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Figure 1. Flow cytometry gating strategy for PBMCs T cells

MpumeyaHue. A — BbifeneHre KNeTo4HON nonynsaumuu; b — BblgeneHne nonynsumnin xveble/MepTeble; B — Boiienequne nonynsuum CD3;
I' — Bblaenenue nonynsauyn CD4- n CD8-no3nTuBHbIX KNeTok; [ — BblaeneHne nonynsaumm CD4-IFNy-no3uTmBHeIx knetok; E — Boigenexve

nonynsiuyy CD8-IFNy-n03nTUBHBIX KNETOK.
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B3AUMOAENCTBUE BAKTEPUU rPYNNbI
ESKAPE U NK-KJIETOK: BSBAUMHASA
PErynqauua n poJib B PASBUTUU
PEMPOAYKTUBHbIX MATONOIMMA

I1.B. I'pedenkuna’?, C.A. Ceankos', JI.A. Kpaesa?3, /I.!. CokoJios!-?

'@TFHY HHUH axywepcmea, eunekonroauu u penpodyxmonoeuu umenu JI.0. Omma, Cankm-Ilemepoype, Poccus
2OBbYH HUU snudemuonocuu u muxpobuonsocuu umeru Illacmepa, Cankm-Ilemepoype, Poccus
J®@I'BEBOY BO Boenno-meduyurckas akademus um. C.M. Kuposa, Cankm-Ilemepbype, Poccus

Pestome. EctecTBeHHble Kuepbl (NK-K1eTKM) SBASIOTCS OJHOW U3 IPYI JUMMOLUUTOB BPOXJIEHHOIO UMMYHUTETA.
Yacro NK-k1eTKu n3yyaroT B KOHTEKCTE MPOTUBOOMYXO0JIEBOTO U MPOTUBOBUPYCHOTO UMMYHUTETA, A U3-32 HAXOXICHU S
B 30HE I'PAHUILIBI KOHTAKTa MaTepU U TJIofa (B MaTKe) aKTMBHO U3Y4aroT UX POJIb B pa3BUTUU OepeMeHHOCTH. [Tpu aToM
MX yYyacTue B aHTHOAaKTepuaJbHOM UMMYHHOM OTBETEe HedocTaToyHO u3ydyeHo. [Tockonbky NK-KieTku MoryT mpomy-
LIMPOBATh LIUTOKMHBI, OMHUM U3 BO3MOXHBIX BAPMAHTOB MX YYACTHSI B 9AMMUHAIIUN MTPOKAPUOTUYECKUX MATOTEHOB SIB-
JISIETCS PETYISILIMS KJIETOK UMMYHHOIR CUCTeMbl — NEHIPUTHBIX KJIETOK, Makpodaros u np. OqHaKo B JUTEpaType TaK-
K€ OIMCAaHBl BAPMAHTHI KOHTAKTHOT'O LIIMTOIM3a KJIETOK, MMOABEPIIINXCS 3apaXkKeHHI0 BHYTPUKIETOUHBIMU OAKTEPUSIMHU.
DTO BO3MOXHO OJ1aromapsi COnep>KaHuIo LIMTOTOKCUYECKUX OeJIKOB — repdoprHa, TpaH3MMOB, TpaHyau3nHa B NK-keT-
Kax. B mocnemHue rombl ctano n3BecTHO 00 yyacTu NK-KJIETOK B pa3BUTUM MMMYHHOTO OTBETa B OTHOILICHUY BHEKJIC-
TOYHBIX OakTepuii, B ToM uncie Tpynnbl ESKAPE, B cocTaB KOTOpoii BXOAST YCIOBHO-TIATOTCHHBIC TTPOKAPHOTHI, HAal-
0oJIee aKTUBHO pa3BUBAIOIINE aHTUOMOTUKOPE3NCTEHTHOCTD M BBI3BIBAIOIINE BHYTPHOOIbHUIHBIE MH(pEKLINH. B 0030pe
ABTOPAaMU TPENMPUHSITA MOMBITKA 0000IIEHUS TaHHBIX HAYYHOI TUTepaTyphl 0 posii NK-KJ1eToK B aHTUOAKTepraJIbHOM
nMmmyHutere. Mzyyenue B3aumoneiictBust 6akrepuii rpynmnbsl ESKAPE u NK-kjeTok Takxe mpuBJeKaeT UccieqoBare-
JIei B CBSI3U CO CITOCOOHOCTBIO MPOKAPUOT U3MEHSTh PYHKIIUU KJIETOK UMMYHHOI CUCTEMbI, OMHAKO 00 OKa3bIBAEMbIX
Ha NK-ketku acdekTax usBectHo KpaitHe maio. [1pu 3ToM Takue TaHHbIE MOIJTA Obl HAMTH MPUMEHEHHUE B ACTEKTe M0~
HICKa HOBBIX CITOCOOOB JIEUEHMsI OHKOJIOTMYECKUX 3a00IeBaHUIA, a TaKKe CTaTh OCHOBOM JIsI pa3padOTKU HOBBIX MOAXO0-
JIOB K perynsiunu xapakrepuctuk NK-kjeTok nmpu penpoayKTUBHBIX naTojorusx. Kak ynmomuHanock panee, NK-kieTku
BCTpEYaroTCs B ACLMIYaIbHON 000I0UKe, TIe MOTYT B3aUMOJEHCTBOBATD C KJICTKaMU T1J10a, B TOM YMCJIe C KJIETKaMU TPO-
(obnacra. Ha ceromHsmHMiA 1eHb CUMTACTCS, YTO KJIETKM MOTYT B3aMMHO PETryJIMpoBaTh CBOMCTBA APYT IpyTa, YTO He-
00X0mMMO TSI TPOTeKaHU S (PM3UOTOTUIECKOM OepeMeHHOCTH. BeposiTHO, HapyIeHre OaaHca B 3TOI CUCTEME CTIOCOOHO
MIPUBECTU K Pa3BUTHIO PEITPOMYKTUBHBIX MTATONOrHMi. B 0030pe cyMMUpOBaHbBI NMEIOLITNECS HA CETOTHSIIHUN IeHb TaH-
Hble 00 addexTax 6akTepuii rpynmsl ESKAPE Ha NK-keTkn, a Takske paccMOTpeHbBI BO3MOXKHBIE MEXaHU3MbI Pa3BUTHUS
HapyeHui B3aumoneiicTBust NK-k1eTok 1 KjieTok Tpodobacta non snusinueM 6aktepuii rpynmsl ESKAPE. IMockonbky
B JIUTEPATYPe HAMU BCTPEUEHO MaJIO JAHHBIX 00 3TOM SBJICHUU, SKCTIEPUMEHTAIBHOE U3yYeHUE BIUSHUS OaKTepUil rpyI-
sl ESKAPE Ha cBoricTBa NK-KJI€TOK BUAUTCS HEOOXOAMMBIM 3TAIlOM Pa3BUTHSI COBPEMEHHOI OMOJIOTHH.

Karueesvie caosa: NK-kaemxu, 6axkmepuu ESKAPE, mpogobaracm, anmubakmepuanbhulii umMmyHumem, penpooyKmueHble
namoao2uu, YUMoKuHbl, GeHOmMUn, YUMomoKCUHHOCb.
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M.B. MpebeHknHa n ap. MHdekumns n uMmyHuTeT

CROSSTALK BETWEEN ESKAPE BACTERIA AND NK CELLS: MUTUAL REGULATION AND ROLE
IN DEVELOPING REPRODUCTIVE TRACT PATHOLOGIES

Grebenkina P.V.»", Selkov S.A.?, Kraeva L.A."¢, Sokolov D.I.*"?

@ Research Institute of Obstetrics, Gynecology and Reproductology named after D.O. Ott, St. Petersburg, Russian Federation

b St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
¢S.M. Kirov Military Medical Academy, 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 cells. 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 seek 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.

BeepgeHue

EctecTtBenHble Kunaepsl (NK-kaeTKu) — JTuM-
GOIUTHI BPOXKICHHOTO NMMYHUTETa, OCHOBHBIMHU
GYHKIUSIMA KOTOPBIX SBISIOTCS y4acTHE B IPO-
TUBOOMNYXOJIEBOM W IIPOTUBOBUPYCHOM HMMY-
HUTETE M B PEryJIIIUU NpoiandepaTUBHBIX MPO-
neccoB [108, 148]. OHu peanusyroTcs Oaaromaps
HaJMYUIO LIUTOTOKCUYECKUX 0eaKoB BHYyTpu NK-
KJIETOK, a TaKXXe MPOAYKIIMU IIMPOKOIro CIEeKTpa
LIMTOKWHOB. B tuTepatype Tak:ke onucaHo yyacTue
NK-kjeToK B peaklMsX, HalIpaBJIEHHbBIX Ha /M-
MUWHALIWIO BHYTPUKIETOUHBIX OaKkTepuii [91].

B nocnenHue roabl MOSIBUJIMCH MCCJIEIOBaHUS,
CBUJETENbCTBYIOLIUE O crocodoHocTu NK-kieTok
peryjaupoBaTb MMMYHHBbI OTBET IPOTUB BHEKJIETOU-
HbIX OakTepuii, B ToM uucie rpynnsl ESKAPE [111],
OIHAKO MEXaHU3MBbI 3TOTO SIBJICHUSI HE U3YUCHBI.

B cBoto ouepenn GakTepum rpynmnbsl ESKAPE,
BEpPOSITHO, TaKXKe MOTYT BJMSITH Ha XapaKTepu-
ctuku NK-kjerok. OnucaHo M3MEHEHUE ceKpe-
IMU IUTOKMHOB U IIMTOTOKCUYECKUX CBOMCTB
NK-kJeTok moce B3auMoAeiicTBuS ¢ 0aKTepUsIMU
rpynnel ESKAPE [23, 72].

IMockonpky NK-kjgeTkn  o0oOHapyXuBaIOTCS
He TOJILKO B ITepudepruIecKoil KpOBU, HO 1 JTOKaJIb-
HO, B TKaHsIX, B3aUMOJIeiICTBUE C OaKTePUSIMU I'PYTI-
nbel ESKAPE MokeT BIMSTh Ha MECTHBIE ITPOLIECCHI.

Taxk, onHoit u3 nonynsauuii NK-KjJIeToK sIBAsSIIOTCS
NK-k1eTK1 MaTKH, KOTOPbIE TECHO KOHTAaKTUPYIOT
¢ kinetkamu Tpodobdiacra [3, 78, 105]. Knetku B3a-
MMHO PEryJupyrT (GyHKIUU OPYT Apyra, u Hapy-
ImeHue 0ajaHca B 3TOM CHCTeME MOXET IMPUBOAUTH
K penpoayKTUBHBIM Tatojorusm [147]. K anHano-
TMYHOMY MCXOAY MOXET IIPUBECTU U3MEHEHUE
xapakTepucTuk NK-kaeTok noa BausiHUEM OaKTe-
puii rpynniel ESKAPE. KocBeHHO 06 3TOM cBUAe-
TEJAbCTBYIOT OOHApYyXEHUE B 9HAOMETPUU KEHIIIUH
C YCTaHOBJICHHBIM Oecrutonuem Enterococcus faecalis,
Pseudomonas aeruginosa [32], omHakKO MeXaHU3MBbI
9TOrO SIBJICHUS TaKXKe HE U3YUCHBI.

Takxum oOGpa3zom, Leabo 0030pa ObIJIO PACCMOT-
peHUEe M3BECTHBIX Ha CErOAHSIIHUX NeHb TaH-
HBIX 0 B3aumoperyasuuu NK-kiaeTok u 6aktepuit
rpynnel ESKAPE, a TakxXe aHain3 BO3MOXKHBIX
a3(pbeKTOoB 3TOro npoiecca B pa3BUTUU PETTPOAYK-
TUBHBIX MTATOJIOTU .

BakTtepwun rpynnel ESKAPE:
XapakTepucTmka npeactaBuTenemn
rpynnbl 1 POJ1b B 300aBOOXPaHEHNN

B 2009 r. AMepukaHckoe O61nectBo no MHbek-

uuoHHBIM 3aboneBaHusiMm  (Infectious Diseases
Society of America) ory0JMKOBaJIO OTYET, B KOTOPOM
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MOIYEPKHYIO HEOOXOMMMOCTh pa3pabOTKH HOBBIX
aHTHOAKTEepHAILHBIX ITIpPENapaToB IIPOTUB OaKTe-
puii rpynnsl ESKAPE [14]. K 6akTepusiM 3Toi rpy1i-
nbl oTHOCATCS Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa v Enterobacter spp., posiB-
JISTIOLIME MHOXKECTBEHHY0 YCTOMYMBOCTD K pa3jiny-
HBIM KJIacCaM aHTUOMOTHUKOB, BbI3bIBAIOIIUE TSIXKe-
nble uHgpexkuuu [127].

B 2018 r. BO3 o6HOBMJIa cIUMCOK OaKTepUid, A5
0OpPBOBI C KOTOPLIMU HEOOXOIUMO pa3padaTbiBaTh
HOBbIE aHTUMUKPOOHBIe Mpenapatsl [144]. B aTtoT
criucok Bouu 20 BUIOB OaKTepuil, B TOM YUCIe
6 npencrasuteneii rpymnisl ESKAPE, nmepeuucieH-
HbI€ BBIIIIE.

E. faecium — rpaMIIOI0XUTEIbHbBIE OAKTEPUHU,
pacrnpocTpaHeHHBIE BO30yAUTEAN BHYTPUOOJIb-
HUYHBIX MHOEKINI, B OCHOBHOM IIPEACTaBJISIO-
II1e OMACHOCTh MIJIs1 UMMYHOKOMIIPOMETUPOBAH-
HbIX manueHToB [83]. [Noka3aHo, YTO CyIIECTBYET
nBe monyasuuu oOakrtepuit. IlpencraBurenu on-
HOM MOIYyJSIIIUU SIBASIIOTCS YaCThIO HOPMaJIbHOTO
mukpodobuoma KKT, a mpencraBurenu apyroii —

FOCIUTAJIbHOM — BO30OYIUTEISIMU KJIMHUYECKU
3HaUYMMBIX popMm nHpexuu [43, 92].
S. aureus — TPaMIOJIOKUTEJbHbBIE OaKTEepUU,

BBI3BIBAIOIIINE KaK BHEOOJTbHUYHBIC, TAK U TOCTIH-
TaJdbHble WH(PEKIINNU, B TOM YUCJC MHEBMOHUIO
1 UH(EKIINU CepAeYHO-COCYyAUCTON cucteMbl. U3-
3a pacIpOCTPaHEHHOCTU WH(MEKINil, BBI3HIBAC-
MBIX S. aureus, TakKXe BCKOpE MOCJe Hadalla 3pbI
aHTHOMOTUKOB BO3HMKJIM CHayajla Pe3UCTEHTHBIC
K MEHUUMWJIJIUHY mTaMMbl [93], a 3aTeM U MeTu-
OUJIINH-PE3UCTCHTHBIC INTAMMBI, SIBISIFOIIIUECS
Ha CErOOHSIIHUMN IE€Hb CEPbE3HON MEIMIIMHCKOMN
npobuemoii [21, 37].

K. pneumoniae — TpaMoTpuUIIaTeIbHBIC OaKTe-
puH, IBJISIONINECS YCIIOBHBIMUY MMaTOreHaMU. Y T1a-
OMEHTOB CO CHUXCHHBIM MMMYHUTETOM OHU BHI-
3BIBAIOT MHEBMOHWH, CETICUC, MTHMEKIINU TTOJTOBBIX
nyTeii. BupylieHTHBIC 1 aHTUOMOTUKOPE3UCTECHT-
HBIE KJIOHBI CITOCOOHBI BBI3BIBATH HO30KOMMAJIb-
Hble UH(MEKIINY C TSKEJIBIMU MociencTBus MU [12].

A. baumannii — TpaMOTpULIaTEIbHBIE 0AKTEPUH,
BBI3BIBAIOIINC BHYTPUOOJIbHUIHBIC WHOESKIINN —
MHEBMOHUU, OakTepuemMuto u cencuc [101].

P. aeruginosa — rpamoTpuliaTelibHble OakTe-
puu, NPEeACTaBJISIOLIAE YTrpo3y IJII UMMYHOKO-
MIPOMETUPOBAHHBIX MALMEHTOB [36]. P. aeruginosa
Jlaxke MUKOTO TUTIA PO BJISIET yCTOMUYUBOCTD K Oe-
Ta-JakKTaMHbIM aHTUOMOTUKAaM [119]; mupoko pac-
NPOCTPAHEHBI IIITAMMBI, PE3UCTEHTHBbIE K (DTOPXU-
HOJIOHAM, aMUHOTJIMKo3ua1aMm [142].

bakrtepuu pona Enterobacter — rpamoTpuiia-
TeJIbHbIEC MAaJIOYKU, TAKXKE BbI3bIBAIOT BHYTPUOOJIb-
HUYHBbIE NH(DEKIIUU U XapaKTepU3yIOTCSI aHTUOUO-
TUKOYCTOHUYMBOCTbHIO. HauboJsiee pacrpocTpaHeH-
HBIMU CpeAu HUX BO3OYAUTENSIMU UHGPEKLUN SIB-
nstorted E. aerogenes, E. cloacaen E. hormaechei [30].

B tabs. 1 mpencraBieHbl HaHHBIE, OTpa)karo-
e BoBJeYeHHOCTh O6akTepuil rpynmbsl ESKAPE
B pa3BUTUE UHGEKIIUI, a TAKXKE CBEIEHUS O IPyM-
nax AaHTUOMOTHMKOB, K KOTOpPBIM BbIpaboTaHa
PE3UCTEHTHOCTD.

B Tabn. 2 mpencraBieHBbl JaHHBIE O BIUSHUU
6axkrtepuii rpynnbl ESKAPE Ha K1eTKM UMMYHHOM
CUCTEMBI M MOJIEKYJIaX, KOTOpbIe 3aJeCTBOBAHBI
B 9TOM IIpoliecce.

Taxkum odpaszom, kK rpynie ESKAPE oTHeceHbl
OakTepuu — BO30OyAUTEIM MHGMEKIIMOHHBIX 3a-
OoJieBaHUI, JIeUeHNE KOTOPBIX OCJIOXKHEHO pPEe3M-
CTEHTHOCTBIO ITaTOTEHOB KO MHOTMM aHTHOaKTe-
puajabpHBIM IIpenapataM. [Ipu 3ToM mpencTaBUTE-
I JaHHOW TPYIIIBI, BEPOSITHO, MOTYT OKa3bIBaTh
BIMSIHUE Ha XOH JIeUeHU S, peryjupys GyHKIIUU
KJIETOK UMMYHHOI CUCTEMBI.

NK-KneTku: KpaTkas XapakTepucTumka,
POJb B aHTNOaKTEPUASIbBHOM UMMYHUTETE

B mHacrosmiee Bpemsi moag TepmuHoMmM NK-
KJeTKM MOHMMAIOT JUM@OUIHbIE KJIETKHU BPOXK-
JIEHHOTO UMMYHHUTETA, 3KCIIPECCUPYIOIINE Ha CBO-
el TOBEpPXHOCTU MOJIEKYJIbI MEMOpaHHOTO Oeyika
TpyImIsl KjieTouHoi aare3uu CD56 m nuineHHbIe
CD3 — ocHoBHOro kopelentopa T-KJIETOYHOTO
peuenitopa [155]. HuskoadguHHBI petienTop Mist
aatuten kKiacca IgG CDI16 (FcyRIII — penenitop
K ramMma-uiennu Fc-dpparmeHta IgG) Takxke sB-
JISIeTCST Ba*XHBIM MapKepHBIM PELICTITOPOM €CTe-
CTBEHHBIX KMWJIJIEPOB yejioBeKa. Ero moBepxHOCT-
Hasl 9KCIpeccusi Heobxoauma IJis peaau3aliiu
AHTUTEJIO3aBUCUMOM KJIETOYHO-OMOCPEIOBAHHOMN
LUMTOTOKCUYHOCTHU [155].

Ha mnoBepxHoctu NK-KJI€TOK pacnoyioxKeHbl
pelenTopsl, peryaupylomue ux GyHkuuu. Cpenu
HUX BbIAEIAIOT Oenku cemeiictBa KIR [47, 165],
NKG [169], NCR [1, 117]. B 3aBucuMocTu OT pe-
3yJbTaTa B3aMMOJECHCTBUS C JIMTAHAOM PELENTO-
pbl NK-KJIeTOK moapa3aenasiloT Ha aKTUBUPYIOIIUE
1 uHrudupylomue [126, 136]. MakTopbl MUKPO-
OKPY>KE€HHUS BJIUSIOT HAa DKCIPECCUIO PELIENTOPOB
NK-knerkamu.

OcHoBHOU QyHKuMeir NK-KJIEeTOK, TOMHMO
ydyacTusi B mpojudepaTuBHBIX Ipoleccax, CUU-
TalT ydyacTuhe B IIPOTUBOOIyXxoJieBoM [75, 159]
U TIPOTUBOBUPYCHOM MMMyHUTeTe [24, 167]. DTO
BO3MOXHO Ojarogapsi cnocodbHoctu NK-kjietok
pacrio3HaBaTh KJeTKU, MOABEPriIrecs TpaHCchOop-
Mallid U TIOTEPSBIINE CIIOCOOHOCTh IKCIIPECCH-
poBatb monekyiast MHC 1. Ipu B3aumMosaeiicTBumn
¢ HuMu NK-KJIeTKU TMoaydyaloT HEAOCTATOYHBIN
UHTUOUPYIOIIUI CUTHAJ, YTO IMPUBOAUT K aKTU-
Bauu NK-kiaetok. C npyroit CTOpoHBI, pa3BUTHUE
OMyXOJIM U BUPYyCHasi UH(EKIINs BHI3BIBAIOT KJIE-
TOYHBIM CTpecC, COIPOBOXITAIOMINICS 3KCIIpec-
cueil penentopon, Hanipumep MICA/B, koTopsie
B CBOIO OYepedb CTUMYJUPYIOT aKTUBUPYIOIINE

611



M.B. MpebeHknHa n ap.

MHdekumns n uMmyHuTeT

peuenTopbl Ha moBepxHocTu NK-kjetok. B pe-
3yabprare, IpoucxomuT akTuBaumsg NK-KIeTok,
OpUBOISIIAS K YHUYTOXKECHUIO KJICTOK-MHUIIIE-
Heli 3a cueT mnposgBiaeHUst NK-kjgeTkamMu LUTO-
TOKCUYHOCTHU, JUOO OINOCPEeNOBaHHO, Uepe3 BbI-
JeJIeHUue MPOBOCHATUTEIbHbIX LIUTOKMHOB [118].
HuTtoTtokcnuyHocTh NK-KJIETOK MOXET pean3o-
BbIBATbCSl MOCPEACTBOM LMTOTOKCUYECKUX Oe-
KoB. IIpu akTuBauuu NK-k1eToKk HauMMHAeTCs BbI-
CBOOOXAEHME JIUTUYECKUX TpaHyJsl, colaepKallnx
rpaH3UMBbI, TpaHyJIU3MH U nepdopuH. [locae an-
re3un NK-KJjeTKH K KJIeTKe-MUIIeHU U 00pa3oBa-
HUSI UMMYHOJIOTUYECKOTO CHHAIIca, JUTUYECKIE
TpaHYJIbI TPAHCIOPTUPYIOTCSI MO MUKPOTPYyOOU-
KaM B HaIlpaBJICHUH IIEHTpa OpraHN3allMu MUKPO-
TpyOOUeK C TTOMOIIbIO IMHEUHA, 3aTEM OHM IOJIsI-
PU3YIOTCS B HaINpaBJICHUW WMMYHOJIOTUYECKOTIO
cuHarica [60, 95]. Takke BO3MOXHa PELIENITOPHO-

ornocpeaoBaHHass UTOTOKCUYHOCTh. NK-KkaeTku
BKCITPECCUPYIOT «PELENTOPhl CMEPTU», HallpUMep
TRAIL-R, CD95 [106, 109], cBsi3bIBaHHE KOTOPBIX
C JIUraHJaMM Ha TTOBEPXHOCTU KJIETKU-MUIICHU
NPUBOIUT K 3aIlycKy arornTo3a IocjenHeil [57,
133]. PaHee TakxXe yMNOMMHaJIOCh O BO3MOXHOM
pPa3BUTUM AHTUTEJIO3aBUCUMOI KJIETOYHON TOK-
CUYHOCTH — IIpU CBsA3bIBaHUM aHTUTena ¢ CDI16
(Fc-peuentopoMm) Ha moBepxHocTu NK-kjieTok
MPOMCXOIUT BBIJEIICHUE TI'paHyJl IIUTOTOKCHYEC-
Kux 6eaKoB [2].

Kpome ocymiecTBieHusT peaklMil ITUTOTOK-
cuyHoCcTH NK-KJIeTKM MOTYT CIYyXUTh B Kaude-
CTBE DPETYJSTOPOB (DYHKIIUA MMMYHHOW CHCTE-
MBI, CUHTE3UPYs IIMPOKUI CIIEKTP LIMTOKWHOB.
IIpoBocnanurensHble nuTokuHbl IFNY 1 TNFo
SIBSIIOTCS BaXKHEWIMMU ITUTOKWUHAMM, TPOMYIIM-
pyembiMu NK-kJjileTkaMu 1 peryanupyonmMu UX 11-

Ta6auua 1. XapakTepucTtuka 6aktepuii rpynnoi ESKAPE

Table 1. Characteristics of ESKAPE bacteria

HOBHbIE HO30J10T UK
MpepctaBuTenb rpynnbl Ocno € Hosonoruu,

Bbi3blBaeMble npeacraButTenem

YCTOWYMBOCTb K aHTUOMOTHKAM

nyTteii [130]
Endocarditis [88], toxic
shock syndrome [131], food

respiratory system diseases [13],
genital tract infections [130]

ESKAPE
rpynnel ESKAPE Antibiotic resistance
Member of ESKAPE group Main related nosologies
Tpuumknuyeckue rnukonenTuabl (BaHKoMuLuH [48, 65]),
Baktepuemus [9], Hdekummn 0KCa30NUANHOHLI (NMHe3onupg, [65]), 6eTa-nakTamHble
E. faecium MOYEBbIBOAALMX NyTen [27] aHTMOMOTUKM (amnuumunnuH [123])
’ Bacteremia [9], urinary tract Tricyclic glycopeptides (vancomycin [48, 65]),
infections [27] oxazolidinones (linezolid [65]), beta-lactam antibiotics
(ampicillin [123])
Aupokapaut [88], cuHapom
:-I(:‘Kc:::(:(::oau;z;:&;3[11]1’0] BeTa-naktamHble aHTUOMOTUKM (NeHnuunnuH [93],
Ko:("‘HHe 336;’"%3“““ [124] ’ MeTuuunuH [21, 37] ), TpULMKAMYECKUE FNKONENTUAbI
GONe3HN AbIXATENbHOM ’ (BaHkoMuLMH [26]), mynupouuH [29], nunonenTuaHeie
CMCTeMbIFE13] MHGbEKLYN NONOBBIX aHTUOMOTUKM (BanTomMuumH [96]), oKCa30NUAUHOHDI
S. aureus ’ (man6aeaHumH [81])

poisoning [110], skin diseases [124],

Beta-lactam antibiotics (penicillin [93], methicillin [21, 37]),
tricyclic glycopeptides (vancomycin [26]), mupirocin [29],
lipopeptide antibiotics (daptomycin [96]), oxazolidinones
(dalbavancin [81])

MoOYeBbIBOAAWMX NyTei [18],
nHdekuumn nonosbix nytei [130]
Pneumonia [42, 100], urinary
tract infections [18], genital tract
infections [130]

K. pneumoniae

MueBmoHwus [42, 100], undekuun

AmuHornukoaugbl ([62]), kap6anaHemsl ([62]), GeTa-
nakTamMmHble aHTMOUOTUKM [71]

Aminoglycosides ([62]), carbapenems ([62]), beta-lactam
antibiotics [71]

MHeBMoHusa [107]

A. baumannii Pneumonia [107]

BeTta-nakTtamHble aHTMOMOTUKM [146], kKapGanaHems! [31,
146], uedanocnopunbi [139]

Beta-lactam antibiotics [146], carbapenems [31, 146],
cephalosporins [139]

WUHdekuumn gbixatenbHomn

nyTteii [130]
Respiratory infections [13], genital
tract infections [130]

P. aeruginosa

cuctembl [13], MHPeKLMM NONOBbIX

BeTta-naktamHble aHTMOMOTUKM [119],
uvedanocnopunbl [137], xuHonoHsi [68],
kapbanaHembl [74]

Beta-lactam antibiotics [119], cephalosporins [137],
quinolones [68], carbapenems [74]

Baktepuemus [141, 161]

Enterobacter spp. Bacteremia [141, 161]

LedanocnopuHbi [39, 98], kapGanaHemsbl [99], OeTa-
naktamHbie aHTMOMoTUKM [30], XMHONOHBI [98]
Cephalosporins [39, 98], carbapenems [99], beta-lactam
antibiotics [30], quinolones [98]

612



NK-kneTku n 6aktepun ESKAPE

2023, T. 13, Ne 4

[z11] @suodsal jesowny pue Alowsw [ea1Bojounwwi JO UOIeW 04

auBIQBW I8N0 8y} JO SULIOd

[211] eLoaLo osoHawredowAl n nLswel noxaahniowroHAWNWM auHeaodunwdog [eri] vaL 19HedgaWaW NBHMaHE 19HUdO||
dds 49108q040)U
[,] sebeydoioew pue sajhoouow Ag uonionpoid auyoiAo Alojewwejulold paoueyu] opueyooeskodod joeqolajug
[L] nwesedoduew u [eet] panL Tudexeouwrououn
MINBLMTIOHOW SOHMIOLUT XI9HALrdMrend0godu nmmiAtodu sunsurAnwmnit) u
[Se1] uoneninoe |99 onLpusp passaiddng g-unoaep ‘602ad w0} wiyolg

[geL] @oLaw x1qHLIMATHOTT Muheaniye amHeaodmoniHy

¢-HuLIST ‘60209

endod BeHhOHALLONG

elep oN uabeld ]
XI9HHeY Lo [og] suL HUrralerd esoulbnioe 'd
[8] se1Ao0ouow Ag uoissaidxa |7-ad paieinbaidn (zz1] apueyooesAjododi]
[g] uweLnioHOW |7-Qd UMI29dUINE DUHBLINIL ccHvdil Tudexeouwrouounys
[69] siiydouinau ui saioads uabAxo aalloeal 1o uononpoid pasueyuy apueyooesAjododi] .
[69] xeundod.rnoH a erodoromn wdod xiaHaniye unmiAtodu suneaniny [eer] vL Tudexeouwrouounys fuueuineq "y
[¥11] siso1hoobBeyd passaiddng Blep ON apueyooesAjod sinsde)
[11] eeoLnnoled amHaraeToyy XI9HHeT LoH tudexeouwrou niaHawrAouey

[02] s1192 1MN Aq AN4| 4O uonIBI03S pasealou|
[02] nwexLawi-1 YN ANLI Mmnadiao auHawuoLg

[o2] gd1L ‘gyiL

Y uisjoud sueigquisw 181nQ
V 19HedOWaW NBHMaHE Youag

uljiebeld
HUrualeug

aejuownaud *y

[19] (O uixojousius) sjiydoinau

Aq sau0140 Aiorewwrejui-oad jo uononpoud paeinbaidn ‘[GL}] (v uixojoiaiua)
sa1A00ydwA|-] Jo uoneanoe ‘[gg] (g uixojoisiua) uonelajjoid ajhooydwA| Jo
uononpul ‘[gG ‘oL] (g uixolo4aius) sauo1Ad Aiorewwelul-oid 10 SISBYIUAS pasealou|

[19] (O uixolo81U8) YL ‘SdHIN
‘[621] (g uixololeus) 941 ‘2HIL

SUIX010481Ud |e22000jAydels

[19] (0 HMONOLOdBLHE) MWerndodinaH goHmIoLUT| | :3. (0 HuodoL0daLHE) pY1L 19HUON0L0dDLHE dlagomiodoLudeL) snaine s
XI9HqUa1MLreud0godu BEaLHNO BUTNIBLIAWNLD ‘[GL|] (Y HMONOLOdO1HE) d01nNodnULr-] edyN ‘lezt] (g :suv_o._.og_o._.:&
suneaune ‘[g6] (g HU9NOoLodaLHe) aornnopwul umnedadurodu BUNIATHU 9dL ‘edlL
‘Ieg ‘01] (g HMOMOLOdDLHE) GOHMNOLMTI XIGHALBLUIrELD080dL BEDLHND SUHILNIL
[92] (eselopAy
[9/] s|189 Allunwiwi 83BUUL JO UOIIBAIIOY ueoA|Bopidad pa1aloss) y uabiuy
[92] eroLnHANM O10HHATKOdE MOL1dLH BUNRANLIY [o21zaoN [92] (ecerodrninexunwriorniuau
sewakduiradyad) y HoIULHY .
[e9] @1eydsoydoiadAh|b pue uiniose; '3
[g9] siso1A006'Yyd pue uoiezIUOSAO PBdNPU| elep oN 9s09n|6 wouy apLeydoesAjod ajnsden
[e9] ecorunolted n umnesnHoouo BUMIATHY XI9HHeT LY [e9] eredpoododanuii n
19g0)o0iL eu Tudexeounwrou niaHauAoue)
§/[89 BUNWI U0 198113 S|190 walsAs sunwwi uo spueb7 | suabiiue pa1aioas o snjesedde 80eLINg Q:oLWMm_ch_“,_wm_ j0
1991010 MOHHAWWMK MoLaL minLondalriedex eH saMHBULG 1981919 a1awakduiadoo uum 3dv)S3 1auuidi
- WOHHAWWM Xe)L1aLi BH 19THelu|( | eredeuue 010HLO0HXd980U I9H9INLHY awaLnaeLotady

$8|N23j0W J32NPUl JUBAS|S] PUE S|[89 SuNWWI UO BLIdloeq 3d¥XST 10 108148 8] "2 9|qel
eooanodu ol1oLe 19dOIATHU-19UANDLION N I9NDLOND MOHHAWWMK MILOLM BH 3dVY) ST 1auuidl undalyeg auHsuurg *g enuwroe]

613



M.B. MpebeHknHa n ap.

MHdekumns n uMmyHuTeT

TOTOKCHYECKHe cBoiicTBa [157], KpoMe TOro, LIUTO-
KWHBI MOAYJIUPYIOT (hyHKIIMU T-KJIeTOK, Makpoda-
roB, feHaApuTHbIX KjiaeTok (DC) [19, 59]. NK-kneTku
cekpetupyior RANTES, IL-1B, IL-10, GM-CSF,
VEGF, TGFp, LIF, 1L-8, CXCLI12 u apyrue 1iuto-
KUHBI [50], peryaupymoiiue uxX COOCTBEHHbIE CBO-
CTBa U XapaKTePUCTUKU MUKPOOKPYKEHU .

TTomumo Toro, yro NK-KJIETKM M3BECTHBI KaK
KOMITOHEHT ITPOTUBOOITYX0JIEBOTO U IMIPOTUBOBUPYC-
HOTro UMMYHUTETA, TaKXXe U3BECTHO 00 MX YUYaCTUU
B MMMYHHBIX peakIWsSIX IPOTUB BHYTPUKJIIETOU-
HbIX 0akTepuii. O0 3TOM CBUIETEIbCTBYIOT JaHHBIE
O TIOBBILIEHHON YacToTe OaKTepualbHBbIX WH(MEK-
Mt y mauudeHToB ¢ aepuuutoM NK-knetok [34].
BzaumopeiictBue NK-kaeTok 1 6akTepuii BO3MOXKHO
Onarogapsi SKCHPECCUPYEMBbIM peleToOpaM BpPOXK-
neHHoro uMMmyHuteta. [Tokazana skcrpeccusi TLR1
(ot anma. Toll-like receptors — Toll-mogoGHbIE pe-
uerntopsl) [25], TLR2 [20, 38], TLR3 [38], TLR4 [38],
TLR5[20,25], TLR7[6, 154], TLR8 [6, 154], TLR9[15,
154], aMraHgaMu HEKOTOPBIX U3 HUX SIBISIIOTCS KOM-
TMOHEHThI OaKTEPUATbHBIX KJIETOK.

Takxxe Ha NK-kyieTKax oOHapy>K1BalOTCs pelen-
Topbl U3 rpymnmbl NOD-nogooHbix: NLRP3, NODI,
NOD2, nurangamMu KOTOPBIX SIBJASIOTCS pparMeH-
Thl OaKTepUadbHbIX KJIeTOK [102]. YcTaHOBIEHO, YTO
aronuctsl NLRP3, NODI, NOD2 ycuiauBaroT LIMTO-
ToKcnueckyto GyHkiuwo NK-KaeTok, mpoayKIuio
nmMu TNFo, IFNy [40]. Kpome omnocpenoBaHHOTo
ydyacTusl B aHTUOaKTepuajbHOM MMMyHuUTeTe NK-
KJEeTKU W TMpOAyLUpYyeMble UMW MUKPOBE3UKYJIbI
MOTYT COIepKaTh MENTUABl — nedeH3nHBI oL 1 B [20,
79], KoTopble 00J1aAal0T MOJABISIONIMM JeHCTBUEM
B OTHOIIIEHU U I'PAMITOJIOKUTEIbHBIX U TPAMOTPUIIA-
TenbHbIX OakTepuit [150]. Takxke n3 NK-ki1eTok Ob11
BoiaeeH NK-nusuH [5], obnagamomuii aHTUOaKTe-
puaibHOI 3hdekTuBHOCTHIO [17, 90].

YcraHoBieHo, YTo NK-KJIeTKU ClTOCOOHbI YHU Y-
TOXaTh 3YKaApUOTUYECKUE KJIETKU, 3apakeHHbIe
Shigella flexneri, mpyuyeM 3TOT MPOLECC OCYILECT-
BJISIJICS TOJIBKO TIOCJIE 3apakeHWs WHBa3WBHBIM
IITAMMOM OakKTepUM U yCUJIMBAJCS Iocjie obpa-
o6otku NK-kuetok IL-2 unu IFNy[77]. NK-kneTku
CITOCOOHBI MTPOSBISATH IUTOTOKCUYHOCTD MO OTHO-
LIEH M0 K MOHOLIMTaM, 3apakeHHbIM M. tuberculosis,
NpuYeM 3apakeHre NPUBOAUIIO K YCUJIEHUIO LIUTO-
ToKcuvyeckoi akTuBHocTu NK-kietoxk [153]. B naH-
HOM HCCJIEOBAaHUU aBTOPbI CBSI3bIBAIOT MPOILIECC
C MOBBILIEHHOI 3KCNpeccreil akTUBALIMOHHOIO pe-
uentopa NKp46, uto moarsepskaaeTcss CHUKECHUEM
nuToTokcuyecko aktuBHocT NK-KJileTok 1ocie
OJJOKMPOBAHUS peLienTopa.

Makpodaru, 3apaxkeHHbie M. tuberculosis, BbI-
3pIBajIy ToBbileHre skcnpeccuun NKp46, NKp30
u NKG2D NK-kneTkamu nepugepudeckoii KpoBu
MPU COBMECTHOM KYJbTUBUPOBAHUU, KPOME TOTO,
NKp46 m NKG2D okaszanuce 3aIeiiCTBOBaHBI
B JIU3UCE 3apaXXeHHbIX Makpodaron: mpu OJOKU-
POBaHUU DTUX PELIEIITOPOB KOJMYECTBO MOTUOIITNX

Makpodaros ObLJIO 3HAYUTEIbHO HUXeE. [Tpu aTOM
HUCCJIeIoBaTe I TaKKe MPOBEJIU aHaIu3 IKCIIpec-
cuu MapkepoB cTtpecca, aurangoB NKG2D — nipu
BHYTPUKJIETOYHOM 3apakeHUU Makpodaru ycu-
JUBaJIU 3Kcrpeccuto Mapkepa ctpecca ULBPI,
npu 6JJOKMPOBAHU U MOJIEKYJIbI JIU3UC MaKpodaron
NK-knerkamu cHuxascs [152].

HexoTtoprsle uccienoBaTenau yKa3blBalOT Ha He-
obxonumocTh B3auMoneictBusi NK-kimetok ¢ DC
npyu MHGEKIMUSIX, BBI3BAHHBIX BHYTPUKJIETOUHBI-
MU OaKTEpUSIMU.

Taxk B 2003 r. nccyienoBaTeIN BbISICHUIIN, YTO 3TO
B3aMMOJIeiICTBE HEOOXOAUMO IJISI UHAYKIUU OT-
Beta T-xenmnepHbIX KJeTok [67]. [To3nHee 31O 1oa-
TBepAMJIa Apyrasi rpyIlna uccienoBareseil: mocie
nepecaaku DC ot Mmblueit ¢ anuMuHanuein NK-
KJIeTOK, MUH(eKI M Yy MBIl MpoTeKaja XyXe, Ipu
5TOM CHMKaJicsl ypoBeHb IUTOKMHOB [FNy, 1L-17,
HO HabJonasics MOBbIIIEHHBIN ypoBeHb [L-4, yTo
CBUAETEbCTBYET O AUcOaaHCEe BOCTATUTEIbHON
peakuuu. Takxke omucaHa poab NKG2D B sTom
B3aMMOJIEICTBUU: MTPU €ro 6JJOKMPOBAaHUU HAOJIIO-
JlaJIi U3BMEHEeHUEe CUHTEe3a IMTOKUHOB [134].

MosekyasipHble MeXaHU3Mbl B3aUMOJEHCTBUS
NK-kinetok 1 DC Takxe He M3yudyeHbl JO KOH-
na. Panee mokazaHo, 4yTo MeMOpaHHas1 dpakiius
Klebsiella pneumoniae BbI3bIBa€T yCUJIEHUE CUH-
Te3a DC xemokuHoB CXCL10, CCLI19 u CCL5
(RANTES), a Takxe BbI3bIBaeT Murpanuio NK-
KJIETOK, KOTOpasi MHruoupoBajach pu OJIOKUPO-
BaHuu CCRS5 Ha moBepxHocTu NK-kierok [151].
B uenom, Bzaumonericrsue NK-knetok u DC npu-
OakTepualbHbIX UHOEKIMUAX CTYXKUT CBI3YIOLIIUM
3BEHOM JJISI BPOXKJAEHHOIO U afaliTUBHOIO UMMY-
HUTETa, KpOMEe TOro, B pe3yjabTaTe 3TOr0 B3aMMO-
NEeWCTBUS 3aIllyCKaeTCcs CUHTE3 LIMTOKWHOB, pery-
JIUPYIOIIMX UMMYHHBI OTBET.

Kpowme B3aumonetictsust ¢ DC npu UMMYyHHOM
OTBETE Ha OaKTepualbHYI WHMEKIUIO, B JUTE-
paType OIUCaHbl JaHHbIE, CBUACTEIbCTBYIOIINE
o ponu KoHTakTa NK-kjeTok ¢ Makpodaramu. Tak
nokasaHo, yTo NK-kjeTku, BelieJIeHHbIe U3 (hpak-
MU MOHOHYKJieapoB TMepudepuyeckoil KpoBH,
YCUJIMBAIOT 3KCIIPECCUI0 MapKepoB aKTUBALUU
CD69 u CD25 B npuCyTCTBUM OaKTepuii, a Tak-
K€ YBEJIMYMBAIOT MPOAYKIUIO HUTOKMHOB [FNY,
1L-12, TIL-10. B mpucyTcTBUU MpaiMUPOBAHHBIX
makpodaros cekpenns [FNy NK-kietkamu Bo3-
pacTtaja MO CpaBHEHUIO C KYyJIbTUBUPOBAHUEM
B IMIPUCYTCTBUU TOJIBKO OakTepuii [54].

B nuteparype BcTpedaroTcs JaHHBIE O TOM, YTO
NK-k1eTKk1 y4acTBYIOT B peajnu3aluu MPoLEeCCoB,
JIeXaluX B pa3BUTUM cerncuca. Ha cerogHAHUMT
neHb poiab NK-KaeTok B 3TOM mpoliecce oleHuBa-
eTrcsd HeomHo3HayHo. [loka3aHo, 4YTO y MallMeHTOB
C XYAILIWUM ITPOTHO30M BBIXKMBAEMOCTH B nepudepu-
YeCKOU KpOBU MOBBILIEHO coaepxkaHue NK-KJ1eTok,
aKcnpeccupyomux PD-1, — MoJieKyJibl, UHTUOU-
pylolleii aKTUBHOCTb KJIETOK WMMYHHOUW CHUCTe-
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MBI [66]. BeposiTHO, 3TO CBUIETEIBCTBYET O CITOCO0-
HOCTU 0aKTepuil peryupoBaTb UMMYHHBII OTBET.

B nocnenHue roabl Moay4dyeHbl JaHHbIE, CBUOE-
TeJbCTBYOLIME 00 yyacTuu NK-KJIEeTOK B UMMYH-
HOM oTBeTe npoTuB 6akTepuil rpynnbsl ESKAPE.
B skcnepuMeHTe y MbllIel, 3apaxkeHHbIX A. bau-
mannii Ipyu UcToleHuun nyjga NK-kjaeTok Hapy-
1Iajcs Mmpolecc MUrpaluuu HeUTpoduaoB B Jer-
KHe, YTO MPUBOAUJIO K CHUXEHUIO CIIOCOOHOCTU
opraHusMa K anuMuHanuu oaktepuii [149]. Takxe
€CTb IaHHBbIE, CBUAETEJbCTBYOIINE O poau NK-
KJI€TOK B UMMYHHBIX peaKIMsIX MPpU WHOEKIUIX,
BBI3BAaHHBIX S. aureus: yCTAaHOBJIEHO, UTO MPU CTa-
dunokkoBoil MHPpekuu KoandectBo NK-kieTok
B ouyare Bo3pacTaJio, Ipu 3ToM 6jokupoBaHue NK-
KJ€TOK MPUBOAMUJIO K yBEJIWYEHUIO OaKTepuasb-
HOUM Harpy3kd W CHUXEHUIO (arouuTUPYIOLIEH
CITOCOOHOCTU MakKpo@aroB, YTO MOKET CBUIETEb-
CTBOBaTh O peryastopHoil poau NK-kieTtok mpu
OakTepuasibHOM MHMpekuu [138].

IToxkazaHno, yto NK-KJIeTKU MOT'yT y4yacTBOBaTh
B 3allIUTHBIX peakllvs Mpu MHEBMOHUU, BbI3BaH-
HoWl K. pneumoniae. Mpl11in, y KoTopbix NK-KIeTKU
ObLJIM MHAKTUBUPOBAHBI TMPU TOMOIIM AHTUTEI,
XYK€ CITpaBJSIUCh ¢ MHGEKIIMeld, 4YTO BbIpaKa-
JIOCh B TIOBBIIIEHHOM pPa3MHOXEHUM OakTepuit
B JIETKMX W YBEJIUWYEHHOU CMEPTHOCTU OcoOei
B oTOM rpyrmne [164]. ABTOpbI UCClIeIOBaAHUS MIPE-
nojararoT, 4To poab NK-KJeToK B aHTUOaKTepu-
aJJbHOM MMMYHUTETE MOXKET OBbITh OIOCpedoBaHa
nponykuueii IL-22. Ha panHux aTanmax uHGEKIIUU
NK-kJIeTK1 MOTYT OBITh MPOAYLIEHTOM 3TOrO 1IU-
TOKWHA, HEOOXOAUMOTO 151 YCUJICHU ST TPOAYKIIUU
GakTepULIMIHbBIX OeTKOB [164, 171].

NK-kjeTkn Takxe MOTYT ObITh 3aJeiicTBOBa-
Hbl B KOHTpOJIE Pa3BUTUSI MHEBMOHHWU, BBI3BaH-
Hoit K. pneumoniae, mocpeaCcTBOM B3aMOAEUCTBUS
¢ makpodaramu. brarogaps Beipadorke [FNy NK-
KJIETKU BBI3bIBAIOT ycueHue cuHTe3a [L-12 makpo-
daramMu, a Tak>Xe CTUMYJIUPYIOT aHTUOaKTepuab-
HBIE CBOMCTBA KJIETOK [64]. YcTaHOBIeHO, uTo NK-
KJETKHW yYyacTBYIOT B 9JIMMUHUPOBAHUU OaKTepu-
aJlbHOl MHEBMOHUU, BbI3BaHHOW K. pneumoniae.
OHU TaK>Xe M3YYUJIU MOJIEKYISIPHbIE MEXaHU3MBI,
Jiexaliue B OCHOBE 3TOro mpoiiecca. Y Mbllei
¢ BbI3BaHHBIM nedunutoMm perentopa [FN I tuna,
NK-knetku BeipadbaTsiBanu MeHblne [FNy, uem NK-
KJETKW MBbIIIE MMKOro TUMa, 4YTO TaKXke COIpo-
BOX/IAJIOCh YXYIIIEHUEM COCTOSIHUSI >KMBOTHBIX.
Kpome Toro, y Takx Mblllieit OTMeUeHa CHUKEHHAa s
npoaykuus IL-10, Heo6XonuMOro 1151 peKpyTUPO-
BaHusg NK-kietok. Takxke y Mbliieid ¢ gebuu-
ToM perenntopa IFN I Tuna B jerkux ormevyanoch
ropasao OoJjibliiee yucjo dakTepuil. B menom, aB-
TOPBI MPUXOASAT K BBIBOAY O TOM, UTO U3MEHEHUE
pekpyTupoBaHus U GyHKLU NK-K1eToK B OTCyT-
ctBuu peuentopa IFN I Tuna npuBoauT K CHUXe-
HU IO aKTUBHOCTHU MaKpodharoB KakK raBHBIX y4acT-
HUKOB aHTUOAKTEepUaJIbHOrO UMMYHHUTETA [64].

NK-kJjeTK1 MOTYT y4acTBOBATh B AaHTUOAKTEPU-
aJbHOM MMMYHMTETE MOCPEACTBOM MEeMOpaHHBIX
PELIENITOPOB, PACTIOJOXKEHHBIX Ha UX MTOBEPXHOCTH.
Ilpu undunuvpoBanuu P. saeruginosa NK-kieTku
BeIpadarbiBatoT [FNYy, omHako npu 6JI0KMpOBaAaHUU
aktuBupytoiiero peuentopa NKG2D ormeuaercs
cHuxeHue cuHTte3a IFNy NK-knetkaMu, 4To cBU-
JNIETebCTBYET 00 YyYaCTUM ITOTO pelenTopa B UM-
MYHHOM oTBeTe [158].

HexoTopble ucciienoBaTein OMNUCHIBAIOT POJIb
HUMTOTOKCUUYecKuX O0enkoB NK-kjeTok B moaaep-
KaHWM aHTUOaKTepUaJbHOrO UMMYHUTeTa. Tak,
npu AehuLUTe TPaH3MMOB Yy MbIlIell MHEBMO-
HUS, BbI3BaHHas P. aeruginosa, mpoTeKaja CXOTHO
C MHEeBMOHUEN y Mblleil nukoro tuna. Hedbuuut
0€eJIKOB MPUBOJAMJI TUIIb K BDEMEHHOMY POCTY OaK-
TepUaabHOW HArpy3kKu B JIETKUX, a TaKXke ycuje-
HUIO BOCIIAJICHU I, HO HE BJIMSIJ Ha BBIXKMBA€MOCTh
B rpynmnax [44]. CoOTBETCTBEHHO, IMTOTOKCUYEC-
kue 6enku NK-kjaeTok MOryt urparb JUIIb MU-
HOPHYIO POJib B aHTUOAKTEPUAIbHOM UMMYHUTETE.
OnHako B padoTe 2022 r. moka3aHo, uto NK-kJjeTku
MOT'YT OCYIIECTBJSTH LIUTOTOKCUYHOCTh MO OTHO-
LIEHUIO K KJIeTKaM P. aeruginosa, mpruyeM 3TO Mpo-
MCXOIUT MPU KOHTAKTHOM B3aMMOJIEHCTBUU, C MO-
BpeXIeHUeM OakTepuaibHO MeMOpaHbl. OgHAaKO
NpU HapyllIeHUU cuHTe3a rpaH3umoB B u H, mpowuc-
XOIMJIO MOJaBJI€HUE LIUTOTOKCUUYECKOU (DyHKIIUU
NK-KJ1€TOK 1Mo OTHOLLIEHU IO K 6akTepusm [85], uto
MOXET YKa3bIBaTh Ha HEOOXOMMMOCTb 3TUX OEJIKOB
B aHTUOaKTepUaJTbHOM UMMYHHOM OTBETE.

Ha mopenu neroyHoit MHMEKIIMU, BbI3BAHHOM
S. aureus, B 2008 1. Ob1J10 TTIOKa3aHo, uTo IL-15 Takxe
BHOCUT BKJIaJ B aHTUOAKTEepUalbHbII UMMYHUTET
B CBSI3M C ero BausHueM Ha NK-kJjieTKu U Makpo-
daru. Camo kynabruBupoBaHue NK-kjaeTok B mpu-
CYTCTBUM OaKTEepUil MNPUBOAUIO K aKTHUBALUU
JTUMOOIIUTOB BPOXKAEHHOIO UMMYHUTETA, OJHAKO
Yy MblllIei, HOKayTUpoBaHHBIX 1o IL-15, yucio ak-
TUBUPOBaHHBIX NK-KJIeTOK ObIJIO HUXKE, XXUBOT-
HbI€ OKa3ajucCh 0oJiee BOCIIPUUMMYUBBHI K MHMEK-
uuu [138]. ABTOpBI McCCIeNOBaHUS CBSI3bIBAIOT TO
co B3aumogneiicteueM NK-kjeTok u Makpodaros,
nockoyibky NK-KJeTKM MOryT peryaupoBaTh MX
aKTUBHOCTH [172]. B mtaHHOM MccCefOBaHUU TTOKa-
3aHO, UTO B OTBET Ha 6aKTepuaabHYI0 UHMEKIINIO,
ycunuBaeTcst cuHTe3 [L-15 3To BbI3bIBAET HE TOJBKO
akTtuBaluio NK-kjieTok, Ho 1 ycujieHue haroiuTu-
pyloleit cmocoOHOCTU MakpoaroB, YTO OTMEHSIET-
ca ynaneHuem NK-kijetok us opranuszma [138].

B TabGn. 3 npenacraBiieHbl JaHHbIE O BO3MOX-
HOM JIMTaHI-pelenTOpHOM B3anMonaeicTBuu NK-
kJeTok u 6akrepuii rpynmnbsl ESKAPE.

Takum o6pazom, NK-KJIeTKU, TIOMUMO ydyacTus
B IIPOTHBOBUPYCHOM U ITIPOTUBOOMYXOJIEBOM UMMYH-
HBIX OTBETax, UIPalOT BaXXHYIO POJb B aHTUOAKTe-
pUaJbHOI 3allliTe: KaK OMOCPEAOBaHHO, PErYIUPYS
GYHKIIMU IPYTUX KJIETOK UMMYHHOM CUCTEMBbI IPU
TMOMOIIY MPOAYKIIMU HUTOKMHOB, TaK U HAITPSIMY1O.
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NK-kJeTK1 BCTpevyaroTcsi He TOJBbKO B Mepu-
depuueckoit KpoBu. OncaHbl UX JIOKAJIbHbBIE TTO-
nyasuuu B niedeHu [121], xupoBoit TkaHu [84],
CTIOHHBIX Xele3ax [28] u matke [70]. I[MocnenHsIsa

rpymnrma IIpeAcTaBisieT OCOOblIii MHTEpeC B CBSI3U
C BO3MOXXHOI POJIbIO B PEryasiiuU PEPOAYKTUB-
HBIX ITPOIIECCOB.

Bo Bpems OGepeMeHHOCTHM KoaudecTBO NK-
KJIETOK B MaTKe Bo3pactaeT no 70% ot ob6iie-
ro 4ucia JeHKOoUUTOB opraHa [97], 4yTo roBoput
0 BO3MOXXHOM HEMOCPEJACTBEHHOM Y4aCTUHU KJIETOK
B pa3BUTUU U ToAepKaHUM 6epeMeHHOCTU. NK-
KJIETKH YYaCTBYIOT B peMOAEIMPOBAHNY CIIMPATIb-

TaGnuua 3. XapaktepucTuka nuraig-peuentopHoro B3aumogeiicteusa NK-kneTok u 6aktepuit

rpynnbl ESKAPE

Table 3. Characteristics of ligand-receptor interaction between NK cells and ESKAPE bacteria

Jlurangpl, xapakTepHble ans 6aktepuii rpynnsl ESKAPE

Lipoteichoic acid,
lipopolysaccharide
(bacteria)

Peuentop JNuranp CurHannuHr ESKAPE bacteria-typical ligands
Receptor Ligand Signaling pathway Baxtepnn Nurana
Bacteria Ligand
TLR1 [25 Jlunonporentl, NF-xB [22, 58] HeT paHHbIX
[25] nUnoMaHHaHbl, JAK/STAT [22] No data

nunoteiixoeBas Kucnota
(6akTepunm) [2], rniokaHbl S. aureus g":ep?mk;":zsg[mg]
1 3UMO3aH (rpubel) [2] nterotoxin A [129]

TLR2[20, 38] |Lipoproteins, JAK/STAT [132] ®narennmk v Genok
lipomannans, lipoteichoic K. pneumoniae BHeLWHeli MemOpaHbi A [20]
acid (bacteria) [2], glucans Flagellin and outer
and zymosan (fungi) [2] membrane protein A [20]
Asyuenoyeynaa PHK
(supycbl) [2] NF-xB [132] _

TLR3[38] Double-stranded RNA JAK/STAT [132]
(viruses) [2]

OHTepoTokcuH O [61]
S. aureus i
JlunoTeiixoeBas KUCOTa, Enterotoxin O [61]
nunononucaxapuva .. Jiunononucaxapuabi [69]
A. baumannii ) }
TLR4 [38] (6akTepuu) MAPK /NF-xB [163] Lipopolysaccharides [69]

MopwuHbI BHELLHER
MmemMeOpaHbl [112]
Porins of the outer
membrane [112]

Enterobacter spp.

®dnarennuH (6akTepun)

P. aeruginosa ®narennuH [20, 86]

TLRS [20, 25] Flagellin (bacteria) NF-xB [145] K. pneumoniae Flagellin [20, 86]
OpHouenouyeyHas PHK
TLR7 [6, 154] (BMpyCBI) NF-xB [56] )
ingle- RNA
TLR8 [6, 154] (Sv'ir;ﬂs‘zss)”a”ded NF-kB [56]
OHK
C HEMETU/IMPOBaHHbIM HeT naHHbIX
TLR9 [15, 154] | CpG (6akTepun) NF-xB [160] Nnd i
DNA with unmethylated odata
CpG (bacteria)
HeT paaHHbIX AHTepoTokcuH O [61]
NLRP3[102] No data NF-xB [51] S. aureus Enterotoxin O [61]
MypamungunenTup,
(6akTepun) HeT paHHbIX
NOD1 [102] Muramyldipeptide JINK/NF-xB [45] No data
(bacteria)
J-rayTamun- AHTUreH A (cekpeTtupyemas
AUaMUHONUMENNHOBas ::;Tgﬁg;:;u{(;g]-
NOD2 [101] kucnora (6aktepum) NF-xB [166] E. faecium A t'p A ted
y-glutamyl-diaminopimelic pg;ﬁggglgzﬁre e
acid (bacteria) hydrolase) [76]
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HBIX apTepuii, TMTOAroTaBIMBasI MaTKy K OepeMeH-
HocTHU, TakKXe NK-KJeTKM aKTUBHO CUHTE3UPYIOT
HOUTOKWHBI, PEeTryJUpylolllie WHBAa3WI0 M MHTpa-
nuo 11oga. Hamboee ak TMBHO M3yYalOoT UX B3au-
MoJeiicTBUe ¢ KJieTKaMu TpodoobaacTa. [TokazaHo,
YTO KJIETKM B3aMMHO PEryJUpYyIOT XapaKTepUCTU-
KU IPYT Ipyra Kak 3a cueT KOHTAKTHBIX, TaK U JIUC-
TAaHTHBIX B3aUMOJICUCTBUI, obecrieunBast popmu-
poBaHUE OINTUMAJIbHOTO MUKPOOKPYKEHUS ISt
pasBuBalolerocs mioxaa [104, 162].

Ha ceromHsgmHMii 1eHb CUMTAIOT, YTO B3au-
moxeiicTBre Mexay NK-kieTKamMu W KIJICTKaMU
TpodobyiacTa — KJIIOUYEBOE 3BE€HO B HACTYMJIEHUU
U pa3sBUTUU OEPEeMEHHOCTHU, HapylleHUue KOTOpO-
ro NPUBOAUT K PENPONYKTHUBHBIM MaTOJOTHUSIM.
I[IpuyeM B3amMoaeiicTBHE MOXET OBITH HapyIICHO
u usmMeHenueM yucia NK-kietox [4], u ycuiaeHu-
eM [46] Tn6o MHTUOMPOBAHNUEM UX LIMTOTOKCHUYEC-
Koii akTuBHOCTH [170], U M3MeHEeHMEeM CIIeKTpa
LIUTOKUHOB [41].

Ob6a Tuna KJETOK MOCPEICTBOM IUCTAHTHBIX
M KOHTAKTHBIX B3aWMOACUCTBUIN pPEryJupyloT
dyHkuMu apyr apyra, ¢opMupysl onTHUMajbHOE
MHKPOOKPYKEHHE IJI5T pa3BUBAIOIICTOCS TIONA.

BepostHo, 6aktepuu rpynmnbsl ESKAPE moryt
HapyIiaTth 3TOT IPOIECC, O YeM KOCBEHHO CBUJC-
TEJIbCTBYIOT OOHapyXeHUEe MpeacTaBUTENCH T'PyIl-
OBl TIPU TATOJOTUSX PEIPOAYKTUBHON (DYHKIIUH.
JrcbGakTepro3bl TTOJIOBOI CUCTEMbl MaTCPU CUUTA-
foTCsl (haKTOPOM, YBEJIMYMBAIOIINM PUCKH TTOTEPU
oepemeHnHocTu [35, 113]. JleueHue Takux aucOak-
TEPUO30B OCIOXHSIETCSI, B TOM YHMCJE MO IIPUINHE
AaHTUOUTHUKOYCTOMYMBOCTH IITAMMOB OaKTEpUA
rpynnbsl ESKAPE [11]. AspobHble BarMHUTHI, BbI-
3piBaeMble S. aureus, E. faecalis, MOTYT ObITb TIpU-
YMHOUW BOCITAJIMTEIBHBIX MPOIIECCOB B TeUeHME Oc-
PEMEHHOCTH, UTO HETaTUBHO CKa3bIBAeTCS HaA pa3-
BUTUM miona [55]. YcTaHOBIEHO, UTO y KEHIIUH
C PENpPOAYKTUBHBIMU MaTOJOTUSIMU B S9HAOMETPUU
0OHapyXMBAIOTCSI MYJIBTUPE3UCTCHTHBIC E. faecalis,
P. aeruginosa [32]. TakXe MoKa3aHO, YTO TTOBBIIIICH-
Hoe yuciio NK-kjieTtok B mepugepruieckoil KpoBu
U KOJIOHM3alMs BJlarajuila TI'paMOTpuliaTeIb-
HBIMM aHaspobOamu, B TOM uucie FEnterobacter spp.
n Klebsiella spp., acCCOLIUMPOBAHO C MOBTOPSIOLIN-
mucs BbeikuabiiamMu [80]. B mpoBeneHHOM peTpo-
CneKTUBHOM uccienoBaHuu 2019 r. ycTraHOBJEHO,
YTO MH(MEKIIMU MOJIOBLIX ITyTe (B TOM YKCJIe BOCTa-
JICHUE CJIM3UCTON 000JIOUKHN MaTK! — SHIOMETPUT),
BbI3BaHHBIE HEKOTOPHIMH OaKTECPUSIMU TPYITITHI
ESKAPE, accouuupoBaHbl C penponyKTUBHBIMU
naTojorusiMmu: 74% MpoleHTa XEHIIMUH ¢ MHGpEeK-
OUSIMU TIOJIOBBIX ITyTeil B aHAMHE3¢ UMEJIN ITOTePU
mjoaa Ha paHHeMm cpoke [130]. Takxke ycTaHOBJIE-
HO, UTO Y KEHIINH C MOBTOPHBIMUW BBIKMIBIIIIAMU
B COCTaBe MUKpOOMOMa SHIOMETpU S ITpeodagaloT
oakrtepuu Acinetobacter spp. [89].

Huxe paccMOTpUM BO3MOXKXHBIE MEXaHU3MBI
yuactus 6aktepuii rpynnsl ESKAPE B pazsutuu

PENPONYKTUBHEIX ITAaTOJIOTUIA, BBI3BAHHBLIX Hapy-
meHueM B3amMoneicTBusl NK-KJIEeTOK M KJIETOK
Tpodoobiacra.

YcraHoBIeHO, YTO MHGULIMPOBaHue P. aeruginosa
NPUBOIUT K CTUMyJuUpoBaHUIO armonTto3a NK-
KJEeTOK TI0 Kacrnasa-9-3aBUCHUMOMY MeXaHU3-
My [23], mMeloTCSd JaHHBIE O BIAMSIHUU IIPOIY-
OUpyeMbIX P. aeruginosa »nacta3bl W IIEJIOYHOU
npoTeasbl Ha aKTUBHOCTH NK-KJIETOK; BEpOSITHO,
9TU (aKTOPhI BHI3BIBAIOT HAPYIIEHUE CTPYKTYPHI
peuentopoB NK-kJIeTOK, yyacTBYIOIIMX B CBSI-
3pIBaHUM MUIIeHHU [120], 9TO MOXET IMPUBOIUTH
K HapylIeHUIO IIUTOTOKCUYECKOTO BO3NIEHCTBUS
Ha KJeTKu-MulieHu. [1pu aToM nHuTOoTOKCHUUECKAS
akKTUBHOCTb N K-KJIETOK MaTKU SIBJISIETCSI BAaXKHBIM
dakTopoM pa3BuTUS OepeMeHHOCTU. HecmorTps
Ha TO 4TOo aenuayanbHble NK-kjeTku comepxkar
TpaHyJbl U DKCOPECCUPYIOT JUUPYIOILIUE MOJIE-
KYJIbl, OHU HE 00J1a1al0T SPKO BhIPaXKeHHOM IIUTO-
TOKCUYECKOM aKTUBHOCTbIO, IIPOSBJIss AUllb 15%
autudeckol aktuBHoctu NK-KkneTok nepudepu-
yeckoil KpoBu [3, 78], yTo yKa3blBaeT Ha HEO0OXO-
IUMOCTh U3MEHEHU S X QYHKIIUN oA AeiCTBUEM
(GaKTOpPOB MUKPOOKPYKEHHUSI B 00J1aCTU KOHTAaKTa
matb—IuI0A. [lpM penpoOmyKTUBHEIX ITATOJOTUSIX
yacTo HaOJIIogaeTcsl U3MeHEeHHBI OaJlaHC LIUMTO-
TOKCUYEeCKO akKTMBHOCTM NK-KJIeTOK B OTHO-
IMEHUH KJICTOK IIJIOAHOTO MPOUCXOXICHUS, B TOM
yucJie KJaeTok Tpodobaacta. B HeKoTOpbIX Ucciae-
JIOBAHUSIX TIPUBBIYHYIO TIOTEPIO OEPEMEHHOCTH
CBSI3bIBAIOT C U30BITOYHON HIUTOTOKCUYECKON ak-
TuBHOCTBIO NK-kneTok. Tak, B 2014 1. ycTaHOBJIE-
HO, YTO y KE€HIIWH C Mpeodagaonleil momyJasiu-
eil MUMTOTOKCUYEeCKNX, HO He peryasTopHbiXx NK-
KJIETOK MaTKHW, MOBBIIIEH PUCK Oecruionuns [46].
ITokazaHo Takxke, YTO B CJIy4ae BBIKMIbBIIIA KJICT-
KaM Tpodo0biracta CBOMCTBEHHA CHUXXEHHAs CITO-
COOHOCTH K ayTodaruu, 4YTo MPUBOAUT K yCHUJIE-
HUIO HUTOTOKCUYecKuX cBoiicTB NK-kneTok [147].
CamMu KJIeTKM TpogdobiacTta KakK IOCPEICTBOM
JUCTAHTHBIX [156], TaK U KOHTAKTHBIX B3auMO-
nercTBUil [143] MOTYT CHUXATh HUTOTOKCUYECKY IO
akTuBHOCThL NK-knetok. Ilpu 3TOM HeKOTOpHIE
WCCIIeI0BaTe) I, HAIPOTUB, YKa3bIBaIOT CHUXEH-
HYI0O IUTOTOKCHMYECKYI0 aKTHBHOCTh NK-KieTok
B Ka4eCTBE NMPUUYMHBI MTOBTOPSTIONINXCS BBIKUIHI-
meit [170]. CoOoTBETCTBEHHO, OaKTEePUM TPYIIIIbI
ESKAPE, Bnussa na NK-kjaeTku, MOTyT U3BMEHSITH
UX IIUTOTOKCUYCCKUI MOTCHIMAJI B OTHOIICHUU
KJIETOK TpodobiacTta, 4TO NPUBOAUT K Hapylle-
HUIO PENIPOAYKTUBHON (PYyHKIIUM.

ITokazaHo, YTO KYJLTUBHpPOBaHUE QpaKInuU
MOHOHYKJIeapoB, comepxkaineit NK-kineTku, B mIpu-
CYTCTBUM OWOILIEHOK P. aeruginosa MpuBeJio K IMO-
BeieHUo cofepxanust [IFNy u TNFa [73]. B akc-
NEPUMEHTE C MbBIIIAMU OBIJIO YCTAHOBJIEHO ITOBBI-
meHue konmuecTBa NK-KIJIETOK, CeKpeTHPYIOIINX
IFNYy, B oTrBeT Ha WH(UUUPOBAHWE >KWBOTHBIX
P. aeruginosa [158]. B TO Xe BpeMsl yCTaHOBJICH
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U MMPOTUBOIMOJOXHBIN 2(pheKT Oenka, cCeKpeTupye-
moro P. aeruginosa, — sk3o0TokcuHa A. Ilonaraior,
YTO OEJIOK TaKXKe MOXKET BBICTYIAaTh PEryJsiTOPOM
GYHKIIMU KJIETOK MMMYHHOW CHUCTEMBI, CHUXKas
nponykinuio [FNy NK-knerkamMu ¥ MX IUTOTOK-
CUYecKylo aKTUBHOCTh B coctaBe PBMC (periferal
blood mononuclear cell). Kpome Toro, 6ei1ok BbI-
3BaJl CHUKEHUE IIMTOTOKCUYECKOW aKTUBHOCTU
NK-knerox [103]. I[Tpu 2ToM OTMEUYEHO yBeJINYEHUE
nponykuuu [FNy NK-knerkamu niepudeprieckoi
KpOBHU TIPU KYJBTUBUPOBAHUU B IPUCYTCTBUU Te-
MoOJIM3uHA — OeJika, CUHTe3upyeMoro S. aureus [52].
KynsruBupoBanue PBMC B mnpucyTctBuu OuO-
MJIEHOK P. aeruginosa Takxe MPUBOAUJIO K U3MEHE-
HUIO CEKPelMU LIMTOKUHOB: TaK, OTMEYEHO ITOBbI-
meHue ypoBHs cekperuu [L-13, IFNy, 1L-10, 1L-6
u TNFa [73]. B gpyroM ucciaenioBaHUU OTMeEYEH
poct nponykuuu TNFao, 1L-6, 1L-10 MOHOHYKJIE-
apaMu TiepudepruyeckKoil KpOBU B TPUCYTCTBUU
KJeTouHoli creHku E. faecalis [140]. LlIuToknHoBOE
MUKPOOKPYKEHHE UTPaeT BaxKHYIO POJb MPpU B3a-
umogeiictBun NK-kjeTok U KjieTok TpodobJacTa.
LlutoTokcuueckass ¢yHkinsg NK-KJIETOK Takke
peryupyeTcsl IMpOAYyLUMPYEeMBIMU WMU ITUTOKU-
Hamu IFNyu TNFa [157]. Kpome Toro, IFNy oka-
3bIBa€T WHIUOUpylolllee BO3IeHCTBUE Ha KJETKU
Tpodobiacta, cHUXKAasI CIOCOOHOCTbL K MHBa3UMU,
YTO MOXET OBITh BBI3BAHO CHMXXKEHHOMN ITPOIYK-
nueir MMP-2 (MaTpuKCHBIX MeTajljlonpoTeas) —
(dbepMEeHTOB, YYacTBYIOIIMX B pa3pylIeHUU KOM-
MOHEHTOB BHEKJETOYHOro Marpukca. LluTokuH

WHAYLUPYET amnonTo3 KJETOoK Tpodobiacta [82].
CooTBeTCcTBEHHO, TiepecTpoiika npoaykuun [FNy
NK-kineTkaMyu MOXeT NPUBOAUTH HE TOJBKO K U3-
MEHEeHMIO UX QPYHKIIMI, HO U OKa3bIBaTh BIUSTHUE
Ha KJIETKU TMJOAHOTI0 MpoucXoxiaeHus. CXOTHBIN
ahpexT odHapyxkeH Ay TNFo: onucaHo, 4To 1U-
TOKWH CaMOCTOSITEIbHO M B codeTaHuu ¢ IFNy
CHUXKAeT CIIOCOOHOCTb KJIETOK TpodobiacTta K UH-
Ba3uM, UHAYLUPYS UX aIllONTO3 U CHUXKEHUE TPO-
JudepatuBHON akTuBHOCTH [116]. B nmTeparype
BCTPEUYAIOTCS TaHHBIE 0 TOM, 4yTo uToKuH TGFp,
CeKpeTUpyeMbIii KiieTkaMu Tpodobaacta [49], cHU-
xaeT BoIpaboTKy NK-kmerkamu IFNy [168], uTo,
BEPOSITHO, MOXET CITY>XKUTh IJI51 CO3MaHU s Oe3ormac-
HOI'0 IS KJIETOK TpodobaacTa MUKPOOKPYKEHUS.
IL-1B y4yacTByeT B MONYJIMPOBAHWW WHBAa3WBHOW
M MUTPALlMOHHONM CMOCOOHOCTEN KJIETOK Tpodo-
6macra [87, 125], IL-6 m IL-10 Tak:ke yCUJIMBAIOT
nuTorokcudeckue cpoiictBa NK-kierok [16, 94].
Takum o6paszom, 6aktepuu rpynnsl ESKAPE moryT
HapyllaTh paBHOBECHE B CUCTEM€ MaTb—ILJIOMd, U3-
MEHSISI MTPOAYKIIUIO IIMTOKWUHOB KJIETKAMU MUKPO-
OKpYXeHUs, B ToM uuciie NK-kiaeTkamu.

baktepun rpynnsel ESKAPE moryt okasbiBaTh
BAUsSIHUE U Ha aKcrnpeccuio NK-kjaeTkaMu moBepx-
HOCTHBIX peuenTopoB. ITpu kynsTuBupoBanuu NK-
KJIETOK B COCTaBE€ MOHOHYKJIeapoB TepudepruiecKoit
KPOBU B IMPUCYTCTBUU OUOMIEHKU, c(HOPMUPOBAH-
Holt P. aeruginosa, skcripeccust CD69 Bospacrana [73],
4TO CBUAETEIBbCTBYET OO0 aKTUBALIMU JUM@OIIUTOB.
Hekotopsle ncciaenoBaTen yKa3blBalOT HA KOJMYE-

Ta6nuua 4. BnusaHue 6aktepuii rpynnol ESKAPE Ha xapakTepuctuku NK-knetok

Table 4. Effect of ESKAPE bacteria on NK cell parameters

MpenactaBuTens rpynnobl

AddekT Ha NK-kneTkm

Effect on NK cells

NKG2D receptor is involved
in pathogen elimination [158]

ESKAPE
Member of ESKAPE group ®deHoTun I'Ipon,yxp,ua LWITOK!/IHOB ¢yHKI:|,VI§|
Phenotype Cytokine production Function
, HeT paHHbIX HeT paHHbIX HeT paHHbIX
E.faecium No data No data No data
YBenuueHue npoaykuum
5 e o
Increased IFNy production [52]
Peuentop NKG2D
3apencTBOBaH
. B 3IMMUHAL N HeT paHHbIX Mpoaykuus nedpeHsnHos [20]
K. pneumoniae natoreHa [158] No data Defensin production [20]

A.baumannii

HeT paHHbIX
No data

Ycunenue cunrtesa IL-1f, IFNy,

UHpykums anonTo3a
NK-knetok [23],

Ycunenue akcnpeccumn IL-10, IL-6 u TNFo [73] unu
. CD69 [73] cHuxeHue cunesa [FNy[103] | HaPYLIEHNE PELENTOPHOTO
P.aeruginosa : B3aumopeicTeug [120]
Enhancement of CD69 Enhanced synthesis of IL-1f, IFNy, .
X ) Induction of NK cell
expression [73] IL-10, IL-6 and TNFo. [73] reduction tosis [23]. altered t
of IFNysynthesis [103] apoptosis [23)], altered receptor
interaction [120]
Enterobacter spp. He; (’:‘::t:b'x
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ctBo NK-kiieTok nepudeprudeckoil KpoBu, SKCIpec-
cupytomux CD69, kak Ha TPEIUKTOP PENPOTYKTHUB-
HBIX T1aTOJIOTUI: TTIOKa3aHO, YTO Yy XKEHIIWH C BBIKU-
JIBIIIEM TIOCJIe YYacTHUs B IIPOrpaMMe BCIIOMOTraTesb-
HBIX PENpPONYKTUBHBIX TexHoyioruii yuciio CD69*
NK-kJIeToK ObLJIO 3HAYMTEJIbHO HMKE WJMU BBIIIIE,
OTHOCUTEJIBHO KEHIIWH 0e3 pernpoayKTUBHBIX ITO-
Tepb [33]. YcTaHOBJIEHO, YTO CEKPETUPYEMbIE TTalleH-
TOM (haKTOPBI TAaK>KEe MHIMOMPYIOT HUTOTOKCUIHOCTh
NK-KJIeTOK MOCpencTBOM CHIUKeHneM uurcia CD69*
NK-knerok [128]. Bausia Ha denHoTtun NK-kieTok
oaxkTepuu rpymnibl ESKAPE MoryT HapyiiaTh ux B3a-
UMOJIeNiCTBUE ¢ KJeTKaMu Tpogobiacta. B tadn. 4
MPUBEIEHbI JaHHbIC O BIMSIHUM OAKTEPUl T'PYIIIIHI
ESKAPE na xapaktepuctuku NK-K1eTok.

3ak/o4yeHne

CyMMUpysT pacCMOTpPEHHBIC TaHHBIE, OTME-
THUM, YTO Ha CeTOMHSIITHUN NeHb poiib NK-kieTok
B aHTHOAKTepHUaJIbHOM UMMYHHUTETE N3ydeHa He-
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T@OIAHY Dedepanvhblit HayuHbLi yeHmMp UCCACO08AHULL U pA3PAOOMKU UMMYHOOUON02UMECKUX NPENAPAMO8

um. M.I1. Yymaxoea PAH (Uncmumym noauomueauma), Mockea, Poccus

2@IAOY BO Ilepsviii Mockoesckuii cocydapcmeennotii meduyunckuil ynugepcumem um. M.M. Ceuenoea Munzopaea Poccuu
(Ceuernosckuil ynusepcumem), Mockea, Poccus

Pestome. OHKONMMTHYECKAs BUPYCHAS Tepallus MpU3HAHA MHOTOOOEIIAIONINM TepareBTUUECKUM TOIXOIOM K Jie-
YeHUIO ormyxosieil. OHKOTUTHYECKNE BUPYCHI CIIOCOOHBI OKa3bIBaTh KaK IPpsSAMOe JU3UPYIOIIee NeiCTBUE Ha OITy-
XOJICBBIE KJIETKH, TaK W OIOCPEIOBAaHHOE — depe3 aKTUBAIIMIO ITPOTHUBOOITYXOJCBOTO UMMYHHUTETA. ATb(aBUpyCH
B KQUECTBE OHKOJMTUUYECKUX BUPYCOB MOTYT ObITh BECbMa MEPCHEKTUBHBIMU M3-32 HU3KOW MATOT€HHOCTHU HEKO-
TOPBIX U3 HUX, CMOCOOHOCTH CEJIEKTUBHO 3apaxkaTh U JIU3UPOBATh OMYyXOJEBbIE KJIETKU, PEMOAYJIUPOBATH MUKPO-
OIyX0JIEBOE OKPYKEeHUE, BbI3bIBATh UMMYHOOTIOCPEIOBAHHbBIN JU3KUC OMYyX0JeBbIX KJIeTOK. Kpome Toro, anbdaBu-
PYCHI MOT'YT BBICTYTATh yA0OHOI MiaaTdopMoit 1Sl JocTaBKU TpaHCcreHoB. C 11e/1bI0 MOBBILIEHUST 0€30MaCHOCTH MTPU
HCMOJb30BAaHUU METOIOB T€HHON MHKEHEPUU B KAYeCTBE OCHOBBI, KaK MPaBUJIO, BEIOMPAIOTCS aTTeHYUPOBaHHbBIE
ITaMMBI aJ1b(aBUPYCOB, KOTOPBIE HE SBJISIOTCS MAaTOT€HHBIMMU, a B KAUECTBE TPAHCTEHOB Yallle BCEro MPUMEHSTI0TCS
ONYyXO0JIb-aCCOLMMPOBAHHBIC AHTUTEHBI UM AHTUTEHBI, KOTOPbIE CAMMU I10 ce0e SIBJISIIOTCS UMMYHOTEHHBIMU, TaK1e
KaK IIUTOKUHBI U APYTHE UMMYHOCTUMYIHPYIOIINE MOJIEKY/Ibl. Ha ceroqHsHMI 1eHb KOJIMYECTBO UCCASIOBAaHUI
10 OLIEHKE OHKOJIUTUUYCCKUX U UMMYHOMOLYIMPYIOMUX 3(PheKkToB anbdaBUPyCcOB U BEKTOPOB Ha MX OCHOBE KakK
in vitro, TaK U in vivo pacTeT B TeOMeTpruuecKoil mporpeccun. Ha naHHbBI MOMEHT OHKOJIUTUYECKYIO U UMMYHOMO/Y-
JIMPYIOIIYI0 aKTUBHOCTH anbdabupycoB Cunmoduc, teca Cemnnku, I'eta (mramm M), BeHeCy3,IbCKOTO 3HIIE(DAIO-
MMEJINTA JIOMIaAeii 1 BEKTOPOB Ha WX OCHOBE M3y4YaJH Ha JKUBOTHBIX MOJAEJISIX MEJIAHOMBI, TTTMOMBI, OCTCOCapKOMEI,
paka MOJIOUHOM XeJie3bl, aAeHOKAPLIMHOMBI JIETKMX, KAPUMHOMBI MPEACTAaTEIbHOM Xeae3bl U APYTUX TUTIAX OMYXO-
Jieit. YCUJIeHHYI0 TPOTUBOOIYXO0JIEBYI0 AKTUBHOCTD aJb(haBUPYChl IEMOHCTPUPYIOT B KOMOMHUPOBAHHON Tepanuu
C IPYTUMU OHKOJIUTUYECKUMU BUPYCAMU, IUTOCTAaTUKAMU, a TAKXKE OJI0KATOpaMU UMMYHHBIX KOHTPOJbHBIX TOYEK.
Cpeau BUPYCHBIX BEKTOPOB ajb(aBUpyconogo0HbIe PENIMKOHOBbIE YaCTULIbI, OCHOBAHHbBIE HA aTTEHYUPOBAaHHOM
BUPYCE BEHECYIbCKOro sH1edatoMuennTa Joaaeii, 0coOeHHO MpuBIeKaTeIbHbI 0J1arofapst BbICOKON IKCIIPecCuun
reTepoJIOTMYHBIX OCJIKOB, a TAKKe MHIYKIIMU TYMOPaJIbHOTO U KJIETOUHOIO MMMYHHOT0 OTBeTa. BakiinHa Ha 0oCHOBe
TaKoro ajab®aBUPYCHOI'0 BEKTOPA, KOAMPYIOLIET0 BHEKJIETOUHbIN U TpaHcMeMOpaHHbIi tomeHsl HER 2, yke mokasa-
J1a 0€30IMacHOCTb U MPOTUBOOIYXO0JIEBYI0 3P (PEKTUBHOCTh Ha JOKJIMHUYECKNX MBIIIIMHBIX MOJESIX U B TIEPBOIi (haze
KJIMHAYECKUX UCCIEAOBAHUN Y MAIIMEHTOB C MPOTrPEeCCUPYIOMIMM PAKOM MOJIOYHOM XKeJe3bl CO CBEPXAKCIpEeCcCueit
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HER?2. Bblj10 NpoaeMOHCTPUPOBAHO, YTO BaKIIMHA Oe30macHa, 3(pdheKTrBHA U YCIEeUTHO MHAYIUPYeT T-KJIETOYHBIi
UMMYHUTET. B taHHOM 0030pe Mbl 006CY X 1aeM pe3ybTaThl JOKIMHUYECKUX U KIIMHUYECKUX UCCIIEIOBAHUA, a TAKKE
MEPCIIEKTU BBl UCTIOIb30BaHU S alb()aBUPYCOB B OHKOJIMTUYECKON BUPOTEPATIUH.

Karouesole caoea: onkosumuueckue eupycol, arb@agupycol, Upomepanis, UMMYHOMEPAnus, GUPYCHbLI 6eKMOp, PeKOMOUHAHMHbLIL
supyc, uMMyHomepanus paka.

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. Chumakov Federal Scientific Center for Research and Development of Immunobiological Drugs of the Russian Academy

of Sciences (Polio Institute), Moscow, Russian Federation

b 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 vivo 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 M1), 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 HER2 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 HER2 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.

CHEKTP OHKOJMTUYECKUX BHUPYCOB U BEKTOPOB,
takux kKak JJHK Bupycel cemeiicts Herpesviridae,
Adenoviridae, Poxviridae, Parvoviridae n PHK Bu-
pycel ceMelcTB Paramyxoviridae, Picornaviridae,
Reoviridae, Retroviridae, Rhabdoviridae, Alphaviruses,
HaXOOUTCS Ha CTaIUM KJIMHUYECKUX MCHBITAHUMN

BeepgeHue

OnkonuTuyeckasi BupycHas tepanust (OBT) —
3TO MUMMYHOTEpAIusi, B KOTOPOH HCIIOJIb3YIOTCS
MNPUPOAHBIE WJIM F'eHETUYECCKU MOAUMDUIIMPOBAH-
HbIE BUPYCHI IJISI CIIEIU(MDUISCKOTO 3apaskeHUs

M JIU3Uca PaKOBBIX KJIETOK, HO 6€3 Bpeaa JJisi HOp-
MaJIbHBIX KJIETOK [15]. ¥3ke OoJibllle BeKa pa3iny-
HBIC BUPYCHI UCCIIENYIOTCS B KAUeCTBE BO3MOXHBIX
areHTOB IIJIsl JISYEHU ST OMYXOJIel pa3IMuHON 3TUO-
sgoruu [17]. C pa3dBUTUEM TEXHOJIOTUHN KJIOHWPOBa-
HUSI C MIOMOIIbIO TEHHOM WHXKEHEPUU CTaslo BO3-
MOXHBIM CO3aBaTh MHOXECTBO BUPYCHBIX BEKTO-
pOB KakK IJIsI CEJIEKTUBHOIO 3apakKeHUS U JM3Hca
OITYXOJIEBBIX KJIETOK, TaK U B Ka4yeCTBE TPAaHCTEH-
HbIX HocuTesielt [47]. bonee rinybokoe MoHUMaHUe
MEXaHM3MOB JIeICTBM I BUPYCOB, BKJI0Uasi akTUBa-
LU0 BPOX/IEHHOTO M aJalTUBHOTO MPOTHUBOOITY-
XOJIEBOTO UMMYHUTETA, U UX CIIOCOOHOCTU MOJY-
JIUPOBAHM S OITYyXOJIEBOIO MUKPOOKPYKEHU S, TaJI0
UMIOYJbC aKTUBHOMY DPa3BUTUIO BUPOTEpAIUU
B nocienaHee aecsatuiaerue [26]. Ha maHHBIN MO-
MEHT JIJIsI ICUCHU I pa3IMIHBIX BUIOB paka ogo0pe-
HO YeThIpe MpernapaTa Ha OCHOBE OHKOJIUTUYECKUX
BupycoB: Talimogene laherparepvec (CIIA) [16],
Delytact (JAnonwms) [6], Oncorine (Kuraii) [22],
Rigvir (JlarBus#) [1]. [Tpu aTOM eiile 6osiee IMUPOKUTA

JIJISI Tepany pa3IMIHBIX TUTIOB paka [61]. MHorue
BUPYCHl 0071aJal0T OHKOJIMUTUYSCKUM ITOTECHIIMA-
JIOM, 4TO MOATBEPXKIAECTCS PSJAOM BeCbMa YCIIEI-
HBIX JTOKJMHMYECKUX HCCleaoBaHuii. B sToMm
0030pe MBI CTaBUM Tepes co0oil 3a1ady onucarhb
MOTeHIIMAaJl IPUMEHEHUSI BUPYCOB poaa Alphavirus
B Ka4eCTBE OHKOJMTUYECKUX ITpenapaToB U UX HUC-
MOJIb30BaHMU S B KOMOMHAIINY C IPYTUMU UMMYHO-
TepaneBTUYECKUMM CPEACTBAMU B HEAABHMX [10-
KJAMHUYECKUX U KJIMHUYECKUX UCCIICIOBAHUSIX.

AnbdpaBnpychbl. XKN3HEHHbIV LK
anb@aBnpycoB

Bupuonsl anbGaBUpPyCOB COCTOSIT M3 MKOCAdI-
PUYECKOTO HYKJICOKATCUIa, OKPYKEHHOTO JIMTIU/I-
HOI1 000JI04KOI1 — cyriepkarncugoM. ['eHoMm anbda-
BUPYCOB pa3MepoMm 11—12 ThIC. H.0. TIpeACTaBIIeH
kanupoBaHHoi nosutuBHoi PHK ¢ monuA nHa 3'-
KoHLe. OCHOBHBIMM CTPYKTYPHBIMU OeJIKaMU BU-
puoHa saBisitorcsa C, El, E2 (E3), rae riiukornpoTe-
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uHbl E1 u E2 BcTpoeHbI B cylnepKancul BUpUOHa
1 00pa3yloT 0koJio 80 IHIUIIOB, KOTOPbIe OTBEYAIOT
32 B3aMMOJECWUCTBUE C KJETOYHBIM PELENTOPOM
U TIPOHUKHOBEHUE BUpYyCa B KJIETKU-MUILlIEHU [43].
Takxke B cymepKarcuiae NpucyTCTBYIOT JBa BUPO-
nopuHa — 6enku TF u 6K, KoTOpble y4acTBYIOT
B MTOYKOBaHUU ajbdaBupycoB [34]. AnbdaBupycsl
NPOHUKAIOT B KJIETKM IyTeM pelenTop-oIocpe-
JIOBAHHOTO 2HAOLIMTO3a C TOCJEeaYyIoIUM pa3ae-
BaHUWEM HYKJIEOKarcuaa U BbICBOOOXIECHUEM BU-
pycHoit PHK B nuronnasmy [21]. Bupycnas PHK
SIBJISIETCS MAaTPUYHOM N5 CUHTEe3a OEJIKOB U CO-
JIEPKUT ABE OTKPBIThIE pAMKU CUMTBIBAHUS: MEP-
Basi OTKPBITasi paMKa CUUTBIBAHUSI 3aHUMAacET 2/,
BCero reHoma u kogupyet noaunentun P1234, B To
BpeMsl KaK BTOpasi paMKa CYMTBIBAaHUSI KOAUPYET
CTPYKTYpHble Oenku (puc.). Kak Tojabko BUpycC-
Hag PHK nmpoHukaeT B HUTOINJIa3My HauMHAETCs
TpaHcasAUs noaunporenHa P1234 ¢ mocnenyro-
MM pacliernjeHueM Ha noaunpoTteuH P123 u He-
CTPYKTYPHBI#1 6esoK nsp4. 3atem 6enok P123 pac-
LIETJISIETCS ¢ 00pa30BaHUEM TPEX HECTPYKTYPHBIX

O0enkoB: nspl, nsp2, nsp3. IIpoaAyKThl YaCTUYHOTO
pacuieryieHusI HECTPYKTYPHOI'O MOJUMNPOTenHA —
oenku P123 u nsp4 MHULUUPYIOT CUHTE3 OTpU-
nareabHoit nenu PHK, a 6enku nspl, P123 u nsp4
00pa3yloT pEermJIMKATUBHBIIA KOMIIJIEKC, KOTOPHIH
aKTUBEH KakK AJsI CUHTEe3a OTPULIATEJIbHOU LU
PHK, tak u njs cunte3a reHomHoiit PHK. ITTonHoe
pacuieryieHre P123 mpuBOAUT K OKOHYATEIbHOMY
MEePEeKJIIYEHUIO0 C CUHTEe3a OTPULIATEIbHOU LIeMU
PHK Ha cunte3 renHomHoit PHK [21]. Co BTOpOIi
OTKPBITONM PaMKH CUMTBIBAHUS C OTPULIATETbHOU
nenu PHK cuHte3upyercsa cybreHomHasi PHK
(sgRNA) ¢ CAP Ha 5'-koHIIe n TTOTNA Ha 3'-KOHIIE.
C sgRNA tpaHcaupyetcsa noaunentua pl30, koto-
pBIA MOTOM pacuiensgercss Ha noaunentuasl E2,
cauteiii ¢ E3, El, C u runpodoOHbIle MEMOpPaHHbIE
oenxku TF n 6K [42]. E2 ¢ E3 u El Tpancnoptupy-
IOTC K IJa3MaTU4YeCcKo MeMOpaHe uepes arnrmapar
Tonpaxu, rae nmoaBepraloTcs IMUKO3UIUPOBAHUIO
u nnaabMuTounupoBaHuio, E3 otmennsercs ot E2,
OJTHAKO OHU OCTaloTcs B TecHOU cBs3u. 3ateM El
u E2 00pa3yoT rerepoTpumepsl, GOpMUpysi BUPYC-

+RNA
3' PolyA
5 CAP 1 ORF 2 ORF
nspl nsp2 | nsp3 nsp4 @ E3 E2 6K | TF E1
[
A 4
P1234
—-RNA
A A
P123 nsp4 1 ORF 2 ORF
¥ N 5 CAP ¥ 3' PolyA
nspl1 || nsp2 || nsp3 — sgRNA | > oV
A 4
P130
v l l l v

PucyHok. Cxema reHoma anbpaBupycoB
Figure. Alphavirus genome structure

Mpumeyvanue. PHK anbdasmpycoB — ogHoLenodeyHas nonoxuntenbHas (+RNA) n coaepxuT ABe OTKPbITblE PAMKN CHUTLIBAHUS:
1 ORF — kogwmpyeT nonunentug P1234; 2 ORF — koampyeT CTpyKTypHble 6enku. TpaHCA[LmMs HAYMHAETCS C NOMNPOTENHA
P1234 ¢ nocnepnytowmm ero paciuenneHmemM Ha noannpoTtenH P123 n HecTpykTypHbI 6enok nsp4. Benok P123 pacwennsierca

¢ 06pa3oBaHMeM Tpex HECTPYKTYPHbIX 6enkoB: nspl, nsp2, nsp3. MpoayKTbl YACTUHHOMO PaCLLENNEHNS HECTPYKTYPHOIO
nonunpoTenHa — 6enkn P123 n nsp4 nHnummnpyiot cuHtes oTpuuatensHoii uenu PHK (-RNA). Co BTOpoi 0TKpbITOM paMku
CunTbIBaHMS ¢ oTpuuatensHoii uenn PHK cuntesmpyetcsa cyoreHomHas PHK (sgRNA) ¢ CAP Ha 5'-koHue 1 nonvA Ha 3'-KoHLe.

C sgRNA tpaHcnupyetcsa nonunentug p130, koTopblii NOTOM pacliennsetcsa Ha nonunentuabl E2, canteiii ¢ E3, E1, C

1 rnapodobHble MembpaHHble 6enkn TF 1 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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Hble muIbl [40]. [Tpolecc moukoBaHUS yIpaBasieT-
csl cnenndUIEeCKUMU B3aUMOAEUCTBUSIMU MEXIY
MpeaBapuTebHO CPOPMUPOBAHHBIM HYKJIEOKal-
CUJIOM M IIUTIaMU, YTO ITPUBOIUT K BEIXOTY BUPUO-
HOB BO BHEKJIETOYHYIO cpeny [45, 63].

Bupycsl pona Alphavirus npuHaaiexar K ceMeii-
cTByY Togaviridae. B iprpose OCHOBHBIMHU II€PEHOC-
YUKaMW SIBJSIOTCS KOMaphbl, KOTOPHIC IepenaloT
anb(haBUPYChl TO3BOHOYHBIM X035€BaM TPaHCMUC-
CUBHBIM ITyTeM I10 KJIaCCUUYECKOMY IIMKJIYy Mepena-
yu apboBupycoB. HekoToprle aibdaBupychl, TakKue
kak Bupycbl HukyHryHbs, O’HpoHr-HboHr, Pocc-
Pusep, Cunnbuc, meca CeMIMKH, a TaKXKe BUPY-
col aHIedamoMmuenuToB (BocTounrblit, 3ama HbIiA,
BeHecyanbckMil), SIBASIOTCS TATOTEHHBIMU OJIs
yejoBeKa, U, B OCHOBHOM, BBI3bIBAIOT oCcTpoe (OT 3
0 7 mHel) JuxopamaoyHoe 3a0ojieBaHUE C HETOMO-
TaHUEeM, CBINbIO, apTPAJITUSIMU U WHOTAA apTpU-
TOM, B TSIKEJIBIX CJIydasiX 00JIC3Hb MOXET ITPUBO-
IUTH K dHIedalnuTaM u mapaandam [27].

AnbdhaBUpPYChl MOTYT MCITIOJIb30BaTh HECKOJIb-
KO KJETOYHBIX PELENTOPOB IJis MPUKPEIJICHUS
1 MPOHUKHOBEHUS B KJIETKY-MUIIIEHb, 2 UMEHHO
MHC 1, BbicokoaddUHHBIN peuentop JaMUHU-
Ha, NRAMP2, renapancynbdar, JeKTuHb C-TuIta
KJIETOYHOI TTOBEpPXHOCTHU, (ocdhaTnaniicepnHo-
BbIe peLenTophl u ap. [19, 41, 55, 64]. Caeayet oT-
METUTh, YTO BbICOKOA(MGUHHBIN pelenTop JaMu-
HMHA B OOJIBIIOM KOJHMYECTBE IKCIPECCUPYETCS
MpU Pas3JIMYHBIX BUAAX 3JI0KAYECTBEHHBIX KJIE-
TOK II0 CpaBHEGHUIO ¢ HEeTpaHCHOPMHUPOBAHHBIMU
kJeTkamMu [2, 54]. OnHaKO B OCHOBHOM CITOCO0-
HOCTbh aJIb(paBUPYCOB K PEMPOAYKIIMHU B OITyXOJe-
BbIX KJI€TKaX OMNpeAessieTCs BHYTPUKJICTOUYHBIMU
dakTopamMu, BIUSIOIIMMU Ha BUPYCHYIO PEIJIM-
Kalluio ¥ TPAHCISIINIO, TAKUMU KaK JIBYXIIEIO-
yegHasts PHK-3aBucumas nmporenaknHa3za (PKR),
PHKa3za L, 6enku knnacca Mx u np. [37].

OHKONUTUYECKNIA NOTEHUMAnN
anbpaBnpycos

3a cYeT CIIOCOOHOCTU IIPOHUKATH B KIICTKH
pPa3JIMIHOrO THUIMA, HU3KONW MAaTOreHHOCTH, CIIO-
COOHOCTM TIIpeomoJieBaTh TeMaTodHIedaamye-
CKMit 6bapbep, pa3MHOXATHCS B OITyXOJICBBIX KJICT-
KaX, BBI3BIBATH INPOTHBOOITYXOJICBBIC 3(PHEKTHI,
a TakXe B CBSI3UM C HaJWIHUEM pa3pabOTaHHBIX
TeHeTUUYECKNX MOOMGUKAIIUUA TreHoMa alibdaBu-
PYCBHI MOTYT OBITH MCITOJIb30BAaHEBI IJISI OHKOBHUPO-
Tepanuu. Ha maHHBIT MOMEHT OHKOJIHWTUYECKAas
1 UMMYHOMOIYJIMPYIOIIasi aKTUBHOCTH aJIb(aBu-
pycoB Cmumouc (Sindbis, SIN, SV), Bupyca jeca
Cemauku (Semliki Forest virus, SFV), anbdaBupy-
ca M1, Bupyca BEHECY3JIbCKOTO 3HIIC(haTIOMUCTH-
Ta nomraneit (Venezuelan equine encephalitis virus,
VEE) n3ydyeHa Ha JKUBOTHBIX MOCJISIX W B TICPBOIt
dasze KIMHUYCSCKUX UCOBITAHUN Y JTIonei (Tad. 1).

Bupyc neca Cemnuku

Iramm SFV A7(74) nukoro Tulia SIBJIsSeTCS
aBUPYJCHTHBIM M Y B3POCJBIX I'PbI3YHOB HE BBI-
3bIBa€T IMATOJOTUU, MPUBOISIIUX K JETaJIbHOMY
ucxony [3], mO3TOMYy ero Mpou3BOJHOE — pPEIin-
KaTuBHO-KOMIIeTeHTHBI BeKTop SFV VA7-EGFP,
SKCIPECCUPYIOLINI 3eJieHbIl  (hayopecleHTHbI
0eloK B KayecTBe (PayopecleHTHONH METKHU, B MO-
CJIEMHME TOIbl aKTUBHO M3yJaeTCsl KaK OHKOJIUTH -
yeckuii areHT. B nccieqoBanuu [52] aBTOpHI MoKa-
3anu, uto SFV VA7-EGFP nposiBiseT akTUBHOCTh
B OTHOIIIEHUM KJIETOYHBIX JIUHUMN MeJTaHOMBI 4e-
noBeka A2058 u SK-MEL-5, ageHoKapuMHOMBI
TosicToM KUIIKU 4deaoBeka LS174T u SW620, B TO
BpeMs KaK Ha KaplIMHOME JIeTKOro yejgoBeka AS549
3¢ dexT Ob11 OrpaHUYeH, a HelpoobJacToMa MbILIU
C-1300 okazanach ycTOWYMBOW K AEWCTBUIO BU-
pyca. ABTOpPBI TakKe MpoBepuanu 3MPEeKTUBHOCTH
Bupyca SFV VA7-EGFP in vivo Ha KJIeTOYHOI JTH-
HUU dYeJloBedecKoil MenaHoMbl A2058, koTtopas
ObLJIa MOAKOXHO BBeACHA MMMYHOIC(GHUIINTHBIM
mbimaM SCID. B pesynbrate neiictBusi SFV VA7-
EGFP na6Gnaomanuch Kak perpecc OmnyxoJid, Tak
U HEBPOJIOTMYECKUE CUMIITOMBI, IOSIBJIEHUE KO-
TOPbIX, BEPOSITHO, OBIJIO CBSI3aHO C OTCYTCTBUEM
aJarTUBHOIO MMMYHUTETA Y JAaHHOW TPYHIbI MbI-
mreit. Tak>ke aBTOpbI OOHAPYKUJIM, YTO KJIETOYHAS
CMEPTH MPOUCXOIUT, B OCHOBHOM, IO MEXaHU3MY
HEKpo3a, a He aronTo3a. B npyrux mccieaoBaHM-
ax [25] 6b1IM Mcnoab30BaHBI MBIIIK Nude ¢ TTom-
KOXHOM MOJIEJIBIO OITyXOJIW — KapIIMHOMBI JISTKUX
yenoBeka AS549. Ilpu BBegenuu SFV VA7-EGFP
HEBPOJOTMYECKMX CUMIITOMOB Y >KUBOTHBIX HE Ha-
0JII0[AaJIOCh, XOTS BUPYC OOHapy>KUBaJCcs B MO3re.
IMporuBoonyxoJyieBblit 3(pGeKT Mpu BHYTPUOIY-
XOJIEBOM BBEIEHUM ObLI BeCbMa CJIabbIM, a IPU
BHYTPUBEHHOM BBeAcHUUN 3P (dEKT MpaKTHUUECKHU
OTCYTCTBOBAJI; TAaKOl e OTBET Ha JieueHUe Ha-
OJrofalicss M Ha Mojesu oMbl Kpbeickl BT4C [24].
BeposiTHO, citabass OHKOJUTHYECKasi aKTUBHOCTH
MTaHHOTO BEKTOpa CBsi3aHA C €ro YYBCTBUTECIBHO-
CThIO K MHTEephepoHy | TUIIa, CUTHAJIbHBIC MYTU
aKTHUBAIlMU KOTOPOTO XOTh U YaCTO HAPYIIEHHI ITPU
3JIOKaUeCTBEHHBIX OITYXOJISIX, HO BCE XXe He Bceraa.
Tem He MeHee B OMYXOJSIX C HAPYILIEHHBIMU MeXa-
HU3MaMM BHYTpPUKJIETOUHON 3amuThl SFV VAT7-
EGFP BecbMa ahdexkTuBeH. DTO OBIJIO MOKa3aHO
Ha TIOAKOXHOUW MOJEJIM OCTeOCapKOMBI YejloBeKa
Sao0s2LLM7 [18], B OPTOTONMUYECKUX U MOJKOXKHBIX
onyxossix paka mpeacrareiabHoi xene3bl LNCaP
M B OPTOTONMUYECKON OMNYXOJIM OCTEOCAPKOMBI
mbimu K7M3, tie Ha oHe BUpOTeparum Tepanuu
HaOIrogaICcs perpecc OMyXOiH, a TaKKe YBEIH-
YyeHHUEe TIPOJOIXUTEIbHOCTU XU3HU Mbieir [30].
IMockonbky mrtamm SFV A7(74) aBasieTcss HEMpPO-
TPOMHBIM, OH MOXET MPEACTaABISTH OOJbIION UH-
Tepec B KauyeCTBE OHKOJMTUYECKOro BUpyca IS
JIedeHU s TJIMoM. JIJ1st mMpoBepKU TaHHOW TUTIOTE3bI
BUPYC BHYTPUBEHHO BBOAUIM MbItiam Nude ¢ Trof-
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Ta6auua 1. NMpoTusoonyxoneeas 3¢peKTUBHOCTb anbhaBUPyCOB
Table 1. Antitumour efficiency of Alphaviruses

o g c XusoTHas MpoTuBoonyxonesbie Ccbinka
> 9| s £
3 2 ® g T"T" onyx?nu (Moﬁerb) mozenb apdeKTbl Ha uccnepoBaHue
@ = = umour type (model) Animal model Antitumour effects References
Perpecc onyxonu,
mzl;i:;n:::)enosexa A2058 SCID MbiWwK | HEBPONIOrMYECKUE CUMMTOMbI [52]
Human melanoma A2058 (subcutaneous) SCID mice Z;mgtuorr;igressmn, neurological
ApeHokapuuHOMA IerKUX YenoBeka YBenuueHue BpeMeHU XU3HU
A549 (opToTOonuyeckas) Nude mbiun | 6e3 perpecca onyxonu [25]
Human lung adenocarcinoma A549 Nude mice Increased survival without
(orthotopic) tumour regression
OcTteocapkoma yenoseka Saos2LM7
(nopkoxHas) Nude mbium | Perpecc onyxonu
B |Human osteosarcoma Saos2LM7 Nude mice | Tumour regression
8 (subcutaneous) [18]
~ YBenuueHue BbXXMBaeMOCTH
§ 2;;%‘;‘;?1‘;::?::::3'”" K7M3 Nude mbilun | 6€3 NONHOrO U3nevyeHus
Mouse osteosarcoma K7M3 (orthotopic) Nude mice Lnocr;ep‘ri?:;:’rg”val without
Fnnoma yenoseka U87Fluc
(nopkoXxHasa, opToTonuyeckas) Nude mbiumn | Perpecc onyxonu [12]
Human glioma U87Fluc Nude mice Tumour regression
(subcutaneous, orthotopic)
ApeHokapuuHOMA JIerKUX YenoBeka
A549 (nopkoxHas) Nude mbiwumn
Human lung adenocarcinoma A549 Nude mice HesHauuTenbHas 3agepxka
e (subcutaneous) B pPOCTE ONyX0Ju [24]
7
Fnuoma kpoicbl BT4C (opToTonuueckas)) | Kpbicki BDIX Tumour growth delay
Rat glioma BT4C (orthotopic) Rat BDIX
E KapunHoma npepcTaTenbHoOM xenesbl
E yenoseka L;‘lCaP (opToTOonuueckas, CANN mbium | Perpece onyxonm
NoAKoXHas . . [30]
Carcinoma of the human prostate LNCaP CANNmice | Tumour regression
(orthotopic, subcutaneous)
MoBbileHUe aKTUBHOCTH
¢arounToB U AEHAPUTHBIX
5 KNETOoK, CeJIeKTUBHas
o [nnoma Mbiweii GL261 C57BL/6NRj | pennukauus Bupyca,
© MbILUKN anonToTuyeckas rubenb
= |(opToTonuueckas) C57BL/6NRI | kneTok [29]
< |Mouse glioma GL261 (orthotopic) /6NR
> mice Increased phagocyte and
) dendritic cell activity, selective
viral replication, apoptotic cell
death
3 MHrubmupoeaHue pocrta
o onyxonu, ysennyeHme
& |Mnuoma meiweii CT-2A-Fluc ::ASJLEJI'/G BbXMBAEMOCTH,
‘E | (opToTONMueckas) C57BL/6 HEeBpPOJSIOrnyeckme CMMNTOMbI [28]
;' Mouse glioma CT-2A-Fluc (orthotopic) mice / Inhibited tumour growth,
L increased survival rate,
neurological symptoms
dnutennanbHasa KapuMHOMa AUYHUKA C57BL/6 3apepxka B pocTe Onyxonum,
Mbiweit MOSEC (BHYTpMOpIOIMHHAA) MbILIN ONUTEeNbHas BbDKMBAEeMOCTb 62]
Epithelial carcinoma of the ovary inmice | C57BL/6 Delayed tumour growth,
2 MOSEC (intraperitoneal) mice prolonged survival
+ =
> =
5 KpaTkoBpemMeHHas 3agepxka
. BALB/c
Fnuoma mbiweit DBT (noakoxHasn) MbILLIN pocTa onyxonu (53]
Mouse glioma DBT (subcutaneous) BALB/c mice Short-term delay in tumour
growth
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OkoH4aHue Tabnuupbl 1. MpoTuBoonyxoneeasa appekTUBHOCTb anbdPaBUpycoB
Table 1. Antitumour efficiency of Alphaviruses (continued)

Pan02 (subcutaneous, orthotopic)

increased survival

© ,| 2 ¢ XueotHas MpoTueoonyxonessie Ccbinka
E i~ § 8 T"T" onyxonu (Moﬁefb) Mopenb adpdeKkThbi Ha uccneposaHue
@@= 3% umour type (model) Animal model Antitumour effects References
3apepxxka pocta onyxonu;
Fenatoma mbiwm ML-1 4a u ARKD perpecc onyxonu; akTusauusa
(nopkoxHas) CD8*u CD4*
Mouse hepatoma ML-1 4a and ARKD BALB/c Tumour growth inhibition,
I | (subcutaneous) MbILLK tumour regression CD8" and [14]
BALB/c mice |CD4" activation
FenaTtoma mbiwv BNL (noakoxHas) Het adpdexTa
Mouse hepatoma BNL (subcutaneous) No effect
Pak wevikn maTku yenoseka HelLa
1 C33A (nopkoxHas) Perpecc onyxonu
Human cervical cancer HeLa and C33A BALB/ . Tumor regression
AnNcrj-nu/
(subcutaneous) ¢
nu MbILWK 51]
= P BALB/ [
@ aK smyHukos yenoseka (HOC-1, HAC-2 cAnNGri-nu/
1 OMC-3) (BHYTpMOpIOLWIMHHAS) nu micej MopaBneHue acuuta
Human ovarian cancer (HOC-1, HAC-2 and Ascites suppression
OMC-3) (intraperitoneal)
(<2
§ Fnnobnacroma yenoseka U-87 MG CB.17 SCID
< | (nopKoxHas) MbILLIN Perpecc onyxonu 157]
Human glioblastoma U-87 MG CB.17 SCID | Tumor regression
(subcutaneous) mice
BALB/
Heiipo6nactoma yenoeseka SK-N-SH, cAnNcrj-nu/
IMR-32 (noakoxHas) Nnu MbiWN Perpecc onyxonu [46]
Human neuroblastoma SK-N-SH, IMR-32 | BALB/ Tumor regression
(subcutaneous) cAnNcrj-nu/
nu mice
lFenaTouennongapHasa KapuuHoma BALB/c-nu/
yenoseka Hep3B (nopkoxHas) Nnu MbiwKn
Human hepatocellular carcinoma Hep3B | BALB/c-nu/
(subcutaneous) nu mice
KapunHoma MOno4HOW Xenes3bl MbILLU 3:2:;’::';2'::;12:}’:;?;{";“
~ |4T1 (opToTonuueckas) BALB/ MbiLun
= Mouse mammary gland carcinoma 4T1 BALB/ mice BUpyca 8 onyxonn . [23]
(orthotopic) Delayed tumor growth, selective
intra-tumor viral replication
MenaHoma KoXxu Mbiwiv B16 C57BL/6
(nopkoXxHas) MbILUN
- Mouse skin melanoma B16 C57BL/6
= (subcutaneous) mice
.£ | Pak MOno4HOV Xenesbl YenoBeka
. 2 |HCC1806, MDA-MB-468, MDA-MB-361 :ﬁ/ﬁ.{ CNU/" | uruGuposanme pocta
E g (noaxoxHas) BALB onyxonu [61]
% | Human breast cancer HCC1806, MDA- nu mié%'nu/ Inhibition of tumor growth
0 | MB-468, MDA-MB-361 (subcutaneous)
o ApeHokapuuHOMa NoAKeNya04HOM C57BL/6 UHrubupoeaHue pocrta
+ '€ | xene3bl Mbilwin Pan02 (noakoxHas, onyxonu, ysenuyeHme
= % | opToTonuueckas) MbILum BbDKMBAEMOCTH [44]
= c . C57BL/6 -
S Adenocarcinoma of the mouse pancreas mice Inhibition of tumor growth,

Mpumeyanue. SFV — Bupyc neca Cemnvku, VV — Brpyc kopoBbeit ocnbl, SIN — CuHaéuc, M1 — wramm M1 Bupyca leta, WT — gukuit tvn.
Note. SFV — Semliki Forest virus, VV — Vaccinia virus, SIN — Sindbis, M1 — Getha virus strain M1, WT — wild type.
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KOXHOW U OPTOTOIMUYECKOU TJIMOMOM YeJIOBEKa
US87Fluc 6onplinx u Maibix pasmepos. [Ipu onHo-
kpatHoii mHbekuun SFV VA7-EGFP onyxonu
MaJbIX pPa3MEpPOB pPErpecCUpoBai IIOJTHOCTHIO,
a 0oJbllIe OMYXOJW YMEHbBIIAJIUCh, KaKUX-TUOO
HEBPOJIOTUYECKUX CUMIITOMOB Y MBIl TaKXKe
He HaOmopasoch [12]. ABTOpBI MOIYEPKUBAIOT,
4yTo omyxojeBas kinerouHas nuaus U87Fluc upes-
BblyaitHo BocnpuumMuuba Kk SFV VA7-EGFP u no-
9TOMY MX MCCJEIOBaHUE CJIeAyeT paccMaTpuBaTh
KaK HAWJIYYIIUI CLIEHAPUU MPOSIBICHUS OHKOJIM-
TUYECKON aKTUBHOCTH HAaHHOTro BuUpyca. s ne-
YEeHU S TJIMOM TaKXKe ObLI IPOTECTUPOBAH BEKTOP
SFV-AMG6SFV4 Ha ocHoBe Bupyca jeca CeMJINKN,
B KOTOPOM IIPOM3BEIEHBl aMUHOKUCIOTHBIC 3aMe-
HBI B 0esikax nsp3, nsp4 v E2. JlaHHBII BEKTOp OBLIT
pa3paboTaH, YTOOBI PEIIUTh MPOOJEeMY YyBCTBU-
teabHocTu SFV Kk nuntepdepony 1 tTumna. B akcne-
PUMEHTE in Vitro Ha KJI€TOYHON JIMHUU TJIMOMbI MbI-
mweir GL261 Bexktop SFV-AM6SFV4 sddexkTtnBHO
JIU3UPOBAJI KJIETKH, a TIPU UCTIOJIb30BAHU Y MBI~
Hoit monenu C57BL/6NRj ¢c opToTOnuyeckoii riano-
Moit GL261 HaG1101a/10Ch MOBBIIIEHUE aKTUBHOCTHU
GaronTOB U IEHAPUTHBIX KJIETOK, UCXOI S U3 YeTO
MOXHO CJeJiaThb BBIBOJ 00 MMMYHOT€HHOU rube-
Ju KJeTokK. Takzke aBTOpPbl MPOAEMOHCTPUPOBA-
JIU CeJeKTUBHYIO pEIIMKallMio BUpyca B KJIeTKax
ranoMbl Ml GL261 u anmonrornyeckyro rudenb
KkJeTok [29]. Ipyroif reHHO-WHKEHEPHBIN IITaMM
SFV4-miRT124 nposBiisija CUJIbHYIO OHKOJIUTHUYEC-
KYI0 aKTUBHOCTD i#n Vifro B OTHOILIEHUYW MBbIIIUHOMN
actpounuToMbl CT-2A 1 B KJI€TOYHBIX JIMHUSIX TJIN-
o0JIacTOMBI 4YeJIoBeKa, MpeABapUTEIbHO 00pabo-
TaHHBIX UHTepdepoHoM | tuna [28]. danee SFV4-
miRT124 TectupoBaiu in vivo, u 'y mbiieii C57BL/6
¢ oproronunueckoii rinmomoii CT-2A-Fluc takxke
HaOJIomaica OTBET Ha TepalHWi0 — IIPOUCXOIMIIO
UHIMOMPOBAHUE POCTA OIYXOJIU, NMOBbIIIATACH BbI-
XuBaeMocTb, U, B cpaBHeHUUu ¢ SFV VA7-EGFP,
3¢ dexT OblT Oosice BBIpaXKeH, OOHAKO Yy MBbIIIei
HaOJIIOMAINCh SIBHBIC HEBPOJOTUYCCKHE CHUMIITO-
MBI [28]. [ToaTOMy TpeOyIOTCS JOMOTHUTEIbHBIE T'e-
HeTUYecKue MoauduKalMu JaHHOTO BEKTopa IJIs
yaydlieHus ero npoduns 6e3zomnacHoctu. B npy-
TOM TIOAXOIE IJISI MPEOMOJCHHS MEXaHU3MOB pe-
3UCTEHTHOCTU TJIMOM K OHKOJIUTUYECKOMY BUPYCY
SFV aBTOpbI MPUMEHUJIN €r0 COBMECTHO C BUPYCOM
OCIToBaKIIMHEBI (vaccinia virus, VV), KoTopbsiii pa-
Hee TmoKa3zal 3(pGeKTUBHOCTH B OTHOIIICHU U TJIMOM.
HccnenoBaHust B OTHOLIEHU U TTIOJKOXKHOM TJIMOMBI
mbliieit DBT He moka3zaJiv moBbIIeHU ST 3¢ HEeKTUB-
HOCTH ITPU KOMOMHUPOBaHHOM Tepanuu [53], oqHa-
KO B OTHOIIICHU Y MU TEINATBHON KapIIMHOMBI STMY-
HUKOB Mbilieit MOSEC Takasi KOMOMHUPOBaAHHAs
Teparnus yCuJinjaa NPpOTUBOOMYXOJeBble (PhEeKThI
B CpaBHEHMM C MOHOTEpamueil TOJIbKO BUPYCOM
neca CeMJIMKM UJIM BUPYCOM KOPOBBEH OCHBI, UYTO
yKa3bIBaeT Ha MEePCHEKTUBHOCTh TAHHOTO MTOAX0Aa
IIJIsI ONIpeAeIEHHBIX TUIIOB OITyXoJIei [62].

Bupyc Cunpobuc

Bupyc Cunaouc BriepBble OB BbIAEIEH U3 KO-
MmapoB poaa Culex, coopaHHBIX B AepeBHe CUHA0UC
o6nu3 Kaupa B 1952 1. [20]. Bupyc Cunabduc MoxeTt
paccMaTpuBaTbCs B KayeCTBE OHKOJUTUYECKOTO
areHTa, Tak Kak He BbI3bIBA€T CEPbE3HbIX 3a00Je-
BaHUI y J110/ei, criocodeH 3 HeKTUBHO 3apaxarth,
JU3UPOBATh OIYXOJIEBbIe KJIETKM W MNPOHUKATH
B TPYOHOIOCTYITHBIC OITYXOJU IIPU CHUCTEMHOM
BBeneHuun [50]. SIN, kak m SFV, uyBcTBUTENEH
K MHTepPepoHY U 0e3 TeHeTUYEeCKNX Moauduka-
Uil MOXET OBITh MCIOJIb30BaH TOJBKO B OIYyXO-
ngx aedeKTHOM Tepegadyeili curHajia MHTepdepo-
Ha. Kak jmokaszaTenbCTBO 4yBCTBUTEIbHOCTU SIN
K UHTepdEepOoHY ObLIU MPOBEACHBI IKCIIEPUMEHTHI
Ha MbIllIaX C UCMOJb30BAaHUEM KJIETOUHON JTUHUU
rematoMbl Mbireit ML-1 4a, kotopass yacTuu-
Ho nedekTHa o poaykuuu IFNfB, Ho mHTaKkTHA
o Tepemadye CUTHajIoB MHTepdepoHa. B pe3yib-
TaT€ MPU UMIIJTAHTALMU (M Vivo TeraToMa MbIIIEen
ML-1 4a MoxXeT IIpOAYLMPOBAaTh HU3KNE YPOBHU
IFNP, a TakxXe criocoOHa pearnpoBaThb Ha MHTEP-
(hepoH, KOTOPBIM CEKPEeTUPYETCS OKpPYXKaloIIu-
MM HOPMaJIbHBIMM KJIETKaMU M, CJIEIOBATEIbHO,
BbI3bIBATh MPOTUBOBUPYCHBI OTBET, TEM CaMbIM
cHuXasg S(P@PEeKTUBHOCTb Teparnuu BUPYCOM
Cunnbuc [14]. Takxke B JaHHOM HCCJIeIOBaHUU
OblJ1a MCIOJb30BaHa KijeTouyHas JuHus ARKD
CO CTaOUJIbHBIM HOKayTOM pellernTopa uHTepde-
pOHa Ha OCHOBE KJIeTOUHOI TuHun ML-1 4 u Kite-
TOYHas JUHUS rematoMbl Mbiliu BNL, koTopas
HE MMEeT HapylLIeHUU mepegadyy CUTHalla MHTep-
depoHa. Heobxonumo momuepkHyTh, uTo ARKD
MMeeT B 5 pa3 MEHBIIMUN YPOBEHb 3KCIIPECUU pe-
uenrtopauHtepdeporHa IFNARI B cpaBHEeHU U C UC-
XOOHOU KjeTouHoU tuHueit ML-1 4a. I1pu oueHke
oHKoJUuTHU4YecKoro aerctBus SIN Ha omyxoaeBbIX
KJeToyHbIX TMHUSIX ML-1 4a u ARKD in vivo, Kak
U OXUIaJoCh, HabOJIOAAI0OCh 3aMeIJIEeHUEe pocTa
OMYXOJW W BBICOKHE YPOBHHM €€ WH(OUIBTPALIUN
kaetkamu CD8" 1 CD4", B To BpeMsI Kak Ha OITyXO-
au BNL tepanus He moaeiictBoBaia. Takzke oTMme-
Jajoch, 4TO perpecc omyxojieiit ARKD 6b11 cuiib-
Hee 1o cpaBHeHM10 ¢ ML-1 4a. Takum o6pa3om, co-
CTOSIHHE MHTeP(hEepOHOBOro OTBETA MUMEET pellaio-
1iee 3HauYeHUe AJIs1 ycrexa BUpoTepanuu BUPYCOM
Cunabuc Ha Monensax in vivo. CieayeT TakxXe OT-
MeTUThb, 4TOo SIN HMHAYLUUPYET LUTOTOKCUYEC-
KUH TTPOTUBOOITYXOJEBbIA UMMYHUTET, KOTOPBIA
CIEPXKUBAET POCT OMYXOJM 1aXe MOoCse BbIBEACHU S
Bupyca [14]. OHKOTUTHUYEeCKU I TOTeHIIMAJ BUpPYyCca
CuHabuC OIleHWBaJIM B CPaBHUTEIIBHOM Xapak-
TEPUCTUKE C PCOBUPYCOM Ha KJIETOUHBIX JIUHMSIX
paka metiku Mmatku (HeLaS3 u C33A) u paka ssuyu-
HukoB (HOC-1, HAC-2 u OMC-3). SIN noka3zan
00ab1IYI0O 3PPEKTUBHOCTh B CPABHEHUU C PEOBU-
pycoM, a TaK>Ke He BbI3bIBaJI MOPGhOJIOTrnMYECKUX U3-
MEHEHUI B HeTpaHC(HOPMUPOBAHHBLIX KEpaTUHO-
uuTax. IToMruMoO 3TOro, onyxoJieBble KJIeTKU paKa
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meriki Matku (HeLaS3 u C33A) BBOAMIU MbIIIIAM
BALB/cAnNcrj-nu/nu NoakKoXHO € IMOCeayoIIei
Tepanueil MoCpPeACTBOM BHYTPUBEHHOI'O BBele-
Hus BUpyca CUMHOOWC, YTO MPUBOAUJIO K 3HAUU-
TEJBHOU perpeccuu pa3BUBIIMXCS omnyxojeit [51].
AHaI0rUYHbIN 3¢pDEKT OblT JOCTUTHYT MPU BHY-
TPUOPIOLIMHHOM BBEIEHUU BUpPYyca OECTUMYCHBIM
mbiiiaMm CB.17 SCID ¢ BHYTpUOpPIOIIUHHBIM pa-
KOM SMYHUKOB 4dejgoBeka OMC-3 [51]. B mpyrom
uccaeIoBaHUMU [57] cpaBHUBAIM OHKOJUTUYECKYIO
aKTUBHOCTH 9 pa3HbIX BUPYCOB B OTHOIIIEHU U KJIE-
TOYHBIX JUHUU rinodsactoM U-87 MG u M059J.
Wcrnonb3oBaiu BUPYCHl BE3UKYJISIPHOIO CTOMa-
tuta, CuHAOUC, TceBAOOEIIEHCTBA, aleH0acCo-
LIMMPOBAHHBIA BUPYC, MEJIKUU BUPYC MBbIIIEH
(murammbl MVMi u MVMp), uutromMerajoBupyc
MBI, IIATOMETraJJOBUPYC YeJIoBeKa U BUPYC 0be-
3bsiH SV40. Bupycbl Be3UKYJISIPHOIO CTOMAaTUTa
1 CUHAOWUC NPOIAEMOHCTPUPOBAIU CUIBHOE IIUTO-
JIUTUYECKOE JeCTBUE, BBICOKYIO CKOPOCTh Perin-
Kaluu Ha KjaeTouHoi Kyabrype U-87 MG, onHako
Bupyc CuHaouc He uHbULIMpoBan KjieTku M059J,
B TO BpeMsl KaK BUPYC BE3UKYJSIPHOIO CTOMaTUTa
9 HEeKTUBHO AU3UPOBATT KJIETKU OOEUX KYJAbTYP.
Takxe SIN nposiBiasia CeIEKTUBHOCTb B OTHOIIIE-
HUUW OMYXOJEBbIX KJETOK MPU COKYJIbTUBUPOBA-
HUM rauobnactombl U dudbpodiacTtoB. B skcme-
pUMEHTaxX Ha MOAKOXHOU MoAeau TJIM00JIacTOMBI
U-87 MG SIN Takxe MpuBOAMJI K IIUTOJU3Y KJIie-
TOK OMYXOJIU, KaK 1 B OKCIIEPUMEHTE Ha KJIETOUHbIX
JUHUSX in vitro. UcXons U3 MoJy4YeHHBIX pe3yJibTa-
TOB MOXHO MPEAIojaoxXuTh, 4To SIN sBaseTCs X0-
POILIMM KaHAUIATOM JAJIs1 JICYEHU S TIIM00JIaCTOMBI,
ONHaKoO 0e3 reHeTuYecKuX Moaudukanuii BecbMma
orpaHuyYeH B UCHOJb30BaHUM. [Ipu olleHKEe BUDY-
ca CuHaduc aJisg JedeHus HelipobiaacToM Ha Oec-
TUMYCHBIX Mblmax BALB/cAnNcrj-nu/nu  Obla
MokKa3aH MOJIHBIM perpecc B TeueHue 3—8 Hemeb
onyxoJjeit HeiipoOoaactombl SK-N-SH u perpecc 5
u3 6 onyxoJeil HeiipoOysactoMbl IMR-32 B TedyeHue
7—10 Henenb nmocyae Tepanuu SIN, a Takke BbIXKU-
BaeMOCTb B T€UEHUE Tojia IMocJjie JeYEeHU S TeX MbI-
1Iei, y KOTOPbIX HabtoAa ach MoJHas JTMMUHA-
U OImyxoJeit [46].

Bupyc leta

AnbdaBupyc M1 — ato mrrtamm Bupyca l'era, ko-
TOPBIi1 OBLI BhIAEJIEH U3 KoMapoB Buaa Culex, coopaH-
HBIX Ha ocTpoBe XaiiHaHb B Kutae B 1960-x rr. [56].
Bupyc nmopaxaet B OCHOBHOM JiollaJieii U CBUHEN
M HE SIBJISIETCS TIaTOreHHBIM IJisl 4eaoBeka [7].
AnbdaBupyc M1 MHAYLUpPYET arorTo3 B KJaeTKax
IJIMOMBI 3a CYET CTpecca IHOMAOIIA3MAaTUYECKOTO
petukyayma [13] U penauuupyeTcss CeJeKTUBHO
B OIyXOJIEBBIX KJIETKAX, HE BbI3bIBAsi TOKCUYECKMUX
addexToB [23, 59]. B 1oOKAIMHUYECKUX UCTIBITAHU -
sIX Ha MOJEJISIX FenaToLe/ 0T PHOM KapLMHOMBI
Hep3B, paka MonouHoi1 X)ene3bl Mbliuu 4T1 1 me-
JIJAaHOMBI KOXM MbIlIM B16 Habmogaainch, o4yeBuU I~

HblE MPOTUBOOIYXOJieBble 3(MGEKThl, HE ObLIO
OTMEYEHO TOoKcuYeckux 3Gh(eKToB U pernukKa-
MM BHpyCa B 3M0POBBIX TKaHIX. Takxe ObLia
YCTaHOBJIEHAa UYyBCTBUTEIbHOCTD ajbpaBupyca M1
K MPOTUBOBUPYCHOMY O€JKY C IIMHKOBBIMHU TTaJlb-
namu (Zinc-finger antiviral protein, ZAP), KoTopsblit
cnoco0eH B3aumopaeincTBoBaTh ¢ BupycHoii MPHK,
MOIaBJisIsl TEM CaMbIM TPAHCISIIUIO BUPYCHBIX
oenkoB. Hedpunut ZAP yacTto BcTpeyaeTcs B 3J10-
KauyeCTBEHHBIX HOBOOOpPA30BaHUSIX M, BEPOSTHO,
3TOT (aKT SBJISIETCS OOHUM W3 OCHOBHBIX (hakK-
TOPOB CEJEKTUBHOW penpoayKIMu ajibdaBupyca
M1 B onyxoseBbIX kjeTkax [23]. B npyrux uccie-
goBaHusAX [60] ObUIO ITPOAEMOHCTPUPOBAHO, YTO
MPU TPUKIBl HETAaTUBHOM paKe MOJIOUHOM XeJle3bl
(Triple-negative breast cancer, TNBC) anbdaBu-
pyc M1 mHayuupyeT HEKpOINTO3, a HE arloITo3,
KakK B cjyyae IJIMOMbI. Tak>Ke OBbLIO BBISBJIEHO,
YTO OKCOPYOUIIMH MOBBIIIAET YYBCTBUTEIbHOCTD
TNBC k anbdaBupycy M1, onHako B Apyrux omy-
XOJIEBBIX KJIETOUHBIX JHMHUSIX JTOKCOPYOUIIMH
HE ycuJuBajJ JOeWCTBUE BUpPYyca, YTO MO3BOJISIET
NpUMEHSTh anbdaBupyc M1 B KOMOMHUPOBaHHOU
Tepanuu C TOKCOPYOUIIMHOM TOJbKO JJIsl TCUSHU ST
TNBC [60]. Cy1iecTBYIOT ¥ APYTU€E UCCIEAOBAH U
NpUMeHEeHWsI KOMOMHWPOBAHHOM TepaIruu ¢ ajlb-
daBupycom M1. Tak, s aieHOKApLMHOMBbI MOJI-
xenynouHoi xene3bl PANO02 Obl10 MpenoxXeHo
MCIOJIb30BaTh Tepanuio ajibdaBupycom M1 ¢ He-
obpatuMoil anekTpornopanueidi NanoKnife, koto-
past crocoOcTBOBaJla UHOUIIMPOBAHUIO BUPYCOM
OMYXOJIEBBIX KJIETOK, YTO MPUBOAUJIO K BhIPaXKEH-
HOMY ITpOTUBOOITyX0JaeBoMY a(dekTy [44].

Anbdasunpychl
KaKk UMMYHOMOZY/IMPYIOLLME areHThbI

AJbhaBUPYCHl ¥ BEKTOPHLI HA UX OCHOBE CIIOCO0-
HBI aKTUBUPOBATh ITPOTHUBOOMYXOJEBBIII MMMYyHU-
TET, TO €CTh MOTYT pacCMaTPUBAThCS KaK areHTHI s
MUMMYHOTEpAIlMM 3JIOKAYeCTBEHHBIX HOBOOOpPa30-
BaHMU (Tabmn. 2). Hampumep, mpu Teparmmy HEXOMX-
KUHCKoM B-xiretouHoit nmumdombl A20, MHOKYIU-
poBaHHOI MbillaM BALB/c, ObIM HMCITOB30BaHBI
BEKTOPHI Ha OocHOBe BuUpyca CuHOUC c gedeKkToM
peIJIMKAIlMM B COYETAHWUM C MOHOKJIOHAJIbHBIMU
antutenamu o4—1BB Ab. Takasg koMOMHUPOBaH-
Has Tepanus, B OTINYNE OT MOHOTEpAIIU, IIPUBO-
A K TIOJTHOMY perpeccy onyxoau. JIM3uc ormyxo-
JIX CIOCOOCTBOBAJl CMHEPreTUYeCKUM 3P deKTam:
MOBBIIICHUIO ITMTOTOKCUYHOCTU T-TUMEPOIINUTOB,
nponykiuu [FNy, nponudepanuun, wmurpanuu
T-mumponuToB. Kpome Toro, y Bcex BBIXKMBIINX
MBI pPa3BUBAJICA ITPOTUBOOITYXOJICBBI MMMY-
HUTET, YTO BBI3ZBIBAJIO OTTOpKeHUE AuM@PoMBbI A20
TP €€ MTOBTOPHOM BBEAEHW M MbIIIaMm [58].

OnHoli U3 cTpaTeruii akTUBalM ITPOTUBOOITYXO-
JIEBOTO UMMYHUTETA SIBJISISTCS] BCTaBKa B TEHOM OH-
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KOJIMTUYECKOTO BUPYCa Pa3IUYHbBIX TePAreBTUUYECKUX
TE€HOB, HaITPUMep F€HOB, KOMUPYIOLIMX OITYX0Jb-aCcCo-
MM POBAHHBIE WJIN YYKEePOIHbIE aHTUTEHbBI, KOTOPBIC
pacrio3HaTC UMMYHHOW CUCTEMOW W WHIYLUPY-
IOT ornocpeaoBaHHbIN T-TuMdbolruTaMu UMMYHHBIA
OTBET Ha OIlyXOJb. DBbLIO MOKa3aHO, YTO BEKTOPBI
Ha ocHoBe Bupyca Cunabuc (SV-LacZ), Hecyliue
B-ramakrosumasy LacZ, WHTMOMPOBATIN POCT MBIIITH-
HOM KapuuHOMBI TojcToi Kumku CT26, skcrpec-
cupyromyo lLacZ, BbI3bIBaIM PEMUCCUIO OITYXOJIU
U akTUBUpoBau nuToToKcnyeckue CDS8*. ITpu saTom
Bupyc CuHI0MC 6€3 TeHETUYEeCKMX BCTABOK OKa3bIBal
HE3HAuUTeJIbHOE TepareBTUUecKoe NeliCTBUEe B OT-
HOIIIGHWU OITyX0JIeBbIX KJIeToK CT26. DroT 3hpheKT
CBsI3aH C UMMYHHBIM OTBETOM Ha Uy>KepOIHBIN aHTHU-
reH LacZ. Takxe cienyeT cka3aTb 0 (hDOPMUPOBAHUU
T-k1eToK IaMsTH, KOTOpble B JaJibHEHIIIeM aKTu-
BUPOBAaJI UMMYHHBIN OTBET IPY TTOBTOPHOM BBEJIE-
Huu SV-LacZ Kak B OTHOILIEHUY OITYXOJIEBBIX KJIETOK
KapLHOMBI TojicToit knumku CT26, sKkcrpeccupyro-
mux LacZ, Tak u B oTHomeHuu LacZ-HeraTMBHBIX
onyxonesbix KjieTok [10, 49]. Kpome Toro, Ha Mone-
JIM KaplLIMHOMBI SIMYHUKOB yesnoBeka ES-2 ObL10 Mo-
Ka3zaHo, yto SV-LacZ aktuBupyetr NK-kimetku [9].
B apyrom uccienosanuum [38] 6611 pazpaboTaH BEKTOP
Ha ocHoBe Bupyca Cunaouc (SV-NYESO-1) c ucrnoJsib-
30BaHUEM  OITYyXOJIb-aCCOLIMMPOBAHHOIO aHTUIEHA
paka simuka 4desioBeka N'YESO-1, koTopblii aKcrpec-
CUpYeTCs TIpY pake SIMIYHUKOB IpuMepHO B 43% ciy-
yaeB [8]. OHKOMUTHUYECKYID aKTUBHOCTb BEKTOpa
SV-NYESO-1 niposepsiiin Ha Mbitiax BALB/C ¢ wmc-
MOJIb30BAHUEM OITYXOJIEBbIX KJIETOK KapLXHOMbI
TOJICTOI KUIIKU, 3Kcrnpeccupyrommx NYESO-1 [38].
bbli OTMeUeHBI 3aJepXKKa pocTa OMyXOau, UMMY-
HOMOYJIMpYIOlllee AEeUCTBUE BEKTOpa U, B HEKOTO-
DBIX cJlydyasiX, TOJHBIA perpecc omyxoJyiei. bbuio
otMedyeHo, 4yTo JiedeHue SV-NYESO-1 npuBonuiio
K yBeJuuyeHuio akcrpeccu PD-LI1 Ha omyxoJieBbIx
kietkax u PD-1 — Ha MHOUIBTPUPYIOLIMX OMYXOJIb
T-knetkax. [ToaToMy U151 yCUJIEHW ST TTIPOTUBOOITY XOJIe-
BbIX apdpexkToB SV-NYESO-1 6bl1a TprMeHeHa KOM-
OMHMpOBaHHas Tepamnusi ¢ 0JOKATOPOM WMMYHHBIX
KOHTPOJIbHBIX TOUek anti-PD-1, yTo npusesio K 6osee
CUJIBHOMY TIPOTMBOOITYXOJIEBOMY UMMYHHOMY OTBe-
TY, K ITOJTHOMY MICYE3HOBEHU IO OMYXO0JIe MPaKTUUECKU
y BCEX MBIIIIEH, a Takke K (hOpMUPOBAHUIO MPOTUBO-
oryxojeBoro uMmmyHuTteta [38]. [1pu ucrnonbzoBaHUU
BekTopa SFV-OVA, Kkomupyrolero oBaJibOyMHHO-
Bbilt aHTUreH (Ovalbumin, OVA), KOTOpbIil SIBISIETCS
BBICOKOUMMYHOT€HHBIM  UYKEPOAHBIM aHTUTEHOM,
B KOMOMHUpoBaHHOM Tepanuu ¢ VV-OVA Ha monenu
KapuMHOMBbI IMYHUKOB MbIlii MOSEC Habmtonanuch
0osiee BbIpaXkeHHbIE MPOTHUBOOIYXOJEBbIe d(GHEKTHI,
YeM IPU UCTTONb30BaHUY AUKUX mITaMMOB SFV u VV,
ITpoTuBoomnyxoieBbie 2hheKThl BKIIOYATIU yMEHbIIIE-
HUe 00beMa OMyXOJIM U JJIUTEIbHYIO BIXKMBAEMOCTh
Mmbiieit C57BL/6 3a cueT mpsiMOro OHKOJIMTUYECKOTO
JIEUCTBUSI BUPYCOB Ha OITYXOJIb, @ TAKXKE 34 CUET aKTU-
Banu OVA-crneruduueckux CD8* [62].

st MpOTUBOOIMYXOJEBOM Tepamuu y MBbIIIEH
C TIOAKOXHON MbIIIUHOK JuMdbobaactomoit TC-1
ucnoab3oBaiu BeKTop SFV-IFN Ha ocHoBe BUDY-
ca jeca CeMJIMKU, 9KCIPECCUPYIOLINIA MbIIITUHBIA
IFNo [33]. SFV-IFN 65611 ciocobeH UHAYLIMPOBaTh
OTBET UUTOTOKCUYECKUX T-TUMGOIIMTOB U aKTUBU-
poBaTh MHUEJOUIHbIE KJeTKU. BHyTpuomyxoseBoe
BBeneHue SFV-IFN npuBoauio K nusucy 58% mipu-
BUTHIX ontyxouieit B TedeHue 21 g SFV-1FN Tak:xe
ObLJI CITOCOOEH MHAYLIMPOBATh 3HAYUTEIbHBIN MPO-
TUBOOITYXOJIEBBIA OTBET B IOAKOXHOW MBIIIMHON
MOJeJI aAeHOKapLMMOMBI TOJICTON KUIIKMU [33].

B HacTosliee BpeMsi aKTUBHO MCCIENYIOTCS
NPOTHUBOOMYXOJIEBbIE CBOWCTBA BEKTOPOB, KOIAM-
pYIOIIMX UHTEPJEHKUHBI, B TOM uucie [L-12, ko-
TOPBIN ydyacTByeT B nuddepeHinpoBke T-kieTok
U CTUMYJIUPYET BBIPAOOTKY (pakTopa Hekpo3a
OMYyXOJIW, YTO AeJlaeT €ro BaXXHbIM KOMITOHEHTOM
NPOTHUBOOMYXOJEBOI0 UMMYHHOro oTBeTa. B uc-
ciaenoBaHuu [48] B TedyeHue S5 AHEHN Mocje BHY-
TpUOPIOIIMHHOTO BBemeHUs1 BekTopa SIN/IL-12
mbiiam CB-17-SCID ¢ kapumHOMOI SIMYHUKOB
ES-2 nerekTupoBaJu yMEHBbIICHUE OMyXoJei
Ha 95%. Tak:ke OBIJIO YCTAHOBJICHO, YTO TeparieB-
Tuvyeckuii apdext SIN/IL12 3aBucuT Kak oT 1U-
TOTOKCHUYECKOU, TaK U OT PETYJASITOPHON PYHKIIU A
NK-kinerok [9]. Ha ocHoBe Bupyca jgeca CeMauku
Tak>Xe ObLJI CO31aH BEKTOP C FT€HOM, KOAUPYIOIIUM
IL-12 (SFV-enhlL-12), u BBeneHue ero cypkam
Marmota monax ¢ TeNnaToOLEJIIOJSIPHON Kaplu-
HOMOU MOPUBOAUIO K aKTUBALlMU WHTepdhepo-
HOB W T-KJ€TOYHOr0 MMMYHHOTO OTBETa, 4TO
CITOCOOCTBOBAJIO YMEHBIIEHUIO O0BbeMa OIyXO-
neit [36]. BHyTpuonyxojieBoe BBeACHHE BEKTOpa
SFV-IL-12 kpwicam Fischer 344 ¢ rauomoit RG2
B 103ax 5 x 107 u 5 x 10% wacTuil B 5 MKJI MpUBO-
IUJI0 K yMEHbIIeHUI0 oObema omyxoysu Ha 70
n 87% coorBeTcTBeHHO. IIpu 3TOM BBemeHUE
HU3KOW O03bl BUPYCa-BEKTOPa 3HAYUTEIBHO YBe-
JIMYMBAJIO BpeMs BBIXKMBAHMS KpPBIC, a BbICOKas
Jl03a B HEKOTOPBIX ciaydasix Obljia JieTajlbHa, 4YTO,
MO-BUAMMOMY, OBLJIO pe3yJbTaTOM BOCIAJICHUS,
HeKpo3a WM OoTeKa B MecTe WHOoKyJsuuu [35].
B npyrom wucciegoBaHMM Takxke ObIJIO IMoKa3a-
HO, yTo SFV-IL-12 aktuBupyet T-muMdOUUTHI,
u ycuauBaeT akcnpeccuto OX40 (onuH U3 peuer-
TOpPOB (haKTopa HEKPO3a OIMYXOJU, KOTOPbIN ydya-
cTBYeT B npojiudepauuu T-numdponuTton) Ha CD4
T-addexTopHBIX KAEeTKaX, U TTPU KOMOMHUPOBaH-
HOM Tepanuu c IpUMEHEHUEM aHTUTEI-aTOHUCTOB
anti-OX40, crocoOHBIX aKTUBUPOBATH PELIENITOP
0X40, nabaronancs perpecc onyxoJjei [39].

CiienyeT OTMETUThb, UTO AJISI UCIIOJb30BaHMUS
B OHKOMMMYHOTEpAruyi aKTHUBHO WCCIAEAYIOTCS
BeKTOpbl Ha ocHoBe VEE, 1 Ha JHaHHBII MOMEHT
YX€ eCTh JaHHble KJIWHWUYECKUX WCCIAEAOBAHUMN
o MpUMEHEHMI0 Takux BekTopoB [31]. AVXT701
npencrtasaseT coooit Bektop Ha ocHoBe VEE c ne-
dexkToM perutukaluu (virusreplicon particles, VR P),
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Table 2. Immune-mediated antitumour Alphavirus efficacy

° Kom6 XXuBoTHas
S 2| Tpancren OMOVHUPOBaHHas | L onyxonu (Moaenb) | moaens MpoTuBoonyxonesblie Ccbinka Ha
= T Tepanus I X dol Animal adpdeKThbl uccnepoeaHue
@ = | 'MaNSgene | oo mpination therapy umour type (model) mn(;rg; Antitumour effects References
MonHbiii perpecc
HexopxkuHckas onyxonu, npoAykuus
B-K/1eTOYHaS IFNYy, akTuBaums
MoHoKnoHanbHble nuMpoma A20 Melwm BALB/C T-kneTtok, ycunexnue
| anTutena a4-1BB Ab (BHYTPUGPIOLNHHAS) MbILLU NPOTUBOOMNYXOJIEBOrO (58]
Monoclonal antibody Mouse non-Hodgkin’s BALB/C UMMyHUTETA
04-1BB Ab B-cell lymphoma A20 mice Total tumor regression,
(intraperitoneal) lFN.Y pr_odu_otion, T-cell )
activation, increased anti-
tumor immunity
KapuuHoma ToncToin
KNLIKIA MEILW WHrubuposaHue pocta
CT26 (nopkoxHas, BALB/C
BHYTPUOPIOLLIMHHASA) MbILLN ocrllaya)ionu, akTuBaLus 10
CT26 mouse BALB/C Inhibi [10]
colon carcinoma mice nh|b+|ted_tumor growth,
§ _ (subcutaneous, CD8" activation
- intraperitoneal)
KapuuHoma snyHukoB CB-17-
uenosexa ES-2 SCID AkTtuBaumnsa NK-knetok
4 (BHYTPUOpIOLIMHHASA) MbILIN L [9]
5 . . NK cell activation
Human ovarian carcinoma | CB-17-
ES-2 (intraperitoneal) SCID mice
MonHbiii perpecc
onyxonu, unpunerpauus
T-kneTok B onyxonsx,
. npoaykums IFNy,
E:&‘I‘(:";’mrgfgg" NHAYKUMS BKCIIPECCHN
- Fluc.NYESO1 BALB/C PD-L1 n PD-1, pa3ssutue
2 anti-PD-1 (BHYTPMBpIOLIMHHAS) MbILLU NPOTUBOOMNYX0NIEBOrO [38]
E Mouse colon carcinoma an/;\é‘E/ C 'I:rr:grurv:e:;er:;sion
ggtzrgbﬂzgéﬂzgﬁm T-cell infiltration, IFNy
production induction
of PD-L1 and PD-1
expression, increased
antitumor immunity
KapuuHoma an4yHuKoB CB-17-
o I1e11oae|(6a ES-2 sciD ﬁ;;r::um T-uNK-
5 - (BHYTPMOPIOLWINHHAS) MbILLN o [11, 48]
- Human ovarian carcinoma | CB-17- /(-:\gltlglatlon of Tand NK
ES-2 (intraperitoneal) SCID mice
AkTunBaums
MUENOUAHBIX KNEeTOK,
LUTOTOKCUYECKUX
T-numdouunTos, perpecc
?gﬂq():g:::;:r:)mumu C57BL/6 | onyxonei, passutue
3 _ Mouse TS-1 MbILLU NPOTUBOOMNYXO/IEBOrO [33]
= I mu hoblastoma C57BL/6 MMmyNiToTa
(\éut?cutaneous) mice Activation of myeloid
> cells, cytotoxic
[T
) T lymphocytes, tumor
regression, development
of antitumor immunity
FenaTouennionspHas Cypku Aktuaums IFN 1 u ll,
N KapLUHOMa Marmota |T-kneTtok, pemuccus
5 - (MHAyunpoBaHHas) monax OHYXO{M [36]
= Hepatocellular carcinoma Marmota Activation of type | and
(induced) monax Il IFNS,_T cells, tumor
marmots remission
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XXuBoTHasa
% é’ TpaHcreH K°M6::::r?::""aﬂ Tun onyxonu (Mogenb) | moaenb I'Ipom:dc;g;z();ifesble uc?:ﬁ:’el:gz::ue
5 = | Transgene Combination therapy Tumour type (model) ﬁ‘(’)g‘:ll Antitumour effects References
YMeHblLeHne 00bema
onyxonu, ysenuyeHme
Kpbicbl BbDKMBAEMOCTH,
nuoma kpbicbl RG2 Fischer cMepTesibHas NaTonorus
_ (opToTonuuyeckas) 344 B BUAe BOCcnaneHus [35]
Rat glioma RG2 Fischer 344 norteka
(orthotopic) rats Reduced tumor volume,
increased survival, lethal
pathology in the form
= ﬂl of inflammation and edema
" = KapuuHoma Toncroii
KWLLKUA MbILLY AkTuBauus
CT26, kapunHoma BALB/c, T-kneTok, perpecc
npeacTatenbHON FVB/NJ OnyXxoJiei, CHUXEHne
. xenesbl Mbilun MyC-CaP | Mbiun pucka pa3suTus
anti-OX40 (BHYTpUOpIOLLIMHHASA) BALB/c, PEe3nUCTEHTHOCTM ONYX0Nun [39]
CT26 mouse colon FVB/NJ T-cell activation, tumor
carcinoma, MyC-CaP MbILLIN regression, reducing
mouse prostate carcinoma the risk of tumor resistance
(intraperitoneal)
SnUTennanbHas YMeHblueHue o6beMa
KAPUMHOMA AMMHHKA onyxonu, pnuTesnbHas
; Mbieii MOSEC C57BL/6 BbIXXMBAEMOCTb,
+ <>t _ (BHYTPHGPIOWMHHAS) MbILLN akTuBauusa OVA- 162]
= (o] o ) C57BL/6 cneunduyecknx CD8*
& Epithelial carcinoma of the mice Reduced tumor volume,
mouse ovary, MOSEC long-term survival, activation
(intraperitoneal) of OVA-specific CD8"
ApeHokapuuHoma
é TOJNICTOM KULLKN MbILLUW C57BL/6 ﬁg;ﬂﬂ;u;qﬂegfgro
o - MC38-CEA-2 Mbiwum T-KNeTO4HOro OTBETA [32]
o Mouse colon CS7BL/6 | pctivation of a CEA-
= adenocarcinoma MC38- | mice soecific T-cell response
CEA-2 P P
AktuBauus CEA-
K o cneuuduyeckoro
0NopeKTanbHbIi T-KNETOYHOrO
ﬁ _ Ezﬁ!(’:(:;v:l:v:;ecxue B 0TBETa, ANIUTENIbHAsA [31]
(¥ . BbDKMBAaE€MOCTb
Colorectal cancer (clinical Activation of CEA-specific
trials) T-cell response, long-term
o survival rate
E Pak MOno4yHoWM xenesbl Perpecc onyxonei,
E €O CBEpXaKCNpeccueii BALB/c pa3BuTHe
S o HER2 (opToTonuueckas, MeiLum NPOTUBOONYXOJIEBOrO
E - KJIMHNYECKMNE UCTIbITaHUS) BALB MMMYyHUTETA [5]
T Breast cancer with HER2 mice /c Tumor regression,
overexpression (orthotopic, activation of anti-tumor
clinical trials) immunity
T
25 ¢
g 'Eulg % i JNiumdobnactoma mbiwm | C57BL/6 ::3:::;?;" XONEBOro
== = 2 _ TC-1 (noakoxHas) MbILLVN I/IMMyHVITeTya [4]
se g8 Mouse lymphoblastoma  |C57BL/6 | youaiopi it
$8gsc TC-1 (subcutaneous) mice Developing anti-tumor
S8 o immunity
£ 05
= 5 T 8_
mIT =

Mpumeuanue. SIN — CuHabuc, SFV — Bupyc neca Cemnuku, VV — BUpyc kopoBbeii ocnbl, VEE — BUupyc BeHecyanbckoro aHuedanommenuTa nowaae,
VRP — BMpyCHble YacTULLbl pennvnkoHa ¢ Aedektom pennvkauum, LacZ — B-ranaktosngasa, NYESO-1 — onyxonb-accoLMMpOBaHHbIA aHTUreH paka sinyka
yenoseka; OVA — oBanbOyMuHOBBI aHTUreH, CEA — kapLMHOaMBpuoHanbHbIi aHTureH, HER2 — peuentop 2 anuaepmManbHOro haktopa pocTa YenoBeka.
Note. SIN — Sindbis, SFV — Semliki Forest virus, VV — vaccinia virus, VEE — Venezuelan equine encephalitis virus, VRP — virus replicon particles,

LacZ — B-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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KOIUPYIOIIUA KaplMHOAMOPUOHATbHBI aHTUTEH
CEA, KOoTopblii SIBJsIETCS OMOMapKepOM OITyXOJIU
JIJIST KOJTOPEKTaJIbHOTO U HEKOTOPHIX IPYTUX BUIOB
paka [11]. JaHHBIA BeKTOp ObLI MNPOTECTUPOBAH
B IIepBOii (paze KIIMHUYECKUX UCCIIeIOBAaHM A Ha TTa-
LIMEHTaX C KOJIOPEKTaJbHBIM pakoM. AKTHUBALIUS
T-mumdonuroB mocie BBeneHuss AVX701 mpuBo-
nuaa K 0oJice IINTEIbHOMY BEIKMBAHUIO MAlIACH-
TOB, OAHAKO HE K MOJTHOMY u3JieueHu110. B Oynyiiem
HUCCAea0oBaTeNU MIAHUPYIOT MOBBICUTH 3G HEKTUB-
HOCTb Tepanuu, KoMmonHupyss AVX701 ¢ 6iaokaro-
paMy UMMYHHBIX KOHTPOJIbHBIX TOueK [31]. B apy-
TUX JOKJIWHWUYECKUX MCCIIETOBAHMSIX Ha MBIIIaxX
C OIYXOJSIMU aJIeHOKAPLIMHOMBI TOJCTOM KUIIKU
MC38-CEA-2 Bupyc-BekTop AVX701 mipu npume-
HEHNHW B KOMOMHMPOBAHHOU Tepalluy ¢ BEKTOPOM
VRP-IL-12, koaupyromum IL-12, mokaszan 60-
nee cuabHylo aktuBauuio CEA-cneuuduyeckoro
T-kjmeTouyHOro oTBEeTa B CpaBHEHUM C MOHOTEpa-
nueii [32]. Takxke Ha ocHoBe VRP ObIT pazpadboran
BekTop VRP-HER?2, konupytomuii ToMeHbI peuen-
Topa anuaepMaabHoro ¢dakrtopa pocta HER2, ko-
TOphIid runepakcnpeccupyercst B 20—30% ciydaes
paka MOJIOYHOM KeJe3bl U CBsI3aH ¢ OoJjiee arpec-
cuBHbIM noBeaeHueM omnyxonu. VRP-HER?2 06bin
MPOTECTUPOBAH B JOKJIMHUYECKUX UCCIETOBAHU X
Ha MbIIIax, IIpU 3TOM B OTBET Ha T€paruio aBTOPhI
Habmomanu wuHaykunio HER2-cniennduyeckmx
T-KJIETOK ¥ aHTUTEJT, KOTOPble MTHTUOMPOBAIN POCT
onyxouu. Takxe VRP-HER?2 6b11 TpoTecTUPOBaH B
nepBoii (pa3e KIMHUYECKUX UCCAEeIOBAHMI, B KOTO-
PBIX TIepBasi TPYIIIIa IMTAIIMEHTOB CO 3JI0KAYeCTBEH-
HBIMU HOBOOOPA30BaHUSIMU CO CBEPXIKCIIPECCUeEit
HER?2 nonyuvana 3 mo3st VRP-HER2 B Teuenue
6 Henesb. Bo BTopoii rpyIime naiuueHThl HOoayYuIn
Te XK€ 3 MO3bl COBMECTHO C 3apEerUCTPUPOBAHHBIMU
npenaparamu npotuB HER2-monoxwurensHOTO
paka MOJIOYHOM KeJie3bl, TAKUMU KaK MOHOKJIO-
HajJbHble aHTUTena Pertuzumab, Trastuzumab unu
npenapatsel TDM-1 n Lapatinib. B nepBoii rpynmne
BBIXKMBAEMOCTH 0€3 IIPOTrpecCupoOBaHMUS COCTaBHUIIa
1,8 mecsua, a o6uias BeixkuBaeMocTb — 50,2 Mecsi-
1a, BO BTOpoii rpyrie — 3,6 u 32,7 MecsILieB COOT-
BeTCTBeHHO. Takxe cieayer oTMeTUThb, 4To VRP-
HER?2 xoporiio niepeHocujcs malmeHTaMu, U Bak-
uuHauusa uHayuuponana HER2-cneuuduueckue
T-kneTku 1 anTUTeNa. B nanbHeiieM aBTopsl 1Jia-
HUPYIOT NPOIOJIKUTh WCHBITAHUS C OJIOKaTopa-
MW UMMYHHBIX KOHTPOJBHBIX TOUeK [5]. B mpyroit
pabote [4] aBTOpHI pa3dpadboTalii BEKTOpP Ha OCHOBE
VEE, xonupylomuii TeHbl 0e1KoB Bupyca E6 u E7
nanujaoMsbl yenoBeka 16 tuna. beaku E6 u E7 cno-
COOHBI MTHAKTUBHUPOBATh OCJIKN-CYIIPECCOPHI OITY-
xoseBoro pocta Rb u P53, TeM caMbIM c1ocOOCTBYS
pa3BUTUIO omyxoyud. B pazpaboTaHHOM BeKTOpe
aMUHOKMCJIOTHBIE T10CJIEI0BATEIbHOCTU OEIKOB
E6 u E7 Oblin u3MeHEHBbI B YEThIPEX/ISTU MeCTax
JUTST WHAKTUBAIlUM WX OHKOTE€HHOTO TOTEeHIMa-
Ja. BakumHaluyst MbllIeil moJy4YeHHbIM BEKTOPOM

C TOCJEeAYIOIIUM BBEICHUEM KJETOYHOU JWHUU
numdobaactombl TC-1 nim onyxojieBoi KJIETOY-
Hoit tuHuu C3 3amuniana XUBOTHBIX OT PA3BUTU S
onyxosiv Ha 100 1 90% cooTBeTCTBEHHO GJaroaapsi
nerictBuio T-mumdonuToB, crienudUYHBIX B OT-
nowmeHun antureHos E6 u E7. Takxe aBTOpHI 10-
Kazaau 0e30MacHOCTh ITOr0 BEKTOpa, MpeaocTa-
BUB JJAaHHBbIE IO YPOBHSIM 3Kcnpeccuu 0enkoB P53
u Rb [4].

3akJoyeHne

Takum o6pazom, anbdaBUPyChl TPOIEMOHCTPU-
poBaju TOTEHIIMa IJs1 MPUMEHEHUSI B IMMPOTUBO-
onyxoJyieBo Tepanuu. llupokuii TpornusM 1o3BO-
JIIET MCHOJIb30BaTh MX IJIS JIM3UCA OITYXOJICH pas-
JIMYHOM 3TUOJIOTUU, TIPU 3TOM CEJIEKTUBHOCTD aJib-
¢aBMPYCOB M BEKTOPOB Ha UX OCHOBE K pPEeIIMKalI1
B OMYXOJIEBBIX KJETKaX OMpeaessieTcsl BHYTPUKIIC-
TOYHBIMU (pakTopamu. CrenyeT oTMETUTH 3 deK-
TUBHOCTH aJIb(paBUPYyCOB U BEKTOPOB HA MUX OCHOBE
B Ka4yeCTBE IMPOTUBOOIMYXOJEBbIX UMMYHOMOIYJIU-
PYIOIIMX ar€HTOB KaK B MOHOTEpaIiiu, Tak U B KOM-
OMHUMPOBAHHOI Teparmuu. AJTb(aBUPYCHI CITOCOOHBI
HE TOJBKO BBI3BIBATh UMMYHHBI OTBET HETIOCPE/I-
CTBEHHO MOCJIe BBEIEHMsI, HO TaK>Ke MHAYIIMPOBaTh
¢opMUupoBaHUE TTPOTUBOOITYXOJIEBOTO MMMYHUTE-
Ta, 3alIMIIAIONICTO OPraHU3M OT IIOBTOPHOI'O Pa3BU-
THUS 3710Ka4eCTBEHHOTO HOBOOOpa3oBaHus. [loMmmmo
3TOro, ajJb(MaBUPYyChl MPEACTaBASIOT cobOoii ya00-
HYyI0 TIIaTgopMy sl pa3pabOTKM BEKTOPOB, DKC-
NPEeCCUPYIOIINX Pa3IUYHBIC IIJIeBble OCIKU IS
KOMIJIEKCHOW 60pbOBI ¢ ortyxonsaMmu. [IpocToe u ObI-
CTpOE TIOJTyYeHUe PeKOMOMHAHTHBIX YaCTUIL C BbI-
COKMM TUTPOM, a Takke ObicTpas perinkanus PHK
0e3 prcKa MHTerpaluu ee B TEHOM JIeIaloT aiabda-
BUPYCHBIC BEKTOPHI IIPUBJICKATCIBHBIMHU B KAUCCTBE
OHKOJIMTUYECKNX, OMHAKO 3a4acTyl0 OHM obOecrie-
YUBAIOT TOJBKO BPEMEHHYIO SKCIIPECCUI0 TpaHCIe-
Ha, 3aKOAUpPOBaHHOIO B reHoMe. C IpyToii CTOPOHBI
BpPEeMEHHasI SKCITPECCHUS MOXKET OBITH IOCTOMHCTBOM,
TaK KaK B 3TOM CJIyda€ MMMYHHOT€HHOCTH aJib(da-
BUPYCOB, KaK IPaBUJIO, HEBBICOKAS, UTO ITO3BOJISIET
BBOJUTH BUPYC CUCTEMHO B KPOBOTOK 0€3 pucKa ero
MHAKTUBAIlMM UMMYHHOI cucteMoii. Takske ciemy-
€T OTMETUTh, UYTO Ha MAaHHBIK MOMEHT KOJMYECTBO
MPOBEIEHHBIX WJIW 3aljJaHUPOBAHHBIX KJIMHUYE-
CKHX UCHBITAHUN ¢ TIPUMEHEHUEM aJib(haBUPYCHBIX
KOHCTPYKIIMi1 HEBEJIUKO, U, corjlacHo 6a3ze PubMed,
OITyOJIMKOBAHO B IECATh pa3 OOIbIIIC UCCICIOBAHUIA
B 00JIACTM UMMYHOTEpAaINuu OIyXoJel A aaeHo-
BUPYCOB, 4eM AJ1s1 aibdaBupycoB. OQHAKO, XOTS Ce-
PBE3HBIX ITPOPHIBOB MMOKA He HAOJIrOZaeTCs, IPOBE-
JIEHHBIC NCCCIOBAHMS TTOATBESPANIIN OC30ITaCHOCTD
BBEIIEHU ST aJTb(DaBUPYCOB YEJIOBEKY M HAJIMUME y HUX
BbIpak€HHBIX MPOTUBOOITYXOJEBBIX 3((HEKTOB.
B 11ie10M anbdhaBupychl M1 BEKTOPHI HA UX OCHOBE SIB-
JISTIOTCST TIEPCIIEKTUBHBIMHU TIPOTUBOOITYXOJIEBEIMU
areHTamu.
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onTMMU3ALUA U BAJIUAALNA
KOJINMECTBEHHOIO METOAA OLEHKH
PEAKTUBHOCTMU T-KJIETOK NAMATH

YEJIOBEKA K AHTUITEHAM BUPYCA SARS-CoV-2

C UICNOJIb3OBAHUEM NMPOTOYHOU LUTOMETPUMN

O.M. Crpuxakona, A.C. Ilepmun, A.A. Kazapos, 1.B. JIarockun, fJI.A. baxapesa,
A.Il. Bacuabes, 0.A. Hukonosa, 1.10. Eroposa, P.P. Illykypos, P.A. XamuToB

AO «TEHEPHUY M>», nem. Boaveunckuii, [lemywunckuii paiion, Baadumupckas obaacme, Poccus

Pe3iome. AnekBaTHBIN M penpe3eHTaTUBHbI MOHUTOPUHT MOMNYJISLMOHHOIO MUMMYyHUTeTa K Bupycy COVID-19,
BKJIIOYAs TOJITOCPOYHOE BIMSIHUE HA Mepe0oIeBIINX M BaKIIMHUPOBAHHBIX JIIOJEH, TOJKEH BKII0YATh HE TOJbKO UC-
cJeI0BaHKe T'YMOpPaJIbHOT0, HO TakXe U T-KJIETOUHOr0 MMMYHHOT0 oTBeTa. [1pn 3TOM BaxkHYI0 MHMOPMALIMIO MO-
KET IaTh HE TOJIBKO CIIOCOOHOCTh KJIETOK aKTMBUPOBATHCS B OTBET Ha CeIIMDUIESCKUI aHTUTEH, HO U OIpeaecHHe
(beHOTHMIIA peaKTUBHBIX KJIETOK. I 3TOro HaMM pa3paboTaH METON IIPOTOYHOM IIMTOMETPHUU JJIsI OLIEHKH COmep-
KaHUST AHTUTEH-PEaKTUBHBIX T-KJIeTOK, mpoayuupyomux BHyTpukietounsiii [FNy mox Bo3neiicTBueM Ha MOHO-
HYKJIcapHBIe KJIeTKHU mepudeprueckoit kposn (MKIIK) genoBeka antureHoB Bupyca SARS-CoV-2, u mpoBeneHa ero
BaJMaanys. BarmmaninoHHbIe NCIBITAHWS METOTUKHY ITPOBOIUIIN IO CICTYIOIINM XapaKTepUCTUKAM: TYBCTBUTEIb-
HOCTb, CIeIM(DUUHOCTD, MPEHU3UOHHOCTh U pOOACTHOCTh. BanumaliMoHHbIE UCTTBITAHUSI METOJMKH TIO0 XapaKTepu-
CTUKAM «UyBCTBUTEIBHOCTE» M «CIEIUMDUIHOCTH» TIPOBOIUIIN, UCCIICAYS IMOJOKUTEIbHBIC 00pa3Ilbl JOHOPOB, ITepe-
ooseBiinx COVID-19, ¢ amarHo3om, BepuuLIMPOBAaHHBIM J1a0OpaTOPHBIMU METOJAMU, U OTPULIATEIbHbIE 00pA3LIbI,
0TOOpaHHBIE OT JOHOPOB C OTPULIATEbHBIM aHAMHE30M, He KOHTaKTUpoBaBLIKX ¢ 60abHbIMU COVID-19, ¢ oTCcyT-
cTBUeM aHTUTeN K aHTUreHaMm SARS-CoV-2. I3 KpoBU JOHOPOB BBIAEISIM MOHOHYKJICAPHBIE KIETKU Mepudepuye-
CKOM KPOBU METOIOM LIEHTPU(YTUpoBaHUS B I'paJleHTe MJIOTHOCTU (DUKOJJIA U CTUMYJIMPOBAIU ClielubruyecKue
T-K7eTKM nMenTuIaMu, COOTBETCTBYIOIIMMU OCHOBHBIM O€JIKOBBHIM aHTUTeHaM KopoHaBupyca SARS-CoV-2 — nern-
tuabl S-6enka u nentunsl 6enkoB N, M, ORF3a u ORF7a. YuuteiBanu gaHHbIe Ha TPOTOYHOM IIUTOMETPE, BBIIAC-
nsis T-xnetku, mpopyuupytomue [FNy, 1 mpoBoauau cTaTUCTUYECKU I aHATU3 TTOJTyYEeHHBIX PE3YIbTaTOB. 3HAYECHU ST
rromanu, orpanHndeHHol ROC-KpuBOI 1 OCHIO JIOXHOITOIOXUTENbHBIX Kinaccudpukanuii (AUC) nis momyasimit
CD4 u CD8, cocraBwio ot 0,97 mo 1,00. MeTonmka mokasaja IIpHeMJIEMYI0 CXOOTUMOCTb M BHYTPUJIA00paTOPHYIO
MPEM3MOHHOCTD, MMOCKOJbKY KO3(hdOUIIMEHTh Bapualun 1 Bcex oopasioB MKITK He npesbimanu 20%. Beina
MOATBEPXKAeHA podacTHOCTH MpH ucrnoib3oBanu MKITK B cBeXXenpuroToBIEHHOM BUJIE U ITOCJIE ITUKJIa 3aMOPO3K Y/
pa3mopo3ku. [1o uToram BalIuaaliiy YCTAHOBIICHBI TPAHUIIBI OTIPEeIeICHUS TTIO3UTHBHOTO M HETaTMBHOTO OTKJIMKA:
1151 CD4-nosutuBHbIX T-KieToK — 0,029%, nias CD8-nosutusHbIX T-kieToK — 0,064—0,068%, a TakXe KpUTEPUU
MIPUEMJIEMOCTH IIJIsI TTOKa3aTesieil OTKIMKA IMOJOXUTETbHOTO M OTPULIATEIbHOTO KOHTPOJIbHBIX aHTUTEHOB. TakKnM
00pa3oM MOATBEPXKIeHA TPUTOAHOCTh METOAUKU «OlLleHKa aHTUT€H-PeaKTUBHBIX T-KJIETOK, TPOAYLUPYIOLIUX BHY-
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2023, T. 13, Ne 4 PeakTtuBHocTb T-knetok kK SARS-CoV-2

TpukJjeTouHblii [IFNymon Bo3neiicTBueM Ha MOHOHYKJIeapHble KJIETKU MepudepruiyecKoil KpoBU Ue0BeKa aHTUTEHOB
Bupyca SARS-CoV-2, MeTonoM MpOTOYHON LIUTOMETPUM» IJIsT TIOJYUEHUST JOCTOBEPHBIX PE3YJIBTATOB P OIpele-
neHuu copepxkanust BHyTpukietouHoro [FNy B MKITK. Metonuky ncrnosib3oBaiu Mpy XapaKTepu3aluy CTaH1apT-
HBIX KOHTPOJIBHBIX 00pa3LIoB AJisl BHYTPEHHEr0 KOHTpouis KadecTBa Ha0opoB TurpaTect® SARS-CoV-2.

Karoueesvie caosa: SARS-CoV-2, T-kaemounsiii ummyHnumem, nenmuobt KOPOHABUPYCA, UUMOMEMPUS, MENO0 HYMPUKACMOUHO20
okpawueanus yumokuros (1CS), earudayus.

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 1.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, Vladimir 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-
ered 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 [FNy-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 Kkits.

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

BeepneHne

B nauvane 2020 r. BcemupHasi opraHuzauus
zapaBooxpaHeHusi (BO3) «knaccuduuuponana
BCOBILIKY HOBOI'o TuIlla KopoHaBupyca COVID-19
Kak nmaHaeMuo. C Tex mop LeJblo MHOTUX BMU-
JIEMUOJOTMYECKUX U IKCIEePUMEHTAJbHBIX PadoT
OBLIIO HCClIefOBaHME MMMYHOJOTMUYECKUX acleK-
TOB KOPOHABUPYCHOU MH(EKIIMHU, UYTO, B CBOIO OUEe-
penb, CNOCOOCTBOBAJIO MOUCKY METOJOB €€ Jieye-
HUS Y NpOoPUITaKTUKU.

Knunuueckue nposineHuss SARS-CoV-2 Ba-
PHUPYIOT OT 6€CCUMIITOMHON MH(PEKIINHU 10 TIXKe-
JIOM IBIXaTeJIbHOM HEAOCTATOYHOCTU. MeXaHU3MBI,
KOTOpbIE OIpPEeAesiioOT 0COOEHHOCTU TeYeHUs 00-
JIE3HM, OCTAIOTCS 10 KOHIIa HEBBISICHEHHBIMU. ECTh
OCHOBaHUS ToJlaraTh, YTO HaJW4YMe MMMYHHOTO
OTBeTa, B KOTOPOM 3aAeiicTBOBaHbl T-KJETKHU Ia-
MSITHU, SIBJISIETCS KJIIOYEBBIM 3B€HOM B (DOpMUpPOBa-
HUM YCTOMYMBOTO 3alllUTHOI'O UMMYHHUTETa B OT-
HomeHun SARS-CoV-2 [2, 5,7, 9, 17]. Kpome Toro,
crieuuuuHbiii K SARS-CoV-2 T-KIeTOUYHBIN M-
MYHHBII OTBET COXpaHSETCs MOCje SJIMMUHALIUU
HEUTPpAJIU3YIOIIMUX aHTUTE] B TE€YECHUE TI0 Kpai-
Helt Mepe 12 mecsues [8, 12]. B ¢cBs13u ¢ 3TUM mnipo-

BeIleHIE MOHUTOPUHTA HE TOJBHKO TYMOPaJIbHOTO,
HO M T-KJIETOUHOTO IIOIYJISIIMOHHOTO UMMYHUTE -
Ta K Bupycy COVID-19 cinenyer cunutaTh HEOOXO-
JTUMBIM 3JIEMEHTOM SITUIAESMHUOJIOTUIECKOTI'0 Haa30-
pa B YCIOBUSIX MAHIAEMUMN.

CyluecTByeT psili METOIOB, KOTOPbIE MO3BOJS-
IOT M3MEPSITh MMMYHOJIOTUYECKUE OMoMapKephl
B MaTepuaJie, IIOJIyYeHHOM M3 BEHO3HOM KPOBU —
TKaHMW, HanboJiee MOCTYMHOM IS MMMYHOJIOTH-
YEeCKOro MCCJICMOBAaHMSI B KJIMHUUYECKUX HCITBITA-
Husax [7, 16]. Jast BBISIBIEHUSI UMMYHOJOIMYEC-
KX OMoMapKepoB B (popMe IKCIIPECCUPOBAHHBIX
OUTOKMHOB XOPOIIIO 3apeKOMEHIOBAJI CeOsl METOM
BHYTPUKJIETOYHOTO OKpaIlMBaHUS IIUTOKUHOB
(ICS), mpuMeHsIeMbIii K CTUMYJIUPOBAHHBIM MO-
HOHYKIJIEapHBIM KJIeTKaM nepudepruiecKoit KpoBU
(MKIIK) ¢ mociaeaymomumM IIPOTOYHBIM IIATOME-
TPUUYECKUM aHaJIM30M. BHYTpHMKIIETOYHOE OKpa-
IMIMBaHNE IMTOKUHOB, B OTJIMYME OT aJIbTCPHATUB-
HBIX noaxomoB (ELISpot mnu ELISA), mo3BoasieT
OOHapyXUBaTh cHenuGuIecKoe ITOAMHOXKECTBO
KJIeTOK-pecnoHaepoB (Harmpumep, CD4- uiau CD8-
MOJIOXKUTENbHBIC T-KJIETKM), BBISIBISITH aCCOLIMU-
poBaHHBIE MapKepbl AN OEepeHINPOBKHU (HAIPH-
Mep, MapKepbl (EHOTHUIIA TTaMSITH UJIU COCTOSITHUS
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aKTUBAlIMN), TPOBOAUTH (byHKIIMOHATBHBIE TECTHI
(HarrpuMep, PEerucTpupoBaTh MPOAYKIIMIO IIUTO-
KWHOB, MapKepoB IIMTOTOKCUYHOCTH U T. II.), Jie-
TEKTUPYS OIHOBPEMEHHO 3KCIIPECCUIO HECKOJIb-
KUX IIUTOKWMHOB/XEMOKMHOB M MapKepoB ITPOJIM-
depaumu. CoBpeMeHHbIe MHOronapamMeTpruyecKue
MHCTPYMEHTHI TI03BOJISIIOT OTHOBPEMEHHO HM3Me-
PSATH KCIIPECCUI0 MHOTUX MapKepos |5, 9].

Llesnpb Hameit paboThl — pa3padoTaTh U BaJaUuIM-
poBaTh METOJI ITPOTOYHOMN ITUTOMETPUU JIJIsI OIIEH-
KU cofepKaHWsI aHTUTeH-PEaKTUBHBIX T-KJIETOK,
npoayHHupyomnux BHYTpukJIeTouHbt [FNYy non
BO3AEHCTBMEM Ha MOHOHYKJICApHBIE KJIETKH MEepH-
depuuecKkoil KpoBU YesioBeKa aHTUTEHOB BHUpYyca
SARS-CoV-2.

Matepuaibl 1 METOLbI

Jlobposoavypbl, yuacmeyrwujue 8 uccaedo8aHul.
Oobpaszuvt kposu. Bce moOpPOBOJBIBI, YYaCTBYIO-
mure B MCCICOIOBAHWM, 3allOJHSIJIM OMNPOCHBIN
JIUCT € yKa3aHWEM OCHOBHBIX XapaKTEePUCTHK,
CUMIITOMOB 3a00JIeBaHUSI, HAJIUYUSA WHQOEKIIUN
SARS-CoV-2, noaTBepKAeHHOU J1abopaTOPHBIMU
TecTaMU, HaJIMIU S THEBMOHWH, TOATBEPKACHHOM
KOMITBIOTEpHO TOMorpadmueit, 1aty MMMYyHHU3a-
Ouu (€cau ObLJIa) U UCITOJIb30BAHHBIN BAaKITMHHBINA
mnperapar. YCIOBHO 3I0POBBIC TOHOPHI TaKXKe OT-
MeYajii OTCYTCTBUE ITPOIOJIKUTEIbHBIX KOHTaK-
TOB ¢ 60onbHbIMU COVID-19.

B3sTtue 06a3110B KPOBU OCYIIECTBIISIIIOCh BEHE-
OYHKIIMEH B YCIOBHUSAX IIPOLEAYPHOTO KaOWHETa
AO «'EHEPUYM» B mepuon ¢ anpeis I10 UIOIb
2021 r. B nrT. Bonbrunckuii BmagumMupckoit 06-
nmactu (Poccus). Ot Kaxmoro moHOpa OBIJIO TTO-
JIy4eHO a00pOBOJBbHOE WH(MOPMUPOBAHHOE CO-
rJ1acue Ha B3SITME 00pa3loB KPOBU M BKIIIOUCHUE
pe3yabTaTOB UX aHaJIM3a B JaHHOE MCCIeI0BaHNUE.
IlpoBeneHue ucciaenoBaHus ObLJIO O0gOOPEHO JIO-
KaJbHBIM HE3aBUCUMBIM OSTHUYECKHUM KOMMTE-
ToM 1ipu AO «'EHEPUVYM» (mmpotokon Ne 01
ot 11.11.2020). ¥ nnepedoneBmux COVID-19 kpoBb
oTOupanu B nHTepBaje ot 1 mo 10 Mmec. mmocie uc-
Ye3HOBEHUSI CUMIITOMOB 3a00JIeBaHUS WU HaJH-
uyus orpunareabHoro tecta ITLLP.

Boidenenue MOHOHYKACAPHBIX KAeMOK nepuge-
PUHECKOLl KPO8U U Npu2omosaeHue paboyux cycnem-
3uil. MOHOHYKJIeapHBIe KJIETKHU TepudepuIecKoit
kpoBu (MKIIK) Beimensiium mMeTomoM ILICHTPUDY-
TMPOBAaHUS B rpalMEHTE IJIOTHOCTU ukoia (p =
1,077 t/cm?) (HIIIT «ITaun®ko», Poccust) He mo3a-
Hee yeM 4epe3 1 4 mocie 3abopa kposu. [lomcuer
KJIETOK ITPOBOAMJIN C MCIIOJIb30BAHMEM CUeTUYMKa
kieTok — NucleoCounter® NC-100. T'oroBuiu pa-
oouyio cycneHsuio kijetok MKIIK ¢ koHueHTpa-
mueit 5,0 x 10° K1/Ma 1 BHOCUJIM B KaXXI1YIO IYHKY
miaaHmeTa no 5,0 x 10> MKIIK (onTumanibHOE KO-
nmdaectBo) B cpene ADCF-Mab® (HyClone, CIIIA)
B o0beMe 100 MKJT 1100 3aMOpakKuBaIN.

Kpuokoncepsayus. Knetku ocaxngaaud LeH-
Tpudyruposanuem npu 400g. Ocagok KJIeTOK
pecycrieHAupoBalu B cpele A5 KPUOKOHCEp-
BallMM KJIETOK (3MOpUOHaIbHAsl TEJNSIYbs ChI-
BopoTka (FBS, Capricorn Scientific, 'epmanus)
¢ npobGasiaeHuem 10% aumetruncyibdokcuaa
(Sigma-Aldrich, CIIIA)), noBoasi coaepxa-
Hue 10 5,0 x 10° ka/mua. CycneH3MI0 BHOCUIIU
no 1,0 M1 B mpoMapKUpPOBaHHbIE KPUONPOOUD-
KM, KOTOpbIEe MMOMellad B KOPOOKY U3 MeHoIaa-
CTa C KPBIIIKOW M OXJaxXJAaJid B MOPO3UJIbHOM
KaMmepe Nnpu TeMmneparype He Bbiie MuHyc 70°C.
Yepes 24—72 4 npoOUPKU MEPEHOCUTIU B KpU-
OXpPaHUIUINE C XUAKUM a30TOM M XpaHUIU
JIO UCTIOJIb30BaHMU .

Pasmopancueanue MKIIK. Kpuonpoodbupky
¢ KJIeTKaM¥ pa3MOopakMBajv Ha BOISTHOI OaHe TIpu
Temreparype (3711)°C. CoaepXumMoe KpuoamIlya
nepeHOCUIu B MpOOUPKY, coaepxkaliyto 5,0 mia cpe-
OBl JUIST TIOCTAaHOBKM TecTa. LleHTpudyruposanmn
1 muH nipu 400g u Temneparype (20+5)°C. Ocanok
KJIeTOK pecycneHaupoBanu B 1,0 MJ cpeabl AJisd
MOCTAaHOBKM TE€CTa U OMNPEAEsIAN UX KOJUUYECTBO
U XKM3HECHOCOOHOCTh C MOMOUIBIO CUETUMKA KJIe-
ToK. ['oToBUIM padouyito cycreHdutro MKIIK pas
MpOBEAeHM S aHaIN3a 110 XXMBBIM KJIETKaM.

Anmueenvt u konmpoau. B xauecTBe aHTUTEHOB
JUIS CTUMYJISIIUU cnienuduiyeckux T-KIJIIETOK HC-
MOJb30BaJIM MEeNTUIbI, COOTBETCTBYIOIIIME OCHOB-
HBIM O€JIKOBBIM aHTUTeHaM KopoHaBupyca SARS-
CoV-2: manenb aHtureHoB Ne 1 (AT1l, menTtuabl
S-6enka) m antureHoB Ne 2 (AT 2, IenTu bl 0EJIKOB
N, M, ORF3au ORF7a). [lenTuabl, COOTBETCTBYIO-
IIM€ OCHOBHBIM OEJIKOBBIM aHTHUIE€HAM KOpOHa-
Bupyca SARS-CoV-2 ans CTUMYJSLUU CHELU-
¢uyeckux T-kaeToK, ObLIM BbIOpaHbI Ha OCHOBE
nyonuKalui, WASHTU(PUIIMPOBABIIUX PEIEePTY-
ap W BCTPEYAeMOCTh Pa3JIMYHBIX STUTOIIOB JIJIs
TCR y nanveHTOB U KoHBajecueHToB COVID-19.
C mnomolplo OuoMH(pOPMATUUECKOTO aHaau3a
B OCHOBHOM OBIJIM UCKJIIOYEHBI SITUTOMNBI, CIIOCO0-
HBIE TaBaTh 3HAYUTEJIBbHYIO KPOCC-PEaKTUBHOCTh
¢ T-KJIEeTOYHBIMM 3MUTONAMM TaK Ha3bIBaeMbIX
«IIPOCTYIHBIX» KOPOHABUPYCOB MITaMMOB OC43,
NL63, 229E, HKUI. [Jas BeIOOpa ONTUMAJIBHOTO
Habopa MEeNTUIOB, YYMUTBHIBasi paclpoCTpaHEeH-
HocTh TCR 3MUTONOB U X COOTBETCTBUE IT'€HOTHU-
naMm HLA B yesoBedyeckoii mMonyasiliuu, UCHOJIb30-
BaJii cieAaylouiye paboThl U 6a3bl faHHBbIX [14, 17,
21, 24, 25, 26].

Hns kaxaoro oopasia MKITK ucnonb3zoBanu
8 myHok. OTpuLIaTeIbHBII U TTOJIOKUTEIbHBI KOH-
TPOJIb TIPUMEHSIJIN JIJIsl KaXKJ0To oOpasina WHIM-
BUAyaJibHO. B KauecTBe OTpUIIATEILHOTO KOHTPO-
s ucnonb3oBanu cpeny ADCF-Mab® (HyClone,
CIIIA), B KayecTBe ITOJOXUTEIbHOIO KOHTPO-
s — pacTtBop ¢putoremarrnotTuHuHa (OO0 HIIIT
«ITan®ko», Poccus) ¢ KoOHEUHOU KOHLEHTpalluei
BJIyHKe 7 MKT/MIJL.
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PeakTtuBHocTb T-knetok kK SARS-CoV-2

IIpoyedypa anaasusza. IlnaHiIeTbl UHKYOUpPOBa-
au npu temneparype (37x1)°C, cogepxanuu CO,
(5,0+0,5)% wu Bnaxnoctu 95% B TeyeHue 16—24 u.
ITo okoHYaHMM MHKYOAIlMM B KaXKAyIO M3 JIYHOK
BHocuu no 10 MK paboyero pacTBopa UHTUOU-
Topa TpaHcnopTa 6enkoB B cpeae ADCF-Mab®
(HyClone, CIIIA) u3 pacueta 1 MKJ1 MHruouTopa
Ha 1 x 10° kieTok. MHKyO6upoBaiu 4 4 Ipu TeM-
neparype (37+1)°C B atmocdepe (5,0+0,5)% CO,
Mpu BJIaxKHOCTU 95%.

ITo okonyanuu mHkyodanum MKIIK nBa pasza
OTMBIBaJIUu (PochaTHO-CoNeBbIM OydepHbIM pac-
TBOPOM, Ocaxjasi LHeHTpudyrupoBaHUEM B Te-
yeHue 5 muH npu 500g u temneparype (20+5)°C.
BHocunu pactBop peareHTa Fixable Viability Stain
510 (BD Biosceinces, CIIIA) B PBS (1 Mk peareH-
Tta Ha 1 x 10° kjeTok). MHKyOMpOBaau B TeUEHUE
(9+2) mun nipu Temnieparype (3711)°C. Knetku ot-
MbIBaJIi ABa pa3a pochaTHO-cOIeBbIM OyhepHBIM
pacTBOpoM, ocaxkiasi LeHTpUYTupoBaHUEM MPU
500g u Temnepatype (20£5)°C.

B nynku ¢ MKIIK BHOCUJIM peareHThI 151 UM-
MYHO(DEHOTUTITMPOBAHUSI — MBIIIMHBIE aHTUTEIA
npotuBuenaoBeyeckoro CD3, meuenbie PerCP-Cy ™
5.5 (xqjon UCHTI); MbILIMHBIE aHTUTEJA MPOTUB
yenoBeyeckoro CD4, meuennie PE (kyioH RPA-T4);
MBILIMHBIE aHTUTEJa TPOTUB yesoBeyeckoro CDS,
meueHble BB515 (ko RPA-T8) no duHanbHOTO
pa3BeaeHus 1:150 B FACS-0ydepe ¢ nodbaBieHeM
pacTBopa A1 6JIOKMPOBaHUS HecneuubuIecKoro
cBa3biBaHUsA ¢ Fc-penentopamu kietok (Fc Blook,
BD Biosceinces, CIIIA) B coorHomeHuu 1:100.
MukybupoBanu naaHiieT B TedyeHue (30+5) MuH
npu Temreparype (51£2)°C. ITo oKOHYaHUU UHKY-
Oanuu KJeTkKu TpuXAbl oTMbiBaiu FACS Oyde-
poMm, ocaxkasi KJIeTKU eHTpUdyTrupoBaHUEM MPU
500g u remnepatype (5+3)°C.

Ocanok MKIIK pecycnenaupoBaiu B 100 MK/
JyHKa pactBopa ajas ¢ukcauuu (Fixation Buffer,
BD Biosceinces, CIIIA) 1 uHKyOupoBajau B Teuye-
Hue (20*£2) muH nipu Temnepatype (51£2)°C. ITocie
MHKYOAIIMM IBaKIbl OTMBIBAJM KJIETKHM OXJIaXK-
neHHbIM FACS-6ydepom.

Knerku MKIIK onHOKpaTHO OTMBIBaJIu padbo-
YUM PaCTBOPOM JJISI IEpMeadUIN3all M1 1 OTMBIBKU
(Perm/Wash, BD Biosceinces, CIIIA) u pecycrieH-
nupoBaiiu B pactBope Perm/Wash. UHKyOoupoBanu
B TeueHue (20+2) muH npu Temreparype (5+2)°C.
ITocne nHKyOalMKM KJIETKU OCaXKAaau U BHOCUJIU
(xpome HeokpallleHHOU mpoosl 1 FMO-KoHTpoOIs
o IFNYy) pearent anst onpenenenust [IFNy (Mprmm-
HBIe aHTUTeJa, CHelUPUIHBIE K YeJTOBEUECKOMY
IFNy meuensie BV421, kinon B27) no ¢uHanbpHO-
ro passeneHus 1:100. MHkyOupoBanu B TeUeHUE
(30%5) muH npu Temnieparype (5£2)°C. Ilocne uH-
KyOaliuy IBa>kKIbl OTMBIBAJM KJIETKU PacTBOPOM
JUTSI TIepMeaOduIn3aluu, ocaxaasi HeHTpudyrupo-
BaHueM 1ipu 500g u remniepatype (5+2)°C. Ocangok
pecycrieHanpoBaJii B pactBope Perm/Wash.

Obpabomka pe3yabmamog anaaiusza. Bee pesylib-
TaThl OBIJIM MOJIYYeHBI Ha ITPOTOYHOM LIMTOMETPE
BD FACSCanto II ¢ ucnojib3oBaHueM 111a0JIOHOB,
CO3JaHHBIX C TOMOIIIBIO ITPOrpaMMHOI0 obecIreue-
aust FACSDiva (BD Biosciences, Bepcust 6.1.3).

OnTuMalibHble  3HAYeHUs  HMHTCHCUBHOCTH
dayopecueHuuu (MFI) (mns xkaxgoro us ¢uy-
opoxpoMoB B naHeau PerCP-Cy™35.5; PE; BB515
BV421) 6111 mony4yeHbl METOAOM TUTPOBAHUS Ha-
NpSKeHWI ¢ U3MepeHNEM MHIEKca OKpalliBaHUsI
(Stain Index) m1o focTUXEHUSI MAKCUMAaJbHOIO pa3-
JEJICHU S MO3UTUBHOM M HEraTWUBHOM MOIYJISIIUMA.
Henesoit nuanazon MFI nns kaxaporo gJuiyopec-
LIEHTHOT'0 KaHaJia OblJI yCTAaHOBJIEH C UCMOJIb30Ba-
HueM cpenHero 3HadeHust MFI+aBa ctaHaapTHBIX
OTKJIOHEHUSI.

Jns exXemHeBHOM HACTpoOMKu Tmpubopa Tmepen
cObopoM 00paboTaHHBLIX 00pa3loB ObIT TMPOBEICH
ps 1aroB no ctaHaaptusanuu. CHavasna ObLIM 3a-
nymeHbl Cytometer Setup u Tracking beads (BD
Biosciences, Can-Xoce, KanudopHus), 1 mojryyeH-
HBIE HACTPOWKMU OBIJIM MCIIOJB30BaHBI B 3KCIIEPH-
MeHTe. 3aTeM HampsikKeHHs Ha (POTO3JICKTPOHHOM
YMHOXHWTEJIE OBLJIM OTPETYJINPOBAHBI TaK, YTOOBI
OHM TToNaaaJiv B 3aJaHHbBIN LejeBou auarnazoH MFI.

st ycTaHOBKM KOMIIEHCAIIUM JIJIS yUeTa CIeK-
TPaJIbHOTO TTePEKPBITUS MEXIY (DIyopecHeHTHBI-
MM KaHaJlaM¥ UCIOJb30BaJ I HAOOP IJISI ONITUMMU-
32l HACTPOEK KOMIICHCAIMKU (IIyOpECIEeHIINN
JIIST MHOTOIIBETHBIX ITPOTOYHBIX ITUTOMETPHUUIEC-
kux aHanu3oB BD CompBeads Anti-Mouse Ig k/
Negative Control Compensation Particles Set (BD
Biosciences).

IIpyn BBEINOTHEHUM LIUTOMETPUUICCKOTO aHaIM3a
UCIIONb30BaJIN CJICAYIOIIUI MOPSIAOK TIelTUpOBa-
HUS: U3 [EJICBOM MTOMYJISIIUY KJIETOK BBIICITSIIN K1 -
BbI€ KJIETKHU, 3aTeM Bbl A1 CD3-M010KUTEJIbHY 10
nonysiuuto, 3ateM — CD4- u CD8-no3uTuBHbIE
KJIETKH, CPEAN KOTOPBIX BBIIEISIN T-KJISTKH, IO-
3uTuBHBIE 110 Mapkepam [FNy (puc. 1, IT o6moxka).
151 HOCTOBEPHOCTH TTOJTy9aeMBbIX JAaHHBIX B SKUBBIX
KJeTkax peructpuponaiu He MeHee 20 000 coObITHIA.

Pesynbrathl

Hamu Oblsia mipoBeaeHa cepusl IIpeaBapu-
TEIbHBIX SKCIICPUMCHTOB I OIIpCaAcCJICHUA
OIITUMAJIBHBIX PpPC€arcHTOB, O6’B€MOB, BpEMCHU

W JIPYyTUX TIPOLIEAYPHBIX JeTajieil MPOTOYHOTO
UTOMETPUYECKOTO aHajiu3a. 3aTeM, MCIOJb3Ys
ONTUMU3UPOBAHHBIN METOJI, ONPEACISIIN YyBCT-
BUTEJBHOCTD, CIEM(PUIHOCTD, TPEIIU3NOHHOCTh
1 poOACTHOCTb.

BanumannoHHbIe UCTIBITAHUST METOIMKH 1O Xa-
PaKTEPUCTUKAM <«UYBCTBUTEIBHOCTb» M «CITCIM-
(GUYHOCTH» TIPOBOIMIIN, UCCIIEAYST 00pa3Ilbl:

— nonoxuteabHble — MKIIK ot 18 noHOpoOB,

nepedosieBiinx COVID-19, ¢ auarHosom, Be-

pUGUIITPOBAHHBIM J1a00OPATOPHBIMU METOAAMHM
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(TTLP, U®A), n 1 noHOpa, IPUBHUTOIO BaKII-

HoOl «CriyTHUK V» (AO «'EHEPUY M>»);

— oTpullaTeJIbHbie — MOHOHYKJICapHBIE KJIETKH

nepudepuyeckoil KpoBu, oToOpaHHbIE OT 9 J0-

HOPOB C OTPUIIATEJIbHBIM aHAMHE30M, HE KOH-

TakTUpoBaBIIUX ¢ 6oabHBIMU COVID-19, ¢ oT-

cyTcTBHMeM aHTuUTeNl K aHTureHam SARS-CoV-2

(o pesynbraram UDA).

IMpu uccnenoBaHuM MaTepraia OT MHTAKTHBIX
U TIepeOosIeBIINX JOHOPOB C MCIIOJb30BAaHUEM Ia-
Heneir AT'l u AT'2 anturenoB Bupyca SARS-CoV-2
OIpeaessiiv MPOLIEHTHOE COePXKaHUE MPOILYLIEHTOB
IFNy cpenu CD4- u CD8-no3utuBHbIX T-KJIETOK.
Janee npumensiiu ROC-ananus [1, 29] u onpene-
JISITA JUTST KasKJIOW M3 ABYX MOMYJISIIUA 3HAYEHU S
AUC (mmomaau, orpaHudeHHoil ROC-kpuBoit
M OCBIO JIOKHOIOJIOKUTEJIbHBIX KJIacCu(pUKaluii).
MHbopMaTUBHOCTh MeTOAA CYUTATACH TPUEMJIEMOM
npu ycioBuu, uTo AUC cocrasiisiia He MeHee 0,7.

PesynbpTaThl OlLIEHKM OpUBEAEHbl B Tadd. 1-2
M Ha puc. 2—3.

Hnst uccnenoBaHus NPELIM3UOHHOCTHA METOAM -
KU ucrnoab3oBayin oopasisl MKITK ot Tpex noHo-
POB — ABYX NepeOOoIeBIINX U OMHOTO BaKIITUHUPO-
BaHHOro. IIpeliM3MOHHOCTh OLIEHUBAJU Ha IBYX
YPOBHSIX — CXOJMMOCTb W BHYTpUJIaOOpaToOpHas
NPELM3UOHHOCTb.

O11eHKY CXOOUMOCTH BBITIOJHSIU 2 orepaTopa,
KaXblii U3 KOTOPBIX BBITIOJHUJI MO 3 HE3aBUCU-
MbIX u3MepeHus ajsa 3 oopasuos MKIIK ot pas-
HBIX IOHOPOB, B 2 aHanuTU4YecKux nukiaax (ALl),
C UCMOJIb30BaHUEM O0EUX MMaHe el aHTUTEHOB BU-
pyca SARS-CoV-2 (Bcero 4 ALI).

a1 OLleHKU CXOAMMOCTU OTHEJBHO B KaXJIOM
ALl BBIYMCISIU TUCTIEPCU IO 3HAYEH U U TTPOLIEHTHOTO
conepxaHus npoayueHToB [FNYy, mony4yeHHBIX TpU
MOBTOPHBIX UBMEPEHUSIX Kaxkaoro oopasua MKITK.
3HaueHU s nucrnepcuu yepenHsau mexay ALl u one-

Ta6nuua 1. CBoaHbIe pe3ynbTaThl ONpeaesieHus NPoLEHTHOro coaepxanus npoayueHTos IFNycpean
CD4- n CD8-no3utueHbIX T-kN1€TOK Npu uccnegoesaHnmn oopasuoe MKMK oT UMMYHHbIX U HEUMMYHHbIX
[OHOPOB C ucnonb3oBaHuem naHenen Ar'l n Ar2 antureHos 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)

Monynsauns T-kneTok cD4* cDs*
T-cell population
MaHenb aHTUreHoB Al Alr2 Al Ar2
Antigen panel Ag1l Ag2 Ag1l Ag2
NMMyHHbIE A0HOPbI
Immune donors
WHTepBan 3HayeHui
Range % (IFNy+) 0,022-0,108 0,021-0,138 0,072-0,213 0,046-0,374
CpepHee 3HavyeHue
Average value % (IFNy+) 0,060 0,061 0,138 0,183
%CV 41,9 50,2 29,3 481
HeuMMMyHHbIe fOHOpPbI
Non-immune donors

WHTepBan 3HavyeHuin
Range of % (IFNy+) 0,011-0,031 0,009-0,028 0,010-0,057 0,017-0,051
CpepHee 3Ha4yeHue
Average value % (IFNy+) 0,019 0,020 0,035 0,030
%CV 35,9 31,0 45,9 35,5

Ta6nuua 2. Pesynbrathl ROC-aHanusa (oueHka MHGOpPMaTUBHOCTU MeToAa, NoA0O0p NOPOroBoro
3Ha4YeHusa onga ontTumMmmn3aunm 4yBCTBUTEJIbHOCTU U CI'IEI.I,VIQJI/I‘-IHOCTVI)
Table 2. ROC analysis (i.e., evaluation of assay’s threshold to optimize both sensitivity and specificity)

T-knetku | NaHenb anTureHoB | AUC (95% IN) | NMoporoeoe 3HayeHue | YyBcTBUTENbHOCTb | CneunduyHoCcTb
T-cells type Antigens panel AUC (95% ClI) Threshold % Sensitivity % Specificity
ﬁg: 0,97 (0,91-1,00) 0,029 88,9 88,9
CD4*
Ar2 0,97 (0,91-1,00) 0,029 94,4 100,0
Ag2
Art 1,00 (1,00-1,00) 0,064 100,0 100,0
Ag1
cos’ Ar2
Ag2 0,99 (0,97-1,00) 0,068 94,4 100,0
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PucyHok 2. Pe3ynbTaTtbhl onpeaeneHnsi NpoueHTHOro coagepxanus npoayueHtos IFNycpean CD4-
no3uTuBHbIX (cneea) u CD8-no3uTuBHbIX (cnpaBa) T-kneTok npu uccnepgosaHumn o6pasuos MKMK

OT UMMYHHbIX (TEMHbI€ MapKepbl) U HEUMMYHHbIX (CBET/Ible MapKepbl) 4OHOPOB C UCMOJIb30BAHUEM
naHenei Al'1 u Al'2 antureHos Bupyca 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 panels (Ag1 and Ag2)
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PucyHok 3. ROC-kpuBble, NoJly4€HHble NPU UCCNEe[0BaHUUN MPOLLEHTHOIO COAEepPXaHUe NPOAYLIEHTOB
IFNycpepnn CD4- n CD8-no3uTHBHbIX T-KNE€TOK Y UMMYHHbIX U HEMUMMYHHbIX lOHOPOB C UCNOJIb30BaHUEM
naHenew Al'l n Al'2 aHtureHoB Bupyca 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. Pe3ynbraTthl OLLEHKU CXOAUMOCTU U BHYTPUNabopaTopHOIi NpeLu3vMoHHOCTH
Table 3. Repeatability and intermediate precision assessment

Monynauunsa T-kneTok

%CV of intermediate precision

. CD4* CD8*
T-cell population
MaHenb aHTUreHoB Al Ar2 Al Ar2
Antigen panel Ag1l Ag?2 Agl Ag2
CV cxoaumocTu
%GV of repeatability 16,5-18,8 11,7-17,5 3,8-6,9 4,7-13,8
CV BHyTpunabopaTopHOii NPELM3NOHHOCTH 14.2-19.3 1,4-19,0 6.5-15.3 8.9-13,3

paTopaMu (MOJyYeHHOE 3HAueHHUE Najiee B TEKCTe
obOo3HauaeTcsl Kak VcX) M BBIYUCISIIN KO3(hPULIU-
eHT Bapuauuu cxonumoctu (%CVcex) Kak OTHOIIIE-
HHMe KBaJIpaTHOI'O KOPHSI YCPEAHEHHOU MUCIIePCUU
K CpeIHeMY 3HAaYeHUWIO ITPOLIEHTHOTO COIEeP>KaHMUS
npoayueHTtoB [IFNy nng kaxnoro oopasua MKITK
(manee B TeKCTe 0O03HavYaeTcsa Kak M).

Ta6nuua 4. Pe3ynbraTthbl OLLEHKU
kpuoctabunbHocT MKIMK kak nokasarens
pobGacTHOCTU METOAUKMU

Table 4. Comparison of frozen and freshly prepared
PBMCs samples

MpeBbilweHne
- noporoBoro
Aonop g = 3HayeHus
MKIK | Cratyc o6pasua MKMK | 2 = (0,064%)
PBMCs PBMCs sample a2 Th’ hold
donor 2 resho
exceeded
(0,064%)
CBeXenpuroToBieHHbIN Oa
0,200
1 Freshly prepared Yes
3aMOpPOXEHHbIN 0,233 Aa
Frozen Yes
CBeXxenpuroToBieHHbIN Oa
0,168
2 Freshly prepared Yes
3amMOpPOXEHHbIN Aa
0,173
Frozen Yes
CBeXenpuroToBieHHbIN Oa
0,199
3 Freshly prepared Yes
3aMOopPOXEHHbIN Aa
0,147
Frozen Yes

Jnsg ouLeHKM BHYTPUJIAO0OpPATOPHON MpeLu-
3MOHHOCTH B KaxkaoM ALl BEIUMCITSIM 3HAUYCHUS
MpPOLIEHTHOrO cojaepxaHus npoayueHtoB [FNy,
yCpeaHEeHHBIE IO TIOBTOPHBIM U3MEPEHUSIM KasK 10~
ro oopasua MKIIK. /lanee BbIYUCISIIIU CTaHIAPT-
HO€ OTKJIOHEHUE MEXIY YCPEAHEHHBIMU pe3yIbTa-
TaMu Kaxjaoro ALl (manee B TekcTe o603HaYaeTCs
kak Vmn). KoaddunueHt Bapuanuu BHYTpUJIa-
6opaTopHoii mpetu3noHHOCTU (CVBB) BEIUUCISIIU

o ¢opmyie [3]:
1
/VMH + (1 —N) Vex

%CVBB = o )

rae N — KOJIM4YeCcTBO M3MEPEeHUI 00pas1ia B Ipee-
nax AL, octanbHble YCIIOBHBIE O00O3HAYEHUS CM.
B TEKCTE.

IMonmydyeHHBIC 3HaYeHU S TpUBEASHBI B Ta0I. 3.

Hast OUeHKM KpUOCTaOUJIBHOCTU 0OOpa3ibl
MKIIK ot 3 moHOpPOB aHAIM3WPOBAJIN B CBEXKe-
MPUTOTOBJIECHHOM BHUAE U MOCJE OAHOKPATHOIO
OMKJIa 3aMOPO3KH/pPa3MOpO3KU. AHAJIN3 IPOBO-
nuau Toiabko B (popmate CD8/ATL. IMonyyeHHBIE
pe3yabTaThl MIPUBEACHBI B TA0JI. 4.

B kauecTtBe nomoaHEeHU s ObIJ BBITIOJHEH pac-
YyeT KpUTEepPUEB MPUEMJIEMOCTH MJIs1 MOKa3aTeaei
OTKJIMKA IIOJIOKUTEIBHOTO W OTPHUIIATEIBLHOTO
KOHTPOJIbHBIX aHTUT€HOB, UCIIOJb3yEMbIX B aHa-
ause (cMm. Tabua. 5). JIag 3Toro 3HauyeHuUsl OTKJIU-
Ka, TOJy4YeHHBbIC B OMBITaX IO OIEHKE UyBCTBU-
TEJBHOCTU U CIeIU(PUIHOCTU (CM. BBIIIE), OBLIU

Ta6auua 5. PacuyeT KputepueB NnpuemMseMoCTH 415 NoKa3aTtesieil OTK/INKa NONOXUTENIbHOro

U oTpuuaTesibHOro KOHTPOJIbHbIX aHTUF€HOB

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

OTpuLaTenbHbIf KOHTPOJb
Negative control

MonoXxutenbHbIi KOHTPOJb
Positive control

Pasmax oTknuka
Response range

0,010-0,065 0,759-6,02

To xe nocne norapudmmposaHus
Log-response range

o1 -2,000 no -1,367

ot -0,120 no 0,780

YcpepHeHHbI IorapudMmpOoBaHHbIil OTKNK

Acceptance criterion

-1,659 0,351
Averaged log-response
CTtaHpapTHOE OTK/IOHEHME
Standart deviation 0,216 0,246
BbluMcieHHOE 3HaYeHne KpUuTepus npueMsneMocTm 0,059 50,725
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PeakTtuBHocTb T-knetok kK SARS-CoV-2

JorapudmupoBaHbl 1o ocHoBaHUuio 10. Ins Hux
ObILTM BBIYUCIIEHBI cpeaHee apudmetTuueckoe (M)
U cTaHAapTHOe oTKJoHeHue (SD). 3HaueHus1 Kpu-
TepUeB MPUEMJIEMOCTU KaK TpeaebHbIe 3Haye-
Hu oTKiuKa (L), obecrieunBalomime oxXumgaeMyIo
4acToTy c0oeB He Bbille 5%, ObLIM BbIYMCIIEHBI
no ¢popmysiam:

— IS OTPULIATEILHOrO KOHTpoIs: L (—) < 10252,

— JIJIS1 TIOJIOXKMTEIbHOIO KOHTPOJIsSL: L (+) = 104-25P,

Ob6cyxaeHne

CoOanaHCHUpOBAaHHBIT MMMYHHBIM OTBET CBSI-
3aH ¢ 0oJiee JIeTKUM Te4eHUEeM 3a00IeBaHus, TIPU
9TOM BaxHy© B ummyHurtere COVID-19 ponb
urpatotr CD4" u CD8* T-knetku. ¥ nui ¢ Hapy-
IMICHHOW peryasiuueil aHTUTeH-CIIen(uIecKo-
ro OTBETa, HAIIpUMEP, B Bo3pacTe Goiiee 65 jer,
WMEIOIIMX CBSI3aHHBIM CO cTapeHueM AehuIuT
HauWBHBIX T-KJIETOK, yallle HaOJIIoJaeTCs IJIOXOU
ncxon [18]. Ipu ananuse T-KJIeTOYHOTrO OTBETaA
Ha SARS-CoV-2 HeoOxonumo auddepeHupo-
BaTh OTBET MEPEKPECTHO-PEAKTUBBIX K 9HIEMUY-
HBIM KopoHaBupycaMm yenoBeka (HCoV) T-kneTox.
AxtuBanus T-kinetok antureHamMmu SARS-CoV-2,
B 3aBUCUMOCTHU OT WCCJIEOBaHM S, HAOJI01a1ach
y 35—-90% 3m0pOBBIX JIOAci, Ybst UMMYHHAas CH-
cTeMa He BcTpevajgach ¢ JaHHBIM MaTOreHoOM [7,
14, 19, 20, 25, 29]. I1pu 3TOM HaxXOmsSIINECS B IbI-
XaTeJIbHBIX IIYTIX IIepeKpPeCTHO-pCaKTHUBHBIC
T-kyaeTKu BaXKHbI IS 3alIUThl OT a3PO30JbHON
TpaHncMmuccuu SARS-CoV-2 [11]. Kpome Toro, xo-
JINYECTBO MEPEKPEeCTHO-PEaKTUBHBIX T-KJIETOK
KOPPEUPYET C UCXOAOM MH(MEKIIN U TTOCTIe BO3Ieii-
ctBust SARS-CoV-2 [13]. T-kJIeTKU, OoTBeyaronue
Ha SARS-CoV-2 y HauBHBIX MallMEHTOB, MOXHO
OTJIMYUTH OT KJIeTOK Ttocie nuHpekunm COVID-19
Mo MpoUII0 CEeKPEelnu IMUTOKWHOB TIOCJIE CTH-
myassuuu nyjom rnentunos SARS-CoV-2 [27].
LluTomMeTpuuecKkue aHaJM3bl IKCIPECCUU IIUTO-
KMHOB, MapKepoB aKTUBAllMW WJU Tpoaudepa-
OWU, IEMOHCTPUPYIOT BBICOKYIO UYyBCTBUTEIIb-
HOCTb, MO3BOJISISI ONPEAeasiTh UICTUHHBIM CTaTyc
ob6pa3suos [22].

I[IpoTouHast IUTOMETPU S €llle He JOCTHUTJIA Ta-
KOU 3Xe CTenmeHW CTaHAapTU3alluu, Kak ApyTue
JlaGopaTopHble METOABl. B YCIOBUSIX MOMCKOBBIX
UCCIEIOBAaHUM HE Bcerma IMPOBOAUTCS CTporas
npoBepka 3pPEeKTUBHOCTU aHAIM3a. DTO Co3maeT
npoOJjieMy TIpU OTpeNeIeHUN YPOBHS JeTajin3a-
WU, TOYKU OTCCUYCHUSI, MPUEMJIEMOU TOYHOCTU
U APYTUX KPUTEPUEB JOCTOBEPHOCTU MeToaa. B Ha-
meii padboTe MBI ONMCBhIBaeM OOINMIA ITOAXOM HJISI
OILIEHKU PEaKTUBHOCTU T-KJIETOK MaMsTH YeI0BE-
Ka K antureHaM Bupyca SARS-CoV-2 ¢ ucnosb3o-
BaHUEM NPOTOYHOU IIUTOMETPUU.

B pamkax BBITTIOJTHEHHO# pabOTHI HAMH IIPOBE-
JIEHO 2KCIIEPUMEHTAJIbHOE TOATBEPXKACHUE TIPU-
TOAHOCTU METONa JIJIsl TIOJIyYeHUs JTOCTOBEPHBIX

pe3yJIbTaToB. B Xome BaauaaliMoHHBIX UCITBITAHU I
METOAMKHU IO XapaKTePUCTUKAM <«UYBCTBUTEIIb-
HOCTBb» U «CNIenUPUIHOCTD», 1Jig CD4 nu CDS8 no-
nynsauii T-KJIeTok 1 00enx IaHeseli aHTUTEHOB
noayueHbl 3HadeHUst AUC Boime 0,95, yto mon-
TBEPKIAaeT BBICOKYIO MH(MOPMATHBHOCTb METOMA.
IToporoBrie 3HaUeHUS CUTHaJIa (IIPOILEHTHOTIO CO-
nepxanus npoayueHtoB IFNy), obecneuuBaro-
II1Me ONTUMAaJIbHYI0 YYBCTBUTEIBHOCTH U CIICIM-
buyHOCTh (0K0J10 90% 1 BBILIE), COCTABUJIM IS
CD4-ntosutuBHbix T-kaetok 0,029%, nnsa CDS-
no3utuBHbIX T-kieTok 0,064—0,068%.

Kputepun mnpuemieMocTd MNpU OIEHKE BHY-
TpUJIAa00OpaTOPHON TMPEUU3UOHHOCTU U CXOAUMO-
CTH OBUIM HaMM yCTaHOBJICHBI Ha OCHOBE Ieped-
HS OCHOBOIIOJIATAIOIINX CHEINaIN3UPOBAHHBIX
pab6or [4, 10, 23, 28]. CXoAMMOCTb U BHYTpHUIa00-
paTopHasl MPeLUU3UMOHHOCTb CUUTAIUCh MpUeMe-
MbIMU, eciu %CVex u %CVBB 110 BceM obpasiiaM
MKIIK ne npebimanu 20%. OITUMaIbHYIO CXO-
JTUMOCTb W BHYTPWJIAOOPATOPHYIO MPEIU3UOH-
HOCTb Toka3zaja ¢opmat Metona CD8/AT'l u CDS§/
AT2, mpenmnosiaramlivii onpenaeieHue IPOILEHT-
Horo conepxanus nponyeHToB [FNycpenu CDS§-
MO3UTUBHBIX T-KJIETOK C MCITOJb30BaHUEM TaHe-
au antureHoB AI'l u AT'2. DToT popmar pelieHo
UCIIOJIb30BaTh B JaJIbHEUIIEM KaK OCHOBHOW IIpU
NPOBEACHUY PYTUHHBIX aHAJITN30B.

B kauecTBe mokaszaTeiisi poOaCTHOCTU METOIU-
KV HaMM ObljIa BbIOpaHa CcTaausl 3aMOPO3KU/pa3-
Mopo3ku obpasua MKITK, koTopast MOXET BIUSTH
Ha COCTOSIHHE KJIETOK M UX CITOCOOHOCTH ITPOIY-
nuposaTh IFNY B mpucyTcTtBuu antureHa. B xomne
BKCIIEPUMEHTOB pOOACTHOCTH MOATBEPAUIIH, YCTa-
HOBUB, uTO s Bcex obopasuoB MKIIK B cBexe-
NPUTOTOBJICHHOM BUIE M IIOCJIE IIMKJIA 3aMOPO3-
KN/pa3MOpPO3KN Pe3yabTaT OIIPEACICHUS 3Hade-
HUM npoleHTHOoTo coaepkaHust CD8-1To3UTHUBHBIX
T-xknerok no mapkepam IFNy Obl1 BblllIE TTOpPO-
TOBOrO 3HAYeHUsI, OMNPEACICHHOTO TMPU OICHKE
YyBCTBUTEbHOCTU U crneuuduynoctn (0,064%).
Takum oOpa3oM, B XOJe UCCIIEAOBAHUI ObIJa 10-
Ka3zaHa BO3MOXHOCTb MCHOJIb30BaHMSI B JaHHOM
METOe KaK CBEXKEBBIASICHHBIX, TAK M 3aMOPOXEH-
Hbix MKIIK.

CnoHTtanHoe BbIcBOOOXIeHWEe [FNY B anamm-
3ax ObIJIO OMKWCAHO B JUTEpaType U ObIJIO CBI3aHO
c oopaszuamu PBMC oT 1OHOPOB ¢ MOBBIIIICHHBIMU
YPOBHSIMHU MPEAIIECTBYIOIIEf UMMYHHOW aKTHBa-
muu kak CD4*, rak u CD8" T-knetoxk [15]. YToObI
OTJIMYUTH MENTUA-CITeIn(bUIeCKre OTBETHl B 00-
pasuax PBMC ot BbeicOKOTro Hecrneumu@uueckoro
¢doHa, MBI YCTAHOBWUJIM ITOATBEPXKIAIOIIYIO TOY-
Ky OTCEUYeHUs MIJISI OTPUIATEIHBHOTO KOHTPOJIS.
DTa ToukKa OTCceYeHU s OyAeT MCIOJb30BaThCs A
onpeAeaeHus CIeUUDUIHOCTU TIENTUIHOIO OT-
BeTa (€CAM M TENTUIHAS CTUMYJISLUSI U OTCYT-
CTBUC MENTUAHON CTUMYJISILIUA NPUBEIN K OTBE-
TaM). Y Jull ¢ HapylleHHO! peryasiuueil aHTUreH-
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crieMdUYECKOro OTBeTa, HaIlpUMeEp, UMEIOIIUX
CBSI3aHHBIM CcO cTapeHueM AehUIIUT HaWBHBIX
T-knetok [14], BO3MOXHa HU3Kas CTENEHb aKTH-
BalluM MMMYHOKOMIIETEHTHBIX KJIETOK B OTBET
Ha natoreH. YToObl MOATBEPAUTh OTCYTCTBUE Ha-
pYLIEHUI perysiiuu aHTUTeH-CIen(pUIeCKOro
OTBeTa Mbl YCTAHOBUJIM IOATBEPXKIAIOIIYIO TOY-
Ky OTCEUEeHUS I TOJOXMUTEIbHOTO KOHTPOJIS
(He menee 0,725).

Ha ocHoBaHMM OINMCaHHBIX PE3yJbTAaTOB Ba-
JIUAAIMU METOJ OBbLJI IMpU3HAH ITPUTOIHBIM st
OLIEHKU peaKTUBHOCTU T-KJIETOK MaMsITU YeJoBe-
Ka Kk antureHaM Bupyca SARS-CoV-2 ¢ ucnosnp3o-
BaHUEM ITPOTOYHOI IIUTOMETPUU.
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PASPABOTKA CTPYKTYPbl U LULTAMMA-
NMPOAYLUEHTAE. COLI ANY AHTUTEHA,
COAEPXXALLEIO NMNOCJNIEAOBATEJIbHOCTH
BEJIKOB N, S, M, E KOPOHABWUPYCA SARS-CoV-2

B.B. Konats!, A.A. Paouenkona!, E.JI. Yupak', E.P. Uupak', A.W. Caenko', H.H. Koimaxkos?,
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Pestome. T-k1eTOUHBIIT UMMYHHBII OTBET KpailHe BaXXeH MPU 3alIMTE OPraHU3Ma YeJJOBeKa OT MHOTUX BUPYCHBIX UH-
(exuuii. U3BecTHO, UTO OH MOXKET 00€CIeUUTh BUPYCHBIN KJIMPEHC U TIOJTHOE BHI3NOPOBJICHUE Y MALIMEHTOB C TYMO-
paabHbIM UMMYHOAeDUIUTOM. Y nanueHToB ¢ COVID-19 T-K1eTouHbIif OTBET HAITPaBJIEeH B OCHOBHOM Ha CTPYKTYP-
Hble 6enku Bupyca S, M, N, E, u3 KkoTopbix Harbosee KOHCepBaTUBHBIM SIBJIsIeTCS O€10K HYKJleokarncuaa. st oueHku
MMMYHUTETA MallMEHTOB B OTHOLIEHUU KOPOHABUPYCHOI MHMEKIIMU U onpeneeHust 3GheKTUBHOCTY BaKIIMHHbIX
KaHIMAaTOB HeoOXomuMa pa3padoTKa ONTMMAJbHOIO AMArHOCTUYECKOTO aHTUI€HA, MCIIOJb3YeMOTo MJISI OLleH-
k1 (opMupoBaHusi T-KJIETOUHON peakIUU MPOTUB aHTUTeHHBIX AeTepMuHAHT SARS-CoV-2. InarHoctuyeckmii
TECT AJIS OIpeae/eHns crienndruyecKoil YyBCTBUTEIBHOCTU OpraHu3Ma K nH(peKLun, Bui3biBaeMoii SARS-CoV-2,
JIOJIKeH OBITH HalleJieH Ha KOHCepBAaTUBHBIE PErMOHBI IT00albHBIX BapuaHTOB SARS-CoV-2. Ilenbio paboTsl Obla
pa3paboTKa CTPYKTYpPH aHTUTECHA, CONEPXKAIIETo KOHCEPBATUBHBIC I MMMYHOTEHHBIE TIOCTIEIOBATEIBHOCTH CTPYK-
TYpHBIX 0enKoB KopoHaBupyca SARS-CoV-2, u monyderue mramma Escherichia coli — TIponylieHTa peKOMOMHAHT-
HOTO 0ellKa IS ITOCIeAYIOIIETO NCTIOb30BaHNUs OeJIKa B KaueCTBe aHTUTEHA IS OICHKU T-KJIETOUHOTO ITPOTUBO-
BUpPYCHOTO UMMYHUTeTA. CO3/1aHUE MOCIEN0BATEIbHOCTY aHTUTeHa npoBonuiu in silico: TepiTool u NetMHClIpan
WCTIOJIb30BAJIN ISl TIPOTHO3MPOBAHUS W MICHTU(UKAIIMY BbICOKOA(QOUHHBIX 3MTUTOIOB, OXBAaTHIBAIOIINX OETKU
E, M, N, S SARS-CoV-2 u cBa3biBatoiminx MHC II. Bblio CKOHCTpyHpPOBaHO HECKOIbKO BaApUAHTOB PEKOMOMHAHT-
HbIX 0€JIKOB-aHTUTEHOB, U3 KOTOPBIX BHIOpPaJM OAWH Ha OCHOBAaHMM €ro (hM3MKO-XMMHYECKUX CBOMCTB: M303JIeK-
TPUYECKON TOYKHU, MHIEKCA TUAPOGMOOHOCTH U ajdudaTUUeCcKOro MHIeKca, mocTpoeHHoi ¢ nmomouibio I-TASSER
3D monenu. IMocaenoBaTeIbHOCTh CUHTE3UMPOBAIU U KJIOoHUpoBanu B BekTop pET24a(+). TlonyyeHHol maa3Mumoi
pCorD_PS nocnenoBatenbHo TpaHchopMmupoBanu mtaMmmbl E. coli DH5o, 3atem Rosetta (DE3). IlITaMmm-niponyLieHT
pexombuHaHTHOTO Oenka E. coli CorD PS mpoBepsiin Ha HaJlu4yue ¥ CTAOMJIBHOCTH 3KCIIPeCCUU OelKa-aHTUTeHa
uHaykuuein MITTT, Takxke olleHMBaJIU 2IMMAUHUPOBAHNUE MJ1a3MUIbl, KOAUPYIOIIEH CUHTE3 PEKOMOMHAHTHOTO KO-
POHABMPYCHOTO aHTHUTEHA. B pe3ybprare pa3paboTaH aHTUTECH, BKJIFOUAIOLIN B ce0sT KOHCEPBATUBHBIC YUaCTKH OeJI-
koB S, M, N, E xoponasupyca SARS-CoV-2, Ha KoTopbie MOXET (hOPMUPOBATHCI T-KJICTOUHBI MMMYHHBIN OTBET.
s 6enka Maccoii 53 kDa mpencka3aHa cTabUIbHOCTh B BOIHBIX PACTBOPaxX M M303JIeKTpHuecKas Touka 9,56, 4To
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MOTEHIIMAIbHO MO3BOJIUT YIIPOCTUTD MPOLIECC OUMCTKM OesiKa OT HaTUBHBIX OeskoB E. coli. TlonydeHa nmiaa3sMumHast
JHK pCorD_PS (6695 11.0.), Konupyroliast KJIOHUpOoBaHHBIH B BekTop pET24a(+) cHTe3MpOBaHHBI aHTUTEH KOPO-
HaBMPYCHBII peKOMOMHAHTHBIN. [TolydeH cTaOMIbHBIIM, TPOAYKTUBHBIM 110 KOPOHABUPYCHOMY PEKOMOMHAHTHOMY
aHTUTeHy, mTaMM-TipoayueHT E. coli CorD_PS. Tlony4yeHHBIl 1ITAMM — MPOAYLIEHT pEKOMOMHAHTHOIO aHTUTEHA
E. coli CorD_PS ctabueH, 4To mo3BoJseT NepeiTi K CO3AaHNI0 METOIMKHY OUUCTKM aHTUTEHA U MOCJIEAYIolel pa3-
paboTKe AMAaTHOCTUYECKOM TECT-CUCTEMBL.

Karuesoie caosa: SARS-CoV-2, COVID-19, T-kaemku, CD4* T-kaemxu, CD8" T-xaemku, snumonvt, 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.?, Chirak E.L.?, Chirak E.R.?, Saenko A.I.?, Kolmakov N.N.?, Simbirtsev A.S.c,
Dukhovlinov 1.V.2, Totolian A.A.*

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

b 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
effectiveness of vaccine candidates, itisnecessary 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 in silico: TepiTool and NetMHClIIpan were used to predict and identify
high affinity epitopes spanning SARS-CoV-2 E, M, N, S proteins and MHC II 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 coronavirus antigen 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, CD8" T cells, epitopes, HLA.

Tuna T-TuMbOLUTOB BaXXHbI JJisi OOPbOBI C KO-
poOHaBUpPYCaMU, HO B MOMAESIX UHGMOUIIMPOBAHUS

BeeneHue

T-KeTOYHBIIT UMMYHHBII OTBET UTPaeT KpU-
TUYECKYIO POJIb B 3allIMTE XO35IMHA OT MHOTUX BU-
pycHbIX nHMeKIni. BHyTpuKIeTouHast BUpycHas
WH(pEKIUg CTUMYJIUPYET TIPE3EHTAIIUI0 BUPYC-
HbIX nenTuaoB anu6o 6eakamu HLA kinacca I CD8*
T-kieTkaM (LUTOTOKCUYeCcKUE T-KIeTKHU), JTUOO0
oenkamu HLA knacca Il CD4" T-xknerkam [11].
AxtuBauusga CD4" nu CD8" T-kj1eTOK 3aBUCUT
OT CBSI3bIBAHU ST MEXTy aHTUTEHOM, TIPUCYTCTBYIO-
MMM Ha TJIABHOM KOMIIJIEKCE TUCTOCOBMECTUMOC-
™ (MHC) aHTUTeHNpe3eHTUpyIoInx KIEeTOK,
n T-xnerouHwsiM perentopom Ha T-knetke [30].
B uyactHoctu, MHC 1 pacnosnaercas CDS8*
T-xkmetkamu, a MHC 11 — CD4" T-xkierkamu. O6a

SARS-CoV-2 mnokaszaHO, 4YTO CTeIeHb 3alllUThl
B Oonblueit creneHu 3aBUcUT oT CD4" T-kieTok.
M MeHHO ux akcnepuMeHTaabHOE yaaJeHUue NpuBo-
JIJI0 K OJJOKMPOBKE BBIXOJA BCEX TUMOB TUMGOLIV-
TOB B TKaHb JIETKUX, CHUXEHUIO CUHTE3a HEeUTpa-
JIU3YIOIIUX AaHTUTEN U IMTOKWHOB U 3HAYUTEJIbHO
CHUXAJI0O BUPYCHBIN KaupeHc [5]. MU3BecTHO, 4TO
T-xJeTouHbIi UMMYHHBII OTBET MOXET obecrie-
YUTh BUPYCHBIN KJIUPEHC U MOJHOE BBI3AOPOBJIC-
HUE Yy MallMeHTOB C TyMOpPaJbHbIM UMMYHOAEhU-
uutom |2, 10, 32].

Taxkxe ObLJIO MOKa3aHO, YTO 51 MHMPEKIIUOH-
Horo npolecca, BbizBaHHOro SARS-CoV-2, xapak-
TepHbl: runepaktuBauuss Thl7 u HapylieHUsT UX
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PekoMOUHaHTHbIA KOPOHABUPYCHBIV aHTUIEH

cyormonyJasiliMOHHOTO COCTaBa; U3MEHEHMU ST B COOT-
HOIIIEHUM «PETYJISITOPHBIX» U <«IIPOBOCITAJIUTEI b-
HbIX» T-(DOMIUKYJISIPHBIX KJIETOK-XeJIepoB [1]; u3-
MEHEHHBI cOCTaB MOAMHOXeCTBa B-KJeTOK, 4TO
MOXET OBITh CBSI3aHO C UBMEHEHUSIMU B PYHKIIUO-
HaJbHOUW aKTUBHOCTU T-(hOMIUKYJISIPHBIX KJie-
TOK-xeanepoB [14]; mojJroBpeMeHHbIe HapylIeHUs
B TIpolleccax co3peBaHUs U AUdGepeHIUPOBKU
NK-kJIeToK 1 HUTOTOKCUYECKUX T-TUM@POLIUTOB,
YTO MOXET OBITh CBsI3aHO KakK ¢ 3 (HeKTUBHOI re-
Hepalueil moaMHoXecTBa 3P GHEKTOPHBIX KIETOK,
TakK W ¢ HapylieHueM nuddepeHanum HUTOTOK-
cuyeckux T-kyeTtok B Tumyce [15].

BrisiBasieMblii  peakKTUBHBIM  T-KJIETOUYHBII
orBeT y nauumeHToB ¢ COVID-19, oTrBeTcTBeH-
HBI 3a 2JIMMUHALMIO BUpYyca, UMEET LIUPOKYIO
BapuabesibHYI0 CHneuu@UUIHOCTh K pa3JUuYHbIM
oenkaM SARS-CoV-2. Hawubojiee NOMUHUDPYIO-
mue peakTuBHble T-kKJeTku, BkiIatodas CD4",
CD8*, CD4CDI154*CDI137* u CDI54*CDI137",
oOHapyXeHHbIE€ Y BbI3JOPOBEBIIUX IAllMEHTOB
¢ COVID-19, obiiu crneuuduyHbl AJisI CTPYK-
TypHbIX 6enkoB SARS-CoV-2 [5, 10, 11]. B co-
ctaB Bupyca SARS-CoV-2 BxonsT yeThipe Oenka:
E (o6osouka), M (MemOpaHa), N (HyKJieOKaricumi)
u S (1uun) [8]. U3 HUX Hanboee KOHCEPBATUBHBIM
U CTaOUJIBbHBIM sIBJsIeTCS N-0€J10K: OOTBIINHCTBO
SIMUTOMNOB, cieuudUYHbIX 051 T-KJIeToK, coxpa-
HSIOT QYHKIIMOHAJBbHOCTh B 3alllMTe OT MHOEK-
W, BBI3BIBAEMBIX MYTUPOBAHHBIMU BapuaHTa-
mu SARS-CoV-2 [20, 30]. Ilpeanonaraercs, 4To
HaJluuyue TepeKPEeCTHO-PEaKTUBHBIX T-KJIeTOK
obecrieyMBaeT TeTEePOJIOTUYHBIA UMMYHUTET
MpU KOHTAKTe C HEUASHTUYHBIM MaToreHom |[7,
33]. HenaBHue uccaeaoBaHUS 3KCIIEPUMEHTAJb-
HO MPOJEMOHCTPUPOBAJU HaIUUYUE MEePEeKpecT-
Ho-peakTuBHbIX T-kjaetok mnpu SARS-CoV-2
n SARS-CoV, uTo yka3piBaeT Ha BaXXHOCTb re-
TEPOJIOTUYHOTO MMMYHUTETAa IpU WHOEKIINN
SARS-CoV-2 [9, 19].

IMockonbKy T-KJIE€TOUHBIA WMMYHUTET MOXKET
00ecCIieYuTh BUPYCHBI KJIMPEHC W 3aJeiCTBOBaH
B MeXaHu3Me UMMYyHHoO# 3amuThl oT COVID-19,
CYIIIECTBYET HEOOXOIMMOCTb OLIEHKM €ro (pyHK-
LIMOHAJIBHOCTU C TIOMOIIbIO JUATHOCTUYECKUX CH-
creM [21, 28].

B HacTosimiemM wucciaemoBaHMM MBI pa3paboTa-
JIU PEeKOMOUHAHTHBINA KOPOHABUPYCHBI aHTUTEH
Ha OCHOBE ITOJIHOPa3MEpHOro OejKa HYKJIeoKarll-
cuga SARS-CoV-2, [O0NMOAHUTENBbHO cojepxKa-
mero T-KJeTOUYHbIe aHTUTEHHbIE NETePMUHAHTBI
CTPYKTYpHBIX 0enkoB (S, E, M) nns kadyecTBeH-
HOro ompeaejeHuss T-KJIeTOYHOrO MMMYHUTETA.
JaHHBIT aHTUTeH MOXeT cTaTbh A(MGhEKTUBHBIM
WUHCTPYMEHTOM [IJs1 omnpeaeeHus T-KIeTOUHBIX
peakuuii y naiueHtoB ¢ COVID-19 ¢ paznuuyHoit
CTEIEHbIO TSIKECTU 3a00JieBaHUSI W/WUJIU OIeH-
K1 UMMYHOT€HHOCTH KaHAMIATHBIX BAKIIMH B UX
KJIMHUYECKUX UCTTBITAHUSIX.

Matepuanbl n MeTopl

Ilpedckazanue/nouck CD4" T-kaemounvix um-
MyHoeeHHblXx anumonos SARS-CoV-2 in silico. Ilonck
WUMMYHOTE€HHBIX 3MUTONOB IMPOBOMUIU B MOCJE-
JIOBATEJILHOCTSIX CTPYKTYpHBIX OenkoB S, N, M
u E SARS-CoV-2 (uzonsat Wuhan-Hu-1, Homep no-
cryma NCBI NC _045512.2) [38]. BeipaBHUBaHUE
OEJIKOBBIX MOCJIEI0BATEIbHOCTEN MTPOBOAUIIU C UC-
nonb3oBaHueM asiroputma BLAST [3]. TepiTool [24]
u NetMHClIpan [27] ucnonb3oBanau AJsl IPOrHO-
3UPOBAHUS U UACHTU(DUKAIIUU BbICOKOA(DDUHHBIX
3MNUTOIOB, oxBaThiBaromux 6enku E, M, N, SSARS-
CoV-2 u ca3biBatominx MHC 11, Ha ocHOBe «mmaHe-
v u3 27 Haubosiee yacThix ajieneid A u B» ¢ BKiTto-
yeHuem ayineneii HLA-DR, HLA-DP u HLA-DQ.
B «metone npornosupoBanus» — IEDB, BeiOupasiu
«yMEPEHHOE KOJIMYECTBO MENTUAOB», JJIMHA DMU-
Toma 1o ymoadaHuio cocrasisiyia 15 AK. Ilentuabt
npencKas3aau Ha OCHOBE MOporoBoro 3HaueHus [Cs,
meHburero unu paporo 1000 HM. B NetMHClIpan
TaKXe mpeackas3anu ces3biBaHue 15 AK nentumos
¢ 27 annenssmu MHC I1. Beutu BeiGpanbl 0,5%-Hble
YaCTOTHBIE SMTUTONBI HA OCHOBE MPOrHO3a Hanbo-
Jee cuabHOro cBsizbiBaHus. i Bcex 15 AK mern-
TUAOB ObLyIa Mpeacka3aHa ux abPUHHOCTh CBA3bI-
BaHus ¢ 27 monekysiamu MHC knacca 11, Ha noito
KOTOPBIX MPUX0onuTcs 97% anneabHBIX BApUAHTOB
HLA-A u HLA-B y OOJBIIMHCTBA 3THUYECKUX
rpynm [29].

ITlouck npedckazannvix s3numonos SARS-CoV-2
cpedu IKCnepuUMeHmaibHo OnpedeseHHbIX INUMON08
U npedckasanue cea3bl8anus OMoOPaAHHbIX INUNMON08
¢ T-kaemounwvim peyenmopom. OTOOpAaHHBIE B 3TOM
nccienoBanun CD4" T-kjieTOYHBIE SITUTOITBI ObLIN
HaiimeHsl B 6aze naHHbIX ViPR (https://www.viprbrc.
org) NyTeM BbIOOpA TAaKUX MapaMEeTPOB, KaK CeMeu-
ctBo Coronaviridae, 4eJlOBEK-XO3IUH U 3KCIIEpU-
MEHTAaJIbHO OIpeaeieHHbIe T-KJIeTOYHbI€ STTUTOIIBI.
s MomenupoBaHUS CBSA3bIBAHUS T-KJIETOYHBIX
PELENnTOPOB ¢ OTOOPAaHHBIMU 3MUTONAMU U HOp-
mupoBaHUs KoMIuiekca anuton—MHC 11 ucnosnsb-
3oBasin ERGO, koTopsiii npuMmennuM Kak 1jist CD4*,
Tak n 111 CD8* T-ky1eTOUHBIX 31U TOTIOB [31].

AHaau3 uuKo-xumu1eckux ceolicme CKOHCmpy-
UPOBAHHBIX peKomMOuUHanmuuix Oeakoe. IlpenBapu-
TEJIbHO MBI pa3paboTaiu HECKOJbKO BapUaHTOB
PEKOMOMHAHTHBIX KOPOHABUPYCHBIX aHTUTEHOB
Ha OCHOBE TojJHopa3MepHoro N-6enka SARS-
CoV-2, OpUeHTUpPYSCh Ha €r0 KOHCEPBATUBHOCTh
U UMMYHOTE€HHOCTb, [OIMOJHUTEIbHO N0O0AaBUB
K Hemy mopob6panHbie CD4" T-KneTouYHbIe aHTU-
TeHHbIE NETEPMUHAHTHI CTPYKTYPHBIX OEJIKOB (S,
E, M). CTpyKTypy CKOHCTPYUPOBAHHBIX PEKOM-
OMHAHTHBIX OEJIKOB MOJEIUPOBAIUA C UCIOJIb-
3oBaHueM [-TASSER u mpoBepunu Ha cepBepe
RAMPAGE [26]. ®Pusuko-xMMHUYeCKHUE Iapa-
METpbl O€JKOB MNPOAHATIU3UPOBAJU C UCIOJb-
3oBaHueM ProtParam [35], wu3oajekTpuyeckyro
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TOYKY JOIOJHUTEIBHO ITPOCUYUTHIBAIM C ITOMO-
mpblo Protein isoelectric point calculator (http://
isoelectric.org) [13].

IIpoBomuIn BEIpaBHUBAHUE ITOCJICIOBATEIBHOC-
Te, coaepXalrx HanbdoJjiee UMMYHOTE€HHbIE yJacT-
KU CTPYKTYpHBIX 0e1KoB SARS-CoV-2, ¢ momoliibio
BLAST [3] npoTuB 0elKOB 4eJjloBeKa, YTOObI yOe-
IUTHCS B OTCYTCTBHUM CXONCTBA TOJYYECHHON THO-
PUIHOI TOCENOBAaTEIBHOCTU C MOCJEN0BaTEIbHO-
CTSIMU O€JIKOB YeJlIoBeKa U M30eKaTh BOSHUKHOBEHU S
ayTOMMMYHHBIX peaKIInii ITpy BBEICHN Y aHTUTCHA.

Koncmpyuposanue naazmudot pCorD _PS. Ilocie-
JIOBAaTEeJIbHOCTh TeHa, KOAMPYIOIIETO XWUMEPHBI
0€JIOK, CUHTE3UPOBaM 1 KJIOHUPOBAJIU B BEKTOP
pET24a(+) mo caittam pectpukuuu: 5 — Ndel,
3" — Xhol. Ilepen 6xHis-MeTKOI DOMOIHUTEID-
HO BBEJIM CTOI-KOMOH. [lonyyeHHYIO TIIa3sMUmLy
cekBeHupoBaiu Ha npudope «ABI PRISM 310
GeneticAnalyzer» (Applied Biosystems, CIILA)
¢ ucnoyibdoBanuem Habopa ABI PRISM BigDye
Terminators Cycle Sequencing Kit.

CozdaHue wmamma-npooyueHma naaszmu-
0ot pCorD PS. TpaHchopMmanum© KOMIIETEHTHBIX
kineTtok FE. coli DHS50, ocymecTBISIM METOIOM
9JIEKTPOIIOpAIlUM C TIOMOIIBIO 3JIEKTPOIIOpaTopa
«GenePulser Xcell» (Bio-Rad, CIIIA). 1 Mk aitou-
POBaHHOI ¢ MEMOpPAaHHOTO HOCUTEJS TIJIa3MUIHON
JHK no6asnsiu K 35 MKJI KOMIETEHTHBIX KJIETOK,
IepeMeIInBaIn IUIIETUPOBAHUEM W IIePEHOCH-
JI1 B CTEPUJIbHBIE KIOBETHI JIJIsl 3JIEKTpONopaliu
(Bio-Rad, CIIIA) oobemom 100 Mk, mieab 1 MM.
TpaHchopMupoBaHUe TPOU3BOAUIIN IIPU IJICKTPH-
YeCKOM MMIIyJIbCe HAIIpsSKeHHOCTHhIO 1,8 KB mimm-
TeabHOCThIO 5 Mc. Tlocne TpaHchopMaliiy KJIETKU
nomeriaau B 1 mi cpeabl SOC M MHKYOUpPOBaJIu B Te-
yeHne 40 muH ipu 37°C B TBEpAOTEILHOM TEPMOCTA-
te «Tepmut» (JAHK-Texnomorusi, Poccus), mocie
Yero IImaTejieM BTUpaiu KJIETKU B Jamuku [letpu
¢ LB-arapowm (Gibko BRL, CIIIA) u unkyoupoBaau
B TCUYEHME HOYU B CYXOBO3IYIITHOM TEpMOCTATe MPU
37°C (BioSan, Poccwus). [lamee KJIeTKW BbICEBAJM
Ha TBepaylo cpeny LB-M-arap ¢ no6asjiieHueM Ka-
HamuuHa (50 MKT/MI) 1 MHKYOupoBaau rpu 37°C
B TCUCHUE HOYM.

JI71sT TpOBepKHU BBEIPOCIINX KJIOHOB UX IIepeceBa-
au B 50 Ma cpennsl LB-M ¢ no6aBjieHreM KaHAMU LU -
Ha (50 MKT/MJI) U MTHKYOUPOBaJIU B POTOPHOM IIIeii-
Kepe-uHkyoarope npu 180 06/mMuH u 37°C B Teue-
HHe HOUM. M3 2 MJT «<HOUHOI» KYJIBTYPHI BRILACIISIIN
niasmMuanyo JHK wHabopom MiniPrep (EBporeH,
Poccus) mo mpoTokoay npou3BOaUTEIS.

TMonyuennywo JHK pecrpunupoBanu 3HIOHY-
kneazamu Ndel u Xhol (NEB, CIIIA) cormacHo
MPOTOKOJY MPOU3BOAUTEN . JIOTTOTHUTETBHO IO -
JIMHHOCTD MJIa3MUIbI TTPOBEPSIJIN MyTeM CEKBEHU-
poBaHus 110 CaHrepy. OLeHKY HaJMYM S TTJ1a3M U bI
W IJIMHBI pECTPUILIMPOBAHHBIX (DPAarMEeHTOB IIPOBO-
WU TTyTeM 3J1eKTpodopesa B 1% arapo3HoMm reje
C OPOMUCTBIM DTUIUEM.

Koucmpyupoeanue wmamma-npodyyenma Esche-
richia coli CorD_PS. TlonydeHHYIO MJIa3MUIHYIO
OHK pCorD_PS paszpogunu B 200 pa3 menoHU-
3UPOBAHHOUW BOAOW U TpaHCHOPMUPOBAIU €IO
KoMIleTeHTHbIe kKaeTku E. coli Rosetta (DE3) npu
aHAJIOTUYHBIX YCJIOBUSX. B pesynbraTe mojyuyuin
mrtaMMm E. coli CorD_PS, conmepxxammuii mia3Musy
pCorD_PS. Jlns xpaHeHUSsT KJIETOK CMeIIWBaJIU
1 MJ1 HOYHOW KYJAbTYphl U 1 MJ cTepusibHOTO 50%
rAulLeprHa, TMePpeHOCUIN B KPUOTIPOOUPKU U 3a-
mopaxkuBanu npu —80°C.

IMpoBoaMIM OLEHKY CITOCOOHOCTH CUHTE3UPO-
BaTh XUMEPHBbIN Oeok KaetkaMu E. coli oToenb-
HBIX KJOHOB, coaepxaiux nuazmuay pCorD_PS.
HouHyio KyJabTypy KJETOK KJIOHOB BbIpalllnBa-
au Ha cpege LB-M ¢ pobaBneHueM KaHaMUIIMHA
(50 MKr/MJI) B POTOpHOM Ileiikepe-MHKybaTope
npu 37°C u 180 06/MuUH.

K 50 M cBexeli cpennt LB-M ¢ mob6aBieHreM Ka-
HaMuirHa (50 MKT/MJI) 106aBISIN 1 M «<HOIHOM»
KYJBbTYpPbl, MTHKYOMPOBAJIM B POTOPHOM IlIeiiKepe-
nHkyb6arope 1pu 180 06/mMuH n 37°C B TeueHMe 2 4.
Hanee oroupanu 1 M1 KyabTypbl 0€3 UHIYKIIUU, 10-
6aBiistan uzonpornui-B-d-tuoranakrosua (UITT)
JI0 KOHEYHOI KOHIIeHTpauu 1 MM, u mpogoykann
WHIYKIIWIO B TedeHue 4 4.

O1LIeHKY 3KCIPECCUM aHTUTeHa KOPOHaBUPYC-
HOT'0 peKOMOMHAHTHOI'O aHAJIM3UPOBATIN METOIOM
anekTpodopesa B 12% mnoavakpuiaMUIHOM rejie
(SDS-PAGE) o meTony JIaMMJi1 B pe1yLHUPYIOLIIUX
ycioBusx [17]. IToaroToBky oopa3LoB AJIsl 2JIEKTPO-
dopesza TIPOBOOMIN CIEOYIOIMINUM oOpa3oM: 1 M
KYyJbTYypbl LeHTpudyrupoBaau 5 muH npu 5000g,
cylepHaTaHT yaaiasijiu, KJIETOYHBI 0CagoK pecyc-
neHaupoBaau B 100 Mxn 8M MoueBuHbI, 50 MM
Tris-HCI pH 8,0, no6asnsau 30 Mk 4x Oydepa s
o6pasnoB (Thermo Fisher Scientific, CIIIA), mipo-
rpesaiu 10 MmuH npu 99°C, oxJraxkaajau U HAHOCUJIU
B JIYHKHU refis. [lonmakpusiaMuaHbIA rejib OKpaliu-
Banu Kymaccu (Coomassie Brilliant Blue R250).

Ouyenxka cmabuasbHOCMU WMAMMA-NPOOYUEeHMA
E. coli CorD_PS. Insa nokasaTeJibCTBa CTaOUJb-
HocTu wTaMma-tipoayueHTa E. coli CorD_PS npo-
BEJIN cepuio U3 9 TOCemoBaTeIbHBIX TEPECEBOB
(Traccaskeit) mTaMMa M CCPHIO MOCICAOBATCIBHBIX
WHAYKIINN, B KadyeCcTBE HOYHON KYJIBTYDPBI IJIST
KaXJoit U3 KOTOPBIX UCITOJIb30BaIU KJIETKHU MOCIIe
1, 3,5, 719 maccaxerii.

Hnst mpoBeneHNS MHAYKINY SKCITPECCUN U3 3a-
MOPOKEHHBIX 00pas3IioB ¢ KYJBTYPOU IITaMMa-ITpo-
nyueHTa E. coliCorD_PS n3 Kaxa0ro cooTBeTCTBYIO-
mero maccaxka oroupanu mo 50 MKIJI KJIETOUHOM
cycneH3un u nepeHocunu B 50 mu cpensl LB-M
¢ nobasneHreM KaHamuimHa (50 mxr/mi). Kiaetku
pacTUIX B POTOPHOM IeliKepe-MHKyOaTope IpHu
37°C u 180 06/muH B TeueHue. K 50 mu1 cBexeit cpe-
o6l LB-M ¢ nobasimeHneM KaHaMuninHA (50 MKT/MJT)
M06aBsIIM 1 MJI HOYHOM KYJBTYpbl, UHKYOUpOBa-
JIY B lIeiikepe-uHKyoatope npu 180 06/muH u 37°C
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B TeyeHue 2 4. Jlangee orbupanu 1 M KyJbTypbl 03
uHaykuuu, gooasasiiu UITTI 1o KoHeYHON KOH-
neHtpau 1 MM U TIpooykKaid WHAYKIIUIO B Te-
yeHue 4 4. OLleHKY 9KCIPEeCCUM aHTUTeHa KOpOHa-
BUPYCHOTO PEKOMOMHAHTHOTO aHAJIU3UPOBAJIN Me-
TOIOM 3JIeKTpodopes3a B 12% TomakpriaMuITHOM
rejie aHaJOTMYHBIM 00Opa30M.

Jast OLleHKW 3JMMUHUPOBAHUS KOAMPYIOIIEH
MJIa3MHUIBI W3 2 MJI «HOYHOW» KYJBTYPHI BBIZEC-
asau naasmuaHyo JIHK nHa6opom «MiniPrep»
(EBporeH, Poccusi) mo mpoToOKoay NpPOU3BOAUTE-
ag. INMonyyennyio nmnasmuanyto JHK pectpunm-
poBanu (JTMHeapu30BaJaMu) 3HAOHYKJea3ol Xhol
(NEB) coriacHOo mMOpOTOKONY MPOWU3BOIUTENS.
JIOMOTHUTENbHO MNOMJIMHHOCTD MJa3MUIbI IIPO-
BEpSIIM TIyTeM €€ CeKBeHUpoBaHUs 1Mo CaHrepy.
O1lIeHKY HaJIUYUS TJ1a3MUABI M IJIUHBI PECTPULIH-
pOBaHHBIX (PpParMeHTOB IMPOBOAUIM ITyTEM 3JICK-
Tpodope3a B 1% arapo3HoM Treje ¢ OPOMHUCTHIM
STUIUEM.

Peaynbrathl

Pa3paboTtka kogupyloweii XMuMepHoWM
nocsenoBaTesibHOCTU aHTUreHa

Cpenn mpenckaszaHHBIX in silico CD4" T-kie-
TOYHBIX UMMYHOI€HHBIX 3MUTOINOB 0eakoB E, M,
N, S Bupyca SARS-CoV-2 6b1111 0TOOpaHbI BBICO-
Koa((UHHBIE BIUTOINBI C 3KCHEPUMEHTAJTbHBIM
noaTBepKAeHueM (corjacHo 0a3e maHHBIX ViPR).
Jlanee 1res oT60p Mo GU3NKO-XUMUYECKHUM CBOM-
cTtBaM. BBIIM O0TOOpaHBI SMUTOITEI ¢ TAKUM CYM-
MapHBIM 3apsI0M, YTOOBI OOIINIT 3apsii XUMEPHO-
ro 6enka Ha ocHoBe N-0enka SARS-CoV-2 usme-
HSIJICI HE3HAYUTEIbHO MPU UX J00aBJICHUU. DTOT
mar o0ocHoBaH TeM (aKTOM, UTO TEOPETUUYECKU
paccumTaHHasg M303eKTpuueckas Touka N-Oeinka
SARS-CoV-2 cocrasasier 9,55, 4TO IOJOXUTEIb-
HO CKa3bIBaeTCs Ha OTACIIEHWHW PEKOMOWHAHTHO-
ro 6eaka oT OOJILIIMHCTBA OEJIKOB LITaAMMa-Tpo-
OyLeHTa B xoae o4yucTKU. CTpyKTypa XMMEPHOTO

| Ndel (5070)

OeJsika, rmojiydeHHas ¢ romoibio SnapGene (http://
www.snapgene.com), IpefacTaBjieHa Ha puc. 1.
OToOpaHHBbIE YYaCTKM CTPYKTYPHBIX OCIKOB
BKJIIOYAIOT BOCOKOKOHCEPBATUBHbBIC SITUTOITHI BHY-
TPU MYTHPOBAHHBIX IIITAMMOB, BbI3bIBAIOLIINX HAV-
0OJIbIIYI0 OOECIIOKOEHHOCTh: BapuaHTbl 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.1, B.1.618, C.37, B.1.621 u B.1.1.52;
BKJIIOUEHHBIE SIUTOIBI S-0ejiKa COOTBETCTBYIOT
RBD nomeny [34]. CooTBeTCTBEHHO, pa3padaThiBac-
MBI ITMarHOCTUKYM MOTEHIIMAJIbHO YHUBEPCAJIeH.
Pa3zpaboTaHHBIII XUMEpPHBIE OEJTOK COCTOUT
13486 amuHOKHCIOT M nMeeT Maccy 53 059 Da; n3o-
3JIEKTpUUECKYIO TOUKY pl 9,56; mHaEeKC TMAPOPO6-
Hoctu (GRAVY) —0,785; anudarndyeckuii MHIAEKC
61,91; koadpduuneHT skcTUHKLIMHU 53 860 (1 Mr/ma
pacTBOopa Oejika MMeeT OINTHYECKYIO TMJIOTHOCTH
1,02 mpu pauHe BoaHbl 280 HM). 3D Monenb 6eyka
npeactapyieHa Ha puc. 2 (111 obyioxka).

CtpykTtypa nnasmugbl pCorD_PS

IMnasmuaneiit BekTop pCorD_PS (puc. 3, 11 06-
JoKKa) mpeacTtaBiisgeT coboii BekTop pET24a(+),
B KOTOpLIil 110 caiitam pectpukuunu Ndel m Xhol
BCTaBJieH cuHTeTuueckuii hparment JJHK pasme-
pom 1461 11.H., BKIIOYAIOLIM A ONITUMU3UPOBAHHY IO
KOAMPYIONIIYIO 4aCcTh TeHa aHTUTeHAa KOPOHABUPYC-
HOTOo peKoMOuHaHTHOTrO. [Ipn onTuMusanmu reHa
W3 TIOCJICIOBATEIBHOCTH YOAJIUIW BHYTPEHHUE
CalThl peKOMOMHALIMU, CAUTHI CBSI3bIBAHUS pubO-
combl, AT- u GC-6oraTble TTOCIEI0BATEIILHOCTH,
TMOBTOPHI W TIOTEHIIMAIBbHBIC BTOPUUYHBIE CTPYKTY-
pbt MPHK. KomoHHBIN cocTaB reHa aganTupoBaiu
s E. coli.

B pe3ynbTaTe KOHCTPYUPOBAHUSI pPEKOMOUHAHT-
HOro BekTopa aimnHa mirasMuabl pCorD PS cocra-
Buia 6695 mm.H. TeopeTHYeCcKM OXUIAEMBIE AJTUHbI
dparMeHTOB Npu 00padOTKe SHAOHYKIea3aMU pe-
crpukuuu Ndel u Xhol g0XHBI cocTaBiasATh 1463
u 5232 n.H. [TpakTU4yecKu moaydeHbl (pparMeHTHI,
COOTBETCTBYIOIINE OXUTAeMBIM (puc. 4).

| Xhol (6533)

6000

Dl

CorD_PS

>

T7 promoter
lac operator RBS

T7 terminator
M protein 129-143 |

PucyHok 1. JIuHeliHaa cTpyKTypa XuMepHoro 6enka
Figure 1. Linear structure of the chimeric protein

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

Mpumevanue. AK 1-419 — nonHopaamepHbii N-6enok; AK 420-434 — yyacTtok E-6enka (AK 6-20); AK 435-449 — yyacTok
M-6enka (AK 129-143); AK 450-465 — yuacTok S-6enka (AK 345-360); AK 466-486 — yuactok 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. dnekTpodoperpamma
pecTpuumpoBaHHoro Bektopa pCorD_PS B 1%
arpo3Hom rene

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

Mpumeuanue. 1 — pCorD_PS HepecTpmumnpoBaHHas;

2 — pCorD_PS pecTtpuumpoaHHas no caritam Ndel n Xhol;

M — Mapkep monekynsipHoro Beca AHK (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).

55 kda
55 kDa

PucyHok 5. dkcnpeccus aHTUreHa B KynbTypax

3 KNIOHOB, MHAYLMPOBaHHag A00aBIeHUeM

1 MM UNTT, B 12% nonunakpunammagHom rene

B AEeHaTYpPUPYIOLLNX YCNOBUSAX

Figure 5. Antigen expression in cultures of 3 clones
induced with the addition of 1 mM IPTG in 12%
polyacrylamide gel under denaturing conditions
Mpumevanue. 1 — pCorD_PS — oTpuuatensHblil KOHTPOMb
(mo uHpykuwmm); 2 — pCorD_PS knoH 1; 3 — pCorD_PS knoH 2;
4 — pCorD_PS knoH 3; 5 — Mapkep MONIEKynspHOro Beca
6enkoB PageRuler™ Prestained Protein Ladder, 10 to 180 kDa
(Thermo Scientific, kaT. HOM.26616).

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

2 —pCorD_PSclone 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 6. QnekTpodoperpamma akcnpeccumn
aHTUreHa KOPOHaBUPYCHOIO PEKOMOMHAHTHOIO
nocne 1-9 naccaxeim

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

MpumeyaHue. 1 — cMecb MapkepHbIX OENKOB ANS
anekTpodopesa (Thermo Scientific, kat. Hom. 26616),

2 — nun3ar MHOYKUMN nocne 1 naccaxa, 3 — nuaat NHAOYKLNN
nocne 3 naccaxa; 4 — nM3at MHAYKLUMM nocne 5 naccaxa;

5 — nu3at uHaykuum nocne 7 naccaxa; 6 — nm3art uHAyKuum
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.

PucyHok 7. nektpodoperpamma nnasMmaHbIX
AHK nocne nocnepoBaTenbHbIX Maccaxen
Figure 7. Electropherogram of plasmid DNA after
successive passages

MpumeyaHue. 1 — cmecb MapkepHbIx pparmeHToB AHK

1 kb DNA Ladder (EBporeH, kaT. Hom. NLOO1); 2 — nnaamuaa,
BblAeneHHas u3 1 naccaxa; 3 — nna3muaa, BolaeneHHas

13 3 naccaxa; 4 — nnasmuaa, BblaeneHHas u3 5 naccaxa;
5 — nnasmupa, BolaeneHHas n3 7 naccaxa; 6 — nnaamuaa,
BblaeneHHas 13 9 naccaxa.

Note. 1 — mixture of marker DNA fragments 1 kb DNA
Ladder (Evrogen, cat. no. NL0O1); 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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KoHcTpyupoBaHue witamma-npoayueHTa
Escherichia coli CorD_PS

B pesyabrate TpaHchOpMaLIMU KOMIETEHTHBIX
knetok E. coli Rosetta (DE3) nmnasmuaoit pCorD
PS nonyuunu mwramm E. coli CorD_PS. JIng xpaHe-
HUS KJIETOK CMEIIMBAIN 1 MJI «<HOYHOMW» KYJIBTYPBI
u 1 M crepunibHoro 50% rauliepuHa, IepeHOCUIN
B KPUOITPOOUPKM 1 3aMopakuBanu rmpu —80°C.

DKcnpeccuio 6ejika B KyJbTypax 3 KJIOHOB, UH-
ayLuupoBaHHylo nodasiaeHuem 1 MM UIITT, npo-
aHaaM3upoBaiu B 12% monuakpujaMUIHOM Telie.
Bo Bcex mpoaHajM3MpoOBaHHBIX KJIOHAX Tociie 4 4
WHAYKIIMYA 00HAPYXXKUJIU SKCTIpeccHto Oeika, Macca
KOTOPOrO COOTBETCTBYET TEOPETHMUYECKM OXMIae-
moii B 53 kDa (puc. 5). ns naapHei1eit paboThl MBI
BBIOpaM KJIoH No 3.

CrtabunbHoCTb WTaMMa-npoayueHTa E. coli CorD_PS

IIponyktuBHOCTh mTamma £E. coli CorD_PS
B TeUEHUE MMPOBEICHHBIX 9 maccaxeil ocTaeTcs He-
n3MeHHoW (puc. 6). MHTEeHCMBHOCTH ITOJIOC B HC-
caeayeMblX oOpasllax, 3HaYeHHEe MOJEKYJISIPHBIX
BECOB KOTOPBIX COOTBETCTBYET aJlJIepreHy KOopo-
HaBUPYCHOMY PEKOMOWHAHTHOMY, OJlTMHAKOBA JJI5I
BCEX Maccaxeu, cleqoBaTeIbHO, TTPOU3BOANTEIIb-
HOCTB IIITaMMa-TIPOAYIICHTA B TeueHne 1—9 macca-
K€M OCTAETCS MOCTOSIHHOM.

IInasmupaa, BeIACACHHAS U3 KYJIBTYD MOCTe Mep-
BOTO, MSITOTO, CEAbMOTO0, IEBSITOrO ITacca kel He uMe-
eT pa3JIMYUil B MOJIEKYJISIPHBIX Maccax (puc. 7).

Monekynsipabie Macchl Xhol pecTpuKTOB Tj1a3-
MU/JI, BBIJICJICHHBIX U3 IITaMMa IMPOAYIIEHTa TTOCe
TIEPBOTO, IISITOTO, CEABMOIrO U JIEBSITOTO ITaccaxkeid,
MOJTHOCTBIO COOTBETCTBYIOT MOJEKYJISIPHOII Macce
Xhol pectpukra mnazmuasl pCorD_ PS u cooTBer-
CTBYET TEOpPETUUYECKU OxXKuaaeMoii (puc. 8).

AHanu3 NpUBEAESHHBIX JAHHBIX MO3BOJISIET yT-
BepxKaaTh, 4yTo wtaMm E. coli CorD_PS ctabuneH.
B TeueHue Bcero mpoiecca pepMeHTALIUU LITAM-
Ma E. coli CorD_PS snuMuHUpOBaHUS TIIa3MUIbI
pCorD_PS, xonupytomieit cMHTe3 ajjiepreHa Kopo-
HaBUPYCHOTO PEKOMOMHAHTHOTO, HE IIPOUCXOIMT.

JIns BbIAENIEHHBIX TJIa3MUJ Oblja omnpeaesieHa
MepBUYHAsl HYKJEOTUIHAsl TMOCJeNOBaTEIbHOCTD.
AHann3 1okaszaJi, YTo BCe HyKJICOTUIHBIE TTOCIEn0-
BaresibHocTH JIHK nnasmug pCorD_PS, BbiaeneH-
HBIX U3 KyJabTyp mrtamma E. coli CorD_PS, monHo-
CTBIO COOTBETCTBYIOT HYKJICOTUIHOU ITOCJICIOBA-
TEJIBPHOCTU aHTUICHA KOPOHABUPYCHOT'O PEKOMOU-
HaHTHOTO, CJIEIOBATEIbHO, CTPYKTypa ILJIa3MUIbI
MpU naccaxkax KJIeTOK OCTaeTCsl CTaOMIJIbHOM.

Ob6cyxaeHne

IMToka3aHo, 4TO cneM(PUIHBII 151 YXaHBCKOTO
Bapuanta SARS-CoV-2 orBer CD4' T-kietok
Oojiee KOHCEpPBAaTHBEH ITPOTUB MYTHUPOBAHHBIX
IITAMMOB, IOTOMY YTO MyTallUM B OCHOBHOM M pPO-
UCXOOST B T-KJETOYHBIX BIMUTOMNAX, OTJMUYHBIX

8000

6000

Mn.H.
bp

PucyHok 8. dnektpodoperpamma pecTpukToB
nnaamugHbix JHK nocne nocnepoBaTesibHbIX
naccaxem

Figure 8. Electropherogram of plasmid DNA restriction
after successive passages

Mpumeuanue. 1 — Cmeck MapkepHbix dparmeHTo HK 1 kb
DNA Ladder (EBporeH, kat. Hom. NL001); 2 — Xhol pecTpukT
nnasMuapl, BelgeneHHorm n3 1 naccaxa; 3 — Xhol pectpukT
nnasmugpl, BblaeneHHon na 3 naccaxa; 4 — Xhol pectpukr
nnasMuapl, BelgeneHHom n3 5 naccaxa; 5 — Xhol pectpukT
nnasMuapl, BblgeneHHom n3 7 naccaxa; 6 — Xhol pectpukT
nnasMuapl, BelgeneHHom n3 9 naccaxa.

Note. 1 — A mixture of marker DNA fragments 1 kb DNA Ladder
(Evrogen, Cat. No. NLOO1); 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.

ot CD4" [23, 22]. HecmoTps Ha TO 4TO MyTalluu
npoucxoasaT B 3% CD8" T-KJeTOUYHBIX 3IMUTO-
nax, OHU UMEIT OTPOMHOE 3HAYEHUE, MTOCKOJIbKY
Iaxke OOHOM MyTalliy B OHHOM 13 anuTonoB CD8&*
T-xnetok HLA mocraTto4yHo JaJ1 TOTO, YTOOBI Ha-
PYWUTHh U MOCTAaBUTh IO YTPO3Y pacro3HaBaHUE
snutornoB HLA, TemM cambiM mopaBisigs aKTuBa-
1o, GYHKIIMOHAIBHOCTh U LUTOTOKCUYECKYIO
akKTUBHOCTH T-KjaeToK CD8*, KoTOphle 3HAUUTEIb-
HO WHTUOUPYIOT pa3pylueHre MHGOUIIUPOBAHHBIX
KJIETOK-X035€B [9, 25] 1 B LieJIOM BJIUSIOT Ha 00-
myio 3¢G@eKTUuBHOCTh peakuuun T-kiaetok [18,
36]. T-KJIETOYHBII UMMYHHBII OTBET MOXET CO-
XPpaHSATBHCS Y BBI3JOPOBEBIIUX MAIlUEHTOB B TeYe-
HUE NJUTEJbHOTO BPEMEHU, YTO MOXKET obecrie-
YUTh YCKOPEHHBIU KJIUPEHC B Cly4yae BTOPUUYHOMN
uHbekuuu SARS-CoV-2. IloaTomMy B AaHHOM
HWCCIIeNOBAaHUU MBI cocpemoToumianchk Ha CD4*+
T-KJ1eTOYHBIX SNUTOMNAX.

BbIJIO CKOHCTPYUPOBAHO HECKOJBKO Bapu-
AaHTOB PEKOMOWHAHTHBIX OEJIKOB-aHTUTEHOB,
U3 KOTOPBIX BBIOpaJM OAWH Ha OCHOBAaHUU €TO0
(UBUKO-XMMUYECKUX CBOMCTB. B paszpaboraH-
HYI0O B paMKaX 3TOro HCCJIENOBAaHUS MHOTO3MU-
TOMHYIO KOHCTPYKIMIO Mbl BKItouuau MHC 11
CBSI3BIBAIOIIME SMUTONbl CTPYKTYPHBIX OEJIKOB
S, M, E SARS-CoV-2 u nojsHOpa3MepHbI 0eI0K
HYKJIEOKaIlChJa Kak Haubojiee KOHCEPBATUBHBINU
BHYTpU ceMeiicTBa Coronaviridae 1 O0UH U3 Hau-
0oJiee UMMYHOTEHHBIX [4].
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OTcyTCcTBHE YyYaCTKOB CXOICTBa C OelkamMu
yeJloBeKa MOTEHIIMAJbHO MCKJII0OYAaeT BO3MOXK-
Hble ayTOMMMYHHbBIE/aJUIepTUUeCKUe peakIinu.
Anudatudeckuit uHaekc (61,91) cBUAETEAbCTBY-
€T O BBICOKOH TEpPMOCTAOUIBLHOCTU TJIOOYJISIpPHO-
ro 0ejka B IIMPOKOM AMariazoHe Temnepatyp [12].
OTpulatelbHOe 3HaUeHUe MHJeKca TUAPOoGOOHO-
ctu (—0,785) roBopUT 0 TUAPOGUIBHBIX CBOHCTBAX
Oenka [16]. Bricokass M303JIeKTpuuecKas TodKa
MOJIYYEHHOr0 XMMepHoro 6enka (9,56) 1o3BoJisieT
MOTEHIIMAJIBHO YITPOCTUTH IMPOLIECC XpoMaTorpa-
(GurYecKo OYUCTKHU, TaK KakK LieJieBoii 0eJloK OyaeT
WMETb 3apsijl, OTJIMYHBINM OT OOJIbIIE YacTH OEJIKOB
mrTaMmMa-npoayueHta E. coli. TpexmepHasi CTpyKTY-
pa 6enKa AEMOHCTPHUPYET BO3MOXHOCTb apXUTEK-
TYPHOI peaju3alii U ONTUMAaJIbHOTO CBOpaYyMBa-
HUSI ¥ CAMOOPTaHW3aIIM U MOJICKYJIbl PEKOMOWHAHT-
Horo aHTureHa. Takum obpa3oM, Halll O€JIOK MOTEH-
[IUaJIbHO CTaOMJIEH B BOIHBIX paCTBOpPaXx.

MBI mokazajqu HaJIM4ue BKCIIPECCUU CKOH-
CTPYMPOBAHHOI'O aHTUTeHA B KJeTkax E. coli ipu
uHaykuuu  pgodasieHuem MIITI. Dkcnpeccus
OoCTaeTcsl CTaOMJIBHOW TIPU ITAaCCUPOBAHUU IIITaAM-
Ma B XKUAKOH cpene (1o 9 maccaxkeit) u rmocJjie 3aMo-
po3ku. Hem3aMeHHOI1 ocTaeTcsl U MCXOMHAasI Tocie-
noBaTeabHOCTh MiaasmMuaHoit JAHK, konupyromei
eJjieBoit 6eyok. [TonydyeHHbIe pe3yabTaTbl CBUIE-
TEJIBCTBYIOT O BBICOKOW CTaOMJBHOCTH IITaMMa-
NpoaylieHTa peKOMOMHAHTHOTO OejKa.

Wcrnionb3oBanre XuMepHOU (opMbI aHTHUTEHa
(HaJImyMe pasIMYHbIX WMMYHOT€HHBIX Y4YacTKOB
BCEX CTPYKTYPHBIX OelKOB KopoHaBupyca SARS-

Cnucoxk nutepatypbl/References

CoV-2) pacuiupsieT BO3MOXXHOCTU TUarHOCTUYECKOM
TECT-CUCTEMbI: BO3MOXXHOCTb OLIEHKHU T-KJIETOYHOTO
MMMYHHOT'O OTBETa IT0CJie BaKIIMHAIIUX, B TOM YUCJIEe
TEeMU BaKIIMHAMMU, KOTOPbIE HE COAePXKaT UJIM HE KO-
IUPYIOT (pparMeHThl OEJTIKOB KOpOHaBUpYyca, Ha KO-
TOpbie (OPMUPYIOTCS OLIEHWBAEMbI€ CYILIECTBYIO-
UM JuarHoctukyMamu Ha IgG- u IgM-anTuTtena
(KX mpuMepy, 9TO BaKIIMHbI, HE CoAepKalllue MOJTHO-
pa3MepHbIit S-0eoK uin ero RBD-nmomeH).

B pesysabTaTe Tekylllero uccliefoBaHUs Oblia
pa3paboTaHa reHeTu4yecKas KOHCTPYKLUS Iiaa3-
mugHou JJHK pCorD_PS (6695 11.0.), Kogupyomas
QHTUTEH KOPOHAaBUPYCHBIH PEKOMOMHAHTHBIN,
JUIST CO3MaHUsI AUAarHOCTUUYECKOW TeCT-CUCTEMBbI
B OTHOIIEHUWM KOPOHABUPYCHOU UWHMEKIIUU.
TlosyyeH cTaOUIBHBINA, MPOAYKTUBHBIA MO KO-
POHABUPYCHOMY PEKOMOMHAHTHOMY aHTUIEHY,
mraMMm-npoayueHt E. coli CorD_PS.

Pa3zpaboTtaHHBI XMMEpPHBIA OeNoK, coaepxka-
it uMMyHoreHHbole CD4" T-kJieToOuHbIe SMUTO-
nbl S, E, M u N cTpykTypHBbIX 6e1KOB SARS-CoV-2,
MOXKET MCHOJb30BaThCs KaK AUArHOCTUKYM JJIS
KAueCTBEHHOU OLIEHKU criennudruIeckoil MMMYyH-
HOM 3a1IMThl MPOTUB KOPOHABUPYCHON WHMEKIIUU
W/WJIA OLIEHKM MMMYHOT€HHOCTU KaHAMIAATHBIX
BakKIIMH B UX KJIMHUYECKUX UCTIBITAHUSIX.

Ha crnenyromuyx stanax ucciaeoBaHUMN TIaHU-
pyeTcs pa3paboTaTh TEXHOJOTHIO TTOJYUYEeHU S OUU-
IIIEHHOTO aHTUTEeHAa U MPOTECTUPOBATH UCTOJIb30-
BaHUE CKOHCTPYMPOBAHHOIO PEKOMOUHAHTHOIO
Oeska B KayecTBe MUArHOCTUKyMa JJisl OLIEHKU
T-KJIETOYHOT'0 MPOTUBOBUPYCHOTO UMMYHUTETA.
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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. Results. A decreased count of cytokine-producing along with increased frequency
of cytotoxic 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 glycohydrolase (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
HCYV 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 1 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 ®EHOTUINA NK-KJIETOK Y BOJIbHbIX XPOHUYECKWUM BUPYCHbIM
FENATUTOM C B SABUCUMOCTU OT FEEHOTUIMNA BUPYCA

Casuenko A.A.!, Tuxonosa E.I1.2, Auncumona A.A.3, Kyapasues 1.B.*5, Beaeniok B./1.!, Bopucos A.T'.!

T®@TIFHY QUL Kpacrospckuii Hayunbiii yermp Cubupckoeo omoenenus Poccuiickoil akademuu Hayk, 000codaenHoe
nodpasdenenue HUH meduyunckux npobaem Cesepa, e. Kpacuospck, Poccus

2@I'FOY BO Kpacrospckuii 20ocy0apcmeeHublil MeOUyUHCKUll yHugepcumem umenu npogeccopa B.D. Boino-Hceneyroeo
Munszodpaea Poccuu, e. Kpacrnospck, Poccus

3 Kpaegoe eocydapcmeennoe 6100xucemuoe yupescoenue 30pasooxpanenus «Kpacnoapckas mexucpailonnas KAuHu4eckas
boavHuya ckopoil meduyunckoii nomouyu umenu H.C. Kapnosuua», e. Kpacnospck, Poccus

*@I'BOY BO Ilepsviiit Cankm-Ilemepbypeckuii 20cy0apcmeeHHblil MeOUUUHCKUL YHUGepCUmMem UMeHU AKA0eMuKa

HU.II. [lasroea Munucmepcmea 3opasooxpanenus PO, Cankm-Ilemepbype, Poccus

S@OI'BHY Hucmumym sxcnepumenmanvroi meduyunst, Cankm-Ilemepoype, Poccus

Pestome. Dnumvunanusa Bupyca renaruta C (BI'C), BbI3BaHHasg IEHCTBMEM IIperapaToB IPSMOTO IPOTHUBOBUPYC-
noro paeiictBus (ITIIITBJ), Bauser Ha n3MeHeHWe (PEHOTUIA M, COOTBETCTBEHHO, (DYHKIIMOHAJBHYIO aKTMBHOCTH
NK-xnetok. OgHaKo MMEIOIINECS B JIUTepaType MaHHBIC BeChbMa IPOTHMBOPEYMBHL. Lleapio HACTOSIIErO MCCeIoBa-
HUS OBUTO M3yYeHUe ocoOeHHOCTe m3MeHeHsT peHoTnma NK-KIeToK (C yuyeToM CyOITOmyISIIMOHHOTO COCTaBa) IT0-
cnie JiedeHust 0OTbHBIX XpoHWdeckuM BupycHbiM reratutoM C (XBI'C) TIITIB/ B 3aBucumoctu ot renorumna BI'C.
Mamepuanst u memodsr. O6cnenoBano 111 6onpHBIX XBI'C 1 21 3710p0OBBIii YeTOBEK B Ka4eCTBE KOHTPOJIBHOM TPYTITIHL.
Huarno3 XBI'C ycraHaBIMBaau Ha OCHOBAaHUM 3MUAEMUOJOTMYECKUX U KIMHUKO-Ta00PAaTOPHBIX JAHHBIX MTPU BBISIB-
JIEHUM crieliuruIecKux ceposiornueckux Mapkepon xpoHudeckoro renaruta C u PHK BI'C, Bkitouast reHOTUNTHpOBaHME
BI'C. Bce 111 yenosek ¢ XBI'C nostyyaau mpoTUBOBUPYCHBIE penapathl mpsiMoro aeictsust (Cobocoysup u BenmatacBup)
B TeueHue 12 Henenb. M3yueHue dheHotuna NK-KjeToK KpoBY MPOBOAUIN METONOM ITPOTOUYHOM LIMTOMETPUU C UCTIONb-
30BaHMEM TPSIMON MMMYHOMIIyOpeCclieHIUM LeJbHOI TMepudepuyeckoii KpOBUM C MOHOKJIOHAJIbHBIMU aHTUTEJIAMU.
Pezyavmamer. B xpoBu 601bHBIX XBI'C ¢ pasnuunbiMu reHotunaMu BI'C no Havyana neyenust [TTTI1B/I BbisiBICHO CHU-
JKEHHUE KOJTMYECTBA IIUTOKMH-TIPONYIIMPYIOIINX U YBEIUUYECHNE KoJnyecTBa IuToToKkcmueckux NK-knerok. {ucoamanc
LIUTOTOKCUIECKUX KJIETOK C BBICOKMM YPOBHEM (DYHKIIMOHAIBHON aKTUBHOCTH TaKKe OBLI BBISIBJICH Y 00abHBIX X BI'C
BHe 3aBucuMocTy ot reHoTtura BI'C. Y manmenToB ¢ reHotunamu 1 u 3 BI'C Habmonanoch noctoBepHoe yBenndyeHne NK-
KJIETOK C UMMYHOPETYJISITOPHOM aKTUBHOCTBIO. Kpome Toro, y 6ombHbIX BI'C reHOoTHITOB | 1 3 BBISBIICHO YBEIUYCHNE
konnyectBa NK-kJeToK, akcnpeccupyomux raukoruaponady (CD38) u akro-5'-nykneorunasy (CD73). Pesynasrarom
BbISIBJIEHHBIX HapylieHuit B (peHoTure NK-kieTok y 60abHbIX X BI'C ObLI10 COXpaHeHMe BbIPaKeHHON BUPYCHOM HArpy3-
KU, KOTOpas Oblj1a MAKCUMAaJIbHOM pu nHbuimposaHHocty reHotunoMm 1 BI'C 1 MuHMMaIbHOU y OOTBHBIX C TEHOTHU-
nom 2 BI'C. Hauboee BoipaxkeHHbIe M3MeHeHUsT (peHoTunmdeckoro coctaBa NK-kietok nocie neueHust JIAJL BbISIBIEHBI
y 6osnbHBIX XBI'C ¢ reHotunom 2 BI'C (Hopmanu3zauus cyornonyasiiMOHHOTo cocTaBa U KonnuecTBa NK-KkJeTok, aKc-
npeccupytomux CDS8). Kpome Toro, TobKo y 601bHbIX ¢ TeHoTUIoM 2 BI'C mocie neyeHust Habmoaan0ch MOBLILIEHE
coaepxaHus nyonb-HeraTuBHbIX (Mo CD38 u CD73) NK-knetok B kpoBu. ¥ mauueHToB ¢ reHoturnamu 1 u 3 BI'C takxke
Habmoganock ynydiieHue coctaBa NK-KJeTok ¢ pa3nuyHbIMU peHOTUNIaMU Tocie JeueHus AL, Ho 9TH U3MeHEeHUs
OBLITM MUHUMAaJBHBIMU. Bbi6oost. OLieHKa ocobeHHocTel naMeHeHu st peHoTua NK-KJIeToK Ipu JieueHU M B 3aBUCIMOCTH
OT TEHOTHUITa UMEET HECOMHEHHYIO 3HAUMMOCTh 1 BBICOKYIO aKTyaJbHOCTD. [loydeHHbIe pe3yabTaThl 00J1a1al0T HOBM3-
HOM 1 TONOJTHA0T MHGopMaLnio 06 nmmyHoratoreHe3e XBI'C. Ananus ¢penorumnoB NK-kjeTok 1 nX GpyHKIIMOHATBLHOM
aKTUBHOCTH y manineHToB ¢ X BI'C MoxXeT moMoub B pa3padoTKe HOBBIX MeTonoB jieueHnst HCV-nndexnm.

Karouesvie caosa: xponuueckuii gupychuiii cenamum C, gupyc eenamuma C, eenomun, NK-kaemku, penomun, cybnonyasayuu, neuexue.

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 disease 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 cells (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 cells is the
initially defined and main function of NK cells [19, 33].
The killer activity of NK cells is regulated by the expres-
sion of MHC I molecules. Infected or malignant cells
can downregulate MHC 1 (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 Thl 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 is a 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 eclimination
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
DADs 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
to 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 45.3%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 HCYV 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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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/CD8-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 soft-
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~
CD567CD45%) 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 CD56eCDI16-
and CD56YeCD16" NK cells in patients with all
three HCV genotypes was reduced while the level
of CD569mCDI16~ NK cells was increased compared
to control values. At the same time, the most pro-
nounced increase in the percentage of CD564mCDI16~
NK cells was found in patients with HCV genotype 2.
A high level of CD564mCDI16* NK cells relative
to control values was found in all patients with CVHC
and didn’t depend on the HCV genotype. Only pa-
tients with HCV genotype 1 before DAD treatment
had a reduced number of CD564mCD94* 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 CD8 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 2.92x 105(0.44 x 105 — 7.62 x 10%)
Genotype 2 0.72x10%(0.35x 105 — 1.56 x 10°) p,=0.127
s s . p, = 0.499
Genotype 1 1.4 x105(0.48 x 10° — 5.20 x 10°) D, = 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*eCD16-CD8~, CD56e"CD16-CDS8*,
CD56e"CD16"CD8~ and CD56"¢"CDI16"CD8* NK
cells in all patients with CVHC was reduced relative
to the control values while the number of CD564mCD16~

CD8-, CD56YmCDI6-CD8", CD56%mCDI16"CD8-
and CD56¢mCDI16"CD8" NK cells was increased.
At the same time, the maximum levels of CD56¢m
CDI16-CD8- and CD56¢mCD16-CD8" NK cells were
detected in the blood of patients with genotype 2.

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

treatment [Me (Q,_Q,)]

Control Patients with CVHC
Parameters n=21 Genotype 1 Genotype 2 Genotype 3
n=53 n=9 n=49
} 9.34 (5.85-12.47) 8.08 (6.65-12.36)
+) + 0 _ —
CD3-CD56°CD45*, % 11.09 (8.07-17.80) D, = 0.042 10.97 (9.38-20.06) D, = 0.026
CD3-CD56°CD45*, 10°/L 0.17 (0.12-0.27) 0.21(0.12-0.28) 0'2§ ((_)'(1)40_407'72) 0.19(0.13-0.25)
1 - .
) B 0.27 (0.14-0.49) 0.20 (0.09-1.73) 0.23(0.12-0.38)
bright 0y _
CD569"CD16-, % 1.26 (0.63-1.96) D, < 0.001 b, = 0.046 D, < 0.001
) 0.35(0.09-3.23) 0.43 (0.08-2.23) 0.51(0.16-2.07)
bright, + 0 —
CD56"9"CD16*, % 6.67 (4.77-14.45) 5,< 0001 5,< 0001 0,< 0.001
4.66 (2.87-8.37)
CD56mCD16-, % 0.43 (0.25-1.38) 1.67 (1'1055031'45) b, < 0.001 1.60 g 28‘020':0)
pret p, =0.007 prost
' 3.05(1.39-6.00) 4.80 (1.49-13.43) 4.68 (1.60-8.09)
dim, + 0 —
CD569mCD16", % 1.86 (0.80-2.11) b, = 0.006 b, = 0.036 b, = 0,002
CD569"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"19"CD94", % 0.24 (0.13-0.74) 0.36 (0.20-0.54) 0.41 (0.21-0.55) 0.35(0.23-0.52)
CD569mCD94-, % 4.26 (2.52-5.99) 4.39 (2.76-6.69) 5.28 (4.46-5.68) 4.15(2.93-5.48)
) 3.20(2.28-5.30) 5.45 (3.78-7.22)
dim, + 0 _ —
CD56mCD94*, % 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;)]

Patients with CVHC

trol
Parameters ?102 ;? Genotype 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)
; epat + B _ 6.24 (3.46-13.06) 3.17 (1.94-5.70)
CD3-CD56°CD8*CD45 4.23(2.40-6.52) 3.45(1.81-5.19) 0, = 0.030 D, = 0.029
) . 0.14 (0.06-0.23) 0.09(0.03-0.18) 0.12 (0.07-0.20)
bright _
CD56"9"CD16-CD8 0.53(0.31-0.86) 5, < 0.001 0, = 0.017 b, < 0.001
) ~ 0.11(0.04-0.24) 0.10 (0.06-0.45) 0.09 (0.04-0.19)
bright, + —
CD56""CD16-CD8 0.48 (0.21-0.89) 0, < 0.001 0, = 0.047 b, < 0.001
) B 0.17 (0.03-1.57) 0.16 (0.09-0.34) 0.18 (0.05-0.78)
bright, + —
CD56"¢"CD16'CD8 3.68 (2.13-4.41) 5, < 0.001 5, < 0.001 0, < 0.001
. 0.22 (0.04-1.73) 0.21 (0.02-1.40) 0.31(0.11-1.19)
bright + + _
CD56"¢"CD16*CD8 2.14(1.38-5.42) 0, < 0,001 D, = 0.003 0, < 0.001
~ . 1.25(0.71-1.78)
CD56¢"CD16-CD8- 0.21(0.07-084) | '8 (2'51002{19) 2.20 (1'27051'89) b, < 0.001
P <o P <o P, =0.020
0.38(0.20-0.74)
CD56"CD16-CD8* 0.18 (0.07-0.25) 0.40 (2'890'00696) 3.00 (°<'901 6‘3‘142) p, = 0.005
p1 . p112 . p3 < 0.001
) ~ 1.85(0.74-3.47) 2.76 (0.91-4.14) 2.51(0.54-4.60)
dim, + —
CD56"CD16*CD8 1.14.(0.44-1.51) 0,2 0012 0,=0.048 0,2 0,031
' 1.19(0.45-2.22) 1.73 (0.44-9.16) 1.66 (0.49-3.43)
dim + + _
CD569"CD16'CD8 0.38(0.22-0.47) 0, < 0.001 0= 0.012 b, < 0.001

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%mCDI16~ NK cells (r = —0.32, p = 0.016)
and was positively correlated with the content
of CD564mCD16-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 CD56€"CD16~ (r = —0.94, p = 0.005) and
CD56enCDI16"CD8* NK cells (r = —0.96, 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 =10.007) 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 CD564™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 CD356e"CDI16~ and
CD56MeCDI16" NK cells, as well as an increased
content of CD564mCD16" NK cells, persisted in pa-
tients after treatment with HCV genotypes 1 and 3.
At the same time, the number of CD56e"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;)]

Patients with CVHC

|
Parameters (i‘o:tzr:) Genotype 1 Genotype 9 Genotype 3
n=>53 n=9 n=49
N _ } B 1.12 (0.62-2.51) _ 1.07 (0.56-1.75)
CD56°CD38CD73 2.34 (1.76-5.25) b, < 0.001 1.35(1.01-6.47) b, < 0.001

CD56'CD38-CD73*

0.013 (0.011-0.082)

0.047 (0.020-0.096)

0.055 (0.016-0.086)

0.034 (0.017-0.072)

e i 5.87 (4.21-8.29) ] 5.56 (4.17-8.50)
CD56CD38°CD73 7.93 (6.10-15.01) 00 769 (6.77-13.57) o o0
CD56°CD38°CD73" | 0.039(0.020-0088) | 0198(0:074-0341) 179 0.031-0.335 | O114(0055-0.251)

,=0.010 p, =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;)]

Parameters

Control
n=21

Patients with CVHC
Genotype 1 Genotype 2 Genotype 3
n=>52 n=8 n=49

CD3-CD56°CD45%, %

11.09 (8.07-17.80)

13.10 (7.63-15.91)

18.63 (17.81-22.48)

9.19 (8.27-12.41)

CD3-CD56°CD45", 10°/L

0.17 (0.12-0.27)

0.30 (0.16-0.46)

0.40 (0.26-0.66)

0.21(0.15-0.30)

CD56"e"CD16-, %

1.26 (0.63-1.96)

0.20 (0.09-0.54)

0.86 (0.20-3.76)

0.17 (0.11-0.37)

p; <0.001 p, < 0.001
CD56""CD16", % 6.67 (4.77-14.45) 0'9;(2'8?0';'1'48) 8.95 (0.63-15.61) 1'02)1(2%?0'02'22)
ST—— oarozs-rgy | eO0SLEI [ IONSE620) | 212420
CD56°"CD16*, % 1.86 (0.80-2.11) 3'3?}1(2'3%3%68) 4.61(0.30-14.79) 3'0;(1'%?0_367'30)

CD56"9"CD94-, %

0.06 (0.02-1.76)

0.04 (0.02-0.20)

0.06 (0.03-1.63)

0.08 (0.02-0.28)

3.74 (0.90-11.61)

CD56>"CDI4", % 0.24 (0.13-0.74) 0.29 (0.18-0.51) b, < 0.001 0.42(019-0.75)
_ p,=0.004
p,=0.002
CD569"CD94-, % 4.26(252-599) | 593(333-878) 6.02(2.72-676) | 546 (4.24-6.75)
CD56mCD94", % 6.1 (2.81-8.74) 4.50 (2.52-6.49) 6.43 (4.25-14.79) 3'42 (1'270‘1‘;78)
1 - .

Note. See footnote to Table 2.
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CD56MeCDI16" and CD56e"CD94* 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 CD56¢MCDI16~ and
CD56e"CDI16" NK cells and a significant increase
in the level of CD56e"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%mCD94" 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 CD56ECD16-CDS§-,
CD356YenCDI16-CD8", CD56*"CDI16*CD8~ and
CD56eCD16"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¢m™
CDI16*CD8~ NK cells was also found in patients with
genotype 3 after treatment. In addition, an increase
in the number of CD56eMCD16"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,)]

Patients with CVHC
Control
Parameters — Genotype 1 Genotype 2 Genotype 3
n=21
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)

3.29(2.82-4.87)

p, =0.002

CD3-CD56°CDS'CD45* |  4.23(2.40-6.52) 4.29 (2.47-6.34) 0, = 0.012 2
_ p;=0.004
b, =0.001
. — 0.12 (0.04-0.28) 0.10 (0.06-0.18)
bright, _ —
CD56*"CD16-CD8 0.53 (0.31-0.86) 000! 0.13 (0.09-0.34) 0001
i i 0.07 (0.04-0.19)
CD56°s"CD16-CD8* 0.48 (0.21-0.89) 0.08(0.05-0.33) 0.50(0.11-3.56) b, < 0.001
0, < 0.001 0, = 0.046 <
p; =0.041
_ - 0.34 (0.12-2.34) 0.56 (0.13-2.68)
brigh + _ —
CD56*'"CD16°CD8 3.68 (2.13-4.41) 000 0.25 (0.19-5.60) 000
. 0.54 (0.08-2.00) 0.55 (0.11-2.58)
bright + + _ —
CD56°s"CD16'CD8 214 (1.38-5.42) My 8.58 (0.43-9.46) iy
. 1.30 (0.51-3.05) 153 (0.79-2.17)
dim - - _ —
CD564mCD16-CD8 0.21(0.07-0.84) 20001 1,52 (0.45-2.26) 0001
CD569mCD16-CD8" 0.18 (0.07-0.25) 0'3;’ @3%61414) 0.81(0.11-3.92) 0.19 (0.10-0.54)
=0,
CD56°"CD16°CD8- 114 (0.44-1.51) 178 (0.46-4.38) 241 (0.22-4.59) 167(0.73-4.10)
CD56¢"CD16'CD8" 0.38 (0.22-0.47) 0.95(0.60-2.75) 174 (0.08-10.16) 0.92(0.29-2.54)

p, =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

Control Patients with CVHC
Parameters n=21 Genotype 1 Genotype 2 Genotype 3
n=52 n=8 n=49
N _ } B 1.76 (0.80-3.40) B 0.98 (0.57-1.78)
CD56'CD38-CD73 2.34 (1.76-5.25) 0, = 0.035 6.75 (0.90-16.48) b, < 0.001
CD56*CD38-CD73* 0.013(0.011-0.082) 0.036 (0.021-0.076) 0.038 (0.018-0.072) 0.027 (0.017-0.059)
CD56*CD38CD73- 7.93(6.10-15.01) 7.60 (4.37-11.12) 12.65 (5.01-16.84) 6'52 (?'(1)90_271'86)
, =0.
CD56*CD38'CD73* 0.039 (0.020-0.088) 0.101 (0.052-0.218) 0.412 (0.145-0.678) 0'132p(0<'007:)6(1)'243)
, < 0.

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. CDI16 is a low-affinity G 111 type immunoglobulin
receptor (FcyRIII), 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. CD56e" NK cells are actively proliferating
cells, show minimal cytotoxic activity but intensively
synthesize and secrete cytokines such as [FNy, TNF
and GM-CSF [26]. Accordingly, this subset of NK
cells is defined as cytokine-synthesizing. There is also
evidence that CD56%" 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 CD56"CDI16" pheno-
type are mature NK cells, cells with the CD56€"CD16~
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 IFNy), but have a high level of cy-
totoxicity [23]. Accordingly, this subset is defined as cyto-
toxic. At the same time, the fraction of CD569™CD16~
cells is characterized as maturing NK cells, cells with
the CD569m™CDI16" phenotype predominantly circulate
in the blood and, expressing CXCRI1, CX3CRI1, 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 1 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%m).
The revealed changes characterized the reactive re-
action of NK cells to HCV infection. The number
of mature cytokine-producing cells (CD564™CD167)
in patients with HCV genotype 2 was minimal in the
blood. At the same time, the maximum content
of CD564mCD16~ NK cells was found in patients with
HCYV 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 CD564™CD16~ NK cells in patients
with HCV genotype 1 was associated with an increase
in viral load while a low level of CD56"e"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 CD56brieht
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 1 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 CD569mCD16- cells in CVHC patients
of this group after treatment remained elevated 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 CD94
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%4
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-CD564™ 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 CD564mCD94" 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 CD56e"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 I[FNy, CD107a, TNFa, and MIP-1pB [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 CDS8 receptor relative
to control values in CVHC patients with different
HCYV genotypes before DAD treatment corresponded
to the above changes in the content of CD56 " and
CD56%m NK cells: the level of CD56eh cells express-
ing and non-expressing CD8 was reduced relative
to control values, while the number of CD56%™ cells
expressing and not expressing CDS8 was increased.
At the same time, patients with genotype 2 had during

this period of examination had the maximum number
of CD564mCD16-CD8~ and CDS564m"CDI16-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-CDS8" cells in HCV
genotype 1 and a negative correlation with the level
of CD56e"CD167CD8" cells in 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"CD16"CD8~ NK
cells returned to normal in patients with HCV geno-
type 1 after treatment. At the same time, the number
of CD56%™CD16-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 CD56%"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 CD73in 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 CD73 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 CD56Y™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 CD56E"NK cells
and a decrease in the content of NK cells expressing
the NKG2A receptor [21].
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Thus, a decrease in the number of cytokine-pro-
ducing and an increase in the number of cytotoxic
NK cells was found in the blood of CVHC patients
with various HCV genotypes before the start of DAD
treatment. Such changes in the subset composition
of NK cells can be regarded as a functional response
to the persistence of the virus in the body. However,
imbalance imbalance of cytotoxic cells with a high
level of functional activity was found in CVHC pa-
tients regardless of HCV genotype. On the one hand,
before DAD treatment, patients had an increase
in the number of NK cells expressing the CDS8 re-
ceptor, on the other hand, there was no increase
in the content of terminally differentiated cytotoxic
NK cells with a maximum intracellular level of per-
forins and granzymes (CD564™CD94-). The pa-
tients with HCV genotypes 1 and 3 had a significant
increase in NK cells with immunoregulatory activ-
ity. In addition, an increase in the number of NK
cells expressing glycohydrolase (CD38) and ecto-5'-
nucleotidase (CD73) (cells with immunoregulatory
function) was found in patients with HCV geno-
types 1 and 3. The result of the identified disorders
in the phenotype of NK cells in CVHC patients was
the preservation of a pronounced viral load which was
maximum in HCV genotype 1 and minimal in pa-
tients with HCV genotype 2. The most pronounced
changes in the phenotypic composition of NK cells
after DAD treatment were found in CVHC patients
with HCV genotype 2 (normalization of the subset
composition and the number of NK cells expressing
CDS8). In addition, only patients with HCV geno-
type 2 after treatment had an increase in the content
of double-negative (for CD38 and CD73) NK cells
in the blood. The patients with HCV genotypes 1 and
3 also had an improvement in the composition of NK
cells with different phenotypes after DAD treat-
ment but these changes were minimal. Accordingly,
evaluation of the features of changes in the pheno-
type of NK cells during DAD treatment the CVHC
patients in depending on the genotype have of un-
doubted significance and high relevance. The results
obtained are novel and complement the information
on the immunopathogenesis of chronic viral hepa-
titis C. Analysis of the phenotypes of NK cells and
their functional activity in patients with CVHC can
help in the development of new methods of treating
HCYV infection.
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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, 18—29, 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-
evant assay systems were used according to the manufacturer’s instructions. A four-stage study was conducted according
to a unified scheme. Results. At stage 1 (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.

Key words: Republic of Belarus, population, SARS-CoV-2, COVID-19, seromonitoring, herd immunity, antibodies, nucleocapsid, receptor
binding domain, vaccination, hybrid immunity.
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T'®edepanvnas cayxucba no nadzopy 6 cpepe 3augumot npaé nompebdbumenetl u baazononryuus yeaoseexka, Mockea, Poccus

2OBYH HUH snudemuonoeuu u mukpoouosoeuuumenu Ilacmepa, Canxm-Ilemep6ype, Poccus

I Munucmepcmeo 30pasooxpanenus, Munck, Pecnyoauka Beaapyco

4 Pecnybauxanckuii yenmp eueuensvt, Munck, Pecnybauxa beaapyco

3 Pecnybauxanckuii HITI[ snudemuonoeuu u muxpobuonoeuu, Munck, Pecnyoaruka Beaapyce

Pestome. Bsedenue. Cynnoa smunemudeckoro mnporuecca COVID-19 3aBUCHT OT HOMYJISIIIMOHHOTO UMMYHHTETa, CIIO-
COOHOro MpeaoTBPATUTh paclpocTpaHeHue BO30yauTeN sl cpeau HaceneHus. [leas. ViccaenoBath 3BOMIOLMIO TIOMY-
JISIIIMOHHOTO rymMopaibHOoro uMMyHuTeTa K SARS-CoV-2 Hacenenus benapycu B auHamuke nanaemuun COVID-19.
Mamepuanst u memoos:. PabOTy MpPOBOAUIM MO METOMOJOTUM OLIEHKHU TOMYJSIIMOHHOro MMMYyHuUTeTa K SARS-
CoV, paspaboranHoii PocmorpedbHanzopom Poccun u MuHucTepcTBOM 3apaBooxpaHeHus: benapycu npu yyactuu
HUMBM uwm. IMactepa ¢ yuetom pekomeHaauuit BO3. MccienoBaHue omodpeHo KOMUTETOM To 0uoatuke benapycu
1 JT0OKaJabHBIM 3T4YecKuM KomutetoM HUMDBM nwm. [Tactepa. OTOOp yuacTHUKOB MPOBOAUIN METOAIOM aHKETUPOBa-
HHSI C TTOMOIIBIO TEXHOJIOT MU «00JJauHOT0 cepBrca». JIsI mpoBeIeH s MOHUTOPUHTA ITOMYISIIIMOHHOTO UMMYHHUTETA
13 OOIIIEro Yucjia BOJIOHTEPOB (POPMUPOBAIU KOTOPTY B cocTaBe 4661 yenoBeKa, y4aCTBOBABILIKUX B 00C/IeI0BAHII
Ha BCeX dTarax CepOMOHUTOPHHTA. BoOHTEpOB paHIOMM3UPOBAIN 10 BO3pAaCTHBIM rpymmam: 1—17; 18—29; 30-39;
40—49; 50—59; 60—69; 70+ net, a Takxe MO TEPPUTOPUATBLHOMY M MpodeccuoHalbHOMY TIpu3Hakam. Jls ompe-
JeJieHus aHTuTeN K Hykieokancuny (Nc Abs) u peuentop-cBsa3biBawoieMy gomeHy (RBD Abs) rnmukonporenHa S
SARS-CoV-2 npuMeHsIIu COOTBETCTBYIOIIUE TECT-CUCTEMbI B COOTBETCTBUM ¢ MHCTPYKLUSIMU MPOU3BOAUTEEH.
HccnenoBaHuie mpoBoaAUIOCH B 4 3Tamna no eauHoi cxeme. [logydyeHHbIe pe3yabTaThl 00padaThiBaiu ¢ UCMOIb30Ba-
HueM ctatuctTuueckoro naketa Excel 2010, u npyrumMu nporpaMMHBIMU MpoAyKTaMu. CTaTUCTUYECKYIO 3HAUMMOCTh
pa3nuumii olleHUBaIu ¢ BepossTHOCThIO p < 0,05, ecau He yKazaHo uHaue. Pezyasmamor. Ha 1-M atane (15 mecsau naH-
JIEeMUM) TTONYJISIHMOHHBIA KUMMYHUTET ObLI 00YCJIOBJIEH MpeuMyIecTBeHHO TobKo Nc*RBD™ Abs. Ko 2-my atany,
MPOBENEHHOMY 4epe3 4 Mec. UX I0JIsl COKpaTuachk B 1,2 pasa, HO yBEJIUYMINUCH J0JS1 BOJIOHTEPOB, COMEPKABIINX
tonbko RBD Abs B 1,7 pa3za. Ha 3-M u 4-m atamax, npoBeneHHBIX 4epe3 9 u 19 mec., nonst auir ¢ RBD*Nc- o cpaBHe-
HUIO €O 2-M 9TanoM Ha 3,5%, mons un ¢ Nc*RBD Abs ysenununnack B 1,5 paza. BaxHeiium ¢pakTopoM MOmysiiu-
OHHOr0 MMMYHUTETA CTajla BaKLIMHALIMS HACEICHU I, OXBAT KOTOPOii K 4-My atamny goctur 70%. Cpeay BakLIMH Jaiie
BCEro MCroyipb30oBaau BeKTopHble CriyTHHK V 1 CriyTHHK Light, pexe — meITbHOBUPUOHHYI0 MHAKTUBUPOBAHHYIO
BIBP-CorV. 3akawuenue. DBOTIONUS MOMYISIIIMOHHOTO I'yMopaibHOrO MMyHHUTeTa poTuB SARS-CoV-2 BKJTIoua-
Jla COBOKYITHOCTh U3MeHeHu# ypoBHeil mupkyaupytomux Nc, RBD u Nc*RBD Abs. ChopmupoBaBiniicss rudpui-
HBIIi UMMYHUTET CIOCOOCTBOBAJ CHUXEHUIO 3200J1€BAEMOCTHU 10 CIIOPATUYECKOTO YPOBHSI.

Karuesvie caosa: Pecnybauka beaapycs, nacenenue, SARS-CoV-2, COVID-19, cepomonumopune, nonyasyuOHHbLI UMMYHUmMem,
aHmMumena, HyKAOKAncuo, peyenmop ces3vl8arousuil 00MeH, 6AKYUHAUUS, 2UOPUOHBLIL UMMYHUMeEM.

Syndrome (MERS). It caused 1348 infections from
2012—2015, in which 479 people died [4, 23, 37, 46].
The evolution of pathogenic coronaviruses continued

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, HKU]1) [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

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
quickly 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 3,
2022): pop. density was 121.2 km?; morbidity was
15 834%o00; and COVID-19 mortality was 1.9%.
In neighboring Ukraine (pop. density 75.6 km?), mor-
bidity was 12 152%o00, and the COVID-19 mortality
rate was 2.17%. In Hungary (pop. density 103.3 km?),
morbidity was 19 803%c00, and the mortality rate
reached 2.4%. In Lithuania (pop. density 40.6 km?),
morbidity was unexpected high (39 949%o00), and
the mortality rate was 0.9% [12, 13].

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

Note. Black line — morbidity throughout the COVID-19 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 of the
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 2021—22 (Fig. 1). The 1st

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. 24—28, 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 [5]. 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%ooo.
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%occ.

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%o00 (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 Shar;‘zggl/‘: g‘l’)hm’
Brest Region 621 13.3(12.4-14.3)
Vitebsk Region 513 11.0 (10.1-11.9)
Grodno Region 574 12.3 (11.4-13.3)
Gomel Region 418 9.0(8.2-9.8)
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%000, 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 Nc~
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 1st 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 (Nc"RBD~) 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 S1). 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 SI). 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-
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50-59 40-49
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1-17
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60 _
70+ S 18-29
60-69 30-39
50-59 40-49
—@— NcRBD- —O— Nc'RBD~

-+ -+ RBD*Nc™

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 Ist 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 Nc"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 Nc"RBD~ turned out to be 6 to 10-
fold lower than other subpopulations (Fig. 3, Table S2).
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Figure 2. Distribution of seropositivity (Nc, RBD) among volunteers by age 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 the age subgroup with
the indicated serological status, %. Sectors: age intervals, years. Numerical values for the graphs are given in Supp. Table S1.

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 SI). 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% ClI:
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% ClI.:
14.7—16.8) at the 4th stage (p < 0.0001). The shares
of Nc"RBD~ and Nc*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
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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 Nc"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 5.4% (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
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Figure 3. Distribution of volunteer seropositivity (Nc, RBD) by region 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 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% CI 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 1 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: Nc"'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).
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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% CI:. 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
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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 given in Supp. Table S3.

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 1st 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—59 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 1st
stage data were significant (p < 0.05). The decrease
was due to an almost two-fold decrease in the pro-

Stage 1
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10,
60-69 30-39
50-59 40-49
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1-17
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70+ % 18-29
60-69 30-39

50-59 40-49

—e— 16.8-31.2 —@—31.3-125.6

portion of such persons among children and adults
aged 18—29 years (Fig. 5, 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+ 18-29

60-69 30-39
50-59 40-49
18-29
60-69 30-39
50-59 40-49
—o—125.8-251.2 —e—251.4-502.5 -....O---->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/ml.
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 1st 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/ml) and maximum (> 450 BAU/ml)
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 1st 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

Stage 1
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> 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
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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 levels 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%.

In stage 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-CorV in-
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 24—25 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 100—170 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
Nc 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 SI).

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% ClI:
30.8—33.5) t0 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%
ClI: 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
Nc 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-Nc 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 S5). In the first two stages of seromonitoring
(carried out an interval of 4 months), individuals with
RBD Ab levels of 22.6—220 BAU/ml prevailed in all
age groups. This was especially pronounced among
children, where their proportions were 44.6% (95%
CI: 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 years, 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 2/, 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 vector and
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 OCOBEHHOCTEM UMMYHHOIO
OTBETA Y B3POCIJIbIX, BOJIbHbIX KOPbIO

A.II. TonTeiruna'?, T.A. MamaeBa'

'@FYH Mockogckuii HayuyHO-uccae008amenbCckull uHcmumym snuoemuoso2uu u mukpoouonrozuu um. I H. Tabpuuesckozo
Pocnompebnadsopa, Mockea, Poccus
2@r'bO YBIIO Mockoeckuii 2ocydapcmeennbiii ynueepcumem um. M. B. JTomonocoea, Mockea, Poccus

Pe3stome. Kopbr — BBICOKOKOHTarmo3Hasi, BaKIMHOMpoQUIaKTUpyeMasi aHTpONoHo3Hass wHdekuus. Hecmorps
Ha TIOJIMTUKY aKTUBHOM BaKIIMHAIIUW OT 3TOM MH(EKIIMK HaceJIeHUST BCETO MUpPa, KOPh HE UcUe3jia COBCEM, OHa TO
3aTyxaeT, TO BHOBb MOSIBJISIIOTCS BCHBIIIKU. [TokazaHo, 4TO B 3a00JieBaHNE KOPbIO BOBJIEUEHbI HE TOJbKO HETIPUBU-
ThI€, YTO BIIOJTHE MIOHSITHO, HO M TPUBHUTHIE. Llesib paboThI: MccienoBaTh 0COOEHHOCTH MMMYHHOTO OTBETA Y B3POCIIBIX
0OJIBHBIX KOPbIO B YCIOBUSIX MOIbeMa 3a00JI€BAEMOCTH B ITpOIeCcCe AMMMUHALIMN 3TOi MHbeKuun. MccaenoBaHbl
1158 chIBOPOTOK KPOBU OT OOJBHBIX KOpPbIO B Bo3pacTe oT 18 mo 70 yeT, mpoXuBalOMX Ha TEPPUTOPUU MOCKBBI
n MockoBckoii obaactu, MmetogoM MDA (Euroimmun, lepmanus). [Mogasisiomias 4acTh 3a00JIEBIUIMX TPUXOIUTCS
Ha Bo3pacT 18—40 et — 72,36%. 69 cbIBOPOTOK, B3SITHIX B GoJiee mo3aHue cpoku (10—20 nHeit oT BbIChIIaHUS), ObLIN
HCKJIIOYEHBI M PACCMOTPEHBI OTAEIbHO. [10 ypoBHIO poTHBOKOPEBhIX I1gG 1 X aBUAHOCTU ObLIK BbIAEIEHbI: IPYII-
na 1 ¢ mepBUYHBIM TUIIOM UMMYHHOTO oTBeTa (582 chiBopoTKM [53,44%]) — 9T1 J10AU He ObLIU IIPUBUTHI B IETCTBE,
rpymia 2 (BTOpU4HBIi 0TBeT) (446 chiBopoTOK [40,96%]) — 5TH JT10IM OBLITM MTPUBUTHI B ICTCTBE, HO YTPATHIIN TIPO-
TUBOKOpPEBbIE aHTUTENA; 61 CBIBOPOTKA C IPOMEXYTOYHBIM YPOBHEM [TApaMeTPOB OTHeceHa B rpymny 3. st yTouHe-
HWS TUTIAa UMMYHHOTO OTBETa IPYTIbI 3 MPOBEICH NOTIOJTHUTEIBHBIN aHATU3 CIIEKTPa CyOKJIacCOB TPOTUBOKOPEBBIX
aHturen. [lokazaHo, 4TO B 3TOM IpyTITie BEISIBISETCS CMEIIAaHHBIM TUT 0TBeTa: 31 4yesloBeK 0TBeYaI ¢ peodiagaHueM
MepBUYHOTO THTIA, a 30 yesloBeK — ¢ MmpeobalaHieM BTOPUIHOTO TUITa UMMYHHOTo oTBeTa. [1pu atom 40 yenoBek
13 61 ObLIM BaKIIMHUPOBAHBI OT KOpH 3a 1—3 Mec. 1o 3a0oeBaHusI, TO €CTh 3a00J1eBaHNe HAJIOXKUJIOCh Ha CTAHOBJIE-
HMe ITOCTBAKIIMHAJIBHOIO UMMYHHUTETa. TakKuM 00pa3oM, BeISIBJICHHAsI HAMY paHee TeHIEHIIMS K yTpaTe OCTBaKIIM-
HaJIbHOTO UMMYHUTETA CPEIM CTAPIIUX IKOJbHUKOB ¥ MOJIOABIX B3POC/IBIX M BOBJICUCHUE STUX IPUBUTHIX B IETCTBE
JIIOfIEi B AMUAEMUUYECKUI TPOLIECC MPOIOJIXKAET YCYIyOIAThCS.

Karouesnie caosa: kopsb, anmumena, 2yMopanbHulll UMMYHUMeEN, NepeU1HbIl UMMYHHbLI OMmeem, MOPUYHbLI UMMYHHbII omeent,
agudHocmo.

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
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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.e., 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.

BBepneHue

Kopb — BBICOKOKOHTAarvo3Hasi, BaKIIMHOITPO-
dunakTupyemasi aHTPOIIOHO3HAsT  WHMEKIIMSI.
B cBsI3u ¢ mocTuXeHWeM BBICOKOTO OXBaTa MpH-
BUBKaMM TPOTUB KOPU Ka3aJIOCh, UTO KOPb 3JIU-
MWHUPOBaHA, TO €CTh IPeKpaTUach HETPEPbIB-
Has nepegada uHbEKIUU, Aasascs ooiee 12 mec.
OnHako KOpb He Mcuesjia COBCEM: OHa TO 3aTyXaerT,
TO BHOBb MOsBAsIOTCS Benbiliku [19]. Hecmotps
Ha To uyTo CIIA naBHO yXe CUMUTAIOTCSI TePPUTO-
puelt 3JJUMMUHWPOBABIIEA KOpPb, BCHBIIIKWA 3TOW
WH}EKIINN peryasipHO CAydaloTcsl B pa3HbIX IITa-
Tax. bbuta paccuMTaHa 1ieHa CpeaHeil BCITBIIIKH,
u oHa cocraBuiia 152 308$, a cpenHss LieHa OHOIO
cirydas 3aboieBaHN sl KOpblo — 32 805%, uTo Ha He-
CKOJIBKO TIOPSIIKOB TIPEBBIIIAET CTOMMOCTD JI03bI
BakuUUHBI [22]. B 2019 1. BO BceM Mupe oTMevalics
noabeM 3abojsieBaeMocTu Kopblo [17]. Hampumep,
B Kazaxcrane B 2019 r. 3apeructpupoBanu 13 873
ciydasi Kopu, u3 Hux 3684 cpeau B3pociabix [2].
B Poccuiickoit @enepaniuu Mo JaHHBIM rocynap-
CTBEHHOI CTaTUCTUKM ObLI 3aperucTpupoBaH 4491
ciaydait kopu. MHoOTUe ucciaeaoBaTe/in oTMevasiu,
4TO JajiekKo He Yy BCeX MPUBUTBHIX OT KOPU B JIET-
CTBE B3POCJIBIX COXPaHSIOTCS ITPOTMBOKOPEBbBIC
aHtutena [3, 11]. BaxxHo, uTo B 3ab6071€eBaHUE KO-
pPbIO OKa3bIBAIOTCSI BOBJIEUEHBI HE TOJIBKO HETIpU-
BUTBIE, UTO BMOJHE MOHSITHO, HO M MPpUBUTHIE. Tak
B KanudopHuu B 2014 1. cpenu 3a601eBLUINX KOPbIO
25% ObBLIM NPpUBHTHI B IeTcTBe [14]. [laske cpenm 3a-
oosnesux kopbto aeteii B2019r., mo nanubiM JII'KB
Ne 9 um. I"H. Cniepanckoro, 10% 6bl1u paHee TTpu-
BUTHI OT Kopu [6]. Ha ¢one manaemuun COVID-19
W TIpUMEHEHWs KapaHTUHHBIX MEpONPUITUI
(lokgayHbl, HOILLIEHHWE MacoK U T.M.) 3aboJieBae-
MOCTb KOPbIO CHU3UJIACh, HO TTOCJIe OTMEHBI OTpa-
HUYUTEJIbHBIX Mep KOPb BHOBb MosiBujiaach [18].
Bcenbliku Ha TeppuUTOPUSX, TUMUHUPOBABIINX
KOpb, MOTYT MPOUCXOIUTH M3-3a HEIOCTATOUHOTO
oxBara BakLMHaluei [20] uau B CBSA3U C yTpaTou
nocTBaklMHAJIbHOrO UMMyHUTeTa [21]. TloaTomMy

BeCbMa BaXXHO MPOJOJIXKATh MCCICIOBAHUS I10-
CTBAaKILIMHAJbHOTO UMMYHUTETA IIPOTUB KOPHU JIJIsI
OLIEHKM TMPOMAOJKUTEIBHOCTU €ro IOAAepXKaHMS
B YCJIOBUSIX 3JMMMHAIlMM BUPYCa M OTCYTCTBUSI
€CTeCTBEHHOI'0 OyCTUPOBAHMUSI.

Llenr paboThl: MccaenoBaTh OCOOEHHOCTU UM-
MYHHOI'O OTBETa y B3POCJIbIX 00JIbHBIX KOPbIO B yC-
JIOBUSIX TTIOJbeMa 3a00JIeBAEMOCTH B IPOLIECCE DI~
MMHAIMU 3TON MHOEKIIUH.

Martepuarnbl 1 MeTob!

B mpocTtoM cCpaBHUTEJIBHOM UCCIEIOBAHUU
ObLIM TIpOaHaIU3UpPOBaHbI 1158 CHIBOPOTOK KpoO-
BU OT O00JBHBIX KOpbIo 3a 2019r. B Bo3pacTte oT 18
1o 70 JIeT, MpOoXUBAIOUIUX HA TEPPUTOPUY MOCKBEI
1 MockoBckoit obiactu. [TonTBepxaeHue KopeBoii
UHOMEKIINU OCYIIECTBJISJIN HA OCHOBAHUU MOAU-
dunMpoBaHHOTO nuddepeHaibHO-IUarHO-
ctuueckoro ajroputMma [5]. Ilpu nepBruyHOM aHa-
JIN3€ ChIBOPOTKHU, B3SThIE C HAPYILIEHUEM CPOKOB,
npenycMOTpeHHbIX pekomeHnauussm BO3, (Ha 10—
20 neHb Mocje TMOSIBJACHUST Cchiliu) (69 06pasiioB)
OBV OTHECEHBI B OTIEJAbHYIO TPYIITY U aHAJTU3U-
poBasiuchk otneabHo. OcTtaBimuecs 1089 ceiBopoTOK
ObLIU pa3/ieIeHbl HA CIEAY IO UE BO3PACTHBIE TPy -
bl 18—30 et (Mononexs), 31—40 net u 41-50 et
(rpynmsl cpeaHero Bo3pacta) u 6osee 50 jet (ctap-
muii Bo3pact). KoauyecTBO CBIBOPOTOK, BOIIEM-
WX B Ty UJIM UHYIO TPYIY, YKa3aHO B TabJIuIIaxX
Huxe. McciienoBaHU S NpOBOIUIUCH Ha 6a3e 1abo-
patopuu HanimoHaibHOTO HAyYHO-METOAUYECKOTO
1eHTpa no kopu u kpacuyxe (PBYH MHUNBM
um. [H. TabpuueBckoro PocnorpebHan3opa).
CoiBopoTku xpanusiu ripu —30°C go ucnonb3oBa-
Hus. OnpeaeseHue ypoBHEW aHTUTE U UX aBUTHO -
CTHU OCYIIECTBJISIIA METOJIOM UMMYHO(EepMEeHTHO-
ro aHajlu3a Ha TecT-cucteMax «Anti-Measles Virus
NP ELISA» (IgM), «Anti-Measles Viruses ELISA»
(IgG) u <«Avidity: Anti-Measles Viruses ELISA»
(«Euroimmun», I'epmanuns). Pe3ynbraTsel BeIpaxa-
JIA, COIJIACHO HOPMATUBHO-TEXHUYECKOU IOKY-
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MEHTallM¥W Ha UCIIoJib3yeMble Ha0ophl: 1is [gM —
B €AUMHUILAX OITUYECKON IMJIOTHOCTU (0.e.), JJs
IgG — B Me/Mi1, aBUIHOCTD — 11O ITPOLIEHTY IMCCO-
MallMU aHTUTEN (MHIEKC aBUAHOCTH). [1pu aTOM,
€CJIM MHIEKC aBUAHOCTU Obla MeHee 40%, aHTU-
TeJla paclieHUMBaJUCh KaK HU3KOABUIHBIEC, €CIU
ooisiee 60% — BbIcOKOaBUIHBIE, a OT 40 10 60% —
NPOMEXYTOUHBIN pe3yabTar. s onpeneaeHuUs
cybkJiaccoB crielUPUUHBIX K aHTUT€HaAM BHUpyca
kopu I1gG npumensnu moaudukanuio metona [10].
Hcrnonb3oBanu 96-TyHOUYHBIC MaHEIU OT HabGopa
«Anti-Measles Viruses ELISA» (IgG) (Euroimmun,
I'epmaHusl), HO BMeCTO KOHBIOraTa U3 Habopa
Mbl OOOaBISIIM B JYHKM MOHOKJIOHAJIbHBIE aH-
TUTEJIa, MedyeHHble Tiepokcuaazoit: aHTu-IgGl
(ko 10G/2C11), antu-IgG2 (xknon 23G/3C7),
aHTu-I1gG3 (knoH 22G/5G12) u antu-IgG4 (kiaoH
20G/5C7) (ITomurnoct, CankT-ITeTepOypr) B KOH-
neHTpauuu 1 MKr/mia. it comocTtaBiieHUsI pe-
3yJbTAaTOB Mbl MCHOJb30BaJId CTAaHAAPTHYIO ChI-
BOPOTKY, COAepXKallylo crieliudruueckre aHTuTeaa
K KOpHU Bcex yeThipex cyokaaccoB IgG. OueHky pe-
3yJbTAaTOB TECTUPOBAHU S MPOBOIUIU C TMTOMOIIbIO
MUKporuiaHmeTHoro dortomerpa «Multiskan FC»
(Thermo scientific, @UHISTHAWS) TpU IJTUTHE BOJI-
HbI 450 HM TpOoTHUB 620 HM.

TlonyuyeHHble pe3yJibTaThbl ObLIM 0OpabOTaHBI
METOIaMM HerapaMeTPUUeCKON CTaTUCTUKU C BbI-
yuciaeHueM MenuaHbl (Me), TIepBOro M TpeThEero
kBaptuneit (LQ—HQ). Paznuuusa Mexay rpynmnaMu
OLIEHUBAJIU C MOMOIIbIO KpUTepusi MaHHA—YUTHU,
ypoBeHb p < 0,05 pacueHuBaICsd KaK 3HAYUMBIiA.

Peaynbrathl

PacnipeneneHnue ypoBHei poTUBOKOpeBbIX IgM,
IgG 1 aBUAHOCTU aHTUTEN MO BO3PACTHBIM TPYI-
nam 1peactaBjiaeHo B Tabn. 1. M3 Tabauibl BUIHO,
YTO MOMABJISIONIAST YaCTh 3a00JICBITNX MPUXOIUTCS
Ha Bo3pacTHble rpynmnbl 18—30 ner (35,45%) u 31—
40 net (36,91%) ot coctaBa Bcex OOJbHBIX KOPbIO
B3pocibiX. YpoBHU IgM u IgG anTuTen n nx aBua-
HOCTb ITOCTEIICHHO CHMIXKAIOTCS C BO3PAaCTOM, IIpU
9TOM MaKCUMYM BBISIBJISIETCS B BO3PACTHOM T'PyIITIe
18—40 neT. UHTEepBaIbl MEXIY IIEPBBIM U TPETHUM

5,60%

53,44%

40,96%

pynna 1 [pynna 2 pynna 3
. Group 1 D Group 2 D Group 3

PucyHok 1. PacnpepaeneHue 60/bHbiX KOPbIO
no TNy UMMYHHOIO OTBETa Ha MHEKLUI0
Figure 1. Distribution of measles patients by type
of specific immune response

KBapTUJIEM CUJIbHO pPa3IMYalOTCs B pPa3HbIX BO3-
PACTHBIX FpyInax. DTO CBUAETEIbCTBYET O HEOAHO-
POAHOCTM MaHHBIX B 3TUX BO3PACTHBIX IpYIIIax.
PaHee ObL10 TMOKa3aHO, YTO CYLIECTBYIOT 3HA4YM-
Mbl€ pa3jiM4usl B YPOBHSIX aHTUTE] IIPU MEPBUY-
HOM M BTOPMYHOM THUIIC OTBETa Ha BUPYC Kopu [9].
Tak, HeBBICOKMIT YpOBeHb HM3KOaBUAHBLIX I[gG-
AHTUTE TUIIMYEH AJIs IMEePBUYHOTO0 MMMYHHOIO
OTBeTa, a BLICOKMI YPOBEeHb BbICOKOABUAHBIX 1gG-
aHtuten (bonmee 5 ME/Ma) xapakTtepeH sl BTO-
PUYHOTO MMMYHHOro orBeta. [lo aTOMy Ipu3Ha-
KY HUCCJIeIOBaHHbIE CHIBOPOTKHU ObLIM pa3lesieHbl
Ha 3 rpynnel. B rpynny 1 (mepBUYHBIN OTBET) OBLIN
oTHeceHbI 582 chiBopoTKHU (53,44%), Brpynny 2 (BTO-
pUYHBI 0TBET) — 446 cBIBOPOTOK (40,96%). OmHako
61 ceiBopoTKa (5,6%) He yKiaabiBajach B 3aJaHHbIE
Kputepun:. ypoBeHb IgG-aHTUTENI B HUX OBIJT Me-
Hee 5 ME/Mi, HO aBUIHOCTH ITpU 3TOM Oblia oT 50
110 98%, TO €CTh 3TO OBIJIN BEICOKOABUAHbBIE AHTUTE-
Jla, WJIM aHTUTEJa C IPOMEXYTOYHOI aBUAHOCTbIO.
DTU CBIBOPOTKU OBLJIM BBIACICHBI B TpyIy 3 (puc.
1). ®Tu 3 rpynIbl ObIJIM HEPABHOMEPHO ITpeICTaBIe-
HBI cpeau 0OJIbHBIX KOPbIO pa3HbIX BO3PACTOB.
PacnpenesneHue 1o BO3pacTHBIM I'PyIIaM TUIIOB
MMMYHHOI'O OTBETa IIPeACcTaBIeHO Ha puc. 2. Y3 pu-
CYHKAa BUJTHO, UTO B TPYTITIE MOJIOABIX B3POCIIBIX (18—
30 yeT) ypoBeHb OTBEUAIOIIMX MEPBUYHBIM TUIIOM

TaGnuua 1. PacnpeaeneHune ypoBHe NPOTUBOKOPEBbLIX aHTUTEN MO BO3pacTHbIM rpynnam, Me (LQ-HQ)
Table 1. Age-related distribution of measles antibody levels, Me (LQ-HQ)

BospacTt 18-30 net 31-40 net 41-50 net >50 ner

Age 18-30 years 31-40 years 41-50 years > 50 years
KonuqegTBo YyesioBeK B rpynne 386 402 095 76
Number in group
IgM (o.e.) 1,32 1,30 1,16 0,91
IgM (0.u.) (0,61-2,36) (1,60-2,30) (0,56-2,15) (0,47-1,78)
1gG (ME/mn) 0,94 1,87 1,07 0,74
IgG (ME/ml) (0,38-24,08) (0,51-23) (0,47-20,03) (0,32-3,87)
ABupgHoOCTb (%) 78 72 64 47
Avidity (%) (15-98) (20-97) (24-97) (22-89,25)

693



A.lN. TonTbirnHa, T.A. MamaeBa

MHdekumns n uMmyHuTeT

%

100 2,85 5,97 —
. 13,16
90
80
70
60
50
40
. 61,84
30 54,66 50,75 53,10
20
10
0 T T T
18-30 net 31-40 net 41-50 net >50 net
18-30 years 31-40vyears 41-50 years >50 years
0 Mpynna 1 m Ipynna 2 m Ipynna 3
Group 1 Group 2 Group 3

PucyHok 2. Bo3pacTHasi CTpyKTypa 00JIbHbIX KOPbIO
B 3aBMCMMOCTMU OT TUMAa UMMYHHOIO OTBeTa

Figure 2. Age structure of measles patients related

to type of immune response

oTBeTa cocTaBiisi 54,66% u Konebdascst BO3Jjie 3TOro
ypoBHs B rpymnimax 31—40 u 41-50 net. MHBIMU clIO-
BaMU, IIPMMEPHO I10JIOBUHA 3a00JIEBIIMX B 3TUX BO3-
pacTHBIX IpynIax He ObljIa IPUBUTA OT KOPH, a BTO-
pasi moJIOBMHA, BUAMMO, ObliIa IIPUBUTA B JETCTBE,
HO yTpaTuJja B MpOLeCCe XU3HU IMPOTUBOKOPEBbIE

anTutelsia. B rpynrie crapiie 50 JieT ypoBeHb OTBeva-
FOLIMX MEPBUYHBIM TUIIOM MMMYHHOI'O OTBETa He-
MHOTruM TpeBbiai 60%. Takke U3 pUCyHKa BUIHO,
YyTO IpyImna 3 yBeJIM4ruBajiach ¢ BO3pacToM: ot 2,85%
B Bo3pacTHoi rpymme 18—30 et go 13,16% B rpyiiie
crapuie 50 JIeT, YTO BBITJSIAUT HECTYyYalHbIM.
PaccMmoTrpum nnongpobHee ryMmopaibHbIA IPOTHUBO-
KOPEBOI OTBET B 3TUX TpeX I'pynnax (TadJ. 2). B rpyr-
ne 1 (MepBUYHBIA MMMYHHBIM OTBET) OCHOBHAas
YacThb 3a00JIEBIINX TIPUXOAUTCS Ha MOJIOIO BO3PaCT
18—40 et (415 yenosek, 71,3%). Bo Bcex cbIBOpoTKax
3TOU TPYIIILl OBIM OOHAPYXXEHBI TOJIOXKUTEIIBHBIC
npotuBokopeBbie IgM-anTutena. K coxaseHuro,
s [gM-aHTuTeN HET KaauOpaTopoB, MOATOMY CTaH-
JIApTHO YPOBEHB 3TUX aHTUTEJT OLIEHUBAETCS KaK I10-
JIOKUTENbHBIN, OTPULIATEAbHBIN UM «Cepast 30Ha».
OmHaKo OJIST UCCIIEIOBAaTEIbCKUX MeJIe MOXKHO TIPH-
OJIM3UTEILHO OLICHUTh YpOBeHb IgM oTBeTa B enu-
HHULIAX ONTUYECKOM IJI0THOCTU. [Ipu TakoM criocobe
OIIEHKYW MOXHO YBUJIETh, YTO YPOBeHb IgM-aHTuTEN
ObLT MaKcHMMaJieH B Bo3pacTHoil rpymnmne 18—30 ner,
a 3aTeM IMOCTETIEHHO CHUXXAJICS C BO3pacToM. B mep-
BOIi TpyIIIie HE BO BCEX ChIBOPOTKAX ObLIM OOHapy-
JKeHBI TpOoTUBOKOpeBhIe IgG-aHTUTE 1A, YPOBEHD Ce-
POIMO3UTUBHBIX KoJiebasicsi 0Kojio 66%. MHTepecHo,
YTO MeAMaHbl KOHICHTPAIIMM ITPOTHMBOKOPEBHIX
IgG-anTHUTEN, MOCUMTAHHBIC IJISI CEPOITO3UTUBHBIX
CBIBOPOTOK, MPaKTUYECKU HE pa3anyajuch B 3a-
BHUCHUMOCTH OT BO3pacTa M HE3HAYMMO KOJcOaINCh

Ta6nuua 2. MapameTpbl ryMopanbHOro 0TEETa Ha BUPYC KOPU B 3aBUCUMOCTU OT BO3pacTa U Tuna

MMMYHHOro oTeeTa, Me (LQ-HQ)

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

Group 1, number of subjects (%)

BospacTt 18-30 net 31-40 net 41-50 net >50 ner
Age 18-30 years 31-40 years 41-50 years > 50 years
0,
Fpynna 1, konuuectso yenosex (%) 211 (36,25%) 204 (35,05%) 120 (20,62%) 47 (8,08%)

:gm ((83)) 1,99 (1,22-2,93) 1,85 (1,31-2,75) 161(0,97-251) | 1,36(0,71-1,87)
IgG (ME/mn), % cepono3uTUBHbIX 0,55 (0,41-0,80); 0,69 (0,49-0,94); 0,53 (0,23-0,86); 0,59 (0,38-0,84);
IgG (ME/ml), % seropositive 63,51% 68,14% 64,17% 65,96%
ABupgHoCTb (%) ~ B _ B
Avidity (%) 12 (8-22) 15 (9-36) 19 (10-38) 26 (12-33)
F'pynna 2, konnyecTteo Yenosek (%) o o o o
Group 2, number of subjects (%) 164 (36,77%) 174 (39,01%) 89 (19,96%) 19 (4,26%)
IgM (0.e.), % cepono3uTUBHbIX 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%

1gG (ME/mn) ~ ~ _ B

I9G (ME/ml) 25,8 (22,64-28,61) 24,1 (21,83-26,8) 22,84 (19,48-25,7) | 20,4 (17,12-24,16)
ABupgHoCTb (%) B B B _
Avidity (%) 98 (95-100) 98 (94-100) 98 (95-100) 97 (90-99)
F'pynna 3, konnyecTteo Yenosek (%) o o o o
Group 3, number of subjects (%) 11 (18,04%) 24 (39,34%) 16 (26,23%) 10 (16,39%)
IgM (0.e.), % cepono3uTUBHbLIX 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%

1gG (ME/mn) B _ _ ~

IgG (ME/ml) 1,62(0,82-3,12) 2,44 (1,86-2,94) 1,84 (0,99-2,47) 1,61(1,31-2,62)
ABupgHocTb (%) g B B g
Avidity (%) 62 (51-72) 63 (58-68) 58 (56-72) 61 (57-70)
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okosio 0,57 Me/ma. Ilpu 3TOM aBUAHOCTb aHTU-
Tea ObLIa HU3KOW C HE3HAYUTETbHOW TEHACHIIU-
el K TMoabeMy B CTapIIMX BO3PACTHBIX T'pyIIax.
M3 5TuX pacuyeToB ObLIM UCKJIOYeHBI 69 CHIBOPOTOK,
B3sIThle B OoJiee Mo3aHue cpoku (depe3 10—20 nHeit
MOCJIe MOSIBJICHUS CHIIN), OAHAKO TT0 CBOMM Xapak-
TepUCTUKaM (HEBBICOKMI YPOBEHb HU3KOABUIHBIX
IgG) oHM COOTBETCTBOBAJIU MEPBUYHOMY TUIY UM-
MYHHOI'O OTBETa, MO3TOMY MBI COMNOCTaBUJIU 3Ty
JIOTIOJITHUTEJIBHYIO TPYIIy C pe3yjbraraMu TpyIl-
nbl 1. YpoBeHb IgM-aHTUTEN B CHIBOPOTKAX, B3SI-
TBIX Ha TMO3JHUX CPOKaxX, ObLI HUXKE, YeM B TpyIl-
ne 1: 1,36 (0,99—1,82) o.e., ypoBeHb IgG — 3HAUNMO
Boiwe: 0,94 (0,68—1,74) Me/ma (p < 0,05), aBUAHOCTD
HE OoTIMYajach OT Ipynnbl 1. DTU paznuyuus, mo-
BUIMMOMY, OTpaxKkaloT MpOLeCC CO3peBaHUST Mep-
BUYHOTIO MMMYHHOTO OTBETa Ha BUPYC KOPHU Yy paH-
HUX peKOHBaJIECIIECHTOB.

Hnst rpynnbl 2 (BTOPUYHBIA MMMYHHBIR OT-
BET) MUK 3a00JIEBIINX TaKXe ITPUIIEIICS Ha TPYI-
bl 18—30 u 31—40 et (338 4wen., 75,78% ot cocra-
Ba rpynmnbl). B aToif rpyrime ToJbKo 2/; CBIBOPOTOK
WMEIN TIOJIOKUTeNbHble IgM-aHTHTENa, HO BCe
CBIBOPOTKM COJ€pKaau BbICOKUI ypoBeHb (boJjiee
10 Me/MJ1) BBICOKOABMIHBIX aHTHUTE], MeauaHa
aBUJAHOCTU cocTaBuaa 98%. Ormeuanach TeH-
IeHIIMSI K CHUXXEHUIO C Bo3pacToM ypoBHs IgG-
aHTUTEN (CM. TabJI. 2).

HaubGosnee nHTepecHO HaM IToKa3ajach IrpyIi-
na 3. Iluk 3a0oneBIIMX TIPUXOAMJICS Ha BO3-
pactHyto rpynny 31—40 get. IlpoueHt IgM-
CEPOITO3UTUBHBIX CBIBOPOTOK MEHSJICSI C BO3-
pactoMm ot 100% B BO3pacte 18—30 jet, mo 80%
B cTapiueMm Bo3pacTe. YpoBeHb IgG-aHTuUTEN 3Ha-
yuMo (p < 0,05) mpeBbillIaJ COOTBETCTBYIOIIMIA
YPOBEHBb Ipynnbl 1 BO BCeX BO3pAaCTHBIX Tpymmax,
KaK ¥ IPOLIEHT aBUIHOCTH aHTUTEN, XOTSI OH OBbLI
3HaunMo Huxe (p < 0,01), yem B rpynmne 2. PaHee
OBLJIO TIOKAa3aHOo, YTO ITPY MEPBUIYHOM MMMYHHOM
OTBeTe mnpeobJanaloT aHTUTena cyokuaacca I1gG3,
a Npu BTOPUYHOM UMMYHHOM oTBeTte — IgGl [7].
I[MoaTOMYy MBI TIPOTECTUPOBAJIM BCE CHIBOPOTKU
rpynmnbel 3 Ha cooTHolleHue cyokiuaccoB IgG-
aHTUTEJ K BUpyCy Kopu. PaccumTaHHble HaMu
panee cut off mnsa IgGl (46,84%) n 1gG3 (42,8%)
aHTUTEJ Yy OOJbHBIX KOPbIO [8] Mo3BoJIMIM pa3ae-
JIUTh TPYIITY 3 Ha OTBEYAIOIINX ITPEUMYIIEeCTBEH-
Ho mo mepBuuyHOMY (31 yenoBek) (rmoarpynmna 3a),
Uiy 1o BTopuyHoMy Tuny (30 yenoBek) (MOArpyI-
na 30), uMMyHHoro oTBeTa (puc. 3). [locae Takoro
pasaeseHusl aBUIHOCTD B IOATPYIIe 3a COCTaBU-
na 60 (54—67)%, a B noarpyiie 36 — 66 (60—74)%,
OIHAKO 3TU pas3JIn4usl OKa3aJauCh He 3HAUMMBIMU.
JlonmonHUTENbHOE MCCleIoBaHUEe aHaMHe3a 3a00-
JIeBaHUS JIIONE, OTHECEHHBIX B TPYIITyY 3, IMoKa-
3aJ10, YTO BCE OHM MMEIU KJIMHUYECKYIO KapTUHY
KOPM C TUIIMYHBIMHU BbIcbiaHussMu. [Ipu sToM
40 yenoBek M3 61 ObLIM BAKIIMHWUPOBAHBI OT KOPU
3a 1—3 Mec. 1o 3abo0JieBaHUS.

O6cyxaeHne

IMpoBeneHHbIE HAMU UCCJIENOBAHUS BBISIBUIIN
BaXXHbIE 3aKOHOMEPHOCTU. PaHee HaMu ObLIO MO-
Ka3aHo, 4yTo B 2013 r. BTOPpUYHBIM THUIIOM UMMYH-
HOT0 OTBETa pearupoBaJii B3pocble B rpymmax 18—
30 (12,1%), 31—40 (18%) n 41—50 net (15,2%) [11].
B 2019 r. nepBUYHBIM TUIIOM UMMYHHOIO OTBETa
pearupyoT TOJIbKO 53,44% 3aboeBIINMX, a BTO-
PUYHBII OTBET MPOAEMOHCTPUPOBAJIU yXKe OoJiee
40% B3pocabix 60sbHBIX. CllenoBaTeIbHO, TTOYTH
MOJIOBMHA 3a00JIEBIIUX B3POCJbIX ObLIa MPUBUTA
B JIETCTBE, HO yTpaTuja B MPOIecce XKU3HU TTPOTH-
BOKOPEBbIE AHTUTEJA. DTO 03HAYAET, YTO BbISIBJICH-
Hasg HaMW TeHAEHLMS K yTpaTe MOCTBAaKIMHAJb-
HOTO MMMYHUTETa CPEAM CTapIInX IIKOJbHUKOB
¥ B3POCJIBIX U BOBJICUCHUE DTUX MPUBUTHIX B JIET-
CTBE JIIOJE B MUAEMUYECKUN TPOLIECC MPOIOJI-
XKaeT ycyryonsarbes. [lomobHble pe3yabTaThl ObLIU
nonydyenbl Cherry u Zahn mipu pacclienoBaHUU
Berbiky kopu B CIIA. Tak 11% 3a60eBIIMx ume-
JIV TIOATBEPXJAEHHYIO IBYI030BYI0 BaKIIMHAIIMIO,
TIPU 3TOM CPOK OT TMOCJIeIHEN BaKIIMHAIIUU B CPEI-
HeM ObLI 16,7 jteT, a pa3amax — ot 6 go 23,6 seT) [12].
HeonHokpaTHO mogHUMAaJICS U 00CYKAaJICS BOIIPOC
O HEOOXOAUMOCTU TECTUPOBAHUSA YyYEHUKOB 10—
11 xnaccoB Ha Hanuuue IgG-aHTUTEN K BUPYCY KOpU
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PucyHok 3. PacnpepeneHue nauveHToB rpynnbi 3
B 3aBUCMMOCTMU OT cooTHoweHus IgG1 nIgG3
cyOK1acCOB NPOTUBOKOPEBLIX aHTUTEN

Figure 3. Distribution of group 3 patients based

on measles-specific IgG1/1gG3 antibody subclass ratio

MpumeyaHue. YepHbiMM Mapkepamy 0603HaYeHbI NaLMEHTbI
C npenmyLecTBeHHO nepBMYHbIM TUNMOM UMMYHHOTO

oTBeTa, 6enbiMm MapkepaMm 0003HaYEHbI MALMEHTbI

C nNpenmyLecTBeHHO BTOPUYHbIM TUMOM MMMYHHOIO OTBETA.
MyHKTUPHBIMU NHUAMI 0003HaYeHb! cut off Ans pasneneqns
NnepBU4YHOro N BTOPUYHOIO TUNMa MMMYHHOIO 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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MHdekumns n uMmyHuTeT

M BaKI[MHAlIMKU cepoHeratuBHbIX [4, 11]. Takas cTpa-
TErus MTO3BOJIUJIA Obl UCKJTIOUUTh U3 AMTUAEMUYECKOTO
mnpoliecca 3HaUMTEIbHYIO0 YaCTh MOJIOJBIX B3POCIIBIX,
a Beb UMEHHO 3Ta I'PYyIIIa SIBJISETCS MOJOIBIMU PO-
JIUTEISIMU, CITOCOOHBIMM MH(MUIIMPOBATH CBOMX Ma-
JICHBKUX, €11Ie He TTIPUBUTBIX OT KOpH jeTeil. KoHeuHo,
yTpara IOJTOXUBYIIHX MIa3MOILIUTOB, CUHTE3UPYIO-
IIMX aHTUTEa He O3HAYyaeT IMOJHYIO yTpaTy MpoTHU-
BOKOPEBOIO UMMYHUTETA. B-KJIETKM MaMsTH HECYT
nocjae BaKIMHALIMM YXe MepecTPOCHHBIE BBICOKO-
aBUAHbBIE U TIpeuMylecTBeHHO IgG1-penenTopsl, of-
HAKO CaMU OHMW aHTUTEJ He MPOU3BOASIT IO TeX IOp,
MOKa He BCTPETSAT BHOBb BUPYC Kopu. OTBeT B-kijieTok
naMsTU pa3BMBAaeTCSI HAMHOIO ObICTpee, YeM OTBET
HauBHbBIX B-KJIETOK, OMHAKO HE MTHOBEHHO, MO3TO-
MY JIIOIM, YTPATUBLINE aHTUTEIa 3a00J1eBalOT, HO OT-
BEYalOT BTOPUYHBIM UMMYHHBIM OTBETOM (BBICOKMIA
YPOBEHb BBICOKOABUAHBIX aHTUTEI).

XoTs rpynmna 3 cocraBuiia Bcero 5,6% 3abosieB-
IIKUX, CaMO MOSIBJIEHUE €€ BeChMa HaCTOPaKMBaeT.
HecMoTpst Ha BBICOKUI YPOBEHb pa3aeJauTeIbHOMN
MOJEJI, OCHOBAaHHOI Ha ONpeaeIeHUU COOTHOIIIE-
HU S CyOKJIacCOB IMTPOTHUBOKOPEBBIX AaHTUTEN, B ChI-
BOPOTKAaX KPOBM TPYIIIbI 3, MbI, IMO-BUAMMOMY,
HabJogaeM CMEIIaHHBIM TUM WMMYHHOIO OTBE-
Tta. [Ipu aTom y 40 yenoBeK, HEAJABHO MPUBUTHIX
OT KOpY UHGULIMPOBAHKE, BEPOSITHO, HAJIOXUJIOCh
Ha mnpoliecc GopMUPOBAHUS MOCTBAKIIMHAJIBHOTO
MUMMYHUTETA, TOraa Kak y 21 yejoBeka Takoii cMe-
IIAaHHBI TUIM OTBETa BO3HUK, OYEBUAHO, IO IPY-
ro mpuuuHe. Takas cUTyallusi MOXET BO3HMK-
HYTb, €CJIM IPUBUTHIN B ICTCTBE YEJIOBEK YTPaTHII
HE TOJIbKO TMJa3MOLIUThI, CAHTE3UPYIOILIUE MPOTHU-
BOKOPEBbIE aHTHTENa, HO U YacTh B-KJeToK mams-
THU, CITOCOOHBIX pacro3HaTh BUPYC KOpu. B aTom
cjlyJyae B OTBET Ha IMMOBTOPHYIO BCTPEUY C BUPYCOM
KOpU MapaJijieibHO pa3BUBalOTCs 2 mpoliecca: BTO-
PUYHBIN OTBET OCTaBLIeHcs elle yacTu B-kietok
naMsTH W TIEPBUYHBINA OTBET HAaMBHBIX B-KJeToK,
KOTOpbIE MOCTOSIHHO (POPMUPYIOTCS B KOCTHOM
mo3are. OT TOro, cKojib 0oJiblllas UJIKU Majasl 4acTh
B-kJeTok mamMsTu Oblja yTpauyeHa U HACKOJbKO BO-
BJIeYeHbl HAaMBHBIE B-KJIETKM B 3TOT OTBET Ha BU-
pyC KOpU 3aBUCHUT, OyIeT Ju TaKol cMellaHHBIN

Cnucoxk nutepatypbl/References

OTBET pa3BUBAThCS C MMpeodiafaHUuEM MEPBUYHOTO
(moarpynmna 3a) uav BTOpUYHOro (moarpyrra 30)
MUMMYHHOT0 OTBeTa. BeposiTHO, YTO Ha TOT 6aaHC
OyJeT TakxKe BIMSTH IepBUYHAs MHPUIIMPYIOIAsT
Jl03a BUpYyca y KaxkJ0ro KOHKpPETHOro MalueHTa.

TTpruuH yTpaThl IPOTUBOKOPEBOIO UMMYHUTE-
Ta y IPUBUTHIX MOXET ObITH HECKOJIbKO. Tak xopo-
1110 M3BECTHBI CIyYau IMepBUYHBIX BaKIIMHAJIBHBIX
Heyday, Korgja aHTUTeJda Ha BUPYC KOPU BOOOIIE
He GOpMUPYIOTCS TOCJe BaKIIMHALIUU U JaXKe pe-
BakuuHauuu [1]. Tak>ke U3BEeCTHBI CIy4au BTOpUY-
HBIX BaKIIMHAJbHBIX HeEyaad, KOTJa MOsBUBIINEC-
Ccs MPOTUBOKOPEBbIE aHTUTENA OBICTPO KMCUYE3AIOT
u3 kpoBu. Ha ypoBeHb MPOTUBOKOPEBbIX aHTUTE,
dbopMuUpyIOLIMXCS MOCIe BaKIIMHAIIMW, MOTYT OKa-
3pIBaTh BAUsiHUE mnoauMopdusm HLA, koTopbie
OTBeYaloT 3a paclo3HaBaHue T-xejarepaMyd aHTU-
FeHOB BUpyca Kopu [16], pa3znuuus B 3KCIIpeccuu
pPELIENTOPOB, KOTOPbIE BUPYC KOPU UCHOJIb3YET AJIS
npukperieHus1 K kKJjetke [13], moaummopdumMbl
B HEKOTOPBIX MOJIEKyJIaX UMMYHHOTo oTBeTa [15].
Takke cocToOsHUEe UMMYHHOM CUCTEMbI HA MOMEHT
BaKIIMHAIMU BAUSIET HA Pe3yabTaT MPUBUBKU: IO~
Ka3aHo, YTO YPOBEHb HEKOTOPHIX MapaMeTPOB UM-
MYHHOI CUCTEMbI OKa3bIBaeT KaK MO3UTHUBHOE, TaK
Y HeraTMBHOE BJIMSHUE Ha YPOBEHb MTPOTHUBOKOPE-
BbIX aHTUTEJI MOCJIe BaKLIMHaLUu [23].

TakuM oOpa3zoM, B pe3yabTaTe MPOBEAECHHOTrO
MCCJIEOBAHU S yIAJI0Ch ITOKAa3aTh, UYTO BbISIBJICHHAS
HaMU paHee TEHJAEHIIMS K yTpaTe MOoCTBaKIIMHAb-
HOro MMMYHUTETa Cpedyd CTapliuX IIKOJbHUKOB
Y MOJIOJIBIX B3POCJBIX U BOBJICUCHUE DTUX MPUBU-
ThIX B IETCTBE JIIOJIell B SMUAEMUYECKUIA MTpoliecc
NpoAoIKaeT yeyryonsaTbes. [Tuk 3aboneBaeMoCTU
KOpPbIO MPUXOAUTCS Ha Bo3pacT 18—40 jeT, kpome
TOro, YTO 3TO HauboJjiee aKTUBHAS W TOJBUXHAS
rpyIia HaceJleHUs, 3TO TaKXe MOJIOAble POAU-
TeJIM, KOTOPble MOTYT MHPUIIMPOBATh CBOUX eIl
HE MPUBUTHIX JIETEl, MOATOMY KpailHEe Ba>KHO Ha-
JIaIUTh TECTUPOBAHME Ha HaJUYUE MPOTUBOKO-
peBOoro UMMYHUTETa IKOJAbHUKOB 10—11 KjtaccoB
U BaKIMHAILIMIO CEPOHETaTUBHBIX. DTO IMOMOXET
NEeWCTBUTEIBHO B35ITh IOJ KOHTPOJIb 3aboJjieBae-
MOCTb KOPbIO U 3TUMUHUPOBATh €€ B JaIbHEHUIIIEM.
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Pestome. Axkmyaavnocms. Llutomeranosupyc (CMV), B-repriecBupyc UeoBeKa, 1Mocie MmornajgaHus B OpraHu3M de-
JIOBEKA TMOXMU3HEHHO TEPCUCTUPYET B JIATEHTHOH ¢opme. BosHuKaromas nepuonndecku peaktuBauus CMV mo-
JKET BBI3bIBATh 3a00J1€BaHME pa3HbIX OPraHOB, BKJIOYAs IJ1a3, He TOJIbKO MPU UMMYHOCYIIPECCUU, HO U Y UMMYHO-
KOMIIETEHTHBIX Jtofneil. biaromgapss cBOMM UMMYHOCYIIPECCUBHBIM CBOMCTBaM nepcuctupywoinuit CMV yyacTByeT
B TaroreHe3e 3a0oJieBaHMIl pa3HOil aTMosornu. Llenbio MaHHOTO MCCAenOBaHUS OBIIO M3yueHHE OCOOEHHOCTEN
AHTUTEI000pa30BaHUS K IIECTU UHAMBUAYAJIbHBIM OenkaM CMV u nmpoBeneHre KOPPeasilIMOHHOTO aHaJln3a ero
B3aMMOCBSI3U C ITOKAa3aTeISIMU CYOMOMYISIMOHHOTO COCTaBa JUMGOIMTOB KPOBH Y MAllMEHTOB C MEPeIHUMU
YBEUTaMU Pa3HOl CTEeMEeHU TsxXecTu (0e3 TUITONMMOHA — JIeTKoe TeYeHUe, ¢ TUIIONMMOHOM — 0oJiee TSIXKeloe Tede-
Hue). Mamepuanwt u memoosi. O6CIeTOBaHO 36 MAIIMEHTOB ¢ NMepeIHUMU yBeuTamu. | rpynny coctaBuiu 20 maru-
eHTOB 0e3 runonuoHa, II rpynmy — 16 yenoBek ¢ rumonuoHoM. IlaTorHomonnyHble s [IMB-00ycioBieHHBIX
MepeHNX YBEUTOB KIMHUUECKNE CUMITTOMBI (ITayKOMO-IIMKJIUTUYECKUE KPU3bI, CEKTOpaIbHast aTpous pamyx-
K1) OTCYTCTBOBaJU. B chiBopoTKax KpoBM B MMMyHO(epMeHTHOM aHanu3e ompeaeisiu IgG-antutena k CMV
(MapKephl XpOHMYEeCKON MH(MEKIINN), B JUHCHHOM MMMYHOAHAIN3e — aHTUTeJIa K MHAMBUIYAIbHBIM PEKOMOM-
HaHTHBIM aHTUTeHaM CMV: ocHOBHOMY HecTpyKTypHOMY TipenpanHemy 0enky (IE), JTHK-cBs3piBaromemy ¢oc-
domporenny p32, pochonporenHaM TerymerTa pl50, p65, p28, rmukonporenHy odoiso0uku GB-AD. MeTogoMm mpo-
TOYHOH LUTOMETPUM MCCIENOBAIU CyONOMyasIUMOHHBIN cocTaB JuMdpouuTon: T-mtumbpouuts (CD3*), T-xennepsl
(CD3*CD4*CD8~), T-uutorokcuueckue (CD3*CD4-CD8"), T-nyonb-niosutuBHbie (CD3*CD4*CD8*), HatypabHbIe
kusepsl (CD16YCD56%), B-mumbouutsl (CD19%), uMMyHoperyasTopHbiii nuaeke (CD4*/CD8Y). Cratuctuueckuii
aHaJIM3 IIPOBOIIIIN ¢ TToMoIbio TporpamMMmel StatTech v. 3.0.2 (OOO «Crartex», Poccus). Pezyavsmame:. I1pu mepen-
HUX YBEMTaX JIETKOTO T€YEHMsS OOHAPY>XEHO CTaTHCTUUYECKHU 3HAUMMOE TMOBBIIICHWE OTHOCUTEIBHOTO COMEepXKaHUS
CDI16"CD56" u cauxenue adcomoTHoro ynciaa CD3*CD8* o cpaBHEHUIO ¢ ITEpeIHUMHI YBEUTaMU 00JIee TSIKEIO0ro
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TedyeHusI. ToIBKO B TPYIIIE MallMEHTOB C HaJIMYKMeM I'MITOIMOHA (00J1ee TSKeIoe TeUeHe) BEISTBICHA ITpsiMast KOppesi-
LIMOHHAs 3aMETHasT JOCTOBEPHAsI CBSI3b MEXy YPOBHSIMU aHTUTEN K aHTUTeHaM [E, p65, p28 u conepxkaHueM 1y0ib-
Mo3uTUBHBIX KJIeTOK (CD3*CD4*CDS8") n odpaTHast 10CTOBEpHasl CBA3b MEXAY YPOBHSIMU aHTUTEN K aHTUTreHaM [E,
p65 u p52 u CD19" numbountamu. 3axatouenue. TlonyueHHbIE Pe3yIbTaThl COIIACYIOTCS C UMEIOIIMMMCS B JIUTEPa-
Type eAMHUYHBIMU COOOLICHUSIMH O POJIM AYOJIb-TIO3UTUBHBIX JTUMOOILMTOB B ITaTOreHe3e TSKEIbIX (DOPM psijia BU-
pycHBIX 3a00seBaHuil. HeoOXoquMBbl JajibHENIINEe UCCICIOBAHMS BIMSHMUS MHIAMBUIYaJIbHBIX BUPYCHBIX AaHTUTCHOB
Ha conepxxanue CD3*CD4*CD8" y nauueHToB ¢ xpoHndeckoit [IMBU niist moaTBepxaeHUS POJIU 1y0Ib-TIO3UTUBHBIX
NUM@OLUTOB B AaTOreHe3e 0oJIee TIXKEI0ro TeYeHU S EPEIHUX YBEUTOB.

Karouesnie caosa: anmueenvt [IMB, cyononyaayuu aumgouumos, dyoab-no3umugnvie AuMpoyumol, nepedrue yseumol, AUHelHbLi
UMMYHOAHAAU3, 2UNONUOH.

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

@ Helmholtz National Medical Research Center of Eye Diseases, Moscow, Russian Federation
b I.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 I 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 p52, 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-CD8"), T-double-positive (CD3*CD4"CD8"), natural killers (CD16*CD56"), B-lymphocytes (CD19%). Statistical
analysis was performed using StatTech v. 3.0.2 program (Stattech LLC, Russia). Results. In mild anterior uveitis, there was
observed a significantly increased percentage of CD16*CD56" 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 IE, 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, p65 and
p52 antigens and CD19* lymphocytes. Conclusion. The data obtained are consistent with few reports on the role 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"CDS8" 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 lymphocytes, anterior uveitis, line-immunoassay, hypopion.

BBepneHue

YBeuThl — 3a00JiIeBaHUS COCYAUCTON 00OJOUKU
r1asa, pa3jaudaroniuecs Mo 3TUOJOruu (MHGbEeKIU-
OHHbIEe, HeUH(EKIIMOHHBIE), JIOKAaIU3aluu (nepe-
HUe, nepudepuyeckue, 3aaHue, TeHepaTu30BaH-
HbI€), aAKTUBHOCTU U TsIKecTU. [Ipu nepenHemM yBeuTe
(ITY) uHTpaokynsipHOE BOCIAJIEeHUE JTOKAJTU3YEeTCs
B paJdyxXKe U uujarapHoM Tese. OMHUM U3 MoKa3a-
Teneit Taxectu [TV gBasgeTcs Haauure B epeaHein
KaMmepe Ij1a3a KJIeTOYHOr o dKccyaaTa — FUIOINUMOoHa,
COCTOSIIIIETO B OCHOBHOM U3 JIEKOLIMUTOB.

Bupycsl reprieca uyenoseka (BI'Y), B yacTHO-
ctu uutomerajgoBupyc (CMV), urparoT BaxxHYIO

pPOJb B 3TUOJIOTMYECKON CTPYKTYpe MHGMEKIIMOH-
Heix 1Y, npruyem npeobsiagaloT YBEUThI, BbI3BaH-
HbI€ HE MEpBUYHON MHPEKIMEN, a peaKTUBal el
MOXU3HEHHO TMEPCUCTUPYIOILIETO B OPraHuU3Mme
BUpyca [6].

YcraHaBiauBarolascs mocjie nepBUuYHOro 3apa-
XKeHUs MoxXu3HeHHas nepcucteHuus BI'Y B kier-
KaX WHOUIMPOBAHHOIO XO3siMHA — pe3yJibTaT
CJIOKHBIX B3aWMMOOTHOIUEHUUN MEXAY UMMYHHOU
CUCTEMOM YeI0BEKA YU BUPYCOM: C OJITHOM CTOPOHBI,
OHa CBsI3aHa CO CIOCOOHOCTBHIO BUpPYCA YKJIOHSITh-
Cd OT UMMYHHOI'O HaJa30pa XO0341MHa, a ¢ APyrou,
C BO3MOXHOCTbIO UMMYHHOI CUCTEMbI OTPaHUY U~
BaTh JIUTUUYECKYIO pa3y uHdexkuuu [14].
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CMYV — caMblii KpYIIHBIIA U3 BUPYCOB reprieca
yejgoBeKa, u3BecTHO Oojiee 200 pa3HBIX OEJIKOB,
Y4YacTBYIOILIMX B €ro XXM3HEHHOM 11MKJie. Hanbonee
aKTUBHO U3Yy4JaloTCS IIpeApaHHITE OCJIKI, THUIIU -
pyloliie JUuTudeckyro ¢daszy nHpekuuu, gocdo-
NpOTeuHBbl TerymeHta (amMmop¢HOro OeJIKOBOIro
CJI0$1, PACIIOJIOXKEHHOTO MEXJYy HYKJIEOKAIrCUuAOM
1 Hapy>KHOM 000JIOUKO-CYyIIepKAIICUIOM), YIaCT-
BYIOIIIME B PA3HBIX CTAAUSX PETJIMKATUBHOTO LIUK-
Jla, TNIMKOMPOTEUHBI CyTiepKarncuaa, odjieryaroniue
MPOHUKHOBEHUE BUPYyCa BO BCE TUITHI KJIETOK U €TO
MEeXKJIETOUHOE paciipocTpaHeHnue [13].

HurtomeranoBupycHass wuHpexkuus (LLMBHN)
Y MMMYHOKOMIIETEHTHBIX JIUI[ XapaKTepus3yeTcs
IUHAMWYHBIM B3alMOJICUCTBUEM BHpyCa C HM-
MYHHOMW CUCTEMOU XO35IMHaA Ha MPOTIKEHUU BCEU
KU3HU, IPU 3TOM UMMYHHas cucTemMa, 0OCOOEHHO
T-nuMboUUTHI, caAepXUBAIOT PerJIMKALMIO BUPY-
ca U1 pa3BUTHE 3a00eBaHUsI, HO HE SJIMMUHUPYIOT
BUPYC U HE TIPEIOTBPAIIAOT €ro Iepeaady I1pyroMmy
yenoBeky [14, 15].

ITposenenHoe Vescovini R. u coaBT. [15] ¢ uH-
TepBaJoOM B 5 JiIeT oOcaenoBaHNUe 310POBbIX JOHO-
pOB TI0KAa3aJi0 TOCTOBEPHOE YBEJIMUYECHUE YPOBHS
IgG-antuten k CMV u KonudectBa crnenuduye-
ckux CD8" kjeTok mamMsTU. ABTOpHI I0Jaralor,
YTO Ja’kKe MPU OTCYTCTBUU KJIMHUYSCKUX ITPU3HA-
KoB 3a6oyieBanuss CMV MonyaupyeT coCTaB MM-
MYHOKOMITETEHTHBIX KJICTOK 3a CUET YBEIUUYCHUS
crieMUYECKUX KJIETOK MTaMSTHU.

OnnopryHuctuyeckuii xapaktep LIMBH nipo-
SIBJISICTCSI B CKJIOHHOCTH K peaKTUBAIIAHU IO BIU -
HHUEM pa3JIMYHBIX 3K30- M 3HIOTEHHBIX (PaKTO-
POB, B YacCTHOCTMU 3a0oJieBaHUI APYroil 3TUOJIO-
TMU, HE TOJBKO B YCJOBUSIX UMMYHOCYIIPECCUH,
HO Y Y UMMYHOKOMITETEHTHBIX JIMII.

B nocnennee Bpemsi obcyxnaercst poib CMV
B MaTOreHe3e HeMH(MEKIIMOHHBIX YBEUTOB.

JdnuTenbHOEe BpeMsl HaIPsSXKEHHOCTh KJETOY-
HOTO M TyMmopajbHOro umMmmyHurera kK CMV wuc-
clIedoBaIM C MCIOJb30BaHUEM JIN3aTOB MHMHUIIN-
POBaHHBIX KJIETOK WJM CMECU PAa3HBIX BUPYCHBIX
oenkoB. Sylwester AW. u coant. [14] usyuymnam nm-
MYHOIeHHOCTh TEeINTUAOB, KoaupyeMbix 213 or-
KPBITEIMU paMKamMu cuuTbeiBaHuss (OPC) CMYV,
U BBISIBUJIMU, 4TO mpoaykKTel 151 OPC Obin um-
MyHoreHHbIMU 11t CD4" u/unu CD8* T-kiaeTok.
IIpyryeM y cepoOnO3UTUBHBIX JIIOACH OOILINIT OTBET
nonyasguun CMV-crieunduyabiXx T-1uM@onmToB
dopmupoBan npubausuteabHo 10% CD4" u/unun
CD8" T-kjeToK nMaMsTH nepudeprudeckoil KpoBu.
I[IpoaHanu3upoBaB JIUTEpPaATypy, aBTOPHI 3aKJIO-
YUJIN, YTO y 3T0POBBIX CEPOIO3UTUBHBIX JIOACH
yactoTta BbisiBieHUss CMV-cneuubuunsix CD4*
n/unn CD8 T-1uMdOIIUTOB 3HAYUTEIBHO TTPEBbI-
111aja 4acToTy, OOHapykK1BaeMy1o Ipu UHGUIIUPO-
BaHUU TAaKUMHM PacCIIpOCTpaHEHHBIMU BUPYyCaMMU,
KaK BUPYCHI KOpH, BIUACMHUUYECKOTO ITapOTHUTA,
rpurra, aieHOBUpPYCaMU, TOKCBUpPYCaMU U JaxKe

JPpyruMu BUpycaMU repreca dejioBeka (BUpycC Ipo-
CTOro reprieca, BUpyc Bapuliesia 30CTep).

AKTUBHOE ydyacTHe MHIWBHUIYAJIbHBIX OEIKOB
CMYV B penJiMKallMu BUpPYyCa, UX BHICOKAsI UMMY-
HOTE€HHOCTb BbI3bIBAIOT MHTEPEC K POJU KaxKAOTO
M3 HUX B UMMYHOIaTOreHe3e 3a0ojieBaHui pa3HoOi
3THUOJIOTUU.

ITo nanaeM Kern F. 1 coaBr. [9], y 40 3m0poBBIX
cepono3uTuBHBIX K CMV n10HOpPOB yacToTa cneuu-
¢duueckoro oreeta CD4* u CD8* T-tumdouuTon
nepudepruyeckoil KpoBU Ha MMMYHOIOMMWHAHT-
Hbiit anTureH (AI') p65 pasznuyanack: y 63% BbIsiB-
JeH cnenududeckuit orBer CD4' T-tuM@Oo1InMTOB,
ay 83% — CD8" T-muMbo1uuToB.

Llenp HacTOSIIEro MCCAEAOBAaHUS — WU3YYUTH
0COOCHHOCTH aHTUTEJI000pa30BaHMUS K IIIECTU UH-
IuBUAyanbHbIM OesikamMm CMV u npoBecTu Koppe-
JSILUOHHBINA aHAaN3 ¢ MoKa3aTeasIMU CyOrnomnyasi-
IIMOHHOTO cocTaBa JIMMGOUUTOB NepudepruiecKon
KpoBHu y manueHToB ¢ [1Y, mpoTekamommMu ¢ TUTIO-
MUOHOM M 0€3 HEro.

MaTtepwuanbl 1 MeTOAbI

36 namuenToB ¢ [1Y no pesysnbratam oTaabMo-
JIOTMYECKOro obcaeqoBaHus pa3aeauan Ha 2 rpymn-
nol: 1 rpynna — ITY 6e3 runonuona (20 malueHTOB,
cpenHuii Bo3pacT 42,9£14,6 rom), 2 rpynmna — I1Y
¢ rumnonuoHoM (16 malMeHTOB, CPeNHUI BO3PAcT
41,6%13,9 ron). IlpeoGiagaiu IMaLMEHTHl C yBEU-
TaMU, BbI3BAHHBIMU BMPYCOM IIPOCTOTO TIepIieca,
pexke — ¢ peBMaTOMIHBIMU yBeuTaMu. Y Bcex 36 ma-
OUCHTOB OTCYTCTBOBAaJIM KJIMHUYCCKUE CUMIITO-
Mbl, TaTorHoMOHUYHbIe A5 [TY [IMB-atuonoruu.
MarepuajaoM 51 UMMYHOJIOTUYECKUX UCCJIeI0Ba-
HUI MOCITYXXUJIN 00pa3IIbl CBIBOPOTOK KPOBU.

Hmmynogpepmenmmuotit anarusz (UPA). Ilpu nep-
BOM OOpallleHuu Yy TallMeHTOB OpaJii KpOBb
M3 JJOKTEBOI BeHBI, CIBOPOTKY KpoBu (CK) pas-
JIMBAJIM Ha aJIUKBOTHI, XpPaHUJIM J0 UCCJICIOBAHM
npu T —20°C. CK uccinenoBanu B MDA Ha HaIU-
yue IgM- u IgG-aHTUTEN K CTPYKTYPHBIM MO3[-
HuUM aHTureHam CMV (cepojornyeckue map-
Kephbl TepBUUYHOM UM XpoHudeckoiri LIMBU coort-
BeTCTBeHHO). Mcmonb3oBanmmu HAOOPHI pearcHTOB
«BekTolIMB-IgM» u «BexTolIMB-IgG» (BekTop-
bect, Poccus). IgG-anTuTena K OCHOBHOMY TIpe/-
paHHeMYy HeCTpYKTypHoMY Oeniky Bupyca-I1E (map-
Kephl peakTuBanmuu xpounyeckoit LIMBW) uccie-
noBanu ¢ TtecT-cuctemonn «buoCer-aktus-LIMB
(Bbuocepsuc, Poccust). MDA mpoBoamyii Ha aB-
ToMaTu4eckoM aHanauszatope <«Jlazyput» (CIIA)
B COOTBETCTBUM C MHCTPYKIHUEH MPOU3BOAUTEIIS
tecT-cucteMm. Pesynbrat MDA yuyuThsiBa u 1Mo pas-
HUle onTuyeckoii miaoTHocTH (AOIT) uccnenyemoii
U KOHTPOJIbHOU OTPULATEIbHON CBIBOPOTKU.

Jluneiinotit ummynoanarus (JIMA). IgG-anturena
B CK K MHOAMBUIYaJTbHBIM PEeKOMOMHAHTHBIM AT
CMYV onpenensiivu METOIOM JUHEHHOTO UMMYHO-
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aHanuza (JIMA) omHOBpeMEHHO C IIOCTaHOBKOI
N®DA. PekomounanTaeie AI' CMV Obliu 1osyde-
Hel B HUNUBC um. U.1. MeyHuKOBa 1 colepKaau
TOJIBKO BEICOKOCTICIU(pUUHBIE 1151 CMV 0e1KOBBIC
(dbparMeHTbl BUPYCHBIX aHTUTE€HOB (P): OCHOBHOW
HeCcTpYKTypHbIli npeapanHuii 6enok IE (IE), He-
cTpyKTypHbi#i nipeapanHuii JIHK-cBsi3biBatomumii
6eJsiok p52 (p52), UMMYHOIOMUHAHTHBIE OEJTKOBBIS
dparmeHThl dochonporerHoB TerymeHta plS0,
p65, p28 u rmukornporenHa oboyouku GB-AD [3].

Pexomounantueie A IE, p65, pl60, p52,
p28, AG-BD copboupoBann Ha HUTPOLEITIONO3-
HBIX CTPUIIAX B BHUIC WHAWBUAYAJIBLHBIX JIUHUIA.
OTpuLIaTeIbHBIM KOHTPOJbHBIM aHTUIEHOM CJTy-
Kuia B-ramakro3unasa E. coli, 11t KOHTpOJsS Tpa-
BUJIBHOCTH IIPOBEICHUS PEAKIHNM MCITOJIb30BaIN
UMMYHHYI0 CbIBOPOTKY K [gG-uenoBeka. Kommiekc
«aHTUTEeN0—AT>» BBISIBJISIIIU C IOMOIIbIO KOHbIOraTa
MOHOKJIOHAJIbHBIX aHTUTEJ MbI1H K [gG-uenoBeka,
KOHBIOTMPOBAHHBIX C TICPOKCHUIA30i1 XpeHa.

PesynbTaThl OlLICHWBAIW BU3YaJIbHO TIO MHTEH-
CUBHOCTM OKpAaCKM JMHUU B MeECTe HaHECEHMUS
KaXXJ0ro aHTUIeHa B CPAaBHEHUU C MOJOXUTEb-
HBIM M OTPHUIIATEIbHBIM KOHTPOJIEM U BBIpaKaJu
B YCJIOBHBIX €IUHUIIAX, «TLTI0cax» (+). OTcyTcTBUE
OKpalllMBaHUSI JIMHUU YYUTHIBAJIM KakK OTpHUlIa-
TeJIbHBIN pe3yabTar (—); o4eHb cjadboe oKpalluBa-
HHE — COMHUTEIBbHBIN pe3ybTar (1); cmaboe okpa-
I BaHUE — CJIA00MOIOXUTEIbHBIN pe3yabraT (1+);
yMepeHHOe OKpalllMBaHWe — ITOJIOKUTEIbHBIN pe-
3yabTaT (2+); MTHTEHCUBHOE OKpallluBAHUE — CUJIb-
HOITOJIOXUTEIBHBIN pe3ynbTar (3+) [3].

Ilpomounas yumomempus. MeTogoM TPOTOY-
HOIl IIMTOMETPUHU B LIEJIBHOW KPOBU OIPEACISIIN
oTHocuTeJibHOe (%) M abCOoJIIOTHOE coaepXaHue
(a.c) cyomonynsaouit T-mumdorutos (CD3"),
T-xenmepos (CD3*CD4*CD8§~), T-untoTokcuuec-
kux kjetok (CD3"CD4-CDS8"), ny0iab-Tio3UTHUB-
Heix T-numdponutos (CD3*CD4" CDS8*), NK-
kjaetok (CD16*CD56%), B-numdouurtos (CD19%),
PACCYUTHIBATIN HMMMYHOPETYISITOPHBIN HMHIEKC
CD4"/CD8* (MPU). KpoBb Opasu B TIPOOUPKU
Vacuette® ¢ antukoaryiasgsaitom KSEDTA. Cocras
JTUM@OIIMTOB OLIEHWBAaJIUM METOIOM Jia3epHOM
OpoTOUHON HuTOdIyopuMeTpun (muromeTp BD
FACSCantoll, CIIIA). ConepxxaHue cyOrormnymisi-
oMt ompenensisiu B mnporpamme Canto (Becton
Dickinson, CIIIA) ¢ BbigeeHMEM peruoHa 1mo oo6-
IS TTOTYJISIIU U, 3KCITpeccupytoieit CD45" antu-
TeH, W TI0 TpaHyIsIpHOCTH KJieToK (CD45"PerCP-
Cy5*/SSC) 1mpy moMoIu MeUYeHHBIX (IyopoXpo-
mamu aHtutesn K CD3* (FITC), CD4"(PE-Cy7%),
CD8"(APC-CY7%), mo3Bonsgomux auddepeHIIn-
poBathb kKyieTku: T-mumbonutsl (CD3*), T-xenrepst
(CD3"CD4"CD87), T-uutotokcuyeckue (CD3*
CD4-CD8"), T-«nyoab-no3utuBHbie» (CD37*CD4*
CDS8%), narypanbHble kKuiepbl (CD167CD56%),
B-numdonuter (CDI19"), mMMyHOperyasiTOPHBI
nHIeke (CD4Y/CD8").

Cmamucmuueckuil anaau3. Vicnojb3oBaJiv Npo-
rpammy StatTech v. 3.0.2 (pazpadbotuuk — OOO
«Crarrex», Poccus).

KonnuecTBeHHBIC TOKa3aTelId  OLICHUBAJIU
Ha TIpeAMET COOTBETCTBUSI HOPMAJILHOMY pacripe-
JIeJieHUo ¢ moMolubio kputepus Llanupo—Yunka
(Tipu ymcIie uccaeayeMbix MeHee 50) Uau KpuTepu s
KonmoropoBa—CMupHOBa (IIpW YHCIIE HUCCICHAY-
embix 0osee 50). KomuyecTBeHHBIE TTOKa3aTeswu,
MMeEIIIIe HOpMaJIbHOE pacrnpenesieHue, OIKMCHI-
BajJMCh C IIOMOIIBIO CPEOAHUX apUDMETUICCKUX
BenuuuH (M) U cTaHOApPTHBIX OTKJIOHeHUH (SD),
rpanul 95% noBepuTesibHOro uHTepBana (95%
AW). B ciyyae oTCyTCTBUSI HOPMaJbHOI'O pacrpe-
NeJCHU ST KOJMYECTBEHHbIC NTaHHBIE OMUCHIBAINCH
C TOMOIIIBI0 MenraHbI (Me) M HUKHETO U BEpXHETO
kBaptuiei (Q,—Q;).

CpaBHeHNe ABYX TPYyNI IO KOJIWYECTBEHHOMY
mokasaTeslo, UMEIlIeMy HOpMaJIbHOE pacrhpene-
JICHUE, TIPU YCIIOBUM pPaBEHCTBA MTUCICPCUIN, BBI-
TMOJTHSJIOCHh C MOMOIIbIO t-kputepusi CThIOACHTA.
CpaBHeHME ABYX TpPyHNm II0 KOJWYECTBEHHOMY
mokasaTeslo, paclpencjieHue KOTOpPOro oTjauya-
JIOCh OT HOPMAaJIBHOTO, BBITTOJIHSIJIOCH C TTOMOIIBIO
U-kputepust MaHHa—YUTHU.

HampaBinenne M TecHOTa KOPpEISIIIMOHHON
CBSI3U MEXJAY NBYMS KOJMYECTBEHHbIMU MOKa3a-
TEJISIMU OLIEHUBAJIUCH C TOMOIIbIO KOO PUIINEHTA
paHTroBOI1 Koppeasuuu CrimpMeHa (IIpU pacrpene-
JICHUU TToKa3aTesieil, OTIMYHOM OT HOPMaJIbHOTO).

I[IporHocTuyeckasi MoIedb, XapaKTEepU3yIOo-
mas 3aBUCUMOCTb KOJIMYECTBEHHOW TMEPEMEHHOM
oT ¢aKTOpOB, pa3pabaThIBaIach C IIOMOIIBIO METO-
J1a IVHEUHON pErpeccuu.

KayecTBeHHY10 OLIEHKY TECHOTbI CBSI3U ABY X IO~
KasaTeseil OLEHMWBaJIM 110 3HAaYEHUIO KO3(DPUiu-
eHTa KOppeasiiuu (1) ¢ TOMOIIbIO IKaabl Yeamoka:
cnabasg — 0,1 <r<0,3; ymepenHasa — 0,3 <r <0,5;
3aMeTHass — 0,5 <r < 0,7; Beicokasg — 0,7 <r <0,9;
BecbMa Beicokass — 0,9 <r < 1,0. HanpaBieHue cBsi-
3m: ripssMast (+) u oopaTHas (—). Ompenenasiin Tak-
K€ TOCTOBEPHOCTH BBISIBJIEHHOTO Ko3dduiimeHta
koppensuuu (p < 0,05).

Pesynbrarhl

Ceponoeuneckuit anaauz (UDA). 1gG-anturena
K TIO3IHUM CTPYKTYpHBIM aHTureHam CMYV BbIsI-
Bun y 36 (100%) nmauueHTOB 00€UX IPYIII, YTO CBU-
JIETeJIbCTBOBAJIO O HAJTUYUU Y HUX XPOHUUYECKOM
LIMB-nndexunu (XLIMBN). Ypouu IgG-anTtuTen
K MyJIy TIO3MHUX aHTUTCHOB y OTAEIbHBIX OOJBbHBIX
B 00eux rpynmnax kose6aice or 0,9 no > 3,5 AOII,
CpenHUe TToKa3aTesiv B 00enX rpyTnax CylmecTBEeHHO
He oTauvaiuck (p > 0,05). CnabomnoyioXKUTeIbHbIE
cepoJiornuyeckue Mapkepbl peaktuBauuu XIIMBUA
(IgG-anturena k IE-aHTuUreHy) oOHapyXeHBI y 3
n3 20 (15%) natmenToB 1 rpynmnbl ny 2 u3 16 (12,5%)
nanueHToB 2 rpymniisl (p > 0,05).
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IIpooykuyusa IgG-anmumen Kk uHOUBUDYANbHBIM pe-
komounaumuoim AI' CMV'y nayuenmos obeux epynn
(JIUA). HacToTa BBISIBJICHUS U CPEHUE YPOBHU (Me-
nuaHa) [gG-aHTUTeN K KaXKA0MY U3 UCCJIeTOBAHHBIX
nHauBUAYyaabHbIX Al CMV B 06eux rpymnimax Tak>xe
JIOCTOBEPHO He oTiinyajachk (p > 0,05) (tadj. 1 u 2).

Ocobennocmu cyononyasyuoOHHO20 cOCmMasa AuM-
doyumoe nepugepuueckoil Kposu y NnAYUEHMO8
1 u 2 epynn. OOGHapy>XeHO CTAaTUCTUYECKU 3Ha-
YUMOE€ CHUMXEHHE aOCOJIIOTHOTO KOJIMYecTBa
T-uurorokcuueckux kjaetok CD3*CD8"(p = 0,033)
W TEHAEHIIUS K CHUXXEHMIO MX IPOLEHTHOTO CO-
nepxanus (p = 0,059), nocToBepHOE MOBBILIIEHUE
MPOLIEHTHOI'O COAep>KaHMsI HATypaJbHBIX KHJLJIC-
poB CD16"CD56" (p = 0,023), moBbIIllIEHUE PETYIsi-

TopHoro uHaekca (p = 0,033) B rpynne 1 (ITY 6e3
TUMIIONMOHA) Mo cpaBHeHUIO ¢ rpyrmoi 2 (ITY ¢ ru-
nonuoHoM) (tadu. 3).

Koppensyuonnwoiii anasusz abCoaOTHOTO U OT-
HOCHUTEJIBHOTO COAEPXaHUs Pa3JUYHBIX CYyOIlo-
nyasiuuii IuM@GOIUTOB B nepudeprudeckoit Kpo-
BU C YPOBHEM aHTUTEJ K OTAEJbHBIM PEKOMOU-
HaHTHBIM AI' CMV BBISIBU HEKOTOPbIE OTIUYUS
B rpymnre nanueHToB ¢ I[1Y 6e3 runonuoHa u ¢ ero
Haauuuem (Tabd. 4).

B epynne 1y nayuenmoe c I1Y 6e3 eunonuona Bbl-
siBJIeHa yMepeHHas npsiMasi noctoepHas (r = 0,472;
p = 0,036) KoppeJsILMOHHAs CBsI3b MEXAY YPOB-
HeM aHTuTen K [E-antureny CMV 1 aGCoOMIOTHBIM
kosmyectBoM CD45 -muMGOLIMTOB U TEHACHIIMS

Ta6auua 1. YacTtoTa BhisBnieHus IgG-aHTUTEN (MHTEHCMBHOCTb OKpalUMBaHUS NuHumn 1+, 2+, 3+)

K PEKOMOMHaAHTHbIM BUPYCHbIM aHTUreHam y CMV-cepono3uTUBHbIX NaLMEHTOB C NepegHUuMU YBEUTaMm
6e3 1 ¢ HaNnYMeMm runonuoHa (NUHerHbIi 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)

Beero AHTUreHol LLMB
niptep,.rmu y?m 06CnenosaHo CMV antigens
nterior uveltis Total examined IE p150 p52 p65 p28 GB-AD
n (%)* n (%) n (%) n (%) n (%) n (%)
Bes runonnoHa
Without hypopion 20 3(15) 18 (90) 11 (55) 17 (85) 15 (75) 7 (35)
C runonmoHom
With hypopion 16 2(12,5) 14 (87,5) 10 (62,5) 15 (94) 11 (68,8) 9 (56)
p >0,05 >0,05 >0,05 >0,05 > 0,05 > 0,05

Mpumeyanue. *n (%) — yncno naumeHToB (%), CepPONO3UTUBHBIX K LAHHOMY PEKOMOMHAHTHOMY aHTureHy; ** p < 0,05 — BoCTOBEPHOCTL OTNINHMS
nokasarenei Mmexay AByms rpynnamm Y.
Note. n (%) — number (%) of patients seropositive for specific recombinant antigen; **p < 0.05 — significant inter-group differences in parameters.

Ta6nuua 2. CpenHuii ypoeeHb aHTuTen (Me) K peKoMOUHaAHTHbIM aHTUreHam CMV B rpynnax nauneHToB
c nepegHummn yeeutamu 6e3 (I) u c Hanuumem runonuvona (Il) (nMHeliHbIN UMMYHOaHaNN3)
Table 2. Average level of antibodies (Me) against recombinant CMV antigens in groups of patients with anterior uveitis
without (I) and with hypopyon (Il) (Line Immunoassay)

I* 20 0,0 0,0-0,5

IE [[orxrxx 16 0,0 0,0-0,1 0,840

(o o = o Bl
| 2 1, 0-1,2

P52 I 12 1,8 8,8—1,2 0.764
| 1 2, 10-2,

P65 I 12 1,8 1,8-2,8 0,489
I 20 0.5 0,4-1,0

GB-AD Il 16 1,0 0,5-1,0 0.273
| 20 10 0,9-2,0

P28 I 16 10 0,4-1,0 0252

Mpumeyanue. *| — rpynna naumeHToB ¢ NnepefHMU yBenTamu 6e3 runonmona; **Il — rpynna yBemtos ¢ NepeaHUMM YBEUTaMU C TUNONNOHOM;
***n — 4uCno NaLMEHToB; ****Me (MefnaHa) — CpeaHuiA ypOBEHb aHTUTEN K PEKOMOMHAHTHOMY aHTUreHy; *****Q,—~Q; — HUXHUI 1 BEPXHWIA KBAPTWIb;
*HFEx*n < 0,05 — CTATMCTUYECKM 3HAYMMOE OT/IMYME.
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) x ymepeHHoii npsimoii (r = 0,435) Kop-
PEASIIMOHHOM CBSI3M MEXIY YPOBHEM aHTUTEN
K [E-antureny CMV 1 abCOMIOTHBIM KOJTUUYECTBOM
CD19. Takum o6pa3oM, moKa3zaHo, YTO y MallMeHTOB
¢ [TV 6e3 runonuona peaktualss CMV comnpoBo-
JKIAeTCsT TIOBBIIIIEHWEM OOIIero KOJMYeCcTBa JIMM-
(GOLIUTOB U TEHAEHLIMEN K MOoBbILIeH 0 ynucia CD19
B-numdouutos (tada. 4).

KoppeasiimMoHHBIT aHaJTN3 BBISBUJT TaKXe T0-
CTOBEPHYIO YMEPEHHYIO MPSIMYIO CBSI3b MEXIY
ypoBHeM aHTUTed K A CMV p65 u abcoiroT-
HBIM KOJIMYeCTBOM LIUTOTOKcHUYeckux CD3*CDS8*
T-numpouutoB (r = 0,458; p = 0,049), a Takxke
JIOCTOBEPHYIO YMEPEHHYIO OOpaTHYIO CBSI3b MEX-
Iy YPOBHEM aHTUTEJ K P65 U IPOLEHTHBIM CO-
nepxanuem CDI16"CD56"(r = —0,478; p = 0,038).
INoBbIllIeHUE YyPOBHS aHTUTEN K p65 TOCTOBEPHO
KOpPpPEJIMPOBAJI0O C MOBBIIIEHUEM aOCOJIOTHOTO
KOJIMYECTBA ILHUTOTOKCHUYECKUX T-THUM@POINTOB

M CHUXXEHHEM TPOIEHTHOrO COAEepXKaHUs HaTy-
paibHBIX KUJUIepoB. TakxKe oTMedeHa yMepeHHast
JIOCTOBEPHAsT oOpaTHasi CBSI3b MEX/y YPOBHEM aH-
tuTea K GB-AD M IpolLIeHTHBIM collepXKaHUEM Ha-
TYypajabHBIX KMJIepOB (r = —0,499) (Tadin. 3).

Peaknus Ha yBeJIMUeHVE YPOBHSI aHTUTEJ K OC-
HOBHOMY UMMYHOJIOMUWHAHTHOMY O€JIKY TeTyMeH-
Ta p65 u Genky obonouku GB-AD 3akiiouanach
B JOCTOBEPHOM YMEPEHHOM CHUXKEHUU ITPOLICHT-
HOT'O COIepXKaHMsI HAaTypaJIbHbIX KUJIJIEPOB.

Bo 2 epynne (I1Y ¢ eunonuonom) BblsiBJIeHa HO-
CTOBEpHasl 3aMeTHas MpsiMas KOppeslMOHHas
CBSI3b MEXY ITPOLEHTHBIM COACpXKaHUEM ITyOJb-
No3uTUBHBIX  JuM@pouutoB (CD3*CD47"CDS&")
U ypOBHEM aHTUTeN K npeapanHemy (1E) antureny
CMYV (r = 0,566, p = 0,022); aOCOJTIOTHBIM YUCJIOM
CD3"CD4*CD8"-1uM®dOILIUTOB U yPOBHEM aHTUTEJ
K 0esiKy rerymeHTa p65 (r= 0,551, p=0,027), a Takxe
MPOLIEHTHBIM CoOIep>KaHUeM U aOCOTIOTHBIM YHC-

Ta6auua 3. CyGnonynsiuMoHHbI cocTaB numdounToB nepudepuyeckoli KPOBU y NaLMeHTOB C NepesHUMU

yBeutamu 6e3 (l) u c Hannumem runonuoHa (ll)

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

I'onlansdaeTXenb* rgyonunpa M+SD/Me** 95% O1/Q,—Q*** 0652,?;?::: .Ho prrxs
Persons examined
— C—
S _
03’ ate.as. =
T _
L e L
60308, a6 as. ,', K S50 20 1o gage
" _
R R o
n _
I e B
CD3°CD4°CD8", % |I| (1):2 ggj g ?g 0,143
CD3'CD4'CD8", a6c. |abs. |I| :22 111(;_2;’,20 fg 0,077
CD16°CD56", % |I| ?;,38’5 13(?58-_115; fg 0,023+
CD16CD56", a6c.|abs. |I| ?:23 ::8;:2:1% fg 0,239
T _
e 21 o
e L
n _
e - B
CD4/CD8, a6c. [abs. ||| Tféz 1‘;:22 fg 0,033+

Mpumeyanue. * — cybnonynauun numdounTos; **M+SD — cpepHee apudmeTnieckoe+CTaHAaPTHOE OTKNIOHEHe/Me — MeamnaHa;
***Q,-Qz — HUXHUIA 1 BePXHUIA KBApTUNb; ****p < 0,05 — cTaTmcTUYeCKky 3HaYMMbIe Pa3nnyus nokasartenein mexay | v Il rpynnamu.
Note. * — lymphocyte subsets; M+SD — arithmetic meantstandard deviation/Me — median; ***Q,-Q; — lower and upper quartiles;
****p < 0.05 — significant difference between | and Il groups of anterior uveitis.
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jomM CD3"CD4*CD8" u ypoBHEM aHTUTENI K OEIKY
terymenTa p28 (r = 0,670, p = 0,005; r = 0,563, p =
0,023, cooTBeTCTBEHHO) (TAdJI. 4).

B sToli rpynne oTMedyeHa Takke HOCTOBEpHasi
3aMeTHasi oOparHasi KOpPeJsusT MeXIy TIpo-
LHEeHTHbIM coaepxaHuemM CDI19* B-numdonuton
U YPOBHEM aHTUTEJ K TpeM peKOMOUHaHTHBIM AT
CMV: IE (r=-0,533,p=0,033), p52 r=—0,501 p=
0,048), p65 (r = 0,564, p = 0,023) (Tabu. 3)

O6cyxaeHne

LluToMeranoBuUpyc — caMblii KPYITHBIN U3 BUPY-
COB repIieca 4ejoBeKa, BUPUOH KOTOPOI'O COCTOUT
U3 BHELIHEW MeEMOpaHO3HOU 00010UKH (CyTepKar-
cua), 0eJIKOBOTO CJIOST, HA3bIBAEMOT'0 TETYMEHTOM,
M MKOCA3IpUICCKOTo Karicuaa, KOTOPBI COMEePKUT
cxatbiit, 6ombmioi (> 240 k0) rerom JIHK. ITomas
B opranu3M, CMYV BBI3BIBacT IMOXMW3HEHHYIO MH-
dexinioo, peakTUBAIlUM KOTOPOU CITOCOOCTBYIOT
MHOTOYMCJICHHBIC BK30- U HAOTeHHBIC (PaKTOPHI,
B IIEPBYIO 0Yepeab — UMMYHOCYTIPECCHUSI.

IMepenHuii yBeMT — BOCIIAJICHUE TepeaHe-
ro oTpe3Ka yBeaJIbHOrO TpaKTa Iya3a (pamysKKH,
OMJIMAPHOTO Tejla) — BBI3BIBaeTCS KaK MHQEeKIIn-
OHHBIMM, TaK W HEMH(PEKIMOHHBIMHU haKTopa-

mu. lokazaHa atuosoruyeckass poab CMV mnpu
OCTPBIX (MMPOTEKAIOIIUX C TJIayKOMO-IIUKJIUTHUYEC-
KMMHU KpU3aMU WUJU C CEeKTOpaJibHOI aTpoduei
panyxku) u xpoHuueckux cdopmax I1Y He Tonbko
B YCJIOBUSIX UMMYHOCYMPECCUU, HO U Y UMMYHO-
KOMIIETEeHTHBIX JIIojei [6].

Cpenu obcieqoBaHHBIX HAMU TMallUEHTOB TU-
nuyHoit majis CMV kiunHudeckoil KapTuHbl 1Y
He BBISIBJIEHO HU B OAHOM CJiydyae, XOTsI Bce 36
(100%) mauueHTOB OBLIM XPOHUYECKU WUHOUIIM-
poBaHbl [IMB. CybkauHHUYEeCKHE cepoJioThuyec-
Kue Mmapkepbl peaktuBanuu CMV (IgG-aHtutena
K IE-anTtureny) ooHapyxeHnl y 5 (11%) u3 Hux.

HakomnieHo MHOro naHHBIX, CBUIETEJIbCTBYIO-
IKUX O Beayuei poau T-nuMbOLIUTOB B OrpaHUYe-
HUU peaKTuBaluu nnepcuctupytouiero [IMB [8, 14].
MBI TpoBeIY aHaJW3 CyOIOIYJISIIIMOHHOTO cOCTa-
Ba LUPKYIUPYIOMIUX JUM@POLIUTOB Yy IMallMEHTOB
¢ I1Y B 3aBUCUMOCTU OT TSIXKECTU KJIUHUYECKOTO
TEUEHUS U OT CIeIM(PUYECKOr0 ryMOpaJbHOIO OT-
BeTa K 6 MHIMBUAYAJIbHBIM aHTUTeHaM CMV.

OO0uMii aHaJdU3 CPEeIHEro YPOBHSI OTAEIbHBIX
cyoronyasaiuii AMM@OUUTOB BbISIBUJI JOCTOBEP-
Hoe oTanyue Mexay oosee gerkum (ITY 6e3 runo-
MUOHA) U OoJiee TxXeabIM TeueHueM I1Y (c rumno-
nuoHoM): ITY 6e3 rumomnuoHa xapaKTepu3oBajcs

Ta6auua 4. CtaTMcTUYeCKM 3HaYMMble KOPPEesaLUOHHbIE CBA3U MeXAY YPOBHEM aHTUTEN

K MHAMBUAYanbHbIM aHTUreHam CMV u cy6nonynaumammn numdouuto nepudepuyeckoii Kposu

y NauneHToB C NnepeaHuMM yBeutamu 6e3 v ¢ HanMYmem runonmoHa

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. MepepHue yBeutbl 6€3 rumonmoHa F'pynna 2. MNepeaHue yBeuTbl C rTMNONMOHOM
aHTuTen Group . Anterior uveitis without hypopion Group ll. Anterior uveitis with hypopion
K aHTUreHaMm
CMmv OGpatHas O6patHas
Antibody Mpamas ymepeHHas CBSI3b | yMepeHHas CBA3b Mpamas 3ameTHas cBA3b 3amMeTHas CBSi3b
levels to CMV | Direct moderate correlation Inverse moderate Direct significant correlation Inverse significant
antigens correlation correlation
CD45" (a6e.|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*(a6c.|abs.) CD19* (%)
p65 r=0,458 r=-0,478 r=0,551 r=-0,564
p=0,049 p=0,038 p=0,027 p=0,023
CD16*CD56" (%)
GB-AD =-0,499
p=0,025
CD3*CD4*CD8* (%)
r=0,670
p=0,005
P28 CD3'CD4'CD8"(a6c.|abs.)
r=0,563
p=0,023

Mpumeyanme. abc. — abCoOMNOTHOE KONMMYECTBO MMMOLMTOB; % — NPOLEHTHOE CoAepXaHNe NMMPOLUTOB; I — KOADOULNEHT KOPPENILNH;
p < 0,05 cTaTucTNYeCKM 3HAYMMbIE 3HAYEHNS 418 KOIDDULMEHTA KOPPENILNN.
Note. abs. — absolute count of lymphocytes; % — percentage of lymphocytes; r — correlation coefficient; p < 0.05 — significant correlation coefficient.
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MHdekumns n uMmyHuTeT

JIOCTOBEPHO 0o0Jiee BHICOKUM COAEpXKaHUEM HaTy-
paJIbHBIX KUJIJIEPOB U 00JIee HU3KUM CONIepKaHUEeM
T-uMTOTOKCMYECKUX KJIETOK; B 9TOW IpyIlIie 3Ha-
YUMO TTOBBIIIAJICS PETyASITOPHBIN UHIEKC.

AHaau3 KOPPEJSIIIMOHHOU CBSI3M MEXAY CO-
JIep>KaHUeM OTHeJIbHbIX cyOomonyasiuuii JuMdo-
IIUTOB M YPOBHEM aHTUTEJ] K WHIWBHUIYaJIbHBIM
aHtureHamMm CMV BbISIBUJ PSSO OTAUMYUUN MEXAY
NByMs rpynmnamMu. Y naunueHToB c¢ I1Y 6e3 ru-
MONMUOHA OOHapykeHa IOCTOBEpHasi yMEpeHHas
obpaTHasi KOpPEJSILMOHHAS CBSI3b MEXAY Mpo-
LIEHTHBIM COJIepXKaHUEM HaTypaJbHBIX KUJJIe-
poB (CD16"CD56"(%)) B nepudeprdyeckoii KpoBU
u ypoBHsaMu IgG-aHntuTen Kk antureHam CMV:
GB-AD (p = 0,025) u MHOTO(YHKIIMOHATLHOMY
aHTureny p65 (p = 0,038). NK-mumbouuTsl ocy-
IIECTBJSIOT JIM3UC KJIETOK, WHMUIIMPOBAHHBIX
BUPYCaMU, U YYACTBYIOT B PEryJSIIIMA BPOXICH-
HOTO U ajalTHBHOrO MUMMYyHHoro orseta [4, 10].
YcuneHue SKCOPECCUU HEKOTOPbIX aHTUTEHOB
SBJISETCS OAHUM U3 (aKTOpOB, WHIAYLUPYIO-
IIUX BBIPAXEHHBIM MMMYHHBIII OTBET Ha HUX.
IMoBbIlIeHHAsT 3KCIIPeCcCrsT TOMUHAHTHOTO UMMY-
HoreHHoro aHtureHa CMYV p65, nurparmliero Bax-
HYIO POJib B YKJIOHEHUU OT UMMYHHOTrO Haja3opa
yejoBeka [9], ¥ UMMYHOIreHHOTO TJIMKOIPOTEUHA
o6os0ouku — GB-AD, obGJieryarpoiuiero NpoHUKHO-
BE€HUE BHUpYyca BO BCe TUMBI KJIeTOK [13], koppenu-
POBAJIO CO CHUXKEHUEM COAEPKaHU s B KPOBU HATY-
pajbHBIX KUJUJIEPOB, YYaCTBYIOIIMX B IPOTUBOBU-
PYCHOM 3alIUTE KJIETOK.

[1pu TOBBILIIEHU M YPOBH ST aHTUTEJ K OCHOBHOMY
npeapaHHEMY BUPYCHOMY OelKy (MapKepoB peak-
tuBauuu CMYV), noBbIIIa0Ch aOCOTIOTHOE KOJIU-
YeCTBO JUMMOLIMTOB B KPOBU (ITpsiMast yMepeHHast
nocToBepHas cBs3b, p = 0,036) (TaGJ1. 3), YTO MOXET
CBUIETEJIbCTBOBATH 00 YCUJICHWU TUHUU MTPOTUBO-
BUPYCHOI 3alllUThl OpraHuW3Ma B Hayaje peakTu-
Bauuu LIMBU. I1pu noBbIILIEHU W YPOBHS aHTUTEN
K p65, KOTOpOe MOXXHO paccMaTpuBaTh KaK CBUJIC-
TEJbCTBO YCUJIEHUS 9KCIIPECCUU BUPYCHOTO aHTU-
reHa, UTpPalollero BaXXHYIO POJb B perIMKalluu
CMYV, HanpsiIMy10 MOBBIIIAETCSI YPOBEHb LIUTOTOK-
cnueckux JuMpouunto CD3*CDS8* (p = 0,049).

Tlo-Bunumomy, y nauueHToB ¢ I[TY 6e3 runomnu-
OHa ocJjiabjeHue BPOXKAEHHOIO UMMYHHOIO OTBETA
KOMTIIEHCUPOBAJIOCh YCUJIEHUEM CIelnudruIecKoro
KJ€TOYHOI'0 OTBETa 3a CYET IOBBIIIEHUST KOJUYe-
cTBa T-IMTOTOKCUYECKUX TUMDOIIUTOB, UYTO OTrpa-
HUYHMBAJO PUCK pa3BUTUS KIuHU4Yeckoit CMV-
CUMIITOMATU KU, HO HEe UCKJII04Yasao 6osee AIUTeNb-
HOI'0O U TOPIUAHOIO TeUueHus yBeuTa. [1ojiydyeHHbIe
JaHHbIe coryacyloTcs ¢ pedyabraramu Jackson S.E.
M coaBT. [8], MoKa3aBIUIMMM, YTO Y CEPOIO3UTUB-
HbIX K CMYV noHopos cnenuduyHbie Kk [IMB CD8*
T-numdouuTs 0671a0aI0T BEICOKOI aHTUBUPYCHOT
AKTHBHOCTBIO Y MOTYT MPEOA0JEBaTh UMEIOIIUECS
y BUpyca MeXaHU3Mbl YKJIOHEHHMS OT MMMYHHOI'O
OTBeTa XO3sIMHa.

Pan nccnemoBareneii monaraet, yto CMV naxke
B OTCYTCTBUU KJIMHUYECKUX MPU3HAKOB 3a00JieBa-
HUSI MOAYJIUPYET COCTaB MUMMYHOKOMITIETEHTHBIX
KJIETOK, YBEJMYMBasI KOJTUYECTBO KJIETOK MaMsITH,
cneuubudHbix 151 CMV [9].

B rpynne Il manmenTos ITY nmpotekan Tsxkenee,
C HaJIMYMeM KJIETOYHOTO 3KCCyJaTa B MepeaHeit Ka-
Mepe Ila3a — TUnoruoHa. B aToli rpyrire BeIsiBJeHa
JIOCTOBEpHAsl 3aMeTHasl MpsiMasi KOppeasius mpo-
NYKIIMW aHTUTE Ha HECKOJbKO WHIUBUAYATbHBIX
antureHoB CMV u conepxkaHueM B KpoBHU (IIpo-
HEHTHBIM 1/WJIN aOCOTIOTHBIM) MaJjloil CyOITOITyJIsi-
MU JTUMOOLIUTOB — OYOJIb-TIO3UTUBHBIX KJIETOK
(CD3*CD4"CDS8"): ypoBeHb aHTUTEN K [E KOppenu-
pOBaJI C UX MPOLIEHTHBIM CONEP>XKaHUEM, K aHTUTEHY
p65 — ¢ abCOMIOTHBIM KOJIMYECTBOM; K P28 — ¢ UX
A0COJIIOTHBIM YMCJIOM U MPOLIEHTHBIM COAEPXKaHU-
eM. @ochonporerH TerymMeHTa pp28, Hapsay ¢ pp63,
AKTHUBHO yYaCTBYeT Ha Pa3HbIX CTAAUSIX peMJIUKALIUW
LIMB, B yacTHOCTM MpY BHYTPUKJIETOUHOM TNepenaye
BUPYCa U MIPU BbIXOJE BUPUOHA U3 KJeTKHU [9,11].

MembOpaHHbie Mosiekysibl CD4* u CD8" gaBis-
IOTCSI OCHOBHBIMM pelenTopaMu ajisi T-xejarneposn
u T-uutotokcuuyeckux auMpouuton. IMomaranm,
YTO OJHOBpPEMEHHAasl IKCIpeccusi 00enx MOJIEKYJ
Ha MeMOpaHe T-TuMM@GOLUMTOB MPOUCXOAUT TOJIBKO
Ha 2Tare ceJekuuu B Tumyce. Jly0ab-To3uTUBHbIE
CD3"CD4+*CD8* T-nuMboLUTHI y YeJIoBeKa BIep-
Bble oOHapyxuau Blue M.L. u ap. B 1986 1. [5],
U TIepBOHAYaJIbHO UX MOSBJIEHUE B Mepudepuyec-
KOl KpOBU CBS3bIBAJIU C MPEXIEBPEMEHHBIM BbI-
XOHAOM He3peablX TUMGOLIUTOB U3 TUMYyca [2, 14].

B HacTosiiee BpeMsi CUMTAIOT, YTO CyOIoOImy-
JSUUS 1yOaAb-TIO3UTUBHBIX TUMGOLIMTOB 00pa3o-
BaHa BbicoOKOoAUGb (G EepeHIIMPOBAHHBIMU KJIeTKaAMU
namMatu. CD3"CD4"CD8"-ki1eTKu MpUCyTCTBYIOT
B nepudeprudeckoit KpoBu y 1—3% npakTuuecku
3I0POBBIX JIIOJIell, BCTpPEYalOTCsS MpPU ayTOUM-
MYHHBIX M XPOHUYECKMX HMHGEKIIMOHHBIX 00-
ne3Hsx [15]. UX KoJIU4ecTBO MOCTENEHHO YBEJIU-
YUBAETCSI C BO3PACTOM, OCOOEHHO mocie 65 JeT.
Ilpy XpoHUYECKUX BUPYCHBIX WHQMEKIIUSIX OHU
umeroT (peHoTun 3HGhEKTOPHBIX KJIETOK MaMSITU
W IIPOSIBJISTIOT aHTUTEHHYIO CITelIuPUIHOCTS [16].
Mx ypoBeHb B KPOBU MOXET MOBBILIATHCS Y JUIIL,
UHOUILIMPOBAHHBIX BUPYCOM HMMYHOIebUIIUTA
yeJioBeKa, BUpyCaMM repreca 4ejioBeka 6 Turma,
JUM@OILIUTAPHOTO XOPUOMEHUHIUTa, T-KJaeTou-
HOTO JieliKo3a yeiaoBeka u ap. [17].

Ecnau ponb T-xenmnepoB U T-LIMTOTOKCUUYECKUX
KJIeToOK B uMMMYyHomnaroreHeze LIMBWM akTuBHO
uzyvangach [14], To dyHKIIMOHaIbHOE 3HAYeHUE
CD3"CD4"CDS8"-k/1eTOK HE SICHO, XOTSI HE UCKJTIO-
YyaeTcsl X BaXKHOE yyacTue B alallTUBHOM UMMYH-
HOM OTBETE Ha pa3Hble WHMEKIIMOHHbIE areHTHI.
OTMeuaeTcs UX TeTepOreHHOCTh. YacTh ucciienoBa-
TeJiei cuuTaeT, yTo uctTouHukoM CD3"CD4*CD8*-
aumdonutos sgasiasitorcss CD4" T-kaetku [12],
apyrue — 4to CDS8"-nmumdonure [14, 16, 17].
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ITo nanubiM Zhang H. u coasrt. [17], y maliueHTOB
C XaHTaBUPYCHOM TeMOpparuyeckou Jauxopani-
KOM C TTOYEYHBIM CUHIPOMOM IYOJIb-TIO3UTUBHBIE
T-KJIEeTKM TI0 CBOMM XapaKTePUCTUKAM CXOIHBI
C LUTOTOKCUYecKuMHU T-mruMdpouuntamu u odiaana-
IOT aHTUBUPYCHBIMU CBOMCTBAMU.

Giraldo N.A. u coaBrt. [7] oOHapy>KUJIU B KPO-
BU MallMEHTOB ¢ XpoHUYecKoit Oojie3Hblo Illaraca
(BbI3BaHHOMI TIpocTeiLuM Buna Trypanosoma cruzi)
yBeJIMYeHNE OTHOCUTEIbHOTO (%) comepKaHUs
YOJIb-TIO3UTUBHBIX JUM@OIIMTOB MO CpPaBHEHUIO
CO 3[I0POBBIMU JUILIAMHU, a TAKXKE HAJTUYKME B Cepey-
HOM MBIIIIE OOJBHBIX C KapAuOMHUONaTUed aHTU-
reHcnenuduyeckux CD3*CD4*CD8"-k1eToK.

ITokazaHo, 4YTO YyBeJWYEHHE KOJMYECTBa
CD3"CD4*CD8" ny06ab-mo3UTUBHBIX T-KJEeTOK
B nepudeprueckoil KpoOBU MMEeT BasKHOE MaTore-
HeTUYeCKoe 3HaueHue KakK (haKTop prucKa BO3HUK-
HOBEHMU I TSKEJIOro (BIJIOTH 10 JIETaIbHOI'O UCX0/1a)
OCJIOXKHEHU TuXxopaaku JeHnre — miasmopeu [16].
ITo MHeHuto aBtopoB, CD3*CD4*CDS8* ny06ib-
MO3UTUBHBIE T-KJETKU OTHOCIATCS K 3(pdeKTop-
HBIM T-KJIeTKaM, KOTOpPbIE IO TPAHCKPUIITOMY OJIM-
ke Kk CD3*CD8* T-numdonutam, yeM Kk CD3*CD4*
T-numpouuram [16]. TIpoTuBOpeurBa U OLICHKA
GyHKIMH AyO0Ab-MO3UTUBHBIX KJETOK KPOBU:
OT IMTOTOKCUYECKOI 10 cynpeccuBHoOI [12].

HecmoTpss Ha TO, 4TO MeXaHU3Mbl pPa3BUTHS
runonuoHa mnpu I1Y u nmiaasMopeu npu Juxopajake
JleHre BO MHOTOM pa3judaroTcs, 0ba cCMMIIToOMa Ha-
YUHAIOTCSI C HApYIIEHU ST MPOHUIIAEMOCTU COCYIOB
M XapaKTepusyloT 0ojiee Tsxkenyto hpopMy 3adojieBa-
Hug. [Ipu nuxopanke JleHre ¢ mjiazmMopeeit oTMe4eHO
yBEJMYEHHE KOJIMYECTBa IYOJIb-TIOJOXUTEIbHbBIX
JUM@OILIMTOB B KPOBU MO CPAaBHEHMUIO C JIETKOM
dopmoii 6one3nu. Ilpu ITY ¢ runonuoHoM oT™meye-
HO MpsIMOE BJIMSIHUE HECKOJIBbKUX aHTUTreHOB CMV
Ha ypoBeHb CD3*CD4*CD8" T-1uMdOLIUTOB B OT-
auyue oT 6osee erkux ¢opm IV 6e3 runonuoHa.

OnHO M3 mepBbIX ucciaeaoBaHuit poau CD3*
CD4*CD8*-1uM®bOLMTOB B MaTOreHe3e TsKeJok
MaTOJOTUM CEeTYaTKM Tjla3a — BO3PAaCTHOU Maky-

Cnucok nutepatypsbl/References

nspHoit nereHepauuu (BMJ) moka3zajio MoBbIlIe-
HUEe abCOJIIOTHOTO U OTHOCUTEJIBHOTO KOJIMYeCTBa
ATUX KJIETOK M BBICOKYIO YaCTOTY UX BBISIBJICHMU S
B KPOBU TAILIMEHTOB C HaYaJbHOW U MPOMEXKYTOU-
Holt cragusiMmu BMJI, 4TO TMO3BOJIMUJIO aBTOpam
MPEeAnoaoKUTh UX BO3MOXHYIO POJib B IaTOreHE3€e
BM/I [1]. CnenyeT OTMETUTh, UTO U3YUEHHUE POJIU
NyO1b-MO3UTUBHBIX JUMGMPOIUTOB B odTaibMOa-
TOJIOTUU TOJbKO HAUMHAETCSI.

3akJioyeHne

HecMoTpst Ha TO, YTO HAIIIK PE3YIbTATHI ITOTyYe-
HBI HA OTPaHUYEHHOM MaTepuaje, OHU ITO3BOJMIN
BBISIBUJIA KOPPEJISIIIMOHHBIE CBSI3M MEXIy ITOKa3a-
TEJISIMU TYMOPAJIbHOTO MMMYHHOIO OTBETa Ha MH-
nUBUAyalibHbIe aHTUTeHBI CMV M OTHeIbHBIMU
noKa3areasiMy CyoronyasiiMOHHOTO COCTaBa IUM-
Go1nTOB TIepUpEpUUECKOl KPOBH y MAIMIEHTOB
C TIEpeIHNMU YBEUTAaMU B 3aBUCUMOCTH OT TsIKe-
CTU TeuyeHUs 3aboseBaHus. M3 6 ucciaegoBaHHBIX
AT CMYV Hanbonee UMMYHOPEAKTUBHBIMU OKa3a-
uch npeapanHuii antureH (1E), mHnmnnpyommii
HavaJIo JUTUIECKOTO IIUKJIa, U UMMYHOIOMWHAHT-
HBI 010K p65, yJacTBYIOLIUIA B pa3HbIX CTAAUIX
PEeTUIMKATUBHOTO IIMKJIa BUPyca WM B OCYIIECTBIIC-
HUM IporpamMMbl ycKoab3aHusa CMV oT mMMMyH-
HOTo OTBeTa 4yesioBeka. OO0HapysKeHa CTaTUCTUYEC-
KM 3HauymMMasl 3aMeTHasl KOppeasIIMOHHAasl CBS3b
MeXay ayonb-mo3suTuBHBIMU CD3*CD4*CD8"-
kiaetkamMu n CDI19 -numdponntaMmm U aHTUTEO-
obpa3oBaHMeM K dyeTbipeM aHTureHam CMYV y na-
OMEHTOB C TUIIOIMHOHOM: IIpsSIMAasi CBSI3b MEXIY
NyOAb-MO3UTUBHBIMU JTUMGOIMTAMU U aHTHUIE-
nHamu 1E, p65 n p28, ooparnas — mexay CDI19*-
nuMmdonutamu 1 antureHamu 1E, p52 u p65. Ot
MaHHBIC YKa3bIBAaIOT Ha BO3MOXHOE BIMSHHE WH-
NOUBUIYaJIbHBIX aHTUTeHOB CMYV Ha cyOromyns-
IIUOHHBINA COCTAB TUMMOLIMTOB U UMMYHOTIATOTE-
He3 TepeaHuX yBeuToB. [lomydeHHBIe pe3ybTaThl
noKa3aju MepCIIeKTUBHOCTh BLIOPAHHOTO HAIlpaB-
JICHUSI MICCIIETIOBAHUIA.
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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 vitro while the remaining
studies were conducted in the human population (iz vive). The type of probiotic 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. 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 vitro
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. KnuHnueckue faHHbBIE CBUAETENLCTBYIOT O TOM, YTO HEKOTOPbIE MTPOOUOTUKU MOTYT OBITH IO-
JIE3HBI B JICUCHU U U MMPOPUIaAKTUKE BUPYCHBIX NHpeKnii. OmHako 3¢ GeKTUBHOCTH Mpoduotukos rmpu COVID-19
Ha CETONHSIIHMI IeHDb He ycTaHOBeHA. Lleh HaCTOSIIEro CHCTEMAaTHIeCKOTo 0030pa 3aKJIF0Uaiach B OLEHKE POJIN
MIpoOMOTHUKOB B IpodunakTuke u jeaeHnn COVID-19. Mamepuanvt u memods:. BT IpoBeaeH pacIIMpeHHBI TTONCK
nHOOPMAIIIH TT0 0003HAYEeHHOMY BEITIIE BOIIPOCY B USTHIPEX 3JICKTPOHHBIX 0a3axX JaHHKIX, BKouass Embase, Scopus,
Web of Science u PubMed, Bo BpemeHHOM MHTepBajie ¢ Hosiopst 2019 1. mo uionb 2022 1. [Tocie n3yueHust crmcka cooT-
BETCTBYIONIMX CTAaTeil OBIIN OTpenesieHbl JOTIOTHUTETbHbIE TIONCKOBBIE OrpaHuuYeHns. JIJ1sl morcka B 6a3ax JaHHBIX
HCIIOJIb30BAJIOCh HECKOJIBKO KOMOMHAIIUIA KJTIOUeBBIX CJIOB, poBepeHHbIx MESH. OT60p uccnenoBaHuit ocyecT-
BJISJICSI B COOTBETCTBUU C KPUTEPUSIMU BKIIIOUCHUS W UCKITIOUeHUs. Pezyavmamer. JIBaaiaTh TpU CTaTbd COOTBET-
CTBOBaJIM KPUTEPHUSIM BKJIIOUEHUS B UCCefoBaHuUE. B miecTu cTaThsax Oblia nHGopMalus 06 nuccaenoBaHusIX, Ipo-
BEIEHHBIX in Vifro, B OCTalbHBIX — 00 UCCIEAOBAHUSIX, TPOBEACHHBIX Y JIIOAEH (in vivo). Tun npoOduoTrKa ObLJI yKa3aH
B BOCEMHALIaTH MCClIeNOBaHUAX. B IBYX uccienoBaHUIX B IOMOJHEHUE K TPOOMOTUKAM UCIIOIb30BATUCH ITUIIIEBbIE
J00aBKM (BUTAMUWHBI, TPaBbl, MUHEPAJbI 1 T. 1.). CaMbIii 00JbIION pa3mep BIOOPKU cocTaBua 445 850 y4aCTHUKOB,
OIpocC KOTOPBIX MpoBoauicsd B MoounbHoM mpuioxeHun COVID Symptom Study. BonbmmHCTBO MccienoBaHmi
IT0Ka3aJio, YTO MPOOMOTUKHM OKa3bIBAIOT MOJOXUTEIbHOE BIusgHue Ha TeueHrne COVID-19, uTto mposBisieTcs B Ha-
qgaje pemuccuu cuMmToMoB COVID-19 Ha paHHUX cpokax 3a00jieBaHMS U B 0oJiee KOPOTKOM ITPOMXOIKUTEIHHO-
ctu 60Je3HM (1o JaHHBIM 10 HUccIenoBaHMit), B 6oJlee HU3KUX MTOKA3aTeISIX CMEPTHOCTH (3 MCCIIeOBaHMsI), a TAKXKe
B CHUKEHWU YMCJIa TOCTIUTATU3aNi 1 TTPOIOJIKUTETbHOCTH TIpeObiBaHM s B cTaiimoHape (3 uccienonanus). lllects
WCCIeAOBAHUIA in Vitro MOKa3aiu, UYTO MPpoOMOTUKU ObLIN 3(pdekTuBHbI B oTHOLIeHUU SARS-CoV-2 6iaronaps npo-
TUBOBUPYCHOMY NeicTBUI0. TOJBKO NBa UCCIEeA0BaHUS MOKa3anu, yTo npodbuotuku npu COVID-19 Heah ek TBHBI
WM UX TIPUMEHEHUE TTPUBOIST K HETaTUBHBIM TTOCIEACTBUSIM. Bbieodsi. IMetoluecs JTaHHbIE TIOATBEPXIAIOT POJIb
MpoOMOTUKOB B podunakTuke u jeueHun COVID-19. Db dexkTuBHoCTh NpodroTukoB npu COVID-19 MoxeT ObITh
00bsICHEHA HAJMYKEM ITPOTUBOBUPYCHOTO MoTeHnata 6aktepuounHoB PInE u PInF Lactobacillus paracasei B oTHO-
meHun SARS-CoV-2.

Karouesoie caosa: COVID-19, SARS-CoV-2, 2019-nCoV, npobuomuru, reuerue, npoghuraxmuxa.

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
symptoms 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 search 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 controlled 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 method 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 researchers extract-
ed and entered the information into the template.

Results

The database search yielded 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-19 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 Coronavirus 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 severe 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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o
£
Finalincluded studies
(n=23)
N

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 in vitro 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 1L-6 and length of hospitali-
zation was higher in probiotic group [26].
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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 IL-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
SPM1205, 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 to 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
faecalis 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, I1L-6, I1L-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 Lactobacillus crispatus (i.e.,
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 se 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]. In 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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Pesiome. [IpodunakTuka pecnupaTopHbiX UHGEKIUN B SMUAEMUYECKUE MEPUOMBI SIBISETCS BaXKHOW 3agaueil co-
BPEMEHHOTO 31paBooxpaHeHus Poccun u mupa. OmTHUM U3 TaKUX MOAXOJOB MOXET ObITh UCMOIb30BAHUE JIETYUUX
BELIECTB, CTIOCOOHBIX AKTUBUPOBATh HECTIEIU(PUUECKYIO PE3UCTEHTHOCTh CAU3UCTON 000J0YKHM HOoca. JdnutenbHast
aNMIMKalKs CHHTETUYECKMX aHAJIOTOB XKEeHCKUX (hepPOMOHOB MOJIONBIM MY>KYMHAM MTPUBOAUT K CHUKEHU IO YaCTOThI
pecnupaTopHbIX 3a00JIeBaHU A, MOBBILIEHUIO YPOBHEH CEKPETOPHBIX UMMYHOTJIO0YITMHOB, a y JTUII C aJUIEPTUYECKUMU
3a00J1eBaHUSIMU — K CHMXKEHUIO YPOBHEH 203MHOGUINN B niepudepruyeckoil KpoBu. Mcxoas u3 aToro rnocrabieHa
LeJIb MCCeA0BaHUSI — U3YUYUTh BIUsIHUE (PaKTOPOB aHAMHE3a U MoKasareseil, oTpaxarmluXx GyHKIMOHUPOBaHME
MYKO3aJbHOTO UMMYHUTETA CIM3UCTON 000J0UKY HOCa, e¢ HeclelnbruIeckoi pe3uCTeHTHOCTH, Ha (popMUpOBaHUE
YacToil pecrnupaTopHOil 3a001€Ba€MOCTH; a TaKXke OLEHUTh d(PGHEKTUBHOCTh OMOPAHTOB ¢ HATOGMEPUHOM U aHAPO-
(heprHOM B OTHOIIEHNM TMHAMUKY 3TUX TIOKA3aTeNeil M CHUXXEHU ST YaCTOThI PeCTUPATOPHBIX MHGMEKINI Y MOJOIBIX
moneii. Mamepuaawt u memoods. [lpoBeneHo obcenoBaHue 46 yCIOBHO 3M0POBBIX IOHOIIEH U IEBYIIEK B BO3PACTHOM
nHTepBaJie ot 18 1o 22 neT. BeimoaHeHa OlleHKa YaCTOThI pECIUPATOPHOIL 3a0071€BaeMOCTH, (HaKTOPOB KaTaMHE3a U pe-
3yJIBTATOB MPOBEICHHBIX HEMHBA3UBHBIX UCCAENOBAHUN (KOHIIEHTPALIMY LIMTOKMHOB B Ha30(hapuHTealbHOM CMbIBE
1 HazouTorpamMmmel). B Tedyenue 30 qHelt BceM MOJIOABIM JIIOASIM HAHOCUJIUCh HA HOCOTYOHYIO CKJIAJIKy CUHTETHUYEC-
KHe aHaJIOTu MYXCKUX (aHApodepuH) U XKeHCKUX (HatodepuH) ¢hepoMOHOB (aHApodepuH — AeBylIKaMm, HaTode-
puH — 1oHoIaM). [ToBTOpHBII 0OCMOTp C NMpoBeAeHMEM BhILLIEYKa3aHHbBIX UCCIef0BaHU i poBonuics Ha 14 u 30 neHb
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sKcrepuMeHTa. [ToBTOpHAs OlleHKa YacTOTHI peCIMPpaTOPHBIX MH(MEKIINIA TpoBeeHa Yepes3 ToJI ITocJie Hadajia KCIe-
puMeHTa. Pesyaomamor. [TpoBeneHHOE UCCISIOBaHKE BBISIBUIIO PSII TPEIMKTOPOB M MTPOTEKTOPOB YaCTOM U ITUTE/b-
HOI pecriipaTopHOii 3200JeBAEMOCTH Y MOJIOABIX Jitofeit. [IpequKTopaMu 3TOro COCTOSTHUS CTald aHAMHECTUYECKUE
MapKephbl aJIepriueckoil aHOMaluy KOHCTUTYLIMH, (haKTOPhI MOBeAeHUS (KypeHue), a TaKKe MMMYHHBIE TI0Ka3aTe-
am annepruu (IL-4) u gepuuut MykonuamapHoro KiupeHca. MecsdHbIil Kypc anmivKaluii Ha KOXY HOCOTyOHOIt
CKJIAJIK1 OJIOPAHTOB Ha OCHOBE CUHTETUYECKHX aHAJIOTOB MYKCKHX U KEHCKMX (hepOMOHOB (CTEpaHOB) OKa3bIBAET I10-
JIOXKUTENbHBIN 2P (HEKT KaK Ha Hecmen(MUUECKyI0 Pe3UCTEHTHOCTD CJAU3UCTOM 000I0UKHY HOCA, TAK U HA UMMYHHBbIE
rnokasaresu ee GyHKLUMOHUpOBaHUs. Yepe3 Mecsl MPUMEHEHUS! CTEPaHOB IMPOUCXOAUT IOTHASL AEKOHTAMUHALIMS
CIIM3UCTBIX 000JI04eK HOCA OT KOKKOBBIX MUKPOOPraHM3MOBA B TE€UEHUU TOCIEAYIOMUX 12 MeCSLIEB CHUXKAETCS Ya-
CTOTa PeCMMPATOPHBIX MHMEKIINIA. DTO YKa3bIBaeT Ha 3HAYMMBIN KIIMHUYECKUIA 3(DPEeKT IPUMEHSIEMBIX OTOPaHTOB.

Karouesnie caosa: ocmpoie pechupamopHuie 3a004e6aHuUs, cmepansl, Hamogeput, anopogepun, UMMYHOMOOYAUpYOWUE dppexm,
UHMepPACUKUHD.

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 diseases, 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 (IL-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.

BeepgeHue

Yacras pecrniupaTopHasi 3a00J1eBaeMOCTh
BO B3pOCJIOU TIOMNYJSILIMU JIIOAEeH ocTaeTcs 3Ha-
YUMOM TIpoOJIeMOil COBpPEMEHHOM MEAMIMHBI.
Oco0yl0 aKkTyaJlbHOCTb 3TO SIBJIE€HUE MNPUOOpeIo
Npy MaHAEMUU HOBOH KOPOHABUPYCHOU HH(peEK-
uuu (COVID-19), koTopasi, sIBJIsISICh BBICOKO BUPY-
JICHTHOM, omnpeneunja MOBBIIIEHHYIO CMEPTHOCTh

B 2020—2021 rr. kak B Poccuu, Tak u B mupe [3].
B 2022 r. ypoBeHb peciupaTopHOil MH(PEKIIMOHHOMI
3200JIEBAEMOCTU HE CHUKAJCSI U ObLI 00YCIOBJICH
BUPYCOM TPUIIIA, TIPU KOTOPOM TaKkKe MMesia Me-
CTO BBICOKasI CMEPTHOCTDH OT BTOPUYHBIX MTHEBMO-
Huit [2, 6]. C aTux nmo3uunii mMpodujIakTUKa pe-
COUPATOPHBIX MHMEKIIUNW B 3MUAESMHUUYECKUE IIe-
PUOIBI SBJISIETCS Ba*XHOM 3amayeid COBPEMEHHOTIO
3 paBOOXPaHEHUSI.
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BnusHne 00paHTOB Ha pecnunpaTopHyo 3a601€BaeMOCTb

B TeueHue mocieHUX IBAAIIATH JIET TIPOBEICHO
00JIBIIIOE KOJIMUYECTBO HAyYHO-UCCJIEI0BATEIbCKUX
paboT, MPOAEMOHCTPUPOBABIINX BIAMSHUE II0JIO-
BBIX (pepOMOHOB Ha M3MEHEHUE CBOWCTB MMMYH-
HOM CHCTEMBI MEJIKUX JJaOOpaTOPHBIX KMBOTHBIX
(Mbl1IEi), ¢ IPUOOPETEHUEM MMU YCTOMUYUBOCTU
K MHQPEKIMOHHBIM areHTaM [6]. Belio mokasaHo,
YTO Y CAaMIIOB MBIIIEH, KOTOPHIM MPEIbSIBIISIIIN 3a-
max caMoK, yCUJIMBAJICSI CIOHTAHHBIM CUHTE3 UM-
MYHOTJIOOYJIMHOB, a TakKXe yMeHbIlIaJlach CMepT-
HOCTb OT PaHEHUU B PE3yJabTaTe CTOJIKHOBEHUM
¢ cocensIMH Mo KJjeTKe. bojee Toro, moka3aHo, 94TO
MpeabsBJICHNE 3allaxa caMoOK ITiepesl 3apakeHUeM
CaMIIOB BUPYCOM T'pUIINA aKTUBUPYET Hecnenudu-
YEeCKYI0 UMMMYHHYIO peakIMio, TEM CaMbIM 3alllu-
II1ast CaMIIOB MBITIIEH OT 3apakeHM I BEPXHUX AbIXa-
TeJIbHBIX MyTel U CHUKasi UX CMEPTHOCTH [12].

Pesynbrarbl paHee BBIITOJTHEHHBIX PabOT CBU-
JIETEJIbCTBYIOT O MOJIOXUTEIbHOM 3(@dekTe BO3-
JIEUCTBUS MOJOBBIX (DEPOMOHOB Ha OPraHU3M Ye-
JIoBeKa. B WacTHOCTM, MOKa3aHO BIMSHUEC KCH-
ckoro hepoMoHa Ha (byHKIIMOHAJIBHOE COCTOSTHUE
MOJIOABIX MYXX4YUH [5]. YcTaHOBJIEHO, 4YTO OJIU-
TeJbHAS aNIUIMKallis CUHTETUYECKUX aHaJIOrOB
KEHCKHUX (DEpOMOHOB MOJIOABIM MYXKYWHAM IIPU-
BOOMT K CHUXXCHMIO YaCTOTHI PECITUPATOPHBIX 3a-
OoJsieBaHUIi, MOBBIIIEHUIO YPOBHSI CEKPETOPHBIX
MMMYHOTJIOOYJIMHOB, a Y JIUI C aJlJIEPTUYCCKUMU
3a00JIeBaHUSIMUA — K CHUKCHUIO YPOBHS 303MHO-
dunuu B nepudepudeckoii kposu [5]. Kpome Toro,
JI0OKa3aHo, YTO XXEeHCKHEe (DepOMOHBI MOTYT OKa3bl-
BaTh 3HAYMTEJIBLHOE BO3ACICTBME HA SMOIIMOHAb-
HOE 1 QU3UIECKOE COCTOSTHIUE TTIOXMIIBIX MYKUNH,
CHUMXasl KOHIEHTPAIlMI0O KOPTU30Ja M ITOBBIIIAS
YPOBEHb TeCcTOCcTepoHa [14].

B 10O Xe BpeMs 3(PEKT KEHCKUX U MYXKCKHUX
(GEepOMOHOB Ha COCTOSIHME MYKO3aJIbHOTO MMMY-
HUTETa HOCOTJIOTKM, B YaCTHOCTU ITMTOKMHOBOTO
npoduiisi, 1 HecrieuPUUIEeCcKylo pe3uCTeHTHOCTh
CIU3UCTOI 000JI0YKU HOCA HE UCCIEAOBaH.

Hcxonst m3 BhINIECKa3aHHOIO OBLIa TMOCTaBJIe-
Ha 1IeJIb UCCIIeIOBaHUSI — U3YUYUTh BIUsIHUE (DaK-
TOPOB aHaMHe3a M IIoKasaTeJieil, OTpakaloIux
GYHKIIMOHUPOBAHNE MYKO3aJIbHOTO UMMYHUTETA
CIU3UCTOI 000JIOYKU HOCA, €€ HeCTIeIIN(MUICCKON
PE3UCTEHTHOCTU, Ha (popMUpOBaHUE YACTOM pe-
CIIMpPAaTOPHOI 3a00JIeBa€MOCTH, a TaKXKe OLIEHUTh
3¢ PEeKTUBHOCTh OAOPAHTOB C HATO(PEPUHOM U aH-
IpodepruHOM B OTHOUICHUUW TMHAMHUKH 3TUX IIO-
KasaTeJe U CHUKEHUS YaCTOTHI PeCITUPaTOPHBIX
UHGEeKI A y MOJOAbIX JIoAeil B Bo3pacte oT 18
10 22 jeT (paHHUH penpOAyKTUBHbBIN epPUOT).

Marepuanbl n MeTopl

JIJIs1 mOCTUXKEHUST MOCTaBJICHHONM 1ieau ObLIO
MPOBEICHO ITUJIOTHOE MNPOCHEKTUBHOE MCCIIEIO-
BaHue Ha 46 yCJIOBHO 3J0POBLIX IOHOLIAX U J€-
ByIIKax (pacuyeT MOIIHOCTUA BBIOOPKH BBIMNOJI-

HEH ¢ MmoMolbio on-line kanbKyasitopa https://
clincalc.com/stats/samplesize.aspx), oOy4JarOLIUXCS
B KeMepoBcKOM rocy1apcTBEHHOM YHUBEPCUTETE.
BospacTHoit nHTepBan — ot 18 mo 22 sieT; 61710 00-
caenoBaHo 28 roHollel U 18 neByliex.

Bce Mosonbie nronu mepen HayaJloM MCCIeI0-
BaHUS TIPOLIIM aHKETUPOBAHUE JISI M3yYCHUS
aHaMHe3a. AHKETBl BKJIIOYAJIW HECKOJIBKO pa3-
JIeJIOB, OTpakalolnX COIlMaJbHOE MTOBEAEHUE MC-
NBITYEMBIX, B TOM YUCJIE OCOOEHHOCTHU MUTAHMUS,
X MEIUIMHCKMU M HACJIEICTBEHHBbIN aHAaMHE3,
HaJM9re BPEIHBIX ITPUBBIUEK, a TaKKe BOIPOCHI,
CBsI3aHHBIE C TTOJIOBBIM OITBITOM W HaJW4YHUEM I10-
CTOSTHHBIX CeKCyaJIbHbIX OTHOIIECHU.

Ilepen HauyasIOM 3KCTIIEpUMEHTA OT BCEX UCITBITYE-
MBIX OBLIM ITIOJIy9eHBI Ha3zodapuHTeaIbHbIE CMBI-
Ba 10 pa3paboraHHOli paHee MeToauke [7]. Takxke
ObLIM MPOBEACHBI IIETOYHAsI MUKPOOUOMNCUS CITU-
3UCTOM 000104KU HOca [11] 1 B3siTHE 0OPA31IOB CII0-
HBI. [TOBTOPHO 3THU XK€ OMOJIOTUYECKIEe MaTepralIbl
3abupanuch Ha 14 v Ha 30 neHb SKCIepUMEHTA.

B HazodapuHreasbHOM CMBIBE MCCIEI0BAINCH
KOHIIEHTPAILIUU CJCAYIOIIMX LIMTOKWHOB.: MHTEp-
neiikuH 1 6eta (IL-1PB), ¢pakTop HEKpo3a onmyxoaun
anbda (TNFo), untepneiikun 4 (IL-4), untepieit-
kuH 6 (IL-6), marepneiitkuu 10 (IL-10) o onmcaH-
HoOi1 paHee MeTonukKe [1] ¢ UCOIB30BaHUEM KOM-
MepUYeCKMX HaOOPOB ISl IPOBEACHU S UMMYyHOMep-
MeHTHoro aHanu3sa (3AO «Bektop-bect», Poccus).

IlleTouHasi MUKpOOUOIICHS MO3BOJIsIJIa OLEHU-
BaThb BOCIAaJIeHHWE Ha CIM3UCTOM 000J0YKe HOoca
M COCTOSTHUE €€ (PyHKIIMOHAJIBHOTO SIUTEIINS
(puc. 1 u 2, I1I obnoxka).

Ha xaxxmom aTane uccienoBaHus Oblj1a coOpaHa
CJIIOHA AJIS1 onpeAe/ieH sl TOPMOHOB (TECTOCTEpOHa
n acTpanuoia). OOpas3ibl CIIOHBI OBIJIN IIEHTPU-
dyrupoBaHbl Ha ckopocTu 3000 06/MUH B TeUeHUE
15 muH. TTo 1 Ma kaxaoro obpasua nomMeuniagaoch
B MPOOUPKU TUMA BIIMEHIAOPP U XpPaHUJIOCH MPU
Temriepatype —20°C. B o0pasumax mMMmyHodep-
MEHTHBIM METOAOM C TTOMOIIBI0 KOMMEPUYECKOTO
Habopa («Ctepoun MDA-scTpanmon» n «Crepount
HN®DA-tecTocTepon», Xema-Menuka, Poccust), 06-
JlaJalollero AOCTaTOYHOM YYBCTBUTEIbHOCTHIO,
OonpeAcisIIN ColepKaHNe TECTOCTepPOHA W 3CTpa-
nuojyia. OCOOEeHHOCTH MCCIIENOBAHUS TECTOCTEPO-
Ha 1 3CTpajmoJia B CJIIOHE OMucaHbl paHee [5].

Jns n3ydyeHn I BO3EICTBU S TOJIOBBIX (PEPOMOHOB
T POTHUBOITIOJIOKHOTO IT0JIa FOHOIIIAM B TCUCHHE MecsI1Ia
MPEeNbSABISIIN HaTODEPUH, JIeBYIIKaM — aHapode-
puH. HarodepuH sBisieTcsi KOMMepLIUAIU3UpPOBa-
HBIM CUHTETUYECKMM aHaJOTOM XEHCKOro (hepomo-
Ha KOITyJIMHA (HOMEpP CBUACTEIILCTBA O PETUCTPAIINN
449477), U3roTOBJEHHOr0 €BPOMNEMCKOi JadopaTo-
pueit 1 pacrpocTpaHseMoro Ha Tepputopun Poccun
¢dupmoit Parfume-Prestige M (OOO «AptbbioTn»).
B coortBeTcTBUM ¢ WMHpOpMalIMeit, IpeacTaBisic-
MO KOMTIaHUSIMU, TAHHOE BEIIECTBO COCTOUT IIpe-
MMYIIIECTBEHHO M3 MPOM3BOIHBIX N30BaJIepUaHOBOM
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U MacstHOU KucioT [13]. AHnpodepuH — CUHTeTH-
YeCKUI aHaJor MY>KCKOI'o MoJ0BOro hepoMoHa aH-
JIPOCTeHOHA (HOMEpP CBUIIECTEIBCTBA O PETUCTPALIUN
449476). CoracHO 3TUM PErUCTPALIMOHHBIM CBUIC-
TeJILCTBaM, TaHHbBIC TPOMYKTHI MOTYT AJTUTEITBHO Ha-
HOCUTBCSI Ha KOXKY YeJIOBeKa.

B xonme nccinemoBaHMSI MOJIOAbBIC JTIOAM HAHOCH-
JIA eXXeIHEBHO Ha TTOBEPXHOCTH KOXKM HaJl BepXHEH
ry6oii pacTBOp CUHTETUYECKOTO (hDepOMOHA U AU-
MPOINUJICHTJIUKOJS B KOHIIEHTPALIUU, PEKOMEHI0-
BaHHoI nipousBoauTtesiem (0,12% pactBop), B Teue-
HHE OOHOTO MecsIia.

Vdyer 4acTOThl pecrnupaTOpHBIX 3a00JIeBaHMIA
ObLJT BBITIOJIHEH 3a | rom g0 Havajga 3KCIIEpUMEH-
Ta u 4yepe3 | rog mocie ero okoHuyaHus. CorjaacHo
MTaHHBIM KJIMHUYCCKUX PEKOMEHIAILIUU peCITh-
paTopHyI0 3a00JIeBAEMOCTh CUMTAJIM YacTOW MpU
noBtopeHun OPBU 4 u Gosee paza B roa.

Cratuctudeckasi oopadboTka JaHHBIX ITPOBOIU-
Jachk B IMakeTax nmporpamMM Statistica for Windows»
dupmbr StatSoft Inc., Bepcusi 10.0, u MedCalc
17.5.3. mo nmpaBujaM BapMalLlMOHHOW CTATUCTUKM.
J1J1s morcKa npeaKTOPOB YacTOM pecrupaTopHOit
3a00J1eBaeMOCTH OblJIa HCIIOJbh30BaHA JIOTUCTH-
yeckasl momraroBasi perpeccusi (CTaTUCTUYECKUIA
METON KJIacCU(UKAIIMKU C HUCHOJIb30BAaHUEM JIM-
HeiliHoro nuckpumuHaHTta dumepa). 3aBUcHUMOM
HepeMEHHOM ObIJla YacTOoTa PECITUPaTOPHBIX HH-
dexkuuii 3a 1 rog (ot 0 mo 10 ciyyaeB), a He3aBU-
CUMBIMM ITIEPEMEHHBIMM — BCE NMYHKTHI aHKETBI
(coumanbHble, HACJEACTBEHHbIC, MEIUIIMHCKUE
dakTophl, a TaKXe KOHIEHTpPAllMM IIMTOKWHOB
B HazodapHHTEaJIbHOM CMBIBE, PE3yIAbTaThl IIc-
TOYHOM MUKPOOUOIICUM CIU3UCTON 000JOUKU
Hoca). KoadduumueHTsl, moaydyeHHbIe IJ151 BbISIB-
JICHHBIX 3HAUMMBIX TTPEIAUKTOPOB 1 IIPOTEKTOPOB,
yKa3bIBaJM Ha CTCIICHb aCCOIMAIIUU C YaCTOM pe-
CIIMpPaTOPHOI 3a00JIeBAEMOCThIO, a 3HAK (— WJIU
+) nepea nepeMeHHOM yKa3bIBal Ha MOJIOXUTEb-
HYIO WJINU OTPULIATCIIBHYIO CBI3b. [loloXXuTeIbHAS
CBSI3b ITOKa3bIBajla, 4YTO (aKTOp SIBISICTCS IIpPeau-
KTOPOM 4YacTOW pecrnrpaTopHOil 3a00JIeBAEMOCTH,
oTpuMlaTe/ibHas yKa3blBajla Ha €ro IpPOTEKTUB-
HOCTh. [lomyyeHHas1 TIpyu 3TOM aHaAJIMU3€ JIOTUCTHU-
yecKast (pyHKIHUS C BECOBBIMU KO3 DUIIMCHTAMU
JUTST KaXkKJI0ro TpeIuKTopa oTpaxkaeT B3auMOJeH-
CTBUE U MHTErpajbHOE BIUSHUE couyeTaHUs dak-
TOpOB B peanu3auuu 3pdekra. DPGEeKTUBHOCTD
JIOTUCTUYCCKOM (PYHKIIMKM OILICHWBAJIach IIO0 IIO-
Kazarenato muowaau noa Kpusoit (AUC) uz ROC-
aHaJiu3a CcTaBllero, (GakTUYeckKu, CTaHAapTOM
IS OLIEHKU KadyecTBa OMHApHON Kjaccudpuka-
oun. [Tonck JmorucTndecKnx QYHKIIUNA BBITIOJTHEH
KakK JUJIST 9aCTOW pecnupaTopHOl 3a00jeBaeMOCTr
JI0 HavaJia dKCIIepUMeHTa, TakK 1 4yepe3 1 rom mo-
cie ero 3aBepiieHus. i cpaBHEHUST OTIACIbHBIX
mokasaTesieii B TpeX TOUKaxX UccjemoBaHm I (10 Ha-
yaja, Ha 14 u 30 neHb 3KCIiepuMeHTa) UCHOJIb30Ba-
au U-xkputepuit MaHHa—YUTHU (MMEIOCh acUM-

MeTpuuyHOe pacnpeneneHue). KoanuyecTBeHHbIE
JIaHHbIE OBbLIM TpEeACTaBJIEHbl B BUJAE MEIUAHBI
(Me), 25-ro u 75-ro mpoueHtuieir (P25 u P75).
BepogaTHOCTh O1IMOKM TTEpBOTro poaa Obljia MPUHSI-
Ta 3a 5%, Broporo poga — 3a 20%, ypoBeHb CTaTH-
CTUYECKOI 3HAUYMMOCTHU BhIsIBJIsLICS ripu p < 0,05,
YTO COOTBETCTBYET CTAHJAAPTHBIM TPEOOBAHUSIM.

Pe3ynbrathl 1 06CyXaeHne

IIpoBeneHHas TomiaroBasi JOTMCTUYECKasT pe-
rpeccusl OJisT 3aBUCHUMOro akTopa — dYacToTa
OPBUM 3a oauH roj, U HE3aBUCHUMBIX TMepeMeH-
HBbIX — aHaMHe3a, UMMYHHBIX U LIIUTOJOTUYECKUX
mokasaTesieii, OTpaXalolluX PpPeryasiuio MYKO-
3aJIbHOTO UMMYHUTETAa M HECIeIM(PUISCKON pe-
3UCTEHTHOCTU CJIU3UCTOU OOOJIOUKU HOca — TIO-
Kaszaja psa IOJOXUTEJbHBIX M OTpULIATEIbHbIX
accolyamnuii, KOTOpPbIE COBMECTHO OIIPEIACISIIOT
JacTYIO peCIIMPaTOPHYIO 3a00JieBaeMOCTh (Tab1. 1).
Heo6xonuMo OoTMETUTh, YTO MOJYYEHHBIE B KJjac-
cudukarope P-KoappuumeHT OTpaxaloT OTHO-
CUTEJIbHOE BJIMSHUE MPEeIUKTOpa Ha 3aBUCUMYIO
nepeMeHHYy10, a B-KoahduImeHTH ITOKa3hIBaIOT
NPOrHOCTUYECKYIO 3HAUMMOCTb IMTPEAUKTOPA U MO-
TyT OBITH MCITOJb30BaHbI B YpaBHEHU U, OTIMCHIBA-
IOllIEM JIOTUCTUUYECKYlo dyHKIno. Kpome Toro,
MOXHO OILICHMBATh M BIUSHHUE OTICIBHBIX IIpe-
IUKTOPOB (CO 3HAKOM «+» MM B TAOJIUIIE TIPOCTO
0e3 3Haka rnepen KoahOUIIMEHTOM) U ITPOTEKTOPOB
(CO 3HAKOM «—») Ha 4YacTOTYy peCUpaTOpPHON 3a-
00JICBAEMOCTH Y JIUI PAHHETO PEIIPOAYKTUBHOTO
nepuona.

Kak BuaHo u3 tab6a. 1, 3HaUMMBIMU NPEAUKTO-
paMu TOBTOPSIONIMXCS PECHUPATOPHBIX WMHMEK-
Uil IBJISIIMCHh BO3PACT 00CIeI0OBaHHBIX, HAJTNUNE
Yy HUX B aHaMHe3¢ OOCTPYKTHMBHBIX OPOHXMTOB,
JIJApUHTUTOB, aTOMMYECKUX IEPMATUTOB, KypEeHUsI
U MepeHeCceHHO HOBOI KOpPOHAaBUPYCHOI MHpeEK-
nuun COVID-19. M3 nmabopaTopHBIX MoKa3aTeaei
IpeaUKTOPaMU 0Ka3aJInCh BEIPAKECHHOCTH JICHKO-
IUTAPHBIX PEAKIIN A IO TaHHBIM Ha301IUTOTPAMMBbI
(eToyHasi MUKPOOUOIICUST CIU3UCTON 000JOUKU
HOCAa), yIeJIbHbII BeC MJI0CKOro He(hyHKIIMOHAb-
HOTO SMUTEJINS 10 Ha30IUTOIpaMMe, a TAaK3Ke KOH-
nentpauuu TNFo u IL-4 B HazodapuHreaaspbHOM
CMBIBE. DTU Pe3yJIbTaThl BIIOJHE JIOTMYHBI U yKa-
3bIBAIOT Ha TOT (PaKT, 4TO yacTasl pecrparopHas
3a00JIeBaeMOCTh (popMuUpyeTcsT Ha (pOHE aJlIepru-
YeCKOT0 SHIOTUNA WU aJIIePTUYECKON aHOMAaTu K
KOHCTUTYIIUU (TEPMHH UCIOJb3yeTCsI B OTedYe-
CTBEHHOI MeAMIIMHE), TIPU KOTOPOI UMEIOT MECTO
CTEHO3UPYOIIME JApUHTUTHI, OOCTPYKTUBHBIE
OpPOHXUTHI, ATOMUYECKUE JIEPMATUTHI U TTOBBIIIIE-
Hue ypoBHs IL-4. C npyroii cTOpOHBI, 3TU MOJIO-
JIbIe JTIOAU UMEIOT CHUKEHHY 0 Hecneu(UIeCKY0o
PE3UCTEHTHOCTDH CIM3UCTOM OOOJIOYKM HOCa, OT-
paXeHHYIO B BBICOKOM YACIHHOM Bece y HUX He-
GYHKIIMOHATBHOIO TJOCKOro anuTenus (puc. 2b,
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BnusHne 00paHTOB Ha pecnunpaTopHyo 3a601€BaeMOCTb

IIT o610xKa). KpoMe TOro, BeIpaxkXeHHOCTbh JIEUKO-
UTApPHBIX peaKIIM 110 JaHHBIM e TOYHOI MUKPO-
OMOIICUM CIAU3UCTON OOOJIOUKM HOCa yKa3bIBaeT
Ha TUIEPPEaKTUBHOCTbh MYKO3aJbHOIO KJIETOUHO-
ro UMMYHUTETa, B TOM YHUCJE 3a CUeT KJIETOUHOTO
TUIA aJJepPruYecKuX peakluii, 0 Y4eM yKa3bIBaeT
U MOBBIILIEHHBI CUHTE3 MTPEUMYIIECTBEHHO KJIEeT-
KaMmu cin3ucTtoit obonouku Hoca TNFor.
OTpuLaTEIbHO aCCOLIMMPOBAHHBIMU C YacTOM
pecnupaTopHOil 3a6071€Ba€MOCThIO OBLIIN MYXKCKOM

MoJ, a TakXe IMUTOJOTMYEeCKHEe U UMMYHOJIOTU-
yeckue IMokasaTesid CJIU3UCTOU OO0OJJOUKM HOCa,
npenctaBieHHble B Taba. 1. Kak BumHO 13 tadau-
1bl, 3TO OBLJIM TOKa3aTeJIU Ha30LUTOTPaMMBbI: BbI-
PaXXeHHOCTb U YACAbHBI BeC LIUJIUHAPUYECKOrO
sanutenus (puc. 2A, II1 obnoxkka), yneabHbI Bec
HEATPOMUIBHBIN JIEMKOLUTOB U JUM@POLUTOB,
a Tak¥e BBbIPa’KeHHOCTb DKCYTaTUBHBIX pEaKIIWA.
DTOo pe3yJibTaThl TaKXKe BIOJHE O0BbsICHUMBI. Tak,
B UCCJICIOBAaHUM yYacTBOBAJIM oOydarolIecss yHU-

Ta6auua 1. PesynbTaTbl IOrMcTUYECKOI perpeccum ¢ 3asucumbiMm paktopom (4actota OPBU 3a 1 ron)
M He3aBMCUMbIMM NepeMeHHbIMN aHaMHe3a U NokasaTenei cnmsncToii 060J104KM HOCa HAa MOMEHT Hayana

HaGnwoaeHna

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

He3aBucumble nepemeHHbie
Independent variables B Std. Err B Std.Err B p-level

Orpesok 0,376 0,056 0,005
Section
Bospact 0,154 0,002 0,210 0,003 0,010
Age
OGCprKTMBHbIM Gpguxm, na.p.m.im.T B aHaMHe3e 0,680 0,002 3,818 0,009 0,002
Obstructive bronchitis, laryngitis in history
Atonuveckiit AepMaTuT 8 aHamHese 1,029 0,003 8,004 0,023 0,002
Atopic dermatitis in history
YnenbHbiii Bec numdoumntoB B NCG B B
Lymphocyte percentage in the NCG 0,172 0,003 1,336 0,020 0,009
YAEIbHbIN BEC HEHTPOGUIIOR 0,660 0,004 0,024 0,000 0,004
NCG neutrophil percentage
KoHueHnTtpauusa IL-10 B HOC B B
IL-10 concentration in NPS 0,814 0,005 0,969 0,005 0,004
KoHueHnTpauus TNFo B HOC
TNFo, concentration in NPS 0,245 0,004 0,452 0,008 0,011
YaenbHblii BeC uv.mm.l,qpme'cxo.ro 3prenuﬂ BNCG 0,917 0,003 ~0,050 0,000 0,002
Percentage of cylindrical epithelium in NCG
BbipaxxeHHOCTb neikouuTapHbix peakumii B NCG
Magnitude of leukocyte reactions in NCG 0,209 0,004 0,478 0,009 0,012
KoHueHnTtpauus IL-1 s HPC
IL-1 concentration in NPS ~0631 0,003 ~0,480 0,002 0,003
KoHueHTpauus IL-4 B HOC
IL-4 concentration in NPS 0,801 0,003 0,407 0,002 0,002
BbipaxeHHOCTb 3KccyaaTUBHbIX peakuuii B NCG B _
Magnitude of exudative reactions in NCG 0.677 0,003 1,545 0,008 0,003
MepeHeceHHbIt COVID-19
Convalescent COVID-19 0,449 0,002 1,343 0,007 0,003
YnenbHbili BEC NNIOCKOro 3n.v|1'e1.1m| .B NCG 0.614 0,004 0,074 0,000 0,004
Percentage of squamous epithelium in NCG
BbipaXXeHHOCTb uunuHapuyeckoro anutenus 8 NCG _ B
Magnitude of cylindrical epithelium in NCG 0,313 0,003 0,670 0,006 0,005
Kypetine 0,282 0,005 0,466 0,008 0,011
Smoking
Mon (xxeHckuii 2 6an'na, MY)XCKOA 1 6ann) 0,128 0,004 0,399 0,013 0,021
Gender (female 2 points, male 1 point)

Mpumeuanue. NMpeacrasneHsl TONbKO 3HauMMble accoumauun. NCG — Hasoumtorpamma; HPC — HasodapuHreanbHblii CMblB; B-koadduumeHTl,
BbllENEHHbIE XMPHBLIM WPUOTOM, OTPaXaloT NPeLNKTOPHbIE CBONCTBA NEPEMEHHON; B-K0O3hDULMEHTBI, HE BbILENEHHBIE XMPHLIM WPUPTOM, OTpaxaroT

NPOTEKTOPHbIE CBOMCTBA NEPEMEHHOIA.

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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BEpPCUTETA, KOTOPHIC TTOCTOSTHHO HAXOASITCS B 00JTb-
IIUX KOJUIEKTHBAX U UMEIOT BBICOKYIO aHTUTEHHYIO
Harpy3Ky Ha CJIM3UCTYIO O0OJIOYKY HOCa M BCETO
pecrnupaTopHoro TpakTa. B To ke Bpemsi, 61arona-
ps1 aKTUBHOMY (DYHKIIMOHMPOBAHUIO MeplaTeib-
HOT'O SIMUTENNsI, Pa3BUTUIO SKCYTAaTUBHBIX U KJIC-
TOYHBIX PEAKIIMil OHU 3alIUIIEHBI OT MTOBTOPEHUS
pecrnupaToOpHbIX UH(PEKIIUA.

M3 tabma. 1 Takke BUAHO, YTO 0COOOE 3HAUEHUE
B TPOTEKIIUU PECHUPATOPHBIX WH@EKIU MMe-
oT IL-10 u IL-1, cuHTe3upyeMbIMU, MIPEeUMYyIIe-
CTBEHHO, JIUMGMOUAHBIMM W SMIUTEIUATLHBIMU
KJIETKaM¥ CIIM3UCTON 000s0uku Hoca. CorjaacHo
KJaccudukauu pyHKIIMOHAIbHOCTU IIMTOKUHOB
IL-10 oTHOCHTCS B IIPOTMBOBOCHAJIUTEIbHBIM UH-
TepiielikuHaMm, a IL-1 — K mpoBocHanuTEIbHBIM.
B-koa(dunmeHT, oTpaxkaroliuii OTHOCUTEJIbHOE
BIAUSIHUE IIPEIMKTOpa Ha 3aBHUCHUMYIO II€pEeMEH-
HYIO, OBLJI IT0O MOJAJBHOMY ITOKAa3aTeJIl0 3HAUMMO
Boie y 1L-10, yvem y IL-1. Takum o6paszom, npo-
THBOBOCIAJIUTEJIbHbBIE IUTOKMHA TOMUHUPOBAIU
HaJ IIPOBOCHAINTEIBHBIMU 1, BO3MOXHO, BIUSIIA
Ha HUX.

JINHEHBIN perpecCCUOHHBIN aHaIM3 MO3BOJISI-
eT OIEHMWBATh COUYCTAHHOE BIMSHHE BCEX BHISIB-
JICHHBIX MTPETUKTOPOB U TTPOTEKTOPOB Ha 3aBUCH-
MYIO MepeMEeHHYI0, B YACTHOCTM Ha 4acTOTy pe-
CITUPATOPHBIX MHMEKIUI. DTO COBOKYIHOE BJIU-
STHYE OTTMCHIBAETCS JIOTUCTUYECKUM YpaBHEHUEM,

Puck
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PucyHok 3. ROC-aHanu3 onpepeneHus

3P PeKTUBHOCTU IOrMCTUYECKON PYHKLUMN Ang
OLIeHKM KOMMJIEKCHOT 0 BNIUSIHUE NPEeAUKTOPOB

M NPOTEKTOPOR Ha YacTOTY pecnUpaToOpHbIX
MHPeKunii y nuy, paHHero penpoaykTUBHOro
BO3pacTa no nokasartento AUC

Figure 3. ROC-analysis assessing effectiveness

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

by using AUC

rae B dopmysie uctob3yroTcs B-koaddunmeHTs
KaXJ0ro 3Ha4uMMOTO MpeaUKTOpa U MPOTEKTOPHI.

B nmanHOM ciiyuae ypaBHEHHME pacyeTa KOM-
MJIEKCHOTO BJAUSHUS (DAaKTOPOB KaTaMHe3a, [IUTO-
JIOTUYECKUX W MMMYHOJIOTMYECKUX TloKa3aTesei
CJIM3UCTON 000JIOUKM HOCca Ha (hopMUpOBaAHUE Ya-
CTOU pecnupaToOpHOli 3a00J1€BAEMOCTHU Y JUL] paH-
HEro pernpoayKTHBHOTO BO3pacTa MPeACcTaBICHO
caenylouieit popmyoii:

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

roe 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
Xt+0,48 x X,—0,48 x X,,+0,41 x X;—1,55 x
X,,+1,34 x X3+0,07 x X,,—0,67 x X,5+0,47 x X4—
0,41 x X};); Y — KOMILJIEKCHOE BIUSIHUE Ha (hOPMHU -
pOBaHUE YaCTOI peCIIUpaTOPHOIT 3a0071eBAEMOCTH
y JIloaeil paHHEro pernpoayKTWBHOrO Bo3pacTta
(B %); X, — BO3pacT 4ejoBeKa (B romax); X, — 00-
CTPYKTUBHBIM OPOHXUT U JIADUHTUT B aHaAMHE3e
(0 — HeTt, 1 — ecTp); X; — aTONMUYECKU I AePMATUT
B aHaMmHe3e (0 — HeT, | — ecTh); X, — YIAEAbHBINI
Bec JuMdouutoB 1o NCG (%); X; — yAelIbHbII
Bec HeiTpodunoB nmo NCG (%); X, — KOHIIEH-
tpauus IL-10 mo H®C (nr/min); X; — KOHIEH-
tpauusts TNFo no HOC (nr/mi); Xy — yAeJIbHbIN
Bec HunMHapudeckoro snutenus no NCG (%);
Xy — BBIPAXXEHHOCTH JICUKOIIMTAPHBIX PeaKIIui
no NCG (0, 1, 2, 3 — 6anna); X,, — KOHILIEHTpa-
uus 1L-1 mo HOC (nir/min); X,; — KOHLIEHTpaL s
IL-4 mo HOC (nr/mi); X,, — BRIPaskKeHHOCTb 9KC-
yanatuBHbIX peakuuii mo NCG (0, 1, 2, 3 — 6anna);
X,;3; — COVID-19 B anamue3se (0 — HeT, 1| — ecTh);
X4, — yOenbpHBIN Bec I1ocKkoro snuTenns mo NCG
(%); X,;s — BBIPAXEHHOCTh HHJIUHIPUIECKOTO
snutenus nmo NCG (0, 1, 2, 3 — 6anna); X,; — Ky-
peane (0 — HeT, 1 — ecTh); X;; — 1moa (1 — Myxk-
CKOW, 2 — KEHCKUA).

Kak BUIHO 13 ypaBHEHMUSI, BKJad MPEeIuKTO-
pOB M IIPOTEKTOPOB B (OpMHUPOBAHUE 4YaCTOU
pecrpaTopHoil 3a00jleBaeéMOCTH B paHHEM pe-
NPOAYKTUBHOM MEpPUOEe MOXHO OLIEHUTH C MC-
noJib30BaHWEeM cOopa aHaMHe3a, a TaKKe HOIOJI-
HUTEJBbHBIX HCCIemOBaHUIT HUTOKMHOB B HDOC
M HAa30LIUTOTPaAMMBI.

HeobOxonuMo MOSICHUTH, 4YTO Jorapupmuyec-
KW XapakTep yMpaBiICHHUS TOBOPUT O TOM, UTO
ecnu KoahbuuueHT crpemurcs K 50%, TO puck
COXpaHEeHHUsI 4acToll pecnupaTopHOil 3abojieBae-
MOCTH PaBHOBEPOSITEH; €CJIU KOIDMUIIMEHT CTpe-
MUTCS K HYJIIO, TO PUCK JTaJIbHEHIIIeTO IIPOTrPeCcCH-
pOBaHMSI YaCTBIX PUHUTOB M (apUHTUTOB MaJio-
BEpOSITEH; M, HAOOOpOT, Mpu Koda(pduimeHTax,
6au3kux K 100%, puck pa3BUTHUS 3TOI NATOJIOTUN
Yy JIUII paHHETO PEHIpOAyKTUBHOIO MMEPpUOAA CTAaHO-
BUTCST BbICOKUM. OueHka 3(p¢GEeKTUBHOCTU ypaB-
HeHM Oblia BelTonaHeHa B ROC-ananuse (puc. 3),
KOTOPBHIM TIOKa3aJ BBICOKYIO CIIEIIU(MDPUIHOCTH
M 9yBCTBUTEIBHOCTb.
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Tem camMbiM MHOroMakTOpHBIN aHaJIWU3 aHAM-
He3a, HUTOMOPGOJOrNYECKUX U UMMYHHBIX IO-
KaszaTeJiel CJIM3UCTOI 000JIOUKU HOCA BBISIBUJ PSIJI
NPEeINKTOPOB YaCTOI U IJIUTEIbHON pecnupaTop-
HOI 3200JIeBa€MOCTH Y MOJIOABIX JIIOAEU paHHETo
PEeNpoayKTUBHOTO Tepuonaa. IlpenukropaMu siBU-
JIUCh aHAMHECTUYECKUEe MapKephl ajlJIepruyecKoi
aHOMAaJIUU KOHCTUTYLIUU (ATOMMMYECKU I 1epMaTUT,
OOCTPYKTUBHBIIA OPOHXUT U CTEHO3UPYIOLIWI Jia-
pUHTUT), GaKTOpPhbl NTOBeAeHUS (KypeHUe), a TaKXkKe
MMMYHHBIe Tlokazatenu ajiaeprum (IL-4) u ne-
dunuTa MYyKOLUMJIUAPHOTO KJUpPEHca (BBICOKUN
YOEJbHBIM BeC TMJIOCKOTO He(GYHKIIMOHATBLHOIO
SIUTEIUS).

Ha cnenymoliiueM »sTare uccjieqoBaHUs ObLIO
MNpPOBENICHO W3yYeHUE DOJU OHOPAHTOB Hatode-
puHa (CMHTETUYECKHUIA aHaJIOT XXeHCKOro (epomMo-
Ha KONyJiIMHA) U aHApodepruHa (CMHTeTUYECKUN
aHaJOr MYXCKoro ¢epoMoHa aHAPOCTEHIMOHA)
B OTHOIIIEHU U HecTlenUIECKON pe3UCTEHTHOCTU
CIU3UCTON OOOJIOUKU HOCA U CHUKEHUS YaCTOThI
pecnupaTopHbIX UHGMEKIIUA.

ODTU cOoeAUMHEHHSI MMEIT CTEPaHOBBI KapKac
U SBJISIOTCS JIETYYUMU METAOOJIUTAMU CTEPOUI-
HbIX TOPMOHOB. OHU MOTYT B3aMMOIENCTBOBATh
¢ OOJbIION TpyIION peuernTopoB K CTepaHaM,

B TOM 4YMCJIE Ha KJETKaX CJIMU3UCTON OO0OJIOYKHU
HOCAa, ¥ 0OKa3bIBaTh IJICHOTPOINHOE BJIUSTHUE Ha 00-
1ee COCTOSHUE 3I0POBbS U JIOKAJBHYIO pe3U-
cTeHTHOCTh. COOTBETCTBYIOIINE OJOPAHTHI (3KEH-
CKHMe — FOHOIIIaM M MYKCKHE — JeBYIIKaM) HaHO-
CUJINICh ITapUKOBBIM JIE30JOPAHTOM B BUC OTHOM
MOJIOCKH Ha KOXY HOCOTYOHOM CKJIAJKU B TCUEHU N
30 nHeli. 3a 3TO BpeMsI HU Y OJTHOTO U3 00CIeJ0BaH-
HBIX HE OBLJIO TIPOSIBIICHU I JIOKAJILHOTO AepMaTHUTa
W U3MEHEHUSI TUTMEHTALlNN KOXMU.

CpaBHEHHUE IIUTOJIOTUYSCKUX U MMMYHOJIOTU-
YecKMX MoKasaTeseill CIU3UCTOU 000JIOUKM Hoca
JI0 HayaJia aKcnepumeHTa, Ha 14 u Ha 30 geHb 1mo-
KasaJio 3HaYMMBble W3MEHEHUs, TPeACTaBICHHbBIE
B Ta0OJ. 2.

Kak BugHo m3 tabdn. 2, dyepes 30 mHel 3Kc-
NeprMeHTa y OOCJIEIOBAHHBIX 3HAYMMO YBEJIH-
YUJICS YIOEAbHBIM BeC HUIMHIAPUIECCKOTO (PYHK-
OMOHAJBHOIO MEpUAaTEeJIbHOrO SIUTEINUS U 3Ha-
YUMO YMEHBIIAJICI YAOSHABbHBIN BeC IIJIOCKOTO
He(pYHKIIMOHAJIBHOIO 3MUTEINS OT Hadaja 3KC-
nepuMeHTa K 14 u 30 nHSAM . DTU JaHHBbIE TOKa3bl-
BalOT YBEJIMYECHUE KJIETOK SMUTEINS, YIaCTBYIO-
muX B 3¢ HEeKTUBHOM MYKOLIMJIMAPHOM KIIUPEHCE
M, TeM CaMbIM, OTPaskKarT YBeJIWUCHNE HECITCIIH-
(puUecKoii pe3UCTEHTHOCTHU CIAU3UCTON 000JI0UKHU

Ta6nuua 2. CpaBHeHue Noka3aTteneii, oTpaXarLmnX Pe3UCTEHTHOCTb CIN3UCTOI 060104KM HOCa
[0 Hayana HaGnoaeHus, B Te4eHue ero v nocie ero OKOH4YaHus

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

OkoHYaHue
HaqanoakcnepumeHTa 14A6Hb3KcnepMMeHTa JKcnepunMmeHTa P P
Mokasatenu Onset of study Day 14 (30 neHb) 1.2 .3
End of study
Me P25 P75 Me P25 P75 Me P25 P75

YaenbHblii BEC
unnnHgpuyeckoro
anutenusi 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, %
YnenbHbiii BeC NI0CKOro
anutenus no NCG, %
Percentage of the 6,52 | -5,94 | 18,97 1,74 -1,73 | 5,21 1,48 | -0,73 | 3,69 | 0,04 | 0,03
squamous epithelium
in NCG, %
YaenbHblii BeC

" 0
HeiTpodunosnoNCG, % | .\ o) | 1979 | 6342 | 29,50 | -16,88 | 76,07 | 4437 | -6.18 | 9492 | 0,09 | 0,001
Percentage of neutrophils
inNCG, %
KoHueHTpauus IL-6
no HEC, nrjun 253 | 089 | 595 | 317 | -901 | 1536 | 107 | -130 | 463 | 057 | 0,04
IL-6 concentration
according to NPS, pg/ml
KoHueHnTpauus IL-10
noH®C, nr/mn 3,199 | 1,943 | 4,456 | 3,592 | 0,620 | 6,564 | 4,029 | -0,582 | 8,388 | 0,482 | 0,047
IL-10 NPS concentration,
pg/mi

Mpumeyanue. MpeacTasneHbl TONLKO NOKA3aTeNM, L1 KOTOPBIX MONY4EHO XOTs Obl 0HO 3HAYMMOE PasNnyKe C Noka3aTenemM B Havane HabnIoAeHNS.
NCG — HasoumTtorpamma; HOC — HazodhapuHreanbHblii CMbIB; XMPHBIM LUPUGTOM BblLeNEHbI 3HAYUMBIE PA3NNYKS.

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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A.B. bepapeBa n gp.

MHdekumns n uMmyHuTeT

HOca y JIMII, TPUMEHSIOIIMX OJOPAHThI HA OCHOBE
CUHTETUYECKUX aHaJIOroB (hepOMOHOB.

Jpyrue 3HaYMMble U3MEHEHU S 1O JaHHBIM Ha-
30IIUTOrPaMMBbI KacajuCh yIeJIbHOTO Beca HEUTPO-
GUIIOB B e KOLIMTapHO# (hopMyJIie: UX KOJIMYECTBO
yBeauuujoch K 30 ngHI0 sKcrniepuMeHTa. [lepBolit
9Tall UCCJIeNOBAaHUS MOKa3ajl, YTO YIEJIbHBIN BeC
HEUTPOGUIIOB B HA30LIMTOIpaMMe SIBJISIETCSI TIPO-
TEeKTOPOM 4YacTOM pecnupaTopHoil 3abojieBaeMO-
CTHU Y MOJIOABIX JIIOJEi B OOJIBIINX KOJIJEKTUBAX.
Tem caMbIM yBeJIMUEHNE 3TUX UMMYHHBIX KJIETOK
MocJje MECSTYHOTO BO3eCTBUSI OJOPAaHTOB Ha OC-
HOBE CUHTETMUYECKHNX aHaJIOTOB (DEpOMOHOB SIBJISI-
eTcsl TTPOSIBJICHUEM YCUJIEHUSI BPOKJICHHOTO KJIe-
TOYHOTO UMMYHUTETA CIAU3UCTON 000JIOUKH HOCA.

Oco00 HEOOXOIMMO OTMETUTh U3MEHEHUSI KOH-
LEHTpallM MHTEPJIECHKMHOB Ha3oMapruHTeaIbHOTO
CMBIBA 32 OJIMH MeCS11 9KCIIepruMeHTa. Tak, ypoBeHb
IL-6 B HazodapuHreaabHOM cMbiBe 4yepe3 30 mHei
focje Hayajda HaHeCeHUs OJO0paHTa 3HAYMMO CHU-
3uJcs, a koHueHTpauus 1L-10, HanpoTUB, yBeaIUYU-
Jlack. Bellle yKa3bIBaJloCh, YTO IO CBOMM JIOMWHU-
pYOIIMM QYHKIIMOHATBHBIM CBoiicTBaM IL-6 oTHO-
CUTCS K ITPOBOCHAJIUTENbHBIM LIMTOKMHAM, a IL-10 —
K TIPOTUBOBOCITAIUTEIbHBIM. COOTBETCTBEHHO Me-
CSIYHOE BO3MIEMCTBUE CUHTETUUECKNX aHaJIoroB (e-
POMOHOB (CTEPaHOB) Ha CIAU3UCTYIO O0OJOUYKY HOCa
CHMKAET ee MPOBOCTIAJIUTENbHBIN ITOTeHIIUAJT U, Ha-
ITPOTHUB, TIOBBIIIAET IIPOTUBOBOCITAIUTEIbHBIA.

B Tab6n. 3 mpeacraBieHbl pe3yabTaThl Hemapa-
METPUUYECKOr0 CPaBHEHMUS C MOMOIIbIO KPUTEPU S
XM-KBaJpaT 4aCTOThl peCIMpPaTOPHOIl 3aboJieBac-
MOCTU 3a OJIMH T'Ofl IO 3KCIIepUMeHTa 1 yepe3 1 ron
MocJie Hero.

Kak yxe oTmedanoch B pasmesie «MaTepuanbl
W METO/1bl», KPpUTEPHUEM YACTOM peCIMPATOPHOU 3a-

00J1IeBaeMOCTH ObIJIO TIPUHSTO KOJIMYECTBO 4 pasa
3a oluH rof. Tak, K 4acTOOOJICIOIINM JIIOASIM OTHO-
CHMJIM TeX 00CIeJOBaHHBIX, Y KOTOPBIX YacTOTa pe-
CITUPATOPHBIX MU30/10B Obla Oosblie 4 3a 12 Me-
cs1eB. AHaJIM3 10 3TOMY KPUTEPUIO TToKa3aj, 4TO
yepes 1 roa B UcciienyeMou Ipyrrie He OblJI0 HU Of-
HOTO YaCTO Y IJUTETbHO 00JICI0IEero MOJOJI0rO Ye-
JloBeKa (IoHOIlel U IeBYIIEK).

JdpyruMu KpUTEpUSIMU, TI0 KOTOPBIM ITPOBOIM -
Jlach OILICHKa C ITOMOIIBIO KPUTEPHUST XM-KBaapar,
OBLIM HaJTTYHMEe KOKKOBOU MUKPOMIIOPHI B HA30I U -
TOrpaMMe U €€ TIpOosIBJICHUE, OlleHeHHOe B Oajliax.
Kak BugHo 13 tabi. 3, mocjie OKOHYaHU S SKCIepu-
MEHTa HU Y OMHOTO U3 UCITBITYeMbIX KOKKOBasI MU-
KpodJopbl B Ha3olMTOrpaMMax He OOHapy>KuBa-
Jlach. DTO YKa3bIBAeT Ha 3HAUMMBbIN aCeNTUUYECKU
3¢ @deKT omopaHTOB HA OCHOBE CUHTETUYECKUX
aHajioron ¢oepOMOHOB YeJIOBeKa.

TakuM 00pa3oM, MOKHO TOBOPUTH O TOM, YTO
MECSYHBIN KypC HaHECEHMsI Ha KOXY HOCOTYOHOM
CKJIaJIKM OJIOPAHTOB Ha OCHOBE CUHTETUYECKUX
aHaJIOTOB MYXKCKUX U KEHCKUX (PepoOMOHOB (CTe-
pPaHOB) OKa3bIBAET IMOJIOXKMUTEIbHBINA 3D(HEeKT Kak
Ha HecrneuuduUIecKylo pe3UCTEHTHOCTh CIIU3M-
CTOI 000JI0YKHY HOca (YBeJMUYEeHE yIeJIbHOIO Beca
MeplaTeJibHOro  (yHKIIMOHAJIBHOTO  SIMUTEIUS
M YMEHBIIEHNE ITIPOLICHTAa IJIOCKOTO SITUTENINS),
TaK 1 HAa UMMYHHBIE TTOKa3aTeIn B e¢ QYHKIIMOH-
poBaHUM (YyBEJIWUYEHHE YPOBHSI HEUTPOGDUIBHBIX
JICMKOIIMTOB B Ha30IIMTOrpaMMe, KOHIIEHTpaIlluu
B Ha3odapuHIeaJlbHOM CMBIBE NPOTUBOBOCIIA-
autejsbHoro 1L-10 u, HanpoTUB, CHUKEHUE KOH-
HeHTpalnuu npoocnanutenabHoro 1L-6). Kpowme
TOTO, Yepe3 MecCsI IIPUMEHEHM ST TaHHBIX OIOpaH-
TOB NPOUCXOIUT ITOJTHASI NTeKOHTaAaMWHAIIUS CIIV-
3UCTBHIX 000JI0YEK HOCA OT YCJOBHO-HATOTEHHBIX

Ta6nuua 3. CpaBHeHMe NokasaTtenei aKkcnpeccun MMkpodgiopbl M NPOLLEHTa YacTo Oonelowmx niogei

[0 Hayana HaGnoaeHns U nocne Hero

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

observation
Lo skcnepuMeHTa Mocne
MapameTtp aKcnepuMeHTa P

abc./abs. % abc./abs. %

Yacto G6onetowme nuua (0 — 6oneetr OPBU He wacTo, 1 — Goneer

OPBMW yacTo) 4 14,81 0 0 0,038

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

Hanuuue kokkoBoii pnopbi 1o NCG (0 — He 0OHapyxeHa,

1 — o6GHapyxeHa)

Presence of coccoid flora according to NCG (0 — not detected, 4 14,81 0 0 0,038

1 — detected)

BbipaxeHHoCTb kokkoBow ¢nopbl no NCG (0 — oTcyTeTBYyeT,

1 — NnpucyTCTBYeT He3HA4YUTENbHO, 2 — MPUCYTCTBYET 3HAYUTEJIBHO,

3 — BblpaXX€HHOE NPUCYTCTBUE, CNIOLLb) 10 12,35 0 0 0,047

The severity of coccal flora according to NCG (0 — absent, 1 — slightly

present, 2 — significantly present, 3 — pronounced presence, entirely)

Mpumeuanue. YacTas pecnupatopHas 3abonesaemocTs (bonee 4 pa3 B rof) oLieHnBanach 4epes 1 rof nocne OKOHYaHNUS 3KCnepuMeHTa.
NCG — HasouutorpamMmma; XmpHbim WPUOTOM BblAENEHBI 3HAYMMBIE PA3NNYUS.
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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MUKPOOPraHM3MOB KOKKOBOro (eHotuna. M Ha-
KOHEIl B TeYeHUU 12 MecslieB mocjie dKCIepuMeH-
Ta YacTOTa peCIMpPaTOPHbIX UHDEKIIMI y BceX 00-
ciegoBaHHbIe Oblla HUXe 4 pa3. DTo yka3blBaeT
Ha 3HAYUMBIN KJIWHUYECKU 3D DEKT mpuMeHsie-
MBIX OHOPAaHTOB. TakXe B 9KCIEPUMEHTE He ObLIO
HU OJTHOTO 00CJIeIOBAHHOIO C MPOSIBJCHUSIMU JeP-
MaTuTa U U3BMEHEHUSIMU MUTMEHTAIlMU Ha y4acT-
Kax alrJimKaluu ofopaHTa.

Ha 3akjouyuTenbHOM »3Tarie WCCAeNOBaHUS
OblJla MpoOBeAcHA OlEHKa C IOMOIIbIO ITOIIaro-
BOI1 JIOTUCTUUYECKON perpeccuu Bkiaaga ¢GakTopoB
aHaMHe3a, a TaK>Ke IIUTOJOTMYEeCKUX U UMMYHHBIX
nokaszatTeJieit (B Tpex TouKax dKCIepuMeHTa), B 1U-
HaMUKY pecnupaToOpHbIX 3a00JeBaHUI 10 Havaja
9KCMEePUMEHTA U Yepe3 OUH I'ofl MOCJe ero 3aBep-
mieHus (tabJ. 4).

JlaHHbIe, TIpeacTaBjJeHHble B Tabja. 4, He-
0oOXOAMMO TpaKTOBaTh CJAEAYIOIUIUM OOpa3oM.
IMonoxutenbHOE 3HaU€HUE YKa3bIBaeT Ha Cylle-
CTBEHHBIU BKJaJ MapaMeTpa B YMEHbIIIEHUE YUC-
na OPBU 3a oguH rona (accoumupoBaH ¢ 00JbIION
pasHuleir Mexay TmnepBuYHoOM dvactoToii OPBU
u yactotoirt OPBU npu noBTOpHOII OlLIEHKE), a OT-
pullaTeJbHOE 3HAYEHUE OTpakaeT MPOTEKTOPHbBIE
cBOlicTBa (hakTopa, BbIpaxalolluecss B YMEHbIIIe-
Huu KonnvyectBa OPBU uepes 1 roa mociie akcne-
pumMeHTa. Takke HaJ0 OTMETUTb, UYTO BCE 3TU Mpe-
JUKTOPbI U TIPOTEKTOPhl cHUXeHus1 yucaa OPBU
HEOOXOAMMO MHTEPNPETUPOBATh C MO3ULIUU Me-
CSIYHOTO BO3JEUCTBUS Ha CIU3UCTYIO OOOJOUKY
HOCa OJOPAaHTOB Ha OCHOBE CUHTETUYECKHUX aHa-
JioroB (b€ pOMOHOB Y€J0BEKaA.

Kak BuaHo u3 Tabj. 4, Takue paHee MpOosiBJIeH-
Hble (haKTOPbl KaTaMHe3a, KaK aTOMUYecKuil nep-
MaTUT, OOCTPYKTUBHBIA OPOHXUT U CTEHO3UPYIO-
LU JJApUHTUT B aHaMHe3e, ObLIM MPeauKTopaMu
CHMKEHMSI YacTOThl PECHUPaTOPHBIX WHOEKIIUIA
Y MOJIOABIX JIIOAEH, MOoJy4YaBIIUX aNIJuKaluu
CUHTETUYECKUX aHaJIOTOB (hepOMOHOB YesioBeKa.
W xoTs 3TU (haKTOPHI OBLIN NMTPEAUKTOPAMU YaCTOMN
pecnupaTopHoOii 3a00JIeBa€MOCTU, OHU K€ TTPOSIBU-
JIUCh U B YYBCTBUTEJIBHOCTU K €€ CHUKEHUIO IO
BO3AEUCTBUEM HCCIAECAYEMbIX aIIlJIUKAIlMOHHBIX
OIOPAHTOB.

3HauMMoOe TMOJOXHWTEJIbHOE BIWSHUE HAa CHU-
JKEHUE YaCTOThI PECITUPATOPHBIX MH(EKIIU Tocae
MECSITYHOTrO Kypca HaTo(hePUHOM U aHAPOGheprUHOM
OKas3blBajJ0 TMOBbILIEHWE K 14 AHIO amnIauKaiuui
YAEJBbHOTrO Beca MeplaTebHOro (byHKIIMOHATbHO-
ro UWJIWHIPUYECKOrO SMUTEIUST U HEUTPOPUIb-
HBIX JIEUKOLIUTOB.

Heob6xonyvMo OTMETUTH TMOBBIIIIEHUE K OKOHYa-
Hu1o akcriepumeHTa TNFo B HazohapuHreaibHOM
CMbIBE KaK MPEeAUKTOPa CHUKEHU ST YaCTOThI PECITU-
paTopHBIX 3a0ojieBaHU yepe3 1 roa. DTU pe3yib-
TaThl TPEOYIOT HaJIbHENIIIETO N3YUYEeHU S, HO BITOJIHE
BEPOSITHO, YTO UMEHHO ATOT LIMTOKWH, COBMECTHO
C HEUTPODUIbHBIMU JEUKOLIUTAMU, YCUJIUBAET

MPOTUBOOAKTEPUAILHYIO M aHTUBUPYCHYIO 3aIIIUTY.

JApyTuM BasKHBIM Pe3yJbTaTOM SIBJISIETCS OO~
JKUTEJIbHAST acCOIMallM s BBICOKMX KOHIIEHTPaIMiA
TECTOCTEPOHA K MOMEHTY OKOHYaHMS 3KCIIepH-
MEHTa CO 3HAYMMBIM CHUXXEHUEM YaCTOThI PECIH-
paTOPHBIX MHGMEKIIUI Y MOJIOABIX JIUIL Yepe3 1 roxa
nocje anrminkKanuuu atrodpepruHa U aHaApodepuHa.
OO0 accolManusax MexXAy MOBBIILIEHUEM TECTOCTE-
poOHa U CHUXXEHUEM pecCITupaTOpHbBIX 3a001eBaHM i1
HEOTHOKPATHO COOOIIAI0Ch Pa3JIUYHBIMU HCCIIE-
noBaTesJbckuMU rpynmamu [5, 10, 15]. Bo3amoxHo,
YTO aKTMBAIlM$ MPOTUBOBUPYCHOM 3alllUThI B Ha-
CTOSIIIEM HCCIeAOBaHMU TaKXe Oblja CBsI3aHa
C MOBBILIIEHUEM TECTOCTEPOHA.

IMokazarensiMu, KOTOpble 3HAYUMO TOPMO3UJIH
YMEHBILIEHU I YaCTOThI peCIIMpaTOpHOM 3aboeBae-
MOCTHM Yepe3 OAMH T'oJ MOCe IKCIIepUMEHTAa, ObLINU
Takue (akTopbl aHaMHe3a, KaK HCIOJIb30BaHUE
napdoMepud M HaJIMYWe TUIIEBBIX MTPEanodTe-
HU. DTU pe3yJIbTaThl MOTYT OTpaskaTh HEraTUBHOE
BJIUSIHUE TaphOMEepUU Ha CIU3UCTYIO0 O00OJIOUKY
Hoca M neUIUT BUTAMUHOB U MUKPOIJIEMEHTOB
MpU OTPAaHUYEHU U MMUIIEBOrO pallMoHa.

Hedunut GyHKIIMOHAJIBHOTO MepLATEeIbHOTIO
HMUJIUHIPUYECKOTO SIMUTEUS TIPU HavaJle dKCIIe-
pPUMEHTaA SIBJISIETCSI TPOTEKTOPOM B YMEHBIIIEHUM
YacTOThl PeCIUpPaTOPHBIX 3a00MeBaHUl. DTO ellle
pa3 yKa3blBaeT Ha 3HAYMMOCTb TOr0 MoKa3aTesas
Hazouutorpammbl. ToT (akT, 4TO HCcCiemryeMbie
CTepaHbl BIMSIIOT MMEHHO Ha 3TOT MOKa3aTelb,
onpenesisieT WX 3HAYMMOCTh B NpOMUIAKTHKE
OPBU u mnoBblllIeHUU HecTeuubUIeCKOn pe3u-
CTEHTHOCTM CJIM3UCTON 000JIOUKH HOCA.

OnHUMU U3 TIPOTEKTOPOB OrpaHUYEHUsS pe-
CIMpPaTOpPHON 3a00JIeBA€MOCTH Yy JMIL MOJIOJOTO
BO3pacTa SIBJISIIOTCS BBICOKM I YAEIbHBIN BEC 303U~
HOMGUIBHBIX JICHKOIMTOB (TI0 MTaHHBIM Ha30IM-
TOrpaMMbl) M MOBBbILIEHHas1 KOHUeHTpauus [L-1
B HazodapuHIeaJlbHOM CMbIBE Ha MOMEHT OKOH-
YaHUS 3KCIIepUMEHTa. DTU NaHHBIE ellle pa3 IMoj-
TBEPXIAIOT, YTO OTACIbHBIE TUMBI KOHCTUTYIIHO-
HaJbHO 3aKPETUICHHBIX aJUIEPrUYeCKUX peakIiuid
(KJIETOYHBI TUIT) MOTYT TOANEPKMBATh TOBTOPE-
HUe pecnupaTopHbIX 3a0oaeBaHuii [9].

TTo cxoxeit maToreHeTU4YeCKOM cxeme peaiu3yeT-
¢S TPOTEKTOPHBII 3(h(HEKT BBICOKMX KOHIIEHTPAIIU A
npoBocHajanuTesIbHOro nuTokHa IL-6 [8, 15] B Ha30-
¢daprHTeaJIbHOM CMBIBE B Haudajle 3KCIIEpUMEHTa
Ha CHUXKEHUE YacTOThI pecnupaTopHoi 3abosieBae-
MOCTH Y JIMI] pAHHETO PEMPOAYKTUBHOIO ITIEPHO/IA.

Takum obGpa3oMm, yMepeHHasi pecnupaTopHas
3200JIeBa€MOCTh TMOJEPKMBAETCSI OCOOEHHOCTSI-
MU WMMYHHOM KOHCTHUTYILMM MOJIOABIX JIOACH
(CKJIOHHOCTh K aJIJIEPrUYEeCKMM peakIusIM, Ipe-
JKIe BCETO IO KJETOYHOMY TUIY, BBICOKHM TIep-
BUYHBI MPOBOCTAJMTENbHBINA ITOTEHIIMA CIIH-
3UCTON O0OJIOUKHM HOCA), a TaKKe IMOBEIeHUYECKIE
dakTophl (MCMOJb30BAHUE KOCMETMKHU, HaJUUUe
MUIIEBBIX ITPEIITOUYTSH ).
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TaGnuua4. Pe3yanaTb| JIOrMCTUYECKOM perpeccumn ¢ 3aBUCUMbIM pakTOPOM U3MEHEHUS HaCcTOThbl
OPBMU po HaOnopeHus n yepes 1 rog nocne Hero U BCeMN He3aBMCUMbIMU NepeMeHHbIMU aHaMHe3a
M uccnepoBaHus nokasarenen cam3ncTon 060a04Ku Hoca (npepcTaBneHbl TOJIbKO 3HAYUMble

accouunauumn)

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)

TNFo concentration in NPS at the end of observation

He3aBucumblie nepemeHHble B Std. Err. B B Std. Err. B p-level
Orpesok 4,049 0,175 0,000
Section
YnenbHbliii BeC uunuHapuyeckoro anutenuii no NCG
Ha 14 peHb HaOnOaeHUs
The percentage of cylindrical epithelium in NCG on day 0,211 0,016 0,017 0,001 0,000
of observation
ATonuieckit AEpMATUT B aHaMHe3e 0,591 0,016 4,608 0,129 0,000
Atopic dermatitis in history
YnenbHbiii Bec 303uHopunos no NCG Ha MOMeHT
OKOHYaHUd HaOnoaeHns
Percentage of eosinophils by NCG at the end ~0,356 0,017 ~1,387 0,066 0,000
of observation
YpenbHbili Bec uunuHpgpuyeckoro anutenus no NCG
Ha MOMEHT Hauana wabniopekms . 0,457 0,013 0,025 0,001 0,000
The percentage of the cylindrical epithelium according
to the NCG at the time of the start of observation
WsGupatensocTs B nuue 0,373 0,015 0,681 0,028 0,000
Selectivity in food
Ucnonb3oBaHue nappiomepun -0,391 0,023 1,233 0,074 0,000
The use of perfumes
KoHueHTpauwus IL-1 8 HOC Ha MOMEHT OKOH4YaHUS
HabnoaeHus -0,450 0,025 -0,432 0,024 0,000
IL-1 concentration in NPS at the end of observation
YnenbHblii Bec nnockoro anutenus no NCG Ha MOMeHT
Hayana HaOngeHns
Percentage of the squamous epithelium in NCG ~0.374 0,015 -0,045 0,002 0,000
at the onset of observation
KoHueHTpauus TecTocTepoHa nocJjie OKOH4YaHUS
HaOnoaeHus
Concentration of testosterone after the end 0,338 0,023 0,700 0,047 0,000
of observation
KoHueHTpauums IL-6 no HPC Ha MOMeHT Hayana
HabnoaeHna
IL-6 concentration according to NPS at the time -0.081 0,019 ~0,037 0,009 0,002
of the start of observation
OGCTPYKTUBHbI GPOHXMT U NAPUHIUT B aHaMHe3e
Obstructive bronchitis and laryngitis in history 0,250 0,026 1,409 0,144 0,000
YnenbHblid Bec HeitTpodunoe no NCG Ha 14 peHb
HaOnoaeHus
Percentage of neutrophils in NCG on day 14 0,124 0,025 0,004 0,001 0,001
of observation
BbipaxkeHHOCTb uunuHapuyeckoro anutenus no NCG
Ha 14 peHb HabnoaeHns
Magnitude of cylindrical epithelium in NCG on day 14 0,209 0,021 0,371 0,036 0,000
of observation
KoHueHTpauusa TNFo B HOC Ha MOMEHT OKOH4YaHUS
HaOnoaeHus 0,125 0,020 0,067 0,011 0,000

Mpumeyanmne. NCG — HazouuTorpamma; HOC — HazodhaprHreanbHblil CMbIB; B-k03(hULMEHTbI, BbIAENEHHbIE XMUPHLIM, 0TPAXaIOT NPEANKTOPHbIE

CBOWVICTBA NepemMeHHON; B-koadduumneHTbl, He BblAENEHHbIE XMUPHBIM, 0TPaXatoT NPOTEKTOPHbLIE CBOMCTBA NEPEMEHHON.

Note. 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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BnusHne 00paHTOB Ha pecnunpaTopHyo 3a601€BaeMOCTb

3akJoyeHme

TakuM o6pazoM, MHOTO(AKTOPHBINA aHaIU3
KaTaMHe3a, HTUTOMOP(MOJOTUYECKUX U UMMYHHBIX
nokasaTesieii CIU3UCTON OOOJIOUKM HOCA BBISIBUJI
pSA IPEIUKTOPOM U MPOTEKTOPOB YAaCTOU U NJIU-
TEJIbHOW pecrupaTopHO 3a60J€BAEMOCTU Y MOJIO-
JIBIX JIIONEUW paHHETO PENpONYyKTHUBHOTO TEpUOIA.
IIpenrkTOpaMu TOr0 COCTOSHUS IBUJIUCHh KaTaM-
HECTUYECKUE MapKephl aJIJIEPTUIYECKO aHOMAJIUU
KOHCTUTYLIUU (ATONMUYECKUN AEPMATUT, OOCTPYK-
TUBHBI OPOHXUT U CTEHO3UPYIOIIUI JAPUHTUT),
dakTophl TOBeeHUS (KypeHUE), a TaKXKe UMMYH-
Hble ToKa3atesiu annepruu (IL-4) u nepunimra my-
KOLMJIMAPHOTO KJIUPEHCa (BBICOKUM YAETbHBIN BEC
MJIOCKOTO HEYHKIIMOHAJIBHOTO SITUTENIUS).

MecsyHBIi KypCc HAaHECEHU ST Ha KOXY HOCOTyO-
HOU CKJIaIKM ONOPAaHTOB HAa OCHOBE CHUHTETUYE-
CKMX aHAJIOTOB MYXCKHUX U XEHCKUX (epOMOHOB
(cTepaHOB) OKa3bIBa€T MOJOXUTENAbHBIN 3(hdeKT
KaK Ha Hecnenu(pUUEeCKyl PEe3UCTEHTHOCTb CJIU-
3UCTOI OOOJIOUKM HOca (YyBEJIUYEHUE YIEJIbHOTO
BeCca MepLaTebHOTO GPyHKIIMOHATBHOTO SIUTETUS
U YMEHBbIIEHWE MNPOLIEHTA MJOCKOTO SMUTEINS),

Tak U HAa UMMYHHBIE MOKa3aTeau e¢ QYHKIMOHU-
poBaHus (yBeJIMUYEHUE YPOBHSI HEUTPODUIbHBIX
JENKOLIMTOB B Ha30LMTOrpaMme, KOHLIEHTpalus
B HazodapuHTeaJbHOM CMBIBE IMPOTHUBOBOCHAJIU-
TeabHoro IL-10 1, HAaNpOTUB, CHUXEHNE KOHILIEH-
Tpauuu npopocnaauteabHoro 1L-6). Kpome Toro,
yepe3 Mecsl MNPUMEHEHUS JaHHbIX OJOPAHTOB
NPOUCXOAUT IMOJHAS JeKOHTAMUHAL WS CJIU3UCTBIX
000JI04eK HOCa OT YCJOBHO-MATOT€HHBIX MUKPO-
OpraHM3MOB KOKKOBOIo (peHOTUMNa, a B T€UEHUU
nocjeaymomunx 12 mMecsleB yacToTa peclupaTop-
HBIX 3a00JeBaHUIl Yy MOJOABIX JIOJE 3HAYUMO
CHMXKaeTcs. DTO yKa3blBaeT Ha BbIpakK€HHbI KJIU-
HUYecKU it 3¢pHeKT NpruMeHsIeMbIX OHOPAHTOB.

Ha cHuxeHue yacToThl peciupaTOpHbIX UHGEK-
LU Moce MeCSIUHOI0 Kypca olopaHTaMU Ha OCHO-
B€ CUHTETUYECKMX aHAJOrOB MY>KCKHUX U >KEHCKUX
(HEPOMOHOB OTPULIATEJILHO BJUSIIOT: OCOOEHHOCTH
MUMMYHHOU KOHCTUTYLIMU MOJIOABIX JIIOAEH, CKJIOH-
HOCTb K aJIJIEPIrMYeCKUM peaKIL UM MO KJIETOUHOMY
TUITY, BBICOKMI TIEPBUYHBINA MPOBOCHAIUTEIbHBIN
NOTEeHIIMAaJl Ha CIM3UCTOI 000JIOUKe HOca, a TaKXkKe
noBejaeHYecKre (akTopbl (MCIOJIb30BaHHUE KOCME-
TUKU, HAJUUWE MUILEBbIX TPEANOYTEHUI).
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OUNOTEHETUHECKWUA AHAJIN3 TEHA UGE
KLEBSIELLA PNEUMONIAE B IOKAJIbHOM
MWUKPOBUOJIOMTMYECKOM MOHUTOPUHIE

A.B. Ycrioxkanun, I'H. Uncrakosa, 1.1. Pemusosa, A.A. Maxanek

DI'FY HUHU oxpanvt mamepuncmea u demcemea Munzopasa Poccuu, e. Examepun6ype, Poccus

Pe3stome. Ileas uccaedosanus: OLIEHUTD Pe3yIbTaThl (PUJIOT€HETUUECKOTO aHAIM3a HYKJIEOTUAHBIX TOCIeN0BaTeIbHOCTEN
reHa uge TaMMoB K. pneumoniae B iepuHaTaabHOM LieHTpe. Mamepuanst u memodst. [IpoaHann3upoBaHo 56 rmocienoBa-
TenbHOCTe reHa uge K. pneumoniae. I'eH uge nerekTupoBanu MetonoM I[P B pexxrme peaibHOro BpeMeH 1 Ha aMILIrKa-
tope «AT naiit» (Poccust). Pesyasmamet. YacToTa BCTpeuaeMOCTH IITAMMOB K. pneumoniae Cpeiy MallueHTOB OTACICHU I
aKyIIePCKO-TMHEKOJOTUIECKOTo ITpoduis coctaBuia BcpenHeM 1,4% 82020—2023 rr. B cTanimoHapax neauaTpuueckoro
npoduist BblaeeHKe ITaMMOB B inana3one 12—14% peructpupyetcs B2020,2021 12023 rr. B 2022 r. 3aperucTpupoBaHO
YeTRIpeXKpaTHOE CHIKEHYE BBISIBICHUS IITAMMOB K. pneumoniae. DuioreHe THIeCK M aHATN3TTOKA3a], YTO HYKJICOTHI-
HBIC TTOCIICIOBATEIBHOCTH JOCTOBEPHO CIPYIIIIMPOBANINCE B 14 KitactepoB. ['eH (hakTopa BupyineHTHOCTH K. pneumoniae
uge peructpupyercs B 64,3%. [lonynsuus BbIAEIEHHBIX OT HALMEHTOB IepuHaTaIbHOro HeHTpa ¢ 2019 mo 2023 rr. mram-
MoB K. pneumoniae, HyKJICOTUIHBIE TIOCIENOBATETLHOCTH KOTOPBIX TPOAHATN3UPOBAHbBI (DUITOTEHETUYECKUM METOIIOM,
sBIIsieTcs reTeporeHHoi. CylecTBYIOT KJIacTepbl, 00beAMHSIONINE TeHOBApUaHThl OakTepuii, BbineneHHbIe B 2019 T.,
M He TONOJHUBIIMECS HOBBIMM M30JIITaMM, YTO MOATBEPXKIaeT 3(P(EKTUBHOCTL IMPOBOAMMBIX ITPOTHUBOIMHUICMU-
YeCKMX MEPOINPUSATUI, YCUJICHHBIX B MEPUOA PAacIpPOCTPpaHEHUSI HOBOM KOPOHABUMPYCHON MHGMEKILIMU, UCKII0Yaro-
IIMX Tepenavyy MHMEKIIMOHHOIO areHTa OT UCTOYHMKA BOCIIPUMMUYKMBOMY OPTaHU3MY BO BHYTPUMOOJBHUYHON cpene.
OmnpeneneHbl aMUHOKHMCIOTHBIC 3aMeHBI B TeHe uge P249Q, N279L, otinyalolye runepBUpyIeHTHBIE IITAMMBI OT TeX,
KOTOpbIC UMEIOT MEHBIITYIO CTENIEHb MMATOTeHHOCTH. B 4eThipex 13 MITH map MaThb-peOCHOK HYKJICOTUIHBIC IOCIEN0-
BaTEeNIBHOCTH TeHA uge INTAMMOB K. pneumoniae ObLIIA TeHETUUESCKH Oo0Jice OMM3KU IPYT APYTY M OTIIMYAINCH OT BBIIC-
JICHHBIX M3 OMOJIOTMIECKOTO MaTeprasa MalieHTOB OTACACHUI, YTO CBUIETEIBCTBYET O BEICOKOM CTETICHU WX POICTBA
1 ¢ OOJIBIION JOJIel BEpOSITHOCTH YKa3bIBaeT Ha TO, YTO MICTOYHMKOM IITaMMa JJIsT peOeHKa sIBUJIach €0 MaTh, a He Ta-
LIMEHTHI OTACICHWH NN TTepCcoHaN yIpexXaeHus. B omHoI mape MaTb—peOeHOK mTaMMEBI K. preumoniae TpuHAaIJIeKaTN
pas3HbIM Kiiactepam. 3o, BeraeaeHHbii 06.09.2021 1. u3 dekanuii HOBOpOXIeHHOro pebeHKa (7 cyToK), TpyMImupo-
BaJICs CO LITAMMAaMH, BbIAEJIEHHBIMU OT MALUEHTKH pogoBoro otaeaenus 12.12.2020 r. u B Jlaoce B 2013 . (CP035196).
K. pneumoniae, Beineneanas 04.06.2021 1. 13 MOYM KEHIIWHBI, JOCTOBEPHO IPYyIITMPOBAIach CO INTAMMAaMHU, BOIIIEI-
mwumu B 13 xnactep. Buiod. IIpoaeMoHCTpUpOBaHa BO3MOXHOCTb COBEPLIEHCTBOBAHU S JIOKAJBHOTO MUKPOOUOJIOTH-
YeCKOr0 MOHUTOPUHTIA METOAaMM CEKBEHUPOBAHUS U (DUIOTEHETMYECKOro aHaau3a reHa uge K. pneumoniae. OlieHKa
U3MEHEHUST BHYTPUBUAOBON MOMYJISLUMOHHON CTpYKTYphl Bo3oynuteneii MCMII HeoOxonuma sl CBOEBPEMEHHOTO
1 000CHOBAHHOTO pearpoBaHusl Ha yXyALIEHUE 31U EMHUOJIOTMYECKO CUTYaLUH.

Karouesvie caosa: ceksenupoganue, gurocenemuueckuii anaius, eet uge, Klebsiella pneumoniae, monumopune, Heonamonoeus,
INUOeMUON02US.
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PHYLOGENETIC ANALYSIS OF THE KLEBSIELLA PNEUMONIAE UGE GENE IN LOCAL
MICROBIOLOGICAL MONITORING

Ustyuzhanin A.V., Chistyakova G.N., Remizova I.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. pneumoniae 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 to 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 staff 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, Klebsiella pneumoniae, monitoring, neonatology, epidemiology.

BBeneHune

Klebsiella pneumoniae — 3TO TUIIWUYHBIN TIpeI-
CTaBUTEIIb ceMelicTBa Enterobacteriaceae, KOTOPHIA
MOXET 00JilalaTh IUPOKUM CIIEKTPOM IFeHETUYeC-
KMX J€TEePMUHAHT aHTUOUOTUKOPE3UCTEHTHOCTU
1 ($aKTOpOB BUPYJEHTHOCTU. beccuMNTOMHBIE
Hocutenu K. pneumoniae BbIAEASIOT OaKTepuab-
HBIC KJIETKU W SIBISSIOTCS MCTOUYHMKAMU WHOEK-
LIMOHHBIX ar€HTOB, CIIOCOOCTBYSl MX pacnpocTpa-
HEHHWIO BO BHYTPUOOJBHUYHOU cpeme. C 3TUM
MUKPOOPraHMU3MOM CBSI3bIBAIOT KaK BHYTPUOOJIb-
HUYHOE MHGPUILIMPOBAHUE TOCIUTATN3UPOBAHHBIX
JIMIL B CTAllMOHAPbI XUPYPruuyeCcKoro, 0>KOroBoro,
HEBPOJIOTUYECKOro, TeparneBTUuYeckKoro mnpodu-
Jieil, TaK W 3MNMUJAEMMUYECKHE BCMHBIIIKU B HEOHa-
TaIbHBIX OTACIeHUX [2, 11]. U3 1ByX 3BOJIIOIIMOH-
HO CJIOXUBLIUXCS NTMHUU K. pneumoniae HanboJiee
YacTbIMU BO30YIUTEIIMU UHPEKU M, CBI3aHHBIX
¢ okaszaHmeM MemumOuHCKOUW momornu (MCMII),
SBJISIIOTCS LITAMMBbl  KJIACCUYECKOro IaToTuma
B OTJINUME OT TMIEPBUPYJIEHTHOIO — C KOTOPBHIM
acCOLMUPOBaHbl BHEOOJbHUYHbBIE CJiydau WHBa-
3UBHBIX MIPOIIecCOB (abciiecc IMeYeHN, MCHUHTUT),
sHaodTanbmuta [1]. B HacToslee BpeMsI B 1UTe-
paTtype onucaHo 16 reHOB, KOAUPYIOLIUX CUHTE3
GakTOpOB BUPYJEHTHOCTU, HWMEIOIIMX pa3HbIi
BKJal B peajii3aliiio MaTOreHHOro MNOoTeHIMa-

ga [3, 17]. OgHUM U3 HUX SBJISIETCI T€H Uge Xpo-
MOCOMHOM JIOKaJIM3alluu, KOAUPYIOIIUNH CUHTE3
ypuauHaudochaTrasakTypoHaT-4-amumepasy,
KOTOPBII TIPUHWUMAET ydYacTHe B KOJIOHM3AIIWWU,
WHBA3U¥W U peajn3alluy MaTOTeHHOCTH IIITaAMMOB
K. pneumoniae [12].

I'eH uge sBIsETCA pacIpOCTPaHEHHBIM TE€HOM
(hakTOpa BUPYJEHTHOCTU M YacTOTa €ro BCTpeya-
€MOCTH, COTJIaCHO pe3yjbTaTaM HEKOTOPBbIX WC-
cienoBanuii npessiaet 90% [7, 18]. OmHako HeT
eIUHBIX CBEIEHWI IO YacTOTe BCTPEYAEMOCTU
IITAMMOB C Uge, BBIICJIEHHBIX U3 Pa3HBIX JIOKY-
COB 4YeJIOBeUeCKOoro opraHmsma. [lo maHHBIM of-
HUX aBTOPOB, OH AeTekTupoBacs yaie (p = 0,03)
B IIITAMMaXx, BBIJICJIEHHBIX U3 MOUYM, YeM M3 00pas3-
II0OB KPOBU U acIliupara Tpaxeu, YTO MOXKET YKa3bl-
BaTh Ha BO3MOXHYIO POJIb 3TOT0O TeéHa B Pa3BUTUU
uHpekuuit MoueBbIBOASIIUX nyTei [5]. Jdpyrue
aBTOPBI OIMMCHIBAIOT, YTO B WCCJICMOBAHUU, TPO-
BegeHHoM B 2018—2019 rr. B banrmagem, pac-
MPOCTPAaHEHHOCTh TeHa uge Cpeau IITaMMOB,
K. pneumoniae, BblIeJIEHHBIX KaK U3 MpOO MOYU,
TaK W acrupara Tpaxeu Oblia OAMHAKOBOW U CO-
craBuna 47% [16].

B cratse Su S. u coaBrt. (2020 r.), yKazaHo, 4ToO
TeH uge OBLI IETEKTUPOBAH BO BCEX MCCIEAYEMBIX
mTaMMax, BbIAEJIEHHBIX OT IAllMEHTOB JICYeOHO-
ro yupexnaeHus B Cesepo-Boctounom Kutae [14].
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Jpyras rpyrra uccieaoBaTesieii oOHapyxXXujaa reH
uge B 16% 13y4eHHbBIX aHTUOMOTUKOPE3UCTEHTHBIX
mrTaMMax B OJHOM U3 rocrnutajieii Mamnaiizuu [8].
CukBeHC-TUIBI, BeIIBJICHHBIC B PD BriepBEIe B 11€-
puoa 2017—2019 rr. Takske Hecaiu T'eH uge B 85,7% [6].

WN3zoadaTel ¢ runepnpoaykKuuein causu (rurep-
BUPYJCHTHBIN ITaTOTUI) TaKKe COACpKaT T'eH uge
B 85,7% cnyuaeB [10]. Peanusauust reHeTudec-
Kol WHGOPMAIIMU OIIpeaeIsieTCsI BO3ICUCTBU-
€M KaK BHYTPEHHMUX, TaK U BHEUIHUX (DaKTOPOB.
B mtamMmax, BBIACJIIEHHBIX U3 TTPOO MOPCKOM BOJIBI
Cuamckoro 3aiamba, NaCl B koHueHtpauuu 4%
OJIOKMpOBAJI 3KCIIPECCUI0 YKAa3aHHOrO reHa, ne-
TeKTUpoBaHHOTO B 47,9% [9].

I[MogpoOHass xapaKTepUCTUKa T€HETUUYECKOIro
arrmapara M30JISITOB IIO3BOJISICT OIIEHWBAaTh BHY-
TPUBUIOBOE pa3HOOOpa3ne MUKPOOPTaHU3MOB
1 GOpMUPOBAHNE SBOJIOIMMOHHBIX SITUIEMUIYCCKUA
U KJIMHUYECKN 3HAYMMBbIX JUHUN K. pneumoniae.
CoBpeMeHHBIE METOIbI BBICOKOITPOU3BOAUTEIBHOTO
CEKBEHUPOBAHMUS CITOCOOCTBYIOT ITPOBEACHUIO ST -
JIEMWYECKOro HaOIIoNeHUS 3a LI PKYJISIINEH IIITaM-
MOB KaK B IrJ100aJ1bHOM MaclilTade, Tak 1 Ha JIOKaJIb-
HOM YPOBHE, OIHAKO OCTAlOTCS HEIOCTYITHBIMU
JJIST ITUPOKOTO TIpUMeHeHUSI. OTKPBITHIM OCTaeTCS
BOITPOC 00 MASCHTUYHOCTU IITAMMOB CO CXOIHBI-
MU (PEHOTUTNTMYECKUMU CBOMCTBAMM, BBIACJICHHBIX
U3 pa3HOIro KJIMHUYSCKOTO MaTepuaia, HalrpuMep,
dekaanm, KpoBb, OT OTHOTO M TOTO Xe YeJIoBeKa
¥ OT pa3HBIX MAIIMEHTOB YUPEXKACHUSI. DTO TUKTYET
HEOoOXOIMMOCTb MPOBEAECHU I BHYTPUBUIOBOM AUD-
depeHIIMaluu BbIACICHHBIX IITAMMOB.

B wHacrosmieit paboTe NOpomeMOHCTpHpPOBaHA
BO3MOXHOCTh HCITOJIb30BAaHUSI MOJICKYJISIPHO-TE-
HeTuueckux metoaoB uccienosanus (ITLP, cexne-
HUPOBaHMUE C MOCJCAYIOIIUM (DUIOTEHETUUYECKUM
aHaJIM30M) B OLICHKE T'e€TePOreHHOCTH ITOMYJISIIIUN
mTaMMoB K. pneumoniae, BEIICICHHBIX OT MTallCH-
TOB JICYEOHOTO YUPEXKICHMSI, YCTAHOBJICHU Y CTEIIe-
HU TeHETUYECKOI'0 POACTBA U30JISITOB, MOJTYUYEHHBIX
B ITapaxX MaTb—peOEeHOK, W IIPUMEHEHUS TTOJTyYCH-
HBIX PE3YJIbTATOB B SITUASMHUOJIOTMYECKOM HaI30pe
3a pacnpoCTpaHEHUEM ITOTCHIMAJIbHBIX BO30YyIM-
teneit MCMII Bo BHYyTpUOOJbHUYHOI cpefe.

Llens ncciienoBaHUS: OLICHUTH PE3yJIbTaThl DU~
JIOTEHETUYECKOTO aHaJIn3a HYKJICOTUTHBIX TTOCTIe-
JIOBaTeJIbHOCTEN reHa uge miTaMMoB K. pneumoniae
B MeprHaTaJIbHOM LIEHTPE.

Marepuanbl n MeTopl

B mepuon ¢ 01.01.2020 o 09.03.2023 uccneno-
BaHa 5351 mpoba dekanuit, 10 249 npobd otmense-
MOro 13 LiepBMKajabHOro KaHamna, 104 mpoObl OT-
JensieMoro us 3eBa, 1928 o6pasioB KpoBu, 998 06-
pasioB Mouu. B xome JIoKaJIbHOIO €XEeHeNeJIbHOro
MUKPOOUOJIOTUYECKOTO MOHUTOPHMHTA  BBIJICICH
551 mwitamMMm K. pneumoniae OT HOBOPOXJIAEHHBIX AeTel
(545 u3 pekanmii u 6 U3 KPoBU) U 168 — OT KEHIIUH

(144 muTamMMa U3 OTAEISIEMOTO LIEPBUKAJIBHOTO KaHa-
na, 4 —u33esa, 20 — u3 moun). [IpoananuzmpoBaHo
56 HYKJICOTUIHBIX MOCJAEHOBATEJIbHOCTE TreHa
uge K. pneumoniae, B TOM 4HCJIe IETIOHUPOBAHHOM
B GenBank nom HomepoMm MZ395252 (https://www.
ncbi.nlm.nih.gov/genbank).

Knunuueckuit marepuan IJisi UCCIEAOBAHUS
cobmpal M TPAHCIOPTUPOBAJIN B CTECPUIBHBIX
KOHTeWHepax u MpodupKax ¢ TPAaHCIOPTHON cpe-
noi. JInsg KyabTUBUPOBaHUS OaKTepuii MoceB Ma-
TepuaJia BBITOJHSIIN Ha cpeny DHao (PBYH I'HIL
IIMB, r. O6onenck, Poccus), KpoBSTHO-CHIBOPO-
TOUYHBIN arap (ocHoBa —Conda, crtaHu s ; 5pUTpo-
uuThl 6apaHa, 3A0 «DKOnab», Poccusi; ceiBopoTKa
KpoBU KpyITtHoro poratoro ckota, OO0 «buomnoT»,
Poccus). Uneatudukannio K. pneumoniae  oripe-
JeJiIeHe aHTUOMOTUKOUYYBCTBUTEIBHOCTU TTPOBO-
JMJIU Ha aBToMaTu4eckoM aHaausatope «VITEK 2
compact» (bioMérieux, @paH1us, BXOAUT B Mepe-
yeHb oOopymoBaHust LIKII «MHHOBaLMOHHBIN
Hay4YHO-J1abOpaTOPHBIM LIEHTp MepuHaTalbHON’
M penpomayKTHUBHOUW MemuuuHbe» PI'BY «HUU
OMM» MunsapaBa Poccumn) cormacHo MHCTPYK-
WU ITPOU3BOAUTEIIS.

JHK OGaktepuanbHBIX KJETOK BBIICISIN
U3 B3Becu 18-4yacoBoil KyJabTyphbl C HCIOJb30Ba-
HueMm Hao6opa JAHK-skcnpecc (OO0 «CuHTO»,
Poccust) corimacHO MHCTPYKIMM ITPOM3BOAMUTES.
T'eH uge neTeKTHMpOBaJIM METOOOM TIOJIMMEpa3-
Holt nenHoii peakuuu (ITIHP) ¢ ucnoab3oBaHuem
npaiimepoB (5'-TCTTCACGCCTTCCTTCACT-3,
5'-GATCATCCGGTCTCCCTGTA-3") u peareH-
ToB npousBoacTBa OO0 «CuHTON». Busyanusannio
TP npoayKToB OCYIIECTBJSJINA B MNPUCYTCTBUU
uHTepKanupytouero kpacuteass SYBR Green |
B peXXMMe peaJIbHOro BpeMEHM Ha AeTEKTUPYIOIIEM
amruindukarope «AT maiit» (JJHK-TexHonoruu,
Poccus). B cocTaB pacTBopa s aMIIupUuKanuu
Bxoauau 50 My peakuunoHHo# cmecu: 2,5x TTLIP
oydep b (KCI, TpucHCI (pH 8,8), 6,25 MM MgCl,),
Syn-Taq AHK-monumepasa, rmunepoin, Tween 20;
ne3okcuHykiaeosuarpudocdarer, 7 mxa dd H,O,
25 MM MgCl,, mo 1 MKJ Kaxaoro IpaimMepa
u 2,5 mxu o6pasua JJHK. Pexxum ammnubukaiyu:
nepBOHaYaJbHAs IeHATYypallls B TeUeHUE 5 MUH
npu Temrneparype 95°C, mocienytouue 35 UKJIIOB:
94°C — 15 c; oTura npaiiMepoB Mpu TeMnepary-
pe 55°C nns uge B TedeHue 20 ¢; 2JOHraliuv Npu
Temriepatype 72°C B Teyenue 30 ¢; 3aBeplIaionimm
9TATOM KaxJIOro IMKJa Obljia AETeKIIUS TMPOAYK-
TOB aMILJTU(UKALIAH.

CeKBeHUPOBaHME I'eHa uge TPOBOIMIIU MO METONLY
Cenrepa [13]. [TosryyeHHBIE TOCIEA0BATEIBHOCTU T~
NUpOBaJIv ¢ ucnoiab3oBaHueM Basic Local Alignment
Search Tool (BLAST) (https://blast.ncbi.nlm.nih.
gov/Blast.cgi). BolpaBHUBaHNUE HYKJIEOTUIHBIX IO~
CJIeIOBaTeIbHOCTEI Ha 4acTh peepeHCHOro reHoMa
KPHS_ 35510, xomupytomero ypunuHaudocdar-
rajaktypoHarT-4-snumepa3sy |[Klebsiella pneumoniae
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subsp. pneumoniae HS11286, (https://www.ncbi.nlm.
nih.gov/gene/11848582)]. Tlocnenmylommnii  ¢uio-
TeHeTUYEeCKMII aHaJIM3 IMPOBOAMIN C MCITOJIb30Ba-
HueM mnporpammbl Molecular Evolutionary Genetics
Analysis (MEGA), Bepcus 6 [15].

®duiorpamma OblJla TOCTPOEHA TIO AJITOPUTMY
«bnuxaiiiiero cocena» (Neighbor-Joining) u Bkito-
yajga HYKJEOTUIHBIE IOC/IeN0BATEIbHOCTH, IETO-
HupoBaHHbIe B GenBank.

PacueTr 3BOTIOIIMOHHBIX TUCTAHIIUIA MEXIY IO-
CJIeIOBATEILHOCTSIMU MTPOM3BOIMIIM COTJIACHO IBYX-
napametrpudeckoit mMomenu M. Kumypsl (Kimura
2-parameter). CTaTUCTUYECKYIO 3HAYUMOCTb TOIIO-
Jjjoruv (uaorpaMMm OLEHWBaId METOIOM ITOBTOP-
HBIX BbIOOPOK Ha ocHOoBaHUU aHaiau3a 1000 mces-
nopernank. JoCTOBEpHBIMU CUYUTAJIM TTOCTPOCHUS
JIEHIpOrpaMMBbl ITPU UHEKCE B y371ax He MeHee 70.

PeaynbraThl

YacTtoTra BCTpeyaeMocTH INTaMMOB K. pneu-
moniae B KIMHUICCKOM MaTepHuajic OT MallueHTOB
npeacTaByieHa B Ta0I. 1.

Kak BuUAHO u3 mNpencTaBIeHHBIX B TaOIU-
e ITaHHBIX, YaCTOTa BCTPEYAECMOCTU IIITAMMOB
K. pneumoniae cpeny MalleHTOB OTHEJIICHUIN pO-
JTOBCITOMOKEHUST  aKyIIEPCKO-TUHEKOJIOTMIECKO-
ro nmpoduiasg cocrasuaa B cpenHem 1,4% B 2020—
2023 rT. cpeam XKeHIWH. B cranimoHapax neauaTpu-
YeCKOro nNpoduIs BhIAEICHNE IIITAMMOB B THAMa30-
He 12—14% peructpupyercs B 2020, 2021 u 2023 rr.
B 2022 r. 3aperucTpupoBaHO YeThIpeXKpaTHOE CHU-
JXeHMe BBISIBJISIEMBIX IITAaMMOB K. pneumoniae.

duroreHeTUYSCKUI aHAN3 TTOKa3al, 9TO HY-
KJICOTHUIHBIE ITOCEIOBATEIIBHOCTH ITOCTOBEPHO
CTPYIIITUPOBAIMCH B 14 KitacTepoB (puc.).

IITaMMBI, BXOOSIIIME B OOUH KJIACTEP SIBJISIOT-
Csl TeHEeTU4YeCKU OoJiee OJM3KMMU MEXIy COO0OIi,
B CpaBHCHHMM C WM3O0JIITaMH, PaCIIOJIOXKCHHBIMU
B pa3HBIX KJIacTepax.

IlepBrIii KiTacTep OOBEAMHSIET IITAMMBI C TIO-
BBIIIIEHHOI BUPYJICHTHOCTHIO cepoTnna K-1, omnu-
caHHbIe B ucciaemoBanuu Jle A.U. (2018 r.). B Hero

BOILIIEJT Mpoayuupyloluii 6eta-TakTamasy pac-
mupeHHoro crnektpa aeiictBus (BJIPC) uzonsar
u3 ExaTepuHOypra, UMEIOLIUN reH rmpA, acColuu-
DPOBaHHBIN C TUTIEPIIPOAYKIIMEH CIAU3U, BbIIECICH-
HbI B 2021 1. u3 npoObl dekainuii, MTOJTyYeHHON
oT 19-neTHelt 6epeMeHHOM XXeHIIMHbI Ha 31—32 He-
JieJie TecTalluK, TOCITMTAJIN3UPOBAHHON B POIOBOE
OTIeIeHUE.

Bo BToOpoii kiyacTep BOLLIM KapOareHemasa
npoayuupytomue (bla,, ) IITaMMBbI, BbIAEJIEHHDIE
U3 OTIESIEMOTO LIepPBUKAJIbHOr0 KaHasia 31-1eTHei
KeHIIMHBbI Ha 31 Hemene 6epemeHHocTU. CrenyeTt
OTMETUTh, YTO HYKJICOTUAHBIE MOCJIEeI0BATEIbHO-
CTU He SIBJISTIOTCSI MASHTUYHBIMH, YTO COTJIaCyeTCs
C pa3HOl (heHOTUTNTMYECKON XapaKTePUCTUKOM: KO-
JIOHWU OJHOTO U30JI51Ta ObLIM MaJTMHOBOTO 1IBETA,
a Ipyroro — po30Boro.

Hecmotps Ha To uto BJIPC-npoayuupyouiue
mwTaMMbI 662, 665, BblIeIEHHbIE U3 OTIAEISIEMOTO
LepBUKAJbHOIO KaHaja 38-JieTHell MalueHTKU
Ha cpoke O0epeMeHHOcTHu 31 Heaessi, Mpu IMoceBe
nociena u U3 Kajia ee pedeHka B Bo3pacTe 4 CyTOK,
He chOoOpMHUpPOBaIM OTACAbHBIA KjacTep, WUACH-
TUYHOCTh UX HYKJCOTUIHBIX MOCIEI0BATEIbHO-
CTell aHaJIU3UPYEeMOro OaKTepuaJbHOTO reHa Co-
craBua 100%.

TpeTuii K1acTep BKIOYaeT UIACHTUYHBIC IITAM-
MBI, BBIJIEJICHHbIE U3 MOYU O€PEMEHHOM XKEHIITUHbI
(matni coopa: 28.01.2021 1 26.03.2021) u pexannii ee
HOBOPOXJIEHHOIo pebeHKa, COOpaHHBIX Ha 5 CyT-
KU nocje poxaeHusd. [1pu aToM ciaeayetr OTMETUTb,
4YTO MPU MOCEBE OTAEISIEMOTO LIEPBUKAIbHOTO Ka-
Hama (27.04.2021, 25.03.2021, 07.05.2021), mocese
KPOBU U COAEPKMUMOT0O TPaxeoOPOHXHUAJIBHOIO Jie-
peBa HOBOPOXJIEHHOTO pebeHKa Ha | CyTKU XKU3HU
POCT MUKPOOPraHM3MOB HE OOHAPYXKEH.

IramMMBI, CrpynmupoBaBIIMEeCs] B YeTBEp-
TOM, IIECTOM, AEBSITOM, IE€CSITOM, OMMHHAAIIATOM
U TPUHAALATOM KJacTepax, ONMCaHbl HAMU paHee
non VI, I, I, V, IV, VII HomepaMu COOTBETCTBEH-
Ho [4]. deBsatswiii (II) u omuaHaauateiit (1V) knac-
TEpbl, TaK Xe KaK U OXxapaKTepU30BaHHbBIE paHee,
codepxkaT IITaMMbl, BblAeaeHHbIe B 2019 1., oHM no-

Ta6auua 1. YactoTa BcTpewaemocTu wtammoB K. pneumoniae B o6pasuax ¢pekanunii HOBOPOXAEHHbIX
peTeil unpobax oTaensgaeMoro LuepBukanbHoro kaHana B 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
Matepuan Kon-so | K. pneum. Kon-so | K. pneum. Kon-so | K. pneum. Kon-so | K. pneum.
Material npo6 abec. npo6 abe. npo6 abe. npo6 abc.
Number % Number % Number % Number %
of samples | @Ps- of samples | aPS- of samples | @Ps- of samples | @Ps-
‘;:*C';""" 1796 | 220 | 12,2| 1669 | 213 | 128| 1477 | 55 | 37| 409 57 | 13,9
Otpengemoe
LepPBUKaJIbHOTO
KaHana 3239 58 1,8 3578 42 1,7 2775 36 1,3 657 8 1,2
Cervical
discharge

738



2023, T. 13, Ne 4

AHanua reHa uge K. pneumoniae

HOJHWJINCH IITaMMaMU, BEIJIEJICHHBIMU U3 (PeKa-
JIU HOBOPOXJIEHHOI'0 peOeHKa U U3 OTAEISIeMOro
HepBuKaabHoro kaHaja B 2021, 2022 rr. IlITaMMBbI,
TeHeTHUUYECKHN OJIM3KHEe H30JIITaM M3 YEeTBEPTOTO
(VI), mectoro (I), necsatoro (V) u TpuHaauaToro
(VII) knacTepoB He yAaaoCh BbIACIUTH Ha MPOTSI-
xenun 2020—-2023 rr.

IIITaMM, BBIIEJICHHBIN U3 (eKaJIuii HOBOPOXK-
JIECHHOTO pebGeHKa B Bo3pacTe 6 CyTOK, POAMBILIEro-
cs Ha 35 Hepdesie, BMECTE C TeHEeTUUECKU OJIU3KUM
mramMMoM KX954850, oOHapy>KeHHBIM B MOKPOTE
naireHTa ¢ mHeBMoHuel (O00IeHCK), chopMUPO-
BaJIM MSATHIA KJIacTep.

K. pneumoniae 601, XoJOHU3MpOBaBIIAsT KU-
IIIEYHUK HOBOPOXICHHOTO pebeHKa B BO3pacTe
12 cyToK, poxaeHHOTO Ha 34 Hedesie recTalluiu,
okasayjlach co mramMMmamu KX954849, KP760055,
BbIAEJIEHHBIMU U3 TTpoObl Mouu (OGoneHck, 2013
un 2014 rr.), B cC€IbMOM KJIacTepe.

Bocbmoii KiacTtep IeMOHCTPHpPYET TeHETHYeC-
KO€ POACTBO IITAMMOB, BBIJCJIICHHBIX M3 pPa3HBIX
JIOKYCOB (KpOBb, (peKaJIMU) OAHOrO TMalueHTa, 4YTO
MO3BOJISIET C BBICOKOM J10JI€Mi BEPOSITHOCTU MPEAIIO-
Jaratb O IIPOHUKHOBEHUM BO30YyIUTEISI B KPOBE-
HOCHOE PYyCJIO ITYTEM TPAaHCIIUTO3a Yepe3 KUIICTHYIO
CTEHKY. DTO ellle pa3 MOoATBEePXKAaeT HEOOXOMMMOCTh
MPOBEACHUS JIOKAJbHOIO MUKPOOMOJIOTMUYECKOIO
MOHUTOPUHTA B OTHCJICHUSIX HEIOHOIICHHBIX HO-
BOPOXKICHHBIX JCTEl MJIs YCTAaHOBJICHWS BUIOB
MUKPOOPTaHU3MOB, KOJOHU3UPYIOIINX KAIIEUHBIA
OMOTOIl, KaK Haubosee BEepOSTHBLIX BO30OyauTelei
TO3THETO CeIICcrca A1l BBI0Opa aAeKBaTHOM TAKTUKU
aHTUOMOTUKOTEPATTUN.

I'pymia 6akTepuii No 639, 629, 628, 643 He cdhop-
MU poBaJjia OTASAbHbI KJacTep, HO COACPXKUT UJCH-
TUYHBIC TTOCIESA0BATEIBHOCTY U30JISITOB, BBIACICH-
HBIX U3 OTAEISIEMOro LIEpBUKAaJIbHOTO KaHaJlia, Io-
cjiena, KpoBu o6oux aeteit u3 noiiHu. CieayeT oT-
METHUTh, UYTO LITAMMBbI U3 TEMOKYJIBTYPbI BbIACICH bl
Ha MepBble CYTKU KU3HU ASTEH, YTO MTOATBEPKAAeT
BHYTPUYTPOOHOC MH(PHUINPOBAHNE W OIpEHcasieT
STUOJIOTUYECKUII areHT paHHEro HeOoHaTaJbHOTO
cercuca, 3aKOHUMBIIErocsl JeTaJbHO MIJIs1 000MX
HOBOPOXXICHHBIX.

JIBeHaoIaTHIN KJIacTep MpeacTaBjIeH IIITaMMOM
W3 OTIEJIIEeMOro lLiepBUKAJIbHOTO KaHaja >XKCHIIM-
HbI 23 JIeT C IJIMTEJbHBIM O€3BOAHBIM IMPOMEXYT-
KOM B IIEpBOM Iiepuoae CpodyHbIX pomoB (2020 r.).
HaubGonee renernyecku 6anzknii Bapuant CP035196
ObL1 BblAeseH B Jlaoce B 2012 1.

YeThIpHaALATHIN KJIacTep OOBEOAWHMWII IITAMMbI
2020 1. oT MaTepU 1 €€ HOBOPOXKAECHHOTO pebeHKa, KO-
TOpBIC OBLIIM HAN0O0JIee TCHETUUCCKU OJIN3KH U30JISITY
CP065831, BbiaeneHHOMY 13 Moun B CLITA B 2018 1.

CpaBHUTEIBHBIM aHAJIN3 aMUHOKWUCIIOTHBIX 3a-
MEH reHa uge B mitTamMmmax K. pneumoniae, N301UpO-
BaHHBIX B rtepuona 2019—2023 1. ¢ pedepeHCHOI 1o~
cinepoBarenbHocThio KPHS 35510, komupytouero
ypunuHaudocdar-raJakTypoHaT-4-anumMepasy
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PucyHok. PunoreHeTnyeckoe fepeBo LUTAaMMOB
K. pneumoniae, noCTpOEHHOE Npu aHanuse
HYK/IeOTUAHbIX NOcnepoBaTeNbHOCTEN reHa uge

(362 HT)

Figure. Phylogenetic tree for K. pneumoniae strain uge
gene nucleotide sequences (362 nt)
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[Klebsiella pneumoniae subsp. pneumoniae HS11286],
npeacraBjieH B Taba. 2. ZKupHbIM IpUOTOM BbI-
JIeJIeHbl aMUHOKMCJIOTHBIE 3aMEHBI, OTJIMYaloNIne
TUTIEPBUPYJICHTHBIC IIITAMMBI OT JIPYTHX.

O6cyxaeHne

B cpemnem yacTtoTa BCTpedaeMOCTHU IIITaMMOB
K. pneumoniae cpenn MalilMeHTOB YUPEKACHUS PO-
JIOBCIIOMOXXEHHU S, YCTAHOBJIICHHASI B XOIE MUKPO-
OMOJIOTMYECKOr0 MOHHUTOpUHra cocraBuia 1,4%
B 2020—-2023 1. cpenm xeHmumH, 12,5% B 2020—
2021 rr., 3,7% B 2022 1. 1 13,9% B 2023 1. cpean
neteit. OTMedaeTcsT OMMHAKOBasl PacIIpoCTpaHeH-
HOCTh IITAMMOB M3 OTACISIEMOTO IePBUKAJIBHOTO
KaHaJla U 9YeThIpeXKpaTHOEe CHUKCHUE BBISBJICHIC
mraMMoB U3 (pekanuit geteir B 2022 1. 110 cCpaBHE-
Huio ¢ 2020, 2021 TT. ¢ MOCIEeAYIOIMUM yBeJlude-
HHMEM 4acTOThbl OOHapyxeHus a0 13,9% B nepBoM
kBapraie 2023 1.

CoryracHO TIPOBEIEHHBIM HaMU HCCICHOBaHU-
M, TeH aKTopa BUPYJICHTHOCTU K. pneumoniae
uge, B W3y4YaeMBIX IIITaMMax pPeTUCTPUPYETCS
Ha ypoBHe 64,3%. B Haliux npeablayiiux nyoau-
KaIlMsIX MBI OITMCHIBAJIA PE3yJIbTaThl (PUIIOTeHETH -
YeCKOTO aHaJI3a reHa uge mraMMoB K. pneumoniae,
BeIAeIeHHBIX 10 2021 1. [4]. B nanHOM McclieqoBa-
HUMW TpEACTaBJIIeM pe3yJbTaTbl MOHHUTOPHHTA
IMITAMMOB U M3y4YeHHE MUX T€TEPOTCHHOCTH 3a IIs-
TuneTHUi repuon (2019—2023 rr.).

Cy1ecTBYIOT KJIaCTePbl, 00beTUHSIONINE TeHO-
BapuaHTHI OakTepuii, BeiaeaeHHBIe B 2019 T. 1 He
MOIMOJIHUBIIHNECS HOBBIMU HM30JSITAMHU, YTO ITOMI-
TBepxKaaeT 3(G(PEeKTUBHOCTD NPOBOAUMBIX IIPO-
TUBOAIIUAECMHUUECKUX MEPOTNPUATUI, YCUIICHHBIX
B MIEPHUOJ PACIIPOCTPaHEHUSI HOBOIT KOPOHABUPYC-
HOM MHMEeKI N1, NCKIII0YAIOINX TIepenady MHdeK-
HOMOHHOTO areHTa OT MCTOYHMKA BOCIIPUUMYNBO-
MY OpTaHU3MY BO BHYTPUOOJIBHUYIHOU Cpelie.

Cnucok nutepatypbl/References

OrmnpenesieHbl aMUHOKUCJIOTHBIE 3aMEHbI B TeHe
uge P249Q, N279L, otauyalromue runepBUpPYICHT-
HbI€ LIITAMMBI OT T€X, KOTOPbIE UMEIOT MEHBIIIYIO CTE-
MEeHb MaTOreHHOCTU, YTO MOXET ObITh UCIOJIb30BAHO
B MHIMKAIIMU KJIMHUYECKU 3HAYUMBIX U30JISITOB.

KonoHuzanus KulIedyHUKa HOBOPOXKIAECHHO-
ro pedeHka, IITaMMOM, UAECHTUYHBIM BbIJICJICH-
HOMY M3 MOYM €ro MaTepu U He OOHapyXEeHHOMY
NpU HCCJIEAOBAHUU OTAEISIEMOTO LEePBUKAJIbHO-
ro KaHaJja, CBUAETEIbCTBYET O MPOHUKHOBEHUU
B OpraHu3M pebeHKa OakTepuil U3 MOYEBbIICIU-
TEJIbHOUW CUCTEMBI MaTEPU.

B onHoit mape MmaTb—pebeHOK mTaMMbl K. pneu-
moniae TIpUHAAJEXaau pa3HbIM KJjacTepaM.
W3zonar, BoigeneHHbiin 06.09.2021 1. u3 dexkanuii
HOBOPOXJIEeHHOro pebeHka (7 CyTOK), IpyHMIupoO-
BaJICs CO LITAMMaMU, BbII€JIEHHBIMU OT MallUeHT-
KU pomoBoro otneiaeHus 12.12.2020 r. u B Jlaoce
B 2013 r. (CP035196). K. pneumoniae, BbIsIBJIE€H-
Has 04.06.2021 r. B MO4Y€ KEHIIKMHBI, JOCTOBEPHO
rpynmnupoBajach CcO IITaMMaMH, BOLIEAIIUMU
B 13 knactep. CiienyeT OTMETUTh, YTO B MEPUON
¢ 04.06.2021 r. mo 06.09.2021 r. B Xx01€e 6aKTEPUOIIO-
ruyeckoro uccienoBanust K. pneumoniae He oOHa-
py>XeHa HM B MOY€, HU B OTAEISIEMOM lI€pPBUKAJIb-
HOTo KaHaJjla ONMMMCaHHOI MallueHTKHU.

Takum o06pazom, NpPOJEeMOHCTPpUpPOBAHA BO3-
MOXHOCTb  COBEPILICHCTBOBAHUS  JIOKAJbHOTO
MUKPOOUOJOTMYECKOTO MOHUTOPUHIA C MpUMe-
HEHUEM MOJIEKYJSIPHO-TEHETUUYECKUX METOI0B
WCCIEIOBAHUS U MCIOJb30BAaHUSI PE3YyJbTaTOB
CEKBEHUPOBaHUS U (HUJIOTEHETUUYECKOrO aHaau3a
reHa uge K. pneumoniae B 3MUIEMUOJOTHUYECKOM
Haa30pe 3a BHYTPUOOJIBHUYHBIM paclpocTpaHe-
HUeM ImTamMmMoB. OleHKa M3MEHEHUSI BHYTPUBH-
JIOBOI TOMYJISIIMOHHOUN CTPYKTYpPbl BO30OYyIUTEJIei
NCMIT HeoOxoamrma 1151 CBOEBPEMEHHOTI0 U 000C-
HOBAHHOI'0 pearupoBaHUs Ha YXyIIIEHUE DIUJIE-
MMUOJIOTUYECKON CUTYyallMU.
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FrEHETUMECKOE PASHOOBPA3UE
PUHOBUPYCOB HA TEPPUTOPUU
CAHKT-NMETEPBYPTA B 2020-2021 rr.

AJl. Kcenadonros', M.M. ITucapena', B.A. Enep', T./I. Mycaesa!, A.B. ®anees!,
A.B. Komuccapos', 1.B. Kuceaesa'?, /I.A. JIno3nos'

'@I'BY HUHU epunna um. A.A. Cmopodunueea Munzopasa Poccuu, Cankm-Ilemep6ype, Poccus

2OIBHY Hnemumym sxcnepumenmanvroii meduuunvt, Cankm-Ilemep6ype, Poccus

J@IBOY BO Ilepsviii Canxm-Ilemepbypeckuii 2ocydapcmeenibliit meduyunckuil ynueepcumem um. akad. U.I1. Ilasnrosa,
Canxkm-Ilemepbype, Poccus

Pestome. Beederue. PUHOBUPYCH — OTHM M3 CAMBIX PACIIPOCTPAHEHHBIX PECIMPATOPHBIX BUPYCOB. PUHOBHPYCH
OTHOCATCS K ceMeiicTByY Picornoviridae, pony Enterovirus. OHu nensitcs Ha Tpu Buga: A, B, C, Ha KoTopsle ITpHUXo-
autes 169 tunos. PUHOBMPYCHI IIpe001afaloT B OCEHHME ¥ BECEHHUE MEPUOALI, XOTSI OHU LU PKYJIUPYIOT HA IPOTSI-
KEHUHU MIPaKTUUECKH BCETO SMUAEMUUECKOTO Ce30Ha. [ €HOM pMHOBHPYCOB IIpeACTaBlIeH omHomenoueuHoit +PHK
JIUTMHOM 7,2 ThiC. ocHOBaHMiA. COrJIaCHO JaHHBIM JTUTEPATYPbl, HanbJiee pacpoCTpaHEHHBIM BUIOM PUHOBUPYCOB
sapasietcsd puHoBupyc A (HRV-A), 3atem caenytot punoBupyckl C (HRV-C), B MeHb1ICH cTeeHU pacipoOCTpaHEHbI
puHoBupychl B (HRV-B). Llenbto naHHO# paboThI Ob1J10 UCCAEI0BAHUE TEHETHUYECKOTO pa3HOOOpa3usi pPUHOBUPYCOB
Ha tepputopuu Cankrt-Ilerepoypra. Mamepuaavt u memoods:. cciaenoBanue mMpoBOAUIOCH Ha 0a3e JabopaTopuu
MOJIEKYIsipHO# Bupycosoruu Bupycosorun HUU rpunna um. A.A. Cmoponunuena. O6pa3ubl (Ma3Ku U3 HOCO-
1 POTOIJIOTKM) A0CTaBasau U3 KnuHuveckoit nHdGeknoHHoi 6oapHuibel uM. C.I1. boTkuHa, JleTckoii ropoackoit
oonpHKIBI CB. Onbru u JeTckoii ropoackoit KnnHuveckoi GompHuLbl Ne 5 uMm. H.®D. @unarosa. Takxke B pabo-
Ty Opajuch Ma3KM OT HETOCIIUMTAIU3UPOBAHHBIX MallMeHTOB. MccaenoBaanch oOpasibl, MOCTYNUBILNE C AeKaOps
2020 r. mo oxTa0pb 2021 r. JdeTek1uuss puHOBUPYCOB ImpoBoauiach Metogom [11IP B pexxume peaibHOro BpeMeHH.
leHOTHIIPOBAHME OCYIIECTBISIIOCH ITyTeM CeKBEHMpOoBaHUS MeTogoM CaHTepa, ¢ paiiMepaMu, pa3padoTaHHBI-
mu da Costa Souza L. ¢ coasr. (2021). Pesyssmamsr. COTIaCHO JaHHBIM TOTAJTHHOTO TECTUPOBAHUSI, TIPOIICHT TIO-
JIOXKUTENBHBIX HAa PUHOBUPYC 00PA3IIOB COCTABJISIET COCTABISIOT 3,2% oT o61ero yucia. M3 HUX 6bl TUTMPOBAH
71, uto cocrasisiet 17,03% OT MOJOXUTEIbHBIX HA PUHOBUPYC 00pa3LoB. HanboJee pacnpocTpaHeHHBIM OKA3aJICsa
HRV-A (55%). bt o6HapyskeH 21 T gaHHOTO BHMIa (caMblil pacripocTpaHeHHbliT — HRV-A46 — 13%, n = 5).
HRV-B 1 HRV-C 6b111 00HapyXeHbI B paBHOM KosmdecTBe — 110 23% (n = 16) Kax10ro Buaa OT OOIIEro yncia
TUTIIMPOBaHHBIX puHOBUPYcoB. Cpenrt HRV-B o6HapyxeHo 8 Tumos (camblii pacrpoctpaHeHHblit HRV-B06 — 31%,
n =15), cpent HRV-C — 7 Tunos (camble pacrpoctpaHeHHbie Tl HRV-C42, HRV-C32 n HRV-CI15 — o 19%,
n = 3). HRV-A BbIsIBIIsSIJICSI B OCHOBHOM Yy MALIMEHTOB B Bo3pacte oT 18 mo 65 xet (57,5%, n = 23). HRV-B BoisiB-
JIeH TOJIbKO Y B3pocibix nauueHToB (100%, n = 16). HRV-C nerektupoBaH y neteit maaiiie 2-x et (43,75%, n =
7) 1y B3pocibix B Bo3pacte 18—65 net (31,25%, n = 5). Muorna HRV-A u HRV-C 6bu11 accolmupoBaHbl ¢ pas-
JIMIHBIMYU CHHIPOMAaMU ITOPaXKEHU I IbIXaTeIbHBIN ITyTel, TAKUMM KaK OCTPBI pUHO(PAPUHTUT, JAPUHTOTPAXCHT,
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A.[. KceHadoHTOB 1 Ap. MHdekumns n uMmyHuTeT

0OCTPYKTUBHBIN OpOHXUT, mHeBMOHM . HRV-B Ob111 accoumupoBaH ¢ KIMHUYECKUMU MPOSIBJACHUSIMU THEBMOHU U
B ceMu cayyasix. Beigods. Ha Tepputopun Cankr-IlerepOypra npeBanupyet puHoBUpyc Buaa A. PuHOBUPYCHI MO-
I'YT OBITh ACCOLIMMPOBAHBI C pa3IMYHBIMU CUHAPOMAMU MOPaKEeHU S IbIXaTebHbII MyTeit.

Karouesoie caoea: punosupycel, eenemuteckoe pazHooobpasue, euosl, munsi, OPBHU, cexeenuposanue.

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 [.V.*",
Lioznov D.A.*¢

@ Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation
¢ Institute of Experimental Medicine, Saint Petersburg, Russian Federation
¢ Pavlov First Saint Petersburg State Medical University (Pavlov 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. Outpatient 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-C15 — 19% each, n = 3). HRV-A was detected mainly in patients aged 18 to 65 years
(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.

BBeneHune

PuHOBUpYCHI SBISIOTCS ONHUMU U3 HauboJsiee
pacrpoCTpaHEHHBIX BO30YIUTEIE OCTPBIX pECTTU-
paTopHbIX BUpycHbIX UHMexkuuit (OPBU) Herpumn-
no3Hoi atuosoruu [5, 10, 11, 23, 25, 26, 27, 28, 32,
33, 41].

PuHOBUpYCHl LUPKYJIUPYIOT Ha MNPOTIXKEHUU
Bcero anuaeMuueckoro cezona OPBU (¢ okTsa6ps
KaxXxJOoro roia) C XapakTepHbIM IpeoOTaJaHUueEM
B OCEHHUU 1 BECEHHUU NEPUOJIBIL.

OCHOBHBIMU KJIMHUYECKUMU NPU3HAKAMU PU-
HOBUPYCHOW MH(EKIUU SIBISIOTCS KIMHUYECKUE
MNPOSIBJIEHUSI CUHJIPOMOB PUHUTA, PUHOCUHYCUTA
ujii puHodapuHruta (puHOpes, 3aJIOKEHHOCTh
Hoca, 00JIn B ropJie, rOJIOBHbIE 0OJIM, HEAOMOTa-
Hue u ap.) [6]. Hepenko 3a6oieBaHKME OCITOXKHSIETCS
OCTpPBIM cpenHUM OTUTOM [7]. Takke BO3MOXKHO
MOPaKeHNUE HUKHUX AbIXaTeIbHbBIX Ty TE, HANpU-
Mep, OpOHXUOJIUT U MHeBMOHUH [18, 19, 31].

PuHOBUpPYCHI MpeAcTaBiasIIOT co00il 6e3000J10-
yeuyHble, chepuueckue PHK-comepxkamiue BuUpy-
cbl. CorjtacHo kjaccudukauu MexayHapoaIHOTo
KOMHUTETa IO TaKCOHOMMUM BHUPYCOB, PUHOBU-
pychl OTHOCATCSA K peanmy Riboviria, ceMencTBY
Picornoviridae, mnoncemeiictBy FEnsavirinae, pony
Enterovirus. PUHOBUPYCHI AEJSITCS HAa TPpU BUIA: A,
B, C, Ha koTopsle nipuxoauTcs 169 tumnos [8, 36],
u3 Kotopbix uszBectHo 80 TunmoB HRV-A, 32 tuna
HRV-B u 57 Tunos HRV-C [8]. OnHako ecTh gaH-
Hble 1 0 179 Tunax [1]. B 3aBucuMocTu ot peuen-
TopHOI cnenuduuyHoctu puHoBupychl (HRV) Bu-
0B A u B nmoapaszneyisitoTcsi Ha OCHOBHBIE, pelIeH-
TOPHO-CIIeU(pUUYHBbIE K MOJIEeKYJie KJIETOYHOM aj-
re3un ICAM-1, 1 MUHOpPHBIE, MPUKPETISIOIIUECS
K pelenTopy JUIOMPOTEUHOB HU3KOU MJIOTHOCTU
LDLR [13, 15]. PunoBupyc C (HRV-C) npukpe-
misercs K perentopy CDHR3 [20].

T'eHOM pPUHOBUPYCOB TIPENCTABICH OIHOIIEIO-
yeuyHoil (+)PHK. Ero niauHa cocTtaBisieT mpuMepHO
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7,2 TthIC. ocHOBaHu# [4]. K 5'-koHIly mpuKperuieH
npaiiMepHroBbIii mpotenH 5'-VPg. Jlaiee umer He-
TpaHcaupyemasi nocienoBateabHOCcTh 5'-UTR. D10
HauOoJiee KOHCepBaTUBHAas 00JIaCTh T€HOMa PUHO-
BUPYCOB, MO HEil TTPOUCXOIUT NETEKIIMsI PUHOBUPY-
COB MOJIEKYJISPHO-T€HEeTUYECKMMU MeToaamu [17].

Knaccudukanuss  pruHOBUPYCOB  OCHOBaHa
Ha CXOJICTBE B OpraHM3alMM Te€HOMa, CBOMCTBaxX
Karcujga 1 KOHCEPBAaTUBHOCTHU TEPBUYHOI MOCIIE-
noBaTeabHOCTU. PuHOBUPYCH oTHOCATCS K HRV-A
ni HRV-B, eciu onu umeror 6onee yeMm 70%
UIAEHTUYHOCTh aMMHOKMCIIOTHBIX TTOC/IEI0BATE b-
HocTeit B obnactax P1, 2C u 3CD. Bunosas kjiac-
cudukaliisg OCHOBaHA Ha IOCJEIOBATEIbHOCTIX
oenka VP1 nmu VP4/VP2 [35].

I'maBHBIMY TIPUYMHAMM BBICOKOTO pa3HOOOpa-
311 pPUHOBUPYCOB SIBJISTIOTCSI HAKOITJIEHUE HYKJIeO-
TUIHBIX 3aMEH BCJICICTBUE BBICOKOW BEPOSITHO-
CTU BO3HUKHOBEHMS OIIMOOK BO BpeMsI pabOThI
depmeHra PHK-3aBucumoit PHK-nonumepassl,
a Takxe pekomMOuHanus. Haubonblias yactora
MyTaluit oOHapy>XXMBaeTCs B ydacTKax KallCUTHBIX
0eJIKOB, 00pa3ylollnuX IOBEPXHOCTHBIE 3MUTO-
nbl (B OCHOBHOM B peruoHe VP1). PekomOuHanus
qame Bcero npoucxonutT B 5'-UTR (B mrepBy1o ode-
penb psaom ¢ IRES), pexxe — B yyacTke, KOaUpy-
o1eM HecTpykTypHbie 6esku. HRV-A u HRV-C
JacTO PEeKOMOMHUPYIOT Mexay coboit B 5-UTR
M B yyacTKe reHa rnmporteasbl 2A [35].

MoHuTOpuHT BUpYCcOB-Bo3Oyautenaeit OPBU
B Pa3HBIX CTpaHaX AEMOHCTPUPYET NPUOTUZUTEI b-
HO OJIMHAKOBYIO KapTUHY IIpe0o0JIafaHus B IUPKY-
JISIIUA PUHOBUPYCOB.

Tak, Panning M. ¢ coaBT. [34] peTpOCIIeKTUBHO
MMPOTECTUPOBaJM O0pas3lbl, COOpaHHBIC B IEPU-
on co 2 aekao6ps 2019 r. mo 28 anpens 2020 r. B UMH-
ctutyTe Bupycosioruu Bo ®paiibypre (I'epmaHwms)
OT TMAIMEHTOB cTapiie 18 JieT ¢ mpu3HaKaMu pe-
CIMpaTOPHOTO 3abojieBaHUsI, U TIPOTECTUPOBAIU
Ha pecrMparopHbie BUPYCHI. IlallMeHThl ObIIM Ha-
OpaHbl U3 MECTHBIX MCCJIEOBATEIbCKUX ILICHTPOB
Asctpuu, 'epmanuu, Hunepnannos u LI Beiiiapuu.
PunHoBupyc 6bL1 06HapyKeH B 7,2% 00pa3LoB, U SIB-
JISLICS HauboJiee pacpoCTpaHEHHBIM PeCupaTop-
HBIM BUPYCOM B UCCJICIYEMOM TpyTITIE.

Kim D. c coaBt. [23] npotectupoBanu 1217
obpasuoB u3 cesepHoil KanudopHuu Ha SARS-
CoV-2 u apyrue pecriipaTopHble BUPYCHI, BKJIIOUast
puHOBUpYC. PUHOBUpPYC OKa3ajcs caMbIM paciipo-
CTpaHEHHBIM BUPYCOM KaK cpear Oo0paslloB, OT-
puitatenbHbIX Ha SARS-CoV-2 (12,1% ot oTrpula-
TeJbHBbIX 00pa3ioB Ha SARS-CoV-2), Tak u cpenu
nosoxuTeabHbix Ha SARS-CoV-2 (6,9% ot obpas-
OB, MoJioxkuTeabHbIX HAa SARS-CoV-2).

Sominina A. ¢ coaBrt. [37] npoTecTupoBaIu 00-
pa3ubl oT 3057 malMeHTOB pa3HbIX BO3PACTHBIX
TPYIIIT U3 OeBATU OOJIbHUII-YyYaCTHUKOB B TPEX T'O-
ponax Poccuu (Cankt-Iletepoypr, HoBocubupck
n ExarepunOypr). McciaenoBaHue MPOBOAUIIOCH

¢ 52-it Hegenu 2018 r. mo 20-10 Hemeao 2019 1.
ITo monyyeHHBIM MaHHBIM, PUHOBUPYC SIBIISIJICS
BTOPBIM IO PacIpPOCTPAaHEHHOCTH BUPYCOM He-
rpurmno3Hoi atuonornu (8,2% oT o6IIero yucia
MOJIOXKUTETbHBIX 00pa3lioB).

B npyrom wucciemoBaHuu Sominina A. ¢ co-
aBT. [38] mpencTaBuIM pe3yabTaThl, MOJYYEHHBIE
B paMKax TPaAMIIMOHHOTO Haja30pa 3a TPUIITIOM.
T P-nmarsoctuka mposoguiaack B PI'bY HUU
rpunmna um. A.A. CmopomnuHueBa u B LleHTpe
BKOJIOTUM U anujaeMuoioruu rpumnmna rnpu ®rby
HULDM um. H.®D. Tamanen, npudHanHeIMu BO3
B KauecTBe HAIlMOHAJIbHBIX ILIEHTPOB IO TPHII-
ny, a Takxe B 57 pervoHajabHBIX JlJaDOpaTOpHUSIX.
Ilepyon wucciaemoBaHMsI OXBaThIBal HECKOJIBKO
ANUIEMUYECKUX Ce30HOB (¢ 2015—2016 rr. 1m0 2020—
2021 rr.). CoriacHO MOpeacTaBJIE€HHBIM JaHHBIM,
PUHOBUPYC SBJISIIICS CaMbIM pPacIipOCTPaHEHHBIM
pecnupaTopHbIM BUPYCOM HETPUITIIO3HOM 3THOIO-
TUH BO BCEX UCCIIETYeMbIX CE30HaX, 32 UCKJTIOUYSH M-
eM naHaemuyeckoro Bupyca SARS-CoV-2 B nByx
nocjaeqHuX ce3oHax. [IpolleHTHOe COOTHOLIeHHE
OT BCeX IOJIOKUTEJbHBIX BUPYCOB HETPUITIIO3HOM
3THOJOTUM COCTaBJISAIO OT 5,4 1o 6,8%.

B nuTepaTtype Takke UMEIOTCS JaHHBIE O pac-
MPOCTPAaHEHHOCTU BUIOB PUHOBHpPYCAa U UX CO-
OTHOLIEHUU npyr c¢ apyrom. Tak, Iwane M.K.
¢ coaBT. [16] peTpPOCIEKTUBHO MPOTECTUPOBAIU
Ha IpUCYTCTBUE pUHOBUPYca 1867 oOpa31oB OT Jie-
Tel MJTaIIIe 5 JIeT C OCTPBIMU PECTIMPATOPHBIMHU 3a-
oosieBaHUsIMU ¢ n1ekabps 2003 r. mo anpenb 2005 1.
B 3 okpyrax CIIA. KoHTpoJIbHYIO TpyIIIly cOocTa-
BUIM 784 pebeHKa, MoceliaBlIie KJIMHKU B 3TUX
okpyrax B riepuoj ¢ nekaopst 2003 r. mo mapt 2004 r.
U ¢ okTs0ps 2004 . mo anpenab 2005 r. HRV-A 06-
HapyxeH y 8,1% rocnuTaiu3MpoBaHHBIX HeTei
crapire 1 roga m'y 2,2% B KOHTPOJIBHOI TpyIIIie,
HRV-C — B 2,3 u 9,0% ciny4aeB COOTBETCTBEH-
Ho (y meteit 1o 8 Mmecsiuen). Cpenu aeTeit maaaie
1 roga 1 maaaiie 8§ Mecs1eB MPOLEHTHOE COOTHO-
meHue HRV-A u HRV-C 0b1710 cX0XHUM B 00enx
rpymnmnax (B OCHOBHOW U B KOHTpoJibHOI). HRV-B
OBLIO OOHapyKeHOo MeHee 1%.

Lu Q.B. ¢ coant. [24] npoTecTupoBaiu Ha30-
(dapeHrealibHble 00pa3libl, COOpaHHbIE B IEPUO
2009-2012 rr. B Kutae. Cpeau 223 o06pa310B, IO-
JIOXUTENbHBIX Ha puHOBUpPYC, HRV-A coctaBisii
54,7%, HRV-B — 5,4% u HRV-C — 39,9%.

Zlateva K.T. ¢ coaBT. [42] mpoBeau peTpocrek-
TUBHBIM aHaJM3 LUPKYISIIUU PUHOBUPYCOB B 11
eBporreiickux ctpaHax (3016 oOpa3moB) 3a TepHuox
¢ 2007 o 2010 r. YcranonyeHo, yTo HRV-A 0Obia
HauboJiee pacIpOCTPaHEHHBIM BUIOM PUHOBH-
pyca B beapruu, ®pannuu, I'epmanuu, Mramuu,
Hunepnannax, Ilonwwie, CnoBakuu, ClOBEHUU,
WUcnanuu, [IBeniyu u BentukoOoputaHuu.

IpencraBiieHHBbIE JaHHBIE CBUICTEIbCTBYIOT,
YTO CaMbIM pacCIpOCTPAaHEHHBIM PUHOBUPYCOM
B pa3HbIX peruoHax mupa spisiercsas HRV-A.
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PuHoBnpycHass MHMOEKIUSI MOXET ITPUBOAUTH
K CEepbe3HBIM MOCJIECICTBUSM JIJISI 3[I0POBbS YeJIO-
BeKa, HaITpuMep TaKUM, KaK acTMa WJIM XpOHUYE-
cKas 00OCTpyKTUBHAas 60e3Hb Jerkux [29].

B perpocnektuBHoM uccienosanuu Miller E. K.
¢ coasT. [30] GBLIO TTOKA3aHo, YTO cpean 167 meTeit,
MOJIOXKUTEJIbHBIX Ha PUHOBUPYC, OBLIW BBISIBJIC-
HBI IeTH, HAaXOMISIIIIMEeCs B TPYIIe BBICOKOTO pUCKa
BO3HUKHOBEHUS TSXKEJIBIX OCIOXHEHUMN, TaKHX
Kak actMa. B 42% o0Opa3siax oT TakKMX JeTeil ObLI
obuapyxeH HRV-C, aB 23% — HRV-A.

Cxoxue pe3yabTaThl MmokKasbiBaloT U Fawkner-
Corbett D.W. ¢ coaBsr. [14]. ITo 1aHHBIM UX UCCIE-
JIOBaHUSsI, IPOBOJAMBIIIETOCsI B bpa3unum ¢ anpens
2008 mo mapt 2010 r., pyuHOBUpPYC ObLI OOHAPYKEeH
B 18,7% cnydaeB B ob6pasuax ot 630 meTeii Bo3pac-
TOM 110 5 JieT. OObIYHO PUHOBUPYC AETEKTUPOBAJ-
csy AgeTeii ¢ OPOHXMOJUTOM, IMTHEBMOHUEM, acT-
MOI, a TaKXe CUHIPOMOM CBUCTSIIIIETO JbIXaHUSI.
Ipu aTOM y AeTeil ¢ aCTMOM M CUHIPOMOM CBH-
cTsero ApixaHus B 23% ciydyaeB ObLI OOHapyKeH
HRV-C, a HRV-A — B 5%.

B TO Xe Bpemsi, JaHHBIE O BUJIOBOM Pa3HOO0-
pasuu puHOBUpPYCcOB B Poccuiickoit Penepanuu
OYeHb OTpaHUYEHBI, B CBS3U C YeM H3YyUYCHUE MX
TeHEeTUYECKON XapaKTePUCTUKU TIPEICTaBIISICTCS
Ba>XKHBIM JIJIST OTEYECTBEHHOM HAYKHW U IPAKTUKH.

%

Martepuanbl 1 MeTob!

B nabGopatopuu MOJIEKYISIPHON BUPYCOJIOTUU
®dIr'bY HUMU rpunma um. A.A. CMopoaunHIeBa»
MunsnpaBa Poccum ucciemoBanHo 13 046 oGpa-
30B (Ma3KU U3 HOCO- U POTOIJIOTKHU) OT OOJBHBIX
OCTPBIMM PECMUPATOPHBIMU WHOEKIIMSIMHU, TOC-
nutanusupoBaHHbix B CII6 I'BY3 Knunuueckas
uHdexkumnoHnHas 6oapbHuLa uM. C.I1. bBorkuHa (n =
11 424), CII6 I'bY3 [eTckast ropoackKast 00JIbHHUIIA
CB. Onbru (n=555), CII6 'bY 3 JleTckasi ropoackast
kanHn4yeckas 6onpHua Ne 5 um. H.®. ®unarosa
(n = 366) B nepuon ¢ aeka6pst 2020 r. 10 OKTIIOPH
2021 1.

Hetexuuto Bo3oynuteneit OPBU, Bkiouas pu-
HOBUPYCHI, npoBoauau metonoM [ILIP B pexume
peajbHOr0 BPEMEHU KOMMEpPYECKUMU HabopaMu
«AmruinCenc ® OPBU-ckpuH-FL» (LleHTpanbHbIH
HAaY4YHO-UCCIEA0BATEIbCKUN MHCTUTYT MU IEMHUO -
jgoruu PocnotpebHan3zopa, Poccus) B cooTBeT-
CTBUU C UHCTPYKIIUEN NPOU3BOAUTEINA. [JeTeKIIUIO
BUpYyCa IrpuIlia Takxe nposoauu metogom I[P
B PEXWME peajibHOTO BPEMEHU KOMMEPUYECKUMU
Habopamn <«AMIuMCenc® Influenza virus A/B-
FL» (LleHTpaJibHBITT Hay4YHO-UCCIIETOBATEIbCKUNT
UHCTUTYT snuaemuojiorun PocnorpedHanzopa,
Poccus) B cOOTBETCTBUM C MHCTPYKIIUEN MPOU3-
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Influenza viruses B

Respiratory syncytial viruses

PucyHok 1. CTpykTypa Bo30yauTteneit OPBU B anuaemuyeckue ce3oHbl ¢ 2016-2017 go 2022-2023 rr.
Ha Tepputopum CaHkT-MeTepOypra (AaHHbIe NpeAcTaBneHbl 6e3 yyeta 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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poautens. dertekuuto SARS-CoV-2 ocyuiectBias-
au MetonoMm ITIHP B pexxume peaibHOro BpeMeHU
Habopom «Novel Coronavirus (2019-nCoV) Nucleic
Diagnostic Kit (PCR-Fluorescence Probing)»,
(Sansure Biotech Inc., KHP) B cooTBeTCTBUM C UH-
cTpyKuueit mpousBoautens. MccnenoBanue reHe-
TUYECKOr0 pa3HOO0Opa3rsi pUHOBUPYCOB OCYIIECT-
BJISJIOCH KaITUJIJISIPHBIM CEKBEHUPOBAaHUEM C HC-
MOJIb30BaHUEM MNpaiiMepoB, aMITJIU(MUIIUPYIOMINX
obsacts VP4/VP2 reHoma puHOBUpYyca 1 pa3pado-
taHHbIX da Costa Souza L. ¢ coaBr. [9].

W3 6a3b1 nanHbix GenBank 11 BeipaBHUBaHUS
MOJIYYEHHBIX ITOCJIEIOBATEIbHOCTEN OBIJIM B3SITHI
MOJIHbIE TEHOMBbI PUHOBMPYCOB. BbIpaBHUBaHUE

HRV-A60

HRV-A32 39

3%

HRV-A67
8%

HRV-A58 -
3%

Wt
i)
Y

HRV-A30
8%

HRV-A57
8%
HRV-A21

5%

HRV-A11
5%

HRV-A54
5%

1y

npoBoausock B nmporpamme MAFFT [22], duno-
TEHETHUYECKOE NIepeBO TMOCTPOEHO B MpOrpam-
me RAxML [39], Bugyaauszauus IpoOBOAMIACH
B FigTree.

PesynbraThl

Hamu Obliu coOpaHbl M IIpOaHAJIU3UPOBAHBI
MaHHBIC 32 CEMb CE30HOB SITUASMHUUECKOTO TTOIbe-
ma 3aboseBaemoctu OPBU ¢ 2016—2017 no 2022—
2023 rr. B Cankr-IleTepOypre, mojiydeHHbIE B paM-
Kax Hajazopa 3a rpunmnom 1 OPBU, nmpoBogmumoro
nabopaTopueil MoaeKyasipHou Bupycoaorun HUN
rpurniia uM. A.A. CmoponuHiieBa. CorjlacHO 3TUM

HRV-A22
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HRV-A82
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HRV-A61
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HRV-A101
3%

HRV-A12
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HRV-A28
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HRV-A53
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HRV-A8 0
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PucyHok 2. dunoreHeTuyeckoe AepeBo, AEMOHCTPUPYIOLLEee reHeTu4eckoe pasHooGpasue TUNoB
puHOBUPYCOB A, BbiiBIeHHbIX B 2020-2021 rr. Ha TeppuTtopuu CaHkT-MeTepOypra
Figure 2. Phylogenetic tree presenting genetic diversity of rhinovirus A types identified in 2020-2021 in St. Petersburg
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maHHBIM, Ha Tepputopuu CaHkT-IleTepOypra pv-  TOBBIM IMKJ MEHBIIIE WJIX paBeH 26), U3 HUX JIUIITb
HOBUPYCHI SIBJISIIMCh OHUMU W3 CaMbIX PacIpo- 71 (17,03%) puHOBUpPYC OBLI TUITUPOBAH.
CTpaHEHHBIX BO30yauTeaeit HErpUMMO3HOU 3THO- Hawubosee pacnipocTpaHEHHBIMHU OKa3aJIUCh PU-

goruv. OHU HUPKYJIUPOBAIM Ha MPOTsIKeHUM  HoBHpPYchl HRV-A — 55% (n = 39) ot 0o61iero uuc-
BCEX SMUAEMUUYECKMX CE30HOB C MpeodJagaHUEeM  Jia TUIIMPOBAHHBIX 00pa3ioB. Cpeau HUX oOHapy-
B oceHHUM mepuon (puc. 1). CieayeT OTMETUTD, »keH 21 Tun. HauboJjiee pacnpocTpaHEeHHBIM TUTIOM
YTO PUHOBUPYCHI ITPOAOJIKAIN aKTUBHO UPKYJIU-  okazajics HRV-A46 — 13% (n = 5) BupycoB, 15%
poBaTh Ha (OHE PMUIEMUYECKOr0 paclIpocTpaHe- (HRV-A30, HRV-A44 u HRV-A47, n = 6) oTHOCH-
Hus Bo3oyautenss COVID-19 (cezonni ¢ 2020—2021 JIUCh K MUHOPHOM I'pynre puHOBUPYCOB (puc. 2).

no 2022—2023 rr.), B TOM YUCJIe U B BECEHHU I Te- Punosupycst HRV-B 1 HRV-C 6b111 06Hapy-
puon. Ilpu 3TOM B MEpBBHIN MaHAEMHWYECKHUI Te-  XXEHbI B paBHOM KoJimyecTBe — 110 16 (23%). Cpenu
puoOI PUHOBUPYCHI LUPKyaupoBaiu paBHoMepHO  HRV-B o6HapyxeHo 8 Tunos (puc. 3). CambiM pac-
Ha MPOTSIKEHUU BCEro CE30Ha. npocTpaHeHHBIM oka3zajics HRV-B06 (n = 5, 31%
W3 13 046 viccaemoBaHHBIX 00pa30B BBEISIBJICHO  OT BCeX OOHapyKEHHBIX PUHOBUPYCOB Buaa B).
417 (3,2%) noJIOXKUTEAbHBIX Ha pUHOBUPYC (Mopo-  OngwmH He TUnMpoBacs (6%).
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PucyHok 3. PunoreHeTuyeckoe aepeBo, 4EMOHCTPUpYIOLLLEee FreHeTu4Yeckoe pasHoobpasue TUNOB
puHoBMpycoB B, BbisBneHHbix B 2020-2021 rr. Ha TeppuTopum CaHkT-MeTepOypra

Figure 3. Phylogenetic tree presenting genetic diversity of rhinovirus B types identified in 2020-2021 in St. Petersburg
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Cpeaun HRV-C ob6HapyxeHO 7 TUIIOB, U3 HUX
caMbIMU pacrnpocTpaHeHHbIMU Obliu HRV-C42,
HRV-C32 u HRV-CI15 (o 19%, n = 3). OauH 06-

pasen (6%) He TuTIMpoBaicd (puc. 4).
B tabn. 1 mpencraBieHa Bo3pacTHasl XxapakTe-

pUCTHUKA MAallMeHTOB, OT KOTOPBIX OBLIN MOTYYEeHBI
00Opa3siibl. BEI3BIBalOT MHTEPEC JaHHBIE O B3aUMOC-
BSI3W MEXX1Y BO3PAacTOM MallMeHTOB U BUJIOM PUHO-
Bupyca (ta6J. 2). Tak, cpeau nepedoJieBIINX pUHO-
BUpPYCHOU MHpekueit, BeizBaHHOW HRV-A, npe-
o0ylaaroT MalMeHTHl B Bo3pacTe oT 18 mo 65 jer
(57,5%), pexxe ee perucTpUpOBaI y JeTei W IO~
poctkoB. HRV-C B ocHOBHOM oOHapyXwuBaJjcs

HRV-C30
6%

y nereit o 2 net (43,75%) u B3pocabix 18—65 et

(31,25%). Ipu atom HRV-B 0b11 0OHapy>keH uc-
KJIIOUYMUTEIBHO y B3pOoCibiX manueHToB (100%).
Hamu ObliM comocTaBlieHbl JaHHBbIe 00 ycTa-
HOBJICHHOM BHUJE€ PUHOBUPYCAa U NUArHo3e Maiu-
eHTa (tabu. 3). Tak, HRV-A u HRV-C BuigiBAsI11
y OOJBHBIX C Pa3JIUYHBIMU CUHIAPOMaMU IOpa-
JKEHUST BEPXHUX M HUXXHMX JIbIXaTEJIbHBIN ITyTei
(ocTpblii pUHOGMAPUHTUT, JAPUHIOTPAXEUT, OO-
CTPYKTUBHBI OpPOHXUT, MHEeBMOHUS). OmHaKo,
puHoBUpyc HRV-B 0bL1 BBISIBJICH JUIb Y TALlUEH-
TOB cTapiie 18 jJeT ¢ KIMHUYECKUMU MPOSIBICHMU ST~

MU MHEBMOHUWU.
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PucyHok 4. dunoreHeTudeckoe Aepeeo, AEMOHCTPUPYIOLLEee FreHeTMYeckoe pasHoobpasmne TUNos

puHoBupycoB C, BbisBneHHbiX B 2020-2021 rr. Ha TeppuTopumn CaHkT-NMeTepOypra
Figure 4. Phylogenetic tree presenting genetic diversity of rhinovirus C types identified in 2020-2021 in St. Petersburg
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Ta6nuua 1. Bo3pacTHas xapakTepucTuka o6cnenoBaHHbIX NaLUEHTOB

Table 1. Distribution of patient age groups

BospacT, net
Mokasatenb Age, years
Index
0-2 3-6 7-14 15-18 18-65 >65
[lons BO3pacTHO rpynnbl 0T 06LLero yncna
nNpoTeCcTMPOBaHHbIX 00pa3LoB, % 2,6 3,0 2,3 1,2 69,0 21,9
Percentage of age group in total tested (n=333) (n=388) (n=290) (n=159) (n=28841) | (n=2800)
samples, %
[Llons BO3pacTHOW rpynnbl OT 06Liero yncna
NONOXUTENbHbIX HA PUHOBUPYC, % 11,9 17,4 1,4 5,7 45,9 77
Percentage of age group in rhinovirus- (n=48) (n=70) (n=46) (n=28) (n=185) (n=31)
positive total samples, %
Ta6nuua 2. NMpoLeHTHOe COOTHOLLUEHME BO3PACTHbIX FPYMN B 3aBUCMMOCTMY OT BUAA PMHOBUpYCAa
Table 2. Percentage of age groups related to rhinovirus type
Boapacr, net
Bug PUHOBUPYCOEB 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
HRV-A, % (n=5) (n=4) (n=5) (n=1) (n=283) (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) (h=2) (n=1) (n=5) 0

Ta6auua 3. lnarHo3bl NaLMEHTOB B COOTHOLLIEHUU C BUAAMU PUHOBUPYCOB
Table 3. Diagnosis of patients in relation to rhinoviruses species

[unarHos, KoNIM4eCcTBO CNy4yaeB
Diagnosis, number of cases
Bua puHosupycos OGCTPYKTMBHBbIiA OcTpbiii
Rhinovirus species MueBMOHMS 6poHXMT puHodapuHrut | JlapuHroTpaxeut Cregs ropraxu
Pneumonia Obstructive Acute Laryngotracheitis of th%nlc;flsnx
bronchitis nasopharyngitis y

HRV-A 12 1 1 2 1
HRV-B 7 0 0 0 0
HRV-C 1 3 3 1 0
Ob6cyxaeHne clenoBaHUAX, puHOBUpPYycoB Buaa B u C ObL10 ne-

Esneau C. ¢ coaBrt. [12] npoaHanusupoBaB 31
HUCCeOBaHUE, OTMEYaloT, YTO B «IOKOBUIHBIN»
nepuon Haubojee paclHpoCTpaHEHHBIM BUIOM
pUHOBUpYCa SIBJISJICSI A, BTOPO€ MECTO 3aHMMal
puHoBupyc C. Pexe ompenensiiu puHoBupyc B.
B cBomo ouepenb, HanboJIee pacpoCTpaHEHHBIMU
TUIIaMU aBasiioTca A-12, A-78 u C-2.

I[MonyyenHsle HamMu pgaHHble 110 CaHKT-
INeTepOypry Takke CBUIETEILCTBYIOT O IpeBa-
JIUPOBAHUU B LMPKYJISILIMU PUHOBUPYCOB BUIa A
(55% cpean TMNMPOBAHHBIX BO30yaUTENIel PUHO-
BUPYCHOI MH(MEKIMU), YUTO COOTBETCTBYET OOIIE-
MUPOBOI TeHAeHIMU. Tak ke KaK U B IPYTUX UC-

TEKTUPOBAHO 3HAYMTEJILHO MeHbIIIe [3, 9, 13].

I[IpeacraBasiioT MHTEpeC aHAJIMU3 ILUPKYISI-
U1 pUHOBUPYCOB B ¢oHe sanmunemuu COVID-19
B Cankrt-IletepOypre. M3BecTHO, 4TO pacrpo-
cTpaHeHUe HoBoro kopoHaBupyca SARS-CoV-2
COIPOBOXIAJIOCh CYIIECTBEHHBIM OTpaHUYCHMU-
eM LUPKYISIIUU 1LIeJOTo psaa BO30yauTenei ce-
30HHBIX PECIIUPATOPHBIX MHMEKIIN, 32 UCKIIIO-
YeHMEeM PUHOBUPYCOB M PeCHUPaTOPHO-CHUHIIU-
TuanbHoro BuUpyca [5]. CorjacHO MOJy4eHHBIM
HaMU JaHHBIM, B 3TOT IIEPUOJ CAMBIMM PaCIIPO-
CTpaHCHHBIMU OKa3aJIUCh PUHOBUPYCHI BUAa A,
4TO COOTHOCHUTCsA C JOPpYrmMu HUCCJICAOBaHMA-
mu [2, 21, 40].
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Tak>ke HaMU YCTaHOBJICHBI BO3pacTHbIC U KJIH-
HUYECKUE pa3jinuMsl B 3aBUCUMOCTHU OT BUJIa PUHO-
Bupycos. Tak, HRV-A npeob6ianaioT cpeau nalueH-
TOB BBo3pacte oT 18 1o 65 net, HRV-C — B ocHOBHOM
y AeTei 10 2 JeT U B3pociabix 18—65 jet. ITpu aTom
HRV-B BbISIBASIJIM UCKJIIOUUTENBHO Y MallMEHTOB
crapiie 18 jieT ¢ MposIBJICHUSIMUA TTHEBMOHUHM, TOTIa
kak HRV-A u HRV-C y 60/1bHBIX C TIOpaxkeHUEM KaK
BEPXHUX, TaK M HUXKHUX JBIXaTeJTbHBIN ITyTCH.

IMpencraBieHHbBle HaMU pe3yabTaThl HE II0-
3BOJISIIOT B TIOJTHOW Mepe OLIEHUTh FeHeTUYeCKOoe

pa3HoOOpa3ne PHUHOBUPYCOB, IUPKYIUPYIOIIUX
Ha tepputopuu CankTt-IleTepOypra, BciiencTBue
Majioro KOJMYecCTBa THUITMPOBAHHBIX 0OOpPa3IIOB.
B Hacrosiimee Bpemsl mpoaojikaeTcss cOop maH-
HBIX, B TOM YHCJIe KIMHUYECKUX, TJISI OIpeaesie-
HUSI BO3MOXHOW CBsI3M BUJA/TUMAa PUHOBUpYCA
M BapuaHTa TEUYEeHUSI PUHOBUPYCHON MHOEKIINU.
Takxe paspabaTbiBaeTcsl MOAXOJA K PYTUHHOMY
MOJTHOI€HOMHOMY CEKBEHUPOBAHUIO TEHOMOB PH-
HOBUPYCOB C MCIOJIb30BaHUEM TEXHOJIOTUU aMII-
aupukauuu SMART.
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COMPARISON OF THE LEVEL OF VITAMIN D
IN PRETERM INFECTED AND UNINFECTED
INFANTS
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Abstract. Introduction. 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 11.02%8.64 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.

CPABHEHUE YPOBHA BATAMUHA D Y HEAOHOLUEHHbBIX UHOULIMPOBAHHbIX
N HEMHOULMPOBAHHBIX HOBOPOXXAEHHbIX

3akepuxamuau M.!, Bockabaau X.2, @apamap3su P.?
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Pesiome. Bsedenue. HecMOTpst Ha 3HAUMTENbHBIN MpoOrpecc B 00JaCTU MHTEHCUBHOM Teparnuu, Cerncuc Mmo-mpexxHemMy
OCTaeTCsl OMHOM M3 OCHOBHBIX MPUYMH HEOHATaTbHON cMepTHOCTH. I1ocKOIBKY YpoBeHb BUTaMuHa D BiuseT Ha Ts-
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METOJOM CJlydyaiiHoi BbIOOpKU. B rpynny nHGuuupoBaHHbIX (n = 45) ObLIM BKJIOYEHbI MJIaJEHIbI ¢ KIMHUYECKUMU
1 1a0OPaTOPHBIMU TJAHHBIMHU, COOTBETCTBYIOIIMMU MH(MEKIIVU, 1/WJTH TTOJIOKUTETbHBIMY BEICEBAMU KPOBU MJTU CITMH-
HOMO3TOBOI XUAKOCTH. YPOBHU BUTaMUHA D B CBIBOPOTKE KPOBM ONPENeIsIN Y BCcex MaaeH1ieB. bblia ucnonb3oBaHa
pa3paboTaHHasl HAMU aHKeTa, coAepxalas nemMorpacduyeckue, KIMHAYECKKME U 1JabopaTOpHble TaHHbIe MJIaJCHIICB.
CrarucTryeckast 00paboTKa JaHHBIX MPOBOAMIACH B TporpaMme SPSS 1 BKITouaia OlieHKY He3aBUCUMOTO t-KPUTEPU S
U KpUTepust Xu-kBaupar. Pezyromamor. Y 83% mianeHiieB ObL BbIsIBICH AebuLuT BuTaMuHa D, npu aTom y 34,5, 26,4
u 21,8% ycraHosieHa Tsxenast (MeHee 10 Hr/mut), ymepenHas (10,1-20 Hr/mi) u Jerkas creneHb aeduuuta (20,1—
30 Hr/Ma) cooTBeTcTBeHHO. CpemHUI YPOBEeHb coepXaHus BuTaMuHa D y mumanmeHteB coctaBuna 23,3119,40 Hr/Ma
B KOHTpOJibHOM rpymie u 11,02+8,64 ur/mi B ocHoBHoi (p = 0,000). [Tpu paHHEM M IO3AHEM CEICHCE B OCHOBHOM
TpyIIIe cpenHuii ypoBeHb BuTaMuHa D cocraBun 8,14+5,53 u 12,6249,75 ur/mi (p = 0,121) cootBeTcTBeHHO. Y 95%
WHOULIMPOBAHHBIX U 71% HeMHGUIIMPOBAHHBIX MJIaJEHIEB YpOBeHb BUTaMuHa D 6b11 MeHee 30 Hr/ma (p = 0,003).
Boigodut. lebunint ButamuHa D BcTpedaeTcest y HEOHOIIEHHBIX AETei TOBOJILHO YacTo. YpoBeHb BUTaMuHa D B ChIBO-
POTKe KPOBHU Y HEOHOIIIEHHBIX HOBOPOXKIEHHBIX C CETICCOM OBLIT HIXE, YeM y HenHuImpoBaHHbIX. Ciie0BaTeNbHO,

KOppeKuui }le(i)l/ILII/ITa BuTamuHa D MoxeT NpenATCTBOBATb PA3BUTUIO TAXKECIbIX ¢)0pM HEOHaTaJIbHOM I/IH(I)GKL[VII/I.

Karouesvie caosa: nedoHoueHHble 0emu, eumamuH D, cencuc, MeHuHeum, UH¢€KL4L10HHO€ 3(160/168(1HM€, HOSOpOOK‘()EHHble.

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 important 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 has been 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 health 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.

755



M. Zakerihamidi, H. Boskabadi, R. Faramarzi

MHdekumns n uMmyHuTeT

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 RT2100c¢
(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 (PIt < 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 1266.71+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
23.3129.40 ng/ml in the control group and
11.02+8.64 ng/mlin the case group (p =0.000). Inthe
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).

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 c9ntro| 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 0.590
Lymphocytes (%) 50.50+4.94 41.35+£16.08 0.450
Platelets (pL) 330 084+£76 026 370 180+61 132 0.238
Hematocrit (g/dl) 46.97+3.26 42.12+6.70 0.070
Vitamin D for infant (ng/ml) 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
lIess 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-
¢y [9]. Therefore, vitamin D supplementation during

Table 2. Comparison of some neonatal variables in both control and case groups

Group | Infants in the contol group Infants in 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) '
- 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 se’”mh‘,’lgg':i'gg levels
Lack of infection (normal) 23.31£9.40
Sepsis 12.21+9.27
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 infantsin the case group (with early sepsis) and 13%
of cases in the control group (without clinical and lab-
oratory evidences of infection) had severe vitamin D
deficiency (less than or equal 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-
¢y (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
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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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The results of the present study showed that
83% of preterm infants had vitamin D deficiency,
of whom almost one-third of infants had severe vita-
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tic marker with high sensitivity.
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ASSESSING A RELATION BETWEEN
COMPOSITION OF LUMINAL AND TISSUE
MICROBIOTA AND CERVICAL INTRAEPITHELIAL
CHANGES
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@ Samara State Medical University, Samara, Russian Federation

¢ Samara City Clinical Hospital No. 2 named after N.A. Semashko, Samara, Russian Federation
¢ Clinics of Samara State Medical University, Samara, Russian Federation

4 Samara Regional Center “Dynasty”, Samara, Russian Federation

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 Strepfococcus 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 Streptococcus 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 neoplasia, cervical microbiome, biopsy specimen of the cervix, bacteriological examination,
Streptococcus spp., Corynebacterium spp.
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OLIEHKA CBS131 COCTABA NPOCBETHOW U TKAHEBO MUKPOBUOTDI
C UHTPA3NUTENIMANTbHBIMU U3MEHEHUSIMU LIEAKU MATKU

Yeuko C.M.!2, JIamun A.B.!, Kazakosa A.B.!, finuenko A.B.!, Canoxkosa H.B.2, Karopkuna E.C.3,
Crosnoosa M.E.*
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Pesiome. 3ab6oeBaeMocTb pakoM lieiiku matku (PLLIM) B Poccuu no-npexkHeMy ocTaeTcsl Ha BHICOKOM YPOBHE U 3a-
HUMaeT YeTBepTOe MECTO CPEAU BCeX OHKOJNIOTHMUeCcKUX 3aboneBanmii. PIIIM mpenmecTByeT lepBUKaJbHAsT HHTPa-
SIUTEINATbHAs HEOIJIa3Msl JISTKOM, YMEPEHHOM 1 TsKeJoi cTereHn. M3BecTHO, YTO BUPYC MANTAJIJIOMBI YeTOBeKa
(BITY) cy>XUT OCHOBHOM MPUYMHOM pa3BUTHS JTaHHOM MATOJOTMU U OTBETCTBEHEH 3a 99% ciyvaeB pa3BUTHS paKa.
Hecmotps Ha nnpuuupoanue BITY oHkosornveckuii mpoiecc BOZHUKAET TOJABKO MPU HAJTUUUU OMpPeaeaeHHbIX
ycaoBuit. CyliecTBYIOT (paKTOphl pHCKa, OMOCPENOBAaHHO BIMSIONIME HA TEUEHHE M BO3HMKHOBEHMU JUCILIA3UU
ek MaTKu. B mociegHue rombsl aKTUBHO 00CyXaaeTcsl poJib LIEPBUKO-BarMHAJIbHOTO MUKPOOMOMA B BO3HUK-
HOBEHMU Y TIPOTPeCCUPOBAHUM TaHHOI MMaTooruu. MHOTHe UCCIe0OBaHUS CBUACTEIBCTBYIOT O TOM, UTO TUCOMO3,
MIpY HaJTMYMH [IEPBUKAIBHON MHTPASIUTEINATBHON TUCIIa3UK CBA3aH C IIOBHIIIIEHHOM BUPYCHO# Harpy3koii BITY,
TaKXe YTOUHSETCS POJIb KOHKPETHBIX MUKPOOPraHu3MoB. HecMOTpst Ha OBICTPO HaKaIlJWBaIOIIEeCs 3HAHUS O Xa-
pakTepe BarmHAJIbHOTO MUKPOOMOMa, TIPU HATUIUH TIPEIPaKOBBIX IIPOLIECCOB MEHKN MaTKH!, YPOBEHD €TI0 BINSHUS
Ha Te4eHHUe 3a00JIeBaHUS IO KOHIIA He M3YYEH U MPEICTaBIISICT OOIBIION WHTepec. BEIABICHE MUKPOOPTaHN3MOB
BIMSTIOIINX HAa BO3HUKHOBEHWE W MPOTPECCUPOBAHME JAHHOM IMATOJOTMHU MO3BOJUT MPOMMIaAKTUPOBATh U M30M-
paTeNbHO MOAXOAMNTH K JICUeHU 0 nrucOro3a. Lleabio Hallero nuccieqoBaHus ObIIO BEISTBUTH CBSI3b MEXKIY TKAHEBBIM
M IIPOCBETHBIM KYJIBTYPOMOM IICHKW MAaTK! 1 IIepPBUKATbHON MHTPA3NTEINAIBHON HEOTJIa3Meil TSIKeJIOM CTETIeHN.
B uccnenoBaHuu olieHMBatach MUKpOOMOTA OMOMTAaTa IEeHKU MAaTKU U CIM3UCTON 000J10YKH 1IepBUKATbHOTO KaHa-
Jla Y TAallMeHTOB ¢ LePBUKAJbHBIMU UHTPA3MUTEIMAIbHBIMU U3MeHEHUsIMU. COTJIacHO pe3yibTaTaM UCCIeN0BaHUS
MpeacTaBUTENN poja Streptococcus TOCTOBEPHO Yallle BCTpeyaJrch B OMOITATe MK MAaTKH Y MAllMEHTOK C AUCIIIa-
3Uel TSXKeJION CTENeHU MO0 CPaBHEHUIO ¢ KEHIIMHAMU 0€3 MHTPA3IUTEIMalbHbIX UBMEHEHU N 1IeMKY MaTKu, TOTAa
Kak B TIOCEBE M3 IIePBUKATBLHOTO KaHaja 3TH Pe3yJIbTaThl ObLIM COMOCTaBUMBI, a 0akTepuu u3 pona Corynebacterium
0OHapyXMBalach B OMoNTaTe IMEWKN MAaTKX B 3 pa3a Jalie, YeM B Ma3Ke CO CJIU3UCTOM 000I0UKH IIePBUKATBHOTO Ka-
Hayia. MuKkpoOroTa OMornTaTa ek MaTKH 1 IIePBUKAJBHOTO KaHala Ka4eCTBEHHO U KOJIMIECTBCHHO OTIMYAI0TCS,
B UaCTHOCTHU BCTPEUAEMOCTh IIPeNCTaBUTENCH Streptococcus spp. OTMEUaeTCs Jalle y MallMeHTOB ¢ HaIMIueM JUCIIia-
3UU MeWKN MaTKu, a Corynebacterium spp. — B OMONTaTe MIEHKN MaTKH 10 CPABHEHHIO C Ma3KOM M3 IIePBUKAJTEHOTO
KaHaja. TakuM 00pa3oM GOJIbIIOE BIUSTHUE Ha PE3yJIbTaT UMEET ClIocod coOopa MaTepuaa.

Karouesole caosa: yepsukaibHas uHMpasnumeauaibHas HeOnaa3us, YepeukaibHulil MUKpOOUOM, OUOnmam weiKu Mamxu,
bakmepuonoeuyeckoe uccaedosanue, Streptococcus 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 Lactobacillus
spp., which form the colonization resistance of the
mucous membranes. Thus, the loss of dominance
of Lactobacillus 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 Streptococcus were
found in 70% of cases, whereas in the biopsy speci-
men without dysplasia — in 21.1% of cases.

The presence of Strepfococcus 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 Streptococcus 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 Streptococcus
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 S. angino-
sus, which, along with S. 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 Strepfococcus 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 Corynebacterium 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
Morganella 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
. (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 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 specimen of the cervix
(number of patients)

Smear from the cervical canal
(number of patients)

Species of Corynebacterium spp.

Comparison group Main group Comparison group Main 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 Strepfococcus 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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MUKPOBUOJTIOMMHECKUX LLKOJ1 KASAHU
U CAHKT-NMETEPBYPIA

I.I11. Ucaea'?, B.b. Cooiiuakos’, B.1O. I'ymuiesckuii®

'®@BYH Kazanckuii HayuHo-uccae008amenbCKuil UHCMUmym anudemuonso2uu u mukpoouonsoeuu Pocnompebnadzopa,
2. Kazanw, Poccus

2@rbOY BO Kasanckuit eocyoapcmeennuiii meduyunckuii ynueepcumem Munzopasa Poccuu, e. Kazanws, Poccus
J@IbBOY BO Boenno-meduyunckasn akademus umenu C.M. Kuposa Munucmepcmea o6oponst PO,
Canxkm-Ilemepoype, Poccus

Pestome. CtaTbs monrorosieHa K 100-1eTHeMy 100uJie1o Kadbeapbl MUKpoOrooru BoeHHO-MequIIMHCKON akaaeMUuu
u 100-netuio co nHga npucBoeHust umeHu Ilactepa CankT-IleTepOyprckoMy HayUHO-UCCIEAOBATEILCKOMY UHCTUTY-
Ty 9MUIEMUOJOTUYN U MUKPOOHOJIOTUHU. B cTaThe onucaH nepron CTaHOBACHU ST MUKPOOMOJIOTHUecKuX 1Ko Kazanu
n Cankr-IletepOypra B KoHue XIX — Hauane XX B., pa3Butusg B 20—30-¢ rr. 1 Bo BpeMms Benukoit OteuecTBeHHOI
BOIHBI. CTaTbs MOCBSLIEHA UCTOPUU B3aUMOJEUCTBUS U COTPYIHUYECTBA MEXY ABYMS LIKOJaMU, UTO MOCITYXKHU-
JI0O IMITYJILCOM IJISI MX IasbHeiero ¢opMupoBaHus. B Helt ipencTaBieHBl UCTOPUUSCKIUE BEXU pa3BUTUS Kadeap
MUKpoomojornn KazaHCKoro rocyaapcTBEHHOTO MEAUIIMTHCKOTO YHUBEPCUTETa, BOeHHO-MeIMITMHCKOM aKaIeMUH,
HayYHBIX TToApasaeaeHnit KazaHcKoro HayYHO-HCCIeI0BaTeIbCKOTO MHCTUTYTA SIMTUAEMHUOIOT MY U MUKPOOUOIOTUI
n CankT-IleTepOyprckoro HayYHO-UCCIIEN0BATETLCKOTO MHCTUTYTA SMTUIEMUOJIOT U U MUKPOOUOJIIOTUU, OCBEIIEHbI
ACTIEKTHI POPMHUPOBAHU S HOBBIX HAYYHBIX HATIpaBJICHNI, JaHBI KpaTKHe OMorpaduiecKe JTaHHBIE COTPYIHUKOB Ka-
beapb MUKPOOMOJIOT MY, NEeSITEIBHOCTh KOTOPBIX ObLJIa CBSI3aHa ¢ paboOTOM B MTAaHHBIX YUpexaeHusX. [IpencraBieHbl
Oouorpacduyeckre CBeleHUs, TUYHOCTHBIE XapaKTepPUCTUKM, OCHOBHBIE HalpaBIeHUs HayYHO-TIPaKTUUYECKOW Je-
SITEJIBHOCTH M3BECTHBIX YUYEHBIX MUKPOOMOJIOroB, paboTaBIIMX B pa3Hble Mepuonbl cBoel Xu3Hu B IleTepOypre
(Jlenunrpage) u Kazanu (B.M. Apucrosckuii, P.P. Teavtuep, I1.H. Kamkun, U.U. TIpaxun, A.P. KonHona,
A.T". I'puropbeBa-bepenireiin). [TonpoOHO OcBeleHBI BOIPOCH BKJIala COBMECTHBIX MCCIEA0OBAHU I ICHUHT PAACKUX
1 Ka3aHCKUX YYEHBIX B pa3pabOTKy U COBEPIIEHCTBOBAHNE METOIOB ITPOMBIIIIEHHOTO ITPOM3BOACTBA AaHTUOMOTHKOB,
JIe4eOHO-TIpODUIAKTUYECKUX CHIBOPOTOK, bakTeprodaros B iepuoa Benukoit OteuecTBeHHOIM BOMHBI. CTaThs MOMI-
TOTOBJICHA C CTIOIb30BaHUEM MTEPBOMCTOTHUKOB: MyOIMKAIIN A, BOCIIOMUHAHU I COTPYIHNKOB Kadelpbl MUKPOOHO-
noruu KI'MY, BMA, KHUNSM, CI16 HUNDM nmenu [1actepa, TOKYMEHTOB M3 apXMBOB OTAEJIOB KaIpOB, a TAKXKe
HanumonansHoro apxuBa Pecriybnuku TaTapctan, apxuBHBIX MaTepuaioB Kadeap Mukpooduosorun KIMY u BMA.
OmnucaHbl OCHOBHbBIE HAyYHbIE TOCTVXEHUS TIPEACTaBUTENEN Ka3aHCKOM M CAaHKT-TIeTepOyPrcKOi MIKOIbl MUKPO-
0MOJIOTOB, MX HAYYHBII BKJIaJ B pa3BUTHE MUKPOOMOIOTHH. B 3aKkiT0ueHU M OTMEUaeTCss HEOOXOIMMOCTh COXpaHEHHU ST
MCTOPUYECKON MaMITH O BKJIaJle POCCUIMCKUX YUEHBIX B pa3BUTHE MUKPOOMOIOTHH.

Karouesvie caosa: ucmopus meduyunsl, MeOuyunckas mukpoouonoeus, B.M. Apucmoeckuil, kazanckas wkoaa Mukpoouosouu,
cankm-nemepOypeckas (1eHUHepaocKas) WKoaa MuKkpoouooeuU.
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PAGES OF THE COMMON HISTORY OF KAZAN AND SAINT PETERSBURG
MICROBIOLOGY SCHOOLS

Isaeva G.S.*", Shoychakov V.B.c, Gumilevsky B.Yu.c

¢ Kazan State Medical University of the Ministry of Health of Russia, Kazan, Russian Federation

b 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, P.N. 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.

MenuuunHcKass MUKPOOMOJIOTUSI CerOIHSI — 3TO
IMHAMWYHO pa3BMBAOIIAsICSI OTpaciab (pyHIaMEH-
TaJIbHOW HayKHW, KOTOpasi OTKPbIBA€T HOBbIE FOPU-
30HTbl HAlIMX MO3HAHUU MUKpOMHUpA U HAET MC-
KJIIOUMTEJIbHbIE€ BO3MOXXHOCTH J1J151 CO3/IaHU S HOBBIX
TexHoyJioruit. JIocTUKeHUsI MOJEKYISIpHOM OMOoJI0-
TMU 1 UMMYHOJIOTUU TI03BOJIUJIU OCYLIECTBUTD pe-
BOJIIOLIMOHHBI TTPOPHIB B 3TOI OTpaciu, 6aarogapst
yeMy CTajlo BO3MOXHO He TOJIbKO OBICTPO OOHapy-
XXUBaTh HEM3BECTHDIE pAHEE MATOT€Hbl U ONepaTUB-
HO pearnpoBaThb Ha HOBbIE YIPO3bl OMOJIOTMYECKOTO
MPOUCXOXAEHU S, HO U, BOOPY KM B YEJIOBEKA UHCTPY-
MEHTaMM [Jisi M3MEHEHUS TeHOMa U yMpaBJEHMS
ero (pyHKIMSIMH, peIakKTUPOBAThb T€HOMBI MUKPO-
OpPraHMU3MOB, MOJy4YaTb MUKPOOPraHMU3MBbI C 3aaH-
HBIMHU CBOMCTBaMU, paciindpoBbIBAaTbh MEXaHMU3MbI
B3aMMOJIEACTBUSI MAaKpOOpPraHm3mMa ¢ MUKpPOOUOTOM
M pa3pabdaTbiBaTh MEPhI MO MPODUIAKTUKE MHOTUX
3aboneBaHuii. Ho Bce 3TM HOCTHMKEHUS OBIIU OBbI
HEBO3MOXHBI 0€3 OCHOBATEJIbHOIro (PyHIaMEHTA,
3aJI0)KEHHOTO HallMMW MpealieCTBEHHUKaMu —
BeIUKUMU MUKpoouosoramu: U.M. MeuHUKOBBIM,
I'H. l'a6puueBckum, 3.B. EpmonbeBoii, A.A. CMopo-
MUHIIEBBIM, A.A. BOpOoObeBBIM 1 MHOTUMU APYTUMMU.

CTraHOBJIEHHE YYEHOrO HEBO3MOXHO 0e3 ydJa-
CTUS B €ro cy/nb0be HaCTaBHUKA, YUYUTE s, LIKOJIbI.
IToaTomy obOpaleHue K Hallleih UICTOPUM MOXKET MO~
MOUYb MTOHSITh UCTOKU HALLIUX JOCTUXKEHU A, OCMBbIC-

JIUTh HAIIA HEeyAadyu, YTOOBI ABUTATHCS aJIbIIIE.
OmHUM M3 TOBOIOB MOATOTOBKM 3TOM mMyOJMKa-
WU CTaJIu I00MJICHBIE COOBITUS B UCTOPUU IBYX
MUKpobuonornyeckux mkoa — Kazanu nu CaHKT-
IMetepoOypra: B 2020 r. — 100-metue xadeapnl
MUKpPOOMOJIOrMM MMeHU akaaemuka B.M. Apwc-
ToBCcKOro KaszaHCKOTro rocymapCTBEHHOTO MeEIaM-
HMHCKoro yHupepcurera u 120-nmetue Kazanckoro
HayYHO-HCCIEAOBATEILCKOIO MHCTUTYTA OIMH-
IeMUOJIOTUU W MUKpoouonornu, B 2023 1. —
100-metue xkadeapbl MukpodOuonsorum BoeHHO-
MenunuHCKoi akagemun umeHu C.M. Kwuposa
u 100-netue co nHsg npucBoeHust umeHu Ilacrepa
Cankr-IleTepOyprckoMy Hay4YHO-MCCJIEIOBATEIb-
CKOMY MHCTUTYTY SIMUIAESMUOJOTUN U MUKPOOUO-
goruu. B Hauieit myOGiuKanMM Mbl MOCTapaeMcs
OCBETUTHh OCHOBHBIC BEXW B Pa3BUTUU B3aMMOICH -
CTBUSI TUX IIPOCIABICHHBIX YUYPEXKICHUMN, OTIATh
IaHb TMaMSTHU JIOASM, BHECIIMM OOJIBIION BKJIAM
B UX pPa3BUTHUE.

Konen XIX — Hayano XX B. 03HAMEHOBAJIUCH
CTAHOBJICHUEM MUKPOOMOJIOTUN KakK (yHIaMeH-
TaJIbHOW HayKu, B KOTOPOM Beaylllee 3HAUYCHUE
CBITpaii OTKPBITHS TEHUAJBLHOrO (paHIy3CKO-
ro yueHoro Jlym Ilacrtepa. Ilog pykoBoaCTBOM
Ilactepa B co3maHHOM MM UHCTUTYTe pabdoTaiu
COTPYIHUKM M3 Pa3HBIX CTPaH, YTO CTaJIO MYCKO-
BBIM MEXaHU3MOM IJISI Pa3BUTUSI MHUKPOOMOJIO-
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CTpaHuLLbl ICTOPUM MUKPOBMONOMMYECKNX LLIKO

ruu. Cpenu JoOMMBIX yyeHUKoB IlacTepa OblI
Unbsa Unbnuy MeuHUKOB, BITOCAEACTBUN CTABLINI
ero 3amMmecTtuteneM. Jlaboparopuss MeuyHuKoOBa
OBlJIa HE TOJIbKO HayYHBIM MOApa3iaelIeHUEM
ITacTepoBCKOro MHCTUTYTa, HO U CBOeOOpa3HOit
Ky3HHUILIE KaApoB, Kyda Cbhe3XkaluChb MOJOAbIe
ydeHble co Bcell EBpoIThl 1151 00y4eHU ST 1 HAyYHBIX
ucciaenoBaHuii. Bot kak Ilonps ne Kpiou B KHUTE
«OXOTHUKHU 32 MUKPOOAMU» ITOITUYHO ONUCHIBA-
eT paboTy B 3TOli Jaboparopuu: «B aToit nabdopa-
TOPUU CTO cepacll OMJINCh KaK OOHO, U CTO YMOB
OBLIM OHEP>KMUMBI OMHOM 1 TOU XK€ MBICTIBIO — CO3-
JaTh CJAaBHYIO STTMYECKYIO MOOMY 00 3TUX... OJTyXK-
MamLIUX KJIeTKaX, KOTOpble, yUysB IMPUOIUXKEHUE
CMEpPTEIbHOTO Bpara, yCTPEMJISIIOTCSI K HEMY... U,
BCTYIMB C HUM B 001, 3alIMIIAIOT HAaC OT CMep-
Tu» [1]. B aTOl KHUTrEe cpeau MHOTOUYMUCIEHHBIX MO-
mouHukoB .M. MeuHukoBa ynomuHaetcs MBan
I'puropbeBny CaBueHKo (puc. 1).

NBan I'puropbeBuy OblJ1 KOMaHAUpPOBaH B MH-
ctutytT Ilactepa B 1895 r. I[locine okoHYaHUS Ha-
YYHOU CTaXXWPOBKU OH, BIOXHOBJICHHBINI HOBBI-
MU uaesiMu, NpuodbL1 B KoHile 1896 1. B Ka3zaHb.
WN.T. CaBuenko BcnomuHal: «CBocriuTaHHBINM B Ta-
kot atmocdepe Muctutyta [Mactepa, BOCHpUHSB-
MW erre oT MKoJAbl MHXa 1 [TOIBBICOIIKOTO MX
OTHOIIIEHUE K HayKe, BO BCEOPYKUU 3TOM MOCIe-
Hell g npuobblT B Kazane. S monyumn naboparo-
pUI0, COBEPIIEHHO HEMPUCTIOCOOJIEHHYIO K Hayy-
HBIM paboTaM, a Tak>Xe BHOBb NOCTPOCHHBIN
baktepuonornueckuii MUuctutyr. OOopymoBaTh
yupexaeHue A1 padoThl OBLIO TOrAA JIETKO: Cpe-
CTBa OTIIYCKAJIMCh IIeAPO U 30J0TOM. Yepe3 He-
CKOJIBKO MeCsIeB M3-3a TpaHUIbl NPUOBIIO BCe,
HeoOXoauMoe IJisi paboThl, U I MOT TIPOJOJIKATh
CBOM WHCCJIEMOBAaHUS B EBPOIEHCKOM HayYHOM
MmacmrTabe» [10]. B Kazanckom KMmmnepaTopckom
YHUBEPCUTETE €My ObLIO MPEII0XKEeHO 3aBeloBa-
Hue Kadeapoit oOleil maToJoruu, rae Mo3aHee,
B 1903 1., OH cTajl YUTATh CTYJACHTAM KYypPC JICKIITUH
no OakTepmojiorur. Ha mepBBIX mopax cBoeit pa-
00TeI B Ka3zaHn OH 00paTHJICS K NU3YUCHHUIO UMMY-
HUTETa NpY BO3BpaTHOM TUde. DTa paboTa Mo3BO-
nuna UBany I'puropbeBMYy HaMEeTUTh OTIIPaBHbIEC
TOYKH, B TOCJICOYIOIIEM CTaBIINEe OCHOBOM €ro
OPUTUHAJBHBIX UMMYHOJIOTMUYECKNX MICH, Kaca-
IOLIMXCS MeXaHu3Ma U NpUpOoAbl (harouMTapHON
3alllUThl OpraHu3Ma. DTOT IIPOllecC OH paccMma-
TpUBaJl B BUAC ABYyX(a3HOW peaKnuu, KaxKmas
¢daza kKoTopoil MpoTekaeT Mo 3akKoHaM (usnye-
CKOM XMMWU, CBOMCTBEHHBIM peaKLUIM aacopo-
LMOHHOTO TUTa [3].

Tak:xe [OJMKHBI OBITb OTMEUYEHBI PadOThI
WN.I. CaBueHKO, MMeEOIIME HE TOJbKO MPUKJIAI-
HOe TIpaKTUYeCKOoe 3HauyeHue, HO U TeopeThude-
CKYIO LIECHHOCTb. TaKoil SIBJSIETCSI €r0 COBMECTHAs
¢ J.K. 3abomorueim (1893) pabGora, cBs3aHHas
C TepOMYCCKU ITPON3BEACHHBIM UMM Ha CAMUX cebe
ONBITOM WMMYHHU3AIlMU ITIPOTUB XOJIEPBI dYepe3

pot. Ee mpuHIMNInaabHOE 3HAaUCHUE 3aKJII0YaeTCs
B TOM, UTO OHa SIBJISICTCSI OMHOM M3 MEPBbIX padoOT,
MOKAa3aBIINX BO3MOXHOCTb MEpPOPaIbHON MMMY-
HU3aL WU ITIPOTUB KUIIECYHBIX MH(MEKIIA.

B 1905 r. UBan I'puropbeBuY, UCXOMAs U3 CO3-
MaHHOTO MM TIPEACTaBICHUSI O MaTOreHe3e cKap-
JIATUHBI, OTKPBIJ CIIEMUMUISCKUN CKapJIaTUuHO3-
HBII TOKCUH TeMOJMTUYECKOI0 CTPENTOKOKKA
1 usrotoBus B KazaHckoM 0aKTepHOJIOTrMYECKOM
MHCTUTYTE AaHTUTOKCUYECKYIO TNPOTHUBOCKAapJa-
TUHO3HYIO JIEYEOHYIO CBHIBOPOTKY, KOTOPYIO OH
coBMecTHO ¢ npodeccopoM B.K. MeHbIINKOBBIM
anpoOupoBajl Ha OOJMBHBIX MEAMATPUUECKON KITU-
HUKMN yHUBepcutetra. MHOro jeT coycts B 1917 1.
aHaJIOTMYHas CbIBOPOTKA, N3TOTOBJICHHAS 10 TOMY
K€ MeTo#y, Oblia IMpeayioXkeHa AJIs JJIeUeHUs cKap-
natuHbl cynpyramu xxopax u ['manuc Auk, npu-
yeM aMepUKaHCKHE aBTOPHI BBIHYXKICHBI OBIIHN
MpPU3HATh IPUOPUTET BTOTO OTKPHITUS 3a IBaHOM
I'puropbeBuuem [12].

CoBepIlIEeHHO €CTeCTBEHHO, UTO, Korna B Kazanu
no nHuimaruse nmpodeccopa Hukomnast @enoposrua
Bricolikoro, ObI1 co31aH OnMH 13 nepBbiX B Poccun
b6akTepuosiornyeckux mHctutyToB, M.I. CaBueHko
C CaMOT0 €r0 OCHOBAaHUS CTaJl UTPaTh TaM TJIAaBHYIO
pousib. .I. CaBueHKO BOCTIMTAJ TIJIESIAY BbIAAIOIIMX-
Cs1 YYEHUKOB, Cpeu KOTOPBIX BhiAeasieTcs Bsiuecnan
MuxaiinoBuu ApucTtoBckuii. OH HauynMHaJl paboTy
B JabopaTtopuil (GU3MUOJIOTMIECKON XUMUM TION PY-
KoBoICcTBOM Mpodeccopa A.A. TlaHopmoBa Tocie
OKOHYaHM I MeAMIIMHCKOTO (hakynbTeTa KazaHckoro

PucyHok 1. UBaH MNpuropbeBuy CaB4eHKO
Figure 1. lvan Grigoryevich Savchenko
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HIIHE PRAREE CPELH
M CHERBOITECRIA AOI03D.

<
N

Sicnepimentenshos BCABATBzHE.

3

s, Gaxmepionozwiccxazo Hncmumyma
npu_Kasancroms Yuusepcumemm. (Omors-
aewie npop. H. I Casenra).

e

3 KA3AHB.
Tuno -autorpadin Munepatopckaro Yuusepcurera.
X 1912

PucyHok 2. 06noxka gucceprauum
B.M. ApucToBckoro

Figure 2. Cover of V.M. Aristovsky’s dissertation

Wmneparopckoro  yHmBepcurera B 1908 1,
HO B 1909 1. mepemrenr B KazaHckuit 6aKTepHOJIOT Y-
yecKUii MHCTUTYT (ObIBIIee HazBanue KHHWUHMDOM
B Havyasie XX B.), I1e NOJXy9Ina pyHIaMECHTAIbHYIO
MMMYHOJIOTMYECKYIO U MUKPOOUOJIOTMYECKYIO O~
TOTOBKY TTof, pykKoBoacTBoM Ipodeccopa M.I. Cas-
yeHko. B 1912 1. um Obla 3amuineHa JOKTOPCKas
nucceprauust: «BinusiHue peakiuu cpeabl Ha CIIe -
buyeckuii nutoaus» [3] (puc. 2).

B 1916 r. BssuecnaB MuxaiijioBu4 ObLI IIPU3BaH
Ha BOEHHYIO CJYyXOYy M Ha3HauyeH IMOMOLIHUKOM
3aBenyomero Ocoboii npabopaTopuu II0 U3TO-
TOBJIECHUIO TIPOTUBOOYOOHHOYYMHBIX IIpernapa-
T0oB «M®M» KponmrTaarckoro ¢iora («HymHOit

PucyHok 3. NMpodgeccop B.M. Apuctoeckui

n acnupaHnT 3.X. Kapumosa 3a paboroii (1931 r.)
Figure 3. Professor V.M. Aristovsky and graduate
student Z.H. Karimova at work (1931)

dopT»). 3aech Mmoa PYKOBOACTBOM Mpodeccopa
E.C.JloHnoHa OH MpUHSJI y4acTue B U3TOTOBJICHU U
MPOTUBOCTOJIOHSTYHOIM AHTUTOKCUYECKON ChIBO-
POTKM J151 IeUCTBYIOLIEi apMuu [8].
PeBouttonionHbie coobiTrs 1917 1. BHECAMN Xaoc
B paboTy KazaHcKoro 0aKTepuoJOrmyeckoro uH-
CTUTYTa, MHOTHUE €ro COTPYOIHUKU HaBCeraa I10-
kuHynu Kaszanb. Ilocne ocBoboxaeHusi Kazanu
KpacHoil apmueit B ceHTs16pe 1918 1. B UHCTUTY-
T€ OCTaBaJIMUCh TOJILKO JBa HAyYHBIX COTPYIHU-
Ka — 3aMECTUTEJIb AUPEKTOPA MO XO3IUCTBEHHOM
yactu poktop II.4. MaiikoB, BemaBLIMi TIpoO-
M3BOJICTBOM, M AaCCUCTEHT HAy4YHOTO OTIEJICHUS
B.M. ApucToBCcKUi, K TOMY BpEMEHU BEPHYBIIMU -
¢ u3 KpoHiuranra, omHOBpPEeMEHHO 3aBedOBaB-
muii 1aboparopueit KazaHckoro BOeHHOTO TOCHU-
taysa. [lo pemieHUI0 MeIUIIMHCKOro dakyJibTera
Kazanckoro yHuBepcuteta B.M. ApucToBCKUit
ObLJI HazHauyeH HOBBIM AMPEKTOPOM WHCTUTYTA.
B ostoT cinoxHbiit nepuon KazaHckuii 6akTepuo-
JIOTMYECKUI MHCTUTYT TEM HE MEHee IPOIoJIKal
(byHKIIMOHMPOBATh, O YEM CBUJIETEILCTBYIOT CBE-
JNIeHWsI O BbhIMYyCKaBIIMXCs Ipemaparax: 1919 r. —
XoJIepHasl BaKIIMHA, BaKIMHA TPOTUB KPBICUHO-

ro tuda; 1922 r. — ckapaaTUHO3HAas BaKIIMHA;
1924 r. — cTtadUJIOKOKKOBaAsI U CTPENTOKOKKOBAS
BakUMHBI, 1927 1. — nudTepuilHBIA aHATOKCUH;

1928 r. — xoJsiepHO-TU(hO3HAST AMBAaKIIMHA, TPOTU-
BONU3EHTEpPUIiHASI CBIBOPOTKA, TabJeTUpPOBaHHAS
NV3eHTepuiiHasg BakiivHa [4, 12].

BsiuecnaB MuxaiiioBu4 ApUCTOBCKUIA, Haxo-
JISICh BO TJIaB€ MHCTUTYTa U Kadeapbl MUKPOOUO-
Jloruu, co3gaHHoi uM B 1920 r. Ha MEAULIMHCKOM
dakynpreTe KazaHckoro yHuBeEpcuUTeTa, CMOT
NPOSIBUTH HE TOJBKO CBOU BblAAIOIIUECS HAyYHbIE
CIOCOOHOCTH, HO W OPraHM3aTOPCKUI TajJaHT.
B.M. ApucrtoBckuit obsanaj HEOOXOAMMOUN HJIsi
PYKOBOAUTENSI WHTyULIMeH, Ojarogapss KOTOpOU
cymMesn cobpaTb BOKPYI cebsi yUYeHUKOB-EIWHO-
MBIIIJIEHHUKOB, YTO TO3BOJUJIO MPEOIOJIETh Kal-
poBbIe TIpolOJeMbl (puc. 3).

OaHUM U3 TaJaHTAUBBIX yueHUKOB B.M. Apuc-
TOBCcKOro Obl1 Pymonbd PobGeproBuu I'enbTuep.
OKoHYMB ¢ oTiinuueM B 1914 r. UMnepaTopcKyio
BoeHHO-MeNUIIMHCKYIO aKaAeMHulo, OH TIOCTYy-
NUWJ B KaueCTBE BOJbHOOMpPEAesolerocs B 92-i
nexoTHbI Iledyopckuit TMOJK, KBapTUPOBaBIIUMA
B Cankrt-Iletepoypre. C Hauanom IlepBoii mMu-
poBoii BoiiHbl P.P. T'enbTiep mosyuyua Ha3zHaye-
HUe B JelicTByolIyo apmuio Ha FOro-3amagHblil
¢GpOHT Ha MOJKHOCTH MJajllero Bpada. B uroge
1918 r. Pymonbd IenbTuep AOOPOBOJBHO BCTY-
nuJa B psiabl KpacHoit ApMuu 1 paboTtas riiaBHbIM
BpauyoM TIOABMXXHBIX TrocmuTaneil. I[lo okoHua-
HMM BOEHHBIX AEUCTBUI OBIJT Ha3HAuYeH BpavyoOM
rapHU3oHHOU amOysiatopuu B I. Kazanu. Ilpuesn
Pynonbdpa PobeproBuua B KazaHb ObLI HE C1y4yaeH:
ero, 0OJIbHOTO CBhIMHBIM TUdOM, MpuBe3 ¢ HPOH-
Ta B Kazanpr B.M. ApuUCTOBCKUII, YTO HE TOJBKO
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cracJio XXM3Hb OyAyIlero y4eHoro, HO W oIpene-
JIUJIO €ro JajbHEeWINylo cyab0y. YXke Cc OKTSO0ps
1921 r. moa pykoBoactBoM B.M. ApucTOBCKOTO
Hayajach Hay4YHO-MeAarormyeckas AesiTeIbHOCTh
P.P. Tenpruepa — cHayvaja B JOJXKHOCTH aCCU-
cTeHTa Kadeapbl MUKPOOUOJIOTUYN MEIUIITMHCKOTO
dakynpreTa KazaHckoro yHuBepcuTeTa, a c 1925 1.
M0 COBMECTUTENLCTBY — 3aBEAYIOLIMM TUArHO-
CTUYECKUM oTaeleHneM KazaHCKOro MHKpPOOHO-
Jjornyeckoro uHcTuTtyta (HazBaHue KHHUMNOM
B 30-e rr. XX B.) [2].

B 1924—1926 rr. BBILIJIM COBMECTHBIE PabOTHI
T'eabTuepa ¢ npogeccopom B.M. ApHUCTOBCKUM,
B KOTOPBIX OIMUCHIBAJINCh HOBBIE ITUTATEIbHBIE CPE-
bl 151 KyJIbTUBUPOBAHUSI CIUpoxeT. MeToauka
KYJbTUBUPOBAHUS CITUPOXET CO3AaBajiach, IPexX e
BCETO, JJI51 BbIACEHU I BO30OYIUTEJIeil BO3BPATHOTO
tuda. B nanpHeiieM Ha KX OCHOBE OblJIa MPeao-
JKeHa TUTaTeJIbHasl cpeia Jjsl KyJIbTUBUPOBAHUS
OJIeqHON TPEIOHEMBI, BITOCJIEACTBUU ITOJTYUMB-
rast Ha3BaHMe «cpena AprucToBckoro—Ilensriepar.
Ilocne orbesna B.M. ApuctoBckoro B JleHUHTrpan
B 1932 r. Pynonrd PobepToBuu I'enpTep cTan 3a-
BeJoBaTh Kadeapoii Mukpooduosoruu B Kazanckom
roCyJIapCTBEHHOM MEIMIIMHCKOM MHCTUTYTE U PY-
KOBOIWUTh Hay4YHOU jaesTeibHOCThI0 KazaHcKoro
MUKPOOMOIOrMYeCKOTo MHCTUTYTAa (puUc. 4).

C 1932 . B.M. ApuUcCTOBCKMIA TECHO CBsI3aJl CBOIO
cynbOy c¢ JleHuHrpagoM u BoeHHO-MeIuLMHCKOMN
akanemueit umenu C.M. KupoBa, Bo3rjiaBuB Kadeapy
MUKPOOUOJIOTUU, KOTOPOI OH PYKOBOAMJI 110 1948 T.
Jlo npuxoga B.M. ApuctoBckoro kKadeapa nmesna
BBIPaXk€HHYO 3MMUIEMHUOJIOTUYECKYIO HaIlpaBJIeH-
HocTh. UMeHHO BsiuecnaB MuxaitjioBuu cosnana
MO-HACTOSIILEMY MUKPOOMOJIOrnyecKkyo Kadeapy,
CIIOCOOHYIO BBIMOJIHSITH MPAKTUYECKH BCE BUIBI
MUKPOOUOJIOTUYECKUX UCCIEAOBAHUN.

Ilpononxas uccienoBaHusi B 00J1aCTU COUPO-
XeTo30B, BssuecnaB MuxalioBuy Bea Ux Ha Kade-
JIpe B TPeX HaITpaBJICHUIX: CUDUINC, BO3BPATHHII
TU®d 1 JenTocnupo3. MHTEeHCUBHOE U3y YeHUE e -
TOCIIMpO3a ObLJIO OPraHM30BaHO H3-3a yYaCTUB-
IIUXCS BMUAEMUYECKHUX BCIBIIIEK 3TON 0OJIe3HU
Bpa3JUYHbIX palioHaX cTpaHbl. B.M. ApucToBCKU
coBmecTHo ¢ P.P. I'eapTuepom pazpaboran nuTta-
TEJIbHYIO Cpeny IJIsSI KyJIbTUBUPOBAHMUS M3BUTHIX
0akTepuii, Ha KOTOPOI B TeUeHUE 7 JIET IO IePXK M-
BaJlach YMCTasl KyJbTypa MUKPOOPTAaHU3MOB. DTO
ObUI caMblii NJIMTEIbHBIM 3KCIEPUMEHT I10100-
HOI'0 pojlia, KOTOPBIM CTajl METOMMYECKON IIpen-
MOCBIJIKOM ISl ITUMPOKMUX IKCIEPUMEHTATbHBIX
HUCCJIeIOBAHU I MO U3YUYEHUIO U3BUTHIX OaKTEepUIA.
JlaHHas cpeaa cocTosljla U3 HarpeToil KpoJudbeit
WM YeJIOBEUYECKOIl CBhIBOPOTKM C TIpUOaBJIECHM-
eM KycouyKa TKaHW MO3Ta WJIM sSuYKa KpoJuKa.
OnHako Ha JAaHHOW MUTATeJIbHOW Ccpeje HeBO3-
MOXHO OBLJIO B TIOJTHOU Mepe YBUIETh U OXapaKTe-
pU30BaTh KOJOHUU MUKpoopraHusmoB. [ToaTomy
nanpHelmue ycunus B.M. ApucToBcKoOro ObLau

COCPEeNOTOUYECHBI Ha CO3MaHUM TJIOTHOM ITUTATE I b-
HOIi cpelbl, 1JIsI KOTOpOit TpeboBaJIuCh 0COObIE yC-
JIOBUSI KYJIbTUBUPOBAHUSI.

B akamemuu BsueciaB MuxaiinoBuu cospa-
€T YHUKAJbHBII Npuoop IS KyJIbTUBUPOBAHUS
aHa’poOOB, Ha3BaHHBI B TIOCJIEICTBUM B €TO
yecTh arapaTroM ApHUCTOBCKOro. B KauecTBe
XUMMYECKOTO IIOTJIOTUTENSI KHUCIopoaa B HaH-
HOM afrapare MCHOJIb3YeTCsl CMeCh, COCTOSIIAs
u3 1 ma 20% pacrtBopa nmuporajuiona u 1 M Ha-
CBHIIIIEHHOI'0 pacTBOpa KapOoHara HaTpus. DTOT
npubOp MOT WCIIOJIb30BAThCSI HE TOJBKO JIJIs
KYJIbTUBUPOBAHUST U3BUTHIX OAKTECpUii, HO W IJIS
oOHapykeHUs MaTOreHHbIX aHa?pPOOOB — BO30Y-
auTeseil CToJOHsIKa U ra30Boil raHrpeHbl. PaboTa
HaJ 3TOi mpobaeMoii Hayaach eule B 1936 r., ox-
HaKO IO TMOJUTUYECKUM MOTUBAM ITOJIOBUHA CO-
TPYOHUKOB Kadeapbl, NMPUHUMABIINX YydYacTHe
B paboTe 1o 3Toil mpobJjiemMe, OblJla apecTOBaHa.
M3BecTHOMY MUKpPOOUMOJIOTY yIaJIOCh BHOBb BEp-
HYTbCs K paboTe HajJ MpUOOPOM JIMIIL K HavYaly
1940 r. B CBSI3U C OCBOOOXKIEHUEM U3 3aKJIIOUECHU S
¥ BO3BpallleHueM K ITpekHell padoTe 4acTu paHee
YBOJIEHHBIX COTPYAHUKOB Kadeapsl [7].

B Xxome wu3ydyeHUsI 3THX TPYIOB, OIYOJIMKO-
BaHHBIX B.M. ApUCTOBCKMM U €ro COTpyJIHMKa-
MU B mepuop 1933—1942 rr. B cBSI3U C pelIeHUEM
Hay4yHBIX 3ajJa4 Mo IpobjemMe aHa’pOOHON WH-
dexinu, ObIIM YCTAaHOBJEHBI CPOKM HE TOJIBKO
oNnyOJMKOBaHUS, HO W 3aBepIICHUS pabOThl HaJ
KaxXJbIM U3 HuX. Hanmpumep, mepBoe cooOlieHue
B.M. ApHUCTOBCKOIo MO IOBOAY pa3pabOTKU UM
OpPUTIMHAJILHOTO MUMKpOaHa’pocTaTa, MpeaHa3Ha-
YaBIIETOCSd JJII KYJBTUBUPOBAHUS TATOT€HHBIX

PucyHok 4. KonnekTus kadeppbl MUKpoGuonorum
KazaHckoro rocypapcTBeHHOro Me AULUHCKOro
nHctutyTta (1939r.). B ueHTpe — 3aB. kadpeppoim
npodeccop P.P. lenbTuep

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’po0OB, OBLJIO CIAEJaHO Ha OJHOU M3 HayYHBIX
KOHbepeH1I i, cocTosgBuuxcs B 1937 r., korna ObL1
CKOHCTPYHMPOBAH ONBITHBIN oOpasell. MeXIy TeM,
OIyOJIMKOBAaHNWE COOTBETCTBYIOIIMX  CBEACHUN
B OTKPBITOH Ie4aTH COCTOSIIOCH JuIlb B 1940 1.
OxKoHYaHWE TaKOW pa3pabOTKU O3HAYAJIO IIEPEXO.
OT MPUMEHEHUS OMBITHBIX O0Opa3IlOB YKa3aHHOTO
arirapara K CepuiHOMY ero IMpOU3BOICTBY B IPO-
MBIIIUICHHBIX MacIITabax.

ComnocTaBisisi CpPOKM YKa3aHHBIX M3MeHe-
HUII B pelieHuu IpobJieMbl aHa’pPOOHBIX MH-
deknuii Ha Kadeape MuKpoodbmoysornu BoeHHO-
MEIUIIMHCKOW aKaJeMU U C TIepUOIaMHU TTOTEPH CO-
TPYAHUKOB HaydyHOI rpynibl B.M. ApucToBcKoro
M0 MOJUTHUUYECKUM MOTHUBaM, MOXHO yTBEepXIaTh
0 3aBHCUMOCTU MEXY PEIPEeCcCUsiMU, UMEBITUMU
MecTo B 1938 1., 1 OTCYTCTBUEM HOBBIX PE3YIbTAaTOB,
HE JOCTUTHYTBIX UMU B T€YCHHUE ABYX ITOCICAYIO-
mux JjieT (1939—1940). HecmoTpst Ha MHOTOYMCTIEH-
Hble 3acayru B.M. ApucrtoBckoro B 1938—1939 rr.
B TeueHUe 14 MecsieB OH HaAXOMUJICS B 3aKJIIOYe-
HHUU, TI0CJIe Yero ObLT 0cBOOOXAeH. OgHaKO Mpu-
YUHBI U OOCTOSITEJIbCTBA apecTa He ObLINU BBISIC-
HEHBI, YTO IMPOI0JIKAJIO OCTaBAThCSI MCTOYHUKOM
JIETEH]T 00 TOM Mepuoae XKMU3HM yueHOoro. 1o aToro
OH ObLT apecToBaH B 1931 1. mo cTatbe 58 u ObLI pea-
OMJIMTUPOBAH TOJIbKO B ¢heBpase 1998 r. HayuHoit
rpynne B.M. ApucTtoBckoro aias1 pa3paboTKu HO-
BOr0 MeTona 0aKTepHOJIOTMYECKON TMAarHOCTUKU

B. M. Apucmo

u. &. Muzracebuu

«

VYEBHUK
MEAUIHHCKOT
MUKPOBIOAOT TN

PucyHok 5. YueO6Huk «<MepuumHckas
MukpoGuonorus» B.M. ApuctoBckuii,

W.E. MunkeBuny, C.M. ®pup. 1949 rop,

Figure 5. V.M. Aristovsky, I.E. Minkevich, S.M. Frid.
Medical microbiology. Textbook. 1949

BO30yIUMTENIE ra30BOM raHTPEHBI MOTPEOOBATIOCH
9 net (1933—1942). BmecTe ¢ TeM 3TOT NEPUO CO-
IepKaJl ITJIUTEJIbHBIN IIepepblB B HAYYHO-UCCIC-
IOBAaTEIbCKOM IeSITeIbHOCTU YKa3aHHOW TPYIIITHI
(1939—1940), cBs3aHHBINM C perpeccUusIMU 3HAYU-
TeJIbHOM YaCTU €€ COTPYAHUKOB.

Takum 00pa3oM, HOBBII METOJI OAKTEPUOIOTYE-
CKOW IMarHOCTUKHU BO30YOUTEJICH Ta30BOM TaHT PEHBI
B COOTBETCTBUM C yKa3aHHOI KOHIIEITIIUEN MOT ObITh
pa3paboTaH coTpyTHUKaMU Kadenpbl MUKPOOHOJIO-
ruu B 1940 1., cyns 1o hakTUIECKUM 3aTpaTaM Bpe-
MCHU, TTOTPEOOBABIITNMCS IJIST pEIIICHU ST HECKOJIBKIX
HAyYHBIX 3aJ1a49, CBSI3aHHBIX C HUM.

B BoeHHO-MeOMIIMHCKOW akKaaeMuu aBTOP-
CKHM KOJIJIEKTUBOM BO rjiaBe ¢ B.M. ApucTtoBcKUM
HaIllMcaH W OBaXIbl M3maH (QyHIaMCHTAJIbHBIN
y4eOHUK «MenuiunHcKass MuKpoouosorus» (1945,
1949), KoTOpPHBIit ObLIT JOJTOE BpeMs JIYUYIIUM yueo-
HBIM PYKOBOJCTBOM JIsSI CTYAEHTOB MEIUIIMHCKUX
BY30B M IIPaKTUICCKUX MUKPOOHNOJIOToB (pHc.5).

6 asrycra 1938 r. HayaJbHUKY Kadeapbl MU-
KpobOuojiorui BoeHHO-MeAUIIMHCKON aKaaeMUu
B.M. ApuCTOBCKOMY OBIJIO NPHUCBOEHO 3BaHUE
OpuragHOro Bpaya, a yxXe B (eBpane 1943 r. —
3BaHME TreHepall-Maiiopa MeIULIMHCKON CJYXKOBbI.
Axanemuk AMH CCCP (1945). 3acayXeHHbIi
nesatenb Hayku PCOCP (1945), KoncynbraHT
[maBHOTO BOGHHO-MEOMIIMHCKOIO YIIPaBJICHUS
JIeHMHTpaJCKOTO BOGHHOIO OKpyra Mo BOIpocam
npenynpexacHuss WHGOEKIIMOHHBIX 3a00JIeBaHUI
B Boiickax B.M. ApuctoBckuii yiuen M3 XHU3HU
B 1950 r., moxopoHeH Ha borocioBckoMm Kiagouiie
Cankrt-IletepOypra [13].

B.M. ApuUCTOBCKMM coO30aHa KpyIHehas
COBETCKasl IIKOoJa MUKPOOMOJIOrOB, MUMMYHO-
JIOTOB, CIHUpOXeToiaoroB. Cpemud ero Y4YEeHHKOB
obutn nipodeccopa M.U. Mactbaym, b.JI. Ma3zyp,
P.P. Tenpruep, A.®. Aracdonos, I.I. Kouagpathes,
3.X. Kapumosa, M1.A. Cupoxo.

Cuia B.M. ApuctoBckoro — Oiner BssueciiaBoBuu
ApPHUCTOBCKMIA, MOTKOBHUK METUIIMHCKOMN CIYKOBI,
cTaJl. BOGEHHBIM BpavyOM-WUH(MEKIITMOHNUCTOM, TaK-
JKE CBSI3aBIIMM CBOIO XXU3Hb ¢ akageMueil. B rombr
Benaukoit OTedyecTBEHHOII BOWHBI — HavaJlbHUK
oTmeneHns sBakorocnuransg Ne 1767, MOMOIIHUK
HavyajabHUKa rocnutaias Ne 379 (4-if YkpamHCKUL
dponT). B nmepuon ¢ 1957 nmo 1962 rr. ObLI IyIaB-
HBIM MHQEKIIMOHUCTOM ['pyTIIIbl COBETCKUX BOMCK
B 'epmaHum.

Houb B.M. ApuctoBckoro TartbsiHa Bsuecna-
BOBHa OblJla M3BECTHA KakK co3JaTesib HayYHOM
IIKOJIBI MUKPOOMOJI0OroB-rouBoBenoB. Crienua-
JIUCT B 00JIACTH MCCJIEMOBAaHU (DU3MOIOTUISCKIX
OCOOEHHOCTEN CEeBEepHBIX pac MUKPOOPTaHU3-
MOB M MX OTHOIIEHWS K YCJIOBUSIM CpEIBI, MpU-
MEHEHUs OakKTepualbHBIX YIOOPEHU mJIs IIO-
BBIIIICHUS TUIOMOPOAMST CEeBEepHBIX IMOouB. Hapsamy
C APYTMMHU yYEHBIMU OHa cTaJla OCHOBaTeJIeM T10-
YBEHHO-TEHETUYECKOrOo HampaBJIcHUs B IOYBEH-
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HOU MuKpoOuonoruu. Asrop 117 HaydyHBIX padoOT,
B TOM umucyie 2 MoHorpaduii, jgaypear IpeMUU
um. okyuaesa AH CCCP (1970) 3a MmoHorpadpuio
«MuKpobuoJorrs TMOA30JUCTBIX IMOYB», BBIIIEI-
mryto B 1965 1., 1 mpemun uMm. Bunbsimca BACXHIJT
(1982) 3a MmoHorpaduto «MuKpobrogorrs nporec-
coB nouBooOpazoBaHus» (1980). B 1990 r. Tares-
Ha BsuecnaBoBHA BbIIIJIA Ha TIEHCHIO M B CBSI3U
C CeMeMHBIMU OOCTOSTEIbCTBAMU SMUTPUpOBAJIA
B U3pannb. IToxopoHeHa B Uepycanume. Ee mnan-
mui celH Anekcanap CamyunoBuu ['pebenbcKuii
TaK>Ke cTaJ MUKpPOOUOoJoroM, kxuset B Uepycannme.

PonHoit BHYykK B.M. ApUCTOBCKOTO 4JIEH-KOP-
pecrionaeHT PAH npodeccop bopuc BacuabeBuu
I'poMoB, TomnepXkuBass ceMeiiHble TpaaUIINH,
IJUTEJIbHOE BpeMs BO3TJIaBJsII Kadenpy MUKPO-
ouosiorun JIGHMHTPAACKOrO TOCYAapCTBEHHO-
ro yHuBepcuteta. b.B. 'poMOB — BblaalOINIi-
cs CHelUuaiucT B 00JacTU LIMTOJOTMU W OUOJIOo-
ruu OakTepuii U BUPYCOB BOAOpOCJel, JlaypeaT
T'ocynapctBenHoit npemuun CCCP, 3acnyxXeHHbIit
nesartesb HaykKu Poccuiickoit ®@enepanyu. Yiesn
u3 xu3Hu B 2001 r.

B 30-x rr. Ha kadenape Mmukpooduonoruu Kazan-
CKOT'0 TOCYJIapCTBEHHOTO MEIUIIMHCKOTO WHCTU-
TyTa HayaJs cBoto padboty MUBan MBaHoBuY IpsixuH,
CTaBIIWI BIOCJEICTBUU CTApPIIMM HAayYHBIM CO-
TPYOIHUKOM Kadeapbl MuUKpooOuosorun BoeHHO-
MEIULIMHCKOM aKkageMuu (puc. 6).

BoeIxomeln U3 KpecThbIHCKOW ceMbd, OH B BO3-
pacTe 25 neT MmOCTYyNUJ Ha MeAULMHCKUN da-
KyabTreT KaszaHckoro yHuBepcuTeTa, COBMeEIaa
yueOy U paboTy caHUTaApHbIM WHCIIEKTOPOM,
M YXe BO BpeMs yueObl POSIBIISIT MHTEPEC K MU-

PucyHok 6. UBaH UBaHOBMY MpaxuH
Figure 6. Ivan Ivanovich Pryakhin

KpoobuoJjioruun. Ilocie okoHUYaHUSI YHUBEPCUTE-
Ta B HOsA0pe 1934 1. Obl1 3a4lMClieH B aCOUPaHTYpPy
Ha kadenpy Mukpodbuonsoruu KazaHckoro me-
MUIIMHCKOTO WHCTUTYTA, MOCJIE OKOHYAaHUS KO-
Topoit B 1937 1. mpomoyixkua paboTy Ha TOW Xe
Kadeape B MOJKHOCTM acCCUCTEHTa, OJHOBpE-
MEHHO SBJISIICh penakTopoM raseTbl «KpacHbIii
menuk» [4, 6]. Ocennto 1938 r. U.W. IlpsixuH 661
npusBaH B kKaapsl PKKA u HanpasieH u3 Kazanu
Ha BOGHHYIO cJ1y>kKO0y B JIeHMHIrpaa Ha JOJKHOCTh
MJaAlIero IpernogaBaresist Kadpeapbl MUKPOOUO-
noruu BoeHHO-MEIMIIMHCKON aKaJeMHWHM C ITpU-
CBOGHUEM BOWHCKOTO 3BaHUSI <«BOGHBpad 3-TO
paHra». Bo BpeMsl COBeTCKO-(DUHISITHICKOI BOWHBI
B 1939 r. 6611 KOMaHIUPOBAH B MOJIEBOI MOABUXK-
HBIII BOGHHBII TOCIHUTAb B KayeCTBE Bpada-0ak-
TepuoJioTa, TIe Ha IMpakTUKe B TSKEJIbIX (hpoH-
TOBBIX YCJOBUMSIX MHPOBOAMUJ MCIBITAHUE MHMKPO-
aHaspocTtara B.M. ApuctoBckoro. B Hosiope 1941 r.
N.N. TIpgxuH BMecTe ¢ COTPYAHUKAMU Kabeapbl
MUKpobOuosoruu BoeHHO-MeaAMIIMHCKOW akaje-
MuUM ObLI HampasjieH B I. CamapkaHa Y30eKCKOU
CCP, a B 1944 r. BepHyJicd B JleHUHIpand, MOJIy4rB
Ha3zHauyeHWe Ha JOJKHOCTh HavyaJbHUKa jabopa-
TOpUU IpU Kadeape Mukpooduosoruu. [pogonaxus
Hay4dHYIO AeATeJbHOCTb, B 1946 r. U.W. Tlpsaxun
3aIUTUI KaHIMIATCKYyl0 AWCCEPTAIIUI0O Ha TeMy
«DKcTnepuMeHTabHasl OlIeHKAa OCHOBHBIX METO/IOB
0aKTEepUOJIOTMYECKOI0 aHaJiiu3a BO30yauTeIei ra-
30BOU TaHTPEeHbI» [7].

B roasl Benaukoit OTeyecTBEHHOW BOWHBI
Kazanp Oblia BeIOpaHa OMHUM M3 TJIaBHBIX 2Ba-
KYallMOHHBIX LIEHTPOB, B PE3yJIbTATE Yero B TOPOJI
ObLJIM TIEPEAUCTIOLIMPOBAHBI HE TOJBKO MHOTHE

PucyHok 7. Konnektus kadepnpbl MUKpoGUuonorum
KasaHckoro rocypapCTBeHHOro Me AULUHCKOr 0
umHcTutyTa (1944 r.). B ueHTpe — 3aB. kadeppoii
npodeccop MN.H. KawkunH

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. AHHa PomaHoBHa (PyBumoBHa) KoHoBa
Figure 8. Anna Romanovna (Ruvimovna) Konova

M POMBIIIJIEHHBIE TPEATTPUSITUS, HO U HAYYHbIE yU-
pexaeHus cTpaHbl. YXe B aBrycte 1941 r. B KazaHb
OpuObLIN BeAyLIUE COTPYAHUKU MOCKOBCKOTO
UHCTUTYTa UM. [aMasied, pa3BepHYBIIUE PadOTy
Ha 0a3e Ka3aHCKOTO MHCTUTYTa SMUIEMHUOJIOTUN
u mukpodbuosioruu (KMOM — ObiBuIee Ha3Ba-
Hue KHUMNBM). Bckope K HUM MPpUCOEIUHUIIACh
U O6oJblIas rpynmna JEHUHTPAJCKUX YUYEHBIX, B UX
Yuciae OblJT OCHOBOIIOJIOXKHUK MEIUIIMHCKONW MU-
Kojoruu npogeccop Ilerp Hukomaesuy KamkuH.
OH BO3M1aBUJI SKCIEPUMEHTAJIBHY O TaOOPATOPUIO
KHNBM, a ¢ 1943 no 1945 rr. pykoBoaui kadeapoi
mukpobdbuonornu KI'MU (puc. 7).

Takoe HayyHOE MOIOJHEHWE, KOHEYHO, CaMbIM
O0JTarOTBOPHBIM 00Pa30M CKa3aj0Ch Ha NESITEIbHO-
CcTH 000UX UHCTUTYTOB. MlccienoBaHU S BOEHHBIX JIET
OBUIM TIOCBSILEHBl U3YUYEHUIO NEUCTBUS aHTUOUO-
TUKOB Ha MAaTOr€HHbIE MUKPOOPraHU3MBI, TPU STOM
paboTa mpoBOOWJIACH C TPAMULIUIWHOM, MULETHU-
HOM, aCNepPruJIIMHOM U TTIeHULMJIJIUHOM [3]. JlolieHT
Kadenpsl Mukpooduosorun KazaHckoro MeauiivH-
ckoro mHctutyta E.K. HaymoBa B cBoeit pabdote
«ACTIEpruJUJIMH U €ro aHTUOMOTUYECKOE NEUCTBUE
B YCJIOBUSIX 3KCIIepUMeHTa U KiauHuku» (1951 1.
TaK OIUCBIBAET ATOT MEPUOI: «3aIlpoc Ha JieKap-
CTBEHHBbIE MpenapaTrbl 0COOEHHO ObLT BEJIUK B TOMIBI
Benukoit OTeuecTBEHHOU BOMHBI, KOTAA ObLJIO HYX-
HO UCITOJIb30BaTh BCE CPEACTBA IJISI CITACEHUS paHe-
HBIX BOMHOB, 3allIMIIIaBIINX COBETCKOE TOCYAapCTBO.
Ilo npennoxenuto npodeccopa I1.H. Kamkuna
Hama kadenpa BKIJIOYWIACH B U3YYEHUE AHTU-
ouotukoB» [8]. B 1945 r. Bnepsbie B CCCP Ha 0a3ze
KWBM npu HayuHoMm pykoBoactse I1.H. Kamkuna
OBLI pa3BEpPHYT MPOMBIIIJIEHHBI BBIITYCK T'PaMULIU-
nuHa. Ilociie Bo3BpalueHus: B 1945 r. B JleHuHrpan
I1.H. KamkuH cTan 3aBe1oBaTh BHOBb OPraHU30BaH-
HbIM B MIHCTUTYyTE SMUJIEMUOJIOTUA U MUKPOOUO-
soruu uMm. I[Tactepa 6aKTEpUOTOTUYECKUM OTAEJIOM,

OCHOBHBIM HaIpaBJICHUEM JAESITeJIbHOCTH KOTOPOTO
CTajio M3yuyeHUe NeUCTBUS aHTUOMOTUKOB Ha pas-
JIMYHBIE MUKPOOPTAaHU3MBL.

Takke XoTea0Cch OBl OTMETUTh BKJIAJ YYEHBIX-
JKeHIMH B pa3BuTue KazaHCKOro MHCTUTYTa 21H-
JEeMHUOJIOTUM M MUKPOOMOJIOTUU, Ha UYbU ILJICYM
Jlerja OoJiblllasi OTBETCTBEHHOCTh 3a MPOM3BO/I-
CTBO IIpernaparoB Ui MPOMUIAKTUKU U JIeYSHU ST
UHMEeKIMOHHBIX 3ab0ojieBaHUI B roabl Benukoii
OTteuecTBeHHON BOWHBI. 1 ceHTs0pss 1941 r. au-
pektopoM KHMBOM Obljla HazHaueHa MOCKBUYKA
IToaruna AnwbepTtoBHa Bepmwuaoa. C ¢despa-
as 1943 po oktsa6ps 1944 r. KMUBM BoariaJis-
Jla JeHuHrpaaka AnHa PomaHoBHa (PyBumoBHA)
Konoga (puc. 8).

N3 6uorpadum AHHbI POMaHOBHBI MUBBECTHO, UTO
oHa poauachk 5 utwJis 1900 r. B r. KoBHo (r. KayHac,
JlaTBus). B 1915 r. cembs nepeexana B I. bepasiHck
B CBSI3M C BhICEJICHMEM eBpeeB 13 I. KoBHO Bo BpeMst
MMIIepUaIuCTUUeCcKOi BOiHBI. [lociie oKOHYaHUS
rumHa3uu B bepasincke B 1919 r. AnHa PomaHoBHa
yuymsiach cHayaja B XapbKOBCKOM MEIUIITMHCKOM
MHCTUTYTe, ac 1922 r. — Ha MeAULIMHCKOM (paKyJib-
teTe [lepBoro MOCKOBCKOI'O YHMBEPCUTETA, KOTO-
poiii okoHuuaa B 1927 1. Ilocie okoHYaHUS acriu-
pPaHTYpPHI IT0 6aKTepUOJIOTUHU Tpu ['ocyaapcTBEHHOM
KOHTpPOABHOM WHCTUTYTE CHIBOPOTOK M BaKIIMH
uMm. JI.A. TapaceBuua padboTtaja 3aBeayIolIei Tpo-
M3BOJACTBEHHBIM CeKTOpOoM B BakTepuosornueckom
uHcTUTyTe I. TamkeHTta. B ¢depane 1934 r. no-
cJie Bo3BpalleHus1 B JIeHMHTpaa Havajga paboTaThb
BO BcecorozHoMm MHcTUTYTEe DKCiepuMEHTaJIbHOMU
MEIUILIMHBI 3aBenyloneil TMPTepuilHBIM U TU3EH-
TEPUNHBIM OTACICHUSIMU. 3alUTUIIa KaHJIWUJaaT-
CKYyI0 nuccepTauuio B 1935 1., a 25 mexkadbpst 1936 1.
npukazoMm 1o ['op3apaBy Obljla Ha3HaYeHa AUPEK-
TopoM MHCTUTYTa 3MUIEMHOJIOTUM U MUKPOOUO-
goruu um. Ilactepa, mpopaboTaB B 3TOW JOJIK-
Hoctu 10 1939 r., a 3aTeM Obljia nmepeBeaeHa Ha Ha-
YUYHYIO paboTy B JIIOJDKHOCTHU CTapIIero Hay4YHOIro
corpynHuka. [Tocie sBakyaniuu B KazaHb c arpesst
1942 r. AnHa PomaHoBHa paboTaja cTapliM Hayd-
HbIM coTpynHukoM KMDOM, a 3atreM acCUCTEHTOM
raHrpeHo3Hoil naboparopuu. C 1 Hosi0ps 1942 1.
npu snuaemuosiornyeckom otaene KMOM Obuia
yTBepXXJAeHa MOCTOSIHHO JIeHCTBYOIIAs CIeIiabo-
paTopusi, 3aBeIYIOlIeil KOTOpOil OblJIa Ha3HavYeHa
A.P. Konona. B ¢eBpane 1943 r. A.P. KoHoBa npu-
CTyIMJIa K HCIIOJIHEHMWIO OOsSI3aHHOCTEW IUpeK-
Topa KNOM, B okTs6pe 1944 1. Obljla OCBOOOXK-
JIeHa OT 3aHMMAaeMOM JTOJIXKHOCTU B CBSI3M C Iepe-
BOIOM B T. JIeHMHTpam Ui TIOCTOSIHHON PabOThI
B MHcTtutyTe numenu Ilacrepa [12].

B nawane 1945 r. nupektropom KMBOM crana
AHTOHMHa MuxaiinoBHa Bosakosa (bop3yHuHa).
Tlom pyKOBOACTBOM BTUX CaMOOTBEPXKEHHBIX
xeHmuH — I1.A. BepmunoBoii, A.P. KoHoBoii,
A.M. Bosakopoii KMOBM B roabl BOWHBI CMOT
HE TOJILKO YBEJIWYUTH ITPOM3BOACTBEHHBIE MOIII-
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HOCTHU U B HECKOJIBKO pa3 MOAHSTh MPOU3BOAUTEIb-
HOCTb TpyJla, HO U HAPACTUTh BBIMYCK YK€ OCBOCH-
HBIX paHee MMMYHOOUOJOTMYECKHX MpernapaTosB.
B KMDM 06b1111 co3maHbl HOBbIE MPOU3BOJACTBEH-
Hble TOJIpa3Je/ieHUs: TaHTPEHO3Hasl, CTOJOHSY-
Hasi, CBIMHOTU(O3HAas J1abopaTopruun, SKCIIEPUMEH-
TaJIbHas1 JJabopaTopus MO BBIMTYCKY aHTUOMOTUKOB,
oTaen oOpabOTKM M KOHIEHTpaluu ChIBOPOTOK.
K nauvany Benukoit OTeuecTBEeHHOU BOMHbBI MHCTHU-
TYT BBINTYCKaJ MPOAYKIIMIO CEMU HAaWMEHOBaHUM,
15 HaMMeHOBaHUII 3SKCINEPUMEHTAJIbHBIX CEpUI,
U3 KOTOPBIX LIIECTh BUAOB CBIBOPOTOK (HOpMaJIbHas,
nudTepuitHasg, cKapJaTUHO3HAas, MEHWHIOKOK-
KOBasi, CTPENTOKOKKOBasl, AU3EHTepuliHasl), MATh
BUJOB BakKIMH (aHTUpadbuyeckas, MpOTUBOTYOep-
KyJie3Has, U TEpUNHbBINA U CKapJaTUHO3HBII aHa-
TOKCUHBI) U Apyrue. 3a roabl BOWHBI UHCTUTYTOM
OBbLJI OCBOEH BBIMTYCK HOBBIX IpenapaTtos: 1941 r. —
YyeTbIpe BHUJa TAHTPEHO3HBIX CHIBOPOTOK, TPUBAK-
uHa; 1942 r. — npoTUBOCTOJIOHSIUHASI ChIBOPOTKA;
1943 r. — npoTUBOOPIOLIHOTU(MO3HAS BaKLIMHA, T1-
3eHTepUiiHbI 6akTepuodar; 1944 r. — meHTOBaK-
LIMHa, cbimMHOTU(hO3HAas BakliHa; 1945 r. — rpamu-
LMIWUH, arTJIIOTUHUPYIOLIUE CBIBOPOTKU [11].

CoTpyoAHUKM SMNUAEMHUOJIOTMUYECKOro  OTAesa
KHMDOM B roapbl BOiiHBI MPOBOAUJIN OTPOMHYIO ITPO-
TUBORMUIEMUYECKYIO PadOTy, MPUHUMAU YyJacTUe
BJIMKBU ALY BCOBIIIEK MHMOEKIITMOHHBIX 3a00J1eBa-
HUI (CKapaaTUHbI, AU TEPUN, CBIITHOTO TUdA, OCIIbI,
IU3EeHTepuu, xojiepbl U aAp.). CeMb COTPYAHUKOB
WHCTUTYTA, MPUHUMABIIMX yJyacTUE B JTUKBUIAIINU
XOJIepbl, ObLIM HarpaxkJeHbl OpAeHaMHu 3a paboTy
o 6oprde ¢ «mHbpekmer Ne 30». B uncio Harpax-
JIEHHBIX BXOAWJIa JICHUHIpaaka AHHa ['puropbeBHa
I'puropbeBa-bepeniteit (puc. 9).

AHHa (Bcoupp) I'puroppeBHa (I'epiieBHa)
I'puropbeBa-bepeHiuteiltn ponuiachk 18 deBpans
1902 r. B KpeMeHuyre, ee poauTelu 3aHUMAJIUCh
MEJIKOM TOProBJjieH, BJaAE/]U TaJaHTEPEUHBIM Ma-
rasuHoM. Ilocie oKoHYaHUS TUMHAa3UuU BO BpPeMs
PEBOIOLIMOHHBIX COOBITU 1917 1. AHHA BcTynuia
B KoMcomoJ, B 1918 r. — B psabl KpacHoil Apmuu
U B TeUEHUE NBYX JET paboTajla ceKpeTapeM paii-
KoMa koMcomosia baky. B 1924 r. nocie okoHya-
HUS TpakJaHCKOUW BOWHBI OHa TMocCTynuiaa B 1-i
MockoBckUit MenTUIMHCKUIT UHCTUTYT, a B 1925 1.
nepeexasa c cembeit B JIeHUHrpan, rue mpogoaXu-
Jia obydeHue B 1-m JIeHUHTrpaackoM MenuinHCKOM
MHCTUTYTE, MO OKOHYaHUM KoToporo B 1931 r.
noiaydyuia aumjgomM Bpada. Crheayroumum Iia-
roM B NpodeCcCUOHATbHON IesITeIbHOCTU AHHBI
I'puropbeBHBI CTAJIO MOCTYIJIEHHUE B aCIUPAHTYPY
B MHCTUTYT BaKIIMH U CBIBOPOTOK, OKOHYUB KOTO-
pyio B 1933 r., npoaoJizkuiia paboTy B 3TOM Ke& UH-
ctutyte. B 1937 1. Oblia yBOJieHa «B CBSI3U CO CBSI-
3sIMUW C BparaMu Hapolia», HO B TOM Xe roay onljaa
BOCCTaHOBJIEHA, U MpopadoTaa B MHCTUTYTE Bak-
IIMH U cbIBOPOTOK A0 1939 r. HecmoTps Ha Takoe
«IsITHO» B Ouorpacduu AuHa I'puropbeBHa B 1939 1.

v
Aflw.
PucyHok 9. AHHa (9cdupb) FpuropbeBHa
(FepwesHa) Npuropbesa-bepeHwTenH

Figure 9. Anna (Esther) Grigorievna (Gershevna)
Grigorieva-Berenstein

ObL1a Ha3HaueHa AupekTopoM MHCcTUTYyTa snune-
MUOJIOTUM W MUKpoOuosoruu umeHu Ilactepa,
npopaboTaB Ha 3ToM MocTty a0 1942 r. Ilpukazom
noJlenropaapaBoTaeny B 1941 r. Ha Hee ObLJIO BO3JIO-
JKEHO PYKOBOJCTBO JIeUEOHO-CAaHUTAPHBIM U TIPO-
TUBORMUAEMUYECKUM O0CTYXKMBAHUEM 9BaKYUPO-
BAaHHOIO U3 MPUDPOHTOBON MOJOCHl HaCEIEeHUS
Jlenunrpana. Ilocine ruGenu Myxa Ha @poHTe
B Mapte 1942 r. 6p1a KoMaHaupoBaHa B KNOM,
rae pabotajia 1o Hos10ps 1944 r. [12]. B Kazanu oHa
HE TOJIBKO 3aHMMaJjach MPOTUBOIMUIAEMUYECKON
paboToil, HO U MPOBOAUJIA HAYYHbIE UCCIETOBAHUS
noa PyKOBOJCTBOM 3aBedytoliero Kadeapoi anu-
nemuosioruu KazaHCKOro MeIuIIMHCKOTO WHCTU-
TyTa npodeccopa A.D. Oz3ona [2]. Tlocne Bo3Bpa-
meHus: B JIeHWHrpan 3aliuMTuIa KaHIWAATCKYIO
JUCCepTAllMI0 Ha TeMy «DIUIeMUOIOTrnYeCcKne
0COOEHHOCTU NUMTEPHUY B BOEHHOE BPEMSI» U TIPO-
noaxunaa padoratb B MHcTuTyTe umeHu Ilactepa
3aBeAYIOLIE MTPUBUBOYHBIM OTIEJIOM.
AHanuzupyss Ouorpaduu HaIIUX YYEHBIX,
YbU CYIbObI OBITM CBSI3aHBI C ABYMS ropoja-
mu — Kazanblo u Cankr-Iletrepoyprom (JIeHuH-
rpagom) — B.M. ApuctoBckoro, P.P. I'enbruepa,
.. Tlpsxuna, I1.H. Kamkuna, A.P. KoHoBoI1,
A.T. T'puropbeBoii-bepeHIITEiH U APYyrux, Mbl
SIBCTBEHHO BUIWM OOIIME TJIaBHbIE YepPThl TOTO
MOKOJICHUSI, HECMOTPSI Ha TO, YTO MYyTHU, KOTO-
PBIMU OHU WLIJIU YEepe3 UCIbITAHUS PEBOJIIOILMEH,
rpaxkJaaHcKoi BoOIHOM, penpeccussmu, Benukoii
OTeuecTBEHHON BOWHOI, OBITM TaKUMU pPa3HbI-
MU: 9TO OTPOMHAS XXaxXJ1a MO3HAHU S, LIeJeyCTPEM-
JIEHHOCTb, TPYA0J1001e, Bepa B CBET/I0€ Oyayliee
1 0e33aBETHOE CyXEHHEe HaykKe — MUKPOOUOJIOo-
ruu. bnaromaps WX AOCTUXXEHMSIM Halla CTpaHa
CcMoOrJjia MPeoaoeTh BCe KPU3UCHI U BBIUTU MoOe-
nuteneM. «Mcropuueckasi mnaMsTh JOJXKHA COXpa-
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HSTbCS, YTOOBI Mbl MOIJIM BOBPEMSsI pearupoBaTh
Ha BO3HUKAIOIIWE YIPO3bI 11 CTPaHbl», — 3asIBUJ
npe3uneHT P@® B.B. IlytuH Ha BcTpeue 18 sHBaps
2023 r. ¢ BetepaHamu Benukoit OTeyecTBEHHOI
BOWHBI M OJlOKaAHUKAMU JIeHUHIpaga U 3aBepu,
YTO JJIsI COXPAaHEHU ST UICTOPUYECKOU MaMsITHU rocy-
JapCTBO MPUIOXUT BCE HEOOXOMUMBbIE ycuaus [9].
Hamia 3agaya — MOMHUTH HallWMX MPEAIIeCTBEH-
HUKOB, YUYUTBCS Y HUX CaMOOTBEPXKEHHOMY OT-
HOILIEHU IO K CBOEMY JIeJ1y U MocTapaThcs MepenaTh
9TU HUTU UCTOPUYECKON MaMsITU B PYKHU HaIIUX
YUYEHUKOB.

B Hacrosiliee BpeMs CHUTyallss B MHUpe Xa-
paKTEPU3YETCS HOBBIMM BBI30OBAMU W yI'pO3aMu,
4TO TpeOyeT KOHCOJMAAIMU CUJI BCEro oOIIecTBa
M MUKPOOMOJIOTMYECKOr0 HAyYHOTO COOOIIecTBa
B ToM uncJiie. KazaHckast u rmeTepOoyprckast MUKpO-
OMOJIOrMYeCKUE IKOJIBI ¢ MOMEHTA UX OCHOBAHM S
pa3BUBAJINCh B TOCTOSTHHOM TECHOM COTPYAHUWYE-
CTBE, UTO B IIEPBYI0 OYepeIb IOCTUTATIOCh HA yPOB-
HE JUYHOCTHBIX KOHTAKTOB, OOIITHOCTH B3IJISIIOB,
B3aMMOITPOHUKHOBEHU U naeil. B HacTosee Bpe-
Ms 3T HMCTOPUYECKHE CBIA3UM HE yTpadyeHbl, OHU
MPOIOJIKAIOT Pa3BUBAThCSI.
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YHEHUKU NACTEPA U3 POCCUUN — 2

M.M. Kapanan!, JI.A. Kpaesa!:?

! Boenno-meduyunckas akademus um. C.M. Kupoea, Cankm-Ilemep6ype, Poccus
2ObYH HUMU snudemuonocuu u muxpodbuonoeuu umenu Ilacmepa, Canxm-Ilemep6ype, Poccus

Pesiome. B 2022 1. HayuHas 001IeCTBEHHOCTD Bcero Mupa orMeTna 200-71eTre BblJAI0IIErocsl y4eHOro, OJHOTO U3 OC-
HoBaTeJieil HayKu Mukpoouonorun — Jlyu Ilacrepa. Tpynsl ITacTepa criocoOCTBOBaJM CTAHOBJIEHNUIO MUKPOOHOM
TEOPHUU U TTOCTYXMJIN OCHOBOU pa3BUTHS MPOPMIAKTUKHA MHPEKIINI, B TOM YHMCJIC TOCITUTAAbHBIX. Cpenn yIeHu-
koB [lacTtepa u ero coparHukoB, 3. Py u .M. MeunukoBa, OblJI0 MHOTO poccuiickux yueHblx. He Bce pamunuu
yueHukoB [lacTepa U3BeCTHBI LLUPOKOMY KPYTy uyuTaTeneir. MHOroe U3 HuX BepHYJIUCh Ha PonuHy U BHeCIU CBOUM
TPYAOM CYILECTBEHHBII BKJIA[ B pa3BUTHE MUKPOOUOIOTMU U UMMYHoIoruu B Poccuu. B naHHOIi cTathe oTpaxke-
HBI pe3yJbTaThl MoKMcka buorpaduil poccuiickux yuyeHbix — yuyeHuKoB Jlyu Ilactepa. Cpenut pocCUACKUX YUYEHBIX,
npouleamux mkoay IacTepoBCKOro MHCTUTYTA, MOXHO OOHapy>KHUTb MHOTMX BBITYCKHUKOB OIHOTO M3 CTapei-
KX MEIULIMHCKUX yupexaeHuit Poccun — BoeHHO-MeauLMHCKoM akaaeMuu. 1o u copatHuk M.N. MeuHukoBa
n H®. Tamanen — f.10. bapnax, C.HU. 3natoropos, H.W. YucrtoBuu, JI.A. TapaceBuY; U3BECTHBIC XUPYPTU —
B.A. PatumoB u B.A. Onnenb, onuH u3 ocHoBareseit uHctutyta [lactepa B Cankr-Iletepoypre — I1.I1. Macnakosel.
Mmnorue nocnenosarenu Ilacrepa npuHuManu yuactue B co3ganuu B Poccum (Cankr-IleTepOypre) mHCTUTYTA, TIO-
noonoro ITactepoBckoMy B Ilapuke — HbIHe 3T0 MHCTUTYT 3KcnepuMeHTalbHOM MenuuuHbl. Oto D.M. Illnepk,
B.N. Heppuraiinos u npyrue. Heo6xonumMo oTMeTUTH U iepBY10 B Poccun xkeHIUHY — nipodeccopa 0aKTepuoJoruu
I1.B. HukauHCcKyto. YueHnku [1actepa moaydann oT HETO TEOPETUUCCKIE U MPAKTHICCKHE 3HAHUS 1 BO3BPAIaINCh
Ha PoauHy, ¢ TeM 4TOOBI € MOJTHO caMooTaaveii ciyXuTh ceoeMy OredecTBy. OHU MPUBO3UIU C COOOI HOBBIE MeE-
TOIBI HAYYHBIX UCCAENOBAHUN U TMATHOCTUKU UHMEKIIMOHHBIX 3a00JI€BAHU I, TPUMEHSJIU YK€ U3BECTHBIE U pa3-
pabaTbhiBau COOCTBEHHbIE UMMYHHBbIE CBIBOPOTKY U BaKIIMHHBIE Mpernapathl AJ1s1 00pbObI ¢ aKTyaJIbHBIMU B T€ TOJbI
HH@eKuusIMU: OeleHCTBO, YyMa, xojepa, OproliHoi Tugd, Tyoepkyaes. Bce poccuiickue yuyeHble — yuyeHUKU Jlyu
[Tactepa u ero npyra u copatHuka .M. MeuHukoBa — mpoJoJKaan A0 CAYXeHUs 0011ecTBY OJaroaapsi BETUKUM
TOCTUXKEHUSIM B 001aCTU MUKpoOUoioruu. CBoM 3HaHUS U ONBIT OHU MepeaaBaid MHOTOUMCIEHHBIM YYeHUKAM —
MpoIoJIXaTeNsIM Aesa Beaukoro yueHoro Jlyu [Tactepa. [TamsaTh 0 MHOTMX U3 HMX YBEKOBEUEHA B HA3BaHUSIX HAYYHO-
HCCAenoBaTeIbCKUX MHCTUTYTOB, Kadeap 1 1abopaTopuii.

Karoueevie caosa: Jlyu Ilacmep, mukpobuosoeus, ummyHnosoeus, yuenvie usz Poccuu, Boenno-meduyunckas akademus,
BAKUUHONPOPUAAKMUKA.

DISCIPLES OF PASTEUR FROM RUSSIA — 2
Karapats M.M.?, Kraeva L.A.*?

a8.M. Kirov Military Medical Academy, St. Petersburg, Russian Federation
b St. 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 seek 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 I.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.I. Nedrigajlov, etc. Moreover, it is also necessary
to note the first woman in Russia Doctor P.V. 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.

BoenHo-MenuirHcKkass (Meauko-xupypruuec-
Kas1) akanemusi (BMenA) Oblj1a OTHUM U3 HEMHO-

BBeneHune

27 nexabps 2022 r. MupoBasi Hay4YHast OOIIeCT-
BEHHOCTb oTMeTuaa 200-1eTre co THS POXIACHUS
BbIIaOLIErocsl (ppaHIy3ckoro ydyeHoro — Jlyu
IMacrepa. Bo ®panuuu u Ha MaJibTe ObIJIN BBITTY-
IIEH bl MOHETHI, MOCBSIIEHHbIE TOMY IOOUJIEI0, HO-
MuHajiom B 10 eBpo (puc. 1 u 2).

rux yupexaeHuii B Poccuu, kotopasi oneHHJIa
3HAYMMOCTbh OTKpBHITUiT [lacTepa AsT MEIUIIMHBI.
ITosTOMy MBI BUAMM MHOTO €€ BOCITUTaHHUKOB
cpeaM yYeHUKOB BeJInKoro paHity3a. B cBoro oue-
penb BMenA uszbpana Jlyu Ilactepa IloyeTHBIM
yneHoM akanemuu (18.11.1892) [8].

Kypnan The Lancet (Jlanuet, CILITA) mocBsiTua
3TOMY COOBITUIO I00OUJIEHHBI HOMED. [ToaTOMY MBI
COYJIM BO3MOXXHBIM JOTOJHUTH CYIIECTBYIOIIYIO
nHGOPMAIINIO O BEJIMKOM YUYEHOM B POCCUICKON
nepuoauyvecKoin nevatu [5].

JIlyn IlacTep 1o mpaBy CUHMTaeTCsI OCHOBOIIO-
JIO)KHUKOM MUKPOOMOJIOTUM U UMMYHoJoruu. Ero
paboThI OKa3aJii TaKKe 0O0JIbIIOE BIIMSIHUE HA pa3-
BUTHE IPYTUX OTpacjiaeii MCAUIINHEI, B TOM YHCJIIC
M Ha Npo@dUIAKTUKY TOCIUTAJbHBIX WHGEKIUNA
(ceituac «mHMEKINU, CBSI3aHHBIE C OKa3aHUEM Me-
IULIMHCKOM rmomotan», MCMII). Ero ngen BmMOXHO-
BUJIU aHTJucKoro Bpayva JIx. JIuctepa, KOToporo
cyuTaloT oTuoM acenTtuku. OH nwucan Ilactepy:
«ITo3BonbTe MHE TIOOJIarogapuTh Bac 3a To, uTo Bel
CBOUMMU OJIECTSIIIUMM UCCIACAOBAHUSIMU OTKPBLIN
MHE€ IJla3a Ha CYyIIeCTBOBAaHME THOEPOIHBIX MU-
KPOOPraHMU3MOB U TEM CaAMbIM J1aJu BO3MOXXHOCTb
YCHOEITHOTO TIPUMEHEHUSI aHTUCEIITUYECKOTO Me-
Toda B MEOAUIIMHCKOMN XUPYPrUM».

I'ny6okue 3HaHus Ilactepa B 006JacTU XUMUU,
MUKPOOMOJIOTUN, UMMYHOJOTUN M IPYTUX CMEX-
HbIX JUCLIUIIJIMHAX, a TAK>Ke IIUPOKasi U3BECTHOCTh
Y4YeHOro Jajieko 3a mpenejiamMmu PpaHIIMU CIOCO0-
CTBOBAJIM CTaXXMPOBKE ITIOJ €O PYKOBOICTBOM CIIe-
AAJIMCTOB PA3JIUYHOIrO MPOMUII U3 pa3HbIX CTPAH
MHUpa, B ToM uncie 1 u3 Poccun. 3mech Hamo oTMme-
TUTb, YTO U3 TIePBbIX cOpaTHUKOB IlacTepa meau-
OUHCKOe oOpa3oBaHME (Oa M TO HE3aKOHUECHHOE)
WMeJT JINTITb TOKTOP DMUIb Py.

PucyHok 1. MNamaTHaa moHeTa B 4ecTb 200-neTusa
Jlyn NacTepa (PpaHuua, 10 eepo)

Figure 1. Acommemorative coin in honor of the 200th
anniversary of Louis Pasteur (France, 10 euros)

PucyHok 2. MamaTtHaa moHeTa B YyecTb 200-neTus
Nyun Nactepa (MankTa, 10 eBpo)

Figure 2. Acommemorative coin in honor of the 200th
anniversary of Louis Pasteur (Malta, 10 euros)
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M.M. Kapanau, J1.A. KpaeBa

MHdekumns n uMmyHuTeT

Heno IlacTtepa NpoOAOTXWJ OPYyroll Bblaaro-
muiica ydeHsblii, HobeneBckuii njaypear, padbortaB-
muii B uHctutyte Ilactepa B Ilapuxe — Wiabs
Unbuu MeunukoB. IloaToMy 3aech HaM CJIOX-
HO OITPeJe/IUTh. KTO M3 OTEUYECTBEHHBIX MEIM-
KOB siBysieTcst yueHukom Jlym Ilactepa, a KTo —
Wnben Meunukosa. O nByx u3 Hux (H.®. 'amanee
un JI.JI. TefineHpeiixe) Mbl TOBOPUJIU B MPEAbIAY LI
craTthbe [4].

Bo BpemsI moAroToBKW NaHHOW cTaThbW Halle
BHUMaHWE MPUBJEKJA MyOIUKAIIMS TTUCEM TIPO-
deccopa C.A. UBAHOBA. OH OKOHYUJ BeTe-
puHapHoe oTaejeHue MeauKo-XxupypruiecKkoi
akagemMuu B 1880 r. B 1886 1. Ob11 KOMaHIMpPOBAH
MOCKOBCKHUM T'yOEpHCKHUM 3€MCTBOM 3a TpaHUILY:
B [lacTepoBCKOM MHCTUTYTE 3aHMMAaJICI MUKPO-
OMoJIOTHE 1 OCHOBAaMU MATOJIOTUH.

B 1891-92 rr. C.A. UBaHOB BO BTOpOIi pa3 pabo-
tan B [lapuxe B mabopatopuu I0OKI0 MO MUKPO-
OMOJIOTMM MOJIOKAa M a30THOMY OOMEHY, CIIyIIaJl
nekuuu M.1. Meuynukosa u 3. Py. B nucbMax yno-
MWHAIOTCS U APyTryde OTeYeCTBEHHbIC YUeHbIC, Ha-
xonuBIiIvecs B To Bpems B [lapuxe. ABTOp mucem
NPUBOAUT MHOI'O OBITOBBIX MOApOOHOCTE!. B no-
caenytoiiem C.A. MBaHOB paboTal npodeccopom
TUTUEHBl U 300TEXHUKU B PS¢ CEIbCKOXO3sIii-
CcTBEeHHBIX UHCTUTYTOB Kuesa (1893—1931) [2].

B nauane 1886 r. [TacTep Hava IIpUBUBATH JIIO-
Jeil oT OellleHCTBa, BCs ero Jadoparopus Obljia 3a-
HSITa IPUTOTOBJICHVEM ITPUBUBOYHOTO MaTepuraa.
Bce npyrue Bormpochl ObLIM BPEeMEHHO OTJIOXKEHBI.
B 1o Bpems B naGoparopuu Ilactepa Tpyauauch
40 uccnenonatesieii u 15 Bpaueit uz Poccuu, a tak-
K€ CIEUMAJUCThl U3 APYTMX CTpaH. YIIOMHUHAaeET
C.A. HBanoB u H.®. T'amanem, ¢ KOTOPBIM IIO-
3HAaKOMMJICS elle B Akaaemuu. [locaenHuii npu-
mamag ero B Omeccy 3aHSIThCS YyMOU pPOraToro
ckota. MHTEpecHO ero 3aMedyaHue o MeToze padbo-
ThI [TacTepa: «3To coBeplIeHHO 0COObII YM: Hay4-
Has (paHTa3us, HayYHOe MPeaYyBCTBHE, HO TOJBKO
9TO HE HAyYHBI1 METO B HEMEIIKOM CMBICJIE 3TOTO
cioBa. Ero accucteHTHl paboTaloT Hal BOIIpocaMu
10 TIJIaHYy, MOHSTHOMY JIJIsl HAC, a caM OH JICHICTBYeT
1O BAOXHOBEHMIO».

OnHoBpemeHHO ¢ C.A. MBaHOBBIM B Ilapuxe
pa6oran u I1.d. [IETEPMAH (1853—?), maroJior,
elle OIWH BBINYCKHUK BoeHHO-MeTUIIMHCKOMN
aKaJeMuu, 3allUTUBIIUK B 1889 I. quccepTauuio
Ha Temy: «O BIUSHUY HApYIIEHHON e TeJIbHOCTU
KOXXU Ha o0IIIMe sIBJISHU S B TeJie SKUWBOTHOTO» B Jia-
OopaTopuu IKCHEPUMEHTAIBHOM MTaTOJOTUU TIPO-
deccopa B.B. INamytuna. I[1.®D. ITeTepmaH Bo3ria-
BUJI aHTUpadbuueckylo (ITacTepoBCKYy10) CTaHLIMIO
B MockBe (B BOGHHOM rocriuTae).

Eciu mpaBa Ha CUOMPESI3BEHHYIO BaKIIMHY
ObLJIM MpoAaHbl HeKoel Gupme, YTO BBIHYIWJIO
OTEUEeCTBEHHBIX YYEHBIX CO3[IaTh CBOIO BaKIIMHY
(LleHkOBCKMIi1), TO yCIieX U Heydauyud IMPpUMEHEeHUs
BaKIIMHBI ITPOTUB OEIIEHCTBA MPUBEJIN K OCO3Ha-

HUIO Toro ¢akra, YTO HEOOXOAMMO CO37aBaTh Ia-
CTEePOBCKHE CTAaHIIMM BO MHOIMX ropoaax U cTpa-
Hax. JIlyu Ilacrep, He 4yXIblii caMOpeKJaMbl, Ha-
MpaBJIsLJI CBOM (pOTOMOPTPET C TapCTBEHHOM Ha TN~
ChIO CBOMM YYEHUKaM — PYKOBOIAMUTEJISIM TIEPBBIX
AHTUPAOMUYECKUX CTAaHIM BO MHOTIMX CTpaHax,
B ToM uncie [1.D. ITerepmany. Korna B BoeHHO-
MEIUIIMHCKON aKaleMUu ObLT OOBSIBICH KOHKYPC
Ha 3aBeayloliero kadeapoit MHGEKITMOHHBIX 0013~
Heli ¢ KypcoM 6akTepuoioruu, I1.M. [Terepman ObLI
OHUM M3 KaHaumaToB, Hapsaay ¢ H.®. lamaneeii,
H.4. Yucrosuuem, N1.D. PanuescknwM, JI.JI. Teitmer-
peiixoMm 1 ap. OQHAKO Ha 3Ty MOJXKHOCTb ObLI U3-
opaH C.C. boTkuH.

PATUMOB Bacunuit Anekcanaposuu (1850—
1904) — oTedecTBEHHBIH xupypr, Ipodeccop.
B 1876 r. okonumn IletepOoyprckyro BoenHO-
MEAUIIMHCKYIO aKaJAeMUIo 1 ObIJT OCTaBJIEH B KJIM-
HUKe rocrnutaibHoi xupypruu. B 1882 r. oH 3a-
IIUTUI JOKTOPCKYIO muccepranuio «Omyxouu
BEPXHEW YEJIIOCTU B KJIMHUYECKOM OTHOIICHUW».
3aTeM ObLJI KOMaHIMPOBAaH 3a TpaHUILy Ha 2 Tona,
pabdortan B naboparopuu JI. Ilactepa B Ilapuxke
u Kponekkepa (K.H. Kronecker) B bepHe. B 1884 1.
ObLJ1 M30paH 3aBeAYIOLIUM Kadeapoil rocnuTalib-
Hoil xupypruu B BMenA, rae nmpopaboTas 10 KOHIIa
ku3Hu. B.A. PaTuMoB peopraHu3oBal ee AesTeb-
HOCTb COOOpa3HO HOBBIM TpeOOBaHUSIM (acerTu-
Ka, aHTUCeTITHKA); HayaJl IIMPOKO IPUMEHSTH I10-
JIOCTHBIC orepanuu. Hapsiamy ¢ KIMHUYECKOW XU-
pypruei rperoaaBaJ BOEHHO-TIOJIEBY IO XU PYPTHIO.

OH wu3yyaja 3THOJOTUIO, KJIWHUYECKHUE ITpO-
SIBJIGHUSI 2XMHOKOKKO3a IIeYeHU | pas3padarbi-
BaJl METOJIbI €ro OIepaTUBHOTO JIEYEHUSsI, OITHCal
MHOXECTBEHHBII 3XMHOKOKKO3 OpIOIIHOW I10-
jgoctu. B.A. PatuMoB co3gan KpyHnHYIO IIKO-
JIy XMpPYproB, IPEACTaBUTEISIMU KOTOPOU OBIIN
I1.®. Boposckmnii, P.P. Bpemen, B.A. Omnmneis,
JI.M. Ilyccen, B.H. IlleBkyHeHko u npyrue. OH
OblLNT TpeacenareneM ocHoBaHHoro B IleTepOypre
B naMsaTth o H.M. Iluporose OOIiecTBa pyccKUX
Bpayei.

3JIATOI'OPOB CemeHn MBanoBuu (1873—1931) —
COBETCKUIT MUKPOOMOJIOT, SITHUAEMHUOJIOT U MHMEK-
LIMOHUCT, yieH-KoppecrnoHaeHT AH CCCP (1929).
TTocne okoHyaHust BoeHHO-MeIUIIMHCKOM aKaje-
muu (1897) pabotan Ha Kadeape MHGEKITMOHHBIX
oosnesHeil mon pykoBoacTBoM H.A. YucroBuua.
B 1900 r. 3amuTua ODOKTOPCKYIO AUCCEPTALIUIO
Ha Temy: «K Bompocy o cynbbe GakTepuii B opra-
HM3Me KMBOTHBIX, BOCHPUUMYMBBIX U HEBOCTIPH-
umMuuBbix». C 1903 r. — npuBaT-goueHT BMenA,
ac 1911 r. — npodeccop GakTepUOJOTUU U UH(PEK-
IMOHHBIX 001e3Hel [ICMXOHEBPOIOTMYECKOTO MH-
ctutyTta B IletepOypre (HbiHe CeBepo-3amnamgHblii
roCyJIapCTBEHHBIM MEIUIIMHCKUN YHUBEPCUTET
umeHu M.M. MeunukoBa), ¢ 1920 r. — npodeccop
Kadeapbl 6aKTEepUOIOrUU U WHAOEKIIMOHHBIX 00-
ne3Heit BMenA uogHoBpeMeHHO mpodeccop Kade-
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Ipbl OakTepuojoruu JICHUMHTPaacKoro >KeHCKOTO
MEAUILIMHCKOTO MHCTUTYTa (HblHEe [lepBbiit CaHKT-
IleTepOyprckuii rocygapcTBEHHbIM MeAULIMHCKU I
yHuBepcuTeT uM. akanemuka W.I1. IlaBiosa).
B 1924—1929 rr. C.W. 3n1aTOoropoB Ha3HauYeH JUPEK-
TOPOM YKPauHCKOrO CaHUTapHO-0aKTEPUOJOTru-
YeCKOTro MHCTUTYTa UM. MeuHHKoBa B XapbKOBE.
C 1929 r. pykoBoaua [1IpopunsakTu4yeCKUM UHCTU-
TyTOM B BMenA. bbll opraHM3aTopoM U y4acTHU-
KOM 3KCIEeIUIIUA Mo 0opbde ¢ PNMUIEMUSIMU XO-
Jiepbl M1 YyMbl B AcTpaxaHckoi ryoepHuu (1899),
IMepcum (1904), Kurae (1911).

C.N. 3naTtoropoB onyo6aukoBaa okojio 150 Ha-
YUYHBIX pa00T. OCHOBHBIE U3 HUX MTOCBSIIEHBI OMO-
JIOTUU YYMHOTO MUKpPOOa U XOJEepHOT0 BUOPUOHA,
9TUOJIOTUU CKapJaTUHbI U CBITHOTO TU(dA, U3MEH-
YUBOCTU OakTepuil U UMMyHUTeTy. OH u3yydan
CBOICTBa acCOLIMMPOBAHHBIX BaKIIMH U MepCHeK-
THUBBI UX UcCHOJb30BaHUs. PazpabareiBas Bompo-
Chbl DTUOJIOTUHY U NpodUJIAKTUKNA KOPU U CKapJia-
THUHBI, Tpearnoaaraia, 4TO CYLIECTBYeT (DUIBTPY-
IOLIUICS BUPYC, aKTUBUPYIOIIMA CTPENTOKOKK.
Omnpeneaua MOPOAOJXKUTEAbHOCTh OallUJIJOHO-
CUTEJIbCTBA MPU XOJIEPEe U YyME U BBISICHWUJI, YTO
XOJIEpHBbIIA BUOPUOH YCTOMUYUB K BO3IEUCTBUIO
HU3KUX TeMIIEpaTyp U MOXET IJIUTETbHOE BpeMs
COXpaHSIThCI B WJIE pPeK, a YyMHas Oauujina —
B Tpynax XuBoTHbIX. C.M. 3maToropoB sBaseTcs
aBTOPOM KaIlUTaJbHbBIX PYKOBOJICTB MO OaAKTEePUO-
JIOTUU «YUYEHHE O MUKPOOpPTaHU3Max», «YUeHUe
00 uHbeKIIuu U UMMYyHUTeTe», «Kypc nHbeku-
OHHBIX OoJie3He» [9].

BbICOKOBHMY Bnagumup KoHcTaHTMHOBUY
(1854—1912) — pycckuit maTojoroaHaToM, SIUIE-
MHOJIOT U 6akTeproior. B 1876 r. OKOHYMIT Meau-
HMHCKUUN hakyabTeT XapbKOBCKOTO YHUBEPCUTE-
Ta, B 1882 r. 3a1UTUI AUCcepTalinio HA TeMy «O 3a-
0oJileBaHUU KPOBEHOCHBIX COCYIOB MPU CUGDUTUCE».
B 1884—1886 rr. mpoxoauia Kypchl yCOBEPILIEHCTBO-
BaHus B ['epMaHum, 3aTeM B TeueHue 9 JieT paboTal
MpPO3eKTOPOM Kacdeapbl MaTOJOTMYECKOU aHaTo-
MUU XapbKOBCKOTO YHUBEPCUTETA, OHHOBPEMEHHO
yyTaa Kypc OOIleil MaToJornyeckoil aHaTOMUU.
B 1895 r. oH ObIT U36paH npodeccopoM Kadeapbl
narojoruyeckoir aHatoMmuu KueBcKoro yHuBep-
cuteta. B.K. BbicokoBUUYy NMpUHAIIEKUT CBbILIE
90 Hay4YHBIX pa0dOT, MOCBSIIEHHBIX PA3JTUYHBIM BO-
npocaM NaToJoruuyeckKoi aHaToMuu, GU3UOJIOTUH,
anuAaeMuoorun u Oaktepuosioruu. CoBMeCTHO
¢ .. MeyHUKOBBIM OH cO3JajJ YYEHUE O PEeTU-
KYJIOOHIOTEIMATbHONW CUCTEME, pellalpliasi poib
B pa3paboTKe KOTOPOro OmMOOYHO MPUITUCHIBA-
Jach HeMelKUM yyeHbIM. B.K. BbICOKOBUY OTKPBLIT
CITOCOOHOCTh 3HIOTEJUAJbHBIX U (DUKCUPOBAH-
HBIX KJIETOK COEIVMHUTETbHOU TKaHU 3aXBaTbIBaTh
BBOJMMBbIE B KPOBb MUKPOOBI; T0Ka3aj, YTO Cyabda
MUKPOOOB BO BHYTPEHHUX OpraHax (Ie4yeHb, cee-
3eHKa, KOCTHBIII MO3I) 3aBUCUT OT CTENEHU MaTo-
Te€HHOCTU BO30yAUTEs.

B 1897 r. B.K. BbicOKOBHY BO3IrJIaBUJI PYCCKYIO
BKCIIeNUIINIO, HallpaBieHHYIO B MHAWIO HIsT U3-
YUYEeHU S SMUIAEMUU YyMBl U pa3paboTku s3ddex-
TUBHBIX Mep 00pbObI ¢ Held. OH yyacTBOBaJ B 00pb-
0e ¢ anuaeMuent xojaepsl B 1892 1., ¢ aMUaAeMUSIMU
gyMbl B Onecce B 1902 n 1910 rT., GBI OpraHm3a-
TOPOM TIPOTMBOBMUIAEMHUYECCKUX MEPOITPUSITHIA
B PYCCKOMl apMUUM BO BpeMsS PYCCKO-SIITOHCKOM
BoitHbl 1904—1905 rr. B 1894 r. oH He3aBUCHUMO
oT Beiikcenrbayma (A. Weichselbaum) noxka3za
MUKPOOHYIO BTHUOJIOTHIO 1IepeOpOCITMHATIBLHOTO
MeHuHTUTa. B 1890 r. ycTaHOBU, 4YTO 30JI0TyXa
MMeeT TYOepKYJIE3HYI0 3TUOJIOTHIO.

HEJAPUTAMJIOB Buxrtop Wsanosuu (08.11.
1865, Kypck — 27.04.1923, XapbKoB), MUKPOOHO-
JIOT, JOKTOp MEAULIUHBI, npodeccop. OKOHYMUI
XapbKOBCKU1 yHUBepcuTeT B 1893 1., mocie yero
uzyyan Oaktepuosiornto y B.K. BplcokoBuua.
Ilpunsan yyactue B opraHusauuu (1894 r.) Gak-
TEPUOJIOTUYECKOTO  MHCTUTYTa  XapbKOBCKOI'O
MeAULIMHCKOro obiecTtBa. B 1896 r. paGoran
B Ilapuxe y MU.M. MeunukoBa. B 1909 r. zamu-
TUA JUCCEPTAIIMIO TOCBSIICHHYIO PE3UCTEHT-
HOCTU TYCEHMWI] MYEJIMHON MOJM K Pa3IUYHBIM
mukpoopranuzmam. C 1914 r. B.. Henpuraiinos
Ha3zHauyeH 3aBeAYIOIIMM CHIBOPOTOYHBIM OTIIE-
oM MHCTUTYTA 3KCIEPpUMEHTAJTIbHOW MEAMIIMHBI
B Iletepbypre. C 1918 r. — uneH IleTporpaackoi
BaKIIMHHO-CBIBOPOTOYHOM  KOMHUCCHH,  PYKO-
ponumoit JI.K. 3aGomotaeiMm u H.®D. Tamaeeii.
B.1. HenpuraiinoBy npuHamiexuT 60 HaydHBIX
paboT, OTHOCAIIUXCI K 00JacTU OaKTEpUOJOTUU
M MMMYHOJIOTUU, TJIaBHBIM 0oOpa3oMm Io audre-
puu, GeleHCTBY, xojiepe. OH pa3paboTall METOM
MPUTOTOBJICHUSI UMMYHHOI CBIBOPOTKU C 0OJb-
MM coaepKaHueM TUuTEpUNHOIO aHTUTOKCUHA
u BMecTe co cBouMu yuyeHukamu C.B. KopuryHom
u I.A. OcTpssHUHBIM OpraHU30Bajl B XapbKOBe
MPOM3BOJCTBO MPOTUBOAMGDTEPUIHON CHIBOPOT-
ku. B.M. HeapuraiisoB mpeayioXua OOuH U3 Me-
TOJIOB UMMYHOJIOTUYECKON AMAaTHOCTUKHU XOJIEPhI
M METOJ BaKILIMHAIIUU TIPOTUB Ta30BOM TaHTPEHBI
(c ucrosib30BaHMEM B Ka4eCTBE aHTUTIeHAa HE KYyJIb-
TYypY MUKPOOOB, a OTAESIEeMOe U3 PaH U MBIIIIII).

OIIITEJIb Bnanumup Annpeesuy (11.12.1872 —
07.10.1932), xupypr, IOOKTOpP MEIUIIMHBI, MpPO-
deccop, AeHCTBUTENbHBI CTAaTCKUIA COBETHUK.
Ponuics B ceMbe M3BECTHOrO MUAHUCTa U KOMIIO-
3UTOpa, IIpencenaresisi Pycckoro My3bIKaJbHOTO
oburectBa AHapes AnekceeBuda Onmnens. B 1896 1.
okoHuus BMenA u OblI ocTaBjieH aablOHKTOM
B TOCITMTAJIbHOM XUPYPTUYECKON KIMHUKE MPO-
deccopa B.A. Patumona. B 1899 r. mocine 3amu-
Thl JTOKTOPCKOW IHccepTalluu O JuMdaHTHOMax
ObLJI HalpaBJIeH B 3arpaHUYHYI KOMaHIWPOB-
Ky, rae pabotan B jaboparopusix y P. Bupxoa
u .. Meunukona. I1o Bo3BpalieHuun ObLJI cTap-
IIUM AaCCUCTEHTOM B KJIMHHUKE, PYKOBOJIMMON
C.I1. ®epoposeim. C 1908 1. 3aBenoBay Kadeapoi
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XUPYPTruyeCcKoi maToyioruu u tepanuu (¢ 1917 r. —
Kadenpa obuieit xupyprumn), a ¢ 1918 r. — akane-
MMUYECKON XUPYpruyecko kKiauMHuKoir BMenA.
Heckonbko wMecsueB B.A. Onnenb Obl1 mnpe-
3ugeHTOM akaaeMuu. OmHoBpeMeHHO (¢ 1919
no 1927 r.) BO3r1aBsijl XUPypruyeckoe oTaeeHue
PanmyopeHTreHOIorn4eckoro WHCTUTYTa (HBIHE
DI'BY «Poccuiickuii HayYHbBIN HEHTP PaANOJIOTUN
W XMPYPrudeCcKnx TeXHOJOIii MMEHU aKaaeMuKa
A.M. I'panoBa»). Bo Bpems IlepBoit MupoBoii Boii-
HBI OBIJT XMPYyProM-KOHCYJIBTAHTOM psiga (GpoH-
ToB. B 1927 r., aBAsISICH OTUPEKTOPOM OOJbHUIIBI
uMm. U1.1. MedyHuKoBa, OpraHu30BajJ B HEW KpyIl-
HO€ XMpypruyeckoe oTlejeHue, a Ha ero 6ase —
2-10 xupypruuyeckytro kadeapy JleHUHrpalacKoro
T'MAYBa. B 1931 r. Bosrinasui nepsyto B CCCP ka-
denpy BoeHHO-ToJeBOU xupypruu BMenA.

B.A. Onnenb ObLJ1 OTHUM U3 OCHOBOITOJIOXKHU-
KOB BoeHHoO-noJieBoil xupypruu B CCCP, co3znan
0oJIBIITYIO KOy XUpyproB. K uncny ero yuyeHu-
koB oTHocsaTca M.H. Axytun, C.M. Banaiituc,
C.C. Twpronas, M1.A. Knrwocc, u apyrue. OH sB-
JISITICSL TIpeficeaTesieM XUPpypPruyeckoro ooiiecTBa
um. H.W. ITuporosa (JleHuHrpam), uzdbupascs no-
YyeTHBIM 4ieHoM KopoJieBCKOro MeauKo-Xupypru-
YyecKoro obuiectBa AHTJIUU.

CABYEHKO Wgan I'puropbeBud (1862—1932) —
COBETCKUIT UMMYHOJIOT M T1aTOJIOT, MUKPOOHOJIOT,
npodeccop (1896), 3aciyKeHHBI OesaTeb HAyYKU
PCDCP (1928).

B 1888 r. okoHYMJ MeOAUMUMHCKUN (dakKyIb-
ter KueBcKOro yHuBepcuTeTa M OBLI TIpUTJIa-
IIEH ITIOMOIIHMKOM TMpo3eKTopa Ha Kadeapy
obureii matonoruu BMenA, Bo3riaBisieMylo
B.B. IloaBbicoukum. C 1889 1. — accucteHT
stoini kadenpsl. B 1893 r. U.I. CaBueHko 3a-
IIATUJI JOKTOPCKYIO AMCCEepTallMio Ha TeMy
«CIIOpOBUKOBBIE YYyXKESITHbIE B 3JI0KauYeCTBEH-
HBIX omnyxoJisix». B 1895 r. paboTas moa pyKoBo/-
ctBoMm M.M. MeunukoBa B MHcTtutyTte Ilactepa
B ITapuxke. C 1896 mo 1919 1. — 3aBenmyromuii
Kadenpoit obuieir matojorun KazaHCKOro yHU-
BepcuteTa. B 1919 1. BMecte ¢ H.H. IleTpoBbiM
W IPYTUMHU YYEHBIMU YYaCTBOBAJI B OpraHM3aliuu
BakTeproJlorn4ecKoro MHCTUTYTAa U MEIUIIMH-
ckoro ¢akynbreta KyOaHCKOTro yHHUBeEpCcUTETa,
Kadenapoil oO0IIeil MaToJIOTUU KOTOPOTO PYKOBO-
nui no koHua xusHu. M.I. CaByeHKO — aBTOp
cBhbilie 100 HaydyHBIX pabOT, MOCBSIIEHHBIX MTATO-
JIOTUYECKOM aHAaTOMWUMU, STHOJIOTMM, MaTOreHe3y
U UMMYHOJIOTUU UHMEKIIMOHHBIX Oosie3Hel. M
HWCCeTOBaHbl BOCITAJIMTEIbHbIE M3MEHEHMSI KO-
CcTeil 1 KOCTHOro Mo3ara rnpu npokase (1890), na-
TOJIOrOaHATOMWYECKNE W3MEHEHUS IIpU XoJepe
(1893). B 1893 r. coBmecTHO ¢ JI.K. 3a60/10THBIM
WN.T. CaBueHKO B ombITax Ha cebe mokasaa 3@d-
(GEeKTUBHOCTD MTePOPATBLHOIO BBEACHU ST XOJIEPHOM
BaKIIMHBI, YTO TOJIOXKUJIO HaYaJa0 SHTEPOBAKIIM-
HallMU C LeJIblo crieluduruIecKoil mpoduiakTUuKu

KUIIeUHbIX UHMEKIU . B oblacTu TeopeTUUeCcKOi
MMMYHOJIOTUY 0c0o00¢e 3HaYeHHWEe MMEET UK 1UC-
cienoBanuii M.I. CaBueHko mo mpobiaeme ¢aro-
nMTO3a, Ha KoTophblie cchlaiacsa M.M. MedyHUKOB
B cBoMX Tpynax «O HEBOCHIPUMMYUBOCTH B WUH-
ek moHHbIX 3aboneBaHusIX» U «O mHOpupoae
BOCITAJICHU SI».

B 1905 r. N.I. CaBuyeHKO OTKpBLI cKapJiaTh-
HO3HBIA TOKCHUH, a B 1907 T. mpeajoxXua Opuru-
HaJbHBI METOA M3TOTOBJICHUS JOIIaJUHON TPO-
TUBOCKapJaaTUHO3HOU chiBOopoTku. C 1920 1. oH
OpraHu3yeT IIMPOKHE SIUIAECMUOJOTUYECKUE HC-
ciienoBaHust B KpacHomape, IIporM3BOACTBO XOJIep-
HOU M OpromHOTUdO3HOU BakuMH A58 KpacHoit
ApMHUU U ThiJa, BO3IJIaBJIsIeT OOPbHOY IO JUKBU-
Jalldy BCITBIIIEK SMUIEMHYECKUX 3a00JICeBaHUIA.
K aTOMYy BpeMeHU OTHOCSTCSI €ro HayYHbIe MyOIM-
Kallu¥ O MaToreHe3e Majsipuu, SIMUIeMUOJOTUU
XOJIEPBI M IPYTUX MH(PEKIITMOHHBIX 3a00JIeBaHUA.

TAPACEBUY Jles AnekcanapoBud (1868—
1927) — oTedyecTBEHHbIH 3MUAEMUOJIOT, MHUKPO-
OuoJior 1 OOIleCTBeHHBIN nesateab. B 1891 r. okoH-
4yua ectecTBeHHbIN (dakynsreT HoBopoccuiickoro
yHuBepcuteta (Opecca), yuuicsa B BMenA, 3asep-
KnJ MeauimHckoe obpazoBaHue B [lapuxke (1897).
Tlocne kpartkoBpeMeHHOro ImpeobiBaHus (1899)
B KueBckoM yHUBepcuTeTe Ha Kadenpe oodieii na-
Tonoruun y B.B. IloaBeicoukoro yexan B [Tapux, pa-
o6otan B 1aboparopuu .M. MeuHukoBa, rjie noaro-
TOBUJI TOKTOPCKYI0 nuccepranuto. B 1902 r. Bo3Bpa-
Twiicst B Oneccy, TAe Mmo3aHee padboTajl MpuBaT-10-
HeHTOM Kadeapbl O0IIIei MaToJIOTUN YHUBEPCUTETA.
B 1907—1911 rr. JI.A. TapaceBuY cTaj mpruBaT-A0LEH-
ToM MockoBckoro yHuBepcurtera, B 1908—1924 rr.
yuTaJ Kypc OaKTepuoJoruu Bo 2-M MOCKOBCKOM
yHuBepcuteTe (1o 1918 r. Beicuinx XE€HCKUX Kyp-
cax). Bo Bpems IlepBoii MupoBoii BoitHbI (1914—1918)
OBbIJT MHUIIMATOPOM BaKIIMHAIIUY ITPOTUB OPIOIITHO-
ro Tvda 1 XoJepbl B pyCCKOM apMU M.

JILA. TapaceBuuy npuHaaaexuT ocosee 70 Ha-
YUYHBIX pabOT MO pa3JUYHBIM BompocaM oOIei
MaToJIOTUM, MUKPOOWOJIOTUH, BIHUIAESMHOIOTUH,
MMMYHOJIOTUU, TPUBUBOYHOMY IEJy, B TOM YHC-
jge «Kypc obmieit matonoruu» (1917) u psaa rias
B TIEPBOM DPYCCKOM TPEXTOMHOM KOJUIEKTUBHOM
DPYKOBOJACTBE «MeaulimHCKass MUKPOOMOIOTHUSI»
(1912—1915), BelIeamIuM nof ero pegakuueir. OH
croco0OCTBOBAJ BHEAPEHUIO B Hallleill CTpaHe Bak-
HMHAIMK TPOTUB TyOepKye3a. [To ero muHUIIMATH-
Be B aBrycte 1918 r. 6pl1a co3dgana nepBass B CCCP
CTAaHIIMS IO KOHTPOJIIO 0AKTEPUITHBIX TIPEapaToB
(HayuHo-mccienoBaTebCKUii MHCTUTYT CTaHAap-
TU3alUA U KOHTPOJSI MEIUIIMHCKHUX OUOJIOTHUYEC-
kux npemnaparoB uM. JI.A. Tapacesuua). C 1918 1.
OH BO3TJIaBsIA YUYEHBbId MEIUIIMHCKUIA COBEeT
HapkomsapaBa; Obll OCHOBaTeJieM W JIUPEKTO-
pom T'ocynapcTBEHHOro Hay4YHOro MHCTUTYTA Ha-
poaHoro 3apaBooxpaHeHus1 (TMH3) um. IMacTepa
(B Mockge). JI.LA. TapaceBu4 ObLJI OpraHu3aToO-
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poOM 1 6eccCMEeHHBIM npeaceaareiicM pdaa CbE310B
6aKTepI/IOHOFOB, SIINACMUOJIOTOB M CaHUTApPHbIX

Bpavei.
YUCTOBMY Huxkomaii SkosneBuu (1860—
1926) — oTe4yeCTBEHHBIN TepareBT, MHMEKINO-

HUCT U MUKpobuoJior. [Tocie okoHuaHus B 1884 1.
BMenA Obll ocTaBjieH Mpu TepaneBTUUYECKOMN
kauHuke, Boarnasasiemoir C.II. BOTKMHBIM.
B 1887 r. 3aliUTU AOKTOPCKYIO OUCCepTalUIo,
BBIMIOJIHEHH Y10 1o pyKoBoacTtBoM W.I1. [TaBioBa.
B 1887—1890 rr. coBeplilieHCTBOBAJICS 3a TpaHULIEH
y .. Meunnkona, P. Koxa, ®. PekinHrXxay3eHa,
D. Jleitnena u ap. C 1890 r. ciayKuJ mpuBaT-a0-
IIEHTOM, a 3aTeéM — aCcCUCTEHTOM (haKyJIbTETCKOMI
TepaneBTuueckoir kKaIMHUKU BMenA. C 1895 1.
H.4. YuctoBuy — riaBHBINA Bpay OOJBbHUILIBI MTPU
T'eoprueBckoii obmuHe Mmeacectep B IletepOypre.
B 1898—1910 rr. pykoBoaua Kadeapoii obiuero
YUYEHU S O 3apa3HbIX OOJIE3HSIX C 0aKTEPUOJIOTUEM
BMenA u ogHoBpemeHHO ¢ 1900 r. — kadeapoii
yacTHOM maTtoyioruu u Tepanuu I[letepOyprckoro
JKEHCKOTO MEIUIIMHCKOIO MHCTUTYTa (B HACTOSI-
mee BpeMs IlepBwiit CaHkT-IleTepOyprckuii ro-
CYyIapCTBEHHBIN MEAUIIMHCKUNA YHUBEPCUTET UM.
akanemuka W.I1. ITaBnosa). C 1910 r. 1 10 KoHLIa
JKU3HU SIBJISIJICSI HAaYaJIbHUKOM Kadenpbl haKyib-
TeTcKol Tepanuu BMenA.

H.A. YuctoBuu — aBTOop cBhille 90 Hay4dHBIX
paboT, MOCBSIIEHHBIX BOIIpocaM O0aKTEPHOJIOTUH,
nmaToMopdOJIOTUH, TaTOreHe3a, KJIMHUKU U Jiede-
HUS TTHEeBMOHU# U TyOepKyJjie3a, 0co00 OmacHBIX
M ApYTUX MHOEKIIMOHHBIX 00JIe3HE; UBMEHEH U SIM
KPOBHM ITpY MH(MEKIIMOHHBIX 00JIE3HSIX; BOIIpOCaM
nmaToMop¢OJIOTUM, CUMITOMAaTUKU U JTUATHOCTH-
KM 3a0oJieBaHMI cepilia, MOYEK M MOYEBBIX Iy-
Teil, a TakxXe IPYTruM IIpobjeMaM BHYTPEHHUX
0osie3Heil. OH ObLJI CTOPOHHUKOM KJIMHUKO-3KC-
MEPUMEHTAJIbHOTO HAIlpaBJICHUSI B MEIUIIMHE.
KnaccmueckumMu mNpu3HAHBI €ro MCCIed0BaHMS
MECTHOTO MMMYHUTETa U MaTOTEHHOCTU MUKPO-
opranusmoB. H.{. YwucTtoBuY mnNpu3HaH OIHUM
13 OCHOBOITOJIO(KHUKOB KJIMHUKY MH(PEKITMOHHBIX
OoJie3Hel KaK HAayYHOM MUCHMUIUIMHBI U TIpeaMe-
ta nipenogaBaHusi B Poccun u CCCP. OH co3gan
KJIMHUYECKYIO IIKOJY, IPEACTaBUTEISIMU KOTO-
poit obimu M.U. ApunkuH, H.K. T'eopruesckuii,
C.M. 3naroropoB, H.K. Pozen6epr, C.M. Pnicc,
H.H. CaBuukuii u npyrue [9].

MACJIAKOBEL ITetp INetpoBuu (1871—1933) —
copatrHuKk [.JI. be1oHOBCKOrO, OMMH U3 OCHOBATE-
seit uncturtyTa Ilactepa B Cankrt-IleTepOypre [1].
Iletp IletpoBuu pomuicsa B 1871 1. B mepeBHe
MacnaakoBka YepHurosckoil ryoepHuu. B 1891 r.
OH OKOHYMJI KJIJaCCUUeCcKyio YepHUTOBCKYIO TUM-
Hasui W Tmoctynuj B KueBckuii yHUBepCUTET,
NpOy4YUBIIUCH 2 Kypca; B 1894 1. mepeBeJsics Ha 3-i1
kypc IletepOyprckoii BoeHHO-MeauMHCKONU
AxkanemMuu, KOTOpyo OKOHYMJ B 1897 1. ¢ oTinuu-
€M U 3BaHUEeM JIeKapsl.

B tom xe rony Iletp IleTrpoBuY ObLT 3aUurcCiaeH
MJIaIITUM BpadoM B 165-it KoBebCKMit IEXOTHBIN
noyk. B 1899 r. Beiien B oTcTtaBKy. PazxajioBaH
U3 BOEHHBIX Bpaueii 1mo geay «Coro3a 60pbObI 32 OC-
BOOOXIeHUE paboyero Kjaaccax»; BbICJaH Ha 3 roaa
B YpxyM BsTckoii rybepHuu, rae paborasl B 3eM-
CKOIi OOJIbHULIE.

TTocne ccbuiku B 1902 1. oy4us MeCTO 3aBe1y10-
mero kKojioHuelr u jededbHuueir KpacHoro Kpecra
B [Taturopcke; ¢ 1903 r., KpoMme 3aBeIOBaHUSI yUPEK-
nenusiMmu KpacHoro Kpecrta u pykoBoACTBa 3aHSTH-
SIMM cecTep Mujiocepaus, 1o 1905 r. 3aHuman 10mx-
HOCTh Bpauda IlsTuropckoii rpynmnbl KaBkasckux
MunepanbHbix Boa. B 1905 r. Iletp IleTpoBuy ObL1
apecToBaH KakK 4JieH PeBOJIIOIIMOHHOTO KOMUTETa
Ilsaturopckoit PecriybiuKu, oaHaKO 3aTeéM OCBO-
OGOXIeH Ha IMMOPYKH, MOCJIE YeTro BhlexaJsl 3a TpaHuILY.

B 1906 r. T1.I1. MacnakoBell BepHyJicst B Poc-
cuio, paboTaj B JOMAarHOCTUYECKOW KJIMHMKE
JleBuHa B THCTUTYTe 3KCIIEpUMEHTAJILHOW MemIr-
uuHbl (MBM); mojiydus npemMuio 3a pa3paboTKy
TeXHUKU peakluu BaccepmaHna; B ¢peBpase 1907 r.
npocayliaj Kypc NpakKTUYeCcKOoil GaKTepuoJoruu
MpU  T1aTOJIOr0-0aKTePUOJOrMYEeCKOM KaOWHETe
MNOM noxa pykoBoactBoMm goktopa H.K. Ilynbua;
¢ mapta 1907 r. pabGoTaJ 1oa pyKoBOJACTBOM Hpodd.
JI.K. 3a60J10THOro B CUGUAUI0JOTNYECKOI J1abo-
patopuu MUBM; ¢ uwoHg no okTsa6pb 1907 1. ObLI
coBMecTHO ¢ M.K. 3a00/JI0OTHBIM KOMaHIWPOBaH
Ha 3MMuaeMu1Io Xojaepbl B ActpaxaHb u Camapy, e
MO/l €ro PyKOBOJCTBOM M3ydaJl MaJISIpUIO, XOJepy
u yymy. ITocne Bo3BpalieHUsl paboTan MJIAdIIAM
acCUCTEeHTOM Ha Kadeape dakTepuoyorun MOM.

C 1908 r. I1.T1. MacnakoBel paboTaJl COBMECT-
Ho c¢ .}O. JIubepmanom u I JI. bejloHOBCcKUM
B TMoIpas3felieHuu, KOTOpoe B TOCJEIYIOIeM
craHetr MHctutytom Ilactepa, a Ilerp Ilerpo-
BUY — 3aMmecTuTtesieM aupektopa. B 1909 r.
I1.I1. MacnakoBell cTajJl AOKTOPOM MEAUIIMHBI,
paboTan B MeAMIIMHCKOM >XKEHCKOM WHCTHUTYTE;
¢ 1916 r. — accucteHTOM Kadeapbl MUKPOOUOJIO-
ruu, ¢ 1921 r. — npupexktopoM CeBacTOMOJIbCKOTO
Bakrepuonoruueckoro MHCcTHUTYTA.

B 1922 r. I1.I1. MacnakoBel NOJy4YUJ Opearnu-
canue IlepBoro MeauIIMHCKOro MHCTUTYTA O BO3-
BpameHuu B IleTporpan Ha paboTy B KayecTBe
ctapiero accucteHTa. C 1922 r. oH paboTtana cTap-
UM TIPO3EKTOPOM Kadeapbl MUKPOOMOIOTUM;
¢ 1923 r. — crapmum TperiogaBaresieM, B 1926—
1928 rr. 3aBegoBas Kadenpoii, 3ameniast npodec-
copa J1.K. 3a6onotHoro; ¢ 1928 mo 1931 r. ObL1 3a-
BeayomuM Kadenpoit mukpodbuosoruu Ilepsoro
MeauImMmHCKOro MHCTUTYTA.

B 1926 r. I1.I1. MacaakoBenn, HapkomsapaBom
ObL1 KoMaHAMpoBaH B [Tapux B [TacTepoBCKUil MH-
CTUTYT, rae npopadoran 2,5 mecsaua. C 1929 . [1etp
IleTpoBuY 3aHMMaJ MOJKHOCTH IPUBAT-IOLICHTA
M 3aBEIYIONIETO 3MUIEMHOJIOTUYECKUM OTHEIOM
Nuctutyra umenu Iactepa B Cankt-IleTepOypre.
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HUKIIMHCKAA TIIpackoBbs BacuibeBHa
(1859—1923) — oTedecTBEHHBI OaKTEPHOJIOT,
mnepBasi pyccKasl XXeHIIMHa IIpodeccop 0aKTepuo-
goruu [3]. Tlocie OKOHYaHUS TUMHA3UU He-
CKOJIBKO JIeT paboTaJjia yYUTEJbHULIEH HaYalbHOM’
mkoybl. B 1889 r. okoHumsaa ¢duzmko-mateMa-
Tuyeckuii dakynpreT Bohicminx (becTyXkeBcKuX)
KEHCKHMX KYypPCOB M TPOAOIXKajda oOpa3oBaHME
B [lapuxke, ¢ 60JbIIMM TPYJOM NOOMBIIUCH MTpaBa
MOCTYNUTh Ha MepBble OAKTEPUOTOTMUECKUE KYyP-
col B IlacTepoBCKOM MHCTUTYTE, KOTOPBIMU PYy-
koBommian BD. Py, A. Jlabepan nu .M. MedHUKOB.
OKOHUYUB KypcChI, ocTajjach B MHCTUTYyTE U B Te-
YyeHue Tpex JEeT Beja HayuyHYylo paboTy IOoI pyKo-
BoactBoM WM.M. MeuHukoBa. BosBpaTtuBmuch
B Poccuro, mocTynuia npermapaTopoM B OCHOBaH-
Heii [ H. TadbpuueBckuM bakTepuoaornyeckui
MHCTUTYT MOCKOBCKOTO YHUBEpcUTeTa (HbIHE
MockoBckuit HUWN snuaemuonoruun 1 MUKpooOHro-
snornu uM. I H. I'abpuyueBckoro PocrioTpedHam3opa).

B 1902 r. B ZKeHeBCKOM yHUBEPCUTETE 3alllv-
Tuna auccepraumio «McciaemoBanusi B obgactu
U3yYCHUS TePMODUIBbHBIX MUKPOOOB» Ha COMCKa-
HHE YYSHOU CTEeTIeHH TOKTOPAa €CTECTBEHHBIX HAyK.
C 1908 r. 3aBenoBajsia Kadenapoili 6aKTEpUOJOTUUN
MEIUIIMHCKOTO akyyibreTa MOCKOBCKUX BBIC-
IIUX XKEHCKUX KYPCOB U ONHOBPEMEHHO paboTaja
B bakTepromornyeckoM MHCTUTYTE MOCKOBCKOTO
YHUBEpCHUTETA.

I1.B. LHuknuHckass — aBTOp OOJIBIIOTO YUC-
Ja paboT 1o BompocaM oOIei U MeAUILIMHCKOMI
MuUKpoOuosoruu. Ee BaxkHellnue Tpyabl MOCBSI-
IMCHBI N3YYSHUIO0 HOPMaJIbHON MUKPOQMIOPHl KU-
IIeYHW KA YeJIOBeKa, ee U3BMEHEHU I B 3aBUCUMOCTH
OT BO3pacTa, MAUTAHUS U IPYTUX YCIOBUH, a TAKXKe
aHTAarOHUCTUUYECKUX B3aMMOOTHOIICHUIN MUKPO-
OpraHM3MOB. BoJIbIIyIO LIECHHOCTH IIPEACTABISIIOT
ee McclieloBaHU ST MUKPOMDIOPHl KUIIIEYHUKA Y JIe-
Teil, B YaCTHOCTU poJiu OudugodakTepuii y HOBO-
POXIEHHBIX, 3TUOJIOTMU AUCcIencuid u np. PaGoThl
I1.B. HHuknuHckoili «O remMoim3nmHax OakTepuii»,
«O U TOTOKCUYECKNX CBOMCTBAX KPOBSTHOM CHIBO-
POTKW» 1 MMOHBIHE HE YTPATUJIMU CBOEro 3HAUCHU .
Ee nccnenoBaHust criocoOCTBOBAIU Pa3BUTUIO HO-
BOT'O HaIIpaBJICHUS B MEIUIIMHCKON MUKPOOMOJIO-
rMyu — FHOTOOMOJIOTUU. 3a pabOThI B 00JIaCTU Me-
AULIMHCKON Mukpoodbuonoruu I1.B. LHukauHckoit
B 1917 . MOCKOBCKMM YHUBEPCUTETOM ObLJIa IPU-
CBOCHA CTEIIEHb TOKTOPA MEIUIINHBI 0€3 3aIIUTHI
ccepTalu.

IOITEPK Bnyapn-Jleonapn @punpuxosuy (1837—
1894) pomuncsa B ropome MmiuH YepHUTOBCKOM
ryoepuun (HeiHe BpstHcKast o0iacTh) B ceMbe H-
Tomonora um wMwuHeposnora dpuapuxa (Pemopa)
Anapeesuua Lllnepka [6]. B 1855 1. okoHYMI Meau-
LHUHCKUN (paKyJIbTeT XapbKOBCKOIO YHUBEPCUTETA
C OTIMYMEM M OTHOBPEMEHHO YCIICIITHO CHaJI 3K3a-
MCHBI Ha CTEIEeHb IOKTOpa MEOIWIUHEL. B TeueHMe
10 et paborai Ha [laibHeMm Bocroke. B 1860 1. oH OT-

TIpaBUJICS B 9KCITIEAUIINIO IT0 H1Ko1aeBcKoMy oKpy-
ry Ha KamMuyaTky Ajs1 u3ydeHUs pacipoCTpaHEHUS
npokassl 1o 6eperam OxoTckoro mopsi. CoOpaHHBIE
marepuanbl moMmormu D.MD. IllmepkKy ITOATOTOBUTH
paboty «Menuko-tonorpadpuyeckue 3aMedaHUs
o cudunuce CeBepo-Bocrounoit Cubupu» ajs 1mo-
JIYIeHUSI CTEIICHU JOKTOPAa MEIUIIMHBI, KOTOPYIO OH
YCHEITHO 3aiuThaI B 1863 . DTO OBLIO OTHO U3 Mep-
BBIX MCCJICIOBAaHWI IO MEIMIIMHCKON Teorpaduu,
MO3TOMY B JMCCEpPTAllMU OTCYTCTBOBAJM IIMTAThI
Ipyrux aBTopoB. M3-3a 3TOrO ee emBa HEe OTKJIOHU-
Jiv, M ik 61aroaapst xogaraictry A.A. YuctoBuua
yaaJiochk gorryctuth .M. [lInepka K 3amure.

Pa6oras B KanuHKMHCKONM OONbHULIE, YUEHBI
NpoBeJ YHUKaIbHYIO padoTy: ¢ 1871 mo 1876 r. oH
noapo6Ho o6caenoBan 1076 MPOCTUTYTOK U Ha-
OJironaa ux B TedeHue 15 aeT. YueHblit nbITalcs Bbl-
SIBUTH rparyeckuii 5KBUBAJECHT Pa3BUTUS U TTPO-
TeKaHU I KOHKPETHOM IMaToJIoTuu. Pe3yabpraThl mpo-
BeJIECHHOW paboOThl ObIJIM OLIEHEHbI MPOPeccopoM
9. Jlancepo (E. Lancereaux, 1829—1910), koTophblit
Harucaja B MPeaIuCIOBUU K COOpAaHUIO COUMHEHU I
D.D. IInepka: «OH ooMH U3 TeX PEAKUX aBTOPOB,
KOTOpBIe TIOHUMAIOT, KaK BaxKHO MO3HAHUE 3THUO-
JIOTUYECKUX YCJIOBUII OO0JIe3HEN ISl TOCTUXEHUS
NpenyInpexXaeHUsT UX, U KOTOPbIe CTApaIOTCs BCE-
MU CPEeICTBaMU OIPEASTUTh MX IMPOUCXOXKIACHUE.
Ho 3tuM He orpaHMYMBAINCh M3BICKAHUS 3TOTO
JIIOO03HATEIbHOTO U 00pa3oBaHHOTO yma. OH 3a-
HUMAaJICS ellle TPUMEeHEeHMEM DJIEKTPUYECTBA K Jie-
YeHU 0 00JIe3HEe U C XXapoM OTIaBaJjCs U3YUYCHUIO
0aKTEpHOJIOTUY, HEIaBHO OCHOBAHHOW WHTEpeC-
HbIMU UccienoBaHusgmu JI. ITactepar.

Bynyuu riraBHBIM BpadoMm KaTMHKMHCKOM 60JTb-
Huuel, D.MD. Ilnepk npomoixkaa 3aHUMAThCI HC-
cienoBaHUSIMU B obnactu cudunnca. CnenmaiabHO
U1 3TOU paboThl mpuHLeM A.IT1. OnbaeHOyprcKkum
ObLi1a IpUOOpeTEeHAa MapTUsl 00e€3bsIH U3 36 XKUBOT-
HbIX. OQHAKO B OOJIBIIIMHCTBE CIydaeB SKCIEpU-
MEHTHI HEe YBEeHYAJIUCh ycriexoM. M auime mmociie mo-
e3nku B [Tapux, rne O.®. [llnepk o6cyxaan mpo-
6JIeMy CO3IaHU s SKCIePUMEHTaJTbHOM MOJIEIHN CH-
¢unucacJl. [TactepoM, OH MONbITAJCSI TPUMEHUTH
KOMOMHAIMIO BO30yauTedsl cUdUINca ¢ MHBIM
MHUKPOOPraHU3MOM, HaJlesICh TAKUM 00pa3oM II0-
HU3UTh UMMYHUTET 00e3bsiH. B pe3ynbraTe y 06e-
3bsSIH BO3HUKAJIM XapaKTepHbIE SI3Bbl. DTU pabOThI
Ialyu yOemuTeJIbHOE JT0Ka3aTeIbCTBO MpUBHBac-
MOCTH YeJIOBEUECKOTO cUduInca o6e3bsiHe U BO3-
MOXXHOCTH JTaJIbHEHIINX ITaccaskeil OT 00e3bsHBI
K 00e3bsiHe, YTO MOCIYXUJIO HadyaJoM OOJIbIION
HMCCJIeI0BaTEIbCKOM pabOThI psijia YUSHBIX B 00Jia-
CTH U3yUYeHUS cudumca.

BAPIAX AxoB KOabeBuu (1857—1929) — Bpau,
BblIAMOLINICS MUKpoOuosor, ponuicsa B Opecce
B ceMbe yuutens. [locne PumenbeBckoil rumMHa-
3MM OH TIoCcTynuJI Ha EcTecTBeHHOE oOTHeiIeHUe
dusnko-maremMaTnueckoro daxkynbreta HoBo-
POCCHIICKOTO YHMBEpCUTETa, TAe MOA PYKOBOI-
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ctBoM M.M. MeuHukoBa usydas oOuoJioruio |[7].
3a cTyAeHYeCKylo HayuyHylo padboty «O0 omnTuye-
CKUX M30Mepax sI0JIOYHBIX KUCJIOT» OH ObLI yIO-
CTOeH 3o0JioToil Memayivi. OKOHYMB YHUBEPCUTET
B 1880 r., AxoB IOnbeBuu noctynua B BoeHHO-
MEOULMHCKYIO0 akaaemuto B IleTepOypre ajs mno-
JIly4YeHUsI MEeAMIMHCKOro obpaszoBaHus. M3 aka-
JeMuu ObLa BhINylIeH B 1883 r. B 3BaHUM JieKaps,
OKOHYMJI KYPC C OTJIMYHUEM.

Bossparusmuces B Oneccy, AkoB IOnbeBuY Ha-
yaJl paboTaTh B HEOOJIBIIOW MUKPOOHUOJIOT NYECKOMN
nabopatopuu MU.M. MeuHukoBa, opraHu30BaHHOMI
Ha kBapTtupe Mnbu Mabuua. Yepes aBa roga ycu-
MU MeuHUKOBa 1 €70 YYEHUKOB U B OCHOBHOM
Ha cpenctBa OIecCKOTo rOpoJACKOTO yITpaBJICHU S
ObLIa co3naHa TepBasi B Poccuu u Bropasi B MUpe
(mocne IMactepoBckoro nHcTuTyTa B [Tapuke) 6ak-
TepuoJIoTUYecKasl JlabopaTopusi, OTKPBIBIIASICS
11 nronsa 1886 r. CraHLMs 3aHMMAaIACh IIPUTOTOB-
JICHWEeM BaKIIMHBI TIPOTUB CUOUPCKON SI3BbI, MC-
cliegoBaHMEM MPUYHWH YYyMBl U OPYTUX 3apa3sHbIX
Oosie3Hell poratoro ckota. Korna Hamo ObLJIO UC-
MbITaTh MOJYYEHHYIO NPUBUBKY IIPOTUB OCIICH-
cTBa, A.10. bapnax mepBbIM UCTIBITAJ €€ Ha cebe.

B 1981 r. onecckasi ropojckasi ynpaba o0bsiBUIa
KOHKYPC Ha 3aMellleHUe ITOJIKHOCTH 3aBeayIOIe-
ro 0aKTepUOJIOTUUECKOW CTaHIIMEe U oOpaTuiach
K camomy JI. TTacTepy 3a coBeTOM O KaHIMIAType
Ha 3ToT nocT. OtrBeT npuuien o6wicTpo. JI. Tlactep
Hamnucal: «...ITo3BojibTe MHe 0OpaTuTh Baie BHU-
MaHUe Ha TO, YTO BbI y Ce0s1 MO/l PyKOIO UMEETE BbI-
JTaloIIEerocs y4eHoro, KOTOpblil 3asiB1JI O cebe B 1o-
cJIeMHVE TOJbl BaXXHBIMU HAyYHBIMU padoTaMu
M Kak 3aBenylomuii OgecCKUM WUHCTUTYTOM IJIST
MPUBUBOK MPOTUB OEIIEHCTBA MOJIYYMJI MpeKpac-
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HBIE pe3yJbTaThl, OOpaTHBIIME BHMMaHUE BCEX
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Bce poccuiickue yudeHble — Yy4YeHUKMU Jlyu
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JlaBaJii MHOTOUMCJIEHHBIM YUYeHUKaM — TMPOIO0JI-
JKaTeJIsIM Jieia BeJimKoro yyeHoro JIyu IMacrtepa.
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35-JIETUE CEBEPO-3ANALOHOIO
OKPYXXHOIO LLEHTPA MO NPOPUJTIAKTUKE

U BOPbBE CO CINUA B CTPYKTYPE

HAU NMAEMUOJIONM U MUKPOBUOJIOITUA
UMEHU NMACTEPA

H.A. Beaskos'?, C.B. Orypuosa', B.B. Paccoxun'2, JI.A. JInosuos??, E.B. fIlcTpedoBa’?,
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Pe3iome. Opranuszanusa Ceepo-3anagHoro okpyxHoro LleHTpa mo nmpodunaktuke u 6opsde co CITU (C30
Hentp CITW ) 6epeT cBOe Hauayio Ha KCTOKaxX 3apoxaeHus anuaemun BUY B Poccuiickoit @enepannn. 3a nepu-
on 35-netHeit pabothl cotpynHukamu C30 Lentpa CITM ] Obl1 BHECEH HEOLUEHUMBI BKJIaa B pa3BUTHE JUATHO-
ctuku BUY-uHpexkuuu, BHEAPEHUN HOBBIX KIMHUYECKUX U MPOGUIAKTUUECKUX TEXHOJOTUI, KOHCYJIbTUPOBa-
HUS MALMEHTOB U MOATOTOBKU KBaJU(UUMPOBAHHBIX KaJApoB. B 100M1eiiHOI cTaThe OCBEIIEHbl OCHOBHbBIE 3TAIlbl
craHoByeHus1 C30 Lentpa CITU/ kak cTpykTypHO#i equHuLbl CaHKT-ITeTepOyprckoro HayuyHo-MCCaea0BaTeb-
ckoro nHctutyTta umenu Ilactepa. PaccMoTpeHbl pa3HOCTOpOHHME GYHKUMU U 3aJa4y OpraHU3aluU, HOCSIIHE
MYJbTUAMCLUTIIMHAPHBIN XapaKTep, €€ OCHOBHbBIE JOCTUXEHM I BCEPOCCUIICKOro 1 MUpoBoro Macuraba. Ocobdoe
BHMMaHUE YAeJeHO MHOTOJeTHEMY MEXIYHapOIHOMY COTPYAHUUECTBY, pe3yJbTaTaM peaiu3aluy pa3iuuyHbIX
MporpamMM M MPOEKTOB MpU MoAAepxKe BcemupHoii opraHuszauuu 3npaBooxpaHeHus (BO3) u O6beauHeHHOI
nporpammbl Opranuzanuu OobvenuHeHHbIx Hatuit mo BUY/CITU /. C30 Uentp CITU/ npononxaeT B3auMoaeii-
CTBME C OCHOBHBIMU HayuHbIMU opranuzanusamu Cankrt-IlerepOypra: [lepsoim Cankr-IletepOyprckuii rocynap-
CTBEHHBIM MeAUIIMHCKUM yHUBepcuTeToM nMeHu U.I1. [TaBnoBa, MHCTUTYTOM 3KCIIEpUMEHTATbHON MEAUIIUHBI,
HMHuctutryTom mosra uenoseka umenu H.I1. bextepeBoit PAH u np. [TpoBoauMbie COBMECTHBIE UCCAEIOBAHUS HEU3-
MEHHO BHOCSIT BKJIaJ B U3yYEHUE SNMUAEMUOJOT UM U KIMHUKU Pa3IUYHbIX BUPYCHBIX MHPEKIIUI U KOMOPOU THBIX
coctosiHu. [ToayyeHHbIEe 3HAHUS PETYIAIPHO 00001IAI0TCS B BUAEe MOHOIpauil, XXypHaJlbHbIX CTaTell U JEMOH-
CTPUPYIOTCS Ha KOH(epeHIUAX pa3auuHoro ypoBHs. B HacTosmee Bpemst C30 Llentpa CITU/ npencraBieH He-
CKOJIBKMMU CTPYKTYPHBIMU MOAPA3IEAEHUSIMU, B KOTOPOI MPOJ0IKAETCS MpaKTUUYeCcKass U HaydyHasl 1esiTeJIbHO-
ctu 1o usyvyeHuo BUY u BUpycCHbBIX renaTUTOoB.

Karoueenie caosa: Cesepo-3anadnviii okpyscHoil uenmp no npogpuraxmuxe u 6opvoe co CITUI, BUY-unpexuyus, smanst pazeumus,
SNUIEMUON0US, HAYUHAS OeSTMENbHOCb.
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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.B.*?, Boeva E.V.*", Totolian A.A.*"
@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

b Paviov 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 activity.

B 2023 r. ncnojitHniock 35 1€T ¢ MOMEHTa opra-
Hu3anun CeBepo-3amamgHOTO OKPYKHOTO IICHTpa
no npodunaktuke u 6oprde co CITN u nundek-
LHMOHHBIMU 3abojieBaHusIMU (nanee — LleHTp).
C 1989 r. LlenTp Hauaa ¢pyHKIIMOHUPOBATh Ha Oaze
DenepalibHOrO OIOAKETHOTO YUPEXKISHUs Hay-
ku «Cankr-IleTepOyprckuii Hay4YyHO-MCCIIeIOBa-
TEJABCKUI WHCTUTYT SIUIACMUOJOTUU M MHUKPO-
onosiorun uM. Ilactepa» @DenepallbHON CIYXKOBI
o HaA3opy B cdepe 3amIuThl IIpaB ITOTPeOUTEICH
1 OJIaromoy4dusi YeJoBeKa W CTajl ero CTPYKTyp-
Holl equHuULEel. OpraHuU3aTOPOM U PYKOBOAUTEEM
naboparopuu 1o auarHoctuke BUWY-umHpexkumnmn
B 1988 1. cTta;m 3aMecTuUTEeNb AUPEKTOpa MO Hayy-
Holi pabote JleHuHrpaackoro HUWM snuaemuo-
gorun U Mukpoomosiorum um. Ilacrepa mpodec-
cop ®puapux CasenrbeBud HoCKOB, KOTOPBIi OBLI
TIEPBHIM MHUIIMATOPOM CO3HAHUS CIIYKOBI TPOdU-
nakTuku u 6opsobl co CITM]/ Ha CeBepo-3amnaue
PC®CP. Co cBomMu KojuleraMuW W YYEHUKaMU
®dpuapux CaenrbeBrY chHOPMYITUPOBATT PSII UOCH
M0 CaHMUTAPHO-3MUAEMHUOJOTUUYECKOMY HaI30py
3a CITNUJ u CITUO-accoununpoBaHHBIMU MHQEK-
nusmu. Ha 6a3e 1abopatopun B 1989 1. B cooTBeT-
ctBuu ¢ Ilpukazom MwuHHCTEpPCTBa 3apaBOOXpa-
HeHuss PCOCP Ne 62 ot 24.04.89 1. «O6 opranun3sa-
nuu cnyxosl ipodpunaktuku CITJa B PCOCP»
OBbLJT OpraHM30BaH M B COOTBETCTBUM ¢ [Ipukazom
MuHuctepcTBa 3/IPAaBOOXPAHEHU S PCOCP
o125 utoirst 1989 1. Ne 119 «O pasBUTHH CITYKOBI ITPO-
dunaktuku CITMAA B PCOCP» npuctynui K pa-
oote JleHnHTpaackuii, a 3atem CeBepo-3anagHblii,
pEeTMOHANBHBIN HEHTP MO NMPOdPUIAKTUKE U OOPh-
o6e co CIIMA. Cornacuo Ilpukazy MwuH3mpana,

PernonaibHBIN LIEHTP O TPO(PUIIAKTHUKE U O0ph0Oe
co CITU]I ocymiecTBisIeT KOHCYJTBTaTUBHYIO U ME-
TOAMYECKYIO (PYHKIMIO MO BONpOcaM HaydyHO-UC-
CJIeIOBaTEeIbCKOM, OpraHu3allMOHHO-METOANYEC-
Kol 1 jedyeOHoU pabote, mpoBoauMoii B CeBepo-
3anagHoM ¢denepanbHoM okpyre (C3MO), BHenpsieT
M UCTIOJIb3YeT METOMbI MPOMUIAKTUKHI, TMaTHOCTH -
Ky 1 neyeHrss BUY-unpexkunn.

Jlabopatopusi Obljia ycujeHa BHOBb OpPraHMU30-
BaHHBIMH OTICJICHUSIMU (OTHOCJICHNE TMAaTrHOCTUKH
BUY-undpexkumu, otaeseHue sMuMHaAA30pa U MPo-
dunmaktuku BUY-uHbekinm), 6610 BbiAeICHO 18
JMIOTIOTHUTEIbHBIX CTaBOK MJIsI €ro CIelMuaIuCcTOB
(puc. 1).

Ha navanpHbIX 3Tamax pab6otel LleHTpa Hau-
OoJiee BaxKHBIM pas3aesioM Obljla OpraHu3alus aua-
rHoctukn BUY-nHpeknu, B TOM 4uCie JOCTaBKU
CTIOPHBIX U TTOJIOXKUTEIIBHBIX CBIBOPOTOK JIJISI apOu-
TpaxXHoro uccienoBanus Ha BUY-undexkuuio. Yxe
3a MepBble IBa Mecsla padboTsl LleHTpa mocTynu-
Jla COTHSI CBIBOPOTOK IJIs1 ucciaeaoBaHust Ha BNY-
MH(}EKIINI0, U3 KOTOPHIX JBE MO NJaHHBIM UMMYHO-
O0n1oTTUHra okazanuch BHWY-1oaoXuUTeIbHBIMU.
LlenTp coBmecTHO ¢ JIeCHMHTIpaaCKOi MPOTUBOUYYM-
HOI CTaHLMEN CPOUYHO pa3padoTajl OpUTrMHAJIbHBIN
STIONPYIONINUA PAacTBOP, ITOCKOIBKY WMCCIICIOBAHUS
najbleBbIX MPOO ObLJIM HETOCTATOUHO 3(PHEKTUBHBI.

IlepBoe coBellaHue ¢ TEPPUTOPUATIBHBIMU Op-
raHamu 3apaBooxpaHeHus mo CIIMI Owi1o mpo-
BeneHo B I. [leTpo3zaBoncke B ceHTss0pe 1989 r., a yxke
B OKTs0pe TepputopualibHblie ieHTpbl CITU/L ObLIn
OpraHu30BaHbI B 7 peruoHax: B ApXaHTe/JIbCKOl (py-
koBogutenb — JLII. Kununa), KanmAnHTpaackoi
(A.I. Konnynun), Horoponckoit (A.M. Kumnskos),
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IlckoBckoit  (I'H.  BuHokypoB),  MypMaHcKoi
(M.JI. Amo3oB) obmactax, B Kapenabckoit CCCP
(A.A. I'aBpunos), B Jlenunrpaze (I'.B. borosiBneHckuit).

C 1990 r. CeBepo-3amagHblii pernoHa bHBII
LEHTp T10 TIpoduakTuke u 6oproe co CITN]/ Bo3-
rinaBuiaa TatesiHa TumogeeBHa CMoabcKass — AOK-
TOp MeAUIIMHCKUX HayK (1985), 3acmy>XeHHBII Bpa4y
Poccuiickoit @eneparu (2005).

Kak pykoBoauTeslb M HEIIOCPEACTBEHHBIN WC-
MOJIHUTEb, OHA BJIOXMJIA CBOM 3HAHUS U SHEPTUIO
B opraHuzanuio LleHTpa W CTaHOBJICHHE CITY>KOBI
CITN ]I Ha 6a3e yuypexXAeHUI TTpaKTUUeCcKoro 3apa-
BOOXpaHEeHMS Ha 11 aIMUHHUCTPAaTUBHBIX TEPPUTO-
pusx C3dPO Poccun. Tarbsina TumModeeBHa Oblia
aBTOpOM 0KoJ10 200 HayYHbIX pabOT, 7 UBOOPETEHUIA,
HarpaxjeHa MOYETHOM TIpamMoToii MMHUCTEpPCTBA
3paBOOXpaHEHUST U COLMAJIbHOTO pa3BuTusi Poc-
cuiickoit Menepan, SBASIJIACh WICHOM HayIHBIX
KOMUTETOB KPYIMHEUIINX MEXIYHApOAHbIX KOH-
depenuuit no CITM/, Bxoauaa B cocTaB KOOpAU-
HAIlMOHHBIX KOMUTETOB 1 3KCIIEPTHBIX TPYMIT psina
MAacCIITa0OHBIX MEXIYHAPOOHBIX MPOEKTOB. MPOEKT
EBporeiickoro cors3a mo snuaHan3opy 3a BUY/
CIINJ B EBpomne, mnpoekT «CeBepHOe wu3Mepe-
HHE», TIPOeKT BceMmpHOI opraHM3alliy 3HpaBo-
oxpaHeHusi (BO3) B 3arpede — «OOyuaromuit
LleHTp MO 3MUIHAA30PY BTOPOTO MOKOJCHUS OIS
ctpan leHTpanwHoii u BocTouHoit EBpombi»,
npoekt o BUY/CITUJ B Bantuiickom permone
n Ha CeBepo-3anane Poccuu u np. Ilox pykoBoact-
BoM TarbssHbl TuModeeBHbI B LleHTpe Hauau pery-
JISPHO M3IaBaThbCcs MH(POPMAIIMOHHBIC OIOJIJICTCHH,
aHaJUTUYECKUEe O0030pbl, METONMYECKHE IT0COOHUS
u pekoMmeHpauuu aJist Bpadeit. C 1996 r. B LlenTpe Ha-
yaJj padboTaTtb KaOMHET «/loBepre» — OAMH U3 TIEPBbIX
AaHOHUMHBIX KaOWHETOB B CTpaHE OJIsI KOHCYJIBTU-
poBaHUS U TOOPOBOJIBHOrO TecTupoBaHusa Ha BUY
u BUY-accolmrpoBaHHbIe 3a00€BaHUS.

Ha niepBoM starne snugemun (mo 1997 r.), koraa
pacnipoctpaHeHue BUY-undexunu B Poccuun nume-
JIO XapakKTep OYaroBOi 3a00JieBacMOCTU, HAYYHO-
npakTuyeckKas AesaTeJbHOCTh LleHTpa ocyiecTBs-
JIach 110 CJIEMYIONIMM HATIPABJICHUSIM:

— yuacTtue B pazpaborke PenepajibHbIX TOKY-

MEHTOB T10 OpraHu3au AesITeIbHOCTU CITYKObI

no BUY-unpexumu B PO;

— u3aaHue MHGOPMAIIMOHHBIX MaTepUaJioB sl

MEONIIMHCKUX PAOOTHUKOB,

— coJeicTBue BopraHmsaunm Ha 11 agMuHUCTpa-

TUBHBIX TeppuTopusx Ob6nactHbix/Pecryonu-

KaHckux LleHTpoB mo mpoduiakTuke U 60phde

co CIIN]] n nHEeKIMOHHBIMU 3a00JIeBAaHUSIMU

(manee Llentp CITMI), TeppuTOpUATBHBIX MPO-

rpaMM AHTUCIIM /. Tak, B 3TU Toabl Ha TeppU-

Topusix C3MO Ob110 opraHn3oBaHO oKoyio 100

JlabopaTopuii, M3 KOTOPBIX BCE IEPBUYHO-IIO-

JIOKUTEIbHBIC 00pa3lbl KPOBU IMOCTYHAJIN B pe-

depeHc-mabopaTopuio PermoHaibHOro IeHTpa

s ioaTBepxKaAeHust nuarHoza BUY-uHpekmu.

Ha 6a3e LlenTpa Bpauu TeppuTOopUaibHbIX J1a00-

paropuii CITM mpoxoauad AONOJTHUTEIBbHYIO

PucyHok 1. CotpyaHukm PernoHanbHoro LleHTpa
cnua, 1993r.
Figure 1. Employees of the Regional AIDS Center, 1993

MpumevaHue. B HuxHeM psgy, nocepeamnHe: T.T. CMonbckas,
pykoBoauTenb LieHTpa, LOKTOP MEANLIMHCKUX HayK,
3acnyxeHHblli Bpay Poccuiickoin @epepaumnn n ®.C. Hockos;
BTOPOW psia, cnesa Hanpaso: B.I. Ennceesa, B.A. Palickas,
IW. KoposuHa, B./. ®enotosa, M.M. JleoHTbeBa,

H.A. ThagkoBa, H.MN. JlewwmHckas, T.J1. 3aTONOKNHA; BEPXHUI
pan, cnesa Hanpago: X.B. TepeHTbeBa, M.O. JlybkuHa,

3.A. WWvnoea, E.H. PywHesckas, A.B. 3akpeBckas.

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.l. 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. Rushnevskaya, A.V. Zakrevskaya.

TEOPETUYCCKYIO TIOATOTOBKY M KPAaTKOBPEMEHHOE
o0OyuyeHMe Ha paboyeM MeCTe;

— paspaboTtka B LleHTpe HOBBIX TUAarHOCTUYEC-

Kux tectoB Ha BUY Ha ocHOBe remarriioTuHa-

OMOHHBIX MeTonoB 1 MDA, a TaK>Ke TTOJIEBBIX Me-

TOIOB 3a00pa 00pa3IIOB KPOBH («CyXasl KarIs»);

— TIpoBeleHue 6a30BbIX uccienoBaHuii nmo JJHK-

rubpuauzauuu u I[P, a Tak>ke cpaBHUTEJIbHBIE

WCCIIEIOBAaHUS METONOB OIPEACICHUST BUPYCHOM

Harpy3ku (bDNA u RT-PCR);

— 0000IIeHNMe M aHaJiu3 pe3yJbTaTOB CKpU-

HuHra Ha BUY B CeBepo-3anagHom denepaib-

HOM OKpYTe, aHaJIMu3 OTAeNbHbIX ciiyyaecB BUY-

WHGEKIIUMU 1 3MMUANpolecca B ejaom; ¢ 1992 r.

Ha IMOCTOSTHHOI OCHOBE BEIETCS U aHAJIU3UPYeT-

cs1 0a3a AMUIEMUOJOTNYSCKUX TaHHBIX MO CIy-

yasM BUY-undexkuuum B C3DO u perynasgpHo

BblnyckaloTcs: MHbDopMallMOHHbIE OOIIeTeHU,/

AHanuTU4YeCcKUe 0030pHI;

— pa3paboTKa METOIOB U  MPOTrpPaMMHBIX

CPENCTB AJIs1 aHau3a U MPOTrHO3UPOBAHU S pa3-

BUTUS SMUAECMUN Ha TEPPUTOPUSIX C HUKUM

YpOBHEM MH(PULIMPOBAHUST HACCTICHU .

B 1990 r. MHCTUTYT SNUAEMUOJOTUU U MU-
Kpobuosorun umeHu Ilactepa, OO6GnaacTHast WH-
dexkimoHHasi OoJibHUIIA B Tlocesike YcTb-Mxxopa
JleHuHrpanckoir obgactu u Kadenpa uHOEK-
OUOHHBIX OoJie3Heil MenuIMHCKON aKaaeMHUN
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NOoCAeAUTIIOMHOro  obpaszoBaHusi  (mmpogeccop
A.I. PaxmaHoOBa) cTaay MHULIMATOPpAMU CO3TaHUS
B 9TOi1 OONMBHUIIEC CTAllMOHApa AJI51 MHPUIIMPOBaH-
HBIX JeTeU 1 B3POCIBIX, B TOM YMCJIE AJISI TTOKA eIle
HEMHOTOYMCJICHHBIX B TO BpeMs MAIlMCHTOB C all-
MHUHUCTPATUBHBIX Tepputopuit C3®PO, KoTopbie
Habmogaanuch KIMHUIUCTOM OKPYsKHOTO LIEHTpA.

B 1994—1996 rr. mpu moaaepKKe CIELMATNCTOB
Wucturyra INacrepa B Ilapuzke n HaumonanabHOro
WHCTUTYTa 3apaBooxpaHeHUsT POUHISTHINN OBbLIA
TIPOBEICHBI MCCIICAOBAHUS 10 TEHOTUITMPOBAHUIO
mramMmMoB BUY, nupKynupylomnmx Ha TeppUTOPUSIX
Cesepo-3anana u B Apyrux oonactsax Poccuu; uccre-
JIOBaHUE IT0KA3aJI0 IIPUCYTCTBHUE B KOJUICKIIMHM BCEX
M3BECTHBIX Ha TOT mnepuon cyotunos BUY u pekom-
OMHaHTHBIX (DOPM BUpPYCa, a TaKKe ObLia mpocexe-
Ha TTOCJIeA0OBATEIbHOCTD BXOXICHUS B IIMPKYIISIIINIO
pas3Hbix mTamMmmoB BUY; nBagiaTh onHa opurnHaib-
Hasl MOCJIeIOBaTEIBbHOCTh V3 IOMeHa M3 yKa3aHHOU
KOJIJISKIIN Y ObIJIa IETIOHMpoBaHa B MeXXTyHapOTHOM
I'enbanke (U69646-U699667) (puc. 2).

Btopoii — OCHOBHOW 3Tall 3IMUACMUN Hadajcs
BO BTOpoOit mooBuHE 1990-x rT., Korna BUY Ha MHO-
TUX TePPUTOPUSIX MOIAaJ CHavajla B ObICTpOpPACTy-
Y0 TOITYJISIINWI0 MOTPeOnTEeNell MHBEKIIMOHHBIX
HapkoTukoB (ITMH), nanee K mxX MOJIOBBIM MapTHE-
paM, B T'PYIIIIbI CEKC-pabOTHUII, 3a4acTyIO SBJISIB-
ITXCST HAPKOIOTPEOUTEIISIMH.

C3®dO no crereHu TMOPaKeHHOCTU HaCeJeHU S
BUY-undekuunii 3aHA71 yCTOMUYNBOE BTOPOE MECTO
cpenn npyrux OenepaabHBIX OKpYyToB Poccuu B oc-
HOBHOM 3a CUeT 31 AeMU M Bropofgax KanmHuHrpan,
Cankr-IletepOypr u B JleHMHIpaackoil 0O0JIaCTH.
HccnenoBanmne TeHOMa BHpPYyca, BEI3BABIIIETO B3PHI-
BONOAOOHYIO snujaeMuio B KaamHuHTrpaackoil 00-
gmactu B 1996—1997 rr. mokaszajio IeHeTUYECKYIO
TOMOTE€HHOCTh COOpPaHHOM KOJIJICKIINU, TIPEICTaB-
JICHHOII peKoMOMHaHTHOU (opmoii Bupyca (A/B).

PucyHok 2. MogroTtoeka Bpayeii nabopaHToB

Ha 6a3e LieHTpa. MpoBoauT oGyyatowmii

cemuHap PpaHcyasa Bappe-CuHyccu (PpaHuus,
BTOpas cneBa), kotopada B 1983 r. coBMeCTHO

¢ J1. MoHTaHbe npentupuuuposanu BUY
(Ho6enesckas 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)

HanpHelie GeHOTUITNYECKE UCCIIEIOBAHM ST TTO-
3BOJIMJIM MIPEATIONOXUTD, 4TO cyoTunsl BUY A u B,
LUMPKYJUpYyolide B YKpauHe, MOIJIU ObITh «POJIM-
Tensamm» Kammauarpamckoro mramma (CRF03-
AB). ITocnenyrouue uccinegoBanus Lentpa B 2003
12006 rr. Ha TeppuTopusx C3PO mmokasajio IpUCyT-
CTBUE 3TOro BapMaHTa Bupyca BHe KanumHuHrpaza
TOJILKO B I. Yepenosue (Bonoroackas o6aacTs).
st u3ydeHns IBUKYIIIUX CUJI SITUIEMUU U 000-
CHOBaHWUS ITPODUIIAKTUKY B YCIIOBUSX HapacTalolle-
ro pacripoctpanenuss BUY, LlenTp npu noaaepkke
OO0beauHeHHOUW mporpamMMmbl OpraHuzauum 0OO0b-
enMHeHHBIX Hanuii mo BUY/CIIUOdy (FOHDRM)
u BO3 B gononHeHue K AMCTBYIOIIEH cUCTeMe Hal-
30pa HadyaJI aKTUBHO Pa3BUBaTh M BHEAPSTh METOHO-
JIOTMIO BTOPOTO TTOKOJICHU ST AITUASMUOJIOTUUECKOTO
Hanzopa 3a BUY B PD («kOMTLJIEKCHBIE CEPORITHIC-
MHOJOTUYCCKNE U TIOBCACHYECKHNE MCCIICIOBAHUS
B VSI3BUMBIX IpYyIIIIax»), KOTopasl BKJIoJaJa:
— WCCJIENOBAHUSA B TPyMNax HaceJIeHUsI, KOTO-
pbI€ B CUJTY COLIMAIbHBIX IIPUYUH WU PUCKOBaH-
HOT'O TIOBEICHU ST IBIISTIOTCST BEICOKO YSI3BUMBIMU
kK BHMY: IIMH, ux noJjioBble mapTHEpPbI, CEKC-
pabOTHUIILI M MX KJIMEHTHI, MY>KUYWHBI, TIPAKTH-
Kytolue cekc ¢ MyxkauHamu (MCM) u np.;
— IIpOBEAEHUE UCCIACAOBAaHUMN B <«I030pPHOM»
dopmaTe — B KOPOTKHE CPOKHU, BHE MCIUIINH-
CKUX YUpPEXJACHUI, Ha yJyacTKax, YCJIOBHO Ha-
3BaHHBIX «T030PHBIMI», KOTOPBIC OBIJIN ITPUEM-
JIEMBIMU IJIS1 TIOCCLICHUS XKUTESISIMU, BKJIIoUast
MpeICTaBUTEICH YSI3BUMBIX TPy (CITelnaib-
HO O0OOpyJOBaHHBIE IMOMEIIEHUSI, MOOUJIbHBIC
MYHKTBI U 1p.);
— yCHJICHUE OMOJIOTMYSCKOTO KOMITOHCHTA Ha -
30pa 3a cyeT oOcjienoBaHUSI 00Opa3loB KPOBU
He Toibko Ha BUY, HO u Ha aHTUTeNa K BUPYCY
rertatuta C 1 BO30yauTelo cuduimnca;
— BBEIEHME TMOBEICHYECKOro M IICUXOJIOTrMYeC-
KOTO KOMITOHEHTOB (COIIMOJIOTMYECKUI OIPOC),
YTO MOTPEOOBaJO O0bEAUHEHUE YCUIUN DU IE-
MMOJIOTOB, TICUXOJIOTOB M COILIOJIOTOB.
Bce wuccnemoBaHus, onucaHHbIE paHee, ObLIU
npoBeaeHBI B Poccuu BriepBEIe.
B 2000 r. B coorBerctBuu ¢ I[lpukazom M3 PD
Ne 312 o1 07.08.2000 1. «O coBepIIeHCTBOBAaHUH OP-
TaHU3aIIMOHHON CTPYKTYPHI U NESITEIBHOCTU Y-
pexaeHuii mo npodpuiaktuke u 6oproe co CITHUI»
CeBepo-3amagHblii peTMOHAJIBHBIN LIEHTP II0 IIPO-
dunaktuke u 6oprde co CITU/I 6611 mpeodpa3zoBaH
B CeBepo-3amamgHblil OKPYKHOM LIEHTP I10 ITpodu-
JnakTuke u 6opboe co CITU (C30 Lentp CITHUI).
TlepBoe morckoBOE UCCIe0OBaHE, TPOBEICHHOE
LlenTpom B Cankt-IletepOypre (1998—2001 rr.), mo-
3BOJIMJIO MTOCTABUTh JUATHO3 CKPBITOM, HO MHTCH-
CUBHO mpoTekaroueil snngemunn BUY-unbexkanmu
cpeny HapkoInoTpeouTeseil (pacnpocTpaHEeHHOCTh
BUY cpeau IMWH B 1998 1. — 12,0%, B 2000 1. —
19,3%, B 2001 . — 36,7%) [8].
B 2002 r. uccnemoBaHus 1O yKa3aHHOW MeTO-
nuke cpenu IIMH, HO ¢ pacliMpeHHBIM U CTaH-
JTapTU30BAHHBIM TIOBEICHUYECKUM KOMITOHEHTOM
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OBbLJIO TIPOBEACHO OMHOBPEMEHHO Ha IISITH Tep-
putopusix Poccuiickoit ®enepanimm B COOTBET-
CTBUM C MporpaMmaMu Mo CHUXeHuto Bpeaa. OHO
MO3BOJILJIO  OIIPEACIUTH  PACIIPOCTPAHEHHOCTh
BUY-undpexkuun cpeau ITMH B ropomax PocTos-
Ha-ony (10,9%), Camapa (28,0%), Tsepb (55,7%),
Exarepunoypr (30,0%) u Hpkyrck (59,8%), BbI-
SBUTH CTAANIO Y CIEHU(PUKY STUIESMHUN Ha KaxK IO
TEPPUTOPUH IO MHOTUM II0KAa3aTeJIIM U TpeacTa-
BUTb «YyCPETHEHHBII MOPTPET» HAPKOMOTPEOUTEIISI
B YKa3aHHEIE TOIHI (puc. 3)

Hauunas ¢ 2003 r. peaau3oBbIBaJIMCh UWHTETPU-
pOBaHHBIE WCCJIEIOBAHUSI C BKJIIOUYEHUEM B IIeJie-
BbIE TPYIIIIBI XKEHIIIUH, BOBJICUCHHBIX B KOMMeEpYeC-
KMl CeKC B psijie MeranoiaucoB crpaHbl (CaHKT-
IletepOypr, MockBa, ExarepunOypr, Tomck u ap.),
nu MCM (EkarepunOypr, Tomck). Pabouue rpyrribt
OBLTU cOo3MaHbl Ha 0a3e LleHTpoB o mpoduiiakTuke
un 6oproe co CITUJL ¢ npuBiaeyeHEM HeTpaBUTE b-
cTBeHHbIX opraHuzaluii. B Cankr-IleTepOypre ObLI
oOHapyKeH HeOObIYailHO BBICOKMI YpPOBEHb WH(U-
nupoBaHust BUY B rpyrire yTMmyHbIX paOOTHUIL] KOM-
MepuecKoro cekca (48,1%). [IpruynHoi 3TOro SIBUI0Ch
coyeTaHue NBYX (haKTOPOB pHcCKa — IIpoaaka CeKc-
yciyr u HapkororpebiaeHue (92,0%). [lopaxkeHHOCTh
BUY B MockBe u ExarepuHOypre okasajach HUXe
u conoctaBumoirt (14,1 u 14,8% COOTBETCTBEHHO)
B CBSI3U C HU3KOW YAaCTOTOM yIMOTpeOJIeHNsT HAapKO-
TukoB. MCM B EkatepuHOypre u ToMcke mpakTu-
KOBaJIM B PaBHOU CTEIICHU BHICOKOPMCKOBAaHHOE CEK-
cyaJibHOe noBeaeHue, onHako BUY nHbek1us Oblia
BeIgBIIeHa cpenu MCM Tonbko B ExarepuHOypre
(4,8%) BBUIY OOJiee BbICOKOro mpucyTctBuss BMY-
MHOUIIMPOBAHHBIX B UX COLIMAIBEHOM OKPY>KEHUM.

B 2004 r. mo3opHbIe MCCIIENOBAHMUS TTO3BOJIUIN
OIepaTUBHO YTOUHUTH BMUAEMUOIOTUUYECKYIO CU-
Tyallio OOHOBpeMeHHO Ha 9 TeppuTtopusix CeBepo-
3amnana B caenytomux ropoaax Poccuu:

— cpenu [IMH — Apxanrennck, Yepernosell,

IlckoB, Beaukuit HoBropon;

— cpemy TOCETHUTEJCH MOOUIBHBIX ITYHKTOB

npoduaakTu4IecKux mporpamm — JIeHUHTpana-

ckasi 00iactb, MypMaHCcK;

— cpenu ctyneHToB — KanuHuHTrpaacKuii yHU-

BEPCUTET;

— Ccpenu ydJalIuxcsl TeXHUKYMOB M CPEIU JIUII,

npusbiBaeMbIX B apmuio, — CaHkT-IleTepOypr.

B wuccnemoBanuu, mnpoBemeHHOM B CaHKT-
ITeTepoypre B 2005 . COBMECTHO C OOIIECTBEHHOM
opranusanueii «Bpauu geTsimM», ObIJTO BIIepBEIE TTOKa-
3aHO, UTO B YCJIOBUSIX MEHsIfolIelics ¢ Hadasia 90-X I'T.
COLIMAJIbHOM CUTYallMU BBICOKOYSI3BUMOM T'PYIIION
B OTHOILIEHUHU HapkomMaHuu u BUY-unpexkunm aB8-
JISTIOTCSI IETU W TIOAPOCTKH, HAXOASIINECS B CITOX-
HOU XXM3HEHHOU CUTYyalluU.

Peanmzanust B 2006—2007 rT. mpoekTa cpeau
MCM — moceruTeneil reifi-kyiyoboB u reii-cayH —
B MockBe u Cankrt-IleTtepOypre moxasana, 4ToO
BUPYC MOKa elle He3HAUYUTEJbHO PaclpOCTpaHMJI-
cs B aToi rpynne B Mockse (0,93%) u B CaHKT-
IletepOypre (3,8%), oqHAKO KpaliHe PUCKOBaHHBIE

NPaKTUKN B MOJIEISIX CEKCYyaJIbHOTO TIOBEICHUS
OpPEICTaBUTEIC STUX TPYII CBUACTECIbCTBYIOT
0 TOM, YTO OHM OCTPO HYXKIAIOTCI B MPODUIaAKTHU-
YeCKUX ITpOorpaMMax.

VHHOBaLIMOHHBIM SBUJICS ITPOEKT, peaii30-
BaHHbli B 2006—2007 rr. cpenu BUY-nmosutus-
HBIX XEHIIWH Ha TSITU BBICOKOMOPaXXEHHBIX Tep-
putopugx ctpaHbl — Cankr-Iletepoypr, Exa-
TepuHOypr, TBepb, Kanununrpag u HWMpkyTck.
PeTpocrnieKTHMBHBIN aHalN3 WX COLMAJILHONM IIpU-
HaJJEeXHOCTU U TNPUUYUH BBICOKOU YSI3BUMOCTU
K BUY nokasas, 4To COBOKYITHasi BbIOOpKa MHMU-
nupoBaHHbIXx BUY nrogeit Oblna mpeacTaBieHHON
KaK COOCTBEHHO JIMIIaMU 13 TPYIII BEICOKOT'O prCKa
(ITUH, xommepueckue cekc-padborHuku, [THUH,
IpoIaroIIne CeKC-yCIAYyTH), TaK U JUIAMU, UMCIO-
IIUMU CEKCYaJbHYIO CBSI3b C MPEACTaBUTEISIMU
YKa3aHHBIX TPYIIIL.

OCHOBHBIM BBIBOAOM IO 3TOMY IIPOEKTY cTaja
pEKOMEHAAINsSI OpTraHW3allu ITOBESACHUYCCKUX MC-
clIenoBaHUI Cpeau TaK Ha3blBa@MOI'0 «OCHOBHOTO»
HaCeJICHU S, IS U3YYEeHUST PacIpPOCTPAHEHUST MO-
neneil TIOBeAeHMSI aKTyaJIbHBIX B IIJIaHE 3apake-
Husg BUY. CorpynHuku LleHTpa yyacTBOBaau Kak
KOHCYJIBTAaHTBHI Ha BTane IJIaHUPOBAaHUS U OLCH-
KU Pe3yJbTaTOB B MPOCKTAaX, peaJn30BBIBABIINXCS
Ha apyrux teppuropusix P® (Huxuuit Horopon,
Boarorpan, bapnayn, Pybuosck, bulick), a Tak:ke
B crpaHax CHI' (Ksipreiscran, MongoBa, Aszep-
OaiinxaH, TypkMmeHuctaH). OnHONW U3 Leaei, as
KOTOPBIX MCHOJb30BAJMCh JaHHBIE HTO30PHOIO
WCCJIeOBaHW#, Oblla OlleHKa peaJbHOW pacIipo-
CTPaHEHHOCTU U TIPOTHO3a Pa3BUTUS SMUIESMUN
Ha tepputopusx C3PO c UCTIOIb30BAHUEM METO-
JIOB M KOMIBIOTEPHBIX MPOTpaMM pedepeHC-TpyII-
el FOHOMJIC no MaTeMaTHueCcKOMY MOZEINPOBa-
HHUPO. Pe3ynbrarbl KOMILJICKCHBIX HHTETPUPOBAH-
HBIX WCCJIEIOBAaHUI OBIJIM VICITOJIb30BAaHBI B OTYE-
Tax Poccniickoii degepaniiii 0 Xo[e BBITIOJTHEHUS
MexxnyHaponHoi Jdekirapanuu o IIpUBEPKEHHOCTH
neny 6opsos ¢ BUY/CITU Jom.

PucyHok 3. PykoBoputens LleHTpa npodeccop
T.T. Cmonbckas v Bpay-anupemMmuonor

C.B. Orypuoga, 2002r.

Figure 3. Professor T.T. Smolskaya, Head of the AIDS
Center, and S.V. Ogurtsova, epidemiologist, 2002
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MHdekumns n uMmyHuTeT

B pamkax coBMecTHOU pabGoThl ¢ MexayHa-
POIHBIM 0O0pa3oBaTebHBIM LIeHTpOM IO ST IHAaI-
3opy 3a BUY (Barpe6, XopBaTus) Npu MNOAIEPK-
ke EBpoBO3 mias pyccKOroBOpPSIIIMX CIIyIIATeIeH
OblJla aganTUpOBaHa Bepcus TpexX MexX1yHapOoIHbIX
MOJlyJieli IO BTOPOMY TIOKOJIEHUIO 3TUIHAA30pa
3a BUY-undexuueii (2006 r.).

IIpoBoananch COBMECTHBIE MeXIyHapOIHEIS
oOyyamlue ceMuHapbl Mo snuaHaa3opy 3a BUY
B YkpauHe u Poccum (2009 r1.). Has chaexeHus
3a TUWHAMUWKON 3MUACMUN U ONpPEOCICHUS UCTUH-
Hoit 3aboneBaeMocTu BUY-unbekuueit B OKpy:K-
HOM IIeHTpe Oblla TIpoBeleHa paboTa Mo u3yde-
HUIO aJITOPUTMOB CEPOJIOTUUYECKOrO TECTUPOBAHUS
Ha BUY nns onpeneneHus HenaBHE cepOKOHBEP-
cuu (STARHS). Ins yry4qiieHr s MeIuITMHCKOM 1o-
MOIIIM TTalliEHTaM, ITPOXHUBAIOIINM Ha TEPPUTOPUN
Oxpyra, B npakTuky LleHTpa BBeIeHBI UCCICAOBA-
HUS MO OMpPeaesICHUIO TIePBUYHON PE3UCTEHTHOCTU
HUpKyIupyoomux mrammoB BUY k aHTuperpoBu-
PYCHBIM IIpernapaTam, a TaKxKe oIpenacaeHU s pe3uc-
TEHTHOCTH BUpPYca y JINII C HEYCITCITHOU Teparmneii.

C 2006 r. B cTpaHe peayim3oBbiBajcs [Ipunopu-
TETHBI HallMOHaJbHBIN TpoekT «[IpodunakrTrka
u JtedyeHue 6osbHBIX BUY». Hanbonee BaxkHbIe pe-
3yJbTaThl OBbIIM TOJYYEHBI MO0 MEAUIIMHCKOU CO-
CTaBJISTIONICH ITpoeKTa (oOecrieuecHUe Tepaltnueid,
CHUXXEHUE JICTAJIbHOCTU HMXKE ITPOTHO3MPYEMOIO
YPOBHS, CHUXeHUE KoaddulimeHTa nepuHataib-
HOI TPAaHCMUCCHUN).

C uenbo 6osee OOBEKTUBHOIO aHajJIuM3a opra-
Husanuu npodunaktuku C30 Lentp CITU]L co-
BMECTHO C PerMOoHaJIbHOW OOIIEeCTBEHHOU OpraHu-
zanueir (POO) «CremnuT», TIpoOBEN COIMOJIOTUYE-
CKOE HCCIeqoBaHUe T10 BOIIpocaM MpOodUIaKTUKU
cpeny pyKOBOIUTEJICH TeppUTOPUAIbHBIX LIeHTpOoB
CITN da Poccun, ¢ ucrionb3oBaHUEM TTOTYCTPYKTY-
pMpOBaHHOTO OITpOocHOTO Jucrta. McciaegoBaHuem
OBLIO OXBaueHO 84 aAMHWHUCTPATUBHBIC TEPPUTO-
puu (aBryct 2009 r.). MU ness KoMOMHUPOBaAHHO ITPO-
GUIIaKTUKM OBLJIa Pa3BUTA B IIOCICAYIOIINE IBa TOIa
U TipeAcTaBieHa Ha KoHdepeHiiuyu B Bene (2010 r.)
y3Ke B BUJe pa3pabaTbiBaeMOTo HOBOTO CTaHAapTa —
JOJITOCPOYHBIX Mep 1Mo 00pbOE C AMUAESMUECHA.

C 2009 r. B 1abopatoprui UMMYHOJOTUW U BUPY-
conorun BUY-mHpeKIMM BeauCh UCCISIOBAHUS
no BeIsiBAeHUI0 MmyTauuiit BUY, accoummupoBaHHbBIX
C YCTOMYMBOCTBIO K JIGKAaPCTBEHHBIM IIpeIrapaTaM.
OTU UCCaea0BaHU S BBITIOJHSIIOTCS B COOTBETCTBUU
C 3asgBKaMU TeppUTOpHUANIbHBEIX LICHTpOB Mo IIpo-
dunakTuke u 6opsde co CITUJL C3DO.

Pesynbratel ucciaenoBanus nonyiasuuu BUY-
nHpuupoBaHHbIXx goaein B C3MO cBognamnch
B €OAMHYIO 0a3y MaHHBIX IIJIS MPOBEICHUS PETPO-
CIIEKTMBHOTO aHaJI3a TeHIACHIIMI pPa3sBUTHS IIep-
BUYHOI M BTOpUUYHOM pe3nucTeHTHocTu BUY K aH-
TUPETPOBUPYCHBIM MperapaTaM. AHaJlIU3 pPe3yiib-
TaTOB UCCJIEAOBAHUN HA HaJM4yUE JIEKAPCTBEHHOW
ycroitunBocT BUY 1103BOIMII BBISIBUTh HEKOTOPHIE
13 HanboJiee pacpocTpaHEeHHBIX MyTalinii: M 184V
(51,08%), K103N (18,71%), L74V (12,95%), KI101E

(11,51%), A62V 1 G190S (10,79%), ocTajibHbIE MyTa-
LU BCTpevaroTcss MeHee yeM B 10% ciyyaes [6, 7].

IlepcrieKTUBHBIM HampaBJeHUEM pabOThI SIBJISI-
eTcs ompenesicHe TeHETUIECKIX MapKepoB YCTO -
YUBOCTH K 3apaxeHuio BUY 1 mapkepoB nporpec-
cupoBanusd BUY-undexkuuu. [IpoBonsaTcs uccie-
JIOBAHUS 10 OITPEISJICHN IO MapKEePOB FreHETUYSCKOM
pesucteHTHOCTU K BUY: CCR5delta32 u mytanuu
CCR2—-64I— wMeTOmOM TNHMPOCEKBEHUPOBAHMSI.
M3yyeHue 3TuX 1a00pPaTOPHBIX MapKEepoB Mpe-
craBiisieT ocoObiii nHTepec Wit C3MO, MOCKOIbKY
TeHEeTUYECKU ITOT PErMOH MPUHAMIEKUT K 30HAM
MakKCUMAaJIbHOM PacIIPOCTPAHEHHOCTH MYTaIluK
CCR5delta32. Mo naHHBIM TIpeABApPUTEIbHBIX MC-
CJIeIOBAaHWM, PACIIPOCTPAHEHHOCTh HOCHUTEIHCTBA
amnenu CCR5delta32 B Cankr-ITeTepOypre coctas-
ssna 17,9%.

B Teuenue uyernipex et (2005—2009 rr.) C30
Hentp CITM] BeimosHsia mpoekThl «Ilomaepxkka
peanu3alny U MOHUTOPUHT MEPOITPUSTHUI TPpOEKTa
MexxnyHapoaHOro 6aHKa peKOHCTPYKIIMU U pa3BU-
TUs», «[IpoduirakTKa, IMarHOCTUKA U JICUCHIE Ty~
oepkyinesza u CITM da, kommmoneHnT CITUI». B coot-
BETCTBHUHU C TEXHUYCCKHUM 3aJaHUEM 10 3TOMY ITPO-
eKTy, coTpynHuKH LleHTpa 3a yKa3aHHBIN IEepHOI
ocymiectBuau 30 BbIe3TOB Ha MOABEIOMCTBEHHBIC
TeppuTOpuMU. B BUIY OTCYTCTBUSI CTAOUIM3AIINU
snunemun BUY-undbexkuuu cpenu 3anad LleHTpa
Ha TIepBbIii TUIAH BBIABUTAETCS ITpobieMa colualib-
Hoit mpopunakTku BUY-nunpekmnn.

CotpynHuku LleHTpa exxeromHo ydyacTBOBaIu
W CaMW OPTaHMU30BBIBAJIM POCCUMCKNE M MEXKTyHa-
pPOIHBIE KOH(MEPEHIIMU, CEMUHAPbI, CUMIIO3UYMBI.

IMocme yxoma T.T. CMOJBCKOUW C OOJIKHOC-
™ ¢ 2014 1. LeHtp BO3rIaBui A.M.H. AMutpuii
AHaTtoibeBnY JIMO3HOB, KOTOPBHIA YKPEITMJI TBOP-
yeckue cBsa3u ¢ IlepBeim Cankt-IleTepOyprckum
rOCyJapCTBEHHBIM MEOWIIMHCKUM YHUBEPCUTETOM
nmenu axkanemuka W.I1. TlaBnosa (IICII6ITMY
um. akaa. W.I1. T1aBnoBa) U ycuJausa poCCUIICKO-
TBUHEIHICKOE COTPYTHUYCCTBO B O00JIACTU M3YUYCHUS
UHOEKToJIoruu; nmeet darogapHocThb [IpesnneHTta
Poccuiickoit @enepauuu (2016) (puc. 4).

3aBenyroluii 1abopaTopreilt UMMYHOJIOTUN U BU-
pyconoruu BUY-unpekuuu C30 Lentpa CITHU,
n.0.H. Anekcanap Bmagumuposnu CeMeHOB YKa3zoM
Ipesunenra Poccuiickoit Menepaliiu 3a OOIBIION
BKJIaI B OKa3aHMWE TYMaHUTApPHON TTOMOIIH ITO Op-
raHu3allMM KOMILIEKCa MPOTUBOIMUIAEMUYECKUX
MEPONpUSATAI W NUATHOCTUKU JUXOpaaku HDdona
Ha teppuTopuun I'BuHeiickoit Pecniybnuku Obll Ha-
rpaxaeH MedaJiblo opaeHa «3a 3aciayru nepen Ote-
yectBoM» 11 creneHu.

CoBMeCTHbBIE MCCIIEIOBAaHUSI U KOMILIEKCHBIE
nporpaMmMbl [ICII6I'MY IlaBnoBa IpomoJiKaJiich
U B nocienytomue roasl. B 2015 1. Ha pyKoBOACTBO
C30 Lentpom CITM/ 6bi1 npuriaameH Hukonai
AnekceeBud benskoB — OOKTOp MEOMIIMHCKUX
Hayk (1985), npodeccop (1989), 3acinyxeHHBIN ne-
arenb Hayku P®D (1998), neilcTBUTENbHBIN 4YJieH
PAH. B cocrtaB konnektuBa LleHTpa Takzke BOII-
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au npodeccopa: A.M.H. Bagum BragumupoBuu
Paccoxun u n.M.H. Enena BopucoBHa fAcTtpebona.
TpaguuuonHyo Ttematuky lLleHTpa momoaHuINU
n3ydyeHUeM KOMOpPOUAHBIX cocTossHuil nmpu BHUY-
nHpekunn B C3MO Poccuiickoit Menepaunm [3].
CymecTBoBaHMEe Kadeapbl COIMATIbHO 3HA-
YUMBIX WHOEKIUA U  (GTUSHOITYIEMOHOJIOTUH
TICII6I'MY um. akan. W.II. IlaBnoBa, mupokoe
COTPYAHHMYECTBO C MEAMIMHCKUMU YUPEKICHU -
mu Cesepo-3anaga v APYTrUX PETMOHOB, C BENY-
IIMMU YHUBEPCUTETAMU M MHCTUTYTaMM, ydyacTue
B OOJIBIIIMX MEXIYHAPOAHBIX IPOEKTAaX ITO3BOJISIOT
LleHTpy cooTBeTCTBOBATh TPEOOBAHUSIM BPEMEHU.
CoBMecTHO ¢ MHCTUTYTOM 3KCIIEpUMEHTAIBHOMN
MeauuuHBI, MHCTUTYTOM MoO3ra 4ejioBeka, HUU
pupycosorun um. .M. WMBaHoBckoro, CaHKT-
IMeTepOyprcKUM Hay9YHO-UCCIIEA0BATEILCKUM TICH-
XOHEBPOJIOTUYECKMM HHCTUTYTOM uUM. B.M. bex-
tepesa, [ICII6I'MY um. akan. W.I1. ITaBaoBa O6b111
peann3oBaHbl MHOTME HAyYHO-MCCIEAOBATEIbCKUE
nporpammbl. MBYH HUWWDM wumenn Ilactepa
cTajql OOHUM U3 coyupenuTeneid xypHana «BHY-
nHpEeKIUS 1 UMMYHOCYIIpecCum». PerynspHo u3-
alOTCs aHaJuTU4YecKue o0030pbl, MOHOrpaduu
¥ PYKOBOJICTBA JIJIsI Bpaueil, BKIIOYaIoIIie MaTepy-
aJibl McclieoBaHUI MocaeAHUX JeT (puc. 5).
CeBepo-3armnaaHblii OKPY>XKHOI LIEHTP I10 Mpodu-
naktuke u 6oprde co CIIMJl B cocrae ®PBYH
«Cankr-Iletepoyprckuit HUUM snmpemuonornn
1 MHUKpoOuosornu nMeHu IlacTepa» IpencraBicH
HECKOIBKUMHU CTPYKTYPHBIMU ITOApa3AcICHU -
MHU: JTabopaTopeii MMMYHOJIOTUM W BUPYCOJOTUU
BUY-undexkuuu, otneneHmeM auarnoctuku BMY-
nHpekuuu n CITU-accouuupoBaHHBIX 3a00Jie-
BaHUM, OTACICHUEM SIUIESMUOJIOI MY U NpoduIak-
tuku BUY-uHbeknuu, oTaelieHne XpPOHUYECKO
BUPYCHOU MHGEKINH, IIe padoTaloT YeThIpe TOK-

ABOJIIOLINS
COVID-19 MMAHAEMUA
HAYAAO DIIMAEMUN

COVID-19

PucyHok 4. PykoBogutenu LleHTpa pa3Hbix neT:
npodeccop [.A. JInosHoB (cnpasa) u akafeMuk
PAH H.A. BensikoB, 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 M TPU KaHAMAATa MEIUIMHCKUX HayK, ISITh
BBICOKOKBaJIU(MDUIIMPOBAHHBIX Bpadyeil C BBICIICH
M TIepBOI KBaau(pUKalLlMOHHOMN KaTeropueii.
KomrmnekcHble uccnenoBanust Llentpa ¢ YHu-
BEepCUTETAMM U HaAyYHO-MCCIEAOBATEIbCKUMU WH-
CTUTYTaMM MO3BOJUJIM MPOBECTU BeCbMa 3HAUMMbIE
N1 HayKU U NPaKTUKHW HCCIEIOBaHUS B 00JaCTU
SIMUAEMUOJIOTUY Y KIMHUKU PA3INYHBIX BUPYCHBIX
WHGEKIINIA 1 KOMOPOUIHBIX COCTOSHUI, KOTOpPHIE

¢ ¥ e \ MO CAEAAM MHUPOBBIX

. TOCHEACTBUSA STIMAEMHN
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COCMOARUA u BUY-undexumsi,_

Camer lgreptypr

PucyHok 5. 06510XXKu MoHorpadmii nocnegHux neT, NoAroToBJIEHHbIX cOTpyaHukamu Llentpa CMNA,
Figure 5. Recent monograph covers prepared by the staff of the AIDS Cente
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PucyHok 6. LLikona-cemuHap «M36paHHblie BONPOCbI XPOHUYECKUX BUPYCHbIX UHDEKLMIA B KITMHUYECKOW
npakTuKe» NpoBegeH coTpyaHukamu LleHtpa 26 ¢pespans 2020 r. B CankT-MeTepOypre, A.M.H. B.B. PaccoxuH,

A.M.H. E.B. flcTpe6oBa, k.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) E.V. Boeva

ObLIM 000OIIEHBI B psijie MOHOTpaduii, KypHaJIbHBIX
crareil U JOJIOKeHBI Ha KOH(EPEeHIIUSIX MEXITyHa-
POIHOrO ¥ perMOHaIbHOIO ypoBHs (puc. 6) [1, 2, 4, 5].

Brniocnennee necatunerue LleHTp — 3TO TBOpUEc-
Kas JljabopaTopus AJisl IOATOTOBKM Bpayeil BbICIIEH
kBanudukauuu. Ha 6aze llenTpa ¢ yyactuem uiau
MO/l PYKOBOJICTBOM €r0 COTPYIHUKOB BBITIOJTHEHBI
5 TOKTOpPCKMX U 16 KaHIMAATCKUX AWCCEPTALUM.
CouckaresisiMu yYeHBIX CTeleHell U yyaCTHUKaMU
WCCIEIOBAHUT SIBJISIIOTCS Bpauu U Hay4YHbIe pabOT-
HUKM pa3iudHbIX opranusanuii uz C3PO u apy-
TUX PETHUOHOB CTPaHBbl. 32 KOMIIJIEKC MPOBOANMBIX
pa6ot B 2021 r. corpynHuku LlenTpa cranu naypea-
tamu IIpemun IlpaButennctBa Cankt-IleTepOypra
B 00JIaCTU HAyKU U 0Opa30BaHUSI.

Cnuncok 0CHOBHbIX MOHOrpadwmii 3a 15 ner,

B NpoL,ecce NoAroToBKU KOTOPbIX NPUHMMANK
y4yacTue 4sieHbl TBOpYecKoro kosnektuea Cesepo-
3anapgHoro LieHTpa no npodpunakTuke n 6opbde
co CNNA v HdpeKuMoHHbIMY 3ab00NeBaHMaIMU
CMN6 HUU snupgemmnonorun u MMKpoouonoruu
nmeHu MNMactepa:

— «Bupyc ummyHoaedunTa 4yesloBeKa — MeIU-
nuHa» (CII16., 2010, 2011, 2012);

— «XKenmuna, pederHok u BUY» (CII6., 2012);
— «BUUY — w™Menumko-coiuuajgbpHasd ITOMOIIb»
(CIT6., 2011);

— «Pagnonorusa u BU4-undexkuus» (CII6., 2017,
2018);

— «KomopOuaHbIE COCTOSIHUSI MpU
uHbexuu», 1-3 (CII6., 2018—2020);

— «llepconanusupoBanHasi BWY-menunmHa»
(CII6., 2020);

— «BHY-uHbekuss 1 KOMOPOMIHBIE COCTOSI-
Hus» (CII6., 2020);

— «COVID-19. Havano snumemMmuun»
2020);

BHNY-

(CIlo.,

— «OBomwouusa nangemuu COVID-19» (CII6.,

2021);

— «ITocneacrBus nanaemuu COVID-19» (CII6.,
2022) [5];

— «HoBag KOpOHaBUpYyCcHas UHbEeKI
COVID-19 y xenuuH u geteti» (CI16., 2022) [4];
— «AHTHUPETPOBUPYCHAsI Tepamusi y JeTeid

¢ BUY-nadexnneii» (CII6., 2023);

— «ITo cnemam mMupoBbix snuaeMmuit» (CIIO.,
2022);

— «bunolieHo3 yejToBeKa 1 rocIiMTaJ bHasl cpema»
(CII6., 2023) (puc. 7).

MoproTroBneHHbie gUccepTaLum:

JlokTopckue:

— Paccoxun B.B. — ComaTtudeckue 1 BTOPUY-
Hble 3aboseBaHUS Yy 00AbHBIX Ha ¢doHe BUY-
o0ycioByieHHOW uMMyHocytipeccuu (2014 r.);

— CusoBa H.B. — OcobGeHHOCTU aHTUPETPO-
BUPYCHOI Tepanmuu U 3BOJIOLMS JIEKAPCTBEH-
Hoit yctoitunBoct BUY y 60bHBIX B YCIOBUSIX
meranonwuca (2014 1.);

— Camapuna A.B. — Crparerusi orpaHU4eHU S
pacnipoctpaHeHuss BUY-uHdpekuum y XKeHIuH
PEeTNpONYKTUBHOTO BO3pacTa M pHcKa TepuHa-
TaJibHOTrO 3apaxeHus (2014 r.);

— JleonoBa O.H. — Tszkesibie 1 KOMOPOUIHBIE
¢opmbl BUY-uHpeknu: KIMHUKA, SMUIEMU-
0JIOTU I, OpraHu3alysl MeIMKO-COLMaJIbHOM’ Mo~
moru (2019 r.);

— AsoBueBa O.B. — Kowmndekuusg: BUY-un-
exuus, TyOepKkyne3, XxpOHUUECKU BUPYCHBIN
renatut (2021 r.).

Kanaunarckue:

— JleBuna O.C. — CoumnanabHO-NICUXOJOTHUYEe-
CKUe€ NEeTePMUHAHTBI TPUBEPXKEHHOCTU K Jieue-
HUIO U MUHMMU3AIUU PUCKA PACTIPOCTPAHEHU ST
BUY-undexunm (2013 r.);
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— @enopos [1.H. — AnropyuT™M IMarHOCTUKM CO-
CTOSIHUI MEYEeHU C KCIIOJIb30BaHUEM YJIBTPa3By-
KoBoIi anacrorpadpuu u nngekca FIB-4 y BUY-
WMHOUIIMPOBAHHBIX OOJIBHBIX C XPOHUYECKUM
rermatutom C (2015 1.);

— Maptupocsaa M.M. — 3aboieBaHus IIEHKHN
MaTKU, aCCOIIMMPOBAHHBIE C BUPYCOM TTAITMJLJIO-
MBI yenoBeka, y BUY-uHbU1IMpOBaHHBIX KEH-
muH B Cankt-Iletepoypre (2015 r.);

— MaronoB E.Il. — KommniekcHass MarHUTHO-
pe3oHaHCHass MOpGhOMETpHrsI OYaroBbIX U aTpo-
(duryecKMX M3MEHEHU I TOJIOBHOT'O MO3ra (Ha pu-
Mepe pacCesTHHOro CKJIEpo3a M PpaHHUX CTaIuid
BUY-nadexknnn) (2015 r.);

— Makosckass H.MA. — BocnanutenbHble 3a-
OoJieBaHUS CIU3UCTHIX 000JIOUEK TOJIOCTH PTa
U 4YearCTHO—UIleBoi obnactu y BUY-unbpu-
LIUPOBaHHBIX 00JbHBIX (2015 1.);

— Taitcuna A.B. — Tlarodusnonornueckue
MexaHu3Mbl  (popmupoBanuss BUY-accouun-
POBAaHHBIX HEWPOKOTHUTUBHBIX PACCTPOUCTB
(2016 1.);

— I'pomoBaE.A. —MeTtaboimuyeckre U3BMEHEHU S
B rojoBHoM Mosre y BUY-uHduLIMpoBaHHBIX
MalUeHTOB IO MaHHBIM TTO3UTPOHHO-3MUCCH-
oHHoOIT Tomorpaduu ¢ 2—I18F-pTopnesokcu-D-
[JIIOKO30M M IIPOTOHHOM MarHUTHO-PE30HACHOM
cnekTpockonuu (2017 1.);

— Cadonona I1.B. — CoumanbHO-TICUXOJIOTU-
gyeckre (haKTOPBl PHUCKOBAHHOTO IIOBEICHUS
BUY-uHULIMPOBAaHHBIX XXEHIIMH U WX BbI-
SdBJIECHUE O cAaepxXuBaHus snuaemuu BUY-
uHdexuu (2017 r.);

— IllenomoB A.C. — KnuHuuyeckasi, MMMYHOJIO-
ruyeckasi, BUpPyCOJIOTUYecKasl XapaKTepUCTUKa
MOpaXXeHUM LEHTPAJIbHO HEPBHOM CUCTEMBbI
npu BUY-undexunu (2019 r.);

— OrypuoBa C.B. — XapakTepuctuka, 0coOcH-
HOCTU Y 3BOJIONMS 3MUAEMUYECKOTO Ipoliecca
BUY-undexuuu Ha Tepputopusix Cesepo-3a-
nana Poccuu (2019 r);

— TI'yroBa JI.B. — KaMHMKO-UMMYyHOJIOTUYEC-
Kasi XapaKTEepUCTUKaA XEHIIWH PEempoOayKTUB-
HOro Bo3pacTa Ha (poHe JeueHUs KOMHGpEKIIUU
BUY u XI'C (2019 1.);

— boeBa E.B. — KiamHunuyeckue u nmcuxoconu-
aJbHBIE OCOOEHHOCTM KEHIIIUH PEIpPOmLYKTUB-
HOTO BO3pacTa ¢ coueTaHHOI nHpekueir BMY/
BI'C (2021 1.);

— bakynuna E.I. — KauHUKO-1yueBble COIMO-
CTaBJICHUSI MPU TMOPaKEHUSX TOJOBHOIO MO3ra
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PucyHok 7. MoHorpadwus io6uneiiHoro roga
«BuoueHo3 YenoBeka u rocnuTanbHas cpega»
Mop pepn. H.A. Benakoea u C.d. BarHeHko, CM6;
2023, 424 c.

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-uHObOUIIMPOBaHHBIX ITAIIMCHTOB Ha (DOHE
aHTUpeTpoBUpYycHOU Tepanuu (2021 r.);

— Topnon E.O. — HexenarenabHble SIBJIEHUS
Ha (hOHE aHTUPETPOBUPYCHON Tepanmuu y AeTein
¢ BUY-undexumeii (2022 r.);

— HekpacoBa A.B. — KiumHuko-mopdonoru-
yeckas XapaKTepUCTHUKa, Pe3yabTaThl JICUCHU S
¥ IIPOTHO3 3JI0KaYeCTBEHHBIX HOBOOOPa30BaHUI
npu BUY-unbeknm (2022 1.);

— Yupckaga M.A. — CouetaHHast UHGpEKIUS
BUY u cudunuc: ocobeHHOCTU TeYEeHU s, TUC-
naHCepU3allMM U OKa3aHUs KOMILJEKCHOU crie-
nuaau3upoBaHHoM nomouiu (2023 r.).

TpaauunoHHbIe eXxeroaHble KoHdepeHuuun,
nposoauMbie coTpyaHukamm LlenTpa:

— «BUY-nadpekuug wn
(2009—2023 rr.);

— «®apMaKO’KOHOMHUKA BUPYCHBIX MHMEKITNIT»
(2013—2023 rr.);

— «DNuUaeMuoIorusi  BUPYCHBIX — MHQEKLUI
Ha CeBepo-3anane EBponbl» (2016—2022 rr.);

— «[TopaxkeHue LEHTpaJIbHO HEPBHOI CUCTe-
MBI ITPY BUPYCHBIX HHpeKIusax» (2011—2023 rr.).
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NPABUJIA AJ19 ABTOPOB

CTaTbhy IPEACTABISAIOTCS B PEIAKIIMIO Uepe3 CUCTEMY 3JIeKTPOHHOTO0 n3naTeabeTBa (http://iimmun.ru) B cooTBeT-
CTBUHM C TpeOOBaHMAMM XypHana «MHbeKIusI 1 UMMYyHUTET» U «MHCTpyKIIMel 11T aBTOPOB», MPeaCTaBICHHOM
Ha caiite. C despans 2016 rona xxypHai «MHDEKIIMS 1 UMMYHUTET» TyOJIUKYET CTaTbU Ha IBYX SI3bIKaX (PYCCKOM
U aHTJIUIICKOM).

OcHOBHbIe BUbl cTaTeil, Nyo/IMKyeMbIX B XXypHane

OpHUruHaIbHAS CTAThA

CTaTbs A0JKHA OMUCHIBATH PE3YIbTaThl 3aKOHUEHHOT0 uccienoBaHus. Jlomyckaercss o0beM cTaTbi 10 20 Maliu-
HOTUCHBIX CTPAHUII, BKJOUast pUCyHKU, Tabauiibl. CTaThs JOJIXKHA colepkaTh: 1) BBeneHue; 2) MaTepuaibl U METO-
bl 3) pe3yabTaThl UCCIeAOBaHMI; 4) 00CyKIeHNEe Pe3yIbTATOB; 5) 6J1arogapHOCTH.

e BBenenne conepXxuT o00CHOBaHME 1eJIU U 3a]a4 ITPOBEIEHHOT0 UCCIeA0BAHUSI.

e MarepuaJibl 1 METObI MOTYT U3J1araThCsl B BUJAE OTEJIbHbIX (DPArMEHTOB C KOPOTKMMMU MOA3ar0JIOBKaAMU.

e Bce HeTpanuiimoHHble MOAU(PUKAIIMN METOIOB JOJIKHBI OBITH OTTMCAHBI C JOCTATOYHOI CTEIEeHbIO IO/~
pob6HocTH. JIJIsT BCeX UCIOJb3yeMBbIX B pab0Te PeaKTUBOB, SKUBOTHBIX, KJIETOYHBIX KYJBTYP M T.1. HEO0-
XOJIMMO TOYHO YKa3bIBaTh IPOU3BOIUTENEH /WU UCTOYHUKY MOTYyYeHU s (C HAa3BaHUSIMU CTPaHbI, hUp-
MBI, UHCTUTYTA).
PesyabTaThl ONMUCHIBAIOTCSI B JIOTUYECKOI MOCIEIOBATEILHOCTU B BUAE OTIEIbHBIX (DparMeHTOB, pa3je-
JICHHBIX MO/I3aTr0JIOBKaMU, 6€3 2JIEMEHTOB O0CYKAeHUsI, 6€3 MOBTOPEHUS METONUIECKUX ITOIPOOHOCTEM,
0e3 nyosimpoBaHU s HU(PPOBBIX JaHHBIX, IIPUBEICHHBIX B TAOJIMIIAX U PUCYHKAX.
B 00cyKaeHuM ITPOBOAMTCS AeTaJbHBIM aHAJINU3 TTOJYYEHHBIX JaHHBIX B COMOCTABJICHUM C TAHHBIMU JIU-
TepaTypbl, UYTO CIYKUT OOOCHOBAHUEM BbIBOJIOB U 3aKJIIOUYEHU T aBTOPOB.
Paznen «baaromapHocT» He sIBJIsIeTCS 00s13aTeIbHBIM, HO KpaiiHe xkeJiaTesieH. B aToM pasnese aBTOpbI MO-
T'YT BBIPA3UTh MPU3HATEIbLHOCTh OpPraHM3alli1, CyOCUINPOBaBIIEi TpoBeAeHUE UCCIEIOBAaHU M, KOJe-
ram, KOHCYJIbTUPOBABIIIMM pabOTYy B ITPOIIECCE €€ BHITTIOJTHEH U ST U/UJIM HATTUCAHU S, a TAKXKE TEXHUYECKOMY
TMepCcoHay 3a TMTOMOIIlb B BRIMOJTHEHU U UcciefoBaHu . biarogapHocTu 3a mpenocraBieHue crieiupuiec-
KUX peaKTUBOB UJIM 000pYyI0BaHMsI, KaK IIpaBUJIO, TIOMEIIAIOTCs B pasaeiie «MaTepuaibl U METOIbI».

Kparkue cooduenns

KypHan nyoinKyeT HeOoIblIKre 0 00beMY CTaTbU, KOTOPbIE UMEIOT 0€3YCIIOBHYIO HOBU3HY M 3HAUMMOCTh. DTHU
CTaThU IMPOXOMIST YCKOPEHHOE pelieH3UpOBaHNe U TyOJUKYIOTCS B KOPOTKHUE CpoKU. OOMit 00beM KpaTKOTO CO00-
IIEHU I OTPaHWYeH 8 MAITMHOMMCHBIMU CTPAHUIIAMHU, KOJTMYECTBO PUCYHKOB M/MJIW TaOIUI] HE MOXET OBITH OoJiee 3,
a CMUCOK MCMOJb30BAaHHBIX IMTEPATYPHBIX UCTOUHMKOB He JOJKEH MpeBbIIaTh 15. TUTYNbHBIN TUCT oopmseTcs,
Kak onucaHo Huxe (cM. «[Togroroska crareii»). Pazaenbl KpaTKoro cooOIIeH I aHAIOTMYHBI BBIIIIEOMTMCAHHBIM pa3-
JleJlaM OPUTUHAJIBHOM CTaTbU, HO HE BBIIEISIIOTCS 3aT0JIOBKAMU U TTOA3ar0JIOBKaMU, Pe3yJIbTaThl MOTYT OBITh U3J10-
JKEHBI BMECTE C 00CYXICHUEM.

O030pHbBIE CTATHY U JIEKIUU

O0630pHbIE CTAaTbU U JIEKIIMY B OCHOBHOM 3aKa3bIBaIOTCS pelaKIlMei UM MOTYT ObITh PEKOMEHI0BaHbI OMHUM U3 UJie-
HOB penkosuternu. bojee monpodHyo nHMOPMAIINIo O TpaBUIax 0(POPMIEHUS 3TUX CTaTei MOXKHO Y3HATh B pelaKIINU.

Bubnuorpacpuyeckmne ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnukaumni

Onucanue CTaTbU U3 XKypHAJIA:

Casnuna T.1O., Mopososa T.1. UmmyHoormueckue MeTonbl B tuddepeHimaibHoil nuarnoctuke // Ty6epkyies u 601e3HU JTeTKHX.

2011. T. 88, Ne 11. C. 50-53.

Salina T.Yu., Morozova T.I. Immunological methods in differential diagnostics. Tuberculosis and Lung Diseases, 2011, vol. 88, no. 11, pp. 50-53.

Onucanue craTbu N3 KHUTH (MOHOTpadum):

Llypeiruna U.A., Yecnokosa M.B., Kinumos B.T. [IceBnoTybepkynes. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumepsi npaBubHOrO 0hOPMJIEHUS AHIJIOA3BIYHBIX CCHLIOK:

Turenne C.Y., Wallace R., Behr M.A. Mycobacterium avium in the postgenomic era. Clin. Microb. Rev., 2007, vol. 20, no. 2, pp. 205-229.

Goodman J.W., Parslow T.G. Immunoglobulin proteins. Basic and Clinical Immunology. Ed. Stites D.P., Terr A.1., Parslow T.G. Appletion &

Lange, 1994, pp. 66—79.

CchLIKY Ha TUTEPATyPHBIE MICTOYHUKU B TEKCTE CTaThU, B PUCYHKAX M Ta0IM11aX 0003HAYAIOTCS apaOCKUMU M-
paMu B KBaJpaTHBIX ckoOkax [1, 2, 3,...]. He momyckaioTcs cChIIKM Ha nucCepTalluu, aBTopedepaThl AMCCEpTaLlnii,
nyoJaMKaluu B COOPHUKAX, METOAMYECKHE JOKYMEHTHI MECTHOTO ypOBH 1. Ko1MyecTBO NICTOUHUKOB HE OrpaHUYEHO.
B xax10ii cchlyike MpuBOASITCS BCe aBTOPbI paboThl. HeonyOanKoBaHHbBIE CTaThbU B CIIUCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

J1s CIOXKHBIX TEPMUHOB MJIM HA3BaHU M, HaK0OJIee YaCTO UCTOJIb3YeMbIX B TEKCTE CTATbU, MOXHO BBECTH (B KPY-
[JIBIX CKOOKAaX MocJje MepBOro ynoMMHaHUS TTOJTHOTO Ha3BaHUsI TepMUHA) He Oosiee 3—5 HeTpaauIIMOHHBIX COKpa-
IEHWIA. Y3aKOHEHHbIE MEXIyHapOTHBIMU HOMEHKJIATYpaMU COKpAIIeHUST WCIOJb3YIOTCS B COOTBETCTBYIOIIEH
TpaHcKpunuuu. Hampumep, 11 TEpMUHA «MHTEPIENKUH» UCIIONB3yeTCs cokpatenue «IL», a He pyCCKOSI3bIYHBII
BapuaHT «MJI»; aHaIornuHo sToMy ucrnonb3yrorcst cokpaineHus: < NF», a He <TH®» unu «®HO»; «CD», a He «C».
HasBaHus MUKPOOPTaHU3MOB MIPUBOISITCS B OPUTMHAIBHON TPAaHCKPUIILIMU C UCTIOIb30BaHUeM KypcuBa (E. coli,
Streptococcus pyogenes). ETUHWIIBI U3MePEHU I TPUBOASATCS 6€3 TOUKHU TTOCJIe X COKPAIIIEHHOT0 0003HaYeHM I, peryia-
MEHTHUPOBAHHOI'O MEXIYHapOIHBIMU IIpaBUIaMu (C, 4, cM, MJI, MT, kDa u T.1.).
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Od)OpMHEHMe WINIOCTPATUBHOINO Matepuana

WnnocTpaTuBHbI MaTepua J10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTJAE He onyOJMKoBaHHBIM. O0lee Ko-
JINYECTBO MJUTIOCTpALUii (TabJIUI] 1 pUCYHKOB) HE JIOJXKHO MpeBbIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
cTpauuii ux myoJuKanus onjadynBaeTcs aBTopoM. [1ydiukanums HBETHbIX MJUTIOCTpALIMi (HE3aBUCUMO OT UX KOJIM-
YeCTBa) TaKKe OIJIAYMBAETCS aBTOPOM.

Pa3meps! naocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcuMajbHas muprHa 18 1 crondua — 82 mwm, 1ist 2 ctoa61oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTAeIbHBIM daiisom. Tabauiiel HyMepyloTcs apabckuMu nudpa-
MU OTAEJIBHO OT HyMepaluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Bech Tekct
Ha PYCCKOM sI3bIKe, colepKalluiics B Tabauile, BKIoYash eAUHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeaeH Ha aH-
TJIMICKUI S3bIK; TPU 3TOM MEPEBOJL CeAYET MOMEIIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
crpokoii. HazBaHue TabauIIbl M TEKCT IpUMEYaHUsI K Hell TaKkKe JOJIXKHBI ObITh MepeBeeHbl Ha aHTJIMMUCKUI SI3bIK
U TPUBEACHBI MO/l PYCCKUM TEKCTOM C HOBOW CTpOKU. [lJisl MOMETOK B TabJaMIIaX CleNYyeT UCIOJAb30BaTh OAHY WU
HecKoJbKo (*). [losicHeHMs TevyaTaioTcs IOoCje COOTBETCTBYIOIIEro KojauuecTna (*) monm tadbmuueit. EquHuIbI n3me-
peHusl, TPy HEOOXOAMMOCTH, BKJIOUAIOTCS B 3aTOJIOBKY CTPOK UJIM CTOJIOIIOB.

Pucynku (rpaduku u ¢ororpadun). B Tekcte ctaThu Ha3BaHUSI pUCYHKOB (rpadukoB, potorpaduii) u Tadbiuil pas-
MelaloTces cpasy nocje abzalia, rjae Ha HUX JaeTcs repBasi cchliika. Bce pucyHKU HyMepyloTcsl ociea0BaTe1bHO apad-
CKUMU UMpaMU TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaTh. Ha3BaHUSI PUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUIE
CITMCKa B OTASBHBIN aita. B crircke yka3eIBaloTCs: HOMEp pUCYHKa, Ha3BaHMe (C OOJIBIION OYKBHI), TEKCT ITpUMeYa-
Huii (111 MUKpodoTorpaduii 10JXKHO ObITh yKa3aHo yBeaundyeHue). [lonnucu K pucyHKaM JaioTcsl KpaTKue, HO 10cTa-
TOUHO MH(bOpMaTUBHbIe. HazBaHM S pUCYHKOB M TPUMEUYaHU I K HUM, HAPUCYHOUHbIE MOAMUCH, TEKCT JIETEHIbI JOJIK-
HBbI OBITH ITepeBeIeHbl HA AHTIIMICKUT SI3bIK M pa3MelleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOTYT OBITh MpeACTaBICHBI B TpaduuecKuX hopmaTax ¢ pacimpernueM .tif (paspemenue He meHee 300 dpi ipu 100%
MaciTabe), .eps uin .ai. M3o0pazkeHuss, BCTpoeHHBIE B TOKyMeHThl Word, He mpuHuMaoTcs. ['paduku u guarpaMMbl
MPEAOCTABISIOTCSI BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObLJIM CO3JIaHbl, UJIU C YUCTCHHBIMU 0003HAUEHM -
MM MoKasaTesieid, 0ToOpakaeMbIX COOTBETCTBYIOIIMMU TpadrUyecKMMU 2JIeMEeHTaMU (CTOJIOMKAaMU, CEKTOPaMU U T.I1.)
B BUJIe (DaiiJIoB ¢ paciiMpeHusiMu .doc Uiiu, pearnoyTuTeabHee, .XIs.

MnaTa 3a ny6nukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKAILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJISETCS OecCIIaTHOMN
IUTS1 aBTOPOB M YUPEXIEHU I, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIATY B CICAYIONIUX Cyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX UJLTIOCTPALIMii; 2) MTPpU 00JbIIOM KOJIUYECTBE HILTIOCTPATUBHOIO MaTepuaJa (CBbIlIe
8 mimocTpanuii).

MoprotoBka cTartei

IMpu penocTaBAeHNN CTATbU aBTOPBI TOJXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nyomux nyHKTax. CTaThsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

1. HampaBiisist cTaThIoO B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasibl He ObIIU paHee OMmyOJIMKOBaHbI
MMOJTHOCTBIO MJIW TI0 YacTsIM, B JII000# hopme, B JII0OOM MeCTe MJIK Ha JTII0OOM si3biKe. Tak ke aBTOpbI TapaHTUPY-
0T, YTO CTaThsI He TIpeACTaBIeHA I pACCMOTPEHUS U MyOIUKaIlUuy B IpyroM XypHaie. C MOMeHTa TIPUHSTUS
CTaThU K TeyaTu B KypHayie «MHbeKIns 1 UMMYHUTET» TPUBEACHHBINM B Hell MaTepral He MOXET OBITh OITy-
OJIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI3bIKe O0e3 coria-
COBaHUS C PYKOBOJCTBOM XYypHasa. VICKTI0UeHEM MOXET SIBJAAThLCS: 1) MpeaBapuTeabHash UM MoCIeaylomas
MyOJIMKALIMsI MATePUAaIOB CTaThU B BUE TE3UCOB MJIM KOPOTKOT'O pe3ioMe; 2) UCITOIb30BaHE MaTePUAJIOB CTaThU
KaK 4acTH JIEKIIMW WM 0630pa; 3) UCTIOb30BaHUE aBTOPOM TPENCTABIEHHBIX B JKYpHAaJI MaTepHUaoB MPU Ha-
MYMCAaHUU IUCCEePTALMU MJIM KHUTH. Bocmpon3BeneHne BCero n3naHus UM 4aCcTH JTI0OBIM CITOCOOOM 3arIpeliaeT-
cs1 6e3 MUCbMEHHOr0 pa3pelneHus uznareneir. HapyiieHue 3aKkoHa OyaeT IpeciieaoBaThCs B CyaAeOHOM MOPSIAKE.
Oxpansiercss 3akoHoM PD Ne 5351-1 «O6 aBTOpCKOM IpaBe U CMEXHBIX TpaBax» oT 09.07.93 r.

2. @aiin oTIIpaBiIgeMOil CTaThbU MpeacTaBieH B ¢opmare .doc, .docx, .rtf.

3. [TomuMo (aiina co cTaThbeil, IIPeIoCTaBICHBI CIeaYIoIre (paitIb:

1) daiin ¢ MeTagaHHBIMU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBauBaeTCsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiveit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKIECHUS, TOae paboTaeT OTBETCTBEHHBIN aBTOP (B pyCCKOM U OGUIIMATBHO MTPUHSITOM
aHTJIMICKOM BapuaHTax);
TMOYTOBBIN apec IS IEPENUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl U ropojaa), e-mail;
daMuIMsa U MHUIIMAJIBI OCTaJbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJTHOE Ha3BaHUE CTAThbU, HAIIPABJISIEMOM B peIaKIIMIO;
KOJIMYECTBO CTPAHUII TEKCTa, KOJTUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa qaHHas paborta: «Jlekuuun», «O630pbl», «Opurn-
HaJIbHBIE CTAaThi», «KpaTKue coobIeHsI», «B MOMOIIL MTPaKTUYECKOMY Bpady»,
e /aTa OTIIpaBJeHU S PaOOTHI.
2) OTckaHUpOBaHHas KOMUs (haiija ¢ MeTaJaHHBIMU MOAMUCAaHHAs BCEMH aBTOpaMHu (ITPU 3arpy3Ke B CUCTe-
My eMy ImpucBauBaeTcst UMs «IToamucu aBTOpOB»).
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3) TuTyabHBIN IUCT (IIPpU 3arPy3Ke B CUCTEMY eMy MpUCBauBaeTCsa UMsl « [UTYJIbHBIN JTUCT»), 10 (hopMe:

e Ha3BaHUeE CTaThy (0€3 UCIOIb30BaAHU ST KAKUX-TMOO COKPAIIIEHU i, HA PYCCKOM U aHTJIMICKOM SI3bIKaX);

e (hamMuIMsl, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COABTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM SI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SBIISTIOTCSI COTPYAHUKU Pa3HBbIX YUPEXKAEHUI, TO TOCIeTHNEe HYMEePYIOTCS T10 TOpSaKy, HaunHas
C eAMHMUIIBI, U COOTBETCTBYIOIIAS IIMdpa pa3MmeliaeTcs nocje aMuany aBTopa, MpeacTaBsoero
NIaHHOE yupexIeHue; AJs1 MAapKMPOBKM aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbd BMECTO LMD UC-
MOJb3YITCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d u T.11.);

e COKpalIeHHOE Ha3BaHUE CTAThbU [1JIsl BEPXHEro KOJOHTHUTYJIA (He 60jiee 35 CMMBOJIOB, BKJIIoUast po-
GeJIbl M 3HAKU MPperMHAHU S, HA PYCCKOM U aHTJIMICKOM sSI3bIKax);

e He MeHee 6 KITI0UEeBBIX CJIOB Ha pPYCCKOM M aHIUIMHCKOM SI3bIKaX;

e ajpec IJIs MEpeNuCcKU ¢ yKazaHueM HoMmepa TejiepoHa, (pakca u agpeca e-mail.

4)

Pesiome (mpu 3arpy3ke B cucTeMy eMy npucBauBaeTcs uMs «Pe3iomMe»). [IpenocTaBisieTcs B BUe OJHOI0 ad-

3alia 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B mojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBo/ie Ha aHIIMHCK U I3bIK. B OTHEIbHBIX CiTyyasix, 1Mo peleHu o peJaKIimoH-
HOM KOJIJIErnU, MOXET ObITh 3aTPe00BaH pa3BepPHYTHI BADUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitoM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckoM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

1I0¥ OYKBBI), TEKCT IpUMEUYaHU i (1151 MUKpodoTorpaduii 1oakHO ObITH YKa3aHo yBennueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO I0CTaTOYHO MH(MOPMaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabaulieit).
8) aiiy c HUTUPYEMOI TUTEpaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpHUeHTaLl M), Te:

Tabnuibl, eci OHU €CTh — KakJast OTACJIbHBIM (haiiioM (Ha3BaHUe KaxKI0M TaOJIUIIbI JOJKHO OBITh TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTODDI, HA3BaHKeE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
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UnniocTpauum Kk ctatbe «Pa3paboTka CTPYKTYpbI M UTaMMa-npoayueHTa E. coli png aHTUreHa, cogepxaiiero
nocnepoBatenbHocTu 6enkoe N, S, M, E kopoHaBupyca SARS-CoV-2» (aBTopbl: B.B. Konatb, A.A. Pa64eHkoBa,
E.J1. Yupak, E.P. Ynpak, A.U. CaeHko, H.H. Konmakos, A.C. CumoOupues, U.B. flyxoenuHoB, A.A. ToTonsiH)

(c. 653-662)

lllustrations 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 L.V., Totolian A.A.) (pp. 653-662)

(6533) Xhol

If
(5070) NdeI—|
T7 promoter

pCorD_PS
6695 bp

PucyHok 2. CMopenupoBaHHasi CTPYKTypa aHTUreHa PucyHok 3. CxemaTtuyeckoe nsaobpaxeHue
KOPOHaBUPYCHOro pekomOuHaHuTHoro (3D mogenb KOHCTPYKUUKN peKkoMOuHaHTHOro Bektopa pCorD_PS
Genka), Bu3yanuamposanHas ¢ nomowbio I-TASSER [31]  Figure 3. Schematic representation of the pCorD_PS
Figure 2. Modeled structure of the recombinant coronavirus ~ recombinant vector construct
antigen (3D protein model) rendered with I-TASSER [31] Mpumeyanmne. MoandnLMpoBaHHas Bepcust pET-24a (+),
B KOTOPOW NOCNEA0BATENBHOCTb, KOAMPYIOLLAS KOPOHABUPYCHbIN
aHTUreH, koHposaHa no cavtam Ndel/Xhol.
Note. Modified version of pET-24a (+) in which the coronavirus
antigen coding sequence is cloned at the Ndel/Xhol sites.

Wnnioctpauum k ctatbe «MHorodakTopHoe BAMsSIHUE Ha pecnupaTopHyio 3a6oneBaeMocTb Yy noaei
penpoayKTMBHOro Bo3pacTta u 3pPpeKTMBHOCTb O[0PAHTOB C HATOPEPUHOM M aHAPOGEPUHOM B OTHOLLEHUN
Hecneunduyeckoli pe3auCTeHTHOCTU CIM3NCTON 060J104KM HOCA U CHUXEHUS 4aCcTOTbl pecnupaTopHbIX UHpEKLNIA»
(aBTopbi: A.B. Bepapesa, E.B. LLlabanauHa, E.A. ActadbeBa, A.A. YysHoBa, A.B. LLla6anauH) (c. 723-734)
lllustrations for the article “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” (authors: Bedareva A.V., Shabaldina E.V., Astafieva E.A., Chuyanova A.A.,
Shabaldin A.V.) (pp. 723-734)

PucyHok 1. LLieToyHas MmukpoOuoncusa cnuauctoi PucyHok 2. LLleTo4yHas MukpoGuoncus cnuaucToim
0060n0o4kn Hoca. HopmanbHbie NnposiBneHus 000n04KkM HoCa. BbicOKMe KJIeToYHbIE peakuuu
KNIeTOYHbIX peakuuii Ha CU3UCTO 060N04KM HOCA. Ha cnu3ucToii 060104Ke HOCa, AOMUHUPYIOT KNETKU
KneTtku dpyHkumoHanbHoro anutenus (1), knetku nnockoro anutenus (1). EAMHNYHBIA GYHKLMOHANBHbIIA
Na0CKOro anutenus (2) LMAUHAPUYECKUIA MepLaTenbHbIi anuTenui (2)

Figure 1. Brush microbiopsy of the nasal mucosa. Normal Figure 2. Brush microbiopsy of the nasal mucosa.
manifestations of cellular reactions on the nasal mucosa. High cellular responses to the nasal mucosa, dominated
Functional epithelial cells (1), squamous epithelial cells (2) by squamous epithelium cells (1). Single functional

cylindrical ciliated epithelium (2)
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