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3D KJIETOYHbIE KYJIbTYPbI: MEPCMNEKTUBDI
NCNOJib3OBAHUYA B BUPYCOJIOTUUN

T.A. Ky3uneunosa!, M.P. Aimnes'?, A.A. Muxauaxko"?, M.IO. Illeakanos'?

00630pbI

NHdekumns n uMmyHnTeT
2024, T. 14,Ne 6, c. 1045-1062

'@I'BHY HUHU snudemuonocuu u muxpoouonoeuu um. I.I1. Comoea Pocnompebnadsopa, 2. Bradusocmox, Poccus
2 lanvresocmounbiii hedepanviblii ynusepcumem, Illkonra meduyunns u Hayk o scusnu, 2. Baadusocmok, Poccus

Pestome. TpaguimoHHBIE METOIBI KYJIBTUBUPOBAHUS KJIETOK in Vitro, NCTIOJB3YIONINE, KaK MTPaBUIIO, MOHOCTONHBIE
KJICTOUHEIE IMHUH, KOTOPEIC pa3pacTaroTcs Ha TOBEPXHOCTH MOMJIOXKHY (2D -KyaTbTUBHpOBaHME), HE CITOCOOHBI UMU-
THPOBATh CTPYKTYPHYIO OPTaHU3ALMIO TpeXMepHOIi (3D) KIIeTOUHOM CETH in Vivo 1 HEIOCTATOYHBI 1T MOIETUPOBAHHUST
SKUBBIX TKaHEH ¢ LEJbI0 M3YYeHU ST MEXKJIETOUHOM CUTHAIW3ALNHU, Tpojudepannu, 1udhepeHInPOBKHI, IKCIpec-
CUM T€HOB U 0€JIKOB, peaKIIM1 Ha pa3MuYHbIe CTUMYJIbl U MeTa001u3M JieKapcTB. C moMolbio 2D-KynsTUBUpPOBaHU S
HEBO3MOXHO aJeKBaTHO BOCIIPOM3BECTH B3aMMOMACHCTBUE BUpYca C KJIETKaMU XO3sIMHA M MaToreHe3 3a00JeBaHuUs
Ha YPOBHE OTIEIbHBIX TKAHEH — TEeXHOJOTMYECKOI MIaThopMOil 1S MoTydeHus Haubosee HaleXX HbIX U peaJuCThy-
HBIX PE3YJbTaTOB B 3TOH 001acTH siBAsgeTcs 3D-KyabTuBUpoBaHMe KJIeTOK. Ha ocHOBe aHaIM3a HayYHOM TUTEpaTypHI,
coaepaiieiics B OCHOBHBIX 0a3ax maHHBIX (Web of Science, PubMed, Scopus, Elsevier, Google Scholar u PUHII), B Ha-
cTosITIIeM 0030pe TaHa KpaTKas XapaKTepUCTUKa pa3TUIHBIX BUIOB U TUTIOB 3D KJIETOYHBIX KYJIBTY], a TAKXKE METOIOB
UX TIOTYYCHUS W TIOAACPKAaHUS XM3HECITOCOOHOCTH. PaccMOTpeHBI COBpeMEHHBIE BO3MOXHOCTH M TIEPCIICKTUBEI MX
WCIIOJIB30BAHMS B BUPYCOJIOTHUECKUX UCCIeTOBaHUSIX. OOCYKIAI0TCSI OCHOBHBIE aCIeKThI MpuMeHeHMsT 3D KireTou-
HBIX JIMHUI: BBIICICHNE, KYJTBTUBIPOBaHUE, M3YYeHUE MEXaHU3MOB PEIIPOAYKIINY BUPYCOB YeJIOBEKA M SKUBOTHBIX,
B3aMMOJIECHCTBUS BUpYca C OPTaHM3MOM XO3sIMHA ¥ MMMYHOIIaTOTeHe3a. AHATMU3NPYIOTCS BO3MOXHOCTH MCIIOJIB30-
BaHU 3D KyJIbTyp IJIg TPOU3BOACTBA M TECTUPOBAHMS BaKIIMH, a TAKXKe JJIsT pa3pabOTKH U TECTUPOBAHUS IIPOTHBO-
BUPYCHBIX JIEKAPCTBEHHBIX TPENapaToB U B LIEJIOM JUIsl BBIOOpA CTpaTeruu JiedeHU s BUPYCHBbIX MH(peK1nid. [ToMrumo
MPEUMYIIECTB U MEePCHEKTUB UCTOIb30BaHUS 3D KIeTOUHBIX KYJbTYP B BUPYCOJOTMU, OTPaXXEHbI M MX HEAOCTATKU.
Ocoboe BHMMaHuUE B 0030pe OTBeAeHO TakuM 3D cucteMam ex vivo, Kak OpraHOMIbl U «OpTraH-Ha-uyuIie», KOTOPbIe
B 3HAYUTEJILHON CTEIIEHW COOTBETCTBYIOT TPEOOBAHMSIM JIAOOPATOPHBIX MOJENIEi B BUPYCOJOTMUECKUX UCCIeI0BaHU-
SIX ¥ CYILIECTBEHHO PACIIMPSIIOT BO3MOKHOCTHU MCCICIOBAaHNU I Ha HOBOM YPOBHE, ITPOMEXKXYTOUYHOM MEXIY KJIETOUHOM
1 OpTaHHOU KyIbTypoii. OCHOBHOM XapaKTEPUCTUKON OPTaHOMIOB SIBJISETCS MMMTAIMS TKAHEBON OpraHMU3alllH,
(byHKIIMOHATPHOCTH ¥ TEHETUUECKOM CTIeIIN(PIIHOCTH KOHKPETHOM TKaH! MJIM 9aCTH OpTaHa. TakKoit Moaxo, B 4acT-
HOCTH, TIO3BOJISICT CYIIECTBEHHO IMTOBBICUTH YYBCTBUTEIBHOCTD MOICIH IJIsT U30JISIINH BUpyca. B 0030pe mpoaHatmn-
3MPOBaHBI JAaHHBIC MHOTOUMCIICHHBIX UCCIICIOBAHN, KacaloUINXCs TPUMEHEHU ST OPTaHOUIOB [IJISI M3YUCHMS BUPYCOB
YeJIoBeKa M XKMBOTHBIX, KOTOPEIE IMIPOSIBIISIIOT CPOACTBO K OMpPEAeICHHBIM TKaHIM, U B YACTHOCTU — PE3YJIbTAThl U3-
YUCHMST Ha 3TUX MOJAEIISIX 0COOEHHOCTE MMMYHOITATOTeHe3a peCIMPaTOPHBIX BUPYCHBIX MH(MEKIIHIA.

Karoueesnie caosa: 3D kaemounvie Kyavmypol, 0peanoudst, opean-Ha-yune, 6uoneuams 3D, eupycHovie ungexyuu, supycosocuiecKie
uccae006anus ex vivo, MOOeAUpO8aHue MEXaHU3M08 NAMOo2eHe3d.
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3D CELL CULTURES: PROSPECTS FOR USE IN VIROLOGY
Kuznetsova T.A.?, Aliev M.R.*", Mikhalko A.A.*", Shchelkanov M.Yu.*"
@ @G.P. Somov Institute of Epidemiology and Microbiology, Russian Federal Service for Surveillance on Consumer Rights Protection

and Human Wellbeing, Vladivostok, Russian Federation
¢ Far Eastern Federal University, School of Medicine and Life Sciences, Viadivostok, Russian Federation

Abstract. As a rule, traditional methods of cell cultivation in vitro using monolayer cell lines (2D cultivation) are unable
to simulate the structural organization of a three-dimensional (3D) cell network in vivo and are insufficient for modeling
living tissues to study intercellular signaling, proliferation, differentiation, gene and protein expression, reactions to various
stimuli and drug metabolism. Using 2D cultivation, it is impossible to adequately reproduce a virus-host cell interaction and
disease pathogenesis at the level of individual tissues. The technological platform for obtaining the most reliable results is 3D
cell cultivation. Based on the analysis of scientific literature contained in the main databases (Web of Science, PubMed,
Scopus, Elsevier, Google Scholar and RSCI), our review provides a brief description of various types of 3D cultures, as well
as methods for their production and viability maintenance. The modern prospects of their use in virological research are
discussed. The main aspects for application of 3D-cultures are analyzed: isolation, cultivation and study of mechanisms
for virus reproduction, virus-host interaction, the study of immunopathogenesis and epidemiological prognosis of viral
infections. The possibilities of 3D cultures for production and testing of vaccines, antiviral drugs, and, generally, for choosing
a treatment strategy of viral infections are analyzed. In addition to the advantages and prospects of using 3D-cell cultures
in virology, their disadvantages are also assessed. Special attention is devoted to such ex vivo 3D systems, as organoids
and “organ-on-a-chip”, which largely meet the requirements of laboratory models in virological research. The hallmark
characteristics of organoids is imitation of tissue organization, functionality and genetic specificity in a specific tissue or part
of an organ. This approach allows to markedly increase model sensitivity for virus isolation. The review analyzes the data from
numerous studies concerning the use of organoids to examine human and animal viruses, which display affinity for certain

tissues and the data on assessing the features of immunopathogenesis behind respiratory viral infections.

Key words: 3D cell culture, organoids, organ-on-a-chip, bioprinting 3D, viral infections, ex vivo virological research, pathogenesis

mechanism modeling.

BeepneHue

KieTkm — OCHOBHBIE CTPYKTYPHO-(YHKIINO-
HaJIbHbI€ €IMHUIbBI BCEX XMBbIX OPraHU3MOB —
HaxoAs5Chb BO BHEKJIETOYHOM MaTPUKCE, UMEIOLIEM
CJIOXXKHYIO TPEXMEPHYIO apXUTEKTOHUKY, B3aUMO-
JNEUCTBYIOT C COCEAHMMMU KJIETKAMU TMOCPEICTBOM
Kak IMOBEPXHOCTHBIX PELIENTOPOB, TaK U pACTBOPU-
MbIX MeauaTopoB [2]. CTpyKTypHBIE B3aMMOJIENi-
CTBUSI KJIeTKa—KJIeTKa U KJeTKa—BHEKJIETOUHbI
MaTpUKC O0pa3yloT TPEXMEPHYIO CE€Th, KOTOpas
noaaepXXnBaeT TKaHEBYIO CIEUMMUIHOCTH U TO-
MmeocTa3. B 3ToOil CBSI3M TpaaMLMOHHbBIE METOJbI
KYJbTUBUPOBAHUS KJIETOK, K KOTOPbIM OTHOCUT-
Ccs cTapeliuuMii U Haubosee pacHpoCTpaHEHHBIR
TUIT KYJBTUBUPOBAHUS — AByMepHoe (2D) Kyib-
TUBUPOBAHUE in Vitro, He CIOCOOHBI UMUTUPOBATh
CTPYKTYPHYIO OpraHuM3aliuio, TOOOOHYI in Vivo.
DTU MeTOAbl HEAOCTATOUYHBI MIJISI M3YUYEHUsS Ta-
KMX OCOOEHHOCTEeH, KaK KJIETOYHbIE B3aMMOCBSI-
31, KJeTOYHast MOP(OIOTrusl, XKMU3HECIIOCOOHOCTD,
npoaudepanus, nuddepeHINPOBKA, IKCITPECCUST
reHOB U OEJIKOB, peaKliusl Ha CTUMYJIbI U MeTabo-
JIU3M JIeKapcTB M BakIMH. ClienyeT YYUTBHIBATh
1 TOT (PaKT, YTO AOKJIMHUYCCKHE HCCICTOBAHUS
in vitro Mo OLIEHKE UMMYHOTE€HHOCTU BaKLIMHHbBIX

npemnapaToB HEOOXOOMMO TeCTUPOBATh MeETOola-
MU, TIOMUMO TIPOYEro BKIIOYAIOIIMMU KOMIIO-
HEHTHl UMMYHHOW CUCTEMBI, UTO TTO3BOJISIET TIPU-
OMU3UTHCS K €CTeCTBEHHBIM YCJIOBUSIM Pa3BUTUS
nHbeKnu [64].

Hecmotpsi Ha ucmonb3oBaHUE TOCTYITHBIX
KJIETOUHBIX JIMHUI MHOTME BUPYChl — HAIPU-
mep, Bupyc Hopdonk (Picornavirales: Caliciviridae,
Norovirus), 6okasupycel (Piccovirales: Parvoviridae,
Bocaparvovirus) wim Bupyc remnatuta C (Amaril-
lovirales: Flaviviridae, Hepacivirus) — 1ioKka He TIOf-
JIaI0TCSl TIPOAYKTUBHOU perutmkaiuu Ha 2D wmo-
nensx in vitro [5, 9]. HekoTopbie BUpyChl ropasiao
addekTuBHEE PpEeNPOAYLUUPYIOTCS HA  MOJESIX
YPOBHS 1I€JIOTO OpraHM3Ma, HEXeIU B KJIETOYHBIX
KyJbTypax: Hampumep, GUToBUpPYCHI! (B 1IeJIOM pac-
teHuu) [10, 20], GOABIIMHCTBO apOOBUPYCcOB? (ITpU
WHTpalepedpaJbHOM 3apa’K€HUUW MBIIIAT-COCYH-
KOB) [4, 73] unu Bupycel rpumnra A (Tpu 3apakeHuu
B aJUTAHTOUCHYIO TOJIOCTh Pa3BUBAIOIINXCS KypH-
HBIX dMOPUOHOB) (Articulavirales: Orthomyxoviridae,
Alphainfluenzavirus) — npudem, kak ntuubux [1, 17],
Tak U anuaeMudeckux? mramMmmos [3, 23]. Psn Bupy-
COB YCITEIITHO TTAaCCUPYETCsl Ha KJIETOUHBIX JTUMHUSIX
B hopmate 2D, HO 110 STUUYECKNM WJIM SKOHOMHYEC-
KM COOOpaKEHUSIM HE MOTYT OBITh MCCJIETOBAHbI

! ®uTOBUPYCH — BHETAKCOHOMIYECKAs IPYITA BUPYCOB, TOPAXKAIOMIMX PACTCHUSI.
2 ApGOBHPYCHI — BHETAKCOHOMUYECKasl TPYIIIa BUPYCOB, KOTOPBIE PACIIPOCTPAHSIOTCS MTyTeM OMOJOrMYECKOi TPAHCMUCCU Y B MOTYJISILIMSIX

TTO3BOHOYHBIX X035€B KPOBOCOCYIIMMHU YICHUCTOHOTUMM.

3 ):[O CUX TTOp GOJIBIIMHCTBO MPOTUBOTPUIIIIO3HBIX BAKIINH U3rOTAaBJIMBACTCA HAa OCHOBE BUPYCHBIX IITAMMOB, HAKOIIJIEHUE KOTOPBIX

TIPOU3BOIUTCA HAa MOJCJIV Pa3BUBAIOMINXCA KYPUHBIX 3M6pV]OHOB‘
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B KOHTPOJIMPYEMBIX 3KCIIEpUMEHTaX Ha MOJICIH
MHOUILIMPOBAHHOTO OpraHu3Ma U IIOTOMY HYXIa-
IOTCSI B IPOMEXKYTOUHBIX 3D Momensx: HampuMmep,
BUPYCHl MMMYyHOme(UIINTa YeaoBeKa 1-To U 2-To
tunoB (Ortervirales: Retroviridae, Lentivirus) [24, 63].
Bo Bpems nanaemuu COVID-19 — HecMOTpst Ha TO
4TO BO30yauTeNb 3T0oro 3adoneBanus, SARS-CoV-2
(Nidovirales: Coronaviridae, Betacoronavirus, TIOOpPOI
Sarbecovirus), cnocodbeH >(PEGEKTUBHO pernpoay-
LIUPOBAThCI U B KJETOUHBIX KYJbTypaX, U BO MHO-
T'UX XUBOTHBIX Mozensax [14, 15] — moTpeboBanach
MaccoBast paboTa ¢ 3KCIIePUMEHTAJIbHBIMU XHUBOT-
HBIMU, OTHAKO WMEIOIINXCS J1abopaTOPHBIX MOIII-
HOCTEll 0Ka3aJoCh HEOOCTAaTOYHO, a 2D KyJabTyphl
HE MOTJIM aJIeKBaTHO UMUTUPOBATh B3aUMOIEUCTBIE
BUpYyca C KJIeTKaMM 1 MAaTOTeHETUIECKYIO KapTUHY
3a00J1eBaH s HA YpOBHE TKaHei [52, 54]. i nmoay-
YyeHUsl HauboJjiee HaJAeXHbIX U peaJIMCTUYHBIX pe-
3yJIBTaTOB MOJEJIb KJICTOUHOU KYJIBTYPHI, UCIIOJIb-
3yeMasi B KauecTBe TeCT-TLIaT(hOPMEBI, TOIKHA pabo-
TaTbh aHAJIOTUYHO MOJEAsIM in vivo. Takoi miardop-
Mol siBisieTcs TpexMmepHoe (3D) KynbTuBUpOBaHUE
KJIeTOK U nonydyeHue 3D-KyabTypbl opraHos [89, 97].

OnHuM 13 HanboJiee BaXKHBIX Pa3IUIUil MEKIY
MeTonamu 2D- u 3D-KynbTUBUPOBAHUS SIBJISIETCS TO,
4yTO B 2D KyJBType KJIETKU PacIlIaCThIBAIOTCS Ha CyO0-
CcTpaTe B HEECTECTBEHHOM COCTOSIHUU, TO €CTh MEHSI-
eTcst MOpOJIOTUST KJIETOK, B TO BpeMsl KaK KJICTKH,
penuupoBaHHbIe B 3D (hopMaTte Ha GUOIOTMYECKOM
VIV CMHTETUYECKOM KapKacHOM Marepualie, coxpa-
HSII0T HOpMaJbHYI0 MOP(OJOTrUI0. 3HAYUTENBHO pa3-
nmyaetcs 1pu 2D- 1 3D-KynbTUBMPOBAHUY YPOBEHD
SKCIPECCUH U PACITOIOXKEHNE MEMOpPaHHBIX PELIETITO-
pOB. DTO HAIPSIMYIO BJIMSIET HA MHOTHME TTapaMeTphl,
B YaCTHOCTH, Ha B3aUMOACHCTBHE BUPYCa C XO35IMHOM.
KreTku B MOHOCTIOE TIOABEPTarOTCsl CTPECCY, B CBSI3U
C 4eM HEKOTOphIe BKCIpecCrupyeMble TeHBI U OeJIKU
MPeTepIieBaloT M3MEHEHUSI M MCKaXKamT peakiinio
Ha TeCTUpyeMble Ipernaparhbl MU BaKILIMHHbIE KOMIIO-
3unmu [36, 61, 62].

IlepBBIc MCcIenOBaHUS TI0 KYJITUBUPOBAHUIO
OpraHoB M TKaHEW OTHOCITCS K KOHILY ITPOIIJIOTO
Beka, korna B 1897 r. Hemeukuii yyeHbili B. Loeb
onyO0JaMKOBaJl JaHHBIe O KyJIbTUBUPOBAaHUU (par-
MCHTOB IIMTOBUIHOM >KeJIe3bI, ITOYEK U TICUCHM,
SIMYHUKOB KpoJinka. OpraHbl U3BJIEKAJIUCh XUPYP-
TMUYECKUM ITyTeM, TOTOBUJIMCH CPe3bl TKAHEeH U3 op-
raHoB, KYyJbTUBUPOBAJIMUCh Ha KPOBSHBIX CTYyCT-
Kax IIJ1a3Mbl M COXPAHSIINCH OJISI ITOCJICIYIOIIEeTO
WUCTIONIb30BaHUs in vitro. C cepeauHbl TPOIIIOTO
CTOJIETUSI OpraHHbIe KYJBTYpPbl HAILJIM MPUMEHE-
HHUE B BUPYCOJOTMYECKUX MCCIeIoBaHUSIX. B Ha-
CTosIIIIee BpeMsI MCIOJb30BaHNE OPTaHHBIX KYJIb-
TYp B BHUPYCOJOTWU 3HAYUTEIBHO PACIIMPUIIOCH
B CBSI3W C TIOSIBJICHMEM HOBBIX TEXHOJOTMYECKUX
BO3MOXHOCTell M pa3paboTkoit 3D-KIeTOYHBIX
KyJabTyp. OCHOBHBIMHY acIieKTaMM UX ITPUMEHEHU ST
SIBJISTIOTCSI KYJIBTUBUPOBAHUE W U3YyUYEHUE PETipo-
IYKIIMKM BUPYCOB YeJIOBEKa M KMBOTHBIX, M3yde-

HHE MEXaHU3MOB BOBHUKHOBEHUST U Pa3BUTUST BU-
PYCHBIX MHGEKIIMI, pa3padboTKa U TeCTUPOBAHUE
NPOTUBOBUPYCHBIX MPEIapaToB U BAKIIMH U AP.

Llenr o630pa — oxapakTepu3oBaThb pas3jinu-
HbIe TUIIBI TpeXMepHbIX (3D) KJIETOUHBIX KYyJb-
Typ U PAaCCMOTPETh COBPEMEHHBIE BO3MOXHOCTH
U TIEPCTIEKTUBBI UX UCITOJb30BaHUS B BUPYCOJIOTU-
YEeCKUX UCCIIeIOBAHU SIX.

MeToap! NOy4eHMs KyNbTYp OPraHoB
W UX TUMbI

I'maBHas 3amadya KyJbTHBUPOBAHUSI OPraHOB —
NoAAePXXUBATh apXUTEKTYPy TKaAaHU U HampaBisiTh
ee Ha HopMaJibHOe pa3BuUTHe. JJis1 BbIpallliBaHUS
KYJIBTYPbl OPraHOB, KaK MpaBUJIO, TPUMEHSIIOTCS Te
K€ Cpelibl, YTO U JIJIsI KyJIbTYPbl TKaHEeU, KaK KU1~
Kue, Tak u TBepable. HaunHas ¢ 1930-x romoB wuc-
MOJIb30BAJIUCh TaKWE METO/bl, KaK IOJABEIINBaHE
KarleJib YJIV KYJBTUBUPOBAaHME Ha YaCOBBIX CTEKJIaX.
DTOT METO[I 3aKJTI0YACTCS B KYJIbTUBUPOBAHUU IKC-
mjaHTata (HEOOJbIIOrO KycO4yKa >KWBOW TKaHMW)
Ha CTYCTKe TUIa3Mbl Ha 4aCOBOM CTEKJie, pacIiojio-
JKEHHOM Ha BJIA>KHOU moayiiedyke u3 Batel. B 1954 1.
B KaueCTBe OIOPHI AJIsl BATHOTO JIMCTA UK (hUIbTpa,
MPOITUTAHHOT'O ITUTATEILHOM Cpeioit, OblJIa UCTIOJb-
30BaHa MeTaJlJInyecKasl ceTka, TOoAHUMAaloIIast op-
raH JJ1sl pOCTa Ha TPaHUIIE CPeibl M BO3/IyXa.

B Hacrosiiiee Bpemsi, pa3paboTaHbl HOBbIE Me-
TOJIbI, KOTOPBIE TTO3BOJISIOT KJIETKAM pacTH B J1a00-
paTOPHBIX YCJIOBUSX B ClIOXKHOU 3D apxuTekType.
ODTU METOABl B OCHOBHOM JEJISITCS Ha JIBE KaTero-
puM: MeTOoAbl 0e3 KapKacoB M METOIbI, OCHOBaH-
HBIC Ha KapKacaxX. Hamnbosee 4acTo MCIoJIb3yeMbIe
MeTonbl 3D-KyIbTUBUpOBaHUSA 0€3 KapKaca — 3TO
CYCIICH3MOHHOE KYJBTUBHPOBaHMNE KJIETOK Ha He-
KJIeSIIINXCS TUIACTUHAX WM TUIACTUHAX C YiIb-
TPaHMU3KUM KpEIJICHEM, K KOTOPBIM OTHOCSITCS
METOABl MAarHUTHOM JeBUTALIMM W MUKPODIION-
ITUKUA. DT METOIBI OCHOBAaHBI HA TOM, YTO KJET-
KM coOMpaloTcs BMecTe, 00pa3ys cheponaaabHyIO
CTPYKTYPY, TEM caMBbIM obOJjierdasi (popMupOBaHUE
3D kJeTOYHOM CTPYKTYPhI 0e3 Kapkaca. HecMoTps
Ha TO 4TO MeToAbl 3D-KyJabTUBUPOBAHMUS KJICTOK
0e3 Kapkaca, KaK IpaBUJIO, OBICTPHIC 1 SKOHOMU Y-
HBIC, UX CAMBIM OOJBIINM HEIOCTATKOM SIBJISICTCS
OTCYTCTBHME KOMIIOHEHTa 3KCTpPalle/UIIOISIPHOTO
matpukca (BLIM). BcnencTtBue 3TOro ocCyliecT-
BJISIETCS TOJIBKO B3aMMOACHCTBIE KJIeTKa—KJIETKa,
aB3auMopeiicTBue kiaetka—3ILIM orcyrcTByert [30].

I1pu BocnpousBeneHUU MeToa0B 3D-KyabTUBU-
pOBaHUS KJETOK Ha OCHOBE KapKacoB, B KYJIbTYDPY
no0aBisloOTCI KOMMNOHeHThl DM nnsg monyue-
HUSI BHEKJIETOYHBIX KOMIIOHEHTOB, WMUTUPYIO-
IIUX €CTeCTBEHHYIO (U3UOJIOTMUECKYIO Cpendy.
Js1 9TOl 1leu TMPUMEHSIIOTCSI KOMMEPUYECKU J0-
CTYITHBIE KapKachl UJIU IMOIXOASIIINE KOMITOHEHThI
BLIM. B kauecTBe KapKacoOB HCIOJb3YIOTCS MPU-
pOIHBIE TMOJMMEpPHI, TaKWe KakK arap, ajJbluHar,
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KoJIJlareH, TUAPOKCUATIaTUT, a TaKke Ouopa3sJjiarae-
MbI€ CUHTETUYECKHE MOJUMEPHI, TAKUE KaK MOIU-
(3TUEHTJMKOJb) U MOJU-(JTaKTUI-KO-TJIUKOJIUL),
UMUTHUPYIOLIME peajibHble TKaHUu. Ocoboe mMecTo
3aHUMAIOT ajibTMHATHbIE U IPOYHE TUIAPOTesu,
MNpeacTaBJsIIolIMe cCOO0l TpexMEpHbIE CETH, CO-
cTosSIIIMEe U3 TUAPODUTBHBIX MMOTUMEPHBIX LIEeTeH,
COXPaHSIOLIMX CBOIO CTPYKTYpPY 3a CUET CIIMBKU
OTHENbHBIX Lleneil. biarogaps MIMPOKOMY CIIEKTPY
NPUPOAHBIX U CUHTETUUYECKUX TUAPOTreseid, Moaxo-
ISIIUX 151 CO3JaHN s KapKacoB € 3aJaHHBIMU DU~
3UOJIOTUYECKUMHU U MEXaHUYECKUMMU CBOMCTBaMU,
a¢pdpekTuBHO UMUTUpPYoKX DM, oHU Ype3BbI-
YailHO MOJIE3HbI B 00J1aCTU TKAHEBOU MHXKEHEPUU
u pazpaboTku aekapcTs [67, 79]. Conepxanue DM
BapbUpYET B 3aBUCUMOCTH OT XapaKTEPUCTUK TKa-
HeU 1 KJIETOK, HO COXPAaHSIIOTCS IBa €r0 OCHOBHBIX
KOMIIOHEeHTa — Oejiku (KoJjJiareH, 3JacTUuH, pu-
OpOHEKTHUH, JJAMUHUH, GUOPUIJIUH U T. A.) U IPO-
TEOrJMKaHbl (renapaHcyyibdar, XOHAPOUTUHCYJIb-
dar u T.4.) [57]. BlaumoneiicTBUe KIETOK APYT
¢ apyrom u ¢ DM oueHb BaxkHbI C TOUKU 3PEHUS
KJIETOYHOW TOJSIPHOCTU, HUTIpalolleii Hemocpe.-
CTBEHHYIO POJb BO B3aMMOOTHOIIEHUSIX BUPYC—
XO3SIMH, TTOCKOJIBKY 3TO BJIMSIET Ha 3KCHPECCUIO
COOTBETCTBYIOIIEro perentopa. [lo aToil mpuuynHe
UccliefOBaHUE TeTepOoJOrudHbIX 3D-KyabTyp Kie-
TOK MNpUBJIEKAaeT BHUMaHUE KaK 3(h(EeKTUBHBIN
METO/ JIJIsl BUPYCOJOTMYECKUX UCCTETOBAHUA.

Paznuuarot opraHHbIe, OPraHOTUITMYECKHE U THUC-
ToTunuyeckue 3D-KyabTypbl. OpraHHasi KyjabTypa
KJIETOK — 2TO LIeJIbIiA OpTaH WUJIY €ro perpe3eHTaTuB-
HbIe YacTu (HeboJiblIue hparMeHTbl OPraHOB U TKa-
HEell WM TOHKHUE Cpe3bl OPraHoOB), COXPAHSIIOIIUE
HUCXOMHYIO CTPYKTYPY, KOTUYECTBEHHOE U IMTPOCTPaH-
CTBEHHOE pacrpeeieHre KJIETOK BHE OpraHusMa,
MaKCUMaJIbHO MPUOJMKEHHbIE K TaKOBBIM B YCJIO-
BUSX in vivo. OpraHoTUINMUYecKasl KyJbTypa — 3TO
3D-KynbTypa BBICOKOUW MJOTHOCTH, BKJIIOYAOIIAs
KOMOMHAIIUIO Pa3IMYHbBIX KJIETOK B OIpenesIeHHbIX
MPOCTPAHCTBEHHBIX COOTHOIIEHUSIX C BO3MOXHO-
CTBIO B3aMMOAECHCTBOBATh U TIOAACPXKUBATH CTPYK-
TYPHYIO LIEJIOCTHOCTb. I'McTOTMNMYecKass KyJabTy-
pa — 3D-KyabTypa KJIETOK BBICOKOIW IJIOTHOCTH,
CMOCOOHBIX HapacTaThb HECKOJbKUMU CJIOSIMU, HUX
MJOTHOCTb NPUOJINKAETCS K MJIOTHOCTU TKAHU ik Vivo
U COXpaHSIeT YaCTUYHO UJIU TOJTHOCThIO BCE OCOOEH-
HOCTU TKaHU. Pa3MHOXEHHBIE KJIETKU TUCTOTUIINYE-
CKOW KyJIBTYPbI BbIpAIIMBAIOT OTAEJIBHO 10 BHICOKOM
MJOTHOCTU B TPEXMEPHOI MaTPULIEC UJIU B CYCIIEH3UU
110 GOPMUPOBAHU S TPEXMEPHBIX arperatoB. [ 1aBHbIM
OTJIMYMEM OPraHOTUMUYECKON KYJIbTYpbl OT TMCTO-
TUTNIMYECKON SIBJISIETCS] BBEEHWE reTePOTUITNYECKOTO
KJIETOYHOrO B3aMMOJECWCTBUS, BKJtouass auddysu-
OHHbIE MapakpuHHbIE 3(hGdEKTb U mnepeaadyy Cur-
HaJioB, BoBjekawlnx DIIM. B3anmocssi3b KiieTOK
MO3BOJIIET CO3AaTh CTPYKTYPUPOBAHHOE MUKPO-
OKpYy>KeHHe, KJIETOUYHYIO TOJSIPHOCTh U YCUJIEHHYIO
nuddepeHIIPOBKY.

K 3D-KyabTypaM OTHOCSTCSI OPraHOUIbI U chepo-
WUbI, TTOTyYaeMble OCHOBAaHHBIMM Ha KapKacaxX MeTO-
namMu. OpraHouIbl — TO MHOTOKJIETOUHbBIE CAMOOD-
TaHU3YIOLIUECS OpraHbl, MOJyYeHHbIE U3 MTIOPUIIO-
TeHTHbIX KJieToK (ITK), BK/Itoyast MuHAYyLUPOBAHHbIE
MIIOpUInoTeHTHbIE KieTku (MITK), a Takske 13 K1eToK
omnyxosieBoit TkaHu [31, 40, 47, 94]. OpraHouasl Kak
cUCTeMa KYJbTUBUPOBAHUSI — MHOroobGelamnas
monenb Mexay 2D- u 3D-KyasTypaMu U MOJETSIMU
in vivo. Ta MOJIEb TTIO3BOJISIET UCCJIEI0BATh CUTHAJb-
HbIE TTYTU U PEAAaKTUPOBATh F€HOM KJIETOK B TKaHe-
BOM MUKPOOKPYKEHUU, OOBIYHO COCTOSIIIIEM U3 pa3-
HOOOpAa3HBIX U CJIOXKHBIX (PU3NUECKUX/XUMUIECKUX
B3aUMOJECHCTBUI MEXY MHOXECTBOM TKaHECHell-
(UYHBIX TUIOB KJETOK, CTBOJOBBIX KJIETOK, KJIETOK
WMMYHHOI CUCTEMBbI, CTPOMAJIbHBIX KJIETOK, a TAKXKe
pacTBOpUMBIX (pakTOopoB U DLIM, HO MpU ITOM JU-
1lIeHa MHOTMX HEAOCTAaTKOB >XMBOW CUCTEMBI in Vivo.
OpraHouabl MOXXHO TIOAAEPXKUBATh B TE€YECHUE [JIU-
TEJIBHOTO BPEMEHM, FT€HETUYECKU MOAUMUIIMPOBAThH
U KPUOKOHCEPBUPOBATh, COXpaHss UX (HheHOTUIIU-
yecKkue XapakTepucTuku. OCHOBHOM XapaKTepUCTU-
KOW opraHouaa siBJASIETCSI UMUTALIMSI OpraHU3aluu,
(YHKIIMOHATBHOCTU U T€HETUYECKON crielinUIHO-
CTHU KOHKPETHOI TKaHM UJIx opraHa in vivo [31, 32, 56,
65, 87]. IpyrumMu cjioBaMu, OpraHOMIbI IPEACTABIISI-
0T cO00I MUHUATIOPHBIE 1 YITPOIIEHHBIE BEPCUU OP-
raHoB (MUHU-OPraHbl), CHOCOOHBIE B 3HAUYUTEJILHOMI
CTENEeHU BOCIIPOU3BOAUTD CTPYKTYPY U (PU3NOJIOTHUIO
opraHoB uejioBeka. Ha cerogHsIHU AeHb pa3pado-
TaHbl OPraHOWIbIE MOMIEJIN PA3JIMYHBIX OPraHOB (KU~
IIeYHUKA, XeayaKa, MUIIEeBoAa, MeUYeHU, MOIXKeTy-
JIOYHOM KeJie3bl, TIOYEK, MOUYEBOIO MYy3bIps, JIETKUX,
TOJIOBHOTO MO3ra, CeT4yaTKM, SIMYHUKOB, MpeacTa-
TEJILHOM XKeJie3bl U AP.).

Cdepounbl — 3D-KneTouHble KYJIBTYpbI, 0Opa-
3ylollide B Tpoliecce Tposudepanun cdheporno-
MoOHbIe oOpa3oBaHus. Cucrema chepougHOn
3D-KyJbTYypbl TIO3BOJISIET KJIETKaM pacTu U Aud-
depeHIUpPOBAaTbCS B HECKOJBKMX HaIlpaBJICHUSIX.
Cdepounabl NpeacTaBsitOT CKOIJIEHUST KJIETOK IIU-
POKOTIO CIeKTpa NeUCTBUS (HampuMep, OMyXOJIeBbIX
WU SMOPUOHAJIBHBIX KJIETOK, rernaToOlMTOB, KJIETOK
HepBHOI TKaHM). Ha3zBaHue «cdepouibl» OCHOBAHO
Ha HaOJIIOIEHUM, UYTO KJETKHU JIETKOIO XOMSIKa, BbI-
pallleHHbIE B CYCIIeH3UU, (hOPMUPOBAIU TTOYTU UIE-
anbHy1o cepuueckyro dopmy [38, 101]. Chepouabl
MOTYT OBITh TOJYYEHBI JIMOO TOMOT€HHO (U3 OTHOIO
TUIIA KJIETOK), TUOO TeTepOoreHHo (U3 pa3HbIX TUIIOB
KJ1eToK). st cheporioB B OCHOBHOM UCIIOIb3YIOTCS
OeccMepTHbIe KyieTouHble TMHUU. Chepouabl sIBs-
10TCS 60Jiee SKOHOMUYHBIMU U MIPOCTBIMU B TIPUTO-
TOBJIEHUU CTPYKTYPaMM, UX TaKKe Ha3bIBAIOT «KJIEe-
TOYHBIMHM arperaTaMu» WM <«OPraHOTHITIYECKOMN
KyJabTypoii» [102]. Kak opraHouibl, Tak U cheporabl
NPEUMYIIECTBEHHO HCHOJB3YIOTCS TIPU MOJEIUPO-
BaHMWU 3a00JIeBaHU I, a TAKKe 11 KYJBTUBUPOBAHUS
BUPYCOB U B UCCJICAOBAHUSX BaKIIMH U JIEKAPCTBEH-
HBIX ITpernapaToB.
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Hpyrum tumnom 3D-KyJIbTyphl SBISIETCS «OpraH-
Ha-4yurie». OTO cuUcTeMa A MUKPOIPOTOYHOIO
(MUKPODIIOUAHOIO) KYJBTUBUPOBAHUS, KOTOpas
MO3BOJISIET MOAEIUPOBATh (PU3UOJIOTMYECKYIO Cpe-
Iy OpraHa WJu cucTeMbl opraHoB. OHa BKJIIOYa-
eT B ce0s1 MUKPOKaHaJsbl, PEryJupylolire MOTOKU
KUJIKOCTU, CTPYKTYPY KJIETOK, TPaHUIIBI TKaHEei
U B3aMMOJCUCTBUE MEXAy TKaHbO M OpraHaMu.
MukpodaonaHble MOJAEIU CITIOCOOHBI MPEOa0JIeTh
HEJOCTAaTKW BBIIIEOITMCAHHBIX MO/l TJIaBHBIM
o0pa3oM 3a CcyeT TIPOCTPAHCTBEHHO-BPEMEHHOM
YIIPaBJISIEMOCTU, PEryJIUPOBaHUSI MOTOKOB >KUJIKO-
CTH U Ta3a, (pU3MOJIOrMYECKOro OrpaHUYeHUsT XKUBOU
TKaHU, a TaKXe BCAEACTBUE BO3MOXHOCTU BbICOKO-
MPOU3BOAUTEIBHOIO aHaJM3a MPU MEHbIIUX pa3-
Mepax BBIOOPKU, YTO MO3BOJISIET CHU3UTh CTOUMOCTh
ucciaenoBanuit [95]. B mocienHue roabl «opraHbl-
Ha-4YMIIax» HaIJIW IIPUMEHEHNE B BUPYCOJIOTMYEC-
KUX MCCJIEAOBAHMUSIX, B YACTHOCTH, TIPU U3YUYECHUU
B3aMMOJICICTBUI BUpyca M XO35IMHA, a TaKXe Mpu
pa3paboTKe JeKapCTBEHHbIX MTpernapaToB U BaKIWH.
Ha peiHKe nmpeacTaBieHbl MOIEIN «OpraH-Ha-dUIIe»,
KOTOpbIe pa3padbaTbIBalOTCS MPAKTUYECKU TSI KaX-
noro opraHa. Pa3paboTaHbl Takue KOHCTPYKIIMU
C JaTyvKaMu IJIsI BU3yaJau3alliyd OMOJOTMUYECKUX
U (PU3MOoJoruuyecKkux usMeHeHui [70].

J1s1 TIoy4YeHUsT TPEXMEPHBIX KJIETOYHBIX KYJIb-
TYp W MoJeJiell OpraHOUAOB MOTYT OBITh MCHOJIb30-
BaHbl OuopeakTopsl. IlepBoHauanibHO Takue Mexa-
HUYECKUE YCTPOMCTBA, MO3BOISIONINE PETYIUPOBATh
OuoJIOrMYecKre W/MIM OMOXMMUYECKHE TTPOIIECCHI,
ObLTM pa3pabOTaHbl JJIsi MUHUMM3ALMKU BIUSTHUS
CUJIBI TSI2KECTU U 00ecCIeueHUs] BO3MOXKXHOCTHU CKOII-
JICHUSI KJIETOK B XMAKOW cpelae ¢ obpa3oBaHUEM
chepounoB. biarogapsi CmocoOOHOCTH TILATEJIBHO OT-
CJIEXKMBATh U 00ecneyrnBaTh KOHTPOJUPYEMbIE U BOC-
ITPOU3BOAMMbIC U3MEHEHUST KOHKPETHBIX (haKTOpPOB
OKpyXarlolleil cpenpl, OMOpeakTOpbl MOAXOAST IS
KYJILTUBUPOBaHUS TKaHeit in vitro [70, 78]. Ilo cpaB-
HEHMIO C APYTUMU METOIaM1 OMOPEeaKTOPBI OIXOIST
JUIS KPYITHOMACIIITAOHOTO MTPOU3BOICTBA KJIETOUHBIX
KyabTyp. Hanbosnee BaXXHBIM MPEUMYIIECTBOM OHO-
pPEaKTOpOB Iepell NPYyruMU METOAaMU SIBJISIETCS TO,
YTO OHM OOECMEeUYMBAIOT ONWHAKOBBbIE (PU3MYECKUE
YCIOBUSI AJIsl BCEX KJIETOK B AWMHAMWYHOU cpene.
BcenenctBrue HempepbIBHOIO MEPEMEIICHUST PEe3epBY-
apoB OMOpeaKTopa, MUTATEeJbHbIE BEIIECTBA MOTYT
JIOCTaBJISTBCS K KJIETKAM pa3IMYHbIMU CIIOCOOaAMMU.
buopeakTopHBIl MOAXON YacTO MCHOJIb3YeTCsl B UC-
CJIEIOBAHUSIX B3aMMOJICUCTBU U MaTOreH-X0351MH, TaK
KaK MO3BOJISIET COXPAHSTh SKCIPECCUIO KJIETOYHBIX
TMOBEPXHOCTHBIX MOJIEKYJI, TPUHUMAIOIIUX HEIOo-
CPEICTBEHHOE yyacTHhe B MPOHUKHOBEHWU BUPYCOB
B KJIETKU. BropeakTopsl Takke MOTYT UCIOJIb30BaTh-
Csl B LIEJISIX CKPUHUMHTA TIPOTUBOBUPYCHBIX ITperapa-
TOB B JOKJIMHUYECKUX UccienoBaHusx [70, 78].

B kayecTBe TpexMepHOIl MOJENu KJETOK B IIO-
cjienHee BpeMsl OOJIblIO€ BHMMaHUWE IPUBJIEKAET
monenb 3D-0uoneyatu Osarogapsi uMuTalnuu Ou-

3UOJIOTUYECKUX YCJIOBUM, CJIOXHOU apXUTEKTYPHI
OpraHoOB M MUKPOOKPYKEHHMsI TKaHEil IO CpaBHE-
HUIO C IpYTUMU MOIeITMU. Bricokoe paspelieHue,
nojiyyaemMoe ¢ Iromolibio 3D-06uorneuyaTtu, o0yciaoB-
JIEHO TIOCJIOMHBIM PACIOJ0XEeHUEeM OUOJIOrMYeCKUX
MaTepuajoB, OMOXMMWYECKUX BEIICCTB U SKWBBIX
KJETOK IJISI WM3TOTOBJICHUS TKaHEBBIX CTPYKTYP.
3D-CcTpyKTYyphbl, pacrieyaTaHHbIe Ha OMOIPUHTEpE,
T POKO IMTPUMEH STIOTCS TTPY U3YYeHU Y WH(EKITUOH -
HBIX 3a00JIeBaHUI, TIO3BOJISIST UCCIIENOBATH B3aMMO-
JIECTBHE TTAaTOTeH—XO3SMH, a TAaK3Ke TIPU IIPON3BO/I-
CTBE U UCHBITAHUY 3(POEKTUBHOCTU BaKIINH U pa3-
paboTKe JeKapCTBEHHBIX Ipenaparos [66, 70, 89].
Ucnonb3yeTcst HeCKOJbKO MeToaoB 3D-0uoneyaTu,
HaunboJiee pacpOCTPaHEHHBIMU W3 KOTOPBIX SIB-
JISIOTCST BKCTPY3WsI, CTpyiHas medaTh, Jla3epHas
obpaboTka, crepeoautorpadus. Hanbosee mupo-
KO TIpUMEHSIEMBIM SIBJISICTCSI METOI 3KCTPY3UOH-
HOI 6MoIIeYaTH BCIICACTBHE €ro yao0ocTBa I HU3KOU
CTOUMOCTH. B BHUPYCOJIOTMUECKNX WCCIIETOBAHUIX
qacTo TpebdyeTcss MOIEIMPOBATh pa3INYHbBIC YCIIO-
BUSI U OIIpeAeICHHBIC KJIETOUHBIC JIMHUM, CITeII-
GUUHBIE IS KaXJIOTo TWIla BHpyca. biaromaps
U30UPATEIbHOCTU JiexXallluX B ocHoBe 3D-mevatu
GaKTOpOB, TEXHOJIOTUS OUOMEYATH TTO3BOJISIET CO3-
JIaBaTh M POKUI CITIEKTP TKaHEl, KOTOPbIE STBJISTIOT-
cs1 TOUHBIMU 3D-MoaensiMu in vitro B 3aBUCUMOCTH
oT Tuna Bupyca [34, 42, 66]. HannpuMep, coobiiaercs
o0 3D-0uoreyaTu yeJoBeYeCKUX MOAEIe sl uccrie-
JIOBAHUSI BUpyca T'pUIIITa A C NCITOJIb30BaHUEM Kap-
Kaca, cocTosero u3 2% aiapruHara u 3% xejaTuHa,
nonoiaHeHHOTO 20% MaTtpureiiem [34].

OpraHHble KyNnbTYypbl B BUPYCON0rn

Bupycel — ob6auraTHbBIC BHYTPUKJICTOYHBIC TTa-
pPa3uThI, KOTOPHIM [IJIsI PEIIMKAIlMM TPEeOYIOTCS
KHUBBIE KJIETKH. KynbTMBHpOBaHME KJIIETOK IS
pa3MHOXEHUS W HIACHTU(GUKAIIMNA BUPYCOB SIB-
JISIeTCST BaXXHBIM pa3aejioM padOThl BUPYCOJIOTH-
yeckoi Jtabopatopuun. MHOTOYUCIEHHBIE pabOThI
MOCHSOHUX JIET CBUACTEIBCTBYIOT, UTO MCIIOJbH30-
BaHUE KYJIBTYp OpraHoB 1 3D-KyJIbTyp ITO3BOISICT
n3y4yaTh MHOXECTBO aCIEeKTOB BUPYCHON MH(DEK-
uuu (puc., 11 o6aoxka) [33, 65, 92, 101].

IMockombky wmomenu 3D-KJIETOYHBIX KYJIBTYP
MOTYT OBITh CKOHCTPYMPOBAHBI IO-pa3HOMY B 3a-
BUCUMOCTHU OT 3ajiay UCCJIEA0BaHMS U TUTIA BUpYyca,
OHM MPUMEHUMBI IJIST IIMPOKOTO CIIEKTpPa BUPYCOB.
B 3HaunTenbHO cTENeHN TpeOoOBaHUSIM J1abopaTop-
HBIX MoJeJieii B BUPYCOJOTMYCCKUX MCCIICIOBAHU-
SIX COOTBETCTBYIOT opraHouabl. X opraHormomo0-
Hasl CTPYKTypa COCOOCTBYET YCUJICHUIO BUPYCHOM
TPOITHOCTH Y YBEJIIMICHUIO BEPOSITHOCTU PA3BUTHS
BUpycHOIT mHpeKnuu. OpraHOMIBI TaKXe Tpe-
CTaBJISIIOT COOOM HE3aMEHUMY IO MOIEIb JIJISI MEXKBH -
JIOBOM ITPOBEPKM HOBBIX BUpPYCcOB. [IpuMeHeHMe op-
TaHOMIOB 3HAYMTEIBHO PACIIMPUJIIO CIICKTP BUPYCO-
JIOTUYECKMX WCCIICIOBAaHMUM, KacaloIIMXCs YeI0Be-
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Ka[65,92, 101]. ITpexae Bcero, opraHOUIHbIE MOIETU
MPUMEHSIOT [UISI BBIJACJICHUS, KYJIBTUBUPOBAHUS
¥ U3YUYEHUSI peNPOAYKIIMY BUPYCOB YeJIOBEKA U KU~
BOTHBIX, KOTOPbIE MPOSIBJISIIOT CPOJACTBO K ONpese-
JIeHHbIM TKaHsaM opraHoB. Hampumep, Hui K.PY.
¢ coaBT. (2018) mpuLJIM K BBIBOOY, UTO OpPraHOU-
IIbI TBIXaTeJIbHBIX ITyTeil YeJloBeKa C PECHUTYATHIM
SMUTEINEM O00ECIIeUMBAIOT POACTBEHHYIO (DU3UO-
JIOTUYECKYIO MOJIeJIb U MOTYT OBITh MCITOJIb30BaHbI
TSI UI3YUYEHU ST TPOTIM3Ma U CIIOCOOHOCTHU K pa3MHO-
JKEHUIO0 BUPYCOB pecnupaTopHbix MHMekuit [58].
Kynbprypbl OpraHoB ¢ pecCHUTYATBIM BIUTEIUEM
YCIIELITHO MCIMOJIL3YIOTCS Il KYJBTMBUPOBAHUS
BUpYycoB rpunmna (Articulavirales: Orthomyxoviridae)
TunoB A (Alphainfluenzavirus), B (Betainfluenzavirus)
u C (Gammainfluenzavirus), reprieca 1-ro u 2-ro THu-
noB (Herpesvirales: Herpesviridae, Simplexvirus);, pe-
CIUPATOPHO-CUHIIMTUAIBHOTO BHpyca 4YeJloBeKa
(Mononegavirales: Pneumoviridae, Orthopneumovirus);
naparpunmna (Mononegavirales: — Paramyxoviridae)
1-ro, 3-ro (Respirovirus), 2-ro, 4-ro (Rubulavirus)
tunon; Kokcaku A2l, moauvoBupyca, pUHOBUPY-
coB, axoBupyca 11 (Picornavirales: Picornaviridae,
Enterovirus) [37]. st BUPYCOJOTMUYECKUX HCCIIe-
JIOBAaHUI pecnupaTOpHBIX MHMEKIIM CKOHCTPYU-
poOBaHbI pa3auuyHbie 3D-Moaean JIerKuX 4yesioBeka.
Hanpuwmep, pazpadorana 3D-monens «0poHxochep»
yeJIoBeKa Ha OCHOBE ITOMYJISIIIUY TTIEPBUYHBIX OPOH-
X0aJbBEOJISIPHBIX 3MUTEIMATbHBIX KJETOK [83],
a Takke 3D-KynbpTypa opraHoMJ0B Ha OCHOBE 3THX
K€ KJIETOK, KOTOPbIE KYJIBTUBUPOBAJIMCh COBMECTHO
C MUKPOCOCYIMCTBIMU SHIOTEIMATbHBIMU KJIeTKa-
MU JIETKUX U hubpoodsacTamMu jerkux [95].

WNHTEHCUBHO MCIOJB3YIOTCSI OPTaHOWIBI pa3-
JIMIHBIX OPTaHOB B KaUeCTBE MOJIEJICH JIJIsI UCCIIeNO0-
BaHU S BUPYCOB C TPOITM3MOM K COOTBETCTBYIOIINM
TKaHsM. Harmpumep, ¢ uCTojb30BaHUEM JTUHUU
amMmOpuoHaabHbIX [TK (WAQ9) pa3zpaboraHa cucte-
Ma KWIIEUHBIX OPraHOWIOB YeJioBeKa M YCIIell-
HO IIPOTECTUPOBaHA IJISI KYyJIbTUBUPOBAHUS PO-
TaBupyca 4yeygoBeka (Reovirales: Sedoreoviridae,
Rotavirus). ABTOpbI OTMeYaloT, UTO peruKalus
poTaBUpyca B 3TOH cHUCTeMe Obljla NPUMEPHO
B 10 pa3 BbIIIe 11O CPAaBHEHUIO C TPAaJUIIMOHHBIM
METOJIOM KYJbTUBUPOBAHUS MPU MCIIOJIb30BAHUU
JIMHUM BIUTEINAJIbHBIX KJIETOK 00e3bsH [46].
Kwuireunbsie 3HTEpOUAbl YeI0BeKa MCIOJIb30BaHbI
B KayeCcTBe CHCTEMbl paHee HEKYJbTUBUPYEMOTO
Bupyca Hopdoik. B cucTeme KMIIIEUHBIX SHTEPOU -
JIOB 3TOT BHUPYC PEIJIMIIMPOBAJICSI B WHTepBaje
1—24 4y mocne 3apaxXeHU s, a KOMIIOHEHT Xeauu 9a
OBLJI YCTAHOBJIEH B Ka4eCTBE KPUTUIECKHU HEOOX0-
JUMOTO JIJ151 ero peraukanuu [45].

HauGombIyto 3HaYMMOCTb OpraHHbIe KYJIBTYPbI
MpUOOpEIIN MPU N3yYEHU U OCOOEHHOCTEN MMMYHO-
rnmaToreHe3a pecIupaTOPHbBIX BUPYCHBIX MH(MEKITHUIA.
B HacTosiiee BpeMsi pa3paboTaHO HECKOJIbKO MO-
neJieil Uit u3ydeHusl MHGEKIIMU BUPYCOB TPUIIIIa
A, B, C, Bkiitouast Moe/ M TKaHeil >)KUBOTHBIX U Ue-

JoBeka ex vivo u 3D-Moaen KAETOYHBIX KYJBTYD.
TlepBbIii 1Iar B pa3paboTKe U CO3JaHUU TOJHOM
3D-Mmonenu JIeTKUX YejloBeKa 03HaMeHoBajia pado-
Ta, B KOTOPOI MCITOJIb30Bajlach MOAEIb MEPBUYHBIX
BIUTEMATbHBIX KJIETOK JIbIXaTeIbHBIX Ty Tei Ye10-
Beka Ha 3D-XxMTO3aH-KOJJIar€HOBOM KapKace JJIs
orpenesieHns] UMMYHO(MEHOTUIIa IIITaAMMOB BUPY-
ca rpunna A cyorturnos HINI u H3N2 [35]. Berg J.
¢ coaBT. (2018) mpuiaM K BBIBOAY, YTO KJacTepHasi
KapTuHa uHdek1u B 3D-KyabpType 00Jiblile HAMo-
MUHaeT eCTeCTBEHHBbI OMOJIOTMYECKUI Tpollecc,
HaOJIIoMaeMbIii B JISTKUX YeJIOBeKa, 10 CpaBHEHUIO
¢ pa3ButueM UHbekuuu B 2D-Kynbrype. Kpome
TOTO, pacneyaTaHHbIe Ha 3D-TIpuHTEepe KJIETKU WH-
IyIUpoBaiu 6a30BbIi UMMYHHBII OTBET C BBICBO-
6oxaeHueM rmpotuBoBupycHoro 1L-29 (IFNA1) [34].
Si L. ¢ coaBrt. (2019) pa3paboTanu MukpodIoui-
HBI YMIT IbIXaTeJIbHBIX Ty TEH YeJI0BeKa, B KOTOPOM
MPOAEMOHCTPUPOBAJIM PETUIMKAIIUIO BUpYyCa TPUTI-
na A ¥ ero maToreHeTUYeCcKoe BO3IeCTBUE HA KJIET-
KU X03siMHa. Pe3ybpraThl MpaKTUYECKOTO ITPUMEHE-
HUS pa3pabOTKU MOKa3aau, YTO TaKOW YUIT MOXKET
OBbITh AJILTEPHATUBHBIM TOKJIMHUYECKUM WHCTPY-
MEHTOM JJTSI UCITBITAHU ST IPOTUBOBUPYCHBIX ITperia-
paTtoB u BakIMH [90].

ITangemus COVID-19, Bei3BaB1Ias MpeaeibHOE
HaInpsKeHWe CUCTEeMBbI 3IpaBOOXPAaHEHUST BO BCEM
mupe [7, 21], cTumysiupoBajia IIUPOKOE IpUMeE-
HEHMEe OpPraHOMIOB IS MCCJIeTOBAaHUSI MeXaHM3-
MOB PEIIPOAYKIIMM BUPYCOB U MX B3aMMOJICHCTBU S
C XO35IMHOM, MEXaHN3MOB BO3HUKHOBEHMS U pa3-
BUTHUS 3a00JICBAHUS U IJIsI AJaJIbHEM TN X BUPYCOJIO-
rMYecKuXx uccienoBanuii. Kak uzBectHo, nepenaya
SARS-CoV-2 cpenu nwoaeit mpoucxoauT TJIaBHBIM
o0pa3oM IIpM KOHTAKTE C BHpYyCCOAepKalluMU
peCITUPaTOPHBIMU XHUIKOCTIMU, U 3(hheKTUBHAS
nepenada MHGEKIUU MOXET ITPOUCXOAUTH 4Yepe3
CJIN3VCThIC 00OJIOUYKM pTa, HOCA WM riaa3 [6, 14].
B cBs131 ¢ 3TUM OpraHOMABI JISTKUX UM OPraHOM-
JIOTIOAO0OHBIN aJbBEOJSIPHBIN SMUTENUN NOAAEp-
>xuBaiau peraukanuo SARS-CoV-2, yto u Habto-
JaeTcsl KIMHW4YEeCKU in vivo [53, 92]. OpraHoumbl
MeYeHW M TOHKOro KHUIIeYHWKa dYeJoBeKa TakK-
K€ TOANAEPKUBAIOT MHTEHCUBHYIO PEIIMKAIIAIO
SARS-CoV-2 1 MOryT CAyXUTb MOAEJBIO AJISI UC-
cliefoBaHu s 3Toi nHPekuuu [69, 91, 103].

Siddiqgi H.K. c coaBrt. (2021) nmpeanoaoxuin, 4To
JUTST THOUIIMPOBaHUSI KPYITHBIX OPraHOB MJIM TKa-
HEW JOJKHBI OBITH TTOPaXKeHbl KallUJJISIPbI, B CBSI3U
¢ yeM Ha ocHoBe UIIK Ob11M pazpaboTaHbl KauJ-
JISIPHBIE OPTaHOM A bl YeJIOBEeKa 1 3aTeM MH(pUIIMPOBa-
Hbl SARS-CoV-2. DKcriepuMeHTaJIbHO MTPOASMOH-
cTpupoBaHo Hajquuue BupycHoit PHK B opraHou-
Jlax KPOBEHOCHBIX COCYMOB, COlepXXaHue KOTOPOu
YBEJIMYHUBAJIOCH C 3-X IO 6-¢ CYTKH, YTO YKa3bIBacT
Ha aKTUMBHYIO peIUIMKaIUIo BUpyca. ABTOPHI TTOMI-
TBepauau, yto COVID-19 gaBasieTcss cOCyauCTbIM
3a00JIeBaHUEM 1 BBI3BIBACT TPSIMOE TTOBPEXICHUE
SHIOTEJIVSI, OMOCPEnysT MYJIBTUCUCTEMHYIO IUC-
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dyHK1M0 [91]. AHAJOTUYHBIA SKCHIEPUMEHT ObLI
MpPOBENEH Ha OpraHouaax nmoyek yejgoBeka. B 060-
X 9KCIIepUMeHTaX MHOUIIMPOBAaHHbBIE OPraHOUIbI
HCIOJIb30BAIUCh [JIsT 3apaxkeHust KiaeTok Vero E6,
CBUIIETEIBCTBYsI, YTO OPTraHOMIBl KPOBEHOCHBIX
COCYJIOB M TOYE€K MOTYT BBI3BIBAaTH MHOUIIMPOBA-
Hue apyrux TKaHeil. Ilpu mociemylomem moGaB-
JICHUM YeJIOBEYECKOI0 PEKOMOMHAHTHOI'O PacTBO-
pMMOro aHTHMOTEH3WHIIpEeBpallailero GepMeHTa
2-ro tuna (AI1I®-2), ypoBeHb MUHPUIIMPOBAHHOCTH
B OpraHouJIaxX CHUXaJICS J0303aBUCUMbBIM OOpa-
30M. [lonydyeHHBIE ¢ MPUMEHEHNEM OPraHOMJIHBIX
MoJieieli JaHHBbIe BHECIM BaxKHYI0 WH(OpMAaIIIo
B nmaroreHe3 COVID-19. Kpome Toro, nojy4yeH mo-
JIOKUTEbHBII OTBET Ha BOITPOC, MOXET JIM MHTUOH-
poOBaHME B3aMMOJACHCTBUS KJIIOYEBOTO pelerTopa
CMaiiKoBOIro TJIMKOIpoTenHa KopoHaBupyca AITD-2
¢ SARS-CoV-2 ObITh BApUaHTOM JIECUEHU S MallUeH-
ToB ¢ COVID-19. PesynbraThbl HUccAeqOBaHUS T1O-
Kkazayu, 4To AIID-2 MOXET CHU3UTh BUPYCHYIO Ha-
rpy3ky B kJjietkax Vero E6 B 1000—5000 pa3. ITocie
KyJIbTUBUPOBaHUS Ha KiieTkax Vero E6 BUpycC cek-
BEHUPOBaIu 1 ycTaHOBUIU, YTO hrsACE2 nHruou-
pyeT IIpUuKpeIieHue BUpyca K KJIeTKaM, ¥ 3TOT ITPO-
1IeCC SBJISIETCS J0303aBUCUMBIM [77].

CnocobHocTh SARS-CoV-2 BbI3bIBaTh BTOPUY-
Hble MH(EKIIMM BO MHOTMX OpraHax Oblia ITOM-
TBepKJIeHa C MCITOJIb30BAHMUEM JIPYTUX OPraHOW/I-
HBIX MoJieJieii. B pe3yibraTre BCeCTOpOHHEro aHau-
3a xku3HeHHoro uukiaa SARS-CoV-2 noka3zaHo, 4To
OpraHOMIIbI TOJICTOM KWUIIKW CITOCOOHBI MHMUIIM-
pOBaThCs, MOIACPKUBATH PETJIMKAIIAIO U peTUIMKA-
uto SARS-CoV-2 de novo. Takxe nmoka3zaHa 3alllUT-
Has posb IFNs I1I Tuna, cienubuyHbIX OJ15 SITUTE -
Jivsl, Ha paHHEW cTaauu BUPYyCHOU uHbekuuu [93].
IMony4yeHHbIE aBTOpaMU JaHHbBIE CBUIECTEIbCTBYIOT
O TIPSIMOM MH(PUIIMPOBAHUM KUIIIEYHUKA W TTIOTCH-
nuanbHoil mepemaye SARS-CoV-2 ¢ dexkanusamu
1 OOOCHOBBIBAIOT 0oJiee JIMTEJbHOE BbISIBJICHUE
SARS-CoV-2 B 06pasiax Kajia BO BpeM s KJIMHUYeC-
KOT'0 CKpUHWHTA BBI3IOPABJIMBAIOIINX ITAllMEHTOB.
Monteil V. ¢ coant. (2020) noaTBepauun, YTo Mocjie
MEPBUYHOTO WH(MUIIMPOBAHUST SIUTEIUS JIbIXa-
TeJabHbIX nyTeit SARS-CoV-2 mMoxeT pacnpocTpa-
HSTBhCS CUCTEMHO Ha JIpyrue OpraHbl, TaKue Kak
MOYKHU, NIeYeHb, KUIIIEUHUK, IMYKU, TOJTIOBHOI MO3T
U BBI3bIBATh UX nUchHyHKIMIO [77].

C uenblo ucciaenoBaHusi Bo3aercTBUs SARS-
CoV-2 Ha LIeHTpaJIbHY10 HEPBHYIO CUCTEMY UCTIOJ b-
30BaHbl OPraHOUIBl YEJIOBEYECKOr0 MO3Ta B Kayde-
CTBE MOMEIM JIJIsi BBISICHEHUSI BOCIIPUUMYUBOCTHU
MO3Ta K 3TOMY BUpycy. B pesyibraTe nccienoBaHus
noka3zaHo, YTo SARS-CoV-2 He penauuupyercs,
HO MH(PUIIMPYET KOPTUKATBHYIO 001aCTh OPTaHOM -
JIOB F'OJIOBHOI'O MO3ra yejoBeka [60, 81].

Jns n3ydeHusT BTOPUIHOTO MOBPEXKICHUS ajlb-
BEOJISIpDHO-KAITUJIJISIDHOTO Oapbepa U  BOCIAJIU-
TeJIbHOW peakIuyi MpU KOPOHABUPYCHON WHGEK-
U1 pazpaboTaHa MUKPOMOIETb aJbBEOJISIPHOTO

yurma [102]. AHaJJOTMYHBIM OOpa3zoM MJs1 MOJEI-
pOBaHM S MOBPEXACHUS KUIIIEYHUKA 1 UMMYHHOT'O
oTBeTa IPU 3TON MHGPEKIINU CKOHCTPYUPOBAH «KH-
LIEYHUK Ha yrrie» [51]. XOoTs B mocaeaHee necsaTuie-
TUE YCHEITHO UCITOJIb3YIOTCSI MOJEU C eAMHUIHBIM
OpraHoM Ha 4YuIle, OHM BCE XK€ SBJISIOTCS HealleK-
BaTHBIMM MOJEJISIMU JIJISI UMUTALMUA CJIOKHOCTHU,
(YHKIIMOHAJIBHOCTY U LIETIOCTHOCTU YEJIOBEUECKHUX
opraHoB. Tak, HampuMmep, IIOCKOJIbKY (hepMeHT
ATID-2, gpagwomuiics creuupuIecKo Mulle-
Hbeto aast SARS-CoV-2, skcnpeccupyercss B pas-
JIMYHBIX OpraHax, ujeajbHasi MOIeJb Js Oojee
TOYHOU MMUTALMU (HDU3UOTOTUUECKON CTPYKTYPHI
BHYTPEHHUX OPTraHOB JIOJI)KHA BKJIIOYaTh BCE B3aM-
MOJEHCTBYIOIIME APYT ¢ ApyroM TkaHu [71]. s pe-
IIEHUsI 3TO IPOOJIEeMBbl HCIOJb3YIOTCS MOACIU
C MYJIBTMOPTaHHBIM YMIIOM (TaK>kKe M3BECTHBIC KakK
«4eJI0BeK-Ha-uYuIe»), KOTOpble 00eCIeunBaOT MH-
TerpupOBaHHBIC KYJbTUBUPYEMbIC KJIETKH pa3iny-
HBIX OPTaHOB 1 TKaHeW C UCIIOJIb30BaHUEM MHUKPO-
bIroUIHBIX KaHaIoB. Takue MOaeIu MOAXOIST IS
BUPYCOJIOTMYECKUX HCCIIENOBAaHU, OCOOCHHO IS
pa3paboTKu jJeKapcTB U BaKLMH [89, 92]. HecMoTpst
Ha TO YTO MYJBTUOPraHHBIE YUIThI MTOKa eIle MMe-
FOT MHOTOUYMCJIEHHBIE TTPOOJIEMbI, Ha CETOIH ITITHU A
JIeHb BeIyTCs MMPOKKUE pa3pabOTKU C MCTIOIb30Ba-
HueM 2, 3 1 naxke 10 opraHHbBIX YUTIOB, UTO YBEIUYU-
BaeT BO3MOXHOCTH BUPYCOJIOTMYECKUX UCCIIeI0BA-
Huii [92, 100]. Bcaen 3a pazpaboTuMKaMU 3TUX MO-
JieJieii MOXKHO ToJiaraTh, 4TO 3a MYJIbTUOPTaHHBIMH
TUTIAMU OPTaHOUJIOB CTOSIT OOJIBIIINE TIEPCIIEKTUBBI
MPUMEHEHUST B BUPYCOJIOTHU.

Cpenu pacnpoCTpaHeHHBIX PeCTIMPATOPHBIX BU-
PYCOB JIBa THEBMOBHMPYCa ITPEACTABISIOT yTIPO3Y IS
JKU3HU YejloBeKa B IpyIax BBICOKOTO pHCKa: pe-
CIMPaTOPHO-CUHIIMTUATBHBIN BUPYC M METaITHEB-
MOBUpYC uesioBeka (Mononegavirales: Pneumoviridae,
Metapneumovirus) SIBJASIIOTCS Haubojiee 4YacTbIMU
ATUOJOTUYECKMMHM areHTaMMu OCTPBIX WMH(MEKIINA
HUKHUX IbIXaTeJIbHBIX TTyTel, 8 UMEHHO OPOHXMO-
JIUTa M TTHEBMOHMU, W SIBJISIFOTCS IIPUYMHOMN TIpU-
MepHOo 50% cirydaeB TOCIIMTAIN3alMK B TIeAUaTPU-
yeckoit mpakTuke [8, 82]. B psine anuaeMuogoruyec-
KUWX MCCIIETOBAHUI COOOIAETCST O YacCThIX CIydasix
COBMECTHOTO BBISIBJIEHUSI 9TUX BUPYCOB Yy IMalleH-
TOB [72, 76], B CBSI3W C YeM HEOOXOTUMO OBIJIO BbI-
SICHUTb MEXaHMU3MBbI B3aUMOACHCTBUS 3TUX BUPYCOB,
NpUBOISIIME K 000CTpeHUuIo 3aboseBaHus. Kpome
TOro, Ha CETOAHSIIIHUM JIeHb HE CYIIECTBYET OIO-
OpPEHHBIX TTPOTUBOBUPYCHBIX MpenapaToB UM BaK-
LMWH NpoTUB 3TUX 3a007eBaHuil. Chen Y.W. ¢ coaBr.
(2017) BrmiepBbIE MPUMEHUJIU MOAEIU OPraHOUIOB
JIETKUX YeJIoBeKa UISI MCCJIeNOBaHUsI pecIMpaTop-
HO-CHUHILMTHAJIbHOro BUpyca uyenoBeka [37]. Geiser J.
¢ coaBT. (2021) npoBeau uccaeaoBaHUS TIPU MOHO-
1 KOMH(MUIIMPOBAaHUY 3TUMU BUPYCaMU C TPUMEHE-
HUeM 3D-KynbTyp SIUATENUST IbIXaTeJIbHbIX TyTei:
pPeCIMpaTOpHO-CUHIIUTUAJIBHBINA BHUPYC YeJloBeKa
oKaszaJjicsl MeHee MaTOreHeH 10 CpaBHEHUIO ¢ MeTa-
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ITHEBMOBHMPYCOM 4YeJIOBEKa, HO 0oJiee UyBCTBUTEIICH
K aeiictBuio uHteppepoHoB. Heitrpanuzauus [FN 1
u Il mpu koMHMEKIIMU YaCTUYHO TMpeaoTBpalla-
Jla MTHTUOMPOBAHME PEIPONYKIIMM OXHOTO BUpyca
JIPYTUM Y 3HAUYUTEJIbHO yBEJIMUMBAaJIa KOJUYECTBO
KOMH(MUIIMPOBAHHBIX KJIETOK B TKaHU [49]. Takum
0o0pa3oM, B 3TOi1 paboTe JaHO HOBOE TIPEACTaBICHNE
0 B3aMMOJICCTBUY TTHEBMOBUPYCOB (BUPYC—XO3IUH
W BUPYC—BHPYC) B SIUTEIINU IBIXaTCIBHBIX ITYTCH,
MOIYCPKUBAIOTCS PA3IUIUS B ITATOTCHE3¢ STUX WH-
dexnuii 1 TIpearojlaraeTcs yqacTrue KJIETOK BPOX-
JIECHHOTO UMMYHHTETa BO B3aMOICUCTBUSIX BUPYC-
XO3STMH U BUPYC—BHUPYC IIPU OMMHOYHOM U JBOITHOM
uHpunupoBanuun. Padbora 3Tux aBTOPOB OTHOCHUT-
CcI K YMCIY TIEPBBIX HMCCICHOBAaHUN OTMHOYHOIO
¥ IBOTHOTO MH(MPUIIMPOBAHUS HAa MOJIEJIN ex Vivo, KO-
Topast MOpdoaornIeck 1 (YHKIIMOHATBHO OJIM3Ka
K SIUTENINIO IbIXaTeJIbHBIX MyTei U IIPEICTaBIIsIeT
co0oil HauboJiee BEpHbIN MOAXOM K W3YUYEHUIO BU-
PYCHBIX peCIIMpaTOPHBIX MHMEKIINT yeJIoBeKa.

B pamMkax omHOro o63opa He MpeAcTaBJISICTCS
BO3MOXKHBIM ITPOaHAJIU3UPOBATh OOLIMPHBIC MaTe-
pUaJIbl IO TPUMEHEHU IO OPTaHHBIX KYJIBTYP ITPU U3-
yUYeHUU MHOEKIN, BbI3bIBAEMbIX BUPpYCAMU Tella-
tuta A (Picornavirales: Picornaviridae, Hepatovirus),
B (Blubervirales: Hepadnaviridae, Orthohepadnavirus)
u C (Amarillovirales: Flaviviridae, Hepacivirus); 1u-
TOMeraJoBUpycoM uenoBeka (Herpesvirales: Herpes-

viridae, = Cytomegalovirus); TanuJJOMaBUPYCOM
(Zurhausenvirales: Papillomaviridae, Alphapapilloma-
virus, Betapapillomavirus, Gammapapillomavirus,

Mupapillomavirus w  Nupapillomavirus); BUpPycOM
3uka (Amarillovirales: Flaviviridae, Flavivirus) n He-
KOTOPBIX APYTUX.

N3yyeHrne MonekynsipHbIX MEXaHN3MOB
natoreHe3a BUPYCHbIX MHPEKLNIA

OpraHonapl MPEACTABIISIIOT COOOM LIEHHYIO MO-
JIeJTb IJIST U3YYEHUST MOJICKYISIPHO-OMOIOTUUSCKUX
ocobOeHHOCTell BO30yauTeneii MH(PEKIIMOHHBIX 3a-
OoJieBaHUI, UMEIOIINX SMUACMHUOJIOTMUYEeCKOe 3Ha-
yeHue. Tpurrepom mjsi TaKMX MCCICIOBaHUI, KakK
U TI0 pSIIy APYTUX HaIlpaBJICHUI, TTOCTYyXMJIa TaH-
neMusi KopoHaBupycHoOi uHpekuuu. [MpupoaHbIM
pe3epByapoM SARS-CoV-2 gBasiioTcs  neTydue
mbliiiu (Chiroptera, Microchiroptera) (14, 19], obnana-
IOIIME LIEJAbIM PSIIOM YHUKaJbHBIX OCOOCHHOCTEIA:
CITOCOOHOCThIO K aKTMBHOMY ToJieTy [25], sxoJo-
Kauuei [16, 29], 6oraTbiM napa3suToMoM [26, 27, 28]
M MOIITHOIt UMMYHHOI1 cuctemoii [25]. BruioTs 10 Ha-
yaja XX BeKa dNUIEMUYECKUI MMOTEeHIIMal BUPYCOB
JIETY4YUX MBIIIEH ocTaBaJicsi HeaooLleHeHHbIM [11,
14]. Cepbe3Hblii TIepecMOTpP NPEACTABICHUM O cTere-
HU OMOJIOTMYECKOI OMaCHOCTU CO CTOPOHBI O€TaKo-
poHaBUPYCOB Tpousoles B Hadyane X XI Beka, Koraa
B 2022 1. Ha TeppuTopuu KuTast BO3HUKIIa MacIlTad-
Hasl BMUIEMUsI, CBsI3aHHAasi C KOPOHABUPYCOM TsIKe-
JIOTO OCTpOro pecrnuparopHoro cuHjapoma (SARS-

CoV) u3 noapona Sarbecovirus (Toraa mMpoMeKyTOU-
HBIMU X035I€BaMU TTPU MEKBUOBOM TIepeXo/ie BUpyca
OT JICTYYMX MBIIIEH K YeJIOBEKY CTaJIM TUMajiaiickue
uusetsl (Carnivora: Viverridae, Paguma sp.)) [13], 3a-
TeM PSII SITUIEMUYSCKUX BCITBIIIIEK, BEI3BAHHBIX KO-
poHaBUpycoM BIM>KHEBOCTOUHOrO pecrupaTopHOIro
cunapoma (MERS-CoV) u3 nonpona Merbecovirus
(MpOMEXYTOUHbIE X035IeBa — OAHOrOpOble BepOII0-
nel-npomanepsl (Cetartiodactyla: Camelidae, Camelus
dromedarius)) [12] — KpyrmnHeiieil B pe3yabraTe 3a-
BO3HOIO CJIyyasl cTajla 3IUJAeMHYecKasl BCHBIIIKA
B Pecrtyonuke Kopest B Mae—mntose 2015 1. [18]. B xoH-
e 2019 r. SARS-CoV-2 npeonosien MexxXBUA0BOI Oa-
pbep M MPOHUK B YEJTOBEUECKYIO MOIMYJSILMIO, ITO-
BUJIMMOMY, UCIIOJIb3YyS B KaUeCTBE IIPOMEKYTOUHOI'O
XO3sIMHA TTaHTONMUHOB (Pholidota: Manidae) [14, 15,
39, 68, 86], KOTOpBIE SIBJISIIOTCS OQHUM U3 HauboJjiee
MAacCOBBIX 00BEKTOB HeJleraJbHOI Toprosyin B FOro-
BocTtouHoii A3uu B MHTEpecax BOCTOUHOI MeInIiIv-
HBI [13]. DBOTIOLMOHUPYS B YEJIOBEYSCKOM MOITYJISI-
OUU TION NEeHCTBHEM KOJIJICKTMBHOTO MMMYHHTETA
B pe3yJibTaTe MH(PEKIIMOHHOTO ITpoliecca M BaKIIWH-
HbIX MeporpusaTuii, SARS-CoV-2 chopmupoBan He-
CKOJIBKO TE€HOTHUIIOB, Pa3JIMYAIONINXCS TI0 YPOBHIO
KOHTaruo3HOCTHU U MaToreHHocTH [7]. B mepuon naH-
JIEMUU BUPYC HE TOJBKO PACIPOCTPAHUIICS T10 BCeit
MJIaHeTe, HO U TOJYYIJI BO3MOXXHOCTh (pOPMUPOBATH
BTOPUYHBIE IIPUPOIHBIC OYATH, IIPOHMKAS OT JIIOICH
B TIOMYJISUU XWUBOTHBEIX. Hambonee m3BeCTHBIMU
npuMepaMu SIBJISIIOTCSI SMU300TUYECKUE MPOLIECChI
cpeau amepukaHcKux Hopok (Carnivora: Mustelidae,
Neogale vison) Ha 3Bepodepmax B EBporie u CeBepHoIi
AMepuKe, a TakKKe cpenu OEJIOXBOCTBIX OJICHE
(Cetartiodactyla: Cervidae, Odocoileus virginianus)
B CeBepHoii AMepuke [15]. B akcriepuMeHTanbHbBIX
ycsoBusix SARS-CoV-2 Bupyc criocobeH ¢ pas3nnyd-
HOI CTeTeHbI0 3(P(PEeKTUBHOCTU BBI3BIBATH MHQEK-
uuio y npumaroB (Primates), Tpbl3yHOB (Rodentia),
3aitiieoopasHbix (Lagomorpha), komaubux (Carnivora:
Felidae), xoppkoB 1 HOpoK (Carnivora: Mustelidae,
Mustelinae), oneneir (Cetartiodactyla:  Cervidae).
MeHnee uyBcTBUTENbHBIMU X03s9eBaMu SARS-CoV-2
aBasitorcss Kypbl (Gallus gallus domesticus), yTKu
(Anseriformes: Anatidae), cooaxu (Carnivora: Canidae),
CBUHBHU (Sus scrofa) [6, 15].

I[Mlo MHeHWIO MHOTMX aBTOPOB, IO CPaBHEHUIO
C KJIETOYHBIMU KYJIBTYpaMH OpraHHBIC KYJIBTYPbI
MO3BOJIIOT 00siee 3P (PEKTUBHO BBISIBJISITh U XapaK-
TEpU30BaTh CIIOCOOHOCTh BUPYCOB K MEXKBUIOBBIM
nepexoaaM, B TOM YKCjie — aAalTUPOBAaThCs K Opra-
Hu3My yesioBeka [81, 87, 92]. Ilomo6Has1 nHpOpMma-
M1 HeoOxoamMa st pa3padoTKU HayYyHO-000CHO-
BaHHBIX MEPONPUITUI IO MPEIOTBPAIICHUIO BO3-
HUKHOBEHUS OMACHBIX SITUIEMUUECKIX CUTYaAIHIA.
Tax, TToTy4eHBI KUIIEYHBIE OPraHOUABI (3HTEPOU-
JIbI) KUTAaliCKOTO pbIxkero rnoakoBoHoca (Chiroptera,
Microchiroptera: Rhinolophidae, Rhinolophus sinicus),
YYBCTBUTEJILHOCTH KOTOPBIX K SARS-CoV-2 HamHO-
T'0 BBIIIIE, YeM Y KJIETOYHBIX KYJIBTYP. DTH K€ aBTOPHI
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MPOIEMOHCTPUPOBAJIN MHTEHCUBHYIO PEIIUKALIAIO
SARS-CoV-2 B opraHonax KUIIEYHUKA YeJIOBeKa
" BbIJIeJICHUE aKTMBHOTO BUpyca U3 obpasiia Kaja
nanueHTa ¢ COVID-19 npu nuapee [104]. PazButue
XKEJTYIOUYHO-KHUIIIEYHBIX CUMIITOMOB Y HEKOTOPBIX
nanueHToB ¢ COVID-19 u o6HapykeHue BUPYCHOU
PHK B o6pa3siax Kaja mo3BOJMIN CYUTATh, YTO KU~
IIEYHBI TPAKT YeJI0BeKa MOXKET CIYXHUTh OTHUM
un3 nyteii nepegadn SARS-CoV-2, 1 3TOT BUpPYyC MO-
KET BBI3BIBATh KUIICYHYIO MHMEKIINIO B TOTIOJTHE-
HUe K peciupaTopHoii [104].

B HacTos11ee BpeMst HU B OITHOM BUPYCOJIOTUYEC-
KOM HCCJICIOBAaHUM HE COOOIINAJIOCh 00 MCITOIb30-
BaHUU MEXBUIOBBIX OPTaHOUIOB AJI51 OTIPEASICHU S
MEKBUIOBO BOCIIPUMMYKUBOCTA HOBBIX BHPYCOB
JKUBOTHBIX U 300HO30B, OJHAKO, KaK CUUTACT PSII
aBTOPOB, TaKME€ MCCIIEAOBAHUSI HEOOXOoAMMBI [23,
81, 87, 92]. PazpaboTka MeXBUIOBBIX OPTAHOU THBIX
KYJIBTYP Ha OCHOBE KJIETOK YeJOoBeKa M XKMBOTHBIX
criocobHa obGecrneunTh 3P HEeKTUBHYIO OUOJIOTU-
YEeCKYI0 CHUCTEMY AJIST TIOATBEPXKICHUSI 300HO3HO-
ro IOTeHIIMajla BHOBb MOSIBJISIONIMXCS BHPYCOB.
MesXkBUIIOBBIE OPTaHOUABI TTO3BOJISIIOT KYJIBTUBH-
poBaTh HOBbIE BUPYChI, HE TTOJIAI0IIECs Bblpallu-
BaHMIO B KJIETOYHBIX IUHUIX [99].

B 57011 cBSI3M MicCcieIOBaHU S C UCTIOJIb30BaHUEM
OpPraHOM OB YeJIOBeKa oKa3aauch 3(hHeKTUBHBIMU
IS M3YYCHHUST BUIOCHEHIU(PUUECKON BOCIIPUUM-
YUBOCTH BUpyca rpurmna A [56], o61agaromero BeI-
COKMM YPOBHEM 3KOJIOTUYECKON IJIACTUYHOCTU
W IIUPOKUM CIIEKTPOM TMOTCHIIMAJIbHBIX X035ICB
(B TOM 4mcie cpeau MJiekonuTammux) [8, 17, 22,
50]. OpraHounabl OBIXaTEABHBIX ITyTEH UYeIoBEKa,
colepxKallne OCHOBHBIE THWITBI BMUTEIMATBHBIX
KJIETOK IbIXaTeIbHBIX MyTEeH, BKJIIOUasl peCHUTYA-
Thle, OOKaJIOBUAHBIE, KJIYOOUKOBbBIE U Oa3alibHbIe
KJIeTKH, MO3BOJIMJIU BBISIBUTh Pa3JUYHYIO NHDEK-
OMOHHOCTH HOBBIX BapMaHTOB BHpyca TpUIINA A,
OCOOEHHO NTUYBEro M 3MUIEMUYECKOrO ITPOWC-
xoxaeHus. Kak mokazaHo B psiie MCCICIOBAHUMA,
OpTraHOUIBI OBIXAaTSJIBLHBIX MYTEil YeJIoBeKa BEIyT
cebsl aHAJOTMYHO KYJAbTUBUPYEMBIM BSKCIJIaHTAa-
TaM OpOHXOB ex Vivo. DTO KacaeTcsI TKAaHEBOTO/KJIe-
TOYHOTO TPOITU3Ma, Pa3MHOXKEHU ST BUPYCa U [IUTO-
KMHOBOI'o OTBeTa Ha MHGpeKunIo [56]. [ToTeHimnan
OpPTraHOMIOB 4YeJIOBeKa IJIST M3YUYEeHUS 300HO3HBIX
yIrpo3 CYILIECTBYIOIIMX W BHOBb MOSIBJISIOLINXCS
BHUPYCOB 3HAUMTEIBLHO YCUJIMBAeTCs OJraromaps
BO3MOXHOCTU KPUOKOHCEpBUpOBaHM S [43].

Pa3paboTka 1 TeCTMpoBaHue
JIeKapCTBEHHbIX MPOTUBOBUPYCHbIX
npenapatoB U BaKUWH

B wHacrosiee BpemsT BaXKHEWIIUM acIeKTOM
UCTIONb30BaHUSI 3D-KyJabTyp SBISIETCS TECTUPO-

BaHUEC JICKAPCTBCHHbLIX ITPOTHMBOBUPYCHBLIX IIPpEC-
ImapaToB M BaKIMWH. Ecnau paccMmarpuBaTbh IIUPEC

BONPOCHI OLIEHKM 3(P(PEKTUBHOCTU IIperaparos,
MCMOJIb30BaAaHUE 3TOU MOJIEJIU SIBJISIESTCS MHOTOO0E -
IIAIOIIMM ITOIXOJ0OM HE TOJIBKO B pa3pabOTKe U Te-
CTUPOBAHUM JIEKAPCTB, HO U B IIEJIOM CTpPaTeTUU
MepCOHAIM3UPOBAHHON MEANIINHBI.

TunuuHbIl mpolecc CKPUHUHTA HOBBIX JIEKap-
CTBEHHBIX COCTMHEHUI HAUYMHAETCS C MCCIIea0Ba-
HM1 Ha 0ocCHOBE 2D -KyIbTyphI KJIETOK, 32 KOTOPBIMU
CJIEIYIOT TECTHI Ha SKUWBOTHBIX MOIEJISIX U, HAKOHEII,
KJIMHUYECKUE UCIBITAHUS, IIPU 3TOM TOJbKO 10%
cyOCTaHIIMI YCIIeITHO X IIPpoXoAsT. MHorue dap-
MaIlleBTUUECKIE perapaThl He BBIICPKUBAIOT KITH-
HUYECKUX UCTTbITaHU, ocobeHHo Ha I1I, camoit no-
POroCTOSIIIEH CTaAuUu UCCIeNOBaHU, OOBIYHO MO-
TOMY, YTO 3TH IIpernapaThbl He pabOTaOT UM UMEIOT
cepbe3Hble o0odHbIe 3(PdeKThI [33]. 3D-KyAbTYpHI
KJIETOK TIPEIOCTABIISIOT aJlbTCPHATUBHBIC MOJIECIIH,
KOTOPbIE TOMOJIHSIOT CYIIECTBYIOILIME SKCIIEPUMEH -
TaJIbHBIE CUCTEMBI JISI pa3pabOTKU HOBBIX MTPOIYK-
TOB JJISI TUaTHOCTUKH, MTPOMDMIAKTUKA W JCUYCHUS
UHQPEKIIMOHHBIX 3a00JieBaHU 1. BbICOKasi TOUHOCTD,
BOCITPOM3BOAUMOCTh 1 BKOHOMMYecKast 2(PPeKTUB-
HOCTb 3D-KynbTUBUPOBAHUS KJIETOK OOecIeun-
BalOT MOIIHBIM MWHCTPYMEHT CKPUHHWHTA JICKAPCTB
M 00J1aJaf0T OTPOMHBIM ITOTCHIIMAJIOM IJIST BaJlu-
JalK JICKApCTB M WX MUIIeHel. Takme Momenu
3¢ HEeKTUBHO UCMOIB3YIOTCS A5 TIepecMOTpa Mexa-
HU3MOB JCUCTBUS U BBISICHCHU ST CUTHAJIbHBIX ITy TS
IEeNCTBUS JIEKAPCTBCHHEBIX IIPEIapaToB B OTHOIIIEC-
HUM Pas3IMYHBIX BUPYCOB, paHee OXapaKTePU30-
BaHHBIX C IPUMEHEHUEM TPAAUIIMOHHBIX METOIOB
KynbTuBUpoBaHu [33, 55]. Tak, opraHHast MOJeNnb
SIUTEINATBHBIX KJIETOK IbIXaTeIbHBIX ITYTCH YeJI0-
BeKa WCIIOJIb30BaHa IJIsT OLIEHKH TeparieBTUYECKO-
ro agdexTa ocebTaMUBUpPA B OTHOLLIEHUUW BUpYyCa
rpurnma A, kopoHaBupyca SARS-CoV-2 u apyrux
BUpYycoB, Bbi3biBatomux OP3 [48]. Tlpu Tectupo-
BaHWM Ha OpraHOMAAX SITUTEIMST HOoca U OPOHXOB
PEMACCUBUP U PEMICCUBUP-AUITHA3EM OKa3aJlUCh
3¢ HEeKTUBHBI TIPOTUB KOPOHABUPYCHON WHOpEK-
oun [80], a MOOeaIh OPraHOUAOB JITKUX, KCIIpPEeC-
cupyromux AIIP-2 u cHOCOOHBIX ITONICpPKUBATH
nHpekno SARS-CoV-2, Obl1a yCcrnemHo UCIoib-
30BaHa JJIS CKPUHMHTa HPOTUBOBUPYCHBIX IIpe-
napaToB (MMaTHHMNOA, aTeOprHA, MUKO(hEHOJIOBOMN
kucnothsl) [53]. [lo MHEHUIO HEKOTOPBIX aBTOPOB,
TEXHOJIOTUSI «OpraH-Ha-4yuIe», cTaBllass OCOOEHHO
nonyJasipHoi 3a nocaeaHue 10 JeT ¥ mo3BoJIsTIoNIas
HOJIYYUTH XKeJTaeMbIii MCKYCCTBEHHBIN OpraH IJIS
OLCHKW BIUSHUS JIEKAPCTBEHHBIX ITpenapaTos,
HauboJsiee MPUTOAHA IJIST TECTUPOBAHUS JICKAPCTB
M, CJIEI0BATEIbHO, peaanu3yeT MOaAX0d K ITepCoHa -
3UpoBaHHON MeaunuHe [59, 95].

HecMmoTtpst Ha mIMpoKOe MCIOJIb30BaHUE Opra-
HOMIOB [JIsI BBICOKOIIPOM3BOIUTEIBHOTO CKpU-
HUHTa JIeKapcTB, aBTOPbl 0030pa [94] oTMeuarlor,
YTO UAeaTbHBIM BapUaHTOM IJIS IIEPCOHAIN3UPO-
BAaHHOW MeIWLMHBI SBAseTcs TexHojorus PDO
(patient-derived organoid), 4To 3HaYUTEIbHO 00-
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JleryaeT TeCTUPOBaHUE JIEKapCTBEHHBIX Iperapa-
TOB U TeHETUYECKMI CKpUHUHT. Tayeb S. ¢ coaBT.
(2020) aKlIEeHTUPYIOT BHUMaHHE HAa TOM, YTO MC-
noJjibdoBaHue PDO momMoraetr TouHee UAEHTUDU-
LMPOBATh TPACKTOPUIO JIEUEHUSI JJ151 KOHKPETHOTO
nanueHTa [96]. C 3Toii Heablo pa3dpaboTKa opra-
HOUJAHBIX OMOOAHKOB B OTHOILUEHUHW Pa3JIUUYHBIX
3a00JIeBaHUIT MOXET 0Ka3aTh OTPOMHOE BIIUSIHUE
Ha MHAYCTPUIO pa3pabOTKU JeKapCTB U MpeacTaB-
JIsIeT MHTEPECHOE U BaXKHOE HallpaBJeHUE MPaKTU-
YeCKOi MeTUIIMHBI B OTmKaiiiiem oymyiiem [94].

PazpaboTka BaKLMH, KaK W JIEKAPCTBEHHBIX
npenaparoB — JOJTUHU U JOPOTOCTOS M ITPOLIECC,
KOTOPBI MOXET IPOAOJXKAThCSI HECKOJIbKO JIET.
IIpex e yeM BBIMTU Ha PBIHOK, BaKIIMHA JOJIXKHA
OPOUTH PSIA 3TAMOB, BKIIOUAIOIINX 0a30BBHIC Jia-
OopaTopHbIe UCCIeOBAaHU ST BO30OyAUTENS, JOKIU-
HUYeCKMe uccienoBaHus (in vitro U in vivo) U KJIU-
HUUYECKMEe MCHbITaHM. 1o HacTosIIero BpeMeHUu
MOKJIMHUUYECKHNE WCCICAOBaHUS II0 pa3paboTkKe
BaKIIMH TMPEeUMYIIECTBEHHO OCYIIECTBISIOTCS
C MpUMEHEHHUEM TPAJMLIMOHHBIX KJIETOUHBIX KYJIb-
TYp in Vitro U C UCIOJIb30BAHUEM XHMBOTHBIX KaK
€NMHCTBEHHOW MOAENU 51 NOKJIMHUYECKUX MC-
OBITAHUU in Vivo, IeMOHCTPUPYIOIUX (P DEKTUB-
HOCThb BaklUMHbI. OgHAKO OCHOBHOI mpobiaemoii
B OTHUX MCCJIEIOBAHUSX SIBJSIETCS HeaaeKBaTHAas
HUMUTAIMSI OMOJIOTMYCCKONM CHUCTEMBbI OpraHu3Ma
C TIOMOIIbBIO JOKJIUHUYECKUX TECTOB, JTOCTYITHBIX
B HaAcTosIlIee BPEMS M MCIIOJb3yeMbIX JJISI OLEH-
K1 UMMYHOT€HHOCTU Y TOKCUYHOCTHU BaKIIUH [68,
97]. UMMyHOTeHHOCTb BaKIIMHBI — YPE3BBIYATHO
CJIOXXHBIN IIpoIecc, B KOTOPOM YY4acTBYIOT pa3HO-
o0pa3Hble KJeTOUHbIe U TyMopaJjbHble (PaKTOPHI
UMMYyHUTeTa. TOIBKO UMUTUPYST OMOJOTrUYECKIE
KOMIIOHEHTHI in Vitro, MOXXHO U HEOOXOOMMO U3-
YUUTh 3TOT MPOIIECC B TOKJIMHUYCSCKUX MCCICHO-
BaHUsIX. B cBeTe 3TOro HOKJIMHUYECKUE UCCIEN0-
BaHUSI BaKIMHBI JOJXKHBI ObITh MTPOTECTUPOBAH bI
MEeTOAdaMM, BKJIIOYAIOIIMMHU B TEPBYIO ouYepenb
KOMIIOHEHTHI UMMYHHOI CUCTEMHEI [64].

JIJist ycTpaHeHU s 3TUX HEAOCTAaTKOB, KacaTeb-
HO pa3pabOTKU M TECTUPOBAHMUS BaKIMH, B IO-
CeOHNME TOIbl TaKXe IMPUMEHSIOTCS TeXHOJIOTUU
3D-KyJabTUBUPOBAHUS KJIETOK. YUUTHIBasl, UTO
OpraHoMibl MOJYUYEHbBI U3 KJETOK YeJioBeKa, Mpo-
1ecc ajarnTalii BUPYCOB B 3TOI CUCTEME He SIBJISI-
€TCSI HEOOXOMUMBIM, ITPU 3TOM Y BUPYCHOI'O FeHOMa
OTCYTCTBYET JMOO OTHOCHUTEJIbHO HU30K ITOTCH-
nuaja UHAYLUMPOBAHUS T€HETUUYECKUX MYyTallUid.
Kpome Toro, oTcyTcTBYeT MOTEHLMAJbHBIN PUCK
HeO0J1aronpusiITHOTO BO3ICUCTBUSI OEJIKOB U3 KJIET-
KN-XO3sIMHa HEYEeJIOBEUYECKOTO IIPOMCXOXICHUS,
4TO MOXET OBbITH €11le OHUM JOCTOMHCTBOM Opra-
HOUAOB KaK CUCTeMBbl KYJbTUBUPOBAHMS BAKIIMH-
HBIX ITamMmmoB [70, 97].

VY3ke TepBBIC UCCICIOBAHM S TT0KAa3aIM BO3MOXK-
HOCTb MPOM3BOJCTBA MPOTUBOBUPYCHBIX BaKIIMH
Ha OCHOBE OpPraHOWJOB IJ51 ILIMPOKOTO CIIEKTpa

BUpPYycOB. Tak, Ha opraHouAaX MUHAAJNH YeJoBeKa
npou3BelIeHa OlleHKa MMMYHOTEHHOCTH BaKIIUH
MPOTUB BUPYC rputinia A u B, kopu, anmuaeMniecko-
ro mapoTuTa, OelIeHCTBA U KaHAMIaTHOU BaKIIMHBI
npotuB SARS-CoV-2 Ha ocHOBe BeKTOopHOTOo AdV5.
B yacTHOCTHM, mOKa3aHo, 4To yepe3 14 mHeil mocie
BaKIMHALIMU OPraHOMOOB I'PUMIIO3HOM BAKILIMHOMN
BBISIBJICHbI TOBBITIIEHHBIE YPOBHU CITEIIU(PUISCKUX
IgG u IgA, a TakXe 3HAUUTEJIbHOE YCUJIEHUE aKTH-
Bauu CD8* T-KJIETOK ITO CpaBHEHUIO C KOHTPOJIb-
Hoil rpynnoit [98]. Apyrue opraHouAbl (KUILLIEYHU-
Ka, XeJnyJaKa, muileBoia, ne4yeHu, Mmoyek, Jerkux,
TOJIOBHOTO MO3Ta M Ap.) TaKKe MHTCHCUBHO TIPU-
MEHSIIOTCSI B KaUeCTBE NMPOAYKTUBHBIX CUCTEM JIsI
BUPYCHBIX BAKIIMHHBIX IIITAMMOB 1 TECTUPOBaHUSI
MPOTUBOBUPYCHBIX BakIlMH. Hanmpumep, opraHou-
bl TOJIOBHOTO MO3Ta HCIIOJb3YIOT B OTHOIIEHUU
Bupyca 3uka [41], opraHOUIBI IETKUX — pecrupa-
TOPHO-CUHIIMTHAJIbHOTO Bupyca [37], yenoBeuec-
K1e MHTeCTUHOMUIbI — POTaBUpyca yejaoBeka [46].

OpraHounbl ocob6eHHO 3(hHEKTUBHBI OIS Te-
CTUPOBAHMSI BAaKIMH MPOTUB psga TMpeacTaBU-
TeJiell HeKYJbTUBHPYEMBIX BHUpYcOB: rematuta C,
poTaBupyca, HopoBupyca. Mcrnoiab3oBaHUEe opra-
HOMIOB TaKXKe MO3BOJISICT IPOTHO3MPOBATh HEXeE-
JlaTeJIbHbIe TT0OO0YHBIe (PhEeKTh M/MIU HEeAoCTa-
TOYHBIE UMMYHHBIE peaKIIM1 BaKIIMH, TEM CaMbIM
SKOHOMSI BpeMs M JSHBIM W mM30erast HEeHYKHBIX
UCCJIEAOBAH U in Vivo.

[NpenmyliecTBa 1 NepcrnekTmBbI
npuMeHeHns 3D-KNEeTOYHbIX KYNbTYP
B BMPYCOJIOrnm

OpraHouabl 6osiee 3PEHEKTUBHO MO CPaBHEHU IO
C €CTeCTBEHHO MHGUIMPOBAHHBIMU oOOpasaMu
TKaHEH BOCIIPOU3BOISIT BUPYCHBIC MH(MEKIIUHY B J1a-
o6opatopHbIX ycaoBusax [85]. Kpome Toro, Ha op-
raHouJaX BO3MOXKHO KYJBTUBUPOBAHUE BUPYCOB,
KOTOpBIe HE MOAIAIOTCS BHIPAIIMBAHUIO B KYJIBTY-
pax KJIETOK, UYTO HaMU OTMeueHo Bbile. K Takum
CIIy4asiM OTHOCHUTCSI HEBO3MOXKXHOCTH HAWTH ITOI-
XOISIIIWE KJCTOYHBIC JWHWUMW IJIS pPeIUIUKAlnN
M HaKOIJICHWSI BHpyCa MMKOIO THIIA, BBHI3bIBAIO-
1ero nHgek1uo in vivo. B orinuyue ot KJIeTOUHbIX
KYJIbTYp, OpraHOU bl MPEACTaBIASIOT COO0I ya00-
HYIO aJbTCPHATUBY IJISI KYJIBTUBHUPOBAHUS TaKUX
BUPYCOB B JJAOOPAaTOPHBIX YCJIOBUSX. OpraHOUIHbBIC
CUCTEMBI SIBJISIIOTCS BBICOKOMH(MOPMATUBHBIMU
M TIO3BOJISIIOT M3y4yaTh B3aMMOJEHCTBUE BUPYC—
XO35IMH B 0o0Jiee peaIMCTUUYHBIX YCIOBUSX, YeM
B MoHOc0e. KpoMe Toro, opraHOMABI PaCIIUPSIIOT
BO3MOXXHOCTH CHUCTEMBI KYJIBTUBUPOBAHUS IS
NOANEPXKKU peIUIMKAIlMM MHOXECTBa BHPYCOB
(BKJItOYAs] MATOTEHBI NIPYTUX TUIIOB), WMEIOIINX
pa3HbIil KJIETOYHBIN TPOMU3M, YTO CIIOCOOCTBYET
M3YYCHUIO B3aUMOACHCTBUS MEXKIY KOMH(PUIINPO-
BaHHBIMU areHTaMu M XO035TMHOM. Takoro pojaa Mo-
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e KonMHDeKIUU (MUKCT-UH(PEeKIIMU) B OOJbIIEH
Mepe OTpazkaloT CJOXHBIE IMPOLECChl MPU ecTe-
CTBEHHOM HMHMUIIMpPOBaHUU. VIcIob30BaHUE Op-
TaHOUJIOB JJISI MOJIEJTUPOBAHUSI BUPYCHBIX MUKCT-
MHOEKIIMI CcnocoOCTBYET JIydllleMy MOHWMAaHUWIO
MaTOJOTMYECKUX MPOLECCOB U pa3paboTKe KOM-
MJIeKCa TeparneBTUICCKUX MEPOTIPUSTUI TIPU CUH-
JIpoMax WU KOMIIJieKcax 3a00JieBaHM i, BbI3bIBae-
MBIX HECKOJIbKMMU BUJaMU BUPYCOB, YTO OOBIYHO
HabonaeTcsl B MUILEBAPUTEIbHOM, PeCIIApaTop-
HOM U1 PEIpOAYKTUBHOM TpakTax [56, 65, 75, 92].

K mpeumyiiiecTBaM WCIOJIB30BaHUSI OPTaHOU-
JIOB CJIeyeT MO0aBUTh TaKKe MX MOTEHIIMAJBHYIO
CMOCOOHOCTb  JIEMOHCTPUPOBATh  KJWHUYECKHE
NpU3HaK1, HaOJogaeMble ITPU €CTECTBEHHBIX BU-
pycHbIX nH(pekuusax. Hampumep, nndunmpoBanue
BUpycOM 3UWKa MPUBOAUIO K YMEHBIIEHUIO pa3-
Mepa OpPraHOMJOB YEJIOBEYECKOro MO3Ta, UMMUTU-
pys Mukpouedaanio, BBI3BAHHYIO BUPYCOM in Vivo.
HccnengoBaHWST C WCIIOJIb30BAaHUEM OPraHOUIOB
YeJIOBEUeCKOTO MO3ra TaKXe CIOCOOCTBOBAIU TMO-
HUMaHUIO HEWpOTpoNM3Ma M MaToreHe3a IPYTrux
HEMPOTPOMHBIX BUPYCOB, BKIIOYAsl BUPYC ITPOCTO-
ro reprieca W ILIMTOMETAJOBUPYC Y HOBOPOXICH-
HBIX, BBI3BIBAIOIINI OOIIMPHBIE HEBPOJIOTUYECKIE
nedexkTsl, Takue Kak Mukpouedanus [44]. Kpome
TOTO, K IMIPEUMYIIECTBAM OTHOCUTCS BO3MOXXHOCTH
IIAPOKOT0 TPUMEHEHUS OPraHOUIHBIX MOMACICH
B MpoOlienypax CKpUHWHTA JIEKApCTB, YTO CIIOCO0-
CTBYeT pa3paboTke 3¢hHEKTUBHOUN CTpaTeruu jaeye-
HMS NpU BUpyCcHOI uHpexkuu [42, 44, 92] u npo-
n3BoacTBa BakmuH [70, 97]. Takxke mpuMeHeHUE
OpPraHOM/IOB B BUPYCOJIOTUYECKUX MCCIIETOBAHUSIX
MO3BOJISIET U30eTaTh PsiJ ATUYECKUX ITPOoOIeM, BO3-
HMKAaIOUIMX ITPU UCIIOJb30BaHU U K UBOTHBIX.

Yto kacaeTcsa mnepcrneKTUB U 3ajady, 0co0ylo
HEOOXOIMMOCTh TIPENCTABIISIET pa3paboTKa MeX-
BUJIOBBIX OPraHOMJHBIX KYJBTYp B BUPYCOJIOTH-
YEeCKHX MCCIEIOBaHUIX, UX BUIocneubudecKas
ONTUMM3ALMS U Xapakrtepuctuka [31, 56, 65].
B mepcrneKTUBHBIX TJIaHAX 3HAYUTCSI HACTOSITEIb-
Hasl TOTPEOHOCTh B PECITMPATOPHO-JIETOUHBIX Op-
raHoujax OJiss MOOEJIUPOBAHUS PECIUPATOPHBIX
BUPYCHBIX UH(PEKIINH Y KUBOTHBIX, UTO OYJIET CITO-
COOCTBOBATh YBEIMUCHUIO 00beMa MCCICAOBAHUMA
pecniupatopHbix HbeK Ui [74, 84]. Takxe Kpaii-
He Ba>KHO alallTUPOBATh TEXHOJOTUIO OPraHOU 0B
yeJloBeKa M pa3padoTaTh CUCTEMbl OPraHOUIOB
KUBOTHBIX IJISI PA3JIMYHBIX TUIIOB OPTraHOB C IIe-
JII0 M3YYEeHUsI HOBBIX BUPYCHBIX 300HO030B [40),
47, 65]. Kak momyepKuBalOT aBTOPHI psijaa MUJIOT-
HBIX MCCJIeIOBAaHUI UM aBTOPUTETHBIX 0O030pOB,
pa3zpaboTka MEXBUIOBBIX OPTAHOUIHBIX KYJIbTYD,
0co0eHHO 151 3(hHEeKTUBHOro M3ydyeHUs LMKJa
3apakeHU s BSITU300TUIECKUMHU U 300HO3HBIMU BU-
pycaMM y pa3IMYHBIX BUJIOB JOMAIlIHUX U TUKUX
XXUBOTHBIX, a TAKXKE M YeJI0BeKa, IPUBEICT K 3HA-
YUTEJIBHOMY TIPOIBUXXEHUIO BUPYCOJOTUUYECKUX
ucciaenoBanuii [31, 56, 65, 85].

s pemeHusT 3THX 3aaad MNPeIJIOKEHO He-
CKOJIbKO T10axo0a0B [85]. Bo-TiepBhIX, AJIsT BKIIOYE-
HHUSI UMMYHHBIX U CTPOMAaJIbHBIX KJIETOK SIIUTE-
JTAAJTbHBIE OPraHOWIBI MOTYT KYJIBTUBHPOBATHCS
COBMECTHO CO CTpPOMaJIbHBIMU KJIETKaMu, WM-
MYHHBIMU KJeTKaMu (Makpocdaru, JIeHAPUTHbBIC
KJIeTKHN U T-KJIETKM) 1 IazKe C IMOIMYJISIIei KJIeTOK
KPOBEHOCHBIX COCYIOB MJI TUMMAaTUIeCKUX Y3JIOB.
Hcnonb3yst Takyilo CHUCTEMY COBMECTHOI'O KYJIb-
TUBUPOBAHUSI, PSJ aBTOPOB YXKe YCIELIHO Mpoae-
MOHCTPHPOBAJl B3aMMOJCHCTBUE SITUTEINATBHBIX
M UMMYHHBIX KJIETOK B OCYIIECTBJICHUU POTUBO-
BUPYCHBIX OTBETOB [56]. Bo-BTOpBIX, AJIsI BKIIIOUE-
HUS Pa3JIUYHbIX OPraHOTUITNYECKUX (DYHKIIUI MO-
JKeT OBITh UCITOJIb30BaHA CUCTEMA «OpraH-Ha-YUIIe»,
OCHOBaHHAasI Ha PEAYKINOHUCTCKOM WH3KCHEPHOM
noaxone K KyJIbTUBAPOBAHUIO KJIETOK OCHOBHBIX
TKaHei; MpU 3TOM [JIsd KYJbTUBUPOBAHUS KJe-
TOK HCIIOJIb3YEeTCSI MUKPOXMIAKOCTHBIN 3D-umr.
Takass MyJIbTHCHUCTEMHAsI CTPYKTypa OpPraHOWIOB
MOXET OBbITh MPUTOJHA JJIsI UCCIICOBAHUS UMMY-
HOMETabOoJINYECKOTO U UMMYHOHEBPOJOTUYECKOTO
B3aMMOIEUCTBUS, MUMEIOIIETO MECTO B PEryJISIIUU
nporuBoBupycHoro otsera [31, 56]. B-tperbux,
C TMOMOIIBIO TIEPEIOBBIX TEXHOJIOTUI OPraHOMTHOMN
WHXEHEPUU MOTYT OBbITh pa3paboTaHbl MYJIBTHOP-
TaHOMbI, BKJIIOUAIOIIME pa3JUYHbe (DU3UOJIOTH-
YecKre HUIIM, TaKhe KaK KOMITOHEHTHI UMMYHHO
CHUCTEMBbI U/WUJIU MUKPOOHOTHI [55, 56, 75].

3agaya Mo BKJIIOYEHUIO HUII UMMYHHOM CH-
CTeMbl U/UJIM MUKPOOUOTH B OpTraHOMUIHBIE CH-
cTeMbl TpebyeT ocoboro BHUMaHUsI. Heobxoguma
OOHOBJIECHHAsl XapaKTepUCTUKa BKJala MUKPO-
6uvoma B (OpMUPOBAHUWE BUPYCHBIX WHOEKIIUNA
U IPOTUBOBUPYCHOrO0 UMMYHMTeTa. Tak, SHTEpOU-
bl YeJIOBEeKa OBLIN BOCIIPUMMUYUBHI K 3apakeHUIO
HECKOJIbBKUMH SHTEePOBUpPYCaMM, BKIIIOYAST 3XOBU-
pyc 11, Kokcaku B u snTepoBupyc 71. OnHako crno-
COOHOCTh MHAYLIMPOBATh BUPYCOCIIELIM(PUUYESCKUE
NPOTUBOBUPYCHBIE M BOCITAJUTEIBbHBIC PEaKIIUU
3aBHCeNIa OT KJIETOYHOTO COCTaBa JHTEPOMIOB.
Ilo MHeHUIO aBTOPOB, SHTEPOUAbl OOECIIEUYMBAIOT
9KOJIOTUYECKUI LEeHTpP IJsi XapaKTepPUCTUKU BU-
pycocnennn@uueckoro maroreHe3a, KOTOPBIM Tak-
JKe BKJTIOYAET IIPOTUBOBUPYCHBIC peaKIINU B IIPHU-
CYTCTBUM MUKpoGuomMa [56, 92|]. Mukpobuota
KakK Ba’kHasl 4aCTb MUKPOOKPYKEHUSI KUIIEUHOTO
SIIUTEAUSI OKa3blBaeT BIMSHUEC Ha (PU3MOJIOTUIO
X03sIMHAa U PeaKIINi0 UMMYHHOI CHUCTEMBI, PEry-
JIUPYs] MOJIEKYJISIDHBIE U KJIETOYHBIE MeXaHU3MBbl
NyTeM B3auMMOIEHCTBMS C pelLernTopaMu Ha IIo-
BEPXHOCTHU KJIETOK-XO035I€B, a TaKXKe 3a CYeT MpOo-
NYKTOB MeTabonusma [32, 87]. Pa3nuuHble TeXHO-
JIOTWU TIO3BOJISTIOT O0OBEIMHUTH MUKPOOUOTY C Op-
raHOMJIHOM TexHojorueir. Hampumep, BBeleHUE
nyTeM MUKpPOUHBbEKUMU wTamma Escherichia coli
ECOR2 (dbakynpraTuBHOTO aHa’poda HOpPMAJb-
HOM MUKPOdIOphI KUIIIEUHNKA) B ITPOCBET KUIIICY -
HBIX OPTaHOM OB, MOJYYEHHBIX U3 TEMOMOATUYEC-
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KUX TUTIOPUITIOTEHTHBIX KJIETOK, CITOCOOCTBOBAJIO
yAYJIIeHU0 0apbepHOl PYHKIIMU U LIeTOCTHOCTH
KMILIEYHOTo anuTenus [55].

BaxHoil mpoGiemoii, TpeOyloleil pemeHus,
SIBJISICTCS CTAaHIAPTU3AIIMsI OPTAHOUIHBIX CHCTEM.
ITockonbKy OOJBIIMHCTBO IPOTOKOJIOB ITOJYy4Ye-
HU S OpraHOMA0B OCHOBAHBI HA CAaMOOPTaHMU3AIIUU
CTBOJIOBBIX KJIETOK, OPTaHOUABI MOTYT OTANYATh-
CsI OT MapTUM K maptuu. KpomMe Toro, 3aTpyaHeHO
o0OCy>kMBaHUE U OTCJIEXXKUBAHUE OUEHb CIOXKHBIX
opraHouaHBIX Mofaeeii. Heooxogumo pa3padorath
METO/, TIO3BOJISIOMINI HaIJIEXKAIIUM 00pa30oM J10-
MOJHSATH UX MUTATEIbHBIMU BellleCTBAMU 1 KMCJIO-
POIOM U YIaJIITh OTpaOOTaHHBIE BelllecTBa. B aToit
CBSI3M MMMTAIMSI MM BOCCO3JaHUE COCYAMCTOM
CHUCTEeMBI TOJIXKHO OBITh IIPUOPUTETOM IIPU CO3Ia-
HUU OPTAaHOUIOB. DTO MMO3BOJIMUT OPTaHOWIAM yBe-
JIMYUBATHCS B pa3Mepax U COXPaHSThCS B TEUCHUE
0oJiee IIUTEIBHOIO IIEpUOoAa BpEMEHU U1, CJIeI0Ba-
TEJILHO, TOCTUTATh OOJIBIICH 3PeJIOCTH Ha CTaauM
cBOero pa3Butus [94].

JlanpHele npoobeMbl, CBSI3aHHBIE C ITPUMeE-
HEHHUEM OPTaHOMIOB B BUPYCOJIOTMYECKUX HCCIIC-
IOBAaHMSX, TPEOYIOT CYIIECTBEHHON MEXKBUIOBOM
CTaHIAPTU3ALNH U BUIOCIICIU(PUICCKON OTITUMU-
3alliM YCIIOBUI KYJIBTUBHUPOBAHUSI OPTaHOUIHBIX
KYJBTYP Ha BBICOKOIPOU3BOAUTEIbHOM TaTdhop-
Mme. B aToM acnekte mpoOJieMaTUYHO WCHOJIb30-
BaHNC pa3HBIX BapHMAHTOB pa3pabOTaHHEIX B pa3-
JINYHBIX J1a00paTOPUSIX MCXOOHBIX MaTepHaioB
1 KOHIUIIMOHUPOBaHHBIX cped. OcoOy1o BaXKHOCTh
CTaHOAPTHBIC KPUTEPUU U PYKOBOISIIINE ITPUHIIH -
MBI IPUOOPETAIOT ITPH Pa3padOTKe OPTAaHOUIOB IJIST
MOACTMPOBAaHUS WHMEKIMOHHBIX 3a00JeBaHUM
JKUBOTHBIX 1 yenoBeka [40, 56, 65]. 111 UCIioJIb30-
BaHUSI B BUPYCOJIOTMYECKUX U APYTUX LIETSIX TTOCIIe
CO3IaHUsI OPTaHOUAHOM KYJIbTYPHI €€ HEOOXOIUMO
OoXapaKTepHU30BaTh Ha MpPEeIMET TeTepPOreHHOCTU
KJIETOK 1 UX AU hepeHIMPOBKHU (TO €CTh IKCITpeC-
CUU T€HOB) B JOMOJHEHNUE K IMHAMUYECKOMY MO-
HUTOPHUHTY MOP(dOJIOTUN OpraHOMIa, TO €CTh IaTh
MOJICKYISIPHYIO M KJIETOUHYIO XapaKTEPUCTUKY,
YTO TaKxKe TpeOyeT CTaHIapTHU30BAaHHBIX peareH-
ToB [81, 87, 92].

Takxe TpeOyeTca YHUGMUIIMPOBATh CTAaHIAPTHI
KOHTpPOJISI KauyeCcTBa B OTHOIICHUM CJIOXHOW Mpu-
pOIbl OPTaHOUAHBIX CUCTEM. B momoJjiHeHUE K Cy-
IIECTBYIOIIUM KOMMEpUYeCKUM ¢dopmaram, pas-
paboTaHHBIM B IIEPBYIO O4epenb ISl KICTOUHBIX
KYJBTYD, IJIsI KyAbTUBUPOBAHUS OPraHOUIOB He-
obxoauMa pa3paboTKa MYJAbTUIIIEKCHBIX METOI0B
KYJbTUBUPOBAHUSI, YTO OOJErYUT MCCICTOBAHUS
B 00J1aCTH CUCTEMHOM BUpycosoruu [56, 65, 92].

CrrenyeT OCTAaHOBUTHCS 1 HA HEAOCTAaTKaX 1 Orpa-
HUYEHUSIX COBPEMEHHBIX OPraHOMIHBIX CUCTEM
u 3D-kyneryp. Kak orMeuaeT psi ucclienoBaTeseii,
OopraHougHasl TEXHOJIOTUSI U €€ NPUMCHCHUE IJIS
MOIEINPOBAHUS 3a00JIeBAHUI BCE €IIe HAXOMSITCSI
B 3a9aTOYHOM COCTOSTHUM [56, 65, 87]. Cy1iecTByeT

pSIl TEXHOJIOTHMYECKUX IpoOJIeM, TPeOYyIoIIMX X
YCOBEPIIEHCTBOBAHU ST OTHOCUTEBLHO TPUMEHEHU S
B Bupycosoruu. OQHO M3 TJIABHBIX OTrpaHUYCHUMA
3aKJII0OYaeTCI B KOPOTKOM CPOKE CIIYKOBI OOJIb-
IIMHCTBA OPraHOUIOB U, KaK CJEACTBUE, B UX He-
3pEJIOCTU MO CPaBHEHUIO CO 3pejbIMUA OpraHaMu
in vivo. YauTbIBast HEOOXOOMMOCTb MOJICTUPOBAHU S
BUPYCHBIX MH(MEKIINI BO B3POCJIOM U JaXe B CTa-
pelolleM COCTOSIHUU, MOTYT MOTpeOOoBaThCsl HEKO-
Topble (U3NYECKUE UM OMOXUMUYECKUE CTUMYJIbI
IUISI CO3peBaHMs opraHouaoB [56, 65, 92|. HenaBHo
pa3paboTaHHBIN MPOTOKOJ KPUOKOHCEPBAIIMU OP-
TaHOWJIOB MOXET (DM3WUYECKM YBEJIUYUTH TTPOIOJI-
XKUTEJIbHOCTD UX CyLIeCTBOBaHU S [43].

OCHOBHOI MTPUYUNHON CIIOXKHOCTHU MCITOJIb30Ba-
HUSI OPTaHHBIX KYJIBTYP TaK:Ke SIBJISICTCS MOAICP-
JKaHUE UX CTPYKTYPHOM IEJIOCTHOCTH, TIIATEJIbHO-
ro coOJIOAeHUS CHElUAbHBIX TEXHOJOTMYEeCKHUX
MHCTPYKIMI 1 mpaBui. Kpome Toro, ux cioxkHo
TOTOBUTH, OHU C TPYAOM ITOATAIOTCS OMOXUMUYEC-
KOMY M MOJIEKYJISIpHOMY aHayim3y. He cymecTByet
oxapakKTepu30BaHHOTIO 3TaJJOHHOI'O MaTepuraja op-
TaHHBIX KYJbTYP, B TO BpeMs KaK OMOXUMMUYECKU I
MOHUMTOPUMHT TpeOyeT BOCIIPOU3BOJIUMOCTHU 00pas3-
OB ATUX KyJAbTyp. Haubonee 3HaunmMmbie ipoodJie-
MBI MCITOJIb30BAHUSI OPTaHHBIX KYJBTYP CBSI3aHBI
C TM0EeJIbI0O BHYTPEHHUX CJIOEB KJETOK B KPYMHBIX
opraHouaax M3-3a OTCYTCTBUSI BacCKyJIsIpU3allvU.
HaxkoHnen, TpexmMepHbIe KyJIbTYpPhl HE MOTYT IIOJI-
HOCTBIO 3aMEHUTh TECTUPOBAHME in Vivo, HaIlpu-
Mep, Ha HOKayTUPOBAHHBIX JKUBOTHBIX [105].

3akJo4eHne

TlonBoasi UTOrM M OlLIEHUBasI IPEeMMYIIEeCTBaA
M HETOCTAaTKU TpeXMEpHBIX 3D-KIeTOUHBIX KYJIb-
Typ, OTMETUM, UTO C Hadaja TeKYIIEro CTOJCTUS
5TH KYJABTYPBI IIUPOKO UCIOJIb3YIOTCSI B pa3iny-
HBIX 00JacTsIX OMOMEAMUMHCKUX MCCIIeAOBaHUI
¥, B YaCTHOCTHU, B BUPYCOJIOTUMU.

HaubGosnee MHOroo6emaIMMy TUIAMU KYJIb-
Typ IUIS BUPYCOJIOTUYCCKUX MCCICIOBAHUMN SIB-
asoTca  Ttakue 3D-cucTembl, KakK OpraHOUObI
U «opraH-Ha-yume». OpraHouabl CYILIECTBEHHO
pacIMpUIIN  BUPYCOJIOTUYECKHNE MCCISTOBAHUSI
NPUMEHUTENIBHO K 4YejioBeKy. OpraHoMOgHBIC CH-
CTEeMBbI WCHOJIb3YIOT CAaMOOPTaHU3YIOLINECST CBOM-
CTBa CTBOJIOBBIX KJIETOK JJIsI MOACJIUPOBAHUS MHO-
TOKJIETOYHBIX aHAJIOTOB TKaHel opraHoB. O6mamas
NPOMEXYTOUHBIMHU CBOMCTBAMU MEXAY OOBIYHOM
KJIETOUYHOM KYJIbTYpOIf I MOIEIIMU Ha JKNBOTHBIX,
OpraHouAbl MMEIOT MHOXECTBO HEOCIOPUMBIX
NPEeuMYIIECTB IPUMEHEHUS B BUPYCOJIOTUU U BbI-
3BIBAIOT OTPOMHBIN WHTEPEC IJIST MOACINPOBAHMSI
3a001eBaHUI. DTU MOJEIU SIBISIOTCS BHICOKOUH-
¢opMaTUBHBIMU AJIsl KYJBTUBUPOBAHUS U U3yUe-
HUS B3aMMOJIEUCTBUU BUPYC—XO3IMH B OTHOIIIE-
HUUM pa3IMYHBIX BUPYCOB, a TaK3Ke CJIyXXaT Hau-
JIYYIIUMU MOMCISIMU [JIsI CKPUHUWHTA JIEKapCTB
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M MCCIIeOBaHUI IO pa3paboTke BakIMH. Takxke
3D-KJIETOYHBbIE CUCTEMbI HAILLJIU TPUMEHEHUE 15
U3y4YEHU S pa3JIMYHBIX MPOOJEeM BUPYCOTOTUU.
IlpoBeneHHBII HaMU aHaJU3 Pe3yJbTaTOB
NPpUMEHEeHHUs pas3audHbIX 3D-TUMOB KJIETOYHBIX
KYJbTYp (OpraHoMIbl, MUKPOMIIOUIHbIE METObI
(«opraH-Ha-yuMmne»), MOJEJU C OMoIeyaTbio) Mpu
HUCCEIOBAHUM BBICOKOMATONEHHBIX U CMEPTENb-
HO OMAaCHBIX PECIMpPaTOPHBIX BUPYCOB — BUpyca

rpunma A, SARS-CoV-2 u apyrux BUPYCHBIX UH-
ekl moKa3blBaeT, YTO MCHOJb30BAHUE DTUX
Mojesieli CrnoCOOCTBYET pPacCUIMPEHUIO CBEISHUA
O TaTOreHe3€¢ WM BBISIBJICHUIO ONTHUMAaJbHBIX Jie-
KapCTBEHHBIX MpenapaToB U BaKIIMH. B KoHeYHOM
UTOre MpeACTaBJIeHHbIE JaHHbIE BaXXHbI AJIs1 pa3-
paboTKU cpeAcTB NMPOMUIAKTUKU BUPYCHBIX UH-
GdeKIii 1 COOTBETCTBYIOIINX METOJOB JEUYECHUS
OOJIBHBIX.
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DI'EOY BO Camapckuii eocyoapcmeennutii Meouyunckuil ynueepcumem Munucmepcmea 30pasooxpanenus Poccuiickoi
Dedepayuu, e. Camapa, Poccus

Pe3rome. AHaM3 HayIHOI JIMTEPATyphl, IPEACTaBJICHHON B OCHOBHBIX 0a3ax maHHBIX (PubMed, CyberLeninka, Google
Scholar, Scopus), CBUIETEILCTBYET O TOM, UTO 3JI0KAYeCTBEHHBIC OITYXOJIU 3aHUMAIOT BTOPOE MECTO CPEIH CaMbIX pac-
MIPOCTPAaHEHHBIX IIPUUNH CMEPTHOCTH KaK B Pa3BUTHIX, TAK M B pa3BUBAIOIIMXCS CTPaHAX, YCTYIIAs CepacUHO-COCYIU-
CTBIM 3200JIEBAaHUSIM, U T€PATUS OHKOJIOTMYECKUX 3a001eBaHU I TpeOyeT MOMCKa HOBBIX MOJXOMO0B, MOCKOIBKY MHOTHE
BUJIbI 3T0KQYECTBEHHBIX OMYXO0Je YCTOMUMBBI K TPAJULIMOHHBIM MeTonaM JiedeHus. Llenb 0030pa — olieHKa BO3MOX-
HOCTel MPUMEHEHUSI BUPOTEPANUU AJIs JJeYEHU ST OHKOJIOTMYEeCKUX 3a00JIeBaHUI B COBPEMEHHBIX YCI0BUsIX. B 0030pe
paccMaTpuUBaeTCsl OAHA U3 METOIMK JICYEHU ST OHKOJOTMYECKUX 3a001eBaHU I ¢ MCTIOb30BaHUEM OHKOJTUTUYECKUX BU-
PYCOB, BKJIIOYaloluX B ce0st 9 cemelicTB (Herpesviridae, Adenoviridae, Picornaviridae, Parvoviridae, Reoviridae, Poxviridae,
Paramyxoviridae, Togaviridae, Rhabdoviridae), — BupoTepanusi, IpUBOAUTCS KpaTKasi UICTOPUS €€ Pa3BUTHS, B TOM YUCIIE
B Poccun. OnucaHHbIe MEXaHU3MBI ICHCTBUST OHKOJTUTUYECKMX BUPYCOB MOJACACHBI Ha IBe Irpymibl. [lepBas rpymnmna xa-
paKTepU3yeTCsl pacrio3HaBaHUEeM OHKOJIMTHYECKUMU BUPYCAMM CIIEIIU(MDUUSCKUX PEIETITOPOB OITYXOJIEBBIX KJIETOK, UX
MHOUIIMPOBAHUEM U pa3pyILICHUEM 3a cueT ayTodaruu, HeKpo3a, aronTo3a, MMPONTOo3a UK B3PEIBHOTO ITyTH. Bropast
IpyIIlia HampaBlicHa Ha aKTUBAIIMIO ITPOTHBOOIYXOJCBOTO MMMYHHUTETA. PaccMaTpuBaroTCS MOJIEKYISIPHBIC OCHOBBI
JeCTBUSI OHKOTUTUICCKUX BUPYCOB, a TAK3Ke BapUAHTHI IPUMEHEHMS BUPOTEPAIINH, BO3MOXKXHOCTH COUCTAHUS TepaTTiN
OHKOJIMTHYCCKUMU BUPYCAMH C IPYTUMU CITOCOOAMM JICUCHUS] OHKOJIOTMIECKUX 3a00meBaHMif. OmicaHbl HEKOTOPBIE
JIEKApCTBEHHbIE Mpernaparhl Ha KX OCHOBE, B YaCTHOCTU TaJuMoreH Jareprnapernsek (Talimogene laherparepvec, TVEC),
MpYMEeHeHUe KOTOporo 0b110 o1o0peHo B 2015 1. YipaBieHueM 1o CaHUTapHOMY HaJ30py 3a KQ4eCTBOM IMUILEBLIX MPO-
nyktoB U MenukameHToB CIIIA (Food and Drug Administration, FDA). [IpuBoasiTcss KIMHUYECKUE UCTIBITAHUSI TIpera-
paToOB Ha OCHOBE OHKOJMTUYECKUX BUPYCOB U X pe3yIbTaThl. Clie1aH BHIBOI O TOM, UTO BUPOTEpaNsl — MEPCIEKTUBHOE
HalnpaBJeHNe B JEYEHUU OHKOJOTMYECKUX 3a00/eBaHuit, 00Ianaroliee psiioM MPEeMMYIIECTB M0 CPAaBHEHUIO C Tpaau-
LIMOHHBIMU METOAAMMU JICUSHU I, HO B TO XK€ BpeMsI MMEIOILIee Psill HENOCTATKOB U TpeOyollee TalbHENIIero u3yYeHusl.

Karoueenie caosa: eupomepanus, onyxoseesle KiemKu, OHKo/10cu4ecKue 3’(150/16661/-!14}1, OHKOAUmMu4ecKue eupycol, npenapameaol
HA OCHOB€ OHKOAUMUYeCKUX eupycoe.

CURRENT PERSPECTIVES OF VIROTHERAPY AS A CANCER TREATMENT STRATEGY
Vlasova L.D.

Samara State Medical University of the Ministry of Health of the Russian Federation, Samara, Russian Federation

Abstract. Analysis of scientific literature presented in the main databases (PubMed, CyberLeninka, Google Scholar,
Scopus) evidence that after cardiovascular diseases malignant tumors hold the second place among the most common
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causes of mortality in both developed and developing countries, with therapy of oncological diseases requiring to seek
out for new approaches, since many types of malignant tumors are resistant to traditional treatment methods. The review
was aimed at assessing a potential of virotherapy application for treatment of oncologic diseases in modern conditions.
The review evaluates one of treatment methods for oncologic diseases based on using oncolytic viruses, including 9 families
(Herpesviridae, Adenoviridae, Picornaviridae, Parvoviridae, Reoviridae, Poxviridae, Paramyxoviridae, Togaviridae,
Rhabdoviridae) — a virotherapy, and briefly outlines its development, including Russia. The described mechanisms
of action for oncolytic viruses are divided into two groups: i) recognition by oncolytic viruses of specific receptors
on tumor cells, their infection and destruction via autophagy, necrosis, apoptosis, pyroptosis or blast pathway; ii) activation
of antitumor immunity. Molecular basement of oncolytic virus action is discussed including types of virotherapy
application, opportunity to combine oncolytic virus therapy with other means of oncologic diseases treatment. Some
drugs based on such approaches are described, particularly talimogene laherparepvec (TVEC) that was approved in 2015
by the U.S. Food and Drug Administration (FDA). Clinical trials with oncolytic virus-based drugs and their results are
presented. It is concluded that virotherapy is a promising direction in treatment of oncologic diseases, which has a number
of advantages over traditional methods of treatment, but at the same time has a number of disadvantages and requires

further investigation.

Key words: virotherapy, tumor cells, oncological diseases, oncolytic viruses, drugs based on oncolytic viruses.

BeepgeHue

ITo manHbIM BcemupHoOil opraHuzaluu 3apa-
BooxpaHeHUs, B 2020 r. Ob1JI0 AMAarHOCTUPOBAHO
oosice 19 MJH HOBBIX CJydyaeB OHKOJOTMYECKMX
3abosieBaHUii, mpuMepHo 10 MJIH ciaydaeB 3aBep-
LIMJIKUCH JIeTaJIbHBIM MCXOIOM. B Hacrosiiee Bpe-
Msl 3JIOKa4YeCTBEHHBIC OIYyXOJM OCTAIOTCSI OAHOM
M3 CaMbIX PacCIIPOCTPAHEHHBIX IMPUYUH CMEPTHO-
CTU JIONei, ycTymnasi CepaedyHO-COCYJAUCTbIM 3a-
ooneBaHusMm [40]. CyiiecTByeT MHOXECTBO METO-
JIOB ONEPaTUBHOIO (Hampumep, HUTOPEaYyKTHUBHAs
oriepalMsl) U KOHCEPBATUBHOIO (XMMHUOTEpanus,
JlydyeBasi U JIeKapCTBEHHAasl Tepanusi) Je4eHUs OH-
KOJIOTHUYeCKUX 3abosieBaHuli. OMHAaKO MHOTHE Me-
TOJIbl KOHCEPBATUBHOM TE€pariMM OCTAIOTCSI TOKCU Y-
HBIMU AJis1 opranusma [7, 14, 33, 42]. K tomy ke npu
JICYCHU U TPAAUIIMOHHBIMU CITOCO0AMU Y OITyXOJie-
BBIX KJIETOK HepeaKO (hOPMUPYETCST yCTOMYMBOCTb,
a 3a00JiIeBaHUE MOXET pelUaAuBUPOBaTh. [ToaTOMY
CTAHOBUTCS aKTyaJlbHbIM MOMCK Ka4eCTBEHHO HO-
BbIX CIIOCOOOB JICUEHU S OHKOJIOTMUECKUX 3a0o0Jie-
BaHMii. B mociaeaHue necaTuiieTrss BHUMaHue y4de-
HBIX TpUBJIEKaeT BUpoTepanus. B maHHOM Buie
Teparnuu ajast 60pbObI CO 310KaYeCTBEHHBIMU OITy-
XOJISIMU NPUMEHSIIOTCSI OHKOJIMTUYECKUE BUPYCHI.

Kpatkas ncropus Bupotepanmu

Eme B MeOMIIMHCKOW nHWTeparype Hadaa
XX Beka cooO0l1aJ0oCh O CIOHTAHHOW KJMHUYE-
CKOM PEMHUCCUU OHKOJIOTMYCCKUX 3a00JIeBaHUMA
y JIoACH TIociie BAKIIMHAILIUY WJIH TIEPEeHECEHHOT 0O
MHGEKIIMOHHOTO 3a00JIeBAHUS BUPYCHOM HPUPO-
nel. B 1904 1. OBl onMcaH KIMHUYECKUI CITydai
CO CHIKEHUEM KOJMYECTBA JICMKOIMTOB y IIa-
OMEeHTa C JIEMKO30M II0CJIe TIepPECHECEHHOTO TPUII-
na [23]. B 1912 r. 6p11a oOHapyKeHa CIIOHTAaHHAas
perpeccust OITyXOJIM IIEHKMW MAaTKU B pe3yabTa-
T¢ BBEOCHUS XKMBOW aHTUPAOMUECKON BaKIIMHBI.
B 1940 r. 66111 IpOBEEHBI TIEPBbIE KINHUYECKUE

MCTIBITAHUS C UCIIOJIb30BAaHMEM BaKIIMHBI IIPOTUB
OemIeHCTBA OJIS JICUCHUSI MEJIaHOMBI, B pe3yJbTa-
Te HabIromagach yacTuyHast pemuccus [22]. B to
BpeMsI MMOSIBUJIMCH MIEPBBIC UACH O BO3MOXKHOM HC-
MOJb30BAaHUM HEKOTOPBIX BUPYCOB IS JICUCHUS
OHKoJIorThyeckux 3aboseBanuit. B Poccum no-
NOOHbIE MCCAeNOBaHUS ObLIM HayaTbl MapuHOit
KoHcTtanTuHoBHOII BopoiunnoBoit uz MHctutyTa
TMOJIMOMUEINTA U BUPYCHBIX aHLIeanuToB PAMH
B 1970-e rr. [1ox ee pyKOBOJACTBOM OBIJIM TTOJTYYCHBI
IMITaMMBbI HEITAaTOTEHHBIX SHTECPOBUPYCOB M OBLIU
M3y4eHBI X OHKOJIUTUYECKHE CBOMCTBA [2].

K 2017 r. B HoBocubupcke B HayuHo-uccieno-
BaTEJIbCKOM  MHCTUTYTE  OKCIEePUMEHTAJIbHOMU
M KJIMHUYECKON MEIUIIMHBI OBLIN TIPOBEPEHBI
mTaMMbl BUupyca 6ose3Hu Hrrokaciaa u oroO6paHbl
T€, KOTOpble 00Jaaal0T HAUOOJbIIUM OHKOJUTHU-
yeckuM a(pdexkToM. B pesysbraTre KOHTPOJIBHOTO
SKCIIEPMMEHTa Ha MBIIIaX OBLIO BBISICHEHO, YTO
OMyXO0Jb MOCJe IIPUMEHEHM ST OAHOTO U3 IITAMMOB
3aMenJinia pocT B 4 pasa, IIpya 3TOM JIJIsI HOpMaJib-
HBIX KJIETOK BUpPYyC ObL1 O0e3BpeaeH. KiinHuueckue
MCTIBITAHM S YCIIEITHO TIPOIIIE IIpernapar AJis Jieue-
HUS aJICHOKapIIMHOMBI M TJIMOMBI. B oCHOBe 3TOTO
npenaparta — mramMMm 0oje3Hu Hbiokacna, nHpu-
OUPYIOMINI MTPEUMYIIECTBEHHO NTHUIl U CII0CO0-
HBI K OHKOJIN3Yy [18].

OHKOonuTUYECKKE BUPYCHI

HekoTopble BUpyCHl (HanpuMep, BUPYC MaIui-
JIOMBI yejoBeka, BUpychl rematuta B u C) moryt
CIIYyXHUTb 3TUOJOTMYECKUM (haKTOPOM OHKOJIOTH-
yeckux 3aboneBaHuii [5, 15]. OmHaKO CyIIECTBYIOT
BUPYCHI, 00JIaflaloNIne CIIOCOOHOCThIO pa3pylliaTh
OITyXOJIeBbIe KJIETKU M aKTUBUPOBAaTh UMMYHHBIT
OTBET OpraHu3Ma.

OHKOJIUTUYECKHNE BUPYCHl — 3TO TpyIiIa IMpu-
POOHBIX M TEHEeTUYECKU MOAUMUIIMPOBHHBIX
BUPYCOB pa3IuYHBIX ceMelcTB (Herpesviridae,
Adenoviridae, Picornaviridae, Parvoviridae, Reoviri-
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dae, Poxviridae, Paramyxoviridae, Togaviridae,
Rhabdoviridae), cmocoOOHBIX pacoO3HaBaTh CIICIIU-
dudecKkne pelenTophbl OMNYXOJEBBIX KJIETOK, MH-
¢dunmpoBaTh U JU3UPOBaTh UX [39], oka3pIBask MU-
HUMaJIbHOE BO3MIEHCTBUE Ha 300POBBIC KJIETKHU [32,
35], 11060 aKTUBUPOBATh UMMYHHYO TPOTHUBOOM Y-
XOJIEBYIO 3allIUTYy OpraHu3Ma [8].

O1ryxoJieBble KJIETKH, KaK IIPaBUJIO, XapaKTe-
pu3yrTcs 607ee KOPOTKUM XKM3HEHHBIM ITMKJIOM
W aKTUBHOI Tpoaudepanueit. JIuips HeOOIbIIOE
ux yucio npedrsiBaeT B pase nokos (GO). K ocHoB-
HBIM IpU3HAKaM, OTIMYAIOIINM KJIETKH 3JI0Kade-
CTBEHHBIX OITYXOJIC OT HOPMAaJIbHBIX KJICTOK, OT-
HOCSITCSI: HEOTpaHUUYEHHBIM MOTEHIIMAJ perinKa-
OWU W, KaK CJIEICTBHE, HCKOHTPOIUPYEMBIil pOCT
OIS, BBICOKAsI CKOPOCTh BOCITPOU3BEACH U S
¢ OOJBIIMMMU 3aTpaTaMU SHEPTUM OpTaHM3Ma; He-
BOCIIPUMMYMBOCTE K aHTHUIIPOJUPEpaTUBHBIM
CUTHAaJIaM; CIIOCOOHOCTh K CaAMOCTOSITeJIbHON MU-
rpallMu II0 BCEMYy OpTaHM3MY M MeTacTa3upoBa-
HU10; n30eraHue arnorTo3a — 3alporpaMMUPOBaH-
HOM rmbenm KJIETKM, yTpara nuddepeHIINPOBKH;
WHIYKIWS aHTUOTreHe3a; IIOYTH MOoJIHAs Heys3-
BUMOCTb 151 UMMYHHBIX KJIETOK COOCTBEHHOTO
opranusma [11].

MexaHn3Mbl AENCTBUSA OHKONUTUYECKNX
BMPYCOB

OHKONUu3

Cy1iecTByeT ABa OCHOBHBIX MEXaHU3Ma Jeli-
CTBUSI OHKOJIUTUYECKUX BUPYycOB. IlepBbiit Mexa-
HM3M 3aKJIIoUaeTcsl B pa3pymICHUM OITyXOJICBBIX
KJIeTOK (OHKOJIM3) 32 CYET B3PbIBHOI'O ITyTU, ayTO-
darnm, HeKpo3a UM aronTo3a. Bropoit MexaHn3M
OCHOBaH Ha UHAYKIIUU MPOTUBOOITYX0OJEBOI'O UM-
myHureTa [3, 13, 33].

DD DeKTUBHBIT OHKOJIU3 00eCeurnBaeTCs CIO-
COOHOCTBHIO BUPYCOB CEJIEKTUBHO MHGMUIMPOBATH
W pa3pylIaTh OITyxojeBble KJeTKH. [Ipu mepBud-
HOM KOHTaKTe BUPYC aacopOupyeTcss Ha KJeT-
K€ 3a CUCT B3aMMOJCUCTBUS OCIKOBBIX JUTaHIOB
BUpYyca CO cneuupuYecCKuMU MeMOpPaHHBIMU pe-
LHenTopaMHu, IIpruYeM 00JJacTU KOHTaKTa coaepxar
pa3sIuYHbBIe MOJICKYJIBI (TICITUABI, TIIUKOIIPOTEH-
HbI U T. A.). [IpOHUKHOBEHUE B KJETKY MPOUCXO-
IUT Yalle BCETOo MyTeM NMWHOILIMTO3a, BO3MOXHO
TaKXe CJIHUsSHUE OO0OJIOUKU BUpyca C LIUTOILIA3-
MaTu4yecko MemOpaHoii. be3o0ojioueuHble BU-
pPYCHI IPOHUKAIOT B KJIETKY ITYTEM MEMOpaHHOTO
npokoJjia, nepdopaluu WUIW Ju3uca MeMOpaHbI
OUTOIIJIa3MaTUUYECKUX OPraHesI sl IIPOHUKHO-
BE€HUS B LIUTO30Jb. [lonaB B KJIETKY, BUPYC MOJI-
BepraeTcsi AeNpoTerMHM3aluu. BricBoOOXmaeTcs
BHYTPEHHH I KOMIOHEHT (HYKJICMHOBAasI KHMCJIOTa
(AHK unu PHK), HykJeokancua MU cepalieBU-
Ha BuUpHoHa). [laiee B M”HOUIIMPOBAHHOI KJIETKE
MNPOUCXONUT CUHTE3 BUPYCHBIX OEJIKOB, PEIu-

Kallyiss BUPYCHOT'O TeHOMa M cOOpKa BHPYCHBIX
yactull. Ha 3akJIlOYMTENbHON CTaAUMU BO3MOXKEH
BBIXOJI BUPYCa M3 KJICTKH C €€ JTU3NUCOM (B3PBIBHOM
OyTh), YTO XapaKTEePHO IS IIPOAYKTUBHOIO TUIIA
B3aMMOJICICTBUSI BUpYyca C KJIETKOW. Bhimiemmive
BUPYCHI CTTOCOOHBI aACOPOMPOBATHCS HA COCEAHUX
KJIETKaX Oomnmyxonu [4].

Takue Bupychl, KaK BHUpPYC ITapoTHTa, padmo-
BUPYCHI, BUPYC BE3UKYISIPHOTO CTOMATUTa, BUPYC
KOpPH, BBI3bIBAIOT TMOEJb OIMYXOJIEBbIX KJETOK MYy-
TeM MHAYKIUU aronTo3a. OqHON U3 NPpUIYUH «U3-
OeraHMSI» aIlOIITO3a SIBASIOTCS YCIIOBUS TUIIOKCHUH,
B KOTOPBIX pa3BUBAIOTCS OITYXOJIEBbIE KJICTKM, YTO
BEJIeT K YMEHbIIIEHUIO COAEpXKaHM sl OCJIKOB ceMeil-
ctBa Bcl-2, cmocoOHBIX co30aBaTh MOPHI B CTEHKAX
MUTOXOHIIPUI, Yepe3 KOTOPhIE B IMTO30JIb ITOCTY-
MaroT BEIIEeCTBA, 3aITyCKAIOIINE MPOIECCHl KJIETOU-
HoOWM Tnbenu [16].

Jpyroii MNOpUYMHONM OTCYTCTBUS amornTo3a
Y ONYXOJEBBIX KJIETOK SIBAsSIeTCS Ie(eKTHBINA Oe-
JIoK P33, gaBasouiAca GakTOpoM TpaHCKPUTLIUU
Y KOHTPOJUPYIOIINI MEXaHU3MBI alloTNTO3a U3Me-
HEHHBIX WU MOBPEXKICHHBIX KJIETOK. B O0JbIINH-
CTBE OITYXOJICBBIX KJICTOK OH He(DYHKIIMOHAJICH U3-
3a MyTalluii B caMoOM OeJIKe MU B 0eKax, KOTOphIe
KOHTPOJIHMPYIOT €ro aKTHUBHOCTb. Psaay BHUpycOB
TpeOyeTcsl MoauduKalus reHoMa AJisi orpaHuyve-
HUS pEeIIMKAIIUA B HOPMaJIbHBIX KJIETKaX, TO €CTh
TapreTUHT («HaleJlIMBaHUe»). MeTomaMu TeHHO
WHXXEHEePU ObIJT CO3MaH MYTAaHTHBI OHKOJIUTH-
YECKMU aIEeHOBUPYC, PEMIULIUPYIOIIUMNCSI B KJIET-
Kax ¢ OedeKTHBIM OeaKoM P53 M NPUBOISIINNA
Kk anoritosy [10].

Bupyc kopoBbeil ocrnbl (BUPYC OCIOBAKIIUHbI)
VACV coaepXuT psii reHOB, MPOAYKTbl 3KCIIpec-
CUUM KOTOPBIX CIIOCOOHBI M3MEHSITh HOPMaJbHYIO
KJIETKY TaK, UTO OHa IIepecTaeT KOHTPOJIMPOBATh
CBOIl KJICTOUHBIN IIWKJI, TOABepracTcsd W30bI-
TOYHOUN perMKaluyd U TPAHCKPUIILIUU U TepsieT
CIIOCOOHOCTH K amonTo3y. Tak KakK KJETKH OIy-
XOJIM XapaKTePU3YIOTCSI BBICOKOI CITOCOOHOCTBHIO
K Tiponudepalny, ynajeHue Takux TeHOB He Ha-
pylIaeT BOCIIPOU3BEICHUE BUPYCOB B DTUX KJIET-
Kax, HO TIPEMSITCTBYET UX PEIJIMKALIMU B 3[I0POBBIX
kJetkax [30].

Bupyc BeHecyanbcKoro aH1edaIOMUETUTA JIO-
mrajaeil BBI3BIBAET HEKPO3 OITYyXOJIEBBIX KJIETOK,
oKa3bIBas LIUTOIMMAaTUUYECKOE JIecTBUEe. AyTodarunio
WHIYIHUPYIOT TAKKWE BUPYCHI, KaK BUpyc Hbrokacna,
peoBupyc, aneHoBupyc [17].

K Bupycam, BBI3BIBAIOIINM JIN3UC OMYXOJEBBIX
KJIETOK, OTHOCSITCSI TapBOBUPYCHI, MJsI PEILIu-
Kalluu KOTOPbIX HeoOxoaum Oenok NSI, aBisio-
IIAMCS TTepPBBIM HECTPYKTYPHBIM OEIIKOM BHUpYCa,
KOTOPBI TaKXKe OTBETCTBEH 3a OHKOJUTUYECKYIO
akTuBHOCTb. benok NS1 cnocobeH B3aumoneii-
CTBOBATbH C OeJIKaMU KJICTKHU, BBI3bIBAsI HApYIIIeHUE
MPOIIECCOB XMU3HEACSITSIBbHOCTH, B TOM UHCJIE pe-
MJIMKALUU U TpaHCasauu [6].

1065



N.A. Bnacosa

MHdekumns n uMmyHuTeT

AkTUBauusa NMPOTUBOONYXO0J1IEBOIroO UMMYHUTETA

Bupycsl cnocoOHBI 3aITycKaTh B OpraHU3Me BOC-
MaJUTEIbHYIO pPeaKIInIo I aKTUBAllU UMMYH-
HBIX KJIETOK, PACIIO3HAIONINX OITYyXOJIEBbIE KJIETKH,
WHGUIMPOBaHHBIE BUpycoM. Ilpm mHpummpona-
HUU OITYXOJIY aICHOBUPYCOM 3KCITPECCUPYETCS TeH
E1A u noBbIlIaeTcs YyBCTBUTEIBHOCTD K (DAKTOPY
Hekpo3sa onyxonu (TNF)-ansda [12, 21].

J st ycuieH st UMMYHHOTO OTBeTa, HalpaBJIeH-
HOTO Ha IMHUTOJM3, «CO3MAI0TCsI» BUPYCHI, KOTOPHIC
9KCIPECCUPYIOT TeHBl MMMYHOCTUMYJIHUPYIOIMINX
(GakTOpOB. DTO HA3bIBAETCS apPMUHIOM («BOOpYXKe-
HHEM») BUPYCOB, KOTOPBIE BEICTYMNAIOT BEKTOPAMU
TeparneBTUUYeCKnX reHoB. [Ipou3BOOMTCS TEeHETH-
yecKass MOOTM(MUKAILIUI BUpPyca, B pe3ysibTaTe Ko-
TOPOI1 B HETO BKJIIOYAIOTCS TPAHCTCHBI, KOTUPYIO-
LI1e IIUTOKUHBI, KOCTUMYJISITOPHBIE OEIKU, XEMO-
KUuHBbI [27, 37], a Takke IUTOTOKCUYHBINA «OeJIOK
CMEpTH» NUKOTO IITaMMa aJeHOBUpPYyCa, KOTOPBIN
BBI3BIBAET JIN3UC KJIETOK [25].

BBeneHne OHKOMUTHUYECKUX BHPYCOB 3D dhek-
THUBHO KaK caMo Mo cebe, TaK U B COYeTaHUU C UH-
TepJAeUKMHAMU U [IMTOCTaTUKAaMU, OTHAKO 10 KOH-
11a MeXaHU3MBbl Pa3pyILICHUST OMYXOJIEBbIX KJIETOK,
HACTYIIAIOIMIETO B pe3yibTare WHOUOINPOBAHUSI
OHKOJMTUYECKMMU BUPYCAMU, HE BBISICHEHBI [36].

BapuraHTbl NpYMeHeHNs BUpoTepanmm

CyTh «KaCCEeTHOM BUpOTEepanuM» 3aKJIIOUYa-
€TCS B MCIIOJIb30BAHUU CEPUU OHKOJUTUYEC-
KMX BUPYCOB, HE HMMEIOLIMX MMMYHHBIX Mepe-
KpecToB. PasHble BUpPYyChI MOTYT 3aIlycKaTh
arornTo3, ayrodarunio, MUPOITO3 U APYTUe Me-
XaHU3MBI 3aIlIpOrpaMMHUPOBAHHON KJIETOYHOM
rubenu, a TakxXe BOCIIAJICHUE OIYyXOJICBBIX KJIE-
ToK. JlaHHBIN TMOAXO0J MO3BOJASIET U30UPaATEIbHO
YHUUYTOXATh OMYXOJIEBbIe KJIETKH B 3aBUCUMO-
CTU OT JIOKaJu3alluu B OpraHu3Me U usberathb
UMMYHHOTO oTBeTa [42].

Takass momudukanus, Kak «3KpaHUPOBAHUC»,
HarpaBjieHa Ha YCUJICHUE pacTIPOCTPaHEH U ST BUDPY-
coB. [Ipy HaAMYMK y TAallMEHTa UMMYHUTETa K BU-
pyCy OH MOXET WHAKTUBUPOBATHCSI aHTUTEIAMU.
YTOOBI 3TOTO HE MMPOUCXOAMNIIO, pAaCCMATPUBAIOTCS
BapuMaHTHl ITIpUMEHEHUSI Omopas3jlaracMbIX CHH-
TETUYECKUX TOJUMEPOB (Hampumep, KaTUMOHHBIMI
MOJIUMEDP, CBSI3aHHBIA C TOJUITUIICHTJIUKOJIEM,
noau(N-(2-Tu IPOKCUTIPONUII) METAKPUITIAMUIOM)
u JHK-antamepom) [29].

KnunHunyeckoe 3HaueHUE MMEET COUeTaHUE BU-
poTepanuu ¢ TPaJWLIMOHHBIMU METOAAMMU Jieye-
HMS 3JI0KaU4eCTBEHHBIX omyxoJieii. B dactHOCTH,
B 9KCIEPUMEHTE Ha KpbIcax Oblia HcCciefoBaHa
cnocobHocTh GLV-1h68 (MHXeHepHOro BuUpyca
OCITOBAaKIIMHBI) CIAEPXKMUBATh pPa3BUTHE CAPKOMBI
KOHEUYHOCTHU B COUETAaHUMU C XUPYPTruueCcKoi pe3ek-
e u nydeBoit Tepamnueii [41].

lNpenapaTbl, NPUMEHseMble
B BMpOTEepanumn

K HacTosiiieMy BpeMeHU CO3[1aHO MHOXECTBO
mpernapaToB Ha OCHOBE OHKOJIMTUYECKUX BUPYCOB.
B 2015 r. YripaBieHueMm no cCaHUTApPHOMY HA/I30py
3a Ka4eCTBOM MUIIEBBIX ITPOAYKTOB M METUKaMEH-
toB CIIA (Food and Drug Administration, FDA)
ObLJIO OIOOPEHO TTPUMEHEeHUWe TaJIMMOTreHa Jiarep-
napenBeka (Talimogene laherparepvec, TVEC) —
mperapara, coIepKallero reHeTUYeCKu Moaudu-
LHUMPOBaHHYIO (opMy BHUpyca MHPOCTOro reprieca
nepBoro tumna [24, 38]. Heaeuusi onpencaeHHbIX
TeHOB B T€HOME BHMpyca TpuBeJia K M30Mpareiib-
HOM peIIMKallid B OITyXOJIEBHIX KJIeTKax. B re-
HoM HSV-1 Gbl1 BBeAeH TpaHCreH 4eJI0OBEUYECKOTro
rpaHyJolMTapHo-MakpodarajibHOro  KOJIOHHUE-
ctumynupytomiero gakropa (GM-CSF), saBasio-
merocs WMMYHOMOOYJIUPYIOIIUM ITUTOKWHOM,
KOTOPBHI CIIOCOOCTBYET Pa3BUTHIO U ITPOMJICHUIO
KJIETOYHOTO U T'yMOpaJbHOTO UMMYyHMUTeTa. bblia
ycHuJIeHa TIpe3eHTAllsl BUPYCHBIX W ONYXOJIEBBIX
AHTUTEHOB, YTO aKTUBUPYET UMMYHHYIO CUCTEMY
¥ TIOBBIIITaeT 3(HEeKTUBHOCTH B 0OPHOE C OITyXOJIe-
BbIMU KJeTkamu [19, 28]. Tepanus ¢ ucrnoyib30Ba-
HueM TVEC BkiwouaeT B ce0s1 BBeIeHUE pacTBOpa
HEMOCPEICTBEHHO B 3JIOKAYECTBEHHYIO OITYXOJb.
AMEpUKAHCKUMU YIYCHBIMH OBIJIO IIPOBEICHO KJIM-
HUYecKoe ucnplTaHue: 13 80 malneHTOB ¢ Mela-
HoMOI 3 1 4 cTaanu, KOTOPLIM BBOAMJIY ITperapar
BTedeHHe TpexJieT, y 31 manmenTa (38,75%) Habr1o0-
JTaJICS TIOJTHBIM JIOKAJbHBIN OTBET. Y TPYIIILI C Me-
JIJaHOMOU cTaauu 3B yacToTa IoJIHOTO JIOKaJTEHOTO
orBeTa coctaBuiia 68%, 3C — 26%, 4 cranuu — 6%.
Y 18% nauumeHTOB HaOJIOAAJICS YaCTUYHBIN JIO-
KaJbHBII OTBeT. [IpMepHO y 4eTBEepTHU ITallMEH-
TOB OBIJTM MOOOYHBIE CUMIITOMBI, CXOXHE C TPUIT-
noM. IIaTes 4yemoBeK IpeKpaTUIM ydacTHE B BKC-
NepuMEHTEe M3-3a Pa3BUBILIErocs repreca u Mpo-
YUX OCJOXHEHWUM, CBSI3aHHBIX C WHQEKIMSIMU.
BoJBIIMHCTBO TAlMEHTOB TIEPEHECIN JIeYeHUE
xoportio [9, 20].

B 2018 r. OblIM OonmyOIMKOBAHBI pPE3YJIbTAThl
KJIMHUYECKUX MCIBITAHUN OHKOJUTUYECKOTO
JuKoro mramMma aaeHoBupyca DNX-2401 (Delta-
24-RGD; tasadenoturev) ¢a3ser I Ha 37 manmeHTax
C PELHUIUBUPYIOLIEH 3JTOKAYECTBEHHOMU TJIMOMOM.
CeJIeKTUBHOCTh K OITyXOJIIM OOyCJIOBJIEHA Aeje-
uuei mapbl U3 24 ocHoBaHuli BreHe E1A, B pe3yJib-
TaTe KOTOPOU BUPYC HE MOXKET PETJIUIIMPOBATHCS
B HOPMAaJIBHBIX KJIeTKaxX. [lammeHTH Tpynmbl A
NOJYYUJIU OJHOKPATHYI BHYTPHUOITYXOJEBYIO
nHbeknio DNX-2401, 20% manueHTOB MPOXHM-
M O0ojiee Tpex JIET Tocie JiedeHus. [lanueHTam
rpymmel B Obl1a IIpoBemeHa BHYTPUOITYXOJeBas
WUHBEKIUS Yepe3 MMILIAHTUPOBAHHBINA KaTeTep.
Yepes 2 Hedeau noclieqoBajia TpenaHalus yeperna
C TIOJIHOM pe3eKIIMeil ITMOMBI U BBEIEHMEM BTOPOt
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03Bl BUpPYCa B HECKOJIBKO Y4acTKOB. B pesyisibrare
BUpPOTEPAITUHU ITOBBICUJIACH OOIIast BBIXKUBAEMOCTh
namueHToB [31].

B 2005 r. TocygapcTBeHHOE ynipaBiaeHUE IO KOH-
TPOJIIO 3a IIPOAYKTAMU ITUTAHUS W JIEKapCTBAMM
Kutasa omob6puso npemnapat Oncorine (H101) s
Teparuy TIJIOCKOKJIETOYHOTO paKa IOJIOBBI U IIIEH.
OcHOBY mpenapara COCTaBJISIET I'€HETUYECKH MO-
IU(UIIMPOBAHHBIN aIeHOBUPYC YeJIOBEKa 5 THIa
(HAdV-CS5), y KoToporo ObLIM yaajieHbl 00JlacTu
EIB-55KD u E3 nng uHAyKUIWU U30UpaTeabHOMN
peIUIMKaLMU B KJIeTKax ¢ aedexkroM p53 [26].

B mae 2022 r. B HaumoHaabHOM MeOUIINH-
CKOM HCCJIeOBAaTEeJIbCKOM IIEHTPE OHKOJIOTUU
um. H.H. TlerpoBa Hauyaluch KJIMHMUYECKUE MC-
OBITAHUS JEKapCTBEHHOI'o IIpelrapaTa, IIpeaHa-
3HAYEHHOTO JJIS TePAITUU OITYXOJIHW MOJIOUYHOM XKe-
sie3bl. CpelicTBO CO31aHO Ha OCHOBE MHAKTUBUPO-
BaHHOI'0 PpEeKOMOMHAHTHOTI'O BUPYCa OCITOBAKIIMHBI
VV-GMCSF-Lact [1].

3ak/o4yeHne

O1ryxoyieBble KJIETKU TIPOSIBISIIOT OOJIBIIYIO
YYBCTBUTEIIBHOCTh K WH(MEKIINSIM, BBI3BIBAEMBIM
BUpycaMU, IT0 CPaBHEHUIO C HOPMaJIbHBIMU KJICT-
KaMM M3-3a YBEJINUCHUSI COASPKaHUSI PEIIETITOPOB,
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MO0 CPaBHEHMIO C TPAAMIIMOHHBIMU METOMAMMU JIe-
YeHUSI: JJOKaJbHOE BO3JEHCTBME Ha OMYXOJb, U3-
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BHYTPMBEHHOM BBEJICHUM WJIM BHyTpUapTepualb-
HOI JOoCTaBKe), pa3BUTHE OCIOKHEHUN (MHIMBU-
JnyajabHasi HeIEpEeHOCUMOCTh).

Takum o6pa3zom, BUpOTepanus — MepCcreKTUB-
HOE HallpaBJIeHHE B JICUEHUU OHKOJOTMYECKUX 3a-
OoJieBaHU I, TpeOyolllee najibHe el pa3padboTKu
M YCOBEPIIEHCTBOBAHUSI METOAUK OHKOJIOTMYEC-
KO BUPYCOJIOTUU.
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Pesiome. O030p MOCBSIIECH BAUSHUIO XpOHUYecKoro puHocuHycuta (XPC) Ha BocipuuMuuBOCTb BUpyca SARS-
CoV-2 u teuenus 3aboneBaHuss COVID-19. I'ereporenHocts XPC, noapasnensionierocs Ha XPC 6e3 monumnos
u nonuno3Hblit puHocuHycut (ITPC), onpenensiercst pa3HbIMU TUTIAMY BOCITAJUTEILHOI'O OTBETA, JIEXKAIIEro B 0C-
HOBe 2Tux 3abosneBanuii. [1pu s303uHopusHOM [TPC runepcekpenus unrepaeiikunon (IL)-4, IL-5 u IL-13 cHu-
JKaeT BBIPabOTKY crielnprnIeCcKMX KJIETOYHBIX OeTKOoB-MuUleHei 1isg npukpeniaeHus SARS-CoV-2 — penentopos
aHTHoTeH3MHITpeBpamaomero gepmenta (ACE)-2, yTo MoIKHO YMEeHbIIATh pUCK MHbUIMpoBaHus. [Ipu Heil-
tpodunsHOM [TPC mim XPC 6e3 monumnoB nmpeobragaloT UMMYHHBIE peaknu | Tuma, ¢ aktuBamueir Th-1 xie-
Tok, runiepcekpenueit untepdepona (IFN)-yu daktopa Hekpo3sa onyxonu (TNF)-o, 4TO MOBBIIIAET 3KCIPECCUIO
ACE2. Ho ecTb 1aHHbBI€, UTO TUMOKCEMMUS U MOpaXeHUe JeTOYHO cucTeMbl y naueHToB ¢ [TPC He oTanyanuch
oT nauueHToB ¢ XPC 6e3 nmonunos. [IpoTuBopeuns B IUTEpaType MOTYT OBITh CBSI3aHBI C PA3IUYUSIMU B AOCTYI-
HOCTU MEITOMOIIHU, JIeueHUs1 OpoHxuaibHoi acTMbl (BA), yactoroii [TLIP-tectupoBanus. Takas xe cuTyanus
MO BJAMSIHUIO UCMOJb30BAHUSI MECTHBIX UM CUCTEMHBIX ToKoKopTukocTepouaoB (I'KC) Ha puck 3apaxeHus
SARS-CoV-2. Onnu cuutaiot, ytTo 'KC MOryT yBenuuuBaTh TSIKECTb U CMEPTHOCTh MALlMEHTOB MPU Pa3BUTUU
COVID-19, BeposAiTHO, 3a cYeT CHUXKEHUS (PAKTOPOB MECTHOIO BPOXKIEHHOTO MMMYHHOIO OTBETa CAM3MCTOM
o6osouku. [To npyrum nanueiM 'KC MoryT oka3eiBaTh 3alllMTHOE AeiicTBUe, cHUXas akcrnpeccuio ACE2 B Tka-
HSX HOCa, UM B3aUMOCBSI3b IPEAIIEeCTBYIOIIETO MpueMa cucTeMHbIX uin Tonundeckux ['KC ¢ 3abo1eBaeMoCTbIO
COVID-19 n 9acToToi1 TeueHUS B OTACICHUN NHTEHCUBHOM Tepammuu oTCYyTCTBYeT. buonornueckas repanus [1PC
1 BA MOHOKJIOHAJILHBIMY AHTUTEJIAMU He YBeJIMUMJIa pUCK TSXKeJIoi (opMbl M cMepTHOCTH ITpu COVID-19, 1 xoTs
MAaHHBIX Ha TEKYIIWI MOMEHT HEMHOTO, aBTOPHI PEKOMEHIYIOT HEe TIPEPBIBATh 3TO JICUCHHUE BO BPeMsI SITUICMUMN,
TakXe KaK U IIpueM 0JIOKATOPOB JIEHKOTPUEHOBEIX PELIEITOPOB, KOTOPHIE MOTYT HOMOJTHUTEIBHO NHTUOMPOBATH
ocHoBHY10 npoTeasy (Mpro) Bupyca SARS-CoV-2. XoTs1 corjacHO MeXIyHApPOIHBIM TOKYMEHTAM IO JeUeHU IO
COVID-19, 6uonpenapatsl, npuMeHsembie npu [TPC u BA, 10JXHbB OTMEHATHCS A0 MOJHOTO BbI3JOPOBJICHU S
nanueHTa. [IpoBeaeHue annepreH-cnenndudeckoit uMMmyHotepanuu (ACUT) cienyet nmpepBaTh Mpu 3apakeHU U
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2024, T. 14, Ne 6 XpoHuyeckuii puHocuHycuT n COVID-19

SARS-CoV-2 u3-3a ysenuuenus Th-1 oTBeTa u BeposiTHOCTU pa3BUTUS Tskenoro TeueHust COVID-19. V nepe-
Hecminx COVID-19 nanneHToB COXpaHSIOTCS HApYLIEHUSI B UMMYHHOI CUCTEME UTO, BOBMOXHO, MOXET MEHSITh
teueHue XPC u TpedyeT hopMupoBaHUS IPYTOro Moaxoaa K JedyeHUIo TaKuX 00JbHbIX. B TO ke BpeMs uccienona-
HUS TaKUX OOJIbHBIX IIOKA He MMPOBOAMIUCH. B MUPOBOI TUTepaType MOCTEINEHHO HaKaIlJIMBaeTCss MHMOpMaIus
10 MeXaHM3MaM HapyllleHUI y TaKux 00JbHbIX, B ToM 4yucie, ¢ XPC, 4yTo TpeOyeT MnosiBieHMs HOBBIX MOJX0I0B
K UX Tepamnuu.

Karouesnie caosa: xponuueckuii punocunycum, noaunosuwiii punocunycum, COVID-19, SARS-CoV-2, aneuomensunnpespawjarouiuii
pepmenm (ACE)-2, cucmemmbie en10K0KOpMuKocmepoudst, monu4eckue 2Ai0K0KOPmMuUKoCcmepoudbl, Yacmoma e0CRUmMalu3ayu,
Ouonoeuneckas mepanus, NOCMKOBUOHbLH CUHOPOM.

A RELATION BETWEEN CHRONIC RHINOSINUSITIS WITH NASAL POLYPS AND COVID-19 COURSE
Lyubimova E.V.?, Savlevich E.L.?, Zurochka A.V.*¢, Mitrofanova E.S.¢
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4 South Ural State University (National Research University), Chelyabinsk, Russian Federation

¢ Academy of Postgraduate Education of the “Federal Scientific and Clinical Center of Specialized Types of Medical Care and
Medical Technologies” of the Federal Medical-Biological Agency, Moscow, Russian Federation

Abstract. The data on impact of chronic rhinosinusitis (CRS) on SARS-CoV-2 virus susceptibility and COVID-19
course were reviewed. CRS heterogeneity is determined by different types of inflammatory response. A heterogeneous
CRS is divided into CRS without polyps and with nasal polyps (CRSwNP) is accounted for by diverse underlying
immune responses. Hypersecretion of interleukins (IL)-4, IL-5, IL-13 in eosinophilic CRSWNP downmodulates
angiotensin-converting enzyme (ACE)-2 receptor expression that should reduce SARS-CoV-2 infection risk because
ACE?2 is a main cellular tropism factor for SARS-CoV-2. In neutrophilic CRS type 1 immune response predominates,
with activation of Th-1 cells, hypersecretion of interferon (IFN)-y and tumor necrosis factor (TNF)-a to increase
ACE2 expression. However, another data also show that hypoxemia level and pulmonary system damage did not
differ between patients with CRS and CRS without polyps. Literature contradictions may be related to differences
in availability of medical care, treatment of bronchial asthma (BA) as well as coverage of PCR testing. Regarding use
of local or systemic glucocorticosteroids (GCS) effect on SARS-CoV-2 infection risk, some authors believe that GCS
may increase COVID-19 severity and mortality, probably by downmodulating local innate immune response factors.
According to other data, GCS may reduce ACE2 expression, or there is no relationship between previous GCS use,
the incidence of COVID-19 and the frequency of treatment in the intensive care unit. Biological therapy of CRSwWNP
and BA with monoclonal antibodies did not aggravate COVID-19 severity and mortality risk. Although such data are
currently limited, authors recommend not to interrupt such treatment during the epidemic, as well as continue taking
leukotriene receptor blockers that can further inhibit major protease (Mpro) of the SARS-CoV-2 virus. However,
according to international guidelines on COVID-19 treatment, using CRSwNP and asthma biological therapy should
be discontinued until the patients recover completely. Allergen-specific immunotherapy (ASIT) should be interrupted
in the case of confirmed COVID-19 due to a probability of developing severe COVID-19. After COVID-19, disturbances
in the immune system may persist and possibly change the course of CRS, therefore requiring to modify therapeutic
approaches for such patients. At the same time, the worldwide literature has been gradually accumulating information
on pathogenesis underlying alterations in such patients including those with CRS, which requires development of new
therapeutic approaches.

Key words: chronic rhinosinusitis, chronic rhinosinusitis with nasal polyps, COVID-19, SARS-CoV-2, angiotensin-converting enzyme
(ACE)-2, local glucocorticosteroid, systemic glucocorticosteroid, frequency of hospitalization, biological therapy, post-COVID syndrome.

IMo cratuctuyeckum naHHbIM BceMupHoOt op-
raHusanuu 3apaBooxpanenus (BO3) na 7 urwons
2024 r. B Mupe O0b1J10 3apeructTpupoBaHo 775 754 332
noaTBepXAaeHHbIX ciaydaeB COVID-19. M3 nHux
B Poccuiickoit @enepaniiu B nepuoa ¢ 3 siHBa-
pst 2020 o 7 urons 2024 r. — 24 238 177 (3,12%),
13 KOTOPBIX CMEPTEbHBIM UCXOAOM 3aKOHUUIUCH
403 091 (1,66%) cnyuaes [39]. SARS-CoV-2 nepBo-
HayajbHO CUUTACI WHMEKIMOHHBIM areHTOM,

MmopaxaroluM HUXHUE IAbIXaTeJIbHbIE MYTU, TTO-
ckoibKy COVID-19 mposBisiicss nmHEBMOHUEH,
pa3BUTUEM PECIIUPATOPHOrO JUCTPECC-CUHIPOMA
U OCTPOU JbIXaTeJIbHOU HemocTaTouHocTu. Ho no-
CTAaTOYHO OBICTPO OBLJIO BBISIBJIEHO OAHOMOMEHT-
HOE€ TIOpakeHUe BEePXHUX OTAEJIOB pecrupaTop-
HOTO TpaKTa, CUMIITOMBI KOTOPOIO B OCHOBHOM
ObLIM JIETKOW WJIM CpENHEN CTEeINeHU TSIKECTH.
K HUM oTHOCSTCS puHOpes, 3aJI0XKEHHOCTh HOCA,
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00J1b B TOpJie, CYXOU UM MaJONpOAYKTUBHBIN Ka-
1IeJb, BHe3amHas aHOCMUSI WU rurnocmus [25].
TeueHue 3a60eBaHUS OT 0ECCUMITOMHOTO A0 TS -
JKEJIOTO C JIeTaJbHBIM MCXOIOM 3aBUCUT HE TOJBKO
OT pa3HOl BOCIPUMMUYMBOCTU K IMATOTEHY y KaXK-
JIOTO KOHKPETHOro 4YejioBeKa, HO U OT BJAMSHUS
CONYTCTBYIOIIEH MmaToJoruu. JlokaszaHo, 4To y mna-
LIMEHTOB, 0OCOOEHHO BO3PAaCTHOM I'pyIIIibl > 60 Jer,
CTpaJalolluX caXapHbIM TUAaOETOM, OXUPEHUEM,
XPOHUYECKON MaToJIoTMell Mmoyek, 3a0oJieBaHUSI-
MU CEPAEYHO-COCYNUCTOU CUCTEMBbI, B TOM YHUCJIE
TUINIEPTOHUYECKON O0JIe3HbIO, BO3PAaCTaeT PUCK
HeOJaronpusTHOrO MPOrHo3a IO MPOrpeccUupo-
BaHu COVID-19 (Bbicokuii MHIAEKC KOMOPOUI-
HocTH). WHamBuayajibHass BOCIIPUUMYMBOCTh
K SARS-CoV-2 o0ycnoBieHa OCOOEHHOCTSIMU
natoreHe3a 3a0oJieBaHUs, Pa3BUTHUE KOTOPOTO
HauYMHAETCsd CO B3aMMOJIEMCTBUS BBICTYMNAIOUIETO
Ha MOBEPXHOCTHU BUpYyca criailkoBoro 6eyika S ¢ pe-
LeNTOPOM aHTHUOTEH3MHMpeBpalatwliero dep-
meHTa (ACE)-2 [20]. BDTomMy cniocobcTByeT 6ejloK
TpaHcMeMbOpaHHas npotea3a cepuH (TMPRSS)-2,
KOTOPBI pacuierisieT CliailKoBbIil 0€J10K KOpoHa-
BUpyca Ha ¢pparMeHThl S1 u S2, TeM caMbIM obecrie-
yrBasi MIPOHUKHOBEHUE BUpPYyCa B KJIETKY 3a CUET
CIUSIHUS KJETOYHBbIX MeMbOpaH. CienoBaTebHO,
OCHOBHBIM (PaKTOPOM KJIETOYHOTO TPOMU3Ma SIB-
snsietcs ypoBeHb akcnpeccuu ACE2 peuentopa.

PecHutuaTtble U GOKaJdOBUAHBIE KJETKHW DITH-
TeJrs TIOJOCTU HOCa W OKOJOHOCOBBIX Ia3yXx,
SMUTEIUAJIbHbIE KJIETKU CIAM3UCTOU OOOJOYKU
MOJIOCTU PTa, FOJOCOBBIX CKJIAI0K, aJIbBEOIOLU-
ol Il Tuma, a Tak>XXe HTEPOILUTHI TOHKOW KUIII-
KW, TEPUIUTHI M SHAOTEIMOLUTHI JTEMOHCTPU-
pytoT camble Bbicokue ypoBHU ACE2, HanmpoTus,
ero sKcIpeccus He oOHapyXeHa B OOJBIIMHCTBE
MMMYHHBIX KJeTOK, BKJtouasgs CD4* T-kietku,
Makpodaru u B-knetku. TeopeTuuecku, B CBI3U
¢ Takoil nokanuzanueit ACE2 penentopoB nmamnu-
€HTHI C XPOHUYECKUMU 3a00JIeBAaHUSIMU BEPXHUX
W HUXKHMX JABIXaTEJIbHBIX ITyTeil MTOJXKHBI 00JIETh
yalle U TsKesee, ydUThIBas y>Ke UMEIOLLYI0Cs MpU
9TOM MATOJOTUU MNUCOHYHKIIUIO SMUTETUATBHOTO
Oapbepa, HapyllleHUue MYKOIMJIMAPHOIO KJIUPEH-
ca, OakTepuajdbHylO0 KojioHu3auuio [4]. OgHako
MOJyYeHHBbIE B Ppa3JIMYHBIX CTpaHaxX JdaHHBbIe
0 3200J1IeBa€MOCTU KOPOHABUPYCHOU WUHODEKIIU-
el MalMeHTOB C XPOHUYECKUM PUHOCHUHYCUTOM
(XPC) HeogHO3HAUHBI U KpaliHe MPOTUBOpPEUYU-
Bbl. BO3M0OXHO, 0COOEHHO B OTHOILLIEHUU MallUeH-
TOB C MOJUIO3HbIM puHocuHycutoMm (ITPC), aT0
CBSI3aHO C Pa3HbIMU TUIIAMU JIOKAJIbHOTO BOCIIa-
JIEHUSI — HE303MHOMUIbHBIM (HEHTPOGDUIBHBIM)
1 203UHOPUIBHBIM [8].

B Kutae onpeneaunyiu, 4To HE203UHOGDUIbHBII
ITPC compoBoxaaeTcss Oojblieil 4YyBCTBUTEIb-
HocThlo K MHpeknuu SARS-CoV-2, yeM 3031MHO-
bunbHbIR [41]. DTO 00BSICHSIETCS TEM, YTO I03U-
HOOMUIABHBI TUN 3a00JeBaHUSI OOBIYHO CBSI3aH

¢ BocnajieHueM Th-2 Tuma, ornocpeqoBaHHbBIM CUH-
TE3UPYIOLIUMUCS B TKaHSIX HOCOBBIX MTOJIUIIOB UH-
tepaeilikuHamu (IL)-4, IL-5 u IL-13 [10], KoTopsie
cHuXxawT sKcnpeccuto ACE2 B snuTearolIUTax
MOJIOCTU HOCa, W, CJIeNoBaTeJIbHO, MOTYT YMEHb-
1ath puck nHurpoBaHus. B Anonuu nposenu
uccaenoBanue skcrpeccun MPHK ACE2 npu I[TPC
Ha oHe 000CTPEeHUsI CE30HHOro aJIepruyeckKoro
puHuta (AP), BbI3BAHHOIO TMbBUIBION SIMOHCKOTO
Keapa. YueHble OOHapy>KUJIU, YTO CpeAHUE YPOBHU
skcnpeccun ACE2 npu oboctpeHuu AP He yBe-
JIMYUJIUCH, TO3TOMY OOOCTPEHUE PEeCUpPaTOPHOUN
aJJIepruyM HEe paccMaTpuBaeTcss UMM Kak (aKTop
pucka 3apaxeHuss SARS-CoV-2 [31].

HecMmoTpsd Ha TO 4TO ypoBEeHb P03MHOGUIIOB
KPOBU HE KOPPEIUPYET C UX KOJTUYECTBOM B TKAaHU
HOCOBBIX MOJUIOB [9], Obl1a HalileHa OTpULIaTEeIb-
Has oOpaTHas CBSA3b MEX 1y 203MHOMUIME KPOBU
u akcnpeccuei peuentopoB ACE2 Ha MOBepXHOCTU
SMUTETUOLUTOB [18].

I1pu HeliTpOo(UJILHOM BapuaHTE TUCTOJIOTUYEC-
KOTO CTPOEHUS MOJUIIOB MOJOCTU HOca mpeodia-
NaloT UMMYHHBIE peakiuuu Th-1 Tuna, cBsI3aHHbBIE
¢ narepdepornom (IFN)-y [33]. SARS-CoV-2 tak-
ke aktuBupyet Th-1 kiaeTku, a, cieaoBaTebHO,
npuBonuT K runepcekpeunu [FNy, ¢gakropa He-
Kpo3a onyxoau (TNF)-o. Dtu 6enku yBeJauduBa-
10T akcnpeccuio ACE2, B pe3yabraTe 4yero moBbI-
ImaeTcss BOCIPUUMYNBOCTh K KOpOHaBUPYCY [36].
IloaToMy MecTHOe BOCHajJeHUE C TOBBIIIEHHbBIM
cogepxanueM [FNy y mannentoB ¢ XPC moxer
yBeJIMUYuBaTh puck 3apaxeHuss SARS-CoV-2 [42].
CrnenoBatenbHo, XPC 06e3 monumnoB u 6e3 comyT-
cTBytoniero AP MoxeTt sBASTbCS (haKTOpoOM pu-
cka 3apaxeHuss SARS-CoV-2 u 0Gojiee TsXeJIOro
TeueHuss COVID-19 B oTauuue OT MNallMEeHTOB
¢ INTPC unu ¢ XPC npu Haau4yuu CONMyTCTBYIOIIIE-
ro AP [26]. TakuMm oGpa3om, nipeobiaaganue Th-1
uau Th-2 Tumna AoKaabHOTO MMMYHOJOIMYECKO-
ro OTBE€Ta B CJM3UCTON 00OJIOUKE MOJIOCTU HOca
MOXKeT BIAMSTh Ha KoaudecTBo perentopos ACE2
U UTpaTh OMNpPEAECICHHYIO POJb B YXYIIIEHUU CO-
ctossHusI npu SARS-CoV-2-unbekuuu.

OTMEUEeHO, UTO CXOXECTh KJIWHUYECKOro IMpo-
saBiaeHust oboctpeHusi XPC u jerkoro TedyeHUs
COVID-19 B BUae TMIOCMUU UJIU aHOCMUU, MO-
CTOSIHHOTO WJIM IEPUOAUYECKOT0 XapaKTepa BblIe-
JICHUU 13 HOCca, 3aTPYAHEHUSI HOCOBOTO JIbIXaHUS
npuBoauIa K TOMY, 4To manueHThl ¢ XPC yvare
oOpallaauch B MEIUIIMHCKUE YUPEXKACHUS B IEPU-
O MaHJAEMUWU 151 UCKJIIOUEHU S 3apaXeHUs1 KOpO-
HaBupycoM. Takxke camu 6osibHbIe XPC, KOoTOpHBIE
noJjiyJyajau Tepamnuio B BUAE CUCTEMHBIX WU UH-
TpaHa3aJbHbIX TJIOKOKOpTUKOcTepounoB (I'KC),
OBbLIU 00ECITOKOEHBI TEM, YTO UX BOCIIPUMM YN BOCTh
K MHEKIIMU MOXeT yBeJIUYuThCs. [loaTOMy B He-
KOTOphIX pernoHax ypoeHb ITLIP-tecTupoBanus
Ha COVID-19 6b11 moutu B 2 pa3a BbIllIe UMEHHO
cpenu nauueHToB ¢ XPC, yeM B oCcTaJbHOM TOMY-
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aguuun [38]. biaromapsi 3ToMy B XOJie MacCOBOTO
tectupoBaHusi B CIHA Ha Hanuuue PHK Bupy-
ca SARS-CoV-2 B Ma3kax U3 HOcCa U POTOTJIOTKU
ObLJIa BOBMOXKHOCTH ITPOAHAJIM3UPOBATH OOJIBIITYIO
rpynmny u3 12 000 manuenToB ¢ XPC u conoctaBUTh
MoJTyYeHHBbIe JaHHbIE C aHAJIOTMYHOM I'pyNIoii ma-
LIMeHTOB 0e3 Hero. B pe3yabraTe yueHble HE OOHA-
PYXKUJIM CTaTUCTUUYECKUX Pa3Inuuii B 3aboJieBae-
mMoctu COVID-19, 4T0O M03BOIMIIO aMEPUKAHCKUM
KoJjjieraM He cuuTaTh 6oabHbIX ¢ XPC Oosee ysa3-
BUMbIMU 1Jist SARS-CoV-2 [38].

VY 6oapHBIX ¢ COVID-19 u XPC B KuTae yacto-
Ta BcTpeyaeMocTu BA oka3zajach BbIIIE, UeM IpyIl-
ne nmanueHToB 0e3 XPC (6,9% vs 2,2%; P = 0,01),
a pacrpoCTPaHEHHOCTh OCHOBHBIX CONMYTCTBYIO-
IMX 3a00JieBaHUI, TAKMX KaK TUIIEpTOHUYECKas
00JIe3Hb, caxapHblii AuabeT, 3J0KauyeCTBEHHbIE
HOBOOOpa30BaHUs M XPOHHMYECKass OOCTPYKTHB-
Has 00JiIe3Hb, TOCTOBEPHO HE oTauyasack. Kpome
TOTO, He OBLJIO CYIIECTBEHHOM pa3HUIIBI B PE3YJIb-
TaTaX OOJIBIIMHCTBA JIaDOPAaTOPHBIX aHaJIU30B,
BKJIIOUAsl YpOBEHb HEUTPOGUIIOB, JTUMGDOIIMTOB
1 303uHOMUIOB KpoBUu, D-gumepa, IL-8, Tpomno-
HMHA. AHAJIOTUYHBIMUA OKa3aJIMCh TSIXKECTh 3a00-
JIEBAaHUS TIPU TTOCTYIIJICHU U, YaCTOTa IIPUMEHEHU I
UCKYCCTBeHHOUN BeHTMasiuuu gerkux (MBJI), ko-
JIMYECTBO AHeW rocnurtanu3auuu. EcTh maHHBbIE,
YTO TUTIOKCEMU ST M TTIOPaKeHUE JISTOYHON CUCTEMBI
y nauueHToB ¢ [TPC He oT/iMyaiuch OT MallMUEHTOB
¢ XPC 6e3 nosunos [15]. Bce aTo mo3BonI0 aBTO-
paMm crenaTh BbIBOA 00 OTCYTCTBUM BIUsIHUS XPC
Ha TeueHue COVID-19 [34].

CoOBepIlIeHHO MPOTUBOIIOJOXHBIE pe3yJIbTa-
Thl TOJYYEHBbl B APYTMX HAYYHBIX KOJIJIEKTUBAX.
B IOxHoit Kopee npu uccienoBaHUM TMalliEHTOB
¢ XPC 6e3 nonumnoB u 6e3 conytctByloniero AP,
obHapyXeH O0oJiee BBICOKUU ypOBEeHb WHGUIIU-
poBaHusi SARS-CoV-2, otmMedyeHo Gosiee Tsxkesoe
teyeHue COVID-19 nmo cpaBHEHUIO C OOJIbHBIMU
IMPC nnu AP [26]. B peTpoCleKTUBHOM KOTOpT-
HOM WUCCJIeIOBaHWU, BBIMOJIHEHHOM B KJIMHHKE
Knusnenna (CIIA), y 6oabHbIX ¢ COVID-19, KO-
TOPBIM TOCIUTANIM3alUsI He moTpedoBanachk, XPC
HaOJIIoajICcs pexe, YeM Y TOCTIMTaJIU3UPOBaHHBIX
nauueHToB — 4,35% wu 7,81% COOTBETCTBEHHO.
BeposiTHOCTb rocniuTtaausaumu nauueHToB ¢ XPC
okaszaJjiach B 3,46 pa3a BBILIE IO CPABHEHUIO C TTa-
HueHTamu 6e3 Hero [30].

Kak usBectHo, [TPC — 3TO0 XxpoHUUecKoe 3a-
OoJieBaHUe, ITPU KOTOPOM ITallMEHTaM HEOOXOTUMO
JNWHAMWYECKOe HaOJIIOAeHUE U JieYeHHEe Yy OToja-
pUMHTrOJIOra B Te4eHUEe BCeil )K3HU. Takue 00JIbHbIC
MPAaKTUYECKHU TTOCTOSHHO MOJy4YaloT MeIuKaMeH-
TO3HOE JICYEHUE COIJIACHO aJrOpUTMY CTyIleHYa-
Toil Tepanuu [13], KoTopoe B MepuUOa TMaHAEMUU
COVID-19 Toxe MOXeT oka3aTh BJAUSIHUE Ha Te-
yeHue 3Toil nHpeknuu. HakoraeHHbIe CBeIeHUS
0 BJIMSTHU Y JIEKAPCTBEHHBIX ITPENapaToB ITPU Jieue-
Huu [MTPC Tak:ke HEOJHO3HAYHBI.

WHutepecen dakt, yto y manueHToB ¢ XPC,
npuHuMawiux nepopaibHbie 'KC u 6e3 atoro
nedyeHUus1 B TeueHue 14—28 mHeit o B3satus ITLIP-
Ma3KOB, HET CTaTUCTUYECKMU 3HAYUMOU pa3HUIIbI
no yactote 3apaxeHuss SARS-CoV-2 [27]. 1o npy-
ruM gaHHbIM 'KC gazke MoryT oka3blBaTh 3alllUT-
HO€ JeicTBHE OT KOpOHaBUpYyca, CHUXKasl 3KC-
npeccuio ACE2 u TMPRSS2 B TKaHsX HOca Mpu
pEeCIMpaToOpHbIX aJIJIePrUUYEeCcCKUX 3a00JeBaHMIX
uiu XPC [15, 22, 29], XoTs psiAi aBTOPOB OTMeUaeT
oTcyTcTBUe u3MeHeHUu it akcripeccun MPHK ACE2
B SIUTEJIMATbHBIX KJIETKaX HOCa IpPU WCHOJb-
30BaHUM Ha3ajdbHbIX WM cucteMHbix ['KC [22,
35]. beapruiickyue KoJjieru IMojay4yMuJu JOCTOBEpP-
HYI0 MHPOpMalLM0 00 OTCYTCTBUM B3aMMOCBSI-
3U npeauiecTByollero npuema cucreMHbix 'KC
M YacTOTOW JIedeHUs] B OTAEJIEHUU WHTEHCUBHOU
Tepanuu [17].

B apyroit pabote npoaeMoOHCTpUpOBaHa MHas
3aKOHOMEPHOCTh. Mcnonab3oBaHUEe MNPOTUBOBOC-
NaauTeIbHOU Tepanuyu ¢ MECTHBIM WJIU CUCTEM-
HbiM TnpuMeHeHueM I['KC B kayecTBe ©a30BOro
ctangapta nmpu XPC o6oux TUNIOB UBMEHSIET OTBET
Ha nHpekuunio SARS-CoV-2 [24]. B ciyuae 3a60-
JieBaHUS TaKUX MallMeHTOB KOPOHAaBUPYCHOW WH-
dekI1meit, CTeNeHb TSIXKECTU €€ TeUYSHU ST U YPOBEHb
CMEPTHOCTU OBLIM BbIllIE, OCOOEHHO TMpU IpHUe-
me cucteMHbiXx 'KC 3a 14 mHeil 1o rocrnuTaausa-
uuu [37], 4To 0OBSICHSATOCH CHUXEeHUEM (HaKTOPOB
MECTHOTO BPOXJIEHHOTO UMMYHHOI'O OTBETa CJIU-
3UCTONU O00OJIOYKM, KOTOPBI M TaK HapylleH MpU
XPC nmo6oro tuna [4], 1 yMeHbIIIEeHUEM KJIUpeHca
BUPYCOB B antuTenuonuTax [32]. B To ke BpeMs mna-
nueHTaMm, cTpajaromum AP, pekoMeH10BaHO NpPo-
JNOJIKaTh JiedeHUe WHTpaHasaJdbHbIMU [KC BHe
3aBUCUMOCTU OT 3apaxeHuss COVID-19. Ins co-
XpaHEeHUsI MeIUKaMEHTO3HOTo KoHTpoJjisas XPC
BO Bpems naHgemuu COVID-19 moxHO mpomo-
xaTb Tepanuio Tonudyeckumu I'KC, a pyTuHHOro
NPUMEHEHHUS CUCTEMHBIX KOPTUKOCTEPOUIOB CJie-
ayet usberats [24].

Takxke AJis1 ledeHUs TMAllMeHTOB CO CPEAHETsI-
XKeJbIM U TsxeablM TedeHueMm ITPC B couetaHuu
¢ PA uiu BA B cxeMy cTyneH4YaToi Teparuu BXO-
AT MOHTEYKACT — UHTUOUTOP JEHKOTPHUEHOBBIX
peuenTtopos [13]. Coobianock, UYTO JaHHBIN TIpe-
napaT MOXeT YaCTUYHO MHTMOUPOBAaTh OCHOBHYIO
npotea3y (Mpro) Bupyca SARS-CoV-2. BToT npo-
TUBOBUPYCHBIN 32(hHEKT OAHOMOMEHTHO C MPOTHU-
BOQJIJIEPTUYECKUM UM TPOTHBOBOCHATUTEIbHBIM
CBOIiCTBaAMU IIpernapara moipa3yMeBaeT MPOmO-
JKEHUE Tepanuy BO BpeMs SMUAEMUU BHE 3aBUCHU-
MocTu oT 3apaxkeHuss COVID-19 [21].

Kaxk yxe roBopuioch paHee, npu Th-2 Bocmnajie-
HUU B TKAHU HOCOBBIX TTOJIUIIOB HabJII01aeTCs yBe-
JIMYEHUEe KOJTMYEeCTBa 303MHOMUIIOB, OBBIIIIEHHbIE
ypoBHu IL-4, IL-5, IL-13, cHuXeHa sKcopeccus
ACE?2 peuentopoB. TeopeTuuecku JieueHe TeHHO-
WHXEHEPHbIMU OuompenapaTaMu, IpUMEH IEMbIMU
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npu [TPC npoTuB 203MHO(DUIOB U KJIIOYEBBIX UH-
TEePJICUKUHOB [5, 6, 12], IOAKHO MPUBECTU K YBEJIH-
yeHuto ACE2 peuienTopoB U MOBBIIIEHUIO PUCKa 3a-
paxenns COVID-19. Onnako B MUcnanuu B rpyn-
ne u3 545 4JeJoBeK, HaXOMsILIMXCS Ha OMoTepanuu
no noBony BA, He ObLJIO yBeJIMYEHUST KOJIMYEeCTBa
TSIKEJIbIX GOPM Y CMEPTHOCTU OT KOPOHABUPYCHOM
nHbpexuuu [28]. XoTs B MO3UILIMOHHOM TOKYMEHTE
EBporelickoii akaieMuu ajJjIeprojoruu U KJIUHU-
YeCKOl MMMYHOJIOTUU T10 BEIEHUIO XPOHUYECKO-
ro pyuHocuHycuTa Bo BpeMs naHaemuu COVID-19
y nauueHToB ¢ ITPC, nmonyyaroumux Ouogoruyec-
Kue Mpernaparbl, peKOMEHIYeTCS MPEKPaTUThb MX
NpUeM OO0 TOJHOrO BBI3MOPOBJEHUS MallMEeHTOB
c cumnrtomamu COVID-19, unu nojizkHa ObITh T A-
TEJbHO MpOBeIeHa OLIEHKAa COOTHOIIEHHUS pucKa
U nonab3bl [40]. C apyroit CTOpOHBI, YXKe UMEIOTCS
paboThl, B KOTOPBIX JOKa3aHO, YTO OMOJIOTUYECKUE
npernaparbl He TMOBBIIIAIOT PUCK 3apakeHUs U He
yxyamawT ucxoabl COVID-19 [23], a y nanueH-
TOB, MPEKPATUBIIKUX MOHOTEPANUIO AYyTUJIyMaOoM
o npu4rHam, cBsizaHHbIM ¢ COVID-19, Habarona-
JIOCh aHAJIOTUYHOE TeyeHHe 3a00JieBaHU I TTO CpaB-
HEHMIO C MallMeHTaMHu, MPOHOJIKAIIIUMU Tepa-
nuio nynuiaymadom. [TosTomy oTmMeHa GuoTepanuu
cTaBUTCA ToJ coMHeHue. IToBbIIIEHHBIT YPOBEHb
IL-13 ObL1 cBsI3aH ¢ puckoM Heobxomumoctu MBJI
y 2-X HE3aBUCUMBIX TPy MalueHToB. Kpome Toro,
y MalMeHTOB, KoTophie 3apa3uuck COVID-19 npu
Ha3HauYeHUU AyrnujayMada, OJOKUPYIOLIEro repe-
nauy curHaioB IL-13 u IL-4, TeueHue 3ab0JieBaHUSI
ObILJIO MeHee TsxKeJibiM [19].

IlpoBeneHue asyepreH-crenudrUuIecKon uM-
myHoTepanuu (ACUT) BKIIOUEHO B CXEMY CTy-
neHyatoit tepanuu I[TPC mpu codyeTaHUM 3TOTO
3aboneBaHusa ¢ PA. Ilpu nposenenun ACUT, kak
M3BECTHO, CHUKaeTcsl MposiBiaeHue peakiuii Th-2
BocrniasieHud B 6asiance Th-1/Th-2, yto nmo3BosseT
obecreynuTh UMMYHOJIOTUYECKYIO TOJEPaHTHOCTh
K crneuuduueckuMm ajajgepreHaM. BodMoxHoe mo-
muHupoBaHue Th-1 nocie ACUT MoxeT npuBecTU
K Tsxesomy TeueHuto COVID-19, Tak kak nmposiB-
JIEHUS IMTOKMHOBOTO IIITOPMa KaK pa3 U CBs3a-
HO C UMMYHOJIOTUYECKMMU peakuusiMu | Tuma.
TTosTomy B cinyuae noarBepxaeHHoro COVID-19
cnenyet npepBatb ACUT [16].

Takue npotuBopeurBbie (PaKThl O B3aUMHOM
BausHuu I[MIPC u KopoHaBupycHOW HMHGMEKIUU
MOATOJKHYJIU HAC K U3yUYEeHUIO 3a00JIeBaEMOCTHU
COVID-19 B HabGnomaeMoil rpyIine MalueHTOB
Ha 0a3e XUPYypruyeckoro OTIAEIEeHUSI C JIHEB-
HbIM cTanimoHapoM MOHWKM B nepuon ¢ 2016
no 2023 rr. [7]. B Hee Bomau 99 6onbHbIX [TPC,
48 My>X4uH U 51 XXeHIIMHA, CPeAHUN BO3pacT KO-
Topblix cocTaBua 58,37+14,43 net. belnu 3aperu-
cTpupoBaHbl Bce ciaydau 3apaxeHuss COVID-19
o pe3yabTaTaM MoJIMMepa3HOU LEMHOW peaKIuu1
(ITLIP) ma3ka M3 POTOTJIOTKW M TOJOCTU HOCA.
VY nepeboneBIIMX MALlUEHTOB ObIJIU U3YUYEHbI BbI-

MUCKHU U3 MEIUIIMHCKUX KapT JJIsI ONpeaeaeHM s
CTEeNeHU TSIXECTU TEeYeHUSI KOPOHAaBUPYCHOM
UHOEKIIUU.

W399 nauyenTos 36 uenosek (36,36% — 22 xeH-
LIWHBI U 14 MyXX4YHWH), He 00JIeJ T KOPOHABUPYCHOM
uHbekuuei. Jlerkoe teuenune COVID-19 Habro-
Iajioch y 53 wenosexk (53,54% ot o6IIero 4ymciia ma-
IMEHTOB), OCHOBHBIMU ITPOSIBJICHUSIMH KOTOPOTO
ObLIM yCHUJIEHHME 3aJIOKEHHOCTH HOCa, PUHOpPEH,
CTEIeHU CHUKEHU ST OOOHSIHU S, TepIIeHre 1 00JIb
B ropJje, HENpOAOJKUTENbHBI CyO(deOpUInTET,
KallleJib, MUAJITUSI, KPaTKOBPEMEHHOE CHUXKEHUE
BKYCOBOI 4YBCTBUTEJIBHOCTH, JIUCIIEIICUYECKUE
HapymieHusi. HekoTopbIX ManueHTOB OECITOKOM-
JIO OINYIIEHWE 3aJ0XEHHOCTU B TPYAHOW KJIET-
Ke, HO 0e3 MOosIBJICHUSI OJBIIIKHU. TaKuM OOJTbHBIM
ObLJTa BHITTOJTHEHA KOMIIBIOTEPHAsT TOMOTpadu st op-
raHos rpyaHoi kiaetku (KT OI'K), mo pe3ynabratam
KOTOPOU PEHTreHOJIOTUYEeCKHE MPOSIBJICHUS I10-
paXkeHU s JIETOUHOM TKAaHU COCTaBUJIM MeHee 25%
(KT-1) unu orcyrctBoBanu (KT-0).

V 8,08% mauueHToB (8 4esoBeK, 4 MYXYUHBI
1 4 KeHIIIMHBI) 3aperuCTPUPOBAHO CPEITHETSIKE-
JIoe TeYeHHEe KOPOHABUPYCHOM WHGMEKIIUMU, TPHU
KOTOPOM HaO0JI01aJIOCh TTOBBIIIEHUE TEMITePaTyPhbI
Tena 6osee 38°C mpoaoaXUTEeIbHOCTbIO 10 8 Cy-
TOK, OJIBIIIIKA TTPY OBITOBOM (hM3MYECKO HAarpy3Ke,
KallleJb pa3JMYHON MHTEHCUBHOCTHU, O0Ias clia-
0OCTh M CUMIITOMBI, TIEpEUYUCIEHHBIC MPU JIETKOM
TeueHuu COVID-19. CteneHb 0OHapy>KEHHBIX U3-
MEHEHUIl JIeTOYHOW MapeHXUMBbI 110 pe3yJibTaTaM
BoinmosiHeHHON KT OI'K coorBercTtBoBana KT-1
(menee 25%) nan KT-2 (25—50%).

Tsxkenoe TedeHe KOpOHABUPYCHO MHMEKIIUN
y 6oabHbIX ¢ [TPC nHabmomanocs auib B 2,02%
ciayyaeB (2 dejoBeka) B OOlleil KoroprTe Ialu-
eHToB. K TepeurciaeHHBIM BBINIE KIMHUYESCKUM
CUMIITOMaM 3a0o0JieBaHUSI TTPUCOECIAUHUINCH 00-
Jiee BbIpakeHHasl OfbIIIKa IMpU (pU3nMdecKoil Ha-
Trpy3Ke MJIU B COCTOSSHMM ITOKOSI, TAXUIHOD 110 32
B MUHYTY, MOBBIIIIEHUE TEMIIEpaTyphl Tejaa Oojiee
39°C poJbliie 5 mHEN, cOCTosTHUE comopa (COHJIU-
BOCTb, YaCTHUYHasl Ae30pUEHTAIINS, 3aJepKKa OT-
BeTa Ha BOIPOCHI).

Cpenu Bcex 3aboneBminx COVID-19 nmanueH-
ToB ¢ IIPC B oCHOBHOM HH(peKLMs NpoTeKasa
B Jerkoii ¢opme — 310 84,1% cnyuaeB. CpeaHss
CTEIlEHb TIKECTU TeueHUd HaOJogamach B 12,7%,
a Tskenast — B 3,2% ciyuyaeB. M3 yncita 3a0051eB-
mux 39 4venoBek (62,5%) ObIIM BaKIIMHUPOBAHBI
OT KOPOHABMPYCHON WHMEKIUU 10 3apakeHUS.
OO0111ee KOJMYECTBO MPUBUTHIX MAllMEHTOB B Ha-
GJrogaeMoi KoropTe paBHO 52 yejoBeka (52,53%).
NHTepeceH u TOT ¢akT, UTO CpeAHUN BO3pacT 3a-
ooneBminx COVID-19 6b11 paBeH 53,81+2,85 jer,
a BO3pacT MallMEeHTOB, KOTOpPbIE HE 3apa3uIuCh
sToi MHpekuen, — 62,5£13,1 er.

Tsxkenoe TeueHUe KOPOHABUPYCHOM MHGMEKIIN-
et HabOmoaasoch B ABYX xKeHIIUH 40,0+0 jet ¢ co-
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yetanueMm [TPC, AP u HenmepeHOCUMOCTbBIO HecTe-
POUIHBIX MPOTUBOBOCIIAJUTEIBHBIX MperapaToB
(HIIBIT). Tak kak 3Ty MNallMEHTKU 3apa3uiuch
SARS-CoV-2 B mepBylo BOJIHY 3a00J1eBAa€MOCTH,
OHM He ObLIM BaKIMHUpOBaHHL. [locie mepeHe-
CEHHOU MH(peKIMU y HUX HabJonanach Headbdek-
TUBHOCTb MPOBOAMMOTO Kypca KOHCEPBAaTMBHOIO
JIUeHU ST, BKJIIOYAIONIEr0 MHTpaHa3ajlbHbIE U CU-
creMHble I'KC, 610KkaTophbl JeliKOTPUEHOBBIX pe-
LIETITOPOB, UPPUTALIMOHHYIO TEPAInIO, IIPOBEICHO
xupypruueckoe jeueHue B oobreme FESS. Jlanee
OHM CTajiu TI0JIy4aTh JIeUeHUE OMOJIOTMYECKUMU
nmpenapaTtamu.

B paborax pocCUMCKMX U KUTAalCKUX aBTOPOB
M0 MCCIEAOBAHUIO TMOCTKOBUIHBIX HapyIIeHUN
y nepebosieBiinx SARS-CoV-2-uHdekuueit npu-
MepHO y 60% denoBek uepes 6—12 MecslieB 1mociie
3a00JIeBaHU S TPOUCXOAUT (POPMUPOBAHUE TEX UJIU
WHBIX TTOBPEXJACHU MMMYHHOI cucTeMbl. Bbuin
BBISIBJICHBI (DEHOTUIIBI TTOBPEXICHU, CBI3aHHBIX
¢ HapyuieHueM ¢dopMupoBaHus Bl-kieTok mams-
THU, LMTOTOKCHMYECKMX T-KJIETOK, HaTypaJbHBIX
KUJUJIEPOB, KJIETOK, HECYIINUX pelennTopbl K CD46,
nopaxeHust (haroluTapHOW CUCTEMBI, HECMOTPS
Ha COXpaHEHMe CIeKTpa CHelHUPUIECCKUX UMMY-
HorjiooyauHoB [1, 2, 3, 14, 43]. DTu ucciaenoBaHusl
TOBOPST O TOM, uTO y nepeHecuinx COVID-19 na-
IIMEHTOB COXPAHSIOTCSI HapylIeHUsI B UMMYHHOM
cucTeMe U, BO3MOXHO, pu Haauyuu [TPCy Takux
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Abstract. The development of chronic generalized periodontitis occurs due to a combination of a several causes, among
which the leading role is assigned to periodontal pathogens, which include P. gingivalis. Among P. gingivalis virulence
factors, the polysaccharide capsule, fimbria proteins, cysteine proteases, and hemagglutinins are of special importance.
The study was aimed to investigate the prevalence of specific virulence genes and identify a virulent genotype among
P. gingivalis isolates found in patients with severe chronic generalized periodontitis (CGP). 41 patients (27 women and
14 men, average age 43.9%1.5 years) were examined, of which main and control group consisted of 22 patients with severe
CGP and 19 patients without inflammatory periodontal diseases, respectively. The PCR data allow to consider type 11
fimbria (FimA II), arginine-dependent type A protease (RghA) and lysine-dependent protease (Kgh) as specific markers
for the detection of more virulent P. gingivalis strains. It was found that in St. Petersburg, the following P. gingivalis
genotypes predominate among patients with severe CGP: fimA 11:kg:rghA, fimA 11:kgh and fimA I11.rghA. In addition, it has
been demonstrated that virulent genotypes are detected to a small extent in P. gingivalis isolates from healthy control
group patients. The identification of P. gingivalis strains with a more prominent pathogenic potential and the detection
of their virulent genotypes is of great practical importance, in the future allowing to develop advanced effective methods
for disease prevention to be used in a personalized medicine strategy. The results obtained are also of high importance due
to the recorded variability in the circulation of P. gingivalis strain genotypes in various worldwide regions.

Key words: chronic generalized periodontitis, heterogeneity, virulent genotype, P. gingivalis, fimbriae, cysteine proteases.
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(bakTOpOB BUpPYNEHTHOCTU P. gingivalis 0cOOEHHO BBIACASIOT MOJTUCAXaPUAHYIO Kamcyny, 6eaku hduMOpuii, 1IUcTen-
HOBBIE ITPOTea3bl, FeMarrmoTUHUHBL. Llenb nccaenoBaHuss — M3yyeHKe paclipoCTPaHEHHOCTH CielIu(UUecK X TeHOB
BUPYJIEHTHOCTH U OMpEeIeHUE BUPYJIEHTHOTO TEHOTUTA CPelU U30NsTOB P. gingivalis, BBISIBISIEMBIX Y MAIIUEHTOB
¢ XpOHUYECKUM TeHepalu30BaHHbIM MapogoHTUTOM Tsxkenoit cterneHu (XI'TI TC). Beino npoBeaeHo obcienoBaHue
41 maumeHTa (27 XXEHIIMH U 14 MyXUMH, cpeqHuit Bo3pacT 43,911,5 1eT), U3 KOTOPBIX OCHOBHYIO IPYIIITY COCTABUIIN
22 marrenTa ¢ XI'TI TC 1 KOHTpOIBHYIO TPYTIIY COCTaBUIM 19 marineHToB 63 BOCMaINTEeIbHBIX 3a00IeBaHN 1 TTapo-
noHTa. Pe3ynbrathl, monydeHHbIe ¢ ncnonb3oBanueM [1LIP, mo3BonsioT paccmarpuBars hpumopuu 11 tuma (FimA 1I),
apTUHUH-3aBUCUMYIO poTea3y A tuma (RghA) u nusmH-3aBucuMyto mpoteasy (Kgh) B kauecTBe crierimdpmaeckmx
MapKepoB IIJIsT 00OHApYKeHMSI O0JIee MaTOreHHEBIX MTaMMOB P. gingivalis. YctaHoBIeHO, 4To B CaHKT-IleTepOypre cpe-
nu naneHToB ¢ XI'TI TC npeobnanatot cinenyioniue reHotunisl P. gingivalis: fimA 11:kgh:rghA, fimA11:kgh u fimA11:
rghA. Kpome Toro, Ob1J10 MPOIEMOHCTPUPOBAHO, UTO BUPYJIIEHTHbIE T€HOTUIIBI BBISIBJISIOTCS B HE3HAYUTEIbHOU CTe-
MeHU B U30JsTax P. gingivalis OT 310pOBBIX MALIMEHTOB KOHTPOJAbHOU rpynmbl. MUneHTudukanus mraMmoB P. gingivalis
¢ OoJsiee BhIpAKEHHBIM MATOTEHHBIM MOTEHUMAIOM M OOHApYXEHME UX BUPYJEHTHBIX F€HOTUIIOB MMEET BaxkKHOE
MpakTUYECKOoe 3HaUeHUe, MO3BOJsIS B OyaylleM pa3paboTaTb COBpeMeHHbIe 3(PhEeKTUBHbIE METONbI TPOGhUIAKTUKYI
3a00J1eBaHUS M UCIONIb30BaTh UX B CTpATETUU MEPCOHATM3UPOBAHHON MeaUIIMHBL. [lonyyeHHbIe pe3yabTaThl Tak-
K€ TIPEICTAaBISIOT BHICOKYIO 3HAYMMOCTD B CBSI3U 3apEeTrUCTPUPOBAHHON BaprabeIbHOCThIO LIUPKYISIIMKY FEHOTUIIOB
mTaMMOB P. gingivalis B pa3TUIHBIX pETMOHAX MU DA.

Karouesole ca06a: xponuueckuii eeHepau308anHblLil NAPOOOHMUM, 2eMepO2eHHOCMY, supyaeHmHbLi eenomun, P. gingivalis, gpumbpuu,

uucmeuHoeble npomedasol.

Introduction

Damaging effect of dental plaque plays a leading
role in the development of inflammatory periodontal
diseases. The today’s science views dental plaque as
a biofilm consisting of a structured bacterial com-
munity and their metabolic products [1, 17]. During
the formation of dental plaque, the composition
of microbiota takes a trend to change from the domi-
nance of aerobic and facultative anaerobic forms
to obligate anaerobic gram-negative rods and spiral-
shaped bacteria [2, 15].

According to the “keystone pathogen hypothesis”
theory P. gingivalis is considered to be a key peri-
odontal pathogen [9, 10]. Well described the ability
of P. gingivalis to have an impact on the innate im-
mune system of the host organism resulting in dys-
biotic changes in the composition of microbiota and,
therefore, in an inflammatory response of periodon-
tal tissues [11, 20]. Thus, P. gingivalis is rightfully
considered a “keystone pathogen” agent and, even at
low concentrations, it is capable of causing chronic
periodontitis [9, 10, 12, 21]. Since P. gingivalis be-
longs to obligate anaerobes, the main habitat of this
periodontal pathogen is the periodontal pocket.
P. gingivalis is a secondary plaque colonizer and often
forms colonies with S. gordonii and P. intermedia [12].
In addition, as Socransky “ecological theory” states,
P. gingivalis forms a complex with 7. denticola and
T. forsythia |8]. This combination of microorganisms
is detected in the most severe stages of chronic peri-
odontitis. This “red complex” aggressively affects
bone tissue and gum mucosa, forming deep perio-
dontal pockets and causing severe destruction of jaw
bone tissue [24, 28].

In recent years, it has become obvious that in the
case of inflammatory periodontal diseases, there
are factors that enhance some mechanisms of dis-

ease development making its course more severe.
Differences in the course and disease development
rate are due to the diversity of the composition and
degree of periodontopathogen strains virulence [5,
23]. Scientists’ views about the influence of genetic
diversity of P. gingivalis strains on the development
and course of inflammatory periodontal diseases are
contradictory. It is believed that P. gingivalis strains
differ in the degree of virulence in patients with dif-
ferent periodontitis currents, affecting the clinical
course of the disease. Experimental and clinical
studies have revealed differences in the pathogenic
potential of P. gingivalis strains, dividing them into
“invasive” and ‘“non-invasive” strains [7, 21, 22].
On the other hand, there is an idea that the course
of periodontitis is determined not by the diversity
of strains of periodontal pathogens, but by the indi-
vidual characteristics of the host organism reactiv-
ity [7]. Moreover, a number of studies have shown
the availability of identical strains of P. gingivalis
in patients with intact periodontium and with in-
flammatory periodontal diseases [26].

P. gingivalis is known to express many virulence
factors: fimbriae, lipopolysaccharides, arginine-
and lysine-dependent proteases, hemagglutinins
and capsular polysaccharide, which genes are very
diverse [3, 16, 27]. Fimbriae of P. gingivalis are clas-
sified into six genotypes — I, Ib, 11, III, IV, V, that
was demonstrated by a variation in the nucleotide
sequence of the fimA gene encoding FimA (fimbry-
onic subunits) [6]. P. gingivalis with type 1 fimbriae
has been shown to be associated with patients without
inflammatory periodontal diseases [4]. On the other
hand, there is an evidence that fimbriae of P. gingi-
valis with genotype II have greater adhesive ability
and, therefore, greater virulence compared to other
genotypes [6]. Pathogenic heterogeneity of P. gingi-
valis strains with type II fimbriae has been demon-
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strated, that determines the proteolytic and invasive
activity of this periodontopathogen [14]. At the same
time, it is believed that there are no significant dif-
ferences between P. gingivalis strains with different
genotypes of fimbriae regarding virulence [26].

The issue of genetic heterogeneity of P. gingivalis
and its virulence factors is being actively studied, and
the scientific views about the role of those factors
in the formation of a virulent genotype are contradic-
tory. Therefore, the further need to examine the ge-
netic heterogeneity of P. gingivalis in patients with in-
flammatory periodontal diseases makes this research
relevant. To study genetic heterogeneity of fimbriae
and cysteine proteases of P. gingivalis strains in pa-
tients with chronic generalized periodontitis, as well
as deriving characteristics of the virulent genotype
of P. gingivalis is very perspective. In addition, it is
of interest to examine the prevalence of the virulent
genotype among P. gingivalis strains isolated from
patients without inflammatory periodontal diseases.

The purpose of the research: to study the prev-
alence of specific virulence genes and identify
the virulent genotype among P. gingivalis strains
detected in patients with severe chronic generalized
periodontitis.

Materials and methods

A research was conducted on 41 patients (27
women and 14 men) aged 36 to 50 years (average age
was 43.9%1.5 years). The patients were divided into
two groups. The first group included 22 patients with
severe chronic generalized periodontitis (CGPS).
The control group consisted of 19 patients without
inflammatory periodontal diseases (IPD). To form
a control group, 69 patients without IPD were pre-
liminarily examined and those patients in whom
P. gingivalis was identified were selected.

In the course of research, a clinical examina-
tion of patients was performed, including collec-
tion of anamnesis, complaints, assessment of dental
status, index assessment of the periodontal tissue
condition (OHI-S index, Green, Vermillion, 1964;
Silness-Loe index, Silness, Loe, 1964; CPITN in-
dex, WHO, 1978, Ainamo et al., 1982; PMA index,
Parma S., 1960; BOP index, Ainamo, Bau, 1975), as

Table 1. Oligonucleotide primers

well as microbiological examination of material from
the periodontal sulcus or periodontal pockets of the
examined patients using PCR diagnostics. X-ray
examination included assessment of data obtained
from GALILEOS cone-beam computed tomography
(Sirona, Germany).

Material was collected from periodontal pock-
ets in patients with CGPS (main group) and from
the periodontal sulcus in healthy patients (control
group) using sterile paper absorbents Absorbent Paper
Points from Euronda, size No. 25. Paper absorbents
were placed in the gingival sulcus or periodontal
pockets for 7—10 seconds, after which they were im-
mediately transferred into sterile sealed Eppendorf
tubes and stored at —50°C. A special cooling device
was used to transport the material to maintain stor-
age conditions.

To isolate DNA, we used the Express-DNA-Bio
kit in accordance with the instructions. The resulting
DNA samples were stored at —20°C until polymerase
chain reaction (PCR) was performed.

Primer 3 and OLIGO 4.0 computer programs was
used to perform the design, analysis of oligonucleo-
tide primers and identification of the primer melting
temperature (Table 1). Primers to identify fimA I and
1V genes were used from the publication of Takashi
Yoshino et al. [25].

The data obtained in the course of the research
were processed on a personal computer using
the software system “Statistica for Windows” (v. 7.0).
To visualize the results of the study, diagrams were
constructed in Microsoft Excel.

Results

All patients of the main group complained
of bleeding gums during brushing, tooth mobil-
ity, swelling and inflammation of the gums (Fig. 1).
In 59.1% cases, patients in the main group com-
plained of food getting between the teeth, as well as
halitosis. Patients with CGPS in 72.73% cases marked
the displacement of teeth resulting from a functional
secondary traumatic occlusion and in 68.18% cas-
es — itching and gum area burning caused by the in-
flammatory edema of periodontal tissue. 2 patients
in the control group had complaints only about food

Name 553 TOann. DNA fragments size (bp)
1 Gint GTATATGCTCGACGAGGTGGAA 57.0 334
2 Gin2 ATTGTCCAGGGTAACTTCTTCG
3 Fim Il TGTTGCAGACAATAATCCTAC 51.0 250
4 Fim 112 CGATTACCAAGTAGCATTCTGA
5 Kgp1 TCCACTTCTGACCACATCTCAA 56.0 397
6 Kgp2 AGCTTCCCGATAGTAATGAGCA
7 RgpA1 AATCCCGGAACAACAACACTTT 56.0 331
8 RgpA2 TGAAGTTGGATGCATCGTTACC
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Figure 1. Complaints from patients in the main and control groups

getting between the teeth owing to lack of a contact
point in the area of several tooth pairs in the maxilla
and mandible.

Hyperemia of the marginal and attached gums,
and exudation from periodontal pockets has been
revealed in all patients of the main group. Gingival
recession has been found in all patients with CGPS,
the average value amounted to 1.96£0.07 mm.
Lesions of the furcation in the area of the molars
of the maxilla and mandible were detected in 15 pa-
tients (68.2% of cases). Tooth mobility has been re-
vealed in all patients of the main group, most often
grade 1-2.

The values of the OHI-S hygiene index in patients
with CGPS in the main group were 4.77+0.12, in the
control group — 0.44+0.04 (Fig. 2).

The obtained values of the OHI-S index indicate
poor oral hygiene in patients of the main group that
is typical for patients with CGPS who lack the correct
skills to practice individual oral hygiene. Statistically
significant differences have been found in the Silness-

%

90
251
80 -+
72.07

70 - ]
60 -
50 -+
40 -
30 o
20 ~
10 1 4.77 3.97 2.81

fojos  pmo Zhos 0 0

OHI-S CPITN Silness-Loe PMA BOP

[ Main group [l Control group

Figure 2. OHI-S, CPITN, Silness-Loe, PMA (%)
n BOP (%) index rates in patients of the main and
control groups

Loe index between patients of the main and control
groups indicating a cause-and-effect correlation be-
tween the mineralized supra- and subgingival dental
plaque and inflammation in the periodontal tissues
(p <0.001).

The PMA index and BOP bleeding index rates
in patients of the main group indicate inflamma-
tory phenomena in periodontal tissues. A distinct
inflammatory-destructive process in periodontal
tissues in patients of the main group was confirmed
by the rates of the periodontal index. The rates of the
CPITN index in patients with CGPS of the main
group reached 3.97%0.23. High rates of the CPITN
index for patients in the main group indicate the need
for complex treatment, including surgical treatment
of periodontal diseases.

The results obtained during cone-beam computed
tomography in patients of the main group correspond
to the clinical picture and the diagnosis of CGPS.
In all patients of the main group, destruction of the
compact lamina of the alveolar bone was revealed

80

69
70

60

50

40

30

Number of patients

2 2 21

0 T
Main group Control group

[[] General number of patients [l Revealing P. gingivalis

Figure 3. Frequency of P. gingivalis occurrence
in periodontal pockets/gingival sulcus in patients
of the main and control groups

1082



2024, T. 14, Ne 6

Heterogeneity of P. gingivalis

along its entire length, and bone pockets were iden-
tified in the area of 15.2%3.7 teeth. The amount
of bone tissue destruction “more than '/, the length
of the root” was identified in all patients with CGPS.

The contents of the periodontal pockets in pa-
tients of the main group and the subgingival sulcus
in patients in the control group have been examined
to reveal P. gingivalis using PCR screening (Fig. 3).

In the main group, the periodontopathogen
P. gingivalis has been detected in all patients (100%
cases). To form a control group, 69 patients without
inflammatory periodontal diseases (inflammatory
periodontal diseases) were previously examined,
among whom P. gingivalis was detected in 21 patients
(30.4% of cases).

22 P. gingivalis isolates of the main group and 19
isolates of the control group were examined by PCR
to reveal genes encoding fimbriae types I, II, and IV
(Fig. 4).

The results indicate the predominance of the
fimA 11 genotype (40.9% of cases) among the P. gingi-
valis isolates of the main group. The fimA I genotype
is detected quite often as well, in 22.7% cases, while
the prevalence of the fimA IV genotype was insignifi-
cant (9.1% of cases). Thus, among P. gingivalisisolates
from patients with CGPS, strains carrying fimbriae
of types I and II predominantly circulate. Among
the 19 P. gingivalis isolates of the control group,
fimA 11 also dominates (31.6% cases), the prevalence
of which is only by 22.7% lower compared to the prev-
alence rate of fimA 1l in the main group. The fimA 1
genotype in P. gingivalis isolates of the control group
is found quite rarely (5.3% of cases), and the fimA IV
genotype is not available at all.

The gene (kgh), encoding a lysine-dependent
protease, in P. gingivalis isolates of the main group
is detected in 68.2% cases, while the gene (rghA), en-
coding an arginine-dependent protease type A, is de-
tected in P. gingivalis isolates of all patients (100%
cases) (Fig. 5).

When comparing the corresponding genes in con-
trol group P. gingivalis isolates, a significant reduc-
tion in the prevalence of kgh and rghA was revealed,
to 26.3% and 47.4% cases, respectively.

Table 2 shows the prevalence of various genotypes
of the studied virulence factors among P. gingivalis
isolates of the main and control groups.

When considering three virulence factors, P. gin-
givalis isolates with genotype fimA 11:kgh:rghA (27.3%
cases) and fimA l:kgh:rghA (18.2% cases) dominate
the main group. Both of those genotypes are present
in almost half (45.5% cases) of P. gingivalis isolates
of the main group that suggests a significant con-
tribution of P. gingivalis with those genotypes in the
development of chronic generalized periodonti-
tis. In P. gingivalis isolates of the control group,
genotypes fimA ll:kgh:rghA and fimA 1:kgh:rghA are
found quite rare, in 5.3% cases. When consider-
ing different genotypes from two virulence factors
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Figure 4. Prevalence of fimbriae types I, Il and
IV genes (fimA, fimA 1l and fimA IV) among

P. gingivalis isolates in patients of the main and
control groups
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Figure 5. Prevalence of lysine-dependent
protease (kgh) and arginine-dependent protease
type A (rghA) genes among P. gingivalis isolates
in patients of the main and control groups

Control group

[ rghA

Table 2. Distribution of fimbria types I, Il and IV
(fimA 1, 11, IV), lysine-dependent protease (kgh)
and arginine-dependent protease type A (rghA)
genotypes

Prevalence (%)
Genotypes -
Main group Control group

fimA I:kgh:rghA 18.2 5.3
fimA ll:kgh:rghA 27.3 5.3
fimA IV:kgh:rghA 9.1 0
fimA I:kgh 18.2 5.3
fimA I:rghA 22.7 5.3
fimA ll:kgh 27.3 5.3
fimA Il: rghA 4041 18.2
fimA IV:kgh 9.1 0
fimA IV:rghA 9.1 0
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in P. gingivalis isolates of the control group, geno-
types fimA 1l:rghA (40.1% cases), fimA 1l:kgh (27.3%
cases) and fimA l:rghA (22.7% cases) predominate.
In P. gingivalis isolates from the control group,
the fimA 1l:rghA genotype also predominate (18.2%
cases). The remaining genotypes listed above are
found rare in P. gingivalis isolates from the control
group, in 5.3% cases.

Discussion

Among the virulence factors of P. gingivalis,
the polysaccharide capsule, fimbriae proteins, argi-
nine- and lysine-dependent proteases, and hemag-
glutinins are particularly distinguished. In the work
in question, the heterogencity of genes encoding
fimbriae types I, Il and IV and arginine- and lysine-
dependent proteases was studied in clinical isolates
of P. gingivalis obtained from healthy patients and
patients with CGPS. It has previously been dem-
onstrated that P. gingivalis is isolated from healthy
patients in 10—25% cases [13]. A higher percentage
of P. gingivalis detection was reported in the dental
plaque of healthy Japanese patients, up to 36.8% cas-
es [4]. A study of samples obtained from the subgin-
gival sulcus of 69 healthy patients in St. Petersburg
demonstrates a high percentage of carriage of P. gin-
givalis, up to 30.4% cases. The prevalence of P. gingi-
valis in patients of the main group amounted to 100%
cases that fully correlates with previous studies [13,
18]. Among P. gingivalis fimbriae, six genotypes
of fimA have been described, of which genotypes 11
and IV have been characterized as the most com-
mon ones among P. gingivalis isolates received from
patients with IPD (inflammatory periodontal dis-
ease) in Sweden and Japan [4, 25]. The remaining
genotypes of fimbriae were detected quite rarely [25].
In agreement with previous studies, among the three
types of arginine-dependent proteases, type A argi-
nine-dependent protease (RghA) was found to be
dominant. Among lysine-dependent Kgh proteases,
both genotypes I and Il occurred with approximately
the same frequency [25].

When studying the prevalence of virulence fac-
tors in the main group, it has been demonstrated that
genes encoding type II fimbriae (40.9% cases) and
type A arginine-dependent protease (100% cases)
were present in the first place by frequency of occur-
rence. The obtained data suggest a direct correlation
between CGPS and P. gingivalis isolates carrying
the rghA gene (r = 1.0). The lysine-dependent pro-
tease gene kgh is detected in 68.2% of cases. In P. gin-
givalis isolates from healthy patients, type II fimbriae
and type A arginine-dependent protease were present
in 31.6% and 47.4% of cases, respectively. Lysine-
dependent protease Kgh is detected in 26.3% of cas-
es. The presented results suggest that P. gingivalis
strains producing fimbriac FimA I1I, as well as Kgh
and RghA, have a more pronounced pathogenic po-

tential. Thus, one can consider those virulence fac-
tors as markers for detecting more pathogenic strains
of P. gingivalis.

Comparing data on the prevalence of P. gingivalis
virulence factors in the St. Petersburg with previ-
ously published data for Sweden, it’s safe to say that
type II fimbriae are most often found in P. gingivalis
isolates from patients with IPD. However, it is worth
noting that P. gingivalis isolates with type II fim-
briae are recorded more often in Swedish patients
(71% cases) compared to patients from St. Petersburg
(40.9% cases). Differences in P. gingivalis isolates
from St. Petersburg are also revealed when identifying
type I and IV fimbriae. In P. gingivalis isolates from
Swedish patients, the second most common finding
was P. gingivalis with type 1V fimbriae (16.1% cases).
In the St. Petersburg, P. gingivalis with type IV fim-
briae from patients with IPD are rarely found (9.1%
cases); moreover, P. gingivalis isolates with type IV
fimbriae from healthy patients are not recorded at all.
On the other hand, in St. Petersburg, isolates of P. gin-
givalis with type I fimbriae are more often detected
from patients with IPD, in 22.7% cases. The relatively
frequent detection of P. gingivalis isolates with type I
fimbriae (19.6% cases) from Brazilian patients with
IPD has been previously published [19]. In compari-
son, type I fimbriae was rarely detected in P. gingivalis
isolates from Swedish patients (4.8% of cases). In ad-
dition, all P. gingivalis isolates from St. Petersburg pa-
tients with IPD carry the gene for arginine-dependent
protease type A, while in P. gingivalis isolates from
Swedish patients with IPD the gene for the mentioned
protease is found less frequently, in 75.8% cases.
In summary, a study of clinical isolates of P. gingi-
valis from patients with IPD demonstrates significant
regional differences in the prevalence of individual
P. gingivalis virulence factors. The findings highlight
the significance of such studies for specific regions.

When analyzing genotypic variants for the studied
virulence factors of P. gingivalis in the main group,
JimA1l:kgh:rghA (27.3% cases), fimAll:kgh (27.3%)
and fimAll:rghA (40.1% cases) are most com-
mon. Those results allow taking into consideration
the above-mentioned gene combinations as virulent
genotypes of P. gingivalis. It is important to mention
that virulent genotypes were found in P. gingivalis iso-
lates from healthy control patients (fimA 11:kgh:rghA
and fimAll:kgh — in 5.3% cases; fimAll:rghA —
in 18.2% cases).

Identification of P. gingivalis strains with more
distinct pathogenic potential and detection of their
virulent genotypes is of great practical importance.
Using obtained clinical and microbiological data,
an in-depth research of the etiology of IPD, devel-
opment and implementation of up-to-date efficient
methods to prevent the disease are possible. In ad-
dition, the detection of virulent genotype strains
among control group patients allows predicting that
some healthy patients have an increased susceptibil-
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ity to developing periodontitis. Keeping that know-  Acknowledgements
ledge in mind the dentist will be able to prevent in-
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AHTUTEHCNEUNOPUYECKUE T-JIMMDOLUNTDI

B IPYNMAX CD4" KJNIETOK, PASJIMHAIOLLUUXCH
MO 3KCMNPECCUU CCR6, Y JIUL,
MHOULUMUPOBAHHbLIX U HEUHOULIUPOBAHHbIX
HELICOBACTER PYLORI

B.IO. Tanaes, U.E. 3auuenko, M.B. CeetrioBa, E.B. Bopouuna, O.H. ba6aiikuna,
H.B. Heymouna, K.M. Ilepdunosa

DbYH Huxceeopodckuii HAyHHO-UCCA008AMENbCKUN UHCMUMYM SNUOEMUON02UU U MUKPOOUOA02UU UM. AKA0eMUKA
HU.H. baoxunoii Pocnompebnadzopa, e. Huxcnuii Hoseopoo, Poccus

Pestome. Bsedenue. Helicobacter pylori cioco0eH MHMULIMPOBATD CIUZUCTYIO 000J0UKY XKeTyaKa YeJ0BeKa 1 BbI3bIBaTh
pPa3IMYHbIC MTaTOJOTUYECKHUE COCTOSIHMS OT O€CCUMIITOMHON MHGMEKIIMU 10 racTpuTa, I3BEHHOM 00Je3HU, aleHO-
KapLMHOMBI XXenynka U JUMGOMbI TUMGOUIHON TKaHU, aCCOLIMUPOBAHHOM co cimu3ucToil. [Ipeanmonaraercs, yTo
(opma 3aboeBaHUS 3aBUCUT OT BUPYJICHTHOCTH BO30YIUTENSI M OTBETa OpraHM3Ma X03s1MHa, OMHAKO POJIb OTICIb-
HBIX TPYIIII KJIETOK B UMMYHHOM OTBeTe Ha H. pylori-nuHGbEKIINIO 10 KOHIIA He YCTaHOBJIeHa. PaHee ObIIO ITOKa3aHo,
YTO B KPOBM MALMEHTOB, MHGULUKUPOBAaHHBIX H. pylori, 3HaunTeIbHO Bo3pacTaeT comepxanue 3peibix CD4*CCR6*
T-muMdOIUTOB, MPUIEM B 3TOH TPYIIIe TUMMOLIUTOB YBEIMINBACTCS HOJIS IPOBOCIIATNTEIbHEBIX T-Xearepos 1 u 17
tunoB. Takke U3BECTHO, 4YTO XeMOKUHOBbII petenTop CCR6 MoKeT HampaBiIsiTh MUIPALIMIO KJIETOK U3 KPOBU B BOC-
MaJEHHYIO CIU3UCTYIO 000J0UKY Xelyaka. B aToii paboTe Mbl OLIEHUIIN in Vitro oTBeT uupKynupyoomux CD4*CCR6*
n CD4*CCR6- T-kneTok Ha aHTUTeHBI H. pylori y WHOUIIMPOBAHHBIX U HEMHOUIUPOBAHHBIX NUIl. Mamepuanbl
u memoosl. 3 KpoBU 00CI€I0BAaHHBIX BBIACISIN MOHOLUTBI U TUM@POLUTE.. MOHOLUTHI UHKYOUpoBanu ¢ H. pylori
nnu 6e3 Hero. 3areM oneHuBain sKkcrpeccuio CDI14, CD80 n CD86 Ha MOHOIIMTAX, a TaKKe MCIOJIb30BaIl MOHO-
LMTHI AJIS1 CTUMYJISILIUM CUHTEHHBIX TUM@OIIMTOB. Peakiinio 1MMbOLMTOB Ha aHTUTEH OLIEHUBAJIU 10 Mposudepa-
LMY U 9KCITPECCUU aKTUBalMOHHOro Mapkepa OX40 na CD4" T-xierkax, pasnuyaroimuxcs mo skcrnpeccun CCRO6.
Pezyavmamer. B mpenBapuTeIbHBIX 3KCIIEPUMEHTaX OBLIO MOKa3aHO, YTO MHKYOa1us ¢ H. pylori BBI3bIBAET yMEPEH-
HOE yCUJIEHHE IKCITpeccuy KoctTumyaupyomnx mouekyia CD80 u CD86 Ha MoHOLMTAaX M HEDOIBIIOE YBEIMYEHUE
CITOCOOHOCTH MOHOLIMTOB CTUMYJIMPOBATDH Mpojudepalnio CMHTeHHBIX TuM@onnToB. OueHka skcnpeccun OX40
B MOJIEJIM TIPE3EHTAIINM aHTUTEHOB in vitro loka3ana, 4To CD4" T-muMmdouuTsl KpoBr WHGUIIMPOBAHHBIX MTAIIMCH-
TOB COIEPKAT BRISIBISIEMOE KOJMIECTBO KJICTOK, pPearnpylolnX aKTUBalueil Ha aHTUTeHBI H. pylori. Y manneHTOB
¢ H. pylori-undexuuein CD4*CCR6™ cyononyasinust TMMGOIIMTOB COASPKUT 6OJIbIlee KOTMUECTBO KJIETOK, CIeIr-
(uuHBIX K aHTUreHaM Bo30yauTes, o cpaBHeHUo ¢ CD4*CCR6- cybnomynsuueid. Y IOHOPOB IPYIIIbl CpaBHE-
HUS, He uMetoux H. pylori-uHdexku, mpe3eHTalus aHTUTEHOB BO30YIUTENST B KYJIBTYpaX KJIETOK KPOBU He OKa-
3bIBajia CYLIECTBEHHOTO BAMSHUS Ha cpeqHue nmoka3atenu aktuBauuu CD4" T-numbouutos. 3akarouenue. KpoBb
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B.1O. Tanaes n op. MHdekumns n uMmyHuTeT

nauueHToB ¢ H. pylori-undexuueit conepxkut CD4* T-kneTku, pearupylonine akTuBalueir Ha aHTureHsl H. pylori.
CD4*CCR6" T-xkaeTku KpoBH NauMeHTOB ¢ H. pylori-nHdexineii, cogepxar 60Jbliee KOTUIECTBO aHTUTECHCITCIIH-
buueckux mumponuTos mo cpaBHeHu0 ¢ CD4*CCR6- T-k1eTkamu.

Karouesvie caosa: Helicobacter pylori, cacmpum, T-kaemKu, umMMyHHbLI 0Meem, AKMUBAYUSs, XeMOKUHOBbLE PelenmopbL.

EXPRESSION OF CCR6 ON HELICOBACTER PYLORI-SPECIFIC CIRCULATING CD4* T CELLS
Talayev V.Yu., Zaichenko 1.Ye., Svetlova M.V., Voronina E.V., Babaykina O.N., Neumoina N.V., Perfilova K.M.

Academician I.N. Blokhina Nizhny Novgorod Scientific Research Institute of Epidemiology and Microbiology of the Federal Service
Jfor Surveillance on Consumer Rights Protection and Human Wellbeing, Nizhniy Novgorod, Russian Federation

Abstract. Introduction. Helicobacter pylori can infect human gastric mucosa and cause various pathological conditions.
In the blood of H. pylori-infected patients, the level of mature CD4*CCR6" T-lymphocytes, especially pro-inflammatory
CCR6" T-helper types 1 and 17, significantly increases. Chemokine receptor CCR6 can direct cell migration from
the blood into the inflamed gastric mucosa. In this work, we assessed the in vitro response of circulating CD4*CCR6" and
CD4*CCR6™ T cells against H. pylori antigens in infected and intact individuals. Materials and methods. Monocytes and
lymphocytes were isolated from blood samples. Monocytes were incubated with or without H. pylori. Monocyte expression
of CDI14, CD80 and CD86 was assessed, and monocytes were also used to stimulate syngeneic lymphocytes. Antigen-
specific lymphocyte response was assessed by proliferation and expression of the activation marker OX40 on CD4*CCR6"
and CD4"CCR6~ T cells. Results. Preliminary experiments have shown that incubation of monocytes with H. pylori causes
a modestly increased expression of the costimulatory molecules CD80 and CD86 on monocytes and a slightly higher
level of monocyte potential to stimulate syngeneic lymphocyte proliferation. Evaluation of OX40 expression in an in vitro
antigen presentation model showed that blood CD4" T lymphocytes from infected patients contain cells that are activated
by H. pylori antigens. In patients with H. pylori infection, the CD4"*CCR6* vs CD4*CCR6~ lymphocyte subset contains
a larger number of H. pylori antigen-specific cells. In the comparison group without H. pylori infection, the presentation
of H. pylori antigens in blood cell cultures did not have a significant effect on the average rates of CD4" T-lymphocyte
activation. Conclusion. The blood of patients with H. pyloriinfection contains CD4* T cells that are activated in the presence
of H. pylori antigens. Blood CD4*CCR6" vs CD4*CCR6~ T cells from patients with H. pylori infection contain a greater

number of antigen-specific lymphocytes.

Key words: Helicobacter pylori, gastritis, T cells, immune response, activation, chemokine receptors.

BeepgeHue

WNubunupoBaHue CIU3UCTON KeJTynKa 4Yesio-
BEKa XEJIMKOOAKTepOM IIUPOKO pacIpoCcTpaHe-
HO BO BceM mupe. [IposBieHust aToii nHMpeKIInn
pa3HOOOpa3Hbl, U OHAa MOXET IMPOTEKaTh OECCUM-
MTOMHO WJIM TPUBOAUTH K Pa3BUTUIO PA3JTUYHBIX,
B TOM 4YHUCJI€, OMACHBIX AJIsI )KU3HU, 3a00JIEBAaHUIN.
H. pylori aBnsieTcsi omTHUM 13 Haubojiee BasKHBIX
9TUOJOTUYECKUX (PaKTOPOB pPa3BUTHUSI TacTPUTA
Tuma B, S3BeHHOI 00JIe3HM XKeJIyaKa W IBeHaIIIa-
TUTIEPCTHOM KWIIIKU, afeHOKapIIMHOMBI XeyaKa
U AuMdOoMbl TUMGOUAHON TKaHU, ACCOLMUPO-
BaHHOI co causuctoii [4, 17]. CuuTtaeTcs, 4To pa3-
BUTHE pa3auudHbiX dopm H. pylori-uHdexuuu 3a-
BUCUT KaK OT BUPYJEHTHOCTM MUKPOOPraHu3Ma,
TaK U OT UHANBUYaJTbHBIX OCOOEHHOCTE MaKpoO-
opraHumsma, B YaCTHOCTU, XapakKTepa UMMYHHO-
ro orBeta. UMMYHHBIII OTBET Ha 3Ty WH(EKIINIO
pasBuBaetcs ObicTpo [10, 15, 18, 20], HO MoxeT
0Ka3aTbCsl HEAOCTaTOYHO A(MOEKTUBHBIM IS
ycTpaHeHus Bo30yauTens. OQHOU U3 BO3MOXKHBIX
NPUYMH HEIOCTAaTOUHON 3(P(PEKTUBHOCTU OTBETa
SIBJISIETCST CITIOCOOHOCTDH H. pylori ciepXXMBaTh pa3-
BUTHUE UMMYHHBIX PEaKIIU U YKIIOHSITHCS OT Jeii-
CTBHUS 3aIIMTHBIX (AaKTOPOB X03siMHa [15, 16]. DToT
MUKPOOPTraHU3M 3KCIPEeCcCUpyeT MOAUDUIIUPO-

BaHHBIN, MCcHee WMMYHOTCHHBIN JIHMIIOIOJINCA-
Xapua, HapymiaeT MUTpPalnio U OaKTCPUIIMIHOE
nericTBue (harolMToOB, €ro TOKCUHBI U (DEPMEHTHI
MOAYJAUPYIOT co3peBaHUe U (DYHKIUIO AECHIPUT-
HBIX KJIETOK, YrHETalT akKTuBauuio T-KJIeToK
M KJIOHAJIbHYIO 9KCIaHCUIO aHTUTeHCIeluduyec-
knux T-numdouuron [15, 16]. HakoHel, BaxXHBIM
MEXaHU3MOM YKJIOHGHHUS OT IIPOTUBOMH(MEKIN-
OHHOTO MMMYHHOT'O OTBETa SBJSICTCI MHIYKIIM S
perynsaTopHbix T-kJjetok [6, 7, 25, 26]. Tloka3aHo,
4YTO MHAYLMPOBAHHbBIE XEIUKOOAKTEPOM peryJis-
TOpHBIe T-KJIETKU OrpaHUYMBAIOT pa3BUTUE aHTU-
MUKPOOHOTO OTBETAa U CIOCOOCTBYIOT MEPCUCTEH-
UKW BO3OYyAUTENSI, HO, OAHOBPEMEHHO C 3TUM,
0CIa0ISIIOT BOCIIAJICHUE B MBIIIIMHON MOICIU XE-
JTuKobakTepHoro ractpurta [11, 12]. HanmpoTus, aH-
TUureHcrneuuduueckue T-xeamepHble KJIETKU 00-
JlajaloT onpeaeaeHHbIM MTPOTUBOMHGMEKIIMOHHBIM
NEeCTBUEM W OrpaHUYMBAIOT PACHPOCTpPaHEHUE
XeJMKoOakTepa y JJabopaTOPHBIX KUBOTHBIX, HO,
B TO € BpeMsl, UTPaIOT BaXXHEH Y10 poJib B MAHU-
decTanuuy npusHakoB ractpuTta [9, 11, 22]. V mio-
neii mpu H. pylori-accoimnpoBaHHOM TacTPUTE Ha-
omromaeTcss MHOUIBTpAUS CIIU3UCTON 00OJIOUKU
akTuBUpOBaHHBIMU T-kjneTkamu [27], mpoBocma-
auteabHbiMU T-xennepamu nepBoro tumna (Thl) [8,
19] 1 npoTUBOBOCTATUTEIbHBIMU PETYASITOPHBIMU
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OtBeT T-knetok Ha H. pylori

T-xknetkamu [6, 7, 25, 26]. OGoraiueHrne UHOUIII-
POBaHHOI CIMU3UCTON 3TUMU JTUM@POLIUTAMU OCY-
IIECTBJISICTCS 32 CUET XeMOTAKCHCa 13 KPOBU B CIIH-
3UCTYIO MO ICUCTBUEM XeMOKHNHOB, KOTOPBIE IIPO-
IYLUUAPYIOTCS SMMUTEINOLUTAMHU KEJIyAKa B OTBET
Ha Bo3AeicTBrMe MUKpoopraHusma. [lo-suaumMomy,
peLIeTITOPHI OJISI 3TUX XeMOKHWHOB T-TMMMOIIUTHI
IPpUOOPETAIOT IIPU BOBJICUCHUN B MMMYHHEBII OT-
BeT B IleiiepoBBIX OJISIIIKAX TOHKOTO KUIIIEUYHHUKA,
Kyla MocTynarT aHTUureHsl H. pylori ¢ TALIEBBIMU
Maccamu u3 xkenynka. [To kpaiiHeit Mepe, B MBI -
HOI MoJesin XxeaukobakTepuosa IleiiepoBsl OsIIII-
KU KPUTUYIECKU HEOOXOMUMBI 1T pa3BUTHUS KJIC-
TOYHOU MHGUIBTPALlMX U BOCHAJIEHU S CIU3UCTOMN
xenynka [13]. [Ipeamonaraercs, 4To moclie co3pe-
BaHUs aHTUTCHcHenMpuIecKne T-KIeTKU TTOKU-
maroT IleiiepoBBI OJISIIKY W BBIXOIST B KPOBOTOK,
YTOOBI HAITPaBJIECHHO MUTPUPOBATh B WHMUIIUPO-
BaHHYIO CJIU3UCTYIO, UCIIOJIb3YsI XeMOKMHOBBIE pe-
HEeNTOPHI, IPUOOPETEHHBIC ITPU CO3PEBAHUMU.

Cpennn MHOTOYMCIIEHHBIX XEMOKHWHOB, CHH-
Te3 KoTopbix H. pylori 3anyckaet B xenyake [1],
HauOOJBIINK POCT MNPOAYKIIMU HabIgaeTCs
y CCL20 u IL-8 [5, 7, 27, 28]. COoOTBETCTBEHHO,
npu H. pylori-uHdexnuu cieayeT oXKuaaTh MHTEH-
CUBHYIO MUTPAIIAIO U3 KPOBU B CIM3UCTYIO KJIE-
TOK, 3kcnpeccupyoux peuenrtrop CCR6/CD196,
KOTOpbIN pacrio3dHaeT xeMoknuH CCL20. B rere-
porennyio rpynny CCR6" KJIeTOK KpOBU BXOISIT
IEHAPUTHBIE KJCTKU, B-TMMOOOMTHEI M 4YacThb
CD4* T-numdouuToB, BKJI0O4as HanuboJiee 3pesyio
YacTh HUPKYJIUPYIOIINX PETyISITOPHBIX T-KJIETOK,
oonpmnHCcTBO Thl7, wacte Thl, a Tak:ke Majo-
yuciaeauble Thl/Thl7 n Th22 [7, 14, 23, 28, 30].
Ilpu H. pylori-undexuun HabaOIaeTCSI oboraiie-
Hue ciausuctoin xenyaka CCR6' geHAPUTHBIMU
kaeTtkamu, B-numdoumramu, CCR6" T-kineTrkamMu
¢ (DCHOTUIIOM 3PEJIbIX AaKTUBHPOBAHHBIX KJIETOK
namMsati 1 CCR6" peryasitTopHbiMu T-KaeTKamu |7,
26, 27]. Ot HabOMOOEHUS TTOATBEPKIAIOT 3HAYU-
mocTh CCR6-01mocpenoBaHHO MUTpannuu B ¢op-
MUPOBAHUM CITeIIM(PUIECKOTO COOOIIEeCTBA KJIETOK
WMMYHHOM CHUCTEMBI B MH(MUIMPOBAHHOW CJIH-
3ucTtoii. B naHHoi1 paboTe sl OLEHKU y4dacTUs
nupkyaupymomnx CD4*CCR6* T-kK1eTOK B UM-
MYHHOM OTBeTe Ha H. pylori Mbl cpaBHUBAJI KO-
JIMYECTBO aHTUTEHCITEIM(PUUIECKUX KJIETOK Cpeau
CD4*CCR6" u CD4"CCR6~ KJIETOK KPOBH JIO-
e, "HPUOUPOBAHHBIX W HEWH(MUIIMPOBAHHBIX
H. pylori.

Matepuainbl 1 METOLbI

WUccnenoBaHue TIpoOBEAEHO B COOTBETCTBUU
C TIOJOXEHMSIMU XeJbCUHKCKON JeKJaapaluun
BceMupHO MeTUIIMHCKOI accouMaluyu «DTUYec-
KHWE TTPUHLIUNBI MPOBEACHUSI HAYYHBIX MEIULIMH-
CKUX UCCJIEAOBAHUI C yYaCTUEM YeJIOBEKA B Kade-
CTBE HUCIBITYEMOTO» U OJOOPEHO JIOKAJTbHBIM 3TU-

yeckuM komutetoM PBYH HHU DM um. akane-
muka M.H. bnoxuHoii. Bce o0ciaenoBaHHbIe naau
MHGOPMUPOBAHHOE COrjlache Ha yJacTHe B HCCIIC-
moBaHnuu. [lpm uccienoBanuu nevicrsust H. pylori
Ha (EHOTUN MOHOIIMUTOB, MpOJIMbEepannuo JTUM-
douuToB u coxpaHeHnue akcrpeccun CCR6 in vitro
MCIO0JIb30BaJlaCh KPOBb 15 B3pOCIIbIX 3JOPOBBIX 10-
HOpOB. [Ipy oleHKe MHAYIIMPOBAHHONM aHTUTCHOM
9KCITPECCUM aKTWBAIIMOHHBIX MapKepoB oOciie-
JOBaJId B3POCJBIX OOJIBHBIX C IOATBEPXKICHHOM
H. pylori-undexuueit 1 nuarHosom ractput (N =
13, Bo3pact — 42,58+3,23 rona, Mmyx4nH — 53,84%)
W B3POCJIBIX JIOHOPOB TPYIIILI CpaBHEHWS 0e3
H. pylori-undexnun (N = 7, Bo3pact — 41,29+6,2
romga, MyxXuuH — 57,14%). Kputepusimu uCKII0-
YeHUsI OBUIM IIPUEM TOPMOHAJIBHBIX ITperapaTos,
AaHTUOMOTUKOB, UMMYHOCTUMYJISITOPOB WJIN BaK-
IIMH B T€YEHUE TOCIEAHEr0 Mecsia, ayTOUMMYH-
HbIe 3a0osieBaHusA. Hanuuue H. pylori y 001bHBIX
MOATBEPKAAaIN Ypea3HBIM TECTOM U OOHapy:xKe-
HueMm JIHK Bo3OyauTenss nmojvmepa3sHoO LieMHON’
peakuueii (ITLP). OrcyrcTtBue H. pylori y 1OHOPOB
TPYNIIBl CpaBHEHUS YCTaHaBJIMBAaJU IO OTCYT-
CTBUIO aHTUTCHOB H. pylori B Kaje 1 aHTUTEI K BO3-
OyIUMTENI0 B CBIBOPOTKE KPOBU. JIJ15T MoMcKa aHTH-
reHoB ucrnoab3oBaau «H&R H. pylori. One Step
H. pylori Antigen Test Device» (Vegal Farmaceutica
S.L., Ucntanus). [Torck aHTUTE IPOBOIUIIN C TI0-
MOIIbI0O UMMYHO(pEepMEeHTHBIX TecT-cuctem « 1DA-
Xennkobakrtep-I1gG», «MDA-XenukobakTep-IgA»

n «MPA-Xenukobakrep CagA-antuteina» (AO
«®9KOnab», Poccus).
s  MMMYHOJOTMYECKMX  OKCHEPUMEHTOB

in vitro ucrioab3oBanau cycneHsuu H. pylori ¢ 006-
MM colepXaHueM Oakrepuii 8 x 10%, KoTopble
OblIM JIIOOE3HO MPEAOCTaBJEHbI 3aBEAYIOLUIUM
naboparopueii A.B. MaTtBeuueBuIM. H. pylori xpa-
HWIU npu Temnepatype MuHyc 70°C B 3MOpu-
oHaJibHOM Tenstubeit ceiBopoTke (FCS) ¢ 10%
numetuiacyibbokcuna (DMSO). Ilpen wucrnoab-
30BaHMEM, OaKTCpUHW pa3MOpaKMBaJINCh, OIHO-
KpaTHO OTMBIBAJINCH LIEHTPU(DYTUPOBAHNEM U pE-
cycrieHanpoBaiuchk cpenoit RPMI-1640 (Gibco,
Benukoopuranus). ConepxXaHue BO30yaUTEINs
B CyCIIeH3USsIX onpeaesiiu ¢ mnoMmouibio ITLP B pe-
aJIbHOM BPEMEHMU TIPpU CPaBHEHUWHU C pa3BEICHUSIMU
3apaHee M3rOTOBJEHHOro CTaHIapTHOToO oOpa3s-
1a ¢ MCXOAHOM KoHuUeHTpauueir 3 x 107 H. pylori/
mi (puc. 1). Onsg sergeneHus JJHK ucrmonb3oBanmn
Ha6op ITPOBA-HK (JIHK-texHosnorusi, Poccus),
a JUIS BBITIOJTHEHU ST peaKlluu — Habop peareHTOB
nnst [P Helicobacter pylori (AHK-TexHomorus,
Poccust) u mpubop «Stratagene Mx3005P» (Agilent
Technologies, CIIIA) B COOTBETCTBUU C UHCTPYK-
UMM TIpou3BoauTeneit. Iyt aHanu3a pe3ynbra-
TOB MCIIOJIb30Baau MakeT nporpamm MxPro gPCR
(Agilent Technologies, CIIIA). Mopdomornyeckyio
COXPaHHOCTbH OaKTepUii OLIECHUBAJIN MUKPOCKOIIH -
eil Ma3KoB, OKpallleHHbIX 1o ['pamy.
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dnyopecueHLms
Fluorescence

Uuknbl/Cycles
= e e e e Obpasel, HEX/Sample, HEX
@ OOpa3seL, FAM/Sample, FAM
MonoxuTensHbin koHTponb, FAM/Positive control, FAM

PucyHok 1. Mpumep pesynetarta MNUP ¢ AHK
n3 cycneH3uu H. pylori
Figure 1. H. pylori suspension DNA PCR data

MoHoOHYKJIeapHble KJIETKU IepudeprudecKoit
kpoBu (PBMC) Bblaensnu LHeHTpUGyTrupoBaHU-
eM Han cinoeM Jluakonna-1077 (JAua-M, Poccus),
JIBa>KJIbl OTMBIBAJIM, U PECYCIICHAUPOBAJIN B I10JI-
Hoit nutatenabHoli cpene (ITIC) cnengytouiero co-
crtaBa: RPMI-1640 (Gibco, BemukobpuTaHus)
¢ 10% FCS (PAA Laboratories, ABctpust). PBMC
BbiceBaau B 48-nyHouHble maaHmeTsl (Costar,
CIIA) 1o 2 x 10° xkjeToK Ha JIYHKY U MHKYOUpPO-
Basu B TeueHue 2 4 npu +37°C u 5% CO,. 3arem
HENMpUKpenuBIIdecss JUM@OLUTHI  cobupasu,
MOJCYUTHIBAJIIM U TIepeceBaii B CBEXME JTYHKHU.
Ilo pasHuue konuuectBa PBMC o aare3uu u He-
MPUKPEITUBIIUXCS JMUMGOIMTOB TOCJIE aare3uu
paccCUYMTHIBAIM KOJMYECTBO 3acCeIHHBIX MOHO-
nuToB. B paboTe MCIONB30BaIu JIYHKHU C pacueT-
HBIM KOJIMYECTBOM MOHOIMTOB OT 4 X 10° 10 6 x 10°
Ha JOyHKY. [IpukpenyieHHble MOHOILIUTH MHKYOU-
posayiu B IITIC 6e3 1oMOoIHUTEIbHBIX CTUMYJISITO-
poB unu ¢ gobasiaeHueM H. pylori 10 KOHLIEHTpa-
uuii ot 10* o 107 6akrepuii/mn. KoHedHbI 00b-
eM cpelibl B JIyHKax cocTaBisiy 0,5 M. MOHOLIUTBI
KyJabTuBUpoBanu npu +37°C u 5% CO, B TeueHue
20 nau 44 4 ¥ UCTIONB30BAJM IS OLIEHKU (peHOo-
Tumna. Jas aToro KjaeTku okKpaluBaiu diaroopec-
LIEHTHO MEYEHHBIMU MOHOKJIOHAJbHBIMU aHTUTE-
namu (mAb) Kk HLA-DR, CD14 (Cop6enT, Poccus),
CD80 n CD86 (eBioscience, CIIIA). AHanu3 npo-
BOAUJIM Ha JIa3¢pHOM NIPOTOYHOM IIMTOMJII0OpU-
meTpe «FacsCalibur» (BD, CILIA), reiiTupyst MOHO-
uuThl o npopuato npsmoro (FSC) u 6okoBoro
cBetopacceuBaHus (SSC) u Hannuuio HLA-DR.

B npyrux skcriepyMeHTaX MOHOLIMTBI, Harpy-
JKeHHbIe aHTUureHaMmu H. pylori, ICTIOJIb30BaIU IS
CTUMYJISILIUY JTUMGOIIMTOB B CHHI€HHOI CMeIlIaH-
HOI KyJbType. J1JIsSI 5TOro MOHOIMTHI KYJIbTUBUPO-
Basu 20 4 6€3 MUKpOoOpraHusMoB uiu ¢ H. pylori
B KoHIeHTpauuu 107 6akTepuii/MJ, KaK 3TO OIU-
CaHO BBIIIE. 3aTeM M3 KYJBbTYp OTOMpaau Cpemy
¢ 0akTepusiMU, MOHOLIUTBHI OCTOPOXKHO ITPOMBI-

Baysu terioit INTIC u B Kaxkayio JIYHKY BHOCUJIU
auMmdbountsl mo 10° knaetok B 0,5 mu IITIC. Takxke
3aceBaJid KOHTPOJbHYIO JYHKY JUM@POUIUTOB Oe3
MoHoLUTOB. KieTku nHKyouposaiu 72 4, cobupa-
Jau v okpambaau mAb k CD4 (Copb6eHT, Poccus),
CCR6 u CDI134/0X40 (Elabscience, Kuraii).
3aTeM KJIETKU OTMbIBaJIM, (PMKCUPOBAIM M aHa-
JIM3UPOBAJIM Ha ITPOTOYHOM IUTODIIOOPUMETPE
«FacsCalibur», mogcuutsiBas noiaw OX40" kjeTok
Breritax CD4"CCR6* 1 CD4"CCR6~ n1nM@pOLUTOB.

Hns oueHku mnponaudepandu JTUM@POIUTHI
rnepea 3aCeBOM B CMEIIaHHYIO KYJIbTYPY OKpaIln-
BaJu 3¢puUpoM KapOokcudiyopeclernHa CyKIIMH-
umuauaa (CFSE). s aToro 1MMbOLUTH ABaXK-
bl OTMbIBanu 3a0ydepeHHbIM dochaTtamu bu-
3uojorudyeckum pactpopom 6e3 Ca u Mg (PBS)
u pecycneHaupoBaiu B PBS no koHueHTpauuu
107 xymeTok/Ma. HemocpeacTBeHHO mepen oKpa-
IIMBaHWEM pa3MopaXxuBajld aJlukBory 5 MM
pactBopa CFSE (eBioscience, CIIIA) na DMSO
U pa3BoauUIM ero crepuiabHbiM PBS no kKoHIieH-
Tpauuu 250 MxM. K numdonutam nodaBiasiau
CFSE no xoHueHTpauuu 2,5 MKM U UHKYyOU-
poBanu 5 muH nipu +37°C u 5% CO,. 115 octa-
HOBKM peaKIMM K KJIETKaM MeIJICHHO T100aBJIsIIN
5 ma PBS, a 3atem 5 mu TITIC, ocTopoxkHO mepe-
memuBas. KiaeTku ocakjganav, OJHOKPATHO OT-
MbiBau, pecycrieHaupoBaau B IT1C u 3aceBanu
B KOHTPOJIBHBIE KYJIBTYPbl U CHHT€HHBIE CMEIITaH-
HbIE KYJIBTYPbl C MOHOIIMTAMU, KaK 3TO OIMCAHO
Bbile. Yepe3 72 4 oueHUBaAIU paclipeaeaeHue
CFSE B numdonutax ¢ mMOMOIIbIO MPOTOYHOTrO
nutodaroopumerpa «FacsCalibur».

B oTaenbHOM 3KCIIEpUMEHTE OLIEHUBAJIW BIIUSI-
HMeEe MOHOIIMTOB, HAarpyXeHHbIX H. pylori, Ha coxpa-
HeHue perentopa CCR6 Ha MemOpaHe JTuMdoOnu-
TOB. st aTtoro n3 PBMC Beimensiin CD4*CCR6*
T-k7eTKu ¢ TOMOIIbI0 MarHUTHOW cernapaiuu,
ucrnoab3yss Habop EasySep Human CD4" T Cell
Isolation Kit u pearentet CCR6™ Positive Selection
Cocktail II, EasySep Releasable RapidSpheres 50201
u EasySep Release Buffer (Stemcell Technologies,
Kanapnga), kak 3To ObUIO omnucaHO paHee [2].
YUCTOTY TOJYUYEHHBIX KJIETOK ITPOBEPSJIMU C IO-
Molblo okpamuBaHusi mAb k CD4 (CopOeHT,
Poccus) u CCR6 (Elabscience, Kurait) u mpoTou-
HOU nuTodaroopuMeTpu. MOHOLIUTHI KYJIBTUBU-
poBau 20 4 6€3 MUKpPOOpPraHu3MoB uiu ¢ H. pylori
B KOHUeHTpauuu 107 GakTepuii/Mj, OTMbIBAIU
U B IYHKHM C MOHOILIMTaAMK BHOCUIU 1o 1,25 x 10°
ounIIeHHBbIX cuHTeHHBIX CD4*CCR6* T-KieTOK.
KiieTku KyapTuBMpoBaau 72 4, oKpamuBaid mAb
K CCR6 1 aHATM3UPOBAIU C TIOMOIIBIO TPOTOYHO-
ro uutodaroopumerpa «FacsCalibur», reidtupys
JguMmdonutsl o npoduo FSC u SSC.

Ipm cTaTuCTUYECKOM aHaAJIU3€e pe3yIbTaTOB aH-
TUTEHCIIeUM(GUUIECKON aKTUBALIUU JIUMQOIIMTOB
ucnosb3oBaau TecT PpuaMaHa AT CpaBHEHUS
HECKOJIBKUX 3aBUCUMBIX BHIOOPOK M TIPU OTKJIOHE-
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HUM HYJIEBOW TMMIOTE3bl 00 OTCYTCTBUU pa3uunid
IMTPOBOJIUJIM CPpaBHEHME Map BHIOOPOK C ITOMOIIBIO
PaHTOBOTO TECTa COTJIaCOBAaHHBIX Map YUJIKOKCOHA
(manee B TeKCTe — TecT YUJIKOKCcoHa). Kpome Toro
ucroyb3oBaiu T-tect CThIoAEHTA IS 3aBUCUMBIX
BBIOOPOK U PacCUUTHIBAIU KO3(DDULIMEHT KOoppe-
aguuu IMupcona.

Peaynbrathl

HccnenoBanmu OTBET MOHOIMTOB U JIMMDO-
IIUTOB Ha aHTUTreHbl H. pylori B yCcnoBusX in vitro.
JIBamaTnyacoBoe KyJbTHBUPOBAHNE MOHOIIMTOB
KPOBU B3POCIBIX 3I0POBBIX MOHOPOB ¢ H. pylori
BBI3BIBAJIO YCHJICHWE DOKCIIPECCUU MOHOIIMTA-
Mu MeMOpaHHBIX Mojekyn CD80 u CD86, He-
OOXOMWMBIX IJISI HOMOJIHUTEIbHON CTUMYISIIUN
T-muMdboInTOB B XOAe Mpe3eHTAIlMd aHTUTCHOB
(Tak Ha3BIBAGMBIX KOCTHUMYJIHUPYIOIMINX MOJCKYI).
DTO ycuUJIeHNE B3KCIPECCUU ITPOSIBISIIIOCh B POCTE
TeOMEeTPUICCKON cpeaHeit MHTEHCUBHOCTHU (PJTI00-
pecuenumu (GMFI) okpamenubix mojiekya CD80
n CD86, a Takxe B yBenudyeHun goau CD80" kie-
TOK TP MaKCUMaJIbHOM WMCIIOJIb30BaHHOI KOH-

ueHtpauuu H. pylori 107 6akrepuii/mia (puc. 2A).
TToBbimenue GMFI 06pa31ioB KJIeTOK, OKpallleH-
HBIX B CTaHOApTHBIX YCJOBHUSIX, PaClEeHUBaJIOCh
HaMU KaK CBMIETEJbCTBO YBEJIUUYCHUS CPEIHEro
KOJINYECTBA KOCTUMYJUPYIOIIMX MOJIEKYJ Ha Of-
Hol kyieTKe. [Ipn KyJIbTMBUPOBAHUU YaCTh MOHO-
LIMTOB yTpauuBaJa CBOU JuHeiHbI1 Mapkep CDI14,
OHAKO 3TOT IpPOLlECC HEe 3aBUCE OT Haaudus
H. pylori B xynbrype. Tak:xe nodasnenue H. pylori
HE BJIMSJIO Ha DKCIPECCUIO MOJIEKYJbl TJTaBHOTO
KoMmIuiekca ructocopmectumocTu 11 kymacca HLA-
DR. KynbTuBupoBaHue MOHOLMTOB ¢ H. pylori
B TeueHue 44 4 He MPUBOIUIIO K AOMOJTHUTEIbHOMY
POCTY SKCOPECCUU MOJEKYJ, aCCOLMUPOBAHHBIX
co ctumyasuueit aumdonuton (puc. 2b). B cBs-
31 C OTUM B JajibHeu1Ieil paboTe Mbl UHKYOUPO-
Banu MoHoUUTHI 20 u ¢ H. pylori B KOHIIEHTpalLIUU
107 6akTepuii/miI.

st oueHKU npoaudepanud AMMbOIUTOB UC-
noJib3oBasiu iaroopecueHTHbIN Kpacuteab CFSE,
KOTOPBI CTOWKO OKpallvBaeT >KWBbIE KJIETKU
U NpU JNEeJeHUU Dpa3AessieTcs MeXAY JOYEePHUMU
KJeTKaMH, B pe3yjbTaTe 4ero ¢JIoopecueHIIns
noToMKOB cHuxaetcst (puc. 3A). IlokazaHo, 4TO

60 60
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40 Y 40
X s B =
20 i °
20 i 20
]
%
0 0 = 0
CD14 CD80 CD86 CD14
120 1 120 1
30 1 30 -
90 A 90
204 _ E _ 204 —
- 3 L L g
('% ('% 60 ;:» % (% 60
10 1 304 | [k 10 4 30 -
3
0- o LLE B2 - R 0- o 1Lk - :
CD14 HLA-DR CD80 CD86 CD14 HLA-DR CD80 CD86
¢ H. pylori/with H. pylori
l0g,, KOHUEeHTpaumu H. pylori/log,, of H. pylori concentration
O 6e3 MukpoopraHnama B4 E5 |6 m7
without microorganisms

PucyHok 2. 3kcnpeccus MeMOpaHHbIX MOneKyn Ha MoHouuTax yepes 20 (A) u 44 4 (B) nHKyOupoBaHus

¢ H. pylori

Figure 2. Expression of monocyte membrane molecules after 20 (A) and 44 hour (B) incubation with H. pylori
MpumevaHue. [laHHble NpeacTaB/ieHbl Kak cpeaHsasa+cTaHaapTHas owmnbka cpenHei (M+SEM). 3Hak * nokasbiBaeT p < 0,05

B napHom T-TecTe CTblogeHTa ¢ nonpaskot bBoHbeppoHu.

Note. Data are presented as meanzstandard error of the mean (M£SEM). Symbol * indicates p < 0.05 in paired Student’s T-test

with Bonferroni correction.
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Npu KYJIbTUBUPOBAHUU JUMGPOIUTOB 6€3 MOHO-
IIUTOB M CTUMYJISITOPOB B TeueHHe 72 4 B JeJICHUE
BcTyImajio MeHee 2% kieToK. COBMECTHOE KYJIbTH-
BUpOBaHUE JTUMGOIMTOB C CUHT€HHBIMU MOHOIIM-
TaMu 60Jiee YeM B 2 pa3a yBeJIMYMBaJIO KOJIUIECTBO
nenuBIIUXcsd JuMdonuTos. IlpenHKyOanuss Mo-
HOUMTOB ¢ H. pylori BbI3bIBasa TOMOTHUTEIbHBIN
HEOOJIBIIION, HO CTAaTUCTUYECKU JTOCTOBEPHBIN
MPUPOCT KOJIMYECTBA ACTUBIIUXCS JTUMMOIIMTOB
(puc. 3b).

IMocKoJIbKY B CIeAYIONIMX IKCIIEPUMEHTAX MBI
MJaHUPOBAJIM OLEHUTh aHTUTEeHCHEIU(PUIECKYIO
akTuBauuio T-KJETOK in Vitro B 3aBUCUMOCTU
OT 9KCITPECCUM Ha HUX XeMOKWHOBOI'O pelernTopa
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CobbiTua/Events

60
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CCR6, MBI BBITIOJIHUIN JOIOJHUTEIBHBIA 3KC-
MEePUMEHT, B KOTOPOM ITOKa3aju, YTO KYJIbTUBU-
poBaHue T-KJIeTOK 06€3 CTUMYJSIUU UJIU C MOHO-
LUTaMU, Harpy>XeHHbIMU H. pylori, He mpuBOIUT
Kk yrpatre CCR6 ¢ HapyxXHO MeMOpaHBI JIUMGO-
LUTOB. DTOT peUEenTOp IKCIIPecCUupyeTcss Ha 3Ha-
yutesibHOM KkosnudectBe CD4" T-numdouuToB
1 Ha MaJjioM koaudectBe CD8* T-knetok (puc. 3B).
s 1OMOJHUTEIbHOIO 3KCIEePUMEHTa Mbl BbIAC-
auan CD4*CCR6" T-kjeTku ¢ 4ucTtoToii > 95%
C TMOMOIIbI0 MarHuTHoit cemapauuu (puc. 3I)
U 3acesisIM 3TU KJIETKU B MOHOKYJBTYPY U B CMe-
IIIaHHbIE CUHTEHHbBIE KYJIbTYPbl C MOHOLIMTaMMU,
Harpy>XeHHbIMU W HE€ HarpyxXeHHbIMU H. pylori.
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PucyHok 3. MoHOLMTbI, HarpyXeHHble H. pylori, ycunueatot nponudepaumio numopouunTos (A, b),
HO He Bbi3biBalOT NoTepio peuentopa CCR6 CD4* T-knetkamu (B-4)
Figure 3. H. pylori-loaded monocytes promote lymphocyte proliferation (A, B) but cause no loss of CCR6 receptor

in CD4* cells (C-E)

Mpumeuanue. A) Kpacutens CFSE B numdoumTtax, pocLumnx 63 MOHOLMUTOB (TMCTorpaMmMa ¢ CEPbIM NosieM), U B IMMOoLIMTAX,
POCLUMX C MOHOLMTaMU, HE Harpy>XeHHbIMY (TOHKas YepHas IMHUS) U Harpy>XeHHbIMu H. pylori (Tonctas YyepHas nuHus). OTpesok
M1 oTmeuvaeT genuBlumecs kneTku. KneTtku, ceexeokpatleHHble CFSE, 0603HaueHbl NyHKTUPOM. HeokpalleHHbIe KNEeTKU 30,eChb
1 Ha cnepyoLmx rpadurkax 0603Ha4eHbl ToHeUHOM NuHKel. B) Jona nenvsLumxcs niMM@OoLMTOB B KybTypax MMM ounTos (L)

1 B CMELUAHHbIX KYyNbTypax TIMM@OLUTOB C MOHOLMUTAMK, HE HArpyXeHHbIMK (L+M) 1 HarpyxeHHbiMu H. pylori (L+M Hp). JaHHble
npenctaeneHbl kak M+SEM (N = 9). 3Hak * otmevaeT p < 0,01 B napHom T-TecTte CTbiogeHTa. Skcnpeccus CCR6 Ha CD4*
(Tonctas nuHus) n CD8* (ToHKas nuHus) numdoumTax Kposu 10 pasaeneHus (B), Ha oumnteHHbix CCR67CD4' T-kneTkax (Toncras
JINHWS) HENOCPEeACTBEHHO noce BblaeneHus () n yepes 3 CyToK KyNbTUBNPOBaHNS 6&3 MOHOLMTOB (TMCTOrpaMma C CepbiM
noJsieM) UM C MOHOLUMTAMM, HeHar py>XeHHbIMM (TOHKas IMHKS) 1 HarpyxeHHbiMu H. pylori (Tonctas nuuus) (4). Otpeskun M2

otmeyatot CCR6* knetku.

Note. A) CFSE dye in lymphocytes grown without monocytes (histogram shaded in gray) and in lymphocytes grown with unloaded
(thin black line) and H. pylori-loaded (thick black line) monocytes. The M1 segment marks dividing cells. Cells freshly stained with
CFSE are indicated by dash line. Unstained cells here and in the following plots are indicated by a dotted line. B) The percentage
of dividing lymphocytes in lymphocyte cultures (L) and in mixed cultures of lymphocytes with monocytes, not loaded (L+M) and
loaded with H. pylori (L+M Hp). Data are presented as M=SEM (N = 9). Symbol * indicates p < 0.01 in dependent Student’s T-test.
C) Expression of CCR6 on CD4" (thick line) and CD8" (thin line) blood lymphocytes before separation (C), on purified CD4*CCR6*
T cells (thick line) immediately after separation (D) and after 3 days of cultivation without monocytes (histogram with gray field)

or with monocytes unloaded (thin line) and loaded with H. pylori (thick line) (E). The M2 segments mark CCR6" cells.
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OrleHka (heHoTHuIa KJIEeTOK 4yepe3 72 4 KYyJbTUBU-
poBaHUs MoKa3zaJia, 4YTO JUMQOIUTHI IMOJTHOCTHIO
coxpanuiau akcrpeccrio CCR6 Bo Bcex Tpex TUITAX
KYJBTYP, BKJIIO4ast KyJbTypPbl C MOHOIIMTAMM, Ha-
rpyxeHHbimMu H. pylori (puc. 31).

Js1  BBISIBJICHUS  aHTUTCHCIIEIIUPUUIESCKUX
T-KJ1eTOK OlleHMBaJIM SKCITPECCUIO0 MapKepa aKTH-
Bauuu OX40 Ha CD4"CCR6" u CD4*CCR6~ 1um-
doumTax KpoBU IIPU KYJIBTUBUPOBAHUM C MOHO-
OUTaMU, Harpy>XXeHHBIMU aHTUTreHamMu H. pylori.
B kayecTBe KOHTPOJBHBIX MCIOJIb30BAJU KYJIb-
TYpbl TUM@OIMTOB, a TaKXXe CMEIIaHHbIe KYJIb-
TYPBI TUMMOIIUTOB C MOHOIIMTAMM O€3 aHTUTCHOB
BO30ynuTesisi. B akcniepuMeHTax MCHOJIb30BaJIUCh
KJIETKU KPOBU NalueHToB ¢ H. pylori-uHdexuuei
¥ 3J0POBBIX TOHOPOB, KPOBb KOTOPHIX HE COMEP-
JKaJia aHTHUTeJa K BO30yIUTeII10, a KaJl — aHTUTeHBI
H. pylori. TToka3zaHo, YTO BKYJbTYypax KJIETOK KPOBU
WHOULIMPOBAHHBIX MAlIMEHTOB aHTUTeHbI H. pylori
YBEJMYMBAJIN  KOJMUYECTBO aAKTUBUPOBAHHBIX
CD4" T-numdouuToB (puc. 4). Y a3TUX MallUEHTOB
B KOHTPOJBHBIX KYJIbTypax JUMGOIMTOB MapKep
0OX40 croHTaHHO 3KcmpeccupoBanu 3,06%£0,55%
CD4"CCR6" nmumdouutoB u 0,55+0,18% CD4*
CCR6~ naumdouuToB (34ech U Jajiee B TEKCTE
JaHHble TTpuBeaeHbl kKak M*SEM). lobaBieHue
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K IMM@OILIMTAM CUHTEHHBIX MOHOILIMUTOB 06€3 aHTU-
T€HOB BO30OYyAMTENSI YCUJIMBAJIO 3KCIIPECCUIO aK-
TuBallMoHHOro Mapkepa OX40. HMcnosib3oBaHue
MOHOIIMTOB, HATPY>XXEHHBIX aHTUreHamu H. pylori,
BbI3bIBAJIO 3HAYUTEJIbHBII JOMOTHUTEIbHbBII MPU-
pocT KonuyecTBa OX40" aKTUBUPOBAHHbBIX KJIETOK
B 0OEMX aHATU3UPYEMbIX CYONON YIS LU SIX TUMGO-
LMTOB MHPULMPOBAHHBIX MalMeHTOB (puc. 4A).
MHayupoBaHHBI aHTUTE€HOM POCT KOJMYECTBA
aKTUPOBAHHBIX KJETOK Y WHOUIIMPOBAHHBIX
AUl obsagan BBICOKMM YPOBHEM CTaTUCTUYEC-
KOl JOCTOBEPHOCTU: BEPOSTHOCTh OTCYTCTBUS
pasnuuuii (rmokaszarteab P) moaum akTUBUpPOBaH-
HBIX KJIETOK B KYJIbTypax ¢ aHTureHamu H. pylori
1 0e3 HUX B TeCTe YUJIKOKCOHA COCTaBJISIJI BCETO
anmb p = 0,0024 nnsg CD4*CCR6" xyeTok n p =
0,0081 gma CD4*CCR6~ kieToK. OIHAKO BETUYU-
Ha aHTUTEH-UWHAYLUPOBAHHOIO MPUPOCTa B IBYX
cyornonyasiuusax KJIeTOK 3aMETHO pa3jnyasach.
B cy6nonynsiuuu CD4*CCR6" nuMdouunToB aH-
turensl H. pylori odycnaBiuBaau MPUPOCT KOJTU-
YyecTBa aKTUBUPOBAHHBIX KJIeTOK Ha 1,8940,55%.
B cyononyasuuu CD4"CCR6~ KJIETOK 3TOT I1O-
KaszaTejib OblJ1 3HauuTeaIbHO MeHbine (p = 0,0012
B TeCT€ YMJKOKCOHA) U COCTaBJISIJ BCEro JUIIb
0,58+0,19%.
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PucyHok 4. flons aktuBupoBaHHbix 0X40" numdounutos cpeamn CD4* T-kneTok, pasnmyarowmxcs

no akcnpeccun CCR6, B kynbTypax numeoumnTtoB (L) n B CMeLlaHHbIX Ky/IbTypax IMM$OLUTOB

C MOHOLMUTaMM, He Harpy>xeHHbiMu (L+M) n Harpy>xeHHbIMu aHTUredamm H. pylori (L+M Hp)

Figure 4. Percentage of activated OX40* CD4" T cells with varying CCR6 expression level in lymphocyte cultures (L)
and mixed lymphocyte cultures with monocytes loaded (L+M) or not with H. pylori antigens (L+M Hp)

npumeqauue. A) Me,u,vlaHa, HUXHUI 1 BerHI/II‘/'I KBapTUIn, MUHUMalIbHOE N MakCMallbHOE 3Ha4YeHne npeacTtaByieHbl B BUae

Kopo64aToii auarpaMmbl. Pe3ynstaTbl CpaBHEHMS B PaHrOBOM TECTE COrflacoBaHHbIX Map YMIKOKCOHa NokasaHbl CleayoLuumm
3Hakamu: *p < 0,01; **p < 0,005; ***p < 0,001. B) JaHHble NpeAcTaBNEHbl B BUAE MHAMBUAYAbHBIX 3HAYEHWIA C pa3feneHnem

o6cnenoBaHHbIX MO BO3pacTy.

Note. A) The box plot shows medians, lower and upper quartiles, minimum and maximum values. The comparison results in the
Wilcoxon matched pairs rank test are shown by the following signs: *p < 0.01; **p < 0.005; ***p < 0.001. B) Data are presented as

individual values. The subjects were divided by age.
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B kynabrypax knaetok kpoBu H. pylori-
HETaTUBHBIX JOHOPOB Harpyska MOHOIIUTOB
aHTUIeHaMM BO30yAMTENsl HE BbI3bIBaJjia NOCTO-
BepHOro mnpupocrta koaudectBa OX40" KiaeTok
Hu cpeau CD4"CCR6% nuM@oOUMTOB, HU Cpenu
CD4*CCR6~ numdouutoB (puc. 4A). AHanus
WHAUBUAYAJbHBIX 3HAUYEHUU TMOKazaj, 4YTO cpe-
nu H. pylori-HeraTUBHBIX HJOHOPOB ObLJIU JIOIU,
JAUMOOLUTHl KOTOPBIX OTBETUJIM Ha aHTUTIe-
Hbl H. pylori yBenudeHueM goau OX40" kieTok,
a TaK>Xe JIIOAU, Y KOTOPBIX A0JIsI aKTUBUPOBAHHBIX
KJIETOK MOJ AeWCTBHEM aHTUIEHOB CHMXKaJach.
WNHTepecHo, uTo y Tpex H. pylori-HeraTUBHBIX J10-
HOpOB, UMeILIMX Bo3pacT 47, 60 u 61 roa, 1um-
GOLUTHl OTBETUJIM HA AHTUTEH YyBEJIUYECHUEM
poaun OX40" kjgeTok, mpuyeM BTO yBeJUUYEeHUE
HaObJII01a10Ch B 00€1X aHAJIU3UPYEMBbIX CyOMnony-
aguugax JumeouutoB (puc. 4b). OcTanbHble He-
UHOUIIMPOBaAHHBIE 00CJIeIOBAHHbBIE UMEIU BO3-
pacT 40 u MeHee JIET, U U3 HUX JIUIb Y OAHOTO ObIJI
3aperucTpUpoBaH HEOOJBIIONW AaHTUTEHUHIYIIU-
POBaHHBI POCT KOJIMYECTBA aKTUBMPOBAHHBIX
kJietok cpenn CD4"CCR6" nmumdonuToB, Torma
KaK y OCTaJIbHbIX JOHOPOB aHTUTE€HbI BO30OyIUTE-
JISl BBI3bIBAJ CHUXEHUE N0 aKTUBUPOBAHHBIX
KJIETOK B 00eux cyOomnonyasinusXx JUM@POLUTOB.
B pesyabrate, B rpynne H. pylori-HeraTUBHBIX
JIOHOPOB KO2(MGdUIIMEHT KOppeJsiiuu Bo3pacTa
¢ H. pylori-unnyuupoBaHHBIM U3MEHEHUEM KO-
JIMYECTBAa AKTUBUPOBAHHBIX KJETOK COCTaBUJI
0,73 nna cyononynsuuu CD4"CCR6Y numdo-
uutoB u 0,77 nna cyononynsuun CD4*"CCR6-
JUMOOLMTOB, YTO TOBOPUT O MPSIMOI CBSI3U BO3-
pacta u koauvectBa CD4* T-numbonuTos, oT-
BEUaAlOIIMX aKTUBallMed Ha aHTUreHol H. pylori.
B rpynme mHGULIMPOBAaHHBIX MAallMEHTOB, y IO-
JaBJSIONIEro OOJbIIMHCTBA 00CIEIOBAHHBIX Ha-
OJirofaicss akTUBALlMOHHBIA OTBET JUM@OLIUTOB
Ha aHTUreHnl H. pylori, 1 cBsi3b Bo3pacTa U Xa-
pakTepa OTBeTa Ha AaHTUIE€H HE IPOCJeXUBa-
nack (KoadduuueHTs Koppeaguuu: —0,18908633
nasa CD4*"CCR6"Y kietok u —0,097448579 — s
CD4*CCR6™ KJIETOK).

O6cyxaeHne

Panee mbl nokasainu, uro npu H. pylori-undek-
LMK B KPOBU 3HAYMTEJIbHO YBEJIUYMBAETCS COAEP-
xanue 3penabpix CD4"CCR6" T-numdounTtos [3],
U B BTOMU rpyie JuMOLUTOB BO3pacTaeT A0Js
npoBocnanuTeabHbix Thl, Th17 u Thl/Thl17 [2].
Jisa onpenenenust sBopaedeHHocTn CCR6™ T-kie-
TOK B UMMYHHBI# oTBeT Ha H. pylori B jaHHOI pa-
00Te OLEeHUBAM CIIOCOOHOCTDH ATUX KJIETOK pac-
Mo3HaBaTh aHTUTEHbI BO30yautessi. B xome moa-
FOTOBUTEIbHBIX KCIIEPUMEHTOB ObLJIO ITI0KAa3aHOo,
YTO MOHOIIMTHI pearupyiot Ha H. pylori HeOOIb-
LIMM YCUJIEHHUEM O3KCIIPECCUU KOCTUMYJIUPYIO-

mux Mojiekys1 CD80 u CD86 u pocToM crtocoGHO-
CTU CTUMYJMPOBATh NMpoandepaluio CUHTEeHHbIX
JguMmdonutoB. OmHaKO NPUPOCT Mpoaudepanunu,
WUHAYUUPOBaAHHBIN aHTUTeHaMu H. pylori, OblL He -
OOJIBIINM, UTO 3aTPYAHSIJIO oTipenejieHue GeHOTU -
na aKTUBUPOBAHHBIX aHTUTEHOM KJIEeTOK. B cB3U
¢ oTuM Jiad uaeHtudbukauuu CD4* T-kjeTox,
pearupyromux Ha aHTureHsl H. pylori, Mbl Tipu-
MEHUJU OMNpeaejeHUe 3SKCIIPECCUU MOJIEKYJbI
0X40, koTopasi UICMOJIb3yeTCs B KaueCTBE MapKe-
pa aktuBauuu CD4" T-aumMdoUuUTOB, OTAECIBHO
WJIU B COYETAaHUU C ONpeIeIeHUEM APYTUX aKTU-
BallMOHHBIX MOJIEKYJI, Takux kak CD25, CD137
unu PD-LI1 [21, 24, 29]. B Moaenu npe3eHTalluu
AHTUTeHOB B CUHTEHHBIX CMEIIaHHBIX KYJIbTypax
ObLJIO MokKa3aHo, uyTo CD4" T-nuM@pouuThl Kpo-
BU MHPUIIMPOBAHHBIX MAIIMEHTOB COMEPXAT BbI-
SIBJISIEMOE KOJMYECTBO KJIETOK, pearupyroiimnx
akTuBaluei Ha aHTureHnl H. pylori. CpaBHeHUE
CD4"CCR6" u CD4"CCR6~ muMdOonuTOB UHDU-
LMPOBAHHBIX IMAlMEHTOB IokKa3ango, yto CCR6"
Ccyoronyasiuus COAEPKUT 3HAYUTEAbHO OO0Jb-
mee KOJUYECTBO JUM@OLUTOB, cHelUUGUUIHBIX
K aHTUIeHaM BO30yauTess. ¥ JTOHOPOB T'PYMIbI
cpaBHeHU s, He umerowmux H. pylori-undbexuuu
Ha MOMEHT o0cJyiefoBaHM s, Mpe3eHTalusI aHTU-
T€HOB BO30YyIMTENs1 HE BAMSIA HA CPEeIHUE TToKa-
3aTenu aktuBauuu CD4* T-numdouutoB B cMe-
IIAaHHBIX KYJbTypax KJETOK KpoBU. [lpu sTom
WUHAMBUYyadbHas peaklusd T-KJIeTOK ITOHOPOB
Ha aHTuTeHbl H. pylori pazauyanach U 3aBUCea
OT BO3pacTa OOCJeNOBaHHBIX. Y JIUIl CPEIHEro
M TOXUJIOIO BO3pacTa B KPOBU ObLJIM OOHApyKe-
Hbl CD4* T-kjeTKu, pearupyloniyue akTuBaluein
Ha aHTUTE€HBbI BO30YIUTEN s, TOTIa KaK y JOHOPOB
MOJIOIOTO BO3pacTa npeobiagano HeOOJIbIIOE To-
naBJeHue akTuBauuu T-KJIETOK B MPUCYTCTBUU
aHTtureHoB H. pylori. Ml nipeanojiaraemM, 4To Ha-
Jiuyue aHTureHcneuuduyeckux T-KJIeTOK B KpO-
BU H. pylori-HeraTUBHBIX JOHOPOB CPETHETO U TO-
>KUJIOTO BO3pacTa CBUAETEIbCTBYET O COXPAHEHUU
STUMM JIULIAMU KJIETOYHOM MMMYHHOW MaMsTH
O MpealecTBYWIIUX KOoHTakTax ¢ H. pylori, He-
CMOTpPSI Ha OTCYTCTBUE Yy OTUX HOHOPOB aHTHU-
reHcneuudUuyecKuXx aHTUTET B KpoBU. s mom-
TBEPXKJAECHUS 3TOr0 IMPEANOJIOXEHUs TpedyeTcs
npoBeaeHue 60oee MaclITaOHOrO U JJIUTEIbHOTO
ucCcIeqOBaHUS.

3aksyeHme

Kposs nmaniuentoB ¢ H. pylori-undexuueit co-
mepxuT CD4" T-xiIeTKHn, pearupymoIline akKThBa-
uueit Ha antureHdsl H. pylori. CD4*CCR6" T-kJjet-
KM KpoOBM IlalueHTOB ¢ H. pylori-undexuuei,
cojepxaT 0oJibllee KOJIMYECTBO AHTUTEHCIIEL M-
duyecknx nUMEPONUTOB MO cpaBHeHUI0 ¢ CD4*
CCR6~ T-kyieTKaMu.
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U3MEHEHWYA KJIETO4YHOIO UTYMOPAJIBHOI'O
UMMYHUTETA Y NALUMEHTOB

C XPOHU4YECKUM PUHOCUHYCUTOM

B SABUCUMOCTU OT PEHOTUINA SABOJIEBAHUA

0O.B. CmupnoBa, A.A. CuHAKOB

DIbHY Dedepanvhuiii uccaedosamenvckuii yenmp «Kpacnosapexuit nayunwtii uenmp Cubupckoeo omoenenus Poccutickoil
akademuu HayK», 06ocobaennoe noopaszdenenue «HUU meduyunckux npobaem Cesepar, e. Kpacnoapck, Poccus

Pe3iome. [TosiocTh HOCA 1 TTapaHa3aJIbHbBIE CUHYCHI UTPAIOT BaXKHYIO POJIb B (DU3MOJIOTMUECKUX MTPOIIECCaX YeT0BEUECKO-
r'0 OpraHu3Ma, 4To 00yCJIOBJIMBAET HEM3MEHHOE BHUMaHMe Bpaueil MHOTUX CITEIIMaTbHOCTEN K COCTOSTHUIO U TTaTOJIO-
I'MYECKUM M3MEHEHMSIM BBILIEYKA3aHHBIX OTAEJIOB ABIXaTebHON CUCTEMbl. PUHOCHHYCHTBI 3aHMMAIOT OHO U3 BEIY-
IIMX MECT B CTPYKTYpE BOCIAJUTEIbHOI MAaTOJOIMU OKOJOHOCOBBIX Ma3yX HE3aBUCHMO OT BO3pacTa, KIMMaTHUeCKON
30HBI POXXUBAHUS M YPOBHS XKU3HU MallMeHTa. XPOHUYECKU T pPUHOCHHYCUT BCTPEYaeTCsl pexe, YeM OCTpPbIi, OTHAKO
CUMTACTCS CAMBIM YaCThIM XpOHUYECKUM 3a00sieBaHMeM. JlaHHas IaTOJIOr s pa3BUBACTCS B cpeaHeM y 5% HaceseHusl,
nocaenHue 10 net orMevaetcs poct 3aboneBaemocTu XPC Oonee yem B 2 pa3a. B cTpyKkType rocnuTaan3npoBaHHBIX
B OTOPMHOJIAPUHIONIOrMYeckue craunoHapbl nauueHThl ¢ XPC cocTtaBnsior 25—30%, exXeroaHo 3TOT [M0Ka3aTelib yBe-
JIM4yuBaeTcs B cpeqHeM Ha 1-2%. Lenbio MccienoBaHKs SIBUIACH OLEHKA M3MEHEHUI KJICTOUHOTO U TYMOPaJbHOIO
MMMYHHUTETA Y TTAIIMEHTOB C XpPOHUYECKNM PUHOCHHYCUTOM B 3aBUCUMOCTH OT (peHOTHIIA. BBIT 0TOOpaH 91 marueHT
C XpOHUYECKUM PUHOCHHYCUTOM. JIJIST MccieqoBaHMS KJIIETOYHOTO MMMYHUTETa IIPUMEHSIJIA METO IIPOTOTHOM ITUTO-
MeTpuH (MpoTouHbIN mutodayopumetp «Cytomics FC500», MoHOKIOHATBHBIE aHTHTena CD3*, CD4*, CD8*, CDI16,
CD19* (Beckman Coulter, CIIIA)). 111 u3MepeHus1 ypoBHEl UMMYHOIJIOOYJIMHOB pa3anyuHbIX kKjaccoB (A, M, E, G)
B CBIBOPOTKE KPOBHU MCITOJIb30BaICs UMMYHOGbepMeHTHBII aHanmun3 (MDA). Craructrdeckast 00padboTKa TaHHBIX MTPO-
BOAMJIACH C TIOMOIIBIO MAKeTOB MpUKJIaAHbIX MTporpaMm Statistica for Windows 8.0 (StatSoftInc., CIIIA, 2008). B uc-
CJeIOBAaHUM ObLIU BbISIBIECHBI U3MEHEHUS! B KJIETOYHOM U T'YMOPAJbHOM 3BEHbSIX UMMYHUTETA MPU XPOHUYECKOM
PUHOCUHYCUTE B Pa3IMYHBIX (DeHOTUIIAX 3a00JE€BaHMS: TP XPOHMYECKOM aJIJIEPrMUYECKOM PUHOCUHYCUTE — 5; MpuU
XPOHUYECKOM TOJUIO3HOM PUHOCUHYCUTE — 4; TIPU XPOHMYECKOM MHMEKIIMOHHOM PUHOCUHYCUTE — 3; TIPU XpO-
HUYECKOM TUIIEPIIacCTUUECKOM puHOocuHycute — 4. [Ipu annepruyeckoM XpOHMYECKOM PUHOCUHYCUTE BBISBIISIACH
M3MEHEHHUS B BUIE YBEIMYCHMST aOCOTIOTHOTO cofaepXaHus B-muMmdounTos, runeprammariodyinaemust E u cHuxe-
HHe 3 MHICKCOB OTHOCUTEIHLHOTO CHTe3a. [1py MoNMMIIo3HOM XpOHUUECKOM PUTHOCHHYCUTE OOHAPYKEHO yBEIMUCHNE
a0COMIOTHOTO comepxkaHus B-mumMdonnTos, runepraMmarioOyimmHemMus E n cHKeHne 2 MHIEKCOB OTHOCUTEIBHOTO
cuHTe3a. [1pn nHPEKITMOHHOM XpOHNYECKOM PMHOCHMHYCUTE BBHISIBIISIIOCH YBEIMUEHHNE comepkaHusT B-mumdornntos
Y CHUXKEHUE 2 WHJIEKCOB OTHOCUTENIBHOTO CHTe3a. [Ipy rumepniacTuieckoM XpOHUIeCKOM PUHOCUHYCUTE NMENIOCh
yBeJMYeHre aOCOTIOTHOTO cofiepxXaHust T-xenmnepos, B-muMbo1nToB 1 cCHUKeHMe a0COTIOTHOTO YU C/Ia IMTOTOKCUYEC-
KuX T-TuM@OLUTOB U 2 MHAEKCOB OTHOCUTEIBHOTO CUHTE3a.

Karuesvie caosa: OMoOpUHONAPUH20N02UA, X[)OHMWECKUL? PUHOCUHYCUmM, d)eHomunblpuHoctucuma, Kaemo4Hoe 36eH0 UmMmyHumema,
2YMOpaANbHOC 36€HO UMMYHUmMemda, MOHOKAOHAAbHble AHmMuUumend, npomovHasa uumomempus, uMMyHOd)epMeHmeH:I aHanus.
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DISEASE PHENOTYPE-DRIVEN ALTERATIONS IN CELLULAR AND HUMORAL IMMUNITY DURING
CHRONIC RHINOSINUSITIS
Smirnova O.V., Sinyakov A.A.

Federal Research Center “Krasnoyarsk Science Center” of the Siberian Branch of the Russian Academy of Sciences,
Scientific Research Institute of Medical Problems of the North, Krasnoyarsk, Russian Federation

Abstract. Human nasal cavity and paranasal sinuses play a crucial role in the physiological processes in vivo that accounts
forthe constant attention of doctors of many specialtiesto the state and pathological changesin the respiratory compartments
noted above. Rhinosinusites hold one of the leading places in the pattern of inflammatory pathology of the paranasal
sinuses, regardless of patient age, the climatic zone of residence and living style level. Chronic vs acute rhinosinusitis
is less widespread but considered to be the most common chronic disease. This pathology develops on average in 5%
population, and CRS incidence increased more than by 2-fold over the last 10 years. In the pattern of subjects admitted
to otorhinolaryngological hospitals, CRS comprises 25—30% that progressively elevates by mean 1—-2% every year. The aim
ofthe study was to evaluate disease phenotype-driven alterations in cellular and humoral immunity in patients with chronic
rhinosinusitis. 91 patients with chronic rhinosinusitis were selected. For the study of cellular immunity, a flow cytometry
was used with “Cytomics FC500” (Beckman Coulter, USA) and monoclonal antibodies CD3*, CD4*, CD8*, CDI16",
CD19* (Beckman Coulter, USA). To measure the levels of blood serum immunoglobulins of various classes (A, M, E, G),
an enzyme-linked immunosorbent analysis (ELISA) was used. Statistical data processing was carried out using Statistica
for Windows 8.0 application programs (StatSoftink, USA, 2008). The study revealed changes in the cellular and humoral
links of immunity in chronic rhinosinusitis coupled to distinct disease phenotypes: with chronic allergic rhinosinusitis —
5; in chronic polypose rhinosinusitis — 4; in chronic infectious rhinosinusitis — 3; in chronic hyperplastic rhinosinusitis —
4. With allergic chronic rhinosinusitis, it was linked to higher absolute B-lymphocyte count, hypergammaglobulinemia E
and a decrease in 3 indices of relative synthesis were revealed. Polypose chronic rhinosinusitis was associated with elevated
in absolute B-lymphocyte level, hypergammaglobulinemia E and decrease in 2 indices of relative synthesis, whereas
infectious chronic rhinosinusitis was accompanied by increased B-lymphocyte level and decrease in 2 indices of relative
synthesis. Hyperplastic chronic rhinosinusitis patients had higher in absolute T- and B-lymphocyte count and a decreased

absolute cytotoxic T-lymphocyte level along with 2 indices of relative synthesis.

Key words: otorhinolaryngology, chronic rhinosinusitis, rhinosinusitis phenotypes, cellular immunity, humoral immunity, monoclonal

antibodies, flow cytometry, linked immunosorbent assay.

BBeneHune

Bpaun pa3snuyHBIX CITEIMAJIBbHOCTEUH ITPOSIB-
JISIIOT OOJIBIION MHTEepPeC K COCTOSHUIO M TaTo-
JIOTUYECKUM M3MEHCHHMSIM MOJOCTHM HOoca U Ta-
paHa3aJIbHBIX CHUHYCOB, TaK KaK 3TU OTIEIBI
IBIXaTeIbHON CHCTEMBI TECHO B3aMMOCBSI3aHBI
¢ (u3momornyecKMMM IIporeccaMm B OpTraHM3-
Me dYeJIOBeKa. PWHOCHMHYCUTBI 3aHUMAalOT BEIy-
Imee MECTO B CTPYKTYpPEe BOCHAJIMTEIBHBIX 3a00-
JICBAaHUI OKOJOHOCOBBIX Ma3yX B HE3aBUCUMOCTU
OT BO3pPAaCTHOM TpPYNIMbI, KIMMAaTUISCKON 30HBI
M YpPOBE€HS XKU3HU [5]. XpOHMUYECKUU PUHOCHU-
aHycut (XPC), XO0Th 1 BCTpeUaeTcsl pexke OCTPOTO,
OIHAKO CYMTAeTCSI HauboJIee pacIpoOCTPaHCHHBIM
XpoHUYecKMM 3aboneBanueM [9, 12]. CormacHo
CTaTUCTUYECCKUM OaHHBIM, XPOHHUYECKHI DPUHO-
CUHYCUT HabmonaeTcst y 5% HacelieHUs, U 3a T0-
cinegaMe 10 JIeT KOJIUYECTBO 3a00JICBITNX BEIPOCIIO
0osee yeM BaBoe [4]. ExkerogHO KOTMYECTBO TTallN-
eHToB ¢ XPC, rocnmuTaan3npoBaHHBIX B OTOPUHO-
JIApUHTOJIOTMYECKUE CTAIITMOHAPBI, YBEJINUNBACTCS
Ha 1-2%, cocraBusaa 25—30% or oO6lIero 4yucia
TOCITUTAJIN3UPOBAHHBIX [3].

IIpomonrkuTeapbHOE BOCITAJICHUE HOCOBBIX ITA3yX
M TIOJIOCTH HOCa, AJIsIIeecs 6oJjiee 12 Hemeab, Ha3bl-
BacTCAI XPOHUYCCKUM PUHOCHHYCHUTOM. Ilo MHe-
HUIO OOJIBIIMHCTBA SKCIIEPTOB, B 3TOT MEPUOI ITPO-

UCXOISIT HeoOpaTuMble MaToMOp(hOJOTUYECKIE
M3MEHEHUS B CJIM3UCTON 000J0UYKEe W TITyOMHHBIX
CJIOSIX TTapaHa3aJIbHBIX CUHYCOB. [1pu muinTeibHOM
BOCTIAJIMTEJIBHOM TMpOIlecCe BO3HUKAIOT M3MEHE-
HUS B TKAHSIX, TAKWE KaK IMTOBPEXACHUE STTUTETU S,
JlecKBaMallusl, yTolieHne 6a3ajaibHOl MeMOpaHBI,
OTEK TIOJCIM3UCTOTO CJIOSI W TUIlepIIa3usl Ooka-
JIOBUJHBIX KJIETOK, UTO IPUBOAUT K 3aMETHOMY
HapymieHuto GYHKIIMU MeXaHW3Ma OYMIICHUS
neixatesbHbIX TTyTelt [1, 10]. HapyureHue Mmykonu-
JIMApHOTO KJIMPEHCa MPU MaTOJOTUIECKOM (DYHK-
[MOHWPOBAHUU CUCTEMBI BPOXKJIEHHOTO UMMYHM-
TeTa CIAU3UCTON 000TOYKM HOCA M OKOJIOHOCOBBIX
nasyx MPUBOIUT K YBEJIMUYCHUIO BOCITPUUMYUNBO-
CTU K BUPYCHBIM U OaKTepHaJlbHBIM WH(MEKIINIM
BEPXHUX IBIXaTeJIbHBIX MYyTEi, YTO TIOAEePKUBACT
MepPCUCTEHIIMIO BOCIIaIUTEIbHOIO Mpoliecca [2].
XpoHUYECKWIT PUHOCUHYCHUT BKJIIOUAET B CeOs
MHOXECTBO KJIWHUYECKUX U MOP(OJTOrnIecKnx
¢dopmMm, uTO 3aTpymHseT UX KJiaccudukalimio.
Pa3zHooOpa3ue (heHOTUIIOB M HEIOCTATOYHOE ITO-
HUMaHUEe I1aTOJIOTUYECKUX W3MEHEHUUN OCJIOX-
HSIOT CUCTeMaTu3alnio 3a001eBaHUS U CO3aHue
eIMHON KJIMHUYECKOMN KtacCupUKaIuu.
XpOHUYECKWIT PUHOCUHYCUT MOXKET ITPOSIB-
JIAThCS B TaKUX (hopMax, Kak aJijeprudyeckas, mo-
JITIO3HAsT, THDEKITMOHHAS Y TUTIePIJIacTUYecKasl.
B cucteme kinaccudukanuu 6osesneii 10-ro nepe-
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cmotpa (MKDB-10) XpoHUYECKUI PUHOCUHYCUT
pas3aeasiioT Mo rpymniaM B 3aBUCMMOCTHU OT Ilopa-
XKEHU ST, UTHOPUPYSI OCOOCHHOCTH 3THUOIIATOTeHEe3a
1 TmaToMopdoiorndeckue n3MeHeHUsI. 3a TpaHU-
LIeil yacTo BBIIEISIOT ABa TUMA 3TOro 3aboJieBa-
HUSI: ¢ TOJIMTTaMu 1 0e3 Hux [6]. I3 autepaTypHBIX
MaHHBIX CJIEAYET, YTO y MAlIMEHTOB C Pa3JIMUYHBIMU
dopmamu XPC HabnogaoTcsa U3MeHEeHU S B pabo-
T€ MEPBOU JUHUU 3alIUTHI. DTU U3MEHEHU S MPO-
SIBJISIIOTCS B YMEHBIIEHUU 0oObeMa CJIU3U B HOCY,
YXyAIIEHUU QYHKIMNA PECHUYEK, YBEJIUYCHUU
NPOHUIIAEMOCTH MEXKJICTOUYHBIX IIPOCTPAHCTB
JIJ1S1 pa3JIUYHBIX PACTBOPOB, MIOHOB U KPYITHBIX MO-
JIEKYJT U3-3a YMEHbIIEHU S MJIOTHOCTU 3allMTHOTO
anuTenaus. Takxke oTMedaeTcss HapylIeHUE CUT-
HaJbHOTO ITyTU, OTBEeTCTBEeHHOro 3a TLR, a Takke
CHUXeHHE (arouruTapHO aKTUBHOCTU COOTBET-
CTBYIOIIMX KJIETOK U MHOTO€ Apyroe. B pesynbraTe
9TUX HapylIeHUIl BO3HUKAET MOBBIIICHHAs 4YyB-
CTBUTEJIbHOCTb K UHDEKIIUSM BEPXHUX JAbIXaTelb-
HBIX ITyTeli, BEI3BAHHBIM BUPyCaMU U OAKTCPUSIMU.
DTO NPUBOAUT K AJTUTEIbHOMY BOCIAJUTEIbHOMY
MPOLECCY Y U3BMEHEHUSIM KJIETOYHOTO U TyMOpaJsib-
HOTO MMMYHUTETA Yy JaHHBIX TanMeHToB [§8, 11, 14].

B cBsI3M ¢ HEYKJIOHHBIM POCTOM 3a00JIeBaeMO-
ctu XPC, uzyueHue (HEHOTUMNMMUUYECKUX OCOOEH-
HoOcCTell 3a0o0jieBaHUs SIBJASIETCS BaKHEWIIMM Ha-
npaBjeHUEM B KJIMHUYECKON MenuumHe. B cBs3u
C 3TUM IIeJIbIO HaIllel paOOTHI CTalla OLICHKA M3MeE-
HEHUI KJeTOYHOTO U T'yMOpPaJibHOTO UMMYHMUTE-
Ta y MallMeHTOB C XPOHUYECKUM PUHOCUHYCHUTOM
B 3aBUCUMOCTH OT (peHOoTHUMa.

Matepuasnbl 1 METOLbI

HNccnenpoBanue mnpoBeneHO Ha 0Oase Jlaboparo-
pun KJIMHUYeCKoi marodusuojorun B Menepanb-
HOM TOCYJAapCTBEHHOM OIOIKETHOM HAy4YHOM YdU-
pexneHun  «DenepanbHbIA  MCCIIEIOBATSIILCKUIMA
neHtp «KpacHosipckuii HayyHbIi HeHTp Cubup-
CKoro ortmejieHWsT Poccuiickoii akameMuu HayK»
obocobneHHoe mompasaencHue «HayaHo-mcciremo-
BaTeJIbCKUI WHCTUTYT MEIULMHCKUX MpPo0JeM
CeBepa». OOBEKTOM HCCIIEIOBAHUS  SIBJISIJIVCH
OOJIBPHBIE C XPOHUYSCKUMMU PUHOCHUHYCUTAMU, TOC-
nutanusupoBaHHble B JIOP-oTneneHue KJIMHUKU
MHCTUTYTa U OTOOpPaHHBIE METOIOM CILJIOIIHOMN BBI-
oopku. B pamkax KJIMHMYECKOro OOCIeHOBaHMS
MaIlMEeHTOB WCITOJb30BAaJICSI KOMILJICKCHBIN ITOMI-
XOM, KOTOPbI OXBaTbIBa HE TOJbKO cOOp MHGOP-
Mall¥ O XajJo0axX W UCTOPHUH OOJIC3HU, HO U TPO-
BeJicHUEe OOBEKTHUBHBIX OCMOTPOB, B TOM YMHCJIEe
CIielIMaJIn3upoOBaHHBIX TTpoBepokK JIOP-opraHos.
JIOTIOTHUTEIPHO MMPUMEHSIJINCh METONBI BU3Yyalll-
3alliM, TaKMe KaK PEeHTreH U KOMIThIOTepHas TO-
Morpadus CMUHYCOB, B COOTBETCTBUU C MOCJEAHU-
MU MeAUMLIMHCKMMU cTaHaapTamu 2022 r. BaxxHoii
YacThl0O AMATHOCTHUKHU SIBJISIJICSI TaKXKe Y4eT BceX
MMEIOIINXCS y TTAallMeHTa OCTPBIX U XPOHUUECKHUX

3a00JieBaHUII BO BpeMsI OCMOTpa OTOPUHOJApUH-
rojorom. lIuppoBKka AMarHo30B OCYIECTBJIsIIACh
MO CTAaTUCTUUYECKON KJlaccudukauum OoJe3HEM,
TpaBM 1 ipuanH cMept (MKbB-10).

OCHOBHBIMU KPUTEPUSIMU BKJIIOUCHUS Tia-
LIMEHTOB B MCCJeIOBaHUE ObIJIO HaJU4yue KaJiod
Ha YacThle B T€UEHUE rofa, JJIUTEIbHbBIC BbIICIIC-
HUS U3 TIOJOCTH HOCA, COIPOBOXIAIOIIMecs 00-
JISIMU, TUCKOMMOPTOM, UYBCTBOM JIaBJICHUS WJIU
pacniupaHuss B 00JacTU OKOJIOHOCOBBIX Ma3yx,
MHUArHO3 BepUMUIIMPOBAJICS COIIACHO KJIMHUYEC-
KM pexkoMeHpauusam M3 (2022). U3 wuccieno-
BaHUS OBIJIM MCKJIIOYCHBI ITAIlMEHTHI, WMCIOIIe
MHMEKIIMOHHBIE U OCTpble 3a00JIeBaHUS JIPYTUX
OPTraHOB M CUCTEM, 00OCTPEHUE U ASKOMIIEHCAII IO
XPOHUYECKUX COMYTCTBYIOIINX COMAaTUYCCKUX 3a-
0oJieBaHUI W OTKa3aBIIWeCs IMPUHSATH ydacTue
B U3YUEHUN.

Bcero 6611 0oTOOpaH 91 MaliMeHT ¢ XpPOHUYECKUM
puHOCHUHYCUTOM (48,7%3,9 51eT), N3 HUX MalleHTHI
C XPOHMYECKUM aJIJIEPTUYECKUM PUHOCUHYCH-
ToM (XPC) coctaBunu 13 uenoBek (43,7+3,3 ner),
C XPOHMUYECKUM MOJUMO3HBIM PUHOCUHYCUTOM —
10 gemoBek (45,7+4,3 ner), ¢ XPOHUUYECKUM HH-
(EKIIMOHHBIM PUHOCMHYCUTOM — 54 dYejloBeKa
(44,7+3,3 neT), ¢ XpOHUUYECKUM TUMNEpIIacTUYeC-
KMM PUHOCUHYCUTOM — 14 yenoBek (47,7+4,2 ner).
KoHTponbHYIO TpyNny COCTaBUIM 35 IpakTuye-
CKU 3JIOPOBBIX JOHOPa KpoBU (46,7+3,5 neT), cono-
CTaBUMBIX MO MOJY M BO3PACTY C MCCIEAYEMBbIMU
rpynramMu, MpOXOAUBIIMX IIJJaHOBOE oOcJienoBa-
HUE B KJIMHUKE UHCTUTYTA.

Anst mcciaemoBaHUSI KJIETOYHOTO MMMYHHTETA
WUCITOJIb30BaJIM METOHA, TPOTOYHOW ITMTOMETPUU.
JI71s1 JaHHOT0 MCCcJieNOBaHUSI UCHOJIb30Balu IMPO-
TOUYHBIN 1UTOdGIyopuMeTp «Cytomics FC500»
(Beckman Coulter, CIIIA). /1)1 BRISIBIICHUS U aHA-
r3a JUMGOIIMTOB TTPUMEHSJTUCH CIIEINaTu3upo-
BaHHbIE MOHOKJIOHAJIbHBIE aHTUTeIa CD3*, CD4*,
CDS8*, CDI16", CD19* (Beckman Coulter, CIIIA).
B momonHeHMe K 3TOMY IJISI M3MEPEHUS YPOBHEH
UMMYHOTJIOOYJTMHOB Pa3JMUYHbBIX KJaccoB (A, M,
E, G) B chIBOPOTKE KPOBU MCHOJb30BAJICSI UMMY-
HodepMmeHTHBIN aHanu3 (MDA). OueHKy COCTOsI-
HUSI TYMOPaJIBbHOTO 3BeHa UMMYHUTETA ITPOBOIMIIN
Ha OCHOBE YPOBHEN OTHOCUTEJIbHOro cuHTe3a IgA
(IgA/CD19%), IgE (IgE/CD19%), IgG (IgG/CD19%),
1gM (Ig M/CD19%) (3emckoB A.M., 3emckoB B.M.,
1994).

IMo pesynbraTamM ucciaeqoBaHUs Ha TIEPCOHATb-
HOM KOMMBIOTEPE B MAKETE BJICKTPOHHBIX TaOIUIL
MS Excel 2010 ob171a cchopMmupoBaHa 6a3a JaHHBIX.
Cratuctudeckass o0paboTKa TaHHBIX ITPOBOIAM-
JIach C TOMOIIIBIO TTAKETOB MTPUKJIIAAHBIX TIPOTPAMM
Statistica for Windows 8.0 (StatSoftinc., CIIA,
2008) u Microsoft Excel, 2007 (Microsoft, CIIIA).
O06pabdoTKa MOJIYYeHHBIX JAaHHBIX BKJIOYajaa IO~
cYeT HemapaMeTPHUUECKUX IMoKa3aTele: MeIaHbl
(Me) u nepueHtunen (C,;—C,5). CTaTUCTUYECKYIO
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VIMMYHWUTET NPy pasinyHbix GEeHOTUNAX XPOHUYECKOrO PUHOCHUHYCUTA

3HAUMMOCTb Pa3JMYUil ONpeaessiiu C UCIOJb-
30BaHMEM PaHTOBOro Kputepus MaHHa—YUTHHU.
Kputnyecknii ypoBeHb 3HAYMMOCTH MIPU MPOBEP-
KV CTaTUCTUYECKUX THUIIOTE3 TPUHUMAJCS paB-
HBIM p < 0,05.

Peaynbrathl

KieTouHoe 3BeHO MMMYHHUTETa SIBJISICTCS OJI-
HHUM M3 BaXXHEUIINX KOMIIOHEHTOB 3aIlIUTHI Opra-
Hu3Ma. Hamu ObL10 mMoay4yeHOo IOBbIIEHUE abco-
noTHoro konudectsa CD4-KjleTOK y malilMeHTOB
¢ runepruiactuueckuM XPC oTHOCUTENTBHO BCex
nccaenyeMbix rpyn (p,_s = 0,034, p, s =0,04, p, s =
0,045, p,_s = 0,02) (ta6n. 1). IIpn mccremoBaHUU
CDS8*-k1eTOK OBIJIO OOHAPYXKEHO ITOBBLIIIIEHUE CO-
JIepXKaHWsI JaHHBIX KJIETOK y IMallUeHTOB C aJlep-
rmyeckuM XPC 110 cpaBHEHHMIO ¢ KOHTPOJBLHOU
rpyonoii p, , = 0,04). AGcomoTHOE coaepKaHue
CDI19"-KkJ1eTOK OBIJIO TIOBBIIIIEHO BO BCEX MCCIEAYe-
MBIX TPYIINaX OTHOCUTEJIbHO KOHTPOJBHOU TPYyII-
sl (p,_, = 0,03, p,_; = 0,03, p,_, = 0,03, p,_s = 0,03).

Y manueHToB ¢ amnepruuyeckuM XPC mpowmc-
XOIWJIO MMOBBIIMIeHNe KoHIleHTpanuu IgE mo cpaB-
HEHHWIO C KOHTPOJBbHOU Tpymmoi (p,_, < 0,001)
(trabm. 2). KpomMe TOro, KOHIEHTpalus TaHHOTO
MMMYHOTJIOOyJIMHA TIOBBIIIAJIach Yy ITAIIMEHTOB
¢ ronuno3HBIM XPC oTHOCUTEIIBHO KOHTPOJBLHOMU

rpynasl (p,_; < 0,001). Bo Bcex rpynnax naiiueHTOB
OTMEYajioCh CHUKEHHWE OTHOCUTEJIBHOI'O CUHTE3a
IgA 1o cpaBHEHM O C KOHTPOJBbHOM Irpymmnoi (p,_, <
0,001, p, ;< 0,001, p, , <0,001, p, s <0,001).

Ilpu uccienoBaHUU OTHOCUTEIBHOIO CUHTE3a
IgM 0bLJI0 BBISIBJIEHO CHUXKEHME JaHHOTO MmoKa3a-
TeJIs1y MallMEHTOB C aJJIEPTUYECKUM XPOHUYECKUM
PUHOCUHYCUTOM OTHOCUTETBHO BCEX UCCIAEAYEMBIX
U KOHTposabHOMI rpynn (p,_, < 0,001, p,_; < 0,001,
P4 < 0,001, p,_s < 0,001). Bo Bcex rpynmnax mauu-
€HTOB ITPOUCXOMUJIO CHUXKEHNE OTHOCUTEIbHOTO
cuHTe3a [gG OTHOCUTETBHO KOHTPOJIBHOM I'PYIThI
(pi_, <0,001, p,_; <0,001, p,_, = 0,03, p,_s = 0,03).

O6cyxaeHne

OO0IIMM N3MEeHEHNEM KJIETOYHOTO 3BeHa UMMY-
HuTeTa 1Jisd Bcex peHorunoB XPC aBisgeTcs yBean-
yeHue abCOoJIIOTHOro KojinyectBa B-numMmpouuTos.
B mepuon anneprudeckmx 3a00JeBaHUUM YBEIH-
YUBaeTCsI KOJIMYECTBO B-TMM@OOLINTOB, 4TO IpHU-
BOOMT K aKTUBHOI 3KCIIPECCUU PEHEHTOPOB IJIS
ructamuHa. Ilom Bo3meiicTBUEM 3THX JTUMOOIM-
TOB TIPOMCXOIUT ITIEPEKPECTHOE pearupoBaHUC
MEXIYy aHTUTEHOM M PEIIEIITOPOM K KOMITOHEHTY
komruinMeHTa (CR2), 4To BO3MOXHO Osaroma-
psi TOCTAaTOYHOMY KOJMYECTBY aHTUTE]I B KPOBU
M CITOCOOHOCTU aHTUTeHAa aKTUBUPOBATh KOMILIM-

Ta6nuua 2. U3ameHeHne KOHUEeHTpauunu MMMyHOI’.ﬂOGyJWIHOB y 60/IbHbIX XPOHU4Y€CKUM PUHOCUHYCUTOM

B 3aBUcumMocTu ot peHotuna (Me, C,s—C-5, Pruu)

Table 2. Changes in the concentration of immunoglobulins in patients with chronic rhinosinusitis depending

on the phenotype (Me, Cys—Cys, Pro_y)

KOI-:-pr(I)-IJ:-IbaHaH Annep)[:::ecxuu I'Ionwnosr,uﬁ XPC MH(I)GI)((LLV:;)HHBIM runepnn)?gzuqecxuu
Mokasatenu|  oon16) group Allergic CR Folypoid CR Infectious CR Hyperplastic CR
Indicators N=30 (1) N=13(2) N=10(3) N =54 (4) N =14 (5)
Me Cy5—Cys Me Cy—Cys Me Cy5—Cys Me Cy—Cys Me Cx5—Cys
IgA,r/n|g/ | 1,91 [ 1,33-320 | 1,8 | 09-29 27 1,3-3,6 1,8 11-3,4 17 1,2-3,1
IgM,r/n| g/l | 1,20 | 0,50-1,80 | 1,1 0,8-1,3 1,6 1,1-2,1 1,3 1,1-1,9 17 1,4-2,2
19G,r/n| g/l | 10,30 | 8181412 | 96 | 34-127 | 131 | 88-162 | 104 | 72-144 | 81 6,7-12,2
IgE, ME/mn | 67,4 | 352-976 | 116,4 | 44,4-263,2 | 101,1 | 34,3-240,6 | 64,1 | 22,4-138,9 | 82,1 71,4-167,6
IgE, 1U/ml P, < 0,001 P5< 0,001
lgA/CD10" |28 | 707-82 | 49 | 39-708 | 51 | 3768 | 54 | 3-62 45 | 36-71
P12 = 0,03 Pis = 0,03 Pis = 0,04; Pis = 0,04
lgm/cpter |44 | 27-461 | 19 | 08-36 | 39 | 38-66 | 401 | 33-42 | 48 | 43-55
P> =0,03
1g6/co1e" |42 | 36,2-45,4 | 10,3 | 7,21-26,6 | 14,33 [ 14,21-26,6 | 287 | 253-353 | 29,3 |  27-39
P, < 0,001 P,_5 < 0,001 P4 =0,01 p.s = 0,01

Mpumeyanmne. CTaTUCTUYECKM 3HAYMMBIE PA3NINYNS: P;_, — MEXAY rpynnoi 60bHbIX annepruyeckum XPC v KOHTPOMLHOM rPynnow; p,_s — MeXay
rpynnoit 60/1bHbIXMOANMO3HLIM XPC 1 KOHTPOLHO FPYNNON; P;_, — MEXAY FPYNnoi 607bHbIX MHGEKLUMOHHBIM XPC 1 KOHTPOBHOW FPYNMoi; p,_s —
mexzy rpynnoit 60nbHbIX runepnnactuieckum XPC 1 KOHTPONbHOW FPYNMoii; p,_; — MEXAY rpynnamu 60MbHbIX annepruyeckum n noamnosHeiM XPC;
P,_s — MeXy rpynnamu 60/bHbIX anneprudecknm u nHbekLuMoHHsIM XPC; p,_s — MeXy rpynnamu 605bHbIX aiepriuyeckuM v rmneprnacTnieckum
XPC; ps_y — MeEXAY rpynnamm 60bHbIX NOAMMNO3HBIM N MHPEKLMOHHBIM XPC; ps_s — MexXay rpynnamu 6051bHbIX NOANMO3HBIM U TMNEeprniacTUieckum
XPC; p,s — MeXay rpynnamm 60bHbIX MHPEKLMOHHBIM 1 runeprnactuyeckum XPC.

Note. Statistically significant differences: p,_, — between the group of patients with allergic CR and the control group; p,_, — between the group

of patients with polyposis CR and the control group; p,_, — between the group of patients with infectious CR and the control group; p,_s — between

the group of patients with hyperplastic CR and the control group; p,_; — between allergic and polyposis CR patient groups; p,_, — between allergic and
infectious CR patient groups; p,_s — between allergic and hyperplastic CR patient groups; p,_, — between polyposis and infectious CR patient groups;
ps.s — between polyposis and hyperplastic CR patient groups; p,_s — between infectious and hyperplastic CR patient groups.
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MEHT aJibTepHATUBHBIM crocobom. I[lposBieHue
aJUIepruM COIPOBOXKAAETCSI BBICOKUM YPOBHEM
CIIOHTaHHOI TpaHchopmauu B-numdbonuTton
U TpeodagaHUEM IJa3MOLIUTAPHON peaKIIUU.
DOTO NPUBOAUT K MHTEHCUBHOMY U3MEHEHUIO CUH-
Te3a UMMyHorio0yianuHa E, a Takxke skcnpeccuu
MapkepoB akTuBauuu. Ilog Bo3zaeiicTBUEM HUTO-
KWHOB B KOCTHOM MO3TI€ IMPOUCXOAUT CO3pEeBaHUE
B-1uMbOUUTOB U peryasiiust UX ak TUBHOCTH.

TakuMm obpazoM, MpU aTONMUUYECKUX aJJIEPrU-
X HaOJogaeTcs TpexXAeBpeMeHHasi TpaHchop-
manus B-muMbouuToB B IazMaTudecKue KJeT-
Ku. YBeaunudeHue konauudectBa CDI19" u CD25*
B-nuMbouuTOB MNPOUCXOOAUT TaKUM 0OOpa3om,
YTO 3TO MOXET CBUIIETEIbCTBOBATh O MPEAKTUBU-
POBAaHHOM COCTOSIHUM KJIETOK, KOTOpPbIE HUIPAIOT
BaXKHEWIIYI0 POJb B Pa3BUTUU aTOMMMYECKUX all-
JIEpruYecKux 3a00JIeBaHU .

Ilpu puHOCHMHYCHUTE HaOJIOHAeTCS aKTHUBHOE
pPa3MHOXEHUE ayTOpeakKTUBHBIX T- u B-mumdo-
LIMTOB, COMPOBOX Ialollleecs pOCTOM uucia B-kie-
TOK, KOTOpbIE MPOU3BOAST WMMYHOIJIOOYJIWHBI,
HalleJIeHHbIE Ha a’poasljIepreHbl U Apyrue 4yyxe-
pOIHBIE BelllecTBa. DTO CIOCOOCTBYET IMOAEpKa-
HUIO XPOHMWYECKOIro BOCHAJIEHUS, XapaKTepHOTO
JIJI1 JaHHOro Tuma 3abdonaeBaHus [13].

OCOOEHHOCTBHIO XPOHUYECKOrO ajJIepruyecKkoro
PUHOCHUHYCUTA OBLJIO IMOBBIIIEHWE OOIIEro 4yucia
HuToToKCcuueckux aumMmdonuton. Ilpyu akTuBanuu
CD8* auM@oOLUTOB BBICBOOOXIAIOTCS ILIUTOTOK-
cu4YecKure MOJIeKYJbl, TaKhe KakK rpaH3uM B u nmop-
GOopuH, CIOCOOHBIE MHUILIMMUPOBATh U YCYTYOJISITh
BOCMAaJIEHUE B CJIM3UCTOI 000JIOUKE HOCA, Hapylas
(bU3MOJOTMUECKYI0 aKTUBHOCTDh KJIETOK U TKaHEM.
Menuatopsl MOTYT WHUIIMUPOBATH arlONTOTUYEC-
KU Ty Th, BbI3bIBasi TUOEb KJIETOK UM UX TTOBPEX-
neHue. Takum o6pa3zoM MOKeT ObITh HapyllieHa 0a-
pbepHast GyHKIUS anuTenus [7].

DeHOTUNMMYECKMMU OCOOEHHOCTSIMU  T'yMO-
paJIbHOTO MMMYHUTETa ObLJIM TUIepramMmmariooy-
JIMHEMMU S 110 kjaccy E mpu XpoHUYeCcKOM ajijiep-
TMYECKOM U TTOJIUIO3HOM pUHOCUHYcUTax. OMHUM
U3 BaXXHEUIIUX UMMYHOIJIO0YJIUHOB, UTPAIOLIUM
OCHOBHYIO POJib B MMMYHHUTETE MOJOCTU HOCA,
apyisgetrcs IgE. OH gBasieTcsI OCHOBHBIM UMMYHO-
IJ100yJIMHOM, OTBEYAIOIIMM 3a aJlJIepruyecKuit
WUMMYHHBII OTBET, a TAK>Ke UTpaeT poJib B IaTore-

Cnucoxk nutepatypbl/References

He3e ajuiepruyeckoro puHocuHycuta. Xots IgE-
NPOAYLIUPYIOIINE TTJ1a3MOLUTHI HE SIBJISIIOTCS HOP-
MaJbHbIM KOMIOHEHTOM CJW3UCTON HOoca, y Ta-
LIMEHTOB C aJlJIEPrUYeCKUM PUHOCUHYCUTOM IIO-
BBIIIIEH YPOBEHb ajuiepreH-crenuduyeckoro IgE
B TKaHSX. DTO SIBASETCS NOKa3aTeJbCTBOM TOTO,
YTO MPOHUKAIOIIWIA B CIU3UCTYIO MAllUEHTOB C aJi-
geprueit IgE cuHTe3upyeTcs Ha MecTe, a HE MUTPU-
pyeT M3 OTHaJIeHHbIX UCTOYHMKOB. CyIllIecTBYIOT
HUCCIEMOBAaHUS B KOTOpPBIX Habgmopanach cMeHa
KJlacca MMMYHOIVIOOYJIMHOB B TKaHSX ITOJOCTU
HOCa, HallpuMep B IKCIEPUMEHTE ex Vivo mpoje-
MOHCTPUPOBAJIMA BBI3BAHHYIO aJIJIEPTEHOM CMEHY
KJlacca B TKaHSX HOCOBBIX PAKOBHUH.

WccnenoBatenu Tak>Ke MokasaJid MOBBILIEHUE
ypoBHS aHTUreHcrneuuduyeckoro IgE y manuen-
TOB C pPUHOCUHYCUTOM, UMEIOIINX OTpULIaTEIbHbIE
pe3yabTaThl TECTUPOBaHUS Ha ajuiepreHbl. Ha oc-
HOBaHUU OTPULATEJIbHBIX CUCTEMHBIX TECTOB
ObLJIO BBICKA3aHO MPEAINOI0XKeHHEe, YTO MECTHBIN
aJJIeprUYeCcKUii OTBET MOXKET ObITh UHULIUUPYIO-
UM HPaKTOPOM y MALIMEHTOB C MPEAIIESCTBY IOLIIUM
NarHO30M HeaJlJIEpru4eckKoro puHOCUHYCHUTA.

B HamieM mcciaenoBaHUM ObIJTW BbISIBJIEHBI W3-
MEHEHUS B KJETOYHOM U T'yMOPaJbHOM 3BEHbSX
ummyHuteta npu XPC B paznuuHbIX heHOTUIIAX
3200JIeBaHUS: TIPU XPOHUYECKOM aJIJIePruyeCKOM
PUHOCHUHYCUTE — 5; IPU XPOHUYECKOM ITOJIUIO3-
HOM PUHOCUHYCUTEe — 4; MpU XPOHUYECKOM WH-
(GeKIIMOHHOM PUHOCUHYCUTE — 3; MPU XpOHUYEC-
KOM THUIEPIJIaCTUUYECKOM pPUHOCUHYcUTe — 4.
Ilpu annepruyeckom XPC BBISBASIIUCH U3MEHE-
HUS B BUJIE YBEJIMUYEHUS aOCOJIOTHOrO coaepxkKa-
Hus  B-numdouuToB, runepraMmariooOyuHe-
mus E (6onee 100 ME/MiT) u cHUKeHMEe 3 MHIEKCOB
OTHOCUTEJIbHOI'O cuHTe3a. [Ipu nonunoznom XPC
OOHapy>kKeHO YyBeJuWYeHHE abCOJIOTHOrO coaep-
KaHusl B-nuMmdouuToB, runepraMmarioOyHe-
musi E U cHUXXeHue 2 MHIIEKCOB OTHOCUTEIbHOTO
cuHTtesa. Ilpu nHdexkumonHom XPC BbISBISIOCH
yBeJIMUYeHUE coaepXaHus B-muMdOIMTOB U CHU-
KEHUEe 2 WHIEKCOB OTHOCHUTEJbHOTO CHUHTE3A.
Ilpu runepniactuyeckoM XPC umenoch yBeau-
yeHue aOCOJIOTHOIO coaepxXaHus T-xeamepos,
B-nuMbonuToB ¥ CHUXEeHUE abCOJIOTHOTO Yrcaa
LUTOTOKCUYECKUX T-TMMGOLIUTOB U 2 WHOAECKCOB
OTHOCUTEJIbHOTO CUHTE3a.
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GEHOTUNMUYECKUN U TEHETUMECKUIA
AHAJIN3 LULTAMMOB KLEBSIELLA
PNEUMONIAE, BblIAEJIEHHbIX OT BOJIbHbIX
BHEBOJ1IbHUYHOW MHEBMOHUEN

B r. POCTOBE-HA-AOHY B 2021-2023 rr.

B.A. PoixoBa, O.H. IlogaamxunkoBa, A.C. Auucumona, H.B. Aponosa, A.C. BononbsHoB,
C.1I0O. Temskosa, E.H. I'ynyeBa

DKY3 Pocmosckuii-na-Aony npomusouymuotii uncmumym Pocnompebnadsopa, e. Pocmos-na-/Zlony, Poccus

Pe3iome. Bsedenue. B ctaThe mpeacTaBiaeHo ucciaenonanue 33 mramMmmoB Klebsiella pneumoniae, BoineneHHbIX B PocToBe-
Ha-IloHny B 2021—2023 IT. OT MalIUEHTOB C BHEOOIbHUYHOI MTHeBMOHUEH. LIITaMMBbI ObLIIM TPOAHATU3UPOBAHBI B COOT-
BETCTBUU C MPU3HAKAMM, KOTOPbIE, KAK M3BECTHO, CBSI3aHbI C TUIIEPBUPYJIEHTHOCTHIO. [IpoBeieHO cpaBHEHME HITaM-
MOB 110 (DEHOTUTINYECKUM (cuaepodopHas aKTUBHOCTh, THIIEPMYKOUIHOCTD, YYBCTBUTEIBHOCTD K OaKkTepuodary)
M TEHOTUIIMYEeCKUM (IIa3MUHbII TpOdUIIb, HalMUKe TeHOB ciuaepodopoB u rmpA u rmpA2) coiictBaM. Mamepuans:
umemodst. ITpu IpoBeIeHN Y MCCIIeNOBAHM S OBLIN MCIIOb30BAHBI CJICTYIOIINE METOIBI: OTIpeaeSieHe Uy BCTBUTEIBHO-
cTu K 0akTeprodary, rHIepMyKOUIHOCTH C TIOMOILbIO «CTPUHT-TECTa», CUAepOMOPHOI aKTUBHOCTH Ha CPEJIE, COIEP-
Xaleil XxpoMa3ypout S, comep:KaHusI TIa3MUI U IIOJTHOTEHOMHOE CeKBeHUpOBaHue. Pesyasmamoi. CeKBEHNPOBaHNE
11 mrTaMMoOB, pa3IMYaIOIINXCS IT0 MyKOUIHOCTH, ITOKA3aJI0, YTO BCe TUTIEPMYKOUIHBIC IIITAMMEBI COIEPXKaIu FmpA,
B TO BpeMs Kak rmpA2 Tb60 OTCYTCTBOBAII, JIN0O coaepKal OMIMHOUHBIC MHCEPIUH UIIH ACJCIIUA HYKJICOTHIOB, UTO
MIPUBOIMUJIIO K CIBUTY pAMKU CUMTHIBaHUS. Te ke MyTalluu B reHe rmpA2 HaOI0OaIUCh Y HEMYKOMIHBIX IITAMMOB,
y HUX OTCYTCTBOBaJ rmpA. IITaMMBI OTIIMYANIMCH TT0 HA0OPY M3 YeThIpEX CUIEPOPOPHBIX KIACTEPOB, KOJIMYECTBO
KOTOPBIX HE KOPPEIMPOBAJIO ¢ CUAePO(OPHON aKTUBHOCThI0. OTCYTCTBUE Y ITAMMOB, He 00JIaJalolUX TUIIEPMY-
KOMIHOCTBIO, FMpA Y TeHOB OMOCUHTE3a CaJIMOXEJIMHA IIPU COXPAHEHMU ['eHa ero pelenTopa yKa3blBaeT Ha HalMuKe
NeJIel i, TPUBOASIINX K MOTepe TunepMykonaHocT. MccnenoBanue 33 mTaMMOB MOKa3aio, YTO OHU CIIOCOOHBI
JMCCOLIMUPOBATh, 00pa3ysl KOJOHWU JIByX THIIOB: TEMHBIC U CBETJIbIe, KOTOPbIE HAOIIOAaINCh KaK Y TUIIEPMYKOMI-
HBIX, TaK ¥ Y HEMYKOMIHBIX IITAMMOB. TeMHBIC KJIOHBI THIIEPMYKOUIHBIX IITAMMOB 3TO CBOMCTBO COXPAHSIIH, B TO
BpeMsI KaK CBETJIble KJIOHBI ero yrpaunBaiu. O0a BapMaHTa HEMYKOMIHBIX LITAMMOB COXPAHSIJIA CBOMCTBO HEMY-
KOMIHOCTH. AHAIM3 pa3HbIX 17 MITAMMOB IOKAa3aJj, YTO UX TEMHbIE KJIOHBI 00Jagall CHUXEHHOM cuaepodopHoi
AKTUBHOCTBIO M IYYBCTBUTEILHOCTBIO K OaKTeprodary 1o CpaBHEHUIO CO CBETIIBIMU. [ €HOMBI pPa3HBIX KJIOHOB HE OT-
JINYAJINCh IO cUAepodOPHBIM KjlacTepaM, HO rmpA OB 0OHApy>KeH TOJIBKO B TEMHBIX KJIOHAX TMIICPMYKOUIHBIX
IITAMMOB. Y HEMYKOMIHBIX IITAMMOB 3TOT I'¢H OTCYTCTBOBAJI B 000MX KJIOHAX, B TO BpeMs KaK pa3IWuMsI B CUIC-
podOpHOIT aKTUBHOCTH M YYBCTBUTEIBHOCTU K OakTeprodary coxpaHSIIHCh. 3akawuenue. TMTIepMYKOUIHOCTD
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2024, T. 14, Ne 6 AHanus wrammoB K. pneumoniae

K. pneumoniae cBsizaHa ¢ HajauuueMm rmpA, B TO BpeMsl KaK rmpA2 He sBisieTcs 00s13aTebHbIM. Pa3inuus KJIoOHOB
1o MOpOJOruu KOJOHU, cuaepo@OpHOii aKTUBHOCTH U YYBCTBUTEIBHOCTHU K 0aKTepuodary He CBsI3aHbI ¢ rmpA/
rmpA2, a ckopee 00yCIOBIECHBI TOKA HEU3BECTHBIM MEXaHU3MOM.

Karouesvie caosa: Klebsiella pneumoniae, cudepogopras akmugHocmo, naa3mudst, 2UunepmMyKkouonblil peHomun,
pazouyecmeumenbHOCmy, NOAHOLEHOMHOE CeKBEHUPOBAHUE.

PHENOTYPIC AND GENETIC ANALYSIS OF KLEBSIELLA PNEUMONIAE STRAINS ISOLATED FROM
COMMUNITY-ACQUIRED PNEUMONIA PATIENTS IN ROSTOV-ON-DON IN 2021-2023
Rykova V.A., Podladchikova O.N., Anisimova A.S., Aronova N.V., Vodopyanov A.S., Temyakova S.Yu., Gudueva E.N.

Rostov-on-Don Scientific Research Anti-Plague Institute of Rospotrebnadzor, Rostov-on-Don, Russian Federation

Abstract. Introduction. Here, we present a study of 33 Klebsiella pneumoniae strainsisolated in Rostov-on-Donin 20212023
from patients with community-acquired pneumonia. The bacterial strains were analyzed according to the traits known
to be linked to hypervirulence. The aim of the study was to compare of the strains by analyzing phenotypic (siderophore
activity, hypermucoviscosity, bacteriophage sensitivity) and genotypic (presence of plasmids, siderophore genes, and
rmpA and rmpAZ2 genes) properties. Materials and methods. Assessment of bacteriophage sensitivity, hypermucoviscosity
using “string test”, siderophore activity on chrome azurol S containing plates, high-molecular weight plasmids content,
and whole-genome sequencing. Results. Sequencing of 11 strains differing in mucoviscosity allowed to establish that
all hypermucoviscous strains contained the rmpA gene, whereas the rmpA2 gene was either absent or contained single
nucleotide insertions or deletions, leading to a reading frame shift. The same mutations in rmpA?2 were observed in non-
mucoviscous strains, all of which lacked the rmpA gene. The strains differed by the presence of four siderophore clusters,
the number of which did not correlate with the siderophore activity. The lack of rmpA and salmochelin biosynthesis genes
but presence of its receptor gene in the non-mucoviscous strains suggest that they have deletions, leading to the loss
of the hypermucoviscous phenotype. A study of 33 strains showed that they were able to dissociate, forming dark and
light colonies, which were observed in both hypermucoviscous and non-hypermucoviscous strains. In dark but not light
clones obtained from hypermucoviscous strains, this property was preserved. In contrast, both clone variants of non-
hypermucoviscous strains retained this property. An analysis of different clones of 17 strains showed that dark vs light
clones had reduced siderophore activity and bacteriophage sensitivity. The clone genomes did not differ in the siderophore
clusters, but rmpA was revealed only in the dark clones of hypermucoviscous strains. In non-mucoviscous strains, this gene
was not found in both clones, whereas differences in siderophore activity and bacteriophage sensitivity were preserved.
Conclusion. K. pneumoniae hypermucoviscosity phenotype is associated with the presence of at least the rmpA, while intact
rmpA2 is not required. The differences in the colony morphology, clone siderophore activity, and bacteriophage sensitivity
are not related to rmpA and rmpA2, but rather result from an unknown yet mechanism.

Key words: Klebsiella pneumoniae, siderophore activity, plasmids, hypermucoviscosity, phage sensitivity, whole-genome sequencing.

Beepnexne

baktepuu Klebsiella pneumoniae miupoko pac-
MPOCTPaHEHbI B OKpYyKalollleil cpene, a TakXkKe siB-
JISIIOTCS  KOMITOHEHTOM HOpMOQJIOphl 4YeoBeKa.
I1pu aTom K. pneumoniae criocooHa BbI3bIBaTh 3200~
JIeBaHU S Pa3JIMUYHOU TSIKECTU KaK Y UMMYHOKOM-
MPOMETUPOBAHHBIX, TAK U UMMYHOKOMMIETEHTHBIX
auu. Idrammel K. pneumoniae 061agaroT LIUPOKUM
CneKTpoM (aKTOpOB MAaTOIEHHOCTUM U MHOXe-
CTBEHHOM JIEKAPCTBEHHOMN YCTOMUYMBOCTBIO U ITPEI-
CTaBJISIOT 3HAUUTEJbHYIO OMACHOCTD JJIsI 3ApaBo-
oxpaHeHus. I[loatomy Bug K. pneumoniae BKIIO-
yeH B rpynny ESKAPE-naroreHoB (Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa,
Enterobacter sp.) 1 siBJIsieTCsl IPpeIMETOM AeTalbHO-
o U3y4YeHUs AJ151 pa3pab®OTKU HOBBIX METOMIOB NUa-
THOCTUKU U JIeUeHUsI OOJbHBIX [7].

IlpeacraButenu Buaa K. pneumoniae HEOOHO-
POIHBI TIO CBOMCTBAM M B HAcToOslIee BpeMs pas-

JeJIeHBI Ha ABa ITaTOTUIIA IIITAMMOB: KJ1aCCUYCCKHE
(cKp) u runepBupyiaeHTHbie (hvKp) [8]. [mobanbHO
pacnpocTpaHEeHHBIE IITAMMBI CKp SIBIISIOTCS BO3-
OyIUTEeasIMU HO30KOMHUAJIbHBIX MH(PEKIINI U 9aCTO
JIEMOHCTPUPYIOT PE3UCTEHTHOCTh K aHTUOMOTHU-
kam. IlItammbl hvKp, KoTopble B MUpPE TTOSIBUINCH
OTHOCHUTEJIbHO HemaBHO (B 1980-x rr.), CTIOCOOHBI
BBI3BAaTh BHEOOIbHUYHBIC MHPEKIINU U U3HAYATIb-
HO COXpaHSUJIM YYBCTBUTECIBHOCTh K OOJIBIIWH-
CTBY aHTMOMOTUKOB. OIHAKO B IMOCJEIHEE BpeMsI
pacnpoCTPpaHUINCHh HMITAMMBI, ¥ KOTOPBIX THUIIECP-
BUPYJICHTHOCTh M aHTUOMOTHUKOPE3UCTCHTHOCTH
cocymiecTByloT [1]. DTOo gBIeHUE MOXeT POpMU-
poBaThCs 3a cueT nmpuodbpereHus hvKp mrammaMu
MJIa3MHUJII C TeHaMU PE3UCTEHTHOCTU K aHTUOUO-
TUKaM, a TaKXe 3a CUeT IIPUOOPETEHUSI aHTUONO-
TUKOPE3UCTEHTHbIMU cKp mTamMmMamMu miasmu,
HECYILIUX I'eHbl (PaKTOPOB BUPYJICHTHOCTH.
daxkTopbl BUPYJEHTHOCTU K. pneumoniae MOX-
HO pas3aejuTbh Ha ABe OoJbliue Tpymmbl. OmHU
(haKTOphl KOIMPYIOTCSI XPOMOCOMHBIMU TeHAMU
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W TPUCYTCTBYIOT Y BCEX TpEICTaBUTENeld BUIA
(K- 1 O-aHTurensl, puMOpuun, cCUCTEMa CEKpeLIUU
6 tuma, cugepodop sHTepoOakTuH). K 3TOi Ke
TPyIIle OTHOCUTCI M cuaepodop MepcUHMAabaK-
TWUH, T€Hbl OMOCHMHTE3a M TPaHCIIOpTa KOTOPOTO
HaxoIsITCS B COCTaBe KOHBIOTaTMBHOIO UHTErpa-
tuBHoro osnemeHta ICEKp, BcTpaumBaromerocs
B XpOMOCOMY B caiitax acrmaparnaoBoit TPHK [28].
YCTaHOBJIEHO, YTO CIOCOOHOCTh MPOAYLMPOBATH
3TOT cuaepodop, KOTOPbI BCTpeyaeTcs Y OTACb-
HBIX IITAMMOB KJeOCHEJJI, BaskKHa IJIs IPOSIBIIC-
HUS UMY TTaTOT€HHBIX CBOMCTB [19].

Hpyras rpynna ¢pakTopoB (TTOBBIIIEHHAs TPO-
NYKIIMS Karncyiabl, CHHTE3 HOMOJHUTEIbHBIX CUE-
podOpoOB, TAKNX KaK CaJIbMOXEJIUH U a3pO0aKTUH)
BBISIBJISICTCS IPEUMYIIIECTBEHHO Y ITaMMOB hvKp.
M3BecTHO, YTO TIOBBILIEHHAsT MPOAYKIIMS Karicy-
JIbl, KaK MPaBUJIO, IPUBOJUT K TUIIEPMYKOUTHOCTHU
IITAMMOB, KOTOpasl SIBJSICTCS OMHUM M3 MpU3Ha-
KOB, KOPPEIUPYIOIIUX C TUIECPBUPYICHTHOCTHIO
K. pneumoniae. Kancyna KonupyeTcsi XpOMOCOMHBI-
MU T€HaMU (cps), KOTOPbIe aKTUBUPYIOTCST TIPOIYK-
TaMM TJIa3MUIHBIX TEHOB FmpA U rmpA2. DTU TeHbI
pacmoiaoXkeHbl Ha XxapaKTepHBIX 11t hvKp BbICOKO-
MOJIEKYJIIpHBIX T1adMuaax [15], Takux kak PLVPK
(224 T.1.H.) 1 pK2044 (219 1.1.H.). Ha aTux xe naas-
MU IaX HAXOASITCS FeHbl, KON PYIOIINE a9PO0aKTUH
u canbpmoxenuH [9, 18, 32]. Hanxuuue y nccnenye-
MBIX IIITAMMOB BBEIIICYIIOMSIHYTBIX T€HOB, KOTOPOE
yKa3blBaeT Ha MPUCYTCTBUE B IITaMMaXxX IJIa3MU
BUPYJEHTHOCTHU, MPEIJI0XKEHO HCIT0JIb30BaTh B Ka-
YecTBe reHeTuUeCcK1X MapkepoB hvKp [25].

W3 4geThIpex NpoOmyLUHUPYyEeMBIX KJeOCHUeTIaMUu
cuaepodopoB (AHTEPOOAKTUH, MEPCUHUAOAKTHUH,
CcaJbMOXEJIMH U a3p0o0aKTUH) HauboJee BaXK HbIMU
IS TIPOSIBJICHUST MATOTEHHBIX CBOMCTB SIBJISIOT-
csI adpo0aKTUH M CaJIbMOXCJIMH. DHTECPOOAKTUH
CUHTE3UPYeTCs BCEMU IITaMMaMW, OJHAKO €ro
3(p(PEeKTUBHOCTh B OpraHu3Me X03siMHa HEeBbICOKA,
TaK KakK OH MHAKTUBHUPYETCS OCJIKOM MMMYHHOI
CHUCTEeMBI JINTIOKAJIMHOM-2. YCTONYUBHII K JIUIIO-
KaJIMHY MepcuHUa0aKTUH BCTpedaeTcs Kak y cKp,
Tak U y hvKp. JIng nociaeaHux oCoOEHHO Xapak-
TepHBI ABa APyrux cuuepocdopa — cajibMOXEIUH
M a3po0aKTUH, KOTOpbIe TaKxKe He MWHAKTUBUPY-
I0TCS TUuTNoKaaiuHoMm-2. Hanuvyue y mrammoB hvKp
JIOMIOJTHUTEIbHBIX TEHOB, KOAUPYIOLIUX OMOCUHTES
cunepodopoB, mpenrogaraeT HaJIu4ue y HUX CIIO-
COOHOCTHM TPOAYHHMPOBATH ITU XEJIATOPHI Kejae3a
B OOJIbIIUX KOJMuecTBax. M nmeicTBUTENbHO, UC-
CJICOBAHUSI Pa3HbBIX IITAMMOB KJIEOCHEJJI ITOKa-
3anau, uTo hvKp nponyuupymot B 8—10 pa3 6oblie
cunepodopos, yem cKp mramMmsbl [24, 25]. Ha ocHo-
BE 3TUX HAOJIONEHU T aBTOPBI TTPEAJIOK I KOJTU-
YeCTBEHHBIN METOM IJIST OITpeAeSieHUs cuaepodop-
HOM aKTMBHOCTHU IITAMMOB IO POCTY Ha MHAMKA-
TopHOIi cpene (CAS-arape), KOTOPBIU mpeaiarain
UCHOJIb30BaTh NJs1 ObicTpoil auddepeHIMaUU
hvKp ot cKp.

lunepnponykiivs Karncyjabl M cuaepodoposB
criocoocTByeT TposiBieHuio hvKp BbicokomHBa-
3UBHBIX CBOMCTB. Karicyna crmoco0CcTByeT yCKOb-
3aHUI0 OaKTepUil OT AEUCTBUS UMMYHHOU CUCTE-
MBI XO3MHaA, a MNPOAYKIIUS HECKOJIbKHMX THUIIOB
cuaepodopoB obecriedynBaeT TOCTYII K pa3HbIM UC-
TouHUMKaM xesne3a. [lomumo yuyacTus B accuMuis-
nuu xesnesa, cuaepodopsl K. pneumoniae IOBpexX-
Mal0T TKAHW XO35IMHA, WHIYLUPYIOT BBIPAOOTKY
HUTOKWHOB, CTAaOUIU3UPYIOT TPAHCKPHUITIIMOH-
He1it pakTop HIF-1a 1 cnocobcTByIOT m1McceMmHa-
nuu 6axtepuii [13, 23].

Hcxonst m3 OOMIETPUHSITBIX TpeACcTaBICHU
O B3aMMOCBSI3U MPOAYKIUU cUIEepOdOpPOB C Ipy-
TUMU CBOUCTBAMU, OMPEACSIONIUMU TUTIEPBUPY-
JICHTHBIN (DEHOTUIT KJIEOCUEsJI, Mbl TIOMBITAJINCH
BBISIBUTH 3TY CBSI3b y KJIWHUYECKHUX IIITAMMOB
K. pneumoniae. llenb pa®OThI: CpaBHUTEJIbHBIN
aHaJU3 ITaMMOB K. pneumoniae 110 (beHOTUITUYEC-
KuM (cunepodopHasi aKTUBHOCTh, TUTIEPMYKOUI-
HBIT (PEeHOTUTT M YYBCTBUTEJIBHOCTh K KJieOCUE-
JIe3HOMY 6akTepuodary) 1 reHOTUMMYEeCKUM (Ha-
JIM4Me aBTOHOMHBIX IJIa3MUJIHBIX PEMJIUKOHOB,
TeHOB cuepO(dOPHBIX KJIACTEPOB M PETYISITOPOB
MYKOUAHOTO (P€HOTUTIA) CBOMCTBAM.

Matepuanbl n MeTobl

Illmammuol, ucnoavzosanuvie 6 pabome, ObIIU
BBIZICICHBI M3 MOKPOTHI OOJBbHBIX BHEOOJIbHUY-
HBIMU THEBMOHUSMU B JEYEOHBIX YUPEXKICHUSIX
. PocTtoBa-Ha-/lony B 2021—-2023 rr. B pabore mmpoa-
Hanum3upoBaHbl 33 mramma K. pneumoniae. lllTaMMbl
BbIpalllMBaJIU Ha Msco-menToHHOM arape (MITA)
npu 37°C B TeueHue 18—24 4. BugoByto npuHaaiex-
HOCTb BBIICJICHHBIX KYJIBTYP MOATBEPXKIAIHN C TO-
MOIIIBIO BPEMSIIPOJICTHOM MacC-CIEKTPOMETPUN
C MaTPUYHO-aKTUBUPOBAHHON Ja3epHOU aecopo-
nueii/monuszauuvein (MALDI-ToF MS). Macc-
CHEKTPHI, MOJTyYESHHBIC TTPU MCIIOJIb30BaHUU MaccC-
cnektpoMeTpa Autoflex speedlIl (Bruker Daltonics,
I'epmaHus), aHaAU3UPOBAJM C TMOMOIIBIO MPO-
rpammHoro obecrieueHusi MALDI Biotyper u cpaB-
HUBaJIM ¢ 6a30i TaHHBIX KommaHuU Bruker Bepcuun
3.1.66 (Bruker Daltonics, I'epmanust). O6pa3ibl A1s
MaccC-CIeKTPOMETPUM TOTOBUJIM B COOTBETCTBUU
C METOIMYECKUMU YKa3aHUSIMU [5, 6].

H3zyuenue cnekmpa uysecmeumenbHOCMu NCCIIC-
IYeMBIX IITAMMOB K KOMMEPUYECKOMY KJleOCHel-
JIE3HOMY TIOJIMBaJIeHTHOMY OakTepuodary, mnpes-
CTaBJISIIOLIEMY COOOI OUMILEHHBIN (puabTpaTr da-
rojiu3aToB O0akTepuii K. pneumoniae (cep. Y05, HITO
«Mukporen», Poccust), IpoBoaguIn METOIOM Ha-
HECeHU s KaIlJK pas3IMuHbIX pa3BeneHuit (o 107%)
OakTepuodara Ha IOCEB HUCCJENyeMO KYJIbTYpPbl
(108 KOE /M) cornmacHo DenepaibHbIM KIMHAYEC-
KUM peKoMeHaalusMm «PalimoHaapHOE IIpUMEHE-
HUe 0akTepruodaros B J1e4eOHON U MTPOTUBORMIUIE -
MuuyecKkoi npaktuke» (Mocksa, 2022 r.).
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Tunepmykoudnviii henomun wmammos OIIpe-
JIEJISIJIN ¢ MOMOIIbIO «CTpUHI-TecTa» [11] mpu uc-
NOJb30BAHUM CYTOUHON KYJABTYpPbl OaKTepuii,
BBIpAIICHHBIX HAa KOMMEPUYECKOM KPOBSTHOM arape
¢ 5% GapaHBUX SPUTPOILIUTOB (arap KOJyMOUMNCKUA
C colepxXaHueM OapaHbell KpOBU, HOMEpP MapTUU
1477, OO0 «Cpenodd», Poccus). Tect cumtanu
MOJIOKUTEABHBIM, €CJIH 3a TIETJICH TIHYJICS CITU3U-
CTBII TSIK OoJiee S MM OT MOBEPXHOCTHU arapa.

Bbisigrenue agmoHOMHbIX NAA3MUOHBIX PENAUKO-
HO6é TIPOBOAMJIN C TIOMOIIBIO aHajM3a TOTaJIbHOM
kynetouHoii JIHK mramMMoB MeToaoM, TIpeaIoKeH-
HbiM C.1. Kado u S.T. Liu [16]. 11 3TOTO KYJIBTYPbI
BeipamuBaau Ha MITA npu 37°C B TeyeHue 18—
24 4. KneTKM cyclieHIupoBaiau B JU3UC-0Oydepe,
comepxameMm 50 MM Tpuc-OH (pH 12.,45), 10 MM
DATAu 3% SDS, u BbraepxxuBain 30 MuH ripu 65°C.
Ilocne no6aBaeHus cmecu peHom:xaopodopm (1:1)
BOOHYIO a3y oTmenasiu LeHTpUPyrupoBaHUEeM
U nojaBepraiu 3jekTpodopesy B 0,7%-HoMm arapos-
HoM resie ipu 50 MA B TeueHue 2,5 4. ['enu okpa-
HKUBaau 6poMuaoM 3TuauS (Serva).

CudepoghopHyro akmueHocms UCTIOJIb30BaHHBIX
B pabore mtaMmoB K. pneumoniae onipeaeasiiuv
Ha MHAWKaATOpHOU cpene [27], comepxKalieil Xpo-
MOTEHHBII XenaTop KeJjieda xpoMmazypoia S (CAS).
Dr1oT peakTus 11pu 30%-HOM HACHIILICHU U XEJIe30M
MMeEET CHHEe-3eJICHYI0 OKPAcKYy, a MOoCje yaaaeHUS
13 Hero xejie3a cujgepodopamMu, BBIICISIEMbIMU
B cpeny 6aktepusimu, CAS-peakTuB OKpaliuBa-
eTcs B XKeJThIi 1BeT. Ilepen moceBoM Ha MHIMKA-
TOPHYIO Cpeay IITaMMBI KJIeOCHEIIT BeIpallliBaIn
npu 37°C na MIITA B TeueHue 24 4, KyJbTYpPhI Cy-
CIIEHIVPOBAJM B CTEPUJIBHOM JAUCTUIJIMPOBAH-
HO# Bome mo rioTHocTtu 10° m.k./mia. ITo 10 Mk
cycneH3ui Oaktepuit HaHocusimn Ha CAS-arap
B BHIe KaIlJIM, ¥ ITOCEBBI MHKyOUpoBaru npu 37°C
B TeyeHue 24 u.

CekgenuposaHue 1MTAaMMOB KjeOcuens OblJIO
MPOBEICHO METOAOM BBICOKOIIPOU3BOAUTEIBHO-
TO0 CEKBEHHUPOBAHMS MPHU HCIIOJIb30BAHUU TEXHO-
gornyeckoi miaardopmbl MiSeq (Illumina, www.
illumina.com). XpomocomHass IHK nnst cekBeHu-
poBaHus OblJIa BhlJIeJIeHa ¢ ITOMOIIbIO Habopa s
BoimeneHuss JHK — «HK» (JHK-texHOMOTHMS,
MockBa, Poccust) corjtacHO UHCTPYKIIUU TIO MTPU-
MeHeHM 10 Habopa. B peakunu ucrnonab3zoBaiau 20 HT
JHK xaxgoro wu3 ucciaeIoBaHHBIX IITaMMOB.
BbubimoTeku roTOBUIIM C TTOMOIIBI0 KOMMEPUYECKO-
ro Habopa Nextera DNA Library Preparation Kit
(Illumina) corjacHO mpujaraéMoil MHCTPYKIIMMU.
J1J1s1 ceKBEHUPOBAH M TTOJYYEHHBIX OMOIMOTEK MC-
MoJIb30BaJin Habop KapTpuaxkeit MiSeqv.2 Reagents
Kit 300 Cycles PE (Illumina). Pe3ynbTaThl CEKBEHU-
poBaHUs OBLIN MPENCTAaBICHBI B BUAe HaOOpa KOH-
TUT'OB, COAEPKAIIUX TEKCTOBbIE (Daiiibl IBYX TUTIOB
(fasta u fastaQ). 'eHoMBI aHATM3MPOBAIU C TIOMO-
mblo aBTOpckoil mporpammbl ContigSearcher [3],
MO3BOJISTIONIE MPOBOAUTH MOMCK KOHKPETHBIX IO~

caenoBaresbHocTelt JIHK B KoHTHTrax. /s mouc-
Ka TE€HOB PEryJIITOPOB MYKOWUJTHOTO (hDeHOTUITIA HC-
MOJb30BaJIM MOCIAEAOBATEILHOCTU rmpA U rmpA2
u3 6a3bl naHHbIXx NCBI. AHanu3 reHoB, OTBeYaro-
IIMX 32 TPOAYKIINIO KJIeOcueaaMmu cuiepohopos,
MPOBOAUIMN C MCTOJb30BAHUEM KOMIIBIOTEPHOM
nporpamMmMbl SiderophoreAnalyzer [4]. DTa npo-
rpaMMa TIO3BOJISIET BBISIBISITh Te€Hbl OMOCUHTE3a
U pELETITOPOB YeThIpeX CUIepodOpoB: SIHTepOobaK-
tuHa — Ent (enfB u fepA), nepcunnabaktuHa Ybt
(irp2 m fyuA), canbmoxenuna — Sch (iroB u iroN)
u aspobakTuHa — Abt (iucA u iutA).

Pesynbrathl

XapakTepucTuka UCNoJib30BaHHbIX B paboTe
wTtammoB K. pneumoniae

CpaBHUTENIbHBIA  aHaJIN3 33 I TaMMOB
K. pneumoniae (Tadi. 1), BBIZCICHHBIX OT OOJIBHBIX
BHEOOJIbHUYHBIMU ITHEBMOHUSIMU B JIe4EOHBIX yU-
pexaeHusax r. Pocrosa-na-Jlony B 2021-2023 rr.,
ObLJI IPOBEJEH MO CJIEAYIOLIUM IIPU3HAKaM: Haau-
yue cuAepod@OPHO aKTUBHOCTHU, TMIEPMYKOMI-
HOro (eHoTumna, aBTOHOMHBIX ILJIa3MMUIHBIX pe-
MJMKOHOB U YyBCTBUTEJIbHOCTHU K KJI€OCUEIIIE3HO-
My 6akTepuodary.

Onpedenenue GacouyecmeumenpbHocmu KiieoOCU-
€JLJ1 TI0Ka3aJjo0, YTO 13 33 McCclIeIOBaHHBIX IIITAMMOB
ceMb (21%) maBajy HEYETKYIO 30HY JIM3KCaA C BTO-
PUYHBIM POCTOM BHYTPH 30HBI (0003HAYEHBI «+/—»),
9 mrammoB (27%) oka3zaJucCh PE3UCTCHTHBIMU
K 6aktepuodary: 3 (33%) orHocunauch K hvKp ma-
Totuny, a 6 (67%) — x cKp. 13 17 4yBCTBUTEIbHBIX
K ¢ary mTamMMoB, IEMOHCTPUPYIOIIMX YETKYIO
30HY Jau3uca, 14 (82%) ObLau npeacTaBaeHbI IITAM-
mamu cKp u Tosbko 3 (18%) — hvKp. [lonyyeHHBIE
JIaHHBIC yKa3blBalOT Ha mHpeobsamgaHue YyBCTBU-
TEJbHBIX K (pary mraMMoOB Cpelu U30JIITOB KJjlac-
cudeckoro tuna. BeposTHO, 3TO CBsI3aHO ¢ 3Kpa-
HMpOBaHUEM peLEeNTOpoB GakTepuodara Ha I10-
BEPXHOCTU OaKTEpUii, aKTUBHO MPOAYLHUPYIOIIUX
KaIlCyJIbHbIM IOJIMCaXapu/l.

AHnaau3z cudepoghoproili akmueHocmu WCCIEO0-
BaHHBIX IITAMMOB Ha MHIMKATOPHOW cpeae s
BbIsiBIeHUs cuaepodopoB (CAS-arape) mokasasn,
YTO IITAMMBI 3HAUYMTEIbHO pa3jinyaliich 0 3TOMY
cBoucTBy (puc. 1, 111 obnoxka, Tadn. 1).

OnHM ILITaMMBbl B YCJIOBUSIX O9KCIIEPUMEHTA
He mposaBIstan aktuBHocTH (Ne 1, 4, 10, 12, 19, 21,
22) uau gaBajid HeOOJIbIIYIO 30HY MPOCBETICHUS
CAS-peareHTa BOKpPYT MoceBa, a Apyrue 1TaMMbl
(Ne 2, 5, 17, 20, 23) BbIACHSTIN B cpeny OOJIBIIOE
KOJIMYECTBO CuIepo(dOpoB, YTO CBUIAETEIHCTBO-
BaJjio 00 UX BBICOKOI cuaepOodOPHON aKTUBHOCTH.
WM3BecTHO, 4TO BhICOKAs TPOAYKIIUS cuiepocdhopoB
xapakTepHa aJjist hvKp, o61aaa0lMX BLICOKOI MY-
KOMJIHOCTBIO 32 CUET CTUMYJISIIMMU CUHTE3a MOJIH-
caxapuaa 6eakamMmu RmpA u RmpA2, kotopsie Ko-
NUPYIOTCSI BHICOKOMOJIEKYJISIPHBIMHU TJIa3MUIaMU,
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collepXKalllMMHU TaKKe TeHbl OMOCHHTEe3a M TpaHC-
nopTta ABYX cuaepodopoB (adpoOaKTUHA U Callb-
MoxejinHa) [9, 18, 32].

Onpedenenue MyKouoHoeo (eHomuna 1ITaAMMOB
B CTPUHT-TECTE TOKa3aJjo, 4YTO U3 33 MTaMMOB T'U-
MEepMYKOUAHBIMU CBoiicTBaMu oGnamanu 11 (33%)
mramMmoB (tadJ. 1). I1pu onpeaeneHun cuaepodop-
HOM aKTUBHOCTHU 3TUX ITaMMOB (puc. 1, 11 o610xk-
Ka) BBISICHUJIOCH, YTO BBICOKYIO aKTUBHOCTH ITPOSI-
BVJIM TOJIBKO 3 mrramMa (27%), 5 mraMMoB (46%) 06-

JIagaan cjaaboil aKTUBHOCTHBIO, a ocTajbHEbIe 3 (27%)
HE IeMOHCTPUPOBAIIN CUACPOPOPHOIT aKTUBHOCTH.
Cpenu 22 LTaMMOB KJIACCUUYECKOTO MaTOTUIIA TOIb-
Ko 2 (10%) mposiBasLIn BBICOKYIO aKTUBHOCTH, 16
(72%) 6111 cnabo akTuBHBI U 4 (18%) He obnamanu
cuaepo@opHOli aKTUBHOCTbIO. AHaIU3 TOJIy4YeH-
HBIX JAHHBIX HE MO3BOJIUJ BBISBUTH YETKYIO CBSI3b
MYKOMIHBIX CBOMCTB IITaMMOB K. pneumoniae ¢ UX
BBICOKOI cHIepo(@OpHON aKTUBHOCTHIO. JIJIST BEI-
SICHEHM ST BOITPOCA, CBI3aHBI IV Pa3INdUs CUICPO-

Ta6auua 1. XapakTepucTuka UCMosib30BaHHbIX B pabdoTe wrtammoB K. pneumoniae
Table 1. Characteristics of the K. pneumoniae strains used in the study

Homep CupepodopHas YyBCTBUTENBHOCTb
mTamlma Hassamlne wraMmma AKTUBHOCTD MyKOVI.IJ,HOC.Tb K GakTepuodary
Strain Strain name Siderophore activity Mucoviscosity Bacteriophage sensitivity
number

1 70966 - - +
2 72138 +++ - +
3 72375 ++ - +
4 A3288 - + +/-
5 A3975 +++ + +
6 44712 ++ - +
7 44716 (R) + + +/—
8 45473 + - +
9 71704 + - -
10 A5237 - - -
11 71514 + - +
12 43592 - - +
13 70622 + - +/-
14 71320 + - +
15 71505 + - +
16 72244 ++ - +
17 A89 (n-) ++++ + +/-
18 A 106 + - -
19 A708 - - -
20 A 3292 (n-) +++ - -
21 KTA - + -
22 E 4024 - + +/-
23 n 9932 +++ + +
24 n 9939 ++ + _
25 N 6865 ++ + +
26 n 9537 + + -
27 Nn7762p + - +
28 44716 + + +/—
29 Nn7766 + - +/—-
30 K203 ++ - -
31 n 7498 + - +
32 Nn7762kp + - +
33 n 9941 + - +
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PucyHok 2. 9nektpodoperpamma B 0,7% arapo3Hom rene TotanbHou knetoyHon AHK wrammoB
K. pneumoniae. Kontponu: K1 — nnaamuabl 96,2-70,3-9,6 T1.n.H.; K2 — nnaamupbl 153,1-70,2 1.M.H.;

K3 — nnaamuabl 70,2-6,4 1.n.H.

Figure 2. Electrophoregram in 0.7% agarose gel of total cellular DNA of K. pneumoniae strains. Controls: K1 —
plasmids 96.2-70.3-9.6 kbp; K2 — plasmids 153.1-70.2 kbp.; K3 — plasmids 70.2-6.4 kbp.

¢dopHOIT aKTUBHOCTH IITAMMOB C Pa3HBIM HAOOPOM
TEHETUYECKUX KJIAaCTePOB, KOAUPYIOIIUX CUJICPO-
¢opbl, MBI MCIIOJIb30BAJIN ABAa METOAMYECKUX IO~
X0J1a: onpeaesieHre TUIa3MUIHOIO COCTaBa BCEX MC-
CJIEIOBAHHBIX IIITAMMOB M ITOJIHOTEHOMHOE CEKBe-
HUPOBaHUE OTACIbHBIX IIITAMMOB.

Onpedenenue naazmudno2o cocmasa WCCIENO-
BaHHBIX IITaMMOB K. pneumoniae METOJIOM 3JICK-
Tpodopesa ToTaabHOI KjeTouHoit JJHK B arapos-
HOM reje (puc. 2) mokasalio, YTO LITaMMBbl UMEIU
or 1 mo 7 mja3sMuI pas3JIiMYHON MOJICKYJISIpHOM
Macchl. M3BEeCTHO, 4YTO BBICOKOMOJICKYJISIPHBIC
MJ1a3MUIHbIE PETUIMKOHBI KJIEOCUEJI HECYT IeHbI
OMOCHHTE3a IBYX TOMOJIHUTEIbHBIX CUAEPOPOPOB:
caJIbMOXeJIMHa 1 a3pobakTuHa. [ToaToMy Hauuume
y IITaMMa TaKHUX PETJIMKOHOB MOTJIO ObI OOBSICHUTH
HX IMTOBBIIIEHHY 0 CUIepOGOPHYIO aKTUBHOCTD.

AHanu3 TUIa3MUJIHOIO COCTaBa MCCJIeA0BaH-
HBIX HAMM IITAMMOB MOKa3aj, 4YTO OOJBIIMHCTBO
W3 HHUX COIEpXKaJlu BBICOKOMOJIEKYJISIPHBIC ILIa3-
MUJIbI, pa3jindalolirecs Mo ITOABUXHOCTHU B Telie
(puc. 2). lITtammbl, KOTopble oOjamadu MaKCH-
MaJIbHOUM cuaepodOpHOIl aKTUBHOCTBIO (No 2, 5,

17, 20, 23), umenu B CBOEM COCTaBe€ BBICOKOMOJIE-
KYJISIpHBIC TUIA3MUJIbI, TIPU 3TOM JIPYTHUE IITaMMbI
(Ne 3, 18, 19, 22, 24, 25, 26), coaepxKallie CXOaHbIe
PETUIMKOHBI, HE ITPOSIBJISLIA BICOKO aKTMBHOCTU.
EnuHCcTBeHHBI IITaMM, Yy KOTOPOIO He OOHapy-
JKeHBI TIa3MUIbI, He obJiagall cuaepodopHoOil ak-
TUBHOCTBIO (InTaMM Ne 4 Ha puc. 1, 2). MHTepecHO,
YTO 3TOT IITAMM XapaKTepU30BaJICSI CUJIbHO BhIpa-
JKeHHOM TMIIepMYKOMIHOCTBIO. 1o uTepaTypHbIM
NaHHBIM, 3TOT Ipu3HaK K. pneumoniae oOYCIOB-
JIeH JeNCTBUEM TPaHCKPUMNIIMOHHBIX aKTUBATO-
poB RmpA 1 RmpA2, reHbl KOTOPbIX HaXOASTCS
Ha BBICOKOMOJICKYJISIPHBIX TIa3Muaax. Bo3aMoxHO,
TUIIePHPOAYKIIMS Karcyabl mrTamMmmoM Ne 4 cBsiza-
Ha C IPYrMMHU, MOKa HEU3BECTHBIMU, MOJIEKYJISIP-
HBIMM MEXaHU3MaMU PEryJIsIuM 3KCIIPECCUU Cps
reHoB. [lojlydeHHBIE TaHHBIC JalOT OCHOBAHUE JUJIST
MPEeAIOJIOKEeHUsI, YTO cuaepodopHasi aKTUBHOCTh
IITAMMOB, a TaKXKe CBOMCTBO TMIIEPMYKOUTHOCTH,
MOTYT OBbITh CBSI3aHBI HE TOJIBKO C TeHaMU, JIOKaJI1-
30BaHHBIMU Ha aBTOHOMHBIX MJIa3MUIHBIX PErIv-
KOHax, HO U C XPOMOCOMHBIMM I'€eHaMHU, a TaKXKe
C MHTETpUPOBAaHHBIMU C XPOMOCOMOM MJIa3MUAaMU.
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Tabnuua 2. PeHoTUNMYECKME U FEHOTUNNYECKUE CBONCTBA CEKBEHMPOBaHHbIX WiTammoB K. pneumoniae
Table 2. Phenotypic and genotypic properties of sequenced K. pneumoniae strains

leHbl perynsatopos
Homep | ). cpanne Cunep. MYKOUAHOCTb YyecTe.
wramma wTamma aKTUBHOCTb Cupepodopbr* MykonagHoOCTb Mucoviscosity Kk 6akTepuodary
Strain Strain name Siderophore Siderophores* Mucoviscosity regulation genes Bacteriophage
number activity sensitivity
rmpA rmpA2
4 A3288 - Ent, Ybt, Sch + + - +/-
22 E4024 - Ent, Abt, Sch + + +rx +/-
23 n 9932 +++ Ent, Abt, Sch + + +* +
24 n9939 ++ Ent, Ybt, Abt, Sch + + + -
25 n 6865 ++ Ent, Ybt, Abt, Sch + + - +
26 n 9537 + Ent, Ybt, Abt, Sch + + + -
27 Nn7762p + Ent, Abt, Sch® - - +** +
29 n7766 + Ent, Abt, Sch® - - - +/-
30 K203 ++ Ent, Ybt, Abt, Sch? - - +** -
31 n7498 + Ent, Ybt, Abt, Sch? - - Hx* +
33 n 9941 + Ent, Ybt, Sch® - - - +

Mpumeuanue. *Ent, Ybt, Abt, Sch — B reHomax cogepxatcs reHbl 61MOCUMHTE3A 1 TPaHCNopTa cuaepodopos, Sch? — B reHoMax coaepXaTcs TOMbKO
reHbl peuentopa caibMOoxesnnHa, **BreHe umeetcsa MyTaunsa co CABUTOM PpaMKn CHUTbIBAHNS.
Note. *Ent, Ybt, Abt, Sch — the genomes contain both siderophore biosynthesis and transport genes, Sch® — the genomes contain salmochelin receptor

gene only; **the gene contains frame shift mutation.

Pezyarvmamul noAHO2eHOMHO20 CEKGEHUPOBAHUSL
IITAMMOB MO3BOJISIJIM OLIEHUTH ITPUCYTCTBUE B HUX
KaK XpOMOCOMHBIX, TaK U IJIa3MUIHBIX T€HOB, KO-
JMUPYIOLIMX OMOCUHTE3 U TPAHCIIOPT CUAEPODOPOB,
a TakXe T€HOB PEryJsTOPOB TMUIIEPMYKOUTHOTO
deHoTumna. Jasg cekBeHUpOBaHUS ObLIU OTOOpa-
HBI 11 ITAMMOB, pa3anyarounuxcs no GeHOTUIU-
YEeCKUM CBOMCTBaM: cUAepOPOPHO aKTMBHOCTH,
TUIEPMYKOUAHOCTU Y YyBCTBUTEIILHOCTU B KJIeO-
cuesie3HoMy bakTepuodary (tabdma. 2).

IMouck TreHeTUYeCKUX JeTePMUHAHTOB OMO-
CUHTE3a M TpaHCHoOpTa 4YeThIpex CcuaepodopoB
B reHoMmax 11 mraMMoB KJieOCUEJIT MoKa3aj, 4To
OHM 00J1afanu pa3HbIM HaOOPOM I'eHOB, OTBeYalo-
IIMX 3a CMHTE3 U TpaHCIOpT cuaepodopoB. Bce
IITaMMBbl COAECPXKaaM T'eHbl, KOAUPYIOIIUEe CHUH-
T€3 U TPAHCHOPT dHTepoOaKTHHA, KOTOPbIM, KakK
M3BECTHO, KOAUPYETCSI XPOMOCOMHBIMM TE€HaMMU.
PasHple 1mTaMMBI colepxXKaJud JTOHNOJHMUTEIbHO
OT OJHOTO JI0 TpeX cuAepodOPHBIX KiacTepoB. Bce
MSTh IITAMMOB, KOTOpbIe He 00Jiafgaiud TUIepMy-
KOMJIHBIM (DEHOTHUIIOM, COAEPKAIU I'eH pelernTopa
caJIbMOXEJIMHA ITpU OTCYTCTBUU I'€HOB OMOCUHTE3a
9TOro cuaepodopa, YTO MOXKET yKa3blBaTh Ha ya-
CTUYHYIO AeJIeIMI0 CaJIbMOXEJIMHOBOTO KJIacTepa.
Tpu u3 11 cekBeHHnpOoBaHHBIX IITAMMOB (Ne 24—-26)
colepXKaJd TeHbl BCEX YeThIpeX CUAepOhOPHBIX
KJIacTepOB, TEM HEe MeHee, He MPOSIBJISIIN BHICOKOI
cuepodopHOl aKTUBHOCTH, HO 00JIaaaan TUIlep-
MYKOUIAHBIM (pEHOTUTIOM.

IMorck B reHoMax CEKBEHUPOBAHHBIX IIITaM-
MOB C IIOMOIIbIO KOMITBIOTEPHOM ITPOrpaMMbl

ContigSearcher [3] reHOB peryjasiTopoB, KOTOpbIE
aKTUBUPYIOT BKCIIPECCUIO TUTIIEPMYKOMIHOTO he-
Hotumna (rmpA n rmpA2), IoKkasa, 4To Bce 6 MyKO-
MIHBIX IIITAMMOB MMEJIN MMOJTHOLIEHHBIN TeH rmpA,
B TO BpeMs KaK ITOJIHOLEHHBIA TeH rmpA2 npH-
CYTCTBOBaJI TOJILKO Yy ABYX ITaMMOB (Ne 24, 26).
JBa 1ITaMMa B 3TOM T'€HE COIepXKaau eqMHUIHBIC
WHCEPUUU WU IeJenun HyKJIeoTuaoB (Ne 22, 23),
NPUBOASIIME K CABUTY PaMKU CYUTHIBAHUS T'eHa,
ny aByx mraMMoB (Ne 4, 25) rmpA2 oTCyTCTBOBAJI.
TTonydyeHHBIC JaHHBIE TTO3BOJISIOT OOBSICHUTD TH-
MepMYyKOUAHBIC CBOMCTBA O€CIIa3MUTHOTO IIITAM-
Ma Ne 4, y KOTOPOTO BbISIBJICHBI TJIa3MUIHbBIE T€HbI
caJibMOXeJIWHa U rmpA MpHU OTCYTCTBUU aBTOHOM-
HOT'0 MJa3MUJIHOTO PEIJIMKOHA, YTO MOATBEpK-
JaeT IPeAnoJoXeHne 00 MHTerpalluy MJaa3MUIbl
(MM ee YacTU) C XpOMOCOMOIA.

MyTtauum B reHe rmpA2 OTMEUEHBI U y Tpex
(Ne 27, 30, 31) U3 IITU HEMYKOUIHBIX IITAMMOB,
a'y nByx mrammoB (Ne 29, 33) 5TOT reH 1 BOBCE OT-
CYTCTBOBaJI. Y BCEX MATU HEMYKOUIHBIX IITAMMOB
reH rmpA He BbIsIBAsICS. HeobxonuMocTh U NO-
CTAaTOYHOCTh IIPUCYTCTBHMSI B I€HOMax IITaMMOB
K. pneumoniae TONbKO rmpA NJis1 IPOSIBJIEHUST MY-
KOMJIHBIX CBOMCTB MOATBEPKIaeTCsI JaHHBIMU aHa-
JIN3a TEHOMOB IIITAMMOB, B KOTOPBIX FMpA2 OTCYyT-
ctByeT (N2 4 11 25) njivt UMeeT MyTaLl MO CO CIBUTOM
paMKu cauThiBaHUS (Ne 22, 23).

IIpoBeaeHHBIE MCCAEIOBAHUS ITO3BOJMIM 3a-
KJIIOYMTD: cuaepodopHasi akTUBHOCTD K. pneumoniae
HE KOppEeIUpyeT C TUIEPMYKOUIHBIM (DEHOTUIIOM
IITAMMOB; JUUISI TIPOSIBJICHUSI MYKOUTHOTO (PEHOTH-

1110



2024, T. 14, Ne 6

AHanua wrammoB K. pneumoniae

na mraMmoB K. pneumoniae Haiuudue reHa rmpA2
He 00sI3aTeIbHO, B TO BpeMs KakK yTpara reHa rmpA
BEIIET K IToTepe 3TOro (heHOTUIIA; BHICOKOMOJIEKYIISIP-
HbIE TJIa3MUIbI, HECYIIMEe TeHbBI ITOMOJTHUTEIBHBIX
cnaepoOpoB U TEHOB PEryJsiTOpOB rmpA/rmpA2,
MOTYT MHTErpUpoBaTh ¢ XpoMocoMoi. Takast mHTe-
rpamusi Iia3MHui ¢ XPOMOCOMOI CBHUAETEIbCTBYET
0 PEKOMOMHAIIMOHHBIX TIpOlieccax, IPUBOMSIINX
K U3MEHEHU10 (PeHOTUTIMYECKUX CBOMCTB IIITAMMOB.
WM neiicTBUTENBHO, B TIpOllECCE XapaKTEPUCTUKU
mtTaMMOB K. prneumoniae 661710 OOHAPY>KEHO, YTO He-
KOTOpBIE M3 HUX 00pa3yIoT pa3HbIe 0 OKPACKEe KOJIO-
HUU. BbIsSICHEHUE TPUYMH 3TOI reTepOreHHOCTH CTa-
JIO TIPEIMETOM CJIEIYIOIIETrO 3Tara UCCaeI0BaHuUsI.

XapakTepucTuKa KNIOHOB pa3HbIX LUITAMMOB
K. pneumoniae

AHanu3 xapakTepa pocTta 33 LITAMMOB Ha IJIOT-
HBIX THUTATEJbHBIX cCpemax Ilokasajia, 4uyto y 17
U3 HUX HaOgiomajach Auccouuanus: Ha ¢oHe
CBETJIbIX KOJIOHUU BU3YaJM3UPOBAJIUCh TEMHBIC
Heripo3pauHble koJioHuu (puc. 3, III obGioxka).
[Ipu 3TOM y pa3HbIX IITAMMOB KOJMUYECTBO TAKMUX
KOJIOHU ¥ OBLJIO Pa3jJMYHO: OT eAMHUYHBIX 10 30%.
ITonoO6HbBI (peHOMEeH 00pa30BaHMST KOJTOHUI ABYX
MOp(}hOTHUTIOB HabJI0AaNCcss KakK y TMIIEPMYKOUI-
HBIX, TaK U y KJaCCUYECKUX IIITAMMOB.

boiin oTo6paHbl MOPMOJIOTUYECKU pa3invyaro-
1uecs KJIOHBI 17 mTaMMOB, U UX TPUHAIJIEXKHOCTh
K Buny K. pneumoniae Oblja TIOATBEPXIeHA METO-
nomM MALDI-ToF MS (3nauenue Score 2.0-2.5).
B xmakoit muTaTesbHOW cpele poCcT IITaMMOB
060uX MOP(MOTUNOB Ha TEePBbIE-BTOPHIE CYTKU CO-
MPOBOXIAJICSI PAaBHOMEPHBIM TIOMYTHEHUEM Cpe-
Ibl, a B 0ojiee MO3AHUE CPOKM — OOpa3oBaHUEM
CIM3UCTOTO OcajiKa M TJIEHKW Ha IOBEPXHOCTHU.
Paznuuusg cyOKyabTyp He ObIJIU CBSI3aHBI CO CITO-
COOHOCThIO COPOUPOBATH MUTMEHTHI U3 CPelibl PO-
cTa: mpu nocese Ha cpeny ¢ KoHro-por KojoHuu
UMeJIM OAMHaKoBoe okpalnnBaHue. C 1Iebl0 BbI-
SICHEHUSI TIPUYMH pa3IUuduii KJIOHOB OHU OBLIU
HUCCIEIOBaHbl MO CJEAYIOUIMM TpU3HAKaAM: CH-
nepodopHass aKTUBHOCTh, IJIa3MUIHBIN COCTaB,
TMIEePMYKOUTHOCTb U YYBCTBUTEIBHOCTDH K KJI€0-
cuenne3HoMy Oaktepuodary (tada. 3). KioHbl
14 mTaMMOB OBIIM TIPOCEKBEHUPOBAHBI U MPO-
aHaJM3UPOBAHBI MO HAJIUYMIO T'€HOB OMOCHMHTE3a
U TpaHCHOpTa YeThbIpex CUAepodOpoB U TEHOB pe-
TYJASITOPOB TMIEPMYKOUIHOTO (heHOTHIIA.

CpaBHeHue cuiepodOpHON aKTUBHOCTU KYJIb-
Typ (puc. 4, 111 0610XKa), TTOAYYEHHBIX U3 KOJIO-
HU# 1BYyX MOPp(MOTHUIIOB, MOKa3aJio, YTO OaKTepuu,
obpa3sylolue TeMHbIE KOJOHUU, 001agal0oT MEHb-
et cuaepodopHOil aKTUBHOCTHIO, YeM OaKTepuu
U3 CBETJBIX KOJJOHUI, HE3aBUCUMO OT UX MYKOU/I-
HBIX CBOMCTB.

J1J1s1 TOrO, 4TOOKI TPOBEPUTD, CBSI3aHBI JIU OTJI M-
qus cuaepodopHoOil aKTUBHOCTU MEXIY KJIOHAMU
C yTpaToii mia3Mu, ObIJI MPOBEACH aHaIM3 KJIOHOB

Mo MJIa3sMUAHOMY cocTaBy (puc. 5). [Ipu 3TOM BbI-
SICHUJIOCh, UTO U3 17 map ucciaeaoBaHHbBIX KJIOHOB
10 map pa3znuyaauch 1o MOJEKYJASIpHON Macce OT-
JNeJAbHBIX MJIa3MUI, a 7 map KJIOHOB UMEIU UIECH-
TUYHBIN TJIa3MUIHBIA cocTaB. Henb3ss uckiIo-
YUTh, YTO Y 3TUX KJIOHOB MUMEIOTCSI HE3HAUUTEJb-
HbI€ MyTallMU B MJa3MUIHBIX F'eHaX, KOTOPbIE He-
BO3MOXKHO 3apErUCTPUPOBATH ITPU UCITOJIb30BaAHUU
JTAaHHOTO METO/A.

AHaIu3 MYKOUJIHBIX CBOUCTB OaKTEepUlt U3 TEM-
HBIX U CBETJbIX KOJIOHUI, MTOJYYEHHBIX U3 TUTIEeP-
MYKOUAHBIX IITAMMOB, ITOKa3aj, YTO y TEMHBIX
KJIOHOB 3TO CBOWCTBO COXPAHSJIOCh, @ Y CBETJIbIX —
yTpauyrBajgoch. KJIOHBI KJIacCUMUYECKMX IITAMMOB,
obpasylolue Kak TeMHbIe, TaK U CBETJbIE KOJIO-
HUWU, TPU3HAKOM MYKOUTHOCTU He 0banaiu.

Bce uccnenoBaHHbIE Mapbl KJIOHOB pa3jinyalvch
M0 YPOBHIO UYBCTBUTEJIBHOCTU K KJIEOCHEJIE3HO-
My OakTepuodary: TeMHbIe KJOHBI UMeIu Oosee
HU3KYI0 YYBCTBUTEJIBHOCTh K (hary, He3aBUCUMO
OT HaJTM4YU s MyKouaHoro ¢peHoTurna (tada. 3). Tak,
y HekoTopbIX mTaMmoB (Ne 2, 4, 8, 10, 11, 28, 30)
TEMHBbIE KOJIOHUU ObIJIM PE3UCTEHTHHI K (hary, B oT-
JINYME OT CBETJIbIX BApUaHTOB. [1pu 3TOM pe3yabTat
onpeaejeHss (harouyBCTBUTEJIBHOCTU CMeEIIaH-
HOM KyJbTYpbI (Tabj1. 1) MOT OBITh Pa3JIUYHBIM: OT-
punareiabHbiM (Ne 10, 30), mosoxuteabHbBIM (No 2,
8, 11) mau comHUTETBbHBIM (N2 4, 28), 9TO, BepOosT-
HO, 3aBUCEJIO OT COOTHOIIEHUS B UCXOAHOU KYyJb-
Type 0akTepuil pa3TuYHbIX MOPDOTUIIOB.

CekBeHUpOBaHUE  OaKTEepUil, TOJYYEHHBIX
U3 TEMHBIX U CBETJIBIX KOJOHUI, BBISIBUJIO MEX-
Iy HUMU psia pa3auuuii. B To BpeMs KakK KJIOHBI
He pa3jnyaauch Mexay coboil mo Habopy B UX TIe-
HOMaXx cuAepodOPHBIX KJIACTEPOB, OHU UMEJIU pa3-
JIMYMS TTO NPUCYTCTBUIO TEHOB PETYJISTOPOB MYKO-
uaHoro ¢peHortuna, rmpA v rmpA?2 (tabJ. 3). Tak, ob6a
BapuaHTa 11 HEMYKOMIHBIX ITAMMOB HE COJEpKa-
v rmpA v rmpA?2, 3a UCKJIIOUEHUEM JBYX IITAMMOB
(Ne 14 11 30), KoTopble UMeTU Ae(EeKTHBIN reH rmpA2.
Baktepun aByXx MOp(hOTUIIOB MYKOUIHBIX IIITAM-
MoB (Ne 4, 26, 28) pa3audalivch 10 HAJTUIUIO TeHOB
peryasaTopoB (TabJji. 3): TeMHBbIe KJIOHBI COXpPaHSIJIU
CBOMCTBO MYKOMIHOCTM W COAEpXKaJid TeH rmpA,
3a MCKJII0YeHHeM mTaMmMa Ne 28, TeMHBIN KJIOH KO-
TOporo oOJjiagana TUMEPMYKOUAHBIM (DEHOTUIIOM,
HEeCMOTpsI Ha OTCYyTCTBUE rmpA. Y CBETJbIX, He-
MYKOMIHBIX, KJIOHOB 3TOT I'€H JIMOO OTCYTCTBOBAJ
(Ne 26, 28), nu6o nmen mytanuio (Ne 4). Hanudue
MHTAKTHOIO WU MYTaHTHOTO TeHa rmpA?2 y 0aKTe-
puil IBYX TUIIOB HE OKa3bIBaJIO BIUSHUS HA UCCTIe-
JNOBaHHbBIE HAMU CBOMCTBA ITAMMOB.

TTosiyyeHHbIe TaHHBIE TTO3BOJUIU 3aKJIIOUUTh,
YTO pasjudyusi ABYX MOPMOTUIOB IO CUIAEPO-
GbOopHOI aKTUBHOCTU W (ParouyyBCTBUTEIbHOCTU
HE CBSI3aHbI C UX MYKOUJIHBIMU CBOMCTBAMU, KO-
JIMYECTBOM CUIAEePOGMOPHBIX KJIACTEPOB U MPUCYT-
CTBUEM B MX T€HOME I'€HOB PEryasiTOPOB MYKOWI -
Horo deHoTumna rmpA/rmpA2.
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Ta6nuua 3. deHoTUNUYECKME U FeHOTUNUYECKUEe CBOCTBA KNIOHOB K. pneumoniae, pasnuyatowmxcs
no mop¢donornm KoNIoOHUM

Table 3. Phenotypic and genotypic properties of K. pneumoniae clones differing in colony morphology

a - FeHbl perynaTopos
§ E ® § . E 3, a > MYyKOMAHOCTH
Home Ie s> ah g g2 o R Mucoviscosity
mTamfa HasBaHue KOHbI ;..—',; SE3 | & § o € 2 ::: 3 regulation genes
) wramma pagox S m O 28 g2
Strain Strain name Clones Sgeg as$§ Q5 29
number Eggo gto g £5
@'© m S°9 o9 == rmpA | rmpA2
> x o =
I w0
+ TemH./+ dark 102 - - - -
1 70966 (S) Ent, Ybt, Sch®
- cBeTn./- light 103 + - - -
+ TemH./+ dark - - -
2 72138 (S) H.0.** H.0.** H.0.**
— ceeTn./- light 103 +++ -
+ TemH./+ dark 10 + - - -
3 72375 (S) Ent, Ybt, Sch?
- cBeTn./- light 102 ++ - - -
+ TemH./+ dark - - + + +*
4 A 3288 (S) Ent, Ybt, Sch
- cBeTn./- light 10~ + - +* +*
+ TemH./+ dark - + - - -
8 45473 (R) Ent, Ybt, Sch?
— cBeTn./- light 102 +++ - - -
+ TemH./+ dark - + - - -
10 A5237(R) Ent, Sch?
- cBeTn./- light 102 ++ - - -
+ TemH./+ dark - - - - -
11 71514 (R) Ent, Ybt, Sch?
- cBeTn./- light 103 ++ - - -
+ TeMH./+ dark 10 - - - +*
14 71320 Ent, Ybt, Sch?
- cBeTn./- light 102 +++ - - +*
+ TemH./+ dark U, - - - -
15 71505 Ent, Ybt, Sch?
— cBeTn./- light 10-° + - - -
+ TemH./+ dark - - -
18 A 106 H.0.** H.0.** H.0.**
- ceeTn./- light - + -
+ TemH./+ dark - + -
19 A708 H.0.** H.0.** H.0.**
- ceeTn./- light - ++ -
+ TemH./+ dark - - - - -
20 (A 3292 (n-) Ybt, Sch?
- ceeTn./- light L, + - - -
+ TemH./+ dark - ++ + + +
26 19537 Ent, \ébth Abt,
- ceTn./- light - +++ c - - +
+ TemH./+ dark 10" +++ - - -
27 | u7762p Ent, ﬁEt'
- ceTn./- light 102 4t Sc - - -
+ TemH./+ dark - + + - -
28 44716 Ent, Ybt, Sch®
- cBetn./- light 102 ++ - - -
+ TemMH./+ dark - + - - 4%
30 K 203 Ent,gbrt],RAbt,
- ceetn./- light 102 4+ c - - +*
+ TemH./+ dark 10 - - - -
33 n 9941 Ent, Ybt, Sch?
- cBeTn./- light 102 + - - -

Mpumeuanue. *B reHe umeertcs MyTaumsa Co CABUTOM pamMKn CHATbIBAHNS, MCeKBeHVIpOBaHVIe wTaMmma He npoBoAnIN.

Note. *The gene contains frame shift mutation; **the strain was not sequenced.
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PucyHok 5. 9nektpodoperpamma totanbHom knetoyHon [HK TeMHbIx («+») u cBETAbIX («—») KNOHOB

wTammoB K. pneumoniae B 0,7% arapo3Hom rene

Figure 5. Electrophoregram of total cellular DNA of dark («+») and light («<—») K. pneumoniae clones strains in 0.7%
agarose gel
O6cy)|( neHune cuaepo@opHy10 aKTMBHOCTbH B KauyeCTBE Mapkepa

I[IpoBeneHHOE HCcCIenOBaHME pPa3HBIX IIITaM-
MoB K. pneumoniae, BBIICIICHHBIX OT OOJIBHBIX BHE-
0OJILHUYHBIMU MHEBMOHUSIMU B PocTOoBe-Ha-JloHy
B 2021—2023 rr., BBISIBUJIO PA3JIUYUSI MEXTY HUMU
no psaay (GeHOTUNMUUYECKUX W TeHOTUITUMUYECKUX
NPU3HAKOB: cUAEepOGOPHON AKTUBHOCTHU, IIa3-
MUJAHOMY COCTaBY, TUIIEPMYKOUJTHOMY (DEHOTHUITY,
YyBCTBUTEJBHOCTU K KJIeOCHENJIe3HOMY OaKTEpUO-
dary, HaJIMUYUIO TeHOB CUIEPODOPHBIX KJIACTEPOB
U PEryasiTOPOB MYKOUTHOIO (heHoTUNA.

CriocoOHOCTh MPOAYLMPOBATH HU3KOMOJEKY-
JISIpHBIE XeJIaTOPHBI XKejde3a — cuaepodopbl — U3-
BEeCTHA KaK OAMH M3 BaXXHBIX (paKTOPOB BUPY-
JICHTHOCTH Pa3HBIX BUIOB OaKTepuil, B TOM YHUCIE
n K. pneumoniae. Knedcueabl CIOCOOHBI MTPOIY-
OMpOBaTh YETHIpe cuaepodopa: SHTEPOOAKTHUH,
NepCUHMA0AKTUH, CAJIbMOXEJIWH M a’3pO0aKTUH.
I'eHBI ABYX 3 3TUX CHAEPOMOPOB — CaJIbMOXCINHA
1 adpoOaKTUHA, KOTOphIEe XapaKTepHBI 1JIsd hvKp,
colepxKaTcsd Ha KPYIHBIX MJIa3MUAaX B HEMOCPEI-
CTBEHHOI OJIM30CTU OT F'€HOB PEryJsiTOPOB MYKO-
ujaHoro ¢peHotuna rmpA u rmpA?2 [15]. DT naHHbIE
MO3BOJISIIOT OOBSICHUTh UCTOPUYECKU CJIOXKUBILIE-
ecs TpeacTaBJICHUE O KOPPEJSIMU TMOBbILIEHHONU
cuaepod@opHOil aKTUBHOCTU U TUIIEPMYKOUIHO-
CTU LLITAMMOB KJIEOCHEJLI.

IIpoBeneHHOe HAMM HCCJiefOBaHUE FreHOMOB 11
CEKBEHMPOBAHHBIX IITaMMOB K. pneumoniae TO-
Kas3aJlo, YTO OHM pa3jMyaliiCh IO HaOOpY T'€HOB,
KOIUPYIOIINX CUHTE3 U TPAHCIIOPT YEeTHIPEX CUJIC-
podopos. IIpu 3TOM mMITAaMMBI, COAEpKaIle TeHBI
BCEX YETHIpEX CUACPO(POpPOB, HE ITPOSIBIISIA MaK-
CUMaJIbHOM cuIepodOpHOIt aKTUBHOCTU Ha MHIM-
KaTopHOU cpeme. [ToyueHHBIC pe3yIbTaThl TaKKe
HEe BBISIBIWJIN CBSI3M MOBBIMICHHON cHaepohOpHOM
aKTUBHOCTU C TUIMEPMYKOUJIHOCTBHIO IIITAMMOB.
DTU JaHHBIE HE COMIACYIOTCS C HAaHHBIMU aBTO-
POB, MpeajiaraBlInX WCMOJb30BaTh MOBBIIIEHHYIO

TUTICPBUPYJICHTHBIX WM TUMNCPMYKOUIHBIX IITaAM-
MOB [24, 25, 26].

AHaJlu3 TEeHOMOB WCCJIENOBAaHHBIX B HACTOSI-
el paboTe MTAaMMOB BBISIBUJ CBsI3b INMpU3HAKaA
TUMEPMYKOUTHOCTY C HAJTMYMEM MHTAKTHOTO reHa
rmpA, HO He rmpA2. Tak, y 1IeCTU TUTIEPMYKOM -
HBIX IITAMMOB IIPUCYTCTBOBaJI T'€H rmpA, a TeH
rmpA2 1ubo0 OTCYTCTBOBAaJ, JIUOO coaepxKasl eau-
HUYHbIE MHCEPUUHU WU AeJelIMU HYKJEOTHUOOB,
OPUBOISIINE K CABUTY paMKM CUMTBhIBaHUS I'eHa.
AHaJloruyHble U3MEHEHU S reHa rmpA?2 ObIIU OT-
MEUEHBI U Y MSATHU HEMYKOUAHBIX IITAMMOB, y KO-
TOPBIX TeH rmpA He oOHapyxkuBaycsa. MHTepecHO,
YTO y BCEX MSTH IITAMMOB UMEETCSI TeH pelierTopa
caJbMOXEJIMHA, HO OTCYTCTBYIOT T€HBI OMOCUHTEe3a
3TOTO cuaepodopa, IYTO IMO3BOJISICT CYOUTh O Ya-
CTUYHOM HeeUU TUIa3MUIBI, COMepKaIIei TeHBI
CaJIbMOXEJIMHOBOTO KJacTepa W PEryJISITOPOB MY-
KOUJAHOro peHOoTUMA.

XOoTs TOJIy4eHHBbIE JTaHHBIE CBUIETEIbCTBY-
IOT O KOPPEJISIIUU TUNEPMYKOUIHOCTU C TIPUCYT-
CTBMEM reHa rmpA, HaMU OOHapyKeH IITaMM, KO-
TOPBI 00JamaJ] TUNEPMYKOUIHBIM (DEHOTUIIOM,
HECMOTpPsI Ha OTCYTCTBUE TE€HOB rmpA u rmpA2.
IIpoBeneHHoOe paHee McciefoBaHe BUPYJIEHTHOCTHU
3TOro mramMma [2] mokasaso, 4To B g03e 10° M.KII.
OH HE BbI3bIBaJ rMOEIU MBIIIEH, B OTIMYNE OT APY-
TMX TUIEPMYKOMIHBIX I[ITAMMOB, HWMEIOIINX
DCL < 10° m.x1. [To-BuamMoOMy, aTTEHyaL M I 3TOTO
IITaMMa CBsI3aHa UMEHHO C OTCYTCTBUEM FmpA TIpu
COXpaHEeHUU TUIlepMyKonaHOCTU. O CyIlecTBOBa-
HUM Yy KJIeOCHEIIT IPYTUX MEXaHU3MOB PEryJIsIIIunu
OPONYKIIUUA KaTlCyJabl CBUACTCIBCTBYIOT MHOTO-
YUCJIeHHBIE WCCIeaoBaHUS mocaeaHux et [10,
12, 14, 17, 20, 29, 30, 31]. Tak, K TUTIEPIPOIYKIIUHU
Kancyjabsl U (GOPMHUPOBAHUIO TUIEPMYKOUTHOTO
deHoTUIIa TIPUBOISAT MUCCEHC-MYTalluM B TeHE
wze [10, 17], KOTOpbIN KOOUPYET TUPO3ZUHKUHA3Y,
OTBEUYAIOIIYIO 3a CEKPelMIo W JUIMHY LIenH Kar-
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CYJIBHOTO TIoJIMcaxapuia. B peryasiuu sKcrpec-
CUM KarCyjbl yYacCTBYIOT MHOXECTBEHHBIE MOJIC-
KYJISIpHbIE MEXaHU3MBI: IJ100aJbHbIE PETYJISITOPbI
RcsAB, peuentop cCAMP, perynsitop Metabonn3zmMa
xkene3a Fur, perynsitopsl KvrAB, 1ByXKOMITIOHEHT-
Hble peryisiTopbie cucteMbl KvgAS u KvhAS [29].
Taxkoe pazHooOpa3ue peryjasTopoB Karcysioodpa-
30BaHM I, OUEBUIHO, SIBJISETCS MHIMKATOPOM BasK-
HOCTHU KarlCyJibl JUIs BbIKUBaHUs K. pneumoniae.
HaxkamnniuBamoTcsi tTaHHBIE O TOM, YTO TUIEPIPO-
IYKIMS Karcyiabl He 00s3aTeJIbHO KOpPpPEIupyeT
C TUTIEPMYKOUIHBIM (DEHOTUTIOM U TIPUCYTCTBUEM
reHoB rmpA u rmpA2 [20, 29, 30]. O6GHapyKeHO, YTO
MYTall1 B TeHaX-peryJasiTopax, BXOISIIUX B OUH
OIEPOH C FmpA, UMEIOT Pa3IMIHbII 3(pheKT: MyTa-
nus B rmpC NPUBOAUT K CHUKEHUIO KaTlcyJloo0pa-
30BaHMS, HO COXPAaHEHUIO TUIIEPMYKOUIHOCTH,
a B rmpD — He U3MeHsIET CUHTEe3 KaIlCyJibl, HO IPU-
BOIMT K OTCYTCTBUIO MyKouaHocTu [30, 31].
Mzydenne GeHOTUNMNIECKUX U TEHOTUITUYECKUX
CBOWCTB KJIOHOB (00pa3ylollnX TEMHbBIE U CBETJIbIE
KOJIOHWU) pa3HbIX 1ITaMMOB K. pneumoniae MoKa-
3aJI0, YTO, XOTSI 3TU KJIOHBI UMEIU MACHTUIHBIN
cocTaB cuIepoOPHBIX KJIACTEPOB, KJIOHBI U3 TEM-
HBIX KOJIOHU I TIPOSIBJISITIA CHUXKEHHY O cuaepodop-
HYI0 aKTUBHOCTh U YyBCTBUTEJIBHOCTD K ACHCTBUIO
KJebcuesie3Horo OakTepuodara 1Mo CpaBHEHUIO
CO CBETJIBIMU KJIOHAMU, HE3aBUCUMO OT X MYKO-
UIOHBIX CBOUCTB. [Ipy 3TOM aHanM3 reHOB OaKTepUit
W3 TEMHBIX M CBETJIBIX KOJIOHWUM TTOATBEPAMJI, UYTO
TEMHBIE KJIOHBI TUIEPMYKOUTHBIX IITAMMOB UMETHN
TeH rmpA, B TO BpeMsI KaK CBETJIble BapUaHThI JTUOO
HE coiepXXaJii 3TOT I'eH, JU00 OH MMeT MYTalluIo.
YV HEMYKOMIHBIX IIITAMMOB 3TOT I'€H He BBISIBIISIJICS
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Takum o00pa3oM, TMPOBENEHHOE HCCJIeIOBaHUE
mrTaMMoB K. pneumoniae, BbIICJICHHBIX 3a MOCJEI-
HHE TPU To1a OT OOJIbHBIX BHEOOJIbHUYHBIMU ITHEB-
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LIXX B OCHOBE X 3BOJTIOLIMOHHON MJIACTUYHOCTU.
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Pestome. Klebsiella pneumoniae 3aHIMaeT TOMUHUPYIOIIEE TIOJIOXEHNE B CTPYKTYpe BO30yIuTe N MHPEKIIUIA, CBSI-
3aHHBIX C OKa3aHUEM MEIUILIMHCKOM TTOMOIIHU, U aCCOITMMPOBAHA C BBICOKOI CMEPTHOCTBIO TTAIMEHTOB, ONIEPUPOBAH-
HBIX 10 TIOBONlY 3a00JIEBAHU CEPAEIHO-COCYTUCTON cUcTeMbl. K. pneumoniae xacCubULIIMPYIOT HA KJIACCUIECKUE
(cKp) u runepsupyneHtasie (hvKp): cKp BbI3bIBaIOT HO30KOMMAIbHbIE MHGEKIIUU U YACTO UMEIOT (DEHOTUT MHO-
JKeCTBEHHO JlekapcTBeHHOH ycToitunBoctu (MDR-cKp), Torna kak hvKp uyBcTBUTENbHBI K aHTUOUOTUKAM, HO 00-
JIaJJAl0T BBICOKOI BUPYJEHTHOCThIO. PaHee Oblia mpeacTaBieHa MOJEKYISIPHO-TeHeTUUeCKasi XapaKTepucTukKa U30-
JnaT0B K. pneumoniae, BbIIEIEHHBIX OT MALIMEHTOB KapIMOXUPYPrUUYeCcKoro ctTalinoHapa. B nanHoii pabote mpoBeneHa
OlIEHKA KJTMHUYECKUX U MUKPOOMOJOTHYECKUX (haKTOPOB PUCKa, Pa3BUTUS U HEOIaTONPUSITHOTO UCX0Aa HO30KOMU-
aJipHOI MHGeK1nHU, BbI3BaHHOU K. pneumoniae. Ha oHe MCXOMHO TSKEJIOro KOMOPOUIHOTO COCTOSIHUS MALIMEHTOB
Haubosiee 3HAUMMBIMU (haKTOpaMU pUcKa OKa3alMCh: XEHCKHUI TMOJI, BO3pacT crapiie 65 JeT, JIMTENbHOCTD Tpe-
ObIBaHMSI B OTAEJICHUN aHECTE3UOJIOTUU U peaHUMAallMU U HaJTU4Yue COMYyTCTBYIolIero 3aboneBaHus. CpeaHsisi nmpo-
JIOJIKUTENIbHOCTD IMPeObIBaHM S B cTallOHape Oblja B 1,7 pa3 Belle y MallMeHTOB, MHGULIMpoBaHHBIX MDR-cKp, uem
npu nubunupoBanuu hvKp. OcnoxxHenust uHbekuu (MoJIMOpraHHasi HEMOCTATOYHOCTh, MH(MEKIIMU KPOBOTOKA),
KaK 1 JiIeTaJIbHbIE UCXObI, ObLIIY MOATBEPXKACHBI TOJBKO B IpymnIie nanueHToB ¢ uHpekuueit MDR-cKp. Takum o0Opa-
30M, B TOCITUTAJILHOM Tieprofe 0ojee CyIecTBEeHHBIM (haKTOPOM pUCKa 0Ka3alach MHOXECTBEHHAsT IEKAPCTBEHHASI
YCTOMYMBOCTb, YEM TUTIEPBUPYJIEHTHOCTD K. pneumoniae. HeoOX0nMMO OTMETUTD, YTO ObLIT OOHAPYXKEH OV H KOHBEP-
reHTHbII n30a9T MDR-hvKp, 4T0 MOXET npeAcTaBasiTh CEPbe3HYI0 MPOOIEMY B JIEYEHUU MALIMEHTOB MPU AaTbHEH-
1IeM pacrmpocTpaHEeHUU Takux K. pneumoniae.

Karouesuie caosa: Klebsiella pneumoniae, kapouoxupypeuueckuii cmayuonap, Myabmupe3ucmeHmHocms, 2unepeupyIeHmHocmo,
HO30KOMUAAbHblE UHPEeKYUU, PaKmopbl pUcKa.
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NOSOCOMIAL KLEBSIELLA PNEUMONIAE INFECTION IN A CARDIAC SURGERY HOSPITAL:
CLINICAL AND MICROBIOLOGICAL FEATURES

Kuznetsova M.V.*?, Mihailovskaya V.S.*¢, Kudryavtseva L.G.¢, Sergevnin V.1.’

¢ Institute of Ecology and Genetics of Microorganisms Ural Branch Russian Academy of Sciences, Perm, Russian Federation
b Perm State Medical University named after academician E.A. Wagner, Perm, Russian Federation

¢ Sirius University of Science and Technology, Sirius Federal Territory, Russian Federation

4 Cardiovascular Surgery Federal Center named after S.G. Sukhanov Ministry of Health of the Russian Federation, Perm,
Russian Federation

Abstract. Klebsiella pneumoniae dominates among the pathogens that cause healthcare-associated infections and closely
associated with high mortality of patients undergoing heart surgery. K. pneumoniae spp. are classified into classical
(cKp) and hypervirulent (hvKp): cKp causing nosocomial infections often exerting a multidrug resistance phenotype
(MDR-cKp), whereas hvKp are sensitive to antibiotics, but have high virulence. Earlier, we presented the molecular
genetic characteristics of K. pneumoniae bacteria isolated from patients at the cardiac surgical hospital. Here, clinical
and microbiological risk factors as well as thoase underlying infection development and adverse outcome of nosocomial
infection caused by K. pneumoniae were evaluated. Along with initially severe comorbidities, the most significant risk
factors were the following: female gender, age over 65 years, length of stay at the Department of Anesthesiology and
Intensive Care as well as other detected comorbidities. The average length of stay was 1.7 times longer among MDR-cKp
vs hvKp patients. Complications (multiple organ dysfunction syndrome, bloodstream infections), as well as mortality
rate were recorded only in MDR-cKp patient group. Thus, in hospital period, K. pneumoniae multidrug resistance rather
than hypervirulence turned out to be a more contributing risk factor. It should be noted that one convergent MDR-
hvKp isolate has been detected, which may pose a serious problem in treatment of patients upon further spread of such

K. pneumoniae bacteria.

Key words: Klebsiella pneumoniae, cardiac surgery hospital, multiresistance, hypervirulence, nosocomial infections, risk factors.

BeepgeHue

Klebsiella pneumoniae — onuH u3 HauOoJee
3HAUYMMBbIX ONMOPTYHUCTUUYECKUX MMAaTOTE€HOB, BBI-
3pIBAIOIIMX KaK JIOKaJbHble THOWHO-BOCHAJIU-
TeJbHbIE 3a00JieBaHMS, HaIlpUMeEp, IMHEBMOHMUIO,
TaK W reHepaJin30BaHHbIe MH(EKIINU, BKIIIOUAIO-
IIMe TsXeJble, HepeaKo XU3Heyrpoxarolire
COCTOSIHMSI — MEHMHTUT u cencuc [9, 15, 32].
AHTHUOMOTUKOYCTONUMBBIE MPEACTABUTEIN STOrO
BU A ABJISIOTCA OCHOBHOM IMMPUYMHOM JIETAJIbHOCTHU
MNalMeHTOB CTallMOHAPOB BO BCEM MUPE, U, HAPSIAY
C APYTUMU BO3OYAMTEISIMU, KIACCUDULUPYIOTCS
BO3 kak KpUTHUYECKU TIPUOPUTETHBIC TMATOI'eHBI
N5 pa3pabOTKU aHTUOAaKTepuaJbHBIX ITperapa-
ToB [12]. Cpenu sHTepobakTepuii K. pneumoniae
HaubOoJjiee 4acTo COAepxKaT HECKOJbKO AeTEePpMU-
HaHT aHTUOUOTUKOPE3UCTEHTHOCTU, BKJIIOYAS
AmpC, [(-maktaMasdbl paclUIMPEHHOTO CIeKTpa
(BJIPC) u xapOameHeMa3sbl, IpU 3TOM YPOBEHb
YCTOMYMBOCTU BO30OyauTesell K IIpernaparamM IMo-
cJeaHero pesepna (AaHTUOMOTMKAM KJjacca KapoOa-
MeHEeMOB) HEYKJIOHHO Bo3pacTaeT [4, 33].

baktepuu K. pneumoniae mnoapaszneysIlOTCS
Ha JIBe TPYIIIbI COIJIaCHO MaTOTUITY: KJacCUYECKHe
K. pneumoniae (cKp), BbI3bIBaIoII e HO30KOMUaIb-
Hble UHDEKIIUY Y UMMYHOKOMITPOMETUPOBAHHBIX
nalnueHToB, U runepsupyaeHTHbIe (hvKp), saBisio-
HIMecss MPUYMHON BHEOOJbHUYHBIX NTHUCCEMMHMU-
POBaHHBIX MH(MEKLNI y 300pOBbLIX Jtoaeit [13, 18,
35]. B nocneaHee BpeMsl MOSIBJSIETCS BCe OOJbIle
COOOIIeHUT 0 BHYTPUOOJIBLHUUYHOM pacIipocTpa-

HeHuu hvKp, B TOM 4ucae KJIOHOB BHICOKOI'O PHUC-
ka [10, 21, 22, 27]. AXTuBHO obGcyxXaaeTcss Gpop-
MHUPOBaHUE BHYTPUOOJbHUUYHBIX KOHBEPTCHTHBIX
dopmMm K. pneumoniae. I1epBbIii c1ydait BHyTPUOOIIb-
HWYHOW BCHBIIIKMU, BbI3BaHHOU K. pneumoniae,
IEeMOHCTPUPYIOIICi OMHOBPEMEHHO THUIICPBUPY-
JICHTHOCTb M MHOXECTBEHHYIO aHTUOMOTHUKOpE-
3UCTEHTHOCTD, OITMCAH B OTAECJICHU UHTEHCUBHOU
Tepanuu 00JbHUILIbI YIKA13STHCKOTO YHUBEPCUTETA
(Xanuxoy, Kurtait) B 2016 1. [24]. [Ipennonaraercsi,
YTO HaJIUUYME Cpenu U30JasIToB K. pneumoniae TeHOB
TUTNICPBUPYJICHTHOCTH MOXKET IIPEICTaBISAThH II0-
TEHIIMAJbHYIO YyIPpO3y IJIsI CTallMOHApPOB, OCOOCH-
HO B CJIy4Yae KOHBIOTaTUBHOTO MePEHOCA MJIa3MU Il
C TeHaMU aHTUOMOTHUKOPE3UCTECHTHOCTH OT KJac-
CUYECKOIl BHYTPUOOJbHUYHON KJIEOCUEIIIbI K TU-
NepBUPYIACHTHOI ¢ (OPMUPOBAHUEM THOPUIHOTO
natoTtuna [28, 34].

MHBa3uBHBIE KapAHMOXUPYypPruuyecKue BMella-
TEJIbCTBA, B TOM YHCJIe TPaHCILJIaHTAIlMs CepAla,
A0PTOKOPOHApPHOE IIYHTHUPOBAaHUE, BOCCTAaHOB-
JICHWEe U 3aMeHa CepAeUYHOro KJaraHa W Jpyrue
PEKOHCTPYKTUBHO-IIJIACTUYECKNE OmNepaluu 3a-
YacTyl0 BBIIIOJHSIIOTCSI Ha OTKPBITOM CepIlie
U SBISIOTCSI UYpe3BBIYAHHO TpaBMaTUYHBIMU.
O0g3aTeIbHOM TIPOLEAYpPON IIPpU TaKMX BMeEIla-
TEJIbCTBAX CUYMTAETCS IIEPUOIICpAllMOHHAS aHTH-
onotukonpoduiaaktuka [31]. Pactymmii ypoBeHb
PE3UCTEHTHOCTU K aHTHUOMOTUKAM OIOCpPEeIy-
eT POCT cliydyaeB MH(PEKIMOHHBIX OCJIOXHEHMUIA,
B MIEPBYIO oYepeab — paHEeBOW MH(PEKIINU, MEAM-
aCTeHUTA W ITHEBMOHUWM, UYTO YBEJIWYMUBACT IJIU-
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TEJILHOCTh TIPEOBIBAHMUS ITallMeHTa B OOJBHUIIC
U IOoToJHUTENbHBIe pacxoanbl [1, 7]. Kpome Toro,
B IPYIIIIe MAllUEHTOB ¢ MH(MEKIIMSIMHU, BhI3BaHHBI-
MM OaKTepUSIMHU C MHOXECTBCHHON JIeKapCTBEH-
Hoit ycTtoriuuBocThio (MDR), oTmeueH 6osiee Bbi-
COKUI ypOBEHb CMEPTHOCTH, YeM MPU UHMUILIUPO-
BaHuU OakTepusimu 6e3 MDR [14, 25].

Panxee MBI TIpeICcTaBUIN MOJCKYASIPHO-TCHETH-
YEeCKYI0 XapaKTepUCTUKY U30IITOB K. pneumoniae,
BbIJIEJICHHBIX OT MALIMEHTOB KapIMOXUPYPruuecKo-
ro crauuoHapa [3]. Bo3dynurenu mmenu rerepo-
TeHHBIC TeHeTUYeCKNe NPpOoPu, B OOIBIITNHCTBE
clIyJaeB OKa3aJIuCh MYJIBTUPE3UCTEHTHBIMU, IIPO-
nyuuposaau BJIPC, B Tom yuciae kapbarneHeMasbl
pa3JIUYHBIX TUIIOB, B 8% cily4asix JIeMOHCTPUPOBa-
JIU TUTICPMYKOUAHBIN peHOTHUIT. B manHOIT paboTe
MBI OIlEHWBaeM HO30KOMHUAJIBHYIO KJICOCHUEIIIC3-
HYI0 MHPEKINIO (TSIXECTh TCUCHUST WM MCXOHI 3a-
0oJIeBaHMSI) C YYeTOM OOIIEKJIMHUYECCKUX JaHHBIX
NalMEeHTOB U OMOJIOTMYECKUX CBOMCTB BO30YyAU-
TeJIST — AaHTHOMOTUKOYCTOMYMBOCTU U €r0O IMAaTo-
TUMa (KJIacCUYSCKUI MWW TUIICPBUPYICHTHEBIN).
ITocnenHee ocoOEHHO aKTyallbHO, TaK KaK pOJb
hvKp B BO3HMKHOBEHUM MH@EKIUI, CBI3aHHBIX
C OKa3zaHHWEeM MEIVIIMHCKON MOMOIIY, TCUCHU U 3a-
0oJIEBaHMS M €r0 MICXOe B KapIUOXUPYPTUH, OCTa-
€TCSl HEOCTaTOYHO U3YYEHHOIA.

Llens nccaenoBaHusl — U3YYUTH KIMHUUCCKUE
1 MUKPOOHoJornuecKre GpakKTOphl pa3BUTHUS U UC-
xona uHMeKu, BbI3BaHHOM K. pneumoniae, B Kap-
JOXUPYPrUYECKOM CTallMOHape.

Marepuanbl n MeTopl

Xapakmepucmuka nayuenmos. B HacTosee
ucciiegoBaHue ObLJIO BKJIIOYEHO 45 MalMeHTOB —
6akTepuoHocuTenen K. pneumoniae (n = 6) u ¢ Ma-
HUudecTHBIMU popmaMu uHpexkuuu K. pneumoniae
(n = 39), HaXOAMBIIMXCS HA JJEUEHUU B KapAUOXH-
pypruyeckoM cTalmoHape B repuon ¢ mas 2021 r.
o saBapb 2023 r. Betn TpoaHaIN3NpPOBaHBI TaH-
Hble MEIWIIMHCKHUX KapT CTaIlMOHApPHBIX OOJIb-
HBIX Y OLICHEHBI: MOJ, BO3PacT, COMYTCTBYIOIINE
MaTOJOTUM, IJIUTEIBHOCTh MPEOBIBAHUS B OTIEC-
JICHUHW aHecTe3nonoruu m peanmManuum (OAuP)
1 KapIUOXUPYPTUICCKUX OTIACICHUIX, HATUINE 2
1 6oJiee 04aroB MHGMEKIIUU KJIeOCUEeNIe3HO! ITU-
OJIOTUM, TUII ¥ HO30JIornYecKast (popMa nHMeKIIn-
OHHOTO MpoIllecca.

Cpenu nauueHToB 46,7% (21/45) cocraBuau
MyXYuHBl U 53,3% (24/45) xeHnumuHbl (Tada. 1).
Hons nmauueHToB no 1 roma 6wbuia 13,3% (6/45).
CpenHUil BO3pacT COBEPIICHHOJETHUX ITalleH-
TOoB coctaBui 64,119,0 ser. BOoABIIMHCTBO MALU-
€HTOB C KJieOcuese3Hol nH(peK el JJIUTeTbHO
(6onee 48 u) Haxonuauchk B OAuP (27/45), ocTanb-
HBIC TTAIIMEHTHI ITOCTYN UM B KapaAUOXU Py prudec-
kue otneneHus (KXO) 6e3 npoxoxneHuss OAuP
nin Haxonuiauchk B OAuP menee 48 u: 18% (8/45)

n3 KXO Ne 1, 14% (7/45) uz KXO Ne 2, 2% (1/45)
n3 KXO Ne 3 14,4 (2/45) KXO Ne 4. ¥V maniieHTOB
c undeknueit K. pneumoniae TIarHOCTUPOBAH PO
COIYTCTBYIOIINX MAaTOJOTUil: oxupeHue (8/45),
caxapublit nmaodet (CJ1) (7/45), 3moKauyecTBEeHHBIE
HoBooOpazoBaHus (3HO) (2/45), 6poHxuanbHas
actma (BA), xpoHuYeckass OoOCTpyKTHMBHasi 00-
sne3nb jerkux (XOBJI) (9/45), untepctuumaibHas
6osie3Hb jgerkux (1/45), BHyTpuyTpoOHasi ITHEB-
moHus (BYII) (1/45) u 6akTepualbHO-BUPYCHAS
naesmoHus (BBIT), B ToM 4ucie HoBast KOpo-
HaBupycHass mHpekuusas COVID-19, B aHamHe-
3e (14/45). Cpenu malMeHTOB, OMEPUPOBAHHBIX
Mo ToBOAY 3a00JeBaHUI CEepAeYHO-COCYIMCTOM
CHUCTEMBI, MOATBEpPXAcHO 39 ciaydyaeB aKTUBHOM
nHMEeKnnu, BEI3BaHHBIX K. pneumoniae. Yactora
BHYTpUOOJbHUYHBIX THeBMOHUH (BIT) coctaBu-
na 60% (27/45), nndexkunii obracTu Xupypruye-
ckoro BmemartenabcTBa (MOXB) u karerep-acco-
OUUPOBaHHBIX MHPpeK1Inii KpoBoToka (KANK) —
no 13,3% (6/45). Ot 6 mauueHnToB K. pneumoniae
ObLIY U30JIMPOBAHBI TPU MOHUTOPUHTE (KOJTOHMU-
3anuust). OCIoXHEHU s ObIJIY BBISIBJACHBI y 19 manu-
€HTOB KapIMOXMPYyPruueckoro cramuoHapa. B 26
cnyvasix K. pneumoniae BbIAENISITN B MOHOBapuaH-
Te, B 19 ciyyasix — B cocTaBe accolMalliii, B KO-
TOPBIX OAKTEPUU APYTUX TAKCOHOB MPENCTABICHBI
B kKonmumuecTBe < 10* KOE/Mu1.

Mukpobuonoeuueckuii anaaus. B naHHoe uccieno-
BaHUeE ObIJIO BKJIOUeHO 45 uzonsatoB K. pneumoniae,
BBIJIEJEHHBIX M3 KJIMHUYECKOro MaTepuaja mnaiu-
eHTOB (MOKpPOTa, KpOBb, MOYa, OTACISIEMOE PaHBbI,
Marepuaj CO CIM3UCTBHIX 3eBa MU Hoca). B aHa-
I3 He ObUIM BKJIIOYEHBI KYJIBTYpPbI, MOJYyYeHHBIE
U3 NpoO OKpy:Kallleil cpedbl, a Takxe ayOau-
KaTbl M30JISITOB OT OMHOTO M TOTO 3KE ITallMeHTA.
bakTtepuonornueckne ucciaenoBaHUsI ObIJIN BBIITOJ-
HEeHbI Ha aBTOMaTUYeCcKoM aHain3aTope «Walk Away-
96Plus» (Beckman Coulter, CILIA) ¢ nCroib30BaHM-
em naHeau NBC 41. YyBCcTBUTEIBLHOCTb K aHTHUOMO-
THUKaM, TIPUCYTCTBUE T'eHOB OeTa-TakTaMa3 U T¢HOB,
aCCOIMMPOBAHHBIX C TUIICPBUPYICHTHOCTHIO, OIIC-
HUBau paHee [3].

Cmamucmuueckuil anaau3. HerpepbIBHBIC Te-
peMeHHBIC ¢ HOPpMAaJIbHBIM pacHpeaceHueM ObLIN
BbIpakeHBbl KaK CpelHee 3HaYeHUE W OTKJIOHEHUE
OT CpeIHero, a HempepbIBHbIE MEPEeMEHHbIE C He-
HOpPMaJIbHBIM paclpeacjieHueM — KaK MeauaHa
M OTKJIOHEHHWE OT MemuaHbl. 1S KaueCTBEHHBIX
MEPeMEeHHBIX 3HAYMMOCTh Pa3JIMUYUii OlleHUBaJU
C HWCIIOJIb30BaHMEM TOYHOro Kputepusi Puiiepa.
Paznuuus Mexay KOJIMYECTBEHHBIMM TIepEeMeEH-
HBIMH OLICHWUBAJI C MMOMOIIBI0 TecTa CThIOICHTA.
3HaueHuss p < 0,05 cuWTaJUCh AOCTOBEPHBI-
mu. T McciienoBaHUST B3aMMOCBSI3M TIEPEeMeH-
HBIX PacCYMUTBIBAIU KOIPGUIUEHT KOppeasiluun
ITupcona. 17151 OLIeHKY 3HAYMMOCTU IPU3HaKa BbI-
yucasau otHoiueHue maHcoB (OLI) ¢ omnpenere-
HUEeM 95%-Horo noBepuTelIbHOro mHTepBaia (IN).
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Ta6auua 1. KnuHnyeckune xapakTepucTUKM NaLMeHToOB KapANOXMPYpPruieckoro ctaunoHapa
Table 1. Clinical characteristics of cardiac surgery hospital patients

KonuyectBO
KnuHuyeckue xapakTepucTukmu nauMeHToB
Clinical characteristics Number of patients
n (%)
Myxckoi 21 (46.7)
Mon Male ’
Gender 7
XKeHckuin 24 (53.3)
Female
<1ropa
< 1vyear 6(13,3)
Bospact 25-64 net
Age 25-64 year 14(31.1)
65-85 net
65-85 year 25(55.6)
ConyTcTBylOLWMUE NATONOTUN OTCYTCTBYIOT
. . 19 (42,2)
There are no concomitant pathologies
ConyTcTBylOLWME NATONIONMUN AMArHOCTUPOBaHbI BCEro, B TOM YUCIE: 26 (57,8)
Concomitant pathologies have been diagnosed in total, including: ’
- OXXUpeHue
- adiposity 8(17.8)
- 3/10KaYeCTBEHHbIe HOBOOOpa3oBaHUs 2(4.4)
- malignant tumor '
Conyrctayiowue - caxapHblit auabder
natonoruu diabet 7 (15,6)
Comorbidity - diabetes
- OpoHxManbHas acTMa, XpoHUYeckas 00CTpyKTMBHas 60Nne3Hb nerkux
. , . . 9(20,0)
- bronchial asthma, hronic obstructive pulmonary disease
- UHTepPCTULUManbHasa 601e3Hb Ierkux
. o . 1(2,2)
- interstitial lung disease
- BHYTPUYTPOOHAA NHEBMOHUS
. . . 1(2,2)
- intrauterine pneumonia
- peKOHBanecLeHT 6akTepuanbHO-BUPYCHOW MHEKLUN
. o . 14(31,1)
- reconvalescence of bacterial and viral infection
OnutensHocTb npe6biBanus | Be3/ao 48 4 27 (60)
B otaeneHum peanumauun | Without/up to 48 hours
Duration of stay Bonee 484 18 (40
in the intensive care unit More than 48 hours (40)
Kononusauus
Colonization 6(13,3)
AKTUBHaA MHPeKUUs, B TOM Yncne: 39 (86.7)
Tun nHpekUnoHHoro Active infection, including: ’
npouecca, Ho300rn4eckas |~
dopma BHyTpungbHuqHaﬂ quesmouua 27 (60,0)
. . - nosocomial pneumonia
Type of infectious process,
nosological form - UHpeKLUs KPOBOTOKA 6(13,3)
- infection of the bloodstream '
- HeKumMsa 06nacT XMPypPruyeckoro BMeLlaTesibcTea
. . . 6 (13,3)
- infection of the surgical area
OcnoxHeHus OTcyT.‘CTBIVIOT 26 (57.8)
There are no complications
OcnoXHeHUs BbiSIBJIeHbI BCEro, B TOM YUche: 19 (42,2)
Complications have been identified, including: ’
- SIRS 14 (31,1)
OcnoxHeHus —
Complications .MHCbe.KIJMOHHbIM auggxapnm 2(4,4)
- infectious endocarditis
- BHYTPMOOJIbHNYHASA MHEBMOHMUS 122
- nosocomial pneumonia '
- uHdeKumMs 061acT XMPYPruyeckoro BMelLaTesibCTBa
. . . 2(4,4)
- infection of the surgical area
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KonuyectBO
KnuHuyeckune xapaktepucTmku nauueHToB
Clinical characteristics Number of patients
n (%)
MoHouHpekuus
®dopma nHdpekuun Monoinfection 26 (57.8)
The form of infection M‘I/IKCT.-VIHd)(.EKLI,VISI 19(42.2)
Mixed infection

Mpumeuanmne. 3HO — 3n0kayecTBeHHbIE HOBOOOPa3oBaHus, CL, — caxapHblit anabet, BA — 6poHxuanbHas actma, XOBJ1 — xpoHuyeckas
06CTpyKTUBHAA 6one3Hb nerknx, MBJ1 — nHtepcTuumansHas 60ne3Hb nerkux, BYMN — BpoxaeHHas BHYTPUYTPOOHas MHEBMOHMS, pekoHBanecueHT BBU
(pekoHBanecLUeHT 6akTepuanbHO-BUPYCHON MHbEKLMW: BHEOObHNYHOV MHEBMOHMM, HOBOW KOPOHaBMPYCHOI MHdekumn COVID-19, cencuca, ocTporo
MHGEKLMOHHOr0 3HA0KapamnTa), BT — BHYTpMOOAbHMYHASA NHEBMOHNS, SIRS — CHAPOM CUCTEMHOIO BOCNANMTENLHOMO OTBETA,

MK — nudekuns kpoBoToka, MOXB — nHdbekumum 061acT XMpypryeckoro BMewwaTenscTsa, 19 — MHGEKLMOHHbINA 9HA0KAPANT.

Pesynbrathl

K. pneumoniae Oblna BbIgeNIeHA y 45 001b-
HBIX C 4YacToToit or 0 mo 7 ciiydyaeB B MecCsII.
I[IpomomXuTeApbHOCTh IIPEeOBIBAHUS TAlIMCHTOB
B OTIOEJICHUSIX KapaAUOXUPYPTUISCKOrO CTAI[MOHA-
pa c y4eTOM CPOKOB BhIZeIcHUS K. pneumoniae T10-
Ka3aHa Ha pucyHKe. O0IIast IpoaoIXXUTEIBHOCTh
rocnurajn3anmu kKojiedasace oT 5 no 148 mHeit
W CUJIBHO BapbUpoOBajia MEXIy IMallieHTaMU U OT-
IeaeHusIMA. MakcumalibHas  ITPOIOJIKUTEIIb-
HOCTBh TOCITUTAJIM3aNH IPUXOANJIACH HA TTallUCH-
ToB OAUP (39+17 kotiko-nueit), KXO Ne 2 (37£17
koiiko-gHeir) 1 KXO Ne 1 (30x9 xoitko-mgHeil),
nias nauueHToB OAuP KXO Ne 4 menmana cpo-
Ka TOCIUTAJIN3alluM cocTaBMaa 9+4 KOKOo-ITHEH.
Cpoku BwIsIBIcHUSI K. pneumoniae OT TallCH-
TOB HAaXOAMUJIMUCh B MHTepBaJie oT 1 mo 86 mHeil u,
B cpenHeM, coctaBunu 20,4+14,8 nueii. beina 00-
Hapy>KeHa CHUJIbHAsI KOPPEeISIINOHHAS CBSI3b MEXIY
MNPOIOJIKUTEABHOCTBIO TOCIUTAIM3AIUN M CPO-
KoM BeIsIBIIeHUs K. pneumoniae (r = 0,78; p < 0,05)
(puc., B). TakxKe ycTaHOBJICHO, YTO BEPOSITHOCTH
JleTaJbHOro Mcxoaa Oblja B 5 pa3 Bblllle NpU OOHa-
pyxeaun K. pneumoniae B TedeHUe 20—40 mHeit,
yeM IIpU BBISIBJICHUU B IepBbic 10 mHei rocnura-
nu3auuu (O = 5,11, 95% A W: 1,18—22,16).

l'eHeTMYECKM UACHTUIHBIC N3OJISTHL K. pneumo-
niae, BoIsIBIeHHBbIE paHee B rep-I11IP, nupxkynupo-
BaJIW BHYTpHU ogHOro otaexeHus (B OAuP ot manu-
eHTOB 5 1 18), a TakzKe MKy OTICIACHUSIMU: pea-
HuManusgs — KXO Ne 2 (mauwments 11 u 15), KXO
Ne 4 — KXO Ne 1 — peanmumanus (mammeHTsI 21, 10,
42) 1 KXO Ne 1 — peanumainius (manmeHTsi 44 u 43).
JIUTeIbHOCTD HUPKYJIISIIAY IITAMMOB KoJieOaach
ot 2 10 9 mecsneB (puc., B). Cienyer oTMETUTD, YTO
SIUACMHUOJIOTUYSCKIE CBSI3U IIPEPhIBAIMCh Ha TIe-
puona O0OodbIIIe MecsIia, YTO MOXET CBUACTEIBCTBO-
BaTh O CKPHITHIX ICTOYHUKAX MH(MEKIINU CPEIU ME-
MUIIMTHCKOTO TIepcoHajia U 00bEKTOB OOJbHUUYHOMN
Cpenpbl.

Ha uncxon mHMEKOMOHHOro mpoiiecca BIUSIET
HE TOJIBKO MPOJOIXKHUTEIBHOCTh TOCIIUTAIN3AII NN,
HO U apyTue GakTopsl (IT0JI, BO3PacCT, MoKa3aTeIn
COCTOSIHHUS 3IOPOBBS ManmeHTa). OlleHKa OCHOB-
HBIX (paKTOPOB PHMCKa, aCCOIMMUPOBAHHBIX C HC-

XolloM 3aboJieBaHUsI MallMEHTOB, IIpelcTaBeHa
B Ta0J1. 2. JleTaJIbHOCTb Cpear MAllMeHTOB XKEHCKO-
r'o 1oJjia OblJia TIOYTHU B 2 pa3a BhIIIe, YEM CPEIH JINIT
Mykckoro nosa (64,7% vs 35,3%). duist 1ui crapiie
65 1eT cMeEPTHOCTH Obli1a B 4,6 pa3a BhILIE, YeM s
00JbHBIX MOJIOXKe 65 et (82,4% vs 17,6%). Y Bcex
neteid mo 1 roma HaOIOAAJIOCH BHI3TOPOBJIEHUE.
Bonbiast yacTh JeTadbHBIX UcX0noB (82,4%) nipu-
1IJTach Ha MAllUEHTOB, NJIUTEIbHO (6oJee 48 U) Ha-
xoauBiiuxcs B OAuP. Caxapubiit nuadetr u XObBJI
MOBBIIIATIM  PUCK HEOJArONMpUSITHOTO  MCXOIa
ot K. pneumoniae B 2,6 pa3 (Ol = 2,564, 95% AU
0,497—13,220), a 310KaueCTBEHHbIe HOBOOOpa30Ba-
HU s, OpOHXMAJIbHAS aCTMa M KOPOHABUPYCHAsT MH-
(dekuus B aHaMHe3e — B 1,7 pas.

B rpynmne manumeHTOB ¢ aKTUBHOUW MHdeKIInei
pa3BUTHE KaTeTep-acCOIMMPOBAHHBIX WHMEK-
uuit kpopotoka (MK) moBbilIaso mIaHC JieTalb-
HOro ucxoja B 4 pasa, a UHGpEeKIUA 00JacTU XU-
pypruyeckoro BmemareibctBa (MOXB), B 1,8 pas.
TlosBneHWe OCHOXHEHUU OBLJIO TECHO CBSI3aHO
¢ JgetaibHOCThIO (p < 0,001). Tak, pa3zBUTHE CUH-
JpoMa CUCTEMHOTO BOCHAJMTEJIbHOIO OTBETa
(aHTN. systemic inflammatory response syndrome,
SIRS) HaGn0AaI0Ch UCKIIOYUTENBHO Yy MalldeH-
TOB C JIETAJIbHBIM UCXOIOM. Y BCEX MallUEHTOB 6e3
MPOSIBJICHU ST KIMHUUYECKUX MPU3HAKOB KJieOcue-
Jie3HOU uHbeKIUu (KoJoHu3auus) 3apukcupona-
HO BBI3JIOPOBJICHHUE.

B 19 cnyuasx K. pneumoniae BbIAECTSIIN B COCTA-
Be accoumaiuii. [llaHc JieTaabHOrO MCXoIa OKa-
3ajics B 3 pasa BBIIIIE CPEaU MAIlMEHTOB C MUKCT-
nHdeKIMer, yeM B TpPyIIe JIUMIl ¢ WHDeKIren,
BbI3BaHHOI TONbKO K. pneumoniae (O = 3,016,
95% OW: 0,864—10,524) (taba. 2). CoBMECTHO
C JOMUHUDYIOLIUM Bo30ynutenem K. pneumoniae
y 42,2% (19/45) mauimeHTOB OBLIW BbIACJCHBI APY-
rve BUIbl 6aKTepuil (MUKCT-UHGEKIIMS): B IEPBYIO
ouepenb — rpudsl poga Candida (47,4%, 9/19), pexe
BBLOEISIIUCH Acinetobacter baumannii (26,3%, 5/19),
Staphylococcus spp. (21,1%, 4/19), Pseudomonas
aeruginosa (15,8%, 3/19), Streptococcus spp. (10,5%,
2/19), Enterococcus faecium w Escherichia coli
(110 5,3%, 1/19) (donomHuTeabHas Ta0d. 1).

Baxxubpimu dakTopamMu MHOEKIIMOHHOIO MNpOo-
mecca SIBJISIIOTCS OMOJIOrMYecKre CBOWMCTBA BO30Y-
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JMUTENS: aHTUOMOTUKOPE3UCTEHTHOCTh U BUPYJIEHT-
HOCTb. MBI TOKa3aau, YTo u3oJisitel K. pneumoniae,
BBIJICJICHHbIE OT MAllMEHTOB B YCJIOBUSIX KapaIuOXU-
PYPruyecKkoro cralyoHapa, MpOAEMOHCTPUPOBATIU
BBICOKYIO YCTOWYMBOCTh K OCHOBHBIM aHTHUOUO-
tukam (KysneuoBa u np., 2024). oy nmaiMeHTOB,
UHOUIIMPOBAHHBIX MYJIBTUPE3UCTEHTHBIMU KJlac-

cuyeckumu MDR-cKp, cocraBuna 84,4% (38/45),
M3 KOTOPBIX 37 C paclIMpeHHBIM CHEKTPOM pPe3u-
creHTHOCTU (XDR), maHpe3uCTEeHTHBIMU U30JIsITa-
mu (PDR) — 42,2% (19/45). OT 2 mauiueHToB ObLIN
M30JIMpOBaHbl Kjaccuueckue, Ho He MDR-cKp.
B npenpiayiiemM ucciiefoBaHUM ObIJIO OOHAPYXKEHO,
4TO U30JAThl K. pneumoniae ¢ KOMOWHAILIUEH Tpex
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PucyHok. ilnarpamma MNaHTa, nokasbiBaloLww,as AUHaMUKY cnyvyaeB Bbigenenus K. pneumoniae

OT NALMEHTOB U NPOAOIXMUTENIbHOCTb UX NPeOblBaHUS B OTAENIEHUSX KapAUOXUPYPruyecKoro

cTauuoHapa (A), cBa3b MeXAay CPOKOM BbisiBNeHus K. pneumoniae n npoaoXuTesbHOCTbIO

npeObiBaHug (B) n anupaemuonornyeckue LEenoYku LUPKyNauUm UAEeHTUYHbIX WTammMmoB (B)

Figure. Gantt chart showing dynamics of cases of K. pneumoniae isolation from patients and the length of stay

in the departments of the cardiac surgery hospital (A), the relationship between the period of detection of K. pneumoniae
and the length of stay (B) and the transmission chain of identical strains (C)

MpumeyaHue. Y1cno nokasbiBaeT KONMYECTBO KOMKO-AHEN. LIBeT oTpaxaeT Tvn oTAeNIeHns: CBETN0-Cepbli — OTAeNEHNs
aHecTe3nonormm n peaHnMaunmn, LUTPUXoBKa — Kapanoxmpyprmieckoe otaeneHne Ne 1, TEMHO-CeprI7I — Kapanoxupyprunieckoe
oTaeneHne No 2, 6enblin — Kapanoxmpyprmn4yeckoe otoeneHne Ne 3, l-IepHI:II‘/'I — Kapanoxupyprmieckoe otaeneHune Ne 4.

JletanbHble ncxoasl 0603HAYEHDI YEpPHbIM KPY>XKOM.

Note. The number shows the number of bed-days. The color reflects the type of department: light grey — anesthesiology and
intensive care departments, shaded blocks — cardiac surgery department No. 1, dark grey — cardiac surgery department No. 2,
white — cardiac surgery department No. 3, black — cardiac surgery department No. 4. Deaths are indicated by a black circle.
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2024, T. 14, Ne 6 XapakTepucTtuka nsonato Klebsiella pneumoniae

Tabnuua 2. KnuHnyeckue xapakTepUCTUKU NaLMEHTOB KapAMOXMPYPruvyecKoro ctaunoHapa

C AnarHocTupoBaHHol nHdekuuei K. pneumoniae, pacnpeseneHHbIX ¢ y4eToM ucxoga saboneBsaHus
Table 2. Clinical characteristics of cardiac surgery hospital patients with K. pneumoniae infection according

to the outcome of the disease

KonuyecTtBO NaumeHToB
C AMarHoCTUPOBAHHOWM
nHdekumen K. pneumoniae TouHbIi
Number of patients diagnosed with | OTHOWeHue | oo 5
KnuHM4ecKue xapakTepucTukm K. pneumoniae infection [;J;t;:,(;;;] duwepa (p)
Clinical characteristics n (%) : Fisher's
= Odds ratio
BbI3A0pOBNEHME JleTtanbHbI [95% Cl] exact test
C | ncxopn, (p-value)
onzvsa 61?5 nee Fatal outcome
(100) 17 (100)
Myxckoin
15 (53,6 6 (35,3
Mon Male (53.6) (35.3) 2,115 0.356
Gender i 0,611-7,320 ’
Kenckui 13 (46,4) 11(64,7) [ ]
Female
<1ropa
< 1year 6(214) 0 N N
Bospact 25-64 net
Age 25-64 year 11(39,3) 3(176) 4,667 0.049
65-85 net [1,040-20,938] ’
65-85 year 11 (39,3) 14 (82,4)
OnutenbHoCTb be3/no 484
npeo6biBaHus Without/up to 48 hours 15(536) 3(176)
B OTAENICeHUN
5,385
peaHumMaluun ’ 0,027
i 1,261-22,987
Duration of stay | Bonee 484 13 (46,4) 14 (82,4) [ ]
in the intensive More than 48 hours
care unit
ConyTcTBylOLME NATONOrUN
OTCYTCTBYIOT
There are no concomitant 13(46,4) 6(353)
pathologies 1589
ConyTcTaylowme NaTonorum 0 45é_5 498] 0,543
OVNarHoCTUPOBaHbl BCEro, B TOM ’ ’
yucne: 15 (53,6) 11 (64,7)
Concomitant pathologies have been
diagnosed in total, including:
- OXUpeHue 0,986
- adiposity 5(17.9) 3(17.6) [0,203-4,776] 1,000
- 3/10Ka4YeCTBEHHbIEe 1688
HOBOOOpa3oBaHUs 1(3,6) 1(5,9) ' 1,000
c - malignant tumor [0,099-28,883]
onyTcTBylOWMe | =
narosorum i Z?);aﬁﬂbm AuaGet 3(10,7) 4 (23,5) 0 4927’51634220 0,399
Comorbidity labetes [0,497-13,220]
- OpoHxuanbHag acTma,
XpOHMYeckas 00CTPYKTUBHAS 2500
00n1e3Hb Nerkux 4(14,3) 5(29,4) 0 566’5 11051 0,265
- bronchial asthma, hronic [0,566-11,051]
obstructive pulmonary disease
- UHTepcTULManbHas 60s1e3Hb
nerkux 1(3,6) 0 - -
- interstitial lung disease
- FHyTpuyTpOGHan nugsmoqu 1(3.6) 0 B _
- intrauterine pneumonia
- peKoHBaNecLEeHT 6akTepuanbHo-
BUPYCHOI MHEKLUKN 1,806
- reconvalescence of bacterial and 10(35.7) 4(239) [0,463-7,045] 0,513
viral infection
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OkoH4aHue Tabnuubl 2. KnuHUYyeckune xapakTepucTUKMN NaLMeHTOB KapAUoXMPYPruyeckoro ctaumoHapa
C AnarHocTupoBaHHol nHdekuuei K. pneumoniae, pacnpeseneHHbiX C y4eTOM ucxoga sabonesaHus
Table 2. Clinical characteristics of cardiac surgery hospital patients with K. pneumoniae infection according

to the outcome of the disease (continued)

KonuuyecTeo nauMeHToB
C AMarHoCTUPOBaHHOWM
nHdekumen K. pneumoniae TouHBIi
Number of patients diagnosed with | OTHOLeHue KpuTepwii
KnuHMyeckue xapakTepucTukm K. pneumoniae infection [;Jsa;)(ﬁ;] duwepa (p)
Clinical characteristics n (%) Odds ratio Fisher's
BbI3A0pPOBNEHME JleTanbHbIN [95% Cl] exact test
ncxop, (p-value)
Convalescence Fatal outcome
28 (100) 17 (100)
KonoHusauusa
Colonization 6(214) 0
Tun AKTUBHasA MHEKUUS, B TOM Yncne: - -
MHOEKUMOHHOTO | Active infection, including: 22(786) 17(100)
npouecca, "
HO30N0rUYecKas BHyTpMGthHMqHaﬂ I'I.HeBMOHWil 17 (60.7) 10 (58.,8) 1,082 1,000
dbopma - nosocomial pneumonia [0,317-3,604]
Type of infectious | - WHPEKLMUS KpOBOTOKA 4,000
process, - infection of the bloodstream 2(71) 4(23,5) [0,646-24,769] 0,173
nosological form | . yucekuus obnactun 1786
XUPYPru4eckoro BMeLllaTenbcTBa 3(10,7) 3(17,6) 0 317’ 10.062 0,666
- infection of the surgical area [0,317-10,062]
b 45,000
g:g;ﬁ:ﬂ? BbiSIBJIEHbI BCETO, [7.321- <0,001
: 276,588
Complications have been identified, 4(14.3) 15(88,2) ]
including:
OcnoxHeHns - SIRS 0 14 (82,4) - -
Complications - UHOEKLMOHHbIV 3HA0KAPAUT 1,688
- infectious endocarditis 1(36) 169 [0,099-28,883] 1,000
- BHYTPUOONbHUYHAS MHEBMOHUS 0 1(5.9) B B
- nosocomial pneumonia ’
- uHdekums obnacTu
XMPYPru4eckoro BMeLwaTenbCcTBa 2(7,1) 0 - -
- infection of the surgical area
dopma MoHouHdekums
nHbeKuum Monoinfection 19(67.9) 7.2) 3,016 0421
The form MukcT-uHpekuus [0,864-10,524] ’
of infection Mixed infection 9321 10(58.,8)

reHoB prmpA~+iucA+peg-344, mapkupytolieil rumnep-
BupyJeHTHbIe BapuaHThl (hvKp), Obliu BbIaeNIEHBI
y 10,9% (5/46) naumeHToB. KJIMHMYECKUE UCTOY-
Huku K. pneumoniae ¢ ydeToM npoduaeii ycTonum-
BOCTM K AHTMOMOTMKAM M TUMNEPBUPYICHTHOCTU
nokazaHbl B JlonoysiHuTeIbHOM Tab6a. 2. BaxkHo oT-
METUTb, UTO B HACTOSIIIEM HMCCIeA0OBaHU Y ObIJT OOHA-
PY>XeH OIMH KOHBEPIreHTHBII N30T K. pneumoniae
(MDR-hvKp), To ecTh OH OIHOBpEMEHHO UMEJ MHO-
JKECTBEHHYIO JIEKapCTBEHHY10 YCTOMYMBOCTb U Map-
Kepbl TUIIePBUPYJICHTHOCTH.

Y naumeHToB A0 | roma mpuYMHOI Kiaebcuen-
JIE3HBIX MHQEKUUl ObIIU UCKIIOYUTEAbHO KJIO-
Hbl MDR-cKp. BepossTHOCTB 3apakeHUst TaKUMU
IITaMMaMU y XKeHIIIMH oKa3aJjach B 1,5 pa3a Bbilie,

yeM y MyXK4MH (60,5% vs 39,5%). OO1ast mpomao-
JKUTEJIbHOCTh MpeObIBaHMSI MAIlMEHTOB B CTAIlMO-
Hape, KoTopasi KOppeJIUpyeT ¢ TSIXKECThIo 3a00ieBa-
Hus, Obl7a B 1,7 pa3 Bbllle y MallUEHTOB, MH(PUILIU-
poBaHHbIX MDR cKp, yeM npu mHpULIMpoBaHUU
hvKp (36%18 vs 21£2 Koiiko-aHel). AHaJJOTMYHO,
nauTtenbHoe mnpedbiBaHue B OAuP (6osnee 48 u)
ObLJIO MPEMMYIIECTBEHHO acCOLMMPOBAHO C MH-
dekuumeit, BeizBaHHOI MDR-cKp (Ol = 4,444,
95% OAW: 0,454—43,539). TobKO y JIMII C UH(MEKIIU-
eit, BbizBaHHOIT M DR-cKp, Ob111 3apKCUpOBaHbI
OCJIOXHEHUS: CUHAPOM CHUCTEMHOIO BOCHAaIU-
TEJIbHOTO OTBeTa, UH(MEKIIMU KPOBOTOKA U MH(PEK-
MK B 00JIACTU XUPYPruYeCKOro BMelllaTeIbCTBA.
JletasibHBIE MCXOMBI OBIJIM MOATBEPKACHBI TOJbBKO
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2024, T. 14, Ne 6 XapakTepucTtuka nsonato Klebsiella pneumoniae

Ta6nuua 3. O0WeKNMHNYEeCKNE XapaKTepUCTUKN NALMEHTOB KapANOXUPYpPru4eckoro cTauuoHapa,
MHPULMPOBAHHBIX rTMNEpPBUPYNEHTHbIMU U Knaccuyeckumu K. pneumoniae
Table 3. Clinical characteristics of cardiac surgery hospital patients infected with hvKp and MDR-cKp

Konuuecteo
MHOMUMPOBAHHLIX NALUMEHTOB | OTHOWeHue TouHbIi
KnuHNYECKME XapaKTepUCTUKM The number of infected patients uJaoHcoB Kputepuu
. o n (%) [95% OMU] duwepa (p)
Clinical characteristics Odds ratio Fisher's exact
hvKp, MDR-cKbp, [95% CI] test (p-value)
5(100) 38 (100)
Myxckoin
Mon Male 5(100) 15 (39,5)
Gender XeHckui - -
Female 0 23(605)
<1ropa
<1year 0 5(13,2) - N
25-64 net
BospacTt 25-64 year 3(60) 16 (42,1) 2063 0640
65-85 net [0,308-13,812] '
65-85 year 2 (40) 22 (57,9)
OnnuTenbHOCTb Be3/no 484
npeGbIBaHMs B OTAENEHNN | Without/up to 48 hours 4(80) 18 (47.4) 4.444
peaHumauum 0 454’_43 539] 0,345
Duration of stay Bonee 484 1 (20) 20 (52 6) ’ ’
in the intensive care unit More than 48 hours ’
Konouusauus
Colonization 0 5(13.2) - }
AxkTUBHaa UHbEKUUS,
B TOM YuUcCne:
Active infection, 5(100) 33(86.8)
including:
Tun nHdeKLMOHHOro - BHYTPUOONbHUYHAS 5909
npouecca, NHEBMOHMS 4(80) 22 (57,9) 0 296’—28 556 0,632
Ho3onornyeckas ¢opma | - nosocomial pneumonia [0, 19561
Type of infectious process, [. yudekuus kposoToka
nosological form - infection of the 0 6(15,8) - -
bloodstream
- nidekums obnactu
XUPYPru4eckoro 1650
BMellaTesibCTBa 1(20) 5(13,2) [0 152’_17912] 0,547
- infection of the surgical ’ ’
area
OcnoxHeHus
OTCYTCTBYIOT
There are 5(100) 19(50)
no complications ~ ~
OCNoXHEeHUS BbiSIBNIEHbI
BCEro, B TOM YucJie:
Complications have been 0 1950)
identified, including:
- SIRS 0 14 (36,8) - -
OcnoxHeHus - NHEKLMOHHBII
Complications 9HA0KAPAUT 0 2(5,3) - -
- infectious endocarditis
- BHYyTPMGONbHUYHAS
NHEBMOHUS 0 1(2,6) - -
- nosocomial pneumonia
- nidekums obnactu
XUPYPru4eckoro
BMeLlaTeNIbCTBa 0 2(5,3) - _
- infection of the surgical
area
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M.B. Ky3HeuoBa un gp.

MHdekumns n uMmyHuTeT

OkoH4aHue Tabnuubl 3. O0LWEeKNIMHNYEeCKUEe XapaKTepUCTUKN NaLMEHTOB KapANOXUPYpPru4eckoro
cTauuoHapa, MHPULMPOBaHHbIX TMMNEePBUPYNEHTHbIMMU U Knaccudeckumu K. pneumoniae
Table 3. Clinical characteristics of cardiac surgery hospital patients infected with hvKp and MDR-cKp

KonuyectBO
MHPULUUPOBAHHBIX NAaLUEHTOB | OTHOLWeEHUe TouHbIi
KnuHuyeckue xapakTepucTmki The number of infected patients UJaOHGOB Kputepumn
e L n (%) [95% OM] ®duwepa (p)
Clinical characteristics . ) .
Odds ratio Fisher's exact
hvKp, MDR-cKp, [95% Cl] test (p-value)
5(100) 38 (100)
BbiapopoBneHue
WUcxop, Convalescence 5(100) 21(55.9)
Out i - h
utcome JleTanbHbiii ucxop, 17 (44.7)
Fatal outcome
MezauaHa npoao/KUTENbHOCTY NpebbiBaHUS
B CTaLMoHape, KOMKo-AHel 21£2 36+18 - 0,279 (t-TecT)
Median length of hospital stay, patient days

B TpynIie manueHToB ¢ uHpekuneit MDR-cKp,
a BBI3JOPOBJICHUE B 3TOM TpyIile HabJI0Aal0Ch
y 55,3% GoabHbIX. HVKp BbIAEISIIN TOJBKO OT Ia-
MEHTOB C KJIMHUYECKUMU ITpU3HAKaMU MHOEK-
WU, TIPEUMYIIECTBEHHO BHYTPUOOJbHUIHOU
nHeBMOHMU. B 3Toii rpyrmie Oblu 3apuKcupoBa-
HBI TOJIBKO 0JIaTOITOJIyUYHbIC UCXOAbI (TabJI. 3).

O6cyxaeHne

Bricokasg uacTtoTa MHGMEKIIMOHHBIX OCI0XK-
HEHUU TMocje orepaluii Ha cepllle M cocyaax,
BBITIOJIHSIEMBIX B  YCJOBUSIX MCKYCCTBEHHOTO
KpOBOOOpalleHus, OTMEYaeTcss BO MHOTUX OTe-
YECTBEHHBIX U 3apy0exXHBIX nyoaukanusax [5, 23].
Haub6osnee pacnipoctpaHeHHbIMU Bugamu MCMIT
B TOPSIAKE YAaCTOThl YObIBaHUS SIBJSIIOTCS: MHEB-
MOHMWMU, UH(PEKIIU U 00JJaCTU XUPYPTrUIECKOTro BMe-
1IaTeabCTBa, WHMOEKIIMU MOYEBBIBOASIIUX MyTEU
U UHbeKIIMU KpoBoToKa. [lociienHue BbI3bIBAIOT
HauboJiee BICOKYIO MOCIEOoIepallMOHHYI0 CMepT-
HOCTb, TNPUBOAST K Oojee AJUTEJbHOU TOCHU-
Taau3allid U AOIMOJHUTEJNbHBIM pacxomam [41].
B ctpykType Bo3oynuteneit MCMII, BblaeieHHBIX
OT MallMeHTOB KapAUOXUPYPruyeckoro npodus,
K. pneumoniae 3aHUMalOT JOMUHUPYIOIIEE IMOJO-
xKeHwue [5, 6, 41]. B nanHOI paboTe MBI OLIECHUBaeM
3HAYMMOCTh OOIIEKJIMHUYECKUX MTaHHBIX TMallu-
€HTOB M OHOJIOTMYECKHUX CBOUCTB BO30OYIUTENS
B TeueHUU U ucxoge MCMII nalimeHTOB KPYITHOTrO
Kapauoxupypruueckoro crauuonapa. Ilociennee
0CO0EHHO akTyaJbHO, TaK Kak pojib hvKp B B03-
HUKHOBEHU Y MHOEKIITMOHHBIX OCJIOXHEHU B Kap-
JTUOXUPYPTUU OCTAETCSI HEAOCTATOUYHO U3YYEHHOM.
Kpome Toro, Mbl npeacraBiasieM TMHAMUKY cayda-
€B KOJIOHU3AallM1i YU HO30KOMUAJbHOU MHGpEKINH,
MPOIOJIKUTEIBbHOCTh TpPEeObIBAHUS TAllMEHTOB
B OTIEJEHUSIX KapAUOXUPYPTrUUYECKOro cTalroHa-
pa, aHaJIU3UPYS SMUAEMUOJOTUYECKUE CBI3MU.

Bo3HUKHOBEHUE, TeUEHUE U UCXOI JIIOOOTro NH-
(EeKIIMOHHOro Ipolecca OMpenessieTcss pa3jinyd-

HBIMU (PaKTopaMH, CBSI3aHHBIMHU, B MEPBYIO OUe-
penb, ¢ caMMM MaKpoOpraHM3MoM (T10JI, BO3pacT,
MUMMYHHBII CTaTyc W Ap.), YTO OCOOCHHO BaxKHO
B clydae KapAMOXUPYPruyecKUX OOJIbHBIX C HC-
XOIHO OoJiee TSIKeIbIM KOMOPOUIHBIM (poHOM [7].
Tak, Bo3pacT > 65 JieT ABISETCS HE3aBUCUMBIM
¢akTOpOM pHCKa TOCIHUTAJIBHONM CMEPTHOCTU
0onbHBIX TTHeBMOHUeEM [40]. MccaenoBaHus nmoka-
3aJI1, YTO Y MAallMEHTOB, CPSAHU I BO3PACT KOTOPHIX
npesbiinan 60 Jet, 17,2% Bcex BHEOOJIBHUYHBIX
MHEeBMOHMI 1 6,5—11,8% Bcex BHYTPUOOIbHUYHBIX
MHEBMOHM1 ObLIIU BBI3BaHBI K. pneumoniae [29, 38].
M3BecTHO, YTO MOXWUJIBIC JIOANW UMEIOT BBICOKUI
PUCK JIETAJILHOTO MCX0Ma OT MH(MEKIINA, BEI3BAHHBIX
aHTUOMOTUKOYCTOMYMBBIMU K. pneumoniae [42].
Iloka3aHo, 4TO XXEHIMHBI UMEIOT ITOBBIIICHHBIN
PUCK KPaTKOCPOUYHON CMEPTHOCTH IIOCJIe omepa-
MU Ha CepAlle IO CPaBHEHUIO C MyKYMHaAMU |8,
20]. ConyTtcTBylollMe MNaTOJOTMU: AUAOET, 3710-
KayeCTBEHHBIE HOBOOOpa3oBaHUs, 3a00JIcBaHUS
MeYCHU M XEJIYHOIOo MYy3bIpsI, XpOHUYecKas 00-
CTPYKTHBHasI OOJIe3Hb JICTKUX, IOYeYHasl HEIo-
CTaTOYHOCTh U OXMWPEHUE SIBISIOTCS ITOIOJHU-
TEJIbHBIMU (aKTopaMHM pUCKa HebIaronpusTHO-
ro ucxoma MCMII nociie KapaAMOXUPYPrudecKmux
onepauuii [41]. Pe3ynbraThl Halllero wucciemnoBa-
HUSI COTJIaCYIOTCSI C BBIIIEONMUCAHHBIMU JTaHHBI-
MM: YacTOTa JIeTaJbHOTO MCXOHa CPeau IallMeH-
TOB JXEHCKOTO I10ojla ObljIa TOYTH B 2 pa3a BhLIIIE,
YyeM CpeaM JIUIL MYKCKOT'0 TI0JIa, CPEeIu JIUIL CTap-
me 65 ger — B 4,6 pasa, yeM y OOJIbHBIX MOJIOXKE
65 net, nis manueHToB ¢ BA, XOBJI u caxapHbIM
nuabetoMm — B 2,5—2,6 pa3, IIpu 3J10Ka4eCTBEH-
HBIX HOBOOOpPAa30BaHMUSIX M y PEKOHBAJICCIICHTOB
BBU — B 1,7—1,8 pa3. Cpoku npeObIBAaHUS Malv-
€HTa B OTACJCHUU aHECTEe3MOJOTMU M peaHuMa-
OUU TIOCJIE ONepallMOHHOTO BMeIIaTeJbCTBa 3a-
BUCST OT TSIKECTHU 3a00JIeBaHUS U KOPPEIUPYIOT
co cMepTHOCTHBIO [30]. HdeiicTBUTEIbHO, TTO HALIUM
MTaHHBIM, CPeIM BCEX CIyYaeB JICTAJIbHBIX HCXO-
0B 82,4% TpUIIIOCh Ha MAallMEHTOB, IJUTEIBHO
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(6osee 48 u) HaxoguBluuxcsa B OAuP. Panee Ha oc-
HOBaHUU MOJIEKYJISIPHO-TEHETUUECKOTO THUIIU-
pOBaHUS BBISIBJIEH Pa3HOOOpa3HbIN ILITAMMOBBIMI
neiizaxx K. pneumoniae, KOTOpble (DOPMHPOBAIN
OTIEJIbHBIE KJIOHAJIbHbIE JIMHUW W pacIipeiciv-
JIUCh B IBYX OCHOBHBIX KJIacTepax, npu 3ToM 24%
KYJbTYP paclpeaeuinch B 4 TeHOMOTPYMIIbI
NICHTUYHBIX N30JIITOB. PaHee HaMu OBLJIO IOKa3a-
HO, YTO OOIIIMM OOCTOSATEIbCTBOM (DOPMUPOBAHU ST
cBs13aHHBIX ciaydyaeB 'CH knebcuenne3Hoit 3TUO-
JIOTUU B OTIAEJBHBIX SMUASMHUUYECKUX Oyarax siB-
JISIIIOCHh OTHOBPEMEHHOE ITpeObIBAHNE 3a00IEBITIX
B OAuP [42]. B mpoBeaeHHOM HCCIeA0OBaHUN aHa-
JIU3 3MUIEMUOJOTMYECKUX CBSI3EU IMoKasas, 4To
IITAMMBI LHIUPKYJIUPOBAINA MEXKIY Pa3HBIMU OTIE-
JICHUSIMU, 1 BO BCEX CIIy4YasiX OMHUM U3 DJICMCHTOB
anuaLenodku saBasiaock OAuP.

Iupokoe wCHOJAb30BaHUE B KJIMHUYECKOM
NpakKTUKe aHTHOAKTepHaIbHBIX IpernapaToB Ipu-
BEJIO K POCTY ycToumBOCTU K. pneumoniae. B nc-
cienoBaHUU, mpoBeaeHHoM bpycuHoii E.b. v coaBr.,
nokasaHo, 4To 74,45% mramMMoB K. pneumoniae, BbI-
JIEJICHHBIX B KapIUOXUPYPTrUU, ObLIN MYJIBTUPE3U-
CTEHTHBIMU, 56,93% — ¢ pacluMpeHHbIM CIEKTPOM
PE3UCTEHTHOCTH, 8,11% — MaHpe3UCTEHTHBIMU |[5].
Hanuuue MDR /kap6aneHeMOpe3uCTEHTHOCTH
y Bo30yauTeneii MHGEKIUU SBISIETCS He3aBUCHU-
MBIM (DaKTOPOM pHCKa reHepaJn30BaHHON NHMeK-
o U cMepTHocTU 60abHBIX ¢ MCMII [39]. Taxk,
HECKOJILKO HCCJIeNOBAaHUI TIPOJEMOHCTPUPOBAJIH,
YTO MalMeHThl, MHOULIMPOBAHHBIE KapOareHeMOo-
YCTOMYMBBIMHU KYJIBTYpaMU, HOJbIIE MpeObIBAIN
B OOJILHUIIC M UMEJIH 00JIee BHICOKYIO CMEPTHOCTb,
yeM ITalUeHTHI, WHOUIIMPOBAHHEIE YYBCTBU-
TeNbHBIMU KJebOcueiutamu [19, 36]. Tlo maHHBIM
bapanuesuu H.E. (2023), cpenu 398 manueHTOB
¢ KJIeOCcHeIe3HbIM ceTicicoM 30-aHeBHAs JIeTallb-
HOCTh cocTaBuyia 50,5%. I1pu 3TOM pe3UCTEHTHOM
K KapbaneHeMaMm K. pneumoniae Ob1J111 00YCTOBJICHBI
56,3% snu3oma cercuca, JeTajJlbHOCTh COCTaBUJIa
58,5% |2]. I'pynnoii Chen I.R. (2021) moka3aHo, 4TO
14-nHeBHas1 CMEPTHOCTb IMALlMEHTOB C JIETOUHON
nHdpexnueit or MDR-cKp cocraBuna 23,2%, a BHY-
TpUOOJBLHUYHAA cMepTHOCTL — 34,8% [16]. B Ha-
IIeM MCCICOOBAaHUM TsIXKeI0e TeUeHHEe MHMEKIINNU
M JIETaJIbHBIC NCXOIbI OBIJTN ITOATBEPKACHBI TOJTBKO
B rpymnre nauueHTon ¢ uHdpexkueit MDR-cKp.

BoOJNBIIMHCTBO TOCIUTAIbHBIX UH(MPEKIINI BbI-
3piBaroTCcss MDR-cKp y nuil ¢ ociabieHHBIM UM-
MYHUTETOM, OJHAKO OTHEJIbHBIE WCCJIEIOBAHM S
CBUICTEIIBCTBYIOT O BHYTPUOOJIBbHUYHOM WHOU-
nupoBaHuu nanueHToB hvKp [1, 22, 24]. YactoTta
BCTPEUYAEMOCTH B TOCIIHUTAJISIX 3TUX MHKpPOOpTa-
HM3MOB MOKa He BeJInKa, TeM He MeHee OOHapy KU~
BaoTcd MDR-hvKp mtamwmer [1, 11, 37]. IlepBoe
coo01eHue o BeiaeaeHU M B 2016 1. KOHBEPreHTHOM
K. pneumoniae mosssuiocs B 2018 1. [24], B HacToOs-
IIIeM UCCJIeIOBAHUM MBI COOO0IIIaeM ere oo oTHOM
ciiydyae OOHapyXXKeHUsI KOHBEPreHTHOro ITamMma

B Poccuun. OgHako BaXkKHO OTMETHUTh, UYTO HU B OJ1-
HOM cJjlydae IMpeacTaBUTEJIU TMIIePBUPYISHTHOTO
naToTHIIa He OBIJIA aCCOLMUPOBAHEI C JICTaJIbHBIM
ucxonom. B pabore, npencrasienHoir Chen [.R.
u coaBT. (2022), mrammbl ¢ MDR coctaBuiu 6,2%
hvKp, mpu 3TOM aBTOpPHI MOJAYEPKUBAIOT, YTO T'M-
NepBUPYICHTHBIM MaTOTUIT KOPPEIUPOBAJ C HU3-
Kol 28-mHeBHOI cMmepTHOCTHIO [17]. MHTEepecHO,
YTO aBTOpPbI OIEHWBAJU TUIEPBUPYJEHTHOCTH
TOJIBKO IO 2 MapKepHBIM IeHaM — rmpA uau
rmpA2, 9TO CErOaHs SIBISICTCS HEAOCTAaTOYHBIM.
W X0oTa KOHCEHCYC OTHOCUTEIHLHO MapKepoOB TH-
nepBUpyJeHTHOro nartotuna K. pneumoniae euie
He TOCTUTHYT, U3BECTHO, UTO TeHbl rmpA, rmpA2,
magAn iucA noctosepHo cBsi3aHbl ¢ hvKp [1]. B uc-
cnegoBanuu Kochan T.J. u coast. (2023) noka3za-
HO, YTO OOJIBIIMHCTBO KOHBEPIreHTHBIX U30JISITOB
K. pneumoniae oka3zanucb MeHee BUPYJICHTHBIMU,
yeM mTamMmMbl hvKp B Monenu mHeBMOHUU in vivo.
ABTOpPBI 3aKJo4uaioT, 4To mn30asaTel MDR-hvKp
BPSIZT I MOTYT BBI3BIBAaTh WH(PEKIIMU, OMTUCHIBAEC-
Mble 00b1YHO A1 hvKp, HO TpeOyroTcsl najabHEu-
e KJIUHUYECKUE MUCCIENOBAHUSA KOHBEPIEHT-
HBIX KYJBTYp [26].

3ak/4yeHme

IIpoBemeHO KIMHNYECKOE M 0aKTEPUOJIOTUYIEC-
KO€ HCcclieloBaHUEe CydyaeB KOJOHU3AIUU U TO-
CIUTAJbHOU WHMEKIUU KJIeOCHUeIe3HONH 3THUO-
JIOTUM Yy OOJBHBIX KapAUOXUPYPTUUYECKUX MPO-
dunsg. Ha ¢poHe mcxomHo TsSXea0ro KOMOpPOUI-
HOro (oHa IMAaIlMEeHTOB Hambojee 3HAYMMBIMU
dakTopaMu pucka HebJaronpusiTHOro ucxoaa
OKa3aJIMCh BO3pacCT cTapiiie 65 JeT, IJIUTEIbHOCTh
npeosiBaHu s B OAuP (6osee 48 4) m HanMM4YMe co-
OYTCTBYIOIIETo 3abojeBaHUs. JleTalIbHBIN MCXOMO
dukcupoBanm valle y XeHIIUH U TTPUA CENTUIeC-
Kol ¢opMme 3aboseBaHus. [llaHc neTalbHOro Mc-
XoIa OKaszajics B 3 pa3a BBIIIEC CPeau MallMeHTOB
¢ MHUKCT-UH(pEKIIneil, yeM B TpyIIie JIUI C WH-
dexuueit, BbI3BBAHHOU ToOJIbKO K. pneumoniae.
B rocniuranbHOM nepuone 6osiee 3HaYMMBIM OMO-
JIOTMYECKUM (haKTOPOM PpHUCKaA TSIKECTU HO30KO-
MUWAJIbHON WHMEKINU HNMMYHOKOMITPOMETUPO-
BaHHBIX TMAIlMEHTOB OKa3ajlachb MHOXECTBEHHas
JIeKapCTBEHHast ycTOMYUBOCTb K. pneumoniae, 4yem
TUINEepBUPYJIETHOCTh. OO0mIass MTPOAOJXKUTETb-
HOCTb NpeOBIBaHUS IIAIIMEHTOB B CTallMOHape
Oblyia B 1,7 pa3 BbllIe y MalilMeHTOB, UHPUIIUPO-
BaHHBIX MDR-cKp, yem mpu mHGULIMPOBAHUU
hvKp. JlomonHuTenbHble odyaru MHPeKUUuU (MH-
GdeKInM KPpOBOTOKA), KaK M JICTaJIbHBIC MCXOHI,
OBLIM TIOATBEPKIECHBI TOJIBKO B TPYIITNE ITallCH-
TOoB ¢ uHpekuueii MDR-cKp. BaxkxHO OTMETUTD,
YTO B HACTOSIEM HCCJedOBaAaHUM ObIJT OOHapy-
JKEH OMWH KOHBEPIreHTHBIN N30T K. pneumoniae
(MDR-hvKp). Henb3st uckiounTh, 4TO B yCIO-
BUSIX MEIUIIMHCKUX OpPTaHU3allWii, B TOM 4YHUCJIe
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rPYNMNOWN PUCKA 3ABOJIEBAEMOCTH
U TAXXEJIOINO TEYEHUA COVID-19?
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Pestome. MHEHUSI OTHOCUTENIBHO YACTOTHI U TSIXKecTH KauHudeckoro TeyeHust COVID-19 y BUY-uHbu1IMpoBaHHBIX
1o cpaBHeHUI0 ¢ BUY-HeraTuBHBIMU TTPOTUBOpeUUBHI. Lleab paboThl — OLIEHUTH 3200J1€Ba€MOCTDb U TSIXKECTh KJIU-
Huveckoro TeueHuss COVID-19 y BUU-uHbuIIMpOBaHHBIX B CPaBHEHMU ¢ OOIIIei omyasiueit HaceneHus 3a 2020—
2023 rr. Uzyvyen mHdpopManmoHHbii pecype yueta COVID-19 Ymnpasnenus PocnorpeoHanzopa Ilepmckoro kpast
U pernoHa bHON MHGMOPMAIIMOHHO-aHAIUTUYECKON MEIUIIMHCKON cucteMbl «Enunas nHbopMannoHHas cucTe-
Ma 3apaBooxpaHeHus [lepmckoro kpas» 3a 2020—2023 rr. CrernmeHb UMMYHOIEeUIINTA U BUPYCcHOI Harpy3ku (BH)
y BUU-uHbumpoBaHHbBIX (2459 11 2364 60JbHBIX COOTBETCTBEHHO) YIUTHIBAJIH ITO pe3yJibTaTaM 00CIe0BaHUIA, TPO-
BEIICHHBIX B TeueHue 6 Mec. 10 nmoctaHoBKYU auarHo3a COVID-19 Ha 6a3e 1abopatopuu [TepMcKOro KpaeBoro eHTpa
o npodunaktike U 6opsde co CITU n nndexkimonusiMu 3aboneBanHusiMu. [Tokazarenn 3a601eBaeMOCTU CPEAU
BUY-unduuupoBanubix paccuntbiBaiu Ha 100 teic. JIZKB, cpenu Hacenenus — Ha 100 Tbic. xuteneit. CpaBHeHUE
rokasareJieii 3a00J1eBaeMOCTH OCYIIECTBIISLIM C UCTIONb30BaHUEM KpuTepus CThioneHTa. O1IeHKY 3HAaUMMOCTH pa3-
JIMYMii yacToThl BO3HUKHOBeHUss COVID-19 B 3aBUCMMOCTH OT ypOBHSI uMMYyHoaeduiinta u BH mo naHHbIM orpaHu-
YEHHBIX M0 00beMY BEIOOPOUYHBIX UCCIEAOBAHM I MPOBOAUIIU C TIOMOIIIbIO HeITapaMeTPUIECKOT0 KPUTEPU S COTIacus
¥’ v TogHoro kputepus Oumrepa. Pesyabrarel mokasanu, 4to 3a6oneBaeMocth COVID-19 cpeau pa3HbIX BO3PACTHBIX
u coumanbHbix Tpymnm JIZKB B 1,3—2,6 pa3 HuxXe, 4eM cpeau aHaJOrMYHbIX rpynn BUY-HeraTuBHOro HaceneHus.
[MonuxeHHBI ypoBeHb 3abomeBaeMocTu COVID-19 peructpupyercs MperMyIIeCTBEHHO B IPYIINe OOTbHBIX C OT-
HOCUTEJIbHO He3HAYMTEJIbHBIMU HApyLIEHUSIMM UMMYHUTETAa U HEBBICOKMMU Tokaszarensimu BH. B rpynne BUY-
MHOUIIMPOBAHHBIX ¢ HU3KUM ypoBHeM CD4-muMdonuTtoB u Beicokoir BH 3a6oneBaemocts COVID-19 yBennunBa-
ercst. [Tpu atom COVID-19 y BUY-nnpuimpoBaHHbIX, KakK 1 y BUY-HeraTuBHBIX, IMpOTEKaeT IPEUMYIIECTBEHHO
B jierkoii popme. [1pu BeipaxxeHHOM nuMMyHoaeduiute u Boicokoit BH y BUY-nHbUIIMPOBaHHBIX 107151 CPETHETSIKe-
Jibix U Tsxensix hopm COVID-19 yeennuuBaeTcs.

Karoueevie caosa: COVID-19, BUY-unguyuposannvie, BUY-necamusnvie, 3a001e6aemocms, mscecmov KAUHUYECK020 MeYeHUS,
supycnas Haepyska, CD4-aumepoyumoL.
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ARE HIV-INFECTED PEOPLE AT RISK GROUP FOR COVID-19 MORBIDITY AND SEVERE COURSE?
Sergevnin V.1.2, Rozhkova M.V."
@ Perm State Medical University named after Academician E.A. Wagner of the Ministry of Health of the Russian Federation, Perm,

Russiam Federation
b Perm Regional Center for the Prevention and Control of AIDS and Infectious Diseases, Perm, Russiam Federation

Abstract. Opinions regarding the frequency and severity of COVID-19 clinical course in HIV-infected vs. HIV-
negative people are controversial. The study was aimed to assess the incidence and severity of COVID-19 clinical course
in HIV-infected people in comparison with the general population in the years 2020—2023. The information resource
COVID-19 accounting of the Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing
in Perm Region and Regional information and analytical medical system “Unified Health Care Informational System
in Perm Region” over 2020—2023 has been studied. The degree of immunodeficiency and viral load (VL) in HI'V-
infected patients (2459 and 2364 patients, respectively) were taken into account on the based on the data from medical
examinations conducted during 6 months before COVID-19 diagnosis. The incidence rate among HIV-infected
people was calculated per 100 thousand of people living with HIV (PLHIV), among the general population — per 100
thousand of residents. The comparison of morbidity rates was carried out using the Student’s t-test. The significance
of differences in COVID-19 incidence rate depending on the level of immunodeficiency and VL according to data from
limited sample studies was assessed using the distribution-free test y?> and Fischer’s exact test. The results showed that
COVID-19 incidence among different age and social groups of PLHIV is 1.3—2.6 times lower than among similar groups
in HIV-negative cohort. The reduced COVID-19 incidence is recorded mainly in patients with relatively minor immune
disorders and low VL. COVID-19 incidence increases in HI V-infected people with low CD4 lymphocyte count and high
VL. At the same time, COVID-19 in HI V-infected as well as in HIV-negative people occurs mainly in a mild form. With
severe immunodeficiency and high VL in HIV-infected people, the proportion of moderate and severe clinical forms

of COVID-19 increases.

Key words: COVID-19, HIV-infected, HIV-negative, morbidity, severity of clinical course, viral load, CD4 lymphocytes.

BeepgeHue

I[MangeMussi HOBOIl KOPOHABUPYCHOW WH(EK-
nuu (COVID-19), 3apeructpupoBanHas ¢ 2020 r.,
BO3HUKJIA Ha (hOHE MPOOJIKAIONMIEHCS TTaHAEeMU N
BUY-undexkuuu. TeopeTUyeCKM MOXKHO Mpead-
MOJIOXUTh, YTO OJHOUW M3 TPYNI pHcKa 3abosie-
BAaeMOCTU M TSIKEJIOTO KJIWHUYECKOTO TeUeHMU S
COVID-19 gaBnsiorcs monu, xupymue ¢ BUY
(JIZKB). O6ec1rioKkoeHHOCTh MOBBIIIIEHHBIM PUCKOM
3abosieBaeMocTu U Tsxkenoro teueHuss COVID-19
cpenu JIZKB MoxeT ObITb OCHOBaHa Ha TOM, UYTO
BUY-undexknus cBg3aHa ¢ aHOMaJbHBIMU TYMO-
panbHBIM U T-KJIETOYHBIM MMMYHHBIMU OTBETa-
MU, YTO TIPUBOJUT K TIOBBIIIIEHHOW BOCTIPUUMYM-
BOCTU K MHOTOYUCJTIEHHBIM OMITOPTYHUCTUUYECKUM
nHpexuusam [21]. OnHaKo IO HACTOSIIIETO BpeMe-
HM MHEHUS OTHOcuTesibHO 4dactoTel COVID-19
y BUWUY-uHUUMPOBAHHBIX M TSIXECTU KOUH-
dekuuu no cpaBHeHMI0O ¢ BUMY-HeraTuBHBIMU
MPOTUBOPEUYUBHI.

HekoTtopsle nccienoBaTesiv yKa3blBalOT Ha T10-
BBILIEHHBIN ypoBeHb 3aboneBaemoctu COVID-19
cpenn BUY-undpuumupoBaHHbiX. Tak, cooOliaeT-
cs1, uTo pacnpocTpaHeHHOCTH COVID-19 y rocniu-
Tanu3npoBaHHbIX BUY-uHbDULIMPOBaAaHHBIX COCTaA-
Busia 1,2%, 4TO BABOE TPEBBICUJIO aHAJOTUYHBIN
noka3saresib (0,6%) cpenu HaceleHUs B 1ejoM [25].
IMo pe3ynbraTamM MHTEPHET-OTIPOCA CPEAU PECTIOH-
JIEHTOB, Ha3BaBIIUX ce0s1 JIZKB, yeTBepTh 006CI€Em0-
BaHHBIX HAa COVID-19 (23,5%) yka3anu, 4To y HUX
ObLIM BEISIBIICHBI MapKepbl COVID-19, uto B 4 pa3a

NpeBbLICUJIO aHAJIOTUYHBIN Toka3aTeab y BUY-
HEraTUBHBIX pecnoHaeHTOB (6,5%) [7]. Apyrue aB-
TOPHBI yKa3blBaloT, uTo 3abojieBaeMocth COVID-19
cpenu JIZKB comoctaBuMa ¢ o0lieil 3a0ojieBaeMO-
cThio MHpeEKLME cpeny HaceneHus [1, 3, 15, 16].
HakoHe1r ecTb co0OOIIEeHU ST O TOM, 3a0071€BaEMOCTh
COVID-19 cpenu JIZKB Huxxe, yuem cpenu BMY-
HeratuBHBbIX [19, 20]. B ogHOM M3 McclieqoBaHUl
B Mcmanum aBTOpBI MPUIILINA K 3aKJIIOUEHUIO, YTO
CTaHJIapTU3MPOBAHHBIN YPOBEHDb 3a00JIEBAEMOCTH
COVID-19 cpeam JIKB Ha 67% Huxe, yeM cpeau
HaceJieHu s B LiejioM [18].

Yrto KacaeTcs TSKEeCTH TeUyeHMs KOMHMEeKIInu,
TO €CTh JaHHBIE 0 TOM, uTo JIZKB gBiastorcs rpyrm-
noil pucka Tskenabix nposisaeHuit COVID-19 [13,
17]. OnmHako B Hay4YHOU JIuTepaType MpeacTaBICHbI
u apyrue MHeHMs. [TokazaHo, 4TO HET pa3sHUILbI
B YaCTOTE JIeTaJbHbBIX NCXOIOB OOJIbHBIX KOMH(MEK-
Mell Mo cpaBHEHMIO ¢ oOlIelt monyasiueid Hace-
neHus [5, 12, 14, 22]. Ilo nanHbIM A. Inciartea u co-
aBT. [18], ypoBeHb jaetajibHOCcTU Hpu COVID-19
y JIZKB (4%) aHanoruueH TOMYy, KOTODPBIA peru-
CTpUpOBAJICS CpeAu HaceJieHus B uejaoM. bosee
TOro, HEKOTOpbIE aBTOPHl HE BBISIBUJINU CBSI3U
MeXAy TsKecTbio 3aboneBanuss COVID-19 u no-
naBjeHueM BUpyca uiu yposHeM CD4 y JIKB [11].
OnHako B HECKOJIBKUX TeMaTUYECKHUX MCCIIea0Ba-
HUSX IIPEIIIojiaraeTcs, YTO TPYNION BBICOKOT'O PH-
cka Tsxesnioro teueHust COVID-19 sBasitoTcst 6071b-
HbI€ IMIUb C To3aHel cragueii BUY-unpexkuunu [6].

Hamu paHee ObuIM OINyOJUMKOBAHBI Pe3yJib-
TaTbl OILIEHKM PACIIPOCTPAHEHHOCTH M TsXe-
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ctu COVID-19 cpean BUY-uHGUIIMPOBAHHBIX
3a 2020 r. [2]. ITpourno 3 roga. IlosiBUTMCH HOBBIE
JMIAaHHBIE, YTO U 0O0YCIOBUJIO 1I€J1eCO000Pa3HOCTh UX
NyOJUKALIUU.

Lenb paboThl — OLIEHUTH 3a00JIEBAEMOCTb U TSI-
XKecThb KiinHuuyeckoro teueHuss COVID-19 y BUY-
UHGUIIMPOBAHHBIX B CPABHEHUU C OOILIE MOIMyas-
nueit HaceneHus 3a 2020—2023 rr.

Matepuasnbl 1 METOLbI

N3ydyen wHGGOPMAIIMOHHBIN pecypc yde-
ta COVID-19 VYmpasneHusi PocmorpebHam3opa
IMepMckoro kpast u permoHaJIbHOM WHMOpMaIIN-
OHHO-aHAJIUTUYECKON MEAMIIMHCKON CHUCTEMBI
«EnuHas wHGoOpManMOHHAS CHUCTeMa 3IpaBo-
oxpaHenus Ilepmckoro kpas» 3a 2020—2023 rr.
YYuThiBaanM KJIWMHUYECKH BBIPAKCHHBIC CIydYand
COVID-19 (kox mo MKB U07.1 «KKopoHaBupycHast
nHpek1s, BeidBaHHasg Bupycom COVID-19, Bupyc
naeHTuGunupoBan») y BUY-uHPUOMpoBaHHBIX
n HacejeHus 6e3 BUY-nndpexknuu. Ilokasarenu
3abosieBaemMoctu cpeau BUY-mHpuULIMpPOBAHHBIX
paccuuthiBaam Ha 100 teic. JIDKB, cpenu Hacemne-
Hus — Ha 100 TBIC. XKHUTETIE.

CreneHb MMMYyHOIe(MUIIMTA U BUPYCHOUN Ha-
rpy3ku (BH) y BUY-undunmpoBanHBIX (2459
u 2364 0GOJbHBIX COOTBETCTBEHHO) YYMTbIBAJIU
o pe3yabpTaTaM oO0OcCIeNOBaHUI, TIPOBEACHHBIX
Ha 0a3ze nabopatopuu [lepMckoro KpaeBoro LieHTpa
no npoduinaktTuke n 6oppoe co CITUJI u nadexin-
OHHBIMU 3a00JICBAHUSIMU B TeyeHHe 6 MecC. 40 I0-
ctaHoBkM guarHo3za COVID-19. UMMyHomepULIUT
oueHnBaIn Mo KoiaudyectBy CD4-numMpoununTon
CTaHOAPTHBIM MeTOIOM (TIPOTOYHAs ITMUTOMIYO-
pOMETpHSI) C TMMOMOIIBIO CUCTEM IJISI IIPOTOUYHOTO
nutodmoopumerpa »BD FACSCalibur». BH us-
yyaJiu myTeM aetekuuu KoHueHTpauuu PHK BUY
B KPOBHM METOIOM IIOJIMMEpPa3HOM IIeITHON peak-
OUM Ha aBTOMAaTUYECKOM aHaiam3aTope «Abbott
m2000rt» c aBTOMaTU4YEeCKOM CTaHLIMEeil TpoOOIIoa-
rotoBku «Abbott m 2000 sp».

CTaTucTUYecKyo oO6paboTKy MaHHBIX IMPOBO-
IUJIU C UCIOoJb30BaHUEM Iporpammbl «WinPepi»
(PEPI-for-Windows), Bepcus 11.65 (aBTop mnpo-
deccop Joe Abramson, U3paunb). CpaBHEeHUE T10-
Kaszarejeil 3a0071eBaeMOCTHA OCYILIECTBIISIIN C WC-
nonb3oBaHueM KpuTepuss CrbilomeHTa. OIEHKY
3HAYMMOCTHU Pa3JIMYMii 4aCTOTHl BO3ZHUKHOBEHMU S
COVID-19 B 3aBUCUMOCTU OT YPOBHSI UMMYHO/IE-
¢dunuTta 1 BH no naHHbBIM OrpaHUYEHHBIX MO 00b-
eMYy BBIOOPOYHBIX UCCIIEAOBAHU 1 TPOBOIUIIH C TTO-
MOIIIbIO HeTTapaMeTPUUECKOI0 KPUTEPHUSI COTIacus
¥ ¥ TouHOTO KpuTtepust Ouiepa.

PesynbraThl

Onenka 3a6oneBaemoctu COVID-19 cpenu Ha-
cenenus [MepMckoro Kkpag nmokasana, 4to 3a 2020—
2023 rr. cpenu BUY-mHGULIMPOBAHHBLIX OBIIO
3aperucTpupoBaHo 3272 ciny4yaeB 3a0o0JieBaHUS
HOBOIT KOpoHaBUpYCcHOUM mHdekuuneit. Cpeaun Ku-
Teneii, He numermux BUY-undekumuu, Ob110 qua-
THOCTHPOBaHO 499 507 KIMHWYECKHU BBIPaKeHHBIX
cayuyaeB COVID-19. INoka3aTenb 3a001eBaCMOCTH
COVID-19 BWY-undunupoBanubsix (25,5£0,4
Ha 1000) okazaica B 1,9 pa3 Huxe, yeM cpenu BY-
HeraTuBHBIX xwuteiein (48,7£0,06 na 1000) (p <
0,001).

3aboneBaemocth COVID-19 cpenm BHY-
nHdunupoBanHblIXx 1 BUWY-HeraTuBHBIX yBe-
JIUYMBaiach C BO3pacToM 3abojeBmux (Tadm. 1).
I'pynmoii pucka 3aboneBaemoct COVID-19 cpe-
nu JIZKB u BMY-HeraTuBHBIX OKazalucCh JULA
crapie 60 jet. 3a60/1eBa€MOCTh 3TOM BO3PAaCTHOM
rpynnel cpenu BUY-undpunmposBanubeix 1 BUY-
HeraTUBHBIX (32,7 1 61,9) Obina BhIlIE, YeM AeTei
0—14 met, muu B Bo3pacte 15—39 net u 40—59 ner,
B 1,1-2,1 pa3 coorBerctBeHHO (p < 0,05 BO Bcex
caydasax). Ilpm atom 3aboneBaemoctb COVID-19
cpenn Bo3pacTHeIX rpyrnn JI2KB oOwita B 1,8—
2,3 pa3 HUXe, YeM CpeAM aHaJOTHMUYHBIX TPYIII
BHUY-neratusHoro HacenmeHus (p < 0,001 Bo Bcex
ciydasix).

TaGnuua 1. BospacTHas cTpykTypa 6onbHbix COVID-19 cpeam nHGULMPOBaHHbIX

1 He nHPnumposaHHbix BUY

Table 1. Age distribution in COVID-19 patients among HIV-infected and HIV-negative subjects

3aboneeaemoctb Ha 1000
Bo3pacTHble rpynnbi Incidence per 1000 t-kpuTepuii
Age groups BUY-uHpuumnpoBaHHbie BUY-HeraTuBHbie ttest P
HIV-infected patients HIV negative patients

0-14 net

+ +
aged 0o 14 15,2+3,5 35,3+0,1 5,7 <0,01
15-39 ner 24,3+0,6 43,9%0,1 32,2 <0,01
15 to 39 age group
40-59 net

+ +
40 to 59 age group 26,521 51,7+0,1 1,9 <0,01
60 net u ctapwe 327429 61,9+0,2 10,1 <0,01
60 years and over
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TaGnuua 2. CoumnanbHas cTpykTypa 60nbHbix COVID-19 cpeaun MHGULUPOBAHHbIX

" He uHdnuUupoBaHHbIx BUY

Table 2. Social distribution of COVID-19 patients among HIV-infected and HIV-negative subjects

3ab6oneeaemoctb Ha 1000
Incidence per 1000
CoumanbHbie rpynnbl BUY- t-kputepui
Soci BUY- p
ocial groups HeraTuBHbIE ttest
MHOULMPOBaHHbIE HIV negative
HIV-infected patients patients
Pa69THMKM MeAULMUHCKUX OPraHm3auunii 64,8423.7 81,6407 07 05
Medical staff
Pa6GoTHUKM 06pa3OB.aTem.:Hbl.X yupexaeHuit 177427 49.6£0,4 17 0,01
Employees of educational institutions
PaGoTHUKM NpeanpuaTUii TOProBsn 1 06LLECTBEHHOIO
nuTaHus 31,2+2,9 33,6%0,3 0,8 0,4
Employees of eating and shopping facilities
Pa60weucnyxamqe MPOMBILLNIeHHbIX NPEANPUATHA 46,5+2.3 50.10,3 54 0,01
Employees of industrial enterprises
Mpouue paboTaiowme (pabOTHUKU CENbCKOr0 XO39NCTBA,
cnopTa, KylbTypbl, CAMO3aHATbie) " . <
Other staff workers (workers in agriculture, sports, culture, 18,9+1.1 50,5+0,2 28,3 0,01
self-employed)
Hepa60T§mmy|e, B TOM yucne ngaGOTapmue NEeHCUOHEpbI 04,4412 48,8+0.1 20,3 0,01
Non-working, including non-working pensioners

Ilpu ananmmuze 3aboneBaecmoctn COVID-19
110 COIIMaJIbHOMY COCTaBY OBLIIO BBISIBJICHO (TA0JI. 2),
yto cpeau JIZKB rpynmnoii pucka 3aboieBaeMOCTH
OKa3aJuCch pPaOOTHUKU MEIUIMHCKUX OpTraHU-
3auuit. Mx 3a6oneBaemocth (64,8 Ha 1000) Oblia
BbIllIE, YeM 3a00J1eBacMOCTh paOOTHUKOB 00pa30-
BaTeJIbHBIX YUPEKACHU, paOOTHUKOB ITPEIITPUSI-
THUU TOPTOBJIU 1 OOIIIECTBEHHOTO MTUTAHUS, IIPOYMNX
paboTtaromux (pabOTHUKHU CEIBCKOTO XO3SMCTBa,
criopTa, KyJbTypbl, CAMO3aHSTHIC), a TaKKe Hepa-
OoTaroIMX, BKIO4Yass IIeHCUOHepoB, B 2,1—3,7 pa3
(p < 0,05 Bo Bcex cyuasix). JIumib oT 3a60JieBaeMO-
CTH paboOYMX U CIIYKAIIUX ITPOMBIIIICHHBIX ITPe/I-
npusiTUil 3a00JiIeBa€MOCTh MEAPAOOTHUKOB OTIM-

yajiach HecyiectBeHHO. Cpenu BUY-HeratuBHBIX
rpynnoii pucka 3aboneBaemoct COVID-19 Tak xe
0OKa3aJIMCh pPaOOTHUKU MEIUIIMHCKHMX OpraHu3a-
O, THTEeHCUBHOCTD 3MUIAEMUICCKOro IIpolecca
cpenu kotopbix (81,6 Ha 1000) 6bu1a B 1,4—2,5 pa3
BBILIE 3400JIEBAEMOCTH APYTUX KOHTUHTEHTOB (p <
0,05 Bo Bcex ciryuasix Bo Bcex ciydasax). [Ipu atom
B paMKaxX aHaJIU3UPYEeMBbIX COIIMAIbHBIX TPy Ha-
ceJieHU s B OOJIBIIMHCTBE Cay4dyaeB 3a00JIEBAEMOCTb
COVID-19 BUY-uHpuMpoBaHHBIX MO CpaBHE-
Huio ¢ BUY-HeraTuBHbIMU OblJ1a CTAaTUCTUYECKU
3HAYMMO HUXKE.

M3ydyeHne TIKECTHM KIMHUYECKOTO TEUYCHUS
COVID-19 no3Bonuyio ycTaHoBUTH (Tabia. 3), 4To

Ta6nuua 3. CTpykTypa 60nbHbIX COVID-19 no TSXXECTU KNIMHUYECKOro TeYeHus cpeau

BUY-undpuumpoBaHHbix 1 BUY-HeraTtueHbIX

Table 3. Clinical severity-based pattern of COVID-19 patients among HIV-infected and HIV-negative subjects

KonuyecTteo 60nbHbIX COVID-19
Number of COVID-19 patients
CteneHb TAXECTU BUY-undpunumposaHHbie BUY-HeraTtusHble
Severity HIV-infected HIV negative

a6c. o a6c. o

abs. A abs. %
m;"a" 2893 88,4 [87,3-89,5] 455 621 91,2[91,1-91,3]
CpepHeTsixenas
Moderate 268 8,2[7,3-9,2] 35017 7,01[6,9-71]
Txenas 111 3,4[2,8-4,1] 8839 1,8[1,7-1,9]
Severe
Beero 3272 100 499507 100
Total
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TaGnuua 4. TaxecTb KNMHU4Yeckoro TeyeHns COVID-19 y BUM-uHpuumMpoBaHHbIX B 3aBUCUMOCTHU
OT CTeNneHNn MMMYHHbIX HapyLUeHUI

Table 4. The severity of COVID-19 clinical course in HIV-infected subjects according to degree of immune disorders

UmmyHopeduumT (konuyectso CD4-knetTok/Mkn)
Immunodeficiency (number of CD4 cells/ul)
TaxecTs COVID-19 >500 200-500 <200
COVID-19 severity KONMYEeCTBO KONINYECTBO KONNYEeCTBO
GONbHBIX GONbHbIX GONbHBIX
% % %
number number number
of patients of patients of patients
mg“a" 974 95,7 [92,4-96,8] 755 90,9 [88,8-92,8] 448 73,3 [69,8-76,7]
CpepHeTsixenas 44 4,3[3,2-57] 63 7,6 [5,9-9,6] 107 17,5[14,6-20,3]
Moderate
Taxenas 0 0 12 1,5[1,4-1,6] 56 9,2[7,0-11,7]
Severe
Beero 1018 100 830 100 611 100
Total

kak y BUY-unpuunpoBaHHbiX, Tak U y BUY-
HeratuBHBIX COVID-19 npenMyIiecTBEHHO Mpo-
TeKaJjia B JIeTKOI (popMe, T0JsT KOTOPOil cocTaBuIa
88,4% wn 91,2% COOTBETCTBEHHO, YTO OBLJIO JIOCTO-
BEPHO MEHbIIIEe KOJIMYECTBA CPeIHETIKeNbIX (8,2%
u 7,0%) u Tsxensix (3,4% v 1,8%) dopm cootBeT-
ctBeHHO (p < 0,001 Bo Bcex cnyuasix). MHbIMU cJ10-
BaMMU, TSI3KeCTh KIIMHU4Yeckoro teueHuss COVID-19
y BUY-nuHpULIMPOBAaHHBIX HE OTJIMYaJach OT Ts-
xectu COVID-19 y BUY-HeratTuBHBIX.

OlleHKa TSIXECTU KJIMHMUYECKOTO TEUeHUS
COVID-19 y BUY-nHOULIMPOBAHHBIX B 3aBU-
CUMOCTU OT CTEeNeHUM MMMYHHBIX HapylIIeHUN’
3a 2020—2023 rr. moka3zana (tabj. 4), 4TO B IpyIl-
ne OONbHBIX ¢ KojJudecTBoM CD4-KIeToK/MKII
<200 yactoTa BO3HUKHOBEHMS JIETKOW (OPMBI
(73,3%) Gblila IOCTOBEPHO HUXKE, YeM B I'pYIIIIe Ma-
HMeHTOB ¢ KonnuecTBoM CD4-knetok ot 200 mo 500
(90,9%) u > 500 (95,7%) (p < 0,01 B 0GoUX cirydasix).

Hanpotus nons cpenHetskenasix ¢popm COVID-19
y BUY-mHOUUIUMPOBAHHBIX B KOTopTe OOJBHBIX
¢ konuuectBoM CD4-kietok < 200 (17,5%) Oblia
BBIIIE, YEeM Cpeau TalMEeHTOB C KOJUYECTBOM
CD4-knerok 200—500 (7,6%) u > 500 (4,3%) (p <
0,01 B oboux ciayyasix). UTo KacaeTcs TSXKEIBbIX
dopm COVID-19, To oHM BCTpeYyaauch B OCHOB-
HOM Cpeau ManueHToB ¢ koandectBoM CD4 < 200
(9,2%) n pexe B rpyiiie 00JbHBIX C KOJIMYECTBOM
nuMmbouutoB ot 200 mo 500 (1,5%). MHaue rosopsi,
TsKeJible (OpMbl MH(MEKIMU ObIJIU 3aperucTpU-
poBaHbl JUIIb cpeau BUY-uHpuImpoBaHHBIX
C UMMYHOIE(UIIUTOM.

AHaJIN3 TSIKECTH KJIMHUYECKOTO TEUYCHUSI
COVID-19 y BUY-uHOULIMPOBAHHBIX B 3aBU-
cuMoctu oT ctenneHu BH BeIssBUA (Taba. 5), 4To
y o6onbHbIX ¢ HuU3koii BH (< 250 xomuit PHK/
M) pois gerkux ¢dopm COVID-19 (92,5%) Gblia
BBILIIE, YeM B KOrOpTax NallueHTOB C BUPYCHOM Ha-

TaGnuua 5. TaxecTb KnMHU4Yeckoro TeyeHus COVID-19 y BUM-uHpuLMpoOBaHHbIX B 3aBUCUMOCTHU

OT CTeneHun BMpYCHOﬁ Harpy3ku

Table 5. The severity of COVID-19 clinical course in HIV-infected subjects depending on viral load magnitude

BupycHas Harpy3ka (konuyectso konui PHK/mn)
Viral load (number of RNA copies/ml)
TaxecTs COVID-19 <250 250-10000 >10000
COVID-19 severity KOJIn4ecTBO KOJIn4ecTBO KOJIn4ecTBO
6051bHbIX o 6051bHbIX o 6051bHbIX
% % %
number number number

of patients of patients of patients
Jlerkas
Mild 1341 92,5(91,1-93,2) 226 85,9 (81,1-89,9) 542 83,1([80,0-85,9)
Cpeanersxenas 96 6,6 (5,4-8,0) 29 11,0(7,5-15,4) 67 10,3 (8,1-12,8)
Moderate
Taxenas 12 0,9 (0, 4-1,4) 8 3,1(1,3-5,9) 43 6,6 (4,8-9,5)
Severe
Beero 1449 100 263 100 652 100
Total
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Ta6nuua 6. 3a6onesaemoctb COVID-19 y BUM-uHdMLMPOBAHHBIX B 3aBUCUMOCTU OT YPOBHS

CD4-numdouuTtos

Table 6. COVID-19 incidence in HIV-infected people depending on CD4 lymphocyte level

KonuuecTtBo cnyuyaes COVID-19

KonuuectBo CD4-knetok/mMKn Konuuecteo JIXKB Number of COVID-19 cases
CD4 T cells/ul Number of PLHIV abc. Ha 1000 J1XXKB
abs. per 1000 PLHIV

<200 14 981 611 40,8%1,6

200-500 32242 830 25,7+0,9

> 500 31817 1018 31,9+0,9

Ta6nuua 7. 3a6onesaemoctb COVID-19 y BUY-uHdULMPOBaHHBIX B 3aBUCUMOCTU OT CTENEHU BUPYCHOW

Harpy3Kku
Table 7. COVID-19 incidence in HIV-infected people depending on viral load level
KonuuyectBo cnyyaes COVID-19
Bwpycm‘l‘a Harpyska, Konuyectso JDKB Number of COVID-19 cases
__ onuit PHK/mn Number of PLHIV abc Ha 1000 JDKB
Viral load, RNA copies/ml '
abs. per 1000 PLHIV
<250 49528 1449 29,3+0,8
250-10 000 11765 263 22,4414
>10000 13 896 652 46,9+1,8

rpyskoit 250—10 000 u > 10 000 konuit PHK/mu
(85,9% n 83,1% cootBeTcTBeHHO) (p < 0,01 B 060-
HX caydasx). B To xe BpeMs 10JIsI CpeHEeTSIKEIbIX
U TsKenAbIX hopmbl COVID-19 6b11a Beie y BUY-
nHunmpoBanHelx ¢ BH 250-10000 (11,0%
u 3,1%) u > 10 000 (10,3% u 6,6% COOTBETCTBEHHO)
o cpaBHeHuo ¢ BH < 250 kormit PHK /M (6,6%
1 0,9%) (p < 0,01 Bo Bcex cnyvyasx). MHbIMU ciioBa-
MU, C YBEJMYECHUEM BUPYCHOII HArpy3KHU TSIKECTh
kauHunyeckoro teueHust COVID-19 Bospacrana.

WN3yuenue yactoThl ciiyyaes COVID-19 B ko-
roprax BUY-uHOULIMpPOBAaHHBIX C pa3HbIM yPOB-
HeM CD4-numdpouuto u BH 3a 2020—-2023 rr.
MO3BOJINJIA BBIIBUTH (Taby. 6, 7), 4TO Cpeay JIWIL
¢ ypoBHeM CD4 < 200 kJyeTok/MKJa 3abojeBae-
mocth COVID-19 (40,8+1,6 na 1000 JI2KB) B 1,6
u 1,3 pa3 Oblia BhllIe, YeM B I'pynIax ¢ YpOBHEM
CD4 200-500 (25,7£0,9) u > 500 KJIeTOK/MKJI
(31,91+0,9) (p < 0,01). Cpenu JIZKB ¢ BH > 10 000
konuit PHK/mn 3a6oneBaemocts COVID-19
(46,9%1,8 Ha 1000 JI2KB) B 1,6 1 2,1 pa3 Obljia BhIIIIE,
yeMm cpenu BUY-undpuuupoBanHeix ¢ BH < 250
(29,3£0,8) u 250—10 000 (22,4+1,4) (p < 0,01 B 060-
ux cinydasix). Cnenyet oTMeTUTh, uTo mojast BUY-
UHbUIMpPoBaHHBIX ¢ ypoBHeM CD4 < 200 kJjeTok/
Mk 1 BH > 10 000 konuit PHK /M1, To ecTh rpynn
noBbllIeHHOI 3ab0oseBaeMocTu COVID-19, HeBe-
JIMKA Y COCTaBIISIET B CyMMe 00CJIeTOBaHHBIX JIUIITb
22,8% wn 18,5% coOOTBETCTBEHHO.

O6cyxaeHne

[MpencraBiieHHbIE TAaHHBIE CBUIETETLCTBYIOT, YTO
3aboneBaemocTb COVID-19 cpenu pazHbIx BO3pacT-
HBIX 1 corranbHbIX Tpynin JIZKB B 1,3—2,6 pa3 HUuXe,

yeM cpeau aHaJornyHbix rpynn BUY-HeratuBHOro
HacesneHusl. [ToHMKeHHBIIT ypOBeHb 3aboJjieBaeMo-
ctu COVID-19 peructpupyeTcsi IpeuMyIleCTBEHHO
B I'pymrme OOJIbHBIX C OTHOCHUTEIbHO HE3HAYMUTEJIb-
HBIMU HapyLIEHUSIMU HWMMYHMUTETa W HEBBICOKU-
MU TOKa3aTeJssMU BUPYCHOW Harpysku. B rpymme
BUY-unpuuupoBaHHBIX ¢ HU3KUM ypoBHeM CD4-
JUMMOLIMUTOB 1 BBICOKOU BUPYCHOM Harpy3koi 3a00-
sgeBaemoctb COVID-19 yBenuuuaercs. Ilpu atom
COVID-19y BUY-undumpoBaHHbIX, Kak 1y BUY-
HEraTUBHBIX, MPOTEKAeT MPEUMYIIECTBEHHO B JIer-
Kol bopme. OgHaAKO MPU BbIPaKEHHOM MMMYHOJIE-
¢unute u Boicokoit BH y BUY-nnpunmpoBaHHBIX
TOJIST CPEMHETSIKENbIX U TskeabiX opm COVID-19
BO3pacTaer.

Huskuii ypoeHb 3aboneBaemoctu COVID-19
y JIZKB 1o cpaBHeHu1o ¢ BUY-HeraTuBHBIM Hace-
JICHHEM MOXET ObITh CBSI3aH C MOJaBJICHUEM PerlIv-
KallMuM KOpOHaBUpyca aHTUPETPOBUPYCHON Tepa-
nueii [19, 20, 26]. Tak, B HEKOTOPBIX MCCJICTOBAHM-
sIX cOOOIIaeTcs 0 3alIMTHOM 3¢ deKTe HEKOTOPhIX
aHTUPETPOBUPYCHBIX IMPerapaToB, a UMEHHO TEHO-
doBupa muzornpokcuaa dymapara/SMTpULIATAOU-
Ha (TDF/FTC), npotuB undexkiuu SARS-CoV-2
M UCXoloB, cBsi3aHHBIX ¢ COVID-19, y JIZKB [9].
HenaBHue cooOllleHUsI CBUIETEJIbCTBYIOT O 3Ha-
yuTeabHoM BaussHUM Ha SARS-CoV-2 mportuBo-
BUPYCHOTO TIIpernapata peMAecuBUpa, KOTOPBIKA
CTPYKTYPHO POJCTBEHEH TeHO(MOBUPY, a TAKXKE JIO-
nuHaBupa [23, 27]. 3amuTHBIN 2 (hEeKT yKazaHHbIX
nperapaToB OMOJOrMYeCKM BO3MOXKEH M3-3a CIO-
COOHOCTU HYKJIEOTUIHBIX aHAJ0I0OB UHTUOUTOPOB
obparHoii TpaHckpuntazsl (HMOT) uHrubupo-
BaTth PHK-3aBucumyio PHK-nmonmumepaszy SARS-
CoV-2 [4, 8, 10, 24]. APT BUY-uHbpULIMPOBAHHBIX,

1136



2024, T. 14, Ne 6

BWY-nHduumpoBaHHbie — rpynna pucka COVID-19?

MO-BUJIUMOMY, Ha OTHOCHUTEJIbHO PaHHUX CTalu-
ax BUY-undbekuuu sgBiasieTcss MNpodUIaKTUKOU
He ToJibKo 3a0oneBaeMocT COVID-19, HO u Tske-
JIOTO TeYEH U sI KOPOHABUPYCHOM MHMEKIINHU, YTO CO-
[JIACYIOTCSI ¢ MHEHMEM Psifia aBTOpOB [6, 24].

3ako4yeHne

Oraemuuyeckuii mpouecc COVID-19 cpenm
BUY-uHpuumpoBaHHBIX MeHee WHTEHCUBHBINM,
yem cpeau BHMY-HeraTtuBHBIX JIOAeid, U, CJIedO-
BatenbHO, BUY-mHpUMpoBaHHBIE HE SBISIOT-

cs rpynnoi pucka 3adoneBaemoctu COVID-19.
Jlvmb mpu OYeHb BBIPAXXEHHOW WMMYHOCYIIpecC-
CUU W BBICOKOU BUPYCHOI Harpyske 3abosieBae-
mocTh COVID-19 cpenn BUY-uHGUIIMPOBAHHBIX
YBEJIMYNBAETCI U MHPEKIIM S MOXKET ITPOTEKATh TSI~
xejee, yeM cpen BUY-HeratuBHBIX.
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SANMMAEMUYHECKUE NMPOSABJIEHUA
BUY-UHDEKLIMN, COYETAHHOM
C XPOHU4HECKUMU BUPYCHbIMU
FrENATUTAMU B APO

E.A. Ba3sikuna, O.E. Tpouenko, JI.A. banaxonuesa, B.O. Koropa

DbYH Xabaposckuit HUH snudemuonocuu u muxpoobuonroeuu Pocnompebradsopa, e. Xabaposck, Poccus

Pestome. [Tpobrema coueTaHHBIX MH(EKIINI IBIISICTCS OMHOM M3 HanboJiee CIIOXHBIX KaK B JICYCHU U, TaK ¥ SITUICMHUO-
nmornueckoM Hamsope. CymiecTBytomas B Poccuiickoit Mepepanny crucTeMa He BKIIFOUAST YaCTHBIN aHAIM3 KOMOP-
oumHBIX cocTossHMT BUY 1 XxpoHMUecKMX BUPYCHBIX renaTuToB (XBI'). Lleb: BRITOTHUTD peTPOCTICKTUBHBIMA STTUIC-
MMOJIOTMYEeCKU I CPaBHUTENbHBIN aHanu3 3aboneBaeMoctu BUY-undexuueit, XBI, BUU-unbekuueit, coueTaHHON
¢ XBI, mpoBecTu MHTErpajJbHYIO OLIEHKY dNUaeMuueckux nposiieHuit BUY-nHbexk1mm, coueTaHHONW ¢ TeMOKOH-
TaKTHBIMU BUPYCHBIMU renaTutaMu, B JlaabHeBocTOUHOM pervioHe ¢ 2007 mo 2022 rr. YcTaHOBJIEHO, UTO MOKa3aTeau
3aboneBaemMocTu BUY-nnpekuueit 1 Mukct-uHdpekuueit BUY+XBI umenu onHoHanpaBIeHHYIO TEHASHILIUIO PO-
cTa, U ux 3HayeHus B 2022 r. nocturiu 1is 3abonesaeMoctu BUY-undexuueit 30,7 cnyvyaes Ha 100 ThiC. HaceaeHU s
(B 2 paza Bbinie, yeM B 2007 r.), njst 3ad6oaeBaemoct BUY-uHbekueit, coueranHoii ¢ XBI, — 4,3 cnyvas Ha 100 ThIC.
HaceneHus (B 6 pa3 Boile, yeM B 2007 r.). 3aboaeBaemocth XBI' cHUXXa1ach cO cpeTHEMHOTOJIETHMM TEMIIOM YOBIIH,
paBHbIM 4,4%, u B 2022 1. coctaBuia 26,1 ciyuaii Ha 100 Thic. HaceieHust. HanGoJbinast 3a601eBaeMOCTb MUKCT-
nHpexuuneit BUY+XBI perucrpuponanack B [Ipumopckom kpae. B 2022 1. oHa mpeBbIcHIa CpelHeIaIbHEBOCTOYHY IO
B 2,3 pa3a. [IpyMopcKuii Kpaif UCTOPUYECKHU XapaKTepU3yeTcsl IMPOKUM pactipocTpaHeHrneM BUY-uHpekuy u re-
MOKOHTAKTHBIX BUPYCHBIX T'eIIaTUTOB, YTO OTYACTHU CBSI3aHO CO 3HAUMTEIBHBIM PaCIpOCTpaHCHUEM HAapKOMaHUMU.
bnarononyyHnas snuaemuyeckas ooctaHoBka 1o MukcT-uHdexkunu BUY+XBI, cornacHo paHXupoBaHU10 3a0071eBa-
eMocTH, Habmonanack B Kamuatckom u XabaposckoM Kpasix, Pecriyonuke Caxa (Akytus) u Maramanckoil o6gacTu.
IMockonbky BUY-undexkuus u XBI' uMeroT AauTebHOE TeYeHe U LA C yCTaHOBJIEHHBIM paHee JMarHo30M MOTYT
MPOIOJIKaTh OCTaBaThCSl UICTOUHUKAMU MHPEKIIUU, U3YYCHUE JUIIb 3200J6BAEMOCTH 7151 OLEHKU SMUAEMUIECKON
CUTYyalMU ObIIO MPU3HAHO HEJOCTATOUHBIM. B CBS3M ¢ 9TUM JOMOTHUTEIBHO PACCUUTAHBI CPETHEMHOTOJICTH SIS TeH-
JeHIIMs 3a00/1eBaeMOCTH, MOPaXeHHOCTh HaceneHuss MUukcT-uHbekuueit BUY+XBI, pacnpoctpaneHHocTs XBI'
cpenu aull, XuBymux ¢ BUY, ¢ mocienyomum npoBeAeHUEM MHTErpaJbHOTO aHaIu3a ¢ pacyeToM Ko3hdulineHTa
HamIsiIHOCTHU. PaHXupoBaHue Ko3hduliMeHTa HarIsiAHOCTH TToKa3aJjio, yTo B MaragaHckoii obnactu u Pecniybnuke
Caxa (AIxytus) snumeMmudeckas o0CTaHOBKA He SBJsIJIACh OJIaTONPUSITHON, HECMOTPSI Ha HEBBICOKME MOKa3aTeu
3aboneBaeMoctu BUY+XBI. [Ins obenx TeppuTOpuii BHISIBICHBI BRIpaXkeHHasl TEHACHIIMS pocTa 3a00JeBaeMOCTHU
U mupoxkas pacrnpoctpaHeHHocTh X BI' cpenu BUY-unduLimpoBaHHOro HacejleHus1, a B MarajgaHcKoii 00J1acTu ycTa-
HOBJICHa HanboJiee BRICOKAS MOPAXKEHHOCTh HACEJICHUs coueTaHHOIM MH(eKInel. [ToMrnMo TiepedncIeHHBIX BBIIIE
CyObeKTOB, K HE0JIaronoJyuYHbIM ObLIM OTHeCeHbI [IpruMopckuii Kpait 1 EBpeiickasi aBTOHOMHas 00J1acTh. YUUTHIBasK
pactyuiue nokasatenu 3abosneBaemoct BUY-uHdekmu, coueranHoit ¢ XBI, 1enecoodpa3Ho BblaeJeHUE KOMOP-
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ounHbix cocTosiHuit (BUY+XBI') B camocTosITeIbHOE HaMlpaBJieHME MOHUTOPUMHTIA B paMKaX CYLIECTBYIOLLIElH CUCTe-
Mbl BIUAEMUOJOrHYeckoro Haa3opa 3a BUY-nHdekimei, ¢ ucnoab3oBaHUeM MOMUMO aHaau3a 3a00J1eBaeMOCTH,
WHTErpajJbHOTO METO/IA OLIEHKU MU IEMUYECKON CUTYALIU .

Karoueevie caosa: cemoxonmaxmubvie eupychole cenamumot, BUY-ungexuus, snudemuonoeus, couemantle UHpexyuu,
BUY-unghexyus, couemannas ¢ XpoHu1eCcKUMU 8UPYCHbIMU 2eNAMumami, 3a001e6aeMoCns, UHME2PANbHbLI MemOo0, PAHICUPOBAHUE.

EPIDEMIC MANIFESTATIONS OF HIV COMBINED WITH CHRONIC VIRAL HEPATITIS
IN THE FAR EASTERN FEDERAL DISTRICT
Bazykina E.A., Trotsenko O.E., Balakhontseva L.A., Kotova V.O.

Khabarovsk Research Institute of Epidemiology and Microbiology of the Federal Service for Surveillance on Consumers Rights
Protection and Human Wellbeing (Rospotrebnadzor), Khabarovsk, Russian Federation

Abstract. Coinfection is one of the most complex public health issues and is challenging both in choosing treatment strategy
and inimplementing epidemiological surveillance. The latter in the Russian Federation includes no specific monitoring after
HIV and chronic viral hepatitis (CVH) coinfection. The objective of the study was to perform a retrospective epidemiological
analysis of CVH, HIV-infection, HIV+CVH coinfection incidence, conduct integral assessment of HIV+CVH coinfection
epidemic manifestations in the Far Eastern Federal District (FEFD) during the years 2007—2022. It was established that
HIV-infection and HIV+CVH coinfection incidence showed a unilateral long-term growth trend reaching in 2022 up to 4.3
cases/100 000 population (by 6-fold higherthanin 2007), which for HI V-infection incidence was as high as 30.7 cases/100 000
population (by 2-fold higherthanin 2007). CVH incidence decrease with average long-term decline comprising 4.4% per year
and in 2022 reaching 26.1 cases/100 000 population. Primorye Territory had highest incidence of HIV+CVH coinfection
in 2022 that exceeded average level recorded among territories of the FEFD by 2.3-fold. Primorye Territory is a territory
historically characterized by widespread of HIV-infection and CVH in human population partly due to broad drug use.
Ranking of HIV+CVH coinfection incidence revealed territories with favorable epidemic situation as follows: Kamchatka
Territory, Khabarovsk Territory, Republic of Sakha (Yakutia), Magadan Region. HIV infection and CVH are long-lasting
conditions therefore individuals with verified diagnosis may remain a source of infection. Hence, the analysis of the disease
incidence alone was found to be insufficient for assessing epidemic situation. Therefore, a comprehensive analysis was
carried out to calculate integral index based on the sum of ranks of HIV+CVH coinfection incidence, prevalence and
average long-term incidence, prevalence of CVH among HIV-positive subjects. Ranking of the integral index established
unfavorable epidemic situation for HIV:-CVH coinfection in the Magadan Region and Republic of Sakha (Yakutia). Both
territories had an upward incidence trend, high prevalence of CVH among HIV-positive subjects. In addition, the Magadan
Region had highest prevalence of HIV+CVH coinfection. Primorye Territory and Jewish Autonomous Region were also
classified as unfavorable. Existing epidemiological surveillance after HIV-infection needs to be supplemented with separate
monitoring over HIV+CVH coinfection. Estimating an integral index in addition to evaluation of incidence for assessment
of the epidemic situation over coinfection will improve the analysis.

Key words: blood borne viral hepatitis, HIV-infection, epidemiology, coinfection, HIV and chronic viral hepatitis coinfection, incidence,
integral method, ranking.

JISIETCSL BMUAESMUOJOTMUYECKOMY aHajau3y code-
TaHHBIX opM BUY-unbexkuum u tydepkyesa [,

BeepgeHue

CoBpeMeHHasi cUcTeMa 3MUIEeMUOJIOTNYECKO-
ro Haja3opa 3a BUPYCHbIMU renatutamu u BUY-
WHbeKIMeid He BKJoYaeT aHajlu3 COYeTaHHOTO
uHbuuupoBanuss BUY-1 ¢ BupycaMu remaTuTos,
B YaCTHOCTM, C T€MOKOHTAKTHBIM IyTeM Iepena-
Yy, KOTOpbIe 3HAYMUTEJIBHO YCYT'yOJISIOT TEeUYeHUE
BUY-undexkuuu. Tak, ycTaHOBJIEHO, 4YTO IIpH
BN Y-uHpexkuumn, coueTaHHOW ¢ BUPYCHBIM rera-
tutoM C 1/unu renatutoM B, yBeanuurBaeTcst puck
Pa3BUTU S TSAXKEJIOTO MOPaKeHU s MeYeHU U CMEPTH,
He accouuupoBaHHoi co CIIM[lom, cHuxXaeTtcs
9 HEKTUBHOCTh, AHTUPETPOBUPYCHON Tepanuu
BUY-undexnm [33, 34, 35, 36].

AKTyaJlbHOCTb WU3YYEHUSI DBIUAEMUUYECKOTO
npouecca (BI1) couetanHbix dopm BUYU-uHbek-
IIMU HECOMHEHHa, HO OCHOBHOE BHUMAaHUE ye-

6, 11, 30]. Ily6aukauum xe 00 SMUAEMUYECKOM
CUTyalluM codyeTaHHoTro MHpuuupoBaHnus BUY-
UHGEKIIMe 1 TEeMOKOHTAaKTHBIMU BUPYCHBIMU T€-
naTUTaMM HEMHOTOYMCIEHHBI [26]. 3HAYUTEIBHO
yalle BCTpeyaroTcsl JuTepaTypHbie 0030pbl 00 OC-
HOBHBIX  XapaKTEepMCTUKAX  SIUIAEMHUUECKOTO
npouecca codyeTaHHoro umHuuupoBaHusi BMY-
uHpekuuein u xponmyeckum renatutom C (XI'C),
3HAYMMOCTU PUCKOBAHHOIO IIOBEACHMSI B pa3s-
Butumn DI, olleHKe TPaHCMUCCUBHOCTU BUPYCOB
rermaTUTOB C T€MOKOHTAKTHBIM ITyTeM Ilepemadyu
y mauueHToB ¢ BUWY-undekuueii. Hanpumep,
noApoOHO OMMcaHa IMPeuMYIIeCTBEHHas Iepena-
ya TéeMOKOHTAKTHBIM ITyTeM COYeTaHHON MHDeEeK-
uru BUY ¢ XI'C u ee minpokoe pacrpocTpaHeHue
cpenu moTpeduTe et MHBEKIIMOHHBIX HADKOTUKOB
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(TTMH), noka3zaHO yBeJWYE€HHUE TPAHCMUCCUBHO-
ctu BI'C cpenu maumeHToB ¢ BUY-uHbdekuueii,
MPOAEMOHCTPUPOBaHA OoJiee yacTasi perucTpanusi
JIAaHHOTO BapuaHTa COYeTaHHOTO MH(MPUIIMPOBAHU S
Y XKEHIIUH — MOJIOBbIX TAPTHEPOB MYKUYUH, KOUH-
dunupoBanHbix BUY/BI'C, B cpaBHeHUU C XKEH-
IIMHAMU, CEKCYaJlbHBIMU MapTHEPaMU KOTOPBIX
IBISIOTCI MYX4YHHBI ¢ XI'C-MOHOMH(pEKIINCH.
OTaesibHOE BHUMAHUE YOEJNSEeTCS OCOOOMY 3Ha-
YEHUIO0 MYXUYWH, UMEIOIIUX CEKC C MYXUYUHAMMU,
Kak pe3epByapa JaHHbIX MH(MEKIIUI B UyeJoBeUYecC-
KOU momynssiuu. MHOXeCTBO pabOT TOCBSIIIEHBI
U pacnpoOCTPAHEHHOCTU JabopaTOPHBIX MapkKe-
POB T€eMOKOHTAKTHBIX BUPYCHBIX I€IaTUTOB CPeaU
BUY-undunmnposanHbix auill [19, 20, 22].

JlocTaTouHO€ BHUMAaHUE YAECISETCI KJIUHU-
yeckoMy TedeHUto BUY-uHbekiun B coueTaHUU
C XpOHUUYECKUMMU BUPYCHBIMU renatutaMu (XBI),
OLIEHKE pPAaCIpPOCTPAHEHHOCTU UUPKYIUPYIOMIUX
BapuaHTOB (T€HOTUIIOB) BUPYCOB B pPEruoHax.
Hepenko npencraBiieH (pUIOreHETUYECKUI aHa-
JIU3, TIO3BOJISIIONIUI OLIEHUTh SMUAEMUOJOTUYEC-
KM€ B3aMMOCBSI3U MEXJAy ciydyasiMu 3abosieBa-
Huii [2, 5, 7, 10, 15, 16].

B J[lanbHeBocTOuHOM deaepajbHOM OKpY-
re (ADO) ananu3 codetaHHbIXx ¢dopm BHUY-
WHMEKIMY U TEeMOKOHTAKTHBIX BUPYCHBIX TeraTu-
TOB IIPOBOJMJICSI B OCHOBHOM B OT/IEJIbHBIX CyOBEK-
tax (B Pecnmyonuke Caxa (SIkytus), [Ipumopckom
1 XabapoBCKOM Kpasix), YTO 6€3yCIOBHO IpeacTaB-
JISIET HAyYHBI U NPAaKTUYECKUU MHTEpPEC, HO He
MO3BOJISIET KCTPANOIUPOBATh PE3yJbTaThl JaH-
HBIX HCCIeAOBaHUU Ha Bech JlaTbHEBOCTOYHBIN
peruoH [11, 23, 24, 25, 31].

Lenp mccnenoBaHUs: BBIMOJIHUTH PETPOCHEK-
TUBHBIA SMUAEMUOJOTMYECKUN CPABHUTEIbHBINA
aHanu3 3aboseBaeMoct BUY-undexknueii, XBI,
BUY-undexuueit B coueranuu ¢ XBI, a Ttakxke
MPOBECTU MHTErpaJibHYIO OLIEHKY 3MNuAeMuyec-
Kkux miposiBaeHuit BUY-nHpexkumm, coyeTaHHON
C TEeMOKOHTAKTHBIMM BUPYCHBIMU TeTNaTUTaMW,
Ha Tepputopusx JlaabHEeBOCTOUHOTO (perepaaibHO-
ro OKpyra.

Matepwnasbl U MeTOLbI

IIpoBeneH aHnanu3s 3aboneBaemoctu XBI, BUY-
nHpekuueii, a takxke BUY-undexuumeit, couetan-
Hoit ¢ XBI, B cooTBeTCTBUM ¢ TaHHBIMU HopM Pe-
JIepajJbHOI'O CTATUCTHUUYECKOTO HaoOromeHus No 2
«CBeneHus1 06 MHOEKIIMOHHBIX U Mapa3uTapHbIX
3abomeBaHuaX» (2007—2022 rT.), No 61 «CBeaeHus
0 KOHTUHTeHTaxXx OonbHBIX BUWY-mHbexmein»
(2007—2015 rr.), ¥ maHHBIX 3a 16 jeT HabGIIOIE-
Hus (2007—2022 rr.), MOJYYEHHBIX OT TEPPUTO-
pUaiabHBIX LIEHTPOB IO TpoduIakTuKe u 00pboe
co CIIN/J1 n mHpEKINOHHBIMU 3a00JIeBAaHUSIMU
Xabaposckoro, [Ipumopckoro, Kamyarckoro kpa-
eB, EBpelickoii aBToHOMHON obGaactu (EAo00..),

YyxkoTckoro aBToHoMHoro okpyra (HAO), Pecriy6-
auku Caxa (Axkytust), MaragaHckoit, CaxaJluH-
CKOI1, AMypCKOIi obacTeii. DIUIeMUOJIOTUYeCKU T
aHaJin3 He npoBoaucs st Pecnyoauku bypstus
n 3a6aiiKajbCKOro Kpast — CyObeKTOB, BKIIOUCH-
HBIX B cocTaB MO B 2018 1.

CaeneHus o 3a0071€Ba€MOCTU, PACIIPOCTPAHEH-
HOCTM HapKOMaHWW M YUCJIY MUTPAHTOB ObLIU
B3SIThl U3 OTKPBITHIX UCTOYHUKOB Ha caliTax Tep-
puTopHuaabHBIX yiipaBiaeHuin MenepanbHON CITyXK-
OBI TOCyAapCcTBeHHOM cTaTUCTUKUA. KoadpunueHt
MHTEHCUBHOCTHY MUTPALIUHU 10 TPUOBITUIO MM KO-
a¢pdueHT npudsiTUss MurpanToB (Km) paccum-
ThIBaJICS MO caenylieit popmyJie [9]:

I1
Km = U x 100 000,

rae I1T — yucno mpuObIBIIMX MUTPAHTOB B CYOBEKT
3a OTYeTHBIN roa, YH — cpemHeromoBasi YMCICH-
HOCTB HaCeJICHUS CyObeKTa B OTYCTHOM TOIIY.

AHaIn3 3HAYUMOCTH OTIUYNN MEXIY SITUOC-
MUOJOTMYECKMMU MOKa3aTeJasiMU  TPOBOAMIICS
metoaoM CThIOAEHTAa, OLIEHKA HaJu4Us KOppes-
LIMOHHOM CBSI3U MEXAYy HUMU — METOIOM paHTO-
Boil Koppensuuu CriupMmeHa. Hanuuue paznuauii
MEXIy MoKa3aTeIsIMU IPU3HABaJIOCh B CIydae I10-
JIyYeHUs] KPUTUICCKOTO YPOBHS 3HAUMMOCTHU (P)
meHee 0,05.

Tepputopuu cuuTaguch OJArOMNOJYyYHBIMU
WJIU C HU3KOM 3a00JIeBAEMOCTBHIO MPU 3HAYCHUU
SMUAEMUOJOTUYECKOTO ITIoKa3aTeas] JOCTOBEPHO
MEHbIIIeM cpemHero 1o JlaJbHEeBOCTOUHOMY pe-
ruoHy. HampoTus, cutyanyss B permoHe paciie-
HHUBaJlaCh KakK Halpsi>)KeHHasi UJIM C BBICOKON 3a-
00JIeBa€MOCTBIO TIPU MOKa3aTesae, CTaTUCTUYECKU
3HAQYMMO IIPEBBIIIAIOIIEM CpelHeaaJlbHEBOCTOY-
Hblil. Eciyu cTaTMCTUYECKM 3HAYMMBIX OTJIMYUMA
ot cpeaHero nmo PO ypoBHS BBISIBJIEHO HE OBIJIO,
3a00JIeBa€MOCTh B PETHMOHE paclleHWBaJlach Kak
CpemHsIsI, a CUTyalouss — KaK OTHOCHUTEIBHO
CTaOuJIbHAas.

PacueT nHTerpaspbHoro nokasarenas (ko3abdu-
LMEeHT HarJissmHOCTU — KH) mpoBoaucst Ha OCHOBE
PaHXMPOBAaHUS KaxXJIOT0 M3 B3SITHIX AJIS aHaIM3a
mokasaTeJsieii: 3a00JieBaeMOCTH, TeMIIa IIpupocTta/
yObLIM 3abojieBaeMOCTU, MopaxeHHoctu BUY-
uHdexkuuein, coueranHoit ¢ XBI, a Ttakxe pac-
npoctpaHeHHocTH XBI' cpenu BUY-mo3uTuBHBIX
JIMII Ha u3y4yaeMbIx TeppuTopusix. Jlagee ocymiect-
BJSIIOCH CYMMHMPOBaHHE TMOJYYECHHBIX PaHIOB
(«110 cyMMe 3aHSIThIX MECT») U PACCUMTHIBAJICS MH-
TerpaJIbHBIN MTOKa3aTeJIb HATJISITHOCTH I10 CJICAYI0-
et popmyiie [21, 28]:

Sx — Sp

KH=(1—
Sx — Sy

) x 100,

rme SXx — HaMMeHbIasl (HauJIydinas) cymMmma paH-
roB; Sp — CyMMa paHTOB, OLIEHUBAEMOTO PETUOHA;
Sy — HauboJbIIas (Hauxyaiiasi) CyMMa PaHIOB.
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HaubGosbiiass cymMma paHroB oIlpenaessijiach
10 ypaBHEHUIO: Sy = X X nl, rae X — YKCJIO YJICHOB
IUHAMWYECKOTO psia, B3SITOTO JJISI PAaHKUPOBa-
HUS; nl — YHMCJIO TIoKa3aTelieil, B3IThIX IJIsS aHa-
nu3a. HauMeHbIasg cymma paHToB (SX) paBHSJIach
YUCITy TT0Ka3aTejieit, B3ITHIX IJIsI paHXXHUPOBaHMSI.

OleHKka MOJYYEeHHBIX TEeHASHLUU 3aboseBae-
MOCTU MPOBOAMJIACH CJIECIYIONIMM O0Opa3oM: ITpu
3HAaYeHUdX TeMmIma npupocra ot —1,0% no 1,0% —
TEHAEHIIUs 3a00JIeBAEMOCTH XapaKTepu3oBajach
Kak crabuibHasg, ot +3,0% no *1,1% — kak cia-
ooBbeIpakeHHas; oT +3,1% no £5,0% — Kak yMe-
penHas; ot £5,1% no £7,0% — kak BbIpakeHHas;
NpU 3HAYEHUSIX TeHIeHUUU HuxXe —7,0% 1 BbIlIe
7,0% — xak sipko BblpaxkeHHas [13].

PeaynbraThl

CpasHumenvHblll pempoCneKmueHblll Snudemuo-
Aoeudeckuil amaaus 3abonsesaemocmu BHY-ungex-
yueii, XBI' u BUY-ungexuyueti, couemannoit ¢ XBI.
Ha nporsikeHun 16-neTHero repuoga HaOIIOneH WS
3aboseBaeMOCTh MUKCT-uHPekuuein BUY+XBI
B DO ysenuumnach B 6 paz — ¢ 0,7 (95% AU:
0,5—-0,9) B 2007 1. no 4,3 (95% JAN: 3,8—4,8) ciryuaeB
Ha 100 TeIc. Hacenenus B 2022 I., cpeTHEMHOTOJICTHU A
temn npupocta (Tcp) paBusiics 9,3%. AHallorudaHas
TEHACHIINS TTPOCJICKMBAIACh M B OTHOIIIEHUH 3200-
neBaemoct BUY-umHbekmeii, kotopass Bo3pocia
¢ 15,0 (95% AWN: 14,0—16,0) oo 30,7 (95% AUN: 29,3—
32,1) cnyuaes Ha 100 toic. HaceneHus (Tcp =13,4%).
CpenHeMHOTOJICTHUE YPOBHU 3a00JI€BACMOCTH IJIST
mukcT-uHdexkuu BUY+XBIT coctaBunu 3,5 (95%
AW: 3,0-3,9) u mias BUY-uapexkunn — 27,1 (95%
JAW: 25,8—28,4) ciiyuaeB Ha 100 ThIc. HaceaeHUS.

3aboneBaeMocTh XBI, HanmpoTuB, CHUXKaach,
ee 3HaueHM s B 2007 u 2022 rr. paBHSJIUCH COOTBET-
cTBeHHO 75,9 (95% O W: 73,7-78,1) u 26,1 (95% AW
24,8—27,4) cnyuyaeB Ha 100 ThIC. HaceJeHUs, CHU-
3UBILIXCH B 2,9 pa3a co CpeIHEMHOTOJIETHUM TeM-
nom yobiu 4,4%. CpeqHEMHOTOJIETHSIsI 3a00sieBac-
mocTh XBI' paBHsmace 55,2 (95% OMWN: 53,3—57,1)
ciayydaeB Ha 100 Teic. HacesieHus (puc. 1).

3aboneBaemocth BUY-nndekmeii (Tecp=9,2%)
u BUY-undpexkuueit, couetranHoir ¢ XBI' (Tcp =
13,4%), uMenn OMHOHAIIPABJIEHHYIO TEHAEHLIMIO
pocta (puc. 1), 4To MOATBEpXKaAaeTCI U KOppessi-
IIMOHHO-PErPeCCUOHHBIM aHAJIU30M, BBISIBUBIIUM
MNpPsSMYIO BBICOKYIO CTEIEeHb CBSI3W MeEXy aHau-
3upyeMbIMH nokasateasiMu (p = 0,85; p < 0,0001).
B TO ke BpeMsI MHTEHCHMBHOCTD STMUIEMUYECKOTO
npouecca XBI' cuuxanacey (Tcp = —4,3%), npu-
yeM Obljia BbIsSIBJIEHa oOpaTHasl 3aBUCUMOCTb MEX-
ny auHamukamu 3aboseBaemoctu XBI' u BHUY-
nHpexkumeit (p = —0,8; p=0,0002), a Takxe MEXIY
3a6oneBaeMocThio XBI' 1 BUU-uHbekneit, coue-
tanHoii ¢ XBI' (p = —0,65; p = 0,006).

Poct  3aboneBaemoctu  BUY-uHdbexiuei,
mukcT-uHdpekuueir BUY ¢ XBI' u cHuxeHue 3a60-
jgeBaemMocTu XBI' okazanuch xapaKTepHBIMU IS
Bcex cyobekToB MO, oxBaueHHBIX HAOJTIOJeHUEM,
3a UCKJII0YeHeM AMYPCKOI 00J1acTH, Te CpelHe-
MHOTOJIETHSISl TeHIeHlus 3adojieBaemoctu XBI
paclieHuBaJlach KaK OTHOCHTEJIbHO CTaOMJIbHAS
(tabdu. 1).

Dnudemuonrocuneckuil anaiuz 3abonresaemocmu
BUY-ungpexyueii, couemannoii ¢ XBI' na meppumo-
pusax /[PO. HecMoTpsi Ha OTMEUEHHYIO OOIIY IO TeH-
JIeHu o pocta 3aboneBaemoctu BUY-uHpekueii,
couetaHHoli ¢ XBI, B pernoHax J1a1bHEBOCTOYHOI'O

90
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3abonesaemocTtb BUY-undekumein/HIV-infection incidence

== == 3abonesaemocTb BUY+XBI/HIV and chronic hepatitis coinfection incidence
= 3a60neBaemocTb XBI/Chronic viral hepatitis incidence

PucyHok 1. 3a6onesaemoctb BUY-undpekuueii, BU4-undekumeit, BU4-XBI mukcT-undekumein u XBr

HaceneHuqa 2007-2019 rr. Ha 100 Tbic. HaceneHus

Figure 1. HIV, HIV + chronic viral hepatitis coinfection, chronic viral hepatitis infection incidence (per 100 thousand

population) during the years 2007-2022
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pervoHa BbISIBJIEHbI 3HAUYUTETbHbIE OTJTUYUS B MO-
KazaTeasx 3a00JieBa€MOCTU COYETAaHHBIM MHOU-
nupoBanuem BHY ¢ XBI. CyobekToM ¢ Haubosee
BBICOKOI 3a00J1eBA€MOCTbI0O MUKCT-UHGEKIInei
BUY+XBI, kotopas B 2022 r. mpeBbICUTIa CPEIHE-
JIaJIbHEBOCTOYHOE 3HaueHue B 2,2 pa3a, okasajcs
IMpumopckuii kpait (ta6a. 2). Ha nmpotsixxeHuu us3-
yuyaemoro nepuoja BpemeHu (2007—2022 rr.) 3a60-
neBaemocTb BUY-uHpexkuueit, couetanHoit ¢ XBI,
B IIpuMopckoM Kpae umesia SIpKO BbIpaxk€HHYIO
TeHpeH1uIo pocta (Tep = 21,02%).

CrenyeT oTMETUTh, 4TO IIpruMopckuii Kpaii siB-
JisieTcsl CyObeKTOM C HaAauOOJbIIUM YUCJIOM BIIEP-
BbI€ 3aperucTpupoBaHHbIX ciydyaeB BUYU-uHbek-
nouu, codetaHHoil ¢ XBI, BeIstBIeHHBIX B DO
Ha TMPOTSIKEHUU Bcex JieT HabmoneHus. B 2022 r.
npaktuuyecku 70% orT Bcex ciydaeB 3abosieBa-
HUs, 3aperucTpupoBaHHbIX B DO, Ipuxoaninch
Ha [Ipumopckuii kpait. OcTaqbHbIe PETUOHBI BHO-
CUJIM ropasio MEHbIIMK BKJIAJ B pa3BUTHUE 3a-
OosieBaeMOCTU coyeTaHHbIMU ¢opmamu BUY-
nHdexkuuu ¢ XBT (puc. 2).

IlpuMopckuil Kpaili TakxXe XapaKTepu3yeTcs
3HAUYUTEIbHBIM paclIpoOCTpaHEHUWEM HapKoMa-
HUU, YTO MOXET BIUSTH Ha 3a00JieBa€MOCTh KaK
BUY-undexkuueid B 11eJJ0M, TaK U COYETAHHBIMU
dopmamu BUY-undpexkuumu u XBI. JlaHHyIO TU-
NoTe3y MNOAKPEIISIOT Pe3yJbTaThl KOppeasiu-
OHHOTO aHajiu3a, KOTOpble MO3BOJIUIU BBISIBUTh
CUJIBHYIO 3aBUCUMOCTb MEXAY MHOIOJIETHENH

(2007—2021 rr.) 3a60JieBa€MOCTbIO HapKOMaHUEMR
u BUY-nndexumeii (p = 0,82; p = 0,0002), a Tak-
Ke MeXay 3a0071eBaeMOCThIO HApKOMaHHWEe U Co-
yeTaHHbIM WHpuuuposanueM BUY c¢ XBI' (p =
0,62; p=10,01).

B YAO wu EAo06:1. 3aboneBaecmocth BHMY-
uHdexkuuei, couetanHou ¢ XBI, mpeBbIiaia cpen-
HEOKPYKHOU YPOBEHb, HO CTATUCTUUYECKN 3HAUM-
MO He OTJIMYaJiach OT cpegHero ypoBHS 1o MO
(tab. 2), 4TO CBSI3aHO C MaJO YMCJIEHHOCTbIO Ha-
ceJIeHUs B yKa3aHHbIX peruoHax (48 ThiC. 4YeJIOBEK
B YAO u 147,5 Tric. uenoBek B EA06J1. B 2022 1.).

Tem He MeHee OoJiee pacUIMpPEHHBI aHaJIU3
AMUAEMUYECKON CUTyallMu MO3BOJUJI HaM BCE Ke
OTHECTH JaHHbBIC CYOBEKTHI K TEPPUTOPUSIM pPUCKa
pacnpoctpaHeHuss BUY-undekuuu, coueTaHHON
¢ XBI.

Tak, B EA06u1., KoTopast Hapsay ¢ [Ipumopckum
KpaeM SIBJISIIaCh TEPPUTOPUEH C BBICOKUM YPOBHEM
HOTPeOJICHU ST ICUXOTPOIHBIX CPENCTB, Ha MPOTS-
xeHuu 2007—2019 rr. yctaHoBJieHa TpsiMasi KOp-
peJsILIMOHHAs CBSI3b MEXNy 3a00JiIeBa€MOCThIO
HaceneHus1 MukcT-uHpexkueir (BUY/XBI') u 3a-
O0osieBaeMOCTbIO HapkoMaHueit (p = 0,62; p = 0,02)
M 1axe B 00JIbIIE Mepe — pacHpoOCTPaHEHHOCThIO
HapkomaHuu (p = 0,81; p = 0,001). Cnenyet oT™me-
TUTb, YTO MocJie Hadyaa nanaeMuu B 2020 r. epe-
cTajla TIPOCJEXUBATbCI KOPPEJSIIIMOHHAs CBS3b
MeXAy 3a007eBaeMOCTbl0 KOWHMUIIMPOBAHUEM
BWUY/XBI' u HapkomaHueit (p = 0,29; p = 0,28).

TaGnuua 1. CpeagHeMHoOroneTHue TeHaeHumumn 3abonesaemoctun BU4-nudpekumein, BUM-undpekumei,
couyeTtaHHoii ¢ XBI, u XBI B cyobekTax PO (2007-2022 rr.).
Table 1. Long-term trends for HIV, HIV + chronic viral hepatitis and chronic viral hepatitis incidence in the territories

the Far Eastern Federal District (2007-2022)

Temn npupocTta/yobinu
Temn npupocTta/yobiin o Temn npupocTta/yobinu
Tepputopus 3abonesaemocTtu BUY, % 3:@'?“?”#9”tBW:j/X?rl_’”\f’ 3aboneeaemocTtu XBr, %
Constituent entities Uprising/declining trends p:ﬁg%riﬁig'\z?alrﬁg :ti(;is Uprising/declining trends
of HIV-infection, % coinfection %p of chronic viral hepatitis, %
XabapoBckuii kpai
Khabarovsk Territory 83 3.3 25
npumopcxuu.xpau 74 21,0 86
Primorye Territory
Pecny6nuka (Caxa) AkyTus
Republic (Sakha) Yakutia 8,2 234 18
AMprKaSF obnactb 146 13.3 0.2
Amur Region
EAoGn.
Jewish Autonomous Region 133 158 -7
CaxanuHckasi o6nactb
Sakhalin Region 141 45 46
Maranaucxaa. o6nactb 9.4 16.2 105
Magadan Region
Kamuyartckui kpain
Kamchatka Territory 16,9 104 -37
YAO
Chukotka Autonomous District 90 0 20,4
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TaGnuua 2. 3a6onesaemoctb BUM-undpekumeit, BU4-XBI MmukcT-undpekumeit u XBrr e PO (Ha 100 Tbic.
yenoBek) U ypoBeHb pacnpoctpaHeHHocTu XBI cpean BUY-noautueHbix nauy, AP0 (%) B 2022 .

Table 2. HIV-infection, HIV + chronic viral hepatitis and chronic viral hepatitis incidence (per 100 thousand population)
and chronic viral infection prevalence among HIV-positive subjects (%) in 2022

BUY-XBI MmukcTt- XBI cpepv BUY- XBI:
BUY nudekuums; NHPeKuuns; MHPULMPOBAHHBDIX; (AN 0 é5]
Tepputopus [An 0,95] [AN 0,95] [An 0,95] Chroni(; viral
Constituent entities HIV-infection; HIV ar)q chrgnic v?ral Chronic viral .hlepatitis among hepatitis
[C10,95] hepatitis coinfection HIV-positive people (C10,95]
[C10,95] [C10,95] ’

Jilole] 30,7 43 13,9 26,1
Far Eastern Federal District [29,3-32,1] [3,8-4,8] [13,9-27,4] [24,8-27,4]
XabapoBckuii Kpai 17,0* 0,3* 1,8* 35,9**
Khabarovsk Territory [14,8-19,3] [0,1-0,7] [1,78-1,82] [32,7-39,2]
MpuMopckuii kpait 46,3** 9,5%* 20,4** 24,4
Primorye Territory [43,3-49,4] [8,2-10,9] [20,3-20,5] [22,2-26,7]
Pecny6nuka (Caxa) AkyTus 16,7* 1,2* 7.4* 24,6
Republic (Sakha) Yakutia [14,2-19,4] [0,6-2,0] [7,35-7,45] [21,6-27,8]
Amypckas o6nactb 25,0* 3,8 15,1 33,1**
Amur Region [21,6-28,6] [2,6-5,3] [15,0-15,2] [29,2-37,2]
EAoGn. 25,6 5,6 21,9 37,1**
Jewish Autonomous Region [18,3-341] [2,5-9,9] [21,7-221] [28,2-47,2]
CaxanuHckas obnactb 32,1 3,5 10,9 26,2
Sakhalin Region [25,8-35,6] [2,0-5,3] [10,8-11,0] [21,8-30,9]
MarapaHckasi o6nactb 30,5 1,4* 4,8* 43,5**
Magadan Region [22,0-40,3] [0,1-4,0] [4,7-4,9] [33,3-55,1]
Kamuarckwii kpaii 40,7** 0* 0* 32,0
Kamchatka Territory [33,9-481] [26,0-38,6]
YAO 56,0** 8,0 14,3 4,0*
Chukotka Autonomous District [37,1-78,7] [2,1-17,8] [14,0-14,6] [0,4-11,5]

Mpumeuanue. * — p < 0,05, nokasaTtenb MeHbLLE MO CPaBHEHMO co cpeaHnm no APO; ** — p < 0,05, nokasaTenb Bbille N0 CPABHEHUIO CO CPEeAHUM

no A®O. B kBanpaTHbIx ckobkax ykadaH 95% LOBEpUTENbHBI MHTEPBA.

Note. *p < 0.05 — index is lower than average value in the Far Eastern Federal District; ** — p < 0.05 — index is higher than average in the Far Eastern

Federal District.

B YAO pamnHamuka 3aboneBaemoctu BHMY-
uHpekuueit, couetranHoi ¢ XBI, Oblya KpaliHe U3-
MeHuYuBa (puc. 3), YTO CBSI3aHO C HEOOJIBIION YUC-
JIEHHOCTBIO HaceJeHUusl peruoHa. B cBsi3u ¢ aTum
Naxe eNMHUYHBbIe Ccllydyau perucTpaluuu UHoeK-
LIMOHHOTO 3a007eBaHUsI 00YCIaBJIMBAIOT BbICOKIE
YPOBHU 3a00JIeBA€MOCTH COYETAHHBIM WHGUIIU-
poBaHueM BUY-undexuueit u XBI' B HAO.

B otnuuwme ot Ilpumopckoro kpast u EAo6I.,
3HAUMMOCTh HapKOMaHUM B pPacCIpOCTpPaHEHUU
BUY-undexkuuu B HAO Obljla HE3HAYUTEIbHOM
(p=—0,26;p=0,3). OnHAKO MHTEPECHBIM OKa3aJscs
dakT BbisiBAeHUS B mepuof ¢ 2013 mo 2019 rr. cBsi3u
Mexay poctoMm 3aboneBaemoctu BUY-uHpekieii,
couyetaHHolt ¢ XBI, 1 koaddUIIIEeHTOM UHTEHCU B-
HocTu Murpauuu u3 crpaH CHI mo nmpubsituio
(p=0,85;p=0,013), BuacTHOCTU, U3 YKpPauHBHI (p =
0,85; p=0,013). [Ipuuem naHHasi TEHAECHLIUS CTajla
MeHee BbIpa*k€HHOU IocJie BKJIIOUEHUS B aHAJIU3
nepuona nanaemuu COVID-19 (2020—2022 rr.),
KOrJa MHTEHCUBHOCTb MUTPAILlMOHHBIX MPOLIECCOB
3HAYUTEJbHO CHU3UJIACh, B CBSI3U C YEM KOpPpEes-
LIMOHHAas 3aBUCUMOCTb MEX 1y U3ydyaeMbIMU MOKa-
3aTeJiAsMM CTajla MeHee BbhIpakeHHOI (3aboseBae-

MOCTbh MUKcT-uHbuMupoBanueM BUY-XBI' u Km
JUISI MUTPaHTOB U3 YKpauHbsl — p = 0,62; p = 0,014,
3200J1eBaeMOCTh MUKCT-UHDUIIMpoBaHuem BN Y-
XBI' u Km guist murpanToB u3 ctpad CHI' — p =
0,59; p=0,02).

Humeepaavuas ouenka snudemuueckoil cumya-
yuu BUY-ungpexyuu, couemannoit ¢ XBI' 6 cybs-
exmax JI®O. Tlpu paHXUPOBAHUMU TEPPUTOPUN
Mo MmokasaTesisiM 3a00JIeBAa€MOCTU BBISIBJEHBI 4Ye-
ThIpe cyObeKTa ¢ Haubosiee 0Jarornojay4yHol sMnu-
nemMuyeckoil cutyanueit mno BUY-unbekuuu, co-
yetaHHoii ¢ XBI' (3abosieBaeMOCTh B CyOBEKTax
CTaTUCTUYECKU 3HAUYMMO HUXE CpedHero 3Haue-
Husg no APO): Kamuarckuii Kpaii, XabapoBCKU
Kpaii, Pecnyosnuka Caxa ((AkyTusi) u MaranaHckas
obJiacTh (Tab1. 2).

YyuteiBasi AJAUTENbHOCTh TeueHusi BUY-
UHGEKIIMU U BUPYCHBIX TIEMNaTUTOB C T'€MOKOH-
TaKTHBIM TIYTEM Mepenadu, s MPOBEACHUS] UH-
TerpajlbHOro aHajiu3a, MOMMMO 3a00JIeBaeMOCTH,
OBIJIM TaK>Ke pacCYMTaHbI TEMIThI IPUPOCTa/yObLIN
320071eBa€MOCTH, MOPAKEHHOCTh COYETAHHBIM UH-
dunmpoBanuem BUY/XBI u pacnipocTpaHeHHOCTb
XBI' cpenu BUY-no3uTuBHBIX rpaxkaaH (Tad. 3).

1144



2024, T. 14, Ne 6

BUY-nHbekums, coyetanHas ¢ XBIr

IMocne panxwupoBaHusi tepputopuit PO
Mo TopaXXeHHOCTU MUKCT-uHdpekuueit BUY-XBI'
okKaszaJioch, 4To B MaramaHcKoil 00JlacTU OHa
Oblla HauboJiee BBICOKOW Cpenu BCEX TEPPUTO-
puit JIPO, HecMOTps Ha OTHOCUTEJILHO HEBBICO-
KMe 3HaueHUs 3aboseBaeMocTu B 2022 1. Cnenyet
OTMETUTh, YTO B cyObekTe B 2022 I. MpaKTUYECKU
y 70% manuenToB ¢ BUY-nHbpeKkIMeir OB ycTa-
HOBJIEH JUAarHO3 XpPOHUWYECKOro BUPYCHOTO Tera-
tuta B n/unu C. Ob6a 0603HaUYeHHBIX MOKa3aTeas
CBUJIETEJBCTBYIOT O COXPAaHEHUU B pETMOHE MTOTEH-
Mana ajasi ycyryojaeHus snuleMudyeckoil obcra-
HOBKU. MHTerpaabHblii aHaJNU3, COrJTaCHO KOTO-
poMy MaragaHckasi 00JlacTh 3aHsja MOCAEAHUN,
NeBSATHIN, paHI, MNOATBEpPAMJI Hebyjaromojyyue
anuaeMuuyeckoir cutyauuu no BUY-uHbexkuunu,
couetaHHoii ¢ XBI, B peruone. CiegoBaTeiabHO,
MaranaHckasi 06J1acTb HE MOXET CUUTATbCs Tep-
pUTOPUE HU3KOIr0o 3MUAEMHUOJOTMYECKOro pruckKa
(tabn. 3).

OnHOM M3 BO3MOXHBIX MPUYWH CJIOXUBILIEKHCS
cuTyauuu B MarajgaHckoil o06JacTu MOTJO CTaTh
BJUSIHUE MMPUE3XKUX TPYJAOBBIX MUTPAHTOB Ha dIU-
NEeMUYECKUIA MpOoLecC MUKCT-WHOUIIUPOBAHU S
BUY+XBI, nockoabKy KOPPEJSIIIMOHHBIN aHaIu3
Mexay nopaxkeHHocTbio BUYU-uHdekueit, coue-
taHHo# ¢ XBI, u KoadduimeHToM NpuObITUS BHY-
TPEHHUX TPYAOBBIX MUTIPAaHTOB B MaragaHCKYIO
obslacTh TMOATBEPAUT HaJIW4YUE TIPSIMON CBSI3U
Mexay atumu sineHusimu (p = 0,88; p = 0,002).

ITomumo MaragaHckoir oOyjacTu, BSHOUAC-
MHUUYEeCKoe Hebyiarormojyyue IpPOCaeKHBaJIOCh
u B IlpuMopcKoM Kpae, Tie BbISIBJIEHbI BbBICOKHE
nokasaTeau 3a00JieBa€MOCTH M TMOPa’KeHHOCTU
MukcT-dbopmamu BUY+XBI' nundexkuunu, a Takxe
3HAYUTEJbHBI TeMN OpUpOcTa 3a00JIeBaEMOCTU
BUY-undexuumeit, couetanHoit ¢ XBI, HecMoTps
Ha OIMH U3 cCaMbIX HU3KHUX TTOKa3aTejeil pacnpo-
ctpaHeHHocTU XBI' cpeny BUY-mo3uTUBHBIX U1,

30

66 08 1,6 1,6
35
47 V

Xabaposckuii kpait/Khabarovsk Territory

69,8

Mpumopckuii kpan/Primorye Territory

Pecny6nuka (Caxa) Akytuna/Republic (Sakha) Yakytia
Amypckasi obnacts/Amur Region

EBpeiickas aBT.06nacTb/Jewish Autonomous Region
CaxanuHckasi obnactb/Sakhalin Region
MarapaHckas obnacte/Magadan Region

Kamuatckuin kpain/Kamchatka Territory

SOBRDNDDSEOO

YAO/Chukotka Autonomous District

PucyHok 2. CTpykTypa Bknaaa (%) cyorektor PO
B YXCIO JIUL, C BriepPBbie BbIIBJIEHHbIM AUArHO30M
BUY-undekuun, couetanHbim ¢ XBIr 8 2022 r.
Figure 2. 2022 Far Eastern Federal District territory-
based impact (%) in HIV+chronic viral hepatitis first time
diagnosed incidence

Emte omHolf TeppuTOopueit pucka MOXHO CUMUTATh
EAo00n., xapakTepu3ylollylOCs OOBOJbBHO BBICO-
KMM TeMIoM IipupocTa 3aboneBaemoctu BUY-
nHdek1me, couetanHoi ¢ XBI, a Tak:ke IIMpoKoii
pacripoctpaHeHHOCThI0 X BI' cpenu nuiy, JKuByLInx
¢ BUY (JIXKB), mipu cpemHUX ypOBHSIX 3a00jeBae-
MocTu U nopaxxeHHoctn BUY-uHdekuneit, coue-
tanHo! ¢ XBI cpenu obmiero HaceneHus (Tad. 3).
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Hil
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PucyHok 3. MHoroneTHsis 3a6osieBaeMoCTb coYeTaHHbIM UHGULMpoBaHuem BUY+XBI B HAO
Figure 3. Long-term incidence of HIV + chronic viral hepatitis coinfection in the Chukotka Autonomous District
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Ta6nuua 3. UHTerpanbHas oueHKa anuaeMuonormieckux nokasarenen BUM-undpekumum B couetaHum

¢ XBI' 8 AP0 Ha ocHoBe AaHHbIX 2022 T.

Table 3. 2022 integral evaluation of epidemic indexes for HIV + chronic viral hepatitis coinfection in the Far Eastern

Federal District

3aboneBaemMocTb )::ar $gggt3|1;1K)g)B MopaxkeHHOCTb
MUKCT-UHdekunen o MUKCT-UHdekumnen
BUY/XBT ChI’OHIC.V.II’a| BUY/XBr Paur Ku | PaHr 3a6
Tepputopus (Ha 100 Tbic. Hac.) | Tnp, % hepf’l‘t't's (Ha 100 Tbic. Hac.) | KH Rank | incid :
Constituent entities | HIV and chronic viral Rinr prevalence Prevalence of HIV Lintar an neidence
R . among people s 9 Of [y, rank
hepatitis coinfection living with HIV and chronic viral 9
incidence (per 1900 people hepatitis
(per 100 000 pop). living with HIV) (per 100 000 pop).
XabGapoBckwii kpaii B . .
Khabarovsk Territory 0,3 3,3 533,00 116,25 31,3 2 2
Mpumopckuit kpai 9,5 21,0 209,29* 233,06** 75,0 8 9
Primorye Territory
Pecny6nuka (Caxa)
AkyTus . o .
Republic (Sakha) 1,2 23,4 411,51 98,27 50,0 6 3
Yakutia
Amypcxas obacte 3,8 13,3 208,85 45,824 31,3 2 6
Amur Region
EAo0On.
Jewish Autonomous 5,6 15,8 494,67** 153,05 68,8 7 7
Region
CaxanuHckas
ob6nactb 3,5 4,5 391,96 369,46** 46,9 5 5
Sakhalin Region
MarapgaHckas
ob6nactb 1,4* 16,2 682,31%* 183,20%* 78,1 9 4
Magadan Region
Kamuyartckui kpan N *
Kamchatka Territory 0 10,4 285,04 135,91 31,3 2 1
YAO
Chukotka 8,0 6,96 170,52* 117,91* 37,5 4 8
Autonomous District
AP0
Far Eastern Federal 4,3 13,4 281,87 153,37 - - -
District

Mpumeyanme. Tnp — cpefHEMHOrONETHWIA TEMN NpupocTa 3abonesaeMocTu MUKCT-nHdekumein BUY/XBI, KH — koaddurumeHT HarnagHocTv
(vHTErpanbHbIil KO3PdULMEHT); PaHr 3a6. — paHr 3a6oneBaeMocTn MUKCT-uHbekumein BUY-XBT; * — p < 0,05 — nokasaTenb MeHbLLE N0 CPaBHEHIO
co cpenHumM no AP0O; ** — p < 0,05 — nokasatesnb BhiLLE MO CPaBHEHMIO co cpeaHnm no APO.

Note. R;,,, — long-term average tendency for HIV + chronic viral hepatitis incidence, I;,,, — integral index, Rank of I,,,,, — integral index rank, *p < 0.05 —
index is lower than average value in the Far Eastern Federal District; ** — p < 0.05 — index is higher than aver age value in the Far Eastern Federal

District.

TeppuTopueil coO CKpbITHIM HOTEHIIMATIOM YCY-
ryoneHus BMNUJIEeMMUYECKOl OOCTaHOBKM oOKa3sa-
nach Pecnyonuka Caxa (JIkyTus), rae HeCMOTps
Ha OTHOCHUTEJIbHO HU3KHE 3HayeHUs 3abosieBa-
€MOCTHU U IOPaKeHHOCTU COYETaHHBIMU UHOU-
uupoBanuem BUY u XBI, peructpupoBaiuch
mupokas pacrnpoctpaHeHHocTh XBI' cpenu BUY-
MO3UTUBHBIX JIKII, IpeBbicuBIias 40%, u 3Ha4YU-
TEJbHBIN TEMII IIPUPOCTa 3a00JIEBAEMOCTU MUKCT-
nHounmpoBanueM BUY+XBI, a panr nHTerpajib-
HOI0 nmokasarteJisl, BhIpaxkeHHBbI KO3DPUIIMEHTOM
HarIgIHOCTU, paBHsIcda 6. PocT 3a0o1eBaeMocTr
mukcT-popmamu BUY+XBI B cyObekTe MOT OBITh

CBSI3aH C MPUTOKOM MurpanToB u3 ctpan CHT
(p = 0,56; p = 0,025), BkJIIOUAsT TIepecesieHIIeB
u3 Tapxukucrana (p =0,71; p=0,002),ac2013r. —
rpaxaad Ykpaunsl (p = 0,61; p = 0,046).
HawubGounee 61arononydyHas annuaeMudeckasi 00-
cTtaHOBKa B oTHouieHUM BUY-unHbekuu, code-
taHHoi1 ¢ XBI, corlacHO MHTerpajaibHOMY aHaAIU3Y,
npociexuBaigach B KamyaTrckom n XabapoBCKOM
Kpasix, TJe ypOBHU 3a00JIEBAEMOCTU U IOPaKeH-
HOCTHU ObLJIM HUKE CpeaHeAaIbHEeBOCTOYHOIO 3HA-
yeHUsl. AMYpPCKYlo 00/JacTh TakK:Ke MOXKHO MNpHU-
YUCJIUTH K TEPPUTOPUSIM C HU3KUM SIUIAEMUOJIO-
TMYECKUM PUCKOM. JJaHHBIN CyOBEKT OTIMYAICSI
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HEBBICOKMMH YPOBHSIMHY ITOPaXKEHHOCTH U 3a00J1e-
Baemoctu BUY-nnHbpekuueii, couetanHoi ¢ XBI,
pacnpoctpaHeHHocTu XBI' cpenu JIZKB, a Tak-
Xe CpeIHUM TEeMIIOM IIPUpPOCTa 3a00JIeBAEMOCTU
MUKCT-UHGpekueir BUU+XBI.

O6cyxaeHne

IIpencTaBieHHBIE B XOIe WCCICAOBAHUS IaH-
HbI€ O pa3HOHAIpPaBJECHHBIX TEHICHIIUIX 3a00Jie-
BaemocTu XBI' 1 BUY-nnpexkunm, a rakzke BUY-
nHdexkuuu, couetanHoit ¢ XBI, cBUIeTEIbCTBY-
10T O 3HauuTeJbHOM BausiHUU BUY-unpexkuuu,
HO HE TEeMOKOHTAaKTHBIX BHUPYCHBIX I'e€NaTUTOB
Ha BOUAECMHUUYECKUI MPOoIecC COUeTaHHOTO UHGU-
uupoBaHuss BUY+XBI. [TosyuyeHHbIe pe3yJibTaThbl
corjlacyioTcs ¢ paboToi, TIe aBTopaM Ha IpuMe-
pe Pecnyonuku Caxa (AxyTus) ymaiaoch moka-
3aTh HaJW4YUE€ WHTETPallMOHHO-KOHKYPEHTHBIX
otHomeHU w™mexny BUY-uHdexkuueir m remo-
KOHTAaKTHBIMHM BUPYCHBIMH TeIllaTUTaMU. ABTOPBI
MOKa3aJli HECOBMNAaJAeHWEe TEPPUTOPUI puHcCKa
BNY-uHpeKIMun M reMOKOHTAaKTHBIX BUPYCHBIX
remaTuToB. B yacTHOCTH, B IIeHTpaJIbHOM KJIMMa-
Toreorpaguyeckoii 30He pecnyOJUKHU, Tae Npeod-
JlaJjaeT XKMBOTHOBOJACTBO M HaceJIeHUEe TpeuMy-
IIIECTBEHHO TIPEACTaBJCHO SIKyTaMU, IoKa3aTeJau
3a0071€Ba€MOCTH XPOHUYECKMMU renatutamu B
n C OBIJIM BHIIIE, YeM B IPYTUX 30HAX — apKTUYeC-
KoM, BuUJIIONCKOI U 1oxHoi. Ho 3aboneBaeMocThb
BUY-undekueid B HeHTpaabHOI 30HE Oblja OM-
HOI U3 caMbIX HU3KUX. B TO BpeMsl B 0XKHOI1 30HE,
rae B Pecniy6nuke Caxa (SIkyTus) pa3zButa TopHO-
JIOOBIBAOIIAST TTPOMBIIIJIEHHOCTh, HAIIPOTUB, 3a-
ooneBaemocTb BUY-uHdpeknnein okazanach Hau-
0osee BeIcOKOI [31].

IIpu comocTaBIeHUN MOJTYUYCHHBIX HAMHY TaH-
HBIX C pe3yJibTaTaMU MCCJIEIOBAaHM S, IIPOBEICH-
Horo B [IpuBoJizKCKOM ¢beaepaibHOM OKpyTe, riae
OIIEHKa PacIpOCTPAaHEHHOCTU MUKCT-UHPEKIIUU
BUY+XBI' npoBeneHa Ha nmpumepe Ilepmckoro
Kpasi, BBISIBJICHBI pa3JIndus. ABTOPBI UCCIICAOBA-
HUS oTMedasu, 4yTo B nepuon ¢ 1996 mo 2011 rr.
IUHaMHUKa 3a00JIeBaEMOCTU MUKCT-UHMpEKIInei
BUY+XTC 3nauutenpHo BapbupoBaia: B 2001 1.
ObLT 3apeructpupoBaH ee nuk (51,9 na 100 ThIC.
HaceJIeHUs), TOCJie Yero Ha ITPOTSKEHHUU II0-
ciaeaytomux tpex jgeT (mo 2004 r.) peructpupo-
BaJICs ee CIaj C IMOCIeIyIIIMM POCTOM, HaduM-
Hasg ¢ 2005 1., a HanOoabIINEe 3HAYCHUS ObIJIU
orMeuenbl B 2011 1. (67,0 Ha 100 ThIC. Hacese-
HUs). MHorojeTHsass 3aboneBaeMocTh BUY-
nH@eKMeir, coueTaHHOM ¢ XpOHUYECKUM BUPYC-
HBIM rermaTuToM B, Ob11a IIpencTaBiieHa MOHOTOH-
HOI KpUBO#1, a CpeTHU I ypOBEHb 3a00J1eBaeMOCTH
coctaBuia Bcero 0,2 cnyyas Ha 100 ThICc. Hacene-
HUsg [26]. 3a CMEXHBIIM MPOMEXKYTOK BpEMEHU
B DO TakxKe perucTpMpoBaJICSI MJIAHOMEPHBINA
poct 3aboneBaemoctu BHUY-uHpekuueit, coue-

TaHHOU ¢ XBI, HO ¢ MeHbIIUMU, YeM B [TepmMckoMm
Kpae, nokazateiasamu: ¢ 0,72 cayuyaeB Ha 100 Thic.
HaceneHusd B 2007 r. mo 1,93 cnyuaeB Ha 100 THIC.
HaceneHud B 2011 1.

Kak m3BecTHO, OTHUM M3 BeAylInX (aKTOpOB
pucka mHuuupoBaHus Kak BUY-unHbexkuuei,
TakK U TEeMOKOHTAaKTHBIMM BUPYCHBIMU TreraTUTa-
MM SIBJISICTCS HApKOMAaHMUSI, YTO HAIILJIO ITOATBEPK-
JleHWe B HallleM ucciienoBaHuu. B Ilpumopckom
Kpae — cyObeKTe, BHOCSIIEM OCHOBHOI BKJang
B pas3Butue snuaemun BUY-nHdpexkunum, B TOM
gucae couyetanHoi ¢ XBI' B IO, — 3aboieBae-
MOCTb HapKOMaHWel Obuia B pa3bl BhIIIE TaKO-
Boii B Ilepmckom kpae — 43,50 u 11,5 cinyuaen
Ha 100 TeIc. HaceneHU s, YeM OTYACTU MOXHO 00b-
SICHUTBL OoJiee IIMpoOKoe pacripocTtpaHeHue XBI
cpenn BUY-undbunuposanusix B IPO B cpaBHe-
Huu ¢ [lepmckum kpaem [27].

TakuM ob6pa3omM, TaHHBIE, MOJYYSHHBIC B XOJE
TEeKYyIIer0  MCCJEeNOBAaHMUS,  CBUJICTECIBCTBYIOT
0 3HAYUTEJbHO MEHbIIEM pacripocTpaHeHuu BUY-
uHdekuuu, coyeraHHoit ¢ XBI, cpeau Hacene-
HUs JJanbHEeBOCTOYHOIO pervMoHa U ero CyObeKTOB
B CpPaBHEHUU ¢ TeppuTopusiMu [1puBokcKoro ¢e-
nepanbHoro okpyra (Ilepmckuii kpaii).

CiienyeT OTMETUTh, YTO MCITOJIb30BAaHUE OJHOMI
JIIIb 3a00JIeBa€MOCTU C IIEJIbIO OLIEHKU BIIHAe-
MMUYECKOTO IIpoliecca COYCTAHHBIX XPOHUUYECKHUX
uHdexuuen, B yactHoctu, BUY-undekumnm u re-
MOKOHTAKTHBIX BUPYCHBIX TeIaTHUTOB, SIBJISIETCS
HEIOCTaTOYHbIM. B cBsi3U ¢ 4eM BaXkHO MPOBOAUTH
KOMIUIEKCHBIT aHaJIu3 HECKOJbKUX 3SMNHIECMUO-
JIOTUYECKUX IToKa3aTelieil OJIsI TOJIlydeHUsT 0oJice
noJiHOW KapTuHbl [32]. YuuTbhiBasi XpOHUYECKOE
TeueHue BUWUY-mHpeKIIMM M T'eMOKOHTaKTHBIX
BUPYCHBIX TeNaTUTOB, MIOMUMO aHajn3a 3aboJie-
BacMOCTH M €€ MHOTOJIETHE! TeHIACHIINH, CJICIyeT
YUYUTHIBATh MOPAaKEHHOCTb HACEJECHUS COYeTaH-
HBIM MHGUIMPOBAHUEM U PACHPOCTPAHEHHOCTh
XBI' cpenn BUY-uHGULIIMPOBAaHHBIX JIMII, TaK KaK
NallMeHTH C paHee YCTAaHOBJICHHBIM IMAaTrHO30M
MOTYT MPOMOJIXATh MPENCTABISATh SMUIEMUYEC-
KYIO OIaCHOCTb, SBJSISICh UCTOYHUKAMU WHODEK-
MU, OCOOCHHO B ClIyyae OTCYTCTBUS IIPUBEPXKEH-
HOCTH JICUCHUIO WJIA Pa3BUTUS y BO30yIUTEICH
PE3UCTEHTHOCTHU K mpemnapartam [8§, 18].

Taxk, nmpu paHXUPOBaHUU TePPUTOPUIA, COITac-
Ho 3aboneBaemoct BUY-nHdpexmeii, coueTaHHO
¢ BUY, GinarononyyHbIiMU OblLIM npu3HaHbl Kam-
yaTCcKui Kpait, XabapoBckuil kpaii, Pecnybiuka
Caxa (AkyTtus) 1 MaragaHckasi 001acThb.

OnHako TIOCJi€ TIPMMEHEHMUSI MHTEerpajibHO-
ro Ko3dpduimeHTa HaTJISIHOCTU 0Ka3ajoCh, YTO
B MaragaHckoil 006jacTu, HECMOTPSI Ha HU3KYIO
3200J1eBaeMOCTb, dIUIeMUYEcKasi CUTyallus Obliia
HaIpPsSI>KEHHOMU BCJIEACTBUE BBICOKMX YPOBHEM I10-
PaXeHHOCTH HacCeJeHUS COYeTaHHBIMU WHOUIIN-
poBanueM BUY+XBI' u mupoxkoil pacmnpoctpa-
HeHHocTu XBI cpenu BUY-o3UTUBHBIX Tpak1aH
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pervoHa, mpuyeM IMpPU PaHXUPOBAHUU Kod(pbu-
LIMEHTa HATJSIAHOCTHU 3TOT CyObEKT 3aH 11 MOCeI-
Hee paHroBoe Mecto. Ilo pe3ynbraTaM UHTErpab-
HOU OLIEHKM, HeOJaronojayyHasi anuiaeMudecKas
obcTaHOBKa OblJa BhIsiBJIeHa U B Pecniyonnke Caxa
(AxyTus), roe 3aperucTpupoBaH BBICOKUIN TeMII
CPEeITHEMHOTOJIETHEr0 MpUpocTa 3ab0JIeBaEMOCTU
M 3HauyuTeJibHOe pacrnpocTtpaHeHue XBI cpenu
JIZKB. Heb6iaromojydHbIMM CyObEKTaMU TaKkKe
okaszanuch [Ipumopckuit kpait u EAo6a. Tlpuuyem
eciu B IIpumopckoMm Kpae 3a00JieBaeMOCTh
MukcT-uHpekuueir BUY+XBI ObLi1a BeicOoKasi, TO
B EA0067. 3TOT moka3artejib UMeJl HEBbICOKME 3Ha-
YEeHUS] U CTaTUCTUYECKU 3HAYMMO HE OTIuYajcs
OT CpeHero ypoBH s B laJIbHEBOCTOYHOM PETrMOHE.

AKTYyaJIbHBIM SIBJISIETCS U U3yUYeHUE (paKTOPOB,
OKa3bIBaIOIIUX BO3AEHCTBUE HA SMUAEMUYECKUN
MPpOLECC COYETAaHHbBIX MH(MEKIIMOHHBIX OOJEe3HEN.
Tak, BaxxHOE BJAMSIHUE HA MUAEMUOJOTUYECKUE
nokazateau BUY-uHdekiumn, B TOM 4ucie coye-
taHHoU ¢ XBI, ucropuuecku okasbiBajga HapKO-
MmaHusi. OmMHaKO Ha COBPEMEHHOM 3Talle BIUSHUE
napeHTepajbHoro nyTu nepenayu BUY u Bupycon
rernaTuToOB C TEMOKOHTAKTHOM TMepenaveii (B yacT-
HOCTH, MPU NOTPEOJIEHUU ONUAHBIX HAPKOTUKOB)
CHUXaeTcd, HO cpenn cyobekToB MO ocraet-
csl HauOoJsiee akTyajdbHBbIM 1751 IlpuMopckoro
Kpas [29]. DTo HallJO NOATBEPXKAECHUE U B XOJIe
Halllero MccJedoBaHMs: Oblja BbISBJIEHA 3Ha-
yuMas 3aBUCUMOCTb MeEXIy 3a00JIeBa€MOCTbIO
HapkoMaHueli, BUY-uHdbekuueir, B TOM Yucie
couetaHHoii ¢ XBI, B nanHoM cyobekTe. Eie on-
HOU TeppUTOpHUEil CO 3HAUYUTEIbHBIM BIUSHUEM
HapKOMaHWU Ha 3NUAEMUYECKUN Mpoliecc coye-
TaHHoro uHduuuposanus BUY u XBI okazanace
EAo06.

IToMmuMoO HapKOMaHWM, HW3MEHEHUS B OIIU-
nemuyeckoir cutyauuu BUY-uHdbexknuu wmoryt
OBITh CBSI3aHbI C MUTPALITMOHHBIMU MpolleccaMu —
BHEILIHEW W BHYTpeHHeUW mMurpauueid. Ilpumepom
MoxeT ctaTh Pecriyonuka Caxa (AIkyTus), Kotopasi
MOCPEICTBOM WHTErpajbHOro aHajau3a Oblja OT-
HeCeHa K TEPPUTOPHUSIM C CYIIECTBYIOIIUM PUCKOM
YXYALIEHUS dMuAeMUUYeckoil cutyanuu mo BUY-
uHbeknu, couetanHon ¢ XBI. B xone uccneno-
BaHUS B TaHHOM CyObEKTe BbIsIBJIeHA KOPPEas -
OHHas 3aBUCUMOCTb MEXAY 3a00JIeBa€MOCThIO CO-
yeTaHHbIMU WHOULIMpoBaHueM BUY+XBI' u mo-
KasaTesjeM MNpUTOKa MUrpaHToB u3 ctpaH CHI,
B yacTHOCcTU TamxukuctaHa U YKpauHbl. B Ha-
CTOSIIIIee BPEM PUCK OOOCTPEHUS IMUIEMUIYECKONU
CUTyaluu Mo MUKcT-uHbuuuposanuio BUY+XBI'
MOXEeT OBbITh OOYyCJOBJIEHA MPUBJIEKATEIbHOCTHIO
pervoHa ijsi TpyJA0BOWU AesITeIbHOCTH B CBSI3U C aK-
THUBHOU AOObIYEN MOJE3HBIX UCKOTAEMbIX U Iparo-
LIEHHBIX MeTaJJIoB [4, 14].

Eure onHUM CyOBbEeKTOM, BBI3bIBAIOLIUM UHTE-
pec y TPYIOBbIX MUTPAHTOB 3a CUET pa3padOTKU
MECTOPOXIECHUIN MOJIE3HbIX MCKOMAEMBbIX, SIBJIS-

eTcss MaragaHckas ob6aacte [3]. CorjacHo ogu-
uaJbHbIM JaHHBIM ['occTaTa «O MexXperuoHaab-
HOW TpyJdoBOIt MUTpallMu», MaragaHckas 00JlacThb
B 2019 r. BXOoAMIa B TPy CYOBEKTOB C BHICOKOM
JoJieil TpaxKaaH, MpUuObIBAIOLINX U3 NIPYTUX peru-
oHOB (8,5%), XOoTOpbIe MOTYT OBITH IMMOTCHIIUAb-
HBIM HUCTOYHUKOM uHbexkuuu [17]. Tak, Hamu
B MaragaHckoil o6iacTu Oblja BbISIBJIeHA 3aBU-
CUMOCTb MEX 1y aKTHUBHOCTBIO TPUTOKA BHYTPEH-
HUX TPYIOBBIX MUTPAHTOB B PErMOH U ITOpaXKeH-
HocTbhio HacejieHuss BUY-uHpekuei, coueTaH-
Hoit ¢ XBI.

HecMoTps Ha TO 4YTO YMCJIEHHOCTh MPUBJICUCH-
HbIX B YAO MHOCTpaHHBIX pAOOTHUKOB perjiaMeH-
TUPYETCS U B 1LIEJIOM XapaKTepPeH MUTPallMOHHBII
OTTOK, B TaHHOM CYOBEKTe TaK>Ke OTMEUEHO BJIUSI-
HUe NTpuToKa MurpaHToB u3 ctpad CHI Ha 3a6ouie-
BaeMoCTb MUKCT-uHPekuueit BUY+XBI [12].

TakyM 00pa3oM, HCIIOJb30BaHUE KOMILJIEKC-
HOM OLIEHKHW 3MUAEMMUOJOTMYECKUX MoKa3aTeaen
BUY-undexuuu, couetanHoit ¢ XBI, mo3Bosser
NPOBOIUThL aHANU3 PA3JTUYHBIX ACHEKTOB DMUJIE-
MUYECKOI'o Ipoliecca KOMOPOUIHBbIX WHQEKIIUA,
W, UCXOASl U3 pe3yabTaToB, MPUHUMATh CBOEBpE-
MEHHbIE OpTraHU3allMOHHbIE U YIIpaBJIEHUYECKHE
pelleHus Mpy peaau3aldd NIpoTUBORNUIEMUYEC-
KUX MEPOIIPUSITUIA.

BbiBOAbI

1. Ilokazarenu 3aboseBaemoctu BUY-nHbpek-
uuei, B ToM uucie couyeTaHHbIMU (opmamu BUY
u XBI, na mpotsxxenun 2007—2022 rr. UMeJIA TeH-
IEHIIUIO K POCTY, B TO BpeMsI KakK B IIeJIOM CpeIH Ha-
ceaenust MO 3aboneBaemocth XBI cHuKajachk.
Hau6onbsmue yposuu BUY-uHdekuum, couetaH-
Hoii ¢ XBI, Obl1u 3apeructpupoBaHbl B [Ipumop-
CKOM Kpae, 4TO OBLJIIO 00YCIOBJICHO 3HAYNTEIbHBIM
pacnpocTpaHeHHUEeM HapKOMaHUMH.

2. Mcmonbp30BaHWE MHTETPAJIbHOTO MTOKa3aTe st
IUIST OHEHKM BIHUACMUYECKON CUTyalluu TO3BO-
JIUJIO ONpPEAEe]IUTh TEPPUTOPUU C HANPSIXKEHHOU
o06cTaHoBKOIT B oTHOIeHnn BUY-undekinm, co-
yetaHHoU ¢ XBI, koTopble nmocyie paHXUPOBAHUS
3200JIeBaeMOCTH XapaKTepM30BaJINCh KaK 0Oyaro-
noayuyHblie. UMu okazanuch MaragaHckas 06J1actTb
n Pecniyonuka Caxa ((IxkyTtus). B o0mieii cioxkHO-
CTHU K HEOJIarOMOJIYYHBIM TEPPUTOPUSIM, TIOMUMO
BBIIIIE TIEPCUYMCICHHBIX, OBLIM TaKXXe OTHECCHBI
Ilpumopckuii kpaii 1 EAoGI.

3. YcranoBieHo, uyTo B Peciyonuke Caxa (SIky-
THSI) SITUICMHUYECKOe HeOJIaronojIydYre MOIJIO OBITh
CBSI3aHO C yBEJIMYECHUEM IIPUTOKA MHOCTPAHHBIX
MHUTPAHTOB, a B MaramaHCKOii 00JacTu — BHY-
TPEHHUX TPYAOBbIX MUTPAHTOB, O YEM CBUAETE/b-
CTBYeT HaJIW4UHUeE IIPSIMOUM KOPPETSIIIMOHHON CBS3U
MEXIy M3ydaeMbIMHU mokasaTtensmu. B Ilpumop-
ckoMm kpae u EAo0J1. mpocyiexkuBaeTcs CBsI3b C LIU-
POKHM pacIipocTpaHeHNEeM HapKOMaHUU.
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4. YuuTbiBasi 3HAYUTEJbHBI POCT 3aboJjieBae-
Moctu codyeTaHHbIMU popmamu BUY+XBI' cpenu
HacejieHu s Jla1bHeBOCTOUYHOIO peruoHa, TpedyeTcst
NpoBeAeHUE YIYyOJIEHHOrO 3MUIEeMUOJOTrNYECKOTro
aHaJM3a ¢ UCMOJIb30BaHUEM MOKa3aTess 3a0oJeBa-
€MOCTU U WHTErpajbHOTro KoadhduiimeHTa Harisa-
HOCTH, BKJIIOYAIOIIETO 3a00JIeBa€MOCTh, TEMIT TIPU-
pocTa 3a0071eBaeMOCTHU, MOPAXKEHHOCTb HACEJIECHUS
MUKCcT-uHbpunuposanueM BUY+XBIT u pacmnpo-
ctpaHeHHOCTh XBI' cpenn BUY-1o3uTUBHBIX JIUII.
B pamkax yxe CcylIeCTBYIOIIEH CUCTEMbI AMUAEMUO-
Jjoruyeckoro Hazazopa 3a BUY-uHdbekuueit nene-
COO0pa3HO BbIACICHUE KOMOPOUIHBIX COCTOSTHUN
(BMY+XBI') B camocTOsITeIbHOE HAallpaBJIeHUE MO-
HUTOPUHTA.
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3a TpemocTaBJIeHHBIC CTaTHUCTHUYECKHUE HaH-
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BIOINFORMATICALLY ANALYZED
RELATIONSHIPS BETWEEN SPECIFIC HUMAN
GENES ASSOCIATED WITH HIV ATTACHMENT
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A.A. Totolian*"
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Abstract. Introduction. Assessing interaction between the human immunodeficiency virus (HIV) and human factors
is crucial for understanding the disease pathogenesis. HIV triggers an immune response that involves numerous cellular
and molecular processes related to inflammation, cell migration, and disrupted tissue barrier functions. Such reactions
build up a cascade in which chemokines and cognate co-receptors, as well as other molecules regulating the immune
response, play a key role. However, the interaction between HIV and the human organism cannot be reduced to a simple
mechanism because it represents a multilayered system where crucial molecules and events may be unknown or require
further study. Objective: to assess a significance of candidate genes potentially involved in the pathogenesis of HIV
infection during the phase of viral attachment to cell, based on assessing gene expression, localization, and involvement
in biological pathways and processes. Materials and methods. The study compared the characteristics of the 100 most
promising candidate genes (CG) according to the HumanNet web resource with background genes (CCRS5, CXCR4, CCR2,
CD4), known to be reliably linked to HIV attachment. Expression data, localization, and involvement in various cellular
pathways and processes for the candidate and background genes were analyzed. A scoring system was developed to assess
the significance of each gene in the context of its role in immune and inflammatory responses. Results. A total of 100
candidate genes were analyzed. Using the developed scoring system, a number of genes were identified as significant based
on the analyzed parameter: 17 candidates — significant by expression profile; 7 — by localization; 17 — by involvement
in biological pathways; and 25 — by involvement in biological processes. The final ranking revealed 55 candidate genes.
The identified candidate genes were classified into the following functional groups: chemokine co-receptors and their
ligands; genes and proteins associated with G-proteins; and a group for which a common functional role or family
could not be established. Conclusions. The identified correlations between the candidate genes and background genes
highlight the need to further investigate CG interactions in HIV pathogenesis allowing for a more detailed assessment
of the contribution of both individual genes and entire systems, which, in the future, will expand our understanding of the
molecular mechanisms behind HIV infection and, hypothetically, accelerate the discovery of new (or the expansion
of existing) therapeutic models.

Key words: human immunodeficiency virus, virus-host interaction, protein-protein interactions, candidate genes, in silico, CD4, CCRS,
CXCR4, CCR2.

Anpec ang nepenncku: Contacts:

[NasbineHko Bnagumup Cepreesuy Vladimir S. Davydenko

197101, Poccusn, CankT-MeTepbypr, yn. Mupa, 14, 197101, Russian Federation, St. Petersburg, Mira str., 14,
®BYH HUW snugemuonorum n mukpobrnonorum umenm MNactepa. St. Petersburg Pasteur Institute.

Ten.: 8 962 108-69-07. Phone: +7 962 108-69-07.

E-mail: vladimir_david@mail.ru E-mail: vladimir_david@mail.ru

[ns uMTMpoBaHus: Citation:

[LasbineHko B.C., OcTaHkosa t0.B., Lemenes A.H., AHyppuesa E.B., Davydenko V.S., Ostankova Yu.V., Schemelev A.N., Anufrieva E.V.,
Kywhrapesa B.B., TotonsH A.A. BruonHpopmatnieckuii aHanua Kushnareva V.V., Totolian A.A. Bioinformatically analyzed relationships
B3aMMOCBSI3e Mexay cneundrieckumMm reHamm Yenoseka, between specific human genes associated with HIV attachment // Russian
aCcCoLMMPOBaHHbIMU C Npukpennernem BUY // VHdekuns n uMmyHUTET. Journal of Infection and Immunity = Infektsiya i immunitet, 2024, vol. 14,
2024.T. 14, Ne 6. C. 1153-1168. doi: 10.15789/2220-7619-BAR-17830 no. 6, pp. 1153-1168. doi: 10.15789/2220-7619-BAR-17830

This research was supported by Russian Science Foundation grant 24-25-00479 “Assessing the potential significance of host genetic factors in human
immunodeficiency virus infection and disease progression” (https.//rscf.ru/project/24-25-00479)
VccnenoBarme BbiMOHEHO 3a CHET rpaHTa Poceuiickoro Hay4Horo oHaa Ne 24-25-00479 ot 29 nekabps 2023 . no Teme «OLeHKa NoTeHLManbHO 3Ha4MmMoCTu
rEHETUYECKNX (aKkTOPOB X035MHa B UHULIMPOBAHUW BUPYCOM UMMYHOLEDULMTA YenoBeka 1 passutim 3abonesanus» (https.//rsct.ru/project/24-25-00479)

© Davydenko V.S. et al., 2024 DOI: http://dx.doi.org/10.15789/2220-7619-BAR-17830

Cratbst focTynHa no nuueHauu Creative Commons Attribution 4.0 1 1 53
The article can be used under the Creative Commons Attribution 4.0 License



V.S. Davydenko et al. MHdekumns n uMmyHuTeT

BUOUHD®OPMATUYECKUIA AHANIN3 BSAUMOCBS3EA MEXAY CNELIMDGUIECKUMU FTEHAMM
YEJIOBEKA, ACCOLUUPOBAHHbIMU C NPUKPEMJIEHUEM BUY

Jassinenko B.C.!, Octankosa I0.B.!, Illemenes A.H.!, Anyppuena E.B.!, Kymnapesa B.B.!, Toronsn A.A."?

'®@FYH HUHU snudemuonozuu u muxpoouonoeuu umernu Ilacmepa, Cankm-Ilemepbype, Poccus
2@I'BOY BO Ilepsviii Cankm-IlemepOypeckuii 20cy0apcmeeHHblil MeOUYUHCKUL YHUGEPCUMEm UMEHU AKA0eMUKA
HU.II. [lasroea M3 P®, Cankm-Ilemepoype, Poccus

Pestome. Bsedenue. VizyueHue B3auMoneiicTBusl BUpyca uMMyHonedunuTa yenoseka (BUY) ¢ pakropamu yenoeue-
CKOT'O OpraHu3Ma UMEEeT KJIIOUEBOE 3HaYeHUE 1S TOHMMaHMsI maroreHesa 3adosesaHus. BUY BbizbiBaeT UMMYHHYIO
peaxinio, KOTopas BKIIOYAeT B Ce0sI MHOXECTBO KJICTOTHBIX M MOJIEKYJISIPHBIX IIPOIIECCOB, CBSI3aHHBIX C BOCTIAJICHHUEM,
MHUTpalreil KJIeTOK 1 HapylleHneM 0apbepHBIX (QYHKIINI TKaHel. DTH peaKIIMK 00pa3yloT KacKal, B KOTOPOM Bax-
HYIO POJIb UTPAIOT KaK XEMOKMHBI U UX KOPELENITOPhI, TAK U IPYyTHUE MOJIEKYJIbI, PETYIUPYIOLUINE UMMYHHBIN OTBET.
[IpobGema cocTonT B TOM, 4TO B3ammozeiicTBue BUY ¢ yemoBeyecKM OpraHU3MOM HEBO3MOXHO CBECTH K IIPOCTOMY
MEXaHMU3MY — 3TO CJIOKHAST CUCTeMa, B KOTOPOIi KJTIOUEBbIC MOJIEKYJIbI I MEXaHMU3MBI MOTYT OBITh HEM3BECTHEI M TPE-
OyI0T majbHelrero n3yyeHus. Lleapio uccienoBanus ObIa OLlcHKA 3HAYMMOCTH T€HOB-KaHAMIATOB, IIOTCHIINAIBHO
yYacTBYIOIMX B martoreHe3e BUY-mHbeKIrM Ha cTaguy MpUKPEIJIEHUS BUpyca K KJIeTKe, HA OCHOBAaHUM OLCHKHU
SKCIPECCUH, JIOKATU3ALUU U YUYACTUU B OMOJOrMYECKUX MYTAX U npoueccax. Mamepuaavt u memodst. B padote ObLI10
MpoBeIeHO cpaBHeHME XapakTepucTuk 100 Hanbonee nepcnekTUBHBIX reHoB-KaHauaaToB (I'K) cormacHo Bed-pecypcy
HumanNet ¢ ¢poHoBbiMu reHamu (CCRS5, CXCR4, CCR2, CD4), nist KOTOPHIX JOCTOBEPHO MOKa3aHa CB3b C IPUKpE-
mieHneM BUY k kietke. bouim mpoaHanu3upoBaHbl JaHHBIE SKCIIPECCUHM, JOKATU3aIMHU, a TakKe BOBJICUCHHOCTH
B Pa3IMYHBIC KJICTOYHBIC ITyTH U MPOIECCH TeHOB-KAaHINIATOB M (hOHOBHIX TeHOB. B Xome paboThI OblIa pa3dpadboTaHa
cucTeMa 0aJIJIOBOTO paHXMPOBAHMSI, KOTOPAsi TIO3BOJIMIA OLICHUTh 3HAYMMOCTD KaXKI0TO TeHa B KOHTEKCTE €T0 YIaCTU s
B UMMYHHBIX M BOCHIAJTUTCIBHBIX peakusax. Pesyromamet. IIpoananusupoBano 100 reHoB-kKaHaAUAaTOB. C MCIIONB30-
BaHHUEM pa3pabOTaHHOTO MeTo[a 0aJIJIOBOTO PaHKUPOBAHUS DS TEHOB OBLI OIpeesieH, KaK 3HAUMMBII B 3aBUCUMO-
CTHU OT aHAJU3UPYEMOI XapaKTepUCTUKI: 3HAUMMBIE TI0 TTIPOGUITIO SKCIIpeccn — 17 KaHANAaTOB, JOKATN3aANN — 7,
y4JacTre B OMOJIOTHUSCKUX Iy TIX — 17, B Onojormuyeckux mpoueccax — 25. [To pe3ynbpraraM HTOTOBOTO paHXXHPOBAHMS
BbisiBJIeHO 55 T'K. BoisiBnenHbie 'K Ob111 OTHECEHBI K CIeAyI0IUM (YHKIIMOHAIBHBIM IPyTIaM: XeMOKMHOBbIE KOpe-
LIETITOPBI M MX JIMTAHIBI, TeHBI ¥ OCJIKM, CBsI3aHHEIe ¢ G-0eIKaMu, a TaKKe I'pyIIIa, IJIs YJIEHOB KOTOPOW He YIaJ0Ch
YCTaHOBUTH 00IYI0 (DYHKIIMOHAJBHYIO POJIb UJIU CEMENCTBO. Boigodwl. BrisiBneHHbIe Koppensuuu Mexay 'K u ¢poHo-
BbIMU '€éHaMM aK1IEHTUPYIOT BHUMaHUe Ha HEOOXOMMOCTH AaibHeli1ero usyueHus p3anmoneiictsuii 'K B maroreHese
BHY. 310 mo3Boaut 6oJiee NeTaabHO OLEHUTD BKJIAJ KaK OTAEIbHBIX T€HOB, TaK M IIEJIBIX CUCTEM, UTO, B AaJIbHEHIIIEM,
paclIMpuUT Hallle TOHUMaHUe MOJIEKYISIpHBIX MeXaHu3MoB BUY-uHdex1mu, a TakKe, TMIOTETUYeCKU, YCKOPUT OOHA-
py>KeHMe HOBBIX MJIU PaCIIUPEHUE CYIIECTBYIOIINX TEPAIEBTUUCCKIX MOIEICH.

Karuesvie caosa: supyc ummyHnodepuyuma ueio06exa, 63aumodeticmeue aupyc—xo3auH, 0e10k-0eaK06ble 63aumo0eiicmeus, 2eHbl-
xanoudamol, in silico, CD4, CCRS5, CXCR4, CCR2.

Introduction

The disease caused by the human immunode-
ficiency virus (HIV) remains one of the most seri-
ous public health challenges worldwide. According
to recent data, the number of people living with HIV
reaches nearly 40 million [16]. HIV infection is char-
acterized by a progressive destruction of the immune
system, ultimately leading to acquired immunode-
ficiency syndrome (AIDS). The primary methods
for combating HIV infection remain the suppression
and management of the infection through antiretro-
viral therapy (ART) [31].

ART involves the use of different classes of drugs
that act on key stages of the viral life cycle, including
cell entry, replication, integration into the genome,
and the assembly of new viral particles [35]. Drug re-
sistance mutations in HIV, resulting from its high ge-
netic variability, remain a major challenge for antiret-
roviral therapy. These mutations can reduce the ef-
ficacy of drugs and contribute to multidrug resist-

ance, necessitating constant adaptation of treatment
regimens and the search for new approaches [22, 37].
The use of combination therapy involving multiple
drugs helps reduce the risk of resistance, but the life-
long nature of therapy leaves a risk of disease recur-
rence even with full adherence by the patient [22].

Progression of the disease is influenced not only
by viral characteristics, but also by individual human
host features, primarily those that are genetically
determined. HIV attachment to the cell occurs by
binding to the CD4 receptor and chemokine co-re-
ceptors CCR5 and CXCR4. A well-known mutation
inthe CCR5gene, CCR5-A32, has a prevalence rang-
ing from 7.8% to 25% in different Russian regions [5,
6]. This deletion provides partial, or complete, resist-
ance to HIV infection by preventing viral entry into
cells [23]. Based on this data, a group of drugs has
been developed that target interactions between hu-
man and viral proteins, aimed at blocking co-recep-
tors, which plays a key role in preventing viral entry
into cells.
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In contrast, no mutations analogous to delta 32
have been found in the CXCR4 gene. However, it has
been shown that several mutations in this gene are
presumably linked to the development of certain
diseases, such as WHIM syndrome (rs104893625,
rs104893624) [17], while the effects of other muta-
tions on the human body remain to be elucidated.

Although these proteins are reliably linked to HIV
attachment to the cell, it should be noted that the vi-
rus with specific tropism attaches only to one of the
two co-receptors, although dual-tropic variants
of HIV also exist. During the progression of infec-
tion, a shift in the primary tropism of the virus occurs
through a mechanism whereby HIV-1 variants using
CXCR4 suppress the replication of CCR5-dependent
HIV-1 variants, whereas CCR5-dependent variants
do not affect the replication of CXCR4-dependent
HIV [18].

An additional co-receptor involved in viral at-
tachment is CCR2 [14]. Genetic variations in the
CCR?2 gene may influence the rate of HIV progres-
sion, making it an important target for study [29].

The described proteins are involved in inflamma-
tory processes through chemotaxis and recruitment
of other cells. CXCR4 also plays a role in embryo at-
tachment to the uterine wall. Given that these pro-
teins are receptors involved in significant signaling
cascades in the body, understanding their function
is crucial. Given the vast number of human genes, ex-
perimental identification of key genes, and their pol-
ymorphic variants, is an extremely challenging task.
In this regard, a preliminary search for candidate
genes (CGs) using bioinformatic analysis is a neces-
sary and effective approach, which allows narrowing
down the potential targets for further study.

To date, a significant amount of information has
been collected regarding the functioning of individu-
al immune system components and their interaction
with the virus. Integrating them into unified mod-
els, however, remains a complex challenge. Studying
the links between genes encoding chemokine co-re-
ceptors associated with viral attachment to the cell
and other human genes is important. The results
of such studies will not only help to better understand
the pathogenesis of HIV infection, but also facilitate
further research into polymorphic variants of these
genes that may either accelerate disease progression
or, conversely, slow it down.

Modern bioinformatic methods significantly ac-
celerate the analysis of large volumes of data and iden-
tification of key molecular mechanisms. Building
and analyzing complex interaction networks between
the virus and host cells can reveal new patterns, shift
the focus to underexplored elements, and assess their
contribution to the development and progression
of HIV infection [19].

Thus, the identification of candidate genes inter-
acting with chemokine co-receptors and associated
with HIV progression could become an important

step towards creating new treatment and prevention
strategies for the disease. The objective of the study
was to assess the significance of candidate genes
potentially involved in the pathogenesis of HIV in-
fection during the phase of viral attachment to the
cell, based on evaluation of gene expression, locali-
zation, and involvement in biological pathways and
processes.

Materials and methods

Given the significance of the process of viral
entry into the cell for the pathogenesis of HIV in-
fection, the focus was on genes encoding proteins
that are reliably associated with human infection at
the stage of viral entry. In particular, the CD4 recep-
tor in addition to chemokine co-receptors CCRS,
CXCR4, and CCR2 (hereafter referred to as back-
ground genes, BG) were a focus since the proteins
encoded by these genes play a crucial role in cell in-
fection (specifically at the stage of viral attachment)
and are involved in regulatory processes of the HIV
life cycle [3, 36].

The HumanNetv3 web application was used to ana-
lyze genetic and protein-protein networks. Three
types of networks were analyzed during the study:
the physical protein interaction network (HumanNet-
PI); the functional gene network (HumanNet-FN);
and the functional network expanded by co-citation
(HumanNet-XC). As of 2023, the physical inter-
action network included 17 849 genes and 633 460
connections [23].

To identify the biological context of the select-
ed candidate genes (CG), the functional mapping
and gene annotation web resource FUMA GWAS
in GENE2FUNC mode (https://fuma.ctglab.nl/
gene2func) was used. The FUMA GWAS application
was used under the following conditions: Ensembl
version 92, GTEx v8 expression dataset, 30 major tis-
sue types, Benjamini—Hochberg correction method
for gene set enrichment testing (FDR), maximum
adjusted gene set association P-value < 0.05, and
minimum number of overlapping genes with gene
sets > 2.

Additionally, statistical correlation analysis (using
Pearson’s criterion at p-value 0.05) was performed
for gene representation relative to each other in pro-
tein localization and other genetic products of the
studied genes, as well as their involvement in biologi-
cal pathways.

For individual CGs that demonstrated a signifi-
cant functional, spatial, or other type of association
with BG (according to FUMA GWAS analysis),
available scientific literature was reviewed to inves-
tigate and confirm their significance in the context
of the detected associations.

As part of the research methodology, an analy-
sis was conducted to identify CGs potentially re-
lated to HIV pathogenesis. At the initial stage,
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the HumanNet resource was used for the prelimi-
nary search of CGs, followed by evaluation of the re-
liability of the identified relationships using AUROC
analysis. The FUMA GWAS tool in GENE2FUNC
mode was used to perform a comprehensive analysis
of the identified CGs, which included an assessment
of gene expression level and tissue specificity, product
localization, and their involvement in various biolog-
ical pathways and processes.

Scoring System

Expression. The expression profile of BG was
evaluated in various bodily tissues. The inclusion cri-
terion for a tissue in the analysis was a gene expres-
sion level log, of no less than 2.51 (average expression
level). Tissues with low BG expression levels were ex-
cluded from analysis. For CGs, the proportion of in-
stances of co-expression of the genes with BG in se-
lected tissues was evaluated.

The candidate gene score (CGS) was calculated
using the following formula:

CGS(EXP) = feccrs + fecxcra +

(feccrz + fecpa)
+ - + feccrs * fecxcra,

where f represents the frequency of matching CG
expression profiles with BG. The formula accounts
for the contribution of the relationship with each
BG, as well as the combined contribution of CG as-
sociation with the two main co-receptors for HIV-1
attachment. CCR5 and CXCR4 are the main co-re-
ceptors for attachment, so the relationship with them
has greater weight than with CD4 and CCR2.

Localization, biological pathways, and biological
processes. To assess the contribution of CGs to BG
based on intersections in localization, participation
in the same biological pathways, and biological pro-
cesses (hereafter “characteristics”), based on FUMA
GWAS datain GENE2FUNC mode, tables of local-
ization/participation in biological pathways or pro-
cesses were constructed for each analysis. In binary
format (1 — present, 0 — absent), the participation/
localization of CG and BG was indicated. Based
on the resulting table, a correlation table was built us-
ing the four-point phi correlation method (analogous
to the Pearson method for dichotomous variables),
and correlations with BG were considered. The total
score for each individual analysis was calculated us-
ing the following formula:

CGS(loc. or. proc. or path) = kecrs + kexcra +

kccra + kepay
+ — 5 + kccps % kCXCR4’

where k represents the correlation level of the can-
didate gene with the background gene at p-value
< 0.05. At p-value > 0.05, the correlation value was
considered to be 0. The formula also accounts for the
contribution of the relationship with each BG and
the combined contribution of CG association with
the two main co-receptors for HI'V-1 attachment.
Final scoring system. Based on the results of each
scoring stage, given that specific contributions (ex-
pression, localization, participation in biological
pathways, participation in biological processes) were
assessed equally, the final CG score was considered
to be the sum of the points obtained from each scor-

[ Candidate gene (CG) search based on HumanNet data ]

[ Candidate gene analysis using ROC analysis ]

( FUMA GWAS ]

P ) e,

Localization

[ Expression ] [ of gene products

Involvement Involvement
in biological pathways in biological processes

: :

: :

Ranking
(placementin the same
tissues with the same expression
level as background genes)

Ranking
(localization in the same

cells/organelles — correlation)

Ranking
(localization in the same
cells/organelles — correlation)

Ranking
(involvement in the same
processes - correlation)

:

:

( Consolidation of the obtained results

[ Brief analysis of promising candidate genes ]

Figure 1. Study design
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ROC Analysis
AUROC: 0.9972

AUROC (FPR < 1%): 7.473e-3
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Figure 2. AUROC prediction of identified HumanNet candidate genes, calculated relative to background
genes (CCR5, CXCR4, CD4, CCR2) with a false-positive rate cutoff of 1%

ing stage. The maximum score for each stage was 4,
and the maximum total score was 16. To enhance
the significance of CGs with common characteris-
tics, additional points were assigned: for scores in 2
characteristics, CGs received 2 points;
teristics, 3 points; and in 4 characteristics, 4 points.
The threshold value for the total score was set at 2,
as this value corresponds to two established relation-
ships with key BG co-receptors CCR5 and CXCRA4.
Thus, CGs with this score, or higher, were evaluated
as significant for the pathogenesis of HIV infection.
The design of the analysis is presented in Fig. 1.

Results

Candidate genes. Based on

sults were reduced to 1% (Fig. 2).

the analysis
of HumanNetv3, 659 genes potentially associated
with the function of background proteins were
identified. Using ROC analysis, false-positive re-

Based on the final results, false-positive candi-
dates were filtered out, and the selected genes were
ranked according to evaluation of their association
levels. The threshold value used to identify the most
probable candidate genes, reflecting their proximity
to other genes according to the neighbor relationship
ranking rule, was set at 5.844. This resulted in a list
of 100 genes, ranked by association scores rang-
ing from 5.844 to 8.589, which potentially impact
the course of HIV infection. The identified candidate
genes, and their encoded proteins, can be classified
into general functional groups as shown in Table 1.

Expression. For the identified candidate genes,
a tissue-specific expression map was generated using
the FUMA GWAS web resource. The map is shown
in Fig. 3.

For assessment of expression levels, the follow-
ing scale was used: Maximum (5.672), High (from
3.51to 5.671), Medium (from 2.51 to 3.5), Low (from
1.51 to 2.5), and Minimal (from 0 to 1.5). For CCRS5,

in 3 charac-

Table 1. The main functional groups of the GC

Functional group

Genes

Chemokines and their receptors

CCL5, CCL8, CCL7, CCL2, CCL16, CCL27, CCL25, CCL20, CCL19, CXCL12,
CXCL3, CXCL13, CXCL2, CCR7, CCR10, CCR9, CXCR5, CXCR3, CXCR6, ACKR3

G-proteins and associated receptors,
including serpentine receptors

GNAI2, GNAI1, GNA13, S1PR5, S1PR3, S1PR2, GPR18, HCARZ2, HCARS3, HCART,
OXGR1, GPER1, OXER1

Taste receptors

TASZ2R (TAS2R46), TAS2R43, TAS2R40, TAS2R30, TAS2R9, TAS2R3, TAS2R16,
TAS2R4, TAS2R1, TAS2R39, TAS2R50, TAS2R20, TAS2R38, TAS2R13, TAS2R60,
TASZ2RS8, TAS2R14, TAS2R10, TAS2R5, TAS2R31, TAS2R42, TAS2R7, TAS2R41,
TAS2R19

Neuropeptide and neurotransmitter
receptors

NPY5R, NPY1R, GALR2, GALR3, GALR1, HTR1F, HTR5A, HTR1D, HTR1E, HTRIA,
HRH3, HRH4, OPRK1, FPR3, CHRM2

Adrenergic receptors

ADRA2B, ADRA2A, ADRA2C

Purinergic receptors

P2RY13, P2RY4, P2RY14

Somatostatin receptors

SSTR4, SSTR2, SSTR5, SSTR1, SSTR3

Peptide receptors

NPBWR1, NPBWR2, NPW, PPY, PYY, APLN, PENK, PDYN, PNOC, SST

Receptors not included in the above groups

SUCNRT1, TMIGD3, RXFP3, RXFP4

Functionally significant non-receptor type
proteins

ANXAT, HEBP1
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the average expression level in the spleen is 3.361.
It is low in the lungs (2.479), small intestine (termi-
nal ileum) (2.359), and whole blood (1.994). In other
tissues, the expression level is minimal. For CXCR4,
there is a broad representation of tissues with vary-
ing expression levels. The maximum expression level
is observed in the spleen (5.672). A high level of ex-
pression is shown in 32 tissues, including whole blood
(5.671), lungs (5.650), and the small intestine (5.375).

According to the heat map data, the highest expres-
sion levels for the background genes (BGs) were found
in the following tissues and organs: lungs, terminal il-
eum, spleen, and whole blood. It is worth noting that
for the CCR5 gene, expression is found in fewer tissues
at lower levels compared to CXCR4 expression.
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When performing scoring ranking for CCR5 and
CCR2, due to the small number of tissues with medi-
um expression levels, four tissues with the highest ex-
pression were selected. For CCRS5, the cutoff expres-
sion level was 1.994, corresponding to the expression
level in whole blood. For CCR2, the cutoff was 2.394
(small intestine — terminal ileum).

Based on the evaluation of expression profiles
and levels, the following candidate genes (CGs) were
identified with the highest co-expression with back-
ground genes (BGs):

CCR5: ANXAI, CCR7, GNAI3, GNAI2, HEBPI,
OXERI, P2RY13 (all 100%);

CXCR4: GNA13 (100%), GNAI2 (100%), HEBPI
(98%), ACKR3 (96%), ANXAI (93%), GNAII (93%);
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Figure 3. Tissue-specific expression map for background genes (CCR5, CXCR4, CD4, CCR2) and candidate
genes (CGs). CCR5, CXCR4, CD4, and CCR2 are highlighted with a red border
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CCR2: ANXAI, GNAI3, GNAI2, HEBPI, P2RY13
(all 100%);

CD4: GNAI3 (100%), GNAI2 (100%), HEBPI
(100%), ACKR3 (96%), ANXA1(96%), GNAII (96%).

As a result of this analysis, the following candi-
date genes were identified with the highest biologi-
cal gene co-expression scores: GNA13 (4.00), GNAI2
(4.00), HEBPI (3.96), ANXAI (3.84), ACKR3 (3.28),
GNAII (3.24), CXCL12 (3.01), CCL2 (2.88), GPERI
(2.86), CXCL2 (2.63), ADRA2C (2.54), OXERI
(2.53), SIPR3 (2.53), SIPR2 (2.48), CCL19 (2.48),
and ADRA2A (2.43).

Localization of gene products. In addition to the
expression localization of candidate genes, it is im-
portant to evaluate the localization of the products
of these genes. The products of candidate genes may
interact with chemokine coreceptors and initiate
a cascade of reactions. On the other hand, gene ex-
pression products do not necessarily “reside” in the
same cell where the expression occurs, and their in-
fluence can extend to areas where their products are
localized. The cellular localization of candidate gene
products is shown in Fig. 4.

For a significant number of candidate genes
(HTRID, GNAI2, HTRIF, NPYIR, NPY5R, HTRIA,
HTRIE, etc.), multiple localization points of their
products are shown.

Proportion of overlapping
genes in gene sets

Enrichment P-value

GOCC_NEURON_PROJECTION
GOCC_SOMATODENDRITIC_COMPARTMENT
GOCC_DENDRITIC_TREE
GOCC_NEURON_PROJECTION_TERMINUS
GOCC_SYNAPSE
GOCC_NEURONAL_DENSE_CORE_VESICLE
GOCC_DENSE_CORE_GRANULE
GOCC_PRESYNAPSE

GOCC_CELL_BODY

GOCC_DISTAL_AXON
CC_HETEROTRIMERIC_G_PROTEIN_COMPLEX
GOCC_CILIARY_MEMBRANE
GOCC_GTPASE_COMPLEX
GOCC_GABA_ERGIC_SYNAPSE
GOCC_PERIKARYON
GOCC_SYMMETRIC_SYNAPSE
GOCC_PRESYNAPTIC_MEMBRANE
GOCC_CELL_SURFACE

For the products of the genes CXCR4, CD4,
and CCRS5, only localization in the cell membrane
is shown, approaching the level of significance.
To rank the significance of the candidate gene prod-
ucts, a correlation analysis between gene pairs was
performed. Since the products of CCRS5, CXCR4, and
CD4 do not have a shared localization with the prod-
ucts of other genes, the correlation assessments were
conducted with respect to CCR2.

The products of the CCR2 gene, in combina-
tion with the products of other genes, have a broad
spectrum of cellular localization, but they are also
localized in structures associated with neurons and
dendritic cells. The majority of gene products from
the candidate genes studied are localized in the fol-
lowing cells: neurons, somatodendritic, and dendrit-
ic cells.

The list of candidate genes for which correlations
of gene product localization with CCR2 were identi-
fied (p < 0.05) includes HTR5A (0.87), with high cor-
relation. It also includes those with moderate corre-
lation: HTR1D (0.55), HTRIF (0.55), HTR1A (0.55),
HTRIE (0.55), HRH4 (0.55), and OPRKI1 (0.54).
The candidate genes with their ranking scores for this
stage were: HTR5A (0.44), HTRID (0.28), HTRIF
(0.28), HTRI1A (0.28), HTRIE (0.28), HRH4 (0.28),
and OPRK1 (0.27).

overlapping genes
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Figure 4. Localization of gene products. Candidate genes (CGs) are presented along the horizontal axis,
while cell types and/or their structures are on the vertical axis. Background genes (CCR5, CXCR4, CD4,
CCR2) are marked with ared border
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Figure 5. Biological pathway annotation for BG, CG, their proteins, and metabolites (p < 0.05). CG are
represented on the horizontal axis; biological pathways are on the vertical axis. BG (CCR5, CXCR4, CD4,
CCR) are marked. Analysis obtained in GENE2FUNC mode using WikiPathways data
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Table 2. Participation of BG and CG in biological processes according to GENE2FUNC. Results are ranked
by level of evidential significance. The items include processes with the presence of chemokine receptor
genes (CCR5, CXCR4, CCR2, CD4) or processes related to viral activity

Rank Participation Genes P-value

HTR1D, RXFP4, OXER1, ADRA2B, CXCR4, CCL20, ACKR3, CCR9, CXCRe,
CCR2, CCR5, GNAI2, HTR1F, P2RY14, P2RY13, SUCNR1, SST, ADRA2C,
NPY1R, NPY5R, TAS2R1, RXFP3, HTR1A, HTR1E, GPER1, NPY, GNAI1,
TAS2R16, CHRMZ2, TAS2R3, TAS2R4, TAS2R5, TAS2R38, TAS2R39,
TAS2R40, TAS2R60, TAS2R41, HTR5A, PNOC, NPBWR1, OPRK1, PENK,
G-protein-coupled receptor | CCL19, ANXA1, STPR3, CXCL12, ADRA2A, PTGDR2, CXCR5, TAS2R7,
(GPCR) signaling pathway TAS2R8, TAS2R9, TAS2R10, TAS2R13, TAS2R14, TAS2R50, TAS2R20,
TAS2R19, TAS2R31, TAS2R46, TAS2R43, TAS2R30, TAS2R42, HCART,
HCAR2, HCAR3, OXGR1, GPR18, SSTR1, SSTR5, NPW, CCL2, CCL7, CCLS,
CCL5, CCL16, CCR7, CCR10, PPY, PYY, GNA13, SSTR2, GALR2, HRH4,
GALR1, CCL25, S1PR2, S1PR5, FPR3, PDYN, SSTR4, HRH3, NPBWR2,
SSTR3, GALR3, P2RY4, CXCR3, APLN

CXCR4, CCL20, ACKR3, CCR9, CXCR6, CCR2, CCR5, CXCL3, CXCL13,
2 | Chemokine signaling pathway | CCL19, CXCL12, CXCR5, CCL2, CCL7, CCL8, CCL5, CCL16, CCR7, CCR10, 1.03e-30
CCL25, CXCR3

CXCR4, CCL20, CCR2, CCRS, CXCL3, CXCL13, CCL19, ANXAT, CXCL12,

4.77e-123

3 |Leukocyte chemotaxis CXCR5, GPR18, CCL2, CCL7, CCL8, CCL5, CCL16, CCRY, CCL25 6.44e-18
. CXCR4, CCL20, CCR2, CCR5, CXCL3, CXCL13, CCL27, CCL19, ANXAT,
4 | Cellular chemotaxis 2.98e-17

CXCL12, CXCR5, GPR18, CCL2, CCL7, CCL8, CCL5, CCL16, CCR7, CCL25

CXCR4, CCL20, CCR9, CCR2, CCR5, SUCNR1, CXCL3, CXCL13, CCLZ27,
5 |[Taxis CCL19, ANXA1, CXCL12, PTGDR2, CXCR5, GPR18, CCL2, CCL7, CCLS, 4.47e-17
CCL5, CCL16, CCR7, CCL25, FPR3, CXCR3

CXCR4, CCL20, ACKR3, CCR9, CXCR6, CCR2, CCR5, CXCL3, CXCL13,
CCL19, CXCL12, CXCR5, CD4, CCL2, CCL7, CCL8, CCL5, CCL16, CCRY, 6.01e-17
CCR10, CCL25, CXCR3

HTR1D, CXCR4, CCL20, ACKR3, CCR9, CCR2, CCR5, GNAI2, SUCNRT,
SST, CXCL3, CXCL13, GPER1, OPRK1, CCL27, CCL19, ANXAT1, CXCL12,

6 Cytokine-mediated signaling
pathway

7 | Locomotion ADRA2A, PTGDR2, CXCRS5, GPR18, CCL2, CCL7, CCL8, CCL5, CCL16, 1.46e-16
CCR7 GNA13, CCL25, S1PR2, FPR3, CXCR3
6 | Loukooyte migration CXCR4, CCL20, CCR2, CCR5, CXCL3, CXCLI3, CCLI9, ANXAL, CXCLTZ, | 5 4o o

CXCR5, GPR18, CCL2, CCL7, CCL8, CCL5, CCL16, CCR7, CCL25, CXCR3

CXCR4, CCL20, CXCR6, CCR2, CCR5, SUCNR1, CXCL3, CXCL13, NPY5R,
9 |Inflammatory response GPER1, NPY, CCL19, ANXA1, S1PR3, ADRA2A, CCL2, CCL7, CCL8, CCL5, 4.66e-15
CCL16, CCR7, HRH4, CCL25, FPR3, CXCR3

CXCR4, CCL20, CCR2, CCRS, CXCL13, CCL19, ANXA1, CXCL12, CCL2,

10 | Mononuclear cell migration CCL7, CCL8, CCL5, CCL16, CCR7, CCL25 4.70e-15
CXCR4, CCL20, ACKR3, CCR9, CXCR6, CCR2, CCR5, SUCNR1, CXCL3,
11 |Immune response CXCL13, NPY5R, GPER1, NPY, OPRK1, CCL27, CCL19, ANXA1, CXCL12, 3.15e-14

PTGDRZ2, CXCRS5, €D4, CCL2, CCL7, CCL8, CCL5, CCL16, CCR7, CCR10,
CCL25, FPR3, CXCR3, APLN

HTR1D, CXCR4, CCRS, HTR1F, P2RY13, SST, HTR1A, HTR1E, GPERT,
GNAI1, CHRM2, HTR5A, OPRK1, PENK, ANXAT1, SSTR1, SSTR5, CCL2, 3.87e-14
CCL5, SSTR2, HRH4, SSTR4, HRH3, SSTR3, P2RY4

CXCR4, CCL20, ACKR3, CCR9, CXCR6, CCR2, CCR5, CXCL3, CXCL13,
13 |Response to cytokines GPER1, CCL19, ANXA1, CXCL12, CXCR5, €D4, SSTR1, CCL2, CCL7, CCL8, 4.38e-14
CCL5, CCL16, CCR7, CCR10, CCL25, CXCR3

HTR1D, CXCR4, CCR5, GNAI2, HTR1F, SUCNRT1, SST, CXCL3, CXCL13,
Response to oxygen- HTR1A, HTR1E, GPER1, GNAI1, CHRM2, HTR5A, OPRK1, PENK, CCL19,
containing compounds ANXA1, CXCL12, ADRA2A, SSTR1, CCL2, CCL7, CCL5, CCR7, SSTR2,
HRH4, HRH3, SSTR3, P2RY4

CXCR4, CCL20, ACKR3, CCR2, CCR5, GNAI2, SST, CXCL3, CXCL13,
15 | Cell motility GPER1, CCL27, CCL19, ANXA1, CXCL12, ADRAZ2A, CXCRS, GPR18, CCL2, 3.35e-10
CCL7, CCL8, CCL5, CCL16, CCR7, GNA13, CCL25, S1PR2, SSTR4, CXCR3

16 | Chemotaxis of dendritic cells | CXCR4, CCR2, CCR5, CCL19, CCL5, CCR7 1.07e-9
17 |Migration of dendritic cells | CXCR4, CCR2, CCR5, CCL19, CCL5, CCR7 5.05e-9

CXCR4, CCR5, GNAIZ, GPER1, CCL19, CXCL12, ADRA2A, CD4, CCL2,
CCL8, CCL5, CCR7

CXCR4, CCR2, CCR5, GNAIZ, HTR1A, GPER1, OPRK1, CCL19, CXCL12,
ADRAZA, CD4, CCL2, CCL8, CCL5, CCR7, GALR2, HRH3, P2RY4

Response to organic cyclic

12
compounds

14 3.46e-12

18 |Calciumion transport 3.69e-7

19 |Transport of monatomic ions 2.73e-6
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Rank Participation Genes P-value
Biological processes related [ CXCR4, CCL20, CCR5, CXCL3, CXCL13, GPER1, CHRM2, OPRK1, PENK,
20 |tointerspecies interaction CCL19, ANXA1, CXCL12, €D4, CCL2, CCL7, CCL8, CCL5, CCL16, CCR?, 8.26e-6
between organisms CCL25
CXCR4, CCR2, CCR5, GNAI2, SUCNR1, GPER1, NPY, OPRK1, CCL19,
21 |Homeostatic processes ANXA1, CXCL12, ADRA2A, HCAR2, SSTR5, CCL2, CCL7, CCL8, CCL5, 1.54e-5
CCR7, P2RY4
22 Transport of monovalent CXCR4, CCR5, GNAI2, GPER1, OPRK1, CCL19, CXCL12, ADRA2A, CD4, 1.00e-4
cations CCL2, CCL8, CCL5, CCR7, GALR2 '
23 |Response to virus CXCR4, CHRM2, OPRK1, PENK, CCL19, CXCL12, CCL8, CCL5 2.41e-4
24 |Viral life cycle CXCR4, CXCR6, CCR5, CD4, CCL2, CCL8, CCL5 3.51e-4
25 giag'r“’;‘l‘i’r‘“;°“'mediated CXCR4, CCL20, CCR5, PTGDR2, CD4 1.05e-3
Signaling mediated by }
26 second messengers CXCR4, CCL20, CCR5, GNAI1, PTGDR2, CD4 1.34e-3
27 |Viral processes CXCR4, CXCR6, CCR5, €D4, CCL2, CCL8, CCL5 1.85e-3

Biological pathways. A biological pathway analy-
sis was conducted in which the functional groups,
candidate genes, and their products are involved.
The analysis is shown in Fig. 5.

The main functional groups of genes, their pro-
teins, and metabolites are associated with G-proteins,
peptide signaling pathways of G-proteins, chemokine
signaling pathways that influence inflammatory
processes, as well as those related to monoam-
ine receptors. The three biological pathways with
the highest p-values were: WP_GPCRS_CLASS_A_
RHODOPSINLIKE (rhodopsin-like receptors,
G-protein coupled class A) with the highest p-val-
ue; WP_PEPTIDE_GPCRS (peptide receptors,
G-protein coupled); and WP_CHEMOKINE _
SIGNALING_PATHWAY (chemokine signaling
pathways). The presence of CCR2, CXCR4, and,
partially, CCRS5 in these pathways indicates their im-
portant role in these biological processes.

Based on the assessment of the participation of can-
didate genes and their products, in combination with
genes/products of BG in biological pathways, the fol-
lowing candidate genes were identified for each BG
with the highest level of correlation (p < 0.05):

CCR5: CXCR3 (0.77), NPY5R (0.52), OPRKI
(0.52), GPR1S (0.52), SSTRS5 (0.52), GALR2 (0.52),
GALRI (0.52), FPR3 (0.52), SSTR4 (0.52), SSTR3
(0.52), GALR3 (0.52), SSTR2(0.51).

CXCR4: CCR7 (0.89), CXCR3 (0.77), CCRI0O
(0.65), CCR9 (0.65), CXCRS5 (0.65), FPR3 (0.52),
GALRI(0.52), GALR2(0.52), GALR3 (0.52), NPY5R
(0.52), OPRK1 (0.52), SSTR3 (0.52), SSTR4 (0.52),
SSTRS5 (0.52), CXCR6 (0.52).

CCR2: CXCR3(0.68), CCR7(0.57), CCR10(0.59),
CCR9 (0.59), FPR3 (0.47), GALRI (0.47), GALR2
(0.47), GALR3 (0.47), NPY5R (0.47), OPRK1 (0.47),
SSTR3 (0.47), SSTR4 (0.47), SSTRS5 (0.47), CXCR6
(0.47).

No significant correlations were found for CD4.
The scoring summary for the participation of CG

in biological pathways in combination with BG was:
CXCR3 (2.49), CCR7 (1.17), CCRI10 (0.95), CCR9
(1.54), CXCRS5 (0.65), FPR3 (1.54), GALRI (1.54),
GALR2 (1.54), GALR3 (1.54), NPY5R (1.54), OPRK1
(1.54), SSTR3 (1.54), SSTR4 (1.54), SSTRS5 (1.54),
CXCR6(0.75), GPR1S8(0.52), and SSTR2 (0.51).

Biological processes. In functional mapping of the
analyzed genes, their involvement in 343 biological
processes was determined. Those shown only include
processes in which functional groups and/or their
products participate (Table 2).

Evaluation of the participation of candidate genes
and their products in biological processes. Based on as-
sessment of the participation of candidate genes (CG)
and their products in combination with genes/prod-
ucts of BG in biological processes, the following CG
were identified for each BG with the highest level
of correlation (p < 0.05):

CCR5: CXCL3(0.57), CCL&(0.48), CXCR6(0.40),
CXCRS5 (0.37), CCL7 (0.36), CCLS5 (0.35), CCL27
(0.35), CCR7 (0.35), CXCR3 (0.34), CCR9 (0.32),
CCR10(0.32), CCL2(0.31).

CXCR4: CXCR3 (0.43), CXCL12 (0.41), SUCNRI1
(0.34), CXCR6(0.32), ACKR3 (0.31).

CCR2: CCL5(0.38), CXCL12(0.38), CCL2(0.37),
CXCL13 (0.35), ANXAI (0.34), CXCR3 (0.32), CCL7
(0.31), CCL19(0.31).

CD4: CCL2 (0.44), CCR7 (0.38), CCL19 (0.38),
CCL5 (0.36), CCL25(0.30).

The scoring summary for CG “Participation
in Biological Processes in Combination with
Functional Groups and Scores Above 0.5” was:
CXCR3 (1.14), CCL2 (1.074), CCLS (1.047), CXCR6
(1.03), CXCL3 (1.02), CCL5 (0.97), CCR7 (0.962),
CXCRS5 (0.93), CCL19 (0.92), CXCL12 (0.91), CCR9
(0.89), CCL7 (0.84), CCRI10 (0.82), CXCL13 (0.81),
CCL20(0.76), ACKR3(0.76), CCL27(0.74), SUCNR1
(0.74), CCL16 (0.68), FPR3 (0.63), CCL25 (0.62),
ANXAI (0.58), PENK (0.54), GPERI (0.53), and
GPR18(0.51).
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Table 3. Candidate gene ranking by subcategory and total score (threshold = 2). Genes are listed

in descending order of candidate significance rank

Gene Expression Localization Pathways Processes Additional Points Total
CXCR3 114 0 2.49 114 3 777
CCR7 1.64 0 117 0.96 3 6.77
FPR3 1.58 0 1.54 0.63 3 6.74
ANXA1 3.84 0 0 0.58 2 6.42
GNAI2 4.00 0 0 0.26 2 6.26
ACKR3 3.28 0 0 0.76 2 6.04
CCL2 2.88 0 0 1.07 2 5.95
CXCL12 3.01 0 0 0.91 2 5.93
CXCR6 1.05 0 0.75 1.03 3 5.83
CCR9 0.41 0 1.54 0.85 3 5.80
GNAI1 3.24 0 0 0.35 2 5.58
GPER1 2.86 0 0 0.53 2 5.39
CCL19 248 0 0 0.91 2 5.39
CXCR5 0.79 0 0.65 0.93 3 5.37
OPRK1 0 0.27 1.54 0.47 3 5.28
NPY5R 0.41 0 1.54 0.1 3 5.07
GPR18 0.96 0 0.52 0.51 3 4.99
CCR10 0.22 0 0.94 0.82 3 4.99
GALR2 0.03 0 1.54 0.23 3 4.81
ADRA2A 243 0 0 0.1 2 4.53
GNA13 4.00 0 0 0 0 4.00
HEBP1 3.96 0 0 0 0 3.96
HCAR3 1.43 0 0 0.27 2 3.70
CXCL13 0.88 0 0 0.81 2 3.69
HTR5A 0.07 0.44 0 0.18 3 3.68
GALR3 0 0 1.54 0.07 2 3.61
CCL20 0.84 0 0 0.76 2 3.60
HTR1D 0.28 0.28 0 0.04 3 3.59
CXCL3 0.53 0 0 1.02 2 3.55
CCL8 0.50 0 0 1.05 2 3.55
SSTR3 0 0 1.54 0.01 2 3.55
NPY1R 1.32 0 0 0.14 2 3.46
TAS2R14 1.15 0 0 0.14 2 3.29
TAS2R5 1.15 0 0 0.13 2 3.28
SUCNR1 0.49 0 0 0.74 2 3.23
SST 0.83 0 0 0.40 2 3.22
CCL25 0.44 0 0 0.62 2 3.06
SSTR1 0.87 0 0 0.17 2 3.04
NPY 0.79 0 0 0.16 2 2.95
PTGDR2 0.49 0 0 0.42 2 2.91
PNOC 0.67 0 0 0.18 2 2.85
CCL27 0.09 0 0 0.74 2 2.83
PENK 0.19 0 0 0.54 2 2.73
CXcL2 2.63 0 0 0 0 2.63
HRH4 0 0.28 0 0.28 2 2.56
ADRA2C 2.54 0 0 0 0 2.54
OXER1 2.53 0 0 0 0 2.53
S1PR3 2.53 0 0 0 0 2.53
HTR1F 0 0.28 0 0.23 2 2.50
S1PR2 2.48 0 0 0 0 2.48
HTR1E 0 0.28 0 0.1 2 2.39
PDYN 0.21 0 0 0.18 2 2.39
OXGR1 0.01 0 0 0.27 2 2.28
CHRM2 0.17 0 0 0.06 2 2.22
TAS2R20 0.07 0 0 0.14 2 2.21
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Final ranking. Table 3 presents the final ranking
results for identified genes with an overall score of 2
or higher.

The number of candidate genes (CG) with a score
above the threshold was 55. It is worth noting sep-
arately all CGs that received more than 1 point.
Although these genes do not overlap in the results
of intermediate ranking stages, they may interact
with several functional genes (BG) or their prod-
ucts on one studied parameter. In this case, they
have a similar expression profile with several BGs
and may be included as possible candidates for fur-
ther consideration. The list of CGs with the specified
threshold is: HCAR2 (1.68), P2RY13 (1.67), SIPR5
(1.63), SSTR5 (1.56), GALRI (1.54), SSTR4 (1.49),
and P2RY14 (1.19).

Discussion

Viral attachment to a cell via chemokine recep-
tors and co-receptors initiates a cascade of respons-
es. Individual elements of this cascade can influence
the course of the infectious process and/or the viral
life cycle [36]. Assuming that potential CGs may di-
rectly or indirectly affect viral processes by binding
to chemokine receptors/co-receptors, they and/or
their products must be in close proximity to interact
with the receptors and have a sufficient product con-
centration for such interaction, indirectly reflected
in gene expression levels. These characteristics are
often exhibited by participants in the same biologi-
cal process and/or biological pathway. However, this
does not exclude the possibility of multifunctionality
of individual genes, providing more opportunities
for interaction between the products of the hypothet-
ical CG and BG products.

According to HumanNetv3, a number of CGs
potentially related to chemokine co-receptors and,
accordingly, to the human immunodeficiency vi-
rus, were identified. When considering the detected
genes from the perspective of human molecular-
biological elements associated with BGs, the be-
longing of these genes to the following main func-
tional groups was shown: chemokines and their
receptors, G-proteins and their associated recep-
tors, including serpentine receptors, as well as other
receptors such as taste TAS2R, neuropeptide and
neurotransmitter, adrenergic, purinergic, somato-
statin, peptide, and other functionally significant
proteins. The identified candidates are widely ex-
pressed in various tissues, although for all BGs,
an increased level of expression was observed in four
main tissues/organs (lungs, terminal ileum, spleen,
whole blood), where immune processes are actively
occurring. The lungs contain specialized immune
cells such as macrophages that ingest and destroy
pathogens inhaled with air. These cells are found
in the alveoli and on the surface of the airways, pro-
viding the first line of defense against infections.

In the lungs, the maturation and activity of various
types of leukocytes, such as lymphocytes and neu-
trophils, also occur, playing a key role in fighting
infections and inflammation [15].

In the terminal ileum, Peyer’s patches, which are
essential components of the intestinal immune sys-
tem, are located. These patches contain lymphoid
cells that help protect the body from pathogens in-
gested with food. Specialized immune cells lining
the ileum protect the body from bacterial infections
and maintain the mucosal barrier function [44].
The spleen, specifically the white pulp, is responsi-
ble for the production and maturation of leukocytes
(lymphocytes), which produce antibodies to fight
infections. The white pulp plays a key role in the
adaptive immune response [40]. The involvement
of blood in the body’s immunity as a transport sys-
tem is unquestionable. Thus, all four of these tissues
are crucial sites for immune system activity. Genes
with high expression levels in these tissues (CCRY7,
GNAI3, GNAI2, HEBPI, OXERI, P2RY13, ANXAI),
along with background proteins, participate in im-
mune processes, supporting the homeostasis of the
immune system.

The search for intersections in the localization
of gene products did not yield significant results due
to the narrow localization spectrum of the products
of the main BGs, which are localized in the cell
membrane. The CCR2 protein, due to its expres-
sion in a large number of cells in the nervous sys-
tem, has more opportunities for interaction with
other host factors. Localization of genetic products
in neuronal and dendritic cells is strongly associ-
ated with the progression of HIV infection, leading
to neurological manifestations. Against the back-
ground of tropism switching, the virus can infect
a larger number of tissues and cell groups, such as
macrophages. This, in turn, leads to the infection
of macrophages in the brain, which is associated
with the development of neurocognitive disorders
mediated by HIV.

A different pattern was observed when evaluating
the participation of BGs in biological pathways and
processes, which is not surprising, as receptors are
an active part of signaling pathways via G-proteins
and/or chemokines, as well as chemotaxis processes
in response to influencing factors. The multifunc-
tionality and the potential of individual genes and
their products to influence the activity of other genes,
including BGs, allow these genes to be considered as
possible candidates, provided their established con-
nection, intersection by characteristics (localization,
sufficient concentration, etc.), and functional roles
with BGs.

It should be noted that biological pathways refer
to a series of individual reactions rather than direct
interactions between proteins or their localization
in one place, although such events may also occur.
Primarily, joint participation in pathways indicates
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a possible indirect nature of interaction. The analy-
sis of biological pathways revealed the following.
CXCR4 and CCRS5 have strong positive correlations
with CXCR3, NPY5R, and SSTR4, indicating their
joint involvement in the same pathways. The prod-
uct of the NPY5R gene is a neuropeptide receptor,
while SSTR4 is one of the five known somatostatin
receptors and is involved in both immune [42] and
neuroendocrine processes [33]. In turn, SUCNRI
(Succinate Receptor 1), also known as GPR91, which
has a moderate correlation with chemokine co-recep-
tors, is a receptor activated by succinate (a metabolite
of the tricarboxylic acid cycle). The SUCNRI protein
isinvolved in regulating immune reactions, including
macrophage polarization and inflammatory diseases
such as ulcerative colitis and endometriosis [21].

Thus, without considering the likely physical
interaction of CGs and their products with BGs,
the probability of the association of CGs and BGs
with their products was evaluated by combining four
characteristics: expression, cellular localization,
pathways, and biological processes. The necessary
condition for such interaction, including the required
sufficient concentration, and the similarity of func-
tional roles were also considered.

Based on the combined data of the aforementioned
characteristics, a scoring system was developed,
which allows the identification of CGs with the hy-
pothesized highest probability of interaction with
BGs. This is important because of the known con-
nection between BGs and HIV, suggesting that their
involvement may influence the pathogenesis of the
infection. For several genes, it was considered that
in the case of altered homeostatic conditions, for ex-
ample, during an infectious process, there would be
an increase in the expression levels of certain genes
in tissues where this does not normally occur.

Most of the CGs identified are chemokines of the
C-C or C-X-C family, or their receptors. Since
the discovery of the contribution of the chemokine
co-receptors CCR5 and CXCR4 in the process
of HIV attachment to cells, researchers have focused
not only on related chemokines, specifically their
suppressive action against the virus through receptor
competition, but also on the receptors themselves, as
alternative entry points for the virus. Among the CGs
ranked in this group, the following stand out as hav-
ing the highest total scores.

CCR7 receptor. This receptor helps mobilize den-
dritic cells and their interaction with various subsets
of T cells, including naive, regulatory, and memory
T cells [7]. It has also been shown to play an important
role in the immune system, preventing autoimmune
diseases, and is involved in immune surveillance and
anti-tumor immunity [4]. Thus, the high expression
of CCR7 in the lungs, intestines, spleen, and blood
may be related to its function in attracting and acti-
vating immune cells in these tissues, which is essen-
tial for effective protection against pathogens [46].

ACKR3 receptor, also known as CXCR?7, is an im-
portant protein involved in various physiological and
pathological processes and primarily functions as
ascavenger receptor. The main roles of this chemokine
that may be linked to the progression of HIV infec-
tion include chemokine scavenging and immune
system regulation [35]. This protein also influences
the distribution and function of immune cells, helps
localize lymphocytes in lymphoid tissues, and modu-
lates immune responses. There may be a lesser need
for chemokine regulation through ACKR3 in circu-
lating blood, as its primary function is to control local
inflammatory processes in tissues, with an increase
in expression levels likely during inflammation [25].

CXCR6 receptor. This receptor plays a role
in chemotaxis by attracting lymphocytes to sites
of tissue damage, helping the body respond quickly
to infection by directing immune cells to inflamma-
tion sites. CXCRG6 is also expressed on T cells, par-
ticularly natural killer cells and cytotoxic T lympho-
cytes, playing an important role in their migration
and localization [28].

An exception in terms of low expression levels
in the CXC family group is CXCR3. The tissue with
low expression is the lungs. The functions of this gene
and its products are related to the migration and acti-
vation of T cells in other tissues, such as lymph nodes
and sites of inflammation. Several studies show an
increase in the expression of this receptor in the
lungs during inflammatory processes [43]. It has
been shown that CXCR3 is important for the migra-
tion of antigen-specific effector CD4* T cells to both
the respiratory tract and lung parenchyma during
the acute phase of respiratory viral infection [26].

Chemokines CCL2, CXCL2, CXCL12, CCL19,
CXCL13, CCL8, CCL25, CCL27, CCL20, and
CXCL3 primarily function in chemotaxis, typically
directing immune cells to sites of inflammation [41].
As such, they are involved in regulating immune
responses and inflammatory processes [13]. Some
of these chemokines are expressed in various tissues,
including bone marrow, thymus, spleen, and lymph
nodes [9], and play a role in maintaining the homeo-
stasis of specific systems in the human body, such as
the bone marrow [10].

The second major functional group among
the ranked CGs are genes associated with G-proteins,
which play a crucial role in cellular signaling and may
influence viral entry and spread [20]. The G-protein
subunits GNAI1 and GNAI2 are involved in transmit-
ting signals from various receptors into intracellular
effects. Proteins GNA13 and GPR18 are less studied
compared to their predecessors but have been shown
to participate in signal transmission via G-proteins,
regulating various cellular functions, including mi-
gration and cellular survival. High expression levels
of these genes may be linked to their role in multi-
ple signaling pathways that regulate immune system
functions, including chemotaxis [11, 32].
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The protein GPERI1, also known as GPR30, plays
a significant role in various physiological and patho-
logical processes, primarily performing protective
functions such as anti-tumor and anti-inflammatory
effects [34]. It is difficult to pinpoint the exact rea-
sons for its low expression in whole blood, as most
studies focus on its specific influences on particular
processes.

Two other genes with low expression in whole
blood are S1PRS5 and S1PR3. Among the five known
GPCRs with high affinity for S1P (sphingosine-1-
phosphate, a signaling lipid), types 1, 2, and 3 are
predominantly expressed in cardiovascular tissues.
S1PR2 and S1PR3 are involved in regulating cell
migration and vascular tone, which explains their
low expression in blood, although expression levels
increase during inflammation [38].

Additionally, the protein S1PRS is present in the
analyzed group, but with low expression in the small
intestine. Unlike SIPR2 and S1PR3, S1PRS5 is char-
acteristic of the immune and nervous systems [8].
It is expressed in whole blood, but its low expression
in the small intestine may be explained by its more
significant functions in the central nervous system
and other tissues.

Among the group associated with G-proteins,
special attention should be given to the recep-
tors involved in two signaling pathways (OXERI,
HCAR2/3). The OXERI1 protein is a receptor for oxo-
eicosanoids, which are involved in inflammatory and
immune responses. High expression in tissues may
be related to their role in regulating these processes.
For example, in the lungs and intestines, OXER1
helps protect against infections and inflammation,
while in the spleen and blood, it plays a role in im-
mune cell mobilization and function [12].

The HCAR2 and HCAR3 proteins are associ-
ated with inflammatory conditions, such as Crohn’s
disease and ulcerative colitis, where they participate
in recruiting innate immune cells and differentiating
Th-17 cells, respectively [39]. They exhibit low ex-
pression in the small intestine. However, their func-
tions may be more significant in other tissues, such as
the skin and brain, where they regulate inflammatory
processes and energy metabolism.

The third group includes chemokines that do
not share a common functional role or belong
to the same protein family. The protein annexin
Al (ANXAI1) plays an important role in regulat-
ing inflammation and immune responses. High
expression of ANXAI in various tissues may be as-
sociated with its function in suppressing inflamma-
tory processes and tissue repair. This is especially
important in the lungs and intestines, which are
frequently exposed to external agents [2]. ANXAI
ranks fourth in terms of significance due to its high
expression profile matching the background genes,
as well as its involvement in similar biological pro-
cesses. However, its mechanism of interaction with

background chemokine receptors requires clarifi-
cation to understand its potential impact on HIV
attachment and/or the development of infectious
processes.

The protein HEBP1, in this case, is an exception
to the other genes presented. It is involved in heme
metabolism and may play a role in regulating cell
growth and survival. High expression of HEBPI
in these tissues may be associated with the need
to regulate heme levels and prevent its toxic effects,
especially in tissues with high metabolic activity and
frequent inflammatory processes [45].

The receptor FPR3 is expressed in monocytes
and dendritic cells, but not in neutrophils. It is lo-
cated in intracellular vesicles rather than on the cell
surface, unlike other FPR group receptors [24]. This
group of receptors is involved in chemotaxis and im-
mune cell activation, but FPR3 is less studied com-
pared to others, making it difficult to explain the rea-
son for its expression level in the blood.

The receptors ADRA2A and ADRA2C regu-
late vascular tone and the sympathetic nervous sys-
tem [1], which is less significant for circulating blood
cells compared to other background tissues [27].

Receptors TAS2R5, TAS2R14, TAS2R46,
TAS2R4, and TAS2R20 are involved in taste per-
ception and possibly in modulating inflammatory
responses [30]. The functional roles of this group
of receptors, aside from their role in sensory taste
perception, are poorly studied, and it is currently
difficult to explain the expression levels of these
genes.

It is noteworthy that for most of the chemokine
genes presented, low expression levels were found
in tissues where their expression increases during
an immune response to inflammation or infection.
In the context of HIV infection, where immune re-
sponse activation is observed, the interaction be-
tween these genes becomes more likely, and their
potential interactions with each other may influence
the infectious process. However, if interaction occurs
only during the immune response, established in-
teractions between the background genes (BGs) and
CGs may be absent, or if they do occur, they may be
random.

In conclusion, analysis of the expression and lo-
calization of CGs, as well as their potential partici-
pation in various immune processes and biological
pathways, identified promising CGs that may play
a role in the pathogenesis of HIV infection. A limi-
tation of our study is the indirect nature of the link
between the identified CGs and the course of HIV
infection. The results of this study confirm the need
for further investigation into the functional roles
and interactions of CGs in the pathogenesis of HIV
infection. This will deepen the understanding
of the molecular mechanisms underlying the dis-
ease and lead to the development of new therapeutic
strategies.

1165



V.S. Davydenko et al.

MHdekumns n uMmyHuTeT

Conclusion

In the course of the study, candidate genes poten-
tially associated with chemokine coreceptors and,
consequently, with viral attachment to the cell, were
analyzed. These genes may play a key role in regulat-
ing immune responses and maintaining homeosta-
sis in the body, especially in important organs such
as the lungs, intestines, spleen, and blood. Some
of the identified genes are involved in the regulation
of inflammatory processes, immune cell migration,
and the maintenance of barrier functions in various
tissues. The potential link between genes associ-
ated with neurotransmitters and neuropeptides and
the pathogenesis of HIV infection deserves special

The detected correlations suggest the probable in-
volvement of many of the identified candidate genes
in complex signaling pathways that regulate immune
responses and inflammation. The presence of posi-
tive correlations between chemokine receptors and
other proteins may indicate the complex interaction
of immune and neuronal processes in the context
of HIV infection. The results of the analysis empha-
size the importance of further studying the genetic
and molecular mechanisms influencing the course
of HIV infection.
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3HAYEHUE BUPYCOJIOTMYECKOIO HAZL30PA

3A NPUBbLIBLUMMU U3 HEBJIATOMOJTYYHbIX

Mo NOJIMOMUEJIUTY TEPPUTOPUN
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B POCCUNCKOWU PEOEPALIUU

O.1. Kanaesa', H.1. Pomanenkona', B.A. EsceeBa', H.A. Toacrteix!, T.H. Ilorpeonas?,
M.A. Biaoxunosa!, K.A. AHTOHEeHKOB'
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Pesiome. [IpoBeneH aHaau3 pe3yabTaToOB BUPYCOJOIMYECKOrO MCCIEIOBAHMS MaTepuaa OT 3M0POBBIX AETEi, IPUObIB-
X B Poccuiickyio @enepalnio n3 HeOGIArOMOIYYHbIX 10 IOJIMOMUEIUTY Tepputopuii. [IpoBeneH aHAIM3 HAMIPSIKEH-
HOCTY UMMYHMTETA K MOJIMOBUPYCaM y AeTeii, mpuObBLIMX B PD, 1 y neTeil, HOCTOSIHHO MPOXMBAIOLINX HA TEPPUTOPUI
Poccuiickoit @enepanmu. 3a gecsatunernuii nepuon (2014—2023 rr.) B CyoHarmoHansHoi tadboparopun BO3 B CaHKT-
ITetepOypre 6bL10 HccaenoBaHo 6osee 3300 mpo6. boablIMHCTBO 00CIeI0BaHHBIX MPUOBLIO B CyOBeKThI Poccuiickoii
®Denepaunn u3 Pecriyonuk Tamkukucrad (56,5%), Y30exucraH (6,2%) u u3 Ykpaunsl (5,8%). Takxke ObLIN 00C/IEI0BaHbBI
netn, preskasinre n3 CeBepo-KaBka3ckoro denepaibHOro OKpyra, KOTOphle cocTaBuIu 22,2% OT BceX 00CIeIOBaHHBIX.
ITpu BUPYCOTOrMYECKOM UCCIEIOBAHNH OT 55 eTeit Ob110 BhIIeIeHO 65 monoBrpycoB (I1B). BolbIIMHCTBO MOITMOBUPY-
COB ObLIM OTHECEHBI K TUIIaM 1 1 3, 1IeCTh IITaAMMOB OTHECEHBI K TUITY 2. Bce momoBrpychl 10 pe3y/ibrataM BHYTPUTH-
MoBoi MG hepeHIMaLINH SBISIUCh BAKIIMHHBIMU, B TOM YKCJIe MOJUOBUPYCH TUMNa 2. OnuH mtamM [1B2 ObL1 BbineneH
oT pedeHka u3 Kuprusuu B 2014 1. 1 math mraMmoB [1B2 — 13 HOBoIt opasbHOI MonoBupycHo BakiMHbI (HOITB2)
ot meteii u3 Pecriyonuku Tamkukuctad B 2021 1., korna BakuuHy HOITB2 rcnonb3oBanu aist KyIupoBaHUS I PKYISIINI
MOJIMOBUPYCOB BAKLIMHHOT'O IMTPOMCXOXIEHU I TUIIA 2 B 9TOM CTpaHe. AHAJIN3 BAKLIMHAJIBLHOIO CTAaTyca AeTel, IpreXaBLInX
13 HeBJIArOMmoayYHBIX 10 ITOJTMOMUETUTY CTPAH ¥ TEPPUTOPUIL, BEISIBUII IIPOOJIEMBI C UMMYHM3ALIMEH B MECTAX X IIOCTO-
SIHHOTO MPOXUBaHUs. bojiee TpeTu 00c/IeqoBAaHHBIX HE UMEIN CBEIEHMIT O IPUBUBKAX, 0KOJIO 9% OeTeil He ObLIN IIpU-
BUTHI I10 pa3HBIM ITPUYMHAM, B TOM YKCJIE B CBSI3U C MEAULIMHCKUMU OTBOIAMU 1 OTKA3aMU POIUTEIIEH OT IPUBUBOK, 12%
JeTeit OBUTM TIPUBUTHI He TTOMTHOCTRI0. CpaBHUTEIBHBIN aHaMNU3 3((MEKTUBHOCTY BaKLIIMHAIIUY ITPOTHUB TIOJIMOMHUETNTA
JeTelt — pe3naeHToB cyobekTa PD u neteit, mpnoObBIIMX n3 Pecrry6nmky TaIKMKUCTaH, CBUAETELCTBYET O HEIOCTaTKAaX
CUCTEMBI MMMYHM3AIIUN B 3TOi cTpaHe. MHOrMe o0cjiefoBaHHEBIE He MMEJIM aHTUTEN K ITOJIMOBUPYCAM Pa3HBIX THIIOB,
ay 11-12% neteit He ObLJIO AaHTUTEJ K MOJIMOBAPYCAM BCEX TPEX MJIM IBYX THMIIOB, BKIFOYEHHBIX B BAKIIMHBI (COIIACHO
cxemaM BakuuHatuu 2006—2010 wiu 2014—2020 rr.). [ToxydeHHbIE TaHHBIE TIOATBEPXKAAI0T BaXXHOE 3HaYEHUE U HEO00X0-
JTUMOCTD 3ITUAEMMOJOTMIECKOT0 ¥ BUPYCOJIOTMYECKOro Haa30pa 3a IeThbMU, TPUOBIBITMMHU U3 HEOIaTOMOJYYHBIX IT0 TI0-
JIMOMUEJIUTY TEPPUTOPUIA, B CCTEME KOHTPOJISI CUTyallMH 110 Iojiromuenuty B Poccuiickoit denepariyu.

Karouesnle caosa: nosuomuensum, eupycoaoeutecKuii Hao3op, NOAUOBUPYCbl, 6AKYUHAUUS, UMMYHUMEN.
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IMPORTANCE OF VIROLOGICAL SURVEILLANCE AFTER MIGRANTS FROM POLIO HIGH-RISK
TERRITORIES FOR POLIOMYELITIS MONITORING IN THE RUSSIAN FEDERATION

Kanaeva O.1.%, Romanenkova N.I.?, Evseeva V.A.?, Tolstykh N.A.?, Pogrebnaya T.\N.", Blokhinova M.A.?,
Antonenkov K.A.?

aSt. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
b Center of Hygiene And Epidemiology in Kaliningrad Region, Kaliningrad, Russian Federation

Abstract. The results of virologically examined biological material collected from children and poliovirus-specific
immunity arrived in the Russian Federation from polio high risk territories were analyzed. Over a ten-year period
(2014—2023), more than 3.300 samples were examined at the Subnational WHO Laboratory in St. Petersburg. Most
of the examined children arrived in different regions of the Russian Federation from the Republics of Tajikistan (56.5%)
or Uzbekistan (6.2%) and from Ukraine (5.8%). Children who arrived from the North Caucasus were also examined
comprising 22.2% examined cases. Polioviruses (65 PV) were isolated from 55 children during virological study. Most
isolated strains were classified as types 1 and 3 polioviruses, with six strains classified as type 2. Only vaccine polioviruses
were found, including type 2 polioviruses according to the ITD results. One PV2 strain was isolated from a child from
Kyrgyzstan in 2014, and five PV2 strains from the new nOPV2 vaccine were isolated from Tajik children in 2021 after
using nOPV2 vaccine to suppress cVDPV2 circulation in Tajikistan. Analysis of vaccination status in children arrived from
high polio risk territories revealed problems poor immunization coverage in relevant place of residence. More than a third
of children had no vaccination records, about 9% children had no polio vaccination for various reasons including medical
exemptions and refusals of parents to vaccinate, another 12% were vaccinated incompletely. A comparatively analyzed
effectiveness of polio vaccination for children resident in the Russian Federation and those who arrived from Tajikistan
also evidenced poor polio immunization coverage in the latter. Many children from Tajikistan had no antibodies specific
to polioviruses of different types, and 11—12% of children did not have antibodies to all three or two vaccine poliovirus
types (according to the 2006—2010 or 2014—2020 vaccination schedules). The data obtained confirm the importance and
need for epidemiological and virological surveillance for residents arrived from polio high risk territories in Russia within
poliomyelitis control programme in the Russian Federation.

Key words: poliomyelitis, virological surveillance, polioviruses, vaccination, immunity.

BseneHnue

HecMmoTtpst HaKosioccanbHbIl ycriex [modaibHOM
OporpaMMBbl JIMKBUIALIUKA TIOJUOMMEIIATA, WH-
ek M Mo-NpexXHEMY OCTAeTCSI aKTyaJlbHOMW IS
31paBOOXpaHEeHUsT Bcex cTpaH. KoJIIeKTUBHBIMU
YCUIIMSIMU K HACTOSIIEMY BPEMEHHU YyIaJioCh HO-
CTHUYb pPaAMKaJIbHOTO CHMXCHHS KOJMYEeCTBa
clIy4yaeB ITOJIMOMUEINTA, BBI3BAHHBIX «IUKUMU»
noauoBupycamu (AI1B). Ha orcyrcTtBue uup-
kyasuuu AIIB ceptudunmpoBaHbl 5 peruoHOB
Mupa u3 1rectu. He cepTudunumpoBaH TOJbKO
BocTouHo-Cpenn3eMHOMOPCKMII ~ peruoH, Tae
¢ 2018 r. ocTarloTCcs 3HJIEMUYHBIMU BCETO IBE CTpa-
HbI: Adranuctan u Ilakucran [21]. [lmobanbHOE
COTPYTHUYECTBO IT03BOJIMJIO COKPATUTh YMCIIO
cJiyyaeB TIOJJMOMMUEINTA, BbI3BAHHOTO <«IUKUMU»
nonauoBupycamu, ¢ 350 000 ciyyaeB B MUpe B rof
npuHsATUS [7100aa1bHON TpOrpaMMbl JUKBUIALIAU
nonuomuenuta (1988 r.) mo 12 cayuaes B 2023 1.
TOJIbKO B Adranucrane u Ilakucrane. Tem He me-
HEe M3 APYTUX MCTOYHUKOB (0Opa3lbl CTOYHOU
BOJIbl, KOHTaKTHbIE U JiMlia 0e3 MpU3HaKOB 3a00-
neBaHusl) B 2023 1. Ob1JIO BEIACICHO 146 IITAMMOB
JITIB1, 4yTo roBOopuT 0 HempeKpallallieics Hup-
KYJSIIIUU TOTO BUpPYyCa B 9HAEMUUYHBIX CTpaHaX.

C 2021 r. B [TakucTraHe mpoBoaMIach MacIiTa0-
Has KaMIOaHWS M0 BaKIIMHAIIMU C OXBaToOM OoJjee
160 000 neteit. OHa cTajia caMoll yIauHOM B cTpaHe
3a Bce BpeMs 00pbObI ¢ moinoMuenutoM. Ho nz-3a

MOJUTUYECKOU HEeCTaOUJIbHOCTHU, MpOOJieM C Oe3-
OMACHOCTBI0O M OTKAa30B IYCKaTh BaKIMHATOPOB
B JOMa MHOTHE AETHU OCTAlTCs HE MPUBUTBIMU
oT nmoiauoMuenuTa. KamMmaHuu mo BaKIIMHaIUMU
BeoyTCs U B AdbTaHUCTaHE, OJHAKO B IOXKHBIX paii-
OHaX CTpaHBbI ocTaeTcs okojio 200 ThIC. AeTeii, He-
IOCTYITHBIX IJISI BaKIIMHATOPOB. JJaHHAS MOMysI-
O B COYCTAHUU C aKTUBHBIMHA MUTPALIMIOHHBIMU
noTtokaMu mexay AdranucraHoMm u IlakuctaHom
MPEeACTaBJSIOT YyIpo3y AaJbHEHIIEero pacrnpocTpa-
HEHU S «IUKOIro» mojauoBupyca [19].

BrizoBoMm aist IIporpaMmbl cTajivd BCHOBIIIKU
MOJMOMUENINTA, BBI3BaHHBIC IUPKYIUPYIOIIUMUA
MOJMOBUPYCAMU BAaKIIMHHOIO TPOUCXOXICHUS
(uITBBIT) [15]. 3anocneaHue IECThJIET 3TU MOJUO-
Bupychl (I1B) Bbi3Basin Oosible ciydyaeB Mmapajiu-
TU4eckoro noauomuenura, yem JAI1B: mo naHHBIM
BO3, ¢ 2017 mo 2023 rr. nonTBepxaeHo 419 ciayua-
eB, BeI3BaHHBIX JII1B1, Torna xak nl1BBII Tonbko
B 2023 r. BeI3Banu 524 cimyyag B 32 crpanHax [21].
H3bsaTHE 13 OpaabHOMN ITOJTMOBUPYCHOM BaKIIMHEI
(OITB) mramma Cabuna Ttuma 2 B 2016 T. ¢ 1Heabi0
CHUZKECHUSI HUPKYISINU MOJTNOBUPYCOB, CTABIINX
HEeUPOBUPYJEHTHBIMM B Ipollecce TPAaHCMUCCUU
BIIOMYJSILIUU C IIJIOXUM OXBAaTOM BaKLIMHa1 el [14],
HE 1aJIO OXKMAaeMbIX pe3yabraToB. Hamportus, Ko-
JIMYECTBO CJIy4acB ITOJIMOMMUEINTA, BBI3BAHHOIO
nlIBBII2, kpatHO Bo3pociio. bel1o TokazaHo, 4To
CKOPOCTh HYKJICOTUAHBIX (Nt) 3aMeH IJIsI IITAMMOB
IIBBII2 cocraBaset 1,14 x 1072 nt B roa, IpuMepHO
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onHa 3ameHa B 35 aneit [10]. [IpumeHeHre MOHO-
BAJIECHTHOI OpaJIbHOM IIOJUOBUPYCHOM BaKIIMHBI
(MOI1B) Tumna 2 B xome KaMIaHUU 110 BaKIIMHAIIUHT
B Adpuke B 2016—2019 rT. TpuBeio K BOSHUKHOBE-
HUI0 27 BCHbILIEK MojJuoMuenuTa u3 41, BbI3BaH-
Heix UITBBII2 [14]. TToaTOMYy LITaMM AJisi HOBOM
OpaJIbHOI moanoBupycHoU BaKIMHBI (HOTTB) 6611
MoAN(pUOMPOBAH TaK, YTOOBI CBECTU K MUHUMYMY
TeHETUYECKYI0 U3BMEHUYUBOCTh B MPOLIECCE PEIIu-
Kauuu B opranusme [20].

Brniepseie HOIIB2 mnpumenunnu B Hwurepuu
B 2021 1. a1t GOpHOBI CO CITydasiM¥ TTIOJTMOMUETTU-
Ta, BeI3BaHHOTro UITBBII2. KnuHuko-anuaeMuo-
JIOTUYECKUI aHalu3 IMokKasaj, 4To 3¢hdeKTuB-
HocTh HOIIB2 1 MOITB ongnHakoBa, HO 9 ¢hEeKTUB-
HOCTh WHAKTHUBHPOBAHHON ITIOJIMOBUPYCHOI BakK-
uuHbl (UI1B) Bele yeM o0enx MOHOBaKIIUH [12].
HecMmoTps Ha Bbeicokyo addekTuBHOCTL HOITB2
B KJMHMYECKMX HCIIBITAHUSX, €€ IPpUMMEHCHUEe
B CTpaHax C TUJIOXOM 3KOHOMMYECKON CHUTyaIllu-
el He cTtonb ycrnemHo. [IpyyrnHaMu 3TOro MOTyT
obITh BocrniasieHu s 2KKT y peunueHToB opajibHOMU
BaKIIMHBI M paclpoOCTpaHEHUE HEMOJIUOMMEINT-
HBIX SHTECPOBHPYCOB, a TaKxXe APYTUX BO3OYyAMUTE-
JIell KWIIeYHBIX WHMeKunit [16] B aTHUX cTpaHax.
ITockonbky HOIIB2 oGnamaetr OoJibluell TreHEeTHU-
yeckoi ctabusbHOCThIO yeM MOITB2, nmeHHO oHa
SIBJISICTCSI BAaKIIMHO# BBIOOpA B oYarax IOJIMOMUE-
nauTa, BeIzBaHHOTO LIITTBBII2.

Ectb cnyyau umnoptupoBanus [1BBII B cocen-
Hue ¢ Poccuiickoit @eaepanueit crpaHbl ¢ HUBKUM
OXBaTOM MMMYHMU3AllMM MPOTUB MOJIMOMMEIINTA.
B 2020 r. B TamKkukucraHe HadaljlaChb BCIIBIIIKA
nojuoMuenurta, BbizBaHHasi ulIBBII2. B 2020—
2021 rr. B 3TOii cTpaHe ObIJIO 3aperuCTPUPOBAHO
34 cnydast mapaJiuTUYECKUX 3aboneBaHuii. Bupyc
nI1BBII2 Ob1 BEIICTICH M U3 ITPOO CTOYHOI BOIBI
U y KOHTAKTHBIX JUIL[ 0€3 CUMOTOMOB 3a0o0JieBa-
Hus [18]. [lns mpepbiBaHUSI BCHOBILIKU B CTpaHe
ObLIM npoBeaeHbl HalimoHanbHbBIE THU UMMYHM3a-
LMK C OXBAaTOM AeTeli 10 6 meTBTpupayHaac HOIIB2.
B Poccuiickoii Denepanny ObIJIN IIPUHSITHL ITPO-
THUBOAMUAEMUUYECKUE MEPbI: BCTYINUJI B JeHCTBUE
CIiellMaJIbHBIN aJITOpUTM OOCJIefOBaHUS JIETEM,
npuoeBIINX U3 Tamkukucrana. OOCIeT0OBaHUIO
noajiexaau Bce MpuObIBIIME U3 TaaXMKUCTaHA
JEeTU 10 5 JIeT 0e3 yuyeTa JaThl MPpUOBLITUS HA TEPPU-
Topuio Poccniickoit @enepaunu. B pesynbrare pe-
aJu3alluyd 3TOTO ajroputMa mrtaMMmbl 1B Ttuma 2
ObIM BIsIBJICHBI y 106 3MOpOBBIX meTeil (2 mraMmma
T1BBI12, 104 utamma HOITB2) [8].

AHanoruuyHass  cutyauus  3auKcCHUpoOBaHa
B YkpauHe, rae B 2021 r. mpowm3olliaa BCHbIII-
Ka moauomuenuTa, BbizBaHHas UlIIBBIT Ttuna 2.
DTOT TMOJUOBUPYC UW3HAYaJbHO CGHOPMUPO-
BaHHbIA B [IlakucraHe, 3aTeM OBbIJT BbISIBICH
B Tamxukucrane. B 2021 r. ulIBBII2 BrI3Bag mna-
PATUTUICCKUI TTOJTUOMUEITINT Y ABYX YKPAMHCKUX
neTeil U Obll OOHapykeH y 19 KOHTaKTHBIX JMII.

KaMmmanuss To TomuMImiaronieili WMMYHU3aIuu
JeTeil oT 6 MecsleB 10 6 JIeT U yCUJICHUEe Haja3opa
3a TTOJIMOMHUEIIUTOM KYIIUPOBAJIM 3Ty CHUTYAIMIO.
TTocne nekadbps 2021 r. ITBBII2 He Obliu neTeKTU-
poBaHBbI B cTpaHe, U B ceHTsA0pe 2023 1. BO3 opu-
LIMaJIbHO O0BbsIBMJIa 00 OKOHYaHUM BCIBIIIKU I10-
avoMuenuTa B YKpauHe. B cBsI3U ¢ yBeJIMUEeHUEM
MOTOKa TIepecesICHICB U3 YKpaWHBI B CYOBEKTHI
P® Obl1 ycuiieH KOHTPOJB 3a ITPUOBIBAIOIINMU
B Poccuto netbmu.

BaxHo, 4To B pasHbIX cyobekTtax PdD mo-
pa3HOMY CKJIAJBIBaeTCS SIIUAeMHUYCCcKas CHUTya-
oS ¢ THPEKIUSIMU, B TOM YHCJIE C TTOJTUOMUEIIH -
ToMm. B CeBepokaBka3ckoM (enepalbHOM OKpYyre
(CK®O) snuaeMuyeckasi CUTyalldsl IO IIOJMO-
MUEIUTY OCJIOXHEHa, MO3TOMY IIPpUOBIBAOIINE
n3 CK®O 310poBbIe 1eTH TaKKe TojAjexkaT oociie-
JIOBAaHUW IO Ha MOJIUOBUPYCHI.

Poccuiickast ceTh TOJIMOMUETUTHBIX JJabopaTo-
puii, KoTopasi BxoguT B [J100anbHYy0O JadbopaTtop-
Hylo ceTb BO3 mo aumarHocTuke MoauoMuenTa,
OCYIIECTBJISIET KOHTPOJb HUPKYISIUNA TTOJTUOBU-
PYCOB Cpeau HaceJeHU S — B TOM YMCJIE BUPYCOJIO-
TUYECKHUI Haa30p 3a NCTbMHU, IIPUOBIBIIUMU B PD
M3 HeOJIaTOITOIYYHBIX 10 TIOJTMOMUCITIUTY TEPPUTO-
puii [3, 4]. PeruoHaJbHBIN LIEHTP MUIEMUOJIOTU-
yeckoro Haazopa 3a noaunomueautrom u OBIT (CITo
PII) paboTtaet ¢ 1998 . OH KypupyeT 14 cy0OBbeKTOB
PO (11 teppurtopuit CeBepo-3amamgHoro deme-
paJibHOTO OKpyTra u 3 Tepputopuu LleHTpasbHOTO
u [1IprBOJIZKCKOTO OKPYTOB).

Matepuanbl 1 MeToOb!

B CII6 PIL wuccnenyioTcs mpoObl ¢ekaauii
OT 310POBBIX JAETEi B Bo3pacTe A0 5 JeT U3 ceMeit
MUTPAHTOB, KOUYIOLIUX TPYIIT HACEJIEHUS, MpU-
OBIBIIMX M3 9HJAEMUYHBIX WU HEOJIAromoaydHbIX
Mo MOJIMOMUEIUTY CTpaH u TeppuTopuii [7]. 3a ne-
cartuiaetHuii epuon (2014—2023 rr.) 6pLI0 MCCIIe-
noBaHoO 3333 IpoOHI.

Jns o6paboTKu (pekaabHOro Marepuaga U Bbl-
JieJICHU s TOJTMOBUPYCOB COIJIaCHO PEKOMEH AU sIM
BO3 [6] ucnionb3oBaiu cepTUhULIMPOBAHHBIC IIEpe-
BUBaeMbIe KyJIbTYpBI KJIeTOK yenoBeka RD, HEp-2
v auHuo L20B u3 L-KJIeTOK MBIIIU ¢ BEKTOPHBIM
reHOM, OOecleyMBalIIUM 3KCIPECCUIo  CIIell-
nGUUIHOro pelernTopa K nojuoBupycy. Hns Kyiab-
TUBUPOBAHUS KJCTOK WCIIOJIb30BaJIN PaCTBOPHI,
nutateabHble cpenbl ([MTan®ko, Poccust) u nHak-
TUBUPOBaHHYIO (eTanbHyl0 CchIBOPOTKY (Thermo
Fisher Scientific, bpasunus). I1pu iuTonaroreHHOM
addexTe Ha KyasType L20B monmmoBupyc naeHTH-
dbunmupoBaau B peakKliuyi HEWTpaIU3alluu co CIell-
UOUIECKUMU TUarHOCTUYECKMMHU CHIBOPOTKAMU
(ODHLUMPUIT um. M.I1. YymakoBa PAH, Poccus).

B 2021—2022 rr. nast onpeneneHust HaIU4us BUA-
pyccrienuduueckoit PHK nng wactu mpo6 napaii-
nenbHO nipuMeHsiyii Mmeton OT-TTLP B pexxume pe-
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aJbHOT'0 BPEMEH U C UCTIOJIb30BAaHNEM IMAarHOCTHUYE -
ckoii tect-cuctembl «AMInCernc®Enterovirus-FL»
(®BYH HHHWW 3Snupemumosiorum Pocnorped-
Hajazopa, Poccust) cormacHo MHCTPYKLMU ITPOU3BO-
nutens. s Beiaenenust BupycHoii PHK ucnonb-
3oBajicsi Habop «PUBO-IIpen» (®PBYH ILHHUU
Onuaemuonorun PocnoTpedbHanzopa, Poccus).
st onipenesieHu s MpUHAIJIEKHOCTH TTIOJIMOBHpYca
K BaKIIMHHOMY IIITAMMY METOJIOM BHYTPUTHUIIOBOM
nuddepenuuanu (BTH) [13] uzonsat Hampaasiiv
B HaltmoHanbHy0 1abopaTopuio.

PeaynbraThl

BbiaeneHue NosIMOBUPYCOB OT AeTei, NpUObIBLLNX
13 He61aronoy4HbIX NO NOJIMOMMNENUTY PErTMOHOB

Ha Teppurtopuu permoHajabHOTO IICHTPA Iper-
MYIIECTBEHHO TIPUE3XaloT IETHU TPYIAOBHIX MU-
rpaaToB u3 crpadH CHI. Cpenn mereii, mmomiesxka-
mux oOcienoBaHUIO, OOJIbllIe BCEro OBLIO AeTeit
n3 Pecriyonmuku Tamxukucran (56,5%). Takxe
obcienoBaHbl Aetu U3 Pecnybinuku Y36ekucraH
(6,2%), Yxpaunsl (5,8%) u apyrue aetu (tadsu. 1).
Cpenn obcnenoBaHHBIX 63 peOeHKa MPUOBIIN HE 13
cTtpaH — yyactHukoB CHI nnu y Hux B Harrpasiie-
HUU He OblJla yKa3zaHa cTpaHa NpuoObITUs. Takxke
ObIJTN 00cienoBaHbl 1eTH — pe3naeHThl CKDO, ko-
TOpbIe cocTaBUIu 22,2% OT BCeX 00C/IeI0BAHHBIX.

B pesyibraTe BUPYCOIOTMUYECKOTO KCCISIOBA-
HUS OBLJIO BBIACIICHO 55 MOJMOBHUPYCOB (TaOJI. 2),
41O cocTtaBuiio 1,7% oT 00l111ero KoaudecTna mIpoo.
Boee Bcero ObITI0 BRIACIEHO TOJTMOBUPYCOB TUIIOB
1 mn 3, menee Bcero — I1B tTumna 2. Bce monmoBUpyCHI
no pesyabratraM BT oTHOCUJINCH K BaKIIUHHBIM
ImTaMMaM, B TOM 4ucjie mraMMbl [1B tuma 2.

B 2014—2020 rr. moJIMOBUPYCHI ObLIIU BbIACJICHBI
B €IMHUYHBIX caydasx. Ob6clienoBaJuch IMpeumy-
IIIECTBEHHO JE€TU, POAUTEIN KOTOPhIX OOpaliaaiuch
B MEIUIIMHCKHE YUYPEXKAECHMUS 3a OKa3aHUEM II0-
MOIIU, TUOO AJISI TTOJYYEHUSI CIIPAaBKU O BO3MOX-
HOCTHM TlocellaTh AeTCKUe KosieKTuBbl. B 2021 T.
u3 1176 npo6 1018 npo6 (86,6%) mosydeHo OT Je-
Teit u3 TagkuKucTtaHa, U3 KOTOPBIX BbIaeIeHO 15
noauoBUpPYyCcOoB. OAUH U30JSAT MOJUOBUPYCA ObLI
BbIZIeJIeH OT pedeHka u3 arecrana. B 2022 r. B na-
o6oparopuu CII6 PLL 6b110 ucciaenoBaHo 890 mpoob
OT 3J0POBBIX AETEN, B KOTOPBIX ObLIO OOHapy:Ke-
Ho 28 (3,0%) nonuosBupycoB. OT nereil, MpuObLIB-
mux u3 Ykpaunsl, IHP, IHP 6b110 BeigeseHo 22
nonavoBupyca. Eme 9 moanoBupycoB OBLIO BbI-
neneHo ot aeteid u3 Pecmyonuku TamXuUKuCTaH.
TTosoBUpyChl ¢ PNUAEMUYECKUM TOTEHIIMAJIOM
(«nukue», [IBBIT) Bolae1eHbI HE ObLIM.

ITponopiiisi TIOJMOBUPYCOB pa3HBIX THIIOB
cpeau BUPYCOB, BEIICICHHBIX OT neteil n3 CK®DO,
TamxukncTaHa, YKpauHbl, a TakKKe IPYyTUX CTpaH
CHTI mnpencraBieHa Ha puUCyHKe. B oTHouleHuu
K KOJIMYECTBY MCCJIEIOBAHHBIX MPOO TMOJUOBUPY-
ChbI Yallle BBIAEJISIJIMCh OT AeTeil u3 YkpauHsbl (9,4%)
n Tagxukucrtana (1,5%). ToapKo OT MPUOBIBIINX
u3 TamXuMKUCTaHa BBIACISIN MOJIUMOBUPYCHI BCEX
Tpex Tumnos. [1B Tumna 2 6b11 TaKXe BbIAEJIEH OT pe-
oenka u3z Kupruszuu (2014 r.) 1o mpekpalieHUs
BaklMHauus TpexBajeHTHoi OIIB. U3 55 nereii-
BbIAEJUTENIEN TOJTMOBUPYCOB TOJAbKO 3 pebeHKa
obu1u npuBUTHI OIIB MeHee Mecsiia Ha3zan, 8 netei
npuBuThl OIIB MeHee nByX MecslieB Hazal, Tpoe
ObLIM TPUBUTHI MeHee Mecsilia Ha3ad, TUIl BakK-
LIMHBbI HEU3BECTEH. Y 12 neTeil ¢ MOMeHTa BaKIllU-
Hauuu OIlB mpolio oT ABYX MeEcCsSLEB A0 LIECTU

Ta6nuua 1. Feorpadusa npubbiTUS BeTeir, o6cnegoBaHHbix B CM6 PL, 2014-2023 rr.
Table 1. Geography of arrival of examined children, 2014-2023

Crpana/Tepputopus | 4.1 | 5015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |BSe™®| o
Country/Region Total
CK®0 20 | 19 | 30 | 14 | 10 | 170 | 108 | 116 | 149 | 103 | 739 | 222

Northern Caucasus

Tapokukucran 25 23 | 32 21 18 14 9 | 1018 | 593 | 129 | 1882 | 56,5
Tajikistan

YsGexmcran 31 28 | 28 | 26 1 15 3 13 | 25 | 26 | 206 | 62
Uzbekistan

YkpauHa 5 8 45 | 11 6 4 1 11 98 3 | 192 | 58
Ukraine

Kupru3us 4 7 20 15 6 1 5 8 12 | 22 | 10 | 33
Kyrgyzstan

KasaxcTtaH

P 9 4 6 3 3 5 0 7 4 4 45 | 13
Asepbaitpxan 4 2 5 6 1 4 2 0 0 3 37 | 14
Azerbaijan

Apmerus 0 1 4 0 2 3 0 0 6 3 19 | o5
Armenia

Apyrue 8 | 27 | 24 | 12| 4 | 13| s 3 3 3 | 103 | 31
Others
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TaGnuua 2. PesynbTrathbl 00CcNef0BaHNS AeTel U3 CEME MUIPaHTOB Ha NonnoBupychbl (PV)
Table 2. Results of poliovirus detection of migrant children

lop, Yucno o6cnepnoBaHHbIX MonoxuTenbHbie Ha MB npo6kI (a6c¢./%) Tunel BoigeneHHbix MNB
Year Number of examined children Positive samples (number/%) Types of polioviruses
2014 106 4/3,8% PV2, 2PV3, PV1+PV3
2015 119 1/0,8% PV3

2016 194 0 -

2017 108 0 -

2018 71 1/1,4% PV1+PV3

2019 239 3/1,3% 3PV1

2020 134 2/1,5% 2PV3

2021 1176 16/1,4% 3PV1, 5PV2, 5PV3, 3 PV1+PV3
2022 890 27/3,0% 11PV1, 11PV3, 5 PV1+PV3
2023 296 1/0,3% PV3
BT‘;‘:;" 3333 55 (1,7%) 17PV1, 6PV2, 22PV3, 10 PV1+PV3

Jet. YeTBepo AeTeit He ObLIM MPUBUTHI, 25 HE UMe-
JIU CBEAEHUI O BaKIIMHALMU. B yeTbIpex ciayydasix
ObLJIY BblAeaeHbl cMecu roarnoBupycoB (ITB1+I1B3)
y nOeTel, NMPUBUTHIX OPAJbHOW MOJUOBUPYCHOM
BaKIIMHOW MeHee NBYX MecslleB Ha3ad, B OMHOM
ciaydyae — y HEMpuBUTOro pedbeHka us YeueHckoit
Pecny6auku, B Tpex ciiydasix — y aeTeil 6e3 JaH-
HbIX O BaKIIMHAUMU U3 TagXXUKHUCTaHA U B ABYX —
y IeTei 6e3 cBeleH i 0 BaKIIMHALIMU U3 YKPAUHBI,
JIHP, AHP.

B 2021 r. y matu gereil u3 TagxukucraHa, oo-
ciegoBaHHbix B CII6 PLI, O6buin oOHapyXKeHbI
mwramMmbl HOTIB2. Bcero Ha TeppuUTOpMsIX LIEH-
Tpa 6bL10 BbAeaeHo 11 mrammoB HOIIB2 (yuteHo
TOJILKO TIEPBUYHOE BBIJICJIEHUE), U3 KOTOPBIX MATh
6b110 BoiaeaeHo B CI16 PLI, 6 HOIIB2, oGHapykKeH-
Hbix nyteMm [IL[P maGopaTtopusiMmu TeppuUTOpuUiA,
ObliM oTnpasjieHbl B HauuoHanbHylo Jabopa-
Topuio. JlecATh U3 3TUX JeTel ObLIU MOJTHOCTBIO
UJIM YaCTUYHO BAaKIIMHUPOBAHBI MPOTUB IOJUO-
MUEJINTA, OMWH HE UMEJ CBEJCHUI O MPUBUBKAX.
N3 11 pereid numb msATepo ObUIM OMUIIMATBHO
BAKLIMHUPOBAHbl HOBOW OpajbHOU MOJUOBUPYC-
Ho#t BakuuHOW. OT BaKLMHALMU A0 3a0opa Npood
npoiyio 45—98 nHeit. OcTajbHble A€TU, BEPOSITHO,
UHGUIMPOBAHBI BAKIIUHHBIM IIITAMMOM MPU KOH-
TaKTe C HEJaBHO MPUBUTBHIMU, JIUOO UX POAUTETU
He coolmwman o dhakTe BaKIIMHALIMU. Y pedeHKa
11 mec. uz Cankr-Iletepoypra mtamm HOITB2 6611
BBIJIEJIEH ABaXKAbl, MPOObI OTOOpaHbl C WHTEpPBa-
JioM B Mecsiil. Yepes 6 nHelt mociie oT6opa BTOPOit
npoObl pedeHOK BbIOBbLI B TagXUKUCTaH. Y peOeH-
Ka u3 JleHuHrpaiackoin ob6sactu mramMm HOITB2
BBIICISIIU TPUXKIBI B TeueHue 14 mHeir n1o mosy-
YyeHUs OoTpulaTeabHOTO pedyabrata. [Ipu moBTOp-
HbIX 32a00pax NpoO y OCTaJIbHBIX HOCUTEJIEH 1ITaM-
ma HOIIB2 pesynbraThl ObUIU OTPULIATETBHBIMU.
I[TpoGbl oTOMpanu TakXke y YJIEHOB CEMEN, Mpo-
XKUBAKOIIMX COBMECTHO C J€ThbMU-BBIICTUTETSIMU,
mwtamMMbl [1B Tumna 2 He Ob1JIM HaliIEHBI HA B OMHOM
ciayuJae.

AHanus BakuMHanbHOro cTatyca petei,
I1pVI6bIBI.LIVIX n3 He6narononyq|-|b|x
no nosimoMmuenntTy permoHoe

st BBIpabOTKHU 3alllMTHOIO UMMYHMTETA K IO~
JIMOBUPYCAM HEOOXOAUMO ITOJIYYUTh HE MEHEe Tpex
J103 IMOJIMOBUPYCHOM BaKIIMHBI (IIEPBUYHBIN ITUKJI
BakuMHauuu B 3, 4,5 n 6 mecsauen). Cpean obcie-
JIOBAHHBIX JIeTei U3 HeOJIAromoJIyYHbIX 10 ITOJIMO0-
MUEIUTY TEPPUTOPUIA, TOJIBKO 42,5% neteit ObLIN
MMMYHU3UPOBAHBI TpeMs U OoJiee J03aMU MHOJIM-
oBupycHoii BakuuHbl (MI1B unu OIIB) (ta6a. 3).
12,1% neteii OJIYyYUIU OJHY WJIY IBE J03bI BAKII M-
HBI, TO €CTh OBLIM MPUBUTHI HE MOJTHOCTHIO. bosee
Tpetu Aeteit (36,8%) He UMeIM CBEICHUIT O BaKI1I -
HallMu, TaK1e JeTU MOoAjIekaT BAKIIMHAILIMU I10 OT-
€UECTBEHHOMY KaJleHJIapio IIPMBMBOK, HayMHas
C IMEPBOM M03bl MHAKTMBUPOBAHHOM ITOJIMOBUPYC-
HOM BakKIMHBL. JleTu, He IPUBUTHIC 110 Pa3HbIM
NpUYMHAM, B TOM YUCJIE B CBS3M MEIUIITMHCKUMU

30
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—

iim

CK®O TapgxukucTau YkpanHa CHI
Northern Tajikistan Ukraine CIS
Caucasus

|:| PV1 . PVv2 . PV3 |:| PV1+3

PucyHok. Tunbl nosIMOBUPYCOB, BbliAENE€HHbIX

OT AeTei, NpUObLIBLUMX U3 HeONaronoy4YHbIX
Tepputopuii, 2014-2023 rr.

Figure. Poliovirus types, isolated from migrant children,
2014-2023
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Ta6auua 3. BakuyHanbHbIii cTaTyc AeTei, NpUObIBLUMX U3 He61aronosy4yHbIX Mo NOJIMOMUENUTY
TeppuTtopuii, o6cnepoBaHHbix B CM6 PL, 2014-2023 rr.
Table 3. Vaccination status of migrant children, examined in Subnational polio laboratory, 2014-2023

Mpu6bIBLIKMX U3 CKDO MpuObIBLUMX U3 BPYTUX B
. cero
B . . Children from Northern CTpaH Total
aK""""a"",""'." cratyc neren Caucasus Children from other countries
Vaccination status = = =
Yucno perten % Yucno peten % Yucno peten %
Number of children Number of children Number of children

HeT paHHbIX 0 BaKUMHauum
Without data about vaccination 204 27,6 1024 395 1228 368
Meguu,uucxuu ‘.’TBOA 33 4,5 1 0,0 34 1,0
Medical exemption
He npuaur 98 13,3 122 47 220 6,6
Unvaccinated
OTkas ot BaKLlMH'aLWI.VI 39 43 0 0 39 10
Refuse from vaccination
Menee 3 a03 BakumHbl 179 24,3 293 8,6 402 12,1
< 3 dose of polio vaccine
3vGonee Aos Bakumkbl 192 26,0 1225 47,2 1417 42,5
3 and more dose of polio vaccine
Beero 738 100% 2505 100% 3333 100%
Total

OoTBOJaMU (4acTO He 0OOOCHOBAHHBIMU) UJIU C OT-
Ka3aMM OT IIPUBUBOK CO CTOPOHBI POAMTENICi, CO-
craBuiu 8,6% ot Bcex Aereit. Takum o6paszom, Kak
HEMPUBUTHIX CIeAyeT pacleHuBaTh 45,4% nerei,
OPUOBIBIINX U3 HEOJIATOIMOJIYYHBIX IO TTOJIMOMUE -
JIATY CTPaH U TEPPUTOPUIA.

CrenyeT oOpaTUTh BHUMaHHWE Ha 3HAYUTEIbHBIC
MNPOLEHTHI AeTe U3 00EUX KaTeropuil, NpuObIBLLINX
Ha tepputopuu CII6 PLI, 6e3 cepTudukaroB Bak-
uuHauuu (27,6% un 39,5%). I1pu 3TOM GOJIBLIMHCTBO
nereit 3 CK®O mpuesxanu Oias1 KOHCYIbTAallUU
M JICYCHUsSI B cCOMaTUYeCKHEe CTallMoHaphl. B aToit
KaTeTopuu NeTell TakKxKe OTMEYSCHBI MEIUIIMHCKIE

orBoAabl (4,5%) n orkasbl oT BakuuHauuu (4,3%).
Kpowme Toro, Hemano geteii, UMEIOIINX MEHee Tpex
JI03 MOJIMOBUPYCHBIX BaKIIMH, ObLIN cTapiie 12 me-
caueB. CinenoBaTeIbHO, IETH U3 00€MX KaTeTOpUiA
OTHOCSITCS K TPyNIe Cepbe3HOTO prUCKa B OTHOIIIE-
HUM ITOJIMOMUEIINTA, ¥ 32 HUMHU HEOOXOIMM ITOCTO-
SHHBII Hana3op. Cpeau cTpaH, U3 KOTOPBIX Ha Tep-
putopuu P@® mipubbIBanu neTu, o0cob0e BHUMaHUE
ObL10 0OpaieHo Ha Pecny6iuky TagxxukucraH, no-
CKOJIBKY TaM B pa3HbI¢ TOAbI Obla 3apuKCcCUpoBaHa
HUPKYJISIIUS «ITUKUX» TToanoBupycoB u nI1BBIT2.
NmenHo u3 3T0it cTpaHbl B P® 1mpubObIiIo 60JIb-
IIUHCTBO AeTe, MoAIeKaIInX 00CIeI0BaHIIO.

Ta6auua 4. MpoueHT nuL, cepoHeraTUBHbIX K NOIMOBMPYCaM, CPeau XXUTeNei U MUrpaHToOB Ha OAHOM

u3 Tepputopuii Poccuiickon ®epepauum

Table 4. Percentage of persons seronegative for polioviruses among resident and migrant children in one

of the territory of Russia

. . MpoueHT cepoHeraTMBHbLIX K NOIMOBUPYCAM
KaTeropusa o6cnenoBaHHbIX AeTei Yucno peteit o . S
Examined children groups Number of children % of seronegative for polioviruses
group PVi_| PV2 | PV3 |PVI+PV2+PV3/PVI+PV3
2006-2010 rr. (sakuuHauus TOMB)
2006-2010 years (tOPV vaccination)
Aletw ~ peaunentel Tepputopn 1012 2,004 | 15:04 | 6,007 0,4:0,2
Resident children
Aetu us cemedt murparTos 169 20,1230 | 18,731 | 25,433 12,4£2,6
Migrant children
2017-2022 rr. (BakuuHauumsa 60MB)
2017-2022 years (bOPV vaccination)
IJ.eT.M - pesyn.qeum TeppuTopumn 177 2.340,3 n/a 56406 15+0,3
Resident children
[J,gm ns cgmeu MUrpPaHToB 106 17132 n/a 293436 11,3+3.0
Migrant children
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B KanuHuHTrpaackoir obsacTu Ha MOPOTIKe-
HUMU psifia JIET MMPOBOAUIMU COOP MaHHBIX O HAMpsI-
XKEHHOCTU UMMYHHTETA K ITOJIMOBUPYCAM Y ICTCH,
npoxmpawinux B KammHWHrpamckoil o061acTu,
Wy TPUOBIBIINX TyJa M3 HeOJIaTOIOJIYYHBIX ITO TT0-
JUOMUETUTY TEPPUTOPUTL O3 CBEASHU I O MPHUBUB-
kax. McciaenoBaHue ChIBOPOTOK KPOBU BBHITIOJIHE-
HO COTPYOHUKAMU BHPYCOJOTUYIECKON J1aboparTo-
pun ®BY3 lleHTpa rUTrUEeHBl U SMUIAEMUOJOTUN
B KanuHuHrpaackoit odsactu. JlaHHble MO cpaB-
HEHUIO HANpSI>KCHHOCTU MMMYHHUTETa K IIOJIHO-
BUpycaM y JeTell pasHbIx Kareropuit B 2006—2010
un 2017—2022 rr. npuBeneHbI B Ta0JI. 4.

IMonmydyeHHBIE pe3yibTaThl MOKAa3bIBAIOT, YTO
MPOLIEHT CEPOHEraTUBHBIX K IMOJMOBUPYCAM pas3-
HBIX THUIIOB CHIBOPOTOK KPOBH y NETeil, ITPUOBIB-
mux B P® 13 HEeOGIATOIMONIYYHBIX MO TTOJINOMHUEC-
muty ctpaH (Tamxukucran) kak B 2006—2010, Tak
n B 2017—2022 rr., 3HAYUTEJIBHO MPEBbIIIAT TTPO-
EeHT CEpOHETaTUBHBIX K MOJIMOBHPYCaM CHIBOPO-
TOK JeTeit — pe3naeHToB KalmHWHTpaacKoit 06-
nactu. B2006—2010 rr. pasHuLia MEXY JOJISIMU Ce-
poHeraTuBHBIX K TpeM nojinosupycam (I1B1, T1B2
u [1B3) chIBOpOTOK y meTeil IByX KaTeropuii cocra-
Buia 10, 12,5 u 4,2 pasa cooTrBeTcTBeHHO. B 2017—
2022 rr. 10J11 cCepOHEeraTuBHBIX K JIBYyM MOJIMOBUPY-
cam (T1B1 u I1B3) cbIBOpOTOK Yy NpUOBIBIIUX AeTel
ObITM B 7,4 1 B 5,2 pa3a BbILIIE IO CpaBHEHUIO C AeTh-
MH-pe3nAeHTAMHU. AHAJOTUYHAasl CHUTyallds Obliia
3a(UKcMpoBaHA B OTHOIICHUH IIPOIIEHTOB TPUXKIBI
WU ABaXJbl CEPOHEraTUBHBLIX K IMOJMOBUPYCAM
ChIBOPOTOK KPOBM A€TE€l M3 ceMeil NpUObIBLIMX
u geteili — pe3uaeHToB KanmHuHrpaackoi ooJia-
ctu (B 2006—2010 rr. — B 30 pa3s, B 2017—2022 rr. —
B 7,5 pa3za).

O6cyxaeHne

PacnipocTtpaHeHue TpyAOBBIMM MHUTPaHTaMMU
BO30ynuTesiel MHPEKIIMOHHBIX 3a00JIeBAHUI SIB-
JIsIeTCSI OMHUM M3 COBPEMEHHBIX BBI30BOB CHCTEME
3apaBooxpaHeHUsi. OQHAKO B Hay4yHOW JUTepa-
Type BCTpedaeTcs] He TaK MHOI'0 HCCJIeNOBaHUM,
MOCBSIIEHHBIX IIpo0OJieMe HOCUTEIbCTBA I1ATO-
TeHHBIX MHUKPOOPraHU3MOB CpeIud MHOCTPaHHBIX
rpaxjaaH, MpUOBIBAOIIMX B Hamy ctpany [1, 2].
MeaunuHckoe obcenoBaHUEe MPOXOASIT B OCHOB-
HOM rpax/JiaHe, ycTpauBaloluecs Ha paboty. XoTs
YJICHBI MX CeMeil, B TOM YHCJIe OeTU, TaKXKe MOTYT
SABJSATBCSI HOCUTESIMU BO30ynuTeseid MH@eKIIu-
OHHBIX 3a007eBaHUli. B nmpeabiayiiemM ucciegona-
Huu CI16 PLI Ob11M MOKa3aHbI pa3nyus B CIIEKTPE
HEMOJMOMUEIUTHBIX SHTEPOBUPYCOB, BBIICICH-
HBIX OT JAeTeil, MPUOBIBIINX U3 HEOJIATOIIOIYYHBIX
MO MOJIMOMUETUTY TEPPUTOPUIL, U NEeTeil, TTOCTO-
STHHO MPOXKMBaKOIINX Ha Tepputopusix PO [4].

B monynsuuu, toe mas BaKIMHAIIAM IIPOTHUB
MOJIVOMUEIUTA UCHONb3yeTCs OpajibHas MOJIUO-
BUPYCHAasl BaKIllMHaA, 3aKOHOMEPHO OOHapyxXeHue

BaKIIMHHBIX MOJMOBUPYCOB Y JIeTel, HeTaBHO TTPU-
ButThix OIIB. B ctpanax CHI gnsg mMMyHU3auuu
akTUBHO ucrionb3yeTcsa OIIB, mosToMy MOIMOBU-
PYCHI Y IPUOBIBIINX M3 HEOJArOIOJIYIHBIX IO IO~
JUOMMUENIUTY TEPPUTOPUIA JieTelt pa3HbIX BO3PACTOB
BBIACISIIOT peryasipHo. OObIYHO 9KCKpELUsl MOJIUO0-
BUpYyca ¢ heKaausIMHU IPOIaoIKaeTcsl He Oojiee TBYX
MECSIIEB TTOC/Ie BAKIIMHALINY B 3aBUCIMOCTH OT KO-
naunyecTtBa noaydyeHHbIX 103 UIIB u OIIB [17]. Kak
MoKa3aJio Hallle MccliefoBaHue, BAKIIMHHBIE OO~
BUPYCHI OOHAPYKMBAIOTCSI HE TOJIBKO Y IeTei, TIpu-
BUTBIX OPAJIbHOM BAKIIMHOUW B MOCJEIHUE 1BA Me-
csla, HO U y AeTelt, BakiimHUpoBaHHBIX OI1B 3Ha-
YUTEJbHO pPaHblile, a TaKXe y HEIPUBUTHIX IETEM.
BDTO CBUALTEIBCTBYET O IIIMPOKOU MUPKYJISIIUU IO~
JIMOBHPYCOB Cpemy HaCEJICHUS HeOJIarOoImoTyIHBIX
Mo TOJUOMMENIUTY TeppUuTopuii. s cpaBHeHUS,
y JeTelt C SHTEPOBUPYCHOMN MHPEKIIUEH, TOCTOSIHHO
npoxupapiiux B P, kotopble ObLIM 00OCIeIOBA-
HBI Ha DHTEPOBUPYCHI 3a aHAJIOTUIHBIN IPOMEXKY-
TOK BpPEMEHM, TTOJTUOBUPYCHI B CPEIHEM BbIIACISIINU
B 0,2% mnpo0 (maHHBbIE TOKYMEHTAIlMU JJIsl TIOM-
TBEPXKJICHUS CBOOOIHOIO OT MOJIUOMUEINTA CTaTy-
ca cyobekToB, KypupyeMmbix CI16 PLI, He omy0mko-
BaHO). Kpome Toro, Heo6X0aAMMO yUUTHIBAaTh pa3Jivi-
q1sI B HALIMOHAJIbHBIX KaJIeHIapsiX TpuBUBOK. B PD
COBpeMEHHasl MocJenoBaTebHasl CcXeMa BaKIIU-
HaIlMM TIPOTUB MOJMOMUEINTA BKJIIOYACT YCTHIPE
HauajabHble 1036l MTIB 1 nBe mocienyouiye a103bl
O00OI1B. B ctpanax CHI cxembl BakKIIMHALIUU MTPEI-
yCMaTpUBaloOT He MeHee ogHoil mo3bl MIIB, 3aTem
JeTH TToTydaloT pasHoe uyncio 1o3 OIB. Hanpuwmep,
B Pecnybsvike TaaXUKUCTaAH A€TU JOJKHBI TOJY-
4UTh nocje ogHoit no3sl MITB eme Tpu no3et 60OITB.
IIpu npoBenenun HanyoHandbHBIX JHEM UMMYHU-
3alliM WM TIOOYMINAIONIE MMMYHHU3allUM OXBaT
BakuHauuein OINB Bo3pacTaeT, u He y Bcex aeTelt
B MEIUILIMHCKOW MCTOPUU COXPAHSIIOTCSI CBEIEHMS
0 KOJIMYECTBE MOJYUYEHHBIX 103 KMBOM MOJUOMUE-
JIUTHOU BaKIMHBI. KOHTaKT HEBaKIIMHUPOBAHHOTO
pebeHKa, HallpuMep, B IETCKOM KOJUICKTUBE, C K-
BbIM TTOJIMOBUPYCOM OIACEeH T€M, UTO MOXET IMpU-
BECTM K pPa3BUTUIO BaKIIMHOACCOLMUPOBAHHOIO
napaJJMTUYECKOro nojiuomuenura [5].

Bpemst nmupKyasSOouu ITOJIHOBUPYCOB Cpean Ha-
CEJIeHUSI 3aBUCUT OT COCTOSIHUSI KOJIJIEKTUBHOTIO
UMMYHUTETa K TIOJUMOMUEIUTY, HOPMUPYEMOIro
BakluuHaiueit. Ilo manHeiM PocmnoTpebHan3opa,
B cyobekTax P®D oxBar BakmmHanueid U peBaKIIv-
Halyell MpOTUB TOJUOMUENINUTA 3a JNEeCITUICTHUN
Mepuo, Kak MpaBujio, ObLI Bbilie 95%. B otrneb-
HBIX paiioHax C MajblM YMUCIOM MOETEH, IIe 3TOT
noKas3aTedb MOT OBITh HUKE, IIPOBOAWIN TIOMUM-
mamiyo HWMMyHU3anuio. B HebJsaronoayyHbix
no TIOJIMOMMENIMTY CTpaHaX oOXBaT BaKLMHaluel
B OTICJbHBIC TOMABI CYIIECTBEHHO CHUMXKAJCS M ObLIT
3HAYUTEbHO HUXe 95%, HeoOXOOUMBbIX AJst (pop-
MUPOBAHUSI YCTOMUYMBOIO KOJJEKTUBHOTO MMMY-
HuTeTa. Tak, HA MOMEHT BCHOBILIKY B OKTsI0pe 2021 1.
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B YKpanHe oXBaT TpeMs JI03aMU BaKIIMHBI IPOTUB
MOJIMOMMENINTA COCTAaBIA TUIb 34,5% [18]. Takum
0o0pa3oM, B CTpaHE CO3MAJIMCh ITOAXOMSIINE YCIIO-
BUS IJIST JJTUTSIIBHOM TPAHCMUCCHU Y TTOJIMOBUPYCOB.

B 2021 r. maTepuan ot aeteid u3 TagXKuKuUcTaHa
B CIIb PLI mocrynun ¢ 11 u3 14 Tepputopuii LieH-
Tpa. CorjlacHo HOBOMY aJrOpUTMYy, HPUOBIBIINE
¢ 1 uroHsa no 31 aBrycra o6cienoBaiinch B ®PbBY3
LleHTpax TUTUEHBI W SMUAEMUOJOTUN TEPPUTOPUIA,
B J1I000€ Apyroe BpeMsi — B JIaOOpPaTOpUSIX PEeruo-
HaJbHBIX LeHTpoB. B ®dBY3 lleHTpax rUrueHbI
W SIIUIEMHUOJIOTUN TSPPUTOPUA M B JTaOOpaTOpUU
CII6 PLI cymmapHO ObUIO ucciaeaoBaHo 1815 mpob
OT 3I0pOBbIX AeTeit u3 TamkuKucraHa, ObIJI0 OOHA-
pyXeHo 11 MOAMOBUPYCOB TUIA 2, MO pe3yJibraTaM
BT/l npuHanmimexamuXx K BakKLUMHHBIM IlITAMMaM
HOIIB2. B nByx ciyuyasgx mocienytoiiue 3abopbl
npobd TakXXe JdaBajud MOJOXMTEJIbHbIN pe3ysbTar.
B HeKoTOpbIX cllydasix TIOBTOPHBII 3a00p MPOMCXO-
VI 0oJiee 9YeM depe3 MeCSII IToCe TIepBOHAYaIbHO-
ro, MO3TOMY He MPeNCTaBISI0Ch BO3MOXKXHBIM MOJY-
YUTH IOCTOBEPHBIC TaHHBIC O JJIMTEIBHOCTU BBIIC-
nenus mramma HOIB2 neTbMu, BAKIIMHUPOBAHHBI-
MU HOBOM MOJIMOBUPYCHOM BaKLIMHOI. TemM He MeHee
MOJyYeHHEBIC TaHHBIC CBUACTEIILCTBYIOT O TOM, UTO
BakunMHUpoBaHHble HOITB2 crnocoOGHBI JJIUTETbHO
BBIICSATh KU3HECIOCOOHBIE MOJIUOBUPYCHI, KOTO-
pBIe MOT'YT IIepeaaBaThbCsl APYTUM JIALIAM TIPU OJIN3-
KIX KOHTaKTax. HaGmomeHusIMI 3a MUPKYISIIUCH
mtammoB HOITB2 B cTpaHax, rjie aKkTUBHO IMTPOBOIST
KaMIaHUU BaKMHAILIMU HOBOM OpAJIbHOW BaKIIM-
HOI, mokKa3aHo, 4yTo y mrramMMoB HOITB2 Tak:ke BO3-
MOXEH BO3BpAaT HEMpOBUPYICHTHOCTH, XOTSI HAMHO-
ro pexe, yem y mrammoB CabuHa. B ¢Bs3u ¢ aTum
Haa30p 3a IETbMU U3 CTPaH, IIe IPUMEHSIEeTCs HOBast
opaJibHas nojinoBupycHas Bakiimaa HOIIB2, aBis-
eTcst 0O0OCHOBAHHBIM M HEOOXOIMMBIM.

B 2022 r. MHOro MOJMOBUPYCOB ObIJIO BbIJEE-
HO OT geTeii U3 YKpauHbl U HOBBIX POCCUMNCKUX
TePPUTOPpUI. DTO MOXHO OOBSICHUTL TEeM, UYTO
BBIHYXXJICHHBIC TIepeCeJICHIIBI KOHTAaKTHPOBAaJIN
C YKPamHCKUMU ICThbMU, UMCIOIIIUMHU pa3HbBII BaK-
LMHaJbHBIN cTaTyc. HepaBHO MpuBUTHIE OpajibHOMU
BaKIIMHOM €T MOIJIM MepeaaTh BaKIIMHHBIC IO-
JIMOBUPYCHI MO KOHTAKTY OPYyTUM meTsaMm. Kpowme
TOTO, B psiAe ciaydaeB 3a00p MaTepuasa 1Jis uccie-
JNIOBaHU S Y IeTell MPOUCXOIMJ MOCae BaKIIMHALIU Y
0OIIB, uTo sBiAsgeTCs TpyObIM HapylleHHEeM ali-
roputMa oOcCJIemoBaHMS OeTeit. B Takmx ciydasx
OBLJIM BBIIEJICHBI CMECH BAKIMHHBIX ITOJIMOBUPY-
COB TUTIOB 1 1 3, BXOJs1I1€ B COCTaB OpaJibHOM MO-
nuoBUpycHoM BakMHbI 00TTB.

AHann3 BaKIIMHAJILHOTO CTaTyca IeTe, IIPHUObIB-
X U3 HEOJIATr OOy IHBIX 10 TTOJITMOMUEITUTY CTPpaH
W TEPPUTOPUIA, TTOKA3aJT, YTO Y MHOTHX IETEH OTCYT-
CTBYIOT CBEIECHMSI O BaKIMHAIMHU. 3HAUUTEIbHOE
YUCJIO AeTei HEe MMEJIO IPUBUBOK WJIM OHMU OBLIHN
HE TTOJTHOCTBIO IIPUBUTEL. DTO B paBHOU Mepe OTHO-
CUTCS K JCTSIM 13 HeOJIaronoJyIHBIX IT0 TIOJTMOMHUE -

JuTy cyobekToB PD, Bxongmnx B CKPO, u K neTsam
M3 MHOCTPAHHBIX TOCYIapCTB C HEOJaronoay4JyHoun
[0 TIOJIMOMUENINTY cuTyalueil. JlaHHBIe cpaBHU-
TeJIbHOTO aHajn3a 2(@MeKTUBHOCTU BaKIMHALIUU
NPOTUB TIOJUOMUEIUTA JAeTeil U3 OAHOr0 CyObeK-
Ta P® n gereit, npuOBIBIINX Tyaa U3 Pecryoimkn
TamxuKkucTaH, CBUIETEIBCTBYIOT O CEPbEe3HBIX HE-
JMIOCTAaTKaX CUCTEMbl MMMYHU3aLIUU B 3TOM CTpaHe.

B cTpaHax ¢ XopoliMM OXBaTOM BaKIIMHAlIW-
eit, ucrrons3yromux MUIIB, ¢ 2016 r. He HaGOTAIN
BCOBIIICK, CBSI3aHHBIX C IIepeaayeit IoJIMoBUpyca
Tna 2 [15]. B Hacrogmee Bpemst BO3 obecrnokoe-
Ha pocToM uwuciaa ciydaeB BbisiBaeHUst ulTBBIT2
B AMepukaHCKOM U EBporeiickoM permoHax.
BrisBnena uupkynsuus [TBBI12 B ctpaHax, mpume-
Haromux Tonbko UIIB (CIIA, U3paunb, Benmko-
oputanus, ®Ppanuusi, Hunepnaunwel, epmanus).
DTOo mpexe BCero CBsI3aHO ¢ OTKa3aMM OT BaKIIU-
HallMM B HEKOTOPBIX PEJIUTMO3HBIX COOOIIEeCTBaX
M C MUTPAIlMOHHBIMU ITOTOKaMU. Takxke HaIo TTOM-
HUTb, YTO MPU UCTIOJIb30BaHUU ToabKo UTIB y Ha-
ceJieHUsI He (popMUPYETCSI MYKO3aJbHbIN (KHILIEeU-
HBII1) UMMYHUTET, TOTJa KaK IMPUMEHEHUE TOJIbKO
OIlB He maer oxXwumaemMoil cepokoHBepcuu [11].
I1pu 3aBO3¢e B CTpaHy X KU3HECTTOCOOHBIX ITOJIMOBUPY-
COB MOT'YT BO3HUKATh MpooOsieMbl, TockoabKy UITB
He TIpeaoTBpallacT HUPKYASILIUIO U TPAHCMUCCUIO
3aBe3eHHbIX [1B. B cTpaHax, UCTIONbB3YIOIIUX OOHY
no3y UT1B u 60BI1, HaGiionaeTcst CHUXEHUE YPOB-
H$ KaK MYKO03aJIbHOI'0, TaK U TYMOPaJbHOTO UMMY-
HUTETa K ToJIMoBUpYycy Tuta 2 [9, 22].

bin3ocTh cTpaH ¢ HUBKMM OXBaTOM BaKIIMHa-
Oyeit IpOTUB NOJMOMUEINTA U HETOCTATKAMHU CH-
CTeMbl CAHUMTApHOIr0 HajaA30pa SBseTcs (paKTOpoOM
puUCKa 3aHOCa MOJMOBUPYCOB, UMEIOIIUX SITUAEMMU -
yeckoe 3HaueHue. s PD 310 HEKOTOPBIE CTPaHbI
CHIT, npexnae Bcero Pecnybonuka TamxukucraH,
a Takxe YKpaunHa. AHaau3 MNPOLEHTOB JUIL Ce-
pOHEeraTUBHBIX K MOJMOBUPYCAaM pa3HbIX TUIIOB
Ha MPOTSIXKEHUU psaa JET Mokasaj, 4To y MHpu-
ObIBIIMX M3 TaaXuMKHWcTaHAa W YKpauHbl 3HAYU-
TeJIbHO Yallle HE OKa3bIBAETCS 3alllUTHBIX aHTUTEN
K MOJIMOBUpPYCaAM, YTO TOBOPUT O HEAOCTATOUYHOM
oxBaTe BaKIIMHaIlluei B aTuX crpaHax. Kpome Toro,
B camoii Poccuiickoit @enepaninu Takxke eCcTb Tep-
PUTOPUH MOBBIIICHHOTO PHCKa 3aHOCAa W Paclpo-
ctpaHeHus [TBBIT.

3akJito4eHme

Tpynosbie murpanTsl U3 crpan CHI, a Ttakke
SKUTEU I0XHBIX pernoHoB PD, HeGmaromnoayyHbIxX
MO TOJIMOMUEIIUTY, €XKEeTOJHO MPUOBIBAIOT HA BCE
tepputopun CII6 PLI. ®BY3 llenTpamu rurmue-
Hbl U SGMIUJEMHUOJIOTUU U PETMOHATbHBIM LIEHTPOM
B 2021 1 2022 rr. OblJIa TIpoeaHa 0oJibiias paboTa
C LIEJIbI0 HEAOMYIIEHUS 3aBO3a U pacIlpocTpaHe-
HUS TIOJIMOBUPYCOB BAKIIMHHOTO TTPOUCXOXKICHU ST
u3 Pecnyosnvku Tamxkxukuctad u YkpauHbl. O0beM
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Bupyconoruyeckuin Haa3op 3a MUrpaHTamm

MPOBEIEHHBIX UCCAEI0OBAHUMN HAPSIAY C OTCYTCTBU-
eM perucTpauuu 3abojeBaHUN MapaJUTUYECKUM
MOJMOMMEIIUTOM B cyobekTax P®d, KypupyembIx
CII6 PLIL mo3BoJisieT caeaTh BbIBOA O TOM, UYTO CJTy-
yaeB 3aB0O3a MOJIMOBUPYCOB BAaKIIMHHOIO MPOMC-
XOXJAEHUS B 3TU CyObEKThI He ObL10. IIITaMMBbI HO-
BOU OpaJibHOU MoanoBUpPYycHOI BakiMHb HOITB2
ObLJIM BbIJEJAEHBI OT AeTeil, MPUOBLIBIIUX Ha PsI
tepputopuii CII6 PLI, HO OoHM He MOoJaYy4YMJIM pac-
npoctpaHeHus. TolbKO cUCTeMAaTUYECKU T HAI30D
M BUPYCOJOrMYeckoe obciaeaoBaHNe TaKUX AeTei
MO3BOJSIIOT BBISIBUTH CJIydau UMIIOPTUPOBAHUS
¥ 3aBO3a Ha Tepputopuu PP snmuaeMrudecKu 3Ha-

yuMbIX nojuoBupycoB (mukux u IIBBIT) u Bo-
BpeMsl MPUHSATH MEPbI IO MPEeIOoTBPALICHUIO MX
TPAaHCMMCCUU CPEIM HacCeJeHUs Halllel CTpaHBbI.
BaxHeliniee 3HaueHUWe UMeEET MOAJEepXKaHUE BbI-
COKOro YpOBHS OXBaTa IIJJAaHOBOM BaKIMHAallUEH
NPOTUB MOJMOMUENIUTA, a TaKXKe JOIMOJHUTEIb-
Hass UMMYHU3al s IPOTUB MOJIUOMUETNTA IeTEH,
NpUOBIBIIMX W3 HEOJAronmojJy4HbIX MO 3TOW WMH-
dek1u cTpaH u Tepputopuii. Kommeke naHHbIX
MEPOIPUITUNA 00eCIeUUT MOJHBIA KOHTPOJb MU~
NeMUYECKOU CUTyalluu U TToJiep>KaH e CBOOOTHO-
ro oT nojauomuenuta craryca 14 repputopuii CII6
PII 1 Poccuiickoit @enepaliny B 1IEJIOM.
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AHTUTEJIA K MOBEPXHOCTHbIM
BEJIKAM ECHOVIRUS 30 (ENTEROVIRUS,
PICORNAVIRIDAE) B KPOBU XXUTEJIEU
HUXErOPOACKOU OBJIACTU

J.A. Menentses'2, JI.B. Hosukos!, B.A. Jlanun'?, E.B. Moxonosa'!, M.N. Ilpiranosa’,
D.A. Manakosa?’, B.B. HoBukos'-?
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'@FYH Huxce20podcKkuil HAY4HO-UCCACO08AMEAbCKULN UHCIUMYM SNUOCMUON0UU U MUKPOOUOAOUU UM. AKAOCMUKA

U H. baoxunoit Pocnompebnaosopa, e. Huxcnuii Hoéeopod, Poccus

2@I'AO0Y BO Hauuonanvhsiii uccaedosamenvckuii Huxceeopoockuii 2ocydapemeennoiii ynusepcumem um. H. H. Jlobauesckoeo,
2. Huxcnuit Hoseopoo, Poccus

7000 «Ilenmpanusosannas nabopamopus «ABK-Me0», e. Huxcnuii Hoseopoo, Poccus

Pestome. Echovirus 30 (E30) sBsieTcs SHTEpOBUPYCOM, BBI3BIBAIOIIUM TSIXeJIble (hOPMBI CEPO3HOTO MEHUHTUTA. Bupyc
E30 Ha mpoTsSKeHUr MHOTHX JIET SIBJASIEeTCS MPUYMHON BCIBIIIEK CEPO3HOIO MEHUHTUTA BO BCEM MUPE, B TOM YUC-
Je u B Poccuu, HO cocTossHUE MOMYJISIMOHHOrO UMMyHUTeTa K E30 B HacTosIee BpeMsl OCTAETCS HEU3YUYEHHBIM.
B 2022 r. u3 Bcex 3a001€BIINX SHTEPOBUPYCHOW MH(EKIUEN, MOCTYMUBIIKUX B CTALIMOHAPHI, 10Js AETEN B CPEAHEM
no Poccuu coctaBuia 97%, HauboJee TsKeable GOPMbI MHGEKIIMT PETUCTPUPOBAIUCH ¥ eTell 1o 17 net. Ha moBepx-
HOCTHU Karcuaa Bupyca npeactapieHbl 0enku VP, VP2 u VP3, umeroniye anuTonsl, 0011K1e ¢ TOMOJOTMYHBIMU OeJiKa-
MU JPYTUX SHTEPOBUPYCOB, YTO MMO3BOJISIET UCTIOIb30BaTh MX B KAUECTBE AaHTUTEHA JJ1s1 OOHApYXeHUs aHTuTeN. Llenbio
paboThI OBLIO UCCIEA0BAHUE YACTOTHI OOHAPYXEHU I AHTUTEN Pa3HBIX KJIACCOB K TOJTHOPAa3MEPHBIM PEKOMOMHAHTHBIM
oenkam VPI, VP2 u VP3 E30. B pa6ote ucnosb3osanu 331 obpa3zel cbIBOPOTKY KpoBU xuTeneit Huxeroponckoit 06-
JIACTH B BO3pacTe oT 2 MecsilieB 10 61 roma. PekomObuHanTHbie 6eku VP1, VP2 u VP3 E30 skcnipeccupoBatsbl B E. coli,
OUHUILEHBI XpOMATOrpauuecKy U UCIOIb30BAHbI B KAYECTBE aHTUTEHA 11 0OHapyXKeHus aHTuTen kiacca IgA, IgG
u IgM uMMyHODEepMEHTHBIM METOAOM. Y OOJIBIIMHCTBA JIIOAEY AaHTUTEJA OB BBISIBJIEHbI TOJILKO K OHOMY WJIU IBYM
u3 noBepxHocTHBIX 0enkoB E30. Antutena IgA, IgG u IgM onHOBpeMeHHO K TpeM peKOMOMHAHTHBIM OelKaM o0Ha-
pyxenbl B 0,3%, 4,2% u 2,7% ciydyaeB cooTBeTcTBeHHO. CyMMapHO aHTUTeNa Kiacca IgG mpotus 6enkoB E30 o6Hapy-
KuBajuch B 29,9% ciydaeB. MakcuMaibHast yactoTa BeistBieHUs IgG-anTuten (50,0%) peructprpopaiach B IpyIe
JieTell ¥ IOHMKatach ¢ Bo3pactoM. IgM-aHTuTena 0OHapyXeHbl y 9,3% TecTHpoBaHHBIX JTull. HanGonplrast yactora
o6Hapyxenus (16,6%) 6bl1a B Bo3pacTHoiA rpymme 19—45 net. CymmapHast yactoTa BbIsIBICHUS [gA-aHTHUTEN COCTaBU-
na 16,5%, nocturasi 36,8% B rpymie neteii ot 7 o 11 net. [MoxydeHHbIe Ha OCHOBE 0OHapyXeHUst [gM-aHTUTET TaHHbIE
CBUJETEIbCTBYIOT, YTO B UCCIIEAYEMBbIIi MEPUOM TOYTH KaXKAbIiA NECSATHIN U3 Y4aCTHUKOB UCCIIENOBAHUS ObLT UH(MULIU-
pPOBaH SHTEPOBUPYCAMU. Pe3yabTaThl U3yYeHU S COCTOSIHUS IJIUTEIbHOTO UMMYHUTETA SHTEPOBUPYCHBIM O€IKaM Mo-
Ka3aju, HauOOoJbIIIYIO YacTOTy oOHapyxeHus IgG-aHTuTeN y neTeii ¢ mociaenyouei TeHAeHIUENR K CHUXEHUIO C BO3-
pacToM, a Takxe o mpojoJkatouierics uupkynsiuu supyca E30 B Huxeroponckoit obactu.

Karouesnie caosa: snmeposupyc, ECHO30, anmumena, ummyHogepmenmubolLil aHAAU3, OeAKU, UMMYHUMe.
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BLOOD ANTI-SURFACE PROTEINS ECHOVIRUS 30 (ENTEROVIRUS, PICORNAVIRIDAE)
ANTIBODIES IN RESIDENTS OF THE NIZHNY NOVGOROD REGION

Melentev D.A.*", Novikov D.V.?, Lapin V.A.**, Mokhonova E.V.?, Tsiganova M.1.?, Manakova E.A.c, Novikov V.V.3"
“ Academician I.N. Blokhina Nizhny Novgorod Scientific Research Institute of Epidemiology and Microbiology of the Federal
Service for Surveillance on Consumer Rights Protection and Human Wellbeing, Nizhniy Novgorod, Russian Federation

® N.I. Lobachevskii National Research Nizhny Novgorod State University, Nizhny Novgorod, Russian Federation
¢ LLC “Centralized laboratory “AVK-Med”, Nizhny Novgorod, Russian Federation

Abstract. Echovirus 30 (E30) is an enterovirus that causes severe forms of serous meningitis. Over many years, E30 virus
has caused serous meningitis outbreaks all over the world including Russia, but the status of anti-E30 population immunity
remains unexplored. In 2022, the average percentage of all pediatric admission enterovirus cases in Russia was 97%; the most
severe E30 infection cases were registered in children under 17 years of age. The virus capsid surface contains proteins
VPI1, VP2 and VP3 with homologous epitopes common to other enterovirus proteins, which allows them to be used as an
antigen for antibody detection. The work was aimed at assessing frequency of different antibody classes specific to full-length
recombinant E30 VP1, VP2 and VP3 proteins. 331 blood serum samples collected from 2 months-to 61 year-old residents
of the Nizhny Novgorod region were used in the study. E30 VP1, VP2 and VP3 proteins were expressed in Escherichia coli,
purified chromatographically and used antigenically for detection of IgA, IgG and IgM antibodies by using enzyme-linked
immunosorbent immunoassay. Most study subjects had antibodies specific to only one or two of the E30 surface proteins.
IgA, IgG and IgM antibodies to three recombinant proteins were detected simultaneously in 0.3%, 4.2% and 2.7% of cases.
Totally, anti-E30 protein IgG antibodies were detected in 29.9% of cases. The maximum detection rate of antibodies (50.0%)
was recorded in pediatric groups that decreased with age. IgG antibodies were found in 9.3% of the tested individuals.
The detection rate (16.6%) peaked in the age group of children from 7 to 11 years. The IgM antibody-obtained data
evidence that during the study period, almost one in every ten-study participant was infected with enteroviruses. The results
of analyzing long-term immunity specific to enteroviral proteins showed the highest frequency of detected IgG antibodies
in children that tended to decline with age as well as about continued E30 virus circulation in the Nizhny Novgorod region.

Key words: enterovirus, ECHO30, antibodies, ELISA, proteins, immunity.

BeepgeHue

DHTepoBUPYChl (ceMelcTBO Picornaviridae, pon
Enterovirus) — st0 6e3000s0ueunbie PHK-conep-
>Kallle BUPYCHI, IpeacTaBieHHble 106 maToreHHbI-
MU I 4yeJoBeKa TUIMaMU, OObeAUHEHHBIMU B 4
Buaa — Enterovirus A (BBA), Enterovirus B (BBB),
Enterovirus C (BBC), Enterovirus D (8BD) [10, 18].
Haubonpieil pacrnpocTpaHEHHOCTbIO 00JagaroT
9HTEpOBUPYCHI BUA0B DBA 1 DBB [8].

DHTepoBupycHas nHdpekuus (OBU) xapakTte-
pu3yeTcs MOIUMOPPU3MOM KJIUHUYECKUX TTPOSIB-
JIEHUM U MOXET MpoTeKaTh Kak B (hopMe OeccruM-
NTOMHOI'0O HOCUTEJbCTBA, TaK U OCTPOro JIMXopa-
JIOYHOI'O COCTOSIHM S, C TSKEJIBIMU OCJTOXKHEHUSIMU,
BKJII0OYASI TOJIMOMUETUT, MOJTUOMUETUTONOA00HOE
3a00/ieBaHUE, MEHUHTUT, MEHUHTO’HIEedhaTUT,
MMOKapAUT, Tenatut u ap. [3, 7, 13, 17]. Kpome 3to-
ro, B HacTtosllee BpeMsi obcyxkaaetrcs poib DBU
Kak ¢akTopa, MPOBOLUPYIOIIEro pa3BUTHE caxap-
Horo nuabeta 1 Tunay aereit [15].

MonieKyAsipHbIidi MOHUTOPUHT IUPKYJISIIUU
HEMOJIMOMUENUTHBIX daHTepoBupycos (HIIDB)
Ha Ttepputopuu Poccuiickoit @Penmepanuu Io-
3BOJIMJ UAeHTUGULMPOBaTh 601ee 52 Tunos [4].
YacToTa oOHapyXkeHUs pa3JUYHbIX YHTEPOBUPY-
COB 3aBHUCUT OT ce30Ha U pervoHa. M3 Bcex 3ab0-
geBmux OBU, mocTynuBmIMX B WUHGEKIMOHHBIE
cTallMOHaphbl, A0JIs AeTel, B cpeaHeM 1o Poccum,
coctaBuyia 97%, Haunbomee TsKesiblie (b OpMBbI MH-
GeKILMN perncTpupoBaiich y aereit no 17 ner [6].
DHTEPOBUPYCOM, BbI3bIBAIOIIUM TsKeJble (DOPMbI

Cepo3HOro MeHuHruTa, sBiasercs Echovirus 30
(E30) — nmpencraButens Buga Enterovirus B. Bupyc
E30 Ha mpoTsI>keHUU MHOTHUX JIET SIBASIETCS MPU-
YMHOIM BCHBIIIEK CEPO3HOI0O MEHUHIMTa BO BCEM
Mupe, B ToM uucie u B Poccuwm [5, 14].

CTpyKTypHBbIE U HECTPYKTYpHBIE OCJIKM DHTE-
POBUPYCOB pa3JIMYHbIX TUIIOB COACPXKAT KOHCEpBa-
TUBHbIE AMWHOKMCJIOTHBIE I10CJIeI0BATEIbHOCTH,
dopmupymwoiire obiue B-kKiaeTouHble armuTomnsl [9].
KoHcepBaTHBHbIE 00JIACTU HCIIOJB3YIOTCS B Ka-
yecTBe OOILEro 3MUTOIA sl ONpeae/ieHusl aHTU-
TeJl K IIMPOKOMY CIIEKTPY 3HTepoBuUpycoB [1, 12].
IMpu BBU IgM-anTHuTEena MpoTUB 3HTEPOBUPYCOB
00pa3yloTcs B MepBble JTHU MHMEKIIMN U COXpaHsI-
IOTCS B TeueHue 2—3 MecsleB. DTOo TMO3BOJSIET KakK
nuarHoctupoBaTh DBU, Tak u olieHUBaTh UX pac-
MPOCTPAHEHHOCTH IO YacToTe oOHapyxXeHus IgM-
aHTUTENl B ucciaeayembiii mepuon. IgG-aHturena
npotuB HITOB coxpaHsioTcs B TeueHue Tpex u 60-
JIee JIET Y OTPaxkaloT COCTOSTHUE JIJIUTEIbHOIO UMMY-
HuteTa [9]. OOHapykuBalTcs Takxe [gA-aHTuTena
K BHTEpOBMpYyCcaM, HaJM4Me KOTOPBIX YKa3biBaeT
Ha HeTaBHEe MU MPOIOXKUTEIbHOE MH(UIIPOBa-
HUE CIU3UCTON 000I0YKM KMIIeYHUKa [16].

CnenyeT OTMETUTb, YTO TOJAABJSIONIEe OOJIb-
IIUWHCTBO UcclienoBaHuit Mo MmoHutopuHry HITOB
B P® mpoBomsiT cpeau TroCIUTaJIM3UPOBAHHBIX
B MH(MEKIIMOHHBIE OOJBHUIIBI, TAKXKE UCCIEAYIOT-
Cs1 CTOYHBIE BOABI. MICTIOIb3yeTCs KyJIbTypa KJIETOK
unu OT-TTLP [2, 4]. OgHako B HacTosIIee BpeMsI
COCTOSIHUE TIOIYJSIIMOHHOTO UMMYHHUTETa y HUX
OCTaeTCs MaJIOU3YUYEHHBIM.
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AHTMTENa k 6enkam ECHO30

Lenblo HacToslieit pabdoThl OBIJIO MCCAEHO-
BaHME 4YacTOThl OOHaApyKEHMsI aHTUTEJ Pa3HBbIX
kJjaccoB K E30 ¢ ucnonb3oBaHMEeM ITOJHOpPa3Mep-
HBIX PEKOMOMHAHTHBIX 0eaKoB VP1, VP2 n VP3,
GopMUPYIOIINX KAaIICUI BUpyca.

Marepuanbsl n MeToapl

B pabGote ucnosb3oBajiu 00paslibl ChIBOPOT-
K1 KpoBu 331 yenoBeka B Bo3pacTe OT 2 Mecs-
1eB 10 61 roma, mojaydeHHbIE B MEPBOM MOJIOBUHE
2022 1. U3 TUAarHOCTUYECKOro HeHTpa «[eMoxel»
(«IHenTpanu3zoBaHHas Jlabopatopus «ABK-Men»)
OTIIpOXXHMBalOIMX HaTeppuTopuun Hukeropoackou
obiacTy NUI, OOpPaTUBILIMUXCS OJIsl TTPOBEACHUS
IUATHOCTUYCCKUX NUCCACAOBAHUN M JABIINX ITHUCh-
MCHHOE coIJlaclie Ha MCIOJIb30BaHWE WX OMoMa-
Tepuaja B UccieqoBaHUU. TecTupyeMble 0Opas3iibl
CBIBOPOTKU KPOBM OBLIM pa3faesicHbl Ha TPYMIIbI
cormacHo pekoMeHmanusM BO3 B cooTBeTCTBUU
C BO3pPacTOM CIOAaBIINX KPOBB JIUII. B mmepByIo rpy-
My BOIIJIM 00pa31bl CBIBOPOTKY KPOBU JIETEi B BO3-
pacte oT 2 MecsileB g0 18 net (n = 128), Bo BTOpyIO
TPYTITY BOIILIA 00pa3Iibl CBIBOPOTKH KPOBU OT JIWIL
Bo3pacToM oT 19 no 44 net (n = 102) u B TpeThIO
Tpyniry — o0pa3Ibl, MOJIYYeHHBIC OT JIHI] BO3pac-
TOM OT 45 1o 60 jeT (n = 101). O6pas31bl, ITOJTyYEH-
HBIC OT ACTEU, MOIMOIHUTEIIbHO OBLIM pa3IeeHBI
Ha TPpH MOATPYHNBI B COOTBETCTBUU C BO3PACTOM:
IOWIKOABHUKY OT 0,2 10 6 et (n = 34), netu ot 7
no 11 get (n = 19, HavanbHas KOJA), AeTU OT 12
1o 18 net (n = 75, cTapiieKJIaCCHUKH).

J1J1s1 mony4eHu s peKOMOMHAHTHBIX OEJIKOB UC-
MOJb30BaJIi HYKJICOTUAHBIC IIOCIEAOBATEIbHO-
CcTH, peacTaBieHHbie B pabdoTe [11] 1 B GenBank
Ne MF678335.1. Ilocne onTumMu3aluu KOJOHOB
JHK o6p11a cuHTe3upoBana B OO0 «JIroMuIipo6
PYC» (Poccus). IHK paszmepom 888 m.o., 798 m.o.
u 744 n.o. coorBetrcTByO1IEe VP1, VP2 u VP3 006-
JIJaCTU D3HTEPOBUPYCHOTO T'E€HOMA, KJIOHUPOBAIU
B coctaBe BekTopa pET22b (Novagen, CIIIA), pe-
KOMOWHAHTHBIE OEJIKW KCIPECCUPOBAIU B KJIET-
kax E. coli mmtamm Rosetta 2 (DE3). Ouuctky 6e-
KOB MPOBOAMJIM B [OEHATYPUPYIOIIUX YCIOBUSIX
B MIPUCYTCTBUU 6M MOUYEBHMHBI C MCIOJIb30BAHUEM
ceapossl Ni-NTA Superflow (GE Healthcare).
PexombuHaHTHBIA VPl peHatypupoBaiu nuaiu-
30M IPOTUB rpaiieHTa KOHIIEHTPAallMii MOYECBUHBI,
st peHatypauuu VP2 u VP3 ucnonbs3oBanu gua-
JIN3 MPOTUB TpagreHTa KOHIIEHTPAINil caxapo3bl.
IMomydyeHHBIC OEJIKM aHAJIU3UPOBAIN C ITOMOIIBIO
anexkTpodopesa B 10% mojuakpujiaMUJIHOM rejie
c okpammBanueM Coomassie briliant blue R250.

OuuileHHbIE PEKOMOMHAHTHBIE O€JIKU pa3BoO-
ouaun pusnonorndeckum pactsopom (0,9% NaCl)
1o 0,5 MKIr/MJ1 1 copOMpoBaIu B JIYHKU 96-JIyHOU-
HBIX TJIaHIIEeTOB B TeyeHue 24 4 ripu 4°C. [TnaHmieTsl
otMbIBamu 5 pa3 pactBopom ®CB-T (0,01 M HaTt-
puii-ocdarHbiii 0ydepHbiii pactBop, 0,9% NaCl

n 0,1% TBunu-20, pH7,4), B KaXXOy10 JYHKY BHOCUJINA
o 85 Mk @CB-T, 5 MKJI OCBETIIEHHOTO JIU3aTa KJie-
ToK E. coli Rosetta 2 (DE3) u 10 MKJI CBIBOPOTKHU KPO-
Bu. Muky6upoBaau 60 MmuH B 1ueiikepe mpu 37°C.
ITmanmeTsr ipombiBasin S5 pa3 @CB-T u B TyHKH
BHOCHUJIM PACTBOP BTOPUYHBIX aHTUTE, MEYEHHBIX
nepokcuaaszoil xpeHa. JIs BBISIBICHUS aHTUTEN
k7nacca IgG ncnonb30Baan MOHOKJIOHAJIBHEBIC aHTH-
Tesia kiaoHa 3D3cc (Hytest, Poccust), 1151 BbISIBJIGHU S
aHTUTe Kjacca IgM — MOHOKJIOHAJIbHbIE aHTUTEIa
kioHa 2B9cc (Hytest, Poccus), nyis BeIsIBJACHUS aH-
TUTeN Kiaacca IgM rcrmonb30Bain MOINKIOHATBHBIC
antutesa GAHlaa (MMTEK, Poccus). [TnaHueTsl
C BHECEHHBIMM B JTYHKHM MEYEHBIMU TTIE€POKCHUIA30M
aHTHUTEJIaMU MHKYOnpoBai 60 MUH IIpU TeMIiepa-
Type 37°C u ormbiBanu risath pa3 @CB-T. J11s Bu3ya-
TU3alliM peakKIWW B JYHKU TUIAHIIETOB BHOCHIIU
no 100 Mk 0,04% terpametuncensuauHa u 0,02%
nepeKrcy BOJOpOJa B HATPUI-LIUTpaTHOM Oydep-
HoMm pactBope pH 5,0. Peakumio ocraHaBiuBaiu
1IN cepHOIT KMCIIOTOM 1 M3MEPSII BEJIMIMHY ONTH-
YecKoi MJIOTHOCTU Ha crnekTtpodotomerpe Infinite
M200 Pro (Tecan, Austria) B iByXBOJTHOBOM peXUnMe:
IpY OCHOBHOM AJIMHE BOJIHBI 450 HM M JJIMHE BOJTHBI
cpaBHeHU S 680 HM.

AHann3 OTyYeHHBIX JaHHBIX TPOBOAUIN C UC-
MO0Jb30BaHMEM KOMITbIOTEPHBIX TporpaMM Magellan
7.2 (Tecan, Austria) u Microsoft Excel (Microsoft,
CHLIA). OIl,,, (cut off) paccunTBIBAaIN, UCIIONb3YH
OOLIENPUHATYI0 MeToauKy no ¢dopmyine Ol x k
(koHcTaHTa), k = 3. O0pa3Lbl CO 3HAYEHUSIMU ONTH-
yeckoit rmoTHocTH (OIT) Beitre Ol X 3 mpuHUMa-
JIY 3a comepxKallne aHTHTeNa, a C MCHBIITUM 3Hade-
Huem OIl — 3a oTpuuareabHble. B KauecTBe OoTpuU-
LIaTeJIbHOTO KOHTPOJSI HCIIOJbh30BaJU CHIBOPOTKY
KPOBU KPYITHOT'O pOTaToro cKoTa.

CTaTUCTUYCCKYIO O0pabOTKY MaHHBIX ITPOBO-
IWJIA C WCIIOJIb30BaHWEM KpPUTEpUsl XM-KBaJapaT
IMupcona. Haiuyue cTaTUCTUYECKU 3HAYUMBIX
pasauuuii npuHuManu npu p < 0,05. INouck obIMx
ST SHTEPOBUPYCOB aMUHOKMCIIOTHBIX ITTOCIIEI0-
BatesibHOCTel B 0a3e maHHbIX GenBank (NCBI),
MPOBOAUIIM C TIOMOIIbIO KOMITBIOTEPHOM TTpOTpaM-
Mbl Protein Blast, moctymHoii B cetu MHTepHeT
(https://blast.ncbi.nlm.nih.gov/Blast.cgi).

Pesynbrathl

C wucnonb3oBaHMEM OaKTepUaabHON CHUCTE-
Mbl BSKCIPECCUU OBUIU MOJYYEHBl OUYUIIEHHbIE
pekomOuHaHTHbBIe O0enku VP1, VP2 u VP3 E30.
DnekTpodopeTudecKuili aHaau3 OEJKOB Mpoiae-
MOHCTPHPOBAJI, YTO UX MOJICKYJISIPHAS Macca COOT-
BeTcTBOBaja pacuetHoii: VP1 — 33,5 kDa, VP2 —
29,6 kDa, VP3 — 27,5 kDa (puc. 1). [lonydyeHHBIE
0eJIK1 ObLIU MCTIOJb30BaHbI B KAUECTBE aHTUTEHOB
IJIST OIpEeNeeHUSI B CBIBOPOTKE KPOBU TECTUPO-
BaHHBIX JIUI] aHTUTEJ Pa3HBIX KJIACCOB, B3aUMO-
JNEeUCTBYIOLIUX C 9TUMU OeTKaAMMU.
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VP3 M kDa

VP1 M kDa

VP2 M kDa
2 ]

PucyHok 1. 9nekTpodopeTmyeckas NnogBUXHOCTb
pekoMOuHaHTHbIX 6enkos VP1, VP2 u VP3 E30

B 10% MAAI

Figure 1. Electrophoretic motility of recombinant VP1,
VP2 and VP3 E30 proteins in 10% PAGE
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PucyHok 2. YacToTta 0OHapy)XeHUsi aHTUTEN pasHbIX
KJ1aCcCOB K peKoMOUHaHTHbIM 6enkam VP1, VP2 n VP3
Figure 2. Frequency of detection of antibodies of different
classes to recombinant proteins VP1, VP2 and VP3

Antutena npotuB VP1, VP2 u VP3 kinacca IgM
OoOHapyXXMBaJIUCh B 00pa3lax CbIBOPOTKU KpO-
BU TECTUPOBAHHBIX JUll B 9,3% cinyuaeB. Yactora
BCTPEYAEMOCTU aHTHUTEJ ITPOTUB KaKIOTO M3 TPex
PEKOMOWHAHTHBIX OEJIKOB pa3iauyanach. AHTUTEA
knacca IgM npotuB Toibko VP1 He oOHapyxkuBa-
JIUCh HU B ofHOM M3 331 TeCTMpOBaHHBIX OOPa3lOB.
IgM-anturena npotusB VP2 u VP3 BeisiBieHb! B 3,3%
n 1,2% cinydaeB. OmHOBpEMEHHOE IIPUCYTCTBUE
IgM-antuten npotuB VP1 u VP2 3apeructpupo-
BaHo B 1,8% cnyuaes, npotuB VP1 u VP3 — Bcero
B 0,3% cnyuaes. IgM-antnTtenna Kk VP2 1 VP3 B omHOM
M TOM Xe 00pa3slie CBIBOPOTKY KPOBU HE BBISIBJICHBI
HM B OTHOM cliydae, HO 2,7% o0pa3ioB comepxa-
g IgM-aHTHUTEeNa TIPOTUB BCEX TPEX TECTUPOBAH-
HBIX O€JIKOB, YTO COCTaBUJIO, B CBOIO 04Yepenb, 29,0%
oT Bcex IgM-nonoKuTeIbHBIX TIPo0 (puc. 2).
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PucyHok 3. YacTtoTa oGHapyXXeHus aHTuTen

K pekomOuHaHTHbIM 6enkam E30 B KpoBu aeteit
pa3Horo Bo3pacta

Figure 3. The frequency of detection of antibodies
to recombinant proteins E30 in the blood of children
of different ages
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Antutena kiacca IgG Bcrpevanucek B 29,9%
ciyyaeB. I1pu aTom B 20,3% obpa3Liax mpucyTCTBO-
BaJIM aHTUTEJIA K KAKOMY-JILOO OOHOMY U3 TECTU-
pOBaHHBIX 6elKOB, B 5,4% 006pa3lioB OOHapyKU-
BaJIMCh aHTUTEJIA K IBYM PEKOMOMHAHTHBIM OeJI-
kaM u B 4,2% ciydaeB BcTpeuaiuch IgG-aHTurena
MPOTUB Bcex Tpex 6enkoB. B obiem maccue I1gG-
MOJIOKUTEIBHBIX 00pa3IloB KPOBU TaKMe 00pa3Ilbl
cocrasuiau 14,0%.

AHTUTena Kjacca IgA cymMmMapHO BBISIBASIIUCH
B 16,5% TtecTupoBaHHBIX 0OpasiuoB. Yaie Bcero
OOHapy:KMWBAJINCh aHTUTEIA K OTOCIIBHBIM PEKOM-
ouHaHTHBIM OenkaM (13,2%). Takke OOHapyKH-
BaJlUCh 00Opaslbl, coaepxalue IgA-aHTuTena
OIHOBPEMEHHO K IBYM PEKOMOMHAHTHBIM OeJIKaM
(3,0%). O6pa3sukl, cogepxkainue [gA-antTurena cpa-
3y K TpeM 6esikam, cocTaBuiu Julb 0,3% ot o01iie-
ro 4yucjaa TEeCTUPOBAHHBIX OOpPa3lOB ChIBOPOTKU
KPOBM, UTO COCTaBMUJIO, B CBOIO oYepeb, Bcero 1,8%
oT BceX IgA-TI0/10KUTEeNbHBIX IPOO.

CyMMapHO aHTHUTeJIa MPOTUB PEKOMOMHAHT-
HbIX OenkoB E30 oGHapyxkeHBI B 43,2% ciiyyacB
(143 u3 331 oOpasua chIBOPOTKU KpoBu). M3 Hux
aHTHUTeJIa TIPOTUB KaKOTrO-IM00 OTHOTO PEeKOMOU-
HAHTHOTO OeJjika BbIsiBJIeHBI B 24,2% ciydaeB (80
n3 331 oOpasua), aHTUTeda NPOTUB ABYX U3 TpPex
oenkoB E30 ooHapyxuBanuck B 11,5% ciyuaes (38
n3 331 o6pasiia), a aHTUTEIa pa3HBIX KJIaCCOB IPO-
TUB BCEX TPEX PEKOMOMHAHTHBIX 0€J1KOB OBbIJIU BbI-
SBJIEHBI B 7,5% ciryuaeB (25 u3 331 o6pas3iia)

YacToTa oOHapyXXeHUsI aHTUTEJ KJjaccoB IgM,
IgG n IgA ipotuB VP1, VP2 u VP3 He paznuuanach
Y MY>KYUH U XKEHIIWH (TaHHBIC He TTPeACTaBICHBI).
OnHako aast antuten kjaaccoB IgM u 1gG BeIsiBIe-
Hbl BO3pPacTHbIE OCOOEHHOCTM HX BCTPEYaeMOCTU
(Tabn.). AuTHTena Kiacca IgM, B3auMomeincTByO-
e ¢ peKOMOMHAHTHBIMM OeJIKaMMU, Yallle BCETro
oOHapyXMBaJuCh B 00pa3llaXx ChIBOPOTKHU KPOBU
i1 Bo3pactoM 19—40 iet. Beicokasi yactoTa BCTpe-
yaeMocTu IgM-aHTuTEen y Aull JaHHOIO BO3pac-
Ta ObIJTa OOYCJIOBJICHA B OCHOBHOM TOBBIIIICHHOMI
mo 13,7% BcTpedyaeMocThio IgM-aHTUTEN TPOTUB
pekomMOuHaHTHOro VP2. BcTtpeuaeMocTh aHTUTEN
Kiacca IgA craTucTuyecky 3HAaYMMO HE MEHsSJIach
B Pa3HBIX BO3pacTHHIX Ipymrax. [Ipu aToM gacto-
Ta oOHapy>keHus aHTUuTea Kyuacca IgG neMoHcTpuU-
poBajla BbIPa’KEHHYIO BO3PACTHYIO 3aBUCHUMOCTb.
Yamre Bcero IgG-aHTuUTea BRISIBISIIUCH B 00pas3max
CBIBOPOTKM KpoBu AeTeli. Kaxxapiii BTopoit oOpaselr
CBIBOPOTKM KpoBuU Jinll A0 18 jet comepxkan IgG-
aHTUTeJa K peKOMOMHaHTHBIM Oejkam. B Oosee
CTaplIMX BO3PACTHBIX TpyIIax 3TOT IloKa3aTesb
KpaTHO MOHMKaJcs. JInHaM1Ka U3MEHEHU ST 9aCTO-
ThI BcTpedaeMocT IgG-aHTUTENI HOCUJIA CXOMHBIMN
XapakTep I BCEX TPeX peKOMOMHAHTHBIX OCJTKOB.

Tak Kak 3HTepOBUPYCHbIE UHPEKILIUU TTPEACTAB-
JISIOT HauOOJIBIIYIO OMACHOCTD IUIS IeTeil, HaMu
OBLI TPOBEACH aHAIN3 YaCTOTHI OOHAPY>KCHU ST aHTH -
TeJ y neTeit pa3Horo Bo3pacrta. Kak BumgHoO 13 puc. 3,

C TIOBBIIIIEHMEM BO3pacTa 4YacToTa OOHapy>KeHUS
aHTuTena kiaacca IgM npotus 6enkoB E30 noBelia-
nach ot Hysst g0 12,0%. Yacrora BeisiBiaeHus 1gG-
aHTHUTEJ TaKKe HapacTaja ¢ TIOBBIIIIEHEeM BOo3pacTa
n nocturaina 57,3% (puc. 3). Hanbomblmas yactora
BBISIBJICHUSI aHTUTEJ Kjacca IgA peructpupoBaiach
B oOpasuax CbIBOPOTKM KpPOBHU OT aeteirt 7—11 ner
(36,8%). OHa cTaTUCTUYECKU 3HAYMMO MpPEBbIIIaia
B 4,2 paza 4acTOTy OOHapy>XeHU ST aHTUTET B KPOBU
netreit 1o 6 jet (p = 0,013). OOHapyKNBaJIOCh TaK-
Ke OIBYKpaTHOE, XOTSI M CTaTUCTUYECKU HE 3HAYM-
Moe, TIPEBHIIIICHNE YaCTOTHI OOHAPYKCHM ST aHTUTE
B KpoBHU neTeit oT 12 no 18 jer.

O6cyxaeHne

B HacTos11eli padoTe i onpeneseHrus 4aCTOThI
oOHapyxXeHUsT aHTUTes NpoTuB O6enkoB E30 Obliu
MCMOJb30BaHbl IIOJTHOpPAa3MEpHbIE PEKOMOMHAHT-
Hele 6enku VP1, VP2 u VP3 E30, skcripeccupoBaH-
Hble B E. coli. Kak cieayeT U3 NoJayYeHHbBIX JTaHHbIX,
B CBIBOPOTKE KPOBU TECTUPOBAHHBIX JIMI[ C pa3-
HOM 4YacCTOTOU OIPENCIISIJIMCh AHTUTEIA BCEX TPEX
KJjaccoB. AHTUTesna kiacca IgG mpoTuB peKoMOu-
HaHTHBIX OenkoB E30 oOHapyxubauuch B 29,9%
o0pa3loB KpoBU. MakcuMalibHasl 4acToTa BBISIB-
JICHUSI aHTUTEJI PerucTpyupoBajiach B KPOBU JeTeit
oT 12 no 18 neT, a 3aTeM IMOHMKAJIaCh C BO3PACTOM.
CXOnHYI0 BO3pACTHYIO TUHAMUKY TTPOAEMOHCTPU-
poBaiu aHTuTesa Kjaacca IgM. Yacrtora nx obHa-
DPY>XKEHHsI HapacTaja U JOCTUTraJia I1MKa B BO3pacT-
Holi rpynmne 19—40 jeT ¢ mocaenyonum ImaacHueM.
IIpn 3TOM yacToTa OOHAPYXCHUS aHTHUTEN] Kjacca
IgM B cpeaHeM Obljla MOYTH B 2 pa3a HUXKE, YeM
y IgG-antuten. Yacrora BbisiBIeHUS [gA-aHTUTEN
oKasaJjlaChb CaMO#l BBICOKOM B TpyIile aereili ot 7
no 11 net, nocturast 36,8%, 4TO BABOE MPEBHIIIATIO
CpPeIHIOI0 YacTOTy BCTpedyaemMocTu IgA-aHTuTel.
B nopasisitonieM 6OJbIIMHCTBE ClydyaeB aHTUTEIA
KJjacca A IeTEeKTUPOBAJIUCH TOJIBKO K OMHOMY WU
KOMOWHAIIMU 13 IBYX MOBEPXHOCTHHIX 0enkoB E30.
BeposiTHo, oOHapyxeHue IgA B KpoBM BCEX BO3-
PACTHBIX TPYMIT KOCBEHHO OTPaXkaloT LIUPKYJISIIINIO
SHTEPOBUPYCOB, MOPaXKAIOIIUX CIMU3UCTYIO 000J0U-
Ky Kumedanka. CyMMapHO aHTHUTEIa IIPOTUB pe-
KOMOUHaHTHBIX 0esikoB E30 obHapykeHbI B 43,2%
ciydyaeB B OOJIBIIMHCTBE cliyyaeB aHTUTENa ObLIU
HarpaBJieHbl TOJIbKO K OTHOMY MJHU IBYM U3 IO-
BepXxHOCTHBIX OenkoB E30. CymmapHBIe aHTUTENA
K Tpem 6enkam E30 o6HapykeHbI B 7,5% ciydaes.

B cooTBeTCTBUM C 3TTUIEMUOJIOTMIECKUMU JaH-
HbIMU, B 2022 T. Ce30HHBIH MmoabeM 3ab0JieBaeMO-
ctu DBU, mpuBoasameit K rocnuTaain3alium 00JIb-
HBIX, B HUXeropomckoii 061acTy HavaIcs ¢ MIOHS.
ITuk 3a00JieBaeMOCTH MpULIEJICS Ha aBTYCT, MPU-
YeM B BO3PACTHOI CTPYKTYpe roCIUTaIu3upoOBaH-
HBIX, KaK B CJIyJasX CIOpaanudecKoii 3a001eBaeMoO-
CTH, TaK U B TPYIIIIOBBIX OYarax, mpeodamano aeT-
ckoe HacesieHHe [6]. TTocKoJbKy aHTUTENa KJacca
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Tabnuua. Jong nuu pasHoro Bo3pacTa, Cepono3uTUBHbBIX MO0 OTHOLLEHUIO K peKOMOUHaHTHbIM 6enkam E30 (%)
Table. Proportion of persons of different ages seropositive to recombinant E30 proteins (%)

AHTUreH AHTuTEna BospacT (net) | Age (years)
Antigen Antibody 0-18 (n=128) 19-40 (n=102) 41-61 (n=101)
IgM 7,0 4,9 2,0
VP1 IgA 78 4,9 4,0
IgG 29,6 3,9* 2,0*
IgM 7,0 13,7 3,0%*
VP2 IgA 5,4 5,9 6,9
IgG 29,6 17,6* 5,9%**
IgM 4,6 5,9 2,0
VP3 IgA 8,5 5,9 2,0
IgG 18,8 10,8 5,9%**
Beero IgM 78 16,6* 4,0
Total IgA 18,7 13,7 16,8
IgG 50,0 25,4* 8,9%**

Mpumeyanme. CTaTUCTUYECKM 3HAYMMbBIE PA3NNYKS C AnLamy BodpacTom: * — ot 0,2 go 18 net; ** — ot 19 5o 40 ner.
Note. Statistically significant differences with persons of age: * — from 0.2 to 18 years; * * — from 19 to 40 years.

IgM nponyuupyTcs IIpu NEPBUYHOM UMMYHHOM
OTBETE U C BBICOKOW noJieit BEpOSITHOCTU OOHapy-
JKMBAIOTCSl B Mepuo 3a00JieBaHUsI, HA OCHOBAHUU
HaIIMX JaHHBIX MOXKHO MPEITIOJIOXUTh, YTO CKPhI-
Tasi aKTUBHas uupkyassuus DBU cpemu B3poc-
JIOrO HaceJieH!s B MepBOI MOJOBUHE I'of SIBUJIACh
TPUTTEPOM ToabeMa 3a00IeBaEMOCTU CPeaU aeTeit
B JIETHU I NIEPUOLI.

IMpencraBieHHbIE TaHHBIE O YaCTOTE BBISIBJIC-
HUs aHTUTeN K 6eakaM E30 B 11eJ1o0M COOTBETCTBY-
IOT TaHHBIM APYTUX aBTOpPOB. Tak, MpoOBEAECHHOE
B Kurae B 2016 1. cepoiornyeckoe MccjiegoBaHue
MPUCYTCTBUSI HEUTPATMUIYIOINIMX aHTUTE]T K 3XO-
Bupycy 30 B KpOBU 300POBbBIX JIUII, IT0OKa3aj10, YTO
MPU UCHOJB30BAaHUM pPeaKIIMU MUKPOHEHUTpaIu-
3allUU CPENHSsI CepOoIpeBaJIeHTHOCTh COCTaBJIsIIa
25,2% wn nosbilIagach ot 6,7% y neTeil BO3pacToM
MeHee | roga 10 MakCUMyMa B BO3PAaCTHBIX TPYTI-
nax 7—19 u 20-39 ner (36,0% u 47,8% coorBeT-
cTtBeHHO) [19]. OnucaHHOe pacrpeaejeHue CXO/-
HO C MOJIYyYeHHBIMU HaMU pe3yJbTaTaMM 4acTOThI
obHapy:xxeHus aHtuten kjacca IgG npotus E30.
3aMeTuM, UTO B UCCJICIOBAHN Y KMTAUCKUX KOJIJIET,
Hapsiay ¢ aHTuTenamu npotuB E30, TecTuposa-
JIUCh aHTUTEJIa TTPOTUB HECKOJIBKUX SHTEPOBUPY-
COB U OBLJIO MTPOJEMOHCTPUPOBAHO HATUYMUE AaHTU-
TeJ, HEUTPaJMU3yIOLIMX HECKOJbKO pPa3IuYHbIX
SHTEpOBUpPYCOB [19].

BuovHbopMallMOHHBIN aHAJIM3 aMUHOKMCJIOT-
HBIX TTOCJIEIOBATEIbHOCTEH TTOJYYeHHBIX HAMU pe-
KoMOuHaHTHBIX 0esikoB VP1, VP2 u VP3 nokaszau,
YTO B KaXJIOM M3 HUX MPUCYTCTBOBAJIO 110 Kpaii-
Heil Mepe Mo OJHOMY M3 OMNMCAHHBIX paHee 00-
IIWX JJI51 SHTEPOBUPYCOB B-KJIETOUYHBIX 3TTMTOTIOB.
Onuton E2, mpucyTCTBYIOIIMI B PEeKOMOWHAHT-
HoM VPI1, gaBasiercst oO1UMM AJisi MHOTUX DHTEPO-
BupycoB Buja0B A, B unu C, Bkiawouas poliovirus 1
u poliovirus 3 GenBank: 0Q286220. Dnurton E9,
npucyTcTBylomuit y VP2, obHapyXeH B OCHOBHOM
y asHTepoBupycoB Buna B, a snuton El4, nmero-

muiicas y VP3, xapakTepeH HJsI SHTEPOBUPYCOB
BunoB A, B u C (Bkutouas poliovirus 2 GenBank:
ADRS2079.1) [9, 11]. To ecTb Hanuuue aHTUTEN
NPOTUB MOJYYEHHBIX HAMU PEKOMOMHAHTHbBIX O€J1-
KOB HE SIBJISIETCSI BO BCEX CJIyUyasiX CBUAETEIbCTBOM
pPa3BUTUS UMMYHHBIX peakuuit mpotus E30, a Mmo-
>KET ObITh CJeACTBUEM WHMUIIMPOBAHHOCTU Opra-
HU3Ma APYTMMU 3HTepoBUpycaMUu. MoOXHO Tpea-
MOJIOXXUTh, YTO HaJM4YMWE AaHTUTEJI MPOTUB BCEX
Tpex 6enkoB E30 ¢ Gosbliieil BEpOSITHOCTBIO SIBJSI-
eTCsl CBUAECTEIbCTBOM MHMUIMPOBAHUS MMEHHO
5TUM BUpycoM. IIpu HanuMuM aHTUTEN K OMHOMY
WJIY 1BYM OeJKaM BHUpYyca CYIIeCTBYeT ONpeneseH-
Hasl BEPOSITHOCTh MPUCYTCTBUSI B KPOBU aHTUTE,
BbIpAa0OOTAHHBIX B OTBET Ha APYyrue SHTEPOBUDPY-
cbl. [Ipu TOM HeJb3s1 UCKJI0UaTh U BO3MOXKHOCTh
MPUCYTCTBUSI B KPOBU AHTUTEN K YHUKaJIbHBIM
nas E30 snutonam. JlaHHBIM BONPOC HYXKIAeTCs
B JOMOJHUTEJIbHOM U3ydyeHUuU. Kpome storo, pe-
ajbHas AOJS1 HOCUTEJIel aHTUTE] K Pa3HbIM 9HTE-
pOBHUpPYCaM B LIEJIOM BEPOSITHO BbIlII€ BbISIBJEHHOIA,
MOCKOJIbKY MCHOJb3YEeMbIii HAMU METOJ IMO3BOJIS-
eT JETEKTUPOBATh aHTUTENA TOJBKO K DMUTOIAM,
NPUCYTCTBYIOIIMM Yy KamcuaHbix Oenkos E30.
3aMeTuM, 4YTO NPUMEHEHHbIe HAMU B padboTe pe-
KoMbOuHaHTHBIe 0eaku VP1 u VP3 conepxart snu-
TOITBI, IPUCYTCTBYIOIINE Y SHTEpOBUpPYcoB BUuaa C
(PVI, PV2 u PV3), koTopble UCMIOJIB3YIOTCS COCTA-
B€ BaKLMH MPOTUB MosinoMuenuta. OmHakKo ycra-
HOBJIEHHAs1 HaMU BbICOKAasl YaCTOTa OOHapy KeHUS
IgG-antuten K 6enky VP2, He conepxkalueMy 00-
WX ¢ BAKIIMHHBIMU IITAMMaMU 3ITUTOIIOB, CBU-
NeTebCTBYET, YTO IMOMYJISIIMOHHBII UMMYHMUTET
dopMupoBajcsa 3a cyeT MHOUIIMPOBAHUS HEIO-
JIMOMUEJIUTHBIMU 53HTepoBUupycamMu. I[lpu sTOM
HaJu4ue B KPOBU aHTUTe kKjacca [gM k pekomOu-
HaHTHBIM OejiKaM ITO3BOJISIeT BbiCKa3aTh MPEIIo-
JIOXKEHME, YTO MOUYTU KaKAbIH AeCIThIi U3 TECTU-
POBaHHBIX MOT OBITh MH(MUIIMPOBAH SHTEPOBUPY-
caMu B repBoii nmojioBuHe 2022 .
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CrnenyeT OTMETUTH, YTO cOOp MaTepuaia s
CEPORIUIEMUOJOINYECKOTO HCCICIOBAaHUS TIPO-
WCXOAMJI BO BpeMS IIPOBENCHUS Or'PaHUYUTEIb-
HBIX Mep, CBS3aHHBIX C HOBOW KOPOHaBUPYCHON
WHpeKIMeid, 4To MOTJIO TIOBJIUSATh Ha MOJTyYeH-
HBIE pe3yabTaThl. TeM He MeHee ToJIyYeHHbIE HaM U
JTaHHBIC B 11€JIOM YKa3bIBalOT Ha ITPOI0JIKAIOITYO-
ca uupkyasauuio Bupyca E30 cpeau HaceneHus
OIHOTO M3 LIEHTPaJbHBIX PeTMOHOB Poccuiickoii
Denepanu. OnQHAKO D01 CEPOTTO3UTUBHBIX JIMII,
WMEIONINX IIWPOKUI CIIEKTP aHTUTEJ pPasHBbIX
KJaccoB K 6enkam E30, HeBbIcOKa, UTO (hopMupyeT
PUMCKY BO3MOXKHOTO TToJIbeMa 3a00J1eBaeMOCTH.

3ako4yeHne

C ucrnojib30BaHUEM PEKOMOMHAHTHBIX OEJIKOB
VPI1, VP2 u VP3 Bupyca E30, npoBeneH aHaJIn3 Mmo-
NyJISLUOHHOTO MMMYHUTETA IMPOTUB SHTEPOBU-
pycoB Ha Ttepputopuu Hwuxkeropomckoii obysactu.
B cobOpanHbIX B nepBoii noyioBuHe 2022 1. 06pa3-
LIaX KPOBU OT JIIOJEI pa3HOIr0 BO3pacTa IIPOBEIAEHO
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HERD IMMUNITY TO VACCINE PREVENTABLE
INFECTIONS IN SAINT PETERSBURG AND

THE LENINGRAD REGION: SEROLOGICAL
STATUS OF MEASLES, MUMPS, AND RUBELLA
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Abstract. Specific measles, mumps, and rubella prevention has been the main prerequisite for a striking decline in the
incidence of such infections in Russia. An increase in the percentage of seronegative individuals observed in recent years
resulted in higher measles incidence being directly related to low herd immunity that accounts for a population protection
solely under conditions of a high density of immunized individuals and their uniform distribution in the population.
The number of immunized individuals may be estimated only while conducting seroepidemiological monitoring of herd
immunity. The objective of the study was to assess a level of herd immunity in the St. Petersburg and Leningrad Region
population against measles, mumps, and rubella viruses. Materials and methods. There were enrolled 6774 residents
into the study: volunteers aged from 1 to 70+ years. The representativeness of the surveyed cohort was ensured by using
the Web application “Monitoring of herd immunity against socially significant infections”, used at the stage of volunteer
enrollment, by randomization and regulation of the sample size in age groups. Participants filled out a questionnaire and
agreed to provide venous blood samples to assess IgG antibody levels against measles, mumps, and rubella viruses by
using ELISA. Results. In September 2023, in St. Petersburg and the Leningrad Region, herd immunity met the criterion
for epidemiological well-being only with respect to rubella. In all age groups, the proportion of seronegative individuals
did not exceed 15%, and most volunteers had high Ab levels, both after illness and vaccination. For measles and mumps,
the criterion for epidemiological well-being is considered not to exceed more than 7% seronegative individuals. A sufficient
level of measles seroprevalence was detected only in older age groups (> 60 years old). Sufficient mumps seroprevalence
was not detected in any age group. The average population (St. Petersburg, Leningrad Region) seroprevalence magnitude
for measles, rubella, and mumps viruses were 81.4%, 95.5%, and 78.4%, respectively. The problematic age groups with low
measles seroprevalence (62.4—74.3%) were adolescents (12—17 years) and young adults (18—39 years). Most seropositive
individuals vaccinated against measles had low Ab levels; high levels were noted mainly in older measles convalescent
individuals. Low mumps seroprevalence (~70%) was more often observed among adults aged 18 to 49 years. The distribution
of seroprevalence in various occupational group was relatively uniform, with some predominance of seropositivity among
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pensioners and schoolchildren. Conclusion. The system of specific prophylaxis for vaccine-preventable viral infections used
in Russia has shown high efficacy and contributed to the formation of herd immunity, which for many years allowed to lower
a risk of both sporadic and group infections to minimal levels. Currently, measles and mumps seroprevalence in the local
population is maintained at insufficient level to ensure epidemiological well-being. This necessitates making appropriate
management decisions and conducting additional preventive measures aimed at enhancing relevant herd immunity.

Key words: vaccine-preventable infections, herd immunity, measles, rubella, mumps, seroprevalence, antibodies, St. Petersburg, Leningrad
Region, population, cohort study.

I'IOI'IYJ'IHLI,VIOHHbIVI MWMMYHUTET K BAKUMHOYNPABNAEMbIM UHOEKLNAM (KOPU,
KPACHYXE, SNMUAEMWYECKOMY NAPOTUTY) Y HACEJIEHUSA CAHKT-NMETEPBYPTA

n J'IEHVIHFPAJJ,CKOVI OBJIACTU

ITonosa A.1O.!, Eroposa C.A.?, Cmupnos B.C.2, Exosa E.B.!, Muanukuna A.M.2, MeabaukoBa A.A.',
Bamkerosa H.C.3, ictopuk O.A.4, Byn JI.B.4, Pam3u D.C.2, /Ipo3a N.B.%2, ZKKumbaesa O.B.2,
Jpoosimesckas B.I.2, Tanunosa E.M.2, UBanos B.A.%, Torousn A.A.2

T @edepanvras cayxucoa no Hadzopy é chepe 3auumel npas nompeoumeeil u oaazonoayuus yerogeka, Mockea, Poccus
2OFYH HUH snudemuonozuu u mukpoouosoeuu umenu Illacmepa, Cankm-Ilemepbype, Poccus

I Ynpaenenue Pocnompebnaodsopa no Canxm-Ilemepoypey, Cankm-Ilemep6ype, Poccus

*Ynpaeaenue Pocnompebrnadsopa no Jlenunepadckoii oonacmu, Cankm-Ilemep6ype, Poccus

Pe3tome. Bseodenue. Criennbuyeckas npoduiakTuKa KOpY, KPaCHYXU 1 3MKUASMUYECKOTr0 MapoTUTa SIBUIACH [JIaBHOM
MPEIIOCHIIKOM paliKaabHOrO CHMXXEHMSI 4aCTOThl 3TUX MHbekuuil B Poccuiickoit ®enepanuu. Habarogaromuics
B MOCJICIHUE TOIBI POCT IOJM CEPOHETaTUBHBIX JIUII IPUBEI K YBEJIMUCHUIO 3a001€BAEMOCTH KOPBIO, YTO HATIPSIMYIO
CBSI3aHO ¢ HU3KUM ITOMYISIIMOHHBIM UMMYHUTETOM, KOTOPBIM 00CCIIeYMBaET 3aIIUTY HACEIECHUS TOJIbKO B YCIOBHUSIX
BBICOKOH TUIOTHOCTA MMMYHU3MUPOBAHHBIX JIUII M UX PABHOMEPHOTO pacIpencsicHus B Omyassiuun. OUeHUTD YUCIIO
MMMYHU3APOBAHHBIX JIAII BO3MOXKHO JINIIb ITPX IIPOBEACHUN CEPOIITUAEMHUOIOTHUSCKOTO MOHUTOPUHTA TTOM YIS~
OHHOTO MMMYyHUTeTa. Llenb nccaenoBaHus — M3yYeHUe YPOBHS MOMYISIIMOHHOTO UMMYHUTeTa HaceaeHuss CaHKT-
[etepOypra u JleHWHTpaACKOW 00JIaCTU K BUpycaM KOpW, KpacHYXu W mapotuta. Mamepuansi u memodsl. B viccie-
JOBAHUM ydacTBOBaIK 6774 XuTeis peruoHa (BOJIOHTEPHI) B Bo3pacte ot 1-ro roga no 70+ net. Penpe3eHTaTUBHOCTD
o0cenyeMoit KoropTsl obecrieurBanack Beo-nmpuoxeHueM «MOHUTOPUHT MOMYISLIMUOHHOTO UMMYHUTETA COLIUATBHO
3HAYMMBIX UH(PEKIIM1», UCITOJb30BAaHHOTO Ha CTaIMK PETUCTPALIMU BOJIOHTEPOB ITyTeM PaHIOMHU3ALIMU U PEryIupoBa-
HUS 00beMa BHIOOPKM B BO3PACTHBIX I'pynmax. B xone uccienoBaHus y9acTHUKHY 3aIOJHSIINM aHKETY M claBaid TPOObI
BEHO3HOI1 KpoBH 17151 onipeaenaeHus IgG-aHTuTen K BUpycaM KOpr, KpacHYxu 1 mapotuta MmerogoM M®MA ¢ ucrionb3ona-
HUeM TecT-cucTteM nmpousboactsa AO «Bektop-bect» (Poccus). Pezyavmamst. B centsope 2023 r. B Cankr-Iletepoypre
u JIeHMHTrpaacKoi 00JacTH MOMYJSIIIMOHHBIM MMMYHHUTET HAceJIeHUsI COOTBETCTBOBAJ KPUTEPHUIO SIUAECMUOJIOTHU-
YEeCKOro 0JIarOIMOJyYHs TOJBKO B OTHOIIEHNU KPAaCHYXHM — BO BCEX BO3PACTHBIX TPYIIIAX HOJSI CEPOHETaTUBHBIX JIUII
He npeBbiinaja 15%, 60abIIMHCTBO BOJOHTEPOB MME/IU BEICOKMI YPOBEHb AHTUTE KaK [ocjie 3a00/ieBaHusI, TAK U I10-
cJIe BaKIIMHAI . JIJ11 KOpY 1 TapOTHTa KPUTEPUEM SITUAEMHUOIOTHUSCKOTO OJIATOITONIYUMSI CIUTACTCA HaTuIue He 00-
nee 7% cepoHeraTUBHBIX JTUL. Jl0CTaTOYHbBII YPOBEHD CEPOIIPEBAIEHTHOCTH K BUPYCY KOPU BBISIBJIEH TOJIBKO B CTAPILUX
BO3pacTHHIX rpymmax (60 JeT u crapiie), a K BAPYCY MapoTUTa He BBISIBJIEH HU B OMHOIN BO3pacTHO rpymme. CpenHuii
YPOBeHb cepornpeBaieHTHOCTU HaceneHuss CaHkT-IleTepOypra u JleHnHrpaackoit 06JacTu K BUpycaM KOpH, KpacHYXU
u naporuta coctasui 81,4%, 95,5% u 78,4% coorBercTBeHHO. [IpOGIEMHBIMU BO3PACTHBIMM IPYIIIAMU C HU3KOM ce-
POIPEBaJICHTHOCTbIO K BUpYCY KopH (62.4—74.3%) okazanuch noapoctku (12—17 iet) u Monoasie B3pocibie (18—39 sieT).
BoabIIMHCTBO CEpONO3UTUBHBIX U1, BAKIIMHUPOBAHHBIX OT KOPY, UMEJIU HU3KKE YPOBHU aHTUTE; BHICOKUE YPOBHU
OTMEYEHbBI PEUMYILIECTBEHHO Yy JIMII CTapIllero Bo3pacra, nepedoseBlnx Kopbio. Huskas ceponpeBaseHTHOCTh K BU-
pycy mapoTuTa Jaile Habonaaach cpean B3pocibix (0kojio 70%) B Bo3pacTe oT 18-Tu 10 49-T1 net. Pacnpeneierue ce-
POIPEBAJICHTHOCTH B 3aBUCMOCTH OT pojia 3aHSTH ObLIO CpaBHUTEIBHO OMHOPOIHBIM C HEKOTOPBIM IIpeodiagaHeM
CEPOMO3UTUBHOCTHU CPENM IIEHCUOHEPOB U IIKOJIBHUKOB. 3akawyenue. Uctionb3yemas B PO cucrema crieninduaeckoit
MpoUIAKTUKY BaKIIMHOYTIPABJISIEMBIX BUPYCHBIX MH(PEKIINI ITOKa3aja BRICOKYI0 3¢ (MEeKTUBHOCTD U CIIOCOOCTBOBA-
112 GOPMHUPOBAHUIO TOMYISIIMOHHOTO UMMYHMTETA, TIO3BOJIUBIIECTO B TeUCHNE MHOTHX JIET IO MUTHUMAJIbHOTO YPOBHS
CHM3UTh PUCK TIOSBJICHMS KaK CIIOPaIMueCKIX, TaK M TPYIITIOBEIX 3a00eBaHMi. B HacTosIee BpeMsI ceporpeBaicHT-
HocTb Hacenenust CankT-ITetepOypra u JleHMHTpacKoii 061acTH K BUpYCaM KOPU M AMUAEMUYECKOTO MapoTUTa HEMlo-
CTaToYHa [T 00ecredeH s ATUAEMHUOTIOTUIECKOTO OJIaToIoIydst U TPeOyeT MPUHSATHS COOTBETCTBY IOIIMX YITPaBIIEH-
YeCKUX PeIleH U ¥ IIPOBEIeHU S JOTIOTHUTEIbHBIX MTPOMDUIAaKTUUECKUX MEPOIIPUSITHIA, HATTPaBJIeHHbIX Ha TIOBBILIICHHE
MTONYJISIIUOHHOTO UMMYHUTETA K 9TUM MHQPEKIIUSIM.

Karouesuie caoea: saxyunoynpasasemvie uH@eKyuu, nONYASYUOHHbII UMMYHUMeEM, KODb, KPACHYXA, NApomum,
ceponpeganenmnocms, anmumena, Cankm-Ilemepbype, Jlenunepadckas obaacme, HaceaeHue, K020pmHoe Uccaedo8aHue.
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Immunity to measles, rubella and mumps

Introduction

Acute infectious diseases accompany an indi-
vidual person throughout their life. Most often, they
manifest as sporadic cases. Less often, local out-
breaks in groups or limited areas occur. A sudden
increase in the number of cases above the predicted
level among the population of a certain area or region
is classified as an “epidemic”, and if the population
of large regions or continents is involved, it is cus-
tomary to use the term “pandemic” [50, 56]. A strik-
ing example of the evolution of the epidemic process
is COVID-19, which began in 2020, soon developing
into a pandemic that affected most countries glob-
ally. As of 06/04/2024, more than 775 million cases
have been registered [68]. Currently, COVID-19 has
transformed into a typical seasonal respiratory infec-
tion [47]. One of the reasons for this transformation
has been the formation of herd immunity, and the use
of a wide range of vaccines played a role.

Herd immunity as a protective factor for a suscep-
tible population works only in conditions of a high
proportion of immunized individuals and their
uniform distribution in the population. Estimating
the percentage of truly immune individuals in a pop-
ulation (both as a result of infection or vaccination)
is a complex task. Analysis of morbidity based only
on registration of laboratory-confirmed manifest
forms of illness does not allow for a reliable assess-
ment of post-infectious immunity in the population.
The share of individuals with post-vaccination im-
munity may differ significantly from official vacci-
nation data due to several factors: underestimation
of actual population size (e.g., due to migratory pro-
cesses); ineffectiveness of individual vaccine batches
(e.g., due to non-adherence to storage or transporta-
tion conditions); or as a result of individuality in the
formation of immunological memory in specific
individuals.

These factors necessitate monitoring of herd im-
munity in different age groups living in all Russian
administrative regions. The use of analytical meth-
ods and laboratory systems in this work allows for the
prompt analysis of a large array of data. This provides
a scientific basis for understanding the causes behind
evolution of the epidemiological situation with respect
to specific infections. Such an approach can also cla-
rify forecasts regarding expected epidemiological con-
ditions, events, and burdens. Vaccine-based preven-
tion technologies have made it possible to achieve out-
standing success in reducing the spread of such highly
contagious infections as measles, mumps, and rubella.
Nevertheless, monitoring of ongoing, adequate imple-
mentation is a prerequisite for maintaining progress
in recent decades and reducing suffering.

Characteristic features of these infections are
the airborne transmission mechanism and an absence
of pathogen-specific therapeutic choices. In global
practice, the trivalent vaccines M-M-P II and Priorix

are primarily used for specific prevention, forming ef-
fective specific immunity simultaneously to measles,
mumps, and rubella [26, 41]. In Russia, the three-com-
ponent vaccine Vactrivir is used for this purpose [16].

Specific prevention has been the main prerequi-
site for a radical reduction in the measles incidence
in recent decades to sporadic cases, mainly of im-
ported origin. However, some periods have seen fluc-
tuations in incidence, for example from 2012 to 2018.
According to Rospotrebnadzor, 6 measles cases were
registered in the Leningrad Region in 2022, with
1 case in St. Petersburg. The favorable situation per-
sisted until 2023, when the number of measles cases
began to increase rapidly, and currently continues
to increase, in all Russian regions.

Moreover, most cases are no longer associated
with importation, and diseases and/or outbreaks
occur, including among the vaccinated popula-
tion. In 2023, there was a trend towards an increase
in measles cases in eight regions of the Northwestern
Federal District (NWFD): St. Petersburg; Leningrad
Region; Arkhangelsk Region; Murmansk Region;
Kaliningrad Region; Vologda Region; the Komi
Republic; and the Republic of Karelia.

As of September 2023, 271 verified measles cases
were registered (2 per 100 000 pop.). In 70% of cases,
the disease developed among unvaccinated individu-
als, and 5% of patients could not confirm or deny
a history of vaccination. In 10% of cases, the disease
developed among those vaccinated once. In 15%, oc-
currence was after revaccination. Most illnesses were
associated in some way with importation from other
countries, mainly Tajikistan. In all cases, the measles
virus genotype D8 MeaNS 8248 was identified.

Rubella cases have not been registered in the
Northwestern Federal District since 2021, which can
probably be explained by a high level of herd immu-
nity among the population.

Despite mumps vaccination within the framework
of the national schedule, manifest cases of this dis-
ease are still observed in the city and region. In 2022,
12 cases were detected (0.09 per 100 000 pop.), main-
ly in St. Petersburg, and 13 cases were already regis-
tered in the first 9 months of 2023. Mumps is often
observed in vaccinated individuals worldwide, which
is apparently associated with a decrease in the inten-
sity of post-vaccination immunity according to time
elapsed after immunization [28, 34, 57]. Summarized
data on the incidence of these infections (measles,
mumps, rubella), illustrating the information above,
are shown in Fig. 1.

Thus, despite vaccination against these airborne
transmissible pathogens, cases of vaccine-prevent-
able infections are still registered. The only factor
capable of preventing the spread of such pathogens
is the formation of herd specific immunity [2, 38,
53]. Clearly, progress in this area is impossible with-
out an assessment of the status and strength of herd
immunity, including the possible influences of age,
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Figure 1. Annual incidence dynamics of measles, mumps, and rubella in the St. Petersburg population

(2010 to 2023)

region, and professional category [30, 40]. The aim
of the study was to assess herd immunity to measles,
mumps, and rubella viruses in a cohort of volunteers
living in St. Petersburg and the Leningrad Region.

Materials and methods

Characteristics of the analyzed volunteer cohort

A cross-sectional, randomized study was conduct-
ed under the Rospotrebnadzor program “Assessment
of herd immunity to vaccine preventable and other rel-
evant infections in the St. Petersburg and Leningrad
Region Population”, as approved by the local ethics
committee of the St. Petersburg Pasteur Institute. All
participants, or their legal representatives, were fa-
miliarized with the purpose and methodology of the
study and signed informed consent. Random selec-
tion of volunteers for the study was carried out us-
ing a web application with a questionnaire. The se-
lected volunteers were stratified into nine age groups:
1-5 years; 6—11 years; 12—17 years; 18—29 years; 30—
39 years; 40—49 years; 50—359 years; 69—69 years; and

70+ years. The size of a representative sample was cal-
culated using a formula based on the Moivre—Laplace
limit theorem [8, 15]. The total number of volunteers
in the cohort surveyed was 6774 people.

Child volunteers (1—17 years) made up 20.8%
of the total number of those surveyed and were di-
vided into three groups: 1-5 years (5.4%); 6—11 years
(7.5%); and 12—17 years (7.9%) (Table 1). The pro-
portions of volunteers in adult age groups were ap-
proximately the same and differed in numbers by
1.5-2.5%. In total, the cohort consisted of 1789 men
(26.4%) and 4985 women (73.6%). Hence, women
participated in the study more actively (by a factor
of 2.8). Representatives of various fields of activity
took part in the study (Table 2).

As follows from Table 2, the largest numbers
of volunteers belonged to the groups of pensioners
and medical workers. The smallest was IT specialists.
The predominance of pensioners and medical workers
in the cohort can be explained, to a certain extent, by
the greater social activity, and more responsible attitude
to their health, of volunteers in these two categories.

Table 1. Age structure of the volunteer cohort (St. Petersburg, Leningrad Region)

Age, years N, persons Share, % (95% CI)
1-5years 369 5.4 (1.3-9.0)
6-11 years 510 7.5(6.9-8.2)
12-17 years 536 7.9 (7.3-8.6)
18-29 years 796 11.8 (11.0-12.5)
30-39 years 838 12.4 (11.6-13.2)
40-49 years 915 13.5 (12.7-13.4)
50-59 years 900 13.3 (12.5-14.1)
60-69 years 930 13.7(12.9-14.6)
70+ years 980 14.5(13.6-15.3)
Total 6774 6774

1-5years

70+ years 6-11 years

14.5%

12-17 years

60-69 years
13.7%

18-29 years
11.8%

50-59 years
13.3%

30-39years
12.4%

40-49 years
13.5%

Note. 70+ designates volunteers aged > 70 years.
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Research methods

During a wide information campaign, individu-
als who expressed a desire to participate in the study
filled out an online questionnaire with personal data
which was sent to the Web application for subsequent
analysis. The collected information included: full
name; gender; age; area of residence; field of activ-
ity; presence of chronic diseases; and contact infor-
mation. Individuals who met the inclusion criteria
(absence of acute illness at the time of the study)
were invited to provide additional information and
blood for subsequent laboratory testing in person.
The methodology for organizing and conducting
the study has been described earlier in detail [12].

At the blood collection point, the registrar and
volunteer filled out an extended questionnaire, in-
cluding questions about medical history (measles,
mumps, rubella, other vaccine-preventable infec-
tions). Also recorded were vaccinations and re-
vaccinations against the listed infections (including
vaccine names and dates of administration). The in-
formation was taken from the vaccination certificate
provided by the volunteer, or clarified from other
medical documentation.

In addition to the survey using a specially designed
questionnaire, all volunteers were tested for the pres-
ence of antibodies to the measles, mumps, and ru-
bella viruses.

Blood samples were taken from the ulnar vein
into vacutainers containing ethylenediaminetet-
raacetic acid solution (K;EDTA). Vacutainers were
centrifuged at room temperature. Blood plasma was
separated from cellular elements, transferred to mi-
crotubes, and stored at 4°C until testing.

ELISA testing was performed using reagent Kits
manufactured by Vector-Best (Russia) according
to manufacturer instructions: “VectoMeasles-1gG”

Initial Cohort
6,774 volunteers

Table 2. Distribution of volunteers by field
of activity

Field Confidence
of activity Volunteers, N | Share, % Interval
(95%)

Healthcare 1366 20,2 19.2-21.1
Pensioner 1157 17,1 16.2-18.0
Schoolars 815 12 11.3-12.8
Education 592 8,7 8.1-9.4
Office worker 563 8,3 7.7-9.0
Preschooler 433 6,4 5.8-7.0
Other 292 43 3.8-4.8
Industry 269 4 3.5-4.5
State-military 262 3,9 3.4-4.4
Unemployed 252 3,7 3.3-4.2
Student 213 3,1 2.8-3.6
Business 158 2,3 2.0-2.7
Research 117 1,7 1.4-21
The arts 101 1,5 1.2-1.8
Transportation 100 1,5 1.2-1.8
Information
tech. (IT) 84 1,2 1.0-15
Total 6774 100 -

for the presence and level of antibodies (Abs) to the
measles virus; “VectoRubella-1gG” for the presence
and level of Abs to the rubella virus; and “Vecto-
Parotit-IgG” for the presence of Abs to the mumps
virus. The quantitative content of antibodies to mea-
sles and rubella viruses was expressed in IU/ml.
The study flow chart is shown in Fig. 2.

Statistical processing

Statistical processing was performed using meth-
ods of variation statistics and the Excel 2011 package.
The relationships between age and seroprevalence

Data collection by questionnaire

Blood draw, analysis of antiviral IgG by ELISA (measles, mumps, rubella)

Questionnaire Data

Analysis of Indicators

Age groups (years): |

Seroprevalence by age group I Antibody level dynamics

1-5, 6-11, 12-17, 18-29, 30-39,
40-49, 50-59, 60-69, 70*

by age
(measles, rubella)

Field of activity > |

Seroprevalence by field of activity | Antibody levels

by field of activity
(measles, rubella)

(illness, vaccination)

Medical history Seroprevalence by history: Antibody levels

SNV - 'sick, never vaccinated' by history

SV -'sick, vaccinated’ (measles, rubella)
NSV - 'never sick, vaccinated’

NSNV —'never sick, never vaccinated' SNV, SV, NSV, NSNV

Verification by
— , . —
measles = 4,746 medical documentation
rubella = 4,219
mumps = 4,527

Figure 2. Study flow chart

1191



AYu. Popova et al.

MHdekumns n uMmyHuTeT

levels were calculated using the Pearson method.
Statistical processing of proportions was performed
using the method of A. Wald and J. Wolfowitz [65],
as modified by A. Agresti and B.A. Coull [23].
Calculation of the statistical significance of differ-
ences in shares was performed using the z test [5].
When assessing diefferences in the compared indica-
tors, a probability level was used to estimate signifi-
cance (p £ 0.05, unless indicated otherwise).

Results
Herd immunity to the measles virus

The average measles seroprevalence in the vol-
unteer cohort was 81.4% (95% CI: 80.4—82.3).
It was distributed unevenly across age groups, spe-
cifically: with maximum values in those > 60 years
of age (94.8—96.2%); and with a smaller share of se-
ropositive volunteers in younger age groups from 12
to 49 years (< 80%). The differences were signifi-
cant at p < 0.05. Seroprevalence in young children’s
groups (1-5 years, 6—11 years) did not differ from
the a verage cohort value (Fig. 3).

When analyzing seroprevalence, it is necessary
to take into account changes in the national measles
vaccination strategy. A single vaccination was intro-
duced in 1968.

In other words, vaccinated individuals aged 40—
55 were likely vaccinated in childhood once. A full
immunization program (2 vaccinations) was intro-
duced in 1986, which correlates with those under
40 years of age. Persons over 55 years of age were
likely only vaccinated in adulthood according to epi-
demiological indications. It was in adults, starting
from 50 years of age, that we noted a statistically sig-
nificant increase in seroprevalence. In the absence
of routine childhood vaccination, this may indicate
a previous infection. Low measles seroprevalence

100

among adults aged 18—39 may be associated with
the socioeconomic situation in the post-Soviet pe-
riod. Particularly noteworthy is the high proportion
of seronegative individuals among children (18.4—
25.7%), probably as a result of medical exemptions
and parental refusals to vaccinate.

When assessing seroprevalence depending on field
of activity, no significant differences were noted by
overall professional group. However, the highest se-
roprevalence level (95.9%; 95% CI: 94.6—96.9) was
observed among pensioners (differences with the fi-
nal value of the indicator were significantly higher,
p < 0.001), most of whom probably acquired im-
munity to measles as a result of a childhood infec-
tion. The lowest levels were observed among school-
children (77.9%; 95% CI: 74.9—80.6) and students
(66.7%; 95% CI1: 60.1—-72.7), which were significantly
lower than the final cohort value (p < 0.05). These
data fully correlate with the age distribution of sero-
prevalence described above.

In addition to seroprevalence, the study included
a quantitative assessment of anti-measles IgG levels
in volunteers of different ages (Fig. 4).

The observed trends differed in both shape and
direction. The distribution of seronegative indi-
viduals (< 0.18 TU/ml) was bell-shaped. The small-
est number of such individuals was detected among
those aged > 60 years. The share of individuals with
low anti-measles IgG levels (0.18—0.5 ITU/ml) was
the highest among children and gradually decreased
with advancing age category. It should be noted that
such dynamics are not accidental, as the correlation
coefficient shows (p = — 0.85; p < 0.01).

A negative trend was observed in relation to the
average IgG level (0.5—1.0 IU/ml). As in the previ-
ous group, the largest share of individuals with aver-
age levels was detected among children. The smallest
was seen among those aged > 60 years (p = —0.85;

90
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40 80.5 81.6 74.3
30 62.4
20

f
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Seropositive, %

HH

-+

94.8 96.2
86.3

71.6

1-5 6-11 12-17 18-28

30-39 40-49 50-59 60-69 70+

Age group, years

Figure 3. Measles seroprevalence (IgG presence) by age group
Note. Vertical black lines are confidence intervals; horizontal translucent band is the 95% confidence interval of the final
value for the entire sample (81.4%; 95% Cl: 80.4-82.3). Numerical values and statistical significance indicators are given

in Supplementary Table 1S.

1192



2024, T. 14, Ne 6

Immunity to measles, rubella and mumps

80
70 1
y=-1.19x?+9.57x +9.39
R?=0.81;p=-0.59; p< 0.05
60 5
y=-1.08x?+6.40x + 31.10
R?=0.95; p =-0.85; p< 0.01
e 50
- 3
@ y=-2.10x?+27.18
2 40 R?=0.72; p = -0.85; p< 0.01
£ 4
2 y=0.30x* - 2.17x + 14.20
T 30 R?=0.63;p=0.61; p< 0.05
o
= 5
kS] y=2.06x2 - 12.56x+ 19.71
< 20 ? R2=0.96;p =0.84; p< 0.05
10
0 <
1-5 6-11 12-17 18-28 30-39 40-49 50-59 60-69 70+
years years years years years years years years years
@ A <0.181U/ml 19.5 18.4 25.7 37.6 28.4 23.3 13.7 5.2 3.8
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Figure 4. Trends in the quantitative distribution of anti-measles IgG levels by age group

Note. Numerical values are shown in the upper left: regression equations; determination coefficients (R?); Spearman correlation
coefficients (p); p values. Quantitative Ab levels are in IlU/ml. Vertical black lines are 95% confidence intervals. Numerical values
and statistical significance indicators are given in Supplementary Table 2S.

p < 0.01). The distributions of seropositive individuals
with high (1.01—2.0 TU/ml) and very high (> 2.0 IU/ml)
IgG levels are interesting. In the group with high
levels, the trend changed from negative to positive,
although with a low determination coefficient (p =
0.61; insignificant at p > 0.05). The most interest-
ing finding was seen regarding the distribution of se-
ropositivity with the highest anti-measles IgG levels
(Fig. 5). The regression curve remained almost at
the same level (4.9—5.7 IU/ml) in age groups from
1-3 years to 30—39 years, and then increased almost
exponentially to 69.8% (95% CI: 66.8—72.6).

Thus, low and medium anti-measles IgG levels
were predominantly detected in individuals under
50 years of age, while high Ab levels were detected
in individuals aged > 50 years. It can be assumed
that the higher share of seropositive individuals with
the maximum IgG concentration in older age groups
is due to a history of manifest infection.

The surveyed cohort was heterogeneous in terms
of infectious and vaccinal status. Overall, 4746 indi-
viduals provided information about a history of mea-
sles and vaccination in the questionnaire. After
verification of questionnaire data against medical
records, 2,628 individuals for whom reliable infor-
mation was available (Supplementary Table 3S) were
divided into 4 groups: “sick, never vaccinated” (SNV,
n = 105); “sick, vaccinated” (SV, n = 58); “never sick,
vaccinated” (NSV, n = 2,061); and “never sick, never

vaccinated” (NSNV, n = 404). It is necessary to ac-
knowledge that such a division is somewhat arbitrary
since information about vaccination was confirmed
by medical records, yet a history of illness or lack
thereof was not documented by most volunteers.
Information on the relationship between history,
the presence of measles seropositivity, and anti-mea-
sles Ab levels was of interest (Fig. 5).

100 =T

90 —I_
80 _I_
70
60
50 99
40
30
20
10

0

Seropositive, %

SNV SV NSNV NSV

Infectious and vaccinal status

Figure 5. Measles seroprevalence by infectious and
vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV — “never
sick, never vaccinated”. Numerical values and statistical
significance indicators are given in Supplementary Table 4S.
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Figure 6. Anti-measles IgG levels by infectious and
vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV — “never
sick, never vaccinated”. Numerical values and statistical
significance indicators are given in Supplementary Table 4S.

In the groups of volunteers who had had measles
(SV, SNV), regardless of vaccinal status, seropreva-
Ience and Ab levels were generally higher than in the
groups who had not had measles (NSV, NSNV), also
regardless of vaccination.

As expected, the highest share of seropositive in-
dividuals was found among volunteers who had indi-
cated a history of illness in the questionnaire, regard-
less of vaccinal status (groups SNV, SV). In these
groups, seroprevalence was 94.8—99.0% (Fig. 5), and
the vast majority (~80%) had high Ab levels (= 1 1U/
ml) (Fig. 6).

In the groups with no official history of mea-
sles (NSNV, NSV), seronegativity was about 22%.
Seropositivity in these groups was quite high (~78%)
regardless of vaccinal status, although significantly
lower than the value for those with a measles history
(p < 0.001). The share of individuals with high Ab

Measles-mumps
22%

Vactrivir
5.1%

riorix
0.9%

Figure 7. Structure of preparations used

for measles vaccination (St. Petersburg, Leningrad
Region)

Note. Numerical values and statistical significance indicators
are given in Supplementary Table 5S.

levels (> 1 IU/ml) was significantly lower than that
of those who had had measles. Regarding high Ab
level individuals: they were 44.0% among the unvac-
cinated (NSNV) (ofwhich 32.9% had Abs > 2 IU/ml);
and they were 22.8% among those vaccinated (NSV)
(of which 10.1% had Abs > 2 1U/ml). These results
are apparently explained by the structure of these two
groups. Half of the volunteers in the NSNV group
were over 50 years old. As shown earlier, seropositiv-
ity at this age is about 90% and higher. This indicates
childhood measles infection which the volunteer did
not remember, or did not know about. This is under-
standable, especially if the illness was mild. In any
case, if infection occurred, then post-infectious im-
munity was formed, which is usually accompanied
by high Ab levels. Unvaccinated individuals have
a significantly higher chance of getting measles than
vaccinated people. This is confirmed by the greater
share of people with high Ab levels in the unvacci-
nated group.

In the largest group, “never sick, vaccinated”
(NSV), the majority were children and people un-
der 60 years of age who were vaccinated according
to the national schedule. They would be expected
to have post-vaccination immunity. However, more
than 20% of those in this group did not have anti-
measles antibodies, and only 28% of volunteers had
high levels.

Of the total, 2,297 volunteers were vaccinated
against measles. About 40% of individuals did not
have a specific vaccine name listed on their certifi-
cate. Approximately equal numbers of volunteers
were vaccinated with measles vaccine (28.6%; 95%
CI: 26.8—30.5) and measles-mumps vaccine (22.0%;
95% CI: 20.4—23.8). The total share of other vaccines
(Priorix, M-M-R 11, Vactrivir, etc.) was about 12%
(Fig. 7).

Significant differences in vaccines were noted
depending on volunteer age. This is likely due to the
domestic availability of various vaccines used at
different times (Fig. 8). Adult volunteers from 30
to 69 years old were combined into one group due
to an absence of significant differences.

Most children were vaccinated with two-compo-
nent (measles, mumps) or three-component (mea-
sles, mumps, rubella) vaccines. Regarding the latter,
both imported (Priorix, M-M-R II) and domestic
(Vactrivir) preparations have been used. The share
of children vaccinated with monovalent measles vac-
cine was below 10%.

Most adult volunteers, especially the elderly,
were vaccinated with a monovalent measles vaccine.
Vaccination with it increased proportionally with
age: from 29.1% (95% CI: 24.9—-33.8) in the group
“18—29 years old” to 47.8% (95% CI:. 36.5—59.4)
in the group > 70 years. In adult volunteers aged 30—
69 years, two- and three-component vaccines were
practically not used. About 10.1% (95% CI: 7.5—13.5)
of persons aged 18—29 years had been vaccinated
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Figure 8. Preparations used for measles vaccination, by age group
Note. Numerical values and statistical significance indicators are given in Supplementary Table 5S.

with two-component measles-mumps vaccine since
2002 (when it entered serial production). Among
volunteers aged > 70 years, there were also persons
vaccinated with measles-mumps vaccine (17.5%; 95%
CI: 10.0—28.0), probably during vaccination of the
adult population during periods of increased inci-
dence in recent years.

When summarizing measles herd immunity
among local volunteers (St. Petersburg, Leningrad
Region), it can be stated that the threshold level
of immunity sufficient to prevent epidemic spread
of the pathogen (< 7% seronegative individuals) has
been achieved only in the age groups of 60 years and
older. Among adult volunteers under 50 years of age,
seroprevalence did not reach 80%. In the range
18—29 years old, the minimum values were noted
(62.4%). 1t is noteworthy that about 20% of children
who should have been vaccinated according to the
national schedule did not have antibodies to the mea-
sles virus.

Herd immunity to the rubella virus

As noted earlier, the rubella situation in 2021—
2022 was favorable. There were no sporadic cases,
let alone epidemic outbreaks, in St. Petersburg or
the Leningrad Region. Despite the fact that rubella
is milder than other airborne infections (COVID-19,
influenza, measles), it is a significant public health
concern due to its teratogenic potential and associa-
tion with autism [42]. Rubella is one of the most com-
mon infections causing fetal abnormalities (congeni-
tal rubella syndrome) in pregnant women.

The first live attenuated rubella vaccine was creat-
ed by P.D. Parkman and H.M. Meyer Jr. in 1966 [48].
Inclusion of the rubella vaccine in national immuni-
zation schedules has increased vaccination coverage
to 89.0% in most developed countries. Russia is no

exception, and rubella vaccination has been included
in the national schedule since 1997. Routine immu-
nization occurs at several points: children at 1 year
old; children at 6 years old; and girls aged 13 years.
Additional immunization is performed for children
aged 1 to 17 years: who have not had rubella; who
have not been vaccinated; or have been vaccinated
only once. Young women 18 to 25 years old may also
receive vaccination if they have not had rubella or
been vaccinated previously.

The absence of rubella cases does not preclude
large-scale studies of herd immunity against vac-
cine-preventable infections. Vigilance regarding
these pathogens, including rubella, is an important
prerequisite for maintaining epidemiological well-
being, without setbacks, in the country. The long-
term use of a live attenuated vaccine in Russia has
resulted in a high level of herd immunity (95.5%; 95%
CI: 94.9-95.9) in the St. Petersburg and Leningrad
Region population (Fig. 9).

The highest rubella seroprevalence values were
found in the subgroups of elderly (60—69 years) and
older (70+ years) people. The lowest were among
those middle-aged (30—39 years). Differences with
the overall seroprevalence value were significant
(p < 0.05). Despite some seroprevalence differences
among various age groups, the average level of herd
immunity exceeds 95%. Since the criterion for epi-
demic well-being regarding rubella is the detec-
tion of < 7% seronegative individuals, the situation
in St. Petersburg and the Leningrad Region can be
considered favorable. This is confirmed by the ab-
sence of rubella cases in recent years in the regions
analyzed. As expected, given the high overall sero-
prevalence of the population, differences by field
of activity were not seen. Anti-rubella IgG levels were
determined in volunteers depending on age (Fig. 10).

1195



AYu. Popova et al.

MHdekumns n uMmyHuTeT

100

98
96

94

—
—t
—t

92

e

Seropositive, %

90 95.5 95.3 95.4

38 93
86

g7 97.6

84

1-5 6-11 12-17 18-28

30-39 40-49 50-59 60-69 70+

Age group, years

Figure 9. Rubella seroprevalence (IgG presence) by age group
Note. Vertical black lines are 95% confidence intervals; horizontal translucent stripe is the 95% confidence interval of the final
value for the entire sample (95.5%; 95% Cl: 94.9-95.9). Numerical values and statistical significance indicators are given

in Supplementary Table 6S.

The data reflect a complex, heterogeneous struc-
ture regarding the distribution of anti-rubella Abs
present in the population. The share of seronegative
individuals and those with minimal Ab levels was dis-
tributed relatively uniformly. It was described by lin-
ear regression, with virtually no dependence on age.
The trends change with higher Ab levels, requiring
a more complex approximation described by 3rd de-

gree polynomials. Significant heterogeneity in the
results is noteworthy, including opposing trends de-
scribing certain Ab concentration distributions: 25—
100 TU/ml (average) and > 200 IU/ml (maximum).
Within the age intervals 6—11 years and 12—
17 years, an increase in average Ab levels, and a de-
crease in maximum levels, are observed. In the range
18—29 years, there is a turning point in trends.
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Figure 10. Trends in the quantitative distribution of anti-rubella IgG levels by age group

Note. Numerical values are shown in the upper left: regression equations; determination coefficients (R?); Spearman correlation
coefficients (p); p values. Quantitative Ab levels are in IU/ml. Vertical black lines are 95% confidence intervals. Numerical values
and statistical significance indicators are given in Supplementary Table 7S.
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By the age range 50—59 years, the largest share of vol-
unteers had Abs at maximum levels, and a statisti-
cally significant proportion of seropositive individu-
als had only average levels. Considering that for both
trends the determination coefficient varies within
arange (0.5—0.61), it can be considered that this form
of regression is not random. It likely reflects real pro-
cesses, and statistically significant features, of the
quantitative Ab distribution.

Among volunteers of all age groups, the shares
of individuals with medium, high, or very high
Ab levels were distributed evenly. No more than
7% of volunteers had low Ab levels (10—25 1U/ml).
Nevertheless, in children from 6 to 17 years old, high
IgG levels were detected significantly less often than
in children 1-5 years old or adults > 18 years.

As with measles, those volunteers (4219 people)
who provided information about their illness and vac-
cination in the questionnaire were divided into four
groups (Suppl. Table 8S). Depending on infectious
and vaccinal status after verification of their ques-
tionnaire data against medical records (2302 people),
these were: SNV (n = 180); SV (n = 43); NSNV (n =
813); and NSV (n = 1266).

The age distribution of volunteers by infectious
and vaccinal status is related to the national sched-
ule, which has included rubella vaccination since
1998. In this regard, only people under 25 years
of age were routinely vaccinated against rubella.
People over 25 years of age, primarily women,
may have received unscheduled vaccination based
on epidemiological indications. It can be assumed
that the groups of those who have had the disease
(SNV, SV) should be mostly represented by peo-
ple aged > 30 years. The NSV group is most likely
to be children and young people (18—29 years old).
The NSNYV group is volunteers of different ages who
were not vaccinated, either due to medical exemp-
tions, refusal (children and adults < 25 years), or
because of age (people > 25 years). Such a classifi-
cation is largely arbitrary since the actual number
of people who have had rubella may be higher due
to the prevalence of mild and asymptomatic cases.
Furthermore, people of any age may have received
rubella vaccination based epidemiological measures,
especially women, for whom the presence of rubella
constitutes a risk of developing pre- and postnatal le-
sions in newborns [27, 33, 42].

Given the high overall rubella seroprevalence
in the cohort (95.5%), and its uniform distribution
across age groups, one would not expect to find sig-
nificant differences in seroprevalence in volunteers
of different infectious and vaccinal status (Fig. 11, 12).

Although significant differences were not found
between groups, seroprevalence exceeded 95%
among volunteers who had experienced rubella or
were vaccinated (SNV, SV, NSV), which is higher
than the value for those who denied a history of vac-
cination or illness (NSNYV, 88.6%). As with measles,
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Figure 11. Rubella seroprevalence by infectious
and vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV —
“never sick, never vaccinated”. Vertical black bars are

95% confidence intervals. Numerical values and statistical
significance indicators are given in Supplementary Table 9S.

the vast majority of volunteers who had had the dis-
ease (> 80%) had high IgG levels (> 100 1U/ml), in-
cluding about 60% with levels higher than 200 [U/ml.

Despite the absence of a history (disease and/or
vaccination) among NSNV, the share of those with
high antibody levels was also high, reaching almost
89%. This fact indicates that the share of people who
had actually experienced rubella is undoubtedly
higher due to the prevalence of mild or asymptomat-
ic cases, which nevertheless leave a trace in the form
of circulating IgG [16]. Furthermore, among volun-
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Figure 12. Anti-rubella IgG levels by infectious and
vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV — “never
sick, never vaccinated”. Numerical values and statistical
significance indicators are presented in Supplementary
Table 9S.
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Figure 13. Structure of preparations used

for rubella vaccination

Note. Numerical values and statistical significance indicators
are given in Supplementary Table 10S.

teers who had not had rubella, Ab levels were lower
than in those who had been ill: IgG exceeded 100 1U/
ml in almost 60%, including about 30% with a value
higher than 200 IU/ml (Fig. 12).

Of the total cohort, only 1,368 volunteers pro-
vided medical documentation with information
on rubella vaccination. Vaccine name was not indi-
cated in the vaccination certificates of 37.7% of peo-
ple (Fig. 13). Most volunteers were vaccinated with
a domestic monovalent rubella vaccine: 47.2% (95%
CI: 44.6—49.9). The usage share of three-component
imported and domestic vaccines ranged from 1.5%
(M-M-R 11) to 8.7% (Priorix).

Age differences were noted regarding vaccines
used for rubella vaccination. These are likely associ-
ated with the availability of specific vaccines in dif-
ferent time periods (Fig. 14). Adult volunteers aged
30—49 years were combined into one group due to an
absence of significant differences.

Most volunteers in all age groups were vaccinated
with domestic monovalent rubella vaccine. The three-
component Vactrivir (measles, mumps, rubella) vac-
cine has been used in Russia since 2019 as part of the
national vaccination schedule. Hence, the maximum
share of those vaccinated with Vactrivir was noted
among children aged 1-5 years (22.4%; 95% CI:
17.4—28.5). In other age groups, it was apparently used
for one-time revaccination in older children, as well as
vaccination according to epidemiological indications
in adults aged 50—69 years. The imported three-com-
ponent vaccine Priorix was used for routine vaccina-
tion and revaccination of children, as well as vaccina-
tion of adults according to epidemiological indications,
during the periods when it was available in Russia.

Thus, the conducted serological studies (Ab pres-
ence, levels) revealed a high level of herd immunity, in-
dicating that conditions in the region (St. Petersburg,
Leningrad Region) are close to the threshold beyond
which the rubella virus in the population is complete-
ly eliminated.

Herd immunity to the mumps virus

Mumps can be accompanied by numerous com-
plications, the most common of which is orchitis [62,
69, 71]. Less often, meningitis, nephritis, polyneurop-
athy, pancreatitis, deafness, and other problems, can
occur [25, 45, 60, 71]. The infection contributes to the
formation of persistent immunity. In Russia, planned
vaccination of children (at the age of 12 months) began
in 1980. In 2001, mandatory revaccination of chil-
dren at 6 years of age was introduced. Accordingly,
volunteers younger than about 45 years were subject
to scheduled mumps vaccination.

Our data shows that the overall seropreva-
lence in the local volunteer cohort (St. Petersburg,
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Figure 14. Preparations used for rubella vaccination, by age group

Note. Vertical black lines are 95% confidence intervals. Numerical values and statistical significance indicators are given

in Supplementary Table 10S.
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Leningrad Region) was 78.4% (95% CI: 77.4-79.3)
in September 2023 (Fig. 15). Considering that
the share of seronegative individuals should not ex-
ceed 15% to ensure epidemiological well-being re-
garding mumps, it is obvious that the level of herd
immunity is insufficient to prevent the spread of in-
fection in the surveyed areas.

The distribution of mumps seroprevalence showed
statistically significant age differences relative to the
average cohort value. A significantly higher (p <0.01)
share of seropositive individuals was observed in chil-
dren aged 6—11 years (probably after revaccination at
6—7 years), as well as in the older groups (= 60 years)
(likely post-infectious immunity in unvaccinated in-
dividuals). In contrast, among young adult and mid-
dle-aged volunteers (18—49 years), there was signifi-
cantly lower seroprevalence (p < 0.0001). This fact
is to be expected since this interval includes those
vaccinated once at the age of 1 year (since 1980) be-
fore the introduction of revaccination (in 2001).

The distribution of seroprevalence depending
on occupation was consistent with the age distribu-
tion. The highest values (~86%) were found among
schoolchildren and pensioners (children, elderly).
The lowest (~70%) were among medical workers, civil
servants, and transportation workers (those middle-
aged). In all cases, the differences were significant
at p < 0.05. For participants who provided informa-
tion about illness and vaccination by questionnaire
(n = 4527), data were verified against medical re-
cords when possible (Supplement Table 12S). Those
with documented infectious and vaccinal status (n =
2346) were divided into four groups: SNV (n = 111);
SV (n =25); NSNV (n = 708); and NSV (n = 1502).

As with other vaccine-preventable infections,
the groups with volunteers who had experienced
symptomatic mumps were represented mainly by
adults over 30 years of age. Some of the volunteers
who had had the illness were also vaccinated, likely

95

due to epidemiological measures. The NSV group
was represented mainly by children and young people
under 30 years of age. This is obviously related to the
initiation of mumps vaccination in Russia. Older
people would have been vaccinated for epidemiologi-
cal reasons or in accordance with specific regional
vaccination programs.

When comparing mumps seroprevalence among
volunteers with different infectious and vaccinal sta-
tus, the highest share of seropositive individuals was
observed in the groups who had experienced symp-
tomatic mumps (regardless of vaccination): SNV
group — 91.0% (95% CI: 84.2—95.0); and SV group —
92% (95% CI: 75.0—97.8). Seroprevalence among vol-
unteers who indicated no history of mumps (regard-
less of vaccination) was lower: NSV group — 80.2%
(95% CI: 78.1-82.2); and NSNV group — 73.9%
(95% CI: 70.5—77.0) (Fig. 16). It is noteworthy that
volunteers who denied a history of illness or vaccina-
tion, were nevertheless mostly seropositive for anti-
mumps antibodies.

Medical documentation with information
on mumps vaccination was provided by 1583 volun-
teers. However, it was impossible to determine offi-
cial vaccine name in 37.8% of cases (Fig. 17). Most
were vaccinated with domestic vaccines: a two-com-
ponent measles-mumps vaccine (31.5%; 95% CI:
29.3—33.9); a monovalent mumps vaccine (17.9%;
95% CI: 16.1—19.9); and/or the three-component
Vactrivir vaccine (4.1%; 95% CI: 3.2—5.2). The share
of the two imported, three-component (measles,
mumps, rubella) vaccines (Priorix, M-M-R II) did
not exceed 9%.

Age differences regarding vaccines used for mumps
vaccination were noted. These are likely related to the
availability of specific vaccines in different time peri-
ods (Fig. 18). Adult volunteers aged 30—49 and 50—
69 years were combined due to an absence of signifi-
cant differences.
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Figure 15. Mumps seroprevalence, by age group

Note. Vertical black lines are 95% confidence intervals; horizontal translucent bar is the 95% confidence interval of the final
value for the entire sample (78.4%; 95% CI: 77.4-79.3). Numerical values and statistical significance indicators are presented

in Supplementary Table 11S.
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Figure 16. Mumps seroprevalence by infectious
and vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV —
“never sick, never vaccinated”. Vertical black lines are 95%
confidence intervals.

Most child volunteers (45.7—50.5%), as well as
those over 70 years old (81.3%; 95% CI: 57.0—-93.4),
were vaccinated with the measles-mumps vac-
cine. The new domestic three-component vaccine
Vactrivir, introduced into practice in 2019, was used
to vaccinate children aged 1-5 years (22.4%; 95% CI1
17.3—28.5) and 6—11 years (3.8%; 95% CI12.2—6.5%).
In other age groups, only a few such vaccinated in-
dividuals were noted. In contrast, those aged 18
to 69 years were vaccinated with monovalent mumps
vaccine (25.2—48.2%) or, to a lesser extent, mumps-
measles vaccine (5.8—32.1%). Regarding imported,
three-component vaccines, Priorix was used in cer-

Mumps
17.9%

Unknown name
35.5%

Measles-mumps
31.5%

Figure 17. Structure of preparations used
for mumps vaccination

tain young groups (6—11 years, 12—17 years). M-M-R
II was used in isolated cases in different age groups.

When summarizing our analysis of herd immuni-
ty to mumps, we note that seroprevalence in the local
population is close to the threshold for epidemiologi-
cal well-being (< 15% seronegative individuals) only
for certain groups: children aged 6—17 years and in-
dividuals in the oldest groups (= 60 years).

In the volunteer cohort, a separate group consisted
of “naive” individuals who denied a history of illness
or vaccination. They presumably should have had
neither post-infectious, nor post-vaccination, immu-
nity. Nevertheless, for all infections analyzed, high
seroprevalence was found among those in the NSNV
(never sick, never vaccinated) group: measles virus —
78.5% (95% CI: 74.2—82.2); mumps virus — 73.9%
(95% CI:70.5—77.0); and rubella virus — 88.6% (95%
ClI: 86.2—90.6).

Age analysis showed that seroprevalence for all
infections was minimal in children aged 1-5 years
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Figure 18. Preparations used for mumps vaccination, by age group
Note. Vertical black lines are 95% confidence intervals. Numerical values and statistical significance indicators are given
in Supplementary Table 13S.
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Figure 19. Seroprevalence among “naive” volunteers (never sick, never vaccinated) for vaccine-

preventable infectious pathogens

Note. Since the rubella trendline was described by a 2nd degree polynomial, tangents to the curve were calculated for the
youngest and oldest categories: tgo.1 — slope of the youngest interval (aged 1-11 years), representing rate-of-increase

in seropositivity in children; and tga2 — slope of the oldest interval (aged > 60 years). Trends for measles and mumps were
straight lines. As such, their tgo. values reflect evenly increasing seropositivity across age groups. Spearman correlation
coefficients (p) are shown. For statistical significance, all at p < 0.05. Numerical values and statistical significance indicators are

given in Supplementary Table 14S.

(37.5% for measles, 48.6% for mumps and 50.0%
for rubella), with an increase to maximum levels
in individuals aged > 70 years (90.3% for mumps,
96.0% for rubella and 97.7% for measles) (Fig. 19).
Setting aside that some volunteers, or their parents,
may have forgotten illness or vaccination, one as-
pect becomes apparent. The revealed seroprevalence
values indicate insufficient laboratory diagnostics
of vaccine-preventable infections. In reality, older
volunteers had not only experienced “childhood”
infections, they also had likely received a natural
booster effect through encounters with infected in-
dividuals. This is confirmed by the fact that Ab levels
were higher in older age groups than in children.

It is obvious that the dependence in this case
is not linear, and the trend can be described by two
tangents. The first is tgo.l = 6.8 (steeper), wherein
the level of herd immunity is growing at a high rate
due to an active transmission process. Adaptive im-
munity is quickly formed (via childhood immuni-
zation or transmission). The second is tga2 = 0.3,
wherein all (or almost all) of those in the oldest groups
(> 60 years) have already encountered the virus
in their lives through vaccination or illness. In result,
the virus practically does not spread in this age group.

Discussion

Herd immunity is the central mechanism for pro-
tecting the population from contagious infectious
pathogens that tend to spread as epidemics. These in-
clude airborne infections, often in childhood (mea-

sles, mumps, rubella, diphtheria, whooping cough),
as well as acute respiratory viral infections that are
not strongly age-specific (influenza, parainfluenza,
respiratory syncytial virus, coronaviruses, etc.) [31,
39, 44, 46, 63, 66]. It is also worth mentioning that
a number of infections have virtually disappeared
in recent times, yet caused a number of deadly epi-
demics in the Middle Ages [1, 64]. The outcome of all
these pandemics was the formation of specific im-
munity to the pathogen. This process is based on the
ability of cellular and humoral mechanisms to block
the transmission of pathogens among the population,
wherein the prevalence of positive serological results
(p) exceeds the critical value of herd immunity (pc),
known as the herd immunity threshold [43, 51, 70].
According to researchers, achieving this threshold
is realistic (at least for measles, mumps, and rubella)
provided that vaccination of different population seg-
ments is properly organized [51, 67].

The measles virus is a highly contagious patho-
gen, the basic reproduction number (R,) for which
is 9—18 [61]. This means that the target vaccina-
tion coverage to achieve the protective immuniza-
tion threshold should be about 95% [29]. The cri-
terion for epidemic well-being regarding measles
is the presence of no more than 7% seronegative
individuals in the population. Our results show that
in St. Petersburg and the Leningrad Region, the mea-
sles seroprevalence in the cohort as a whole was 81.4%
(95% CI. 80.4—82.3), which is significantly below
the threshold. We also note statistically significant
heterogeneity in the cohort: the lowest seropreva-
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lence was found among individuals aged 18—39 years
(62.4%; 95% CI: 59.0—65.7); and the highest was
among those aged > 70 years (96.2%; 95% CI: 94.8—
97.2). Similar heterogeneity was found in volunteers
depending on field of activity. Higher seroprevalence
was noted among pensioners and preschoolers (which
corresponds to the age distribution). It was also noted
in health workers and educators, both of which are
“at risk” groups. Since 2014, they are subject to vac-
cination until the age of 55 under certain conditions
(no history of vaccination or illness) [12, 13].

High anti-measles Ab levels are most typical
for older individuals: about 80% of seropositive indi-
viduals aged > 60 years had high (1-2 IU/ml), or very
high (> 2 IU/ml), IgG levels. The opposite situation
was noted in the group “children aged 1—17 years”:
the overwhelming majority had low or medium Ab
levels (0.18—1.0 IU/ml).

Analysis of volunteer histories (measles vaccina-
tion, past illness) showed that seroprevalence was
mainly influenced by past illness, not vaccination.
Among those who had had measles, seroprevalence
and Ab levels were higher than among those who had
not, regardless of vaccination. Our data on local herd
immunity (St. Petersburg, Leningrad Region) are con-
sistent with earlier data from other seroepidemiologi-
cal studies conducted in various Russian regions. They
also noted low measles seroprevalence in children and
in adults aged 18—40 years [4, 9, 10, 11, 17, 18].

It can be assumed that the revealed differences
are due to a number of medical and social factors.
Mandatory single vaccination of children with a live
measles vaccine at the age of 1 year was launched
in the USSR in 1968. In 1986, revaccination of chil-
dren before entering school (at the age of 6 or 7 years)
was introduced. Thus, subjects who have undergone
a full course of measles vaccination within the frame-
work of the national schedule (vaccination, revac-
cination) can be classified fairly reliably as persons
under 40 years of age. Persons aged 40—55 years were
most likely vaccinated once. Those over 55 would
have been vaccinated only according to epidemiolog-
ical indications. Interestingly, starting from the age
of 50, the share of measles-seropositive persons with
high Ab levels steadily increases.

There is no doubt that in the period preceding
the introduction of mandatory vaccination, measles
incidence was high, and people over 50 years of age
were highly likely to have had this infection. The high-
er seroprevalence in groups over 50 years of age, as
well as high Ab levels, indicate a long-term and even
lifelong existence of anti-infective immunity. It is be-
lieved that the measles vaccination coverage among
the adult population aged 18—35 is maintained at
the regulated level and is about 99% in Russia [12, 13].
Our data indicate that the real seroprevalence of the
population at this age is 60—70%. Data from Russian
authors indicate that during periods of increased mea-
sles incidence, people in age groups with a low herd

immunity are primarily involved in the epidemic pro-
cess [18]. Also noteworthy is the high share of seroneg-
ative individuals among children (18.4—25.7%). Data
from official registrations and individual researchers
confirm the involvement of unvaccinated individuals
in the epidemic process: no more than 5—7% of those
infected are vaccinated against measles [3, 21].

Thus, our results confirm the fact that individuals
who have had manifest measles (usually older people)
have higher immune protection than after vaccina-
tion [54]. In addition, older individuals in conditions
of high measles incidence in the pre-vaccination pe-
riod probably encountered the pathogen repeatedly,
which strengthened post-infectious immunity (boost-
er effect) and ensured high Ab levels. The immune re-
sponse formed following the measles vaccine is lower.
In addition, the probability of a natural booster effect
in vaccinated individuals in conditions of reduced
circulation of wild virus is low. This is confirmed by
low Ab levels in seropositive young individuals [35].

Rubella, like measles, is a vaccine-preventable in-
fection and, despite the existence of a family of spe-
cific vaccines, continues to cause up to 100 000 cases
of congenital rubella syndrome worldwide annu-
ally [39, 42, 59]. Its basic reproduction number varies
from 3—8, potentially up to 12 [49, 56]. It follows that
the required threshold of herd immunity in European
countries is estimated to be 67—87%, while in devel-
oping countries it can reach 90% [39, 51, 52]. Live
attenuated MMR vaccine is used worldwide for spe-
cific prevention of rubella; it is capable of generating
adaptive immunity simultaneously to three patho-
gens: measles, mumps, and rubella [58].

Rubella immunization in Russia was intro-
duced into the schedule by an order of the Ministry
of Health (dated 27.12.97, No. 375), later replaced
by a subsequent order (dated 30.09.2015, No. 683H).
Accordingly, children are subject to routine immu-
nization at specific points: those aged 12 months;
6 years; and girls aged 13 years. Additional ru-
bella immunization includes: all children from 1
to 17 years who have not been ill, not been vaccinat-
ed, or vaccinated only once; as well as young women
aged 18—25 years who have not been ill or vaccinated
previously [14].

An assessment of rubella herd immunity showed
that the overall cohort had the necessary immune
protection, regardless of age or occupation. The aver-
age rubella seroprevalence was 95.5% (95% CI: 94.9—
95.9). The highest level was recorded among volun-
teers aged 50—70+ years (96.3—97.6%). The lowest
was in the age group 30—39 years (92.7%; 95% CI:
90.8—94.3). In other words, the level of herd immu-
nity reached the threshold for epidemic well-being
(£ 7% seronegative individuals in the pop.) in almost
all age groups. This is confirmed by the absence
of registered of cases of rubella, or congenital rubel-
la syndrome, in 2021-2023 locally (St. Petersburg,
Leningrad Region).
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Unlike measles, 60—70% of volunteers had high,
or very high, anti-rubella IgG levels, and the share
of individuals with low Ab levels did not exceed 7%.
However, in children aged 6—17 years, high IgG lev-
els were detected significantly less frequently than
in children aged 1—5 years or adults. This situation,
noted by other authors [20], may be associated with
a weakening of immunity 6—10 years after revac-
cination in the absence of a natural booster effect
when encountering wild rubella virus. It is interest-
ing to note that in the group of volunteers who had
not been ill or vaccinated against rubella, the share
of seropositive individuals was high, 88.6% (95% CI:
86.2—90.7), although significantly lower than in the
groups of those who had been ill and vaccinated.
In addition, those with full recoveries from sympto-
matic infections had higher Ab levels. Specifically,
in 50—60% of such volunteers, IgG levels exceeded
200 IU/ml, as opposed to 29—33% of those who with-
out a history of manifest rubella.

When summarizing the assessment of herd rubel-
la immunity in the local population (St. Petersburg,
Leningrad Region), as well as the data of other do-
mestic authors [7, 9, 11, 17, 18, 20], it is obvious that
the existing practice of routine vaccination has con-
tributed to the formation of herd immunity sufficient
to interrupt viral spread.

This is reflected in the absence of manifest cases
in recent years. Clearly, a high level of herd immu-
nity has been maintained, even in the absence of cir-
culation of the wild strain or natural booster effects
through encounters. It is premature, of course, to de-
clare a complete victory over rubella, and the possi-
bility of imported cases cannot be ruled out. However,
the risk of epidemic spread among local residents can
currently be considered low.

In uncomplicated cases, mumps occurs as a mild,
self-limiting infection, but there are also compli-
cated cases with the addition of orchitis in boys, as
well as pancreatitis and even neurological complica-
tions [60, 69, 72, 73]. The mumps virus is less con-
tagious than the measles virus. Values for the basic
reproductive number, depending on regional charac-
teristics, can vary from 4—7 (USA) to 11—14 (Great
Britain) [36]. Before the introduction of mass vac-
cination, illness was widespread globally. In some
countries, up to 5—6% of the population has experi-
enced symptomatic forms [22]. A significant change
in the epidemiological situation occurred only after
the introduction of specific vaccination into clinical
practice in 1967. This has enabled a many-fold reduc-
tion in mumps prevalence globally [6, 37].

Contemporary mumps epidemiology and its fea-
tures have been shaped by routine prevention using
a live attenuated vaccine. The introduction of vac-
cines against the virus in Russia has contributed
to a decrease in the frequency of clinical mumps cas-
es, primarily due to the formation of strong herd im-
munity [6]. In Russia, two domestic vaccines based

on the Leningrad-3 strain are used: a monovalent
mumps vaccine and a divalent (mumps-measles) vac-
cine. Two imported trivalent (measles, mumps, ru-
bella) vaccines, M-M-R II and Priorix, are also used.
Regardless of their origin, all of the listed vaccines
create 90% immunity, which lasts up to 5—6 years
after administration [16, 19, 24, 32]. The vaccination
program against mumps in Russia has undergone
changes, which obviously has affected seropreva-
lence in various age groups. Routine vaccination
of the child population (at the age of 12 months) be-
gan in 1980. In the year 2000, the attenuated mumps
virus content in the vaccine was increased by 2-fold.
In 2001, due to an identified decrease in immu-
nity, mandatory booster revaccination of children
at 6 years of age (before school) was introduced into
the national vaccination schedule.

Taking into account that the average value of the
basic reproductive number (R,) varies within 4.5, it is
possible to calculate the threshold level of mumps herd
immunity (R,), which was 77.7%, using the formula
(1-(1/Ry) x 100). In St. Petersburg and the Leningrad
Region, the average cohort value of R; was 78.4% (95%
CI: 77.4—79.3). The highest R, values were noted among
children aged 6—11 years (88.0%; 95% CI: 84.9—90.6)
and those > 50 years (88.2%; 95% CI: 86.0—90.0); dif-
ferences with the average cohort value were significant
(p <0.001). The least protected were middle-aged adults
aged 18—49 years, among whom seronegativity reached
30%. They were likely vaccinated once before the intro-
duction of revaccination in 2001.

The distribution of mumps seroprevalence by field
of activity corresponded with age. The highest sero-
positivity values were found among schoolchildren
and pensioners (children and the elderly). The low-
est was among medical workers, civil servants, and
transportation workers (middle-aged people). In all
cases, the differences were significant (p < 0.05).
As with other vaccine-preventable infections, analysis
of infectious history and vaccinal status showed that
the highest share of seropositive individuals was noted
in groups of volunteers who had experienced sympto-
matic mumps, regardless of vaccination: 87.6—91.0%.

Thus, the threshold for epidemic well-being with
respect to mumps (< 15% seronegative individuals)
corresponded to the level of herd immunity only
among children aged 6—17 years and those > 60 years.
The rest of the population, including preschool chil-
dren and adults aged 18 to 59, are not sufficiently pro-
tected from mumps. As such, they can be involved
in epidemiological processes.

Analysis of volunteer groups who cannot docu-
ment, or recall, a history of vaccination or illness (i.c.,
should not have had significant humoral immunity)
shows that there has been insufficient laboratory diag-
nostics of vaccine-preventable infections. Latent and
asymptomatic forms (measles, mumps, rubella) have
very likely been overlooked in the past. Seropositivity
for these pathogens was noted in all age groups. It in-
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creased with age, reaching maximum levels in those
aged 70+ (90.3% for mumps, 96.0% for rubella and
97.7% for measles). Many of the older adult volunteers
were born in, or have lived through, the pre-vaccina-
tion period. Many have had these “childhood” infec-
tions, as well as the opportunity to receive a natu-
ral “booster effect” in conditions of high morbidity
(through contact with infected individuals).

In Russia, live attenuated vaccines are used
for specific prevention of these pathogens in the form
of monovalent, two-component (measles, mumps),
and three-component preparations (measles, mumps,
rubella). All available vaccines are safe, effective, and
can be equally used within the framework of immu-
nization programs. However, the general trend in vac-
cination development globally has been a transition
to combination vaccines with an increasing number
of components. In 2019, the first domestic three-
component vaccine, Vactrivir (measles, mumps, ru-
bella) [19], was registered in Russia. Earlier, the for-
eign vaccines Priorix and M-M-R II were used as
three-component vaccines. Multicomponent vac-
cines are predominantly used for routine vaccination
of children. Monovalent vaccines are used for vac-
cination (and revaccination) of adults according
to epidemiological indications, depending on which
pathogen is of public health concern.

Conclusions

1. Currently, herd immunity to “childhood” in-
fections in the local population (St. Petersburg,
Leningrad Region) ensures epidemiological well-be-
ing only with respect to rubella. This is confirmed by
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Pestome. B naHHoIi cTaThe MpeacTaBAeHbl pe3yabTaThl OTPAHMYEHHOTO, CJICTIOr0, MJale00-KOHTPOJIMPYEMOTro Ucce-
JTOBaHMS TI0 U3YUYEHUIO BIUSHUS KOMILIEKCHOTro mpemnapara [okadepoH cocTosIero mpeuMyInecTBeHo U3 oera-
IJTI0OKAHOB, MOJIyYaeMbIX U3 TUILEBLIX TpUOOB BelieHka 00bIKHOBEHHASI, U OMOJOTMYeCKY aKTUBHBIX BEIIECTB C U3-
BECTHOM aHTUOKCUIAHTHOM ¥ TPOTUBOBOCHAIUTEIbHON aKTUBHOCTHIO, HA 3(D(HEKTUBHOCTH CTAaHIAPTHON Teparuu
cpemHeTsKen0i (hopMbI OcTpoii nHMeKIuM, BeizBaHHOI BupycoM SARS-CoV-2. B uccrnenoBanme ObIJIO BKIIOUYEHO
60 yenoBeK, MyXUMHBI ¥ XEHIIMHBI, B BO3pacTe OT 18 10 75 yeT, moiy4aBIiuX CTAHAAPTHYIO T€Paluio, perjiaMeH-
THPOBaHHYIO 11-if Bepcueil BpeMEHHBIX METOANUECKIX PEKOMEHIAIINIA 11O MpoPUIaKTUKE, TUATHOCTUKE U JICUCHU U
HOBOI kopoHaBupycHoit uHdexkuu (COVID-19), B Teuenue 10 queit. Kputepuu BKIIOYEHUS MALUEHTOB B UCCIEN0-
BaHUE: MY>XUMHBI U XEHIIUHBI B Bo3pacTte oT 18 1o 75 set, ¢ nosoxuteabHbiM [TLIP-tectom Ha SARS-CoV-2, Tem-
neparypoii Tesaa > 38,5°C B TeueHue 3 AHEN; HAJIMUYUE TUMTUYHON KOPOHABUPYCHOW MHEBMOHUU MOATBEPXKIACHHOU
KT; cornacue maiueHTOB Ha TOCMIUTAIU3ALMIO U yYacTUe B UccaeqoBaHUU. [TallMeHThl, BKJIIOUEHHBIE B UCCIIEI0BA-
HUe, ObLIM paHAOMU3MPOBaHbI Ha 2 rpymnmbl o 30 yenoBek. KoHTponbHas rpyIina nojayvalia cTaHaapTHOE JeYeHHe
1 miaiedo, B UCTIBITYEMOM I'pyTiIie CTaHAapTHOE JIeYeHue NOMoHsIoch mpenapatom [mokadepon. K KoHIly jede-
HUST B 00€UX IpyMIax, He3aBUCUMO OT CXEMbI JIEUEHHUSI, Y BCEX MAIIUEHTOB OTMeueHa MOJOXKUTENbHASl TMHAMUKA.
[1pu peHTreHonornyeckoM 06CaeI0BAHUM OIPENesIIOCh 3HAUMTEIbHOE YMEHbILIEHUE UHTEHCUBHOCTH U Pa3MepOB
paHee BBISBJISIEMbIX 30H YIIJIOTHEHUSI JIETOYHOM TKAHU 10 TUITY «MaTOBOIO CTeKJa». OCTaTOYHBIE SIBJICHMSI IIPOSIBJIsI-
JIMCh B BUJIC PETUKYISIPHBIX U3MEHEHUH, CJTAOOMHTECHCUBHBIX 30H YIUIOTHEHMS 0€3 YeTKMX KOHTYpoB. HaceimeHue
KPOBM KMCJIOPOIOM TaKKe BOCCTAHABIMBAJIOCH 10 HOPMATbHBIX TTOKa3aTeleil. SIBIeHnsS aHOCMHUY B 00€UX TpyImax
oTMevanu He Oosiee 6% nauueHToB. OLiEHKA MAlIMEHTaMU C TIOMOILbIO BU3YaIbHbIX AHAJOIOBBIX IIKAJl MHTEHCHUBHO-

Appec pnsi nepenucku: Contacts:

Bespykosa EBreHns BanepbesHa Evgeniya V. Bezrukova

195067, Poccus, CankT-lMeTepbypr, NMuckapesckuii np., 47, 195067, Russian Federation, St.Petersburg, Piskarevskii pr., 47,
®BIrBOY BO CeBepo-3anafHblil rocynapCTBEHHbI MEANLUHCKNI I.I. Mechnikov North-Western State Medical University.
yHuBepcuteT nmenn .M. MeuHrkosa. Phone: +7 921 759-07-88.

Ten.: 8921 759-07-88. E-mail: ban_@mail.ru

E-mail: ban_@mail.ru

[ns umTMpoBaHus: Citation:

Beapykosa E.B., Bopobeiiuukos E.B., Konycosa B.I., Cumbupues A.C., Bezrukova E.V., Vorobeychikov E.V., Konusova V.G., SimbirtsevA.S.,
ApTiowkuH C.A., Wartbiii H.O. OnbiT npumererus npenapara MiokadepoH Artyushkin S.A., Shaty N.O. Experience of using the preparation

B COCTaBE KOMMIEKCHOI Tepanuu CpeAHeTskenoi GopMbl HOBON Glucaferon within a combination therapy of moderate SARS-CoV-2-
KOPOHABUPYCHOII HDeKLMY, Bbi3BaHHO SARS-CoV-2 // ndekuns caused novel coronavirus infection // Russian Journal of Infection and
nummyHuteT. 2024, T. 14, Ne 6. C. 1209-1220. doi: 10.15789/2220-7619- Immunity = Infektsiya i immunitet, 2024, vol. 14, no. 6, pp. 1209-1220.
EOU-17526 doi: 10.15789/2220-7619-EOU-17526

© bespykosa E.B. n coasr., 2024 DOI: http://dx.doi.org/10.15789/2220-7619-EOU-17526
Cratbs focTynHa no nuuen3nn Creative Commons Attribution 4.0 1 209

The article can be used under the Creative Commons Attribution 4.0 License



E.B. BespykoBa u ap. MHdekumns n uMmyHuTeT

CTHU IBYX HanOoJIee TSAKEJIO TTePEHOCHUMBIX CUMITTOMOB: KAIIlJISI M ONBIIITKY TAKKe CBUICTEIBCTBOBAJIA O IMTOJIOXKUTETb-
Hol muHamuKe. HecMOTpst Ha TO 4TO y OOJNIBIIMHCTBA MAIMEHTOB, BKJIIOUCHHBIX B TaHHOE MCCIEIOBaHNE, UMEINChH
MPENOChIIKY A5 ochaoxkHeHHoro TedyeHust COVID-19, a Takke BbISIBJIEHHbIE TTPY TMOCTYIIJICHU N B CTallMOHAD Y He-
KOTOPBIX MallMEHTOB KPUTHYECKHUE YPOBHHU J1abOPaTOPHBIX MMOKasareseil, mpuMeHeHre [rokadepoHa He BBI3BAJIO
HUKaKNX OTPUILIATEIbHBIX U TOOOUHBIX peaKLii, He CTUMYJIMPOBAJI0 MUMMYHHOI'O OTBETa, IIPU 3TOM ITpernapar Mnpo-
JIEMOHCTPUPOBAJ KJIMHUYECKU 3HAYMMOE ITPOTHBOBOCIAIUTEIBHOE ICHCTBHIE.

Karouesnte caosa: Inwkagpepon, koponasupyc, bema-D-eaokan, yumoxuHnogulil uimopm, Beuwienka 00bikHOBeHHAS.

EXPERIENCE OF USING THE PREPARATION GLUCAFERON WITHIN A COMBINATION THERAPY
OF MODERATE SARS-CoV-2-CAUSED NOVEL CORONAVIRUS INFECTION

Bezrukova E.V.?, Vorobeychikov E.V.*, Konusova V.G.?, Simbirtsev A.S.%¢, Artyushkin S.A.?, Shaty N.O.?

@ I.I. Mechnikov North-Western State Medical University, St. Petersburg, Russian Federation

b LLC “Polypharm”, St. Petersburg, Russian Federation

¢St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
4 Paviov First St. Petersburg State Medical University, St. Petersburg, Russian Federation

Abstract. Here, we present the results of a limited, blind, placebo-controlled study examining the effect of the multi-
component preparation Glucaferon consisting primarily of beta-glucans obtained from the edible Oyster mushroom,
and biologically active substances with verified antioxidant and anti-inflammatory activity on the effectiveness of routine
therapy for moderate-to-severe acute SARS-CoV-2-caused infection. There were enrolled 60 subjects (males and females)
aged 18 to 75 years, who received a 10-day-long therapy in accordance with the “Prevention, Diagnostics and Treatment
of new coronavirus infection (COVID-19). Temporary Guidelines. Version 11”. Inclusion criteria were as follows: males
and females aged 18 to 75 years, with positive PCR SARS-CoV-2 result, body temperature > 38.5°C for 3 days; presence
of typical CT scan confirmed coronavirus pneumonia; patients’ consent to hospitalization and participation in the study.
Patients included in the study were randomized into 2 groups per 30 subjects. In control group, subjects received routine
treatment and placebo; in comparison group — routine treatment combined with the preparation Glucaferon. By the end
of treatment, all patients in both groups showed positive dynamics. An X-ray examination revealed significantly decreased
intensity and size of pre-identified “ground glass” areas of compaction in Iung tissue. Residual effects manifested as
reticular changes, low-intensity areas of compaction without clear contours. Blood oxygen saturation was also restored
to normal levels. Anosmia in both groups was noted by no more than 6% of patients. Patients” assessment of the intensity
of the two most severe symptoms, cough and shortness of breath, using visual analogue scales, also revealed positive
dynamics. Despite that the majority of study patients had prerequisites for a complicated COVID-19 course as well as
critical levels of laboratory parameters detected in some patients upon admission, the use of Glucaferon caused no negative
or adverse reactions, nor stimulated an immune response, while the preparation Glucaferon demonstrated a clinically
significant anti-inflammatory effect.

Key words: Glucaferon, coronavirus, beta-D-glucan, cytokine storm syndrome, oyster mushroom.

npenapatbl, Osokupyloume >3G@eKTsl MpoBOC-
najauTeabHbiX nuTokuHos: IL-1, IL-6, TNF, un-

BeepgeHue

HecMmoTps Ha TO 4TO NOMUHUPYIOIIENH cTpaTe-
rueit B 6oprde ¢ COVID-19 gBnsgercs BaklMHa-
usl, TIOUCK W TTpUMEHeHUe IperapaTroB, obecrie-
yuBalOMNX (YHKINOHAJIBHO aJcKBAaTHBIA WM-
MYHHBIH OTBET IO-IIPEXKHEMY OCTaeTCsl aKTyallb-
HbBIM HarpaBjieHueM. OCHOBHBIM TpeOOBaHUEM,
NpEeIbIBISIEMbIM K TaKUM CpPEACTBaM, SIBJISIETCS
MX CHOCOOHOCTH (popMUpOBaAThH cOalaHCUPOBAH-
HbBIA UMMYHHBIN OTBET, TO €CTh C OTHOI CTOPOHBI
CTUMYJIMPOBATh aKTUBHYIO IIPOTUBOBUPYCHYIO
3alllUTy, a C APYroil OrpaHUYNBATH M30BITOUYHYIO
BOCHAJIUTEJIbHYIO peakiinio. B TeueHre manaeMuun
COVID-19 6b1710 onpoboBaHO 00JbIIOE KOJIUYE-
CTBO CPEJICTB UMMYHOTPOITHOTO JACHCTBUS, CYIIIE-
CTBYIOIIIMX B HAcTosIIee BpeMsl Ha papMaleBTH-
YeCKOM pBbIHKE, OT MpernapaToB cHelnduIecKoi
HaIIpaBJICHHOCTH, TaKUX KaK aHTULHTOKWHOBBIE

ruoutopsl JAK-kuHa3, miasma oT nepedoJieBIINX
U T.d., TaK U Heclneluuduyeckue MMMYHOMOIY-
JIATOPBI, BKJIIOUasi UMMYHOTIJIOOYJIUMHBI YeJOBEKa,
KOPTUKOCTEPOUIbl, MOMYJASITOPbl aHTMOTEH3UHA,
MaKpOJIUIbl, TUAPOKCUXJOPOXUH U XJOPOXUH,
KOJXUIMH U T. A. [26]. K coxaneHuto, GOJbIINH-
CTBO IIpeJiaraeMbIX IMperapaToB MoKa3aJau Maylo
3¢ HEeKTUBHOCTh M HE OBIIM BKJIOYEHBI B CTaH-
JapTHBIE CXeMbl JieueHUs. B cBsA3U ¢ aTum, 00Jib-
110 MHTEepecC ObLI NposIBJIeH K 6eTa-D-rnokanam
TpUOHOTO U JAPOXKKEBOrO ITPOMCXOXKICHUS, MPO-
JNEMOHCTPUPOBABIIUX, TIOMUMO UMMYHOCTUMYJIM-
pyeliero aeucTBusi, 00JAbIION MeAMKaMEHTO3HbI
NOTEHIIMAaJ: MPOTUBOBOCHATUTEIbHBIN, MPOTUBO-
BUPYCHBIM, TUIONIMKEMUYECKUI, aHTUATEPOTrEH-
HBI, TUMOJUIIUIEMUYECKUN U MHOTUE JpyTue
addexThl [15].
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OnbIT NpuMeHeHns MiokadepoHa

Lenblo naHHOroO McCCJieAOBaHUS SIBASIJIOCH: U3-
yueHue BaussHus BAJl I'moxkadepoH cocTosiie-
ro U3 OeTa-TrJII0KaHOB, MOJyJYaeMbIX M3 ITUIIEBBIX
rpu6oB BellleHKa OObBIKHOBEHHAasi, U KOMILJIEKCa
OMOJIOTMYECKN aKTUBHBIX BEIISCTB C M3BECTHOU
AHTUOKCUJIAHTHOM M TIPOTHMBOBOCHAJIUTEIBHOMU
aKTUBHOCTBIO, Ha 3(P(PEKTUBHOCTh CTaHIApPTHON
Tepaliuy CPeIHETIKeJIOoi (POPMBI OCTpOif MHPEK-
11U, BeI3BaHHOI BUpycoM SARS-CoV-2.

Marepuanbsl n MeToapl

Bcero B uccnenoBaHue OblIo BKIO4eHO 60 ye-
JIOBEeK ¢ nuarHo3oM: «HoBasi KopoHaBuUpycHast MH-
dexkuusgs COVID-19, cpenHeit cTeneHU TSIXECTH».
JlabopaTopHast 1 MHCTpYMEHTaJIbHAsI TUATHOCTU-
Ka 3a00JIeBaHM I, a TaKXe JICUCHUE OIpPeaesIsIINCh
BPEMEHHBIMU METOAUYECKUMU PEKOMEHIalUsIMU
«IIpodunakTuka, IMarHOCTUKA U JeUYeHHUE HOBOI
KopoHaBupycHoii uHbekuuu (COVID-19), Bep-
cus 11 0107.05.2021». UccnenoBaHue Ob1J10 ogoodpe-
HO JIOKAJbHBIM 3TUYEeCKUM KoMuteToM PI'BOY
BO C3IMY um. U1.1. MeunukoBa (ot 12.12.2021r.,
npotokoa Ne 8) m mposeneno ®I'bBOY BO C3rMY
um. M.1. MeuHunKoBa Ha OTAEJIEHUN OTOJAPUHIO-
goruu CII6 I'bY3 T'opoackoit [TokpoBckoil 60Jib-
HULBI B riepuon ¢ 28 sHBaps 1o 20 anpens 2022 .
®dopmaT mcciaemoBaHMS: OrpaHUUYCHHOE, CJICIoe,
nJ1aed0-KOHTPOJUPYEMOE.

Kputepnn BKIIIOUEHUST ITAllMEHTOB B HCCJIE-
JIOBaHMWE: MYXYMHBI U XEHIIMHBI B BO3pacTe
ot 18 mo 75 net, ¢ monoxuteabHbIM [TLIP-TecTom
Ha SARS-CoV-2, temmeparypoit Tema > 38,5°C
B TeYeHHE 3 IHEW; HaJlMuue TUNUYHOM KOpOHa-
BUPYCHOI MHEeBMOHMMU, noaTBepKAeHHo# KT; co-
rJacue MalueHTOB Ha TOCIIMTAIN3alluIo U y4acTre
B MCCJICIIOBAaHUMN.

Kputepnn wncKiIOUeHUsS ITAIIMEHTOB W3 WC-
ciaegoBaHus: Haauuue mnpusHakoB OPIC, HeoO-
xonuMocTh npoBeaeHus MBJI; mpeamecTBylonias
aHTHOaKTepuaJbHasI Tepalus Ha IIPOTSKECHUN
IBYX W OoJiee HHEI; MHIAMBUIYyaJIbHasT HEIlepeHO-
cuMocTb kKommnoHeHTOB BA I I'miokagepoH.

JlabopaTtopHasi AMArHoCTUKa IPOBOAUJIACH
IO Havaja JICYSHUST — TP MOCTYIJICHUH TTallieH-
TOB B cTallMOHAp 1 4yepe3 10 gHeit — IIpu BHIMUCKE
u3 crauuoHapa. OObEKTOM MCCIeOOBAHUS SIBJISI-
JIUCh: Ma3KM U3 HOCOTJIOTKHU, POTOIVIOTKM U TIepHU-
depuyeckas KpoBb. B mazkax metogom ITLIP B pe-
XXUME peaabHOTO BPEMCHHU OIIPEAC/ISIIA HAJTTINe
Bupyca SARS-CoV-2. KiimHnuyeckuii aHaiu3 Kpo-
BU BBITIOJHSIJIU C TIOMOIIbIO aBTOMAaTUUECKOTO Te-
MaToJOrMYecKoro aHaiamnsaropa «Mindrey BC-305»
(Kurait), OnMoxuMuUYeCcKuX ToKasaTesieili KpOBU
Ha aBTOMaTHUYEeCKOM OMOXMMWYECKOM aHaJI3aTo-
pe «Olympus AU680» (SIroHust).

Jlo Havana JIedeHUsI BCEM IMallMEHTaM BBIMIOJ-
HSJ1aCh KOMITbIOTEpHAsT TOMOTpadus JSTKUX U OP-
TaHOB TPYAHOU KJIeTKH Ha 80-pSIHOM KOMIIBIO-

TepHOM Tomorpade «Canon Aquilion Prime SP 80»
(Anonus). MccienoBaHus MPOBOAUINCH B Cpe3ax
ToJiuHoit 0,5 MMm. ITpu BeITTHMCKE TTPOBOIUIINA KOH-
TPOJIBHYIO PEHTIreHOrpa o JICTKUX B ABYX ITPOCK-
MUSIX, TUO0 KOMTIBIOTEPHY IO TOMOTpaduio.

BripaxkeHHOCTh ABYX HauOoJiee 4acThIX U THU-
NUYHBIX KaJa00 MallMEHTOB IIPU CPEAHETSIKEIOM
TeueHnn COVID-19, kanias 1 oIbIIIKY, OLIeHUBA-
au ¢ nomoibio 100-6aaIbHbBIX BU3yaJIbHbBIX aHAJIO-
roBbix HikaJj (BAI), mo3Bositoninx 00JbHbBIM ca-
MOCTOSITEJIBHO OTpeneisiTh UHTEHCUBHOCTDL MPO-
ABJIeHUS cuMnToma [27].

CraHnapTHOe JieueHUWe HOBOW KOPOHaBUPYC-
Hoil mHbekuueir COVID-19, mpoBoaumoii co-
IJ1aCHO METOAMYECKMM peKoMeHaalusM (Bep-
cuga 11 ot 07.05.2021), BKIMOYAIO CJETyIOIINE
npenaparsl: 3Thuojiorndeckoe — Apoumon 200 mMr
4 pasa B JeHb, IatoreHeTmdeckoe — KiiekcaH
20 Mr B cyTkH; JlekcameTa3oH B n1o3e 8—20 Mr/cyT-
KU B/B (B 3aBUCMMOCTH OT TSI3KECTHU 3a00JICBaHUS
1—2 pa3za B CyTKM); CHMIITOMaT4YeCKOE — Itapailie-
TamoJ. I'mokadepoH u niaanedo maluueHThl TToay-
yaJid mo 2 KarncyJibl 2 pa3a B JeHb. JJJIMTeTbHOCTh
neyeHus — 10 THE.

ITammeHTHI, BKIIOYCHHBIC B WCCICIOBaHUE,
ObLIM paHIOMU3UPOBaHbBI HA 2 rpynnbl o 30 yeno-
BeK. KOHTpoJIbHas rpyIina noJjiyyajga cTaHAapTHOE
JiedyeHue + 111a1e0o0, B UCIIBITYeMOM IpyIiIie CTaH-
napTHoe JieueHure noronaHsiiock BAJl I'mokadepoH.

Cmamucmuueckas obpabomka. AHalIuU3 pe-
3yJIBTaTOB UCCJICIOBAHUST TPOBOAUIM C TTOMOIIbIO
METOHOB OIIUCATEIIbHOU M HemapaMeTpuyeCKoun
craTUCTUKMU [1]. JJIst OLIEHKU CTaTUCTUYECKOM J10-
CTOBEPHOCTHU Pa3JIUYNii 3HAYEHUU JTaOOpaATOPHBIX
nmokaszaTeJieil MCTIOJIb30BaJId HellapaMeTPUIeCKU A
KpuTepuii MaHHa—YUTHU AJisl HE3ABUCUMBIX BbI-
6opok. BepostHocTh (p) < 0,05 omeHMBaIM Kak
JMIOCTAaTOYHYIO OJs1 BbiBOoma 00 3(p(HEKTUBHOCTU
npernapara.

Pesynbrarhl

B uccienoBaHuu ydacTBoBaJM: 22 MY>XKUYUHBI
u 38 xxeH1MH (Bcero 60 yeioBek), B BO3pacTe oT 26
no 74 ner (cpegHuii BozpacT 56,9). M3 Hux y 40
MalMeHTOB, YTO cOCTaBUJIO 66,6% OT OOILIEro KO-
JIMYeCTBa, B aHaMHe3€ BBISIBJICHBI pa3JIMUHBIE CO-
nyrcrByloiue 3aboneBanus. 20 genoBek (33,3%)
OTpHULIAIY HAJIMYME XPOHUYECKUX OOJIE3HEIA.

Kaxk 1mmoka3zan aHaJIu3 HO30J0TMYECKOTO COCTa-
Ba KOMOPOMUIHOM TAaTOJIOTUU, TOJBKO Y 4-X Tamnu-
eHToB (10%) MMenoch OJHO MOOGOYHOE CEPbEe3HOE
3a0oJieBaHUe. Y OOJIBIIMHCTBA K€ YCTAaHOBJIEHO
HaJu4yue 2-x u 0oJiee maToJa0ruii, mpuyeM Hamubo-
Jiee 4acToO BCTpeYasuCh MalueHThl ¢ 3-Ms U 4-Msl
nuarfHosamu omHoBpeMeHHO (57,4%). Kak orme-
YalOT KJAMHULKUCTBI, B MOCJIEIHUE TOAbl CTPYKTY-
pa XpOHUYECKO 3a001eBaeMOCTU HACEJIEHUS BCE
OoJibllle TIpUOOpeTaeT MOJIUMMOPOUAHBINA Xapak-
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Tep, TO €CTh Y MallMeHTa CUMYJIbTAHHO BBISBIISTIOT
HECKOJIbKO Ho3ojornueckux ¢opm [2]. INpuuem
pacnpoCcTpaHEHHOCTDh IMOJIMMOPOMITHOCTH 3HA4YU-
TEJILHO MOBHIIIACTCS C BO3PACTOM, JOCTUTAS IIOUTH
100% y nuu crapuie 65 jger. CiaeayeT OTMETUTD, YTO
MYJbTUMOPOUTHOCTD SIBISIETCSI HE TOJILKO Cepbhe3-
HOI colMajibHOM MpoOJieMOi, TSIXKUM OpeMeHeM
JIoXalelicsa Ha 3apaBoOXpaHEHWE, HO W 3HAYU-
TEJbHO YyBeauuuBaeT pucku cmeptu. C ocoboit
OUYEBUIHOCTbIO 3TO OBIJIO MPOAEMOHCTPUPOBAHO
Bo Bpems nangemuu COVID-19, moka3zaBiieii, 4To
BEPOSITHOCTh OCJIOXKHEHHOTO TEUCHHUSI M CMEPTHU
OT KOPOHABUPYCHOI MH(PEKIINU HATIPSIMYIO CBSI3a-
Ha ¢ KOJTMYECTBOM COIMYTCTBYIOLIUX XPOHUUYECKUX
3a00JIeBaHUI U BO3pacToM O00JIbHOTO [4, §].

B OonbmuHCTBE crarei, OmyOIMKOBaHHBIX
3a BpeMsl TMaHJAEeMHWU TI0Ka3aHO, YTO Yallle BCETo
rocnuTaiu3alluy MOIJexXaT MNallueHThl OOJbHbIE
COVID-19 BanaMHe3e KOTOPBIX TAKHE 3a00JIeBaHU
KakK apTepuajbHas TUTIEPTeH3US], THIICPTOHNYECKasT
00JIe3Hb, OCJIOXKHEHHAs CepAeYHO-COCYANCTHIMU
3a00JIeBAHUSIMU MJIM aCCOLIMMPOBAHHBIMUA C HUMHU
epeOpoBacCKyASIpHBIMU HapyiieHussMu  [18, 19].
Cpenn 40 manmeHTOB ¢ KOMOPOMIHOI ITaTOJIOTUE
29 (72,5%) uMmenu B aHaMHe3€. apTepUaIbHYIO TH-
MEePTEH3UI0, TUTIEPTOHUYECKYIO 0OJIE3Hb C PUCKOM
Pa3BUTHUS CEPAECUHO-CO CYIMCTBHIX OCIOXKHEHUN U 9
(22,5%) ¢ 1epebpo-BaCKYASIPHBIMU HAPYILIEHUSIMU,
MAaTOTeHETUYECKHN CBSI3aHHBIE C CEPACUHO-COCYIM-
cThbiIMU 3a0o0jeBaHusiMU. Ha BTOpoM MmecTe cpenu
(aKTOpPOB, OIMPEACSIONIMX OCITOXKHEHHOe TeUCHUE
COVID-19, o HabmomeHUsIM OOJBIIMHCTBA CIIE-
OUAJIMCTOB, SIBIISTIOTCS 3a00JIeBaHUSI, BBI3BAaHHBIC
HapyLIeHUSIMI MeTa00JIM3Ma TIIIOKO3bI U JIMTTUIOB,
TakKMe KaK caxapHblii nuabeT u oxupeHue [7, 14].
Cpenn HalIMX TALIMEHTOB 3TU ITATOJOTMU BCTpE-
YaJIuCh MPUOIN3UTEIBHO C OMMHAKOBOI YacTOTOM
(10%), uto cornacyetcsl C JaHHBIMU IPYTUX HUCCIIe-
noBaresieil. I3BeCTHO, UYTO TaKMe XPOHUYECKUE 3a-
ooneBaHusi, kak XOBJI m OpoHxmanabHasl acTMma,
OCIabISIOT UMMYHHUTET M YBEIMUYMBAIOT YaCTOTY
U AJUTeJIbHOCTh 3a0osieBaHuiit OPBU [22]. OngHako
COOOIIEHU S O BAMSIHUM XPOHUUYECKOI JIETOUHOM Ma-
TOJIOTUM Ha PUCKMU 3apaskeHM s U TIPOTPECCUPOBaAHUS
COVID-19 noctaTouHo npoTUBOpednBhl. Cpean ma-
OHUEHTOB, 00CIeAOBAaHHBIX HAMU, XpOHWYECKas Ma-
TOJIOT'M ST JISTKMX BCTpevasiach He yaie 7—8%.

Kaxk yxe oTrMedanoch paHee, C BO3pacTOM yBe-
JIMYUBAIOTCS PUCKU TSIKEJIOTO TCUCHUS U JICTaIb-
Horo ucxoga COVID-19 [8]. B HaluemM orpaHUYeH-
HOM KJIMHMYECKOM HAOMIOJEHU U CPEeIHU I BO3pacT
nanueHToB OblT paBeH 57 romam (27—74). OmHako
MAaIMEeHTHI ¢ KOMOPOUIHOM ITaTOJIOTUEH CepaeTHO-
COCYIMCTOM CUCTEMBbI ObLIIM cTapllle Ha 6 JIeT, Cpe-
HUiT Bo3pacT 63 roga (35—74). B To :Ke BpeMs cpenn
MalMeHTOB, HE MMEBIIUX CEPACYHO-COCYIUCTHIX
1 11epeOpOo-BaCKYJISIPHBIX HapyIICHUM, CPemHUN
Bo3pacT coctaBui 42,7 roga (27—66), 4To ornpene-
JINJTO Pa3HUIY MEXIY STUMHU T'pyIIiaMu B 21 Tox.

BbonbmnHCTBO uccaenoBaTesieili oTMedaeT npe-
obmamanue cpenu OoabHBIX COVID-19 Myx-
qyuH [5]. OmHaKO HaMM He OBIJIO BBISIBJIEHO TaKOI
3aKoHOMepHOCTU. Cpenn MaleHTOB B HAIIIEM HC-
caegoBaHuU 63,3% cocTaBUIM KEHIIIUHBI.

Takum o6pa3zoM, TalMEHTBl C AUArHO30M
«HoBas kopoHaBupycHasi MHGEKIIMsI, BbI3BaHHAS
Bupycom SARS-CoV-2, cpenHeTsikesioe TeueHue»,
BOIICAIINE B JaHHOE KJIMHUYECKOE UCCIeAOBaHNE,
ObLJIM TIPENCTaBJICHBI JUIAMU CTapllieid BO3pacT-
HOM I'pyHIION C MAaTOJOTUEN CEPAEUHO-COCYIUCTOMN
CHCTEeMBI MOJIMMOPONITHOTO XapaKTepa.

I[Ipy MOCTYIJIGHWM XKaJoObI, TIPEIbSBIIsIC-
MbI€ MallMeHTaM1, B OCHOBHOM MaJiO OTJIUYaJIuCh
OT CHUMIITOMOB OOBIYHOW CE€30HHOW MPOCTY/IbI.
HauGosiee 4yacThiMuM mnpu3dHaKaMu 3ab0ojeBa-
HUS SBJISIINCH. TOJIOBHAsI 00JIb, JIOMOTa B CyCTa-
Bax M MbIlIlIaX, BbIpakeHHasi obuiasi ¢i1abocCThb.
Temnepartypa npu 3Tom He npeBbimaia 38°C, ToJIb-
KO B eIMHUYHBIX CIydasiX MomgHuMaach mo 39°C.
Boutee yeM y nmosioBuHbI manueHToB (54,2%) ObLIN
BBISIBJICHbI HapylleHUs OOOHSHUS, IPOSIBISIO-
ImMecss YaCTUYHBIM HWJU ITIOJHBIM OTCYTCTBUEM
BocrpuATHS 3anaxoB. [locTmanaeMuuecKnit aHa-
nu3 ocobeHHocTeit TeueHuss COVID-19 noka3zai,
YTO OOOHATEIbHAS AUCHYHKIU ST IBISICTCS OTHUM
M3 MaTOTMOHMYHBIX MPU3HAKOB 3TOro 3aboJjieBa-
HUA. HecMoTps Ha TO YTO aHOCMHS BO3HUKAET
W TIpU APYTUX CE30HHBIX BUPYCHBIX MH(MEKIMNIX,
OOBIYHO B pe3yJbTaTe 3aJIOKEHHOCTH HOCa W pU-
Hopeu, ipu COVID-19 3TOT cUMIITOM TOSIBSIETCS
B caMOM HauaJie 3a00JIeBaHUS U IIPU OTCYTCTBUU
HacMopka [3]. B HameM ucciaenoBaHUU CyObeK-
TUBHO HaubOoJiee TSIXKEJIO ITePEHOCUMBIMU ITTalM-
eHTaMU1 CUMIITOMaMMU ObIJIU: MPUCTYIOOOpa3HbIi
CUJIBHBIM CYXOl KallleJb C OIIYIIEHUEM HEXBAaTKU
BO3MIyXa W ONBIIIKA B ITOKoe. Mcnonb30BaHUEe BU-
3yajbHbIX aHajoroBbix 1mkajn (BAILl) mokasauo,
YTO MNPU TOCTYIJIEHUU MHTEHCUBHOCTb KalllJs
OLlEHMBaJlaCch ITalMeHTaMKu Ha ypoBHe 89,1154
0aJIoB, a ONBIIIKA B ITOKOE W MTPU MUHUMAJIBHOM
Harpy3ske B 71,4%6,7 6amnnos. [1pu aTom catypanus
KPOBM KUCJIOPOAOM CHUKatach 10 90%, npu Hop-
Me oT 95%.

I[Ipn mpoBemeHUMW KOMITBIOTEPHON TOMOTpPa-
dum orpemensyioch IBYXCTOPOHHEE ITOpaskeHUeE
JIETOYHOM TKaHW B Tipemenax 25—50% c cyores-
paJIbHBIMU yYacTKaMU YILJIOTHEHUS T10 TUITY «Ma-
TOBOI'O CTeKJIa», YTO COOTBETCTBOBAJIO KPUTECPHUIO
KT-2, To ecTb cpenHeTsixkea0i popMe MTHEBMOHUMU.
OkoHuaTenbHbIl nuarHo3s «HoBass KopoHaBU-
pycHasa mHbekuus COVID-19» ycraHaBauBaJcs
Ha OCHOBaHMM noJjioxutenabHoro ITIP-TecTa.

PesynbraThl 1a00paTOPHBIX UCCAEAOBAHUN Me-
pudepudecKoil KpOBU ITAIIMEHTOB CO CPEIHETIKe-
Joit hopmoit COVID-19 no u nocie neyeHus npea-
cTaBjieHbl B Taba. 1. Heo6xonMMo OTMETUTh, UTO
B TaOJIMILY BKJIIOYEHBI TOJBKO ITOKa3aTesld, Mpo-
JIEeMOHCTPHUPOBABIINE I1J1alIe00-KOHTPOIUPYEMYIO
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E.B. BespykoBa u ap.

MHdekumns n uMmyHuTeT

OkoHyaHue Tabnuupl 1. CTaTucTHYECcKas 4OCTOBEPHOCTb labopaTopHbIX Noka3artenei y naumeHtToB ¢ COVID-19 no n nocne neyeHuns

Table 1. Statistical reliability of laboratory parameters in patients with COVID-19 before and after treatment (continued)
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Mpumeyanune. Me — MeanaHHble 3HAYEHUS MOKA3ATENs; N — YUC/IO NALMEHTOB B FPYMMe.
Note. Me — median values of the indicator; n — the number of patients in the group.

3(pbeKTUBHOCTH JleueHus. JJaHHble OMOXUMUYEC-
KOTo aHaJii3a KPOBM IMallMEHTOB HE MPUBEIACHBI,
TaK Kak Ipu cpeaHe-TsxkeaoM TeueHuu COVID-19
OTCYTCTBOBAJIM IIPpU3HAKM OPTaHHON ITUCPYHK-
OWH, 9TO MMOATBEPXKIAJIOCH CTAOUIHLHOCTHIO MOKA-
3aTesiell 10 U mocie JeyeHus. CiaenyeT OTMETUTD,
YTO CYIIECTBEHHBIM OrpaHMUYEHUEM NTaHHOM pa-
OOTEHI IBISIOTCS TOJBKO IBAa CPOKa MCCJICIOBAHM:
Opu TIOCTYMJIEHUW ITAllMEHTOB M BBIIMCKE, YTO
HE MO3BOJIMJIO HaM HU3YUYUTh NMHAMUYECKUE U3-
MEHEHUS JJabopaTOPHBIX MOKa3aTeseil B IIpolecce
JeyeHUs. Kak mpaBuJio, MAallUEHTHl CO CPEIHETSI-
xenoir popmoii COVID-19 noctynaioT B KIMHU-
Ky Ha 7—10 nmeHb 3aboJjieBaHUSI MPU YXYILIEHUU
KJIMHUYECKOTO COCTOSIHMS, XapaKTepU3YIOIIe-
rocs CTOMKHMM MOBBIIICHUEM TEMIIepaTyphl Tea,
CHIKEHMEM caTypallud U HapacTaHUEeM ITpU3Ha-
KOB JIbIXaTeJbHOU HEOAOCTAaTOYHOCTU U TMITOKCUU.
ITosToMy nmaHHBIE JaOOPATOPHON JTUATHOCTUKU
npeacTaBjieHHBIe B TaOJ. 1, TTO-BHOAMMOMY, OTpa-
JKAIOT COCTOSTHUE MAllMEHTOB B IIEPUOI pa3BepHY-
TOU KJIMHUYECKOU KapTUHBI.

OnHUM U3 HamboJiee MPOCTBHIX U JOCTYITHBIX
MeTOJIOB JlabopaTopHoii nuarHoctuku COVID-19
saBiaseTcs ooumit anaaus Kposu (OAK). ITokazaHo,
qTO Hamboyice MHMOPMATUBHBIMU ITapaMeTpaMMU,
OTpakamIIMMU HE TOJHKO aKTMBHOCTb BOCHAJIU-
TEeJIbHOM 1 UMMYHHOM peaKlMii opraHu3Ma Ha UH-
dex1umio, HO Tak>Ke MO3BOJISIOIIUMU ITPOTHO3U-
poBaTh BbIXKMBaeMOCThb O0oabHbIX COVID-19 gB-
JISIIOTCS KOJIMYECTBO HeHTpoduioB, TUM@OILIUTOB
u TpoMOonuTOoB. OO0IIee KOJTMYECTBO JIEHKOIIUTOB
B nepudeprIecKOil KpOBU MaJIO OTpakaeT CHelu-
¢duKy HOBOI KopoHaBUpycHOI nHMexkuu [20].

VYpoBeHb HeluTpoduaoB B TMepudepuyecKon
kKpoBu OonpHBIX COVID-19 MoXeT OBITh Kak
CHUXKEHHBIM, TaK U TOBBIIIIEHHBIM, B 3aBUCHUMO-
CTH OT CTaIWU U CTEIIEHU TSIXXECTHU 3a00JIeBaHUSI.
I[IporHocTuyecku Haubojiee Cepbe3HOIo BHUMA-
HUS TpeOyeT HeUTpodunns, saBisgiomasicsa MaHU-
decTanmei TUIICPBOCIIAIUTEIBHOM peaKIINM OpTa-
Hu3Ma Ha SARS-CoV-2 u npeiuKTopoM TSIKeJI0ro
teueHust uHexkuuu [20, 28]. Heiitpoduines MoxeT
CBUIETEIbCTBOBATH TaKXKe O MIPUCOCAMHEHU N OaK-
TepuaJTbHON MHMEKIINH.

Haubosiee xapakTepHBIM NPU3HAKOM HOBOI
KOPOHAaBUPYCHOU MHMEKIIMU SIBASIeTCS JuMborie-
HUS, BbIBIIsIeMast Kak rpu jerkoM (ot 40—80%),
TaK U TSXeJIoM TedeHUU Oosie3Hu (6osiee 95%).
I[Mpu 3TOM 4YeM HMXKe aOCOJIOTHOE KOJUUYECTBO
JTUM@OLMTOB B KPOBHU, TEM TsIKeJIee KINHUUIECKOE
cocTosgHue mnanueHTa. Kputmueckum cuurtaeTcs
ypoBeHb Huxke 0,8 x 10°/1. [1pu 6os1ee MIATKO IIPO-
TeKawome nHGEeKINN TUM@ONEeHUS He CTOJIb BbI-
paxena (1,1 x 10°/m1). CrienyeT OTMETUTh, YTO CHU-
KEHMe TIyJa JUMMOILIMTOB B KPOBU HE SIBJISIETCS
cTporo crneuuduyeckum mnpuzHakom COVID-19,
TaK KaK U3BECTHO, UYTO HEJIBIi psIa BUPYCOB U OaK-
TEepHUil BBI3BIBACT UX AaNONTOTHYECKYIO THOEIb.
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OmHako MpY HOBOW KOPOHABUPYCHOW MHMEKIINU
JTUM@ONEeHUS MPOSIBISIETCS paHO U IMTPOIOJIKAETCs
B TeUCHME MIUTEIBHOIO mepuona. IlokazaHo, 94To
cHuxXeHue ypoBHs JumdbonutoB npu COVID-19
MOXKET OBITh BBI3BAHO, KaK IIPSIMBIM WHQUIIN-
pOBaHUMEM M TMOCJCAYIOIIUM IIUTOMATUUYECKUM
BosaeiictBue BUPUOHOB SARS-CoV-2 Ha num-
GOLUTHI, KaK 3TO paHee ObIJIO OIMMCAHO MPHU POI-
ctBeHHBbIX SARS-CoV u MERS-CoV nndekuusx,
TaK M OIIOCPEAOBAHHOTO aIloNTO30M WCTOIIEHUS
T-xnerouHoit nonynsguuu [12]. Kpome Toro, HeJlb-
351 ICKJTIOYATH ITOBPEIK TAIONICTO NCUCTBUSI BUPYCOB
SARS-CoV-2 Ha UMMYHOKOMIIETEHTHBIC OpPraHbl:
cejie3eHKY U TuMmyc. I[lo-BuagmmMomy, TaKoit CJIOX-
HBIII M MHOro(akTOPHBLIII MEXaHU3M pa3BUTUS
TUM@ONEeHUN IIPUBOANUT K IIUTEIABHON UMMYHO-
cynpeccuu npu COVID-19.

N3yuyeHue JeikoLMTapHOW cocCTaBJsOlIeH
OAK 60oapHBIX COVID-19 B Ha1tem uccie1oBaHUU
10 JIeYeHU s oKa3aJio, 4To y 51,3% malLueHTOB OT-
MEUEHO HEOOJIbIIOE MPEBbILIEHUE YPOBHS JIEHKO-
LHUTOB, MenuaHa coctasuia 10,03 x 10°/n (2,44—
15,40). OTHOCUTENBHBIN HEUTPO(DUIIE3, TAKXKE HEe-
3HAYUTEJIbHO BbIPpa>KeHHbBI, ObLI BbIsIBJIEH Y 48,3%
NalMeHTOB, MeluaHa OMpeAessiiaCch Ha YpPOBHE
7,8 x 10%/n (1,23—11,88). HauboJsiee BbIpaskeHHBIE
OTKJIOHEHUSI OT HOPMATUBHBIX IMoOKa3aTeseil cpe-
nu 6oxbHBEIX COVID-19 ipn mocTyIieHuu OBbIIN
YCTAaHOBJIEHBI B COIEPXKaHUMW JTUMQMOIIUTOB B TIc-
pudepuyeckoit KpoBu. JlumdboneHus 10 JedyeHus
3adukcupoBaHa y 31 mamueHTa, YTO COCTaBUJIO
51,7% ot Bcex oOciienyeMbiXx. MenuaHa oIpene-
JieHa Ha yposHe 1,1 x 10°/n (0,7-5,2). OnHako y 5
MAlMeHTOB KOJMWYECTBO JIMM@OIMUTOB B KPOBU
OMpeaesIioCh HUXE KpUTUYECKOTO ypoBHS — 0,8
x 10°/n1. IMo-Buagumomy, Bupyc SARS-CoV-2 naxke
IpH CpemHETsKeJIoi (opme TedeHUsT MHGMEKIIUN
BBI3BEIBaET 00JIce BEIPAKEHHBIN He(eKT UMMYHHOMU
otBeTa. BOo3MOXHO, UTO MallMEHTHI, BKJIIOUEHHbIE
B HaIlle HCCJIeIOBaHWE, B OCHOBHOM OBLIU IIpe-
CTaBJICHBI CTapIIE BO3PACTHOM I'PyNIION C ITOJIM-
MOPOMIHBEIM (POHOM HEOTHEMJIEMBIM CBOMNCTBOM
KOTOPOTO SIBJISIETCS MPOLECC CTapEHU ST UMMYHHOM
CUCTEMBI C MPOBOCHAIUTEIBHBIM CTaTyCOM BPOXK-
JIEHHOT'O UMMYHUTETA.

Enre omHUM 3HAYMMBIM KJIMHUYECKUM U IIPO-
THOCTUYECKUM Toka3zartejeM Tsaxectu COVID-19
SIBJISIETCSI TPOMOOILIUTOTICHUSI, BBISIBIIsIeMasi MpU
MOCTYTUJICHUH TAallNEHTOB B CTAIIMOHAP, TTI0 JTaHHBIM
pasHbIix aBTOpoB OT 20% 1o 60% [31]. [IpuurHamu
TPOMOOLIMTONEHUN TNPU KOPOHABUPYCHON WH-
GeKIIMM MOXET OBbITh, KaK IIpSMOE BO3ICUCTBUE
Bupyca SARS-CoV-2 Ha TpOMOOUUTHI UM Ha UX
MpenlIecCTBEHHUKOB B ITpoLecce TPOMOOII033a, TaK
U YCUJICHHOE pacxoJOBaHUE Myjia TPOMOOIIMTOB
Ha TpoM0OoOOOpa3oBaHME UM KoaryjonaTuio, pas-
BuBatomieiicsa no tuny JBC-cunapoma. B Hamem
HNCCIEIOBAHUN YPOBCHBb TPOMOOIIMTOB He3HAUU-
TEJBbHO OTJUYaicsd OT pedepeHCHbIX 3HAYCHUMH,

MmenuaHa coctaBuia 175,0 x 10°/i1 (48—580). OnHako
y TPEeTU IAlMEHTOB KOJMUYECTBO TPOMOOLIMTOB
B nepudepruyeCcKoil KpOBU ObLIO CHUXKEHO, U3 HUX
y 7 yenosek (11,6%) ypoBeHb TPOMOOIIMTOB OIpe-
Jeisiaca B nuanasoHe ot 48 x 10°/n go 84 x 10%/x,
YTO COOTBETCTBOBAJIO CPEAHETSIKEJOW CTEIeHU
TpoMbOouLuToneHuu, a 'y 14 (23,3%) BbIsIBJICHO Jier-
KO¢ CHMXXeHHe TpoMOonuToB B Ipeaenax ot 100,0
x 10°/n mo 150,0 x 10°/m. Bo3MOXHO, CHUKEHUE
KOJIMYEeCTBA TPOMOOILIUTOB Y 3TUX IMAallMEHTOB 00-
YCJIOBJICHO 0oJiee BBIPaXXEHHBIM BOCHAJICHUEM,
o0pa3oBaHUEM MUKPOTPOMOOB B JIETOYHOM TKa-
HHM, a TaKXe CONYTCTBYIOIINMH XPOHUYECCKUMU
MaTOJIOTUSIMHU.

Kak m3BecTHO, 0OCOOEHHOCTBHIO OCJIOXKHEHHO-
ro TEYEHUSI <«HOBOM KOPOHABUPYCHON wuHOpEK-
UW» SIBJISIETCS aHOMaJibHasi BOCHMAJIMUTEIbHAs
peaxkiusi, MpOSIBISIONIAsICSI TUIEePBOCHATUTENb-
HBIM U TUNEPKOATYJSALMOHHBIM CUHIPOMAaMMU.
B cBs13u ¢ 5TUM 0TOOp peeBaHTHBIX OMOMapKe-
POB, XapaKTEPU3YIOUINX COCTOSTHHE BOCIAIHN-
TEJIBHOTO M KOATyJISILIMOHHOTO CTaTyca, a TakKxXKe
HOaJbHEUIIMUN KOHTPOJIb 32 HUMMU, KAaK YK€ IO~
YepKMUBAJIOCh paHee, SIBJISIETCS Ba>KHEMIINUM 3Ta-
noMm B Tepanuu 6oabHbix COVID-19. Hanbonee
NPOTHOCTUYECKM IIEHHBIM WHAMKATOPOM BOCITa-
nenus asasiercs CPb — ocTtpoda3oBbiii 6e10K,
CUHTE3UPYEMbIil KJIeTKAMU MEYEeHU C IEPBBIX Ya-
COB MH(MEKIIMU B OTBET Ha MPOBOCIIAJIUTEIbHBIC
LUTOKMHBI, IJITaBHBIM o0pa3oM Ha IL-6 [20, 29].
B namem uccinenosanuu CPb no Havasa gedyeHu s
ObL1 BbINIEe pedepeHCHBIX mokasareneil y 91,6%
TOCOUTANN3NPOBAaHHBIX. MennaHa (GUKCUpOBa-
nace Ha yposHe 31,68 mr/n (1,00—99,84), uto cooT-
BETCTBOBaJIO OOBIYHBIM 3HAYEHMUSIM 3TOrO IMOKa-
3aTeisl TIpu BUPYCHBIX MHpekusax. CaenyeT oT-
METHUTH, UYTO B HAIIIEM MCCJIEIOBAHUU Y HEKOTOPBIX
NalMeHTOB NPU MOCTYIJICHU W COAEePKaHMUE 3TOTO
BOCITAJINTEJIBHOTO OeJIKa ITPeBhIIalo MeAUaHHOe
3HauyeHue B 2—3 pasa.

OpHuM U3 HanboJiee NPOrHOCTUYECKU UHPOP-
MaTHUBHEIX TAPAMETPOB, OITPEICISIEMBIX Y OOJTBHBIX
HOBOIi KOpPOHAaBUPYCHOW WHMEKLUEH, SIBIsIETCS
NPpOBOCHATUTEIbHBIN HIMTOKKUH IL-6, OTBETCTBEH-
HBI 32 OCTPO(a30BbliA OTBET U PA3BUTUE «ILIUTO-
KWHOBOro mrtopMmar». Hasg 6onpHbix COVID-19
KPUTUYHBIM sIBjsieTcsd ypoBeHb IL-6 > 32,1 nr/
mi [13, 23]. Onpenenenue I1L-6 cpenu Hammx ma-
LMEHTOB MOKa3ajo, 4To y 73,3% ypoBeHb 3TOTO
MPOBOCHAJIMTEIIBHOIO IMMTOKWHA OBLI ITOBBIIICH,
MmenuaHa cocrtaBwia 10,88 nr/ma (1,28—16,55),
YTO HE3HAYUTEJbHO OTJINYAJIOCh OT peepeHCHBIX
nmokasarTeJseu.

B crangapTHBI HAGOP TECTOB, OMpPEALISIIOIINX
BocrnaguTeabHblit oTBeT Tpu COVID-19, BKItoueH
Takke Takoi mapameTp kak COD, HecMOTps Ha He-
cneu(pUIHOCTb 3TOr0 METOAA BCISACTBUE YaCThIX
WCKaXXeHUI pe3yabTaTOB M3-3a MPUUYUH, HE CBS-
3aHHBIX ¢ BocnajeHueM. OIHAKO BO MHOTUX MC-
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ciegoBaHUAX ObLIIO ToKa3zaHo, yto npu COVID-19
COD anekBaTHO OTpakKaeT TSIXKECTb COCTOSHUS
0OJILHOTO U JOCTOBEPHO KOPPEJIUPYET C YPOBHEM
CPbB [20]. B Hamem wucciegoBaHUU TIOBBIIIEHUE
COD npu NoCTyIJIEHUU BHISIBIIEHO Y 86,6% 00/1b-
HBIX, YTO NPUOIUZUTEIHLHO COOTBETCTBOBAJIO pe-
3yjabTaTam onpeaeneHus CPB, nmpu aToM MenuaHa
cocTtaBuia 35 mm/4a (2—81).

B niepuon pa3BepHyTOM KIMHUYECKON KAPTUHBI
COVID-19 nokaszateneM HeOJaronpusiTHOTO HC-
xona 3a00JieBaHUS SBJAsIeTCS DEPPUTUH — OEJIOK,
CUHTE3UPYEMBIl Pa3IUYHBIMU KJIETKaMU oOpra-
HM3Ma, B TOM YHUCJIe U JICHKOIIMTaMH, OCHOBHOM
GyHKIIMEil KOTOPOTO SIBJISIETCS BHYTPUKJIETOUYHOE
neroHupoBaHue eje3a. OQHAKO ITPU TSIKEIbIX
BUPYCHBIX MH(MEKIINSIX, CONMPOBOXKIAIOIIMXCS JIe-
CTPYKIIMEW TKaHel, (eppuUTUH B OOJBIIUX KO-
JIMYECTBAX MOSIBJISIETCS B CHIBOPOTKE, CTaHOBSICh
MapkepoM ocTporo BocmajieHust [6]. Cpeaun Tma-
IIMEHTOB, BKJIOUYEHHBIX B JaHHOE HCCJIeIOBaHUE,
yBeJIMUEeHUE colepXaHus (eppuTUHA B CHIBOPOT-
Ke KpOBM BBIsIBJIeHO ¥ 81,6%, MeauaHa paBHsJIach
361,2 mkr/n (56,23—654,3), 4TO OTpaxkajao yMepeH-
HYIO peakIIiio Ha BUPYCHYIO MH(DEKIIUIO.

PaszButue ocnoxxHeHHoro teyeHuss COVID-19
B 3HAYMUTEJILHOW CTENEeHU CBSI3aHO C HapyllIeHMsI-
MU TeMOoCTa3a, MPOTEeKAMIIMMMU MO TUIY THUIIepP-
koaryisuuu. Kak yxe oTMmedalioch paHee OTHUM
W3 TIPU3HAKOB 3TUX OCJIOXHEHMI SIBIISIETCSI TPOM-
oomuToneHusi. OmHAKO OMpPENesIONIUM TeCTOM
JUIST TUATHOCTUKM HapyIIEHUH TeMOKOaTyJIsIuu
npu COVID-19 gaBnsercs omnpeneieHue YpOBHS
D-pumepa — ¢parmeHTa (pubpuHa, odOpasyrolle-
rocst mpu ero (puOPMHOIMTUUESCKOM pa3pylIeHUU.
VBenndeHue KOHILIEHTpaluu D-auMepa B KpOBH MO~
3BOJISIET ONPEALIsATh aKTUBHOCTD pacrajaa hbubpu-
Ha IoJ ACHCTBUEM IIa3MWHOIeHa, YTO ITPOMCXO-
T TIPaKTUYECKU OAHOBPEMEHHO ¢ 00pa3oBaHUEM

100
90 A
80 A
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60
50 A
40
30 A
20 A 34,5 (24-42)

MU=12,5;Z=-6,468; P < 0,01

10 1 15 (8-26)
0
Mnaue6o niokadepoH
Placebo Glucaferon

PucyHok 1. MeguaHHble 3HayeHus (6annbl)
BblpaXK€HHOCTM Kawns y 6onbHbix COVID-19 nocne
JleyeHus, nonyyasLmx nnaue6o v MiokadpepoH
Figure 1. Median values (scores) of cough severity

in COVID-19 patients after treatment treated with
placebo and Glucaferon

TPOMOOB, TO €CTh 110 KOJIMUeCTBY D-1rMepa MOXXHO
CYIUTh 00 aKTUBHOCTHU TIpoliecca TpoMOboobpaso-
BaHus. IlokazaHo, yTO 4—5-KpaTHoe yBeJIUUYEHUE
HOPMaTUBHOIO IoKaszaTeiast D-gumepa sIBasieTCst
NpeauKTOpOM cMmepTeabHoro mcxona [32]. Cpenu
ManMeHTOB, OOCJIeIOBAaHHBIX HaMU IIPU IOCTY-
mieHnn y 90% ypoBeHb D-gumMepa ObLI yBeJIMYEH,
HO MenumaHa, paBHas 382,0 Hr/n (151—641), Hecy1e-
CTBEHHO ITpEeBBIlIIajla HOPMATUBHBIC TTOKa3aTEJIU.
Pesynbratel onpeneneHus D-auMepa coryacyeTrcs
C HeOOJIBIIMM CHUXXKEHUEM YPOBHSI TPOMOOIIMTOB,
BBISIBJIEHHBIM HaMU Cpean 00CJiemOBaHHBIX 0O0JIb-
HBIX, YTO, MO-BUIMMOMY, CBUIETEIHCTBYET O HE-
3HAYUTEJIbHOW aKTUBAILIMU CUCTEMBI CBEPTHIBAHUS
U TpoMOoob6pa3zoBaHus. Onpenenenue AITTB cpe-
I 00CIeNyeMbIX MaIlMEHTOB HE BBISIBUJIO OTKJIOHE -
HUH OT pedepeHCHBIX 3HAUCHU .

Takum obGpasoM, J1abopaTopHoe obOcieaoBaHE
rOCIUTAJIM3UPOBAHHBIX IMAllMEHTOB 10 Havdaja
JIeUeHU s T0Ka3ajlo, B YTO B OCHOBHOM peaKIIus
Ha BUPYCHYIO MH(MEKIIMIO HOCUJIa YMEPEHHBIN Xa-
pakTep M COOTBETCTBOBAJIA CPEIHETSIKeJI0i (hopMme
COVID-19. BoisiBJIeHHbIE Y HEKOTOPBIX MTallIEHTOB
MpeBbIIeHUs pedepeHCHBIX 3HaYeHU i B 2—3 pa3a
BO3MOXXHO OOYCJIOBJIEHBI, C OIHOI CTOPOHBI, pa3-
MEPOM MOPaXEHHOM JIETOYHOM TKaHU, OIpeaeisie-
Moii cornacHo kputeputo KT-2 B mimpokom nua-
na3oHe oT 25% no 50%, a ¢ Apyroii — xapakTepoMm
KOMOPOUHOI ITaTOJIOTU .

K xoHI1y JleyeHMsT B 00enX TpyIiax, He3aBUCH-
MO OT CXEeMBbI JICUCHU I, Y BCeX MaIllMEHTOB OTMeUeHa
MOJOXUTEbHAsA AUHAMHMKA. YXYIIIEHUS COCTO-
SSHUSI TIallMeHTOB, a TaKXe MOOOYHBIX peaKIIUi
Ha MCMOJb30BAaHHYIO Tepamnuio He HalJII0aaIoCh.
IIpu peHTTeHOJIOTMYeCKOM 00CJIeIOBAaHU Y OTIpEeIe-
JISIIOCh 3HAYMTEIbHOE YMEHBIIIEHEe MHTEHCUBHO-
CTH M pa3MepPOB paHee BBISIBJISIEMbBIX 30H YITJIOTHE-
HUS JIETOYHOM TKaHU 110 TUTTY «MaTOBOT'O CTEKJIa».

100
90 +
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70
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50 A
40 +
30

20
10 4 25(16-32)

MU =125,5;Z=-4,797, P < 0,01

15 (9-25)

Mnaue6o
Placebo

niokadepoH
Glucaferon

PucyHok 2. MepguaHHble 3Ha4eHus (6annbl)
BbIPaXX€HHOCTU OAbILKY Y 60nbHbIX COVID-19
nocrne ne4yeHus, noay4yaeLuunx nnaue6o

n rniokagepoH

Figure 2. Median values (scores) of dyspnea severity
in COVID-19 patients after treatment treated with
placebo and Glucaferon
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OnbIT NpuMeHeHns MiokadepoHa

OcraTroyHble IBJEHUS NPOSIBIISIJIUCH B BUJIE PETU-
KYJSIPHBIX M3MEHEHM, CIa0OMHTEHCUBHBIX 30H
YIUIOTHEHMSI 0€3 4eTKMX KOHTYypoB. HacklieHue
KPOBM KMCJIOPOJOM TaKXe BOCCTaHABJIMBAaJIOCh
JI0 HOpMaJbHEBIX TToKa3ateieit (97—98%). SAsneHns
aHOCMMU B 00eMX Ipynmnax oTMedaau He Oojee
6% manuenToB. OLeHKA MTallMeHTaMU C TIOMOIIbIO
BU3YaJIbHBIX aHAJIOTOBBIX ILIKaJ] MHTEHCUBHOCTU
IBYX HauOoJiee TSKEJIO IEPEHOCUMBIX CUMIITO-
MOB: KalllJIs M OABIIIKHY TaKXe CBUIETEIbCTBOBAIA
O IOJIOXKMTENbHON nuHaMuKe. Pe3yibTaTel caMo-
OLIEHKM MallMEHTaMU CBOMX Kaj100 MpeacTaBJIeHbl
Ha puc. 1 u 2.

CpaBHUTEIBHBINM aHaJIM3 JIaOOPAaTOPHBIX JaH-
HBIX, TTOJTYUYEHHBIX K KOHIIY CPOKa JIeYeHM I, TIPO-
JNEMOHCTPUPOBAT  MOJOXMTEIbHYIO JUHAMUKY
B obeux rpynnax (tadJj. 1). JlocToBepHO CHU3UIUCH
OCHOBHBIE OMOMapKepbl, XapaKTepu3ylollnue HM-
MYHOBOCHAJNUTENbHbIN cTaTyc nauueHToB: CPB,
COD, IL-6, dhbeppuTHH; BOCCTAHOBUJIMCH MOKa3a-
TeJU JIEUKOLIUTAPHON COCTaBsSIOmE (hopMyJibl
KpOBU: 00llIee KOJUUYECTBO JeHKOLUMUTOB, HEHTPO-
GuIoB U TUMMGOILIMTOB; TaKXKe HOPMaJIU30BaIUCh
(akToOphl, CBUACTEJbCTBYIOIINE OO aKTUBAIIUU
CBEPTHIBAIOLLEN CUCTEMBI U TTPOLIECCOB TPOMOOOO-
pazoBaHus: D-guMep M ypoBeHb TPOMOOIIMTOB.

Ta6auua 2. CtatucTuyeckas 3Ha4MMOCTb COOTBETCTBUS HOPMe NnoKa3aTeneii BocnasieHus B pesyJibTaTe

nnaue60-KOHTpoNMpyemMoro neyeHus MiokagpepoHom

Table 2. Statistical significance of compliance with the norm of inflammation indicators as a result of placebo-

controlled treatment with Glucaferon

Mokasatenu BocnaneHusa
Indicators of inflammation

pynnbl NnaLMeHToB
Patient groups

MokasaTenb cooTBETCTBYET

The indicator corresponds

MokasaTenb He COOTBETCTBYET
HopMme
The indicator does not

HopMme

Glucaferon (30 people)

to the norm correspond to the norm
Mnaue6o (30 uen.) 7 23
CPB Placebo (30 people)
CRP
FniokadepoH (30 yen.) 17 13

HaumeHoBaHue kputepus Xu-kBappart

XM-KBap,QaT C nonpaBKom

Xu-kBapgpat ¢ nonpaBKow

Significance level, p

N ¢ the criteri ) Weiitca Ha npaspgonopo6ue
ame orthe criterion X ¥? with the Yates amendment 2 adjusted for plausibility
3HaveHue KpuTepus
The value of the criterion 6,944 5,625 (A
yPOB.‘.EHb 3Ha‘Mmocth, p <0,01 <0,05 <0,05
Significance level, p
Mnaue6o (30 uen.)
19 1
L6 Placebo (30 people)
FniokadepoH (30 yen.) 29 1
Glucaferon (30 people)
} XM-KBap,QaT C nonpaBKom Xu-kBagpar ¢ nonpaBKou
:aume:«:;auui KpuTepuﬂ Xu KB?npaT feiitca Ha npagaonoao6ue
ame orthe criterion X ¥? with the Yates amendment ¥? adjusted for plausibility
3HaueHue kputepus
The value of the criterion 10417 8,438 11,850
Yposens auanauocT, <001 <001 <001
Significance level, p
Mnaue6o (30 uen.)
20 10
bdepputnH Placebo (30 people)
Ferritin FniokadepoH (30 yen.) 08 5
Glucaferon (30 people)
} XM-KBap,QaT C nonpaBKom Xu-kBagpar ¢ nonpaBKom
:aume:«:rs]auu.cte KpuTepuﬂ Xun KB?npaT feiitca Ha npasaonoaotue
ame orthe criterion X ¥? with the Yates amendment y? adjusted for plausibility
3HaueHue kputepus
The value of the criterion 6,667 5104 7162
YpoBeHb 3HAYMMOCTH, p <005 <0,05 <001
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OmHako MBI 00OpaTUJIM BHUMaHUE, 4TO B TPYII-
ne, MoJjiyyaBlIe aomoJHuTenbHO IJiokadepoH,
Takue omomapkepsl Kak CPB, 1L-6 u depputnn
MPU BBIITMCKE U3 CTaLlMOHApA MPaKTUUECKU Y BCEX
MAalMEeHTOB BOCCTAHABINBAJINCH 1O HOPMATUBHBIX
nokasareJyieil. B To xxe BpeMs y malilMeHTOB, ITOJIY-
YaBIIMX CTAaHIAPTHYIO Tepanuio, 3pHeKTUBHOCTH
JledeHus1 Oblaa MeHee odyeBuaHa. CTaTUCTUYECKAs
3HAYMMOCTH COOTBETCTBM I ITOKa3aTelIeii, XapakTe-
PU3YIOIIMX UMMYHOBOCTIAJUTEIbHBINA CTaTyC, pe-
(depeHCHBIM 3HAaYEHUSIM TIpeICcTaBIeHa B Ta0JI. 2.

Ob6cyxaeHne

Kaxk nmoka3san ananus nangemuu 2019—2022 rr.
kJInHndeckasg KaptuHa COVID-19 gasaseTcsa pe-
3yJIBTATOM CJIOKHOTO B3aWMOJIEHCTBUSI UMMYHO-
JIOTMYECKUX, BOCTAJUTEIbHBIX U KOAryJsUOH-
HBIX KackamoB. IIpu 3TOM yXXe B camMoM Hayalie
HaHIeMUH OBIJIA BEISIBJICHA CBSI3b OCIIOKHEHHOTO
TeUeHU ST MHPEKIINN U CMEPTHU C METaOOJINUEeCKU-
MM, OHKOJIOTUYECKUMHU M XPOHUUYECKUMHU 3a00-
JIEBaHUSIMM, a TaKXe MPEKJOHHBIM BO3pacTOM
OOJBHBIX. DTU COCTOSHUS OOBbEAMHSICT HAJIUUNE
TaKMUX MNaTOTCHETHMUYECKUX NaTTePHOB KaK IUC-
OaJlaHC MEXIy BPOXICHHBIM M ITPHOOPETEHHBIM
MUMMYHUTETOM C MPUOPUTETOM BPOXICHHBIX pe-
aKIIWi, SHIOTEeINAaIbHAsI AUCHOYHKIINS, TPOKOa-
TYJASHTHasST aKTUBHOCTh CHUCTEMBI CBEPTBIBAHWUS,
MOBBINIIEHHAsI arperaliMOHHAas HAaCTPOEHHOCTh
TPOMOOLIMTOB, CO3IAIOIINX YCTOBU S 151 PA3BUTHUS
HEKOHTPOJIMPYEMOTO BOCIIAJICHUS, NPUBOMSIIIIE-
o K «IIUTOKMHOBOMY 1miTopmy», OPJIC, nmoBpex-
JICHWI0 TKaHeil M opraHoB, TpoM0Oo3aM U Tubeaun
0osbHOro [13]. B ¢BsI3u ¢ 3TUM ¢ caMOro Hayvaja
NaHIEMUM IIIeJd TOUCK CPEACTB, ITO3BOJSIONIINX
CHU3UTH KaK PUCKU WHGUIIUPOBAHUS, TaK U pa3-
BUTHUS TSKEJIOTO TEUYECHUS KOPOHABUPYCHOM WH-
dexuuu. OcoObIii UHTEpeEC ObIJI MPOSIBJIEH K TPUO-
HBIM OeTa-D-TiIoKaHaM, IIMPOKO UCTIOIb3YEMBIM
B TpaguIMOoHHON MemuiimHe HOTo-BocTOuHBIX
CTpaH IS TIPOPUIAKTUKUA W JICUCHUS CaMBbIX
pa3IMYHbBIX 3a00JIEeBAaHUI: OHKOJIOTUYECKUX, ME-
TabOJMYECKUX, BOCIIAJUTEJIbHBIX, B TOM YMCJIE
1 MHQPEeKIITMOHHO ITpupoabl. PaHee IepceKTUB-
HOCTh DTOTO HAIIpaBJIECHWS ObIJa TTOATBEPXKIACHA
LEJBIM PSIIOM €BPONENCKUX T11ale00-KOHTPOIH -
pPYEeMBIX UCCJIEAOBAaHU T, IPOAEMOHCTPUPOBABIINX
3 PEeKTUBHOCTDL OeTa-D-TiIi0KaHOB, B TOM YHUCIE
BBIICJICHHBIX M3 BelleHKM OOBIKHOBEHHOM, IJIS
NpoGUIaKTUKHN CE30HHBIX BUPYCHBIX WHMEKIIUIA
BEPXHUX AbIXaTeJbHbIX TTyTel [25]. [Ipruem Ob110
OTMEUEHO, YTO mpernapaTbhl HE TOJBbKO CHUXKAIIU
CE30HHYI0 3a00JICBAEMOCTH B HanboJIee YSI3BUMBIX
rpyIinax HacejaeHus (IeTU U MOXUJIble) 0ojiee ueM
Ha 50%, HO Tak:Xe coKpalllaJiid IJIUTEIbHOCTh
n TsXecTh 3aboneBaHuit [17]. UccrnegoBaHUSIMU
MOCJICIHUX JIeT YCTAaHOBJICHO, UYTO B OCHOBE IIPO-
GUIAKTUIECKOTO JEUCTBUS 3TUX IIPHUPOTHBIX

MOJIUMEPOB JICKUT (PEeHOMEH «TPCHUPOBAHHOTO
UMMYHUTETa», TO €CThb cCHOCOOHOCTU OeTa-D-
TJII0KaHOB BBI3BIBATH AIUTCHETUYECCKYIO U MeTa-
0oIMUYEeCcKYIO TpaHC(hOPMAIINIO KJICTOK BPOXKICH-
HOTO UMMYHUTETA, MPUBOISIIYIO K ITOBBIIIICHUIO
UX TPOTHUBOMHMEKIIMOHHON aKTUBHOCTH [16].
OmHaKoO YCTaHOBJIEHO, UTO HapsIAy C UMMYHOCTHU-
MYJIIOueil TPUOHBIC ITOJIMCAaXapUAbl CIIOCOOHBI
MHTUOMPOBATh BOCIAJIEHUE, YTO OBLJIO TMpoje-
MOHCTPUPOBAHO Ha MOJEJISIX BOCIAJIEHU S B KYJIb-
Typax MUEJOUAHBIX KJETOK U Ha XXUBOTHBIX [9,
10, 30]. MexaHU3M TIPOTUBOBOCHAJIUTEILHOTO
nerictBus 6eta-D-III0KaHOB 10 KOHIIA HE U3YYEH.
Tem He MeHee B psijie UCCIeNOBAHUN ObLIO TOKa-
3aHO, YTO IOJIaBJICHUE CENTUYECKOIO BOCTIaJICH U
6eTa-D-rarokaHaMu CONPOBOXKIACTCS MEPEKITIO-
YeHWEeM BHYTPUKJICTOUHOI'O CUTHAaJMHTa Ha Akt/
P13K-nmpoTuBOBOCTIAAUTENbHBIA MYTh, UTO MPU-
BOIUT K CHMXXEHHUIO CHMHTE3a MPOBOCHAIUTEb-
HbIX nuTokKuHOB: IL-1B, IL-6, TNFo, a Takxe
OPOAYKIIMUA OKCHAA a30Ta M IIPOCTATIaHANHOB;
HOpMaiu3allui reMocTtasa, 3a CYeT MHTUOUIIUU
TKaHeBOro dakTopa, YMEHBIIEHMSI IpoOKoary-
JISHTHOW aKTWBHOCTH M arperaiuu TPpOMOOIIHM-
ToB [30]. B mocnenHee Bpemsi TpuOHBIE MoOJuUcCa-
XapUabl KJIACCUPUIINPYIOT HE KAK UMMYHOMOZY-
JISITOPBI, @ KaK «MOAU(PUKATOPbI OMOJOTUUYECKUX
peakiiiii», TO €CTb OHOJOTMYECKM aKTHUBHBIC
BeIllecTBa ¢ MOJMU(PYHKIIMOHAIPHBIMHA CBOMCTBA-
MU, OKa3BIBAIOIIMMHU pETyISITOPHOE IelCTBUE
Ha romeocTta3 opraHusma [21]. HecmoTps Ha aTu
CBEICHUs B JINTEpaType CIOXMJIOCH IMpeACcTaB-
JICHWE O TPHMOHBIX ITOJMcaxapuaax, TOJIbKO KakK
00 UMMYHOCTUMYJIITOpax. B cBSI31 ¢ yeM MHOTHE
KJMHUIKMCTHl BbIpaXkaJld COMHEHHUE B I€JIeCOO0-
Opa3HOCTM UCHOJb30BaHUS OeTa-D-rirokaHoB
B Tepallid HOBOW KOpPOHAaBUPYCHON WHOEKIINHN
M3-32 BO3MOXXHOM TUNIEPCTUMYJISIIIUA UMMYHHO-
ro OoTBeTa, MPOBOLIMPYIONIEH Pa3BUTHE «IIUTOKM-
HoBoro mropma» [11]. OgHako rpynmna sSrmoHCKUX
YYCHBIX IIPOAEMOHCTPUPOBajia KJIMHUYCCKYIO
3 heKTUBHOCTH U 0€30MaCHOCTH UCTIOJb30BAHU S
aK3onoaucaxapuaoB u3 Aureobasidium pullulans
¢ 1-3,1-6 cTtpykrypoii 6era-D-riamokaHa B Tepa-
nuu cpegHetsxenoin dopmel COVID-19 [22, 23].
[MoroXUTEeAbHBIN pe3yabTaT JICUCHUS MOITBEPXK-
Jajicst HopMajamn3aleid mokasaresjieilt ak THUBHOCTH
BocnanuTeabHoro mpoiuecca: CPb, depputuHa,
D-mumepa n IL-6. B ¢BsI3u ¢ yeM aBTOpBI UCCIIE-
IOBAaHUS TIIpemjaraloT MCIIOIb30BaTh OeTa-D-
rJIOKaHbl B KayecTBe 0€30MacHOM MUILEBOI H0-
0aBKM BMeCTe C OOBIUHBIMU METOAAMM JICUCHMU S
COVID-19, ocobenHo cpenu Haubosee ysI3BUMbIX
TPYIIN HaceJIeHUS (MOKUJIBIX, OOJTBHBIX C XPOHHU-
YeCKMMU BOCHAJIUTEIbHBIMU U METaOOJMUICCKHU-
MU 3a00JieBaHUSIMU), a TakKKe B KauyeCTBe IMpPO-
GUITAKTUYECKON Mepbl TIPU IIPOAOJIKAIOIIEHCs
NaHIEeMWUH, OOYCIIOBJICHHON BBICOKOUW MYyTaOeb-
HocTblo BUpyca SARS-CoV-2.
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OnbIT NpuMeHeHns MiokadepoHa

3akJoyeHme

HecMoTps Ha TO 4TO y OOJBIIMHCTBA MallU-
€HTOB, BKJIOYEHHBIX B TaHHOE WCCJIEJOBAaHUE,
UMEJIUCh MPEeNNOChIJIKA 151 OCIOXHEHHOTO Te-
yeHusa COVID-19 (cTtapuias Bo3pacTHad rpymnra,
TUIIEPTOHUYECKAs 00Je3Hb C PUCKOM Pa3BUTUS
CEepAEYHO-COCYAUCTHIX OCJIOXHEHUM, caXxapHbIN
IUa0eT U OXKUPEHUE), a TAKKE BbISIBJICHHbBIE TPU
NOCTYIIJICHUU B CTAllMOHAP Y HEKOTOPHIX MallU-
€HTOB KPUTUYECKUE YPOBHU JTa0OPATOPHBIX TTO-

KazareJjeli, mnpuMeHeHue [mokadepoHa HE BbI-
3BaJI0 HUKAKUX OTPULATEIbHBIX U MOOOUYHBIX
peakuuii, He CTUMYJUPOBAJIO MMMYHHOIO OT-
BeTa, MPU PTOM IpenapaT NPOJAEMOHCTPUPOBAI
KJMHWYECKN 3HAYMMOE€ MPOTUBOCHAJIUTEIbHOE
JNeficTBUE.

JononHutenbHas nHpopmaums

KoH(paukT nHTEepecoB. ABTOPLI 3a1BISIIOT 00 OT-
CYTCTBUU KOH(MDIMKTa NHTEPECOB.
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PACMPOCTPAHEHUE NAPBOBUPYCHON
UHPEKLIUU B CEBEPO-3ANAHOM
PEOEPAJIbBHOM OKPYTE POCCUMN

N.H. JIaBpenTnheBa, A.JO. Autunosa, H.B. 2ZKene3snosa

ObYH HUH snudemuonoeuu u mukpoouonoeu umenu [lacmepa, Cankm-Ilemep6ype, Poccus

Pestome. B cTarhe mpoaHanu3npoBaHo paciipocTpaHeHue napBosupycHoit B19 undexiinu B CeBepo-3anaaHoM dene-
panbHOM okpyre Briepuon c 2018 mo 2023 rr. beiio mokasaHo, 4To ciyyan nHeKuuu peructpuponanu Ha 10 u3 11 tep-
puTopuii, 3a uckaoueHrueM HeHelikoro aBToHoMHoro okpyra. B nieiom IgM-anTtutena k nmapsosupycy B19 (PV B19)
ObLIH BBISIBJICHBI B 295 06pasuax u3 2079 uccinenoBanHbix (14,1%). PacipocTpaHeHHOCTD apBoBUpycHO# B19 nHpek-
LMY BapbrpoBaJja Imo romaM uccienoBanus: B 2023 . 8 C3DO ObL1 BRISIBJICH ITOABEM 3a001€Ba€MOCTH, C TIOKA3aTelieM
0,93 ma 100 THIC. HaceNeHMS, YTO TOCTOBEPHO MPEBBIIIANIO CPETHEMHOTOJIETHUIA YpOBeHb, paBHBIN 0,43 Ha 100 THIC.
HaceJIeHUS OKpyTa. B Bo3pacTHOM CTpyKType 3a00JIeBIINX MTpeodIagaiu IeTH U TogpocTK. Hamboxee ak THBHO BU-
pyc uupkynuposan B Cankr-IletepOypre n JIeHMHTpaacKoii 001aCTH, YTO 00YCIOBIICHO BEICOKOM IIJIOTHOCTBIO Hace-
JICHWST Ha 3TUX TEPPUTOPUSIX, U MHOKECTBOM MYHHUIIUTIATBHBIX YIPEKACHU, TIEe MMEIOT MECTO JJIUTEIbHBIC TCCHEIC
KOHTaKTBI MeX Iy TogbMu. [TonTBep:KaeHa 3MMHE-BECEHHSST CE30HHOCTh MHMPEKIINY. AHAIN3 TTEPBUIHBIX JUATHO-
30B y 0OJIbHBIX ¢ JabopaTopHo nmoaTBepxAeHHoi TTBU (2022 r.), mokasaJ, 4To NpaBUJIbHbBINA KIMHUYECKUH TUArHO3
He ObIJ1 YCTAaHOBJIEH HU B OlHOM ciyuyae. Haubosee yacTbiMU OLIMOKaMU KIMHUYECKON AUarHOoCTUKY ObLin «OPBU»,
«Kopb» 1 «KpacHyxa», reprnecBupycHbie nHGekiuu. B 30% cnydaes [1BU orniennBanach KIMHUIIMCTAMU KaK He MH-
(bexumonHoe 3adboneBanue. OMMOKY MEPBUYHON AUATHOCTUKY MTAaPBOBUPYCHOM MH(MEKIIUU MOTYT CIIOCOOCTBOBATH
pacnpocTpaHeHU 0 MHMEKIIMH, B TOM YKCJIE B IpyINax pucka. Tak, Ipy IpoBeaeHU M 00CIeI0BaHM S ITAIllMEHTOB A1a-
JIN3HOTO IIEHTpa Jab0paTOPHBIMU METOAAMH YCTAHOBJIEHA CPBITAsl IIMPKYJIAIMS apBoBupyca B19 B maHHOI1 rpyrime
pucka. 91o 0110 moaTBepxkaeHo ooHapyxeHreMm JJHK PVB19 u Bupyccnenuduueckux IgM-aHTHUTEN B YaCcTH UCce-
JOBAHHBIX 00pa3LIoB. YCTaHOBIICHHAS CPeIy MMAallMeHTOB CEPOINPEBAIEHTOCTh, He IpeBbiliaBias 76,9%, onpenenser
BO3MOXHOCTB pacCIpoCTpaHeHUS MH(PEKIINHI CpeIy CEPOHETaTUBHBIX K MMapBOBUPYCY B19 maninmeHTOB, ¢ OTATOIIEHN-
€M TeUEeHUS M ITPOTHO3a OCHOBHOTO 3a001eBaHus. [1py BRISIBICHUH CpeIy JIUII U3 TPYIIT PUCKa 1/WIU U3 OpraHU30-
BaHHBIX KOJJIEKTUBOB MH(MDEKIIMOHHBIX 3a00JIcBAHMN I 1 00JIe3HEI OpraHOB IBIXaHU S, TPOTEKAIOIINX C HESICHBIMHU 9K-
3aHTEMHBIMU TIPOSIBIICHUSIMU, YIUTHIBas IMMPOKOE paclpocTpaHeHNe TTapBOBUPYCHON MH(MEKIINH, 1IeJIeCO00pa3HO
MTPOBOIUTH HAIIPaBJICHHBIM CEPOJIOTMUCCKUIT MOHUTOPUHT Ha JlabopaTopHble MapKepbl [IBU. OnHuM 13 Hampasie-
HUI JaJbHEWIIEro KayeCTBEHHOIO M3yYeH M sl TapBOBMPYCHOM MH(PEKIINU SIBIISIETCS pellleHNe TPOOJIEMBI e¢ BBISIBIIC-
HUS U yyeTa B CUCTeME MU IEMUOJIOTMUYECKOTo Haa30pa.

Karouesnie caoea: napsosupycnas ungpexyus, pacnpocmpanenrocms, Cegepo-3anad Poccuu, epynnul pucka, kaunuveckas
duaeHocmuka, 1a60pamopHvie MapKepb..
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W.H. NlaBpeHTbeBa, A.1O. AHTUNOBA, H.B. XXenesHosa MHdekumns n uMmyHuTeT

PREVALENCE OF PARVOVIRUS INFECTION IN THE NORTHWESTERN FEDERAL DISTRICT
OF RUSSIA

Lavrentieva I.N., Antipova A.Yu., Zheleznova N.V.

St. Petersburg Pasteur Institute, St. Petersburg, Russia

Abstract. Here, we analyze the spread of parvovirus B19 infection in the Northwestern Federal District from
the years 2018 to 2023. It was shown that cases of infection were recorded in 10 out of 11 territories, excepting
the Nenets Autonomous Okrug. Overall, IgM antibodies to parvovirus B19 (B19V) were detected in 295 samples
out of 2079 tested (14.1%). The prevalence of parvovirus B19 infection varied over the years of the study: in 2023,
an increase in incidence was detected in the Northwestern Federal District, with an indicator of 0.93 per 100
thousand population, which significantly exceeded the long-term average level of 0.43 per 100 thousand population
in the district. Children under 14 years of age predominated in the age pattern. The virus circulated most actively
in St. Petersburg and the Leningrad region, which is due to the high population density in these territories and
the many municipal institutions where long-term close contacts between people take place. The winter-spring
seasonality of the infection has been confirmed. An analysis of primary diagnoses in patients with laboratory-
confirmed parvovirus infection (2022) showed that the correct clinical diagnosis was not established in any case.
The most common clinical diagnostic errors were: “Acute respiratory infection”; “Measles” and “Rubella”; herpes
virus infections. In 30% of cases, parvovirus B19 infection was assessed by clinicians as a non-infectious disease.
Errors in the initial diagnosis of parvovirus infection can contribute to the spread of infection, including in risk
groups. Thus, while examining patients at a dialysis center, laboratory methods revealed latent parvovirus B19
circulation in this risk group confirmed by the detection of BI9V DNA and virus-specific IgM antibodies in some
samples tested. The seroprevalence established among patients not exceeding 76.9% accounts for an opportunity
of infection spread among patients seronegative for parvovirus B19 with worsening of disease course and prognosis.
Considering the widespread distribution of parvovirus infection, when identifying infectious diseases and respiratory
diseases that occur with unclear exanthema manifestations among people at risk and/or from organized groups, it is
advisable to conduct targeted serological monitoring for laboratory markers of parvovirus B19 infection. One of the
directions for further qualitative study of parvovirus infection is to solve an issue of its identification and recording

in the epidemiological surveillance system.

Key words: parvovirus infection, prevalence, North-West Russia, risk groups, clinical diagnostics, laboratory markers.

BBepneHve

IMTapBoBupycHas B19 nundexkuus (ITBW) Bkito-
yaeT B ce0sl INMPOKUI CIIEKTp 3a007eBaHUM Yea0-
BEKa: OT JIETKOW 3K3aHTEeMbl — WHMEKIMOHHON
9PUTEMBI, BCTpeyYaloleicss MPeuMyllecCTBEHHO
B JETCKOM BO3pacTe, MO TSIXeJbIX CTOMKUX ap-
TPUTOB W apTpajaruii, MUOKApAUTOB W TremaTu-
ToB. MeauuuHckass 3Hauumoctb [IBW o0GycioB-
JiIeHa CBOMCTBaMU BO30OyAMTENsT — MapBOBUpYyCa
B19, xapakTepu3ylonerocsi BBICOKUM TPOMU3MOM
K DPUTPOUIHBIM KJETKaM-TpenliecCTBeHHUKaM,
a TakXe TepaTOreHHbIM AeiicTBueM. C MHGULIU-
poBaHueM mapBoBupycoM B19 moryT ObITh CBsi3a-
Hbl TAKUE€ CEPbE3HbIE CUMMITOMBI KaK HapylIeHue
BbIPAaOOTKU 3PUTPOLIUTOB BILJIOTh A0 arJjiacTuye-
CKOTro Kpu3a ¢ Tubdesiblo 00JIbHOTO, a TIpU UHGU-
LIMPOBAHUU BO BpeMsi OEPEMEHHOCTU — pa3BU-
TUe BOOSIHKM Tioda. [TapBoBupycHasi nHGbEKIIU s
MOXKET OKa3bIBaTh BBIPAXXEHHOE MaTOJOTMYEeCKOe
BO3JIEICTBUE MPAKTUYECKU Ha KaXAyl CUCTEMY
opraHusma 4yejioBeka Mpu UHOULIUPOBAHUU JIULL
C UMMYHOAEULUUTHBIMU COCTOSITHUSAMU [6, 9, 10,
11, 12, 13, 14, 15].

HecMmoTpss Ha HEBBICOKYIO KOHTarmo3HOCTb
(paccuMTaHHBINA MHAEKC cocTaBiseT ot 15 1o 30%),
pacnpocTpaHEeHUI0 UH(PEKI MU CITOCOOCTBYIOT TPU

NyTU TIepeJayud BuUpyca: BO3MYILIHO-KalleJbHBbIN,
TpaHCIIJIall@HTAPHBIE U TeMOTpPaHC(PY3MOHHBIA,
a Takxe OOJIbIIOEe KOJIMYECTBO MHaNMapaHTHBIX
dopm (y B3pocibix okoo 80% uHOEKIIMU ITPoTe-
KaeT 0ECCUMIITOMHO).

HecmoTpst Ha OYeBUAHYIO MEAMIIMHCKYIO 3HA-
YUMOCTb, CBeIeHMsI O pacrnpocTtpaHeHuu I[IBU
B pa3HbIX permoHax MHMpa BecbMa OrpaHUYEH-
Hbl M3-3a OTCYTCTBUSI pErucTpauuu HHOeKIUu
BO MHOTMX CTpaHax Mupa, Bkytodasi PO.

BHuMaHMe K mapBoBUpYyCHOM MHPeKInn B PO
MOBBICUJIOCH B CBSI3M C peaim3aniueil [TporpaMmmbl
BO3 no snuMuHanuMu KOpU/KpacHYXU B TJI00a b-
HOM MaciiuTabe, Korma Oblla BBIABMHYTA 3ajaada
JabopaToOpHOro odciiefoBaHUsI OOJIbHBIX C DK3aH-
TEMHBIMU MPOSIBJCHUSIMU WHOEKIIMOHHOIO MpO-
ecca B paMKax aKTHBHOIO Haja3opa 3a KOpbIo.
MNHdekLnoHHas apuTeMa okasajgach OIHOMI U3 OC-
HOBHBIX OIIMOOK IEePBUYHON TMAarHOCTUKHM KOPU
M KpacHyxM Ha Ttepputopusix CeBepo-3arnaaHoro
denepanbHOro okpyra. Takum oOpa3oM paHee
OblJla yCTaHOBJIEHa LIMPKYJISIMs IapBOBUpYcCa
B19 nHa Cesepo-3anane Poccuu B mepuon 2008—
2017 rr. [2, 4, 6, 8]. Hacrosiiee wcciienoBaHue
MOCBSIIEHO OLIEHKE PaclpOoCTpaHEHUsI IapBOBM-
pycHoit nuHpekunn B C3PO PD B coBpeMeHHBII
MEPUO/I.
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Marepuanbsl 1 MeToapl

beuin uccrnenoBanbl 2079 CHIBOPOTOK KPOBU,
nonaydyeHHbIx B niepuon 2018—2023 rr. oT 60abHBIX
C DK3aHTEMHBIMU TTPOSIBJIEHUIMU MH(MEKITMOHHOTO
mpoliecca U JUXOPAJKOH, IMTPOXUBAIOIINX Ha Tep-
putopusix C3®O. CpIBOpOTKM OBUINM TOJTYyYEHBI
U XPAaHWJINUCh B KOJUJIEKIIUUA BUPYCOJOTUUYECKOU
Jabopatopuu PernoHajibHOro HEHTpa IO HaI30-
py 3a kopbio B C3DPO POD. JlabopaTOpHBIM IO/~
TBEpKJICHUEM CJIydasi mapBOBUPYCHOW WHOEKIINN
cuvTanau obHapyxXeHue B oOpa3lax KpOBU CIIEIU-
duveckux IgM-antuten Kk napsosupycy B19. B pa-
o6ore ucrnonbzoBaiu MDA TecT-cucteMbl «Anti-
Parvovirus B19 ELISA (IgM)» u «Anti-Parvovirus
B19 ELISA (IgG)» (Euroimmune, 'epmaHus), KOTO-
pble MTPUMEHSIJICh B COOTBETCTBUU C MHCTPYKIIM SI-
MU npousBonuTesisa. dkctpakuuio JHK r3 nina3zmel
KPOBU MPOBOMIMJIN, UCITOJIL3Ys] KOMMEpPUYECKU Ha-
o6op «xAmmutulIpaiim Pu6o-tiper» (PBYH LITHUND,
MockBa), cOrjlacCHO UHCTPYKIIMU TIPOU3BOAUTENS.
BoisiBiieHMEe M/MJIM KOJIMYECTBEHHOE OIpe/iesieHue
JHK PVBI19, npoBoauiu metoaom ITLP ¢ rubpu-
M3aIMOHHO-(JIYOPECIIEHTHOM JeTeKIneil B pe-
XKUME «peajbHOTO BpEeMEHM» Ha KOMMEpPUYEeCKOM
Ha6ope «AMmauCenc® Parvovirus B19-FL» (PBYH
HHNUW  Bnunemuonoruum  PocnorpebHan3opa,
MockBa) cOrlaCHO WHCTPYKIMMW MPOU3BOIUTEN S
B KaUE€CTBEHHOM WJIM KOJWYECTBEHHOM opmare.
PacnipocTpaHeHHOCTb, CPEIHEMHOTOJIETHUN YpO-
BEHb 3a00JIEBAEMOCTH (32 LIECTh JIET) U UHIEKC Ce-
30HHOCTU MapBOBUPYCHON WHGMEKIIUU PACCUUTHI-
BaJIM OOWICTIPUHSATHIMUA SMUAEMUOIOTUUYESCKUMU
metogamu [7]. Cratuctuueckyro oOpadOTKy pe-
3yJITaTOB ITPOBOIWJIN, UCTIOJb3YS MAaKEeT MPOrpaMM
MS Excel, Prizm 5.0 (GraphPad Software Inc).
CpaBHeHUE HOMWHAJBHBIX MaHHBIX MTPOBOINUIOCH
npu Tiomoru t-kputepus. [lopor mocrtoBepHOCTH
OTJIMYUI ONPeeisiyiv ¢ BeposiTHOCTHIO p < 0,05.

Pe3ynbrathl 1 006CYyXaeHne

B nepuon ¢ 2018 mo 2023 rr. napBOBUpPYCHAs UH-
dek1rsg eXerogHo BbISIBJISIACh HA TEPPUTOPHUIX
C3DO0 (tab61.). B uesom IgM-anTuTEea K TAapBOBU-
pycy B19 BeisiBiieHbl B 295 o6pasuax usz 2079 uccie-
noBaHHbIX (14,1%).

Pacnipoctpanennocts  [IBM  BapwupoBaia
ot nokasarens 0,16 mo 0,93 na 100 TeIC. Hacele-
Hus B 2018 1. 1 2023 1. cooTBeTCTBEHHO (Tabi. 1).
To ectb B 2023 1. OBLJI BBISIBJIEH IO BeM 3a00JieBae-
moctu [TBU ¢ C3DO, nocToBEpHO MPEeBBITITABIIN N
(p < 0,05) cpenHEMHOTOJIETHUI YPOBEHb, pPaBHBIN
0,43 na 100 ThIC. HaceneHus1 okpyra. He ObII10 BBI-
SIBJIEHO TIOCTOBEPHOIO CHUKEHUS TTOKa3aTessl pac-
npoctpaHeHHocTu [1BU B 2019—2020 rr. — niepuo-
JIe TOpOBEAECHUS KapaHTUHHBIX MEPONPUITUMH,
HAIlpaBJEHHBIX Ha OrFPaHUYEHUE PACIpPOCTpaHe-
HUS HOBOU KOPOHAaBUPYCHOW MHMEKIMU, HECMO-
TpS Ha TO YTO OCHOBHOU MEXaHWU3MOM IMepenayu
IIBU — Bo3aylIHO-KaMeJbHbIH, 4YTO, BUIMMO,
MOXHO OOBSICHUTH MPEUMYIIECTBEHHBIM PACHpO-
CTpaHEHUEM UH(EKIIUU B CEMbSIX, UJIU CPENU JIULI,
HaXOJSIIIUXCS HA OCOOBIX YCIOBUSIX TPOXUBAHUS.

B nepuon HaGmt0aeHM S mapBOBUPYCHAS MH(PEK-
LU BBIIBJISIIIACH HA NE€CATU U3 ONMHHAALATU Tep-
putopuit CeBepo-3anana Poccuu, 3a UCKITIOYEHU-
eM HeHenikoro aBToHOMHOr0 oKpyra. Haunbosbiee
KOJIMYeCTBO — B 1eJioM 6oiiee 42% oT 006111ero
Yucja CcJy4yaeB — CTaOWJIbHO PEruCTPUPOBATU
B Cankr-IletepOypre u JleHUHrpaackoit odjsactu
(12,2%), 9TO COOTBETCTBYET CBEACHUSIM, TOJTyYeH-
HBIM HaMu paHee [4]. Ha aTux reppuropusix, a Tak-
ke B Bosoroackoit u KaauHuHrpaackoi odaactsax
ObLIU BBISIBJIEHBI ceMeiiHbie oyaru [1BU.

CrenyeT OTMETUTh, YTO B OTJIMYUE OT IMepuoaa
2008—2017 rr., korma tepputopuansHo [I1BU umena
CYIIECTBEHHO OO0Jiblliee paCpOCTPAHEHUE HA TIPU-
rpaHuyHbIX Tepputopusx (Pecrybiuka Kapenus,

TaGnuua. Cnyyam n pacnpocTpaHeHHOCTb napBoBUPYCcHoi uHdpekuumn B C3P0 B nepuopg c 2018 no 2023 rr.
Table. Cases and prevalence of parvovirus infection in the Northwestern Federal District from 2018 to 2023

Pacnpepenenue IgM-nonoxurtensHbix k PV B19 ceiBopoTok B 2018-2023 rT. PacnpocTtpaHeHHocTs BU
Distribution of IgM-positive B19V sera in 2018-2023 Ha 100 TbIC. HAaceneHus
Fonp! o6Lee YUCNo Uccrief0BaHHbIX OKkpyra
Years CbIBOPOTOK KPOBM/M3 HuX IgM+ nons IgM+ o6pasuos, % (M+m) Prevalence of PVI
total number of blood sera studied/ proportion of lgM+ samples, % (M£m) per 100 000 population
of which IgM+ of the district
2018 342/22 6,4+1,32 0,16
2019 341/36 10,6+1,67 0,26
2020 281/25 8,9+1,69 0,18
2021 278/38 13,7£2,06 0,27
2022 332/46 13,9+1,89 0,33
2023 505/128 25,3+1,94 0,93
WUtoro/Total 2079/295 14,1£1,78
CpepHeMHoOroneTHuin nokasarenb/Average longterm indicator 0,43
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napBoBupycHoi B19 uudpekuuen

Figure. Primary clinical diagnoses in patients with laboratory-determined parvovirus B19 infection

Mypmanckas, Kanununrpanackas, JleHuHrpaackas
obsactu) [4], B mepuon 2018—2023 rr. mo yacToTe
BeisiBAeHUs ciaydaeB [1BU 3a Cankr-IleTepOyprom
u JleHuHrpajackoi ob6GJjacTeio cienoBaiu Boo-
roackass n Hosroponckast oonactu: 12,1% wu 8,7%
oT obuiero yucia IgM-nonoxutenbHbix K PVBI9
obpasuoB. B pecnyonukax Komu n Kapenust noky-
MeHTUpoBaHo 18 u 14 cnyuyaeB [1BM, uTo cocraBu-
70 6,1% n 4,7% coOTBEeTCTBEHHO. MOXHO IIpEIITo-
JIOKUTh, YTO M3MEHEHUE TEePpPUTOPUATBHOTO pac-
npeaesieHus mapBoBUpycHoi mHpekuun B C3DO
CBSI3aHO CO CHMIKEHUEM TYPUCTUYECKUX ITOTOKOB
B cTpaHbl CeBepHoli EBpornbl B HacTosiIee BpeMsl.
CoxpaHeHMEe AaKTUBHOUW IIMPKYJISILIUU ITapBOBH-
pyca B19 B mMmeramoJjivce u mpuJerawplieii odjiactu
OO0YCJIOBJICHO BBICOKOM TJIOTHOCTBIO HaCEICHUS,
MHOXECTBOM 00pa30BaTeIbHbBIX, MEIUIIMHCKUX,
YUYEOHBIX U IP. YIPEXKACHU I, TJe UMEIOT MECTO IIJIV-
TEJIbHBIC TeCHbIe KOHTAKThl MEX 1Y JI0IbMU. B BO3-
PAaCTHOI CTPYKType 3abO0JIeBIIMX HECYIIECTBEHHO
npeobaaaany IeTU U MoAPOCTKU — 58% Bcex ciayda-
€B PEruCTPUPOBaJIM CPEIM JIUIIL 10 19 JerT.

IIpeumyiectBeHHOoe pacrnipoctpaHeHue [1BU
nMeJia B TIEpUOJ C STHBapsl Mo Maii (exkerogHo Gosiee
64% cnydaeB), YTO COOTBETCTBYET XapaKTEPHUCTUKE
I1BU kak 3a0oieBaHUsI C 3MMHE-BECEHHEN CE30HHO-
ctblo. Muaeke cesonnoctu B 2023 1. coctasui 77,7%.

AHaJu3 TIEPBUYHBIX JIMArHO30B Yy OOJbHBIX
¢ n1abopatopHo noaTBepxkAeHHOI [TBU, mpoBeaeH-
HbI1 B 2022 1., moKa3aJ, 4TO MpaBUJIbHbIN KINHU-
YeCKMil AMarHo3 He ObLJI YCTaHOBJICH HU B OJTHOM
cayyae (puc.).

HawubGosiee 4YacThiM OIIMOOYHBIM KJIWHUYEC-
KuM auarHozom obima «OPBU» — 21,0% ot Bcex
J1abopaToOpHO BBEISIBJICHHBIX ciaydyaeB [IBU. B 8%
ciydyaeB 00JbHBIM ObIJT OIIMOOYHO MTOCTABJICH TeP-
BUYHBIN nrnarHo3 «Kope» nnn «KpacHyxa». Takxke
napBoBupycHyio B19 nHbekuo BeisgBisin B 10%
cJydyaeB IIpM NOAO3PEHHMM Ha TepIIeCBUPYCHBIC

uHMekuuu (MHPEeKIMOHHBIII MOHOHYKJIEO3 U Be-
TpsiHas OcIia); B TaKoi e moJje ciaydaeB [1BU 06-
HapyKeHa y OOJIbHBIX ¢ KIMHUYECKUM JUArHO30M
«MHpekImoHHas ak3aHTeMa». AHTUTeaa IgM-PV
B19 6b1111 06HapykeHbI B 30% 00pa31ioB, B HAIIpaB-
JICHUSIX K KOTOPBIM OBIJIO yKa3zaHO: «DK3aHTeMa
HESICHOUM 3THOJOTUM» U <«AJIJepruueckasi Chilb/
ajjeprogepMaTuT». 1o €CThb IPUMEPHO B TPETHU
cayuyaeB [1BM oneHuBasach KIMHUILIUCTAMU KakK
3abosieBaHME He MUH(DEKIIMOHHOE, a COMaTUYeCcKoe,
He TpeOylollee MPoBeAeHU I TPOTUBOANUIAEMUYEC-
KUX MEPOITPUSITUIA.

OmuOKM TIEPBUYHON NTUArHOCTUKU ITapBOBU-
PYCHOM MH(MEKIITMKU MOTYT CITOCOOCTBOBATH PACIIPO-
cTpaHeHMI0 MHpeKIMu B rpynmnax pucka. K tako-
BbIM OTHOCSITCSI, B YaCTHOCTHU, HMAIlMEHTHI C 3a00-
JIeBAaHUSIMU MOYEK, HAXOASIIMECsS Ha FreMOInaan3e
M TIOJIyJalolue UMMYHOCYTIPECCUBHYIO TEparuio.
BrinonHenHoe B 2022 r. 1abopaTopHoe o0cjienoBa-
HHe 78 TTallMeHTOB OTIe/eHUs TeMOoaMaI3a Ha Jia-
OopaTopHbIe MapKephl NapBoBUpYycHOI B19 nHdek-
nuu nokaszaso, uto IgG-aHTUTeNa K ITapBOBUPYCY
B19 nmenm 76,9% manmeHTOB TUAJU3HOTO LIEHTpA,
YTO COOTBETCTBYET YPOBHIO CEPOIPEBAJEHTHOCTHU
MOIYJSILIUU B 1IeJJ0M. Ba’kHO OTMETUTh, UYTO 00pa3-
aX KpOBU Y YEThIPEX MallMeHTOB OblJIa OOHapyXKe-
Ha JIHK PVBI19; B ogHOM ciiyuyae ObIIU BbISIBJIEHBI
MUMMYHOIJIO0YJIUHBI Kjacca M, 6e3 KIMHUYECKUX
nposisieHuit [I1BU. IMonyyeHHble pe3yabTaTbl CBU-
JIeTEIBCTBYIOT 00 MMEBIILIC MECTO CKPBITOM IIUPKY-
JISILMUY BUpyca CpeAu JaHHOW T'PYIIIbI MAIlMEHTOB,
a HEBBICOKAsI CEPOITPEBaJICHTHOCTh MOXKET CIIOCO0-
CTBOBATh JaJbHEMIIIEMY pacIIpOCTpaHEHUIO BUpYyCa
B OTOI IpyIIIie pUCKa, YTO MOXET OTSTOIIaTh Teue-
HME OCHOBHOTO 3a00JIeBaHMSI.

Takum obpaszom, nmapsoBupyc B19 nponoixaer
OUPKyIupoBaTh Ha Tepputopusix C3MO, B Hau-
OOJIbIIIC CTEIIEHU Ha TEePPUTOPUSIX C BBICOKOM
MJIOTHOCTBIO HACEJICHUS U aKTUBHBIMM COLIMATIb-
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HBIMU KOHTakKTaMu. ICTUHHBIN YPOBEHb pacipo-
CTPAaHEHHOCTH MTapBOBUPYCHOU MH(MEKIINU B peru-
OHe 0e3yCJIOBHO BHIIIIE, YeM YCTAaHOBJIEHO B paMKax
JTAaHHOW paboOThI, IMOCKOJbKY MaTepuas i HC-
CJICIOBAHUSI COOTBETCTBOBAJ KPUTEPUSIM OTOOpa
KJMHUYECKUX 00pa3loB s JJabopaTOpHOU aua-
THOCTUKM KOPU M KPAaCHYXU, a MMEHHO, B3sTHUE
KPOBHM ITPOU3BOIUIOCH OT OOJIbHBIX C MaKyJIO-TIa-
MyJIE3HOM CBHIMBIO U TEMIIEPATypoOil Tejia 00JBHOTO
Boile 37,5°C. B To BpeMs Kak 1Jis1 TapBOBUPYCHOM
UHGpEKIIMU XapaKTepHO MNpeobiamaHue OGeccum-
MTOMHBIX UM CTePTHIX (popM, 6e3 ChIlu U JIU-
XopaaKu. DTOU OCOOEHHOCThIO MHMEKIUU 00B-
SICHSIIOTCSI OIIMOKM KJIMHUYECKOUW AMAarHOCTUKU
I1BU, cocraBuBiue B 2022 r. 100% npoaHaaiu3u-
poOBaHHBIX ciaydaeB. OTCcyTcTBUE yyeTa 3aboJieBa-

€MOCTHU MapBOBUPYCHOW UHGEKIIUU ¢ JJabopaTop-
HBIM TIOATBEPXKICHUEM JMarHo3a CIIOCOOCTBYeT
ee pacIpoCTpaHeHUIO, B TOM YMCJIe B TPyMax py-
cKa, 4YTO MOXET MPUBOAUTH K OTATOIICHUIO TeUe-
HMS U IIPOrHO3a OCHOBHOrO 3aboJjieBaHus [1, 2, 6,
14]. CnenoBaTenabHO, TIPU BBISIBJIACHUU CPEIU JIUII
M3 TPYI pUCKa W/UJIM U3 OPraHU30BaHHBIX KOJI-
JIEKTUBOB UHMEKIIMOHHBIX 3a007eBaHU U 60Je3-
HEW OpraHoOB JbIXaHU S, IMTPOTEKAIOIINX C HESICHBI-
MU 3K3aHTEMHBIMU MTPOSIBJICHUSIMU, 11eJIeco00pa3-
HO TIPOBOIMTHL HAIIPaBJICHHBIA CEPOIOTUYECKUIA
MOHMTOPUHT Ha JjabopaTtopHblie Mapkepbl [IBU.
OnHUM W3 HaIpaBJIEeHW# OajdbHEMIIero Ka-
YEeCTBEHHOI0 WM3y4YeHMsI ITapBOBUPYCHOM HHMEK-
WU SBJSIETCS pellieHre ITPOOJeMBbl €€ BBISIBIICHU S
M ydJeTa B CUCTEME SITUAEMHUOJIOTMYECKOT0o Haa30pa.
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COMPARISON OF MALDI-ToF MASS
SPECTROMETRY IDENTIFICATION ACCURACY

OF MYCOBACTERIUM ABSCESSUS COMPLEX
STRAINS, ISOLATED ON VARIOUS NUTRIENT MEDIA

D.V. Alekseev, E.A. Kargina, D.A. Kokorev, A.M. Kovalyov, E.A. Borodulina, A.V. Lyamin,
D.D. Ismatullin

Samara State Medical University, Samara, Russian Federation

Abstract. Background. Mycobacterium abscessus complex is one of the most abundant groups of rapidly growing
non-tuberculous mycobacteria that has been increasingly more common causing infections of various localization,
especially in cystic fibrosis (CF) patients. Microbiological diagnosis of such infections in case of using matrix-
assisted laser desorption/ionization time-of-flight (MALDI-ToF) mass spectrometry is often complicated due
to mycobacterial cell features, which requires to perform a diagnostic optimization. The aim of the study was
to evaluate the accuracy of Mycobacterium abscessus strains identification isolated on universal chromogenic
medium and selective medium for Burkholderia cepacia complex (BCC) isolation. Materials and methods. Total
number of 64 strains were selected for the study cultured in parallel on universal chromogenic medium and selective
medium for BCC isolation. The identification of isolated microorganisms was carried out using the MALDI-ToF
mass spectrometry on Microflex LT device. Statistical data processing was carried out using the StatTech program
v.2.1.0. Results. The correlation analysis between identified data and used nutrient media was carried out showing
that identification of mycobacteria isolated on chromogenic medium vs. medium for BCC isolation was more
accurate. Conclusion. The study revealed that the composition of the nutrient medium affects the accuracy of MABSc
member identification, which can be taken into account while developing protocols for optimizing and increasing
the accuracy for this group of bacteria using MALDI-ToF mass spectrometry. Despite this, in the context of such
a complex pathology with high comorbidity as CF, taking into account the universality of chromogenic medium
we studied and often polymicrobial nature of infections in CF, it is rational to use selective media for primary
inoculation of the studied material, including the medium for BCC isolation. However, after the initial inoculation,
mycobacteria can be subcultured on chromogenic medium to assess cultural properties and improve the quality
of species identification.

Key words: Mycobacterium abscessus complex, MABSc, MALDI-ToF mass spectrometry, non-tuberculosis mycobacteria cultivation,
NTM, cystic fibrosis infections.
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CPABHEHUE TOYHOCTWU MALDI-ToF MACC-CMEKTPOMETPUYECKOW UAEHTUDUKALIUN
LUTAMMOB MYCOBACTERIUM ABSCESSUS COMPLEX, BblAEJIEHHbIX HA PA3JIU4HbIX
MUTATENIbHbIX CPEOAX

Anekcees JI.B., Kapruna E.A., Kokopes JI.A., KoBanes A.M., bBoponyiuna E.A., Jlamun A.B., Ucmarynaun 0. /1.
OI'EOY BO Camapckuii eocyoapcmeentutii meduyunckuil ynugepcumem Munsdpasa Poccuu, e. Camapa, Poccus

Pestome. Bsedenue. Mycobacterium abscessus complex — onHa U3 HauboJjiee paclpoCTpaHEHHBIX TPYII OLICTPOPACTYIIIUX
HEeTYOepKYJIe3HBIX MUKOOAKTEPHii. DTa IrpyIina MUKPOOPTaHM3MOB BCE Yallle CTAHOBUTCS MPUIMHON MH(PEKITNHI pa3iny-
HOW JIOKaJIU3aluK, OCOOEHHO Y TAlIMEHTOB ¢ MyKoBUcIa030M (MB). Mukpobuonornyeckast TMarHoCTUKA TAKUX MH-
(bex1uit mpu UCTIONBH30BAHNY MATPUIHO AKTUBUPOBAHHOM JTa3ePHOI IeCOpOLIMN-NOHU3AIINY C BPEMSITTPOJIETHON Macc-
cnektpomerpueil (MALDI-ToF) yacto 3aTpynHeHa u3-3a 0COOEHHOCTE MUKOOAKTEPUATBbHBIX KJIETOK, YTO BbI3bIBAET
HEOOXOMMMOCTh ONTUMU3AINY MeTonuKU. Llenbio rccienoBanms cTaia oleHKa TOYHOCTU UACHTU(GUKAIIUY IITAMMOB
Mycobacterium abscessus, BbIIEIEHHBIX HA YHUBEPCAIBHON XPOMOTEHHOM Cpefie ¥ Ha CeJIEKTUBHOM Cpefie TSI BhIIEIeHUS
Burkholderia cepacia complex (BCC). Mamepuanvt u memoods:. J1751 uccienoBaHusi OblJI0 OTOOpaHO B 0OLIel CIOXHOCTH
64 mramMmma Mycobacterium abscessus. Bce mTaMMBbl KyJTbTUBUPOBAIN OJHOBPEMEHHO Ha YHMBEPCAJTbHOM XpOMOTEHHOMI
cpene v Ha ceneKTuBHOU cpene st BeiaeneHnst BCC. MneHtudukannio BbIIEIEHHBIX MUKPOOPTaHU3MOB MTPOBOIUIIN
¢ nomouibio MALDI-ToF macc-cniektpomerpuu Ha mpuoope Microflex LT. Ctatuctryeckyo o00padoTKy MOJTyUYeHHbIX pe-
3yJbTAaTOB ITPOBOAMIIM C MCTONb30BaHUeM Mporpammel StatTech v.2.1.0. Pe3yasmamer. bbli mpoBeneH aHAIU3 KOPPEsSLIuT
MEX]y pe3yibTaTaMu UIeHTU(MUKAIIMY U UCTIONb3YEMbIMU MTUTATEIbHBIMU CpeiaMu. AHAIU3 TIOKa3all, YTo UACHTUbU-
Kalusi MUKOOaKTepu i, BbIICICHHBIX HA XDPOMOTE€HHOM cpefie, Obl1a Oosiee TOUHOIA, YeM UIeHTU(hUKALIMS MUKOOAKTepUi,
BbIJIETICHHBIX Ha cpene 1uis BoineneHust BCC. 3axatouenue. B xoe mpoBeNeHHOTO UCCIEN0BAHNUS OBIIO BBISIBICHO, UTO CO-
CTaB MUTATEILHON CPEJbl BIUSIET HA TOUHOCTH MAeHTU(hUKau npencrauteneit MABSc, 4To MoXeT yuuThIBaThCS TIpU
pa3paboTKe MPOTOKOJIOB ONTUMU3AIIUY U TIOBBIIIEHUST TOUHOCTH UACHTU(GUKAIINY ITOI TPYTIITH OAKTEPUi C TTOMOIIBIO
MALDI-ToF macc-cnektpomerpun. HecMoTpst Ha 3T0, B KOHTEKCTE TaKOI CJI0XHOIN MaTOJIOTMU C BBICOKO KOMOPOUTHO-
CThIO, KaK M B, yunThIBasi yHMBEpCaaIbHOCTh UCCIIENOBAHHON HAMU XPOMOTE€HHOM CPEJIbl M 3a4acCTyI0 MOJTMMUKPOOHBIT
xapakTtep nHbekuii mpu M B, paiimoHaabHO 17151 IEPBUYHOTO ITOCEBa UCCIIEYeMOT0 MaTeprasia UCTOIb30BaTh CEIEKTUB-
HBIE CPeIbl, B TOM Yrcie cpeny ais Beiaenerust BCC. OqHako mocsie mepBUYHOrO TIoceBa MMKOOAKTEPUH MOXHO Iepe-
CeBaTh Ha XPOMOTEHHYIO CPENLy JIsT OLIEHKU KYJIbTYPaTbHBIX CBOICTB M YIYUILIEHUS KauecTBa BUIOBON HACHTU(DUKALIUY.

Karoueesvte caosa: Mycobacterium abscessus complex, MABSc, MALDI-ToF macc-cnekmpomempus, Kyabmuguposanue
Hemybepkyaes3nvix muxoodaxmepuii, HTM, ungexyuu npu mykogucyudose.

Introduction

Non-tuberculous mycobacteria (NTM) [2] are
representing a diverse group of saprophytic bacteria
that live mainly in water and soil. They are increas-
ingly becoming the cause of infections of various lo-
calization, especially in patients with concomitant
structural changes of the respiratory tract. For exam-
ple, with cystic fibrosis (CF) [3, 11].

Currently, in many medical centers, specializing
on the treatment of CF patients, specialists face with
the most common group of rapidly growing NTM,
isolated from these patients — Mycobacterium ab-
scessus complex (MABSc). The prevalence of these
microorganismes is associated with their morphologi-
cal features, which provide their resistance to many
disinfectants. This fact causes their frequent isolation
from hospitalized patients and makes a certain con-
tribution to the structure of nosocomial infections [4].

MABSc along with slowly growing representa-
tives of Mycobacterium avium complex, prevails
in the structure of NTM infections in CF patients [6,
15]. According to the data of the «Register of pa-
tients with cystic fibrosis in the Russian Federation»
for 2021, depending on the patients age, the frequen-
cy of NTM infections is 0.3—2.5%.

There are several nutrient media recommended
for the isolation of CF pathogens. NTM isolation
is possible by using a selective medium for the isola-
tion of Burkholderia cepacia complex (BCC), which
is widely used when working with specimens from CF
patients. In addition, it is possible to isolate rapidly
growing NTM during cultivation on various univer-
sal agar media, such as blood agar with 5% defibri-
nated animal blood, chocolate agar or blood agar
with nalidixic acid [1, 7, 10].

There are several approaches to determining
the MABSc species, one of which is MALDI-ToF
mass spectrometry. Initially, the use of MALDI-ToF
mass spectrometry was limited to the identifica-
tion of colonies, isolated on various selective media,
for example, on the Lowenstein—Jensen medium.
However, certain publications also contain informa-
tion about the possibility of applying a widely used
universal chromogenic medium [1].

The aim of the study was to evaluate the accuracy
of the MABSCc identification, depending on the nu-
trient media used — a universal chromogenic medi-
um and a selective medium for BCC isolation.

As our studies shown, when comparing the results
of MABSc identification, isolated on a Lowenstein—
Jensen medium, with the MABSc identification,
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which were isolated on a universal chromogenic me-
dium, no statistically significant differences between
the results were revealed [8]. At the same time, there
is no information about the comparison of a univer-
sal chromogenic medium with a selective medium
for the BCC isolation in the context of microbiologi-
cal diagnosis in CF.

Undoubtedly, microbiological diagnosis plays
an important role in the managing with respiratory
complications in CF, since airway infections are
the most common causes of death in CF patients.
On the other hand, NTM are most abundant in older
groups of patients. Taking into account the improve-
ment of the medical care quality, the life expectancy
of CF patients tends to increase. As a consequence,
NTM prevalence in the population is also increasing.
Therefore, the optimization of microbiological diag-
nosis (in particular, the rational use of nutrient media
and identification methods) is an extremely impor-
tant task for the successful management of infectious
complications in CF [5, 13].

Materials and methods

Total number of 64 MABSc strains were selected
for the study. From these strains, 56 strains were ob-
tained from CF patients and 8 strains — from patients
with pulmonary pathology (unrelated to CF).

All strains were cultured simultaneously on a uni-
versal chromogenic medium (HiMedia Laboratories
LLC, India) and on a selective medium for the BCC
isolation (HiMedia Laboratories LLC, India). Media
were incubated for 24 hours at a temperature of 37°C,
and then at 28°C in the following days of cultivation
until the appearance of visible growth, necessary
for identification.

It should be noted, that all strains obtained from
CF patients were isolated during primary prolonged
cultivation for up to 28 days on a medium for the
BCC isolation, while strains obtained from patients
with pulmonary pathology, unrelated to CF, were
primarily isolated on a Lowenstein—Jensen medium.

The identification of isolated microorganisms was
carried out using the MALDI-ToF mass spectrometry
on a Microflex LT device (Bruker Daltonik GmbH,
Germany). During identification, an extended direct
application method was used, including applying 1 ml
of 70% formic acid solution to a mass spectrometry
target. After drying, a matrix for mass spectrometry
(o-cyano-4-hydroxycinnamic acid) was applied.

The assessment of the identification results was
carried out using MALDI Biotyper RTC software
(Bruker Daltonik GmbH, Germany) according to the
level of coincidence coefficient (Score) from 0 to 3.
The level of 0.000—1.699 indicated identification
of low reliability; the level of 1.700—1.999 indicated re-
liable identification to the genus; reliable identification
to the species occurred at the level of 2.000—2.999 ac-
cording to the manufacturer’s reccommendations.

During the study we perform a comparison of the
results of MABSc identification between the main
spectrum library, which contains the spectra of 2
M. abscessus strains, with the library of additional
NTM spectra (Mycobacteria Library version 4.0,
Bruker Daltonik GmbH, Germany), which contains
880 spectra of mycobacteria, 36 of which belong
to M. abscessus.

Data grouping and calculations were performed
using a Microsoft Excel 2016. Statistical process-
ing of the obtained results was carried out using
the StatTech program v.2.1.0 (Stattech LLC, Russia).
Quantitative data were checked for compliance with
the normal distribution law using the Shapiro—Wilk
test. The obtained data was evaluated using nonpara-
metric statistical methods, due to the non-compli-
ance with the normal distribution law. Quantitative
variables were represented as the median (Me), 25th
and 75th percentiles [Q,s; Q;5], qualitative indica-
tors — in the form of an absolute number (n) and
percentages (%). Mann—Whitney U-test was used
for independent samples. The differences were con-
sidered significant at p < 0.05.

This study was approved by the Bioethics
Committee of the Samara State Medical University
with the Approval Number 196; October 31, 2018.

Results

At the beginning of our study, we analyzed
the spectra of MABSc strains, isolated on medium
for BCC isolation. The results showed that in the case
of using the main library, for 9 (14%) strains it was not
possible to determine the species and generic affilia-
tion of bacteria.

For the assessment of the possibility of obtain-
ing more accurate identification results, we ana-
lyzed the obtained peaks using a specialized library
(Mycobacteria Library, version 4.0).

The identified strains, isolated on the selective
BCC medium, were grouped according to the lev-
els of identification reliability, which are presented
in Table 1. As a result, species identification was de-
tected for 2 strains both using main library and ex-
tended library.

Similarly, we divided the Score values for strains,
isolated on universal chromogenic medium, into
groups according to the levels of identification reli-
ability (Table 2). It was possible to perform species

Table 1. Distribution of MABSc strains, isolated
on BCC medium, in groups of identification
reliability

- Mycobacteria librar
Score values (Stﬂai:‘ll:‘ltlr:‘gyer) Y ve_rsion 4.0 Y
(strains number)
0.000-1.699 35 25
1.700-1.999 27 37
2.000-2.999 2 2
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Table 2. Distribution of MABSc strains, isolated
on universal chromogenic medium, in groups
of identification reliability

- Mycobacteria librar
Score values (stﬂai:yrlﬁlr;;yer) Y ve_rsion 4.0 Y
(strains number)
0.000-1.699 4 1
1.700-1.999 4 25
2.000-2.999 19 38

identification for 19 (29.7%) strains and 38 (59.4%)
strains in the case of using the main and extended
versions of the library, respectively.

The analysis of the correlation between identi-
fication results (according to the Score value) and
the used nutrient medium when was also carried out
(with using both libraries) (Fig.).

As it is shown in the figure, the analysis also re-
vealed statistically significant differences (p < 0.001).
Identification of MABSc strains, isolated on a chro-
mogenic medium, in case of using the Mycobacteria
Library version 4.0 was more accurate than iden-
tification of strains isolated on a medium for BCC
isolation.

Discussion

The MALDI-ToF mass spectrometry has been
in service with microbiological laboratories for quite
a long period and has established itself as a reliable
tool for identifying various microorganisms, includ-
ing mycobacteria. The identification quality, during
using this method, significantly depends on the com-
position of microbial cell, and mycobacteria are dif-
ficult group of pathogens in this regard.

Mycobacterial cells are complexly organized.
This fact complicates the extraction of bacterial
proteins and affects the quality of the identification
with MALDI-ToF mass spectrometry. It is wide-
ly known that the outer membrane of these cells
consists of mycolic acid, arabinogalactan, glyco-
peptidolipids, trehalose-6,6-dimicolate, trehalose
monomicolate, trehalose polypleates and phos-
phatidyl-myo-inositol dimannoside [12]. All these
high-molecular and complex organic substances
cause a relatively low accuracy of identification
in case of using standard sample preparation proto-
cols. In its turn, it caused creation of numerous ad-
vanced protocols, for example, ultrasound exposure
to cells and special centrifugation methods [14].

. 22
2,000 4 |
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8 -
[ ]
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Figure. The analysis of the correlation between Score values and used nutrient media using the main
library (A) and Mycobacteria Library version 4.0 (B); differences are statistically significant (p < 0.05)
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However, these approaches require additional equip-
ment and time, which negatively affects the opti-
mization of laboratory work. This is due to an in-
creased number of errors when performing addi-
tional stages in the protocol. Consequently, it is re-
levant to find accurate, fast and convenient methods
for identifying such an important and complex group
of microorganisms.

Undoubtedly, the accuracy of determining the mi-
croorganism species depends, among other things,
on the nutrient medium composition on which it was
cultivated. Such correlation was demonstrated in one
of our previous works [9].

In our study, we analyzed the Score values ob-
tained during the MABSc strains identification, after
their isolation on the universal chromogenic medium
and the medium for BCC isolation. During the study,
significant differences were obtained between the an-
alyzed media: the chromogenic medium turned out
to be the most effective in terms of Score values.

However, due to its versatility and the possibility
of non-pathogenic flora growth, its use in the micro-
biological diagnosis of material isolated from CF pa-
tients is very limited. For this reason, the use of selec-
tive media is quite relevant.

The Lowenstein—Jensen medium and the Middle-
brook medium are mainly used as selective media
for the NTM isolation. However, the use of these
media is not the most optimal in terms of cost-effec-
tiveness and accessibility. On the other hand, the use

References

of a medium for the BCC isolation seems rational,
due to the fact that its use in microbiological moni-
toring of CF patients allows to isolate several groups
of pathogens, typical for respiratory complications
in CF. Moore J.E. and Millar B.C. (2020) in their
study report the possibility of using various universal
agar media with certain growth and inhibitory addi-
tives. Nevertheless, in our opinion, the use of a uni-
versal chromogenic medium is preferable, due to its
prevalence in microbiological practice and the ab-
sence of special conditions for its preparation [10].

Conclusion

In the study it was revealed that the nutrient me-
dium composition affects the accuracy of MABSc
identification. It can be taken into account during
development of protocols for optimizing and im-
proving the identification accuracy for this group
of bacteria in case of using MALDI-ToF mass spec-
trometry. However, in the context of such a complex
pathology with high comorbidity as CF, consider-
ing the versatility of the chromogenic medium and
the often polymicrobial nature of infections in CF,
it is rational to use selective media for the primary
specimens inoculation, including a medium for the
BCC isolation. After that, it is necessary to transfer
mycobacteria to a chromogenic medium to assess
cultural properties and improve the species identi-
fication quality.

1.

[Monukapmnosa C.B., ZKununa C.B., Konaparenko O.B., Jismun A.B., bop3osa 10.B. PykoBoncTBo o MUKpoOMOJIOrnuecKoit
NUAarHOCTUKEe MHGbEKUMI AbIXaTeJbHBIX MyTel y MallMeHToOB ¢ MyKoBucuumozoM. MockBa—TBepn: Tpuana, 2019. 128 c.
|Polikarpova S.V., Zhilina S.V., Kondratenko O.V. Guidelines for the microbiological diagnosis of respiratory tract infections
in patients with cystic fibrosis. Moscow—Tver: Triada, 2019. 128 p. (In Russ.)]

Ahmed I., Tiberi S., Farooqi J., Jabeen K., Yeboah-Manu D., Migliori G.B., Hasan R. Non-tuberculous mycobacterial infec-

Babalik A., Ko¢ E.N., Sekerbey H.G., Donmez G.E., Balikci A., Kilicaslan Z. Nontuberculous mycobacteria isolation from sputum

Belardinelli J.M., Li W., Avanzi C., Angala S.K., Lian E., Wiersma C.J., Pal¢ekova Z., Martin K.H., Angala B., de Moura V.C.N.,
Kerns C., Jones V., Gonzalez-Juarrero M., Davidson R.M., Nick J.A., Borlee B.R., Jackson M. Unique features of Mycobacterium

Blanchard A.C., Waters V.J. Microbiology of cystic fibrosis airway disease. Semin. Respir. Crit. Care Med., 2019, vol. 40, no. 6,

Gardner A.I., McClenaghan E., Saint G., McNamara P.S., Brodlie M., Thomas M.F. Epidemiology of nontuberculous myco-
bacteria infection in children and young people with cystic fibrosis: analysis of UK cystic fibrosis registry. Clin. Infect. Dis., 2019,

LiJ., Wang J., Sun H., Huo F., Shang Y., Li S. The effect of culture media dilution on recovery of rapidly growing mycobacteria.

Lyamin A.V., Ereshchenko A.A., Gusyakova O.A., Antipov V.A., Kozlov A.V., Ismatullin D.D. Application of chromogenic media
for preliminary identification of acid-resistant bacteria. Int. J. Mycobacteriol., 2023, vol. 12, no. I, pp. 49—54. doi: 10.4103/ijmy.

Lyamin A.V., Ereshchenko A.A., Ismatullin D.D., Zolotov M.O., Alekseev D.V., Kayumov K.A. Evaluation of the influence of the
cultivation medium on the result of identification of microorganisms from the group of acid-resistant bacteria of the order actino-
mycetales by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. Int. J. Mycobacteriol., 2023, vol. 12,

2.
tions-A neglected and emerging problem. Int. J. Infect. Dis., 2020, vol. 928, pp. S46—550. doi: 10.1016/.ijid.2020.02.022
3.
specimens: A retrospective analysis of 1061 cases. Int. J. Mycobacteriol., 2023, vol. 12, no. 1, pp. 55—635. doi: 10.4103/ijmy.ijmy 10 23
4,
abscessus biofilms formed in synthetic cystic fibrosis medium. Front. Microbiol., 2021, no. 12: 743126. doi: 10.3389/fmicb.2021.743126
5.
pp. 727—736. doi: 10.1055/s-0039-1698464
6.
vol. 68, no. 5, pp. 731—-737. doi: 10.1093/cid/ciy531
7.
New Microbiol., 2020, vol. 43, no. 4, pp. 191—194
8.
ijmy_6_23
9.
no. 2, pp. 157—161. doi: 10.4103/ijmy.ijjmy_85 23
10.

Moore J.E., Millar B.C. Comparison of four agar media for the enumeration of the Mycobacterium abscessus complex. Int.
J. Mycobacteriol., 2020, vol. 9, no. 3, pp. 289—292. doi: 10.4103/ijmy.ijmy_110_20

. Nick J.A., Daley C.L., Lenhart-Pendergrass P.M., Davidson R.M. Nontuberculous mycobacteria in cystic fibrosis. Curr. Opin.

Pulm. Med., 2021, vol. 27, no. 6, pp. 586—592. doi: 10.1097/MCP.0000000000000816

1231



D.V. Alekseev et al.

MHdekumns n uMmyHuTeT

12.

13.

14.

15.

Parmar S., Tocheva E.I. The cell envelope of Mycobacterium abscessus and its role in pathogenesis. PLoS Pathog., 2023, vol. 19,
no. 5:el011318. doi: 10.1371/journal.ppat. 1011318

Ratnatunga C.N., Lutzky V.P., Kupz A., Doolan D.L., Reid D.W., Field M., Bell S.C., Thomson R.M., Miles J.J. The rise of non-
tuberculosis mycobacterial lung disease. Front. Immunol., 2020, no. 11: 303. doi: 10.3389/fimmu.2020.00303

Wang H.Y., Kuo C.H., Chung C.R., Lin W.Y., Wang Y.C., Lin TW., YuJ.R., LuJ.J., Wu T.S. Rapid and accurate discrimination
of Mycobacterium abscessus subspecies based on matrix-assisted laser desorption ionization-time of flight spectrum and machine
learning algorithms. Biomedicines, 2022, vol. 11, no. I1: 45. doi: 10.3390/biomedicines11010045

Wetzstein N., Diricks M., Kohl T.A., Wichelhaus T.A., Andres S., Paulowski L., Schwarz C., Lewin A., Kehrmann J., Kahl B.C.,
Dichtl K., Huigel C., Eickmeier O., Smaczny C., Schmidt A., Zimmermann S., Nahrlich L., Hafkemeyer S., Niemann S.,
Maurer F.P., Hogardt M. Molecular epidemiology of Mycobacterium abscessus isolates recovered from german cystic fibrosis

patients. Microbiol. Spectr., 2022, vol. 10, no. 4: e0171422. doi: 10.1128/spectrum.01714-22

ABTOpbDI:

Anekcees [1.B., cneunanuct nabopatopum KynbTyPOMHbIX

1 NPOTEOMHBIX MCCNef0BaHuiA B MUKPOOKMonorun Hay4yHo-
06pa3oBaTesibHOro NPodeCcCroHaNbHOMO LLeHTPa reHeTUYECKNX

1 nabopaTopHbix TexHonorunint Gre0Y BO Camapckuia
rocyfapCTBEHHbIN MeaULUMHCKUIA yHuBepcuTeT MuHsapasa Poccuu,
r. Camapa, Poccus;

Kapruna E.A., ctyneHTka 6 kypca MHctutyta neguatpumn Grooy
BO Camapckuii rocyfapCTBeHHbI MEAULMHCKNIA YHUBEPCUTET
Mwunagpasa Poccun, r. Camapa, Poccus;

Kokopes [.A., cneumannct nabopaTtopuv MmeTareHoOMUKK

yenoseka Hay4Ho-06pa3oBaTenbHOro NpodeccrMoHanbHoro LeHTpa
reHeTn4Yeckunx 1 nabopaTtopHsix TexHonoruii PreQy BO Camapckuii
rocyfapCTBEHHbIN MeaULMHCKUIA yHuBepcuTeT MuHsapasa Poccuu,
r. Camapa, Poccus;

KosaneB A.M., k.6.H., 3aB. nabopaToprein reHeTUYECKMX TEXHOOMUIA
B MyKpoburonorum Hay4Ho-o6pa3oBaTensHOro NpopeccrMoHanbHoro
LIeHTpa reHeTnyeckux v nabopatopHblx TexHonoruin Preoy

BO Camapckuii rocyfapCTBEeHHbI MEAULMHCKNIA YHUBEPCUTET
Mwunappasa Poccun, r. Camapa, Poccus;

Bopoaynuua E.A., o.M.H., npodeccop, 3aB. kKapenpon ¢ptusmarpum
1 nynsmoHonorun ®re0yY BO Camapckuii rocyaapCTBEHHbI
MeaMuMHCKUiA yHuBepcuteT MuHagpasa Poccum, . Camapa, Poccus;
JiamuH A.B., 0.M.H., JoLeHT, avpekTop Hay4Ho-06pa3oBaTenbHOro
npodeccnMoHanbHOro LEEHTPa reHeTUYecKmx U 1abopaTopHbIX
TexHonoruin ®re0Y BO Camapckuii rocyaapCTBEHHbIN
MeaMuMHCKUiA yHuBepcnteT MuHagpasa Poccum, . Camapa, Poccus;
Wcmatynnun A. 4., K.M.H., 3aB. nabopatopvein Hay4Ho-
06pa3oBaTesibHOro NPodeCcCroHaNbHOMO LLeHTPa reHeTUYECKNX

1 nabopaTopHbix TexHonorunin Gre0Y BO Camapckuia
rocyfapCTBEHHbIN MeaULMHCKUIA yHuBepcuTeT MuHsapasa Poccuu,
r. Camapa, Poccus.

Authors:

Alekseev D.V., Specialist of Laboratory of Cultural and Proteomic
Research in Microbiology, Research and Educational Professional
Center for Genetic and Laboratory Technologies, Samara State
Medical University, Samara, Russian Federation;

Kargina E.A., 6th year student of Institute of Pediatrics, Samara
State Medical University, Samara, Russian Federation;

Kokorev D.A., Specialist of Laboratory of Human Metagenomics

of Professional Center for Education and Research in Genetic and
Laboratory Technologies, Samara State Medical University, Samara,
Russian Federation;

Kovalyov A.M., PhD (Biology), Head of Laboratory of Genetic
Technologies in Microbiology of Professional Center for Education
and Research in Genetic and Laboratory Technologies, Samara State
Medical University, Samara, Russian Federation;

Borodulina E.A., DSc (Medicine), Head of Department

of Phthisiology and Pulmonology, Samara State Medical University,
Samara, Russian Federation;

Lyamin A.V., DSc (Medicine), Associate Professor, Director

of Research and Educational Professional Center for Genetic and
Laboratory Technologies, Samara State Medical University, Samara,
Russian Federation;

Ismatullin D.D., PhD (Medicine), Head of Llaboratory of Research
and Educational Professional Center for Genetic and Laboratory
Technologies, Samara State Medical University, Samara, Russian
Federation.

MocTynuna B pepakumio 28.04.2024
MpuHsaTa k nevatn 13.08.2024

Received 28.04.2024
Accepted 13.08.2024

1232



NHdekuma n ummyHuTeT
2024, T. 14, Ne 6, c. 1233-1235

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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Mpasuna ans aBTopos

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
OnyO0JMKOBAHA, BLIXO/AHbIE AHHbIE

®.1.0., Ha3BaHKe MyOIHKAIMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

IToanbiii uHTEpHET-2/pEC
(URL) uurupyemoii cTaTbu
u/umm ee DOI

Pazmematorcst

B Ta01M1Ie

B ajihaBUTHOM
MopsiiKe, BHavYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JIATUHCKOIA
rpacdukoi

VkasbIBaTh

1o 6ubarorpapuyecKkomy
CTaHJapTy, MPEACTABIEHHOMY
BbILLIE

OduiraabHOE aHTIOSI3bIYHOE Ha3BaHUE
ny6JIMKalMK U UICTOYHKKA, TJIe OHA
orny0JIMKOBaHA — JIJISI PYCCKOSI3bIUHBIX CTATEi.
B penkux ciyuasix, KOraa He CyLecTByeT
ouIIMaTbHBIX AHTJIOS3bIYHBIX HA3BAHUA,
penakius MPOCUT MPEAOCTABISATh X EPEBO/I,
0003Hayas ero KpaCHbIM LIBETOM HIpUQTa.
J11s1 aHTI0SI3BIYHBIX MYOMKANMIL M HCTOYHUKOB
B 3TOM CTOJI0IIe CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdopMalus o cTaTbe
He pa3MeleHa

Ha o(UIIMaIbHOM caiiTe
U3IaHUs, IOTTYCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CAalTOB,

B T.4. CUCTEMBI
www.e-library.ru.

DOI cratbu npuBoaUTCS
B KBaJPaTHBIX CKOOKAxX
nocie URL-aapeca

4. TekcT moJKeH ObITh HAOpaH C ONMHAPHBIM MEXCTPOYHBIM MHTEPBAJIOM; UCIIOJIb3yeTCs Kerib mpudTa B 14 MyHK-
TOB; JIJIsI BBIZICJICHU ST UCTIOJIB3YETCSI KYPCHB, a HE TTOIUePKMBAaHUE; BCE CChIJIKY Ha UJLTIOCTpAluU, TpadKuy 1 Tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

(9,

. TeKCT COOTBETCTBYET CTUJIMCTUYECKUM 1 OMOIrorpauuyecKuM TpeOOBaHUSIM.

6. Eciiu BBl OTIIpaBIIsIeTe CTaThiO B PELIEH3MPYEMbIil pa3/iel XKypHalia, TO Bbl COIIACHBI C TPEOOBAHUSIMU CJICIIOTO
peleH3MPOBaHMSI, TOAPOOHEEe 0 KOTOPOM MOXHO y3HAaTh Ha caiite xypHaja (http://iimmun.ru) B pyopuke «Pe-
HeH3upoBaHue» paszaeiia «O KypHaje».

Boi MokeTe 0(hOpMHUTH MOANMMCKY HA XKYPHAJT
«Andekuns 1 IMMMYHUTET» Yepe3 OTIAeJIeHUs CBS3H:

000 «¥Ypaa-ITpecc-Okpyr» u 21eKTPOHHBII KaTaJjor «Poccuiickas nepuoauka»

B ceTu Internet Ha caiite www.arpk.org.
TloanucHoii naaekc 41392.
IMoanucka Ha 3JIEKTPOHHYIO BEPCHIO XKyPHAJIa
Ha caiite www.elibrary.ru
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Unnioctpauum Kk ctatbe «@eHoTMNUYEeCKUii n reHeTu4eckuii ananus wrammos Klebsiella pneumoniae,
BblAEeJIeHHbIX OT 60/IbHbIX BHEGOIbLHUYHOV NHeBMOHuMeN B I. PoctoBe-Ha-[oHy B 2021-2023 rr.»

(aBTopbi: B.A. PbikoBa, O.H. MognaguukoBa, A.C. AHncumona, H.B. ApoHoga, A.C. BoponbsiHOB,

C.10. TemsikoBa, E.H. l'yayesa) (c. 1104-1116)

lllustrations for the article “Phenotypic and genetic analysis of Klebsiella pneumoniae strains isolated

from community-acquired pneumonia patients in Rostov-on-Don in 2021-2023” (authors: Rykova V.A.,
Podladchikova O.N., Anisimova A.S., Aronova N.V., Vodopyanov A.S., Temyakova S.Yu., Gudueva E.N.) (pp. 1104-1116)

PucyHok 1. CupepodopHas akTUBHOCTb 33-X uccnenoBaHHbIX LITaMMOB K. pneumoniae Ha UHAWKaTOPHOMN
cpepe ang sbissneHus cupepodopos (CAS-arape)

Figure 1. Siderophore activity of 33 studied K. pneumoniae strains on an indicator medium for siderophore detection
(CAS-agar)

n 9537 n 9941

PucyHok 3. MukpodgoTtorpacdpum konoHuii aByx witammos K. pneumoniae: runepmykougHoro U-9537
(Ne 26) n knaccuveckoro N-9941 (Ne 33). YBenuueHue x28

Figure 3. Micrographs of colonies of two K. pneumoniae strains: hypermucoid 1-9537 (No. 26) and classic 1-9941
(No. 33). Magnification x28

PucyHok 4. CupepodopHas akTUBHOCTb KJIOHOB, Pa3/inyaioLmxcsa no Mopdonorum KonoHuii (Homep
LITaMMa COOTBETCTBYEeT Homepy B Tabnuuax 1-3)

Figure 4. Siderophore activity of clones differing in colony morphology (strain number corresponds to the number
in Tables 1-3)
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