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WHDEKUMS ¥ MMMYHWTET
2023, 7. 13, Ne 4, c. 609-626

Pesiome, Ecrecrsennsie kuuiepbt (NK-kieTku) apasiores ogHON U3 rpyrn AuM(OLUTOB BPOKICHHOIO KMMYHUTETA.
Yacro NK-KneTku u3yyaoT B KOHTEKCTE MTPOTHBOOIYXO0/IEBOI0 U POTHBOBUPYCHOIO UMMYHUTETA, 4 M3-3a HAXOXKICH A
B 30HE TPAHMIIEI KOHTAKTA MaTepn M rio4a (B MaTKe) aKTHBHO U3YUaKOT UX POJIb B pasBuTHH GepeMerHocTH. [Tpu aToM
MX yHacTue B aHTMOAKTCPUAIBHOM HMMYHHOM OTBETE HeJI0CTaTOMHO m3yveHo. Iockonbky NK-kaerku MoryT nposy-
LMPOBATh MTOKUHbL, OHIM W3 BO3MOKHBIX BAPUAHTOB X YHACTHS B D/IMMHHALIMK IPOKAPUOTHUECKUX [ATOTEHOB 5B~
JISIETCA PETYASLMS KIETOK MMMYHHON CHCTEMbI — JCHAPUTHBIX KJIETOK, Makpodaros i ap. OxHako B iMTepaType Tak-
XK€ ONUCAHBI BAPMAHTHI KOHTAKTHOTO LHTOIN3a KJIETOK, MTOABEPrLINXCs 3apAaXKEHNIO BHY TPUKICTOMHBIMM BakTepUsIMHY,
D70 BOIMOXKHO 6Iarogapsi COAEPKAHMIO LHTOTOKCHYCCKUX Beakon — nephopuHa, rpaH3uMoBs, rpanyausuHa B NK-
knetTkax. B nocnenrue rofas ctano ussectHo 00 yyacruu NK-KJeTok B pasBUTHN MMMYHHOTO OTBETA B OTHOLIEHHU
BHeKJIeTOMHBIX Gakrepuit, B rom vuese rpynisl ESKAPE, B coctas KOTOpoit BXOAAT YCJAOBHO-MATOIEHHBIC MPOKAPHO-
Thl, HauboJIee AKTHBHO PA3BHBAIOLINE AHTHOMOTHKOPE3UCTEHTHOCTh U BhI3hIBAIOLLME BHYTPUOOIBHUYHBIE HH(PEKLIUN.
B 063ope apTopaMut MpeInmpuHsITa MonbiTKa 0dobeHNs JaHHLIX HayuHOi auTepatypsl 0 poan NK-kjieTok B aHTH-
BakrepuanibHOM nMMyHuTere, M3yuenue ssanmoneitcreus 6akrepuit rpyrnnsl ESKAPE n NK-kieTok Takxe npusie-
KAeT UCCIIEIOBATEIC B CBA3K CO CIIOCOOHOCTBIO MPOKAPHOT U3MEHSATH (DYHKLMM KJACTOK MMMYHHON! CUCTEMBI, OJHAKO
00 okassiBaeMbix Ha NK-kaetku addekrax nuzpecrHo Kpaitne mano. [Ipu aToMm Takue gaHHble Moty 6l HalTH npu-
MEHCHME B aCHEKTE MOMCKA HOBBIX CIIOCOOO0B JIeHeH s OHKOIOTHYECKMX 3a00neBaHuit, a TAKXKE cTaTh OCHOBOM /1S pas-
pabOTKM HOBBIX MOAXOIOB K peryasini xapakrepucTuk NK-KaeToK npu pernpoayKTusHbIX natonorusx. Kak ynomu-
Hanoch panee, NK-KJIeTKH BCTPEUAIOTCs B ACHMAYANTBHOM 060IOYKE, II€ MOT'YT B3aUMOAEHCTBOBATE C KAETKAMM 11710114,
B TOM Yncie ¢ KaeTkamu Tpodobiacta, Ha ceroaHAIHMI AeHb CUNTACTCS, YTO KJIETKY MOTYT B3IAUMHO PEry/IMpoBaTh
CBOJICTBA APYT APYra, UTO HEOOXOMMMO Juls npoTekanus (usnonornyeckoit GepemenHocTi, BeposiTHo, HapyleHue
fanaHca B 9TOM cUCTEMe COCODHO MPHBECTH K PA3BUTHIO PENPOAYKTUBHEIX raronoruii. B ob3ope cymmuposarsi
MMCIOLIMECS HA CCroAHsIHMM 1eHb nanHbie 00 addekrax 6akrepuii rpynmnsl ESKAPE na NK-knerku, a rakxe pac-
CMOTPEHBI BO3MOXKHEIE MEXaHU3MBI PA3BUTHS HapylicHui B3aumozeitcteng NK-knerok u knerok Tpodobiacra 1oz
prusinuem 6akrepuit rpynnst ESKAPE. [Tockonbky B InTepatype HaMi BCTPEUeHO MAJIO JaHHbIX 00 3TOM ABJICHKH,
AKCHEpUMeHTaIbHOE nayueHue sausaus bakrepuit rpynnst ESKAPE na cpoitcrsa NK-knetok BuanTes HeobXonnuMbim
ATATIOM PA3BUTHS COBpPeMeHHOM GHoa0rnm.

Kawoueewte caoea: NK-kaemeu, 6axmepuu ESKAPE, mpochobracm, anmubakmepuanshutit uMmynumem, penpooykmuarsie
naMoAOZUN, WHIMOKUNHbL, heliomun, YumomoKcuiHocmb.
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CROSSTALK BETWEEN ESKAPE BACTERIA AND NK CELLS: MUTUAL REGULATION AND ROLE
IN DEVELOPING REPRODUCTIVE TRACT PATHOLOGIES
Grebenkina P.V.*Y, Selkov S.A.*, Kraeva L.A.", Sokolov D.1.**

" Research Institute of Obstetrics, Gynecology and Reproductology named after D.O. On, St. Petersburg, Russian Federation
* 8t. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. Natural killer (NK) cells represent one of the innate lymphoid cell subsets, which are often studied in the context
of antitumor and antiviral immunity, as well as due to their localization in the zone of the mother-fetus contact (in the
uterus), therefore underlying their extensive investigation in developing pregnancy. At the same time, their role in anti-
bacterial immune response has been poorly examined. Because NK cells can produce cytokines, one of putative options
for their participation in eliminating prokaryotic pathogens may be coupled to regulation of immune system cells such as
dendritic cells, macrophages, etc. However, there have been also described variants of contact cytolysis of cells infected
with intracellular bacteria enabled due to cytotoxic proteins — perforin, granzymes, granulisin found in NK celis. In re-
cent years, it has become known that NK cells take part in development of immune response against extracellular bacteria
including the ESKAPE group bacteria, which includes opportunistic prokaryotes that most actively develop antibiotic
resistance and cause nosocomial infections. Here, we attempted to review the data on the role NK cells play in antibacte-
rial immunity. Assessing a crosstalk between ESKAPE group bacteria and NK cells also attracts researchers due to the
ability of prokaryotes to alter functions of immune cells, but very little is known about the effects they exert on NK cells.
At the same time, such data could be applied to seck out for new ways to treat oncological diseases as well as pave the basis
for new approaches to regulating NK cell characteristics in reproductive pathologies. As mentioned earlier, the latter occur
in the decidual membrane, where they can interact with fetal cells including trophoblast cells. It is believed that cells can
mutually regulate each other’s properties necessary for the course of physiological pregnancy. Probably, imbalance in this
system can lead to development of reproductive pathologies, The review summarizes the currently available data on the
effects of ESKAPE group bacteria on NK cells, and also considers putative mechanisms for emergence of impaired inter-
action between NK cells and trophoblasts exposed to ESKAPE group bacteria. Owing to few publications available on this
phenomenon, the experimental study assessing an impact of ESKAPE group bacteria on NK cell properties is envisioned
as a necessary stage in development of contemporary biology.

Key words: NK cells, ESKAPE bacteria, trophoblast, antibacterial immunity, reproductive pathologies, cytokines, phenotype, cytotoxicity.

Beegenue

Ecrecrennsie knuieps! (NK-kaeTkyu) — num-
hOUNTEl BPOKICHHOTO HMMYHHMTCTA, OCHOBHBIMH
(YHKUMAMK KOTOPBIX SBASIOTCS Y4HacTHe B Npo-
THBOOMYXOJEBOM M NPOTHUBOBHPYCHOM HMMY-
HHTETE U B peryasiuum npoaudepatiBHbIX npo-
ueccos [108, 148]. Onn peanusyiorca Gaarogaps
HAJNMYMIO LHLMTOTOKCHYCCKUX Besikos sBHyTpH NK-
KJICTOK, @ TAKXe IPOAYKLUHH IWHPOKOro crekrpa
LHTOKHUHOB. B iuteparype rakxe OlnucaHo yyactme
NK-kj1eToK B peakumsx, HanpasleHHbIX HA 2711~
MMHALMIO BHYTPUKIICTOYHBIX BakTepuit [91].

B nocneanue roasl NOABHIMCHL HCCHCAOBAHNMSA,
ceuaerensersyommne o cnocobroern NK-xirerok
PEryJIMpoBaTh MMMYHHBIH OTBET NPOTHB BHEKJICTOY -
HBIX DakTepuit, B Tom uncne rpynnst ESKAPE [111],
OJIHAKO MEXaHU3MBb! 3TOI0 ABJICHMUA HE H3YUCHEL.

B cBow ouepens BGaktepun rpynnut ESKAPE,
BEPOATHO, TAKXE MOTYT BAMATH Ha Xapakrepy-
cTukH NK-xjerok. OnMcaHO M3MEHEHME cekpe-
UMM UMTOKHHOB M LHUTOTOKCHYCCKHX CBONCTH
NK-Kkj1eToK nocne s3anMoaeiicTsus ¢ 6akrepusmu
rpynnet ESKAPE (23, 72].

lMockonsky NK-kieTkn  oB6HapyXHBaOTCH
HE TOJILKO B repuepryecKoit KPoBH, HO M 10K/ b-
HO, BTKaHNX, B3aUMOCHCTBHE C BaKTePHAMM Ipy11-
el ESKAPE MOXeT B/IHATH HA MECTHBIC MTPOLIECCHI.

Tak, oaHoit u3 nonyasunit NK-kneTok sipnsores
NK-KIeTKH MaTKH, KOTOPhIE TECHO KOHTAKTUPYIOT
¢ knetTkamu tpodobnacra [3, 78, 105]. Knerku B3a-
HMHO peryJHpyloT dYHKUWH ApYyT Apyra, U Hapy-
uieHue dasaHca B 3TON CHCTEME MOKET NIPHBOAMTD
K PEenpoaAyKTHBHBIM naronorusaMm [147]. K anano-
FHYHOMY MCXOAY MOXKET [IPHBECTH H3IMCHEHHE
xapaxkrepuctuk NK-Kietok noy sansiHmeM Gaxre-
puit rpynnst ESKAPE. Kocsenno 06 2T10M cBHe-
TCABCTBYIOT ODHAPYKEHHE B YHAOMETPHH XKEHIIHH
C yCTaHOBJIEHHBIM OecriionueM Enterococcus faecalis,
Pseudomonas aeruginosa [32], OIHAKO MEXaHH3Mbl
3TOTO ABACHHA TAKXKE HE M3YUCHBI.

Taxum obpa3omM, Leabio 0630pa 60 paceMoT=
pPEHME M3BECTHHIX HA CErOAHSIIHMX A€Hb JaH-
HbiX 0 B3aumoperynsuny NK-kinetok u 6aktepuit
rpynnst ESKAPE, a takxe aHanM3 BO3MOXKHBIX
3(hhexTOB ITOro nNpoecca B pasBHTUH PEIPOAYK-
TUBHBIX ITATONOIMH.

Baktepuu rpynnesl ESKAPE:
XapakTepucTuka npeacrasuTenei
rPYNMbl U POb B 34PaBOOXPAHEHUN

B 2009 r. Amepukanckoe O6uectso no Mudexk-

umonHstM  3abonesanmam  (Infectious Diseases
Society of America) onyGIMKOBAJIO OTHET, B KOTOPOM
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TTOTYEPKHY/IO HeOOXOAMMOCTh Pa3padoTK¥M HOBEIX
aHTHOAKTEPHATBHEIX MpPENapaTtoB NMPOTHB DakTe-
puit rpynst ESKAPE [14]. K 6axkTepusiz 310 rpyn-
nsl oTHocaTCcH Enferococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa w Enterobacter spp., IpOsiB-
FI0NIHE MHOXECTBEHH Y0 YCTOHYMBOCTE K pa3ind-
HBIM KJIacCaM aHTHOMOTUKOB, BhI3bIBAIOIIHE TsXE-
asre nHbekuwnH [127].

B 2018 . BO3 obnoBu.1a CTUCOK DaKTepHid, A1
0opeOBI C KOTOPBIMH HEOOXOXMMO pa3padaThiBaTh
HOBBHIE aHTHMUKpPOOHBIE npenapartsl [144]. B stoT
cnucox Bomnu 20 BuaoB GakTepHii, B TOM 4HCIE
6 npeacrasuTenei rpynnet ESKAPE, nepeuncies-
HBIE BHIIIE.

E. faecium — TpaMmoOJIOXHUTEIbLHbIE OaKTEepUH,
PacnpoCTpaHEeHHBbIe BO30yAMTE/NH BHYTPHOOIb-
HHYHEIX HHQEKUHii, B OCHOBHOM IIpEACTaBIAI0-
[IHe OMacHOCTh T8 MMMYHOKOMIIDOMETHPOBaH-
HeIx nanueHToB [83]. [Toka3aHo, 94TO CYILIECTBYET
nBe monyasuuu OGaxktepuii. I[IpeactasuTenu on-
HOM TIONMYJIALHYN SBASIOTCS YaCThi0 HOPMaJIbHOIO
vukpobuoma XKKT, a nmpencraBuTenu Apyroil —
TOCIIMTAaNbHONH — BO30DYAMTEISIMH KIHHWYECKH
3HaYMMBIX hopM nHbexmuH [43, 92].

S. agureus — rpaMIIONOXHTENbHBIE DaKTEpHH,
BbI3bIBAIONIHE KaK BHeOOIbHHYHDBIC, TaK H FOCITH-
TaNbHBEIE MHOEKIMH, B TOM YHCJIE MHEBMOHHIO
1 HHOEKIHH CepAeYHO-COCYAUCTOM cucTeMbl. M3-
32 pacmpoCTpaHeHHOCTH HH(peKuuii, BHI3BIBae-
MBIX S. aureus, TAKXe BCKOpE TOCHEe Hayaja 3pbl
aHTHOHOTHKOB BO3HHKJIM CHauala PE3HCTEHTHBIE
K TMIeHHIIMJITHHY mTaMMel [93], a 3ateM H MeTH-
HMJUIMH-PE3UCTEHTHBIE INTAMMBI, SB/SIOIIUECH
Ha CEeroAHSIIHHWI ISHb Cepbe3HO# MEIHIIWHCKOH
npobaemoii [21, 37].

K. pneumoniae — rpamoTpunaTe/ibHble HakTe-
DHH, IBAAIONINECS YCIOBHBIMH TaTOreHaMu. Y ma-
LHEHTOB CO CHMXCHHBIM MMMYHHUTETOM OHH BBI-
3HIBAIOT MHEBMOHWH, CENCHUC, NHMOEKIIMH MOJIOBBIX
nyTeil. BupyieHTHBIE B aHTHOMOTHKOPE3UCTEHT-
Hbi€ KJIOHBI CMOCOOHBI BBI3BIBATH HO30KOMHAJb-
Hble HHOEKIHWH C TSXENbIMH MociIeacTBUsiMH [12].

A. baumannii — rpaMOTpHUATEIbHBIE OAKTEPUH,
BBI3BEIBAIOIINE BHYTPUOOIBHHUYHBIE HHDEKIHN —
[THEBMOHHH, DakTepueMuto U cerncuc [101].

P. aeruginosa — TpaMOTpULATe/IbHbIEe OakTe-
PHH, TIPEACTABASIOIIHE YTPO3Y i MMMVHOKO-
MIPOMETHPOBAHHBIX NMauueHTOB [36]. P. geruginosa
JaXe NIUKOTO THIIa NPOABASeT YCTOMYHBOCTD K Oe-
Ta-TaKTaMHBIM aHTHOHOTHKAM [119]; mmpoko pac-
MMPOCTPaHEeHEB! IITAMMEI, PE3UCTEHTHLIC K HTOPXH-
HOJIOHaM, aMWHOIrIHKo3uaaM [142].

baxtepuu pona Enterobacter — rpaMOTpPHILa-
TeJbHBIE TTAJIOYKH, TAKXKE BhI3hIBAOT BHYTPHOOIb-
HUYHBIe HHOEKIIHH H XapaKTePH3YIOTCs aHTHOHO-
THKOYCTOWYHBOCTHIO. Haubosiee pacnpocTpaHeH-
HBIMH CPEIH HHUX BO30YIHTENSMH WHOEKIHH aB-
nsiiotes E. aerogenes, E. cloacae w E. hormaechei [30).

B T1abn. 1 mpencrasieHsl OaHHBIE, OTpPaXaio-
e BOBJeYeHHOCTH Dakrepuit rpynnsi ESKAPE
B pa3sBUTHEe WHGMEKIMH, a TAKXe CBEACHHS O IpyI-
max aHTHOHMOTHMKOB, K KOTODBIM BhipaboTaHa
PE3UCTEeHTHOCTb.

B T1a6n. 2 npencTaBicHBl AaHHBIE O BIHSHUH
6akTepuii rpynnsl ESKAPE Ha kiieTk1 HMMYHHO#H
CHUCTEMBI M MOJIEKYJIaX, KOTOphIE 3aIeiHCTBOBAHL!
B 3TOM TpoLecce.

Taxuym o0pasom, K rpynne ESKAPE otHecenn
faktepun — BO30yAHMTENHW HWHOQEKIHOHHBEIX 3a-
DoJeBaHM#H, NeUYeHHE KOTOPBIX OCJHACXKHEHO DE3H-
CTEHTHOCTBIO MATOTEHOB KO MHOTHM aHTHOaKTe-
pHajJbHEIM npenapataM. [Ipu 3TOoM npencraBuTe-
JIM DaHHOM TPYIIBI, BEPOSTHO, MOTYT OKa3bIBaTh
BIMSIHHE Ha XOJ JIeYeHHsI, Perviupys OYHKIHH
KJIETOK HMMYHHOMH CHCTEMEL.

NK-KNeTku: KpaTkas XapakTepucTuka,
pO/ib B aHTMBAKTEPUANEHOM UMMYHUTETE

B HacTosimee Bpemsi non TepMHHOM NK-
KJIETKH MOHUMAKIT JTUMOOHIHBIE KISTKH BDPOX-
IEHHOTO HMMYHHTETA, 3KCIIPECCUPYIONIHE Ha CBO-
eif TTOBEPXHOCTH MOJIeKylbl MeMOpaHHOro fenka
rpynnel KietodHoi aaresun CD36 u aumeHHEIe
CD3 — OCHOBHOTO KOpenenTopa [-KJIeTOYHOro
peutenitopa [155]. HuskoaduHHBIN pelenTop Als
antuTen Knacca IgG CDI16 (FcyRIIl — peuenTop
K ramma-nenu Fc-dparmenta I[gG) Takxke sB-
JIeTCH BaXHbIM MapKepHHIM pPELeNTOpPOM ecTe-
CTBEHHBIX KWLJIEPOB 4enoBeka. Ero mosepxHOCT-
Has 3JKCIpPecCcHs HeoOXoauma Iisl peaiu3alldu
AHTUTEN03aBUCUMON KJIETOYHO-OIIOCPEeIOBaHHOH
HHTOTOKCHYHOCTH [155].

Ha mnosepxHoctTy NK-KiIeTOK pacronoxeHs!
pelenTopkl, peryaupyomue ux dyakuun. Cpean
HHX BbLIeasIOT Oenkm cemeitictea KIR [47, 165],
NKG [169], NCR [I, 117]. B 3aBUCHMOCTH OT pe-
3yABTATa B3aUMOISHCTBHSA C JIHTAHAOM DEHenTOo-
pel NK-K71eToK moapas3fensitoT Ha aKkTHBHPVIOIIHE
1 uHrAdupyomue [126. 136]. PakTopsl MHKpPO-
OKDYXKeHHsI BIHSIOT Ha 3KCIPECCHIO PEHENTOPOB
NK-kiIeTkaMmn.

OcHopHoO#t dyHkuueit NK-ki1eTok, MTOMHMO
y4acTHs B NpoaudepaTHBHBIX TIpolieccax, CYH-
TalOT y4YacTHe B MpoTHBoomyxoiesoMm [75, 159]
¥ NPOTHBOBHPYCHOM MMMYyHHTeTe [24, 167]. BTo0
BO3MOXHO Omaromaps crnocobroctu NK-kietox
pPAcMO3HaBaTh KJIETKH, NOABEepriunecs TpaHcdop-
Mallii M TOTEpsBIIME CIIOCODHOCTH 3KCIpeccH-
posath Moaekyasl MHC 1. Ilpu B3aumoneiicTuu
¢ HuMH NK-KneTkM noiy4aloT HEOOCTATOYHBIH
UHTHOMPYIOUIHH CHIHall, YTO NMPHUBOAHT K aKTH-
Bauuu NK-kietok. C Apyroil CTOpOHBI. Pa3BUTHE
OMNMYXOJH M BHPYCHAs WH(MEKUWs BBI3BIBAIOT Kie-
TOYHBIH CTpecc, COMPOBOXAAIOMIWICH 3KCIpec-
cueit peuentopos, HanpuMmep MICA/B, xortopsie
B CBOIO OYepelb CTHMYAMPYIOT aKTHBHDYIOUIHE
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peuenTopel Ha noeepxuoctu NK-xkiaerok. B pe-
ynbrare, npoucxonur axrtusaums NK-kietok,
MPHBOAALIAS K YHHUUTOXKEHMIO KJIETOK-MHIlLe-
Helt 3a cuer npostenenus NK-kierkamu LMTO-
TOKCHMYHOCTH, JNB0 ONOCpPeAOBaHHO, Yepe3 Bbi-
IEeNIEHHUE MPOBOCHANHTENbHLIX uuTokuHos [118).
Hurorokcuunocts NK-KJIeTOK MOXeT peann3o-
BEIBATECA IIOCPEACTBOM WHTOTOKCHYeCcKux Ges-
KoB. [Tpu akrusanmn NK-KJIeTOK HAaUMHACTCH Bhi-
CBODOXJICHHC JIMTHUCCKHX TPaHys, CoAepXaiinx
TPaH3uMBl, rpaHyausuHd U nepdopun. [Nocne an-
reauy NK-KJIeTKH K KJIeTKe-MuLlIcHH # oBpa3osa-
HHUA MMMYHOJIOTMYECKOro CHMHArMCA, JHTHYECKHE
TPaHy/Ibl TPARHCMOPTUPYIOTCH 10 MHKpPOTPYBOU-
KaM B HaNpas/ICHHH LICHTPA OPraHn3auni MUKPO-
TpyOoueK ¢ NOMONIBIO JIMHENHA, 3aTeM OHH MOoJIf-
PH3YIOTCH B HalpapiIcHUHU MMMYHOJOrHYECKOro
ciHarnca [60, 95]. Takxke BO3MOXHA pelenToOpHO-

OMNOCPEAOBAHHAA LMTOTOKCHYHOCTH, NK-KieTkn
IKCIPECCHPYIOT «PCUENITOPLI CMCPTH», HATIpUMEDP
TRAIL-R, CD95 [106, 109], cBsi3piBaHHE KOTOPHIX
¢ JIMFAHAAMH HA MOBCPXHOCTH KJCTKM-MHILICHH
NMPUBOAMT K 3arycky anonrosa nocieaHeit [57,
133]. PaHee Takke YNOMHHANOCH O BO3IMOKHOM
Pa3BHTUH AHTUTENO3aBUCUMON KJICTOYHOH TOK-
CHYHOCTH — TIpM CBA3KBaHMUM aHTHuTena ¢ CDI6
(Fc-peuentopoM) Ha nosepxHoctH NK-xietox
IPOMCXOAMT BBIUIGJCHHUE I'PaHy/ UHUTOTOKCHYEC-
Kux Denxos [2].

Kpome ocyuiecTBicHus peakuMi UHUTOTOK-
cuunocTH NK-KJIeTKH MOryT ciayXuTh B Kaye-
CTBE pErynsaropos (GyHKUMH HMMMYHHOH cucTe-
MBI, CHHTE3HpYS IIHPOKHH CNEKTP IUHMTOKHHOB.
IMposocnanurensHbie UUTOKHHB IFNy u TNFo
ABNAIOTCH BAXHEHIIMMH [IMTOKHHAMM, TPOAYLIH-
pyeMbiMH NK-Kj1eTKaMH U peryJiupyiomHMH X 1iu-

Tabnuua 1. Xapakrepucrtuka 6akrepuii rpynnel ESKAPE

Table 1. Characteristics of ESKAPE bacteria

OCHOBHbBIE HOZ0NOTUM,
ﬂpcnmém TRYNNS! | o isbiBaemMbie npeacrasurenem YcroiumusocTs K aHTubruoTUKam
rpynnst ESKAPE Antibiotic resistance
Member of ESKAPE group Main related nosologies
Tpuymkaudeckue rankonenTuast (sankomuuny [48, 65]),
Baxkrepuemus [9], nudexunn oxcasonuauKonsl (nuhesonup [65)), Gera-nakramisie
¥ Bt MOYeBLIBOARWMX NYyTeR [27] aHTubuoTuin (amnuumnnun [123])
: Bacteremia [9], urinary tract Tricyclic glycopeptides (vancomycin [48, 65]),
infections [27] oxazolidinones (linezolid [65]), beta-lactam antibiotics
(ampicillin [123])
Supoxapaur [88], chHapom
Tokcuyeckoro woxa [131],
nMueswe oTpaBaeHNs [110), ::‘::'JIIKTHM?;‘G ;7m6uomm (neuummnur n: (93],
xoxHuie sabonesanus [124], UMAAKH o 1 mmnxnu;ccxm xonenTuas!
Gonesnm Asocatesniol (sauxomuums [26]), mynupouus [29], nunonentugHsie
cHCTOMM [13], MHGOKLNK NONOBMIX anTuBuoTuky (aanTomuumn [96]), oxcazonuaMHOHSI
S. aureus nyreﬁ " 30] ' (Alnﬁalaullﬂﬂ [81])
Endocarditis [88], toxic Beta-[actam antibiotics (penicillin (93], methicillin [21, 37]),
shock syndrome i‘ 31], food t;icyclac glyooppptides (vancomycin [26]), mupirocin [29],
R Sl lipopeptide antibiotics (daptomycin [96]), oxazolidinones
poisoning [110], skin diseases [124), (dalbavancin [81])
respiratory system diseases [13],
genital tract infections [130]
Mueemonusn [42, 100], nudexumun
MOYeBbIBOARLWMX NyTeidl [18], Amunornukoauas ([62]), npﬁananemu ([62]), Gera-
[ —— wHdexuun nonossix nyrei [130] naxtamusie anTubuoruku [71]
P Pneumonia [42, 100], urinary Aminoglycosides {[62]), carbapenems ([62]), beta-lactam
tract infections [18], genital tract antibiotics [71]
infections [130]
Bera-naxtamubie anTubuoTiku [146], xapBanawems: [31,
A Dscnind Mueamonus [107] 148), uedanocnopunsl [139]
: Pneumonia [107] Beta-lactam antibiotics [146], carbapenems [31, 146],
cephalosporins [139]
Wsdexumm asixarensHo Bera-naxtamusie aHTuGuoTmKK [119],
cucrems! [13], undexuun nonossix | yepanocnopunst [137], xusonoust [68],
P. aeruginosa nyven [130] xapBananems [74]
Respiratory infections [13], genital | Beta-lactam antibiotics [119], cephalosporins [137],
tract infections [130] quinolones [68], carbapenems [74]
Uedanocnopunm [39, 98], kapbananems! [99], Geta-
Bibercbasters Baxrepuemun [141, 161) naxtamuslie anTubuoTukm [30], xunonowus: [98]
Pp- Bacteremia [141, 161] Cephalosporins [39, 98], carbapenems [99], beta-lactam
antibiotics [30], quinolones [98]
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TOTOKCHYCCKHE cBoicraa [157], KpoMe TOro, uMro-
KUHBL MoayaupyloT dyHkumn T-xaerok, makpoda-
roB, AeHAPUTHEIX KJleTok (DC) [19, 59). NK-kaerku
cexkperupyior RANTES, IL-18, IL-10, GM-CSF,
VEGF, TGFB, LIF, IL-8, CXCLI12 u apyrue uuro-
KuHEL [S0], peryaupylomme ux cobCTBCHHBIC CBOH-
CTBA M XapaKTEPHCTHKH MHKPOOKPYKEH M.

[MomMumo Toro, yro NK-KJIETKHM HM3BECTHBI KakK
KOMIIOHCHT MPOTHBOOMYXOJIEBOIO H ITPOTHBOBHPYC-
HONO MMMYHHTCTA, TAKKE H3BECTHO 06 HX YYacTHM
B MMMYHHBIX DCaKUMSX MMPOTHB BHYTPHKJICTOY-
HbIX DakTepHil, O0 3TOM CBHACTE/ILCTRYIOT JaHHBIC
O TIOBBLIIIEHHONH YactoTe OaKTepHaNbHBIX MHpEK-
unit y nauwenTos ¢ aehuunrom NK-kierok [34).
Baaumoneicrame N K-k1eTok 1 6aKTepuit BO3MOXHO
Onarogaps 3KCIIPECCHPYEMLIM PELICTOPaM BPOX-
neHHoro ummyHnuTeta. INoxazana sxcenpecens TLR1
(or anrn. Toll-like receptors — Toll-nogoGHbie pe-
uenTopsl) [25], TLR2 |20, 38], TLR3 [38], TLR4 [38],
TLRS5[20,25], TLR7 |6, 154], TLR8[6, 154], TLR9[15,
154], nuraHaaM¥M HEKOTOPHIX W3 HUX SBISIOTCH KOM-
MOHEHTHI DaKTepHANBbHBIX KJICTOK.

Taxkxke Ha NK-xieTkax o6HapyXKUBalOTCs peuen-
Topel M3 rpynmkl NOD-nonobrsix: NLRP3, NODI,
NOD2, nuraHzaMy KOTOPbIX SBASIOTCH (PparMeH-
T bakTepuansHbiX kieTok [102]. Yeranosnewo, uto
aronuctel NLRP3, NODI, NOD2 ycHIHBaKOT LIHTO-
ToKcHuecKylo dyHkimio NK-KIeToK, npoaykiiuio
umu TNFa, IFNy [40]. Kpome onocpeaoBaHHOro
YYACTHA B aHTHOaKTepHaTbHOM HMMYHHTeTe NK-
KJICTKH W ITPOOYUMPYEMbIE MMH MHKDPOBE3HKYJIIhI
MOTYT CONEPXKaTh MENTHIL — aedeH3nusb o 1 5 [20,
79|, koTopuie OOMANAIOT TONABISIONIHM NEHCTBHEM
B OTHOILICHWH TPAMTIONIOKHTEILHBIX M TPaMOTPHILA-
renbHbix 6akTepnii [150]. Takxe n3 NK-kieTox Obin
poiteneH NK-muaun [5], obnazaomuit antubaxre-
puansHoit achdekTusHOCTLIO [17, 90].

YeranosneHo, 4To NK-KIeTKH cnmoco0HB YHHY-
TOXKAThH IYKAPHOTHYECKHE KJETKM, 3apaXeHHbIC
Shigella flexneri, npuieM 3TOT NPoOLECC OCYUIECT-
BJSJICA TOABKO MOC/E 3apaXeHHA WHBA3ZHBHBIM
mraMmMoM GakTepMH M YCHIMBAiCs rocie obpa-
6otk NK-kaerok 1L-2 unu IFNy[77]. NK-kreTku
CrOoCcoBHBI MPOSIBAATE HMTOTOKCHYHOCTE IO OTHO-
IIEHHIO K MOHOUNTAM, 3apaxeHHBIM M. tuberculosis,
NPHYUEM 3apaxeHue TPHBOAMIO0 K YCHIIEHHIO LIMTO-
TokcHueckoi akTusHocTH NK-kierok [153]. B nan-
HOM MCC/CNOBAHMMN ABTOPL CBA3IBLIBAIOT TTPOLIECE
C IOBbIIEHHO IKCITPeCCHEi aKTHBAIIMOHHOTO pe-
uenropa NKp46, 4To NoATBEPKAACTCH CHHXKCHHEM
UMTOTOKCHYCCKOM akTuBHOoCcTH NK-KI1eTOK nocie
0JI0KMpOBAHHSA PeLCITTOPA.

Maxpodaru, sapaxenusie M. tuberculosis, Bul-
aplBasiy noseiieHue akenpeccun NKpd46, NKp30
u NKG2D NK-knerkamu nepudepuueckoit Kposu
[IPH COBMCCTHOM KYJIBTHBHPOBAHUHM, KPOME TOrO,
NKp46 u NKG2D oxkasanuchk 3aeHCTBOBaHbI
B JIM3MCE 3apaXeHHBIX Makpodaros: npu Gnoku-
POBaHHMH 3THX PELENTOPOB KOJIMYECTBO NOruHbuIKX

Makpodaros Ou10 3HaUMTENLHO HUXKe. [IpH 2TOM
HCCIIeNOBaTEIH TaKXe MPOBeH AHAMN3 IKCIpec-
CHM Mapkepos crpecca, Jurannos NKG2D — npu
BHYTPUKJIETOYHOM 3apaxXeHuH Mmakpodaru ycu-
NHBAaNM IKCMpeccHio mapkepa crpecca ULBPI,
11pH BNOKHPOBAH MM MOJIEKYIBI JIM3NC Makpodaros
NK-knerkamu cauxanca [152].

HekoTopsie uccaenoBaTeln YKa3blBaloT Ha He-
obxoaumocTs B3aumoneiicTeus NK-knetok ¢ DC
npH HHQEKUMAX, BHI3BAHHBIX BHYTPHKIETOYHbBI-
MU DaKTCpUIMMU,

Tax B 2003 r. uccaenoBaTENH BLIACHHIIN, Y4TO 3TO
B3aMMOACHCTBHE HCOBXOIMMMO ISt MHAYKIIMH OT-
sera T-xeanepHsix Kiaerok [67]. INosanee 210 non-
TBEPAMJIA Apyras rpynna uccreaosareneit: nocue
nepecaaku DC or mbiweit ¢ anumuuaumnein NK-
KJeToK, HHPEeKU s Yy MBlILeH npoTeKaia Xyxe, npu
ITOM CHMKANCH ypoBeHb unuToKuHoB IFNy, IL-17,
HO Habmwoaancs nossiieHHBIR yposers 1L-4, 410
CBHICTENLCTBYCT O AucbanaHce BOCNANMTCIBHOM
peakuuu. Takxe onucana pons NKG2D B 3tom
B3aMMOACHCTBHM: TIpH cro Briokuposarun Habno-
Ja¥ H3MEHEHHME CHHTEe3a UHTOKUHOBR [134],

MonekynspHbic MEXaHM3IMBI B3auMMoOACHCTBIA
NK-xjierok 1 DC Takke HC M3y4YeHBl JI0 KOH-
ua. PaHee nokazaHo, utro mMemOpanHas ¢pakums
Klebsiella pneumoniae BBI3BLIBACT YCHICHMC CHH-
te3a DC xemoxunos CXCLI10, CCLI9 u CCL5
(RANTES), a takxe sbispiBacT Murpaumnio NK-
KJCTOK, KoTopas HHrubuposasnace npu 610Kupo-
paHuu CCRS5 Ha nosepxHocTH NK-xierox [151).
B uenom, B3aumoncitcraue NK-xierox u DC npu-
OaxkTepHaNbHBIX HHOEKUNAX CHYKHT CBA3YIOUIUM
3BEHOM JUIS BPOXACHHOIO M aJanTUBHOIO MMMY-
HUTETA, KPOME TOTO, B PC3YJILTATE 3TOrO B3AWMO-
JNeHCTBHS 3aIIyCKACTCS CHHTE3 LUMTOKUHOB, pery-
JIMPYIOIIMX HMMYHHKIH OTBET.

Kpome saaumoneiteteust ¢ DC npy uMMyHHOM
orsere Ha DakKTepHalbHYI0O HWHODEKUMHIO, B JIHTE-
parype ONMUCAHBI HAHHLIE, CBUIETEILCTBYIOUIHE
o ponu koHTakTa NK-KaeTok ¢ Mmakpodaramu. Tax
noxka3aHo, uTo NK-kneTkH, Bblie/ieHHbIe 3 (hpak-
UMK MOHOHYKJeapoB mnepudepuueckoi KposH,
YCHIMBAIOT 3KCIIPECCHIO MApKEPOB AKTHBALIHKU
CD69 u CD25 B npucyrcTBHH OakTepuil, a Tak-
Ae yBEIHYMBAIOT NMPOAYKUHIO UHTOKHHOB [FNy,
IL-12, TIL-10. B npHcyTCTBMM NpaiiMHUPOBAHHBIX
makpodaros cekpeunsa [FNy NK-kreTkamu Bo3-
pacraja 1o CpaBHCHHIO ¢ KYIETHBHPOBAHHEM
B IIPHCYTCTBHH TONBKO GakTepuit [54].

B nmreparype BCTpPEYaOTCA JAHHBIC O TOM, YTO
NEK-KJICTKH YHACTBYIOT B peasiH3alnH MPOLECCOB,
JICKAUMX B pasBuTun cencuca, Ha ceronHsaumHmii
JicHB postb NK-KJICTOK B 3TOM npolecce oleHHBa-
eTcs HeonHO3HauYHO. TToKka3aHo, YTO Y MalHEHTOB
C XYAUIUM MTPOrHO3OM BIXKHBaeMoCTH B niepudepu-
YECKOI KpoBH NoBbilcHO conepxanne NK-kierok,
akenpeccupywomux PD-1, — Monekynbl, HHrnou-
pylouet aKTHBHOCTL KJICTOK MMMYHHOM cucre-
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MBI [66]. BepoSiTHO, 3TO CBUAETEABCTBYET O CNOCOG6-
HOCTH OaKTepHii peryIHpOBaTh HMMYHHBIH OTBET.

B nocneaHue roasl NoJydeHb! ZaHHLIS, CBHIE-
TeabcTByOmKe 00 yyacTH NK-KJIeToK B MMMYH-
HOM oTBeTe npoTtus OakTtepuii rpynnul ESKAPE.
B skcriepuMeHTe Y MBIIIEH, 3apaXeHHBIX A. bau-
mannii npu ucTomeHun nyna NK-xkieTtok Hapy-
ajcs TMpOoLEecC MHIpPallMH HEHTPOQUIOB B Jer-
KHe, YTO NMPHBOAMIIO K CHHXECHHIO CHOCODHOCTH
OpraHM3Ma K 3JiMMHHanuu Saktepuit [149]. Takxe
ecTh JaHHbie, CBHAETENbCTBYIOmKE 0 poinu NK-
KJIETOK B MMMYHHBIX peakIIusaX nMpu HHOeKIIUusaX,
BLI3BAHHEIX S. aureus: yCTAaHOBJIEHO, YTO NPH CTa-
bunokkoso# HHbekunn KonuyecTso NK-kieTok
B o4Yare BO3pacTao, MpHu 3ToM G1okupoBaHue NK-
KJIEeTOK MPUBOIMIIO K YBEIHYEHHIO OaKTepHallb-
HOM Harpy3kH M CHHXEHHIO (arouHTHUpYIOLIeH
CIMOCOOHOCTH MaKpo(aroB, YTO MOXET CBHIETEIb-
CTBOBaTh O perynsaTopHoit poru NK-kinetox npu
dakTepuanbHOUN HHbeKMH [138].

IMoka3aHo, yTo NK-k1eTku MOryT y4acTBOBaTh
B 3aIIMTHBIX PEaKIHs MPH MHEBMOHHWH, BBI3BAH-
o K. pneumoniae. Merurn, y kotopsix NK-knetku
ObLJIM MHAKTHBMPOBAHBI NP TMOMOLUM aHTHTEN,
XVXe CNpaBIsuCh C WHOEKLuel, YTO BbIpaxa-
J10Ch B TIOBBIIIEHHOM pa3MHOXeHHMH OakTepuii
B JIETKHMX W YBEIHYSHHOH CMEPTHOCTH ocobeii
B 3TOM rpynre [164]. ABTOpsI HCCeIOBaHHU S Mpea-
noxararT, 94To poas NK-xieTok B aHTHOaKTepH-
albHOM MMMYHHTETE MOXET OBITH OMOCpeaoBaHa
nponykuueii [L-22. Ha paHH#X 3Tanax uHQEKUHH
NK-xaeTKH MOTYT OBITH MPOIYLUSHTOM 3TOrO LH-
TOKHHA, HEOOXOAHMMOTO AT YCHICHHS TPOAYKIIHH
GaxTepuMaHBIX Oenkos [164, 171].

NK-kJeTKH Takxe MOryt ObiTh 3ameiicTBOBa-
HBl B KOHTpPOJIE Pa3BUTHS ITHEBMOHWH, BbI3BaH-
Hoii K. pneumoniae, TOCPEACTBOM B3aUMOASHCTBHS
¢ makpodaramu. braronaps seipabotke [FNy NK-
KJICTKH BBI3HIBAIOT yCHIIcHHe cuHTe3a [L-12 Mmakpo-
daraMu, a TAKXKE CTHMY/IHDYIOT aHTHOaKTepHaib-
HBIE CBOMCTBa KieToK [64]. YecTraHoBaeHO, uto NK-
KJIETKHM VYacTBYIOT B 3TMMHHUPOBAaHHHU DakTepH-
ambHOM IMHEBMOHHWH, BbI3BaHHOW K. pneumoniae.
OH¥ TaKXe M3YYIJINH MOJICKYJIAPHBIE MEXaHMU3MB,
JIeXaulHe B OCHOBE 3TOTr0 mpoliecca. ¥ Mblllei
¢ BEI3BaHHBIM AeduumntoM penentopa IFN I tuna,
NK-xneTrknBeipabateiBanu meHbine [IFNy, vem NK-
KJAETKH MBIIIeH AUKOro THIIA, YTO TaKXE COMpo-
BOXIANOCh YXVIIIEHHEM COCTOSHMS XHBOTHBIX.
Kpowme Toro, y TaKuX Mullieif oTMeYeHa CHHKCHHas
nponyxuus [L-10, HeoOxoauMOro s peKpyTHPO-
Banusa NK-kimerok. Takxke y Mbimei ¢ aedbuun-
toMm peuenTopa [FN I Tuna B 7erkux oTMedanoch
ropa3zao Sonbmiee yucao DakTepuil. B uenom, as-
TODHI TMIPHXONAT K BBIBOAY O TOM, YTO M3MCHEHHE
pexpyTHpoBaHHs ¥ GyHKUM NK-K1eToK B oTCyT-
creuu peuenrtopa [FN I THna npuMBOIMT K CHHXKE-
HHIO aKTUBHOCTH MaKpo(aros KakK riaBHBIX y4acT-
HHKOB aHTHOAaKTEepHAJILHOTO HMMYHHTeTa [64].

NK-KJIETKH MOTYT Y4acTBOBaTh B aHTHOAKTEpH-
anbHOM HMMMYHHMTETE MOCPEACTBOM MeMOpaHHBIX
PELIETITOPOB, PACIIONOXKEHHbBIX Ha HX TTIOBEPXHOCTH.
TIpu wHDUuHpoBanun P. saeruginosa NK-Ki1eTku
BeIpabaterBaioT [FNy, ogHako npu 6:10KMpOBaHHU
akTusupyiomero peuentopa NKG2D ormeuaercs
cauxeHue cuHTe3a IFNy NK-kaeTkamu, 4To CBH-
AeTeNbCTBYET 00 y4acTHM 3TOTO pelenTopa B UM-
MYHHOM oTBeTe [158].

HeKoTopble MCCASHOBaTeIM OIMCHIBAIOT POJb
HHUTOTOKCHYeCKHX OenkoB NK-kineTox B noiziep-
XaHWM aHTHOAKTEpPHMAIBHOIO MMMYHHTeTa. 1ax,
npH AedhHuIHUTEe IPAaH3HMMOB ¥V MBILIEH MHEBMO-
HWS, BhI3BaHHast P. geruginosa, MPOTEKala CXOIHO
C MHEBMOHHEH y MBImiei nukoro Tumna. Jdeduuut
6e1KOB IIPUBOIHJI JIHIIE K BPEMEHHOMY POCTY Dak-
TepHAJILHOM Harpy3KH B JIETKHX, a TakKXe YCHIe-
HHIO BOCMAJICHH A, HO He BIIMST Ha BRIXHBAeMOCTh
B rpyrnmnax [44]. CooTBEeTCTBEHHO, HUTOTOKCHYEC-
kue Oenkm NK-KjIeTOK MOryT Urparh JIHINb MH-
HOPDHYVIO DOJIb B aHTHOAKTEpHAaZIbHOM UMMYHHTETE.
OnHaxko B pabore 2022 r. moxa3aHo, 9To NK-ki1eTkn
MOTYT OCYIIECTBAATH HHTOTOKCHYHOCTE IO OTHO-
IIEHHIO K KJIeTKaM P. geruginosa, mpu4eM 3TO 1po-
MCXOIHMT NPH KOHTAKTHOM B3aMMOIEHCTBUMH, C TI0-
BpeXaeHHeM DaKTepuanbHOM MeMmOpanbl. OnHaxko
NpH HapyIeHWH CHHTe3a rpad3uMoB B 1 H, npouc-
XOIWJIO TIOAABJEHHME HMTOTOKCHYECKOH (QYHKIWH
NK-xJ1eTOK 1o OTHOIIEHHIO K OaxkTepusmM [85], uto
MOXeT YKa3bIBaTh Ha HeoOXoaAuMOoCTh 3TuX OesIkoB
B aHTHOAKTepHaIbHOM HMMYHHOM OTBETE.

Ha monmenu nerodyHoid WHMEKUWH, BBI3BAHHOH
S. aureus, B 2008 1. 6b1710 TIOKa3aHo, uyTo [L-15 Takxe
BHOCHT BKJIaJ B aHTHOAKTEpHATbHBIN KMMYHHTET
B CBSI3H C ero BausitHWeM Ha NK-KIeTku ¥ Makpo-
darn. Camo KynsrusBupoBanue NK-ki1eTok B npu-
CYyTCTBHM OakTepHii NPHBOAWIJIO K AaKTHBALHH
TUMOOLIATOB BPOXKIEHHOr0 MMMYHUTETa, OZHAKO
V MBlIIei, HoKayTupoBaHHEIX 1o IL-15, gyncno ax-
THBHPOBaHHBIX NK-K1eToK ObILIO HHXE, XKHBOT-
HBIE OKa3alduch 0OJee BOCTIDHMMMYMBHEL K HHOpeEx-
uuH [138]. ABTOpPHE! HCCIEIOBaHMS CBS3BIBAIOT 3TO
co B3aumonekcreHeM NK-kineTok ® Makpodaros,
nockonbKy NK-KJIeTKH MOTYT peryiMpoBarb HX
akTUBHOCTSE [172]. B 1aHHOM HMcClleIoBaHHH TOKa-
33aHO, YTO B OTBET Ha DaKTepHAIbHYIO HH(PEKIIHIO,
ycransaercs ciHTe3 [L-15 3To BRI3BIBaeT HE TOIBKO
axkTuBamio NK-kneTox, HO ¥ ycuieHue GarouuTu-
pYIolIeii CrIocoOHOCTH MaKpo(aros, YTO OTMEHSIET-
ca yaanenueM NK-xneTox u3 opranusma [138].

B Tabn. 3 mpeacraBieHb! JaHHLIE O BO3MOX-
HOM JTHTaHA-pelenTOpHOM B3ammoneiicteuu NK-
KJIeTOK M DakTepuii rpynnst ESKAPE.

Taxum obpaszom, NK-KjeTkH, mOMUMO y4acTUs
B IIPOTHBOBUPYCHOM H MTPOTHBOOIYXOIEBOM HMMYH-
HBIX OTBETax, MrpaloT BAXHYIO POJb B aHTHOakTe-
PHANBHOMH 3aIIMTe. KaK ONMOCPEAOBAHHO, PEryIUpys
GhYHKINH IPYTHX KJIETOK MMMYHHOIH CHCTEMBI NpH
TIOMOIITH MPOAYK LMK U TOKMHOB, TaK ¥ HATIPAMYIO.
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N.B. MpeBexxuna n ap.

Wndexumnn u ummysuTer

Bakrepuu rpynnsl ESKAPE

KaK perynatopbl B3auMoaencTaus

NK-kneTok u knetok Tpodobnacta
NK-KJIeTKH BCTPEqalOTCH HE TONLKO B [EPH-

¢dhepugeckoit kpoeu, OnMucaHbl HX JOKAJBHEIC 10~

nyaguun B nedenn [121], xuposoit Tkanu [84),
caloHHBIX XKeaesax [28] u marke [70]. [Mocnenuss

rpyrna npeiacTaBaseT OcolOblif HHTEPEC B CBA3M
€ BO3MOXHON POJIBIO B PETYISIIUHN PETTPOAYKTHB-
HBIX MPOLECCOB,

Bo Bpemsi GepemeHHOCTH Koauvectso NK-
KJIETOK B MaTke Bo3dpactaeT a0 70% or obue-
ro yuena geiikounTos oprana [97), uro rosopur
0 BO3MOXKHOM HEMOCPEACTBEHHOM YHAaCTHH KJICTOK
B PaA3BHTHH M nonaepxkaHun OepemeHHOCTH. NK-
KJASTKH YHACTBYIOT B PEMOACIHPOBAHUH CIIMPaib-

TaGnuua 3. XapakrepucTuka nurasg-peuentopHoro esammopeicteus NK-knerok u 6axrepwii

rpynnet ESKAPE
Table 3. Characteristics of ligand-receptor interaction between NK cells and ESKAPE bacteria
Nwranam, xapakrepHsie ana 6axTepuit rpynnst ESKAPE
Peuenrtop Nuranp Curdannuur ESKAPE bacteria-typical ligands
Receptor Ligand Signaling pathway = = y e
Bacteria Ligand
TLR1 [25] JNunonpoTeunnsl, NF-xB [22, 58] HeT panHsix
B"HOHO:::HH. JAK/STAT [22] No data
NWNOTeAX0e8an KHCNOTa
(Gancpm)([ﬂ, rm)o;]uu S. aureus :n telr m“ CJ;:?; 252[11 2]
u 3umo3zan (rpubm
TLR2[20, 38] |Lipoproteins, JAK/STAT [132] Dnarennu u 6enox
[ ] onetnans. isciicion KON srewned memBpansl A [20)
acid (bacteria) [2], glucans Flagellin and outer
and zymosan (fungi) [2] membrane protein A [20]
Asyuenoyeunas PHK
(aupycesi) (2] NF-xB [132)] _
TLR338]  |pouble-stranded ANA | JAK/STAT [132)
(viruses) (2]
Sureporoxcun O [61]
S.
JlunoTeixoesan kucnora, —_—— Enterotoxin O [61]
avnononucaxapua JNunononucaxapuas [69]
A, baumannii ;
(6axrepun) * Lipopolysaccharides [69)
TLR4 [38) x MAPK/NF-xB [163]
Lipoteichoic acid,
P i et
(bacteria) spp- Porins of the outer

membrane [112]

®narennuu (baxrepun) > P. aeruginosa ®narennuu [20, 86)]
TLRS 120,251 | Fiagelin (bacteria) NFXBI19S] Ik pneumoniae Flagelin [20, 86]
TLRY [6, 154] mm«mn PHK NF-x8 [56]

Single-stranded RNA -
TLRB[6, 154] | irises) NF-xB [56]

OHK

C HEMETHNANPOBAHHbLIM
TLRO (15, 154] | CpG (Gaxrepun) NF-xB [160] g

DNA with unmethylated 2

CpG (bacteria)

HeT nanubix . Anreporokcun O [61]
NLRP3 [102] No data NF-xB [51] S. aureus Enterotoxin O [61]

Mypamungunentug

{6axrepum) b HeT paHHbix
NOD1[102] |\, ramyidipeptide JNK/NF-xB [45] No data

(bacteria)

Anrtured A (cexperupyemas
y-rayvammn- -
AMAMWHONKHMENUHOBAR "’"r:::':.;"[;;]

NOD2 [101) xucnota (Gakrepum) NF-xB [166] E. faeclum An‘t:" i A (aacntad
y-glutamyl-diaminopimelic epg dggf;csgﬁ
acid (bacteria) p
hydroiase) [76]
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HBIX apTepuit, noarorasamnsas Matky K GepemcH-
HOCTH, TakXK¢e NK-KJICTKH aKTHBHO CHHTE3UPYIOT
UHTOKHHBI, PeryJIMpylouiMe HHBasWio H MuUrpa-
UM rsoaa. Hanbonee ak TMBHO M3y4aloT UX B3au-
MozaelicTBue ¢ KaeTkaMmu TpodobnacTa. [Nokasano,
YTO KJASTKH B3aUMHO PeryJHpyIOT XapakTepucTH-
KM APYT APYTa KaK 33 CHET KOHTAKTHBIX, TAK ¥ IMC-
TAHTHBIX B3auMoaeHcTBril, obecneunsas (hopMu-
POBAHHE ONTHUMAJIBHOTO MHKDPOOKPYXKEHHS IS
passuBaloierocs naona [104, 162].

Ha ceronHAUmHMI JeHb CUMTAIOT, 4TO B3aM-
soneiictene mexay NK-knerkamMy M KIeTKaMu
TpohobnacTa — KAOUEBOE 3BEHO B HACTYIMJICHHH
U pa3BUTHH OEPEMEHHOCTH, HAPYLIEHHE KOTOPO-
ro MPHBOAHT K PCNPOAYKTUBHBLIM [TATOJOIHSIM.
[MpuueM B3aUMOAEHCTBHE MOXET ObITL HAPYIICHO
H M3MEHEHMeM yKeaa NK-kaetok [4], u yenienun-
eM [46] 1nB0 MHrHBHPOBAHHEM HX LINTOTOKCHYEC-
Kot aktusHOCTH [170], M M3MCHeHHMeM crnexTpa
UNTOKMHOB [41].

O6a THNa KJACTOK MOCPEACTBOM AMCTAHTHBIX
H  KOHTAKTHBIX B3aUMONCHCTBHH pPEryJIHpyloT
dyHkuun apyr apyra, GoOpMHPYS ONTHMAJILHOE
MMKPOOKPYKEHHE IS Pa3BHBaIOIICTOCA MJI0AA.

Beposatho, Gaktepun rpynnui ESKAPE moryr
HApPYUIaTh 3TOT MPOLECC, O 4eM KOCBEHHO CBMIE-
TeIbCTBYIOT OOHApYXKEHHE MPEACTABHTENCH Tpyn-
Mbl IPH MATOJIOTMAX PENPOAYKTHBHONH (DYHKLMH.
ucOakTepHO3bl MONOBONH CHCTEMBI MATEPH CYMTA-
10TCH (hakTOPOM, YBEIHUHBAKUIMM PUCKH MOTEPH
GepemerHocTH [35, 113]. Jleuenue rakux aucbax-
TEPHO3OB OCHOXKHHACTCSH, B TOM YHCIE 110 NPUYUHE
AHTHOMTHKOYCTONMHBOCTH IUTAMMOB OakTepuit
rpynnsi ESKAPE [11]. AspoGHble BaruHHTEI, Bbi-
aplBaeMele S, aureus, E. faecalls, MoryT 6uiTh 1npu-
YMHON BOCNAJIMTENAbHBIX MPOLECCOB B TedeHne Oe-

PEMCHHOCTH, YTO HEraTHBHO CKa3nLiBaeTcsa Ha pa3—‘

BUTHUM TU10ad [55]. YeraHoBieHo, 9TO y KeHIIHH
C PeNpPOAYKTHBHBIMH TIATOJIOTHAMH B SJHAOMETPHH
OBHAPYKHMBAJOTCH My/IbTHPE3HCTEHTHRIE E. faecalls,
P. aeruginosa |32]. Takxe noka3aHo, 9TO NMOBLIIIEH-
Hoe uncno NK-kaeTok B nepudepuyieckoil Kposu
W KOJOHHW3AIHA BlaraJHIld TpPaMOTPHUATE b-
HBIMHA aHaspobamu, B ToM uucne Enterobacter spp.
u Klebsiella spp., aCCOITMUPOBAHO € MOBTOPAIOUIN-
MHcs BeIKHAbInaMK [80]. B nposeacHHOM peTpo-
CIEKTHBHOM HccaenoBaHun 2019 r. ycraHoBACHO,
YTO HH(pEKIIHH MONOBLIX ITyTEeit (B TOM UMCIE BOCHa~-
JIEHHE CIIN3UCTON ODOJIOYKH MATKH — 3HAOMETPHT),
BBI3BAHHLIC HEKOTOPBIMH OakKTEepUSIMH  IPYIIIbE
ESKAPE, accoumuMpoBaHB!l ¢ penpoayKTHBHBIMH
naronorusmMu: 74% npoueHTa XKeHUIHH ¢ MHbEK-
LHMAMH TIOJIOBBIX MYTEH B aHAMHE3¢ UMEIH NOTepPH
mona Ha paHHeMm cpoke [130]. Takxe ycraHosne-
HO, YTO ¥ KCHIUMH C MNOBTOPHBIMH BhIKMABIAMH
B COCTABE MHKPOOHOMA IHAOMETPHMS NpeodaaaaloT
baxTepun Acinetobacterspp. [89).

Huxe paccMOTPHM BO3MOXKHBIE MEXAHH3IMbI
yuactus 6akrepuit rpynnei ESKAPE B pazsatun

PENPOIYKTHBHLIX NATONOrHH, BHIZBAHHBIX Hapy-
wienueM BianmozacicTens NK-KaeTok M Kietox
Tpocdobnacra.

YctaHoseHo, uTo nHDHUMpoBaHue P. aeruginosa
MPUBOAXNT K CTHMYJIUpOBaHHI0 amonro3a NK-
KJAETOK MO KAacraza-9-3aBHCHMOMY MEXaHH3-
My [23], MMEIOTCA JAHHBIE O BIMAHUH NPOAY-
unpyeMbix P. aeruginosa 31acTaskl M INCNOUHON
nporeasnl Ha akTHBHOCTE NK-KIeTOK; BeposTHO,
3TH (DAKTOPhl BRI3LIBAIOT HAPYLICHME CTPYKTYPHI
peuenTopoB NK-KJIeTOK, y4yacTBYIOUIMX B CBSI-
3pIBAHMM MuueHH [120], 4TO MOXET NPHBOAMTE
K HapyUICHHIO UHTOTOKCHYCCKOTrO BO3MEHCTBH
Ha KACTKH-MHEeHH. [IpH 3TOM UHTOTOKCHYeCKas
akTUBHOCTE NK-KJICTOK MATKH SBIISIETCSH BAXKHBIM
dakropom pasputTna OGepemenHocTH. HecmoTtps
Ha TO 4TO geumayanbHbie NK-KJIeTKH comepxar
rpasysbl M IKCMPECCUPYIOT JHIUPYIOMINE MOJe-
KY/bl, OHH He 00JIaaloT APKO BLIPAKECHHON! 1IMTO-
TOKCHYECKON aKTHBHOCTBIO, NPOSABAAsA Nuib 15%
auTHveckoit akTuBHOCTH NK-kieTok nepudepu-
qeCKO KpoBH |3, 78], uro yKa3spiBaeT Ha HeoBXo-
INMOCTb H3MEHEHUHA HX PYHKUMHA 1noa aeiicTBHeM
hakTOpOB MHKPOOKPYXKeHUS B 061aCTH KOHTAKTA
Marb—nioa. Ilpu penpoaykKTHBHBIX MATOJOrHAX
4acTo HabmoaaeTes U3MEHCHHLIH BajnaHe UHTO-
TOKCHYECKON akTHBHOCTH NK-KJeTok B OTHO-
MIEHUH KACTOK MIOAHOIO ITPOHCXOKIASHHS, B TOM
quche Kierok rpodobnacra, B HeKoTOpBIX Mccie-
JOBAHMSX [IPHBLIYHYIO 1oTepio OepeMeHHOCTH
CBA3BIBAKT C M3DBITOYHOH LMTOTOKCHYECKON ak-
TuBHOCTHIO NK-KneTok. Tak, B 2014 r. ycrasose-
HO, YTO ¥ KEHIUIHH ¢ npeobnanaomei monmyisimm-
el UMTOTOKCHYECKHX, HO He peryasTopHbix NK-
KJIETOK MaTKH, TOBBIIEH PHCK Oecrutonms [46).
IMokazaHo Takxe, YTO B CAVYAC BhIKHALILA KJICT-
Kam TpochobnacTa cBOHCTBEHHA CHUKCHHAS ClIO-
CcoDHOCTbL K ayTodharnu, YTo NPUBOAMT K yCuiie-
HHI0 LHTOTOKCHYeCKHX cBoiicTs NK-knerox [147].
Camu kieTkM Tpodobracra Kak NOCpeacTBOM
AUCTAHTHBIX [I156], TaK M KOHTAKTHBIX B3aMMO-
aeficreuit [143] MOryT CHMXATE UHTOTOKCHHYECKYIO
aktTuBHocTh NK-knerok. [pM 3TOM HEKOTOphIE
MCCHCNOBATENIH, HATIPOTHB, YKA3bIBAIOT CHUKEH-
HYI0O UMTOTOKCHHECKYK akTuBHoCTh NK-KjeToxk
B KAUCCTBE NMPUYHHBI NMOBTOPSIOUIHXCH BBIKHIILI-
weit [170]. CooTBeTcTBeHHO, DaKTEPHH TPYIMIILI
ESKAPE, sauas Ha NK-KAeTKH, MOTYT H3MEHATH
HX UMTOTOKCHMYCCKMI MOTEHIIHAZ B OTHOUICHHH
Kjietok Tpodobiacta, MTO MPUBOAMT K Hapylie-
HHIO PENpOnyKTHBHOH (DyHKLHMY,

TMokasaHo, uMTO KVJIBTHBHMpPOBaHWE (hpakium
MOHOHYKJ/IeapoB, conepxauteit NK-knerku, B npu-
CYTCTBUHM OMOTUIGHOK P. aeruginosa TIpHBENo K 1o-
suiteHnIo conepxanus [FNy n TNFo [73]. B ake-
MEePHMEHTE C MBIIAMH OBbIJIO VCTAHOBJICHO T10BbI~
mweHue xonuuecTBa NK-KIeToK, Cexperupyiommx
IFNy, 8 orBer Ha MHOMUMPOBAHHE XHBOTHBLIX
P. aeruginosa [158]. B 1O Xe Bpemsi YCTAHOBJICH
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U TIPOTUBONONIOXHBIN 2¢(hdeKkT Oenka, cekpeTnpye-
Moro P. aeruginosa, — 3k30ToKcuHa A. [lonaraior,
9TO OENOK TAaKXKE MOXET BBICTYINATh PEryIsiTOPOM
GYHKIMU KIETOK MMMYHHON CHCTEMBI, CHMXKasi
npoaykiuio IFNy NK-knetkamMu ¥ UX LIMTOTOK-
CHYECKYI0 aKTUBHOCTBH B coctaBe PBMC (periferal
blood mononuclear cell). Kpome Toro, 6eiok BEI-
3BaJl CHUXKEHHE IIMTOTOKCHYECKONW aKTHBHOCTH
NK-xnerox [103]. I[Tpu 3TOM OTMEYEHO yBeJIMUYEHUE
npoaykuuu IFNy NK-knetkamu nepudeprudecKoin
KPOBHM IIPU KYJIBTUBUPOBAHUM B NPUCYTCTBUU Te-
MOJIM3UHA — Oesika, cuHTe3upyemoro S. aureus [52].
KynsruBupoanue PBMC B npucyrctBum 6GuO-
TUIEHOK P. aeruginosa Tak>ke TIPUBOAWIIO K M3MEHE-
HUIO CEKpeliMU LIMTOKMHOB: TaK, OTMEYEHO ITOBBI-
meHue ypoBHs cekpeunu [L-13, IFNy, IL-10, IL-6
u TNFo [73]. B npyroM ucciieioBaHMM OTMEYEH
poct npoaykuuu TNFo, IL-6, IL-10 MoHOHYKTE-
apamMu repudepruyecKoit KpoBM B IIPUCYTCTBHU
KJIeTOYHOM cTeHKHU E. faecalis [140]. LlutokuHOBOE
MUKPOOKPYXEHHUE UTPaeT BaXHYIO POJIb NIPHA B3a-
uMonectesuu NK-kyeTok u KiieTok Tpodobdnacra.
uroTrokcuueckast dbyHkumuss NK-kieTok Takxke
peryjiupyercss MpOAYLIMPYEMBIMH MMM LIMTOKH-
Hamu IFNy u TNFa [157]. Kpome Toro, IFNy oka-
3bIBaeT WHrubuMpyionjee BO3IEUCTBHE Ha KJIETKHU
Tpoobnacra, CHUXaAs CITOCOOHOCTH K HMHBa3WH,
4TO MOXET OBbITh BBI3BAHO CHMXXEHHOM MpOAYK-
uueit MMP-2 (MaTpMKCHBIX MeTaJIONpOTeas) —
¢GepMEeHTOB, Y4YacTBYIOIIMX B pPa3pyLIEHUH KOM-
IIOHEHTOB BHEKJIETOYHOrO0 Marpukca. LIUTOKHH

WHAYLMPYET aronTo3 KJeTok Tpodobnacra [82].
CooTBeTCTBEHHO, TepecTpoitka mpoxykiuu IFNy
NK-kneTkaMu MOXET MPUBOAUTE HE TOJIBKO K M3-
MeHEHMIO X (GYyHKUMIA, HO U OKa3bIBaTh BIMSIHUE
Ha KJIETKU TJIOAHOTO IMPOUCXOXIeHMs. CXOMHBIN
addexT o6Hapyxen misg TNFo: onucano, uro 1u-
TOKMH CaMOCTOSITeTbHO M B codyeraHuu c¢ [FNy
CHUXKaET CIIOCOOHOCTH KJIETOK TpodobracTa K MH-
Ba3uM, UHAYLIMPYS MX AlONTO3 M CHUXKEHHME TMpPO-
nudeparuBHol akTuBHOcTH [116]. B nmteparype
BCTPEYaoTCs MaHHBIE O TOM, 4TO UUTOKMH TGFf,
CeKpeTUpyeMblii KJieTkaMu Tpodobmacra [49], cHu-
xkaet BeIpaboTky NK-ximerkamu IFNy [168], uTo,
BEPOSITHO, MOXET CIIYXXUTh JUIsI CO3NaHus Ge3ornac-
HOTI'0 U151 KJIETOK TpodobiacTa MUKPOOKPYKEHMSI.
IL-1B yuacTByeT B MOOYJMPOBAaHWUM WHBA3UBHOM
U MUTpPaLMOHHOM CHOCOOHOCTEW KIJIETOK Tpodo-
6macra [87, 125], IL-6 u IL-10 TakXe ycCHIMBAIOT
nurorokcuyeckue csoiictBa NK-kmerok [16, 94].
Taxum obpazoM, 6akrepun rpyninsl ESKAPE moryt
HapyllaTb PaBHOBECHE B CUCTEME MaTh—IUION, U3-
MEHSISI MPOAYKIMIO IMTOKMHOB KJIETKaMW MHKPO-
OKpyXeHust, B ToM uncie NK-knerkamu.

bakrepuu rpynmel ESKAPE moryr okaseiBath
BJIMSIHUE U Ha sKcripeccuio NK-knetkamu moBepx-
HOCTHBIX perenTopoB. Ilpu KynsTuBupoBaHuyu NK-
KJIETOK B COCTaBe MOHOHYKJICApOB nepudepuyecKoi
KPOBU B NPUCYTCTBUM OHOIICHKH, cHOPMHUPOBaH-
HOU P. aeruginosa, sxcripeccust CD69 Bospacrana [73],
YTO CBHIETCIBCTBYET 00 aKTUBALIMM JIMMQOLIUTOB.
HexoTopkie MCCenoBaTei YKa36IBalOT Ha KOJIUYe-

Ta6nuua 4. BnusiHue 6aktepuii rpynnel ESKAPE Ha xapakTepuctuku NK-knetok

Table 4. Effect of ESKAPE bacteria on NK cell parameters

3pPexT Ha NK-kneTkun

"Pe“‘”;';‘:(':{,'; rpynnbi Effect on NK cells
Member of ESKAPE group ®eHoTUN nponyxgun UMTOKUHOB Oyuxgun
Phenotype Cytokine production Function
. Het panHbIx HeT panHbIx HeT paHHbIX
Flaechin No data No data No data
HeT paHHbIX Yeenuuenne npoaykunu HeT paHHbIX
Eubiins No data (Patpi3ad No data
Increased IFNy production [52]
Peuentop NKG2D
3apeiicTBOBaH
B 3/IMMUHaUUKN Het aaHHbIX Mpoaykuus nedexzutos [20]
K. pneumoniae natorexa [158] No data Defensin production [20]
NKG2D receptor is involved
in pathogen elimination [158]
A.baumannii He;;;::t:ux
Ycunenue cunteaa IL-1, IFNy, ::‘_‘: ::::Ka[;%r]woaa
Ycunenue akcnpeccun IL-10, IL-6 u TNFo. [73] unu i i eu' Srromiore
Pikornindis CD69 [73] CHuxeHue cunTesa IFNy[103] . 32::”9“5’“ 1 2%]
: g Enhancement of CD69 Enhanced synthesis of IL-1f, IFNy, Induction of NK cell
expression [73] IL-10, IL-6 and TNFa. [73] reduction apoptosis [23], altered receptor
of IFNy synthesis [103] intorachion [1261
Enterobacter spp. He;g::t:ux
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crBo NK-kieTok rniepndeprieckoi KpoBH, SKCITpec-
cupytrouinx CDG69, kak Ha MpeIHKTOpP PETIPOAYKTHB-
HBIX MTATOJIOTMIL; MOKA3aHO, YTO Y XKEHIIWH C BLIKH-
JUbILIEM TIOCJIE YHACTHS B TIPOrPaAMME BCIIOMOTATe b~
HBIX PENpPOAYKTHBHBIX TeXHONorui umcno CD69*
NK-keTok ObLIO 3HAMUTE/IBHO HWIKE WJIW BBILIE,
OTHOCUTEJILHO JKEeHUIMH 0e3 pernpoiyKTUBHEIX T10-
tephb [33]. YeraHOBNIEHO, YTO CEKPEeTHPYEMBIE TTJIALICH-
TOH (haKTOPBI TAKXKE HHIMOUPYIOT LIHTOTOKCHYIHOCTD
NK-keTok nocpeacTsom cHuxeHueM uncaa CD69*
NK-xserox [128]. Bausis Ha perorun NK-knerox
Hakrepun rpynnsl ESKAPE MoryT HapyiaTs Mx B3a-
nMmozeicTBHe ¢ KiaeTkamu Tpododimacra. B Tadi. 4
MPUBEIEHBb! JAHHbBIC O BIMAHHN OaKTEpUd IPyIinbl
ESKAPE Ha xapaktepuctukn N K-kJieTok.

3aknoyeHue

CyMMUpysl PaccMOTPEHHbIC JaHHBIC, OTMEe-
THM, UTO Ha CeroaHswHuit feHb ponb NK-kietok
B aHTUOaKTepHaJIbHOM UMMYHUTETE U3YUucHa He-

jgocrarouno. OAHAKO MMeErLuecs JaHHbIe [10-
3BOJISIOT NPEATNIONOXUTE, YTO NK-KJIeTKH BHOCAT
Gonpioi Brkaaa B 3ToT npouece. Kpome roro, NK-
KJIETKW SIBIISIIOTCS BAXKHBIMU PEryjsitopaMu pas-
BUTHUSL OEPEMECHHOCTU 3a CYCT B3aUMOACHCTBMS
¢ kaerkamu Tpodobrnacra. bakrepum rpynrbt
ESKAPE MoryTr Hapylwars 510 B3auMmoueitcTsme,
YCHIIMBAsl WIAM  MHIUOMPYS LUTOTOKCUYCCKUE
pyrukuny NK-KJeTok, a TakkKe MCHssE UX LHTO=
KHHOBBIW Npoduiib, 4TO, B CBOIO OUCPECAb, HApy-
HIAET IPOLeCcesl Ipondepalun 1 HBA3UK Kie-
TOK Tpodobracra. Packpbitue MOJICKYAsSIPHBIX
MEXAHN3MOB 3TUX ABJICHUMN SIBJIACTCS AKTYabHOMN
3ajlavyei COBPEMEHHON HayKu u HEOBXOMMMO Kak
JUILSL TIPEJYTIPEKACHUS PA3BUTUS PENPOAYKTHUB-
HBIX Heyaay, Tak v ahs peryasumn pyrnkumnit NK-
KJIETOK 1Py psiie Apyrux narosornit. Umerommecs
NPCACTABICHUS O PE3yIbTaTaX B3aUMOJICHCTBUSA
NK-knerok u 6akrepuit rpynnst ESKAPE wocsit
HCOMHO3HAYHBIW XapakTep u TpebyroT aaibHeit-
LIETO U3YYEHUS.
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T@OTAHY Dedepanvibtii HAy4HbIl YeHMP UCCAO0BAHUY U PA3PAGOMKU UMMYHOOUON02UHECKUX NPERAPAMO8
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Pestome. OHKONMUTHYECKAs BHPYCHAs Tepamnmus IMpU3HAHA MHOro00eIlaloMIUM TepareBTUIECKUM MOIXOA0M K Jie-
YeHuI0 omyxoieil. OHKOMUTUYECKHE BUPYCHI CITOCOOHBI 0KAa3biBaTh KaK IIPSMOE JM3MPYIOLIEe AEHCTBHE HA OIy-
XOJIEBhIE KJIETKH, TaK ¥ OIOCPEIOBAHHOE — 4epe3 aKTUBALUIO IIPOTUBOOITYX0JIEBOTO MMMYHHUTETA. AjlbaBUpPYChI
B KAaYECTBE OHKOJUTUYECKMX BHPYCOB MOTYT OBITH BechbMa MEPCrneKTUBHBLIMU M3-32 HU3KOHN MAaTOTEHHOCTH HEKO-
TOPBIX M3 HUX, CIIOCOOHOCTH CEJIEKTUBHO 3apaXkaTh M JIM3MPOBATH OMYXOJeBble KJIECTKH, PEMOAYIMPOBATH MUKPO-
OMYXOJIEBOE OKPYXKEHHE, BbI3bIBATh UMMYHOOIIOCPEIOBAHHBII JTM3UC OMyXOoJeBbiX Ki1eTok. Kpome Toro, anbdasu-
DYCHI MOTYT BBICTYTIaTh YA0OHO# MaaThopMOii TSt A0CTaBKU TpaHCTeHOB. C 11e/1b10 MOBBILICHUS 6€301TaCHOCTH TTPU
UCIIONB30BaHUN METONOB FeHHOM MHXKEHEPHH B KaUyeCTBE OCHOBBI, KaK MPAaBUJIO, BbIOMPAIOTCS aTTEHYUPOBAHHEBIE
IITAMMBEI a16(haBHPYCOB, KOTOPhIE HE SIBASIOTCS MATOIeHHBIMHU, a B Ka4€CTBE TPAHCI€HOB Yallle BCEro MPUMEHSIOTCS
OIyXOJIb-aCCOIMUPOBAHHBIE AHTUTEHbI UJIH AHTUTCHBI, KOTOPBIE CaMU 110 cebe ABAII0TCS UMMYHOTEHHBIMM, TAKUE
KaK LIMTOKMHBI ¥ IpYT¥e MMMYHOCTUMYJIUPYIOIIHE MOJIEKy/Ibl. Ha cerofHsIIHuiA JeHb KOMUYECTBO UCCIEN0BAH MM
[10 OLEHKE OHKONIMTUYECKNX ¥ UMMYHOMOAYIUPYIOIUX 2(h(eKToB anbdaBupycoB U BEKTOPOB Ha UX OCHOBE KakK
in vitro, TaX ¥ in vivo pacTeT B TeOMETPUYECKOI mporpeccuu. Ha faHHBII MOMEHT OHKOIMTUYECKYIO U HMMYHOMOJY-
JIUPYIOIIYI0 aKTHBHOCTD anbhasupycoB Cunnduc, neca Cemnuky, leta (uramm MI), BeHecyanbckoro sxuedano-
MUEJINTA JIOIIA el M BEKTOPOB Ha X OCHOBE M3y4asiy Ha XXMBOTHBIX MOJAEISX METAHOMBI, TIIMOMBI, OCTEOCAPKOMBL,
paKa MOJIOYHOM XeNe3bl, aIcHOKAPIUHOMBI JIETKMX, KapIUHOMBI TIPEACTATCIbHON XeNe3sl U APYTUX THIIAX OMYX0-
aeii. YeuiieHHYI0 IIPOTHBOOIYXO0JIEBYI0 aKTUBHOCTD ab(haBUPYChl JEMOHCTPUPYIOT B KOMOMHMPOBAHHOI Tepanuu
C IPYTMMU OHKOJIMTUYECKUMH BUPYCaMH, IIUTOCTaTUKAMM, a TaKKe B10KaTOpaMy UMMYHHBIX KOHTPOJIBHBIX TOYEK.
Cpenu BUPYCHBIX BEKTOPOB ab(haBUpyCONOnI00HbIE PENIMKOHOBbIC YaCTULIBI, OCHOBAHHbIE Ha aTTEHYNPOBAHHOM
BHpYyCE BEHECY3JIbCKOT0 3HIedhatoMuenuTa goniazaeif, 0coGeHHO MpUBJIeKaTeIbHBI 611arofaps BBICOKOH 3KCIIPECCHM
reTepoJIOrHYHbIX O€JIKOB, a TAKKE MHAYKIIMH TyMOPAIbHOTO U KJI€TOYHOr0 UMMYHHOTO OTBETa. BakiiiHa Ha OCHOBE
TAaKoro anb(haBUpyCHOrO BEKTOPA, KOAUPYIOIIEro BHEKIETOYHBII U TpaHcMeMOpaHHBIi 1omMeHbl HER2, yxe mokasa-
112 6€30aCHOCTD U MPOTUBOOITYXO0JEBYIO 3((HeKTHBHOCTb Ha JOKIMHUYECKUX MBIIIMHBIX MOIENSX U B EPBOIi (hase
KJIMHUYECKUX UCCIENOBAHU Y NAIIMEHTOB C MPOTPECCHPYIOLINM PAaKOM MOJOYHOM JXKeJe3bl CO CBepXdKCIpeccheit
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HER2. Bslo mposeMOHCTPUPOBAHO, YTO BaKIMHA Oe3omacHa, 3G dexTHBHA U yCIenIHO MHAYLIUpYeT T-KJIeTOuHbIi
UMMYHMTET. B 1aHHOM 0630pe MbI 06CyK1aeM pe3yIbTaThl AOKIHHUYECKUX M KIMHUYECKUX UCCIIEIOBAHMI, a TAKXKe
MepPCIeKTHBbI HCTIONb30BaHUs alb()aBUPYCOB B OHKOIUTHYECKOI BUPOTEPAITHH.

Karouesvie cao06a: onxonrumuyeckue upycl, aabhasupycst, 6upomepanus, UMMyHOMepanus, UPYCHolil 6eKMop, peKoMOUHAHMHbLI
eupyc, UMMYHOMEPAnusa paxa.

PERSPECTIVES FOR APPLYING ALPHAVIRUSES IN ANTITUMOR THERAPY

Nazarenko A.S.?, Biryukova Yu.K.?, Kolyasnikova N.M.?, Vorovitch M.F.*®, Pestov N.B.*, Ishmukhametov A.A.*®
? M.P. Chumakoy Federal Scientific Center for Research and Development of Immunobiological Drugs of the Russian Academy

of Sciences (Polio Institute), Moscow, Russian Federation

® Institute of Translational Medicine and Biotechnology, 1.M. Sechenov First Moscow State Medical University of the Ministry
of Health of Russian Federation (Sechenov University), Moscow, Russian Federation

Abstract. Oncolytic viral therapy is a promising approach for treating tumors. Oncolytic viruses can directly lyse tumor cells
and indirectly activate antitumor immunity. Alphaviruses, as oncolytic viruses, are particularly promising agents because they
can selectively infect and lyse tumor cells, modulate microtumor environment, elicit immune-mediated lysis of tumor cells,
and serve as a platform for transgene delivery. To ensure safety, attenuated strains of Alphaviruses are typically used for ge-
netic engineering, and immunogenic tumor-associated antigens or cytokines are commonly chosen as transgenes. Studies
evaluating both in vitro and in vive oncolytic and immunomodulatory effects of Alphaviruses and vectors based on them have
been growing exponentially. Animal models of various tumor types were used to examine the effectiveness of Alphaviruses,
including Sindbis, Semliki Forest virus, Geta (strain M 1), Venezuelan equine encephalitis virus, and vectors based on them.
Additionally, Alphaviruses revealed enhanced antitumor activity while used in combination therapies with other oncolytic
viruses. Alphavirus-like replicon particles based on attenuated Venezuelan equine encephalitis virus may serve for transgene
delivery to express heterologous proteins at high levels, and induce both humoral and cellular immune responses. An alphaviral
vector-based vaccine, encoding the HER?2 extracellular and transmembrane domains, has demonstrated safety and efficacy
in preclinical mouse models, as well as in phase I clinical trials for advanced breast cancer patients with HER 2 overexpression.
This vaccine is known to be safe, effective, and capable of inducing T-cell immunity. In this review, we discuss the current

progress in preclinical and clinical investigations, as well as the future potential of Alphaviruses for oncolytic virotherapy.

Key words: oncolytic viruses, Alphaviruses, virotherapy, immunotherapy, viral vector, recombinant virus, cancer immunotherapy.

BeepeHue

Onkonutudeckass BupycHas tepanus (OBT) —
5TO UMMYHOTEpanus, B KOTOPOW HCIOIb3YIOTCS
IPUPOIAHBIE MW TeHETHYECKU MOIMMDUIIMPOBAH-
HbI€ BUPYCBHl AJis CHELA(MHUYECKOro 3apaXXeHHs
¥ JTU3UCA PAKOBBIX KJIETOK, HO 63 Bpexa IJisi Hop-
MaJbHBIX KJIeTOK [15]. ¥ke Gonbuie Beka pa3iny-
HBIE€ BUPYCBI MCCIEAYIOTCSI B KAYECTBE BO3ZMOXHBIX
areHTOB [UIsI JIEYEH U OIyXOJIel pa3iunuyHON 3THO-
soruu [17]. C pa3BuTUEM TEXHOJIOTUH KJIOHMUPOBa-
HUSI C TIOMOILBIO TEHHOW WHXEHEPUHU CTaJi0 BO3-
MOXHBIM CO3aBaTh MHOXECTBO BUPYCHBIX BEKTO-
POB KakK Ul CEJISKTUBHOIO 3apaXeHWs M JIM3HCa
OITyXOJIEBBIX KJIETOK, TaK ¥ B Ka4Y€CTBE TPAHCIEH-
HBIX HocuTesneii [47]. Bonee rimy6okoe moHUMaHue
MEeXaHHU3MOB AeHCTBUS BUPYCOB, BKIIIOYAas aKTHBa-
LIMI0 BPOXKIEHHOIO M aJallTUBHOTO IPOTHUBOOITY-
XOJIEBOTO UMMYHMTETA, U UX CITOCOOHOCTU MOIY-
JINPOBAHMS OITyXOJIEBOTO MUKDPOOKPYKEHUSI, TaJI0
UMITYJIbC AKTHUBHOMY Da3BUTHIO BHPOTEPAITUH
B nocnenHee necsatunerue [26]. Ha naHHBI# MO-
MEHT [IJIs1 IeYeHUsI pa3JTMYHBIX BUIOB paka omobpe-
HO YeTHIpe IpernapaTa Ha OCHOBE OHKOJIUTHYECKHUX
BupycoB: Talimogene laherparepvec (CILIA) [16],
Delytact (Anonus) [6], Oncorine (Kwurait) [22],
Rigvir (JIaTBus) [1]. I[Tpu 3TOM elite 6ostee LIMPOKU A

CIIEKTD OHKOJUTHUYECKHX BHPYCOB WU BEKTOPOB,
takux kak JJHK Bupycs cemeiicts Herpesviridae,
Adenoviridae, Poxviridae, Parvoviridae v PHK Bu-
pycel cemeuctB Paramyxoviridae, Picornaviridae,
Reoviridae, Retroviridae, Rhabdoviridae, Alphaviruses,
HaXONMTCS Ha CTaJAUM KJIWHUYECKUX UCTIBITAHUMN
JLISI Tepartuy pa3auyHbIX TUTIOB paka [61]. MHorue
BUpYCHl 00JIaalOT OHKOJMTHYECKUM IOTEHIIMa-
JIOM, YTO TIOATBEPXKIACTCS PSJIOM BEChMa yCIIEl-
HBIX [OKJIMHUYECKHX MCCIeIOBaHui. B sTOM
0630pe MBI CTaBUM mepen coboif 3amayy onucarb
TIOTEeHIIMaJ IPUMEHEHUS BUPYCOB pona Alphavirus
B Ka4eCTBE OHKOJUTUYECKHUX TIPENapaToB U UX UC-
M0JIb30BAHU S B KOMOMHALIMY C IPYTUMH UMMYHO-
TEPANIEBTUYECKUMH CPEICTBAMMU B HENAaBHUX JO-
KJIMHUYECKUX M KIMHUYECKUX UCCIIETOBAHUSX.

Anbdasupychbl. )XUSHEHHbIN LKA
anbdasnpycoB

Bupurons! anbhaBUPYCOB COCTOST M3 MKOCAI-
PUYECKOTO HYKJIEOKATICUIA, OKPYKEHHOTO JTUMU/I-
HO 000JI04KOi — cynepkancunoM. [eHoMm anbda-
BUpPYCOB pa3mepoM 11—12 TeIC. H.0. MpeacTaBieH
KanuposaHHOW no3utuBHOU PHK ¢ mommA Ha 3'-
KoHIle. OCHOBHBIMHM CTPYKTYPHBIMY GeIKaMi BHU-
puoHna sasasiortes C, E1, E2 (E3), roe miukonpore-
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uHbel El m E2 BeTpocHbl B cyrepKancui BUpuoHa
1 0bpa3yior okoso 80 KMITOB, KOTOPBIE OTBEYAIOT
3a B3aMMOJEHCTBME C KJCTOYHBIM PELENTOPOM
W TIPOHUKHOBEHME BUPYCa B KJICTKU-MUILIEHN [43].
Takxke B cymnmepkarcuie npucyTeTBYIOT JABa BUPO-
nopuHa — 6Genkm TF n 6K, KOTOpbie y4acTBYIOT
B oukoBanum ajabdasupycon [34]. Anbdasupycsl
NMPOHMUKAIOT B KJIETKMU IYTEM peLEnTop-ornocpe-
JOBAHHOIO HIOLMTO3a C INMOCHCAYIOWMM pasjae-
BaAHMEM HYKJICOKAICUAA U BHICBODOXIECHUEM BU-
pycuoi PHK B umronyiasmy [21]. Bupycras PHK
ABIACTCA MaTpPUUHON i cuHTEe3a OENKOB U co-
JNIEPKUT IBE OTKPBITBIC PAMKM CUNTHIBAHUS: TEp-
Basg OTKPLITAsi paMKa CUMTBIBAHUS 3aHuMacr 2/
BCEro reHoMa u KoaupyeT noaunertus P1234, 8 To
BpeMSI KaK BTOpasi paMKa CHMTBHIBAHUS KOAMPYET
cTpykTypHBie Oenku (puc.). Kax Tonbko BHpyc-
Hasgs PHK mpoHukKaer B UMTOMIA3MY HAYMHACTCS
TpaHcasuus nongunporenHa P1234 ¢ nocnenyio-
[IMM paciiernaecHueM Ha rnoaunporent P123 n ve-
CcTPYKTYpHBIN Gesiok nspd. 3arem Gesok P123 pac-
HmieruisieTcsd ¢ oOpaszoBaHueM TPeX HECTPYKTYPHBIX

+RNA

5' CAP 1 ORF

Genkos: nspl, nsp2, nsp3. TTpojyKThEl YACTUUHOIO
paciiernJeHus HeCTPYKTYPHOro NOJUIPOTEenHa —
Genku P123 v nsp4 MHMUMMPYIOT CUHTE3 OTPU-
narenbHoi uenu PHK, a Geaxu nspl, P123 u nsp4
006pasyioT PEenaUKaTUBHBIH KOMIUIEKC, KOTOPbIH
AKTHBEH KaK MJI5 CMHTE3a OTPUULATENLHON Lenu
PHK, Tak u mis cuuTesa resomuoit PHK. TMosnoe
pacuweriene P123 npuBoauT K OKOHYATCIBHOMY
MEPEKJIIOMEHMIO ¢ CHHTE3a OTPULIATENBHOM Lern
PHK na cuurtes renomuont PHK [21]. Co sropoit
OTKPBITOW PAMKH CHUTBIBAHUS C OTPULIATEILHON
nenu PHK cuuTesupyercs cybresomuass PHK
(sgRNA) ¢ CAP Ha 5'-koH1e 1 noaMA Ha 3'-KOHUE,
C sgRNA Tpancaupyercs nonurnerntu plio, koro-
pBIii OTOM pacLierisieTcss Ha noaunentuas E2,
cnutelit ¢ E3, El, C u ruapodobubie MemMOpaHHbie
6enku TF un 6K [42]. E2 ¢ E3 1 El Tpancrioptupy-
J0TCH K TIa3MaTHYeCcKoi MeMOpaHe uepes arnapar
FONB/IKY, TI¢ TOABEPralTCs NTHKO3MIMPOBAHMNIO
U najbMuTOMAUpoBaHno, E3 oTienasercs ot E2,
OJIHAKO OHM OCTAlOTCsl B TecHOM cBsizu. 3arem El
n E2 06pa3yioT retepoTpuMepsl, hopMHpYysi BUpYC-

2 ORF 3' PolyA

P1234

P123 nsp4 Y

nspl || nsp2 || nsp3

PucyHok. Cxema reHoma anb¢asupycos
Figure. Alphavirus genome structure

= 3'PolyA

MNpumeyvanue. PHK anbdasmpycos — oaHouenoyeyHan nonoxutensHas (+RNA) n copepxuT ABe OTKPLITHIE PAMKW CHUTLIBAHUS:
1 ORF — koaupyet nonnnentug P1234; 2 ORF — kogupyeT CTpYKTYpHbie Genku. Tpauchsums HaYMHaeTca ¢ nonunpoTenHa
P1234 ¢ nocneayiowmMm ero pacluenneqmem Ha nonunporeud P123 u HecTpykTypHbii 6enok nspd, Benok P123 pacuennsercs

¢ 06pasoBaHneM Tpex HeCTPYKTYPHLIX Benkos: nspl, nsp2, nsp3. MpoayKTsl YACTUMHOrO PACLLENNEHWA HECTPYKTYPHOrO
nonunpotenHa — 6enku P123 n nsp4 nHuumnpyioT cuHTea otTpuuarensHoit uenu PHK (~<RNA). Co BTOPOI OTKPLITOR pamki
cuMTHIBaHMA C oTpruaTensHon uenu PHK cuiteanpyetca cybrenomnan PHK (sgRNA) ¢ CAP Ha 5'-koHLe 1 nonnA Ha 3'-KoHue.

C sgRNA TpaHcnupyetea nonunentug p130, KOTopbI NOTOM pacuiennseTcs Ha nonunentuasl E2, cnutelii ¢ E3, E1, C

¥ ruapohobHLie MmembpanHbie 6enkn TF v 6K,

Note. Alphavirus bears positive RNA (+RNA) that contains two open reading frames: 1 ORF encodes polypeptide P1234; 2 ORF
encodes structural proteins. Translation starts from polyprotein P1234 to be then cleaved into polyprotein P123 and non-
structural protein nsp4. Protein P123 is cleaved to form three non-structural proteins: nsp1, nsp2, nsp3. The products of partial
cleavage of non-structural polyprotein, P123 and nsp4, initiate the synthesis of negative chain RNA (-RNA), From the second
open reading frame, subgenomic RNA (sgRNA) with 5'-end CAP and 3'-end polyA is synthesized from the negative RNA chain,
From the sgRNA, polypeptide p130 is translated followed by its cleavage into polypeptides E2 fused with E3, E1, C

and the hydrophobic membrane proteins TF and 6K
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WHexums v NMMYyHKTET

Hele muns [40]. ITpouiecc moyKoBaHMS yNIpaBasieT-
cs crienMPUYECKMMH B3aMMOACHCTBHAMM MEXAY
NpPeABapHTENBEHO C(HOPMHMPOBAHHBIM HYKJIEOKATl-
CHIIOM M IIHMITAMHM, 9TO IIPHBOIMUT K BEIXOIY BHDHO-
HOB BO BHEKJIETOYHYIO cpeay [45, 63].

Bupycsl pona Alphavirus npyuHaNIEXKaT K CeMei-
ctBY Togaviridae. B npupoae OCHOBHBIMH MEpeHOC-
YHKaMHU SIBJISAIOTCS KOMaphl, KOTOphi€ MEepenaioT
anbdaBUpyChl TO3BOHOYHBIM X038€BaM TPAHCMHC-
CHBHBIM ITYTEM T10 KJIACCHYESCKOMY LMKy fepeaa-
yH apbosupycoB. HexkoTophie anb(haBUpYCHL, TAKHE
KakK Bupychl YukyHryHbsi, O’Hvour-HuoHT, Pocc-
Pusep, Cunaduc, neca CeMauKH, a TaKXKe BUDY-
cel 3HuehanomuennuToB (BocTounsli, 3anmaaHbIiA,
BeHecy3nbCKHit), ABAAIOTCA MATOTEHHBIMH IUIS
4eja0BeKa, U, B OCHOBHOM, BbI3BIBAIOT OcTpoe (oT 3
mo 7 OHeH) IuxopajoyHoe 3aboneBaHKe ¢ HEIOMO-
raHHeM, CHIMbIO, APTPAJTUSAMH W MHOrIa apTpH-
TOM, B TSXKEIBIX clIy4asiXx 60/le3Hb MOXET MPUBO-
IMTH K 3HUedanuTaM H napanuyam [27].

AnbhaBHPYCEI MOTYT HMCIONIb30BaTh HECKOIb-
KO KJIETOYHBIX PELENTOpPOB IS MPHKPETLICHWS
U NPOHHKHOBEHHA B KJISTKY-MHIIEHb, 3 UMEHHO
MHC 1, BoicoxoadduHHBIiT peLenTop JAaMHHH-
Ha, NRAMP2, renapascyiasdar, JeKTHHB C-THIIA
KJIETOYHOM TOBEpPXHOCTH, hocharnnunrceputro-
BbI€ pelienTophl M ap. [19, 41, 55, 64]. Cnenyer oT-
METHTh, 9TO BHICOKOA(h(MHHHBIN pelenTop JaMH-
HHHa B OO/BIIOM KOJWYECTBE 3KCIPECCHpYeTCH
MpH pa3sIWYHBIX BHIAAX 3J0KAaYeCTBEHHEIX KJie-
TOK IO CPABHEHMIO C HETPAHC(HOPMHUPOBAHHBIMH
kiaeTtkamu [2, 54]. OnHako B OCHOBHOM CHOCOO-
HOCTH a1bGMaBHPYCOB K PENPOIYKIHH B OOyXOjie-
BBIX KJIETKaX OIpeaesieTCsi BHYTPHKICTOYHBIMHA
¢dakTOpamMy, BIHAIOIIMMH Ha BHDYCHVIO periH-
KAalHI0 U TPAHCASLMIO, TAKUMH KaK IBYXLEIO-
geyHass PHK-3aBucumasa nmporenukunasa (PKR),
PHKaza L, 6exku knacca Mx u ap. [37].

OHKONUTUYECKMIA NOTEHLMAN
anbdasunpycos

3a cueT CNoOCOOHOCTH NMPOHMKATH B KIIETKH
Pa3JIMYHOrO THIA, HW3KOH NMaTOTeHHOCTH, CIMO-
cOOHOCTH TMpeoJoJieBaTh reMaTrosHuedannye-
CKHii 6apbep, pa3MHOXKATHCH B OMYXOIEBHIX KJIeT-
Kax, BHI3BIBaTh IMPOTHBOOMYXONeBhie 3IDPEeKTHI,
a TakXe B CBfA3M C HaJIuMuMeM pa3pabOTaHHBIX
TeHEeTHYEeCKUX MoaudHkauuil reHoma anbhaBu-
PYCBI MOTYT ObITh MCIIOJIb30BaHBl 1JII OHKOBHPO-
Tepanuu. Ha naHHBI MOMEHT OHKOAMTHYECKAS
H UMMYHOMOIY/IHPYIOIIAS aKTHBHOCTH aabghaBu-
pycoB Cunnbuc (Sindbis, SIN, SV), Bupyca jeca
Cemuuku (Semliki Forest virus, SFV), ansdasupy-
ca M1, BHpyca BeHeCY31bCKOro 3HuehaToOMHETH-
Ta sowmaneit (Venezuelan equine encephalitis virus,
VEE) u3y4eHa Ha XMBOTHBIX MOIEIsAX U B NEPBOi
dhasze KIHHUYECKHUX UCTIBITAaHUI y Toneit (taba. 1).

Bupyc neca Cemnuku

Mtamm SFV A7(74) nukoro THNa sABASETCH
aBHPYJCHTHBIM H Yy B3POCJABIX FPHI3YHOB HE BHI-
3bIBaeT MaTOJIOTHH, NMPUBONSIIMX K JETAABHOMY
ucxony [3], mosToMy ero mpoM3BOAHOE — pENJIH-
KaTHBHO-KOMMNEeTeHTHEIH BexTop SFV VA7-EGFP,
3KCTIPECCHPYIOIINI 3e/ieHbli  (ayopecueHTHBIH
6eoK B KadecTBe UIVOPECLIEeHTHOH METKH, B IO-
CleHHE IONbl aKTUBHO M3Y4aeTCsd KaK OHKOJIHTH-
yecku# areHT. B uccnenosanuu [52] asTopsl noka-
3anu, yTo SFV VA7-EGFP nposiBiisieT aKTHBHOCTh
B OTHONICHHMH KJETOYHBIX JWHHI MEIaHOMBI 4e-
noseka A2058 m SK-MEL-5, aneHOKapuMHOMEI
TOJCTOH KHIIKH YenoBeka LS174T u SW620, B T0
BpeMs KaK Ha KaplLMHOME JIETKOro yejgoBexka AS49
addexT OB OrpaHHYeH, a Helipob61acToMa MEIIITH
C-1300 oxaszanach YCTOMYMBON K HOEHCTBHIO BH-
pyca. ABTOPHI TaKXe MPOBepHIH 3(hDHeKTHBHOCTH
Bupyca SFV VA7-EGFP in vivo Ha KJIeTOYHOI1 JTH-
HHUM yesjoBedeckoii menaHoMmul A2058, kortopas
OblTa MOOKOXHO BBEACHA WMMYHOISOHHMUMTHBIM
mpimam SCID. B pesynsrate neiicteusa SFV VA7-
EGFP HaGmomaauchk KakK perpecc OmyxoiH, Tak
¥ HEBPOJIOTMYECKHE CHMINTOMBI, IMOABJICHHE KO-
TODPBIX, BEPOSTHO, OBLIO CBSI33aHO C OTCYTCTBHEM
aganTUBHOIO UMMYHHTETA Y JaHHOM IPYINITHL Mbi-
ureil. Takxe aBTOPHI OOHAPYXHIH, YTO KJIETOYHAsN
CMEPTH TIPOUCXOINMT, B OCHOBHOM, IO MEXaHH3MY
HEKpO3a, a He anonTto3a. B apyrux mccieloBaHH-
ax [25] Oviu Mcnosb30BaHB MeinH Nude ¢ non-
KOXHOM MOIEIbIO ONYXOIN — KapIIHHOMEI JIETKHX
yesgoseka AS549. Ilpu BBeaenun SFV VA7-EGFP
HEBPOJOIHYeCKHX CHMITTOMOB Y )KHBOTHBIX HE Ha-
01r01a10Ch, XOTSI BHPYC OOHAPYXXKWBAJICA B MO3Te.
[MpoTuBoOnyxoneBulii 3¢ddeKT nmpu BHYTPHOIIY-
XOJIEBOM BBEICHHH ObLI BecbMa crnabbiM, a TIpH
BHYTPHBEHHOM BBeleHHH 3(MhdeKT npakTHYEeCKH
OTCYTCTBOBaJI; TaKOif Xe OTBeT Ha JeYeHHE Ha-
fmonancs ¥ Ha Moaeau rIHOMbI Kpbicsl BTAC [24].
BeposTHO, cnabas OHKOMMTHYECKas aKTHBHOCTH
JaHHOTO BEKTOpAa CBSI3aHA C €r0 YYBCTBUTEIBHO-
CTBIO K MHTepdepoHy | THMa, CUrHAaJIbHEIE TTVTH
aKTHBaIH¥ KOTOPOro XOTh ¥ YacTO HAPYLISHKI TPH
3710Ka4eCTBEHHBIX OMYXOJIsiX, HO BCE XK€ HE BCEraa.
Tem He MeHee B ONYXOJIAX C HAPYIICHHBIMH MEXa-
HHU3MaMH BHYTPHKJIETOYHON 3amuThi SFV VA7-
EGFP BecpMma 3ddexkTHBeH. 3TO ObLIO MOKa3aHO
Ha MOIKOXHON MOIeIH OCTeOoCapKOMEI YeloBexKa
Saos2L.M7 [18], B OPTOTONMHYECKHX H MOIAKOXHBIX
ONMVXOJIX paka npenacTtareabHO# xeae3sl LNCaP
M B OPTOTOMMYECKOH OMYXOJH OCTEOCAPKOMBI
mbime K7M3, raoe Ha dhoHe BUpOTEpanuy Tepanuu
Habmonancsi perpecc ONYXOJH, @ TaKXe YBEIH-
YeHHE MPOIOIKHUTEIbHOCTH XHW3HH Mblmeit [30].
IMockonbky mwtamym SFV A7(74) asnsercsa HeHpo-
TPOIHBIM, OH MOXET NPEACTaBAATh, O0IblIoi HH-
TepeCc B KauyeCTBE OHKOJIMTUYECKOro BHpyca Iisg
JedeHHs ITHOM. 115t MPOBEPKH JaHHOMH rHMOTEe3k
BHPYC BHYTPHUBEHHO BBOAMIM MbitliaM Nude ¢ moz-
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TaGnuua 1. Mporusoonyxoneean apdexTneHoCTs ansdasupycos
Table 1, Antitumour efficiency of Alphaviruses
c Xusorxan MpoTtusoonyxoneesie Ccobinka
§ 3 g £ T'flf' s ("md::"” Mmopgens adpdexTsi Ha ucenenosanune
@ umour type (model) Animal mode! Antitumour effects References
::mm::)”m A2058 SCID meiwm ::::cnzm:; CHMITOMBI 52]
SCIDmice | Tumour regression, neurological
Human metanoma A2058 (subcutaneous) symptoms
ApeHoxapuuHOMa nerkux Yenosexa YeenuyeHne BpeMeH XUanu
A549 (oproTonuyeckas) Nude meiun | Ges perpecca onyxonu (25]
Human lung adenocarcinoma A549 Nude mice |Increased survival without
(orthotopic) tumour regression
Ocreocapkoma yenosexa Saos2LM7
(nopxoxnan) Nude mbitun | Perpecc onyxonu
g |Human ostecsarcoma Saos2LM7 Nude mice | Tumour regression
g (subcutaneous) [18)
~ Yeenuyexne BbiXHBaeMoCTH
s ?m’“mm:;;“"" K7M3 Nude Mbiwm | 683 NOAHOrO HANEYeHUs
¥ Nude mice Increased survival without
Mouse osteosarcoma K7M3 (orthotopic) complete cure
nuoma yenosexa UB7Fluc
(nogxoxHan, OPTOTONUECKaN) Nude mbiwn | Perpecc onyxonu (12]
Human glioma U87Fluc Nude mice | Tumour regression
{subcutaneous, orthotopic)
AfeHOKapuUUHOMa Nerkux Yenosexa
A549 (nopxoxHan) Nude muitun
Human lung adenocarcinoma A549 Nudemice |HesnauuTensHas 3agepxxa
frd (subcutaneous) B POCTE OnyXonu [24]
7}
Fnvuoma kpeicel BT4C (oproTonuyeckan) | Kpsics BDIX Tumour growth delay
Rat glioma BT4C (orthotopic) Rat BDIX
g Kapuunoma npeacrarensHoi xeneast
< m‘.:;‘c"’ (oproTonuieckas, CANN mbiwm | Perpecc onyxonu (30]
Carcinoma of the human prostate LNCaP CANNmice | Tumour regression
(orthotopic, subcutaneous)
MNoBbileHne aKTHBHOCTH
daroynTos 1 fERAPHTHLIX
| ~ KNEeTOK, CeNeKTHBHAR
o™ C57BL/6NR]j | pennukaums supyca
© Puoma muiieit GL261 MbILUM anonToTHyecxas rnﬁ’ons
5 (oproTonuyeckas) . C57BL/GNR] | kneTox [29]
E' Mouse glioma GL261 {orthotopic) mice Increased phagocyte and
] dendritic cell activity, selective
viral replication, apoptotic cell
death
< Unrubuposanue pocta
N CS7BL/6 onyxonu, ysennyexHue
& | nvoma mbiweit CT-2A-Fluc Schsis BLIKMBAEMOCTH,
E (oproronuuecxas) CS7BL/S HEBPONOrUYeCKHEe CUMNTOMSI [28]
Mouse glioma CT-2A-Fluc (orthotopic) nioe L/ Inhibited tumour growth,
E increased survival rate,
neurological symptoms
AnNUTENHAaNbHAR KAPUMHOMA SUYHNKE C57BL/6 3apepxKa B pOCTe ONYXONM,
mbitwed MOSEC (axyTpubpiowmntnan) MbILUW ANWTENbHANA BLXWBAEMOCTE (62]
Epithelial carcinoma of the ovary inmice | C57BL/6 Delayed tumour growth,
S MOSEC (intraperitoneal) mice prolonged survival
I |k
E BALB/c KparxoepemeHHas 3aaepxKs
nuoma mbiwein DBT (noaxoxHas) i POCTa ONyXonu (53]
Mouse glioma DBT (subcutaneous) BALB/c mice Short-term delay in tumour

growth
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A.C. Hazapenxo v ap. MHdexums n nmamyHuTet
Oxonuanue Tabnuust 1. Npotusoonyxonesas apPexkTMBHOCTL anbhasupycos
Table 1. Antitumour efficiency of Alphaviruses (continued)
= XKusornas Mporusoonyxonessie Ccsinka
o £ yx
% g ¢ T’fr" OfTyxane ("'°‘;°:") Moaens adpexTsi Ha UCCneaosanue
@>|50 umour type (modei) Animal model Antitumour effects References
3apepxxa pocTa onyxonu;
Fenaroma muiwm ML-1 4a n ARKD perpecc onyxonu; akTHBauus
(noaxkoxHas) CD8'uCD4’
Mouse hepatoma ML-1 4a and ARKD BALB/c Tumour growth inhibition,
1 |{subcutaneous) MbILUM tumour regression CD8" and [14]
BALB/c mice |CD4" activation
Tenaroma msitwm BNL (nogxoxsan) Her adpdexra
Mouse hepatoma BNL (subcutaneous) No effect
Pak weitku maTkyn yenosexa Hela
1 C33A (nogkoxHas) BALB/ Perpecc onyxonu
Human cervical cancer HeLaand C33A | 1\ b crj-nu/ Tumor regression
{subcutaneous) o
MBILLIM 51]
% Pak anynmnkos yenoeexa (HOC-1, HAC-2 S:Il\ﬁ{:d nu/
# OMC-3) (sHyTpubprowumnnan) Bmice Mopaenexwne acuura
Human ovarian cancer (HOC-1, HAC-2 and Ascites suppression
OMC-3) (intraperitoneal)
§ FnwoBnacToma yenosexa U-87 MG CB.17 SCID
(noaxoxHas) MbiLUK Perpecc onyxonun [57]
Human glioblastoma U-87 MG CB.17SCID | Tumor regression
{(subcutaneous) mice
BALB/
Heiipobnacroma 4enosexa SK-N-SH, cAnNcrj-nu/
IMR-32 (nogxoxHas) U Mbilum Perpecc onyxonu 461
Human neuroblastoma SK-N-SH, IMR-32 | BALB/ Tumor regression
{subcutaneous) cAnNcrj-nu/
nu mice
FenarouenmonapHas xapumHoma BALB/c-nu/
yenoasexka Hep3B (noakoxnas) NU MbILWK
Human hepatocellular carcinoma Hep3B | BALB/c-nu/
(subcutaneous) nu mice
3apepxxa pocTa onyxonu
Kapunioma MONOYHOM Xenesdbl Mblllin nabupar 5 m'u .
; 4T1 (oproronuseckan) BALB/ mbiwum supycas onyxm”m“m (23]
mmet m?gmary gland carcinoma 4T1 BALB/ mice Delayed tumor growth, selective
op intra-tumor viral replication
Menanoma xoxu mbiuv B16 C57BL/6
(nopxoxxas) MBILWK
- Mouse skin melanoma B16 C578L/6
= {subcutaneous) mice
£ | Pax MONOYHOI xeneanl Yenoseka BALB/c-nu/
+ % HCC1806, MDA-MB-468, MDA-MB-361 ) aakiting Wnrnbuposanue pocra
E {noaxoxHas) BALB onyxonu [61]
& | Human breast cancer HCC1806, MDA- ol mlé:'"u/ Inhibition of tumor growth
& | MB-468, MDA-MB-361 (subcutaneous)
o | ARGHOK3PLUMHOMA NOSXENYA0YHOR CS7BL/6 Uurnbuposauue pocra
+ weneas msiwm Pan02 (nogkoxHas, Ry onyxonu, ysennyexne
; opToTONMYEcKan) C57BL/6 BLIXUBAEMOCTH [44]
Adenccarcinoma of the mouse pancreas mice L Inhibition of tumor growth,
= | Pan02 (subcutaneous, orthotopic) increased survival

Npumenanue. SFV — aupyc neca Cemmukn, VV — anpyc xopossei oonst, SIN — Cunabiec, M1 — wramm M1 aupyca Mfara, WT — aukuit Twn,
Note. SFV — Semiikl Forest virus, VV — Vaccinia virus, SIN — Sindbis, M1 — Getha virus strain M1, WT — wild type.
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Anbdasupycbl B OHKOTEPANun

KOXHOW M OpPTOTONMYECKOUW IIIMOMOI ueloBeKa
US7Fluc 60abplIMX M MaIeiX pa3mepos. [Ipu ogHO-
xpatHoit umHBeKUMM SFV VAT7-EGFP omnyxonu
MalbIX pa3MEpPOB perpecCHMpoBaiy IIOJIHOCTHIO,
a OOJIBIIME OMYXOJM YMEHbIIAJUCh, KaKUX-THO0
HEBPOJIOTMIECKUX CHUMIITOMOB y MBILIEH TakXe
He HaOmomanocs [12]. ABTOpPHI IMOAYEPKUBAIOT,
49T0 OIyXoJieBas kierouHas tuHust U87Fluc upes-
seiuaiino socnpunMuusa K SFV VA7-EGFP u no-
3TOMY MX MCCJIEIOBaHUE CIEAyeT paccMaTpHUBAaTh
KaK HaWJIyYIIMil cClieHapuil IPOSIBJIEHUS] OHKOJIM-
THYECKOW aKTUBHOCTHM JaHHOro Bupyca. [lis je-
9eHUS TJIMOM TakXe ObLI MPOTECTUPOBAH BEKTOP
SFV-AM6SFV4 Ha ocHoBe Bupyca Jeca CeMIUKH,
B KOTOPOM MPOM3BEIEHb AaMUHOKHUCIIOTHBIE 3aMe-
Hbl B 6enkax nsp3, nsp4 u E2. JlaHHBII BEKTOP OB
pa3paboTaH, 4YTOOBl peIUTh IMPOOJIEMY YyBCTBH-
teapHocTH SFV K uHTepdepony 1 Tuma. B skcre-
DHMEHTE in Vitro Ha KJIETOUHOI JIMHUU [JIMOMBI MBI~
meit GL261 Bektop SFV-AMG6SFV4 sdhdexTuBHO
JIM3UPOBAJ KJIETKH, a IIPH UCITOIb30BaHUU MBIIIU-
Hoi mogenn C57BL/6NRj ¢ OpTOTOTMYECKO# IIIHO-
yMoit GL261 HaGm01aJ10Ch OBLIIIEHUE aKTHBHOCTH
aroMTOB M IEHAPUTHBIX KJIETOK, UCXOAS U3 YEr0
MOXHO ClIeJlaTh BBIBOA 00 MMMYHOTreHHON rube-
M KjeTok. Takke aBTOpPHI MPOIEMOHCTPUPOBaA-
JIM CEJIEKTUBHYIO PEIUIMKALMIO BUpyca B KIeTKax
ravoMbl Meiin GL261 u anonToTuyeckyio rubesnb
KJIeToK [29]. [Ipyroii reHHO-MHXEHEePHBINA 1IITaMM
SFV4-miRT124 nposiBisijI CHIBHYIO OHKOJIUTHYEC-
KYIO aKTUBHOCTD in Vitro B OTHOLIEHUH MBILIMHON
acrpounToMsl CT-2A U B KJICTOUHBIX JIMHUAX TJIN-
06IaCTOMBI YeJIOBEKa, IpeaBapUTesbHO 00pabo-
TaHHBIX HTEpheporoMm 1 tuma [28]. Janee SFV4-
miRT124 TrectupoBand in vivo, u y Meieit C57BL/6

¢ oproronuyeckoi rmomoit CT-2A-Fluc Takxke

Habronancs OTBET Ha TEpParuio — TIPOUCXOIUIIO
WHTUOMPOBAHWE POCTA OITYXOJIH, IMOBBIIIAIACH BbI-
JKUBaeMocTh, U, B cpaBHeHuu ¢ SFV VA7-EGFP,
addexT O6bi1 Gosiee BLIPAXEH, OIHAKO Y MbILIEH
HabII0IaIUCh SIBHBIE HEBPOJIOTMYECKUE CHUMIITO-
MbI [28]. TToaTOMY TpeOyIOTCSI JOIMOJTHUTENbHBIE I'e-
HEeTHYeCKHWe MOOM(MUKALIMK JaHHOIO BEKTOpa JJIs
yiaydineHus ero npoduns 6e3omacHocTu. B apy-
rOM TIOAXOAE ISl TIPEOJOJIEHUSI MEXaHU3MOB pe-
3UCTEHTHOCTH IJIMOM K OHKOJIMTUYECKOMY BUPYCY
SFV aBTOpbI IPUMEHUIH €70 COBMECTHO C BUPDYCOM
ocrnoBakKIMHBI (vaccinia virus, VV), KoTopslit pa-
Hee rmokasai 3 HeKTUBHOCTE B OTHOIIEHUU TJIMOM.
HccnenoBaHusi B OTHOIIEHWH TTOIKOXHOI IIMOMBI
Mmeieit DBT He mokasaiu nmoBsIeHus 3G GeKTus-
HOCTH TP KOMOMHWPOBaHHOM Tepanuu [53], onHa-
KO B OTHOIIEHU Y AMTUTENNATBHON KAPLUHOMBI STHY-
HukoB Meimeit MOSEC takas KoMOMHUpOBaHHAs
Tepanus YCUJIHIa MPOTHUBOOITYXoJeBbie 3(hEKThI
B CpPaBHEHUM C MOHOTEpamueil TOIbKO BUPYCOM
sneca CeMJIMKM UM BUPYCOM KOPOBbEH OCITBI, UTO
yKa3bIBaeT Ha NePCIIeKTUBHOCTh JaHHOTO MOAX0Na
JUIS OTIpEeIEHHBIX THITOB OITyXoJieii [62].

Bupyc Cungbuc

Bupyc CuHaouc BriepBbie Obl1 BBIJICTIEH U3 KO-
Mmapos pona Culex, cobpaHHBIX B tepeBHe CHAOUC
61u3 Kaupa B 1952 r. [20]. Bupyc Cunabuc Moxer
paccMATpUBAThCSI B KauecTBE OHKOJIMTHYECKOTO
areHTa, TaK KakK He BhI3BIBAET CEPBLE3HBIX 3aboie-
BaHWI y moneit, crocobeH ahhekTUBHO 3apaxarh,
JIN3UPOBATH OIYXOJIEBble KJIETKM M TIPOHMKATh
B TPYAHOMOCTYITHBIE ONYXOJMHM IPU CHUCTEMHOM
seeneHun [50]. SIN, kak u SFV, uyBcTBUTEIEH
K uHTepdepoHy U 6e3 reHeTuYecKux mMoauduka-
A MOXET OBITh MCMOJBL30BaH TOJIbBKO B OIYXO-
JsX nedekTHOU nepenadyeil curHana uHTEpdepo-
Ha. Kak nmokasarenbcTBO 4UyBCTBUTeNbHOCTU SIN
K MHTEep(hEPOHY OBLIN TIPOBEIEHBI SKCIIEPUMEHTHI
Ha MBIIIAX C UCIOJb30BaHUEM KJIETOYHON JTMHUU
renarombl Mbimeidr ML-1 4a, xotopast yacTud-
Ho gedekTHa no npoaykumu IFNB, HO nHTaKTHA
1o Tepenadye CHrHaioB mHTepdepoHa. B pesyib-
TaTe NpM UMIUIAHTAIIMU in Vivo TeraToMa MBIIIeH
ML-1 4a MOXET NMpoAyLUUpPOBaTh HU3KHUE YPOBHHU
IFNB, a Takxe crmocobHa pearupoBaTh Ha MHTEP-
¢epoH, KOTOPBII CEKpPeTUPYETCS OKpYXaloliu-
MH HOPMaJbHBIMHM KJIETKaMW M, CJIEJOBATEIbHO,
BBI3BIBATh MPOTHBOBUPYCHBII OTBET, TEM CaMBbIM
cHuXasi HA(PpOEeKTUBHOCTh Tepanuu BUPYCOM
Cunubuc [14]. TakXe B JaHHOM UCCJIEIOBAaHUH
OblJIa MCIIONb30BaHa KJjeTtouHas auHua ARKD
CO CTaOMJIBHBIM HOKAyTOM pelernrTopa UHTepde-
pOHA Ha OCHOBe KJjieTOYHO# ntuHum ML-1 4 u xie-
TOYHasi JuHUsS renmatoMbl Meimu BNL, koTopas
HEe MMeeT HapylIeHMUi mnepelayMd CUTHana WHTEP-
¢epona. Heobxonumo moauepkHyTh, 4To ARKD
MMEET B 5 pa3 MEHbIIUN YPOBEHb 3KCITPECUU pe-
nentopa nHtepbepoHa IFNARI B cpaBHeHUH C UC-
XonHOM KJiieTouHo# nuHueir ML-1 4a. I1pu oueHke
OHKOJIMUTHYECKOTO neicTBusl SIN Ha omyxoieBbIX
kieTouHbIX IMHUSAX ML-1 4a u ARKD in vivo, kak
M OXMIAJIOCh, HAOIIOHAOCh 3aMemJieHue pocTa
OIYXOJM M BBICOKHME YPOBHM €€ UHOUIbTpaLHUu
kinetkamu CD8* u CD4", B To Bpemsi Kak Ha OITyXO-
i BNL Tepanus He rogelictBoBasa. Takxe oTMe-
yaJioch, 4TO perpecc omyxoneit ARKD 6511 cuiib-
Hee o cpaBHeHHUIo ¢ ML-1 4a. Takum o6pa3om, co-
cTosTHUE WHTEP(hEPOHOBOTO OTBETA UMEET PelIao-
[Iee 3HaYeHHe IS yCrexa BUPOTeparnuu BUPYCOM
CuHnbuc Ha Momesix in vivo. Clenyer TakKe OT-
MeTUTb, 4TOo SIN HMHIAYUMpPYET LIMTOTOKCHYEC-
KHU TTPOTUBOOIYXOJIEBBIA MMMYHUTET, KOTOPbIN
CIepXUBAET POCT OITYXOJIM J1aXe ITOCJIe BEIBENCHU S
Bupyca [14]. OHKOJIUTHYECKHU I TOTEHIIMaJ BUpYyca
CuHabuc OLEHMBAJIM B CPaBHUTEIbHOW Xapak-
TEPUCTUKE C PEOBUPYCOM Ha KJIETOUHBIX JTMHUSIX
paka meiku Mmatku (HeLaS3 u C33A) u paka suu-
Hukos (HOC-1, HAC-2 u OMC-3). SIN noka3san
Gompiyio 3¢ ¢GEeKTUBHOCTL B CPABHEHUM C PEOBU-
PYCOM, a TaK>Ke He BBI3bIBaJI MOP(HOIOTMYECKUX M3~
MEHEeHUIl B HeTpaHCHOPMUPOBAHHBIX KEPAaTHHO-
nuTax. [JoMMMO 3TOro, OMYXOJIeBbIE KJIETKUA pakKa
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mweiku matky (HeLaS3 u C33A) BBOAUIM MBILIIAM
BALB/cAnNcrj-nu/nu noakoxHO ¢ Mocjieayomnen
Tepanuei MocpeacTBOM BHYTPHMBEHHOTO BBEE-
Hua Bupyca CuHabMc, YTO NMPUBOAUIIO K 3HAYM-
TeNBLHOUW perpeccuy paspuBLIMXcS onyxoseid [51].
AunanoruaHbiit ahhexT Obl JOCTUTHYT ITPU BHY-
TPUOPIOIIMHHOM BBEACHUH BHpYyca OeCTHMYCHBIM
meiiam CB.17 SCID ¢ BHYTpHOPIOIIMHHBIM pa-
KOM fIMYHUKOB uenoseka OMC-3 [51]. B apyrom
ucchenoBauum [57] cpaBHUBAIM OHKOIUTHUECKY IO
AKTUBHOCTE 9 Pa3HLIX BUPYCOB B OTHOLUEHNU KJIe-
TOUHBIX JUHUK rnuobnactom U-87 MG u MO059J.
Wcnonb3oBaiu BUPYCHl BE3MKYJSPHOTO CTOMA-
TuTa, CnHabuc, rncesaobeneHCTBa, aJeHOACCo-
LIMMPOBAHHBIK BUPYC, MEIKWHA BHUPYC MBILLIEH
(mtammbei MVMi u MVMp), umroMeranoBupyc
MBILIH, IIMTOMETaJIOBUPYC YeJIOBEKa U BUpYC obe-
3psiH SV40. Bupycel Be3MKyJIsipHOro CTOMaruTa
1 Cuuaduc rnpoaeMoOHCTPUPOBAJIN CHIIBHOE LIUTO-
JIMTHUECKOE JIeHCTBIE, BBICOKYIO CKOPOCTE Perim-
Kauun Ha kiaerounou kynprype U-87 MG, onHako
supyc Cunnbuc ne nuduunpopan kaerku M059J,
B TO BpeMs KaK BUPYC BE3MKYJISIPHOTO CTOMATHTA
2 eKTMBHO NU3HPOBAN KJIETKH 00EUX KYJIbTYP.
Taxxe SIN nposiBjisijg CeeKTUBHOCTL B OTHOILLIE-
HUM ONYyXONEBBLIX KJICTOK IMPU COKYJILTHBUPOBA-
Hun mmobnacromsl U Gubpobaacros. B akcre-
PUMEHTAX HA MOAKOXHOU MOLENIN riIHoBJacTOMBI
U-87 MG SIN Takxe npuBOAKI K LUTOJINU3Y KJe-
TOK ONMYXOJIN, KAK U B IKCIEPUMEHTE HA KJICTOUHBIX
JUMHUAX in vitro. LCXOMs U3 TIONYUCHHBIX pe3y/ihTa-
TOB MOXKHO TPEANTIONOXKUTE, uTO SIN sBiseTcs xo-
POLIMM KaHAMAATOM LIS JICHCHU S ITHO6IaCTOMBI,
OIHAKO 6e3 reHeTHHeCKUX MoauduKamnmit BecbMa
orpaHuueH B ucnonabzoBannu, Ipu oueHke supy-
ca Cunpbuc aist seyeHus Hepobaactom Ha Gec-
TUMYCHBIX Mblinax BALB/cAnNcrj-nu/nu  Gni
[OKA3aH IMOJHBIA perpece B TeucHue 3—8 Heaenn
onyxoneit Heipobuacromsr SK-N-SH u perpecc 5
u3 6 onyxoJieit Heitpobrnacromsl IMR-32 B TeueHue
7—10 "epens nochae reparntun SIN, a TakKe BbIKU-
BACMOCTEL B TCUCHUE I'OMlA MOCAE JCUCHUS TEX Mbl-
wIeit, y KOTopbix HabMo/anach 1ojHas 2J1uMuHa-
Mst onyxomneit [46].

Bupyc lera

Anbspasupyc M1 — a1o uramm supyca I'eta, Ko-
TOpkI OBLI BhLAEIEH U3 KoMapos Buaa Culex, cobpan-
HbIX Ha ocTpoBe XaitHaub B Kurae B 1960-x rr. [56].
Bupyc nopaxaet B OCHOBHOM JIOLIAJIEH U CBUHEH
U HE SBIAETCS TATOTEHHBIM JUIst uesoneka [7].
Anbhasupyc M1 MHAYUMPYET ANONTO3 B KJICTKAX
[JIMOMBI 38 CHUET CTpecca SHOA0INIAZMATHYCCKOrO
peTukyiayma [13] U pernnmuupyercss CeaeKTHBHO
B OIYXOJEBLIX KJIETKAX, HE BbI3LIBAs TOKCHUYECKMX
adpexror 23, 59]. B BOKIMHUUECKUX UCTTBITAHM -
SIX Ha MOMEJISIX TernaToLe/UIIONSPHON KapLyHOM bl
Hep3B, paka MosiouHOii Xene3sl Mbitny 411 n me-
JIAHOMBI KOXM MBIIUM B16 Habnionanuce ovuesm-

HBIC nporuBoonyxonessie 2¢h¢ekrsr, He OBLIO
OTMEUCHO TOKCHUeCKUX 3 dekToB u perinka-
UMM BUpyca B 310poBbIX TKaHaX. Takxe Oblia
YCTAHOBJICHA YYBCTBUTENLHOCTE ajibhapupyca M1
K ITPOTUBOBUPYCHOMY BE/IKY ¢ LLIMHKOBBIMHM Ta/lb-
uamu (Zinc-finger antiviral protein, ZAP), KoTopbiii
crrocobeH B3anMouencTsoBaTh ¢ BupycHo MPHK,
MOAABJISISE TEM CAMBIM TPAHCHSALIMIO BUPYCHBIX
Genkos. Jepuunt ZAP yacto BeTpevaeTces B 3J10-
KAYCCTBEHHBIX HOBOOOPA30BAHUAX M, BEPOATHO,
9TOT (haKT SIBISICTCH OJHMM M3 OCHOBHBIX (hak-
TOPOB CEJCKTUBHONI penpoaykuuun aabdapupyca
M1 B onyxonessix KieTkax [23], B apyrux mecine-
jpoaHusix [60] ObIO MPOJAEMOHCTPHPOBAHO, YTO
MPU TPUXK LI HErATUBHOM Pake MOJIOYMHOIT XeJie3bl
(Triple-negative breast cancer, TNBC) aibhapu-
pyc M1 MHIyUMpPYET HEKPONTO3, a HE anonTos,
Kak B ciyvae rinuomel. Takxe ObLJIO BbISIBIEHO,
4UTO JOKCOPYOULIMH MOBLILLAECT YYBCTBATEIBHOCTD
TNBC k anbdasupycy M1, oHAKO B IpYyTrUX Ony-
XOJIEBBIX KJICTOYHBLIX JIMHMUSIX JOKCOPYOMIMH
HE YCHIMBAJ JCHCTBHEC BUpPYCa, UTO MO3BOJSACT
MPUMEHATH anbdasupyc M1 B KOMOMHMpOBaHHOI
TEeparuu ¢ JOKCOPYOHLIMHOM TOJIBKO /IS JIEYEHU S
TNBC [60]. CyliecTByIoT U ApYrue uccieioBaHms
MPUMEHEHUSI KOMOMHHMPOBAHHOW Teparnmm ¢ anb-
¢asupycom M1. Tax, aist aIcCHOKAPUMHOMBI 1O~
xenynouHoit xkenessl PAN02 Ob1JI0 11pejiiokeHo
HCIIOJIL30BATh TEPanuio ajbgasupycom Ml ¢ He-
obparumoit anektponopauueil NanoKnife, koro-
pasi cnnocobcTBOBaNa MHMUUUPOBAHUIO BUPYCOM
OITYXOJIEBLIX KJIETOK, YTO IPUBOAMIO K BBIPAKEH-
HOMY ITPOTHBOOTIYX0NeBOMY 3 dekry [44].

Anbdasupychl
Kak UMMYHOMOAYNUPYIOLLME areHTbl

AJbhaBupychl ¥ BEKTOPhI HA UX OCHOBE CIIoco6-
HBl AKTUBUPOBATL ITPOTUBOOINYXOACBBIN MMMYHH-
TET, TO eCTh MOI'YT PACCMATPHBATHCA KAK areHThI [UIs]
UMMYHOTCPAIUN  3JI0KAYECTBEHHBIX HOBOOOpa30-
BaHuU (tabn. 2). Hanpumep, ripu Tepanum HEXomwxk-
KUHCKOU B-knerounoit aumdpomnsl A20, MHOKYJIN-
posBaHHOU MbitaM BALB/C, Gbliu MCnosnb30BaHbI
BEKTOpLI Ha ocHoBe Bupyca Cunbuc ¢ nedexrom
PEIUIMKALMM B COMCTAHUM € MOHOKJIOHAJIBHBIMU
anTurenamu ad4—1BB Ab. Takas xoMOGuHMpOBaH-
Has Teparusi, B OTIMYUE OT MOHOTEPAITMH, MTPUBO-
JINJIA K TIOJIHOMY perpeccy ornyxonu. Jiusuc onyxo-
I CTIOCOOCTBOBAJT CHHEpPreTuyeckuM addexkram:
MOBBLIIIEHUIO LMUTOTOKCHUHOCTH T-1uMpOLnTOB,
npoxykuun IFNy, nponudepauuun, mMurpaummn
T-nmumpountos. Kpome Toro, y Beex BBIXUBIIMX
MBILIEH pa3BUBAJICS TIPOTUBOOIYXONCBLIA HUMMY-
HUTET, YTO BBI3BIBAJIO OTTOpXeHUEe JuMdombr A20
MPH €€ TIOBTOPHOM BBEAEHUM MblIaM [58].

OpnHoit U3 cTparernii aKTUBALIAK TIPOTHBOOITYXO-
JICBOrO MUMMYHMTETA SBJISICTCSl BCTABKA B I'C€HOM OH-
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KOJTUTUYECKOTO BUPYCA PAa3IMIHBIX TEParieBTHYECKUX
r€HOB, HAITPUMEP I'eHOB, KOIMPYIOIINX OITyX0JIb-aCCOo-
LIMMPOBAHHBIE WJTU YYKEPOIHBIE aHTUTEHBI, KOTOPHIE
PAacCIiO3HAIOTCS UMMYHHOM CHCTEMOM M WHIYLIMPY-
10T orocpenoBaHHeI T-MMmdonnTaMu UMMYHHBIH
OTBET HA OITyXOJb. DBIIO TMOKa3aHO, YTO BEKTOPBI
Ha ocHoBe Bupyca Cunnouc (SV-LacZ), nHecyuiue
B-ramakrosunasy LacZ, MHTMOMPOBAJIM POCT MBIIIH-
HOI KapLMHOMBI TosicToi KMimku CT26, skcrnpec-
cupylouryio LacZ, BbI3BIBAIM PEMMCCHIO OITYyXOJIU
¥ akTUBHpOBaau muToTokcuyeckue CD8'. TTpu aTom
Bupyc CuHIOuC 63 reHeTUYeCKMUX BCTABOK OKa3bIBaJl
HE3HAYUTENIBHOE TEepareBTUYeCKOe ICHCTBHE B OT-
HOILLIEHUM OmnyxoseBbiX KjeTok CT26. BroT 3ddexT
CBSI3aH C UMMYHHBIM OTBETOM Ha YYKEPOIHBIIA aHTH-
red LacZ. Takxe cienyeT ckasaTb 0 (POPMHPOBaAHUHA
T-KJIeTOK TaMsTH, KOTOphIC B AaJIbHEWIIEM aKTH-
BHPOBAJIM UMMYHHBII OTBET ITPX NTOBTOPHOM BBeJie-
#un SV-LacZ Kak B OTHOLICHWH OITyXOJIEBBIX KJIETOK
KaplLUHOMBI Tosictor KUk CT26, aKcrpeccupyio-
mmx LacZ, Tak u B oTHomeHUM lLacZ-HeraTMBHBIX
onyxosieBsix kKJieTok [10, 49]. Kpome Toro, Ha Moze-
1M KapLIMHOMBI SIHYHUKOB YestoBeka ES-2 6pu10 110o-
Ka3aHo, uto SV-LacZ akrtusupyer NK-knerku [9].
B npyrom mccaenoBanu# [38] 0611 pazpaboTaH BEKTOP
Ha ocHoBe Bupyca Cunnouc (SV-NYESO-1) ¢ ucrions-
30BaHUEM OITYXOJIb-aCCOLMUPOBAHHOIO aHTHUTEHa
paka sguuka desoBeka NYESO-1, KOTOpEIit 3Kcipec-
CHUpYeTCsl TIPU pake SSMYHMKOB IpuMepHoO B 43% city-
yaeB [8]. OHKOIMTMYECKYID AKTHBHOCTH BEKTOpa
SV-NYESO-1 nposepsinin Ha Mbimiax BALB/C c¢ uc-
MOJIb30BAHUEM ONYXOJEBBIX KJIETOK KapIMHOMBI
TOJICTOM KUILKHU, 3Kcrpeccupytommx NYESO-1 [38].
BbLIM OTMEUYeHBI 3aJiepXKKa pocTa OITyXOIH, UMMY-
HOMOIYJIMpYIOIlee NeHCTBUE BEKTOpa M, B HEKOTO-

PhIX CiIydasix, MOJIHBIA perpecc omyxosei. Beuio

oTMeueHo, uTo JeueHue SV-NYESO-1 mnpusommiio
K yBenmueHuio 3kcrnpeccuu PD-L1 Ha omyxonesbix
kiaetkax 1 PD-1 — Ha MHOUIBTPUPYIOLIUX OIyXOJb
T-xnerkax. I[ToaToMy 1151 YCUIIEHU S TPOTUBOOITYXOJIe-
BbIX 3¢ dexkToB SV-NYESO-1 Obl1a mpruMeHeHa KOM-
OMHMpPOBaHHAs Teparusl ¢ GJI0KaTOpoM MMMYHHBIX
KOHTPOJIBHBIX ToYeK anti-PD-1, uto npuseso k 6osee
CHUJIBHOMY TTPOTHBOOIYXOJIEBOMY UMMYHHOMY OTBe-
TY, K [IOJTHOMY UCUE3HOBEHHUIO OITYXOJIeiH MPaKTUYECKH
y BCeX MBIIIEH, a TaKXKe K (GOPMUPOBAHMIO IIPOTHUBO-
onyxosieBoro uMmyHureTa [38]. I[Ipy ucrionb3oBaHUM
BekTopa SFV-OVA, KOIUPYIOLLIEro OBajabOyMHHO-
Bei anTHreH (Ovalbumin, OVA), KOTOpBIi SIBIISIETCS
BBICOKOMMMYHOT€HHBIM YYXXEPOOHBIM aHTUTEHOM,
B KOMOMHMpoBaHHOM Tepanuu ¢ VV-OVA Ha monem
KapUMHOMBI SMYHIUKOB MBI MOSEC Habmonamch
6oJiee BBIPAXEHHBIE ITPOTHBOOITYX0/EBble 3 MEKTHI,
YyeM IIPH MCIIONIb30BaHUM AUKMX 1iTaMMoB SFV u VV.
TIpotuBooIyxoneBsie 3 (HEKTH BKIIIOYAIH YMEHbILIE-
HHUE 00BbeMa OIMyXOJIM Y JUIUTEJIbHYIO BbIXKMBAEMOCTh
Mpimei C57BL/6 3a cueT mMpsiMOrO OHKOJTUTUYECKOTO
JIEHCTBHSI BUPDYCOB Ha OITYyXOJIb, a4 TAKXKE 3a CYeT aKTHU-
parm OVA-crietmmduyeckux CD8' [62].

JInsi IpOTHBOOITYXOJIEBOM TepanmMy Yy MBbIIIEH
C TIOAKOXHO#I MBIIIMHOM numdobiacromoit TC-1
ucrnonb3oBanu BekTop SFV-IFN Ha ocHOBe BUpY-
ca neca CeMJIMKU, SKCIIPECCUPYIOLIMH MBIIIWHBIH
IFNo. [33]. SFV-IFN 6511 ciocofeH MHAYLIMPOBATh
OTBET LMTOTOKCUUECKUX T-TMM(OLIUTOB U aKTUBHU-
poBaTh MHEJIOHAHBIE KJIETKH. BHyTpuOmyxonesoe
sBenenue SFV-IFN npuBoauio K nusucy 58% rnpu-
BUTHIX onyxoseii B TeueHue 21 nusi. SFV-IFN Ttakxe
OB CrIOCOOEH MHAYIIMPOBATh 3HAYUTEIbHBIH MTPO-
TUBOOITYXOJICBEIA OTBET B MOAKOXXHOI MBIIIWHON!
MOJIEJIY aJleHOKAaPLMMOMBI TOJICTOM KMIIKH [33].

B Hacrosiniee BpeMs aKTHMBHO MCCIEAYIOTCSA
MPOTHBOOITYXO0JEBbIE CBOMCTBa BEKTOPOB, KOIM-
pYIOLIMX MHTEPJAeHKUHBI, B TOM yucne I1L-12, ko-
TOphIit yuacTByeT B nuddepeHnpoBke T-KIeToK
M CTUMYJUDPYET BHIpabOTKY (axkTopa HeKpo3a
OITYXOJIH, YTO JIeJIaeT ero BaXHBIM KOMIIOHEHTOM
IMTPOTUBOOITYXOJIEBOTO MMMYHHOroO OoTBeTa. B mc-
caenoBaHuM [48] B TeueHue 5 GHEHW mocye BHY-
TpUOpPIOLIMHHOrO BBeneHUss BekTopa SIN/IL-12
mbimam CB-17-SCID ¢ kapuMHOMOI SMYHMKOB
ES-2 nerekTuMpoBanM yYMEHBIIEHUE OTYXOJeH
Ha 95%. Takxe OBLIO YCTAHOBJICHO, YTO TEparieB-
tuueckuit acpdext SIN/IL12 3aBUCUT KaK OT LIH-
TOTOKCUYECKOM, TaK U OT PETYJISITOPHOU QYHKLIAIA
NK-knetok [9]. Ha ocHOBe Bupyca Jieca CeMINKH
TaKXe ObLI CO3IaH BEKTOP C TEHOM, KOAUPYIOLIUM
IL-12 (SFV-enhlIL-12), n BBemeHHE €ro cypkam
Marmota monax C TenmaTOUE/UTIONSPHON KapLu-
HOMOI MPUBOAMJIO K aKTUBALlMM HMHTepdepo-
HOB MW T-KJIETOYHOrO MMMYHHOTO OTBETa, YTO
CrmocoO6CTBOBANO YMEHBIIEHUIO OObeMa Ommyxo-
neit [36]. BHyTpHOMyX0JeBoe BBEIEHUE BEKTOpa
SFV-IL-12 kpsicam Fischer 344 ¢ rnmuomoit RG2
B mo3ax 5 x 107 u 5 x 10® yacTHUIl B 5 MKJI TPUBO-
IUJI0 K yMeHbuleHMI obbema onyxonum Ha 70
n 87% coorBeTcTBeHHO. [IpM 3TOM BBeIeHUE
HU3KOM 03Bl BUpYyCa-BEKTOpa 3HAYUTEJIBHO YBE-
JIMYMUBAJIO BpeMs BBIDKMBAHMS KpBIC, a BhICOKAs
1032 B HEKOTOPHBIX ciy4dasx Oblia jgerajibHa, uTo,
MO-BUAUMOMY, OBLIO pe3yJbTaTOM BOCHAJEHUS,
HEKpO3a MJIM OTeKa B MecTe MHOKyjasumu [35].
B npyrom wmcciegoBaHMUM TakXke OBLJIO TTOKasa-
Ho, yto SFV-IL-12 aktuBupyetr T-muMdOnHUTHI,
u ycunusaet akcnpeccuio OX40 (oguH U3 peuen-
TOpoB (daKTOpa HEKPO3a OIYXOJM, KOTOPBIHA yua-
crByeT B nponudepaunu T-numbonutos) Ha CD4
T-3¢ddekTOpHBIX KJIETKaX, U TP KOMOMHUPOBAaH-
HOI Tepanuy ¢ MPUMEHEHNEM aHTUTEI-aTOHUCTOB
anti-OX40, crocoOHBIX aKTUBHUPOBATH PELENTOP
0X40, vabmonancs perpecc omryxosei [39].

CienyeT OTMETHTB, YTO IJIsl WCIIOJIb30BAHUS
B OHKOMMMYHOTEPAITMM aKTHUBHO WMCCIEAYIOTCS
BekTOpsl Ha ocHoBe VEE, u Ha naHHBI MOMEHT
yK€ €CTh HaHHBIE KJIMHMYECKUX MCCIAeIOBAHUIA
Mo TpUMEHEHMIO0 Takux BekTopoB [31]. AVX701
npencrasiseT coboit BekTop Ha ocHoBe VEE ¢ ne-
dexTom perutukauu (virus replicon particles, VR P),
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WHOEXUMA 1 HMMYHINTET

Tabnwuua 2. UMmyHOONOCPEAOBaHHARA NPOTUBOONYXONeBan 3P HeKTUBHOCTL anbdasupycos

Table 2. Immune-mediated antitumour Alphavirus efficacy

XusorHan
& 3| Toancreu | KOMOAMMPORZNNER | 1y onyxomu (wogens) | monems | MIPOTMEOMVKONeRke | Cosnkaua
& > | Transgene c ; Tumour type (model) Animal ;
ombination therapy model Antitumour effects References
Nonwuweiit perpecc
Onyxonu, NPOAYKUMA
:mm““ IFNy, axTusauus
MoHOKNOHaNbHBIE aumdoma A20 BALB/C T-knerox, ycunenne
) aWTwrena a4-1BB Ab (."mcm":m“";; MbILUW NPOTHBOONYXONEBsoro (58]
Monocional antibody Mouse non-Hodakin's BALB/C WMMYHWTETE
a4-1BB Ab B-cell lymph om«? A20 mice Total tumor regression,
(intraperitoneal) IFNy production, T-cell
activation, increased anti-
tumor immunity
Kapuunoma roncroit
KHLLKM MbILUM
CT26 (nogkoxHas, BALB/C :"m::rmm a
BHYTPUBPIOWMHHAR) MbILLM cgys' * [10]
i i BALB/C | nhibited tumor growth,
g R (subcutaneous, CDB8’ activation
intraperitoneal)
KapumHoma auysukos | CB-17-
vyenosexa ES-2 SCID
z (eHyTpUGPIOWHHHES) MbILLM ‘NuK{ J ".I'I " 't’i'v:t'i(.l D (9]
s Human ovarian carcinoma | CB-17- cellactivation
ES-2 (intraperitoneal) SCID mice
Monuwit perpecc
onyxonu, uhdunsTpaymns
T-KNeToK B ONyXonax,
npoaykuus IFNy,
SRS N TR, MHAYKUA KGrIpeccHM
- Fluc.NYESO1 BALB/C PD-L1 u PD-1, paseuTue
B | oot orpounen S SO | g
Mouse colon carcinoma i T .
CT26.Fluc.NYESO1 mice umor regression,
(intraperitoneal) T-cell infiltration, IFNy
production induction
of PD-L1 and PD-1
expression, increased
antitumor immunity
KapunHoma suynuxos CB-17-
o yenosexa ES-2 SCID mn"’ L
- < (sHyTpUGpIOWKMHKHER) MbILLK [11,48]
- ]
= Human ovarian carcinoma | CB-17- 2::':3“‘)" of Tand NK
ES-2 (intraperitoneal) SCID mice
AxTuBauus
MUENOKAHBLIX KNeTOK,
UMTOTOKCHYECKMX
T-numpounTos, perpecc
?Cu:m::)wm C57BL/6 |onyxoneii, passuTHe
MbILLM NPOTHBOONYXONEBOro
- - Mouse TS-1 Ceils | s (33]
lymphoblastoma 2 Astmtion of id
(subcutaneous) mice ivation o myelo»
E celis, cytotoxic
T lymphocytes, tumor
regression, development
of antitumor immunity
Cypxu Axtmsauma IFNIull,
::"p;;m:mm“ Marmota |T-knevok, pemuccus
o monax onyxonu
p - (wHayuuposanHas) [36]
- Hepatocellular carcinoma Marmota I IFNsﬂgn 2:'? pe land
(induced) monax , T cells, tumor
marmots remission
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XueorHaa
B 5| Toaoron | KOUGHMPORNER | 1, onyxom (woems) | womems | TPOTRSTIInORNE | Coumcane
: Tumour type (model) Animal A
@ = | Transgene Combination therapy model Antitumour effects References
Ymenbiwenue obvema
ONyXONwW, ysenuyeHue
Kpbichi BEKMBAEMOCTH,
nuoma xpeicst RG2 Fischer CMepTEensHan naronorus
2 (oproTonuyeckas) 344 B BMJie BOCNaneHus [35]
Rat glioma RG2 Fischer 344 norexa
{orthotopic) rats Reduced tumor volume,
increased survival, lethal
pathology in the form
z .N..' of inflammation and edema
@ = Kapuuxoma Toncroi
KHLLIKW MBILLK AxTHBauun
CT26, xapunHoma BALB/c, T-xnerok, perpecc
npeacrarensHoR FVB/NJ onyxonei, CHIXeHKe
wenesst Mbiwn MyC-CaP | Muiium PHCKA PA3BUTHR
anti-OX40 (sHyTpuGpIOWKHKHaR) BALB/c, PE3IUCTEHTHOCTM ONYXONN [39]
CT26 mouse colon FVB/NJ T-cell activation, tumor
carcinoma, MyC-CaP MbiILLIK regression, reducing
mouse prostate carcinoma the risk of tumor resistance
(intraperitoneal)
Anurenuansxas :mu:::‘oummo::::‘:
KapuMHOMa SHYHWKS YR, A
; mbiieit MOSEC C57BL/6 | BbIXMBREMOCT,
+ g B (BRYTPMBPIOWHHHas) MbILUM akTusayus OVA- (62]
z o Epitheli . C57BL/6 | cneundmyeckux CD8’
@« pithelial carcinoma of the mice Reduced tumar volume,
mouse ovary, MOSEC R
{intraperitoneal) long-term survival, activation
of OVA-specific CD8"
ApeHoxapumHoma
| -1 TONCTOM KMIWKW MblWwy | C57BL/6 ::mm‘gs;o
= MC30-CEA-2 Matiun T xh.?muoro oraera
o - . (32)
< Mouse colon CSTBL/B |, ivation of a CEA-
= egggcaminoma MC38- | mice specific T-cell response
Axtusauws CEA-
KonopexkransHsiid ;muu@mmoro
~KN@TOMHOro
ﬁ POK (KnnnsrisOKue OTBETa, ANUTENBHAR
o = WERMTER ) = BLUKHBAEMOCTS 311
‘(ilg;lgr)ectal colee A, Activation of CEA-specific
T-cell response, long-term
o survival rate
§ Pax MONOYHON Xeneas! Perpecc onyxone#,
W cocsepxakcnpeccued  |pu o e passurue
E o HER2 (oproTonuyeckas, Maiin NPOTHEOONYXONEBOTro
] - KANHUYECKHE UCTIBITAHNS) BALB WMMYHUTETE [5]
x Breast cancerwith HER2 | - /¢ |qumor regression,
overexpression (orthotopic, activation of anti-tumor
clinical trials) immunity
R I
=
. E E Numdobnacroma meiwm | C57BL/6 Passutie
;. = S _ TC-1 (nopkoxHas) MbILLK mn:;nry:onmro @)
%2 g2 Mouse lymphoblastoma C578L/6  |pe' KSR
; E & TC-1 (subcutaneous) mice i m‘:y @
852t

Npumevuanme. SIN — Cumalne, SFV — supyc neca Cemmen, VV — sipyc koposeedt ocnsi, VEE — supyc Beecyanbexoro awusdanommanTa nowaasd,
VRP — BHPYCHLIE SSCTHLS PENAUKOHE C fedexTom penmmkaumun, LacZ — f-ranaxtoaunasa, NYESO-1 — ofyx0/k-aCCOUMUPOBAHHBIA SHTUISH DaKa mwnaa
venosexa; OVA — osanbBymiHoswit antures, CEA — xapumHoasmBpuonansHei anturen, HER2 — peusnrop 2 annaepMansHoro Gakropa pocTa Yenosexa.
Note. SIN — Sindbls, SFV — Semliki Forest virus, VV — vaccinia virus, VEE — Venezuelan equine encephalitis virus, VRP — virus replicon particles,

LacZ — fi-galactosidase, NYESO-1 — tumor-associated human testicular cancer antigen, OVA — ovalbumin antigen, CEA — carcinoembryonic antigen,
HER2 — human epidermal growth factor receptor 2.
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Uhdekuma u nMmyHuTeT

KOOHPYIOMHH KapUHHOIMOPHOHAIBHBIA AHTUICH
CEA, KOTOpblit SBISICTCS OHOMApPKEPOM OMYXOJH
IS KOJIOPEKTAJIbHOTO M HEKOTOPLIX APYIHX BHIOB
paka [11]. JaHHBI# BeKTOp OBLI NPOTECTHPOBAH
B NepBoit pase KIHHHYECKHX HCCIenoBaHu it Ha na-
UMEHTAX € KOJIOPCKTAJIbHLIM PakoM. AKTHBAaLIHA
T-numdounros nocne seeaeHus AVX70]l npuso-
Juna K 6oaee HUTEIbHOMY BHIKHBAHHIO NALMEH-
TOB, OIHAKO He K TIOJTHOMY HaneueHn10. B Oyaymem
HCCeaoBaTe M MIaHHPYIOT NOBBICHTE 3hheKTHB-
HOCTH Tepanuu, KomOuHupys AVX701 ¢ Grokaro-
PaMH HMMYHHBIX KOHTPOABHBIX To4ek [31]. B npy-
rHX DOKJIMHHYECKHX MCC/ICIOBAHHUAX HA MbILIAX
C ONMYXONSIMM @JCHOKAPLHHOMEI TOJCTOH KWILKH
MC38-CEA-2 Bupyc-sekTop AVX701 npu npume-
HEHUH B KOMOMHHPOBAHHON TEPAITUK C BEKTOPOM
VRP-IL-12, xoaupyromum [L-12, nokazan 6o-
nee cunbHyo aktHBaumio CEA-cneundunyeckoro
T-KaeTouHOro OTBETa B CPABHCHHUM C MOHOTCpa-
nueit [32]. Takxe Ha ocHore VRP 6uin pazpaboran
BekTop VRP-HER2, xoaupyounit 1o0MeHbI pelien-
Topa anuaepmanbroro gakropa pocta HER2, ko-
TOpbIR runepakcnpeccupyerca B 20-30% cayyaen
paKa MOJIOYHOM Xeje3sl M CBsizaH ¢ Donee arpec-
cuBHBIM nosegerueM onyxonn. VRP-HER2 6w
MPOTECTHPOBAH B AOKJIHHHUYECKHX HCCAEA0BAHUAX
HA MBIIIAX, [IPH 3TOM B OTBET Ha TEPAITHIO ABTOPKI
nabmionanu uHaykumio HER2-cneunpnueckux
T-K7IeTOK M AHTHTE/I, KOTOPhIE HHTHOMPOBAIH POCT
onyxonu. Takxke VRP-HER26u11 npoTecTHPOBaH B
nepeo# (ase KIMHUYSCKMX HCCIICAOBAHUI, B KOTO-
PLIX MepBas rPynmna MaluucHTOB CO 3JI0KAYCCTBEH-
HBIMH HOBOOOPA30BaAHHSAMH CO CBEPX3KCIIpeccHeit
HER2 nonyuana 3 nosst VRP-HER2 B teucHue
6 Henens. Bo BTopoit rpynne natueHThl MOJYIHIH
T€ Xe 3 103bl COBMECTHO C 3a8PETrHCTPHPOBAHHBIMH
npenaparamMu  npotus  HER2-nonoxureasHoro
paKa MOJIOUHOM Xe/ie3bl, TAKMMH KAK MOHOKJIO-
HanbHBie aHTUTena Pertuzumab, Trastuzumab uan
npenaparal TDM-1 1 Lapatinib. B nepsoit rpynne
BbLUKHMBAEMOCTD De3 NporpeccupoBaHms COCTaBHAA
1,8 mecsiua, a obwas BeKuBaeMocTsh — 50,2 Meca-
114, BO BTOpoOit rpynmne — 3,6 u 32,7 Mecsiten cooT-
peTcTBeHHO. TakXe cieayerT oTMeTHTh, 4To VRP-
HER2 xopoio nepeHocH/ICA NauueHTaMH, H Bak-
unHauna uuayunposana HER2-cneunduveckue
T-xkaeTkn ¥ anTHTea. B nanbHeiieM aBTophI ia-
HHPYIOT MPOAOJIKHMTE HMCIBITAHHSA C OGloKaTopa-
MH HMMYHHBIX KOHTPONIbHBIX TOuek [5]. B apyroi
paGore [4] asTOpHl paspaboTasn BEKTOP HA OCHOBE
VEE, xoaupyounii reiw 6enxos supyca E6 u E7
namuIoMbl yesoseka 16 tuna. Benku E6 u E7 cno-
COOHBI HHAKTHBMPOBATL DENIKHU-CYTIpEccophl OImy-
xosnesoro pocta Rb 1 P53, Tem cambim criocoBeTsyst
Pa3BUTHIO onyxoiu. B paspaGoTraHHOM BeEKTOpE
AMHHOKHCIIOTHBIC TIOCCI0BATENLHOCTH  BEIKOB
E6 1 E7 OblIM M3MCHCHB! B YETLIPEX/NATH MECTax
JUISE MHAKTHBAUWM MX OHKOreHHOro [MOTeHIiHa-
Ja. BakuuHauus Muillei NoayYCHHBIM BEKTOPOM

C NOCenyoWHM BREeICHHEM KIeTOYHOW JIMHHH
numdobnacromsl TC-1 MM onyxosieBoi KaeTou-
HOH auHuK C3 3auMiana KUBOTHBIX OT Pa3sBHTHS
onyxonu Ha 100 # 90% coorsercTBeHHO Gnaroaaps
ne#crenio T-nuM@ONHTOB, CrelU(pUIHBIX B OT-
HouwieHHH auTHreHoB E6 u E7. Takxke aBropsl 1o-
Kajzanu 0e30macHOCTh 3TOT0 BEKTOpA, INpesocTa-
BHB JaHHKIC 110 YPOBHAM 3Kcripeccuu Geskos P33
u Rb [4].

3aknioyeHue

Takum oGpaszoM, anbhaBHPYChl ITPOAEMOHCTPH-
POBJIM NOTCHUMAM TS NPUMEHEHHS B NMPOTHBO-
ornyxoneso repanuy. Iupokuit Tponusm nosso-
JISET MCIONB30BAThL MX JUIA JIM3MCa Omyxojeii pas-
JIMMHOM 9THONOTHH, MPH ITOM CEIEKTHBHOCTb a/1b-
(hanMpyCcoB 1 BEKTOPOB HA HX OCHOBE K PEILIHKALIMH
B ONYXO/IEBLIX KJAETKax ONpeAensieTcd BHYTPHKIIC-
TouHbIMM thakTOpaMu. Creayer oTMeTUTh 3¢hex-
THBHOCTH aab(aBUPYCOB U BEKTOPOB HAa MX OCHOBE
B KayeCTBE MPOTHBOOMYXOJEBLIX MMMYHOMOJV/IN-~
PYIOLUMX aTeHTOB KaK B MOHOTEPANHH, TAK 1 B KOM~-
OMHUMPOBAHHOI Tepanuy. AnbhaBUpyCchl CIIOCOOHI
HE TOJBKO BbI3LIBATH MMMYHHBLII OTBET Henocpe/-
CTBEHHO IOC/IE BBEACHHS, HO TAKAKC HHAYUHPOBATL
hopMHPOBAHUE TPOTHBOONYXONEBOIO HMMYHHTE-
T4, 3AUIHILAOMIErO OPraHH3M OT IMOBTOPHOTO pa3BH-
THS 3/I0KAYCCTBEHHOIO HoBooGpaszopaHus. [Tomumo
910ro, aabhaBUpychl NpEACTABAAIOT cobol yao6-
Hy1©0 niargopmy juis pa3paboTKM BEKTOPOB, 3KC-
MPECCHPYIOIIMX PAZIMYHbIE UeIeBble OeNKH LA
KOMILIEKCHOM 6opebhl ¢ onyxonsamu. [pocroe u 6bi-
CTPOE NOAYYeHHEe PEeKOMOMHAHTHBIX HacTHIL C Bbl-
COKHM THTPOM, a Takxe ObicTpas peruinkauus PHK
6e3 pMCKa MHTErpalHK ee B TEHOM JIeNaloT anbda-
BUPYCHbLIC BEKTOPHI TPHBJ/IEKATENBHBIMH B KaUeCTRE
OHKOJIMTHYECKMX, OJHAKO 3a4acTyio OHM obecrie-
YHBAIOT TOJBKO BPEMEHHYIO IKCIIPECCHIO TpaHCre-
Ha, 3aKoaupoBaHHOro B reHoMe. C apyroi cropoHbl
BPEMEHHAas IKCIIPECCHS MOXET ObITh IOCTOMHCTBOM,
TaK Kak B 9TOM CAy4ac UMMYHHOICHHOCTE asibga-
BHPYCOB, KaK NMpaBHIO, HEBLICOKASN, YTO I103BOJISET
BBOIWTH BUPYC CHCTEMHO B KPOBOTOK Be3 pucKa ero
MHAKTUBALMH UMMYHHOIR cHeTeMoi. Takxe crieay-
€T OTMETHTbL, YTO Ha JAHHbLIA MOMCHT KOJHYECTBO
MPOBEACHHBIX MM 3aMJIAHUPOBAHHBLIX KJIMHHYE-
CKMX MCITBITAHHI C NPUMCHEHHEM aib(aBUPYCHBIX
KOHCTPYKUM I HEBENHKO, U, coritacHo Gasze PubMed,
oryGIIHKOBAHO B 1CCATh pas Hobile HCCACAOBAHHIA
B 00/acTH MMMYHOTEPANMK ONyXoiei aas aneHo-
BHPYCOB, 4eM s anbdhasnpycos. OaHaxko, XOTs ce-
PBE3HLIX MPOPLIBOB MOKa He Hab/10aaeTcs, npoBe-
JICHHBIC HCCICAOBAHUS NOATBEPAMIN §E30NacHOCTh
BBEACHHA a/b(haBUpPyCOB YeJIOBEKY U HATHYME Y HUX
BbIPAXCHHBIX  TMPOTUBOONYXOIEBLIX  3dpekTOB.
B uenom anbdasupychl H BEKTOPh! HA HX OCHOBE 5IB-
JIAKOTCH NEPCHEKTHBHBIMH  TTPOTHBOOIYXOJIEBBIMH
areHrTaMm.
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ONTUMU3ALUA U BAJTUOALUA
KOJIMHMECTBEHHOIO METOZA OLEHKW
PEAKTUBHOCTU T-KJIETOK MAMATHU

YEJIOBEKA KAHTUTEHAM BUPYCA SARS-CoV-2

C UCNOJIb3OBAHUEM NPOTOYHOM LUTOMETPUMU

O.M. Crpuxaxosa, A.C. Ilepumn, A.A. Kazapos, W1.B. JIarockun, f1.A. Baxapesa,
A.I1. Bacunses, IO.A. Hukonosa, I1.10. Eroposa, P.P. Illykypos, P.A. XamuToB
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Russian Journal of Infection and Immunity = Infektsiya i immunitet
2023, vol. 13, no. 4, pp. 642-652

AO «'EHEPHYM», nem. Boaveunckuil, [lemywunckui paiion, Baadumupckas obaacms, Poccus

Pe3iome. AleKBaTHBIM M pernpe3eHTATUBHbII MOHUTOPMHT MOMYISLIMOHHOTO MMMYHHUTeTa K BUpycy COVID-19,
BKJII0Yasl JOJITOCPOYHOE BAUSIHUE HA MepeBOoIeBIIMX U BAKLIMHUPOBAHHBIX JIIOICH, TOJIKEH BKJII0YATh HE TOJIBKO HC-
ClIeIoBaHUE TYMOPAJIBHOr0, HO TakXe U T-KJIeTOYHOro MMMYHHOTO OTBeTa. I1pM 3TOM BaXHYI0 HH(MOPMALIMIO MO-
KeT JaTh HE TOJIBKO CIIOCOOHOCTD KJIETOK aKTUBMPOBATHCS B OTBET Ha CrieM(bHYeCKif aHTUTEH, HO U ONpeeneHue
(dheHoTMMA peaKTUBHBIX KIEeTOK. [L1s aTOro Hamu pa3paboTaH METOA MPOTOYHOM LIMTOMETPHH ISl OLIEHKHU COMEp-
JKaHUS aHTUTeH-PeaKTUBHBIX T-KJIETOK, MPOAYLMPYIOMMX BHYTpUKIeTouHbI IFNY 1o Bo3aeiicTBUEM Ha MOHO-
HyKkJeapHbie KaeTku nepudepudeckoit kposu (MKIIK) yenoeka antureHos Bupyca SARS-CoV-2, u npose/ieHa ero
BajMaaLus. BanuJalMOHHbBIE HCTIBITAHUS METOAMKHM TIPOBOIMIIN 110 CIEAYIOIIMM XapaKTePUCTHKAM: YYBCTBUTE b~
HOCTb, CelM(pUYHOCTD, TPELU3MOHHOCTL U pOOACTHOCTD. BanuIaliMOHHbIE UCITBITAHKS] METOIMKHY 110 XapaKTepH-
CTHKaM «4yBCTBUTEIBHOCTb» ¥ «CIIELIM(PUIHOCTE» IIPOBOAMIIN, UCCIIEIYS MOJOXMUTEIbHEIE 06pa3iibl JOHOPOB, Mepe-
6onesmnx COVID-19, ¢ anarHozoM, BepudupoBaHHEIM 1a00paTOPHEIMM METOIAMU, U OTPUIIATENIbHbIE 00pas3Iis,
0TOOpaHHBIE OT IOHOPOB C OTPHUIATEIbHBIM aHAMHE30M, He KOHTAaKTHpoBaBIIuX ¢ 6onsHeIMU COVID-19, ¢ oTcyT-
cTBHeM aHTHTe) K aHTureHaM SARS-CoV-2. Y3 KpoBu I0HOPOB BHIIE/SIA MOHOHYKJIEADHBIE KIETKH nepudepuue-
CKOI KPOBH METOIOM LEHTPH(YTUPOBaHUS B TPAJAUEHTE IJIOTHOCTH (DUKOJIIA M CTUMYJIMPOBAJIN CriEU(pUYECKUE
T-kJIeTKM menTuaaMu, COOTBETCTBYIOLIMMHU OCHOBHBIM OeJIKOBBIM aHTUreHaM KopoHasupyca SARS-CoV-2 — nen-
Tuabl S-6enka v nentuasl 6enkoB N, M, ORF3a u ORF7a. YuutsiBanu faHHbIE Ha MTPOTOYHOM IIMTOMETPE, BBIIE-
nss T-xnetku, npoayuupyouue IFNY, ¥ mpoBOIMIM CTATUCTUYECK U AHAJIW3 TIONYYEHHBIX PE3YILTaTOB. 3HAUCHH S
rutomanu, orpaHudeHHoi ROC-KpyuBOif ¥ OCBIO JIOKHOMOMOXUTENbHBIX Kiaccubukaunii (AUC) misa monyiasaumii
CD4 u CDS8, cocrasuiio ot 0,97 mo 1,00. MeToauka roka3zaja mpUeMJIEMYIO CXOTMMOCTh ¥ BHYTPHIa60paTOPHYIO
NPELN3NOHHOCTD, MOCKONBKY Ko3¢hduumeHTs Bapuauuu st Beex obpasuos MKIIK we npessintanmu 20%. Beuta
NoATBEpXAeHa podacTHOCTH npy ucnosibzoBaHuu MKIITK B cBexxenpuroToBieHHOM BH/E ¥ ITOCIE LIMKJIa 3aMOPO3KHU/
pa3Mopo3ku. 1o uToramM BajJuAALMU YCTAHOBJEHBI IPAHHUIIBI ONIPEAeIeHUs MO3UTUBHOTO W HETATHBHOrO OTKJIMKA:
st CD4-nosutuBHbIX T-KieTok — 0,029%, nist CD8-nosutuBHbix T-kiaetok — 0,064—0,068%, a Takxe KpUTEPUH
NpPUEMJIEMOCTH [UIsi TOKa3aTesielt OTKAMKA MOMOXKHUTEIbHOTO M OTPHIATEIEHOTO KOHTPOJIBHBIX aHTUTeHOB, TakuM
o0pa3oM MoATBepXAeHa MPUTOAHOCTh MeTOAUKYU «OLieHKa aHTUTeH-PEaKTUBHBIX T-KJIETOK, MPOAYLMPYIOLIMX BHY-
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2023, T. 13, Ne 4 PeaktnsHocTe T-knerok k SARS-CoV-2

TpuKAeTOUHbIH [FNY o BosaeicTreM Ha MOHOHYKJleapH bie KICTKH repudepuuecKoil KpoBH Ye0BeKa aHTUTEHOB
supyca SARS-CoV-2, METOIOM MPOTOYHON LUTOMETPUN» JUIA TONYUEHHS! JOCTOBEPHLIX PE3Y/ILTATOB IPU Onpee-
aenuu conepxkanust sHyrpukieroutoro IFNys MKITK. Metoauky ncnonb308ainm pu XapakTepusalini cTaHiapT-
HbIX KOHTPOJILHBIX 006pa3Iios 418 BHYTpeHHero Koutposs Kayecrsa Habopos TurpaTect® SARS-CoV-2,

Karouesuie caoaa: SARS-CoV-2, T-kaemounslii UMMYHUMEN, NERMUAb KOPORAGUPYCA, LUMOMEMPUR, MEMOD BHYMPUKACMOYHOL0
okpawueanus yumokunos (1CS), earudauus.

OPTIMIZATION AND VALIDATION OF FLOW CYTOMETRY METHOD FOR QUANTIFICATION

OF SARS-CoV-2 ANTIGEN-REACTIVE HUMAN MEMORY T CELLS

Strizhakova O.M., Pershin A.S., Kazarov A.A., Lyagoskin I.V., Bahareva Ya.A., Vasil’ev A.P., Nikonova Yu.A.,
Egorova 1.Yu., Shukurov R.R., Khamitov R.A.

JSC “GENERIUM”, Volginsky, Petushinsky District, Viadimir Region, Russian Federation

Abstract. A proper and representative monitoring of SARS-CoV-2 herd immunity including a long-term health impact on re-
covered patients and vaccinated individuals is of great importance. For this, a monitoring campaign should assesses both hu-
moral and T-cell immune arms. Upon that, analyzing antigen specific-cell activation and cellular phenotype are informative.
We developed a flow cytometry method for detection of intracellular IFNy-producing antigen-reactive T cells after exposure
of human peripheral blood mononuclear cells (PBMC) to SARS-CoV-2 virus antigens. The method was validated according
to the following characteristics: sensitivity, specificity, precision, and robustness. We used positive samples from donors recov-
zred from COVID-19 and negative samples from donors who had no contact with COVID-19 patients and lacking antibodies
to SARS-CoV-2. All samples were tested by laboratory methods. Peripheral blood mononuclear cells were isolated from donor
blood by centrifugation in a Ficoll density gradient. Specific T cells were stimulated with S-protein as well as N, M, ORF3a,
and ORF7a protein peptides to count IFNy-producing T cells by flow cytometer. The data were statistically analyzed, The area
limited by ROC-curve and false positive rate (AUC) for CD4 and CD8 cells was from 0.97 to 1.00. Precision was considered
acceptable because the coefficient of variation for all PBCM did not exceed 20%. Robustness was confirmed for frozen and
freshly prepared PBMC samples. The thresholds levels to recognize immune and non-immune samples were defined for CD4-
positive T-cells (0.029%) and CD8-positive T-cells (0.064—0.068%). Also, acceptance criteria for positive and negative con-
trols were defined. Based on the validation, the suitability of the method “Evaluation of antigen-reactive T cells that produce
intracellular IFN in response to SARS-CoV-2 virus antigens by flow cytometry” was confirmed. The method allows for reli-
able data that was used to characterize standard control samples for internal quality control of TigraTest® SARS-CoV-2 kits.

Key words: SARS-CoV-2, T-cells immunity, COVID-19, coronavirus peptides, flow cytometry, intracellular cytokine staining, validation.

BeepeHue

B wmauane 2020 r. BeeMupHas opraHuszauus
anpasooxpanenust (BO3) knaccudguumposaia
BCIBILIKY HOBOTO THUIa KopoHasupyca COVID-19
Kak nadjgemuio. C rex nop Uejbld MHOIMX 3IH-
JAEMUOJIOIMYECKMX U IKCIICPUMEHTAILHEIX paboT
OBIJIO MCCIeOBAHUE MMMYHOJIOTMYECKHX acIieK-
TOB KOPOHABUPYCHON MH(EKLIMKI, UTO, B CBOIO OUe-
peib, CrocoGCTBOBANIO MOMCKY METOLOB €e Jieue-
HUs ¥ NpOGUIARTUKA,

Kinunueckue nposipneduss SARS-CoV-2 Ba-
PLUPYIOT OT HECCUMITTOMHON HH(EKLIUN 10 TANKE-
JIOM IBIXaTeNbHOM HelocTaTOMHOCTH, MexaHu3MBbl,
KOTOpPLIC OMPEAeIIOT 0COOEHHOCTH TeueHUs 6o-
JIE3HU, OCTAIOTCS 10 KOH1LA HEBBISICHEHHBIMU, ECTh
OCHOBAHMS T0JIaraTh, YTO HAJIMYUE UMMYHHOI'O
oTBETa, B KOTOPOM 3aaeicTBOBaHbl T-KICeTKHU na-
MSITH, SABJISIETCS KITIOMEBBIM 3BCHOM B (hopMupoBa-
HUM YCTOWYMBOTO 3AIIMTHOTO MMMYHUTETA B OT=
noureHuu SARS-CoV-2 [2, 5,7, 9, 17]. Kpome Toro,
crietupuanbtit K SARS-CoV-2 T-kiaeTouHbiit M-
MYHHEI OTBET COXpaHSIETCs 110C/e DMMMUHALLMN
HEUTPaIM3YIOIIMX AHTUTE] B TEUECHHUE IO Kpai-
Hew mepe 12 mecsiues (8, 12]. B cassn ¢ 9TUM 11po-

BEIEHHE MOHUTOPUHIA HE TOJNBLKO IyMOPAJILHOIO,
HO U T-KIETOMHOTO MOMYAAIMOHHOTO UMMYHUTE=
ra Kk Bupycy COVID-19 cnenyer cuurark HeoOX0-
MUMBIM DJIEMEHTOM 2ITHIEMUONOTMHYECKOI0 HAaL30~
pa B YCJIOBHSIX MAHACMUH,

CyIIecTBYeT psijl METOMOB, KOTOPHIC MO3BOJSI-
0T M3MEPSTH MMMYHOJIOrnueckne GuoMapkeps
B Matepuasne, rMojay4eHHOM U3 BEHO3HO! KPOBY —
TKAHM, HanboJIee AOCTYIMHONU JUISI UMMYHOJIOIM -
YECKOro MCC/ICHOBAHMS B KJIMHUYECKUX MCIIbITA-
HUAX [7, 16]. Aast BeIBACHUST UMMYHOJOIMYCC-
KUX OGuoMapkepoB B (DOPME DKCITPECCUPOBAHHBIX
IUTOKMHOB XOPOUIO 3apeKoMeHsoBal cehs MeToI
BHYTPUKJICTOYHOI'O OKPAlIMBAHMS LIMTOKMHOB
(1CS), npuMeHsIeMbIt K CTUMYJIUPOBAHHBIM MO-
HOHYKJICAPHBLIM KJieTKaM repudepuieckoil KpoBu
(MKITK) ¢ nocnaeayiomum npoTouHbBIM LTUTOME-
TPUYCCKUM aHalu3zoM, BHYTpuKIeTOUHOE OKpa-
HIMBAHUC HUTOKMHOB, B OTJIMYME OT alIbTePHATHR-
Heix roaxonos (ELISpot uinu ELISA), nossonser
oOHapyXuBaTh crieuuduueckoe TOIMHOXECTBO
KJeTok-pecrionaepos (Hanpumep, CD4- nan CD8-
nonoxurensHeie T-KNeTKH), BHIABIATL ACCOLMH-
poBaHHBIC Mapkepsl AugdepeHunpoBKn (Hanpu-
Mep, MapKepsl (PeHOTHITA TAMATH MIW COCTOSHMS
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UHOEKUMA M UMMYHUTET

aKTHBAalLIWH), TPOBOAUTE DYHKIIMOHANBHEIE TECThI
(HampuMep, PerMCTPHPOBaTh NMPOAYKLIHIO LIMTO-
KMHOB, MapKepoB LIMTOTOKCHYHOCTH M T. 1), Oe-
TEeKTHPYS OINHOBPEMEHHO 3KCMPECCHIO HECKOIb-
KHX LHTOKHHOB/XEMOKHHOB H MapKepoOB IPOIH-
depaunn. CoBpeMeHHBIE MHOrOMapaMeTpHYeCcK e
MHCTPYMEHTH! TIO3BOASIOT OXHOBPEMEHHO H3Me-
PATH 3KCNIPECCHIO MHOTMX MapKepos [3, 9].

Llens Hamred paboTel — pa3paboTaTh ¥ BaIUIN-
POBaTh METOZA NMPOTOYHON HMTOMETPHH LIS OLIEH-
KM COOEpXaHMA aHTHTeH-PEaKTUBHEIX [-KIEeTOK,
NponyUHpYIOMHKX BHYTpHKiIeTouHbl## [FNy nox
BO3ACHCTBHEM Ha MOHOHYKJICAPHEIE KJISTKH NepH-
depHyeCcKoil KpPOBH 4elloBeKa aHTUTEHOB BHUpYyCa
SARS-CoV-2.

Matepuansi 1 METOAbI

Hobpogoabysi, ywacmsywwue 8 UcCcAe008aHuU.
Obpa3ust kposu. Bce noOpOBONBIILI, YYAaCTBYIO-
IIMEe B MCCACIOBAHHMH, 3aMOIHSIH ONPOCHBIH
JIMCT C YKa3aHWeM OCHOBHBIX XapaKTepHCTHK,
CHMNTOMOB 3a0oneBaHusA, HaAU4YHUsd WHOEKIHH
SARS-CoV-2, noarBepXaeHHOMH J1a00paTOpHEIMH
TeCTaMM, HaJIUYH$ THEBMOHHH, TOATBEPXKICHHON
KOMITBIOTEPHOI TOoMOrpadueif, natry MMMYHH3a-
uMu (ecay O6bL1a) U HCNIONBL30OBAHHBIN BAKIIMHHBIH
npenapar. YCJIOBHO 300POBBIE JOHODHI TAKXE OT-
MeYa/JiH OTCYTCTBHE MPOAOTXHTEIBHBIX KOHTaK-
T0B ¢ SonbHBIMU COVID-19.

B3siTue 00a310B KpPOBH OCYLIECTBIISJIOCH BEHe-
MYHKIWe# B VCIOBUSIX MPOLEAYPHOro KabwHeTa
AO «TEHEPUVYM>» B nepuon c anpenas no HIOIb
2021 r. B nrr. BoasruHckuit Baammmupckoit 06-
macté (Poccus). Ot Kaxzaoro moHopa OsUIO MO-
JIy4eHO A00poBONbHOE HMHPOPMHPOBAHHOE CO-
rJacue Ha B3siTHe OOpa3lOB KPOBM M BKIIIOYEHHE
pe3y/ibTaTOB MX aHANW3a B IaHHOE MCCICI0BaHHE.
IIposeaexHue ucciaenosaHus ObLIO 0mobpeHO JIO-
KalbHBIM HE32aBUCHMBIM 3THYECKHM KOMMTE-
ToM npu AOQ <«TEHEPUVYM» (mporokon Ne 01
ot 11.11.2020). V nepedonesummnx COVID-19 xkpoBs
oTtbupanu B uHTepBase ot | go 10 mec. mocne uc-
4Ye3HOBEHUS] CHMIITOMOB 3a00/1eBaHHSI WM HalH-
yus oTpuuareabHoro tecta TP

Boideienue MOHOHYKAEApHHIX KAemok nepudge-
DuUMecKoll Kposu U npuzomogiaerue pabo4ux cycnem-
3ui. MOHOHYKI€apHbIe KJIETKH NepHdepHyecKon
kpoBu (MKIIK) BeIZesiiM METOAOM LEHTPHOY-
rMpOBaHMSA B FPaIHEHTE MJIOTHOCTH pukoiia (p =
1,077 r/ecm®) (HITIT «[Tan3xo», Poccus) He no3a-
Hee yeM 4epe3 | u mocne 3abopa kposH. [Moncuer
KJIETOK NMPOBOOMJIH C HCIIOIb30BAHHEM CYETYHKA
kieTok — NucleoCounter® NC-100. T'otosunu pa-
b6ogywo cycnensuio kiaetok MKIIK ¢ koHueHTpa-
umeit 5,0 X 10° x7/MJI ¥ BHOCHJIM B KaXIyIO IVHKY
naanmera no 5,0 x 10° MKIIK (onTtuManbHOE KO-
nuyecTBo) B cpene ADCF-Mab® (HyClone, CIIIA)
B oOBveme 100 Mx1 1HBO 3aMOpaXK MBAJTH.

Kpuoxoncepeayus. KaeTku ocaxiaanlHw LEH-
Tpudyruposauuem mnpu 400g. Ocanok KieTox
pEeCYCNeHAMPOBAJINH B Cpeae AN KPHOKOHCEp-
BAalHM KJIETOK (3MOpHOHa bHAas Tead4Ybs Chi-
BopoTka (FBS, Capricorn Scientific, lepmanus)
¢ nobasneHuem 10% aguMmeTHICYIbMOKCHIA
(Sigma-Aldrich, CIIIA)), noBoas coaepxa-
HHe 10 5,0 x 10° ka/ma. CycrieH3W0 BHOCHIIH
no 1,0 M7 B mpoMapKHpPOBaHHEIE KPHOTIPOOMP-
KM, KOTOpHIE NOMENIaTH B KOPOOKY M3 NMeHOonjIa-
CTa C KPBIIIKOH W OXJaXIajJdH B MODO3WJIbHOM
KaMepe NpH TeMrepaTtype He Buime MHHYC 70°C.
Yepes 24—72 4 npoOUPKH NEPEHOCHIIHN B KPH-
OXpaHHIMIIE C XHIKHM a30TOM M XpaHHIH
10 MCIIOIb30BaHHS.

Pasmopaxcuseanue MKITK. Kpuonpobupky
C KJIETKaMH pa3sMOpaXHBaJli Ha BOASHOI DaHe nipu
Temmeparype (37x£1)°C. ConepXumoe KpHOAMMY
TIEPEHOCHITH B TPOOUPKY, coaepxkauryio 5,0 mi cpe-
OBl IS TTOCTAHOBKHM TecTa. LleHTpudyruposanu
1 muH npu 400g u Temmeparype (20+5)°C. Ocanok
KJIETOK pecycrieHaupoBaiad B 1,0 Ma cpenni mas
MMOCTAHOBKH TECTAa W ONpeAeNisid MX KOTHYECTBO
M XH3HECTIOCOOHOCTH C MOMOIIBIO CYSTYHKA KIie-
ToK. [oToBMIM pabouyio cycneHsuio MKIIK mias
MPOBEACHHS aHAIH3a ITO XKHBBIM KJIETKaM.

Anmuzenst u Konmpoau. B KauecTBe aHTHIEHOB
IUISE CTUMYJIAIMH crienuduyeckux T-KieTox wc-
[OJIb30BaJIM NMENTHAB!, COOTBETCTBYIOIINE OCHOB-
HBIM OEJIKOBBIM aHTHIeHaM KopoHaBupyca SARS-
CoV-2: nanens aHTHreHoB Ne 1 (AT, mentuas
S-Benka) wantureHos Ne 2 (A2, nenTuasl OEIKOB
N, M, ORF3au ORF7a). [lenTHabl, COOTBETCTBYIO-
IIHe OCHOBHBIM O€JIKOBBIM AaHTHIeHaM KODOHa-
Bupyca SARS-CoV-2 nna CTUMYNSIIIMH CIEH-
duyeckux T-KJIeToK, ObUTH BEIOpaHBI Ha OCHOBE
nyOaHKauui, MISHTHOMIMPOBABIINX pENEepTy-
ap H BCTPEYaeMOCTh Pa3MMYHBLIX 3MTHTOMOB s
TCR y nauueHTOB H KoHBajnecuertoB COVID-19.
C nomomsio OHOHHGDOPMATHYECKOTO aHalH3a
B OCHOBHOM ObITH MCKIIOYEHA 3MUTOMNLI, CIOCOD-
HBIE JaBaTh 3HAYHTEABHYIO KPOCC-PEaKTHBHOCTH
¢ T-KJIeTOYHBIMH 3MHTOMAMH TaK Ha3bIBAEMBIX
«IIPOCTYAHBIX» KOPOHaBUPYCOB mTamMMmoB OC43,
NL63, 229E, HKUL. [Ins BoiGopa ONTHMAIBLHOTO
Habopa MNENTHAOB, YYMTHIBasi paclpoOCTpPaHeH-
HOocTb TCR 3MUTONOB M HX COOTBETCTBHE TEHOTH-
naMm HLA B genoBedecKoil monyasiiuy, HCHOIb30-
BalH caeaymoniue paboTh ¥ 0a3nl gaHHbIX [14, 17,
21, 24, 25, 26].

Insa xkaxaooro obpasma MKIIK ucnoan3osaiu
8 nyHOK. OTpHIIATEILHBII ¥ TTOOXUTEIbHBI KOH-
TPOJAb NMPHMEHSAIH IS KaXI0ro odpasiia WHIH-
BHOyajibHO. B KauecTBe OTpHUATEILHOTO KOHTPO-
Js ucnonb3oBanu cpeay ADCF-Mab® (HyClone,
CIIIA), B KagecTBe MNOJOXHTEILHOIO KOHTPO-
a5 — pacTBop duToremarrmoruHuHa (000 HIII
«[lanDko», PoccHs) ¢ KOHEUHOI KOHIEHTpalHelt
B JIYHKe 7 MKI/MJL
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Ipoyedypa ananuza. Inadmersl MHKYOUpoOBa-
an npu Temneparype (37£1)°C, copepxanun CO,
15,0+0,5)% u BnaxkuHoctu 95% B TeueHue 16—24 .
Mo okoHYaHUM MHKYDALMM B KAXKIYIO U3 JIYHOK
sHocuan no 10 mxa paGouero pacTBopa MHIMOK-
Topa TpaHcrnopta Genkos B cpene ADCF-Mab®
(HyClone, CIIIA) u3 pacuera | MKa MHruburTopa
Ha | x 10° xnerok. Unkybuposaau 4 4 npu TeM-
neparype (37+1)°C B armocdepe (5,0+0,5)% CO,
npu BaaxHocTn 95%.

[To okonyanuu nukybaumu MKIIK nBa pasa
orMiiBann docharHo-coneBsiM OydhepHbIM pac-
TBOPOM, ocaxniaasi ueHtrpudyrmpopaHueM B Te-
yenue 5 mud npu 500g 1 Temneparype (20+5)°C,
Brocunn pacteop pearedTta Fixable Viability Stain
510 (BD Biosceinces, CLLIA) B PBS (1 Mk pearen-
Ta Ha | x 10° knetok). MHKYyOupoBain B TeUeHMe
(9£2) Mmun npu remneparype (37+1)°C. Knetku oT-
MbIBaJIM aBa pasa hochaTHo-coNeBRIM OyhepHbIM
PACTBOPOM, Oocaxjiasi LeHTPUdyrupoBaHueM rpu
500g u remneparype (20£5)°C.

B aiynkun ¢ MKITK BHOCHIM peareHThl A1 MM-
MYHODEHOTUITMPOBAHMS — MBIIIMHLIE AHTUTE/ 1A
npotusyenorpeyeckoro CD3, meuersie PerCP-Cy ™
5.5 (knon UCHTI); MBIIUMHBIE aHTUTENA ITPOTHR
yeaopeyeckoro CD4, meuensie PE (knoH RPA-T4);
MBILLIMHBIE AHTUTE A ITPOTHUB venosedeckoro CDS,
smevyeHsie BBS1S (knon RPA-T8) no dbwmHanbsHOTO
paspesenust 1:150 B FACS-6ydepe ¢ nobapnenuem
pacTBopa s 6ioKupoBarus Hecrenuieckoro
cpsispiBanms ¢ Fe-peuentopamu kiaetok (Fc Blook,
BD Biosceinces, CIIIA) B coornomenun 1:100.
UHukyGuposaiam nianuter B tederue (3045) mun
npu remnepatype (54£2)°C. TTo okoHYaHUW HWHKY-
Gaumm kaeTku Tpuxkabl orMuianau FACS Oyde-
pPOM, Ocaxaas KJeTKHU HeHTPpUDYTrupoBaHueM TIpH
500g u remnepatype (54:3)°C.

Ocajiok MKITIK pecycnenanposanm B 100 Mxi/
JyHKa pacrsopa aas ¢dukcanuu (Fixation Buffer,
BD Biosceinces, CILIA) u nuky6uposanu B Teye-
Hue (2042) mun rnipu remreparype (5+2)°C. ITocne
MHKYBALMM NBaXIbl OTMBIBAAM KJIGTKH OXJIaX-
JieHHbiM FACS-6yhepom.

Knerkun MKITK opnokpaTHo oT™MbIBaan pabo-
YUM PacTBOPOM /st epMeadbuan3aliuiu M OTMBIBKH
(Perm/Wash, BD Biosceinces, CIIIA) u pecycrien-
auposaian B pacteope Perm/Wash, Muky6uposain
B Teverue (20£2) MuH npu remneparype (5:2)°C.
[Tocne MHKYGAUMM KICTKU OCAXKAAIN U BHOCUITH
(KpoMme HeokpalueHHON npobul 1 FMO-KoHTpOJIs
o IFNy) pearenT s onpenesiermst [IFNy (Mbliim-
HBIE AHTUTENA, CrHCUMBUUYHBIC K YETOBEYECKOMY
[FNy meuensie BV421, kiod B27) 0o duHanbHo-
ro passejeHust 1:100. MukyGuposanm B Teuenue
(30£5) MuH nipu remneparype (5+£2)°C. Iocue nu-
KyGauumy JABax /bl OTMBIBAJN KJICTKM PacTBOPOM
JULSE TiepMeaduiin3alimm, ocaxias ueHTpudyrupo-
paHueM rpu 500g u remneparype (5£2)°C. QOcanox
pecycrieHaupoBasin B pacteope Perm/Wash.

Obpabomica pesynomamos ananuza, Bee pesynb-
TaThl OLUJIM MOJIYYEHBI HA MPOTOYHOM LIUTOMETpE
BD FACSCanto Il ¢ ucrionbzosanueM mabjioHos,
CO3JaHHBIX C MIOMONILIO ITPOrPAMMHOI'0 obecrieye-
Husa FACSDiva (BD Biosciences, sepeus 6.1.3).

OnrTuManbHble  3HAYEHUS]  MHTCHCUBHOCTH
payopecuenunn (MFI) (mng kaxporo us ¢uy-
opoxpomos B naHenu PerCP-Cy™35.5; PE; BB515
BV421) 66111 11OJTyeHBI METOLOM THTPOBAHMS Ha-
MPSKEHUU ¢ U3BMEPEHMEM MHIEKCa OKpaLIuBaHMs
(Stain Index) 10 JOCTHKEHMSI MAKCUMAJILHOTO pas3-
JeNeHWs TO3UTUBHON M HEraTUBHON IOIYJIsILIMIA,
Lenesoit auanason MFI nas kaxporo duiyopec-
LEHTHOro KaHalla ObIT YCTAHOBJICH ¢ UCIIONb30BA-
HUeM cpeauero sHavenus MFIxasa craigapribix
OTKJIOHEH WS,

Hns exenHeBHOW Hactpoliku npubopa rnepej
cbopom 00paboTaHHBIX 00pasLoB ObLI POBEICH
psiz Laros 1o cranaapTusamun, CHavasa 6biin 3a-
nymensl Cytometer Setup u Tracking beads (BD
Biosciences, Can-Xoce, KamudopHusi), u 1ojyueH-
HblE HACTPOWUKH OBLIIM MCIOJIBL30BAHLI B HKCIEpPH-
MEHTE. 3areM HANpPSKeHUs Ha (POTOANCKTPOHHOM
YMHOXHTENE OBUIM OTPEryJIMpoBaHbl Tak, 4TobbI
OHM MONajaan B 3aJaHHbII tenesoit quarnazon MFI.

st yeTaHOBKYM KOMITCHCALIMM JLISL YUETA CIICK-
TPAJIBHOTO TIEPEKPBITHS MEXILY (PJIYOPECUEHTH b=
MM KaHaJaM#1 MCTIONb30Balu Habop A8 ONnTHUMU-
3aUMMU HACTPOEK KOMTICHCAUMH (JIYyOPECUCH LMK
JLIST MHOTOLBETHBIX TPOTOYHBIX LIUTOMETpUUEC-
kux anaiauszos BD CompBeads Anti-Mouse lg k/
Negative Control Compensation Particles Set (BD
Biosciences).

IIpn BBITIOJTHEHUH LUTOMETPUUCCKOTO aHaINU3a
WCTIONIB30BAJIA CHEAYIOIIMA TTOPSJIOK TeitTuposa-
HUA: U3 LENIeBOU OIS LMK KJICTOK BbIIAC/ISLIIM KM~
BBIE KJIETKH, 3aTeM BhIACAIN CD3-110JOXKUTENbHY IO
nonyasaumio, 3atem — CD4- u CD8-nosntusHbie
KJIETKH, CPEIN KOTOPLIX BBIACHANM T-KIeTKH, 10~
3nTuBHEIE 110 Mapkepam [FNy (puc. 1, 11 obioxka).
L1t HOCTOBEPHOCTH TTONIYHAEMBIX JAHHBIX B XKUBBIX
KJieTkax perucrpuposasin He MeHee 20 000 cobuITHit.

PesynbraThl

Hamn Obina nposegeHa cepusi npeaBapu-
TEAbHBLIX OKCIEPUMEHTOB [JISl  ONPEACIeH s
ONTUMAJBHLIX peareHToB, 00BLEMOB, BPEMEHU

W APYIUX TPOLEAYPHBIX HeTajleil MpoToOaHOTrO
LMTOMETPHUYECKOrO aHaju3a. 3aTeM, UCTONb3Yysl
ONTUMMBUPOBAHHLIA METO/, ONMPEAEIIIN YYBCT-
BUTEILHOCTD, CHEUU(PUIHOCTD, MPELU3MOHHOCTh
1 poBACTHOCT b,

BanunaumoHHble UCITBITAHMS METOAMKHM 1O Xa-
PAKTEPUCTUKAM <«HYBCTBUTEIBHOCTE» W «CIIELIM-
(huuHOCTLY NPOBOAMIN, HCCenys 06pa3Libl

— nonoxurensusie — MKITK ot 18 moHopos,

nepebonesmnx COVID-19, ¢ auarsoszom, Be-

pudHuuMpoBaHHBIM 1a60PATOPHBIMI METOAAMM
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(P, UDA), u | noHopa, NIPUBUTOIO BAKIIM-

HOlt «CriyTHUK V» (AO «'EHEPUY M»);

— OTPULIATC/IBHBIC — MOHOHYKJICAPHBIC KJIETKH

nepudepryeckoit Kposu, orobpatnsie or 9 no-

HOPOB € OTPULIATC/ILHBIM AHAMHE30M, HE KOH-

TakTUposasux ¢ GonbHeiMu COVID-19, ¢ or-

CYTCTBUECM aHTUTEN K anTureHam SARS-CoV-2

(no peayanraram UMDA),

[Mp1 MCCHeIoBAHUM MaTepraia OT MHTAKTHBIX
1 1epeGoNeBIIMX AOHOPOB € MCHOJIBL30BAHUEM T1a-
Heseit AI'l m AT'2 anturenos supyca SARS-CoV-2
OIPeACISUIN ITPOLIEHTHOE COACPKAHME MPOAYILIEHTOR
IFNy cpean CD4- n CD8-no3uTuBHbIX T-KJIETOK.
Hanee npumensnn ROC-ananua [1, 29] u onpene-
JUSLIM JUTS KaXKIOW M3 ABYX MONYISUMEA 3HAYeHUSs
AUC (nnowanwn, orpanndeHHoit ROC-kpuBoit
M OCBIO JIOKHOMOMOKUTEALHBIX Kiaaccubukammii),
HWndopMaTUBHOCTE METOLA CHMTAIACH TPUEMIIEMON
rpu yeaosuu, uto AUC cocrapnsina e menee 0,7,

PesynbraThl OLIEHKW TpuBeaeHsl B Tabm. 1-2
W Ha puc, 2-3,

Jlast ucenenoBaHus Npenu3smMoHHOCTH METOLN-
K1 ucnosib3osaau oopasibl MKTIK or Tpex noHo-
pOB — ABYX rMepebosieBIUIMX U OLHOTO BAKIIHHUPO-
BaHHOTO. [IpeUM3MOHHOCTH OLEHUBAIM Ha IBYX
YPOBHSAX — CXOAMMOCTEL M BHYTpuiaabopaTopHas
[PELU3MOHHOCTD.

OUEeHKY CXONMMOCTH BBITTOTHSAIN 2 ofepaTopa,
KaXIblif U3 KOTOPLIX BHIMOJHUI 10 3 HE3aBHCH-
MBIX H3MepeHus aas 3 obpasuos MKITK ot pas-
HBIX JOHOPOB, B 2 aHaJuTUHYeCKHUX ukiaax (ALL),
¢ MCMONb30BaHWeEM 0OeHX raHeeil aHTHIeHOB BU-
pyca SARS-CoV-2 (Bcero 4 ALL).

Jlnsi OUEHKH CXOAMMOCTH OTHEJIIBHO B KaXIOM
ALl BBIMHCIISITA AUCTICPCHIO 3HAMEH UM TIPOLICHTHOT'O
conepxanus mpoayueHToB [FNYy, noiayueHHbIX rnpu
MOBTOPHBIX U3MEPEHM X Kaxnoro obpasua MKITK.
3HaueHus gUcnepcun yepeaHaau Mexay ALl u one-

Ta6nuua 1. CeoaHble pesynsTaThl OnpeaeneHus NPOLEHTHOro coaepxanua npoayuenToe IFNycpeau

CD4- u CD8-noantmeHbix T-knetok npu uccneposatnm obpasuos MKMK ot UMMYHHBIX 1 HEUMMYHHBIX
AOHOPOB C Ucnonb3osanuem nanenei Al't n Ar2 anturenos supyca SARS-CoV-2

Table 1. The percentage of IFNy producing CD4 and CD8 T cells among immune and non-immune donor-derived
PBMC samples incubated with SARS-CoV-2 antigen panels (Ag1 and Ag2)

Monynsiuna T-kneTok : "
T-cell population e ono
Manens aHTUreHoB Al Ar2 Al Ar2
Antigen panel Ag1 Ag2 Ag1 Ag2
WUMMyHHBbIE BOHOPbI
Immune donors
WHTepsan aHaveHuit
Range % (IFNy+) 0,022-0,108 0,021-0,138 0,072-0,213 0,046-0,374
CpenHee aHaveHue
Average value % (IFNy+) 0,060 0,061 0,138 0,183
%CV 41,9 50,2 29,3 48,1
HeummyHHbIe BOHOPBI
Non-immune donors

WHTepean aHaveHuin
Range of % (IFNy+) 0,011-0,081 0,009-0,028 0,010-0,057 0,017-0,051
CpepHee sHavenmne
Average value % (IFNy+) 0,019 0,020 0,035 0,030
%CV 35,9 31,0 45,9 35,5

Tabnuua 2. Peaynbrarel ROC-aHanusa (oueHka uipopmaTuBHoCTH MeToaa, nog6Gop Noporosoro
3HAYEHUs AN ONTUMU3ALMN YYBCTBUTENLHOCTU U CneumuduYHOCTH)

Table 2. ROC analysis (i.e., evaluation of assay's threshold to optimize both sensitivity and specificity)

T-knetkn | Manens antureros | AUC (95% W) | Moporoeoe aHayenve | YyecTeutensHocTs | CneunduurocTs
T-cells type Antigens panel AUC (95% ClI) Threshold % Sensitivity % Specificity
ATt 0,97 (0,91-1,00) 0,029 88,9 88,9
Ag1l
cbp4' Ar2
Ag2 0,97 (0,91-1,00) 0,029 944 100,0
b 1,00 (1,00-1,00) 0,084 100,0 100,0
g1
oher Ar2
Ag2 0,99 (0,97-1,00) 0,068 94,4 100,0
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PucyHok 2. Peaynsrartel onpeaenieHus NPOUeHTHOro coaepxanuna npogyuextos IFNycpeaun CD4-
no3vwTueHsiX (cneea) u CD8-noauTusHbix (cnpaea) T-kneTok npu uccneposaxdun o6pasuos MKMNK
OT UMMYHHBIX (TEMHbIE MapKepbl) U HeMMMYHHbIX (CBET/Ibie MapKepsl) 4OHOPOB C UCNONL30BAHUEM
nasenen Al'l u Ar2 anturenos eupyca SARS-CoV-2

Figure 2. The percentage of IFNy producing CD4 (left) and CD8 (right) T-cells among immune (dark dots) and non-
immune (light dots) donor-derived PBMC samples incubated with SARS-CoV-2 antigen paneils (Ag1 and Ag2)
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PucyHok 3. ROC-kpuesie, nony4yeHHsle NP1 UCCNEA0BAHUM NPOLEHTHOrO COAePXaHne NPoAYLIeHTOB
IFNycpean CD4- n CD8-no3uTuBHbIX T-KNETOK Y UMMYHHbIX ¥ HEMMMYHHbIX LOHOPOB C HCNONLIOBAHWEM
nasene# Al' u Al'2 anturexos supyca SARS-CoV-2

Figure 3. ROC analysis for percentage of IFNy-producing CD4 and CD8 T-cells among immune and non-immune
donor-derived PBMC samples incubated with SARS-CoV-2 antigen panels (Ag1 and Ag2)
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TaGnuua 3. Peaynbrarbl OLEHKN CXOAUMOCTM U BHYTPMNaBGopaTopHOi NPeumusanoHHoCTH
Table 3. Repeatability and intermediate precision assessment

Monynsyus T-x{lerox cpa4' cos
T-cell population
MNanens anTureHoe Al Ar2 Al Ar2
Antigen panel Ag1 Ag2 Ag1 Ag2

CV cxoaumocTtu
%CV of repeatability 16,5-18,8 1,7-17,6 3,8-6,9 4,7-13,8
CV eHyTpunabopaTtopHoii Npeun3noHHocTi % % X E
%CV of intermediate precision 14,2-18.3 HA-100 0,5-18,8 8,9-13,3

paropaM# (MOJIYUEHHOE 3HA4YeHWE Jajiee B TEKCTe
obosHauaercs kak Vex) U Bsiaucsin koadpduum-
eHT Bapuauuu cxopumocTn (%CVex) Kak oTHoue-
HHME KBAAPaTHOTO KOPHS YCPEIHEHHOMH AUCTIEPCUM
K Cpe/iHeMy 3HAYeHUIO MPOLEHTHOrO COAepXKaHMsl
npoayuenTon IFNy mis kaxmoro obpasua MKITK
(nanee B Texcre obo3navaeTes Kak M).

Tabnuua 4. Peaynbrarthl OLEHKU
kpuoctabunsHocTn MKMK kak nokasarens
poBacTHOCTM METOAUKMN

Table 4. Comparison of frozen and freshly prepared
PBMCs samples

Mpeebiwexne
noporosoro
Hoxop isie
MKIK | Craryc o6paaua MKIMK g 3 ?3’;::;2’;
PBMCs|  PBMCssample 23 il
donor & s
exceeded
(0,064%)
CeexenpuroTosneHHbIi 0.200 Da
1 Freshly prepared ' Yes
3amMOpPOXKeHHBINH Aa
Frozen 0,233 Yes
CeexenpuroTosneHHbIi 0.168 Aa
2 Freshly prepared ' Yes
3amopoXeHHbIA Aa
0,178
Frozen Yes
CaexenpurorosneHHbii 0199 Aa
3 Freshly prepared ! Yes
3aMOpOXeHHbIH Aa
0,147
Frozen Yes

Jast oueHKu BHyTpMaabopaTOpHON mpeLu-
3UOHHOCTH B KaxJaoM ALl BuIMUCAANM 3HAYEHU S
NPOLECHTHOrO couepxanus npoayuenros [FNy,
YCPEAHEHHBIC IO MOBTOPHLIM U3MEPEHUAM KaX 10~
ro o6pasua MKIITK. Janee serapcnsiiy cranaapt-
HOE OTKJIOHEHME MEXK/Y YCPEIHEHHBIMU Pe3yibra-
TaMu Kaxnporo All (manee B Texere 0603HAYACTCS
kak Vmu). KoadduiumenT papuaiuu BHYTpHIA-
Goparoproit npeunsnonHocT (CVBB) BEIYHCIIAIN

o hopmyuie [3]:
/VMu+ (1 —%) Vex

%CVBB = M )

riae N — KosnueceTBo uaMepeHnit obpasiia B rnpee-
Jnax ALL, ocranbHbie yeaoBHbie 0603HAYEHMS CM.
B TCKCTE,

[TonyueHHBIe 3HAYCHUSI IPUBEACHEI B Tad1, 3.

Hnsi  oueHkM KpuocTabuibHocTH 06pasiibl
MKIIK oT 3 10HOPOB aHANIU3MPOBAIU B CBEXKE-
MPUTOTOBJICHHOM BHJE W IIOCJAE OJAHOKPATHOIO
LMKJIa 3aMOPO3KH/pasMOpO3Ku. AHAIN3 [TPOBO-
anam ronbko B hopmate CDS/ATL. IMonyueHHbIe
pe3yabTaThl NpuBeacHbl B Tab. 4.

B kauecrse ponojHenmns 6u11 BHIMOJHEH pac-
qeT KPUTEPHUEB NMPUEMICMOCTH JUISl TIOKa3aTesnei
OTKJIMKA TIOMOXHUTEJILHOTO M OTPHLATELHOTO
KOHTPOJIbHBLIX aHTUTEHOB, UCITOJIb3YEMBIX B aHa-
nause (em. Tabu. 5). Jasg aToro 3HaYeHUd OTKJIN-
Ka, MOJYYEeHHBbIC B OMBITAX MO OLUEHKE YYBCTBU-
TCABHOCTH M cneundnarocT (CM. Bullie), ObLIK

Tabnuua 5. PacyeT KpuTepues NnpMemMnemMocTu ans nokasartenein oTKNuKa noNoXuUTeNnsHoro

W OTPUUATENIBHOIO KOHTPOJIbHbLIX aHTUIreHOB

Table 5. Evaluation of acceptance criteria for positive and negative controls' response

OTpuyarensHbiil KOHTPONL
Negative control

MonoXuTenbHblit KOHTPONL
Positive control

Paamax oTknuka
Response range

0,010-0,065

0,759-6,02

To e nocne norapupMupoBanmng
Log-response range

ot -2,000 po -1,367

o1 -0,120 no 0,780

YcpeaHenHsiit norapudmuposanHbiil 0TKANK

Acceptance criterion

Averaged log-response -1,659 0,351
CranaapTHoe OTKNOHeHNe

Standart deviation 0,216 0,246
BbIYMCNEHHOE 3HAYEHNE KDUTEPUA NPUEMAEMOCTH B o
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PeaxrueHocTs T-xnetok k SARS-CoV-2

sorapudmMupoBadsl 1Mo ocHoBanuio 10, Ang Hux
OB BEIYMCIEHB! cpeanee apudmernyeckoe (M)
# CTAaHJIApTHOE oTKJIOHeHHe (SD). 3HaueHusn Kpu-
TEPHEB MPHEMIEMOCTH KakK MMpeae/ibHble 3HauYe-
#ua oTKJIMKa (L), ofecneunBalomme OXMAAEMYI0
g9acToTy cOoeB He Bbille 5%, ObUIM BBIMHCICHBI
no hopMynam:

— JUIS OTPHLIATEALHOTO KOHTpoas: L (=) S 10Y4252;

— LIS NONOAKMTENBHOTO KOHTpoJist: L (+) = 10M-357,

ObeyxaeHue

CoanaHcMpoBaHHbLIH HMMYHHBIH OTBET CBA-
saH ¢ Gonee gerkuM TeYcHHCEM 3abosieBaHHA, NMPH
3TOM BaXHYI0 B ummyHutere COVID-19 poas
urpator CD4* u CD8' T-kaerku. Y nuu ¢ Hapy-
WEeHHON peryasuned aHTureH-crneunduuecko-
ro OTBET4, HANpHMep, B Bospacre Goaee 65 ner,
HMCIOIIMX CBA3aHHBIH CO cTapeHueM AchHUHT
HanBHBIX T-KeToK, uaule HabGmopaercs Nniaoxou
ucxon [18]. Tlpu ananuse T-KACTOYHOrO OTBETA
#a SARS-CoV-2 Heodxonumo aubdepeHumnpo-
BATh OTBET MEPEKPECTHO-PEAKTHBLIX K IHICMM Y~
HbIM KopoHaeupycaM uenoseka (HCoV) T-knetok.
Axrtnsauus T-gknetok aHTureHamm SARS-CoV-2,
# 3@BUCUMOCTH OT HMCCIeaoBaHWA, Habilooanach
v 35-90% 3a0poBbiX JnoaeH, 9bs HMMYHHasa CH-
cTeMa He BCTpevasach ¢ JNaHHBLIM natoreHoM [7,
14, 19, 20, 25, 29]. Ilpx 3TOM HaXOAMUIMECH B Jbl-
XATeNBHBIX MYTAX  NCPEKPECTHO-PEAKTHBHBIC
T-KJACTKH BaXHbl /I8 3alUHTH OT a9P0O30JbHOMH
tparcmuccun SARS-CoV-2 [11]. Kpome Toro, xo-
AMYECTBO [MEPEeKPeCTHO-PeaKTHBHBIX T-KieTok
KOPPETHPYET C HCXOAOM HHMEK MY NoCIe BO3JIeH-
creusa SARS-CoV-2 [13]. T-xnetxu, orsevaioniue
#a SARS-CoV-2 y HauBHBIX MAUMECHTOB, MOXHO

OTIHYHMTSH OT KJIeTOK nocie uudekinu COVID-19

no npoduAl CeKpeuHH UMTOKHMHOB focie ¢TH-
vyaguum nyaroM nentuaos SARS-CoV-2 [27].
LlHTOMEeTpHYECKHE AHAMH3L 3KCNPECCHH LIMTO-
KHHOB, MapkepoB akTHBaUMH HAM npoaudepa-
UMK, ACMOHCTPHPYKOT BBICOKYIO YYBCTBHTEIb-
HOCTB, TMO3BOJSS ONPENeATh HCTHHHBIN CTaTyC
obpasuos [22].

TpoToyHast UKHTOMETPHS €lle He NOCTHUTI/Ia Ta-
KO Xe CTemeHM CTaHRapTH3auuM, KakK apyrue
saboparopHble MeTOAbl. B YCIIOBMAX MOMCKOBBLIX
HCC/AEAOBAHMIT HE BCCIJIA TPOBOAMUTCA CTporas
riposepka 3 dHEeKTHBHOCTH aHaIH3a. DTO CO34aeT
npodiieMy TpH ONPEACICHUM YPOBHs IeTajn3a-
MM, TOMKHM OTCCYECHMSI, IPHEMIAEMOH TOYHOCTH
W APYIUX KPHTEPHEB A0CTOBEpHOCTH MeToAA. B Ha-
weil pabore MBl onMchIBaeM o0muit noaxon A
OUEHKM PeaKTHBHOCTH T-KJIETOK MaAMSITH Yej10BE-
Ka K auTureHam supyca SARS-CoV-2 ¢ ucnonsso-
BaHMEM MPOTOYHON LLUTOMETPHHM.

B paMKax BeIMOAHEHHON paboThl HAMM NPoBe-
NeHO IKCMEPUMEHTAIBHOE MOATBEPKIACHME NpH-
FOAHOCTH METOAA OIS MOAYHUCHHS J0CTOBCPHBIX

pe3ynsTaTos. B xoae BasMAALMOHHBIX MCTIBITAHKIT
METOAMKH TI0 XAPAaKTEePHCTHKAM <« YBCTBHUTENb-
HOCTB» H «cniennduaHoCcThe, st CD4 u CDS8 no-
nynsuui T-KneTok u obenx naHeneil aHTHICHOB
nonyuens 3naveHus AUC soimre 0,95, yro noa-
TBEPXKAACT BBICOKYI0O HH(MOPMaTHBHOCTL METO/A.
[Toporosbie 3HAYCHUN CUTHAAA (MPOLCHTHOIO CO-
nepxanusa npoayuedros IFNy), obecneunsaio-
HIHC ONTHUMAJBHYIO YYBCTBHTEJIBHOCTH H Crein-
buunocts (okono 90% u BhIllie), COCTABMAN WA
CD4-noautususix T-kaerok 0,029%, ana CDS8-
nosuTHBHbX T-kaetox 0,064—0,068%.

KpuTepun NpUEMJIEMOCTH IIPH OLEHKE BHY-
TpUAabopPaTOPHO MPEUHIMOHHOCTH H CXOAHMO-
cTH OBUIM HaMM VCTAHOBJICHBI HA OCHOBC Mepev-
HSl OCHOBOIOJAraloiinX CreUHAIN3HPOBAHHBIX
pabor [4, 10, 23, 28]. CxoauMocTh ¥ BHYTpHaabo-
paTopHas MPeUN3HOHHOCTL CHHTANNCH NPUEMJIE-
MbiMH, ecan %BCVex n %CVan no secem obpasuam
MKITK ne npessimany 20%. OnTuManbHYIO CXO-
JANMOCThE M BHYTPHIAOOPAaTOPHYIO [MPElH3IHOH-
HocTh nokasan opmar metona CD8S/ATT u CDS8/
Al'2, npeanonaralOUInii onpeneneHHe MPOLEHT-
Horo cofepxanus npoayuenros IFNycpexn CDS-
MO3MTUBHEIX T-KJIETOK € HCMNOJIb30BaHUEM TIaHe-
Jgu adTureqHon ATl u A2, Brtort dopMaT peleHo
MCMOAB30BATH B JlajibHEHLIEM KAK OCHOBHOIT npu
MPOBEACHUH PYTHHHBIX AHANTH30B.

B kauecTse nokasarens poSacTHOCTH METO/M-
KH HamM Obiia spibpaHa cranus 3aMOpPO3KH/pai-
smopo3ku obpasua MKITK, xoTopast MOXeT BIUATE
HA COCTOSAHHME KJICTOK M MX CIOCOOHOCTDL Npoay-
uuposatrh IFNY B ipucytcTeum anTuresa. B xone
IKCMEPHMEHTOB POOACTHOCTD MOATBEPANIIN, VCTa-
HOBHUB, 4TO An8 Bcex obpasuos MKIIK B ceexe-
NPHIOTOBJICHHOM BHIE W TOCJE LHK/IA 3aMOpO3-
KM/pasMOpO3KH pe3yJIbTaT OnpeaeaeHus 3Haye-
Huii 1poiieHTHOTO cofepRanua CD8-no3uTHBHBIX
T-knerok no Mmaprepam [FNy Gbin Bblimie mopo-
rOBOro 3HAYCHMS, ONPEJISJIEHHOTO MpPH OLEHKe
yyBeTBHTENbHOCTH H cneunguunocTn (0,064%).
Takum oBpazoM, B Xoie McceloBaHnit Obia 1o-
Ka3aHa BO3MOXHOCTb UCIHONB30BAHHMS B JaHHOM
METO/E KAK CBCKCBBLICACHHBIX, TAK H 3aMOPOXEH-
Huix MKTIK,

CnoxranHoe seicoboxacHue IFNy B ananu-
3ax ObIJIO OMHCAHO B JMTCPATYPE M OhLIO CBI3AHO
¢ oopazuamu PBMC Ot IOHOPOB C NMOBBIIUCHHBIMH
YPOBHAMHM MPeAIIecTRY IOMECH HMMYHHOMN aKTHBA-
uve Kak CD4', rak u CD8" T-kuerox [15]. Yrodnt
OTJIHYNTh NenTua-cneunduyeckue oTBeThl B 06-
pasnax PBMC oT BBICOKOro Hecreuupuueckoro
¢doHa, MBI YCTAHOBMJIM [MOATBEPKAAIOMIYIO TOY-
Ky OTCEHEHHS AN OTPHUATENBHOr0 KOHTPOIIS.
Dra TOUKA OTCEUSeHUs OyAeT MCIONL30BATEES 1S
onpeaeaeHHsd CNeUHPHYHOCTH HeNnTHIHOro oT-
BeTa (CCJTH M TMENTHIHAS CTUMYAALMS M OTCYT-
CTBHE MENTHAHONW CTUMYJISIIMH NPHBEJH K OTBE-
TaM). Y 1Ml ¢ HApYIIeHHOH peryasieit anTures-
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cnennduyeckoro OTBeTa, HalnpHMep, HMEIOMINX
CBA3aHHBIH CO crapeHHeM AedMUNT HAUBHBLIX
T-xnerok |14], Bo3MOXHA HH3Kas CTENEHbL aKTH-
BAllMM MMMYHOKOMMETEHTHBIX KJACTOK B OTBET
Ha narorcH. YroOsl MOATBEPANTL OTCYTCTBHE HA-
PYIICHUI PeryasitiM aHTHreH-cneuudmnyueckoro
OTBETa Mbl VCTAHOBHJIM MOATBEPXKIAIOUIYIO TOY-
KY OTCEHEHMS LIS MOJOXHTE/IBHOIO KOHTPOIS
(1e menee 0,725).

Ha OCHOBaHMM ONMHCAHHBLIX PE3YJLTATOB Ba-
JuAauMM Meton Obil MPH3HAH NPHUTONHEIM LIS
OLECHKM PCaKTHBHOCTH T-KJCTOK MamMsiTH Ye/IoBe-
Ka K auTHreHam supyca SARS-CoV-2 ¢ ucrions3o-
BAHMEM TTPOTOYHOI LLHTOMETPHH.

BuiBoab!

[To uToram BaMIALHM, MOATBEPXKIACHA IPUTOI-
HOCTH MeTONMKK «OUeHKa aHTHICH-PEaKTHBHBIX
T-K7€eTOK, NMPOAYLUHMPYIOUIMX BHYTPHKICTOYHBI
IFNy npu# BO3leHCTBHEM Ha MOHOHYKJICADHBIC
KJCTKH nepudepuieckoli KpoBH 4Ye/IOBEKA aHTH-
reHoB supyca SARS-CoV-2, MeTonoM npoTouHoi
LIMTOMETPHH» INA MOJAYICHHS IOCTOBEPHBIX pe-
3yJITATOB ITPU ONPEACSICHHH CONEPXKAHUA BHYTPH-
kaerounoro [FNy 8 MKIIK. Mertonuky ucnosis-
30BAJIM MPU XapaAKTEPH3allHKM CTAHAAPTHRIX KOH-
TPONBHEIX ODPA3LOB A1 BHYTPEHHEr0 KOHTPOJIS
xauecrna Habopos TurpaTect® SARS-CoV-2.
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PA3SPABOTKA CTPYKTYPbl U LLTAMMA-
NMPOAYLEHTAE. COLI ANA AHTUTEHA,
COLEPXALLEIO NOCNEAOBATEJIbBHOCTHU
BEJIKOB N, S, M, E KOPOHABWUPYCA SARS-CoV-2
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Peyome. T-K1eTOUHBIH HMMYHHBIH OTBET KpaitHe BAXKEH NMPH 3a1IHTE OPraHH3Ma YEI0BCKA 0T MHOIHX BUPYCHBIX HH-
dexunit. U3secTHo, YT0 OH MOXET 06CCNeYHTh BUPYCHBIT KIHPEHC H ITONHOE BRI3A0OPOB/IEHHE V TALMEHTOB C I'YMO-
paibHBEIM HMMYHOAehHUHTOM. Y nannenTos ¢ COVID-19 T-kKjaeTouHbIH OTBET HAPABACH B OCHOBHOM HA CTPYKTYD-
ruie benku Bupyca S, M, N, E, n3 KoTophix Hanbonee KOHCepBaTHBHBIM SiBASETCH 6e10K HyKAcoKancnaa. 15 olleHKH
HMMYHHTETA NALHEHTOB B OTHOLICHHH KOPOHABUPYCHOM HHOEKIIHH M onpeaeaeHHA 3hheK THBHOCTH BAKUMHHbIX
KAHIHAATOB HeOOXOAHMA pa3paloTKa ONTHMANBHOrO NMArHOCTHYECKOr0 aHTHIeHa, MCTOMb3VEMOro I OLCH-
xit opmupoBanus T-KNETOYHON peakUH# NPOTHB AHTUIeHHBIX AeTepMHHAHT SARS-CoV-2. JuarsocTuyeckuil
TECT AN onpencaeHus creunduteckoi YyBCTBHTEABHOCTH OpraHuimMa K WHhekuun, puissiaemoit SARS-CoV-2,
J0/7KeH ObITh HAlEACH HA KOHCCPBATHBHLIC pernomsl rnobanbinx BapuanToB SARS-CoV-2. Lennio paborst Guina
pa3paboTKa CTPYKTYPEI @HTHICHA, CONEPXKAIIET0 KOHCEPBATHBHEIC 1 HMMYHOICHHBIC TIOCACAOBATENLHOCTH CTPYK-
TypHBIX Benkos kopoHasipyca SARS-CoV-2, u nonyyenne wramma Escherichia coli — npoayuesta peKoMOHHaHT-
HOro 0eKa U4 MOCACNYIONUICro HCNOoNb30BaHNs Beka B Ka4ecTBe RHTHICHA /LTS OLeHKH T-KJICTOYHOro NPOTHEO-
sHpPYCHOro MMMyHUTeTa. CoanaHue NOCNEA0BATENBHOCTH aHTHICHA MTPOBOAMIN in sifico: TepiTool u NetMHClIIpan
HCTIOAB3OBANM JUIA NPOrHOZUPOBAHKA M MIeHTHOMKALKH BhICOKOA(M(MHHHEIX MHTONOB, OXBAaThHIBAIIUX Ge/IKi
E, M, N, S SARS-CoV-2 u casaanisaomnx MHC I1. Bsliio cKOHCTPYHPOBAHO HECKOABKO BAPHAHTOB PeKOMOHHAHT-
HBIX OENKOB-AHTHI€HOB, M3 KOTODLIX BRIOPAIH OAMH HA OCHOBAHHH £r0 (HIHKO-XHMHYECKHX CBOMCTE: H309/1eK-
TPHYCCKOI TOYKH, WHAEKCa THaApodhobHOCTH M anudaTHYeCKOTO MHAEKCa, nocTpoeHHolt ¢ nomoutsio I-TASSER
3D sonenu. [MocnenoBaTeNbHOCT CHHTC3NPOBAIH W KJIOHMpoBaaK B BekTop pET24a(+). MonyuenHoi naasMuaoi
pCorD_PS nocnenoparensHo TpaHchopmitpoBany wrammMel £, coli DHS5o, 3ateM Rosetta (DE3), ItamM-npoayuent
pexombunanTroro Genka E. coli CorD_PS nposepsnyn Ha HajuwHe H cTaOMABHOCTb 3KCIPECCHH OCAKA-AHTHICHA
maaykuueit MTITT, takxe oneHHBaIH 3MTHMHHHPOBAHHE NIa3MU/ILL, KOANPYIOUICH CHHTE3 PEeKOMOHHAHTHOIO KO-
POHABUPYCHOTO aHTHIeHA. B pesynbraTe pa3paloTaH aHTHICH, BKJIIOYAIOUINH B ceDi KOHCEPBATHBHBIE YYaCTKH OeJl-
ko8 S, M, N, E xopouasupyca SARS-CoV-2, Ha KoTopsie MoxeT hopmupoBarbes T-KIeTOTHBI HMMYHHBI OTBET.
na Genka Maccoif 53 kDa npesickasana cTabHALHOCTS B BOLHBIX PACTBOPAX M M303AEKTPUYECKas ToyKa 9,56, uTo
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B.B.Konams u gp. NHOEKUMA M UMMYHATET

MOTEHIIHANBHO TTO3BOAUT YIIPOCTHTH NPOLIECC OYHCTKH OenKa OT HaTHBHEIX OenKoB E. coli. [TonyyeHa nia3sMuaHas
ITHK pCorD_PS (6695 n.0.), konupyiomas KJI0HHPOBaHHH B BekTop pET24a(+) cHHTe3HpOBaHHEL AHTUTEH KOPO-
HaBHPYCHHIt pexoMbuHaHTHBIH. [lonyyeH cTabuabHBIH, NPOIYKTHBHEI 110 KOPDOHABHPYCHOMY PEKOMOHHAHTHOMY
anTHreHy, WwraMM-npoayueHT E. coli CorD_PS. Tony4yeHHBIH ITaMM — MPOAYUEHT PEKOMOHHAHTHOrO aHTHTEHA
E. coli CorD_PS crabunieH, 4T0 NO3BONAET NEPEHTH K CO3NAHUIO METOAHKH OYHCTKH AHTHTEHA H MOC/IeAyolieii pas-
paboTKe AMAaTHOCTHYECKOi TeCT-CHCTEMBL.

Kawueegste caosa: SARS-CoV-2, COVID-19, T-xaemxu, CD4* T-kaemiu, CD8 T-xaemxu, snumonst, HLA.

DESIGNING STRUCTURE AND E. COLI STRAIN-PRODUCER BEARING SARS-CoV-2N, S, M, E
PROTEIN-RELATED SEQUENCE ANTIGEN

Kopat V.V.2, Riabchenkova A.A.2, Chirak E.L.*, Chirak E.R.*, Saenko A.L.?, Kolmakov N.N.*, Simbirtsev A.S.¢,
Dukhovlinov 1.V.2, Totolian A.A.~

¢ LLC ATG Service-Gene, St. Petersburg, Russian Federation

* Institute of Experimental Medicine, St. Petersburg, Russian Federation

¢ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. T-cell immune response is extremely important in protecting human body from diverse viral infections. It is
known that it can ensure viral clearance and complete recovery in patients with humoral immunodeficiency. COVID-19
patients were found to have T-cell response primarily directed against SARS-CoV-2 structural S, M, N, E proteins, with
nucleocapsid protein being most conserved. To assess patients’ immunity against coronavirus infection and evaluate an
effectivenessof vaccine candidates, it is necessary to develop an optimal diagnostic antigen to evaluate arising T-cell response
against SARS-CoV-2 antigenic determinants. A diagnostic test to determine host specific susceptibility to SARS-CoV-2
infection should target conserved regions of global SARS-CoV-2 variants. The study was aimed to develop a structure
of an antigen bearing conserved and immunogenic sequences derived from SARS-CoV-2 structural proteins and to obtain
an Escherichia coli producer strain containing a recombinant protein to be subsequently used for assessing antiviral T-cell
immunity. Developing of the antigen was performed iz silico: TepiTool and NetMHCIIpan were used to predict and identify
high affinity epitopes spanning SARS-CoV-2 E, M, N, S proteins and MHC Il binding. Several variants of recombinant
antigen proteins were constructed, from which one was selected based on its physicochemical properties: isoelectric point,
hydrophobicity index and aliphatic index, as well as 3D representation built by using the I-TASSER. The sequence was
synthesized and cloned into the pET24a(+) vector. The resulting plasmid pCorD_PS was transformed into E. coli DH5a.
followed by Rosetta (DE3). The strain-producer of the recombinant E. coli protein CorD_PS was assessed for the presence
and stability of IPTG-induced antigen protein expression and elimination of recombinant coronavirus antigen-bearing
plasmid. Based on the study data, an antigen was developed consisting of conserved regions from SARS-CoV-2 S, M, N,
E proteins. A 53 kDa recombinant protein was predicted to be stable in aqueous solutions with isoelectric point of 9.56
potentially allowing to simplify protein purification from E. coli cells. Plasmid DNA pCorD_PS (6695 bp) encoding final
recombinant coronavirusantigen cloned into pET24a(+) vector was obtained. A stable, productive E. coli CorD_PS strain
was obtained. The obtained strain-producer resulting in recombinant E. coli CorD_PS antigen is stable allowing to move
on to design antigen purification technique and further develop SARS-CoV-2-specific diagnostic test system.

Key words: SARS-CoV-2, COVID-19, T cells, CD4" T cells, CD§" T cells, epitopes, HLA.

BeeneHue

T-xk1eTouHbIii MMMYHHBII OTBET WrpaeT KpH-
THYECKYIO POJb B 3alIMTE XO3IWHA OT MHOTHX BH-
pYVCHBIX MHbekuHi. BHYTpUKIeTOYHas BUpPYCHas
MHOQEeKUINA CTHMVJIHDYET MPEe3eHTALNI0 BHPYC-
HbBIX nnenTraoB aubo denkamu HLA xnacca [ CD8”
T-kneTkaM (IHTOTOKCHYECKHe [-KIeTKH), J1Hbo
denkamu HLA xaacca II CD4" T-xaerkam [I11].
AxtuBauua CD4™ u CD8 ™ T-xaeToK 3aBHCHT
OT CBS3BIBAHUS MEXAY aHTHIEHOM, MPHCYTCTBYIO-
LIMM Ha IJIaBHOM KOMILIEKCe THCTOCOBMECTHMOC-
T (MHC) aHTHUreHNpe3eHTHPYIOWIHX KIIETOK,
1 T-KIeToYHBIM peuentopoM Ha T-xkietke [30].
B uacrHocty, MHC 1 pacnosnaerca CDS§
T-knerkamu, a MHC II — CD4" T-xknerkamu. Oda

THna T-1uMAbOUNTOB BaXHB A1 HOpsOH € KO-
POHaBHpYCaM¥, HO B MOAeaAsX MHOHUILHPOBAHHMA
SARS-CoV-2 nokas3aHo, 9TO CTeNeHb 3alIUTh
B Oonbiueit creneHu 3aBucut or CD4™ T-kieTok.
M MeHHO HX 3KCNEPUMEHTAJIBHOE YAaleH e IPHBO-
W0 K OJIOKMPOBKE BEIXOa BCEX TUMOB AUMODOITH-
TOB B TKaHb JIETKHX, CHHXKEHHIO CHHTe3a HelTpa-
JTM3YIONIMX aHTHTEJ M LATOKWHOB ¥ 3HAYHTEIBHO
CHHXaJI0 BUPYCHRIN KiaupeHc [5]. U3BectHO, 4TO
T-xaeToYHBIIT WMMYHHEIH OTBEeT MOXeT obecre-
9UTH BUPYCHBIN KJIHMPEHC M MOJIHOE BHI3IOPOBIE-
HHE Y NalHEHTOB C F'yMOpajibHbBIM HMMVHOAEhH-
muToM [2, 10, 32].

Takxe ObLIO TOKa3aHO, YTO Ul MH(EKIIHOH-
HOTO Ipouecca, Bei3BaHHOro SARS-CoV-2, xapak-
TepHBI: runepakTHBauusa Thl7 ¥ HapymeHus ux
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PekoMBUHaHTHEIA KOPOHABUPYCHBIA AHTATEH

CcvOnonyasiiMOHHOTO COCTABA; U3MEHEHUA B COOT-
HOIICHUUW «PErYNSATOPHBIX» M «ITPOBOCTATNTEN b=
HblX» T=-DOMMKYIAPHBLIX KJIeTOK-Xennepos [1]; n3-
MCHEHHBIH cocTaB noaMHOXecTBa B-KneTok, 4To
MOXKET ObITH CBA3AHO ¢ U3MEHEHUAMHU B (QYyHKIIHO-
HaJbHOW akTUBHOCTH T-(hONNUKYISPHBIX KJe-
TOK-Xesnepon [14]; nojsroppeMeHHbIe HapyIIEHW S
B rpoueccax cospesaHusi U auddepeHHpoBKN
NK-knetok u umrorokenueckux T-muMporuTon,
9TO MOXKET ObITh CBA3aHO Kak ¢ addexTnnHOI re-
Hepauuet noavuoxecTsa 3HHeKTOPHBIX KIETOK,
TaK U ¢ HapyueHueM andgepeHiimaiinm nToTOK-
cHueckmnx T-kiuerTok B tumyce [15].

BoistgnsieMbiit - peakTuBHbii  T-KJICTOUHBIH
orseT y naunuentos ¢ COVID-19, orsercrpen-
HBIW 3a 2JIMMMHALMIO BUPYCA, UMEET LLIMPOKYIO
saprabesibHYI0 creunpuyHOCTE K pasiudHbIM
tenkam SARS-CoV-2, HaunbGonee QOMUHMPYIO-
mue peakrusHsie T-xknerkn, skiaouas CD4')
CD8*, CD4'CDI54*CDI137" u CDI154'CDI137",
00HAPYXKEHHBIC V BbI3AOPOBEBWINX MMALIMEHTOB
¢ COVID-19, 6buin cricundpuunsl JJist CTPYK-
TypHBIX 6enkoB SARS-CoV-2 (5, 10, 11]. B co-
cras Bupyca SARS-CoV-2 pxousit yetsipe 6eka:
E (obonouka), M (MemOpana), N (HyKjeokancum)
u S (um) [8). M3 Hux Hanbosiee KOHCEPBATUBHBIM
H CcTAaOUIBHEIM aBJisieTcst N-6es10K: BONbIIMHCTBO
3MHUTONOB, crieuMPUUHBIX AIst T-KJIeToK, coxpa-
HAIOT (DYHKIMOHAJIBLHOCTL B 3alUTe 0T WHGECK-
LM, BBI3BIBAEMBIX MYTUPOBAHHBLIMM BapuaHTa-
v SARS-CoV-2 [20, 30]. ITpeanonaraercs, 410
HAJIMYME TIePeKPeCTHO-PEaKTUBHBIX T-KJeToK
obecrieumBaeT reTepoJIOrMMHBLIN  UMMYHUTET
MPH KOHTAKTE C HEMJACHTUUHBIM I1ATOr¢HOM [7,
33]. HenaBHue uccieioBaHUs 2KCIEPUMEHTA b~
HO TIPOAEMOHCTPUPOBAIM HAJMUMUE [EpPeKpecT-
HO-peakTUBHBIX T-KJeTOK
1 SARS-CoV, 4TOo yKa3siBaeT Ha BaXHOCTh I'c-
TEPOJOIMYHOIO MMMYHHTETA TIPH HMH(PEKLINH
SARS-CoV-2 [9, 19].

[Tockonbky T-KICTOUHBIH MMMYHUTET MOXET
o6ecrneunTh BUPYCHBIN KJIMPEHC M 3aeiicTBOBaH
B MexaHmiMe MMMYHHOU 3amuTel or COVID-19,
CYLIECTBYET HEOOXOAMMOCTL OLEHKHM €ro (yHk-
HMOHAJIBHOCTU € TOMOUILIO JUATHOCTUYECKUX CH-
crem 21, 28].

B HacrosieM MccnenoBaHUM MBI pa3spaboTra-
I PEKOMOMHAHTHBLIH KOPOHABUPYCHLIH AHTUIEH
Ha OCHOBC MMOJIHOpasMepHoro Gesika HyKJeoKar-
cupa SARS-CoV-2, JONOJHUTENBHO CO/lepKa-
wero T-KACTOUHBIC AHTUICHHBIC ACTEPMUHAHTEI
crpykrypHbix Genkos (S, E, M) ans kayecTseH-
HOro orpegencHust T-KNeTOYHOro MMMYHUTETA,
JanHbiit anTureH Moxer crarb 3QQGeKTUBHBIM
WHCTPYMEHTOM JUISL onpeacjaeHms T-KJIeTOYHbIX
peakuuit y naunenros ¢ COVID-19 ¢ paznuyHoii
CTENCHLIO TaXecTH 3abojieBaHusd M/UAK OLEH-
KM MMMYHOI'CHHOCTH KaHAMAATHLIX BAKIIMH B KX
KJIMHUYCCKUX HCTIBITAHUSIX.

npu SARS-CoV-2-

Marepuansl u METOAbI

Ipedckaszanue/nouck CD4* T-kaemounvix um-
mynoeernux anumonos SARS-CoV-2 in silico. Ionck
MMMYHOTEHHBIX STTUTOTIOB TIPOBOAMIIN B I10CJIC-
JIOBATEIIBHOCTAX CTPYKTYpHBIX 6enkos S, N, M
n E SARS-CoV-2 (m3onat Wuhan-Hu-1, Homep 10~
cryna NCBI NC_045512.2) [38]. BripaBHuBaHue
HeKOBBIX TTOCIEIOBATETBHOCTEN TPOBOANIIN C UC-
nonwzosanmeM asropurma BLAST [3]. TepiTool [24]
n NetMHClIIpan [27] ucnionb3oBaiu MJISI IIPOrHO-
3UPOBAHMS 1 MAEHTU(DUKALMM BhICOKOAG(HHUHHBIX
AMUTONOB, oxBaThiBalomnx 6enku E, M, N, S SARS-
CoV-2 u cesspipatomux MHC 11, Ha ocHoBe «naHe-
Jim m3 27 nanbonee vacTuix ajteneit A u B» ¢ Bririo-
yenuem amneneit HLA-DR, HLA-DP u HLA-DQ.
B «meTone npornosuposanusi» — IEDB, Beibupasnm
«YMEPEHHOE KOJMYCCTBO MENTHI0B», IJINHA 311U~
Tona no ymoiauanuio coctapiasia 15 AK. Ienmuius
rpeacKasaam Ha ocHoBe rmoporosoro sHavueHus [C,,
Menbiero uau pastoro 1000 uM. B NetMHClIpan
TaKXKe npeackasanm cessuBanue 15 AK nenruiaos
¢ 27 annensmn MHC 11, Buiim Beibpannt 0,5%-Heie
YACTOTHRIC BMUTOIEI HA OCHOBE NPOrHosa Hanbo-
Jiee cunwHoro easanidanust, das Beex 15 AK nen-
THoB Obita npesckas’ana ux apOUHHOCTH CBSI3bI-
panug ¢ 27 mojekynamu MHC knacca 11, Ha nomo
KOTOPBIX npuxoautcst 97% ajieNbHBIX BAPUAHTOB
HLA-A n HLA-B y GONBIIMHCTBA 3THUYECKUX
rpyni [29].

llouck npedckazannwex anumonoe SARS-CoV-2
cpedu IKCNePuUMeHmanbio onpeoesennvlx MUMonoa
u npedekazanue CA3ul6anHUA OMOBPAHHBIX INUMONOE
¢ T-kaemounvim peyenmopom. OToBpaHHBIE B BTOM
neenenoarnn CD4' T-kaeTouHbIe AMUTON B! OBLIH
HalineHs! B 6a3e nanubix ViPR (https://www.viprbre,
org) nyreM suibopa Takux napamMeTpos, Kak cemeii-
creo Coronaviridae, CIOBEK-X03MH M DKCIIEPU-
MCHTAJIBHO OTIPEICCH HbIC T-KJIETOYHBIE OTTUTOT B,
Jist MosenMpoBaHus CBA3bIBAHMS T-KJIETOUHBIX
peLenTopoB ¢ OTOOPAaHHBIMKU 31uTONnamu u dop-
MupoBanus koMmiuiekea snuron—MHC 11 ucrionns-
sosanu ERGO, koropstit ipumeHum kak gis CD4*,
Tak u s CD8' T-kaerounsix srurornos [31].

AHanus usuKO-XUMUMECKUX CGOUCME CKOHCMpPY-
UPoBAHKHBLIX  pekombunarnmnstx Geaxoe. Tlpensapu-
TEJILHO MBI paspaboTajin HECKOJIBbKO BAPHAHTOB
PEKOMOMHAHTHLIX KOPOHABUPYCHBIX AHTUICHOR
Ha OcHoBe MnoJiHopa3sMepHoro N-Geika SARS-
CoV-2, opHeHTUPYSICh HA €ro KOHCCPBATUBHOCTD
W UMMYHOIr€HHOCTb, JOMOJIHUTEJLHO J06aBUB
K HeMy nogobpanHbie CD4" T-kaeTouHbIC aHTH-
FeHHBIE JeTePMUHAHTEI CTPYKTYPHEIX B6eNKoB (S,
E, M). CTpyKTypy CKOHCTPYMPOBAHHBIX PCKOM-
OMHAHTHBIX OCJIKOB MOIEJMPOBAIM C MCIOJb-
sopauneM I-TASSER u nposepunm Ha cepsepe
RAMPAGE [26]. Dusnko-XxMMHYECKHE Iapa-
MeTphl GeJIKOB I1MpoaHaJM3MpPOBall C HCIOJb-
sopanuneM ProtParam [35], M302/1eKTPUYICCKYIO
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Nhdekumns n ummyHuTeT

TOYKY HOTIOJHUTEIBHO TPOCUYUTHIBAIU C ITOMO-
mpio Protein isoelectric point calculator (http://
isoelectric.org) [13]. .

IIpoBoauiy BEIpaBHUBAHUE MOCIEIOBATEIBHOC-
Teil, comepKanux Hanboiee UMMYHOTEHHEBIE y9acT-
KW CTPYKTYPHBEIX 6e1K0B SARS-CoV-2, ¢ IoMOoIIbI0
BLAST [3] nmpoTtuB 0enKoB 4ejioBEKa, YTOOBI yOe-
JUTHCSI B OTCYTCTBHM CXOICTBa TOJIYYEHHOM rub-
PUIHOU TOC/ENOBATEIbHOCTU C TMOCIEN0BATEIBHO-
cTsiMu O€JIKOB uesioBeKa M u36exxaTh BOSHUKHOBEHU S
ayTOMMMYHHBIX PEaKIIUil MPU BBEIEHUU aHTUTEeHA.

Koncmpyupoganue naazmudst pCorD_PS. Tlocne-
JIOBATEJIbHOCTh TeHa, KOOMPYIOLIETO XWMEpPHBIM
0eJIoK, CHHTE3MPOBAIM M KJIOHMPOBAJIH B BEKTOD
pET24a(+) mo caiitam pectpukuuu: 5' — Ndel,
3' — Xhol. Ilepex 6xHis-MeTKOI IOMOJIHUTEb-
HO BBEJIM CTOI-KOAOH. [TOoNyd4eHHYI0 MIa3sMUIY
cekBeHUpoBanu Ha npubope «ABI PRISM 310
GeneticAnalyzer» (Applied Biosystems, CIIIA)
¢ ucnonbzoBaHnuem Habtopa ABI PRISM BigDye
Terminators Cycle Sequencing Kit.

Cozdanue wmamma-npooyuenma naa3mu-
oot pCorD_PS. TpaHchopMallMiO KOMIIETEHTHBIX
Knetok £E. coli DHSo. ocyumiecTBisiii METOIOM
3JIEKTPOIIOPALlMM C TIOMOILIBIO 3JIEKTpOrnoparopa
«GenePulser Xcell» (Bio-Rad, CIITA). 1 Mk 31101~
POBaHHOU ¢ MeMOpaHHOTrO HOCUTEINS TIIIa3MUIHOU
JHK no6asnsanu K 35 MKJI KOMIIETEHTHBIX KJIETOK,
MepEMENIMBAIA TTUTIETUPOBAHWEM W TIEPEHOCH-
JIX B CTEPUJIbHBIE KIOBETHI JUISI SJIEKTPOITOPAIIUU
(Bio-Rad, CIIIA) o6semom 100 mxir, mens 1 Mm.
TpanchopmupoBaHUE MPOU3BOAUIU TIPU IMEKTPU-
YEeCKOM HMMITYJIbCE HaIpsiKeHHOCThI0 1,8 kB mnu-
TesibHOCThIO 5 Mc. Tlocne TpaHchopmainu KJIeTKu
riomeraau B 1 mi cpenst SOC u HHKYOHpPOBaJIH B Te-
yenue 40 muH ripu 37°C B TBEPIOTEIFHOM TEPMOCTa-
te «Tepmut» (JAHK-Texuonorus, Poccus), mocie
Yero IIraTejieM BTUpPadW KJIETKH B yamku [letpu
¢ LB-arapom (Gibko BRL, CIIIA) 1 uHKYyOGUpOBaIu
B TEYEHME HOYM B CYXOBO3/YIIIHOM TEPMOCTATE IPU
37°C (BioSan, Poccusi). [lajiee KJIeTKH BBLICEBaJIHU
Ha TBepayio cpeay LB-M-arap c nobasieHueM Ka-
HamuuuHa (50 Mxr/mia) u uHKy6uposanu npu 37°C
B TEUEHUE HOYU.

JL1st TpOBEPKHU BBIPOCIIMX KJIOHOB MX TTepeceBa-
g1 B 50 M1 cpeasl LB-M ¢ no6aBineHueM KaHaMH LU~
Ha (50 MKT/MJT) ¥ HHKYOMPOBAJIX B POTOPHOM L€ -
kepe-uHKybarope npu 180 06/MuH u 37°C B Teue-
HUe HOUM. Y3 2 MJI «HOUYHO#» KYJIBTYPHI BBIACISLIIA
mrasmuaayio JHK Habopom MiniPrep (EBporew,
Poccust) mo mpoToKory TpoOu3BOAUTENS.

TMonyyennyo JHK pecTpulinpoBaiu 3HIOHY-
kneaszamMmu Ndel u Xhol (NEB, CIIIA) corimacHo
MIPOTOKOJIY POU3BOAUTESL. JLONOITHUTETBHO MO~
JIMHHOCTH TUIA3MUIBI TIPOBEPSIIH ITYTEM CEKBEHM-
poBaHus 1o CaHrepy. OLeHKY HaTHY U TIITa3MUIBI
Y JJTMHBI PECTPULIMPOBAHHBIX (DparMeHTOB IIPOBO-
WU TTyTeM 371eKTpodopesa B 1% arapo3HoM relie
¢ OPOMMCTBIM STHAUEM.

Koncmpyuposanue wumamma-npodyyenma Esche-
richia coli CorD_PS. Tlony4eHHYIO ILIa3MUIHYIO
JAHK pCorD_PS passogunu B 200 pa3 nenoHu-
3APOBAHHOW BOHOMK U TpaHCHOPMUPOBATH €I0
KoMIIeTeHTHBIe KyieTKu E. coli Rosetta (DE3) nipu
aHAJIOTUYHBIX YCIOBUSAX. B pesynbrare mosryauiu
wrtamm E. coli CorD_PS, comepxammii miasMumy
pCorD_PS. Insa XxpaHeHUS KJETOK CMELIMBAaJIX
1 M1 HOuHOM KynbTypsl ¥ 1 M crepuiibHoro 50%
IIMLEPUHA, TIEPEHOCUIN B KPHONIPOOMPKH M 3a-
MopaxxuBaiyiu npu —80°C.

IIpoBOAMIIN OLICHKY CITOCOGHOCTH CHHTE3UPO-
BaTh XMMEpPHLIN Oenok kierkamu E. coli oTnens-
HBIX KJIOHOB, cozepxamux ruasmuny pCorD_ PS.
HouHyio KyJAbTYpy KJIETOK KJIOHOB BBIpaIllHBa-
au Ha cpene LB-M c¢ mo6GaBieHuneM KaHaMUIIMHA
(50 MKr/mMJ) B pOTOPHOM IIeiiKepe-HHKybaTope
ripu 37°C u 180 06/MuUH.

K 50 M cBexeii cpensl LB-M ¢ nobaBneHuemM Ka-
HamuuuHa (50 MKr/Mi) nobasisiiu 1 M1 «HOUHOM»
KYJABTYPBl, ”HKYOUpPOBaJX B POTOPHOM HIEHKepe-
uHkyb6arope rpu 180 06/mMuH u 37°C B TeueHne 2 4.
Janee or6upanu | M KyJIbTyphl 6€3 MHAYKIIAH, 1O~
6aBisiin n3onponmi-B-d-Tuoranrakrosun (UIITT)
10 KOHEYHOM KOHLIeHTpauuu 1| MM, u nponosxanu
MHIYKLMIO B TeYEHHE 4 4.

OLIEHKY 3KCIIPECCUM aHTUI€Ha KOpOHaBHpPYC-
HOr0 PeKOMOMHAHTHOTO aHAJTU3MPOBAINA METOIOM
snekTpodopesa B 12% nonmakpuiaaMuJIHOM TeJie
(SDS-PAGE) o merony JIaMMJIH B peIyIMPYIOIINX
yesoBusx [17]. TloaroToBky 06pa3uoB IS JIEKTPO-
dopesa mposBoauaM ciemyrommm obpasom: 1 M
KYyJAbTYpBI LeHTpUudyrupoBasiu 5 muH mipu 5000g,
CyTepHaTaHT YAalsijii, KJIETOYHBIA OCaJoK pecyc-
neHauposaau B 100 Mmxn 8M moueBuHEI, 50 MM
Tris-HCI pH 8,0, no6asnsinu 30 Mk 4x 6ydepa s
obpasuoB (Thermo Fisher Scientific, CILIA), npo-
rpeBanu 10 mun nipu 99°C, oxmaxaaayu ¥ HAHOCHIIH
B 1yHKHU rens. [lonmmakpuiaaMuIHBIN relb OKpaly-
Basiu Kymaccu (Coomassie Brilliant Blue R250).

Oyenka cmabuasHocmu wmamma-npooyyeHma
E. coli CorD_PS. [Insi nokasaTeabCTBa CTAOUIIb-
HocTHU WTamma-rpoayuerTa E. coli CorD_PS mpo-
BEJIM CEpUI0 U3 9 MOCIeOBaTeIbHBIX TIEPECEBOB
(rmaccaxeit) mITaMMa U CEPUIO TTOCIEI0BATEIbHBIX
UHAYKUMUHA, B KayecTBe HOYHOMW KYJBTYpPBI IJIsi
KaXJIOM U3 KOTOPBIX UCIIONb30BaIN KJIETKHU OCIe
1, 3, 5, 7 u 9 maccaxei.

s mpoBeeHU ST MHAYKIMHM 9KCITPECCUU M3 3a-
MOPOXEHHBIX 00Pa31IOB ¢ KYJIBTYPOU IITaMMa-IIpo-
nyueHnTa E. coliCorD_PS M3 KaXIIoro cooTBeTCTBYI0-
miero maccaxa oroupanu mo 50 MK KIETOYHOM
cycrieH3uM U nepeHocusu B 50 ma cpeast LB-M
¢ gpobasieHremM KaHamuuuHa (50 Mxr/mi). Knetku
PacTUIM B POTOPHOM IieiiKepe-UWHKy0aTope TIpH
37°C u 180 06/muH B Teuenue. K 50 mur cBexeit cpe-
nel LB-M c no6asneHuem kaHaMuHa (50 MKI/MII)
nobasnssiv 1 M1 HOYHOI KYJIBTYPbl, MHKYOUPOBa-
J1U B 1eiikepe-nHKybdaTope pu 180 06/Mun u 37°C
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= TeyeHue 2 4. Jlanee orOupanu 1 mMi Kynbrypsl 6e3
waaykuuu, godasnsuin UITTT no KoHeYHOU KOH-
zesTpaumy 1| MM M mponoikany MHAYKIIUIO B Te-
=zerame 4 4. OLeHKY 9KCIIPECCUU aHTUTeHAa KOPOHa-
SHDPYCHOTO PEKOMOMHAHTHOIO aHAJIU3UpPOBAaIU Me-
TozoM 3nekTpodopesa B 12% monuakpuiaMuIHOM
Tee aHAJIOTMYHBIM 06pa3oM.

J11g OUEHKM 3JUMHUHUPOBAHUS KOHLUPYIOIIEH
TIa3MUABl M3 2 MJI «HOYHOWM» KYJBTYPHI BbIIE-
zaau maasmuaHylo JJHK HaGopom «MiniPrep»
(EsporeH, Poccusi) 1o mpoTOKOJIY MPOU3BOAUTE-
za. [Tomyuennyio mnasmuzaHyo JHK pectpunu-
poBanwm (JIMHEApM30Bau) 3HAOHYKJIeazoi Xhol
(NEB) comracHO TpPOTOKOJY ITPOU3BOAUTENS.
_LOTIOJTHUTEJIBHO TOAJMHHOCTb TUJIa3MUJBl PO~
BeDAIM TTYTEM ee ceKBeHupoBaHUs 1o CsHrepy.
OueHKY HaTMY U TIIa3MUIbl U JJIMHBL PECTPULIU-
DOBaHHBIX (DparMEeHTOB ITPOBOAMIIM IYTEM 3JIEK-
Tpodopesa B 1% arapos3HoM rejie ¢ OPOMMCTBHIM
STHAKEM.

Pesynbrarhl

PaspaboTka KogupyloLwiei XumMmepHoi
nocnenoBaTenbHOCTY aHTUIeHa

Cpenmn npenckaszaHHbIX in silico CD4" T-kne-
TOYHBIX UMMYHOI€HHBIX 3ITUTONOB O0enkoB E, M,
N. S Bupyca SARS-CoV-2 66111 0TOOpaHbI BEICO-
xoahUHHBIE SIMUTONBLI C IKCIEPUMEHTATBHBIM
moaTBepXaAeHueM (cornacHo 6ase maHHBIX ViPR).
Tdanee men oT6op 1Mo GU3NKO-XUMHUYECKUM CBOM-
cTBaM. BBLIM OTOOpaHBl 3MUTONBI C TAKUM CyM-
MapHBIM 3apsA0M, YTOOB! OOLIM A 3apsi] XMMEPHO-
ro 6enka Ha ocHoBe N-0Oenka SARS-CoV-2 uame-
HSJICS HE3HAYMTEJIBHO TIPU MX JI00aBIeHUU. DTOT

urar o60CHOBaH TeM (PakTOM, 4TO TEOPETUYECKH

paccyMTaHHas M303JIeKTpuYeckas Touka N-6enka
SARS-CoV-2 cocrasiasier 9,55, 4TO MOJOXUTEIb-
HO CKa3bIBaeTCs Ha OTACICHUU PEeKOMOMHAHTHO-
ro Genka oT OOABIIMHCTBA OEJKOB IITaMMa-ITpo-
IVIeHTa B Xome o4ucTKU. CTpyKTypa XMMEPHOTO

l Ndel (5070)

GeJika, rojrydeHHas ¢ momoisio SnapGene (http://
www.snapgene.com), IpeicTaBjieHa Ha puc. 1.
OTo6paHHBIE YYaCTKMU CTPYKTYPHBIX Oe/lKOB
BKJIIOYAIOT BOCOKOKOHCEPBATUBHEIE SITUTOIEI BHY-
TPU MYTHPOBaHHBIX IITAMMOB, BBI3BIBAIOLIMX HAU-
OoNBIIYI0O 00ECIOKOEHHOCTh: BapuaHThl B.1.1.7,
B.1.351, P.1, B.1.429, B.1.526, B.1.617, B.1.617.1,
B.1.617.2, AY.l, B.1.618, C.37, B.1.621 u B.1.1.52;
BKJIIOYEHHBIE 3MUTOINB S-0e7Ka COOTBETCTBYIOT
RBD nomeny [34]. CooTBETCTBEHHO, pa3pabaTriBae-
MBI JTHAaTHOCTUKYM TIOTEHIIMAIbHO YHHBEPCAJIEH.
Pa3paGoTaHHBIN XMMEpPHBIN OEIOK COCTOUT
13486 aMmHOKMCIOT M MMeeT Mmaccy 53 059 Da; uzo-
3JIEKTPHYECKYIO TOUKY pl 9,56; nHaekc ruapodob-
HoctH (GRAVY) —0,785; anudarnuyeckuii MHIAEKC
61,91; koadpdunmeHT akcTUHKIAA 53 860 (1 Mr/mMa
pacTBopa 0OelKa MMEeT ONTHYECKYIO IIOTHOCTH
1,02 npu nymHe BosaHB 280 HM). 3D Mmonens Oenka
npencrtasieHa Ha puc. 2 (111 o6noxka).

CrtpykTtypa nnaamugsi pCorD_PS

IMnazmuaueiii BekTop pCorD_PS (puc. 3, 111 06-
JIOXKa) mpencrapisieT coboit Bekrop pET24a(+),
B KoTopsli o caiitaM pectpukuuu Ndel u Xhol
BcTaBneH cuHTeTnuYeckmit pparment JJHK pasme-
pom 1461 1.H., BKJIIOYAIOM K ONTUMU3MPOBAHHYIO
KOJIMPYIOUIYIO YaCTh reHa aHTUIeHa KOPOHABUPYC-
HOTO peKOMOMHAHTHOrO. [IpH ONTUMHU3ALUY TeHa
M3 IIOCJIEIOBATEIbHOCTU YOAIWINA BHYTPEHHUE
calThl peKOMOMHAIIMM, CAWTHI CBSI3bIBAHUS pUbO-
coMbl, AT- u GC-6orarbsie 1OCIeI0BaTEIEHOCTH,
MOBTOPBI U IMOTEHLIMAJIbHbIE BTOPUYHbBIE CTPYKTY-
pet MPHK. KomoHHBI cocTaB reHa agarnTupoBaiu
s E. coli.

B pesyJiibTaTe KOHCTPYMPOBaHUSI PEKOMOMHAHT-
HOro BekTopa aiuHa miaasMunasl pCorD_PS cocra-
Bua 6695 m.H. TeopeTuyecKy OXUAAEMBbIE JUTUHBI
¢parmeHTOB TIpu 06paboTKe SHAOHYKJIea3aMu pe-
crpukuuy Ndel u Xhol nomxHsl coctapnars 1463
u 5232 n.H. IIpakTH4eCcKH MOJy4eHbl (hparMeHTHI,
COOTBETCTBYIOIINE OXMIaeMBIM (puc. 4).

| Xhol (6533)

I 6000 !

Dl FErr e e e e |

T7 promoter
lac operator RBS

T7 terminator
M protein 129-143 I

PucyHok 1. JluneiiHas cTpyKkTypa xumepHoro 6enka
Figure 1. Linear structure of the chimeric protein

E protein 6-20 | | S protein 345-360

Mpumeuanue. AK 1-419 — nonHopasmepHblit N-6enok; AK 420-434 — yyacTtok E-6enka (AK 6-20); AK 435-449 — yuacTtok
M-6enka (AK 129-143); AK 450-465 — y4acTok S-6enka (AK 345-360); AK 466-486 — yyacTok S-6enka (AK 500-520).
Note. AA 1-419 — full-length N-protein; AA 420-434 — region of the E-protein (AA 6-20); AA 435-449 — M-protein region
(AA 129-143); AA 450-465 — S-protein region (AA 345-360); AA 466-486 — S-protein region (AA 500-520).
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PucyHok 4. Anexktpodoperpamma
pecTpuuupoBaHHoro sektopa pCorD_PSB 1%
arposHoM rene .

Figure 4. Electropherogram of the restricted vector
pCorD_PS in 1% agarose gel

Mpumeuanue. 1 — pCorD_PS HepecTpuuMpoBaHHas;

2 — pCorD_PS pectpuumposaHHas no caittam Ndel u Xhol;

M — Mapkep monekynspHoro Beca HK (500-10 000 bp DNA
Ladder).

Note.1 — Unrestricted pCorD_PS; 2 — pCorD_PS restricted
at the Ndel and Xhol sites; M — DNA Molecular Weight Marker
(500-10 000 bp DNA Ladder).

55ka |
55kDa |

PucyHok 6. 9nektpodoperpamma akcrnpeccum
aHTUreHa KOPOHABUPYCHOro PeKOMOMHAHTHOrO
nocne 1-9 naccaxei

Figure 6. Electropherogram of recombinant coronavirus
antigen expression after 1-9 passages

Mpumeuanue. 1 — cMecb MapkepHbix 6enkos ana
anekTpodopesa (Thermo Scientific, kat. Hom. 26616),

2 — nu3aT uHaykuum nocne 1 naccaxa; 3 — nuaart UHAYKUUN
nocne 3 naccaxa; 4 — nu3at uHAyKUMu nocne 5 naccaxa;

5 — nu3art uHaykuum nocne 7 naccaxa; 6 — nusat uHayKumm
nocne 9 naccaxa.

Note. 1 — electrophoresis marker protein mix (Thermo
Scientific, cat. no. 26616), 2 — induction lysate after

1 passage; 3 — induction lysate after passage 3;

4 — induction lysate after passage 5; 5 — induction lysate
after passage 7; 6 — induction lysate after passage 9.

55kda
55 kDa

PucyHok 5. dkcnpeccua aHTureHa B KynbTypax

3 KNOHOB, MHAYLMPOBaHHas fobasneHuem

1 MM UNTT, B 12% nonuakpunamngHom rene

B AeHaTYpUPYIOLLMX YCIIOBUAX

Figure 5. Antigen expression in cultures of 3 clones
induced with the addition of 1 mM IPTG in 12%
polyacrylamide gel under denaturing conditions
Mpumeyanue. 1 — pCorD_PS — oTpuuatensHbiii KOHTPONbL
(no nHaykumum); 2 — pCorD_PS knoH 1; 3 — pCorD_PS knoH 2;
4 —pCorD_PS knoH 3; 5 — Mapkep MONeKkynspHoro seca
6enkos PageRuler™ Prestained Protein Ladder, 10 to 180 kDa
(Thermo Scientific, kat. Hom.26616).

Note. 1 — pCorD_PS — negative control (before induction);

2 —pCorD_PS clone 1; 3 — pCorD_PS clone 2; 4 — pCorD_
PS clone 3; 5 — PageRuler™ Prestained Protein Ladder,

10 to 180 kDa (Thermo Scientific, cat. no. 26616).

PucyHok 7. 3nekTpodoperpamMmma nnasmuaHbix
OHK nocne nocnegosartenbHbIX naccaxei

Figure 7. Electropherogram of plasmid DNA after
successive passages

Mpumeuanue. 1 — cmech MapkepHuix pparmeHToB JHK

1 kb DNA Ladder (EBporeH, kaTt. Hom. NLO01); 2 — nnasmuaa,
BblaeneHHasn u3 1 naccaxa; 3 — nnasmuaa, BblaeneHHas

13 3 naccaxa; 4 — nnasmuaa, BbiaeneHHas ua 5 naccaxa;
5 — nnaamupa, BblgeneHHan u3 7 naccaxa; 6 — nnaamuaa,
BblAeneHHas u3 9 naccaxa.

Note. 1 — mixture of marker DNA fragments 1 kb DNA
Ladder (Evrogen, cat. no. NLO01); 2 — plasmid isolated from
passage 1; 3 — plasmid isolated from passage 3;

4 — plasmid isolated from passage 5; 5 — plasmid isolated
from passage 7; 6 — plasmid isolated from passage 9.
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KoHcTpyMpoBaHue WwrammMma-npoayueHTa
Escherichia coli CorD_PS

B pesynpsrare TpaHchOpMalMU KOMIIETEHTHBIX
saetok K. coli Rosetta (DE3) nnasmunoit pCorD
PS nonyunnu wramm E. coli CorD_PS. [lns xpaHe-
HUA KJIETOK CMELIMBAIM | MJI «HOUHOM» KYIBTYPBI
i 1 Mut erepuaibHoro 50% riuepuHa, rmepeHoCuIIn
5 KpUonpobupku u samopaxxusaiu ripu —80°C.

DxenpeccHio Genka B KyJIb5Typax 3 KJIOHOB, MH-
aviumpoBaHHyo aobasnenmeMm | mM UIITT, npo-
anaauanpoBanu B 12% nonuakpuiaMUuaHOM Tele.
B0 BCex NMpoaHaJM3MPOBAHHBIX KJIOHAX 11ocnie 4 u
HHIYKIMKA 0OHApyX MM DKerpeccuio Genka, Macca
XOTOPOTO COOTBETCTBYET TEOPETMHECKM OXKHae-
woit B 53 kDa (puc. 5). s nansHeiieit paboTel Ml
suibpann Kiaon Ne 3.

CrabunsHocTs WtaMma-npoayuenTa E. coli CorD_PS

IMpoaykrtusHocts mramma £, coli CorD_PS
B TEHEHME NpoBeleHHBIX 9 naccaxeil octaeres He-
u3MeHHol (puc. 6). MHTEHCHBHOCTD 110JI0C B MC-
caenyeMbix ofpastax, 3HavYeHUe MOJEKYNSPHbIX
BECOB KOTOPBLIX COOTBETCTBYET aJJIepreHy Kopo-
HABUPYCHOMY PEKOMOMHAHTHOMY, OJIMHAKOBA /151
BCEX naccaxeif, clepoBareabHo, MPOU3BOANTE b~
HOCTb WITAMMA-MPOAYLEHTA B TeucHue 1-9 nacca-
AKel ocraeTcest MOCTOSIHHOM,

[TnasMmia, BeIACJCHHAS U3 KYJILTYP ITOCIE 1ep-
BOTO, IMSATOTO, CEJLMOTO, IEBATOrO Iaccael He ume-
eT pasyiuiuif B MOJIEKYJISIPHBIX Maccax (puc. 7).

MosnekynsipHsie Macehl Xhol pecTpukToB 11as-
MU, BBIAEIEHHBIX M3 LITAMMA ITPOAYLIEHTa Ioce
MepBoro, MnAToro, CEALMOIO M AEBATOTO raccaxei,
TOTHOCTBIO COOTBETCTBYIOT MOJIEKYJISIPHOW Macce
Xhol pecrpukra mnasmuasl pCorD PS u coorset-
CTBYET TEOPETHUECKH OXKUaaeMoit (puc. 8),

AHanu3 NpUBeIeHHLIX JaHHBLIX MO3BOJACT YT-
BEPXKIATh, uTO WtamMm £E. coli CorD_PS crabunen.
B teyenme Bcero rnpouecca (hepMeHTALLMM LITAM=-
Ma E. coli CorD _PS 9JMMUHUPOBAHMS T1JIA3MM 1kl
pCorD_PS, koaupylouiei CMHTE3 aJljiepreta Kopo-
HABUPYCHOT'O PEKOMOMHAHTHOIO, HE ITPOUCXOILNT,

Jnst BLLICKCHHBIX TasMus Gulaa onpeaesieHa
MePBUYHANY HYKJICOTUIHAS TOCICAOBATE LHOCT b,
AHaJN3 MOKA3a/, 4TO BCE HYKICOTUITHKIC IOC/e/10-
sareasHocTn JAHK nnasmun pCorD_PS, suiaenen-
HbIX M3 KyaeTyp wramma £. coli CorD_PS, nonto-
CTBIO COOTBETCTBYIOT HYKJICOTHAHON mnocienosa-
TEJIBLHOCTU AHTUTEHA KOPOHABMPYCHOTO peKoMOU-
HAHTHOI'O, CJICAOBATEILHO, CTPYKTYpa IJIa3MUILb]
[PU NAaccaxax KJIeTOK 0CTaeTcst cTabuIbHOIA.

O6eyxaeHue

[ToxasaHo, uTo crieundUIHbLIA 17151 YXaHBCKOTO
papuaHTa SARS-CoV-2 oreer CD4* T-kieToxk
foJjiee KOHCEPBATUBEH I[IPOTUB MYTUPOBAHHBIX
LWITAMMOB, [TOTOMY YTO MYTALlUM B OCHOBHOM I1pO-
uexondaT B T-KJIETOYHBIX 3MUTONAX, OTIMUHBLIX

8000

6000

M.H.
bp

PucyHok 8. dnexkTpodoperpamma peCTPUKTOB
nnasmugHbix [AIHK nocne nocnegoearensHbix
naccaxei

Figure 8. Electropherogram of plasmid DNA restriction
after successive passages

MNpumeyanue. 1 — Cmeck mapkepHbix pparmenTos AHK 1 kb
DNA Ladder (EsporeH, kat, Hom. NLOO1); 2 — Xhol pecTpukr
nnasMuabl, BblaeneHHon ua 1 naccaxa; 3 — Xhol pecrpukr
nnaamvasl, BLIAENeHHOR ua 3 naccaxa; 4 — Xhol pecTpukT
nnasmuiibl, BbiaeneHHon ua 5 naccaxa; 5 — Xhol pectpukr
nnasmuabl, BLIAGNEHHOM U3 7 naccaxa, 6 — Xhol pectpukt
nnaaMuabl, BolaeneHHom ua 9 naccaxa.

Note, 1 — Amixture of marker DNA fragments 1 kb DNA Ladder
(Evrogen, Cat, No. NL0OO1); 2 — Xhol restriction plasmid isolated
from passage 1; 3 — Xhol restriction plasmid isolated from
passage 3; 4 — Xhol restriction plasmid isolated from passage 5,
5 — Xhol restriction plasmid isolated from passage 7; 6 — Xhol
restriction plasmid isolated from passage 9.

or CD4* (23, 22]. HecMoTpst HA TO YTO MyTaLLUY
npoucxousit B 3% CD8" T-KJeTOMHBIX SMUTO-
nax, OHU UMEIOT OrPOMHOE 3HAUYEHUE, MOCKOJIbKY
Jaxe oJlHOW MyTalMu B O4HOM U3 snurornos CDS8'
T-knerok HLA nocratouHo st Toro, 4Tobnl Ha-
PYLWINUTL U [TOCTABUTL 110l YIPO3Y pAClO3HABAHUE
snuronos HLA, TeM caMbiM Tojasisis akTUBA-
Um0, (PYHKUMOHANILHOCTE U LUTOTOKCHUUECKYIO
akTuBHOCTh T-kKnerok CD8*, KoTopbie 3HAUNTEN b-
HO MHIUOUPYIOT paspyuieHue HHGUUMPOBAHHBIX
KJeTOK-X03s1eB [9, 25] u B uesoM BIUSIOT Ha 06-
wyio sgdexrusHocTs peakuun T-kneroxk [18,
36]. T-KN1eTOYHBI UMMYHHBII OTBET MOXET CO-
XPAHATBHCS Y BRI3JAOPOBCBIUIMX ITALIMEHTOB B Teue-
HUE JJIUTENLHOrO BPEMEHHM, UTO MOXeT obecrie-
YUTh YCKOPEHHBI KIUPEHC B Cllyuae BTOPUUHOIM’
uHpekuun SARS-CoV-2. [lostoMy B AaHHOM
UCCIeNOBAHUM Mbl cocpegorounnucsk Ha CD4*
T-KJIETOUHBLIX SITUTOIIAX.

Bbl10  CKOHCTPYMPOBAHO HECKOJABKO Bapu-
AHTOB  PEKOMOMHAHTHBLIX  OGCIKOB-aHTUTCHOB,
U3 KOTOPLIX BBIOpaM ONMH HAa OCHOBAHMU €ro
busnko-xummuueckux cpoiicrs. B paspaboraH-
HYIO B paMKax 5TOro MCCIeAOBAHUSA MHOIOSIU-
TOMHYIO KOHCTPYKUHMIO MBI BKIw4uiau MHC I
CBSA3BIBAIOLIME BIMUTONLL CTPYKTYPHLIX 6e€J1KOB
S, M, E SARS-CoV-2 u nonHopasmepHblii 6e10K
HyKJleoKarcuila Kak Hanbosiee KOHCEPBATHBHbIif
BHYTpU cemeiticTBa Coronaviridae v onuH U3 Haun-
6osiee UMMYHOTeHHEIX [4].
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UHdekuma n UMMYHUTET

OTCyTCTBHE Y4YacTKOB CXOIACTBA C Oelkamu
YyeJIOBEKa TIIOTEHLIMajdbHO MCKJII04aeT BO3MOX-
HBIE ayTOMMMYHHBIE/aNIepruuyeckye peaxkiuu.
Anubarnyeckuit mamekc (61,91) cBUOETENLCTBY-
€T O BBICOKOM TepMOCTAaOUJIBHOCTU IJIOOY/ISIPHO-
ro 6ej1Ka B IIMPOKOM HMara3oHe Temreparyp [12].
OTpHuIaTeIbHOE 3HAaYeHHe MHAeKca ruapodobHo-
ctu (—0,785) ToBOpHUT O THAPOMDUIBLHBIX CBOCTBAX
b6enka [16]. Bricokas wu303nMeKTpUyecKasi Touka
MOJIYYEHHOTO XuMepHoro 6enka (9,56) mossoiser
MMOTEHLIMAJIBHO YIIPOCTUTh ITPOLIECC XpOoMaTorpa-
¢duUecKoy OYMCTKH, TaK Kak 1iejeBoi Heyok Oyner
UMETH 3apsijl, OTIIMYHEIN OT OosbIeit YacTH 6EIKOB
mramma-rponyueHTa E. coli. TpexmepHast CTpyKTy-
pa Genka JIEMOHCTPHUPYET BO3MOXHOCTb apXMUTEK-
TYPHOU peanu3alliy U ONTHMaJIbHOTO CBOpayuBa-
HUS ¥ CAaMOOPTaHU3aIluy MOJIEKYJIbI PEKOMOUHAHT-
HOro aHTureHa. TakuM oGpa3om, Halll GEJIOK TOTEH-
LIHAaJIbHO CTa0MJICH B BOAHBIX PaCTBOPAaX.

MBI TIOKasajlu Hajluyue 9SKCIIPECCUU CKOH-
CTPYMPOBAaHHOTO aHTHTeHa B KieTkax E. coli mpu
uHaykuuu pobasineHuem WIITI. Bkcnpeccus
ocTaeTcsl CTabMJIBHON MPW MAacCUPOBAHUM IIITAM-
Ma B XKMAKOM cpene (o 9 maccaxeit) u mociie 3aMo-
po3ku. Heu3MeHHOM ocTaeTcss ¥ UCXONHasl ocjie-
nmosatesibHOCTh maasMunaHoi JJTHK, konupyromeit
1esaeBoit 6enok. ITonyuyeHHBIE Pe3yabTaThl CBUIE-
TEJBCTBYIOT O BBICOKOM CTaOMJIBHOCTH LITaMMa-
ITPOAYLIEHTa PEKOMOMHAHTHOTO OeKa.

Hcnonb3oBanue XUMeEpHOU (DOpPMBI aHTUTrEeHA
(Hanmuyue pasJInYHBIX WMMMYHOTEHHBIX YYacTKOB
BCEX CTPYKTYPHBIX OenkoB KopoHaBupyca SARS-

Cnucok nutepatypbl/References

CoV-2) pacmupsieT BO3MOXHOCTHU AUATHOCTUYCCKOMN
TECT-CHUCTEMBI: BOBMOXHOCTb OLIEHKH T-KJIETOTHOTO
MMMYHHOTO OTBETa MOCJIe BaKIIMHALIUM, B TOM YUCIIE
TEMM BaKIIMHAMH, KOTOPBIE HE COIEPXKAT WU He KO-
IUpYIOT (bparMeHTH! OeIKOB KOpOHaBUpYyca, Ha KO-
TOphle (hOPMUPYIOTCS OLEHUBAEMbIE CYILECTBYIO-
MU guarHocTuKyMaMu Ha 1gG- u IgM-anturena
(K IpUMEDY, 3TO BaKIIMHBI, HE COAEpIKalIUe MOJIHO-
pasMepHBIi S-6eok wian ero RBD-nomeH).

B pesyabraTe TEKYIIEro MCClenoBaHUs Oblia
pa3paboTaHa TeHeTHMYecKas KOHCTPYKIIUS I11a3-
muaHoi JIHK pCorD_PS (6695 11.0.), Kogupyioiast
aHTUTEH KOPOHABUPYCHBIA pPEKOMOMHAHTHBIMA,
JUIS CO3JaHMA OHarHOCTHUYECKOW TeCT-CUCTEMBI
B OTHOIIEHMH KOPOHABUPYCHOW WH(MEKIINH.
IMTonyyeH cTabUIBHBINA, TPOAYKTUBHBIN IO KO-
POHABUPYCHOMY PEKOMOWMHAHTHOMY aHTUIEHY,
mramM-iponyueHT £. coli CorD_PS.

Pa3paGoTaHHBIM XMMEpHBIN OEloK, comepxa-
wuit uMMyHoreHHbsie CD4" T-KjieTOUHBIE 3ITUTO-
el S, E, M u N cTpykTypHEIX 6e1K0B SARS-CoV-2,
MOXET MCITOJIb30BaThCcsl KaK AMArHOCTUKYM [JIs
KauyeCTBEHHOM OLIEHKM CNeuuduyuecKoil MMMYH-
HOM 3allMTEI IPOTUB KOPOHABUPYCHOM MH(DEKIIUYN
W/MIA OLEHKM MMMYHOTE€HHOCTHM KaHIMIATHBIX
BaKIIMH B UX KJIMHUYECKUX UCTIBITAHUSX.

Ha crnenyromux 3Tanax UCCIeIOBaHUM TLIaHM-
pyeTcsi pa3paboTarhk TEXHOJIOTHIO MOTYyYeHU ST 04U~
[IEHHOro aHTUTEeHa U TIPOTECTUPOBATH UCIIOIB30-
BaHWE CKOHCTPYMPOBaHHOTO PEKOMOMHAHTHOIO
Oenka B KadyecTBE MIMArHOCTUKYMa [JIsl OLIEHKU
T-KJI€TOYHOTO IMPOTHBOBUPYCHOTO UMMYHUTETA.
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FEATURES OF NK CELL PHENOTYPE VIRUS
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Abstract. Elimination of the hepatitis C virus (HCV) due to direct antiviral drug (DAD) action affects alteration in virus
phenotype and, accordingly, NK cell functional activity. However, the published data are very contradictory. The aim
of the study was to investigae alterations in NK cell subset phenotype after DAD treatment of HCV genotype-dependent
chronic viral hepatitis C (CVHC) patients. Materials and methods. 111 CVHC patients and 21 healthy volunteers were
examined. The diagnosis was established on epidemiological, clinical and laboratory data. All 111 subjects with CVHC
received direct antiviral drugs Sofosbuvir and Velpatasvir for 12 weeks. The study of the NK cell phenotypes wwas
analyzed by multicolor flow cytometry. Resuifs. A decreased count of cytokine-producing along with increased frequency
of cyvtotoxic NK cells were found in CVHC patients blood samples with various HCV genotypes prior to DAD treatment.
The imbalance of cytotoxic cells with a high level of functional activity was also found in CVHC patients regardless
of HCV genotype. The patients with HCV genotypes 1 and 3 showed significantly increased level of immunoregulatory
NK cells. In addition, increased count of glvcohydrolase (CD38) and ecto-5"-nucleotidase (CD73)-expressing NK cells
were found in patients with HCV genotypes 1 and 3. Hence, such alterations in NK cell phenotype in CVHC patients
were presented as sustained high viral load which peaking at carriers of HCV genotype 1 that was minimal in patients
with HCV genotype 2. The most prominent change in NK cells after DAD treatment was found in CVHC patients with
HCV genotype 2 (normalization of CD8-expressing NK cell subset composition and count). Only patients with HCV
genotype 2 after treatment had increased frequencies of peripheral blood double-negative CD38-CD73~ NK cells. Patients
with HCV genotypes | and 3 also showed minimally improved in NK cell subset composition after DAD treatment.
Conclusion. Evaluation of specific changes in NK cell phenotype during DAD treatment of CVHC patients driven by HCV
genotype undoubtedly is of importance and high relevance. The results obtained are novel and complement the insights
into CVHC immunopathogenesis. Analysis of NK cell phenotypes and functional activity in patients with CVHC may
promote development of new methods for treating HCV infection.

Key words: chronic viral hepatitis C, hepatitis C virus, genotype, NK cells, phenotype, subsets, treatment.
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OCOBEHHOCTU ®EHOTUNA NK-KNETOK Y BOJIbHbIX XPOHU4YECKUM BUPYCHbIM
FENATUTOM C B 3ABUCMMOCTHU OT FTEHOTUMNA BUPYCA

Casuenko A.A.', Tuxonosa E.IL?, Auncamona A.A.°, Kyapsasues U.B.**, Beaemok B.J1.', Bopucos A.T'
'@I'BHY OQHI Kpacnoapexua naywnwit yenmp Cubupcxozo omdesenus Poccuiickol axadesmuu wayx, odocobaennoe
nodpazdesenue HHH meduyuncxux npobaem Ceaepa, 2. Kpacnospex, Poccun
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Pezome. OnuvuHanms supyca renatura C (BI'C), BoizBaHHAs ACHCTBHEM TIPeNapaToB MPAMOro MPOTHBOBHPYC-
Horo jeiicteua (TTMTIBO), sauser Ha niameHeHue eHOTHNA M, COOTBETCTBEHHO, (YHKUHOHANLHYIO AKTHBHOCTEL
NK-xseTok. OIHAKO MMEIOUMECK B JIMTEPATYPEe AaHHbLIC BeCbMa NpoTHBopeunBssl. Llebio HacToAlero HecaenoBa-
HHUA GbUI0 H3yueHue ocobeHHocTel HaMeHeHHa (exoTiHna NK-kieTok (¢ yueroM cyOononyasiiHOHHOIO COCTaBa) rno-
ciie JieseHns DOABHBIX XpOHHYeCKMM BHpYycHbiM rematutoM C (XBI'C) TITITBI 8 sasucumocty o1 redorna BIC,
Mamepuaas u memodwi. O6cnenosaro 111 doasrex XBIC u 21 310posslil UeIoBeK B Ka4eCTBe KOHTPONBHON IPYITILL.
Huarnos XBI'C ycTaHaBIHBaIH HA OCHOBAHHH 3TMAEMHOJOTHUCCKHX H KIHHHKO-TA00PATOPHBIX ARHHBIX NPH BHIsAB-
NeHHH CTIeHdHYECKHX CePOIOrHYCCKHX Mapkepos xpoHudeckoro renarura C u PHK BI'C, Brimiovas reHOTHIHPOBaHHE
BI'C. Bee 111 uenorex ¢ XBI'C nonyuanu npoTHBOBHPYCHEIC penaparsi npsamMoro aetcersus (Codocoysup i Bennaracsup)
8 TeveHue 12 Heneabs. Uayuenne deHornna NK-K1eToK KPoBY MPOBOMHIM METOIOM ITPOTOMHOMN LIHTOMETPHM € HCIO/b-
30BAHHEM TMPAMOI HMMYHODAYOPECUEHUHH UeabHON nepudepryeckoi KpoBH ¢ MOHOKJIOHATBHBIMM AHTHTEIAMH.
Pesyasmams:. B xposy 6oieHbix XBI'C ¢ paanuunsivy resorunamu BI'C no Havana nevenus TITITIB/ BeisiBneHo cHE-
KCHHE KOIHYECTBA ITHTOKHH-TIPOAYLHPYIOMIHX W YBeJHYeHe KomnuecTsa untoTokcudeckux NK-knerok. ducbananc
LUMTOTOKCHYECKHX KJIETOK C BHICOKHM YpoRHeM (hyHKIIHOHAILHON aKTHBHOCTH Takke Ouin suisaneH y 6onninix XBIC
BHe 3asucumocTy ot redotuna BI'C, ¥ nauuenTor ¢ reHotunamu | 1 3 BI'C nabnionanocs goctosepHoe yeeautieHne NK-
KIETOK C HMMYHOPEryISTOPHOI akTHBHOCTHI0. Kpome Toro, y Gonsabix BI'C renotmos 1 1 3 BusBieHO yBeHbueH e
koauyectsa NK-KaeToK, 3Kcnpeccupyomux rmkoruaponasy (CD38) u sxro-5-uykacoruaasy (CD73). Pesynsrarom
BHIABNCHHBIX HapyweHni B (peroTune NK-xaetok y 6onbueix XBI'C 66110 coxpaHeHHe BIpakeHHOIH BHPYCHOH Harpy3-
KM, KoTopas On1a MaKCHMabHON npu MHGuuHposanHocTH reHoTHioM | BI'C m MuHHManbHOI y GONBHBIX C FeHOTH-
niom 2 BI'C. HanBonee BhipaxeHHbIe M3MeHEHHS (heHOoTHITHYecKoro coctasa NK-kierok nocie seveHns Al BuisBICHB
y BoneHbIX XBI'C ¢ reHorunom 2 BI'C (Hopmanuzauns cyononyasuHoHHOro cocrasa U konnvuecTea NK-knetok, skc-
npeccupyromux CD8). Kpome Toro, Tonsko v 6onbHeix ¢ redotrniom 2 BI'C nocie seqerns Habrioanioch NossieHne
cojiepkanus nyGnu-HeratusHbix (no CD38 u CD73) NK-kiierox B kposu. Y nauneHTos ¢ reHorunamu 1 1 3 BI'C rakxe
Habmonanocs yayuineHue coctasa NK-keTok ¢ pasanaHbsiMu theHoTHnaMy nocne nevexus AL, HO 3TH HiIMeHeEHHS
OLUIM MUHHMATBHBIMH. Bweoder. Ouenka ocoGennocTei nameHenus Geroruna N K-KJAeToK pH JICYCHUH B 3aBHCHMOCTH
OT FEHOTHTIA MMELT HECOMHCHHYIO 3HATHMOCTh M BRICOKYIO aKTYANBHOCTD. [To1ydeHHBIC pe3yabTaThl 06142107 HOBH3-
HOH 1 JononHAIT HHpopMamio 06 mmmyHonatorenese XBIC. Auanui derorunos NK-K1eToK H HX hYHKIHOHAIBHOK
AKTHBHOCTH y naumentos ¢ XBI'C moxer noMoys B paspaborke HOBbIX MeToaoB jeucHus HCV-uudexunn,

Kanwoneawee caoea: xponuseckuil aupycnwil zenamum C, supye 2enamuma C, eenomun, NK-xaemuu, gpersomun, cyfnonyisyuu, sevexie.

Introduction

Hepatitis C virus (Hepatitis C virus, HCV) is one
of the main causes of chronic liver infections in the
world. The consequences of chronic viral hepatitis C
(CVHC) are highly variable, ranging from minimal
histological changes to extensive fibrosis and cirrho-
sis with or without hepatocellular carcinoma [5, 13].
According to available estimates, the number of pa-
tients with CVHC in the world is about 180 million
people and most patients are unaware of the presence
of this infection in them [37]. Treatment of HCV-
associated liver injury has improved significantly over
the past 20 years [4, 24]. It could be closely linked
with our recent data on discase pathophysiology as

well as the improvement of methods for diagnostics,
treatment and disease prevention.

Currently, there are two main mechanisms of vi-
ral infection development. The first one is deter-
mined by the pathogenic action of the virus itself
against the background of immune disorders asso-
ciated with a lack of immunity components and/or
with a lack of activation for a specific pathogen (tole-
rance) [1, 2]. The second mechanism is realized by
the activation of immune system on virus-infected
cells. Consequently, the prognosis of development,
the nature of the course and the outcome of an infec-
tious disease vary significantly in depending on the
state of the immune system and the characteristics
of its response to an infectious pathogen (6, 9].
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NK celis in viral hepatitis C

NK celis (Natural Killer) are defined as a separate
population of lymphocytes that perform the functions
of innate immunity. Cytolytic activity without prior
stimulation of virus-infected and some tumor cellsisthe
initially defined and main function of NK cells [19, 33].
The killer activity of NK cells is regulated by the expres-
sion of MHC 1 molecules. Infected or malignant cells
can downregulate MHC [ (also known as “missing-
self hypothesis™), to become invisible for CD8" T cells
but the loss of MHC I antigens for inhibitory receptors
on NK cells sensitizes these cells for NK-mediated kill-
ing [12, 29]. However, at present, the regulation of some
processes of innate and adaptive immunity is also deter-
mined by the function of NK cells which is realized by
these cells during functional activation due to the secre-
tion of a wide range of cytokines [7]. Thus, Pallmer K.
and Oxenius A. (2016) showed that NK cells stimu-
lated the maturation and activation of dendritic cells,
secrete cytokines that promoted the differentiation
of “‘naive’ Th lymphocytes into Th1 cells [29]. In a study
by Anuforo O.U.U. et al. (2018) showed that NK cells
maintained apoptosis and regulated the functional ac-
tivity of neutrophils against the background of antigen-
induced inflammation [8]. In this regard, there isa need
to study the phenotype of NK cells and the characteris-
tics of their functional activity in patients with CVHC.

A number of studies have shown that the treatment
of the disease with direct antiviral drugs (DADs) is ef-
fective and allows achieving complete elimination
of HCV from the body [4, 30]. However, disturbances
in the immune system may persist while levels of in-
flammation and fibrosis in the liver have been reduced.
It was found that the treatment of CVHC patients with
DAD:s led only to a temporary restoration of the func-
tional activity of cells and then the reactivity of these

cells decreased significantly below the norm [39]. It is .

assumed that this phenomenon was determined by
the differentiated response of various NK cell subsets
1o treatment as well as the influence of the changing
functional and metabolic state of the liver on the im-
mune system as a whole. In addition, we assume that
the change in the phenotype and functional activity
of NK cells during DAD treatment may vary depend-
ing on the virus genotype.

Thus, the aim of the study was to investigate the fea-
tures of changes in the NK cell phenotype (including
subset composition) after DAD treatment of CVHC
patients in depending on the genotype of HCV.

Materials and methods

Study participants. 111 CVHC patients (62 men
and 47 women) aged 45.31+15.2 years were examined
on the basis of the clinical gastroenterological de-
partment of Scientific Research Institute of Medical
Problems of the North (Krasnoyarsk). The diag-
nosis was established on the basis of epidemiologi-
cal and clinical and laboratory data upon detection
of specific serological markers of chronic hepatitis C

and HCV RNA according to the recommendations
of the European Association for the Study of the
Liver (EASL) [14, 15]. Liver fibrosis was studied by
shear wave transient elastometry using ultrasound
systems Aixplorer (France) or Siemens Acuson
S2000 (Germany). Fibrosis was assessed using
the METAVIR scale. There were 4 degrees of fibro-
sis in depending on the indicators of liver elasticity
detected: FO — no fibrosis (< 5.8 kPa); F1 — portal
and periportal fibrosis without septa (5.9-7.2 kPa);
F2 — portal and periportal fibrosis with single septa
(7.3—9.5 kPa); F3 — portal and periportal fibrosis
with multiple bridging porto-portal and porto-cen-
tral septa (9.6—12.5 kPa); F4 — cirrhosis (= 12.6 kPa).

The HCV RNA content was determined by quan-
titative real-time PCR on a Biorad CFX96 Real
Time System instrument (BioRad Laboratories,
USA) using an Abbott RealTime HCV test® test sys-
tem (Abbott, USA). The HCV genotype was deter-
mined using the VERSANT® HCV Amplification
2.0 (LiPA) kit (Siemens, Germany). The degree
of liver fibrosis in patients with chronic hepatitis C
was assessed using ultrasonic elastography using
a Fibroscan 502 device (Echosens, France).

Treatment of patients with CVHC was carried
out on the basis of the 2016 EASL recommenda-
tions [15]. All 111 examined patients were “naive”
(not previously treated with antiviral drugs) and did
not have liver cirrhosis (stage FO—F3 by METAVIR).
53 patients with CVHC had HCV genotype 1 (35 pa-
tients had liver fibrosis FO—F1 by METAVIR, 9 pa-
tients had fibrosis F2 by METAVIR, 9 patients had
fibrosis F3 by METAVIR), 9 patients were diagnosed
with HCV genotype 2 (3 patients had FO—F1 liver
fibrosis according to METAVIR, 3 patients had F2
fibrosis by METAVIR and 3 patients had F3 fibrosis
by METAVIR), genotype 3 (subtypes were not deter-
mined) HCV was detected in 49 people (25 patients
had liver fibrosis FO—F1 by METAVIR, 9 people had
F2 fibrosis according to METAVIR and 15 patients
had F3 fibrosis by METAVIR). All 111 people with
CVHC received direct antiviral drugs Sofosbuvir
(400 mg) and Velpatasvir (100 mg) once a day for 12
weeks. Clinical and laboratory control with the deter-
mination of the amount of HCV RNA by polymerase
chain reaction (PCR) was carried out before the start
of treatment, after 4 weeks of therapy, at the end
of treatment and 24 weeks after the end of therapy.
Drug adherence was assessed using the Morisky—
Green Test [10].

The control group included 21 practically healthy
individuals who were excluded during the preventive
examination of chronic diseases of various organs
and systems, including infectious diseases, there were
no complaints about the state of health, there were
normal indicators of clinical and biochemical blood
tests, there were no markers for viral hepatitis B and
C in the anamnesis of life, the absence of bad habits
(alcohol abuse) was indicated.
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Wndexums u ummysuTeT

All studies were performed with the informed consent
of the subjects and in accordance with the Declaration
of Helsinki of the World Association “Ethical princi-
ples for conducting scientific medical research involving
humans” as amended in 2000 and “Rules of Clinical
Practice in the Russian Federation”, approved by order
of the Ministry of Health of the Russian Federation No.
266 dated June 19 2003.

Flow cytometry. The study of the NK cell pheno-
type was carried out by direct immunofluorescence
of whole peripheral blood using monoclonal antibodies
(Beckman Coulter, USA) labeled with FITC (fluoresce-
in isothiocyanate), ECD (phycoerythrin-Texas Red-X),
APC (allophycocyanin), AA700 (ale-xa fluor 700 ) and
AAT750 (alexa fluor 750) in the following panel: CD38-
FITC/CD94-PE/CD73-ECD/CD56-PC5.5/CD16-
PC7/CDS8-APC/CD3-AA700/CD45-AA750. The dis-
tribution of antibodies along the fluorescence channels
was carried out in accordance with the principles of pan-
el formation for multicolor flow cytometry studies [3].
Sample preparation was performed according to the
standard procedure [31]. Stained cells were analyzed
on a Navios flow cytometer (Beckman Coulter, Inc.,
USA) of the Krasnoyarsk Regional Center of Research
Equipment of Federal Research Center “Krasnoyarsk
Science Center SB RAS”. At least 5000 lymphocytes
were analyzed for each blood sample. The obtained
data were analyzed using the Kaluza software package
(Beckman Coulter, Inc., USA).

Statistical analysis. The results were presented us-
ing the median (Me) and interquartile range as 25th
(Q1) and 75th (Q3) percentiles. The significance of dif-
ferences between the indicators of independent sam-
ples (when comparing the indicators of patients with
control values) was assessed using the nonparametric
Mann—Whitney U test. The significance of differences
in indicators in groups of CVHC patients before and
after treatment (dependent samples) was determined by
the Wilcoxon matched pairs test. Spearman’s rank cor-
relation coefficient was calculated to assess the strength
of the relationships of the studied indicators. Statistical
analysis was carried out using the Statistica 8.0 sofi-
ware package (StatSoft Inc., USA, 2007).

Results

The level of viral load in CVHC patients is pre-
sented in Table 1. It was found that the maximum
level of viral load was detected in CVHC patients
with HCV genotype 1 but no statistically significant

differences in this indicator between patients with
different genotypes of HCV were found. Treatment
with DADs for 12 weeks in “naive™ patients with
CVHC without liver cirrhosis led to a sustained vi-
rological response (SVR, determined 6 months af-
ter the end of treatment). We didn’t find differences
in response to drug treatment in CVHC patients with
different HCV genotypes. However, 2 patients with
HCYV genotypes 1 and 2 were identified after treat-
ment with DADs with high levels of viral load (re-
spectively 1.16 x 10° MU/ml and 0.06 x 10° MU/ml).
The both patients were declared non-compliant after
the Morisky-Green test. In this regard, the analysis
of the NK cell phenotype characteristics after treat-
ment for these two patients was not performed.

Assessing NK cell level in patients with CVHC,
it was found that before the onset of DAD treat-
ment, the percentage of NK cell total fraction (CD3~
CD3567CD45%) in the blood was reduced in patients
with HCV genotypes 1 and 3 compared with control
values (Table 2). CVHC patients with HCV genotype 2
during this period of the survey had an increased ab-
solute number of NK cells in the blood relative to the
control range. The percentage of CD356*&CDI6-
and CD56™=*CDI16" NK cells in patients with all
three HCV genotypes was reduced while the level
of CD36%"CD16- NK cells was increased compared
to control values. At the same time, the most pro-
nounced increase in the percentage of CD56%"CDI6-
NK cells was found in patients with HCV genotype 2.
A high level of CD36%"CDI6" NK cells relative
to control values was found in all patients with CVHC
and didnt depend on the HCV genotype. Only pa-
tients with HCV genotype 1 before DAD treatment
had a reduced number of CD356%"CD94" NK cells rel-
ative to the control level. At the same time, an increase
in the number of CD56%™CD94" NK cells in patients
with HCV genotype 2 was found relative to the level
detected in patients with HCV genotype 1.

It is known that about 30% of peripheral blood NK
cells express the CDS8 receptor, the functional activ-
ity of such cells is considered high and they demon-
strate increased survival in the process of target cell
lysis [18, 24]. We found that the maximum (among
CVHC patients) percentage of NK cells expressing
CDS8 (CD3-CD56"CD8"CD45%) before DAD treat-
ment was detected in patients with HCV genotype 2
(Table 3). However, there were practically no differenc-
es in the percentage of different subsets of NK cells ex-
pressing and not expressing the CD8 marker in CVHC

Table 1. The level of HCV genotype-driven viral load (MU/ml) in patients with chronic hepatitis C before

treatment [Me (Q,-Q;)]

Genotypes Viral load p
Genotype 1 2.92x10°(0.44 x 10° —7.62 x 109)
Genotype 2 0.72x 105 (0.35x 105 — 1.56 x 10%) p,=0.127
5__ p,=0.499
Genotype 1 1.4x 10°{0.48 x 10°—5.20x 105) p,=0.226

Note. p, — significant differences versus patients with HCV genotype 1; p, — significant differences versus patients with HCV genotype 2.
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patients in depending on the HCV genotype. The con-
tent of CD56™#'CD16-CD3 -, CDS6*#"CDI16-CD8*,
CD36™=CD16*CD8 and CD56*CD16"CD8* NK
cells in all patients with CVHC was reduced relative
to the control values while the number of CD564"CD16-

CDS§,

CD56%=CDI16 CDS8',
and CDS69"CDI6"CD8' NK cells was increased.
At the same time, the maximum levels of CD56%™
CDI6°CDS8" and CD364"CDI16-CD8" NK cells were
detected in the blood of patients with genotype 2,

CD36%"CDI16*'CD8-

Table 2. HCV genotype-driven NK cell subset composition in patients with chronic hepatitis C before

treatment [Me (Q,_Q,)]

l Control Patients with CVHC
Parameters n=21 Genotype 1 Genotype 2 Genotype 3
n=53 n=9 n=49
5 N R v 9.34 (5.85-12.47) i 8.08 (6.65-12.36)
CD3-CD56°CD45’, % 11,09 (8.07-17.80) B, = 0.042 10.97 (9.38-20.06) b, =0.026
CD3-CD56°CD45", 10%/L 0.17 (0.12-0.27) 0.21(0.12-0.28) 0'23‘(2‘;4(; 49,‘72) 0.19(0,13-0.25)
2 0.27 (0.14-0.49) 0.20 (0.09-1.73) 0.23 (0.12-0.38)
CD56™CD16", % 1.26 (0.63-1.96) 9, < 0.001 b, = 0.046 b, < 0,001
" 0.35(0.09-3.23) 0.43 (0.08-2.23) 0.51(0.16-2.07)
CD56°™CD16°, % 6.67 (4.77-14.45) 5, <0.001 b, <0.001 p, < 0,001
i 4.66 (2.87-8.37) "
CDS64CD16", % 043(0.25-138 | 67(115-343) B, <0001 HORIAG210)
P <0.001 E p,.3 < 0.001
p, = 0.007
" 3.05(1.39-6.00) 4.80(1.49-13.43) 4,68 (1.60-8.09)
CD56%"CD16°, % 1.86 (0.80-2.11) 0, = 0.006 0, = 0,036 b, =0,002
CD56*%"CD94-, % 0.06 (0.02-1.76) 0.05 (0.01-0.18) 0.04 (0.01-0.05) 0.04 (0.02-0.10)
CD56%%"CDY4", % 0.24 (0.13-0.74) 0.36 (0.20-0.54) 0.41(0.21-0.55) 0.35(0.23-0.52)
CD56°"CD94-, % 4.26 (2.52-5.99) 4.39 {2.76-6.69) 5.28 (4.46-5.68) 4.15 (2.93-5.48)
i = 3.20(2.28-5.30) 5.45 (3.78-7.22) %
CD56*"CDS4", % 6.11(2.81-8.74) 0, = 0.034 0, = 0.013 4,32 (2.45-6.39)

Note. p, — significant differences versus control; p, — significant differences versus patients with HCV genotype 1: p, — significant differences versus
patients with HCV genotype 2,

Table 3. HCV genotype-driven peripheral blood CD8-expressing NK cell level (in %) in patients with chronic
hepatitis C before treatment [Me (Q,_Q,)]

Parameters

Control
n=21

Patients with CVHC
Genatype 1 Genotype 2 Genotype 3
n=53 n=9 n=49

CD3-CD56°CD8"CD45*

5.44 {4.73-9.27)

5.24 (3,21-6.96)

5.95 (3.45-6.67)

4.95 (3.20-6.78)

6.24 (3.46-13.06)

3.17 (1.94-5.70)

CD3-CD56'CD8'CD4S5" 423(240-652) | 3.45(1.81-5.19) gty Al e
TR 014(006-023) | 009(003-018 | 0.12(0.07-0.20)
Brigh ALl
CD56CD16-CO8 0.53 (0.31-0.86) i s Ao
g 011(004-0.24) | 010(006-045 | 0.09(0.04-0.19)
CD56™9CD16-CD8" 0.48 (0.21-0.89) S, Ay Ligipls
= 017(003-157) | 016(009-034) | 0.18(0.05-078)
CD56"CD16°CDB 3.68 (2.13-4.41) rrnon g ey
: ? 022004173 | 0.21(0.02-1.40) 0.31 (0.1-1.19)
CD56%"CD16°CDE" 2.14 (1.38-5.42) o, A Hleplm
= i 125 (071-178)
CDS64CD16-CD8" 0.21(007-084) | 128(081-219) 220 (t51-2.88) B, < 0.001
b, < 0.001 B, < 0,001
p;=0.020
5 ) 0.38 (0.20-0.74)
CD564CD16-CD8" aiifobr-oon | VRUBDR | A p,=0.005
i Poa S ¥x p; < 0.001
] i 185 (074-3.47) 276 (0.01-414) | 2.51(0.54-4.60)
CD56"CD16°CD8 114 (0.44-1.51) s b phisiagns
— ) 110 (0.45-2.22) 173 (0.44-9.16) 1,66 (0.49-3.43)
CD56°"CD16°CD8 0.38 (0.22-0.47) o Anpass ot

Note. See footnote to Table 2.
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In recent years, studies have appeared that char-
acterize the features of the reactivity of NK cells
in the expression of CD38 and CD73 receptors [17,
28]. It was found that the number of CD56°CD38~
CD73- and CD56°CD38*CD73~ NK cells was re-
duced in CVHC patients with HCV genotypes 1
and 3 before DAD treatment while the content
of CD56"CD38"CD73* NK cells in patients with
the same HCV genotypes was increased relative
to control values (Table 4). No changes in the num-
ber of NK cells expressing CD38 and CD73 markers
were found in patients with HCV genotype 2.

Relationships between the number of NK cells
with different phenotypes and the level of viral load
in patients with CVHC were studied using cor-
relation analysis. It was found that the level of vi-
ral load was negatively correlated with the number
of CD56%"CD16- NK cells (r = —0.32, p = 0.016)
and was positively correlated with the content
of CD56%=CD16-CD8* NK cells (r=0.26, p=0.048)

in patients with HCV genotype 1. The level of viral
load was only negatively correlated with the num-
ber of CD36™#*CDI16~ (r = —0.94, p = 0.005) and
CD56=CDI16°CD8* NK cells (r = —096. p =
0.004) in patients with HCV genotype 2. At the same
time, the level of viral load only positively correlated
with the number of CD56°CD38*CD73~ (r = 0.30,
p = 0.035) and CD56"CD38-CD73* NK cells (r =
0.38, p=0.007) in patients with HCV genotype 3.
Some changes in the subset composition of NK
cells in CVHC patients persisted even after DAD
treatment. Thus, an increased number (relative
to control values) of CD36%"CD16~ NK cells was
detected in the blood of patients after treatment re-
gardless of HCV genotype (Table 5). It was also
found that a low number of CD36*=*CDI16- and
CD56""CDI16~ NK cells, as well as an increased
content of CD56%=CD16" NK cells, persisted in pa-
tients after treatment with HCV genotypes 1 and 3.
At the same time, the number of CD56*=*CD16-,

Table 4. HCV genotype-driven peripheral blood CD38- and CD73-expressing NK cell level (in %) in patients
with chronic hepatitis C before treatment [Me (Q,-Q,)]

contror Patients with CVHC
Parameters n=21 Genotype 1 Genotype 9 Genotype 3
n=53 n=9 n=49
P ) 112(062-2.51) i 107 (0.56-175)
CD56'CD38-CD73 2.34 (176-5.25) g 5 1.35 (1.01-6.47) i B
CD56'CD38-CD73' | 0013(0011-0082) | 0.047(0.020-0.096) | 0.055(0.016-0.086) | 0.034 (0.017-0,072)
P B} 5.87 (4.21-8.29) 5 5.56 (4.17-8.58)
CD56'CD38'CD73 7.93(6.10-15.01) i 7.68 (6.77-13.57) i
CD56°CD38'CD73° | 0.039(0.020-0.088) | O1°6(0074-0341) | .79 0031-0335 | 0114(0.055-0.251)
5, =0.010 0,=0.018

Note. p, — significant differences versus control.

Table 5. HCV genotype-driven peripheral blood NK cell subset composition in patients with chronic

hepatitis C after treatment [Me (Q,-Q,)]

contro Patients with CVHC
Parameters n=21 Genotype 1 Genotype 2 Genotype 3
n=52 n=8 n=49
CD3-CD56°CD45", % 11,09 (8.07-17.80) | 13.10(7.63-1591) | 18.63(17.81-2248) | 9.19 8.27-12.41)
CD3-CD56°CD45", 10°/L 017(012-027) | 0.30(0.16-0.46) 0.40(0.26-066) | 0.21(0.15-0.30)
- B} 0.20(0.09-0.5) ) 017 (0.11-0.37)
CD56%9+CD16-, % 1.26 (0.63-1.96) sk 0.86(0.20-376) i
- ) 0.90 (0.18-4.48) ) 100 (0.29-6.22)
CD56%CD16", % 6.67 (4.77-14.45) o 2Ab01 8.95 (0.63-15.61) o
- B 185 (0.81-3.97) 170(133-620) | 213(1.24-2.73)
CDSE™CD16", % 1A3HS-1.56) B, < 0.001 p,=0.046 B, < 0.001
3.39(0.86-6.68) 3.07 (1.26-6.30)
dim, + = -
CD56°CD16", % 1.86 (0.80-2.11) T 4.61(0.30-1479) Wt
CD56™+CD94-, % 0.06(002-1.76) | 0.04(0.02-0.20) 0.06(0.03-163) | 0.08(0.02-0.28)
374 (0.90-11.61)
CD56>CD94", % 0.24 (0.13-0.74) 0.29(0.18-0.51) 5, < 0.001 04 (0.1-0.7)
_ p.=0.004
0, =0.002
CD56°°CDY4-, % 426(252-599) | 593(3.33-878) 6.02(272-676) | 546 (4.24-6.75)
CD56CDY4", % 611281-874) | 450(252-649) | 643i2s-tazg) | SHLITATO

Note. See footnote to Table 2.
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CD56ECD16" and CDS56YECD94* NK cells
in the blood of CVHC patients with the HCV geno-
type 2 after DAD treatment increased significantly
compared to the initial (before treatment) values (by
Wilcoxon matched pairs test: p < 0.001, p = 0.038
and p < 0.001 accordingly) which led to the nor-
malization of the content of CD356*e"CD16- and
CD56emCDI16" NK cells and a significant increase
in the level of CD56="CD94" cells relative to con-
trol values (see Tables 2 and 5). Only patients with
HCV genotype 3 after treatment had a decrease
in the level of CD564™CD94" NK cells relative
to control values.

The most pronounced changes in the blood levels
of expressing and non-expressing CD8 NK cells after
DAD treatment were found in CVHC patients with
HCYV genotype 2 (Table 6). A statistically significant
increase in the number of CDS56&"CDI16-CDS8-,
CD56YEnCD16-CD8*, CDS56e"CD16"CD8~ and
CD56MeCDI6"CD8* NK cells was found in pa-
tients of this group after treatment relative to base-
line values: by Wilcoxon matched pairs test: p =
0.044, p = 0.010, p = 0.037 and p = 0.004 accord-
ingly (see Tables 3 and 6). This resulted in an in-
crease in the content of cells with these phenotypes
to the level of control values. In addition, the num-
ber of CD3-CD56"CD8*CD45" cells in the blood
of patients with HCV genotype 2 after treatment
was increased by almost 3.5 times relative to control
values. Almost complete agreement with the initial
values in terms of the number of expressing and non-

expressing CD8 NK cells was found in patients with
HCV genotype 1 after DAD treatment. The only
exception was the normalization of the number
of CD564mCDI16"CD8 NK cells. Normalization
of the content of CD564™CD16-CD8* and CD56%™
CD16"CD8~ NK cells was also found in patients with
genotype 3 after treatment. In addition, an increase
in the number of CD56"CD16"CD8- cells in pa-
tients of this group after treatment was detected us-
ing the Wilcoxon matched pairs test (p = 0.045), but
their level still remained below the control. Other fea-
tures in the number of expressing and non-expressing
CD8 NK cells identified before treatment in patients
with genotype 3 remained unchanged after DAD
treatment.

The number of CD56"CD38"CD73~ and CD56"
CD38"CD73* NK cells in the blood of CVHC pa-
tients with HCV genotype 1 was normalized after
DAD treatment while the content of CD56"CD38~
CD73- cells remained low relative to the control
range (Table 7). Patients with genotype 2 after treat-
ment had the number of expressing and non-express-
ing CD38 and CD73 NK cells in the norm as well
as before treatment. However, the median content
of CD56"CD38-CD73- cells was increased in pa-
tients of this group after treatment by 5 times com-
pared with the initial level. All changes in the number
of expressing and non-expressing CD38 and CD73 NK
cells detected in CVHC patients with HCV genotype 3
before treatment were also found by us after DAD
treatment.

Table 6. HCV genotype-driven peripheral blood CD8-expressing NK cell level (in %) in patients with chronic

hepatitis C after treatment [Me (Q,-Q;)]

Cotitiol ) Patients with CVHC
Parameters n=21 Genotype 1 Genotype 2 Genotype 3
n=>52 n=8 n=49
CD3-CD56'CD8-CD45* 5.44 (4.73-9.27) 6.72(3.88-9.78) 7.38 (3.23-7.43) 5.50 (4.16-7.26)
14.68 (9.77-15.01)
CD3-CD56'CD8'CD45* |  4.23 (2.40-6.52) 4.29 (2.47-6.34) b, =0.012 vied{2:62-4.57)
_ p;=0.004
p,=0.001
R 0.12 (0.04-0.28) 0.10 (0.06-0.18)
bright; - e
CD56™s"CD16-CD8 0.53 (0.31-0.86) 0, < 0,001 0.13 (0.09-0.34) 0, < 0,001
0.07 (0.04-0.19)
CD569"CD16-CD8" 0.48 (0.21-0.89) 0.0810.0%-9,55) 0:50 (9'”'3'56’ p; < 0.001
p, < 0.001 p,=0.046 ¥
p,=0.041
? 0.34 (0.12-2.34) 0.56 (0.13-2.68)
bright -+ . =
CD56"CD16'CD8 3.68 (2.13-4.41) 0,< 0,001 0.25 (0.19-5.60) 0,< 0,001
0.54 (0.08-2.00) 0.55 (0.11-2.58)
bright; -+ + ! it
CD56""CD16'CD8 2.14 (1.38-5.42) 0,< 0001 8.58 (0.43-9.46) 0,=0.005
i 1.30 (0.51-3.05) 1.53 (0.79-2.17)
di ke =
CD56°"CD16-CD8 0.21(0.07-0.84) 0,< 0.001 1.52 (0.45-2.26) 0,< 0,001
CD56"CD16-CD8* 0.18 (0.07-0.25) 0'32 (_03%6214’ 0.81(0.11-3.92) 0.19(0.10-0.54)
‘ — .
CD56¢"CD16*CD8- 1.14 (0.44-1.51) 1.78 (0.46-4.38) 2.41 (0.22-4.59) 1.67 (0.73-4.10)
0.95 (0.60-2.75) 0.92 (0.29-2.54)
dim + + K o
CD56¢~CD16'CD8 0.38 (0.22-0.47) 0,=0.002 1.74 (0.08-10.16) 0,=0.016

Note. See footnote to Table 2.
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Table 7. HCV genotype-driven peripheral blood CD38- and CD73-expressing NK cell level (in %) in patients

with chronic hepatitis C after treatment

contral Patients with CVHC
Parameters nw 2t Genotype 1 Genotype 2 Genotype 3
n=52 n=8 n=49
: 176 (0.80-3.40) i 0.98 (0.57-178)
CDS6'CD38-CDT3- 2.34(1.76-5.25) Aispamn 6.75 (0.90-16.48) S o0,
CD56'CD38 CO73" 0.013(0.011-0082) | 0.036(0.021-0.076) | 0.038 (0.018-0072) | 0,027 (0.017-0.059)
CD56°CD38'CD73- 7,93 (6.10-15.01) 760037-n12) | 2ssso-iesy | OS0SCTE0
CDS6'CD38'CD73* | 0.039(0.020-0.088) | 0.101(0.052-0218) | 0.412(0.145-0.678) °"3zp“°<‘°g&2‘243’

Note. p, - significant differences versus control.

Discussion

NK cellsare a heterogeneous population, have natu-
ral cytolytic activity and are capable of producing a wide
range of cytokines [12, 19, 33]. We carried out a study
of the content of the main fractions of blood NK cells
in CVHC patients according to CD16 and CD56 mark-
ers. CDI6 is a low-affinity G II1 type immunoglobulin
receptor (FeyRIII), which mediates the mechanism
of cellular antibody-dependent cytotoxicity [11, 19].
The CD56 marker (NCAM, Leu-19, NKH-1) is a gly-
coprotein belonging to the immunoglobulin superfam-
ily and is involved in the implementation of intercel-
lular contacts [11]. Two main subpopulations of NK
cells are distinguished based on the level of CD56 ex-
pression, CD56™# NK cells are actively proliferating
cells, show minimal cytotoxic activity but intensively
synthesize and secrete cytokines such as IFNy, TNF
and GM-CSF [26]. Accordingly, this subset of NK
cells is defined as cytokine-synthesizing. There is also
evidence that CDS56"# NK cells can be defined as
regulatory (iNK cells) due to the pleiotropic function
of cytokines in various immune and non-immune pro-
cesses [23, 37|. Cells with the CD356™#"*CDI16* pheno-
type are mature NK cells, cells with the CD56™#+<CDI16~
phenotype are defined as less mature and predominantly
localized in secondary lymphoid organs (through the ex-
pression of CCR7) [22, 23, 35]. The degree of prolifera-
tion of CD56% NK cells in response to activation stimuli
is much lower, the cells produce an insignificant amount
of cytokines (including IFNYy), but have a high level of cy-
totoxicity {23]. Accordingly, this subset is defined as cyto-
toxic. At the same time, the fraction of CD56%*CD16-
cells is characterized as maturing NK cells, cells with
the CD56%"CDI6' phenotype predominantly circulate
in the blood and, expressing CXCR1, CX3CRI, and
ChemR23, migrate to the zones of immune-inflamma-
tory processes |22, 23, 35].

We found that the restructuring of the subset com-
position of NK cells in CVHC patients before the start
of DAD treatment occurred with all three HCV
genotypes while patients with genotypes | and 3 also
had a decrease in the percentage of the total fraction
of NK cells and patients with HCV genotype 2 had an

increase in the absolute number of NK cells. The re-
structuring of the subset composition of NK cells was
determined by a decrease in the amount of cytokine-
producing NK cells (CD56"%") in the blood of patients
and an increase in the level of cytotoxic cells (CD56%™),
The revealed changes characterized the reactive re-
action of NK cells to HCV infection. The number
of mature cytokine-producing cells (CD364"CD16")
in patients with HCV genotype 2 was minimal in the
blood. At the same time, the maximum content
of CD56%*CD16- NK cells was found in patients with
HCV genotype 2 (more than 10 times higher than con-
trol values). Moreover, it was with this subset of NK
cells that the cells with the most pronounced cytotoxic
activity was associated [4]. Therefore, a feature is re-
vealed in the reaction of NK cells in CVHC in depend-
ing on the genotype of the HCV. It should also be noted
that a high level of CD56“"CD16- NK cells in patients
with HCV genotype | was associated with an increase
in viral load while a low level of CD56*¥"*CD16- NK
cells in patients with HCV genotype 2 correlated with
a decrease in viral load (according to the results of cor-
relation analysis). This result determines the low func-
tional activity of NK cells with the CD56%" phenotype
(the number of which has been increased) in CVHC
patients and the increased significance in the mecha-
nisms of antiviral immunity of cells with the CD5g"
phenotype (the number of which has been reduced).
The percentage and absolute number of NK cells
in the blood of CVHC patients returned to normal af-
ter DAD treatment for all three types of HCV geno-
type. Against this background, the changes described
above in the subset composition of NK cells in patients
with HCV genotypes | and 3 were completely pre-
served after treatment. At the same time, patients with
HCYV genotype 2 after DAD treatment had a complete
normalization of cytokine-producing cells of NK cells
while the number of cells with the CD564"CDI16"
phenotype also increased to the level of control values.
The level of CD564"CDI16~ cells in CVHC patients
of this group after treatment remained clevated rela-
tive to control values (but already 3.95 times) but was
already the lowest compared to the detected number
in other HCV genotypes. Accordingly, it can be con-
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cluded that a more pronounced improvement in the
subset composition of NK cells after DAD treatment
was in patients with HCV genotype 2.

We also examined the number of cytokine-pro-
ducing and cytotoxic NK cells expressing the CD9%4
marker in the blood of CVHC patients before and
after DAD treatment. CD94 is a 30 kDa type II
transmembrane glycoprotein belonging to the family
of Ca?"-dependent lectins (type C) [27]. The CD9%
receptor binds to a member of the NKG2 family
to form a disulfide-coupled NK cell receptor for class
I MHC molecules which have higher specificity than
inhibitory/activating killer cell receptors (KIR/
KAR) belonging to the Ig superfamily [38]. It has
been proven that the level of synthesis of functional
molecules (perforins and granzymes) is carried out
depending on the expression of the CD94 receptor:
CD94*CD56%™ NK cells had lower expression levels
of granzyme B and perforin and, accordingly, were
characterized by a lower level of cellular cytotoxicity
than CD94-CD3564™ NK cells [38]. When examining
patients with CVHC before starting DAD treatment,
we found minor changes in the content of blood NK
cells expressing the CD94 receptor. Only patients
with HCV genotype 1 had low levels (compared with
control values and those found in patients with HCV
genotype 2) of CD564™CD94* NK cells. At the same
time, after DAD treatment, the content of this frac-
tion of NK cells was already reduced in patients with
HCYV genotype 3. However, patients with HCV geno-
type 2 after DAD treatment had a significant increase
(more than 15 times compared to control values)
in the number of CD56°&"CD94* NK cells in the
blood. In the Hughes T. et al. (2014) study, NK cells
with the CDS56#"CD94* phenotype were character-

ized as IFNy producing cells with cytolytic activi-

ty [20]. Therefore, we can conclude that the treatment
of CVHC patients with HCV genotype 2 led to an in-
crease in the functional activity of NK cells.

In recent years, attention has been drawn to the
fraction of NK cells expressing the CD8 receptor [16,
25]. It has been proven that CD8* NK cells are high-
ly sensitive to activation stimuli, have an increased
level of cytotoxicity, and co-express molecules such
as [FNy, CD107a, TNFo, and MIP-1B [16, 25]. Our
examination of CVHC patients showed that the maxi-
mum number (but corresponding to control values)
of NK cells expressing the CDS8 receptor was detect-
ed before the start of DAD treatment in patients with
HCV genotype 2. In general, changes in the num-
ber of NK cells expressing the CD8 receptor relative
to control values in CVHC patients with different
HCV genotypes before DAD treatment corresponded
to the above changes in the content of CD56#" and
CD356%m NK cells: the level of CD56 " cells express-
ing and non-expressing CD8 was reduced relative
to control values, while the number of CD564™ cells
expressing and not expressing CD8 was increased.
At the same time, patients with genotype 2 had during

this period of examination had the maximum number
of CD56%"CDI6-CD8~ and CD564mCD16-CD8"
NK cells (10.5 and 16.7 times higher than the control
level, respectively). Correlation analysis showed no re-
lationship between the content of CD8* NK cells and
the level of viral load. A positive correlation was found
with the number of CD564™CD16-CD8" cells in HCV
genotype 1 and a negative correlation with the level
of CD56"*CD16"CD8" cellsin HCV genotype 2 with
the level of viral load which made it possible to once
again note the functional insufficiency of NK cells
in CVHC patients before the start of DAD treatment.

The number of CD8'NK cells in the blood af-
ter DAD treatment in CVHC patients with HCV
genotypes 1 and 3 remained at the level of control values.
At the same time, the content of CD8"NK cells in pa-
tients with HCV genotype 2 increased after treatment
and exceeded the control values by almost 3.5 times.
The patients with this genotype after treatment also had
changes in the number of CD56#" and CD56%™ NK
cells expressing CD8 receptor which brought the con-
tent of these cells in the blood in line with the control
values. Only the number of CD564™CDI16"CD8- NK
cells returned to normal in patients with HCV geno-
type | after treatment. At the same time, the number
of CD56%™CDI16-CD8" and CD564™CD16"CD8- NK
cells in the blood of patients with HCV genotype 3
also returned to normal after treatment. At the same
time, the number of CD564"CDI16-CD8" and
CD564mCD16"CD8~ NK cells in the blood of patients
with HCV genotype 3 also returned to normal after
treatment. Consequently, the result of the treatment
of CVHC patients was the normalization of the num-
ber of individual fractions of NK cells with cytotoxic
activity for individuals with genotypes 1 and 3 as well
as the restoration to control values of NK cells with
cytokine-producing and cytotoxic activity for persons
with genotype 2.

Also, the number of NK cells expressing and non-
expressing CD38 and CD73 in CVHC patients before
and after DAD treatment was studied. CD38 is a about
45 kDa glycoprotein that is expressed on the surface
of many cells of the immune system and is defined as
a glycohydrolase (EC 3.2.2.6) that catalyzes the degra-
dation of NAD* or NADP* to form cyclic ADP-ribose
and nicotinamide [32]. The products of this reaction
are necessary for the regulation of the intracellular
pool of Ca?". CD38 is involved in the regulation of cel-
lular metabolism through the regulation of the NAD
pool and in the pathogenesis of many conditions, in-
cluding aging, obesity, diabetes, heart disease, asthma,
and inflammation. It was shown that the expression
of the CD38 receptor on the membrane of NK cells
led to a decrease in their functional activity [34]. CD73
(NTSE) is an ecto-5"-nucleotidase (EC 3.1.3.5) — an
enzyme that cleaves adenosine monophosphate (AMP)
to adenosine [36]. It has been proven that NK cells ex-
pressing CD73 have reduced cytotoxic activity and can
implement the functions of regulatory cells [28].
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We found a decrease in the number of double-neg-
ative NK cells as well as positive for CD38 and negative
for CD73 in CVHC patients with HCV genotypes 1 and
3 before the start of DAD treatment. At the same time,
the revealed changes in patients HCV genotypes 1 and
3 were manifested in the blood of patients at this stage
of the examination against the background of a pro-
nounced increase in the number of double-positive NK
cells, that is, cells with the most pronounced regulatory
activity. It should also be noted that only patients with
HCYV genotype 3 had positive correlations between vi-
ral load and the number of CD38 and CD73 positive
NK cells. Patients with HCV genotype 2 before DAD
treatment had no changes in the number of NK cells
expressing CD38 and CD?73 relative to control values.
The patients with HCV genotype 1 after treatment
had a normalization of the number of regulatory NK
cells and that were positive for CD38 which undoubt-
edly determined the increase in the functional activity
of NK cells. At the same time, there were no changes
in the number of NK cells in the blood with the ex-
pression of CD38 and CD73 in patients with HCV
genotype 3 after the treatment which made it pos-
sible to conclude that the immunoregulatory activity
of NK cells was preserved in patients of this group.
The level of double-negative for CD38 and CD73 NK
cells in patients with HCV genotype 2 after treatment
increased by 5 times relative to the initial values (but
within control range). Consequently, the number
of positive for CD38 and CD73 NK cells in CVHC
patients before and after DAD treatment differed sig-
nificantly depending on HCV genotype, and the most
pronounced immunoregulatory activity of NK cells
was manifested in HCV genotype 3.

It should be noted that data on changes in the phe-
notype and functional activity of NK cells after DAD
treatment of CVHC patients are very contradictory.
For example, in the work of Zhang X. et al. (2022)
was shown that the functional activity of NK cells
was restored during treatment but then decreased
to a level below the control values. At the same
time, the authors noted (as in our study) the number
of CD564%"NK cells in patients constantly increased
in the course of DAD treatment [39]. At the same
time, the study of Jiang H.J. et al. (2019) was showed
that the functional activity of NK cells in CVHC
patients was restored during DAD treatment due
to an increase in the number of CD56Y&"NK cells
and a decrease in the content of NK cells expressing
the NKG2A receptor [21].
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Abstract. Background. The course of the COVID-19 epidemic process depends on population immunity which prevents
pathogen spread. Aim: to study an evolution of SARS-CoV-2 humoral immunity in the Belarusian population rela-
tive to COVID-19 pandemic dynamics. Materials and methods. The work was carried out according to a methodology
for assessing herd immunity developed by Rospotrebnadzor (Russia) and the Belarusian Ministry of Health involving
the St. Petersburg Pasteur Institute (SPPI) by taking into account the WHO recommendations. The study was approved
by the Bioethics Committee of Belarus and the SPPI Bioethics Committee. Participant selection was carried out by ques-
tionnaire using a cloud (internet server) service. To monitor herd immunity, a cohort of 4661 subjects (involved at all
stages of seromonitoring) was formed from the total volunteer group. Study subjects were randomized into groups based
on age (1-17, 1829, 30-39, 40—49, 50-59, 60—69, 70+ years), geographic region, and occupation. For the detection
of antibodies (Abs) against SARS-CoV-2 nucleocapsid (Nc) and S glycoprotein receptor-binding domain (RBD), rel-
gvant assay systems were used according to the manufacturer’s instructions. A four-stage study was conducted according
10 a unified scheme. Results. At stage | (pandemic month 15), herd immunity was mainly accounted for by Nc*'RBD* Ab
status alone. By stage 2 (4 months later), its specific proportion decreased by 1.2-fold, whereas percentage of subjects solely
bearing RBD-specific Abs increased by 1.7-fold. At stages 3 and 4 (9 and 19 months after the onset) vs. stage 2, percent-
age of subjects with RBD*Nc~ decreased by 3.5%:; the proportion of persons with Nc"RBD~ Abs increased by 1.5-fold.
The most important contributor in herd immunity turned out to be due to population vaccination, with coverage reaching
70% by stage 4. Among vaccines, compared with whole-virion, inactivated BIBP-CorV vaccine the Sputnik V and Sputnik
Light vector were used most often. Conclusion. The evolution of herd SARS-CoV-2 humoral immunity included a series
of changes in circulating Ab levels (Nc, RBD). The hybrid immunity formed helped to reduce the incidence of COVID-19
to sporadic level.
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3BOMOLUMA KONNEKTUBHOINO NYMOPAJTBHOMO UMMYHUTETA K SARS-CoV-2 CPEIN
HACENEHWSA PECNYBJIUKWU BENAPYCb

TMonosa A.10.!, Cuupnos B.C.2, Eroposa C.A.%, Tapaceuxo ®.A.°, lamkesuy A.M.*, Mummaxnna A. M.,
Cxypasosua A.JLY, posa M.B.2, Ninnckas U.H.Y, 3yesa E.B.}, Camoitaosuu E.O.5, Msaunos B.AZ, Pomau 9.C2,
I'ybanosa A.B.2, IpoGuimesckas B.I'?, XKumbaesa O.B.%, Tlerposa 0.A.%, Pasymosckas A.IL.%, Kapaban M.A.,
Amspocsesa T.B.%, ITImenesa H.ILS, Pyb6auuk JI.B.%, iponuna A.M.*, Toroasn A.A.?

! Pedepanvuas caycba no nadopy e cgepe sauumel npas nompedumenei u Gaazonoayyus 4esosexa, Mocxaa, Poccus
2PEYH HHH snudemuosozuu u muxpobuosceuuumenu Ilacmepa, Canxm-Iemeptype, Poccus

! Munuemepcemeo sdpasooxpanenus, Munck, Pecnyauxa beaapycs

Y PecnyGauxancxult wenmp eueuenw, Munck, Pecnyéauxa Bearapycs

* Pecnybauxancxuit HITL snudemuonozuu u mukpobuonoeuu, Muncx, Pecnybauxa berapycs

Pestome. Bsedenue. Cynsba anuaemuygeckoro npouecca COVID-19 saBucHT OT nonyas1IHOHHOIO HMMYHHTETA, CITO-
coBHOro NPeJoTEPaTHTSL pacnpocTpatenue Bo30yanTeas cpean Hacenenus, eas. Meenenoeats 3B0MIOUHIO TTONY-
JAUHOHHOIO FyMOpaabHOro umMmyHuTera K SARS-CoV-2 nacenenns benapycu s annamuke nangemun COVID-19.
Mamepuaas u memodw. PaboTy NPOBOANIM 10 METONONOIHH OUCHKH MONYASUHOHHOrO HMMyHHTeTa K SARS-
CoV, paspaboransoi PocnorpeGransopom Poccun u MuHucTepeTBOM 3apaBooxpaneHus benapycH npu yyacTHu
HUUWBM um. Mactepa ¢ yuetom pexomernauuii BO3, Hecaenosanne onobpero KoMuTeToM 1o 6rnoaruke beaapycu
i ToKanbHBIM aTHYeckuM kKoMuTeToM HUMUBM um. Mactepa. Or6op yyacTHHKOB NIPOBOAHIH MCTOAOM AHKETHPOBA-
HUA C TOMOLIBIO TEXHOMOTHH «001a4HOr0 cepBucar, [ns npoBeeHHA MOHHTOPHHTA MONY/IALHOHHOTO MMMYHHTETa
13 oflero yMcia BOJOHTEPOB (OPMHPOBATH KOTOPTY B cocTaBe 4661 yenoseka, yHacTBOBaBUIMX B 00CAE10B3HHH
Ha BCEX 3Tanax CepoMOHMTOPHHTA. BONOHTEPOB PAHAOMHIMPOBAIH 110 BO3pAacTHRIM rpyrmam: 1-17; 18-29; 30-39;
40—49; 50-59; 60—69; 70+ 7eT, a TAKKC 110 TCPPUTOPHANIEHOMY M TIpodeccHoHaNIbHOMY NpH3HakaM. [ onpe-
JeNneHHA aHTHTEN K Hykaeokancuay (Nc Abs) u peuenTop-cassbiBaiomemy gomeHy (RBD Abs) mukonporensa S
SARS-CoV-2 npHMeHSIM COOTBETCTBYIONIME TECT-CHCTEMBI B COOTBETCTBMMN ¢ HHCTPYKUMAMHA MPOU3BOAHTENCH,
Wceneaosanne IpOBOAHIOCH B 4 37ana 1o eauHoit cxeme, MonyuyeHHble pe3ynsraTsl oOpabaTeBaan ¢ HCNOAb30BA-
HHEM cTaTHeTHyeckoro rakera Excel 2010, n apyruMy nporpaMMHbIMH MPOAYKTAMM. CTaTHCTHYECKY IO 3HAYHMOCTD
Pa3IHYHH OUEHHBAIN C BEPOATHOCTEIO p < 0,05, eciu He ykasaHo wnaye. Pesyasmams, Ha |-m atane (15 mecsu nman-
AeMMH) TONMYAAUHOHHEIH HMMYHHTET Obii 06YCA0BICH NpeuMyLiecTBeHHO TobKo Nc*RBD* Abs. Ko 2-my atany,
NpOBeAEHHOMY Yepe3 4 Mec, HX J0js coKpaTHnacsk B 1,2 pasa, HO YBEAHYMIHCH KOS BOJOHTEPOB, COACPXKABIIMX
Tonsko RBD Abs 8 1,7 pasa. Ha 3-m 1 4-M 3Tanax, nposeaenHsix yepes 9 u 19 mec., noas auu ¢ RBD*Ne- no cpasre-
HUIO co 2-M aTanoM Ha 3,5%, aoas auu ¢ Ne'RBD Abs yeennunnacs B 1,5 pasza. BaxHeimum GakTopoM mOmyasum-
OHHOTO HMMYHHTETA CTaNa BAKLWHALIMA HAaceJIeHHA, OXBAT KOTOPOi K 4-My atany aoctur 70%. Cpeau sakunH yame
BCero Mcnojb3osany sexropHiie Crytauk V u CnytHuk Light, pexe — UCAbHOBUPHOHHYIO HHAKTHBHPOBAHHYIO
BIBP-CorV. 3axmouenue. DBOMOLUA TONYIAUHOHHOIO ryMOpanbHoOro uMmyHsireTa npotus SARS-CoV-2 srinioya-
712 COBOKYIHOCTb H3MEHEeH Ut yposreit uupkynupyomux Ne, RBD u Nc*'RBD Abs. Chopmuposanuiuiics rubpua-
HbIH HMMYHHTET CNIOCOOCTBOBAJT CHIKEHHIO 3a00/1eBaeMOCTH J10 CIIOPAIHYECKOr0 YPOBHAL.

Kanovesnie caosa: PecnyGauxa Beaapycs, nacesentie, SARS-CaoV-2, COVID-19, cepomorumopunz, nONYARRUORRG ummyHumen,
anmumena, KyKACOKANCUD, peqenmop CaAINEanuuil doOMen, EARKURAYUA, 2UGPUOKKNG uMMyHumen,

Introduction

Among the vast family of viruses that periodi-
cally cause infectious illness in humans, coronavi-
ruses did not initially attract much attention. Isolated
in 1965 from a person with acute coryza, they have
long been associated with a mild, self-limiting up-
per respiratory tract infection. Four types of seasonal
coronaviruses have been known to be associated with
common cold infection in humans: two alpha (229E,
0OC43) and two beta (NL63, HKU1) [2, 3]. The situ-
ation began to change starting in 2002, when the first
highly pathogenic strain of coronavirus emerged,
causing a SARS outbreak of more than 8400 cases.
Subsequently, this virus was named SARS-CoV [37].

Ten years later, another pathogenic Betacorona-
virus representative appeared in the Middle East:
the causative agent of Middle East Respiratory

Syndrome (MERS). It caused 1348 infections from
20122015, in which 479 people died [4, 23, 37, 46].
The evolution of pathogenic coronaviruses continued
at the end of 2019, on December 31 specifically, when
a cluster of SARS patients was detected in a fish market
in the Chinese city of Wuhan. It was caused by a new
Betacoronavirus representative, SARS-CoV-2, caus-
ing a pandemic of acute respiratory infection pandem-
ic (COVID-19) now in its third year [32, 42, 45].
According to statistical sources, 630 164 738 peo-
ple have been infected globally, including 6 577 479
deaths (as of October 14, 2022) [14, 44]. A charac-
teristic feature of SARS-CoV-2 is relatively rapid
viral evolution due to a rather high mutational vari-
ability [19, 39]. Thus, the original Wuhan viral line
(2019-nCoV) was replaced by a new variant: B.1.1.7
(Alpha type), first isolated on September 20, 2020
in the UK |25]. In the same year, a variant, B.1.351
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(Beta type) [22], was identified in S. Africa (May
20). In November, a new variant, B.1.1.28 (P.1),
was identified in Brazil, designated as the Gamma
viral line [7]. Around the same time, a virus was
isolated in India, designated as B.1.617.2 (Delta
variant) [28]. The latest virus was B.1.1.529, better
known as the Omicron variant, which was identi-
fied in November 2021 simultaneously in S. Africa
and Botswana; it circulated at least until the end
of 2022 [20, 24]. All of the aforementioned corona-
virus variants were classified as variants-of-concern
(VOC) [44]. In addition to them, however, there are
7 additional, less pathogenic, strains. These did not
show significance in the pandemic process and were
guickly forced out of circulation by more pathogenic
representatives.

In the Republic of Belarus (RB), the COVID-19
pandemic turned out to be less widespread than
in neighboring countries, such as Russia for exam-
ple [12]. As of 14/10/2022, 994 037 individuals have
beeninfected inthe RB, of which 7118 (0.7%) have died.
In terms of incidence, the Republic ranks 65th among
nations globally. At the same time, like other coun-
tries globally, it was not bypassed by the well-known
SARS-CoV-2 lines that appeared in circulation [9].
By comparing the ordering of SARS-CoV-2 variants
and recorded peaks in morbidity, it was possible, with
some degree of probability, to predict the chronological
sequence of the listed variants appearing in circulation
in the RB (Fig. 1). At the same time, it should be noted

that each subsequent viral variant caused a wave of in-
creased incidence in the RB, often 3—4 months later
than peaks in many other countries.

The first COVID-19 case was detected only
in the 9th week of 2020, that is, at the end of the 2nd
month after the first case was detected in Wuhan [9].
The Alpha SARS-CoV-2 variant was identified in the
UK in September 2020, but only in February 2021
did it start circulating in the RB. Similarly, the most
transmissible Omicron variant was initially isolated
in S. Africa in September 2021, but its rapid, albeit
short-lived, spread in RB was not seen until January
2022 (Fig. 1). Thus, the epidemic situation in the RB
can be characterized by several features: relatively
low population density (45.5 km?); later appearance
of new SARS-CoV-2 genetic variants in circula-
tion; and relatively low morbidity, not exceeding
600%o00 (Fig. 1), with mortality varying within 0.7%.

For comparison, in Poland (as of May 35,
2022): pop. density was 121.2 km?; morbidity was
15 834%cco; and COVID-19 mortality was 1.9%.
In neighboring Ukraine (pop. density 75.6 km?), mor-
bidity was 12 152%occe, and the COVID-19 mortality
rate was 2.17%. In Hungary (pop. density 103.3 km?),
morbidity was 19 803%cce, and the mortality rate
reached 2.4%. In Lithuania (pop. density 40.6 km?),
morbidity was unexpected high (39 949%cc0), and
the mortality rate was 0.9% [12, 13].

Another factor likely preventing intense spread
of SARS-CoV-2 among the Belarusian population was
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Figure 1. Evolution of COVID-19 morbidity and vaccination dynamics in the Belarusian population

Note. Biack line — morbidity throughout the COVID-18 epidemic among the Belarusian pop.; rectangles — actual SARS-CoV-2
variants circulating over different periods; grey line — the share of people who have completed vaccination; left vertical axis —
morbidity per 100 000 pop.; right vertical axis — the proportion of people who have completed full vaccination; horizontal axis —
week of the year; triangles — demarcate stages | through IV of seromonitoring.
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substantial seroprevalence. According to a cross-sec-
tional study to assess population immunity in Belarus,
the average level of seroprevalence for SARS-CoV-2
N protein Abs was 47.1% already by May 2021 (95%
CI: 46.3—48.0) [30]. Vaccination against pathogenic
coronavirus was launched in the first half of 2021 and
actively carried out in the Republic. This undoubtedly
became a decisive prerequisite for increasing the level
of population immunity. Indeed, a noticeable de-
crease in COVID-19 morbidity was observed in the
second half of 2022 (Fig. 1).

It should also be noted that booster re-vaccination
was launched among the population starting from
the 40th week of 2021. In result, vaccine coverage ofthe
population had reached almost 70% of the threshold
starting from the 19th week of 2022, A sharp decrease
in incidence to only sporadic levels immediately fol-
lowed. This is fully consistent with existing theories
which assert that achievement of 70% seroprevalence
represents a threshold leading to interruption of path-
ogen transmission [31, 33]. This fact likely explains
certain dynamics: the weak collective response to the
introduction of the Delta variant into the RB; and
the brief peak in morbidity associated with circulation
of Omicron B1.1.529 strains (Fig. 1).

Of course, in parallel with changes in corona-
virus genetic variants, humoral immunity in the
population inevitably evolved as well. When analyz-
ing the COVID-19 morbidity curve alongside vac-
cination dynamics, we notice a clear relationship.
Specifically, the formation of population immunity
exerted a dominant, positive influence leading to the
suppression, and then the cessation, of the epidem-
ic process among the population (Fig. 1). Analysis
of the evolution of SARS-CoV-2 collective immu-
nity in the Belarusian population, in the context
of the COVID-19 epidemic (second half of 2020 and
the first 10 months of 2022), was the main goal of this
randomized longitudinal study.

Materials and methods

Formation of the volunteer cohort. A study to assess
the formation and progression of SARS-CoV-2 col-
lective immunity in the Belarusian population was
implemented in 4 stages over 202122 (Fig. 1). The Ist

Table 1. Age structure of the volunteer cohort

Age group, Analyzed
years Individuals Share of the cohort, %

1-17 547 1.7
18-29 406 8.7
30-39 664 14.2
40-49 820 17.6
50-59 793 17.0
60-69 704 15.1
70+ 727 15.6
Total 4661 100

stage was carried out (May 14—19, 2021) with 12 929
individuals taking part in the survey. In the 2nd stage
(Aug. 30 — Sept. 3, 2021), the number of examined
individuals decreased by 28%, leaving to 9269 people.
By the 3rd stage (Jan. 2428, 2022), the cohort of ex-
amined persons decreased by another 11.6%, leav-
ing 8189. In the final 4th stage (Oct. 10—14, 2022),
the surveyed cohort size was 5755; some in this group
had missed the 2nd and/or 3rd stages. To obtain com-
parable results, only those individuals who partici-
pated in all stages of monitoring were selected from
the general cohort. These totaled 4661 people, and
their results were used for subsequent analysis.

All studies were carried out exclusively on a vol-
untary basis in which each volunteer (or their legal
representative) was familiarized with the study’s aims
and conditions. The study was conducted in strict
accordance with the provisions of the Declaration
of Helsinki. Prior to the start of the cross-section-
al study, the design was approved by the Bioethics
Committee of the RB (protocol No. 2, dated May
13, 2021) and the local ethics committee of the
St. Petersburg Pasteur Institute (Proceedings No. 64,
dated May 26, 2020).

All volunteers included in the cohort were clini-
cally healthy, The exclusion criterion was: signs
of manifest COVID-19 during the survey period.
Our methodology for cohort formation and exami-
nation has been exhaustively described earlier [1,
27, 30,]. Over the course of four stage examination
of individuals in the final cohort, antibodies (Abs)
to two main antigens (Ags) were determined in vol-
unteer sera according to previously described meth-
ods [29, 30]. These were Abs to nucleocapsid (Nc)
and to S protein receptor-binding domain (RBD).
To obtain comparable results, volunteers were rand-
omized during cohort formation by age and region
(Tables 1, 2). Randomization by age yielded a cohort
profile similar to the age structure of the Belarusian
population [40].

Upon regional randomization, the greatest volun-
teer representation was from Minsk (the capital and
most populous city) and the Mogilev region. The least
was from the Gomel region. In other administrative
regions, representation was relatively uniform. Thus,
based on the randomization performed, the distribu-
tion of volunteers by age and region satisfactorily cor-
responded to demographic criteria (Table 2) [40].

Some of volunteers participated in corona-
virus vaccination deployed in the RB. In the Ist
stage, 1168 people in the cohort were vaccinated,
Of these, 85.3% received the Gam-COVID-Vac vec-
tor vaccine (Sputnik V, Gamaleya National Center
for Epidemiology and Microbiology, Moscow,
Russia), and 14.7% received the inactivated BBIBP-
CorVvaccine (Sinopharm Group Co., Ltd., Shanghai,
PRC). By the second stage, 1179 volunteers were vac-
cinated, with 85.3% receiving the Sputnik V vaccine,
14,0% receiving BBIBP-CorV, and about 1% receiv-
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ing other vaccines. By the 3rd stage, another 1371
volunteers had been vaccinated. At the same time,
the share immunized with Sputnik V vaccines was
87.2%, and the share vaccinated with BBIBP-CorV
was 12.7%. In the 4th stage, 1196 people were vac-
cinated, with 85.4% receiving Sputnik V and 14.5%
receiving BBIBP-CorV.

Statistical analysis. The data obtained were pro-
cessed using Excel 2010. Confidence intervals (95% CI)
were calculated according to the method of A. Wald
and J. Wolfowitz [43], with the corrections of A. Agresti
and B.A. Coull [3]. Correlation analysis was performed
using the Spearman rank correlation method. The sta-
tistical significance of differences was calculated by
z-test using a corresponding online calculator [38].
The statistical significance of differences, unless other-
wise indicated, was assessed with a probability p <0.05.

Results

Characteristics of the COVID-19 epidemic process
over the seromonitoring period. The cohort of vol-
unteers who took part in all stages of Ab seropreva-
lence assessment in the Belarusian population dur-
ing the COVID-19 pandemic was, as indicated, 4661
individuals. The first stage was conducted from May
14 to 19, 2021 (weeks 19—20). During this period,
there was a small peak in morbidity within 88%occc.
The B.1.1.7 (Alpha) viral variant circulated predomi-
nantly in the country, yet without causing a significant
increase in morbidity, which did not exceed 100%oco.

The second stage of monitoring (30.08—
03.09.2021, week 35) featured a more difficult epi-
demic situation, with the B.1.617.2 (Delta) variant
circulating predominantly. Unlike the Alpha variant,
it was characterized by higher transmissibility and
virulence [8, 28].

The third stage of monitoring was carried out
from January 24—28, 2022 (week 4), two weeks before
a sharp increase in morbidity, which reached a maxi-
mum of 583.7%cco (week 6). Fortunately, this outbreak
turned out to be short-lived, and after 2 weeks a rapid
decline ensued. This wave of morbidity was caused
by B.1.1.529 (Omicron), the circulation of which was
still ongoing during the 4th stage of monitoring (10—
14.10.2022, week 41).

In summarizing the data, it should be empha-
sized that fewer SARS-CoV-2 genetic variants were
seen in the RB than in the rest of the world. Indeed,
a number of variants-of-concern were not detected
in the RB (B.1.351, B.1.1.28 (P.1), others), and in-
cidence associated with circulating viral lines was
relatively low. A probable reason for this phenom-
enon could be strong collective immunity to SARS-
CoV-2, which had reached 50% (share vaccinated)
near the beginning of Omicron circulation (Fig. 1).
Considering that, by this time, about 11% of the
population had manifested COVID-19 [11, 30], then
the overall level of collective immunity could exceed

Table 2. Randomization by region

Region Individuals s"“;f:'gg: c'°°') ort,
Brest Region 621 133 (12.4-143)
Vitebsk Region 513 1.0 (10.1-11.9)
Grodno Region 574 12.3(11.4-13.3)
Gomel Region 218 9.0(3.2-9.8)
Mogilev Region 1043 22.4(21.2-23.6)
Minsk Region 578 12.4(11.5-13.4)
Minsk 914 19.6(18.5-20.8)
Total 4661 100

60%, even without taking into account asympto-
matic infections. Thus, it is logical to assume that
a threshold was reached; it was seemingly sufficient
to reduce incidence to a sporadic level starting from
week 20 (2022). A small one-day outbreak (within
120%ccc, week 28, 2022) did not change the main
trend of near-zero morbidity (Fig. 1).

Evolution of SARS-CoV-2 collective immunity
among volunteers assessed by serological
dynamics

Distribution of SARS-CoV-2 seropositivity by age
group. When analyzing the evolution of humoral im-
munity to SARS-CoV-2, we determined Ab profiles
generated in response to the circulation of two main
viral antigens in the body, Nc and RBD. For this
purpose, four main groups were distinguished in the
volunteer cohort. The first group included individu-
als who did not have specific Abs circulating in their
blood (anti-Nc or anti-RBD); it was designated as N¢~
RBD-. The 2nd group included volunteers in whose
blood Nc Abs alone were detected; it was designated as
Nc"RBD-. The 3rd group included volunteers seropos-
itive for RBD Abs alone (RBD*Nc). The last group
included volunteers with both Ab types in their blood
simultaneously (Nc*RBD"). All studies were conduct-
ed in a single cohort of 4661 selected volunteers, with
all volunteers participating in all monitoring stages.

In the Ist stage, a significant predominance
of Nc"RBD~ over Nc"RBD~ (p < 0.05) was noted,
mainly due to higher seropositivity among older
(50—70+) individuals (Fig. 2). The smallest propor-
tion of seropositive individuals was noted among
Nc*RBD-. The share of RBD*Nc~ turned out to be
approximately 4.5-fold higher than Nc*RBD~, while
being significantly lower than Nc*RBD™ and Nc¢-
RBD~ (p < 0.05), except for the group “18—39 years”,
where differences with Nc"RBD* were not signifi-
cant (Fig. 2, Table S1).

By the 2nd stage, the proportion of seronega-
tive (NcRBD~) and specific seropositive groups
(Nc'RBD~-. Nc'RBD") significantly decreased
(p < 0.001). RBD*Nc-, on the contrary, increased
significantly (p < 0.0001) (Fig. 2, Table SI). A rea-
son for these changes is likely expansion of vaccina-
tion coverage, which by this time amounted to more
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than 15%. The most widely used preparation during
this period was Sputnik V (vector vaccine) whose
mechanism leads to production of RBD antigen
alone. By the 3rd stage, a change in trend was not-
ed, manifested by a noticeable increase in the share
of Nc*RBD, alongside steep decreases in Nc"RBD-
and Nc*RBD~ (p < 0.0001), as well as an insignifi-
cant decrease in RBD*Nc~ (Fig. 2, Table S1). By this
time, vaccination coverage was 47% (Fig. 1).

The situation that developed by the 4th stage was
characterized by an absolute dominance of Nc*RBD*
status (Fig. 2, Table S1). Taking into account
the short-term outbreak of COVID-19 in the 6th
week of 2022, as well as the high level of vaccination
(which amounted to 70.2% by the 4th stage), it can be
assumed that these factors contributed to the forma-
tion of a high level of Nc*RBD™* dominant positivity.
It averaged 80.0% for the cohort (95% CI: 78.8—91.2),
likely becoming one of the reasons for the near-zero
COVID-19 morbidity in the Belarusian population
starting from week 20 of 2022 (Fig. 1).

Features of collective immunity formation in different
Belarusian regions. The Republic of Belarus is a relative-

T 40-49

—@—Nc'RBD~  —O—Nc'RBD

ly compact nation, located on the hilly plain of Eastern
Europe, with a temperate continental climate and fa-
vorable environmental conditions. In general, these
conditions are typical for all of the Republic’s regional
administrative entities. As such, there were no prelimi-
nary grounds to expect significant regional differences
in the development of the COVID-19 epidemic process.
Our preliminary assumptions, and the results of a cross-
sectional randomized study [30], were in good agree-
ment with each other.

In the 1st stage, there was a significant predomi-
nance of Nc'RBD" and Nc"RBD~ status compared
with Nc¢'RBD~ (p < 0.0001) and RBD*Nc~ (p <
0.001) (Fig. 3, Table S2).

By the 2nd stage, the structure of seropositivity had
changed significantly,. The RBD*Nc~ subpopulation
became dominant, and the share of N¢c*RBD* was
lower. These differences, however, only reached signifi-
cance in Vitebsk oblast, Minsk oblast, and the capital
Minsk (p < 0.05). The share of Nc-RBD~ decreased
significantly relative to RBD*Nc¢~ in all regions (p <
0.001). The share of N¢'RBD~ turned out to be 6 to 10-
fold lower than other subpopulations (Fig, 3, Table S2).

«+{++ RBD'Nc"

—&— Nc'RBD"

Figure 2. Distribution of seropositivity (Nc, RBD) among volunteers by age group and seromonitoring stage
Note. Nc'RBD- — SARS-CoV-2 Ab seronegative individuals; N¢*RBD — those seropositive for Nc Abs only; RBD'Nc™ — those
seropositive for RBD Abs only; Nc*RBD* — those seropositive for both Abs. Vertical value axis: share of the age subgroup with
the indicated serological status, %. Sectors: age intervals, years. Numerical values for the graphs are given in Supp. Table $1.

Monitoring stage is indicated above the diagrams.
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The structure of volunteer subpopulations
in terms of seropositivity in stages 3 and 4 was identi-
cal to that obtained when analyzing the data by age
(Fig. 2, Table S1). The share Nc"RBD™* increased
from stage to stage. By the end of the study (stage 4),
it reached a maximum, varying from 78.0% (95% CI:
73.7-81.9) in the Gomel region to 83.0% (95% CI:
80.4—85.4) in Minsk. The share of RBD*Nc- in the
whole cohort, on the contrary, decreased from 36.0%
{95% CI: 34.6—37.4) at the 3rd stage to 15.8% (95% CI:
14.7—16.8) at the 4th stage (p < 0.0001). The shares
of Nc"RBD~ and N¢"RBD- decreased from stage
to stage, dropping to 2.1% by the end of monitoring
(Fig. 3, Table S2).

Thus, the dynamics of SARS-CoV-2 collective
immunity among the populations of different ad-
ministrative regions in the RB turned out to be gen-
erally the same: a prevailing trend featuring an in-
creasing in the share of Nc*RBD™; associated breaks
in viral transmission; followed by the near cessation
of COVID-19 epidemic incidence, at least in terms
of manifest forms of infection.

Influence of occupational factors on the structure
of SARS-CoV-2 antibody seroprevalence. Occupation
can have a significant impact on seroprevalence level

Stage 1

Gomel Region

—@—NcRBD - —@—-Nc'RBD-

and structure. There is an extensive list of professions
that involve constant wide contact with the surround-
ing population. Visual, and often tactile, contacts
with people are typical for certain professional cat-
egories, such as healthcare, education, trade, trans-
port, catering, consumer services (hair salons, mas-
sage parlors, spas, etc.), as well as among a number
of other people who cannot carry out their work du-
ties remotely or in self-isolation mode. As such, it fol-
lows that SARS-CoV-2 Ab seroprevalence among
individuals in such professions can have a significant
impact on the course and outcome of the COVID-19
epidemic process. Analysis of seropositivity levels,
taking into account the professional structure of the
surveyed cohort, was the next step in monitoring as-
sessment (Fig. 4, Table S3).

In the Ist stage, a noticeable spread in the shares
of Nc"RBD~, RBD*Nc¢~ and N¢'RBD* was observed
(Fig. 4). When calculating the variance, the larg-
est value was noted in Nc"RBD- (81.86); the smallest
was in RBD"Nc¢~ (35.64). The share of Nc*'RBD~ was
only 54% (95% CI: 5.1—6.1); the dispersion was 4.18.
The largest proportion of Nc"RBD~ was observed
among children (58.8%; 95% CI: 44.2-72.4). In the
Nc"RBD' group, the maximum proportions were found

Stage 2
Brest Region
®
Minsk ," : Vitebsk
Mirysk Grodno
Region Region
Mogilev Ragion Gomel Region
Stage 4
Brest Region
| 4
Min Vitabsk
City Region

Mogilev Region Gomet Region

- =@ —RBD'N¢c- —@— Nc¢'RBD’

Figure 3. Distribution of volunteer seropositivity (Nc, RBD) by region and seromonitoring stage
Note. Nc'RBD- — SARS-CoV-2 Ab seranegative individuals; Nc"RBD- — those seropositive for Nc Abs only;

RBD'Nc- — those seropositive for RBD Abs only; Nc’RBD' — those seropositive for both Abs. Vertical value axis: share
of residents with the indicated serological status, %. Sectors: age intervals, years. Numerical values for graphs are given
in Suppl. Table S2. Monitoring stage is indicated above the diagrams.
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among military personnel (56.7%; 95% CI: 37.4-74.5)
and civil servants (53.3%; 95% CI1 44.1—62.2) (Table S3).

Stage 2 was characterized by an increase in the pro-
portion of RBD*Nc¢~ in almost all population groups:
from 22.7% (95% CI: 21.6—24.0) in stage | to 39.5%
(95% CI: 38.1—40.9); differences were significant at
p < 0.0001 (Fig. 4, Table S3). The shares of all other
categories, on the contrary, decreased: Ne"RBD~ by
1.3-fold; Nc*RBD~ by 1.5-fold; and Nc*RBD* by 1,2-
fold. The differences were significant (p < 0.05).

The general trend of changes in the structure
of immunity in later stages was noted in all popu-
lation groups, regardless of the field of activity. By
the 3rd stage, the structure of seropositivity had no-
ticeably changed. The share of Nc*RBD" increased
to 49.5% (95% CI: 48.0—50.4) compared to 32.7%
(95% CI: 31.3—34.0) in the 2nd stage; the differences
were significant (p < 0.001). A pronounced decrease
(almost 2-fold) to 12.1% (95% CI: 11.2—13.1) was
noted for Nc"RBD . The RBD*Nc¢~ value decreased
by an average of 3.5% for the cohort to 36.0% (95%
CI: 34.6-37.4). The differences with 2nd stage data
were significant (p < 0.05).

—&— Ng'RBD

In the 4th stage, the trend towards the formation
of stable collective immunity reached its maximum
strength, manifested in all population groups as
a significant increase in the proportion of Nc'RBD".
It ranged from 74.3% (95% CIl: 56.7—-87.5) in the
group “scientists” to 87.0% (95% CI: 73.7-95.1)
in the group “students”. In result, the proportions
of Nc"RBD~ and Nc'RBD- in each population
group decreased to 2—3% (Fig. 4, Table S3).

Insummarizing the obtained data, we can formu-
late the main trend regarding collective immunity.
Active immunization, carried out across the 4-stage
seromonitoring period, was accompanied by the ac-
cumulation of SARS-CoV-2 specific Abs, and these
likely became the leading factor in reducing patho-
gen circulation, COVID-19 incidence and spread
were nearly stopped, at least in terms of symptoma-
tic infections.

Quantitative distribution of Nc Abs during seromon-
itoring. Assessment of general seroprevalence is con-
venient and informative, but it does not represent
fine data on the quantitative distribution of Nc or
RBD antibodies. To quantitatively measure the levels

Stage 2
Mnmwum
Pensioners e Sclentists
. »
Students &8 Busness

Office ™ 1
warkars Civk sorvants employses

-—@®—-Nc'RBD" - -@ —RBD'Nc’ —@— N¢'RBD’

Figure 4. Distribution of volunteer seropositivity (Nc, RBD) by professional group and seromonitoring

stage

Note. Nc"RBD- — SARS-CoV-2 Ab seronegative individuals; Nc'RBD- — those seropositive for Nc Abs only; RBD*Nc- — those
seropositive for RBD Abs only; Nc'RBD* — those seropositive for both Abs. Vertical value axis: share of occupational group with
the indicated serological status, %. Sectors: age intervals, years. Numerical values for the graphs are givenin Supp. Table 53,

Monitoring stage is indicated above the diagrams.
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of circulating Abs in volunteers at each stage of se-
romonitoring, an appropriate test system was used,
as described in a previous work [30]. When assessing
the distribution of Nc Ab levels in volunteers of all
age groups, the predominance of low Ab levels (31.3—
125.6 BAU/ml) attracts attention (Fig. 5, Table S4).

In the Ist stage, the share of such individuals was
21.3% (95% CI: 20.1-22.5), which was 2.2 to 8.4-
fold higher than the proportion of volunteers with
other Nc Ab levels (Fig. 5, Table S4). The distribu-
tion of Nc Ab levels in age groups turned out to be
relatively homogeneous, with minor exceptions:
a slight predominance of individuals with very low
levels (16.8—31.2 BAU/ml) in the children’s group;
and a somewhat higher share of those with Ab lev-
els of 31.3—125.6 BAU/ml in the group “50—39 years
old”. Differences in both groups, relative to the co-
hort mean, were significant (p < 0.05).

In the 2nd stage, the share of individuals with an
Ab level of 31.3—125.6 BAU/ml decreased to an aver-
age of 17.5% (95% CI: 16.4—18.6); differences from Ist
stage data were significant (p < 0.05). The decrease
was due to an almost two-fold decrease in the pro-

Stage 1
1-17
B~
70+ B B~ . 18-28
50-69 | 30-39
50-59 40-49
Stage 3
1-17
~_ .
70+ T~ 18-29
50-59 40-49
—e— 16.8-31.2

—@—313-1256 —e—125.8-251.2 —e—251.4-5025

portion of such persons among children and adults
aged 18—29 years (Fig. S, Table S4); the differences
were significant (p < 0.0001).

In the 3rd stage, antibody distributions almost
returned to stage 1 levels. A four-fold increase was
noted only among individuals with an Ab level
> 502.5 BAU/ml (Table S4).

In the 4th stage, significant increases in the shares
of seropositive volunteers were observed at all quanti-
tative levels, with the exception of the interval 16.8—
31.2 BAU/ml. In the subgroup 31.3—125.6 BAU/
ml, the share of volunteers increased by 1.5-fold
(p < 0.0001). In the subgroup 125.8—251.2 BAU/ml,
the increase was 2.1-fold (p < 0.0001). In the sub-
group 251.4-502.5 BAU/ml, the increase was 2.0-
fold (p < 0.001). In the subgroup with maximum Ab
levels (> 502.5 BAU/ml), the increase was 1.9-fold
(p < 0.001). It can be assumed that the noted growth
was associated with an increase in the proportion
of Nc*RBD™ volunteers at this stage, which can be
clearly seen in Figure 2 (Stage 4).

Since it has been shown that neutralizing activ-
ity against SARS-CoV-2 is more associated with

70+ _— ' _'v}g"‘ o O 1829

wOenn > 502.5

Figure 5. Distribution of Nc Ab levels by volunteer age group and seromonitoring stage

Note. The vertical value axis is percentage of all seropositive individuals (normalized to 100%) in the age subgroup with
the indicated serological status, %. Sectors: volunteer age intervals, years. Legend: Nc Ab quantitative levels in BAU/m.
The numerical values are given in Supp. Table S4. Monitoring stage is indicated above the diagrams.
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RBD Abs [34], these levels were also assessed (Fig. 6,
Table S5). In the Ist monitoring stage, the largest pro-
portion of seropositive volunteers carried RBD Abs
at the 22.6—220.0 BAU/ml level (Fig. 6). The largest
share of such persons was noted in the group aged
1—17 years (44.6%; 95% CI: 40.4—48.8). The small-
est was noted in the group aged 60—69 years (26.4%;
95% CI: 23.2—29.8). The differences were significant
(p < 0.001).

In the 2nd stage, significant changes were not
noted. The shares of individuals with minimum
(22.6—220 BAU/mI) and maximum (> 450 BAU/m])
levels increased by an average of 4.4% (differences
from stage 1 were significant, p < 0.05). In the group
with Abs in the range 221—-450 BAU/ml, there were
practically no changes compared with the Ist stage
(Fig. 6, Table S5).

By the 3rd stage, an increase in the proportion
of volunteers with high RBD Ab levels was noted.
The share of volunteers with Ab levels of 221—
450 BAU/ml increased by 5.4% to 16.9% (95% CI:
15.8—18.1); differences from 2nd stage data were
significant (p < 0.001). In the subgroup with Abs

O 226-220

—@— 221-450

> 450 BAU/ml, the increase was 10%, reaching
30.0% (95% CI: 28.7—31.4); differences from stage 2
were significant (p < 0.0001).

By the 4th stage, the proportion of individuals
with an Ab level of 221—450 BAU/ml increased by
another 4.7% to 21.6% (95% CI: 20.4—22.8). In the
subgroup with Ab levels of > 450 BAU/ml. it reached
a maximum of 51.0% (95% CI: 49.6—52.4). The dif-
ferences were significant (p < 0.00001).

Thus, the evolution of collective humoral immu-
nity across the stages of seromonitoring was mani-
fested by a significant increase in the proportion
of seropositive volunteers with maximum RBD Ab
levels and, to a lesser extent, anti-Nc Ab levels. One
likely driving factor in this process could be the vac-
cination pattern in the Belarusian population.

Structure of volunteer SARS-CoV-2 vaccination
during the monitoring period. By the 18th week of 2021
(before commencement of this study), the COVID-19
pandemic had already lasted 15 months and passed at
least 2 main waves. Ten weeks before the start of sero-
monitoring, vaccination began in the RB. Coverage
by week 18 reached 2.1% of the Belarusian population

—@— >450

Figure 6. Distribution of RBD Ab levels by volunteer age group and seromonitoring stage

Note. The vertical value axis is percentage of all seropositive individuals (normalized to 100%) in the age subgroup with

the indicated serological status, %. Sectors: volunteer age intervals, years. RBD Ab quantitative leveis in BAU/ml. Quantitative
data are given in Supp. Table S5. Monitoring stage is indicated above the diagrams.
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(Fig. 1), In the initial period, the Sputnik V (Gam-
COVID-Vac) vector vaccine was mainly used in the
country; its share was 89.2%.

Some volunteers could not name the type of vac-
cine received. The data for these individuals were
grouped separately and designated as “Other”
(Fig. 7). There were 10.8% of such individuals in the
Ist stage of the study. Such uncertainties were no
longer observed in subsequent monitoring stages.

In the 2nd monitoring stage, the structure of vac-
cine usage changed somewhat: the share of Sputnik V
decreased by 3.9%; but at the same time, the BBIBP-
CorV whole-virion vaccine was added, the share
of which was 14.7%.

Instage 3, the range of vaccines expanded as much
as possible. At the same time, the share of Sputnik V
decreased to 32.8%, and the share of BBIBP-CorVin-
creased to 33.4%. In addition, the Sputnik Light vec-
tor vaccine (32.1%), and four preparations in minor
quantities (EpiVacCorona, CoviVac and Sinovac-
CoronaVac) were added. The total share of the latter
group was only 1.6%.

By the last stage, the range of the main vaccines
used was preserved; only their proportions changed.
The share of Sputnik V decreased to 15.1%, the share
of Sputnik Light increased, and BBIBP-CorV de-
creased by 11% to 22.4%.

Changes in the list of vaccines used in the 3rd and
4th stages can be explained to some extent by the boost-
er re-vaccination campaign, in which Sputnik Light
was most often used. The campaign started on weeks
39-40 of 2021. By the 4th stage, re-vaccination cov-
erage amounted to almost 40% of the total num-
ber of people who had fully completed immuniza-
tion. In this regard, it can be reasonably argued that
the most important consequence of the implementa-
tion of the primary immunization and booster revac-
cination programs was a sharp decrease in the number
of illnesses to nearly zero starting from the 19th week
of 2022. The short-term surge in infections noted
on the 27th week (2022) was an isolated event that did
not affect the general trend of the epidemic process,

Discussion

The COVID-19 epidemic in the Republic
of Belarus was milder than in neighboring countries.
According to official data for the entire pandemic
period, almost 990 000 people fell ill in the country.
According to this indicator, Belarus ranks 75th in the
world [11]. Such low morbidity is probably due not
only to relatively low population density (45.5 km?),
but also to active vaccination, which by mid-October
2022 amounted to 70.2% of the population. This was
accompanied by a set of other measures to prevent
the spread of COVID-19 in the Republic [17].

As in other countries, SARS-CoV-2 during
the epidemic period in the RB has undergone spe-
cific evolution associated with antigenic variability

of the virus (Fig. 1). The beginning of the epidem-
ic, like the rest of the world, was due to circulation
of the ancestral (Wuhan) viral strain, which became
the source of almost instantaneous infection of peo-
ple globally. In the RB, the first cases of infection
were detected in the 15th week of 2020. The strain
disappeared from circulation by about week 30
of 2020 and was replaced by the first mutated strain,
B.1.1.7 (Alpha). In weeks 2425 of 2021, the B.1.612.2
(Delta) variant forced out Alpha from circulation,
and from the Ist week of 2022 it was replaced by line
B.1.1.629 (Omicron). In fairness, it should be noted
that successive viral variants did not cause massive
morbidity. For the most part, COVID-19 morbidity
did not exceed 100170 cases per 100 000 population.

One of the reasons for this situation could be col-
lective humoral immunity formed after COVID-19
illness. The first stage of the study (assessing the state
of collective humoral immunity) was carried out from
May 14—19, 2021. By this time, the COVID-19 pan-
demic had already lasted for 17 months, and about
380 000 people had experienced symptomatic illness
(about 4.7% of the total population). To this should be
added about 45% of the population who had experi-
enced asymptomatic infection [30]. In total, at least
50% could have had an immune response to either
Ne¢ or RBD antigen, or both.

The results of serological testing of the popula-
tion for the presence of SARS-CoV-2 Abs in the Ist
monitoring stage generally confirmed this hypothe-
sis. When assessing total seroprevalence in the entire
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Figure 7. Vaccine usage structure in the Republic
of Belarus during the seromonitoring period

Note. Other — volunteers were unable to specify the vaccine type
received. The number 1,6 at the top of column 3 is the total share
of EpiVacCorona, CoviVac and Sinovac-CoronaVac vaccines.
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age-stratified cohort, the proportion of individuals
who had any specific Abs (to Nc¢, RBD, or both) was
67.8% (95% CI: 66.5—69.2). The majority of volunteers
were seropositive for both Ags (Nc'RBD”). In terms
of age, the highest seropositivity was seen among those
aged 50—70+; the lowest was seen in those aged 18—
29 years (Table S1). It can be assumed that the higher
level of seropositivity in older volunteers (about 70.0%)
is due to the presence of pre-existing cross-immunity
elicited as a result of anamnestic contact with endemic
strains of coronaviruses [16]. As for the low seroposi-
tivity in the age group of 18—29 years, 61.3% (95% CI:
56.4—66.1), a certain proportion of them were students,
among whom up to 40%, according to some data, are
skeptical about the idea of vaccination against SARS-
CoV-2 [6, 21, 35]. This was probably an additional rea-
son why more than a third of volunteers of this age did
not have specific Abs (Table S1).

As the COVID-19 vaccination campaign ex-
panded, the pattern of circulating Abs changed
markedly. The proportion of seronegative volun-
teers (Nc"RBD-) decreased from 32.2% (95% CI:
30.8—-33.5) 10 24.2% (95% CI: 23.0—-25.4). The shares
of other subpopulations varied in different direc-
tions: Nc*RBD- decreased by 1.5-fold to 3.7% (95%
Cl: 3.2—4.2); Nc*"RBD" decreased by 1.2-fold to 32.7
(95% CI: 31.3—-34.0); while RBD*Nc¢-, on the con-
trary, increased 1.7-fold and amounted to 39.5%
(95% CI: 38.1—40.9). Distribution by age interval was
relatively uniform. Significant increases were noted
in the RBD*Nc¢~ subgroup among people aged 18—
29, as well as in the Nc*RBD" subgroup among older
volunteers aged 50 to 70+ (p < 0.05 in both cases).

As vaccination coverage increased, there was
a trend towards an increase in RBD positivity in the
Belarusian population. By stage 3, in particular,
the share of Nc*RBD* individuals increased by
1.5-fold to 49.5% (95% CI: 48.0-50.9). The growth
in fully seropositive individuals was accompanied by
a slight decrease in the share of RBD*Nc~ by 3.5%
and a decrease in Nc- RBD~ by 2-fold.

The outlined trend reached its greatest expres-
sion by the 4th stage. The share Nc*RBD” increased
to 80.0% (95% CI: 78.8—91.2), while RBD*Nc¢~ and
Ne RBD- decreased by 2.3 and 5.8-fold, respectively
(Table S1). The described processes were noted during
stratification by age, region, and occupational group
(Fig. 2—4, Tables S1—S3). Some minor group differ-
ences were seen leading to some heterogeneity, yet
the overall evolution of collective immunity was not af-
fected in any substantial way by subgroup differences.

Assessment of collective immunity would not
be complete without a quantitative analysis of pe-
ripheral blood Ab content. As part of this study,
the quantitative content of circulating anti-N¢ and
anti-RBD Abs was assessed (Fig. 5, 6; Tables S4,
S5). The Ist stage survey showed a predominance
of individuals with Nc Ab content within the range
31.5—125.5 BAU/ml in the cohort. The share of such

volunteers in the whole group was 21.3% (95% CI:
20.1-22.5); differences between cohort age groups
were not significant. In the 2nd stage, a significant
decrease in the proportion of individuals with such
Abs (31.5—125.5 BAU/ml) down to 17.5% (95% CI:
16.4—18.6) was revealed (p < 0.0001). In the remain-
ing groups, a weak growth in the number of individu-
als was noted for all Nc Ab levels (Fig. 5, Table S4),
In the 3rd and 4th stages, due to the general increase
in Nc¢ Ab seroprevalence in the population, the num-
ber of volunteers with Nc Abs increased evenly in all
serological intervals.

The distribution patterns of seropositive volunteers
by RBD Ab level generally mirrored Nc Ab distribu-
tions, with the exception of certain features (Fig. 6,
Table S35). In the first two stages of seromonitoring
(carried out an interval of 4 months), individuals with
RBD Ab levels of 22.6—220 BAU/mlI prevailed in all
age groups. This was especially pronounced among
children, where their proportions were 44.6% (95%
Cl: 40.4—48.8) and 49.3% (95% CI: 45.0-53.7), re-
spectively. Starting from stage 3, the proportion
of people with maximum RBD Ab levels (> 450 BAU/
ml) increased significantly. By stage 4, it reached an
average of 51.0% (95% CI: 49.6—-52.4). In those older
than 40 vears, it ranged from 51.0 to 59.9%. In all
cases, the differences were significant (p < 0.0001).

Overall, the described seropositivity dynamics
clearly indicate the evolution of collective humoral
immunity towards the formation of a full response
following not only to infection (cumulative inci-
dence), but also the use of specific SARS-CoV-2 vac-
cines. In result, these processes led to the simultane-
ous circulation of Nc and RBD Abs, with a predomi-
nance of anti-RBD Abs. A likely prerequisite for this
could be the predominant use of vector vaccines,
in particular Sputnik V, during primary vaccination
(stages 1, 2) and booster vaccination (stages 3, 4).
At the same time, the total share of both Sputnik vac-
cines in the overall structure varied from 89.2% in the
Ist stage to 77.6% in the 4th (Fig. 7).

Taking into account the previously noted effective-
ness of vector vaccines [41], the widespread use of the
Sputnik family of vaccines may have become a signifi-
cant factor behind decreasing COVID-19 incidence
in the population. Another pattern confirming such
a process is the inverse relationship between population
humoral immunity and morbidity: an increase in post-
vaccination resistance is inevitably accompanied by
a decrease in morbidity [10, 18, 26, 27, 30, 36].

The combined increase in the content of the two
main antibody types indicates the formation of hy-
brid immunity [15], usually featuring maximum
protection against the “aggression™ of a patho-
genic agent [41]. The use of a range of specific vac-
cines made it possible to create the required level
of COVID-19 resistance in the population (Fig. 7).

In the initial period, the Gam-COVID-Vac vec-
tor vaccine (Sputnik V) was mainly used, which made
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it possible to form a stable pool of RBD Abs, which laid
the foundation for the formation of hybrid immunity.
In the 2nd stage, usage of vector vaccines remained al-
most at the initial level. In the 3rd stage, usage ratios
were: almost 1/, vector vaccines and '/, inactivated vac-
cine (BBIBP-CorV). In the 4th stage, the spectrum
of vaccines was preserved, but the ratio changed due
to expanded usage of the Sputnik Light vaccine.

Conclusion

Consistent use of vector vaccines that do not con-
tain Nc antigens was sufficient to form a maximal
level of post-vaccination immunity. The additional
introduction of the whole-virion inactivated BBIBP-
CorV vaccine into the practice of vaccination served as
a prerequisite for maximal growth of hybrid immunity
and, ultimately, the near-complete elimination of new
COVID-19 cases. Based on the data obtained, we can
formulate a key requirement in the formation of robust
coronavirus immunity: maximum vaccination cover-
age using a wide range of vaccines, with both vectorand
inactivated whole-virion platforms present. This ap-
proach, combined with anamnestic morbidity, makes
it possible to form the most durable adaptive immunity.
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AHAJIN3 OCOBEHHOCTEA UMMYHHOI'O
OTBETAY B3POC/J1bIX, BOJIbHbIX KOPbIO

A.IL Tonteirnuna'?, T.A. Mamaesa'

"DOBYH Mockosekuit nayuno-ucesedosamensckuii unemumym snudemuonoeuu u mukpoduoaoauu um, I H. TaGpuyeacrozo
Pocnompebnadaopa, Mockea, Poccun
OO YBIIO Mockosckuii cocydapemeennvili yhueepcumem um. M. B. Tomonocosa, Mockea, Poccus

Pesiome. Kopp — BBICOKOKOHTATMO3HAsl, BaKLUMHONPOQUIAKTUPYeMas aHTponoHodnas uudexkuns, Heemorps
Ha TIOJIMTHKY aKTHBHOM BaKIMHALMM OT 5TOI MHGEKLINN HACeTEHN S BCEIO MIPa, KOPb HE MCUe3Jia COBCEM, OHA TO
3aTyxaer, TO BHOBb MOsBJsiOTCA Benbiku, [Tokasano, yto B 3abonesaHue KOphIo BOBJIEYEHBI HE TOJLKO HElpHBH-
Thi€, YTO BIIOJIHE MOHATHO, HO M puBuThIe, Lleab paboTsl: nceesoBaTh 0COGEHHOCTH UMMYHHOTO OTBETA Y B3POC/IbIX
SOMBHBIX KOPLIO B YCJIOBMSX MoAbeMa 3a60JeBaeMOCTH B Npolecce aMUMUHALIMK 3Toi uHbekuu, Ucenenosanl
1158 cuiBOpOTOK KPOBKM OT 6OJNILHEIX KOPbIO B BO3pacte o1 18 10 70 jeT, npoxuBalomnx Ha TeppuTopun MockBb!
1t Mockoscekoit obnactu, metogom UMA (Euroimmun, Tepmanus), [Togasasgiomas qacTh 3a60/CBIIMX MPUXOLUTCH
Ha sospact 18—40 ser — 72,36%. 69 chiBopoTOK, B3sTHIX B 60/1ee nosaHue cpoku (10—20 aueit oT BRICHITAHMS), BbLIM
MCKJTIOYEH B! M PACCMOTPEHBI 0T1ebHO. [To yposHio nporusokopensix 1gG M UX aBMAHOCTH GLITM BBIIEICHEL: TPYII-
na | ¢ nepBUYHBIM THIIOM UMMYHHOro oTBeTa (582 ChIBOPOTKH [53,44%]) — 5TH S0/ HE OBLIM TPUBUTHI B IETCTBE;
rpynna 2 (Bropudnbiit orser) (446 cuipopotok [40,96%]) — 2TH mioan GbIIM TIPUBKTEI B AETCTBE, HO YTPATHIIU NPO-
THBOKOPEBEIC aHTHTENA; 61 CBIBOPOTKA € IPOMEKYTOUHBIM YPOBHEM MapaMeTpon oTHeceHa B rpynny 3. s yrouse-
HHS TUIIA UMMYHHOTO OTBETA IPYIITLE 3 MPOBEIeH AOMONHATEIBHBIA aHAJINS CIIEKTPd CYOKJIACCOB MPOTHBOKOPEBLIX
anturen. IlokasaHo, 4To B HTON rpyne BuIgBASCTCS CMEITAHHBIA THIT 0TBETA: 31 YeToBeK 0TBeval ¢ npeodnagaHuem
repBUUHOTO TUma, a 30 yenosex — ¢ npeodiajaHueM BTOPUYHOIO THIA UMMYHHOTo orsera. Tpu aTom 40 genosek
13 61 LM BaKUMHMPOBAHE! OT KOPH 3a 1—3 Mec. 110 3aboneBaHus, TO CTh 3a00/1eBAHIE HANOKMUIOCH HA CTAHOBJIC-
HHE MOCTBAKIMHAJIIBHOrO uMMYyHuTeTa, Takum 06pasoM, BuisBICHHAS HAMU paHee TEHASHIUS K YTpaTe MoCTBAK LU~
HAJILHOIO UMMYHHTETA CPEIM CTAPLINX WIKOABHUKOB M MOJIOABIX B3POC/BIX M BOBJICYCHHE ITHX TPUBUTHIX B ICTCTRE
J0/1eit B InMAeMUYecK it Mpolece npoaoKaeT yeyryonsaTues.

Karoueeuie caosa: kopo, anmumena, eyMopasbHoii uMMyRUmMen, nepsusHbii UMMYHHBIT OMaEem, BMopUMHbITL UMMYHHbII omaem,
asudnocms,

ANALYZING FEATURES OF MEASLES IMMUNE RESPONSE IN ADULT PATIENTS
Toptygina A.P."*, Mamaeva T.A."

*G.N. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation
! Lomonosov Moscow State University, Moscow, Russian Federation

Abstract. Measles is a highly contagious, vaccine-preventable anthroponotic infection, Despite the policy of active meas-
les vaccination for entire global population, measles has not completely disappeared, it wanes and waxes in outbreaks.
It has been shown that not only the unvaccinated but also the vaccinated, which is quite understandable, subjects are in-
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volved in measles progression. The study was aimed at assessing features of the immune response in adult measles patients
at rise in disease incidence upon its eradication. 1.158 blood sera from measles patients aged 18 to 70 living in Moscow and
the Moscow region were studied by ELISA (Euroimmun, Germany). The vast majority of subjects were aged 18—40 years
comprising 72.36% cases. 69 sera collected at a later timepoint (10—20 days from rash onset) were excluded and analyzed
separately. According to anti-measles IgG and avidity level, the data were stratified as follows: group 1 with a primary type
of immune response — 582 sera (53.44%), not vaccinated in childhood; group 2 (secondary response) — 446 sera (40.96%),
vaccinated in childhood, but lost anti-measles antibodies; group 3 with intermediate level of parameters — 61 sera. To clar-
ify the type of immune response in group 3, an additional analysis of the spectrum of anti-measles antibody subclasses was
carried out, It was shown that a mixed type of response was detected in this group: 31 subjects mainly had primary immune
response, and 30 subjects — secondary immune response. At the same time, 40 out of 61 subjects were vaccinated against
measles 1-3 months prior to disease onset, i.¢., it was overlapped on arising post-vaccination immunity. Thus, the previ-
ously identified trend towards the loss of post-vaccination immunity among older schoolchildren and young adults vac-

cinated in childhood who are involved in the epidemic process continues to worsen,

Key words: measles, antibodies, humoral immunity, primary immune response, secondary immune response, avidity,

BeepeHue

Kopb — BBICOKOKOHTArio3Has, BaKILMHOIMPO-
(hunakTHpyemass  AHTPOMNOHO3HAA  WH(MEKLUsI.
B c¢BSI3M ¢ IOCTUXKEHHWEM BBICOKOTO OXBara IpH-
BUBKaMHM [POTUB KOPH Ka3aJoCh, YTO KOPb JIW-
MUHUPOBAHA, TO ¢CTb IPEKPATHIIACh HEIPephIB-
Hasl nepepava mHpekunu, asumascs donee 12 mec.
O1HAKO KOPb HE MCUE3J1a COBCEM: OHA TO 3aTyXAaerT,
TO BHOBL nosipiasiioresi Bernbiiku [19]. Hecmorps
Ha 1o uro CILUIA naBHO yXe CUMTAIOTCH TEPPUTO-
pUeit 3JIMMUHMPOBABLIER KOpPb, BCIBIIIKW 3TOH
MH(EKLUK PEryJsipHO CIyHaloTCsA B pa3HbIX LITa-
Tax. belia paccumraHa UeHa cpeidHeit BCTIBIIIKM,
1 oHa cocrasuia 152 308%, a cpegHsas LieHa OTHOTO
chyyas 3abonesanust Kopbio — 32 805$, uro Ha He-
CKOJILKO TMOPSIZIKOB IPEBLIIAET CTOMMOCTH J03bI
BakuuHe! [22]. B 2019 r. BO BceM MHpe oTMevacs
noaseM 3abonesaeMocT Kopeio [17]. Hanpumep,
B Kasaxcrane B 2019 r. 3aperucrpuposanu 13 873
cayuast Kopu, n3 Hux 3684 cpenm B3pocnbix [2].
B Poccumiickoit Mepepalitni 1o JaHHLIM rocyjgap-
CTBEHHOM CTaTUCTUKM OB 3aperucTpuposan 4491
ciyuait kopyu. MHOTHE MCCIEeI0BaTEIM OTMEY A,
YTO JIaJICKO HE Y BCEX NMPUBUTHIX OT KOPHU B JET-
CTBE B3POCJBIX COXPAHSIOTCSH TPOTHBOKOPEBLIE
anrurena (3, 11]). BaxHo, uto B 3aboneBanune Ko-
PblO OKA3BIBAIOTCH BOBJIEYEHBI HE TOJBLKO HErpu-
BUThIE, YTO BNOJIHE MTOHATHO, HO U NIPUBUTHIC. Tak
B Kanudopraum B 2014 1. cpenn 3ab0/1eBIIMX KOPHIO
25% 6wy npuBnTeH B AeTcTie [14]. Jaxe cpenu 3a-
6osesunx Kopwio gerei B 2019 ., no nanuniv AKB
Ne 9 um. I'H. Cniepanckoro, 10% 6b1sin paHee npu-
BUTHI OT Kopu [6]. Ha ¢one nangemun COVID-19
W IIpUMEHEeHMs KapaHTHHHBIX MEepOnpUATHiA
(MoKayHBl, HOILIEHME MacoK M T.1m.) 3abonesae-
MOCTb KOPbIO CHU3MJIACh, HO MOC/E OTMEHBI Orpa-
HUYKUTENIBHEIX MEp KOpb BHOBL mogBuaachk [I8].
BCIBIIIKKA HA TEPPUTOPUAX, HNUMHUHNPOBABLINX
KOPb, MOTYT MPOMCXOAMTL M3-3a HEAOCTATOYHOTO
oxBaTta BakuuHaumnei [20] uam B CBA3M C yTpaTOn
rnocTBakuMHanIbHoro uMmmysunrera [21]. TToatomy

BEChbMa BaXXHO TMPOAOIIKATL MCCIAEAOBAHUA T0-
CTBAKIIMHAJILHOTO HMMYHHUTETA TIPOTUB KOPH IS
OLIEHKMW TPOIOKMTENBHOCTH €ro TMoaaepXaHus
B YCJIOBMSIX 3JMMMHALMM BUpPyCa M OTCYTCTBHUSA
eCcTecTBeHHOro DyCTHpPOBAHMS.

Llens paboTel: MccneaoBaTh 0COOEHHOCTH MM-
MYHHOT'O OTBETa Y B3pOoC/biX OOJIBHBIX KOPBLIO B yC-
JIOBUSIX ITObeMa 3a601€eBAEMOCTH B MPOLIECCe 1~
MUHALMK 3TOIH MHpEKLUH,

Martepwuasnsl n MeToapl

B npocTtoM CpaBHHUTENLHOM WMCCJICAOBAHNU
OblIM TIpoaHanusuposaHsl 1158 CEIBOPOTOK Kpo-
BH OT BONBLHBEIX KOpbio 3a 20191, B Bo3pacre ot 18
J10 70 Jiet, NpoXUBAKIIMX HA TEPPUTOPUN MOCKBBI
1 Mockosckoit obnacti. [ToareepxaeHe KOpeBoii
UH(EKUNH OCYIIECTBISIIM Ha OCHOBAHUM MOJIM-
(upoBaHHOrO anddepeHManbHO-AHarHo-
cTuueckoro anroputMa [5]. Ilpu neppuuHoM aHa-
JIN3€ CHIBOPOTKH, B3ATHIC ¢ HAPYLIEHWEM CPOKOB,
MpelycMOTPEeHHBbIX pekoMeHaauam BO3, (na 10—
20 peHb rocie TnoABiaeHus chinu) (69 obpasiion)
ObLJIM OTHECEHBI B OTHEIBLHYIO I'PYITITY U aHAJINW3M-~
posasiuck oTaeabHo. Ocrasimmecs 1089 ceiBopoTOK
OBLJIHM pa3ie/ieH bl Ha CIICAYIONINE BO3PACTHBIE TPYTI-
nei: 18—30 net (Mononexs), 31—40 ner u 41-50 ner
(rpynnst cpenHero so3pacta) u 6onee 50 ner (crap-
it Bospact). KoJmuecTBo CHIBOPOTOK, BOLIEI-
WX B TY WA MHYIO TPYTIY, YKa3aHo B Tabauiax
Huxe. Ucenenosanusa nposoauanch Ha 6ase nabo-
patopuu HaumoHaibHOTO HAy4MHO-METOANYECKOTO
LeHTpa 1o kopu U kpacnyxe (PBYH MHUUDM
uMm. [H. TaGpuuesckoro Pocnorpebuanzopa).
CrisopoTku xpanusiu ripu —30°C 1o ucrosb3osa-
HusA. OnpeaeneHne yposHei aHTUTEN U UX aBUIHO-
CTH OCYIIECTBJIAIN METOAOM MMMYyHO(EpPMEHTHO-
ro aHanam3a Ha TecrT-cucTemMax «Anti-Measles Virus
NP ELISA» (IgM), «Anti-Measles Viruses ELISA»
(IgG) u «Avidity: Anti-Measles Viruses ELISA»
(«Euroimmuns», I'epmanns). PesynbraThl BeIpaxa-
JIN, COrJIacHO HOPMATUBHO-TEXHUYECKOU JOKY-
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MCHTAUMK Ha Ucnosib3yeMslie Habopsi: ans 1gM —
5 CAMHMUAX ONTHYCCKON IJIoTHOCTH (0.€.), AnA
12G — B Me¢/MJ1, aBHAHOCTL — 110 ITPOLIEHTY JAMCCO-
umauny auTuTen (Maexe asuasocTi). IpH aToMm,
CCAM MHAEKC aBuaHocTH Guin meHee 40%, aHTH-
TeA PaCHCHMBANNCh KaK HU3IKOABMAHLIE, CCIH
Gosee 60% — BeicokoaBuanble, a or 40 no 60% —
NPOMCKYTOYHMW pesyastar. [is onpeneneHus
cyvbxanaccos cneundHUUHBIX K aHTUIeHaM BHUpyca
xopw IgG npumensan Moandukamio meToaa [10].
Hcenonssosanu 96-nyHounsie naveau or Habopa
«Anti-Measles Viruses ELISA» (1gG) (Euroimmun,
TepManus), HO BMECTO KoHBlOrata mu3 Habopa
Mbl IOGABAANAM B JVHKH MOHOKJIOHAJIbHBIE AH-
THTeNna, MeEHYeHHbIC Tnepokcuaaszo: aHTu-I1gGl
(kaon 10G/2CI11), antu-1gG2 (xaon 23G/3C7),
aH™n-1gG3 (knoH 22G/5GI12) n autu-IgG4 (kioH
20G/5C7) (Moawurnoct, Caukt-TeTepdypr) B KOH-
ueHtpauuu | Mr/miu. s conocraBiieHus pe-
IVIBTATOB MBl HCIOJBL30BAIN CTAHINAPTHYK Chl-
BOPOTKY, COACPARAIIYIO cricuudHIecKue aHTuTeNa
X Kop#u Becex yeTnipex cy6knaccon IgG. Ouenky pe-
3YABTATOB TECTHPOBAHMS 1TPOBOAMIIM ¢ NOMOLIEIO
sukponaaHimeTHoro doromerpa «Multiskan FCs
(Thermo scientific, @uHAAHIHA) NPH UTHHE BOJ-
H#o! 450 um npoTus 620 HM.

lMonyuenunie pesynstarsl Obuin obpaGoTaHhb
MCTONAMM HEMapaMCTPHUCCKON CTATHCTHKH C BhI-
queacHueM Meauanst (Me), nepBoro M TPeTHEro
ksapruiehn (LQ—HQ). Paznuuus Mexay rpyrnnamMu
OLCHWBAIU C TOMOUILIO KpUTepHs MaHHaA—YUTHH,
yposetb p < 0,05 pacucHHBaNCA KaK SHAYUMBII.

Peaynbrathl

Pacnipeaenenue ypoBHeit mpoTHBoKopessix IgM,
IgG ¥ aBMAHOCTH AHTUTE MO BO3PACTHBIM IpyIl-
naM npeacrasiieHo B tabn. 1. U3 tabnuusl BHIHO,
YTO NMOAABAAIONAR YacTh 3a60/eBUIMX MPHUXOAKTCA
Ha Bo3pacTHbie rpvinn 1830 ner (35,45%) u 31—
40 ner (36,91%) ot cocraBa Bcex GONBHBIX KOPbIO
s3pochbix. Ypoeun IgM u 1gG anTtuTten ¥ ux aBui-
HOCTH ITOCTENCHHO CHHXKAWOTCH € BO3PACTOM, MMPH
ITOM MAKCHMYM BLISBJIACTCHA B BO3PACTHOM Tpynne
18—40 ner. UuTepBaibl MeXIY NEPBBIM M TPETHHM

5.60%

pynhna 1 Tpynna 2 Fpynna 3
2] Group 1 &) Group 2 a Group 3

PucyHok 1. Pacnpegenexne 60nbHBIX KOPbIO
MO TUNY UMMYHHOrO OTBETa Ha MHDEeKUMIo
Figure 1. Distribution of measles patients by type
of specific immune response

KBAPTHAEM CHJIBHO Pa3jiHYalOTCA B PA3HbIX BO3-
PACTHLIX FPYMIax. DTO CBHACTEIBCTBYET O HEOAHO~
POMHOCTH ABHHBLIX B 3THX BO3PACTHEIX TPYNIIAX.
Panee ObiI0 MOKA3aHO, YTO CYLIECTBYIOT 3HAYK-
MbI€ PA3IHYMA B YPOBHAX aHTHTENX TPH NEpBUY-
HOM M BTOPHMYHOM THIIE OTBETa Ha BHpyc Kopu [9).
Tax, HEeBBHICOKMI YpoBeHb HH3KOaBMAHLIX IgG-
AHTUTEA THIMYEH JUIS MEPBUYHOTO MMMYHHOIO
OTBETA, & BEICOKHIT YPOBEHb BHICOKOaBHAHLIX 1gG-
auTturten (bonee S ME/Mi) xapakTepeH uist BTO-
PUYHOIO HMMYHHOro orserta. ITo 3TOMYy npusHa-
KY MCCIEIOBAHHBIE CHIBOPOTKH OBUIH pa3ic/ieHbl
Ha 3 rpynnsl. B rpynny | (nepButinbii oTBET) GLLIN
oTHeceHs! 582 celBOpOTKH (53,44%), Brpynny 2 (810~
PUYHBIH 0TBET) — 446 ceiBopoTOK (40,96%). Oanako
61 ceiBopoTka (5,6%) He YKIaABIBAJNACH B 381aHHbIe
KpuTepHH: ypoBeHb IgG-aHTHTEN B HUX ObLT Me-
Hee S ME/mu1, HO aBHAHOCTD NpH 3ToM Obli1a o1 50

-110 98%, TO €CTh 3TO OLUTH BLICOKOABUAHBIC AHTHTE-
Jjia, MJIH aHTHTEJIA C IPOMEXYTOTHON aBHIAHOCTHIO,
DTH ChIBOPOTKH ObUIH BbLAEACHE! B rpynmy 3 (puc.
1). D7TH 3 rpynnei ObLTH HEPABHOMEPHO MPEACTaBIC-
Hbl CpeiH GOABLHBIX KOPLIO PA3HBIX BO3PACTOB.

Pacnipenenenne 1o BO3pacTHBIM IPYNIaM THIOB
MMMYHHOTO OTBETa NpeiacTaBaeHo Ha pyuc. 2. U3 pu-

CYHKa BHIHO, 4TO B IPYIINE MOJIOAIX B3pocaniX (18—

30 net) ypoBEHb OTBEHAIOMIHX MEPBUUHBIM THIIOM

Tabnuua 1. Pacnpeaenenue yposHei NPOTHBOKOPEBLIX AaHTWTEN NO BO3PacTHLIM rpynnam, Me (LQ-HQ)
Table 1, Age-related distribution of measles antibody levels, Me (LQ-HQ)

Boapacr 18-30 ner 31-40 ner 41-50 ner >50 ner

Age 18-30 years 31-40 years 41-50 years > 50 years
Konuuectso yenoeex 8 rpynne 286 402 205 7%
Number in group
IgM (0.e.) 1,32 1,30 1,16 091
IgM (0.u.) (0,61-2,386) (1,60-2,30) (0,56-2,15) (0,47-1,78)
1gG (ME/mn) 094 1,87 1,07 0,74
IgG (ME/mI) (0,38-24,08) (0,51-23) (0,47-20,03) (0,32-3,87)
AsnprocTs (%) 78 72 64 47
Avidity (%) (15-98) {20-97) (24-97) (22-89,25)
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PucyHok 2. BospacTHas CTpyKTypa S0/bHbIX KOPbIO
B 3aBUCHMOCTH OT TUNA UMMYHHOTO OTBETa

Figure 2. Age structure of measles patients related

to type of immune response

oTseTa cocTapsiii 54,66% u Konebancs BOE I3TOro
ypoBH# B rpyrnnax 31—40 u 4150 ner. MubiMu cio-
BaMH, TIPHMEPHO NMOJOBHHA 3a00JCBILIMX B 3TUX BO3~-
PacTHBIX rpynnax He 6bUla IPUBUTA OT KOPH, & BTO-
past NOJIOBMHA, BUAKMMO, Obila IPUBMTA B JETCTBE,
HO YTPaTh/ia B NPOLECCe XKH3IHH NMPOTHBOKOPEBEIE

anTuTena. B rpynme crapiue 50 et yposeHb OTBEYa-
IOLIMX TIEPBHYHLIM THIOM MMMYHHOIO OTBETa He-
MHOruM nipesbiman 60%. Takxe 13 PHCYHKA BHIHO,
YTO FPYIIa 3 yBeITMIHBAIACH ¢ BO3PACTOM: OT 2,85%
B Bo3pacTHoit rpynne 18—30 net no 13,16% B rpynmne
crapuue 50 z1eT, 4TO BRIMSAHT HECYYalHBIM.
PaceMoTpum noapobHee ryMopaiabHbIi MPOTHBO-
KOPEBOIi OTBET B aTHX TpeX rpyrnax (raba. 2). Brpyn-
ne | (nepBHyHLI MMMYHHBIH OTBCT) OCHOBHAS
HACTh 3a00/ICBIIMX TPHXOAHTCH Ha MOJIOJOH BO3pacT
18—40 ner (415 yenosex, 71,3%). Bo Becex cuiBopoTKax
3TOH Irpymniisl ObUIM OOHAPYKEHB! MONOKUTEIbHbLIE
nporusokopesuie IgM-antutena. K coxaneHuio,
st [gM-asTuTen Her KaauGpaTopoR, NO3TOMY CTaH-
JAPTHO YPOBEHb 3THX 8HTHTEI OLIEHWBAETCH KaK No-
JIOKMTEABHBIH, OTPHLIATCABHBIN WM «Cepas 30Haw,
OIHAKO U1 HCCIRAOBATENILCKHX UeaeH MOXKHO npH-
OMH3NTENLHO OLEHHTh ypoBeHb I1gM orsera B ean-
HHLIAX OITTHYSCKOH naoTHoCcTH. TlpH TakoMm cnocobe
OLCHKH MOXHO YBHAETb, 4TO ypoBeHb IgM-antuTen
b1 MAKCHMAJIEH B Bo3pacTHOI rpynne 18—30 zner,
a 3aTeM MOCTENCHHO CHHKaJICH ¢ Bo3pacToM. B nep-
BOM Ipynie He BO BCeX ChIBOPOTKax OblIH ODHapy-
AKeHbl mpoTHBoKopesbie IgG-aHTHTeNa, YPoBeHb ce-
POTIO3NTHBHBIX Kosedancs okono 66%. MHTepecHo,
YTO MEIHAHBI KOHUEHTPAIlMH TPOTHBOKOPEBLIX
IgG-anTHTeN, NOCYNTAHHbBIE MUIS CEPOMNO3HTHBHBIX
ChIBOPOTOK, MPAKTHUYECKW HE PasaHyaliuch B 3a-
BHCHMOCTH OT BO3pacTa ¥ He3HauMMo Kosebanuch

Tabnuuya 2. NapameTpsl ryMoOpansHOro OTBETA Ha BMPYC KOPM B 3aBUCMMOCTHM OT BO3pacTa v Tuna

MMMYHHOrO oTBeTa, Me (LQ-HQ)

Table 2. Parameters of humoral response to measles virus related to age and type of immune response, Me (LQ-HQ)

Boapacr 18-30 ner 31-40 ner 41-50 ner >50 ner

Age 18-30 years 31-40 years 41-50 years > 50 years
Ipynna 1, xonuyecTso yenoaex (%)
Group 1, number of subjects (%) 211 (36,25%) 204 (35,05%) 120 (20,62%) 47 (8,08%)
:g: :::,’ 1,09(1,22-293) | 185(131-275) | 161(097-251) | 1.36(071-187)
1gG (ME/mn), % ceponosuTUBHbIX 0,55 (0,41-0,80), 0,69 (0,49-0,94); 0,53(0,23-0,86); | 0,59(0,38-0,84),
1gG (ME/mi), % seropositive 63,51% 68,14% 64,17% 65,96%
AsnpgHocTs (%) " N <
Avidity (%) 12 (8-22) 15 (9-36) 19(10-38) 26 (12-33)
I'pynna 2, konwyecTeo yenoaex (%)
Group 2, number of subjects (%) 164 (36,77%) 174 (39,01%) 89 (19,96%) 19 (4,26%)
IgM (0.e.), % ceponoanTHBHbIX 1,02(0,63-1,94); 1,03 (0,68-1,92); 1,27 (0,72-2,39), 0,62 (0,49-1,53);
IgM (0.u.), % seropositive 66,46% 65,52% 70,79% 57,89%
IgG (ME/mn) i 2 5
1gG (ME/mi) 25,8 (22,64-28,61) 241 (21,83-26,8) 22,84 (19,48-257) | 20,4(17,12-24,16)
AsuanocTs (%) T ;. i 5
Avidity (%) 98 (95-100) 98 (94-100) 98 (95-100) 97 (90-99)
Fpynna 3, xonu4ecTso 4enosex (%)
Group 3, number of subjects (%) 11(18,04%) 24 (39,34%) 16 (26,23%) 10 (16,39%)
IgM (0.e.), % CEpPONOINTUBHEIX 1,60 (1,03-3,33); 1,61 (1,06-2,58), 1,22 (0,98-2,19), 0,95 (0,74-1,99);
IgM (0.u.), % seropositive 100% 83,33% 82,35% 80%
IgG (ME/mn) W S - -
19G (ME/ml) 162(082-3,12) | 244(1,86-294) 1,84(099-247) | 1,61(1,31-262)
AsugHocTs (%) 3 o - -
Avidity (%) 62 (51-72) 63 (58-68) 58 (56-72) 61(57-70)
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okono 0,57 Me/mu. [lpn sTOM aBMAHOCTH aHTH-
Tes OblJIa HU3KOM € HE3HAYWTENBHON TeHAeH M-~
el K rmoabeMy B CTapuiMx BO3PACTHBIX IPyInax.
U3 31nx pacueTos 66111 MCKIIOUCHBI 69 CBIBOPOTOK,
B3ATLIC B Bosiee nosaHue cpoku (depes 10-20 anei
MOC/Ie TTOSIBJICHUS ChITTH), OHAKO 10 CBOMM Xapak-
TEPUCTUKAM (HEBBICOKMI YpOBEHb HU3KOABUIHBIX
Ig(G) OHM COOTBETCTBOBAIN MEPBUUHOMY THITY UM-
MYHHOIO OTBETa, 1102TOMY MBI COIMOCTABMIN 3TY
JOTOJNIHUTENIBHYIO IPYIY € pesylibraraMu Ipyr-
nel 1. Yposens IgM-anTutes B ChIBOpOTKax, B3f-
THIX HA MMO3JAHMX CpoKax, Okl HUXKE, YeM B rpyri-
ne 1: 1,36 (0,99—-1,82) o.c., yposens 1gG — 3Haunmo
seite: 0,94 (0,68—1,74) Me/mu (p < 0,05), aBuaHocTsb
He ornuryanace ot rpynmst 1. Dty pasnudus, mo-
BUAMMOMY, OTPa)xaloT Ipolece CO3peBaHus Iep-
BUYHOIO MMMYHHOIO OTBETA HA BUPYC KOPH Y paH-
HUX PEKOHBAJICCLICHTOR,

Jdnst rpynnet 2 (BTOPUYHBIM MMMYHHBLIH OT-
BET) MUK 3aB0JIEBIIUX TAKXKE [PULLEJICH Ha IpyIl-
nbt 18—30 u 31—40 ner (338 yea., 75,78% or cocra-
Ba rpyrnrst). B aToif rpynie ToasKko */; ChiBOPOTOK
HMEJIN NoJoXUTeAbHBIC IgM-anTurena, Ho Bce
ChIBOPOTKM COAEPXKANIN BLICOKUI yposeHb (Gonee
10 Me/Mi1) BBICOKOABMIAHBIX AHTHUTEN, MeaMaHa
apuaHocTH cocrasuia 98%. Ormeuanack TeH-
JCHUMSI K CHUKEHUIO ¢ Bo3pacToM yposHsa IgG-
aHTures (M. Tab. 2).

Haunbosiee mHTEpECHOM HaM rokasajach rpyr-
na 3. Ilnk 3abonesuinx NMpUXoAnscs Ha BO3-
pactHyio rpynny 31—-40 ner. Ilpouenr IgM-
CEPONO3UTUBHBIX CHIBOPOTOK MEHHAJICH € BO3-
pacrom ot 100% B Bospacre 18—30 sner, no 80%
B crapuem Bozpacrte. Yposenb lgG-anruren 3va-
qumMo (p < 0,05) npessiltan COOTBETCTBYIOUINIA
VPOBEHbL I'pyrnIikl | BO BCeX BO3PACTHBIX IpyIinax,
Kak ¥ MPOUEHT aBUJIHOCTY AHTHUTEN, XOTS OH OB
3HauuMo Huxe (p < 0,01), wem B rpynne 2. Panee
OBIJIO TIOKA3aHO, YTO MMPU MEPBUYHOM UMMYHHOM
orsere npeobyanaoT aHTurena cybknacca [gG3,
a TIpu BTOPUYHOM MMMYHHOM orsere — lgGl [7].
[MosToMy MBI IPOTECTUPOBAIM BCE CHIBOPOTKM
rpynnel 3 Ha cooTHoweHue cybkiaccon lgG-
AHTUTEN K BUpPYCYy Kopu. PaccumraHHbie HamMu
paree cut off must 1gGl (46,84%) n 1gG3 (42,8%)
aHTuTeN y B0NLHLIX KOpbio |8] 11o3Bosnan pasie-
JIUTh TPYITY 3 HA OTBEYAIOIUUX IIPEUMYLIECTBEH-
HO 110 repsuuHOMY (31 venosek) (roarpymrma 3a),
an o BropuuHomy Ty (30 uesnosek) (roarpyr-
na 36), uMmMmyHHoro orsera (puc. 3). I'locne rakoro
pasaenenus aBUJIHOCTL B MOATPYIIIE 3a COCTABM-
na 60 (54—67)%, a B noarpynre 36 — 66 (60—74)%,
OLHAKO ATH Paszinums OKa3aJMch HE 3HAUUMBIMH,
JornonHuTeNnpHoe UccaeaoBaHme aHaMHesa 3abo-
JE€BaAHWUsA JTIOJei, OTHECEHHBIX B I'pyniy 3, rnoka-
3aJ10, YTO BCE OHM MMEH KIMHUIECKYIO KapTUHY
KOPM € TUIMMYHBIMHU BeICHIManugaMu. [Ipu stom
40 yenosek 13 61 OBIIM BaKIIMHHUPOBAHEI OT KOPH
3a 1-3 Mmec. 10 3aboneBaHmMsI.

Ob6eyxaeHne

lMpoBeAeHHBIE HAMM MCCEIOBAHMUS BbISIBUJIN
BaXHBIC 3aKOHOMEepHOCTH, Panee HamMu 6wl 1o-
KazaHo, 4y1o B 2013 1. BTOPUUHBIM TUITOM MUMMYH-
HOTO OTBETA PEArMPOBAJIN B3POCIIbIE B rpynmnax 18—
30 (12,1%), 31—-40 (18%) n 41-50 ser (15,2%) [11].
B 2019 r, nepBMYHBLIM TUIIOM MMMYHHOIO OTBETA
pearupyiot Toabpko 53,44% saboneBiiMx, a BTO-
PHUUHBIE OTBET TPOAEMOHCTPUPOBAIN yXe Golsee
40% Bapocabix GosbHBIX. CleoBATEILHO, MOYTH
nojopuHa 3a6oneBwnX B3pociabiX ObLIa NpUBUTA
B ICTCTBE, HO YTPATHJIA B [IPOLIECCEe KU3HHU TIPOTHU-
BOKOPEBBIC AHTHTENA, DTO O3HAYAET, YTO BLISABJICH-
Hast HAMU TEeHJCHUMS K yTpare MocTBaKUMHAJb-
HOIO MMMYHMTETa CPEAM CTapIiMX LIKOJIbHUKOB
¥ B3pPOCIBLIX M BOBJICYCHME ITUX NMPUBUTHIX B JICT-
CTBE JIIOJACH B SMUAEMUUECKUI npoLece 1poaos-
Kkaer yeyrybnsarues, INMonobGHbie pes3yiabraTsl ObLIN
nonyuenst Cherry u Zahn npu paccnenroBaHumn
senbiky Kopu B CLLUA. Tak 11% 3a6onesiumx ume-
JIN TIOATBEPXKACHHYIO JIBYJ030BYIO BaKLUWHALMIO,
MPH 9TOM CPOK OT MOC/ICAHEN BAKIIMHALIMU B Cpe/i-
HeM 6611 16,7 siet, a pazmax — ot 6 1o 23,6 ner) [12].
HeonHokpaTHO nogHmuMacs u o6ecyxkaaics Bonpoc
0 HeoOXONMMOCTH TECTUPOBAHMS YUEHHKOB 10—
11 knaccos na Hanuuue IgG-aHTUTEN K BUPYCY KOPH

% 10G3
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Pucynok 3. Pacnpegenesune nauveHToB rpynnbl 3
B 3aBMCUMOCTH OT cooTHOWweHun IgG1 u IgG3
cy6Kknaccos NPOTUBOKOPEBLIX AHTUTEN

Figure 3. Distribution of group 3 patients based
on measles-specific IgG1/1gG3 antibody subclass ratio

Mpumeyanue, YepHbiMu Mapkepamu 0603HaYEHbI NALUEHTh!
C NPENMYLLECTBEHHO NEPBUMHEIM TUNOM UMMYHHOTO

oteeTa, ensiMm Mapkepamu 0603HaYEHLI NALWMEHTI

C NPEMMYLECTBEHHO BTOPUHHLIM TUNOM UMMYHHOIO OTBETA.
[MyHkTMPHBIMK NMHUAMU 0B03HaveHsl cut off ana paspenenus
NepBUYHOro N BTOPWYHOrO TUMNa UMMYHHOro OTBeTa.

Note, Black and white markers indicate patients showing
predominantly primary and secondary type of immune
response, respectively, Dotted lines Indicate cut off threshold
to separate primary and secondary types of immune response.
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W BaKUMHALMK cepoHeraTuBHbixX [4, 11]. Takas crpa-
TErUst 103B0JIMIIA OBl HCKJIIOYUTh M3 ANTAIEMUUCCKOrO
[pouecea 3HAUNTENBHYIO YaCTh MOJIOIBIX B3POCIIBIX,
a BEb UMEHHO 2Ta Ipyrira sBasieTcsi MOJIOALIMU PO-
JUATENSIMU, CIIOCOOHBIMU UH(MDUUMPOBATE CBOUX Ma-
JICHBKUX, CLLEC HE ITPUBUTEHIX OT KopM aeTei. Koneuno,
yTpara JA0JArOKUBY LIMX IJIA3MOLIMTOB, CUHTE3UPYIO-
LMX AHTUTEIA HE O3HAYACT TOJHYIO YTpaTy MpoTH-
BOKOPEBOIO UMMYHMTETA, B-KJICTKU NaMsaTy HecyT
[OC/Ie BAKUMHALIMM YKE TICPECTPOCHHbBIC BLICOKO-
aBuiHbIC U NpermytecTseHHo IgGl-peuenTopsl, o-
HAKO CaMM OHM aHTUTEN HE TPOM3BOIAT JIO TEX 1op,
OKa HE BCTPETST BHOBL BUPYC KOpU. OTBeT B-K/1eTOK
naMsITH passuBaeTcss HaMHoro GuicTpee, YeM OTBET
HaMBHBIX B-KJICTOK, OHAKO HE MIHOBEHHO, 1M0O3TO-
MY JIIOIM, YTPATHBIIIME aHTHTe1a 3aboeBaloT, HO OT-
BEYAIOT BTOPUYHBIM UMMYHHBIM OTBETOM (BBICOKH A
YPOBCHB BBICOKOABHUIHBIX AHTHUTE).

Xots rpynna 3 cocrauia seero 5,6% sabonen-
LIWX, CAMO TMOSABJICHUE CC BECbMA HACTOPAX M BAET.
HeeMoTpst Ha BLICOKMH YPOBEHb pasaeauTeIbHON
MOJIC/IM, OCHOBAHHOM Ha OrnpeaeIeHUM COOTHOLLIE-
HUS CYOKJIACCOB NPOTUBOKOPEBBIX AHTUTEJ, B Chi-
BOPOTKAX KPOBH Tpynmnbl 3, MBI, TMO-BUIUMOMY,
HabJIoMaeM CMEIIAHHBIM TUIT UMMYHHOIO OTBE-
Ta. I'lpn 21oM y 40 yenoBexk, HEAABHO TPMBHUTHIX
OT KOpY MH(MUIIMPOBAHKE, BEPOSITHO, HAJIOXHIIOCH
Ha rpouece (hOPMUPOBAHMS TMOCTBAKIIMHAILHOTO
UMMYHUTETA, TOrIa Kak y 21 yesoBeka Takoit cme-
[AHHBI THIT OTBETA BO3HMK, OMCBUIHO, MO JpYy-
ro npuumue, Takast cuTyauusi MOXeT BO3ZHUK-
HYTb, CCJIN NPUBUTLIA B IETCTBC YEJOBEK YTPATHII
HE TOJILKO IJIa3MOLMTDLI, CUHTE3UPYIOLINE TTPOTH-
BOKOPEBbIC aHTHUTEIA, HO M YacTh B-KeTok nams-
TH, CNOCOOHBIX pacrnosHaTh BUpYc Kopu. B aTom
CJIy4Yac B OTBET HA MMOBTOPHYIO BCTPEUY ¢ BUPYCOM
KOPH napajjie/ibHO pa3ssBuBaloTes 2 rnpouecca: BTo-
PUYHBIA OTBET OocTaBIIeics eue yacTn B-KieTok
MaMsAaTH U MEPBUYHBIN OTBET HAMBHBIX B-KJETOK,
KOTOpBIE TOCTOSIHHO (DOPMUPYIOTCH B KOCTHOM
mMosre. OT Toro, ckoJib GosiblIast MKW Maaas 4acThb
B-KkJeTok namMsiTi Bbijia yrpayeHa u HacKoJbKO BO-
BJICUCHBI HAUBHBIC B-KJICTKM B 9TOT OTBET HA BU-
pyc Kopu s3asBucuT, Oyger JAM TaKoi cMeraHHbIi
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IgG-AHTUTEJIA K UHOUBUAYAJIbHbBIM
BEJIKAM LUUTOMETAJIOBUPYCA
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Peswome. Axmyaavnocme. Lntomeranosnpyc (CMV), B-reprnieceupyc 4eoBeka, nocie Nonaianus B OpraHu3m ue-
JOBEKA MOXH3IHEHHO NEPCHCTHPYET B natcHTHON dopme. BosHukawomas nepuoanyecku peaktusauns CMV so-
ACT BhI3bIBATH 3300JCBAHUE PA3HLIX OPTAHOB, BKIIOYAN 17123, HE TONBKO TIPH HMMYHOCYTIDECCHH, HO H Y HMMYHO-
KOMTIETCHTHBIX Juoei. Birarosaps CBOHM HMMYHOCYTIPECCHBHBIM CBOHCTBAM nepcuctupyiomuit CMV yuactayer
B matoresese 3aboneBaHuil paznoil stuonoruu. Llenwio nanHoro uccaetopanus Guli0 H3yyeHHe ocobeHHOCTell
AHTHTENOOOPA30BAHHA K WECTH HHAMBHAYANbHBIM Geakam CMV i nposesieHite KOPpPEIsSLIHOHHOIO aHaAK3a ero
BIAHMOCBSA3H € NOKA3ATeIIMH cyOnonyasiuHoHHOro cocrtasa AMMQMOLUNHTOB KPOBH V NALMEHTOB C MEPEAHAMM
YBEHTAMH pasHOi cTeneHu TsikecTH (Ge3 runonuoHa — /erkoe TeueHHe, ¢ MTHMONHOHOM — Gonee TAKEI0¢ Teue-
Hue). Mamepuaas u memodw. O6caenoBaHo 36 NAUKEHTOB ¢ NepeAHUME yBeHTaMH. | rpynny coctasuan 20 namw-
eHTOB De3 rumonuoHa, Il rpynny — 16 wenosek ¢ runonunonoM. [latornomonnyusie ais LM B-oGyciosrenssix
NepeNHUX YBEHTOB KINHHYECKHE CHMNTOMBI (IayKOMO-UHKAHTHYECKHE KPH3bl, CEKTOPANbHas aTpodus panyx-
KH) OTCYTCTBOBaAH. B ChIBOpOTKax KpoBu B MMMYHOodepMeHTHOM aHaau3e onpexensian 1gG-aurturena k CMV
(Mapkephsl XpoHH4ECKONH HHOMEKIHH), B THHCHHOM UMMYHOAHANN3E — AHTHTENA K MHAHBHAYAABHEM PeKOMOH-
HaHTHEIM aHTHreHamM CMV: ocHoBrROMY HecTpykTypHOMY npeaparxemy 6eaky (1E), AHK-cassisaomemy hoc-
donporenny p32, pocdonporennam rerymenta pls0, p65, p28, rnkonporenny obonoyku GB-AD. Merozom npo-
TOMHOH LUMTOMETPUM HCCieqoBani cybnonyaaunoHHsi coctas aumbountos: T-tumbountsr (CD3*), T-xennepn
(CD3'CD4°CD8"), T-unrtorokcnyeckue (CD3I"'CD4-CDS8’), T-nybas-nosurnensie (CD3*'CD4*CD8§*), narypansHue
kuanepst (CD167CD356%), B-mumdountit (CD19), ummyHoperyastopusift uxaexce (CD4*/CD8Y). Cratnernaeckuit
AHATH3 [TPOBOMIH ¢ noMotbio nporpammst StatTech v, 3.0.2 (OO0 «Crarrexs, Poccus). Pesyasmamu. [py nepexn-
HHX YBEHTAX JErKOro TeueHUA oOHApYKEHO CTATHCTHYCCKH 3HAUYMMOC TOBBILEHHE OTHOCHTEILHOIO CONCPKAHHA
CDI6°CDS6" u cuuzenne adbcomoTHoro yncaa CD3'CDS™ no cpasHEeHHIO € NEPEIHNMH YBEHTAMK Bosice THKEN0ro
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"W. Kpuyescxas v ap. WHdexums u MMMyHUTET

TeyeHHS. TONBKO B rPyIiNe NalIHEHTOB ¢ HATWYHEM THITONMHOHa (Doiee TAXKeI0e TeYeH)E) BHIABICHa MpsiMas KOppens-
HOHHAd 3aMeTHas I0CTOBEPHAs CBA3b MEX 1Y YPOBHAMH aHTHTeN K aHTHreHaM IE, p635, p28 u corepxanmnem ny6ab-
no3uTHBHLIX KieTok (CD3"CD47CD8") u o0parHasi ZOCTOBEPHAS CBA3b MEXIV YPOBHAMH aHTHTEN K aHTHIeHaM IE,
p65 1 p32 u CDI19™ numbountamu. 3axamverue. [lonyyeHHbIe pe3yIbTaThl COIMACYIOTCH ¢ HMEIOIMMHUCS B JTHTEpa-
TYDPe CIMHHYHBIMH COODIICHHAMH O POJIH AYO1b-NIO3UTHBHEIX THMGMOLKTOB B MaTOreHe3e TAXeIbIX hopM pala BU-
pycHEIX 3a001eBaHmi. HeoOXoauMbl TanbHeNHIIHE HCCAeI0BAHMS BAUSHKA HHIHBHIYAIbHbIX BUPYCHBIX aHTUTEHOB
Ha conepxkanue CD3*CD4"CDS8" y naunenToB ¢ xpornyeckoit LIMBU nns noareepxaeHHs poinH 1y01b-NO3HTUBHBIX
AUMAOLKMTOB B NaTOreHe3e 0oJ1ee THXEIO0T0 TEYSHHS IEPEIHUX YBEHTOB.

Kawuessie caosa: anmuzenw IIMB, cyGnonyasuuu aumpoyumos, oytas-nozumusnsie aumM@oyums:, nepedrue yeeumst, AUHeuH
UMMYHOGHAAU3, ZUNONUOH.

IgG-ANTIBODIES TO INDIVIDUAL CYTOMEGALOVIRUS PROTEINS AND THE PERIPHERAL BLOOD
LYMPHOCYTE SUBSET PROFILE IN PATIENTS WITH ANTERIOR UVEITIS OF VARYING SEVERITY
Krichevskaya G.1.2, Balatskaya N.V.2, Alatortseva G.1.%, Sorozhkina E.S.?, Kovaleva L.A.*, Kulikova L.G.%,
Dotsenko V.V.5, Nesterenko L.N.?, Lukhverchik L.N.?

¢ Helmholtz National Medical Research Center of Eve Diseases, Moscow, Russian Federation
® [ 1. Mechnikov Research Institute for Vaccines and Sera, Moscow, Russian Federation

Abstract. Background. Cytomegalovirus (CMV), a human beta-herpesvirus, persists latently lifelong after infection. CMV
reactivation that occurs periodically can cause disease in target organs including the eye, not only in immunosuppressed, but
also in immunocompetent people. Due to its immunosuppressive properties, persistent CMV is involved in the pathogenesis
of diverse diseases. The aim was to study the features of antibody formation against six individual CMV proteins and to conduct
a correlation analysis with parameters of peripheral blood lymphocyte profile in patients with anterior uveitis of varying severity
(without hypopion-mild course, with hypopion-more severe course). Materials and methods. 36 patients with anterior uveitis
were examined. Group [ consisted of 20 patients without hypopion, group II — 16 people with hypopion. No characteristic
features of CMV anterior uveitis (elevated intraocular pressure, stromal iris atrophy) were found. Blood serum anti-CMV
IgG antibodies (markers of chronic infection) were measured by ELISA, antibodies against individual recombinant CMV
antigens were assessed by Line-Immunoassay specific to the main non-structural immediate early protein (IE), DNA-
binding phosphoprotein p32, phosphoproteins of the tegument p150, p65, p28, GB-AD envelope glycoprotein. Lymphocyte
subset composition was studied by flow cytometry: T-lymphocytes (CD3*), T-helper cells (CD3*CD4*CD8"), T-cytotoxic
(CD3"CD4-CD#g"), T-double-positive (CD3"CD4CD8"), natural killers (CD16"CD367), B-lymphocytes (CD19%). Statistical
analysis was performed using StatTech v. 3.0.2 program (Stattech LLC, Russia). Resulfs. In mild anterior uveitis, there was
observed a significantly increased percentage of CD16"CD36" and a decreased absolute number of CD3*CD8" compared
with anterior uveitis of a more severe course. Only in the group of patients with hypopion (more severe course) there was
a direct significant correlation between level of antibodies against [E, p65, p28 antigens and percentage of double-positive
cells (CD3*CD4*CD8") as well as an negative significant relationship between the level of antibodies against IE, p63 and
p52 antigens and CD19™ lymphocytes. Conclusion. The data obtained are consistent with few reports on the roie of double-
positive lymphocytes in the pathogenesis of severe forms of some viral diseases. Further studies are needed to assess an effect
of individual viral antigens on CD3"CD4 CD8" level in patients with chronic CMV infection to confirm the role of double-
positive lymphocytes in the pathogenesis of a more severe course of anterior uveitis.

Key words: CMV antigens, lymphocyte subpopulations, double positive fymphocytes, anterior uveitis, line-immunoassay, fiypopion.

Bsenexne

VBeuThl — 3a001eBaHUS COCYIMCTON 0D0NM0YKH
171233, pa3IMYaloHecs Mo THONOrHH (MHMEKLH-
OHHBEIE, HeMH(MEKILINOHHEIS), JIOKAIH3aluH (epen-
HHe, nepudepHyeckue, 3aIHHE, TEHEpajlIHu30BaH-
HBIE), aKTHBHOCTH H TsikecTH. [Ipi nepeaHeM yBenTe
(ITY) MHTpaoKyIsIpHOE BOCHAJICHUE JTOKATH3YeTCs
B paayXKe ¥ nuauapHoM teie. ODTHHMM W3 NOKasa-
Tene TaxectH [V aBasieTcs: HaJllWIHe B MEpeaHeH
KaMepe I71a3a KJIe rO4HOro 3KCCyaara — riNonHoHa,
COCTOSIIEr0 B OCHOBHOM M3 JICHKOLIHTOB.

Bupycei repneca yenoseka (BI'd), B wacTHO-
ctu uuromeranosupyc (CMV), HrpaioT BaXHYO

pOJIb B 3THONOTHYECKOM CTPYKType MH(MDEeKUMOoH-
Hbix [1Y, npudem npeod1afatoT YBEHTHI, BbI3BaH-
HBEIE HE TIEPBHYHOI WHEKUHMEH, a peakTHBalHeH
MOXWU3HEHHO TMEPCHCTHPYIONIETO B OpPraHH3Me
BHpYyca [6].

YcraHaBauBalouiasics Nocie NEPBUYHOIO 3apa-
JKeHHs MoXu3HeHHas mepcuctenuus BI'Y B xier-
KaX WHOWOUPOBAHHOTO XO3siMHA — pe3VabTarT
CJIOXKHBIX B3aHMOOTHOIIEHHI MEXIYy MMMYHHOM
CHCTEMO¥ JeJIOBEKa M BHPYCOM: C OIHO¥ CTOPOHEI,
OHa CBf32Ha CO CIMIOCOOHOCTHIO BHPYCA YKIOHSATH-
Ccsi OT HMMYHHOIO Han3opa XO3sgMHa, a C ApYToMH,
C BO3MOXHOCTBIO MMMYHHOMN CHCTEMBI OTPAaHHYH-
BaTh JIUTHYECKVIO ha3y uHbekuuu [14].
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LIMB u cyBnonynaumu aumounTos Npu yBeuTax

CMV — caMmblil KpYNHBII W3 BUPYCOB Treprieca
5e70BeKa, u3BecTHO Oomee 200 pasHbIX Oenkos,
YYacTBYIOIIMX B €r0 XH3HeHHOM uukiae. Haubonee
aKTHBHO M3Y4YalOTCS NpeipaHHue OeIKy, HHUIIHN-
DVIOIIHE NMTHYECKVIO a3y uHbekuuH, dhocdo-
NpOTeHMHBl TeryMeHTa (amopdHOro OeaxkosBoro
€105, PACIOJIOKEHHOTO MeXAy HYKJICOKArNCHIOM
¥ HapyXHOH 000J10YKOii-CyIIepKanCcHIoM), y4acT-
SYIOIIME B Pa3HBIX CTAAHAX PEIUIMKATHBHOTO 1IHK-
73, IJIMKONPOTEHHAI CYTIepKancHia, obaeryaiiime
TIPOHMKHOBEHHE BUPYCa BO BCE THIThI KJIETOK H €70
MEXKJIeTOYHOe pacnpocrpaHeHue [13].

HHutomeramosupycHas wuHGpexuus (LIMBH)
¥V MMMVHOKOMIIETEHTHEIX JIMII XapaKTepH3yeTcs
IWHAMWYHBIM B3aMMOACHCTBHEM BHpYCa C HM-
MVYHHOM CHCTEMOH XO3SHHa Ha MPOTSXKEeHUH BCEH
AW3HH, NIPH 3TOM UMMYHHas CUCTeMa, 0COOEeHHO
T-THMQOLMTH, CASPKHUBAIOT PEILIMKALHIO BHPY-
ca ¥ pa3BETHe 3200/IeBaHHs, HO He JJIMMHHUDPYIOT
BHPYC M He NMPEea0TBPaNIaloT ero rnepeaavy ApyroMy
genoBeky [14, 15].

ITpoBenenHoe Vescovini R. u coasrt. [15] ¢ uH-
TepBasioM B 5 jeT ofcneaoBaHME 3T0POBBIX IOHO-
DOB TOKasalio AOCTOBEPHOS YBENHYCHHE YDOBHSA
IgG-anTuten Xk CMV u KoauuecTBa cneunduye-
ckux CD8* xinerok mamsaTH. ABTOPEI MOJNAraloT,
4YTO JaXe NMPH OTCYTCTBHM KJIHHHYECKHMX MPH3HA-
k0B 3aboneBanuss CMV MOAyIupyeT COCTAaB HM-
MYHOKOMTMETEHTHBIX KJIETOK 33 CYeT YBeIINYeHHUS
crnenHPUISCKUX KJIETOK TaMATH.

OnnopryHauctudeckuit xapaktep LIMBHU npo-
SIBJISETCS B CKJIOHHOCTH K PeaKTHBALIWH MO BIH -
HHEM pPa3lMYHBIX 3K30- M 3HIOIEeHHBIX (axkTo-
POB, B YACTHOCTHM 3a007€BaHMI APYTOM 3THOJO-
THHW, HE TOJBKO B YCJIOBHSIX MMMYHOCYIIDECCHH,
HO H Y MMM YHOKOMMETEHTHBIX JIHII.

B nocnensee Bpems obcyxaaercs poias CMV
B MaToreHe3e HeMHMEeKIIHOHHBIX YBEHTOB.

InuTensHOe BpeMSl HANpPSXEHHOCTh KJIETOY-
HOTO M ryMmopaibHOoro mmmyHurtera X CMV wmc-
C/IEIOBaJIM C WCHONb30BAHHEM JIM3aTOB HHOHIIH-
DOBAHHBIX KJIETOK MJIHM CMECH Pa3HBIX BHPYCHBIX
oenkos. Sylwester AW. u coast. [14] u3yuuny uMm-
MYHOTEHHOCTh MNENTHIOB, Koaupyemseix 213 ot-
KDPBITHIMH paMKaMmu cuuthiBanus (OPC) CMYV,
¥ BRISIBMJIH, 4TO npoaykrthl 151 OPC Gbinu uM-
MyHoreHHeIMH 11 CD4" u/uan CD8* T-kierok.
[IpuyeM y CepONO3UTUBHBIX JII0Aei OONIIMIT OTBET
nonyasunu CMV-crneuuduynsix T-tuMPOIHTOB
tdopmupoBan npubnusurensHo 10% CD4" u/uan
CD8" T-xjeToK naMaATH nepudeprvYecKod KPOBH.
[IpoaHanu3upoBaB JTHTEpPaTypy, aBTOPH 3aKJIIO-
9HIH, 9TO Y 3/I0POBBIX CEPOMO3HTHBHEIX JIOmeif
gactoTra BeIsBAeHHUA CMV-crneunduuneix CD4”
u/anu CD8 T-THMOOLHTOR 3HAYUTEABHO TIPEBhI-
1IaJIa YacTOTY, OOHapyXKHBaeMy0 NpHu HHOHUUHPO-
BaHUHM TAKMMH PACNpPOCTPaHEHHBIMH BHUDPYCaMH,
KaK BHDYCHI KODH, 3MHISMHYECKOro MNapoTHTa,
TPHUIIa, aJcHOBHPYCAMM, NMOKCBUDYCAMH H Iaxe

APYTHMH BHDYCAMH replieca 4ejioBeKa (BHDPYC Npo-
CTOrO reprieca, BHPYC BapHIIEjia 30CTep).

AXTHBHOE Y9acTHE MHIMBHIYaJIbHHIX Oeikos
CMYV B penyIHKauHK BHPYCa, HX BHICOKAas MMMY-
HOT€HHOCTh BHI3BIBRIOT MHTEPEC K POJIM KakIOro
H3 HUX B MMMYHOMaToreHe3e 3aboeBaHnil pa3sHoi
3THOJOTHH.

ITo nanueiM Kern F. u coasT. [9], y 40 310poBEIX
cepono3uTuBHBIX K CMV n10HOPOB 9acToTa crienu-
¢puueckoro orseta CD4* u CD8™ T-numdountos
nepudepHYecKoii KPOBH Ha HMMYHOIOMHHAHT-
Hbrit aaTureH (Al) p65 pasznanyanacs: y 63% BoisiB-
neH cnenrduyeckHit orBeT CD4™ T-nuMdboLUMTOB,
ay83% — CD8™ T-numdouuTos.

Llenb HacTOALIETO MCCIEAOBAHHS — HM3YYHTH
0COBOEHHOCTH aHTHTEN000Pa30BaHHS K IIECTH HH-
auBunyanbHbIM 6eakaM CMV 1 npoBecTH Koppe-
JANVOHHBIN aHAMN3 C MOKA3aTeAsAMH CYONonyis-
LIHOHHOrO COCTaBa IMMGpOLUTOB nepudepuuecKoii
KpOBH y nauiueHToB ¢ [TY, npoTekaomuMH ¢ THo-
MHOHOM ¥ De3 Hero.

Marepuanbi 1 METOAbI

36 naumenTos ¢ [TV no pe3yasrataMm odTaIbMO-
JIoru4ecKoro obcieIoBaHMUA pas3aeauiau Ha 2 rpyn-
nsi: 1 rpynma — [TV 6e3 runonroHa (20 naluneHTos,
cpenHui Bo3pacT 42,91+14,6 ron), 2 rpynna — IV
Cc THIOMHOHOM (16 ManmMeHTOB, CpenHHil BO3pacT
41,6+13,9 ron). Ilpeobaananu MauMEeHTH € YBEH-
TaMH, BBISBAaHHEIMH BHPYCOM TIPDOCTOTO Teprieca,
peXe — C peBMAaTOMIHBIMHM YBeMTaMu. ¥ Bcex 36 ma-
LIMEHTOB OTCYTCTBOBAalH KIMHHYECKHE CHMIITO-
MBI, narorHioMoangHEIe s [TY [IMB-3tHon0OrMu.
Marepuanom IS HMMYHOJIOTHYECKHX WCCAEI0OBa-
HHI MOCTYKHJTH 00pa3iibl CBIBOPOTOK KPOBH.

Hmmynogpepmenmuvit anasuz (HDPA). Tpu niep-
BoM o0pamieHWW y MNalMeHTOB Opanad KpoBb
M3 JIOKTeBOH BeHH, CHIBOPOTKY KpoBu (CK) pas-
JNTHUBANH HA 2 TMKBOTEI, XPaHHW/IHN X0 UCCIIEI0BaAHUA
npu T —20°C. CK uccnenoBanu B UDA Ha HamH-
yue IgM- u IgG-aHTHTEN K CTPYKTYDPHBIM ITO3M-
HuM aHTureHamMm CMV (ceporormyeckme map-
Kephl MepBUYHOH W xpoHWueckoid LIMBM coot-
BeTcTBeHHO). Mcnonn3oBannm Habopel peareHTOB
«BexTolIMB-IgM» 1 «BexTolIMB-1gG» (BekTop-
BecTt, Poccusa). IgG-anTHTEa K OCHOBHOMY mpel-
paHHEMY HECTPYKTYPHOMY 6enky supyca-1E (map-
Kephl peaKkTHBauuM XxpoHHYeckoi [IMBH) uccae-
noBanu c TecT-cucteMoit «bnoCer-aktus-IIMB
(Buocepsuc, Poccusi). UPA nposoamam Ha as-
TOMaTH4YeCKOoM aHanusarope <«Jlasypurs (CIIIA)
B COOTBETCTBHHM C MHCTPYKIIHEIl MPOH3BOXUTENS
TecT-cucteM. Pesynsratr UDA yuuTeiBaIH 110 pas-
HHULIEe onTHYecKoit mroTHoCTH (AOIT) HccrenyeMoii
¥ KOHTPOZIBbHOM OTPHIIATEIEHOH CHIBOPOTKH.

Jurneitnsiit ummynoaraaus (JIHA). lgG-anTutena
B CK K HHAMBUAYAaNBHBIM PEKOMOWHAHTHHM AT
CMYV onpenensiiw METOAOM JIHHEHHOIO HMMYHO-
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aHamu3a (JIMA) omHOBpEMEHHO C TMOCTAaHOBKOM
HUDA. PexombunaunTHeie AT CMV 6buIn monyye-
Hbel B HUWBC uMm. .. MeuHUKOBa U conepxaiu
TOJNBKO BhIcoKocneuupuuHsie 11t CMV 6enkoBbie
¢parMeHTHl BUPYCHBIX aHTUTEHOB (P): OCHOBHOM
HeCTpYKTypHbIii npenpanuuit 6enok IE (IE), He-
cTpyKTypHbIif npeapanHuit JJHK-cBa3siBalommui
6emmok p52 (p52), UMMYHOIOMUHAHTHBIE OEJIKOBEIE
¢dparmenTs dochonporenHoB TerymeHTta plS0,
p65, p28 u rmukonpoTenHa o6omouku GB-AD [3].

PexombunantHeie A IE, p65, pl60, p52,
p28, AG-BD copbupoBanu Ha HUTPOLIEJTIONO3-
HBIX CTPUMAX B BUJIE WHIWBUAYATBHBIX JTMHUIMA.
OTpULIATENBbHBIM KOHTPOJbHBIM aHTUTEHOM CIIy-
xwuna B-ramakrosunasa E. coli, 1isi KOHTPOJS Mpa-
BUJIBHOCTH TIPOBEICHUS PEaKLUMM WCIIOJIb30BaIN
MMMYHHYIO CBIBOPOTKY K IgG-uenoBeka. Komrmeke
«aHTUTENO—AT» BBISIBJISLIU C TIOMOILIBIO KOHBIOTaTa
MOHOKJIOHAJIbHBIX aHTUTE MBILIH K [gG-yenoBeka,
KOHBIOTMPOBAHHBIX C MEPOKCUHIa301i XpeHa.

PesynbraThl OLIEHWBAJIM BHU3YAJIbHO 1O MHTEH-
CUBHOCTU OKpacKW JIMHUI B MECTe HaHECeHUSs
KaXJO0Tr0 aHTUTeHa B CPaBHEHUM C ITOJIOKHUTEb-
HBIM ¥ OTPULIATENILHBIM KOHTPOJIEM M BbIpaXkaJiu
B YCJIIOBHBIX eIMHULAX, «TUTIocax» (+). OTcyTcTBUME
OKpallMBaHUSI JUHWU YYUTHIBAIU KaK OTpHLIA-
TENbHBIM pe3yabTar (—); oueHb cjiaboe okpalruBa-
HME — COMHUTENIbHBIN pe3yasTaT (L); cnaboe okpa-
IUBaHUE — CJIabOIMONIOXUTENBHBIN pe3yabTar (1+);
yMEpeHHOe OKpalllMBaHHe — TOJIOKUTEIBHBIN pe-
3ynbTar (2+); MHTEHCUBHOE OKpalllMBaHUE — CUJIb-
HOTIOJIOXKMUTENBHBIN pe3yabraT (3+) [3].

Ipomounasn yumomempus. MeTopoM NpoOTOY-
HOM LIMTOMETPUM B LIEJIBHOU KPOBU OMpeneIsiiin
oTHOcHTeNbHOE (%) U abCONIOTHOE COAEpXKaHMe
(a.c.) cybmonymsumit T-numdouuror (CD3%),
T-xennepos (CD3*CD4*CD8-), T-uMTOTOKCHYEC-
kux kietok (CD3"CD4-CDS8%), my6ab-TI03UTHB-
HbIX T-ntumbouutor (CD3*'CD4" CDS8*), NK-
kietok (CD167CD56%), B-numdonutos (CDI19%),
PACCYMUTHIBAIA MMMYHOPETYJISTOPHBIM WHIEKC
CD4"/CD8* (MPHU). KpoBb Gpain B NPOGHPKH
Vacuette® ¢ antukoaryiassitom KSEDTA. Cocras
JIUMQOLIMTOB OLIEHMBAJM METOIOM Jia3epHOu
npoTodHou umrodayopumerpun (uuromerp BD
FACSCantoll, CIIIA). CoxepxaHue CyomomyJisi-
uui onpenensniu B nporpamme Canto (Becton
Dickinson, CIIIA) ¢ BeigeJIeHUEM peruoHa Io o6-
LIt onyasiuuu, 3Kcrnpeccupytouieit CD45* antu-
reH, U nmo rpaHyiaspHoctu Kietok (CD45 PerCP-
Cy5*%/SSC) npu nomMoriiu MedyeHHBIX (IyOopoxpo-
mamu aHtuten Kk CD3* (FITC), CD4*(PE-Cy7%),
CDS8"(APC-CY7%*), no3Bonsomux auddepeHLun-
poBaTh KineTKu: T-numpountsr (CD3*), T-xenmnepsl
(CD3*CD4'CD8-), T-murorokcuueckue (CD3*
CD4-CD8"), T-«ayonb-no3utuBHbIe» (CD3"CD4*
CD8"), wnarypansHble Kuiepsl (CD16"CD56%),
B-numbouuter (CD19%), mMMyHOperyasaTOpHBIM
uHnekc (CD4*/CD8).

Cmamucmuyeckuii anaaus. VICTIOab30Balu Ipo-
rpammy StatTech v. 3.0.2 (pa3paboruuk — 00O
«Crarrex», Poccusi).

KonuyecTBeHHBIE MOKasaTeJqd OLEHMUBAJIH
Ha IMpeIMeT COOTBETCTBHUS HOPMaJbHOMY pacripe-
JIeJIEHHIO ¢ moMolublo Kputepus lanupo—Yunka
(ripu yrce uccieayeMbiXx MeHee 50) uau KpuTepust
KonmoropoBa—CMupHOBa (Ipy 4YuClE€ UCCIELy-
embix Ooisee 50). KonuuyecTBEeHHBIE ITOKA3aTENMH,
MMeEIoIe HOpPMaJIbHOE pacrpeaesieHue, OIMMCHI-
BAJIUCh C TIOMOIUIBIO CpPEIHUX apudMETHUYECKUX
Benu4yuH (M) ¥ cTaHAAPTHBIX OTKJOHEeHHU (SD),
rpaHul 95% nmoBepuTesbHOro uHTepBana (95%
OW). B cnyyae OTCYTCTBHSI HOPMAJbHOIO paciipe-
JIeJIeHUS] KOJIMYECTBEHHBIE JaHHBIE OMUCHIBAIUCH
¢ MoMo1LIbI0 MeauaHbl (Me) 1 HUXKHETO ¥ BEPXHETO
kBaptuieit (Q,—Q,).

CpaBHeHHME OBYX TPYIIT IO KOJWYECTBEHHOMY
1oKasaTeio, UMEIOIIEMy HOPMaJIbHOE pacrpeae-
JIEHWEe, TIPU YCJIOBUM PaBEHCTBAa IMCIIEPCUiL, BbI-
ITOJIHSIJIOCH C MOMOLIbIO t-KpuTepusi CThIOIEHTA.
CpaBHeHME ABYX TIPYMIl [0 KOJUYECTBEHHOMY
IoKasaTesio, pacrnpenejeHue KOTOpPOro OTIvda-
JIOCh OT HOPMAaJILHOTO, BBITIOJTHSIJIOCH C TTOMOIIBIO
U-kputepusi MaHHa—YUTHH.

HampaBneHue u TeCHOTa KOPpPEASLIMOHHOM
CBS3M MEXIY JABYMSI KOJMYECTBEHHBIMM ITOKa3a-
TEJISIMY OLIEHMBAJIUCH C IIOMOLLBIO KO3 dbuneHTa
paHroBoit Koppensiuuu CrinpMmeHa (rpu pacrnpeje-
JICHUH TI0Ka3aTesiei, OTJIMYHOM OT HOPMaJIbHOTO).

[TporHocTuyeckass MOIENb, XapaKTepu3ylo-
1asi 3aBUCMMOCTb KOJIMYECTBEHHOI MepeMeHHOM!
oT (hakToOpoB, pa3pabaThIBaach C TOMOLIbIO METO-
J1a IMHENHOM perpeccu.

KayecTBeHHYI0 OLIEHKY TECHOTBI CBSI3U IBYX [10-
KasaTeseil OLEHMBAJIM MO 3HaUYCHHUIO KO3 bhuim-
eHTa KOppeasuunH (r) c MOMOIIBIO IKaael Yemnmoka:
cmabast — 0,1 <r<0,3; ymepennass — 0,3 <r<0,5;
sametHast — 0,5 < r < 0,7; Beicokas — 0,7 < r <0,9;
BecbMa Beicokasi — 0,9 <r < 1,0. Hanpasiienue cBs-
3u: npsimas (+) u obparHas (—). Onpenensnm Tak-
Xe JOCTOBEPHOCTb BBISIBIEHHOTO KO3 duuueHTa
koppensiuuu (p < 0,05).

PeayneraTthl

Ceponoeuneckuii anaaus (UDPA). 1gG-anturena
K MO3AHUM CTPYKTYpPHBIM aHTUreHam CMYV Beig-
Bun y 36 (100%) nanmeHTOB 06EMX IPYIIIL, YTO CBU-
JIeTEIbCTBOBAJIO O HAJIUYMU Yy HUX XPOHMYECKOM
IMB-undekuunu (XIIMBHA). Yposuu IgG-anturen
K TyJIy TIO3THUX AHTUTECHOB Y OTAEIBHBIX GOIBHBIX
B obeux rpynmnax konebanucs ot 0,9 mo > 3,5 AOII,
CpeIHUEe MOKa3aTe i B 00EUX IPyIIax CyIeCTBEHHO
He ommmyanuck (p > 0,05). CinabomomoXuTeabHbIE
cepojoruyeckue Mapkepsl peaktuBanuu XIIMBU
(IgG-anTturena k IE-anTureHy) oOHapyXeHbl y 3
u3 20 (15%) maumenTtoB | rpynmer ny 2 u3 16 (12,5%)
nauueHToB 2 rpyrsl (p > 0,05).
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IIpooyxyus IgG-anmumen Kk UuHOUUOYANbHBIM pe-
xombunaumuoim A CMV y nauyuenmos obeux epynn
(JTHA). YacToTa BEISIBIICHWS ¥ CPEIHIE YPOBHU (Me-
nuana) [gG-aHTUTEN K KaXKA0MY U3 UCCIIeJOBAHHBIX
uHauBuAyaabHEIX AT CMV B 06eux rpymnnax Takxe
OCTOBEPHO He oTiryanack (p > 0,05) (tabn. 1 u 2).

Ocobennocmu cybnonyasayuoHH020 cocmaea AuM-
doyumos nepughepuneckoll Kposu y RNAUUEHMOE
1 u 2 epynn. OGHapyXeHO CTaTUCTUYECKU 3Ha-
YMMOE CHUXKEHHME aOCOJIIOTHOrO KOJIUYEeCTBa
T-umurtoTokcuueckux KjaeTok CD3*CD8"(p = 0,033)
M TEHIAEHLMS K CHMXEHMIO MX TIPOLIEHTHOIO CO-
nepxanus (p = 0,059), nocToBepHOE MOBLILLIEHUE
TIPOIIEHTHOTO COAEPXXaHUs HATypaJlbHBIX KUJLIE-
poB CDI16"CD56" (p = 0,023), moBBIILIEHUE PErYJIsi-

TopHoro uHaekca (p = 0,033) B rpynme 1 (ITV 6e3
TUATIONTMOHA) 10 cpaBHEeHUIO ¢ rpymroi 2 (ITY ¢ ru-
TIONTMOHOM) (Tabu1. 3).

Koppeasuyuonnwviii anaau3 abCoIOTHOTO U OT-
HOCHTEJIBHOTO COMEpXaHUS pasIU4YHBIX CyOmo-
nyasuuii TuMdouuToB B nepudepudeckoii Kpo-
BH C YPOBHEM AHTUTEN K OTHEIbHBIM PEKOMOH-
HaHTHBIM AT CMYV BBISIBUJI HEKOTOPHIE OTIIMYM S
B rpyrnre nanueHToB ¢ [1Y 6e3 rumnonuoHa u ¢ ero
HanmugueM (Tadi. 4).

B epynne 1y nayuernmoeg c I1Y 6e3 eunonuona BbI-
SBJIEHa YMepeHHad npsimas goctoBepHas (r = 0,472;
p = 0,036) xoppenasilMOHHAs CBSI3b MEXIY YpPOB-
HeM aHTUTEN K IE-anTtureny CMV u abcomOTHBIM
konnuecTBoM CD45"-mumdoLUTOB M TEHACHIIUS

Ta6nuua 1. Yactora Beissnenus IgG-aHTuTen (MHTEHCMBHOCTb OKpaLMBaHUS nuHum 1+, 2+, 3+)

K PeKOMOGMHaHTHLIM BUPYCHbIM aHTUreHam y CMV-cepono3utreHbIX NauneHTos ¢ NepeaHuMmn yeentamu
6e3 1 ¢ HanM4yueM runonuoHa (NMMHelHbIA UMMYHOaHanu3)

Table 1. Detection rate of IgG antibodies (bands 1+, 2+, 3+) against CMV recombinant antigens in CMV-seropositive
patients with anterior uveitis without and with hypopion (Line Immunoassay)

B AHTUreHs: UMB
MepepHuii yseut ot "::;‘; ano CMV antigens
Anterior uveitis Total examined IE p150 p52 p65 p28 GB-AD
n (%)* n (%) n (%) n (%) n (%) n (%)

Bes runonuoxa
Without hypopion 20 3(15) 18 (90) 11 (55) 17 (85) 15 (75) 7 (35)
C runonvioHom
With hypopion 16 2(12,5) 14 (87,5) 10 (62,5) 15 (94) 11 (68,8) 9 (56)
) >0,05 >0,05 >0,05 >0,05 >0,05 >0,05

TMpumeyanme. *n (%) — 41CNO NAUMEHTOB (%), CEPONO3UTUBHBIX K AAHHOMY PEKOMBMHAHTHOMY aHTureny; ** p < 0,05 — LOCTOBEPHOCTL OTANYNS
nokasarenew Mexay Asyma rpynnamu Y.

Note. n (%) — number (%) of patients seropositive for specific recombinant antigen; **p < 0.05 — significant inter-group differences in parameters.

Ta6nuua 2. Cpeaunii yposeHb aututen (Me) K pekoMOuHaHTHbIM aHTureHam CMV B rpynnax nauueHTos
¢ nepegHumMu yseutamu 6e3 (l) u ¢ Hanuymem runonuona (ll) (nMHenHbIA MMMYHOaHann3)
Table 2. Average level of antibodies (Me) against recombinant CMV antigens in groups of patients with anterior uveitis
without (I) and with hypopyon (ll) (Line Immunoassay)

" I o
p150 |I| 32 2:8 18:28 Qs
- 8:8:1:2
o = o
e |I| ?g (1):(5) g::j:g Ll
T T T B

Mpumeuanue. *| — rpynna nauMeHTos ¢ nepeaHuMm yaenTamu 6e3 runonuoxa; **Il — rpynna yseutos ¢ nepeaHMu yBEUTaMM C rUNONOHOM;
*** — YUCNO NAUMEHTOB; ****Me (MeanaHa) — CpeAHWI YPOBEHb aHTUTEN K PEKOMBUHAHTHOMY aHTUreHy; *****Q,~Q; — HUXHWIA 1 BEPXHUI KBAPTUb;
FrrrErn < 0,05 — CTATUCTHHECKM 3HRYAMOE OTANYME.
Note. *| — anterior uveitis without hypopyon; **Il — anterior uveitis with hypopyon ***n — number of patients; ****Me (median) — average level

of antibodies specific to recombinant antigen; *****Q,-Q, — lower and upper quartiles; ******p < 0.05 — significant difference between | and Il groups

of anterior uveitis
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(p = 0,055) Kk ymeperHo# npsimoit (r = 0,435) xop-
PEJISIIMOHHON CBS3H MEXAY YPOBHEM AaHTHTEN
K [E-autureny CMV u aGconoTHEIM KONTHYECTBOM
CD19. Taknm 06pa3oM, NOKA3aHO, YTO Y MAHEHTOB
¢ 1Y 6e3 runonuonHa peaktusauns CMV conposo-
XKIIAETCH MOBBILUCHHEM OBUICro KOJIMYECTBa JTHM-
(houmToB M TeHACHIMEl K noBbieHHI0 YHcaa CD19
B-numdbountos (tabn. 4).

KoppeasitMOHHBIN aHATH3 BLIABUI TAKXKe J10-
CTOBEPHYIO YMCPCHHYIO TPAMYIO CBA3b MEXIY
ypoBHeMm antHten x A CMV p65 u abecomor-
HBIM KOZM4ecTBOM uMTOTOKCHuUecknx CD3*CD8*
T-numbounros (r = 0,458; p = 0,049), a Takxke
J[IOCTOBEPHY IO YMEPCHHYIO OOpPaTHYIO CBA3h MEX-
/Iy YPOBHEM AHTHTEJH K pb5 M NMPOUEHTHHIM CO-
nepxanmeM CDI6'CDS56%(r = —0,478; p = 0,038).
MMoBsiieHUE YPOBHS aHTHTEN K pb5 NOCTOBEPHO
KOpPPeJIMpOBAJIO C TOBHIIEHHEM abCoOTHOrO
KOMMYECTBA UMTOTOKCHYECCKHX T-TMMGbOLNTOB

M CHHXCHMEM IPOLICHTHOIO COACPKAHMS HATY-
PaIbHBIX KMACPOB, TAKXKE OTMEYCHA YMEepeHHas
IOCTOBEpHasi 0bpaTHas CBA3b MEX1Y YPOBHEM aH-
TuTen K GB-AD M NpOUEHTHBIM COACPXaHUEM Ha-
TypaabHeIX Kiuiepos (r = —0,499) (rada. 3).

Peakuus Ha yBeAHYCHHE VPOBHS aHTHTEN K OC-
HOBHOMY MMMYHOIOMHHAHTHOMY DEIIKY TEryMeH-
Ta p65 n Genky obonoykn GB-AD aakmouanachk
B JIOCTOBEPHOM YMEPCHHOM CHHIKCHHH TIPOLIEHT-
HOro COIEpPXaHns HATYPAJbHBIX KMIJIEPOB.

Bo 2 epynne (I1Y ¢ eunonuonom) BEISABIEHA J1O-
CTOBEpHAas 3aMeTHasi MpsAMas KoppeasuMoHHas
CBA3b MEXIY NMPOLUEHTHBLIM COACpXaHueM AyOib-
nosuTuBHBIX  JuMmdbounros  (CD3'CD4'CDS8")
H YpOoBHeM aHTHTe K npeapanHemy (1E) anTureny
CMV (r = 0,566, p = 0,022); aBco/mMOTHLIM YHCIOM
CD3'CD4'CD8*-nuMpOuUnTOB M YPOBHCM aHTHTEC!
K Gesnky TerymenTa pb3 (r= 0,551, p=10,027), a rakxke
TIPOLIEHTHBIM coepXaHueM ¥ abCoNIOTHBIM YHC-

Tabnuua 3. CyGnonynauuoHHeii coctas numdounTos nepudepuyecKoi KpOBK Yy NAUNEHTOB C NepeaHuMK

yseuramu 6ea (1) n c Hannyuem runonnona (1)

Table 3. Peripheral blood lymphocyte subset profile in patients with anterior uveitis without (1) and with hypopion (I1)

Towsraew: 'gfo"u';' MSD/Me™ | 95% AW/Q,-Q*** e s
Persons examined

0 5705 ] o
©D3', abe abs T Tessims | s 5 o185
covcam. . —
00308, s s e =i o
o304’ % T ams T aias ¥ 0129
e 1 = S R e
CD3°CD4'CD8", % |'| ?g g:::g f: 0,143
CD3'CD4'CD8", abe.[abs. |'| j;:g 11‘?6_2; fo f: 0,077
coecoss. . L
CD16°CD56", abc.|abs. : fig: ,'33,‘;132},3 fg 0,239
core: % T e i ?2 o4s
cow e N 1
045, ac s T o | 055-a06. - osss
CD4/CD8, abc. |abs. l'l 712: ::::ig fg 0,083

Npumeyasne. * — cyGnonynsumn MmmdounTos; **MiSD — cpegree apndmMeTHIECcKOeECTaNAAPTHOR OTKNOHEHKE/Me — Meanana;
***0,~ 0y — HHKHUA M BEPXHNIA KBAPTHAL, ****p < 0,05 — CTATUCTHYECKM JHAUMMEIE PaAnuyKUa noxasatenel mexay | u Il rpynname,
Note. * — lymphocyte subsets; MtSD — arithmetic meanzstandard deviation/Me — meadian; ***Q,-Q, — lowsr and upper quartiles;
**** p < 0.05 — significant differance between | and Il groups of anterior uveltis.
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aoMm CD3*'CD4*CD8" 1 ypoBHeM aHTUTEN K BEJIKY
terymenTa p28 (r = 0,670, p = 0,005; r = 0,563, p =
0,023, cooTBeTcTBEHHO) (TabdN, 4).

B 51Ol rpyrne oTMeveHa TakKXe JOCTOBEpHAasl
JaMeTHas oOpaTHasi KOppeasiumsi MeExXIy I[po-
UeHTHBIM cogepxaHuem CDI19" B-nmumdounron
H YPOBHEM AHTHUTEN K TPEM PEKOMOMHAHTHLIM AT
CMV: IE (r=—0,533, p=0,033), p52 (r=-0,501 p=
0,048), p65 (r= 0,564, p = 0,023) (Tabxn. 3)

O6eyxneHne

LluromeraaoBupyc — camblit Kpy imHbIA U3 BUPY-
COB reprieca YejgoBeKa, BUPUOH KOTOPOro COCTOUT
13 BHeLHe MeMOpaHo3HON 060/104KH (Cyrniepkari-
cujia), GENKOBOro CJIosl, Ha3hl BAEMOTI' O TEIrYMEHTOM,
H UKOCasApUMECKOro Karncuia, KoTopblit ConepxuT
cxarslid, 6osbioit (> 240 k6) renom AHK. IMonas
B opraHu3dM, CMV Bo3biBAeT MOKMUZHCHHYIO HH-
hexkuuio, peakTUBaUUKM KOTOPOH CrocobeTBytoT
MHOTOUYMCAEHHBIE K30~ W HHAOICHHbIC (DaKTOPDI,
B [IEPBYIO OMEpPeib — UMMYHOCYITpeccust,

[Mepenunit yseur — BocnaJeHue rnepeaHe-
ro OTpe3Ka YBeaJbHOro Tpakrta rnasa (pamyxku,
UMIMAPHOTO Tesa) — BbI3bIBACTCH KakK MHpEKImn-
OHHBIMHU, TaKk W HeuHpekunonupiMmn daxkropa-

Mu. Jokaszana srnonoruveckas ponbs CMV npu
OCTPBIX (NMPOTEKAIOUIMX C IJ1ay KOMO-IIHKJINTHYEC-
KMMHM KpHU3aMu WJIN C CEKTOpaJbHOW arpoducii
panyKKu) n xpouuueckux copmax 1Y He Tonbko
B YCJIOBUSAX UMMYHOCYTIPECCHUM, HO U Y HMMYHO-
KOMIETEeHTHBIX Jitoaei [6].

Cpean obcnenoBaHHBIX HAMM TMALIMCHTOB TH-
nuyuoit aas CMV knmuuveckoit kaptuHsl [1Y
HC BBISIBJIEHO HM B OJHOM ciy4ae, XoTs Bce 36
(100%) naumeHToB GBIAN XPOHUYECKH WH(UIIK-
posansl [IMB. CyOGkauHuueckue ceposiormyuec-
Kue mapkeps peaktupaunu CMV (IgG-anturena
K IE-antureny) obHapyxeun vy 5 (11%) u3s Hux.

HaxkorneHo MHOTO JaHHBIX, CBUCTE/LCTBY IO~
mumx o peayiueit ponu T-TumpoLUTOB B orpaHmnue-
HUM peakTuBaunu nepcuctupyrouero LIMB (8, 14].
Ml npoBenu aHaanud cyornomnyasiiiMOHHOIO cocTa-
Ba LUMPKYJIUPYIOMUX JTUMGMOLUUTOB Y MALUCHTOB
¢ ITY B 3aBUCHMOCTH OT TSXKECTH KJIMHUUCCKOrO
TEUEHMUS U OT CrieUmpUIECKOro ryMmopalbHOro oT-
BeTa K 6 MHAMBMAYaJIbHBIM auTureHaM CMV,

OO6G1nit ananu3 cpeaHero ypoBHS OTIC/HBHBIX
cybrionynsiunit TUMGOIINTOB BLISIBUIL IOCTOBEP-
Hoe oTanuue Mexay 6onee erkum (ITY 6e3 runo-
nuona) u 6onee TsxkeauIM Teuenuem 1Y (¢ runo-
nuorom): ITY Ge3 rumonuoHa xapakTepusoBasics

Tabnuua 4. CtaTucTMYECKMU 3HAYUMbIE KOPPENALMOHHbIE CBS3U MEXAY YPOBHEM aHTuTen

K MHAUBUAYaNbLHLIM aHTUreHam CMV u cyGnonynsumnammu numpountos nepudepudeckoil Kposu

y NaLMEHTOR C nepeaHuMmu yeeutamm 6e3 v ¢ Hanuuuem runonnuoHa

Table 4. Significant correlations between level of antibodies specific to individual CMV antigens and peripheral blood
lymphocyte subsets in patients with anterior uveitis without and with hypopion

YpoBHu Fpynna 1. NepegHue ysentsl 6e3 runonvoHa pynna 2. MepegHue yBenTbl C runonuoHom
anruren Group |. Anterior uveitis without hypopion Group Il. Anterior uveitis with hypopion
K @aHTUreHam
cMV OGparHas OGparnan
Antibody Mpaman ymepeHHas caa3b [ yMepeHHas CBA3L Npamas 3ameTHas CBA3L 3amMeTHan CBASL
levelsto CMV | Pirect moderate correlation Inverse moderate Direct significant correlation | Inverse significant
antigens correlation correlation
CD45* (abc.|abs.)) CD3'CD4'CD8" (%) CD19' (%)
IE r=0,472 r=0,566 r=-0,533
p = 0,036 p=0,022 p=0,033
CD19' (%)
p52 r=-0,501
p=0,048
CD3'CD8'(a6c. |abs.) CD16'CD56" (%) CD3'CD4*CD8'(abe.|abs.) CD19" (%)
p65 r=0,458 r=-0,478 r=0,551 r=-0564
p=0,049 p=0,038 p=0,027 p=0,023
CD16'CD56" (%)
GB-AD r=-0,499
p =0,025
CD3'CD4'CD8"* (%)
r=0,670
p=0,005
p2p CD3*CD4'CD8'(abc.|abs.)
r=0,563
p=0,023

MNpumeyanue. atic, — abeonoTHOR KOMMHECTBO NMMBOUUTOB; % — NPOLEHTHOE COABPXKaHNE NMMBOLIMTOR; I — KOAhOUUMEHT KOPPensLU;
p < 0,05 cTaTMCTUYECKM HAYMMBIE ZHAHEHWA ANS KOADPUUMEHTE KOPPENALIUM,

Note. abs. — absolute count of lymphocytes; % — percentage of lymphocytes; r — correlation coefficient; p < 0.05 — significant correlation coefficient,
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WHdexumns v uMMyHuTeT

JIOCTOBEPHO §ONee BHICOKHMM COAEpXaHHMEeM HaTy-
PaJbHBIX KHILIEPOB ¥ 60Jjiee HU3KUM COOepXaHAEM
T-UHTOTOKCHYECKHMX KJIETOK; B 3TOi IpyIile 3Ha-
YHMMOQ NOBLIIIAJICS PETyISTOPHbBIH MHIEKC.

AHan¥u3 KOPPEASIIMOHHONH CBA3M MEXIY CO-
JepXaHHeM OTIOEABHBIX cyOnonynsuui aumdo-
LIATOB M YPOBHEM aHTHUTE] K HHIWBHAYaIbHBIM
anTureHamMm CMYV BEISBHI pAd OTAWYHN MEXIY
OByMsa rpynnaMi. ¥ nauueHtoB ¢ IIY 6e3 ru-
MOoNMHOHa OOHapyXeHa IOCTOBEpHas YMEpEeHHas
obpaTHas KOppeIALUOHHAsE CBSI3b MEXKIY Mpo-
HEHTHHIM COIEpXaHWEM HaTypalibHBLIX KHILIE-
poB (CD16°CD56"(%)) B nepudepuyeckoii KpOBH
u ypoBHaMH IgG-antuten x anTureHam CMV:
GB-AD (p = 0,025) n MHOro®OyHKIUKOHAIBHOMY
aHTHTeHYy p63 (p = 0,038). NK-tumbouuTs ocy-
MIECTBASIOT IH3HC KJIETOK, HWHOWIHPOBAHHBIX
BHDYCAMM, W YYACTBYIOT B PETrYISIIHH BPOXAEH-
HOTO M aJanTHBHOrO MMMYHHOro ortseta [4, 10].
Vcunenue 3KCOpeccMHM HEKOTOPHIX AHTHICHOB
ABAAETCS OOHUM wu3 (aKTOPOB, WHAYLUHPYIO-
HX BBIpAXeHHBIH HMMMVYHHBIH OTBET Ha HHX.
[MoBelileHHAs 3KCMPECCHS AOMUHAHTHOIO HMMY-
HoreHHoro aaTuredHa CMYV p63, urpamomero Bax-
HYIO pPOJib B YKJIOHEHUH OT HMMVHHOIO Hazasopa
genoBeka [9], ¥ UMMYHOTEeHHOI0 INIHKOINIPOTEHHA
obonouku — GB-AD, obaeryamoumero NpoHUKHO-
BEHHE BUPYCa BO BCe THUIBI KieTok [13], koppenn-
pPOBaJIC CO CHUXKEHHUEM CONePXKaHUA B KDOBH HaTy-
panbHBIX KH/UJIEPOB, YYACTBYIOIIHX B IPOTHBOBH-
PYCHOI# 3alIUTE KJISTOK.

TTpu MOBLILICHUH YPOBHSA aHTUTEN K OCHOBHOMY
MpeapaHHEMY BHPYCHOMY OelKy (MapKepoB peak-
TuBauuu CMYV), noseiazock abCOMIOTHOE KOTH-
4ecTBO JHMMOIMTOB B KPOBH (NMpsAMas yMepeHHas
nocrosepHas cBa3b, p = 0,036) (Tabxn. 3), 4To MOXeT
CBHIETEILCTBOBATEL 00 YCHIICHUH IMHUH TPOTHBO-
BUPYCHOM 3aIIMTHI OPraHM3Ma B Hayalie peakTH-
pauuu [IMBH. Ilpy NOBLIMICHWH YPOBHS aHTHTEN
K p65, KOTOpOE MOXKHO pacCMaTpPHBAaTh KaK CBHE-
TEABCTBO YCHJICHHS 3KCIPECCHM BHPYCHOTO aHTH-
reHa, Mrpaollero BaXHYIO Pojib B PEIUTHKAIlHH
CMYV, HanpsgMyiO MOBHIIIACTCS YPOBEHb IHTOTOK-
cuueckux nuMmdpountos CD3*CDS8* (p = 0,049).

IMo-BuaumMoMmy, y namueHToB ¢ [TV 6e3 runonn-
OHa oclabieHue BpOXISHHOIO MMMYHHOTO OTBeTa
KOMIIEHCHPOBAJIOCh YCHAEHHEM CHenupHUIecKoro
KJIETOYHOTO OTBETA 33 CYET MOBBIICHHS KOJIHYe-
cTBa T-IIHTOTOKCHYECKHX THM(DOILIHTOB, 4TO Orpa-
HHYMBAJIO DHCK DPa3BHTHA KiuHHYeckoit CMV-
CHMITTOMATHKH, HO HE MCKITIOYAsIo 001ee AIuTeNb-
HOrO ¥ TOPNHMAHOrO TeYeHUs yBeHTa. [lomyyeHHbIe
NlaHHBIE COTNacyloTcs ¢ pe3yasratamu Jackson S.E.
M coaBT. [8], moxka3aBIMIWMH, YTO Y CEPONO3UTHUB-
HeIx K CMV noHopos criennduutsie Kk [IMB CD8*
T-mMOOUHTEI CO1agar0T BHICOKOH aHTUBHPYCHOM
AKTHBHOCTBIO ¥ MOTYT IIPEOIOICBAThE HMEIOMIHECS
Yy BHPYCZ MEXaHM3Mbl YKJIOHEHHS OT HMMYHHOIO
OTBETa XO39HHA. ‘

Pan uccraenosareneii monaraet, uto CMV naxe
B OTCYTCTBHM KAHMHHMYECKHX MPH3HAKOB 3a00jeBa-
HHS MOZYJIHPYET COCTAB MMMYHOKOMMETEHTHBIX
KJIETOK, YBETHIMBasA KOJTHYECTBO KJIETOK MaMATH,
cneunduyHbx L1 CMV [9].

B rpynme Il mammenToB [TV nporekan Tsxernee,
C HaJM4YHeM KJISTOYHOTO 3KCCYAaTa B MepeHel Ka-
Mepe I7ia3a — THIIONHOHA. B 370l rpynne BrisiBAeHa
IIOCTOBEPHAsI 3aMeTHasd NpsMasi KOppessilius Mpo-
IVKIIHH aHTHTEN Ha HECKOIbKO WHIMBHIYATbHBIX
anTureHoB CMV mu comepxanuem B KpoBu (mpo-
LEHTHBIM H/HIH abCOMIOTHRIM) Masoi cybnomyns-
IHA JTAMOOUNTOB — AyO/Ib-TIO3WTHUBHBIX KIIETOK
(CD3*CD4*CD8"): ypoBeHs anTuTed K IE Koppenu-
POBaJI C HX NMPOLCHTHBIM COIEPXaHUEM, K AHTUTEHY
p65 — ¢ abCOMOTHBIM KOTHYECTBOM; K p28 — C ux
abCOMIOTHBIM YHCIOM M TIPOLIEHTHBIM COJIEpXKaHu-
eMm. @ocdonpoTeHH TeryMeHTa pp28, Hapsiny ¢ pp63,
aKTHBHO YyYaCTBYET Ha Pa3HbIX CTAAMAX PEIUTHKALIMH
[IMB, ByacTHOCTH NpH BHYTPUKJICTOYHO# nepeaaye
BHPYCa ¥ MPU BBIXOAE BUPHOHA W3 KieTkH [9,11].

Mewmbpannsie Monexyinsl CD4* u CD8™ ssas-
I0TCH OCHOBHBIMH PELENTOpaM# Ui [-Xeamnepos
H T-uuToToKcHueckKHX nuMmdbouuTos. [lomaranm,
YTO OJZHOBPEMEHHAsl 3KCIIpecCHsI 00eHuX MOIeKy
Ha MemOpaHe T-THM@OLHUTOB TPOHCXOIUT TOJIBKO
Ha 3Tare celleKIIuH B TuMyce. [1y01b-no3uTHuBHbIE
CD3"CD4*CD8" T-mtuMdOLUTH Y HYeI0BEeKA BIiep-
Buie 00Hapyxuau Blue M.L. u ap. B 1986 r. [5],
¥ MIEPBOHAYAJIbHO HX MOSBJACHUE B nepudepuyec-
KO KPOBHM CBSA3BIBAH C NMpPEXIeBPEMEHHBIM BbI-
XOIIOM He3penbiX THMMOILHNTOB H3 TUMYyca [2, 14].

B HacTosmiee BpeMs CYMTAIOT, YTO CyOnomy-
nAUus AyOIb-O3UTUBHEIX TUMGONNTOB 06paso-
BaHa BhICOKOAH(PEepeHIHPOBAHHBIMHY KJIETKaMH
namaTH. CD3*CD4"CD8 -kJ1eTKM MPHUCYTCTBYIOT
B niepudepudecKoi KpoBH y 1—3% nmpakTUuecku
3MOPOBBIX ITIO€H, BCTPEYalOTCS TPH AYTOMM-
MVHHBIX M XPOHHYECKHUX HHOEeKINHOHHBIX Do-
ne3nsx [15]. Ux KxonuYecTBO NOCTENEHHO YBEIH-
YHBAaETCH C BO3PACTOM, 0COoOeHHO mocine 65 mer.
IIpH XpOHHYECKMX BUPYCHBIX HHODEKUMSIX OHH
uMeloT deHoTHTT 3B (MEeKTOPHBIX KASTOK NaMATH
H TIPOABASIOT aHTHTEHHYIO crieiHUYHOCTE [16].
WX ypoBeHb B KPOBH MOXET TMOBBIIIATHCA Y JIMILL,
HHOHALMPOBAaHHEIX BHPYCOM HMMYyHozeduiuTa
4YeI0OBEKa, BHPYCAMHM reprieca 4ejloBeka 6 Tuna,
auMOOIHTAPHOTO XOPHOMEHHHTHTA, [-KieTou-
HOTO JIeiiko3a yejgoBeka u ap. [17].

Ecnu pons T-xennepoB ¥ T-IIHTOTOKCHYECKHX
KJIeTOK B uMMMyHonaroreHese LIMBM aktuBHO
u3yuanace [14], To dyHKUMOHANBHOE 3HAYCHME
CD3"CD4*"CDS8"-kneTOK He SICHO, XOTSl HE MCKITIO-
YaeTcs WX BaXHOE Y4acTHe B aJalilTHBHOM HMMYH-
HOM OTBETE Ha pasHbie WHOEKIMOHHBIC areHTHL
OTMeuaeTCsd X TreTePOreHHOCTh. HacTh HCcaeaoBa-
Tenei cuuTaeT, 4To ucTouHuKkoM CD3"CD4*CD8"-
aumdbountoB sasasiores CD4 T-xkaerku [12],
apyrue — urto CD8"-mumbomuts [14, 16, 17].

706



2023, T.13,Ne 4

LUMB » cyBnonynauum numbouvTos npy yeeurax

o nanuwmm Zhang H. n coast. [17], y nauueHTOB
C Xa&HTABMPYCHON reMOppardyeckod auxopan-
KOH € NMOYeYHHM CHHAPOMOM AYOIb-TIO3UTHBHBIE
T-KJeTKH MO CBOHM XapaKTEPHCTHKAM CXOMHBI
¢ uurorokenteckumu T-numdounTamu 1 obnaza-
OT aHTHBHPYCHBIMH CBOMCTBAMM.

Giraldo N.A. 1 coasr. [7| oGHapyXuau B Kpo-
BU MAIMCHTOB C XpoHnyeckKon Bonesusio Lllaraca
(BBI3BAHHOMN 1TpocTeiuuM Bruaa Trypanosoma cruzi)
VBeJIMUCHHE OTHOcHMTEabHOro (%) coaepxaHus
AyOnb-MO3UTHBHBIX AUMGOLMTOB MO CPABHEHHIO
CO 310POBLIMH JAHUAMM, & TAKXKE HAITUYHC B cCep/Iey-
HOM MBliIe BONBHBIX C KAPAHOMMONATHCH aHTH-
redcneunduyeckux CD3'CD4'CD8"-kaeTokK.

[MokasaHo, 4YTO YBOJAMYCHME KOJAMMECTBA
CD3'CD4'CD8" ay6nb-nio3MTHBHEIX T-KJIETOK
B nepuepuyecKkoit KpoBM MMEET BaXKHOE farore-
HETHYUCCKOC 3HAUCHUC KaK (DakTop pHCKa BO3HHK-
HOBCHHMSI TSXCJIOrO (BIJIOTH A0 JICTANBHOIO HCX044)
OCNOXHEHUA tuxopanku [deHre — nuasmopewn [16].
Mo muHenuio astopos, CD3"CD4'CDS8" ayGas-
nO3UTHBHBIE T-KIeTKH oTHOocATCA K addexrop-
HBIM T-KJeTKaM, KOTOPLIC 10 TPAHCKPUIITOMY BJTH-
xe k CD3"CD8" T-numdbounram, yem Kk CD3'CD4*
T-numdoumram [16]. [IporHBOpeunsa M OUCHKA
GYHKUHN ay0Ab-MO3ZHTHBHLIX KIETOK KPOBH:
OT UMTOTOKCHYECKOM 210 cynipeccHBHOMM [12].

HecMoTpst Ha TO, YTO MEXaHM3MBI PA3IBHTHSA
runonuoHa npu [TV ¥ nuasmopen npu auxopanxe
[leHre BO MHOTOM paznHyaloTes, 0b6a CHMNTOMA Ha-
YHHAIOTCH ¢ HAPYLICHMS NMPOHHLIAEMOCTH COCYIOB
H XapakTepu3syior 6osiee Taxeayio hopmy 3adosneBa-
Hus. [Mpunnuxopanke [enre ¢ muasMopeei OTMEHCHO
VBETHUCHHE KOJIMYECTBa AYOIb-TIONIOKUTENbHBIX
AMMGPOILIMTOB B KPOBM MO CPABHEHHIO C JICTKOW
topmoit 6oneann. pu ITY ¢ runonuoHoM oT™meve-
HO MIPAMOE BAMSIHHE HECKOABLKHX aHTHreHoB CMV
Ha yposedb CD3'CD4*CD8* T-1umbounToB B OT-
Juame ot 6onee gerkux dopm I[TY 6e3 runonmona.

Onno M3 nepsbix uccaegopaHuit ponu CD3”
CD4*CD8*-aumpoLnTOB B MATOreHe3e TAXKENoH
NAaTOJOrHH CeTYaTKH [ia3a — BO3PacTHOM Maxy-
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3aknioyeHune

HecMOTps Ha TO, YTO HALITH Pe3YJIBTATHI [10Y4e-
HBl HA OTPAHHYEHHOM MATepHAJIe, OHH TO3BOJIMIK
BbIABMJIH KOPPEeNnsLUHOHHBIC CBA3M MEXAY NoKasa-
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MOKA3aTeAMHM CyOnonyJisilIHOHHOTO COCTABa JTHM-
cthoumToB nepudeprdecKoil KpoBH V MAUMCHTOB
C MEPeAHNMH YBEMTAMK B 3aBHCHMOCTH OT TSHXKE-
cTH TedeHus 3abonepanns. M3 6 uccnenosaHHbIX
AT CMYV naunbosnee HMMYHOPEaKTHBHBIMH OKA3a-
auck npeapanaui anTured (1E), vHHUMMpyoumit
HAYaJ10 JIMTHYECKOro LIMKA, # HMMVYHOIOMHHAHT-
HbIH Ges0K p6S, yHacTBYIONINIT B pa3HbIX CTAIHAX
PEIIMKAaTHBHOTO LHKJIZ BUPYCA M B OCYLIECTBIIC-
HHM nporpamMMbl yekoab3anug CMV or uMMyH-
HOro OTBeTa Yenosexa. OOHapyKeHa CTATHCTHYEC-
KM 3HayMMas 3aMeTHas KOppeasiiHOHHAas CBA3b
Mexay  aybnas-nosutuBHbIMH  CD3"CD4'CDS8’-
Kiaerkamu n CDI9*-aumdountamMu u a"aTUTeno-
obpasoBaHreM K ueTnipem auTureHamM CMV y na-
UMEHTOB C THMOITHOHOM: INPAMas CBA3b MEXKIY
AyOAB-NO3UTHBHBIMH AUMQDOIMTAMNM M aHTHIEe-
Hamu |E, p65 u p28, oGparnas — mexay CD19°-
auMpountaMi M antureHamu IE, pS2 u p65. Bru
JAHHBIC YKA3bIBAIOT HA BO3MOXHOE RIMSAHHE WH-
ausuayaneHmx anturedoB CMV na cybGnomnysns-
UMOHHBIH cocTaB AUMMQOUHUTOB U MMMYHONATOrE-
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Abstract. Introduction. Clinical evidence suggests that certain probiotics may help treat and prevent viral infections, To date,
the effectiveness of probiotics in the alleviation of COVID-19 has not been established. The aim of this systematic review was
to assess the role of probiotics in the prevention and treatment of COVID-19. Materials and methods. An extensive search of four
electronic databases was performed which included Embase, Scopus, Web of Science, and PubMed from November 2019 to June
2022. After reviewing the references list of related articles additional studies were identified. A multiple combination of keywords
validated by MESH were used to search the databases. Study selection was performed according to an inclusion and exclusion
criteria. Results. Twenty-three articles met the study inclusion criteria. Six articles were conducted in vifro while the remaining
studies were conducted in the human population (in vive). The type of probiotic was defined in eighteen studies. There were two
studies that used supplements (vitamins, herbals, minerals, eic.) in addition to probiotics. The largest sample size was 445 850
participants which were from a study that used an application-based survey. The majority of studies found that probiotics had
a positive effect on the COVID-19 disease. The benefits included early remission of COVID-19 symptoms and a shorter duration
of sickness (10 studies), lower mortality rates (3 studies), and decreased hospitalization and length of stay (3 studies). Six in vitrro
studies found that probiotics were beneficial against SARS-CoV-2 through antiviral effects. There were only two studies that
found probiotics to be ineffective or caused negative effects when consumed in COVID-19 patients. Conclusion. Available evidence
supports the antiviral role of probiotics on prevention and treatment of COVID-19. The antiviral potential of Lactobacillus paracasei
metabolite PInE and PInF against SARS-CoV-2 may explain the effectiveness of probiotics on COVID-19.
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Pesiome. Bsedenue. KnuHUYECKNE NaHHBIC CBUICTEILCTRBYIOT O TOM, YTO HEKOTOPBIE NPOOHOTHKH MOTYT OLITH 110-
JIE3HBI B JICUCHUU U TPodUIaKTUKe BUPYCHBIX MHbeKuuit, OnHako addekrusHocTs npobuorukos npu COVID-19
HA CCrOAHSIIHUN ICHb HE YeTaHOBIeHA, [lenb HACTOAILIEr0 CUCTEMATHYECKOrO 0630pa 3aKIIovalach B OLIEHKE POJIU
npobuoTHKOB B ipodunakTuke uaeueHun COVID-19. Mamepuanst u memodst. Beun IPOBENCH paciMpeHHBIH MOUCK
nHbopManmm 1o 0603HaUCHHOMY BbILLE BOTIPOCY B HETHIPEX 3JEKTPOHHLIX Basax 1aHHBIX, BK/Iouas Embase, Scopus,
Web of Science u PubMed, Bo spemernom naTepnane ¢ Hoadps 2019 1. o uions 2022 r. Tlocae n3yyeHms crimcka coor-
BETCTBYIOLIMX CTATEN ObLIM ONMPEACHCHBI JI0MOAHUTENbHLIC NOUCKOBBIC OrpaHuyueHus. [lnst nmoucka B 6a3ax JaHHBIX
MCMOJIB30BAIOCH HECKONBKO KOMOMHALIMI KirtoueBsIX coB, nposepenubix MESH. OTtbop uccnenosannit ocyuecr-
BJISLICSL B COOTBETCTBUM C KPUTEPUSIMMU BKJIIOMEHUS M MCKITIOYeH s, Pezyabmamel. [BajilaTh TPy CTATHH COOTBET-
CTBOBAJIM KPUTEPUSAM BKJIIOUCHUS B MccenoBanne, B weery craresax Obia uudopmaums o6 uccieoBaHusiX, Npo-
BEACHHBIX in Vilro, B OCTAJILHLIX — 06 UCCIELOBAHUAX, TIPOBEACHHLIX Y Mtoaei (in vivo). Tun npobuotuka 6ui1 ykasan
B BOCEMHALIATH HCCIENOBAHUAX. B IBYX MCCACHOBAHMAX B IOTTONHEHUE K MTPOOUOTUKAM UCTIONBIOBAIUCE ITULIECBHIC
n00aBKH (BUTAMHHLI, TPaBbl, MUHEpaisl 1 T. 1.). CaMblit 601b1I0M pasMep BeIOOPKH cocTaBi 445 850 yuacTHHKOB,
OIpoOC KOTOpLIX mposoawics B MobuibHoM nipuinoxeHnn COVID Symptom Study, Boasmmnerso uccnenopanmii
10Ka3aJ10, 4To MpoOMOTHKM OKA3LIBAIOT MOKOKUTENBHOE BAUsiHue Ha TeyeHue COVID-19, uro nposisasercst 8 Ha-
vaje pemucenn cumrnromos COVID-19 Ha panHux cpokax 3aboseanus v B Gonee KOPOTKONH MPOROIKUTETLHO-
cru 6onesHm (no panHsM 10 ucenenoBaHKil), B O0mee HU3KUX OKA3ATENAX CMEPTHOCTH (3 MCCIenoBaHms), a TaKxKe
B CHYOKEHUUM YYC/Ta TOCTIMTAAM3ALMI ¥ TPOJOJIKUTENBHOCTH npebbiBanus B craunonape (3 ncenenosanus). lecrn
ueeeoBat it in vitro nokasanu, 4ro npoduoTHKHM 661 addexTnBHbl B oTHomennn SARS-CoV-2 6narogapd mpo-
TUBOBHPYCHOMY jieticTBrio. TonbKo aBa uccienoBaHns nokasaunu, 4to npoduoruku npu COVID-19 neaddexrnsun
WY MX TIPMMEHEHHE TTPUBOAAT K HEraTHBHBIM MOCJASACTBUAM,. Bbieodsr, UMEIOLIMECs JaHHBIE TOATBEPKUAIOT POJIh
npo6uoTHKos B podpuaakTuke u eueHnu COVID-19. DpdexrupHocTs npoduotukos npu COVID-19 moxeT ObITE
0OBACHEHA HAJTUUNEM TTPOTHBOBMPYCHOTO noTeHuuana 6aktepuounton PInE u PInF Lactobacillus paracasei s otno-
menun SARS-CoV-2.

Karoueswie caoaa: COVID-19, SARS-CoV-2, 2019-nCoV, npobuomuku, revenue, npoghusaxmura.

Introduction

The coronavirus disease 2019 (COVID-19)
has rapidly spread from China around the world
and is considered a global pandemic. As of early
December 2021, 263 000 000 people across five con-
tinents have been infected by COVID-19 [15, 54].
This disease has emerged as a multifaceted, multi-
system and multi-organ disorder ranging from non-
specific flu-like symptoms, to pneumonia, acute res-
piratory distress syndrome (ARDS), multiple organ
failure and death {5, 36].

Supplementing with non-pharmacological sub-
stances such as probiotics and nutraceuticals has
been suggested as a potential therapeutic option

for COVID-19, due to evidence of an interference ef-
fect on the SARS-CoV-2 pathway [25]. Specifically,
probiotics with anti-inflammatory or immunomodu-
latory properties may be the most effective for pre-
vention or alleviation of COVID-19 symptoms [8].
In early February 2020, China’s National Health
Commission and National Administration (version 5)
recommended the use of probiotics and gut microe-
cological modulators in COVID-19 patients to main-
tain the balance of intestinal microecology |67].
Probiotics are live microorganisms which when ad-
ministered in adequate amounts confer a health benefit
to the host [1]. Probiotics exert their beneficial effects
through various mechanisms including manipula-
tion and restoration of gut microbiota, enhancement
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of intestinal barrier function, and competition with
pathogens for adhesion to gut epithelium and nutri-
tion, and suppression of opportunistic pathogens,
Other potential mechanisms explaining how probiotics
may promote beneficial effects include the production
of antimicrobial substances, decrease in translocation
of opportunistic organisms, activation of mucosal im-
munity, and modulation of the innate and adaptive im-
mune response [66].

Although the rationale for using probiotics to treat
COVID-19 comes from indirect evidence, it is mecha-
nistically plausible that probiotics may help in the pre-
vention of and/or alleviation of COVID-19 related
svmptoms and complications. Moreover, probiotics
are readily available, easy to administer (oral adminis-
tration), relatively safe and economical compared with
antiviral drugs, immunomodulators or other strate-
gies tested in COVID-19 [4]. There is clinical evidence
showing that certain probiotics may help treat and pre-
vent viral infections [67]. However, the role of probiot-
ics in alleviation of the novel COVID-19 has not been
established. The aim of this systematic review was to as-
sess the role of probiotics in the prevention and treatment
of COVID-19.

Materials and methods

Study objective and search strategy. An extensive
search of four electronic databases was performed
which included Embase. Scopus, Web of Science,
and PubMed from November 2019 to June 2022.
After reviewing the references list of related articles
additional studies were identified. A multiple combi-
nation of keywords validated by MESH was used as
the search strategy, Only English and Persian stud-
ies were included in the search. The scarch strategy
is presented in Table 1. This systematic review was
conducted according to the recommendations out-
lined in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [41).

Inclusion/exclusion criteria. Articles were eligi-
ble for inclusion if they met the following criteria:
(1) randomized controlied trials, cross sectional, case

Table 1. Search strategy keywords

series, case reports, and cohort studies; (2) examined
the effect of a probiotic on outcomes related to im-
munity, immunological responses, or signs/symp-
toms/severity of COVID-19; (3) involved adult hu-
mans that were 18 years old or older; (4) experiment
was conducted either in vivo or in vitro, and (5) pub-
lished in English and Persian. Articles were excluded
if they were non-original, review papers, commen-
taries, or editorials.

Screening and selection. A two-step mecthod was
performed to improve the study selection process.
After removing duplicate articles, step-one was per-
formed which involved screening of titles and ab-
stracts of retrieved. For step-two the full-text of arti-
cles that were potentially eligible were assessed by two
reviewers to confirm eligibility. Articles were com-
piled in an Endnote X9° (Thomson Reuters) file.

Data extraction. A standardised template was
used by the researchers to complete data extraction.
The information extracted included the first authors’
name, type of study, date of study, study population,
characteristics of participants, probiotic type, doses
of probiotic, comparator group, effects of probiotic
on cytokines and serum ingredients, and other rele-
vant outcomes. Two independent rescarchers extract-
ed and entered the information into the template.

Results

The database search vielded 690 potential studies
(after 649 duplicates were removed), and following
the screening, a total of 23 studies met the eligibility
criteria (Fig.). The description of the studies included
is detailed in Table 2. Six articles were conducted
in vitro while the remaining studies were conducted
in the human population (in vivo). The type of pro-
biotic was defined in eighteen studies. There were
two studies that used supplements (vitamins, herbals,
minerals, etc.) in addition to probiotics. The largest
sample size was 445 850 participants which were from
a study that used an application-based survey [34].
The smallest sample size of the included studies was
30 participants [59].

Concepts

Search strategy

Disease

COVID-18 OR SARS-CoV-2 OR COVID-19 OR SARS-CoV-2 OR coronavirus disease 2019 OR Severe acute
respiratory syndrome coronavirus 2 OR SARS CoV 2 OR 2019 Novel Coronavirus OR 2019-nCoV OR

2019 nCoV OR Coronavirus Disease-19 OR Coronavirus Disease 19 OR SARS Coronavirus 2 OR Wuhan
Seafood Market Pneumonia Virus OR Wuhan Corenavirus OR Coronavirus disease 2 OR Coronavirus
disease 2019 OR coronavirus infection 2019 OR COVID OR nCoV 2019 OR new coronavirus pneumonia OR
Novel coronavirus OR SARSCoV2 OR severe acute respiratory syndrome 2 OR severe acute respiratory
syndrome coronavirus 2019 infection OR sevare acute respiratory syndrome CoV-2 infection OR 2019 new
coronavirus OR coronavirus SARS-2 OR HCoV-19 OR Human coronavirus 2019 OR nCoV-2019 OR novel
2019 coronavirus OR SARS-2 (virus) OR SARS-2-CoV OR SARS-related coronavirus 2 OR SARS2 (virus)
OR Severe acute respiratory coronavirus 2 OR Severe acute respiratory syndrome 2 OR Severe acute
respiratory syndrome corona virus 2 OR Severe acute respiratory syndrome coronavirus 2019 OR Severe
acute respiratory syndrome coronoavirus 2 OR Severe acute respiratory syndrome coronvirus 2 OR Severe
acute respiratory syndrome CoV-2 virus OR Severe acute respiratory syndrome related coronavirus 2 OR
Severe acute respiratory syndrome virus 2

Variable

Probiotics OR Prebiotics OR Probiotic OR Prebiotic OR probiotic agent OR prebiotic agent
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(N=1339)

Records identified through database searching

-

Web of Science
(n=330)

PubMed
{n=136)

Embase
(n=515)

Dublicated articles removed
(n=649)

Records screened
(n=690)

~
Records excluted (n=503):
- by title screening (n=179)

- by abstract screening (n = 324)
" S

- full-text access
- English language

Full-text articles assessed for eligibility (n = 187):

- addressed the outcomes of probiotics and prebiotics
on COVID-19 management and prevention

—
Full-text articles excluded,

with reasons (n = 164):

- no access fo the full-text
document (n=12)

- non-English articles (n = 26)

- non-human articles (n=19)
- papers with lack of experimental
L data {(n=107)

v

Final included studies
(n=23)

Figure. PRISMA flow diagram of study retrieval process

Most studies (n = 20) confirmed that probio-
tics were effective in COVID-19 illness. Ten studies
found that consumption of probiotics led to early re-
mission of COVID-19 symptoms and a shorter du-
ration of sickness. Meskina et al. stated that probio-
tics helped patients’ COVID-19 symptoms resolve
faster [38]. In three studies, lower mortality was seen
in patients who consumed probiotics.

Three studies reported that patients taking pro-
biotics had decreased hospitalization and length
of stay [9, 38, 67]. Two studies claimed that probiotic
consumption is linked to earlier lung CT scan resolu-
tion in patients [31, 38]. According to Bozkurt et al.,
probiotic use is associated with lower mortality and
earlier lung CT scan resolution [14] and other studies
found probiotics helpful to resolve diarrhea.

Wang et al. reported that for COVID-19 patients
that began taking probiotics, their COVID-19 test
results became negative faster and diarrhea resolved
sooner compared to patients that did not consume
probiotics [62]. Six iz vifro studies found some probi-
otics to be beneficial against SARS-CoV-2 through
antiviral effects, preventing its replication or modu-

lating ACE2 and inflammatory cytokines. Rather et
al., reported that L. plantarum had a meaningfully
beneficial effect on preventing SARS-CoV-2 repli-
cation [47]. Potentially this ability may be caused by
plantarcin E and F. There were two studies that dis-
cussed COVID-19 reinfection. Li et al. claimed that
probiotics can decrease secondary infection through
immunity moderation [32]. The otherstudy by Veterini
et al. reported that two individuals in a non-probiotic
group experienced reinfection, while no reinfection
was seen in a group that consumed probiotics [59].

In contrast to the positive findings reported on con-
sumption of probiotics, there were some studies which
demonstrated that probiotics were ineffective or even
had negative effects on the course of COVID-19 in-
fection. According to Hegazy et al., probiotic yoghurt
consumption in the 12 months preceding COVID-19
infection was linked to more severe disease [24].
Ivashkin et al. reported that the studied probiotic had
no meaningful effect on the COVID-19 severity [21,
32]. Finally, Li et al. claimed that consumption of pro-
biotics did not decrease IL-6 and length of hospitali-
zation was higher in probiotic group [26].
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Table 2. Description of the findings reported in eligible studies (continued)

COVID-19 patients:

Respiratory tract infection &

prophylaxis in healthcare workers
who had close contact with

Consumption of probiotics as

Need for medications (antiviral

eic.) during COVID-19 disease

Days needed 1o stay home during
disease |
Duration of disease L

Consumption of probiotics
in individuals who had close

contact with COVID-19 patients

was knked to a longer period
for symploms to appear and

probiotic group axperwnced

tawer symptoms

Probiotic consumption

was linked to:

Length of hospitalization 4

Shedding of virus 4
Fever duration |

of problotics

CoviD-19

given to both

probeotic and non-
probiotic groups

Dose

(for 30 days)

1 tablet BD

630 mg BO medications was

(3 capsules

BD)

S. thermophiles ENT-K12

Bifidobacterium) capsule

3
| |
:
£, 3
(I
kL -
§ B 2 g
3 I B
|
I
g i 5 :
2 & 2 -

Discussion

The aim of this systematic review was to investi-
gate the effect of probiotics on COVID-19. The re-
sults of this review are based on 23 studies that used
various study designs. The findings suggest that
the greatest impact of probiotics on COVID-19 is re-
lated to controlling inflammation, reducing mortal-
ity and morbidity by strengthening and regulating
the immune system. Additionally, some probiotics
may play an effective role in controlling the symp-
toms and severity of COVID-19, which will be de-
tailed below.

Previous studies have demonstrated that generally
probiotics are complementary options for the treat-
ment and prevention of viral and bacterial infections.
Probiotics have also been shown to exert anti-viral ef-
fects via diverse mechanisms such as: regulation and
modulation of innate and adaptive immune system,
maintaining gut and lung mucosal integrity, as well
as inhibiting and binding to opportunistic patho-
gens [27, 50, 61). Regarding upper respiratory tract
infections (URTIs), one meta-analysis of RCTs with
3720 cases showed that patients undergoing probiot-
ics treatment had two-times lower odds of developing
URTIs [23]. Regarding lower RTls, another meta-
analyses of RCTs with 2000 patients showed that pro-
biotic use can significantly decrease the ventilator-
associated pneumonia incidence [13, 57]. Further,
a large meta-analysis of 52 articles stated that pro-
biotics were strongly efficient in the prevention or
treatment of acute RTIs [33].

Regarding the effects of probiotics on COVID-19,
manystudieshaveshowngutdysbiosisamong COVID-19
patients such as alterations in Bifidobacterium and
Lactobacillus. Therefore, probiotic implementation,
specifically with these strains, may lead to beneficial
outcomes when managing this disease [18]. In one sys-
tematic review, probiotic use was suggested to improve
host immune response against COVID-19 by three
possible mechanisms. These include altering the level
of interleukins (IL), virus titers reduction, and inter-
feron and antibody production [39]. Moreover, a review
by Batista et al. proposed that probiotic consumption
can ameliorate COVID-19 symptoms via regulat-
ing, and boosting an individuals’ immune response,
and improving their gut microbiota in favor of pro-
tective microflora [10]. Authors from another review
suggested that immune system improvement against
COVID-19 can be achieved via intestinal microbiota
profile enhancement by probiotic use [2]. Similarly,
a study that included a large online cohort of 445 850
individuals, documented that women who consumed
probiotics, Omega-3 or Vitamin-D were less infected
by SARS-CoV-2, although this was not the case among
males [34].

Seven studies included in the present review men-
tioned Bifidobacrterium solely or in combination with
other bacteria as the studied probiotic [38, 67, 14,
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26, 53, 55, 62]. Two studies reported shorter hospi-
talization periods in the Bifidobacterium-receiving
group [14, 67]. Bozkurt et al. investigated mild
to moderate COVID-19 cases and found that chest
CT scan resolved faster, and lower mortalities oc-
curred among patients receiving Bifidobacterium
compared to patients treated with anti-ILs or an-
tibiotics [14]. They also stated that probiotics use
decreased 1L-6 levels [14]. Moreover, Zhang et al.
in their study among mild, moderate, and severe
cases of COVID-19 found that consumption of pro-
biotics composed of Lactobacillus, Entrococcus, and
Bifidobacterium genera was associated with reduced
length of hospitalization, virus shedding, and fever
duration [67]. Previous studies have demonstrated
that loss of Bifidobacterium in the elderly is associ-
ated with chronic diseases [29]. In addition, one re-
view investigated the possible effects of probiotics,
and signified that Bifidobacterium longum MM-2,
Bifidobacterium longum BB536, Bifidobacterium ani-
malis ssp. lactis (BB-12%), Bifidobacterium longum
SPM 1205, and SPM 1206, and Bifidobacterium longum
SP 07/3 and B. bifidum MF 20/5 are among probiot-
ics strains that possess anti-viral features. These re-
sults were found in both in vitro, and in vivo studies
as follows, suppressing uncontrolled inflammatory
response, reducing virus proliferation in the lungs,
increasing adaptive immune response 1o vaccines,
and reducing episodes and severity of URTIs. In ad-
dition, many studies on Bifidobacterium indicate that
this strain may be considered as a complementary
therapeutic agent in suppressing cytokine storm, and
uncontrolled inflammatory response in COVID-19
patients [12, 19, 42]. Therefore, Bifidobacterium ap-
pears to be helpful in combating COVID-19 infec-
tion via numerous mechanisms.

In terms of signs and symptoms of COVID-19, four
studies reported that probiotics use was efficient in re-
lieving diarrhea, cough, anosmia, weakness, prevent-
ing nosocomial diarrhea, and decreasing secondary
infection [26, 38, 53, 62]. Ivashkin et al. in their RCT
reported that despite relieving GI symptoms, probiot-
ics had no meaningful effect on COVID-19 severity.
Other similar studies have also reported consistent re-
sults, and reported that probiotics use is a beneficial tool
for treating gut dysbiosis and improvement of GI symp-
toms [52]. One study reported that by using a combi-
nation of Bifidobacterium, Lactobacillus, Enterococcus,
and Bacillus tablets, a better immune function and re-
duced secondary bacterial or fungal infection can be
achieved [32]. Moreover, one large systematic review
among COVID-19 patients indicated that consump-
tion of probiotics, prebiotics, and synbiotics, via gut/
lung microbiome modulation, can shorten disease du-
ration, and decrease its severity of symptoms including
fatigue, anosmia, dyspnea, nausea, vomiting and other
GI symptoms [65].

With the renowned systemic inflammatory re-
sponse triggered by SARS-CoV-2, the physiological

balance of the gut-brain, gut-heart, and gut-lung
axis gets disrupted |[11]. Thus, adequate metabolic
modulation and preservation of the microbial di-
versity may be an additional tool to enhance innate
immunity and positively modulate the inflamma-
tory response. In a recently published review [56],
Spagnolello et al., elegantly summarized the exist-
ing evidence around the onset of microbial intes-
tinal dysbiosis in patients with COVID-19, link-
ing the disruption in the normal intestinal flora
to a dysregulated immune response [46]. Indeed,
the COVID-19 infection was proven to last
for a longer period of time in patients with a history
of various gastrointestinal diseases [44]. Although
the exact pathophysiology of this process remains
unknown, potential explanatory models have been
recently illustrated [60]. The process may lay in its
foundation on the activation of the ACE2 receptors
on the intestinal mucosa, which induces enteritis,
alteration in the local T cells and B cells response,
and eventually inflammatory diarrhea.

Various in vitro studies have tried to probe the pos-
itive effects of probiotics in normalizing or attenu-
ating inflammatory responses [17, 45, 47, 48, 49).
Ezzat et al. [17] showed that a combination of Bacillus
subtilis, Pseudomonas aeruginosa, and Enterococcus
Jaecalis have meaningful antiviral effects on SARS-
CoV-2. This highlights the positive effect of this
probiotic polysaccharide made of D-fructose units
in COVID-19 modulation, in addition to its renown
roles [51]. Similarly, another in vitro study [45] showed
that non-fermented milk subsequently fermented
with the probiotic L. paracasei could significantly
decrease the number of human enteric cells infect-
ed by the SARS-CoV-2 virus and led to lower levels
of IL-1-beta, 1L-6, IL-15, and Vascular Endothelial
Growth Factor (VEGF) beta. Three additional in vit-
ro studies [47, 48, 49] elucidated a similar role of oth-
er Lactobacillus species. Specifically, Lactobacillus
plantarum was proven to have a meaningful effect
on preventing the replication of the SARS-CoV-2
virus, probably by the means of plantarcin E and
plantarcin F [47), while Lacrobacillus crispatus (i.c.,
DSM25988) was proven to have a beneficial ef-
fect on human cells in the process of eliminating
the SARS-CoV-2 virus [48). Finally, Lactobacillus pa-
racasei was shown to have strong antiviral effects
on the SARS-CoV-2 virus by decreasing the repli-
cation of the virus per s¢ and by enhancing the an-
tiviral effect of lactoferrin [49]. Analogous positive
effects have also been conceptually confirmed by an
in silico study by Alam et al. showing that bacterial
compounds extracted from Bacillus species may rep-
resent a potential source of SARS-CoV-2 protease in-
hibitors [3]. /n vitro and in silico studies are therefore
providing an increasing body of molecular evidence
in support of the role of probiotics in both counter-
acting the life cycle of SARS-CoV-2 and modulating
the relatedinflammatory response [43].
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When moving from the bench to the bedside,
a handful of RCTs have recently investigated the ef-
fects of certain probiotics on COVID-19 infec-
tions [16, 21, 22, 31, 63, 64]. While a variety of differ-
ent probiotic types and dosages were used, thus hin-
dering any chances of drawing meta-analytic com-
parisons, few considerations can be made from their
results, leveraging the rigorous methodology of clini-
cal trials. Gutierrez-Castrellon et al. [21] enrolled 300
patients with mild to moderate COVID-19 infection
and supplemented them with a mix of probiotics (e.g.,
Pediococcus acidi lacti, Lactiplanti bacills plantarum,
etc.). When compared to placebo, they reported that
probiotics could shorten the duration of COVID-19-
related symptoms in enrolled patients, as well as de-
crease the radiologic burden of disease when assessed
by CT imaging. The authors speculated an associa-
tion between their clinical findings and the detec-
tion of higher levels of virus-specific IgM and IgG,
lower levels of high-sensitivity C-reactive protein,
and overall lower levels of nasopharyngeal viral load,
which are renown proxy of inflammatory response
and burden of disease in COVID-19 patients [58].

Another RCT reported significantly higher re-
mission rates among a probiotic group compared
to a placebo group (53.1% vs 28.1%). [20] The results
from this RCT also found that treatment was linked
to lower nasopharyngeal viral load, pulmonary in-
filtrations, and shortened duration of symptoms,
compared to a control group [20]. Another RCT
demonstrated that probiotics were able to modulate
the immune performance, and decrease secondary
infection [32]. Moreover, in terms of COVID-19 pre-
vention, many studies have shown that probiotics can
block the Angiotensin-Converting Enzyme (ACE)
receptor by binding to active sites, and thus act as
a possible preventive measure against SARS-CoV-2.
Also, probiotics in foods, such as dairy products
can exert a potentially efficient impact to prevent
COVID-19. Extensive research among infants, chil-
dren, adults, and people of older age have shown that
probiotic-containing fermented milk significantly
reduces the incidence of URTIs [35, 37].

Analogously, Wischmeyer et al. investigated
the protective role of Lactobacillus rhamnosus [64].
They enrolled 182 individuals who were self-iden-
tified as close contacts of SARS-CoV-2-positive
patients. The researchers found that those who
received Lactobacillus and eventually contracted
COVID-19 had a prolonged latency for symptoms
onset and milder symptoms compared to the pla-
cebo group. This allowed the research group to add
to the existing literature on the topic [30] by hy-
pothesizing an effective role of probiotics in the
early phases of the COVID-19 infection, from
the first contact to onset of typical symptoms.
Interestingly, a similar clinical trial has been tai-
lored to healthcare providers and first responders,
who are at close contact with COVID-19 patients.

Wang et al. [63] showed that the administration
of one tablet of S. thermophiles (ENT-K12) daily
for a 30-day timespan was associated with an effec-
tive prophylaxis, leading to a lower rate of respira-
tory tract infections, lower number of prescribed
medications in the patients who eventually became
infected, as well as a shorter recovery.

There is a growing body of clinical studies and
RCTs supporting consumption of probiotics for the
prevention and supportive treatment of patients
with the SARS-CoV-2 infection. The pleiotropism
of available probiotics may enhance the process
of strengthening biological barriers in the gastro-
intestinal tract and facilitate the homeostasis with-
in the normal flora. In spite of the enthusiasm that
surrounds the adoption of probiotics in this set-
ting, a word of caution is warranted. Specifically,
three adverse reports have been recently published
showing that the efficacy and safety of certain
probiotics (e.g., Salmonella enterica, Lactobacillus
acidophilus, and Bacillus clausii) in this setting
is contentious [30].

Conclusion

To date, the fight against COVID-19 causes and
requires more interventions to manage it. Related
interventions and prevention of new cases places
large economic burdens on governments, and ef-
fective interventions can make disease control pos-
sible. Therefore, probiotics intake could be a com-
plementary strategy to effectively control the disease
along with the vaccines, due to their antiviral prop-
erties and their metabolites. Probiotics are consid-
ered an anti-COVID-19 strategy because of its ef-
fect on ameliorating gut microbiota and boosting
response of immune host. Additionally, probiot-
ics reduce the risk of secondary infection by mak-
ing immune function moderate. Available evidence
on probiotics can be utilize as a valuable source
for investigating the antiviral role of probiotics
in related research studies. In this review, the anti-
viral potential of Lactobacillus paracasei metabolite
PInE and PInF against SARS-CoV-2 was found.
Other and new types of probiotics may be considered
for health promotion, disease prevention, and treat-
ment of various diseases. More studies are needed
to investigate the relationship between probiotics
and the management of COVID-19.
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MHOIMO®PAKTOPHOE BJIMAHUE

HA PECMUPATOPHYIO 3ABOJIEBAEMOCTb

Y NIOAEN PENPOAYKTUBHOIO BO3PACTA

U 3PPEKTUBHOCTb OAOPAHTOB C HATO®EPUHOM
W AHOPOPEPUHOM B OTHOLLUEHUU
HECNELMDUYECKON PESBUCTEHTHOCTH
C/IN3UCTON OB0JI04KU HOCA U CHUXKEHUS
YACTOTbl PECMUPATOPHbIX UHDEKLIUW

A.B. Benapesa', E.B. [llabanauna’, E.A. Actajgbesa®’, A.A. Uyanosa', A.B. Illa6anaun'

'®DIEOY BO Kemepoackuii eocydapemeennviti ynugepcumem, 2. Kemeposo, Poceus
‘@I'bOY BO Kemepogckuii cocydapemeenniit meduyunckull ynueepcumem Munsdpaea Poccuu, 2. Kemepogo, Poccus
! Huemumym sxonozuu wenrogeka Pedepansnoeo uccaedosamensckozo yenmpa yean u yeaexumuu CO PAH, . Kemeposo, Poccus

Pestome. [Tpodunaktika pecnuparopHbslX MHGEKUUH B a1MIeMUYCCKUe MEpHOILI ABISETCS BaXKHOW 3amaveilf co-
BpeMEHHOTO 3apapooxpanerus Poccuu 1 Mupa. ONLHUM W3 TAKUX [1OAXOA0B MOXET OblTh MCIOJB3OBAHME JICTYUMX
BELLECTB, CIOCOOHLIX AKTHBUPOBATE HECHEUMDUUCCKYIO PE3UCTEHTHOCTD CAU3NCTON 0bomovku Hoca, [LinTensHas
ATTUIMKALMA CHHTETHYECKUX AHAJIOTOB KEHCKUX (DepOMOHOB MOJIOALIM MYKUMHAM [TPUBOAUT K CHHKEHHIO YaCTOTHI
peCrMpaTopHsIX 3aboneBaHnit, MOBLILIEHUIO YPOBHEN CEKPETOPHLIX UMM YHOIIOBYIMHOR, & Y JIKLL C JLIePrHYeCK MU
3a00/1€BaHUAMM — K CHHXEHMIO ypoBHel 203uHopuann B nepudepryeckoil Kporu. Mcxons 13 9Toro nocrapieHa
LeJIb UCCIIENOBAHMA — M3YUYHMTh BIMAHKE (PAKTOPOB AHAMHE3a M noKasareieil, oTpaxaommx QyHKIUHOHHPOBAHHE
MYKO3aIbHOrO MMMYHHUTETA CAM3UCTOU 000JI0UKN HOcA, ee HecrieuupuIecKol pesucTeHTHOCTH, Ha (hopMUpOBaKe
qacTON pecrupaTopHoi 3aboeBaeMoCTH; a Takke OUCHHTL H(hdHEeKTHBHOCTH 010PaHTOB ¢ HATO(GEPUHOM U aHAPO-
(hepHHOM B OTHOLUEHUW AMHAMUKM TUX OKA3aTeN el U CHUKEHUS YACTOTE! PECTUPATOPHBIX MHMEK LM Y MOTOLBIX
mopeit. Mamepuaav u memoodwt, TIpopeaeHo obcenopaHme 46 YCIOBHO 340POBLIX OHOIIEH W ACBYLICK B BO3PACTHOM
uHTepBazie oT 18 10 22 siet. BuinonHeHa oLeHKa 4acToTh pecnnpatopHoi 3aboneBacMocTH, (hakKTOPOB KaTaMHE3a U pe-
JYJIBTATOB MPOBEACHHbIX HEMHBA3UBHBIX HCCIEAOBAHUN (KOHLECHTPALIMM LMTOKWHOB B Ha30(hapuHIreaisHOM CMbIBE
W HasouuTorpaMmsl). B reuerue 30 el BeeM MOJOILBIM JIOASM HAHOCHJIMCE Ha HOCOTYOHYIO CKIAJIKY CHHTETHYCC-
KHe aHAJIOrM MYXKCKHMX (aHApodeprt) U keHCKuX (Hatodepun) dbepoMoros (angpodepun — aeByuikam, Hatode-
puH — joHo1am), [TOBTOPHLI OCMOTP ¢ [1POBEACHHEM BLILIEYKA3AHHBIX HCCaeA0BaHMI posoimics Ha 14 u 30 nenn
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sKcrepuMeHTa. [TOBTOpHAA OLIEHKA YACTOTh! PECTIMPATOPHBIX HH(CKIUMI IIPOBENCHA Yepes IOl NOC/Ie HAYaNna sKcre-
puMenTa, Peayasmamu. [IpoBeACHHOE HCCACAOBAHNE BEIABHIIO PAJ MPEIHKTOPOB H NPOTEKTOPOB YacTOM H IUTHTC b=
HOM pecrupaTopHOit 3a601¢BaEMOCTH Y MOJIOALIX TioaeH. [IpeaHKTOpaMH 3TOTO COCTOAHHA CTANH AHAMHECTHYCCKHE
MapKepbl aN1eprutecKoi aHOMaTHH KOHCTHTYUHHM, (DAKTOPE! NOBEACHHS (KYPEHNE), @ TAKXKE HMMYHHBIE MOKa3are-
au anaepruu (1L-4) 1 aeduunT MyKouHaHapHoro KaupeHca. MecqauHui Kype anfiMKalHil Ha KoXy HocoryoHoi
CK@AXM OZIOPAHTOB HA OCHOBE CHHTETHUECKMX AHAJIOTOB MYAKCKHX H XEHCKHX (DEPOMOHOE (CTEPaHOR) OKa3hiBACT NO-
NOKNTEAbHBIH 3(deKT Kak Ha HecneuHHYECKY 0 PEIHCTEHTHOCTD CH3HCTOH 000I0YKH HOCH, TAK W HA HMMYHHbIE
nokasarean ee GyHKuHoHKpoBanus, Yepes Mecal NPHMEHCHUS CTEPAHOB MMPOHCXOAWT TONHAA IEKOHTAMHHALUA
CAMIUCTHIX 000I0MEK HOCA OT KOKKOBBIX MHKPOOPTaHH3IMOBA B TCUEHHH NMOC/ASAYIOWNX 12 MecsLes cHuKaeTcs va-
CTOTA PECTIHPATOPHBIX HHbEKIHIK. DT0 yKajbiBaeT Ha 3HAYHMBIH KIHHHIECKHH OQEKT NPHMEHAEMBIX 0/IOPaHTOB.

Kanonesoie caosa: ocmpuie pecnupamopisie 3a601€8anus, Cmepansi, Hamopepun, anopoepun, ummyroModyaupyowui sdgdexm,
UHMEPACTKUN,

A MULTIFACTORIAL IMPACT ON RESPIRATORY MORBIDITY IN PEOPLE OF REPRODUCTIVE

AGE AND EFFECTIVENESS OF NATOPHERINE- AND ANDROPHERINE-CONTAINING ODORANTS
REGARDING A NON-SPECIFIC RESISTANCE OF THE NASAL MUCOSA AND LOWERED MORBIDITY
OF RESPIRATORY INFECTIONS

Bedareva A.V.*, Shabaldina E.V.", Astafieva E.A.*, Chuyanova A.A.*, Shabaldin A.V."*

* Kemerovo State University, Kemerovo, Russian Federation

¥ Kemerovo State Medical Academy of Ministry of Health of Russia, Kemerovo, Russian Federation

¢ Institute of Human Ecology, Federal Research Center of Coal and Coal Chemistry, Siberian Branch of the Russian Academy
of Sciences, Kemerovo, Russian Federation

Abstract, Prevention of respiratory infections during epidemic periods is an important task of modern health care
in Russia and worldwide. One of such approach may rely on use of volatile substances capable of activating nonspecific
resistance of the nasal mucosa. Long-term application of synthetic analogues of female pheromones to young males
leads to lowered morbidity of respiratory discases, increased levels of secretory immunoglobulins, as well as decrease
peripheral blood of eosinophilia levels in subjects with allergic diseases. Based on this, the aim of the study was
set to study an impact of anamnesis factors and indicators reflecting the functioning of nasal mucosal immunity, its
nonspecific resistance, on emerging frequent respiratory morbidity; as well as to evaluate effectiveness of natopherine-
and andropherine-containing odorants regarding dynamics of such indicators and to reduce incidence of respiratory
infections in young subjects. Materials and methods. There were examined 46 apparently healthy boys and girls aged 18
to 22 years, The frequency of respiratory morbidity, anamnesis factors, and the results of non-invasive studies (cytokine
concentrations in the nasopharyngeal aspirate and rhinocytograms). Within 30 days, all young subjects were applied
to the nasolabial fold synthetic analogues of male (andropherine) and female (natopherine) pheromones (andropherine —
for young female, natopherine — for young male). A re-examination with the above mentioned studies was carried
out on day 14 and day 30 of the study. The incidence of respiratory infections was reassessed one year after the onset.
Results. The study showed identified a number of predictors and protectors of frequent and long-term respiratory morbidity
in young subjects. The predictors of this condition were presented by catamnestics markers of allergic anomalies of the
constitution, behavioral factors (smoking), as well as immune indicators of allergy (1L-4) and mucociliary clearance
deficiency. A monthly course of odorant applications on the skin of the nasolabial fold using synthetic analogues of male
and female pheromones (steranes) has a positive effect both on the nonspecific resistance of the nasal mucosa as well as
on the immune parameters. After a month of using steranes, the nasal mucosa is completely decontaminated from coccal
microorganisms, and over the next 12 months, the frequency of respiratory infections decreases. This indicates about
a prominent clinical effect of the odorants applied.

Key words: acute respiratory diseases, steranes, natopherine, andropherine, immunomodulatory effect, interleukins.

BeepneHve

Yacras pecnupaTopHas 3aboJieBaeMoCTh
BO B3POCJON TONyJAANMH MioAeit octaercs 3Ha-
yuMOit npobsieMoif  COBpPEMEHHONW MEaMIIMHbI,
Ocobyio akTyalbHOCThL 3TO siBJeHHe npuobpeno
NpH NaHJeMHH HOBOH KOPOHaBMPYCHOH HH(pek-
uun (COVID-19), koTopast, siBJISsICh BRICOKO BHPY-
NEHTHOMH, onpenesnia NoBuCHHYI0 CMCPTHOCTD

B 20202021 rr. kak B Poccum, Tak ¥ 8 Mmupe [3].
B 2022 r. ypoBerb pecnupaTopHoit HHGEKUHOHHOMN
3ab0/1eBACMOCTH He cHMXaucs U Guin obycnosieH
BHPYCOM I'PHUIINA, MPH KOTOPOM TaKKE HMENa Me-
CTO BBLICOKAS CMCPTHOCTL OT BTOPHYHBIX ITHEBMO-
Huit [2, 6]. C atux nosuuuit npodunakTuka pe-
CHUPATOPHBEIX MHQEKIHA B SMHACMHYCCKHE Me-
PHMOABL AIBISETCH BaXHON 3a1adyeil COBPEMEHHOTO
3APABOOXPAHCHHSL.
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BnusHve 040paHTOB Ha PECnMPaTOpHYIo 3a601eBaeMocTb

B TeueHue nocieHUX ABaALATH JIET TPOBEACHO
60b1I0E KOJMYECTBO HAYYHO-UCCIIeI0BATEIbCKUX
paboT, MPOAEMOHCTPUPOBABLUIUX BIUSHUE TMOJIO-
BbIX ()epOMOHOB Ha MU3MEHEHHME CBOMCTB MMMYH-
HOII CUCTEeMBI MENKUX J1abopaTOPHBIX XMUBOTHBIX
(MbIIeH), ¢ IpUOOPETEHUEM UMHU YCTOMWYMBOCTH
K MH(GEKIMOHHBIM areHTaM [6]. Beuio rokasaHo,
4TO Yy CAMIIOB MBILICH, KOTOPBIM MPEABIBJISIIN 3a-
rnax CaMoOK, YCHJIMBAJICS CITOHTaHHBII CUHTE3 UM-
MYHOIJIOOYJIMHOB, @ TakKXe YMeHbIIajgach CMepT-
HOCTb OT paHEHUW B pe3ylbTraTe CTOJIKHOBEHWM
C coceasiMu TI0 KjieTKe. Bosee Toro, mokasaHo, 4To
MpeabIBACHUE 3araxa caMOK Tepel 3apaXeHUueMm
CaMIIOB BUPYCOM TpUIINa aKTUBUPYET Hecrneupu-
YECKYI0 MMMYHHYIO peakiMIo, TEM CaMbIM 3allu-
11asi cCaM1IOB MBIILIEH OT 3apa’KeHMU sl BEPXHUX AbIXa-
TEJBHBIX ITYTEM U CHUXKASI UX CMEPTHOCTD [12].

Pesynbrarhl paHee BBIMTOJTHEHHBIX pabOT CBU-
JIETEeJIBCTBYIOT O TIOJIOXKUTENBHOM 3(hdeKTe BO3-
JeMCTBUS TMOJIOBBIX (hEPOMOHOB Ha OPraHU3M 4e-
JoBeka. B 9acTHOCTHM, IMOKa3aHO BIMSHUE XKEH-
ckoro hepoMoHa Ha (hyHKIIMOHAJIBHOE COCTOSTHUE
MOJIOABIX MYX4YHMH [5]. YcraHOBJE€HO, YTO M-
TeJbHAsl anIUIMKalUsg CUHTETUYECKUX aHAJIOTOB
JKEHCKUX (HEpOMOHOB MOJIOABIM MYXKYMHAM TIpHU-
BOJIUT K CHUXKEHUIO YaCTOThI PECITUPATOPHBIX 3a-
OosieBaHM, MOBBILICHUIO YPOBHSI CEKPETOPHBIX
MMMYHOIJIOOYJIMHOB, a Y JIMII C aJlJIePTUUYECKUMHMU
3a00JIeBaHUSIMU — K CHMKEHMIO YPOBHS 203HMHO-
dunuu B nepudepuyeckoit kposu [5]. Kpome Toro,
JIOKa3aHo, YTO XEHCKHE (PEepOMOHEI MOTYT OKa3bl-
BaTh 3HAYUTEJIbHOE BO3ACHCTBUE HA IMOIIMOHAI b~
HOE ¥ (DU3UIECKOE COCTOSTHUE TTOXMUJIBIX MYXKUYKUH,
CHMXasi KOHUEHTPALMIO KOPTU30Jd U ITOBHIIIAA
YPOBEHB TecToCcTepoHa [14].

B 10 xe BpeMsi 3¢hdeKT KEHCKUX U MYKCKHX
(hepoMOHOB Ha COCTOSIHME MYKO3aJILHOTO MMMY-
HUTETa HOCOTJIOTKH, B YaCTHOCTH LIMTOKUHOBOTO
npoduis, 1 HecmeU(pUIECKyI0 Pe3UCTEHTHOCTD
CIIA3UCTOM 000I0YKHM HOCA HE UCCIIEI0BAH.

Hcxonst U3 BRIIECKA3aHHOTO OblNa MOCTaBJIe-
Ha LeJNb UCCIEeI0BAHUS — U3YYUTh BIUSHUE (hak-
TOPOB aHaMHE3a M IIOKa3aTejieid, OTpakalolInxX
GYHKIIMOHUPOBAHME MYKO03aJIbHOTO MMMYHUTETA
CIIU3UCTOM 060JI0YKHM HOca, ee Hecneuupuyeckoi
PE3UCTEHTHOCTH, Ha (OPMHPOBAHHWE YacTOM pe-
CIIMPAaTOPHOM 3a00NeBaeMOCTH, & TaKXe OLEHUTH
2 HEeKTUBHOCTH OIOPAHTOB ¢ HaTODEPUHOM M aH-
ApodEepUHOM B OTHOIUEHUM AMHAMHUKHU BTUX T10-
KasaTeseil ¥ CHUXKEHMS 4aCcTOThl PeCIUpPaTOPHbBIX
MHpEKUNH y MOJTOABIX JoAei B Bo3dpacTe oT 18
10 22 neT (paHHUM PeNpOaYKTUBHBII MEPHUOIT).

Matepuansl u METOLbI

st DOCTUXEHWSI TIOCTABJIEHHOM ey OBLIO
TIPOBEAEHO THJIOTHOE ITPOCIEKTUBHOE HCCIIEIO-
BaHME Ha 46 YCIIOBHO 3I0POBBIX IOHOIIAX M JI€-
BYyIIKaX (pacyeT MOIIHOCTH BBIOOPKH BBIMOJI-

HEH C TMOoMOUIbI0 on-line KamekyasiTopa https://
clincalc.com/stats/samplesize.aspx), ofy4aloniuxcs
B KeMepoBcKOM rocyiapcTBEHHOM YHUBEPCHUTETE.
Bo3spacTHoit muHTepBas — oT 18 mo 22 neT; 65110 06-
crenoBaHo 28 oHowen u 18 neByIiex.

Bce mostonbie n0au mepea HadaJaoM HCCIENo-
BaHWsl IIPOILIJIM AHKETUPOBAHWE JUIS W3YYEHUS
aHaMHe3a. AHKETbl BKJIOYaJM HECKOJbKO pa3s-
JIEJIOB, OTPa’XKalOIIMX COLIMAJIbHOE MOBEAEHHUE MC-
MBITYEMBIX, B TOM YMCJIe OCOGEHHOCTH IMUTAHMUS,
MX MEIMUMHCKHMIA M HACJIEeICTBEHHBIN aHaMHE3,
HaJIMuye BPEIHBIX MPUBBIYEK, & TAKXKEe BOIMPOCHI,
CBSI3aHHBIE C IMOJIOBBIM OMBITOM U HaJIWYUEM I10-
CTOSIHHBIX CEKCYaJIbHBIX OTHOIIIEH MA.

[Tepen Haya10M 3KCIIEPUMEHTA OT BCEX UCITBITYe-
MbIX OBLIM TIONY4EeHBI Hazo(dapUHTealbHbIE CMbI-
Ba 1o paspaboTaHHOU paHee MeToauke [7]. Takxke
OBLITM TIPOBEICHBI IIETOYHAsE MUKPOOUOTICHST CIIH-
3UCTOM 000J104KM HOca [11] u B3siTHe 0O6pas31IoB CITio-
Hbl. [IOBTOPHO 3TH Xe OMONIOrHYeCKrue MaTepuathbl
3abupanuck Ha 14 u Ha 30 JeHb SKCIIEPUMEHTA.

B HazodapuHreaaibHOM CMBIBE MCCIIEIOBAIUCH
KOHLEHTpPAallMM CJIEAYIOIIMUX LUTOKWHOB: MHTEP-
nevikuH 1 6era (IL-1B), dakTop HeKpo3a Oryxoau
anbsda (TNFo), nuarepneiikuu 4 (IL-4), unrepnaeii-
kuH 6 (IL-6), uarepueiikun 10 (IL-10) mo onucan-
HOIl paHee MeToauke [1] ¢ UCMONbL30BaHMEM KOM-
MepYeCKUX HabOPOB ISl ITPOBEAEH U UMMYHOMED-
meHTHOro ananusa (3A0 «Bektop-becr», Poccus).

[lleTouHast MUKPOOMOIICUSI TTO3BOJISIA OLEHU-
BaTh BOCMAaJieHME Ha CIM3UCTONM O00JOUYKE HOCa
U COCTOSIHME ee (QYHKIHMOHAJIBHOTO JMUTEIUS
(puc. 1 u 2, I1I o6moxKa).

Ha kaxxnom aTarie ucciiefoBaHusi Oblia cobpaHa
CIIIOHA IUIS1 OTIPEAeICHU I TOPMOHOB (TECTOCTEpOHA
u sctpaauoina). O6pasubl CIOHB OBLIN LEHTPU-
¢dyruposanbl Ha ckopoctH 3000 06/MHUH B TeueHHE
15 muH. ITo 1 ma xaxnoro obpasua NMoMeIasoch
B NpoOUpPKM TUTA 3MIEHAOPD ¥ XpaHHMIOCH IIPHU
temneparype —20°C. B o6pasuax mmmyHodep-
MEHTHBIM METOAOM C IIOMOIIBIO KOMMEPYECKOro
Habopa («Crepoun UDA-scTpagmos» u «Crepous
HUDA-TecTocTepoH», Xema-Menuka, Poccus), 06-
JIaAIOLIEr0 JOCTATOYHON YYBCTBUTEIBHOCTHIO,
OMNpeNessIA COAePXaHUE TECTOCTEPOHAa M 3CTpa-
nuosia. OCOGEHHOCTH UCCIEHOBAHUS TECTOCTEPO-
Ha ¥ 3CTpajauoJjia B CIIOHE OITMCAaHEI paHee [5].

J1151 u3y4eH st BO3AEUCTBUS MOJIOBBIX (hepOMOHOB
MPOTHUBOITOIOXHOTO IT0JIA JOHOIIIAM B TEYEHUE MECSILIa
MPeaBbABASIA HATOMEPUH, AeByIIKaM — aHapode-
puH. Harodepun sgBigeTcss KoOMMepLHaIu3upoBa-
HBIM CUHTETHYECKMM aHaJIOrOM XEHCKOro (epomo-
Ha KOMyJIMHa (HOMEp CBUJICTEILCTBA O PErUCTpallUuM
449477), M3roTOBJIEHHOTO EBPOIIEMCKOIl J1abopaTro-
pHMel 1 pacnipocTpaHsieMoro Ha reppuropuu Poccnu
¢dupmoit Parfume-Prestige M (OOO «AptBeioTn»).
B coorBerctBUM ¢ uHMOpMAaIUEH, MPEACTABIIsSIC-
MO KOMIMAHUSIMU, TAHHOE BEIIECTBO COCTOUT TIPE-
MMYIIECTBEHHO U3 TIPOM3BOIHBIX U30BaJIEPHaHOBOM
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u MacastHoit kuchor [13]. AnapodepuH — CHHTETH-
YECKMIT aHAJIOr MYXKCKOro IoJIoBoro (hepomMoHa am-
JIPOCTCHOHA (HOMEP CBUICTEIBCTBA O PErucTpalyum
449476). CornacHo 9TUM permcTpaliMoOHHBIM CBUIE-
TEJILCTBAM, JIAHHbBIC [TPOAYKTHI MOI'YT LTUTEJIBHO Ha-
HOCHUTECS Ha KOXY HYelOBeKa.

B xone uccaenoBanus MOJ0/LIC JIIOAM HAHOCU -
JIY €XEJHEBHO Ha MOBEPXHOCTh KOXU Ha/l BEPXHEH
ryboit pacTBOp CHHTETUYECKOTO (hepomMoHa U M-
MPOMUICHITIMKONS B KOHLEHTPAUKU, PEKOMEH0-
BaHHOI nponssonurtenem (0,12% pacrsop), B Teue-
HUE OJIHOTO MecsiLia.

Vyer 4acToThl pecruMpaTtopHbIX 3aboseBaHU
ObLJ1 BBINMOJHEH 3a | rol 10 Havajia 3KCrnepuMeH-
Ta u yepes | roag nocne ero okoHuaHus. CorjmacHo
JaHHBIM  KJIWHMYMECKUX pPEeKOMeHIalmii pecriu-
paTopHyo 3ab0JICBACMOCTh CUYNTAIM 1acToi Tipu
nosropenun OPBU 4 n Gosiee pasa B rof.

Craructunueckas o6paborka JaHHbIX IIPOBOAN-
nach B nmakerax nporpamm Statistica for Windows»
¢upmer StatSoft Inc., sepcust 10.0, u MedCalc
17.5.3. mo npaBujiaM BapyallMOHHON CTATUCTUKU.
Jnsi noucka npeauKToOpoB 4acTol pecrnupaTropHoi
szabosiesaeMoOCTH OBblJIa MCTIOJNBL30BAHA JIOTHCTH=
qeckasl rnoumaropasi perpeccust (CTaTMCTHUYECKM
MeTo[ KiaaccupUKaluMMu ¢ MCIOJB30BAHUEM JIM-
HellHOro auckpuMuHaHTa Puinepa). 3aBUCHMON
rnepeMeHHOU Obl1a 4acToTa PecrUpaToOpHbIX MH-
drexunmit 3a 1 roa (or 0 no 10 cayuaes), a He3aBu-
CUMBIMU IEPEMEHHBIMM — BCE ITYHKTbI aHKETLI
(coumayibHble, HACAEACTBEHHBIE, MEIUIIMHCKHE
(QakTOphl, 4 TAKXKEC KOHLEHTPALUMHM LMTOKUHOB
B Ha30(apUHICcaJIbHOM CMBIBE, pe3yJabTaThl LIe-
TOYHOIK MUKPOOUOIICUM  CIM3UCTON  0BOIOUKHN
Hoca). Koahpuumen e, 1ojayueHHbIe A5 BbISAB-
JEHHBIX 3HAYMMBIX [IPEAUKTOPOB U IIPOTEKTOPOB,
YKa3bIBaJM Ha CTEMCHb 4CCOUMAIIMH C YacTol pe-
criuparopHoit 3abosieBaeMoCTbIO, a4 3HaK (— MIH
+) nepen rnepeMeHHON yKa3biBal Ha MOJOXKUTC b-
HYIO WM OTPULIATENLHYIO ¢Bs13b, [TojoXuTebHas
CBSI3b MOKa3biBaia, 4To hakTop ABJISETCH NMpPEan-
KTOPOM HYACTOU pecrnuparopHoi 3aboneBaeMoCcTH,
oTpullATe/IbHAS YKa3blBaJla Ha ero NMpoOTeKTHB-
HocTh. [TonyueHHas pu 5TOM aHaJIMU3€ JIOTUCTH-
gyeckas (yHKUMS ¢ BecOBBIMM KoahhuumeHTamm
JUISL KAX/0ro MpeiuKTopa OTpaxaeT B3auMoiei-
CTBUE M MHTCIPAJILHOE BIMSIHUE cOMeTaHus (ak-
TopoB B peanusauuu a3dgdexra, DddekTUBHOCTEL
JIOTUCTUMECKOH (YHKLMU OLEHMBaJlachL 1o [o-
Kasaresio rowmann noa kpusoit (AUC) nz ROC-
aHajiu3a crasuwero, (pakKTUUECKH, CTaHIAPTOM
JUISI OLECHKM KauyectTBa OuHapHO Knaccupuka-
uny. ITouck JgorucTnueckKux (hyHKIHHI BLINOMHEH
Kak [UIs1 YacTon pecrimparopHoit 3aGosiesaeMocTH
JI0 HavaJia 9KCIepuMenTa, Tak u vepes 1 roa no-
clie ero sapepuieHust, s cpaBHEHUs OTACTbHBIX
rnokasaresieit B Tpex TouKax ucesieosanmns (10 Ha-
vyasa, Ha 14 n 30 aeHb 9KCrepuMeHTa) Ucroibiosa-
gn U-kputepuit MaHHa—YUTHU (MMEJIOCH aCUM-

MeTpuuHoe pacnpeaeienune). KosnuecrBeHHble
JaHHbie ObIM TPEACTABJICHBI B BUUC MCEIMAHbI
(Me), 25-ro u 75-ro npoueHTuyein (P25 u P75).
BeposiTHOCTD O1IMOK M 1EpPBOro poia onljia npuHsi-
Ta 3a 5%, Broporo pona — 3a 20%, ypoBeHb cTaTH-
CTHYECKON 3HauMMocTH BeisiBAsANCA npu p < 0,05,
YTO COOTBETCTBYET CTAHAAPTHBIM TPeGOBaHMSIM.

Peaynerathl M 06CyXaeHne

[TposeneHHast nowarosast JorucTuveckas pe-
rpecceusi s saBucumoro Qrakropa — vacrora
OPBM 3a onuH rojl, M HE3aBUCUMBIX [CPEMCH-
HBIX — aHaMHe3a, UMMYHHBIX U UM TONOIMUYECKUX
nokasarejieif, OTPaXaloUUX Peryjisiumio MyKo-
3aJIbBHOT0 MMMYHMTETa M Hecrneunduieckoit pe-
3UCTEHTHOCTH CIM3UCTON ODOJIOUKHM HOCA — 110~
Kazana psajl MOJOXKMUTEABHBIX M OTPULATENbLHBIX
accouMauuif, KOTOpbLIE COBMECTHO OIPEAS/IsIOT
HJACTYIO pecIitupaTopHyto 3abonesaeMocTsb (Taba. 1).
HeobXoauMo OTMETHTD, YTO MOJIyYeHHbIE B Klac-
cupukarope B-koapPpUUUEHTE OTPaXKalT OTHO-
CHTEJILHOE BJIMSIHME MMPEAHKTOPa Ha 3aBUCHMYIO
nepeMeHHyo, a B-ko3adpuumeHTsl rmokaseisaior
MPOrHOCTUHECKY 0 3HAYUMOCTD ITPEJAMKTOPA U MO-
ryT OBITH MCIIONIB30BAHBI B YPABHEHUW, ONUCHIBA-
IOLeM JlorneTudeckyio ¢Gyakuunio, Kpome rtoro,
MOXHO OLEHMBATH M BJAUSIHUEC OTICJIBHBIX Mpe-
JMKTOPOB (CO 3HAKOM «+» MK B TAOJKLIE MTPOCTO
6e3 3naka nepej KoahGuimeHToM) 1 IPoOTEeKTOPOB
(CO 3HAKOM «—») Ha 4aCTOTY PECHMUpaToOpHOi 3a-
60JIeBAEMOCTH Y JIMLL PAHHEro PerpoayKTUBHOrO
nepuoa.

Kak BujiHO 13 Tabi. 1, 3HAUMMBIMH NIPEANKTO-
paMu ITOBTOPSIIOLLUXCS PeCrUpaTOpHBIX HH(pEK-
UV SIBJSIIMCE BO3pACT 00CIEIOBAHHBIX, HAJTUYKE
y HUX B aHaMHe3e OOCTPYKTUBHBLIX OPOHXUTOB,
JIAPUHTHUTOB, ATOIIMIECKHUX AEPMATUTOB, KYypeHMsI
W TEPEHECEHHOW HOBOW KOPOHABUPYCHOW MH(pEK-
uun COVID-19. U3 nabopaTopHbIX rokasaresei
MPEAMKTOPAMY OKA3aJINCh BBIPAXKEHHOCTL JIEHKO-
UMTAPHBIX peak LM 110 JaHHBIM HA30LUTOIPAaMM bl
(1eToyHas MUKpoOBHONCHst causncToil odoJIouKH
HOCa), YAeAbHBIN BEC MJOCKOro He(yHKUMOHAb-
HOT'O MUTEJINSI 110 HA30LMTOTPAMME, A& TAKXKE KOH-
nentpaunn TNFo n [L-4 B HazodapuHreassHom
CMBIBE. DTH Pe3yibTarsl BIOJHE JOIMYHBI U yKa-
3BIBAIOT Ha TOT (haKT, YTO YacTas pecrparopHast
sabosreBaeMocTh hopmupyercs Ha (houe annepru-
YECKOT0 HJIOTUTIA MU aJIJIEPruyecKoi aHoMalnm
KOHCTUTYUHMMU (TEPMUH MCMOJIbL3YETCSl B OTeve-
CTBEHHOW MEAMIIMHE), TIPU KOTOPOH MMEIOT MECTO
CTEHOZMPYIOILUE JIAPUHTUTEI, OOCTPYKTHBHbBIE
OpPOHXUTHI, ATOINUYECKUE AEPMATUTLI U MOBBIILIE-
Hue yposHs IL-4. C apyroit ctopoHsbl, 3TH MOJIO-
JbIE JTIIOAM UMEIOT CHUXKEHHYIO HecrelMpniuecKyo
PE3UCTEHTHOCTb CIM3UCTON 0DOMOYKM HOCA, OT-
pPaxkeHHYI0 B BEICOKOM YIEJIbHOM BECE€ y HUX He-
(pyHKUMOHANBHOrO MJIOCKOTO 3ruTenus (puc, 26,
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ITI obmoxka). Kpome TOro, BeipaxeHHOCTh JIEHKO-
LATAPHBIX PeaKIIU 110 AaHHBIM LIETOYHOM MUKPO-
OuoncuM CIM3HUCTOM OOOJIOUYKM HOCAa YKa3bIBaeT
Ha TUIEPPEaKTUBHOCTh MYKO3a/IbHOIO KJIETOYHO-
ro AMMMYHHUTETa, B TOM YMCJIE 3a CYET KJIETOYHOTO
TUTIA aJUICPTUYECKUX PeaKIIMii, O YeM YKa3bIBaeT
Y TTOBBIIICHHBIM CUHTE3 MPEeUMYIIECTBEHHO KIIET-
KaMu camusucToi ob6onouku Hoca TNFou.
OTpuLaTeIbHO aCCOUMMPOBAHHBIMMA C YaCTOM
pecnupaTopHOU 3a00JIeBaeMOCTBIO ObLIIU MYKCKOIA

I0JI, @ TaKXe ILIMTOJIOTUYECKUE M MMMYHOJIOTH-
YECKME TIOKA3aTeNIM CIM3UCTON 000JI0YKH HOca,
npeacrasieHHbIe B Taba. 1. Kak BumHO u3 Tabnu-
IBI, 9TO OBLIM MOKAa3aTeNy HA30LMTOrPAMMBIL: BEI-
PaXXEHHOCTh M YIEJBHBIM BeC LIMIUHIPUIECKOTO
armrenus (puc. 2A, 111 o6Gnoxka), yaeasHBIN Bec
HEUTPODUIBHBIN JICHKOLUTOB U JTUMGDOIUTOB,
a Tak>XXe BBIPaXEHHOCTBH SKCYIAaTUBHBIX pPEakIIvid.
DTO pe3yNabTarThl TaKXe BIIOJHE 0OBACHUMBL Tak,
B MICCJIEIOBAHWM YYaCTBOBaJIM 00yYalOLIUECS YHU-

Ta6nuua 1. PeaynsTaThl 1OrMCTUHECKOI perpeccum ¢ 3asucumsiM pakTopom (vactotra OPBU 3a 1 rop)
1 He3aBUCUMbIMU NepeMeHHbBIMU aHaMHe3a U nokKasartenei CnM3ncTor 060N04YKM Hoca Ha MOMEHT Havana

HabnoaeHus

Table 1. The results of logistic regression with a dependent factor, a one-year morbidity of acute respiratory viral
infections and independent variables of catamnesis as well as nasal mucosa indicators at the onset of observation

HezaBucuMble nepemMeHHbIe
lndlepenticatiariablos B Std. Err B B Std.ErrB | p-level

OTpesok
Section 0,376 0,056 0,005
:;’:pa“ 0,154 0,002 0,210 0,003 0,010
Oﬁc‘rpyx:mauuu quuxur, na'p‘m.iru.T B aHaMHe3e 0,680 0,002 3,818 0,009 0,002
Obstructive bronchitis, laryngitis in history
ATonudackuil Aopmary 8 gliamiiese 1,029 0,003 8,004 0,023 0,002
Atopic dermatitis in history
Ypenohbiii Bec numdpountos 8 NCG P i
Lymphocyte percentage in the NCG Ui 0,003 Toeb W0 e
Ypenuiiui rec HeRTpodioR -0,660 0,004 -0,024 0,000 0,004
NCG neutrophil percentage
KonuenTtpauus IL-10 s HOC ~ L
IL-10 concentration in NPS 0.814 Q.005 0,869 0,905 0:004
Konuentpauus TNFo.g HOC
TNFa concentration in NPS 0,745 Gjo0s Dyib2 S s
YaenbHelii Bec uv'mm‘mpuue'cko.ro 3purenm s NCG 0,917 0,003 ~0,050 0,000 0,002
Percentage of cylindrical epithelium in NCG
BeipaxeHHOCTb neiikouuTapHbix peakuuii B NCG
Magnitude of leukocyte reactions in NCG Gielld 0,004 0418 0,009 Quig
Konuentpauyus IL-1 s HOC y o
IL-1 concentration in NPS 0,831 01068 Q580 0,002 0.008
KoHuenTpauus IL-4 8 HOC
IL-4 concentration in NPS G401 2085 A s e
BoipaXeHHOCTb 3KCCyAaTUBHbIX peakuuii B NCG 3
Magnitude of exudative reactions in NCG el 0,003 1548 Go8 %008
MepeHeceHHblt COVID-19
Convalescent COVID-19 0,449 0,002 1,343 0,007 0,003
YpenbHbili BEC NNOCKOro 3n.u7e{lun F NCG 0,614 0,004 0,074 0,000 0,004
Percentage of squamous epithelium in NCG
BoipaxeHHOCTb Uunuuapuyeckoro anutenus e NCG _ -
Magnitude of cylindrical epithelium in NCG 9,818 GRa Gig70 Qove g
Kypesiks 0,282 0,005 0,466 0,008 0,011
Smoking
Mon (xeHckuii 2 ﬁaqna, MYKCKOW 1 6ann) 0,128 0,004 -0,399 0,013 0,021
Gender (female 2 points, male 1 point)

Mpumeyanue. MNpeacTasnexbl TONLKO 3HaYUMble accounaummn. NCG — Hasouutorpamma; HOC — HasodapuHreansHblil CMbig; B-ko3hdULMEeHTI,
BblAENEHHbIE XMPHbIM LIPUPTOM, OTPAXAK0T NPEAMKTOPHLIE CBOMCTBA NePEMEHHON; B-KOSQOULMEHTS!, HE BbIAENEHHbIE XMUPHbLIM LWPUPTOM, 0TPaxXaloT

MPOTEKTOPHbLIE CBOWCTBA NEPEMEHHO.

Note. Only significant associations are presented. NCG — nasocytogram; NPS — nasopharyngeal smear; B-coefficients highlighted in bold reflect
the predictor properties of the variable; B-coefficients in regular reflect the protective properties of the variable.
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BEPCHTETA, KOTOPHIE MOCTOSIHHO HAXOAATCS B O01b-
LIMX KOJISKTHBAaX H MMEIOT BHICOKYIO aHTHICHHYIO
HAarpy3Ky Ha CIH3HMCTYI0 000J04KYy HOCa H BCEro
pecnupaToOpHOTro TpakKTa. B To Xe BpeMms, Oaaroga-
ps aKTHBHOMY (DYHKUHOHWPDOBAHHIO MEpPLATE/Ib-
HOTO 3MHUTENKS, Pa3BUTHIO 3KCYIAaTHBHBIX W KJe-
TOYHBIX PEaKUWi OHM 3alUHUIIEHBI OT MOBTOPCHUSA
peCrHpPaTOPHLIX HHMEK W,

M3 1taba. 1 TakKe BHAHO, YTO 0CODOE 3HAUYEHHE
B MpOTEKIIMM DPECNMPATOPHBIX MHMEKUHH HMe-
o1 IL-10 u IL-1, cMHTe3MpYEMEIMH, NTpEeUMYyIIe-
CTBEHHO, NTHMMOMIHLBIMH ¥ 3MUTEIHAIBHEIMH
KJETKaMM CIH3uCTOH obomouku Hoca. CorjiacHo
KiaaccH®uKauny QyHKIMOHAIBHOCTH IIMTOKUHOB
IL-10 oTHOCHTCS B MPOTHBOBOCMIAIHTENbHBIM WH-
TepaeikuHaM, a IL-1 — K mpoBOCHaIHTEIBHBIM.
B-xoaddunueHT, OTpaxalomuii OTHOCHTEIBHOE
BIMSHHE MPEAMKTOpP2 Ha 3aBUCHMYIO MNEpEMEH-
HY10, OBLJI MO MOZAJIBHOMY IOKAa3aTelio 3HaYuMo
Beime y IL-10, wem y IL-1. Takum ob6pa3soM, npo-
THBOBOCIIATHTEIbHBIE LIMTOKHHA AOMWHHPOBaIH
Ha/l MPOBOCNANHTEIBHBIMH M, BO3MOXHO, BIAHAIH
Ha HUX.

JInHeHHEBII perpecCUOHHBII aHAaIH3 MO3BOIs-
€T OLICHMBATh COYETAHHOE BIHMSHHE BCEX BBISB-
JeHHBIX TIPEIUKTOPOB H MPOTEKTOPOB Ha 3aBHCH-
MYIO MepEeMEHHYIO, B YaCTHOCTH Ha 4YacTOTy pe-
CIIMPATOPHEIX HHDEKUHi. 3TO COBOKYNHOE BIH-
sIHME OMMUCHIBACTCS JIOTHCTHYECKHM YPaBHEHHEM,

Pucx
Risk
W00 —
i YyacTsutenskocTs: 100
L Sensitivity: 100
80 — | CreunduusocTs: 95,7
L | | Specificity: 95.7
2 = Kpurepui: > 83.8267
8 B Criterion: > 83.8267
) 60 — A
s 2 I~
S = .
]
55
5m 40 =
s E
-3 &
20 4 P N
i AUC=0,978
L £<0,001
L 1 SPST IR NS TN ST USSOM T STATY MY
0 20 40 60 80 100
100 - CneundupiocTs

100 - Specificity

PucyHxok 3. ROC-ananus onpegeneHus
3pDEeKTUBHOCTH NOTUCTUYECKON QYHKLUM ANs
OLIEHKM KOMMIEKCHOr 0 BUsIHKUE NPeAUKTOPOB

M NPOTEKTOPOB Ha 4YaCTOTY PECNUPaTOPHBIX
uHOEeKUUIA Y 1L paHHEro penpoayKTUBHOIO
BO3pacTa no nokasaremo AUC

Figure 3. ROC-analysis assessing effectiveness

of the logistic function to analyze a mulii-prong effect
of predictors and protectors on morbidity of respiratory
infections in subjects of early reproductive age

by using AUC

rae B hopmyse uenoas3yiTces B-kosdduunesTs
Ka’XJIOTO 3HaYHMOT0 NPEINKTOpa H NPOTEKTOPEL.

B naHHOM ciy4ae ypaBHEHHE pacyeTa KOM-
MIEKCHOrO BAMSHMS (DaKTOPOB KaraMHes3a, [IHTO-
JIOTHYECKHX M HMMMYHOJIOIMYEeCKHX ToKasaTesieH
CTH3UCTOI 000109k HOCA Ha (hOpMHUPOBAHHE Ya-
CTOW pecrTMpaToOpHOIf 3a001eBaeMOCTH Y JIMII paH-
HEero penpoAyKTHBHOIO BO3pacTa MpPEACTaBJICHO
caeayiomen hopMymnoii:

Y = (EXP(Z)/(1 + EXP(Z))) x 100%,

rae Z = (0,38+0,21 x X,+3,82 x X,+8,01 x X;—
1,34 x X,—0,02 x X+0,97 x X+0,42 x X,—0,05 x
X, +0.48 x X,—048 x X,,+041 x X, —1,55 x
X5+1,34 x X,5;+0,07 x X,,—0,67 x X,5+0,47 x X ;—
0,41 x X,;); Y — KOMILIEKCHOE BTHAHHe Ha HOpMuU-
POBaHME YacTOi peCHPaTOPHOI 3a001eBaeMOCTH
y JN0oJeil paHHEro penpoAYKTHBHOIO BO3pacTa
(B %); X, — BO3pacT 4ejioBeKa (B rogax); X, — o6-
CTPYKTHUBHEIN ODOHXHT WM JapMHIHUT B aHaMHe3e
(0 — Het, | — ecTh); X; — aTONMUYECKHIT 1epMaTUT
B aHamHe3e (0 — HeT, | — ecTh): X, — yaeabHBINH
Bec nuMdbouutoB no NCG (%); X; — yaeabHBbI
Bec HeiitpoduiaoB no NCG (%); X; — KOHIEH-
tpauus [L-10 no HOC (nr/ma); X; — KOHIEH-
tpauusi TNFo no HOC (nr/min); X; — yIeabHEIH
BeCc nuiamHIpHyeckoro snuTenuss no NCG (%):
X, — BBIPaXEHHOCTbH JIEHKOLUTAPHBIX peakuuil
o NCG (0, 1, 2, 3 — banna); X,;, — KOHILIEHTpa-
uusg [L-1 mo HOC (nr/mn); X,, — KOHUEHTpaLust
IL-4 no HOC (nr/mn); X,; — BEIPaXeHHOCTH 3KC-
yanatuBHBEIX peakimit mo NCG (0, 1, 2, 3 — Ganna);
X;; — COVID-19 B anamHese (0 — uer, | — ecTh);
X,: — yoenbHBbIH Bec nuaockoro snutenus no NCG

(%); X,s — BBIPaXEHHOCTb UHJIMHIPHYECKOro
snutenus no NCG (0, 1, 2, 3 — 6anma); X, — Ky-
perue (0 — Het, 1 — ecTh); X;; — mon (I — Myx-

CKOM, 2 — KEHCKHH).

Kak BUIHO M3 YpaBHEHHS, BKJIad NMPEAMKTO-
pPOB M TPOTEKTOPOB B (QOpPMHUPOBaHHE YacTOH
pecnupaTopHOi 3ab0ojieBaeMOCTH B paHHEM pe-
MPOAYKTHBHOM MEPHOAE MOXHO OLEHWMTb C HC-
MOB30BaHHUEM cDOpa aHaMHe3a, a TaKXe I0TMo-
HHTEIBHBX HCCIENOBaHWl HHUTOKHHOB B HDC
H Ha30LHTOrPaMMBI.

HeoOxonuMoO NOSCHHTB, 49TO Jorapudmmuuyec-
KHii XapakTep yNpaBJieHMs TOBODHT O TOM, 4YTO
ecau KoapduuuenT crpeMuTes K S0%. To pHCK
COXpaHEHHsI YacToi pecnupaTopHOii 3abonesae-
MOCTH PaBHOBEDPOSITEH; eCIH KO3 dUIIHEeHT cTpe-
MUTCS K HYJTI0, TO PHCK AaJibHEHIIIErOo IPOrpeccu-
POBaHHSA YacThIX DHHHUTOB M (GDapMHTHTOB MaJo-
BEpPOSITEH; W, HaobopoT, mpu XKo3dduumeHTax,
6nu3kux K 100%, puck pa3sBHTHSA 3TOif NATOJIOTHH
y JIM1l paHHETO PEeNpPOAYKTHBHOIO MEPHOIa CTAHO-
BUTCH BeICOKUM. OlleHKa 3¢h¢heKTHBHOCTH ypas-
HeHus ObLIa BeIMoOAHeHa B ROC-ananuse (puc. 3),
KOTOpBIM [OKa3aJl BHICOKYIO CrenHd@HIHOCTH
¥ YYBCTBHTEIBHOCTb.
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Tem caMbiM MHOTO(AKTOPHBIM aHaJIM3 aHaM-
He3a, LUTOMOP(DOJOTHYECKUX U WMMYHHBIX ITO-
KasareJiel CIU3UCTOM 000I0UKM HOCA BEISIBUAI PSIJ
[IPEAMKTOPOB YaCTOU M AJUTEIIBHOW pecruparop-
HOI 3a0071€BaeMOCTH Yy MOJIOIBIX JTIOJIel paHHEro
penpoayKTUBHOro nepuona. [lpeaukropaMu siBu-
JIACh aHAMHECTUYECKHUE MapKephbl allJIePrudecKou
AHOMAJIMY KOHCTUTYLMHU (ATOMUYECKU T IepPMaTHT,
OOCTPYKTHUBHBII OPOHXMUT M CTEHO3UPYIOIIHIL j1a-
PUHTUT), DaKTOPHI TIOBeAEeHM S (KypeHHeE), a TaKXKe
UMMYHHBIEe TIoKazareau amnepruu (IL-4) m ne-
dunuTa MYKOLMJIIMAPHOTO KJIMpeHca (BBICOKUIA
VAENBbHBIA BEC IJIOCKOr0 He(MYHKIMOHAIBHOrO
STIUTENS).

Ha crnenyiomieM 3Ttamne WCCleIOBaHUS ObLIO
[TPOBEIEHO M3y4YE€HHE POJM OJOPaHTOB HaTode-
pUHa (CMHTETHYECKHMI aHaJIor XeHCcKoro ¢epoMo-
Ha KOMyJIMHA) M aHApodepuHa (CHMHTETUYECKUit
aHaJIOT MYJKCKOro ¢(epoMoHa aHJIPOCTEHIMOHA)
B OTHOILLIEHU M HeCTIELIM(DPUIECKOI PE3UCTEHTHOCTH
CIIU3UCTON O0DOJIOYKM HOCA U CHUXKEHUS YaCTOTHI
pPECITMpPaTOPHBIX MHMEKIINIA.

DTH COeIMHEHUS MMEIOT CTEPAaHOBLIN Kapkac
U SBASAIOTCH JIETYYMMM MeTaboIuTaMM CTepOMi-
HBIX TOPMOHOB. OHM MOTYT B3aMMOAEMCTBOBAThH
¢ OonbUIOM TPYNION pPenenTopoB K CTepaHaM,

B TOM 4YMCJIe Ha KJIETKax CIU3UCTOA OOO0JIOUKU
HOCa, ¥ OKa3bIBaTh IJIEHOTPOITHOE BIUSTHUE Ha 00-
1Iee COCTOSTHUE 3H0POBbSI M JIOKAJIBHYI pe3H-
cTeHTHOCTh. COOTBETCTBYIONIME OJIOPAHTHI (KEH-
CKHME — IOHOIIAM M MYXCKHe — JIeByIlIKaM) HaHO-
CHJIMCH IIAPUKOBBIM /I€30/I0PAHTOM B BUIEC OJHOI
MOJIOCKY HA KOXY HOCOTYOHOM CKIaaKy B TEHEHU U
30 nHeii. 3a 3TO BpeMs HU Y OTHOTO U3 00C/IeI0BaH~
HBIX He OBLJIO MPOSIBJIEHU I JIOKAJIBHOTO JepMaTUTAa
M UBMEHEHUSI TUTMEHTAIIM U KOXH.

CpaBHEHME LIUTOJOTMYECKUX M MMMYHOJIOTH-
YEeCKHUX ToKasaTesiell CIM3UCTON O0DO0JIOUKM HOoca
JI0 HayaJjia sKcrepuMeHTa, Ha 14 u Ha 30 geHsb no-
Ka3aj0 3HauYMMble MU3MEHEHUs, IpeACTaBICHHBIE
B Tab1. 2.

Kak BuaHo w3 Tabn. 2, yepe3 30 mHeit 3xc-
TIEpUMEHTa y OOCIeIOBaHHBIX 3HAYMMO YBEJIH-
YUJICA YHEJBbHBIW BeC LUMJIMHIPUYECKOro (HYHK-
LIMOHAJIBHOTO MEPLIATEJIBLHOTO SMUTENIUSI U 3Ha-
YUMO YMEHbIIAJCSI YAEJNBHBIA BeC MJIOCKOrO
HehYHKIIMOHAJIBHOTO 3MUTEINS OT Hayaljia 3KC-
nepuMeHTa K 14 1 30 1HAM . DTH JaHHEBIE TOKA3bI-
BAIOT YBEJIMYEHUE KJIETOK IIMUTEIMS, y4aCTBYIO-
muX B 3 HEeKTUBHOM MYKOLMIMAPHOM KJIMPEHCe
U, TEM CaMbIM, OTPAaXalOT YBEIUYECHUE HECIICL U~
¢puyecKkoit pe3UCTEHTHOCTH CIM3UCTOM 060I0YKU

Ta6nuua 2. CpaBHeHue nokasareneil, 0TpaXalowwmx pe3UCTEeHTHOCTb CAU3NCTON 060104KK HOoCca
[0 Hayana HabnoaeHUs, B TEYEHUE ero 1 Nocne ero OKOHYaHUs

Table 2. Comparison of indicators reflecting resistance of the nasal mucosa before, during and after observation

OkoH4aHue
Hauyano akcnepumenTa | 14 neHb aKcnepuMeHTa JKCNepuMeHTa P P
Mokaszatenu Onset of study Day 14 (30 peHn) 12 i3
End of study
Me P25 P75 Me P25 P75 Me P25 P75
YaenbHbiii Bec -
UMAMHAPUYECKOro
anutenus no NCG, % 86,07 | 58,38 | 113,77 | 83,44 | 47,82 | 119,08 | 94,82 | 75,74 | 113,89 [ 0,31 0,04
Percentage of cylindrical
epithelium in NCG, %
YpenbHblii BEC NAOCKOT0
anutenus no NCG, %
Percentage of the 6,52 | -594 | 1897 | 1,74 | -1,73 | 5,21 1,48 | -0,73 | 3,69 | 0,04 | 0,03
squamous epithelium
inNCG, %
YoenoHbiii Bec
HewrpopunosnoNCG, % | ,\ o5 | 1979 | 63,42 | 20,59 | -16,88 | 76,07 | 44,37 | -6:18 | 94,92 | 0,09 | 0,001
Percentage of neutrophils
in NCG, %
Konuentpauus IL-6
HOTSRG, vefmn 253 | -089 | 595 | 317 | -001 | 1536 | 1,07 | -1.30 | 463 | 057 | 0,04
IL-6 concentration
according to NPS, pg/ml
KoHuenTpauus IL-10
no @G oyun . | 3199 | 1,043 | 4,456 | 3592 | 0,620 | 6,564 | 4,029 |-0,582 | 8,388 | 0482 | 0,047
IL-10 NPS concentration,
pg/ml

Mpumeyanue. MpeacTaBneHs! TONLKO NOKA3aTeNM, ANS KOTOPLIX NOMYYEHO XOTS Obl 0AHO 3HAYMMOE Pa3nyMe C NokasaTenem B Havane HabnioaeHus.
NCG — HasouuTorpamma; HOC — HazohapuHreansHbii CMbIB; XUPHLIM LWPUDTOM BblAENEHb! 3HAYUMbIE PA3ANYMS,

Note. Only indicators for which at least one significant difference was obtained at the onset of observation are presented. NCG — nasocytogram;

NPS — nasopharyngeal flush; significant differences are highlighted in bold.
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HOCA Y JIMLL, TIPUMEHSIONINX OIOPAHTBI HA OCHOBE
CHHTETHYECKHX aHaJIOron (hepoOMOHOB,

Jpyrue 3HauMMble U3MEHCHUS 110 JaHHbIM Ha-
30LMTOrPaMMBbI KACAJIUCE YAEALHOIO Beca HEUTpOo-
hunos B el KoLUTAPHON hOPMYJIC: X KOTUYECTBO
yBenuuuaoch K 30 aHio akcnepuMenTa, Ilepsniit
9Tan MCCASIOBAHMSA TMOKA3aJ, YTO YiUC/AbHbIH Bec
HEUTPO(PUIOB B HAZOLUTOrPAMME SABJIACTCS 11PO-
TEKTOPOM YacToil pecrnimpatopHoii 3abosieBaeMo-
CTH Y MOJIOABIX Jiogei B GOJMbIIMX KOJICKTUBAX.
TeM camMBIM YBETHUUEHUE 9TUX UMMYHHBIX KJICTOK
Mocje MECTYHOT0 BO3ACUCTBMS OJIOPAHTOR HA OC-
HOBE CMHTETUYECKUX aHaJIOTOB (DEPOMOHOB $1BJ15 -
eTcsl TIPOsSIBIICHUEM YCUJIEHUS BPOX/IEHHOIO KJe-
TOYHOr0 UMMYHUTETA CAN3UCTON 060J104KHN HOCcA.

0Ocob60 HeoOXOIMMO OTMETUTL U3MEHEHMST KOH-
LEHTPALMKM MHTEPJIEHKUHOB HasohapuHreaJlbHoro
CMBIBA 32 OLWH Mecsll aKcrepumenTa, Tak, yposeHb
IL-6 B HazodapuHreaasHOM cMbIBe yepes 30 aneit
rnocjie Havdaaa HaHeCeHUs OfopaHTa 3HAYMMO CHU-
3uJics, a KoHueHTpauusa [L-10, Harpotus, yseanum-
Jlach, Beile yKaselBajaoch, YTO MO CBOMM HOMMWHU-
py1oiuM (hyHKIMOHATLHEIM cBoMcTBaM [L-6 oTHO-
CHTCS K TIPOBOCTIAJIMTETBHBIM LIMTOKMHAM, a [L-10 —
K MPOTHBOBOCTANUTENLHBIM, COOTBETCTBEHHO Me-
CSAYHOE BO3IEHCTBME CHHTETHHYECKHUX aHa0roB ¢e-
POMOHOB (CTEPAHOB) Ha CAU3UCTYIO 0BOJOUKY HOCA
CHUXKAET ee MPOBOCIaJTUTEILHBIN MOTEHIMAN U, Ha-
MPOTHUB, TIOBBLIIAET ITPOTUBOBOCTIAJIUTEN LHBIH,

B Tabn. 3 mpeacraBieHbl pe3yabTaThl HEnapa-
METPUUECKOTO CPaABHEHMS C MOMOLUBIO KPpUTEPUSI
XM-KBaJpar YacToThl pecrnupaTopHoi sabosepae-
MOCTH 3a OIMH TOMI 0 SKCIEPpUMEHTA U yepes | roj
1ocJie Hero.

Kak yxe orMmedasoch B pasueie «Marepuaibl
W METO/bI», KPUTEPHUEM HaCcTOM pecrimpaTopHoit 3a-

BosieBacMOCTH OLLJIO TIPUHATO KOJMIECTBO 4 pa3sa
3a oM H rojt. Tak, K 1acToboJICIoMM JIIOASIM OTHO-
CHJIM TeX 0OCNIEI0BAHHBIX, Y KOTOPLIX YacToTa pe-
CHUPATOPHBIX 31TU3010B Obi1a 6onbuie 4 3a 12 Me-
CSLEB, AHAJIU3 110 9TOMY KPUTEPUIO I0Ka3all, YTo
yepes 1 roji B ucenesyeMoit rpyrine He 0bu110 HU o1~
HOI'O YACTO U JUIUTEILHO BOJIEIONIEro MOJIOAOro Ye-
Jioseka (IOHOLIeH U ACBYLIEK).

JApyruMu KpuTepusiMu, 1o KOTOPLIM IPOBOAN-
JIACH OLCHKA C IMOMOIILIO KPUTEPUS XU-KBaapar,
ObLIM HAJIMYME KOKKOBOU MUKPOMJIOPE! B HA30L M-
TOrpaMMeE 1 ee IPOoSIBIICHUE, OLIeHeHHOoe B Dasiax.
Kaxk BuaiHo u3 Tabu. 3, nocje OKOHYaHUS 3KCrepu-
MCHTa HU Y OJHOI'O U3 UCIIBITYEMBIX KOKKOBASI MU-
KpodIopsl B HasouMrorpammax He obHapyKuBa-
Jach, DTO yKA3BIBACT HA 3HAYMMBIH ACENTTUUCCKHU A
ahdhekT OJOPaHTOB HA OCHOBE CHHTETHUYCCKUX
AHAJIOIOB (PEPOMOHOB UCIIOBEKA.

Takum obpazoM, MOXKHO rOBOPUThL O TOM, YTO
MECSIYHBII KYpC HAHECEHUST HA KOXKY HOCOTYOHOI
CKAA/IKM ONOPAHTOB HA OCHOBE CHMHTETHUUYCCKUX
AHAJIOrOB MYXCKMX M KCHCKHUX (DEpOMOHOB (CTEe-
PAHOB) OKA3BIBACT IMOJOKUTENBHBINH a(dekT Kak
Ha HeCHeun(puUCCKyIo Pe3uCTeHTHOCTh CJIN3U-
cTOi 060J1I0MKH HOCA (YBEIMUCHUE YICIBHOTO Beca
MEPLATCABLHOrO  (DYHKUMOHANBHOIO  AMUTEIUS
M YMEHBUICHUE TIPOUEHTA [UIOCKOIO SMUTEINS),
TaK ¥ HA UMM YHHBIC nokasare/iv B ¢e QyHKLHOHMU-
poBaHUM (YBCAMMCHUE YPOBHS HEHTPO(DUIIBHBIX
JNICHKOLMTOB B HA30LUTOrpaMMe, KOHLEHTPalUuu
B Haso(apMHreallbHOM CMbLIBE IIPOTUBOBOCIIA-
guressHoro 1L-10 U, HaNpoTUB, CHUXEHUE KOH-
LHeHTpauuu rnposocnanureasioro 1L-6). Kpome
TOrO, YEPE3 MECHLL MPUMEHEHUS JAHHBIX OJOpPaH-
TOB NPOUCXOANT [1OJHAY JAEKOHTAMMHALIUS CJIU-
3UCTHIX ODOJIOYEK HOCA OT YCJIOBHO-ITATOI€HHBLIX

Ta6nuua 3. CpaBHeHue nokasarenei akcnpeccun Mukpodnopsl 1 npoueHTa 4acTo 6oneowmx noaei

Ao Havana HabnioaeHns u nocne Hero

Table 3. Comparison of microflora expression indicators and the percentage of frequently ill people before and after

observation

Mapamertp

Mocne
aKcnepumMmeHTa P

abce./abs, %

Ao skcnepuMmeHTa
abc./abs. %

OPBW vacTo)

Yacro Gonetowme nuua (0 — 6oneer OPBU He wacro, 1 — Goneer

Frequently ill persons (0 — SARS is not often ill, 1 — SARS is often ill)

4 14,81 0 0 0,038

Hanuuue koxkoeoii dpnopbl no NCG (0 — He oGHapyxeHa,

1 — o6HapyxeHna)

Presence of coccoid flora according to NCG (0 — not detected,
1 — detected)

4 14,81 0 0 0,038

BbipaxeHHOCTb KOKKOBOI dnopsel no NCG (0 — orcyrerayer,

3 — BbIpaXeHHOe NPUCYTCTEUE, CNOLLb)

1 — NPUCYTCTBYET HE3HAUMTENBHO, 2 — NPUCYTCTBYET 3HAYMTENLHO,

The severity of coccal flora according to NCG (0 — absent, 1 — slightly
present, 2 — significantly present, 3 — pronounced presence, entirely)

10 12,35 0 0 0,047

Mpumevanue, Yactan pecnuparopHas 3abonesaemocts (Gonee 4 pas B roa) OLEHUBANACK YePe3 1 rofl NOCNE OKOHYAHUS AKCNBPUMEHTA,
NCG — Ha30UMTOrPaMMA; KMPHLIM LUPUGTOM BLIAENEHL! AHAYUMEIE PASINYWS,

Note, Frequent respiratory morbidity (more than 4 times a year) was assessed 1 year after the end of the study, NCG — nasocytogram; significant

differences are highlighted in bold.
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MHKDPOOPraHu3MoB KOKKoBoro theHoruna. M Ha-
KOHEIl B TeueHHUH |2 MecsLes nocae 3KCnepuMCeH-
TA YaCTOTa PECMUPATOPHBIX HHMEKUHI v BCeX 06~
cAenoBaHHBIC ObUIA HMKE 4 pa3. DTo yKasbiBaer
HA JHAYMMBIH KIHHUYeCcKUH a(hdekT npumensne-
MEIX OIOPAHTOB. Takke B 3KCNEPUMCHTE He ObiJIo
HH OHOTO ODC/ICAOBAHHOIO C ITPOABICHHAMMU Aep-
MATHUTa H U3MEHCHUSMH IMUIMEHTAMH HA Yy4acT-
Kax aniJIHKaluuy OI0PaHTA.

Ha 3akniouuTelbHOM 3Tane MCCAeAOBAHHSA
ObiTa MpoBEACHA OLEHKA C MOMOUIBID IMOMIAro-
BON JIOTHCTHYECKOH perpeccuy Bxkaala hakTopos
aHAMHEe3a, 3 TAKXKEe NHTOJOIrMYeCKUX M HMMYHHBIX
nokasareaeil (B TpeX TOUKAX IKCNEPHMEHTA), B IU-
HAMHKY pPecrupaTopHbLIX 3aboneBaHuil 10 Hayasa
IKCNEPHMEHTA M YEPE3 OAMH IOA NOC/Ie Cro 3anep-
wexus (tadu. 4).

Jauubie, npeactaBicHHbie B Tabn. 4, He-
0o0X0AMMO TpakKTOBaTh CACOYIOUIMM oOpasom.
IMonoxuTenbHOe 3HAYEHHME YKa3bIBACT Ha CylIe-
CTBEHHBIH BKJIal NapaMeTpa B YMEHBUICHHE YHC-
;ia OPBU 3a onus roa (accoumuposad ¢ GonblIO
pasHMIIeH Mexay nepBuuHOil uacroroi OPBH
u gactoroii OPBU npu nosropHo#t oLeHKe), a oT-
PHIATENBHOS JHAYEHHE OTPAXaeT MPOTEKTOPHBIC
CBOHCTBa GakTopa, BRIPAXAKUINECs B YMCHbBILC-
Huu KonuuecTsa OPBH uyepes 1 roa nocnie 3kene-
puMeHTa, Takxe Hano OTMETHTB, MTO BCE 3TH Mpe-
OMKTOPRl M IIPOTEKTOpPLI cHHXeHus yucaa OPBU
HEOOXOMMMO HMHTEPNPETHPOBATL C TIO3WLIHKM Me-
CAYHOIO BO3ASHCTBMS HA CIM3HCTYIO ODONOYKY
HOCa OIOPAHTOB HA OCHOBE CMHTETHYECKMX aHa-
JI0roB (DEPOMOHOB HEJIOBEKA,

Kak sBuaHO W3 Tabn. 4, TaKHe paHee NpOosBICH-
Hble (DAKTOPHl KaTaMHe3a, KaK aTONHYecKui aep-
MAaTHUT, OOCTPYKTUBHLIH OPOHXHT M CTEHO3MPYIO-
UM JTADUHIHUT B aHaMHese, ObUIH NPeJIHKTOpaMH
CHHMXKEHHS YacTOThl PECIUPATOPHEIX HH}pEKIHA
Y MONOABIX N0AeH, MNOJAYyHaBIIMX ANTMJIHKALIHK
CHHTETHYECKHX AHANOroB (hepOMOHOB Ye/IOBEKA.
W xotsi 511 hakTophl ObLIH MPEANMKTOPAMH JaCTON
pecITHpaTOpHO 3ab0/IeBaEMOCTH, OHU K¢ NPOosiBH-
JIMCh M B YYBCTBUTEJILHOCTH K ¢ CHHXCHHIO Mojl
BO3AEHCTBHCM MCCACIYEMBIX ANTUIMKALMOHHLIX
OIOPAHTOB.

3HAYUMOE TIONOKUTEILHOE BINAHHE HA CHU-
HKeHHe YACTOTHI PeCIHPaTOPHEIX HH(peKIIHi rocae
MCCSHHOro Kypea HatodepuHoM M auapodepHHOM
OKa3piBaa0 rnosuileHne K 14 OHIO anTuTUKauii
VICJBHOIO Beca MepUATE/IbHOTO (DYHKIIHOHABHO-
ro UHJAMHIPHYCCKOrO IMHTENUsS H HelTpohuib-
HBIX JICHKOLIMTOB.

Heo6xonMMo OTMETHTD NOBLIIIEHHE K OKOHYA-
Hnio akenepumendta TNFo 8 HazodapuHreassHOM
CMBIBC KaK MNPEAIHKTOPA CHHXEHHA YACTOTEI PECTH-
paTtopHbiX 3abonepannit yepes | roi DTH pesvib-
TaTh TPebyIoT fanbHeHIero HaydeHus, HO BIIOJTHE
BEPOATHO, YTO UMEHHO 3TOT UHTOKHH, COBMECTHO
¢ HEHTPODUIBHEIMH JICHKOUMTAMH, YCHUIHBAET

MPOTHBOGAKTCPHAILHYIO H AHTHBUPYCHYIO 3ALIHTY.

ApYyruM BaXKHLIM PE3yJILTATOM SABAAETCH MO0~
KHUTC/IBHAA ACCOUMALINS BRICOKUX KOHLEHTPALIUHA
TECTOCTCPOHA K MOMEHTY OKOHYAHHA IKCIEepH-
MCHTA CO 3HAYMMBbIM CHMKEHHEM HACTOTHI PECITH-
paTopHBIX HHMEKIMH v MOTOALIX AU Yepe3 | roa
rnocie annaukauuu arodepuHa u aHapodepuHa.
00 accouMaumsax Mexay MOBLIIIEHHEM TECTOCTE-
POHA M CHHKEHHEM PecnupaTopHbiX 3aboneBaHui
HCOJHOKPATHO COODIANIOCHh PasIMHHBIMH HCCIe-
nopareasckumu rpynnamu [5, 10, 15]. BoamoxHo,
YTO AKTHBALWS [TPOTHUBOBHPYCHOI 3aLLINTHI B Ha-
CTOSIIIEM MCClIeloBaHUM Takxke ObUta cBsi3aHa
C NMOBLIIEHHEM TECTOCTEPOHA.

IMokasarensiMu, KOTOPbIE IHAYHMO TOPMO3UIH
YMCHBIIEHH i 4aCTOTHI PECTTHPATOPHOI 3abonesac-
MOCTH Yepes QIMH IO ITOC/Ie IKCNEPUMCHTA, ObLIN
Takye (akTopsl aHaMHe3a, KaK MCMOJb30BaHHE
napgroMepu M HaJHYKWe TTHIIEBRIX TIPEANoUTe-
HUH. DTH PE3yAbTaTh MOTYT OTPAXAaTh HETATHBHOC
BAMAHHE napdioMepun Ha CAHINCTYIO 000J04KY
HOCa M AedMUMT BUTAMHHOB M MHKPO3JICMEHTOB
NPH OrpaHHYeH M TTUILIEBOro PallHOHA,

HeduunTt GYHKIIHOHAABHOTO MEPLATEILHOrO
HHJIMHIAPHYECKOrO 2IMTUTEIHS TIPH Havale 3Kcle-
PHMEHTA SBJIACTCH MPOTEKTOPOM B YMEHBIICHHUM
YACTOTHl pecnupaTopHbiX 3abonesaHuil. 310 eure
pa3 yKaswlBaeT Ha 3HaYMMOCTh ITOr0 IOKAa3aTesis
Hasounrorpammet. ToT (akTt, 4TO HCCneaveMble
CTEPaHBbl BAMSIOT MMEHHO HAa 3TOT TIOKA3aTellb,
onpeieaseT MX 3HAYMMOCTh B NPOdHIAKTHKE
OPBHM u nosbiieHuH Hecneumpuyeckoil peimn-
CTCHTHOCTH cain3ncTol ob0omouKkn Hoca,

OAHUMH M3 TIPOTEKTOPOB OTPAHHYCHHSN pe-
crupaTopHoit 3ab0eBaeMOCTH Y JIMIT MOJIOAOrO
BO3PACTA ABAAIOTCA BHICOKMH YIENbHBLI BEC 3031~
HOMDUILHEIX JeHKOUMTOB (1O AAHHLIM HA30LM-
TOrpaMMel) M MOBbIIeHHas KoHueHTpauus [L-1
B HasohapuHreanbHOM CMBIBE HA MOMEHT OKOH-
YaHHA IKCNEepHUMeHTa. DTH NaHHBIE enle pas rnoi-
TBEPAAAIOT, YTO OTACALHBIE THIB KOHCTHTYIIHO-
HAJIBHO 3aKpernieHHBLIX AJUIEPrUHYeCKNX peakimi
(KJACTOYHBIK THIT) MOTYT MOAISPKHUBATE NOBTOPE-
HHE pecnupaTopHbix 3aonesanuii [9).

Mo cxoXeit naroreHeTHYECKO CXEME peasin3yeT-
Csl MPOTEKTOPH LI 3)heKT BLICOKMX KOHLIEHTPALIH it
nposocnanuressioro untokuna IL-6 |8, 15] B Hazo-
apuHIrealbHOM CMBIBE B Hauaje 3IKCNepHMEHTA
Ha CHUKCHMC YacTOThl pecnupaTopHoil 3abonesae-
MOCTH Y JIKLL PAHHET0 PEeIpoayKTUBHOTO MepMoa.

Takum oOpa3zom, yMepeHHast peciiupaTopHas
3abosieBacMOCTb NOUICPKUBaAETCA OCODEHHOCTS-
MH MMMVHHOH KOHCTHTYUMH MOJOABIX JOAeH
(CKIOHHOCTE K QJUICPIHYCCKHM peakuMsM, Ipe-
KJIE BCETO 110 KJICTOYHOMY THITY, BBICOKHH mep-
BHYHBIH TPOBOCNAJMTENBHLIK MOTEHIMAN CIIH-
IUCTON 000M0YKH HOCA), a TAKKC MOBEACHYECKHe
dakTophl (HCMOABL30BAHHE KOCMCTHKH, Hajluuue
MHIIEBLIX NPEATOYTCHHI).
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Tabnuua 4. Peaynstarthl 10rMCTUYECKON perpeccuu ¢ 3asMcumMbiM GaKkToOpoM U3IMEHEHUS 4acToTsbl

OPBW no vabniogenus 1 yepes 1 rog nocne Hero U BCeMU He3aBUCMMbLIMM NepeMeHHbIMK aHamHe3a

W UCCNe0BaHMA NoKasarenen cnuaucToil 060104kK HOCa (NpefCcTaBNe bl TONLKO 3HaYUMBIe
accoumaumm)

Table 4. Results of logistic regression with a dependent factor frequency dynamics of ARVI before and 1 year after
observation and all independent variables of catamnesis and examination of nasal mucosa indicators (only significant
associations are presented)

Hesasucumbie nepemenHsie ] Std. Err. B B Std.Err.B | p-level

Orpesox

Section

YoensHbiit BEC uMnuHgpHYeckoro anurenuii no NCG
Ha 14 pews Habmogerus

The percentage of cylindrical epithelium in NCG on day
of observation

ATonuyeckuit AEPMaTHUT B aHaMHe3e

Atopic dermatitis in history

YnenuHbiit gec 303uHodunoa no NCG Ha MOMENT
OKOHYaHWR Habmoaenns

Percentage of eosinophils by NCG at the end
of observation

YaensHbiii BeC UMAMHAPUYECKOro anurenus no NCG
Ha MOMENT Havana HabmoaeHus

The percentage of the cylindrical epithelium according
to the NCG at the time of the start of observation

WabupaTensHocTs B nuiLe
Selectivity in food
Wcnonb3osanue napdromepun
The use of perfumes

Koxuexntpayms IL-1 8 HOC Ha MOMEHT OKOHYGHMR
wabniopenna -0,450 0,025 -0,432 0,024 0,000
IL-1 concentration in NPS at the end of cbservation

YaensHuift 8ec nnockoro anurenus no NCG va momenT
nauana wabniogenus

Percentage of the squamous epithellum in NCG

at the onset of observation

KOHUESHTPAUMA TECTOCTEPOHA NOCNE OKOHYAHWA
Habmopaeuns

Concentration of testosterone after the end

of observation

Kosuenrpauus IL-6 no HOC Ha mOMOKT Havana
Habniogenus

IL-6 concentration according to NPS at the time
of the start of observation

O6CTPYKTHBHBIA GPOHXUT M NAPUHIMT B aHAMHE3E
Obstructive bronchitis and laryngitis in history

Ynensusiii sec neiitpodunos no NCG 1a 14 gens
Habmogenus

Percentage of neutrophils in NCG on day 14

of observation

BoipaXeHHOCTs uuAuHApU4ecKoro anutenua no NCG
Ha 14 pexs Habniopenns

Magnitude of cylindrical epithelium in NCG on day 14
of observation

Koxueurpauns TNFa 8 HOC Ha MOMEHT OKOHYAHUR
HaGmoaeHun 0,125 0,020 0,067 0,011 0,000
TNFa concentration in NPS at the end of observation

Npumeyanue. NCG — vasoumrorpamma; HOC — Ha30Gapusreanssuliil CMsis; B-k0aQdMuMesTsl, BUASNSHHLIE XHPHEM, OTRAXAT NPBANKTORHLE
CBOACTRA NEPEMEHHOR; B-X03DOUULMEHTH, HE BLIGEMEHHLIE XHPHEIM, OTPAXA0T NDOTEKTOPHSEIE CEORCTEA NODEMBHHOR.

Note. NCG — nasocytogram; NPS — nasopharyngeal smear; B-coefficients highlighted in bold reflect the predictor proparties of the variable;
B-coefficients in regular reflect the protective properties of the variable.

4,049 0,175 0,000

0,211 0,016 0,017 0,001 0,000

0,591 0,016 4,608 0,129 0,000

-0,356 0,017 -1,387 0,066 0,000

-0,457 0,013 -0.025 0,001 0,000

-0,373 0,015 -0,681 0,028 0,000

-0,391 0,023 -1,233 0,074 0,000

-0,374 0,015 -0,045 0,002 0,000

0,338 0,023 0,700 0,047 0,000

-0,081 0,019 -0,037 0,009 0,002

0,250 0,026 1,409 0,144 0,000

0,124 0,025 0,004 0,001 0,001

0,209 0,021 0,371 0,036 0,000
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BnuaHWe 0A0PAHTOR Ha PECHMPATOPHYID 3a60/1eBAEMOCTL

3aknyeHme

Takum obpasom, MHOTO(paKTOPHBIN aHajn3
KaraMmHesa, LUTOMOP(OJSOTrMUCCKUX U UMMYHHbBIX
rnokasaTtenei ciImsucToil 0bDONOUKNM HOCA BbISIBUI
PSLL TIPEAMKTOPOM M IIPOTECKTOPOR HACTON U U~
TeJILHOW pecrimpaTopHoit 3abosieBaeMOCTN Y MOJIO-
JOBIX JIIOAEH PAHHEro perpoayKTUBHOIO NMEepHod.
[TpenukTOpaMm 3TOr0 COCTOAHMS SIBUIINCEH KATaAM-
HECTHYECKHE MapKephl aJJIcpruyeckKoit aHoMaliuu
KOHCTUTYUMH (ATONMUYCCKUI AepMaTuT, obeTpyK-
THUBHBI OPOHXMT M CTCHO3MPYIOWMI JIAPUHIUT),
akrTopsl noeaeHUs (KypeHue), a TakxkKe MMMYyH-
Hble nokasarenu anjeprun (1L-4) u gepmunra my-
KOLMJIMAPHOTO KJIUpeHea (BLICOKUM Ve bHbIH Bec
TUIOCKOTO HE(DYHKIIMOHAILHOIO 31U TE/1Ms).

MecsaHBIi Kype HAHECCHM ST Ha KOXY HOCOry6-
HOW CKJIAlKKU OMOPAHTOB HA OCHOBC CHHTETHYEC-
CKHUX aHAJOrOB MYXCKMX M KCHCKUX (PCPOMOHOB
(cTepaHOB) OKa3bIBACT TMOJOXUTENbHBINH 3¢ dexT
KaK Ha HeCcneum@puueckyo pesucTeHTHOCTL Cliu-
3UCTO 0BONOUMKM HOca (YBECJAMYEHUE YACHBLHOIO
BECa MEPLEATEILHOIO (QYHKUMOHANBHOTO MU TEM S
M YMEHBLICHUE MPOLCHTA [JIOCKOTO TUTE/INA),

TAK M Ha UMMYHHBIC TTOKa3aTe/in ee (PyHKIIHOH M-
posanus (yBeJMYeHHEe YPOBHS HeUTpo(hMIbHBIX
JICHKOUMTOB B HA30UMTOrpamMme, KOHIIEHTPALMsI
B Hazo(apuHTea LHOM CMBIBE MTPOTHBOBOCITAIH-
TenbHoro IL-10 u, HAMPOTHB, CHUKEHUE KOHLIEH-
Tpauum npopocnaaureasuoro IL-6). Kpome Toro,
yepes Mecsll MpUMEHEHMS HaMHBIX OHOPAHTOB
MPOUCXOAUT TOJHAS AeKOHTAMUHALIM S CAU3UCTBIX
0fos0ueK HOCA OT YCIOBHO-TIATOTEHHBIX MUKPO-
OPraHMU3IMOB KOKKOBOTO (heHOTHMA, a B TEUECHUU
nocjaenyouiux 12 mMecsues 4acTora pecrnuparop-
HBIX 3a007eBaHUN Y MOJOABLIX JIIONEH 3HAYUMO
CHMKAETCH. DTO yKa3bIBAET HA BBIPAXKCHHbIN KM~
HUueCcKHit 3hheKT MpUMEHSIEMBIX OJIOPAHTOB.

Ha cHuXeHue 4acToThl pecrupaTopHbiX MH(EK-
LM TI0CIe MeCSTHOrO Kypea OJIopaHTaMM HA OCHO-
BE CMHTETUYECKMX AHAJIOTOB MYXKCKHX M JKEHCKUX
(hepOMOHOB OTPULIATENILHO BAMSIOT: 0COOEHHOCTH
MMMYHHON KOHCTUTY LMK MOJIOJIBIX JTIOAEH, CKIIOH-
HOCTH K JIJIEPIMYCCKUM PEAKLIHAM 10 KIETOUHOMY
TUIY, BBICOKHMIA TIEPBUYHBIA MPOBOCIAJIUTENLH b
MOTEHLMAN Ha cIu3ucTol oboslouke Hoca, a TakxkKe
nopeacHuecKne (hakTopbl (MCrOJb30BAHKE KOCME-
THUKHW, HAJIMYUHC MU IIEBLIX TPEATIOYTEHU ).
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OUNIOTEHETUMECKUW AHAJIU3 FEHA UGE
KLEBSIELLA PNEUMONIAE B IOKAJIbHOM
MUKPOBUOJIOTMYECKOM MOHUTOPUHIE

A.B. Yerioxanun, I 'H. Yucrakosa, .1. Pemusosa, A.A. Maxanex

@I'BY HHH oxpanw mamepuricmsa u demcmea Munzdpasa Poccuu, 2. Examepundype, Poccus

Pesiome. [eas uccaedoeanus: OLICHNTS DE3YIBTATH (MHIOTEHETHYECKOT0 aHATH3a HYKJIEOTHAHEIX 10C/I€10BaTe IEHOCTEH
rena uge mitaMMoB K. pneumoniae 8 nepiHaTaIbHOM UeHTpe. Mamepuaast u memodn. [Ipoananu3uposaso 56 mocienosa-
TenbHocTelirena uge K. pneumoniae. Ten ugenetextuposaau Metonom [P B pexiime peaibHOrO BpeMeHH HaaMindHKa-
Tope ¢/1T najir» (Poccus). Pezyrsmame:. YacToTa BCTpedaeMOCTH ITaMMOB K. pneumoniae cpeiu IaLIHEHTOB OTAEACHHIN
aKyIIepCKO-THHEKOJIOTHYECKOro MpodHIs cocTaBha BepenareM 1,4% 820202023 rr. B cranmonapax neqHaTpH4YecKoro
npodK s BRI AeIEHHE INTAMMOB B iHana3oHe 12—14% perncrpupyercas 2020, 2021 u 2023 rr. B 2022 1. 3aperHcTpHPOBaHO
YeTHIPEXKPATHOE CHHKEHHNE BHIABICHEA ITaMMOB K. pneumoniae. ®unoreHe THYeCKHiTaHATH3T0KA3aJ1, YTOHYKICOTH-
HBI€ TIOCAEN0BATEIbHOCTH IOCTOBEPHO CIPYNITHPOBAIHCE B 14 KiacTepos. I'ex dakTopa BipynenTHOCTH K. preumoniae
uge perucTpupyercs B 64,3%. [onyasuys BRICICHHEIX OT NALIMEHTOB NepHHATaAbHOro HeHTpa c 2019 mo 2023 rr. raM-
MoB K. pneumoniae, HYKJI€OTHIHEBIC NTOCIEIOBATEIbHOCTH KOTOPBIX NPOaHANH3HPOBaHE! (DHIOTEHETHYECKHM METOIOM,
sIBNSETCA rereporeHHoN. CylecTBYIOT KJacTeph!, O0beIMHAIONIHE FeHOBAaPHAHTHI DaKTepwil, BeineaeHHbe B 2019 1.,
H HE MOMNOJHHUBLIHECS HOBBIMH M30JATaMH, 4TO MOATBEpXaaeT 3(P(EeKTHBHOCTL MPOBOAHMEIX NMPOTHBO3MUICMH-
YECKHX MEPONDHATHH, YCHICHHBIX B MEpHOA PAaclpOCTPaHCHHS HOBOH KOPOHABHPYCHON HWHOEKIIMH, HCKIIOYAK-
LINX NepeAadyy HHMEKIHOHHOTO arcHTa OT HCTOYHHKA BOCIIPDHHMYHBOMY OpraHH3MY BO BHYTPHOOJIBLHHYHON cpere.
OnpeneneHsl aMHHOKHCIOTHEIE 3aMEHBI B TeHe uge P249Q, N279L, oTinyaioliye runepBHpPYACHTHBIE IITAMMEI OT TeX,
KOTOpPBIE HMEIOT MEHBIIVIO CTeNeHb NAaTOreHHOCTH. B YeThipex U3 NaTH nap MaTh-pebeHOK HYKIEOTHAHLE TOCAEN0-
BaTeJIbHOCTH TeHa uge mTaMMoB K. preumoniae Obini reHeTHYECKH Oozee GIH3KH IPYT APYVTY H OTIHYAIHCH OT Bblle-
JIEHHBIX B3 OHOMIOTHYECKOr0 MaTepHaia MallHeHTOB OTACIEHHH, YTO CBHICTEIBCTBYET O BHICOKOM CTENEHM HX POJICTBA
H ¢ DonbIIoit J0s1elf BEPOSTHOCTH YKa3bIBAeT HA TO, YTO HCTOUHHMKOM HITaMMa IUTd pebeHKa ABHIIACh €r0 MaTh, a He Nna-
LHEHTHI OTAEICHHIT HITH NIepcoHa yupexaeHus. B oqHoili nape MaTb—pebeHOK TaMMBl K. pneumoniae TpHHALIEXATN
pasHbIM KiuactepaMm. Msonsar, Beinenennsiit 06.09.2021 r. u3 dexkannit HoBopoxaeHHOro pedenxa (7 CyToK), rpynnupo-
Ba/CA CO IITAMMAaMH, BbLICICHHBIMH OT MAIHEHTKH pogoBoro otxeneHns 12.12.2020 r. u B JTaoce B 2013 1. (CP035196).
K. pneumoniae, soinenennas 04.06.2021 r. u3 MOYHM XESHIINHE, JOCTOBEPHO IPYNIHPOBANACh CO MITAMMAMH, BOIIEI-
mMH B 13 kaactep. Bugod. TIpoieMOHCTPHPOBaHA BO3MOXHOCTE COBEPIIEHCTBOBAHHMS JIOKAIBHOI0 MHKPOOHOIOIH-
YeCKOr0 MOHWTODHHIA METOJAMM CEKBEHHPOBAHUSA M (DHIOICHETHIECKOTO aHann3a reHa uge K. pneumoniae. Ouexnixa
H3MEHCHHMA BHYTPHBHIOBOI MOMYIALHOHHON cTPYKTYpsl Bo3Oyautencii UCMII HeoGxonuMa LISt CBOEBPEMEHHOIO
H 00OCHOBAHHOrO pearpoOBaHKs Ha YXYIUIeHHE SMTHAeMHOIOTHYECKOM CHTYaLIHH.

Kawvuessie caoea: cexeenuposanue, (huaozenemuqeckuil anaaus, zex uge, Klebsiella pneumoniae, monumopunz, Heonamoaozus,
INUAEMUOAO2US.
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PHYLOGENETIC ANALYSIS OF THE KLEBSIELLA PNEUMONIAE UGE GENE IN LOCAL
MICROBIOLOGICAL MONITORING

Ustyuzhanin A V., Chistyakova G.N., Remizova L.1., Makhanyok A.A.

Ural Scientific Research Institute of Maternity and Child Care, Ekaterinburg, Russian Federation

Abstract. The aim of the study was to evaluate the data of phylogenetically analyzed nucleotide sequences from the K. pneu-
moniae strain uge genes carried out in the perinatal center. Materials and methods. Fifty-six sequences of the K. pneumoniae
uge gene were analyzed, The uge gene was detected by real-time PCR using DT light amplifier (Russia), Results. The rate
of K. pneumoniae strains among patients of obstetric and gynecological departments in 2020-2023 averaged 1.4%. In pedi-
atric hospitals, the isolation of K. preumoniae strains comprised 12—14% in 2020, 2021 and 2023. In 2022, a fourfold de-
crease in detected K. pneumoniae strains was recorded. Phylogenetic analysis showed that the nucleotide sequences were
significantly grouped into 14 clusters. The K. pneumoniae virulence factor uge gene is found in 64.3% cases. The nucleotide
sequences allowed to detect heterogeneous K. pneumoniae strain population isolated from patients at the perinatal center
from 2019 to 2023 analyzed by the phylogenetic method, There are clusters that combine K. pneumoniae genovariants iso-
lated in 2019 and not replenished with new isolates, which confirms the effectiveness of ongoing anti-epidemic measures,
enhanced during COVID-19 spread, excluding the transmission of an infectious agent from a source 1o a susceptible or-
ganism in nosocomial environment. P249Q, N279L amino acid substitutions within the uge gene were determined, which
distinguish hypervirulent strains from those with a lower degree of pathogenicity. Out of five mother-child pairs, in four —
nucleotide sequences of K. pneumoniae strain uge gene were genetically closer to each other than to other strains isolated
from patients of the Medical Departments suggesting about a high degree of their relationship, highly likely indicating that
the source of the strain for the child was the paired mother, and not the patients of the departments or the stafl of the insti-
tution. In one mother-child pair, K. pneumoniae strains belonged to different clusters, The isolate obtained on 09/06/2021
from neonatal faeces (age: 7 days old) was grouped with strains isolated on 12/12/2020 from a patient in the maternity
ward and in Laos in 2013 (CP035196). K. pneumoniae isolated on 06/04/2021 from the urine of a woman, was significantly
grouped with strains included in cluster 13. Conclusion. An opportunity for improving local microbiological monitoring
by sequencing and phylogenetic analysis of K. pneumoniae uge gene has been demonstrated. Assessment of changes in the
intraspecies population pattern of HCAI pathogens is necessary for a timely and reasonable response to the deterioration

of the epidemiological situation.

Key words: sequencing, phylogenetic analysis, uge gene, Kiebsiella pnewmoniae, monitoring, neenatology, epidemiology.

Beepexue

Klebsiella pneumoniae — 3T0 THNIHYHLIA npea-
crasurens cemeicrsa Enterobacteriaceae, KOTopbii
MOXeT 00a1aTh IUHPOKUM CIIEKTPOM reHeTHYec-
KHX JACTEPMMHAHT AaHTHOMOTHKOPE3IUCTEHTHOCTH
¥ (aKTOpOB BHUPYIEHTHOCTH. beccuMnromubie
Hocurenn K. pneumoniae Buiaensniotr Gakrepuaib-
HBI¢ KJICTKM W SBASIOTCH MCTOMHMKAMM HHbpEK-
UMOHHBIX areHTOB, CnocoGCTBYS MX pacnpocTpa-
HCHMIO BO BHYTpuOOAbHH4YHOH cpeae. C 3TuMm
MMKPOOPraHM3MOM CBA3LIBAIOT KaK BHYTPUOO/L-
HHYHOC HHPHLHPOBAHHE TOCTTHTAIM3IHPOBAHHBIX
JIMIL B CTALLMOHAPHI XMPYPruH4ecKoro, 0Xorosoro,
HEBPOJIOrMYECKOro, TEPATeBTHYECKOro mpohu-
nell, TAK ¥ 3MHIASMWHECKHME BCIBINIKM B HEOHAa-
TanbHbIX oTACHeHHAX [2, 11]. U3 aByX 2BOMIOUHOH-
HO ciroxuBluuxcs nMHui K. pneumoniae nanbonee
YACTHIMH BO30OYIUTENAMH MHODEKIIMH, CBA3AHHBIX
¢ OoKaszaHueM MeauuuHckon nomown (MCMIT),
ABASIOTCH IUTAMMBI  KJAaCCHYEeCKOro MnaToTMna
B OTIMYME OT FHINEPBHPYICHTHONO — € KOTOPLIM
4CCOUMMPOBAHBI BHEeOOJNBHUYHLIE CIyHYad HHBa-
3HBHBIX NTpoueccos (abcuecc neyeHu, MEHMHTHT),
sHaogTaneMuTa [1]. B HacToAee BpEMA B AUTEe-
patype OnucaHo [6 reHOB, KOAMPYOUIHX CHHTE3
hakTOpOB BHPYJCHTHOCTH, HMEIOIMX pasHbil
BKJIaJl B DPEAJIM3ALMIO TATOreHHOro MoTcHUMHa-

ga [3, 17]. OnxuM H3 HUX SBASIETCH T'eH uge Xpo-
MOCOMHOM’ JIOKAJIM3aUMH, KOAMPYIOUIMI CHHTE3
ypuanHandocharrajakryponar-4-anumepasy,
KOTODBLII MPUHHMAET YyacTHe B KOJOHM3AUMM,
HHBA3WM H PEaau3alMM NATONCHHOCTH LITAMMOB
K. pneumoniae [12).

IeH uge sBAgETCHA PACNPOCTPAHCHHLIM I'EHOM
akTopa BUPYJICHTHOCTH M YACTOTA €ro BCTpeva-
CMOCTH, COIIACHO Pe3yJIbLTaraM HEKOTOPRIX MC-
cacnosaHuit nipessiaer 90% (7, 18], Oanaxo Her
CAMHBIX CBEACHMI M0 YaCTOTE BCTPCYACMOCTH
IITAMMOB C W4ge, BBUJICICHHLIX M3 PA3HBIX JIOKY-
COB YesioBeyeckoro opranmama. Ilo aaHHbIM on-
HUX aBTOPOB, OH JIeTeKTHpOoBaJcs vae (p = 0.03)
B LITAMMAX, BLIACICHHLIX M3 MOUM, YeM U3 obpas-
11OB KPOBHM M ACNMPATa TPAXEH, YTO MOKET yKa3hi-
BATb HA BO3MOXHYIO POJIb 3TOrO FEHA B PA3BUTHH
nHpexkunit mouesnBoasmux nyreil [5]. Hpyrue
ABTOPBLI ONMHCHIBAIOT, YTO B MCCACAOBAHHH, MPO-
BepeHHoMm 8 2018-2019 rr. 8 Banrnagem, pac-
MPOCTPAHEHHOCTh ['CHA uge CPeAd 1ITAMMOB,
K. pneumoniae; BblIeICHHBIX KAK U3 npod Moumn,
TAK M acnupara rtpaxe 6bU1a OAMHAKOBOH M CO-
crasuiaa 47% [16],

B crarse Su S. u coast. (2020 r.), yka3aHo, 4TO
FeH uge Bbll JETEKTUPOBAH BO BCEX MCCACAYEMBIX
HITAMMAX, BBIACJICHHAIX OT NAILMEHTOB JeveGHO-
ro yupexneHus 8 Cepepo-Bocrounom Kurtae [14].
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HApyrag rpyrnna uccienopareaeil obHapyxuia red
uge B 16% M3y"YeHHBIX AHTHOMOTHKOPE3UCTEHTHHIX
WTaMMax B OJIHOM U3 rocnuTtaneit Manaitsun [8].
CHKBeHC-THIIB, BblsiBAeHHbIe B PD Briepsbie B ie-
puon 2017—2019 rr. Taxke Hecsm reH uge B 85,7% [6].

H3onaTel ¢ runepnpoaykuneil causmu (runep-
BHPYJEHTHBIH MATOTHI) TAKXKE COAEPXAT I'eH uge
B 85,7% cnyuaes [10]. Peanuszaums reHeTHvec-
KOl wuHpopMauHuu onpeaenseTcs BOIACHCTBU-
eM KaK BHYTPEHHMX, TaK M BHCIIHMX (PaxKTopos.
B mTammax, BEIICICHHBIX H3 NMPod MOPCKOH BO/BI
Cuamckoro 3anusa, NaCl B konuentpaumn 4%
D/0KMpPOBaN IKCNPECCHIO YKA3AHHOrO reHa, ae-
TeKTHpOBaHHOro B 47,9% [9].

lMonpobuas XapakTepHCTHKa TEHETHYECKOro
anrnaparta M30JNATOB IO3BOJSET OLEHHMBATH BHY-
TPMBMIOBOE pa3HoobpasHe MHKPOOPTaHH3IMOB
1 HopMUPOBAHHE IBOTIOLMOHHBIX MHUACMHUYECKH
M KJIHHWUYCCKH JHaUMMbIX THHUA K. pneumoniae.
CoBpeMeHHBIE METO/IbI BLICOKOM POH3IBOAUTEILHOTO
CEeKBCHHPOBAHUA CNOCOOCTBYIOT IIPOBEACHHIO IITH-
IeMHYCCKOro HabMIONCHHS 38 LIHPKYASLHCH WTaM-
MOB KaK B r/100a1sHOM Macuirabe, Tak H Ha JIOKA k-
HOM YPOBHE, OIHAKO OCTAIOTCH HEAOCTYNMHBIMM
114 IUHPOKOTo npuMeHeHus. OTKPBITBIM OCTAeTCs
Bonpoc 06 MACHTHYHOCTH WITAMMOB CO CXOMMBI-
MH (DCHOTHITMYCCKMMH CBOMCTBAMM, BLIIEIEHHLIX
M3 PasHOro KAMHHYECKOro Matepmnasa, Hanpumep,
ekanuu, Kposb, 0T OIHOFO M TOrO Xe 4ejloBeKa
U OT pa3HbIX MAIHEHTOR YUPEXACHU . DTO IHKTYET
HCOOXOUMMOCTD ITPOBEICH U BHVTPHBHIOBOMK Au-
depeH1IHALIY BHASACHHBIX LITAMMOB,

B HacTtosuel pabote TPOAEMOHCTPHPOBaHA
BO3MOXHOCTbE HCHONB30BAHMA MOJACKYISAPHO-Te-
HeTHHIecKuX MeToaoB uccaegoaHus (ITUP, cexse-
HHPOBaHHE C MOCACAYIOUIHNM (DHIIOFCHETHYCCKHUM
AHAJIM30M) B OLIEHKE FETCPOre¢HHOCTH MONYIALHN
wraMMoB K. pneumoniae, BLACICHHBIX OT MALMCH-
TOB JIEYEOHOT'O YUPEKICHUSA, YCTAHOBICHH M CTCIE-
HH MEHCTHYCCKOro POICTBA H30JIATOB, 1TOJIVYCHHBIX
B napax Marb—peGeHOK, U NIPHUMCHEHHS NOJIyYeH-
HBIX PE3YABTATOB B IMHACMHOJIOIMYECKOM Han3ope
33 PACIPOCTPAHCHHEM MOTeHIHAABHBIX BO30YIH-
reneit MCMIT Bo BHyTpnbonbHHYHOM cpene.

Hean ncenenopaHns: OUCHUTH pe3ynsTaThl hu-
JIOFeHETHHECKOT0 AHANH3a HYKJICOTHAHBIX NOCE-
JIOBATEILHOCTEH reHa uge wtamMmoB K. pneumoniae
B IIEPUHATAILHOM LIEHTPE,

Marepuansl U METOAb

B nepuoa ¢ 01.01.2020 no 09.03.2023 uccneno-
BaHa 5351 npoba dexannit, 10 249 npob oracnse-
MOTO W3 LEpBHKaJbHOrO Kanaha, 104 npobwst or-
JenseMoro u3 3esa, 1928 obGpasuos Kkposu, 998 ob-
pa3los MOYH, B Xoa¢ NOKaNLHOrO eXEeHeAeAbHOro
MHKPOOHOIOrHYECKOr0 MOHMTOPHHIE  BBIARICH
551 wramm K. pneumoniae 0T HOBOPOXKACHHBIX AeTei
(545 n3 dexanmit u 6 U3 xposu) 1 168 — OT KEHIIHUH

(144 mTamMMa M3 OTACIAEMOro UEPBHKAIBHOTO KAHA~
na, 4 — u3 3zesa, 20 — u3 moun). [poananusnposaHo
56 HYKICOTHAHBIX TMOCHCIOBATENBHOCTCH reHa
uge K. pneumoniae, B TOM YHCJIC ACITOHHPOBAHHON
B GenBank nox nomepom MZ395252 (https://www.
ncbi.nlm.nih.gov/genbank).

KanHnyeckuin mMarepuai Uil MCCAeIOBaAHMSA
cobMpasu M TPAHCIOPTHPOBAIH B CTEPHJIBHBIX
KOHTeHHepax ¥ NMpoOHpKax ¢ TPAHCMOPTHON cpe-
Ao, JInst KyJIbTHBMPOBaHUA BAKTEPHI MOCEB Ma-
TepHasa BLIMOJHAAN Ha cpeny Duno (PBYH FHL
MMMB, r. O6onenck, Poccus), KpoBsSiHO-CBIBOPO-
TouHLIH arap (ocHoBa —Conda, Ucnauus; spurpo-
unThl 6apana, 3A0 «9KOnab», Poccus: ceiBopoTKa
KpOBHM KpyrHoro poraroro cxora, 000 «buonoTs,
Poccns). Unentudukaunio K. pneumoniae n onpe-
JeJIeHUE aHTUOHOTHKOUYBCTBHTCABHOCTH TPOBO-
JAHJIH Ha aBTOMAaTHYeCKOM aHaausarope «VITEK 2
compacts (bioMéricux, @panuus, BXOIUT B nepe-
yeHb obopyrosauus UKIT «MHHOBaUMOHHBIH
HAYYHO-1a00paTOpHBLIH  UCHTP MepHHATANBHOM
U penpoavKTHBHON MeauuuHbl» PIBY «HHUH
OMM:+ Munaapasa PoccuH) COMIACHO MHCTPYK-
UHY MTPOH3BOANTENA,

IJHK OakTtepHaJlbHBIX KAETOK BBIAEHSIH
M3 B3BecH [8-49acoBOil KyALTYpBl ¢ MCHONBIOBA-
aueM Habopa JIHK-skcnpece (000 «Cunrons,
Poccus) cornacHo MHCTPYKUMH [IPOM3IBOAMTES.
leH wuge NeTEeKTHPOBANM METONOM I[OJHMEpas-
Hoi uenno# peakunu (INLLP) ¢ ncnoassosanmem
npaiimMepoB (3-TCTTCACGCCTTCCTTCACT-3,
5-GATCATCCGGTCTCCCTGTA-3") u peareH-
ros npoussonctTsa Q00 «Cunrons. Buayaauzaumuio
[TIP npoiykTos ocymiecTBAsAd B NPUCYTCTBHU
uHTepKanupyomero kpacurens SYBR Green |
B PCXHME PEaJIbHOIO BPEMEHH Ha 1eTEKTHDPYIOLIEM
ammandukarope «AT naitrs (JHK-Texsonoruwu,
Poccus). B cocras pacrsopa s aMmanduKaluu
pxoauan 50 MKn peakumoHHo#i cMecu: 2,5x [MLP
6ydep b (KCI, TpucHCI (pH 8,8), 6,25 MM MgCl,),
Syn-Taq AHK-nonumepaza, mmuepon, Tween 20;
Ae3oKcHHYyKIreosuaTpudocedars, 7 mxa dd H,0,
25 MM MgCl,, mo 1 Mxkn kKaxjaoro npaimepa
u 2,5 mxn ob6pasua AHK. Pexum amninuduxkanmun:
MEpBOHAYANbHAA ACHATYPALMHSA B TEYEHHE 5 MHUH
npu remneparype 95°C, nocieayiouine 35 uMKIoB:
94°C — 15 ¢; oTXkHra npafiMepos npH Temnepary-
pe 55°C ans uge 8 teyernme 20 ¢; 2/0HrauMm mpH
remneparype 72°C g reyerue 30 ¢; 3apepuialomnm
ITANOM KaXJAOro UMKAa OblIa AETEKINA TIPOAYK-
TOB ammaubuKaumm,

CekBeHMpPOBaHHe reHa uge TTPOBOIMIAM TI0 METOLY
Cenrepa[13]. ITosyyeHHbIE TOCTEAOBATENEHOCTH TH-
NUPOBAJIN ¢ Henob3oBanHeMm Basic Local Alignment
Search Tool (BLAST) (https://blast.ncbi.nlm.nih.
gov/Blast.cgi). BeipasBHHBaHHE HYKJICOTHIIHLIX NO-
C/ICIOBATEILHOCTEH HA HACTh pedepeHCHOro reHoMd
KPHS_35510, xommpyomero ypuauHaudgochar-
ranakTypoHaT-4-anuMepasy |[Klebsiella pneumoniae
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subsp. preumoniae HS11286, (https://www.ncbi.nlm.
nih.gov/gene/11848582)].  Ilocneayrommit  uio-
reHeTHHeCKMit aHaii3 NMPOBOAMJIM € MCITOJIb30Ba-
Huem mporpammbl Molecular Evolutionary Genetics
Analysis (MEGA), sepcus 6 [15].

Dunorpamma Oblila MOCTPOCHA 110 AJTOPUTMY
«OGnuxarimiero cocena» (Neighbor-Joining) 1 BKio-
qaja HYKJIEOTUAHBIE MOC/ACNOBATEILHOCTH, NErno-
Huposanubie B GenBank.

Pacyer 2BOJIOLMOHHBIX AUCTAHIIMIT MEXKIY I10-
CJIEIOBATEIBHOCTAMMY IPOM3BOAMIIH COIJIACHO IBY X~
napamerpnaeckoit mojenn M. Kumyps (Kimura
2-parameter), CTaTUCTHYECKYIO 3HAYMMOCTh TOIIO-
JIorTuM (PUIOTPAMM OLICHMBAJIKM METO/IOM TOBTOpP-
HBIX BBIGOPOK Ha ocHoBaHuKM aHaiusza 1000 nces-
poperyink. JOCTOBEPHBIMM CYMTANIU [TOCTPOCHUS
JIEHIPOrpaMMBbl IPU MHJIEKCE B yanax He MeHee 70.

PeaynbraTthl

Yacrora serpedaemoctu wrammos K. pneu-
moniae B KJIMHUYCCKOM MaTepuase OT IMalueHToB
npexcrasaeHa B rabn, 1,

Kak BMIHO M3 npeiacrapieHHbslX B Tabiau-
e JaHHblX, YacTOTd BCTPEYACMOCTH LITAMMOB
K. pneumoniae cpenn NaumeHTOB OTACNECHHN po-
JIOBCTIOMOXKEHMSI  aKYLICPCKO-TMHEKOJIOIMIECKO-
ro npoguis cocrasuia B cpenHem 1,4% B 2020—
2023 rr, cpenn KeHIMH, B cralmonapax rejauarpu-
YECKOro 1nMpoguist BeLICIEH ME LITAMMOB B 1MAI1a30-
He 12—14% perucrpupyerest B 2020, 2021 1 2023 rr.
B 2022 r. 3aperucTpupoBato YeThIpexKpaTHOE CHH-
KeHHe BhIsiBJISIEMbIX luTaMMOB K. pneumoniae.

DujioreHeTHUCCKUM aHAJINS [10Kas3aJl, YTo HYy-
KIACOTHIHBIC [MOC/CAOBATEILHOCTH  IOCTOBEPHO
crpyrnupoBanucs B 14 khacrepos (puc.).

LLITaMMBl, BXOASILLKME B OAMH KJIACTep sABJISIIOT-
cs1 redernueckun bonee GaM3KUMU Mexay coboi,
B CPABHEHMM C M30JSITAMM, PACIIOJOXKEHHBIMH
B pa3HbIX KJlacrepax.

[Tepsoiit kKiacrep oOBEAMHSAET WITAMMBL C 110~
BBILIEHHON BUPYJICHTHOCTBIO ceporuria K-1, onu-
canHbie B ucenenosadnu Jles AU, (2018 r.). B Hero

BOLLIEJ TpoayuMpylowmnii Gera-nakramMasy pac-
wupeHHoro crnekrpa aeicreus (BJIPC) msonsar
u3 ExarepunOypra, uMeiommii res rmpA, accoumnm-
POBAHHBIN C THTIEPTIPOAYKIIUEH CIU3M, BLIJICJICH=
Hbtit B 2021 r. u3 nmpobsl hekanmii, MmoayuyeHHon
ot 19-neTHeit 6epeMeHHON KeHIIMHBI Ha 31-32 He-
JIeJIe TeCTAllMM, TOCITUTATU3NPOBAHHON B pOLOBOE
OTHEJICHUE.

Bo mBropoii kmacrep poman Kapbanenemasa
nponyumpyiomme (blay,..) mwraMMel, BbIACICHHBIC
M3 OTISJACMOTO LIePBUKAJIBHOTO KaHaaa 31-nerHei
KeHUIMHBL Ha 31 Henene GepemennocTu. Cnenyer
OTMETHUTH, UTO HYKJICOTHUIHBIC MMOCICNIOBATE/IBHO=
CTH HE SBJISIOTCH MICHTUMHBIMK, UTO COTJIacyeTest
¢ pa3Hoii HeHOTHITMUECKON XapaKTePUCTUKOI: KO-
JIOHUH OJIHOTO M30J151Ta OBIJIM MaJlMHOBOIO 1IBETA,
a Ipyroro — po30Boro.

HeemoTps Ha To uro BJIPC-npoayumnpyiouimne
mwraMMbl 662, 665, BriaeeHHBIE U3 OTACIAEMOTO
LEPBUKANBHOrO KaHajga 38-JleTHEH MalMeHTKN
Ha cpoke GepemennoctTu 31 Hemens, npu nocese
rnocsena U U3 Kaja ce pebeHka B sospacte 4 CyTOK,
He chopMUpOBaNM OTACHBHBLINA KJjacTep, MICH-
THYHOCTb MX HYKJICOTHUIHBIX IMOCICIOBATENBHO~
cTei aHanu3upyemMoro GakTepuasbHOro reHa co-
crasuiia 100%.

TpeTuit KnacTep BKIIOYACT MACHTUYHBIC LITAM-
MBI, BEIJEJICHHBIC U3 MOUM GepeMeH HOM KCHIITNH bI
(matsi cbopa: 28.01.2021 1 26.03.2021) n hexkanuii ce
HOBOPOXIEHHOro pebenka, cobpaHHbIX Ha 5 cyT-
KM rocnae poxacHus, [Tpu 9ToM cieayeT OTMeTUTh,
HTO IPH [TOCEBE OTAIAEMOr0 LHEPBUKATBHOrO Ka-
Hana (27.04.2021, 25.03.2021, 07.05.2021), nocese
KPOBU M COAECPKMUMOIo TpaxeobpoHXuajibHOro jie-
peBa HOBOPOXICHHOTO pebenKa Ha | CYTKU XU3HN
POCT MUKPOOPTaHM3MOB HE 0OHAPYKCH.

[TaMMBl, CIpyniuMpoBaBlinecs B deTBep-
TOM, LIECTOM, JCBSATOM, JICCATOM, OJAMHHAALATOM
W TPUHAJALATOM KjacTepax, OInUcanbl HAMU paHee
noa VI, I, 11, V, IV, VII HomepaMu COOTBCTCTBECH-
Ho [4]. HessaTerid (I1) u opnunaguarsiit (1V) kinac-
Tephl, TAK XC KaK W OXapakTepuU30BaHHLIC paHee,
COJEPKAT HITAMMBI, BiijeacHHbIe B 2019 1., OHM 110~

TaGnuua 1. Yacrora BcTpevaemocTu wWrammoB K. pneumoniae B o6pasuax pekanuii HOBOPOXAEHHbIX
peteit u npo6Gax oTaensemMoro uepeukansHoro kasana s 2020-2023 rr.
Table 1. The 2020-2023 prevalence of K. pneumoniae strains in neonatal fecal and cervical canal discharge samples

2020 2021 2022 2023
Marepuan Kon-so | K.pneum. | Kon-so | K.pneum. | Kon-so | K.pneum. Kon-so | K. pneum.
Material npod abc. npob abc. aped abc. fipos abc.
Number % Number % Number % Number %
of samples | abs: of samples | aPS: of samples | Ps: of samples | abs:
;‘c';‘s""" 1796 | 220 |122| 1669 | 213 |128| 1477 | 55 | 37 | 409 57 | 13,9
Orpensiemoe
UepBUKaNnbHOro
Kasana 3239 58 1.8 3578 42 1,7 2775 36 1,3 657 8 1,2
Cervical
discharge
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TIOTHWJINCH IITAMMaMH, BEUICJCHHBIMH U3 dexa-
M HOBOPOXAECHHOrO peOeHKa U M3 OTACASISMOT0
LepBHKaXbHOro Kanaia B 2021, 2022 rr. lltaMmMmel,
TEHETHYSCKHU O/NHM3KHE M3078TaM W3 YeTBEpPTOro
(V1), mecroro (I), necaroro (V) ¥ TpHHAILATOrO
(VII) xiacTepoB He yAaaoCh BEIACAHTE Ha MPOTI-
xeuuu 20202023 rr.

IitamM, BBIDEICHHBIN W3 (eKanuil HOBOPOX-
JIeHHOTo peOeHKa B Bo3pacTte 6 CYTOK, POAMBILEro-
cs Ha 35 Hedene, BMECTE C FreHeTMYEeCKH DIM3KUM
mwtammoM KX954850, obHapyxeHHBIM B MOKpPOTE
nauMeHTa ¢ nHeBMoHuei (Obomenck), chopMupo-
BaNM MATHIN KjIacTep.

K. pneumoniage 601, XOIOHW3WpOBaBLIasd KH-
INeYHHK HOBOPOXIEHHOro pebfeHKa B BO3pacTe
12 cyTOK, POXICHHOrO Ha 34 Hemene recTallvy,
okasanach co mrammamMu KX954849, KP760055,
BblIeJIeHHBIMH K3 npobel mouu (OGonenck, 2013
u 2014 1T.), B CEIBMOM KJIacTepe.

BoceMmOl KIlacTep AEMOHCTPHDYET TeHETHYeC-
KO€ pPOICTBO IWITAMMOB, BHIACICHHBIX W3 Pa3HBIX
JIOKYCOB (KpOBb, (DeKaTWH) OIHOIO MallieHTa, 4To
T03BOJISIET C BBICOKO# 1071€# BEPOSTHOCTH TPENIio-
jJaraTb O MPOHMKHOBEHHH BO30yIMTENs B KpOBe-
HOCHOE PYCJIO TTYTEM TPAHCIIHTO3a Yepe3 KHUILIEIHYIO
CTeHKY. DTO elle pa3 MOATBEPKAAET HEODXOAMMOCTh
NpPOBEIEHHA JIOKAJIBHOIO MHKPOOHOJIOTHYECKOTO
MOHWTOPHHTA B OTAC/IICHUNX HEAOHOIISHHBIX HO-
BOPOXICHHBLIX JIeTeH IS VCTAHOBICHHS BHIOB
MHKPOOPraHHU3MOB, KOJOHH3HPYIOUINX KHIICYHBIH
OHOTON. Kak Haudonee BEPOSTHBIX BO3OyaMTeneH
MI031HEro Cerncuca Wi BoI00pa aneKBaTHOM TAKTHKH
aHTUOMOTHKOTEPANTHH.

I'pynna 6axtepuit Ne 639, 629, 628, 643 He chop-
MHUPOBasa OTAENBHEIN KIacTep, HO COOEPXKUT HIASH-
THYHBIE IOC/IEIOBATEIBHOCTH H30IATOB, BBIIC/IeH-
HBIX U3 OTACNSEMOro IePBUKAIBHOIO KaHala, 1Mo-
cjaeaa, KpoBH 000ouX aetei u3 ABoitHH. Claenyer oT-
METUTH, YTO IITAMMBI H3 TEMOKYJIBTYDBI BHIJIC/ICHBI
Ha [1epBbie CYTKH XXH3HH JeTeil, 4TO MOATBEpXAaeT
BHYTPHYTpPOOHOEe MHOHUHPOBAHHE W OMpEAeHseT
STHOJIOTHYECKHWI areHT pPaHHEro HEOHATAIBHOTO
CencHca, 3aKOHYMBIIETOCS JIETANIBHO I OOOMX
HOBOPOXIEHHEIX.

JIBeHaaUATHIN KJacTep MPEOCTaBieH MITAMMOM
M3 OTIAENSEMOro LIEPBHUKATLHOTO KaHAajia JXKEHIIM-
Hbl 23 JIeT ¢ UTHTEeNbHBIM De3BOAHBIM ITPOMEXYT-
KOM B MEPBOM nepuone cpouHbix poxos (2020 r.).
HauGonee reHeTuvecku 6mu3kuii sapuant CP035196
6b11 Beiaesied B Jlaoce B 2012 1.

YeThIpHAIUATHIH KJIACTep OOBEIMHHI IITAMMEI
2020 r. o MaTepH ¥ €€ HOBOPOXIEHHOI0 pebeHKa, KO-
Topbie ObLIN HaOOIEe TeHETHIECK M OIM3KH U30JIATY
CP065831, BeiaeneHHOMY M3 Moun B CIITA B 2018 1.

CpaBHHTEIBHBII aHANH3 AaMUHOKHMCIOTHBIX 3a-
MEH TeHa uge B iTamMmax K. pneumoniae, A30JIHPO-
BaHHBIX B tepuon 2019—2023 r. ¢ pedepeHCHOI Mo-
caepopatensHocThio KPHS 35510, xoampyiomniero
ypuauHaudocdar-rarakTypoHaT-4-3nuMepasy
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Axanua reua uge K. pneumoniae

| Klebsiella pneumoniae subsp. pneumoniae HS11286],
npeacrasiaeH B Tabn. 2. KupHbIM WpHETOM BbI-
[lefleHbl AMHHOKHCIOTHEIE 3aMEHbI, OTIHYAIOMINE
FHIIEPBUPYACHTHEIC ITAMMEI OT IPYTHX.

O6cyxaexune

B cpeaHeMm yacTora BCTPEYAEMOCTH ILTAMMOB
K. pneumoniae cpenn nauMeHTOB YYPEXKACHHS PO-
JIOBCTIOMOXCHH S, YCTAHOBICHHAN B XOJMC MMKpPO-
OHONOTHYECKOr0 MOHUTOpMHIA coctasuaa |,4%
B 2020-2023 r. cpean xKeHwmh, 12,5% 8 2020-
2021 rr., 3,7% B 2022 r. » 13,9% B 2023 r. cpean
nereit. OrMeyaeTcs OAMHAKOBAs PacrnpocTpaHeH-
HOCTh IITAMMOB M3 OTACASEMOrO LEPBHKAJIBHOTO
KaHala ¥ YeThIPEXKPAaTHOE CHHXCHHE BhIsIBICHHE
wraMMmos 13 gexanmit aerei 8 2022 r. no cpasxe-
Huio ¢ 2020, 2021 rr. ¢ nocAeAYOIINM YBelIHYe-
HHMeM vacToTnl obHapyxeHnuns ao 13,9% 8 nepeom
Kpaprane 2023 r.

CornacHo NpoBEACHHBIM HAMM MCCCA0OBAHH-
AM, reH (axkrTopa supynedtHocti K. pneumoniae
uge, B M3YUaeMbIX [ITAMMaxX PErucTpHpyeTcs
Ha ypoBHe 64,3%. B HamwmMX npeasiayunx nyoau-
KalMaX Mbl OITMCLIBAJIM Pe3yALTaThl (huaoreHeTH-
YECKOro aHajn3a reHa uge rammon K. pneumoniae,
BeiieneHHbIX n0 2021 1. [4]. B aanHoM Heenenosa-
HUM  [IPEJACTABMASCM PE3yJLTaThl MOHMTOPHHIA
WITAMMOB M M3YYCHHC MX IeTEPOreHHOCTH 34 18-
THuheTHUI nepuon (2019-2023 rr.).

CylUecTBYIOT KacTepsl, 00be M HAIONINE FTeHO-
BapuaHThl GakTepuit, soiaeseHHnie B 2019 1. u He
MOMNOJIHUBIINECH HOBBIMM M30JSTaMM, 4TO TOA-
TBepAAacT 3Q(PEKTUBHOCTL NPOBOAWMBIX MpPoO-
THBOSMMACMHYCCKHX MCPONPHATHR, YCHICHHBIX
B NEPHOJ PACTTPOCTPAHEH U HOBON KOpOHABHpYC-
HON MHGEKUHK, HCKIIOYAIOUINX nepeaavy nHpek-
LHHOHHOI'O AreHTa OT UCTOYHMKA BOCTIPHHMYHBO-
MY OPrafmu3My BO BHYTPHUOONBHNUYHOIM Ccpeje.
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1PN MCCACAOBAHWH OTACASEMOr0 LEPBUKANBHO-
ro Kasana, CBHACTE/NLCTBYET O NMPOHHUKHOBCHHH
B oprauu3M pebenka GakTepHii M3 MOUEBLIICTH-
TEABHOM CHCTEMBl MATEPH.

B onHoit nape Marh—pebGenok wrammel K. pneu-
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FrEHETUHECKOE PASHOOBPA3UE
PUHOBUPYCOB HA TEPPUTOPUU
CAHKT-NMETEPBYPIA B 2020-2021 rr.

A 1. Kcenadonros', M.M. ITucapesa', B.A. Enep’, T./I. Mycaesa', A.B. ®anees’,
A.B. Komuccapos', 1.B. Kuceaesa'?, JI.A. JIno3uos'>

'@IrBY HHH epunna um. A.A. Cuopodurxuesa Musnzdpasa Poccuu, Canxm-Ilemepbypez, Poccus

!@I'BHY Hrcmumym 3xcnepumermanbion medununst, Canxm-Ilemepbypz, Poccus

@rBOY BO [epsuiii Cauxm-IlemepGypackuii 20cy0apcmeennsiii Meduyuncxkuil yuugepcumem um. akad. H.I1. Iasaosa,
Canxm-ITemep6ype, Poccus

Pesiome. Bsedenue. PUHOBHDYCH — OIHHM W3 CaMBIX PaclpOCTPaHeHHBIX PeCTHPAaTOPHBIX BUPYCOB. PHHOBHPYCH
OTHOCHATCH K ceMeiicTBy Picornoviridae, pony Enterovirus. OHM gensitcs Ha TpHu BHAa: A, B, C, Ha KoTophie pHXO-
autcs 169 THnoB. PuHOBMPYCH N1peo6iafaoT B OCEHHHE H BECEHHME NEPHOIB, XOTA OHM LIHPKYIHPYIOT Ha IPOTH-
KEHHMH NPaKTHYECKH BCEro 3MHASMHYECKOro ce3oHa. [eHOM PHHOBHPYCOB NpecTaBieH oqHolenoseyHoi +PHK
AnuHO# 7,2 Thic. ocHoBaHKH. COrnacHo NaHHHM JTHTEPaTyphl, HanO/iee pacnpoCcTpaHeHHBIM BHAOM PHHOBHDYCOB
ssasieTcst puHoBHpYC A (HRV-A), 3arem caexyior purosupychl C (HRV-C), B MeHbIlieil cTeneHn pacipoCcTpaHeH bl
puHosHpycsl B (HRV-B). Llensio aanHoit paboTH ObLI0 HCC/IeIOBaHHE TeHETHYECKOTO pa3Ho00pa3Hs PHHOBHDYCOB
Ha TeppuTopuH Cankrt-IleTepOypra. Mamepuaas u memods. Wccaenopanue npoBoanaoch Ha 6ase 1abopaTopHu
MONeKyAspHOH BHpyconoruu Bupyconorsyw HHUU rpunna um. A.A. Cmopoauniesa. O6pa3us (Ma3Kyu H3 HOCO-
H pPOTOIIOTKHE) AocTasasan w3 KmmHndeckoi nHpexunonHoi 6oasaun uM. C.I1. Borkusna, JleTcKoi roponckon
donpruLb CB. Onern u JleTcKoH ropoackoil KiuHnYeckoif donbHuLb N 5 uM. H.®. ®unarosa. Takxe B pabo-
Ty GpanKch MasKH OT HETrOCIHTAAN3HPOBaHHAIX ManHeHToB. MccaenoBanucs o6pasiibl, MOCTYIIHBINNAE C 1eKabps
2020 r. mo oxTa6ps 2021 1. leTeKuns PHHOBKPYCOB nposoauiack MetoaoM ITIIP B pexuMe peaabHOrO BpeMeHH.
IeHoTHTIMpOBaHKe OCYINECTBAANOCH NYTeM CeKBeHHpoBauug MetonoM C3Hrepa, ¢ npaiiMepaMi, pa3paboTaHHbi-
v da Costa Souza L. ¢ coasr. (2021). Pesyssmams:. COracHO TaHHBIM TOTAIBHOTO TECTHPOBAHMS, POIIEHT MO-
JIOXHUTEIBHBIX Ha PHHOBHPYC 00pa3lloB cOCTaBseT cocTaBnsioT 3,2% oT obmero gucna. M3 Hux OblI THIHPOBaH
71, 9to coctapnsieT 17,03% oT nonoxuTeIbHEIX Ha puHOBHPYC 00pa3iuos. Haubonee pacnipocTpaHeHHBIM 0Ka3asics
HRV-A (55%). buin obHapyxes 21 THn JaHHOTO BHAa (camuiit pacnpoctpaHeHHsii — HRV-A46 — 13%, n = 5).
HRV-B 1 HRV-C 0binu 00HapyxeHbl B paBHOM KoanyecTBe — 1o 23% (n = 16) Kaxaoro suaa oT obmero Yucia
THNHpoBaHHBIX prHOBHpYcoB. Cpean HRV-B obxapyxero 8 Tunos (caMulif pacrpoctpaneHusiit HRV-B06 — 31%,
n =35), cpeat HRV-C — 7 tunos (cameie pacnpoctpadennsie Tinsl HRV-C42, HRV-C32 1 HRV-C15 — no 19%,
n = 3). HRV-A BHIABAS/ICH B OCHOBHOM Y MallHEHTOB B Bo3pacTte ot 18 mo 65 mer (57,5%, n = 23). HRV-B Buiss-
JIeH TOABKO ¥ B3pocabix nanueHTos (100%, n = 16). HRV-C nerexTHpoBaH y meTeit mnaxme 2-x et (43,75%, n =
7) u y B3pociniX B Bo3pacte 18—65 ner (31,25%, n = 5). Unoraa HRV-A u HRV-C 6Bl acCOLHHPOBAHH C pa3-
JTHYHBIMH CHEIDOMAMH MTOPaXeHHA ALIXATEAbHbIH MyTeH, TAKMMU KaK OCTPHIH pHHOMAPHHTHT, TapHHTOTPAXEHT,
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obCTpYKTHBHEIH OpoHXHT, mHeBMOHUA. HRV-B 0611 acCOMMPOBAH C KNMHUYECKUMHN MPOABIACHHAMY THEBMOHHH
B ceMu cayyaax. Busodw. Ha reppuropun Cauxr-IlerepOypra npesannpyer puHosupyc Biia A. PUHOBHPYCH MO-
ryT GBITH ACCOUNNPOBAHLI C PAINIHYHEIMH CHHIPOMAMH MMOPAKCHUS ABIXATEALH B MYTEH,

Kamoueasie caosa: pukosupycst, 2enemuyecxoe panoodpazue, euda, munw, OPBH, cexsenupoaanue.

2020-2021 RHINOVIRUS GENETIC DIVERSITY IN ST. PETERSBURG
Ksenafontov A.D.*, Pisareva M.M.*, Eder V.A.*, Musaeva T.D.*, Fadeev A.V.", Komissarov A,B.*, Kiseleva L.V.**
Lioznov DA

* Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation
¥ Institute of Experimental Medicine, Saint Petersburg, Russian Federation
“ Paviov First Saint Petersburg State Medical University (Paviov University), St. Petersburg, Russian Federation

Abstract. Introduction. Rhinoviruses represent one of the most common respiratory viruses and belong to the Picornoviridae
family, genus Enterovirus, being divided into three types: A, B, C, which account for 169 types. Rhinoviruses predominate
in autumn and spring periods, although they circulate throughout almost entire epidemic season. The rhinovirus genome
is represented by a single-stranded 7.2 thousand base-long +RNA. According to the publications, the most common
rhinovirus species is rhinovirus A (HRV-A), followed by rhinoviruses C (HRV-C) and finally rhinovirus B (HRV-B).
The aim of our study was to define rhinovirus genetic diversity in St. Petersburg. Materials and methods. The study was
conducted at the Laboratory of Molecular Virology, Smorodintsev Research Institute of Influenza. Samples (smears from
the nasopharynx and oropharynx) were delivered from the S.P. Botkin Clinical Infectious Diseases Hospital, St. Olga’s
Children’s City Hospital, N.F. Filatov Children’s City Clinical Hospital No. 5. OQutpatient samples were used as well.
Samples received from December 2020 to October 2021 were analyzed. Detection of rhinoviruses was carried out by real-
time PCR, typing — by Sanger sequencing, with primers developed by da Costa Souza L. et al. (2021). Results. According
to total specimen testing, rhinoviruses comprise 3.2% total number of specimens tested. Of these, 71 rhinoviruses were
typed, representing 17.03% total number of rhinovirus-positive specimens. The most common was HRV-A (55%),
among which 21 types were found (the most common HRV-A46 is 13%, n = 5). HRV-B and HRV-C were found in equal
numbers — 23% (n = 16) of each species out of total number of typed rhinoviruses. Among HRV-B, 8 types were found;
the most common HRV-B06 comprised 33% (n = 5). Among HRV-C, 7 types were found (the most common types are
HRV-C42, HRV-C32 and HRV-CIS — 19% each, n = 3), HRV-A was detected mainly in patients aged 18 to 63 vears
(57.5%, n = 23). HRV-B was detected only in adult patients (100%, n = 16). HRV-C was detected in children under 2 years
of age (43.75%, n = 7) and adults aged 18—65 years (31.25%, n = 5). In some cases, HRV-A and HRV-C were associated
with various respiratory tract syndromes such as acute nasopharyngitis, laryngotracheitis, obstructive bronchitis, and
pneumonia. HRV-B was related to clinical manifestations of pneumonia in seven cases. Conclusion. Rhinovirus type
A prevails in St. Petersburg. Rhinoviruses can be associated with diverse respiratory tract syndromes.

Key words: rhinoviruses, genetic diversity, species, types, acute respiratory viral diseases, sequencing.

BeepeHue

PHHOBHpYCH ABASIOTCH OMHHUMHU M3 Haubonee
pacrnpocTpaHeHHbIX BO30yAHTENCH OCTPRIX peciu-
paTopHBIX BUPYCHBIX HHMexkuwnit (OPBH) Herpun-
no3HoM atuonoruu [5, 10, 11, 23, 25, 26, 27, 28, 32,
33, 41].

PHHOBHPYCH UHPKYAHUDPYIOT Ha MNMPOTSXKEHUN
Bcero anuaemuyeckoro cesona OPBU (c oxTabps
KaX[IOro roaa) ¢ XapakTepHBIM TpeobirazaHneM
B OCCHHWH M BECEHHH NEPHOIBI.

OCHOBHBLIMH KJIHMHHYESCKHMH TIPH3HAKAMH PH-
HOBHPYCHON WH(EKLUNH ABIAIOTCH KIHHHYCCKHE
NMpOSiBJAEHHA CHHAPOMOB PHHHTA, PHHOCHHYCHTA
uiH puHOGMAPHHTUTA (pHHOpPES, 3aJ0XKEHHOCTH
Hoca, 6onu B ropne, ronopHbie DOMM, HETOMOra-
Hue u ap.) [6]. Hepeako 3abonesaHne ocoXHAETCH
OCTPHIM cpeaHHM oTHTOM |[7]. TakXe BO3IMOXKHO
NopaxeHNe HHXKHUX AbIXaTe/IbHBIX TYTEH, HanpH-
Mep, OpoHXHOANT K nHeBMoHus |18, 19, 31].

PuHoBMpychl npeacrasiasior coboit 6e3o0bo10-
qyeuHsle, chepuueckue PHK-conepxauime supy-
cel. CornacHo kinaccudukauun MexayHaponHoro
KOMUTETa 10 TAKCOHOMHM BHPYCOB, PHHOBH-
pYChl OTHOCATCH K peanmy Riboviria, cemeicTny
Picornoviridae, nopcemeiicrsy Ensavirinae, pony
Enterovirus. PUHOBHPYCHI ICASITCSH HA TPH BuOa: A,
B, C, na xoropuie npuxoaurcs 169 tunos [8, 36],
U3 Koropeix n3sectHo 80 Tunos HRV-A, 32 tuna
HRV-B u 57 Tunos HRV-C [8]. Onuako ectb naH-
Hbie H 0 179 Tumax [1]. B 2asucumMocTy OT peuen-
TOpHO# crnieunpuaHoCcTH puHoBMpyes (HRV) Bu-
0B A 1 B noapasnensiioTes Ha OCHOBHBIC, peLien-
TOPHO-CIMEIM(MUMHBIC K MOJICKYJIC KACTOUHON aj1-
reaun ICAM-1, ¥ MHHOpPHBIC, TIPUKPETLISIOLIHECS
K PEUeHTOopy JUNONPOTEHHOB HU3KOM MIOTHOCTH
LDLR [13, 15]. Punosupyc C (HRV-C) npuxpe-
rsercs K peuenropy CDHR3 [20).

[eHOM DPHHOBHPYCOB MNPCACTABICH OMHOLEIO-
vyenHoi (+)PHK. Ero anmuHa cocraBisieT MpUMEpHO
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7,2 Teic. ocHoBaHM# [4]. K 5'-KOHLY npHMKperuieH
rnpaiMepHroBeii nipoterH 5'-VPg. [lanee umer He-
TpaHcaupyeMas nocnenoBarenbHocTh S-UTR. D10
HauboJjiee KOHCEpBAaTHBHAsl 00JIaCTh F€HOMa PHHO-
BUPYCOB, I10 HE MPOMCXONUT AETEKIIUS PUHOBUPY-
COB MOJIEKYJISIPHO-TEHETUYECKMMU MeTonamu [17].

Kiaccudukaumsa  pUHOBHPYCOB  OCHOBaHa
Ha CXOICTBE B OpraHu3allMid IeHOMa, CBOMCTBax
Kancuaa U KOHCEPBaTUBHOCTH TIEPBUYHON MocJe-
noBaTteibHOCTH. PuHOBHUpPYCH oTHOCsATCS K HRV-A
unu HRV-B, ecniu onm ummelor 6osee uem 70%
UAEHTUYHOCTh AaMUHOKHUCIOTHBIX ITOCJIEI0OBATE b~
Hocreit B obnactax Pl, 2C u 3CD. BunoBas Kiac-
cuduxkanmss OCHOBaHa Ha IOCJIEIOBATEIbHOCTIX
6enka VP1 nunu VP4/VP2 [35].

MmaBHBIMM MPUYMHAMM BBICOKOTO pa3HOOOpa-
3451 pPUHOBMPYCOB SIBJISIIOTCSI HAKOIIJIEHUE HYKJIEO-
TUOHBIX 3aMEH BCJICCTBHE BBICOKOI BEPOSITHO-
CTU BO3HMKHOBEHUS OIIMOOK BO BpeMs paboThl
depmenra PHK-3aBucumoit PHK-monumepassi,
a Takxke pexkomOmnHauus. Haumbonbsmas yvacrora
MyTalluit OGHAPYXMWBAETCS B yJ4aCTKaX KaIlCUIHBIX
6esikoB, 0Opa3ylomMX IIOBEPXHOCTHBIE 3IMHUTO-
el (B OCHOBHOM B pernoHe VPI1). PekomOuHamms
yame Bcero npoucxoaut B 5S'-UTR (B nmepByio oue-
pens psinom ¢ IRES), pexe — B ygyacTke, KOOUpy-
oueM HecTpykTypHbie 6eakn. HRV-A u HRV-C
yacTo peKoMOMHUpPYIOT Mexay coboit B 5'-UTR
M B yyacTKe reHa rnporeassl 2A [35].

MOHMTOPUHT BUpPYCOB-BO30Oyautener OPBU
B Pa3HBIX CTPaHaX I€MOHCTPUPYET NIPUGITU3UTEb-
HO OAMHAKOBYIO KapTHHY ITpeobiIagaHus B IIUPKY-
JISIIIUY PUHOBUPYCOB.

Tak, Panning M. ¢ coasT. [34] peTpocCrieKTUBHO
npoTecTUpoBaiu 0obOpasiibl, cCOOpaHHBIE B IEPH-
o1 co 2 nekabps 2019 r. mo 28 anpensa 2020 r. B uH-
ctutyTe BUpyconoruu Bo ®paiibypre (Iepmanus)
OT malMeHTOB cTrapiue 18 yeT ¢ mpu3HakKaMu pe-
CITUPATOPHOro 3abojieBaHWs, W IPOTECTHPOBAIH
Ha pecrnupaTopHble BUPYCHL. [laliueHTH ObLTA Ha-
OpaHBl M3 MECTHBIX MCCJIEIOBATEIbCKHMX LICHTPOB
Ascrtpuu, l'epmanun, Hunepiaanmos u Ll Belinapum.
PunoBupyc 66171 06HapykeH B 7,2% o6pas31ioB, 1 IB-
JIsLIIcsl Haubonee pacrpocTpaHEHHBIM PECITHPATOP-
HBIM BHPYCOM B UCCIIEYEMOM I'PYIITIE.

Kim D. ¢ coaBt. [23] nmporectupoBanu 1217
ob6pasnos u3 cepepHoit KamudopHum nHa SARS-
CoV-2 u ipyrue pecnupaTopHbIE BUPYCHI, BKIIOYAS
PUHOBHpPYC. PHUHOBHPYC OKa3ajics CaMBIM PacIipo-
CTPaHEHHBIM BUPYCOM KakK cpeau 00pasiioB, OT-
puuareabHBIX Ha SARS-CoV-2 (12,1% ot oTpuua-
TenbHBIX 00pasuoB Ha SARS-CoV-2), Tak u cpenu
nostoxxuTenbHbIX Ha SARS-CoV-2 (6,9% oTt obpa3s-
1IOB, TTOJIOXKUTENBHBIX Ha SARS-CoV-2).

Sominina A. ¢ coasr. [37] npoTecTUpoOBaIn 06-
pasusl oT 3057 mauMeHTOB pa3HBIX BO3PaCTHBIX
TPYIIN U3 IEBATH OONBHUII-YYaCTHUKOB B TPEX ro-
ponax Poccum (Caunkr-IlerepOypr, HoBocubupck
u ExarepunOypr). UccremoBaHue NpoOBOAUIOCH

¢ 52-it vemenu 2018 1. mo 20-10 Hemenaw 2019 r.
Mo mnosy4eHHBIM NaHHBIM, PUHOBUDPYC SIBISIICS
BTOPBLIM II0 PacnpoOCTPAaHEHHOCTH BHPYCOM He-
rpUnmno3Hoi stuonoruu (8,2% ot odiuiero uucia
MMOJIOKUTEIbHBIX 00Pa3IoB).

B npyrom wuccienoBanum Sominina A. ¢ co-
aBT. [38] nmpencraBuaM pe3yiabTaThl, ITOJYYEHHBIE
B paMKax TPaaMIIMOHHOTO Haa30pa 3a I'PUIITIOM.
MM P-nuarsoctuka npoBoauiack B ®I'bY HUU
rpunmna uM. A.A. CmoponunueBa u B LleHTpe
5KOJIOTUM U SMUAeMHOJOruM rpurnmna npu OIrby
HUILIBM um. H.®. lN'amanen, npusHanasiMu BO3
B KayecTBE HALMOHAJIBbHBIX LIEHTPOB [0 TPUII-
1My, a Takxe B 57 perMoHaJIbHBIX JIabopaTopusix.
Ilepuon wuccnenoBaHUSI OXBaThBIBaJl HECKOJIBLKO
SMUIEMHUYECKHUX ce30HOB (¢ 2015—2016 rr. mo 2020—
2021 rr.). CornacHO NPEACTaBIEHHBIM AaHHBIM,
PUHOBUPYC SABISICA CaMBIM PacHpOCTPaHEHHBIM
pECIUPATOPHBIM BUPYCOM HETPUIITIO3HOM 3THOJIO-
MU BO BCEX UCCIIEYEMBIX Ce30HaX, 32 HCKIIIOYEH U~
eM rnaHzemuyeckoro supyca SARS-CoV-2 B aByx
nociaegHux ce3oHax. [IpolleHTHOE COOTHOILUEHHE
OT BCEX MOJIOKUTEIBHBIX BUPYCOB HETrPUIIIO3HOM!
3THOJIOTU U COCTAaBJISAJIO OT 5,4 mo 6,8%.

B nuTeparype TakXke MMEIOTCA JIaHHBIE O pac-
IIPOCTPAHEHHOCTW BHUIOB PUHOBMpYCAa U HUX CO-
OTHOILIEHUM JApyr ¢ apyroMm. Tak, Iwane M.K.
Cc coaBT. [16] pPeTpPOCHEKTHUBHO MPOTECTUPOBAJIH
Ha IpUcyTcTBUE puHOBUpYca 1867 o6pa31ioB oT Je-
Tei MtalIe 5 JIeT C OCTPBIMU PECITUPATOPHBIMHY 3a-
6onepanusiMu ¢ nexkadbps 2003 r. mo anpens 2005 1.
B 3 okpyrax CIIIA. KOHTpOJIBHYIO TPYIIY COCTA-
BuiIM 784 pebGeHka, MocemaBie KINHKH B 3TUX
okpyrax B nepuos ¢ nekabpst 2003 r. mo mapt 2004 1.
U ¢ okTs6ps 2004 r. mo anpens 2005 1. HRV-A 06-
HapyxeH y 8,1% rocnmuTajM3MpOBaHHBIX JHeTei
crapuie | roma u y 2,2% B KOHTPOJIBHOM IpyTire,
HRV-C — B 2,3 u 9,0% cnydaeB COOTBETCTBEH-
HO (y mereit 1o 8 MecsieB). Cpenu aeTeit miragiie
1 roga u Mmiaaie 8 MecsilieB MPOLIEHTHOE COOTHO-
menue HRV-A u HRV-C 6bB1J10 CXOXHM B 06enx
rpyrmnmax (B OCHOBHOI W B KOHTposbHOM). HRV-B
Ob1JI0 0OHapyXeHo MeHee 1%.

Lu Q.B. ¢ coaBt. [24] mpoTecTHpOBaJId Ha30-
dapenreanbHbie 00pa3ibl, COOpaHHBIE B TIEPHOL
2009—2012 rr. B Kurae. Cpenu 223 06pasios, 1Mo-
JIOXUTENbHBIX Ha puHOBUpYc, HRV-A cocraBisan
54,7%, HRV-B — 5,4% n HRV-C — 39,9%.

Zlateva K.T. c coaBr. [42] mpoBenu peTpocnex-
TUBHBIW aHaJIU3 LUUPKYJISLUU PUHOBUPYCOB B 11
eBponeiickux crpaHax (3016 o6pa3uos) 3a nepuos
¢ 2007 no 2010 r. Ycranosneno, uro HRV-A 6bin
Haubosiee pacrnpoCTPaHEHHBIM BHMIOM pPHHOBH-
pyca B Benwruu, ®panuuu, l'epmanuu, Urtanun,
Hwunepmangax, ITonsme, CioBakuu, CIoBeHUH,
WUcnanumn, llIBennu u BerukoOoputaHuu.

IIpencraBneHHBIE OaHHBIE CBUIETEIBCTBYIOT,
YTO CaMbIM pPacCIPOCTPAaHEHHBIM PHHOBUPYCOM
B pa3HbIX peruoHax mupa sisasiercss HRV-A.
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PunosupycHas uHdekuns MOXeT NMPUBOAUTE
K CePhE3HBLIM TMOCIHCACTBUAM JUIS 3M0POBBS HCJ0~-
BeKa, HANIPUMEP TAKUM, KAaK acTMa UK XpoHuye-
ckast o6cTpyKTUBHAN OosesHb nerkux [29].

B perpocnexTusrom ncenenosannu Miller E. K.
¢ coant. |30] 6u110 nokasano, uto cpeuau 167 nereit,
MOJIOKUTE/BHBIX HA PUHOBUPYC, OBIIM BbIsiBIE-
HBI JICTH, HAXOMSLLMECS B IPYITIIE BLICOKOIO pUCKa
BO3HUKHOBEHMS THKCABIX OCJHOXHEHUIK, Takux
Kak acrma. B 42% obpasuax or takmux gereit 6ui
obHapyxen HRV-C, a B 23% — HRV-A.

Cxoxue pesyiabrarhl nokassisaior nm Fawkner-
Corbett D.W, ¢ coasr. [14], 1o gnaHHBIM MX ucce-
JNOBaHMS, MpoBoAMBIIerocs B Bpasunnu ¢ anpens
2008 1o mapr 2010 r., punosupyc 6ui1 0GHapyKeH
B 18,7% cnyuaes B o6pasuax or 630 gereit Bospac-
TOoM 710 5 s1eT. O6BIYHO PUHOBUPYC JIETEKTUPOBAJI-
csy jiereit ¢ GpOHXMOAUTOM, ITHEBMOHMENR, acT-
MOIf, @ TAKKE CUHIAPOMOM CBUCTSILErO AbIXaHMsI,
[Tpn aTOM y Nerei ¢ acTMOi M CUHIAPOMOM CBH=-
CTALEro abixanus B 23% ciyuaes 6bi1 0GHApYKEH
HRV-C, a HRV-A — B 5%.

B 1O Xe BpeMsi, HaHHBIC O BHAOBOM pasHoob-
pasumn punHosmpycosB B Poccuiickoit Menepanum
O4YECHBE OTPAHUYEHBI, B CBA3M C YeM M3YyUEeHME UX
FCHETUYCCKON XapaKTCPUCTUKKN TPeACTaBISICTCS
BAXHBIM JUIST OTEYECTBEHHON HAYKW W MPAKTHKH.
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Matepuansl 1 METOAbI

B snaGoparopun MOJIEKYJISIPHOW BHUPYCOJIOTUHU
®OI'eY HUW rpunna um. A.A. CmoponuHiesa»
Munsapasa Poccuu uccnenopano 13 046 obpa-
308 (Ma3KM M3 HOCO- M POTOTNOTKH) OT GOJIBHEIX
OCTPHIMU PECTTUPATOPHLIMU MHGEKLHUAMH, ToC-
nuranusnposavueix 8 CI16 I'BY3 Kinnunueckas
nudexunonnas 6onpuuua um. C.I1. Borkuna (n =
11 424), CI16 I'BY3 JleTckas ropojckas 60JbHUALA
CB. Oneru (n=555), CT16 'BY 3 [leTckas ropoackas
Kanuuveckas Gonpuuia Ne 5 um. H.®. ®unarosa
(n = 366) B nepuon ¢ gekabpsa 2020 r. o okTaAdpPb
2021 1.

Herexnuio posbynurencit OPBU, Bxitovas pu-
HOBUPYCHI, ipoBoauan metoxom [TLP B pexume
peasbHOro BPEeMEHM KOMMEpUYeCKMMM HabGopaMwu
«AmnnuCenc ® OPBU-ckpuH-FL» (LenTpanbHbiii
HAYYHO~MCCICN0BATEILCK MM MHCTUTYT SITHAEMHO-
norun Pocnorpebuanzopa, Poccusi) B cooTBeT-
CTBUM C MHCTPYKUMEHN npoussoaurtens, JeTeknio
BUpYCa rpumnmna takxe nmpopoaunau merouom [MTLIP

B peKMMe peaJbHOTO BPEMEHM KOMMEPYECKUMHU
Habopamu <«AMiummCenc® Influenza virus A/B-
FL» (LleHTpaJIbHBI# Hay4YHO-WCCIENOBATENBCKU I
MHCTUTYT anuaeMmuonorun PocnoTpebHagzopa,
Poccust) B COOTBETCTBUM ¢ MHCTPYKIIUEH [TPOU3-

0 -
,§ s gl §§ g i ?
lg -'t‘ «© (&)
2016-2017 2017-2018 2018-2019 2019-2020 2020-2021 2021-2022 2022-2023
1 PuHoBupychl = Cea30HHbIE KOPOHABUPYCHI Opyrue pecnuparopHsie BUpycH
Rhinoviruses Seasonal coronaviruses = Other respiratory viruses
2| Bupycsl rpunna A ] Bupycsl rpunna B | PecnupaTopHO-CUHUNTHANbHBIE BUPYCHI
Influenza viruses A Influenza viruses B Respiratory syncytial viruses

PucyHok 1. Ctpykrypa Bo36yaureneii OPBU B anupemuyeckue ce3oHsl ¢ 2016-2017 po 2022-2023 rr.
Ha reppuropumn Cankr-lMerepBypra (aaHHbie npepcTaeneHsl 6e3 yyera SARS-CoV-2)
Figure 1. ARVI pathogen pattern in epidemics spanning from 2016-2017 to 2022-2023 in St. Petersburg

(notincluding SARS-CoV-2)
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souurenst. derekunio SARS-CoV-2 ocyiecTnisi-
sm MeronoM TTLIP B pexume peajibHOro BpeMeHu
Habopom «Novel Coronavirus (2019-nCoV) Nucleic
Diagnostic  Kit (PCR-Fluorescence Probing)»,
(Sansure Biotech Inc., KHP) B coorserersumn ¢ uu-
cTpyKumei npoussoaunteisi. Mcenemosanne reve-
THYECKOTO pa3HooOpa3unst pUHOBUPYCOB OCYILECT-
BJISUIOCH KAIMJUISAPHBIM CCKBCHUPOBAHUEM € MC-
MOJIb30BAHUEM MpaiiMepoB, aMIIU(GUUUPYIONINX
obnacts VP4/VP2 reHoma puHoBupyca u paspabo-
ranHbIX da Costa Souza L. ¢ coasr. [9].

M3 6a3el nanHbix GenBank st seipasHuBanmnst
MOJIYYEHHBIX [TOCICA0BATEILHOCTEH OB B3sATHI
MOJIHbIE TEHOMBI PUHOBMPYCOB. BblpaBHUBaHME

HRV-AB0
HRV-A32

3%

HRV-AG7

nposoausiock B riporpamme MAFFT [22], duo-
FEHETHYUECKOE [EPEeBO TOCTPOEHO B TIPOrpaM-
Me RAXML [39], Bu3yanusauus poBOAHJIACE
B FigTree.

Peaynbrarhbl

Hamu 6buim cobpaHbl M NIPOAHAIU3HPOBAHBI
JAaHHBIE 38 CEMb CE30HOB 3MMUAEMUUCCKOTIO MOALE-
Mma 3aboneaemoct OPBU ¢ 2016—2017 no 2022—
2023 rr. B Cankr-IletepGypre, nojJyqaeHHBIC B paM-
Kax Hajasopa 3a rpunmnom u OPBW, niposoaumoro
naboparopueil MonekyasipHoi Bupycosorun HUKU
rpunna uM. A.A. CmopoanHuesa, CornacHo 3mTum

it 77 HRV-AB2
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PucyHok 2. DunoreHeTuyeckoe Aepeso, AeMOHCTPUPYIOLLee reHeTuYeckoe pasHooGpasume TUNOB
PUHOBUPYCOB A, BhifiBNEHHbIX B 20202021 rr. Ha TeppuTopuu CankT-MNeTepbypra

Figure 2. Phylogenetic tree presenting genetic diversity of rhinovirus A types identified in 2020-2021 in St. Petersburg
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JaHHBIM, Ha TeppuTopHH CaHkT-Iletepbypra pu-
HOBHPYCHI SIBISITMCh OMHUMHM M3 CaMBIX pacmpo-
CTpaHEeHHBIX BO30OYAMTe e HEerpUIINO3HOM 3THO-
goruu. OHM UHPKYJIMPOBAIH HA TPOTAKEHHUH
BCEX SMHIEMHYECKHX CE30HOB ¢ mpeobramaHueM
B oceHHui nepuon (puc. 1). CiaeayeT oTMETHTB,
9TO PHHOBHPYCH MPOIOJIXKANH AKTUBHO HHPKYJIH-
pOBaTh Ha (POHE 3IMHIAEMHYSCKOro pacnpocTpaHe-
HHsA Bo3OyauTenas COVID-19 (cezonsi ¢ 2020—-2021
no 2022—2023 rr.), B TOM YHCJIE ¥ B BECEeHHUII ne-
puon. IIpu 3TOM B MepBHI MaHIEMHYECKHIl Tie-
PHOZ PHHOBHDYCH IHPKYJIHDPOBAlH PaBHOMEDHO
Ha NPOTSIKEHHWH BCETO CE30Ha.

W3 13 046 uccrenoBaHHbIX 06pa30B BHIABIEHO
417 (3,2%) nmonoXuTelbHbIX Ha PHHOBHPYC (TTOpO-

- o
L_~‘ OMOO 10004
-~

TOBBIH HMKJI MEHbIIIE WK paBeH 26), W3 HUX THINL
71 (17,03%) prHOBHpYC ObLI THITHPOBAH.

HawuGonee pacnipocTpaHeHHBIMH OKa3aIHCh DH-
HOBHpPYcH HRV-A — 55% (n = 39) or obmiero uuc-
Jia THIHPOBaHHbIX 06pa3uos. Cpean HHX oOHapy-
KeH 21 Tun. HauGosee pacnpocTpaHeHHEIM THIIOM
okasancs HRV-A46 — 13% (n = 5) Bupycos, 15%
(HRV-A30, HRV-A44 u HRV-A47, n = 6) oTHOCH-
JIMCB K MMHOPHOI IpyTITIie pUHOBHPYCOB (pHC. 2).

PunoBupycst HRV-B u HRV-C 6v1in 06Hapy-
XEHBI B PaBHOM KosinyecTBe — 1o 16 (23%). Cpean
HRV-B obxapyxeno 8 Tunos (puc. 3). CambiM pac-
MpoCcTpaHeHHBIM okasajica HRV-B06 (n = 35, 31%
OT BCeX OOHApyXeHHBIX DHHOBHDYCOB BHIa B).
OnmH He THITHpoBaics (6%).

LI i vy uga

R KL Mo VD3-UBA2021- I

1 Rhviovine,

ey
o)

11y
—

My,
- Dowryy,

PucyHok 3. @unoreseTnyeckoe Aepeso, AEMOHCTPUPYIOLLee reHeTu4eckoe pasHoobpasne Tunos
puHosupycos B, seisenexHbix 8 2020-2021 rr. Ha Tepputopuu Cankr-Mertepbypra

Figure 3. Phylogenetic tree presenting genetic diversity of rhinovirus B types identified in 2020-2021 in St. Petersburg
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Cpean HRV-C obGHapyxkeHO 7 TUIIOB, U3 HUX
caMbIMM pacrnpocTpaHeHHbBIMM Obliin HRV-C42,
HRV-C32 u HRV-CI5 (o 19%, n = 3). Onuu 06-
pasen (6%) He Tunmposacs (puc. 4).

B tabn. 1 npeacrasjieHa Bo3pacTHas xapakre-
PUCTUKA MTALIMEHTOB, OT KOTOPLIX OB MO YUCH b
oOpasubl. BeI3bIBAIOT MHTEPEC JaHHBIC O B3AUMOC-
BA3M MEXK /1Y BO3PAacTOM MauMEeHTOB U BMIOM PUHO-
Bupyca (rabsu. 2). Tak, cpenu nepedboseBnx puHo-
BUpYycHOI MHbexunei, seizsanHoit HRV-A| npe-
obnanaoT nmauueHTsl B Bo3dpacte or 18 no 65 ner
(57,5%), pexe ee perucTpupoBaiu y JeTeil u rnoi-
poctkoB. HRV-C B ocHOBHOM 0OHapyXuBajics

HRV-C30

HRV-C11
13%

y aereit no 2 ner (43,75%) n B3pocasix 18—65 ner
(31,25%). Mpu arom HRV-B 66111 06HapyXkeH uc-
KJIOYMTENIBHO Y B3pocabix maumeHTon (100%).

Hamu 6bisin comocraBieHsl JaHHBIE 00 ycTa-
HOBJICHHOM BHIIe PUHOBMpPYCA M JAMArHO3e Iauu-
enra (rabn. 3). Tak, HRV-A n HRV-C Brigsiasiin
y OONBHBIX € PasJiMuHBIMM CHHIPOMaMH Topa-
KCHMSI BEPXHUX M HUXKHHX ABLIXATeNbHBIH myTei
(ocTpelit pUHOMAPHHTIUT, JapUHTIOTpaxeuT, o00-
CTPYKTUBHBLIH OGpoHxuT, nHesMmouus). OmHaxo,
puHoBupyc HRV-B Gbi1 BuIsiBJICH TUIIE Y TTALIHEH-
TOB cTapuie 18 ieT ¢ KAMHUYECKUMU TTPOsBICHU S -
MM ITHEBMOH KM,

|

[ﬁl / /
E i/ -/;f// 4 HRV-C42
il 7 =
i Liidfy 5
Wiy

w )"*‘
PP - et

e L
#° ﬂ"‘“,.m” ,«.ﬂﬂ“
f":;d’ ;,ad“ﬂ 3 st ol

HRV-C32
19%

Pucynok 4. dunoreHeTuyeckoe Aepeso, AeMOHCTPUPYIOLLee reHeTuYeckoe pasioobpasue TMNOB
puHoBupycos C, BeisiBneHHbix 8 20202021 rr. Ha Tepputopum Cankr-Merepbypra

Figure 4. Phylogenetic tree presenting genetic diversity of rhinovirus C types identified in 2020-2021 in St. Petersburg
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Ta6nuua 1. BospacTHas xapaktepucTuka o6cneaoBaHHbIX NaLUEHTOB

Table 1. Distribution of patient age groups

Boapacr, nert
MNMokaszarensb Age, years
Index
0-2 3-6 7-14 15-18 18-65 >65
[Lons Bo3pacTHoii rpynnsi oT o6wero yucna
nporecTupoBaHHbiXx 06pa3uoe, % 2,6 3,0 2,3 1,2 69,0 219
Percentage of age group in total tested (n=333) (n=2388) (n=290) (n=159) | (n=8841) | (n=2800)
samples, %
[Lons Bo3pacTHO# rpynnbi OT 06wero yucna
NONOXUTENbHbLIX HA PUHOBUPYC, % 11,9 174 1.4 57 45,9 77
Percentage of age group in rhinovirus- (n=48) (n=70) (n=46) (n=23) (n=185) (n=231)
positive total samples, %
Tabnuua 2. MpoueHTHOE COOTHOLUEHUE BO3PAaCTHLIX rpynn B 3aBUCUMOCTH OT BUAa pUHOBMpPYCa
Table 2. Percentage of age groups related to rhinovirus type
Bospacr, ner
Bup puHOBMpYyCOB Age, years
Rhinovirus species
0-2 3-6 7-14 15-18 18-65 >65
12,5 10 12,5 2,5 57,5 5
e o (n=5) (n=4) (n=5) (n=1) (n=23) (n=2)
100
HRV-B, % 0 0 0 0 (n=16) 0
43,75 6,25 12,5 6,25 31,25
HRV-C, % (n=7) (n=1) (n=2) (n=1) (n=5) ¢
TaGnuua 3. AuarHo3bl NaLMeHTOB B COOTHOLUEHUU C BUAaMu pUHOBUPYCOB
Table 3. Diagnosis of patients in relation to rhinoviruses species
AuvarHo3s, KONMYeCcTBO Cnyyaes
Diagnosis, number of cases
Bup purosupycos O6CTPYKTUBHBII OcTpblii
Rhinovirus species MueBmoHMns 6poHXUT punodapunrut | JlapuHroTpaxeut CTergzs FopTanm
Pneumonia Obstructive Acute Laryngotracheitis of thinlgflsnx
bronchitis nasopharyngitis y
HRV-A 12 1 1 2 1
HRV-B 7 0 0 0 0
HRV-C 1 3 3 1 0
O6cyxneHne cieoBaHMAX, puHOBMpYcoB Buaa B u C GbLio se-

Esneau C. ¢ coaBst. [12] npoananusuposas 31
HCCJIeIOBaHUE, OTMEYAlOT, YTO B «IOKOBWIHBII»
rnepuon Haubosiee pacnpoOCTPaHEHHBIM BHJIOM
PUHOBUpYCa SIBISIJICS A, BTOPOE MECTO 3aHUMAal
puHoBupyc C. Pexe onpenensiid puHOBHpYyc B.
B cBolo ouepenb, HanboOEe pacIpoOCTPAaHEHHBIMHU
TUTIAMU sBAsiioTcs A-12, A-78 u C-2.

IMonyueHHbie HaMu JgaHHble 10 CaHKT-
[MeTepOypry Takxe CBUAETEJLCTBYIOT O TIpeBa-
JIMPOBAaHUU B LIUPKYJISILIMM PUHOBMPYCOB BuJa A
(55% cpenu TUNMUPOBAHHBIX BO3OyauUTENE PUHO-
BUPYCHOI MHOEKIIMU), YTO COOTBETCTBYET ObIIe-
MHUPOBO TeHAEeHUMH. Tak Xe KaK ¥ B IPyTUX UC-

TEKTHPOBaHO 3HAYMTEIbHO MeHbIe [3, 9, 13].

[IpeacTaBASIIOT MHTEPEC aHaJU3 LUPKYIIs-
LMK puHOBUPYCOB B (hoHe anmuaemun COVID-19
B Cankr-IleTepbypre. M3BecTHO, 4TO pacrpo-
cTpaHeHHe HOBOro kopoHaBupyca SARS-CoV-2
COIMPOBOXIAJNIOCh CYIIECTBEHHBIM OTpaHUYEHHU-
eM LIMPKYJISLUUU LeJ0ro psiaa Bo3byaureneit ce-
30HHBIX PECITMPATOPHBIX MHGMEKINI, 3a UCKITIO-
YeHWEeM PUHOBHUPYCOB M PECIIMPATOPHO-CUHIIU-
THanbHoro Bupyca [5]. CormacHo Moay4YeHHBIM
HaM¥ JaHHBIM, B 3TOT [EPUOJ CAMBIMHM PacIpo-
CTpPaHEHHBIMM OKa3aJlMCh PUHOBUPYCHI Bujaa A,
4YTO COOTHOCUTCSI C HOPYTMMHU MCCIEIOBAHMUS-
MH [2, 21, 40].
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TakXe HaMM YCTAHOBJIEHBI BO3PAacTHEIC U KJIH-
HHYECKHE Pa3IH4YMs B 3aBUCHMOCTH OT BHId PUHO-
BupycoB. Tax, HRV-A npeobianaioT cpean nanuueH-
TOB B Bo3pacTe ot 18 1o 65 net, HRV-C — B ocHOBHOM
y aeteit no 2 net u B3pocnbix 18—65 ner. Ilpu 310M
HRV-B BHISBISAM HCKIIOUUTEIBHO Y ITAlIHEHTOB
craplue 18 JieT ¢ NpOsSIBJICHUAMH MHEBMOHUM, TOrAa
kak HRV-A 1 HRV-C y 6o1bHBIX C TOpaXkeHHeM KaK
BEPXHMX, TaK ¥ HHXKHUX IbIXaTeIbHbIH MyTeH.

[penctaBieHHBIEe HaMH pe3yJILTATH HE TMO-
3BOJISIIOT B TIONTHOM Mepe OLUEHHTh FeHEeTHYEeCKoe

pa3HooOpa3ne PHHOBHPYCOB, HHPKYJIHPYIOIIKX
Ha Tepputopuu Cauxr-IlerepOypra, BCiaeacTaue
MaJiorTo KOJMWYECTBA THITMPOBAaHHBIX 00pa3LOB.
B Hacrosuiee BpeMs MNpomoOJXKaeTcsi cOOp maH-
HBIX, B TOM 9HCJe KIMHHWYECKHX, [UIS olpeaene-
HHS BO3MOXHON CBf3M BHI3/THIIa pHHOBHpYCa
¥ BapHaHTa TCYEHHSI PHHOBHPYCHOH HWHOEKIIHN.
Taxxe pa3pabarTeiBaeTcs MOAXOIN K PYTHHHOMY
TIOJTHON€HOMHOMY CEKBEHUPOBAaHHIO TEHOMOB PH-
HOBUDYCOB € MCMOJIb30BaHHEM TEXHOJIOTHH aMII-
mubukaunu SMART.
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COMPARISON OF THE LEVEL OF VITAMIN D
IN PRETERM INFECTED AND UNINFECTED
INFANTS

M. Zakerihamidi*, H. Boskabadi®, R. Faramarzi"

" Islamic Azad University, Tonekabon, Iran
" Mashhad University of Medical Sciences, Mashhad, Iran

Abstract. /ntroduction. Despite the substantial progress in intensive cares, sepsis is still an important cause of neonatal mor-
tality, Given the role of vitamin D in infection control, this study was conducted to compare vitamin D level in infected and
uninfected preterm infants. Materials and methods. This cross-sectional study was carried out on 87 preterm infants (45 in-
fected infants and 42 uninfected infants) hospitalized in Mashhad Ghaem Hospital, Iran, during 2015-2017. The subjects
were selected by using convenience sampling. The infected infants (n = 45) included babies with clinical and laboratory
findings compatible with infection and/or positive blood or cerebrospinal fluid cultures. The serum levels vitamin D were
measured in all infants. A researcher-made questionnaire containing demographic, clinical and laboratory features of in-
fants was used. In addition, independent t-test and chi-square test were applied. SPSS was used to perform the statistical
data analysis. Results. 83% of infants had vitamin D deficiency 34.5%, 26.4%, and 21.8% of whom exhibited severe (less than
10 ng/ml), moderate (10.1-20 ng/ml), mild deficiency (20.1-30 ng/ml), respectively. The mean vitamin D level of infants
was 23.3119.40 ng/ml in the control group and 11.0248.64 ng/ml in the case group (p = 0.000). In the case group, the mean
vitamin D was 8.14+5.53 ng/ml in early sepsis and 12.62+9.75 ng/ml in late-onset sepsis (p = 0,121). 95% of infected infants
and 71% of uninfected infants had vitamin D less than 30 ng/ml (p = 0.003). Conclusion. Vitamin D deficiency is very com-
mon in preterm infants. Serum vitamin D levels in infants with sepsis were lower than those in uninfected infants. Therefore,
the correction of vitamin D deficiency may contribute to better control of neonatal infection.

Key words: preterm infants, vitamin D, sepsis, meningitis, infection, neonates.
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METOIOM ciyyaliHoi BriGopkH. B rpynny nHOUIHPOBaHHEIX (n = 45) OLUIM BKIIIOYEHB MIaeHIIE C KIIHHHYECKHMHE
U 1a00paTOPHBIMH AaHHBIMH, COOTBETCTBYOIIHMH HHOEKIHH, H/HIIH NONOXHTETbHEIMHA BHICEBAMH KPOBH MJIH CITHH-
HOMO3rOBOI XHIKOCTH. YPOBHH BHTaM#Ha D B CHIBOPOTKE KPOBH ONpPES/IsIH Y BCeX MiaaeH1ies. bbiia HCnons308aHa
paspaboTaHHas HaMH aHKeTa, COOepXailas AeMorpapHuecKue, KIMHHICCKHUE W J1abopaTopHbIE JaHHBIE MIAICHIIES.
Craructuyeckas 06paboTKa IaHHLIX TPOBOTHIACH B Tporpamme SPSS 1 BKTI04aia OLEeHKY He3aBHCHMOTO I-KPHTEPHS
W KPHTEpHS XH-KBaapart. Pezyismamsi. Y 83% maaneHues Obin sbisgieH neduuut sutamusa D, nipu stom y 34,5, 264
u 21,8% vcraHoBneHa Tsaxenas (meHee 10 Hr/an), ymepensas (10,1-20 ur/ma) u nerxas crenexs nedumura (20,1—
30 ur/mu) coorBercTBerHO. CpenHuil ypoBeHb conepxaus BuTamuua D y maanenues coctasun 23,31+9.40 ur/ma
B KOHTpoabHO#H rpynne u 11,02£8,64 ur/ma B ocrosHoii (p = 0,000). [Ipu parHeM 1 MO3IHEM CENCHCE B OCHOBHOI
TpyMIie CPEIHMIA YpOBeHb BUTaMuHa D coctaBun 8.14%5.53 u 12,62+9,75 ur/ma (p = 0,121) cootBeTcTReHHO. ¥ 93%
HHOHIMPOBAHHBIX M 71% HeMHOULUMPOBAHHLIX MIaIeHeB VpoBeHsb BuTaMiuHa D 6su1 Menee 30 ur/ma (p = 0,003).
Buigoder. Jeduunt sutamuHa D BeTpeyaeTcs y HENOHOMEHHBIX AeTel I0BONBHO YaCTO. YpoBeHs BHTaMuHa D B ChiBO-
POTKE KPOBH Y HEJIOHOINEHHBIX HOBOPOXIGHHBIX C CETICHCOM OBLT HILKe, YeM Y HeHHOHIHpoBaHHEIX. CllenoBaTebHo,

KOppeKius aeduunTa BitaMuta D MoXeT NpengTCTBOBATh Pa3BUTHIO TSXEABIX (HOPM HEOHATAIbHOM HHMEKIIHY.

Kamwuessie ca08a: nedorowennsie demu, sumamur D, cencuc, merunzum, unexyuonnoe 3a601e8anue, HOBOPOICOCHHHE.

Introduction

Neonatal sepsis. a serious disease with high mor-
tality, remains a major challenge for neonatologist due
to both non-specific symptoms and the lack of a de-
finitive early diagnostic test. This condition leads
to increased length of stay and higher treatment costs
for families, communities and health systems, espe-
cially in developing countries with limited neonatal in-
tensive care resources, limited space, and personnel [6].

The prevalence of neonatal bacterial sepsis varies
from 1 to 4 cases per 1000 live births. It is estimat-
ed to be higher in the preterm infants, with at least
21% experiencing at least one episode of infection.
Infections account for about one-quarter of causes
of mortality in Mashhad Ghaem Hospital [6, 24, 31,
33]. Identifying risk factors for neonatal infections
and making proper corrections can play a significant
role in infection control. Prematurity is undoubtedly
the most imporiant risk factor for neonatal infection
and immune system immaturity is a major predispos-
ing factor for infection in preterm infants. Cellular
and humoral defense mechanisms have not still yet
developed sufficiently in preterm infants, and neutro-
phils are deficient in both quality and quantity [30].

Vitamin D, a fat-soluble vitamin, play a role
in calcium metabolism and bone mineralization, as
well as having a regulatory role in the immune sys-
tem function, including macrophage [25]. Vitamin D
is essential for proper functioning of the innate im-
mune system via peptides in epithelial cells. neutro-
phils and macrophages [25, 30].

The mechanical barrier of skin and other epithelial
surfaces are among the first protective barriers against
infection, and activated vitamin D plays a vital role
in maintaining the integrity of epithelial cells [5].

Prematurity is associated with an increased risk
of vitamin D deficiency. Vitamin D deficiency (serum
25-hydroxy vitamin D level less than 50 nmol/L) dif-
fer between preterm infants worldwide, with 64%, 83%
and 82% of preterm infants with vitamin D deficiency
reported in America, India and Iran, respectively.

Low vitamin D levels are associated with intrauterine
growth retardation, preterm delivery, hypertension,
and neonatal complications during pregnancy [6, 15].
Some studies have reported that insufficient vi-
tamin D (deficiency and inadequacy) is one of the
important causes of acute respiratory tract infection
ininfants and children [13, 32, 34]. There hasbeen an
association of vitamin D deficiency with respiratory
syncytial virus infection during infancy [33]. On the
other hand, vitamins and micronutrients can play
an important role in supporting the human immune
system, and their homeostasis is key in the response
to infection. Micronutrient inadequacies and defi-
ciencies constitute a global heaith issue, particularly
among countries in the Middle East [2]. The defi-
ciency of vitamins A and D is very common in moth-
ers and children due to improper diet and the loss
of these materials during periods of recurrent infec-
tion particularly in the Middle East and Asia [10, 17].
* Vitamin D deficiency can be considered as one rea-
son for weak immune system in preterm infants, lead-
ing to the prevalence of infection with increasing age
through weakening innate and specific immune sys-
tem. Given the high prevalence of infection in infants,
especially in preterm infants and the possible role of vi-
tamin D in immune system function; this study aimed
to investigate the relationship between incidence of in-
fection and vitamin D level in preterm infants.

Materials and methods

This cross-sectional study was carried out on 87
preterm infants with a birth weight of less than
2000 g or gestational age less than 34 weeks, hospi-
talized in Neonatal Intensive Care Unit (NICU) at
Mashhad Ghaem Hospital, Iran, between 2015 and
2017. The subjects were selected through conveni-
ence sampling. After obtaining ethical approval and
written informed consent from the parents, infants
with clearly congenital anomalies, death in the de-
livery room, maternal substance abuse, and severe
asphyxia were excluded from the study.
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A 1.5 cc blood sample from the umbilical cord
was collected following the birth. The prepared sam-
ples were centrifuged, and their serum was stored at
—20°C and sent for laboratory evaluation. Vitamin D
levels were measured using an Elisa Reader RT2100¢
(Germany) and Elisa Washing machine with the ELISA
method. Vitamin D levels of the infants were divided
into four categories: severe (25-hydroxy vitamin D
level of less than 10 ng/ml), moderate (10.1-20 ng/
ml), mild deficiency (20.1-30 ng/ml), and normal
(> 30.1 ng/ml). Demographic characteristics of in-
fants including birth age, sex, and birth weight were
recorded in a checklist developed by the researcher.
Apgar scores, need for resuscitation, intrauterine
growth restriction, asphyxia, respiratory distress,
blood culture, spinal cerebrospinal fluid culture,
CBC, the number of blood platelets, ESR, C-reactive
protein (CRP), intraventricular hemorrhage (IVH)
and Respiratory distress syndrome (RDS) were re-
corded in the checklist. Then, the infants were fol-
lowed up until hospital discharge, and if there was
a clinical or definitely infection, they were followed
up. The uninfected and infected infants groups were
compared in terms of serum levels of vitamin D

Generally, definitive infection included the in-
fants with positive blood culture (sepsis) or cerebro-
spinal fluid (CSF) (meningitis) and urine (urinary
tract infection). Cases with CSF liquid cytology,
white blood cells (WBC) > 30 with preferring neu-
trophil with or without protein > 150 mg/dl, and sug-
ar less than 35 mg/dl were considered as cytological
meningitis. Clinical sepsis was defined as two clini-
cal signs accompanying (lethargy, apnea, respiratory
distress, restlessness, seizures, need for mechanical
ventilation, abdominal distention, hypotension and
food intolerance) and two laboratory signs (20 000 <
WBC or < 5000), thrombocytopenia (Plt < 150 000/
uL) and CRP = 10 mg/dl)) without a positive culture.
When the positive cultures were taken, early and late-
onset sepsis were considered after the first three days.
After collecting data and inputting it into SPSS,
the study was examined using tables, diagrams, and
statistical indicators. In order to evaluate the rela-
tionships among variables after controlling the nor-
mality, an independent t-test was used for normal
cases. Chi-square test was used to analyze the rela-
tionships among variables with the nominal scale.
A p-value less than 0.05 was considered statistically
significant.

All statistical analyses were performed using
the Statistical Package for Social Sciences (SPSS)
software, version 20.0 (IBM Corp., Armonk, NY,
US). Depending on their distribution, the data were
presented as mean and standard deviation or as
median and interquartile range. Frequency meas-
ures were presented as numbers (n) and frequencies
(%), Demographic characteristics were compared
between the infection group and control groups.
The independent sample t-test was used for normally

distributed variables and the Mann—Whitney U-test
was used for non-normally distributed variables
to determine differences between the two groups.
P values of less than 0.05 were considered to indicate
statistical significance.

Results

Of the 87 cases, 45 (51.7%) of uninfected infants
were in the control group, and 42 (48.3%) of infect-
ed infants were in the case group. The infants in the
case group included 24 (27.6%) with sepsis, 3 (3.4%)
with meningitis, 7 (8%) with meningitis plus sepsis,
4 (4.6%) with cytological meningitis, and 4 (4.6%)
with clinical infection. Among the infants, 15 (35.7%)
had early-onset infection and 27 (64.3%) had late-
onset infection. The most common causes of admis-
sion were prematurity (66.7%) and respiratory prob-
lems, and the common diagnoses were prematurity,
respiratory distress syndrome and infection.

In the present study, vitamin D levels of the infants
evaluated showed that 83% of them had vitamin D de-
ficiency, of whom 34.5%, 26.4%, 21.8%, and had se-
vere (less than 10 ng/ml), moderate (10.1-20 ng/ml)
and mild deficiency (20.1-30 ng/ml), respectively,
and17.2% of cases were normal (30.1-45 ng/ml).

The mean birth weight of infants was 1395.51+
357.53 g in the control group and 1266.714+280.73 g
in the case group (p = 0.078). The other features of the
study subjects are given in Table 1.

No statistically significant difference were detect-
ed between the two groups with respect to WBC (p =
0.802), neutrophils (p = 0.590), lymphocytes (p =
0.450), ESR (p = 0.871), Plt (p = 0.238), hematocrit
(p = 0,070), height (p = 0.127), weight (p = 0.078)
and gestational age (p = 0.056) (p > 0.05, Table 2).

Statistically significant differences were found be-
tween the two groups in terms of CRP (p = 0.025)
and serum vitamin D (p = 0.001), i.e. vitamin D, first
minute Apgar scores, fifth-minute Apgar scores, and
head circumference were higher while CRP of in-
fants was lower in the control group (Table 1).

The mean vitamin D level of infants was
23.314£9.40 ng/ml in the control group and
11.0218.64 ng/mlin the case group (p = 0.000). In the
case group, the mean vitamin D was 8.1445.53 ng/
ml in early sepsis and 12.62:+9.75 ng/ml in late-onset
sepsis (p = 0.121).

Brain ultrasonography demonstrated intracranial
hemorrhage in 4/45% of infants in the control group
and 40% of ones in the case group (p = 0.021). There
was positive culture in 32.5% of infants on the first
day (p = 0.000) and 65.52% of infants after the third
day (p = 0.000) in the case group (Table 2).

The mean serum vitamin D levels in infected in-
fants were lower than those in the uninfected cases,
with rate 5.30£1.65 ng/ml in the clinical infection
and 7.10£2.15 ng/ml in the available cases along with
sepsis plus meningitis (Table 3).
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Table 1. Comparing the mean infant variables in the two control and case groups

Variables Infants in the cpntrol group Infants in the case group Level of significance
45 (51.7) infants 42 (48.3) infants (T-test)

CRP 5.4+11.5 30.50+48.05 0.035*
ESR 8.80+3.70 711£2.10 0.871

WBC 11.66£5.17 12.34£7.43 0.802
Neutrophils (%) 45.00£7.07 51.14+15.18 0.580
Lymphocytes (%) 50.50+4.94 41.35+16.08 0.450
Platelets (pL) 330 084+76 026 370 18061 132 0.238
Hematocrit (g/dl) 46.97+3.26 42.12+6.70 0.070
Vitamin D for infant (ng/mil) 21.23+9.83 11.47£11.35 0.001

Gestational age (weeks) 31.7442+2.08 30.7250+2.64 0.056
First minute Apgar score 7.29+1.48 6.15+2.02 0.005
Fifth minute Apgar score 8.62+1.12 7.73+1.55 0.004
Height (cm) 40.57+2.77 39.53+2.75 0.127

Head circumference (cm) 29.37+£1.58 28.13+2.30 0.016
Weight (g) 1395.51£357.53 1266.71+£280.73 0.078

Note. *Value is expressed as median£lQR. Others values are expressed as means+SD.

According to the results of this study, the inci-
dence of infection reduced in infants as vitamin D

levels increased (Fig.).

40 (95/2%) and 2 (4.8%) infected cases had vita-
min D levels less and higher than 30 ngml while in the
control group, 32 (71.1%) and 13 (28.9%) infants had
low and normal vitamin D levels (p = 0.003).

Discussion

According to the results of the study, over four-
fifth of preterm infants had Vitamin D deficiency,
with 29%, 34%, and 14% experiencing severe, mod-
erate, and mild deficiency, respectively. In the study
by Park et al. (2015), 98.9% of preterm infants had
vitamin D deficiency, with 50% having severe vita-
min D deficiency (less than 10 ng/ml) [28]. In this
study, the average serum vitamin D levels were dou-
bled in infants up to 32 weeks compared to the infants
less than 32 weeks. In a study conducted by Singh et
al. (2016), vitamin D levels in preterm infants were
lower than those in full-term infants. Vitamin D

deficiency was 94.74%, 87.78%, and 82.67% in the
infants below 32 weeks, 32 to 37 weeks, and over 37
weeks, respectively [32]. A significant difference was
observed in vitamin D levels at different gestational
ages (p < 0.001), with higher prevalence of severe and
moderate vitamin D deficiency at lower gestational
ages. On the other hand, infants with gestational
ages over 32 weeks had higher levels of vitamin D
(18.05%11.64 ng/ml) compared to those with gesta-
tional ages below 32 weeks (10.97+6.31) [8].

Infants’ vitamin D status at birth depends on the
mothers’ vitamin D status during pregnancy. The re-
sults of a study showed that the low level of 25-hy-
droxy vitamin D in mother are associated with in-
creased risk of tooth decay in infancy [30]. A study
conducted by Choi et al. demonstrated that majority

-of Korean pregnant women suffer from vitamin D de-

ficiency, which can play an effective role in reducing
vitamin D levels in preterm infants [10]. Cetinkaya
et al. (2015) showed that vitamin D levels were lower
in newborns of mothers with vitamin D deficien-
cy [9]. Therefore, vitamin D suppleméntation during

Table 2. Comparison of some neonatal variables in both control and case groups

Group | Infantsin the contol group | Infantsin the case group Level of significance*
Variable 45 (51.7) infants 42 (48.3) infants (Statistical test (2))
Blood culture (first day)
- positive 0(0) 13 (32.5) 0.000
- negative 42 (100) 27 (67.5)
Second blood culture
- positive (after 3 first days) 0(0) 19 (65.52) 0.000
- negative 33(100) 10 (34.48)
Cerebrospinal fluid culture
- positive 0(0) 10(35.71) 0.081
- negative 6(100) 18 (64.29)
Brain sonography
-normal 43 (100) 30 (83.33) 0.021
- IVH1 0(0) 5(13.89) i
- IVH2 0(0) 1(2.78)

Note. p < 0.05 was considered statistically significant.
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Table 3. Mean serum vitamin D levels in the types
of infant infections

Infection status Sermuvgr:ilgg lvale
Lack of infection (normal) 23.31£9.40
Sepsis 12.2129.27
Meningitis 21.30£14.06
Clinical Infection 5.30%1.65
Meningitis + sepsis 7.10£2.15
Cytologic meningitis 8.75+3.92

pregnancy improves 25-hydroxy vitamin D levels and
can prevent maternal and neonatal complications [9].

Ninety-five percent of our infected infants ex-
hibited low vitamin D levels and 62% of them suf-
fered from severe vitamin D deficiency. In the study
of Workneh et al. (2020), Low levels of vitamin D
in the cord and maternal blood were significantly as-
sociated with neonatal sepsis. Therefore, vitamin D
supplementation for pregnant newborns and women
could decrease neonatal sepsis [35].

In a study performed by Kanth et al. (2016), 36%
of infants in the case group (with earlysepsis) and 13%
of cases in the control group (without clinical and lab-
oratory evidences of infection) had severe vitamin D
deficiency (less than orequal to 12 ng/ml) [18]. In the
study of Rech et al. (2014), the incidence of sepsis was
significantly higher in cases of vitamin D deficien-
cy (37.3%) than in inadequate (28.6%) or adequate
(22.1%) vitamin D levels [29]. In the study of Delrue
et al. (2023), the vitamin D status was investigated
in prenatal sepsis. In the sepsis group’s maternal
and neonatal 25(OH) D concentrations were notice-
ably lower than those of the non-sepsis group (p <
0.001 [12]. The sepsis group had a significantly high-
er percentage of severe vitamin D deficiency than
the non-sepsis group.

As the problems of infants with sepsis increase,
the mechanism of vitamin D deficiency may be due
to the immunological effects of vitamin D; however,
the mechanism of vitamin D is complex in immune
system [1]. According to a study, there was a sig-
nificant relationship between vitamin D deficiency
in mothers and infants and prolonged rupture of the
membranes, with the likelihood of PROM rising as
the neonatal sepsis increased [1].

The important role of vitamin D as a regula-
tor of calcium and bone metabolism is well-known:
however, vitamin D plays a role in regulating the in-
nate immune system through the production of an-
timicrobial peptides in epithelial cells, neutrophils,
and macrophages [11. 16]. Vitamin D plays a crucial
role in prevention sepsis and neonatal diseases [9] as
its function is present in almost all types of immune
cells, and the response to pathogens by vitamin D
receptors [4]. The expression of vitamin D receptors
in some immune cells is controlled by safety signals.
The increase in the number of vitamin D receptors
in the immune system and their regulating by safety

Vitamin D
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Figure. Relationship between infection
and vitamin D level

signals highlight an important role for this hormone
as a regulator of immune responses [4]. In addition
to influencing hormonal response to sepsis, vita-
min D can play a role in the local response of tissue
to infection [26]. 1,25-hydroxy vitamin D3 as the ac-
tive form of vitamin D, regulates the immune system
and targets immune cells such as monocytes, mac-
rophages, dendritic cells, and T and B lymphocytes,
thereby regulating both innate and adaptive immune
responses. Furthermore, immune cells produce
the enzymes that activating vitamin D, allowing lo-
cal conversion of inactive vitamin D to 1,25-hydroxy
vitamin D3 in the immune system [4]. Vitamin D
can reduce the risk of sepsis by increasing LL-37
Cathelicidin levels, which acts an endogenous anti-
microbial peptide and plays a defensive role against
a wide variety of infectious factors such as Gram-
positive and Gram-negative bacteria, fungi, and
micro-bacteria [22, 23]. LL-37 is known as the only
member of the Cathelicidin family of host defense
peptides in humans so that it is primarily produced
by leukocytes and epithelial cells. It regulates a wide
range of biological responses, including direct kill-
ing of microorganisms, chemotaxis and chemokine
induction, regulation of inflammatory responses,
angiogenesis, and wound healing [27].

In our study, 95% of infected infants had vita-
min D levels less than 30 ng/ml, while in the control
group, 71% of cases had vitamin D deficiency (p =
0.003). Aydemir et al. (2014) conducted a study on chil-
dren with sepsis, and the cutoff point of 20 ng/ml
for vitamin D Hydroxy exhibited a sensitivity and
a specificity of 84% and 76% for diagnosing sepsis as
compared with controls [3]. Therefore, serum levels
of vitamin D can be utilized as a diagnostic marker
with high sensitivity, but low specificity or the diag-
nosis of infection.

Vitamin D levels in infants with early sepsis
is approximately 4 ng/ml lower than those in late-
onset sepsis. Although vitamin D plays a role in the
incidence of respiratory tract infections in children
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and adults, its role in the prevention of neona-
tal sepsis is still not entirely clear. In their study,
Cetinkaya et al. (2015) investigated 25-hydroxy vi-
tamin D levels in healthy infants and infants with
early sepsis, and the results showed that lower lev-
els of vitamin D are associated with early sepsis,
and severe vitamin D deficiency is very common
in the infants with sepsis [9]. In a study conducted
by Alves et al. (2015), severe vitamin D deficiency
(less than 10 ng/ml) was obsrved in 69.2% of pa-
tients with sepsis and 48% of patients without sep-
sis [2]. Ginde et al. (2011) evaluated the relation-
ship between the concentration of vitamin D and
severity of sepsis and found that serum vitamin D
levels in patients with severe sepsis were lower than
those in the patients with sepsis without organ dys-
function [14]. The results of a prospective study
conducted by Uday Kanth et al. (2016) demon-
strated that 25-hydroxy vitamin D levels in infants
with early sepsis were significantly lower than those
in healthy infants, and about 36% of infants with
early sepsis exhibited 25-hydroxy vitamin D levels
less than or equal to 12 ng/ml [18]. Innate and adap-
tive immune cells can express vitamin D receptors
and respond to stimulations using 1,25-hydroxy
vitamin D. Vitamin D-binding protein levels are
decreased in the patients with sepsis, leading to ex-
acerbating vitamin D deficiency [34].

The limitation of this study was the hospital
control group which was unavoidable due to the
significance of gestational age as an intervention
factor.
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ASSESSING A RELATION BETWEEN
COMPOSITION OF LUMINAL AND TISSUE
MICROBIOTA AND CERVICAL INTRAEPITHELIAL
CHANGES
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Abstract. The incidence of cervical cancer (CC) in Russia remains at a high level and ranks fourth among all cancers.
CC is preceded by mild, moderate, and severe cervical intraepithelial neoplasia. Human papillomavirus (HPV) is known
to be the main cause for its development being responsible for 99% cancer cases. Despite HPV infection, the oncologi-
cal process occurs only under certain conditions. There are risk factors that indirectly affect the course and emergence
of cervical dysplasia. In recent years, the role of cervico-vaginal microbiome for onset and progression of this pathology
has been actively discussed. Many studies evidence that dysbiosis along with cervical intraepithelial dysplasia is associated
with increased HPV viral load, additionally allowing to clarify a role of specific microorganisms. Despite the knowledge
rapidly accumulating about the nature of vaginal microbiome in cervical precancerous processes, the level of its impact
on disease course has not been fully investigated and is of great interest. Identification of microorganisms that affect
emergence and progression of this pathology will allow to prevent and apply select approach to treatment of dysbiosis,
The aim of our study was to identify a relation between cervical tissue and luminal culturome and severe cervical intraepi-
thelial neoplasia. The study evaluated the microbiota of cervical and cervical canal mucosa biopsy in patients with cervical
intraepithelial changes. According to the study results, the Sireprococcus genus representatives were significantly more
frequent in cervical biopsy specimens in severe dysplasia vs. no cervical intraepithelial changes, whereas cervical canal
cultures provided comparable data. Bacteria from the Corynebacterium genus were found in cervical biopsy specimens
3 times more often than in smear from the cervical canal mucous membrane. The microbiota from cervical and cervi-
cal canal biopsy specimens differ qualitatively and quantitatively particularly regarding prevalence of Streprococcus spp.
representatives being more common in patients with cervical dysplasia. Corynebacterium spp. were detected more often
in cervical biopsy specimens than in cervical canal smears. Thus, the method of collecting biological material has a great
influence on final results.

Key words: cervical intraepithelial neaplasia, cervical microbiome, blopsy specimen of the cervix, bacteriological examination,
Streptococeus spp., Corynebacterium spp.
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OLLEHKA CBSi3U COCTABANMPOCBET HOW U TKAHEBOW MUKPOBMUOTBI

C UHTPASMUTENUANTbHBIMUA USMEHEHMSAMM LLIEMKU MATKU

Yeuko C.M."2, JIamun A.B.', Kazakosa A.B.!, finuenko A.B.!, Canoxxosa H.B.?, Katopkuua E.C.3,
Crontosa MLE.}
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Pe3iome. 3aBonesaemocTs pakoM mieiiku Matky (PIIM) B Poccun no-npexHeMy ocTaeTcs Ha BHICOKOM YPOBHE H 32-
HHMaeT YeTBEPTOE MECTO CPElH BeeX OHKosornyeckux 3abonesanuii. PIIIM npeninecTsyeT epBHKaIbHAS HHTPA-
SNHKTEAWAIbHAA HEOIUIa3Hs JIETKOi, YMEPEHHON U THXeNnoii cTeneHH. Vi3BecTHO, YTO BUPYC NAMHJIOMB! YeJI0BEKa
(BITY) cy:XHT OCHOBHOIM MPUYHHON Pa3BUTHS IaHHOMN NAaTONOTHH M OTBETCTBeHeH 3a 99% cyuaeB pa3BHTHA paKa.
Hecumotps Ha unduuuposanne BITY oHkog0rHyecKuil npoilecc BO3HHKAET TOABKO MNPH HATHYHHA ONpeaeeHHBIX
ycnoBHit. CyniecTByIOT (bakTOpHI DHCKA, ONMOCPEIOBAHHO BAWSAIONINE HA TEYeHHE W BOSHMKHOBEHWH JMCIUIa3HH
meiky MaTku. B mociaegHue roabl aKTHBHO ODCYXKIAeTCsl pOTb LepBHKO-BarHHAJIBHOTO MHKpPOOHOMA B BO3HHK-
HOBEHHMH M NIPOTPECCHPOBAHKH AaHHOI NaToiorni. MHOTHE HCCIeIOBaHHSA CBHACTENBCTRYIOT O TOM, YTO AHCOHO3,
TIPH HajAWYMH 1IEPBHKaIbHONH HHTPa3NUTeIHAIbHOH IUCIIIa3HWH CBA3aH C NOBHIIIEHHOMH BHPYCHOI Harpyskoii BITY,
TaKXe YTOYHSETCS POIb KOHKPETHHIX MHKpOOpraHn3MoB. HecMoTps Ha OBICTPO HAaKaIUTHBAIOIHECS 3HAHHS O Xa-
paKTepe BarHHaNbHOTO MHKPOOHOMa, IPH HAIHYHH NPEAPaKOBEIX TPOLIECCOB MEeHKH MaTKH, YPOBEHbD er0 BIUSHHS
Ha TeyeHHe 3a00neBaHUs 10 KOHIIA He H3YUYeH M mpeacTapiageT 60abmol HHTepec. BrisBIeHHE MUKPOODPTaHH3MOB
BAHSIONAX HA BO3HHKHOBEHHE W MPOTPECCHPOBaHHE AaHHOH MaTONOTHH MO3BOAMT NPOMHIAKTHPOBATL H H30K-
paTeabHO MONXOAHTS K JiedeHHI0 Aucbno3a. llensio Hamero HecaeIoBaHHS OBINO BRISBATH CBA3b MEXAY TKAHEBRIM
¥ TIPOCBETHBIM KVIBTYPOMOM IIEHKH MaTKH H LEPBHKATBHOR WHTPasMUTeIHANbHOH HeOrTa3Hel TSKe0H CTENeHH.
B Hccie10BaHHH OLIEHHBAach MUKPOOHOTa OHONTATA NICHKH MaTKH H CIM3HCTOH 000/I04KHM HePBUMKANBHOTO KaHa-
Jla y MaIIHEHTOB C LIEPBUKATBHBIMH HHTPASNHTEIHAIBHEIMH H3MeHeHHsIMU. COriacHO pe3yabTaTaM HCCIeZ0BaAHNS
NpeACTaBHTENH Poa Streptococcus JOCTOBEPHO Yallle BCTPEYaIHCh B OHONTATE IIEHKH MATKH ¥ NAIHEHTOK C AHCIIIa-
3HeH TSKEN0H CTeNeHH 110 CPABHEHHIO ¢ KEHIIWHAMH 023 HHTPasUTS/IHaIbHbIX H3MEHEHUH HICHKH MaTKH, TOrIa
KaK B [10CeBe W3 LIEPBHKAIBLHOIO KaHajla 3TH Pe3y/IbTaThl ObUIM CONOCTaBUMbI, a 6akTepun u3 pona Corynebacterium
ofHapyXHBanachk B 6HonTare mieH KM MaTKH B 3 pa3a 4aille, YeM B Ma3Ke CO CIM3HCTOlH 000/1049KH IePBHKATBHOIO Ka-
Hana. MEKpoOHOTa OHONTATA MIeHKH MaTKH H LIEPBUKANLHOIO KAHANA KAYeCTBEHHO H KOTHYSCTBEHHO OT/IHYAIOTCS,
B YaCTHOCTH BCTPEYAEMOCTb NpeACcTaBATENCH Strepiococcus Spp. OTMedYaeTCs Yallle y NallHEHTOB C HaTHYHeM JHCIIa-
3HM WeHKH MaTKH, a Corynebacterium spp. — B OuonTare meliKy MaTKH 110 CPaBHEHHIO C Ma3KOM W3 HEPBHKAIbHOTO
Kanana. TakuMm o6pa3oM Boibllioe BAUSHHE HA Pe3yabTaT HMeeT crocob copa MaTepHana.

Kaiouesnie ca06a: yepsuxaibHas uNmMpasnumesuaibHas HeONAA3UR, UePEUKANbHNI MUKPOGUOM, Duonmam weiiku Mamxu,
Gaxmepuoaoeuveckoe uccaedosarue, Strepiococcus spp., Corynebacterium spp.

Microbiota plays a key role in human physiology
and maintenance of homeostasis. In recent years,
knowledge about the microbiome has changed sig-
nificantly [4]. It is known that the vaginal ecosystem
is a metabolically and microbiologically complex en-
vironment. In most women, the vaginal microbiota
is dominated by numerous varieties of Lacrobacillus
spp., which form the colonization resistance of the
mucous membranes. Thus, the loss of dominance
of Lactobacilius spp. promotes colonization by anaer-
obic bacteria and an increase in microbial diversity,
which in some cases contributes to the progression
of cervical intraepithelial neoplasia. The develop-
ment of cervical cancer is known to be associated
with persistent human papillomavirus (HPV) infec-
tion [3]. Most often, HPV infection is transient [5],
but long-term persistence of HPV is associated with
an increased risk of cervical intraepithelial neopla-
sia (CIN) and cervical cancer [5]. Dysbiotic chang-
es in the vaginal microflora are a risk factor for the
persistence of HPV infection [2, 7]. Recent studies

show a relationship between cervico-vaginal micro-
flora and the progression of CIN. With the advent
of modern methods for diagnosing the state of mi-
crobiome and rapidly accumulating knowledge
in this area, many issues require further study and
systematization.

The purpose of the study was to reveal the con-
nection of tissue and luminal culture of the cervix
with severe cervical intraepithelial neoplasia.

The study was conducted on the basis of Samara
State Medical University. The study involved 29 women
of reproductive age (from 18 to 45 years). All patients
were divided into two groups. The main group included
women with severe intraepithelial lesions (10 people).
The comparison group included women with no in-
traepithelial changes in the cervix (19 people).

The exclusion criteria for both groups were: preg-
nancy, HIV infection, hepatitis B, C, patients who
received antibiotics within 15 days prior to taking
a sample or who had intercourse/douching within
48 hours prior to sampling.
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To study the cervical microbiota in women
of both groups, a microbiological examination
of cultures of the mucous membrane of the cervical
canal and biopsy specimen of the cervix was car-
ried out, The method of seeding the biopsy speci-
men of the cervix was conducted according to the
author's method (patent for invention No. 2784053).
Collection of material from cervical canal of the cer-
vix was carried out with a sterile swab, biopsy of the
cervix with a gynecological conchotome with endo-
video control (patent for utility model No. 213605).
After collection, the samples were placed in liquid
Amies transport medium and delivered to the labo-
ratory within 2 hours under isothermal conditions.
In the laboratory, the material was placed on an ex-
panded set of solid nutrient media: 5% blood agar
(HiMedia, India), anaerobic agar (HiMedia, India),
veillonella isolation agar (HiMedia, India), clostrid-
ium isolation agar (HiMedia, India), bifidobacteria
isolation agar (HiMedia, India), lactobacilli isolation
agar (HiMedia, India), universal chromogenic me-
dium (Bio-Rad, USA). The cultures were incubated
for 5 days at 37°C under aerobic and anaerobic condi-
tions. Then, using MALDI-ToF mass spectrometry
(Microflex LT, Bruker), all isolated microorganisms
were identified.

The present study evaluated the qualitative and quan-
titative composition of tissue and luminal microbiota
in the smear from the cervical canal and biopsy speci-
men of the cervix, as well as the association of micro-
biota with cervical intraepithelial changes in the cervix.

Statistical analysis was carried out using
the StatTech v. 2.8.7 (developer — Stattech LLC,
Russia). Comparison of percentages in the analysis
of the four-field contingency tables was performed
using Pearson’s chi-square test, Fisher’s exact test.
The link between the signs was regarded as statisti-
cally significant at a significance level of p < 0.05.

Representatives of the following genera of bacte-
ria were isolated from the obtained material (Table 1).

As a result of evaluating the frequency of isolation
of Streptococcus spp. bacteria, depending on the pres-
ence of intraepithelial changes in the cervix, statisti-
cally significant differences were found (p = 0.017).
In the biopsy specimen of the cervix with intraepithe-
lial changes, bacteria of the genus Streprococcus were
found in 70% of cases, whereas in the biopsy speci-
men without dysplasia — in 21.1% of cases.

The presence of Streprococcus spp. in the biopsy
specimens in patients of the main group was detected
8.750 times more often than in the control group,
the differences in chances were statistically signifi-
cant (95% CI: 1.528-50.112).

Then a study of Streprococcus spp. in a smear from
the mucous membrane of the cervical canal was con-
ducted. In patients with cervical dysplasia, bacteria
of this genus were detected in 50% of cases, without
dysplasia in 47.4% of cases, while there were no sta-
tistically significant differences between the groups.

A study of the species composition of Streprococcus
spp. in a biopsy specimen and in a smear from the cer-
vical canal was also carried out (Table 2).

The data obtained suggest that the presence
of Streptococcus spp. is a marker associated with
the presence of cervical dysplasia. The greatest num-
ber and variety of strains of Streptococcus spp. was
found in a biopsy specimen of the cervix in patients
with dysplasia. The most common was §. angino-
sus, which, along with 8. oralis, S. mitis, S. sanguinis,
is part of the oropharyngeal microflora and these spe-
cies cause oral pathology. The role of these micro-
organisms in the development of genital pathology
is not fully understood. Their appearance in the vagi-
nal microflora may be due to the prevalence of un-
protected oral-genital contact. Thus, representa-
tives of the genus Streprococcus are associated with
the activation of many inflammatory cytokines and
can affect the epithelial cells of the vagina and cervix,
thereby contributing to the occurrence or progression
of intraepithelial lesions of the cervix [6, 8, 12, 13, 14].

In comparing the qualitative characteristics of the
microbiota of the biopsy specimen of the cervix and
that of the cervical canal in the study groups, statis-
tically significant differences were found for repre-
sentatives of the genus Corynebacterium spp. These
bacteria are able to adhere to vaginal cells and bind
to extracellular matrix proteins such as fibronectin.
When forming microbiocenosis in female reproduc-
tive tract, they affect the production of cytokines
in the epithelial cells of the vagina. This allows them
to compete with other microorganisms for adhesion
sites and exist in the vaginal ecosystem both in health
conditions and in various infectious diseases of the
external and internal genital organs.

The data obtained by us indicate the ability

of Corynebacterium spp. to invade, since they were

significantly more common in the biopsy specimen
of the cervix than in the smear from the cervical
canal, which is an important result of the diagnos-
tic search. However, there was no difference in the
quantitative composition of Corynebacrerium spp.
in the biopsy specimen of the cervix of the main
group (47.4%) and the comparison group (60%), as
well as in the smear from the cervical canal — 15.8%
and 20% respectively.

The species composition of Corynebacterium spp.
is presented in Table 3.

The greatest variety of Corynebacterium spp. was
found in the cervical canal of the cervix, which con-
firms the ability of this genus of bacteria to adhere.
Colonizing the vaginal biotope, corynebacteria in-
teract with various strains of microorganisms |1, 11].
Scientific publications show conflicting data about
their role in the human body. C. aurimucosum causes
urinary tract infection, C, accolens — pelvic osteo-
myelitis and granulomatous mastitis. In women with
cervical cancer, C. amycolatum is found in the vagi-
nal microbiome, but according to another study, this
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Table 1. Inter-group qualitative characteristics of cervical and cervical canal biopsy microbiota

Cervical biopsy specimen Cervical canal smear
The genus (number of patients) (number of patients) p
of microorganisms | Comparison group Main group Comparison group Main group
(n=19) (n=10) (n=19) (n=10)
Staphylococcus spp. 14 (73.7) 8(80.0) 9(47.4) 8(80.0) 0.155
Photobacterium spp. 0(0.0) 0(0.0) 1(5.3) 1(10.0) 0.473
Escherichia spp. 4(21.1) 1(10.0) 5(26.3) 1(11.1) 0.664
Enterococcus spp. 9(47.4) 3(30.0) 10 (55.6) 5(50.0) 0.632
Rothia spp. 0(0.0) 0(0.0) 1(5.3) 1(10.0) 0.473
Haemophilus spp. 1(5.3) 0(0.0) 0(0.0) 0(0.0) 0.554
Klebsiella spp. 0(0.0) 0(0.0) 2(10.5) 0(0.0) 0.236
Morganelia spp. 0(0.0) 1(10.0) 1(5.3) 1(10.0) 0.575
Candida spp. 2(10.5) 0(0.0) 1(5.3) 0(0.0) 0.532
Enterobacter spp. 1(5.3) 1(10.0) 0(0.0) 0(0.0) 0.473
Microbacterium spp. 1(5.3) 0(0.0) 0(0.0) 0(0.0) 0.554
Stenotrophomonas spp. 0(0.0) 1(10.0) 0(0.0) 0(0.0) 0.180
Brevibacterium spp. 1(5.3) 0(0.0) 1(5.3) 0(0.0) 0.779
Gardnerella spp. 5(26.3) 1(10.0) 4(21.1) 3(30.0) 0.705
Cutibacterium spp. 2(10.5) 0(0.0) 0(0.0) 1(10.0) 0.367
Actinomyces spp. 0(0.0) 1(10.0) 1(5.3) 1(10.0) 0.575
Campylobacter spp. 0(0.0) 1(10.0) 0(0.0) 0(0.0) 0.180
Fusobacterium spp. 0(0.0) 1(10.0) 0(0.0) 0(0.0) 0.180
Peptostreptococcus spp. 0(0.0) 1(10.0) 0(0.0) 0(0.0) 0.180
Kocuria spp. 1(5.3) 0(0.0) 1(5.3) 0(0.0) 0.779
Aerococcus spp. 0(0.0) 0(0.0) 1(5.3) 0(0.0) 0.554
Peptoniphilus spp. 0(0.0) 1(10.0) 0(0.0) 0(0.0) 0.188
Bifidobacterium spp. 0(0.0) 0(0.0) 0(0.0) 1(10.0) 0.180
Acinetobacter spp. 0(0.0) 0(0.0) 1(5.3) 0(0.0) 0.554
Dermabacter spp. 0(0.0) 0(0.0) 0(0.0) 1(10.0) 0.180
Metamycoplasma spp. 0(0.0) 0(0.0 0(0.0) 1(10.0) 0.180
Dialister spp. 0(0.0) 0(0.0) 0(0.0) 1(10.0) 0.180
Alloscardovia spp. 0(0.0) 1(10.0) 0(0.0) 1(10.0) 0.268
Citrobacter spp. 1(5.3) 0(0.0) 0(0.0) 0(0.0) 0.554
Micrococcus spp. 2(10.5) 0(0.0) 0(0.0) 0(0.0) 0.236
Streptococcus spp. 4(21.1) 7(70.0) 9 (47.4) 5(50.0) 0.017*
Corynebacterium spp. 9 (47.4) 6 (60.0) 3(15.8) 2(20.0) 0.043*

Note. *Significant differences (p < 0.05).

Table 2. Inter-group Streptococcus spp. species composition

Biopsy specimen of the cervix Smear from the cervical canal
o (number of patients) (number of patients)
Species of Streptococcus spp. - - -
Comparison group Main group Comparison group Main group
(n=19) (n=10) (n=19) (n=10)
Streptococcus vestibularis - - 1 -
Streptococcus oralis 1 2 1 -
Streptococcus anginosus 2 7 4 2
Streptococcus mitis - 1 - -
Streptococcus sanguinis - 1 - -
Streptococcus pseudopneumonia - - - 1
Streptococcus galloliticus - - - -
Streptococcus agalactiae - 1 2 1
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Table 3. Inter-group Corynebacterium spp. species composition

Biopsy specim$n OIi the cervix Smear frogm th; cert;vical canal
Spaciss of Coryeabactorkapm: COmparis(:: ':::Jr: = :x)group COmparig:: ':;roeurp = l::it:)group
(n=19) (n=10) (n=19) (n=10)

Corynebacterium aurumucosum 1 1 1 2
Corynebacterium amylocatum 5 3 4 2
Corynebacterium tuberculostearicum 1 2 2 2
Corynebacterium simulans - - 1 1
Corynebacterium pyruviciproducens - = 1 _
Corynebacterium mucifaciens - 1 - -
Corynebacterium coyleae - 1 1 1
Corynebacterium riegelii - - 1 -
Corynebacterium accolens - - - 1

strain is considered as a probiotic, so the role of the
Corynebacterium genus in the vaginal microbiome
is not fully understood [1. 4, 9].

No connection between the remaining identified
microorganisms and intraepithelial changes in the
cervix was found.

In our study, we have identified an association be-
tween the presence of Strepfococcus spp. in the biopsy
specimen of the cervix and the presence of dysplasia.
These results are consistent with the previous studies that
have shown a correlation between impaired cervical mi-
crobiota and the development of cervical dysplasia [5, 14].

However, we found no statistically significant
differences in the presence of Srreprococcus spp.
in a smear from the cervical canal in patients of both
groups, which may indicate the ability of Strepro-
coccus to adhere to the mucous membrane with fur-
ther invasion. The conducted study clearly demon-
strates the decisive importance of the method of col-
lecting material. The resulting microflora qualitati-
vely and quantitatively differs in the biopsy specimen
of the cervix and the smear from the cervical canal.
The data obtained confirm the need for further re-
search in this area.
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CTPAHUL,bl OBLLEA UCTOPUM
MUKPOBUOJIOMMYECKUX LLKOJ1 KASAHU
U CAHKT-NMETEPBYPTA

ILIII. Ucaesa'?, B.B. Cooiiuakos?, B.IO. I'ymunesckuii’

'"@BEYH Kasatckuii nayuno-uccaedogamensekui unemumym anudemuono2uu u mukpobuonroeuu Pocnompebnadsopa,
2. Kazanw, Poccusn

@rbE0Y BO Kasanckuii eocydapemeennbiii medununcruii ynusepcumem Munsdpaea Poccuu, ¢, Kasans, Poccusn
TDI'EBOY BO Boenno-meduyunckan akademus umenu C.M, Kuposa Munucmepcemea oGopons P®,
Cankm-Ilemeplype, Poccus

Peswome. Cratest noarorosiena k 100-rerHemy 0buieio kadeapsl MUKpobuonoruu BoeHHO-MEAMLINHCKON akaaeMun
n 100-neruio co aust npucsoenns umenn Macrepa Cankr-IerepOyprekoMy HayuHO-HCCIEN0BATEILCKOMY HHCTUTY-
TY SIMAEMHUONIOTHH U MUKPOOHOJIOruK. B craThe onucan nepuoji CraHosieH st MUKpobuosornyeckux mkoa Kaszamm
u Cankr-Tlerepbypra B konue XIX — nauane XX B., passutus B 20—30-¢ rr. 1 Bo spems Benukoit OrevecrserHoil
BOHLL CTaThst NOCBAIEHA UCTOPUU B3AMMOACHCTBIA M COTPYAHMYECTBA MEXKAY ABYMS LIKOJAMM, UTO MOCTYXH-
JIO UMITYJILCOM JUIS MX JaJibHeiiero hopmuposanns, B Heit ripescraBaersl MCTOPMYECKHE BEXH pa3BrTH Kadenp
mMukpobuonorun Kazanckoro rocyaapcTBeHHOrO MEAMLIMHCKOrO YHUBEpCUTeTa, BOCHHO-MEAMIIMHCKONW aKajeMun,
HayuHBIX nopasaencinit Kazanckoro HayuHO-HCCIEI0BATEILCKOTO MHCTUTYTA SITHAEMUOIOTMH H MEKPOOGHOJIOTU N
1 Cankr-Ilerepbyprekoro Hay  HO-HCCHEAOBATCIBCKOIO MHCTUTYTA DTTHASMUOIOTMI M MUKPOOHOIOTHH, OCBEIIEHBI
acnekThi (hOPMUPOBAHM A HOBBIX HAYMHBIX HATIPABJICHM I, JaHbl KpaTkue Guorpapuueckune AaHHbIC COTPYAHHKOB Ka-
(hetpsl MUKPOOHOJIOr UM, JCSTENLHOCTL KOTOPBIX Gblta caazana ¢ paboToil B TaHHBIX yupexaenuax. [peacrasneHp
Ouorpaduueckue CBeICHUs, INYHOCTHBIE XapaKTCPUCTUKM, OCHOBHBIC HAMpPABICHUS HAYYHO-TIPAKTHYECKOI Je-
SITE/IBHOCTH M3BECTHBIX YUEHBLIX MHUKPOOMONOroB, paboTaBlInX B pasHbie Mepuoabl cBoel xusun B IMerepbypre
(Tewnurpase) n Kasaun (B.M. Apucrosckuif, P.P. Tenpruep, I1.H. Kamxkun, WU.U. Tpsaxun, A.P. KoHosa,
A.T I'puropsesa-bepenwreitn), [ToapobHo ocseeH bl BOMPOCH! BKJIaJa COBMECTHBIX MCC/ICA0BAH MM JICHMHI PASCKHX
M KA3aHCKUX YUeHBIX B pa3paboTKy U COBEPIIEHCTBOBAHME METOJIOB [IPOMBILLIJICHHOIO NPON3BOACTBA AHTUOHOTHKOB,
JieyeOHO-IIpodhuIak THYCCKUX CLIBOPOTOK, GakTepuodaros B nepuoa Bennkoit OtevecTseHHO BoMHBL Crarhs roj-
FOTOBJICHA C UCTIOJIb30BAHUCM NEPBOMCTOUHUKOB: NyGAMKALMiA, BOCTIOMMHAHN I COTPYAHMKOB Kacheipbl MUKPOOHO-
Jorun KI'MY, BMA, KHUHUSM, CI16 HUUDM umenn IMactepa, 10KYMEHTOB 13 apXUBOB OTACJIOB KaAPOB, a TAKXKE
Haunoransnoro apxusa Pecriybamku Taraperan, apxuBHBIX MaTepuaios Kadenp mukpodbuonorun KI'MY u BMA.
OnucaHbl OCHOBHbIC HAYUHBIC JOCTHIKEHUSI MPEACTABUTEICH KA3AHCKON K cauKT-NeTepOyprekoit mKoibl MUKpPO-
GHOIOroB, UX HAYU MBI BKJIaA B pa3BuTHe MUKPOGHOIOrinu, B 3akIoueH 1 oT™MedaeTes HeOOXOAMMOCTb COXpAHEH Msi
MCTOPUYECKON MaMATH O BKIaJE POCCHUCKMX YHEHBIX B Pa3BUTHE MUKPOOHOIOTUH.

Knrroueanie caosa: ucmopus meduyunnt, meouyunckas mukpobuosoeus, B.M. Apucmoseruii, kasanekasn wxonra mukpobuosozuu,
cankm-nemepbypeckan (Aenunepadckas) wKkoaa MuKkpobuoaoeuu.
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L. Ucaesa, B.B. CBoityakos, B.10. Nymunesckuil Uudexums u mmamysuTeT

PAGES OF THE COMMON HISTORY OF KAZAN AND SAINT PETERSBURG
MICROBIOLOGY SCHOOLS

Isaeva G.S.**, Shoychakov V.B.c, Gumilevsky B.Yu.

= Kazan State Medical University of the Ministry of Health of Russia, Kazan, Russian Federation

* Kazan Scientific Research Institute of Epidemiology and Microbiology of Rospotrebnadzor, Kazan, Russian Federation
< S.M. Kirov Military Medical Academy of the Ministry of Defense of the Russian Federation, St. Petersburg, Russian Federation

Abstract. The paper is prepared for the 100th anniversary of the Department of Microbiology at the Military Medical
Academy and the 100th anniversary of naming Louis Pasteur St. Petersburg Research Institute of Epidemiology and
Microbiology. The article is devoted to the history of interaction between Kazan and St. Petersburg (Leningrad) microbio-
logical schools — from early XXth century to the present day. It provides historical milestones in developing Departments
of Microbiology at the Kazan State Medical University and the Military Medical Academy as well as research depart-
ments both in the Kazan Research Institute of Epidemiology and Microbiology and the St. Petersburg Research Institute
of Epidemiology and Microbiology, highlights aspects of the joint establishment and development of the Kazan and
St. Petersburg Microbiology Schools, provides brief biographical data of the microbiology department staff members,
whose activities were related to work in such institutions. Biographical information, personal characteristics, ma-
jor directions in scientific and practical activities of famous microbiologists who worked in various periods of own lives
in St. Petersburg (Leningrad) and Kazan (V.M. Aristovsky, R.R. Geltzer, PN. Kashkin, I.I. Pryakhin, A.R. Konova,
A.G. Grigorieva-Berenstein) are presented. The efforts of Leningrad and Kazan scientists during the Great Patriotic
War scientists to jointly develop and improve methods of industrial manufacture of antibiotics, therapeutic and prophy-
lactic sera, bacteriophages are covered in detail. The article was prepared using primary sources: publications, memoirs
of employees of the Department of Microbiology at the KSMU, VMA, KNIEM, St. Petersburg Pasteur Institute, docu-
ments from the archives of personnel departments, as well as the National Archive of the Republic of Tatarstan, archival
materials of the Departments of Microbiology of KSMU and VMA. The main scientific achievements of representatives
of the Kazan and St. Petersburg Microbiology Schools, their scientific contribution to development of microbiology field
are described. Finally, it is noted about a need to preserve historical memory about the contribution of Russian scientists
to development of microbiology field.

Key words: history of medicine, medical microbiology, V.M. Aristovsky, Kazan school of microbiology, St. Petersburg (Leningrad) school

of microbiology.

MegnunHCKass MUKPOOUONIOTHS CEroaHsA — 3T0
AMHaMWYHO DPa3BHBAIOLIAsCA OTpacib GyHIAMeH-
TajIbHOM HAayKH, KOTOpasl OTKPLIBAeT HOBbIE FOpH-
30HTHl HALIWUX MO3HAHWH MHUKpOMHpa H JaeT HC-
KJTIOUMTEJIbHbIE BO3MOXHOCTH JUTSI CO31aHUS HOBBIX
TexHONMOTHil. JIOCTHIKeHUS MOJIEKY/isIpHOi Guoi10-
THH ¥ HMMMYHOJIOTMH TIO3BOJIMJIM OCYIIECTBUTH pe-
BOJIIOLIMOHHKI MPOPKIB B 3TOM O0Tpaciid, Oiaroaaps
YeMY CTaj0 BO3MOXKHO He TOJIBKO OhICTpO 0OHapy-
JKHBAaTh HEH3BECTHBIC PaHee MAaTOreHbl ¥ ONEPaTHUB-
HO pearupoBaTk Ha HOBBIC YIPO3bl OHOIOIHYECKOro
ITPOHCXOXIEHH S, HO M, BOODYKMB YeJIOBEKa HHCTPY-
MEHTAMH Ul H3MEHEHHS TeHOM2 M YIpaBjieHHSs
ero (hYHKIMSIMH, PeIaKTHPOBATH FEHOMBI MHUKpPO-
OpPraHM3MOB, MOJIYYaTh MHKDOOPIraHMU3MEI C 3aJaH-
HBIMM CBOMCTBaMU, paciiMdpOBLIBaTE MEXaHH3MbI
B3aWMOJICHCTBHSA MaKpOOpraHu3Ma ¢ MUKpPOOHOTON!
H pa3pabaThiBaTh MEPHI M0 MPOPUIAKTUKE MHOTHX
3aboneBanuil. Ho Bce 3TH JOCTHXEHUS ObUIH OBl
HEBO3MOXHBI 0€3 OCHOBAaTEJbHOIO (HyHIaMEeHTa,
3aJIOXKEHHOTO HalIMMM TpeIeCTBEeHHHKaAaMH —
BeTMKUMM MuKpobuoaoramu: M.A. MedHHKOBEIM,
I'H. l'a6puuesckum, 3.B. EpmonbeBoii, A.A. CMmopo-
auHLEBbIM, A.A. BopoGbheBbIM 1 MHOTHMH ADYVTHMH.

CTaHOBIEHHE YYEHOro HEBO3MOXHO 0e3 yua-
CTHA B ero cyabbe HaCTaBHUKA, YYHUTEN s, IIKOJILL.
TMosToMmy obpauieHe K Hanlei HCTOPHH MOXET No-
MOYb MOHSATH HCTOKYW HALIMX JOCTHREHH I, OCMBIC-

JHUTh HAIlH Heyladd, YTOOBl ABHUraTbCs HaJIbIIe.
OaHHM W3 NMOBOIOB MOATOTOBKHM 3TOM mybimka-
IIMH CTaau 100HIeliHbIe COOBITHSA B HCTODHH ABYX
MHKpoOHonornueckux mxkoin — Kaszanu u CaHkT-
IMerepbypra: B 2020 r. — 100-netne Kadeaps:

'‘MHKpOOHOJIOrMH MMeHHM akaaemMuka B.M. Apwc-

TOoBCKOro Ka3aHCKOro rocyaapcTBeHHOTO MeIH-
HWHCKOro YHuBepcuTeTa ¥ 120-1etue KaszaHnckoro
Hay4YHO-HCCHIEIOBAaTEIbCKOTO HHCTHTYTa 3ITH-
AeMHONOrHH H MHKpoOuomormu, B 2023 r. —
100-1etie xadenpsi MuKpobuonsoruu BoeHHO-
MEAHIHHCKONH akagemMun uMenum C.M. Kwuposa
u 100-1eTHe co aHs npucBoeHHsA HmeHH [lacrepa
Cankrt-TleTepOyprckoMy HayYHO-MCCJIEIOBaTENb-
CKOMY MHCTHTYTY 3MHAEMHUOJIOTMH H MHUKpOOHO-
norun. B Hamedl nyOnWMKalMH MBI NOCTapaeMcs
OCBETHTH OCHOBHHIE BEXM B Pa3BHTHH B3aMMOICH-
CTBH S 3THX NPOCJIaBICHHBIX VUPEeXACHH, OTAATh
JaHb MaMATH JIIOOSAM, BHecHInM CONBIIONH BKIax
B X Pa3BUTHE.

Koneu XIX — nHagano XX B. 03HaMEHOBATHChH
CTaHOBJCHHEM MHKPOOHONOrMH KakK (yHIaMeH-
TalbHON HAaVKHW, B KOTOPOM BeAyIiee 3HadYeHHE
CHITPaNM OTKPEITHS TeHWAJNbHOTO (DpaHIIy3CcKO-
ro ygesHoro Jlym I[lactepa. ITox pykKoBOICTBOM
INacTepa B CO3MaHHOM WM HWHCTHTYTe pabortanu
COTPYVIHMKH W3 pa3HbIX CTPaH, 4TO CTAJO MMYCKO-
BBIM MEXAHHM3MOM Jjisi Pa3BUTHS MHUKpPOOHOIO-
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CTpannus UCTOPHM MUKPOGHONOrM4ECKMX WKON

ruu. Cpeau moduMmuix yuennkos [lacrepa 6win
Hanea Uiabny MeUHHKOB, BIIOCACACTBHH CTABIIHIHA
ero samecrurencMm. JlaGoparopus MeuHukoBa
Obila He TOJBKO HayYHLIM MOApa3ae/ieHueM
[TacTepoBCKOro MHCTHTYTa, HO W CBOeoOpasHOH
KY3HMUEH KaapoB, Kyaa Cbe3KaauChb MOJOILIS
yueHbie co Beeit EBponni s 00yveH s H HayYHBIX
uccrneaosanuit. Bor kak Ilons ne Kpiou B xHure
«OXOTHMKH 32 MUKpOOaAMK» TIO3THYHO ONMMCHIBA-
er pabory B 210 naboparopun: «B 3ro# nabopa-
TOPHH CTO ceprell DMIIHCh KaK OIHO, U CTO YMOB
OBLTH OnePKHUMBEL OAHONH M TOH KE MBICABI) — CO3-
JIATH CAABHYIO MUYCCKYIO NOIMY 00 3THX... DNyK-
NAUIMX KAeTKAX, KOTOpbIC, YuYAB Npubankenne
CMEpPTENBHOrO Bpara, YCTPEMJAAKOTCS K HEMY... M,
BCTYNUB ¢ HUM B G0#i, 3amMilaloT Hac oT cMep-
Ti» [1]. B 2T0i KHHTE Cpeay MHOIOYHCIEHHBIX MO~
vomHnkos U.U. Meunnkona ynomuHaercs Usan
I'puropsesuy CasueHko (puc. 1).

HUsan Mpuropewesny 661 KoMaunauposad B UH-
crutyT [Macrepa B 1895 1. Tlocae okoHuUaHUA Ha-
YYHOI CTaXUPOBKH OH, BAOXHOBJICHHBIH HOBbI-
MH uaesiMH, npubsin B KoHue 1896 r. 8 KasaHs.
W.T. Casuenko sciomuHan: «CBocnuraHHbi i B Ta-
Koit armocdepe MuernryTa lNMacrepa, BocnpuHsB-
wuit emte o1 wkoss! Munxa u [MoaBLICOUKOro ux
OTHOIUCHHE K HAYKE, BO BCCOPYXHH 3TOH nocnea-
Hel s npubein 8 Kasaus. S nonyunsn naboparo-
PHIO, COBEPIICHHO HENMPHCIOCOGACHHYIO K Hayy-
HBIM paboTaM, a TakXe BHOBb MOCTPOCHHBLIN
Baxkrepuonornyecknit Mucrutyr. OGopynoBath
yvupexaeHue Juis paboTsl ObIJIO TOTAA JISTKO: CPen-
CTBA OTTIYCKATMCh HeApo U 30sioToM. Yeped He-
CKONBKO MECSLIEB M3-3a rPpaHMllbl IPUOLLIO BCE,
HeoOxoauMoe ans paboTel, H S MOT IPONOJIXKATH
CBOM HCCJICNOBAHMA B CBPONCHCKOM HayIHOM
macwrabers [10]. B Kazanckom Mmneparopcekom
YHHUBCPCHTETE eMy ObLIIIO TIPEe//IOXKEHO 3aBe10Ba-
HUe Kadenpoit obuieit NaTroNoruM, rac nosaHee,
B 1903 r., OH CcTaN YMTATE CTYACHTAM KYPC JICK LM
no dakrepuosnoruu. Ha nepeeix nopax csoeit pa-
6ot B KasaHu oH 00paTHiIcs K M3YHEHHIO HMMY-
HHUTETA NpH Bo3spaTHOM TUdE. DTa paboTta no3po-
auna Usany FpUropbeRHYY HAMETHTD OTTIPABHBIC
TOYKH, B MOCACAYIOIIEM CTaBliMe OCHOBOM ero
OPHIHHAIBHBIX UMMYHOJMOIHYECKHX HaeH, Kaca-
IOLIMXCH MEXAHM3IMA W NpHpoakl (harouMTapHOM
3alNTHL OpraHu3aMa. DTOT MPOLecc OH paccMa-
TPMBaa B BuJe ABYX(Da3HOH peakuMH, Kaxiaas
¢asa KoTopoit mporekaeT no 3akoHam Gbusnve-
CKOW XMMHH, CBOHCTBEHHBIM PEaKUMAM ancopb-
HOHHOTO THNA [3].

Takxe nomxHbl OBITE OTMEYEHH paboThl
WU.I. CapueHKO, UMCIOUIHE HE TOJBKO NpUKIan-
HOE MPaKTHYCCKOC 3HAYEHHE, HO M TEOpCTHYE-
CKYIO UEHHOCTh. TAaKON SBISCTCH €ro COBMCCTHASs
¢ J.K. 3aGonorumm (1893) pabora, ceazanHas
C r¢pPOMYECKM NMPOUIBEACHHBIM UMM Ha camMux cebe
OIBITOM MMMYHH3AUMUK TPOTHE XOJCPhl 4Yepes

por. E¢ npuHUMNIHANILHOE 3HAYEHHE 3aK/TI0NAeTCH
B TOM, YTO OH& ABJACTCH OJHONM M3 nepsuix pabor,
MOK&3aBIIMX BO3MOXHOCTL MEpoOpajbHON HMMY-
HU3ALMH MPOTUB KNIIETHBIX WHeKI i,

B 1905 r. MUpaH I'puropbeBH4, HCXOAS M3 CO3-
JaHHOTO MM TNPeACTaBJICHMA O MaToreHe3e cKap-
NaTHHBI, OTKPBII crenuduyeckuit ckapiarHHO3-
HbIf TOKCHH TEMOJMTHUYECKOr0 CTPENTOKOKKa
# n3roroBua B KasaHcKOM OakTePHONOrHYECKOM
HHCTHTYTC AHTUTOKCHYECKYIO [IPOTHBOCKAPE-
THHO3HYIO JIe4eOHYIO CBIBOPOTKY, KOTOPYIO OH
cosMecTHO ¢ npodeccopom B.K. MeHbIINKOBBIM
arrpobupoBan Ha GOABHBLIX MEANMATPHYCCKON KITH-
HHUKH YHHBepcuTera. MHoro Jjier criyera 8 1917 r.
AHAJIOTUYHAS CHIBOPOTKA, H3rOTOBJICHHASN 10 TOMY
Ke MeTomy, Obia MPeIoKeHa AN JICHEHUS cKap-
natuubt cynpyramu [JUkopax u Mnaxuc [Iuk, npu-
qeM AMEPHKAHCKHE ABTOPbLI BBIHVKJICHBI ObLIM
MPH3HATH IPUOPHTET TOro OTKPLITHA 3a MBaHOM
I'puropsesuuem [12].

CoBepIICHHO eCTECTBEHHO, 4TO, Korna B Kazann
1o nunumraruse npodeccopa Hukonas ®enoposuya
Bricoukoro, 6ui1 co31aH OIMH U3 nepsuix B Pocchu
Gaxrepuonormyeckux HHeruryToB, M.I. Capuenko
C CAMOr0 ero OCHOBAHHSA CTaJl UIPaTh TaM IJIABHYIO
posb. M.T. CaBueHKO BOCIIUTA TUICSIY BbIAAIOLIHX-
Csl YYEHHUKOB, CPe/IH KOTOPLIX BhLAEAAETCs Bsayecnas
Muxainosny ApuctoBckuit. OH HaumHan pabory
B nabopaTopuH (QHIMONOTHYECKON XUMMH 1ON py-
KosozcrsoMm npodeccopa AA. [Manopmosa nocie
OKOHYaHM A MeAHLIMHCKOro hakynsrera Kazauckoro

Pucynok 1, Usau MNpuropeesuy Casyenko
Figure 1. lvan Grigoryevich Savchenko
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Pucynok 2. 06noxka gucceprauuu
B.M. Apucrosckoro

Figure 2. Cover of V.M. Aristovsky's dissertation

HMmneparopekoro  yHusepcurera B 1908
Ho B 1909 r. nepewen B Kasauckuit GakTepuonoru-
yeckuit MHCTUTYT (Ghisinee Haszpanne KHUUBM
g Havase XX B.), rae noayuun GpyHAaMEHTAIBHYIO
HMMYHOJIOIHMECKYIO H MUKPOBHONOIHYCCKYIO 1101~
roTOBKY 1noa pykosojacrsoM rpodgeccopa M.IN Cas-
yerko. B 1912 r. uM Guisla sammuieHa AOKTOpCKas
JHccepTalms: «BAUaHHE PEAKIIUK CPE/Ibl HA CIICLH-
buyeckuit wnrosanss [3] (puc. 2).

B 1916 1. Bsuecnap Muxaitiogny 6t npussan
H2 BOCHHYK CAYXOY M Ha3HAYCH IOMOLIHUKOM
sapenyiomero OcoGoit naGoparopuu no Haro-
TOBJICHHIO TNPOTHBOOYOOHHOUYMHBIX npenapa-
ToB «MBM» KpoHwraarckoro duora («HymHOR

Pucynok 3. Mpodeccop B.M. Apucrosckui

u acnupanT 3.X. Kapumoea 3a paGotoii (1931 r.)
Figure 3. Professor V.M. Aristovsky and graduate
student Z.H. Karimova at work (1831)

topTt»). 3xech Toa pykopoacTBoOM mnpodeccopa
E.C. JloHnoHa OH MPHHSAN YY9ACTHE B H3rOTOBICHUH
MPOTUBOCTONOHAYHON AHTMTOKCMYECKOH CBHIBO-
POTKH Jia neHcTByomeil apmus [8).

PesomonnonHeie cobbiTug 1917 r. BHecan xaoc
B pabory Ka3zaHckoro 6aKTepHONOrH4ecKoOro MH-
CTHTYTa, MHOTME €ro COTPYAHHKH HABCEria mno-
kuHynu Kazaus. [Nocne ocsoboxnenuss Kazaum
KpacHoit apmueit B centabpe 1918 r. B uHCTHTY-
T€ OCTABAJUCH TOMBKO [ABa HAayYHLIX COTPYIHM-
Ka — 3aMeCTHTE/Ib AHPEKTOPa MO X035 HCTBEHHOM
yact aokrop [1.5I. Maiikos, Benasumuii npo-
H3BOACTBOM, M ACCHCTEHT Hay4HOro OTIEIEHMA
B.M. ApHCTOBCKHii, K TOMY BpeMEeHH BEPHYBIINii-
ca w3 KpoHiuTanTa, OZHOBPEMEHHO 3aBElOBaB-
mHit taboparopuei KasaHCKOro BOGHHOTO rociy-
ransi. [To pelmeHHI0 MeaHUIHHCKOro ¢hakyabrera
Kaszanckoro yuusepcurera B.M. Apucrosckuit
OblJI HA3HA4Y€H HOBBIM AHPEKTOPOM HHCTUTYTA.
B atoT cnoxubiii nepuon KasaHckuit Gaktepmno-
JIOTHYECKMIT MHCTHTYT TeM He MeHee NMpOoIoxan
(OYHKIUHOHHPOBATh, O Y€M CBHIACTEIILCTBYIOT CBe-
JeHWA O BBIMYCKAaBIIMXCA npemnaparax: 1919 r. —
XONepHas BakLWHa, BaKUMHA TMPOTHUB KPLICHHO-
ro tuda; 1922 r. — cxapaaTuHO3HaA BaKIIHHA;
1924 1. — cTahMIIOKOKKOBas ¥ CTPENTOKOKKOBas
pakuHel, 1927 1. — audTepudHBIH AHATOKCHH;
1928 r. — xonepHoO-THHO3HAA AHBAKIIMHA, MPOTH-
BOAM3EHTEPHHHASA CHIBOPOTKA, TabmeTHpoBaHHAas
AW3eHTepHitHaa BakunHa (4, 12).

Bsivecnas MuxainoBud ApHMCTOBCKHH, Haxo-
IfCh BO r7laBe MHCTHTYTa M Kadeaps Mukpobno-
NOTHH, co3aanHoi UM B 1920 1. Ha MEAMUHHCKOM
¢dakyneTere Ka3aHCKOro YHHMBEPCHTETa, CMOT
MPOSIBUTH He TOJBKO CBOH BHAAIOLIMECH HAYYHBIE
cnocoOHOCTH, HO M OPraHM3aTOPCKHI TaJlaHT.
B.M. Apucrosckuii obnanan HeoOxomumon ans
PYKOBOAHTENSE WHTYMUHEH, OGiaaromaps KOTOpoi
cymen cobpath BOKpYr cebsi YYCHMKOB-EIMHO-
MBIIJIEHHHKOB, YTO TO3BOJTHJIO ITPEOAOIETh Kal-
possie pobaemsl (puc. 3).

OnHuM U3 TATaHTARBBIX yyeHnkos B.M. Apuc-
ToBckoro Owin Pynonsg PoGeprosuw leastTuep.
Oxonuns ¢ otanuneM B 1914 r. UMmmepaTopckyio
BOCHHO-MEIMIIMHCKYIO dKAAEMHIO, OH TOCTY-
M1 B Ka4eCTBE BONBHOONpeEnensomerocs B 92-u
nexoTHu#H [MedopcKHi MNMOAK, KBapTHPOBABLIMN
B Canxrt-TlerepOypre. C nayanom Ilepsoi mMu-
posoit Boitanl P.P. lenwruep nonyumn nasHaue-
HHe B JieiicTRylomyoo apmuio Ha lOro-3ananusiit
(pOHT Ha NOJXKHOCTbL Miaaauiero spada. B uiwone
1918 r. Pynonsd leasruep no6poBONBHO BCTY-
mua B paabl KpacHoit ApMun # padoTtan riasHbIM
BPa4YOM TNOABMXHBIX rocnurtaneit. Mo oxonuya-
HHMH BOCHHBIX ACHCTBHH OBl HasHaYCH BPavuOM
rapHu3oHHOi amGyraropuy B r. Kasanuu. [Tpuesn
Pynoastha PobSeprosunya 8 Kasatb Obif1 He ciryyacH:
ero, GoaBHOrO ChinHBIM TH(OM, npHBes ¢ PpoH-
ta B Kaszaue B.M. Apucrosckuii, 9T0 HE TONBKO
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cracio XH3iHb OYIyLIEro Y4eHOro, HoO M onpejae-
MO €ro JanbHedmyilo cyasdy. YXe ¢ okTabps
1921 r. nmon pykosoactTsoM B.M. Apucrosckoro
HA4alach HAYYHO-TENarormyeckKas IesaTenbHOCTh
P.P. lenbTuepa — cHauana B JOJXKHOCTH ACCH-
cTeHTa Kadenpst MUKPOOHONOIHH MEIHIIMHCKOrO
¢tpakynsreTa Kazanckoro yuusepcurera, ac 1925,
MO COBMECTHMTEJILCTBY — 3aBEAYIOLIHM JHArHo-
cTHYeCKHM otieicHueM KasaHckoro Mukpobuo-
noruyeckoro MHcTHTYTa (Hassanue KHUUOM
B 30-err. XX B.) [2].

B 1924—1926 rr. BLIUIH COBMeCTHBIC paboThl
leasTuepa ¢ npodeccopom B.M. ApHCTOBCKUM,
B KOTOPBIX OMTHCBIBAJIMCH HOBRIC MU TATEIbHBIC Cpe-
bl IS KYALTHBMPOBAHMS CIHpoxeT. Mertonuka
KYIBTHBHPOBAHHSA CITHPOXET CO31aBaIaACh, ITPEeX e
BCEro, IUTS BhIJeJCHHA BO30OYyIHTENCH BO3BPATHOIO
Tuda. B nanbpHelneM Ha X OCHOBE OBIJIA NPEAJIO-
KeHa MUTATEJbHAd Cpela A1 KYNLTHBHPOBAHMA
OneaHo TpenmoHeMbl, BMNOCHENCTBHM MONYYHB-
mast Haspaxue «cpena Apuctosckoro—lenbruepa,
ITocae orwvesaa B.M. Apuctosckoro s JleHHHrpan
B 1932 r. Pynonwd PobGeprosnu leabTuep cTan 3a-
Benosath Katenpoi Mukpobuosoruu B Kazanckom
rocyAapCTBEHHOM MEANITHHCKOM HHCTUTYTE H py-
KOBOIMTL HaydyHO#M AesTelbHOCTHI0 KaszaHckoro
MHUKPOOGHOIOrHYECKOTrO HHCTHTYTA (puc. 4).

C 1932 r. B.M. ApHCTOBCKHIT TECHO CBS3aJl CBOIO
cynnby ¢ JleHuHrpazoM ¥ BOCHHO-MeIHIIMHCKOI
akanemueit umenn C.M. Kuposa, Bo3riasus kadenpy
MMKPOOHOJIOrHH, KOTOPOit OH pyKosoani 1o 1948 r.
Jo npuxona B.M. Apucrosckoro Kadeapa umena
BBIPAXKEHHYIO IMHISMHOJOTHYCCKYIO HATIPABICH-
Hocth., MMenno Bavecsas MuxaiinioBHu coanan
fo-HacrosieMy Mukpobuonorudeckyio kadeupy,
CNOCOBHYIO BHINONHATE MPAKTHYECKH BCE BUIKI
MHUKPOOHONOIr HYCCKHX UCCIICAOBAHMHA,

[Mpononxas uccnenopanns B 06JaCTH CIMpO-
Xero3oB, Bavecnas Muxaitiopuy seit ux Ha Kade-
JIPC B TPEX HANpapJIeHUAX: CHPHUINC, BO3BPATHEIH
THG " tenTocnupos. MHTCHCHBHOS H3VYEeH HE Jiel-
TOCNHPO3a GbIJI0 OPraHH30BAHO M3-3a YYACTHE-
LIMXCH IMUAEMUYCCKUX BCHbllieK 3Toi GosiedHn
BpasnuuHbiX paffonaxcrpannl. B.M. ApucToBcKH i
cosmecTHO ¢ P.P. lenwruepom paspaGoran nura-
TCABHYIO CPCAY UIA KVILTHBUPOBAHMSA H3BHTBHIX
GaxTepuit, Ha KoTopo#t B TeueHue 7 1eT noanepxu-
BAJIACh MMCTAS KYJABTYPa MUKPOOPraHuiMon. D10
ObUJI CAMBIA JUIMTENBHBIN 3KCNEPUMEHT nounod-
HOIO poila, KOTOPBIH CTajJl MCTOAMMECKOH npen-
MOCLUIKOH IS MIHPOKHX 3KCINCPHMCHTAILHBIX
MCCIICIOBAHMIL 110 H3YUCHHIO H3BUTEIX BakTepuil.
JanHas cpejsa cocTosNa U3 HarpeToit Kponauubei
WJIX YCJIOBCUECKONH CHIBOPOTKM ¢ npubasicHu-
€M KYCOUKa TKaHHM MO3ra HJIM SH4YKa KpOJMKa.
OnHako Ha JAHHOH NNTATENbHON cpele HEBOZ-
MOXHO ObiJIO B TOJIHOM Mepe YBHACTD U OXapaKTe-
pPM30BaTh KOJOHHH MHKpoopraHusmos. [Toatomy
nansHeimne yeuausi B.M. ApucroBckoro GeUIH

COCPCAOTOUCHBI HAa CO3AAHMMH TIJIOTHOM MTUTATC I b-
HOM cpetnl, 1A KOTOpoit TpedoBasinck ocodnie ye-
JIOBUSA KYJIBTUBHPOBAHMA.

B akanemuwn Bsuecnap MuxaiisoBuu cosna-
CT YHHKabHBIH npubop s KyJIbTHBUPOBAHUSA
aHa’poboB, HA3IBAHHBIK B MOCJHEACTBHH B €ro
YyecTh annaparoM ApUcToBckoro. B kadectse
XUMMYCCKOro MMOIMMOTHTENAR KHCI0pOda B JaH-
HOM annapare HCMNoJb3yeTCss CMECh, COCTOAIIAA
u3 1 mn 20% pacrsopa nuporasiona u 1 ma Ha-
CHICHHOrO pacTsopa KapboHaTta Harpus., DTOT
npubop MOI MCHOABL3OBATLCH HE TOJLKO A
KYNBTHBHPOBAHUSA H3BHTHIX GakTepuit, HO M aAns
OOHAPYXCHHUA MATOTEHHLIX aHa3poHoB — BO30Y-
aurenci cronbHaKa U rasosoit raurpessl, Pabora
Haja 3ToH npobGiemoit Havanacs eute B 1936 1., oa-
HAKO 110 NMOJIUTHYCCKUM MOTHBAM [10JOBMHA CO-
TPYAHUKOB Kadeaphl, NPUHHHUMABIIMX Y4YacTHe
B pabore no aroit npobieme, Guisia apecToBaHa.
HMasecTHOMY MHKpOGHONOrY ya2JI0Ch BHOBEL Bep-
HYTbed K pabore Hal npubOpOM Jniilb K Hauamy
1940 r. B cBA3M ¢ OCBOBOKACHHEM M3 3aKII0YEHHA
M BO3BpallleHHUEM K NpexHen pabore yacTu paHee
YBOJCHHBIX COTPYAHMKOB Kadenpni [7].

B xon¢ HM3Y4CHMS 3THX TPYAOB, onyGiMKo-
BaHHBIX B.M. ApPUCTOBCKMM ¥ €ro COTpYIHHKA-
Mu B nepuon 1933—1942 rr. B CBSI3M C pelueHHeM
Hay4HRIX 3a1a4 no npobieme aHaspobHOW HH-
thexkunH, OLUITH YCTAHOBJCHBL!I CPOKH HE TOJBKO
ONnyOAMKOBAHHA, HO M 3aBCPIUICHUS paboThl Hal
KaxaelM M3 HUX. Hanpumep, nepsoe coobmenne
B.M. ApHCTOBCKOro 110 MOBOAY pa3paboTKH WM
OPHIHHANBHOTO MMKpOAHaspocTaTa, npejaHaiHa-
YABIICTOCH UL KYJALTUBHPOBAHMA TNATOrEHHBIX

Pucynox 4. Konnexrtus kagpenpsl MukpoGuonorum
KasaHckoro rocyaapCcTBeHHOr o MeAULUHCKOro
mHeTuTyTa (1939 1.). B uentpe — 3as. kadpegpon
npodeccop P.P. FTensTuep

Figure 4. The staff of the Microbiology Department

at the Kazan State Medical Institute (1939).

Head of the Department, Professor R.R. Geltzer

(in the center)
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aHa’poboB, OBUIO CAEAHO HA OAHON M3 HAYUHBIX
KoHepeHunii, cocrossumnxes 8 1937 r., koraa 6ui
CKOHCTPYMPOBAH OINBITHBINA 06pasen. Mexny Tem,
ONnyOAMKOBAHUE  COOTBETCTBYIOUIMX  CBEACHMI
B OTKPBITOW MMEYATH COCTOSNOCH Juuih B 1940 1.
OxoHYyaHMue TaKou paspaboTKM 03HAMANIO Mepexos
OT TIPUMEHEHMS OMBITHBIX 0OPa3LoB yKa3aHHOTO
annapara K CepMiHOMY ero npou3BOJACTBY B Mpo-
MBILLIJIEHHBIX MaciuTabax.

ComnocTaBnsisi CpPOKM YKaszaHHBIX M3MEHE-
HUA B peumeHur npobiemMbl aHa’3poOHBIX WH-
cdexkumit Ha kadeape Mukpodbuonorun BoeHHO-
MEAMIIMHCKON aKaleMUM C IIEPUOJAMH NTOTEPh CO-
TPYAHUKOB HayuHol rpynnesl B.M. Apucrosckoro
10 NMOJNUTHYCCKUM MOTHBAM, MOXHO YTBEPXIATh
0 3aBMCUMOCTH MEXJLY PernpeccusiMm, UMEeBILIUMH
MecTo B 1938 1., M OTCYTCTBUEM HOBBIX PE3yJIBTATOB,
HE NOCTMIHYTBIX MMH B TEUYCHHUE ABYX TMOCIENYIO-
wux et (1939-1940). HecMoTpsi Ha MHOTOYMECIIEH-
Hbie 3acayru B.M. Apuctosckoro B 1938—1939 rr.
B TeueHue 14 MecsileB OH HaAXOIMJIICS B 3aKJIIOYUE-
HUU, nocie 4yero 6u1 ocBoboXxaeH, OQHAKO Tpu-
YHHBI M OOCTOATENLCTBA apecTa HE OBIIA BbIsSIC-
HEHBL, YTO MPOJOJIKAJNO OCTABATHECS MCTOYHUKOM
JiereH 06 9TOM Nepuoje KU3Hm yueHoro. 1o aToro
OH Obu1 apectosat B 1931 1. o crarse 58 u 6wt pea-
OunurTuposan Toabko B (henpane 1998 r. Hayunoii
rpynne B.M. ApuCTOBCKOro ans pa3padoTku HO-
BOro mMetToja GakTeproNOrnueckoi AMarHOCTUKK

VUEBHUK
MEAMLHHCKON
WITKPOBIOAOTN

PucyHok 5. Yye6Huk «cMepumumHckas
Mmukpobuonorus» B.M. ApucToBckuii,

W.E. Munkesuy, C.M. ®pupa. 1949 ron

Figure 5. V.M. Aristovsky, |.E. Minkevich, S.M. Frid.
Medical microbiology. Textbook. 1949

BO3OyaMTENCH Ira30BOi raHTrpeHsl MOTPebOBAIOChH
9 ner (1933—1942). BMmecTe ¢ TeM 9TOT MEPUOL CO-
nepxan IJAuTenbHBIM MepepsiB B HayYHO-UCCIe-
JOBATEJILCKON HeATENLHOCTH YKA3aHHOU IpyIiibl
(1939—-1940), cBA3aHHBII C penpeccUsiMU 3HAYU-
TEJLHON YacTH ee COTPYAHUKOB.

Takum oOpa3som, HOBEIN MeTOA BakTEepHOIOrye-
CKOif TMAaTHOCTU KM BO3OYAMTEICH Ira30BOM raH I PeH b
B COOTBETCTBUM C YKA3aHHON KOHUENuuei Mor ObiTh
pa3paboTaH coTpyAHUMKaMK Kadeaps MUKpoOGHoo-
ruun B 1940 r., cyast no pakTUUCCKUM 3aTpaTaM Bpe-
MEHU, NOTPeOOBABLIMMCS LIS PELLICHUA HECKOILKHX
HAy4YHbIX 3a/1a4, CBA3aHHBIX C HUM.

B BoeHHO-MeAMUIMHCKONW akageMuu aBTop-
CKUM KOJUICKTMBOM BO riiase ¢ B.M. ApHCTOBCKUM
Hanmucad M ABaXAbl M3gaH (yHIaAMEHTAIbHBIMN
yuebHuk «MeguumHekas MUKpobuoorus» (1945,
1949), koTOpHI# GBI ZOATOE BPEMS JIYHIIUM Yueh-
HBIM PYKOBOACTBOM IS CTYAEHTOB MEIMIIMHCK M X
BY30B ¥ MTPaKTHYECKHUX MUKpOoOHOJIOros (puc.S).

6 asrycra 1938 r. HawanbHUKY Kadeaps Mu-
Kpobuonornn BoeHHO-MEAMLIMHCKON aKajeMuu
B.M. ApucrosckoMmy OBLJIO TPUCBOCHO 3BaHUE
OpuragHoro Bpada, a yxe B (despane 1943 r. —
3BaHME reHepaJi-Maliopa MeAMUMHCKON cliyxObI,
Axkazemuk AMH CCCP (1945). 3achyXeHHBIN
pesrens Haykm PCOCP  (1945), Kowucynsraar
[aBHOro  BOCHHO-MEAMLMHCKOTO  YIIpaBJIeHUs
JIEHUHTPAJCKOro BOCHHOrO OKpyra 1o BOIPOCAM
npeayrnpexacHuss MHGeKIUnoHHbIX 3aboseBaHmii
B BoWickax B.M. ApuCTOBCKMIt yIues U3 XU3HU
B 1950 r., nnoxopoHen Ha borocnosckom Kiaabuiie
Cauxr-Ilerepbypra [13].

B.M. ApHCTOBCKMM cO3aHa KpyrHeiuas
COBETCKas IIKOMa MHUKpPOOMONIOroB, HMMYHO-
Joros, cnupoxetonorop. Cpeam ero yUeHUKOB
on1n npodeccopa M.U. Macrbaym, B.J1. Masyp,
P.P. Tensruep, A.D. Aradonos, I'T. Konaparses,
3.X. Kapumosa, U.A. Cupoxo.

Crin B.M. Apucrosexkoro — Osier Bauecnasosuy
ApPHUCTOBCKWA, MOJKOBHUK MEANLIMHCKON ¢y KObI,
CTAaJl BOCHHBIM BPaYOM-MH(PEKIMOHUCTOM, TaK-
JKE CBSI3ABIIUM CBOIO XU3Hb ¢ akajeMueil. B roas
Benukoit OTeuecTBEHHON BOWHBI — HauaJIbHUK
oraeneHust apakorocnurans Ne 1767, noMourHuk
HavanbHUKa rocrutanst Ne 379 (4-i YkpauHcKui
¢ponT). B nepuon ¢ 1957 no 1962 rr. 6u1n rnas-
HBIM MH(pEKUMOHUCTOM pyiibl COBETCKHX BOMCK
B [epmanmuy,

Jour B.M. Apucrosckoro Tarhsina Bsuecna-
BOBHa OblJla M3BeCTHA Kak co3garesib HayuyHOM
wWKoAB  MUKpoGuoJoros-nousosenos. Crienma-
JIMCT B 06/1aCTH MCCaenoBaHU I (PU3HOJIOTHYECKUX
ocoGeHHOCTEe CeBEepHBLIX pac MHKPOOpPraHM3-
MOB M MX OTHOLIEHMS K YCIOBHAM Cpeubl, NMpu-
MeHeHus1 GakTepHalbHBIX YIOOpeHUIt st r1o-
BLIIIEHMS TUIOAOPOAMS CeBepHEIX rnous. Hapsiay
¢ IPYrUMH YYEHBIMM OHA CTAJIa OCHOBATENEM 10~
YBEHHO-TeHETUHECKOr0 HAINPABICHUS B MOYBCH-
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HOi MuKpoOuonoruu. Asrop 117 HayuHbIX paboT,
B TOM 4YHciae 2 MoHorpadwuii, jaypear npeMun
uM. Jokyuaesa AH CCCP (1970) 3a monorpaduio
«MUKpOOHOIOTHS TOA30JMCTBEIX TIOYB», BHILIEA-
myio B 1965 1., 1 npeMuu uM. Buassimca BACXHUIT
(1982) 3a moHorpaduo «MuUKpOOHOIOTHS MPOLIEC-
coB noyBooOpasosanusi» (1980). B 1990 r. Taresa-
Ha BsadecnaBoBHA BhINLIA HA MEHCHIO W B CBA3M
C ceMeHHBIMHM OOCTOSTENLCTBAMH 3MHTPHPOBAiIa
B Uspaune. [loxoponena B Uepycanume. Ee muan-
muH ceH Anekcanap Camynnosuy I'pebGensckuit
TaKXe cTal MHKpoOHosiorom, xXuseT B Mepycamume.

Ponroit BHYK B.M. ApHCTOBCKOro 4jIeH-KOp-
pecrionneHT PAH npodeccop Bopuc Bacunberny
I'poMoB, mnoanepxuBas ceMeiiHbIE TpPaIWIIWH,
JANUTENbHOE BpeMsi BO3IIaBIAa Kadenapy MHKpPO-
Ouomorum JleHMHIpPaACKOTO rOCYAapCTBEHHO-
ro yausepcuteta. b.B. T'poMOB — BEIIAIOMIHI-
Cs CriellHaJAKCT B ODNacTH LHTOJOrMM M OHOJO-
ruuM DakTepHil M BHPYCOB BOAOpOCIeH, maypear
TocynapcrBenHoi npemun CCCP, 3acayXeHHBIH
nesiteb Hayku Poccuiickoit @enepaumn. Yuien
u3 xu3uu B 2001 .

B 30-x rr. Ha xadenpe mukpobuonoruu Kazan-
CKOTO TOCYAapCTBEHHOr0 MEIWIIHHCKOTO WHCTH-
TyTa Hayaj cBoo pabory Ueaxn Usanosuy [paxux,
CTABHIMIf BIOCAEACTBMM CTAPUIMM HAYYHBIM CO-
TPYOAHHKOM xadenpsl Muxkpodtmonoruu BoeHHO-
MEIHIWHCKOHM akaneMuH (puc. 6).

Beixonell M3 KPeCThSHCKOH CeMbM, OH B BO3-
pacte 25 JeT MOCTYNMMJI Ha MEIWUIMHCKHI Oa-
KVIBTET Ka3zanckoro VYHHBEDPCHTETA, COBMCHIAN
y4yeOy H paboTy CaHHTapHBIM HHCIEKTOPOM,
M VX¢ BO BpeMs yueObl NMPOABIIAT HHTEpPEC K MH-

PucyHok 6. Mean Misanosuy MpaxuH
Figure 6. lvan Ivanovich Pryakhin

xpobmnonornu. [locne OKOHYAaHHS YHHBEpCHTE-
Ta B HOosOpe 1934 r. 6b1a1 3aYMCICH B acIMPaHTYDY
Ha Kadenpy Mukpobuosoruu Kasaxckoro wme-
OUIMHCKOTO HWHCTUTYTA. MOCJE OKOHYaHMs KO-
Topoit B 1937 r. mponoaxun paboTy Ha TOil Xe
xadeape B HOJKHOCTH A4aCCHCTEHTa, OIHOBpe-
MEHHO SBASSCH DPENAKTOPOM raseThl «KpacHbiii
Meauks [4, 6]. Ocensio 1938 1. M.H. IpaxuH 6511
npu3BaH B Kaapsl PKKA u nanpasnen u3 Kazauu
Ha BOSHHYIO Cl1y X0y B JICHHHTpaa Ha J0MXKHOCTh
MJIaamiero npernomaBaTens Kadeapsl MHKpOOHO-
norHH BOEHHO-MEIMIIMHCKOW aKadeMHMH C MpH-
CBOGHHEM BOMHCKOIO 3BaHHMS <«BOEHBpad 3-To
paHra». Bo BpeMs COBETCKO-(DUHISIHACKOM BOMHEL
B 1939 1. 6BLT KOMaHAMPOBAH B MOJEBOI MOIBHX-
HbIH BOSHHBIM TOCNHMTAJb B KadyecTsBe Bpaya-0ak-
TEpHOJIOTa, TIe Ha TMpPaKTHKE B TAXeNslX (MpoH-
TOBBIX YCIOBHMSIX NMPOBOIHJI HCIbITAHHE MHKpPO-
aHa3pocTtaTa B.M. Apucrosckoro. B Hos6pe 1941 1.
WU .H. TIpaxuH BMeCTe C COTPYIHHKaMu Kadeapst
MHUKpobOHOOrHM BOeHHO-MEAMUMHCKON akane-
MHH ObL1 HamnpaeiaeH B I. CamapkaHa Y30ekckoii
CCP, a B 1944 r. BepHyiics B JIeHHHTpan, MOJAYYHUB
Ha3HauyeHHE Ha JOJIKHOCTH HauabHHKAa nabopa-
TOpHH nIpH Kadenpe MukpodHonoruu. [lpononxus
Hay4YHYIO AesATeNbHOCTh, B 1946 r. U.W. Ipaxun
3alIWTHI KaHAMIATCKYK IHCCEpPTALMWIO Ha TeMmy
«DKCIEpUMEHTaIbHAas OLIEHKA OCHOBHBIX METOIOB
DaKTEpHOJIOrHYECKOr0 aHaIu3a Bo3OyauTeneii ra-
30BO#i T@aHTPEeHEI» [7].

B romm Benuxkoit OTteuecTBeHHOH BOWHEI
Ka3zanp Onina BeIOpaHa OOHMM M3 IJIaBHBIX 3Ba-
KYallMOHHBIX LIEHTPOB, B PE3yALTAaTe Y4ero B ropoi
OBIIM MEPEAMCIONMPOBAHB HE TOJIBKO MHOTHE

Pucyrok 7. Konnektus kadeppel Mukpobuonorum
KazaHcKoro rocyaapcTBeHHOro MeAMLMHCKOro
uHcTUTyTa (1944 1.). B uenTpe — 3as. kadenpon
npodeccop MN.H. Kawkux

Figure 7. The staff of the Microbiology Department

at the Kazan State Medical Institute (1944).

Head of the Department, Professor P.N. Kashkin

(in the center)
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PucyHok 8. AnHa PomaHoBHa (PysumoBHa) KoHoBa
Figure 8. Anna Romanovna (Ruvimovna) Konova

MPOMBIIIJICHHBIE MPEATIPUSTHSI, HO U HAYYHBIE Y4-
peXIeHus cTpaHbl. Yke B aBrycte 1941 r. B Kazaub
MpUOBIIM BeAyUIME COTPYAHMKU MOCKOBCKOTO
MHCTUTYTa UM. [amaneu, pa3BepHyBIIHE paGoTy
Ha 6aze Ka3aHCKOro MHCTUTYTA SMUAEMUOJIOTUUN
u mukpodbuonoruu (KMOBM — OriBuiee Ha3Ba-
Hue KHUMUDBM). Bekope K HUM MPUCOeIMHUIIACh
¥ OoJsibliIasi TpyIina JEHUHIPAJACKUX YUEHBIX, B UX
qucie ObLJI OCHOBOIOJIOXHUK MEIUIIMHCKOW MH-
konoruu npodeccop Ilerp Hukonaesuu Kamkus.
OH BO3IJIaBUJI 9KCIEPUMEHTAJIbHYIO 1a00paTOpPU IO
KWBM, a c 1943 no 1945 rr. pykoBoauia Kadenpoi
mukpoouonoruu KI'MHU (puc. 7).

Takoe Hay4YHOE TIONOJHEHWE, KOHEYHO, CaMbIM
61aroTBOPHBIM 00pa30M CKa3aJloCh Ha JESITEIbHO-
¢t 000MX MHCTUTYTOB. McciienoBaH M st BOEHHBIX JIET
OBLIM TOCBSIILIEHBI M3YYEHUIO AEHCTBUSI aHTHOHMO-
TUKOB Ha ITaTOT€HHbIE MUKPOOPTraHU3MBI, TIPU 3TOM
paGoTa TIPOBOAMWJIACH C TPAMMIIMIWHOM, MUIIETH-
HOM, acnepruJIMHOM M eHULIMJLTUHOM [3]. oLieHT
Kadenpsl Mukpooduonoruu KazaHckoro MeauumnH-
ckoro uHctuTyta E.K. HaymoBa B cBoeit paGote
«ACreprujUiMH M ero aHTHUOMOTMYECKOE NeiCTBUE
B YCJIOBUSIX 3KCIepUMeHTa U KJIMHUKW» (1951 1)
TaK OMMCHIBAET 3TOT IEPUO: «3arpoc Ha JieKap-
CTBEHHBIE ITperapaTbl 0COOEHHO ObLT BETMK B T'OIBI
Benuxkoii OTeyecTBeHHOM BOMHBI, KOraa OBLIO HYX-
HO MCITOJIb30BaTh BCE CPEACTBA [UIsl CIIACEHHUS paHe-
HBIX BOMHOB, 3alUILABIINX COBETCKOE FOCYIapCTRO.
ITo mnpemnoxenuio mnpodeccopa I1.H. Kamkwuna
Hamia Kadeapa BKJIIOYWJIACH B M3y4YEeHUE AHTHU-
6uoTukoB» [8]. B 1945 r. Briepsrie B CCCP Ha Gase
KHWBM npu HayuHom pykosBonctse I1.H. Kamikuna
OBII pa3BEPHYT NMPOMBIILIEHHBI! BBIITYCK IPAMUIIA~
auHa. Ilocne BozspauieHus B 1945 r. B JleHunrpan
IT.H. KamkuH cTan 3aBefoBaTh BHOBb OpraHM30BaH-
HbIM B MHCTUTYTE 3NMUAEMUOJIOIMM U MUKPOOHO-
snorum uMm. [lacrepa 6aKTEPUOIIOTUYECKUM OTAEJIOM,

OCHOBHBIM HAIPaBJICHUEM IEATEIBHOCTH KOTOPOro
CTaJI0O U3yyeHUe HCUCTBHUS aHTUOMOTMKOB Ha pas-
JIMYHBIE MUKPOOPTaHU3MBL.

Taxkxe xoTenoch 661 OTMETHTE BKJIAJ YYCHBIX-
JKEeHIIUH B pa3BuTre Ka3zaHCKOroO MHCTUTYTA 2MMHU-
JEMUOJIOTUM U MUKPOOMOJIOTHH, Ha YbHW ILJIEYH
Jernia GoJbliasi OTBETCTBEHHOCTH 3a ITPOM3BOI-
CTBO MpernaparoB Ul NMPOMOMIAKTUKU U JeYCHU S
MHGMEKUIMOHHEBIX 3abosieBaHW B Troabl Benukoii
OtevecTBeHHOU BOWHBIL. | ceHTabps 1941 r. au-
pektopom KWMBDM 6puta Ha3HauyeHa MOCKBHMYKA
IMonuna AnbbeproBHa Bepmminosa. C ¢despa-
s 1943 no oktsiops 1944 r. KUOM Bosriasis-
Ja jeHuHrpagka AHHa PomaHoBHa (PyBuUMOBHA)
Konosa (puc. 8).

W3 6uorpacdun AHHBI POMaHOBHBI M3BECTHO, YTO
oHa poaunacs S utonst 1900 r. B r. KoBHo (1. KayHac,
JlarBus). B 1915 r. cembs nepeexasna B r. BepasiHck
B CBSI3M C BhICEJIeHUEM eBpeeB n3 I. KoBHO BO Bpems
UMIIEpUAITUCTUYECKOM BOMHEBIL. [lociie okoHYaHus
ruMHa3uu B Bepasincke B 1919 . Anna PomaHoBHa
y4usIach cHayajia B XapbKOBCKOM MEIMIIMHCKOM
UHCTUTYTE, a ¢ 1922 r. — Ha METULIMHCKOM (haKyIb-
tere [lepBoro MoCKOBCKOTro YHUBEPCUTETA, KOTO-
phi¥i okoHuusa B 1927 r. ITocae oKOHYaHHs acIiu-
PaHTYPBHI 10 6aKkTepUOIOruM pu ['ocynapcTBeHHOM
KOHTPONTBHOM WHCTHUTYTE CBIBOPOTOK M BaKLWH
uMm. JI.A. TapaceBuya paGoTaja 3aBeaylollei Ipo-
U3BOJCTBEHHBIM CEKTOPOM B bakTepronoruueckom
UHCTUTYTE T. TamkeHTta. B ¢despane 1934 r. mo-
cjie Bo3BpauleHUs B JIeHMHTpaJa Hadasia paboraTh
Bo Bcecowsnom MHeTuTyTe DKCNEpUMEHTAIBHON
MEIULIMHBI 3aBeaylomei 1udTepuitHbBIM U TU3EH-
TEPUWHBIM OTIACJICHUSAMM. 3aUIUTUHIA KaHIWAAT-
CcKyIo aucceprauuio B 1935 ., a 25 nekabpsa 1936 r.
npukasoM no l'op3npaBy Oblila HazHaYeHa TUPEK-
TOpoM MHCTHUTYTa 3NMMAEMUOJIOTHH U MUKPOOGHO-
jorun uM. [lactepa, mpopaGoTaB B 3TOM IOJIXK-
HocTH 10 1939 1., a 3aTeM ObLTIa TIepeBe/ieHa Ha Ha-
YUYHYI0 paboTy B JIOJDKHOCTH CTapIIEro Hay4HOro
corpynHuka. [Tocne sBakyauyu B KazaHusb ¢ anpesis
1942 r. Auna PomaHoBHa paGoTaJjia CTapiiuM Hay4d-
HbIM coTpyaiHukoM KMBM, a 3aTeM acCUCTEHTOM
raHrpeHo3Hoit saboparopun. C 1 Hos6ps 1942 r.
Mnpy snuaeMuonornyeckom otaesne KMBM 6ruta
YTBEPXKIEHA MOCTOSIHHO AeHCTBYIOWas crieiyrabo-
paTtopus, 3aBeAyloleil KOTOopoi Obliia Ha3HavYeHa
A.P. Konosa. B ¢espane 1943 r. A.P. KoHosa nipu-
CTYNMJIA K MCIOJIHEHUIO OOS3aHHOCTEH TUpEK-
Topa KUBM, B okTs6pe 1944 1. 6BI1a OCBOOOX-
JIeHa OT 3aHMMAaEeMOil ITOJIKHOCTH B CBSI3H C Tepe-
BOIOM B TI. JICHMHTpaa /Ul TOCTOSHHOI paGoThI
B UHcTuTyTe umenu [lacrepa [12].

B nHauane 1945 r. mupektopom KMUDOM craia
AHTOHUHAa MuxaisoBHa Bonkosa (BopsyHuna).
[Tox pYKOBOACTBOM 3THX CaMOOTBEPXEHHBIX
xeHnH — [1.A. Bepmwuiosoii, A.P. KoHOBOIA,
A.M. Bonkosoit KWBM B roasl BOWHBI CMOT
HE TOJIBKO YBEIWYMTh ITPOM3BOACTBEHHBIE MOIII-
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HOCTH M B HECKOJILKO pas MOAHATE IIPOU3BOJINTE b=
HOCTDL TPY/Aa, HO U HAPACTUTh BBITTYCK YK€ OCBOCH-
HBIX paHee MMMYHOOMONOIMYECKUX Tperaparos.
B KUDM 6bim co3aHbl HOBBIE [TPOU3BOACTBEH-
HbIE TMONPA3eIeHUA: TaHTPEHO3HAas, CTOJNOHSY-
Hasl, CRIMHOTH(O3HAsA 1abopaTOPUM, IKCIICPUMECH-
TanbHas JabopaTopus Mo BBIMYCKY aHTUOMOTHKOB,
otaen ob6paboTKM M KOHLEHTPALUUM ChIBOPOTOK.
K navany Benukoit OteuecTBeHHON BOWHBI MHCTH-
TYT BBITIYCKAJ NMPOAYKLUHNIO CEMH HAMMECHOBAHMIA,
|5 HaMMEHOBAHWU HKCIEPUMEHTATBHBIX CEpPUi,
M3 KOTOPBIX LIECTh BUIAOB CLIBOPOTOK (HOPMaJibHas,
nudrepuitHas, CcKapjJaTMHO3Hasg, MEHHMHIOKOK-
KOBas, CTPENTOKOKKOBas, IM3ICHTEPUiItHAs), IS8Th
BUJIOB BaklMH (anTHpabuueckas, mpoTuBoTybep-
KyJieaHast, AnTepuiHLIN U CKapIaTUHO3HLIN aHAa-
TOKCHHEI) W JIpyrue. 3a roabl BOMHEI MHCTUTYTOM
ObIJ1 OCBOEH BBITYCK HOBLIX rperapatos: 1941 r. —
qeThIPe BUAAQ TAHTPCHO3HBIX CHIBOPOTOK, TPHUBAK-
unHa; 1942 r. — npoTnBocToNOHAYHAS ChIBOPOTKA;
1943 . — nporusobpiomHoTHdO3HAN BaKIIMHA, T~
seHTepuituniit 6Gakrepuodar; 1944 r. — neHropak-
umnHa, ceinvoTndosuas pakuuua, 1945 r. — rpamm-
UMIAMH, arIOTHHUPYIOLIME ChIBOPOTKH [11].

COTpyAHUKN  AIUAECMHUOTOTMYECKOro  OTHea
KHW3M B rofan BOWHbBI MPOBOAMIN OIPOMHYIO [TPO-
TUBOAUIACMHUYECKYIO paboTy, IPUHUMAJIN YUACTHE
BJMKBUIALIMY BCTTbILIEK MHGEK LIMOHHBIX 3a60/1eBa-
HUH (CKapJaTHHbl, AndTepun, CLImHOTro THha, OCIbI,
au3cHTEpUn, xosepsl U Jp.). CeMb COTPYAHUKOB
UHCTUTYTA, NMPUHUMABLIMX YYACTHE B JIMKBUAALIAK
Xosiepbl, ObUIM HaArpaxicHbl opacHaMu 3a paboty
1o 6opube ¢ surpekumeit No 30», B unciio Harpax-
JICHHBIX BXOJAMJIA JICHUHTpajaka AHHa puropbepHa
I'puropsesa-bepentreiin (puc. 9).

AnHa (Dchups) Tpuropsesrna (IepuuepHa)
I'puropsesa-Bepentureitn poaunacs 18 despansa
1902 r. B KpeMenuyre, ¢e poaMTeSn 3aHUMaInch
MCJIKOU TOPropiieit, Biajiesn rajjaHTepeiHbiM Ma-
rasuoM. Ilociie OKOHYaHUI 'MMHAa3sUKU BO Bpems
PEBOIIOUMOHHBIX COORITHHN 1917 1. AHHa BCTY KA
B KOMcoMoJ1, B 1918 1. — B psaabl KpacHoi ApmMun
W B TeUeHMe ABYX JieT padorajla cekperapeM pait-
KomMa Komcomosa baky. B 1924 r. nochie okonva-
HUS rpaxJaHckod BoWHbBI oHa nocrynuia B 1-i
MockoBekuit MeanuUMHCKU A nHCTUTYT, a B 19251,
repeexana ¢ ceMbeit B JICHUHrpad, rj1e npomosxu-
naobyvernue B -M JIeHUHTrpagckoM MeanLIMHCKOM
MHCTHTYTE, 110 OKOH4YaHWM Kotoporo B 1931 .
rnoayuuaa AunjgoM Bpaua. Craenyiomum ia-
roM B npodeccHoHalbHONW AEATEIBHOCTH AHHbI
'pHropbeBHEl CTAJO MOCTYIIEHUE B ACITHPAHTYPY
B MHCTUTYT BAKLIMH ¥ CBIBOPOTOK, OKOHYHB KOTO-
pyio B 1933 r., npopojkuia paboTy B 3TOM Xe WH-
ctutyte. B 1937 1. Gblyia yBOJIEHA «B CBSA3U CO CBS-
35IMM ¢ BparaMM Hapoza», HO B TOM e roay Obiia
BOCCTAaHOBJIeHa, 1 npopaboTtana B UHCTUTYTE BaK-
uUMH M ceiBopoTOK g0 1939 1. HecmoTps Ha Takoe
«rsiTHO» B GMorpacdum Anna puropbesHa B 19391,

PucyHok 9. AnHa (9chups) MpuropsesHa
(FepweeHa) Mpuropsesa-BepeHIuTeilH
Figure 9. Anna (Esther) Grigorievna (Gershevna)
Grigorieva-Berenstein

Obl1a HazHaueHa aupekrtopoM MucTUTyTa 2nuue-
MHOJIOTUM ¥ MUKpobuonorun umenu Ilacrepa,
npopaboras Ha 3ToM nocry g0 1942 1. Tlpukaszom
noJlexuropsapasotaeny B 1941 r. Ha Hee 6b110 BO3/10-
KEHO PYKOBOJACTBO JIeYeOHO-CAHUTAPHBIM U 11PO-
TUBOAMHUAEMHUIECKHM 0DCITY XK NBAHMEM 9BAKYHMPO-
BAHHOTO M3 MPUMPOHTOBOH MOJIOCH HACCACHMSI
Jlenunrpana. [locne rubenm Myxa Ha (ppoHTE
B Mapte 1942 r. 6pina komanauposana B KUOM,
rae padorasia 10 HoaOps 1944 1. [12]. B Kaszanu ona
HE TOJBKO 3aHUMAJACh MPOTHBOINMAECMHUUCCKON
paboToif, HO M MPOBOANIIA HAYHHBIC UCCIACIOBAH M S
M0/l PYKOBOACTBOM 3aBeayiouiero Kadeapoi anm-
peMuonornn KazaHckoro MeamuMHCKOrO MHCTH-

“tyta npodeccopa A.D. Ozona [2]. Mocne Bosspa-

uieHmst B JIeHMHrpaJa 3allMTHIa KaHAMIaTCKYIO
IMCCePTALMIO Ha TeMy <«DIMHIEMHUOJIOIMUecKue
ocobeHHocTH IndTepun B BOEHHOE BPEMSI» U T1PO-
nomxuna paborarn B MHcTuTyTe mmenu Ilacrepa
3aBeaylouei mpUBMBOYHBLIM OTAETOM.
Aunanuszupysa Ouorpachmm  HAWIMX YUYEHBIX,
YbpM CyAbObBl OBIIM CBSI3aHLI C JABYMS ropoja-
mMu — Kaszanubio u Cauxr-Ilerepbyprom (JleHuH-
rpajom) — B.M. Apucrosckoro, P.P. l'ensruepa,
N.H. Tpaxuna, IT.H., Kamknna, A.P. KoHosoii,
A.l. TI'puropsenoii-BeperiuTeiin M JApyrux, Mbl
SIBCTBCHHO BMAMM obmMe riaBHBle HEpPTBI TOTO
MOKOJICHU S, HECMOTPSl Ha TO, HMTO TYTH, KOTO-
PHIMU OHM LM Yepes MCIBITAHUA PEeBONIOLWEH,
IpaxjaHckoi Boitnoi, penpeccusiMmm, Beankoit
OrevecTBeHHOW BOMHON, OBIIM TAKMMU pasHbl-
MM: 3TO OrPOMHAS KaXK A MO3HAHNS, TIeJeyCTPeM-
JICHHOCTB, Tpyaosobue, Bepa B cBeTnoe Gyayuiee
U 0e33aBETHOC CAYKECHUE HAYKE — MHUKpOOHOII0-
ruu. Bnarojaps ux JAOCTHMXKEHWHAM Halla cTpaHa
CMOIJIa TIPEOIOJIETh BCe KPU3UChI U BeIWTH robe-
auresnem. «Mcropuueckas 1namsTh J0JXKHA coXpa-
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HATbCA, YTOOB Mbi MOITIM BOBPEMsI pearupoBaTh
Ha BO3HMKAIOIINE YIPO3E! JUIS CTPAHbI», — 3asBHJI
npeswiacHT PO B.B. Ilytun Ha sBeTpeye 18 supaps
2023 r. ¢ sercpadHamu Benmkoit OTevwecTBEHHOM
BOMHBI ¥ Grnokaauukamu JIeHHHTPaaa H 3aBepu,
4TO MU COXPAHEHHU S HCTOPHYECKOH MaMATH rocy-
JIapCTBO NMPHJIOKHT BCe Heobxonumbie yeuiaus [9].
Hawa 3agaga — NOMHHTL HAWIWX MPeIIIeCTBCH-
HHKOB, VUHTBCH Y HHUX CAMOOTBCPKCHHOMY OT-
HOWCHHMIO K CBOEMY JICJTY M [10CTApaTLOs MepeaaThb
3TH HUTH MCTOPHYECKONH MaMATH B PYKM HAUIMX
YUCHHKOB.

B macrosiiee BpeMs CHTyauMsi B MHupe Xa-
PaKTEPHU3VEeTCH HOBBIMHM BBI3OBAMH M VIPO3aMH,
47O TpebyeT KOHCOMMIALINK CHJT BCero obuiecTsa
M MHKpOOGHOIOrHYECKOro Hay4yHoOro coobuiecTsa
B ToM uncie. Kasanckas u netepGyprckas MUKpo-
GHOMOrMYECKHE MIKOIBI ¢ MOMEHTA X OCHOBAHMS
pPa3BHBAIHCh B MTOCTOSHHOM TECHOM COTPYAHHYE-
CTBE, YTO B MIEPBYIO O4EPCb AOCTHTAIOCH Ha YPOB-
HE JTHYHOCTHEIX KOHTAKTOB, OGIIHOCTH B3IJIs/10B,
B3aMMONPOHMKHOBEHHH Hiei, B HacTosuee Bpe-
MS 3TN MCTOPHYECKHME CBA3ZM HE YTPAYeHBi, OHH
ITPOJIOJKAIOT PA3BHBATHCH,
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Russian Scientific And Practical Conference. St. Perersburg: Chelovek | Ego Zdorov'e, 2017, pp. 4=7. (In Russ.)]

14, Cooituakon B.b. IMetepbyprexuii nepuon s ku3nu u aearesHoct B.M, ApucToBckoro, // MUKpoBHOSOrust B COBPEMEH-
HO# Meauuue: ¢b, Tesncos X Beepoc, 3a04HON Hay4.-MpakT, KOH(. ¢ MEXAYHAP, YHacTHEM, nocssieHHol 100-neruio
co A1A 06pa30BaAHMA TOCYAPCTBEHHON CAHNTAPHO-AITHAEMHONOIHYecKo ey kOnl Pocenu, Kazann: KITMY, KHUUBM,
2022, C. 83—86. [Sboychakov V,B. The Petersburg period in the life and work of V.M, Aristovsky, Microbiology in modern medi-
cine: a collection of abstracts of the X All-Russian Correspondence Scientific and Practical conference with international par-
ticipation dedicated to the 100th anniversary of the establishment of the State Sanitary and Epidemiological Service of Russia.
Kazan: Kazan State Medical University, Kazan Research Institute of Epidemiology and Microbiology, 2022, pp. 83—86. (In Russ.))
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YYEHUKU NACTEPA U3 POCCUU — 2

M.M. Kapanan', JI.A. Kpaesa'?

UcTopusa Hayku

Russian Journal of Infection and Immunity = Infektsiya i immunitet
20283, vol. 13, no. 4, pp. 778-786

! Boenno-meduyurckan akademusn um. C.M. Kupoea, Canxm-ITemep6ype, Poccus
2OBYH HUMH snudemuonozuu u muxpobuonoeuu umenu Ilacmepa, Canxm-Ilemepbype, Poccus

Pestome. B 2022 r. HayuHas 0611eCTBEHHOCTb Bcero Mupa orMeTiiia 200-eTre BeIAAIOIErocs y4eHOTo, OIHOTO U3 0C-
HoBareseil Hayku Mukpoouonorun — Jlyu IMacrepa. Tpyasl [Tactepa crnoco6cTBOBaIM CTAHOBJIEHUIO MUKPOOHOM!
TEOPUHU M MOCTYKHUIH OCHOBOM Pa3sBUTHS MPOMUIAKTHKY WHGBEKLUIL, B TOM YHCIe TocnHTanbHbIX. Cpein yueHH-
koB Ilactepa u ero copatHukos, 3. Py u U.. MeunukoBa, 61710 MHOrO poccuiickux yueHslX. He Bce damuinu
yueHHuKOB ITacTepa M3BeCTHBI LIMPOKOMY KpYTy unTareneii. MHoroe u3 Hux BepHy1uch Ha POIUHY ¥ BHECIU CBOUM
TPYIOM CYIIECTBEHHKII BKJaI B pa3BUTHE MUKPOOHOIOTHY ¥ MMMYHOoruu B Poccuu. B naHHOl cTaTbe OTpaxe-
HBI PE3yJIbTaThl MoKrcKa onorpaduit poccuitckux yyeHbix — yyeHukoB JIyu ITactepa. Cpenu pocCHUCKUX YUEHBIX,
MpOIIEAKX 1KOAY I1acTepoOBCKOro MHCTUTYTA, MOXHO OOHApYXXUTb MHOTHX BbIIIYCKHUKOB OIHOTO U3 CTapeii-
IWHMX MEAUIMHCKUX YupexaeHuii Pocciy — BoeHHO-MeAMLIMHCKONM akageMun. D10 u copatHuk M.U. Meununkosa
u HO. l'amanen — S.YO. Bapnax, C.U. 3naroropos, H.U. Yucrosuu, JI.A. TapaceBuy; U3BeCTHbIE XUPYPrH —
B.A. Patumos u B.A. Onnesb, onuH U3 ocHoBareneif mHcTuTyTa [Tacrepa B Cankr-Ilerep6ypre — I1.I1. Macnakoseir.
Muorue nociaenosarenu [Tacrepa npuHuManu yuactue B coztanum B Poccnn (Cankr-IletepOypre) mHCTUTYTA, MO~
no6roro ITacrepoBckoMy B [Tapuxe — HbIHe 370 MHCTHTYT 3KCIepuMeHTaNbHOI MenuuHE. 310 5.0, IlInepk,
B.W. Henpuraitios u apyrue. Heo6xoaumo oTMeTHTh U NepByo B Poccui XeHIMHY — npodeccopa 6akTepuoaoruu
I1.B. lluxkmnHckyio. Yuenuku [Tactepa noayvaau OT Hero TeOpPeTHYECKUE M MPAKTHYECKUE 3HAHUS ¥ BO3BPAILaInCh
Ha PonnHy, ¢ TeM 9TOGBI C TIOJHOM caMooTaaueH ciayXuTh coeMy OteuecTBy. OHU TPUBO3UIN C cO0OI HOBBIE Me-
TOIBI HAYYHBIX MCCNEAOBAHUIA M IUaTHOCTHKY MH(EKIIMOHHBIX 3a00/IeBaHUM, IPUMEHSIIN YXe U3BECTHBIE M pas-
paGaThIBaIi COGCTBEHHBIE UMMYHHBIE CBIBOPOTKHM M BAKIIMHHBIE TTpenaparthl 115 60pbObl ¢ aKTyaJIbHBIMHU B T€ TOJbI
nHGEeKIMAMH: GEIEHCTBO, YyMa, Xoepa, OplolHoil Tid, Tyoepkynes. Bee poceniickue yueHsle — yueHUKH JIyn
IMacrepa u ero apyra u copatHuka V.1, MeyHuKoBa — IpOI0JIXKaIu IEJI0 CIyKeHUs 001ecTByY O1aronaps BEIMKUM
JNOCTHKEHUAM B 001acTH MHKpo6HoIorni. CBOM 3HAHUS M OIMBIT OHM MepeaaBali MHOTOUUCICHHBIM YYeHUKAM —
NIPOJOJIKATEISIM Jiesia Beamkoro yueHoro Jlyn [Mactepa. [TaMsaTh 0 MHOTMX U3 HUX YBEKOBEUEHA B HA3BAHUAX HAYYHO-
HCCIIeI0BATEIbCKUX HHCTUTYTOB, Kadeap u 1abopaTopuii.

Kawueewie caosa: Jlyu [Tacmep, muxpobuono2us, ummyrosoeus, yweusie uz Poccuu, Boenno-meduyunckas akademus,
BaKyuHonpouiaKmuxa.

DISCIPLES OF PASTEUR FROM RUSSIA — 2
Karapats M.M.?, Kraeva L.A.*®

«S.M. Kirov Military Medical Academy, St. Petersburg, Russian Federation
bSt. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. In 2022, a global scientific community noted the 200th anniversary of the outstanding scientist, one of founders
of a science of microbiology — Louis Pasteur. Pasteur’s works promoted formation of the microbic theory and gave
a momentum to a search of ways for prevention of infections, including hospital ones. Among Pasteur’s disciples and
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colleagues are E. Ru, I.I. Mechnikov as well as many Russian scientists. Not all family names of Pasteur’s disciples were
revealed to a wide range of readers. Much of them returned home and to bring a marked contribution to development
of microbiology and immunology in Russia. Here, we continue seck out and return biographies of the Russian scientists —
Louis Pasteur’s disciples. Among Russian scientists who passed school of Pasteur Institute there may be mentioned
many graduates of one of the oldest medical institutions of Russia — Military Medical academy as well as associates
of L.I. Mechnikov and N.F. Gamalei — J.J. Bardach, S.I. Zlatogorov, N.I. Chistovich, L.A. Tarasevich; renowned
surgeons — V.A. Ratimov and V.A, Oppel, one of founders of Pasteur Institute in St. Petersburg — P.P. Maslakovets.
Many Pasteur’s followers took part in creating the institute resembling Pasteur Institute nowadays known as the Institute
of Experimental Medicine. Inthe latter regard, we mention E.F. Shperk, V.1. Nedrigajlov, etc. Moreover, it is also necessary
to note the first woman in Russia Doctor PV, Tsiklinskuju who was awarded a title Professor of Bacteriology. Pasteur’s
disciples received theoretical and practical knowledge from their teacher and returned to own Fatherlands to fully serve
with full dedication. They brought with new methods of scientific research and diagnostics of infectious diseases, used
already known immune serums and vaccine preparations and developed their own similar agents to combat infections that
were relevant in those years: rabies, plague, cholera, typhoid fever, tuberculosis. All Russian scientists, disciples of Louis
Pasteur as well as its friend and colleague I.I. Mechnikov continued to serve to a society owing to great achievements
in the field of microbiology by transferring own knowledge and experience to numerous disciples — continuers of work
of the great scientist Louis Pasteur, Many of them were immortalized in the names of research institutes, departments
and laboratories,

Key words: Louis Pasteur, microbiology, immunology, scientists from Russia, Military Medical Academy, vaccinoprophylaxis.

BeepeHune

27 nexkabpst 2022 r. MmupoBasg HayuHas obiecT-
BeHHOCTL oTMeTnaa 200-jeTHe co AHA POXKACHUS
BblalouIerocst (paHiysckoro yueHoro — Jlyn
[Tacrepa. Bo @parunm n va Manbre GBI BBITTY-
1ICH bl MOHETBI, MOCBAIIEHHBIC 9TOMY 10011610, HO-
Munasom B 10 espo (puc. 1 u 2).

Boenno-mennunHckas (Meamko-xupypruuec-
Kast) akagemus (BMenA) 6bi1a OJlHUM U3 HEMHO-
'mx yupexaeHuit B Poccum, koropast oucHuja
JHAYMMOCTL OTKphITHIL [lacTepa st MCAMIIMHBL,
[ToaToMy MBI BHAMM MHOIO ¢€ BOCHMTAHHMKOB
Cpe/ld YYEHUKOB BeJTUKOro (hpaniysa. B csoio oue-
penb BMenA usbpana Jlyn [Tacrepa IlouerHbim
wieHoM akaaemuu (18.11.1892) [8].

Kypnas The Lancet (Jlanuer, CIIA) nocssitun
ATOMY COOBITUIO IOOMIEHLLIT HOMep. [ToaTomMy Ml
COMJIM BO3MOXHBIM JIONOJHHUTEL CYIICCTBY IOLILYIO
MH(DOPMALMIO O BEIUKOM YHYEHOM B POCCHMICKO
nepuopuueckoit neyaru |5).

Jlyn Tlacrep 1o npasy cumraercss OCHOBOTO-
JIOKHUKOM MUKPOOHOAOTMK M UMMYHOIOTUH. Ero
paboTel OKazajmn Takke 60JIbIIOC BIAUSHUE HA pa3-
BUTHUE APYIUX OTpaceii MCAMIIMHBL, B TOM YHCIe
M Ha npoUIAKTUKY FOCHUTANbHBIX MHGOEKINA
(ceituac «MHQMEKIMM, CBI3AHHBIC C OKA3aAHUCM Me-
auumHeKoi nomotu», MCMIT). Ero naen sioxmo-
BUJIM aHrmiickoro spaua Jk. Jincrepa, KoToporo
cumMraloT oruoM acentuku. On nucan Ilacrepy:
«[Tossoskre MHE noduaaroaapurh Bac 3a To, uto Bl
CBOMMM OJIECTSAIMMK UCCHCAOBAHMIMMU OTKPLIIN
MHE I'71a3a HA CYUCCTBOBAHMUC I'HOCPOAHBLIX MM-
KPOOPraHMU3MOB U TEM CAMBIM JaJIM BO3ZMOXHOCTD
YCTCIITHOIO TIPUMEHEHUSI aHTUCENTUUCCKOIO Me-
TOMA B MEAMLIMHCKON XUPYPIruu»,

I'ny6okue 3nanms [lacrepa B obnactu XMMMH,
MHUKPOOUONIOTMH, UMMYHOIOTHN M APYIMX CMEX-
HBIX IUCLIMTUIMHAX, & TAKKE WMUPOKAs U3BCCTHOCTh
YUEHOro JajeKo 3a npegenamu Opanumm crnocobd-
CTBOBAJIM CTAXUPOBKE 110/ Ero PYKOBOJCTBOM Clic-
LIMAJIUCTOR Pa3IMMHOIO NPod st U3 pasHbIX CTPaH
Mupa, B ToM uMcae ¥ u3 Poccuu. 3aeck HAJ0 oTMe-
TUTb, YTO U3 MePBLIX copaTHUMKOB [lacrepa menm-
LMHCKOe 00pazopaHme (Ja M TO HE3aKOHUCHHOE)
UM NI TOKTOP DMub Py.

PucyHok 1. NamaTHas moHeTa B 4ecTb 200-neTus
JNlyn Nacrepa (Ppanuus, 10 espo)

Figure 1. A commemorative coin in honor of the 200th
anniversary of Louis Pasteur (France, 10 euros)

PucyHok 2. lNamaTHas MoHeTa B yectb 200-netua
JNyu Nacrepa (Manesta, 10 eBpo)

Figure 2. Acommemorative coin in honor of the 200th
anniversary of Louis Pasteur (Malta, 10 euros)
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UHdekums n uMMyHUTET

Heno [lacTepa mNpomOMXMII APYroil BHIAAIO-
muiics yueHniii, HobeneBckuii naypear, paboras-
mui B mHcTUTyTe [lactepa B Ilapuxe — WMibs
Uneny MeunukoB. IloaToMy 31ech HaM CIIOX-
HO OINPEHEeIUTH: KTO M3 OTEYECTBEHHBIX MEIH-
KOB siBJisieTcsl yueHukoMm Jlyu [lactepa, a kTo —
WUneu Meununkosa. O nByx u3 Hux (H.®. 'amaiee
u JI.JI. T'eitneHpeiixe) Mbl TOBOPUITH B MPEABIAYIIEH
cratbe [4].

Bo Bpemsi IOAroTOBKM HaHHOW CTaThbM HaIle
BHUMaHUE IpUBJIEKJa MyOJIUKALUSI TTUCEM IIPO-
deccopa C.A. UBAHOBA. OH OKOHYMJ BeTe-
pUHapHoe oTaeleHue MenuKo-XupyprudecKoi
akajgemuu B 1880 r. B 1886 r. 6B11 KOMaHIUPOBAH
MOCKOBCKHM TYOEpHCKHMM 3€MCTBOM 3a TPaHWUILY:
B [lacTepoBCKOM MHCTUTYTE 3aHMMAJICI MUKpPO-
Guosiorueit 1 OCHOBaMH ITATOJIOTHH.

B 1891—-92 rr. C.A. iBaHOB BO BTOPOIi pa3 pado-
tay B [Tapuxe B mabopaTtopuu 10KI0 T0 MUKPO-
OMOJIOTMM MOJIOKa U a30THOMY OOMEHY, ciryuiaj
nexkuuu U.W. Meunukosa u D. Py. B nucemax yno-
MUHAIOTCSI U JAPYTHe OTCYECTBEHHLIE yYeHBIe, Ha-
xoxuBlIvecs B To BpeMs B [Tapuxe. ABTOp nmuceMm
MPUBOAUT MHOTO OBITOBBIX MOApoOHOCTEH. B mo-
crenyiomem C.A. UBaHoB paboTan npodeccopom
TUTUEHBI M 300TeXHUKH B DSAAE CEIBCKOXO3SM-
cTBeHHBIX HCTUTYTOB Kuena (1893—1931) [2].

B nauase 1886 r. ITacTep HayaJ IPUBUBATE JIIO-
Jeit ot GelieHcTBa, BCA ero jabopaTopus Oblia 3a-
HsITa MTPUTOTOBJICHUEM TPUBMBOYHOTO MaTepualia.
Bce apyrue Bormpoch! OB/ BDEMEHHO OTJIOXKEHBI.
B To Bpemsi B maGoparopum Ilacrepa TpyauJIHMCh
40 uccrnenosareneit U 15 Bpaveit u3 Poccuu, a Tak-
K€ CIeUMaJuCThl M3 JPYTMX CTpaH. YIOMMHaeT
C.A. WBanoB u H.®. l'amaneio, ¢ KOTOPBIM IO~
3HaKoMMJICs ewte B AkaneMuu. [locaenHuit nmpu-
mramai ero B Oneccy 3aHSTHCS YYMOM poraTroro
ckota. UHTEepecHO ero 3aMeyaHue o0 MeTone pabo-
Tol [TacTepa: «2T0 COBEpPIIEHHO OCOOBIN yM: HayU-
Hasi paHTaA3M s, HAYYHOE MPEAYYBCTBUE, HO TOJIBKO
3TO HE HayYHBIW METOJ B HEMEIIKOM CMBICJIE 3TOr0
cinoBa. Ero accucteHTHsl paboTaroT Had BonpocaMu
T10 TUIaHY, IOHSITHOMY JJIsl HAc, @ caM OH JEUCTBYET
110 BIOXHOBEHUIO».

OnnoBpemeHHo ¢ C.A. MBaHoBEIM B Ilapuxe
pa6oran n I1.0. IETEPMAH (1853—?), naroJor,
€lle OAMH BBIMYCKHUK BOEHHO-MeIUIIMHCKOM
akagemMuu, 3amuTuBmIni B 1889 r. nucceprauuio
Ha Temy: «O BIMSHHMU HApYLIEHHOM AeATEIbHOCTH
KOXW Ha obIIIMe SBICHUS B TeJI€ XKMBOTHOIO» B Jia-
GopaTopuu 3KCIEPUMEHTAJIbHOU MaTOJIOIMU ITPO-
¢deccopa B.B. [TamyTtuna. [1.0. [Terepman Bo3ria-
BUJI aHTUpabuyeckylo (ITacTepoBCKYI0) CTaHLIMIO
B MockBe (B BOEHHOM TOCITUTAJIE).

Ecnim mnpaBa Ha CHOMpPEsS3BEHHYIO BaKIMHY
ObLIM TpOJaHbl HeKoell (upme, YTO BBIHYIMJIO
OTEUYECTBEHHBIX YYEHBIX CO3IaTh CBOI BaKLHHY
(LleHKOBCKHIf), TO yCIreX UM HeyHadyd TpUMEHEHUS
BaKIIMHBI TIPOTUB OELIeHCTBa TPUBEM K OCO3HA-

HUIO Toro (akra, 4To HEOOXOAMMO CO3[aBaTh Ia-
CTEPOBCKME CTAHIIMM BO MHOIMX rOpoiax M cTpa-
Hax. Jlyu Ilactep, He Uy XIblii caMOpeKIaMbl, Ha-
TIPaBIISLI CBOM (DOTOMOPTPET C JapCTBEHHOM Ha IITH-
CbI0 CBOMM YYEHMKaM — PYKOBOIUTEJNSIM TEPBBIX
aHTHUPaOMUYEeCKMX CTAaHUMI BO MHOIMX CTpaHax,
B ToM uucie I1.®D. INerepmany. Korma B BoeHHo-
MEIULMHCKON akageMuu Obll 0OBSIBIEH KOHKYpPC
Ha 3aBe/lyIouiero kadeapoit MHMEKIHOHHBIX O0me3-
Heii ¢ Kypcom GakTepuosiornu, [1.M. ITetepmaH GbLI
OIHMM U3 KaHAMAAaToB, Hapsiny ¢ H.D. l'amaireeii,
H.5. YucroBuuem, U.@D. Pantuesckum, JI.JI. Teites-
peiixom 1 ap. OgHAKO Ha 3Ty AOJKHOCTh OBLII M3-
opan C.C. BoTKuH.

PATUMOB Bacunuit Anekcanaposua (1850—
1904) — oredecTBeHHBIU XUpypr, Impodeccop.
B 1876 r. okonumn IlerepGyprckyio BoeHHO-
MEIMILIMHCKYIO aKaJIeMHUI0 U ObLJI OCTaBJIeH B KJIH-
HHUKEe TrocrnuTajibHoi xupypruu. B 1882 r. oH 3a-
IMUTUIT JOKTOPCKYIO aucceprauuio «Omyxoam
BEPXHEN YENIOCTU B KJIMHUYECKOM OTHOIIEHHM».
3arem OblJT KOMAHAMPOBAH 3a IPAaHUILY Ha 2 Toja,
paboran B naboparopum JI. Tlactepa B Ilapuxe
u Kponekkepa (K.H. Kronecker) B bepne. B 1884 1.
66111 U36paH 3aBeaywUM Kadeapoil TOCITUTATb-
HOM xupypruu B BMenA, rae npopaboTrait 1o KOHIA
Ku3Hu. B.A. PaTuMOB peopraHu3oBall ee JesiTelb-
HOCTH COOOpa3HO HOBBIM TPEeOOBaHMAM (aCEITH-
Ka, aHTUCEINTUKA); HayaJI IIUPOKO MPUMEHSATS I10-
JIOCTHBIE ornepauuu. Hapsay ¢ KIWHUYECKON XU~
pypruei nmperoiaBaji BOEHHO-TIOJEBYIO XUPYPrUio.

OH M3yyajn STHUOJIOTHIO, KJIMHHUYECKHE IIpO-
SIBJICHUSI 5XUHOKOKKO3a TeYeHU U paspabaTbi-
BaJl METOIBI €r0 ONEPaTUBHOTO JICUCHUS, OIMCAll
MHOXECTBEHHBIM 3XWHOKOKKO3 OpIOLUIHOU I10-
jgoctu. B.A. PatuMoB co3mas KpYnHYKO LIKO-
JIY XUPYProB, TPEACTABUTEISIMU KOTOPOK ObIjIMn
I1.>. Boposckmii, P.P. Bpenen, B.A. Omnmnens,
JLM. Ilyccen, B.H. IlleBkyHeHko u apyrue. OH
ObL1 mpezacenaresieM ocHOBaHHOro B IletepOypre
B namate o H.U. Iluporose O6miecTBa pyccKux
Bpayeii.

3JIATOI'OPOB Cemen UBanosuu (1873—1931) —
COBETCKMIA MUKPOOUOJIOT, SITUAEMUOJIOT U MH(pEK-
HuoHucT, ywieH-koppecnonaeHT AH CCCP (1929).
IMocne okoHyaHMsT BOEHHO-MEIMIIMHCKOM aKamie-
mum (1897) paboran Ha Kadenpe MHOEKIIMOHHBIX
GonesHeit moxn pykosozxcTtBom H.S. YmcroBuua.
B 1900 r. 3amMTUI DOKTOPCKYI IMCCEPTALMIO
Ha Temy: «K Bompocy o cyasbe 6akTepuii B opra-
HU3Me XMBOTHBIX, BOCTIPDUMMYMBBIX U HEBOCIIPH-
uMuuBbix». C 1903 r. — npuBar-goueHT BMenA,
ac 1911 r. — npodeccop GakTepHOTOTUHU U HH(pEK-
LIMOHHBIX 6ose3Hei [ICMXOHEeBPOJIOrMYeCcKOro MH-
crtutyta B I[letepOypre (HeiHe CeBepo-3amaaHbIii
rOCYJApCTBEHHBI MEAULIMHCKUU YHUBEPCUTET
umenu U.U. Meunuxkona), ¢ 1920 r. — npodeccop
kadenpsl 6aKTepUOJIOTUM U MHOMEKIIMOHHBIX 00-
sie3Heit BMenA u oqHoBpeMeHHO rpodeccop kade-
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apel 6akTepuonorun JIEHHHTPaACKOro XeHCKOro
MeanImHCKOro nueTuTyTa (HeiHe [epnerit Cankr-
[TerepOyprexkmii rocynapeTBeHHBINH MEAMLIMHCK U
yuusepcurer uM. axkagemuka M.I1. Tlasnosa).
B 19241929 rr. C.M. 3naToropos Ha3HauCH JIUpPeK-
TOPOM YKPaWHCKOTO CaHUTapHO-DaKTepuoJIori-
YECKOTro MHCTUTYTA UM. MeuHMKoBa B XapbKoBe.
C 1929 r. pykosoaus [MpodunakTuueckuM WHCTH-
TyToMm B BMenA. Bui opraHu3aTopom M yuacTHU-
KOM 2Kcrieauunit mo 6opnde ¢ 2rujaeMusiMU Xo-
Jiepbl 1 YyMBbl B AcTpaxaHckoit rybepaun (1899),
IMepcun (1904), Kurae (1911).

C.H. 3naroropos ony6iaukosas okono 150 Ha-
yuHbIX paboTt. OCHOBHBIE U3 HUX TOCBSIILEHbI GHO-
JIOTUM YYMHOTO MUKPOOa 1 XOJIEPHOro BUOPUOHA,
STHOJIOIUM CKAPJIATHUHBI U CBIITHOTO TH(hA, U3MEH-
qYUBOCTU GakTepuii 1 uMMyHuTery. OH u3ayuyan
CBOMCTBA ACCOUMMPOBAHHBIX BAKILIMH M MMEPCICK-
TUBLI UX MCToNb3oBaHus, PaspabareiBan Borpo-
CBl 9THOJIOTHM U TTPOHIAKTUKNA KOPU U CKapJla-
THHBI, TPEANoiarai, YTo CYLecTBYeT (hUibTpy-
IOUIMICA BUPYC, AKTUBUPYIOUIMH CTPCIITOKOKK,
Onpenenuna  MpoaOIKUTENBHOCTL  GalMUIOHO-
CUTEJBLCTBA TIPH XOJEpe U YyMC W BLISICHMIL, YTO
XOJIEPHBIM BUOPHOH YCTOUYMB K BO3ACHCTBUIO
HU3KHUX TEMTIEPATYP U MOXET JJIMTEILHOC BpEeMs
COXPaHsITBLCSl B WJIE peK, a uyMmMHast Gaumnia —
B Tpynax xkuBoTHbIX. C.W. 3naroropos sipnsiercs
ABTOPOM KaIUTAJLHBIX PYKOBOJICTB 110 BAKTEPUO-
JIOTUM «Y4YeHMe 0 MUKPOOPraHu3Max», «YueHwue
06 MH(pEKIUN 1 UMMYHHUTETE», «Kype nH(peK M-
OHHBIX OonesHeit» [9].

BbICOKOBUY Bnanumup KoHCTaHTHHOBUY
(1854—1912) — pycckuit naronoroaHaToM, sru/jie-
MuoJior n dakrepuosior. B 1876 r. oKOHY M Me/in-
UMHCKHI hakynbreT XapbKOBCKOIO YHUBEPCUTE-
Ta, B 1882 r. sammTun Auccepraunio Ha remy «O 3a-
GoneBaHMM KPOBEHOCHBIX COCYIOB 1P CUpUIIUCE.
B 1884 —1886 rr. nnpoxoamnii Kypcsl YCOBEPLICHCTBO-
BaHus B [epManuu, 3areM B TeucHue 9 siet paborai
MPO3EKTOPOM KadeApbl 11aTOJOIMUYCCKON aHaTo-
MUK XapbKOBCKOTO YHUBEPCUTETA, OJIHOBPEMEHHO
yuTan Kypc obuieil 1nmaTonoruueckoi aHatoMumu,
B 1895 . on 661 M36pan npodeccopom Kadeapo
MaTonorn4eckoin aHarommu KHEBCKOro yHmsep-
cutera. B.K. BhicokoBHMUY MPUHALICKUT CBLILLIC
90 HayuHBIX paboT, MOCBSALLCHHBIX PA3JIUYHBIM BO-
MPocaMm MaToaornuecKoit aHaToMuu, (hU3NOoN0TrnH,
anuaeMuonorun U Gaxkrepuonornn. COBMECTHO
¢ .. MeuHMKOBBLIM OH CO3JaJl YUEHUE O peTH-
KYJIOOHAOTEJIMAJIBLHOW CHUCTEME, peLlaloutas posib
B paspaboTKe KOTOpPOro omubOUHO NMPUITUCHIBA-
nach HeMeIlKUM yueHbIM. B.K. BricokoBuY OTKphIJI
cmocoOHOCTL AHAOTENHANBHBIX U (DUKCHUPOBAH-
HBIX KJIETOK COCAMHUTEBHON TKAHU 3aXBAThIBATH
BBOAMMEIE B KPOBb MUKPOOLI; 10Ka3a1, uTo cyinda
MUKPOOOB BO BHYTPEHHMUX opraHax (1eveHb, celie-
3eHKa, KOCTHBIA MO3T) 3aBUCUT OT CTENCHM IMaTo-
I'eHHOCTH BO30OYIUTENA.

B 1897 r. B.K. BblcOKOBUY BO3IIaBUJI PYCCKYIO
SKCMEUANLIMIO, HAIPABICHHYIO B MHAMIO s M3-
YUCHUSE AMUJAEMUN UyMbl ¥ paspabotku 2hdex-
TUBHBIX Mep 6opbbbl ¢ Helt. Ol yuacTBosai B Goph-
Ge ¢ anmaemueit xonepsl B 1892 1, ¢ anmaeMusaMu
uymbl B Optecce 8 1902 u 1910 rr., 6wyt oprasmsa-
TOPOM  HPOTUBOAMMUACMUUCCKHUX MEPOTPUATHIA
B PYCCKOW apMUM BO BpeMsl PYyCCKO-SITOHCKOIM
BOMHbL 1904—1905 rr. B 1894 1. on HesaBucumo
or Beitkcennbayma (A. Weichselbaum) nokazan
MUKPOOHYIO  HTHONOIMIO  LepebpocinHaILHOro
mMeHuHrura, B 1890 1. yeranosuia, uto 3osoryxa
umeeT TyOCPKYNC3HYIO 9THONOTHIO.

HEJIPUTAMJIOB Buxrtop Meanosuu (08.11.
1865, Kypck — 27.04,1923, Xapbkon), MUKPOOHO-
JIoT, OKTOP MeAMUMHBL, npodeccop. OKOHYMA
Xapbkosckuit yuusepeurer B 1893 r., nocne uero
usyuan OGaxrepuosornio y B.K. Bricokosuua.
[Mpuusin yuactue B opranmszaumm (1894 r.) Gax-
TEPUOJOIMYECKOIO  MHCTUTYTa  XaphKOBCKOIO
MearunHekoro obuwecrsa. B 1896 1. paBoran
B [Mapuxe y MU, Meunukosa. B 1909 r. samu-
T JAMCCEPTALMIO TTOCBHILICHHYIO PE3UCTEHT-
HOCTH I'YCEHMIL MYEJIMHON MOJM K PasivuyaHbIM
Mukpoopranunsmam, C 1914 r. B.M. Heapuraiinos
HAa3HAYCH 3aBEAYIOIIMM ChIBOPOTOYHBIM OTJIC-
JIoM MTHETUTYTAa DKCIEPUMEHTANTBHON MeAHLIHHBI
B IlerepGypre. C 1918 r. — unen IMerporpaickoit
BAKIIMHHO-CBIBOPOTOMHOW ~ KOMMCCHHM,  PYKO-
soaumoit JILK. 3a6osorHeiM u H.®D. lamaneeii.
B.W. Henpuraitiiopy npuHaanexut 60 HayaHBIX
paboT, oTHocsAMXCA K obnacTu GakTepuosIorum
M UMMYHOJIOTUM, raaBHbiM obpasoM 1o audre-
pun, GeieHerny, xonepe. OH paspabotan MeToa
MPUTOTOBJICHUSI UMMYHHOI CBIBOPOTKH ¢ 60Jib-
IWHUM colepxKaHueM audTepunitHOrO aHTUTOKCHHA
1 BMecTe co ceoumm yuenukamu C.B. KopuiyHom
m LS. OcrpstHMHBIM opraHusoBal B XapbKobe
MPOM3BOACTBO MPOTUBOAMMTEPUIHOIT ChIBOPOT-
Ku. B.U. Henpuraityiop rnpeioxui oauH 13 Me-
TOAOB UMMYHOJIOIHYECKON AUATHOCTUKH XOJICpPbI
M METOJ BAKLMHALIMK TTPOTHUB ra30BO raHIpeH bl
(¢ Mcrosh30BaHMEM B KAYECTBE AHTUTEHA HE KYJIb-
TYPY MUKPOOOB, & OTAE/ISIEMOE M3 PAH M MBILILL).

OTITITEJb Bragumup Auapeesuy (11.12,1872 —
07.10.1932), xupypr, HDOKTOP MEIMLWHBI, TPO-
deccop, ACHCTBUTENBHBIN CTATCKUIH COBETHMK,
Poauicst B ceMbe M3BECTHOTO MUAHMCTA U KOMIO-
suTopa, npeacenarenss PyccKoro My3pIKalbHOI'O
obuecrsa Auapes Anekceesuua Onmnesnsi. B 1896 1.
okoH4YMJ BMesA u Oni1 ocTtaBieH aabIOHKTOM
B rOCHMTANBHON XUPYPrUuUvecKOW KJIMHHUKE Tpo-
¢eccopa B.A. Parumona. B 1899 r. nmocne saim-
Thl JIOKTOPCKOM Jamuccepramnu o JduMdbaHrnoMax
Obl1 HATIpapiaeH B 3arpaHM4YHYI0 KOMaHIHPOB-
Ky, riue paGoran s jgabopatopusix y P. Bupxosa
n N.M. Meunukopa. [To BosspaiieHun ObI1 cTap-
UMM ACCUCTEHTOM B KJIMHUKE, PYKOBOIMMOW
C.I1. DepoporuiM, C 1908 1. 3apegosan kadeapoit
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Xupypruueckoit narosorun v repanum (¢ 1917 r. —
Kadeapa obwei xupyprun), a ¢ 1918 r. — akane-
MUUECKOH XHpYpruveckoit KAUMHUKOH BMenA.
Heckonbko mecsiues B.A. Onnenas 6wl nipe-
aujieHTOM axkajaeMuu. Opnospemenuo (¢ 1919
1o 1927 r.) BO3rnasyi XUPYpPrudeckoe oTaeaeHne
PajlMOpEeHTIEHONOMNYECCKOTO  UHCTUTYTA  (HBbIHE
DI'BY «Poceuitcknit HayYHBIA LEHTDP PANMOJOT K
N XMPYPIUYCCKUX TEXHOMOIM T MMEHM aKaJleMuKa
A.M. I'panosas), Bo spemsa Iepsoii MUpOBOIT BO-
Hbl OBl XUPYProM-KOHCYILTAHTOM psiga (hpoH-
toB, B 1927 r., gaBasgsace aupekTopoM GOJLHHUILLI
M. LA, Meunukosa, opraHu3oBaji B Heil Kpyri-
HOE XMPYyprudeckoe oTAe/ieHHe, a Ha ero dase —
2-10 xupypruueckyio kadeapy JleHMHIpajacKoro
MY Ba. B 1931 r. sosrmasui neppyio B CCCP ka-
denpy BoeHHo-moneBoit xupypruu BMenA.

B.A. Onmens Ob1J1 ONHUM M3 OCHOBOTIONIOXKHM-
KoB Boenno-nosesoit xupypruu B CCCP, coznan
Gonpiyio wkony xupypros. K qyucny ero yueHu-
koB otHocsitcs M.H. Axyrun, C.U. Banaiituc,
C.C. Tupronas, U.A. Kmiocc, u apyrue. OH siB-
JISLJICS TIpeAceaTeNIeM XUPYPrudeckoro ooduecTsa
um. H.W. IMuporosa (Jlenuurpan), naéupascs ro-
HeTHBIM 4ieHOM KopoJieBCKOTO MEAMKO-XUPYPrid-
yeckoro obecTsa AHITIMHN.

CABYEHKO Wsau IN'puropnesny (1862—1932) —
COBETCKMI MMMYHOJIOT M TaToJIOrT, MUKpOoOGuoJor,
npodeccop (1896), 3aciyKeHHLI neaTe/lb HAYKH
PC®CP (1928).

B 1888 r. OKOHYMJ MeIMUMHCKUI (Dakysib-
TeT KHeBcKOro yHMBepcuTeTa W ObLI NpUIJIa-
IeH ITOMOILHMKOM Ipo3ekTopa Ha Kadenpy
obuieii narosormu  BMenA, Bosriasisiemyo
B.B. TMoaseicouxum. C 1889 r. — accucreHr
aroil kadeapwi. B 1893 r. U.I. CasueHko 3a-
WUTHJI JIOKTOPCKYIO IMCCEPTALIMIO HA  Temy
«CIIOpOBUKOBBIE UYXKESIAHBIE B 3J10KAYEeCTBCH-
HBIX ormyxosx». B 1895 r. paboran noa pykoBou-
creom MU, Meunukosa B Uucturyre ITacrepa
B [Tapuxe. C 1896 no 1919 r. — s3asenywowmit
kadenpoit obueit naronorun KasaHckoro yHu-
Bepcutera. B 1919 r. Bmecre ¢ H.H. ITerpoBsiM
W APYTMMHU YUCHBIMY YUACTBOBAJ B OPraHM3auuu
BakTepHosOrnuecKoro MHCTUTYTA M MEJAMLIUH-
ckoro cakynbreta KyGaHCKOro yHMBEpCHUTETA,
Kaeapoit obuiei 1MaToJOrMu KOTOporo pyKoBo-
ana 1o konua xusHu. M.I. CaBueHko — aBTop
cepite 100 HayuHbIX paGoT, MOCBANIEHHBIX MTATO~
JIOTUYECKOIT aHATOMMM, HTHOJIOTHM, TATOrEeHe3y
1 UMMYHOJIOTMM MH(DEKUMOHHBIX DonesHeit. Um
HCCIeNOBaHBl BOCITAJIUTEbHBIE M3MEHEHUS KO-
cTeit U1 KOCTHOro Mosra npu rnpokase (1890), na-
TONOroaHATOMMYCCKHME M3IMEHEHUSA IIpU Xojepe
(1893). B 1893 r. coemectHo ¢ [I.K. 3a60/0THBIM
W.I. CapueHko ¢ oneitax Ha cebe mokasan 3¢-
(hexTMBHOCTL MEPOPANTLHOIO BBEIACHUS XOJIEPHOIA
BaAKLMHBL, YTO MOJOXKMJIO HAYaJI0 IHTEPOBAKIIU-
HALMK C LUEJBIO cretupnyecKoi npoduiIakTHKK

KuiedHbX MHpekunit. BobnracTt reopernueckoi
UMMYHOJIOrMM 0co00€ 3HAUEHUE UMEET [IMKJI UC-
cnegosannit U.I. Casuenko 1o npobueme daro-
uMTOo3a, Ha Kotopeie cewinancs UM, Meunukosn
B cBoux Tpynsax «O HEBOCIIPUUMUYMBOCTH B MH-
hekumonnpix 3aboneBaHusix» u «O npupoue
BOCTIAJIEH W 5T»,

B 1905 r. U.I. CaBueHKO OTKpbIJI CKapjaTu-
HO3HBI TOKCHH, a B 1907 r. npeanoxui opuru-
HaJLHBI METO U3rOTOBJICHUS JIOWAJANHON 1Po-
TUBOCKapaaTuHO3HOU ceiBopoTku. C 1920 r. ou
OPraHM3yeT MIUPOKUEC SMUACMUOJOIMUCCKUE HC-
ciaepopanus B KpacHouape, 1pousBoicTBO XoJiep-
HO ¥ OprowHOTHRO3HOW BakumuH st Kpachoii
ApMHM M ThUIA, Bo3rasisier Gopuby no JUKBU-
Jaluuu BCIBILICK AMuieMuueckux saboyesavuii,
K aTomMy BpeMeHM OTHOCSTCS ero Hay4yHbie 1yosimn-
KaUuuK O ITATOreHe3e Maspuu, SMUACMHUOIOrMU
XOJIEPBl U APYTUX HHPEKIIMOHHBIX 3a60JICBaAH M,

TAPACEBUY Jles Aunekcanaposuu (1868
1927) — orevecTBEHHBI 3MUAECMUOIOT, MUKPO-
b6uosor 1 obLecTBeHHbIN gesitens, B 1891 r. okoH-
YUl ecTeCTBEHHBIN (hakyisrer Hosopoceuiickoro
yHusepeurera (Opecca), yauscst 8 BMenA, sasep-
wua MeanurHekoe obpasosanue 8 [Mapuxe (1897).
[Mocne kparkoBpeMeHHOro ripeboisanms  (1899)
B KuesckoMm yHusepeurere Ha kadeape obuieit na-
ronorun y B.B. [Toasbicoukoro yexan s ITapux, pa-
Horan B naboparopun MU, Meunnkosa, rie nojaro-
TOBHJI JOKTOPCKYIO auccepranuio. B 1902 r. sosspa-
Tuscst B Onecey, rjie nosjpuee paboran npusar-iao-
LEHTOM Kadeapbl OB1UeH naToJlorMu YHUBEpCUTETA.
B 1907—1911 rr. JI.A. Tapacesuy cTa puBaT-/101eH-
ToM Mockosekoro yuusepeurera, 8 1908—1924 rr,
quTan Kype Gakrepuonoruu Bo 2-M MOCKOBCKOM
yHusepeurere (1o 1918 r. Bolcuinx XeHCKHUX Kyp-
cax). Bo spemst [eproit Muposoit Boittbr (1914—1918)
OBLI MHUIIUATOPOM BAKLIMHALIMK MTPOTUB OPIOIIHO-
ro Ti(a 1 XoNnepst B PYCCKOM apMuu,

JLA. Tapacesuuy npunaunexur 6onee 70 na-
YUHBIX paboT 1Mo pasimuHbiM BorpocaMm obiueit
MATONOIMU, MUKPOOUONIOIUHN, TTUAEMUOJIOTHH,
UMMYHOJOIMHK, TIPUBUBOYHOMY JICIY, B TOM HHC-
Je «Kype obGueit naronorumn» (1917) u psan rnas
B IIEPBOM PYCCKOM TPEXTOMHOM KOJ/JICKTUBHOM
pykoBojcTse «MeauIIMHCKAas MUKPOOUOIOTHsi»
(1912—1915), BeluieAIuM noj ero pegakimeii. O
croco0OCTBOBAJI BHEAPCHUIO B HALICH CTpaHe Bak-
HuHaUMu npoTus Tybepkynesa. o ero nununarm-
Be B aBrycre 1918 r. 6niia cospana nepsas 8 CCCP
CTAHUMS 10 KOHTPOJIIO BaKTEPUUHBIX 11PEIapaTon
(Hayuno-uccneoBareibCKuit MHCTUTYT CTaHiap-
TU3ALMKU 1 KOHTPOJISE MEAULIMHCKUX Buosiornyec-
Kux npenaparos uMm. J1LA, Tapacesuya). C 1918 r.
OH BO3MJABJSUT YUCHBIM MCAMUMHCKMI coBeT
Hapkomsupasa; Obll OCHOBATCJIEM M JAMPEKTO-
pom l'ocynapcTBEHHOro HayYHOro MHCTUTYTA Ha-
poaHoro 3apaooxpaHeHust (F'MH3) um. INacrepa
(8 Mockse). JILA. Tapacesuu ObvlJI OpraHu3aro-
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poM U OecCMEHHBIM IpeceaaTe/ieM psijia Che3a0B
0aKTepHOoJIOroB, 3MUAEMHUOJIOTOB M CAHUTAPHBIX
Bpayeit.

YUCTOBUY Huxkomait Sxosnesnu (1860—
1926) — oTeyeCTBEHHBINH TepamneBT, WH(MEKIINO-
HUCT U MukpobuoJior. [Tocne okonuanus B 1884 .
BMenA Obln1 ocTaBieH IIpU TEPaneBTUYECKOU
kJuHuke, Boarnasiasgemoir C.II. BOTKHHBIM.
B 1887 r. 3ammuTuJ JOKTOPCKYIO IMCCEPTAIMIO,
BBITIOJIHEHHYO noa pykoBoactBoMm M.T1. Iasiosa.
B 1887—1890 rr. coBepiieHCTBOBAJICS 3a TPaHHUIIEH
y U.U. Meunuxkosa, P. Koxa, ®. PeknmnHrxayseHa,
. Jleitpena u ap. C 1890 r. ciayXuia mmpuBaT-I0-
LIEHTOM, a 3aTéM — ACCHUCTEHTOM (haKyJIbTETCKOU
TepaneBTUyeckoi KamHMKH BMenA. C 1895 r.
H.A. YuctoBuy — riaaBHBINM Bpad OOJIBHUIIBI TTPU
l'eopruesckoit obmmHe Mencecrtep B Iletepbypre.
B 1898—1910 rr. pykoBoaun kadenpoit obiuero
YUYEHUS O 3apa3HbIX Oone3HsIX ¢ GakTepuoIorueit
BMenA u ognoBpemeHHo ¢ 1900 r. — kadenpoi
YAaCTHOM MaToJOruM u tepanum [letepOyprckoro
JKEHCKOTO MEIMIIMHCKOTO MHCTUTYTa (B HacTOS-
mee Bpemsi [lepBerit Cankr-IleTepOyprckuii ro-
CYIapCTBEHHBI MEAMIIMHCKUU YHUBEPCUTET UM.
akagemuka WM.I1. INasnosa). C 1910 r. ¥ 10 KOHILIa
JKU3HU SIBISJICS HadaJbHUKOM Kadenpsl hakyib-
TeTCKOM Tepanmuu BMenA.

H.A. YucroBuy — aBrop cBbIe 90 HayYHBIX
paboT, MOCBSIIEHHBIX BOIIpocaM 0aKTepuOJIOTHH,
rmaTtoMopGoJIOTUH, MaToreHe3a, KIUNHUKHA U Jieue-
HUS TTHeBMOHUIT U TyOepKyJie3a, 0cob0 OMmacHBIX
U APYTUX MH(PEKLUIMOHHBIX D0JIe3HEH; U3MEHEHUSIM
KPOBHU TIpU MH(MEKLIMOHHBIX 60JIe3HAX; BOIIpOCaM
maToMop@oa0ruv, CUMITOMATUKU U JUAarHOCTHU-
k¥ 3aboJsieBaHMI cepalla, MOYEeK M MOYEBBIX MY-
Tell, a TakXe APYrMM IpobieMaM BHYTPEHHMX
6osnesHeil. OH OBUI CTOPOHHUKOM KJIIMHUKO-IKC-
MMePUMEHTAJIbHOTO HampaBlIeHUs B MEIULIMHE.
KrnaccuyeckuMu TIpU3HaHBl €ro MCCJICIOBaHUSA
MECTHOr0 MMMYHMUTETA W ITaTOTeHHOCTH MUKPO-
opranusmoB. H.f. YwucroBuu npusHaH OIHUM
M3 OCHOBOTIOJIOXKHUKOB KIMHUKHM MHDEKITMOHHBIX
OoJie3Hel KaK HayYHOU NUCUMITIMHBEL U TIpeaMe-
Ta npernogaBaius B Poccun u CCCP. OH co3nan
KJIMHMYECKYIO IIKOJY, IPEeICTaBUTENSIMU KOTO-
poit 66111 M.U. Apunkun, H.K. l'eopruesckwuii,
C.U. 3naroropos, H.K. Posen6epr, C.M. Pricc,
H.H. CaBuukuii u apyrue [9].

MACJIAKOBEII ITerp IMetpoBuy (1871—1933) —
copatHuk I.JI. Be1OHOBCKOTO, OAMH U3 OCHOBATE-
neit uHeruryTa [lacrepa B Cankr-IletepOypre [1].
[Metp IletpoBuu pomuncs B 1871 r. B mepeBHe
MacnakoBka YepHurosckoii rybepuun. B 1891 1.
OH OKOHYMJ KJacCH4YeCKYyl YepHUTOBCKYIO THM-
Ha3uio ¥ mnoctynuia B KWeBCKMil YHUBEPCHUTET,
MPOYYMBIIUCH 2 Kypca; B 1894 r. niepeBesncs Ha 3-i
kypc Ilerepbyprckoit BoeHHO-MeauumHCKOM
AxajieMuu, KOTOpyo oKoH4YuI B 1897 1. ¢ oTnnum-
€M M 3BaHUEM JIeKapsi.

B Tom xe rony Iletp IleTpoBuu ObLI 3a4MCiICH
MJIaJIIAM BpadoM B 165-if KoBeabCcKMit MEXOTHBIM
nosk. B 1899 r. Beien B orcraBky. PasxkaoBaH
M3 BOGHHBIX Bpauei 1o geny «Coio3a 60ps0bI 32 0C-
BoOOXIeHMe pabouero Kjaccar; BbICJaH Ha 3 roaa
B Ypxym Barckoit ryGepHumn, rie paboran B 3eM-
CKOIf DOMBbHULIE.

IMocne ceputku B 1902 1. orydnst MECTO 3aBeayio-
mero KosioHueut u seuebHuueit KpacHoro Kpecra
B [TsaTuropcke; ¢ 1903 r., KpoMe 3aBeIOBAHUST yUpeK-
neHussMu KpacHoro Kpecrta 1 pyKOBOACTBA 3aHSITU-
SIMH cecTep Mujocepaus, 1o 1905 r. 3aHuMaJ 101X~
HocTh Bpaya Ilsituropckoit rpymibsl KaBkasckux
Musnepanbabix Boa. B 1905 r. Iletp Ilerposuy 6601
apecToOBaH KakK 4JieH PeBOJIIOLIMOHHOTO KOMWUTETA
[TaTuropckoit Pecny6auku, OfHAKO 3aTeéM OCBO-
00X /IeH Ha MOPYKH, ITOCJIe Yero BhleXasl 3a IPAHMUILY.

B 1906 r. IL.I1. Macnakosel BepHyscs B Poc-
cuio, paboTaj B AMArHOCTUYECKOUW KIMHHUKE
JleBuHa B UHCTUTYTE 3KCIIEPUMEHTAIBHON MEIU-
uuHB (MUOM); nony4yusn npemMuio 3a pa3paboTKy
TEeXHUKH peakiuuu Baccepmana; B espasie 1907 1.
MpoCaylIaa Kypc MpakKTUYecKoi GaKTepHOJIOTHHT
MpU  TaTONOTrO-0aKTEPUOJIOrUYeCKOM KabuHeTe
HUBM nox pykosoactsoM noktopa H.K. [lynsia;
¢ Mapra 1907 r. paboTas mox pyKOBOACTBOM Tpod.
I.K. 3a6050THOrO B CH(pUIUAOIOrHIECKON 1ab0-
patopuu MUBM; ¢ uioHs o okTsa6ps 1907 1. OB
coemectHo ¢ [I.K. 3a60/0OTHBIM KOMaHIHMpPOBaH
Ha 3NHUJIeMU IO XoJiepsl B AcTpaxanb u Camapy, rae
MOJl ero pyKOBOACTBOM M3yyasl MaJISIPUIO, XOJepy
u yymy. ITocie Bo3BpauieHuss paboTan MIaalIuM
aCCUCTEeHTOM Ha Kadenpe 6aktepuosioruu UOM.

C 1908 r. TL.I1. MacnakoBen paboTaJl COBMECT-
HO ¢ S.IO. Jlu6epmanom u I.JI. BeloHOBCKUM
B TIOApa3ieiieHUuH, KOTOpOe B TMOCJEAYIOLIeM
crader Uuctutyrom [lacrepa, a Ilerp Ilerpo-
BUY — 3aMectuTeneM aupekrtopa. B 1909 r.
I1.I1. MacnakoBell cTajJ JOKTOPOM MEIHIIMHBI,
pabortan B MEOMIIMHCKOM >XXEHCKOM HMHCTUTYTE;
¢ 1916 r. — accucrenTom Kadeapsl MUKPOOHOIO-
ruu, ¢ 1921 r. — gupextopom CeBacTONOJIBLCKOIO
bakTtepuonornueckoro MHcTuTyTa.

B 1922 r. T1.I1. MacnakoBell TTOJYYUJI TTPEAITn-
canue [Tepporo MeaMIIMHCKOTO MHCTUTYTAa O BO3-
BpauleHuu B Iletporpam Ha paboTy B KadecTBe
crapuiero accucrteHnta. C 1922 r. on paGoraJs crap-
UMM IIpO3eKTOpoM Kadeapsl MHUKPOOHOIOTHH;
¢ 1923 r. — crapmiuM npenoxasareneMm, B 1926—
1928 rr. 3aBenoBan Kadenapoii, 3ameniasi npodec-
copa /1.K. 3a6om0THOoro; ¢ 1928 no 1931 r. 6si1 3a-
BeAyomuM Kadenpoit mukpooduosioruu Ilepsoro
MeauIMHCKOrO MHCTUTYTA.

B 1926 r. I1.I1. Macnakoseir Hapkom3apaBom
Ob1s1 KoMaHauposaH B [Tapux B [TacTepoBcKmit WH-
CTUTYT, rae rnmpopadoran 2,5 mecsua. C 1929 1. [Tetp
[TeTpoBMY 3aHMMAaJl JOJKHOCTH IMPHUBAT-I0LEHTA
M 3aBEAYIOLLEro 3MUIAEMUOJIOTMYECKUM OTIIEIOM
Unctutyra umenn IMacrepa B Cankrt-ITetepOypre.
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Undexums u nMMyHUTET

HUKJIMHCKASA TIlpackoBes BacunbesHa
(1859—1923) — orTevecTBeHHHINH OaxTepHoIOT,
rneppas pycckasi XKeHUIMHa npodeccop bakTepHo-
norun [3]. Tlocne oOKOHYaHMs I'MMHa3MM  He-
CKOJIBKO JIeT paboTtaja yuyuTeNbHULUEH HaYalbHOM
wkonel, B 1889 r. okoHumsa ¢usuko-marema-
THucckuit ¢akynsrer Boiciumx (bectyxeBckux)
KEHCKMX KYPCOB M rnpoaoaxana obpasoBaHue
8 [Mapuxe, ¢ Gonpuum Tpyaom 10OHBIIMCE Npasa
NMOCTYIHThL Ha nepsbie HaKTEPHOJOTHYECKHE KYp-
chi B [lacTepoBCKOM MHCTUTYTE, KOTOPBIMH pYV-
kosoamau 2. Py, A. Jlapepan u U.M. MeuHukos.
OxoHYMB Kypchl, octanack B MHCTUTYTE U B Te-
HYeHHME Tpex JIeT Beja HayuHylo paboTy noa pyko-
poacteomM HM.M. Meunukosa. Bossparusuiucs
8 PoccHio, nocTynuna npenaparopoM B OCHOBaH-
Heitt H. labpuueBckuM bBaxtepuosnornueckuit
HHCTHTYT MOCKOBCKOIO YHMBEpCHTETa (HbIHE
Mockopckuit HUM snuaemuonoruu n Mukpobuo-
noruu uM. I'H. I'abpuuesckoro Pocriorpebrasniopa).

B 1902 r. B JKeHEeBCKOM YHMBEPCUTETE 3alliM-
THna auccepraumio «Mccnenosanusi B obsnacTm
U3YMCHUHA TEPMODHABHBIX MUKPOOOB*» Ha COMCKA-
HHE YUCHOMH CTEeNeHM JIOKTOPA eCTeCTBEHHbIX HAVK.
C 1908 r. 3apenosasa Kadenpoit GAKTEPHONIOrHM
MenMIMHCKOro ¢akynsrera MOCKOBCKHMX BbIC-
LIMX JKEHCKMX KYPCOB M OJHOBpPEeMCHHO paborana
B bakTepuonoruueckoM HHCTHTYTE MOCKOBCKOIO
YHUBEPCUTETA.

I1.B. uknunHckas — arop OOABLIOro 4YMC-
Jia pabGor mo BompocaM obuieit ¥ MEIMIHHCKON
MHKpoOHoJMOrHM, Ec¢ BaxHeHMe Tpyabl rnoces-
IIEHB! M3YYCHHIO HOPMAJBHON MHKPOQIIOPH KH-
WIEYHHKA YCJIOBCKA, e HIMCHCHHI B 3aBUCHMOCTH
OT BO3PACTa, MHTAHNUA M APYTHX YCA0BHH, & TaKXe
AHTATOHMCTHYCCKHX B3aMMOOTHOIIEHHT MUKDPO-
oprainsmMon. Boabllyio IEHHOCTh NMPeACTABASIOT
¢e HeeaeaoBaHns MUKPOhIOpHl KHILIEYHHKA Y /1e-
Tel, B 4ACTHOCTH posTH OuduaodakTepHil v HOBO-
POXIEHHBIX, ITHONOTHH ANCTIENCHit 1 ap. PaGoTsl
I1.B, LlukauHckoit «O reMonu3uHax OakTepuiie,
«O IMTOTOKCHYECKHX CBOMCTBAX KPOBAHOM ChIBO-
POTKH# M TIOHBIHE HE YTPATHIM CBOCIO 3HAYCHUSH.
Ee uccrnenoBanus cnocoGCTBOBAM PAIBHTHIO HO-
BOI'O HAMPABJICHHUA B MCIMLMHCKON MUKpOoGHOII0-
run — rHorobuonorun. 3a paborst B obsracTy Mme-
AuIMHCKOH Mukpobuonoruy I1.B. LIMkauHcKoil
B 1917 r. MOCKOBCKHM YHUBEPCHTETOM ObljIa IPH-
CBOCHA CTEleHb A0KTOPA MCAMUMHBI 6€3 3a1nThl
JHCCepTaluu,

LUTTEPK Bayapa-Jleonapa @puipuxosuy (1837—
1894) poawics B ropoae MranmH YepHMrosckoit
rybepunn (Huiie Bpssckas 064acTb) B CeMbE 3H-
ToMosora u muHeponora ®punpuxa (Penopa)
Anapeesnya Lllnepka [6]. B 1855 r. okoH4yun Meau-
uMHCKHI hakyiabsTeT XapbKOBCKOr0 YHUBEPCHTETA
C OTJIHYMEM M OJIHOBPEMCHHO YCTCIIHO CHAM IK3a-
MEHBI Ha CTEMeHb JOKTOpa MeIHUHHBLL B TeueHue
10 net paboran Ha JansHem Boctoke. B 1860 1. oH oT-

npasuIcs B aKeneanumio no Hukonaesckomy okpy-
ry Ha Kamyarky ans u3ydyeHHs pacnpocTpaHeHHs
npokasst 1o Geperam Oxorckoro mopsi. CobpanHsie
marepuansi nmomorin D@, [lnepky MoAroToBUTHL
pabory «Menuko-TonorpaputeckHe 3aMevaHMs
o cuunuce Cesepo-BoctouHoit Cnbupu» s no-
JIYHCHMS CTEIEHH IOKTOPA MEAHLIMHBI, KOTOPYIO OH
YCTICIIHO 3aiuTH B 1863 1. D10 6BINIO OAHO W3 Nep-
BbIX HMCCJICIOBaHHI MO MEAMUMHCKON reorpadmu,
MO3TOMY B HHCCEPTALIMM OTCYTCTBOBAJIM LMTATHI
npyrux asropoB. M3-3a 31010 ec¢ ensa He OTKIOHH-
JH, Hane Gnarogaps xonarafersy A.A. Uncrosuya
yaanocs gonyerurs .M. Ilnepka K saummre.

Paboras B KajiuHKMHCKOH DOJbHMLE, YYeHbIH
nposen YHuKaabHyo padory: ¢ 1871 no 1876 r. on
noapodso obcnenosan 1076 NpOCTHTYTOK H Ha-
6nonan ux B TeueHue 15 et. YueHslil MbITANCHA Bbl-
SABHTH rpadutecKknii SJKBUBANICHT PA3BUTUS U NPO-
TeKaHHA KOHKPETHOMH naTosiorun. PesynsTaTul npo-
BeneHHOo# paboTel GbUIH OUeHeHBl npodeccopom
2. Jlancepo (E. Lancereaux, 1829—1910), xoropsiii
HAMUCaN B NPEAHCIOBUH K COOpPaHMIO COMHHCHUM
.. inepka: «OH OIMH H3 TEX PEAKUX ABTOPOB,
KOTOPLIC MOHUMAIOT, KAK BaXHO NMO3HAHHE ITHO-
JIOFHYECKHUX YCIOBHH GONE3HENH [UIA HOCTHIKEHHN
NPEAVIIPEKICHHA HX, M KOTOpbIC CTapalTCs Bee-
MM CPEACTBAMM ONPEACIUTL UX TIPOHCXOXKICHHE.
Ho 2THM He OrpaHMyMBAIIMCh M3BICKAHHA 3TOTO
mobosHaresbHoro ¥ obpaszopanyoro yma. OH 3a-
HUMAACH ClIC NPHMEHEHHEM MIEKTPHYECTBA K Jie-
YeH M0 Gosie3He U C XKapoOM OTHABAJICH M3YUCHUIO
DAKTEpHONOruM, HEIaBHO OCHOBAHHOW MHTEpEC-
HeMH uccrenopauuamu J1. [Macrepan.

Byayun rnasanim Bpavom KaauHKuHCKOM 60J1b-
Huiel, 9.0, LUlnepk npogonxai 3aHHMATLCA HC-
crnenosaHusaMu B obractu cudunnca. CrieumaissHo
a4 31olt paborst npuruem A T1. OnbaeHBypreknm
ObLia npuobpercHa naprus o6e3psiH U3 36 XHBOT-
HEIX. OfHAKO B BOJABUIMHCTBE CAYYaeB 3KCIEpPH-
MCHTBI HC YBEHYANUCH yenexoMm. M ainis nocse no-
e3aku B lMapux, rae 9.P. linepk obcyxaan npo-
BIeMy CO3AHMS IKCNEPHMEHTANILHON MOIE/H CH-
unnca ¢ J1. TTactepoM, OH NONBITAICH TPUMEHHTD
KoMOuHaunio Boabynurens cudmanca ¢ MHBIM
MHKPOOPraHM3MOM, HAIEsACh TAKUM 0Dpa3oM no-
HU3UTL UMMYHUTET 00e3baH. B peaynbrare y obe-
3bAH BO3HHMKAJIM XapaKTepHBIC 53Bbl. ITH paboThl
nanu ybeauTeNbHOE IOKA3aTe/IbCTBO MPHBHBAaC-
MOCTH HyenoBedeckoro cudmuanca obesbsiHe ¥ BO3-
MOXHOCTH JaJibHeHIuX naccaxkeil or obe3bsiHbI
K ofe3bsiHe, YTO MOCHAYXHIO0 HauanoMm GoabiION
MCC/enoBaTENBCKOW paboThl psijta yUeHBIX B 061a-
CTH N3yHeHH S cHumnca,

BAPOAX Sxos IOnbesny (1857—-1929) — spau,
phinatommiics Mukpotuonor, ponmics s Opecce
B cembe yuurens. lMociae PuumenseBckoi ruMHa-
3MH OH nocrynui Ha EcrecrserHoe oTacieHue
Dusuko-maremarnuecxkoro  daxkyavrera Hoso-
POCCHICKOro yHMBEPCHTETA, TAC MOA PYKOBOI-
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creoM M .M. Meunnkosa uayuas oGuonorunw |[7].
3a cTyleHUCCKYI0 HayuHyIo paborty «O6 onTuye-
CKHX H3oMepax sOJOYHBIX KHCI0T» OH Obla yio-
CTOEH 3010Toi Meaann, OKOHYHEB YHMBEPCHTET
B 1880 r., HAxoe MOnsesuy nocrynua 8 BoenHo-
MCIHUMHCKYW0 akajemuio B Ilerepbypre s no-
JNIVHEHMS MCAMIMHCKOro obpaszosanus, M3 aka-
JeMHH Obli BeinyvieH B 1883 r. B 3BaHuM Jekaps,
OKOHYMJI KYPC C OTIANYHEM.

Bossparusuiucs 8 Ogeccy, SAkos IOnwesny Ha-
4as paborars B HeGONBILOA MUKpOBHOIOrnyeckoi
naboparopruu MM, MeunnKoBa, opradM30BaHHON
Ha kBapTupe Mnen Masuya, Yepes nsa roga yeu-
AUSIMH MEYHMKOBA M €ro YYeHHKOB ¥ B OCHOBHOM
Ha cpeactsa OAECCKOro ropoACKOro yrnpasiaeHus
Obta co3nana nepeast B Poccuu M BTOpast B Mupe
(nocie INMacreposckoro nucrutyTa B [apnxe) 6ak-
Tepuostornyeckasn nabopatopusi, OTKPLIBIIAACH
11 wioHs 1886 r. CraHums 3aHHMMaach MpHIoTOB-
JICHHUEM BAKUMHBI IPOTHB CHOMPCKON A3BBI, MC-
CHACNOBAHHEM NPUYMMH YYMbl M JAPYIHX 3apasHbiX
BonesHe# poraroro ckora, Koraa Hano 6n110 mc-
NBITaTh MMONYYCHHYIO NPHBHBKY npotus Oeiiex-
cria, A.10. bapaax nepspiM ucnbiTajd ee Ha cebe.

B 1981 r. ogecckas ropoackas ynpasa o0basuia
KOHKYPC Ha 3aMelleHHe J0JKHOCTH 3aBeayione-
ro fakTepHoONOIrHYECKoit cTaHUMe ¥ obpaTHaach
K camomy JI. [Macrepy 34 coBeToM O KaHamaarype
Ha 210t nocr. Oreer npuien Guicrpo. JI. IMacrep
Hanucas: «...[lo3sonbre mue obparurts Bale BHu-
MaHME HA TO, 4TO Bbl Y ceDsl [M0J1 pYKOK HMeeTe Bhi-
JAIOIIErocs YHEHOro, KOTophiif 3assua o cede B 1no-
CJACHHME TOABI BAXHBIMM HaYYHbIMH paboramm
M Kak 3aseayiomiuil OneccKuM MHCTHUTYTOM JUIA
NPUBHBOK NMPOTHE DEHICHCTRA MOJYYHI TpeKpac-
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Hble pesyabsTaThl, OOpaTHBIIHE BHHMAaHHE BCeX
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35-JIETUE CEBEPO-3AMNAAHOIO
OKPY>XHOI'O LLEHTPA NO NPO®UJIAKTUKE

U BOPbBE CO CINUA B CTPYKTYPE

HWUX aNMAEMUOJI0TMK U MUKPOBUOJIOTUN
WMEHU MNACTEPA

H.A. Beasikos™?, C.B. Orypuosa’, B.B. Paccoxuu'?, JI.A. JInozuos*?, E.B. flcrpedosa'?,
E.B. Boesa'?, A A, Toroasn'?

"OBYH HHH snudemuosocuu u mukpotuosveuu unenu facmepa, Canxm-ITemepbype, Poccus
‘@DrEoY BO llepswii Cankm-IemepGypeckui 2ocydapemaennit meduuunexull ynusepcumem um. axad, H.17. MMassosa,
Canxm-~ITemepGype, Poccus

'@IBY HHH epunna um. A.A. Csmopodunyesa Munsdpasa Poccuu, Canxm-IlemepGype, Poccun

Pesiome, Opranusauns Cesepo-3anantoro oxpyxnoro llentpa no npoduaaktuke u Gopude co CITUA (C30
Uenrp CITHA) Geper coe Havyano Ha ucTokax 3apoxaenus smuaesmun BUY s Pocenfickoit @enepaunn. 3a nepu-
o 35-nerHeit pabotel corpyanuxkamu C30 Uentpa CITHUL 61 BHeCeH HEOUEHHMBII BKJIAA B PAIBHTHE IHATHO-
cTuky BUY-uHpexuuy, BHeApeH N HOBHIX KIHHAYECKHX H MPOOHAAKTHYECKHX TEXHOIOI I, KOHCYALTHPOBA-
HHS NAUMEHTOB H NOATOTOBKH KBAAHGHIHPOBAHHBIX KaapoB, B 100uIeiHOM CTAThE OCBENIEH b OCHOBHbIE 3TAMB
craHonneHus C30 Uenrpa CITHL kak cTpykTypoii ennanisl Cankt-IleTepOyprekoro HayYHo-HCCAE0BATE N b-
CKOro HHCTHTYTA MMeHn [Mactepa. PaceMoTpensl pasHOCTOpOHHHE DYHKIIMH H 3aMa49H OPraHH3al U, HOCAIIHE
MYJIBTHIHCUHTIHHAPH LT XapaKTep, e¢ OCHOBHbIE AOCTHAECHHA BCCPOCCHICKOro H Miposoro Macurraba. Ocoboe
BHHMaHHE YACACHO MHOFOJICTHEMY MEXAYHAPOLHOMY COTPYAHHYECTBY, PE3VILTATAM PEaJH3allHN PATTHYHBIX
NPOrpaMM K NpoeKToB NpH noatcpikke Beemupuoit opranusaunn 3apasooxparenus (BO3) u O6beanHeHHON
nporpamysl Opranmsauun O6sveanHenHnx Haunit no BAUY/CITAA. C30 LUentp CITHU nposonxaer s3auMoci-
CTHHE C OCHOBHHMN HayuHbiMi oprannsaunsmy Caukt-Tlerepbypra: Mepspiv Cankr-TletepSyprekuit rocyiap-
CTBCHHBIM MCAMUKMHCKUM YHUBepeuTeTOM HMeHit HLIT, Masnosa, MHCTHTYTOM 3KCMepUMEHTAILHON METHIIMHB,
Hucruryrom mosra yenoseka umern H.I1. Bextepesoit PAH u ap. [TpoBoanMble COBMECTHBIE HCCAEAOBAHMSI HEH3-
MEHHO BHOCAT BKJIA/ B H3YYEHHE INUACMHONOIHH 0 KAWHHKH PASJIHUHLIX BHPYCHBIX HHOEKUIHA M KOMOPOHAHBIX
cocrosHuil, [TonyueHHble 3HAHKS peryaspHo 06001WaloTes B BuAe MOHOTPadHi, KYPHANBLHAIX CTATEN H JEMOH-
CTPHPYIOTCS HA KOH(epeHUMAX pasnuyHoro yposus. B nacroguwee spems C30 Lentpa CIMTUI npeacrasnes He-
CKONBKHMH CTPYKTYPHBIMH NOAPA3ACHCHUSIMH, B KOTOPO MPOAOIKACTCHA NMPAKTHYECKAA H HAYYHas JeaTeabHO-
cTH 1o uayueHno BUY 1 BUpYCHRIX renaTuTos,
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THE 35" ANNIVERSARY OF THE NORTH-WESTERN DISTRICT CENTER FOR AIDS PREVENTION
AND CONTROL AT THE ST. PETERSBURG PASTEUR INSTITUTE
Belyakov N.A.*", Ogurtsova S.V.*, Rassokhin V.V.**, Lioznov D.A."¢, Yastrebova E.V.**, Boeva E.V.*", Totolian A.A.""

" St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
" Pavlov First Saint Petersburg State Medical University, St. Petersburg, Russian Federation
“Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation

Abstract. The organization of the North-Western District Center for AIDS Prevention and Control (AIDS Center)
originates from the onset of the HIV epidemic in the Russian Federation. Over the 35 years of work, the staff of the
AIDS Center has made an invaluable contribution to the development of HIV diagnostics, the introduction of new
clinical and preventive technologies, patient counseling, and training of qualified personnel. The anniversary article
highlights the main stages regarding establishment of the AIDS Center as a structural unit of the St. Petersburg
Pasteur Research Institute. The versatile naturally multidisciplinary functions and tasks related to the AIDS Center
organization, its major Russia-wide and global achievements are considered. Special attention is paid to the long-term
international cooperation, the results of diverse implemented programs and projects supported by the World Health
Organization (WHO) as well as the Joint United Nations Programme on HIV/AIDS, The AIDS Center continues
to cooperate with the main scientific facilities such as the Pavlov First Saint Petersburg State Medical University,
Institute of Experimental Medicine, N.P. Bekhtereva Institute of the Human Brain of the Russian Academy of Sciences,
etc. The ongoing joint research invariably contributes to assessing the epidemiology and clinical course of various
viral infections and comorbid conditions. The knowledge acquired becomes regularly summarized and published
in a series of monographs, journal articles being presented demonstrated at conferences of various levels. Currently,
the AIDS Center is represented by several structural divisions continuing to conduct practical and scientific activities
on investigating HIV and viral hepatitis.

Key words: North-Western District Center for the Prevention and Control of AIDS, HIV infection, stages of development, epidemiology,

scientific activiry.

B 2023 r. ucnonumnaock 35 et ¢ MOMEHTa opra-
Huzanun Cepepo-3anagHoro OKpy»KHOro UeHTpa
1o npodunakruke u 6oppdbe co CITUI n nndek-
HUMOHHBIMU 3abonepanusiMm  (manee — LleHTp).
C 1989 r. LlenTp Havas GyHKUMOHUpOBATHL Ha Base
DepepanbHoro  GIOIKETHOTO  YUPEKIEHUs Hay-
K1 «Caukr-Tlerepbyprekuit  HayyHO-UCCIEAOBA-
TCABCKUM MHCTUTYT NMWIEMNOJOIMA M MUKPO-
ouonorum uM, IMTactepa» DemepajbHON CyXKObI
1o Hagsopy B cdepe 3awnTel npas norpebureei
1 Graronojiyumnst 4ejsoBeKa M CTal €ro CTPyKTyp-
HOM exmHMLeH. OpraHu3aTopoOM U PYKOBOJAMTE/IEM
Jnaboparopumn 1o jauarsocruke BUY-nudexunn
B 1988 r. cran 3amecTUTENL IMPEKTOPaA IO Hay'-
Holt pabore Jlenuurpajgckoro HUU anmuemmno-
norum U Mukpobuosiorum um. ITacrepa npodec-
cop @puapux Casenbesny Hockos, KoTopsiil b1
MEPBBIM MHULLMATOPOM CO3MaHmns CiyKOb! npogu-
nakTuku u 60puobl co CITU Ha Cesepo-3anaje
PCOCP. Co cBoMMM KOJMJICTAMH M YUCHMKAMM
Gpuapux CapesibeBry chopMyaHpoBa psa uaeit
M0 CAHUTAPHO-3MUAEMHUOJIOIMUECKOMY HaA30py
3a CITUJ n CITU-accoumnmpoBaHHbIMU MH(pEK-
uusimu, Ha 6ase naboparopuun B 1989 . B cooTBerT-
crBuu ¢ Tlpukazom MuHucrepersa 3/paBooxpa-
Hernuss PCOCP No 62 ot 24.04.89 r. «O6 opranu3sa-
unn cayx6nl npopunaktukun CIIUla 8 PCOCP»
OblJI OPraHU30BaH U B COOTBETCTBUM ¢ TTpuKasom
MunucTepersa 3PABOOXPAHEHUS PCDCP
ot 25 uiosst 1989 1. Ne 119 «O passurun ey x6sl 1po-
punakruku CITAIA B PCDOCP» npueTynmia K pa-
6ore Jlenuurpaackuii, a 3ateM Cesepo-3anaiHblii,
pPEruoHaJbHLIH LEHTP Mo npoduiakTuke u 60ph-
6e co CITU. Cornacto [Npukasy Munsapasa,

Pernonanssetit ueHTp no npoduiaktuke u Gopsde
co CITHU]L ocyniecTBasieT KOHCYJALTATUBHYIO U Me-
TOAMHYECKYIO (DYHKLIMIO T10 BOMpoOcamM HayuHO-uc-
CJICAOBATE/ILCKOM,  OpPraHu3alMOHHO-METO/MEC-
Kol 1 neuebHoit pabore, nposoauMoit B Cesepo-
3anagHom (eaepaibHoM okpyre (C3MO), sBueapser
M UCHIOIB3YET METOALI ITPOMUIAKTHKM, IHATHOCTH-
Ku u nevernns BUY-undekumnu.

Jlaboparopust 6el1a yeuaena BHOBL Opramm3o-
BAHHLIMM OTACJEHUAMU (OTACIEHHE TUATHOCTUKM
BUY-un(pekiumn, oTacaeHue 3rmHaL30pa U npo-
punakrukn BUY-uudekimn), 6u110 Boiaenero 18
JOMOJIHUTENbHBIX CTABOK JUISL €ro CrieluajimcTon
(puc. 1).

Ha wmavanbubix stanax paborel LleHTpa Ham-
Donee BaXHBIM pazie/ oM Oblia opraHnu3aiius Jua-
raoctuky BUY-undekunn, B TOM UYMCie 10CTABKY
CITIOPHBIX M TIOJNOXHUTENBHBLIX CHIBOPOTOK JUISE apbu-
TpaxHoro ucenenosanmns Ha BUY-uudeximo, Yxe
3a nepeeie aBa Mecsiua paborsr LleHTpa nocrynu-
Jla COTHSI ChIBOPOTOK JUIsl ueeheposanmust na BUY-
MHQPEKUMIO, M3 KOTOPBLIX JIBE I10 JaHHBIM UMMYHO-
6norrurra  oxkasanuck BUY-nonoxuTenbHbIMU.
LleHTp coBmMecTHO ¢ JICHMHIPAACKOW NPOTUBOYYM-
HOMU CTaHumei cpouHo pazpaboTai OpUrHHANBHBIA
STNOUPYIOLLMI PACTBOP, NMOCKOIBLKY WCCIEAOBAHUS
NaJbLUEBLIX NPOO OBLIN HEAOCTATOUHO D DEKTHBHBI,

[MepBoe coBellaHMe ¢ TEPPUTOPUHATIEHBIMU Op-
raHamu 3apasooxpadeHust no CITALL 6buio npo-
BesieHo B 1, [Merposasoncke B cenadpe 1989 1., a yxe
B OKTAOpe TeppuropuanbHbie LeHTpsl CITWU/L Obiiu
OpPraHun30BaHbl B 7 pervoHax: B ApxaHrehekoit (py-
kopomutens — JLII. ZKununa), KanuanHrpaiackoii
(A.T. Konnymmn), Hosropouckoit (A.M. Kussikos),
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35 net C30 Uentp CNWA 8 HAM NacTepa

IMekonsekoit  (IMH.  Bunokypos), MypmaHckoi
(M.JI. Amo3soB) obnactsx, B Kapensckoin CCCP
(A.A. I'appunos), B Jleunnrpaze (I.B. BorosipieHckmit),

C 1990 r. Cesepo-3anaaupiii pervoHambHbINH
LEeHTP 110 npodhunakTuke u 6opude co CITUJL Boa-
rnasuia Tarbana Tumodeesna CMonbekas — I0K-
TOP MEAMLMHCKUX HayK (1985), sacnyKeHHbI Bpay
Poccutickoit Denepaunn (2005).

Kak pykoBoAMTE/b M HEHOCPEACTBEHHBIN MC-
MOJTHUTEN L, OHA BIOXKWIA CBOM 3HAHMA U DHEPIUIO
B opraHusaumio Llenrpa u craHosicHue CiyXOb!
CITU L Ha Gasze yupexIeHHIt npakTUIecKoro 3apa-
BOOXpaHeHns Ha |l aIMMHMCTPATUBHBIX TEPPUTO-
pusix C3MO Poccum. Tarbsina Tumodeesna Guiia
apropom okoso 200 nayunpix pabor, 7 uzobpereHuit,
HarpaxieHa ToueTHOI rpaMoToit MuHMcTEpCTBA
3APaBOOXPAaHEHMs U couMaibHOro passutusi Poc-
cuiickoit Mepepanuu, sIBJISLIACH YWICHOM HAYUHBIX
KOMMTETOB KPYIHEHIIMX MeXIYHAPOAHLIX KOH-
(epenumit no CIIA/, Bxoauna B cocras Koopiu-
HALMOHHBIX KOMUTETOB W DKCMEPTHBIX I'PYIII psijia
MaciuTabHBIX MEXKIYHAPOAHBIX ITPOEKTOB: MPOEKT
EBponeiickoro cowosa 1o snuaHaazopy 3a BAY/
CITHU B Espone, npoekr «CeBepHoe wu3Mepe-
HHUEe», TpoeKT BeeMMpHON opraHusanmm 3/paso-
oxpanennsi (BO3) B 3Barpebe — «OOyuaiominit
LieHTp 10 SMMAHAU30pY BTOPOIO IMOKOJICHUS 1St
crpan  UenTpanbHoit v BoctouHoit  EBporibi»,
npoekr no BUY/CITUI 8 Bajsruitckom pervome
n na Cesepo-3amane Poccun u ap. INoxn pykosoner-
oM Tarbsitbl TuModeesrbl B LieHTpe Havaan pery-
JISIPHO M3aBaThecsi MHGOPMALIMOHHBIE DIOJIETEHH,
AHAJMTHYECKHE 0030phi, MeTOaHYecKue mnocobus
1 pekoMeHaumu s spaveit. C 1996 1, B LlenTpe Ha-
yaJi paborath KabuHer «/losepue» — OIMH U3 TTEPBLIX
AHOHMMHBIX KaOMHETOB B CTpaHe [UIsl KOHCYJILTH-
posanus n n1o6poBoaLHOro TecTuponsanusa Ha BUY
n BUY-accounmnponartsic 3abonesarng.

Ha nepsom srane anuaemun (1o 1997 r.), korna
pacnpocrpasenne BUY-undexumu 8 Poccun nme-
JIO XapakTep ovaropoil 3aboseBaeMoCTH, HayMHO-
MpakTHaecKast JAesTelbHOCTL LieHTpa ocyectsisi-
JIACh T1O CJIEAYIOLLIMM HATIPaBIeHUAM:

— ywacrue B paspaborke MdenepanbHbiX LOKY-

MEHTOB 110 OPraHN3al MK A TeIbHOCTH CJ1YKObl

1o BUY-undexiun s PO;

— M3gaHue HHGOPMALIMOHHELIX MATEPHAJIOB J1J151

MEIMUMHCKMX PaBOTHUKOB,

— cojieficTBME BOpraHnzatnm Ha 11 agMuumucTpa-

TUBHBIX  TeppuTopuax  O6nacTubix/Pecriybnn-

KaHckux LeHnTpos no npoduiakruke U 6opuée

co CITU/ n mideKuMoHHbIMKA 3a001eBaHUAMM

(manee Llentp CITU), TeppuTopHalibHBIX PO~

rpamm AuTUCITU/L. Tak, B aTH rosl Ha TeppH-

Topusix C3MO ObuI0 OprannzoBaHo okosio 100

naboparopmif, M3 KOTOPHIX BCE TMMEPBUUHO-TIO-

JIOKUTEbHBIE 00pasibl KPOBKM MOCTYNAIN B pe-

thepenc-naboparopuio PermoHalbHOTO LEHTpa

JULSL IOATBEPXKACHMS Aunartosa BUY-undekimm,

Ha 6ase LlenTpa Bpauu TeppUTOPHAJILHBIX J1a60-

paropuit CITHUIL npoxonuaum AONOTHATENBHYIO

PucyHok 1. Corpyanuku PernonansHoro LleHTpa
cnupa, 1993r.

Figure 1. Employees of the Regional AIDS Center, 1993
Mpumevanue, B HuxHem paay, nocepeavne: T.T. CMonkckas,
pykosoauTens LienTpa, A0KTOP MEAULMHCKMX HAYK,
3acnyxeHHoivi spay Poccuiickoin @epepauum n d.C. Hockos;
BTOPOW pafa, cnesa nanpaeo: B.I. Enuceera, B.A. Palickas,
I'W. KopoeuHa, B.W. denorosa, M.M. NleoHTeesa,

H.A. Mapakoga, H.MN. Newwnckan, T.J1. 3aTonokuHa; BepxHuit
psf, cneea Hanpaeo: X.B. TepenToesa, M.O. JlyGkuna,

3.A. lWunoea, E.H. PywHesckas, A.B. 3akpesckas.

Note. Bottom row, in the middle: T.T. Smolskaya, Head

of the Center, Doctor of Medical Sciences, Honored

Doctor of the Russian Federation and F.S. Noskov;

second row, from left to right: V.G. Eliseeva, V.A. Raiskaya,
G.l. Korovina, V.I. Fedotova, M.M. Leontieva, N.A, Gladkova,
N.P. Leshchinskaya, T.L. Zatolokina; top row, from left

to right: Zh.V. Terentyeva, M.O, Lubkina, E.A. Shilova,

E.N. Rushnavskaya, A.V. Zakrevskaya,

TEOPETHYECKYIO MOATOTOBKY M KPATKOBPEMEHHOE
obyuerme Ha paboyem MecTe;

— paspaborka B LICHTPE HOBLIX AMArHOCTHYEC-

Kux tecton Ha BUY Ha ocHoOBe remMarriiornHa-

UHOHHBIX MeTO0B U DA, a TaKKe rnonesbix Me-

TOJOB 3ab0pa 0OPasLOB KPOBM («CyXxast Karism);

— nposeneHune 6a30BbIX Mcenenosadunii o JHK-

rubpuansaunu u IMLIP, a Takxke cpaBHUTETBHbIE

HUCCIICIOBAHUS METOJOB ONPEUCICHUST BUPYCHON

Harpy3ku (bDNA un RT-PCR);

— 0Bo0IIeHe ¥ AHAJIU3 PEe3YJILTATOB CKPU-

HuHra Ha BUY B Cesepo-3anaanom denepannb-

HOM OKpYyTre, aHaJu3 oTaelbHbIX ciayvacs BUY-

uHbekny 1 anuanpouecca B uejom; ¢ 1992 r.

Ha MOCTOSHHOW OCHOBE BEJACTCA M aHAJIM3UpYeT-

cst Baza SMUAEMHUOJOIMYECKHMX JaHHBIX 110 CJIy-

yasMm BHUY-undexkuun 8 C3PO u peryaspHo

Buinyckaioress Mudopmaunontsie Goerenn/

AHanuTH4yecKue 0030pbl;

— pa3paboTKa MeTOMOB M TMPOTrPaMMHBIX

CPEACTB IS AHA/N3a U NPOrHO3UPOBAHMA pas3-

BUTHUSA BMUIEMUH HA TEPPUTOPHUSIX C HUZKUM

YPOBHEM MH(pULMPOBANNS HACCTIEHHSI.

B 1990 r. MHCTUTYT 2MUAEMHOJIOIHM U MH-
Kpobuonorum umenu Ilacrepa, ObnacrHas WH-
dexumnonnas GoJbHULIA B roceske Ycerh-Mxopa
Jlennnrpanckoit obnactu m  kKadeapa mHpCK-
HMOHHLIX Oosne3Heit MeaMuMHCKON akajteMuu
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WHdexuns n uMMyHNTET

MOCHEAHUIJIOMHOTO  oOpa3oBaHusi  (npodeccop
A.T. PaxmaHoBa) cTaj¥ MHHMIIMATOPaMH CO3JaHUS
B 3TO# DOJIBHMIE CTALIMOHAPA AN HHOHLUHPOBAH-
HBIX JIeTeif H B3POCJBIX, B TOM YHCJIe IS 10KA ellle
HEMHOINQUMCICHHEBIX B TO BpeMsi MallMEHTOB C aj-
MHHHCTpaTHBHEIX TeppHTopHit C3®O, KOTOpEHE
HalmoaaTHeh KIIMHHAIIHCTOM OKPYKHOIO LEHTpa.

B 1994—1996 rT. npu MOAZEPXKKE CHCIMATHCTOB
Huctutyra [Nacrepa B INapuxe u HaumonanbHOro
WHCTHTYTa 3apaBooxpaHeHusi OUHIAHANN ObLIH
TIPOBEACHBl MCCISIOBAHUS IO TeHOTHITHPOBAHMIO
wramMoB BUY, uMpKyIHPYIOIINUX HA TEPPHTOPHAX
Cesepo-3anazna 1 B Apyrux obnactsx Poccuu: uccie-
IOBaHKE TI0KA3a70 NMPUCYTCTBHE B KOJUIEKLIMH BCEX
M3BECTHBIX Ha TOT nepuon cyotunos BUY u pekom-
OuHaHTHBLIX HOPM BHpYCa, a Takxe Obliia rpociaexe-
Ha TIOC/IEOBATENbHOCTD BXOXKIACHUS B LIMPKYIALIHIO
pas3HbIX ImramMmoB BUY; 1saanars o1Ha OpUTHHAIb-
Has TOCIENO0BATEIbHOCTS V3 TOMeHa M3 yKa3aHHOM
KOJJIeKIIM K Ob171a NeNOHHpOBaHa B MeXayHapoaHoM
Tenbanke (U69646-U699667) (puc. 2).

Bropoii — OCHOBHO#M 3Taln 3MHIAEMWH Haudajica
BO BTOpOit nonoBuHe 1990-x rr., korna BUY Ha MHO-
FHX TEPPUTOPMAX MOMaJj CHayana B GbicTpopacTy-
LY MONYASIAI0 MOTpeduTeneii MHBEKIIMOHHBIX
HapKoTHKOB ([THMH), nanee K X NOJIOBLIM NapTHE-
paM, B TPYINEI CEKC-pabOTHHIL, 3a49acTyIO SBISIB-
LT XCS HAPKOMIOTPEOHUTEIISIMH.

C3®O0 1o creneHH MOPaXeHHOCTH HAaCEJICHUS
BHUY-unabdeKunii 3aHA YCTOHYHBOE BTOPOE MECTO
cpenu apyrux OenepanbHbIX Okpyros Poccuu B oc-
HOBHOM 3a cueT 3nuaeMun Broponax KanuHuHrpan,
Cankr-Tletepbypr u B JleHHWHrpaackoi oOmacTH.
UccrnenosaHue reHOMa BHPYCA, BBI3BABILIEIO B3Dhbi-
BONONOOHYIO 3nuaeMuio B KaawHuHTpanackoi o0-
gmact B 1996—1997 rr. mOKas3ano reHEeTHYecKyIo
FOMOTEHHOCTh COOpaHHOI KOMIeKIIWH, MpeacTas-
JIeHHOIT peKoMOMHaHTHOH dopyoii Bupyca (A/B).

PucyHok 2. MogroToeka Bpayeii nadbopaxros

Ha 6a3ze LienTpa. MpoeoauT obyyaowuii

cemuHap ®pancyasa Bappe-Cunyccu (Ppanyus,
BTOpas cnesa), kotopas 8 1983 r. coemecTHO

c J1. MonTaHbe uaeHTHGUUUposanu BUY
(HoGenesckas npemus, 2008 r.)

Figure 2. Training of laboratory doctors at the AIDS
Center. A training seminar conducted by Francoise Barre-
Sinoussi (France, second from left), who in 1983, together
with L. Montagnier, identified HIV (Nobel Prize, 2008)

NanvHeilmne QeHOTUTTHYSCKHE HCCIICAOBAHHA MO-
3BOJIMJIH MPENNONOXHTh, 9To cyOTHnsl BUY A u B,
IIHPKYIUPYIOLIHE B YKpauHe, MOIJIH ObITh «pOdH-
Tensimu» KanuuuHrpaackoro mramma (CRFO03-
AB). INocaenyronue uccaenosanus Lexntpa s 2003
1 2006 rr. Ha reppuTopusx C3P0 nokasasno NpHCYT-
CTBHE 3TOr0 BapHaHTa BUpyca BHe KanwHuHTpana
TonbsKo B T. Yepenosue (Bonoroackas 061acts).

1715t H3V4EeHMS ABVOKYIIIHX CHII STTHAEMHH 1 000-
CHOBaHMS NPOMHIAKTHKH B YCJIOBHSIX HapacTaiolle-
ro pacnipoctpareHuss BUY, LlenTp npu nomaepxke
Oo0bvenuHeHHOM mporpammMbel OpraHu3anuH o0b-
enuHeHHbIX Haumit no BUY/CIMUIdy (IOH3MU)
1 BO3 B nononHeHMe K AeHCTBYIONICH CHCTEME Hall-
30pa HayaJl aKTHBHO Pa3BUBaTh U BHEAPSTH METONO-
JIOTHIO BTOPOTO MOKOICHM S 3MHASMUOIOTHIECKOIo
Hanzopa 3a BUY B PO («KOMILIEKCHBIE CEPO3MHIE-
MHOZIOTHYECKHE M TIOBEJCHYECKHE HMCCICAOBAHMS
B YA3BHMBIX IPYIINax»), KOTOPas BKJIIOYana:

— MCCNIEAOBaHUS B TpyInIiax HacejleHHs, KOTO-

PhI€ B CHJIY COIMAMIbHBIX MPHYHH WJIH PHCKOBaH-

HOTO TOBEAeHHS SBJISIOTCS BHICOKO VSI3BUMbBIMH

k BHUY: TMMH, ux nonosnie NMapTHEPHI, CEKC-

pabOTHHIILI M MX KJIMEHTBI, MYXKYHHBI, MPaKTH-

Kylonrue cexc ¢ MyxgynHamu (MCM) u np.;

— TpOBENCHHUEC MCCICIOBAHHI B «I030DHOM»

¢dopmaTe — B KOPOTKHE CPOKH, BHE MEIMLIHH-

CKHX YYpeXICHWH, Ha y4acTKax, YCJIIOBHO Ha-

3BaHHEIX «[1030PHBIME», KOTOPbIEC OBLIH IPHEM-

JEMBIMHM IS TIOCEIICHUS KUTEASMH, BKIIOYas

MPeICTaBUTEACH VA3BUMEIX TPVIIN (CrelHa b-

HO ODOpYAOBaHHBIE TNOMEIIEHNs, MOOWUIbHEIE

NYHKTHI ¥ Ap.):

— yCHJIEHHE DMOJIOrHYeCKOro KOMIIOHEHTa Hall-

30pa 3a cyeT oOcnenoBaHus 00pas3lioB KPOBU

He ToabKo Ha BUY, HO K Ha aHTHTEla K BHPYCY

renatuTa C 1 Bo30yauTeno cuduiuca;

— BBeJCHHME TMOBEICHYECKOro M NMCHXOJIOrHYec-

KOTO KOMITOHEHTOB (COLIMOJIOTHYECKHH OMpoc),

4TO NOTpeboBaso OObeIHHEHHE YCHIIHI SITHIE-

MMOJIOTOB, TICHXOJIOTOB ¥ COLIHOJIOTOB.

Bce mccnenoBaHHMsA, ONMMCAHHBIE paHee, ObUIH
nposeneHkbl B POCCHH BriepBbLie.

B 2000 1. B coorBetcTBUM ¢ [Ipukasom M3 PO
Ne 312 o1 07.08.2000 1. «O coBepLIEHCTBOBAHUH Op-
raHW3alMOHHOM CTPYKTYPHl H AeATCIbHOCTH Y4-
pexaeHuit o npodunakTuke u 6opsde co CITHUI»
Cesepo-3anaaHblii perHOHAIbHbINH LEHTP MO Mpo-
dunaxkTuke 1 6opsde co CITU ] 6su1 npeodpasosaH
B CeBepo-3anaaHblii OKPYXKHOM LHEHTP Mo npodH-
nakTuke ¥ 6opsde co CITHU I (C30 Lientp CITHU ).

[NepBoe MOMCKOBOE HCCICAOBAHHE, IPOBEICHHOE
ILlentpom B Cankr-TletepOypre (1998—2001 rr.), no-
3BOJIMJIO MOCTABUTH JHArHO3 CKPBITOH, HO HHTEH-
CHBHO mporekaouieit anunemun BUY-undexnnu
CpelH HapKoroTpebuTeneil (pacripocTpaHeHHOCTH
BHY cpeau IMHUH B 1998 . — 12,0%, B 2000 r. —
19.3%, 8 2001 1. — 36,7%) (8.

B 2002 r. nccnenoBaHMS MO YKA3aHHOW MeTo-
muke cpen [THMH, HO ¢ paclimpeHHBIM B CTa=-
JApTH30BAHHBIM TOBEICHYECKUM KOMIIOHEHTOM
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ObIJIO TNPOBEIEHO OAHOBPEMEHHO HA THITH Tep-
putopuax Poccuitckoit Degepaumnm B COOTBET-
CTBUM € MPOrpaMMaMM 10 CHUKEHUIO Bpena. OHO
[MO3BOJIMJIO  OMNPEACSIUTE  PaCHpOCTPAHEHHOCTh
BUY-uncdekunu cpeau [MTUH B roponax Pocros-
Ha-Jlony (10,9%), Camapa (28,0%), Teeps (55,7%),
Exarepunbypr (30,0%) u Wpkyrck (59,8%), Bbl-
SIBUTH CTA/MIO M CHIEUMDUKY DTTUAEMU N Ha KaX10#
TEPPUTOPHUM 11O MHOTMM TIOKA3aTeNsIM U MPEACTa-
BUTh «YCPEAHCHHBIH HOpTpeT» HapKonoTpedbuTens
B YKa3aHHBIE rojabl (puc. 3)

Haunnas ¢ 2003 r. peann3oBbiBaJINCh WHTEIPU-
POBAaHHBIE WMCCICAOBAHMSI C BKJIOYCHUECM B llefe-
BbIE TPYIITbI JKEHIIMH, BOBJICYEHHBIX B KOMMepUec-
KM ceke B psiae meranonuncos crpambl (Cavkr-
[TeTepbypr, Mocksa, Ekarepuubypr, Tomck u ap.),
n MCM (Exkarepnubypr, Tomck). PaGoumne rpyrirme
O6buIM cozaanbl Ha 6ase LICHTPOB 110 TipohMIakTHKE
1 6opube co CITUIL ¢ npuBicyeHUeM HETIPABUTE b~
cTBeHHBIX opranusanuii. B Caunkr-Iletepbypre 6601
0BHapyXeH HeoObYailHO BBICOKMI YPOBEeHL MH(MU-
uuposanus BUY B rpyniie yanusbix paboTHuiL KoM=
Mepueckoro cekca (48,1%). [MputarHOI 9TOro ABUJIOCH
coueTaHue ABYX (PaKTOPOB pUCKA — IPOJIAKa CeKC~
yeayr u Hapkonorpebierne (92,0%). [MopaxeHHOCTD
BUY B Mockse u Ekarepunbypre okaszanach HUXKe
un coroctaBumoit (14,1 u 14,8% COOTBETCTBEHHO)
B CBSI3M C HM3KON yacTtoToi yrnorpedienmns Hapko-
TnkoB. MCM B Ekarepuubypre u ToMmcke rnpaxkru-
KOBaJIK B PABHOW CTENEHN BLICOKOPHCKOBAHHOE CEK-
cyasibHOe noBeneHue, oqHako BUY nudeximns Obuia
soisipsieHa cpean MCM toneko B ExarepunOypre
(4,8%) BBy Gonee BbICOKOro rnpucyrcrsus BAY-
MHOUIMPOBAHHBIX B MX COLMATLHOM OKPYXKEHUH,

B 2004 1. 1030pHBIE UCCICAOBAHMS TTO3BOJIMIN
ONepaTuBHO YTOMHUTL AMUASMUONOINUYECKYIO CH-
TYAUMIO OAHOBPEMEHHO Ha 9 Tepputopusx Cesepo-
3anazna B caenyiowmx ropoaax Poccnu:

— cpenn ITUH — Apxaurensck, Yepernosert,

[Mekos, Beaunkuit Hosropon;

— cpean  noceruTeneit MoOGHMIIBHBIX TIYHKTOB

npoduaakTuaecKux nporpaMmm — JIeHUHrpaj-

ckast obsacth, MypMaHcK;

— cpenM eTyaeHTOB — KaluHUHIpajgCKui yHU-

BCPCUTET;

— Cpeay yuallMXcsl TEXHUKYMOB M CPEeaM JIML,

npu3biBacMbix B apmMmnio, — Caukr-Ilerepbypr.

B wuccneposanuu, nposeiacHHoM B CaMKT-
ITerepbypre B 2005 1. coBMeCTHO ¢ 00LIECTBEHHOM
opra”usaumeit «Bpaun geTsam», 66110 BICPBLIC [TOKa=
3aH0, YTO B YCJIOBMAX MeHsIoLIeica ¢ Havama 90-x Ir.
COLMAJILHOW CUTYALIMM BBICOKOYSIZBUMOI rpyrinoi
B OTHOLIEHWH HapkoMaHuu u BUY-undexuun ss-
JISOTCS JICTH U NOAPOCTKM, HAXOASIIHECH B CJIOK-
HOM KM3HEHHOM CUTYaLIUN.

Peanuzaums 8 2006-2007 rr. rnpoekrta cpeian
MCM — noceruTteneif rei-kiaybos U reif-cayH —
B Mockse n Cankr-ITerepbypre noxasana, 49To
BUPYC T10Ka €LIe HE3HAUYMTEIbHO PacripocTpaHui-
cst B aroi rpyrne B8 Mockse (0,93%) u B CaHkT-
[Terepbypre (3,8%), onHAKO KpaitHEe PUCKOBAHHBIC

MPaKTUKKW B MOIENSIX CEKCYANIbHOI'O [OBEACHMS
HMPEICTABMTENCH HTUX TPy CBHAETEILCTBYIOT
0 TOM, YTO OHM OCTPO HYXKAAKOTCH B NMPOoQHIaKTH-
YECKMX IporpaMmax.

WHHOBALMOHHBIM SIBUJICSL  TIPOCKT, Peain3o-
paHubit B 2006—2007 rr. cpean BUY-nosurus-
HBIX KEHIUMH HA 118TH BICOKOIOPAXKEHHBIX Tep-
putopusix crpaHel — Cankr-Tlerepbypr, Exa-
Tepuubypr, Tweps, Kanunumurpagm u MpxyTek.
PeTpocrnekTHBHBIN aHaJn3 UX COUMAJIbLHONW Mpu-
HAJJICKHOCTH M NPUYUH  BLICOKOH YA3BUMOCTH
K BUY noxa3zas, uto coBokyrnHas Beibopka nH(pu-
unposarnsix BUY soneit OGuia npeacrapieHHOMU
KaK cOOCTBEHHO JIMLIAMM M3 IPYILIT BLICOKOIO pUCKa
(IMMUH, kommepueckue cekc-paborHukm, TTHUH,
NPOAAIOUINE CEKC-YCIYIH), TAK W JIMLAMK, UMEIO-
MMM CEeKCYaJNbHYIO CBS3b C TIPEACTABUTE/ISIMU
YKAa3aHHbBIX I'PYILIL,

OCHOBHBIM BBLIBOIOM [10 3TOMY MPOEKTY CTalja
PEKOMEHIALIMS OPIraHU3ALMUK [TOBCACHYCCKHUX HC-
CJICOBAHMIA CPEIH TAK HA3bIBAGMOTIO «OCHOBHOIO»
HaceJleHUs, JUIS N3YYCHUS! PacipOCTPAHEHUS MO-
[eJieit ToBefeHusT aKkTyalbHBIX B [LJIaHE 3apake-
Hust BUY. Corpyanuku LleHrpa yyactsopajm Kak
KOHCYJNLTAHTbI HA 2Tare IJIAHHPOBAHUS U OLICH-
KW PE3yJIbTaTOB B IPOEKTaX, Peajn30BbiBaBLINXCS
Ha apyrux repputopusx PO (Huxuuit Hosropon,
Bosrorpan, bapuayn, PySuosck, buiick), a Takxe
B crpaHax CHI (Kwipruiscran, Monuosa, Asep-
Gaitioxkan, TypkMmenncran), OnHoit U3 ueneit, s
KOTOPBIX MCIONB30BAINCE JAAHHBLIE A030PHOIO
ueeneoBatmnii, Oblia OLeHKa pealbHONM pacrpo-
CTPAHEHHOCTU M MPOrHO3a PasBuTHs MUACMUN
Ha rTepputopusix C3PDO ¢ uecnosbioBaHEeM METO-
OB U KOMITLIOTEPHBIX [POrpamm pedeperc-rpyr-
nut OHMJIC no MateMaTuueckoMy MOIETHPOBA-
HUI0. Pesynbrarsl KOMIJICKCHBIX WHTErpUpoBaH-
HBIX MCCINOBAHUN OBIMM MCIIONL30BaHbI B OTYUC-
rax Poccuiickoit Megepatnm 0 Xoae BLIMOJTHEHUS
MexaynaponHoii [Jdeknapaiiuu o npuBepkeHHOCTH
neny 6opsbst ¢ BUY/CITH Jowm.

Pucyrok 3. Pykosogurens LlenTpa npodeccop
T.T. CMonbckas v Bpay-anugaeMmuonor

C.B. Orypuosa, 2002r.

Figure 3. Professor T.T. Smolskaya, Head of the AIDS
Center, and S.V. Ogurtsova, epidemiologist, 2002
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B pamkax coemecTHoif pabotel ¢ MexayHa-
POAHBIM OBpazoBatesibHbiM LleHTpoM 1o snuaHan-
sopy 3a BUY (3arped, XoppaTug) npu nopacpx-
Ke EspoBO3 ais pycCKOroBopsilllUX cayiuarenei
Oblla aaNTHPOBAHA BepCHs TpeX MeXayHAPOAHBIX
MoayIeH 1o BTOPOMY MOKOJEHHIO 3MUIHAN30pa
3a BUY-undexuueii (2006 r.).

[Mpopoaunucs coBMecTHbie MexayHaponHbie
obyuaiolme ceMHHapsl Mo anuaHaasopy 3a BUY
B Ykpaune u Poccum (2009 r). [Ansa cirexeHus
3a THHAMMKOH 3NMHACMMH M ONpeaesieHnsa HCTHH-
Hoit 3abonepaemocTH BUY-undekumneit B Oxpyx-
HOM ueHTpe Bblaa nposesieHa pabora 1o u3vue-
HHIO alITOPHTMOB CEPOJIONHYECKOTO TCCTHPOBAHU S
Ha BUY ans onpenesienus HelasHell CepoOKOHBEp-
cuu (STARHS). [Lna ynyqueHust MCAWIIHHCKOM 110~
MOIIH TTALHEHTaM, TPOXKHBAIOIIMM Ha TEPPHTOPHH
Oxkpyra, B npakTuky LieHTpa BBeaeHbl McceaoBa-
HHUA 110 ONPeAeIeHHI0 MePBHYHON PE3UCTEHTHOCTH
LUPKYIHpyIomKX wramMmos BUY K anTupeTposH-
PYCHBIM ITPEIAPATAM, & TAKXKE ONMPeAeICHUS pe3nc-
TEHTHOCTH BHPYCA Y JIMLL C HEYCITEUTHOH Teparnuei.

C 2006 r. B cTrpane peaymsossiBajics [puopu-
TETHRIH HaUMOHANBHBIA nMpoexT e«lIpobuirakTuka
W neveHue GonsHbIXx BUYs. Haubonee BaxHuiC pe-
3yNBTaTsl OBIIM TTOAYYEHBI MO MEIMIIMHCKON CO-
CTaBAAIOUWEN npoekTa (obecneyeHHe Teparnuen,
CHMXEHME JICTAJILHOCTH HHXKE MPOTHO3UPYEeMOro
VPOBHS, CHHXeHME KO3(MpHUMEHTA [CpUHATAIb-
HOMH TPAHCMHCCHM),

C uenbio Gosee OOLEKTHBHOIO aHA/NN3a opra-
Husauun npodunaktikn C30 Leurp CITHU co-
BMCCTHO € PCIMOHAJIBHOR ODIECCTBCHHON OpraHnu-
sauueit (POO) «Crennurts, MpoBes couMoiorue-
CKOC HMCCNCNOBAHME M0 BOIPOCaM TPOMOHAAKTHKH
Cpeau pyKoBoauTeieil TeppHTOpHAIbHBIX LieHTpoB
CITHUa Pocchit, € HCNONB30BAHHEM MOJIYCTPYKTY-
pUpoBaHHOrO onpocHoro aucra. Mccaenosanuem
Obi10 oxBayeHo 84 anMHHMCTPATMBHBIE TEPPHTO-
puu (asryct 2009 r.). Maes koMOHHHPOBaHHOMN Npo-
huaakTHKM ObLUIA PA3BHTA B MOCJIEAYIOLINE 1Ba roaa
W nipeacTaBicHa Ha KoHpepeHuun B Bewe (2010 1)
yKe B BUIie pa3pabaTbiBAEMOIO HOBOI'O CTAHAAPTA —
NONATOCPOIHBIX MEP 1O GophiEe ¢ INMUISMHEH.

C 2009 r. B 1aGopaTopuu MMMYHOIOTHH U BUPY-
conornn BUY-unbekunn BeIuch MCCNeIOBaHUSA
no BeIABACHHIO MyTauwit BUY, acconmmposBaHHbix
C YCTOHUMBOCTBIO K JIEKADCTBEHHBIM MpenaparaM.
OTH HCCICIOBAHUS BRINOIHSIOTCH B COOTBETCTEBHUM
¢ 3asiBKaMu TeppuTopHasibHbiX LleHTpoB mo mpo-
tbunakTike ¥ 6opwde co CITHU C3DO.

Pesynbsrarsl ucciaenoBaums nonyiasuun BUY-
HHpuuUMpoBaHHbIX mogeit B C3MO csoaniaucs
B enuHyw 0a3y JaHHBIX 1JIA TIPOBENEHUA PETPO-
CIEKTHBHOIO AHAIN3A TCHACHUMA PasBUTHA nep-
BUYHON M BTOpUYHOI pe3ucreHTHOoCTH BUY K aH-
THPETPOBUPYCHBIM fIpefiaparaM. AHaJIH3 pesyib-
TATOB MCCJICAOBAHMN Ha HaIW4MEe JIEKapCTBEHHOM
veroitunsocT BUY no3sosini BeIsSIBUTL HEKOTOPBIE
M3 Haubosiee pacnpoCTpaHeHHBIX MyTaLMit: M184V
(51,08%), KIO3N (18,71%), L74V (12,95%), KI01E

(11,51%), A62V u G190S (10,79%), ocTanbHbie MyTa-
LIMHM BCTpedaroTes MeHee vyeM B 10% cayuaes [6, 7).

[NepenekTHBHBIM HanpasieHueM paboThl ABJIS-
eTCA ONpPE/Ie/ICHHE IeHEeTHUCCKUX MAPKEPOB YCTOM -
YMBOCTH K 3apaxenuio BUY i mapkepos nporpec-
cuposanua BUY-undexunn. Ipoponartces uccne-
JIOBAHHS 110 ONPEACJICHH IO MAPKEPOB reHETHYECKOM
pesucrerTHocTH K BUY: CCRS5delta32 u myraunm
CCR2-641— MeTOZOM MHPOCCKBCHMPOBAHMS.
Hayyenne a1ux naboparopHbIX MapKepos Mpen-
cTapasgeT ocobuiit uuTepec ana C3MPO, nockonsKy
ICHETHYCCKH ITOT PErvOH NPHHALISKHT K 30HAM
MAKCHMAaAbHOI PAcrpOCTPAHEHHOCTH MYTAllMK
CCR35delta32. Mo aaHHBIM MpeIBaAPHTEIBHBIX HC-
CJICIOBAHMI, PACIPOCTPAHEHHOCTh HOCHTEILCTBA
asnenn CCRSdelta32 s Cauxr-TlerepOypre cocras-
nsna 17,9%.

B teuenme uernipex aet (2005-2009 rr.) C30
Lentp CITUA soinonusa npoexktsl «[lomiepxka
peasn3alMi U MOHHTOPHHT MEPONPHATHH NPOCKTa
MexnyHapojHOro 6aHKa PEKOHCTPYKIIMH M Pa3BH-
THs», «[IpodHiakTHKE, IMATHOCTHKA W JICYCHHE TY-
Oepkyesa u CITHU da, komnonent CITH d», B coor-
BETCTBHM C TEXHUYECKUM 3aIaHUCM [10 3TOMY Mpo-
eKTy, corpyanHuku LlenTpa 3a yKajaHHBIH nepuoa
ocyuiecTsuan 3() BhIE3NOB HA IOABEIOMCTBEHHbIC
TeppuTOopHH. B BHay oTcyTeTBMA CTAOHAM3ALIMM
snnaemun BUY-undexkunn cpenn 3anau Llenrpa
Ha nepBbiii TJIaH BeIABHTIaeTCsA MpodsieMa couuab-
Ho#l npoduaakTku BUY-nndexkunm.

Cotpyanuku lLleHTpa eXeroaHo y4acTBOBAJIM
¥ CAMH OPraHM30BLIBATH POCCHIICKHE H MEXKIyHa-
POIHBIE KOH(DEPEHIIHN, CEMHHAPDL, CHMITO3MVMEL.

IMocae yxoma T.T. CmonbCcKOil ¢ HOJKHOC-
™™ ¢ 2014 r. Lenrp sosrasua aAM.H. JAMUTPMIi
AHaronbesny JIMO3HOB, KOTOPLIH YKPEIJa TBOp-
geckue cBa3n ¢ [lepsaim Cankt-Tletepbyprekum
rOCYJapCTBEHHBIM MEIMUIIMHCKHM YHUBEPCUTETOM
umeHn axagemuxka W.IT. IMasnosa (TNCIIGrMY
um. akan. WM.T1, IMaBrosa) M ycuann poccHicKo-
FBHHEHCKOE COTPY/IHHYECTBO B 00/1aCTH MIYYeHHHA
uHdekronorum; umeet GiaronapHocts [pesnaenra
Poccuitckoit @enepaunn (2016) (puc. 4),

3asenyoinii 1abopaTopueit HMMYHOIOIHH M BH-~
pyconorun BUY-undekunn C30 Lentpa CITHI,
4.0.H. Anekcanap Baagmmuposny Cemenon Ykazom
lNpesunenta Poccuiickoit Menepauum 3a Goxbiuoii
BKJIAd B OKA3aHHE T'YMaHWTAPHOH MOMOILUM 110 Op-
TAHM3AUMKH  KOMIUICKCA NPOTHBOINMMISMHYECKHX
MEPONPHATHI H AHATHOCTHKH Juxopainku 3bona
Ha Tepputopun ['BruHelickoit PecnyGnukn Obin Ha-
IPakKIeH MEJalibio opiaeHa «3a sacayvru nepea Ore-
yecrsome 11 crenenn.

COBMECTHBIC MCCICAOBAHMS H  KOMILIEKCHBIC
nporpammel [ICTIGIMY Tlasnosa npoaoskaiucs
¥ B nocaenyoume roast. B 2015 . Ha pykoBoAcTBO
C30 Uenrtpom CITHU] 6w npurnames Hukonaii
AnexceeBuy Beaskos — JOKTOP MEIHIIMHCKHX
Hayk (1985), npodeccop (1989), 3acinyxKeHHEIH ne-
arenb Haykn PO (1998), acitcrsuTenbHbIN 4iieH
PAH. B cocras xonnektusa LleHTpa Takxe BOuI-
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an npodeccopa: aA.M.H. Banum Brnaammuposuu
Paccoxux u am.H. EneHa Bopucosna Scrpebosa.
TpannumonHyw Ttematruky [lenTpa aonmomHuIN
H3YYEHHEM KOMOPOHIHBIX cocrosHUH npu BUY-
nnbexunn 8 C3DO Poccuitckoit Oenepaunn [3).
Cyumectsosanue kKadeapsl COLUHANBHO 3Ha-
GuMBIX  HHpEKUHE M DTHINONYIEMOHONOIUH
MCT6IMY um. akan. W.J1. TNasnosa, uwmpokoe
COTPYAHHYECTBO € MEAMIMHCKHMM YUPEKICHUSA-
mu Cesepo-3anala ¥ ApYrux PEeruoHOB, C Beay-
LIHMH YHUBEPCHTETAMM M HHCTHTYTaMH, yYacTHe
B DONBITMX MCKAYHAPOAHBIX POCKTAX MO3BOASIOT
LIeHTpY cooTBEeTCTBOBATH TPeOOBAHHAM BPEMEHH,
CoemecTHO ¢ MHCTHTYTOM 3KCNEPUMEHTATIBHON
Meanumub, MHcTHTyTOM MO3ra wenoseka, HUM
pupycosorun usM. .M. Hpanosckoro, CaHkT-
[MeTepBypreKuM HayUHO-HCCHICHOBATCABCKHM ITICH-
XOHEBPOJIOrHYECKHM HHCTHTYTOM uM. B.M. Bex-
tepesa, [TCII6I'MY um. akan, U.I1. IMasnosa 661K
PeaIH30BAHBl MHOIME HAYYHO-HCCIICAOBATENLCKHE
nporpammil. ®BYH HHUUDM umenn [lacrepa
CTAJ OZHMM M3 coyupeaMTenei XypHana «BMY-
HHeKLMa 1 nMMYyHOCYTTpeccH s, PeryisipHo M3-
AA0TCH  AHAAMTHYMECKME 0030pbl, MOHOrpaduH
W PYKOBOICTBA JUIS Bpayeil, BKAOYAIONIHE MaTept-
aJibl HCCNTEOBAHUN NTOCIEAHMX JeT (pHc. 5).
Cepepo-3anaaHbiif OKpYXKHOH LEHTP no npodu-
naktuke u Gopube co CITUI B cocrase PBYH
«Caukr-Tlerepbyprcknit HUHW snuaemuonoruu
¥ MuKpoOuosoruu umeHu [lacrepar npeacrasieH
HECKOJIbKUMH  CTPYKTYPHBIMH  TIOApa3aeieHHs-
MH: JiabopaTtope#i MMMYHOJIOIHH W BHPYCONOTHH
BHY-undexumn, otaenernem amarHoctuky BUY-
nHpekunn u CITHAd-accounupoBanubix 3abone-
BAHMH, OTAECACHHEM 3MTHIEMHONOTHHA U npodmiak-
THKn BUY-nudexkunn, otaeneHme XpoHHUECKOi
BHPYCHOH MH(eKUMH, rIe paboTaloT YeThipe IOK-

3BOMOLMA
TAHAEMUM
COVID-19

PucyHok 4. Pykosoautenu LleHTpa pasHbix ner:
npodeccop A.A. Jinoaxos (cnpasa) u akagemMuk
PAH H.A. Benskos, 2018 .

Figure 4. The AIDS Center headed over the years by:
Professor D.A. Lioznov (on the right) and Academician of the
Russian Academy of Sciences N.A. Belyakov, 2018

TOpa H TPH KAaHAMAATA MCAHIIHHCKHMX Hayk, MsTh
BBICOKOKBANH(DHUMPOBAHHLIX BpaueH ¢ BuICIUCH
W NepBoit KBaTH(MUKALIMOHHON KaTeropHeii.
Komruekcunie uceneaosanus llentpa ¢ Vuu-
BEpCUTETAMH M HAYYHO-HCCIICAOBATEABCKMMH HH-
CTHTYTAMHM ITO3BOMMIIM ITPOBECTH BECHMA 3HATMMbBIC
JUISL HAYKH M DPaKTHKH MCCIeOBaHHA B o6nacTH
SMHAECMHOIONMN U KJIIMHUKH Pa3IHYHBIX BHPYCHBIX

HHOCKUMIT 1 KOMOPOMAHBIX COCTOSHHN, KOTOpbIC

Pamoanrsa
u BHY - sudoxitin

Pucynok 5. 08n0xku moHorpaduit nocneaHnx ner, NoAroToBNEeHHbIX coTpyaHukamu LlenTpa CNUA
Figure 5. Recent monograph covers prepared by the staff of the AIDS Cente

793



H.A. Bensxos v ap.

MH@exuns u uMMyHUTET

PucyHok 6. LLikona-cemurap «M36paHHbie BONPOCHI XPOHUYECKMX BUPYCHbIX UHDEKLWIA B KNTMHWUYECKOM
npakTuke» NpoBeaeH coTpyaHukamu LienTtpa 26 dpespana 2020 r. 8 CankT-MetepOypre, a.m.H. B.B. Paccoxun,

A.M.H. E.B. fictpeboga, x.M.H. E.B. BoeBa

Figure 6. The school-seminar «Select issues of chronic viral infections in clinical practice» was held in St. Petersburg
on February 26, 2020, by the AIDS Center staff members DSc (Medicine) V.V. Rassokhin, DSc (Medicine) E.B. Yastrebova,

PhD (Medicine) EV. Boeva

ObLTH 0000IIEHE! B psilie MOHOTpadHii, KyPHaIbHBIX
cTaredl M JOJIOXeHbI Ha KOH(MepeHUNsAX MeXIyHa-
POIHOIO ¥ perHOHAIBHOTO YpoBHH (pHc. 6) [1, 2, 4, 5].

Brniocnentee necatmwierue LleHTp — 3TO TBOpUEC-
Kast 1abopaTtopust 1718 OANOTOBKH BpaveH BRICIICH
kBanHdukanuu. Ha 6ase LlenTpa ¢ yyacTHeM HIH
MO PYKOBOJCTBOM €r0 COTPYAHHWKOB BBITIOJTHEHE!
5 DOKTOPCKHX H 16 KaHIMIATCKHX AMCCEPTAlIMi.
CouckareIsaMH YICHBIX CTeNeHel W y4acTHHKaMH
HMCCIICIOBaHHIf ABIAIOTCS BpayH H Hay4YHbIe paboT-
HHKH pa3inyHbIX opraHu3auuii u3 C3O0 u apy-
T¥X PErMOHOB CTPaHH. 3a KOMIUIEKC NMPOBOIMMBIX
pabot B 2021 1. corpynuuku LleHTpa cranu jgaypea-
Tamu [Tpemun IpaBurtensctBa Caukr-IleTepbypra
B 00/1aCTH HayKH ¥ 00pa3oBaHHUA.

Cnucok OCHOBHBIX MOHOTpadwmii 3a 15 ner,

B NpOLiecce NOAroTOBKM KOTOPLIX TPUHUMANK
y4acTue YieHbl TBOpYecKoro konnektuea Cesepo-
3anagxoro LienTpa no npodunaktuke u 6opsbe
co CNMU v nHdexunoHHbIMKY 32001EBaHUAMMN
CIN6 HUM snuaemMuonoruu u MMKpoouonorun
umenu MNacrepa:

— <«Bupyc MMMYHOZedHIINTA Ye/I0BEKa — MeAH-
muHa» (CI16., 2010, 2011, 2012);

— «Xenmuna, pedberok u BUY» (CI16., 2012);
— «BUY — wMeauko-conManbHas [IOMOUIb»
(CIT5., 2011);

— «Pagnonorus u BUY-undexkuus» (CII6., 2017,
2018);

— «KomopOuaHbIE COCTOAHHSA IpH
unbekuums, 1-3 (CII6., 2018-2020);

— «[lepcoHanusupoBaHHas BWY-meaununa»
(CIT6., 2020);

— «BHUY-undekuus # KOMOPOMIHBIE COCTOS-
uus» (CI16., 2020);

— «COVID-19. Havano >snHICMHH»
2020);

BUY-

(CIG.,

— «BDBomonusa naaaemun COVID-19» (CII6.,
2021):

— <«[locaencreus nanaemun COVID-19» (CII6.,
2022) [5]:

— «HoBas KOPOHABHPYCHast uHbEeKIHA
COVID-19 y xenuus u aereii» (CI16., 2022) [4]:
— «AHTHPETPDOBHpDYCHasl Tepanmus V AeTel
¢ BUY-undexuueii» (CI16., 2023);

— «[lo cnemam wmupoBsix snmuaemuii» (CII6.,
2022),

— «DbHOILIEHO3 Ye/I0BEKA M TOCTIMTaJIbHAN cpenas
(CII6., 2023) (puc. 7).

MoaroToBneHHbIE AUCCEepTaLMH:

JlokTopcKHe:

— Paccoxun B.B. — ComaTH4yecKHe W BTOpPHY-
Hble 3a0oneBaHus y OonbHBIX Ha (hoHe BMUY-
obycnoBnaeHHOM HMMyHocynipeccuu (2014 r);

— CuzoBa H.B. — OcobDeHHOCTH aHTHPETPO-
BHDYCHO# TE€panmuu U 3BOTIONMS JIEKADCTBEH-
Ho# ycroiynBocTH BHUY y GO/IBHBIX B YCIOBHX
meranomnuca (2014 r.);

— CawmapuHa A.B. — Crparerus orpaHU4YeHHs
pacnpocTpaneHus BHMY-uHdexnun y XKeHIIHH
PENpOAYKTHBHOIO BO3pacTa M PHCKa NepHHa-
TaJIbHOTO 3apaxeHus (2014 1.);

— Jleonosa O.H. — Tsxensie 1 KOMODOHMAHBIE
dopmbl BUY-nndexunn: KIMHHUKA, 3MTHICMH-
0JIOTHSI, OPraHH3AIHS MEIHKO-COLIHATBHOM Mo-
moru (2019 r);

— AsoBuesa O.B. — Koundexkumns: BUY-un-
dekuns, TyOepKyie3, XpOHNYECKHUH BHPYCHBIN
renatuT (2021 1),

Kanaunarckue:

— Jlesuna O.C. — CoumnaabHO-NICHXONOrHYe-
CK¥e NeTePMHHAHTHI NTPUBEPXEHHOCTH K Jicqe-
HWIO 1 MMHMMH3AIIMH PUCKA PacrpoCTpaHEeHUS
BUY-urbpexkuuu (2013 1);
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— ®enopos [1.H. — Anroput IHarHOCTHKH CO-
CTOSTHHI TIEYEHHW C MCMOJIbB30BaHUEM YJIBTPA3BY-
KOBOI#i 3mactorpadun u unaexkca FIB-4 v BUY-
WHOHIMPOBAHHBIX OOMBHBIX € XPOHHYSCKHM
reratutom C (2015 1);

— Maptupocsa M.M. — 3aboneBaHHs IEHKH
MaTKH, aCCOLHHPOBaHHBIE C BHPYCOM TaMHIIJIO-
MBI yenoBeka, vV BUY-nHOHUHPOBAHHBIX KeH-
muH B Cankr-Ilerepbypre (2015 1.);

— Maronos E.Il. — KoMniekcHasi MAarHMTHO-
pe30HaHCHass MOpGOMETPHS OYaroBEIX M aTpo-
(bHIeCKHX H3MEHEHHIT FOJIOBHOIO MO3Ta (Ha ITpH-
MEpEe paccesHHOro CKjepo3a M PaHHMX CTaauii
BUY-undexuun) (2015 r.);

— Maxkosckass H.M. — BocnaaurtensHbie 3a-
GoneBaHUs CAM3UCTHIX 0DOJIOYEK MOJOCTH pTa
H 4emocTHO—HIeBoH obnactu v BUY-naDH-
HHUpOBaHHbIX OonpHBIX (2015 1);

— Tajicuna A.B. — [Ilarodmusmorornueckue
MeXaHu3Mbl (opmuposanus BUWY-accouun-
POBaHHBEIX HEHPOKOIHMTUBHEIX PacCTPOMCTB
(2016 r.);

— I'pomoBaE.A. —MeTtaGonnyeckne H3AMEHEHH I
B ronoBHOM Mmo3re y BHMY-unduumupoBaHHbIX
MALMEHTOB MO JaHHBIM TO3HTPOHHO-3MHCCH-
OHHOH ToMmorpadun c 2—I18F-dropaeszokcu-D-
[JTI0KO30H M IIPOTOHHONH MarHMTHO-PE30HACHOI
cniekTpockonu (2017 r.);

— Cadonosa I1.B. — CouuaabHO-TICHXOJOTH-
yeckHe (HakToOpbl PMCKOBAaHHOIO TMIOBEACHHS
BUY-mHOUIMPOBAHHBIX KEHIIHH W WX BbH-
ABJCHUE U1 cAepXWBaHuA snuaemun BUY-
HHbekunu (2017 r.);

— [eaomoB A.C. — KnuHuYecKas, HMMYHOJIO-
rUyecKasi, BUDYCOJIOrHYECKas XapaKTepHUCTHKa
[MOPaX€HUH LIEHTPAbHOA HEPBHONH CHCTEMBI
ripy BUY-undexkunu (2019 1.);

— Orypuosa C.B. — XapakTepucTuka, ocodeH-
HOCTH M 3BOTIOLMS 3MMHIEMHYECKOro rmpoiecca
BUY-undexuun Ha TeppuTopusix Cesepo-3a-
nana Poccuwn (2019 1);

— I'yvroBa JI.B. — KIMHHKO-MMMYHOJIOTHYeC-
Kasi XapaKTEePHUCTHKA XEHIIHMH pPEeNpOAYKTHB-
HOTrO BO3pacTa Ha (OHE JleYeHHsT KOMHMEKIIHA
BHY u XTC (20191.);

— boesa E.B. — Kauuuyeckue ¥ NCHXOCOLH-
alIbHBbIE OCOOEHHOCTH XEHIIWH DPENpOIYKTHB-
HOFO BO3pacTa ¢ coyeTaHHo# uHbexuuein BUY/
BI'C (2021 r.);

— Bakymmua E.I. — KauHuko-ay4essie COMO-
CTaBJICHHSI MPH MOPaXECHMUAX TOJOBHOTO MO3Ta

Cnucok nutepartypsl/References

L.

L

G \_@
W

PucyHok 7. MoHorpadusa obuneiiHoro roga
«BuoueHO03 Yenoseka u rocnNUTanbHas cpegas
Mop pen. H.A. Bensikosa u C.®. Baruexko, Cl6;
2023,424c.

Figure 7. A Jubilee Year Monograph <Human biocenosis
and hospital environment» Edited by N.A. Belyakov and
S.F. Bagnenko, St. Petersburg, 2023, 424 p.

y BUY-uHbHIMPOBaHHEIX NMAIHEHTOB Ha (hoHe
AHTHUPETPOBUDPYCHOM Tepanu# (2021 1.);

— Tlopron E.O. — HexenarenbHble SIBICHHS
Ha dOoHe aHTHPETPOBMPYCHOH TEparuu y aereii
¢ BUY-undexuuneit (2022 r1.);

— Hekpacosa A.B. — KauHuK0-Mophoioru-
yecKasl XapaKTepDHCTHKA, Pe3y/IbTaThl JIeYeHHs
¥ NIPOrHO3 3/I0KAYeCTBEHHbIX HOBOOOpa30BaHHil
npu BUY-nndexunu (2022 1.);

— Yupckas M.A. — CoueranHas MHPEKLHS
BHUY u cudmInc: ocODEHHOCTH TEYeHHs, JTHC-
MaHCEePH3aLMM U OKa3aHHsl KOMILJIEKCHOM crie-
HHaIH3HpoBaHHOU noMomiu (2023 ).

TpaauumMoHHBIE eXerofHbie KoHhepeHuuu,
npoBoguMbie cOTpyaHuKamu LlenTpa:

— «BUY-undexuua wu
(20092023 rr.);

— «®PapMaK03KOHOMMKA BUPYCHBIX MHbEKIHi»
(2013—-2023 rT);

— «DMHOSMHOJOTHS  BHDPYCHBIX WHOEKIHI
Ha Cesepo-3anane Esponbi» (2016—2022 r1);

— «[lopaxeHue HEHTpaILHON HEPBHOM CHCTe-
MBI [IpH BHPYCHBIX MHpeKuHuax» (2011-2023 rr).
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WNHDEKUMA U MMYyHHTET
2023, T. 13, Ne 4, ¢. 797-799

NPABWUJIA 4J19 ABTOPOB

CraThH MpPeACTaBIAIOTCA B PeJaKIIHIO Yepe3 CHCTeMY 3NeKTPOHHOro u3zareabersa (http://iimmun.ru) 8 cooTseT-
CTBHH C TpeboBaHHsSMH XypHana «Mudexkuns 1 uMMyHuTeTs U «MHCTPYKUMEH 1718 aBTOPOB», NPEACTABAEHHOM
Ha caiite. C despans 2016 rona xypHan «UHDeKuna 1 HMMYHHUTET> MYOAHKYET CTAThH Ha ABYX A3BIKAX (PYCCKOM
H aHTTHHCKOM).

OcHoBHbie BUALI CTaTel, NyBnuKyembiX B XXypHane

OpurnsanbHas CTaThs

Crarbs fOMKHA ONMUCHIBATH PE3YbTaThl 3aKOHYEHHOro Hecaenosanus. JonyckaeTcs 06beM ctaTey 10 20 Mauiu-

HOITMCHBIX CTPaHU1I, BKJIIOYask PUCYHKH, Tabauubl. Crarss N0IXKHA conepXarth: 1) BBefeHue; 2) MaTEpHAIE H METO-
Ibl; 3) pe3yIsTaThl HCCIEeAOBaHMI; 4) oBCcy X AeHHE Pe3YIbTaToB; 5) 61aronapHOCTH.

o Beenenne conepXuT 000CHOBAHHE LIETH U 327124 [TPOBEIEHHOIO HCCJIEIOBAHU .

e MarTeprasi H METOBI MOTYT H3/IaTaThCH B BHIIE OTASIBHLIX (DParMEeHTOB C KOPOTKHMH MOA3ar0JIOBKAMH.

e Bce HeTpaaHUMOHHBIE MOTHGHKALHME METOIOB NOKHBI OBITh ONHCAHBI ¢ JOCTATOYHOM CTENEHBIO MO~
pobHocTH. [1si BCeX MCIMOTb3VeMBIX B paboTe peaKTHBOB, XMBOTHBIX, KJIETOUHBIX KVIBTYD U T.A. HEOO-
XOAMMO TOYHO YKa3biBaTh IPOM3BOAMTENCH H/HIM HCTOYHHKH NONYYeHH (C Ha3BaHHAMH CTPaHbl, GHp-
MBI, HHCTHTVTA).

o Pe3yabTaThl ONMUCHIBAIOTCH B IOTHYECKOH MOCAEI0BAaTeIbHOCTH B BHIE OTAEIbHEIX (DparMeHToB, pa3ie-
JIEHHBIX TION3aroJIoBKaMy, 6e3 3/IeMeHTOB 0o0cyKaAeHHs, €3 NOBTOPeHHS METONWYECKHX NOAPOOHOCTEH,
6e3 aybiiMpoBaHNS HHAPOBLIX N1aHHBIX, TPHBEACHHBIX B Ta0IHLIaX H PHCYHKAX.

o B ofcyxaennn IPOBOAMTCS ACTANBHbIN aHAIH3 MOMYYSHHBIX JaAHHBIX B COMOCTABASHHH C ZaHHBIMH JIN-
TEPATyphl, 4TO CAYAXHUT 000CHOBaHHEM BEIBOIOB M 3aKMI04YEHHI aBTOPOB.

o Paznen «baarogapHocTu» He ABIsSeTCH 00A3aTeAbHBIM, HO KpalHe XenaTtesieH. B 310M pa3zesie aBTopsl MO-
TYT BBIDa3UTh MPH3HATEIBHOCTL OPraHW3alHH, CYOCHAHPOBABIIEH MPOBEACHHE MCCIEI0BAHNI, Koae-
raM, KOHCYJIbTHPOBAaBIIMM paboTy B Mpollecce e BHITOTHEH U H/HIH HANHCAHH A, @ TAKKE TEXHHYECKOMY
MepCOHANY 3a NOMOINb B BHITIOIHEHHH HCcciaeaoBaHuit. biaronapHocTH 3a npeaocraBieHue crneltiduyec-
KHX PeaKTHBOB HJIH 00OpYIOBaHHS, KaK I1PaBHIIO, TOMENIAIOTCH B pa3aesie «MarepHalibi H METOIEI»,

Kpatkune coobmenus

KypHan nydauxkyet HeOOMbIIHE N0 0OBEMY CTATHH, KOTOPEIE HMEIOT OE3YCAOBHYIO HOBH3HY M 3HAYMMOCTb. DTH
CTaThbH IIPOXOAAT YCKOPEHHOE PELEH3HPOBaHHUE U NYOAHKYIOTCS B KOPOTKHE CpoKH. Obunii o6bveM Kparkoro cood-
LIEHHS OrPaHHYeH 8 MAITHHONMHCHBIMH CTPAaHHIIAMY, KOJTHYECTBO PHCYHKOB H/HITH TabaW1I He MoXeT OwiTs Bostee 3,
a CITHCOK MCIIONb30BaHHAIX INTEPaTYPHBIX HCTOUHHKOB He J0JIXeH NpeBrmaTs 15. THTYAbHBI THCT odopmiaseTcs,
Kax OMucaHo HHXe (cM. «[loaroToska crateit»). Pa3aens KpaTKOro COOOIICHHS AHAIOTHYHBI BRIIICONHCAH HbIM Pa3-
nenaM OpHTHHAJAbHOH CTaThH, HO HE BRIACASIOTCS 3ar0J0BKAMH H MOA3aro/IOBKaMH, Pe3ybTaThi MOIYT ObITH H3J10-
JXEHbI BMECTE C OOCYXKICHHEM.

O030pHbIe CTATHH H JEKIHH

O030pHbIe CTaThH H JISKIINY B OCHOBHOM 33aKa3bIBaIOTCA PEIAKIIHEH HITH MOTYT ObITh DEKOMEHI0BAaHbB OMHHM U3 4jie-
HOB penxo/UIerHi. boree noapobayio nHGOpMAaLNIO 0 NpaBHIaX OHOPMICHHA ITHX CTATEH MOXHO Y3HATS B PeNaKilHH.

Bubnuorpadpuyeckue CTaHAAPTHI ONUCAHWUS LMTMPYEMBbIX NyGnukaumii

Omnucanye CTATHH H3 KYPHAIA:

Canura T.IO., Mopososa T.M. MmMyHonoriweckue MeTonn B AnddeperunanbHoi anarkocTke // TyGepxynes i 60ne3HH Aerkux.

2011 T. 88, Ne 11. C. 50-353.

Salina T.Yu., Morozova T.1. Immunological methods in differential diagnostics. Tuberculosis and Lung Diseases, 2011, vol. 88, no. 11, pp. 50-353.

Onsucanue CTaThH B3 KHUTH (MoHOTrpadHH):

Mypsirura U.A., Yecrokoza M.B., Kaumos B.T. lNcepaoTyGepkyaes. Hosockbupek: Hayka, 2003. 320 c.

Shurygina LA., Chesnokova M.V., Kiimov V.T. Pscudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpuMeps! NpaBHIBHONO 0(OPMICHAS AHTIOA3BIYHBIX CChLIOK:

Turenne CY., Wallace R., Behr M.A. Mycobacterium avium in the postgenomic era. Clin. Microb. Rev., 2007, vol. 20, no. 2, pp. 205-229.

Goodman JW., Parsiow T.G. Immunoglobulin proteins. Basic and Clinical Immunology. Ed. Stites D.P., Terr A.1., Parslow T.G. Appletion &

Lange, 1994, pp. 66—79.

CchUIKH Ha TUTEpaTYPHBIE HCTOYHHKH B TEKCTE CTATHH, B PHCYHKaX H TabanIax 0603Ha4a10TCsA apabeKuMH Hud-
paMH B KBaApaTHBIX cKobKax [1, 2, 3,...]. He nonyckaioTcs cCHIIKM Ha IHCCEpTallMM, aBTopedepaTsl IMCCEPTAHA,
MyGAKKaunK B COOPHHKAX, METOAMYECKHE JOKYMEHTHI MECTHOTO ypoBHSA. KOMTHYeCTBO HCTOYHHKOB HE OrpaHHYEHO.
B xax10it cchiTKe NPHBOIATCH BCe aBTOPHI paboThi. HeonyS1HKOBaHHbBIE CTAaThi B CIIHCOK HE BKJIIOYAKTCH.

0603HayeHns, COKPALISHUS U EAUHULLI U3MEPEHUS

Jl75 CIOKHBIX TEDMHHOB HJIH Ha3BaHMif, HanboJlee YacTo HCMONB3YEMBIX B TEKCTE CTATHH, MOXHO BBECTH (B Kpy-
IABIX CKOOKaX Mocie NepBOro YNOMHHAHUA MOJHOTO Ha3BaHHA TEPMHHA) He fonee 3—35 HeTpaAMIIMOHHBIX COKpa-
meHniH. Y3axoHeHHBIe MEXIYHApPOIHBIMH HOMEHKJIATYPaMH COKDAaLIeHHs HMCIONb3YIOTCH B COOTBETCTBYIOILEH
Tpauckpunuuy. Hanpumep, I1si TEpMHHA «HHTEpACHKHH» HCTIONb3YyeTCs COKpanierue «IL», a He pycCKOR3bIYHEIH
BapHaHT <« I+ aHaTOTHYHO 3TOMY HCIONb3YI0TCH cokpaneHus: «] NF», a He « TH®» uan « DHO»; «CD», a ne «Cll».
Haspam#s MHXDOOPraHH3MOB NPHBOIATCS B OPHIHHANBHON TPAHCKPHITIIHK C UCHOIb30BaHHEM KypcHBa (E. coli,
Streptococcus pyogenes). EIMHULIBI H3MEPEHUSA TPUBOAATCH G583 TOYKH MOCIE HX COKPAIICHHOT0 0003HaYeHHs, peria-
MEHTHPOBAHHOI0 MEXIVHADOAHBIMH NPaBHIaMH (C, 4, oM, M, MT, kDa u T.11.).
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Odopmnenne uANIOCTPaTUBHOMO Marepuana

WAmiocTpaTHBH L MaTCPHA 10/1KCH ObITh OPUIHHANBHBIM, T.¢. paHee HHTAE He onybnukoBaHHEIM. Obee Ko-
AMYECTBO MAMKCTPaLMit (TaGNKil M PUCYHKOB) HE A0JIKHO NMpeBbiuaTh BochkMu. [1pu GosbieM KoauyecTse Wilo-
crpaumit ux nydankaumus onaavyupaeTcs apTopoM. IyGanKaums UBECTHLIX HAMOCTPAUMN (HE3aBHCHMO OT HX KOJH-
YEeCTBa) TAKKE ONNaYHBACTCH ABTOPOM.

Pasmepst miunocTpaumii:

* MAKCHMaabHaA BuicoTa — 210 MM

* MakcHMaabHas wrpHHa aas | cronbua — 82 MM, ana 2 cronduos — 170 MM

Tabannws, Kaxnas tabanua npeaocrasasercs otaeabHuM dhaizom, Tabauun Hymepylotes apabeknmu undpa-
M OTACNBHO OT HYMepallH pHCYHKOB (rpadukos u oTtorpadmit). Hassanue nevaraercd Han rabauueit. Bees texcr
Ha PYCCKOM f3BIKC, coACpXalutMfics B Tabnuue, BKIIOUAR eQHHHIIL H3MEPEHNA, JONKCH OBTh NepeneaeH Ha aH-
FARACK It 361K, NPH 3TOM [TEPCBOA CACIYET MOMENIATH B AUEHKY C COOTBETCTBYHOMIMM PYCCKHUM TCKCTOM OT/ACbHOR
cTpokoit. Hassanue TabiMIIBI ¥ TEKCT MPHMEYAHHA K HElt TAKKE 0K HbI ObITh NEPEBEACHBl HA AHTIHACKHIT A3BIK
W MPUBEACHS! MOl PYCCKMM TEKCTOM ¢ HOBOH cTpokH. Insg noMeTok B TaGaHUax cAeAyeT HCMOJb3OBaTh OAHY HITH
Heckonbko (*), NoscHEHHA NEYATAIOTCA MOC/E COOTBETCTBYIOMEro KosnuecTna (*) noa taGauuen. ExnHmuus Hime-
PEHHA, NPH HEOBXONMMOCTH, BKJTIONAIOTCH B 3ar0/IOBKH CTPOK WM CTOAGLOB.

Pucyuxu (rpaduxn u dororpacun). B TekeTe cTarhil HA3BAHUA PUCYHKOB (rpacukos, ororpaduit) n Tabanu pas-
MCHAIOTES cpasy noce ablaua, rie Ha HMX AaeTCA MCPBAA CCLiKa. Bee pHCYHKH HYMEPYIOTCS NOCACIOBATENbHO apab-
CKMMH IHMPaMH 110 Mepe BX BKIIOYCHKS B TCKCT CTaThi. HasBaHHA PHCYHKOB H MOANKCH K HUM BLIHOCATCA B BHAC
cnycKa B OTACAbHLIH (haftl. B CMCcKe yKashiBAOTCH: HOMEP PHCYHKA, HaspaHHe (¢ Goabiioit OyKBbl), TEKCT NpHMeya-
Hu#t (Uit Mukpodororpadsi 10IKHO ObITH YKa3aHo yeeanderne). [ToAmucH K pHCYHKAaM Hai0TCs KPaTKHe, HO 10CTa-
TouHO HHpOopMaTHBHBIe, HasBaHMA PUCYHKOB M IpHMeyaHuit K HUM, HAPHCYHOMHBIC NOATIHCH, TEKCT JIETEHIBI 0JIA-
HBt OBITL NEPEBEACH b HA AHTIMACK K A3BIK H PA3MEIIEHE! 110 COOTBETCTRYIOUIMM TEKCTOM C HOBOM CTPOKH. PHCYHKN
MOryT GuiTh NpeACTanaeHbl B rpadugeckux Gopmarax ¢ pacunpenueM tif (paspemenne He Menee 300 dpi npa 100%
maciirabe), .eps wan .ai, M3obpaxenns, scrpocHHbie B 20KyMeHTs Word, He npuunmaiores. [padurku u anarpaMmul
MPEAOCTARAKIOTCH BMECTE ¢ TABAMUAMH, HA OCHOBE KOTOPBIX OHM ObIIN CO3MaHBl, HIH C YHCACHHBIMH ODO3HAYEHH -
MU noxasatreielt, 0TOOPAKAEMbBIX COOTBETCTBYIOIHMH rpadHuecKnMi 3NeMeHTAMH (CTONGHKAMM, CEKTOPAMH H T.1L.)
B BHAe Gaiiyion ¢ paciTHpeHHAMI .dOC WIH, TTPSAMOYTHTEIBHEE, XIS

MNnara 3a nybnukauymio crartei

TTpu cobawoacHuy npasua MyonHKaunA crared B KypHane sMudexkuns u uMMyHHTET» BASETCH GecnaarHol
JUTH ABTOPOB W YIPEKACHHH, B KOTOPLIX OHH paboTtaioT. Pepakumns MOXET NOTPEbOBATS ONNATY B CACAYIOLIMX CayYa-
ax: 1) 3a nyGAMKAIHIO UBCTHRIX WUTIOCTPAUMit; 2) npu GONbLIIOM KONTHYECTBE HILTIOCTPATHBHOIO MaTepHana (Canlie
8 wunocrpaumit).

Moproroexa crareit

[py npeaocTasIeHHH CTAaTHH ABTOPhI 10K HE PYKOBOACTBOBATLCS TPEOOBAHHAMN, PHBEACHHBIMH B HILKECIE-
ayounx nynxrax. Crared MOXeT ObITh OTKJIOHEHA, EC/IH OHA UM HE COOTBETCTBYET.

1. Hanpasisas CTaTbio B KYPHAJ, ABTOPH FaPaHTHPYIOT, 4TO NOIAHHBIC MATCPHAIIbI HE ObUIK paHee onyGIHKOBaH b
NOAHOCTHIO WM 10 HacTaM, B 1060t dopme, B 10boM MecTe WK Ha M000M a3biKe. Tak Xe aBTopsl rapaHTHpy-
10T, 4TO CTAThS HE NPEACTABNECHA U1 PACCMOTPEHNSA W MyONHKAIHK B IpYToM kypHase. C MOMEHTa NPHHATHA
CTaThH K NevaT B KypHaie «MHdekuns ¥ HMMYHHTET» IPUBCACHHBIA B HElt MATEPHAL HC MOXET ObITh Ofy-
GIMKOBAH GBTOPAMM MMOTHOCTBIO WK 110 YacTaM B 060t dopme, B moGoM MecTe H Ha J1060M A3kike be3 corna-
COBAHMA ¢ PYKOBOACTBOM XypHasia. MckmodeHHeM MOXeT ARAATECA: |) NpensapuTeNbHas HAH [oCheayoulasn
ny0AMKALHA MATEPHAJIOB CTRTEH B BUJIC TC3HCOB HJIM KOPOTKOI'O PE3IOME; 2) HCIIO/NL3OBRHHE MATEPHAJIOB CTATLH
K4K 9acTH JeKUMK wian 0030pa; 3) HCNoNb30BaHHE ABTOPOM NPEACTABIEHHBIX B KYPHA MATEPHANOB MPH Ha-
MHCAHMM AMCCEPTALLIH WIH KHHTH. Bocripon3seaeHne BCero H3aaHns Wi HacTH NobuiM criocoboM sanpeiaet-
cs 6e3 NUCBLMEHHOTO paspelerns nanareneit. Hapyurenue 3akoHa ByaeT npeciesoBaThes B Cy1e0HOM MOPSIKeE,
Oxpangerca 3akonom PO Ne 5351-1 «O6 asTopcKoM npase M CMeXHEIX IpaBax» o1 09.07.93 .

2. Qaitn oTnpasiaseMol ¢TaTey npeiacrarieH B dopmare .doc, .docx, .rtf.

3. Momuno haiina co cTaThell, MpenocTaBIeH bl caeayoume daiase:

1) Daiin c meTagauHbIMK (MPH 3ArPY3KE B CHCTEMY eMY NIPHCBaUBaeTCs HMA «MeTanasubies):
o haMMINs, UMA, OTYECTBO, YUEHAs CTeMeHb, YUeHoe 3BaHMe, A0JXKHOCTL ABTOPa, OTBCTCTBEHHOIO
33 AanLHEHINYI0 NEPEenHCKY ¢ pejakuuei (Ha pyccKoM M aHITHICKOM A3bIKAX),
e HA3IBAHMC YUPCKACHHS, e pabOTACT OTBETCTBEHH L aBTOP (B pyCCKOM 1 OHIIHANBHO NPUHATOM
AHTJIMHCKOM BapHaHTax),
© [TOYTOBLI &APEC LIS MEPEITHUCKH C YKA3aHHEM MOMTOBOIO HHIEKCA (Ha PYCCKOM H aHTTMHCKOM A3LIKAX);
o Tened o, dhake (¢ yKasaHHeM KOAa CTPaHhbl H ropoaa), e-mail;
o (haMITHA H HHUIIHAA Bl OCTAABHBIX COABTOPOE, MX YHCHLIC CTCICHH, YUCHLIC 3BAHUA, TOMKHOCTH,
© TI0JIHOE HA3BAHME CTATHH, HANPABIAEMON B PEAAKILHIO,
* KOJIMYECTBO CTPAHHILL TEKCTA, KOJTHYECTBO PHCYHKOB, KoMuecTBO Taban;
e pa3fena KXYpHana, Jiasl KOTOPOro npeaHasHaueHa naHHas pabora: «Jlekunus, «O630pnis, «Opury-
HAJBHBIC CTaTbi», «KpaTkue coobiueHus», «B moMoimb npakTHYECKOMY Bpaqys;
® 1aTa OTnpaBieHusA paboTh.
2) OtckaHmpoBaHHad Komus (aina ¢ MCTalaHHBIMHE NOATTHCAHHAA BCEMH ABTOPaMH (TPH 3arpy3Kke B CHCTE-
My emy npucsansactes UMA «[loamucH asToposs).
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3) TuTVAbLHBIH AHCT (MPH 3arpy3Ke B CHCTEMY MY IPHCBaHBaeTCA WM « | HTYIBHEI THCT»), 110 HopMe:

e Ha3BaHMe CcTaThH (€3 MCIONB30BAHM S KAKHUX-THOO COKPALICHHI, Ha PYCCKOM M aHTJTHHCKOM S3BIKaX);

o aMITHS, HMS, OTYSCTBO, YYEHas CTeNeHb, YUYCHOe 3BaHHe, IOIKHOCTh KaXJI0r0 U3 COABTOPOB CTAThH
(TOTHOCTBIO, Ha PYCCKOM M aHIJIMHCKOM si3BIKaX);

e NIOApa3e/ICHUE H YUPeXIeHHE, B KOTOPOM BEINONHAIach paboTa; B caydae, €C/iH aBTOPaMH CTaThH
ABAAIOTCH COTPYAHHKH Pa3HBIX VYPEXKACHHUH, TO MOCNEIHHE HYMEDPYIOTCS MO MOPAIKY, HAYWHAs
C eIWHMIILL, H COOTBETCTBYIOLIas Hdpa pa3MeliaeTcs nocne GaMuIny aBTopa, NpeacTaBAsSIONmEro
NaHHOE VUpEXICHHE; 17151 MapDKMPOBKH aBTOPOB B aHIJION3bIYHONM YacTH CTaTh¥ BMECTO uudp uc-
NOAB3YIOTCH TaTUHCKHE OyKBRI (a, b, ¢, d n 1.1.);

e COKpallIeHHOE Ha3BaHHE CTAaThH UIS BEPXHETo KONOHTHTY A (He 6osnee 35 cMMBOJIOB, BKAOYas IPo-
©eb! ¥ 3HaKKU NPEeNUHAHHKS, Ha DYCCKOM H aHTTHHCKOM S3bIKaXx);

o He McHee 6 KTIOUeBhIX CJIOB Ha PYCCKOM H aHIITHICKOM S3BIKaX;

e aapec IS IEPENHCKH C YKa3zaHHeM HoMepa TenedoHa, dakca M anpeca e-mail.

Pe3siome (TIpH 3arpyske B CHCTeMY eMy NpHcBauBaeTcs MM «Pesiomes). [IpenocTasaseTcs B BHAE onqHOro ab-

3ana 6e3 cchlIoK ¥ cnenubuyecK X cokpameruii. O6sveMm — He MeHee 300 cioB. Pe3ioMe B nonHoM obbeMe

MPEeACTABAAETCS TAKKE B IEPEBO/IC Ha AHIMTHHCKHIT 361K, B OTOENbHBIX CIyYasX, IO PeIIeHHIO PEIaKIIHOH-

HOM KOJLIIErHH, MOXET ObITh 3aTpebOBaH pa3BePHYTHINH BADUAHT Pe3iOMe Ha aHTTIHICKOM A3BIKE.

PHCYHKH, ec/IH OHH eCTh — KaX bl OTACIbHEIM DaiiioM (IIPH 3arpy3Ke B CHCTEMY KaXKIOMY PHCYHKY MpH-

cBanBaeTcs uMs «PucyHok [lopsankoswiit HoMep picyHKa. HasBatue pucyHKa»).

®Daiin B dopmare .doc, .docx, .rtf co cruckoM, B KOTOPOM YKa3LIBAIOTCH: HOMEP PHCYHKa, Ha3Ban#e (C 501b-

1I0¥ OyKBbI), TEKCT MpUMesaH (118 MUKpodoTorpaduii T0KHO OBITh YKasaHo yBennueHue). [loanucu

K PHCYHKAaM AarTCsH KPaTKHE, HO JOCTATOYHO HHPOPMAaTHBHEIE.

Tabmuiisl, €CTH OHH €CTh — KaXaas OTAebHBIM daiinoM (Ha3sBaHHEe KaXI0W TablH11b! 10X HO OBITh PH-

BEAEHHKI 3ar0JIOBKOM B (haiine ¢ caMoii TabnHLeH).

Daiin c UUTHPYEMOIt THTEPaTy POt (ITPH 3arpy3Ke B CHCTEMY eMy IIpHCBauBaeTcs uMd «JIuTeparypas) B BiIe

TaOMMIIEI K3 YeTHIPEX CTOA0LOB (a1b00MHAas OpHEHTALIHA), TIe:

4)

5)

6)

7

8)

Iopaaxossii ABTOPbI, HAIBAHKE NYOIHEAUAN ®.H.0., sa3sanne NyOIMKATNE H HCTOYHHKS [oanssii waTepreT-aapec
HOMEp CCBLIKH # HCTOYHHKA, IA¢ OHa Ha AHTARACKOM A3bKe (URL) ustupyemoii cTarsn
ony0IHKOB2HA, BHIXOJHLIE TAHHbIE u/umn ee DOI
Pasmemaiores VKa3uBath OduunansHee AHIMOA3HYHOE Ha3BaHHE B ToM cayuae, ecan
B TabanIRe no oubaHorpaduyecKoMy NyOAHKAUHYK H HCTOYHHKA, FAe OHa uHMOPMALNE 0 CTaTBE
B aadaBHTHOM CTaHIAPTY, PEACTABICHHOMY onyOIHKOBaHa — A4 PYCCKORILIYHEIX CTaTeH. | He pa3MelneHa
[OpsAKe, BHAYANe | BHINS B peakux cayyasx, KOraa He CYLIECTBYeT Ha OOUITHATLHOM caliTe
DYCCKOA3SIYHEIE, oQHIHATBHEX AHTTOA3KYHEX HA3B2HHU, H323aHUA, Z0MYCTHMO
3aTeM Ha A3BIKaX PeAaKIHA NPOCHT NPEAOCTARNATE HX Niepeson, | Bemoab3oath URL craten
€ TATHHCKOH 0003Ha4a% ero KPaCHHM LBETOM WpHbTa. CO CTOPOHHHX CaHTOB,
rpaduxoi Jlas aHTAOA3NIALX NYOARKAUNA H BCTOYHHKOS | B T4, CHCTEMB
B 3TOM CTOIORE CTABHTCS NPOtEPK www.e-library.ra.
DOI cratss npHBOANTCS
B KBAAPaTHLIX CXO0Kax
nocae URL-aapeca

4. TexcT nomxeH OLITL HabpaH ¢ OIMHAPHBIM MEXCTPOYHBIM HHTEPBAIOM; HCIIONb3VeTCH Kerib IpHdTa B 14 mvHK-
TOB; JU1s BhIIEICHH S HCIOIb3YETCs KYPCHB, 2 HE MOAYEPKMBAHHE; BCE CCHUTKH HAa MILTIOCTPALHH, rpadiKy 1 126~
JIM1IbI PACTIOIOKEHE! B COOTBETCTBYIOLUIMX MECTaX B TeKCTE, a He B KOHIIE IOKYMEHTA.

5. TeKCT COOTBETCTBYET CTHIAHCTHYECKHM ¥ Oubanorpahuyeckum TpeboBaHIAM.

6. Ecnivt BBl OTIIPaBAsieTe CTATHIO B PELEH3NPYEMblii pa3iesl XypHaia, TO Bbl COIIACHH C TPeGOBAHHUAMU CICMOT0
PelLeH3HPOBAHM S, TOAPOGHEe 0 KOTOPOM MOXHO Y3HaTh Ha caiite KypHaia (http://iimmun.ru) 8 pyGpuke «Pe-
HeH3HpoBaHHe» pasnena «O KypHaie».

Boi MoxeTe 0(hOPMHTD HOANHCKY HA JKYPHAT
«HH(eKIns H HMMYHHTET» 9€pe3 OT/JeNeHHS CBA3H:
000 «Vpan-Ilpecc-OKpyre H 31eKTPOHHbIN KaTan0r «POCCHIICKAs NEPHOAHKA»
8 ceTs Internet na caiite www.arpk.org.
Toanucuo# mraexc 41392,

TloankcKa HA 31eKTPOHHYIO BEPCHIO XKYPHAAA
Ha caiite www.elibrary.ru
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UHdexkuusi ¥ UMMYHUTET

ABTOPCKWIN YKABATEJb

Anaropuesa L. 699
Actadbesa E.A. 723
banaukas H.B. 699
Baxapesa 5. A. 642
Benapesa A.B. 723
Bensikos H.A. 787
Bupiokosa 10.K. 627
bBoesa E.B. 787
Bacunber A.I1.. 642
Boposuy M.®. 627
FPeOERKHRRTIB. ... ccvcssersirsessssssasssontonmsnues 609
F'ymunesckuit B.1O. 767
Jlouenko B.B. 699
Hyxosannos U.B. 653
Eroposa M.10. 642
Exep B.A. 743
Hcacesa IL1I. 767
MIIMYXaMETOB ALA. iicoiviimnmmsiammsmmmmmsnssnenss 627
Kasapos A.A. 642
Kapanau M.M. 778
Kucenesa U.B. 743
KosanepaJLA. ...

Konmakos H.H.

KoasacHUKOBA H. M. ......ccviinnnviisisiiosiiins 627
Komuccapos A.B. 743
Konars B.B. 653
Kpaesa JLA. 609, 778
Kpuuesckas IH. 699
Kcenadontos AL 743
Kynukosa U.T. 699
Jiuosnos JLA. 743, 787
Jlyxsepunk JLLH. 699
Jlarockun U.B. 642
Mawmaesa T.A. 691
Maxanek A.A. 735
Mycaesa T.J1. 743
Haszapenko A.C. 627
Hecrepenko JLH. 699
Hukonora F0.A. 642
Orypuosa C.B. 787
IMepuuu A.C. 642

IMectos H.B. " 627
IMucapera M.M. 743
Paccoxuh B.B. 787
Pemuzosa U.H. 735
Patuenkosa A.A. 653
Caenko A.M. 653
Cooituakos B.b. 767
Cenbkos C.A. 609
Cumbupues A.C. 653
Coxonos 1.U. 609
Copoxkuna E.C. 699
Crpuxaxosa O.M. 642
TonteirnHa A.T1. 691
Toronsau A.A. 653, 787
Yerioxanus A.B. 735
®anees A.B. 743
Xamuros PA. ... 642
Yupax E.JI. 653
Yupak E.P. 653
Yucrakosa ILH. 735
YysHosa A.A. 723
[MaGanaun A.B. 723
[la6anauna E.B. 723
Iykypos P.P. 642
Sctpedosa E.B. . 187
Afzalian A. 709
Ahmadi S. 709
Amvrosieva T.V. 675
Anisimova A.A. 663
Belenjuk V.D. 663
Borisov A.G. 663
Boskabadi H. 754
Chechko S.M. 761
Dashkevich A.M. 675
Dashti M. 709
Drobyshevskays V.G, ...........cccrsssssssssassassasenss 675
Dronina A.M. 675
Drozd L.V. 675
Egorova S.A. 675
Faramarzi R. 754
Gh 1zadeh A. 709

NMPEAMETHbIA YKA3ATEJ1b

2019-nCoV 709
aBHIHOCTD 691
anbdaBupycst 627
anapodepnH 723
AHTHOAKTEPHATBHEI HMMYHHTCT (\vevviennnens . 609
anturens LIMB 699
aHTHTENA 691
Gaktepun ESKAPE 609
ApucroBckuii B.M. 767
BAKLHHOMPODHAAKTHKA ...covveeerinsnecnneanssnssnes 778
BajMIALHS 642
BHBL 743
BHPOTEPANHA 627
BUPYCHBI BEKTOD 627
BUY-undexuns 787
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UnniocTpauum K ctatee «Pa3paboTka CTPYKTYphi M WiTaMmMa-npoayuedTa E. coli ana auturexa, cogepxaiiero
nocnegosarensHocT 6enkoe N, S, M, E kopoxaeupyca SARS-CoV-2+» (asTopbi: B.B. Konars, A.A. Pab4yeHkoBa,
E.J1. Yupak, E.P. Yupak, A.U. Caesnko, H.H. Konmakos, A.C. Cumbupues, U.B. JyxoenuHos, A.A. ToTonsH)

(c. 653-662)

llustrations for the article “Designing structure and E. coli strain-producer bearing SARS-CoV-2 N, S, M, E protein-
related sequence antigen” (authors: Kopat V.V., Riabchenkova A.A., Chirak E.L., Chirak E.R., Saenko A.l., Kolmakov N.N.,
Simbirtsev A.S.. Dukhovlinov |.V., Totolian A.A.) (pp. 653-662)

Pucyrok 2. CMogenvpoBaHHas CTPYKTYpa aHTUreHa PucyHok 3. Cxemarnueckoe usobpaxenue
KOpOHaBUpyCcHOro pexombuHanTHoro (3D mogens KOHCTPYKUUM pekomOuHaHTHoro sextopa pCorD_PS
Henka), u3yanuanposanHas ¢ nomowsio I-TASSER [31]  Figure 3. Schematic representation of the pCorD_PS
Figure 2. Modeled structure of the recombinant coronavirus ~ recombinant vector construct
antigen (SD protein model) rendered with [-TASSER [31] Npumeyanne. Moguduumposax=as sepcus pET-24a (<),
B XOTOPOI NOCNER08aTENbHOCTS, KOAUPYIOLULAA KOPOHABHDYCHBINA
3HTHTEH, KNOHWPOSaHa no caiftam Ndel/Xhel.
Note. Modified version of pET-24a (+) in which the coronavirus
antigen coding sequence is cloned at the Ndel/Xhol sites.

WUnniocTpauum K ctartee «MHOrohakTopHoe BNMsHKE Ha pecnupaTopHyio 3abonesaemocTs Y nofei
PENPOAYKTUBHOIO Bo3pacTa vl 3P PEeKTHBHOCTL OA0PAHTOR C HaTODEpUHOM ¥ aHAPODEPHUHOM B OTHOLLEHUM
Hecneundu4ecKoi Pe3UCTEHTHOCTHU CM3UCTON 000I04KM HOCA U CHIDKEHWUS YaCTOThI PECNMPATOPHbIX MHBEKLWit»
(aevopsi: A.B. Benapesa, E.B. Wabanauka, E.A. Acradbesa, A.A. YysHosa, A.B. WLaGanguk) (c. 723-734)
llustrations for the ariicie “A multifactorial impact on respiratory morbidity in people of reproductive age and effectiveness
of nziopherine- 2nd andropherine-containing odorants regarding a non-specific resistance of the nasal mucosa and
lowersd mordidily of respiraiory infections™ (authors: Bedareva A V., Shabaidina E.V., Astafieva E.A., Chuyanova A.A.,
Shabaldin AV) (op. 723-734)

Pucyrok 2. lleToyHas MUKPOGHONCUS CAN3NCTOMN
080n04KM HOCa. BbICOKME KNETOYHbIE peakLuu
Ha CM3UCTOI 060oN0o4Ke HOCa, AOMUHUPYIOT KNETKH

EneTew OYHKUMOHANBHOMO anuTenus (1), knetku nnockoro anutenus (1). EAuHMYHBIR QYHKUWOHANBHLIN
AROCKOTO 3nuTenuN (2) UWIMHAPWYECKUI MepLaTenbHbli anuTenwii (2)

=igurs 1. Brush microbiopsy of the nasal mucosa. Normal Figure 2. Brush microbiopsy of the nasal mucosa.
manitesiations of cellular reactions on the nasal mucosa. High cellular responses io the nasal mucosa, dominated

=unctional epithelial cells (1), squamous epithelial cells (2) by sguamous epithelium celis (1). Single functional
cylindrical ciliated epithelium (2)



