPYCOB, B TOM YHCJIE€ T€HETHYECKH POICTBEHHBIX
BHpycaM KiemnieBoro sHuedammTa u Konro-Kpeivckoit
remopparnueckord smxopanku (KKIJI) (pue. 11, 12).
Bb110 ycTaHOBIEHO HUPKYMIIONSPHOE PACIPOCTPaHEHHE
npupoaHbIX odaroB B CeBepHoM n FOxHOM momymrapu-
sx. V3onrpoBaHHBIE IITAMMBI OBUIM B OCHOBHOM KJIac-
cuuIMpoBaHEl KaKk HOBBIE UISI HAayKH OYyHbBSBUPYCHI,
(hraBUBUpYCH 1 OpPOMBHPYCHI, YAaCTO TOJBKO Ha OCHOBE
MOp(OIOTHN BUPHOHA, TIOCKOJIBKY UX AaHTUTEHHBIE CBSI3U
C APYTMMH BHpPyCaMH HE OBUTH B TO BPEMsI BBIIBIICHBI
Cpenn HUX — BIEpBBIE OTKpHITHIE OyHBSBUpYchl Caxa-
muH u [lapamymmp, KoTopble mo3mHee chOpPMUPOBATH
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Myotis blythi Nyctalus noctula

Xo3ssieBa 1 nepeHocyukmn ISKV
ISKV hosts and vectors

IleTyune
MbILLIN
Bats

PEOAKLIMOHHAA KOHLEEMNUWMA

Puc. 9. Mecra uzonsaiuu Bupyca ['era
(Togaviridae: Alphavirus) B Boctounoit
Cubupu, na Jlaneaem Bocrtoke,
MoHuronuu.

Fig. 9. Locations of Getah virus (Toga-

viridae: Alphavirus) isolation in Eastern
Siberia, the Far East, and Mongolia.

Mecta nsonsauum ISKV / ISKV isolation sites

Bcenbiwka nuxopaaku Ucebik-Kynb (22 cnyyas) B TagxukmuctaHe (1982)
Issyk-Kul fever outbreak (22 cases) in Tajikistan (1982)
BcTpeyaemocts aHtuTen k ISKV (0,3-9%)

ISKV antibodies occurrence

Kneww/Ticks

MecTo nsonsumn UZAV un3 nevenun Myotis blythi in Kazakhstan

UZAV isolation site (isolated from the liver of Myotis blythi) in Kazakhstan

Puc. 10. HoBsie HaupoBupycsl (Nairovirus), acCOIMUPOBAHHBIC C JIETYYUMH MbiliaMu: BUpychl Mccbik-Kymb (ISKV) u V3yn-Arau (UZAV).
Fig. 10. New Nairoviruses (Nairovirus) associated with bats Issyk-Kul (ISKV) and Uzun-Agach (UZAV) viruses.

Bun Sakhalin orthonairovirus pona Orthonairovirus, ce-
MmeficTBa Nairoviridae. Heckonbko HOBBIX BHpycoB (3a-
muB Tepmenus, Komannopsl, Pykyrama) Obim onmcaHbl
1 no3aHee oTHeceHs! K Buny Uukuniemi phlebovirus po-
na Phlebovirus, cemeiictBa Phenuiviridae.

Hoserit maBuBupyc Tronennit u OIM3KUI K HEMY BH-
pyc Kama n3 Tarapcrana OblIM BIEpBBIE HM30IHPOBAHbI
U TIO3JHEE CTAJIN TUIOBBIMH MPEACTABUTEISIMHU TPYIIIBI
KJemeBsIx (raasuBHpycoB Mopckux nruil (Flaviviridae:
Flavivirus). PactipocTpaHeHne U 9KOJIOTHYECKHE 0COOeH-
HOCTH BupycoB OXOTCKUH 1 AHMBA, IBYX BIEPBBIC OIH-
CaHHBIX BHpycoB Buaa Great Island virus (Reoviridae:
Orbivirus), 6pun n3ydeHsl B getansx [17-21].

bouin  mpoBeleHBI T'€HETUYECKHUE HCCIICAOBAHUS
BHOBH BbIIeNeHHBIX mTamMMoB BupycoB KKIJI (Nai-

roviridae: Orthonairovirus) m nuxopaiaku 3amaaHOTO
Huna (JI3H) (Flaviviridae: Flavivirus), BBI3BaBIIUX
OOmMpHBIE HMHAEMHYECKHE BCHBIIIKH C BBICOKOH
cMepTHOCTHIO B 1999-2002 rr. Ha 1ore Poccuu. [loka-
3aHa UJEGHTUYHOCTH BUpYycoB JI3H B nmanHBIN mepuon
B Poccunm n CIIIA. YcraHoBieHBI KpyIJIOTOJWYHBIE
MOMYJISIIMOHHBIE B3aUMOOTHoOIIeHUs Bupyca JI3H
C IepeHOCYHKaMH (KOMapbl, KJICLIM) U IO3BOHOYHBI-
MU B fenbre p. Bonru (pue. 13) [22-24]. DT0 kpaTKuit
CIIUCOK Hambojee NMpUMedaTeIbHBIX HOBBIX BHUPYCOB,
OTKPBITEIX B PE3yJIbTAaTe pPealn3aluy MpOrpaMMbl UC-
CJIeIOBaHWIA; TJIaBHBIE PE3yAbTaThl 0000IIEHBI B ATa-
C€ pacrpoCTPaHEHHs MPHUPOIHO-0YaroBBIX MH(EKIUi
B Poccuiickoit ®eaepanun, uzgandom B 2001 ., u psaae
JPYTUX KHHUT. 3a 3TH JOCTIKEHHsS coTpyaHukun OOB
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Puc. 11. Knemu Ixodes uriae (0. Tronenunit B OXOTCKOM MOpe).
Fig. 11. Ixodes uriae ticks (Tyulenii Island in the Sea of Okhotsk).

Puc. 12. 'ne3n0BBIe KOIOHUN TOHKOKITIOBEIX Kaiip (Uria aalge)
Ha KoMaHIOpCKHX OCTpOBax.

Fig. 12. Nesting colonies of Thin-billed Buzzards (Uria aalge)
on the Commander Islands.

Adpuka/Africa
BecHa o
Spring i Murpupytowme ntuybl/Migrating birds
| Oenbta Bonrn/Volga Delta |
HwxHuin nosic/Southern Zone CpepHuin nosic/Middle Zone
. . MpypoaHble buoLeHo3bl/ AHTpoOnoreHHble broLeHo3bI/
MpupoaHbie GroueHossi/Natural biocenosis Natural biocenosis Anthropogenic biocenosis
Komapel/Mosquitoes Komaphi/Mosquitoes
ROMAPLIVOSAUITOeS
Coq. richiardii Vikconosble knewu/ Cx. Pipiens
An h rcanus Ixodus ticks An. Messeae
Cx. m};destus Hyalomma marginatium An. Hyrcanus
Neto ) — Coq. richiardii
A A £
Summer
Tlioan/People . .
PuiGakm/Fishermen MTuubl/Birds I'Ing,b_|/ Birds Iloaun/People
OxotHukwHunters BaknaHbl/Cormorants, Corvidae Hacenenue B uenom/
Fa30BUKI 1 HedTAHMKN/ nbicyxu/coots, uannu/herons, 1 apyrue suabl Jlowapn/Horse General population
Gas and oil workers Kpaukwu/terns, kynuku/sandpipers Ha3eMHOro KPC/Cattle MopToBble paboune/
MorpanuyHukw/Border patrol| | |4 APYTve BiabI BOAHO- Komnnekca/ Osubl/Sheep Dock workers
Mopsikw/Sailors OKOMOBOAHOro Komnnekca/ and other land CBuHbMW/Pigs Mopsiku/Sailors
TypucTtbl/Tourists and other aquatic species species Bep6ntoabl/Camels Pui6aku/Fishermen
OceHb . Mwrpupytowime ntuuypl/Migrating birds|
Autumn .
Adbpukal/Africa v
A4
Komapel/Mosquitoes Vikconoabie kneww/ KOMC? blg!\g%isuitoes
Romapebl/iviosquitoes ; X. Pipi
3uma Cog. Richiardii (larva) ,'_’,‘yojlg—smt,'r‘:f An. Messeae
Winter An. Hyrcanus (imago) marginatium An. Hyrcanus
Cx. Modestus (imago) Cogq. richiardii

Puc. 13. [TonynsuuonHblie B3anMoeiicTBus Bupyca 3anaanoro Huna
C WIEHUCTOHOTHMH TIEPEHOCYHKAMH W TI03BOHOYHBIMH XO3SI€BaMH.

1 COTPYAHHMYAIONIMX opraHu3anuii B 1999 r. 6butn ymo-
croenbl ['ocynapcrBennoi npemun P® B obmactu Hay-
KU ¥ TEXHUKH, a PyKOBOIUTENIO padboT akagemuky JI.K.
JIsBOBY OBlna mpucBoeHa BeIcmas Harpaga COBETCKO-
ro Corw3sa — Opaen JlennHa (MOCIEIHUN B UCTOPHUU)

(puc. 14) [25].
14

Fig. 13. Population interactions of WNF virus with arthropod vectors and vertebrate hosts.

3aKyIouuTeNnbHas CTaausl ITUX UCCIENOBaHUM, IPOBe-
JICHHasl MO PYKOBOACTBOM J-pa OWOJ HAyK, Yj.-KOpp.
PAH C.B. AnbX0BCKOTO, COCTOSUIA B OTIPEJIEIICHUN TeHe-
TUYECKUX XapaKTEPUCTUK M TAKCOHOMHUHM H30JIMPOBaH-
HBIX BUPYCOB C HCIIOJIb30BAHHEM COBPEMEHHBIX METOJIOB
aHaJin3a TeHOMOB Ha OCHOBE BHICOKOIIPOU3BOUTEIHHOTO
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* A.M. ByTeHKo — AnarHocTuKa ¥ uaeHTH(GUKanus
BUPYCOB
A.M. Butenko — virus diagnostics and identification

* C.41. TaligaMOBHY — HOBBIE METOIBI H3YIEHHS
OMOIOTHYECKHX CBOWCTB BUPYCOB
S.Ya. Gaidamovich — new methods for studying the
biological properties of viruses

» B.JI. I'/pomaiieBckuii — 301U BUPYCOB U UX
uaeHTHGUKAIHS
V.L. Gromashevsky — virus isolation and
identification

« ILT. IepstouH — popMHUPOBaHHE KOJUIEKIIUH BUPYCOB
P.G. Deryabin — creating a collection of viruses

* C.M. KinuMeHKo — 2JIeKTpOHHasi MUKPOCKOIHUS
S.M. Klimenko — electron microscopy

« JI.B. KonoOyxuHa — u3yueHne KIMHUKA HHEKIIH
L.V. Kolobukhina — study of infection clinic

* C.JI. JIbBOB — HCCIIEZIOBaHIE BUPYCOB B BEICOKHX
IIUPOTAX
S.L. Lvov — study of viruses in high latitudes

* J1.K. JIbBOB — pyKOBOAUTEIH IPOIPAMMBI
D.K. Lvov — head of the program

PEOAKLIMOHHAA KOHLEEMNUWMA

Puc. 14. Jlaypearsl ['ocynap-
CTBEHHOH NIPEMHU T10 HAYKE U
texuuke (1999).

Fig. 14. Winners of the
State Prize for Science and
Technology (1999).

Puc. 15. OCHOBONIONOKHUKH KOHIIETIIIMY IIPHPOAHON 09aroBocTu Bupycos rpunma A (Orthomyxoviridae: Influenza A virus).

Cunesa HanpaBo I'pam Jlasep (ABctpamus), Amurpuii JIsBoB (CCCP), PoGept Bebetep (CIIA).
Fig. 15. Founders of the concept of natural foci of influenza A virus (Orthomyxoviridae, Influenza A virus).
From left to right Graham Laver (Australia), Dmitry Lvov (USSR), Robert Webster (USA).

cexBeHnpoBanust (NGS). B pesynsrare BHeOpeHUS 3THX
COBpPEMEHHBIX METO/IOB Ha 0a3e BXOIAIIEH B OTAEN Jia-
Ooparopuun OuoTexHoJOoruu HaunHas ¢ 2012 r. ObuTH Te-
HETUYECKH 0XapaKkTepu30BaHbl 0koi1o 200 paHee HEKnac-
CH(QULMPOBAHHBIX IITAMMOB, U3 HUX Oojee 20 mTaMMOB
ObUIM OMHCaHBl KaK HOBBIE Ui HAyKH BUJBI BUPYCOB
7 cOpMHUPOBAHEI 2 HOBBIX pona. Bcero Ha MaHHBIN MO-
MEHT ycTaHOBJIEHBI Oonee 80 BHIOB 300HO3HBIX BUPY-
COB, IpUHAANEKaUX 12 pasHBIM ceMelcTBaM, LUPKY-
nupyromuM Ha tepputopun CesepHoit EBpazun. Caenan
MporHo3 (OPMUPOBaHUA MOMYJISIIMOHHOTO TeHodoHIa
MOTEHIIHAIEHO YTPOXKAIOMIUX ON00e30MIaCHOCTH 300HO3-
HBIX BUPYCOB C PECITUPATOPHON Tiepenadeii (TIOKCOBUPY-
CBI, OPTOMUKCOBHPYCHI, KOPOHAaBUPYCHI U Ap.). JlaHHBIE
YUTEHBI B MOCJIEAHEM MEXAYHAPOJHOM U3JAHUU TaKCO-
HOMUH BHPYCOB.

B ODB wuHTEHCHBHO MPOBOOWINCH HCCICIOBAHUS
M0 COLMAIFHO 3HAaYUMBIM HH(MEKIUSM, B YaCTHOCTH
10 mapeHTepanbHeIM renarutaM. B 1990-2000 rr. Obumn
MIPOBEIEHBI MACIITAOHbIE STUAEMHOIOTHUECKUE U MOJIe-
KyJISIpHO-T€HETHYECKUE CCIIeJOBAaHHS «JIACKOBOTO YOUH-

sy — Bo30OyauTens BupycHoro renaruta C (Flaviviridae:
Hepacivirus). B pe3ynprate MOHHUTOpPHHTa paclpocTpa-
HeHHA B Poccum pasHBIX €ro reHOTHUIIOB YCTAHOBIICHO
MTOBCEMECTHOE JIOMUHUPOBAHUE Ha IIEPHOJ HAOIIOACHUS
HaunOoJee MaTOreHHOro reHoTHna 1b u onMcan HOBBIH Te-
HoTuI 2Kk. /laHbl peKoMeHJanuy no 00CIea0BaHHIO U Jie-
YeHNIO0 OONBHBIX. V3y4eHBl IPUYUHBI BRICOKOTO YPOBHS
3a00/1€Ba€MOCTH HAaCeNCHUA BUPYCHBIMU TI'eMaTHTaMHU
A (Picornaviridae: Hepatovirus), B (Hepadnaviridae: Or-
thohepadnavirus), nu E (Hepeviridae: Hepevirus) 8 Cpen-
Heit Azum [26-30].

bonbmoe BHuManune B pabore OOB ynensuioch nzyde-
HUIO Pa3IMYHBIX aCTIEKTOB AKOJIOTHH W SITHAEMHUOIOTHH
rpumnmna. Ilo pesynsraraMm NpPOBENEHHBIX HCCIEIOBAHUN
ObL1a onpeesieHa BeAyIasi poib ITUL] B 3BOJIIOLUH BUDPY-
COB rpumnmna A, 4yTo IO3BOJISIET PACLIEHUBATh IPUII A Kak
300aHTpOIIOHO3 (puc. 15, 16). YcraHoBineHa aKTHBHAs
IUPKYIAUs 15 u3 18 U3BECTHBIX B MHpPE CyOTHIIOB
Bupyca rpunmna A (Orthomyxoviridae: Alphainfluenza-
virus) B NIpHpoaHBIX OmoueHo3ax CeBepHoit EBpaszum,
B TOM 4YHCIIeé T€HETHYECKHX BapHAHTOB, KOTOpBIE pac-

15
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CMaTpPHUBAIOTCS B Kau€CTBE BO3MOXKHBIX IPEIIIECTBEH-
HUKOB HOBBIX MaHJEMUYECKUX BUpycoB (puc. 17) [31-
34]. M3yueHs! IpUYMHBI U MOCIEICTBUS 3aHOCA ITHYbE-
ro rpunna H5N1 B Ceepuyto EBpasuto u rirodaibHbIe
nocieacTBus 3toro npoiecca (puc. 18). Onux u3 Boize-
JICHHBIX IITAMMOB OBLJI CTIOJIB30BaH JIJIsl TPOU3BOACTBA
rpunmno3Hoi BakuuHbl rpunna nTui («OJIY ITIPOTEKT
H5») [35-39].

Ha 6a3e O9B ¢ynkunonupyror L1931 n Harmonans-
HbIi neHTp mo rpunmy (HIII), corpynanyarommii ¢ BO3
(pyk. —axanemux PAH JIpBoB /I.K., 3amectutens pykoBo-
mutens — 1.M.H. bypuesa E.I1.). [IO3I" kypupyer 10 co-
TPYJHHYAOIINX ONOPHBIX 0a3 MEHTPOB TMTHEHBI U AIIH-
nemuonornn Pocnorpebnanzopa B EBponeiickoii wactu

Puc. 16. Bupycs! rpumnna A B Gruocdepe.
Fig. 16. Influenza A viruses in the biosphere.
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P® (Benukuit Hosropon, Jlumenk, Brnamumup, fApoc-
naib, [lensa, Yebokcapsl), Ha Ypaie (Opendypr), B Cu-
oupu (Tomck), n Ha [Janpaem Boctoke (BmagmBocTox,
bupobumkan). C mMOMOIIbI0 CO3AHHOW CHUCTEMBI OCY-
LIECTBIAIOT MOHUTOPUHT IMpKyssinuu PHK- u IHK-co-
JepXKalux BHpYcoB, BebBaromux OPBU (puc. 19).
Esxxenenensublie otueThl 1[I, comepxamnue nabopMa-
MO 110 SMUAEMHUOJIOTHIECKIM, BUPYCOJIOTHYECKUM, aH-
TUTE€HHBIM U OMOJIOTHYECKHUM CBOMCTBaM BO30yIuTemeH,
Hanpasisitorcss B Munzapas Poccun, Pocniorpe6Hanzop
u BO3. B pamkax 3toif paboTel Ha 6a3ze oTaena MpOBO-
IUTCS KPYTIIOTOAMYHBIA MOHUTOPUHT IIUPKYISIIUN BUPY-
COB rpuMmmna B paMkax BeinoiaHeHus 3ama4 [[D31 u HIIT
BO3. Ilepssiit B Poccuu mramm naHaeMU4ecKoro BUpyca
rpunma A (HIN1)pdmO9 Ob1 BbIzeNIeH 1 U3yueH COTpyA-
Hukamu otaena B mae 2009 r. [IpoBeneHo uzyyeHue 3aHO-
ca u pacnpoctpaneHus Bupyca rpunma A (HIN1)pdmO09
Ha TEppUTOPHHM Haulel crpaHbl. Bnepssie B Poccun Obl-
T OTpeeNieHbl MOJIEKYIIIPHO-TeHETHYeCKUe (DaKkTopbl
pa3BUTHUS IEPBUYHOW BUPYCHOM IMHEBMOHUHU C BBICOKOM
JeTaJbHOCTHIO — MYTAallMK B CaiiTe CBA3BIBAHUS peELel-
Topa remarnmiotiHiHa HA1 ¢ 3aMeHol acmaparuHOBOM
kucnotel (D) wa mmmwmH (G) wm acnaparua (N) B 1o-
3unmu 222. JlaHHBIE 3aMEHBI BEOyT K U3MEHCHHIO pe-
LENTOPHOH Cenu(pHUIHOCTH BUPYyCa C MTOBBIIIEHHEM €ro
CHOCOOHOCTH HMH(UIIMPOBATH SMUTETHAIBHBIE KIETKH
HIDKHUX OTZENOB pecrnuparopHoro Tpakra ¢ 70% ie-
TaJbHBIM MCXO/IOM. BakuyHanus U paHHee NpUMEHEHUE
STHOTPOITHBIX TIpernaparoB (MHTHOMTOPHI HEHpaMUHH-
Ja3bl) MPeIoTBpaImaT HOpMUPOBAHUE 0COOO OMMACHBIX
myTanToB [40—42].

ITocne BosuukHOBeHus nmannemu COVID-19 B ma6o-
paropuax OOB ObUIM HauaThl aKTUBHBIE HCCIEIOBAHUS
M0 JUAarHOCTHKE W MOHUTOPHHTY 3a00JIeBA€MOCTH BH-
pycom SARS-CoV-2 (Coronaviridae: Betacoronavirus)
B Poccun. CoBMecCTHO ¢ ApYrMMH OTAEIaMH LEHTpa
MIPOBOJATCS. UCCIEAOBAHUSI TC€HETUYECKON H3MEHYMBO-

Puc. 17. U3onsuus mraMMoB BUpyca
rpunna A B NPUPOJHBIX o4Yarax B
CesepHoii EBpazun (1962-2011).

Fig. 17. Isolation of influenza A virus
strains in natural foci of Northern
Eurasia (1962-2011).
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1 — Aunrait, ocens 1991
Altai, autumn 1991

2 — 03. Xanka, ocenb 2001
L. Khanka, autumn 2001

3 — 03. KykyHop, npoB. I{unxaii, Becna 2005
L. Qinghai, spring 2005

4 — Uunocran 2005-2007
Hindustan 2005-2007

5 — 3anagnas Cubups 2005-2007
West Siberia 2005-2007

6 — Upan 2005-2007
Iran 2005-2007

7 — Typuwus 2005-2007
Turkey 2005-2007

8 — Kpacnozmap 2005-2007
Krasnodar 2005-2007

9 — 3anaanas Espoma 2005-2007
Western Europe 2005-2007

10 — Adpuka 2005-2007
Africa 2005-2007

11 — O3. Yocy-Hyp 2006-2007
Uvs Lake 20062007

12 — Pocrop-na-/lony, ocens 2007
Rostov-on-Don, autumn 2007

13 — Jlensra Bonru, ocens 2007
Volga Delta, autumn 2007

14 — TTonmockoBbe, 3uma 2007
Moscow Region, winter 2007

15 — O3. Xanka, Becua 2008
L. Khanka, spring 2008

16 — O3. Yo6cy-Hyp, Becna 2009
Uvs Lake, spring 2009

Puc. 18. [Tpuunns! 1 nocnencteus nponnkaoBennss HPAI/HSN1 B Cesepryro EBpasuto (ocens 2005 1)
Fig. 18. Causes and consequences of HPAI / HSN1 spread into Northern Eurasia (fall 2005).

Cemeiicteo/Family

Pop/Genus

Tunbi v rpynnbl/Type and group

Ortomyxoviridae,

Influenza virus

Bupycbl rpmnna A (BMpycbl rpunna Yyenoseka 1 ntuu), B v C

PHK/RNA A B,C Influenza virus A (human and avian influenza virus), B and C
Paramyxoviridae, Rubulavirus/ Bupycbl naparpunna Tunos 1, 2, 3, 4A n 4B(HPIV)
PHK/RNA Respirovirus Parainfluenza types 1, 2, 3, 4A and 4B (HPIV)

Pneumovirus

Metapneumovirus

PecnupaTtopHo-CUHTULMANbHDI BUPYC, 2 rpynnbl —A 1 B (HRsV)
Respiratory syncytial virus, 2 groups — A and B (HRsV)

MeTanHeBmoBupyc, 2 rpynnbli—A n B (HMpV)
Metapneumovirus, 2 groups — A and B (HMpV)

Picornoviridae,

Enterovirus

PuHoBwmpychl, 3 Buaa (A, B, C) — 170 cepotunos (HRV)

PHK/RNA Rhinovirus, 3 types (A, B, C) — 170 serotypes (HRV)
Coronoviridae, Alphacoronavirus KopoHasupycbl ce30HHbIe
PHK/RNA Betacoronavirus Seasonal coronavirus
SARS-CoV 2
Parvoviridae, Bocavirus Bokasupyc, 4 Tvna (HBoV 1-4)
[HK/DNA Bocavirus, 4 types (HBoV 1-4)
Adenoviridae, Mastadenovirus AneHosupycbl — (AdV), 7 Tvnos/88 cepotnnos:
[OHK/DNA A(3), B(10), C(5), D(50), E(1), F(2), G(1)

Adenovirus — (AdV), 7 types/88 serotypes:
A(3), B(10), €(5), D(50), E(1), F(2), G(1)

Puc. 19. Xapakrepuctrka Bo30yanuTeseil Ce30HHBIX OCTPHIX PECIHPATOPHEIX BUPYCHEIX nHpekmii (OPBU).
Fig. 19. Characterization of seasonal acute respiratory viral infection (ARVTI) pathogens.
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¢ty nupKynupyromux BapuantoB SARS-CoV-2. Jpyroe
HarpaBJieHHe paOOThI CBA3aHO C U3yYEHNEM MEXaHH3MOB
MOSIBIICHUST B TIPUPOJIC HOBBIX, IMATOTCHHBIX ISl Y€JI0-
BEeKa KOPOHAaBHPYCOB. OCYyIIECTBISETCS OOCIEIOBaHUE
Tepputopuu Poccun u conpenenbHbIX CTPaH HA HATMUKE
OUPKYISAIANA 300HO3HBIX KOPOHABHPYCOB B TPUPOIHBIX
pesepByapax, M3y4aroTcsl UX OHWONOTHYECKHE CBOMCTBA
Y maroreHHbld noteHiman. B 2020 r. BmepBble Ha Tep-
putopun Poccru ObUTH BBISIBICHBI W OXapaKTePU30BAHBI
KOPOHABHUPYCHI JIETY4YHX MBI pona Rhinolophus (Bu-
pycsbl Xocta-1 u Xocta-2), poactBeHHbie BUpycy SARS-
CoV-2 (puc. 20) [43-45].

C 2023 . O9B pykoBomut a-p men. Hayk E.W. Bypresa.
B otnene nponomxaroTcst akTUBHBIE UCCIIEIOBAHUSI HKOJIO-
THYECKUX, OMOJIOTHYECKNX U TEHETUIECKUX CBONCTB BH-
PYCOB, LIMPKYAHPYIOUINX Ha Tepputopun Poccuu u mpen-
CTaBJIAIOUIMX OMACHOCTh B KAY€CTBE BO30YIUTENEH HOBBIX
¥ BO3Bpamarommxcs WHEKudA. bompimoe BHUMaHWE
yaessieTcsi 00eCHeYeHUI0 HYK] MPaKTUUYECKOrO 3IpaBo-
OXpaHeHHs B 00JIaCTH JJUarHOCTUKH, TPOPHUIAKTUKH U Jie-
YeHUs BUPYCHBIX HH(eKkwi (mpeumymectserHo OPBU).
Beznercst mocTOSHHBINT MOHUTOPUHT HUPKYJSILIUK BUPYCOB
rpumma, SARS-CoV-2 u apyrux OPBH, nposoxsaTcs pe-
THCTPAIMOHHBIE WCIBITAHUSI HOBBIX JHATHOCTHYECKUIX
TECT-CUCTEM, pa3pabaThIBAIOTCA TOCYIApCTBEHHBIC CTaH-
JapTHBIE 00paslbl ITAMMOB PECIUPATOPHBIX BHUPYCOB,
MIPOBOAATCS WCTIBLITAHUS TPOTHBOBHUPYCHBIX JIEUEOHBIX
1 Ipo(UIAKTHUECKHUX TIPETIapaToB in vitro u in vivo. Kon-
JIEKIIUM BUPYCOB, XpaHALIMECS B JIaOOpaTopusx OT/ena,
BKITIOUAIOT COTHH OXapPaKTEPU30BAHHBIX IITAMMOB.

Corpynuukamu ODB mnponmenaHa orpomMHasi Hayd-
HO-KOOpJIMHAIIMOHHas paboTa B MOATOTOBKE KaJpoB
IUIST HAYIHBIX YUPEKIEHUU, PacToOIOXKEHHBIX Ha BCEU
tepputopunn CCCP, a mo3nuee Poccuiickoit denepa-

18

Puc. 20. O6Hapy)eHUE TUPKYISALIUH
KOPOHABUPYCOB JIETY4YHX MbIIICH
(Xocra-1 n Xocra-2), pOACTBEHHBIX
Bupycy SARS-CoV-2, Ha tore Poccun
(ceBepHOE OOEpEKBE UepHOTO MOPST)
B2020 .

BeisiBieHHbIE BUPYCBI CIIOCOOHBI CBSI3BIBATh
peuentop ACE2 neryunx msliieif, Bupyc Xo-
cTa-2 Take 3P(HEKTUBHO CBA3BIBACTCS C pe-
uenropom ACE2 denoBeka 1 MOXKET HUCIIONb-
30BaTh €ro s HHOUIUPOBAHUS KIICTKH.

Fig. 20. Detection of circulating bat

coronaviruses (Hosta-1 and Hosta-2)

related to SARS-CoV-2 in southern

Russia (northern coast of the Black
Sea) in 2020.

The identified viruses are able to bind

the ACE2 receptor of bats, Hosta-2 virus

also effectively binds to the human ACE2

receptor and is capable of using it to infect
the cell.

nuu. MexayHaponnsie cBsizu OOB peanuzoBbIBAIHCH
Ha PETHOHAJIBHBIX COBELIAHUSIX, CUMIIO3UyMax IO ap-
O6oBHpycam, TPHIIITy W BHPYCHBIM TelaTuTaM, BO Bpe-
Ms1 100-neTHero ro0uses BUPycoJaoruu. esTearHOCTh
ODB Ha mporsxeHuu 6osee 50 jeT ObUTa HampaBicHa
Ha pa3paboTKy (yHIAMEHTAIBHBIX BOIPOCOB (POPMH-
POBaHUS MOMYIALMOHHBIX TeHO(POHIOB BUPYCOB B MPHU-
pole, MpoBeAeHNE KOMIUIEKCHBIX KPyHMHOMAacIITaOHbBIX
WCCIEIOBAaHUN B WHTEpecax Ono0e30MacHOCTH TOCy-
JapcTBa mo mpodbiemaMm ocobo omacHbIX (apOoBupyc-
HBIX) ¥ COIMANIbHO 3HaYMMBbIX (Tpunm u apyrue OPBU,
Map3HTEpaIbHBIE TeaTUTHl) HH()EKIHH ¢ TPHOPHUTETOM
pPE3yABTAaTOB Ha MHUPOBOM YpOBHE. MHpOBOE MpHU3HA-
HUE 3aciyr JEesATEIbHOCTH OTAEJa HAIIO BhIpaKCHUE
B m36panum akanemuka J|.K. JIbBoBa MexIyHapOIHBEIM
COBCTHHKOM AMEpPUKAHCKOTO HanuoHanbHoro Komu-
TeTa 1Mo apOoBHpycaM, YICHOM MexayHapomHoro Ko-
MHUTETa 10 M3YYECHHIO BHPYCOB B BBICOKMX INHUPOTax,
YJIGHOM TaKCOHOMHYECKOW TpyHIbl N0 OyHBSBUpYyCaM
U ToraBUpycaMm MexxayHaponHoro Komutera mo Takco-
HOMHWH BUPYCOB, KypaTOpOM HCCIIEJOBAHUH 10 TPHIIILY
B paMKax pPOCCHICKO-aMEPHUKAHCKOTO COTPYIHUYECTBA
1o npooiiemMam TpuIna, pykoBoaureneM HanuoHaibHO-
ro uentpa no rpunny BO3, npeacenarenem Komurera
0 MEIUIIMHCKUM HayKaM U 3[paBoOXpaHeHuio Tuxoo-
KEaHCKOH Hay4yHOW accOLMalli{, YJICHOM PEeAKOIIEruil
JIBYX MEXIYHApOIHBIX )KyPHAJIOB.

Hoctmwxkennst OOB 10CTOWHO OTpakeHbI B pslle W3-
JaHUM, BKIIIOYAsl 2-TOMHYIO MEXIyHapOIHYIO MOHOTpa-
¢uto History of Arbovirology: Memories from the fields
(U3nmarenbctBo Springer Nature Switzerland AG, 2023),
KOTOpasi BKIIOYaeT IJIaBy IO HM3YYEHHIO apOOBUPYCOB
B CeBepnoit EBpasunu (aBrops! JIeBoB I.K. 1 AnpxoB-
ckuii C.B.) [46].
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Bupyc repneca yenoseka 6-ro tuna (Orthoherpesviridae:

Roseolovirus): 0cO6eHHOCTU INUAEMUOSIOrMN U ANArHOCTUKHU
Cangynnaesa U.C. , Tuxommpoer [.C., pokoe M.}O., Tynonesa T.A.

PIrBY «HaumoHanbHbI MegMLIMHCKMI nccnegoBaTenbCKMn LEHTp rematonormmy Munsgpasa Poccum, 125167, r. Mocksa, Poccusi

Pesilome

Bupychkl repneca yenoseka 6A n 6B (BI4-6A n BI'Y-6B) sensatotca yomkBMTapHbiMM natoreHamun. CnekTp KnuHu-
YeCKMX NPOosIBNEHUN NHdEKLMIA, BbidBaHHbIX BIMY-6A n BMY-6B, goctaTtoyHo wunpok. CoBpeMeHHble npeacTaBne-
Hus o BM'Y-6A n BI'Y-6B, Bkntovasa Mx XpOMOCOMHO-UHTETPUPOBaHHY0 hOpMYy, ABNSOTCA OCHOBOW AN CO30aHMS
CUCTEMbI 3NNAEMUOITOTMYECKOrO MOHUTOPMHIA aCCOLMMPOBAHHBIX C AaHHBIMW BUpycamun MHGeKUMIA. B cTaTbe 3a-
TparnearTCca BONPOCH! 3NMAEMUONONMM N ANarHOCTUKM MHAEKUUIA, Bbi3BaHHbIX BMY-6A n BI'Y-6B, B ToM uucne
y NauMEeHTOB NOCIe TpaHCnaHTauum CoONUAHbIX OPraHoB M ansioreHHbIX FeMOMNO3TUYECKNX CTBOIOBbIX KIETOK.

KntoueBble cnoBa: supyc eepreca yenoseka 6-20 mura; XpoOMOCOMHasi UHmeepayusi; duagHocmuKa eupycHoul
UHGbeKyuU, mpaHcnnaHmauyus anfo2eHHbIX 2eMOM03MUYECKUX CMBOIT08bIX KIEeMOK; mpaHc-
nnaHmayus anno2eHHo20 KOCIMHO20 Mo32a

Onsa umtupoBaHua: Cangynnaesa W.C., Tuxommpos [1.C., Opokos M.1O., Tynonesa T.A. Bupyc repneca 4yenoseka

6-ro Tnna (Orthoherpesviridae: Roseolovirus): 0cobeHHOCTM aNMAEMMONOrK 1 AuarHoCTukn. Bornpock! supycoro-

auu. 2024; 69(1): 22-30. DOI: https://doi.org/10.36233/0507-4088-208 EDN: https://elibrary.ru/frichh
®duHaHcuMpoBaHue. ABTOPbI 3asBMSIOT 06 OTCYTCTBUMU BHELLHErO (DUHAHCUPOBAHUSI NPY NPOBEAEHUN UCCIIE0BaHMS.

KoH(NUKT MHTepecoB. ABTOpPbI [EKMapupyoT OTCYTCTBME SIBHBIX U MOTEHLMANBHBLIX KOHQIIMKTOB UHTEPECOB, CBA3aH-
HbIX C NyGnuKaumei HacTosLLei CTaTbu.
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Human herpes virus type 6 (Orthoherpesviridae: Roseolovirus):
features of epidemiology and diagnosis

Inara S. Saydullayeva , Dmitry S. Tikhomirov, Mikhail Yu. Drokov, Tatiana A. Tupoleva

National Medical Research Center for Hematology, Moscow, Russia

Abstract

Human herpes virus 6A and human herpes virus 6B (HHV-6A and HHV-6B) are ubiquitous viruses. The spectrum
of clinical manifestations of HHV-6A/B infections is quite wide. The current understanding of the natural history
and laboratory diagnosis of HHV-6A and HHV-6B, including their chromosome-integrated form, serves the basis
for development of the tools for HHV-6 epidemiological monitoring. This article addresses the epidemiology and
diagnosis of infections caused by these viruses, including ones in patients after transplantation of solid organs and
allogeneic hematopoietic stem cells.

Keywords: human herpes virus type 6; chromosomal integration; diagnosis of viral infection; allogeneic haemato-
poietic stem cell transplantation; allogeneic bone marrow transplantation
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B 1986 1. S.Z. Salahuddin u coaBt. BepBbie 0OHa-
pyXuiu BUpyC Teprieca uenoBeka 6-ro tuma (BI'U-6)
y B3pOCHBIX MAIMEHTOB C JUMQOIpoIudpepaTuBHBIMU
3a0oeBaHMsIMA M WHQEKIMel, BBI3BAHHON BHPYCOM
nmmyHoxeduiuta yenoseka (BUY). IlepBonagambHO
«HOBBII» BUpYC OBUI BBIABJICH B B-mumdormrax nmmy-
HOKOMITPOMETHPOBAHHBIX B3POCIBIX OOJIBHBIX, TIOITOMY
n ObUT Ha3BaH B-MMMQOTPONMHBIM BHPYCOM dYelOBEKa
(HBLV — human B-lymphotropic virus) [1]. OqHako 4e-
pe3 2 roma 3ToT ke maroreH ObuT BeiAeneH K. Yamanishi
¥ COaBT. U3 KPOBHU 4 MIIAJICHIIEB C BPOXKIECHHOU pO3€0-
nor [2]. Tlo3ke HaHHBIM BHPYC Tak)Ke OBLT BBISBICH
B T-mumdornmrax, B CBA3M C ITHM €ro NepBOHAYaIHLHOE
HanMMEHOBaHHE ObLTO M3MeHeHo Ha BI'U-6 [3, 4].

BI'U-6 cuuTanu BUPYCOM OJIHOTO BHJAQ, OIHAKO
B 2012 . Ha OCHOBaHUM PA3TUYUM MO KIETOUHOMY TPO-
MU3MY in Vitro, PECTPUKINOHHOMY 3SHAOHYKJICa3HOMY
npoQHITI0, HYKICOTHIHON IOCIENOBATEILHOCTH, peak-
TUBHOCTH C MOHOKJIOHAJIbHBIMY aHTUTEJIAaMH U TIPHYaCT-
HOCTH K pa3HbIM 3a0oiieBaHUSM OBLIO BBIJECIEHO 1BA
camocTosTensHbIX Buga BI'U-6: Bupyc repmeca uenose-
ka 6A (BI'U-6A) u Bupyc repreca denoBeka 6B (BI'U-
6B) [5, 6].

B 2016 1. B COOTBETCTBHH C PEKOMEHIAIUSIMU MEX-
IYHapOJHOTO KOMHTETa M0 TaKCOHOMHH BHpycoB (Inter-
national Committee on Taxonomy of Viruses) BI'U-6A
u BI'U-6B Obutn oTHECEHBI K ceMeicTBy Orthoherpesvi-
ridae, nopceMencTBy Betaherpesvirinae, Takxe UM ObLTH
IIPUCBOCHBI HOBBIE Ha3BaHUA: Roseolovirus humanbe-
ta 64 n Roseolovirus humanbeta 6B coorBeTcTBEeHHO [7].

Bupuonst BI'U-6 cocToAT u3 HyKJI€OKancuaa HKO-
caspuyecKoil (hopmbl, OKPYKEHHOTO aMOP(HBIM TEry-
MEHTOM W JIMIUAHOW OOOJIOYKOH C TIIMKOIPOTEHHAMHU.
Huamerp xancuna cocrapiasier okoino 200 HM. T'eHoM
BUPYCOB IpexacrasicH AByxuenouedynoi JTHK nnunoi
okoio 180 Teic. HykaeotusoB [8]. Bo Bpems ocTpoit
BI'U-6-nH}exnmn reHoM BUpyca MOJKET IPUCYTCTBOBATh
B BUZIE TpexX (hopM: KOIbIIEBOIl B COCTaBe BUPHOHA, B BH-
Jie STHCOMBI B SI/Ipe M KOHKaTEMEPOB — JIMHEHHBIX (QopM
JAHK, o6pa3oBaHHBIX BO BpeMs pEIUTHKAINN BO30yIuTe-
ns [9, 10].

K. Yao u coaBT. yka3bIBalOT, YTO MEXAy T€HOMaMH
BI'U-6 n muromeranosupyca (LIMB) ycranosnena 6o-
Jiee BBICOKAs CTENEHb T'OMOJIOTHH, YeM MEXIy T€eHOMOM
BI'U-6 u reHOMamMu JIpyruX TepreCBUPYCOB, YTO Mpe-
[I0JIaraeT BBICOKYIO CTeNeHb cocyliecTBoBanus BIY-6
u [IMB [11]. PemukaTuBHBIH UK 3aHUMAET 4—5 CYT.

11 MpOHUKHOBEHUS! B KIIETKY BUPYCHI HUCIOJB3YIOT
HECKOJIbKO OoTiInJaromuxcs peuentopos. Tak, BI'U-6B
ucnons3yer penentop CDI134, Takke M3BECTHBIA Kak
OX40 (unmeH cymepceMeicTBa pelenTopoB (akropa He-
Kpo3a omyxonn) [12]. OcHoBHBIM penenitopom utst BI'U-
6A sBusercs CD46, KOTOPBI NPHCYTCTBYET Ha BCEX
SIPOCOJIEPKAIUX KJIeTKax yenoBeka [13].

BI'U-6A/B criocoOHBI K TTepexony B JIATCHTHYIO (op-
My B CD4*-, CD8"-T-mumpormurax, NK-kneTkax, MOHO-
[UTaX, SHAOTEIUAIBHBIX KJIETKAaX MOYEUYHbIX KaHAJBIIEB,
CITIOHHBIX JKeJie3aX, OpOHXMAIBHBIX JKele3aX M TKaHU
LIEHTpaJIbHOW HEPBHOM cucteMsl [14—-17].

OB30PbI

Kak mpaBwuno, mnepBuYHOE WHOHUIMPOBAHWE BHPY-
COM TIPOTEKAeT B BHUJE BHE3AITHOW 3K3aHTeMHI (roseola
infantum, mectass 0oJ€3Hb) B IEpBbIE 2 Tofa KU3HU
¢ TTUKOM 3abosieBaeMocTH OT 6 1o 12 mec [18, 19]. B pa-
bote oreuectBernnoro aBtopa E.B. HoBocan [20] Obuia
JokazaHa ponb BI'U-6 B pa3BuTHH MH(EKIIMOHHOTO MO-
HOHYKJIEO03a y AeTed. B aTnonoruyeckoit cTpykrype UH-
(exIoHHOT0 MOHOHYKJeo3a y nereii BI'U-6 Bmecte
C MHKCT-WH(EKIHeH 3aHMMaeT MOYTH MOJOBHHY BCEX
Ho30j0THUecKuX Gopm [20, 21]. B TO ke Bpems crieKTp
KIIMHWYECKHUX TPOSBICHUH y MAIMeHTOB CTapIIero BO3-
pacta I0CTaTouyHO IMUPOK. OMHCaHBI CIlyyaW Pa3BUTHUSA
(yTEMHUHAHTHOTO MUOKapIUTa Y UIMMYHOKOMITETEHTHBIX
MalueHToB [22], ocTporo renarura [23], ayTOMMMYHHBIX
3a00JeBaHMM TUTOBUAHON Kenessl [24], cuHapoMa HH-
JIyLIUPOBAHHOM JIEKapCTBEHHBIMHU IpernaparaMu THUIEp-
YyBCTBUTENBHOCTH [25], cunapoma CruBeHca—/[xoHco-
Ha [26], paccesHHOTO ckiiepo3a [27, 28].

Taxoke oTMEUYEeHA CBSI3b MEXAY KIMHUUECKUMHU MPOSIB-
JeHUsIMU U BUIOM Bupyca. Tak, ¢ BI'U-6A accouuupyror
pasBUTHE CHHAPOMA XPOHHYECKOH ycTanocTH, 3HIeda-
nuta, a ¢ BI'U-6B — pa3BuTHe BHE3amHOW SK3aHTEMBI,
WHQPEKIINOHHOTO MOHOHYKIIe03a [29].

Kak npaswuio, nepsudnasie BI'U-6-undexunn y ummy-
HOKOMIIETEHTHBIX JIHIl JOOPOKaYeCTBEHHBI M 3aKaHYNBa-
I0TCSI CIOHTaHHBIM BbI3iopoBiieHueM [30]. YcraHoBieHo,
9TO OOJIBIIMHCTBO PETUCTPHPYEMBIX 3a00JIeBaHUIN acco-
nuupoBao ¢ BI'U-6B [18].

BI'Y-6 moxer sSBNATbCA OAHOM M3 NPUYUH Pa3BUTHUS
TSOKETBIX (JOPM BOCHATHUTEIHHOMN MMAaTOJIOTHH POTOBHUIIBL,
a Takke IOCJEONEpPallMOHHBIX OCJIOXHEHUH IpHU
KepaToriacTuke. 3a0oIeBaHus I1a3, aCCOUMHPOBAHHBIE
¢ BI'U-6, cocraBmstor or 1 mo 4% cpenu OOMBHBIX
C YBEUTaMU U JocTUrarot 64% mnpu keparutax. Hamuuue
JHK BI'U-6 B porosuie JOHOpa YXyAIIAET Pe3yabTaThl
KepaToIIaCTUKU BBICOKOTO pucka [31, 32].

Cpenu peluneHTOB COJMIHBIX OPraHOB, HAPUMED Iie-
4eHH, qauie Beiasisiercss BI'-6B, koTopblil MoXeT npuBse-
CTH KaK K TUC(YHKIMH TPAHCIDIAHTATa, TaK U K Pa3BUTHIO
JIMXOPAJKH, CHIMH, MTHEBMOHHH, SHIe(aInTa, CHHTHIIH-
aITbHOTO TUTAaHTOKJIETOUYHOTO TenaTuTa [33-35].

Pacter umcio qoKa3aTensCTB TOTrO, 4YTO Oojee 3Ha-
yuMoe BIUgHME peakTuBanmu BI'U-6 Ha pesynbTarsl
TPaHCIUIAHTALMHU TIE€YEHH, a TAKXKe MOYEeK MOXET OBITh
KOCBEHHO CBSI3aHO C B3aMMOJICHCTBUEM C IpYTHM Tepriec-
BUpycoM — [IMB, 0 4eM CBUIETENHCTBYET MOBBIIIIEHHAS
MIPEAPACIIONOKEHHOCTh K ONMMOPTYHUCTHIECKIM HH(EK-
uusm [34-37].

Hapsiny ¢ eXeronHslM yBEIMUEHHEM KOIMYECTBA BbI-
MOJTHAEMBIX TPAHCIUIAHTAIMK ANJIOTeHHBIX TeMOTIOATH-
YeCKUX CTBOJOBEIX KieTok (amro-TI'CK), yBennunBaet-
Cs M 4acToTa MOCTTPAHCIUIAHTAIIMOHHBIX OCIOKHEHUH.
VYenemHoe u yctodunBoe BocctaHoBienue CD4'-T-kie-
TOK acCOIMUPYETCS ¢ yaydllIeHHeM IoKa3areneil oomei
BbIkUBaeMocTu nocie amio-TI'CK. OgHako onmopTyHH-
cTrdeckue mHQpeknuu, B ToMm ynucie BI'YU-6-undexnns,
MOTYT HETaTHBHO BIIMATH Ha BPEMS U CTENEHb BOCCTa-
HOBJICHUS UMMYyHHTeTa [38].

CD4"-muM@OnINTE I MOHOIIMTEI SBJISIFOTCSI OCHOBHBI-
mu mutnensmMu BI'U-6. B uccriegoBanuu, npoBeaeHHOM
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M. Yasukawa u coaBT., OBLUTO TIONTBEPIKIIEHO, YTO BHPYC
MOBBILIAET BEPOATHOCTH 3alycka anontosa y CD4 -num-
¢dommros [38].

PaznuuHble IMMYHOMOIYTUpYOIIUE (P HEKTHI, T0-BHU-
TUMOMY, omocpenoBanbl yaactueM CD46" (wieHa pery-
JIsATOpa CceMeicTBa OENKOB aKTHBAIMK KOMILIEMEHTA).
CD46*, skcripeccupyeMblii Ha BCeX SIEPHBIX KIETKax
YeJIOBEeKa, MPEeNOTBpaIlacT CIOHTAHHYIO aKTHBALUIO
KOMIDIEMEHTa Ha ayTONOTHYHBIX KieTtkax [39]. BI'U-6
pe3ko cHmkaeT skcrnpeccuto CD46 u akTuBHOCTH T-Kile-
TOK ¥ MOAYJHPYET KCIIPECCHIO U SIKCKPEITUIO TUTOKMHOB
1 XeMOKHHOB ((pakTopa HEKpO3a OIyXONIH-0., HHTEpIeH-
kuHa-10, uHTEpdEepoHa-0), YTOOBI CO3IaTh ONATOMPHST-
HYIO CPEAy JUIS CBOETO BBDKMBAHUS U JIATEHTHOTO COCTO-
SIHAS Ha TIPOTSDKCHUH BCel sku3HM naruenta [40].

CD134 apnsercss UMMYHOMOIYJIMPYIOIIEH MOJIEKYIOMH,
KOTOpast OJIOKHPYET aKTUBHOCTH €CTECTBEHHBIX PEryis-
TOpHBIX T-KJIETOK M MOJABISAET ITeHEePalUIo adalTHBHbIX
perymsatopHbix T-knetok [41]. Taxke cuuTaercs, 4TO
CD134 urpaer BaXHYI0 poJib B Pa3BUTUU OCTPOH peax-
UM «TpaHCIUIaHTaT npoTuB xo3suHay (PTIIX) y pernu-
nuenToB amo-TI'CK [42, 43].

Pannee BozaeiicTBHE Ha BOCCTAaHABIMBAIONIYIOCH
HMMYHHYIO CHCTEMY OOJBIIOTO KOJHWYECTBA aHTHUI€HA
BI'U-6 nmocne amno-TT'CK u uMMyHOMOIyIupyrolne
a¢pdextsr BI'U-6 B 3TOT meprnon MOTYT 3HAYHUTEIHHO
MOBIHATH, HA BOCCTAHOBJICHHE HMMYHHOU CHCTEMEI.
B pannem nepuoge nocne amno-TI'CK, korna npoucxo-
muT peaktuBanus BI'Y-6, G0IBIIMHCTBO pearnpyronmx
T-kneTox ABIAIOTCS NepudepudecKkuMu Ipoaudepupy-
omuMu T-KIeTkaMu. JTO MOXET MPUBECTH HE TOJIBKO
K CHenu(pUIecCKNM UMMYHHBIM PEaKIHsIM, HO U H3-3a
MPOBOCHAIUTEIBHON CPENbl TAKKE K IMPSIMOU UM KOC-
BEHHOI Tponn(epanyy U aKTUBAIHH aJJIOPEAKTUBHBIX
ki1oHOB T-knetok [44].

BI'U-6 BrI3biBaeT mnepexitodeHue T-xemmepos (Th)
¢ Thl- na Th2-npoduis, 4TO NPUBOAMUT K YBEITHUCHHIO
MPOAYKLUU HHTepieiikuHa-10 M yrHEeTEeHHIO HHTEp-
nerikuHa-12. JJonmomautenpHo BI'U-6A cHuUXkaeT 3Kc-
MIPECCUI0 YEJIOBEYECKOTO JIEMKOIIUTAPHOTO aHTUIEHA
kiacca [ B qeHApUTHBIX KieTkax. OH Takke MOXET I0-
IABISITh POCT M AuQQepeHIHanui0 KOCTHOMO3TOBBIX
KJIETOK-IIPEIIECTBEHHUL], YTO MOKET CKa3aThCsl HA pa3-
BUTHH MaKpoQaroB ¥ TUMOIUTOB [45].

Ha ceronssinHuii 1eHb HE 3apErUCTPUPOBAHO HU OJIHO-
0 COEOUHEHUs MCKIIIOYNTEIBbHO IUId Jieuenus BI'U-6A/
B-undexnnn, a Taxke HeT YETKUX KPUTEPUEB IS Hadasa
TEpaIuy U ee MPOAOLKUTENbHOCTH. [{i1st teuenus nudek-
LMY UCIONB3YIOT TaKue INpernaparbl, Kak TaHLUKIOBUP,
BaJITaHIMKIIOBUD, (ockapHeT, munodosup. s mpume-
HeHus Ha Ttepputopun Poccuiickoit @enepauuu 3aperu-
CTPUPOBAHBI TAHIUKJIOBUP M BaJITaHIMKIOBUD (IIpema-
paThl BXOAAT B CIIMCOK XU3HEHHO HEOOXOIUMBIX M BaXK-
HEHIINX JeKapcTBEHHBIX NpenaparoB) [46]. CTOUT Taxke
OTMETHTH, UTO ITOKa3aHus IJIs Hayasa jedenus BI'U-6A/
B-undexunit opurmansHo He yTBepXKIeHBI. [lo qaHHBIM
JIUTEPATypPbl, IOPOTOBBIE 3HAYEHUS AJIS cTapTa MPOTHUBO-
BUPYCHOM Tepanuu pa3inyaroTcsi B TPaHCIUIAHTAI[UOH-
HBIX IIEHTPaxX B 3aBUCHMOCTHU OT KJIMHUYECKHX TPOSIBIIE-
HUH, COIyTCTBYIOLIEH MMaTOJIOIUH y MTalUEHTA.

24

dnuaemuosaorus u nytu nepegayu BI'4-6A/B

BI'U-6A u BI'U-6B siBnsitoTcs yOUKBHTApHBIMU BHPY-
camu. O0s3aTeNbHBIN CTATUCTUIECKUH yueT HHOUIUPO-
BaHHOCTH JTAaHHBIM MaroreHoM B Poccuiickoit @enepanuu
HE BEJIETCS.

B Hacrosimiee Bpems B JOCTYIIHOM JINTEPATYpE OTCYT-
CTBYIOT CCBUIKM Ha MpPOBEIEHHE MHOTOLEHTPOBBIX HC-
CJIeIOBaHNN WHOUIMPOBAHHOCTH HaceneHus BIU-6A
u BI'U-6B, ananormyHbpIX HCCICIOBAHHUSM, MPOBEACH-
HBIM 110J1 ATUA0N BeceMupHO# opranusanuu 3apaBooxpa-
nHenns (BO3) mo u3yvenuto nHOUIMPOBAHHOCTH Hacese-
Hust mupa BIIT'-1 u BIIT'-2, pe3ynbTartel KOTOPBIX MpEX-
CTaBlIeHbI Ha caiite BO3.

I'pynmo#t  wuccnemosarenert w3 Cankr-lletepOypra
B 2016 1. Ob1TO IPOBEEHO UCCIIEAOBAHNIE C IENBIO OIpe-
JeneHus BapuaHta Bo3Oyaurtens BI'U-6-undexunnn Ha
tepputopun Poccuiickoit @enepaunu, pe3ynbTarbl KOTO-
poro mokasanay abCOMOTHOE MPEBATUPOBAHUE CPEAH BH-
pycoB BI'U-6B [47]. YacToTa nndumuposanus BI'U-6A
HU3yyeHa HeJloCTaTo4yHo [5].

BI'U-6 moxeT mepenaBaTbcs HE TONBKO BO3AYIIHO-Ka-
NENbHBIM, HO TaK)X€ BEPTHUKAIBHBIM M IMOJOBBIM IIyTS-
mu [48]. VcTouyHMKOM WHQEKITNH SBIAIOTCS OOJMBHBIC
1 BUPYCOHOCHUTENH, & CPEAHUI NHKYOAIIMOHHbIN TepHo
npogomxkaetcs 9—10 cyt [49].

Pezymerarsr WCCTIEZIOBaHMIH TOKa3aJIH, 4TO
or 60 10 96% 3700pOBBIX B3POCIBIX MMEIOT AaHTHUTENa
k BI'U-6. IIpoTHMBOBHpPYCHBIC aHTHTENA BBIABISIOTCS
y 80% 310poBBIX JTOHOPOB, ¥ 65% BUY-undummposan-
HBIX U 73% OHKOJOTHYECKHX OONBHBIX, a TAKXKE y 0OIb-
IIIMHCTBA HOBOPOXKIEHHBIX 32 CUET MePeIaun MATEPUHCKUX
aHTHUTEN TpaHCIUIaneHTapHo. HecMoTps Ha To 9TO THTp
arTuten K BI'Y-6 y HOBOPOXICHHBIX CHHXAETCA K 5-My
MECSIITY JKU3HH, yKe K TOAY OH JOCTUraeT YPOBH:, CpaB-
HUMOTO C TaKOBBIM Yy OoJiee CTapInX JeTeill U B3pOCIBIX,
Graromapst pa3BUTHIO aJallTUBHOTO UMMYHHUTETa [29, 48].

s wadekun, Bei3BanHord BI'U-6, B ocHOBHOM Xxa-
pakTepHa cropanudeckasi 3aboneBaeMocTb. OmHAKO pe-
TUCTPUPYIOTCS ¥ BCHBIIIKU 3a00JICBaHNS B IETCKUX KOJI-
nextuBax [50]. Pa3Butue BUpyCHOM HMH(EKIMH, BHI3BaH-
Hoit BI'U-6, npoucxomut y 30-70% nanueHToB mocie
amro-TT'CK [51].

BI'Y-6 u xpoMocoMHAasi HHTErPalUs

BI'U-6A u BI'Y-6B sBisitoTCS YHUKaJIbHBIMU CpEIU
BCeX TMpenctaBuTenell cemeiictBa Orthoherpesviridae,
MATOTEHHBIX JIUIS YEJIOBEKA, IMOCKOJIbKY OHH CIIOCOOHBI
AHTETPUPOBATHECS B TEIOMEPHBIC YYACTKH XPOMOCOM
KJIETKHU-X035IMHA KaK in Vivo, TaK W In Vitro WU BBI3bI-
BaTh TaK HA3BIBAEMYIO XPOMOCOMHO-HHTETPHPOBAHHYIO
BI'U-6-undexmnuto (xuBI'Y-6). DT0 IPOUCXOANT 3a CUET
ocobeHHOCTeH opranm3aryu renoma BI'U-6 mocpeacTBom
TOMOJIOTHYHON peKOMOMHAIINY ¢ XPOMOCOMaMH HH(HIIH-
poBaHHO kieTku. ITpu 3TOM, B OTIIMYKE OT APYrUX Hpen-
cTaBuTeNel BUpycHOro cemeiictBa Orthoherpesviridae,
BI'Y-6 yarmie Bcero MCmonb3yeT MMEHHO 3TOT MEXaHU3M
IIpY CTAaHOBJICHHUH JIATEHTHOH (a3el nHpeximn. [Iponecc
He caitocrennduyueH U MOXKET BO3HHUKHYThH IOCIIE TIep-
BHYHOTO WH(HUIIMPOBAHUS, U TOTJa TEHOM BUpyca OymeT
BCTPOCH B OINPEACICHHBIN Myl COMAaTHYECKUX KIICTOK.
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OpHako eciu MpOoU30MIeT BCTPOiika BUPYCHOTO reHoMa
B TIOJIOBBIE KJIETKH, TO NPH CIHMSHUHM TaMeT B IpoIecce
3a4aTusa peOCHKa TeHOM BHpyca MOXKET OBITh HepenaH
Ha TCHETUYECKOM YPOBHE. Y TaKOTo 3apojblilia, a BIIO-
CIIEZICTBUH OpraHm3Ma, reioM BI'U-6 Oymet comepkaThbest
BO BCEX COMAaTHUYECKUX KIeTKaX. Takyro ¢opMy Ha3biBa-
IOT HacllelyeMol XpOMOCOMHO-MHTETPHUPOBaHHOH (op-
moit BI'U-6-undexnuu (axuBIU-6) [52].

Pacnpoctpanennocts HxuBI'U-6 y mromelt Bapbpupy-
etcst ot 0,6 o 2%, B 3aBUCUMOCTH OT TeorpauuecKoro
peruona [53, 54].

B nacrosmee Bpems unTerpanms BI'U-6 mmenTHdH-
LIUpOBaHa B Tenomepe X-XpoMocoMbl U 11 ayTOCOMHBIX
xpomocax: 1, 6, 7, 9, 10, 11, 12, 17, 18, 19, 22. Cpenu
HAaCeJICHUS eBPOIEHCKUX CTpaH JOMUHUPOBAIIa HHTETPa-
s B 17p, a cpeau crpan Aszuu — B 22p [55].

Knnanueckne nocnenacraus xuBI'Y-6A/B eme He moi-
HOCTBIO M3yueHBl. VHTEerpamus B 00NacTh TeIOMEp MO-
JKeT HAHECTHU BpeJl KJIeTKe-X03sMHy. Tak, HanmpuMep, oHa
MOJKET MPETIATCTBOBATE 3AIIUTHON POJTH TEIIOMEP ITPOTUB
YKOpaYMBaHUA XPOMOCOM HIJIM CIIOCOOCTBOBATH HEMpa-
BUJIbHON MICHTU(DHUKAIIIH XPOMOCOMHOTO KOHIIA [44].

JmarsocTuka JaHHOTO COCTOSHHS 3aTpylHEHa H3-3a
HeoOXoaMMOCTH TpoBeneHus nuddepeHnnanTsHOn aua-
THOCTUKH ¢ akTuBHO#M BI'U-6A/B-undekiueii. B ciydae
uxu BI'U-6A/B pe3ynsrarTsl HCCIeIOBAHUS HAINYHS BH-
pycnoit JIHK, HanmpuMep METONOM IONMMEPa3HOM Liell-
Hoi peakiuu (I1L[P), Bcerma OymyT MOKa3bIBaTh BHICO-
KYIO0 BUPYCHYIO Harpy3Ky, 9YTO MOXKET TPAaKTOBATHCS Kak
AKTUBHASI BUPYCHAS PEILTUKAIS, BCISICTBUE YETro Tpe-
OyroTcsi 0coObIe MOAXOABI K JAMAarHOCTHKE 3a00JeBaHUS
U MHTEPIPETAIIH JaHHBIX.

IlepBblif coydail 1abopaTtopHOTro BhIABIEHHS HXUBI Y-
6A u uxuBI'U-6B B PO 6b11 3apeructpuposan B Pb6YH
«Uentpansueiii HUW  Onunemuonorum» Pocmorpeo-
Haza3opa. JlaboparopHo Obla MOATBEp)KAECHA HACHEA-
CTBeHHas mnepenada xu BI'U-6A B Tpex NOKOJICHHUSX,
a TaKKe TMPOBEICHO MOJTHOTEHOMHOE CEKBEHHPOBAHHE
IBYX KIMHUYECKHX mu30JTOB XuBI'U-6A ¢ mcmomnb3o-
BaHHEM TEXHOJIOTMM KOPOTKUX mpouTeHuid [53, 56].
Y 6 u3 1909 (0,3%) mammentoB c¢ Bupemueit BI'U-6,
npoxoasmux jedyenue B ®I'BY «HMUL remaronoruu»
Munsapasa Poccun, Oputa 3anomo3pena axuBI'U-6. Hc-
CJIEZIOBaHNE MaTepHaja HOT'TEeBbIX IUTACTHH U BOJIOCSIHBIX
(omnukynos noaTBepawIo Hanuaue HxuBIY-6 [57].

B HacTos111€€ BpeMst HEeT OnpeieIeHHOrO OTBETA O 3Ha-
yuMocTu HxuBI'U-6 a1 3110poBbsl yenoBeka, HO HEKOTO-
pBIE HCCIENOBAHMSI MOKA3aIH BO3MOXHOCTh AKTHBALIUU
BUpyCa TPU pa3IMYHBIX HHQEKIUSIX, MpHeMe JieKap-
CTBEHHBIX CPEJCTB, CYNEPHUH(EKITNH SK30T€HHBIM BUPY-
coM y marnueHToB ¢ uxuBI'U-6. Ha nannerii MOMEHT HET
OJTHO3HAYHBIX HAJEKHBIX JAHHBIX O PA3BUTUU T'€HETHYE-
CKHX aHOMAaJIMi WIH ayTOMMMYHHBIX 3a00JIeBaHUi, CBSI-
3aHHBIX ¢ HXUBIU-6, HO Takas BO3MO)KHOCTb TEOpETHIE-
cku cymiectyerT [10].

UccnenoBarenmsivu 13 TiOOMHTEHCKOTO YHHBEPCHTETA
(I'epmanus) ObIT NPOBEINEH PETPOCHEKTUBHBIM aHAIM3
UCTOpUi OoNle3HU 689 TMalMEHTOB, KOTOPHIM OBLIA BBHI-
nonHeHa aio-TI'CK B nepuoa ¢ auBapsa 2015 r. no ge-
kabpp 2018 . B 4 u3 89 ciyuaes BI'U-6 (4,5% monoxu-

OB30PbI

TENBHBIX citydaes, 0,6% oT Bcex 689 yenoBek) ObLT ycTa-
Hoenen xuBIU-6 (xommaectBo JIHK BI'Y-6 meromom
TP cocraBmito ot 2 X 10° 10 2,5 X 10° KoOIHii/MIT KPOBH).
U3 4 cnyuyaeB xuBI'U-6 cepuiiHble MCCiIe0BaHUS BUPYC-
HOHM Harpy3KH JI0 ¥ TIOCJIe TPAHCIUIAHTAIMHY MTOKA3aJIH, 9TO
B 2 ciydasx UCTOYHHMKOM XuBIY-6 ObuIM peLUNUeHTH,
a B 2 — noHOpHl. KoHEuHO, Takoe HeOOIBIIIOe KOINIEeCTBO
ciaydaeB xuBI -6 He O3BOJISIET cJIeNnaTh BHIBOJ O TOM, Ha-
CKOJIBKO YacTo BHPYC Tepemaercs ot qoHopa. Mccnenosa-
TN MpeiaraloT NPOBOAUTh UccaeaoBaHue Ha XxuBIU-6
KakK y TaIMeHTOB, TaK U Y JOHOPOB 0 BBITOJHECHUS all-
10-TI'CK c¢ 11emp10 005er1uTs NpUHATHE PELIeHHUs O TPo-
TUBOBUPYCHOM JIUCHUU B JlajbHeHeM [58].

Kpurepun guarnocruxku BI'd-6-unpexuun

CormacHo peKOMEHJALMsIM, NpPEACTABICHHBIM Ha
EBpometickoit kon¢epenmmm 2017 T. 1m0 Je4eHHIO
BI'U-6-undexnun y MamueHToB ¢ TeMaToIOTHIeCKUMU
3a00JIeBaHUSIMU TIOCIIE TPAHCILIAHTAIIMA T'€MOIOATHYE-
ckux cTBoNOBBIX KieTok (I'CK), Beimenenst Tpu (hopmbl
BI'U-6-undexmuu [12].

Tepsuunas BI'9-6-ungexyuss KOHCTAaTHPYETCA B CITydae
BeIsBIIeHHA BI'U-6 y yenoBeka 6e3 MPH3HAKOB MPEAbITY-
meit nHpekmu. OOBIYHO B OTBET Ha MH(EKINIO BBIpada-
TBHIBAIOTCS aHTUTENA, HO Y peuunuenToB ['CK ¢ TsoxensiM
MMMYHOJE(PUIIITOM OHH MOTYT OTCYTCTBOBATb.

Peaxmusayuss BI'4-6 — ob6napyxenne JIHK BI'Y-6
y JMII ¢ TIpU3HaKaMu Tmpensiaymied nHdeknun. Pazmm-
YaroT peakTHBAIIMIO YHJIOTEHHOTO (JIATEHTHOTO) BHpYycCa
U TIOBTOPHOE MH(UIIMPOBaHUE (IK30T'€HHO).

bonesus, evizeannas BI'4-6, — obHapyxkenue JIHK
BI'U-6 B mopakeHHOM opraHe W/miau oOpasmax Ouoio-
THUECKUX XHUJIKOCTeH (OpOHXOaJIbBEONIsIpHAs JIaBa)KHAS
XKHUJIKOCTb, CIIMHHOMO3IOBAasl >KUJIKOCTb) NPU HAIUYUU
CHUMIITOMOB W/WJIM TIPU3HAKOB MTOPaKEHHUS OpTaHa.

IIpy momo3peHun Ha NEPBUYHYIO WM PELUAUBUPYIO-
nryto BI'U-6-uHpeknuro ciexyer uekimounTs HXuBIU-6.

Hns uxuBI'Y-6 xapakTepHbl BBICOKHE, CTOMKUE YPOB-
un JIHK BI'U-6 B wnenpHON KpOBH, SKBHBAJICHTHHIC
Mo MeHbIed Mepe | KOIMUH/IEHKOINT, U B CHIBOPOTKE
WY TJIa3Me, DKBUBAJICHTHBIC 110 MEeHbIIeH Mepe 1 kormun/
JIU3UPOBAHHBIN JICHKOLIUT.

Jns maboparopHoit awarHoctuku BI'U-6-wHbeKIum
WCTIONIB3YIOTCSl BUPYCOJIOTHYECKHE (BBIEIIEHHE BHpyca
Ha YyBCTBUTEIBHBIX KYJIbTypax KIETOK), MOJEKYIIp-
HO-OMoONOTHYecKue (BBISIBICHHE HYKIEHMHOBBIX KHCIOT
Bupyca ¢ nomoniso [11{P) 1 uMmMyHOXHMIUECKue (BBISB-
JIeHVe BUPYCHBIX aHTUT'€HOB C TIOMOIIBIO PEaKIMi HMMY-
HoumroopectieHuy (PU®) u cnenudpudeckux aHTHTEN
B KpOBH TanenTa ¢ nomoinsio PUD n ummyHopepmenT-
Horo aHanuza (M®A)) metonsr [29].

Ceponoruueckasl AMAarHOCTUKA, KaK MPaBUJIO, OCY-
mectBiagercss MetoqomM MPA. Coderanue HalIWndus/oOT-
CYTCTBHS UMMYyHODII0OynuHOB M (IgM) 1 uMMyHOT0o0y-
muHoB G (IgG) mo3BonseT MPEANONOKUTE (ha3zy HHpEK-
mun. [IpenmyrnectBoM MeTona SBISETCS BOSMOKHOCTH
olpeneNieHnss aHaMHECTUYECKHX AaHTHTEN, JOKa3bIBa-
rommx ¢Gakt WHOUIMPOBaHWS BHpycoM. Hemocrarkom
JTAHHOTO METOJa ABJISIETCS TO, YTO BOZMOXKHO ITOJTyUeHNE
(T0KHOTIOJIOKHUTENBHBIX» PE3yJAbTaTOB M3-3a aHTUICH-
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REVIEWS

Hoii onmmsoctu BI'U-6A, BI'U-6B k BI'U-7 u [IMB. Hc-
[I0JIb30BaHKE JTAHHOTO METOZa Y NMalUEHTOB ¢ FeMaTojI0-
TMYECKUMH 3a00JIEBaHUSIMH OTPaHUYEHO IIPU PA3TUIHBIX
CHUTYalMsX, TAKAX KaK THIIOraMMarioOyInHEMHs, COCTO-
SHUE TIociie ITa3Madepesa, paHHUH MMOCTTPAaHCIUIAHTA-
LUOHHBIN niepuon, aeguuuT B-kineTouHoro 3BeHa, Mmpu-
MEHEHHUE TapreTHBIX MPEnapaToB U Ap.

IIpn cepomormueckoil AMAarHOCTHKE CIEAyeT OpaTh
BO BHUMaHUe TOT aKT, 4To, XoTs nosisnenue [gM k BI'U-6
OOBIYHO CBSI3BIBACTCS C OCTPOH MH(MEKIMEH, UX MPOLYK-
IIUS] HE BCET/Ia MOXKET OTMEUAThCs Y eTel MpH MepBUd-
HOM HMH(UIIMPOBAaHUH, U, C APYTOM CTOPOHBI, 3TH aHTH-
TeNa BBIABIAIOTCS MPUMEPHO Yy 5% 340POBBIX B3POCIHBIX
JIUII, 9TO MOXKET OBITH 00BsICHEHO OeccuMITOMHON (op-
Moii uHpekun. Kpome Toro, BO3MOXKHO BBISBICHHE TI€-
PEKPECTHO pearupyrommx aHTUTEN K APyTUM IeplecBH-
pycaMm, ocobenno k BI'U-7 [27]. Bce aTo ykasbiBaeT Ha
HU3KYIO CHEIU(PUIHOCTh CEPOJIOTMYECKUX JaHHBIX MPU
BI'Y-6-undekiumu.

Yarne mabopaTopHas TMarHOCTUKA WH(GEKIINHU, BEI3BAH-
Hoii BI'U-6, onupaeTcs Ha MOJIEKYIIIPHO-OHOJIOTHYECKIEe
METO/IbI CCIIENI0BAHN, Kak paBuiio, Ha I1LIP ¢ netexnu-
€l IPOTYKTOB peakiy B PEKUME PeabHOTO BPEMEHH.
B 3TOM ciiyuae B kauecTBE€ BUPYCHOM MMILIEHU BBICTYIIA-
et ydactok BupycHoit JIHK. IIpeumyiecTBoM 1aHHOTO
MeTOJla SBIISETCS BBICOKAsh YyBCTBHTENBHOCTh W MpaK-
tudyecku 100-mpouenTHas crenuduaaocts. K apyrum
JOCTOMHCTBAaM MOXKHO OTHECTH JOCTYITHOCTb, OBICTPOTY
MIPOBENICHHS HCCIIEAOBAHNS, BOSMOKHOCTh CTaHIapTH3a-
UK U apromMaru3anuu. K HemocTatkam MOXXHO OTHECTH
HECTIOCOOHOCTh METOZA OLIEHHTH >KM3HECHOCOOHOCTh
1 BUPYJIEHTHOCTD NaTtoreHa. Taxxe MeTon TpeboBareneH
K YETKOCTH BBINIOJHEHHUS BCEX I3TaloB JIAOOPaTOPHBIX
MPOLIEAYP.

MoHOHYKJIeapHBIe KIETKA MOTYT HCIIONB30BATHCS JIIS
kynsTuBupoBanus BI'U-6A/B. C nenpro auddepennu-
POBKHU BHPYCOB, a TaKXKe AJIsl OOHApYKEHHS UX B TKaHAX
MOTYT OBITH HCIIONB30BaHbl MOHOKJIOHAJIbHBIE aHTHUTENa
K CTIeU(UYHBIM aHTUT'€HAM U [TOJIUKJIOHATIbHbBIE aHTUTE-
na k U90 6enky BI'U-6, HO 3TH METOMBI SBJISIOTCS TOCTA-
TOYHO CJIO)KHBIMHU U IOPOTOCTOSIIIIUMHE B HCIIOIBE30BaHUN
[59]. MeTon ucmonb3yeTca B OCHOBHOM JUIS (DyHAaMeH-
TaJbHBIX HCCIIECAOBAHU.

O6napyxenne JJHK BI'Y-6 B KpoBH TOBOPHT O peIuIn-
Kaiuu, Ho y nuil ¢ HxuBI'U-6 B narenTHOH (opme mocro-
SHHO OOHapy’>KMBaeTCs BBICOKas KOHLCHTpPAIMI BHpYyca
B LEJIbHOM KPOBH, MJIa3Me, CIUHHOMO3TOBOM XKUAKOCTH,
6uonrarax Tkanei u ap. IHK BI'H-6 nmpucyTtcTByer B Bo-
JIOCSIHBIX (POJUTMKYIaX U HOTTEBBIX IIACTHHAX UCKIIIOUH-
TenbHO y nanueHToB ¢ HXuBI'U-6A [60, 61].

PeaxTusarust BI'H-6 y “MMyHOKOMITPOMETHPOBAaHHBIX
nanueHToB (penunuenTs! amto-TT'CK, manueHTs! nocne
MepecaaKku CONMAHBIX opraHoB, BUY-uapuImpoBanHbe
MAIMEHTH! U Tp.) MOXKET BBI3BaTh Pa3lIMYHbIe KIMHUYE-
CKHE IIPOSABICHHS, BKIIOYAs JIUXOPAJKY, ChIIb, TPOMOO-
IIUTOTICHUIO, SHIE(aIIUT, THEBMOHHIO, TETIaTHT, MHOKap-
nut, PTIIX, peaktuBanuro LIIMB-undexkunn [14]. Taxoke
BBISIBIICHA KOPPEJSILIMOHHAS CBSI3b MEXIY pEaKTUBALMEH
BI'Y-6 B coueranuu ¢ IIMB u cpokamu BoccTaHOBIIEHUS
neiikornodsa mocie amto-TI'CK [62].
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B nuteparype onucan ciy4aii pazputus BI'U-6-acco-
IMUPOBAHHOIO MuenuTa nocie nposeaeHuss CD-19 CAR
T-xnerounoit Teparnuu [63].

3aperucTpupoBaHsl ciydan peaktuBaiyu BI'U-6 Ha do-
He HOBOI KopoHaBupycHoi nHpekimm (COVID-19) [64].
[lokazano, uro y mammentoB ¢ COVID-19 3naunTensHO
yBenmuunBaeTcs skcrpeccus Oemka OX40 ma CD4*-T-
KJIETKaX, KOTOPBIN SBJISACTCS CIEIU(PIIHBIM PEEITOPOM
IUTS IPOHUKHOBEHUS B KIeTKy it BI'U-6B [65].

Hccnenoparenn u3 Snonun (Takano K. u coasrt.)
B 2018 1. mpoBenM CpaBHUTENBHBIA aHAIN3 OOHApyXe-
nHus IHK BI'U-6 B nna3me u niensHO# KpoBU. B oOmeit
CIIOXKHOCTH OBLT coOpaH 721 o6paserr oT 68 perunueHToB
amio-TI'CK. B cBsi3u ¢ 4acThIMU JI0KHOTIOJIOXKUTEIbHBI-
MU pe3ylbTaTaMu TpU HCCIEHOBAHUH LEIHHONH KPOBU
HCCJIEI0BATENN PEKOMEHAYIOT HCIIONb30BaTh IIa3My IS
moHuTopuHra JJHK BI'YU-6 ¢ 1enpio KOHTpOJIst IPOTUBO-
BHUpPYCHOI1 Tepanuu [66].

3akJ/oueHue

BI'U-6A u BI'U-6B sBnsrorcs yOMKBUTapHBIMH BHU-
pycamu. B Hacrosmiee Bpems wusydenue BIU-6A/B
B TPAHCIUIAHTOJIOTHH CTAJ0 aKTyaJlbHOH 3a/1aueil B CBSI3U
C HaKOIJIEHHEM JaHHBIX 00 MX BO3MO)KHOM BIHMSHHH Ha
pesyabTarsl ao-TT'CK, 06 ux posiu B marorenese moct-
TPAHCIUIAHTAIIMOHHBIX OCIIOXHEHHM, YIYUYIICHUH METO-
JIOB UX TUATHOCTUKU, MPOQPIIAKTUKY U JICUCHUSI.
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Current Diagnostics and Biomarkers for Arboviral Infections
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Abstract

Arboviral infections, transmitted to humans primarily through arthropod vectors, constitute a significant global health
threat. Arboviruses, such as Dengue, Zika, Chikungunya, and West Nile viruses, continue to cause widespread
outbreaks, necessitating advanced diagnostic tools. Emerging technologies including Lab On A Chip (LOC), Lab
On A Disc (LOAD), Microfluidic Paper-Based Analytical Devices (UPADS), Lateral Flow Devices, CRISPR-CAS
12/13, Quartz crystal microbalance (QCM), and Nano-Technology are evaluated for their potential to enhance
arboviral diagnosis, offering rapid, accurate, and point-of-care solutions. Furthermore, the identification of robust
biomarkers, including Inflammatory Cytokines, Antibodies, Endothelial Activation Products and Indicators of Tissue
or Organ Damage, is crucial for improving the understanding of disease pathogenesis, prognosis, and treatment
response. A comprehensive analysis of potential diagnostics and biomarkers for arboviral infections sheds light
on the evolving strategies to combat these medically significant diseases, ultimately contributing to more effective
surveillance, diagnosis and management worldwide.
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CoBpemeHHas guarHocTuka u Guomapkepbil
ap6oBupyCHbIX UH(peKLun (0630p BUPYCOB AeHre,
3uka, 3anagHoro Huna v YNKYHryHbs)

Adekola H.A. , Wahab K.A., Odunsi O.E., Abesin T.A., Oyesanya O.A.

PakynsTeT Mukpobuonornm, Yuusepcutet Onabucn OHabaHaxo, Aro-VBoie, Hurepus

Pestome

Ap6oBupyCHble MHMEKUMM, NepedatoLLmMecst YerloBEKY B OCHOBHOM 4Yepes3 UNEHWUCTOHOMMX MEPEHOCHMKOB, Npea-
CTaBnsAT coBON 3HaUMTENBHYHO rMobanbHyH0 Yrpo3y 300POBbI0 HaceneHus. ApboBMPYChI, Takme Kak BUPYChl AeHre,
3uka, YMKyHryHbst U 3anagHoro Huna, npogornkaroT Bbi3biBaTh LUMPOKOMAacLUTabHble BCMbILWKM 3a6oneBaHuin, 4To
TpebyeT NPUMEHEHNS1 COBPEMEHHbIX CPEACTB ANarHoCTUKN. HoBble TeXHOMOMMK, Takue kak «JlabopaTtopus Ha Ymine»
(LOC), «JlabopaTtopus Ha gucke» (LOAD), Mukpodniongnyeckne aHanuTu4eckme yCTponcTea Ha byMmaxkHON OCHoBe
(WPADS), mmyHoxpomatorpacmyeckuii aHamms (MXA), CRISPR-CAS 12/13, ksapueBble Mukposeckl (QCM) u Ha-
HOTEXHOMOMM, OLIEHNBAIOTCS C TOYKW 3PEHUST MX NOTEHLUMana Ans ynyyleHusl AMarHocT1kv ap6oBMpyCcOB, NOCKOMb-
Ky OHV mpeanaraloT GbICTpble, TOYHbIE U TOYeYHble pelueHns. Kpome Toro, BbisiBNEHWEe HadeXHbIXx GMoMapKepos,
BKMOYasi BOCNanuTenbHble LMTOKUHbBI, aHTUTENa, NPOAyKThbl akTMBaUMW 3HOOTENWUS U UHAMKATOPLI NMOBPEXAEHUS
TKaHew Unu opraHoB, MMEET peLUatoLLiee 3HavYeHre AN MyyLllero NoHMMaHusi natoreHe3a 3abonesaHns, MPorHosa u
oTBeTa Ha NeyeHne. BceCTopoHHMI aHanmn3 noTeHumanbHbIX METOAOB AUArHOCTUKY 1 GoMapkepoB ap6oBMPYCHBIX
MHPEKUMIA NPONMBaeT CBET Ha pasBuMBaloLLMecs cTpatern 60pbbbl C 3TUMU 3HAYUMBIMK ANA MeAMUMHbI 3abone-
BaHWSIMU, YTO B KOHEYHOM UTOre CnocoBCTBYET NOBLILLEHWIO 3EKTUBHOCTU HAA30pa, ANArHOCTUKM U NIeYeHUs BO
BCEM MUpe.
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Introduction

Arboviral infections (arthropod-borne viral infections)
represent a category of viral diseases primarily transmit-
ted to both humans and other animals through the bites
of infected arthropods like mosquitoes, ticks, and sand-
flies [1]. These viruses exist within intricate cycles in-
volving both arthropod vectors and vertebrate hosts [2].
Arboviral infections can provoke a broad spectrum of
clinical symptoms, ranging from mild febrile illnesses to
severe, potentially life-threatening conditions [3]. Arbo-
viruses are transferred when an infected arthropod vector
feeds on a susceptible host. The virus multiplies within
the arthropod’s body and subsequently enters the host’s
bloodstream when the feeding process happens. The in-
fected host can exhibit symptoms and act as a source of
infection for other vectors that feed on them [4].

The primary vectors responsible for arboviral trans-
mission encompass mosquitoes, ticks, sandflies and mid-
ges [5]. Distinct arboviruses are associated with specific
vector species. For instance, Aedes mosquitoes are recog-
nized as transmitters of viruses such as dengue (DENV),
Zika (ZIKV) and chikungunya (CHIKV), whereas Culex
mosquitoes are vectors for West Nile virus (WNV) and
Japanese encephalitis virus [6]. The distribution of arbo-
viral infections is often influenced by the geographical
range of these vector species [7]. Regions characterized
by suitable climatic conditions and the presence of com-
petent vectors are at a higher risk of experiencing out-
breaks of these infections [8].

Symptoms of arboviral infections can vary widely but
frequently include fever, headache, joint and muscle pain,
rash and fatigue [9]. In more severe cases, these infec-
tions can lead to neurological complications, hemorrhag-
ic fever, organ failure, and even death [10].

Global burden of arboviral infections

the global burden of arboviral infections is substan-
tial, with millions of cases reported annually [11]. Den-
gue fever alone affects over 100 countries, causing an
estimated 390 million infections each year [12]. Simi-
larly, ZIKV, CHIKV and WNV also contribute to this
burden, affecting various regions [11]. The DENV in-
fection places a significant global burden, with approxi-
mately 3.9 billion people across more than 120 countries
at risk of contracting dengue [13]. Annually, there are
about 100 million symptomatic cases, with approximate-
ly 500,000 severe cases requiring hospitalization [14].
Compared to other arboviral diseases such as dengue, the
global burden of ZIKV infection is relatively lower [15].
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However, it gained significant attention due to its associa-
tion with birth defects, especially microcephaly, in babies
born to infected mothers [16]. Notably, Zika outbreaks
occurred in various regions, particularly in the Americas,
from 2015 to 2016 [17]. Determining the exact number of
ZIKV infections is challenging because many cases are
asymptomatic or present with mild symptoms [18]. Nev-
ertheless, during the outbreaks, thousands of cases were
reported, and ZIKV transmission remains a concern, espe-
cially for pregnant women and their unborn children [19].
Since the early 2000s, multiple chikungunya outbreaks
have been reported, particularly in regions with favorable
mosquito habitats [20]. These outbreaks have resulted in
significant morbidity, affecting both local populations and
travelers [21]. However, quantifying the exact number of
cases is challenging due to underreporting and misdiag-
nosis. WNV has been known to cause neurological con-
ditions like encephalitis and meningitis since its discovery
in the 1930s [22]. Most WNV infections, however, are as-
ymptomatic or result in mild flu-like symptoms. The virus
has been found in various bird species and can spread to
humans through mosquito vectors [23]. Although the ma-
jority of WNYV infections are mild, severe cases can lead
to significant morbidity and mortality, particularly among
older adults and individuals with weakened immune sys-
tems [23]. Presently, the global expansion of the WNV to
colder regions is attributed to climate change [24]. Out-
breaks of WNV infection, particularly linked to significant
bird migration routes, have been documented in various
countries, including Russia, the United States, Greece, Ro-
mania, Canada and others [24]. A typical instance can be
found in the enduring endemic region located in southern
Russia, specifically in the Volgograd region. This area con-
tinues to grapple with the impact of the WNV, exhibiting
the highest recorded number of cases in the country [25].

These infections can result in severe illness, long-term
health complications and even death [26]. Additional-
ly, the economic impact is significant due to healthcare
costs, lost productivity and resources dedicated to control
measures [27].

Potential diagnostics
for arboviral infections

Lab On A Chip (LOC)

Devices known as «lab on a chip» (LOC) handle all
stages of the process, starting from sample purification
and continuing through detection and result interpreta-
tion. The chemicals required for sample testing are of-
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ten pre-loaded onto the instrument or contained in easily
insertable cartridges on the platform, and these systems
typically make use of microfluidics [28].

LOC devices have found utility in diagnosing various
arboviral diseases. Velders et al. (2018) developed an af-
fordable, battery-operated device for on-site ZIKV detec-
tion [29]. Sharma et al. (2020) engineered a microfluidic
platform employing magnetic beads and LAMP to de-
tect ZIKV in approximately 40 minutes [30]. Song et al.
(2016) devised a simple disposable microfluidics cassette
that can detect ZIKV in saliva samples in under 40 min-
utes [31]. Lastly, Ganguli et al. (2017) designed a mi-
crofluidics card combined with LAMP for the detection
of ZIKV, DENV and CHIKV in whole blood samples.
This system uses dried chemicals and offers a smartphone
read-out [32]. Consequently, LOC devices are well-suited
for field testing, point-of-care applications and the diag-
nosis of arboviruses in resource-limited settings.

Lab On A Disc (LOAD)

Similar to LOC (Lab-on-a-Chip) equipment, LOAD
(Lab-on-a-Disc) devices perform various tasks includ-
ing sample preparation, amplification, and result reading.
LOAD relies on centrifugal forces, often coupled with mi-
crofluidics, as described by Wang et al. in 2021, and uti-
lizes specific detecting agents, setting it apart from other
techniques [33]. An example of a commercially available
LOAD system is Diasorin’s LIASON®MDX, which has
been utilized for the identification of pathogens such as
DENYV, SARS-CoV-2, cytomegalovirus (CMV), herpes
simplex virus (HSV) and Clostridium difficile, among
others, as reported by Diasorin in Cyprus, CA, USA [34].
Furthermore, an INAAT-based LOAD system has been
developed as a portable, closed, computer-controlled
solution for detecting highly pathogenic avian influenza
virus. This system consists of a low-cost centrifugal mi-
crofluidic cartridge and a compact, portable processing
unit [34]. Another noteworthy development is the LOAD
system designed by Strohmeier et al. (2015). This system,
aimed at identifying the Rift Valley fever and yellow fe-
ver viruses, comprises a low-cost centrifugal microfluid-
ic cartridge paired with a small, portable processing unit
[35]. In recent times, Hin et al. (2021) introduced the Fe-
verDisc, a fully integrated LOAD system utilizing LAMP
technology. It can detect a wide range of pathogens, in-
cluding Plasmodium falciparum, P. vivax, P. ovale, P.
malariae, Salmonella enterica Typhi, S. enterica Para-
typhi A, Streptococcus pneumoniae, CHIKV, DENV 14
and ZIKV. Users must manually add the sample into the
cartridge, a process that takes approximately 5 minutes,
and the results are generated within about 2 hours using
lyophilized amplification reagents. Notably, this system
eliminates the need for cold chain logistics, and although
its price remains undisclosed, it is expected to be more
cost-effective than existing methods [36].

Microfluidic Paper-Based Analytical Devices (uPADS)

The initial approach introduced in 2007 involves creat-
ing patterns of millimeter-sized channels on paper [37].
This method is both simple and cost-effective. Microflu-
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idic Paper Analytical Devices (LPADs) typically consist
of a combination of hydrophilic and hydrophobic mi-
crostructures deposited on paper. These structures enable
the storage of reagents and the manipulation of samples
within the pPAD, including sorting, mixing, and detection.
These features make uPADs especially valuable for field
testing and other Point-of-Care (POC) applications [28].
uPADs present an excellent alternative to conventional
techniques for several reasons. They do not require a pow-
er source, are economical to produce and are easy to trans-
port. Notably, they have been employed in the detection
of ZIKV and CHIKYV using NS1 protein-based uPADs, as
well as CHIKYV detection in less than 10 minutes using a
laser-cut glass fiber pPAD [38]. Furthermore, wax barri-
ers have been proposed to partition individual chambers
within pPAD devices for use in a SARS-CoV-2 detection
system linked to Loop-Mediated Isothermal Amplification
(LAMP) amplification. These chambers include a sample
zone, buffer zone, LAMP master mix zone, mixing zone
and a sensor zone [39]. These cost-effective and straight-
forward methods can be applied to Point-of-Care settings
to detect arboviral infections and other diseases.

Lateral Flow Devices

Since they have been utilized in POC applications for so
long, lateral flow devices (LFDs) are perhaps the most pop-
ular platforms for the creation of such assays. Their wide
use in POC development is a direct result of their afford-
ability, usability, speedy results and straightforward inter-
pretation. Heart illness, monitoring food toxins, food poi-
soning, bacterial infection, viral infection and many other
conditions are examples of applications for LFDs [40—44].

Despite the fact that LFDs have been used widely for a
long time, they typically lack the sensitivity and specificity
of molecular techniques like RT-PCR and INAAT. Lateral
flow detection has been used for the detection of various
viral pathogens such as influenza virus, Japanese encepha-
litis virus, ZIKV, SARS-CoV-2, monkeypox virus, African
swine fever virus and Heartland virus, LFDs have been
coupled with LAMP and RPA amplification [40, 45-47].

CRISPR-Cas 12/13

Detection of pathogens through CRISPR-Cas technol-
ogy relies on the inherent properties of CRISPR proteins.
Bacteria employ a group of proteins called clustered
regularly interspaced short palindromic repeats (CRIS-
PRs) to execute an immune response, eliminating for-
eign DNA through sequence-specific RNA molecules
known as crRNA [48]. Thanks to its intrinsic precision,
the CRISPR-Cas9 system has found extensive utility in
biology, both for genome editing and the identification of
DNA and RNA molecules. This technique hinges on two
catalytic domains, RuvC and HNH, which induce targe-
ted cleavage at locations matching the guide RNA [49].
In contrast, the CRISPR-Cas12 system, unlike its Cas9
counterparts, employs a single catalytic domain, RuvC, to
induce double-stranded DNA breaks, guided by crRNA.
In order to trigger these breaks, Casl2a enzymes iden-
tify a T-rich protospacer adjacent motif (PAM) [50]. In
this process, single-stranded DNA or RNA reporter mol-
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ecules, potentially labeled with biotin or fluorescent tags,
are introduced to generate a readable signal [48]. These
assays, which include techniques like LAMP, RPA, HDA
and SDA, have been integrated with isothermal nucleic
acid amplification tests (INAAT) to produce cost-effec-
tive, field-deployable assays suitable for point-of-care
(POC) applications. Notably, the CRISPR-Cas-12/13
systems have successfully detected various significant
arboviruses, such as DENV, WNV, ZIKV, Japanese en-
cephalitis virus, Crimean-Congo hemorrhagic fever virus
and severe fever with thrombocytopenia syndrome virus
to date [51-54].

Quartz crystal microbalance (QCM)

QCM is a label-free, very mass-sensitive device that
uses the piezoelectric effect to detect binding events be-
tween minute amounts of medically relevant analytes
and receptors on its surface [55]. Better sensitivity, us-
ability, interaction with small analytical instruments, and
economics are some of the benefits of QCM over oth-
er transducer types claimed [55]. In one study, a QCM-
based immunochip was created to detect dengue viral
antigens [56]. A piezoelectric transducer was coated with
two distinct monoclonal antibodies that were utilized to
identify DENV antigens in buffer [57]. The antibodies
were directed against the glycoprotein-E and NS1 pro-
teins, respectively [57]. The sensitivity was increased by
multi-antibody coating, which enabled the collection of
multiple antigens. Sensitivity was increased much more
by the addition of a protein A layer that helped immobi-
lized antibodies find their orientation [58]. Five DENV
serotype 2 (DENV-2) positive and ten DENV sero-
type 1 negative sera were evaluated along with spiking
samples, clinical specimens, and optimally pretreated
samples. The developed immunochips could differentiate
samples that were DENV-2 positive from samples that
were DENV-negative [58]. The NS1 antigen ELISA had
similar sensitivity. The immunosensors that are described
in these two publications are distinguished by modest
technical requirements for the test site, simple result in-
terpretation and quick availability of results. Dilution or
other pretreatments are frequently not necessary for the
examination of samples [58]. The assay’s shelf life may
be increased by substituting these artificial binding sites
for monoclonal antibodies, and the assay’s specificity
may be more precisely controlled [58]. This DNA-QCM
approach is label-free and doesn’t need expensive equip-
ment, but it has similar sensitivity and specificity to flu-
orescent real-time PCR. Although QCM chips have been
used successfully in protein tests, their usage with clinical
samples may be constrained by interference from serum
proteins, intricate interactions between interfacial param-
eters, and environmental factors [58]. Therefore, future
work with this technology will focus on making more im-
provements that address the robustness issue.

Nano-Technology

Recently, progress has been made in the diagnosis of
arboviruses using nanostructures, including carbon nano-
tubes, metal nanoparticles, liposomes, and others, for the
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creation of biosensors [59]. Researchers have become in-
terested in this technology since it may allow for quick
and affordable detection outside of the lab as well as in-
creased amplification and sensitivity. Eivazzadeh-Keihan
et al. (2019) states that the use of nanobiosensors enables
us to considerably optimize the amount of samples used,
the analysis duration, the detection limit, and the potential
detection of analytes in samples unusable by convention-
al methods. In order to aid in the quick identification of
critical mosquito-borne diseases like dengue, chikungun-
ya, zika and yellow fever, the development of new di-
agnostic procedures using nanotechnology has received
considerable attention [60]. To diagnose arboviruses, for
instance, metallic nanoparticles linked to electrochemical
biosensors have been produced [61]. Metallic nanopar-
ticles (MNP) are tiny metal particles, such as zinc, iron,
gold and silver, that are created at the nanoscale. Due to
their distinctive magnetic and mechanical properties, as
well as unique technological traits like melting point and
surface, as well as pharmaceutical applications and bio-
logical properties of MNP, these materials have begun to
stand out with the development of. MNP is therefore a
promising approach for developing improved diagnostic
tools and nanomedicines [61]. For instance, Simao et al
(2020) showed how metallic nanoparticles connected to
electrochemical biosensors could be used as arbovirus
diagnostic tools. In serological samples from infected pa-
tients, the new approach demonstrated good viability and
sensitivity when interacting with viral glycoproteins [62].

Potential biomarkers
for arboviral infections

Despite numerous procedures or platforms that have
been developed for early detection of arboviruses,
they remain suboptimal and the gold standard remain
isolation and identification of viral particles but it can be
time consuming, so biomarkers for diagnosis still play
significant roles in arboviral infections [63, 64]. Most
times disease progression is characterized by engagement
of host defense pathways which include inflammation,
angiogenesis, coagulation and endothelial activation
[63, 64]. Biomarkers from this immunopathological
pathways can be used in combination with clinical
laboratory test for early detection of pathogens.

Inflammatory Cytokines

Most arboviral infections are immune-mediated
and induces cytokine storm which contributes to the
pathogenesis of the viral infections. Cytokines could
be activated by virus infected cells or other cells of the
immune systems such as the mast cells or T cells [65].
These cytokines play a crucial role in modulating the
immune response during DENV infection [65]. A study
conducted by Zhao et al. (2021) demonstrated that
elevated levels of IL-6, IL-10 and TNF-a are associated
with severe dengue cases, indicating their potential as
predictive biomarkers for disease severity. Furthermore,
a research conducted by Puc et al. (2021) highlighted
the role of IL-10 in distinguishing dengue from other
febrile illnesses, emphasizing its potential diagnostic
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value. Notably, a comprehensive meta-analysis by Soo
et al. (2017) consolidated evidence from multiple studies
and supported the significance of IL-8, IL-10 and IL-18
in predicting severe dengue outcomes. A meta-analysis
by Tran et al. (2021) also indicated the significance of
IL-4, IL-6, IL-8, IL-10 and IL-17 in the pathogenesis of
developing a severe reaction in dengue fever. Collectively,
these recent studies underscore the value of inflammatory
cytokines as promising biomarkers for both diagnosing
dengue infection and predicting its severity, offering a
more precise approach to patient management and disease
surveillance.

Recent studies have shed significant light on the role
of inflammatory cytokines as potential biomarkers
for ZIKV infection. These studies have collectively
highlighted the intricate relationship between the virus
and the host immune response. A study Chang et al.
(2020) found a distinct pattern of cytokine expression
in response to ZIKV infection, with elevated levels
of interferons (IFNs), interleukins (ILs), and tumor
necrosis factor-alpha (TNF-a). This cytokine profile,
particularly increased levels of IFN-B and IL-10,
correlated with disease severity [71, 72]. Another study
by Vinhaes et al. (2020) identified a strong correlation
between IL-6 and IL-10 levels and fetal microcephaly
in ZIKV-infected pregnant women, underscoring the
potential of these cytokines as a predictive biomarker
for adverse outcomes. Moreover, research by infection
Camacho-Zavala et al. (2021) and Naveca et al. (2018)
demonstrated the significance of chemokines such as
CXCL10 as crucial mediators of immune responses
during ZIKV infection. These chemokines were found
to be upregulated in the serum of pregnant women and
fetal brain cells, suggesting their role in microcephaly
associated with the viral infection [76]. The high levels
of these pro-inflammatory biomarkers increase the
permeability of the blood-brain barrier and may facilitate
the transmission of the virus from the circulation to the
central nervous system during virus clearance [77].
Furthermore, a study by Zuiliiga et al. (2020) focused
unique immune signature of serum cytokine and
chemokine dynamics in patients with ZIKV infection.
They noted al pattern of cytokine expression, with acute
stages infection marked by IL-9, IL-17A and CXCL10,
while the recovery stages showed a shift towards
elevated serum levels of CCL4 and CCLS5.

In West Nile infection, Benzarti et al. (2023) in a study
outlining the roles of interleukins, chemokines and Tumor
Necrosis Factor Superfamily ligands in the pathogenesis
of WNV infection. It was reported that WNV induces
the release of at least 22 ILs in mammalian hosts, but
only IL-1B, IL-6, IL-10, IL-12, IL-17A, IL-22 and IL-
23 has been directly investigated in previous studies
[79]. Chemokines such as CCL2, CCL7 and CXCL10
were also corelated with disease severity as a result of
the expression of chemokine receptors including Cer2,
Cecr5, Cer7, Cxcr2, Cxer3, Cxcrd4 and Cx3crl in WNV-
infected models. Upregulation of TNF-a was have also
been linked to cases of WNV infection in humans [79].
These observations demonstrate strong association with
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progression of the infection, suggest that monitoring the
levels of these cytokines could serve as indicators of
disease severity and aid in early intervention. A recent case
report by Leis et al. (2020) reported the role of interferon-
gamma (IFN-y) in WNV infection. The study indicated
that elevated levels of IFN-y were present in patients with
WNV infection, and its persistence was associated with
prolonged disease duration due to lingering symptoms
to WNV infection. This emphasizes the potential of
IFN-y as a prognostic biomarker for disease progression.
Unsurprisingly elevated levels of TNFa, IL-2, IL-13 were
reported along with [FN-y, several months after onset of
symptoms [80]. This evidently supports coincidental role
of the inflammatory cells in the development protracted or
delayed symptoms of the infection [80]. Elevated levels
of cytokines such as IL-6, TNF-a, IL-8, IL-10, and IFN-y
have been correlated with disease severity, neurological
complications, and disease progression. Monitoring
these cytokines could potentially aid in timely diagnosis,
risk assessment, and management strategies for WNV
infections.

In recent studies, there is growing evidence
highlighting the potential of inflammatory cytokines as
valuable biomarkers for Chikungunya infection. A study
conducted by Ninla-aesong et al. (2019) found that
elevated levels of pro-inflammatory cytokines such as
interleukin (IL)-1pB, IL-6, IL-8, monocyte chemotactic
protein-1 (MCP-1), MMP-1 and MMP-3 levels in
patients with persistent arthralgia in comparison
to healthy controls and a significant increase in
TNF-0, MMP-1 and MMP-3 levels in patients with
persistent arthralgia in comparison to patients who
had fully recovered. This suggests that monitoring
these cytokines could serve as an indicator of disease
progression. Additionally, a study by [82] revealed that
Chikungunya virus infection triggers elevated levels
of IL-18 and IL-18BP levels chikungunya infection.
Both IL-18 and IL-18BP was induced following
CHIKYV infection. IL-18BP was increased to regulate
the activity of IL-18. TNF-a, MCP-1, IL-4, IL-6,
and IL-10 levels have been reported to be maximal
in the symptomatic phase, and these maximal levels
were maintained in the recovery phase. An association
between these cytokine levels and disease severity were
reported in recent studies [83, 84]. Furthermore, a study
by Sharma et al. (2021) demonstrated that the levels of
IL-8, a chemokine involved in recruiting immune cells
to the site of infection, were significantly elevated in
patients with acute Chikungunya infection. This finding
suggests that IL-8 could potentially serve as a diagnostic
marker for early detection of the disease. Collectively,
these studies underscore the potential of inflammatory
cytokines as biomarkers for Chikungunya infection.
Monitoring the levels of specific cytokines such as IL-
6, TNF-a, IFN-y, IL-1pB, IL-18, and IL-8 could provide
valuable insights into disease severity, progression, and
early diagnosis. However, further research is warranted
to validate the clinical utility of these cytokines as
biomarkers and to establish standardized protocols for
their measurement in clinical settings.
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Endothelial Activation Products

Recent studies have shed light on the significance
of endothelial activation products such as sVCAM-1,
sICAM-1, and Ang-2, as potential biomarkers for early
diagnosis and prognosis of arboviral infections, offering
valuable insights for improving clinical management
strategies.

Elevated levels of soluble vascular cell adhesion
molecule-1 (sVCAM-1) and soluble intercellular adhesion
molecule-1 (sICAM-1), both endothelial activation
products, have been associated with severe dengue [86—
88]. Nolitriani et al. (2021) demonstrated that endothelial
cell activation contributes to vascular leakage in dengue.
Furthermore, a 2019 study by Mapalagamage et al.
(2020) highlighted the potential of serum angiopoietin-2
(Ang-2), another marker of endothelial activation, as a
predictor of severe dengue. Mariko et al. (2019) also used
Angipoietin-2 levels to differentiate between dengue
hemorrhagic fever patients with or without shock.
Elevated von Willebrand factor levels have also been
considered as a biomarker for dengue [92].

Endothelial activation is a key component of the
pathogenesis of ZIKYV, as the virus is known to directly
infect endothelial cells [93]. A study conducted by Clé
et al. (2020) found that ZIKV infection leads to an
upregulation of various endothelial activation markers,
including vascular cell adhesion molecule-1 (VCAM-1)
and intercellular adhesion molecule-1 (ICAM-1). These
molecules play critical roles in leukocyte adhesion and
transmigration, which are essential processes in the
immune response to viral infections. CI¢ et al. (2020) also
found out the marked increase of E-selectin in his study,
which also demonstrates the potentials of E-selectin as a
promising biomarker for ZIK'V infection. The study carried
out by Fares-Gusmao et al. (2019) also demonstrates the
E-selectin as a biomarker for ZIKV infection.

WNV infection have also linked with inducement
and upregulation of endothelial activation products.
Roe et al. (2014) findings demonstrated a significant
elevation in ICAM-1, VCAM-1, and E-selectin in human
endothelial cells and infected mice brain. This suggests
that endothelial activation may play a pivotal role in the
pathogenesis of WNV and that these biomarkers could
serve as indicators of disease severity. Similar report was
also made by Constant et al. (2023) in a study observing
the differential effects of Usutu and West Nile viruses on
neuroinflammation, immune cell recruitment and blood—
brain barrier integrity

Recent studies on endothelial activation products as
biomarkers for Chikungunya infection have provided
valuable insights into the pathogenesis and diagnosis
of this viral disease [98]. One notable study conducted
by Wauquier et al. (2011) explored the role of soluble
adhesion molecules such as ICAM-1 and VCAM-1 as
indicators of endothelial activation during Chikungunya
infection. The research demonstrated a significant increase
in serum levels of these molecules in Chikungunya-
infected individuals compared to healthy controls.
Similar findings was also reported by Chirathaworn et al.
(2022) in the study investigating IL-1Ra and sVCAM-1
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in CHIKYV infection. In addition, the involvement of von
Willebrand factor (vWF) in Chikungunya pathogenesis
was established by Marques et al. (2017). The case
report highlighted the relationship between deep venous
thrombosis and CHIKV infction and reported elevated
vWF levels in in the infected patient, emphasizing its
potential as a biomarker for endothelial dysfunction.

Indicators of Tissue or Organ Damage

Elevated liver enzymes can be used as reliable indicators
of liver damage in dengue patients [102]. This was
observed in a retrospective study carried out by Swamy
et al. (2021) correlating liver function in dengue patients
with disease severity. The study observed that increased
levels of serum glutamic-oxaloacetic transaminase and
serum glutamic-pyruvic transaminase were associated
with dengue hemorrhagic fever and severe dengue
cases. Elevated serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were observed in
another dengue study carried out by Goweda & Faisal
(2020). Elevated levels of alanine transaminase (ALT)
and aspartate transaminase (AST), alkaline phosphatase
(ALP) were also similarly reported in the study carried
out by Sibia et al. (2023).

Additionally, cardiac biomarkers can also be reportedly
utilized the diagnosis and management of dengue patients.
Lee et al. (2022) and Teo et al. (2022) reported elevated
levels of cardiac troponin) and brain natriuretic peptide
(BNP) respectively in individuals with severe dengue,
indicating myocardial and cardiac stress. Kidney injury
biomarkers have also been explored in several studies
on severe dengue patients, carried out by Kosaraju et al.
(2023), Koshy et al. (2021), Niroshini (2020). The studies
identified elevated levels of serum creatinine and urinary
albumin as potential indicators of kidney damage in
severe dengue cases.

Fernandez et al. (2022) shed light on the significance
of microRNAs (miRNAs) as potential biomarkers. They
found that certain miRNAs, such as miR-146a and miR-
155, were altered in ZIKV-infected individuals. These
miRNAs are known to be involved in regulating immune
responses and inflammation, suggesting their utility as
indicators of tissue damage. Tabari et al. (2020) also
reported the dysregulation of numerousmiRNAs, including
miR-4792, which were dysregulated at the intracellular
level during ZIKV infection. These miRNAs are also
involved in oxidative stress and neurodevelopmental
processes. Recently, Bhagat et al. (2021) highlighted
the importance of assessing markers of neuronal injury,
such as glial fibrillary acidic protein (GFAP). Elevated
levels of GFAP in cerebrospinal fluid (CSF) have been
associated with ZIKV-induced neurologic complications,
making them promising candidates for monitoring neural
tissue damage.

He et al. (2009) highlighted the importance of
monitoring serum levels of neuron-specific enolase
(NSE) as a potential biomarker for neurological damage
in WNV patients. Elevation of NSE in patients with severe
neurological symptoms, suggesting its utility in assessing
brain involvement. Studies linking cardiac troponin to
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WNV associated cardiac damage have also been reported.
Gao et al. (2022) and Lei et al. (2022) both reported
elevated cardiac troponin in their studies on rare cases of
WNYV associated cardiac infections, indicating the virus’s
impact on cardiac tissues. Additionally, investigations
into liver function biomarkers in studies such as Castaldo
et al. (2020), Geerling et al. (2021) and UroSevi¢ et al.
(2016) revealed that serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels
were significantly elevated in WNV infection with
hepatic involvement. These liver enzymes could serve
as early indicators of hepatic damage, prompting timely
interventions. Furthermore, kidney injury molecule-1
(KIM-1) has been reported to facilitates cellular uptake of
WNYV, and can be used to assess renal damage in WNV-
infected individuals [120].

Increased concentration of creatine kinase (CK) in
CHIK V-infected individuals is one of the significant
biomarkers for chikungunya infection. Studies carried
out by Acosta-Reyes et al. (2023), Elfert et al. (2019),
and Patwardhan et al. (2021) showed that CK levels were
significantly higher in patients with chikungunya virus
infection, suggesting muscle damage as a consequence
of the infection. The potential of microRNAs (miRNAs)
as biomarkers for chikungunya-induced organ damage
have also been explored [124]. Parashar et al. (2018) and
Selvamani et al. (2014) revealed that specific miRNAs,
such as miR-155 and miR-146a, were upregulated in
chikungunya patients indicating their involvement in the
regulation of immune responses and tissue damage.

Conclusion

Arboviral infections continue to pose a significant
global burden, with their impact increasing due to factors
like climate change and urbanization. The development
of effective diagnostics is crucial for timely detection and
management of these infections. Emerging technologies,
such as Lab On A Chip (LOC), Lab On A Disc (LOAD),
Microfluidic Paper-Based Analytical Devices (WPADS),
Lateral Flow Devices, CRISPR-CAS 12/13, Quartz
crystal microbalance (QCM) and Nano-Technology,
offer promising avenues for rapid and accurate diagnosis.
Furthermore, identifying suitable biomarkers, including
inflammatory cytokines, antibodies, endothelial activation
products and indicators of tissue or organ damage, can
aid in assessing disease severity and monitoring patient
response to treatment. Collaborative efforts between
researchers, healthcare professionals and policymakers
are essential to harness the potential of these diagnostics
and biomarkers, ultimately mitigating the impact of
arboviral infections on public health worldwide.
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Pe3tome

OcHoBHas uenb HacTosiLweln paboTbl 3aknovanach B onpeaeneHmmn oCoO6eHHOCTEN LIMPKYNSALMN Pa3HbIX BUPYCHbIX
pecnupaTopHbIX NaToreHoB B Nepuog anvaemMumyeckoro ceaoHa 2022—-2023 rr. Ha (hoHe NpoJomKatoLLencs 3Bonto-
LIMOHHON n3meH4mBocTy Bupyca SARS-CoV-2.

MaTepuanbl n MeToAbl. B cTaTbe ncnonb3osaHbl METOABI, NPUMEHSIEMbIE B «TPAAULMOHHOM» U KTOCTIUTanbHOM»
anuaemuorormyeckom Hagsope 3a OPBU.

Pe3ynbTrathl u 06cyxaeHne. Ha ¢poHe oTHOCUTENBHO HM3KOM akTMBHOCTU SARS-CoV-2 1 ero HoBbIX BAapMaHTOB
nepuog c oktabps 2022 r. no ceHTsbpb 2023 1. xapakTepr30Barncs paHHe! 1 BbICOKOW aKTUBHOCTLIO BUpYCa rpun-
na A(H1N1)pdmO09 (Hos6pb—aekabpb), HA CMEHY KOTOPOMY MpPULLEN BMPYC rpunna B (sHBapb—MapT); akTUBHOCTb
Bupyca rpuvnna A(H3N2) 6bina kpaiHe HU3KOW. [0 aHTUreHHbIM CBOMCTBaM NOMNYMALUM 3NMOAEMUYECKMX LTam-
MOB 6blnin 6M3KOPOACTBEHHbI BUPYyCaM, BXOAMBLUMM B COCTaB PUMNO3HbLIX BakUMH U PEKOMEHOOBaHHbIX 3KC-
neptamu BceMupHoW opraHnsaummn 3opaBooXpaHeHUs Anst TEKyLLero ce3oHa B cTpaHax CeBepHOro nonyLiapus.
MoaTteepxaeHa acpdeKTMBHOCTb BaKUMHONPOMUNAKTUKK rpunna y npueuTbiX (75,0%). Bce usyyeHHble wrammbl
Bupycos rpunna A(H1N1)pdm09, A(H3N2) n B coxpaHunu 4yBCTBUTENBHOCTb K Mpenapatam ¢ aHTUHENpPaMUHU-
[a3HoM akTMBHOCTLIO. CTPYyKTypa v Jonesoe yyacTue apyrmux Bo3dyautenenn OPBU no cpaBHeHuto ¢ npegbiayLwmm
CE30HOM HECKOSMbKO U3MEHUIUCL: BbiiBNieHa TeHAeHUuus K pocTy aktuBHoctn HAAV n HMPV, npaktuyeckn pas-
Ho3HayHasi aktuBHocTb HRsV, HRV, HCoV 1 HBoV u cHnxenue aktnHocTu HPIV. MNpu 3ToM YacToTa gpyrnx Bos-
6yamTenent OPBU He gocTurna nokasatenen npegnaHgemundeckoro no COVID-19 nepuoga. JaHo ob6ocHoBaHue
akTyanusauum coctaBa rpunmno3Hbix BakUuH aAnst ctpad CeeepHoro nonywapus B ceaoHe 2023-2024 rr.

KnroueBble cnoBa: anudemuyeckuti ce3oH 2022—-2023 2z.; epunn; SARS-CoV-2; OPBU; aHmuzeHHble ceolicmea;
2eHemuyeckue cgolicmesa, cocmas 2purno3Hbix 8akyuH 0ns cmpaH CesepHozo (2023-2024 22.)
u FOxHozo nonywaput (2024 2.)

Ona uutupoBaHma: bypuesa E.N., KonobyxuHa J1.B., MaHosa A.0., Mykawesa E.A., KpacHocno6oaues K.I,
Kupnnnoea E.C., Bpecnas H.B., Tpywakoa C.B., Komaposa N.A., ®eogoputosa E.J1., Mepkynosa J1.H., Xno-
nosa W.H., KpyxkoBa WN.C., UrHatbeBa A.B., Kpenkas A.C., KomuccapoB A.B., MoutoBbii A.A., Kyctosa O.0.,
lNywwmH B.A., TiopyH W.H., CamkoB A.A., AHTunat H.A. CBoicTBa BMPYCOB rpunna, Bbi3BaBLUUX anNnaeMmyeckue
nogbembl 3aboneBaemMocTu B Poccuu n ctpaHax Mupa B 2022-2023 . O¢hheKTMBHOCTb BaKLMHONPOUNAKTUKN.
Bonpocki supyconoeauu. 2024; 69(1): 42-55. DOI: https://doi.org/10.36233/0507-4088-211 EDN: https://elibrary.
ru/zqtfnx

duHaHcupoBaHue. ViccnefoBaHue NpoBeAeHO B pamMKax BbIMOMHEHUSt TeMbl [OCYAapCTBEHHOTO 3afaHus B Nepuos
2022-2024 rr. «Co3gaHne naHenu cTaHgapTHbIX 06pa3sLoB (KMMHUYECKNX, BUPYCHBIX, BakTepuanbHbiX) ANS Banvaauum n
aKTyanusaumu TecT-CUCTEM, UCTIONb3YeMbIX B AMArHOCTUKE, NPOrHO3MPOBaHUN TeyeHns 3aboneBaHns 1 oueHke addek-
TUBHOCTY neyeHunst n npocunaktukm SARS-CoV-2, rpunna u gpyrux OP3».
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OPUTUHAJbHbBIE NCCNEAOBAHUA

BnarogapHocTu. 3a MHOroneTHee COTpyAHMYECTBO B HaA30pe 3a UMpKynsiuuen BupycoB rpunna B Poccuiickon depe-
pauumn aBTopbl rmy6oko GrnarogapHel konneram 10 onopHbIx 6a3, npeAcTaBneHHbIX TepputopuanbHeIMU yNpaBneHnsMm
n ®BbY3 «UeHTp rurmeHsl n anugemuonorun» PocnotpebHaasopa B EBponeiickoit yactu (Xapnamosy M.B., r. Hosro-
poa Benukuii; Casenbesy C.W., . Jluneuk; bynaHosy M.B., . Bnagumup; Kapnosy H.J1., r. Apocnasnb; PabuHunHon T.B.,
r. Men3a; Mockosckoli C.B., . Yebokcapsl), Ha Ypane (BepelwaruHy H.H., r. OpeH6ypr), B Cubupu (LLnxunny A.B., . Tomck)
n Ha JanbHeMm Boctoke (Byknukosy A.B., . BupobuaxaH; PomaHoson J1.6., r. BnagmBocTok).

KoHdbnuKkT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBUE SIBHBIX U NMOTEHUMArbHbIX KOH(MUKTOB MHTEPECOB, CBA3aH-
HbIX C Nybrmkaumen HacTosILLEeN CTaTby.

ATunyeckoe yTBepxaeHue. ViccnegoBaHve NnpoBognnock Npy Ao6poBonbHOM MHEPOPMUPOBAHHOM COrMacuv NaLMeHTOB.
MpoTtokon nccnegosaHusa ogobpeH Atuveckum komutetom NBY3 r. Mocksbl «MHDeKLMOHHas knuHudeckas 6onbHuua Nel
[enaptameHTa 3gpaBooxpaHeHus ropoga Mocksbl» (IMpoTokon Ne 8 ot 28.12.2022).

ORIGINAL STUDY ARTICLE
DOI: https://doi.org/10.36233/0507-4088-211

Properties of influenza viruses that caused epidemic increases
in morbidity in Russia and countries of the world during
2022-2023. The effectiveness of vaccine prophylaxis

Elena I. Burtseva' , Ludmila V. Kolobukhina', Anna D. Panova', Evgeniya A. Mukasheva',
Kirill G. Krasnoslobodtsev', Elena S. Kirillova', Natalia V. Breslav', Svetlana V. Trushakova’,
Irina A. Komarova?, Elena L. Feodoritova’, Liliya N. Merkulova', Irina N. Khlopova',

Irina S. Kruzhkova', Anna V. Ignatieva’, Anastasia S. Krepkaia', Andrey B. Komissarov®,
Andrei A. Pochtovyi', Daria D. Kustova', Vladimir A. Gushchin', Igor N. Tyurin?*,

Alexey A. Samkov*, Natalya A. Antipyat*

"National Research Centre of Epidemiology and Microbiology named after honorary academician N.F. Gamaleya

of Ministry of Health, 123098, Moscow, Russia;

2Pacific State Medical University of the Ministry of Health of the Russian Federation, 690002, Primorsky Krai,
Vladivostok, Russia;

SResearch institute of influenza named after A.A. Smorodintsev of Ministry of Health, 197022, St. Petersburg, Russia;
“Clinical Hospital for Infectious Diseases No. 1, Department of Health of Moscow, 125367, Moscow, Russia

Abstract

The purpose of this work was to determine the characteristics of the circulation of various viral respiratory
pathogens during the epidemic season 2022-2023 against the background of the ongoing evolutionary variability
of SARS-CoV-2.

Materials and methods. The article uses methods used in «traditional» and «hospital» epidemiological surveillance
of acute respiratory viral infections.

Results and discussion. The period from October 2022 to September 2023 was characterized by early
and high activity of influenza A(H1N1)pdmO09 virus, which was replaced by influenza B virus. The antigenic
and genetic properties of strains were closely related to influenza vaccines viruses recommended by
WHO experts for the current season. The effectiveness of influenza vaccines was confirmed (75.0%). All
of the studied influenza A(H1N1)pdm09, A(H3N2) and B epidemic strais retained sensitivity to drugs with
antineuraminidase activity. The structure and share of other ARVI pathogens have changed somewhat
compared to the previous season: There was a tendency to increase the activity of HAdV and HMPV; almost
equivalent activity of HRsV, HRV, HCoV and HBoV; and a decrease in HPIV activity. At the same time, the
frequency of other ARVI pathogens did not reach the indicators of the pre-pandemic COVID-19 period. The
rationale for updating the composition of influenza vaccines for the countries of the Northern Hemisphere
in the 2023-2024 season is given.

Keywords: epidemic season 2021-2022; influenza; SARS-CoV-2; ARVI; co-infections; the composition of influ-
enza vaccines for the countries of the Northern Hemisphere (2023—2024) and Southern Hemisphere
(2024)
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the diagnosis, prognosis of the course of the disease and evaluation of the effectiveness of treatment and prevention of

SARS-CoV-2, influenza and other acute respiratory infections.
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BBenenne

11 mapra 2020 r. Bcemupnas opraHuzanus 37pa-
BooxpaneHus (BO3) oOpsBmia 0 Havane mHaHASMUHU
COVID-19, BbI3BaHHOM HOBBIM KopoHaBHpycoM SARS-
CoV-2,a 5 mas 2023 . — 0 TOM, YTO 3TOT BUPYC MepecTal
MIPENICTABIIATE YPE3BRITANHYIO YTPO3Yy B 00JIACTH 3IPaBO-
OXpaHEHUS IS BCEX CTPaH MHUPa, OJHAKO HAHOCHUMBII UM
yiep0 mpoaoinKaeT BbI3biBaTh onaceHus [1]. [Tangemus
COVID-19 crana npuuuHON CEpbE3HBIX COLUAIBHO-3KO-
HOMHYECKUX TOCIEACTBUHN, 3aTPOHYNA MPAKTHUIECKH BCE
cthepbl AeATeNbHOCTH YelIOBEKa, BKIIIOYask TPYIOBYIO, Ha-
YYIHO-00pa30BaTeIbHyl0, CIOPTUBHYIO, MOIATHYECKYIO,
KyIBTypHYIO U Ap. B cBs3u c BBegeHHEM KapaHTUHHO-
OTPAHUYUTEIBHBIX MEPONPUATUH M3MEHUIACHh CTPYKTY-
pa uH(pEKIHOHHOW 3a00JIeBa€MOCTH, M TPEXKJE BCETO,
MHTCHCUBHOCTh JMHUIACMHUI TpHUIINA, I0JIEBOE YYaCTHE
JIPYT'UX PECHHUPATOPHBIX BHUPYCHBIX IATOI€HOB, BOB-
JIEYEHHOCTb BO3PACTHBIX TPYMI, 3(p¢EeKTHBHOCTh IIPO-
¢unaktuky [1-6]. MHOTHMH HCCIIEAO0BaTeIIMU OBLIO
MokasaHo, 4to B nepuoj 2020-2022 rr. UHTEHCUBHOCTh
AMUIEMUYESCKUX TIOTHEMOB 3a00JIEBAEMOCTH HAIIPSIMYTO
ObL1a cBsi3aHa ¢ akTUBHOCTHI0O SARS-CoV-2 1 ero HOBHI-
MU BapuaHTamH (B OCOOCHHOCTH BapuaHToOB Omicron),
MTOJTABICHUEM aKTHBHOCTHU JIPYTHX PECIUPATOPHBIX BU-
PYCHBIX MATOT€HOB BIUIOTH J0 CHOPAJAUYECKUX CIIydacB
(Bupychl rpurmma B ce3one 20202021 rr.), 60IBITHUM BOB-
JICYEHUEM B DIUATIPOIIECC B3POCIOTO HACEICHUS, BHICO-
KHUMH TIOKA3aTeNIMUA TOCIUTANIM3AINY, TSHKETBIX (HopM
ocTpbix pecrupatopubix mHeknuii (TOPU), ocnoxHe-
HHMI U netaabHOCTH. HE0OX0IMMO OTMETHUTH TAK)KE, YTO
CYILECTBYIOIIUE PEKOMEHIAIIMN U MpaBUIa MO €XKEron-
HOM akTyanu3alMM IITAMMOBOI'O COCTaBa T'PUIIO3HBIX
BaKIIMH C TPUMEHEHUEM TPAJUIMOHHBIX TEXHOIOTHH
He OBLIM TOAJCpPKAaHbI B OTHOIICHHH BAaKIMH POTUB
COVID-19 u TpeOyrOT MpOBEICHUS ITOMOTHUTEIBHBIX
KIIMHUYECKIX MCCIIEIOBAHMA IPY CMEHE ITaMMa, 9TO Ha
CETONHAIIHUNA JEeHb MPEACTaBISIET ONpPENETICHHYIO MPO-
OJeMy B CBSI3U C HU3KOHW A(P(PEKTUBHOCTHIO BaKIIMH Ha
OCHOBE TIEPBOTO « YXaHHCKOTO» BapHaHTA B OTHOIICHUU
HOBBIX BapuaHToB Omicron.

Onmuaemudeckuii ce3on 20222023 rr. — TpeTuit ce30H
¢ Hayana qupkyssiuu SARS-CoV-2. Crano o4eBUIHBIM,
YTO, HECMOTPSI Ha MPOAOIIKAIOIILYIOCS SBOTIOIMOHHYIO U3-
MEHUYMBOCTh HOBOTO KOPOHABUPYCa, OH B ONpENEICHHOMN
CTETICHH 3aHSIT CBOIO «HUIITY» B CTPYKTYPE IUPKYIUPYIO-
IOIMX OCTPBIX PECIHUPATOPHBIX BHUPYCHBIX 3a00NeBaHUI
(OPBU), cHH3HMB CBOIO BHUPYJICHTHOCTh M IaTOT€HHOCTH,
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MIPHOOPETS CTAaTyC «CE30HHOTO PECHUPATOPHOrO IMaTore-
Ha». KaXXaplil U3 «ITOCTKOBUIHBIX» SIHIEMHYECKUX CE30-
HOB MIMEJ CBOU OCOOCHHOCTH, B CBSI3M C YE€M OIIPE/ICIICH-
HBII MTHTEPEC MPEJICTABIISIIO OLICHUTh Pa3BUTHE SITUIECMUN
TPUIINA ¥ YaCTOTY CIy4aeB JIPYTHX PECIUPATOPHBIX MaTo-
reroB y nanentoB ¢ OPBU B cezone 2022-2023 rr., uto
SIBUWJIOCH IeJIbI HACTOSIIICH PabOTHI.

MarepuaJjibl M METOIbI

b1 BeITIONHEH cOOp TaHHBIX 110 3a00J€BAEMOCTH U Jia-
OopatopHoii quarHocTike Bo3oyaureneii OPBU. B pawm-
Kax 3MHUAEMHUOJIOTHYECKOr0 Ha30pa 3a HUPKYIsAel BU-
pycos rpunmna u OPBU B PO [{eHTp dK0I0THH U dTIHAC-
muonoruu rpunmna (L[331') MacTrTyTa BUpYCONIOTHH NM.
H.N. Nanosckoro ®I'BY «HULOM um. H.®. 'amanen»
MunznpaBa Poccun B cotpynHuuectse ¢ 10 onmopHbIMH
0a3aMu, MpeCTaBICHHBIMI TEPPUTOPHAIEHBIMHU YIIPaB-
nenusiMu U OBY3 «lleHTp rUrueHsl ¥ 3UIEMUOIOT I
Pocniorpednanzopa B EBpomeiickoii wactu (Hosropon
Benukuni, Jlunenk, Bmagumup, SApocnasne, I[lenza, Ye-
Ookcapsl), Ha Ypane (OpenOypr), B Cubupu (Tomck)
u Ha JlanpbHem Boctoke (bupobumkan u BiaaanBocTok),
MIPOBEJT aHAJIM3 TIOKa3aTeliei 3a00JIeBaeMOCTH, TOCITUTA-
JM3al1H, STHOJOTHYECKN CBS3aHHOW C BO3OYAMTEIISIMHU
OPBU, B pa3HbIX BO3pacTHBIX Tpymmax HaceleHus,
a Tarxke pe3yJbTaToB JIabOpaTopHOW auarHoCTHKH. Ha-
omonenust mposoawu ¢ 40-if Hepenn (oxTa0ps) 2022 T
1o 39-1o0 Hexpento (ceHTsaopp) 2023 1.

Amnanm3 3aboneBaemoctH rpunmoM 1 OPBU B pa3HbIx
BO3PACTHBIX TPYTIIaX, U3OJSAIUS BUPYCOB TPUIITIA, IIOCTAa-
HOBKa monuMepasHoi 1enHoii peakuuu (ITL[P) ¢ o6part-
Hoi TpaHckpurer (OT-IILIP), peakunu TopMoxKeHUsS
TeMarnIIOTUHAIINY, OIEHKA YyBCTBUTEIHHOCTH K TPOTH-
BOTPHIIIIO3HBIM IpemaparaM, a TaKXe CTAaTHCTUYECKas
00paboTKa TONYYCHHBIX PE3yJABTaTOB OIMCAHBI paHee
[5, 6]. B paMKkax TpaIuIMOHHOTO HaA30pa 00BEM HCCie-
JOBaHUH C IOMOIIBIO TaOOPAaTOPHBIX METOAOB COCTABUI:
Ha BHPYCHI Tpunma — 39 745 obpasmos, OPBU — 35 340
obpasnoB 1 SARS-CoV-2 — 18 873 00pa3noB; B paMKax
JI030pHOTO Haa3opa (Toyibko MockBa) — 719 06pasnoB Ha
BCE IIaTOTEHBI.

O¢dpexTHBHOCT, BAaKIMHONPOQIIAKTUKHA  TPHIIA
OIICHUBAJIH y TOCITUTAIU3UPOBAHHBIX AIIUEHTOB C CUM-
nromamu OPBU mo anamHecTHdeckuM HaHHBIM (CO
CJIOB TAIlMEHTa) coriacHo pexomeHmamusM BO3, wuc-
OJIb3Ys TECT-HETaTUBHBIHN moaxoy (test-negative design
approach) [7].


https://ru.wikipedia.org/wiki/%D0%A7%D1%80%D0%B5%D0%B7%D0%B2%D1%8B%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%82%D1%83%D0%B0%D1%86%D0%B8%D1%8F_%D0%B2_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B8_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B7%D0%B4%D1%80%D0%B0%D0%B2%D0%BE%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F,_%D0%B8%D0%BC%D0%B5%D1%8E%D1%89%D0%B0%D1%8F_%D0%BC%D0%B5%D0%B6%D0%B4%D1%83%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D1%80%D0%B5%D0%B7%D0%B2%D1%8B%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%82%D1%83%D0%B0%D1%86%D0%B8%D1%8F_%D0%B2_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B8_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B7%D0%B4%D1%80%D0%B0%D0%B2%D0%BE%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F,_%D0%B8%D0%BC%D0%B5%D1%8E%D1%89%D0%B0%D1%8F_%D0%BC%D0%B5%D0%B6%D0%B4%D1%83%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE-%D1%8D%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BF%D0%BE%D1%81%D0%BB%D0%B5%D0%B4%D1%81%D1%82%D0%B2%D0%B8%D1%8F_%D0%BF%D0%B0%D0%BD%D0%B4%D0%B5%D0%BC%D0%B8%D0%B8_COVID-19
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE-%D1%8D%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BF%D0%BE%D1%81%D0%BB%D0%B5%D0%B4%D1%81%D1%82%D0%B2%D0%B8%D1%8F_%D0%BF%D0%B0%D0%BD%D0%B4%D0%B5%D0%BC%D0%B8%D0%B8_COVID-19
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[NonHoreHOMHas aMIUTH(UKAIVS BUPYCOB TpHa A v B
ObUTa MpOBe/IeHa 0 paHee ONMMCaHHOW MeToamke [8, 9].
bubnuorexa xomriementapuoit JIHK Obima mpuroros-
JeHa ¢ ucnonb3oBanueM Habopa SQK-LSK109 (Oxford
Nanopore, BenmnkoOputaHus) ¢ MOCICAYIONINM CEKBeE-
HupoBaHuem Ha npubope MinlON (Oxford Nanopore,
BenukoOpuranus). buonHpopmanmnoHHyo 00pabOTKy
JAHHBIX OCYIIECTBISUIM C WCIIONB30BAaHUEM ITaKETOB
IIporpaMMHOro obecreueHus: guppy Bep.6.3.8, porechop
Bep.0.2.4, nanofilt Bep.2.3.0, minimap2 Bep.2.24, medaka
Bep.1.7.2 u beftools Bep.1.13, MEGA 7.0.26.

HccnenoBanue mpoBOIWIIOCH NPH T0OPOBOJIBHOM HH-
(hopMHPOBAaHHOM coOTJIacUW TalUeHToB. [IpoTokon wc-
clIeIoBaHUs omoOpeH JrtwdyeckuM komuteToM [BY3
. MockBel «UH(pekunoHHas KIMHUYECKass OOIbHUIA
Nel JlemapramenTa 3apaBooXpaHeHHs ropofa MOCKBEI»
(ITpotoxon Ne 8 ot 28.12.2022).

Pe3syabTarsl

B mepuon ¢ oxradps 2022 . (40-1 Henens) MO CeH-
10pb 2023 1. (39-5 Henmenst) Ha coTpynHIYaonmx ¢ DO
TEPPUTOPHSIX MPEBBIIICHUS SIAAEMUYECKOTO Iopora 3a00-
neBaemoctd OPBU 1o oTHOLIEHHIO K CpelHEMY IOKa3a-
temo 1o PD (72,6 na 10 TeIc. HaceNneHUsT) perucTpupoBa-
1 B niepuonsl 4652 venenb 2022 1. (32 cUeT aKTUBHOCTH
Bupyca rpurma A(HIN1)pdm09), 5-9 uen 2023 . (pocra
aKTUBHOCTH BUpyca rpunma B), 37-39 men 2023 r. (akTus-
Hocti OPBU HerpunmosHoii 3THosorun). MakcuMaibHYy O
3a00J1€Ba€MOCTh 10 COBOKYITHOMY HaceJeHHIo (cpenHee
3HayeHre 1o AaHHeM 10 ropomoB P®) perucrpuposanu
Ha 50-if Henene 2022 1. (157,0 Ha 10 ThIC.), B TEUEHHE KO-
TOpOH YacToTa MOIOKUTENBHBIX Mpod Ha SARS-CoV-2 co-
craBuna 7,3%, OPBU — 15,6% (IILP) u rpumma — 28,3%.

OPUTUHAJbHbBIE NCCNEAOBAHUA

HeoOxoquMo OTMETHTB, 4YTO CpEIHUHM TOKa3areib
3aboneBaemoctt OPBM OpIT HE3HAYNTENBHO HIDKE
[0 CPaBHEHUIO C IOKA3aresieM MpPEAbIAYIIEro ce30Ha
(71,6 na 10 TBIC. HaceneHus), B TO K€ BpEeMsI PETUCTPUPO-
BaJIM €T0 HEKOTOPEIH pocT y neteid 0-2 et (cpeanee 3Ha-
yerne 294,4 ¢ uarepBaiom 9,2—-475,2 u cpenuee — 246,8
(7,3-423,2) cootrBeTcTBeHHO) U 3—6 met (273,9 (10,5—
425,4) n 223,4 (8,3—437,1) cooTBETCTBEHHO). 3a00seBa-
€MOCTh y IIKOJILHUKOB ObLJIa CpaBHHMA C MTOKA3aTEISIMU
npenpiaymero rona (141,8 (9,4-218,3)); npu 3ToM oT™Me-
YEHO €TO CHIDKEHHE Y B3pOCIbIX (43,6 (19,4-54,3) u 51,1
(35,3-77,8) COOTBETCTBEHHO).

KnuHandeckuii nuar€Ho3 «rpumnm» OBUT  BBICTaB-
neH 9531 mammenty, 2563 (27,0%) u3 KOTOPHIX OBLIH
TOCTIMTAJIN3UPOBAHEI, B TOM 4Hcie B BozpacTe 0-2 ro-
na — 529 (20,0%), 3—6 netr — 417 (16,0%), 7-14 net —
404 (15,8%) u 65 net u crapme — 1213 (47,3%). Ilo-
cTynuia uHpopManus o 6 ciydasx TPUIINO3HOW WH-
(dekuuu ¢ JNeTaJbHBIMU HCXOAaMH: MyxdnHa 18 ier,
naboparopro mnoarBepxkiaeH rpunn A(HIN1)pdm09
(Ilen3a, mexadps 2022 r.); >keHIIMHA 73 JET, TUAarHO3
BBICTaBJEH IO KJIWHUKO-3IHJIEMUOJIOTHUYECKUM JlaH-
HbeM (Jlumenk, nmekabpp 2022 1.); myxunHa 81 roma
U JKeHIIWHa 84 1eT, AMarHo3 BBICTABJICH IO KIMHHU-
KO-3MueMuoioTudeckuM aanHbiM  (OpenOypr, ne-
kabOpp 2022 1.); )kermuna 33 et u xeHmuHa 81 roja,
naboparopro noarBepxkiaeH rpunn A(HIN1)pdm09
(Openodypr, saBaps 2023 1.).

JluHamuKa 9acTOTHI MOJOKHUTEIHHBIX HAXOMOK Ha BU-
pycsl rpunmna A u B, SARS-CoV-2 u OPBU (B Tom unc-
ne HPIV, HAdV, HRsV, HRV, HBoV, HMPV, HCoV)
metogoMm OT-IILIP B mepuon ¢ okTsa0pst 2022 1. o ceH-
T6ps 2023 1. mpezcTaBieHa Ha puc. 1.

Puc. 1. YacToTa BBISBIEHHS TOJIOKHUTENBHBIX P00 Ha rpumi, SARS-CoV-2 n OPBU B nepron snuaeMndeckoro ce3oHa
2022-2023 rT. Ha OTAENBHBIX TeppuTopusix PO.

Fig. 1. The frequency of positive samples for influenza, SARS-CoV-2 and ARVI during the epidemic season 20222023
in certain territories of the Russian Federation
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Taéauua 1. Pesynsrarsr [1LP-nmuarnoctuku rpunma, SARS-CoV-2 u nexoropsix OPBU B nepuoxn oktsa6pst 2022 1. — centsiops 2023 .
B [IO3I HULIOM um. H.®. N'amasien 1 Ha cOTPYTHUYAIOLIMX C HUM TeppHTOpHUIX PD

Table 1. The results of PCR diagnostics of influenza, SARS-CoV-2 and some acute respiratory infections in the period October 2022 —
September 2023 at the National Research Centre of N.F. Gamaleya and in the territories of the Russian Federation cooperating the Center

HCHTpBI TUTUCHBI

Yucso 006pa3ioB, H3yUEeHHBIX HA HAJTHYHE PECIMPATOPHBIX naTtoreHoB MetogoM OT-IILIP
The number of samples examined for the presence of respiratory pathogens by RT-PCR

H STHICMUOIIOTHH TPUIII OPBU, cezonHBIE
o 6nacrr:1“f O;[:cBr’[y6nm< influenza viruses Acute respiratory infections, seasonal SARS-CoV-2
Centers of Hygiene and YHCIIO YHCIIO TMCIIO
Epidemiology o0pasios % obpasnos | HPIV H‘;"/dv HRsV HOI/{V H(;’/OV HBoV H%PV ob6pasios %

of cities, regions, republics number «t» | number of | % «+» ° % «+» 0 ° Y% «t+» ° number «t»

«+» «t+» «+» «+»
of samples samples of samples

23T, Mocksa

grfé“g;lfger H’fico‘;g?yyo ¢ 1222 14,5 596 2,7 2,5 40 129 3,0 1,3 22 1224 8,5

Influenza, Moscow

Benuxuiit Hosropoz

Veliky Novgorod 1728 7.7 1349 L1

JLIII;;‘::? 1214 55 1214 2,1 33 2,7 1,6 0,2 0,7 1,0 1214

?ff;ﬂﬂfp 1481 17,3 971 2,4 6,3 65 159 36 23 34 972

ggr‘;"sfjv‘af" 3578 17,3 1683 1,0 1,3 6,6 127 23 1,1 3,6 2083 5,9

Eg:;;‘ 1875 10,1 1136 1,8 24 35 11,6 2,6 2,0 2,6 1136 5,0

‘éﬁgggl"(‘;gf; 3448 20,1 343 02 03 07 0.2 0.3 6121 9.0

8{,’;’:&? 19194 40 19320 03 02 09 16 06 03 06

%“rgf( 2062 13,8 2062 1,6 2,3 44 69 32 0,5 1,4 2062 95

gf:(’i‘l‘i‘;‘s’fglf“ 2241 15,2 2241 0,8 1,9 1,5 40 0,8 0,5 0,6 2241 0,9

g?g%?ggﬁf‘ 1702 16,6 1325 14,6 46 8,5 16 43 42 2,6 1820 6,3

Ef,f;{’ 39745 9,6 35340 1,2 1,0 2,0 3,8 1,1 0,6 1,0 18 873 6,2

% W3 yncaa

',,‘A‘)’f)‘;"t‘l'l‘:;g's’::’v‘;‘ 10,9 94 188 356 103 58 9,2

samples

Onuaemuueckuit ceszon 2022-2023 rr. cTaproBan
C OTHOCHTENBHO BBICOKHX ITOKa3aTelleil 4acTOTHI IOJI0-
JKUTENBbHBIX Mpo6 Ha OPBU HerpummosHoOW 3THONOTHH
(40-s menmens 2022 1. — 35,5%). B 10 ke BpeMs B 3TOT
MEPUOA YacTOTa BBIABICHUS MOJOKUTEIBHBIX NMpo0 Ha
SARS-CoV-2 6b11a 3HauntensHo Huxe (13,7%), a Bupy-
CBI TPHIIIA HE AETEKTHPOBAJIN.

Ha d¢one cHmwkaromeiics aKkTHBHOCTH NaTOT€HOB
OPBU Herpummo3HOil 3THOJIOTMH M OTHOCHTEIHHO
«CTaOMIIBHOW» YacCTOTHl BBIABICHUSA MOJIOKHUTEIBHBIX
mpob Ha SARS-CoV-2 (1o 8,6%) B mepuoxn 40—52-ii He-
nens 2022 1. oTMeueH OTHOCHTENBHO PaHHUH M pe3Kuit
POCT YHCIa MOJOKHUTEIBHBIX NPOO HA TPHII, B OCHOB-
HoM moxruma A(HIN1)pdmO09. IlepBrie ciydan rpumma
A(HIN1)pdm09 65utn ferektupoBassl B okTsa0pe 2022 1
B roponax EBpornetickoii yactu P® (2-s1 Henmenst oKTs0ps),
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HECKOIILKO TOoKe — Ha Ypane, B Cubupu u Ha JlanpHeM
Bocroke (2-s monosuna HOsIOpst 2022 1.). B nexabpe Bce
corpyaHnyatone ¢ 1193 ropoma PO perucrpupona-
JU pocT akTuBHOCTH BHpyca rpumma A(HINIT)pdm09
(mo 30,3% TONOXUTENBHBIX MPO0) W CHOpagMYecKue
ciydau rpunma B (mo 3,0%). DOtu TenmeHnmm Koppe-
JUPOBAIH C TUHAMHUKON TOKazaTeseil 3a00jeBaeMOCTH
OPBU, nukoBble 3HAYEHUS KOTOPOW OBUIM OTMEUYEHBI
B nekabpe 2022 r.

C navanom 2023 I. aKTUBHOCTh BUPYCOB I'PHUIINA CTaa
CHIDKATHCS, TIPH 3TOM ITOKA3aTeIH BBISABICHHS MOJIOXKH-
TeNbHBIX Tpo0 Bbime 10% peructpupoBanu A0 Havana
Mapta 2023 1. lnTepecHbIM, HO 3aKOHOMEPHBIM SBIISACT-
cs (pakT moodepeqHOi aKTHUBHOCTH BUPYCOB TPHUIIIIA: Ha
cmeny Bupycy rpunmna A(HIN1)pdm09 B auBape 2023 r.
npuIIeN BUpyc rpunma B, mpu aTom ero Hanbosee BbICO-
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Puc. 2. [loneBoe ydacTre BUPYCOB TpHIIIA B IEPHOL UAeMIYecKoro ce3oHa 2022-2023 rr. B pa3HbIX perrnoHax PO (1o 1aHHBIM HEHTPOB
THTHEHBI ¥ TIUIEMHOJIOTHH TOPOIOB, 00IacTei, peciryOnuK).

Fig. 2. The share of influenza viruses during the epidemic season 2022-2023 in different regions of the Russian Federation (according to the
Centers of Hygiene and Epidemiology of cities, regions, republics).

Kas 4acToTa B IEPUOJ OJHON HeAeIH ObLla 3HAYUTEIHHO
Hwke (14,3%). Ilocnennue cirydan ObIIH IETEKTHPOBA-
HeI B mioHe-mioie 2023 r. B . MockBe M HIOHE—UIONE,
ceHTs0pe — B Openodypre.

Bropas, MeHee BBICOKas M KpaTKOCpO4YHas BOJHA PO-
cTa akTuBHOCTH BO3Oymureneii OPBU Opima orMeueHa
BO BpeMs 7-i Hemenu 2023 . ¢ MaKCHMaJIbHOM 9acTOTON
BBISBJICHUS YHCTIA TOJIOKUTENNBHEIX TIPpob (27,9%). B me-
PHOZ 3TOM Henleslu B OTAWYHE OT MPENBIIYIINX U HOocie-
IYIOUIMX ObLTa OTMEYCHA BHICOKAS YACTOTA TTOJIOKHUTEIb-
HEIX Ipo6 HAa HRSV (9,9%) u HRV (6,5%) B OpenOypre
u BnapusocToke.

C 20-# nemenu 2023 1. Ha (hOHE CHMKEHUS aKTUBHOCTH
Bupycos rpunna u SARS-CoV-2 peructpupoBanu 0THO-
CHUTEJIHHO HEOOIBIION POCT aKTHBHOCTH JPYTUX ITaToOre-
HoB OPBMU (110 16,1% B Hawane mas 2023 1.). C cepeauHsl
ceHTsa0ps 2023 1. oTMeYaNH Tak)Ke POCT YMCIIa MOJI0KHU-
TenbHBIX P00 Ha SARS-CoV-2 (10 9,2%).

YacTtoTa MHONOKUTENBHBIX HAXOAOK IO pe3yiabraTram
IIIIP B aHanu3upyeMbIil MEPUOX B LIEJIOM 3a JIHIEMHU-
yeckuil ce3oH 2022-2023 rr. cocraBuiua: rpumni — 9,6%
(13 39 746 o6cnenoBannbix), OPBU — 10,7% (u3 35 340
obcnenoBanHbIX) 1 SARS-CoV-2 — 6,2% (u3 18 873 00-
CJIEIOBAHHBIX). [Ipy 3TOM WX aKTHBHOCTH pa3inyasiach
B pa3HbIX ropojax P® (Taodu. 1).

HawubGosee BrICOKas 4acTOTa BBISBICHUS TOJIOXKUTEIh-
HBIX 1Tp0o0 Ha rpunn ObpL1a oTMedeHa B Uebokcapax, Bia-
qumupe u Spocnaene; cezoHHbix OPBU — B bupooua-
xkane, SARS-CoV-2 — B Mockse, Uebokcapax u ToMcke.
Tpoliky «inaepos» B cTpykType ce3oHHbIX OPBU cocra-
B HRV (35,6%), HRsV (18,8%) u HPIV (10,9%).

B pamkax J030pHOTO HaA30pa YacTOTa BBISBICHUS
MOJIOKUTENBHBIX P00 coctaBmia (M3 719 obcrienoBaH-
HbIX): Tpurnm — 18,0%, SARS-CoV-2 — 4,2% u OPBU —
22,3% (B ToM unciie, HRsV — 4,7% u HRV — 5,9%).

Pervionsr Poccun oTnmyanuch Takke M 10 J10JIEBOMY
YYacTHIO THITOB/TIOATHIIOB BUpyca rpunma (puc. 2). [Ipen-
CTaBJIEHHbIE JIaHHBIE MOKA3bIBAIOT, YTO BUPYC Ipumma A
JloMuHHMpoBa B ce3oHe 2022-2023 rT. Ha BceX TEPPUTOPH-
X, coTpyaHuuaromux ¢ [I33I B cTpykrype Bupyca rpumn-
na A 6ombInyto akTHBHOCTS MposiBuia A(HIN1)pdmO09, no-
JIEBO€ y4acTHe KOTOPOTO COCTaBMIIO 67%; BUpPYC TpHUIIa
A(H3N2) nmerextrpoBany B €IMHWYHBIX CIIydasx HE Ha
BCEX COTPYIHHYAIOLINX TEPPUTOPHSIX, U €r0 JT0JIEBOE yUa-
ctue coctaBuwio 3,4%. Illtammel Bupyca rpunna B BeI-
s B 1/3 (33,0%) cirydaeB, ipu 3TOM B OTIEIBHBIX
roponax (Yebokcapwl, OpenbOypr, Tomck, BmaguBocTok
n brupoOumxkaH) ero akTHBHOCTH ObUIa BHIIIE TI0 CpaBHE-
HUIO ¢ ApyrumMu roponamu Esponelickoit uactu PO.

B pamxax 1030pHOTO HaA30pa JOJIEBOE YUacTHE BUPY-
ca rpunma A(HIN1)pdmO9 cocrasmmo 77,0%.

Pesynbrarel aHTUreHHOW XapakrepucTuku 150 mram-
MOB ONpeAeTuin poacTtBo 118 U3 HUX K BUpPYCY TpHIIa
A(HIN1)pdm09, 9 — x A(H3N2) u 23 — x BUpYCY IpHITIa
tuna B (Tada. 2). VccrnenoBanus mpoBOAWINA B OTHOLIE-
HUM BUPYCOB T'PHUIIIA, BOIIEALIINX B COCTAaB IPUIIIO3HBIX
BakiuH B ce30He 2022-2023 rr. ans ctpan CeBepHOro
nosymapus [8].

[Itammer A(HIN1)pdmO09 6b11u BeII€TIEHBI BO BCEX Ja-
OopaTtopusix, MPOBOJUBIINX H30JIAIHIO. [IepBhIil TaMm
OBl BBIAENEH OT manuenTa, 3abomnesmero 24.10.2022
(Mockga), mocienuuii — 31.01.2023 (Mocksa). 1o maH-
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Tadiuua 2. AHTUTEHHBIE CBOCTBA AMNAEMHYECKHIX IITAMMOB BUPYCOB Ipunma A u B, BbIeIeHHBIX B sannaeMudeckoM ce3one 2022-2023 .

Table 2. Antigenic properties of epidemic strains of influenza A and B viruses isolated in the epidemic season 2022-2023

Tun/nonTun Bupyca
rpumnmna
Type/subtype
of the influenza virus

(OTHOLIEHHE K TOMOJIOTHYHOMY TUTPY)

[lITaMMbI BUPYCOB TPHIIIA, BOIIE/IINE B COCTAB
TPUIIIIO3HBIX BaKIUH B ce30He 2022-2023 rr.

Influenza virus strains included in influenza vaccines
in the 2022-2023 season (relative to homologous titer)

Yucio mraMMoB,
OIU3KOPOICTBEHHBIX ITATOHHOM
CBIBOPOTKE/YHCIIO U3YYEHHBIX
The number of strains closely related
to the reference serum/the number of studied

Obuiee yncio
H3YYCHHBIX [ITAMMOB
The total number
of strains studied

A/Bukropusi/2570/19
A/Victoria/2570/19
(1-1/2 : 1/4)

Jpeiid-Bapuant
Drift variant
(< 1/4)

A/lapBun/9/21
A/Darwin/9/21
(1-1/2: 1/4)

Jpeiid-Bapuant
Drift variant
(< 1/4)

JIuans Buktopus-nogoOHsIx
Victoria-Like Line
B/Asctpusi/135941/21(D3)
(1-1/2)
B/Austria/135941/21

A(HINT)pdm09

A(H3N2)

JIununs Buktopus-nogo0HbIx
Victoria-Like Line
Jpeiid-Bapuant
Drift variant
(<1/4)

JIunus B/SImarara-momoOHbBIX
Line B/Yamagata-like
B/TIxyket/3073/13
B/Phuket/3073/13

116 (98,0%)/
2(2,0%)
119

3 (33,3%)/

3(33,3%)
9

3(33,3%)

6 (25,0%)/

15 (65,0%)
23

2 (9,0%)

0 0

HbIM B3ammopeiictBus B PTIA co cmekrpom amarHo-
CTHUYECKUX CBHIBOPOTOK, OIPENENIEHO ONM3KOe POICTBO
Bcex 118 mrammoB Bupyca rpunma A(HIN1)pdm09
pedepenc-supycy A/Buktopus/2570/19  (BakuMHHBIN
mramM B ce3one 2022-2023 rr).

Hrammer A(H3N2) O6putn BBIZETICHBI OT CIIOpaude-
CKHX CIy4aeB UM HE BO BCEX COTPYAHHYAIOUINX J1abopa-
Topusx. IlepBbIil mTamMM ObLT BhIIEICH B bupodumkane
OoT maiueHra, 3abonenmiero 15.01.2023; nociaemHuii —
B Mockse oT manuenra, 3abonesmrero 20.09.2023. Tpu
(33,3%) u3 9 u3yueHHBIX ITAMMOB B3aUMOJICHCTBOBAIH
¢ chIBOpoTKOW K BUpycy A/[apun/9/21 (BakUWHHBIN)
ot 1/2 go momHoro romMonoruyHoro TuTpa; 3 (33,3%) uzo-
JsiTa B3aMMOZEWCTBOBANIU /10 1/4 TOMOJIOTHYHOTO TUTpa
u 3 (33,3%) — 10 1/8 TOMOIOTHYHOTO THUTpA.

W3 23 BeIgeneHHbIX WITaMMOB Bupyca Tpunma B
(mepBeiii — B okTs0pe 2022 1., SIpocnaBib; mocien-
Huit — 17.03.2023, Mocksa) 6 (25,0%) Obu1H OMH3KOpOI-
CTBEeHHBI 3TajoHy B/ABcTpus/1359417/21 (BakiMHHBIH)
U B3aMMOJEUCTBOBAIU C CBIBOPOTKOM K 3TOMY BHUPYCY
JI0 TIOJIHOTO TOMOJIOTHYHOTO TUTpa; 15 (65,0%) mram-
MOB B3aUMOJIEHICTBOBAIN A0 1/4 TOMOJIOTHYHOTO TUTpa
n 2 (9,0%) — no 1/8 roMoIIOrH4HOTO TUTPA.

B pamkax mpoBeneHWS MOHHTOPHHTA YyBCTBHUTEIb-
HOCTH TOIYJSIIAHA IHUPKYIUPYIOMUX IITaMMOB BHpYyCa
rpunmna ObUIM W3y4YeHbl CBOMCTBA 72 3MUAEMHUYECKHX
LITAMMOB BUPYCOB T'pHUIIa, B TOM 4Hciae 53 mramMma
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A(HIN1)pdm09, 2 — A(H3N2) u 17 — rpunma B, k mpe-
naparam ¢ aHTHHEHpaMHUHU/Ia3HOM aKTUBHOCTBIO. [1ITam-
MBI OBUTH BBIIEJICHBI B Pa3HBIX pernoHax PD, m y Bcex
U3 HUX OOHapyKeHa HOpMallbHAasi YyBCTBUTEIHHOCTH
K 03€JIETAMUBUPY ¥ 3aHAMUBUPY; CPEIHSSA KOHIICHTPAIUs
npenaparos (IC,)) cocrasuna 0,47 u 0,42 nM coorset-
ctBeHHo s mramMmoB A(HIN1)pdmO09; 0,3 u 0,6 nM
COOTBETCTBEHHO I ITaMMOB Bupyca rpunna A(H3N2)
1 39,25 1 6,12 nM COOTBETCTBEHHO ISl IITAMMOB BHPY-
ca rpunmna B.

MonekynspHO-TeHETUYECKHE HCCIIEJOBaHUS  ObUIH
MPOBEJECHbl B OTHOIIEHUW 52 3MUAEMUYECKUX IITaM-
MOB, B ToM yuciie 30 mrammoB Bupyca rpunmna A(H1N1)
pdm09, 20 mTamMmMoB BHpyca rpunmna B u 2 mraMMoB
Bupyca rpunma A(H3N2), BeIgeneHHBIX B Pa3HBIX pe-
ruoHax Po.

OnuneMuyeckue mrammel BupycoB rpunma A(HINT)
pdmO9 Opun BeImeneHsl B MockBe (26), Spocias-
ne (1), OpenOypre (2), Tomcke (1): EPI ISL. 16738404,
EPI ISL 16738405, EPI_ISL 16738406, EPI
ISL _16738407,EP1 ISL 16738408,EPI ISL 16738409,
EPI ISL 16738410, EPI ISL 16738411, EPI
ISL _16738412,EP1 ISL 16738413,EPI ISL 16738414,
EPI ISL 16738415, EPI ISL 17395563, EPI_
ISL _17395562,EPI ISL 17395561,EPI ISL 17395560,
EPI ISL 17395559, EPI ISL 17395558, EPI
ISL _17395557,EP1 ISL 17395556,EPI ISL 17395555,
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EPI ISL 17395554, EPI ISL 17831605, EPI_
ISL 17831604,EP1 ISL 17831603,EPI ISL 17831602,
EPI ISL 17831601, EPI ISL 17831600, EPI
ISL 18054497, EPI ISL 18054498. Bce onu ObuTH OT-
HeceHbl K Kiaiay 6B.1A.5a.2a U Hecau OMOJHUTENb-
weie mytammu K54Q, A186T, Q189E, E224A, R259K,
K308R, 1418V B remarnmotunuHe (HA) mo orHormie-
HUIO K BakIMHHOMY mTamMmy A/Buckoncmu/588/2019
(KynpTypasIbHBIN aHAJIOT SMOPHOHAIBHOTO BAKIMHHOTO
Bupyca A/Buxtopus/2570/19). JIBa mramma (A/Moc-
kBa/46/2022 n A/Mocksa/32/2022) Takxe HECIH MyTa-
muro D222N B HA. Ogun mramm (A/Mocksa/32/2022)
Hec jononHuTenbHble MyTanuu V1521 u E172K (caift
Cal B HA). Ilpu uccnenoBannu AByX IMITAMMOB BHpyca
rpunmna A(HIN1)pdm09, n3onupoBaHHbBIX Ha KIETOYHBIX
nuausax MDCK u maccupoBaHHBIX Ha KypHHBIX 3MOpHO-
Hax (A/Mocksa/32/2022, A/Mocksa/37/2022), 6butn 00-
HapykeHsl MyTaruu N162K, D222G.

Bupycol rpunma A(H3N2) 6putr BeiiesnieH B Mockse (1)
n bupobumxane (1) u orHecens! k knaiiay 3C.2alb.2a.2b
(2b), mnpencraBneHHOMy BHpycoM A/[lapBun/6/2021
¢ nononHuTenbHbIMU MyTarusamMu B HA (ESOK, G53D,
F791, T135A(-GLY), I140K, S156H, S262N): EPI
ISL 17395564 u EP1 ISL 17831606.

OnuneMuYecKkue IMTaMMBI BUPYCOB rpumnmna B ObI-
mu BeIENeHB B Mockse (8), Spocnasie (1), OpenoOyp-
re (1), Tomcke (1), bupobumxane (2) u BmaguBocto-
ke (5), Bemukom Hosropome (2): EPI ISL 17395553,
EPI ISL 17395552, EPI ISL 17395551, EPI
ISL 17395550,EPI ISL 17395549,EPI ISL 17831599,
EPI ISL 17831598, EPI ISL 17831597, EPI_
ISL 17831596,EP1 ISL 17831595,EPI ISL 18054497,
EPI ISL 18054498, EPI ISL 18054490, EPI
ISL _18054491,EP1 ISL 18054492,EPI ISL 18054493,
EPI _ISL 18054494, EPI ISL 18054495, EPI
ISL_18054499. Bce onu ObutM OTHECEHBI K T'€HETHYE-
cxoii muaMK B/BukTtopus-momo0Heix (kmain V1A.3a.2),
npeacraBieHHoMy B/ABctpusa/1359417/2021. B xome
(rITOreHeTHUECKOTo aHann3a Obl1a 0OHapyKeHa IT'eHeTH-
YecKast TeTepOreHHOCTh BUPYCOB rpummna B: yactp mram-
MOB HecJId 3aMeHbl B HA 1O OTHOIIEHHIO K BaKIIMHHO-
My B/ABcrpua/1359417/2021; 12 mTaMMOB — 3aMEHBI
E128K, A154E, S205P, u3 uux 3 mramma (B/B.Hosro-
pon/6/2023, B/B.Hosropoxn/7/2023, B/Mocksa/5/2023)
Hecnu pononHuTenbHele MyTammn V871 u T121N. [py-
rue 5 mrammoB Hecnu 3aMeHy D194E u3 vux 1 mtamm
n3 bupobumkana (B/bupobumkan/2/2023) nec gomon-
HutenbHblie 3aMeHsl R80G, E181K.

Cpeny WCCIIeIOBaHHBIX IITAMMOB BHPYCOB TpHIIIA
He OBUTO BBISBIEHO TEHETHUECKUX MapKepOB PE3UCTEHT-
HOCTH K MPOTHUBOBUPYCHBIM IpenaparaM TpyIIbl WHTH-
OUTOPOB HEeWpaMUHUIA3KI.

B pamkax mpoBeneHHsS JO30pPHOTO HaJI30pa 3a Maiu-
eHTamu ¢ OPBU Obutn mosmyueHs! faHHBIE 00 Y(dex-
TUBHOCTH BaKIMHONMPO(MUIAKTHKN TPUIMIA CPEAH TO-
CHHUTAIN3UPOBAHHBIX MalMeHTOB. M3 9mcima rocmnura-
nu3upoBaHHBIX (719 mamueHToB) 15 mAMEHTOB UMETH
B aHaMHe3e BaKIMHAIMIO TPOTHUB TPUININA; MPH 3TOM
TOJBKO y 3 M3 HUX ObIJa MOATBEp)KIEHA TPHUIIIIO3HAs
nHpexuus (y 2 — A(HIN1)pdm09 u y 1 — rpunn B).

OPUTUHAJbHbBIE NCCNEAOBAHUA

D(PeKTUBHOCTD BaKIIMHAIIMH, COTJIACHO PacueTy C MpH-
MEHEHHEM TecT-HeraTuBHoro noxaxona (BO3), cocraBu-
na 75,0%. OTo B mepBylo odepenb MOATBEP)KIAET TOT
(aKT, 4TO BaKIIMHAIUSA MOXKET IPEIYNPEIUTh PA3BUTHE
OoJee TsDKENBIX (POPM TPUITIIO3HON MHQEKINH, TPEeOyIo-
[IUX TOCTHTAIN3AIUHN HarueHToB. OueHnuTh P PexTuB-
HOCTB BaKITUHOMPO(DUITAKTUKH 110 IPYTUM MTOKA3ATEIIAM,
TaKUM KakK TSDKECTHh TEYEHHS 3a00J€BaHHUs, 4aCTOTa OC-
JOKHEHUH, JIETabHOCTD, B JAHHOU paboTe HE MpeacTa-
BHJIOCh BO3MOXHBIM TI0 MIPUYUHE HEOOJBIION BEIOOPKHU
MPUBUTHIX TAIIMEHTOB C JA00OPAaTOPHO MOATBEP K ICHHOMN
TPUIIIIO3HON MHGEKInEN.

O06cyxneHue

B orune ot mpeasigyuiero cesona B Poccun, kak
u B crpanax CeBepHOro MOJyHIapHs, B TEPHOMA DIIH-
nmemudeckoro ce3zona 2022-2023 rr. ObuT 3adUKCHPO-
BaH OTHOCHUTEIHHO PAHHUHA POCT aKTUBHOCTH BHPYCOB
TpUNIIa W, HECMOTPS Ha YBelnWYeHHe oObeMa TEeCTH-
pyeMBIX 00pa3IoB, YacTOTa IOJOKUTENBHBIX MPOO Ha
TPHUIIIl HE AOCTUINA TOKa3aTeNel MpeArnaHIeMIIecKoro
no SARS-CoV-2 ce3ona 2018-2019 rr. [5, 10, 12]. On-
HaKO TI0 CPaBHEHHIO C MPEIBIAYIINMH SUAEMUYECKIMHU
cezonamu (2020-2022 rr.) oTMeueHa 0osee BBICOKAs aK-
TUBHOCTh BHPYCOB TpHIINa Kak B Poccuu, Tak u Apyrux
CTpaHax MUpa C XapaKTePHON MUKIMYHOCTHIO0 CMEHBI J10-
MUHUPYIOIIETO NOATHIIA BUpYyCa rpuria A.

Jpyrast 0cOOEHHOCTh paccMaTpUBaeMoro Mnepuoza 3a-
KJIIOYaeTCs B TOM, YTO aKTHBHOCTH HOBOTO KOPOHABHpYycCa
BO BCEX CTpaHax Oblila 3HAYUTEIHHO HHUXKE TI0 CPABHEHHUIO
C TPEABITYIIM CE30HOM, 32 HCKITIoueHHeM cTpaH Tuxo-
OKEaHCKOTO PErHoHa, I7ie B eprox nexadps 2022 r. — sH-
Bapsa 2023 1. perucTpupoBagu pe3Kuil pocT aKTUBHOCTH
SARS-CoV-2 [1].

Ilo mamaeiM BO3, ¢ 1 okrsa6ps 2022 ©. mo 30 wuto-
H 2023 1. BO BCeX cTpaHax MHUpa ObUTO IIPOBEICHO HCCIIe-
JIOBaHHE OKOJIO 9 MITH 00pa3loB KIMHHYECKHX Marepha-
JI0B, U3 KOTOpbIX 11,2% okazaiuch MOJIOKUTEIBHBIMU Ha
BUpYCHI rpurnma [13]. AKTUBHOCTB BUPYCOB TPUIIIIa UMENa
JIBYXBOJIHOBBIH XapaKTep, 4TO ObIIIO 00YCIOBICHO 3THOIIO-
THYECKU Pa3HBIMU MOATHIIAMH TPUIIA A: TIepBas BOJHA
6buta oTMeueHa B HosOpe 2022 1. — suBape 2023 1. (¢ nH-
KOBBIMH TTOKa3zatesaMu 10 21,0% MOMOKHUTENBHBIX TPO0
B nepuon 48-52-i nenenu 2022 1) u cBA3aHa ¢ OobIIei
aKkTUBHOCTBIO Bupyca rpunmna A(H3N2); Bropyro BoiHy
perucTpupoBaiv B nepuona Mapra—anpens 2023 r. (c mu-
KOBBEIMH TTOKa3zarelsiMu 10 11,0% MomoKHUTENBHBIX TPO0
B mepuon 9—12-ii Hezienu), ¥ 0Ha ObLIa CBsI3aHa ¢ OOJbIIEeH
aktuBHOCTBRIO BUpyca rpumma A(HIN1)pdm09 u rpumn-
na B. K 26-i »wenene 2023 1. 4acToTa IIOJIOKHUTEIHHBIX
po0 Ha BUPYCHI TPUIINA U3 YHCIIa TECTUPYEMBIX COCTaBU-
na 2,6%, 3a MICKJIIFOYeHHEeM HECKOJIBKHX CTPaH, I1ie ToKa3a-
Tenu ObIM BhIIIE, cpean KoTopsix Hopeerns (o 25,0%),
Upak (mo 25,0%), Ceneran (mo 40,0%) u ap.; gacrora
MOJIOKUTENBHBIX P00 Ha SARS-CoV-2 cocraBmia 9,2%,
3a HCKJTIOYEHNEM HECKOJIBKUX CTpaH, Takux kak Hopeerns
(mo 44,0%), Yxpauna (1o 57,0%), Yumn (1o 49,0%) u gp.

3a Bech aHANM3HPYEMBIH IIEPHON JOJIEBOE Yy4acTHe
pacrpeneniioch CIenyomM 00pa3oM: TPUII  TH-
ma A — 82,8% u rpunn tuna B — 17,2%; 51,0% cpenu

49



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2024; 69(1)
https://doi.org/10.36233/0507-4088-211

ORIGINAL RESEARCHES

CyOTHITMPOBAaHHBIX BHPYCOB TpHINA A TPHUILIOCH Ha
A(HIN1)pdm09 u 49,0% — na A(H3N2); Bce n3 u3y4eH-
HBIX 00pa3IoB, NOJIOKHUTEIBHBIX Ha BUPYC Tpunma B, Ob1-
JIM OTHECEeHBI K TUHUN B/BUKTOpHSA-TIOM00HBIX.

Brutn mpocnexeHsl, Kak U B MPEeIbIAYIINE CE30HbI, pa3-
JIUYHSA TI0 TOJIEBOMY YYACTHIO BUPYCOB IPHUIITA B CTpaHax
u peruonax BO3.

B crpanax Epomneiickoro pernona BO3 akTuBHOCTB
BHPYCOB pa3iInyagach B TOM YHCIIE TI0 JOMUHHUPYIOLIEMY
Bupycy rpumnmna [11]. B Takux ctpanax, kak [lIBeiiiapus,
Typmwus, JlrokcemOypr, CroBakusi, Mcnanns u lIBenns,
B HavyaJle C€30Ha JOMHMHUpOBal Bupyc rpumnma A(H3N2),
Ha CMEHY KOTOpoMy B ¢eBpanme—Mmapte 2023 r. mpuriresn
Bupyc rpunna B; B Hopserun, Mongasuu, PymbiHuN
n BenuxoOpuranuu, kak u B Poccun, Bupyc rpunma B
cmenm Bupyc rpunmna A(HIN1)pdmO09; stnonmoruto mu-
nemuil Ha Masnbete u B [lopryranuu BeI3Bail BUpYC FpUIIIA
A(H3N2), B Cepbun — A(HIN1)pdm09.

B GonpmmHCTBE cTpaH AMepHKaHckoro peruona BO3
nomuHKpoBal Bupyc rpunmna A(H3N2), uckmouenne co-
craBwmm AprentuHa (rpunn B), Benecysma (A(HIN1)
pdm09) u Kanana (A(HIN1)pdm09+A(H3N2)) [14, 15].

B ctpanax IOro-Bocrounoro pernona BO3 Owiia mpo-
ClIe)K€Ha aKTUBHOCTb BCEX 3 BHPYCOB IpHIIA; JOJIEBOE
yuactre Bupyca rpumma A(H3N2) 6bu10 TOMUHHPYIOIIHM
B rieproy ¢ okTs10ps 2022 1. 1o cepenunbl Mapta 2023 ., 1a-
Jiee 0TMeYasach COLMPKYIsIuus BupycoB rpumnma A(H3N2)
u B. IIpu sToM B banragem nomMmuHupoBal BUpyC rpUMna
B, B Iniuu — Bo BTOPO#H MOJIOBUHE CE30HA PETUCTPUPOBA-
JIM COLIMPKYJIILUIO Beex 3 BUpycoB [15].

B crpanax 3anagHoro Tuxookeanckoro peruona BO3
oputa 3adukcuposana comupkysimus A(HIN1)pdmO9
(momuuupoBan) u A(H3N2) [15].

B crpanax Adpukanckoro permona BO3 ¢ okTi-
Opst 2022 1. perucTpUpOBaIN OONBIIYIO AKTHBHOCThH BU-
pyca rpunmna A(HIN1)pdm09, B anpene — comupkyns-
IIUI0 BUPYCOB Ipunma A, B Mae — OOJNBIIYI0 aKTHBHOCTh
Bupyca rpunmna A(H3N2); supyc rpunma B auaraocTtu-
pOBaM B CIOpaAndecKuX ciaydasx [15].

B crpanax Bocrounoro Cpean3eMHOMOPCKOTO peruo-
Ha BO3 B paccmarpuBaemblil meprof] ObIIO YCTAaHOBICHO
JIOMHHHMpOBaHME BHpyca rpummna A (IpenMylIecTBEHHO
A(H3N2)), mpuueM B psije cTpaH Oblia OTMEUYCHA OO0Jb-
mras aktuBHOCTh Bupyca rpunma A(HIN1)pdm09 — B Ad-
ranuctane, Mopnanum u Ilakucrtane; COLUPKYISLUIO
A(HIN1)pdm09 u B perucrpuposanmu B Tynuce u Hpa-
ke; rpunn B — B Caynosckoil Apasuu [15].

N3yueHue aHTUIEHHBIX U T€HETUYECKUX CBOMCTB IO-
MYJSIIAHA TUPKYIHPOBABIIMX IITaMMOB (6osee 10 ThIc.
B CIIIA wu cTpaHax eBPONEWCKOrO pEernoHa) INpoie-
MOHCTPHPOBAJIO B OCHOBHOM HX IIOJIHOE€ COOTBETCTBHE
ITaMMaM, BXOAMBIIMM B COCTaB IPUIINO3HBIX BaKLUH
B ce3oHe 2022-2023 rr. ans ctpan CeBepHOro Moiy-
mapus (McKioueHue coctaBui Bupyc rpunmna A(HIN1)
pdm09) [11, 14]. IIpu 3TOM BBISIBICHHBIC MyTaI[HH HE U3-
MEHSUTH aHTUTEHHBIX CBOWCTB SMHUIEMHYECKUX IITAMMOB
MOMYJISIMY B LIEJIOM, YTO TaKXe He MOBIUUIO Ha 3 dek-
TUBHOCTh BAaKI[UH.

B pabore nammx xomner ®I'bBY «HUU rpunma um.
A.A. CmopoaunueBay MunszapaBa Poccum mpencras-
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JIeHBI JJaHHBIE 110 OIleHKe 3()()EKTUBHOCTH BaKI[MHOIPO-
(bMITaKTHKHM TPHUIIA B KOHTEKCTE JAaHHBIX, MTOJYYEHHBIX
IIpH W3YYCHUHU AHTUTEHHBIX M TCHETHYECKUX CBOWCTB
BUPYCOB TpUIIa, MUPKyIHpoBaBmuX B Poccuu B ce3o-
He 20222023 rr. [10]. O6pa3iisl ObUTH B3ATHI OT MAIACH-
TOB B paMKax BeIMIoJIHeHUs go3opHoro (TOPU — 1631 na-
IIUEHT) U TPaAMLIMOHHOTO HAJI30pOB (TPHIIIONON00HOE
3aboneBanne u OPU — 1178 mammeHnToB). ABTOpPHI OT-
METWJIM HHU3KUH OXBaT NMPUBHUBKAMH MAIIMEHTOB OOEHX
rpymm (0,7% — TOPU u 6,6% — rpunmnononooHoe 3a00-
nesanue 1 OPU), npu 3T1OM 3¢ PEeKTHBHOCTH BaKIIMHO-
NPO(UIAKTUKY CpeNy NPUBUTHIX MALUEHTOB COCTaBH-
na 92,7 u 54,7% cootBercTBeHHO (B cpeaHeM — 80,0%).
OTH NaHHBIE COIIACYIOTCS C Pe3yJbTaTaMH HAaCTOSIIETO
HcCleoBaHus Mo 3(p(heKTUBHOCTH BaKIIMHONPO(DUIAK-
THUKU B OTHOIIEHWH YacCTOTHI TOCTIMTAJIM3AINH ITallUEeH-
TOB C TPUMIIO3HON MH(EKITHEH, XOTA ¥ OBUIN TTOTy4eHBI
Ha MEHbIIIEH BHIOOPKE IMallieHTOB.

K ¢deBpairo 2023 1. mOmyIsiys SMHASMHUYECKHUX MITaM-
moB Bupyca rpurma A(HIN1)pdm09 Osna npeacrasie-
Ha IByMs (DMIOTEHETHYECKUMH Kiaimamu: Sa.l u 5a.2,
c Oomnbllell YacTOTOW MpPEACTABUTEIHCTBA IOCIEAHETO
3 knainoB. C 2022 1. ObUIM TIPOCTIECIKEHBI AalbHEHIIITEe
IIpoIiecChl B MproOpeTeHnH HOBBIX MyTauuii B HA npen-
cTaBuTeNed Kiadga 5a.2 ¢ ¢GopMHpoBaHHEM CyOKIai-
noB: Sa.2a (+K54Q, A186T, QI189E, E224A, R259K
u K308R B caiite Sb); 5a.2a.1, npencraBnennsiii A/Bu-
ckoHcun/67/22 (P137S, K142R, D260E, T277A u mis
OonprmHCcTBa M3 HUX — T216A). [Ipn u3y4yenun ypoBHeit
crenn(pUUecKux aHTUTeN, TPUOOPETEHHBIX JOOPOBOJIb-
aMH TIOCJIe BaKIMHAIIMH pPEKOMEHJOBAaHHBIM COCTa-
BOM Ha smuaemudeckuil ce3oH 2022-2023 rr., B ¢eB-
pane 2023 1. perucTpupoBaly 3HAYUTEIFHOE CHHKEHUE
cpenHeit reomerpudeckux TUTpoB (CI'T) B OobIIMH-
CTBe 00OpasloB K IUPKYIHPYIOIINM INTaMMaM BHpyca
rpunma A(HIN1)pdmO09 cy6kmaiinoB 5a.2a u 5a.2a.l.
B cBs3u ¢ atuM skcneptel BO3 mepecMmoTpenu cocTas
TPUNITO3HBIX BaKIWH sl cTpaH CeBepHOTo MOTyIapus
B 2023-2024 rr. c 3aMEHOH TOJIBKO OTHOTO M3 KOMIIO-
HeHToB — A(HIN1)pdm09 (A/Buxtopus/2579/2019 nHa
A/Bukrtopus/4897/2022). 25 despans 2023 . BO3 omy-
OnuKoBaja peKOMEHAALMH 0 COCTaBY TPUIITO3HBIX BaK-
1uH Juist ctpadn CeBepHoro nonyiiapus B ce3oHe 2023—
2024 rr. [16]. TpexBaneHTHbIC BaKLIUHbl HA OCHOBE KY-
puHOTO 3MOpHOHA OYOyT COAEp:KaTh BUPYC, MOJOOHBIN
A/Buxtopus/4897/2022 (HIN1)pdm09; Bupyc, momod-
et A/JlapBun/9/2021 (H3N2), u Bupyc, momoOHBII
B/ABctpus/1359417/2021 (nuuus B/Bukropus-monod-
HBIX). B cocraB 4eThIpexBaJleHTHBIX BAaKIMH Ha OCHO-
BE KypHHOTO 5MOpHOHA PEKOMEH/IOBaH BHPYC TpHIIIA
B/IIxyketr/3073/2013 (muuus B/SImarara-nogoOHbIX).

K cenrs6pro 2023 1. cTa0 O4eBUIAHBIM, YTO TOMYJISIIHS
mrammoB Bupyca rpumma A(H3N2), kmaiig 3C.2alb.2a2
TaKkKe M3MEHWIACh IO OTHOWICHUIO K IOCIETHEMY
U3 JTAJOHHBIX BapuaHToB — A/J/lapBun/16/2021 (2a),
1 ObUTa IMpecTaBlIeHa TeHEeTHIeCKUMHU TpynnaMu 2a (¢
(Bapuantamu 2a—2d) u nomuHupyromeii 2a.3a.1 (A/Tau-
nann/8/2022). lns cTpaH Mupa OBUTH OTMEUCHBI Pa3iiv-
YHsI 0 JOMHHUPOBAHUIO TOTO WJIM MHOTO BapHaHTa BH-
pyca rpunmna A(H3N2): BapuanTsl 2alb mupKkynupoBanu
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B OCHOBHOM B cTpaHax EBpombl u CeBepHoil Amepu-
ku; 2a.3a.1 — B cTpanax A¢pukn, Asun, CeBepHoir Ame-
puxu 1 Oxeanun; 2b — Bo Bcex cTpanax mupa. [lpu uzyde-
HUH YPOBHEH Crieln(pHUIeCKUX aHTUTEN, TPHOOPETEHHBIX
JIOOpOBONIBIIAMH TIOCIIE BaKIMHAIIMHA PEKOMEHIOBAHHBIM
COCTaBOM Ha 3mujeMuyeckuii ce3on 2022-2023 rr. (Ce-
BepHoe mnonymiapue) u 2023 1. (FOxHoe monmyinapue),
peructpuposany 3HaunTenpHoe cHkeHne CI'T B 6onb-
IIMHCTBE 00Pa3IoB K MUPKYIUPYIOIINM IITaMMaM BHPY-
ca rpunma A(H3N2)pdm09 cyoxmaiina 2a.3a.1. B cBs3u
¢ 3TuM akcneptsl BO3 nepecmorpenu cocTas rpummnos-
HBIX BakIUH A1 cTpad FOxHoro momymapus B 2024 rr.
¢ 3aMeHO# koMmoHeHTa Bupyca rpuma A(H3N2)pdm09
(A/dapBun/16/2021 wa A/Tammann/8/2022) [17]. Ot
M3MEHEHHus B cBoicTBax Bupyca rpunmna A(H3N2) moryt
CTaTh MPUYUHON OoJiee HU3KOH A3 PEKTHBHOCTH TPUTIIIO-
38bIX BakiuH (OI'B) B crpanax CeBepHOro monymapus
B TekymeM ce3one (2023-2024), 1 0cOOEHHO B TEX CTpa-
Hax, IJle ero akTUBHOCTh Oy/JIeT JOMUHUPYIOIIeH (Hanpu-
Mmep, B Poccun).

beun mpoBenen aHanmu3 6 HWCCIENOBAaHHWMA IO OIICHKE
OI'B B cezone 2022-2023 rT. Ha OCHOBE JAHHEIX, IO-
JY4YCHHBIX 16 €BpONEHCKMMHU CTpaHaMHU B IEPUOJ] MO-
HUTOPHUHTA TPUMIA Cpenu aMOyITaTOPHBIX U TOCIUTAIN-
3UPOBAHHBIX MAIIEHTOB, B TOM YHCJIE B OTACICHUS UH-
TeHCUBHOHU Tepanuu [18]. Kak yxe ynoMuHanocs BblllIE,
JOJICBOE Y4YacTHE BHPYCOB T'PHIIIA B MEPUOI SIMUIAECMHU-
YECKOro MOAbEMa pasinyajoch MO cTpaHaMm EBpomeii-
CKOTO PervoHa, B YaCTHOCTH, YaCTOTa ITOJIOKHUTEITbHBIX
mpo6 Ha rpunn A Owita B mpegenax ot 17,0 mo 95,0%.
[IpenBapurtenbHble JaHHBIE TOKa3aiH, 4TO S(PQPEKTHB-
HOCTh BaKIUHONPO(PHUIAKTUKA B OTHOLICHWH TPHIIIA
3TOrO THUMA BHpyca cocraBisuia oT 27,0 no 44,0%, Bu-
pyca rpurmma B — Gomee 50,0%, npu 3TOM MoKa3areib
o1 BeIme y gerert (50,0-90,0%) mo cpaBHEHHIO CO
B3pocasiMu (12,0-49,0%). B oTHOmEHNN BUpyca rpH-
na A(HIN1)pdmO09 5I'B BapsupoBana ot 28,0 1o 46,0%,
B TO K€ BPEMsI OTMEYAJINCh TAaKUE K€ Pasnius y JeTei
(49,0-77,0%) u B3pocubix (21,0-56,0%); B oTHOmIEHUHN
Bupyca rpunmna A(H3N2) nokazarenu konedamucs ot 2,0
110 44,0% u B BO3pacTHBIX rpynmax cocrasisuiu 62,0-70,0
u 36,0-42,0% COOTBETCTBEHHO; B OTHOIICHUH TpPHIIIA
B moxkazarenu ObuM MpeAcTaBIeHB B pa0OTE TONBKO IS
nerert mumamme 18 mer (88,0-90,0%) u 2—6 mer (87,0—
95,0%). ABTOpHI OTMETHIIN ONM3KOE POICTBO JMUACMU-
YECKHUX IITAMMOB [0 AHTUTCHHBIM CBOWCTBAM K BaKI[MH-
Homy BHpYcy (A/dapBun/6/2021) m nX mpHHAIEKHOCT
K knaiay 3C.2alb.2a.2, mpu 3TOM C JOCTaTOYHO BBICOKOI
YaCTOTOW TEHETHUECKOTO pa3HOOOpa3us MOIMYISIAY B Tie-
JIOM, YTO MOTJIO TIOBJIMATH Ha Pa3JINdusl, IOy YeHHbIE JIpy-
I'MMH aBropamu. Hampumep, KaHa/JCKHe HCCIIEOBaTENN
NIPUBENU JAaHHBIE, HECKOJBKO OTIMYHBIE OT BBILICYIIOMS-
HYTBIX TI0 CTpaHaM EBpOIEHCKOro perrnoHa: 3PQeKTHB-
HOCTh BAaKLMHBI B OTHOLIEHWH BHpyca rpumma A(H3N2)
cpeau Bcex mauueHToB coctaBuwia 58,0-59,0% (Bble)
ny neret — 47,0% (Hmke) [19]. ABTOpHI cenany mpenro-
JokeHne 0 Bo3MoykHoM BimsiHuH MyTarmu (T135K) B HA
C TIoTepel caliTa IIMKO3WINPOBaHUS, KOTOpast ¢ OonbIIeit
YacTOTOW BCTpedYasiach B MOMYISAIWH SMHAEMHYECKHX
IITaMMOB, BBIZICIEHHBIX OT MAlMEHTOB MiIaie 25 JeT.

OPUTUHAJbHbBIE NCCNEAOBAHUA

B cTpanax EBpomnelickoro perrona Bupycsl rpunma B
MMENT OTHOCHUTENFHO HH3KYI0 aKTHBHOCTh B TIEPHOJ
SMUAEMHYECKHUX IoabeMoB, HaunHas ¢ 2019-2020 rr,
pu 3ToM 3(pPEeKTHBHOCTL BaKIMH ObLIa 00JIee BBICOKOMH
[20]. Takue >xe naHHBIE MO B-BUPYCHOMY KOMIIOHEHTY
BaKIMH OBLIN MOJTYYCHBI U B Ipyrux cTpanax mupa (Ka-
Haja u CIIA) [21, 22]. Pe3ynbTarsl MOJEKYISPHO-TEHE-
THYECKHUX WCCIEeOBAaHUM MOMYIAIUN MITaMMOB BHpyca
rpunna B B mepuon 2020-2023 rr. moxa3anu HUX IpH-
HA/IIOKHOCTh K JTUHUK B/BUKTOpMA-IONOOHBIX, Kiaze
V1A.3a.2 [11, 14, 19]. DnunemMudeckne MTaMMBI I10-
CIIETHUX JIET COACPKAIIM 3aMEHBI B TIO3ULIUAX, TIPUBOJIS-
MIUX K (EHOTUITHYECKOH «PEBEPCHN» K BUPYCaM CO CXOJI-
HBIMH AaHTHTCHHBIMH CBOMCTBaMU, IMUPKYTHPOBABITUMHU
6onee 50 et Hazax [23]. Pazmuuus mo agdexTuBHOCTH
TPUIIO3HBIX BaKIIMH B Pa3HBIX BO3PACTHBIX IPyIIax MO-
T'YT OBITh TaKXKe OOBSICHEHBI MOTCHIIUATBHBIME A (dhekTa-
MU UMIIPUHTHHTA (MMMYHOJIOTHYECKAs! TaMSITh YEIOBEKa
0 paHee BCTPEYaeMbIX BUPYCax TPUIINA).

Kak y»xe ynoMHHaJI0Ch BBIIIIE, COBPEMEHHBIE YeThIPEX-
BaJICHTHBIC TPUMIIO3HBIE BAKIUHBI COAEPIKAT IBA BHUPY-
ca rpurnma (A(HIN1)pdm09 u A(H3N2)) u nBa BHpyca
rpunma B pasHeIx 3BomonuoHHBIX JuHHKA (B/Bukro-
pus-monobueii u B/SImarara-momoOHEI), pa3nencHue
KOTOPBIX Tpou3onuio B 1970-X rogax u ¢ 3TOro Mepuo-
Jla pErUCTPUPOBAIM UX COLUPKYsuto [24, 25]. C map-
Ta 2020 . BCe CTpaHbl MUPA, OCYIIECTBIIAIONINE HAI30D
3a LUPKYIIUMed BUPYCOB TpHIINA, Hadald OTMEYaTh
OTCYTCTBHE B AKTUBHOW NUPKYJSIIIMA BUPYCOB TPHIIIA
B/fSImarara-nonoOusix. B cBsi3u ¢ atum BO3 pexomeH-
JlyeT He NMPUOCTAHABIMBATh HAA30p 3a 3TUM BapUaHTOM
BUpyca Tpunma B ¥ pacmmpuTs MOJEKyISIpPHO-TEHETH-
YeCKHe UCCIICAOBAaHUS (CEKBEHHPOBAHNE) B OTHOIICHUU
00pa3loB, HE TUIHPYEMBIX TECT-CHCTEMaMH, KOTOpBIE
MIPUMEHSIOT B MIPAKTUYECKOM 3/IpaBOOXpaHeHun. B ciy-
gae O(UIIMANBHOTO TPU3HAHUS HCUYE3HOBEHUS BHpYyca
rpunna B nuHMn B/SIMarara-momoOHBIX aKTyaJ bHOCTH
YeTHIPEXBAJICHTHBIX BAaKIIMH MOXET OBITH IIEPECMOTPEHA,
HaIpuMep, ¢ IepexooM Ha TPEXBaJCHTHBIC MpenapaThl
WM 100aBJIeHNEM KaKOTO-JIN00 KOMIIOHEHTa APYTHX TH-
MOB/TIOATHIIOB BHpYyca rpumma [24].

UccnenoBanus Oomee 13 TvIC. 006pa3noB smuaeMude-
CKHUX HITAMMOB BHMPYCOB rpuImna, uzyueHHsIx B CIIIA
n crpaHax EBponeiickoro peruona, onpenenuiam Hx
OmaronmpusTHRIN TPOQIIF TyBCTBUTEILHOCTH K IIpera-
paraM Cc aHTUHEHPAMHUHUIA3HOW AKTHBHOCTBHIO (03€Nb-
TaMUBHPY W 3aHAMHUBHPY) U HUHTHOUTOpY (epMeHTa
B TOJIMMEpPA3HONW KUCIIOW CyOBEOUHHUIIE KOMIUIEKCA BH-
pycuoit PHK-momumepasbl (baiokcaBupy): MOHHKCH-
HYIO 4yBCTBHUTEIIFHOCTH K IIperapaTaM perucTpupoBalii
B €AMHUYHBIX CIy4asx, 4To cocTaBisuio He 6omee 1,0%
[10, 13]. HeoOXoauMO OTMETUTH, YTO TOJBKO B OTHOIIIC-
HUH BUPYycOB rpunma A u B pa3paboTaHsl 1 TPUMEHSIOT-
Cs1 IIperapaThl ¢ MPSMbIM MEXaHU3MOM JeHcTBHs, 3 dek-
TUBHOCTh KOTOPBIX JOKa3aHa MHOT'MMHU HCCIEIOBATEINSI-
MH, C/IEJaHbl CTPAaTernYecKHe 3amachl Ha CIy4ail HOBOH
naHaeMuu rpunmna [26, 27].

Kpome Toro, 04eBUIHBIM Ha CETONHSAUIHUN I€Hb SIBIIS-
€TCs KOMIUIEKCHBI TIO/IXO/] B BOIIPOCE MPOTHO3UPOBAHUS
pasBuTHs 3nuaemuueckoro mpornecca OPBU na ¢one
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MOSIBJICHUS] HOBBIX BO30yauTeneit (0oe3Hp X) ¢ MpUBIIe-
YEHHEM TAaKHUX BO3MOXKHBIX METOIOB, KaK HaOIIOJCHHE,
NIECKPUNTHBHBIE (OMHCATEIbHO — OLICHOYHBIE MOIenn/
METOJIbl), aHAJTUTHYCCKUE U IKCIICPUMCHTAILHBIC METO-
ITbI, MATEMaTHIECKOE MOJICITUPOBAHNE.

3akirouenue

Onuaemuueckuii ce3oH 2022-2023 . uMen cBoM 0co-
OCHHOCTH W, B YaCTHOCTH, Ha ()OHE OTHOCHUTEIHHO HH3-
koil aktTuBHOCTU SARS-CoV-2 1 ero HOBBIX BapHaHTOB
XapaxkTepHu30BaJIcs Ooyee paHHIUM Ha49ajoM, HanOOJbIIeH
AKTUBHOCTBIO BUpYyCa TpHINa A, IPUYEM CTPAaHBI MHpPa
pasnuyanuch 1mo aoMuHupyomemy mnoatuny (A(HIN)
pdm09 u A(H3N2)), a Takke 101€BOMY y4acTHIO BHpyca
rpunmna B nuann B/Buxropus-nogo6HeIX; BUPYC TpUIla
mann B/fImarara-nmonoGHBIX HE IPOSBIISIET CBOIO aKTHB-
HocTh ¢ Mapra 2020 r. B 3aBHCHMMOCTH OT aKTUBHOCTHU
THUIIA/TIOATHIIA BUPYCa TPUIITA B OMPEIEICHHBIEC TIEPHUOIBI
Ce30Ha OTMEUEHBI pa3In4us 10 [ToKa3aTelsaM 3aboseBae-
MOCTH, BOBJICYEHHOCTH BO3PACTHBIX I'PYIIII, JIETAITEHOCTH
1 3¢ (HeKTUBHOCTH TPUMIIO3HBIX BaKIHH. [10 aHTHTeHHBIM
U MOJIEKYJSIPHO-TEHETUYECKUM CBONCTBAM MOMYJISIUS
SMHUAEMHYECKUX IITaMMOB BHPYCOB I'pHINa Obuta Onm3-
Ka BHpyCaM, BXOIUBIINM B COCTaB TPHUIIMO3HBIX BAaKIIKH,
pexkoMeHioBaHHbIX dkcriepramMmu BO3 B cezone 2022—
2023 rr., ipu 3TOM OoItee BBICOKast 3PPEKTHBHOCTE OBI-
na 3adukcupoBaHa B oTHOImIeHHH KommoHeHTa A(HINT)
pdm09 (ocobeHHO B CTpaHax, rie OH JOMHHUpPOBaA), 00-
niee HU3Kas — B oTHomeHun komnoHeHTa A(H3N2), grto
CTaJIo IPUYMHOI €ro 3aMEeHbI B COCTaBe BAKIMH JUI CTPaH
O>xHor0 Moymapust Ha ce3oH 2024 1.; coxpaHeH Oiaro-
MPUATHBIA TPO(MIIE YyBCTBUTENBHOCTH K TIperaparam
C aHTUHEWpPaMUHMJA3HOM aKTHBHOCTBIO, a TaKXKe WHIH-
outopy QepmeHTa, cuHTe3mpyromero Marpudayro PHK
BUpyca rpunma. Bee BhIeckasaHHOE yKa3bIBaeT Ha aKTy-
QIBHOCTH UCCIICIOBAHUH 1 TIOTyYCHHBIX JAHHBIX B PAMKaX
MIPOBOAMMOTO HaJ30pa 3a IUPKYIALUEH BUPYCOB IPUIIIA.
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©T'YPLEBHUY B.5., TIYBEHCKAZ A K., CEHIOTA H.b., CMMPHOBA K.B., 2024

Bupyc dnwrenHa-bapp (Orthoherpesviridae:
Lymphocryptovirus) y aTHocoB Poccuu:
pacnpocTtpaHeHHOCTb TUNoB B3b (B3b-1 n BOb-2),
BapuaHTbl reHa LMP1 v 3noKka4ecTBeHHbIe ONyXOsn

l'ypuesmy B.E." , JlyGeHckas A.K.", CeHtota H.B.", CmupHoBa K.B."™

"HUW kaHueporeHesa PI'BY «HaumoHanbHbI MEAULMHCKUIA MCCneaoBaTeNbCKUIA LIeHTP oHkonorin um. H.H. brnoxuHa»
MwuHsgpasa Poccun, 115478, r. Mockea, Poccus;

20AQY BO «Poccuiickuii yHMBepcuTeT apyx6bl Hapogosy», 117198, r. Mocksa, Poccus;

SOFAQY BO «Poccuiickuii HaumoHanbHbI MccreqoBaTenbCkuii MEAULIMHCKUIA yHUBepcuTeT nmenn H.U. Muporosax
MwuHsgpasa Poccun, 117997, r. Mocksa, Poccus
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Pestome

BBepeHue. OTkpbiTHE ABYX TUNOB BUpyca AnwTeriHa—bapp (BOB) — BOB-1 n BOB-2 — ctumynnposano nayyexue
MX pacrnpoCTpaHEeHHOCTM B NONYNAUMAX U CBSA3W CO 3MOKa4e€CTBEHHbBIMU OMYXOMNsSMU.

Lenb nccnepgoBaHms. M3yuntb nepcucteHumio B3b-1 n BOB-2 cpean atHocoB Poccuu, npoaHanv3npoBatb
MUP-npoaykTbl reHa LMP1 B nsonsitax Bupyca u oueHuTb Bknag Tunos BOB B 3a6oneBaeMoCTb 3nokayecTBEH-
HbIMW HOBOOGPa30BaHNAMM.

MaTepuanbl u metoabl. M3onatel BOB, amnnnduumpoBaHHbie N3 CMbIBOB POTOBOM MOMOCTU NpeacTaBuTenei
pecnybnuk Agbires, Kanmblkusa, TatapctaH u Mockosckon obnactn (MO), nsyyanu merogom riesgHow MNLP Ha
npuHagnexHoctb k BOB-1 n BOb-2. AmnnukoHbl LMP1, nonyyeHHble ¢ nomoubto MNLP B peansHOM BpemeHu
13 OHK BMPYCHbIX N30MSTOB, NoABepranu krnaccuukaumm 1 CEKBEHMPOBaHNIO HA aBTOMaTUYEeCKOM CeKBEeHaTo-
pe OHK ABI PRISM 3100-Avant (CLUA), a pe3ynbraTbl CEKBEHMPOBaHUS aHanu3mMpoBanu ¢ NOMOLLbIO MporpaMm
Chromas 230 n Vector NT (Invitrogen, CLUA). [JocToBEPHOCTb MOMYyYEHHbIX AaHHbIX OLEHWBAaNM C MOMOLLbIO CTa-
TucTMYecknx naketos Statistica for Windows 10.0.

Pe3ynbrathl. [loka3atenu pacnpoctpaHeHHocTn BOB-1 n BOB-2 y npeacraBuTtenen YeTbipex 3THOCOB CPaBHU-
Banu ¢ ypoBHAMMK 3a60neBaemMoCT HEKOTOPbLIMY ONyXOMnsMY y HaceneHust Tpex pecnybnuk n MO. JomuHupyto-
Wwasa nepcucteHumst TpaHcopmupytowero in vitro BOb-1 y npeacrasutenen TatapctaHa n MO koppenvpoBana
cpeau HaceneHus aTUX TEPPUTOPUIA C BbICOKON 3ab0neBaeMOoCTbi0 pakoMm enyaka v numdomamun. HanpoTus,
npeobnagatowiee nHpUUMpoBaHne He TpaHcdopMupyowmm in vitro BOB-2 npeactasutenent Ageiren n obonmm
TMNamm BMpyca NpYMEpHO Y OQMHAKOBOro NpoLeHTa npeacTasuTener Kanmbeikum koppenuposaro ¢ 6onee HU3KoM
3aboneBaeMoCTbIO BbllLeyKa3aHHbIMY ONyXonsaMU HaceneHus aTux pecnybnuk. Pasnuuma mexay nokasatensmm
3aboneBaemMoCcTn ykazaHHbIMW HOBOOOPA30BaHUAMMN B CPaBHUBAEMbIX STHUYECKMX NONyNsauusix Obinu cratucTu-
yeckn HegocToBepHbiMK (p > 0,05). O6HapyxeHHble BapuaHTbl LMP1 He oTpaxanu H1 ypoBeHb NMepcucTeHLMM
T1nos BOB, HW 4aCcTOTy BO3HUKHOBEHWNS OMYXOMeW.

3akntoyeHune. MHdpmumpoBaHHOCTb aTHOCOB BOB-1 n BOB-2 MOXeET CyLleCTBEHHO pa3nuMyaTtbCsi Nog, BrMsHUEM
pasHbIx chakTopoB. MNpeobnagaHune B nonynsuum TpaHcgopmmpytoLlero in vitro BOb-1 He yBenuumBaeT 3abonesa-
€MOCTb OMNyXOMNsMM 3a CHET CNy4vaeB, aCCOLMMPOBaHHBLIX C AOMUHUPYIOLLMM TUIMOM BUpyca.

KnioueBble cnoBa: supyc SnwmetiHa—bapp (B3B); munsl BOE (B3b-1 u B3B-2); nameHmHbIt membpaHHbIU
6enok 1 (LMP1); cukeeHcHbIlU aHanu3; adbizeliybl; KanMbiKu, mamapel, cnassHe; [P e pe-
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Abstract

Introduction. The discovery of two EBV types (EBV-1 and EBV-2) has stimulated the study of their prevalence in
populations and association with malignancies.

Objective. To study the prevalence of EBV-1 and EBV-2 types among ethnic groups in Russia, to analyze PCR
products of the LMP1 gene in virus isolates, and to evaluate the contribution of EBV types to the incidence of
malignant neoplasms.

Materials and methods. EBV isolates from oral lavages of the Republics Adygea, Kalmykia, Tatarstan and
the Moscow Region (MR) representatives were studied by nested PCR for the belonging to EBV-1 and EBV-2
types. LMP1 amplicons obtained by real-time PCR from viral isolates DNA were classified and sequenced on an
automatic DNA sequencer ABI PRISM 3100-Avant (USA). The sequencing results were analyzed using Chromas
230 and Vector NT programs (Invitrogen, USA). The reliability of the obtained data was assessed using statistical
packages Statistica for Windows, 10.0.

Results. The prevalence rates of EBV-1 and EBV-2 in representatives of four ethnic groups were compared with
the incidence rates of some tumors in the population of three Republics and MR.

The dominant persistence of the transforming in vitro EBV-1 type in representatives of the Republic of Tatarstan
and MR correlated with a high incidence of gastric cancer and lymphomas in the population of these territories.
On the contrary, predominant infection of the non-transforming in vitro EBV-2 type and both types of the virus in
approximately the same percentage of representatives of Adygea and Kalmykia, respectively, correlated with a
lower level incidence of above tumors in populations of these Republics. The differences between the incidence
rates of neoplasms in the compared ethnic populations were statistically insignificant (p > 0.05). LMP1 variants of
viral isolates did not reflect either the level of EBV persistence types or the incidence of tumors.

Conclusion. Infection of ethnic groups with EBV-1 and EBV-2 may vary significantly under the influence of various
factors. The predominance of the in vitro transforming EBV-1 type in the population did not increase the incidence
of tumors due to cases associated with the dominant virus type.

Keywords: Epstein-Barr virus (EBV); EBV-1 and EBV-2 types; latent membrane protein 1 (LMP1); sequence ana-
lysis; Adygeians; Kalmyks; Tatars; Slavs; real-time PCR; malignant tumors
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BBenenue

OIUAEMHOIOTHYECKHE JaHHBIE MO3BOJSAIOT TPEIIO-
JIOXKHTB, 4TO B MUpe ¢ BUpycoMm Dnmteiina—bapp (BOb)
CBSI3aHO BO3HHMKHOBeHHE Okojio 200 ThIC. omyXxoneit
B rox [1]. I[Ipu sToM Omonmorunveckas ocobenHocTE BOB
3aKJII0YaeTCs B €r0 CIIOCOOHOCTH MHIyIMPOBATh HEOIlIa-
3UM Pa3IUYHOTO KJIETOUHOTO MPOUCXOXKICHUS, B TO Bpe-
MsI KaK OIYXOJIH, BBI3BIBAEMBIE JPYTMMH OHKOT€HHBIMHU
BHPYCaMH, BO3HUKAIOT TOIBKO B KIETKaX WX TKAHCH-MU-
mierei. C apyroi cTOPOHBI, H3BECTHO, uTo0 BOb nubuU-
nupoBaHo Oonee 90% HaceNeHUs TUTAHETHI, OTHAKO €ro
MIPUCYTCTBHE B OPTaHMU3ME YeJIOBEeKa He ABJIAETCS 0053a-
TEJIbHBIM YCIOBHEM BO3HHUKHOBEHUS omyxonu. [[mst pe-
aM3allii OHKOT€HHBIX MOTEHIMH BHpyca HEOOXOIMMEI
JIOTIOJTHUTENIFHBIE YCIIOBUS: KaK 00IIHe, TaK U OTIINYal0-
IIUecs sl pa3HbIX TUIIOB OITyXOJEH.

B wactHOCTH, TOKa3aHO, YTO PHUCK BOZHUKHOBEHUS JH-
neMu4yHO# 1uMpoMel bepkutTa B cTpanax DKBaTopHab-
HOM A(pHUKH CBA3aH C BBICOKOW Harpy3koi BOb-undek-
UM Y JAETeH NMpH pOXKICHUN B COYETAHUH C 3apAKCHUEM
MaJLSIPUHAHBIM IIa3MOAMEM, OKA3bIBAIOIIUM MYTAareHHOE
nerictBue Ha B-xitetku [2]. Kpome Toro, pucky pa3Butus
paxa HocoroTkH (PHI') ctocoGcTBYIOT HHTEHCHBHOE 3a-
pakeHue B mitagieHIecTBe BOb 1 0COOCHHOCTH UTAHUS
C TEepBBIX JIET XU3HU peOeHKa, XapaKTepHbIC IS KyJb-
Typsl OxHOro Kuras, — kopMmieHue neTeil coneHoi pol-
6011, 6oraroii mpekanneporeHaMu (HUTpo3aMuHaMu) [3].
Hapymienne umMmMyHHTEeTa, U3MEHSIONIET0 OaJaHCc MEXAy
BHPYCOM H XO3SMHOM B TIOJI3y BHPYCa, TAKXKE SBIACTCS
Ba)XKHOM NMPEIIIOCHIIKON I BO3ZHUKHOBEHHUS 000X TH-
MIOB OIYXOJH.

B BO3HHKHOBEHHH HEKOTOPBIX OITyXOJeH, HaIpUMep,
PHI, onpenenennyro poib UrpaeT U TeHeTHIeCKui (hak-
Top. Cilydau Tak Ha3bIBAEMOT'O «CEMEUHOT0» paKa BCTpe-
qaroTcst npuMepHo B 10% ciayyaeB cpeay HaceIeHUsl 3H-
nemudHbIX 10 PHI™ toxnbIx mpoBuniuii Kutas [4]. He-
CKOJIBKO aJUICNbHBIX JI€TePMUHAHT YyBCTBUTEIHHOCTH,
HanOoJlee TECHO CBsI3aHHBIX ¢ oOmacThio HLA kmacca I,
oOHapyxeHbl Takxke y O6onpHBIX PHI' BHEe sHAeMUYHBIX
peruoHoB [5].

C otkpeiTem aByx tunoB BOb (BOb-1 n BOB-2), paz-
JTUYAIOIIUXCS TEHAMU, KOTUPYIOIIUMU SACPHBIC aHTHTE-
Hel (EBNA-2, 3A, 3B, 3C), u OHONTOrHYECKUMHU CBOM-
CTBaMH, CTaJH MTPOBOANUTH MCCIEIOBAHHS, TIeITh KOTOPBIX
COCTOsUIa B BBUICHGHHH DOJIM KaXIO0TO THIIA BUpyca
B BOb-accounnpoBaHHOM KaHIEpOreHe3e. DTU HCClie-
JIOBaHMA 0a3MpoOBaINCh Ha (paKTax, COMIACHO KOTOPBIM
B9b-1, B otmnune ot BOb-2, cnocoben Tpancdopmu-
poBath B-nmumdonuntsl in vitro [6], u Ha pe3yabrarax
OKCIEpPUMEHTAIBHBIX ~ HMCCIIENOBaHUMA, IOKa3aBIINX
6onee MemNICHHBIH POCT JNM(pOOITACTONIHBIX KIETOY-
HBIX JUHHH, nHpuUIEpoBaHHbIX BOB-2, 110 cpaBHEHHIO
¢ BOB-1. Okazanoce, oHaKo, 9T0 00a THIIA BUPYyCa CIIO-
cOOHBI BBI3BIBATh B-Ki1eTOUHBIC TUM(OMBI Y MBIIICH JIH-
wuu CBH [7].

OTtnryatoTcs oba THITa BHpYca M TI0 CTETIEHH pacIipo-
CTPaHEHHOCTH CPEAM Pa3HbIX IPyI HaceneHus. B gact-
HOCTH, IMOKa3aHO, YTO HAcCeJICHHE EBPOIECOMIHONU pachl
XapaKkTepu3yercss WHQHUINPOBAHWEM IIPEHMYIIECTBEeH-
HO 1-M THmoM Bupyca (~74%), y 340pOBBIX JIHII a3UaT-
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CKOTO MTPOUCXOKACHUS OTMEUEHO ellle OoJIbIlee ero mpe-
obmamanue (~85%) [8, 9]. IMeroTcs Takke MaHHBIE, YKa-
3BIBAIOIME Ha JOCTATOYHO IIMPOKOE PACIpPOCTpaHEHHE
BOb-2 cpeny OTHENbHBIX TPYI HACENEHUsS, HApUMEp
nvn, 6eccumntoMHo nHpUIpoBanabx BUY (50%) [10],
O0JIBHBIX ¢ TIporpeccupytoiiei popmoit BUU-unpexunu
(62%), 6ompHBIX CIIM[lOM C HEXOIKKHHCKOH IuM{Qo-
Moii (53%), 1 maxke cpear JOHOPOB B HEKOTOPBIX IITATaX
Awmepuku (50%) [11]. OxHako BOIpoC O TOM, SBIISIOTCS
au BOB-1 u BOB-2 onyxonb-cnenuduueckuMu, 0CTaeT-
cs oKa 0e3 oTBeTa.

Ilouckn omyxomnb-cnenn¢udeckux mramMmmoB BOb
BEJIUCh U Ha 0a3e TeHEeTHYECKOTO PasHOO0Opas3us I'eHOB
nareHTHOro MemOpanHoro Oenka 1 (latent membrane
protein 1, LMP1) — LMPI, oTHECEeHHBIX MO OOIIENpH-
3HaHHOH Kiaccudukaruu R. Edwards u coaBt. k 7 pa3s-
HbIM BapHaHTaM BHE 3aBHCHUMOCTH OT TuIla Bupyca [12].
B wactHOCTH, OBIIIO 00HAPYXKEHO, YTO IOYTH BCE N3OIISATHI
B3b kuTaiickoro mpoucxoxaeHus, OTHOCAIMECT K 1-My
THITY, conepxar aenennto 30 M.H. ¢ XapaKTEPHBIMU aMH-
HOKHCIIOTHBIMH 3aMEHAaMHU B €r0 OEITKOBOM BapHaHTE —
LMP1 [13]. B nonymsiimusx u3 Opyrux reorpaduyueckux
pEeruoHoB, Takux Kak Smonws, nenenus 30 1.H., o0Hapy-
xuBaemass B LMP1, Opina cBsi3aHa mpenMyIiecTBEHHO
¢ BUpycoM 2-To THma. [14]. BakHO OTMETHUTB, YTO OOJIB-
MIMHCTBO MOJICKYJSIPHBIX MOIUMOP(HU3MOB, 0OHAPYKEH-
HBIX B m3onaTax BOb oT 3710poBBIX BUpyCOHOCHTENEH,
C OIMHAKOBOW 9aCTOTOH OOHapYKWBAJIUCh U B BUPYC-ac-
COLIMMPOBAHHBIX OIMYXOJSIX MAIMEHTOB M3 TOTO K€ Ieo-
rpaduueckoro peruona. [15].

BosHukaet Bompoc, MoryT i Tunsl BOb u/wnn Bapu-
antel LMP1 Bupyca BiusaTh Ha 320011€Ba€MOCTh OIpesie-
JEHHBIMU (hOpMaMH OITyXOJeH WU 9acTOTa IMOCIETHIX
orpejensieTcs IIaBHBIM 00pa3oM T€HEeTHYECKHMMHU OCO-
OEHHOCTSIMH TIONYJSIUHA W/WMIH JAPYTHMH (DaKTOpaMu.
B cBsi3u ¢ 3TM OBLTO GBI BAXKHO U3YYHUTh MOJICKYIISIPHBIN
npoQuib, a TaKXKe OIyXOJIb-HHIYIUPYIOIIIE CBOWCTBA
u3osToB BOB cpean pasHbIX 3THOCOB, IPENICTaBIISIO-
IUX TEHETHYECKU PA3IHYaAIONINeCs TPYIIbl HACEICHUS
Y TIOJIBEPTaOIIUeCs BO3ACHCTBHUIO Pa3InYHbIX (haKTOPOB
OKpPYXAaIOILIEH CPEeIbl.

Ha ocHOBaHMU BBIIIEU3JIOKEHHOTO eJIbI0 HACTOSIIIE-
T'O HCCIIeOBaHUS ObUT aHAIN3 PaCIPOCTPAHEHHOCTH TH-
nos BOb u Bapuantos LMP1 y npencrasureneil yeTsl-
peX TeHETUYECKH OTIMYAIOIINXCS 3THOCOB (aIBITEUIIEB,
KaJIMBIKOB, TaTap U CJaBsH) — JKUTENEH pasHbIX KJIMMa-
TUYECKUX 30H U Teorpaduieckux Teppuropuii Poccun co
CBOUM HaIlMOHAJBHBIM OBITOM U KyJbTypoil. BaxkHO OBI-
JIO TAKXKE BBIICHUTBH, CYLLIECTBYET JIU KOPPEISILIUS MEXIY
JIOMUHUPOBaHUEM OJHOro W3 TurnoB BODb u BapuantoB
LMP1 u 9acTtoToii BO3HHUKHOBEHHS 3J0KaY€CTBEHHBIX
OIyXOJIEM.

MarepuaJibl 1 METOABI

Obvexmul uccieo008aHus

N3y4eHbl CMBIBBI MOJIOCTH PTa y MpeJICTaBUTENEH de-
THIPEX ITHOCOB (aJBITEHIICB, KaIMBIKOB, TaTap W Cla-
BSH) — XHTeNed Tpex pecmyonuk Poccuiickoit Dene-
parmuu u MockoBckoit obmactu (MQO) COOTBETCTBEHHO.
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Tabauna 1. XapaxkrepucTuka IpeACcTaBUTENCH 3STHOCOB, YIaCTBOBABIINX B CCIIEAOBAHIH

Table 1. Characteristics of ethnic group representatives involved in the study

IIpencraButenu Yucno FemiepHoe
9THOCOB Penmurust l“eorpacbnqecmnﬁ peETNoH 06CIIC[IOBEIHHBIX JIALY COOTHOI].JIlerI/Ie' M/K CpCZIHI/Iﬁ BO3pacT, JIET
Repsentatives Religion Geographical region Number . Average age, years
. . . Gender ratio: M/F

of ethnic groups of investigated persons
AJIBITEHTIBI Ucnam I. Maiixon, Pecy6nuxa Anpires
Adygeans Islam Maykop town, Republic of Adygea 59 24/34 41,4
Kambiku Bymusm r. Omucta, PecriyOmika Kanmbikus
Kalmyks Balddhism Elista town, Republic of Kalmykia 50 19/31 214
Tarans HUcnam r. Kazans, PecrryOnuka Tarapcran
Tatarg Islam Kazan city, Republic of Tatarstan 60 15/45 21,5
Cnassine IpaBocnasue MockoBckast 001aCcTh, paifoHbI 40 21/19 475
Slavs Orthodoxy Small towns, Moscow region >

[TonpoOHast XapaKTepUCTHKA JIMII, MPUHIBIINX y9IaCTHE
B HMCCII€ZIOBaHUH, TIpecTaBieHa B Ta0a. 1. Bee yuactau-
KU OBUTH MPaKTUYECKH 3J0POBBIMU JIFOABMH M MPEACTa-
BUTEJISIMU BBIIIEYKA3aHHBIX STHUYECKHUX TPYII HE MEHee
9eM B TpeX TOKoJeHWsIX. Kaxmprii CMBIB MpencTaBisi
c000i1 KIETOYHYIO CYCICH3UIO, TOTYYCHHYIO HHIUBUIY-
aJbHO Mocie nojlockanus pra B Tedenue 30 ¢ 15 mu cre-
PWIBHOTO (PU3UOIOTHIECKOTO pacTBOpa. [IpoOBI CMEIBOB,
coOpaHHbIC B TEPMETHYHO 3aKPBITHIC MIACTUKOBBIE TIPO-
Oupkwu, XpaHwiu pu Temieparype +4 °C He 6omnee 2 cyT
o uccuenoBanus. MapopMupoBaHHOE cornacue OBUIO
MOJYYEHO OT BCeX OOCIIeOBaHHBIX JUI. [IpoTOKOI HC-
clenoBaHUsA omo0peH OtmueckuM Komuterom DI'BY
«HMUL onkonorun um. H.H. bnoxuna» Mun3npasa
Poccun (ITpotokon Ne 512 ot 10.11.2021).

Oxempakyus JJHK u amnaugurayus ecena LMP1

W3 cobpanHBIX MMOCIE IEHTPUDYTHPOBAHUS KIETOK
CMBIBOB TIOJIOCTH pTa BbAesM ToTanbHyo JJTHK meTo-
oM (QeHON-XITOpoPOpPMHOHN nenporenHu3anuu. Hamm-
yne u koHuentpauuto JJHK BOb, ammmudunupoBannyio
u3 o0pasnoB TortaidsHoN JIHK, aHann3upoBamin METOIOM
TTOTUMEPA3HOHN IIETTHON peaknuy B peaJbHOM BPEMEHHU
(ITLIP-PB), onucanubiM Hamu panee [16]. Ammiunduka-
uuto reHa LMPI w3 Bupycnoit JIHK nmpoBonunu B nBa
JTana ¢ BHEITHUMY ¥ BHYTPCHHUMH MIpaliMepaMH 110 pa-
Hee npuHATON Hamu Metonuke [17]. Kaxnprit ITLP-mipo-
IykT oummmain Ha MuHU-KOoHKe QIAGEN (QIAquick
PCR Purification kit, cat. 28104, I'epmanus) cornacHo
WHCTPYKUUU MPOU3BOAUTENS. s peakiuu UCIONb30-
Banu npumepHo 100-200 ur ITIIP-npomykra, a KOHIIEH-
tpauuto JJHK onenuBanu Bu3yanbHO B arapo3HOM Te-
ne. B xauecTBe MOJIOKHUTEIHHOTO KOHTPOJS MPUMEHSIIN
JHK, Beinenennyto u3 nuauu B95-8, a B kauectBe oTpu-
[aTeTFHOTO KOHTPOJIS — BOJY.

Tunuposanue BOB memodom enezomnoii I11]{P
cena EBNA-2

TunupoBanme wm3omsitoB BOb ma 1-if m 2-# THmsI
(BOb-1 u BOB-2) npooaunu ¢ momorisio rae3aHoi TP,
clleys OMMcCaHHOMY paHee metoay [18] ¢ He3HauuTelnb-
HbIMH MopauGuKarmsaMu. Vcnonb3yeMbie paitMeps! mpo-
JEMOHCTPHPOBAII BBICOKYIO CIEIH(DUIHOCTh M OTCYT-

CTBHUE NEPEKPECTHON PEAKTUBHOCTH C FTEHOMOM UEJIOBEKA
U IpyTUMH BUPYCaMHU WM MUKpOOpranusmamu [19].

Cexeenuposanue I11[P-npodyxmos LMP1

Awmmunkonst LMP1 cexBeHmpoBay B 0001X Hampasiie-
HusX. CeKBEeHUPOBaHUE MPOBOIWIN C TIOMOIIBI0 Ha0opa
peaktuBoB ABI PRISM BigDye Terminator v. 3.1 (CILIA)
C ITOCTIETYFONIM aHAJIH30M IPOIYKTOB PEaKIH Ha aBTO-
MatnyeckoM cekBeHatope JJHK ABI PRISM 3100-Avant
(CHIA). O6pabOTKy NaHHBIX CEKBCHHPOBAHHUS BBITION-
HsuM ¢ omoInkio mporpamM Chromas 230 u Vector NT
(Invitrogene, CLLIA).

Knaccugpuxayus LMP1

Hyxneotunueie  mociemoBaTeIbHOCTH — 00pasioB
LMP1, ammmudunupoBanusie u3 BOB-H301T0B, NOTY-
YEHHBIX M3 CMBIBOB ITOJIOCTH PTa, OBUTA TPAHCIUPOBAHBI
B LMP1-aMHUHOKHCIIOTHBIE OCIEI0BATEILHOCTH U IIO/I-
BEPINIUCh aHAJIU3Y C IOMOIIBIO IPUHATOW B JIUTEpaType
knmaccudukarym R. Edwards u coasr. [12].

Cmamucmuyeckuii anaius

KonuuectBo komuit BOb-1 u BOb-2 B cMbIBax mo-
JIOCTH PTa JHI] UCCIEAYEMBIX TPYII OLIEHUBAIH C IO-
mompio U-tecta MagHa—Yutau. C IMOMOIILI0 TOYHOT'O
tecra Oumepa (Fisher’s exact test) paccuuTsiBanm 3Ha-
YeHHE p TPU CPABHEHUU YHCIA UL, HHPHUIUPOBAHHBIX
B3b 1-ro wnu 2-ro TUNOB; pa3iuyus CYUTAIN CTATUCTH-
4eCKH 3HaYUMbIMU IIpH p < 0,05. Brruucnenus nposoau-
JIX C IOMOIIBIO CTAaTUCTHYECKUX IMaKeTOB Statistica for
Windows 10.0.

Pesyabrarsl

Tuner BOb

O6pasupr BOb, ammmduipoBanHble U3 KIETOYHBIX
CYCIIeH3HI CMBIBOB ITOJIOCTH PTa Mpe/ICTaBUTENeH YeThI-
Pex STHHYECKUX TPYHIL, OBLUTH MTPOTECTUPOBAHBI HA THUITHI
Bupyca BOb —BOb-1 u BOb-2. [lonyueHHbIE pe3yabTaThl
CBUJIETENILCTBOBAIIM O TOM, 4TO B TPYIINE CIAaBSH U TaTap
nmomuaupyetr BOb-1 (81%, 30/37 u 83%, 43/52 cooTBeT-
CTBEHHO), a B rpymnmne aneireiines — BOB-2 (81%; 48/59)
(puc. 1). [IpencTaBUTEN KaIMBIKOB OBLITH HH(GUITUPOBA-
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Puc. 1. Cootnomenne BOB-1 u BOB-2 B cMBIBaX IOJIIOCTH pTa
HpeCcTaBUTeNIeH YeThIPEX STHOCOB: a/IbIreiilieB, KaJIMBIKOB, TaTap
U CIIaBsH.

Fig. 1. The ratio of EBV-1 and EBV-2 in oral lavages of four ethnic
groups’ representatives: Adygeans, Kalmyks, Tatars and Slavs.

HBI 000MMH THITAMH BHPYCa TPUMEPHO B PABHOM COOTHO-
mennd (51%, 25/49 ¢ 1-m tummom u 49%, 24/49 ¢ 2-m tu-
nom). [To ogHOMY Cy4ar0 OJHOBPEMEHHOTO 3apaXKCHUS
000MMH THIIAMHU BHPyca OOHAPYKEHO B TPYIIaxX KaaMbl-
KOB, CJIaBSIH U TaTap.

THonumopgusm obpasyos eena LMP1 BOB

Hykneortunnele mnocnegoBarenbHOCTH TeHa LMPI
OBLTM TPAaHCIUPOBAHBI B aMHUHOKHUCIIOTHBIE CO IOCTE-
IYIOUINM OIpeesieHneM BapHaHTa A KaXIoro 00-
pasma LMP1 ¢ momompro kraccudukanun R. Edwards
n coasT. [12]. OO6napyxennsle Bapuantel LMPI,
a TaKKe pe3ylbTaThl UX CEKBEHHPOBAHMS IPEICTaBIIC-
HBEI B Ta0J1. 2. V3 TabnuIel ciieayer, 9T0 HU3KO TpaHC-
dbopmupyromuii in vitro Bapuantr LMP1-95.8 Ov11 xa-
paktepeH ana 100% BHUPYCHBIX H30JIATOB aIbITCHIICB.
OtoT BapuanT LMP1 GbuT Takke MIHMPOKO MPEICTaBICH
Cpeau BHPYCHBIX M30JITOB KaJIMBIKOB M ciaBsH (75,9
1 82,5% COOTBETCTBEHHO) U B MEHBIICH CTETIEHH — Cpe-
1 tarap (34,1%). Bapuant LMP1-China-1, aHajor BbI-
COKO TpaHC(HOPMUPYIOMIETO in Vitro KUTANCKOTO Bapu-
auta LMP1-Cao, Obul HaAeHTHGUIUPOBAH B BHPYCHBIX
n3onsaTax kanMmeikoB (17,2%), cmassa (7,5%) u tarap
(9,8%). Bapuantr LMP1-Med— B BUpPYCHBIX H305IATax
MpeACTaBUTENICH BBIIIEYKa3aHHBIX 3THOCOB BCTPEYAJICs
B 3,4, 2,5 u 14,6% cinydaeB COOTBETCTBEHHO, a BapHu-
anT LMP1-NC — Tonbpko y mpencTaBUTENIed KaJIMBIKOB
(3,4%) u cnassu (7,5%).

[To xnaccuduxanuu R. Edwards u coasr. [12] y npen-
craButenel tarap u3 41 obpasma LMP1 ero GenxoBbie
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BapuanTel LMP1 Obutn maeHTHQHIEPOBaHBEI B 24 Ciy-
qasx. Octansable 17 (41,5%) 00pa3moB HEe MOTIIN OBITH
HMHTEPIPETUPOBAHBI C MOMOINBIO 3TOH KiIaccu(UKamuu,
YTO MO3BOJIMIIO HaM 0003HAYHTh UX B Ka4ecTBE 00pa3IioB
«BHe knaccupukannm» (BK). Cpenn 17 nHengentudunm-
poBaHHBIX 00pa3noB LMP1 8 o6pasnoB xapakrepuzoBa-
JIUCh COBOKYITHBIM COJEpXaHHEM JeNeluil 5 aa B KoJo-
Hax 312-316 u 382-386, He XxapaKTepHBIX HU JIJIsl OTHOTO
13 U3BECTHBIX HaM BapuanToB LMP1. Ora rpymnmna, npu-
HaJUIexamas STHUIECKUM TaTtapaM U 0003HaYeHHas Ha-
mu kak LMP1-TarK (Tarapcran-Kazans), mo-sunumomy,
3aCIy>KUBAET JANbHEUIIETO N3yUYeHUsI.

CeKBEeHUPOBAHKME BCEX TMOJMYYCHHBIX 00pasinoB LMP1
BEISIBIJIO HATMYUE BAKHBIX KITFOUEBBIX MyTanuii B C-KoH-
LIeBOH 00JacTH TpaHC-aKTHBUPYIOIIUX AOMEHOB. B uact-
HocTH, B tToMeHe CTAR1 o6pasznos LMP1, npunaiexa-
MUX TPEICTABUTEISAM aIbITeUIIeB, KaJIMBIKOB U Tarap,
myTamus konoHa 229 (S—T) BeisiBnena B 6,9, 6,9 u 19,5%
cmyvaeB coorBercTBeHHO. B momene CTAR2 o6pasmbl
LMP1 npeacraBuTesneii Bcex YETHIPEX ITHOCOB COJEPIKa-
71 MyTanuu B kogone 366 (S—A/T) B nuamasone ot 3,4
1o 53,6% ciydaeB. B momene CTAR3 o6pasmsr LMP1,
MONYYCHHBIE OT TPENCTAaBUTENICH BBINICYKAa3aHHBIX IT-
HOCOB, cojepxann Myrtamuio komoHa 309 (S—T/N)
¢ vacroroit ot 4,9 1o 16,9% cnydaes. B aToMm xe gome-
HE y MpEICTaBUTENCH KaJIMBIKOB, TaTap U CIABSH MyTa-
uus (Q—N/E/T) B xomone 322 obnapyxena B 24,1, 22,0
u 17,5% cnyyaeB COOTBETCTBEHHO, a MyTalUsl B KOAO-
He 328 (E—Q) BBISBICHA TONBKO Y MPEICTABUTENCH Clla-
BsH B 30% (4/12) cnyuaeB. Ha ocHOBaHMH pe3ynbTaToOB
ceKkBeHHpoBaHusA 0o0pasnoB LMP1 or mpencraButencit
aIBITeHIIEB, KAJIMBIKOB M TaTap MOXXHO CIHENATh BEIBO
0 TEHETHYECKOM POACTBE mTaMMoB BOb, mupkynupyro-
X cpeau 3Tux 3THocoB. [lItammel BOb cnaBsHckoro
MIPOUCXOXKICHUS, XOTSI U XapaKTEPUIYIOTCS OTCYTCTBUEM
myTarmii B gfomMmeHe CTAR] u MOBBIIIEHHBIM KOIU4E-
ctBoMm myTanuit B jomeHax CTAR2 u CTAR3, ¢ yuetom
OCTAIIbHBIX OOHAPYKCHHBIX MYTAIlMi MOTYT TaKXe CUH-
TaThCsl TEHETUUECKH OnMm3KuMU K mrammam BOB, mup-
KyJUPYIOIIKM Y OCTaJbHBIX IPEACTABUTEICH H3yUaeMBbIX
ATHOCOB.

Tunwvt BOB u 3n10xauecmeenHvle Onyxoau

C 1eapi0 BEISICHUTE, BIUSACT JIM KaXKIbIH 13 TUIIOB BOb
Ha 3a00J€BAaEMOCTh 3JOKAY€CTBEHHBIMH OIYXOJISIMU,
pasiIuuHbBIe MOKa3aTeau pacnpocTpaHeHHoctn BDOb-1
u BOb-2 y npezacraButeneit anpireiies, KaJIMbIKOB, Ta-
Tap U CIABSH CPAaBHUBAIH C [TOKa3aTeIsIMU 3a0071eBacMO-
CTH HEKOTOPHIMH 3JIOKa4€CTBEHHBIMH HOBOOOpPa30BaHU-
SIMHA CPENW HACEJICHHS TPEX HANMOHAIBHBIX PECITYOIHK
1 MO. bruia nmpoananusupoBaHa 3a06071€Ba€MOCTb OITyX0-
JISIMH JKeTylIKa, IOJIOCTU PTa U KPOBH, B KOTOPBIX BCTpE-
4alTCsl COOTBETCTRYIOIME BOb-acconunpoBaHHbIE HO-
BOOOpa30BaHuUs, TaKue KaK aJleHOKApIIMHOMA >KEIyIKa,
pak MubganuH U PHI, mumpoma XomkKuHA ¥ HEXOIXK-
KUHCKHE TUMGOMEI. Pe3ynbraTsl aHam3a IpeacTaBIcHbI
Ha puc. 2. CoracHo CTaHAAPTU3UPOBAHHBIM IOKa3aTe-
nsM (Ha 100 ThIC. HACeeHHUs ), 3a00ICBAEMOCTh OITYXO0JISI-
MU TIOJIOCTH PTa U TIIOTKH CPEIN HACEIICHUS TPEX PECITy-
ok 1 MO Obl1a HU3KOM M Kosebanack ot 7 o 36 [20].
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Ta6auua 2. [Torumopdusm LMP1 B u3omsitax BOB 13 cMBIBOB 1OJOCTH pTa NpeCTABUTENEH YETHIPEX 3THOCOB

Table 2. LMP1 polymorphism in EBV isolates from oral lavages of four ethnic groups representatives

OTHHYECKas rpyIma

Yucno amrmu-

Bapuantst LMP1 no knaccudukamuu R. Edwards

Myranuu B CTAR-o6nactsx rena LMP]

(KOJNMHECTBO IPOMBIBAHMI (uurpoBaHHbIX 1 coaBT. [12] Mutations in CTAR regions
TonoCTH pra) 061;\?3110; LN;PI LMP1 variants by classification of Edwards et al. [12] of the LMP1 gene
Investigated ethnic groups umber o
amplified . BK* CTAR 1 CTAR 2 CTAR 3
(number of oral lavages) LMP1 samples B95.8 China-1 Med- NC oC* 191-232 351.386 275-330
AnbITeiiist S229T S366T S309T/N
Adygeans (j;) /25;,) (%3{)202) (08%) (0(3@ (OgA)) - 2/29 1/29 2/29
n=59) ’ (6,9%) (3,4%) (6,9%)
S309/N;
E";fg‘l;fs“ 29/50 209 529 129 129 S ST 8129 (16.9%)
_ (58,0%) (75,9%)  (17,2%)  (3.4%) (3,4%) Q322E/T
(n=50) (6,9%) (20,7%) 729 (24.1%)
S309N;
lamsie 40/40 3340 3/40 /40 3/40 Ssal SOOMT aa1a.9%)
_ (100%) (82,5%)  (7,5%) (2,5%)  (7,5%) Q322N/E;
(n=40) (19,5%) (53,6%) 9/41(22,0%)
S366/T S309N; 4/40
o 19/40 (10,0%)
Tatarz 41/60 14/41 4/41 6/41 0 17/41 0 (47,5%) Q322N/E/T
(n=60) (68,3%) (34,1%)  (9,8%) (14,6%)  (0%) (41,5%) (0%) L338S 7/40 (17,5%)
7/40 E328Q; 4/12
(17,5%) (30,0%)

Ilpumeuanue. *BK — BHe knaccudukanmn.

Note. *OC — out of classification.

Puc. 2. [Tokazarenu 3aboneBaeMOCTH OIyXoJsiMU ¢ BOb-acconnmpoBaHHBIMU CITy4assMU Cped HaceJIeHus peciryOnuk Apires, KaaMbikus,
Tarapctan 1 MockoBCcKo# 00acTH.

Fig. 2. Incidence rates of malignant neoplasms with EBV-associated cases among the population of the Republics of Adygea, Kalmykia,
Tatarstan and the Moscow region.
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3ab01eBaeMOCTh PAaKOM XKelTyaka U JuMpoMamu Oblia
3HAYUTEIHHO BHIIIE. 3HAUCHUS ITUX IMOKa3aTeNel s pe-
ciiyonmuku Taraperan (121 u 95 cootBeTcTBeHHO) 1 MO
(124 m 103 coOTBETCTBEHHO) KOPPEIMPOBANIH C JOMHHH-
poBaHKEeM TpaHCHOPMUPYIOLIETO i1 Vifro THIIOM BHpycCa
(BOb-1) y npeacraButeneil 3Tux peruoHoB. HanpoTus,
Ooslee HU3KHE MOKa3aTeNN 3a00JIEBAEMOCTH JTHUMH JKE
OITyXOJISIMH, PaKOM elyaka u jJuMdomamu, HaOmwoaa-
nu y HaceneHusi PecniyOnuku Anpirest (72 u 81 cooTBet-
CTBEHHO), TIPEJICTABUTEHN KOTOPOH ObuM MH(HUIIMPOBa-
HBI IPEUMYIICCTBEHHO HE TPaHCPOPMHUPYIOIIUM THUIIOM
Bupyca (BDb-2), u Hacenenus PecmyOmuku KamMbikus
(63 1 50 cOOTBETCTBEHHO), MPECTABUTENN KOTOPOH OBI-
1 MHQUIUPOBAaHBl 00OMMHU THUIIAMHU BUpPYyCa MPHUMEPHO
B paBHBIX cOOTHOWIEHUSX. CTaTUCTUYECKUM aHamus,
OJIHAKO, TOKAa3aj, YTO PA3IHYMs MEXIy IOKa3aTesIMU
3aboseBaeMOCTH JTUM(OMaMH U PAKOM JKEIylIKa Y Hace-
nenust Peciyoiuku Tatapcran u MO, ¢ oHOH CTOPOHBI,
u pecyonmuk Axpirest u Kanveikus, ¢ apyroit, 6putn cra-
TUCTHUYECKH HEeAOCTOBEpHBIMU (p > 0,05).

O6cy:xneHue

Hamu n3ydena pacnpoctpanenHocts BOb-1 u BOb-2
y NpEACTaBUTENIEH YETBIPEX 3THOCOB, T€HETUUECKH OT-
JMYAIOIINXCS U OOUTAIOIIUX B PA3HBIX reorpaduyeckux
U KIumarndeckux peruoHax Poccun. Ilokaszano, uro co-
oTHomeHne nun, uHpupoBaHHsix BOb-1 u BOb-2,
y TpEICTaBUTENCH KaKIOro 3THOCA Pa3lU4HO, YTO, BE-
POSITHO, CBS3aHO C T€HETUYECKUMH OCOOCHHOCTAMH IT-
HOCOB, U B TIEPBYIO O4Yepenb C Pa3sHOOOpa3neM HX THIIOB
IIaBHOTO KoMIuiekca TucrocoBmectumoctd (MHC).
BeposatHo, o 3TOM Ke NMPUYUHE B €BPOIICOUIHON TOMY-
nsmun oOHapykeHo nomuHHMpoBanue BObB-1, Torma xax
HaCeJICHUE HEKOTOPhIX a)pUKAHCKUX CTpaH yaiie HH)uU-
IMPOBaHO 2-M TumnoM Bupyca [21]. UckiounTh BIusHuE
KJIMMaTa M YCJIOBHSI ObITa Ha paclpoCTpaHEHHE THIIOB
BHpYCa BHYTPH Pa3IUYHBIX TPYII HACEJICHUS, 10-BHIU-
MOMY, TaK>K€ HEJIb34.

IlomeITkM  OOHApPYXWTH CYIIECTBOBAHHE OIMYXOJb-
cnenududeckux mrTamMMoB BOb  mpennpuruManuchk
MHOTHMH HCCJIEJ0BaTeIsIMU, HO 10 CUX TOp ObLIN Hey-
MadHBIMA. B Hamrel paboTe qOMUHUpPOBaHUE TpaHChHOp-
MuUpyIomiero in vitro Tuna BOb-1 cpenu npencraButeneit
pecryonukn Tarapcran 1 MO kxoppenupoBajo ¢ 6onee
BBICOKOH 3a00JIeBa€MOCTBIO HACEIEHUS ITHX TEPPUTO-
PHAIBHBIX 00pa30BaHMM PAKOM SKEITyIKa U JIUM(OMaMU.
HamporuB, Oonee HU3KKE YpOBHH 3a00JIEBAEMOCTH ITHU-
MU HOBOOOPa30BaHUSIMH y HACEIEHUS IPYTUX PECITyOINK
COYETANUCH C MPEUMYIIECCTBEHHBIM PaCIpPOCTPAHEHUEM
HeTpaHcopmupyromiero Tuna BOb-2 y nmpencraButencit
pecrryOnukn Azpirest 1 000MX THIIOB BHpPyCa B PaBHBIX
COOTHOIICHUAX Y mpencTaButeneil Pecybnuku Kaamel-
kus. OHAKO pa3sindrs MeXIy ToKa3areinsiMu 3a0oseBa-
€MOCTH 3TUMH OITyXOJISIMH y U3y4aeMbIX 3THOCOB OKa3a-
JUCH CTaTUCTHUYECKH HenocToBepHbIMU (p > 0,05). Tem
HE MEHEE IOJIyUYECHHbIE JaHHbIC MPEACTABISIOT UHTEPEC
1 TpeOyIOT IOMOJIHHUTENBHBIX HCCIeI0BaHUA. MOXHO
MPEaNOIOKHUTh, YTO JUIA BBIACHEHUS BiusiHus BOb-un-
(exIy Ha BOSHUKHOBEHHE 3JI0KaYE€CTBEHHBIX OIMyXOJIeH
BaXHO OIpEeNIUTh 4acToTy BOBb-accounnpoBaHHBIX
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CllydaeB CpeId OIyXOoled H3yJyaeMol JIOKaJIH3aLiH.
YcTaHOBIEHHE COOTHOLIEHMSI ONyXOJIeH, aCCOLMMPOBAH-
HBIX C TPaHC(HOPMUPYIOIIUM U HETPAHC(HOPMUPYIOIIUM
tunamu BOBb (BOb-1 u B3b-2), Tarxke Moriio Obl BHECTH
BO)XHBIN BKJIAJ] B M3y4eHHE KaHIIEPOTeHe3a, aCCOI[MHUPO-
BaHHOTO ¢ BOb.
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Pestome

BBepeHue. 'enatut B aBnseTtca akTyanbHoM npobnemown obLecTBEHHOro 34paBoOXpaHeHnst BO BceM mupe. Ha
KINMHMYecKoe TeveHne 3aboneBaHmnsl, 0COBEHHO Ha €ro CKIIOHHOCTb K XPOHU3aLUMN MHEeKUUN 1 pasBUTUIO YCTON-
YMBOCTU K TEepanuu, 3Ha4nTeNbLHOE BNMSHWE OKa3biBalOT reHOTUN U cneumduyeckme MyTaumum Bupyca renatuta B
(BI'B). C y4yeToM COXpaHsIOLWENCca BaXXHOCTU 3NUAEMMUOINIOrMYECKOrO KOHTPONS U NpodunakTuki 3abonesaHus,
cylectsyeT Heo6X0AMMOCTb B NPOCTOM, BbICOKOYYBCTBUTENBHOM M HAOEXHOM METOAE CEKBEHUPOBAHMSA NOMHOIO
reHoma BI'B.

Llenb pa6oTbl. Co3gaHune 1 anpobaumsi aMnnmdukaumoHHOM naHenn Ans nosiHOreHOMHOTO CeKBeHpoBaHus BIB.
Matepuanbl n metoabl. B HacTosweln paboTte Mbl NpeacTaBnseM amnnndukaumoHHyto naHens NGS, npegHa-
3HAYEHHYIO OANS cekBeHpoBaHusi reHoma BB Ha nnatdopme lllumina. MNaHenb, cocTosiwas ns 54 nparimepos,
pasgeneHHblX Ha 2 nyna n amnnuduruupylowmnx nepekpbisatowmnecs yyactku reHoma BI'B anuHon go 300 n.H.,
Obina anpobupoBaHa Ha 246 obpasuax AHK BI'B, BblaeneHHbIX 13 KpoBWU.

PesynbTathl. Viccnegyemas Bbibopka npeacrasnsna cobom LMpoKoe reHoTunuyeckoe pasHoobpasne Bupyca,
C BblpaXXeHHbIM NpeobnagaHnem reHoTuna, xapakrepHoro ans MockoBckoro pernoHa: 216 obpasuos Obinn onpe-
neneHbl kak reHotun D, 27 — kak reHotun A, 2 — reHotun B n 1 — reHotun E. MaTtb obpasuoB cogepxanu no
MEHbLUEN Mepe OAHY MyTaLMIo, CBA3AHHYIO C YCTOMYMBOCTBLIO K MPOTUBOBMPYCHOM Tepanuu, B 23 obpasuax bbina
HangeHa no MeHbLUel Mepe ogHa MyTauusi, CBA3aHHas C YCKONb3aHNEM OT NOCTBaKUMHANbLHOIO OTBETA.
3akntoyeHue. B pabote aetanbHO M3NOXeHbI 3Tanbl NPoBeAEeHNS NONHOreHOMHOro cekBeHmpoBaHus BI'B, npuse-
OeHbl nabopaTopHbIA NPOTOKON, HYKNEOTUAHbIE NOCNEA0BATENIbHOCTU UCNOMNb3yeMbIX NPanMepoB U Nogxod K aHa-
13y Nony4YeHHbIX AaHHbIX. Ha npymMepe BbIBOpKM KNMHMYECKMX 06pa3LioB NnokasaHa COCTOATENbHOCTL NPUMEHsie-
Mo naHenu. MaHenb Ans cekseHmpoBaHust BI'B obnagaet 6onbLiMm NOTEHUManom Ans UCNonb30BaHUs B HAYYHbIX
nccnegoBaHusX, aNNAEMUONOrMYeCkoOM MOHUTOPUHIE N Pa3BUTUM METOAOB NEePCOHaANU3NPOBaHHOW MEQULNHDI.

KnroueBble cnoBa: BIB; ecenamum B; NGS; nonHo2eHOMHOe ceKkeeHuUposaHuUe

Ona uutupoBaHus: Yanbiwes M.[., BnaceHko H.B., Poes IB., KotoB U.A., MyuweHko A.l, Makawosa B.B.,
Xapmsos K.@., AkumkmH B.I. AmnnudumkaumoHHas naHenbs NGS pgns ceksenupoaHus [OHK Bupyca rena-
Tuta B (Hepadnaviridae: Orthohepadnavirus). Bonpocs! eupyconozuu. 2024; 69(1): 65—-75. DOI: https://doi.
org/10.36233/0507-4088-212 EDN: https://elibrary.ru/cilsjh

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

OTnyeckoe yTBepxaeHue. ViccreqosaHne npoBoaMIoch Npu MHPOPMUPOBAHHOM Corfiacumn naumneHToB. NpoTokon mnc-
cnepoBaHust ogobpeH Atuyeckum komutetom PBYH LIHWW 3nuaemumonoruu PocnotpebHaasopa (npoTtokon Ne 133 ot
2 mapra 2023 1).
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Abstract

Introduction. Hepatitis B virus (HBV) remains a pressing global public health concern. The clinical course of the
disease, particularly its tendency towards chronicity and response to therapy, is significantly influenced by the
HBV genotype and specific mutations. There is an imperative need for a straightforward, highly sensitive, and
dependable method for whole genome sequencing of HBV.

Objective. Development and testing of an amplification panel for HBV whole-genome sequencing.

Materials and methods. We introduce an NGS amplification panel designed for genome sequencing of HBV on
the lllumina platform. A panel consisting of 54 primers, divided into 2 pools and amplifying overlapping regions of
the HBV genome up to 300 bp in length, was tested on 246 HBV DNA samples.

Results. The studied samples represented a genotypic diversity of the virus, with a pronounced predominance
of the genotype specific to the Moscow region: 216, 27, 2, and 1 sample were identified as genotype D, A, B, and
E, respectively. Five samples contained at least one mutation associated with antiviral therapy resistance, and
twenty-three samples contained at least one mutation associated with vaccine escape described in the literature.
Conclusion. The present paper describes the stages of whole-genome sequencing of HBV, provides a laboratory
protocol, nucleotide sequences of the primers and an approach to the data analysis. Using a list of clinical samples
as example, the reliability of the panel is shown. The HBV panel holds immense potential for utilization in scientific

research, epidemiological monitoring, and advancement of personalized medicine approaches.

Keywords: HBV, hepatitis B; NGS; whole genome sequencing
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BBenenue

lematut B, 3a0oieBanue medeHu, BHI3BIBAEMOE BHUPY-
com renaruta B (BI'B), sBisieTcs rmobansHOM mpo0ite-
MOW OOIIECTBEHHOTO 3/IpaBOOXPAHEHHSI BO BCEM MUpE.
ITo ouenkam BcemupHOI OpraHM3alMM 3XpaBOOXPAHE-
Husa (BO3), B 2019 r. HacuuThiBanoch 296 MiIH GOIBHBIX
C IMarHO30M «XPOHUYECKUH TermaTut By u B ToM ke To-
Iy OBLTO 3aperuCcTPUPOBAHO OKONO 820 ThHIC. CMEPTENb-
HBIX HCXOJOB, CBSI3aHHBIX C rematutoM B, B 0CHOBHOM
BCileAicTBUE pa3BuTHs Imppo3a nedenu (LI1) u remaro-
uemtorsipaoi kapuuHoMsl (LK) [1]. T'enom BI'B mpen-
CTaBIISIET COOOM YAaCTUYHO JIBYXIICTIOYECYHYIO KOJIBIEBYIO
JHK npmunoit 3200 m.H., coiepsKallyro 4YeThIpe Mepe-
KPBIBAIOIIMECS] OTKPBITbIE paMKH CUMTHIBaHHA (pre-S1/
pre-S2/S, pre-C/C, P u X). DTH y4acTKH KOIUPYIOT He-
CKOJIBKO OeNTKOB, TAKMX KakK IMOBEPXHOCTHBIE Oenku S, M
u L, conepxamue antures HBs (HBsAg), 6enku precore/
core, cogeprkanue anturedsl HBeAg u HBcAg, monume-
pasy (P), n 6emnox X, conepxamuii anturer HBxAg [2].

B nactosmee Bpems Beiensior 10 renorunos BI'B (ot
A 1o J), HykieoTHIHas MOCIEA0BaTEIbHOCTh KOTOPBIX
pazmuaaeTcs 6omee yeM Ha 7,5%. Kakapiil reHOTHIT TIOA-
paszensercsi Ha MOATHIIEI, uMerone ooiee 4% Hykie-
OTUAHBIX pa3nuuuii [3]. B oTiuumMe oT M3BECTHBIX yKe
JIOJITO€ BpeMsI OCHOBHBIX TeHOTUNOB 0T A 10 H, aBa Ho-
BbIX reHoTuna (I 1 J) ObIIN MpeIOKEeHBI OTHOCUTEIHHO
HenaBHo [4, 5]. Pacnpenenenue renotunos BI'B Bapbu-
pyeTcs B pa3HBIX reorpauyeckux permoHax. M3sectHo,
gyro reHoTun D nmpeobnanaet B cTpanax EBpasun, Britto-
yast Poccuio, B TO BpeMsi Kak T'€HOTUIl A IIHPOKO pac-
npoctpadeH B Bocrounoit Adpuke. Takum oOpazom, pe-
THOHAJBHBIE PA3Inyus cpeau reHoTunoB BI'B orpaxkator
MHOroo0pasue BUpyca B Pa3HBbIX reorpauyeckux Tod-
Kax [6]. MHOTOYHCIICHHBIE HCCIIEOBAHUS MTOKa3bIBAIOT,
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YTO TeHOTUIBI ¥ oaTuniel BI'B, renernueckue BapuaHThl
Y OTHOHYKIICOTHIHBIE MyTAllMH BUPYCa MOT'YT OBITh CBSI-
3aHBI ¢ PA3INIHBIMU KIMHUICCKUMHI 0COOCHHOCTSMU TE-
YeHus 3a00JIeBaHus B TakuMK ucxogamu, kak LIT u ['K.
Tak, JKCIepUMEHTaJbHbBIE NaHHBIC CBUICTEIBCTBYIOT
0 TOM, 4TO TeHOTUNbl B 1 D B MeHblIel cTeneHu cBsi3a-
HBI C XpOHU3aIUeH HHPEKIIMOHHOTO MPOoIecca, B OTIIH-
yue oT reHotunoB A u C. B To sxe BpeMs TeHOTHunbl A u B
XapaKTEePHU3YIOTCSI BRICOKHM OTBETOM K MHTep(depoHoTe-
panuu ¥ Jy4muM nporsosoM B otHomenue HIT u TTIK
1o cpaBHeHMIo ¢ reHoturmamu C u D [7].
HemaoBa)kKHBIMH SIBIISTIOTCSL pE3yJIbTaThl HCCIISIOBA-
HUH, HalpaBICHHBIX HAa BEBIIBICHUE OTHEIBHBIX MYTa-
Ui, BIUSIOIIMX Ha TEUCHHE M McXoj remaruta B. Tak,
psx MyTanmid B toMeHe oOpaTHO# TpaHckpunTassl (RT)
rera P BI'B Obu1 onpezienieH B HCCIEIOBAHUAX KaueCTBE
CHOCOOCTBYIOIIUX PAa3BUTHIO PE3HCTEHTHOCTH K MPOTHU-
BOBHpPYCHOH Teparnuu. Hampumep, ObUTO mOKazaHO, YTO
rtV173L HakammuBaeTcs B BUPYCHOM MOMyIAMH HA (o-
HE Tepamuy JIAMUBYIWHOM, a TaKK€ 4TO 3Ta MYyTaIlus
noBbImaeT 3(h(EeKTUBHOCTH PEIUTMKAIIMK BHPYCa in Vitro
[8]. Myrarus rtM2041/V accorumpoBaHa ¢ yCTOWYIHBO-
CTBIO K JJaMUBYIUHY U TenouBynuny; N236T u A181T/V
CBSI3aHBI C YCTOWYMBOCTHIO K Tperapary anedoBup Iu-
muBokcui; M204V + L180M u T184A/G/I/L/S, S202G
u M250V mpuBOAAT K PE3UCTEHTHOCTh K JIHTECKABUPY
[9, 10]. AMuHOKHCIOTHEIC 3aMeHbI 1tL180M, rtA181T/V,
rtT184G/S, rtS202G/1, rtM2041/V, rtN236T u rtM250V
XapaKTEepU3YIOTCSl KaK MYTallid, MPUBOAALINE K pe3u-
CTCHTHOCTH K Tepaly aHAJIOTaMH HYKJICOTHIIOB U HY-
kieo3unoB (AH) [11]. 3amensr tV173L, rtA181T/V/S
u rtT184G/S/A cpenn MHOTHX IPYrHX OBUIM BEpOST-
Hee BCEro CBsA3aHbl C PE3UCTEHTHOCTHIO K Tepamuu AH
B KuTaickoi nmomyssinuu [12]. Muadopmarus o Hamuauu
TUX MyTaluil NpPUHUMAeTCs BO BHHUMAaHHE IPH BbI-



BOMPOCHI BUPYCOJIOTUW. 2024; 69(1)
https://doi.org/10.36233/0507-4088-212

0ope onTHMaabHOW Tepamuu. V3BecTeH psa MyTaluit
reHa S, CBI3aHHBIX C yCKOJb3aHHEM OT UMMYHHOTO OT-
Beta. Hanpumep, amunoxuciotasie 3amensl K141E/I/R
u G145A/R xapakTepusyloTcs HamOojee IOKa3aHHOM
B3aWMOCBSI3bI0 C YCKOJIb3aHHEM OT HMMYHHTETa, YTO
MIOATBEPKAACTCA KaK C MOMOIIBI0 KIMHUYECKHUX JaH-
HBIX, TaK " in vitro [13, 14]. Mytanuu L109R, Q129R,
M133L, S143L u D144E, accouuupoBaHHBIE C YCKOJIb-
3aHHEM OT OCTBAKIIMHATHFHOTO OTBETA, OBLTH BBHISBICHBI
cpenu uzonsaToB reHotuna D B Mopmanuu [15]. T116N,
P120S/E, I/T126A/N/I/S, Q129H/R, M133L, K141E,
P142S, D144A/E u G145R/A Obuin ommcaHbl B Kade-
CTBE 3HAYMMBIX MYyTallUi B OTHOLICHUH PEAKTUBALUUHI
renatuta B mpu uMMmyHocynpeccuBHOU Tepanuu [16].
3amensl P120T, Q129H, M133I/T, F/Y134N/L takxe ac-
COLIMMPOBAHBI C JIOKHOOTPHUIIATEIHHBIMH OITUOKaMU JIU-
ArHOCTUYECKHUX TECTOB, C YCKOJIb3aHHUEM OT ITOCTBAKIIU-
HaJHHOTO OTBETA WK OT IMMYHOITIOOYTMHOBOM Teparuu
[17]. P120T, T126S, Q129H, GI30N, S143L, D144A
u G145A/R ObUM OTMEYCHBI KaK CBS3aHHBIC C BHICOKAM
PHCKOM AMAarHOCTHYEeCKUX omKOoK [18]. MyTtauuu reHa S
E164D, 1195M, P217L u P120S ObLi1u BBISBICHBI y Hace-
neHus co ckpbiToil nHpeknuer BI'B B CeBepHoii bpasu-
auu [19]. OcoOblii HHTEpecC NpeacTaBisieT reH X — B MHO-
TOYUCIICHHBIX pa00oTax OBLIO MOKa3aHO, YTO OH yYaCTBYET
B KaHueporeHese. KirroueBsle MyTanuu B reHe X, Takue
kak G1613A, C1653T, T1674C/G, T1753V u A1762T/
G1764A, nocreneHHO HAKAINIUBAIOTCS B MpoOIlecce KaH-
LIeporeHe3a M MOTYT SBIATHCS (PaKTOpaMH pHCKa Pa3BH-
tust ['IIK. IIpucyrcTBue komOMHAIMM MyTauuii reHa X
MOXET OBITh UCIIONIb30BAHO JUIS MPOTHO3HPOBAHUS BO3-
HuKHOBeHUs 1 nporpeccupoBanus I'1IK [20]. Z. Belaiba
U COaBT. IPOBENIH aHau3 Bcero reHoma BI'B 1o u Bo Bpe-
Ms JUINTENbHON TEpanuu y 5 MalueHTOB ¢ XPOHUYECKOI
¢dopmoii renaruta B u onpexenuiy MyTanuy B TeHax S,
C u X, KOTOpBIE MOT'YT OBITH CBA3aHBI C IIPOTPECCHPOBA-
HueM 3abonesanus no I w/wmm 'K [2].

Takum 00pazoM, HECMOTPS HAa TO YTO MHOTHE HCCIIe-
moanus BI'B Obumm cocpemoToueHBl Ha KOHKPETHBIX
o0IacTsx reHoMa BHpyca, TaKUX Kak TeHbl S Wi X, cy-
IIECTBYeT HEOOXOJMMOCTh B ITOJTHOT€HOMHOM CEKBEHH-
poBanuu BI'B, nnst gero paspaboTaHbl pa3indHble MOA-
x0pl. TUITMYHBIME METOIAMH SBJISIOTCS aMILTH(QHKAITUSL
tdparmenToB mmHOM 1000—1500 1.H. ¥ CEKBEeHUpOBaHUE
o Comrepy [2, 21]. BeposaTHo, u3-3a Tpya03aTpaTHOCTH
[0 BPEMEHU U CTOMMOCTH CeKBeHUpoBaHUs Mo C3H-
repy B TaKMX HCCIIEOBAHUAX OOBIYHO HCCIIEAYIOT OT-
HOCHUTENIFHO HEOOIbIIoe 4Yucio oOpas3moB. Hampumep,
}O.B. OctaHkoBa 1 COaBT. ONPEAEISUIN MOJIHYO MOCIEA0-
BarenbHOCTh TeHoMa BI'B B 3 obpasmax [22]. B ymoms-
HYTOM BBIIlIE HccienoBanun Z. Belaiba u coaBT. npunsau
yuactue 5 manueHToB [2]. Taxke ObLTH OIMyOIMKOBaHBI
HCCIIEIOBAHUS C OTHOCHUTENHHO OOJBIINM YHCIOM 00pas-
oB. S. Lin u coaBt. momyunnu 183 monHbIe mocienoBa-
TenbHOCTH TeHoMa BI'B n3 1263 00pasiioB CHIBOPOTKH
KpoBH, nosioxkutenbHbiXx Ha HBsAg [23].

CexBeHnpoBaHus HOBOTO mokonenus (Next generation
sequencing, NGS) mo3BoJisieT IpOBOUTH aHATN3 OOJIbIIIe-
ro yrcia o0pas3ioB ¢ HANMEHBIINMH 3aTpaTaMu CPEACTB
1 BPEMEHM IO CPaBHEHHIO CeKBeHHMpoBaHHEM 1o CaH-

OPUTUHAJbHbBIE NCCNEAOBAHUA

repy. limeercss OTHOCHTENFHO HEOONBIIOE KOJIHMYECTBO
paboT, B KOTOPHIX MONHEI reHoM BI'B ObL1 ompenenexn
¢ nomosio Merona NGS. Tak, Q. Chen u coast. ompe-
Jenun ocienoBarenbHoctd BI'B Beero renoma y 9 ma-
IIUEHTOB B YETHIPEX PAa3HBIX BPEMEHHBIX TOUKAX C IIOMO-
mpio NGS (ammmndukanus UIMHHBIX ydacTKkoB BI'B +
Celero EZ DNA-Seq) [24]. S. Lin 1 COaBT. UCHIOIB30BAIIN
NGS st uccneaoBanus TOro, Kak BUPYCHbIE KBa3UBU/IbI
Bcero renoMa BI'B sBomonnoHnpyioT u auBepcupunu-
PYIOTCSI B OTBET Ha cepokoHBepcuto HBeAg u BupycHBIiH
KOHTpOJb, y 50 maruentoB [25]. Msl pa3zpaboranu ma-
Henp ammndukan NGS i 6bIcTporo u HaJeKHOTO
cekBeHHpoBaHUs Bcero reHoma BI'B u npotectupoBanu
ee Ha 246 KIMHIYECKUX 00pa3nax.

MaTepnanbl H METOAbI

Kaunuuecxue obpasyul

Jus monbopa ONTUMAaNBHBIX YCJIOBHH MPOOONOATO-
TOBKH OBLI HCIIOJIB30BaH KOHTPOJIBHBIN 00pa3el] m1a3Mbl
KpOBH, NPEJOCTaBIEHHBII MPONU3BOJACTBEHHBIM OTIEIIOM
®BbYH HHUU Snunemuonoruu PociorpedHanzopa. Jla-
nee amrum¢uKanronHas nanens BI'B Oputa anmpoGupo-
BaHa Ha 246 KIMHUYECKHUX 00pa3Iax mia3Mbl KpOBH, MO-
JYYEHHBIX OT MAaIlMEHTOB, HAOJIONAIOMINXCS IO TIOBOAY
renaruta B B knmuanueckoM nentpe @Y H ITHUUN Onu-
nemuonoruu Pocmorpebnanzopa. OT Bcex MalMeHTOB
OBUIO TMOJY4eHO A0OPOBOIBHOE WH(POPMUPOBAHHOE CO-
IJIacre Ha UCTIONIb30BaHNe 00pa3IoB IUTa3Mbl KPOBH B HIC-
cnepoBaHuu. OTOOp MAIMEHTOB 10 BO3PACTY, MOy, STHH-
YEeCKOW MPUHAJIC)KHOCTH MM KIMHUYECKAM OCOOEHHO-
cTsiM 3aboneBaHus He mpoBoamica. Hacrosimas pabora
omoOpeHa JoKalbHBIM OTHueckuM kKomutetoM OBYH
HWHW Dnunemuonoruu PocrorpedHanzopa (MpoToko
Ne 133 ot 2 mapra 2023 r.). Beigenenne JJHK u3 06pas-
I10B IJIa3Mbl KPOBH IIPOBOMIIN C UCTIONB30BaHHEM Habopa
pearentoB «PUBO-mpen» («AmmnuCency, Poccus). Bu-
pycHyI0 Harpy3ky it 210 o0pasioB OIpenessui ¢ Io-
Motrsio Habopa pearenToB HBV-Monitor-FL («Amrum-
Cency, Poccust). Cpennsist BUpyCHasi Harpy3ka cocTaBHiIa
2,81 x 10* ME/Mn. BupycHast Harpyska aias 36 o6pas-
110B OblTa HeusBecTHa. MH(opmanys o moie u Bo3pacre
MAIMEeHTOB, & TAK)Ke BUPYCHOHM Harpyske Ui KaXkKI0ro
obpasma comepxutcs B Tadamue S1, mpepcraBIeHHOMN
B JIOTIOJIHUTENBHBIX MaTepHallaXx Ha caiiTe XKypHana.

Tloobop npaiimepos

B HacrosiieM uccaeIo0BaHUH B KA4eCTBE pedepeHCHOM
MOCJICAOBATEILHOCTH TS TToJ00pa IpaiiMepoB OBLIT HC-
nosib3oBad renotun E BI'B u3 6a3s1 nanaeix HBVdD [26].
[Iponiecc moadopa MOAXOAANIMX MPAaMEPOB TOBTOPSLI
METO, TPEICTABICHHBIA B MPENbIAyIIeH TyOIuKaIiuu
[27]. Bo-niepBhIX, B TeHOME OBLIT CAETIaH BEIOOP MPEIIOU-
TUTENBHOM TSI CBA3BIBAHUS MpaiiMepa 00JacTH-MUIICHU
B nuamnaszone 60—150 m.H. 3areM manHas oOiacTe ObLIA
paszenieHa Ha BCE BO3MOXKHBIC (hparMeHTHI B TUATIA30HE
ot 16 mo 30 1.H., KOTOpBIE JOMOJHUTEILHO OTOMpAId Ha
OCHOBe MX Temreparypsl wiaBineHus (Tm), paccumran-
HoH ¢ momotkio Thermo Fisher multiple primer analyser.
Brinu BRIOpaHBI TOJMBKO OJMTOHYKICOTHIBI ¢ Tm Mex-
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ny 62 u 64 °C. 3areM Kk BEIOpaHHBIM parMeHTaM JT00aB-
JISUTM aJlaliTepHBIEe TIOCIE0BAaTEeIbHOCTY M YAAISIIN JIFO-
Oble OMMTOHYKJICOTH/IbI, KOTOphIE 0Opa30BHIBAIU TOMO-
JUMepsl. J{J1s OLleHKH MOTEHLUAIbHBIX B3aUMOACHCTBUN
npaiiMepoB OBIIM paccYMTaHBl MOMAPHBIC 3HAYCHHS W3-
MeHeHHs cBOOOAHOM sHeprun ['mb0Oca MExIy KaKIbIM
OJIMTOHYKJICOTUOM U IpaiitMepaMu, BKIIIOUEHHBIMH B ITYJI
panee. Jlms pacdera W3MEHEHHsS CBOOOTHOW JHEPTHU
I'mb6ca ucnonp3oBasm mporpammy PrimerDimer [28].
B pesynbrare, B mynn 100aBIsIIA OAWH OJHTOHYKJICOTHT
C HaWTy4lle CyMMapHOU OLIEHKOW MapHOTO U3MEHEHUS
cBoOonHOM 3Heprun ' nd6ca. JlaHHbI npouecc moBToOps-
JI1 MHOTOKpAaTHO, JBUTAsICh OT 5’-KOHIIA K 3’-KOHIY re-
HOMa, TIOKa BECh BUPYCHBII T€HOM He 0BT MOKPBIT Mpaii-
Mepamu. B mporecce TecTUpOBaHUS MMaHEIH HEKOTOPHIE
npaiiMepsl ObLTH 3aMEHEHBI Ha MOJ00paHHbIE BPYYHYIO.
B pesynbrare ObuTH BRIOpaHBI 54 mpaiimMepa sl aMIUTH-
(uKanuu BUpyCHOTO T'eHOMa, pa3duToro Ha 20 pernoHoB.

Cexeenuposanue BI'B

st ammunukanuu Becero reHoma BI'B ricrionb3oBanu
MaHeNb IpaliMepoB, COAEPKALINX Ha KOHLIAX MOCIEI0Ba-
TeapbHOCTH aganTepoB [llumina. MymbTHILTIEKCHYTO TIOH-
MepasHyio nensyo peaknuto (IIL[P) mpoBoanim B 1Byx
OTIENIBHBIX peaklusx, coaepxamux 10 MKI MaTpu4IHOMH
JHK, 10 mxn PCR-mix-2-blue («AmmmCenc», Poc-
cus), 1,4 mxa ANTP 4,4 MM («AmmmuCency», Poccus),
npaiiMeps! (KOHEUHasi KOHIIGHTpaIHsl KaXKA0ro npaiimepa
B PEaKIMOHHON CMECH U HOMEp ITyJla YKa3aHbl B Ta0JIU-
e S2 B JOMOJHUTENBHBIX MaTepuayiax Ha caiite xyp-
Haja) U CTEpUIIbHYIO BOAY, HE COAEPXKalIyl0 HyKJeas,
B KOHEYHOM 00BeMe 25 MKI. B pesynwrarte npu cpenneit
BUpycHOH Harpyske 1,12 x 10° ME/mn B IILIP-cmecu
npucytcTBoBaio 2,24 x 10° xomuit. ITpoTokoa amruim-
¢ukanmu: (1) nenaryparus npu 95 °C B TedeHne 3 MUH;
(2) 16 muxmos: 95 °C -30¢, 55°C—-30¢c, 72°C—-20c;
(3) dunanpHas smonrarus npu 72 °C B TedeHUE 3 MUH.
Cwmemiannblie nponyktsl [TLP ouninanu ¢ uCnoiab30BaHU-
eM marHuTHBIX yactury AMPure XP (Beckman Coulter,
CHIA) B cootHomienuun 1 : 1, smronus B 15 Mk 0,1x
TE. Wnpekcauuto IIIP npoBogunu B peakuuOHHOM
o0beme 25 MK, comgepxkameM 10 Mxn PCR-mix-2-blue
(«AmmumCency, Poccus), 1,4 mxa ANTP 4,4 mm («Am-
mwmCency, Poccust), 5 Mkt ountiieHHBIX TpoaykToB [T1P,
CTEpWIBHYIO BOAY, HE COAEPKAIIyI0 HyKJea3, W ajarl-
Tepbl Nextera index, KOHEYHass KOHIEHTPANUS Ka)OTO
npaiimepa cocraBmsa 200 HM. Ilpoduns ammmudu-
kanuu: (1) menarypauus npu 95 °C B TeueHue 1 muH;
(2) 25 nuxnos: 95 °C-20c¢,55°C-30c, 72 °C-20c;
(3) dunanpHas smonrarus npu 72 °C B TeueHUE 3 MUH.
IIpomykrer IIIP Bu3yanu3upoBany ¢ MOMOIIBIO BIIEK-
Tpodopesa B 1,7% arapozHom reje, OKpalieHHOM Opo-
MUCTBIM 3TUaueM. CMentansble npoaykTel IIIIP-unaek-
Calliy OYMIIAIN C UCIOJIH30BAHUEM MATHUTHBIX YaCTHUIT
AMPure XP (Beckman Coulter, CIIIA) B cooTHoIIIe-
auu 1 : 1. KoHnmenTpanuto ounimeHHoW OMOINOTEKH 13-
MepsU ¢ ToMoIIsi0 Habopa mis ananmm3a Qubit dsSDNA
HS Assay Kit na dmoyopumerpe Qubit 4.0 (Invitrogen,
CIIIA). BrICOKOTIPOW3BOIUTEIHFHOE CEKBEHUPOBAHUE
npoBoanx Ha miardopme Illumina MiSeq ¢ ucnomns3o-
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BaHUeM Habopa peareHToB MiSeq v2 (300 u 500 mukIToB)
wm Habopa peareHToB MiSeq v3 (600 1uxiioB).

buounpopmamuuecxuii ananusz

[lonmy4eHHbIe TPOYTEHHS MPOLLTA OTOOpP IO KOHTPO-
JI0 Ka4ecTBa CEKBEHMPOBAHUSA C ITOMOIIBIO MPOrPaMMBbI
FastQC. IlocnemoBaTenbHOCTH afantepoB OBUIM yaaje-
HBI U3 IPOYTEHHH C TIOMOIIBIO ITporpaMMbl Trimmomatic,
a TI0CJIe0BaTeNbHOCTH MPaifMepoB — C MOMOIIBIO MPO-
rpamMmbl Cutadapt. Jlanee o6paboTaHHBIC IPOUTEHHS OBI-
JM BBIPOBHEHBI Ha pe)epeHCHYIO IMOCIIEI0BATENHFHOCTh
C TIOMOILIBI0 TpOrpaMMHOro oOecmeueHus Bowtie2.
Ha mocnemnem stame mocieqoBaTelnbHOCTH OBIITH MM-
TOPTHPOBAHKI U3 (paiinoB hopmara bam ¢ TOMOIIBIO TTPO-
rpaMMBI iVar.

IIpoepamma ons coopxu cenoma BI'B

BmecTte ¢ naHenpr0 IpaliMepoB MbI IIPENCTaBISIEM
nporpaMmy Uit 00pabOoTKU JaHHBIX, HOMYYEHHBIX C HO-
MomIpio Hamrero Metona. IlporpamMma ocHoBana Ha He-
CKOJIBKHX KJIFOUEBBIX HJesX: 1) paccMaTpuBaIOTCs TOJb-
KO IPOYTEHUS], COAEpIKallhe M3BECTHBIC NpaiMepbl Ha
KOHI[aX; 2) TaKKe MPOYTEHHS JOJDKHBI OBITH CXOIXHBIMHU
¢ u3BecTHbIMU reHotunamu BI'B; 3) kauecTBO mpsAMBIX
NPOYTCHUH OOBIYHO Jydile, YeM KaueCTBO OOpaTHBIX
MIPOYTEHNH, TIOATOMY TIPH TEPEKPBIBAHIH MAPHBIX IPO-
YTEHUI yUUTHIBAIOTCA MPSAMBIEC TPOUTEHUS; 4) KaueCTBO
NPOYTCHUH OOBIYHO CHIKAETCS! OJIMKE K KOHILY, I03TOMY
IIPH TTEPEKPBHIBAHUN AMILTUKOHOB MPEATIOYTEHNE OTACT-
Csl aMIUTUKOHY ¢ 00nbImM HomepoM. Hecmotpst Ha Goib-
II0€ KOJIMYECTBO BO3PaKCHUH, MPEACTAaBICHHAs CXeMa
MTO3BOJIAET OBICTPO M JIETKO TeHepupoBarh reHoMbl BI'B
n3 npouteHnit NGS. bonee Toro, Bo MHOTHX ciydasx
nporpaMmMa I03BOJISIET IOJNYYUTh NMPABUIIBHBIA PE3yIb-
TaT, B TO BpeMs Kak CTaHAapTHas OnmomH(opMaTHIecKas
00paboTKa MPUBOIUT K OMIMOKaM, B OCHOBHOM CBSI3aH-
HBIM C HECOOTBETCTBHEM MCTHHHOH M pedepeHCHOH
nocnenosatenbHoCTe. Mcmoms3yss HeoOpaboTaHHBIE
nansaele NGS, nmporpamma cobupaet reHoms! BI'B u npo-
BOAUT aHAJIN3 MOKPBITHA U T€TEPOTCHHOCTH NMPOYTECHUH.
3amyck BO3MOXKEH U3 JIF000i cpeapl paspadorku Python
WM U3 KOMaHIHOM CTPOKH B 1000 ONeparoHHOMN cH-
creme. IIporpamMma U moapoOHOE OIMCAaHHE AOCTYITHBI
o axpecy https://github.com/ChanyshevMD/HBYV _seq.

Banuoayus nanenu

Jnsa nposepku na"enu BI'B MbI cekBeHHpOBanu TpU
oOpa3na pas3Heix TeHoTumnoB (oOpazenm 1: A2; obpa-
3enr 2: D3; obpazen 3: B2), ucnonb3ys ajdbTepHATHBHBIN
morxon. JIHK BI'B ammmidumnmpoBaiu ¢ NCIIOIH30BaHM-
eM Tpex nap mnpaiiMepos AF:
5’-AAGAACTCCCTCGCCTC-3’,

AR: 5’-GATGATGGGATGGGAATACARGTG-3’,
BF: 5’-GGTATGTTGCCCGTTTGTCC-3’,

BR: 5’-GCWAGGAGTTCCGCAGTATGG-3’,

CF: 5>-TGCCAAGTGTTTGCTGACGC- 3, CR: 5’-
TGAGATCTTCTGCGACGCGG-3’.

JMMHBI aMIUTUKOHOB I Ka)XKJAOW mapsl MpanMepoB
AF/AR, BF/BR u CF/CR cocTraBiIsuii COOTBETCTBEH-
HO 1460, 829 u 1257 m.H. (u3omar P2-121214, GenBank:
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AB981583.1). Ilaper mpaiimepoB AF/AR u BF/BR 65bI-
JM WCTIONB30BaHBI B uccienoBanun Hebeler-Barbosa
u coast. [29]. [ILP-cmecr comepxama 10 M1 Marpud-
Hoii JIHK, 10 mxnm PCR-mix-2-blue («AmmmCency,
Poccus), 1,4 mxn dNTP 4,4 mm («AmmumCency, Poc-
cust), mpaiimepsl ¢ KoHedHO#l koHueHTparueid 200 HM
U CTEPHJIbHYIO BOJY, HE COIEepKallyl0 HyKIea3, B KO-
HeuHOM oOneme 25 mii. Ilporokon ammmudukanuu: (1)
neHarypamus mnpu 95 °C B teuenue 3 muH; (2) 16 mu-
kioB: 95 °C —30 ¢, 55°C-30¢, 72 °C — 90 ¢; (3) ¢u-
HajbHasl 370Hrauus npu 72 °C B teduenue 3 MuH. [nuny
nosry4eHHbIX Nponaykros IIIP nposepsanu ¢ nmomouisro
anekTpodopesa B 1% arapo3nom rene. OUHIeHHBIE TIPO-
nykTel [P koIW4YeCTBEHHO OMpenessiii ¢ MOMOUIBIO
¢ryopumerpa Qubit 2.0 (Invitrogen) u Habopa DNA
High Sensitivity Assay kit (ThermoFisher). JIns kaxxaoro
oOpasna Tpu npoxykra [11P (A, B u C) pa3zsommnu o 0,2
HI/MKJI ¥ CMEIIMBAIH B SKBUMOJISIPHON KOHILIEHTPALIWU.
[oaroroBky OMONMMOTEKHM MPOBOMWIN C HCHOIB30BAHH-
em HaOopa Nextera XT DNA (Illumina) B cooTBeTCTBUH
C MHCTPYKIMSIMH IPOU3BOIUTENS, M3MEHHUB KOHIIEHTpA-
uto BBonumoi JIHK mo 0,5 vr (ammiukonst A, B u C
Ui Kaxmaoro oOpasma). IlpomrnexcupoBanHas OuOIM-
oreka Nextera Obuta manee oOpaboTaHa Kak CTaHAAPT-
Has OuoOnmuoreka nanenu BI'B mocie uanexcanuu. KoH-
TPOJIb Ka9eCTBA MPOYTEHUH OCYIIECTBIUIA C IIOMOIIHIO
FastQC. Vmamenue mnocnenoBaTeIbHOCTEH amanTepoB
U3 IPOYTEHHH OBLITO IPOU3BEICHO C TIOMOIIBIO IPOrpaM-
Mbl Trimmomatic, a ygajJeHHe NOCIeA0BaTeNbHOCTEH
npaiitMepoB — ¢ momMoIsio nporpammsl Cutadapt. [lanee
00paboTaHHbBIC TPOUTCHHS OBUIM BBIPOBHEHBI Ha pede-
PEHCHYIO TOCIIEIOBATEIBHOCTH C MTOMOIIBIO TPOTPaMM-
Horo obecreuenust bwa-mem. Ha mocnennem starme mo-
CJIEZIOBATENIFHOCTH OBUTM MMITIOPTHPOBaHbl U3 (hailyioB
¢opmara bam ¢ momomipro porpammsl iVar. Kpome toro,
HYKJICOTHJIHbIE MOCJen0BaTeNbHOCTH IpoaykroB I[P
OBLIN OTpeeTIeHbI METOIOM CeKBeHHpOoBaHus 1Mo CoHre-

Puc. 1. Log10 ryOuHBI IpOYTEHHS AT KaXKI0TO
aMIUTMKOHA, HOPMHPOBAHHOH Ha o01iee
KOJIMYECTBO IPOYTEHHI Ha 0Opasel.

Becs renom BI'B 0611 nogener Ha 20 aMIUIMKOHOB
(HBV-1-HBV-20).
Fig. 1. Log10 transformed read counts per ampli-
con norma by total reads per sample.

HBYV genome was divided into 20 amplicons
(HBV-1-HBV-20).

OPUTUHAJbHbBIE NCCNEAOBAHUA

PY, KOTOpOE€ POBOIUIIOCH B CHIEIIMAITM3UPOBAHHOM OT/E-
ne ®BYH HHUUN Smupemuonoruu PocmorpebHamzopa
¢ nomomrsio 3500xL Genetic Analyzer (Applied Bio-
systems, CIIIA) u Ha6opa BigDye Terminator v1.1 Cy-
cle Sequencing Kit (ThermoFisher, CIIIA). Pe3ynsrarst
CEKBEHMPOBAaHMs C IOMOIIbIO Hamleil nanenu BI'B, Nex-
tera u mo CoHTEpy COBMANANN MPAaKTHYECKH TOIHOCTEIO.
@ailnbl  celpeix mpoureHud NGS u no CoHrepy nis
BCEX Tpex 00pa3LoB MOTYT OBITH 3arpy>KEHBI IT0 CCHUIKE
https://github.com/ChanyshevMD/HBV _seq.

Iocmpoenue ¢unocenemuueckozo oepesa

Jnst mocTpoeHust (UIIOreHETHYECKOro JepeBa ObLIH
WCTIOIB30BAHEI IONTyYeHHBIE B HACTOAIICH pabore Hy-
KJICOTHIHBIE TTOCIIEN0BATENFHOCTH U 199 pedepeHcHBIX
reHoMoB BI'B (cmmcok S1, cM. JOMOMHUTENbHBIE MaTe-
pHaibl Ha caiiTe )KypHaia) u3 6a3sl nanasix HBVdD [26],
MpeaCTaBIIOMuX reHoTuIsl A, B, D u E. MHOXecTBeH-
HOE BbIpaBHHUBaHHUE MOCIIEA0BATEILHOCTEN TPOU3BEICHO
¢ ucnons3zoBaaneM MAFFT v7.490 [30]. epeBo Obu1o
noctpoeHo B MEGA v11.0.11 [31] ¢ ucmonb3oBaHueM
anropuTMa MPHUCOCIUHEHUS COCENe M YKOPEHEHO MpH
MOMOIIM MeToAa cpeAHel Touku. Busyamuzauus BbI-
MOJIHEHA ¢ UCIONIb30oBaHueM OubmmoTeku ete3 [32]. Ye-
ThIpe obpasma (Sample 019, Sample 082, Sample 089,
Sample 133) mo mpuyuHE HU3KOTO MOKPHITHS HE OBLIH
TEeHOTHUIIMPOBAHEI U, CIIEOBATEIBHO, HE HCIIOIB30BAINCH
MIPU HaXOXKJAEHUH PACIIOIOKECHUS Ha JIEPEBe.

Pesyabrartsl

C€K6€Hup06aHl/l€ KJAIUHUYEeCKUX 06pa3u06

B pamkax Hactosmiel paOoThl ObBUIO CEKBEHHPOBAHO
1 MIPOaHAJIM3HPOBaHO 246 KIMHNYECKIX 00pa3IloB OT ma-
[IMEHTOB, HAOIIONAIOMKXCS TI0 OBOAY renaruta B B me-
JMUIAHCKUX yUpekaeHusX T. MockBel. [yOnHa mpouTte-
HUA aMIUIMKOHOB TipeficTaBieHa Ha puc. 1. KoHceHcyc-
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HBIE TIOCJIEA0BATEIbHOCTH ObLTH COOpaHbI IIPU ITOMOIIN
MIPOTPaMMBI, OTTMCAHHOW BBIIE, M BaJIMJUPOBAHBI ITyTEM
CpPaBHEHMS C KOHCEHCYCHBIMH IOCIIEIOBATEIbHOCTSIMH,
MOJYYEHHBIMU CTaHIAPTHHIMUA OMOMH(OPMATHYECKHUMHU
MeTonmamu. IlomydeHHBIE TOCIENOBATENbHOCTH Tpe-
craBineHsl B (Qaitne HBV samples.fa B momomaurens-
HbIX Marepuanax. CpelHUi MPOIEHT MOKPHITHS TeHOMa
BI'B cocraBun 96,3%. Ilpu stom 126 ob6pasmnoB ObLTH
npountansl Ha 100% (puc. 2). Ilo-BuauMomy, HU3KUH
MPOIICHT MOKPBITUS HEKOTOPBIX 00pa3lOB MOXKET OBITh
00yCITOBJIEH HEZJOCTATOYHBIM KOJIMYECTBOM M Kau€CTBOM
JHK BI'B. I'eHOTHTIBI OIpEAETISUIH IO CXOACTBY C pede-
PEHCHBIMU T'€HOMaMH, B HEOJHO3HAYHBIX CIIy4asX CTPO-
n ¢unoreHeTHdeckoe nepeso (puc. 3). bonpmmHCTBO
00pa3uoB (88%) O6buTO0 KIacCUPUIMPOBAHO KaK TE€HOTHUIT
D. [Moatun D1 661 ycTanosiaex B 113 cnyuasx, D2 npen-
craBiieH 62 oOpasnamu, a cyorun D3 BeisBieH B 41 wuc-
cnexyemom obpasiie. Beero 11% o0pa3noB mpeacrasis-
JIM TEHOTUN A, UCKIIOYUTEIBHO NOATUIl A2, BA HCCe-
IyeMBIX 00pasiia OBLIM OIpeeNieHbl KaKk TeHOTHN B2,
a B OJIHOM clly4ae onpezeneH resorun E. @uioresetuye-
CKOE JIepeBO MPEACTABICHO Ha PUC. 4; CIeIyeT OTMETHTh
3aMeTHOe pa3HooOpa3ne TeHeTHIECKUX BapHaHTOB.

Iocnenyromuii aHaju3 CEKBEHUPOBAHHBIX
MOCJIEAOBATEILHOCTEH BKIIIOYAJ BBISABICHHE U OLICHKY
pacmpoctpaHeHHocTd  MmyTauuid  BI'B,  3HauummbIx

B OTHOIIEHHUM TEparuu U MpoHIaKTUKHU 3a00IeBaHuUs.
K mnomob6HOro poma MyTamusM OTHOCATCS 3aMeHbI
B RT-momene rema P: L8OI/V, 1169T, VI173L/M,
L180M, A181S, TI84I/L/S, S202G, M204V/I,
N236T, M250V, accouuupoBaHHbIE C YCTOWYHUBOCTHIO
K TPOTHBOBUPYCHOW TEpaIU, a TAKXKE TAaKWE 3aMCHBI
B rene S, kak L109R, T116N, P120S/T/E, T126A/N/I/S,
Q129H/R, G130N, M133L/I/T, F/Y134N/L, K141E/I/R,
P142S, S/T143L, D144A/E, G145A/R, E164D, 1195M,
CBSI3aHHBIE C UMMYHHBIM YCKOJIb3aHHeM. [1aTh 00pa3ios
COZIepKaJld 10 MEHbILEH Mepe OIHY MYTaIHI0, CBs3aH-
HYI0 C YCTOWYHBOCTHIO K TIPOTHBOBUPYCHOH TEparmw,
u B 23 oOpa3max Oblia Haif/leHa 10 MEHBIIEH Mepe OaHa
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Puc. 2. Ilokpsrtue 246 06pa3uos.

O0nacTh reHOMa CYMTANIU IPOYUTAHHOHN MPHU IITyOUHe
He MeHee 10 npourenuii. OOpa3Ibl OTCOPTUPOBAHBI
10 HPOLEHTY MOKPBITHSI.

I'eHOTHIIBI BEIZIENICHBI IBETAMHU B COOTBETCTBHY CO
crarbeit S. Velkov u coasr. [6].

Fig. 2. Coverage of 246 samples.

The genome region was considered as covered at a
minimum depth of 10 reads. Samples are sorted by
coverage. The color designation of HBV genotypes
corresponds to that from
S. Velkov et al. [6].

MYTAaI¥s, CBI3aHHAS C YCKOJIb3aHUEM OT HIMMYHHOTO OT-
Beta. Kpome Toro, B 8 oOpasmax Haxomuiack O MEHb-
mein MEpE€ OJHa aMHUHOKHCIIOTHAs 3aMCHa B MECTax My-
TaIWii, CBA3aHHBIX C YCKOJIb3aHHEM OT UMMYHHTETA. My-
TaluM MPeJICTaBlIeHbl B BUJIE IMarpaMmbl Ha puc. 5. He
MCHEC BaXHBIM BOIIPOCOM B HaquOﬁ JCATCIIBHOCTHU
SBJSIETCS. TIOUCK W yIIYOJEHHOE H3y4eHHe MyTauui
BHUpYCa, OKa3hIBAIOIINX 3HAYMMOE BJIMSIHUC Ha IPOTrHO3
OCHOBHOTO 3a00JICBaHUS M CKOPOCTh PA3BUTHS IATONO-
run nedeHu. [lo pesynbraraM MHOTOYHCICHHBIX HCCIe-
JIOBaHWI, HaNpaBIEHHBIX Ha (OPMUPOBAHHE TIPECTAB-
JEeHUS O CHeHUPHUUHBIX MapKepax, XapaKTepU3YIOLINX
MOTEHIIMAILHO HeOJIaronpusTHOE TeYeHUe remarura B,
OCHOBHOE BHHMaHHe o0paleHo Ha X, precore- u core-Te-
bl BI'B. Tak, 3amenst W28* u G29D B precore-pernone

Puc. 3. Bectpewaemocts paznuusbix reHoTunioB BI'B B MockoBckoit
obnactu Poccum.

T'eHOTHITBI BBIJICJICHBI IBETAMH B COOTBETCTBHU CO cTarbeit
S. Velkov u np. [6].
Fig. 3. Occurrence of various HBV genotypes in the Moscow region
of Russia.

The color designation of HBV genotypes corresponds
to that from [6].
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Puc. 4. dunoreneruueckoe 1epeBO CEKBEHUPOBAHHBIX 00Pa3OB
BI'B.

Jepeso 65110 noctpoerno 8 MEGA v11.0.11 ¢ ucrons3oBaHueM ajiropuTMa
MIPUCOCANHECHUA coce):[eﬁ 1 YKOPEHEHO IIPpU IIOMOIIHU METOAa CpenHeﬁ TOYKH.
Bn3yann3aum{ BBINOJIHEHA C UCIIOJIb30BaHWEM OMOIHOoTEKH ete3. [eHOTUIIBI
A, B, D, E orMeueHBI COOTBETCTBEHHO KPAaCHBIM, CHHHMM, (DHOJIETOBBIM M
OpaHXXEBBIM LBETAMH. Pe(l)epeHCHL]e TI0CJIEI0BATECIIBHOCTU IIOMEYEHBI Y€p-
HBIM IIBETOM, 4 CECKBEHUPOBAHHBIC B HaHHOfI pa60Te — JKCIITBIM.
Fig. 4. Phylogenetic tree for sequenced HBV samples.

The tree was constructed in MEGA v11.0.11 using the neighbor joining

algorithm and rooted using the midpoint method. Visualization was made

using the ete3 library. Genotypes A, B, D, E are marked in red, blue, violet,

and orange, respectively. References and sequences from this study are
highlighted in black and yellow, respectively.

ObuH BISIBIIEHBI B 69 1 33% 00pas3noB COOTBETCTBEH-
HO. AMmuHOKHCIOTHBIE 3aMeHbl F24Y, E64D, E77Q,
A80I/T/V, L1161 u cE180A B core-pernone BCTpedannuch
B 10,5, 22, 10, 38, 44 u 0,4% o00pa3oB COOTBETCTBCH-
Ho. B rene X BI'B Hykneormmnbie 3amenbl G1613A,

OPUTUHAJbHbBIE NCCNEAOBAHUA

C1653T, T1674S, T1753V, A1762T, G1764A u T1768A
obHapyxeHsl B 9, 11, 11, 26, 26, 33 u 2 00pa3moB coot-
BETCTBEHHO. JlaHHbIE 3aMEHBI, COTYIACHO JAaHHBIM JIUTE-
patypsl [20, 33], SBISIOTCS MapKepaMH, YKa3blBAIOIIUMHU
Ha BEPOSATHOCTH HEOIArONpUATHOTO TEUSHH renarnTa B
1 BBICOKYIO ckopocTh passutus I'TIK. PacnpocrpaneH-
HOCTH BbIIIIEyKa3aHHbIX MyTaunii BI'B cpaBHUTENBHO Be-
JIMKa B MCCIIEIyeMOH BBIOOPKE MalieHTOB MOCKOBCKOTO
peruoHa. /laHHbIH (pakT, HECOMHEHHO, YKa3bIBaeT Ha He-
00XOIMMOCTh AJIbHEHWIIIET0 MOHUTOPHHTA BUpYCa, LIUP-
KyJHMPYIOIIEro Ha TEPPUTOPHU PETHMOHA, C ENbio (op-
MHUPOBaHUS MPOTHOCTUYECKUX MOJACICH M ONTUMHU3AIINU
OKa3aHUsl MEJUIIMHCKOHN KBaTH(PHUIIMPOBAHHON TTOMOIIIH.

Oo6cyxnenue

[TomyuenHsie B HACTOSIIIEM HCCIEOBaHUU
JMaHHbIE O TEeHOTHIHMYEeCKOM pasHooOpasnun BI'B,
MPECTaBICHHOM Ha TEPPUTOPUK MOCKOBCKOTO PETHOHA,
COIVIACYFOTCSl C HEMHOTOYHCIICHHBIMH OITyOJIMKOBAHHBIMHU
pesynmeratamu kojuter. Tak, B padore B.B. KirymkuHo#t
U COaBT., IO pe3yJabTaTaM IPOBEICHHOTO CEKBEHHPOBa-
HUsA obnmacTh TeHa S B 63 oOpasiax CBIBOPOTKH KPOBHU
u3 MockoBckolr o6mactu, reHotunm D ObIT 0OHaApyKeH
B 84% wuccrnenoBaHHBIX 00pa3noB (52/63), reHotun A —
B 14% (9/63) u renotun C — B 2% (1/63). Kpome Toro,
reHotun D ObUT pesicTaBieH 4eThIpbMs monTumamMu: D1,
D2, D3 u D4; reHotrn A cOCTOSUI TOJIBKO U3 mmoaTHmna A2,
a redorun C — tonbko u3 moaruna Cl [34]. CormacHo
uccienoBanuio B.A. ManyiinoBa u coaBT., pacnpezee-
Hue reHotunoB BI'B B BeIOOpKax ropoickoro HaceiaeHus
orBmIero 3amagHoro CCCP (179 denoBek) mpeacTaBiis-
et coboii: D — 82%, A — 17%, C — 1%. I'erotun D Obi1
npenactasineH nmoatumamu D1, D2 u D3, renotun A —
nonrurnioMm A2, renotun C — noarunom C2 [35]. Kpome
TOTO, HAIIA NAHHBIC COTIACYIOTCS C O030pHOM CTarbel
0 pacmpocTpaHeHHOCTH reHotunoB BI'B Bo Bcem mu-
pe [6]. CpaBHeHHE pacnpOCTPaHEHHOCTH MYyTallui, CBsI-
3aHHBIX C PE3UCTEHTHOCTHIO K TPOTHBOBHUPYCHOM Tepa-
MUY WU YCKOJIb3aHUEM OT MOCTBAKIIMHAIBFHOTO OTBETA,
3aTPYOHEHO M3-3a pa3iNuuil B TeparneBTUUYECKUX MOAXO-
Jlax B pa3HbIX cTpaHax. Hanpumep, B Poccun noutu Bee
HacCeJICHWEe BaKIMHUPOBaHO Ipotus BI'B, HO mpu sTOoM

Puc. 5. Berpeuaemocts mytauuii B RT-nomene rena P, cBsi3aHHBIX
C YCTOWYMBOCTBIO K IPOTUBOBUPYCHON TEpany, U MyTalllil B reHe
S, CBS3aHHBIX C YCKOJIb3aHUEM OT HOCTBAKIMHAJIBHOTO OTBETA.

Cepble OISt MPECTABISIOT cO00it HeopeaeeHHbIe 001acTH, Oeble — AUKHI
THII, KEJITBIC — 3aME€HBI, HE OIIMCAaHHBIE B JINTEPATYPE, KPACHBIC — MyTalllH,
OINUCAHHbIE B JINTEPATYype KaK MyTallMU YCTOMYMBOCTH K IPOTUBOBUPYCHON
TE€panuu U MyTalllu, YCKOJIb3aHUs OT UMMYHHUTETA. HpeI[CTﬁBJ'IeHO Bcero 33
obpa3ia, cofiepKaluX X0Ts: Obl OHO OTIIMYHE OT JUKOTO THIIA.
Fig. 5. The detection rates of mutations in RT domain of P gene
associated with resistance to antiviral therapy and mutations in S
gene associated with evasion of vaccine-induced response.

Gray, white, yellow, and red boxes represent respectively the undetermined

regions, wild type, substitutions not described in the literature, and

substitutions described in the literature data as associated with resistance to

antiviral therapy and vaccine escape mutations. Total 33 samples containing
at least one difference from the wild type are presented.
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ORIGINAL RESEARCHES

MIPOTUBOBHpPYCHas Tepanust AH mpakTtudecku He mpuMe-
HseTcs. B ynoMsaHyTol Bbiue crathe B.A. Manyiinosa
M COAaBT. ONHCAHBl HYKJIEOTHIHBIE IIOCJIEAOBATEIBHO-
ctu BI'B ropoxackoro HaceneHusi OBIBIIETO 3amagHOTO
CCCP, 2 u3 179 o06pa3noB comepkar 0 MEHBIICH Me-
pe OOHY MYyTalHIo, CBS3aHHYIO C PE3HCTEHTHOCTHIO
k Tepanuu (rtL173V KX925288 u rtS202G AY603465),
B 14 oOpasnax oOHapyXeHa 110 MEHbBIIEH Mepe OfHa MY-
Tanus, CBS3aHHAs C YCTOMYMBOCTBIO K UMMYHHTETY. Kpo-
Me TOro, 8 00pa3OB COAECPrKAIN 10 MEHBIIEH Mepe OHY
AMHHOKHCJIOTHYIO 3aMEHY B MECTax MyTaluii, BO3HHKa-
IOIIMX B BUPYCHBIX T€HOMax B OTBET Ha BaKLMHALHUIO.
MyTanuuu npeacTaBiIeHbl B BUAE AUArpaMMbl HA PUCYH-
ke S1 (cM. JomoNHMTENbHBIE MaTepuaibl). Takum 00-
pa3oM, BCTpe4aeMOCTh MyTaluii B o0pa3nax u3 paboTsl
B.A. ManyiinoBa u coaBT. COTIacyeTCsl C pe3ybTaTaMu,
MOTYYEHHBIMH B HACTOSIIEM HCCIEAOBAHUU: HECKOJIBKO
MyTalMi YCTOWYMBOCTU K IPOTUBOBUPYCHOH Teparuu
1 okoJo 20 MyTanui, CBI3aHHBIX C YCKOIBb3aHUEM OT M-
MYHHOTO OTBETa, CPEeJ IBYX COTeH 00pa3IoB.

Myranuu X, precore- u core-pernoHos BI'B, oxapak-
TE€pPU30BaHHBIE B HAyYHOU MHUPOBOW JIUTEpAType B Kade-
CTBEe MapKepOB HEOIATONPHUATHOTO TEUSHHUS U HCXOJOB 3a-
OorneBaHMs, TaKKe 3aTPOHYTHI B HACTOSIIIIEH paboTe B CHITy
BaKHOCTH W3Y4eHUS (PYHKIMOHATBHBIX 3aMEH B JTaHHBIX
pEeTHOHAaX W OTHOCHUTEIHHO BBICOKOW pPacIpoCTpPaHEHHO-
cTH 3TuX 3aMmeH. [IpoBenenne momo6HOTO poxa Hccieno-
BaHUH, HAalIPaBJICHHBIX HA IPUCTAIBHOE N3yUEHHE OTAETb-
HeIXx MyTanuii BI'B u okaspiBaemoro sdekxra Ha opra-
HHU3M 4YeJIOBEKa, 6€3yCI0BHO, TpeOyeT OBICTPOTO U B TO ke
BpEMs TOYHOTO METOJA ONpPEAEIEHHs HyKI€OTHIHOH Io-
CJIEIOBAaTENbHOCTH LUPKYIUpyomero Bo30Oyaurens. [lo-
JydeHHbIE B HacTOsIIed paboTe pe3yinbTaThl YKa3bIBaroT
Ha BO3MOXHOCTH IPUMEHEHHS aMIUTN(HUKAINOHHOHN [aHe-
JIH C LETbI0 TIPOBEICHUS TOJTHOTEHOMHOTO CEKBEHHPOBa-
Hust BI'B npu nmomommu NGS u nocnenyroriero anaiamsa.
Cdepsl nprMEHEHHUS TOMY4aeMbIX JaHHBIX OXBAaTBIBAIOT
o0yacT HayYHBIX WHTEPECOB KaK CO CTOPOHBI KIIACCH-
YeCKOHM AMUAEMHONIOTHH, TaK U ¢ TOYKU 3PEHUS Pa3BUTUA
NEepPCOHN(UIIMPOBAHHOTO TOAX0Ja K BEACHUIO MALMCHTA.
C o1HOM CTOPOHBI, MPUMEHEHNE METOI0B MOJTHOTEHOMHO-
T'0 CeKBEHHPOBaHMS TIO3BOJIUT UCTIOIH30BATH MOTyYaeMble
JTAaHHBIE B PYTHHHOM Hay4HOM MpaKTUKE IIPU MPOBENEHUU
SMUAAEMHUOJIOTHYECKHX FICCIIEIOBAHHH IT0 OIIEHKE U aHAJIH-
3y paclpoCTPaHEHHOCTH T€HOTHIIOB M CyOTHIIOB BHpYyca
Ha Tepputopuu PO, mpu ¢opmupoBaHun mporHoctuye-
CKHX DJIUIEMHOJIOTHIECKUX MOJIENIE pasBUTHS SMIHIC-
MHUECKOTO MpOoIiecca, IPOBEICHUH SIHIEMHUOIOTHYECKUX
paccrenoBanuii u p. C 1pyroil CTOpOHBI, JaHHBIH MOIX0N
TMO3BOJIUT PEIINTh Y3KHE HayYHbIE 33a4H 110 BBISBICHUIO
HYKJICOTH/IHBIX 3aMEH — KaK akKTHBHO M3y4aeMbIX B MHUDE,
TaK ¥ BIEPBbIC OOHAPYKUBACMBIX.

3akiiouenue

B Hacrosmedt pabote neTanbHO HU3IIOKEHBI ATaIlbI
MPOBEACHUSI MTOJTHOTEHOMHOTO cekBeHupoBanusi BI'B,
MPUBEACHBI JTA0OPATOPHBIM MPOTOKOJ, HYKICOTHII-
HbI€ TIOCJIEI0BATEIbHOCTH HCIOJIb3yEMBIX MpaiMepoB
Y TOJXO K aHAIHM3y MOJNYYeHHBIX NaHHBIX. Ha mpume-
pe BBIOOPKH KIIMHUYECKHX 00pa3IoB MOKa3aHa COCTOS-

72

TEJIBHOCTh MPUMEHSEMON MaHeNu B YaCTHOCTU W NPHU-
MEHSEMOI0 MeTOo/ia B LIeIOM. MeTooI0r 1, IPOIEMOH-
CTPUpPOBaHHAs B HACTOSIIEM HCCIEIOBAaHUU, O0JIagaeT
OOJIBIIIUM TIOTEHITHAJIOM ISl UCTIONB30BaHUS JUIS Hayd-
HBIX M MNPAaKTUYECKUX Lened. JlaHHBIM Moaxod MOXKEeT
LIUPOKO NMPUMEHSATHCS B UCCIEAOBATENbCKUX MPOEKTaX
Ut yryOnenus 3Hanui 0 BI'B 1 BBISABIICHUS CIIOMKHBIX
B3aMMOCBSI3€H MEXAY TE€HETHYECKUMU BapUaHTaMU
BO30yAHTENS U KIMHUYIECKUMH UCXOAaMHU 3a00JIeBaHUSI.
Kpome Toro, momHoreHomHoe cexkBeHUpoBaHue BI'B
MOXKET OBITh UCITOJIb30BAHO B PAMKaX ONTUMHU3AIAH CH-
CTEMBI SMUIEMHUOIOTUYECKOTO Haa30pa, MO3BOJIss 00e-
cneuuBarh 3((EKTUBHBII MOHHTOPUHT 32 TWHAMHKON
pacrmpocTpanenust Bo30ymutens. [IpumedaTenbHO, 9TO
IIOHUMAaHUe TUHAMUKHU MyTallHOHHOIO IpOLiecca BUpYcC-
HOTO F€HOMa U 3aKPEIUICHUs B MOMYJISIUU ONpeneseH-
HBIX BapUAHTOB B KOHEYHOM HTOTE MOXKET 00ECIeUUTh
peanu3aluio MporpaMM IO MEPCOHATU3UPOBAHHOMN Te-
panuu, Mo3BoJIsisi MPUHUMATh 0OOCHOBAHHBIE PEIICHUS
C y4eTOM KOHKPETHBIX T'eHeTHdecKux npodmierr BI'B
y NaLUEHTOB.
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© ITIOTOB AT, JOXKAKOB AL, [JJOTOBA T.U., HEGEJUEHKO A.B., KOTEHEBA C.B., KOMHHA A K., )XYKOBA E.B., 2024
YacToTa BbIIBNIEHUS OT 60SIbHbIX XXUBOTHbLIX U FreHETUYECKUN
nonumopdn3mM CUGUPCKUX U3ONATOB pecnupaTopHo-
CUHLMTHANbLHOro BUpyca KPYnHOro poraTtoro cKkoTa
(Pneumoviridae: Orthopneumovirus; BRSV), BbIsiBfIeHHbIX
Ha TeppuTopuax Ypanbckoro nu Cubmupckoro ceaepanbHbIX
okpyroB P® u Pecny6nukun KasaxctaH

MmotoB A.I' , KOxakoB A.l"2, Mnotoea T.W.", HedeaueHnko A.B.", KoteHesa C.B.",
KomunHa A.K.2, XKykosa E.B.?

"MIHCTUTYT aKcnepuMeHTanbHon BeTepuHapum Cubupu n JansHero Boctoka ®IBYH «Cubupckuii hegepanbHblil HayYHbIA LEHTP
arpobuoTexHonoruin Poccuiickor akagemumn Hayky», 630501, HoBocubupckas obn., noc. KpacHoobck, Poccus;

20IBHY «®epepanbHbIfi Hay4YHbI LEHTP — Bcepoccuitckuii Hay4YHO-UCCrenoBaTENbCKUN MHCTUTYT 3KCNEPUMEHTanbLHOW BETEPUHA-
pumn num. K.N. Ckpsibuna n SA.P. KoBaneHko Poccuiickoin akagemumn Hayky», 109428, r. Mocksa, Poccust

Pestome

BBeneHue. PecnpaTtopHoO-CUHUMTUANbHBIN BUPYC KpynHOro poratoro ckota (Pneumoviridae: Orthornavirae, Or-
thopneumovirus; Bovine respiratory syncytial virus, BRSV, Bovine orthopneumovirus) — oguH u3 Bo3byautenen
pecnupaTopHbIX 3a6orneBaHnin XMBOTHbLIX. AKTyarnbHO M3y4YeHWEe YacTOTbl BbISBIEHWUS areHTa y BOCMNPUUMYMBLIX
ocobeln 1 ero reHeTM4ecKoro pasHoobpasus.

Llenb paboTbl. M3yyeHne yactoThl BbisiBreHns Bupyca BRSV ot 6onbHbIX xunBOTHbIX MeTogom OT-MLP v reHe-
TUYECKOro NonMMopdu3ma M30NSTOB Ha OCHOBE OnpeaeneHmns NonHoN HyKNeoTMAHON NocrneoBaTenbHOCTU reHa
rnyukonpotenHa G.

MaTepuanbl u metoabl. [Ins BbisierneHns reHoma BRSV ncnonb3oBany nocnegoBaTenibHOCTY yYacTka reHa rmu-
konpoteuHa F paamepom 381 n.H., a AN punoreHeTMHECKOro aHanuaa — NofHble HyKNeoTuaHbIe nocnegosaTesb-
HOCTU reHa G. dunoreHeTUYecKkMe 4eHAPOrpamMmmbl CTPOUK C UCMONb30BaHNEM METOAA MakCMMarbHOro nNpaBgono-
[obwus B nporpamme MEGA 7.0.

Pesynkrathbl. Npy Benbilkax MaccoBbiX pecnupatopHbix 6onesHert PHK BRSV BbISBNSANM y XMBOTHbIX BCEX BO3-
pactoB B npobax nerkux, HoOCOBbIX BblAENEHUA, CAM3NCTON 0B0MOYKM Tpaxen, NeroYHbIX NMMAaTNYECKNX y3noB.
B pesynbrate CMKBEHCa NONy4unu MosfiHbIe HYKNeoTuAHbIE NOCNefoBaTenbHOCTU reHa rmukonpotenHa G pasme-
pom 771 n.H. Ana 5 n3onATos BMpYyca U pasmepom 789 n.H. Ans ABYX U30NATOB, HYKNEOTUAHOE CXOACTBO Mexay
KoTopbiMu cocTaBuno 87—100%. Mo pesynstratam UNOreHeTUYECKOro aHanusa uccriegyemMble U3onsTbl OTHe-
ceHbl k nogrpynnam supyca Il u lll, B kaxxayto 13 KoTopbIX BOLLNW MO ABa M30nsTa COOTBETCTBEHHO. OTAENbHYIO
Knagy obpasosan usonsaTt K18, BblAeneHHbI OT XMBOTHbIX, 3aBe3eHHbIX U3 KaHagbl, a Takke obpasibl BaKLMWH,
copepXxalunx aTTeHyMpoBaHHbIV LWTaMM «375».

3akntoueHue. l'eHom Bupyca BRSV npucytcteoBan y kopos v HeTenen B 20 n 14,3% cnyyaeB COOTBETCTBEHHO, Y
TenaT B Bo3pacTe Ao 1 mec — B 3,05%, y TenaT B Bo3pacTte oT 1 4o 6 mec — B 6,7%. [NonHbIN aHanu3 HykneoTuaHon
nocnegoBaTenbHOCTY reHa G ABNAETCSA NONe3HbIM UHCTPYMEHTOM ANt U3yYEHUs] MOMNEKYNSIPHOWM 3nNM300ToNornm
pecnupaTopHO-CUHLMTUANBHON MHPEKLMK KPYNHOTO poraToro cKoTa B KOHKPETHOM pernoHe.

KnroueBble cnoBa: KpynHbil po2ambili CKOM; pecrupamopHO-CUHUUmMuarnbHbil gupyc; enukonpomeuH G, cekge-
HupoeaHue; ¢hurozeHemu4ecKul aHanu3

Onsa uutnpoBaHus: motos AT, OxakoB A.l, Mmotoea T.U., HecdbenueHko A.B., KoteHeBa C.B., KomuHa A K.,
Kykoa E.B. YacTtoTa BbIiBNEHMS OT GOMbHBLIX XXUBOTHbLIX U FrEHETUYECKMIA NONMMOPAU3M CUBNPCKUX N30NSATOB
pecnupaTopHO-CUHLUMTUANbHOro BUpyca KpynHoro poratoro ckota (Pneumoviridae: Orthopneumovirus;, BRSV),
BbISIBITEHHbLIX Ha Tepputopusax Ypanbckoro, Cnbupckoro denepanbHbix okpyroB P® n Pecnybnuku KasaxcraH.
Bonpocsi supyconoeauu. 2024; 69(1): 76-87. DOI: https://doi.org/10.36233/0507-4088-216 EDN: https://elibrary.
ru/eborho

dJI/IHaHCVIpOBaHVIe. I/Iccne,qoaaHme BbIMNOJIHEHO 3a CYeT rocyaapCTBeHHOro 6+on>|<eTa B paMKax BbIMNONTHEHUA 3adaHUA
Ne 0533-2021-0018 (CPHLIA PAH), yacTb paboTbl — no Teme Ne FGUG-2022-18 ($rBHY ®HL, BU3B PAH).

KOHCan/IKT UHTepecoB. ABTOpr AEKNapupyrT OTCYTCTBUE ABHbIX U NOTEHUMAlNbHbIX KOHdJJ'II/IKTOB WHTEepecoB, CBA3aH-
HbIX C MyGnvKauueit HacTosILLel cTaTbu.

ATtuyeckoe yTBepxaeHwue. ABTOpr noaTeepXxaarnT COGJ'I}O,CI,eHVIe WHCTUTYUMNOHAnNbHbIX U HAUMOHalbHbIX CTaHOAapTOB No
MCMomnb30BaHN nabopaTopHbIX XMBOTHLIX B cooTBETCTBUMU ¢ Consensus author guidelines for animal use (IAVES 23 July
2010). Npotokon nccnepoBaHnsa ogobpeH Ituyecknm komutetom CPHLIA PAH (MpoTokon Ne 4 ot 14.06. 2023).

76



BOMPOCHI BUPYCOJIOTUW. 2024; 69(1)
https://doi.org/10.36233/0507-4088-216

OPUTUHAJbHbBIE NCCNEAOBAHUA

ORIGINAL STUDY ARTICLE
DOI: https://doi.org/10.36233/0507-4088-216

Occurrence in sick animals and genetic heterogeneity
of Siberian isolates of bovine respiratory syncytial virus
(Pneumoviridae: Orthopneumovirus; BRSV) identified
in the territories of the Ural, Siberian Federal District
and the Republic of Kazakhstan

Alexander G. Glotov' , Anton G. Yuzhakov?, Tatyana I. Glotova', Alexey V. Nefedchenko’,
Svetlana V. Koteneva', Alina K. Komina?, Elena V. Zhukova?

'Siberian Federal Scientific Centre of Agro-Biotechnologies of the Russian Academy of Science, Institute of
Experimentally Veterinary Medicine of Siberia and Far East, 630501, Krasnoobsk, Novosibirsk region, Russia;
2Federal Scientific Center All-Russian Research Institute of Experimental Veterinary named after the honorary
K.I. Scriabin and Y.R. Kovalenko of the Russian Academy of Sciences, 109428, Moscow, Russia

Abstract

Introduction. Bovine respiratory syncytial virus (Pneumoviridae: Orthornavirae, Orthopneumovirus; Bovine or-
thopneumovirus, Bovine respiratory syncytial virus, BRSV) is one of causative agents of respiratory diseases in
animals. The study of the occurrence and genetic diversity of this pathogen is of particular importance.
Objective. To study the frequency of virus in animals using RT-PCR and genetic heterogeneity of isolates based
on determining the complete nucleotide sequence of glycoprotein G gene.

Materials and methods. A 381-bp region of glycoprotein F gene was used for identification of virus genome, while
complete nucleotide sequences of G gene were used for phylogenetic analysis. Phylogenetic trees were construct-
ed using the maximum likelihood method in MEGA 7.0 software.

Results. During outbreaks of respiratory diseases, BRSV RNA was detected in animals of all ages in samples of
lungs, nasal secretions, pulmonary lymph nodes. Complete nucleotide sequences of glycoprotein G gene, 771 bp
in length were obtained for five isolates and 789 bp in length — for two isolates. Nucleotide similarity between them
was 87-100%. Phylogenetic analysis assigned the isolates to subgroups Il and Ill, each of which included two iso-
lates. A separate clade formed by K18 isolate from animals imported from Canada and sequences from vaccines
containing the attenuated «375» strain.

Conclusion. The virus genome was identified in cows and heifers (20.0 and 14.3%), in calves up 1 month of age
(3.05%), and in calves from 1 to 6 months of age (6.7%). Complete G gene nucleotide sequence analysis is a
useful tool for studying the molecular epidemiology of BRSV on particular territories.
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BBenenue

Pecnimpatopubie 601€3HN TPUUUHSAIOT 3HAYATEIHHBINA
SKOHOMHYECKUHN yIIepO MOJIOYHOMY M MSCHOMY CKOTO-
BOJICTBY, BBI3BIBAs THOETH WM CHIYKCHHE CKOPOCTH PO-
CTa JKMBOTHBIX, YBEITMUHMBAS 3aTPaThl HA JICUCHUE, TIPO-
BEJICHUE JMAarHOCTUYECKUX U MPOPUIAKTHICCKUX Me-
porpusituii [1, 2]. OgHUM U3 STHOJIOTUYECKUX areHTOB,
BBI3BIBAIOMINX NWH()EKITMOHHYIO MTATOIOTHIO OPTaHOB JbI-
XaHUs, ABIAETCS PECIUPATOPHO-CHHIIUTHAIBHBINA BUPYC
KpymHOTO poraroro ckora (Bovine respiratory syncytial

virus, BRSV, Bovine orthopneumovirus), mupoko pac-
MPOCTPAHEHHBIH BO BCEX CTPaHaX MHpa C Pa3BUTHIM TH-
TIOM BEJICHHUS )KUBOTHOBOACTBA [3—6].

BRSV otHocuTcs Kk ceMeicTBy Prneumoviridae, pony
Orthopneumovirus M TpeiCTaBIsAeT CO00H MoIMMOpd-
HBII 000704edHBI BUpyC ¢ oxHorenodednoii PHK ot-
pHIaTEIbHON MONIPHOCTH pa3mepoM ~15,2 kb, kotopas
koaupyet He MeHee 10 nporeuHos [7, 8].

I'muxonporens G — camblii OOIBIION cpear N3BECTHBIX
0eIKoB BUpYCa, OH SIBJISIETCSI OCHOBHBIM BUPYCHBIM aHTH-
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T€HOM, KOTOPbIM HHAYLIHPYET UMMYHHBIA OTBET X031HA
1 HCIIOJB3YeTCs B KaueCTBe MUILIECHH IS (prtoreHeTnye-
CKUX M MOJIEKYISIPHO-3MUAEMHUOIOTNIECKIX UCCIeN0Ba-
Huit. Cunraercs, uto 6enku F u G urparot BayKHYIO pPOJTb
B MH(EKIIMOHHOCTH BO3OYIUTENS U SBISIOTCS OCHOBHBI-
MU OelkaMH, yJacTBYIOIIMMH B pelIMKaluy Bupyca [9].

K wun¢umuposanuio Bupycom BRSV Bocmpummuuns
KPYIHBIN pOrarblif CKOT BCEX ITOPOJI U BO3PACTOB, OJJHAKO
garie 00JIeroT TeJsATa OT 4 HeJ[ A0 To/a, MHOTJA — C POXK/e-
HUS 10 2-HenenbHoro Bo3pacta. OnucaHo CUHEpreTHye-
CKO€ B3aMMOJICHCTBHE areHTa ¢ OaKTepusIMH CeMeicTBa
Pasteurellaceae, a Taxxe IpyrUMH peCIIIPATOPHBIMU BH-
pycamu [10, 11]. IlITammbl BUpyca pa3iaudaroTcs MO BH-
pyaeHTHOCTH [9].

BRSV HenpepbIBHO 3BOMOLMOHUPYET B OTBET HA BO3-
JIeHCTBUE MMMYHHOM CHCTEMBI OpraHM3Ma XHUBOTHOTO
M BaKIMHAIWHM, a TaToreHe3 OOJEe3HW M XapakTep dIIH-
300THUYECKOI CUTYyaIlMl BO MHOTOM 3aBHCAT OT aHTUI€H-
HOW M3MEHYMBOCTH BHpPYCa, OOYCIOBIEHHOW MyTallHs-
MH B COCTaBe€ MPOTENHOB, 0COOEHHO mHKonpoTenHa G
[12-17].

MornekynspHble HCCIEAOBAaHUS MOATBEPAMIN CyIIe-
CTBOBaHHME AHTUTEHHOHN IMBEPIreHINH W TeHETHYECKOH
BapruabeNnbHOCTH Cpeau MOJEBBIX M30JIATOB BHpYycCa.
[lItamMMbl BUpycCa, BBIAEICHHBIE OT >KMBOTHBIX OIHOTO
CTazia BO BpeMs MEPBUYHBIX BCIIBIIIEK OOJNE3HH, WICH-
TUYHBI, B OTAMYHE OT IITAMMOB, BBIJECJICHHBIX HPHU MO-
BTOPHBIX BCTIBIIIIKaX OOJE3HH B CTaIax, KyJa HOBBIC KH-
BOTHBIE He BBOAUINCE 10 JjieT. Pa3nuunst B reHeTHYECKOI
CTPYKType MeXy HUMH MOryT focturars 11% [12].

Bbenok G conepkuT Tpu JOMEHA: HUTOIIa3MaTHYECKU,
pacronoXeHHBI MeXITy aMHHOKucioramu (a.k.) 1-37;
TpaHcMeMOpaHHBIN (38—605 a.K.); BHEKJIETOYHBIH, WIN
skTofoMeH (66-257 a.k.) [18]. DTOT mocnenHuil qOMEH
COZIEP’KUT BBICOKOKOHCEPBAaTHBHYIO THAPO(GOOHYIO IeH-
TpanbHYyI0 005acTh U3 32 a.K. ¥ YeThIpeX IIUCTEHHOB, KO-
TOpbIe 00pa3yloT IBa AUCYTbPUIHBIX MOcTHKa [18, 19].
W3-3a BBICOKO# TeHETHYECKOW H3MEHUYHUBOCTH (1m0 8%)
G-6enox MOXeT OBITh HCIIOIB30BaH ISl 3BOIOLIOHHOTO
ananu3a mraMMoB BRSV [20]. TlepBonauansHO Ha OCHO-
Be aHanu3a reHa G mramMmmel BRSV 6bun pasnenenst Ha
YeThIpe MOATPYIIHI, 0003HaYeHHBIE Kak A, B, mpomexy-
TouHble (U1 AB) u HeTunupoBaHHsbIe [9, 12].

B Hacrosmiee BpeMsi Bce M3BECTHBIE ITAMMBI BUPYyCa
KiaccuumpyroTcs Ha nmoarpymnmst [-X [12, 18, 21-23].
[Moarpymnmna I cocrout U3 eBponeickux mMTamMMOB, BbIE-
JeHHbIx 10 1976 1. [12]. tammsl u3 Utanuu, benbruu,
Hunepnangos, Januu u llIBennu crpynnupoBaHsbl B OA-
rpynny II [13, 21, 23, 24]. Iloarpynna III u3navanbpHO
BKJIFOUAJia UCKITIounTeNbHO Bupychl u3 CILA [4, 14], on-
HaKo I103/[HEee IITaMMBbI 3TOI MOATPYyMIIEl ObLTH 00HApY-
JkeHbI B 8 mpoBuHIMAx Kuras [25, 26], B Typuuu u bpa-
sunui [ 14, 27]. Ilpencrasutenu noarpymnmsl I'V nupkynu-
pytot B I'epmanun, benbrun, lanuu, AMepuke U Ipyrux
eBporneickux ctpaHax [21, 28, 29]. lItammbl u3 benbrun
n @pannuu BrodeHsl B noarpynnsl V u VI [18]. M3o0-
TATHI U3 XOpBaTUM OBIIIM OTHECEHB! K moArpymnmam VII
u VIII [30]. B HemaBHHUX HCCIEIOBAHUSAX OBLIHM BBISBIIC-
Hbl noarpynna IX B Bpasunuu [14, 31] u noarpynna X
B Smonum [32].
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HecMmoTpss Ha TO 4YTO pecnHUpaTOpPHO-CHHLIHUTHAIBHAS
MHQEKIHS KPYIMHOTO POTaToOro0 CKOTa WMEET IIMHPOKOe
pacnpocTpaHeHue Ha Tepputopun Poccuiickoit Denepa-
IIUM, 0COOEHHO Ha MOJIOYHBIX KOMIUICKCAX ¢ HaIMYHEM
BBICOKOIIPOAYKTUBHOIO MMIIOPTHPOBAHHOIO I1OTOJIOBbS,
HCCIIEIOBAHUS IO (DUIOTEHETHYECKOMY aHAIHU3y H30IId-
TOB BUpPYyCa HE IPOBOAMIINCE.

B cBsi3u ¢ 3THM 1eABI0 HACcTOSIIEH pabOTHI SIBISIIOCH
M3y4YeHHE YacTOTHl BhIABIEHUS BRSV y OombHBIX XH-
BOTHBIX ¥ TEHETHYECKOT'O TOMMMOpGH3Ma €0 H30JIATOB,
LUPKYJIUPYIOLIMX CPEAU BBICOKONPOAYKTHBHOTO MOJIOU-
Horo ckoTa B CHOMpH, Ha OCHOBE CEKBEHHPOBAHUS IOJ-
HOI HYKJIEOTHIHOH IOCIIEN0BATENbHOCTH TeHa IIIUKO-
nporenHa G.

MaTepna.m,l U METOAbI

UccnenoBanust mpoBoaMnM B TEYEHHE S5 €T
(2018-2022 rr) Ha KpYNHBIX MOJOYHBIX KOMILIEKCAX
Y MOJIOUHO-TOBApHBIX X0O3IHUCTBAX, PACIIONOKEHHBIX B T0-
meHckol, Omckoit, Tomckoit, HoBocubupcko#t, MpkyT-
CKoM obmactsax, Anraiickom u KpacHospckom kpasx PO
u PecnyOnuke KazaxcraH B mepHo BCIBIIIEK MacCOBBIX
JKEITYMOYHO-KHUINCYHBIX U PECIUPATOPHBIX OOJIC3HEH KH-
BOTHBIX. Ha MOMEHT uccne1oBaHM BaKIMHALUS TPOTUB
PpecTMpaTopHO-CHHIIUTHATIBHON MH(MEKIIMN KPYITHOTO PO-
raToro CKOTa He MPOBOIMIACH. PaboTy BEITIONHSIIN BO Bpe-
MsI SIII300TOJIOTMIECKIX OOCIICIOBAHNI Ha HAJIMYUE BO3-
Oynurerneil BUpYCHBIX M OaKTepHaIbHBIX MH(EKINA KpyTI-
HOTO poraroro ckora. Bcero uccrmemoBamm 1012 mpo6
Omomarepuala OT BEIHY)KICHHO YOUTBHIX U MABIINX TEISAT
B BO3pacTe 10 6 Mec, a TaKKe KOPOB U HeTelneil ¢ mpu3Ha-
KaMH OCTPBIX PECITUPATOPHBIX 3a00JIeBaHHH.

OT KaXJ0ro >KMBOTHOTO OTOMpaiy NMpoOBl OpraHOB
pEeCIUpPaTOPHOTO TPAKTa, JOCTABISLIN B JIaOOPaTOPHUIO
B 3aMOPOXEHHOM COCTOSIHUW WJIM TPAHCHOPTHOH cpene
B TedyeHue He Ooiee 12 4 ¢ MOMeHTa oTOOpa, IIe Xpa-
aum ipu —80 °C. Ilepen uccnenoBanueM oOpasIibl To-
MOTCHH3UPOBAIN U TOTOBUIN 10% cycrieH3uu Ha Qu3n-
OJIOTHYECKOM pAaCTBOPE, KOTOPHIE IEHTPU(PYTHPOBATIH
B TeueHue 15 muH npu 3000 o6/MuH. [y BBIICICHUS
PHK wucnonb3oBanu no 100 MKJI OCBETIIEHHOTO CyMep-
HaTaHTA.

HccnenoBanublil Matepuan Birodar: 493 mpoOsr Jier-
KUX, 99 — MeroyHsIx TMMQaTHIeCKUX Y3II0B, 83 — HOCO-
BBIX BBIJENIEHUH, 32 — TpaxeanbHOro U OPOHXUAIBHOTO
skccynaroB, 120 — cnusuctoi obOoyiouku Hoca, 165 —
CIIM3UCTOH 0007I09KH Tpaxen U OpoHxoB, 20 — OPOHXOB
0T OOJBHBIX U BBIHY)KJICHHO YOUTHIX KUBOTHBIX.

B nacrosimelt pabote ompenemnsyid MOJHYI HYKIIEO-
THIHYTO TTOCIIEIOBATENFHOCTh TeHa G 5 U30II4TOB, BBIC-
JICHHBIX OT OOJIbHBIX JKUBOTHBIX, & TAKXKE JBYX BaKIIMH-
HBIX IITAMMOB, BXOISIIMX B cOCTaB BakiuH BoviSchield-
GoldFP5 u CattleMaster GoldFP5. Xapaxrepucrtuka
ITAaMMOB TIpUBecHA B Ta0x. 1.

Oxempakyus PHK u obpamnas mpanckpunyus

PHK Boiaensinu u3z 100 MkJ1 roMmoreHaTa oprasos ¢ I0-
Motkto Habopa «PUBO-nperm» (ITHUU Dnunemuonoruu
Pocniorpebnanzopa, Poccust) B COOTBETCTBHM C PEKO-
MeHaanusaMu npouspoauTens. Ounmennyto PHK pecy-
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Ta6amua 1. M3onsrsr BRSV, ucnions3zoBanHble uis pUIIOrEHETHYECKOTO aHANIN3a

Table 1. BRSV isolates used for phylogenetic analysis

OPUTUHAJbHbBIE NCCNEAOBAHUA

I N v il IV e
Name (GenBank number) ! ! £¢ group gl P
HoBocubupckas
NSOl Jlerkue, 6p0HX¥/I TeneHok OGIACT 15.05.2018
(OR426499) Lungs, bronchi Calf s
Novosibirsk
Cnusucrast Hoca, HoBocHGuDCKas
NSO2 Jlerkue Tenenok oBac TI;) 18.04.2018
(OR426500) Nasal mucosa, Calf N ibirsk o
fungs ovosibirs
Alt3 Jlerxue, Tpaxes Tenenox Anraiickuit kpait 25.03.2021
(OR426501) Lungs, trachea Calf Altai R
Alt4 HocoBrle Boiienenus Kopoga AnTaiickuii kpaii 11.04.2020
(OR426502) Nasal discharge Cow Altai o
M3zonar K18. Beigenen ot Hetenu B nep- PecmyGmxa Xpanuics B mopu-
K18 Terice N Retox Texeyn Gntakon Kasaxcran IR o
(OR426503) Lungs Isolate K18. Isolated from a heifer (};héizﬁﬁgtl;i Stored in lyophilized
in a primary TB cell culture form since May 2008
Baxunna TTonoxurenbHbIi
Bosn-IlTunn Tonz AtTeHyHpoBaHHBII mTamm 375 ?;Jgﬁﬁ;ﬁ;%f:ﬁ;:;
FP5L5 HB > CILA, 1979
FPSLSHB (OR426504) Vaceine BBIJIEJIEH OT TEJIEHKA USA. 1979 Buze ¢ Mag 2015 .
Bovi_Shicld Gold Attenuated strain 375, isolated from a calf > Positive control. Stored
FPSLS HB in lyophilized form
since May 2015
Baxuwiia TTonoxurenbHbIi
Kotnacrep Toan ArTeHyupoBaHHbIH mTamMm 375 If:g(ggri;.si(}?j:;ﬁg;
FPSLS FPSLS5 BBIIEIIEH OT TEICHKA | CIIA, 1979 Buze ¢ Mast 2015 .
(OR426505) Cattle\ll\?l‘;csltgf Gold Attenuated strain 375, isolated from a calf USA, 1979 Positive control. Stored
FP5L5 HB in lyophilized form

since May 2015

cnerauposain B 50 mxn PHK-06ygepa. [l mpoBenenus
obpatHoii Tpanckpuniuu (OT) ucmonp3oBamu 10 MK
oijienieHHod PHK. Peakuuio mpoBoauiu ¢ MOMOUIBIO
Habopa «Pesepra-L» (HIHUU Ommnemuonormn Pocro-
TpeOHaa30pa, Poccusi) B COOTBETCTBUU C PEKOMEHIAIIHSI-
Mu nipousBoauTens. [locie mpoBeneHus peakuuu o0beM
po0OsI cocTapisut 40 MKII.

Buisisnenue BRSV ¢ nomowswio I[P

[Ipo6sr Omomarepmana MCCIEAOBAIM HA HAIWYHE Te-
Homa BRSV meTogoM monumepasHO# HEmHON peakiuu
(I1LIP) ¢ wucmonmp30BaHHEM TECT-CHCTEMBI, pa3padoTaH-
HOM Hamu panee [33].

I [P-amniugpurayus cena G

Juis aMrmuuKanuy ¥ MOCIEAYIONIEr0 CeKBEHUPOBA-
HUS TIOJTHOM HYKJICOTHJIHOM MOCJENOBATENbHOCTH TeHa
mukonpoTenHa G pa3paboTaiy IBe NMEPEKPBIBAIOIIUECS
napsl IpaliMepoB:

F1 (GTTACATACAGATGTTGGGGC)
u R1 (GTTTGGGAGTTGTTGTGGTC);
F2 (GGGAAATGCTAAAGCCAAGCC)
u R2 (CCATCCTTATTTGCCCCAQG).

Cocras peaKIMOHHON cMecH: [1P-0ydep
(Bioron), 0,6 mMxim 50x dNTP, mo 0,5 MKr Kaxxmoro

npaiimepa B koHueHTpauuu 100 MmxM, 1 mxn 100 MM
MgCl,, 1,5 ea Taq-IAHK-nonumepassr (Bioron), 5 Mk
JIHK. O6muit o6vem — 30 mxi1. TemnepaTypHBIi pesxum
qmst [THP: 95 °C— 5 mun, 1 rukir; 95 °C—-30¢,57°C—-60c,
72 °C - 60 c, 45 nukaos; 72°C — 5 mun, 1 nuki. Beige-
JIeHWE aMIUTUKOHOB 13 1% arapo3Horo ress mpOBOAMIN
M0 METOAWKE MPOU3BOIUTENSI KOMMEpPUECKOro Habopa
s ounctku JIHK 13 arapo3Horo renst U peakiimoHHbBIX
cmeceit «EBporen» («EBporen», Poccus).

Hyxneotumayo MmOCIeIOBaTeNbHOCTh — OTPEACIISIIN
MIPY TIOMOIIM CEKBEHUPOBaHUs 1o MeToxy CaHrepa ¢ uc-
nmojik30BaHreM Habopa Big Dye Terminator v. 3.1 Cycle
Sequencing Kit (Applied Biosystems, CILIA) cormacHO
WHCTPYKLMH H3rOTOBUTENs. [lonydeHHble HYKJICOTHJI-
HBIE TTOCIIEIOBATEILHOCTH aHAIM3UPOBAIIN ITPH TTOMOIIN
naketoB mporpamm UGENE (v. 45.1). BripaBHuBaHue
MOCIIEIOBATEIbHOCTEH MPOBOIWINA C HCIOJIb30BAaHUEM
Mmetoma ClustalW. ®unorenerndeckas JeHIporpaMma
OBLIa IOCTPOCHA TI0 METOYy MaKCHMAaJIBHOTO MPaBIOIO-
nobwust B mporpamme MEGA 7.0. Tonosoruro BeTBe A¢H-
JIPOTPaMMBI TIOJITBEPIKIAIA METOIOM OyTCTpAI-aHaIIN3a
(1000 maroB permukannu). [y MoCTpoeHus IepeBbEB
ucnojb3oBanu moxeias General Time Reversible (GTR),
raMMa-pacripe/iefieHie Bapuallii 4acTOT MEXIy caiita-
mu (G + ).
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ABTOpHl ~ TIOATBEPXKAAIOT  COONIOZIEHWE  WHCTH-
TYLIMOHAIBHBIX M HAIMOHAJIBHBIX  CTaHIAPTOB
[0 MCIHOJIb30BAHUIO JIA0OPATOPHBIX JKUBOTHBIX B COOT-
BercTBuHU ¢ Consensus author guidelines for animal use
(IAVES 23 July 2010). IIpoTokon wncciemoBaHusi oao-
open Otumueckum komutetoM COHIIA PAH (ITpoTtokon
Ne 4 ot 14.06. 2023).

PesyabTarsl

Pesynbrarel ncciaenoBaHui MpeAcTaBiIeHbl B Ta0d. 2.
Hawnbonee yacto reHom BRSV BBISBISIN y KOPOB 1 HeTemnei
(20 u 14,3%) c mpu3HAKaMH OCTPBIX PECITHPATOPHBIX 3a00-
JICBaHWH, WHTEPCTUIMATBHON MHEBMOHUECH M SM(pH3eMON
nerkux. Y tenar PHK Bupyca obHapyxuBanm gare B B03-
pactHoit rpymme ot 1 1o 6 mec (6,7%), mo 1 mec — 3,05%.
Y BRSV-1103UTHBHBIX TEJSAT B BO3pacTe OT OJJHOTO JI0 6 Mec
IIPU KIMHUYECKOM OCMOTPE HEPEIKO OTMEYaIU MPH3HAKU
cBepxocTpoit (popMbl MH(PEKINH: YTHETEHHE, OTKa3 OT KOp-

Ma, TIOBBIIIICHUE TEeMITepaTyphl Teja, YUYallleHHOe JbIXaHue
OPIOIIHOTO THITA C OTKPBITHIM PTOM H BBICYHYTHIM SI3BIKOM,
OITyIIIEHHBIE BHU3 IlIes] M TOJOBA, BBIIENECHHE OOMIBHOM
CIIIOHBI M3 pOTOBOW mosoctH. Ilpw maromoroaHaromide-
CKOM BCKPBITHH y HHX PETHCTPHPOBAIN WHTEPCTHIIHAIb-
HYIO W JIETOYHYIO SM(H3eMy U pa3pyllieHHe MapeHXUMbI
JIETKOTO.

Pesymprarel mccneoBaHusl YacTOTHI BBISIBICHHUS BO30Y-
IuTens B pobax OnoMarepraia pa3HOro MPOUCXOMKACHUS
TpMBeIeHBI B TadJ1. 3. Bupyc yarie BBISBISUIH B IpoOax Tpa-
XEaJFHOTO M OpOHXHMAIBHOTO dKccynaToB (40,6%) u OpoH-
X0B (25,0%), pexxe — B mpobax jerkux (7,5%), HOCOBBIX BbI-
nenenutt (7,2%), cm3UCTON 00OJIOUKM Tpaxen H OPOHXOB
(3,6%), nmerounpix muMparndeckux y3ioB (3,0%) u cnmsu-
cToit obonmouku Hoca (1,7%) KUBOTHBIX C HAJIMYHEM IIPHU-
3HAKOB OCTPBIX PECIUPATOPHBIX OOJIE3HEH.

Pe3ynbprarel NpoBEeNEHHBIX MCCIEIOBAHMNA ITOKa3ajH,
9TO0 K UH(UIMPOBAHUIO BHPYCOM BOCIPHUMYHBHEI BCE

Ta6muna 2. Yacrora BesiBieHns BRSV B npo6ax 6uomarepuaia oT )KUBOTHBIX Pa3HBIX IIOJI0BO3PACTHBIX rpyn (n = 1012)

Table 2. BRSV detection rates in biomaterial samples from animals of different sex and age groups (n = 1012)

TTonoBo3pacTHasi rpyIia XHBOTHBIX
Sex and age group of animals

Yucio uccieJoBaHHBIX/TIOT0KUTEBHBIX P00
Number of samples/positive examined

KonnuecTBo NONOKUTENBHBIX TPOO OT YHCIIA UCCIIEA0BAHHbIX, Y0
Number of positive samples out of the number of tested samples, %

Tensta / Calves:

ot 10 nHeit 1o 1 mec

from 10 days to 1 month 328/10

(f)rTorlnnlofph:s C6 months 555/37
Helfers 1472
Ié(o)r\:\?stI 115/23
?gtearlo 1012/72

3,05

6,7

14,3

20,0

71

Taomuua 3. Yacrora eisieinennst BRSV metonom [P B npo6ax 6rnomarepuana pa3nudHoro npoucxokaeHus (n = 1012)

Table 3. Frequency of BRSV detection by PCR in biomaterial samples of various origin (n = 1012)

Bun 6uomarepuana

Type of biomaterial npob

Komuuectro I/ICCJ'IeZ[OBaHHLIX/HOJ'IO)KI/ITCJ'II)HI)IX

Number of samples/positive examined

Kon4ecTBO MOIOXKHUTEIBHBIX PO6 OT Yucia
HCCACIOBaHHBIX, %
Number of positive samples out of the number of tested
samples, %

Jlerxne 493/37
Lungs
Jlerounbie TuM(paTHIECKUE Y3IIbl
99/3

Lungs lymph nodes
HocoBrble BeIgeaeHus
Nasal discharges 83/6
DKccyaaT u3 Tpaxen 1 OpOHXOB 3213
Exudate from the trachea and bronchi
Cruszucras 000109Ka HOCA 120/2
Nasal mucosa
Cnusucras 000104Ka Tpaxen 1 OPOHXOB

. 165/6
Trachea and bronchi mucosa
Bponxu
Bronchi 2075
Bcero
Total 1012/72

7,5

3,0

72

40,6

1,7

3.6

25,0

7,1
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Puc. 1. dunorenernueckoe JepeBo, MOCTPOSHHOE HA OCHOBE MOJIHON HYKJIEOTHAHOM rocnenoBareasHocty reHa G BRSV. Iocnenosarens-
HOCTH, TIOJTy4Y€HHbIE B TaHHOM HCCJIEOBAaHUHU, OTMEUYCHEI ®.

Fig. 1. Phylogenetic tree based on the complete nucleotide sequence of the BRSV G gene. The sequences obtained in this study are marked
with e

TIOJIOBO3PACTHBIC TPYMIIBI )KUBOTHHIX. B cpemHeM BHpyC
npucyTcTBoBaNI B 7,1% wnccienoBaHHBIX MpoO Omomare-
pHaia, MoJy4YeHHBIX OT KPYIHOTO POraroro CKOTa IpH
BCIBIIIKaX OOJIe3HW. BbuM MONMyYeHsl MoHbIE HYKIIEO-
THIIHBIC TMOCIEIOBATEILHOCTH TeHa muKonporenHa G
nzonaroB NSO1, NSO2, K18, FPSL5SHB, FP5L5 pasme-
poM 771 m.H. n u3onatoB Alt3, Alt4 pasmepom 789 m.H.

HykneotunHoe cxoacTBo 7 UCCIEMyeMbIX H30JIATOB Ba-
prupoBano ot 87-100%. [lomydeHHble mocaenoBaTENb-
HOCTH OBLTH JemOHMpoBaHBI B 6a3y maHHbIXx GenBank
o HomepamMu OR426499-OR426505.

Ha ocHOBe moy4eHHBIX MTOCIIeI0BaTeILHOCTEH, a TaK-
JK€ TT0CIIeI0OBATENLHOCTEN 13 0a3nl JaHHbIX GenBank ObI-
JI0 TTIOCTPOCHO (hUIIOreHEeTHIeCcKoe IepeBo (puc. 1).
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Pesynbrarel (hMIOreHeTHYECKOTO aHaj HM3a IOKa3aly,
9TO 7 TONYYEHHBIX IOCIECIOBATEIEHOCTEH BXOMIAT B JIBE
pasuble noarpynmnsl: 11 u III. M3omater NSO1 u NSO2
CTPYNIHUPOBAINCH B ONHY KIJIAAy C €BPONEHCKUMH H30-
nsitamu u3 Xopearuu — B2532014/14/CRO (KY660261),
Urammu — 48036/MA/2018 (OMS860285), Iserun —
HPIG-SLU-620-Lovsta 2016 (MG947594), otHOCH-
mumuca k noarpynne II. HykneoruaHoe cxomctBo
n3onsToB NSO1 1 NSO2 ¢ XOpBaTCKUM IITaMMOM CO-
craBuio 99,09%, co mBeackum — 98,44%, a ¢ uTanbsH-
cknM — 98,31%. B mocnegoBarensHOCTH TeHA G M30IISITOB
NSO1 u NSO2 oOHapyXeHbl HYKJICOTHAHBIE MYTaIlH
OTHOCHTENIFHO APYTHX TpencTaBurenedl moarpynmsl 11,
MIPUBOSIIUE K PNy YHUKAIBHBIX aMHHOKHCIOTHBIX 3a-
MeH 4 (His—Arg), 55 (Val—lle), 181 (Ala—Thr). Taxxe
y m3onara NSO2 mpucyTcTByeT 3ameHa 66 (Asn—Lys)
(puc. 2).

OtnenbHylo knaay oOpasoBamu usonsat K18, BbI-
JISNIEHHBI OT JKMBOTHBIX, 3aBe3eHHBIX M3 KaHanel,
a Ttakke oOpasnel BakimH FPSLSHB (Bakmuna bo-
Bu-llwnn Tonx) u FPSLS (Bakmuna Katamactep [omm)
u mramMm 375 (L10925), Bxoasimuii B cOCTaB pa3HbIX
BakMH. HyKJIeOTHIHOE CXOACTBO MEXAYy H30JIATa-
mu K18, FPSLSHB u FP5L5 cocraBuno 100%, a co
mrammoM 375 — 98%. HykneotunHele MyTaluu Hpu-
BEIM K aMHUHOKHCJIOTHBIM 3aMEHaM OTHOCHTEIHHO 3Ta-
mouHoro mramMa 375: 13 (Gly—Leu), 19 (Pro—A-
la), 41 (Thr—Lys), 66 (Lys—Asn), 67 (Ser—A-
la), 139 (Ala—Thr), 171 (Glu—Val), 213 (Arg—Lys).
JlaHHbBIe IpeaCTaBICHEI HA PHC. 2.

Wsonarer Alt3 u Alt4, BoigeneHHbIE HAaMU B AJITaii-
CKOM Kpae, Obuti oTHeceHsl K monarpyme 111, Hanbomee
ONMM3KUMU K alTaliCKUM H30JITaM OKa3ajnch KUTai-
ckue mrammbel BO/SWUN-5/22/CH (OP137034), YAK/
SWUN-1/21/CH (OP609672) u aMepUKaHCKHIA H30JIST
ANDA (OM372493), HyKIE€OTHAHOE CXOACTBO KOTOPBIX
cocraBuiio 98,73-97,34%. Kpome Toro, OTAEIBHBIMU CO-
CEIHMMHU BETKAMU B 3TOH KJIJe BBIICISIOTCS aMEpUKaH-
ckuii mrramm USI/ST (KU159366) u xuTaiickuii mramm
DQ (MT861050). B mnocnemnoBaTelnbHOCTIX H30J5Ta
Alt3 Opum OOHapyXeHBl yHHKaJIbHBIE 3aMEHBI OCTaT-
koB 39 (Val-Gly) u 42 (Ala—Asp). OTHOCHTENTHHO
npyrux mrammoB BRSV y uzonsatos Alt3 u Alt4 o6Hapy-
KeHa aMuHOKncioTHas 3ameHa 116 (Thr—lle). lanubie
MIPeACTaBJIEHBI Ha PUC. 2.

Oocy:xaeHue

Hamwu mccnenoBansl 00pasubl U3 8 pernoHOB Ypalib-
ckoro, Cubupckoro @O PP n Pecnybnmkm Kazaxcram,
O0TOOpaHHBIE OT )KUBOTHBIX M3 XO35CTB C PA3IMIHBIM TH-
TIOM BeJIEHHsI J)KHUBOTHOBOZICTBA IIPH MAaCCOBBIX BCIIBIIIIKAX
OCTpBIX peCIMpaTOPHBIX 3a0oneBaHmil. B yacTs U3 aTHX
PETHOHOB OCYLIECTBIISUICS 3aBO3 BBICOKOIPOAYKTHBHBIX
KHUBOTHBIX M3 cTpaH EBpombsr u CeBepHOHl AMepuKy,
HO OorpIast yacTh Mpoob ObLIA TTONTydeHa OT a0OpUTeHHO-
o CKoTa. Pe3ynbrarsl HccieoBaHus IOKa3alIl, YTO K UH-
(UIMPOBAHHUIO BHPYCOM BOCIIPHMMYHBEI BCE ITOJIOBO3-
pacTHBIE KaTeTOPHUH KPYITHOTO POTAToOro CKOTa. YdacTre
peCIMpaTOPHO-CHHIIUTHAIIBHOIO BHUpPYCa B 3THOJIOTUU
MaCCOBBIX PECIMPATOPHBIX OoJie3Hel OBLIO MOATBEpIK-
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neHo B 20 u 14,3% cinydaeB y kopoB u Hetenel, B 3,05%
CJy4aeB y TelsT B Bo3pacte 70 1 mec u B 6,7% ciyyaeB
y TeJAT B Bo3pacte 1—6 mec.

B pesynbrare pa®oThl OBUTH BBIIENEHBI 5 H30JATOB
BHPYCa, KOTOPHIC HCIONB30BaIN ISl CEKBEHUPOBAHUS
MOJIHOM HYKJICOTUIHOM MOCIEA0BATENBHOCTH T'€HA INIH-
kornpoTenHa G.

Mzomarer NSO1, NSO2 Obun BeisiBiIeHBI B 2018 T
B OpTraHax peclUpaToOpHOTO TPaKTa TENAT ¢ MPU3HAKAMU
OCTPOTO PECIUpPaTOpHOTO 3a00JNEeBaHMsI B JBYX XO35M-
ctBax HoBocuOupckoit 001acT ¥ OTHECEHBI HAMH K ITOJI-
rpynne II mrammoB BRSV, koropyro mpeacraBisior
pedepeHTHBIE MTaMMbI, OOHapy>KEeHHbIe, B YaCTHOCTH,
B lIBeruu (MG947594) u Jlanun BO BpeMs BCIIBIIICK
pecniupaTopHbIX OonesHeil, a Takxe B llIBenuu m Hop-
Beruu B 2010-2011 rr, compoBOXKIABIIUXCS BBICOKOH
3a00JIeBAEMOCTBI0 W JIETAIbHOCTBIO JKUBOTHBIX [24].
Crona ke OTHOCUTCSI BBHICOKOBUPYJICHTHBIN UTaTbIHCKUI
mramMm 48036/MA/2018, BBI3BaBIIHIA BCIBIIIKY 00JIE3HU
B HECBAKIIMHUPOBAHHOM CTajie >XKUBOTHBIX. IlITamm OBIT
ACCOLIMUPOBAH C TOKEIBIM TEUEHHEM PECHUPATOPHOI
WH(EKINH, YTO TMPHUBEIO K 3HAYUTEIHHOMY SKOHOMHYE-
ckoMy ymepOy. DKCTpeHHas WMMYHH3AIHs XKHUBOTHBIX
JKUBOM BaKLMHOW, BBOAMMOM MHTpaHa3ajIbHO, K yCIEXY
He npuBena [21]. Hammu u30aThl Takyke OBLTH BBISBICHBI
y JKHBOTHBIX, KOTOpPBIC HE TOABEPraINCh UMMYHHU3AINN
rpotuB AanHoi BRSV-undexrmm.

K otnenbHOI Ki1azie Mbl OTHECTH BHICOKOBUPYICHTHBIH
n3onsiT K18, BeImeneHHsli OT OONBHBIX HETENEH, 3aBe-
3eHHBIX 13 KaHaqpl, mpu BCIIBIIIKE MACCOBOTO peCIupa-
TOPHOTO 3200JIEBaHMUS MOCIIE CMEUIHBAHUS UX C MECTHBIM
ckoToM. Bembimika 6051e3HI XapaKTepru30Baiach BEICOKH-
MU IIOKa3aTeNsIMU 3a00JI€BAEMOCTH U JICTATBHOCTH JKH-
BOTHBIX BceX Bo3pacToB. [1o nanneiM J. Valarcher u coaBr.
(2000), R. Leme u coast. (2020), S. Jia u coast. (2021)
mramM 375 Lehmkuhl u ero arrenyupoBaHHble BapuaH-
T6I 375.1 1 375.2, BXOAAIIKME B COCTAB MCITOB30BAaHHBIX
HaMU BakLUH, oTHOcsTCs K noarpynmne I11[14, 18,25]. Ha-
IIU Pe3yJbTaThl HE COMTACYIOTCS C ATUMHU YTBEPKIACHHUS-
MU, TaK KaK yIOMSHYTbI€ BaKIIMHHBIEC IITAMMBI U U30JIST
K18 pacnpenenunuch B OTAENbHYIO KJIagy U 3HAUUTEIIb-
HO oTan4arorcs oT mrammos noArpymn 11 u I, Bo3mox-
HO, 3TO CBSI3aHO C HYKJIEOTUIHBIMU MYTAIUsIMU, KOTOPbIE
MPUBENTM K aMHHOKHCJIOTHBIM 3aMEHaM OTHOCHTEIIEHO
stanonHoro mramma 375: 13 (Gly—Leu), 19 (Pro—Ala),
41 (Thr—Lys), 66 (Lys—Asn), 67 (Ser—Ala),
139 (Ala—Thr), 171 (Glu—Val), 213 (Arg—Lys).

B psme nayuHbIX myOnukanui cooOmiamm o MIMPO-
KOM paclpOCTPaHEHUM IITAMMOB, OTHOCSALIUXCS K IMOJ-
rpynne III, B Amepuke, Typuuu, bpazunuu u Kurae
[4, 22, 25, 31]. LlItamm USII/S1 cBA3BIBAIOT CO BCTIBIII-
KaMH peCIUpaTOPHbIX 3abosieBanuii B Amepuke B 2015 1,
KOTOpBIC TIPHHECITN OTPOMHEBIC 3KOHOMHYECKHE MOTEPH
>KUBOTHOBOACTBY [4]. Taxke Ipu BCHBIIIKE OCTPOTO pe-
CIMPATOPHOTO 3a00JIEBaHUsI CPEIH TENAT Ha KUTAHCKUX
(dhepmax B oOpasiax JIErOYHOW TKaHW OBLI OOHApPYKEH
mramm DQ, otHocsmuiics k moarpymme 11 [26]. [Tocie-
JIOBAaTEIILHOCTH, Komupytomme 6enok G m3onaro Alt3
u Alt4 mmHoi 789 1m.H., kogupoBamu 263 aMHHOKHCIIO-
THI, YTO XapaKTEPHO AJISl BCEX MPEIACTABUTENCH MOATPYTI-
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Puc. 2. MHOXECTBCHHOE BBIPABHUBAHNE aMUHOKHUCIIOTHBIX MOCIenoBaTenbHoCcTel G-0enka mexay uzonsramu NSO1, NSO2, Alt3, Alt4,
K18, FPSLSHB, FPSLS u stanonasivu mramMamu BRSV, omy6nukosanasivu B GenBank.

Fig. 2. Multiple alignment of G protein amino acid sequences of isolates NSO1, NSO2, Alt3, Alt4, K18, FPSL5HB, FP5SL5 and BRSV
reference strains deposited in GenBank.
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el 1I1. 3aMeHbl aMUHOKHCIIOT OTHOCUTENBHO 3TaNTOHHO-
ro amepukanckoro mramma USII/S1 (KU159366) Obutn
UICHTUYHBl MYTaIMsIM, OOHApPY>KEHHBIM Y KHTAWCKHX
uzoisaToB (OM372493, OP137034, OP609672).

AHTUTEHHBIE Bapualii B OCHOBHOM IOBEPXHOCTHOM
DIMKONpOTenHEe Oeika TNpuKperuieHnss G MOTyT HMETh
Ba)XKHBIE TIOCIEACTBHS B AMU300TOJIOTMU M MAaTOreHE3e
BRSV-undexmmii [34]. UccnemoBanus mokas3aiii, 9T0 aMH-
HOKHCIIOTHBIE OcTaTku 158—189 mpencTapisioT eHTpatb-
HYIO0 KOHCepBaTUBHYIO obnacth Oenka G BRSV, a ocrar-
kn 174-187 neHTpanbHON KOHCEpPBAaTUBHOM 00MAcTH sIB-
JSIOTCS. UIMMYHONOMHHAHTHBIMU [19, 23]. YHuKanbHas
aMUHOKHUCIIOTHas 3aMeHa y n3051s1ToB NSO1 1 NSO2 B uMm-
MyHonomuHaHTHOU obOmactu 181 (Ala—Thr) ormeuena
TOJBKO y BBICOKOBHpYJeHTHOro mramma DQ (MT861050),
OIIHAaKO OHU OTHOCATCS K pa3HbIM nmoArpymnmam. Ilo gan-
ueiM J.P. Langedijk u coasr. [35], Ala, | sBsieTcs BaHOM
AMUHOKHCIIOTOU JIJISI CBSI3BIBAHMSI AHTUTEI, TIOATOMY BITH-
SITHUE 3TOM aMHUHOKHCJIOTHONH MyTalli HAa aHTUTE€HHOCTh
6enka G Hy)XIaeTcs B JalbHEHIIIeM U3yYCHUH.

Bce m3omaTer Bupyca, HCIONB30BaHHBIE HAMU B HCTOSI-
mieil pabore, OBUTH BBIZIETIEHBI OT OOJBHBIX JKUBOTHBIX
C KIMHUYECKHMH NPU3HAKAMH OCTPBIX PECIHPATOPHBIX
3a0oneBaHUN. Y OONBHBIX KHMBOTHBIX MPU KIMHUYIECKOM
OCMOTpE HaOIONaN MpPU3HAKUA OCTPOH (opMbI HHDEK-
[IUH: YTHETEHHE, OTKa3 OT KOPMa, TIOBBIIICHHE TEMITEpaTy-
PHI TEJa, YYaIIeHHOE JbIXaHue OPIOIIHOTO THIIA C OTKPHI-
THIM PTOM U BBICYHYTBIM SI3BIKOM, OITYLICHHBIE BHU3 IlIes
Y TOJIOBA, BEIJICIICHUE OOITHLHOM CITFOHBI M3 POTOBOM ITOJIO-
ctu. [Ipu maronoroaHaTOMHUYECKOM BCKPBITHH Y HHUX pe-
THCTPUPOBAIIN HHTEPCTUIIHATBHYIO, JISTOYHYIO SM(pH3EMY,
a B HEKOTOPBIX CIIy4asX pa3pylIeHHe MapeHXIMBI JIETKOTO.

3akiouenue

[Momymsmus cubupckux m301ToB BHpyca BRSV mpen-
CTaBlE€HA JByMsl MOATPYNIAMUA M OJHOM HE3aBHCUMON
kiafoil. IlomyuyeHHBle AaHHBIE MOKAa3bIBAIOT, YTO IOJ-
HBIM aHalIu3 HyKJICOTUIHON IOCIEN0BaTEIbHOCTU I'€HA
G sBnsercd MOJE3HBIM HHCTPYMEHTOM JUIS H3y4YeHHS
MOJIEKYJISIPHON 3MTN300TOJIOTHH PECITUPATOPHO-CUHIIUTH-
aNbHON MH(EKIUN KPYIHOTO poraroro ckora. Mccmeno-
BaHMS 110 MOJIEKYSIPHON 3MHM300TOJIOTHH ATOTO BHpyca
B KOHKPETHOM DPErHMOHE MOXKHO HCIIOIb30BaTh C IIEIBIO
ONITUMH3ALMH 1 BEIOOPA CTPATETHH KOHTPOIBHBIX MEpO-
MPUATHI Ha PETHOHAJIBHOM YPOBHE U PEIeHHs BOMPO-
ca O MPUMCHEHHU BAaKIUH. JTO OCOOEHHO BaXXKHO IIPU
peanu3ay MMporpaMM BaKIWHAIWK XMBOTHBIX, KOTHA
TeHEeTHYECKHE THUIIBI BAaKIMHHBIX IITAMMOB HE COBINAja-
10T C TUMAaMH, OUPKYJIUPYIOIUMH CPENU KHUBOTHBIX Ha
KOHKpeTHOM Tepputopuu. [lodmyueHHas B XoAe TaKHX
HcceoBaHuil HHQOpPMALUA MOXKET ObITH MOJIE3HOH IpU
U3YyUYEHHU MOJIEKYIISIPHOM 3MN300TOJIOTUH BUPYCOB, pa3-
paboTke Ooyee TOYHBIX OUATHOCTHYECKUX TECTOB, d(h-
(eKTHBHBIX BAaKLIMH W MPOrpaMM KOHTPOJIS MH(EKIHU.
HesnauntenbHOe KONMMYECTBO H30JSATOB, UCIOJIB30BaH-
HBIX B paboTe, CBA3aHO C OMOJIOTHYECKHMH OCOOEHHO-
CTSIMHU BUPYCa: KOPOTKHM «TPaH3UTHBINY» IEPUOL, HAXOXK-
JICHUA B OpraHax PEeCIHPATOPHOIO TPAaKTa >KUBOTHBIX,
HU3KHE KOHIEHTPAIMU B TKAHIX PECHHUPATOPHOTO TPaK-
Ta, TPYAHOCTH KyISTHBUPOBAaHHA B KJIIETOUHBIX CHCTEMax

&4

u T.1. OJJHaKO TIOJTyYeHHas B X0JIe MccileJOBaHMi HH(Op-
Malys ¢ UCTIOIb30BaHUEM 7 M30JIATOB BHUpyCa JIaeT Ipe-
CTaBJICHHS O reTeporeHHoCcTH nomyssiunu BRSV Ha Tep-
putopun Cnubupu u Pecniyonuku Kazaxcran. Panee Hamu
OBUIO HM3YyYEHO paclpoCTpaHEHHE pPEeCHUpPaTOpHO-CHH-
LUTHATIBHON MH(EKIUN Ha MOJIOYHBIX KOMIUIEKCAX ITHX
peruoHoB [36], pa3paboTaHbl pa3nuuHble BapuaHThl [P
JUTS BBISIBJICHWS W THITUPOBAHUS BO30OYIUTENS B MPOOax
OpraHoB OT >XUBOTHHIX [37, 38]. D10 mepBoe uccneno-
BaHHUE M0 ONPEAETICHUIO MOIMHON HYKJICOTUIHON mocie-
JIOBaTeIbHOCTH TeHa G pecnupaTopHO-CHHIIUTHAIEHOTO
BHpYCa KpYIHOro poraroro ckora B Poccuu. Uccnenosa-
HUSI B 9TOM HalpaBJIeHU! OyIyT IPOAOIIKEHBL.
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Mouyemy XXI BeK MoOXeT cTaTb «BEKOM NaHgeMUN» ?
Bonpoc ansa auckyccuu
Epwos ¢.U.

OIrBY «HaumoHanbHbIA nccnenoBaTenbCKUin LEHTP SNMAEMUONOrMKA U MUKPOBUONOTMM UMEHW NMOYETHOTO akagemuka
H.®. Namanen» Munagpasa Poccun, 123098, r. Mockea, Poccus

Pe3tome

B nepsble 20 net HacTynuBLuero XXI Beka NnpakTnyeckn exxeroqHo permcTpupoBanuch BCMbILLKWA BUPYCHBIX MHAEK-
uui. CtaHoBUTCA BCe Bonee ACHbLIM, YTO ANMOAEMUN CMEPTOHOCHbIX 3abonesaHuin ByayT BO3HWKATbL U BNpedb, 40
Tex Mnop, NoKa 4YeroBe4eCTBO He M3MEHUT CBOEr0 Pa3pyLLUMTENbHOrO OTHOLEHWs K npupoge. BosHukaeT Bonpoc
Onst AMCKYCCUM — JOCTaTOMHO MM CyLLECTBYHIOLLEro apceHana npoTMBOBUPYCHBIX CPedcTB, YTOObI MPOTUBOCTOSATL
CNoXwuBLLENCA HeBnaronpnaTHOWM coumanbHO-9KOHOMUYECKON CUTyaummn B Mupe?

KnioueBble cnoBa: naHOemus; 8UpYCHbIe UHGPEKUUU; 8038palarouuecs aupychbl
Onsa untupoBaHusa: Epwos ®.U. Moyemy XXI BEk MOXET cTaTb «BEKOM MaHgemun»? Bonpoc ans amckyccuun.
2024; 69(1): 88-91. DOI: https://doi.org/10.36233/0507-4088-227 EDN: https://elibrary.ru/fhapwc

®duHaHcuMpoBaHue. ABTOP 3asiBNsAET 00 OTCYTCTBUM BHELUHENO (hMHAHCUPOBaHWS NPy NPOBEAEHNU UCCMefoBaHUS.
KoHdbnukT nHtepecoB. ABTOp AeKnapupyeT OTCYTCTBME ABHbIX U NMOTEHUManbHbIX KOH(IIMKTOB MHTEPECOB, CBA3aHHbIX
¢ nybnukaumel HacTosILLen cTaTbu.
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Why may the 21st century become the «century of pandemics»?
A question for discussion

Felix I. Ershov
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the Ministry of Health of Russia, 123098, Moscow, Russia

Abstract

In the first 20 years of the 21t century, almost annual outbreaks of viral infections were recorded. It is becoming
increasingly clear that until humanity changes its destructive attitude towards nature, epidemics of deadly diseases
will continue to occur. A question arises for discussion: is the existing arsenal of antiviral agents sufficient to
withstand the current unfavorable socio-economic situation in the world?
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B nepseie 20 ner Hactynusmiero XXI B. mpakTHuecKu * 2001 . — OTKpPBITBI METAITHEBMOBHUPYCHI, KOTOPHIE
©)KErofJHO PETUCTPUPOBAIINCH BCIBIIIKA BHUPYCHBIX HH- BBI3BIBAJIN TSKENbIE TIOPAXKEHUS IBIXATEIbHBIX ITy-
¢exuuii. Cpenu Bo3OyauTenel ObUIM Kak HOBBIE, paHee Teil (OPOHXUTHI ¥ THEBMOHHH) Y AETEH U B3POCIBIX;
HEW3BECTHBIE BUPYCHI, TAK U CTAPbIE 3HAKOMBIE, KOTOPBIX * 2002 r. — B ['oHKOHTE y JeTell Hayayiach BCIIBIIIKA
CTaJIi Ha3BaTh «BO3BpalLaroImyecs BUpycel» [1]. XpoHo- SARS (Tsoxenblif OCTpBI pecHUpPATOpPHBIA CHH-
JIOTUS 3TUX MH(EKLUH TaKoBa: IpOM), BbI3BaHHAast KOpOHaBUpPYycoM. boresHs ObIcTpo
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pacrpoctpanuiach Ha 37 crpaH W Oblla Ha3BaHa
aTnnuYHON mHeBMoHMeH. Torga 3abomenn 8422 de-
JIOBEKA, U3 KOTOPBIX ymepnu 916;

e 2005 . — OOKaBUPYCHI BBI3BATH y JCTCH TKEIYIO
pecnHpaTopHyI0 HHEKIHIO;

* 2009 1. — 0OBsIBIICHA TAHEMUS «CBUHOTOY» TPHIIIIA;

* 2012 r. — B CaynoBckoit ApaBuu OBbLI BBIJICICH HO-
BbIl kopoHaBupyc MERS-CoV, sBmustommuiics npu-
YUHOM TKENBIX PECHUpPATOPHBIX 3a0osieBaHUI
(cmeprHOCTB octurana 50%);

* 2014 . — B I'BuHee u psame Apyrux crpaH Adpuxu
BCIIBIXHYJIA TeMOpparnieckas JIMXopajika BUpyca J0ora;

e 2016 1. — 3aperucTpUpOBHA BCIBIIIKA reMOpparnye-
CKOM JTUXOPAaJIKH, BbI3BaHHAS! BUPYCOM 3HUKa;

* 2018 . — B CIIA 3aperucTpupoBaHa BCIBIIIKA
OPBU, BbI3BaHHAs aJICHOBUPYCOM 7-TO THIIA;

* 2019 r. — HoBBIl KOpoHaBUpYC SARS-CoV-2 BbI3BaN
I00aNbHYI0 TAaHAEMHUI0 HOBOH KOpOHABHPYCHOM
nHpeknuu, nonyuupied Hazsanue COVID-19, xo-
TOpasi TUPKYJAUPYET U CETOIHS.

OcHoBHOIl npu4nHOi yuyacTuBIIuxcs B XXI B. BHU-
PYCHBIX 3IHAEMHM M MaHAEMHI, IO MOEMY MHEHHUIO,
CIIelyeT CYMTaTh KaueCTBEHHBIH CKAauOK ITMBIIIN3ALINH,
0 KOTOpoM mucan Beinukuil ¢punocod Huxonait bepas-
eB: «Dpa NMBWIM3AIMH Hadaiach ¢ MoOETHOTO BXOXKIe-
HUS MaIlIFH B YEJIOBEYECKYIO KU3Hb. JKU3Hb epecTaeT
OBITH OPraHUYECKOH, TEPSAET CBA3b C PUTMOM IPUPOABI.
Mexay 4eJI0BEKOM H NMPHUPOAON CTAHOBHTCSH MCKYC-
CTBEHHasl cpela OpPYAMii, KOTOPHIMH OH MbITaeTcs
NOTYMHUTEL cefe mpupony. MammHa Hajaraer Ime-
yaTh CBOero o0pasa Ha AyX 4eJ0BeKa, HA Bce CTOPO-
HBI ero JesATeJbHOCTH. LlUBHIM3anus ecTh MoAMeHa
neJieif JKM3HM CPeACTBAMHU KM3HH!»

Kak nerxko 3aMeTHTh, YENOBEK, TOpPIO OOBSIBHBIIHIA
celsl «apeM TPHPOABD», CTal KpaiHe HeJalbHOBUIHO
BECTH ce0s MO0 OTHOIIEHHIO K OKPYKAIOUIMM I1apcTBaM
JKUBOTHBIX W pacTeHuil. OcBauBas MpUpPOLY, OH OJHO-
BpEMEHHO M HeoOpaTtumo yHuuTOXkaer ee. K Hambomee
CEpbEe3HBIM BHJI@aM HETaTHBHOTIO BO3AEHCTBHA HA OKpY-
JKAIOIIYIO CPEy OTHOCSITCS:

* pa3pylleHrne BEKaMH CIOXHBIINXCA IPHUPOIHBIX
COOOIIIECTB paclaiikoi 3eMenb Ul BBIPALIMBAHUSL
MUIIEBBIX U KOPMOBBIX PACTEHUH, BBINACOM CKOTA,
BBIPYOKOH JIECOB, CTPOUTETHCTBOM HOBBIX T'OPOJIOB,
COOpY’KEHHEM BOJOXPAHUIIHII U OCYyIIIEHHEM 00JI0T;

* BBIOPOCHI B aTMOC(EpHBI BO3AYX 3arpsA3HIIONINX
BEIECTB, COPOCHI 3arpA3HAIONINX BEIIECTB B TI0-
BEPXHOCTHBIE U MOA3EMHBIE BOJHbIE OOBEKTHI, 3a-
IpsI3HEHUE NIOYB XPAHEHHEM U 3aXOPOHEHUEM OT-
XOJIOB;

* Pa3BUTHE COBPEMEHHOI'O TPAHCIIOPTa, MPHUBOJSILEE
K OBICTpPOMY MIEpeHOCY BHPYCOB Ha OOJIBIIIHE PACCTO-
STHUS 32 KOPOTKHE MTPOMEKYTKH BPEMEHH;

* HEyKJIOHHO pacTylias ypOaHU3aIis 1 BO3HUKHOBE-
HUE METaoiMCOB, Beyllee K CKyUeHHOCTH Hacele-
HUS, YTO CO37aeT WIealbHbIe yCIOBUS JUIA PacIpo-
CTpaHEHUs OMAacHBIX BHPYCOB;

* MPOJOJIKAIOLIEeeCs NePEeHACENICHUE ITAHEThL, TIPHUBO-
Jsiiiee K MacCOBOM MUTpalMU HaceJeHus u3 ciaabo-
Pa3BUTBIX CTPaH B CTPaHbI 3anafHoi EBpomnsl.

AONCKYCCHA

OTH W JIpyrue TOMBITKH YeJIOBeKa MOMYHMHHUTH cede
OKPY’KaIOIIYI0 CPEAy €CTECTBEHHO BHI3BIBAIOT OTBETHYIO
peakuuio npupoasl. B «pykax» mpuponbl UMEHHO BHPY-
CBI OKa3aJIUCh YIOOHBIM HHCTPYMEHTOM HPOBEPKH YeJI0-
BEYECTBA HA COONIOIAEHHE CIIOKHUBIINXCA MHOIOBEKOBBIX
IIPAaBUJI B3aMMOOTHOILIEHUI MUKPO- U MaKpomupa. Bpems
MO0Ka3alio, 4YTo, KOTJia 3TH MpaBujia HAPYIIaOTCs, BUPYCHI
«TIOKa3bIBaroOT 3y0ob». Tak, B HacTynuBmeM X XI B. BUpy-
CBI OCTOSTHHO C ITOMOIIBIO OMACHBIX SIMAEMHI JTOKa3bI-
BaIOT HaM, KTO B JOME, HA3bIBAEMOM 3eMJIsI, HACTOSIINI
x03suH. CTaHOBUTCS Bce 0oJiee SICHBIM, YTO JIO TEX IOP,
MOKa YEJIOBEYECTBO HE HM3MEHUT CBOETO Pa3pyLIUTEINb-
HOTO OTHOIIICHUS K MPUPOJE, SMUIEMUNU CMEPTOHOCHBIX
3a0oneBaHMid OyyT BO3HUKATE [2].

Benymue BUPYCONOTH W 3MHAEMHONOTH MHUpa IIpe-
nynpexzaatotr, yto nanaemuss COVID-19 moxeT oka-
3aThCs BCETO JIMINb OJHHUM J3IH30]I0M B IIEJNIOH Cepuu
MacCCOBBIX BCIIBIIIEK BUPYCHBIX 3a00JI€BaHUM, KOTOPHIE
OyIyT TPOUCXOIUTH Bee yare. Tak, nupekrop Hamwmo-
HapHOTO MHCTHTYTa 370poBbs (NIY) CILA 3OuTOHHM
Qayun yrtBepxkaaer, uro: «COVID-19, BeiaBneHHBIH
B KoHIIe 2019 1., ABIS€TCS JUIIB MOCISTHUM MPUMEPOM
HEOXKUJJAHHOTO, HOBOTO W Pa3pyIIMTEIHLHOTO ITaHIEMHU-
yecKoro 3aboyeBanus. M3 3Toro HeJaBHETO OIBITA MOXK-
HO CJIeJIaTh BBIBOJ, YTO Mbl BCTYIIUJIU B 3Py MaHIAEMU.

[MapamrensHO ¢ OYpHBIM pa3BUTHEM ITUBHIIH3A-
uuy, B npomenmeM XX B. HayKa co3jaja psl BaKUUH
1 3¢ (HEKTUBHBIX TPOTHBOBUPYCHBIX MPEMapaToB MPOTHB
TpUIIa, TepIeca, BUPYCHBIX TeIaTUTOB, KOPH, KPACHYXH,
napoTuTa, noauomuenura, 26oisr, COVID-19 u apyrux
TPO3HBIX BUPYCHBIX HH(EKITHA, TOJIT KOTOPBIX COCTABIIA-
eT 75% Bcex MHPEKIMOHHBIX 3a00JICBaHMA B MUpPE. YKa-
3aHHBIE Tperaparhl B HACTOSIEE BPEMs CIACaIOT eXe-
TOIHO JIECATKY MIJIJTMOHOB XKU3HEH [3].

BosHukaeT Bompoc ISl AUCKYCCHH — JOCTaTOYHO JIN
CYIIECTBYIOIIETO apceHala MPOTUBOBUPYCHBIX CPEICTB,
YTOOBI MPOTUBOCTOATH CIIOXKUBIICHCS HEOIAronMpHUATHON
COLIMAJIbHO-?)KOHOMUYECKON CUTyalluu B MUpe?
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HEKPOJ10TUA

HEKPOJIOT'

Namatun bopuca CasenbeBuya Hapoguukoro

]

(20 ceHTA0psa 1941 r. — 10 auBapsa 2024 r.)

He cranmo bopuca CasenbeBuua Haponuiikoro.
OH ymrexn nocie TsoKenol 60se3Hn Ha 83-M roay JKHU3HH.
I'maBHBIM Hay4yHBI COTPYIHUK, 3aBEAYIOIIUA OTIEIOM
TCHETUKH M MOJICKYJIsIpHOM Owoyiorun Oaktepuit Harm-
OHAJIBHOTO MCCJIE0BATENbCKOTO LEHTPa 3MUIEMHONO-
THH ¥ MHUKPOOHMOJIIOTHHM WMEHH TIOYETHOTO aKaJeMHUKa
H.®. I'amanen MunzapaBa Poccun, 3amecturens Au-
pexTopa Mo HaydHOW pabore WHCTHTyTa BHpYCOJIOTHH
nMm. JI.W. VBaHOBCKOTO, JOKTOp OHMONIOTMYECKHX HayK,
npodeccop, naypear npemuu Cosera MunnctpoB CCCP.

B Tenerpamme cobone3HoBaHMs, HalpaBieHHOW Mu-
HUCTPOM 31paBooxpaHeHus: Pocculickoii ®enepanuu
M.A. Mypamko, bopuc CapenbeBuu Hapoaunkuii Ha-
3BaH YEJIOBEKOM, BCSl JKU3Hb U TPYJAOBas AEATEIbHOCTh
KOTOpPOTO OBLIM IMPUMEPOM BBICOKOTO MPOdecCHoHATN3-
Ma ¥ BEpHOCTU MEIUIIMHCKON HayKe.

C umeneM bopuca CapenbeBrUYa CBsI3aHBI IEPBBIC
B Poccum uccienoBanust mo CO3JaHUIO U UCIONb30Ba-
HUIO a/ICHOBUPYCHBIX BEKTOPOB B LIEJISIX TEHHOM Tepanuu
1 pa3pabOTKM BAaKIWHHBIX MpenaparoB. BeHmom »Tux
MHOTOJIETHUX HCCIEJOBAHUN CTaJO CO3JaHUE MOJ €ro
PYKOBOJACTBOM YHUBEPCAJIbHOM TEXHOJIOTMYECKOW IJIaT-
(hopMBI peKOMOMHAHTHBIX a/IECHOBUPYCHBIX BEKTOPOB, pe-
aNM30BaHHOW B pa3pabOTKe Ha ee OCHOBE BAKIIMHBI MPO-
TUB TeMOpparuueckoi muxopanku J001a U nepBoi B MU-
p€ BaKIIMHEI TPOTHB HOBOW KOPOHABUPYCHOHN MHGMEKIINU
«CryTHHK V».

bnarogaps nuonepckum uccienoBanusm b.C. Hapo-
JUIKOTO OBUTH OTpabOTaHBI TEXHOJOTUH HAIpaBIEHHON
MOJM(HUKAIINH BUPYCHBIX BEKTOPOB, ITO3BOJISIONIEH 0Cy-
HIECTBIIATh TKAaHECTICIU(PUUESCKYIO JIOCTaBKY U KCIIpec-
CHIO TeHEeTHYeCKoH MH(opMannu B KieTkax. Pe3ynbsraTe
chopMupoBaIH OCHOBY I pa3pabOTKU HMPHUHITUIIHAIE-
HO HOBBIX BaKIIMH IPOTHB T'pHUIINa, OelleHCTBa, CHOUp-
CKOH 513BBI, TyOepKyie3a, CpeACTB Ha OCHOBE MHHHU-aH-
TUTEI ISl TACCHBHOM MMMYyHH3AIMH TIPOTHB BHPYCHBIX
U OakTepHaTbHBIX UH(EKINH, MpernapaToB Ui JICUCHUS
OOKOBOTO aMHOTPO(PHUIECKOTO CKIEpPO3a, XPOHHMUYECKOH
HMIIEMUH HWKHHUX KOHEYHOCTEH, TOKCHYECKHX COCTOSI-
HUH, BBI3BIBAEMBIX XUMHOTepanueid. MHOroYHCICHHbBIE
pEIIeHns Y4eHOTO B OONAacTH CO3MaHUS BEKTOPHBIX CH-

CTeM JOCTaBKM IeHETHYECKOH MH(OpMAalnu CIyXkaT ce-
ronHs (QyHZaMEHTOM TEXHOJOTHHU MOIHOMACIITA0HOTO
(hapMaIneBTHYECKOTO MPOU3BOACTBA, HAIPABICHHOTO Ha
BBIITYCK HOBBIX MMMYHOOHOJIOTHYECKUX MTPENapaTroB, KO-
TOpHIC, KaK, HAPUMEP, BaKIIMHEI IIPOTUB 00OIIOUCUHBIX
PHK-conep>kamux BUpPyCOB, MOTYT CO3[aBaThCsl B Kpat-
YyalIe CpoKu.

bopuc CasenseBnd pommica 20 centsOps 1941 r
B CBepasioBcke, B 1963 1. okoHuni MoCKOBCKHit Tocynap-
CTBEHHBIN Nenarornyeckuii MHCTUTYT uM. B.M. Jlennna
10 CIENHAILHOCTH «OHOJIOTHS B XUMHUA», B 1969 1. mox
pykoBoactBoM npodeccopa T.M. Tuxonenko B MHCTH-
TyTe Bupyconoruu uM. .M. Msanosckoro AMH CCCP
3aIUTUI KaHOUIATCKYI0 auccepranuio, B 1989 r. emy
MPUCYKJCHA Y4€Has CTENEeHb NOKTOpa OHMOJIOTHYECKHX
HayK, B 1994 r. mpucBOeHO y4eHOE 3BaHuE Ipodeccopa.

TpynoBoii n TBopdeckuii myTh bopuca CapenbeBnua
BKITIOYQJI MHOTHE Tofibl pabotel B MHCTUTYTE BHpYCO-
smorun uMm. J[.U. MBanosckoro AMH CCCP u BHUUN
CENILCKOXO3STMCTBEHHOM Omorexnonornd. B Harmwo-
HaJIbHOM HCCIIEOBATEIBLCKOM IEHTPE SIUAESMHUOIOTHU
W MUKPOOWOJIOTHM WMEHH T[OYEeTHOTO aKaJeMHKa
H.®. I'amanen Munsnpasa Poccun on paboran ¢ 2002 r,
¢ 2004 mo 2017 1. GBIT 3aMeCTUTENIEM TUPEKTOpa IICH-
Tpa 1Mo Hay4HOW pabote. Jlo camoro mociemHero Bpe-
MEHH OCYIIECTBISUI HAyYHOE PYKOBOJCTBO OCHOBHBIMHU
HaIpaBJICHUSMH HCCIIEIOBAaHUI 1ab0paTopuii, HUCIONb-
3yIOIIUX B CBOeW paboTe aJeHOBUPYCHBIE BEKTOPHI.
Emy npunamiexur 6onee 200 HaydHBIX TPYIOB, BKIIO-
gast 2 MoHorpaduu, 15 aBTOPCKHX CBUACTEILCTB U 00-
nee 60 maTeHTOB Ha M300peTeHUs, 6 U3 KOTOPHIX BKIIIO-
gyeHsl B nepedan «100 mydmmx nzobperenuii Poccum»
u «10 ayummx mzobperenuit Poccum». PaboTel oTme-
yeHbl aurioMoM npemuu umenn H.®. Namanen PAMH
u npemueil «IIpusBanue».

3acnyru bopuca CasenbeBuua Hapoauikoro mepen
OTEUECTBEHHON MEJUIIMHCKOM HAayKOW U 3IpaBoOXpa-
HEeHHEeM oTMedeHbl opaeHoM [louera, memamsamu «3a
3acIyrd Mepel OTEYECTBEHHBIM 3paBOOXPAHCHUEM» U
«B mamste 850-netust MockBbly», [lodeTHON rpamoToit
Munzapasconpassutust Poccun, GmarogapHocTsio Mu-
HHCTpA 3ApaBooxpaHeHus Poccuiickoit @eaeparum.

Bymyun 1o npu3BaHUIO IeAaroroM ¥ HaCTaBHUKOM, OT-
TUYasCh TITyOOKUMH 3HAHHUSIMH, OOTAaTBIM OITBITOM U He-
COMHEHHBIMH JINZIEPCKUMU KauecTBamu, bopuc Casenbe-
BUY BOCITUTAJ TUICAAY TAJaHTIMBBIX MOJIOIBIX CIIEIHa-
JICTOB, KOTOPbIE CMOTYT JOCTOMHO MPOAOIKHTE JEI0
CBOETO BBIAAIONIETOCS YUUTEIIS.

Konnexmue Hayuonanvbnoeo ucciedo8amenbckoco
YEeHmpa 3MUOeMUOL0UY U MUKDOOUOTIO2UL UMEHU
nouemnozo akaoemuxa H @. I'amaneu,

peoaxyus scypuana « Bonpocwi supyconozuuy
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OBITUARY

Hukonan Omutpuesundy JlboB (1955-2024)

11 ¢eBpans 2024 r. CKOPOIIOCTHXHO B pe3yIbTaTe
OCTpPOH CEpIeYHOM HEAOCTAaTOUHOCTH CKOHYAJICS BUPY-
COJIOT, JTOKTOp MEAWIMHCKHX Hayk, nmpodeccop Huko-
nail Imutpuesud JIeBoB. H.Jl. JIbBOB ponuncsa 9 aBry-
cta 1955 1. B cempbe Bupycomnoros /I.K. JIeBoBa (Bnocnen-
ctBun akagemMuk PAH, ocHoBaTens HOBOrO Hay4dHOTO
HaIpaBiieHHs IO JKOJOTUH BUpycoB) n A.M. JIbBoBO#
(crerpanucTa 1Mo 0co00 OMacHbIM apOOBUpPYCaM, T0YEPH
OJTHOTO U3 OCHOBareje AKaJieMuUu MEAULUHCKUX HayK
CCCP u co3narens HarpaBiIeHUS 10 GU3NOIOTHH TIHIIE-
BapeHus akagemuka I.I1. Pazenkosa).

ITo cemeitnoii Tpanguuuu H.JI. JIbBOB mocTymuI Ha Jie-
qeOHBI QakynbTeT 1-To0 MOCKOBCKOTO MEIHUITMHCKOTO
opaeHa Jlennna unctutyTa (ceituac IlepBeiit MI'MYVY nm.
N.M. CeueHoBa), Tie Ha IPOTSKEHUH BCETO Kypca o0y-
YEeHUS CTIENATU3UPOBAJICS Ha Kadeape MUKPOOHOIOTHI
nof pyxoBozicTBoM npogeccopa 3.H. Kogemacosoii. I1o-
CJI€ YCIICIIHOTO OKOHYAHUS aCIIUPAHTYPHI U 3aLIUTHI KaH-
TUIATCKON JuccepTanun Ha TeMy «DopMupoBaHHe pe-
3UCTEHTHOCTH K PEMaHTaIMHy y BUPYCOB I'punma A u ee
MpeAoTBpallleHHe KOMOMHHUPOBAHHBIM HCIIOIB30BaHHEM
WHTUOUTOPOB», BEHIMOJHEHHYIO ITTOJI PyKOBOJICTBOM IIPO-
¢eccopa ['A. I'anerosa u mpodeccopa 3.H. Kouemaco-
Boit, H.JI. JIbBoB Obul mpuHAT B MHCTUTYT BHpYCOJIO-
run uM. J[.1. UBanosckoro AMH CCCP Ha gomxHOCTB
MIIQJIIIET0 HAy4YHOTO COTPYAHHKA, TI€ MpOLIeNT MyTh
JIO0 3aBeNyIoIIero aboparopuell reprnecBUPYCOB C cep-
TU(GUIMPOBAHHBIM KOHCYJIBTAaTUBHBIM KIMHHUKO-IHArHO-
CTHYECKUM LIEHTPOM [0 BUPYCHBIM MH(EKIUSAM, OpraHu-
3oBaHHyt0 B UncTuTyTe Bupyconoruu um. /[.1. IBanoB-
ckoro B 1993 . B maboparopun oTpabaTsBaINCh CXEMBI
JIEYEHHSI C MCIOJIH30BAaHHEM HOBBIX BBICOKOI((EKTHB-
HBIX IPOTUBOBUPYCHBIX IPENApaToB U MPOBOAUIICS MO-
HUTOPWHT KIMHAYECKHUX IITAMMOB BHUpyCa repreca u ux
PE3UCTEHTHOCTH K JIEKapCTBEHHBIM CPEICTBAM.
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H./. JIbBOB paboTan B TECHOM COTPYIHHYECTBE C KO-
pudessMi OTedeCTBEHHOH BHPYCOJOTHH TpodeccopamMu
JLJI. ®apeepoit, I'A. T'ameroBeiMm, akagemmkom PAH
®.U. EpmoseiM, ipodeccopom M.dD. bapurckum u ap.
['myGokne TeopeTHdecKre 3HaHUS W OOIIUpHAs TPaKTH-
ka mo3Boiwy H.J[. JIbBOBY moCTHYB OONBIINX YCIIEXOB
B pa3paboOTKe CXeM JICYCHUs TSKEIbIX 3a00JIeBaHUM, CBSI-
3aHHBIX C TepreTndeckoil nHpexnueld. OH MOoIb30BaICT
ABTOPUTETOM B HAYYHOI cpeqe U MMel OOIIUPHBIE CBSI3U
¢ 3apyOe)KHBIMH KOJIJIeraMH. B 4acTHOCTH, €ro BHICOKUH
poeCCHOHAIIN3M TTO3BOJIMI, KaK TOBOPST, «ITOCTaBUTh
Ha HOTW» OJHOTO U3 PYKOBOJUTEIEH COCEAHEro rocyaap-
CTBa, JIOJTO€ BpeMsi Oe3yCIEIIHO MPOXOIMBILIETO Jiede-
HHUE B JIpyTuX 3apyOeKHBIX KIMHWKaX. Pa3paboraHHbIE
npocdeccopom H./I. JIbBOBEIM TOAXOABI K JICUCHUIO H3-
JIOKEHBI B Psiic HAYYHBIX M3JaHUM, B TOM uncie B «Py-
KOBOJCTBE 10 Bupycosorum» (MockBa, W31aTeIbCTBO
MUA, 2013). On paccMaTpuBall T€pIIeCBUPYCHI KaK MaH-
TponHble, TuMQonpoardeparuBHble, HEHPONATOreHHbIE
areHThl, cCocoOHBIE OKa3bIBaTh CHCTEMHOE MMMYHOjIE-
IIPECCUBHOE JCHCTBHE HA MOPAKEHHBIA OpraHu3M U Ha
MPOTSDKEHUH JECATHIICTUI MONIEPKUBATH XPOHUIECKYIO
NEPCUCTEHIIMIO B OpPraHU3ME 4YEeJIOBEKa WM e MpoTe-
KaTh B JIATCHTHOW ()OpPME M BBHI3BIBATH MPH PEaKTUBAIIUN
BHpYycCa OypHYIO KIMHHYCCKYIO0 MaHU(PECTAII0 OOIe3HU
BIUTOTH JI0 Pa3BUTHS MEHWHTO3HIeQanuTa, KeparuTa, re-
MaTuTa, MaHKpeaTuTa, HEPEJKO C JIETAIbHBIM HCXOAOM.
DyHIaMEHTAIbHON pa3paboTke MPOTHBOTIEPIIETUYCCKUX
IpenaparoB M JWAarHOCTUYECKHX TECT-CHCTeM Oblia
nocesiiieHa Jokropckas aucceprauusa H.J[. JIbBoBa Ha
TeMy «Pa3paboTka JeueOHBIX MPOTHUBOTEPIETHUECKUX
[IpenaparoB M JUATHOCTHYECKUX TECT-CUCTEM», KOTO-
pyto oH ycnemHo 3amutua B 1992 r. H.JI. JIbBOB 3Mo-
[UOHAJBFHO TSDKEIO MHepexus peopraHuszanuio MHcru-
TyTa BUpyconoruu [I.JM. MIBaHOBCKOIO, IOCKOJIBKY 3TO
HEraTUBHO CKA3aJIOCh HA €r0 UCCIIEJOBATENIbCKON Jes-
TEJIBHOCTH IO MpodiieMe KIMHIUYECKUX Pa3sHOBUIHOCTEH
TepIecBUPYCOB M pa3HOo0Opasus GopMm reprecBUpyCHOM
MH(EKINH y JTofeil 1 Ha pa3paboTKe HOBBIX JEYEOHBIX,
npo(UIAKTHUECKUX U AUATHOCTUYECKUX TOIXOIOB IpHU
JTAaHHOU MH(EKITUH.

H.J. JIeBoB OBLT TIpejaH MEIWIIMHE M MEIUIIMHCKOM
Hayke. B o0meHun ¢ apy3psiMu OH ObUT HAJECKHBIM U J0-
OpOTIOPSAIOYHBIM YEJIOBEKOM, IIEHWJI JIPY>KECKHE OTHO-
LICHHS U HE U3MEHSUI UM B 3aBUCUMOCTH OT OKpYXaro-
el KOHBIOHKTYpBI. Bee, KoMy AOBENOCH COTPYIHUYATD,
o0marbes U ApyxuTh ¢ Hukonaem JIMuTpreBudem, Boc-
IPUHUMAIOT €r0 KOHYMHY KaK CEPbE3HYI0 MOTEPHO IS
OTEUYECTBEHHOU BHUPYCOJOTHH U MPUHOCST IIIyOOKUE CO-
00JIE3HOBAHUS €TO POIHBIM U ONH3KHM.

I-p meo. nayx, npogheccop I'A. Ianezos,

axademux PAH, 0-p meo. nayx, npogeccop @.U. Epuios,
un.-kopp. PAH, 0-p buon. nayx,

npogheccop O.11. XKupros
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NHPOPMALIUA

MNnaH 3acepaHun
CeKuum Bupyconorum
MockoBckoro otaeneHus Bcepoccumckoro obuecrsa
annaeMmnorioroB, MUKpooGMuonoros 1 Nnapa3uTosioros
Ha | nonyroave 2024 r.

Mecto npoBeneHus:
koH(pepeni-3an Mucrutyra Bupycosioruu uM. J[.1. FIBaHoBckoro
OI'BY «HanmoHanbHbIA HAyYHO-UCCIIENOBATENbCKUHN LIEHTP SUIEMUOIOTHH
¥ MUKpPOOHOJIOTUHN NMEHH TIodeTHOro akagemuka H.®. 'amanen» Munsnpasa Poccun,

. Mockaa, yi. 'amanen, 1. 16
ten.: 8 (499) 190-30-59

14 ¢peBpans 2024 .  Hosbiii B3IAa Ha BUpPYC renatuta C ¥ BO3MOKHOCTH OTPAHMYEHHSI BUPYCHOTO

HayaJio B 13:00 renarura C
Joxknamuuk: Hukonaesa JI.W. — nokrop OMOIOTHYEeCcKUX HAyK, BEAYIIIMN HAYIHBIH
COTPYZIHUK J1a00paTOpUX T€HHO-UHXEHEPHBIX MpenaparoB MIHCTUTYyTa BUPYCONIOTUU
uM. JI.1. Usanosckoro npu ®I'BY «tHULIDOM um. H.®. 'amanen» Munznpasa Poccun

13 maprta 2024 r. INUAEeMHOI0TMYECKH 3HAYMMbIE PeCIIUPATOPHbIE BUPYCHbIE NATOT€HbI

HayaJio B 13:00 Joxknamunk: Bypriesa E.W. — nokTop MEIUIIMHCKUX HAYK, PyKOBOAUTENH Tab0paTopuu
3TUOJIOTUH U dnuaeMuonioruu rpunna Mucruryra supyconoruu um. JI.1. UBanoBckoro
OI'BY «HULIDOM um. H.®. 'amanen» Munzapasa Poccun

3 anpens 2024 1. Oco0eHHOCTH COBPEMEHHOH TAKCOHOMUH BUPYCOB

HauyaJo B 13:00 Joxknamunk: AnpxoBckuii C.B. — unen-xoppecnionnentT PAH, nokxrop Onoiornaeckux
HayK, pyKOBOTUTEIb JIabopaTopuu OUOoTeXHONOrud HCTUTYTa BUPYCOIOTHU
uM. JI.1. UsanoBckoro ®I'BY «HUIIDM um. H.®. T'amanen» Munznapasa Poccun

22 mas 2024 1. MartemaTudeckoe MOJeJIMPOBAHUE B DNIHI€MHOJIOTHH.

HayaJio B 13:00 MHorosaerHuii onbIT 1 HanpasJjenus pazeutusa B HUIIOM um. H.®. I'amanen
Joknaguuk: AcarpsH M.H. — TokTop MEAMIIMHCKUX HAyK, CTapIINi HayYHBIN COTPYIHUK
TPYIIIBI MTUAEMHUOIOTTIECKOH KHOSPHETHKH OT/IelIa SIHIEMHOJIOTHH
OI'BY «HULOM um. H.®. 'amanen» Munzapasa Poccun
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