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

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

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

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

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

1.5.10 Bupycomorus (MeTUIUHCKYE U OHOIOTHIECKAC HAYKHN)

3.2.2 Ouupemuonorus (MEANIIMHCKUE ¥ OMOJIOTHYeCKre HAYKH)

3.1.22 Undexnmonnsre 60me3nn (MEIUIMHCKIE U OHOJIOTHYECKHE HAyKH)

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

The journal is indexed in the SCOPUS database and is included in the «List of peer-reviewed scientific
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of Doctor of Science should be published» recommended by the Higher Attestation Commission for
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Pestome

CewmelictBo Orthomyxoviridae coctont n3 9 pogos, Bknioyasi Alphainfluenza viruses, kyga BXxogsT BUPYCbl rpynna
ntud. Y aeyx cy6tunos — H5 n H7 — noMMMO 06bI4HbIX HU3KOBMPYEHTHBIX LWITaMMOB OnncaHa ocobasi pasHoBua-
HOCTb BbICOKOBUPYMEHTHOIO BMPYyCa NTUL, CMOCOBHOro Bbi3biBaTh 3a60neBaeMocTb Y NTUL, C NETANbHOCTbIO Bbile
60%. 3TV 1 psg opyrvx pasHOBWAHOCTEW BUpYCa rpunna, TeCHO CBSI3aHHbIX C NTMUAMM, NPUHATO 0603HavaThb
TEPMUHOM «NTUYUIA BUPYC rpunnay. Pasnunune Bbicoko- (HPAI) n HuskoBupyneHTHbix (LPAI) Bupycos rpunna o6-
YCINOBMNEHO CTPYKTYPOW aprMHUHCOAepXKallero cata NpoTeonMTnyeckon aktusaumm B 6enke HA. Bupyc Bbicoko-
BMPYNeHTHoro ntnysero rpunna H5 BeisiBneH okono 100 neT Ha3ad v Ha NPOTSXKEHUM 3TOMO BPEMEHW BbI3bIBaET
3MM300TUN cpean ANKUX 1 AOMALLHMX NTUL, U NULLb HECKOSbKO NOKarnbHbIX 3NM3040B 60Me3HN 3aperncTpupoBaHbl
cpeom niogen ¢ Havana XXI B. B nocnegHue rogbl 3adhMkCMpoBaH pe3kuii nogbem 3abonesaemMocTu NTuUL, BbICO-
koBupyneHTHbIM Bupycom H5N1 (knang h2.3.4.4b) Ha BCex KOHTMHEHTaxX NnaHeTbl, CONMPOBOXAALLMIACA Nepexo-
[OM BuMpYyCa Ha pasHble BUAabl MrnekonuTawLwmx. Pernctpupyemas rnobansHas CMepTHOCTb Cpean AOMALLHUX U
CenbCKOXO3ANCTBEHHbIX NTUL, OT AaHHOro cybTuna npnbnuxaetcst K ypoBHio 1 mnpg ocobei. OnacHbIM anMaemu-
YeCknM hakTOPOM CTAHOBATCH YHaCTUBLUMECS BCMbILKA NTUYBErO rPUMMna C BbICOKOW NeTansHOCTLIO cpean Mre-
KONuTalLLMX, B YaCTHOCTW MOPCKMX NbBOB U TioneHer B CeBepHo u KOxHOM AMepurKe, HOPOK M NYLLHbIX 3BEpei B
Mcnanum n duHNaHaMM, AOMALLHMX W YIWYHBIX Kowek B [Monblue. M30nmMpoBaHHbIe OT MIEKONMTaOWMX WTamMmbl
ntuybero rpunna H5N1 knaraa h2.3.4.4b nmetoT npusHakn YacTUYHOW aganTaumm K opraHu3My Yeroseka B reHax
PB2, NP, HA, NA, vrpaioLimx rmasHyt0 porb B perynsiuum a3po3onbHON TPaHCMUCCUM M Kpyra XO3sieB Bupyca.
Co3sgaBluasics cutyaums NpeacTaBnseT peanbHyo yrpody npegagantaumm BUpyca B OpraHM3me MIeKkonuTaoLwmx
KaK MPOMEXYTOYHbIX XO35EeB C MOCNEAYIOLLMM Nepexofom npeaaganTupoBaHHOrO BUpyca B NONyNALUMIO NoAen n
hopMmnpoBaHMEM NaHAEMMMN C KAaTacTPOPUUECKUMI NOCNEACTBUSAMU.

KntoyeBble cnoBa: opmoMUKCO8UPYCbI; 2purr MMul; 8UPYrIeHMHOCMb, Kpye Xo35ie8; naHOeMusi; MomnynsiyuoH-
HbIlU 2eHOGhOHO 8upycos8

Onsa untnpoBanuma: XXupHos O.11., JleBos [.K. MNTnunii rpunn: «o KoM 3BOHUT Konokon»? Bonpockl 8upycosno-

euu. 2024; 69(2): 101-118. DOI: https://doi.org/10.36233/10.36233/0507-4088-213 EDN: https://elibrary.ru/gtekdx

®duHaHcHMpoBaHue. ABTOPbI 3asIBMSIIOT 06 OTCYTCTBUM BHELLUHErO (hHaHCUPOBaHUS NpY NPOBEAEHWUN UCCIEA0BAHNS.

KOHMNUKT nHTepecoB. ABTOPbI [eKNapupyoT OTCYTCTBME SIBHBIX U MOTEHLMAIbHBIX KOHQIMKTOB MHTEPECOB, CBSA3aH-
HbIX C MyBrmKauuei HacTosALLen CTaTbi.

*@pasa «[Io KOM 3BOHHT KOJOKOI» 3aMMCTBOBaHA M3 pOMaHa JpHecTa XEMHHIY?dsl, HMCIOLIEr0 B aHIIMIICKOM OpHUIMHANlC Ha3BaHHE
«For whom the bell tollsy.

Ilpumeuanue: Pabora ObLTa TpenCTaBlIeHAa Ha MEKIYHApOAHOM KoHrpecce «MoJeKyaspHas JHATHOCTHKA M OHoOe30macHOCTh — 2024y
(Mocksa, 1617 anpens 2024 1.): XKupuo O.I1., JIsoB JI.K. Yrpo3a nangeMun NTHYBETO TPHIIIA: MEXaHU3MBI (DOPMUPOBAHUS TTOMYIISIIAOH-
Horo reHooHaa Bupyca. COopHHUK Te3ucos mox pex. akan. PAH B.I. Akumkuna, M., 2024, ctp. 69-70.
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Abstract

The family Orthomyxoviridae consists of 9 genera, including Alphainfluenza virus, which contains avian influenza
viruses. In two subtypes H5 and H7 besides common low-virulent strains, a specific type of highly virulent avian
virus have been described to cause more than 60% mortality among domestic birds. These variants of influenza
virus are usually referred to as «avian influenza virus». The difference between high (HPAI) and low (LPAI) virulent
influenza viruses is due to the structure of the arginine-containing proteolytic activation site in the hemagglutinin
(HA) protein. The highly virulent avian influenza virus H5 was identified more than 100 years ago and during this
time they cause outbreaks among wild and domestic birds on all continents and only a few local episodes of the
disease in humans have been identified in XXI century. Currently, a sharp increase in the incidence of highly virulent
virus of the H5N1 subtype (clade h2.3.4.4b) has been registered in birds on all continents, accompanied by the
transmission of the virus to various species of mammals. The recorded global mortality rate among wild, domestic
and agricultural birds from H5 subtype is approaching to the level of 1 billion cases. A dangerous epidemic factor is
becoming more frequent outbreaks of avian influenza with high mortality among mammals, in particular seals and
marine lions in North and South America, minks and fur-bearing animals in Spain and Finland, domestic and street
cats in Poland. H5N1 avian influenza clade h2.3.4.4b strains isolated from mammals have genetic signatures of
partial adaptation to the human body in the PB2, NP, HA, NA genes, which play a major role in regulating the
aerosol transmission and the host range of the virus. The current situation poses a real threat of pre-adaptation
of the virus in mammals as intermediate hosts, followed by the transition of the pre-adapted virus into the human

population with catastrophic consequences.
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PocT cBf3aHHBIX C TPUNIIOM HOTHL HEOIArONPHUSTHBIX
M YTPOXKAIOMINX COOBITHH B MHpE OIpenessieT HeoOXO/H-
MOCTbH BHOBb BEPHYTHCS K 00CYKIEHHIO JAHHOH ITPOOIEMBI.

O0mas xapakrepucTuka ceMeiicTpa
Orthomyxoviridae

CewmetictBo Orthomyxoviridae COTIIACHO COBPEMCH-
HOW KiaccuUKaIuu Toapaszensercs Ha 9 ponos: Al-
pha-, Beta-, Delta-, Gamma-, Thogoto-, Quaranja-,
Mycis-, Sardino- n Isainfluenza viruses (Taéma. 1) [1].
B Orthomyxoviridae BXonat BUpyCHl, UMEIOIINE HAPYXK-
HYIO JIMTIONPOTEUAHYIO 000JI0UKy (000/I0YedHbIE BUPY-
chl), oxHouenoueunyro PHK wHeraruBHOW momsipHOCTH
B opme 7 min 8 cerMeHTOB (Y pa3sHbIX POAOB), KOOHPYIO-
X a0 16 yHuKanbHbEIX 6e1KoB [2]. OpTOMUKCOBHPYCHI
MMEIOT IIMPOKUil apeas Ha IJIaHeTe BO BCEX TPEX Cpemax
(BomHOM, BO3AYIIHOW M HA 3eMJIe) U 00JIaal0T TPOIHU3-

MOM K IIMPOKOMY KpPYTy OPTaHM3MOB — YJIEHHUCTOHO-
THX, PBIO, ITUI] ¥ MJISKOIUTAIOIINX, BKIIIOYask YeJIOBEKa
(tabm. 1) [3]. B momynsmusx nTUI] — OCHOBHOTO IIPUPO/I-
HOTO pe3epByapa BHPYCOB IpHIIla A, HHQHUIUPOBaHHE
IpoTeKaeT (peKaTbHO-OpAIEHBIM ITYTEM.

OCOOEHHOCTHIO OPTOMHUKCOBUPYCOB SIBISIETCS UX BbI-
COKasi U3MEHYMBOCTb, KOTOpas oOycioBieHa (yHKIHU-
OHaJIbHBIMU CcBoiicTBamu BupycHoil PHK-nomumepasbt
U CErMEHTHPOBAaHHOW CTPYKTypOH BUPYCHOTO I'€HOMA.
Bupycnas PHK-nmonumepasa obecrieunBacT CHHTE3 U pe-
IJIMKALUI0 BUPYCHOTO F€HOMA, KOTOPbhIE OHA OCYIIECT-
BT ¢ OOJBIINM KOJTMYECTBOM CIIyYaWHBIX OIIMOOK,
COCTAaBJISIIOLINM OKOJIO OJHOM MyTaruu Ha 10* Hykieo-
THUJOB F€HOMA 32 OAHO NPOUYUTHIBaHUE. [JIsl CpaBHEHUS
ormeruM, uto JIHK-3aBucumas PHK-nomumepasza II
4eJI0BeKa JOIYCKaeT OIMOOYHOCTh B OAHY MYTaLHUIO
JUIIb TpU nojauMepusanuu 10® HYKIeOTHIOB B MoJie-

*The original phrase «For Whom the Bell Tolls» is a title of the novel by Ernest Hemingway.

Note: The work was presented at the international Congress «Molecular Diagnostics and Biosafety — 2024» (Moscow, April 16-17, 2024):
Zhirnov O.P., Lvov D.K. Threat of an avian influenza pandemic: formation mechanisms of the population gene pool of the virus. Congress
theses, edited by Academician of the Russian Academy of Sciences V.G. Akimkin, Moscow, 2024, pp. 69-70.
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Taéauua 1. Knaccuduxanus cemeiictsa Orthomyxoviridae
Table 1. Classification of the family Orthomyxoviridae

PEOAKLIMOHHAA KOHLEEMNUWMA

Howmep pona Bupycos
Virus genus number

HaumenoBanue pona
Genus name

CrieKkTp X03s€B BUpyca
Host spectrum of the virus

1. Genus: Alphainfluenzavirus (Flu A) Ituer/Birds (Aves),

2. Genus: Betainfluenzavirus (Flu B) Yenosex/Human (Homo sapiens),

3. Genus: Deltainfluenzavirus (Flu C) Miexonuraronie/Mammalians (Mammalia)

4. Genus: Gammainfluenzavirus (Flu D)

5. Genus: Thogotovirus Unenucronorue/Arthropods (Arthropoda):

6. Genus: Quaranjavirus Kinemn nkconossie/Ticks (Ixodidae),
Kneum apracossie/Argasid mites (Argasidae)

7. Genus Mykissvirus Pri6s1/Fishes (Ichthya)

8. Genus: Sardinovirus

9. Genus: Isavirus

Tpumeuanue. Knaccuduxarms cemeiictsa Orthomyxoviridae B coorBetcTBuM ¢ pexomenaammsamu ICTV-2022 [1].

Note. Classification of the family Orthomyxoviridae in accordance with the recommendations of ICTV-2022 [1].

Kyne cuHTe3npoBaHHoW MmarpuuHoi PHK (MPHK) [4].
Bricokast omu009HOCTH BUPYCHOM MTOJIMMEPA3hl OPOXK-
JlaeT BBICOKYIO M3MEHYMBOCTH BHpyca W oOpa3oBaHHE
0OBIIOTO KOJMYECTBA BHPYCHBIX BapHAaHTOB, TaK Ha-
3BIBAEMBIX BUPYCHBIX KBa3WBHIIOB, B BUPYCHOM IIOTOM-
ctBe. [eHeTHuecKoe pazHOOOpazue BHUPYCHOM MOITyIs-
LMY TO3BOJIIET BUPYCY PEaNU30BaTh TPAHCTAKCOHHBIN
Mepexo/ K HOBOMY XO3siMHY. J[aHHBIA MEeXaHU3M TOCTe-
IIEHHOT'0 HaKOIUICHUsI MyTaluil aJanTalliOHHOTO Xapak-
Tepa MOJy4YWJI Ha3BaHUE «BHPYCHOTO apeiida». BaxHo
OTMETHTb, YTO B OCHOBE Apeida JICKUT IBOSKUHA MeXa-
HU3M, PETYIUPYIOINH, BO-TIEPBBIX, MPHUCIIOCOOIEHUE
BHpYycCa K (hakTopaM OpraHW3Ma-X03sSMHa U, BO-BTOPHIX,
YCKOJIb3aHHE OT €r0 MMMYHHOIO OTBeTa. B pe3ymnsrare
B3aUMOJICHCTBUS HA MOJIEKYJISIPHO-TEHETUYECKOM YpPOB-
HE TIOMJSIIUHA BUPYCa M XO34WHA IPOUCXOIUT (POpPMH-
pOBaHHE MONY/IAIMOHHOIO TeHodoHaa Bupyca [5]. Ile-
puoza ero (OpMUPOBaHUS COCTaBISET MHJUIMOHBI JIET,
Ha MPOTSKEHUU KOTOPBIX BUPYC TECHO B3aUMOJCIHCTBY-
€T C JIeMEeHTaMu Ouoc(epbl B MEHSIIOIIUXCS YCIOBUAX
Cpenbl OOUTaHUS.

Bropoit MmexaHn3Mm, obecneynBaonIiii BEICOKYIO MPH-
POIHYIO BapHaOeIbHOCTh OPTOMHUKCOBHUPYCOB, 3aKIIO-
gaeTcsi B 0OOMEHe (peaccopTallii) CerMEHTOB TeHOMHOMN
PHK mexny Bupycamu, afanTUPOBaHHBIMU K PA3HBIM
BHUJIaM JKHUBOTHBIX [6, 7]. CKpeluMBaHUE TaKUX BUPYC-
HBIX BapHaHTOB-3JAalITAHTOB JIGKUT B OCHOBE SIBICHUS
«TEHETHUYECKOTO HIH(Tay, BEAYNIIETO K MOSBICHUIO Kap-
OUHAJIBHO HOBBIX BUPYCHBIX PEAcCCOPTAHTOB M YHHKAIIb-
HBIX aHTUTEHHBIX W (YHKIIMOHAIGHBIX Pa3HOBUIHOCTEH
BUpYyCa TPUMIA, UMEIOIUX MMOTEHIIHAT TPAaHCTAaKCOHHO-
r0 [epexozia BUpyca ¢ ONHOTO BHAa MaKpOOpPraHu3Ma Ha
JPYTO M CMEHBI KpyTa X035eB U (DOPMHUPOBaHMS HOBBIX
MaHIEMHYECKUX BapPUAHTOB.

/Ba ypoBHsI BUPYJIEHTHOCTH BHPYCOB rpumma A
(poa Alphainfluenzavirus)

Bricokas M3MeHUMBOCTH BHpyca rpumma A oOycios-
nuBaeT GopMHUpOBaHUE OOTaTOTO MOMYJISIIUOHHOTO TeHO-
(¢oHIa M pacpocTpaHeHHE B TPUPOJIE IMIHUPOKOTO CIIEK-
Tpa BUPYCHBIX BapHaHTOB, OOJIQAAIONINX BBIPAKEHHBIM
pa3zHooOpa3ueM BHPYJICHTHBIX W AHTHICHHBIX CBOWCTB
[8-10]. Pon Alphainfluenzavirus (Bupycwl rpumma A)

COCTOUT W3 18 aHTUTEHHBIX CYOTHIIOB TeMArTIIOTHHUHA
(HA), nmerommux nymeparuio H1-H18, u 11 cybtunos
benka HelipamuHHIasbl (NA), UMEIOIUX HyMepalluio
N1-N11. ComtacHo Takoil HyMepaluud B Ha3BaHUM Ba-
puaHTa (ITaMma) BUPYCOB TPUIITA YKA3bIBalOT aHTUTCH-
HeIi cyoTim HA u NA [11-13].

Cpenu 18 u3BecTHBIX cyOTHUTIOB pona Alphavirus oco-
60e MecTo 3aHMMaIOT BUpYcHl cyortunoB HS u H7. Ilo-
MYJISIIAHA JaHHBIX BUPYCHBIX CYOTHIIOB COCTOSIT M3 JIBYX
OMONIOTHYECKUX BHJIOB BHPYCOB, OONAIAfONINX HU3KOH
(LPAI) u Bricokoit (HPAI) BupyneHTHOCTBIO Ui Ma-
KpoopraHuzMoB-xo3seB [13, 14]. Bupychl ¢ Hu3Kol BH-
PYJIEHTHOCTBIO BBI3BIBAIOT JIOKANBHBIM HH(DEKIMOHHBINA
MpoIiecc, KaK MPaBIIIO, PECIUPATOPHOTO HITH KUIIIEYHOTO
TPaKTOB XO3SIMHA, 9acTO 0€3 KIMHUICCKU BBIPaKCHHBIX
CHMITOMOB, C YPOBHEM TOITYJISIIMOHHOW CMEPTHOCTH
He Oosee 1% [15]. BeicokoBUpYJICHTHBIE BHPYCHI CYO-
tunoB HS u H7, nomydnBmine nepBOHa4YalbHOE HUCTO-
pudeckoe Ha3zBaHue B KoHLE XIX CTOneTHs «KypuHas
qyMa» WU «KYpUHBIN TH(])», BRI3BIBAIOT Y OOJIBIIMHCTBA
YyBCTBHTEIBHBIX YKHUBOTHBIX, KaK MPABHJIO JTOMAITHHX
U CEIbCKOXO3SHCTBEHHBIX (C/X) BUAOB, MACCUBHYIO BU-
pycemuio, 00yCIIOBINBas AUCCEMHUHAIIMIO BHPYCa B Op-
TaHW3ME C Pa3BUTHEM TeHEePaJTM30BaHHOH (TTaHTPOITHOM)
(hopMBI MHPEKITUN C BBICOKOH JIETAILHOCTHIO, OM3KOM
K 100% [16]. B momynauusx NTHI, SBISIOLINXCS OCHOB-
HBIM TIPUPOTHBIM PE3epByapoM BUpyca TpHImia A, HH-
(buIMpoBaHIE MPOUCXOMUT (HEKATHHO-OPAITBHEIM ITYTEM.
Buonoruueckast cuctemMa «BUPYC TpHIIa A — ITHLBD», BE-
posATHO, PYHKIIMOHHUPYET B Orochepe 6omnee 100 MirH teT—
€ MEJIOBOTO Mepuojia Me303oiickoit 3psl [S]. Kpome Toro,
NTHIIBL SBISIOTCS apEHOH PEKOMOMHAHTHBIX IMPOIECCOB
B PE3yIBTAaTe MEKITOMYJISAIIMOHHBIX KOHTAKTOB, BO3ZHUKA-
IOIUX B TIEPHUOIBI MUTPAIAH, 0COOEHHO B MHUTPAITMOH-
HBIX Xa0ax, IJie CKaIUIMBAIOTCS B OTPOMHBIX KOJTHUYECTBAX
MOMYJISIUHU NITUL U3 pa3HbBIX palloHOB apeana [17-20].
Cpenu TOTHIl TIABHBIMH DPE3EPBEHTAMHU BHPYCOB TPHII-
na A B NPUPOJE CIYXKAT BUJBI OTPsAAa I'yCEOOpa3HBIX
(Anseriformes), cemelictBa YTUHBIX (Anatidae), otpsga
pxanokoobpasusix (Charadriiformes), ceMelcTBa Ky-
mukoB (Scolopatidae), vaiikoBwix (Laridae) n ap. B mipu-
poje BUPYCHI rpumia A u3oaupoBaHsl oT 6oee 100 Bu-
nmoB nrurl (12 otpsimos, 25 cemeiicTs, 6omee 50 pomaoB)
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Puc. 1. OCHOBOIOJIO)KHUKY KOHIETILIUU PHUPOJAHON 04aroBOCTH
pupyca rpumma A (Orthomyxoviridae: Influenza A virus).

Ha ¢oto cmeBa nHampaBo: I'pam JlaBep (ABctpamms), Jmutpuii JIsBOB
(CCCP), Pobept Beberep (CLIA) [8, 22, 26, 27].

Fig. 1. Founders of the concept of natural focality of the Influenza A
virus (Orthomyxoviridae: Influenza A virus).

Pictured from left to right: Graham Laver (Australia), Dmitry Lvov (USSR),
Robert Webster (USA) [8, 22, 26, 27].

A/A

b/B

Puc. 2. Ctpykrypa caiita IpOTCOIUTHICCKON aKTHBAIINU OeTka
remarnmotiuarHa (HA) BupycoB rpumnma A.

Tokazan yuactok Oenka HA B 30He coenunenus cyobeaunun HA1 (55 x/a)
n HA2 (20 x/la), GbopMHpPYIOIMXCS MOCNIE PACIICIUICHHS MOJICKYIIBI-IIPE/-
mectBenHuka HAO (75 x/{a). CnabonaroreHnsie Bupychl cyorunos H1-H18
cozieprKaT eIMHUYHBIH OCTaTOK apriuHuHa (Arg) (maHenb A), TOrna Kax y Bbl-
cokonaroreHHsix cyotunos HS u H7 B yuacTke mpoTeonusa NpHCYTCTBYIOT
HECKOJIBKO OCTaTKOB apruHMHa U nu3uHa (Lys), Tak Ha3pIBacMBbIi oauapru-
HUHOBBIH caiiT nporeonusa (maHenb b). [lonmmapruHUHOBEINA CaliT UMEET BbI-
COKYIO UyBCTBHTEIBHOCTh K IIHPOKOMY CHEKTPY KJICTOUHBIX IIPOTEa3 H JIETKO
pacuienisieTcsi B MOAABISIONIEM OOJBIIMHCTBE THIIOB KIETOK-MHUIIEHEH [16,
33,35-37].
Fig. 2. Structure of the proteolytic activation site of the influenza A
virus hemagglutinin (HA) protein.

The HA protein site in the junction zone of HA1 (55 kDa) and HA2 (20 kDa)
subunits formed after cleavage of the precursor molecule, HAO (75 kDa), is
shown. Low pathogenic viruses of subtypes HI-H18 contain a single arginine
(Arg) residue (panel A), whereas highly pathogenic subtypes HS and H7 have
several arginine and lysine (Lys) residues present in the proteolysis site, the
so-called polyarginine site of proteolysis (panel B). The polyarginine site is
highly sensitive to a wide range of cellular proteases and is readily cleaved in
the vast majority of target cell types [16, 33, 35-37].

[5, 21-23]. I1epBblil BLICOKOBUPYJICHTHBIN BUPYC TPHIIa
cyoruma HS 6pur m3ommposan B Illotmanauu B 1959 1.
ot uemiaT — mramm A/chicken/Scotland/1959 (H5N1)
[24], 3atem B FOAP B nepuos 3MM300THH CPEAr MUTPH-
PYIOIINX apKTHYECKUX Kpadek Sterna macrura — mTaMm
A/tern/South Africa/61 (HSN3) [25]. B 70-x romax cdop-
MUPOBAJIACh KOHIIETIUS O MPUPOAHON 04aroBOCTH BUPY-
carpumma A (puc. 1) [5, 8, 18, 21, 22, 26-29]. Cnenyet
MMETh B BHUJY, YTO NTHIEI SBISIFOTCS TIIABHBIM HOCHTE-
JeM W pe3epByapoM B IPHUPOJE BBICOKOBUPYJICHTHOH
Pa3HOBUAHOCTH TpencTaButeneii cyotuma HS5SN1 poma
Alphainfluenza-virus [28].
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MonekynspHyl0 OCHOBY KapAWHAJIbHOIO DPa3aH4Hs
BUPYJEHTHBIX CBOMCTB BHpyca rpumnna A omnpeaenser
CTPYKTypa ydacTKa (T.H. MPOTCOIUTHUECKOTO CaiTa)
BHpycHOTO remarnotuauHa HAO (M.Mm. 75 k/la), B ko-
TOPOM MPOUCXOIUT NMPOTEOIUTHYECKOE pa3pe3aHue Ha
nBe cyobenunannsl: HA1 (55 x[a) m HA2 (20 x/a),
COXpaHSIOIINE IOCJIE pa3pe3aHuss Mexnay coboil nu-
cynsunayo cBs3p (puc. 2). Takoe pacmemienune
Oenka BUPYCHOTO TE€MAarrJlOTHHHHA AKTHBHPYET €ro
(YyHKIMIO CTUSHUS JTUMMHIHBIX MeMOpaH (pyHKIHS 00-
pa3oBaHHA CUMILTACTOB), JIeJaeT BUPUOH WH(EKINOH-
HBIM M CIIOCOOHBIM 3apa’kaThb HOBBIE KJIETKH-MUIICHU
[30-33]. ®deHoMeH ycuiieHUs] BUPYJIEHTHOCTH BUpYycCa
rpunna nocpexncrsom nporeonusza HAO na HA1+HA2
MOJIYYHJI Ha3BaHUE MPOTEOTUTHIECKON aKTUBAI[UU BH-
pyca [33, 34].

VY BUPYCOB ¢ HU3KOH BUPYIEHTHOCTBIO IPOTEOIUTH-
yeckull caiiT HA coctouT U3 0JHOro 0CcTaTKa apruHuHa
(Arg) — Tak Ha3bIBa€MBI «MOHOAPTHHUHOBBIA CalT»,
TOTa Kak y BBICOKOBHPYJICHTHBIX BHPYCOB TpHUIIIA
OH COCTOMT M3 HECKOJIBKHUX OCTaTKOB aprUHUHA U, BO3-
MOXHO, nu3nHa (Lys) — Tak Ha3bIBa€MBIi «OIUAPTHU-
HUHOBBIHN caiiT». Pa3pezanue moHoapruauHosoro HAQ
OCYUIECTBIISIETCSI TPUIICHHONONOOHBIMU TIpOTEa3aMu
U, KaKk IPaBHIJIO, MPOUCXOAUT MOCTPAHCISIMOHHO Ha
KJICTOYHOH T1a3MaTndeckoi MeMOpaHe py BBIXOJIe BHU-
pHOHA U3 MHOUUIUPOBAHHOHN KIETKU. DPPEKTUBHOCTH
TAKOI'0 PAcLICNICHNs B MHOUIIMPOBAHBIX KIETKAaX CO-
crasisiaa okosio 30-40% MoneKya CHHTE3UPOBAaHHOTO
6enxa HAO [35, 36]. YV BBICOKOBUPYJIEHTHBIX BUPYCOB
cyorunoB HS u H7 pacmennenne HAO—HA1+HA?2
MPOUCXOJUT YK€ BHYTPH HH(PHUIIMPOBAHHBIX KIETOK
KOTPAHCIISIIIMOHHO B Ipolecce cuHTe3a MosieKkynsl HAO,
U BUPYC BBIXOIUT M3 KIIETKHM B MH(EKLHOHHOH (hop-
Me ¢ pacmieruieHHbIM O6enkoM HA1+HA2. Paspesanue
HAO Takux BUPYCOB OCYIIECTBIIAETCS BHYTPHUKIETOU-
HBIMH yOMKBUTapHBIMHU IIpOTea3aMu (ypHHOBOTO psiza
Ha MeMOpaHax ammapara ['oabmku ¢ BbICOKOH 3ddex-
TUBHOCTBIO, 6mu3kon k 100% monexyn HAO [37]. B pe-
3yibTaTe HHTeHCUBHOTO npoteonuza HAO—HA1+HA2
CHUHTE3MPOBAaHHbIE BRICOKOBHPYJICHTHBIE BUPYCHI JIETKO
MIPOXOJAT Yepe3 MEKKJIETOUHbIe KOHTAaKTHI M 0a3alb-
Hble MeMOpaHbl B NEPBUYHOM HHGEKIHOHHOM oO4are
pecIupaTopHOTO W/MITY KUIIEYHOTO TPAKTOB, IPOHUKA-
10T B KPOBSIHOE PYCJIO M BBI3BIBAIOT T€HEPATN30BAHHYIO
MaHTPOIHYI HH(EKIHMIO Makpoopranusma [16, 33].
HuskoBupyneHTHBIE BHPYCHI C MOHOQpTHHHHOBBIM
caiitom B 6enke HAO B cuiy paciienieHus TOIbKO 4a-
CTH MOJIEKYJ] B MH(HUIHMPOBAHHON KIIETKE W HE CTOJIb
3¢ (heKTUBHON aKTHBaMK WH(PEKIHOHHOCTH U (y3H-
OHHBIX CBOWCTB BHPHMOHOB 007a/lai0T HHU3KOH CIOCOO-
HOCTBIO IIPEOJIONEHNUS 3aIUTHBIX KJIETOYHBIX 0aphepoB
B opranm3Me-xo3suHe. Kak mpaBuio, Takue BHPYCHBIE
IITaMMBI, K KOTOPBIM OTHOCSITCS HH3KOBHPYJICHTHBIE
BUPYCHl TpUINA NTHUI] U CE30HHOTO TIpuMNa JIIoAeH,
UHAYLIUPYIOT JIOKAIBHBIH IaTOJOTHYECKUH IIpoIecc
B IMIEPBUYHOM OpPraHe M HE BHI3BIBAIOT IOJIHOPTAHHYIO
JMCCEMUHAIMIO BUpyCa M T'€HEPaJM30BaHHYIO (HopMy
MH(EKIIMOHHOTO TIpoIlecca B MOPAKEHHOM OpraHu3Me
[33, 37-39].
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Puc. 3. Drans! aganranuu Bupyca ntuubero rpumnna HSN1 1 BO3HUKHOBEHHUS TaHIEMUYECKOTO BapHaHTa BUpYca.

IItnuuii Bupyc rpunna HSN1 cnocobeH HenmocpencTBEHHO NMEPeXoauTh Ha 4enoBeka (MPsIMOW MyTh Nepeadyn) WM OMOCPEI0BaHHO — CHayaja Ha MIICKOIH-
TaIOIUX JKUBOTHBIX, TAKUX KaK CBHHBH, ITyIIHBIC 3BEPH, XUIIHBIC 3BEPH, TIOICHH U Jp., ¢ HOCICAYIOIIM epexoIoM Ha Jofel (HempsiMOl MyTh Iepeadn).
B opranusme uenoBeka 1 MIEKOMHMTAIOIHUX KUBOTHBIX ITUYHH BUPYC IIPETEpIEeBacT YaCTUUHYIO alaNTAl[HIO K OPraHH3MY 4eJIoBeKa OCPEACTBOM aalTallHioH-
HBIX MyTaIuii Tu00 peaccopTalueil cerMeHToB BUpycHoi reHoMHOi PHK Mexy Bupycamu rpHIa OTHI X YeloBeKka. YacTUIHO aJanTUPOBAHHBII K YEIOBEKY
Bupyc nruybero rpummna HSN1 Moxer Bo3BpaIuathes B MOMYJISLHIO MITHL] U )KUBOTHBIX H ()OPMHUPOBATH MPUPOIHBIN pe3epByap MepMaHCHTHOM HOTCHIHATBHON
YIpO3bl BO3HUKHOBEHUS SITHIEMHIECKOTO BHPYyca BBICOKOIIATOTEHHOTO BHpyca yenoBeka cyorunoB H5 u H7. O6o3nauenus: | — nepBu4Has aganranus BUpyca
rpUIIIa K YeJ0BeKy (MyTauuu B reHax NP, PB2, HA, NA v ip.); 2 — 4acTu4Has aJjanTalys BUpyca K YeJIOBEKY; 3 — MOAIepKaHue MEXXBUI0BOMH Nepeiadu BUpyca
B Ouocdepe; 4 — nepenada BUpyca OT MIICKOITHTAIOIIX NTUNAM; 5 — IOAepkKaHue MEXXBUIOBOH Iepeadn B buocdepe; 6 — MpsMoi IyTh Iepegadn HHPEKITHI
OT ITUIl K YEIOBEKY U 00paTHO; 7 — pa3BUTUE SIHIEMHUIECKOro IpoLecca.

Fig. 3. Adaptation stages of the HSN1 avian influenza virus and the emergence of a pandemic variant of the human influenza plague virus.

The H5N1 avian influenza virus can be transmitted directly to humans (direct transmission route) or indirectly, first to mammals such as pigs, fur-bearing animals,
animals of prey, seals, etc., followed by an indirect transmission route to humans). In the human body (with direct transmission) and mammals, the avian virus
undergoes partial adaptation to the human body through adaptive mutations or reassortation of viral genomic RNA segments between avian and human influenza
viruses. The HSN1 avian influenza virus, partially adapted to humans, can return to the population of birds and mammals and form a natural reservoir of a
permanent potential threat of the emergence of highly pathogenic epidemic virus (HPAV) subtypes H5 and H7 and its subsequent return to the human population.
Designations: 1 — Initial adaptation of influenza virus to humans (mutations in the NP, PB2, HA, NA genes and others); 2 — Partial adaptation of virus to human;
3 — Maintenance of interspecies virus transmissions in biosphere; 4 — Virus transmission from mammals to birds; 5 — Maintenance of interspecies transmissions
in biosphere; 6 — Direct transmission way from birds to humans and back; 7 — Development of epidemic process.

DakTOopsl, peryJupyonue Kpyr Xxo3sieB BUpyca

Baxnoii 0coOeHHOCTRIO BHpyca TpHUNNa A SBISIET-
Csl €er0 CBOWCTBO MOPa)aTb IIUPOKHHA KPYr JKUBOTHBIX,
BKJIIOUasi NTHUL (OCHOBHOI MPUPOIHBIN pe3epByap BUPY-
ca rpunma A) u denoseka (puc. 3). Bupyc rpunma, Oy-
Iy9Hd OOMUTaTHBIM Mapa3suTOM IO OTHOIIEHHIO K KIETKE
XO03s5IMHA, B3aUMOICHCTBYET C KIETOYHBIMH (hakTopamu
1 IMeEEeT JJIS 3TOH eTN CTPYKTYpHBIE AaTTEePHBI B BUPYC-
HBIX OesKax, TaKk Ha3blBa€Mble T€HETHYECKHE IITaMIIbI
(genetic signatures). [lns yclemHoro pa3MHOXEHHS 3TH
CTPYKTYpHBIE JTOMEHBI (IITaMIbl) TOJDKHBI OBITH KOH-
KOpPIATHBIMU KJIETKaM OIIPEIETICHHOTO BHJAa XO3SHHA.
ITpu cmeHe xo03auHa BUpYCYy HEOOXOOMMO 3TH HaTTEPHBI
M3MEHHTH U aIalTHPOBATh K HOBOMY BHIY XO3SWHA.

B mpouecce pennukanuy BUpyca rpummna A MOXHO
BBIJICIUTH 7 OCHOBHBIX TOYEK (CTaauil) B3aUMOJEHCTBUS
C arnmaparoM KJIeTKH-X03sS1Ha:

1) cTanus ancopOIuy BUpyca Ha KJIETOYHBIX PELEenTo-

2) ctaansl BHyTPUKIJIETOUYHBIX S3HIOCOM, B KOTOPOH ITpo-
ucxogutr pH-3aBucHMOE «pasfeBaHHME» BHpyca paclle-
rieHHbIM OenkoM HA1+HA2.

3) cragus TpaHCIIOpTa BHUPYCHOIO HYyKJIEOKAalCHAA
(BupycHoro pubonykieonporenna, PHII) B sapo gepes
sJIepHBIE TTOPHI B SAEPHOI MeMOpaHe KIIeTOK;

4) BHyTpUsIIEpHAs CTAIMS CUHTE3a BUPYCCHEM(UICCKUX
PHK: TpaHCKpHIIIMY U pETIMKALUU BUPYCHOIO TEHOMA;

5) cTanus A1epHOTO0 IKCIIOPTa BUPYCHBIX KOMIIOHEHTOB
B IIUTOIIa3My MH(UIIMPOBAHHBIX KIIETOK;

6) TpaHCIOPT (IKCHOPT) BHPYCHBIX OENKOB M CyOBH-
pycubix cTpykryp PHII k muiasmarnueckoil KJI€TOYHOM
MeMOpaHe;

7) cOopka BUPYCHBIX YaCTHUI] U OTTIOYKOBAHHE 3PEITBIX
BUPHUOHOB OT KJIETKH.

B nepeuncieHHBIX CTausIX y4acTBYIOT pa3IMYHbIE BU-
pycHble OelkH, KOTOpBIE PEryaupyIoT B3auMOeicTBHE
C KJIETKOM, Jaroleil B pe3yibrare HOBOE BUPYCHOE IIO-

pax, KOTopasi perylIupyeTcs BUPYCHBIMH PEIEITOPHBIMU
oenkamu HA u NA;

TOMCTBO, U OO0YyCIIOBIMBAIOT Pa3BUTHE MH(EKIHOHHOTO
Ipouecca B IOpaKeHHOM opranusme [38].
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Tadmuua 2. CpaBHeHHE aMHHOKHICIOTHBIX MAaTTepHOB Oenka NP y BupycoB rpunma A, H30IMpOBaHHBIX OT MICKOTIUTAFONINX U IITHI]

Table 2. Comparison of amino acid patterns of NP protein in influenza A viruses isolated from mammals and birds

i 2 CoBnazienust
Cy6rHn N H]())Mepafnognunu jd(;VII/IHO‘IfI/ICJ]O.T BhreHeTHjeCIfOM MTaMrf{ehGeIJzIIgl NP - CoBIACHNS TTO3H- o élnﬁ "
¥ IPOHCXOIKIEHHE umbers of amino acid positions in the genetic signature of the NP protein 1wt B mramme NP
Brpyca BHpYCa YEIIOBEKa. urramme NP
(Bux mrramma)’ % " | Bupyca L, %
Matching

Subtype and origin 16 | 33 |61 | 100 | 109 | 214|283 |293 305

of the virus (type of

Matching positions
in the human virus

313 [ 357 | 372 | 422 | 442 | 455 positions in the

avian virus NP

. 1 1 0,
signature) NP signature, % signature, %
HINI uesnoBeka D 1 L V \% K P K K Y K D K A E 100 0
(kmaccuyeckuii)
HIN1 human (classic)
H5N1 HOpKH G/D¥ 1 I R \% R L R F Q E R T D 13 87
HIN1 minks
H5NI1 nruuwit G vV 1 R 1 R L R F Q E R T D 0 100
HS5NI1 avian
Tpumeuanue. ' — iepBUYHbIE MOCENOBaTENBHOCTH Oenika NP B3siThl u3 6a3 manubeix GenBank u GISAID no 10-15 mraMMOB IjIsl KaXKJ0# TPYIIIIbL;

2 — HyMeparius O3 aMHHOKHCIIOT HauMHAeTCst ¢ N-KOHIIEBOTO METHOHHHA B MoJiekyite Gerka NP (70 k/la; o0mmast mpoTsKeHHOCT 498 aMUHOKHC-
JI0T);  — OTMEUYEHHAs! TO3MIHs KIMEET T'€TEPOr€HHOCTh B BUPYCHBIX MOMYJIALHMSAX, B KOTOPBIX aMHHOKKCII0Ta D o0HapyxuBaercst B 10-20% BHPYCHBIX

H30JIATOB.

Note. ' — primary NP protein sequences were taken from GenBank and GISAID databases with 1015 strains for each group; 2 — the numbering of
amino acid positions begins with the N-terminal methionine in the NP protein molecule (70 kDa; the total sequence of 498 amino acids); *— the marked
position has heterogeneity in viral populations, in which the amino acid D is identified in 10-20% of viral isolates.

B perymsmuio Tporu3mMa 1 KOHTarmo3HOCTH BUpyca K
X031Hy HauOoJiee OLIyTUMBIN BKIaa BHOCIT Oenku NP,
PB2, HA, NA (Ta6.. 2). OcHOBHOH 0eJIOK BUPYCHOTO HY-
kieokarcuga NP urpaer IaBHyr poib B IPEOAOJICHUN
BPOXKIEHHOTO WMMYHHUTETa XO3iWHA, OOYCIIOBIEHHOTO
¢daxTopom Mx [40]. berokx NP BupycoB rpumma mrTuif
pacrio3Haercs siiepHbIM (akTopoM MX "enmoBeka, KOTO-
PBIit CBA3BIBAET BUPYCHBIH HYKJICOKAIICH]] B TIOJIMMEPHBIE
KOMILJIEKCHI U OCTaHaBIIMBaET pa3MHOXeHHe BUpyca [41].
Hanpotus, NP BupycoB 4eitoBeka HE paclo3HaeTCsl 4eIo-
BeUeCKUM (PakTopoM MX; BHPYC yCKOIb3aeT OT UMMYH-
HOTO OTBETA YEJIOBEKA U YCIEIIHO MOAJEPKUBAET CBOIO
pemMKanuio B ero opraan3mMe. IlomuMo pacrmo3zHaBaHus
¢dakTopa Mx, poinb Oenka NP B perymsiuu kpyra xo3s-
€B O0yCJIOBJIEHA €r0 B3aUMOJCHCTBHEM C KIETOYHBIMH
snepasiMu paxropamu ANP32A u ANP32B, yuacty-
IOLIMMHU BO BHYTPUSAEPHOM IpOIlecCe alleTHINPOBAHUS
THECTOHOB WM IMTOIUIa3MaTH4eCKOTO TPaHCIIOpTa KAIIH-
poBanHbIX BHpycHbIX MPHK, a Taxke B G10KHpoBaHNM
AHTHBHPYCHOTO MHUTOXOHApPHUAIBHOTO 6eaka MAVS [42—
45]; ambdha-IMIOPTUHOM, PETYIHPYIOIIUM TPAaHCIIOPT
Bupycaoro PHII wepe3 spepHyto mopy B MHQHUIHNPOBaH-
HOM KJIeTke [46, 47]; knerounsiM paxTopom UAPS6, yuaa-
cTByromuM B crunaiicunre siaepHsix PHK [48]. I'enetnue-
ckue mramnsl 6eaka NP BHpycoB dermoBeka BKIIIOYAIOT
KJIFOUEBBIE aMHHOKHCIIOTHI B mo3uiuax: 16/D; 33/I; 61/L;
100/1/V; 109/V; 214/K; 283/P; 293/K; 305/K; 313/Y;
357/K; 357/K; 372/D; 422/K; 442/A; 455/E; Toraa Kak y
NTUYBUX BUPYCOB I'PUIIIA 3TOT aMUHOKUCIIOTHBIN ITaMIT
uMeeT siBHble oTauuus (Tada. 3) [49-54]. CiaenoBateinb-
HO, B CiIydYae Iepexofa NTHYBMX BHPYCOB TPHIIA OT
NTHI K YEJIOBEKY aMUHOKUCIIOTHBIN IITaMIl TOJDKEH U3-
MEHHTHCS M1 UMETh aJITOPUTM YeJIOBEKa JUIs TPEOI0TICHUS
6appepa MX M yCHENTHOH PeruIHKaIii BUPYCHOTO T€HO-
Ma B KJIETOYHOM s/Ipe.

B koomepanuu ¢ Genkom NP ¢GyHKIHOHHpYET TOIH-
MepaszHblii 6enok PB2 (tabn. 3). Y mamnoro Gemka PB2
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JUTSL aIanTallid K OPTaHU3MY YellOBeKa M d(PPEKTHBHOTO
cuHTe3a BUpycHbIX PHK BaxkHBI MO3MLIMKM aMUHOKHUCIOT
T271A, E627K, D70IN, KOTOpbhlE OTIMYAIOTCA Y ITH-
YbUX BUPYCOB rpumnma [42]. 3aMeHbl aMIHOKHUCIIOT B 3TUX
MO3UIMSIX Y BUPYCOB MTHI] MOBBIIIAIOT CPOACTBO K KIile-
TOYHBIM (haKTOpaM 4eJIOBEKa, YTO MPUBOAMT K YCUICHUIO
PEIUTHKANINY TaKWX BUPYCHBIX BAPHAHTOB NP WHGEKIINN
yesoBeka [54, 55]. Toukamu B3auMoaecTBus ¢ (hakTopa-
MU x035uHa y 6e1xoB NP u PB2 mpu BeImonHeHNN cBOMX
Bupyccnenmnpruaecknx ¢yHknuid cuare3a PHK ciyxar
CTaAU{d BHYTPUAIEPHON pEIUIMKAIlMM TeHOMa BHUpyca
(cM. BhIIIE OMMCaHHBIE CTAUU 3—5).

Bropyto Baxueiimyto rpymmy (akTOpoB aJanTariiu
K XO3SIMHY COCTaBIISIET TaHIEM HapPYKHBIX PEIenTop-
HBIX OenkoB HA m NA Bupyca rpunma. [laHHbsie Oenku
00yCIIOBITBAIOT YCTOHYNBOCTD M PACIpOCTPAHEHHE BHU-
pyca BO BHEUIHEH cpesie U OMPEeeIsioT celupuIHOCTh
pacrio3HaBaHUs PEENTOPOB Ha TOBEPXHOCTH AIHUTENHUS
Ha HadaJ bHOW CTaany WHOEKIHUU MPH WHOHUIIMPOBAHUN
X034MHA, & TAaKKe KICTOUHBIX IIIMKONPOTEUIOB B 30HE
MOYKOBAaHUS Ha 3aKJIFOYUTEIBHOM JTare COOPKH BHOBB
CHHTE3MPOBAaHHBIX BHPHOHOB Ha MOBEPXHOCTH HH(U-
[UPOBAaHHBIX KIETOK. /laHHbIe OENKH (QYHKIIMOHHUPYIOT
B Koomeparuu [56, 57], 1 cyIecTByeT pelupoKHbIi Oa-
JaHC uX (PYHKIWH, UTPAIONINHA BaKHYIO POJIb IIPH ajiar-
Taluu BUpyca K X03suHy [58, 59].

Y BHPYCOB TpHIIa NTHI] pelenTopHas u (epMeHTa-
THUBHas TMKo3uaasHas ¢ynkauu O6enxoB HA u NA pe-
ANMU3YIOTCS MPENMOYTHTEIHHO Yepe3 B3aUMOJEHCTBHE C
[JIMKOTIPOTEHUIHBIMH PEIETITOPAMHU C THIIOM CBS3H 02-3
TEPMUHATBHBIX OCTAaTKoB cuanoBoii kucimotel (CK) c
OCTAaTKOM TaJjaKTO3bl, KOTOPHIMH OOOTalleHBl pecCIu-
paTtopHBIii W KWIIEYHBIH TPAKT OOJBIIMHCTBA IITHIIL.
Y BupycoB denoBeka OenkoBbiid TanmeM HA-NA nmeer
MPEUMYIIECTBEHHbIH apQUHUTET K TIUKOIPOTEHIAM C
TepMUHaIBHBIM ocTaTkoM CK, CBSI3aHHBIM C rajgakTo30M
cBa3bpi0 02-6 [60]. B Takoii perienTopHON crienuain3a-



BOMPOCHI BUPYCOJIOTUW. 2024; 69(2)
https://doi.org/10.36233/0507-4088-213

Tabauna 3. Mytaruum, KOHTPOIUPYIOIIUE KpyT X0351eB Bupyca rpumma HSN1

Table 3. Mutations that control the host range of the HSN1 influenza virus

PEOAKLIMOHHAA KOHLEEMNUWMA

Bupycusrit
reH/0enok OyHKIMH BUPYCHOTO OelIKa, ONPeeIsIONIHe CBI3b ¢ XO3SINHOM
Viral Viral protein functions that determine association with the host

gene/protein

MyTauuu, BeAyIye K afanTaniu
Y MJICKOIIMTAIOIINX
Mutations leading to adaptation
in mammals

NP

PB2

HA

NA

IIpeononesaer pakrop MXA BpOXKIEHHOTO HIMMYHHTETA Y€IOBEKa

Perynupyer BHyTpusaepHslii Tpancnopt BupycHoro PHII gepes mopsl kierognoro sapa
Bzaumopetictsyer c simepnoit PHK xenmkazoit UAPS56, yyacTByromieil B crutalicHare U TpaHC-
nopte BHyTpusaepHbIX npo-MPHK, a Taxoke GI0KHpyeT aHTHBHPYCHBIH MUTOXOHIPHAIIBHBIH

6enok MAVS, B3anmozeiicTByeT ¢ KJIeTouHbIME Kacnazamu, Gpakropamu TRIM4, TRIF3,

Rablla, eEF1D u np.
Overcomes the MxA factor of human innate immunity
Regulates the intranuclear transport of viral RNP through the pores of the cell nucleus
Interacts with nuclear RNA helicase UAP56, which is involved in the splicing and transport
of intranuclear pro-mRNAs, and also blocks the antiviral mitochondrial protein MAVS,
interacts with cellular caspases, factors TRIM4, TRIF3, Rabl1a, eEF1D, etc.

PacriozHaeT u ruaponu3yer «k3nupoBaHHbley kietouHsie MPHK npu Tpanckpuiiiyu Bupyc-
HOT'O TeHOMA B SIIpE KIJIETOK
Bzanmoneiicteue ¢ anepasivu axropamu ANP32A u ANP32B genoseka
Recognizes and hydrolyzes “capped” cellular mRNAs during transcription of the viral ge-
nome in the cell nucleus
Interacts with human nuclear factors ANP32A and ANP32B

Omnpenensier ancop6Ouuio Ha SA perentopax 2—6-ro THma KJISTOK YeI0BeKa
dopmupyeT QyHKINOHAIBHBIM KOMIUIEKC ¢ BUPYCHBIM 6enkoM NA crienupu4eckoro r
HIPONU3a OCTAaTKOB SA 2—6-r0 THIIA CBSI3U Ha IOBEPXHOCTHBIX PEIENITOPaxX KIETOK X03IuHA
Perymupyer KOHTarno3HOCTb BUpyca
Determines adsorption on SA receptors of human cell types 2—6
Forms a functional complex with the viral protein NA for the specific hydrolysis of SA resi-
dues of type 2—6 bonds on the surface receptors of host cells
Regulates the contagiousness of the virus

Pacrnio3HaeT 1 ruziposiu3yer ocTaTku SA ¢ TUIIOM CBsI3H (12-6 Ha KJICTOYHBIX PELENTOPaX U B
MyLHHE PECIIMPATOPHOTO CeKpeTa
VyacTByeT B peryisiui KOHTarHo3HOCTU BUpyca
Recognizes and hydrolyzes SA residues with the 02-6 bond type on cellular receptors and in
respiratory mucin
Participates in the regulation of virus contagiousness

16/D; 33/1; 61/L; 100/1/V;
109/V; 214/K; 283/P; 293/K;
305/K; 313/Y; 357/K; 357/K;
372/D; 422/K; 442/A; 455/E

271/A,;
526/K
590/S;
627/K;
701/N

137/A; 155/T;
160/A; 190/D;
193/R; 225/D;
226/L; 228/S

OtcyTcTBHE JETEHH B HOXKKE U
2-ro peenTopHOro HeHTpa
B NA/ No deletion in the stalk
and the lack of a 2" receptor
center in the NA;
MyTtauuu/Mutations:

46/D; 74/S; 151/D; 163/L;
204/M; 3691; 396M; 420/G

HpuMeltaHue. Ornucanue MyTaHI/Iﬁ 1 COOTBETCTBYIOIIUEC CCBIJIKH Ha Hy6JII/IKaLII/II/I TIPUBCACHBI B TCKCTC CTATHHU.

Note. Description of mutations and corresponding links to publications are given in the text of the article.

WU TSI OPTaHU3Ma YeJIOBeKa KITFOYEBBIMH TTO3HUIIASIMU
B TEHETHYECKHX IITaMIax A BUpycoB cyotuna HS mo-
TYT CIIY>KUTh aMUHOKHCIIOTRL: 137/Ala, 155/Thr, 163/Ala,
190/Asp, 193/Arg, 225/Asp, 226/Leu, 228/Ser B Genke
HA [61, 62]. B 6enke NA ONTHYbHX BHPYCOB BaKHBIMU
AMUHOKHCIIOTHBIMA TIO3WIMSAMH IS alanTalud K op-
TaHW3MY MIIEKOITUTAIONIINX MOTYT OBITh 46/Asp; 74/Ser;
151/Asp; 163/Leu; 204/Met; 369/1le; 396/Met; 420/Gly
[63, 64]. JonoaHuTensHO B MoJieKye NA BUPYCOB I'pHIl-
na nrrury HSN1 unentnunmpoBan xapakTepHbIil BTOpOit
CalT peleNUd CHATIOBBIX OCTAaTKOB 0.2-3 (Tak HasbIBae-
MBI BTOPOH IIEHTpP TeMaacopOIIiu), TOT/Ia KaK Y BUPYCOB
TPHUIINA YEJIOBEKA TAKOW CalT OTCYTCTBOBAJ, YTO CHELH-
(buuecku yecunupano apduauteT NA K perentopam Tuia
02-6 [65]. Y BupycoB H5N1, nzonupoBaHHBIX OT HOPOK
B 2022 1., yKa3aHHBIN IIEHTP B ITOJHOLIEHHOM BH/JIE HE 00-
Hapy>KUBAJICS, UTO CONMXKAJIO 3TU U3OJIATHL C BUPYCaMuU
YeJIOBEKA U MOBBIMAI0 WX adQUHUTET K CHATOPEIIETITO-
pam tuma 02-6 [66]. [JomONMHUTENEHEIM CAaHTOM yCHIIe-
HUS SMUAEMHYECKOro MOTEHIINAaNa IJIs YeIOBeKa Y MTH-
ypux BUpycoB H5N1 MoxxeT ciry>xuth genenus B rene NA
1 yKopodeHHe HOXKKH NA, 94To 9acTo 0OHapyXKHBAIOCh
Kak y NTHYbuX BUpycoB H5N 1, H301MpOBaHHBIX OT Yeso-

Beka [67, 68], Tak 1 y MaHIEMHYECKUX BHPYCOB T'PHIIIA
yenoBeka [69, 70].

OTMeueHHBIE CTPYKTYPHBIE H (DYHKITMOHATBHBIC H3ME-
nenus B 0enkax NP, PB2, HA, NA saBisiorcs Haubolee
3HAUMMBIMU JUIsl afanTaluud U nepexona BupycoB HS
n H7 or nTun x vyenoseky. Bmecre ¢ TeM aganTuBHBIE
W3MEHEHUS MIPU CMEHE XO3SIMHA MOTYT OTMEUAThCS B IPY-
I'MX BUPYCHBIX Oenkax, Takux kak PB1, PA, PA-X, NS1,
NEP, M1 u np. [71-76], KoTOpble MO)KHO paccMaTpUBaTh
KaK JOIMOJHUTEIbHBIC JKCTpareHHbIE KO(paKTOpHI, 00e-
CIICUMBAIOIINE CMEHY BUPYCHOIO XO35IMHA HAPSILy C OIHU-
CaHHBIMU BBIIIE TIABHBIMU PETYIIATOPAMHU KpyTa X03s5eB
BHpYCa.

B 3akmioueHun paszena cieayer OTMETHTb, YTO OIH-
CaHHBIC aJaNTHBHBIE MYyTAallMM TEHOB BHpyca TpHIIIA
TTUI] HEOOXOAMMEI Isi (POPMHUPOBAHUS JBYX TIABHBIX
(PCHOTHITUYECKUX TPHU3HAKOB SIHJIEMHYECKOTO BHpyca
moneii: (1) cBOWCTBO MOAIEPKUBATh BHICOKHH ypOBEHB
Pa3MHOXEHHS BO3HHKIIIETO HOBOTO BHPYCHOTO IITaMMa
B OpraHu3Me 4ejioBeKa M (2) COXpaHEHHUE BBICOKOW BO3-
JTyTITHO-KAaIeIbHON KOHTAarnO3HOCTH BHPYCa B YeJIOBEUC-
CKOM TIOITYJISIITUH TIOCJIE €T0 TIepexoia OT MTHUI] YeTIOBEKY.
DopMHUpPOBaHNE JAHHBIX PU3HAKOB BUPYCa U €T0 dIHe-
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EDITORIAL CONCEPT

MHYECKOTO MOTEHITHANIA IS TOMYJISAIIUH JTFOICH KOHTPO-
TUpyeTcs TIaBHBIM 00pa3oM 4 OCHOBHBIMH BHPYCHBIMU
oenkamu: NP, PB2, HA u NA.

Bo3moxxHbIe yTH Nepexoaa BbICOKOBHPYJIEHTHbBIX
pupycoB HS u H7 ot nTun 4enoBexky

Bo3MoxkHBl 2 myTH mepexoja BBICOKOBHUPYJICHTHBIX
BHPYCOB T'PHIIIA OT NTHI K YesoBeky (puc. 3). [lepBorit
IIyTh — ATO MpsAMas Tepeaadya OT NTHII HETIOCPEICTBCHHO
yesnoBeKy. BTopoil BO3MOXKHBIN NIyTh — NIEpeaya BUpyca
gepes MPOMEKYTOUHOTO X03IMHA, KOTOPBIM MOXKET OBITh
OPTaHM3M MIJICKOTIUTAFOIIIETO.

[lepBrlit MyTH MpenCTaBISICTCA 3aTPYIHUTEIBHBIM, T0-
CKOJIBKY €Ille HeaaTHPOBAHHBIN ITUYHIA BUPYC JODKEH
MIPUCTIOCOOUTHCS K HOBOMY OPTaHHU3MY — YEIIOBEKY, TIPHU-
oOperasi HeOOXOIUMbIE aaNTAIlHOHHBIE MyTallMH HEIO-
CPEIICTBEHHO B XOJIE CaAMOTO TPOIIecca CMEHBI XO3SMHA.
Nwmeromuecs HaOMIONEHUST HECKOIBKUX AMH30I0B DIIH-
JIEMUYECKUX BCIBIIIEK BBICOKOMATOTEHHOTO NTHYHETO
rpunma HSN1 u H7N9 cormnacyrorcs ¢ JaHHBIM MOJIOXKe-
HueM. Takue Bemblmkw, npousomenmme B Kurae (1997),
Tonkonre (2005), Kutae (2017) u psige apyrux paiioHOB
MUpa, BBI3BaHHBIC MPSIMBIM BUPYCHBIM 3apakCHUEM de-
JIOBEKA OT IITHII, HOCHIIU JIOKAJIGHBIA XapakTep 1 He MMe-
JIY snuaeMudeckoro pa3sutud [39]. HeagantupoBaHHBIHM
NTHYUA BUpYC HE 00Jamai JOCTaTOYHOW KOHTarHo3HO-
CTBIO JIJIS JIFOIE M HE BBI3BIBAJ IIPOIIECCa adpO30IbHOMN
nepeiadn HHOEKIUHN OT YeJI0BeKa K YEIIOBEKY.

Bropoif BO3MOXHBIN ITyTh Tepeadrl BUPYCOB CyOTH-

noB H5 u H7 mMoxeT npoxoauTs uyepe3 NpoMexKyTOUHBIX
X031€B — MOMYJIALMI0 MIIEKONUTAIOUINX, KaK IPaBUIIO,
CBSI3aHHBIX C NTHUIAMH IETOYKOH «XHUIIHUK—KEPTBay.
B sTOM npomexxyTouyHOM opraHu3Me, OoJiee OJIM3KOM Te-
HETUYECKH YeJIOBEKY, ITHYMI BHpPYC MpUOOpEeTeT ajarl-
TalUI0 K KPUTUYECKUM MeEXaHU3MaM OpTraHHU3Ma-Xo-
3siMHa. Takasi HavanbHas MpefajanTalus B OpraHu3Me
MIIEKOITUTAIONINX MOXET IOATOTOBHTH NTHYMH BHPYC
1 3HAUUTEIbHO OOJIETYUTH €ro Mepexo] B MOITYIALHUI0
JFOIeH ¥ AaTh Ha4aso (POpMHUPOBAHHIO BEICOKOBHPYIICHT-
HOTO TPHIIIO3HOTO BHpyca cyorunoB HS u H7. Baxno
OTMETUTh, YTO (OPMUPOBAHHE B OpPTaHU3ME MIIEKOIH-
TaIOLUX NpeJaJanTUPOBAHHOIO K YENOBEKy armapara
BHYTpeHHHUX OenxoB Bupyca (NP, PB2, PB1, M1, NS1),
OTBEYAOIIUX 32 PEIUIMKAILIMIO BUPYCa, MOXKET JaTh Haya-
JIO HE TOJBKO SMUAEMHUU BBICOKOBHPYJIEHTHOTO BUpyca
cyorumoB HS w/vnm H7, HO M crmocoOCTBOBATH BO3HUK-
HOBEHHIO HOBOTO AHTUI'€HHOTO TUIIA MUIEMUH Y JIOJEH,
BbI3BAaHHOW HU3KOBHUPYJIECHTHBIMU BUpPYCaMH JTaHHBIX
CyOTHIIOB.

[pennocbUIKA MOABIEHUS NAHAEMHUH BUPYCOB
rpunna A

OnuueMuyeckas CUTyalusl MOCIEIHUX 2-3 JeT Xa-
paKTepusyeTcs pe3KUM pPOCTOM 3a00JEBAEMOCTH ITHUIL
U MJICKOIUTAIONIMX B MPHUPOJE U CEIHCKOM XO3SHCTBE
BBICOKOIIATOT€HHBIM INTaMMOM Bupyca rpunmna HS5NI,
OTHOCSIIMMCS K Knaiay h2.3.4.4b [77-82]. Peructpupy-
eMBIH pocT 3a00J1eBa€MOCTH UMEET TPH OCOOEHHOCTH.

Puc. 4. [IpuanHb 1 TOCIIEACTBUS TPOHUKHOBEHUS BEICOKOBHPYJIeHTHOTO Bupyca rpumma A/H5N1 B CeBepayro EBpazuto
(BecHa 2005 — Becua 2008) [5].

Fig. 4. Reasons and consequences of the penetration of the highly pathogenic influenza virus A/H5N1 into Northern Eurasia
(spring 2005 — spring 2008) [5].
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1. ITorbem 3a00s1€BaeMOCTH CBSI3aH C MOSBICHUEM Te-
HeTHdeckoro knaiaa h2.3.4.4b BEICOKOTIATOTEHHOTO CY0-
tuna supyca nruy H5N1.

2. PacnipocTpaHeHne AAHHOTO IITaMMa Cpelu JTOMall-
HUX W JUKHUX TTUI HOCUT IUIAHETAPHBIA XapakTep W 3a-
TparuBaeT BCe KOHTHHEHTHI. 3a MOCIEAHHUE 2 TOAa CyM-
MapHasi CMEPTHOCTh NTHI ¥ )KUBOTHBIX OT 3TOT0 BUpyca
Ha TUTaHeTe mpuommkaeTcs kK 1 muipa ocobeit [79, 83].

Bupyc cy6oruna HS nossuics 8 KHP B despane 2003 r,
T.€. B Ha4asle ce30Ha BeceHHel Murparmu. OH sBisieTcs pe-
accopTaHToOM BUpycoB rpura A qukux ntuil. B 2005 & ator
BHpYC OBLT 3aHECEH HA TEPPUTOPHIO Poccuu IMKUMHU MTH-
I[aMu ¢ 00pa30BaHKEM MPUPOIHBIX 09aroB (puc. 4) [5, 84—
86]. B mocnennue roapl B PO BenbIIKY, CBA3aHHBIE € 3apa-
JKeHHEM JTUKHUX U JOMAIIHUX nTull Bupycamu A/H5NS, A/
H5N1, A/H5NS, Beisenenst B CeBepHoit OceTuu — AJlaHu,
Kpacaomapckom kpae, Actpaxanckoid u Tomckoil oOma-
crax. B 2020 1. Bo Bpems BembIiiek nTuabero rpurmna HSNS
B AcTpaxaHCKoi 00acTi ObLIM OTMEYEHBI ITepPBbIE CITydan
3apa)XeHUs JIIONIEH 3TUM BUPYCOM — Ha Trturiedadprike 3a-
pasumuch 7 corpyaaukoB. [1o nanueiM Poccenbxo3nanzopa,
B 2022 1. B PO ObUTH 3aperucTpupoBaHbl 54 BCIBIIIKH MTH-
YbEro TPUIINA, U3 HUX 5 CBSI3aHbI C IMKMMU NTULAMU, 42 —
C JOMAIIHUMH, 7 — C NITULIEBOAYECKUMHA XO3HCTBAMH. 3a-
paxeHue NTHIl BbIsiBIEHO B Maraganckod, CaxaluHCKOM
obnactsx, B XabapoBckoM kpae, Kamysxckoii, FIBaHOBCKOH,
Oprnoscxoit, Kypckoii, benroponckoii, Camapckoit, Yens-
OMHCKOI 00MacTsIX.

3. IlogpeM 3a0051€Ba€MOCTH NTHI[ BBHICOKOBHUPYIIECHT-
HbIM BupycoM ntuy H5SN1 conpoBoxaancs: y4acTUBIIH-
MHUCS ¥ MAaCHITAa0HBIMH BCITBIIIKAMHU INTHYBETO TPHUIIIA
CpEeIy pa3HBIX BUOB MIICKOITUTAIOIINX: MOPCKUX JTHBOB,
TIOJIEHEH, HOPOK, KOLIEK, JUC, MEABENEH, MECLOB U Ap.
(Bcero 26 BumoB Miekonutaromux [87, 88]). Haubonee
3HauMMble 3nu30ab! Benblmek H5SN1 3apeructpupoBanst
cpenu TroneHei B FOxwuoit n CesepHoit Amepuke [89],
Hopok B Ucnanuu [90], xomiek B [lombrie [91], mynrHbix
3Bepelt B Gunianaun [92], mopckux 16808 B Ilepy [93].
KinHu4ecKu BCHBINIKKA COMPOBOXKIAIHCH TE€HEPAIH30-
BaHHOW MYJIFTHOPTAaHHOHW MH(EKIMEH U BEICOKOH CMEpT-
HOCTBIO, 8 MACIIITA0 BCITHIIIEK OXBATHIBAJ JECATKH THICSY
ocobeif (Tadu. 4).

PEOAKLIMOHHAA KOHLEEMNUWMA

B mepednciieHHBIX 3MH300THAX ObLIA 3apErHCTPUPO-
BaHa Iepeada BUpyca OT KHUBOTHOTO K )KHBOTHOMY, UTO
YKa3bIBAJI0 HAa MOBBIIMICHHYI0 KOHTarmO3HOCTh BHpYycCa
H5N1 ana sopok [87, 90, 92]. DTo cBOWCTBO BUpYyCa
(dopMupyeTcs Kak TeHaMHd, 00eCIeUnBaIONIMMHE JIOCTa-
TOYHBI YpOBEHb DEIUIMKAIIMHA BHPYCa B JaHHOM BHJE
’KHBOTHOTO (WMJIM YellOBeKa), TaK M T'eHaMH, o0ecredn-
BaIOIUMH PEIETITOPHYIO CIEMUGUIHOCTh K KIIETOYHBIM
penenTopamM M CTaOUIBHOCTh BUPYCHBIX HacTHIl K (hak-
TOpaM BHENIHEW W BHYTPUKIETOUHOW cpenbl. BaxkHen-
IIyI0 PO B MPHOOPETCHUU BUPHOHHOW YCTOHYHBOCTHU
K TaKuM (pakTopam, Kak MOBBIIICHHAS Temreparypa u pH
BHEIIHEH W BHYTPUKJIETOYHOHW Cpeabl, UrpaeT KoHpOop-
Mars BUpycHOro Oenka HA, m 0cCOOEHHO CTPYKTypa ero
crebieBoro gomena [94-98]. M3onupoBaHHBIC IITAMMEI
ntuubero Bupyca HSN1 oT TroneHei, Kolek XxapakTepu-
30BAJIMCH TTOSIBIICHUEM psifla TIPUMEUATeITFHBIX MYTaIluit
B reHax NP, PB2, HA, NA. O6HapyXeHHble MyTaluu
OTpakaJld YaCTUUHYIO aJalTalli0 UCXOIHOTO NTHYBEro
BHpYCa K OpraHU3MYy KUBOTHBIX U UMEIIH CXOJACTBO C Te-
HETHYECKUMH IITaMIIAMH, XapaKTepHBIMU NJISI BUPYCOB
TpUIIa YeloBeka. B 4acTHOCTH, B momuMepasHoM Oel-
ke PB2 obnapyxuBannchk Hanbolee XapaKTepHbIC MyTa-
uuu E627K u A701K; B 6enke NP — G16D, V/I100R, V/
Y313F, K357Q; B 6enke HA Obliia BeISIBIIEHA CIICTICHHAS
nBoitHas myTanus 163Ala n 193 Arg, kotopas crierudud-
Ha JuIg BUpycHoro Oenka HA, nMerorero cpoicTBo K cH-
ajocojiepkaiumM perentopam ¢ tTumnoM cBsazu CK-o2-6-
I'an [38].

B rene neitpamuaunasst NA BupycoB H5N1, nzomnu-
POBaHHBIX BO BpeMsl MCHAHCKON BCHBIMIKU CPEeau HO-
pox B 2021 r., oOHapyxuBanmuch myranuun Ser369lle
u [le396Met Bo BTOpOM TOTOTHHUTEIHHOM CalTe CBSI-
3piBaHMs perentopoB ¢ Tunom CKa2-3 (Tak Ha3biBae-
MBI «remaacopoupytommii eHTp Ne 2)), HHaKTUBHU-
pyIolIue TaHHBIA peuentopHeii nentp [65]. Hanuuune
peuentopHoro ueHtpa Ne 2 xapakTepHO TOJBKO s
BHPYCOB TPHIINA MITHUI] M OTCYTCTBYET Y BUpyca I'pUIIa
4yenoBeKa. BrionHe o4eBUIHO, YTO yTpara 3TOro caiita
B Oenke NA cHmkaeT ahUHUTET K CHAIOPEIEITOpaM
CKo2-3 1 noBbIIIAET XapaKTepHOE JJI1 BUPYCOB UEJIO-
BeKa cponctso k perentopam CKa2-6 [38, 66]. Ilpu-

Tadnauua 4. CMepTenbHbIe cIyyan cpeid MIEKOIMTAIOMUX IIPU BCIBIIIKAX BHICOKOIATOreHHOro nTuubero rpunna H5N1 B 2021-2023 rr.

Table 4. Fatal cases among mammals during outbreaks of highly pathogenic avian influenza HSN1 occurred in 2021-2023

Peruons! B Mupe
Regions in the world

By moru6mumx sKMBOTHBIX
Species of dead animals

YyeIno MOruOMmuX AKUBOTHBIX
Number of dead animals

CeBepHast AMepHKa Tronenu > 121
North America Seals

Oxnas Amepuka Mopckue IbBBI > 634
South America Sea lions

Ucnanus Hopxu 51986
Spain Minks

[Monprra Komxn >98
Poland Cats

Dunnsguaus Ilymisbie ¢/X )KUBOTHBIE > 200 000
Finland Fur-bearing farm animals

IIpumeuanue. B Tabauie cyMMUpOBaHbl JaHHbIE TyOnukauuii [84—89].

Note. In the table, the data of references [84-89] are summarized.
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BEJICHHBIE JaHHBIC MMOKA3bIBAIOT, YTO BHICOKOBUPYJICHT-
Hble BUpycHl rpumma HS5N1, Bri3siBaromue 3aboneBa-
HUSI MIJICKONHUTAIONIUX, MPUOOpeNnu psil aJanTHBHBIX
MyTalMH, OTIUYAIOMMX 3TH IITAMMBI OT BUPYCOB ITHUIL
U CONMKAIONINX C BHPYCOM TPHIIA, TPOITHOTO K Op-
raHu3My 4YeioBeka. Takum oOpa3oM, BHPYC NTHYHETO
rpunna HSN1 umeer cmemanHbliil (MTHYbE-YET0BEYE-
CKUH) ImITaMIl MyTalllid, TOKa3bIBAIONINN €T0 YacTHU-
HYIO NpeJajanTaluio K OpraHu3My 4einoBeka. Takas
MpoJoJDKatoIIasicad NnpegaganTalus NTHYHEro BHUpyca
B OpraHu3Meé MJIEKOMHUTAIOIIUX CO3/1aeT OYEBHUJHbIE
MPEANOCHUIKH €Tr0 MOCIEAYIOMEro O0JIeTYeHHOTO Ie-
pexona OT MIICKONMTAIOUIUX Ha JIIoAed. DKCIepuMeH-
TaJIbHO TOKa3aHa Takas BO3MOXHOCTH [95, 96].

Kak ormedeHo Bblllle, IOMUMO aJalTallMOHHBIX MY-
Talui, Mepexoa NTHYBEro BUpPyca OT OJHOIO BHAA XO-
3sIMHA K JIPYTOMY MOXET MPOXOIUTH IyTeM MIUQTa, T.C.
oOmena cermeHTamu reHoMHbIx PHK ¢ Bupycamu, yxe
aJIalITUPOBAaHHBIMU K 4YeJOBeKy. Takoil MexaHHM3M BO3-
HUKHOBEHHMS MaHJIEMUYECKUX BUPYCOB IpuIllia A UMell
Mecto panee, B 1957, 1968 u 2009 rr., mpu BO3HHKHO-
BEHUU U PA3BUTHM SMHUIEMHH, BBI3BAHHBIX BHUpYyCaMU
H2N2, H3N2, HIN1/09pdm cootserctBenno [11, 12].
VYyactuBmmecs B 2020-2022 TIT. BCIBIMIKH NTHYHETO
rpunma H5N1 y milekonuTaromux co3Aat0T MPEeanochul-
KM JUISl peali3allii aHaJIOTUYHOro Ipoliecca sl JaH-
HOTO BBICOKOBHpYJIeHTHOro cyoruna H5N1 ¢ yderom
WHTEHCHUBHOTO OOMEHa BUPYyCaMH W OOJBIIOTO KOJIWYe-
cTBa OECCUMNTOMHBIX (OPM TPHIIIO3HON HH(PEKINH
y Ioned, UMEIOINX KOHTAaKT ¢ JKUBOTHBEIMH [99, 100].
[Tepexon BeICOKOBHpYIeHTHOTO cyoTHITa H5N1 Ha mite-
KOIUTAIOLUX YBEJIMYUBAET BEPOATHOCTH COBMECTHOIO
MH(OUIUPOBAHNS JAHHBIX KUBOTHBIX BHPYCaMHU TPHIINA
MITHI] ¥ YEJIOBEKA U MOCIIEAYIOIEero oOMeHa MeXIy HH-
mu cermentamu PHK, oTBeuarominmu 3a Tponusm Bupyca
K YEJIOBEKY, U TEM CaMbIM CO3[AET PEalbHYI0 BO3MOX-
HOCTb BO3HUKHOBEHHSI XMMEPHOTO BBICOKOBHUPYJIEHTHO-
TO BHUpPYyCa, KOTOPEIH OKaXeTcs CIIOCOOHBIM IMPEOIOJIETh
MEXTAKCOHHBIA Oaphep OT MTHI] K YEIOBEKY.

Imodasmm3anus pacnpocTpaHeHus
«NTHYHEr0 IPHIINA» B MHpe

C navana XXI B. oTMe4eH BOJTHOOOPA3HBIN POCT 3200-
JIEBaEMOCTH W PACIIPOCTPAHEHHS BBHICOKOBUPYJICHTHBIX
BHPYCOB TPHIIINA MTHUI] CPEIN KaK JOMAIIHNX, TaK U JH-
kux ntun [79]. [IpoBeneHHBI HaMH MOHUTOPHHT Ha
tepputopuu CeBepHoii EBpasun BBIABHI CyIIecTBOBa-
HUE MTPUPOJHBIX 0YaroB, CBA3aHHBIX ¢ OMOIIEHO3aMH BO-
JTHOTO M OKOJIOBOJHOTO KOMIUIEKCOB, 15 M3 M3BECTHBIX
B MHUpE aHTHT'eHHBIX 18 cyOTHIIOB rpunma A, B TOM 4HC-
ne A/H5N1, ¢ xotopsiM cBsizaHa BozHuKmIast B 2003 T.
o0LIMpHAas 3MU300THUS, a 3aTEM HaH300TUS CPEAU TUKUX
u nomamHux ntun [19-21, 101-103]. B anpene 2005 1.
BO BpeMsl BeceHHell murpauuu ntuy supyc H5N1 npo-
HUK Ha Tepputoputo 3amamaHoi Cubupu c gaabHEH-
MM paclpocTpaHeHHEeM B 3alaJHOM HalpaBJICHUH.
B anpene 2008 r. gpyras reHeTHuYEeCcKas JIMHHS BUpPYycCa
nomnana Ha TeppuToputo [IpuMopckoro kpasi ¢ nanbHeu-
MM OXBaToOM OoJiee CeBepHBIX TeppuTopuii /lanpHero
Bocroka (puc. 4) [5]. Bo3aukmme Ha OTPOMHBIX TIPO-
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CTpaHCTBax ceBepa EBpasuu mpupoaHbIe 0Yaru pa3sHbix
BapuaHToB Bupyca A/H5N1 u apyrux BuUpycoB rpummna
IITUL TPOIOJDKAIOT AKTUBHO (HYHKIIMOHUPOBATH U B Ha-
crosiee BpeMsi. CoBpeMEHHBIE MyTH PACTIPOCTPAHEHUS
BBEICOKOBHPYJICHTHBIX IIITAMMOB BHPYCa ITHYLETO TPHUII-
ma HS (xmaitm h.2.3.4.4b) taxke coBmamaroT ¢ ycra-
HOBJICHHBIMU paHEe MUTPALMOHHBIMU pyCIaMU HTHI]
[83, 88, 101, 104]. OTu HaAOMIOACHUS TOATBEPXKIAIOT
00IIyI0 KOHIENINI0 (GOPMUPOBAHUS CTOUKUX MPUPOI-
HBIX 0YaroB CiIabOBHpYJIEHTHOro BHpyca HS5, Hapsamy
C JIpYTHMH aHTHUTEHHBIMH CyOTHIIAMHU BHpyca TpHUIIa
A, B IOro-Bocrounoit Asuu u Cubupckom u JlanbHe-
BOCTOYHOM peruoHax Poccum, KOTOpbIE CiyKaT INpH-
POMHBEIM TIYJIOM ¥ HMCTOYHHKOM JJII BO3HHUKHOBEHUS
BBHICOKOBHPYJICHTHBIX INTAMMOB U HX MOCJIEIYIOMIETO
BHYTPU- U MEXKOHTHHEHTAJIbHOTO PACIPOCTPaHEHHUS,
CO3/AIOIIECTO TIEPMAHEHTHYIO yTPO3y OMACHBIX IaH[e-
MU CpeIn MIEKOUTAIOMINX U Jrofei (puc. 4). Jannas
KOHIIENIMSA CQOpPMHpOBallaCh Ha OCHOBE OOIIMPHBIX
(hyHITaMEHTAILHBIX HCCIIEAOBAHUNA SKOJIOTHH BHPYCHBIX
nomyssiuii [8, 19-21, 26-29, 101-103].

Kak yxe oTrMmeuanocs Bbimie, B nepuojg 2021-2023
IT. UIMEJ MECTO MacIITa0HBIA MmoxseM 3aboeBaemMo-
CTH OTHYBUM TPUIIOM U TIOOaIbHOE pacmpocTpa-
HEHUE BBICOKOBHpYJIEHTHOro Bupyca HSNI (knain
h2.3.4.4b) cpenu nTuUIl Ha BCeX KOHTUHEHTAX IUIAHETHI
[78-82, 88]. Kak moka3piBaeT IeHETUUYECKUU aHAIH3
BUPYCHBIX TeHOMOB [105], ycTaHOBUBIIMICS B TIpHU-
poze penunpoKHBIA 00MEH BBICOKOBHPYJICHTHBIM BH-
pycoMm H5NI1 Mexay MIIEKONHUTAIOUIUMU U TTHIAMU
NpUBEJ K PaclpOCTPaHEHHUIO M HAaKOIJIEHUIO B MIpH-
pole BHPYCHBIX BapHaHTOB, UMCIOMMNX MPU3HAKU da-
CTUYHON aJanTanmuu K MIICKOMHUTAIOMUM, BKIIOYAs
yejgoBeka. Takke BBI3bIBACT TPEBOTY M MPHUCTAJIbHOE
BHUMaHUE TOT (aKT, 4TO TIOOaIbHBIA MOAbEeM 3a00-
JIEBaEMOCTH HTHUI[ COMPOBOXKIACTCS YYACTHUBIIUMHUCS
BCIIBIIIKAMHM BBICOKOBHUPYJIEHTHOIO NTHUYBETO I'pUINa
HS5N1 cpean mnexkonutaromux. B nepuox 2021-2023
IT. 3aperHCTPUPOBAaHbI 5 MAacCIITaOHBIX 3MHU300THI
OTACHOTO Ipunna Ha 3 KOHTUHEHTaX: CpeaM TIOJICHEH
B CeBepHoli AMepuke, cpeau HOpok B Mcnanuu, cpe-
1 xourek B llombine, cpenu MymIHBIX 3Bepel Ha Qep-
Max OUHISHIUM U MOPCKUX JIbBOB B Ilepy [87-93].
MacmTa0Obl BCUBIIMIEK CPEIH JKMBOTHBIX CYMMHPOBa-
HBI B Ta0u1. 4. Bupycs! rpunmna H5N1, uzonupoBanHbie
OT XMBOTHBIX MPU 3TUX BCIBIIIKAX, UMEJIHU YacTh Ie-
HETHYECKUX MAPKEPOB U (PECHOTHIUICCKUX MPU3HAKOB
BBICOKOH BUPYIEHTHOCTH, XapaKTePHBIX IJIsI BUPYCOB
rpUIna yeaoBeKa U MiekonuTamomux. [IpusHaku BeI-
COKOM BHUPYJEHTHOCTH NTHYbUX BUpycoB HSNI1 nms
MJICKOMTUTAIONINX MPOSBISIINCE B TSDKEIOM KIWHHAYE-
CKOM TEYEeHHH OOJIe3HH, KOTOpasi COMPOBOXKAAIACH BbI-
COKOM CMepTHOCTbIO, nocturatoiiein 50-60%, pa3su-
THEM TNEPBUYHON BHPYCHON NMHEBMOHUH, (paTaibHBIX
CHUMIITOMOB TOTAJbHOI'O I'€MOpPpPAarnyecKkoro Bocmaje-
HUS JIETKUX (T.H. JITOYHOE OTICUCHEHUE), TOPAKCHHEM
HEPBHOM CHUCTEMEI C TSDKEIBIMH HApPYIICHUSIMU MOTOP-
HBIX (QYHKIMA W Tapaju4amMHi, MacCUBHOTO reMoppa-
TUYECKOTO TOPAKCHHS KHUIICUYHWKA, TsDKEIION oOmei
WHTOKCHUKanwi u T.1. [90, 92, 93].
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OOHapy)XeHHOE IIHPOKOE pacCIpOCTpPaHEeHHE CpeIu
MJIEKOTIUTAIOIINX, MMEIOIINX TECHBI KOHTAKT C Yelo-
BEKOM, YacCTMYHO MPEAaJanTHPOBAHHOTO K 4YEOBEKY
Bupyca cyoruna HS5N1 co3maeT peanapHyI0 yrposy ero
O0JIErYeHHOTO TIepex0/ia Ha YeIOBeKa C SMUIEMIYECKUM
MIOTEHIIMAIOM 3a CUeT PECHHUPATOPHOTrO MyTH Hepenadu
cpenu moaeil. JlononHuTenbHO TakoH peaganTupoBaH-
HBIA y JKUBOTHBIX nTrumii Bupyc H5N1 moxer ObicTpo
YCHUIIUTBH ¥ OKOHYATEeJIbHO C()OPMUPOBATH CBOI SIHIEMH-
YEeCKU MOTEHIIMA U KOHTarH03HOCTh IyTEM peaccopra-
nmu cermeHTamu reHoMHol PHK (r1aBaBIM 00pazom NP,
PB2, HA, NA) ¢ Bupycamu rpuIlla 4eiaoBeKa Jubo yxe
IIpY TIepexojie Ha OpraHu3M 4YelloBeKa, JTH0Oo elle B opra-
HU3ME MIIEKOITUTAONINX W TTUL], UMEFOIINX TECHBIN KOH-
TaKT C YeJIOBEKOM (CBUHBH, YTKU U JPYTHE C/X U AOMAIII-
HHE JKUBOTHBIE). Y CBHHEH M YTOK WH(EKIIHs, BbI3BaH-
Hasl BBICOKOBUPYJIEHTHBIM BupycoM nrtuny H5N1, moxer
IIPOTEKaTh B CYOKJIMHHUYECKOI (popme 0e3 BBIpaKeHHBIX
CHUMIITOMOB, YTO MOXKET OJIarONpHATCTBOBATH BO3HUKHO-
BEHHWIO Y HUX CMEMIaHHOTO MH(QHUIMPOBAHHUS BUPYCaMHU
YeJI0BeKa U MTHUI] U pean3aliiy Ipolecca peaccopTauuu
ux renoMoB [ 106—108]. ITo napopmariu Avian Influenza
Weekly update Ne 919 ot 03 okrsi6pst 2023 1., ¢ sHBa-
ps1 2003 . mo HacTos1Iee BpeMs B 23 cTpaHaX 3aperHcTpH-
poBano 878 ciyuaeB 3apaxeHus Jtoaeil Bupycom H5NI1
mpu 50% neranpHOCTH, 1568 ciiydaeB mHPHUIMPOBAHUS
BupycoM A/H7N9 npu neransnoctu 39%, 88 u 90 ciy-
gaeB 3apaxeHuss A/HSN6 u A/HIN2 coOTBETCTBEHHO
npu 39% neTanbHOCTH, a TaKXKe €JUHUYHBIE Clydau
nH(EKIMY, BBI3BaHHOI Bupycamu cyoTunoB A/HI13NS,
A/HTN4, A/H10N3 [88].

Mepbl npeaynpexkaiceHus 1 roTOBHOCTHU IIPU Yrpo3e
«MTHYBEro rpunmna»

Bospacratomass yrpoza UenoBeYECTBY BCIIE/ICTBHE
pe3koro moabema 3ab0JIeBa€MOCTH U PacIpOCTPaHEHUS
BBICOKOBHPYJICHTHOTO BHpyCa NTHYbEro TPHIIIA Cpe-
JI1 JKABOTHBIX OOYCJIOBJIMBACT IMOBBIIIICHHOS BHIMAHUC
K mpoOieme. B 31o0if cBs3u Tpu opranmzamuu: [Ipomo-
BOJILCTBEHHAs M CEIIbCKOXO3slcTBeHHas OpraHuzanus
O0wvenuuaennsix Hammit (The Food and Agriculture Or-
ganization of the United Nations, FAO), Bcemupnas
opranm3anus 3apaBooxpanenus (The World Health
Organization, WHO), Bcemupnas opraHu3zamus oxpa-
HBI 3710poBbs kHBOTHEIX (The World Organization for
Animal Health, WOAH) oOparuinch ¢ COBMECTHBIM 3a-
SBJICHUEM, B KOTOPOM yKa3aHO, 4TO «IPOJOIKAIOIINECS
BCITBIIIIKY MITUYHETO TPHUIIIA CPEIU )KUBOTHEBIX IIPEICTaB-
JISIOT OMACHOCTD 1 YesioBeka» [87, 88]. B atom 3asBie-
HUM copMynmpoBaHa o0IIasi TTOBECTKAa BOIPOCOB, TPe-
OyIOMMX KOOPIWHAIIMH CO CTOPOHBI TOCYJapCTBEHHBIX
OpraHOB Ha JTalle OKUAAHUS U TOATOTOBKU K BO3MOXKHOM
OITACHOM JMHIIEMHUH «IITUIHETO TPHIa». B gacTHOCTH,
OBLIO PEKOMEHIOBAaHO OOpaTHTH BHUMAaHHE Ha BBICOKO-
BUPYJICHTHBIM NTUYMM TPUMI KAK HA HMCTOYHUK PHUCKA
JUTSL 37I0POBBsI UEJIOBEKA, YCUJINTh U PETIaMEHTHPOBATH
Mepbl NPOQUIAKTHKH, BKIIOYAs MEpbl OMOIOTHYECKOM
0e30macHOCTH Ha (PepMEepCKHUX XO3AMCTBaX M Ha 3Tamax
MIPOU3BOICTBEHHO-COBITOBOM IIETIM NTHIIEBOICTBA, MPO-
BEJCHUE JIUICMHUOIOTHISCKUX PACCICIOBAHUN TI0 (paK-

PEOAKLIMOHHAA KOHLEEMNUWMA

TaM BCIBIEK, OOECIeueHHe OICPaTUBHOM Iepenadn
1 oOMEHa JaHHBIMH O T€HOME BHPYCOB M ITOOIIPEHHE
COTPYAHNYECTBA MEXIY CEKTOPaMH OXPaHBI 37I0POBBS
’KMBOTHBIX U YEJIOBEKA.

Konkpetnsupys Mepsl peaynpexaeHns 1 Heo0Xonu-
MOW TOTOBHOCTH B yCIIOBHSIX MAacUITaOHOM yTrpo3bl AMH-
JEMUH «IITHYLETO TPUIIAY, MPEIIararoTcs clIeayIomue
[JIaBHbIE HANpaBJIEHUs ACHCTBUI:

1) pa3paboTka HMMYHOXPOMATOTpa(hUIECKUX IKC-
HpPEeCcC-TeCTOB HACHTU(HUKALMY BUPYCOB, IPUTOTHBIX IS
paboTHI B TIOJIEBBIX OUarax;

2) co3gaHne KOMIIBIOTEPHBIX 0a3 JaHHBIX paclpocTpa-
HEHUS ¥ TeHETHUYECKOU 3BooNuU BupycoB (big data) Ha
rraTopMe METareHOMHOH TEXHOJOTMH M HCKYCCTBEH-
HOTO MHTEJUIEKTa Ha MPUHIMIAX MEXToCyIapCTBEHHOH
KoolIlepanuy;

3) co3maHue BaKIMH K aKTyalbHBIM cyoTrmam HS u H7
U IpyTUM BO3MOXHBIM cyOTHIIaM (YOUThIE, CyObeAMHUY-
HBIC U )KUBBIE THITBl PEKOMOWHAHTHBIX BaKIIMH HAa OCHOBE
JHK- u PHK-texnonoruit) [8, 109-114];

4) pazpaboTka 3 PEeKTUBHBIX aHTUBUPYCHBIX IIpemnapa-
TOB 3THOTPOIHOIO, MaToreHeTnyeckoro nerctaus (host-
targeted drugs) n xomOuHMpOBaHHOTO (Virus- and host-
targeted drugs combinations) Tunos [34, 36, 115-117];

5) noBbIIIEHHBIE MePBl OM00E30MIaCHOCTH 1 KapaHTHH-
HBIE MEpHI JUIA C/X KUBOTHBIX M MEpCOHaNa Ha (epmax,
MpeAynpeXIeHNe KOHTAKTOB C AUKUMH NTHLAMH U O0JIb-
HBIMH >)KUBOTHBIMY;

6) BOCCTAHOBJIEHHE CHCTEMBl MOHHTOPHHIA H3MEHe-
HUH BUPYCHBIX T€HO()OHOB B MOIYIALUAX MOTCHINAb-
HO OIIaCHBIX BHPYCOB B Pa3JIMYHbIX Teorpaduueckux 30-
Hax [5, 29, 86, 101, 118].

IIpeanaraemele MephI TO3BOJIAT HIPOTHO3UPOBATh Haya-
JI0 ONIACHBIX MAHAEMUI M UX PHUCKH, a TaKKe MUHUMHU-
3WpOBaTh MOCIEACTBHSA B CIIydae BOSHUKHOBEHHS dIHE-
MU, BBI3BAHHBIX BUPYCAMH T'PHUIIIA MITHLI.

3akJ/roueHue

Ha coBpemeHHOM dTare OTMEUYEH ITIOOANBHBIN MOIb-
eM uH(puIMpoBaHus U 3a00J€BaEMOCTH AWKHUX H J0-
MAITHAX TITUI] BRICOKOBUPYJACHTHBEIM BHPYCOM ITHYBETO
rpunma H5N1 (xmaiin h2.3.4.4b) u npyrumu Bupycamu
rpunma A. Ha atoMm (oHE yyacTHIIMCh BCIIBIIIKK CPENU
MJICKOITUTAIOIINX, BEI3BAHHBIE JAHHBIM KIIAHI0M BHUpYCa,
U TPOJOJDKACTCS B MPHUPOAEC LUPKYISIUS BHICOKOBUPY-
neHTHoro Bupyca rpunna H5N1 u psina nqpyrux BupycoB
TpUIIIA TTHIl, AMEIONTNX MPU3HAKKA YaCTUIHOW ajarra-
MU K OPTaHK3MYy 4elloBeKa. [lepexos BEICOKOBUPYIEHT-
Horo Bupyca H5N1 Ha MJIEKOTIUTAIONIUX CO3AAeT pealib-
HYIO yTPO3y €ro NaJdbHEWIeH aganTaruil K OpraHu3My
YeNOBeKa M MOBBIIICHUIO €T0 JMUACMHYECKOrO IMOTEH-
uana ¢ IMoCIeAyIoInM (OopMHpOBaHUEM IaHIAEMUYe-
ckoii cutyaruu. CKIaIbIBArOIIAsCS MPEIIITHACMAICCKas
cuTyarus 0oOyCIOBIMBAaCT HEOOXOAMMOCTH BBIPAOOTKHU
CTpaTeruu NpeaynpeauTeabHbIX MEP A1 MUHUMU3ALUU
MOCJIEACTBUHA BO3MOXKHOI'O YTPOXKAIOIIErO CLIEHAPHSI BO3-
HUKHOBEHUSI TaHIeMUH. {151 CHIDKEHHSI PHUCKOB M TO-
CJIEZICTBUI TaKOTO pa3BUTHS COOBITHH B CTaThe YKa3aHbI
HEOTIOXKHBIE MEpHI, BKIItOYast (HOPMHUPOBAHUE KOHIICTI-
1uu 3(pPEeKTUBHON MATOTeHETUIESCKON TepaHH.
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NMpumeHeHne UMMYHOIrNOOYSTIMHOB U MOHOKIOHASbHbIX aHTUTEN
B oTHoweHuun COVID-19
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Pestome

BeepeHue. [py BO3HWKHOBEHMN HOBOrO 3aboneBaHns ogHUM U3 Hanboree AOCTYMHbIX CPeACTB C YCTaHOBMEH-
HOW 1 AOKa3aHHOW TepaneBTU4ecKon apeKTUBHOCTLIO B NEPBYI0 odepedb ABMAIOTCA npenaparthbl, coaepxaline
cneumnduryeckme aHTUTENa K 4aHHOMY MHMEKLUMOHHOMY areHTy. BBegeHve Takux npenapaTtoB HamnpasneHo Ha
CHWXEHMEe Konu4yecTBa BO30yaMTENst B MakpoOpraHvM3me W, Kak CneacTBue, YMEHbLUEHUE TSHKECTU CMMMNTOMOB
3abonesaHuns Nnbo BbI3ZOPOBIEHME.

Llenbtlo HacTosilero ob3opa ABNSETCA aHanu3 onbiTa UCNOMb30BaHUSt UMMYHOTMOOYNMHOB M MOHOKITOHAmNbHbIX
aHTUTEN npu neveHnn 6onbHbix COVID-19 B Xo4e naHgemun.

PesynkTathl U 3akntoyYeHune. [1ByMsi OCHOBHBIMMW rpynnamMmn MeguLMHCKUX CPEACTB 3alyuThbl, BIIOKMPYOLWUX Npo-
HukHOBeHMe Bupyca SARS-CoV-2 B nepMUCCUBHbIE KMETKWU, SBMSKOTCSA Npenaparbl, noflydaemble M3 nnasmbl
KPOBUW PEKOHBANECLEHTOB (MMMYHOITOOYNMH), U YeNOBEYECKME MOHOKIIOHanbHbIE aHTUTeNna. B nepsoi rpynne
npenapatoB npu nevyeHnn GonbHeix COVID-19 Beayliee Mecto 3aHMMaeT nnasMa KpoBM PEKOHBaseCLEHTOB.
[aHHbIA npenapaT ¢ yCnexoM MOXET ObITb UCMONb30BaH ANs NPOBEAEHUS SKCTPEHHOW NPOMUNAKTUKA Ha PaHHMX
cTagmsx 3abonesaHns. OCHOBHbIM HEOOCTaTKOM Tepanuu Mpy UCMoNb30BaHWM Ma3Mbl KPOBW peKOHBarnecLeH-
TOB SIBMSIETCA TPYOHOCTb CTaHAapTU3auuu BBUAY 3HAYUTENLHOTO BapbUPOBAHMS cofepXaHus cneunduyeckmx
aHTUTen y AOHOPOB. [lpyrMM HEAOCTaTKOM Tepanuu Npu UCMofb30BaHWM NpenapaToB NepBoW rpynnbl ABASIOTCA
HexxenaTtenbHble NOBG0oYHbIE peakUnn y PeLnnMeHTOB, BO3HUKAKOLWMNE NPU UX BBEAEHUW. ANbTEPHATMBHBLIM MOAXO-
nom npu nposefeHnn Tepanun COVID-19 aBnseTca ncnonb3oBaHWe r'yMaHU3MPOBAHHBIX U FEHHO-UHXEHEPHbIX
YenoBEYECKMX MOHOKITOHANbHbBIX aHTUTEN NPOTMB OnpeaeneHHbIX anuTonos Bupyca SARS-CoV-2, B yacTHoOCTH,
peLenTop-cBs3blBaloLLero gomeHa S-6enka, cnocobHbIX NpegoTBpaTUTb NPOHWKHOBEHWE BUpYCa B NEPMUCCUB-
Hble KNEeTKU W NpepBaTb pasBUTNE MaHUMECTHON MHekuun. MpenmyLuecTBaMy OaHHbIX NPenapaToB sSBMSETCs
nx 6e3onacHoCTb, BbiCOKas cneuunduyeckas akTUBHOCTb, BO3MOXHOCTb CTaHA4ApPTM3aLnn, OGHaKoO CIIOXKHOCTb MX
Npoun3BOACTBA M BbICOKAs CTOMMOCTb AENalT UX ManodoCTyMNHbIMU AN MacCOBOrO UCMOSb30BaHMSA B NpakTuye-
CKOW MeauUuHe.

KnioueBble cnoBa: COVID-19; supyc SARS-CoV-2; ummyHoernobynuHbl; MOHOKIIOHalIbHble aHmumena; 3Kc-
mpeHHas npogunakmuka, nedeHue; 063op
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Abstract

Introduction. When a new disease occurs, one of the most affordable remedies is drugs containing specific
antibodies to this infectious agent. The use of such drugs is aimed at reducing the amount of the pathogen in the
macroorganism and the associated reduction in the severity of the symptoms of the disease or recovery.

The purpose of this review is to analyze the experience of using immunoglobulins and monoclonal antibodies in
the treatment of COVID-19 patients during the pandemic.

Results and conclusion. The two main groups of medical protective agents that block the penetration of the SARS-
CoV-2 virus into permissive cells are drugs obtained from blood plasma of convalescents (immunoglobulin) and
human monoclonal antibodies. The first group of drugs in the treatment of C OVID-19 includes blood plasma of
convalescents, which can be successfully used for emergency prevention. The main disadvantage of using blood
plasma convalescents is the difficulty of standardization due to the different content of specific antibodies in donors.
Another disadvantage is the undesirable side effects in recipients that occur after plasma administration. An alternative
approach to COVID-19 therapy is the use of humanized and genetically engineered human monoclonal antibodies
against certain epitopes of the SARS-CoV-2 virus. For example, monoclonal antibodies against receptor-binding
domain of the S-protein, which prevents the virus from entering permissive cells and interrupts the development of
infection. The advantages of these drugs are their safety, high specific activity, and the possibility of standardization.
However, the complexity of their production and high cost make them inaccessible for mass use in practical medicine.

Keywords: COVID-19; SARS-CoV-2 virus; immunoglobulin; monoclonal antibodies; emergency prevention; treat-
ment; review
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BBenenue

[Marnemust COVID-19 crana tpetbeit B XXI B. BembIm-
KO KOpPOHABHUPYCHOW HH(EKIHH. B oTinume oT IByX
npeapLaymux 3abonesannii (SARS u MERS), COVID-19
MOTYYHJI TIOBCEMECTHOE PAaCHpOCTPaHEHHE M 3aTPOHYI
MPaKTUYECKH BCce cTpaHsl [1].

B xone mangemun COVID-19 (B 3HaUnTEIHHON MEpe
B 3aBHCHMOCTH OT reHoBapuanTa Bupyca SARS-CoV-2)
ObUT OTMEUYEH OYEeHb LIUPOKUN CIEKTp KIMHUYECKUX
MIPOSIBIICHHUH: OT JIETKOTO PECIMPATOPHOTO 3a00JeBaHUS
JI0 TSDKEJIOM MHEBMOHUU C OCTPHIM PECIIUPATOPHBIM JIH-
ctpecc-curapomom (OPJIC). Tlocnemnuii oOycioBieH
Pa3BUTHEM T.H. «IIUTOKUHOBOTO INTOPMAa», BBEI3BAHHOTO
HEKOHTPOJIHMPYEMOM CEKpelMed LUTOKMHOB B XOJE Te-
Hepanu3aluuu UHQeKnuu. B chIBOPOTKE KPOBH OOJIBHO-
rO TpPH 3TOM 3HAYUTENHEHO BO3PACTaeT KOHIICHTPALUS
uutokuHoB (IFN-y, IL-1, IL-6, IL-12, u TGF-B, CCL2,
CXCL10, CXCL9, IL-8). Y OONbHBIX pa3BUBAIOTCS JIHU-
XOpajiKa, CyXxoW Kalllellb, HapacTaHHe JbIXaTeJbHOI He-
nocratouHoctd, mepexomsmeir B OPJIC, mosBusoTcs
MPU3HAKKW He(PONaTHH, & YCHJIMBAIOUIMECS TeMOIUHA-
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MUYECKUE HAPYIICHUS U SIBIICHUS KOATyJIOMATHH COTIPO-
BOXKIAIOTCST (DOPMUPOBAHUEM CHHAPOMA IHCCEMUHUPO-
BaHHOT'O BHYTPUCOCYIAUCTOTO CBEPThIBaHUA [2—4].

Js1 ipenoTBpanieHns pa3BUTHSI «IIUTOKWUHOBOTO IIITOP-
May Ha IMPaKTHKE UCTIONB3YIOT IBE OCHOBHBIC CTPATETUH:

— TMPOTHBOBOCIIAIUTENFHOE JIeUeHHE CTEPOMIHBIMU
¥ HECTEPOUIHBIMHU TIPETIapaTaMu;

— HTHOTPOIHYIO TEPAIHIO, HANPABICHHYIO Ha AIIUMU-
HAIIMIO BUPYyCa, KOTOpask BKIIFOYaeT MPOBECHNE Teparuu
AHTHUTETIOCONCPKAIIMH TIpeTapaTaMu, IOTYICHHBIMHU
U3 KPOBHU PEKOHBAJECIICHTOB, WIM MOHOKJIOHAIHHBIMHU
antutenamu (MKAT).

Heabio HacTosmero 0030pa SBISIETCS aHAIN3 OIBITA
HCIIONB30BAHUS HMMYHOTJIOOYTHHOB M MOHOKJIOHAIIb-
HBIX aHTUTEN TpH JieueHUuH 6oapHBIX COVID-19 B X0me
TTaHICMHUH.

Pesyabrartsl

S-6emok Bupyca SARS-CoV-2 sBusiercs OCHOBHOMH
MUIIEHBIO 71l BUPYCHEeUTpanu3ytonux antuten (BHA),
MO3TOMY HCITOJIb30BaHME CBIBOPOTKH KpPOBH PEKOHBA-
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necueHToB, cogepxkamux BHA npotuB Bupyca SARS-
CoV-2, — OTHOCHTENBHO OBICTPBI CHOCOO MOTY4EeHHUS
nedeGHOro Ipenapara s gedeHus 6onpHeIx COVID-19.
[IpuMeHeHne NaHHBIX MpPENapaToB CTajl0 BO3MOXKHBIM
YK€ Ha IIepBBIX Tanax naHaeMuu [5].

Panee ObUTO yCTaHOBJIEHO, YTO NPUMEHEHHUE ILIa3MBI
PEKOHBAJICCIIEHTOB MPH JICYEHHH OOJBHBIX C TSDKEIBIMU
(hopmMaMu pecrupaTOpHBIX BUPYCHBIX HH(MEKITNI TPHBO-
IUT K 3HAYUTEIIFHOMY COKPAIEHHIO MPOAOJIKHUTENIBHO-
CTH NPeOBIBaHUS TaKUX MALMEHTOB B CTAIIMOHApE [6].

C Harreit Touku 3penust, 0oiee 3pPEeKTHBHBIM H B TO XKe
BpeMs Ooee Ge3onacHbIM cpeacTBoM steueHuss COVID-19,
10 CPaBHEHUIO C IUIA3MOH PEKOHBAIECLEHTOB, SBISIETCS
[IPUTOTOBJICHHBIN U3 HEE MIMMYHOIJIOOYIIHH.

T'omonoruunelit nMMyHOII0OYIHH poTB COVID-19
M3rOTaBIMBAIOT U3 IyJa IUIa3Mbl KPOBU JOHOPOB, COAEP-
»kauieit anturena npotuB SARS-CoV-2. Kaxaplit komo-
HEHT MyJla MHIUBHUIYaJbHO MPOBEPSIOT HAa OTCYTCTBHE
PHK Bupycos SARS-CoV-2, renarura C, BUY u JHK
BHpyca remaruta B (MeTomoM monmMmepasHON NEmHOM
peaknun) u/uian aHTuresa supyca remnarura B (HBsAg),
antureHa p24 BUY-1, anturen k Bupycam renarura C,
BUY-1 u BUY-2 u cudpmnmca (MeTomoM TBepao(ha3HOTO
MMMYHO()EpPMEHTHOTO aHaJIN3a).

OB30PbI

JleficTByIOIMM HaYaJloM HUMMYHOIJIOOY/IMHA YeIoBeKa
npotuB COVID-19 gBisroTcss UMMYHOTIIOOYIHHEI KJ1ac-
ca G (IgG), obmanaronye HEHTpPANHU3YIOMEH AKTUBHO-
CTBIO 1O OTHOIIeHHIO K BUpycy SARS-CoV-2.

[Ipu BHYTpHUBEHHOM BBEICHHH CHECIIM(PUUSCKUE aHTH-
Tena npotuB BuUpyca SARS-CoV-2 cpasy xe monagaror
B CHUCTEMHBIH KPOBOTOK, IIPH 3TOM OHOJOCTYITHOCTh MX
ommska k 100%. Ilocme BBemeHHS B MaKpOOpraHH3Me
npoucxoaut nepepacnpenenenue 1gG k Bupycy SARS-
CoV-2 mexay mia3Mod M BHECOCYIUCTBIM HPOCTpPaH-
CTBOM, C TOCIEAYIONICH yTHIM3AIMe CBOOOTHO ITHP-
Kynupyromux IgG 1 UMMYHHBIX KOMIUIEKCOB KIIETKAMHU
PETUKYIO3HIOTENNANBHON cucTeMbl. CpeaHee BpeMs
amuvubatiu 1gG x Bupycy SARS-CoV-2 u3 mnasmsl
KpOBH cocTaBiseT okono 11 cyt [7].

Kak cnenyer u3 JaHHbIX, HOTYYEHHBIX IPU IPOBEACHUN
[I-11I ¢pa3 xkmuaIYecKUX ncnbITanni (Tada. 1), mpumene-
HUE UMMYHOIJIOOYJIMHA U3 TIa3Mbl KPOBH PEKOHBAJIEC-
[IEHTOB 00ecreynBaeT 3HAYMMBbI TepareBTHIeCKUi (-
¢ext. CHmxenne yactotsl COVID-19 mpu ogHOKpaTHOM
BBEJICHUH OOJILHBIM UMMYHOTIIOOYnHHA B 03¢ 1 rHa 1 kT
Macchl Tenia cocTaBisio 85%, npu BBeaeHuu B 103e 0,5 T
Ha 1 KT Macchl Tena B TeueHue 5 cyT — 6onee 95%.

OmnpeneneHHbIM HEAOCTATKOM IMpEenapaToB, MOIYUCH-

TaGnauua 1. Pe3ynbrarsl HCNIONB30BaHUS] IMMYHOIIOOYIMHOB IIPH IPOBEIECHUN KIMHUYECKUX UCCIIeI0BaHui npenaparoB Ha 6osbHeIX COVID-19

Table 1. Results of the use of immunoglobulins in clinical trials of drugs in patients with COVID-19

Cragus Yucao Herou
PazpaboTunk KM CxeMa BBeZIeHUS HCTIBITYEMBIX Pesynerar K
Developer Stage Administration scheme Number Result Source
of CT of subjects
BuyTtpuBeHHO oHOKpaT-
Muxkporen HITO AO, HO B 1o3e | rHa | xr Ilepuox nomyseBenenus 1gG xk SARS-CoV-2
Poccust I Macchl Tena 8 cocTaBiseT B cpeaneM 11 cyt 8]
Microgen NPO JSC, Intravenously once at a The half-life of IgG SARS-CoV-2 averages 11
Russia dose of 1 g per 1 kg of days
body weight
KoHnenTpanus HeHTpaausyomux
SARS-CoV-2 anTHTEN YBEIUUMIACh
B 9,4 £ 1,4 pa3a o cpaBHEHHIO C TIA3MOit
Muxporen HITO AO, o neopera
Poccust To e TMEUEHO CHU)KCHHUE YacTOThI
Microgen NPO JSC 11111 The same scheme 32 CHMIITOMATHYECKOIO COYI.D—I‘) Ha 85% [2]
Russia ’ The concentration of neutralizing SAR.S-CoV-Z
antibodies increased by 9.4 + 1.4 times
compared to the human plasma
85% reduction in the frequency of symptomatic
COVID-19
VYHUBEPCUTET MEIULIUH- CHIKEHHE 4aCTOThI CHMIITOMAaTHYECKOTO
cKkuX Hayk, [Takucran 11T B 155 COVID-19 na 90% 3]
Dow University of 90% reduction in the frequency of symptomatic
Health Sciences Pakistan COVID-19
Kuraiickas akagemust 0,2-0,4 r Ha 1 Kr Maccsl
Hayk, KHP I TeJa B TEIEHHUE 5 CyT 63 H.n. 9]
Chinese Academy of 0.2-0.4 g per 1kg of N.d.
Science, China body weight for 5 days
Kuraiickas akagemus 0,5 r Ha 1 Kr Macchl Tena
Hayk, KHP 11T B TEYEHHE 5 CYyT 94 Tepanesruyeckuii a¢pdext y 100% GonpHbIX [10]
Chinese Academy of 0.5 g per 1 kg body Therapeutic effect in 100% of patients
Science, China weight for 5 days
Hero-Aopkckuii nentp 0,5 r Ha | KT Maccel Tena
kposu, CLIA I B TEYCHHE 5 CYT 67 Tepanesruueckuii 3¢pdext y 95% GonbHbIX [11]
New York Blood Center, 0.5 g per 1 kg body Therapeutic effect in 95% of patients
USA weight for 5 days
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REVIEWS

HBIX U3 KPOBHM PEKOHBAJIECIICHTOB (HE3aBUCUMO OT Iepe-
HECEHHOM HO30JI0THYEeCKOH (pOpMBI), SIBISIOTCS BO3MOX-
HbIE HE)KeJaTeNbHbIE PEaKLUH IOCIe BBEICHHUS JIeKap-
CTBEHHOTO cpefcTsa [12].

HesxematenpHbple peaknuy, KaK MPaBHIIO0, HAOIIOAAIOT-
s B CJIy4ae BBICOKOI CKOPOCTH BBEIEHHSI UMMYHOITIO0Y-
JIMHA, a TaKXKe Y JIUI] C HEAOCTATOYHOCTHI0 UMMYHOIJIO-
OynuHa kiacca A 100 y TallMeHTOB, KOTOPBIE TOTYyJaloT
BHYTPHUBEHHYIO MH(Y3UI0 NMMYHOIJIOOYJIHHA YeJIOBeKa
BIlepBEIe. B 3T0ii cBs3M O00HBIE Ipemaparsl NpUMeHs -
0T TOJIBKO B YCJIOBHUSX CTallMOHApa I10J] KOHTPOJIEM Bpa-
Ya U IpU HAJUYUHU CPEICTB Ul KyNHPOBaHMSA PEaKLUU
TUIEPUyBCTBUTEIBHOCTH HEMEJICHHOTO TUIIA.

[TonoXnUTEeTFHBIM MOMEHTOM SIBJISETCS M TO, YTO HM-
MyHOII00yaHH yenoseka npotus COVID-19 moxer mpu-
MEHSTHCSl B KOMIUIEKCHOH Teparuu 3a00JieBaHus B code-
TaHUH C IPYTUMH JIEKapCTBEHHBIMH CPEICTBAMH.

Cremyer OTMETHTH, YTO BO3MOXKHOCTH NPHMEHEHHS
MIpenapaToB U3 KPOBHU PEKOHBAJECIIEHTOB Ha IEPBBIX
stamax marmemun COVID-19 Opumm m0CTaTOYHO Orpa-
HUYEHHBIMH. B nanpHelineM BciecTBIE 3HAYUTEIEHOTO
pacumperns Kpyra nepeOoJIeBIINX CUTyalus W3MEHH-
Jlach W KPOBb PEKOHBAJIECIIGHTOB CTana Hawmboiee 10-
CTYIHBIM UCXOIHBIM MaTE€pPHAaJIOM ISl TOTyYeHHUS Jieued-
HBIX MpenaparoB Ha ocHoBe BHA.

Bo Bpems mamgemun COVID-19 omuum u3 Hambo-
Jle€ NEPCHEKTUBHBIX HAIpaBICHUN 3THOTPOIHOU Tepa-
MUY CTajJo mpuMeHeHrne MKAT. DTo CBSI3aHO ¢ BBICOKOM
cnenrn(pUIHOCTHI0, 0E30MACHOCTHIO, TEXHOJIOTHYHOCTHIO
MIPOMBIIUIEHHOTO MPOM3BOACTBA MKAT, CeKpeTHpyeMBIX
KJIETOYHBIMH TPOAYLIEHTAMU, U BO3MOXXHOCTBIO MOJTyde-
HUSl BBICOKOOUYHINEHHBIX IPENapaToB HpPH HCIIOIb30Ba-
HUHM MeTon0B adduuHOi xpomaTorpaduu. Iloaydaembie
pu 3ToM MKAT XapaKTepH30BaJINCh OTCYTCTBHEM (DeHO-
MEHa aHTHTEI03aBUCHMOTO yCHJICHUS MH()EKIUH (aHTII.
antibody-dependent enhancement, ADE) [13].

Hcnonp3oBaHue mpemnaparoB Ha OCHOBE MKAT peko-
MEHJIyeTCsl B CTallMOHAPHBIX YCIIOBHSX, a TAKKEe B yC-
JIOBUSAX JHEBHOTO CTAllMOHApa B CPOK HE MO37HEEe 7 CYT
oT Hayaa 6omne3nu [19].

PexomOunanTHBIE MKAT 4enoBeka kiacca IgGl, cBs-
3bIBasCh C OJMUTONAMH PEIENTOP-CBA3BIBAIOLIETO [0-
MeHa S-Oenka, OJOKHPYIOT B3aUMOACHCTBHE S-0eika
SARS-CoV-2 ¢ aHrmoteH3uHIpeBpaaonmM hepMeH-
ToM 2 (AIlD2), uTO MPUBOAUT K MOIABICHUIO MHPUIIH-
POBaHHUSA KJIETOK XO35IMHA U OCTAHABIMBAET PEIUIUKALIUIO
BHpyca [14].

S-Genok comepkur nBe CyObenuumubl (S, U S).
CyObenunuia S1 COJIEPKUT 4 JOMEHa, OCHOBHYIO POIib
BO B3aUMOJICMCTBUU C KJIETKOM XO3iMHA UrpatoT N-KOH-
uesoil fomeH (NTD) u perentop-cBA3bIBAIOINN JOMEH
(RBD) [15]. CeasbiBanue S-0einka MKAT OJIOKHPYET €ro
B3aMMOJICHICTBHE C PELIETITOPAMH KJIETKH-XO035IMHA (HaIpH-
Mmep, ACE2) w/unu uHrubupyeTr NpoHUKHOBEHHE BHpYyca
B KJIeTKy. [Ipenaparsl, oOnanaromnye TaHHBIME CBOMCTBa-
MH, OIPEIEIIAIOT Kak HelTpanusytomue MkAT [14, 16].

IIpu uccnenoBanny MexaHU3MOB 3(h(HEKTUBHOCTH IIpe-
nmaparoB MKAT crienyer oOpaTuTh BHUMaHHE Ha DOIb
Fc-onocpenoBanuoii 3¢ ¢exTopHON aKTHBHOCTH. YCTa-
HOBIIEHO, uTo MKAT ¢ HemoguduuupoBanHeiM Fec-dpar-
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MeHTOM Oonee 3ddexruBubl mia nedenuss COVID-19,
4yeM Tpemnaparsl ¢ MoauuimpoBaHHBIM Fc-dparmen-
ToM [17]. Moaudukarmio Fe-pparmenta npoBozasAr ¢ 11e-
JBIO CHWOKEHUS d(PEKTOPHON aKTUBHOCTHU JIJIS YIJTUHE-
HUS epuoja noiyssisefeHus [18].

IIpu tepamuun COVID-19 Ha mpakTHKe HCHONB3YIOT
Kak omHokoMmoHeHTHBIe (CoTpoBuMad, Permansuma0),
Tak U KoMOmHMpoBaHHbBIe (bammannBrmMabd + DteceBu-
Mab; Kacupusumab + Mimaesumab) mpemnapartsi [19].

Ve B Hauane nmangemMud COVID-19 B fOKIMHUYECKUX
HCCIIeIOBaHUAX OBIJIO YCTaHOBIEHO, YTO CMECH HEHTpa-
m3yromux MKAT, HaneneHHslx Ha cadt RBD Bupyca
SARS-CoV-2, MoryT ObITh O0Jiee 3(PEKTUBHBI IS Jic-
YeHUs M MPOQUIAKTHKH 3a00JI€BaHMs, YeM HHIUBHIY-
anpHBIe MKAT [20].

B 3aBucHMMOCTH OT MOKa3aHUH K NPUMEHEHHIO, Ipemna-
parsl Ha 0OCHOBe MKAT, HCITONb3yeMble T MTPOPHITAKTH-
ku u nederns COVID-19, Mo:xHO pa3aenuTs Ha 3 TPYIIIEL:

—IlepBas rpynmna npencTaBieHa mpenaparaMmu AJs mpo-
¢mmaktiky 3apaxenust COVID-19. K nannoii rpymre ot-
HOCsITCA pa3paboTaHHbIe KoMnaHuen AstraZeneca MKAT
¢ Fc-dparmenrom, MoanuIMpOBaHHEIM METOJOM MYy-
taruii (MKAT AZD8895 — Tukcaresumad u AZD1061 —
Hunrasuma6). Monudukanus Fe-pparmenTa mo3sonser
VIUIMHUTH NIEPUOJ NOTYyBhIBeACHUS Npenapata. [Ipeano-
JaraeMblii KOMITaHHEH-pa3paboTINKOM CPOK 3P PEeKTHB-
HOM 3aIlUTHI OT 3apakeHHs cocTaBisieT 6—12 mec. BBuny
9TOTO JaHHBle Hpenaparbl MOTYT OBITh HCIOJB30BaHbI
B Ka4eCTBE aIbTePHATUBHBIX BAKIIMHAM CPEICTBAMH ITPO-
(bMITAaKTHKY AJIS ML, UMEIOIUX MPOTHBOMOKA3AHMS A
BakIHaImu [21].

— Bropas rpynma mpexncraBieHa mpemaparamMu Ll
IIOCTKOHTaKTHOM mpodmiakTuku u jedeHus. K stoit
rpymnmne otrHocsatcss KacupuBumab n Mmpesnuma0, npen-
CTaBIAIONINE COOOH HEUTpAIM3YIONIHE YeIOBEUCCKUE
IgG1 MkAT k Bupycy SARS-CoV-2.

Hcnonp3oBanue mnpenapara REGN-COV2 (kxom6u-
Harus Kasupusumaba u MMaesumaba, mo 1,2 T kaxmo-
ro MKAT) BBI3BIBAIO YMEHBIIEHHE YPOBHS 3apa)KeHUs
Ha 50% nipu cHImKeHNH TshxecTy 3aboneBanuns y 100% mo-
OpoBodbies [22, 23].

— K Tperbeil rpynne OTHOCATCS Ipenaparsl, IpegHa-
3HA4YCHHBIE LISl JIeYeHUs] OOJBHBIX C BBICOKHM PHUCKOM
MIPOTPECCUPOBAHMS TSKECTH 3a00JeBaHHA, AIS KOTO-
PBIX aNbTEepPHATHBHBIE BAPHAHTHI JIEUCHHUS IO TE€M WU
UHBIM NpuU4YuHaM HempuemieMbl. K manHoi rpymnme
otHocarcs CorpoBumad, bebrenopumad (st MCTIONB-
30BaHUS B KaU€CTBE MOHOIIPENaparoB) a Takxke KOMOU-
Haiu «bammannBumab + OreceBuMad» u «Kasupusu-
Mab + UmaeBumady.

bebrenoBumad (MkAT LY-CoV1404, LY3853113)
MPEICTABIIAET COOOH yenoBeueckre MKAT k S-0elKy BU-
pyca SARS-CoV-2, BbliesIeHHbIE OT ALUEHTA, BBI3I0PO-
Besirero nmocie COVID-19 [24].

bammanuBumad (MxATr LY3819253 wmm LY-
CoV555) u DreceBumab (MkAT LY3832479 unm LY-
CoV016) mpencraBnaoT coboit MKAT, 610KupyrOLIHe
S-6enok, KoTophie OBUTH pa3paboTaHbl HA OCHOBE HC-
XOHBIX CIenu(UIeCKIX UMMYHOTTIOOYITHOB, MPOIY-
nupyeMbix B-nmumoruTamu, mOTydYeHHBIMH OT ABYX
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OB30PbI

Ta6auua 2. Pe3ynsrarsl KIMHUYECKUX UCTIBITAHUN MpernaparoB yeiaoBeueckux MKAT k S-0enky Bupyca SARS-CoV-2 na 6onpubIXx COVID-19
Table 2. Results of clinical trials of preparations of human McAb to the S-protein of the SARS-CoV-2 virus in COVID-19 patients

Cragus Yucno
IIpenapar Pa3pabotunx MKAT KU Cxema BBenieHHsI Ad- | HCIIBITyeMBIX Pesynbrar Hcrounnk
Medicatio Developer McAb Stage | ministration scheme Number of Result Source
of CT subjects
BuyTtpuMmsieusoe
Tuxca- BBEJICHUE OJTHO-
ACTpaSeHCKa reBuMab KpaTHOﬁ JI03bI [21]
AstraZeneca AZD8$95 150 mr Tukcare- CHIKEHHE YaCTOTHI
Tixagevimab Bumaba u 150 mr CHUMITTOMATHYECKOTO
OBymienn I Hunrasumaba 5000 COVID-19 na 77%
Evusheld Intramuscular Reduction in the frequency of
6 administration of a symptomatic COVID-19 by
AcTtpaseHeka HXJ;S?ISZI? single dose of 150 77%
AstraZeneca . . mg of Tixagevimab (21]
Cilgavimab g g
and 150 mg of
Cilgavimab
Lentp nccneno- Jleuenne be6renoBumadom
BaHUsI BAKLIMH MPUBEJNIO K COKPAIIEHHUIO Bpe-
HanmonansHoro BHVTOHECHHOE BEC- MEHH JI0 yCTOWYHUBOIO yCTpa-
HWHCTHUTYTA ajiep- YTPHBCHHOC BBC HeHust cumnromoB COVID-19
JICHUE OJTHOKpAT-
'UU U HH(EKIHOH- Hoit 70351 175 Mr 10 CPaBHEHHMIO C IU1anebo y
BebrenoBumad HbIX 3a0oneBanuii, LY-CoV1404, I Intravenous 380 6onee 77% naueHToOB [28]
Bebtelovimab CHIA LY3853113 - - Treatment with Bebtelovimab
Vaccine Research adml_mstratlon of led to a reduction in the time
Center of the the single dose of to sustained elimination of
. . 175 mg
National Institute COVID-19 symptoms com-
of Allergy and In- pared with placebo in more
fectious Diseases than 77%
Bamirannermab B KoMOMHAITHH
LY3819253 700 mMr Bamnanu- ¢ DTeceBMMaBGOM 3HATHMO
bamnannBrumad Eli Lilly &C HiIn -1 Bumaba u 1400 mr CHIDKAET BUPYCHYIO HAarpy3Ky [24]
Bamlanivimab, LY-CoV555 DreceBumaba 450 IO CpaBHEHHIO C Muane6o*
OteceBuMad 700 mg Bam- Bamlanivimab in combination
Etesevimab LY3832479 lanivimab and 1400 with Etesevimab significantly
Eli Lilly &C i -1 mg Etesevimab reduces viral load compared to [24]
LY-CoVO016 placebo*
Beenenne CorpoBumaba Ha
85% cHMXAeT KOIM9IEeCTBO
BryTtpuBennoe BBe-
Clly4aeB TOCIHUTAIM3AIMH U
CoTDOBIMAG GlaxoSmith- ﬁf)}illnlfo(s)ilﬂg (l)<(l)) 211;1- JIETAJIBHOTO UCXO0/1a y OOJIBHBIX
S poe Kline and Vir VIR-783 11 - 291 COVID-19 [26]
otrovimab Bi Intravenous admin- . .
iotechnology, Inc - - . Administration of Sotro-
istration of a single - h b
dose 500 mg v1m:c1b fedgced the number
hospitalization and deaths in
COVID-19 patients by 85%
CHIDKaeT pUCK rocuTanu3a-
Ilentpon, Pecmy- uu ¥ cMepTtHOCTH Ha 70% 110
PergpanBumat ommka Kopest CT-P59 I 40 Mr/kr H.n. CpaBHEHHUIO ¢ 1Ianedo [29]
Regdanvimab Celltron, Incheon, 40 mg/kg N.d. Reduces the risk of hospi-
Republic of Korea talization and deaths by70%
compared to placebo
Buytpusennoe
KaWP,“‘?“MaG BBegeHue o 1200
Casirivimab mr Kaszupusumata CHUXEHHE BUPYCHOMN Harpys-
Ronaprve/ Regeneron Phar- I u Umaesumaba 799 KM 110 CPaBHEHHIO C I1anebo [30]
REGN-COV2 maceuticals Intravenous admin- Reduce viral load compared to
HAmaesnmald istration at 1200 mg placebo
Imdevimab Casirivimab and

Imdevimab

Ilpumeyanue. * — MoHOTepanus bamnannBrmadoM 1 DteceBUMaboM sBisieTcs HedadhekTusHOI [23].

Note. * —monotherapy Bamlanivimab and Etesevimab is not effective [23].

pa3HBIX manueHToB, nepedonesmux COVID-19. Kom-
OMHUpOBaHUE J3TUX JBYX IpenaparoB MpHU KIMHUYC-
CKOM TIPUMEHEHHUH MOXET CII0COOCTBOBATH CHIIKEHUIO
BHPYCHOW HArpy3KU M YMEHBIIEHUIO BEPOSTHOCTH 00-

pa3oBaHUs PE3UCTCHTHBIX BAPUAHTOB, MOSBIISIFOIIMXCS
npu JieueHuu [24].

CotpoBumad (MkxAT VIR-7831) mpencrasnser coboit
MxAT ¢ monudukanueit Fe-¢pparmenra (myranuu LS).
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VYkazaHHass MOAW(UKALUS TO3BONSET YBEIHYUTH IIe-
PHOA TIONYBBIBEACHUS NPHU COXpaHEHHH 3(PPEKTOPHOH
¢ynkunn. MkAT VIR-7831 cBs3pIBatoTCS C BBICOKOKOH-
CEepBaTUBHBIM SMHUTOINOM S-0enka Bupyca SARS-CoV-2
3a mpenenamu RBD-e [25].

YcraHOBIEHO, 4TO CBOEBpeMeHHoe BBeneHue Corpo-
BrMaba Ha 85% CHIDKANO YKCIIO CITy4aeB TOCIHTAIN3a-
WU ¥ JIeTabHOTO ucxoaa y 6ompHBIx COVID-19 [26].

Pesynbrarel ncnonb3oBaHud MKAT NpH NPOBEAECHUH
KJIIMHUYECKHUX HCCIETOBAHUN KOMMEPUECKUX IPENapaTos,
MIPEACTABIICHHBIE B Ta0J. 2, CBUJETENBCTBYIOT O TOM, YTO
HCTIONIB30BaHUE YenoBedeckux MKAT k S-0enky Bupyca
SARS-CoV-2 MoxeT ObITh 3(PPEKTHBHBIM CPEICTBOM
npu nedennu 60pHBIX COVID-19. HecomHeHHBIM TTpe-
HMMYIIECTBOM IIpenaparoB MKAT nepej npenaparamu Ha
OCHOBE TIJIa3Mbl PEKOHBAJIECLIEHTOB SIBISETCS BBEACHUE
KpaTHO MEHBIIIEr0 KOJIWYEeCTBA TeTEePOJIOTHYHOrOo Oeika
B MaKpOOpPTaHU3M.

B T0 ke BpeMsa mpuMeHeHHe mpenaparoB MKAT s
nedenust COVID-19 MoxeT HNpUBECTH K YXYILICHHUIO
COCTOSIHHSI TOCITUTAIM3UPOBAHHBIX MAllMEHTOB. B wact-
HOCTH, 3TO OBIJIO MPOAEMOHCTPHUPOBAHO TNPH KIMHUYE-
CKOM HccleoBaHuy mpenapara bedTemosumad [25, 27].
Kpowme Toro, npu mosBieHIH HOBBHIX T€HOBAPHUAHTOB BU-
pyca SARS-CoV-2 Bcerma Bo3HUKaeT BOIIPOC O BO3MOXK-
HOM CHIKEHUH 3((PEKTHBHOCTH TPENapaToB Ha OCHOBE
MEKAT, KaK, B 9aCTHOCTH, 3TO OBLJIO YCTaHOBJIECHO IS
npenapara beOTenoBuMald B OTHOIIEHHH 3a00JIEBaHHH,
BBI3BIBAEMEBIX TeHOBapruaHTaMu « OMUKPOHY.

Takum 00pa3oM, BO3MOXHOCTH YCHEITHOW OOpHOBI
C amueMued BHOBb BO3ZHHKIIETO WH(EKIMOHHOTO 3a00-
JIeBaHMS HANPSIMYIO 3aBHUCHT OT 00eCIIeUeHH s JIEKapCTBEH-
HBIMHU CPEJICTBAMHU IS €T0 JICUCHUSI U MPO(DUITAKTHUKH.

B nauane nangemuun COVID-19 octpo omrymiancs He-
noctaTok 3((EeKTUBHBIX CPEACTB MPOQHIAKTHKA H JIe-
YEeHHSI, YTO MPHU BBICOKON KOHTAarMO3HOCTH 3a00JIeBaHus,
BbI3BaHHOTO BHpPYycoM SARS-CoV-2, ocobeHHO reHoBa-
puanToM «Jlempray, mperonpeaeIio ORICTPoe TI00aTh-
HO€ paclpocTpaHeHHe MHQEKINH, 3HAUUTEIBHO Olepe-
JKaroIIee CKOPOCTh pa3paboTky BakiuH [31].

Cpenu cpencTB ¥ METOAOB JIEUEHHS Ha TIEPBBIX dTarax
MaHAEMHUY OTHUM U3 IMPUOPUTETHHIX HAMPABICHUN CTal
METOJ] TEPAIUH C UCIONb30BaHUEM NIPENapaToB U3 KPOBU
pekoHBasieclieHTOB [6]. B ocHOBe 3TOro mMerona JeKUT
MIPUHIINI TACCUBHOW HMMYHH3AIIHNH, T.€. BBEACHUE B Op-
TaHW3M PElUITHEeHTa cenn(UIeCKUX K BO3OYIUTEIIO aH-
TUTEN C [EeNbI0 HeUTpaIn3auui BO30yAUTENs U MOCTIeqy-
IOLIEH ero IMMUHAIIUU.

B nanpHeiem a1 npoBeeHUsI TEpanuy B XoJe NaH-
nemun COVID-19 B kadecTBe JIEKapCTBEHHBIX Ipera-
pPaToB HCIONB30BAIA MMMYHOITIOOYIHHBI, MOyYEeHHBIC
M3 TUIa3Mbl KPOBU PEKOHBANIECIIEHTOB [32], a TakXe T'eH-
HO-WHXCHEpHbIe MKAT K aHTHTCHHBIM JCTCPMHHAHTAM
Bupyca SARS-CoV-2 [33].

3ak/roueHue

Pe3ynbrars! 1OCTYIHBIX Ta00OPATOPHBIX U KIMHUYIECKUX
UCTIBITaHU CBUJETENLCTBYIOT O TOM, YTO B XOJI€ paclpo-
CTpaHeHHs HOBOTO MH(EKIIMOHHOTO 3a00IeBaHus Mpemna-
patsl MKAT, IOJTydeHHbIE B X076 TeHHO-UHKEHEPHBIX HC-
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ClIeIoBaHUM, ObLTH O0Jice 3 (DEKTUBHBIMHU U B TO JKE BPEMS
0e30MacHBIMU CPEJCTBAMH JKCTPEHHOM NPOQHUIAKTHKA
n nedenus. [Ipu aTom MakcuManbHBIH 3QdekxT oT mpoBese-
HUS TePaly JTOCTUTaeTcsl MPU BO3MOXHO Ooliee paHHEM
OT MOMEHTa HH(UIIMPOBAHUsI BBEACHHH pernapara.
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Abstract

Objectives. The HTLV-1 infection persists for life, remaining as asymptomatic viral reservoirs in most patients,
ensuring the chain of transmission, but around 4% develop adult T-cell leukemia/lymphoma (ATLL). HTLV-1 is an
oncogenic retrovirus that transforms CD4* T lymphocytes and deregulates the lymphoproliferative pathways that
contribute to the development of ATLL. To achieve cell transformation, most oncogenic retroviruses use proto-
oncogene capture transduction, with proviral integration disrupting the expression of tumor suppressors or proto-
oncogenes.

The aim. We conducted this study on the prevalence of HTLV-1 infection in blood donors to expand the HTLV-1
database, assess the risk of transmission via blood products, as well as evaluate the risk of persistent infection or
development of neoplastic diseases in HTLV-1 carriers.

Materials and methods. This is a cross-sectional study of blood donors of all categories. For this study, 265 blood
donors were recruited at the Centre National de Transfusion Sanguine in Brazzaville. After testing for HTLV-1
antibodies by ELISA, proviral DNA was extracted from all ELISA-positive samples for detection by nested PCR,
followed by RT qPCR using specific primers p53 and c-myc for gene expression.

Results. 20/265 were positive for anti-HTLV-1 antibody, 5 donors were positive for proviral DNA. The prevalence of
HTLV-1 was 1.8%. All HTLV-1-positive donors were male (1.8%), with a positive correlation (p = 0.05); the 1.1% of
positive donors were regular, with the majority aged between 31 and 45 years (1.5%), and concubine donors were
the most frequent (1.1%). All samples showed normal expression of the p53 and c-myc genes.

Conclusion. The prevalence, though low, remains a serious problem. No abnormal p53 or c-myc gene expression
was detected in HTLV-1-positive donors, which could mean that none of the T lymphocytes in these donors had
been transformed by HTLV-1.
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NMpodmnupoBaHue akcnpeccum reHoB pS3 n c-myc
y HTLV-1-undpmumpoBaHHbIX AOHOPOB KpoBU B KOHIro

Patrina J. lloukou'?, Anicet L.M. Boumba?3, Freddy S. Pouki?, Norvi R.B. Massengo?,
Ragive P. Takale?, Donatien Moukassa?, Moulay M. Ennaji’

"NabopaTopust BUPYCONOrum, OHKONornu, GUoHaykK, OKpy>KatoLel cpedbl U HOBOW SHEPrvK, rpynna BUPYCOnoruum,

OHKonorum n 6uotexHonoruun, GakynsTeT Hayku U TexHukn, Moxammeauns, YHmuBepcutet XacaHa |l B KacabnaHke,
KacabnaHka, Mapokko;

2Kadheapa 3gpaBooxpaHeHus 1 Gronornm Yenoseka, gakynsTeT HayK O 340poBbe, YHUBepcuteT MapueH Hryatw,
Bpassasunb, KoHro;

3ccnepoBatenbcekasi 3oHa MyaHT-Hyap, HaumoHarnbHbIn MHCTUTYT UCCNefoBaHWii B 06nacTy 34paBooOXpaHeHus!

(IRSSA), bpassasunb, KoHro

Pestome

BBepeHue. VHdekuns HTLV-1 coxpaHseTca B TedeHne BCen XM3HM Yenoseka, obycnosnmeas 6eccMMnToMHoe
BMPYCHOE HOCUTENbLCTBO Yy BONbLUMHCTBA NauMeHToB U obecneunBas uenb nepegadn. OgHako npumepHo y 4%
MHPMUMPOBaHHbIX pa3BuBaeTcs T-knetovHas nevikemus/numdoma s3pocnbix (ATLL). HTLV-1 — 310 oHKOpeTpoBu-
pyc, koTophbi TpaHchopmupyeT CD4*-T-numdoumnTbl 1 geperynupyeT numdonponudepatusHble nyTn, YTO CMo-
cobctByet passututo ATLL. [1ns goctuxeHns TpaHcopMauum KNeTok 60MbLLMHCTBO OHKOTEHHbIX PETPOBUPYCOB
MCMNONb3YT TPAHCOYKLMIO C 3aXBaTOM NPOTOOHKOrEHOB, NPW 3TOM NPOBUPYCHAast UHTErpauust HapyLLaeT aKcnpec-
CMIO OMyXO0seBbIX CYyNpPeccopoB UMM NPOTOOHKOIEHOB.

Llenb nccneposaHuA. Mbl npoBenu nccnegoBaHne no onpefeneHnio pacnpoctpaHeHHocTu HTLV-1-nHdekuun
cpeaun JOHOPOB KPOBM C Lienblo paclumpeHns 6a3bl gaHHbIX HTLV-1, oueHkn pyucka nepefayum Bupyca Yyepes Kom-
NMOHEHTbLI KPOBU, @ TakKe OLIEHKWN pUCKa NePCUCTEHLNM UHAEKLMN UMM Pa3BUTUSA HeonnactTnyecknx abonesaHuii
y HocuTenen HTLV-1.

MaTepuanbl 1 MeToabl. HacTosilwasa Hay4Hast paboTa — nepekpecTHoe uccregoBaHue AOHOPOB KPOBM BCEX Ka-
Teropun. B nccneposaHun yyactesosanu 265 4OHOPOB KpoBM M3 HauMoHanNbHOro LeHTpa nepenusaHns Kposu B
BpassaBune. Nocne TecTMpoBaHusa Ha aHTuTena k HTLV-1 metogom VI®A Bo Bcex nonoxuTenbHbix B UOA-06pas-
Lax nposoaunu onpegenexHue nposupycHon OHK metogom «BnoxeHHow» MNLP, a 3atem MeTogom KonmyecTBeH-
Hou OT-MUP ¢ ncnonb3oBaHnem cneundunyecknx npamnmepos p53 1 c-myc oLeHMBaNM 3KCNPeccuto reHoB.
Pesynbrathbl. M3 265 goHopos 20 yenoBek 6binv nonoxutensHbl No aHTu-HTLV-1-aHTutenam, y 5 goHopoBs Obina
BbiiBNeHa nposupycHasa OHK. PacnpoctpaHeHHocTs HTLV-1 coctaBuna 1,8%. Bce HTLV-1-uHdbUUMpoBaHHbIe
AOHOPbI BbINn Myx4nHamm (1,8%), ¢ NONOXUTENLHOW Koppensaumen Mexay Hanuinem MHAEKUMN 1 My>XCK1UM no-
nom (p = 0,05); 1,1% nonoxuTenbHbIX JOHOPOB ObINM perynspHeiMu, 6onbLIMHCTBO B Bo3pacTte oT 31 go 45 net
(1,5%), n Hanbonee yacTo BCTpeyanuck AoHopbl-coBmecTuTenu (1,1%). Bo Bcex obpasuax Habnopganacb Hop-
ManbHas akcnpeccus reHos p53 n c-myec.

3akntoyeHune. PacnpoctpaHeHHocTb HTLV-1, x0oTa 1M HM3Kasi, ocTaeTca 3HaduTenbHon npobnemon. ¥ HTLV-1-
MHULMPOBaHHbLIX JOHOPOB He OblNo 06Hapy»XeHO aHOMarnbHOW 3KCMPEeCccUMun reHoB p53 unu c-myc, 4To MOXeT
03HayaTb, YTO HM OAMH U3 T-NMMAOLMTOB JOHOPOB He Obin TpaHcdopmuposaH HTLV-1.

KntoueBble cnoBa: c-myc; KoH2o; O0HOpPbI Kposu; akcripeccusi 2eHos; HTLV-1; p53

Ons untnposanus: lloukou M.P.J., Boumba A.L.M., Pouki F.S., Massengo N.R.B., Takale R.P., Moukassa D.,
Ennaji M.M. MNpodunupoBaHune akcnpeccum reHoB p53 u c-myc y HTLV-1-nHMUMPOBaHHbIX JOHOPOB KPOBU B
KoHro. Bonpocsi supyconozuu. 2024; 69(2): 127—133. DOI: https://doi.org/10.36233/0507-4088-199 EDN: https://
elibrary.ru/jysjfr

®duHaHcuMpoBaHue. ABTOPbI 3asBMsIOT 06 OTCYTCTBUMU BHELLHEro (dMHAHCUPOBAHUS NMPY NPOBEAEHUN UCCIIE0BaHMS.
KOHC')HI/IKT UHTepecoB. ABTOpr AEKNapupyrT OTCYTCTBUE ABHbLIX N NMOTEHLUaNbHbIX KOHCbJ'II/IKTOB NHTEepecos,
CBsI3aHHbIX C Nybnukaumein HacTosiLLen cTaTbi.

OTuyeckoe yTBepxaeHue. ViccnenosaHve npoBoaMnock npu o6poBonbHOM MHOPMUPOBAHHOM COriacum
nauuneHToB. PaboTa npoBefeHa B COOTBETCTBUM C STUHECKUMM CTaHAapTaMu UCCreaoBaHuii B obnactu
3gpasooxpaHeHns (NO: 62/UMNG.FSSA.V-DOY). MNpotokon nccnegosanus ofgobpeH Internal Committee of the National
Blood Transfusion Center (CNTS)

From the collection of a person’s blood to its distri-
bution to the recipient, there are numerous safety mea-
sures in place to validate the blood supply [1]. With the
introduction of serological and molecular tests, at least in
high-income countries, detecting several pathogens other
than human immunodeficiency virus (HIV), hepatitis B
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virus (HBV) and hepatitis C virus (HCV), transfusion-as-
sociated infections have become extremely rare. Howe-
ver, in the city of Congo, for untested pathogens, espe-
cially those causing emerging infectious diseases such
as HTLV-1, it seems that complete control of infectious
diseases has not been achieved. Transfusion safety relies
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on several measures: education of donors with risk fac-
tors for infectious diseases and deferral of their donation,
blood testing, interventions to reduce pathogens and pa-
tient blood management [2].

Human T lymphoid virus type 1 (HTLV-1) was the first
oncogenic retrovirus discovered in humans in 1980 by
Americans using CD4* T cell cultures [3]. These cells
were derived from the peripheral blood of a patient suf-
fering from a hematological malignancy, initially thought
to be a cutaneous T-cell lymphoma associated with leuke-
mia [4—6]. The HTLV-1 virus is the cause of two serious
diseases: adult T-cell leukemia/lymphoma (ATLL) and
HTLV-1-associated myelopathy, also known as tropical
spastic paraparesis (HAM/TSP) [7].

Once contracted, HTLV-1 infection persists throughout
life and remains an asymptomatic viral reservoir in
most patients, ensuring the chain of transmission. But
around 4% develop adult T-cell leukemia/lymphoma
(ATLL), a highly aggressive CD4* T-cell malignancy.
HTLV-1 transforms CD4" T lymphocytes, deregula-
ting the lymphoproliferative pathways that contribute to
ATLL development [8]. Interestingly, steady-state p53
protein expression is elevated in HTLV-1-transformed
human T cells [9]. Hematological malignancies, such
as adult T-cell leukemia/lymphoma (ATLL), frequently
show overexpression of wild-type (unmutated) p53 and
c-myc, as p53 is a downstream target of c-myc.

The main routes of HTLV-1 transmission are: vertical
transmission, unprotected sexual intercourse, transfusion
of blood or blood products, as well as needle sharing [10].
In particular, a number of factors are thought to be linked
to the sexual transmission of HTLV-1 infection, such as
the presence of ulcers on the genitals, unprotected sexual
intercourse and high blood pressure. Sexual transmission
of HTLV-1 infection occurs through ongoing contact with
an HTLV-1-infected sexual partner [11, 12].

HTLV-1 is not a ubiquitous virus. It is present
throughout the world, with foci of high endemicity of-
ten located close to areas where the virus is virtually
absent [13, 14] In these foci, HTLV-1 seroprevalence
in adults is estimated to be at least 1-2%, but can also
reach 20—40% in people aged over 50 in specific groups.
According to the 2014 international estimate the preva-
lence was 1-2% [15], in 2018 a study reveals 0.07% in
southern Italy [16].

Sub-Saharan Africa is considered one of the lar-
gest endemicity areas for HTLV-1 infection, with
around 2 to 4 million individuals infected with HTLV-1.

Consequently, very few data have been reported to date
for large blood donor populations in West or Central Afri-
ca [4, 17, 18]. Other studies have revealed a prevalence
of 3.6% in Nigeria [19], 0.5% in Uganda [20], 0.16% in
Senegal and 1.02% in Sudan [21].

In Congo, very few studies have been carried out on
HTLV-1 in terms of transfusion safety, particularly in the
donor community. Seven cases were described among
Pointe-Noire blood donors in a previous study [22]. Al-
though these data suggest the presence of HTLV-1 in
Congo, they do not yet allow systematic screening for an-
tibodies against HTLV-1 at the Centre National de Trans-
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fusion (CNTS) in Brazzaville. However, we conducted
this study with the objectives of expanding the HTLV-1
database, assessing the risk of transmission via blood
products, as well as evaluating the risk of persistent in-
fection or development of neoplastic disease in HTLV-1
carriers.

Materials and methods

— Study sites: The study was carried out at the Centre
National de Transfusion Sanguine (CNTS) after approval
by the center’s director.

— Participants: In this cross-sectional study, the sam-
pling method was a simple random draw among un-
screened of 265 blood donors.

o Inclusion criteria:

Have given consent

Must be between 18 and 60 years of age;

Physically fit for clinical examination;

Weight greater than or equal to 55 kg;

o Did not give consent

Be on medication;

Have a chronic disease;

Have had a blood transfusion;

Sexually transmitted disease (STD) risk behavior;

Menstruating, breast-feeding or pregnant women;

We analyzed 265 samples from blood donors of both
sexes and aged 18 to 60 years in accordance with national
guidelines on blood donation, from the blood bank of the
CNTS of Congo in Brazzaville. All donors undergo rou-
tine screening in the blood bank, including HBsAg test-
ing, antibodies against HIV-1/2, HCV and VDRL.

1. Serological screening: Anti-HTLV-1 antibodies were
first determined by ELISA. Four milliliters of blood were
collected in additive-free tubes from the blood bag tubing
at the time of collection. Results were interpreted accord-
ing to the manufacturer’s instructions.

2. Genomic DNA extraction: Only data from blood
donors with a negative routine screening test were ana-
lyzed for DNA. After routine screening of the blood bank,
high-molecular-weight DNA was extracted from frozen
peripheral blood leukocytes of all selected, according to
the manufacturer’s instructions. After extraction, DNA
concentration was measured to assess the quality of DNA
extracts.

3. Internal control: A first PCR was carried out on the
DNA extracts as a qualitative test, amplifying the human
beta globin gene (268 Pb) GH20: 5’GAA GAG CCA
AGG ACA GGT AC 3’ and PC04: 5° CAA CTT CAT
CCA CGT TCA CC 3’ to check the quality of our sam-
ples. After amplification on the thermocycler, visualiza-
tion was carried out on a 2% agarose gel. All our samples
were positive for beta globin, so they were reliable and of
good quality.

4. HTLV-1 detection: HTLV-1 infection was determined
by nested PCR of the Pol gene (Table 1), using 2 pl of
DNA in a complete volume of 25 pl containing 12.5 pl
of Green Taq Mix, 6.5 pl of ultrapure water, 2 pl of sense
primer and 2ul of antisense primer.

Both reactions were performed under the following cy-
cling conditions:
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For the first nested PCR (Nid-1: Pol EF + Pol ER), ini-
tial denaturation at 94 °C for 3 min, followed by denatur-
ation, 35 cycles at 94 °C-15s, hybridization at 54 °C for 20s,
elongation at 72 °C for 5 min and followed by the final step
which is cooling at 4 °C for an indeterminate time.

For the second nested PCR (Nid-2: Pol IF + Pol IR),
conditions were the same, except for the hybridization
step, which this time took place at 52 °C for 20s.

After amplification in a thermal cycler, they were visu-
alized on a 2% agarose gel.

5. RNA extraction and detection of p53 and c-myc mes-
senger RNA (mRNA) expression

One microgram of total RNA was collected from each
group after extraction. Expression of p53 and c-myc
mRNA, was detected by Quantitative Reverse Transcrip-
tion PCR (RT-qPCR), combining the effects of reverse
transcription and quantitative PCR. Human glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was chosen
as the internal control. The c-myc and p53 genes were
amplified using a one-step kit enabling reverse transcrip-
tion and PCR to be performed in the same tube.

For a total volume of 20ul in each tube, the reaction
mixture contained 10ul of master mix, 2ul of extract-
ed RNA, 0.8ul of each primer (10pM), 1ul of specific
probes p53 and c-myc (4uM) (Table 2), 4.4ul of RNase-
free ddH, O, 1ul of 20x ROX Reference Dye. Temperature
conditions included a first reverse transcription (RT) step;
incubation was performed at 42 °C for 30 minutes in one
cycle. The second step was the PCR stage, which includ-
ed an initial pre-denaturation phase at 95 °C for 5 min-
utes, followed by a first cycle of 45 cycles comprising
denaturation at 95 °C for 10 seconds and a hybridization
step at 60 °C and 62 °C for c-myc and p53 for 20 seconds.
Ultrapure PCR water was included in each assay as a neg-
ative control.

Table 1. Primers

Round | Name | 5’-3’ oligonucleotide sequence
Nest-1 PCR PolEF TTTAGGTGCCCAAACTGGAG
Nest-1 PCR PolER GCAGGATATTGGAAGCCTCAG
Nest-2 PCR PollF GCCCTCATGCCAGTGTTTAC
Nest-2 PCR PolIR CCTGGAGATGGGATCAGGTAG

Table 2. Primers and Probes

Calculation of gene expression fold change: For ex-
pression data, the p53 Ct target gene was normalized with
GAPDH Ct. The mean Ct values of the p53 gene and the
mean Ct values of the beta-actin gene were compared.
The calculation was based on the AACt method. The fold
change values of all donor samples were calculated rela-
tive to the reference gene and also relative to the normal
sample.

6. Statistical analysis: The association between the
PCR Result variable and the variables gender, age range
and type of honorifics and marital status was performed
using Pearson’s Chi-squared test or Fisher exact test us-
ing RStudio 2023.06.0+421 «Mountain Hydrangea» Re-
lease with R version 4.2.2. The significance threshold was
set at 0.05.

The study was conducted with the informed consent of
the patients. The study was carried out in compliance with
the ethical standards for research in the health sciences
(NO : 62/UMNG.FSSA.V-DOY). The research protocol
was approved by the Internal Committee of the National
Blood Transfusion Center (CNTS).

Results

Socio-demographic characteristics of donors: A so-
cio-demographic analysis of the donors revealed a pre-
dominance of males, with a sex ratio (M/F) of 1.4. The
age range 31 to 45 was the most represented. The average
age was 35, with extremes ranging from 18 to 60. Vol-
untary donors made up the majority of the donor group.
According to marital status, the most represented status
was single (Table 3).

HTLV-1 serological results for blood donors: Of
the 265 plasma samples tested by ELISA, 20 were found
to be seropositive for HTLV-1.

HTLV-1 molecular detection results: Molecular ampli-
fication was performed on DNA extracted from the pe-
ripheral blood blast cells (PBBC) of 20 ELISA-positive
individuals. The results showed that 5 were positive by
nested PCR (for the Pol gene).

Prevalence of HTLV-1 in the study population: On the
basis of the serological and molecular results, 5 individ-
uals were considered to be infected with HTLV-1 (Ta-
ble 3). Thus, 5 HTLV-1-infected individuals were includ-
ed in the epidemiological analysis. This gives an overall
prevalence of HTLV-1 infection of 1.8%.

Genes Name 5’-3’ oligonucleotide sequence
c-myc F GA GGA GAC ACC GCCCAC
R CAA CAT CGATTTCTT CCT CAT CTT
Probe FAM-CCA GCA GCG ACT CTG AGG AGG AAC A-TAMRA
pi3 F CTG CTC AGA TAG CCG ATG GTC TG
R TTG TAG TGG ATG TGG TAC AGT CA
Probe FAM-CCC CTC CTC AGC AT CTT ATC CGA GTG G-TAMRA
GAPDH F TCC TGC ACCACCAACTGCTTAG
R CAT CACRCCACAGYTTYC CAGAG
Probe FAM-AGG TCA TCC ATG ACAACT TTG GYA TCG-BHQ
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Distribution of variables according to PCR results: All
HTLV-1-positive donors were male with a positive cor-
relation (p = 0.05). Among positive donor types, regular
donors were the most affected, with the majority aged be-
tween 31 and 45. Living common-law donors were the
most common (Table 3).

Gene expression of p53 and c-myc in positive cases:
Expression of the p53 gene and the c-myc gene in pos-
itive donors was performed. The Ct value of each case
was normalized by the Ct value of the GAPDH gene. The
results were compared with those of healthy donor sam-
ples, and variations in Ct compared with normal samples
were obtained. A factor changes greater than 1 indicates
up-regulation, and a factor change less than 1 is consid-
ered down-regulation. All samples showed normal gene
expression.

Discussion

The aim of the present study was to investigate p53
and c-myc gene expression profiles by real-time PCR in
HTLV-1 positive blood donors, as no such study has been
performed previously. The present study concluded that
p33 and c-myc gene expression was normal in all HTLV-1
positive blood donors.

The majority of blood donors were young people aged
between 31 and 45, i.e. 47.9%, as observed in most stud-
ies carried out at the CNTS, reflecting the Congolese
population. Age is unlikely to be a factor affecting the
quality of the results, as our study focuses on blood do-
nors, and blood donors are only permitted between the
ages of 18 and 60.

The study population was generally made up of male
donors. This male superiority, is explained by the many
contraindications to blood donation in women (breast-
feeding, pregnancy and menstruation). This is in line with
several studies carried out at the CNTS [21-24].

The majority of blood donors in the study were volun-
teers. The latter are considered to represent the general
population and present a high risk of transmission. In our
study, bachelors made up a large proportion of the study
population.

The results obtained from this study show that the prev-
alence of HTLV-1 was 1.8%, which is similar to that found
among blood donors in Sudan, where HTLV-1 seroprev-
alence was 1.02% [21]. HTLV-1 seroprevalence in this
study was relatively comparable to the 2014 internation-
al estimate of 1-2% [15]. However, our results are 3.6%
lower than those obtained in Nigeria in 2011 [19]. And
higher than the level obtained in Uganda and southern
Italy, which is 0.5% and 0.07% respectively [16, 20]. This
difference can be explained by the difference in the study
population.

All HTLV-1-positive donors were male (1.8%), with
a positive correlation (p = 0.05). This is inconsistent
with studies showing a higher prevalence of HTLV-1 in
women than in men, explained by more efficient male-
to-female transmission during sexual intercourse [25].
However, it is consistent with studies also showing a
higher prevalence of HTLV-1 in men than in women
[21]. The high presence of HTLV-1 in male blood do-

OPUTUHAJbHbBIE NCCNEAOBAHUA

Table 3. Distribution of variables according to PCR results

PCR result
N/265(%) Négative Positive | P-value
(%) (%)
Age 0.3
18-30 113 (42.6) 112 (42.3) 1(0.3)
31-45 127 (47.9) 123 (46.4) 4(1.5)
46-60 25(9.5) 25(9.5) 0(0.0)
Sex 0.05
Male 155(58.5) 150(56.7) 5(1.8)
Female 110 (41.5) 110(41.5)  0(0.0)
Marital status 0.2
Single 141 (53.3)  140(52.8) 1(0.4)
Married 43 (16.2) 42 (15.9) 1(0.3)
Cohabiting 81 (30.6) 78 (29.5) 3(1.1)
Type of donor 0.2
Voluntary 125(47.2) 123 (46.4) 2(0.7)
Family replacement 59 (22.3) 59 (22.4) 0(0.0)
Regular 81 (30.5) 78 (29.4) 3(1.1)

nors, compared with female blood donors, is probably
due to the higher proportion of men than women in
blood collection.

The age range most affected by HTLV-1 in our study
was 31 to 45 years. A study carried out in Congo also re-
vealed a high prevalence among blood donors in the same
age range [22]. This may be explained by the fact that this
age range represents the most active population for blood
donation in our study.

Cohabiting living donors were the most common,
at 1.1%, contrary to other studies showing a high preva-
lence among bachelors [19-21, 26].

Among donor types, three (3) out of the 5 were regular
donors, in contrast to a study showing a high prevalence
among voluntary donors [20].

All PCR-positive HTLV-1 samples showed normal p53
and Cmyc gene expression. This may be explained by the
fact that T lymphocytes from HTLV-1-positive donors are
not yet transformed by the virus. It should be noted that
steady-state p53 protein expression is elevated in HTLV-
1-transformed human T lymphocytes [9].

Conclusion

Although HTLV-1 is rare in the city of Congo, accord-
ing to the present and previous studies, it should not be
ignored and, given its transmissibility by blood and sex-
ual transmission, could be a major public health problem
in the years to come. No abnormal p53 or c-myc gene ex-
pression was detected in HTLV-1-positive donors, which
could mean that none of the T cells in these donors had
been transformed by HTLV-1. It was also noted that the
frequency of HTLV-1 transformation is very low, estimat-
ed to be less than 5% [10].
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Pe3tome

BeeneHue. Bupyc SARS-CoV-2 Bbi3biBaeT HapyLLeHUss UMMYHUTETA, CO3AatoLLMe YCNoBuA AN peakTuBaLmm rep-
necsupycoB 4Yenoseka ('BY). OgHako BnusiHne N'BY Ha TeyeHmne n ucxog COVID-19 oueHnBaeTcs HEOQHO3HAYHO.
Llenb nccnepaoBaHusa — n3yyeHne BO3MOXHOW CBSA3N MexAay peakTuaumen BY y naumeHToB, HOULMPOBAHHBLIX
SARS-CoV-2, n HebnaronpuaTtHbiM ncxogom COVID-19.

MaTepuanbl 1 MeToAbl. [1OCMEpPTHbIE KNMHUYECKNE MaTepuarbl U3 FOfIOBHOTO MO3ra, NeYEHN, Cene3eHku, Num-
¢oy3noB u nerkmx 6binM NonyyeHsl OT 59 nauneHToB, HaxoamBLUMXCS Ha nedveHnn B TBY3 UKB Ne 1 13 r. Mockebl
B 2021-2023 rr. B 1-to rpynny Bknio4mnu matepmansl ot 39 nauneHToB ¢ netanbHeiM ncxogom COVID-19; Bo 2-10
rpynny — oT 20 nauneHToB, He HdUUMPoBaHHbIX SARS-CoV-2 1 ymepLuMx OT pasHbIX comaTuyeckux 3abonesa-
Hun. AHK MBY n PHK SARS-CoV-2 onpegensanu metogom MUP.

Pesynbratbl. B aytoncunHbix obpasuax OHK MBY 6bina obHapyxeHa y Bcex mauveHToB B 06ewx rpynnax.
B 1-11 rpynne supyc AnwrenHa—bapp (BOB) yalle o6Hapyxusanu B nuMmdoyasnax (94%), Bupyc repneca venoseka
6-ro Tuna (BIM4-6) — B nevenun (68%), untomeranosupyc (LUMB) — B numdpoyanax (18%), Bupyc npocToro repneca
(BMTr) — B ronosHoMm Mo3re (16%), Bupyc Bapuuenna-3octep (B3B)- B nerkux n cenesexke (no 3%). Pasnnuns B
YyacTtoTe BcTpedaemocTu BY mexay rpynnamum 6binm CcTaTMcTMYeckn HesHauMbiMy. BaxkHble pasnuyns yctaHoB-
NeHbl NpU aHanuae BMPYCHOW Harpy3ku. Y 1-i rpynnbl konu4ecTBo npob, cogepxaslumnx 6onee 1000 konuin OHK
'BY Ha 100 TbIc. kneTok, cocTtaBnsano 52,4%, so 2-1 rpynne — 16,6% (p < 0,002). YcTtaHoBneHa accoumaums Mex-
Ay peaktuBaumen BT n BI'Y-6 n TspkecTbio nopaxeHust nerkmx. Aktmeaums BOB koppenuposana ¢ NoBbILEHUEM
YPOBHEN (PEPMEHTOB NEYEHMN.

3akntoyeHue. NonyyeHHble pe3ynbTaTtbl CBUAETENLCTBYET O peakTuBaumu MBY y naumeHToB ¢ netanbHbIM KC-
xogom COVID-19. O6HapyxeHue 'BY accoummpoBanock C TSHXenbiMU NOBPEXOEHUAMU NErkux U neyeHu, 4to
yKkasblBaeT Ha CBsi3b peakTnsauum BY co cmepTenbHbiMu ncxogamu COVID-19.

KnioueBble cnoBa: SARS-CoV-2; COVID-19; nemarnbHbili ucxod; eeprecsupychl 4enoseka;, Yyacmoma obHapy-
JKEHUST U peakmueayusi 2epreceupycos; nospexoeHust neakux U nevyeHu

Onsa untnpoBanuma: HOpnos K.U., AkywuHa C.A., degoposa H.E., KucteHesa J1.b., Kennn E.N., Kannbonou-
ki A.A., MBkuH E.H., Avtunat H.A., TiopuH W.H., NNapnyes B.®., Nemuposa H.A., JlecHosa E.WN., Knumosa PP,
Macanosa O.B., Kyw, A.A. ObHapyxeHune n Bbicokoe cogepxxaHue OHK repnecsupycos (Orthoherpesviridae) B
ayTONCWIHbIX MaTepuanax nauueHToB ¢ netanbHbiM ncxogom COVID-19. Bonpocsk supyconozuu. 2024; 69(2):
134-150. DOI: https://doi.org/10.36233/0507-4088-215 EDN: https://elibrary.ru/jxmqgzh

dJMHchprBane. ABTOpr 3asABna0T 00 OTCYTCTBUM BHELLUHEIO CbVIHaHCI/IpOBaHI/Iﬂ npun nposeaeHnn nccnenoBaHua.
KoHnuKT nHTepecoB. ABTOpPbLI AEKNAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHUManbHbIX KOH(IUKTOB MHTEPECOB, CBA3aH-
HbIX C NybnvKaumen HacTosLLEen CTaTbu.

OTuuyeckoe ytBepxaeHue. ViccnegoBaHue npoBeaeHo npu 4O6POBOMBHOM MHGOPMUPOBAHHOM COMacn 3aKOHHbIX
npeacTasutenen naumeHToB. [poTokon uccnegoBaHusa ogobpeH Atudeckum kommutetom MBY3 «MHEEKLMOHHAA KNNHK-
yeckas 6onbHuua Ne 1 13M» (Mpotokon Ne 1 ot 01 anpens 2021 r.).
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Abstract

Introduction. SARS-CoV-2 infection causes immune disorders that create conditions for the reactivation of human
herpesviruses (HHVs). However, the estimates of the HHVs effect on the course and outcome of COVID-19 are
ambiguous.

Aim - to study the possible relationship between the HHV reactivation and the adverse outcome of COVID-19.
Materials and methods. Postmortem samples from the brain, liver, spleen, lymph nodes and lungs were obtained
from 59 patients treated at the Moscow Infectious Diseases Hospital No.1 in 2021-2023. The group 1 comprised
39 patients with fatal COVID-19; group 2 (comparison group) included 20 patients not infected with SARS-CoV-2
who died from various somatic diseases. HHV DNA and SARS-CoV-2 RNA were determined by PCR.

Results. HHV DNA was found in autopsy samples from all patients. In group 1, EBV was most often detected in
lymph nodes (94%), HHV-6 in liver (68%), CMV in lymph nodes (18%), HSV in brain (16%), VZV in lung and spleen
(3% each). The detection rates of HHVs in both groups was similar. Important differences were found in viral load.
In patients with COVID-19, the number of samples containing more than 1,000 copies of HHV DNA per 100,000
cells was 52.4%, in the comparison group — 16.6% (p < 0.002). An association has been established between the
reactivation of HSV and HHV-6 and the severity of lung damage. Reactivation of EBV correlated with increased
levels of liver enzymes.

Conclusion. Reactivation of HHVs in patients with fatal COVID-19 was associated with severe lung and liver
damages, which indicates a link between HHV reactivation and COVID-19 deaths.

Keywords: SARS-CoV-2;, COVID-19; fatal outcome; human herpesviruses; frequency of detection and reactiva-
tion of herpesviruses; lung and liver damage
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BBenenue

Hosas xoponaBupycnas wuHpekmus (COVID-19) —
BOCIHIAJIUTENIFHOE PECHHUPAaTOpHOE 3a00JeBaHHE, BBI3BI-
BaeMoe KopoHaBupycoM SARS-CoV-2 (Coronaviridae:
Betacoronavirus). 1lo nanapiM BcemupHoil opraHusa-
UM 3APaBOOXPAHEHHs, OO0IIee YHCIIO JETaIbHBIX CIIy-
YaeB, MPSMO HJIM KOCBEHHO CBSI3aHHBIX C MaHICMHUEH
COVID-19, B nepuox 2020 mo 2021 r. cocTaBmio mpu-

thttps://www.who.int/news/item/05-05-2022-14.9-million-excess-
deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-2021

omm3uTenbHo 14,9 MuH'. DTOMYy COCOOCTBOBANHU IOSIB-
neHre HOBBIX BapuaHToB SARS-CoV-2 u BbIcOKas CKo-
pocTts nepeaayuu Bupyca. @opmel COVID-19 paznuyarot-
¢s1— oT OeccuMITOMHOM MHpeKIuH (0ko0 50% cirydaes)
IO KpaiiHe TSHKETBIX (OpM, IPU KOTOPBIX MAIIMEHTaM Tpe-
OyIOTCSI TOCTIMTAIIM3AIMS U MTPOBEIEHHE UCKYCCTBEHHOMH
BEHTWIANNY JIeTkuX. [lokazarenu jeTaapHOCTH, 1O pa3-
HBIM JTaHHBIM, MOTYT COCTaBIATH OT MeHee 1 10 20% (da-
e — okono 2%) U B 3HAYUTEIBHOM CTENEHU 3aBUCAT
OT BO3pacTa MaIlMeHTa, COMYTCTBYIOMMX 3a00JICBaHUMH,
a TaKKe reorpapuuecKoro peruona. Y MaIMeHTOB B Ts-
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JKEJIOM U KpaiHe TSXKEeJIOM COCTOSIHUM cTapiie 75 JeT Jie-
TaJbHOCTh MOXKET JOCTHUTaTh, IO OAHUM JaHHEIM, 14,8%,
o apyrum — 79,2% [1, 2].

B nmatoreneze COVID-19 Benymiyto posib UTParOT MHO-
TOYHCIICHHBIE HApYIICHUS] HMMYHHUTETA, CPEAN KOTOPBIX
MOXHO OTMETHTH Cliefyrolue: 1) OTCyTCTBHE KOOpIUHA-
LUU MEXTy BPOXKICHHBIMU U aAANITUBHBIMU UMMYHHBIMU
peakuaMu [3]; 2) 3HAUUTEIHHO IOBHIIIEHHBIE YPOBHHU
MIPOBOCHAINUTENBHBIX TUTOKUHOB (MHTepnelkun (IL)-6,
IL-1, ¢akrop Hekposa omyxonu aidbdpa (TNF-a)) — «iu-
TOKHMHOBBIH mTopm» [4]; 3) HapylmeHUs POXYKIINH HH-
tepdepona [5]; 4) nucbamaHc MeXAY MPOBOCIATIUTENb-
HeiME (M1) U npoTHBOBOCHANUTENbHEIME (M2) Makpo-
(haramu B JIETKUX, IPUBOISIINN K HAPYIICHUSM (DyHKITHH
Makpodaros [6]; 5) numdponenus (ymensinenue CD4*
u CD8"-T wknetok, NK-kierok, B-kineTok) ¢ (yHKIHO-
HAJIBHBIM HCTOIIEHHUEM IIUTOTOKCHYECKHX JTUM(OLINTOB,
KOTOpO€ KOppeIHpyeT ¢ MporpeccupoBaHreM 3a0oieBa-
Hus [7]; 6) yBenudyeHre KOJTUYECTBA UMMYHOCYIIPECCOP-
HBIX peryastopHbx T-kierok (Tper) [8]; 7) ocmabnenne
pacno3Hasanus BupycHoil PHK 4depe3 nuronnasmarude-
ckuii ceHcop RIG-I B uHQUIIMPOBaHHBIX KJIeTKaX [9].

Hapyuienune perynsiuud HWMMYHHOM CHCTEMBl IIpH
COVID-19, a Taxxe IMMYHOJETPECCAHTHI (KOPTUKOCTE-
POUJIBI U AHTATOHUCTHI HHTEPIACHKUHOB), UCTIOIb3YyEMbIE
JUTS €Tr0 JICUSHHS, CO3Af0T yCIOBUS JJISl Pa3BUTHS BTO-
pUUHBIX MHQEKIMH pa3nu4dHOil mpupoxsl. B kadecTse
BO30y/IUTENEH ONIOPTYHUCTHYECKUX HH(EKINH y marm-
entoB ¢ COVID-19 BHuMaHue uccienoBaTeseid npusie-
KalOT TepIIECBUPYCHl — IMpEACTaBUTENH cemericTBa Or-
thoherpesviridae. I'epriecBupychl uenoseka (I'BY, HHV)
IIUPOKO PacTpOCTPAaHEHBI B YEJIOBEYECKOW IOMYJIISAINY,
CIOCOOHBI TIEPEXOIUTh B JIATEHTHYIO (OPMY U HOXKH3-
HEHHO MEPCUCTUPOBATh B opraHusMme. [Ipu n3ameHeHHsIX
(aKTOpOB BHEIIHEH M BHYTPEHHEH CPEebl, B TOM YHCIe
MIpH 3apaXCHUU MTATOTeHAMU BUPYCHOM 3THOJIOTUHU U PU-
cke Tubenu kietok, ' BU moryt peaktuBupoBathes [10].

B MHOTOUMCNIEHHBIX padoTax cooOIMaeTcs O PeaKTH-
Baruu ['BY B opranusme narmentos ¢ COVID-19. IHK
I'BY 5-ro tuna — iutomeraioBupyca (LIMB), oOHapyxu-
BaJIi B KIIMHUYECKH 3HAYMMOH KoHIeHTparwn (> 500 ko-
nuit/ma) B nepudepuueckor kposu (IIK) y 10/218 ma-
nueHtoB ¢ COVID-19 B KkpaiiHe TSKEIOM COCTOS-
HuH, 7 13 3tux 10 manuedTo ckondanuck [11]. Onucan
ciydait konHpexkunu SARS-CoV-2 u IIMB [12]. V 14-
)kenobonsHoro namueTa ¢ COVID-19 wabmronanu cum-
NITOMBI HApyIICHUS (QYHKIUU IKETYIOIHO-KUIIICIHOTO
tpakta (JKKT). B ceiBopoTke kpoBu koHIeHTpanus JHK
LIMB gocturana Beicokux 3Hauenuii — 308 000 ME/mu.
Koundexmmst SARS-CoV-2 u [IMB mposBisiiacs u3bs3-
BJICHUSIMH CIIM3UCTON OOOJIOYKM TOJCTOW M TTOAB3IOII-
HOW KHIIIKU C BOCIIAJUTENbHBIMU WHPUIBTPATAMH H IIH-
torarndecknmu dPdexramu. Crienpduyeckoe edeHne
IIMB-uH(peKku TaHIMKIOBUPOM CHIDKAJIO MPU3HAKU
nopaxeHus JKKT u mpuBeno kK BBI3IOPOBIECHUIO MAalld-
eHta [12].

VY nanuenTtos, nHQuuupoBaHHEIX SARS-CoV-2, nccre-
noBaiu peaktuBanuio ' BY 4-ro tTuna — pupyca DmimnTei-
Ha—bapp (BOB). B o6pasiax mia3mel KpOBU ONIPEIEIsLTH
JHK BOb u anTuTena k autudeckuM reHam BOB. Peak-
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tuBanuio BOb BeisiBunu y 27,1% nanuentos ¢ COVID-19
u TonbKo y 12,5% mammentoB 6e3 COVID-19. Ilo mue-
HUIO aBTOpOB, y narueHToB ¢ COVID-19 nabmromaercs
Oostee vacTast peaktuBaius BOb mo cpaBHeHuto ¢ nanu-
€HTaMM ¢ OTpHUILATeNbHbIM pesyisratoM Ha COVID-19
[13, 14].

B nyOnukamusax cooOmanock 00 OOHapyXCHHUU
repriecBupyca denoBeka 6-ro tuna (BI'U-6) y marmeHToB
¢ COVID-19 [15]. Onucan ciy4aii 3aboneBaHus 2-yet-
Hero peOeHKa C HEeBPOJOTHMYECKUMH HapyIICHUSIMHU
U JINXOPAJIKOH, Y KOTOPOTO B Ma3Ke M3 HOCOTJIOTKH 00-
Hapyxkunmu PHK SARS-CoV-2 u B cnuHHOMO3roBoit
)uakocTH (CMIK) — BBICOKYIO KOHIICHTPAITUIO JTUMQO-
uutoB. AHanu3z CMK meTogoM nonuMepasHod LEHON
peaknun (I1LP) BersBun JHK BI'Y-6 u anTtutena IgM
K 3TOMY BUpycCy. JleueHue alukiIoBUpPOM B T€UEHUE 2 HEL
3HAUYNTETIFHO YITyUIINIO COCTOSHUE peOeHKa, M OH OBII
BeIUCaH u3 OonpHUIE! [16]. Pe3ynsraTel MacmTabHOTO
uccienoBanus, nposeaeHHoro J. Katz u coast. [17], no-
Ka3ajiu, 4To cpeau 889 mauueHTOB C MOATBEP KICHHBIM
muaraozom COVID-19 y 25 (2,81%) Obu1 ycTaHoBiIeH
KJIMHAYECKUI AUarHo3 «MH(EKIHs, BEI3BaHHAsI BUPYCOM
npocroro repreca 1-ro tuna» (BIII-1) u y 16 manuen-
ToB (1,8%) — «uH}pEeKMs, BEI3BaHHAsI BUPYCOM BapHILE-
na-3octep» (B3B). B rpymme cpaBaenus (987,849 namm-
earoB 0e3 COVID-19) BIII-1-undexnuo oOHapyKIITH
y 0,77% u B3B-undexuuto — y 0,43% mnauueHros, pas-
T4 MEXIY TPYNIaMHi ObUTH BRICOKO3HAYUMBIMH. AB-
TOPBI ClIeNaIu BBIBOA, YTO Mex Ay peaktuBauueid BIIT-1,
B3B 1 SARS-CoV-2-undexuueit Habmonaercs cuibHas
CBSI3b.

B 2023 1. 6pu1a IpOBEICHA KyMYIISITHBHAS OIICHKA pac-
npoctpanenus I'BY cpeny manueHToB C TSHKEIbIM Tede-
HueM COVID-19 Ha ocHOBaHWU pe3ynbTaToB 32 HCClie-
noBanuit [18]. Hacrora BcTpeuaemoctu ['BY cocraBuna:
BIIT" — 38%, UMB — 19%, BOb — 45%, BI'U-6 — 18%,
BI'Y-7 — 44%, BI'U-8 — 19%. ABTOpHI 3aKIIOYMIN, YTO
ycTaHoBiieHHE peakTuBaluu 'BY y mauueHToB ¢ Tsike-
neiM TeueHreM COVID-19 none3Ho npu BeASHUH Halu-
€HTOB, B TOM YHCJIe 1151 TPO(UITAKTUKN OCIOKHEHHH.

CyMMupys MOJTy4YeHHBIE JaHHBIE, MOKHO KOHCTaTHUpO-
BaTh, uTo KonHpekma SARS-CoV-2 u I'BY gacro Berpe-
gaetcs y manueHToB ¢ COVID-19, ocobenHo mpu Tsxe-
JIOM H KpaifHe TKeJIOM TedeHUH 3abosneBaHus. OmHAKO
ee prusHue Ha nanueHToB ¢ COVID-19 ouenuBaetcs He-
OJIHO3HA4YHO. PacxoxieHus B olleHKax OOBSCHSIOTCS He-
CKOJIBKUMH npu4rHamu. B OonmpmmHCTBE pador obcie-
JIOBaHbI HEOOJIBINNE TPYIIIBI WIH €AUHUYIHBIC TAEHTHL.
Hcnonp3yroTcst pasHble IOKa3aTeId TIepreCBUPYCHBIX
MH(EKIHHA: CepoIOTHYECKUE, MOJIEKYISApPHbIE, MHUKPO-
CKOITMYECKUE, TUCTONOTHYECKHE. XapaKTepPUCTUKU Ia-
LUEHTOB CUJIBHO Pa3IUYaloTCs, JICUEHUE UMMYHOMOAY-
JSITOpaMH M UMMYHOCYIIPECCOPaMH TaKKe HEOANHAKOBO.
B TO ke Bpemsi KOPTHKOCTEPOHIbI U aHTATOHUCTHI HH-
TEPICHKUHOB MOTYT CIIOCOOCTBOBATh peakTuBarmu I BY.
[JanHsle 0 cBs3u Mexy peaktuBanueil I'BY u cmeprHO-
cteio pu COVID-19 nporuBopeurBel. CBeneHus 0 MO-
cMepTHBIX uccnenoBanusix ['BU B marepuanax oTr mauu-
enToB ¢ COVID-19 equnuunsbl. Tak, B 3 u3 6 U3y4EeHHBIX
AyTONICUITHBIX MaTepHalIOB OT MAIlUEHTOB, CKOHYABIIIHNX-
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ca or COVID-19, BeisiBunu anturedsl [IIMB Meromom
UMMYHOTHCTOXMMHH B KJIETKaX JIETKUX W KHUIICYHH-
ka [19]. J.D. Haslbauer u coast. [20] ompenemsmun ['BU
metonoM rudpuanzanuu JIHK in situ B mocmepTHBIX 00-
pasuax uMQaTHIecKuX y3JI0B OT IMAMEHTOB, YMEPIIIHIX
or COVID-19 u 6e3 COVID-19. B 4/21 (19%) obpa3s-
1[ax OT IanueHToB, ckoHyaBmuxcs or COVID-19, 6wur
obHapyxeH BOB, B 2/21 (9,5%) — BIII. B KoHTpONbHBIX
obpasuax BOb Obu1 BeIsABIEH y 7% manueHToB, a BIIT
He ObuT oOHapyxeH (p = 0,045).

Leap HACTOSTIETO HCCICTOBAHUS — U3YUCHIE BO3MOXK-
HOM cBsA3H Mex 1y peakruBanueil ' BU y nanyeHToB u He-
onaronpusTHeIM ucxonom COVID-19.

MaTepI/Ia.]'lI)l U METOAbI

s pocTwkeHHs Ledd MCCIENOBAHUSA OMNPEAeIIsIN
Hanuure ['BY B opranax maiueHTOB C JIETaJbHBIM HC-
xonqoM COVID-19, mpoBoauian KOJHMYECTBEHHBIH aHa-
mu3 JIHK I'BY B ayTomncHifHBIX 00pa3max OT MaIMeHTOB
¢ COVID-19 (1-s1 rpymma, oCHOBHAs) ¥ OT TMAITUCHTOB,
ckonuasmuxcs 6e3 COVID-19 (2-1 rpynma, cpaBHEHHS),
a TaKKe aHaJU3UPOBAIM B3aUMOCBS3b BBISIBICHUS U BU-
pycHoii Harpy3ku [ BU ¢ TshkecTb0 KTMHUYECKUX MPOSIB-
TICHUIA 3a00JICBaHHUS.

layuenmuvl. B uccienoBaHue ObUIM BKITIOUEHBI TIO-
CMEpTHBIE KJIMHUYECKHE Marepuansl oT 59 mnarueH-
TOB C JIETATBHBIM HCXOAOM, HAXONWBIIUXCS Ha Jiede-
Hun B I'BY3 KB Ne 1 /I3 . Mocksel B 2021-2023 1T
W3 mux y 39 CKOHYABIIMXCS IANMEHTOB OBUT TION-
TBepxkaeH auarHo3 COVID-19 (1-1 rpymma, OCHOB-
Hast). Y 2 u3 9tux 39 manueHToB HE YNaloCh MOIYYUTh
nabopaTropHble W aHAMHECTHYECKHE NaHHBIE, MOITOMY
OHM HE OBLIM BKJIIOYCHBI B XapaKTEPUCTUKY MAI[MEHTOB,
MPEICTABICHHYIO HIDKE, OTHAKO MX PEe3yibTaThl 10 Ha-
JMYUI0 W BUPYyCHOH Harpy3ke ['BY Bxmrodensr B jabo-
patopHyto yacte. Y 20 u3 59 ymepmmx mNanueHTOB
He ObuTH 00HapykeHbl Mapkepbl SARS-CoV-2 u npusHa-
ku COVID-19 (2-5 rpynma, cpaBHEHUS).

HUccnenosanue npoBeaeHo mpu Jo0OPOBOIEHOM HH(POP-
MUPOBAaHHOM COIVIACHM 3aKOHHBIX INpeACTaBUTENEH Ma-
nuenToB. [Iporokon uccnenoBanust onoOpeH ITHUECKUM
xomuteroM I'BY3 «MHbeknuonHas KIuHUYecKas 00ib-
Huna Ne 1 JI3M» (ITpotokon Ne 1 ot 01 ampenst 2021 ).
IIpouenyps! nccnenosanus Ha BwisiBaeHue JJHK repme-
CBUPYCOB OBUIM O0OpEHBI Ha 3acE€IaHUU ODTHUECKOTO
KoMUTeTa, TPOTOKoI Ne 6 ot 27 nexabps 2018 1.

XapaKkTepUCTUKX TAIUEHTOB C JIETAIBHBIM HCXOIOM
COVID-19 nmpusenens! B Ta01. 1.

B rpynmny cpaBHeHus (2-1 rpynma) Bonum 20 ma-
nueHToB (7 MyX4duH W 13 >KeHIIWH, MenuaHa BO3pac-
ta — 71 rox; ot 36 o 87 1eT), CKOHYABIIUXCA OT CIIEIY-
IONIUX HeWH(EKINOHHBIX 3a00JeBaHUI: THIIEpPTOHUYE-
ckasi 00JIe3Hb — 3 MalueHTa, THIePTOHNYECKas 00JIe3Hb
U HIeMu4deckas 60y1e3Hb — | manueHT, aHeBpu3Ma mepe-
Hell coeMMHUTENBHON apTepuu — | maIueHT, 0cTpoe Mo-
pakeHre MHOKapna — | mamueHt, 1nepeOdpoBacKyIsIpHas
6osie3Hb — 4 maruenTa, nHGapkT MHOKap/aa — | MarueHt,
WH(APKT TOJIOBHOTO MO3Ta — 5 MaIMeHTOB, SHIledaona-
THS (aJIKOTONIbHAST) — 1 TIAIMEHT, OHKOJIOTHYECKHe 3a00-
JIEBaHUS — 3 MalueHTa.

OPUTUHAJbHbBIE NCCNEAOBAHUA

Krunuueckue mamepuanvi. BckpbiTie Tea CKOHYaB-
MIUXCSI MAITUEHTOB IPOBOJWIN B COOTBETCTBUU C PY-
KOBOJICTBOM IO BCKPBITHIO, COOpPY M MpEICTaBICHHUIO
00pasioB, a Takxke ¢ coOIoacHHEM Mep Oumobe3omac-
HocTH Ha 6a3e UKD Ne 1 . MockBel. AyToricuiiHbIe Ma-
TepUabl OBUTN MOTYYCHBI U3 JIETKUX, TUM(ATHIECKUX
Y3JI0B, CEJIE3€HKHU, MIEUCHU U T'OJIOBHOTO MO3ra, BCEro
OT ManueHToB obeux rpynn — 281 obpazern. O6pasub
cpasy mocje BCKPBITHSI TOCTABISUIN B J1a0OpaTOPHIO,
3aMOpaXXHBAJIM U XpaHUIu npu Temneparype —70 °C
JIO0 MICCIICZIOBAHMS.

Onpeodenenue JHK I'BY memooom I1L]P. Kycouku 3a-
MOPOXKEHHBIX TKaHEH pa3MOpa)KUBajld U H3MENbUaju.
W3mensaeHHbIe MaTepHabl ASTWIN Ha 2 paBHBIC YaCTH.
N3 onnoit vactu Beigensiu JJHK ¢ ucnons3zoBanuemM Ha-
6opa « AmmmrCenc [IHK-cop6-B» («MHTepnadbecepBHCY,
MockBa) B COOTBETCTBUH C HHCTPYKIHNEH TPOU3BOANTE-
ns1. Peakuwuro TP ¢ rubpuanzanunoHHo-(IyopeceHT-
HOH IeTeklueil B pexuMe peanbHOro BpeMEHU MPOBO-
JIWITH, WCTIONB3YS Habop peareHToB Uil KaueCTBEHHOTO
onpenenenns JJHK BII («AmmmuCenc HSV [, II-FLy,
«HTepnabecepBuc», MockBa) U KadyeCTBEHHOTO OIpe-
nenenus JJHK B3B («AmmmuCenc VZV-FLy, «UnTep-
nabcepBucy, Mockaa). Ilockonsky Habop I aHamu3a
BIII" BeisBisier xak BIII'-1, Tak u BIII'-2, B manbpHei-
IIeM IS 3THX 2 BHUPYCOB HCIOJNB30BAIU 00IIee 000-
3HaueHue — BIII. J{ist BBIABIACHUS U KOJTUYECTBEHHOTO
onpenenenus JJTHK BOb, [IMB u BI'U-6 ucnonp3oBanu
Habop («AmmmmCenc EBV/CMV/HHV6-ckpun-FLy,
«MHTepnabeepBucy, MockBa), KOTOPbII KOJTHYECTBEH-
HO ompenenset, momumo BOb un [IMB, takke BI'U-6A
n BI'U-6B. B pampueiimem mis BI'U-6A u BI'U-6B
ucrnoip3oBanu obOo3HaueHne BI'U-6. I'en B-rmoGuHa
UCIIOJIb30BAJIM B KA4ECTBE DHJIOTCHHOI'O BHYTPEHHETO
koHTpOos. [Ipenen oOHapyxeHUS cocTaBisul 1 Kormwsy/
peakius. s peaknum ucnons3oBanr 10 MK BbIie-
nennon JJHK.

Onpeoenenue PHK SARS-CoV-2 memoodom I1L[P. lna-
rHo3 COVID-19 6b11 noaTBepKA€H MPUKU3HEHHO Yy Ma-
ueHToB B IKB Ne 1 ycTaHOBIEHHBIMH J1a00PaTOPHBIMU
MerojaMu, y ckoHuaBmiuxcs nauueHtoB PHK SARS-
CoV-2 ompenenanu B TeX k€ ayTOICHHHBIX o0pasIax,
B KoTopbix onpenensiii JJHK I'BY. Mcnons3zoBanu MeTon
IILIP ¢ obparHoii Tpanckpunuueii. M3 Bropoit uactu pasz-
MOPOKEHHBIX ¥ H3MEJIBYEHHBIX KyCOUYKOB Bblaeisinu PHK
SARS-CoV-2 u onpexnensanu BupycHyto PHK ¢ ucnons-
3oBanueM HaOopa «AmmmnTect SARS-CoV-2» (OI'BY
«ICIT» ®MFBA Poccun, MockBa) B COOTBETCTBHHU C HH-
CTpYKLUEH NPOU3BOAUTES.

Cmamucmuyeckas obpabomra oannwix. Kareropuab-
HBIC TICpEMEHHBIE, TAKHE KaK ITOJ M YacTOTa BBISIBICHUS
Pa3IUYHBIX XapAKTEPUCTHK, ObLIU IPOBEPEHBI C UCTIONb-
30BaHUEM TecTa MaHHa—YUTHM, NApHOro tecra Bui-
KOKCOHA, TOYHBIX TecToB > W ®Dumepa. [[ns npoBepku
Ha HOPMAaJNbHOCTh pacnpeneieHus konueHtpanuu JHK
I'BU wucnons3zoBanu TecT HopMmanbHocTH Kommoropo-
Ba. [Toacuer cpenHUX M MEIMaHHBIX 3HAYEHUH, a TaKKe
CTaHAAPTHBIX OTKJIOHEHUI MPOBOIUIU C UCIOIb30BAHU-
eM makera Statistica 12.6 (StatSoft Inc., Tulsa, CILA).
Pazmnumst cunTanu 3HaYMMBIME 11pH p < 0,05.
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Tadauua 1. [{emorpaduueckue, KIMHUYECKUE U CEPOIOTHIECKHE XapakTepucTHKU nanuenToB ¢ COVID-19 (1-g rpymma)

Table 1. Demographic, clinical and serological characteristics of COVID-19 patients (group 1)

Jlemorpaduueckue 1 KIMHUYECKHE OKa3aTeIH
Demographic and clinical indicators

Monocytes, %

Tlokazarens Menuana (MUH—MaKC)
Indicator Median (min—max)
Bo3pacr, ner u
Age, years 77 (39-91)
Ion Myxuns — 18, xeHumH — 21
Gender Men — 18, woman — 21
TIponomkuTenbHOCTD O0IE3HH, CYT
Duration of illness, days 19 (6-33)
MBJI 6onee 1 cyt 9 (24%) mauueHToB
UPV for more than 1 day 9 (24%) patients
IToxasarenu kpoBu
Blood counts
Tlokazarens Menuana (Mus—Makc) | Pedepenc—Hadenus
Index Median (min—max) Reference—values
Jletikorursr, 10%/1
Leukocytes, 10%/1 14,7 (1,4-45,6) 49
Hetirpodmnst, % . »
Neutrophils, % 87,35 (63,0-95,4) 47-72
Jlumdouutsr, % =
Lymphocytes, % 6(1-32) 19-45
MownouuTsl, % 3(1-5,9) 3.11

Temorno6uH, /i

Procalcitonin, ng/ml

Hemoglobin, gl 127 (76-164) 117-161
Eﬂ‘iﬁ‘{ﬁi’f Iﬁ)}?f/’l 10 159 (40-462) 150-400
Coheactive protemmall 29 (1-316) 0
Biﬁﬁi‘jf n@?ﬁ‘ﬁ 970 (350-5250) 0-240
TIpokanbIUTOHIH, HT/MJI 0,267 (0-2.224) 0.00-0.05

YKupHBIM IIPU(TOM BBIEICHb] 3HAYCHNUS, OTIIMYAOIIIECS 0T pedepeHc-3HauCHHI
Values that differ from the reference values are highlighted in bold

Tloka3aTeny HOBPEkIEHUS JTETKUX
Indicators of lung damage

ITokazaremns
Index

A6coiroTHOE 3HaueHue, n = 37
Absolute value, n =37

KT3, KT3/4, KT4

Effusion in the pleural cavity

CT3, CT3/4,CT4 15/37
KTO0, KT1, KT2

CT0, CT1, CT2 22/37
BeInoT B mieBpaabHON MOTOCTH 12/37

ComnyTcTByromue 3a001€BaHus U OCIOKHEHUS
Concomitant diseases and complications

Jlnarnos
Diagnosis

AOGcomoTHOE 3HaUeHue, n = 37
Absolute value, n =37

Nuremuyeckas 601e3Hb cepaua

Chronic kidney disease

Coronary heart disease 32/37
T'unepronnueckas 601e3Hb 34/37
Hypertension

IlepebpoBackyssipHast 601€3Hb 2137
Cerebrovascular disease

Juabet

Diabetes 1737
Xponuyeckast 60JI€3Hb OUCK 1137
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Antipyretic, mucolytic therapy

Oxupenune
Obesity 11/37
XpoHnyeckasi OOCTPYKTHBHAs OOJNE3Hb JIETKUX
Chronic obstructive pulmonary disease 9/37
BakrepuaabHbIe 0CIOKHEHUS
Bacterial complications 33/37
Tepanus
Therapy
ITokazarenn AOcostoTHOE 3HaueHue, n = 37
Index Absolute value, n =37

[porrBOBUpYCHAast Tepanusi (PHaMUIOBUD, (haBUIHPABHP, PEMACCHBHUP) 30/37
Antiviral therapy (riamilovir, favipiravir, remdesivir)
AHTHOAKTepHaNTbHAs TepaIus 3537
Antibacterial therapy
[ moKOKOPTHKOCTEPOUIBI 34/37
Glucocorticosteroids
VYnpeskaatorasi IpoTHBOBOCTIANINTEbHAS Tepanus (TOLHIN3yMa0, 6apuIuTHHUO, 0J10KH3yMal) 27/37
Proactive anti-inflammatory therapy (tocilizumab, baricitinib, olokizumab)
AHTHKOATYJISHTHAs Teparus (TerapuH, SHOKCAapHH HATPus, arnkcabaH)

. \ . p : 37/37
Anticoagulant therapy (heparin, enoxaparin sodium, apixaban)
YKapomnonmkaromas, MyKOJIUTHYECKast Teparus 3737

Pe3yabTarthl

Yacmoma obHapysceHus 2epneceupycos 4eioseKka
y nayuenmos ¢ aemanvibim ucxooom COVID-19
u bez COVID-19

[IpoBeneHO cpaBHUTENBHOE HCCIIEI0OBAHUE MOCMEpT-
HBIX 00pa3moB ot 39 manueHToB, ymMeprmx or COVID-19
(1-s1 rpynma), 1 or 20 mManMeHToB TPYIIBI CpPaBHEHUS,
y xotopbix PHK SARS-CoV-2 u cumntomsr COVID-19
oOHapyxeHbI He ObuTH (2-5 rpymma). JJHK I'BY (BIII-1,
BIIl'-2, B3B, BOb, IIMB, BI'U-6A u BI'U-6B) ompene-
7 B oOpasiax U3 JIETKUX, Ie4eHH, JTUMQOoy3IoB, ce-
JIE3eHKU M TOJOBHOro Mosra. B 1-if rpynmne cymmapHo
BO BCEX U3YUYEHHBIX OpraHax IO KpallHeill mepe mo on-
Homy Ty ['BY Obutn 0OHapyxeHbl y Bcex 39 marueH-
TOB, 2 Tuna ' BY —y 22 nanuenrtos, 3 Tuna 'BYU —y 13 ma-
uuenToB u 4 tuna 'BY — y ogHoro maruenra (Tadu. 2).
Bo 2-it rpynie o onnomy tuity I'BY Taxoke 6pu1H 00Ha-
pyXeHbl y Bcex nanuenrtos, 2 tuna ['BY — y 7 manuen-
ToB, 3 Tuna I'BY —y 8 nanuenros u 4 tuna I'BY — y nByx
marueHToB. Paznuuust mo yactore BcTpeyaemoctu JJHK
I'BY Mexxay rpynnamu 0OKa3aluch CTaTUCTUYECKU HE3HA-
gumsl (p > 0,05).

OneHuBaIN PacHpPOCTPAaHEHUE KaXKAOTO H3YyUYEHHO-
ro tuna I'BY B opraHax cyMMapHO Kak BCTPEYaBIIUX-
Csl MHAMBHUIYAJIBHO, TaK U B COYETAHUAX C APYTUMHU
I'BY. Pe3ynsrarel mokazanu (puc. 1), uto B 1-i rpymme
3HauuTenbHO 4yaimie BoisaBIsM JJHK BOb u BI'U-6 —
y 95 u 85% nauueHToB, COOTBETCTBEHHO, 110 CPABHEHUIO
¢ IMB, B3B u BIII" —y 28, 5 u 21% nanueHToB cOOT-
BercTBeHHO (p < 0,05). YUacrora onpenenenns JHK 'BU
B OpraHax NAaIUEHTOB 2-U rpymmel cocrasisuia: BOb
u BI'Y-6 — 85 u 100% cootBeTcTBenHo, JIHK IIMB, B3B
u BIII" — 35, 0 1 25% cooTBeTcTBeHHO. Paznmuums Mmex-
ny 1-it m 2-# rpynmamu o gacrore obHapyskenns 1'BU
okasanuch HezHauuMel (p > 0,05). B obeux rpynmax 3Ha-
YUTENbHO yYaiie Berpeyanuck BOb u BI'U-6 no cpasHe-
uuto ¢ apyrumu I'BY (p < 0,05) (puc. 1).

Taodmuna 2. Yacrora oOHapyxenus 'BU y malueHToB ¢ JieTaabHbIM
ucxonom COVID-19 (1-s rpynna) u y namuentoB 6e3 SARS-CoV-2
(2-s rpymma)

Table 2. HHV detection rates in patients with fatal outcome of
COVID-19 (group 1) and in patients without SARS-CoV-2 (group 2)

1-s1 rpynma 2-s rpynna
TepriecBUpyCHI YeIoBeKa Group 1 Group 2
Human herpesviruses (n=39) (n=20)

n % n %
BI'Y-6
HHV-6 0 0,0 3 15
BDB
EBV 2 5,1 0 0
IMB
CMV 1 2,6 0 0
BI'Y4-6 + BOB
HHV-6 + EBV 20 51,3 7 35
BOB + IIMB
EBV + CMV 1 2,6 0 0
B9B + BIIT
EBV + HSV 1 2,6 0 0
IIMB + BI'Y-6 + BITT . iy 0 o
CMV + HHV-6 + HSV ;
BI'4-6 + BDB + [[MB
HHV-6 + EBV + CMV 5 12,8 5 25
BI'Y-6 + BDB + B3B
HHV-6 + EBV + VZV 2 5,1 0 0
BI'Y-6 + BDB + BIIT
HHV-6 + EBV + HSV 5 12,8 3 15
BI'Y-6 + BOB + [[MB + BII . 26 5 0
HHV-6 + EBV + CMV + HSV ;

Pacnpeoenenue cepneceupycos uenosexa 6 paznuunvix
Op2aHax nayueHmos

Ananmuz JIHK I'BY noka3zan (Tada. 3), 9To B JETKUX,
TUMQOy3JiaX U B CEJIE3CHKE Y MAlMEHTOB C JICTaIbHBIM
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Puc. 1. Yacrora oOHapyKeHUs TepIeCBUPYCOB
B ayTOIICUHHBIX MaTepuajax y MalueHToB
¢ netanbHBIM ucxonoM COVID-19 (1-1 rpynma) u
6e3 COVID-19 (2-s rpynma).

Ilo ropuszoHramu — 00O03Ha4YEHHs TIEPHECBUPYCOB; IO
BepTukanu — yactora BeisiBneHus JJHK repmecBupycor
(8 %). COVID-19(+) — nauuenTs! 1-i rpymnmsl ¢ geraib-
HeIM ucxogoM COVID-19; COVID-19(—) — nauueHTs
2-it rpynmsl, ckonuasiuuecs 6e3 COVID-19. * — p <0,05.

Fig. 1. The frequency of herpesvirus detection in
autopsy materials in patients with COVID-19 fatal
outcome (group 1) and without COVID-19 (group 2).

Horizontally — the designation of herpesviruses; vertical-

ly — the frequency of detection of herpesvirus DNA, in %.

COVID-19(+) — 1% group patients with fatal COVID-19;

COVID-19(-) — 2™ group patients who died without
COVID-19. * — p <0.05.

Taomuua 3. CpaBHUTEIBHBIN aHAIN3 YacTOThl 0OHapyxeHus [ BU B opranax y manueHToB ¢ JietaiabHbiM ucxogoM COVID-19 (1-s rpynma)

Uy HanueHToB, ckonyasiuxcs 6e3 COVID-19 (2-1 rpynmna)

Table 3. Comparative analysis of HHV detection rates in different organs of patients with COVID-19 fatal outcome (group 1) and in patients who
died not from COVID-19 (group 2)

Yacrora obnapysxenus JHK I'BY, n (%)*
OpraHel, KOJIMYECTBO 00pa3NoB HHYV DNA detection rates,  (%0)*

Organs, number of samples BII-1/2 B3B BB 1IMB BI'y-6
HSV1/2 vzv EBV CMV HHV-6

1-1 rpymma
group 1 6 (15) 1(3) 30 (77)** 6 (15) 16 (41)
(n=139)
Lung 2-1 rpynna
group 2 4(22) 0 5(26)** 6(32) 7(37)
(n=19)

Jlerkue

1-1 rpynma
group 1 3(8) 0 18 (49) 6(16) 25 (68)
(n=37)
Liver 2-s rpymma
group 2 2(10) 0 9 (45) 3(15) 17 (85)
(n=20)

Tleuenn

1-1 rpynma
group 1 4 (11) 0 33(94) 7 (18)** 13 (37)
JInmdoy3isl (n=35)
Lymph nodes 2-5 rpymma
group 2 2(12) 0 15 (88) 0** 7 (41)
(n=17)

1-1 rpynma
group 1 2(6) 13) 24 (67) 3(8) 10 (28)**

Cene3eHka (n=36)

Spleen 2-s rpymma
group 2 2(10) 0 16 (80) 4(20) 14 (70)**
(n=20)

1-1 rpynma
group 1 6 (16) 0 9 (24) 2(5) 7 (18)**
(n=38)
Brain 2-5 rpynma
group 2 2 (10) 0 2 (10) 0 0**
(n=20)

Tpumeuanue. * — ykazaHo KOIHYECTBO BceX U3yueHHbIX ['BU B kakoM opraHe, BKIIIOYasi BCTPEYaBIIUECs B OHOM opraue 1o 2, 3 wiu 4 tunam ['BY;
** _ 3HAYEHUS, CTATHCTHYECKH 3HAYMMO pa3jInyaromuecst Mexxay rpynmnamu (p < 0,05).

T'onoBHO# MO3T

Note. * —the number of all studied HHVs in each organ is indicated, including 2, 3 or 4 HHVs identified in one organ; ** — values that differ statistically
between groups (p < 0.05).
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Puc. 2. Konuentpanuu JJHK repniecBupycoB B opranax madeHTOB, YMEPIINX ¢ HOATBEPKICHHBIM auarHozom COVID-19 (COVID+) unu B
pe3yibTaTe coMarnueckux HenHpeKnoHHbIx 3aboneBanuii (COVID-).

1o ropusoHTaMM — 0003HAYEHUSI OPraHOB, U3 KOTOPBIX MOJY4€HbI Ay TOIICUIHBIE MaTepualibl; 110 BepTukanu — konuyectso JJHK I'BY B konusix Ha 100 ThIC. KIETOK.
HpeI[CTﬁBJ'IeHBI MUHHUMAJIBHBIE 1 MAaKCUMAJIbHBIC 3HAYCHUSI KOHIEHTPpAun HHK, JIMHUU 0003HAYAIOT MCOWaHBI. * —p < 0,05
Fig. 2. Concentrations of herpesvirus DNA in the organs from patients who died with a confirmed diagnosis of COVID-19 (COVID +) or as a
result of somatic non-infectious diseases (COVID-).

On X-axis — the designations of the organs from which autopsy materials were obtained; on Y-axis — the amount of HHV DNA in copies per 100 thousand cells.
The minimum and maximum values of DNA concentration are presented, the lines indicate the medians. * — p < 0.05..

ucxogom COVID-19 yame npyrux tunos I'BU Bctpe-
yancs BObB (p < 0,05). B meuenu garie Bcero onpenens-
mu BI'U-6 (p < 0,05), B romoBHOM Mo3re — BOb 1 BI'U-
6. Y namuento 6e3 COVID-19 (2-1 rpynmna) B 1eJioM
BHPYCHI paclpenessuIich 10 OpraHaM CXOIHBIM 00pa-
30M, OJHAKO OBLIO OTMEYEHO HECKOJIBKO OTIHYHi. Tak,
y MaluKueHToB 1-il Tpynmbl JOCTOBEPHO Halle MO CpaB-
HEeHUIO co 2-# rpymmoii (p < 0,05) B Ierkux BBISBISIN
reaom BOBb, B numdoysnax — [IMB, a B obpasnax ro-
noBHOTO Mo3ra — BI'U-6. YV manueHToB U3 TpymIibl CpaB-

HEHHMS B CeJIe3eHKe yalie oOHapykuBaics renom BI'U-6

(p < 0,05).

Konuuecmeennwiii ananuz JJHK ' B4
8 Opeanax nayueHmos
Jisl oneHKHM BHPYCHOM HAarpy3KH INPOBEJEH KOIHYe-
crBennsbiii ananu3 JIHK 'BY BOb, IIMB u BI'U-6, xo-
TOPBIA TTOKA3aJ, 9TO B OOJNBITUHCTBE OPTaHOB Y TAIlH-
eatoB ¢ COVID-19 mennannsie konnentpanuun JIHK
BOb u BI'Y-6 ObutH BhIIIE, YeM Y MALMEHTOB B TPYIIIE
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Taomuua 4. CpaBHUTEIBHBIN aHAIN3 BUpyCHOU Harpy3ku I’ BU B opranax marueHToB ¢ setanbHbIM uexogoM COVID-19 (1-s rpynma) u manieHTos,

ckonyasiuxcst 6e3 COVID-19 (2-1 rpynmna)

Table 4. Comparative analysis of the HHV viral load in the organs from patients with COVID-19 fatal outcome (group 1) and patients who died not

from COVID-19 (group 2)

KonnuectBo 06pasuos, coneprkarmux JHK 'BY
The number of samples containing HHV DNA

Konuenrpauus JHK I'BY, korin/100 ThIC. KneTOK 1-s rpynna 2-51 rpymnmna
Concentration of HHV DNA, in copies/100 thousand cells group 1 group 2
(n=185) (n=96)
n % n %
0 47 25,4 33 34,4
1-1000 41 22.2%* 47 49,0%*
1001-10 000 45 24 3% 10 10,4%*
>10 000 52 28, 1** 6 6,2%*

Ipumeuanue: * —p = 0,002; ** —p <0,001.
Notes: * — p=10,002; ** —p < 0,001

cpaBuenus (p < 0,05). Koanenarpauuu JIHK [IMB B me-
YeHH, CEJIC3CHKE M B JIETKHUX, a Takke JJHK BOb B merkux
HE pa3IuJaiuch (puc. 2).

Baxupie nanHbIe ObUIM MOMYYEHBI IPU aHAIN3E BUPYC-
Holt Harpy3ku ['BY y manuentoB B 1-if 1 2-i1 rpynmax.
VY manmenToB ¢ COVID-19 kommdectBo mpo0, comep-
»kapix Oonee 1000 u 6omee 10 000 xommii JTHK I'BY
Ha 100 ThIC. KIETOK cyMMapHO cocTaBisiio 52,4%, Torna
KaK B TpyIIe CPaBHECHWS aHAJOTHMYHOW TOKAa3aTelb CO-
ctaBua 16,6%. Paznnuusg Mexny rpymnmnamu ObLTH BBICO-
KO3HaYUMBbI (Ta01. 4).

[lomyueHHsle MaHHBIE YKA3BIBAIOT Ha MPHUCYTCTBHE
I'BY B KIMHUYECKHU 3HAYUMBIX KOJMYECTBAX B OpraHax
ManueHToB, ckoHyasiuxcsa or COVID-19, a takxe o pe-
aktuBauuu y HUX ['BY. B TO e Bpems B rpyrie cpaBHe-
Hus B 80 u3 96 o6pasuos (83%) conepxanue JHK I'BU
obu10 Me"ee 1000 Ha 100 ThIC. KJIIETOK. DTH JaHHBIE I10-
3BOJISIFOT TIPETIONIOKATE, YTO Y OOJBIIMHCTBA MAITHCHTOB
6e3 COVID-19 I'BY, no-BuauMoMy, HaXOIWINCh B Jia-
TEHTHOM COCTOSIHUU.

CpasnumensHulii AHANU3 2ePNEC8UPYCO8 YeN08eKd
Y HAYUEHMO8 C NOBPENCOCHUSAMU NeSKUX U NeYeHU

Jus ouenkn I'BY kax ¢akTopoB puCKa TSKEIOTo Te-
yeHus u HeOnmaronpusTHoro ucxoga COVID-19 cpaBau-
BaJIM pe3ynbraThl BeBAeHUS ['BU y maumeHnTtoB ¢ pas-
HOW CTETICHBIO TIOBPEXKIEHHS JIETKHAX, O KOTOPOU CYIHIIN
T10 TTOKa3aresiM KoMnbioTepHoit tomorpaduu (KT). Ana-
mu3 nanHbix KT nerkux nmokasan, uto y 15/37 (41%) na-
nuenToB kaptuHa KT cooTBeTcTBOBaNa CpemHETKETBIM
U TSDKENIBIM TIOBpeXIeHHAIM — Oomee 50% mopaxeHust
oobema serkux (KT3, KT3/4, KT4);y 22/37 (59%) — ner-
KHM M YMEPEHHBIM MOBPEXKIACHUSIM WIH UX OTCYTCTBHUIO
(0-50%; KTO, KT1, KT2). B cexnmonubIx 006pa3iax Jer-
kux ['BY Obuin oOHapyxkensl y 21/37 (56,7%) namuen-
1oB: y 10 manmenToB ¢ KT3, KT3/4, KT4uy 11 — ¢ KTO,
KT1, KT2. Hacrora BcTpeuaemoctr LIMB, BOb n BI'U-6
B TpyMNIax MAMEHTOB C TSHKEIBIMU U YMEPEHHBIMH I10-
BPESKACHUSMH JIETKUX CTaTHCTHYECKH 3HAYUMO HE paz-
nmyanack. CpaBHeHne MeanaHHbIX 3HadeHni JJHK BOb
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u IIMB Taxxe HE BBIIBUJIO CTaTUCTHYECKH 3HAYMMBIX
pa3Iuuuil MEXIy MalUEHTaMH C TSKEIbIMU U JETKUMU
MTOBPEXJCHNSAMH JIETKHX. B TO ’ke BpeMs BBISBIEHHI pa3-
JUYYS IPU CPaBHEHUH BUPYCHOM Harpy3ku BI'U-6 B 00-
pasnax. Konnenrpanus JJHK BI'Y-6 y nannentoB ¢ KT3,
KT3/4, KT4 65m1a B 3,1 pa3a OobIire o CpaBHEHHIO C Ma-
muentamu ¢ KTO, KT1, KT2: meauana 705 (muH. 280 —
Makc. 223 509) xonuii Ha 100 ThIC. KIETOK NPOTUB MEAU-
aubl 226 (MuH. 5 — Makc. 537) xonmit Ha 100 THIC. KIIETOK
COOTBETCTBEHHO). Paznuumsi ObUIM CTAaTUCTHUYECKH 3HA-
gnmsbl (p = 0,02). lHTEepecHbIe NaHHBIE MOTYYHIIH TaK-
xe nipu nzydennu BIII. Tax, BIII" 01 BoIsIBIICH Y 5/15
(33%) manMeHToB C TSHKEIBIMU MOBPEKICHUSIMU JETKUX
(KT3, KT3/4, KT4) u y 1/22 (4,5%) namnuenTa npu Jier-
kux noBpexaernax (KTO, KT1, KT2) (OLI 10; 95%
AU 1,02-97,5; p < 0,05). Ilony4deHHsle pe3yasTaThl CBU-
JIETEIBCTBYET O TOM, YTO TSKENbIE TOBPEXKICHNUS JIETKHX
accouuupoBansl ¢ npucyrcrsuem BIIT' u BI'U-6.

OmHUM W3 TAaTONOTHYECKUX MPOABICHUA  TpHU
COVID-19 sBnsiercss mieBpaibHBIM  BbIIOT  [21].
[IneBpanpHBIi BBITOT ObLT qUarHoCcTHpoBaH y 11/37 ma-
uuenToB ¢ COVID-19 (30%). Ananu3 4acTOTHI BCTpeda-
eMocTH Bcex n3ydeHHbIX | BU mokasair, uto craructude-
CKM 3HaYMMBIE PA3NN4Us OBIIIM BBISBICHBI IPH THATHO-
ctuke BII-uHpexknuu. Y NanueHTOB ¢ IUICBPAILHBIM
BeimoroM JIHK BIII™ Opia obHapyxena B 36% (4/11)
cirydaeB, 0e3 rieBpaibHOTO BBITIOoTa — B 8% (2/26) ciny-
yaes (O 6,9; 95% 1N 1,03—45,6; p = 0,04), uro cBuae-
TenbeTByeT 00 acconnaruu BIII ¢ Hapymenusmu QyHK-
uu Jerkux. Yacrora BcTpedaeMocTu Jpyrux tunos I'BY
HE KOppeIHpoBaa C MIeBPaIbLHBIM BBIIIOTOM.

N3yuenne BupycHoi Harpysku 3 tumnoB ['BU (BOB,
IIMB u BI'U-6) y manueHToB ¢ IUIEBPAIGHBIM BBIITIOTOM
1 0e3 TaKOBOTO II0Ka3ajio, YTO BUpycHas Harpy3ka BOb
u [IMB 65bU1a GoJbIIe y MareHToB ¢ TUIEBPATHHBIM BBITO-
TOM TIO CPaBHEHHIO C MaleHTaMu 0e3 Hero: MeinaHHbIe
koHneHTpanuu BOb coctaBumm 2396 npotus 1114 konwmii
JHK na 100 Thic. ketok coorBeTcTBeHHO; [IMB — 146 629
npotus 931 xomuit /IHK nHa 100 TBIC. KJIETOK COOTBET-
CTBEHHO, OJIHAKO CTaTHCTUYECKON 3HAYMMOCTU DAY
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He JocTuraiu. B To ske BpeMs IieBpajbHbIi BHINOT acco-
LIUUPOBAJICSI C BRICOKUMU KOHLIeHTpausMu BI'U-6 B sier-
kux. Tak, peakruBarms BI'Y-6 nabmronanace y 2/11 (18%)
MAIMEHTOB C MJIEBPAIbHBIM BBIIIOTOM (BHpPYCHAs Harpys3ka
6onee 1000 xommii Ha 100 THIC. KJIETOK), HO HU Y OIHO-
ro u3 26 nmanueHToB 6e3 ruapoTopakca. CTaTucTUIEeCKUit
aHaJIu3 TO0Ka3al, 4TO MOSBJICHUE IJICBPAILHOIO BBIOTA
accormmpyetcs ¢ peakruBanueii BI'U-6 (p = 0,026).

BaxxupiMu TOKa3aTENAMA TOBPEXKICHUSI TICUCHH SIBIISI-
10TCsl ypoBHU (epMmeHToB anaHuH- (AJIT) m acnaprar-
amuHOTpanchepassl (ACT). ¥ 36 manueHToB ¢ JieTaib-
HeIM ucxonoM COVID-19 6bl npoBeneH KOMTUYeCTBEeH-
Hbll aHanu3 koHHeHTpauuid AJIT u ACT B chIBOpoTKe
kposu. [losrrmennstit yposens AJIT u ACT (> 50 en/mi)
051 0OHapyxeH y 19/36 naruentos (53%). CpaBHHUBaIN
xoHneHTpauuu JJHK I'BY B 06pasiax neyeHu y namveH-
TOB C HOPMAJIbHBIMHU M BBICOKMIMH ITOKA3aTeNIMHI aKTHB-
HocTU (pepMeHTOB. CBSA3b MEXIy MEIUAHHBIMU KOHIICH-
tpanusamMu [IMB u BI'Y-6 1 NOBBIIIEHHBIMH YPOBHSMHU
(hepMeHTOB HE OOHAPYXKWIIM. YCTAaHOBWJIM, UTO B 00pas-
nax medeHd y 6/19 mammentoB (32%) ¢ mokazaTensMu
ACT/AJIT > 50 en/mi BBISABISJICS BBICOKHH YpPOBEHB
JHK BOb: mMeauanubie 3HaueHusi coctaBuiu 19 793
(10 714-2 020 609) xormii Ha 100 THIC. KIeTOK. U3 17 ma-
IIUEHTOB, Y KOTOPBIX MTOKAa3aTeIN MeYeHH ObTH B HOPME,
Tonpko y 1/17 (6%) Obut0 BBIABICHO OoMee 1000 xormit
JHK BOb. IloBeiienne ypoBHS H3y4eHHBIX (pepMEHTOB
MIEUEHH CTAaTUCTUYECKH 3HAYUMO Yallle aCCOLMMPOBATIOCH
¢ aktuBanmeit BOb (p = 0,042).

Takum 006pazoM, y MAIUEHTOB C JIETAIBHBIM UCXOJ0OM
COVID-19 npucytcteue ['BU accouunpoBanoch ¢ Tske-
JTBIMU TIOBPEKICHUSMH JICTKUX U TICICHH.

Yacmoma evisisnenus PHK SARS-CoV-2

VY 39 nanuenTtoB ¢ seranbHbIM ucxopom COVID-19
B CEKLHOHHBIX Marepuanax onpenensum Hanuune PHK
SARS-CoV-2. [lokazano, urto y 28 mauueHTOB (72%)
Oputa obHapyxena PHK xors Obl B OMHOM W3 OpPTaHOB.
Y omuoro manmenta SARS-CoV-2 BBISBHIM BO BCeX
ayTOICUIHBIX MaTepuanax, y 11/39 (28%) naumeHTOB
He BoisiBIM PHK SARS-CoV-2 Hu B ojHOM Oprane.

Anamu3z  wactotel BcTpewaemocth PHK  SARS-
CoV-2 B pasHBIX opraHax IMoOKasal, 4yTo B oOpasiax
W3 JIETKUX, TOJOBHOTO MO3ra, TMEYEHH M JHM(]Oy3I0B
gacToTa ObUIa MPUOTU3UTEIHHO OMHAKOBOW M COCTAaBH-
na 38% (15/39), 32% (12/38), 35% (13/37) u 31% (11/35)
COOTBETCTBEHHO, B 00pa3slax W3 Celie3eHKH ObLTa HH-
ke — 14% (5/36). DT nmaHHBIE MOATBEPKAAIOT TOJH-
TPOTHYIO MPUPOJY BUpYyCa U CBUAECTENBLCTBYIOT 0 SARS-
CoV-2-uH}eKIun Kak 0 CHCTEMHOM 3a00JICBaHHH.

Anamu3 copepxxanuss PHK SARS-CoV-2 mpone-
MOHCTpHpOBaJI, uyTo BUpycHas PHK B TkaHsaX Jterkoro
BBIBISIACH Ha OTHOCHUTENHHO BBICOKOM YPOBHE, CO-
OTBETCTBYIOLIEM ToporoBoMy 1ukiay (Ct) 22,9 + 5.5,
YTO CTATHCTUYECKH 3HAYMMO HE OTIMYAIOCH OT YPOB-
a1 PHK B o0pa3smax rosioBHOT0 Mo3ra u JUMQOy3JIO0B:
Ct26,3+5,6uu Ct252+5,9 coorBercTBeHHO. B TO K€
BpeMms B TkaHsax nedeHu (Ct 28,0 + 5,9) u cenezeHku
(Ct 31,6 £4,6) ypoenr PHK SARS-CoV-2 0bu1 3Ha9H-
Mo Huxe (p < 0,05).

OPUTUHAJbHbBIE NCCNEAOBAHUA

[IpeacraBisio MHTEpEC COMOCTABUTH JAaHHBIE 1O BbI-
seienuto JIHK 'BY u PHK SARS-CoV-2 B oguux u Tex
ke oOpasmax. Oka3anocs, 4To u3 56 00pa3oB, MOJIOXKHU-
tenbHBIX Ha SARS-CoV-2, 6onpmuacTBO — 48 (86%) —
cogeprkaimn JIHK I'BU. HambGonee wacto oOHapyxwu-
Banacy komH(pexkuus BOb n SARS-CoV-2 — B 19/48
(39,6%) o6pazuos, LIMB 1 BI'4-6 — 3HaunTEeNIEHO pexe —
B 4 u B 2 o0Opa3nax COOTBETCTBEHHO. MHTepecHO, 4TO
B oOpasuax, uHpuiuposaHHsix SARS-CoV-2, Hepenko
BcTpedanuck 1o 2 tuna 'BY — B 17/48 (35%) obpasmax
n gaxe o 3 Turma I'BY — B 5/48 (10%) obpa3mnax. Koun-
¢dexuus SARS-CoV-2 u I'BY, no-BuauMomy, BBI3BIBACT
bosiee cepresHble ociaokHEHUsA y OonbHBEIX COVID-19
mo cpaBHeHUIO ¢ MoHOMH(ekuer SARS-CoV-2 u mo-
JKeT IPUBOANTE K JICTAIbHOMY HCXOIy 3a00IeBaHus.

O6cyxneHue

B nacrosmeit pabore y kaxmoro u3 39 manueHToB
¢ neranpHbIM ucxogoM COVID-19 6buiu 00HApYKEHBI
reromusle JJHK 'BY. Hauboiee 9acTo 1 B BEICOKHX KOH-
HeHTpanusax Bcrpedanuck BOb u BI'U-6: B ayToncuiiHbeIx
o0pa3max M3 BceX OpraHOB MHAMBHIYAJIBHO M B cOYeTa-
Husx ¢ apyrumu ['BY BOB u BI'U-6 Obutn BBISBICHBI
y 95 u 85% manueHToB COOTBETCTBEHHO. BrIcokas wa-
crota obHapyxkenus JJHK BOB Obuta mokazana Takke
B apyrux uccienoBanusax. Tak, JIHK BOb Opia obna-
pyxena y 40/42 (95%) mamumeHToB, HHQHUIMPOBAHHBIX
SARS-CoV-2, B oTaeneHnn MHTEHCUBHOM Tepanuu [22],
ny 28/34 (82,4%) manmueHToB C TSHKENBIM TEUCHHEM
COVID-19 [23]. OnauM U3 OOBSICHEHHMH BBICOKOM da-
cToThl pactpoctpanenus BOb u BI'U-6 moxeT OBITh HX
Tponm3m: BOB mopaxaer npenmyiiectseHHO B-nmumdo-
uutel, BI'U-6 — T-mumdonuter. JlumdoTponHOCcTh 00€-
CrieYrBaeT OBICTPOE PACIPOCTPaHEHUE BUPYCOB 10 Opra-
HU3MY, BXO)KICHHE B OPTaHBl M TKAHU W TEPCHCTEHIIUIO
B Ka4€CTBE PE3UJEHTHBIX KJIETOK, IJle OHM MOTYT COXpa-
HSTBCS B JIATEHTHOM COCTOSIHUM U PEaKTUBUPOBATHCSI.

Hns onpenenenus Biusaus BOb Ha TsbkecTh TeueHus
u ucxox COVID-19 ob6cnenoBany naueHToB ¢ KOMHpEK-
nuerr BOb u SARS-CoV-2, pesynbTarsl uUcCieI0BaHUS
nmokazanu, 410 'y 37/67 (55,2%) marmenToB puUCK MOSB-
JIEHHSI CHMIITOMOB JIMXOPAJKH ObUT B 3 pa3a BBIIIE, YeM
y TAIUEHTOB ¢ OHON ToibKo nH(peknuein SARS-CoV-2,
ypoBuUu C-peaktuBHoro Oenmka u ACT Taxke Obun cTa-
TUCTUYECKH 3HAYMMO Ooubiie [24]. ABTOpPHI 3aKITIOUMIIH,
410 peakTuBauus BOb MoxeT accoruupoBarscs ¢ TsDKe-
nemM TederneM COVID-19. M. Meng u coaBT. 00HapyXH-
T IpU3HaKK akTUBHON BOb-undexuun y 55/217 (25%)
namuedToB ¢ COVID-19 u yacts U3 HUX JI€UWIN TaHIH-
KJIOBHPOM. ABTOPBI OTMETHIIH, YTO CPE/IH ITAllHEHTOB, MO-
JMy4YaBIIMX TaHIHUKIOBUP, YPOBEHb BBELKUBAEMOCTH OBLI
OoJblle B CpaBHEHUH C TPYIIIOWH, TAe MpenapaT He MpH-
mersuta (p = 0,01), u crenanu BBIBO, YTO pEeaKTHBALIUSL
BOb y manuentoB ¢ COVID-19 moxer ObITH CBsi3aHa
C TIOBBILLICHHBIM PUCKOM cMepTH [25]. BaxkHbie pesyibra-
ThI IOJIyYEHBI IPU U3yYEHUU CBA3U peakTuBanuu BOb co
CcMepTHOCTHIO cpeau 345 manuentoB ¢ COVID-19. Me-
TaaHaJN3 Pe3yJabTaToB 4 OMyOJIMKOBaHHBIX paboT 10 pe-
aktuBaruu BOb y 6ompaeix COVID-19 mokazan [14],
gto y narueHToB ¢ BOB(—)/SARS-CoV-2(+) cmepTHOCTH
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ObUIa CTAaTHUCTUYECKU 3HauuMoO Mesblle (9,9%), yem
y marenToB ¢ BOB(+)/SARS-CoV-2(+) (23,6%). bei-
JI0 TIOATBEPXKJIEHO, YTo peakTrBanui BOb yBennuusaer
cMepTHOCTh y manneHToB ¢ COVID-19, u caenaH BbIBO:
B TeX CIydYasX, KOTJa COCTOSHHUE 30POBbs MAIlUCHTOB
¢ COVID-19 nocreneHHo yxyAmaercs, HEOOX0IUMO 3a-
MOJO03pUTh peakTrBaluio BOB, nockoiabKy oHa sBiIseTCs
BO3MOXHBIM MapkepoM TspkecTH TedeHus COVID-19.
ABTOpBI CUMTAIOT JOKa3aHHBIM, YTO peakTuBaius BOb
YBEIUYUBAET CMEPTHOCTH Yy nanuenToB ¢ COVID-19.

Peaxtuparmro [IMB BeusBrm y 19/156 (12,2%) mo-
)kwiblx nanueHToB ¢ COVID-19 u nHabmromanmu cpenu
HUX 3HAYUTENILHOE YBEJIMYEHUE CMepTHOCTH [26]. AB-
TOPBI 3aKIIIOYMIIM, YTO peakTuBanus [IMB y manueHToB
¢ COVID-19 B Bo3pacTe, paBHOM WJIH MEHbILE 86 JIeT, Obl-
JIa He3aBUCUMBIM (PAaKTOPOM PHCKA TOCTIHTAIBHON CMepT-
HocTH. B npyroii pabore y 16 u3 140 (11,4%) nanuenToB
¢ COVID-19 onpenensmu JHK LIMB B nepudepudeckoit
kpoBu. CMmepTth HacTymwia y 8/16 IIMB-momoxwurennb-
HBIX manuenToB (50%) mo cpaBHenmio ¢ 11/124 (8,87%)
HMB-otpunarensasivu gunamu (p < 0,001) [27].

Anamm3 JIHK BIII'-1 B 06pa3max 6poHX0aaIbBEOISIPHO-
ro maBaka (BAL) y manueHTOB ¢ MTHEBMOHMEH, BHI3BAaH-
HOoW SARS-CoV-2, BBIABIWII BBICOKYIO HH(DHLIHPOBAH-
HOCTh — B 47/83 (56%) 00pa3ioB. YpoBeHh CMEPTHOCTH
y nauueHToB ¢ BIII'-nonoXuTenbHbIMH pe3ysbTaTaMu
OKa3zajcsi 6oee BBICOKUM II0 CPABHEHUIO C HMAIlHEHTAMHU
6e3 BIII" (57,4% npotus 33,5%; p = 0,015). Peakruna-
uuda BIIT-1 B HIXKHUX OTHENaxX AbIXaTeIbHBIX IMyTeH ac-
COIIMHUPOBANIACH C HEOMATONPHUSATHHIM IIPOTHO30M U 3HA-
YUTEJbHBIM yBEIMUECHUEM CMepTHOCTH [28].

IIpumepHo y 16% nauuentos ¢ COVID-19 pa3susa-
I0TCSI TSDKETIbIe U KpaiiHe Tshkesble (hopMbl 3a00eBaHus,
U TIOKa3aTeNld CMEPTHOCTH Y 3THUX MAI[IEHTOB COCTABIISI-
1T oT 11 10 60% [29]. Pe3ynbrarel HacTosIIeH paboTHI,
a TaKke MaHHBIE MPIKU3HEHHBIX HCCICIOBAaHHM, pac-
CMOTpPEHHbIE BbIIIIe, TTOKa3biBatoT, 4to I'BY 1-7-ro TH-
ITOB MOTYT BHOCHUTb BKJIAJ] B Pa3BUTHE TSKEJIOTO TCUCHUS
COVID-19 u BBI3BIBATH J€TAIbHBIA HCXO 3a00JIEBAHUSL.

[Tatorenes COVID-19 xapaktepusyeTcsi npexae Bce-
T0 MOpaXCHHEM KJIETOK PECIHPATOPHOTO TpPaKTa, JeT-
KMX U pa3BUTUEM TsDKeIoM rumnokcuu. K Hacrosmemy
BPEMEHM HAKOIUICHO IOCTaTOYHO AAHHBIX, CBUJIETEIb-
CTByIOIIMX O pa3BUTHH y OompHBIX COVID-19 monmop-
TaHHON HEJOCTATOYHOCTH — TUC(HYHKIIMHA MHOTHX OpTra-
HOB, BKJIFOUas cep/ie, mouku, neueHs, JKKT, sunorenuit
cocynoB [30]. B HacrosiieM HCCIEIOBaHUU IOKa3aHO
npucyrctere ['BU B oOpasiax 3 Bcex M3y4EHHBIX Op-
raHoB mamueHToB, ymepmux or COVID-19: B nerkux,
TUM(paTHIECKUX y371aX, TOJIOBHOM MO3TE, IIEYCHU U B CE-
ne3eHke. BriepBrie moka3zaHo, 9YTO B Pa3HBIX OpraHax Ia-
LUEHTOB C JIETAJBHBIM HCXOJOM BCTpedaroTcs mo 2, 3
u naxe 1o 4 I'BY u3 paszusix noacemericts. Konuuecto
po0 ¢ BeICOKOM KoHIeHTparuen supycHoit JIHK, conep-
xanux 6omee 1000 xomuii JJHK u gake 6omee 10 000
kxonuit Ha 100 ThIC. KIETOK, CyMMapHO cocTasiisiio 52%.
WuTepecHo, 4TO B MEUEHU U B CEJE3CHKE MAIMEHTOB,
ckonuapmmxcst o COVID-19, 6simn o6HapysxeHsr BI'H-
6 B koHIeHTpanusx oonee 1 Mo komuit JIHK wa 100 THIC.
kieTok. COracHO HMMEIONIUMCS JaHHBIM, TaKue KOH-
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neHTpanuu BI'Y-6 HaONMIOOar0TCs y JIMII, Y KOTOPBIX BU-
pycHas JIHK mHTerprpoBaHa B réHOM — B TEJIIOMEpHbBIE
pailoHbl XpOMOCOM. /[l COXpaHEHUs CBOEro IeHOMa
BI'U-6 ucrmonb3yeT 3Ty YHHKAJIbHYIO (GOpMY JIATCHIIUH,
T.K. TeHOMBI Bcex Apyrux I'BU B 1aTeHTHOM COCTOSHUU
HaxoAATCS B BUJE KOJIbLIEBOU 3nMcoMbl. UTHTErpupoBas-
Has JIHK BI'Y-6 ciocoOHa Kk peakTHBAIIMKA M HHIYKITAH
pasHbIX 3a0oneBanuii [31].

OO6parraer Ha ce0s BHHUMaHUE OONBIIOE KOIUYECTBO
MAIMEHTOB, B ayTOIICHIHBIX 00pa3iiax KOTOphIX 00HApY-
*keHbl Beicokue kKoHneHTpanuu JJHK 'BY. Pabor, B koTo-
PBIX IpOBeAcHO cpaBHeHHe conepkanust JJHK I'BY B cbI-
BOPOTKe/TIIa3Me KPOBHU H B TKaHSIX OPTaHOB Y MAaIMEHTOB
¢ COVID-19, naiiTu B JOCTYIHOH JUTEparype He yna-
ngock. Bo3moxxHO, 0OBSICHEHHME COIEpKHUTCS B pabore
[32], B koTopoit n3yuanu BOb B 1u1azme KpoBH U B TKaHU
OITyXOJIM Y TIAIINEHTOB C PAKOM JKEITy/IKa, aCCOINUPOBAH-
HeiM ¢ BOB. IHK BOb onpenensanu B mia3me KpoBU Me-
tonoM konudectBeHHo [P, B cpe3ax omyxoneBoi Tka-
HU — METOJIOM THOpHUIU3aIuu in situ. OOHAPYXWITH, UTO
cpennee cootnomenue JJTHK BOb B mnaszme k JJHK B Tka-
HU cocTaBuio Bcero 8,8%. Ilpeamonoxuin, 4To JUIIL
HeOOJBIION TPOLUEHT WHPHUIHPOBaHHEIX BOb pakoBeIx
KIeTok kemynka cexkperupyer JJHK BOb B mepudepu-
YeCKyl0 KpOBb. B HacTosmeil pabote nmepudepuueckas
KPOBB MAITUEHTOB ¢ JieTadbHBIM rcxomoM COVID-19 65I-
na HegoctymHa. OTHAKO MOXKHO MPEANOI0KHUTh, YTO BBI-
cokue kounenrpanuu JJHK I'BU, o6HapyxeHHBIE B 00-
pa3mnax u3 OpraHoB MAIMEHTOB, — Pe3yIbTaT HAKOIIIICHUS
JHK B TkaHsX npu peakTuBanuu Bupycos, u ra JJTHK
B 3HAUUTENBHOMN CTENIEHU OCTACTCS in Situl.

Knuangyeckne n maboparopHble HCCIeIOBaHUS, MPO-
BEJICHHBIC B HACTOSIIEH paboTe, MOKa3alIH, YTO IPUCYT-
ctBue ['BY B opranax manueHTOB ¢ JI€TaJbHBIM HCXOAOM
COVID-19 accouunpoBanoch ¢ TSXKEIbIMH OPaKEHUS-
MH JIETKUX U Opa)KeHEeM TIedeHU. DTO 3aKII0YeHHe MOA-
TBEPKAAETCS pe3yIbTaTaMi NPHKU3HEHHOTO 00CIIeIoBa-
HUs narnuenToB. Tak, y 76/95 (80%) marnueHnToB, rocruTa-
nu3upoBaHHbIX ¢ COVID-19 ¢ mpu3HakaMu THEBMOHUHU
Y TIOBBIIICHHBIMU 3HadeHUsIME AJIT, ObuTH OOHApYKEHBI
Mapkepsl akTHBHOW BOb-mHpexunn, Torma xak y mo-
HOpOB KpoBU akTuBHas BOb-undexnus nabmromanvck
b y 10/92 (10,9%) [33]. CxonHbIe JaHHBIE B OTHO-
menun BIII-uH(exnnn momydeHs! npu NprKU3HEHHOM
o0clieloBaHNY aneHToB, ymepiux ot COVID-19 [34].
ITaeBmonus, Be3BanHas SARS-CoV-2 um ocinokHeHHas
OCTPBIM PECTIMPATOPHBIM TUCTPECC-CHHIIPOMOM, a TAKIKE
odeHb Bbicokue 3HaueHust AJIT n ACT B cbIBOpOTKE KpoO-
BU (3000—4000 exn/m) — moka3aTeay akTHBHOT'O TelaThTa,
aCCOLMUPOBAINCh C BBICOKOW KoHIeHTpanued BIII-1
B chIBOpOTKe KpoBH (6omnee 14 000 000 xonuii/mi) 3a 3—7
CYT 0 CMEPTH MallUEHTOB.

[lonmy4eHHbIe HAMU PE3YJBTATHI, @ TAK)KE TaHHBIE OIy-
OIMMKOBaHHBIX PabOT CBHUJETEIHCTBYIOT O PEaKTHUBALUU
U BBICOKOM cofiepxkanuu I'BY B opranax cKOHUaBLIMXCS
MAIIMEHTOB, MOATBEPXKAAIOT JaHHBIE O TOJMOPTaHHOMN
MIPUPOJIE MATOJIOTMYECKUX TPOLECCOB M yKA3bIBAIOT Ha
Bkian I'BY B neranpubii ucxonq COVID-19.

Oo0cnenoanne 6ompHBIX COVID-19 mokazano, yTo
y TAIeHTOB C TSDKENBIM TEUeHHEM HH(MEKIHH, 0CO-
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OEHHO y TOXKHJIBIX MAIUeHTOB, YacTO WJIM TIOYTH BCeT-
Ja HaOJIOMAlOTCS TPENIISCTBYIONINE COIYTCTBYIOIINE
3a00neBaHms, MEPEYCHh KOTOPHIX BEChMa 3HAYUTEIICH:
nmuaber, pak, oxupenne, BUU-unpexnus, XxpoHudeckue
BOCTIAJIUTENbHBIE 3a00JI€BaHUs MOYEK, ITEYEeHH, JIETKHX,
nepebpoBacKysapHble 3a0oneBanusd [35]. B cBs3u ¢ aTum
B TPYIy CpaBHEHHs ObLIM BKIIOYEHBI 20 MaIMeHTOB,
CKOHYABIINXCS OT 3a00JeBaHMil HEMH(PEKIIMOHHOW TIpH-
ponsl (6e3 COVID-19): undapkra, HHCYIbTa, XPOHUUE-
CKUX 3a00JIeBaHUI MEeYeHH, OHKOJIOTHYECKUX 3a0oieBa-
Huil. U3yuenne JIHK I'BY B ayToncuiiHbIX Marepuanax
OT MaLMEHTOB TPYIIIHI CPABHEHUS ITOKA3aJI0, YTO YACTOTa
obOHapysxenus ['BU Obl1a BEICOKOH M TPAKTUYECKU HE OT-
Juyaliach OT TakoBoil cpeau nanueHtoB ¢ COVID-19.
B T0 e Bpems konuenTpaunus JHK I'BY cunpHO pas-
nuvanack. Tak, koHneHTpauus JIHK I'BY, npeBsimato-
mas 1000 xoruit Ha 100 THIC. KIETOK, BKIOYast 00pasIibl,
conepxamue 10 000 xormmit Ha 100 ThIC. KIETOK, OBLIA
oOHapyxeHa y 17% mManueHToB, 4TO C BBICOKOW CTerle-
HbpI0 3HayuMocTH (p < 0,001) oTIMYanmoCh OT TPYMIIBI
¢ COVID-19 (52%). IlpucyrctBue I'BY y manueHros
C TSDKEJBIMH TaTOJOTHUSIMH Pa3IMYHBIX OPTaHOB HaOITIO-
Jlany Takxke apyrue aBTophl. [lokazaHo, 4TO peakTHBa-
uust [IMB moxeT crnocoOCcTBOBaTh MPOrpecCHPOBAHUIO
arepockiieposa [36]. Onucan ciy4ail KapIUOMHOIIATHH,
acconupoBaHHOW ¢ BOb-undexuneii muokapaa, B pe-
3yJbTaTe KOTOPOH MOBBIMIAICS PUCK IEKTPUYECKON He-
CTaOMIIBHOCTH, Nepdopaluy cepala U BHE3aHOH cMep-
U [37]. K cX0HOMY BBIBOZLY O CBS3HM MOBPEXKIAECHUS CEP-
JeYHO-COCYAUCTON cucTeMbl ¢ BOB-undexnueit mpummu
TaKke Jpyrue aBTopsl [38].

HNmerores manasie o cnocoOHOoCcTH BOB BRI3EIBATE MH-
TEePCTULHANBHYIO ITHEBMOHHIO, WJIH ITHEBMOHHUT, WHO-
I1a C IJIEBpajJbHBIM BbIMOTOM. Ommcanbl 16 ciyuyaeB
B3b-accouunpoBanHoro nHeBMoHuTa [39].

Oo6napy>xenne 'BY B o6pasiiax Ouorcuu nedenu (mpe-
umytiecTBeHHO BI'U-6) 1 B CHIBOPOTKE KPOBH (TIpEeUMY-
mecTBeHHO BOB) y manueHToB ¢ XpOHHYECKUM TeaTh-
ToM C M KIMHUYECKHI aHaIM3 MOBPeXAeHUH (QyHKIUU
MIEUEHH MO3BOJIMIIN YCTaHOBUTH, uTo I'BY yBenuuuBaioT
TSKECTh TEUEHUS XPOHUUYECKUX renatutoB [40].

MeraaHnanu3, IpOBEIEHHBIN METONAMU JOKa3aTeIbHON
MEIUIIMHBL, TI0Ka3aJl, 4TO reprecBUpycHas HHpeKIus ac-
COIIMUPYETCS C TIOBBIIIICHHBEIM PUCKOM HApYIICHHUS MO3-
TOBOTO KPOBOOOpAIIEeHNUs, TIOBPEXKICHIUEM TKAaHU MO3Ta,
HapyIIeHHEeM ero (pyHKINH — NIIEMHYECKUM WHCYIBTOM.
Puck uHCynpra 0cobenno cuibHO cBs3aH ¢ B3B-, BOb-
u BIT-undexuusamu [41].

[lomyueHHple HaMu  JaHHBIE  CBUJAETENbCTBYIOT
o peakruBaru ['BU y GonpmuaCTBa (52%) TaneHTOB
¢ nmetanbHbIM ucxogqoM COVID-19 u y wactu manues-
ToB (17%) rpynmnsl cpaBHEHUs. MOXHO MPEANOI0KUTS,
9TO y OOJNBIIMHCTBA MAIIMEHTOB U3 TPYIIHI CPAaBHCHUS
U y YacTH MalHeHTOB, cKoHuaBmuxcsi or COVID-19,
I'BY HaxoauauCh B JIATEHTHOM COCTOSIHUM.

B ayToncuitapix oOpasmax or 39 mamueHToB C Jie-
TanbHBIM HcxogoM COVID-19 omnpenensinu Hanuuue
PHK SARS-CoV-2, y 28 nauuentoB (72%) Oblta 00-
HapyxxeHa PHK xotsa 651 B ogHOM u3 opranos. B 47/56
(84%) ob6pasnos Habmomanu onHoBpemenHo JJHK I'BU

OPUTUHAJbHbBIE NCCNEAOBAHUA

u PHK SARS-CoV-2. Pe3synbTaTsl HacTosIIeH pabOThI
W JaHHBIE OPYTUX aBTOPOB, HAONIOAABIIUX KOWH(EK-
uuto SARS-CoV-2 u I'BY, cTaBar Bompoc, MOXET JU
uapekuss SARS-CoV-2 ObITh (hakKTOPOM pHCKA peak-
THBAIMH TEPIICCBUPYCOB, U C IPYTOH CTOPOHBI, KAKOBBI
MexaHu3Mbl yeuneraus SARS-CoV-2 undexiuu npu pe-
aktuBanuu ' BY.

OnuH U3 MEXaHU3MOB MOKET OBITH CBS3aH CO CIIOCO0-
HocThio ['BU BozaeiicTBoBarh Ha penenitop SARS-CoV-2
ACE2. Tlokazano, yto BDODB moBbIIIaeT 3KCIpeccuro
ACE2 u TakumM 00pazoM ycHiInBaeT HHPHUIHPOBAHHE KiTe-
Tok SARS-CoV-2 [42]. Ilo3xe oOnapyxwny, uyro [IMB
CIOCOOCH TOBBICHTH JKcmpeccuio perentopa ACE2
B OIUTEIHAIBHBIX U SHIOTENHAIBHBIX KJIETKaX, oberdas
MIPOHUKHOBEHHE BUPYCA B KIETKH JIETKUX U APYTUX OpTa-
HOB [43]. OTmeuas, yto perummkaius BOb u BI'U-6 mpo-
HCXOHT B SITUTEIUU POTOTTIOTKU W HOCOTJIOTKH, KOTOPHIE
ABISIFOTCA MecTaMu uHpumposanus SARS-CoV-2, no-
nararoT, uto peaktuBaius BOb u BI'U-6 MoxxeT yCcuiuTh
tskecth COVID-19 [23], B ToM unciie myTeM IpsiMoro
HUTOTOKCHMYecKoro aeiicTBus. Peakrusanus ['BY npu un-
¢urnupoannu SARS-CoV-2 MOXET NMPOUCXOIUTh U He-
MPSIMBIMU ITyTSIMU — B PE3YIIETaTe HAPYIIICHUS PETYIISAIIHN
MMMYHHBIX MeXaHH3MOB. HaOmogaercs akTuBanus AeH-
nputHBIX Ki1etok, Thl, Th17 u NK-ki1eTok, moBBIIIICHHE
MPOAYKIMHA MHOTHX IIPOBOCHATHTEIHHBIX ITUTOKHHOB,
Biutogast IL-6, IL-8, TNF-a u IL-10, koTopsie yBeTu4Iu-
BarOT pUcK peakTuBaiuu [ BY [44]. YV manuentos, oocie-
JIOBaHHBIX B HacTosmIel paboTe, 0OHAPYKEHBI TPHKU3-
HEHHBIE M3MEHEHHS IOKa3aTeliedl KIETOK U CBIBOPOTKHU
KpPOBH, CBHJETENbCTBYIOIINE O SIPKO BBIPA)KEHHOM BOC-
MaJIATEIHHOM Tporecce (Tabm. 1).

K peakruannu I'BU npu COVID-19 moxeT npuBoxuThH
MpPUEM CHUCTEMHBIX KOPTHKOCTEPOMJOB, HA3HAUAEMBIX
JUTS TIOZIABJICHUSI IIUTOKMHOBOTO ImTopmMa. [lo manHbM J.
Naendrup u coasr. (2022), neueHne KOPTUKOCTEPOUTAMHU
BbI3bIBaIIO peakTuBanuio BOb y 58% u LIMB —y 55% na-
nueHToB [45]. Iloka3aHo, YTO OAHUM U3 MOJIEKYJISIPHBIX
MeXaHU3MOB peaktuBanuu BOb mon neiictBueM rumpo-
KOPTHU30HA H JIeKCaMeTa30Ha MOXKET OBITh WHITYKIIHS JKC-
npeccun MPHK cBepxpannero BupycHoro resa BZLFI,
KOJUPYIOIIETO JIMTUYSCKUN TPaHCAKTUBATOp — OeloK
ZEBRA [46]. B Ttepanmuu COVID-19 pexoMeHI0BaHBI
K TPUMEHEHHIO IIpernapaTbl-nHIHOUTOPsl (Hampumep,
OyokaTopsl SHyc-KHHa3, perentopoB 1L-6, IL-1, 61oka-
Topsl 1L-6), KoTophle 00a1al0T UMMYHOCYITPECCHBHBIM
NEUCTBHEM ¥ MOTYT YBEIMYHBATH PUCK PEAKTHBAIUU
I'BY.

PaccmoTpennbie MexaHn3mbl peaktuBauuu ['BYU npu
3apaxxeHun SARS-CoV-2 He wuCKIIOHAOT ApPYr Apyra
H, O-BUANMOMY, MOTYT J€HCTBOBAaTh COBMECTHO, YBEIIU-
guBas TsokecTh TedeHUus COVID-19 u HeOnaronpusaTHBIN
ucxon 3aboneBaHus. COBOKYMHOCTH IPEACTABICHHBIX
MAHHBIX YKa3bIBAaeT Ha IEJIECOOOPa3HOCTh BKIIOUYCHUS
repIIeCBUPYCHBIX MH(EKIIHIA B IPOTOKOJIBI 00CIIEIOBaHUS
nauureHToB ¢ COVID-19, Haxoasiuxcs Kak B KpaiiHe T4-
>KEJIOM COCTOSIHHH, TaK U B COCTOSIHUU CPEeIHEH TSKECTH,
0COOEHHO M3-3a IUPOKOH MOCTYITHOCTH MPOTUBOTEPIIe-
TUYCCKUX TIPETIApaTOB U UMCIOMIUXCS TTOJIOKUTEITEHBIX
pesynprarax geuenus COVID-19.
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ORIGINAL RESEARCHES

BriBoabI

1. IHK psma I'BU (BIIT-1, BII-2, B3B, BOBb,
IIMB, BI'U-6A n BI'Y-6B) oOHapyxeHBI B ayTOICHMH-
HBIX MaTepHayax y Bcex 39 malueHTOB, CKOHUABIINXCS
ot COVID-19, a takxke y Bcex 20 MalMeHTOB, yMEPIINX
ot apyrux 3abonesanuii 6e3 COVID-19.

2. JIHK T'BY obHapy»eHBI B JETKHX, B IIEUCHHU, B JIUM-
(oy3max, B TOJIOBHOM MO3T€ M B CEJIe3CHKE. Y TaIlleHTOB
¢ aetanpHBIM ucxogoM COVID-19, mo cpaBHEHHIO ¢ ma-
npeHTamu, ckoHuaBiuxcst 6e3 COVID-19, crarucTiuuecku
3HAYMMO Harre oOHapykuBaiach B jierkux [JHK BOb (76%
npoTtuB 26%), B umpoyzinax JHK LIMB (18% mpotus 0%)
u B rosoBHOM Mosre JJHK BI'U-6 (18% npotus 0%). Y na-
npeHToB, ckonuasImxcs 6e3 COVID-19, B cene3enke yaiiie
obnapyxusaiacs JJHK BI'Y-6 (70% npotus 28%).

3. KonnuecTtBo 06pa3iioB ¢ kormnentpanuei JJHK 'BY,
npessimaromeii 1000 xomuit/100 TIC. KIETOK, B MaTepH-
alax OT MAIMEeHTOB ¢ JeTaabHbBIM mcxonom COVID-19
Obu10 B 3 pasza Oonbiie (52,4%), ueM OT MalueHToB 0e3
COVID-19 (16,6%), uTo yka3sIBaeT Ha PEAKTHBAIIHIO
I'BY y naneHToB ¢ JieTajJbHbIM HCXOAOM W Ha JIATEHT-
Hoe cocrosHne BI'U y OoNBIIMHCTBA MAIMCHTOB 03
COVID-19.

4. Tsxenpie nmoBpexneHus nerkux (mo ganabeiM KT
U IUIEBPAJILHOTO BBHINOTA) Y MALIMEHTOB C JIETAIbHBIM
COVID-19 accouuupoBaiuch cO 3HAYUTENbHBIM MOBbI-
menueM koHueHtpanuu JHK BI'U-6 u cymecTBeHHBIM
npeBbiienneM yactothl Beisienenus JJHK BIIT o cpas-
HEHUIO CO CPEIHETSDKEITBIMHE ¥ JISTKUMU TTOBPEKICHUIMHU
B ayTOITaTax JICTKUX.

5. INoBbiiennsie ypoBau pepmentoB AJIT/ACT, cBu-
JIETEILCTBYIOIINE O MOBPEXKACHUAX MeueHH, y 32% mnaiu-
€HTOB ¢ JieTanbHBIM HexogoM COVID-19 accorumpoBsa-
JIUCH ¢ peakTuBanueit BOb, y manueHToB ¢ HOpMaabHBIMU
ypoBasiMu AJIT/ACT peaxrtuBamust BOb HaOmionamnace
s y 6% manueHTos.

6. Y 28/39 (72%) manueHToB C JIETAJbHBIM HCXOI0M
COVID-19 B CeKIMOHHBIX Marepuanax OOHapPYKHIIH
PHK SARS-CoV-2 B jerkmx, rojlOBHOM MO3LE¢ U JINM-
¢oy3nmax — B BBICOKMX KOHIEHTpanusx. KouHpexius
SARS-CoV-2 yame Bcero HaOmronanacs ¢ BOB.
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BcTpeyaemocTb U reHeTUYEeCKoe pa3HooOpa3uve BUpyca
AnoHruwaH (Flaviviridae), BbIiBIeHHOro B Krnewjax Ha tore
BocTtouyHon Cubupu

Kaptawos M.IO." , KpueowenHa E.N.", KypywwuHa B.HO.!, MowkuH A.B.2, XaHxapees C.C.3,
Buue-oon Y.P4, MenésuHa O.H.5 Monos H.B.%, boromasoea O.J1.%, TepHoeon B.A."

'®BbYH ML, Bb «Bektop» PocnotpebHaasopa, LieHTp reHOMHbIX nccnenoBaHuii MMPOBOTO YPOBHSI MO obecneyeHuio
6uonornyeckort 6e30MacHOCTV 1 TEXHONMOrMYECKOW He3aBUCUMOCTM B pamkax PeaepanbHON HayYHO-TEXHUYECKON Nporpammbl
pas3BUTUSI reHETUYECKMX TexHonorui, 630559, p.n. Konbuoso, Poccus;

20KY3 «YnTrHCKas NpoTMBoYyMHas ctaHumsy PocnotpebHaasopa, 672014, r. Yuta, Poccus;

3Ynpaenenune ®egepansHoii cnyx6bl No Hag3opy B cdepe 3awwyTbl Npas noTpeduTeneii n Gnarononyyus Yenoseka

no Pecny6nuke bypatus, 670013, r. YnaH-Yas, Poccus;

‘OBY3 «LleHTp rurneHbl n annaemuonorum B Pecny6nvke Teia», 667010, r. Kbisbin, Poccus;

SOBY3 «LleHTp rurmeHsl n anngemuonorum B Pecny6nuke Xakacusi», 655017, r. AbakaH, Poccus;

S®OBY3 «LleHTp rurveHsl 1 anugemmonorumn B MpkyTckon obnactu», 664047, r. UpkyTck, Poccus

Pe3tome

BBepneHue. VHdeKLMN, NepeHOCMMbIE MKCOOOBbLIMU KNellamu, SBMASKTCA 3Ha4YMMOW nNpobnemor Ansi MHOMMX
pernoHos Poccuu, B Tom yucne u ana BoctoyHon Cubupu. HebnarononyvHas anuaemuonornyeckas cutyaums
MOXET XapaKTepU30BaTbCsl HE TONbKO POCTOM BCTPEYAEMOCTU YXKE U3BECTHBIX «KMNELLEBbIX» MHIEKLUWIA, HO U Bbl-
SIBMEHWEM HOBbIX HO30MOrMYeCKnX opM 1 BO3ByauUTENeEN, ponb KOTOPbLIX OCTAeTCs MaronsyyYyeHHon nnu BoobLue
HeundyyeHHon. CermeHTUpoBaHHble PnaBmMnogobHble BUPYChl MOTYT OblTb MPUYMHONM MHAEKUMOHHbIX 3abonesa-
HWIN YenoBeKa 1 co3gasaTtb Yrposy Arns 340POBbS HAaceneHus.

Llenb paboTbl — MOUCK 1 MONEKYNSAPHO-TEHETUYECKAs XapaKTepucTuKka n3onsatos Bupyca Anonrwad (Flaviviridae:
Alongshan virus, ALSV), nepeHocmmoro knewamu Ha tore BoctouHon Cubupw.

Matepuanbl n metoabl. beino cobpaHo u uccneposaHo 1060 kneLuen, OTNOBMEHHBLIX Ha TeppuTopun Pecnybnuk
Xakacus, ToiBa, Bypsitusi, MpkyTckon obnactn n 3abarikanbCckoro kpasis BeCeHHe-neTHun nepwog 2023 r. [erek-
unto PHK ALSV BbINONHSANKM ¢ NOMOLLbIO MeToAa NnonmMmMepasHon LIENHOM peakumMn ¢ 00paTHOW TpaHCKpUNumen ¢
nocrneayoLmm onpeaeneHnemM HyKneoTMaHON nocneaoBaTenbHOCTU 1 NpoBeAeHneM punoreHeTMYeCcKoro aHanu-
3a ANs KaXagoro u3 4 cerMeHToB reHoma.

Pe3ynbrathbl. VIHduumnposaHHocTb ALSV knelen Ixodes persulcatus, cobpaHHbix B Pecnybnuvke Xakacus, cocta-
suna 3,3% (95% OW 1,4-7,5), B pkyTtckon obnactn — 1% (95% AW 0,3-3,7), B Pecnybnuke TeiBa — 0,9% (95%
[ 0,3-3,4), B 3abamkanbckom kpae — 0,7% (95% AN 0,2-3,6). leHeTuveckme BapnaHTbl ALSV, umpkynupyowne
B knewax I. persulcatus Ha Tepputopuu tora BoctouHorn Crnbupu, no Bcem 4 cermeHTam rpynnupyroTcs ¢ nocnego-
BaTENbHOCTSAMU, OBHapPY>XeHHbIMW B Kutae, 1 KNnactTepusyoTca B a3naTckyto NOArpynny, NepeHOCMMYI0 TaexHbIM
KMneLwiom. YpoBEeHb pasnuuus HyKneoTuaHbIX nocneaoBaTenbHOCTEN hparMeHTOB reHoMa Cpeaw BbiSIBNIEHHbIX re-
HeTuyecknx BapmaHToB ALSV coctaeun ot 2 0o 3%.

3akntouyeHue. NMokasaHo wmpokoe pacnpoctpaHeHne ALSV B knewax /. persulcatus Ha TeppuTopum pecnybnuk
Xakacusa n TeiBa, UpkyTckon obnactu n 3abarnkanbckoro kpasi. TN AaHHble akTyanuavpyroT MOHUTOPUHT 3a 13-
MEHEHMEeM apearna pacnpocTpaHeHus ¢naBmnogobHbIX BUPYCOB, MOTEHLMANLHO ONacHbIX AN YenoBeka, n nx
NepeHOCHNKOB.

KntoueBble cnoBa: MHO20KOMMOHEHMHbIe ¢hriagunodobHbie supychl; supyc AnoHawaH; ALSV; ukcodosble Kne-
wu; BocmoyHasi Cubupb

Onsa uutnpoBaHua: Kaptawos M.FHO., KpueowenHa E.N., KypywuHa B.}HO., MowkunH A.B., XaHxapees C.C.,
Buue-oon Y.P., MenésuHa O.H., NMonoe H.B., boromasosa O.J1., TepHoBon B.A. BcTpe4aeMocTb 1 reHeTu4eckoe
pa3Hoobpasune Bupyca AnoHrwaH (Flaviviridae), BbisBNeHHOro B knewax Ha tore BoctouHow Cubupu. Bonpocesi
supycornoeauu. 2024; 69(2): 151-161. DOI: https://doi.org/10.36233/0507-4088-223 EDN: https://elibrary.ru/jwvfoe

BnarogapHocTu. ABTOpbI BblpaxaloT OnarogapHOCTb PYKOBOACTBY W coTpyAHukam PKY3 «YutuHckas [M4YC»,
®BY3 «LleHTp rurmeHsl n anuaemuonorun B Pecnybnuke Bypatusi», ®BY3 «LleHTp rurneHsl n anungemuonorum B Pecny-
6nvke Xakacusa», PBY3 «LleHTp rurneHbl n anuaemuonorun B Pecnybnvke ToiBa», PBY3 «LIeHTp rurneHsl n anugemmo-
norun B VpkyTckol obnactu» 3a NoOMOLLb B NPOBeAEeHUN UCCIEeAoBaHUNA.

®duHaHcMpoBaHue. ViccrnenosaHue BbINOMHEHO Npu noaaepke MUHUCTEpCTBa Hayku 1 BbicLiero obpasosaHusi Poccuin-
ckon ®epepauum (cornawenne Ne 075-15-2019-1665).

KoHdnuKkT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBME SBHbIX N NOTEHUMAarnbHbIX KOH(MMMKTOB MHTEPECOB, CBA3aAH-
HbIX C NybnvKauwvel HacTosLLen cTaTbu.
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Abstract

Introduction. Tick-borne infections are of great importance for many regions of Russia, including Eastern Siberia.
This unfavorable epidemiological situation can be characterized not only by the circulation of well-known tick-borne
infections, but also by the identification of new pathogens, the role of which remains little or generally unexplored.
Multicomponent flavi-like viruses can cause infectious diseases in humans and pose a threat to public health.
The purpose of the study was the identification and molecular genetic characterization of the Alongshan virus
(Flaviviridae, ALSV) isolates, transmitted by ticks in the south of Eastern Siberia.

Materials and methods. Total 1060 ticks were collected and analyzed from the territory of the Republics of
Khakassia, Tuva, Buryatia, Irkutsk Region and Transbaikal Territory (Zabaykalsky Krai) in the spring-summer period
2023. ALSV RNA was detected by RT-PCR followed by nucleotide sequence determination and phylogenetic
analysis for each segment of the genome.

Results. The ALSV infection rate in Ixodes persulcatus ticks collected in the Republic of Khakassia was 3.3% (95%
Cl: 1.4-7.5); in Irkutsk Oblast — 1.0% (95% CI: 0.3-3.7); in the Republic of Tuva — 0.9% (95% CI: 0.3-3.4) and in
Transbaikal Krai — 0.7% (95% CI: 0.2-3.6). Sequences of all four segments of ALSV genetic variants circulating
in I. persulcatus ticks in the south of Eastern Siberia are grouped with sequences found in China and clustered
into the Asian subgroup transmitted by taiga ticks. The level of difference in the nucleotide sequences of genome
fragments among the identified genetic variants of ALSV ranged from 2 to 3%.

Conclusion. The article shows the widespread distribution of ALSV in [. persulcatus ticks in the Republics of
Khakassia and Tyva, Irkutsk Oblast and Transbaikal Territory. The obtained data actualize monitoring of changes
in the area of distribution of potentially dangerous for humans flavi-like viruses and their vectors.

Keywords: multicomponent flavi-like viruses; Alongshan virus; ALSV; ixodid ticks; Eastern Siberia
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BBenenne

OaBUBUPYCHI, TIEPEHOCUMBIE KIICIIAMH, ITHPOKO pac-
MIPOCTPAHEHHI 110 BCEMY MHUPY U NPEACTABIISIIOT CePhes-
HYI0 MEIUIIMHCKYIO TpOOIeMy, BBI3bIBas 3HAYUTEIBHOE
KOITMYECTBO WH(MEKIMOHHBIX 3a00JeBaHUN Cpenu JIo-
neit [1]. Cpenu GpraBUBHPYCOB, EPEHOCYHMKAM KOTOPBIX
SIBIISTIOTCST KJICIH, Ha TEPPUTOpUU Pocchu BCTpedaroTes
Bupyc IloBaccaH, BUpYC OMCKOM reMOpparuueckou Jiu-
XOpaJIKH, BUPYC NIOTIAHICKOTO JHIC()aTOMHUEITNTa OBEI]

152

(Louping ill virus) m BHpyC KJCIIEBOro 3HIedamuTa
[2—4]. HecMoTpst Ha 1OCTaTOYHO OOJIBIIOE BUAOBOE Pas-
HOOOpa3ue, TeHOM BceX (DIaBUBHPYCOB UMEET THITIMIHOE
CTPOEHHE U IMpPENCTaBIIeT cOO0H HeCEerMEeHTHPOBAHHYIO
or(+)PHK mmaO# okono 11 kb, xoampyromryro omHy
MIPOTSHKEHHYIO OTKPBITYIO paMKy CUHUTBIBAHUS, IO KpasMm
KOTOpOH HaxomsATcs 5°- W 3’-HeTpaHcIupyeMble o0ia-
cti [5]. OnHako 3a MocieaHee ACCATUICTHE OBLIU BBI-
JeNeHbl (pIaBUNOAOOHBIE BUPYCHI, KOTOPHIE OTINYAIOT-
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Csl OT «KJIACCHYECKUX» (pIaBUBHPYCOB NPHHIMIUAILHO
JIPYTHUM CTPOSHHEM T€HOMa U MPENCTABIAIOT co00i 000-
coOleHHYIO Ipymiry B ceMeiicTBe Flaviviridae. Takue Bu-
pychl 00aatoT CErMEHTUPOBAHHBIM OJHOLIEIIOYEUHBIM
PHK-reHOMOM MOJIOKUTENBHON HOISPHOCTH, B CTPYK-
Type kotoporo umeerca romonorus ¢ PHK-3aBucumoi
PHK-nonmumepaszoit (NS5) u xenukazoit (NS3) «xmac-
cHUecKnx» (hIaBUBMPYCOB. B 3Ty Tpymnimy BXomsaT BHpPYC
Anonrman (4longshan virus, ALSV), Bupyc J[xunrmMexn
(Jingmen tick virus), supyc Slarroy (Yanggou tick virus)
U ApYyTUE BUPYCHI Ipynsl Jingmenvirus.

I'eHOMBI MHOTOKOMITOHEHTHBIX (DITaBUIIOZOOHBIX BH-
PYCOB BKIIOHAIOT OT 4 (XapakTepHO AJsl OOJIBIIMHCTBA
BHUPYCOB, U30JIMPOBAHHBIX U3 KIELIEH, JIETYUYUX MBIIIEH,
00€e3bsH U 4eJIoBeKa) 10 5 (BCTpeyaeTcs y BUPYCOB, BBI-
JIeJIeHHBIX U3 KomapoB) cermeHToB [6]. CermenT 1 koau-
pyeT HecTpyKTypHbIH O6ernok NS5-like, umerontuii romo-
noruto ¢ 6enkom NS5 (PHK-3aBucumas PHK-nonnmepa-
3a) KJIaccuueckux (aBuBupycoB. CerMeHT 3 Komupyet
HECTPYKTYpPHBIA OE€IOK, MMEIOIIUN BBICOKYIO CTEICHBb
romosioruu ¢ ¢naBuBHpycHbIM Oenkom NS3. benok NS3,
Hapsay ¢ NS5, urpaeT UEHTPaIbHYIO POJb B PEMINKALUU
BHpYyCa U SBISETCS OJHUM W3 HanOoiee M3yd4eHHBIX He-
CTPYKTYpHBIX OenkoB. N-koHIIeBo# nomeH NS3 obnanaer
MpOTea3HON aKTUBHOCTBIO, @ C-KOHIIEBOI TOMEH BBINOII-
HAeT QPyHKIHNIO XenuKa3sl. [ [poTerHa3Has akTHBHOCTH He-
o0xomMa JUT IPOLIECCUHTA MOJUIPOTENHA, XeTUKa3HbII
JOMEH Y4acTByeT B KANNUPOBAHUU U CHHTE3€ BUPYCHOH

Taéauua 1. Pacipoctpanenue ALSV B mupe
Table 1. Distribution of ALSV in the world

OPUTUHAJbHbBIE NCCNEAOBAHUA

PHK. Ha ceromHsmHui JeHb XOPOIIO HU3y4YeHa CTPYK-
Typa Oenka NS3 y OOJBIIMHCTBA HECETMEHTHPOBAHHBIX
(hI1aBUBHPYCOB U MTOKa3aHa BBICOKAsi TOMOJIOTHUS HE TOJb-
KO B CTPOSHHH, HO TAK)Ke B MeXaHH3Max ruzponnza ATO,
pacno3HaBaHusl U packpyuuBanus PHK [7]. Crpykryp-
Hele Oenku VP1, VP2 VP3 3akomupoBaHbl B CETrMeH-
Tax 2 U 4 ¥ He UMEIOT U3BECTHBIX TOMOJIOTOB KaK Cpelu
cemeiictBa Flaviviridae, Tak 1 cpenn APYTHX U3BECTHBIX
Ha CEeTONHAIIHUI 1eHb BUpycoB. CermeHT 2 y ALSV ko-
IUpYyeT TpeanoiaracMble DmkonporeuHsl VP1a u VP1b,
a TaKKe MaJeHbKUH OENIOK ¢ TpeMs TpaHCMeMOPaHHBIMU
JIoMeHaMu, (PYHKIHS KOTOPOTo He m3BecTHa. benku VP2
(penronaraeMblil KanicUIHbIH O0e10K) 1 VP3 (mpenmora-
raeMblii BUPYCHBI MeMOpaHHBII 0ellOK) 3aKOAMPOBAHBI
B CerMeHTe 4 M MMEIOT YaCTHYHO IMEePeKPBIBAIOIINECS
PaMKH TPaHCISALUH.

braronaps moCTIKeHHAM B 00IacTH BBICOKOIIPOHU3BO-
JUTEIHHOTO CEKBEHUPOBAHMS U BUPYCHON METareHOMUKHU
BapHaHTHI (PJIAaBUTIOAOOHBIX BUPYCOB OBLIH OOHAPYKCHBI
B pa3IMYHBIX 00pa3nax Ha TeppUTOpUH 4 KOHTHHEHTOB:
B Asuu (Kuraii, Jlaoc, Anonus, Typuwus), EBporne (Oun-
nsaaus, Uramus, KocoBo, Pymbraus, Poccus), FOxHoOM
Awmepuke (bpaswnim, Tpuaunax u Tobaro, Komym6wus)
u Adpuke (Yranga, Kenus u I'sunes) (taéa. 1). Ha tep-
putopun Poccun Tarxke moxasaHo HNIMPOKOE pacrpocTpa-
HEHHE CETMEHTHPOBAaHHBIX (IAaBUIIONOOHBIX BHUPYCOB
(ALSV wu Bupyc fnrroy). Tak, reHeTHdeckuii Marepu-
an ALSV Obut oOHapyxeH B 00pasiiax TOJIOMHBIX Kile-

Bun xo3smna Crpana Homep nocnenoBarensHocTr B GenBank CchliKa
Host species Country GenBank accession number Reference

I. persulcatus Kuraii MH158439-MH158440, MH678646-MH678648 [11]
China

1. persulcatus Kurait MT246198-MT246199, MT514916-MT514917, MT536950-MT536953
China

1. ricinus DuHIAHANSA MN107153-MN107160 [12]
Finland

1. ricinus Opannust MNO095519-MN095522 [13]
France

I ricinus Cepbus MT822179-MT822180 [14]
Serbia

L ricinus, D. reticulatus T'epmanus MW094148-MW094151 [15]

Germany
L. ricinus IBeiinapust 0OP921096-0P921099 [16]
Switzerland

Hae. longicornis Kurait MZ676705
China

I. persulcatus, D. nuttalli, Poccust MN604229, MN648770-MN648777, MT210218-MT210225, MW525311, [8-10, 17]

Hae. concinna, I. ricinus, Russia MW525312, MW525314-MW525321, MW52531-MW52533, MW525284—

D. reticulatus MW525310, MW556738-MW556741, MW584331

Culex tritaeniorhynchus Kuraii MK213942
China

Bos taurus Kurait MK122718, MK 122720, MN218594, MN218595 [18]
China

Homo sapiens Kurait MH158415-MH158438 [18]
China
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et I persulcatus, I. ricinus, Dermacentor reticulatus
u D. nuttalli, cobpannsix B KanuauHTpaackoi, YibsHOB-
ckoM, YensOuHCKOI 00nacTsaX, a Takke B pecrmyOiauKax
Kapenus, Tatapcran, ['opubiit Anraii u Teiea [8—10].

B macrosmee BpeMs IMOKa3aHa IMMAaTOTEHHOCTh MHO-
TOKOMITOHEHTHBIX (DIIaBUITOJOOHBIX BHUPYCOB IS CEIlb-
CKOXO3SHCTBEHHBIX XXUBOTHBIX U 4elloBeka. OQHAKO 3TU
CBEICHHUS HOCAT (pparMeHTapHBIA M OTPaHUYCHHBIN Xa-
pakrep. He uckirogena BEpOsITHOCTE TOTO, YTO pOJb (hiaa-
BUTOAOOHBIX BUPYCOB B MH()EKIIMOHHOW TATOJOTUU JI0-
MAITHAX XKUBOTHBIX U YEIIOBEKA MOXKET OBITh CYIIECTBEH-
HO 0oJee 3HAYMMOM, 4eM IpPUHATO cuuTarb. Tak, ALSV
OBbLI BBIJIEJICH U3 KPOBU MAIlUEHTA C JIUXOPaIKOH Ha ceBe-
po-Boctoke Kuras [9]. ¥V 86 u3 384 nmauueHToB ¢ Juxo-
pankoif n 18 marueHToB ¢ yKycaMu KJellei B aHaMHe3e
Ob11 BhIsABIIEH ALSV ¢ MOMOIIBIO MOJIEKYIISIPHO-TEHETH-
YECKUX M CEPOJIOTHYSCKUX JTHATHOCTUICCKUX TECTOB.
[armenTs!, nHQUUUpOoBaHHEIe ALSV, B aHaMHe3e nmenu
JIUXOPAJAKY, TOJIOBHYIO 00JIb M APYyTU€ CUMIITOMBI, KOTO-
pBIe HATIOMUHAIOT MPOSIBIICHUSI IPYTHX MHQPEKITHH, ITepe-
HOCHUMBIX Kiemamu. brmskoponcteennsiit ALSV Bupyc
JI>xuHrMeH ObLT 0OHapyKeH B KPOBH MPUMATOB B YTraH/Ie,
B KPOBH KPYITHOTO pOTaTOro CKOTa B bpazwmimuu u B KpoBU
MAIUEHTOB C JUArHO30M «TeMOpparudeckas JINXopaaKa
Kpbim-Konro» B KocoBo [19-21]. DTu pe3yabrarhl Takxe
YKa3bIBAIOT HA TO, YTO CETMEHTHPOBAHHEIC (PIaBUIOT00-
HBIE BUPYCHI MOTYT SIBIISITHCS. IPUIHMHON HH(PEKITMOHHBIX
3a00JIeBaHMI1 YEITOBEKa U CO3/1aBaTh YIPo3y ISl 37I0POBbS
HaCeJIeHHS.

IIpobnema nHpeEKIHiA, TepeHOCUNKaMH KOTOPBIX SIBIS-
IOTCSL UKCOJIOBBIE KJIEIIM, aKTyajbHa AJIs1 MHOTHX pEru-
oHoB Poccum, B ToM umcne u anst Bocrounoit Cubupw,

Puc. 1. Mecta 01i10Ba HCCIeIyeMbIX KJIEIIEH.

KpacHbIM 1IBETOM OTMEYEHBI JIOKALlUH, IJIe B COOPaHHBIX KJelax Oblia BbI-
seiena PHK ALSV; 3enensim — sokanuu, rie PHK ALSV ue Obuta oOHapy-
JKEeHa.

Fig. 1. Locations where the studied ticks were captured.

Locations where ticks positive for ALSV RNA were collected are marked
in red; Locations where no ALSV RNA was detected are indicated in green.
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IJe oTMedaeTcs OecIpeleIeHTHBIH pocT 3aboieBaeMo-
CTH HAaceJIeHWs BHUPYCHBIM KIEIIEBBIM OSHIedaInToMm,
HKCOZOBBIM KJIEIIEBBIM OOPPETHO30M U KIIEIEBBIM PHK-
keTcuo3oM. [lokazaHno, uTo s3kocucTeMsl ora Boctounoit
Cubupu u ceBepa MOHTONNH SBISIOTCA ONTHMAIbHBI-
MU AJISl CYIECTBOBAaHHS Pa3HOOOPA3HBIX MEPEHOCUHUKOB
W BO30yAWTENell TPaHCMHCCHUBHBIX MH(EKINH, NmepeHo-
cuUMBIX Kienamu [22]. ObmmpHas Tepputopus rora Boc-
ToyHOM CHOMpPHU IpaHUYHUT WM TEPPUTOPHAIIEHO OH3Ka
K BHYTpeHHUM paiioHam Kwurtas, rae BrepBble U Oblla
obHapyxena nupkyisiius ALSV. Tem He MeHee B JnTe-
paType UMEIOTCS JaHHbIE JIMIIb 00 eIMHUYHON HaXOIKe
ALSV na tepputopun Pecriyonuku TriBa.

Leanb manHON pabOTHI — MOUCK U MOJIEKYIISIPHO-TEHE-
THUYECKas XapakTepucTuka u3onsatoB ALSV, mepenocu-
MBIX KJlelamu, Ha tore Bocrounoit Cubupwu.

MaTepI/laJIbl U METOAbI

Bcero mist wuccienoBaHusi ObUIO MTpOaHaIM3HPOBa-
HO 1060 WHIUBHUAYATBHBIX P00 KIIEIEH, OTIIOBICHHBIX
Ha TeppUTOpuH pecrnyOnuk Xakacus, TviBa, bypsarus,
HpkyTtckoit obmacti u 3a0alKagbCKOro Kpas B BECCH-
He-netHuit mepuox 2023 r. (pue. 1). Coop oOpasmnoB
KIICIICH MPOU3BOIAMIN C PACTUTEIFHOCTH METOIOM «HA
(mary. Knemelt nBaxapl oTMbiBain 70% 3TaHOIOM IS
yIQJIECHUSI BHEIIHUX 3arpsi3HCHUN M HAPYXHOU MHUKpPO-
(topel, mocne yero xpaHwin npu temneparype —80 °C
JI0 TIPOBEACHUS JajbHEHIuX uccienoBaHuil. Bugosyto
MIPUHA/AISKHOCTh KIEIIed yCTaHaBIMBAIM MO MOp¢o-
JIOTHYECKUM XapaKTEPUCTHKAM COIVIACHO OIpEAeIIHTe-
JI0 C MOCJCIyIoIIeld TaKCOHOMHYECKOW BepupuKanmei
po0, TONOKUTENBHBIX Ha Hammuane ALSV, myrem ompe-
JIEJICHUST HyKJICOTHTHOU MOCIIEJOBATEIILHOCTH (PparMeH-
Ta T€Ha IIUTOXPOMOKCHA3bl, JOKAJIN30BAHHOTO B MUTO-
XOHJIpUATEHOM T€HOME KJIeIla.

T'omoreHu3anuio Moy4YeHHbIX 00pa3loB OCYILECTBIIS-
JH C WCIOJIb30BaHUEM J1a0OPaTOPHOTO TOMOT€HH3aTopa
TissueLyserLT (Qiagen, I'epmanust) B 300 MK cTepHITb-
Horo (uzpactBopa. Beinenenue cymmapnoit PHK u3 uc-
CJIEIyeMbIX 00pa3IoB MPOBOAMIN METOIOM (heHONI-XJII0-
podopMHOH dKCTpakmuu ¢ wucmonb3oBanueM TRIzol
Reagent.

CKpUHHHT TONYYeHHBIX 00pa3noB Ha Hammuue PHK
(h1aBUTIONOOHBIX BHPYCOB BBIMOJIHSIHN C ITOMOIIBIO Me-
TOZa MOTMMEpa3HOH LEMHOM peakIuy ¢ 00paTHOM TpaHc-
kpunmuer (OT-ITLIP), ucnonp3ys mpaiimepsl Miass
gly 3F/Miass_gly 3R, xommiemeHTapHBIE (QparMeHTy
reaoma cermenta 2 (tadua. 2). IlocranoBky OT-IILIP
npousBonmin Ha Tepmormiiepe T-1000 («Bio-Rady,
CIIA) B 25 MK peakunoHHON cMecH. 1Sl TOIoKHUTEIb-
HBIX 00pa3loB OBUIM MOITYYCHB! aMIUIMKOHBI, YaCTUIHO
nepekpbiBaroniye Bce 4 cermenta renoma ALSV. Jnst uc-
KITIOUEHHS BO3MOXKHON MHTErpaliiy (parMeHTOB BUPYC-
Horo reHoMa ALSV B renoM kirera [23] ¢ MONOXUTENb-
HBIMH TTPOOaMu MmapayiiebHo Oblia mposeneHa I[P 6e3
sTana oOpaTHON TPAaHCKPHIIIHNH, B PE3yjlbTare KOTOPOH
HU OJMH aMIUTMKOH HapaOoTaH He ObLI.

JleTekuio MOMy4YeHHBIX aMIUIMKOHOB IPOBOIWIH
METO/IOM Telb-3eKTpodope3a B 2% arapo3HOM Teme
B Tpuc-aneratHoM Oydepe, comepxariem 0,1% Opomu-
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Tabsauna 2. Mcnons3yeMsle B paboTe mpaiiMepsl
Table 2. Primers used in this work

OPUTUHAJbHbBIE NCCNEAOBAHUA

MutieHb [paiimep Crpykrypa npaiimepa (5’—3") Juna . Ccbliika
Target Primer Primer sequence (5°—3’) Amplicon length (bp) | Annealing T (°C) Reference
coxl IpCX f ATTAGGAGCACCTGATATAGCTTTCCC 660 60 4
IpCX r GCTGTAAATAAGCTCGAGTGTCGATAA
Cerment 2 Miass_gly 3F TGGATCAGCTCACACCACAC 333 53
Segment2 \riass gly 3R TCACCGTCACAGTGGAATGG
Cermenr 1 MiassF GGTACACGGACCTGGGATCCTATTG 825 50 [25]
Segment 1 MiassR TCTCTGACTCCTGTTCTAATC
Cermenr 2 AL2 2F CTTGCTACATCGGAATCATGCC 1091 56
Segment 2 AL2 2R GATAAGCCCTCTCGATACCTC
Cermenr 3 AL3 2F TGCTGTCCATAGCAATCATACC 865 56 Jlanmas paGora
Segment 3 AL3 2R GTAGGACACGTCCTTTGCGA Current study
Cermenr 4 AL4 2F GGAAGAGCTGGATACCGAACTG 1274 56
Segment 4 AL4 2R TGCCAGATGTGTAGCTTCCC

na stuans. CexBeHnpoBanue 1mo CoHTepy OCYIIECTBIIA-
7 ¢ ucmosb3oBaHueM Habopa BigDye Terminatorv.3.1
Cycle Sequencing Kit (Applied Biosystems, CIIA).
Omnpenenenne HYKICOTHAHBIX —ITOCIEIOBATEIbHOCTEH
BBINOJIHSUIA HA OCHOBE KAIMJUISIPHOTO 3JIEKTpodope-
3a C MOMOIIBI0 aBTOMATHYECKOro cekBeHaropa 3130xI1
Genetic Analyzer (Applied Biosystems, CIIA). Ana-
JIN3 TONXYYCHHBIX HYKICOTHAHBIX MOCIEAOBATEIFHOCTEH
MIPOBOJIMIIM C UCTIOJIB30BaHUEM ITPOTPAMMHOTO IPOAYKTa
UniproUGENE v. 1.48. ®unoreneTndeckuii aHaau3 Hy-
KJICOTUIHBIX MTOCIEA0BATEIFHOCTEH UCCIEAYEeMBIX (hpar-
MEHTOB T€HOMa IPOBOIMIN METOJIOM MaKCHMAaJbHOTO
MIPaBAONOA00NS C MCIIONB30BAaHUEM MOEIH IBOJIOINHU
Tamura-Nei B nmporpamme MEGA X. Ilokasarenu cra-
TUCTUYECKOW HaJIe)KHOCTH Y3IIOB (DHUIIOTEHEeTHYEeCKOTO
JlepeBa PacCUYNTHIBAIM C ITOMOIIbI0 OyTCTpem-aHamu3a
¢ ucrnosip3oBanureM 1000 ciryuaitabix pertuk; 95% nose-
putenbHbIiA nHTEpBai (A1) ypoBHS HHPHUIMPOBAHHOCTH
KJIeTell M3y9aeMbIMH TTaTOTeHaMH PAacCUUTHIBAIN C HC-
mons30BaHueM oHnaiH-cepBuca (https://www.pedro.org.
au/english/downloads/confidence-interval-calculator).

PesyabTarhl

Bce obOpasupl Obun mporectupoBaHbl MetomoM OT-
[P ¢ ucnonp30BaHUEM CKPUHUHTOBBIX MpaiMEpoB Ui
cermenTa 2 renoma ALSV. Berpewaemocts PHK cpenun
Kiemeit 1. persulcatus, coobpanHpix B Pecryonmuke Xaka-
cust, cocrasmna 3,3% (95% AU 1,4-7,5). Ananorudansrit
nokazareins i MpkyTckoit obnactu cocrasun 1% (95%
11 0,3-3,7), s Pecriyomuku Teiea — 0,9% (95% A1 0,3—
3,4) u s 3abaiikanscekoro kpas —0,7% (95% AU 0,2-3,6).
Cpenu xnewent D. nuttalli, OTIOBICHHBIX Ha TEPPUTOPUU
Pecniyonuku Bypstust, PHK ALSV o0Hapy»xeHo He ObLIO,
YTO, BEPOSATHO, CBA3AHO C ropaszio 0ojee HU3KOW BUPYCO-
(hopHOCTBIO TAaHHOTO BUA Kiemie (Tadu. 3).

BrrsiBiieHHbIe B paboTe HYKIEOTHAHBIE TIOCIIEI0BATENb-
HOCTH OBLTH NEeTOHMpOBaHBI B 0a3y maHHBIX GenBank
nox Homepamu OR620965-OR620974 mnsa ¢parmenra

cermenTa 1, OR620975-OR620984 mns ¢dparmenTa cer-
MmeHTa 2, OR620985-OR620994 nis gparmeHTa cermen-
ta 3 1 OR620995-OR621004 miis pparmenrta cermMeHTa 4.

OuoreHeTHYECKUE AePEBbS IEMOHCTPUPYIOT, UTO Te-
HeTH4Yeckne BapuaHTel ALSV, mupkynupyomue B Kie-
max 1. persulcatus Ha Tepputopuu tora Bocrounoit Cu-
OWpH, 1O BCEM YETHIPEM CEerMEeHTaM TIpPYIMHPYIOTCS
C TIOCTIEeNOBAaTEIbHOCTIMH, OOHapykeHHBIMH B Kutae
(puc. 2).

Paznuumst B HYKJICOTHIHBIX ITOCIIEIOBATEIHFHOCTIX
MEXIy BBIIBICHHBIMUA BapHAHTAMHU IO ONPEACIICHHBIM
B pabore (hparMeHTam reHoma cocTaBwid OT 2 1o 3%.
Paznmumst B BEIBEIEHHBIX aMUHOKHCIIOTHBIX ITOCIIEIOBA-
TenbHOCTAX Bapbuposanu ot 0,5 mo 1,5% (pue. 3).

I'eneTnyeckoe CXOACTBO HYKJICOTUAHBIX IMOCIEIOBA-
TEJNBHOCTEH MEX[y ITOydeHHBIMH B HACTOAIIEM HCCIIe-
JoBaHMM BapranTaMu ALSV 1 psi0oM IPOTOTHITHBIX U30-
nATOB (naBU- U (DIaBUNIOAOOHBIX BUPYCOB IPHUBEICHO
B Ta0J1. 4. HanbGosee BHICOKHH ypOBEHb TOMOJIOTHH Ba-
puantel ALSV u3 Boctounoit Cubupu nposiBIsUIN € KH-
TaiickuM uzonsatoM ALSV H3 (94-97%). Yposens romo-
JIOTHX U3y9aeMBIX BAPHAHTOB C MMPOTOTHITHBIM H30JIATOM
ALSYV Miass502, BeigeneHHsIM U3 Kiema I. persulcatus
Ha Tepputopun YensOuHCKo# obmacth, cocraBui 90—
97%. Ananoru4Hblil oka3aresb IpU CPABHEHUU C BApU-
antamu ALSV, BeiieneHasiMu u3 1. ricinus B EBpore, ko-
nebancs B mpenenax 90%. ['omMonorus ¢ mociaenoBaTeb-
HOCTSIMH JIpyTuX (h1aBUTIOT0OHBIX BHpYCcOB (J[KHHIMEH,
SAurroy, Tauen) cocrapmsia ot 50 go 75% mist pa3HBIX
cermeHTOB TeHoMa. [omonorust cermenta 1 (NS-5 like)
n cermenTa 3 (NS-3 like) mpu cpaBHEHHH C TEHOMOM BH-
pycoM KiiemeBoro sHIedanmura cocrapuia 54 u 41%, co-
OTBETCTBEHHO.

Oo6cyxnenue

ITonyuenHsle B HacToALIEH paboTe 1aHHBIE 00 YPOBHE
BcTpeyaeMocTu ALSV Ha TeppUTOpHUU FOKHBIX PErHo-
HOB Bocrtouynoit Cubupu B 1IeIOM COOTBETCTBYIOT aHa-

155



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2024; 69(2)
https://doi.org/10.36233/0507-4088-223

ORIGINAL RESEARCHES

Tadauua 3. Berpeuaemocts ALSV B uccnenyembix mpobax kieneld, oouTaromux Ha ore Bocrounoii Cubupu
Table 3. Detection rates of ALSV in the studied ticks living in the south of Eastern Siberia

l'eorpaduueckue | Yucno npoaHamusu- q
o o HCJIO ITOJIOXKHUTEIIBHBIX
Pernon BI/II[ KJIemeu Paiion KOOpAUHATHI POBaHHBIX 06pa3u013 06Dpasos
Region Tick species District Latitude, Number of analysed pasi ..
. . Number of virus-positive
Longitude ticks
3abaiikansckuit [ persulcatus ~ lynbayprusckuii paiton, HannoHanbHbIiH 50.873671, 150 1
Kpait napk AnxaHai 113.398280
Zabaykalsky Duldurga district, Alkhanai National Park
Krai
Pecnybnuka 1 persulcatus Betickuii paiton, nonuHa peku Tabar 52.947886, 100 2
Xaxacust Beysky district, Tabat river valley 90.721274
Republic of
Kiglliaslsci; . CasgHOTOpCK, 1Ta4HOE 00IIECTBO 53.032989, 50 3
Bonpmoit Kapax 91.415743
Sayanogorsk, Bolshoi Karak
WpkyTtckas L. persulcatus ~ Wpkyrckuil paiton, balikanbckuii Tpaxr, 52.189528, 0
obnactb 20 kM 104.489475 100
Irkutsk region Irkutsk district, Baikalsky tract, 20 km
Hpkyrckuii paiton, balikanbckuit Tpaxr, 52.162501, 100 2
26 kM 104,524191
Irkutsk district, Baikalsky tract, 26 km
Pecny6nuka 1. persulcatus Kaa-Xemckuii paiioH, mecteuko Konry 51.757770, 20 0
TeiBa Kaa-Khem district, Koptu 95.418196
Republic N
of Tyva 1 persulcatus TOH)KHH(?KHH paiioH, mepesan Toxy 52.701197, 170 2
Todzhinsky district, Tozhu pass 96.802060
1. persulcatus Tanaunckuil paifon, MecTedko 51.049461, 20 0
JlypreHckuii KaHbOH 94.646579
Tandinsky district, Durgen Canyon
Pecny6mmka D. nuttalli JxunuHCkui paiioH, c. ['araTyit 50.683752, 50 0
Bypsitus Dzhidinsky district, village Gegetui 105.181199
Republic NIV
of Buryatia Tap6araTay1cgny{ paiios, c. CaparoBka 51.537704, 50 0
Tarbagatai district, village Saratovka 107.346951
Tapbararaiickuii paiioH, ropa Cristmuit 51.537704, 50 0
neB 107346951
Tarbagatai district, Mount «Sleeping
Lion»
TapObararaiickuii paiiloH, OKPECTHOCTH 51,694972, 50 0
c. CasHTyi 107.448139
Tarbagatai district, village Sayantui
WBonrunckuil pailoH, OKPECTHOCTH 51.687606, 50 0
c. Kiroun 107.173963
Ivolginsky district, village Kluchi
CeNeHrMHCKHUH pailoH, OKPEeCTHOCTH 50.632847, 50 0
r. 'ycunoo3epck 105.382886
Selenginsky district, Gusinoozersk
3aurpaeBcKkuil paiioH, OKPECTHOCTH 51.898049, 50 0
c. Dpxupuk, OHOXOH 108.006255

Zaigraevsky district, village Erhirik

JIOTHYHBIM JIAHHBIM, TIOJY4YE€HHBIM JUTS JPYTHX PETHOHOB
Poccun. HanGomnpiias mHGUIIPOBAHHOCTE Kiemel 00-
HapyxeHa B Xakacuu (3,3%), uTo nmpuOmmxaercs K BH-
pycodopHocTu kiemieii u3 Yensounckoit oonactu (4,3%)
n Kanmuauarpazackoit oonactu (7,8%). YpoBeHb HHOUIH-
POBAaHHOCTH IS APYTHUX pernoHoB Bocrounoit Cubupu
(0,7-1%) cooTBeTCTBYET paHee NOJIYYCHHBIM I[OKa3a-
tensm st Pecrryonmuku TeiBa (0,6%), Pecyonmukn Ka-
penus (0,8%) u Pecyonmuxu Tarapcran (1,4%) [8—10].
Ha ocHOBe MONy4YeHHBIX HAaMH JaHHBIX MOXXHO Tpes-
MOJIOKUTHh HAJIMYWe HEKOero IpaJreHTa B BO3PacTaHUU
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uHpuIMpoBaHHOCTH Kienieit ALSV ¢ BocToka Ha 3aman,
OJTHAKO 3TO MPEANOJIOKEHUE CIENYET MOATBEPAUTH MIPO-
BeZieHHeM Oojiee OOUIMPHOTO MOHHTOPHHTA M YBEIHYe-
HHUEM UCCIIeyeMbIX P00 KIIeHIeH.

CormacHO NaHHBIM JIUTEPAaTypbl, NMPHU (UIOTCHETH-
YECKOM aHajlu3€ CErMEeHTa 2, KOAMPYIOIIEro MOBEpX-
HOCTHBIE CTPYKTYpPHBIE BHpPYCHBIC OCJIKH, IOKa3aHo,
YTO OCHOBHBIMH (axTopamu 3Bodronu ALSV sBis-
IOTCSI BUJ], OCHOBHOT'O IIEPEHOCUYUKA U MECTO M30JALUU
Bupyca. [Ipennonoxuteabno u3onatel ALSV paznens-
IOTCSI B COOTBETCTBUU C OCHOBHBIM BHUJIOM IEPEHOCUU-
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Puc. 2. dunorenernueckue AepeBbs BEIABICHHBIX BapHaHnToB ALSV.
Fig. 2. Phylogenetic trees of identified ALSV variants.

Ka Ha Tpynmsl «[. ricinus» u «l. persulcatus». I'pynna
«l. persulcatus» nenuTcs Ha ABE TOATPYIIIBI: €BPOIICH-
ckyio (pecmybnuku Kapenus u Antait, UYensOunckas
o0nacth) M asmarckyto (Kurai, pecnybOnuku Anrai,
TeBa m Kapenus, YensiOnnckas u YapsHOBCKas oOina-
CTH M AnTtaiickuii kpait) [9]. JlaHHOE MpeanonoxeHue
HaIUIO MOJATBEPXKJACHHUE B HACTOSIIEM HCCIEIO0BaHUM,
T.€. Bce u3oiaTel ALSV, nupkynupyrouire Ha ore Boc-
touHoit Cubupu B kiemax I. persulcatus, OMHO3HAYHO
KJIACTEPU30BAINCh B A3MAaTCKYI0 IOATrPYMIy COOTBET-
CTBYIOIIETO TEPEHOCYHKA TMPH aHATU3E MO KaKIOMY
13 CETMEHTOB T'€HOMA.

B mpoBexneHHoi panee pabore OBUIO MMOKa3aHO, YTO
HanOOJBIINI YPOBEHb BHYTPUBUAOBOTO Pa3INYUs B HY-
KJICOTUIHBIX mocienoBarenbHOCTIX ALSV xapakrepen
IUIL cerMeHTa 1, komupyromero aHajgor NS5 Oenka
«xmaccnaeckux» (hmaBuBHpYCcoB [23]. DTo moATBEepKAA-
eTCsl Ha IpHUMepe BBIABICHHBIX BapuaHnToB ALSV. On-
HaKO TIPH aHaAJIW3¢ aMHHOKHCIOTHBIX IOCJICIOBATEIh-
HOCTEH BUAHO, 4TO aHanoru OeinkoB NS5 u NS3 Oosee
KOHCEPBATHUBHBI I10 CPABHEHUIO CO CTPYKTYpPHBIMH Oe€l-
kamu ALSV (puc. 3).

MOXHO TIPEAIIONOKHUTD, UTO JJISI BUPYCOB C MHOTOKOM-
MOHEHTHBIM T€HOMOM XapaKTEePHBI COOBITUS TEeperpyI-
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Tabauuna 4. YpoBeHb TOMOJIOTUH HKJIEOTHIHOM 1ocienoBaTebHOCTH (%) psiia BBIABIEHHBIX BapHaHTOB ALSV 110 cpaBHEHHIO C IPOTOTHITHBIMHU

n3ossiTaMu QuiaBu- U (IaBUIIOTOOHBIX BUPYCOB

Table 4. Level of nucleotide sequence similarity (%) of a number of identified ALSV variants in comparison with prototype isolates of flavi- and

flavi-like viruses

HpOTOTI/IHHI)Ie H30JIATBI

Bapuantsl ALSV, nonyuenssie B padore
ALSYV variants identified in this study

Prototype isolates

Chita 2023-1 Khakassia 2023-1 Tuva 2023-1 Irkutsk 2023-1
ALSV H3 Cer. 1/Seg.1 96,3 95,8 96,2 96,1
Cer. 2/Seg.2 93,9 94,4 93,9 93,8
Cer. 3/Seg.3 96,3 97,1 96,4 96,3
Cer. 4/Seg.4 97,3 96,5 97,3 96.5
ALSV Miass502 Cer. 1/Seg.1 89,7 89,8 89,5 89,4
Cer. 2/Seg.2 98,0 97.4 98 97,2
Cer. 3/Seg.3 90,9 90,4 91,4 89,9
Cer. 4/Seg.4 90,2 90,2 91,1 90,3
ALSV Kuutsalo Cer. 1/Seg.1 88,9 89,5 89,5 89,1
Cer. 2/Seg.2 91,7 91,6 91,3 91,5
Cer. 3/Seg.3 90,7 90,7 91,2 90,6
Cer. 4/Seg.4 91,2 90,9 91,5 90,8
Jingmen tick virus isolate Cer. 1/Seg.1 75,2 76,5 75,3 75,2
21GZ1 Cer. 2/Seg.2 50,3 50,3 50,4 50,4
Cer. 3/Seg.3 74,5 74,2 75,8 74,5
Cer. 4/Seg.4 63,3 63,2 64,4 64,1
Yanggou tick virus isolate Cer. 1/Seg.1 73,4 73,2 74,2 73,7
Republic Altay/997/2016 Cer. 2/Seg.2 61,9 61,9 62,1 61,9
Cer. 3/Seg.3 76,2 76,5 76,4 75,7
Cer. 4/Seg.4 70,2 70,4 70,3 69,8
Takachi virus isolate IM-OI110  Cer. 1/Seg.1 74,2 75,2 74,5 75,3
Cer. 2/Seg.2 65,7 66,1 66,3 66,3
Cer. 3/Seg.3 77,3 77,2 77,4 77,2
Cer. 4/Seg.4 74,6 74,5 74,9 75,4
Tick-borne encephalitis virus Cer. 1/Seg.1 54,5 54,7 54,6 54,3
strain Zausaev Cer. 2/Seg.2 _ _ _ _
Cer. 3/Seg.3 41,6 41,4 41,7 41,5
Cer. 4/Seg.4 — — - -

MTUPOBKH/PEKOMOMHAIINH, KOTOPBIE MOTYT BHOCHTD BKJIa]]
B UX T€HETHYECKYI0 M3MEHIMBOCTbH. TOMONMOTHs (uiore-
HETUYECKUX JIEPEBbEB, IOCTPOCHHBIX Ul (ParMEeHTOB
BCceX 4 CErMEHTOB, KaK y BBISBICHHBIX T€HETHYECKHX
BapuaHTOB ALSV, Tak ¥ y IPOTOTUIHBIX H30JIATOB MpaK-
TUYECKH coBIajaer. Mmeromyecs AaHHBbIE CBHUIETENb-
CTBYIOT O TOM, YTO T€HOM (IaBIHUMOZOOHBIX BHPYCOB
Ype3BbIUaiiHO cTabMiIeH cpelu MO3BOHOYHBIX M Oecro-
3BOHOYHBIX. DTOT ()aKT MO3BOJISIET MPEAIIONOXKHUTE, YTO
BHPYC YK€ XOPOIIIO alallTHPOBaH K 000MM X03s5€BaM.
Iloxa3ano, uto Ha Tepputopun Pecry6muku TeiBa cy-
IIECTBYIOT COYETAaHHBIE odard (pIaBUBMPYCOB (BUpYC
KJICIIEBOTO JHIeannTa) U (IaBUIIOMOOHBIX BHPYCOB
(ALSV u Bupyc Anrroy) [9]. B cBs3u ¢ mmpoxum pac-
IPOCTpPaHEHUEM BHpYca KJeLeBoro >Huedanura B Boc-
TogHOi CuOupm M OOHapyXeHHeM B KJemax IaHHOTO
peruona ALSV, Hamuupe TakMX COYETAHHBIX OYaroB
MOYHO NPEIIONOKUTh U Ha APYTHX M3y4aeMbIX TEPpH-
TOpUSX. DTO MOJHUMAET BONPOC O BO3MOXKHOW KOLUP-
KyJSILIMK 3THX BUPYCOB, X B3aMMHOTO BIUSHUA JpYyT Ha
Ipyra 1 KOMH(GUIMPOBaHUH YEIOBEKa MIPH YKyce KIIeIla.
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BocTtounoit Cubupu.

Fig. 3. Level of differences in nucleotide and amino acid sequences
of identified ALSV variants in the south of Eastern Siberia.
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CoBpeMeHHas HeOIAromoNydHas dIHIEMHOJIOTHYE-
CKasl CHUTyauus, CJIOXKHBIIasicss B Poccun B OTHOLIEHHH
UH(EKIUH, MEePeHOCUMBIX KIICIIAMH, XapaKTepU3YeTCs
HE TOJBKO POCTOM 3a00JIeBaEMOCTH YK€ HM3BECTHBIMHU
«KJIEIIEBBIMIY MHQEKIMSIMH, HO U BBISBICHHEM HOBBIX
HO30JI0THYECKUX (OpM M BO3OYyOHUTENICH, POJIb KOTOPBIX
B PETHOHAJBHON HWH(EKIIMOHHON ITaTOIOTHH OCTaeTCs
MaJIOM3y4E€HHOH WM BOOOINE Hen3ydyeHHOH. JlaHHbIE
0 LUPKYIAOUX (IIaBUIIOZOOHBIX BUPYCOB, NOTEHIHMANb-
HO OTIaCHBIX JIJIS YeJIOBEKA, MOTYT CIIYKHTh OCHOBOM JIJIS
KOPPEKIUH MPO(UIAKTHIECKUX M MPOTHBOAIHIEMUYE-
CKHX MEpONpHuATUH. J[7s mOHMMaHUS aKTyaJbHOW 00-
CTaHOBKH, TIPOBEICHUS PETHOHAIEHO-OPHEHTHPOBAHHOM
71a00paTOpHOIl AMATHOCTHKH M OCYIECTBIICHHS CBOEBPE-
MEHHBIX U aJEKBaTHBIX MPOPUIAKTHYECKUX MEPONpPHs-
THI IO OTHOIIEHNIO K MH(EKIHAM, TEPEeHOCHMBIM KJIe-
maMu Ha Tepputopuu Bocrounoit Cubupu, Heobxoanma
JOCTOBEpHasi MH(POPMALUS O CIEKTPEe LUPKYIUPYIOIINX
Ha TEPPUTOPUHU PETHOHA TIEPEHOCUMBIX KJIeIaMH TaTo-
TeHOB M X T€HeTHYeCKoH BaprabenbHOCTH. B pabore mo-
Ka3aHO IIMPOKOE paclpoCTpaHeHHe BUpyca AJIOHTIIAH
Ha TeppuTopun pecrryonmk Xaxacus u TeiBa, pKyTcKoit
obnactu u 3abaiikanbckoro kpas. [y BBISIBIEHHBIX Ba-
PHAHTOB BUpYyCa MPOBEACHA MOJIEKYIIPHO-TeHETHYECKas
XapaKTEepHUCTHKA U MOTYYEeHBl YaCTHYHBIE HYKIJICOTHTHBIE
IIOCIIEIOBATEIBHOCTH BCE€X 4 CErMEHTOB TeHoMa. JTH
JaHHBIE AKTYaJIU3UPYIOT HEOOXOIUMOCTb IPOBEACHUS
MOHHTOPHHTA 32 U3MEHEHHEM T'PaHHIl PaCIIPOCTPaHEHUS
(pr1aBUNIONOOHBIX BUPYCOB, MMOTEHIMAIBHO OMACHBIX IS
YeNl0BEeKa, U UX MEPEHOCUYUKOB, YTO MO3BOJIUT CIIPOTHO-
3WpOBaTh BapUAHTHI PACIIPOCTPaHEHNS HH(EKIINH.
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dunoreHeTU4ECKUN aHan13 BapuaHToB Bupyca lNyymana
(Hantaviridae: Orthohantavirus), uUMpKynupyroLmx
Ha Tepputopumn CapaToBCKOM obnacTtu

KpacHos A.M., HaingeHosa E.B. , l'ycesa H.I1., NMonyHuHa T.A., Wapanosa H.A.,
Cocepnosa E.A., Kotoea H.B., 3axapos K.C., KazaHueB A.B., [lomaHnHa N.B.,
Yekawos B.H., lWunos M.M., KongpatbeB E.H., OcuHa H.A., KyTbipes B.B.

DKYH «Poccunckmin Hay4yHo-uccrneaoBaTenbCKkuii NPOTUBOYYMHBIN MHCTUTYT «Mukpob» PocnotpebHaasopa, 410005, r. Capartos,
Poccus

Pe3tome

Llenb paboTtbl — onpegeneHne NonHom HyKNeoTuAHOW NocrnegoBaTenbHOCTU U NpoBeaeHne hunoreHeTM4ecKoro
aHanu3a BapvaHToB reHoMoB Bupyca lNyymana, BbiaeneHHbIx Ha Tepputopun CapaTtoBcKkon obnacTu.
MaTepuanbi n metoabl. Obpasuamu Ana nccnegoBaHUs NOCYXUi NoNeBon MmaTtepuan, cobpaHHbin B [arapuH-
ckoM (6biBwem CapaToBckoM), SHrenbcckoM, HoBobypacckom n XBanblHCKOM panoHax CapaTtoBckon obnactu B
nepvog ¢ 2019 no 2022 r. ina cneumduryeckoro oboraleHns reHoma Bupyca lNyymana B o6pasuax ncnonb3osanu
MUP n naHenb npariMepoB, NOArOTOBAEHHYIO ANS AAHHOMO uccnegosaHus. [lanee npoBoAunM CeKBEHMPOBaHMe
nony4eHHbIX NPOAYKTOB peakummn u cbopKy parMeHToB B O4HY NOCNeoBaTeNbHOCTb NS KaXO40ro U3 CErMeHToB
reHoma supyca. Npv nocTpoeHun unnoreHeTUYeCcKnx AepeBbes NPUMEHSNN anropuTM maximum parsimony.
Pe3ynkrathl. [NokasaHo, YTo reHeTU4eckne BapuaHTbl BUpyca lyymana, BbigeneHHsle B CapaTtoBckoi obnactu,
MMEIOT BbICOKYIO CTerneHb NoAobus reHoma, Y4To roBOPUT O eAMHCTBE MX NpoucxoxaeHus. o gaHHbIM dunoreHe-
TUYECKOro aHanusa, Bce BblEeNeHHble BapuaHTbl BMpYyca (3a UCKIMIOYEHNEM U3ONSTOB BUpyca U3 XBarblIHCKOro
pavioHa) obpasytoT 060cobneHHyo BeTBb B kractepe, chopMMpOBaHHOM XaHTaBupycamu 13 Apyrmx cyObekToB
MpuBomkckoro deaepansHoro okpyra. CambiMu 6nmM3kmmn k obpasuam n3 CapaTtoBckon 06rnacTu SBnATCS Bapu-
aHTbl BUpYyca u3 pecnybnuk Yamyptusa n TatapctaH, a Takke ns Camapckon 1 YnbstHOBCKOW obnacren.
3akntoyeHue. NonyyeHHble AaHHble YKa3biBAlOT Ha HanM4yne BblPaXXEHHOW TeppuTOpuanbHOM NPUYypoOYEHHOCTH
LUTaMMOB K onpeferneHHbIM pervoHam unu obnactsam, ABRSAWMMCA NPUPOAHbIMKU BroTonamMn MX HocUTenewn.
OTOT hakT NO3BOMNSET AOBOMBHO TOYHO ONpeAensATb TEPPUTOPUIO BO3MOXHOIO MHMDULMPOBaHMSA 3abonesumx u/
MW LMPKYRALMIO NEPEHOCHNKOB AaHHbIX BapMaHTOB BMPYyCa MO NocnenoBaTerlbHOCTV OTAENbHbIX CEerMEHTOB UX
reHoma.

KnioueBble cnoBa: xaHmasupychi; supyc lyymana; HykneomudHas nocrnedosamernsHocms, Capamosckas 06-
nacme; ¢hunozeoepachusi

Onsa umtupoBaHua: KpacHoB A.M., HangeHosa E.B., I'yceea H.M., MNMonyHuHa T.A., lLlapanoea H.A., Cocepo-
Ba E.A., Kotoea H.B., 3axapoe K.C., KasaHueB A.B., lomannHa N.B., Yekawos B.H., WWnunos M.M., KoHgpaTb-
eB E.H., Ocuna H.A., KyTbipes B.B. dunoreHetTnyeckunin aHanma BapuaHToB reHoma Bupyca Nyymana (Hantaviridae:
Orthohantavirus), BblaeneHHbIX Ha Tepputopumn CapaTtoBckon obnactu. Bonpocs! supyconoauu. 2024; 69(2): 162—
174. DOI: https://doi.org/10.36233/0507-4088-224 EDN: https://elibrary.ru/ijmubu

®duHaHcupoBaHue. ABTOPbI 3asBNsAOT 06 OTCYTCTBUM BHELLHETO (hMHAHCUPOBaHUS MPU NPOBEAEHUN UCCHEAOBaHUS.
KoHdnukT nHTEepecoB. ABTOpbI AEKNapupyloT OTCYTCTBME SIBHBIX W MOTEHUManbHbIX KOHMIUKTOB MHTEPECoB, CBA3aH-
HbIX C NybnvKaumen HacTosLLEen CTaTbu.

OTuyeckoe yTBepxaeHne. ABTOpPbI MOATBEPXAAIOT COBMNoAeHNe MHCTUTYLMOHAIBHBIX U HALUMOHamNbHbIX CTaHAAPTOB MO
MCMOoMNb30BaHNI0 NabopaTopHbIX XNBOTHBIX B COOTBETCTBUM C «Consensus author guidelines for animal use» (IAVES 23
July 2010). ViccnepoBanne ogobpeHo komuccmeit no 6noatuke PKYH «Poccuiickuini NpoTUBOYYMHBIA MHCTUTYT « MUKPOG»
PocnoTtpebHaasopa (npotokon Ne 8 ot 21.11.2023).
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Phylogenetic analysis of variants of the Puumala virus
(Hantaviridae: Orthohantavirus) circulating in the Saratov region

Yaroslav M. Krasnov, Ekaterina V. Naidenova , Natalia P. Guseva, Tatiana A. Polunina,
Natalia A. Sharapova, Ekaterina A. Sosedova, Nina V. Kotova, Kirill S. Zakharov,
Andrey V. Kazantseyv, Irina V. Domanina, Vladimir N. Chekashov, Mikhail M. Shilov,
Evgeniy N. Kondratiev, Natalia A. Osina, Vladimir V. Kutyrev

Russian Research Anti-Plague Institute «Microbe», 410005, Saratov, Russia

Abstract

The objective is to determine the complete nucleotide sequence and conduct a phylogenetic analysis of genome
variants of the Puumala virus isolated in the Saratov region.

Materials and methods. The samples for the study were field material collected in the Gagarinsky (formerly
Saratovsky), Engelssky, Novoburassky and Khvalynsky districts of the Saratov region in the period from 2019
to 2022. To specifically enrich the Puumala virus genome in the samples, were used PCR and developed a
specific primer panel. Next, the resulting PCR products were sequenced and the fragments were assembled into
one sequence for each segment of the virus genome. To construct phylogenetic trees, the maximum parsimony
algorithm was used.

Results. Genetic variants of the Puumala virus isolated in the Saratov region have a high degree of genome
similarity to each other, which indicates their unity of origin. According to phylogenetic analysis, they all form a
separate branch in the cluster formed by hantaviruses from other subjects of the Volga Federal District. The virus
variants from the Republics of Udmurtia and Tatarstan, as well as from the Samara and Ulyanovsk regions, are
closest to the samples from the Saratov region.

Conclusion. The data obtained show the presence of a pronounced territorial confinement of strains to certain
regions or areas that are the natural biotopes of their carriers. This makes it possible to fairly accurately determine
the territory of possible infection of patients and/or the circulation of carriers of these virus variants based on the
sequence of individual segments of their genome.
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BBenenue

WzBectHo, uro Ha IlpuBoibkcKuil (enepaibHbIMH
okpyr (IIdO) Poccuiickoit Denepanyu npuxomurcs 60-
nee 80% Bcex €XErogHO 3aperuCTPUPOBAHHBIX CIIy4acB
3a00JIeBaHUS TEMOPPArMuecKord JIMXOPaIKoH ¢ Toved-
HeM cuagpomoM (TJITIC) [1, 2], n CapatoBckas obnacth
HE SBISETCS MCKIIOYeHHeM. Tak, 1Mo JaHHBIM, H3JI0KEH-
HBIM B TIHCHbME [JIaBHOTO TOCYJapCTBEHHOTO CaHMTap-
Horo Bpada Poccuiickoit ®enepaunu A.lJO. ITlomosoii
ot 11.03.2024 Ne 02/4030-2024-32 «O06 31uaeMHOI0THYE-
CKOM CUTyalluu 10 reMOpparniyeckon JJUXOpaKe ¢ Mmouey-
HbIM cuHApoMoM B 2023 roxy u mporHose Ha 2024 roay,
B 2023 r. B Poccuu 3apeructpuposano 5093 cioyqas IJIIIC
(3,47 na 100 ThIC. HAaceNEHUS; CPETHEMHOTOJICTHUH TIOKa-
3arenb (2012-2023 rr., 6e3 yuera 2020 u 2021 rr.) — 5,34

Ha 100 TbIC. HaceneHus), u3 KOTOpbIX 84,7% ciryyaeB mpu-
xomutcd Ha I1DO.

PaiionupoBanue Tteppuropun CapaToBCKoil o0macTu
MoKasalo, 4To B 16 u3 38 aIMUHHUCTPATUBHBIX PAOHOB
3a mepuox ¢ 2010 mo 2022 r. ObuTa OTMEUYCHA BBICOKAS
WHTEHCUBHOCTH 3nujaemMuueckux mnpossienuit [JIIIC.
K makcumanbHO HEOarormoiy4yHbIM OTHOCHTCS B TOM
yrucie [arapuackuii paiion (ObBmmi CapaToBCKH),
a TaxKe NpUpoaHbId napk «KyMbICHas moJIsiHa», pacmo-
JI0XEHHBIN Ha TeppuTopuu I. CapatoBa. [Inomaap mapka
cocrapisieT 4417 ra [3]. B pamkax opranuzanuu MECTHO-
ro caMoyImpasieHHs Teppuropust ['arapuHckoro paiioHa
¢ 1 suBaps 2022 1. BKIItOYEHA B TOPOJICKOM OKpyT I. Capa-
TOBA, TP ATOM HE BXOJIS B YEPTY ropoza.

B espomneiickoit wactu Poccun, B Tom uncne u Capa-
TOBCKOW 00NacTu, Hamboliee pacipOCTPaHEHHBIM BO3-
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oyaurenem IJITIC sBnsercs Bupyc Ilyymana (Puumala
orthohantavirus), 0OCHOBHOH TPUPOJHBI HOCHTENb (XO-
35lMH) KOTOPOTO — pbDXKas mnoneBka (Myodes glareolus
Schreber, 1780) [4, 5]. Bupyc Ilyymana, kak u mpyrue
XaHTaBHPYCHI, IPUHAIIEKUT K pory Orthohantavirus ce-
MmeiictBa Hantaviridae [6]. BupycHbIii T€éHOM NpencTaB-
JIeH CcerMeHTUpoBaHHOW opaHolenoueuHo PHK otpu-
[aTenpHON MoNsIpHOCTH. bombmmol cerment reroma (L)
koaupyet BupycHyto PHK-nmonumepasy RdRp, cpeannit
(M) — nBa moBepxXHOCTHBIX mukomporenHa Gl u G2,
a MaJybIi cerMeHT (S) — HyKiteokarcuaabii 6emok (N) [7].

B mpenmpiaymieit padore [8], COBMECTHO ¢ KOJUIETaMHU
n3 ®BbYH locynapcTBeHHBIN HAyYHBIA LEHTP BUPYCO-
Jornd W OWoTexHoioruu «BekTtop», ObUIO mpoBeme-
HO CEKBEHHUPOBAaHHE IIOJHBIX TEHOMOB (CETMEHTHI S,
M u L) Tpex o0pa3moB, B3ATHIX OT PHDKUX IOJIEBOK,
MOMMaHHBIX B MPUPOAHOM Tapke «KyMbICHas moIsTHa»
(r. CaparoB) B cepenune 2019 . AHanu3 nosyd4eHHBIX
pPe3yabTaToOB IO3BOJMJI MOATBEPAUTH, YTO BCIBILIKY
I'JITIC, oTrmedeHHyr0 B TO BpeMsi B CapaToBe, BbI3Ball
uMeHHo Bupyc Ilyymana. [lomydeHHbIe HYKICOTHIHBIE
MOCJEI0BAaTEIbBHOCTH OKa3ajJuCh ONM3KUMU K paHee
OTMCAaHHBIM BapHaHTaM U3 pecryonuk Tatapcran u Yi-
MypTHs, a Taxoke Camapckoit oonactu. IIpoBenens! du-
JIOTEHETUYECKUI aHalIu3 BapuaHTOB BUpyca [lyymana,
OUPKYTUPYIONUX Y PHDKUX TOJEBOK, OTIOBJICHHBIX Ha
Tepputopun Pecny6nuku Tarapcran [9, 10], u cpaBHe-
HUe ¢ oOpa3naMu u3 YaMypTckord PecnyOnuku u Yibs-
HOBCKOM oOmactu [11]. AHanH3 moka3ai OJMM30CTh BH-
PYCHBIX TEHOMOB U3 HCCIEAYEMbIX PETHOHOB C BapHaH-
TaMM, U30JUPOBaHHBIMU B TarapcTaHe. YcTaHOBJIEHO,
YTO BEISIBICHHBIC M30JATH Bupyca [lyymana u3 TromeH-
ckoil, Apxanrensckoil u OMckoil obmacTeit 006pasyioT
001Iyl0 BOCTOYHO-(DUHCKYIO BETBb, UYTO BBI3BIBAET JIO-
MOJTHUTEIFHBIE BOIIPOCHI O My TSIX PACIPOCTPAHEHUS OC-
HOBHOTO HOcuTensi. KpoMe 3Toro, mpuBOASITCS TaHHEBIE
CpaBHEHHUsI T'€HETHMUECKUX BapuaHTOB M3 TarapcraHa,
Ynmyprun, Camapsl 1 CapaToBa, IpH 3TOM aBTOPHI Jie-
JIAIOT BBIBOJ O BEPOSITHOM BO3HUKHOBEHHWU BapHAHTOB
Bupyca Ilyymana B JaHHBIX peTHOHaX B pe3yabTare pe-
accopTanuy, TMOCKOJIBKY OHH COJEpXalld CEerMEHTHI S
u L, oTHOCAmuMecs kK OalIKUPCKO BETBH, U CETMEHT M,
BO3MOYKHO TOJTy4E€HHBIA OT NpeaKoB cyOnmuHuu nu3 Kyp-
ckoif, MockoBcko#t u MBanoBckoit obmacreit [12]. Tak-
K€ TPENNpHUHATA IOMBITKA CMOIETUPOBATH (UIOTEO-
rpadudeckoe pacrpocTpaHeHrne xantaBupyca [lyymana
1o Bceil EBpone B TeueHue NocCie Hero nNocueaeaHuKo-
Boro nepuoxa [13].

Takum 00pazoM, IETbIO TIPENICTABICHHOW PaOOTHI SB-
JISIFOTCSL ONpEZCICHUE TOJTHOM HYKJIEOTHHOW Mocieno-
BaTeNbHOCTH T€HOMA Pa3HbIX BapHaHTOB Bupyca [lyyma-
71, BBIZIGTICHHBIX Ha Tepputopun CapaToBckod o0OmacTH,
W TIpoBeieHHE (MIIOTEHETHYECKOTO aHalln3a IOJy4YeH-
HBIX TaHHBIX.

MarepuaJjbl 1 METOABI

OO6pa3naMu A7 MCCIEAOBaHUA MOCTYXKUIH IPOOBI
OpPraHOB MEJIKHX MIJIEKOIIUTAIOIINX, B OCHOBHOM pbLKEH
MmoJIeBKH, coOpaHHbIXx B 2019-2022 rr. B mpuUTOpOIHOI
u ropojickoii 30ue Caparosa (IIpupoansriii mapk «Kymsic-
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Has MONsSIHa»), a Takke B ['arapmHCKOM, DHIEIBCCKOM,
HoBobypacckom n XBanbiHCKOM paifoHax CapaToBCKOM
obnactu. 300J0THYECKast TPYINa OCYLIECTBIsLIa Pery-
JISIpHBIE BBIE3/bI B TOUKHU, OMNpECICHHBIC IJIAHOM eXe-
TOTHOTO MOHHUTOPHHTA, T/I€ ¥ MIPOBOANICS OTJIOB.

ABTOPBI IOATBEPKIAIOT COOMIONCHNUE HHCTUTYITHOHAII-
HBIX U HaAIlMOHAJIBHBIX CTaHAAPTOB MO HCIOJIb30BAHUIO
7a00PaTOPHBIX KUBOTHBIX B COOTBETCTBHM ¢ «Consensus
author guidelines for animal use» (IAVES 23 July 2010).
Hccnenoanue ogodpeno komuccueit mo ouostrke ®PKYH
«Poccmiickuit TpoTHBOYYMHBIH HHCTUTYT «Mukpoo» Po-
cnotpebnanzopa (mpotokon Ne 8 ot 21.11.2023).

BriieneHre HyKJIEHMHOBBIX  KHCIIOT — OCYIECTBIIS-
TU ¢ TOMOINbI0 Habopa mus 3kcrpakiuun PHK/ITHK
«AwmmumulIpaitm PUBO-npen», a 00paTHyI0 TpaHCKpPHII-
M0 — C KOMIUIEKTOM pereHtoB «Pepepra-L» (IITHWUU
Omunemuonornn Pocrorpednazopa, Poccus). [pucyr-
CTBHE I'€HEeTHYECKOTO MaTepHasa XaHTaBUPyCOB OIpese-
JISUTA METO/IOM TIOTMMEPa3HOM IIETTHOM peakluy ¢ o0par-
Hoii Tpanckpumueit (OT-IILP) ¢ mabopom peareHTOB
«OM-Cxpun-IJIIIC-PB» (HIIK «Cunrton», Poccus).

Hdns  wuccienoBanuii  ObUla  COCTaBlieHa  TaHENb
u3 38 00pasoB CyCIEH3MIA JIETKAX MEJIKUX MIICKOIIHTA-
omux, B KoTopeix Metonom OT-IILIP Obina BeIsIBIEHA
PHK Bupyca I[lyymana. [{nst cnenuduuaeckoro odorarie-
HUSI BUpYCHOTO TeHoMa (cerMeHTsI S, M u L) B o6pasmax
13 TIOJIEBOTO MaTepuaja HCIOIb30Balu HAabop mpaiime-
POB, paccuuTaHHBIN aBTopamu (Tad. 1).

[lanee cexBeHUpOBaHUE NONMYy4YeHHBIX TponykToB [1IP
MIPOBOAMIM C IIOMOIIBIO T'€HETHYECKOTO aHalln3aropa
AB 3500x] u/vam Ion S5, B COOTBETCTBHH C PEKOMECH-
marmsimu - ipomsBoamtTens (Thermo Fisher Scientific,
CIIA). [Ina cOOpku CEKBEHHMpPOBAaHHBIX (ParMeHTOB
B OJIHY TOCJIEI0OBAaTEIbHOCTh UCIOIB30BAIN MPOrpaMM-
Hoe obOecmeueane MEGAT7 (http://www.megasoftware.
net/) m UGENE (http://ugene.net).

I[Ipu mocrpoeHnH (UIOTEHETUYECKUX JePEBbEB
B paboTy Opanm MoCIenoBaTeIbHOCTh ceTMeHTa S (IIeH-
TpanbHast yacTb B 1071 HykieoTHn), a Takxke OOJBIIYIO
4acTh IMOCJIENOBATENILHOCTH cerMeHTOB M u L reHoma
Bupyca Ilyymana, npencTaBleHHBIX B MEXIYHAapOAHOMI
6aze manabpix NCBI GeneBank. [dannsri pa3gen pabo-
THI TIPOBOAMJIM C UCTIOJIb30BAHMEM allTOPUTMa maximum
parsimony B mporpaMMHOM makere BioNumerics 7.6
(Applied Maths, benbrus).

Pe3yabrathl U 00cy:KaeHHE

B pesynbrare npoBeAEHHOTO HCCIENOBaHUS OBIIM TO-
JTy4eHbl HYKJICOTHIHBIC IOCIEIOBaTEIbHOCTH T'€HOMa
Bupyca llyymana, IUpKynmHpyromero Ha TEeppUTOPUHU
CaparoBckoii obmactu, U3 KOoTopsix 33 ¢ Hanbosee kade-
CTBEHHBIM YPOBHEM IPOYTEHMS ACTOHHPOBAHBI B MEX-
nyHaponHoit 6a3e manabix NCBI GenBank (Ta6J. 2).

CpaBHUTENbHBIH aHAMU3 26 HYKICOTHAHBIX IOCIe-
JOBaTeJIbHOCTEH MOMHOro reHoMa Bupyca Ilyymana
13 TMPUTOPOIHON U roponckoit 300 CaparoBa (I'arapuH-
CKHUH paiiOH) MOKa3a UX BBICOKYIO HACHTUIHOCTH MEXK-
ny coboii (98,6-100%), HE3aBHCHMO OT Tojia H30JIAIUH.
O6pa3msr 13 HooOypacckoro (Ne 272) m DHrenbccKo-
ro (NeNe 99, 100, 101) paitoHOB UMeNTU UACHTHIYHOCTH
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Tao6suua 1. [TocnenoBaTensHOCTH OMUTOHYKICOTHIHBIX IPaiMEPOB, HCIIONIB3yeMBIX B paboTe

Table 1. Oligonucleotide primer used in the work

OPUTUHAJbHbBIE NCCNEAOBAHUA

IIpaiimep CrpykTypa mpaiimepa Temmneparypa omxura, °C JlnHa aMIUTMKOHA, T1.H.
Primer Primer sequence Annealing T, °C Amplicon length, bp
Cerment S
Segment S
Pum_S If TAGTAGTAGACTCCTTGAAAAAGCTAC 50 370
Pum_S Ir CAATGTCAATGGCGTTCAC
Pum_S 2f GAAGAATGGCAGATGCTGTGTCCC 58 454
Pum_S 2r ACGGTCTGTCTTCCACGAGTTGAC
Pum S 3f CGACTGGGATTGAACCTGATGATC 56 344
Pum_S 3r CGGGTGTAAGTTCCTCAGCTTTC
Pum S 4f CATTTGAGGATATTAATGGCTTTAGG
Pum S 4r AATCAACTTATCAATGTCTGCCAC > 376
Pum_ S 5f TGCGTAATATCATGAGTCCAGTGATG
Pum S 5r AGCCATCCCAGCAACATAAATG 26 395
Pum_S 6f ACATCGAATCTCCTAATGCACC 54 154
Pum S 6r TGATCTATGAGTGACTGAGCAAGG
Pum_S 7f TGCTCAGTCACTCATAGATCAGAAAG 53 400
Pum S 7r AGCTCAGTTTCACATTCTTGGG
Pum_S 7-2f AATCAGGAGCCCTTAAAGATATG 53 467
Pum S 7-2r TCAGCATGTTGAGGTAGTATGTTGTG
Pum_ S fin f GTTTTGAATTAATGCACTAATCAGGG
Pum S fin r TAGTAGTATGCTCCTTGAAAAGCAATC 50 330
Cerment M
Segment M
Pum M _1If TAGTAGTAGACTCCGCAAGAAGAAGC 54 186
Pum M _Ir ATCCTCTCAAATTCACTTCACTGC
Pum M 2f CATGGGAAATTAAAGGTGATCTTG 54 309
Pum M 2r AATTGCCCTGAAACACAGTATG
Pum M 3f GTTTGATCCCTACTTTAGTGGTTG
Pum M 3r CTTCATACTATCACCAGATGTCACC >3 349
Pum M 4f ATACTGTGTTTCAGGGCAATTGG
Pum M 4r CCTGTTACTTTCCCAGCAATACGTAG 36 386
Pum_M_5f ATCGTTCTGCTGAAGTTCTTTCAAG 56 145
Pum M 5r AAGACTGTGCATTGTGTTGTCTTCTC
Pum_M_6f ACTGGGTTCATCTCATTACCTGG 54 341
Pum M _é6r TAACTCTACGGCAAGAGAGTGTG
Pum M _7f GAGTTATGTGTACCAGGTCTTCACGG 55 340
Pum M 7r GCTTGAAGGGCAGATGTTGTTG
Pum M 8f ATGGGCTCGATGGTCTGTGAGG
Pum M 8r TATCCCAGACCCGTGTGCTGTGTC o8 380
Pum M 9f CTCTCTTTAGGTATCGGAGTCGG 55 302
Pum_M_9r CAGCAGTTTGCCAAGGATAAGC
Pum M 10f AAACTGCATTTCATTGCTATGGTTC 55 16
Pum_M_10r TTGAAATTGTCCCTATCAAACACAC
Pum M 10-2f GGCTGTAACCCACTTGATTGCC 58 430
Pum M_10-2r CCATCAAACTGGCACACAGGTGTTG
Pum M 11f TAATATTTAAGCAATGGTGCACTAC
Pum M IlIr CCTTAATTGAAGTAAGAAATGCAG >3 42
Pum M_12f GATGGGAATACAATTTCAGGATAC
Pum M _12r GCCTTAATTGAAGTAAGAAATGCAG >3 307
Pum_M_13f GAATGGATTGATCCTGACAGTTCAC 56 502
Pum M 13r ATCCAATTTCCATTGAGGACCC

Ipoooncenue mabn. 1 cm. na cmp. 166.
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IIpaiimep Crpykrypa npaitmepa Temneparypa orxura, °C JliuHa aMIuIMKoHa, ILH.
Primer Primer sequence Annealing T, °C Amplicon length, bp

Pum_M_13-2f CAATGTGTTACGGATCTACTACAGC 54 393
Pum M 13-2r GCAACTATCTACTAAGGCTTATGCTC
Pum M fin f GACAGGATACAACCAAGCAGATAGTG 54 417
Pum M fin r TAGTAGTAGACTCCGCAAGAACAAAAG

Cerment L

Segment L
Pum L If TAGTAGTAGACTCCGAGATAGAGAAG 51 468
Pum L Ir TGTGCTTCTACCTGTAGTTGTTGCTC
Pum L 2f ATGATGTGATACAAAGCATGGAG 53 453
Pum L 2r TCCTAAAGCCAGATTGACAATTAC
Pum L 3f GTTTATTGAGCAACAACTACAGGTAG 53 304
Pum L 3r GCCCAGTTACTTCTTTAAATGC
Pum L 4f TGTAAGAATTGGCTCGGAACTGATC
Pum L 4r TCAATCAATGCCTTCGACTTAGGATC 56 421
Pum L 5f ATCTCAAAGGATTCAAAGAAAGGG
Pum L 5r TCAAGTGATTTAGATGGCAGGATAC >4 391
Pum L 6f CGTGATATTACTGAATCTCTTATTGC
Pum L 6r TGAGATGTGGAAAGAAAGAAATGG >3 406
Pum_L 7f CTTCTTGCTACAGCTACATGGTTTC 54 410
Pum L 7r ACGATAATGCTTATACACGACCC
Pum L 8f AAGACACTATTAGTTAGCTTAGCCC 5 154
Pum L 8&r GCTGTTCAACAACTACCTGATTG
Pum L of TTCATCTTGAAACAGTTGAATGGG 54 438
Pum L 9r CTTTGGTATTTCCTAACAATTCTTGC
Pum L 9-2f TCATCTTGAAACAGTTGAATGGG 54 341
Pum_L 9-2r AAACGAATTGCCTCAATGAGAG
Pum L 10f GTCAGGAGCATTACAAGAAGATGGTC
Pum_L_10r CAACGAGGACTGGATTTCACTTTCTC 36 369
Pum L 11f ATTCAACAGGCTTTAGAGAAGGC 54 450
Pum L 1lr GATATAATTTGGCCCACACACG
Pum L 12f AATATGGGTGAATTGTCTGATGAAG
Pum L 12r GAATGTAGATAGAAACTCCGCATTTG >4 440
Pum L 13f GGCAGGAAACTTTCATTGGCATG
Pum L 13r GACATAGAACCATCACCACCTAACGG 37 440
Pum L 14f TTATATGGTACTGCTCCTGGTATGG
Pum L 14r AGGATGTTGTTCACTCCAAAGCTC > 383
Pum_L_15f TTTGTAGGTAAAGTTCAGTGGAAAG 53 459
Pum L 15r TTGGTCTATGAATTTGTCTTGTTG
Pum L 15-2f CTTTGGAGTGAACAACATCCTGTC 54 120
Pum L 15-2r ATCCCTCCAGGCATATTCTTTAG
Pum L 16f GGATATGGAGCTCTTTCAAACACTTG
Pum L 16r CACAATTACAATCCTCGACTTTCC > 387
Pum L 17f TTATTGGTTGAAGACTATGTCTCTTG 5 441
Pum_L_17r ATTAAATGTTACCCTCAAATCTCC
Pum L 18f CTTTATGAAGGAGATTTGAGGGTAAC 53 423
Pum L 18r CCTTTAGATTATGGTATGCATGG
Pum L 19f CTAATGGATTTAGGGCTATGGC 54 185
Pum L 19r TGACCATTGAGTACTAGAGATTGTGC
Pum_L 20f AGCACAATCTCTAGTACTCAATGGTC
Pum L 20r CGAACTCTGTTAAATCATACGGATC >3 405
Pum L fin f GTCCAAGCATTACAATTTCCATAC
Pum L fin r TAGTAGTATGCTCCGAGAAAAGAGC 32 304
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OPUTUHAJbHbBIE NCCNEAOBAHUA

Ta6nauua 2. Hykneornanele nocnenosarenbHocTu Bupyca Ilyymana, moayueHHbIe B pe3ylibTaTe HCCleJOBAHHS

Table 2. List of Puumala orthohantavirus sequences obtained in this study and deposited in the NCBI GenBank database

Tox cGopa mare- Howmep B 0aze NC_BI GenBank
Ne O6pasen Mecro nonyuenns o6pasua puaa GenBank Accession Number
No. Sample Place of the sample collection Year of collection cerMenT S cermeHT M cerMenT L
segment S segment M segment L
1. 114 2019 OL343591.1 OL343569.1 OL343547.1
2. 131 2019 OL343593.1 OL343571.1 OL343549.1
3. 296 2019 OL343594.1 OL343572.1 OL343550.1
4. 348 2019 OL343595.1 OL343573.1 OL343551.1
5. 420 2019 OL343596.1 OL343574.1 OL343552.1
6. 422 2019 OL343597.1 OL343575.1 OL343553.1
7. 439 2019 OL343598.1 OL343576.1 OL343554.1
8. 525 2019 OL343599.1 OL343577.1 OL343555.1
9. 645 2019 OL343600.1 OL343578.1 OL343556.1
10. 656 2019 OL343601.1 OL343579.1 OL343557.1
11. 696 2019 OL343602.1 0OL343580.1 OL343558.1
12. 701 2019 OL343603.1 OL343581.1 OL343559.1
13. 836 TarapuHcKkuit paiion 2019 OL343604.1 OL343582.1 OL343560.1
14. 988 Gagarinsky district 2019 OL343605.1 OL343583.1 OL343561.1
15. 989 2019 OL343606.1 OL343584.1 OL343562.1
16. 1039 2019 OL343585.1 OL343563.1 OL343541.1
17. 1042 2019 0OL343586.1 OL343564.1 OL343542.1
18. 1059 2019 OL343587.1 OL343565.1 0OL343543.1
19. 1081 2019 OL343588.1 OL343566.1 OL343544.1
20. 1107 2019 OL343589.1 OL343567.1 OL343545.1
21. 1109 2019 OL343590.1 OL343568.1 OL343546.1
22. 1186 2019 0OL343592.1 OL343570.1 OL343548.1
23. 3 2022 0Q032670.1 * *
24, 29 2022 0Q032672.1 * *
25. 30 2022 0Q032673.1 * *
26. 31 2022 0Q032671.1 * *
27. 99 o 2022 0Q032667.1 * *
28. 100 agre“"“““”.pa?“’“ 2022 00Q032669.1 * *
ngelssky district
29. 101 2022 0Q032668.1 * *
30. 117 < .. 2021 OR999067 * *
31, 122 K‘;avfﬁcslg;“ e 2021 OR999068 * *
32. 129 2021 OR999069 * *
3. 272 HosoGypaccrnii paiion 2021 OR999070 * *

Novoburassky district

Hpumewﬂue. * JIAHHBIC Ha 3TAIlC aHaJIr3a.

Note. * — Data at the analysis stage.

reaoma 98,4-99,1% c 26 obpasnamu u3 ['arapuHckoro
paiiona. Tpu oOpasna n3 XBasbiHCKOTO paiiona Capa-
ToBCKOM obmactu (NeNe 117,122, 129) Obur HASHTUIHB
Ha 95,5% co Bcemu BapuaHTamMu U3 ['arapuHckoro pam-
oHa. Takum 00pazoMm, BBISBICHO JOCTAaTOYHO OOJBIIOE
KOJTMYECTBO OTIMYMI Cpely BapHaHTOB FeHOMa BHpyca
13 XBaJBIHCKOTO palioHa MO CpaBHEHMIO ¢ oOpaznamu
n3 OHrembcckoro, [arapmuckoro mw HoBoOypacckoro
pailoHOB, rpaHUYAIINX APYT C ApyroM (puc. 1).

C ucnonp30BaHIEM UMEIOIINXCS HYKICOTHAHBIX MOCTIe-
JoBaTenbHOCTEl S-cermMeHTa reHoma Bupyca llyymana,
MIPE/ICTABIEHHBIX B MEKIyHAPOIHOW TeHETHIEeCKOH Oase,
ObLT IPOBEJCH aHAJIM3, BKIIOYAMONINI 368 BUPYCHBIX Ba-
puaHTOB (pHC. 2, @) ¥ TIOCTPOEHO o0IIee (HIOreHeTHYe-
ckoe nepeBo. CpaBHeHHE mocienoBarenbHocTell M- uinun

L-cerMeHTOB TreHOMa XaHTABUPYCOB OIPAaHHUYUBAETCS
ropas3/i0 MEHBIINUM HX KOJMYECTBOM OTHOCHTEIFHO Cer-
MEHTa S, TPE/ICTaBIEHHBIM B 0a3e aHHBIX, HO TIPH 3TOM
KapTUHA KJIACTePH3aLUN U3MEHACTCS HE3HAYUTEIBHO, CO-
XpaHss, Kak IPaBUIIo, TO e B3aUMHOE PACTIOJIOKEHHE.
Ilpn ycraHoBneHNH (MIOTEHETHYECKOTO POJICTBA
BapuaHThl reHoMa Bupyca Ilyymana w3 CapatoBckoit
o0macTi MO cerMeHTy S oOpa3oBaiu OOIIMK Kiactep
C BHPYCHBIMH TTOCIIEA0BATEIbHOCTIMH U3 YIIbSHOBCKOH,
Camapckoit u IleHseHckol oOnacTel, a Takke pecry-
omuk Tarapcran, bamkoprocran u Yamyprus. Bapuan-
THI TTOCIIEOBATEILHOCTEH 3TOT0 K€ CETMEHTa TeHOMa,
MOJIyYeHHBIC Ha Apyrux tepputopusx Poccun (Omckas,
TromeHckasi, ApxaHrenbckasi, MockoBckasi, MIBaHOBCKast
n Kypckas obnactu, Peciybnuka Kapenust), okazannce
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Puc. 1. AnmunuctparuBHoe neneHre CapaToBckoi 0071acTH.

IIBeTom Bbinenensl [arapuHckuii paiion u ropoackoit okpyr Caparosa (1), DHrenscckuii (2), HoBoOypacckwuii (3) 1 XBanbIHCKUiA (4) paifloHBL.
Fig. 1. Administrative division of the Saratov region.
The city district of Saratov (1), Engelssky (2), Novoburassky (3) and Khvalynsky (4) districts are highlighted in color.

3HAUMTEIbHO YHalieHbl OT Kiactepa, cpopMHUpPOBaHHO-
ro U3 o0pas3loB C TEPPUTOPHH IEPEUNCIICHHBIX BHIIIE
cyobekToB I1DO. CTOUT OTMETUTH, YTO HA OJTHOM BETBH,
oOpazoBanHOI reHoMaMu n3 Camapckoli 00IMacTH, HaXo-
nmsarcst aBa oopasma (NCBI, MT822195 u MT822196),
MONTyYeHHBIE U3 KIIMHUYECKOTO MaTepuaja, coOpaHHOTro
B stuBape 2020 1. B IlIBefinapuu (puc. 2 a, 6). Ho B aH-
HOTAIlMM K 3THUM MOCJIEI0BaTeIbHOCTAM HET MH(pOpMa-
MM O BO3MOXKHOM MecTe 3apakeHus OonbHbIX [JITIC,
B pe3ysbTaTe 4Yero 4eTKHe BBIBOIBI CIeJaTh CIIOXKHO.
B ocransHOM B Kiactep, 00pa30BaHHBIN M3 MOCIEIOBA-
TEeILHOCTEH reHOMa BUpYyca (CETMEHT S) C TepPUTOPHH
[1DO, He nomano HA OMHOTO BapuaHTa U3 ApyTUX dere-
panpHBIX OKpyToB Poccnu, cTpaH OIKHETO Wil AajbHe-
TO 3apyOexbs.

BuyTtpu ximactepa 1 (puc. 2 a, 6), 00pa30BaHHOTO T'eHO-
Mamu Bupyca Ilyymana u3 00pasuos ¢ repputopuu I11DO,
CTENEeHb HJEHTHYHOCTH IOCJIEIOBATEIBHOCTEH COCTaB-
asiet 91,4-100%. HecMmoTpst Ha TO 4TO B CPaBHUTEIBLHOM
aHaJM3€e MCIOIB30BAJIACh TOJBKO IIEHTPAjbHAs dYacTbh
nociaenoBatenbHOCcTH cermeHTa S (1071 mH), Kaxablid
BapuaHT U3 JAHHOTO KJIacTepa MMeeT He MeHee 62 yHH-
KaIlbHBIX €IWHUYHBIX MYTAlU{, SBISIOMIUXCS OOIIUMU
Ui BceX o0pasioB 3 Kiactepa | M OTIUYAIOMIUX 3TH
BapuaHTHI OT BcexX npyrux (puc. 2 a, 6 ). Ha puc. 2 6
MOKa3aHo, YTO BAPHAHTHI TeHOoMa XaHTaBupyca [lyymana
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n3 ropozackoro okpyra CaparoBa M DHIeIbCCKOTO paii-
oHa n oxgnH — n3 HoBoOypacckoro paiioHa oOpasyioT
KOMIIAKTHYIO TPYIITy B BUAE OTACIHHOIO OTBETBICHUSI.
Mecra otnoBa Hocutenel Bupyca [lyymana B mpemenax
ropojckoro okpyra CaparoBa HaXOAHMJIHNCH APYT OT JIpyTra
OT HECKOJIBKHUX COTEH METPOB A0 9 kM. Mexny MecTaMu
omiIoBa HocuTenel Bupyca [lyymana B mpenenax ropon-
ckoro okpyra CaparoBa U DHIeJIbCCKOTO pailoHa paccTo-
sSTHUE TI0 TpsIMON cocTaBnseT 14—19 kM, a mas obpasia
u3 HosoOypacckoro paiiona — okoino 46 kM. Hecmorps
Ha 3HAYUTENHHOE yHaJicHWe, A BApUAaHTOB TE€HOMA BU-
pyca Ilyymana ¢ maHHBIX TEppUTOpUI HAOTIONAETCS BbI-
cokas crerneHb uaeHTHYHOCTH (98% W Oomee), 4To MoO-
KET CBHJIETEIHCTBOBATH O €IMHOM OHMOTOIE OCHOBHBIX
HOCHUTeNel U CBOOOAHOM WX IMEpEeMEIleHHH B Tpeaeax
YKa3aHHBIX PETHOHOB. XBaJBIHCKHH pailoH HaXOAWUTCS
Ha ceBepe CapaToBckoii 06macTy (pacCTosTHAE 10 APYTHX
o0cie10BaHHBIX peruoHoB Oosee 100 KM) W TpaHUYNT
¢ YnpsHOBckoi n Camapckoii oonmactsamu (puc. 1). [an-
HBIH (DaKT YETKO OTpPa)kaeTCsl Ha PaclojIOKEHUH B KJIa-
crepe 1 (puc. 2 6) BapuantoB Bupyca Ilyymana. [Toka-
3aHO, 4TO 00paslbl U3 XBaJBIHCKOTO pailOHA HAXOIT-
Csl Ha Pa3HBIX BETBSIX C BapwaHTaMu w3 [arapwHCKOTO,
OHrenbcckoro U HoBoOypacckoro pailoHOB, OTIWYAsCh
OT HUX Ha 55-78 OMHOHYKJICOTHIHBIX MOTUMOPPU3MOB
(OHII) (Single Nucleotide Polymorphism, SNP), T.e.
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ala

o/b

Puc. 2. dunoreneTnueckoe aepeBo, MoKas3pIBaroliee O1M30CTh PoACTBA Mex Iy 368 BapraHTamu reHoMa (cerMeHT S) Bupyca Ilyymana ¢
Tepputopun Poccun, cTpaH OIIMKHETo M JaNbHETO 3apy0eikbsl.
a — 110 TPeM KiiacTepam; 6 — yBeJIM4eHHBIH (pparMeHT (puioreHeTHueckoro aepesa — kiacrep 1 Ha puc. 2 a. Ha puc. 2 6 o6pa3iipl, 00Be/IcHHbIE KPACHBIM I(BE-
TOM, OCTAJINCh €IMHCTBEHHBIMH BapuaHTaMu U3 pecnyOnuk bamkoprocran u Tarapcran, Camapckoil 1 YIbsiHOBCKOM oOnacteii B ciaydae GpUIOreHeTHYeCKUX
JiepeBbeB 110 cermeHTam M u L.

Fig. 2. Phylogenetic tree showing the close relationship between 368 genome variants (segment S) strains of the Puumala orthohantavirus
from Russia, near and far abroad countries.

a — for three clusters; b — enlarged fragment of the phylogenetic tree — cluster 1 in Figure 2 a. The close relationship between genome variants (segment S) of
151 strains of the Puumala orthohantavirus from the Volga Federal District is shown. In Figure 2 b, samples circled in red remained the only variants from the
republics of Bashkortostan and Tatarstan, Samara and Ulyanovsk regions in the case of phylogenetic trees for segments M and L.
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HMEIOT MACHTHYHOCTD C TocieaHumMu 92,7-96,9%. biu-
XKalIMMU K BapHaHTaM XaHTaBHpyca U3 XBaJbIHCKOIO
paifoHa ABysIOTCSA TeHoMBl Bupyca Ilyymana n3 Camap-
CKoW o0yacTH, 3aTeM ero BapuaHThI U3 Pecnyomuku Ta-
TapCTaH U YIBTHOBCKOM 00mactu (puc. 2 6).

JleTanbHOE paccMOTpEHHE PAcIOIOKEHHs BapHaHTOB
reHoma (cermeHT S) BHpyca [lyymana u3 CapaTroBCcKoi
obmactu (puc. 2 0) MOKa3bIBACT OUCHH OJIM3KOE POACTBO
MeXIy oOpaslamu ¢ TeppuTopuu larapuHckoro paiio-
Ha, a TaKKe MX OOJIBIIOE CXOACTBO C 00paznamu u3 DH-
renscckoro 1 HoBoOypacckoro paitoHoB. OTIIMYHIE MEX-
Iy ocienoBarenbHocThio cermenTa S (1071 mH) y Bapu-
anTa Bupyca Ilyymana, BeifienieHHoro B aBrycrte 2021 r.
B HoBoOypacckom paiioHe, oT OnmmkaifIero Kk Hemy Ba-
puanta Ilyymana, momyuennoro B mae 2019 r. Ha Tep-
putopun [arapuHckoro paiiona, cocrammser 5 OHIL
OTianune Mexay MOCIEeNOBaTeIbHOCTIMH CerMEeHTa S
(1071 nn) y Bapuanra Bupyca Ilyymana, o6HapykeHHOTO
B mrojiec 2022 T. B DHTEIbCCKOM palioHe, OT OnmKaiiero
K Hemy, noiy4enHoro B ¢eBpaine 2020 r. mpu obcnenosa-
Huu ['arapuHckoro paifona, coctasmser 15 OHII. Mexny
BCEMHU HCCIICZIOBAaHHBIMU BapuaHTamu Bupyca Ilyyma-
Jla, THPKYJIUPYOUMMA Ha TEppUTOpHH | arapmHCKOTO

paiiona CapaToBCKoi 0051aCTH, MaKCUMAaJIbHOE OTIIMYHE
B nocienoBatebHoCTH cermMenTa S (1071 mH) cocraBiis-
et 22 OHII (unentuunocts 98% u 6onee).

AHanu3 MOJNEKyISpHBIX 4acoB, MPOBEIEHHBIN IpyIl-
mamu uccienosarenei [14, 15], mokazai, 9To S-cerMEeHT
TeHOMa XaHTaBHPYCOB 3BOJIIOLHOHUPYET CO CKOPOCTHIO
0K0710 6,7 X 107™* eMMHUYHBIX 3aMEH B TO. DTH JaHHEBIE
CBUJICTENFCTBYIOT O JIOBOJIBHO MEIJICHHOM H3MEHEHUH
redoma Bupyca Ilyymana B npupozne. B nenom knacre-
pH3aLus 0 CETMEHTY S IOKa3bIBaeT 00IIee MPOUCXOXK-
JIeHWEe OT OJHOTO IPEIKOBOTO BHPYCa WIIM HECKOIBKHX
OIMM3KUX APYT APYTY €ro BapuaHTOB IS BCEX MCIOIb30-
BaHHBIX B aHayu3e 00pasnoB ¢ Teppuropuu I11PO.

CpaBHUTENBHBIN (DUITOTEHETHYECKUH aHaNIN3 BUpyca
[lyymana no cermentam M mnu L o0pa3nos, momydeH-
HBIX Ha TeppuTopun CapaToBCKOil 001aCTH, HOKa3bIBAET
HEKOTOpbIe M3MEHEHHS B KJIACTEPU3AIlNH, COXPAHsIs, OfI-
HaKo, o0II1e TeHICHIIUN B3aUMHOTO PacIIOIOKEHHs!.

CrenyeTr OTMETHTS, 4TO IO cermMeHTaM M mnu L naHHbIX
0 TIOCTIEZIOBAaTEeNbHOCTSX reHoMa Bupyca [lyymana 3Haqn-
TEIBHO MEHBIIIE, YeM T0 ceTMeHTy S. Ha puc. 2 6 o6pa3upl,
00BeZICHHBIE KPACHBIM [IBETOM, OCTAJIUChH €IMHCTBEHHBIMU
BapHaHTaMH U3 pecryonuk bamxoprocran u Tarapcras,

Puc. 3. dunorenernueckoe qepeBo, MoKas3pIBaroniee OIM30CTh pOACTBA MEX Iy 94 BapuaHTamu reHoMa (cermMeHT M) Bupyca I[lyymana ¢
Tepputopun Poccun, cTpaH GIIKHETO U JaIbHET0 3apy0eKsbsi.

Tlpumeyanue: bamkoprocran (AB297666, AF442614, KT885051, L08754, MH251332, MK496160, MZ673553, NC_077666); Kypckas o6n. (MZ580943,

MZ580946, MZ580949, MZ580952); Banosckast 061. (OP561838); Mockosckast 061 (OP561841); Camapckas o6m. (AB433850, AB433852); YnbsHOB-

ckast 00m. (OP561826); Tarapcran (Z84205); Yamyptust (OP561835); Ilensenckas o6m1. (OP561847); Llseitnapus (MT822194); Omckas o6n. (AF367061,
AF442615, AF442616, AF442617); Apxanrensckas 061. (OP561850); TromeHckast 0611, (OP561853).

Fig. 3. Phylogenetic tree showing the close relationship between 94 genome variants (segment M) of Puumala orthohantavirus strains from
Russia, near and far abroad countries.

Note: Bashkortostan (NCBI: AB297666, AF442614, KT885051, L08754, MH251332, MK496160, MZ673553, NC_077666); Kursk region (MZ580943,

MZ580946, MZ580949, MZ580952); Ivanovo region (OP561838); Moscow region (OP561841); Samara region (AB433850, AB433852); Ulyanovsk region

(OP561826); Tatarstan (284205); Udmurtia (OP561835); Penza region (OP561847); Switzerland (MT822194); Omsk region (AF367061, AF442615, AF442616,
AF442617); Arkhangelsk region (OP561850); Tyumen region (OP561853).
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Puc. 4. dunoreHeTHYECKOE EPEBO, MOKA3BIBAIOIIEE OIN30CTh POJCTBA MEX Iy 76 BapuaHTamu reHoMa (cermeHT L) Bupyca I[lyymana ¢ Tep-
putopuu Poccun, cTpaH ONMMKHETO U TAIBHETO 3apy0exKbsl.

Ipumeuanue: bamxoprocran (AB297667, KT885050, MK496161, MK496164, MH251333, NC_077667); Camapckast o6i1. (AB574183, AB574184); Ynbs-
HoBckast 0011. (OP561825); Yumyprust (OP561834); Tarapcran (EF405801); Ilseiinapust (MT822193); kypekast 061, (MZ580944, MZ580947, MZ580953,
MZ580950); Mockosckasi 00i1. (OP561840, OP561843); MBanosckas o6n. (OP561837); Ilensenckas oon. (OP561846); Apxanrenbckas oon. (OP561849);
TromeHckast 0011 (OP561852).
Fig. 4. Phylogenetic tree showing the close relationship between 76 genome variants (segment L) of Puumala orthohantavirus strains from
the territory of Russia, near and far abroad countries.
Note: Bashkortostan (NCBI: AB297667, KT885050, MK496161, MK496164, MH251333, NC_077667); Samara region (AB574183, AB574184); Ulyanovsk
region (OP561825); Udmurtia (OP561834); Tatarstan (EF405801); Switzerland (MT822193); Kursk region (MZ580944, MZ580947, MZ580953, MZ580950);
Moscow region (OP561840, OP561843); Ivanovo region (OP561837); Penza region (OP561846); Arkhangelsk region (OP561849); Tyumen region (OP561852).

Camapckoii 1 YIbSIHOBCKO# 00acTel B cirydae puiioreHe-
TUYECKUX JEPEBBEB IO cermMeHTam M u L.

Ha puc. 3 npeacrasieH pe3yasTar QUIOTeHETHUECKON
KJIACTepPHU3alui MEXAy 94 BapwaHTaMH TeHOMa (Cer-
MeHT M, nokyc B 2920 nH) Bupyca [lyymana ¢ Teppuropuu
Poccun, crpan OmmkHEro M gaibHero 3apyoexbs. [lomy-
YeHHOe (PIIIOTEHETHYECKOe JIEPEeBO TOKa3hIBAET, YTO 00-
pasusl u3 ['arapuracKoro paifona (Saratov ar.) mo-npexHe-
My 00pa3yIoT OJHOPOIHYIO IPYIILY ¥ HAXOIATCS B OJHOM
KJjlactepe ¢ BapuaHTaMHu u3 cyowekroB [IDO, mpu stom
OmmKalIIMMKH TI0 TIOOOHMI0O K HUM SABJIAIOTCS BapHaH-
ThI BUpyca u3 pecnyonuk Yamyptus (OP561835, unen-
TUIHOCTE 94,9-95,6%), Tarapcran (284205, wneHTHY-
HOCTE 94,6-95,3%) m Camapckoii obmactu (AB433850,
naeHTHYHOCTh  91,3-92,0% u AB433852, wuneHTHY-
HOCTB 90,6-91,3%). OOparmiaer Ha ceOst BHUMAHHUE TO, YTO
TP KJIACTEPH3ALINH 110 CETMEHTY M mocie0BaTeIbHOCTH

reHoMa BHpYyca, MoaydeHHble U3 MockoBckoi, Kypckoit
n VIBaHOBCKOH oOnmacTeif, pacronaratorcs Onke K BapH-
anTtam ¢ tepputopuu [1DO, Hexenu BapuaHThl U3 Pecry-
omuku barmkoprocTan Bxozsieit B [1IDO. [To cermenty M
BapuaHTHl W3 bamkupum 00pa3yloT OTIENbHYIO BETBb,
He BXOJIIYI0 B kiactepsl 1 u 2. Hanporus, npu ¢uo-
TeHETHUECKOW KIIaCTepH3alliK BUPYyCa 10 CETMEHTY S BCe
nocnenoBarenbHOCTH U3 [1OO ObUIM B OJHOM KJacTepe
U 3HAYUTENBHO YIAJIeHbl OT BapHaHTOB U3 LleHTpanbHOI
gactn Poccun. BeposiTHO, y XaHTaBUpYyca, MOITyYEHHOTO
B PecnyOnuke bamrkoproctaH, mponsonnia peaccopranus
M0 CerMeHTy M ¢ KakuM-TO BapHaHTOM JAaHHOTO BHpyca
W3 peruoHa, He Bxonsuiero B cocras [1DO.

3akimoueHne psga aBTopoB [12] o BEpOSTHOM BO3HHK-
HOBEHUH BapuaHTOB BHUpyca Ilyymana Ha Teppuropun Ta-
Tapcrana, Yamyptuu, Camapel u CapatoBa B pe3yjbrare
peaccopTanuy, MOCKOIBKY OHU CONEPKAJI CETMEHTHI S
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u L, oTHOCsIIMECS K OAalIKUPCKOW BETBU, U CETMEHT M,
MOTYYeHHBIN OT peKoB cyonuany n3 Kypckoit, Mockos-
ckoif u VMIBaHOBCKO# 00acTel, He TOIyYHyIo TOATBEPIKIe-
HUSI B HACTOAIIEM UccienoBaHiy. OUeBHIHO CTaOMIIbHOE
COXpaHEeHHE eNUHCTBA (PHIOTeHETHYECKOH 000CO0NIeHHO-
cTH reHoMOB BHpyca [lyymana Ha TeppuTopuH CyObEeKTOB
[IPO, 3a uckiroueHNeM BapUaHTOB C TeppuTopun bari-
KopTocTaHa 1mo cermeHTy M (puc. 3) u obpasma u3 Ilen-
3eHcKol obnacTu — no cermenty L (puc. 4). Ha puc. 3, rne
TMIPE/ICTAaBIEHO CPOJICTBO IO CerMeHTy M, mo0oii n3 Bapu-
aHTOB reHoMa Bupyca llyymana B kimactepe 1 ommgaercs
kak MuHuMyM Ha 433 OHII (ugentiasocTs 85,2%) OT 1Mio-
6oro u3 BapuaHToB reHoma Bupyca I[lyymana B kiacre-
pe 2. Omnuue BapuaHToB U3 bamkoprocrana cocrasiser
He meHee 531 OHII (upentmunocts 81,8%) ot moboro
U3 BapHaHTOB Kak B Kiactepe 1, Tak u knactepe 2. BeTBb
¢ Ommxaimmmu BapuaHTtamu Bupyca llyymana n3 Oun-
nsaaua umeet okosto 580 OHIT (upentuanocts 80,1%)
0T BapuaHTOB U3 bamkoprocrana.

OTcyTCcTBHE JaHHBIX ¢ OONbIIMHCTBA obnacteit Poccun
0 IUPKYIUPYIOIINX HA HUX BapuaHTax Bupyca llyymana
OUEHb 3aTPYAHSIET BOBMOXKHOCTD CENIaTh BBIBOJIBI O BO3-
MOXXHBIX ITyTSIX BOSHUKHOBEHHSI PEacCOPTaHTOB.

Ha puc. 4 mpencrasien pe3ynpTaT GHIOTeHETHIECKON
KJIaCTepU3alui Mexay 76 BapuaHTaMu TreHoma (cer-
MmeHT L, mokyc B 6405 mH) Bupyca Ilyymana ¢ Tepputo-
pun Poccum, cTpaH OMIKHET0 M JalbHEro 3apyOeKbs.
Bce BapuanTthl u3 ['arapuHckoro paiiona (Saratov ar.)
CaparoBckoil 00acTd HEM3MEHHO HAaXOISATCS B OIHOM
KJlactepe ¢ apyrumu Bupycamu Ilyymana u3 cyObeKToB
[1®O. bnmxaitmumu k BapuanTam u3 CapaToBCKOi 00-
JIacTH, KaK U B ciiyyae cerMeHTa M, sSBistoTcss 00pasiibl
Bupyca Ilyymana u3 pecnyonux Yamyprus (OP561834,
UAEHTHYHOCTh 95,2-95,8%) u Tarapcran (EF405801,
UAeHTHIHOCTE 94,5-95,1%), a Takke Camapckoil 00-
nactu (AB574183 u AB574184, unentuanocts 91,7—
92,7%). Ilpu ananu3e cermMeHTa L BapuaHTHI BHUpyca
[lyymana u3 Pecry6nukn bamkoprocTtan, XoTs u pac-
MoJIararoTcsl B OMHOM KiacTepe (kiaactep 1) BMecTe Ba-
pUaHTaMU JaHHOTO BUpyca U3 Apyrux cyonrekroB [1DO,
HO 3HAYUTEIHLHO OT HUX 000COOJICHBI, MaKCHMabHas
HISHTUYHOCTh cocTaBisieT 86,1% (okomo 890 OHII
oT OnmmkaWiero K HUM BapuaHTa W3 YIbSHOBCKOM
o0i. B aToM Kiactepe). Pesymprar umoreHeTHUECKOM
KJIAaCTEpH3allii BapuaHTOB reHoMa Bupyca Ilyymana
mo cerMeHTy L mokasbiBaet, 4To oOpasen u3 IleHszeH-
cKkoi obiacTh He pacronaraercsi B kiacrepe 1 Bmecre
¢ BapuanTamu Bupyca u3 [P0, a HaxonuTcs B Kiacre-
pe 2 ¢ BapuanTtamu u3 MiBanoBckoi, MockoBckoit u Kyp-
ckoif obmacreit. Kak BumgHO U3 puc. 2 6 u puc. 3, oOpaselr
u3 [len3enckoii 06macT mo cerMeHTaM S u M OTHOCHUTCS
K KJacTepy 1, cocTosiieMy TOJBKO U3 BapUAHTOB BUPY-
ca ¢ teppuropuu [IDO. Takum 006pazom, ToKazaHa BO3-
MOJKHAsI peaccopTanus 1Mo cerMeHTy L BapuanTa BuUpyca
[Myymana u3 [leH3eHCKo# 00MacTH ¢ BApHAHTaMHU 3TOTO
Brpyca n3 MBanoBckoit, MockoBckoii mim Kypckoit 06-
JIaCTeH, BUIUMO, B PE3YIbTATE MUTPALIMM PBIXKEH I1OJIEB-
kH. B ommyOnnMkoBaHHBIX paHee Marepuajax aBTOpPHI OT-
MeuaJd, 9TO JAHHBIA BapHaHT T€HOMa MOT BO3HHKHYTh
B pe3yabTare BYX3TalHON pekomOuHamu [12].
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[Nomydennsie pe3ymbraThl (IIOTEHETHYSCKOTO aHAN3a
pa3HbIx BapuantoB Bupyca [lyymana u3 CapartoBckoit 00-
JIACTH C TIOCIIEMOBATEIILHOCTSIMH, TIPEACTABICHHBIME B 0a3e
NCBI GenBank, mo3BOIISTIOT CIENaTh CIEIYOIIHE BEIBOIIBL:

— BCE BapHUaHTHI IITaMMOB Bupyca [lyymana, nupkynu-
pyromue B CapaToBCKOH 007aCTH, UMEIOT BHICOKYIO CTe-
[IeHb TIOA00WSI TEHOMOB, YTO MOXKET CBHIIETEIILCTBOBATH
0 €/IMHCTBE UX MPOUCXOXKIICHHS;

— TeHETHIECKHUE TIoCIIeIoBaTeIbHOCTH Bupyca [Tyyma-
J1a U3 XBaJIbIHCKOTO pailoHa UMEIOT 3HAYUTENIbHbBIE OTIIH-
YKsi OT BAPHUAHTOB, TOJYYCHHBIX U3 IICHTPAJIbHBIX PETUO-
HOB CapaToBCcKol 00J1acTH;

— BCE TEHETUYECKHE IIOCICIOBATEIHEHOCTH BHUpycCa
[Myymana, nonydeHHsle U3 ropojackoro okpyra Caparosa,
B TOM YHCJIC U 110 CeTMEeHTaM reHoMma S, M u L, He uMeroT
peaccopTanuy.

000011131 TTOyYEeHHBIC JTAHHBIC MOYKHO OTMETHTh Ha-
JIMYUE BBIPAXKECHHONW TEPPUTOPUATBHOW TMPHYPOICHHO-
cTH mTamMMoB Bupyca Ilyymana (TouHee mX HOCHTENEH)
K ONpe/IeIEHHBIM PETHOHAM MJIM 00JIacTSIM. DTO IMO3BOJIS-
€T TI0 TIOCJIEI0BATEIbHOCTH CETMEHTOB BHPYCHOTO TeHOMA
JIOBOJTEHO TOYHO OIPEACTATH paifloH BO3MOXKHOTO MH(H-
[MPOBaHKs 32a00JIEBIINX U MECTa OOUTAHUS IIEPEHOCUYHKOB
JTAHHBIX TEHOBApUAHTOB BUpyca Puumala orthohantavirus.

Mamepuan noozomosnen k nyonukayuu Ha OCHO8A-
HUU UCCIe008AHUL, BbINOIHEHHbIX 8 pamKkax HUP 92-2-
21 «Paspabomka cucmemvl 8epugpuxayuu pe3yivsmamos
uHOUKayuu u uoenmugbuxayuu 6030youmeneli ONACHLIX
UHEKYUOHHBIX OOone3Hell baKmepualbHol U SUPYCHOU
npupoovl ¢ HOMOWBIO MONEKVIAPHO-SEHEMUYECKUX Me-
mooogy (2021-2023 zz.).
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Pa3pabotka, nony4yeHne n xapakrepucTuka BUPYyconofoOHbIX
yactuy SARS-CoV-2 (Coronaviridae: Orthocoronavirinae:
Betacoronavirus: Sarbecovirus)

Natbiwes O.E.", 3ankosa O.H.!, Enuceea O.B.!, CaBoykuHa T.E.!, YepHopbik A.FO.",
CoipoeLukuH A.B.2, MeTpos I.B.2, BopkyHoBa I".K.", JlapuyeB B.®.", degaknHa UN.T.",
YepenywkuH C.A.", Linbesos B.B.", KOxakosa K.A.", Kynukoea H.10., Nlebenesa B.B.",
AxkynnH O.10.", Kosnoea A.A.", bapaHen M.C.", KOpnos K.U.1,

JlecHoBa E.N.", MpebeHHnkoBa T.B."

'®rBY «HaumoHanbHbIM uccrnenoBaTenbCKUii LEHTP 3NMAEMUONOrMKM U Mukpobuonornm um. H.®. Namanen» MuH3gpaea Poccuu,
123098, r. MockBa, Poccus;
20AQY BO «Poccuitckuin yHuBepceuTeT apyx6bl Hapogosy, 117198, . Mocksa, Poccust

Pestome

BBepeHue. Mangemns COVID-19, BbidaBaHHasi kopoHaBupycom SARS-CoV-2, nopoguna cepbesHble npobnembl
B 34paBOOXpPaHEHMN MO BCEMY MUPY. YYeHbIM B KpaT4amime CPOKM NPULLNOCh peluatb 3agadv no paspaboTke
METOA0B NneYveHnst U NpodunakTukM atoro 3abonesanHuns. Hanbonee adhpekTMBHBEIM CNOCOBOM NpepbiBaHUSA pas-
BMBAIOLLMXCS HOBbIX 3MMOEMUYECKMX BCMbILLEK ABNSETCA BakumMHaumsa. OgHUM 13 COBPEMEHHbIX U 3PdEKTUBHbIX
NoAXo[oB npu pa3paboTke BakUMH SBNSIETCS Ucnonb3oBaHne BupyconogobHeix Yactuy, (Virus like particles, VLP).
Llenb uccnepgoBaHus — pa3paboTtartb TexHonoruto nonyvenus VLP Ha ocHoBe pekoMBuHaHTHbIX 6enkoB SARS-
CoV-2 (E, M, N n S), npogyunpyemMbix B KNneTkax HacekoMblX, U AaTb MX KOMMMEKCHYIO XapaKTepUCTUKY.
MaTepuanbl n metoabl. ICTOYHUKOM BUPYCHBIX BEMKOB MOCNYXWUMN CUHTETUYECKMNE TeHbl, Koaupytowime G6enkm
kopoHaBupyca E, M, N un S. bbinu paspabotaHbl VLP ¢ pa3HbiM1M NOBEPXHOCTHbIMK S-6enkamu 4 LWTaMMOB KO-
poHaBwupyca: nogobHbln BUpycy YxaHb, Delta, Alpha n Omicron, knoHnpoBaHHble B nnasmuay pFastBac. benku
ObINn CMHTE3NpPOBaHbI B 6aKkynoBUPYCHOM cucteme akcnpeccum n cobpaxel B VLP B nepeBnBaemon NMHMM KNEToK
Trichoplusia ni (T.ni). CuHTE3 reHoB, KNOHWPOBaHWe B TpaHCAEpPHbIE NNasMuabl U NoryvYeHne pekoMBUHaHTHBIX
6aKynoBnpycoB NPOBOAUNM CTaHAAPTHLIMWM MeTodamMun. Hanuune BCTaBkM B reHoOMe Gakynosupyca onpegensnu
METOAOM NONMMepasHoW LenHon peakumu. [Ing nccnefoBaHnsa aHTUreHHow aktusHocTn VLP npumensanu nvmy-
HODEPMEHTHbIM aHanu3, MMMYHOBNOTTUHL. Ounctky VLP nposoaunu ynerpaueHTpudyrmposaHnem vyepes 20%
caxaposy. OueHKy Mmopdonorny BeINMOMHANM C MOMOLLbIO 3NEKTPOHHON MUKPOCKOMUM U METOAOM OMHAMUYECKOTO
cBeTopaccesiHus.

Pesynbrathbl. [MonyyeHbl 1 oxapaktepusoBaHbl VLP, cocToswme 13 pekoMbuHaHTHbIX 6enkoB S, M, E u N, Ha
OCHOBE KOHCEHCYCHbIX NMOCneaoBaTenbHOCTEN, LUMPKYNMpYoWmxX B Mupe reHoapnaHtoB SARS-CoV-2. Nokasa-
Ha cneundUYHOCTb aHTUIEHHbIX AETEPMUHAHT CUHTE3NpoBaHHbIX VLP aHTuTenam, dopmupytowmmes Kk 6enkam
SARS-CoV-2, nsyyeHbl MMMyHoreHHble corictea VLP.

3akntoyeHue. PaspabotaHbl cnocobbl nonyveHns n odnctkm VLP ¢ yHuBepcanbHbiM Habopom NOBEPXHOCTHBIX
aHTUreHoB, CMOCOBHbIX K camocbopke 1 MHAYLUMPYOLWNX cneumdguyiecknn nummyHutet npotns SARS-CoV-2.

KntoueBble cnoBa: s8upycornodobHbie Yacmuubl; pekombuHaHmHble 8akyuHbl; COVID-19; SARS-CoV-2; 6akyno-
8upycHasi cucmemMa 3Kcripeccuu

Onsa untupoBanus: Jlateiwes O.E., 3ankosa O.H., Ennceesa O.B., CaBoukunHa T.E., YepHopbix A.1O., CeipoeLu-
knH A.B., MeTpoe I".B., BopkyHoBa K., NNapu4yes B.®., ®easkuHa W.T., YepenywknH C.A., Linbesos B.B., KOxxakosa
K.A., Kynukosa H.1O., Jlebenera B.B., AkyHuH [.10., Kosnosa A.A., BapaHew, M.C., tOpnos K./., lNlecHosa E.U.,
IpebeHHnkoBa T.B. Pa3paboTka, nonyyeHue 1 xapakrepuctuka supyconogobHbix yactuy SARS-CoV-2 (Corona-
viridae: Orthocoronavirinae: Betacoronavirus: Sarbecovirus). Bonpocsi aupyconoauu. 2024; 69(2): 175-186. DOI:
https://doi.org/10.36233/0507-4088-226 EDN: https://elibrary.ru/gkxfed

®PurHaHcupoBaHue. PaboTta dmHaHcpoBaHa ocygapcTBeHHOM TeMaTuko MyUHUCTepCTBa 3gpaBooxpaHeHust Poccui-
ckon ®epepauumn «Pa3paboTka npoToTuna BakumMHbl Ha ocHoBe VLP ans npodwunaktuku COVID-19» (pernctpaumoHHbIi
Homep 121032600024-1).

KoHcnukT nHTepecoB. ABTOpPbI AEKNAPUPYIOT OTCYTCTBUE SIBHLIX U MOTEHUMArbHbIX KOH(NUKTOB MHTEPECOB, CBSA3aH-
HbIX C NybrMkaumen HacTosILLEeN cTaTby.

ATuyeckoe yTBepxaeHue. ABTOPbI NOATBEPXAANT COOMOAEHNE UHCTUTYLMOHANbHBIX U HaUMOHanbHbIX CTaHAapToB
no Mcnonb3oBaHUio NnabopaTopHbIX XUBOTHLIX B cooTBeTCcTBMM ¢ Consensus Author Guidelines for Animal Use (IAVES,
23 July 2010). MpoTokon nccnenosaHust onobpeH Atudeckum komutetom PIrbY « HALUIM um. H.®. Mamanen» MuHsapa-
Ba Poccum (mpotokon Ne 03/2021 ot 14.09.2021).
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Development, production and characterization
of SARS-CoV-2 virus-like particles (Coronaviridae:
Orthocoronavirinae: Betacoronavirus: Sarbecovirus)
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Abstract

Introduction. The COVID-19 pandemic caused by SARS-CoV-2 has created serious health problems worldwide.
The most effective way to prevent the occurrence of new epidemic outbreaks is vaccination. One of the modern
and effective approaches to vaccine development is the use of virus-like particles (VLPs).

The aim of the study is to develop a technology for production of VLP based on recombinant SARS-CoV-2 pro-
teins (E, M, N and S) in insect cells.

Materials and methods. Synthetic genes encoding coronavirus proteins E, M, N and S were used. VLP with various
surface proteins of strains similar to the Wuhan virus, Delta, Alpha and Omicron were developed and cloned into the
pFastBac plasmid. The proteins were synthesized in the baculovirus expression system and assembled into VLP in
the portable Trichoplusia ni cell. The presence of insertion in the baculovirus genome was determined by PCR. ELISA
and immunoblotting were used to study the antigenic activity of VLP. VLP purification was performed by ultracen-
trifugation using 20% sucrose. Morphology was assessed using electron microscopy and dynamic light scattering.
Results. VLPs consisting of recombinant SARS-CoV-2 proteins (S, M, E and N) were obtained and characterized.
The specific binding of antigenic determinants in synthesized VLPs with antibodies to SARS-CoV-2 proteins has
been demonstrated. The immunogenic properties of VLPs have been studied.

Conclusion. The production and purification of recombinant VLPs consisting of full-length SARS-CoV-2 proteins
with a universal set of surface antigens have been developed and optimized. Self-assembling particles that mimic
the coronavirus virion induce a specific immune response against SARS-CoV-2.

Keywords: Virus-like particles; recombinant vaccines; COVID-19; SARS-CoV-2; baculovirus expression system
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Ilo namHblM BcemupHOW opraHuzanuu 3ApaBOOXpa-
HEHUS, 1O COCTOsIHHIO Ha 8 HOs0psa 2023 . B Mupe 3a-
peructpupoBano Ooinee 770 MIIH TOATBEPMKICHHBIX

BBenenue cTosiHuIo Ha 4 HOAOpPst 2023 1. OBUIO BBEACHO B 0OMICiH
cioxuocty 13 534 474 309 no3 Bakuuusl'. B Poccun
3a 44 nven 2023 1. cpenu BeisiBIeHHOTO 34 191 cnyuas
COVID-19 6b110 22 993 cny4aeB, 3aKOHYMBIINXCS BbI3-
nmoposieHueM, 5042 ciaydas moTpeOOBaIM TOCIUTAIN3A-

ciydaeB COVID-19, Bimtouas 6,9 miiH cMepreit. [1o co-  nmu u 63 uMeInu eTaabHbIi HCXOI .

'World Health Organization. COVID-19. Available at: https://covid19.who.int/

B Poccuu 3a Heaelo Bbi3qopoBeso 22 993 yenoseka. Pexxum nocryma: https://o6bscusem.pd/stopkoronavirus/v-rossii-za-nedelyu-vyzdorovelo-

22-993-cheloveka/
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Baknunanus ABseTcss OMHUM U3 Hauboee 3G eKTHB-
HBIX ¥ JOCTYIHBIX MEIUIMHCKAX BMEUIATENBCTB, KOTO-
pO€ eXEerofHoO cracaeT MUWUIHOHKI Xku3Hen [1]. Hecmo-
Tpsl Ha 3TO, 3a00JIEBaHuUs, KOTOPBIE yIaeTCsl IMpenoTBpa-
THUTPH C TIOMOIIBIO BaKIMH, BO3HUKAIOT BHOBb, 1 YPOBEHb
MIPUEMIIEMOCTH BaKIIMHBI OCTAETCS] HEONTUMAIIBHBIM KaK
JUIsL TIJIAHOBBIX BaKLIMHAUUH, Tak M U1 BaKLUHALUH,
HE BKJIIOYEHHBIX B KaJleHAaph NpUBUBOK [2]. CymiecTBy-
fore BakuuHbI IpoTuB SARS-CoV-2 — 310 BEKTOpHEIE,
BaklMHbI Ha ocHoBe MPHK, MHaKTHBUpOBaHHBIE BaKLU-
HBI, a TaK)Ke BaKI[MHBI HA OCHOBE BHUPYCOIOMOOHBIX Ha-
ctur (Virus like particles, VLP) [3]. Ha adexktuBHOCTD
BaKI[MH BIMSAET MOCTOSHHOE MPHOOpPETEeHHE BUPYCHBIX
MyTanuid u3-3a npucyuiel BupycHo PHK-3aBucumoit
PHK-nonnmepase BBICOKOI 4acTOTHI OMIMOOK U CyIIe-
CTBOBAaHUSl CHJIBHOM3MEHYHBOTO MOTHBA CBS3bIBAHUS
C perienTopoM B S-0ernke [4].

[lepcnekTHBHBIA TOAXOA B CO3MaHMM I(PQPEKTUBHBIX
BaKIMH — 3TO pa3paboTKa BaKIWH Ha ocHOBe VLP, xo-
TOpPBIE MPEICTABISIOT CO00H CTPYKTypHBIE OSIKH BUPY-
ca, CIIOCOOHbIE K caMOCOOpKe, UMUTUPYIOIIUE BHPHOH,
HO He Hecymue B cebe BHpYyCHOro reHoma. B Hacros-
1iee BpeMs BakLMHbI HA ocHOBe VLP mpoxozasar pasHsle
(azpl xmHUYeckux wuccrnepoBanuii — NVX-CoV2373
(Novavax) [5], Covifenz (Medicago) [6], ABNCoV2
(RadboudUniversity) [7] u LYB001 (Yantai Patronus
Biotech Co Ltd) [8]. OgHako B yKa3aHHBIC BAaKI[MHBI
BKJTIOUCH ToNbKO S-0emok SARS-CoV-2. [Ipencrasinser-
csi Oojee MEepCIEeKTUBHBIM pa3padaThiBaTh BAKIIMHBI Ha
OCHOBE 4 CTPYKTYpHBIX O€JIKOB KOPOHaBUpYCa JUIS MU~
tanuu BupruoHa SARS-CoV-2.

SARS-CoV-2 otaocutcs k poxny [-Coronavirus ce-
metictBa Coronaviridae nopsinka Nidovirales [9]. T'enom
SARS-CoV-2 mpeacrasnen PHK mnonoxutenbHON T10-
JSPHOCTH JUIMHOM 0K0JI0 30 ThIC. HYKJIEOTHIOB U UMEET
npuMepHo 82% WAEHTUYHOCTH TOCIIEA0BaTeIbHOCTEH
¢ SARS-CoV u MERS-CoV u 0Oonee 90% wnaeHTHY-
HOCTH TIOCJIEJOBAaTEIbHOCTEH OCHOBHBIX (PEepMEHTOB
U CTPYKTypHbIX OenkoB. Bupmon SARS-CoV-2 cocto-
UT U3 4 CTPYKTYPHBIX OEIIKOB, KOTOpPBIE BKIIOYAIOT Oell-
ku mumna (S), ooonouku (E), memOpanst (M) u HyKI€o-
karcuaa (N) [10, 11].

benok N ceaseiBaetcst ¢ PHK Bupyca, 06pasys pubony-
KJICOKATICH]I, HAXOSAIINIACS BHYTPH BUPYCHOW YaCTHIIBL.
Bbenox N — HanOosee KOHCEPBAaTUBHBIN OEIOK KOPOHABH-
pyca. benku E 1 M — 310 oTHOCHTETEHO HEOOMBITIHE OCI-
ku (75 aa u 222 aa COOTBETCTBEHHO ), COCTABIISIONIIE BH-
pycHy!o 060s0uKy. benok S cocraiser muM Ha MOBEpPX-
HOCTH BUpyca. DTOT OeNOK WrpaeT BaKHEHIIYI0 poib
B MaTOr€HE3€ BUpyca. Pelentop-cBs3bpIBAOIUN JOMEH
(Receptor binding domain, RBD) — gomen, Bxoasmuit
B COCTaB 3TOro Oellka, OTBEYaeT 3a CBA3bIBAHUE BHPYC-
HOM 4acCTHULBI U KJIETOYHOro perentopa. CuyuTaercs, 4yTo
aHTHUTENa, HEUTPAIM3YIOIINE BHUPYC, BHIPAOATHIBAIOTCS
MMEHHO MPOTHUB 3TOTO OelKa.

VLP conepxar 00nbIIoe KOJMYECTBO MOBTOPSFOIINX-
csi (parMEeHTOB BHPYCHBIX ITOBEPXHOCTHBIX OEJIKOB,
NPEACTABISIONINX c000# KOH(OPMAIMOHHBIE BHPYCHBIE
SMHTOIBI, KOTOPHIE CIIOCOOHBI BBI3BIBATH 1-KIETOUHBII
1 B-kneTouHeld UMMYHHBIM OTBeT. IIpn uMMyHH3anuu

OPUTUHAJbHbBIE NCCNEAOBAHUA

VLP cTuMynupyIoT ACHIPUTHBIEC KIETKH, KOTOPbIE 3aXBa-
THIBAIOT COOTBETCTBYIOIINE AHTUTCHBI IS TIPE3CHTAINN
T- u B-mumdoruram [12].

Texnonorus nmonmydeHus VLP mo3somseT npu HeoOXo-
JTUMOCTH OBICTPO MEHATH HX COCTaB, COTNIACHO TEKyIIeH
SMUAEMUYECKOW cUTyaluuu. Tak Kak HM3HayajdbHO T€H,
KOAMPYIOMINH OeOK KOpOHAaBHPYCa, HAXOAUTCS B BHIIE
JHK B ruia3sMuiHOM BEKTOpE, B €I0 [IOCIEI0BaTENbHOCTD
MO>KHO BHOCHUTH W3MEHECHUSI IIPH MTOMOIIU CalT-HAIIpaB-
JICHHOTO MyTareHe3a M TaKuM 00pa3oM KOPPEKTHPOBATh
aHTUTEHHBI COCTaB BaKIMHEI, oOecrieunBas oOpa3oBa-
HUE IIMPOKOTO CHEKTPa aHTUTEN MPOTHUB MaHIEMUYECKU
3HauYuMBIX BapuaHToB SARS-CoV-2.

Heawb uccnenoBanmst — pa3paboTaTh TEXHOJIOTHIO TO-
JMydeHus U oducTku VLP Ha ocHOBE peKOMOMHAHTHBIX
oenkoB E, M, N u S SARS-CoV-2, coOpaHHBIX B KJIETKax
HACEKOMBIX, U JaTh UX KOMIUIEKCHYIO XapaKTePUCTHUKY.

MaTepnanbl H METOAbI

Monekynapuo-anudemuonocuieckue uccied06anus

[locne KOMILIEKCHBIX JIHUIEMUOJOTHYECKUX HCCIIe-
TIOBaHUU IS ONPEICIICHUS aKTyalTbHBIX SMHACMHUYECKA
3HAYUMBIX IITAMMOB BHPYCOB MOAOMpPATN U ONTUMHU3U-
POBaJIM TOCJIENOBATEIBHOCTA T€HOB BUpYyca IS TOCe-
JIYIOIIETO KJIIOHUPOBAHUS B IOHOPHYIO IUTa3MHUY, a 3aTEM
B Oaxmuy [13].

Ilonyuenue pekomounanmHuvIx 6AKY108UPYCO8

Kopupytomue mocienoBareibHOCTH ObLTH MOTYYEHBI
CHUHTETHYECKUM IIyTeM, 4acTOTa HCIOJIh30BAHHS KOIO-
HOB OBLIa ONTUMHU3UPOBAHA JJIsl SKCIIPECCHU B KyIBTypE
KJICTOK HaceKOMBIX. [ co3maHus KaKIOM TeHeTHue-
CKOM KOHCTPYKIIUHM HCIOJIB30BAIN CHCTEMY IKCIIPECCHU
Bac-to-Bac. [{is momydenus 6akynoBupyca, SKCIIpeccu-
pytomiero 6eaku M, E, N u S akTyanbHBIX IITAMMOB KO-
poHaBHpyca, TpUMeHsUIH TpaHchepHbIi BekTop pFastBac
(moHOpPHYIO TUTA3MULY). [JlaHHBIH BEKTOP COAEPKHUT IKC-
MIPECCUOHHYIO KaCCETY, B KOTOPOii, IOMUMO KIIOHUPOBAH-
HBIX T€HOB, HAXOAATCS (MIaHKUPYFOIIUE TI0CIeA0BaTEeNb-
HOCTH TpaHcTo30Ha Tn7. PexomOnHaHTHas TpaHChepHas
TUIa3MU/Ia UCIIONIb3YeTCs JIsl TpaHchopMmanuu KIETOK
DH10Bac Escherichia coli, koTopbie comepxar MOTuGu-
[IUPOBAHHBIN OAKYIIOBUPYCHBIN TEHOM B BHIIE OaKMUIBI
U BEKTOP-TIOMOIIHUK, KOAMPYIOMIUH (hEepMEHT TpaHCIO-
3a3y. OTO0p pexomMOMHAHTHBIX KioHOB DH10Bac ocy-
MICCTBISUIN METOIOM IIBETHOTO TECTa. B BBIOpaHHBIX
KOJIOHHSIX OEJIOro I[BeTa MEePeHOC IKCIPECCHOHHOMN Kac-
ceThl B 0aKyJIOBHUPYCHBI T€HOM MOATBEPKAAIH METOJIOM
noiuMepasHoi nennor peakiun (I1LP) ¢ nmpaiimepamu,
OJIH M3 KOTOPBIX CIICU(PHYCH K KIIOHHPOBAHHOM TOCIIe-
JIOBaTeIbHOCTH, a JPYTOil — K TeHOMY OaKyJIoBHpYca.

Ilonyuenue u ouucmka VLP

Tpancheknuio  mepeBHBaeMON  JMHHM  KJIETOK
Spodoptera frugiperda Sf-21 npoBoguIN OYMIIEHHBIMU
npemaparamu 6akmunHoi JIHK, comepikariei koJoH-0I1-
TUMHU3HPOBAaHHBIE TOCIEIOBAaTEIbHOCTH T€HOB KOpOHA-
BUpYyCa, C HCIOJb30BAHHEM KAaTHOHHOTO JIUIIOCOMHOIO
arenra Cellfectin (Invitrogen, CIIIA), s kaxmo#W KOH-
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CTPYKIIMY UCIIOJB30BAJIH IO J[Ba KJIOHA (TIOCEBHAsi KOH-
neHTpanus kietok 5 x 10° ki/mn Ha 10 MK GakMUIb).
[locne Tpancheknuyu MPOBOOWIN €IIe JBa Maccaka Ha
knerkax Sf-9.

VLP momydanum MeTOIOM KOMH(EKIIMH — OXHOBpE-
MEHHOTO 3apa)KCHUs MEePEBUBACMON JIMHUU KIIETOK Ha-
cekoMbIX Trichoplusia ni (T.ni) pa3aHMYHBIMUA COYCTAHU-
SIMHA PEKOMOWHAHTHBIX OakynoBUpycoB. [lepeBnBaemyto
KyJBTYPY KJIETOK HAaCceKOMbIX T.ni KyJIbTUBUPOBAIU B Te-
YeHue 4 CyT Mocie 3apaKeHusl.

[Tocne KynBTUBHUPOBAaHUS KYTBTYPAIBHYIO >KHIKOCTH
(KX) ocBemsimm MeTOOOM HHU3KOCKOPOCTHOTO —IIEH-
TpudyrupoBaHus s 0CBOOOXKIEHHS OT KIIETOK U Kile-
touHoro aebpuca mpu 1000 o6/MUH B TeueHHWE 5 MHH
u npu 6000 06/MuH B TedeHne 20 MUH COOTBETCTBEHHO
(4 °C, potop Sorval SS34).

Jns BpIIENIEHUS M OYMCTKU CHUHTE3UpOBaHHbIX VLP
ocsemieHHyto KJK HacnmauBanu B ynbTpanieHTpU(yKHbIE
npoOupkwu Ha cioii 6 M 20% pacTBopa caxapo3sl (He J10-
MyCcKasi CMEeIINBAHN ), TPUTOTOBIIEHHOTO Ha Oyepe TNC
(10 MM Tris-HCI, 140 MM NaCl, 10 MM CaCl, pH 7,4).
Hentpudyruposanu B Teuenue 2 4 npu 28 000 o6/MuH
(mentpudyra Optima XE-100, porop SW 32Ti, Beckman
Coulter, +4 °C). Hamocamounyro KUAKOCTh YIS, 110~
JMy4eHHBIE OCaJIKu pecycneHaupoBann B Oydepe TNC
U XpaHuiu npu Temneparype 4 °C.

Xapaxmepucmuxa VLP

Onexmponnas  muxpockonusi. OuuuieHHsle VLP
B 00beMe 3 MK HaHOCHJIM Ha MEIHYIO CEeTKY, MOKPBI-
Tyto yreponHor nommoxkoi (Ted Pella, CIIIA) u 06-
paboTtanHyo B atMocdepe mieromero paspsga. MHKy-
6upoBanmu 30 c mpu KOMHATHOH Temmeparype. 3arem
HaHOCHWIIM Karumo 2% pacTBOpa alleTara ypaHa, HHKYOH-
poBanu 30 c. UccnenoBanre mpou3BOAMIN B MPOCBEYH-
BaromeM AekTponHoM Mukpockone JEOL 2100 (JEOL,
Snonus), oOOpPYAOBaHHOM KaTOIOM W3 TeKcabopHTa
JIaHTaHa, MpH yckopsitouieM HampsbkeHud 200 kB. HM3o-
OpakeHMd mony4anu ¢ ysenumueHueM x25 000 c¢ momo-
mpto [13C-kamepsr Gatan X100 ¢ pasmepoMm MaTpu-
el 2000 x 2000 nukceneit (Gatan, CILIA).

Duzuueckue pazmepvr VLP. Ousnueckuii pasmep U ox-
HOPOJHOCTH pacnpeneneHuss VLP B ouniieHHOM cycIieH-
3WH OIIPEEISUIN METOJIOM TNMHAMHUYECKOTO CBETOpacces-
HUs Ha ycTaHoBke Malvern Zeta Sizer NANO.

Onpeodenenue xonyenmpayuu oOenrxa. KOHICHTpaIHIO
oOrmrero 6enka B TOTOBBIX OYMIICHHBIX Ipenaparax VLP
OTIpeIeNIsUIM C TIOMOIIBbI0 KoMMepueckoro Habopa BCA
Protein Assay Kit (Thermo, CIIIA).

Becmepu-6nom. Ananuz cTpykTypHBIX OeiakoB VLP
MPOBOAMJIN METOAOM 3JeKkTpodope3a B 12% monu-
aKpWIAMUIHOM Telle C JOACHHICYIb(GaToM HaTpHs
(ITAAT-ICH) no metomy Laemmli (1970) na mpu6o-
pe Mini-PROTEAN II (Bio-Rad, CIIA) cornmacHo uH-
CTpyKIMu mpousBoauTens. llocie mpoBeneHus siek-
Tpodope3a OENKH MEepeHOCHIIN Ha HUTPOLEILIIONO3HYIO
MeMmOpany (0,45 mxwm, Schleicher & Schuell, I'epmanns)
B MuHHU-s4elike Mini Trans-Blot (Bio-Rad, cat. Ne 170-
3930) comracHO METOAMKE MPOU3BOMUTEISA. MeMOpaHEI
MHKYOMPOBAJIN C MOJOKUTEIBFHBIMU CHIBOPOTKAMHU KPO-
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BH Jiutl, iepedoneBmux COVID-19, u orpuriarebHBIMU
CBIBOPOTKaMH, TOJy4eHHBIMHU 3a 20 JeT 10 HaHJeMHH,
B pasBeaeHuu 1 : 50. AHTuTena, ImpoB3aMMOJECHCTBO-
BaBIKe ¢ Oenkamu u3 VLP, Ha MmemOpaHe nHKyOHMpoOBa-
nu ¢ antutenamu K IgG yenoBeka, KOHbIOTHPOBAHHBIMU
¢ nepoxcuaasoit xpena («Copbent», Poccust) B passene-
Huu 1 : 200, 1 mocse UHKyOaIuu TPOSBIISUIM C UCTIONb-
3oBanueM Super Signal West Femto Maximum (Thermo
Scientific, CILIA) B COOTBETCTBHH C HMPOTOKOJIOM IIPO-
u3BonuTensd. J[is AeTekuMu CcurHaia XeMHJIIOMUHEC-
[EHIMH Ha MeMOpaHe SKCIIOHWPOBAIN 3eJIEHOTYBCTBHU-
TEJIBHYIO PEHTI€HOBCKYIO (poToruieHky (cat. Nel26041,
Carestream, CIIIA). IIneHky mposiBISUIA ¢ UCIIOIB30Ba-
HUeM mposiBuTenst u uxcaxa pupmer «BUIIC-ME]»
(Poccus) cormacHo MeToAuKe (pUPMBI-TIPOU3BOIUTEIIS.

Peaxyua mnetimpanuzayuu c cvieopomkamu Kpoeu
auy, nepenecuwux COVID-19. Knerku Vero E6 3apaxa-
mu SARS-CoV-2, mpu MNOSBIEHWH IHMTONATUYECKOTO
neiictBust Bupyca (LII1JI) ¢makoH 3amMopakuBaiM, OT-
tauBanmu, KX nenrpudyruposamu mpu 3000 06/muH,
AMMKBOTUPOBAIH M 3aMOpaXKUBalIH. TUTp BHpyca ompe-
JIEJISIIM METO/IOM KOHEUHBIX pa3BeaeHui, misa yero KK
00aBIsUTM K MOHOCIOIO KieTok Vero E6 B pa3BeneHmIx
ot 107" no 10°%. Turpom Bupyca CUMTaIH IIOCICIHEE pa3-
BeZicHue, rie ooHapyxwuBanochk LI/, Iatunecsrumnpo-
[EHTHYI0 TKAHEBYIO NHUTOMATHYECKYI0 WH(EKIHOHHYIO
03y (TL[I/IIISO) paccuuTbiBanu no metony Puga u Men-
ya. [Ipu moctaHoBke peakiuu Hetpanuzanuu (PH) uc-
nonib3oBanu pazseaenune KK, cogepxamee 100 TIIAJL
B 100 MKJI.

W3 chIBOPOTOK KpOBH JIMIl, NEPEHECUIMX KOpO-
HABUPYCHYIO  WH(EKINIO, TOTOBWJIM  pa3BEedCHUS
or1:10 o 1:1280 u BHOCHIM 1o 100 MK B TyHKH 96-1TY-
HO4YHOTO TuiaHmera. K pa3BeneHnsM CBIBOPOTOK JO0AaBIIs-
mu o 100 MK BEpyCcomepIKaleil CyCrieH3un U HHKYOH-
poBanu cmech B Tedenue 1 u npu 37 °C. 3arem cMmech me-
peHocud B 96-TyHOUHBIH IJIAHIIET C MOHOCIOEM KIIETOK
Vero E6. Uepes 72 4 peakluio yUUTBIBAIN, IPOCMATPUBAs
JTYHKH TUTAQHIIETa B MUKPOCKOI. ECIii B CHIBOPOTKE KPOBU
MIPUCYTCTBYIOT HEUTPAIU3YIOIME BUPYC aHTUTENA, BUPYC
He Oymer BeBBIBarh LII1]] kimetox. TuTpoMm CBIBOPOTKH
KPOBH (TIOCTIETHUM HEUTPATU3YIOIIUM Pa3BeICHUEM) CUH-
TaJM pa3Be/ieHne, IpHu KoTopoM obecrieunBaetcs 100% 3a-
mmTa KIeTok (orcyreryet LITLT).

Cneyuguueckas axmugrocmo. WAEHTUYHOCTH aH-
TUreHoB B VLP anTnreHam B BHpPYCHOW 4acTHIie
SARS-CoV-2 onieHnBany ¢ IOMOIIbI0 HMMYHO(QEPMEHT-
Horo ananms3a (MPA) mo B3aMMONEHCTBUIO C aHTHUTENA-
MU kK SARS-CoV-2 B CHIBOpOTKax JIHII, MEepeOOICBIINX
COVID-19, oxapakrepuzoBanHbix paHee B PH. B mynku
tanmera copouposanu VLP B teuenne 18 1 npu 4 °C.
3areM B JIyHKH ¢ cOpOMpoBaHHBIME VLP BHOCHIIH CBIBO-
POTKH 3IOPOBBIX JIUII (OTPUIATENBHBIN KOHTPOJIB) U JIHII,
nepenecmux COVID-19, B pa3zsenenuu 1 : 100, nuaky6u-
poBanu 1 1 ipu 37 °C. 3areM no6assum anturena k IgG
YeNl0BeKa, KOHBIOTMPOBAHHBIE C IEPOKCHIA301 XpeHa.
(Sigma, CHIA). ITocne maKyOammu B TeueHHe 15 MuH
(20-25 °C) ocranasnmmBamu peakuuo 1 M H,SO,. Un-
TEHCHBHOCTh OKPAacKH B JIYHKaxX OMpPEAESUTA Ha CIIEK-
TpodoTOMETpe MpH ATUHE BOTHBI 450 HM.
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YpoBenb cunTe3a VLP olleHMBa N MO0 KOTWYECTBEH-
HOoMYy cozepxanuto RBD Genka S metomom DA, B xaue-
CTBE «33aXBaTHIBAIOIINX» U JICTEKTUPYIOMINX aHTUTEIN HC-
MOJIB30BAIM MOHOKJIOHANBHBIE aHTuTena (MKA) k RBD,
MOJTy4eHHBIE ¥ OXapaKTepU30BaHHBIE paHee B J1adopaTo-
puu. JIyHKM IMMYHOJIOTHYECKHX TUIAHIIETOB COPOMPO-
Bag MKA B konrenrparuu 10 MKr/mi B TedeHue 18 g
nipu 4 °C. 3areM BHOCHIN pekoMOuHAaHTHBIH RBD B k0OH-
nenTpanusx 15,6; 31,25; 62,5; 125; 250; 500; 1000 =r/
MJI 17151 HOCTPOCHUS KaTuOPOBOUHOM KPUBOH U UCCIENy-
embie 00pasnbl VLP B passenenuu 1 : 200—1 : 400. ITocne
nHKyOanny B Tedenue 1 9 npu 37 °C 100aBIsIH mepoKcH-
nasuelii KoubroraT MKA u nnkyouposanu 1 g mpu 37 °C.
3areM BHOCWJIM XPOMOI'€H-CyOCTpaTHYl0 CMech C TeTpa-
metmwnoensuanaoM  («Xemay, Poccus). MukyOuposa-
mu 15 mun (20-25 °C), ocraHaBnmuBaiu peakmuio 1 M
H,SO,. NHTEHCUBHOCTh OKPACKU B JIyHKaX ONPEIEIISIIH
Ha criekTpodoTomeTpe npu JutnHe BoHB! 450 HM. Komm-
yecTBEHHOE cojep:kanue VLP Boipaxanu B KOHIIEHTpa-
nuu RBD, KOTOpYIO BBIYMCIIIN 1O BEJIMYHMHE ONTHYE-
CKOU TUIOTHOCTH, WCIIONB3YS KaTHOPOBOYHYIO KPHBYIO,
o cieayroiei Gpopmyoe:

CRBD - (A450/ k) xn,

rae: k — yroi HakiIoHa KaTuOpOBOYHON KPHUBOIA;

7 — KPaTHOCTh pa3BeACHUs UccieayeMoii mpoosl VLP.

Hmmynozennocms VLP

Jns omenkn mmmyHoreHHoctu VLP wmzywamn ¢op-
MupoBaHue rymopanbHoro (PH u menpsmoit MDA, kax
OTIMCAHO BHINIE) M KIETOYHOTO MMMYHHOTO OTBeTa (pe-
akuus Omactrpancopmanuu auMmdonutos, PETJI) mo-
cne 3-KpaTHOM HMMYHHU3allMU 30JO0THCTBIX XOMSKOB
(Mesocricetus auratus) Tipu BHYTPUMBIIICYHOM BBEIE-
Huu VLP B xoHnertpanuu 40 MKT Ha )KUBOTHOE.

Peakuyusa onacmmpancghopmayuu aumgpoyumos

Bce MaHUNyNALMN BRIOIHSUIA B CTEPUIBHBIX YCIOBH-
saX. Y XOMSKOB HM3BJICKAIIN CEJIE3CHKU U TOMOTEHU3HPO-
Banu B 3 Mi unctoi cpensl RPMI-1640 B crepunbHOM
romorenu3zarope. CyCleH3UI0 KJIETOK IeHTpU(yrupo-
BaJM HA OJHOCTYIICHYATOM TPaJHMEHTE IUIOTHOCTH (U-
romur-naka (HistoPaque-1077, Sigma, CIIA), Beinesiiu
(pakLu0 MOHOHYKJICAPHBIX KJIETOK, OTMBIBAIH JBAXKIBI
B uncroit cpeae RPMI-1640 u nomemanu B 96-1yHou-
HBIE KyJIbTypajbHbIE MaHeIn ¢ KoHUeHTpanued 10° kie-
ToK B 100 MK B JIyHKY. AHTUTE€HBI-CTUMYJIATOPHI J0-
Oapmsuich o 100 MKJT B JIYHKY K KJIETKaM JI0 KOHEYHBIX
KOHUEHTpaluil. B kauecTBe MoI0KUTENTbHOTO KOHTPOJIA
CIIy>KUJIM CIUICHOLIUTHI, aKTHUBUPOBAaHHBIE KOHKaHABAIH-
HOM A (KoHA 12,5 mr, «[TanDko», Poccus). B xauectse
OTPUIIATEIBHBIX KOHTPOJIEH UCITONB30BANIN: CIUICHOIUTEI
U3 CEJIE36HOK HEMMMYHH3UPOBAaHHBIX XOMSKOB; CILICHO-
OUTHI 0€3 CTUMYJISINK aHTUTCHAMH, a TAK)KE CIUICHOIIH-
THI, CTUMYJIHPOBAHHbIC HECTENU(YUICCKAM AHTUTCHOM
(Bupyc Kpoimckoit-Konro remopparuueckoil Tuxopaiku,
Crimean-Congo hemorrhagic fever). KneTku KyJIbTHBH-
poBanu B momHOpocTOBOM cpene RPMI-1640, ¢ 20% M-
OpUOHALHOW TENAYbCH CBIBOPOTKOH, 2 MM IIyTaMmu-
Ha, 4,5 /11 r1oKo3k1, 50 MKr/mi renramunmia, 0,2 en/mi
uncymuna npu 37 °C B atmochepe 5% CO,. Ipomude-

OPUTUHAJbHbBIE NCCNEAOBAHUA

palrIo CIJICHOIIUTOB OLIEHUBAJIH B PEAKIMH OacTTpaHc-
dopmarm yepe3 4-5 CyT ¢ TIOMOIIBI0 WHBEPTUPOBAH-
Horo Mukpockona (x400). Pesynsrarst PBTJI Beipaxkanu
B BUAC WHACKca cTuMyisaiuu npomudeparwm (MCIT) —
OTHOULICHUSI CPEIHEro 4uciia OJacToB B TPUCYTCTBUHU
CTUMYIIATOPOB K CPETHEMY YHCITy OJIACTOB B OTCYTCTBHE
CTUMYNATOPOB. [1070KUTENBHBIM CUUTATIH PE3YIBTAT, €C-
su VICII npeBeiaer 2.

O1eHKy TYMOPaJIEHOTO IMMYHHOTO OTBETa IIPOBOIIIIN
Metonamu Hernpsimoro MDA u PH ¢ ceiBopoTkamu XoMs-
KOB mociie 2-i u 3-i umMmyHu3auuu. OUeHKy KJIETOYHOIO
ummyHnurera (PBTJI) nposonwm nocne 1-it u 2-it ummy-
HU3aLUU.

Cmamucmuueckasa 00padomka pezyibmamos

CrarucTuyeckytro 00pabOTKy TOJNyY4eHHBIX JaH-
HBIX TPOBOAMIM C  HCIIOJNB30BAaHHEM  IPOTPaMM
Prizm Graphpad 8.4.3 (Graph Pad Software, CILIA)
u Statistica 12.6 (Stat Soft Inc., CIIIA). Pe3ynsrats! cuun-
TaJld CTaTUCTUYECKU JOCTOBEpHBIMHU 1ipH p < 0,05.

Pe3yabTarbl

Monekynapno-anudemuonocuieckue uccied06anus
U noy4eHue peKoOMOUHAHMHBIX OAKY108UPYCO8

B pesynbprare mpoBEACHHBIX MOJEKYISPHO-3MUIEMHU-
oJioruueckux wucciegoBanuil [13] mns momydenus pe-
KOMOWHAHTHBIX OCITKOB KaK aHTHUICHOB BAaKIIMHBI OBLIN
BBEIOpaHBI TeHBI S-0eka 4 akTyaJbHBIX IITAMMOB, HaW-
Oonee pacmpocTpaneHHBIX B Poccwmiickoit deneparuu
u EBpome — momoOHbINl Bupycy VYxawb, Delta, Alpha
u Omicron u reHbl 0enkoB E, M u N SARS-CoV-2. BeI-
OpaHHBIE AMHHOKHCIIOTHBIE TOCIIEAOBATEIFHOCTH OBLITN

Puc. 1. BcTaBku reHOB COOTBETCTBYIOIIETO pa3Mepa B PEKOMOHU-
HAHTHBIX 0aKyJIOBUpYcax, Moay4deHHsbIe B pe3yasrare [IL[P.

1 — nuarHocTryeckuii pparment rena 6enka S (597 m.H.); 2 — MapKep MOJIEKy-
JIIPHBIX Macc; 3 — BCTaBKa, cojiepkaiiias red oeska M (768 1.H.); 4 — BCTaBKa,
coznepxarnas red 6enka N (1359 n.H.); 5 — BcTaBka, comepikaiias reH oenka E
(327 n.u.).
Fig. 1. Gene inserts of the appropriate size in recombinant baculovi-
ruses obtained as a result of PCR.
1 — diagnostic fragment of the S protein gene (597 bp); 2 — marker of mo-
lecular weights; 3 — insert containing the M protein gene (768 bp); 4 — insert
containing the N protein gene (1359 bp); 5 — an insert containing the E protein
gene (327 bp).
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ONITUMH3UPOBAHBI Il HAPAOOTKH B KJIETKaX HACEKOMBIX
1 KJIOHHPOBaHHBI B TpaHc(epHbid BekTop pFastBacDual.
[Nomyunnu pexoMOMHAHTHBIE OaKyJIOBHPYCHI, HECyIlne
TeHBI Oeska S 4 pa3HBIX MITaMMOB, a Takxe 0enkoB E, M
n N SARS-CoV-2. Hanuune BCTaBOK T€HOB B PEKOMOH-
HaHTHBIX OaKyJIOBHpycax OBLIO MOATBEPKICHO METOIOM
[P (puc. 1).

Jlist onrruMu3aIuy ycmoBuii monydenus 6enkoB SARS-
CoV-2 611 HCIIONB30BaH 3-H MaccaX PeKOMOMHAHTHBIX
0aKyJIOBUPYCOB, KOTOPBIM 3apa’kajd IEpEBUBACMYIO
KYIBTypy KJIETOK HaceKOMBIX T.ni. OIEeHKY HaKOTUICHUS
L[EJIEBBIX MPOAYKTOB BBIMOIHSAIM HPH MOMOIIH 3JIEKTPO-
¢dope3a B MONHAKPHIAMHIHOM Tejle, a TaK)Ke METOAOM
HN®A, B xoTOpOM B Ka4eCTBE Marepuaja JUisl UCCIEN0-
BaHMs MWCIOJNB30BAIN JIM3aT KJIETOK HACEKOMBIX, HH-
(UIMPOBAaHHBIX PEKOMOWHAHTHBIMU OaKyJIOBHpYCaAMH
B pa3HBIX J103aX, C Y4E€TOM IUTEIHHOCTH HWHKyOamuu
(2-5 cyT nocne 3apaxeHus KJIETOK). B kauecTBe 1eTeKTu-
pyromux aHTuTen ucrnonb3oBaan MKA k RBD S-6enka
SARS-CoV-2. B pesynsrare nmpoBefieHHON pabOTHI ObLIH
YCTAHOBJIEHbI ONTHUMAJIbHbIE KJIOHBI JUIS Ka)KIOW KOH-
CTPYKLUH, a TaKKe AJUTEIbHOCTh WHKYOAllUU KYNBTY-
PBl KJIETOK HACEKOMBIX, MH()HIMPOBAHHBIX Pa3INIHBI-
MH pPeKOMOMHAHTHBIMH OakynoBupycamu. IlomydeHHbie
JTaHHBIe OBUTH WCIOJIB30BaHbI NIPU MPOBEJICHUH OIIBITOB,
HaIpaBJICHHBIX HA ONTHMHU3AIHIO ITapaMeTPOB KOMH(DEK-
UM — OJHOBPEMEHHOI0 3apa)KeHHs NEepPEeBHBACMOM JH-
HUM KJIETOK HaceKoMbIX T.ni pa3IMYHBIMH COYETAHHSIMHU
PEeKOMOMHAHTHBIX OakynoBupycoB. Ha 1-m atame pexom-
OMHaHTHBIE OaKyJIOBHUPYCHI MCIOJB30BAIM B OIMHAKO-
Boil no3e sapaxenus (0,02 TIJL, ). B pesynbrare Obuiun
CKOHCTpyupoBaHbl 4 pasznuunble VLP, comepxaiiue Ha
cBoeil moBepxHocTH pasHble S-6enku SARS-CoV-2: Ha
MOBEPXHOCTH KaXIOW YaCTHIIBI ObLT OAHMH MX 4 S-0enKoB
aKTyaJbHBIX KJIAHI0B, a Taoke 0emku E, M u N, 9o O5I-
JI0 TOATBEPKACHO METOJOM UMMYHOOIOTTHHTA (PHC. 2).

Takum 00pa3oM, ¢ HCIOJNB30BAHUEM BECTEPH-OIOTA
OBUTO JTOKAa3aHO, YTO YYHTHIBAEMBIE OEIIKOBBIE ITOJIOCHI
B oOpasnax pekoMOMHaHTHBIX OeinkoB VLP sBmstoTcs

ala

CHCIM(PUUSCKUMA M COOTBETCTBYIOT craiikoBomy (S)
[JIMKOTIPOTEHHY, TIIMKONPOTenHY Majoi oboiouku (E),
MeMOpaHHOMY (M) INIMKONIPOTENHY U HYKJIEOKAIICHUIHO-
My (N) Genky.

Xapaxkmepucmuka ouuwiennvix npenapamos VLP

Mopdomnoruro, Gpusnueckuii pasmMep U OTHOPOAHOCTD
pactpenenenus ouuuleHHbIXx VLP onpenensui ¢ mo-
MOILBIO 3IEKTPOHHONH MUKPOCKOIIUH, a TAKXKE METOJOM
JMHAMHYECKOTO CBETOpaccessHus Ha ycraHoBke Malvern
Zeta Sizer NANO (puc. 3).

CrierupUIHOCTH ¥ YpPOBEHb CHHTE3a OYHMIEHHBIX VLP
OLIEHMBAJIM 10 KOHILIEHTPAIMU OO0IIero Oeika W Mo KOH-
nentparmn RBD Genka S. Ilomyuennsie VLP cuura-
M cnenuuYecku aKTUBHBIMM Ipu coxepxkanun RBD
Oonpie 5 MKr/Mi1. VIcXons U3 TaHHBIX 3JICKTPOHHON MU-
Kpockomuy, eciu 6omee 90% nomyuenusix VLP cobpanbt
MIPaBUJIBHO U HE Pa3pyIIeHBbl, TO KOHIIEHTPAIMIO 00IIero
Oenka B OUYMINEHHBIX Tpemnapatax VLP MoxHO NpUHATH
3a koHueHTpauu VLP. B Ta6a. 1 npeacrasiieHsl cpea-
HUe 3Ha4deHus copepkanus VLP, momydennsie u3 1 1 KK.

HUmmynocneyugpuunocmo VLP c ucnonvioeanuem
Cbl8OPOMOK KPOBU 300P06bIX J1I00€ll U J1i00ell,
nepebonesuiux Hoeoli KOPOHAGUPYCHOU UNGeKyUuell

CuHTe3upoBaHHble U ouuniieHHble VLP umutupyror
cTpykTypy BupHoHa SARS-CoV-2, mpu 3TOM aHTHTEH-
HbI€ JICTEPMHUHAHTBHl MPEACTaBICHbl AHAJIOTMYHO TaKO-
BbIM Y SARS-CoV-2. Pe3ynbpTrarhl HCCIEI0BAHUS UMMY-
HocTIeU(pUIHOCTH (pHC. 4) C CBIBOPOTKAMHU KPOBH JIHII,
nepebonemmx COVID-19, cBUAETENLCTBYIOT O CIICIU-
¢uaHOCTH TONTy4eHHBIX VLP.

Takum o6pazom, momyuernsie VLP addextuBrO «y3-
HAIOTCS» CHEeUU(PUIECKUMH aHTHTEIaMU U3 CHIBOPOTOK
kposu i, nepeHecmmx COVID-19. [Ipu stom Habmro-
JlaeTcsl KOPPENsAus MEXIy TUTPOM B PEaKkIUu HeWTpa-
JU3AIHMA U ONTUYECKON MIIOTHOCThIO Ipu DA, uto no-
Ka3bIBaeT HANMYHE CIIEIM(PUIECKH B3aNMO/ISHCTBYIOIINX
anTuren ¢ VLP.

o/b

Puc. 2. BectepH-6110T pekoMOMHAHTHBIX OekoB VLP mociie 06paboTKu MOI0KUTENbHOM (@) U OTPHUIIATEIBHOM CBIBOPOTKOI (6).

Jopoxku: 1 — orpunarenbHbiid KOHTpodb (kietku T.ni); 2 — N; 3 —M; 4 — E; 5 — S (mogo0uslit Bupycy Yxans), 6 — S (Omicron); 7 — S (Delta); 8 — S (Alpha);
9 — monoxutenbHsI KoHTpoIb (SARS-CoV-2).
Fig. 2. Western blot of recombinant VLP proteins after treatment with positive () and negative serum (b).
Tracks: 1 —negative control (cells T.ni); 2—N; 3 —M; 4 —E; 5 — S (Wuhan-like virus); 6 — S (Omicron); 7 — S (Delta); 8 — S (Alpha); 9 — positive control (SARS-CoV-2).
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ala o/b

Puc. 3. Mopdonorus u pusnueckue pasmMepbl O4uieHHBIX VLP.
a — 3nekTpoHHas MuUKpockormst VLP; 6 — rucrorpamma pacnpenenenus VLP no pasmepy.
Fig. 3. Morphology and physical dimensions of purified VLPs.
a — electron microscopy of VLP; b — histogram of VLP size distribution.

Ta6muna 1. DddexruBHOCTS cuHTe3a VLP, coneprxamux S-6enok 4 mTaMMoB KOPOHABUPYca: IIONOOHEI BUpycy YxaHb, Delta, Alpha u Omicron
Table 1. Efficiency of VLP synthesis of 4 coronavirus strains containing S protein: similar to the Wuhan-like virus, Delta, Alpha and Omicron

Coneprxanue o61ero 6enka B ounnieHHbIXx VLP, momyuennsix u3 1 1 KK, mr (n = 10)

VLP SARS-CoV-2 Total protein content in purified VLPs obtained from 1 liter of culture fluid, mg (r» = 10)

goilc;gﬂmﬁ Bupycy Yxanb / Wuhan-like virus 56+1.9
Bld:tall) 59417
é,llihfl) 62412
8‘11%"“ 55419

Puc. 4. Pesynbrare! uccnenosanust ummyHocnenuduasoctu VLP B UDA ¢ cbiBOpoTKaMu KPOBH JIHL], OXapakTepu3oBaHHbIX B PH.
ITo ocu abermce npeacTaBiIeHbl CHIBOPOTKU KPOBH, OXapakTepr3oBaHHbie B PH; 1o ocu opuHaT — onTiyeckast IIOTHOCTb MPH JUIMHE BOIHBI 450 HM, 1ereHaa —
VLP B xoHuenrpanusx 8, 2, 0,5 n 0,125 Mkr/myHky: otp 1 — cbIBopoTka, oTpuuarensHas B PH; otp 2 — ceiBopoTka, oTpunatensHas B PH, B3stas 6onee 20 ner
Hazaz; 1 : 320 — ceiBOpoTKa, monoxkutensHas B PH, tutp 1 : 320; 1 : 160 — ceiBopoTka, nonoxurensHas B PH, tutp 1 : 160; 1 : 80 — cbIBOpOTKA, MOJIOKHUTEIBbHAS
B PH, Tutp 1 : 80.
Fig. 4. Results of a study of the immune specificity of VLP in ELISA with human sera characterized by NT.
The X-axis shows human sera characterized in NT; the Y-axis shows optical density at a wavelength of 450 nm, legend — VLP at concentrations of 8, 2, 0.5
and 0.125 micrograms/well: otp 1 — serum negative in NT; otp 2 — serum negative in NT collected more than 20 years ago; 1 : 320 — serum positive in NT,
titer 1 : 320; 1 : 160 —serum positive in NT, titer 1 : 160; 1 : 80 — serum positive in NT, titer 1 : 80.
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Tadauua 2. Pesynsrarsl Hanmuuus cnenuduueckux 1gG, Helitpanusyromux antuten u VICIT B CBIBOPOTKE KPOBH U KPOBH 30JIOTHCTBIX XOMSYKOB,
MMMYHH3UPOBaHHBIX BHYTpUMBIeyHo VLP B konnentpanuu 40 Mxr/nosa, M + SEM

Table 2. Results of the presence of specific IgG, neutralizing antibodies and LPAs in the serum and blood of golden hamsters immunized intramuscu-

larly with VLP at a concentration of 40 ng /dose, M + SEM

NmmyHu3anus HcCIt NmmyHun3zanus PH, 006p.3H. U®A, onr.m. N®A, 06p.3H. TuTpa ELISA,
Immunization LPA Immunization NT, val. ELISA, opt.dens. Reciprocal titer value

1 0,4+0,01 2 340+ 173 1,094 + 0,26 12,800

2 8,9+091* 3 1280 + 0* 1,613 + 0,01 12,800

Ilpumeuanue. * — 3HaUCHUS, JOCTOBEPHO OTIIMYAIOIINECS OT 3HAUCHHMS Mpeabayel BakunHauuu (p < 0,05).

Note. * — values significantly different from the value of the previous immunization (p < 0.05).

Hmmynozennocmo VLP

Jlst oneHKH uMMyHOTeHHOCTH VLP m3yyann dhopmu-
posanne rymopansHoro (PH u U®DA) nocne 2-i u 3-it
MMMyHHM3allMd U kjetouHoro ummynurera (PBTJI) mo-
cie 1-i u 2- UMMyHM3allUU 30JIOTUCTBIX XOMSKOB
(Mesocricetus auratus) TIpu BHYTPHMBIIIETHOM BBeJe-
Hun VLP B xonnenrpamuu 40 mkr/mosza. C MOMOIIbIO
KOMILIEKCa METOIOB OBLTH TOTyYeHBI pe3ybTaThl, Ipe/-
CTaBJICHHBIE B BHJIE CPE/THETO 3HAYCHNS U CPETHEKBaIpa-
THYECKOTO OTKIIOHeHUs (M £ SEM) B Ta0J1. 2.

[loxazano, 4to mIst POPMUPOBAHUS KIETOYHOTO HM-
MYHHUTETa JOCTaToYHa ABYKpaTHas uMMmyHu3amus. Ilo-
cie 2-i MMMYyHHM3AaIlMd MPOUCXOOUT CTATHCTUYECKU
3Hauumoe, noutu 20-kpatHoe yBenuuenue WCII (8,9
+ 0,91) o cpaBuenuto ¢ 1-it mmmynm3armeit (0,4 + 0,01)
(p < 0,05). Ilpu ucciaenoBaHUU TYMOPAIEHOTO UMMYHHU-
TeTa YCTaHOBJIEHO, YTO CIIEUU(pHUECKUE BUPYCHEHUTpa-
mm3ytomue anturena IgG oOHapyxwuBatoTcs mocie 2-i
u 3-if uMMyHHU3anuu xoMskoB. IIpu stom yposens IgG
HE MEHAETCS B 3aBUCUMOCTHU OT KOJMYECTBa UMMYHHU3a-
nui (onTudeckas rmioTHocTh: 1,094 +£0,26 1 1,613 +0,01
mocine 2- U 3-ii UMMyHHM3allMM COOTBETCTBEHHO) (p
>0,05). ITpu 3TOM O0TMEUaeTcs JOCTOBEPHOE yBEIMUEHUE
BUPYCHEUTPAIU3YIOIUX aHTUTEN Mocie 3-ii UMMYyHU3a-
LIUU TIOYTH B 4 paza 1o cpaBHEHUIO CO 2-i UMMYHHU3ALIU-
et (00p.3H. 1280 + 0 u 340 & 173 mocne 2-it u 3-i uMMy-
HU3aUU COOTBETCTBEHHO) (p < 0,05). Takum oOpazom,
MOTyYeHHBIE PEe3YNIbTaThl CBUAETEIBCTBYIOT O (pOpMHUPO-
BaHHH CIIe(PUIECKOTO T'yMOPaIBFHOTO M KIIETOYHOTO OT-
BETa y BCEX MCCIEAYEMBIX MMMYHH3HPOBAHHBIX XOMSIKOB
B OTBET Ha BHYTPUMBIIIEYHOE BBeeHHEe VLP B KOHIIEH-
tparuu 40 MKI/mo3a.

Oo6cyxnenue

[MTanpemus COVID-19 mpuBena Kk cepbe3HbIM IKOHO-
MHYECKUM U COITHATEHBIM ITOCIICIACTBHSIM BO BCEM MHpE.
C camoro Havana xopoHaBupyc SARS-CoV-2, Bo30ynu-
tens COVID-19, mOCTOSHHO MEHSUICA W TPOAOJIKAET
IBOJIONMOHNPOBATH JI0 HACTOsIIEro Bpemenu. Ha ceroa-
HSIIHUI JIEHb B Pa3HBIX PETHOHAX MHpPA 3apETUCTPUPO-
BaHO MHOXecTBO reHoBapuanToB SARS-CoV-2. Cymie-
CTBYIOT CEpbE3HbIE OIaceHHs MO BOMpocy 3PQeKTHB-
HOCTH UMCIOIIUXCSI BAaKIMH MPOTHUB HOBBIX BapHaHTOB
Bupyca. C y4eToM BHIIIECKa3aHHOTO, KpaiHe aKTyaJIbHON
ocTaetcs mpobiiemMa pa3paboTKu HOBBIX BaKIIMHHEIX TIpe-
MaparoB, KOTOPbIE HE TOJBKO BBI3BIBAIOT 3(PHEKTUBHBIN
MMMYHHBII OTBET, HO ¥ HHAYIUPYIOT NIEPEKPECTHO-Peak-
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TUBHBII HIMMYHHUTET, 00€CIIeYrBasi 3aIUTy OT HOBBIX Ba-
puanTtoB SARS-CoV-2 [14]. Pesynbrarsl nccienoBaHus
uupkyaupytomux B EBporne u B Poccuiickoit @enepanuun
YHUKaIbHBIX TeHoBapuaHToB SARS-CoV-2 mnokazanu,
KaKkie aHTHTeHHBIC IEeTEePMHHAHTHI HEOOXOOUMO Y4H-
TBIBaTh IPW pa3pabOTKe BaKIMHHOTO Tpemapara. bein
MPOBENICH aHaIu3 M3MEeHYHUBOCTH TeHoma SARS-CoV-2
B npouecce pacnpoctpanenuss COVID-19.

B nacrosmeit padore momyuensr VLP, umutupyromnme
BupnoH SARS-CoV-2, coxepxamue 4 CTPYKTYPHBIX
oenxa — E, M, N u S SARS-CoV-2. IIpu 3ToM moBepx-
HOCTHBIE JETEPMHUHAHTHI MPEACTABICHBI S-OenKaMu ak-
TyaJIbHBIX KJIAWJIOB — MOAOOHBIN mTamMMy YxaHb (19A),
unnmiickuii (Delta), 6puranckuii (Alpha) m Omicron.
Takum 00pa3oM, BakIMHA HA OCHOBE TOJydeHHbIX VLP
obecrnieunBaeT 00pa30BaHUE aHTUTEI IIUPOKOTO CIIEKTpa
¥ TTO3BOJIUT MPEJOTBPATHTH HH(EKIIHIO, BHI3BAaHHYIO pas-
HeIMH mTaMmamMu SARS-CoV-2, a Taxoke GpopMupoBarh
VMMYHHBIM OTBET, aHAJIOTUYHBIN TOMY, KOTOPBIA HHIY-
[UpyeTCs IPU ecTecTBeHHON nHbpekuu [15]. Becombim
npeuMyinectsoM VLP-BakiMH sBIsieTcs OTCYTCTBHE Te-
HETHYECKOTO MaTepuaja, YTO HCKII0YaeT BO3MOKHOCTh
pETUTKanyy BUPYCHOTO reHoMa. Kpome Toro, aHTUTeHBI,
MpeaCTaBlIeHHbIE HA MOBEpXHOCTU VLP B uX HaTuBHOU
koH(popMaIu, 6ojiee CTaOWIbHBI, YeM B (hopMme cyObe-
JUHUL, YTO TPUBOAMUT K MCIIOJIE30BAHUIO MEHBIIHNX /103
aHTHUTEHAa, HEOOXOANMBIX IS 3allyCKa 3aIllUTHOTO HM-
MYHHOTO OTBETA.

Mexny mraMmmamu Yxaab 1 Omicron snurorsl T-kie-
TOK BBICOKO KOHCEPBATHBHBI, B TO BpeMs KaK MHOTHE
SMUTONBl HEUTPANU3YIOLUIMX AHTHUTE] HAXOIITCS B Ba-
puabenpHBIX 00JacTsIX CHaiK-TpuMepa, a CyOBapHaHTHI
Omicron BA.1-BA.5 nmeror mytanuu B RBD, 4to cHu-
JKaeT HEHTPaIM3YIIYI0 CIIOCOOHOCTh aHTUTEN, (op-
MHUPYEMBIX COBPEMEHHBIMM BakIuHamu [15, 16]. Orto
MOAYEPKHBAET HEOOXOIMMOCTh HCIIONB30BAHUS HOBBIX
MOIXOJIOB B pa3pa0OTKe BAaKIMH U JOOABICHUS APYTHX
aHTHUreHOB, Takux kak E, M, N-Oenku, KoTOopble MeHee
MYTHPOBAHBI, 9eM OeJIoK S, B COCTaBe BaKI[MHBI IPOTHB
COVID-19. Ilockonbky anTuTena MeHee 3()(EeKTHBHBI
K HOBBIM BapHaHTaM BHUpyca, YeM T-KJIETKH, BaKIMHA,
KOTOpass MHAYLHPYET KaK KJIETOYHBIH MMMYHHUTET, Tak
U TYMOPAJbHBIA, MOXKET UMETh 3HAYUTEIHHOE MPEUMY-
IIECTBO.

Takum o0pazoM, cunTe3upoBanHsle VLP, nmutnpyro-
e BupruoH SARS-CoV-2, conepikaiiue 4 CTpyKTYPHBIX
oemxa — E, M, N u S SARS-CoV-2 akTyanbHBIX KIaHIOB,
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CTHMYJIHpYIOIIYe (GOPMUPOBAHUE TYMOPAIBHOTO U Kile-
TOYHOTO UMMYHHTETA, SBJISIOTCS MEPCIICKTUBHBIM aHTH-
TeHOM IS JallbHEHIIe pa3paO0TKH BaKIIMHBI HA OCHOBE
VLP, xoTopast mo3BoiHT obecnednTh 3(h(HEKTUBHYIO 3a-
oty ot SARS-CoV-2 [15, 16].

Hcnonb3oBanHas B HacToseil paboTe OakynoBHpycC-
Hasi CHUCTEMa DBKCIIPECCHUM B KIETKaX HACEKOMBIX IS
cozmanns VLP mMeer psan mpeumyInecTB: 0aKyJIOBHpPY-
CBhl He MHOUIMPYIOT YeloBeKa, 4YTo AenaeT paboTy Oes-
OIaCHOM; KIIETKM HACEKOMBIX pacTyT B OECCHIBOPOTOU-
HOW cpefie, He conepiKalme KUBOTHBIX MPOAYKTOB, pe-
TPOBUPYCOB U HE SIBJISIOTCSA OHKOT€HHBIMU; cuHTEe3 VLP
B OaKyJTOBHUPYCHOW CHCTEME 3KCIPECCHH MOXKET OBITh
MacITabupoOBaH U ONTUMHU3UPOBAH UIS IPOMBIIIIICHHO-
r'0 MPOM3BOJCTBA MMMYHOOHOJIOTHYECKHX TPETIapaToB.

Ha ceromusiamii 1eHs onoOpeHHbIe U JIOCTYIHBIE Ha
KOMMEPUYECKOM PBIHKE BaKLIMHbI Ha ocHOBe VLP BKiItO-
YaloT BaKIMHBI MPOTHUB BUpPYyCa MAMMLIIOMBI YEIIOBEKa
(Cervarix Gardasil, Gardasil 9), npoTuB Bupyca rerma-
tuta B (Energix Glaxo Smith Kline, Recombivax) [17].
[porus undexkunn COVID-19 nokazasa UMMyHOTEHHBIE
U TIPOTEKTUBHBIE CBOMCTBA y MBIIIEH, KPBIC U XOPHKOB
VLP-Bakimaa 6p-VLP-58-1023-Al-K3 ¢ amwsroBanTOM
CpG ODN/alum, sxcrpeccupytorias Bce 4 CTpyKTYPHBIX
oenmxoBbIX aHTureHa SARS-CoV-2 [18]. Dra BakmuHa
mporuia [ pazy KImHHIeCKUX HCCIeTOBAaHUN C yIacTHEM
yenoBeka [19].

3akjoueHue

bruta onTMMu3MpoOBaHa CHCTEMa CHHTE3a M OYHCTKH
BHPYCOMOMOOHBIX YacTUll — VLP U3 pekoMOMHAHTHBIX
0€eJIKOB, CHHTE3UPOBAaHHBIX B OaKyTOBHPYCHOH CHCTEME
JKcTIpeccuu. B pesynbrare HCCIeNOBaHUIl IONyUYeHBI
ycroitunBbie VLP, cocrosmue 3 4 pekOMOMHAHTHBIX
6enxoB SARS-CoV-2 — E, M, N u S, uMuTHpytomme Bu-
puon SARS-CoV-2, ciocoOHBIE MHAYIIUPOBATH CIEIH-
¢uyeckuii MUMMYHHBIH OTBeT mpoTHB SARS-CoV-2.
Jokazana crerupuaHOoCTh onydeHHbx VLP. Pa3pabo-
TaHHble VLP MOTYT OBITH HCIIOIB30BAaHBI B KAYECTBE aH-
TUTE€Ha B MMMYHOOHOJIOTHYECKOM JIEKAPCTBEHHOM IIpe-
napare s npopumnaktuka COVID-19.
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Seroprevalence of herpes simplex virus type 1 (Herpesviridae:
Simplexvirus: Human alphaherpesvirus 1) in smokers

Mays B. Jalil' , Mariem N. Mohammed Ali', Hadi |. Alabadi?

'Department of Microbiology, College of Medicine, University of Basrah, Basrah, Iraq;
?Basrah Health Directorate, Basrah, Iraq

Abstract

Introduction. Herpes simplex virus type 1 (HSV-1) is one of the most common human viral infections and has
a double-stranded DNA genome belonging to the Herpesviridae family. Smoking is one of the leading causes of
disease and premature death worldwide, responsible for the death of up to six million people annually. The purpose
of the current study was to determine the seroprevalence of HSV-1 infection among smokers.

Methods. The search strategy was conducted in the period from December 2022 to January 2023. The study
included a random sample of 94 (88 males, and 6 females) healthy participants, aged between < 20 to = 60 years,
with 50 participants as the control group. The HSV serological testing consisted of detecting antibodies to HSV-1
IgG with the help of ELISA.

Results. Most participants were university students, consisting of 45.7% males and 5.3% females, followed by
employed smokers, consisting of 0.2% males and 1.1% females. The number of females was much lower than
that of males reaching 6.4 and 93.6% respectively, due to customs and traditions. The seroprevalence was 24.47,
22.3 and 2.1% in males and females respectively. The seroprevalence rate was 13.8% in hookah and cigarette
smokers, 9% in cigarette smokers and 1.1% in hookah smokers exclusively. The highest rate was observed in the
age groups of 21-30 and 31-40 years with 12.80% and 7.40% respectively.

Conclusions. The study revealed that the seroprevalence of HSV-1 IgG was 24.47%, and was higher among
hookah and cigarette smokers compared to those who exclusively smoked cigarettes or hookah.

Keywords: HSV-1; Herpesviridae; Smoking; Seroprevalence; ELISA
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CeponpeBaneHTHOCTb BUpYyca NpocToro repneca 1-ro tuna
(Herpesviridae: Simplexvirus: Human alphaherpesvirus 1)
Y KYpPUNbLUMKOB

Mays B. Jalil' , Mariem N. Mohammed Ali', Hadi I. Alabadi?

'Kadcbenpa MukpoGuonorum, MeavumHckuii konnenx, YHueepcutet bacpel, Bacpa, Wpak;
2YnpaeneHue 3apaBooxpaHeHust bacpel, Bacpa, Wpak

Pestome

BBepeHue. Bupyc npoctoro repneca 1-ro Tuna (BIMIM-1) — 0oaMH n3 camblx pacnpocTpaHeHHbIX BUPYCHbIX areHToB,
MHMUMpYOLWMX YenoBeka, MMeeT reHoM ¢ AByxuenoyvedHon AHK n oTHocutcsa k cemencTay Herpesviridae. Kype-
HWe — 04Ha 13 OCHOBHbIX NPUYMH 3aboneBaHnin 1 NpexaeBpeMeHHON CMepPTH BO BCEM MUPE, OT KOTOPOW eXerogHo
ymMunpaeT 40 6 MIH YernoBek.

Llenb HacTosLero nccneqosaHns — onpegenexHne ceponpesaneHTHocTy BIM-1 cpeamn KypynbLLmnKoB.

MeTopabl. ViccnegosaHue npoeoaunu B nepuop ¢ aekabpsi 2022 r. no siHeapb 2023 1. B nccneposaHve 6bina Bkto-
YeHa cnyyanHas Bbibopka 13 94 (88 MyunH 1 6 XeHLWuH) 3gopoBbIxX Nuy, B Bo3pacTte ot 20 go 60 net, 50 yyact-
HWKOB COCTaBMWIN KOHTPOIbHYt0 rpynny. Ceponornyeckoe TectupoBaHue Ha BII™ 3aknoyanoch B BbISIBNEHWWN aH-
TnTen Kk BIMIM-1 knacca 1gG ¢ nomowwbio NPA.

Pe3synkTathl. BONbLUMHCTBO y4aCTHUKOB ObInu CTyaeHTamu yHuBepcuteta — 45,7% Myx4nH 1 5,3% xeHLWmH, 3a
HUMK cnegoBanu paboTatowwme KypunbLmkn — 0,2% mMyxurH 1 1,1% XeHLWUH. Y1Cno XeHLWMH BbIno 3HaunTensHo
MeHbLUE, YEM MYXYWH, U cocTaBuno 6,4 n 93,6% COOTBETCTBEHHO, YTO OObSACHAETCS 06bIYasAMM U TPAAULUAMMN.
CeponpeBaneHTHOCTb cocTaBuna 24,47, 22,3 n 2,1% cpean MY>XHUH 1 XEHLUH COOTBETCTBEHHO. YPOBEHb CEpO-
npesaneHTHocTK coctaBsun 13,8% cpean KypunbLUKOB KanbsHa v curapet, 9% WCKNIOYMTENBHO cpean Kypuib-
wmkos curapeT U 1,1% MCKMIOYUTENBLHO CPEan KypUIbLUMKOB KanbsHa. Hanbonblinin ypoBeHb BbISBNSAEMOCTU
aHTMTen Habntogancs B Bo3pacTHbIX rpynnax 21-30 u 31-40 net — 12,80 n 7,40% COOTBETCTBEHHO.
3akntoyeHue. ViccnegosaHue nokasano, 4To ceponpesaneHTHocTb BIM-1 1gG coctasuna 24,47% v 6bina Bblle
cpeav KypunbLUUKOB KarnbsiHa U CUrapeT Mo CPaBHEHWIO C TEMM, KTO KYPUIT UCKITHOUYUTENBHO CUrapeThbl U KanbsiH.

KnroueBble cnoBa: Bl-1; Herpesviridae; kypeHue; ceponpesaneHmHocms; UDA

Onsa umtuposanua: Jalil M.B., Mohammed Ali M.N., Alabadi H.l. CeponpeBaneHTHOCTb BMpyca NpoCTOro repre-
ca 1-ro Tuna (Herpesviridae: Simplexvirus: Human alphaherpesvirus 1) y KypunbLUMKOB. Borpock! supyconozauu.
2024; 69(2): 187-192. DOI: https://doi.org/10.36233/0507-4088-220 EDN: https://elibrary.ru/hcmnwk

®duHaHcupoBaHue. ABTOpPbI 3asIBMSIOT 06 OTCYTCTBUM BHELLUHEMO (DMHAHCUPOBaHWS MPY NPOBEAEHUN UCCIEQ0BAHMSI.

BnaropgapHocTb. ABTOpbI BriarogapsAT BCex, KTO BHEC CBOWM BKIaj B UCCNEAOBaHNE, a TakkKe TeX, KTO Npeasioxun

MOMOILLb.

KoHdpnukT nHTepecoB. ABTOPbI AEKNapUpyoT OTCYTCTBME SIBHBIX U NOTEHLUMaNbHbIX KOH(MUKTOB UHTEPECOB,

CBA3aAHHbIX C FIy6J'IVIKaL|VIeVI HacTosiLen cTaTbMm.

3Tunyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIT, YTO A0OPOBOMbHOE MHCHOPMUPOBAHHOE corriacue Obino NonyyYeHo
OT BCEX y4aCTHUKOB uccnegoBaHus. [MpoTokon nccnenoBaHusi ogobpeH 3TUYECKMM KOMUTETOM oTAena Mukpobuonoruu,
MeaunumHckuin konnepx, YHueepcutet bacpei (Mpotokon Ne 030401-042-2023 ot 25.06.2022)

Introduction

Herpes simplex virus type 1 (HSV-1) is a worldwide
infection [1]. HSV-1 is one of the most common human
viral pathogens and has a double-stranded DNA genome
belonging to the Herpesviridae family [2—4]. The virus,
which can cause lifelong infection, is mainly transmit-
ted orally, through direct contact with body fluids and
through contact with an infected individual [5, 6]. There
are three subfamilies of herpesviruses: alpha, beta, and
gamma. HSV-1 is classified as part of the Alphaherpes-
virinae subfamily [7-9].

The virus can infect people of all ages and cause persis-
tent and recurrent infections [10, 11]. The first instance of
HSV-1 infection appears as febrile vesicles on facial skin,
which are called herpes labials or fever blisters, and also
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commonly known as cold sores on the lips [4, 12]. HSV-1
infection acquisition typically takes place in childhood,
well before sexual debut, and is made more likely by
close contact with parents, other family members and
classmates [6, 13]. Many diseases are caused by HSV-1
infection, however, oral herpes is the most prevalent clin-
ical presentation [5, 6, 13]. A number of studies in many
countries have indicated that HSV-1 is mostly contracted
through the genitals, rather than through the mouth and
it has also been observed that a large number of young
people are exposed to the virus for the first time through
oral sex [6, 14-22].

Although there is possibly a link between smoking
cigarettes and herpes virus infection, it is especially con-
cerning in people who smoke cigarettes more frequent-
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ly. Smoking is one of the leading causes of disease and
premature death worldwide, responsible for the death
of up to six million people annually. The World Health
Organization (WHO) released statistics showing that
by 2030, there will be as many as eight million deaths
[23]. According to previous studies, there are 700 mil-
lion smokers in developing nations overall. In total, 6 tril-
lion cigarettes are smoked annually around the world,
with men accounting for 47% of smokers and women
for 12% [24]. The purpose of the current study was to
determine the seroprevalence of HSV-1 infection among
smokers.

Methods

Study design and serological testing
The study was designed to assess the seroprevalence
of HSV-1 IgG in smokers. The survey population is a
random sample of individuals who participated. The

Table 1. Demographic characteristics of the individuals
who participatedin this study

Gender
TTon
Age Group (years) ]—BF Ot?_l
Bo3spactHas rpymma (romsr) male female ie °
MY’KCKOH KEHCKHH (%)
(%) (%)
<20 8.5 1.1 9.6
21-30 479 2.1 50.0
3140 13.8 2.1 16.0
41-50 9.6 1.1 10.6
51-60 43 0.0 43
>60 9.6 0.0 9.6
Total 93.6 6.4 100.0
Bcero
Occupation
[podeccust
Employed 202 11 21.28
Paborarommit
Student 457 53 51.06
CryneHt
Unemployed 19.1 0.0 19.15
€3pabOoTHBIH
Retired 8.5 0.0 8.51
EHCHOHED
Lol 93.62 6.38 100.00
Cero
No. positive of HSV-1%
Uncno NoNI0KUTETBHBIX 22.3 2.1 24.47
o BIIT-1, %
Mean + SD
Cpeonee £ SD 25+£13.57
p-value 05
3HAYCHHE P

Note. SD — Standard deviation.

IIpumeuanue. SD — cTannapTHOE OTKJIOHEHHE.
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search strategy was conducted in the period from Decem-
ber 2022 to January 2023. The study included a random
sample of 94 (88 males, 6 females) healthy participants,
aged between < 20 to > 60 years, with 50 participants
as the control group. The HSV serological testing was
conducted on five milliliters of venous blood specimens
that were drawn from each individual participating for the
detection of IgG antibodies to HSV-1. Laboratory proce-
dures involved centrifuging serum samples at 5000 RPM
for five minutes at 4 °C and the serum was stored in Ep-
pendorf tubes and maintained deeply frozen at —20 °C
until testing [25]. The HerpeSelect 1 enzyme-linked im-
munosorbent assay (ELISA) commercial kit (SunLong
Biotech Co., LTD.) was used to conduct HSV-1 serology
testing according to the manufacturer’s instructions.

Ethical approval and informed consent

Before collecting samples, Informed consent was ob-
tained from all individuals and a survey was conducted
to collect information on the type, duration and chronic
diseases of smoking, as well as occupation. The research
protocol was approved by the Ethics Committee of the
Microbiology Department, College of Medicine, Uni-
versity of Basrah (Protocol No. 030401-042-2023 dat-
ed 25/6/2022).

Statistical analyses

Microsoft Excel 2013 was used to store the information
collected through the survey results. A normal distribution
test was performed on quantitative variables, which were
then given as means of standard deviation (SD). Qualita-
tive variables were displayed as percentages. Data were
analyzed through Version 26 of the Statistical Package for
the Social Sciences (SPSS Inc.) software. The Chi-square
test (y>-test) was applied to determine the statistical sig-
nificance of the data difference. Statistical significance is
set at p <0.05.

Results

Table 1 provides a breakdown of the demographic
characteristics of participants in the study and is divid-
ed into two sections (gender and age group). The ages of
the participants ranged between < 20 and > 60 years and
were distributed into six categories. The overall average
age of participants was 25 £ 13.57 years while the av-
erage age of healthy participants was 25 + 13.15 years.
There were 94 participants, with 93.6% (88]) being males
and 6.4% (6) being females, as well as healthy partici-
pants with 94% (47) and 6% (3) males and females re-
spectively. The age group of 21 to 30 years of age had
the highest participation rate (50%) of smokers in this
study. Most participants were university students 45.7%
of which were males and 5.3% — females, followed by
employed smokers, consisting of 0.2% males and 1.1%
females. The number of females was much lower than
that of males reaching 6.4% and 93.6% respectively, due
to customs and traditions (Table 1).

Among the 94 selected samples, the seroprevalence for
HSV-1 was 24.47, 22.3 and 2.1% in males and females
respectively. The seroprevalence rate was 13.8% in
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hookah and cigarette smokers, 9% in cigarette smokers
and 1.1% in hookah smokers exclusively (Figure 1),
and was a highest rate in the age groups 21-30 and 31—
40 years with 12.80% and 7.40% respectively (Figure 2).

1,1

Ohookah and cigarettes

Ocigarettes 9,6
13,8
d hookah

Fig. 1. Distribution of study participants according
to the type of smoking.

Puc. 1. Pacnipenenenue y9acTHIKOB HCCIIEIOBAHNS IO THITY KyPEHUSL.

According to gender, a sizable fraction of hookah
and cigarette smokers took part in this survey, where
a rate of males 32.98% and females 1.06%. The per-
centage of cigarette smokers was 40.43% among males
and 1.06% among females. The percentage for hook-
ah and vape users among males was 3.19% and 1.06%
among females. Hookah users among males and fe-
males were 14.89% and 3.19% respectively. and for
Vape, hookah, and cigarette users was 1.06 % for males
and females (Figure 3).

Discussion

Herpes simplex virus type 1 infection is lifelong and it
is typically contracted orally and during childhood [13].
The infection can cause serious illness, including severe
problems with the nervous system, the eye and the mu-
cous membranes, even though it is almost always mild
or asymptomatic [5, 13]. Given that cigarette smoking is
one of the most significant possible causes of disrupting
the immune system’s function by altering various immu-
nological pathways, there is a close correlation between
herpesvirus infection and host immune system response
of smokers [26]. However, the effect of smoking on the

14,00
12,00
10,00
8,00
6,00
4,00
2,00 -
Fig. 2. Distribution of study participants
0.00 according to the age groups.
S Puc. 2. Pacnipenenienie y4acTHUKOB
<20 21-30 31-40 41-50 HCCIIEJOBaHUS [0 BO3PACTHBIM IPYIIIIaM.
45,00 -
40,00 -
35,00 -
30,00 -
H Male 25,00 -
®Female 20,00 -
15,00 -
10,00 -
5,00 -
0,00 -
hookah cigarettes hookah  Vape & Vape, Fig. 3. Distribution of study participants
according to gender.
and hookah  hookah &
. . Puc. 3. Pactipenenenue yyacTHUKOB
cigarettes cigarettes HCCIIEI0BAHHS TIO TIONTY.
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rate of infection with the herpes virus has not been inves-
tigated in many studies.

The findings of the current study differed from those
of earlier studies on various demographic groups carried
out in various countries. The study showed that there is
a paucity of research on the seroprevalence of HSV-1
infection in Iraq. The study found that the seropreva-
lence was 24.47% for HSV-1, 22.3 and 2.1% for males
and females respectively. The HSV-1 seroprevalence rate
was 13.8% in hookah and cigarette smokers, 9% in cig-
arette smokers and 1.1% in hookah smokers exclusively.
The highest seroprevalence rate of HSV-1 IgG was in the
age groups 21-30 and 31-40 years amounting to 12.80
and 7.40% respectively. Urban studies of females in
Uganda and Nigeria revealed high prevalence of HSV-
1 infection at 98% and 96.6% respectively [27, 28].
According to the findings of previous studies, the prev-
alence rates of HSV-1 in the US, Canada and Northern
Europe were 58, 51 and 57.7% respectively [29, 30].
When a population-based survey (NHANES III) was car-
ried out from 1988 to 1994, it revealed the prevalence
rate of HSV-2 infection in France and the United States
amounting to 17.2 and 21.9% respectively [31]. HSV-1
was 68% prevalent globally in 2012, according to the
WHO, with Africa having the highest frequency at 87% of
the virus [3]. Debrah et al.’s study of women revealed
that 99.2% of them had HSV-1 infection, which is a very
high prevalence [32]. Adults in Europe have a seroprev-
alence of 20 to 100% for HSV-1. The average seroprev-
alence of HSV-1 in Western Europe, Southern Europe,
Eastern Europe and Turkey, according to a study conduct-
ed in European subregions/countries, was 66.1, 77.2, 78.7
and 87.9%, respectively [30]. According to a previous
study, approximately 80% of Australians have the HSV-
1 virus, compared to lower prevalence rates in Western
nations like Europe (74%), as well as higher prevalence
rates in Asia [33], Latin America and the Caribbean [29],
Africa [34], the Middle East and North Africa [35], as
well as Asia [33], Latin America and the Caribbean [29].

Due to the fact that herpes infection can spread silently
across the population and can have serious consequences
as aresult of the infection development and the emergence
of'its complications, it is important to increase awareness
of these illnesses among the general public. In the cur-
rent study, University students made up the majority of
participants, followed by employees, and more men than
women participated because the parents of female univer-
sity students were unaware that they smoked, which was
another factor in why they chose not to participate. The
study revealed that the seroprevalence of HSV-1 IgG was
higher among hookah and cigarette smokers compared
to those who smoked cigarettes or hookah exclusively.
Numerous factors, including the geographic location, the
number of samples and the inspection process, may be
responsible for the virus spreading at this rate in compar-
ison to other nations.

Conclusions

In the current study, the seroprevalence for HSV-1 IgG
was 24.47%. University students made up the majority

KPATKME COOBLLEHWA

of participants, followed by employed individuals. More
men than women participated because the parents of fe-
male university students were unaware that they smoked,
which was another reason why they chose not to partici-
pate. The study revealed that the seroprevalence of HSV-
1 IgG was higher among hookah and cigarette smokers
compared to those who smoke cigarettes or hookah ex-
clusively.
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Bbiaarowmmnca gesatenb oTe4eCTBEHHOro
34paBooOXpaHeHUs n meguUUHCKon Hayku XX Beka

Buktop Muxaunnosud XXpaHoB

Buxrop Muxaiuiosuu Xnanos, 13.02.1914-14.07.1987

13 ¢eBpais Mbl 0THAEM aHb MAMSATH U TIyOOUaiiiero
YBa)KCHUSI BETTUKOMY TPKIAHWHY XX BEKa aKaJIeMUKY
AMH CCCP Buktopy Muxaitnosuuy XXnaHoBy — BBI-
JAIOIIEMYyCsl JESTENII0 OTEUECTBEHHOIO 3/paBOOXpaHe-
HUsI, ©3BECTHOMY BO BCEM MHpE Y4YEHOMY, BUPYCOJIOTY,
SMUAEMHUOIIOTY, TAJAHTIMBOMY OPTaHU3aTOPy CaHUTap-
HO-3nHAeMuoIorudeckoit ciyxos1 CCCP, MeTUITMHCKOI
U BUPYCOJIOTMUYECKOH Hayku, qupekropy MHcTuTyTa BH-
pyconoruu um. J.1. Banosckoro AMH CCCP na mpo-
TSDKEHUU 26 JIeT.

37 ner Mol xuBéM 6e3 B.M. XKXnanosa. Bpems mo3Bo-
JSIET TTy0XKe OCMBICTHUTD IMPOIIEIINE COOBITHS, OLICHUTH
[0 TOCTOMHCTBY 3aCJIyTH U MOCTYIIKH JIFOEH, OCTABIISAET
B MaMsITH HanOojee SPKWe BICUATICHUS W BOCIIOMHHA-
Hus. Uem sipue, TalaHTIUBEN, JeMOKpAaTUYHEN INYHOCTb,
TEM IIOJIHEE YyNAeTcs OLEHUTh MaciTalObl €ro BKJanua
B MHpPOBYIO HayKy. BcroMuHasi, MBI MOJIOJCEM BMeECTE
C HUM, TIbITaeMcs OHATEH «henomen B.M. JKnanosay

C 1950 mo 1960 r. B.M. XXnanoB (emy 3646 neT)
BO3IVIABILT CAHUTAPHO-IMHIEMHUOIOTHUECKYIO CITY:KOY
CCCP cHayana kKak Had4aJbHUK [J1aBHOTO MPOTHBOAIHUIC-
muueckoro Ynpasienus CCCP, a 3atem (1955-1960 rr.)
KaK 3amecTurenb MuHuctpa 3apaBooxpaHeHuss CCCP
U I7naBHBI TOCYHapCTBEHHBII CAHUTAPHBIA WHCIIEK-

«KTO HE TOMHUT UCTOPHH,
TOT HE HMEET OyITyIIeroy
Bonvmep

Top crpanbl. B.M. JX1aHoB BHEC CyllleCTBEHHBIH BKJIaj
B OPTaHU3ALUIO0 CAHUTAPHO-3MHUIEMHUOIOTHUECKOM CITy K-
OBl B Hamiell cTpaHe. B 3TW Tomel 1Mo €ro WHUIIMATHUBE
B CTPYKTYp€ CaHHUTApPHO-NIPOTHBOAMHUIEMUYECKUX CTaH-
Ui cTpaHbl OBLIM CO3/1aHBl BUPYCOJIOTHMUECKHUE TOApa3-
JIeNIeHHs, 9TO 3HAYUTENHbHO IMOBJHSIIO Ha OIEpPaTHBHOE
OCyILECTBIIEHHE Mep crernuduyeckoil u Hecnenuduie-
cKoW TPO(MMIAKTHKH WH(EKIIMOHHBIX 3a00JIeBaHUN de-
JIOBeKa B MaciuTadax Bceil CTpaHBblI.

B.M. KXnaHoB BHEC BeCOMBIN BKJIaJ B COBEPLIEHCTBO-
BaHHE W pa3BUTHE CTPYKTYPbl CaHUTAPHO-NPOQHUIAK-
THYECKOW W KapaHTHHHOHM CIy)KOBI B TOTpaHBOHCKax
Cubupn (Hosoky3uenk, Yuta), a 3arem B TypkecTaH-
ckoM okpyre (Amxabazn, 1936-1945 rr.). CeromHs ero
10 TIPaBy CUHTAIOT OHWM M3 OCHOBOIIOJIOKHUKOB T'OCY-
JTApPCTBEHHOW CaHMTAPHO-3IHUIEMHUOIOTHYECKOH CITy>KOBI
B morpanBoiickax. 3acnyru B.M. JKnaHosa 0wl oTMe-
yensl opreHoM Kpacaoii 3Be3nnt (1945) n 3nakom «Ilo-
gyetHbl norpaangHuk CCCPy» (1984).

B.M. XnanoB HayyHO 000CHOBaJl BO3MO)XHOCTh JIUK-
BUJALMN HaTypalbHOH ocmbl BO BcéM mupe. Ilo mopy-
gyeHuto [IpasurensctBa CCCP mporpamMma spagukaniu
ocIIbI ObLIa IPe/ICTaBlIeHa PYKOBOUTEIEM COBETCKOH Je-
neranuu B.M. XXnanoBem Ha X1 BecemupHoit AccamOiee
3apaBooxpaneHus (1958 r.). [locie cnoxHON JUCKyCCHU
[Iporpamma Obuia mpuHsATa kKak npemioxenne CCCP.
Hama crpana 6e3B03Me31HO BBIZETIIIA 25 MITH 103 TIPO-
TUBOOCTIEHHON BakIMHBI. OCYIIECTBIEHHE I00aTbHOM
MPOrpaMMBbI MIO3BOJIUJIO CTIACTH OT OCIbI 0koJ0 200 MITH
YeJI0BEK BO BCEM MUDE.

B 1958 1. XXnanoB Obut u3bpan wineHoMm Mcmonkoma
BO3 1 HeomHOKpaTHO BBIE3kKal B MHCHEKIIMOHHBIE MO-
€37IKM B CTpaHbl A3uM U AQpPUKH C BBICOKHMH IOKa3a-
TeJAMH SHIAEMHUYECKON 3a00J1€BaeMOCTH HaTypalbHON
ocnoi. JIMKBUAALMS HaTypajJbHOM OCIIBI BO BCEM MHpPE
CEeroflHs pacIeHMBAETCS KaK BBINAIOIIEECs JTOCTIKSHNE
YeJI0BEeYeCTBa XX B., CPABHUMOE C BBIXOJOM 4EJIOBEKa
B KOCMOC M HUCCJIEJOBAHUSIMU B O0JIACTH SACPHOU SHEp-
TeTUKH. 3a BBINAIOIIMECS 3aciIyTH B JIeJe JUKBHIAINU
OCTIBI BO BCEM MHpE OH ObUT HarpaxxéH opaeHoM budyp-
karmonHo# Uriel u [TouétHoM rpamoTtoi BecemupHoit op-
raHu3anuu 3apasooxpanenus (1987), a 8 2020 r. yaocro-
ed umenHoi [Ipemun «Life for Future Award» («XKuzup
ns Oymyieroy), CIIA.

B.M. XKnanoB 011 m30paH WIEHOM-KOPPECTIOHICHTOM
AMH CCCP B 1950 r. (emy 36 ner), a B 1961 . — neii-
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crButenbHBIM WieHoM AMH CCCP (47 net). OH ObL1 ca-
MBIM MonoasM wienoM AMH CCCP.

B 1956 . B.M. XKnanos coznan xypHai «Bomnpocs! Bu-
pycosoruu» U ObLI €ro TNIaBHBIM Hay4YHBIM PEIaKTOpOM
Ha npotsbkeHud 31 roga. XKypHai Bckope crail pynopomM
Hay4yHBIX JOCTHKEHUHN U Jake NEePEBOAWICS Ha aHIVIMM-
CKMH SI3BIK.

B 1956-1987 rr. B.M. XXnaHoB sBnsics npeacenare-
nem BcecorozHoro oOriectsa 3MHUIEMUOIOTOB, MHUKPO-
OHOIIOTOB, MAPa3UTONOTOB U HH()EKIIMOHUCTOB.

B 1960-1963 rr. B.M. XKnanoB 6511 [ TaBHBIM yUEHBIM
cexkperapeM AMH CCCP; ¢ 1961 mo 1987 . — nupexk-
topoMm MHcTUTyTa BUpyconoruu uM. J[.1. iBanoBckoro.

«3Be3muapIMU Yacamm» Ha3Bat Ctedan LBelr mepemom-
HBIE MOMEHTHI B UCTOPHUHU TOCYAAPCTB M BEIUKUX JIMIHO-
creit. Onpenenstomnryto poib akagaemuka B.M. XKmxanosa
B Pa3BUTHH OT€YECTBEHHON MOJIEKYISIPHON BUPYCOIOTUH
U CO3MaHHU COBPEMEHHOro MHCTUTYTa BHPYCOIOTHUH
MOXKHO CpaBHHUThb CO 3Be3OHBIMU 4acamu. OnuWH HHO-
CTpPaHHBIM Y4YEeHBIH TaKk oxapakrepu3oBasn Ham MHctu-
TYT: «30€Ch OYCHb BBHICOKASI KOHIICHTPAIIHSI HHTEJICKTa
Ha eIMHUITY TUTOIIAII.

«Knanos 6611 cuntbHOH (urypoit. Bynyan nupexropom
WnctutyTa Bupyconmorun uM. MBanosckoro ¢ 1961 r,
OH OJIHUM U3 MEPBBIX COBETCKUX YUYEHBIX 3aHSUICS IpO-
O1eMaMHi MOJIEKYISIpHOH OHONOTHH BHUPYCOB WM OIHUM
13 TMIEPBBIX 00paTHI BHUMaHUE O0IIECTBEHHOCTH Ha IPO-
onemy CITU. XKnanoB ymén U3 KU3HU, MOJHBINA Hay4-
HBIX TUTAHOBY», — TaK OICHWJIa MUPOBas Hay4YHas oOre-
CTBEHHOCTb BKJaJ JKIaHOBa B pa3BUTUE UCCIENOBaHUN
B 00JIaCTH BHPYCOJIOTHH.

[Ipobnema knmaccupuKanuu W SBOIIOINUH BHUPYCOB,
K koTopoit B.M. J)KnaHoB HeogHOKpaTHO oOparuasics B Te-
YEeHHE >KU3HM, MPU3HAETCS KaK OJHA U3 €ro BaKHEHIIMX
3acnyr. C 1956 1. Buktop MuxaitnoBud (mmocne myomm-
Kalli1 ero MoHorpaduu «3apa3Hble OOJE3HM YeloBeKa.
Cucremarvka U 3BOJIONUA», 1953 ) — MOXKU3HEHHBIN
wieH MeXTyHapomgHOTO KOMHUTETa IO KiacCH(pHUKaIuu
Y TAKCOHOMHU BHUPYCOB.

TananT B.M. )KnanoBa — KpyIrHOTO TeOpeTHKA OUOJTO-
TUU U MEIULUHBI — IIPEKPACHO MPOSIBUICA B €ro 32 Ha-
YYHBIX KHUTaX U MOHOTpa(UsX, B TOM YUCIE 7 U3TaHHBIX
3a pyoexom. Beero um Hamucanbl 6onee 1500 HaydHBIX
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pa6ot. B.M. XKnanos coznan B THCTHTYTE BUPYCOJIOTHH
nM. JI.M. VIBaHOBCKOTO LIKOJIY N€HHO-UH)KEHEPHBIX HC-
CJIE€IOBaHMN U BHEC 3HAYMTENbHBIA BKJIAJ B H3yUEHUE
MOJICKYJISIPHBIX OCHOB PENPOYKIIMH BUPYCOB, B HCCIIE-
JIOBAaHMSI HOBBIX M BO3BPAIAIOIINXCS MH(EKIHH, Mexa-
HU3MOB OCTPBIX M XPOHHYECKHX BHPYCHBIX MH(DEKIIHH,
BHUPYCHBIX I'€laTUTOB, TPUIINA, OHKOPHABUPYCOB, reprie-
tuaecknx nHpekunii, BUU-nnbexnym u npyrux comm-
aJBHO 3HAUYMMBIX 3a00JeBaHui denoBeka. [lox ero pyxo-
BOJICTBOM TIO/ITOTOBJICHEI OoJiee 78 TOKTOPCKUX M KaH/IU-
JIATCKUX JHUCCEepTaluH.

XopoIo moHuMasi poib (GyHIAMEHTAIBHBIX HCCIIENO-
BaHHWI B pa3paboOTKe PalMOHANBHBIX TOIXOJ0B K IPO-
¢wmnaktuke u newenuto BUY-undexmnun, B.M. XKnanos
BCEMEPHO pa3BUBAI U MONJCPKUBAI TEOPETHUECKUE
HamnpaslieHus: B uzydenun BUY, cozman B MHctuTyTE
Bupyconoruu Lleatp BO3 mo m3ywennio BUY/CIIN/
Y 3HAYUTETHHO PACIIMPIII U YKPEIHI MEXIyHapOTHbIC
HayuyHbIE CBsI3U ¢ y4€HbIMU Dpaniuu, ['epmanun, [1Be-
muu u CIIIA.

B.M. XXnanos — Jlaypear npemuu CoBeta MUHHCTPOB
CCCP, npemuu [Ipesunuyma AMH CCCP um. JI.1. UBa-
HOoBckoro u mpemun uMm. B.J[. TumaxoBa. B.M. Xna-
HOB — aBTOP TPEX HAY4HBIX OTKPBITUM, YTBEPKAEHHBIX
TocynapcTBeHHBIM KOMHUTETOM IO JelaM OTKPBHITUH
u m3o6perenuit CCCP.

IIpaButensctBo CCCP BBICOKO OIIEHMIIO 3aciyrd
B.M. XnanoBa B 006nactu pyHIaMEeHTANBHBIX H TPUKIIAI-
HBIX MCCIIeJOBaHU, HarpaauB ero opjaeHoMm B.U. Jlenu-
Ha (1984), nBymsa opaenamu OKTAOpbCKOi PeBomonnu
(1971, 1976), nByms opaenamu Tpynaooro KpachHoro
3uamenu (1961, 1966), opnenom KpacHoti 3Be3st (1945)
Y MHOTUMH MEIAIISIMHU.

B.M. XXn1aHoB ObUT JUYHOCTBIO YPE3BBIUAHHO SPKOM,
MHOTOTPaHHOM, 60raTo Omap&HHON MPHUPOMOH, obmamzan
BBIIAIOIIMMCS. JApOM HAYYHOTO MPEIBUACHUS U OTPOM-
HOW paboTOCIIOCOOHOCTBIO, SICHBIM M YETKHM YMOM
1 (eHOMEHATFHON TAMSITHIO, OJIECTAIMME OpTaHU3aTOP-
CKUMH CIIOCOOHOCTAMH, HEYKPOTUMOI BOJEeH M HEOOBI-
yaifHOH JKaX /101 )KU3HU, OCTABasICh MPU 3TOM CKPOMHBIM
yesoBekoM. [Ipu ananuse HayuHoro Hacienus B.M. Xna-
HOBa HAYMHACIIIH IOHUMATh, 9TO CACTAHHOTO UM XBAaTHIIO
OBl Ha HECKOJIBKO JKU3HEH 00BIYHOTO YeJIOBEKa.

JLB. Vpuisaes,
0.M.H., npo., unen-koppecnonoenm PAH
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