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lllustrations for the article “The principle of ecological and molecular consensus in reconstructed plague microbe
Yersinia pestis phylogeny” (author: Suntsov V.V.) (pp. 645-654)
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Figure 1. Yersinia pestis molecular genetic cladogram [21]

MpuMevaHue. Sxonornyeckne HECOOTBETCTBUS 0603HAYEHbI 3HAUKaMM (OO BSCHEHNS B TEKCTE). ® — COMHUTENbHbIE NOABUbI.

O — npeobpa3oBaHune «NOJEeBKOBOro» NOABUAA B «CypOUniA» NOABUA HakaHyHe 1-11 naHgemun. O — noantomus («Big Bang») B nonynaumsix
MOHI0/IbCKOr0 CypKa HakaHyHe 2-i1 naHgemumn. 00 — reHoBapuaHTbl BeTBr 0.ANT no MI™ ganHbIM apyrux aBTopoB [36] BXoAAT B y3€n NOMTOMUM
«Big Bang». A — GopMUpOBaHME «KPbICKHbIX» TEHOBAPUAHTOB U3 «CYPOUbKX» FEHOBAPUAHTOB B KOHbHAHW. ? — BbIMUPAHWE «apXE0N0rn4eCcKnx»
«MoABWAOB» (3koNOrn4eckun He obocHoBaHo [31]). | — nepBas BOSHa aKCNaHCKM «NONEBKOBOI» YyMbl. || — BTOpasi BOIHA 3KCMaHCUK «CypPOYbeii»
Yymbl. [TYHKTUPHBIM OBaJIOM OYEPYEHBI FTEHETUYECKUE «BUA000Pa3yioLLMe» U3MEHEHNS FeHOMA NCeBAOTYOEepKYNe3HOro npeaka Mukpoba Yymbl.
Note. Environmental discrepancies are indicated by icons (explanations in the text). ® — dubious subspecies; © — transformation of the “vole” subspecies
(0.PE) into the “marmot” subspecies (0.ANT) on the eve of the 1st pandemic; O — polytomy in Mongolian marmot (Marmota sibirica) populations on the eve
of the 2nd pandemic; OO — genovariants of the 0.ANT branch according to the MG data of other authors [36] are included in the “Big Bang” polytomy node.
A — development of “rat” genovariants (1.0RI) from “marmot” genovariants (1.IN) in Yunnan; ? — extinction of “archaeological subspecies” (not justified
ecologically [31]. | — the first wave of the expansion of the “vole” plague. Il — the second wave of the expansion of the “marmot” plague. The dotted oval
outlines genetic “speciation” changes in the genome of the pseudotuberculous ancestor of the plague microbe.
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Figure 2. Ecological scenario of speciation and Asian expansion of the plague causative agent — the microbe Yersinia pestis

MpumeyaHue. A — MapLIpyThbl 3KCMaHCWMK 13 PainioHOB BMA0o6pasosaHus [11]. 1 — apean MOHroIbCKOro cypka. 2 — TPy MCXOAHBIX
reHoBapuaHTa/noasuaa Bo30yauTens 4ymbl B TpeX reorpaduyeckmx nonynsumsx MOHrofbCKOro Cypka. 3 — MapLipyThl paCNpOCTPaHEHNS
CYpOYbMX FrEHOBAPUaHTOB/NOABUAOB B MONYAALMM CUMNATPUYHBIX C MOHIOIbCKUM CYPKOM HOPOBBIX MPbI3YHOB/MULLYX. 4 — a3uaTtckas
aKcnaHcus Bo30yanTens 4ymbl ¢ GOPMUPOBAHMEM HOBbIX FrEHOBapPMaHTOB/MOABMAOB. TOYEYHON IMHME 0603HAYEHA I0XHAs rPaHMLa «<BEYHOW»
MepP3/0Tbl. B — TPEXKOPHEBOE «aKONOrn4Yeckoe» GUNoreHeTU4eckoe ApeBo (nm dunoreHeTnyeckas powa) [14]. * — nueepcudurkaums

1 a3uaTckasl 3KCnaHcysi reHOBapyaHTOB.

Note. A — expansion routes from areas of speciation [11]. 1 — the range of the Mongolian marmot. 2 — three primary genovariants/subspecies of plague
pathogen in three geographical populations of the Mongolian marmot. 3 — distribution routes of marmot genovariants/subspecies in the population

of burrow rodents/picas sympatric to the Mongolian marmot. 4 — Asian expansion of the causative agent of the plague with the formation of new
genovarians/subspecies. The dotted line shows the southern boundary of the “permafrost”. B — three-rooted “ecological” phylogenetic tree

(or phylogenetic grove) [14]. * — diversification and Asian expansion of genovariants.
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NPUHUUN 3KOJI0I0-MOJIEKYJIAPHOI'O
KOHCEHCYCA B PEKOHCTPYKLUHWA
PUJIOTEHNN MUKPOBA YYMbI
YERSINIA PESTIS

B.B. Cynuos

Hrcmumym npobaem sxonoeuu u 36oatouuu um. A.H. Cesepuosa PAH, Mockea, Poccus

Pesiome. Bo BTopoii mooBrHe XX BeKa yCUIUSIMU YYEHBIX MHOTUX CTpaH Oblia cOpPMYJINPOBaHA CTPOMHAS TEOPUS
npuponaHoit ouaroBoct 9yMbl (TTIOY, sylvatic plague), B KOTOpOii IpeaITpUHNMAIACh TTOMBITKA OMMACATh UCTOPUIO
MIPOMCXOXKICHNUS 1 3BOJIOLNHU BO30OYIUTEIS 3TOM MHPEKINU — MUKpoOa Yersinia pestis. Ho HaKoIIeHHBIC 3HAHUS
B 3TOM OTHOIIICHUH OCTAaBAJIUCh KpaliHe OTpaHMICHHBIMHI. MeTOIbI (PUIOTeHeTHIECKMX IIOCTPOCHUM B JOT€HOMHOE
BpeMsI C TOUKU 3PEHUST COBPEMEHHON (DUJIOTEHETUKY OBLJIN TIOCTATOYHO MPUMUTUBHBIMU, «PyUYHBIMU», CBONCTBEH-
HBIMU paHHel SMITUPUKO-UHTYUTUBHOM T'eKKeJIeBCKOM puoreHeTKe. BHenpenne ¢ Hagamom X X1 Beka reHOMHBIX
METOJIOJIOTU I B MU3yUYeHUE BO3OYAUTENST YyMbI MMO3BOJUIIO AETaJIbHO OMUCATh BHYTPUBUAOBOE pa3HOOOpa3ue (moa-
BUJIOB, T€HOBAPMAHTOB) 3TOI0 0CO0O0 OMACHOIO MaToreHa Ha YPOBHE reorpad@uyuecknux U MECTHBIX MOMyasiuuil (0T-
JeIbHBIX TPUPOAHBIX 0YATOB) IO BCEMY MUPY U JOBECTU IMATrHOCTUKY U ONKMCaHWEe BHYTPUBUIOBOIO pa3HOOOpa3us
JI0 BBICOKOI CTEIIEHU COBEPIICHCTBA. Bblyiy clieaHbl 1Ba BaXKHBIX OTKPBITHS. Bo-1epBbIX, ObLI Ha1eXKHO YCTAaHOBJIEH
MPSIMOI TIPEIOK YyMHOTO MUKpPoOa, M OKa3ajcs BO3OYIUTENb KAIIEYHOM NH(MEKINN — AaJTbHEBOCTOYHOM CKap-
naTuHornonooHoi nuxopanku (Y. pseudotuberculosis 0:1b). Bo-BTOpHIX, OblTa TTOKa3aHa 3BOJIOIMOHHAS MOJIOIOCTh
BO30YIUTENS YYMBI, «<MOJIEKYJISIPHBIC YaChl» TIOKA3aJI1 BPeMsI €T0 JUBEPIeHIINH OT IIPEAKOBOI IMOMYyISIIINU He paHee
30 ToIc. eT Ha3am. TakuM o6pa3oM, ObLI TIOJTHOIICHHO OXapaKTepru30BaH KOPEHb (DMIIOTEHETUYECKOTO IpeBa Y. pestis.
Tem He MeHee MOJEKYIIpHO-TeHeTHYecKre (MI') mocTHKeHUS IToKa He ITO3BOJISIOT PACKPHITh CEKPETHI ero (puio-
reHe3a — IPOUCXOXICHUS M TIOCIICIOBATEIBHOCTA MUPOBOM 9KCITaHCH . B KauecTBe BaxKHEUIIEH TPUUMHEBI BUTATCS
BbICOKast 3aBUCUMOCTb MT pekoHCTpyKIIMii (husioreHe3a oT BIOOpa MOJIEIM SBOTIOIMY aHATU3UPYEMbIX TPU3HAKOB!
TPaJAMIITMOHHO MIPUHUMAIOT MOJIEJTb HEUTPaIbHOI 3BOJIOIINH, HO €€ aJIeKBAaTHOCTh B OTHOIIEHWY (hUJIoTeHUN Y. pestis
CTaBUTCH ITOJl COMHEHNE MHOTMMHU M3BECTHBIMHU 9KOJIOTMIECKUMU (B ITMPOKOM ITOHMMaHUM) pakTamu. B 10 ke Bpe-
M1 MIT pocTuxeHus cnocoO6cTBoBaaU co3aaHuio akogornyeckoro (DKO) nmoaxona, onuparoierocss Ha MmojaoXKeHUs
TEOPUU MPUPOJHON 0YArOBOCTU YYMbl B OOHOBJIEHHOM BEpCHUU, B COOTBETCTBUU C KOTOPOI BO3OYAUTEIb UYMBI SIB-
JISIETCS SBOJIIOIIMOHHO MOJIOABIM MAaTOTEHHOM, MPOU3OUISAIIUM OT IICUXPOMUIBHOTO MCeBAOTYOESPKYIE3HOIO Mpe-
Ka. [TpesymntusHbiit DKO ciieHapuii He UMeeT OUeBUIHBIX €CTECTBEHHO-HAYUHBIX U UCTOPUUYECKUX TPOTUBOPEUUI
1 MOXET CIYXKUTb HYJIb-TUIIOTE30i1 1715 coBepiieHCTBOBaHUS MI' MeTomonoruu puiaoreHeTM4ecKuX MOCTPOSHUI
YYMHOTO MUKPO0a 1 APYTUX IIOTOOHBIX MUKPOOPraHU3MOB. BhICKa3bIBaeTCsI MHEHNE, UTO CO3aHNE PeaTbHOM (prio-
TeHUU YYMHOTO MUKPpOOa BO3MOXHO TOIBLKO Ha ocHoBe nHTerpaunu MI' 1 OKO moaxonos.

Karouesnie caosa: Yersinia pseudotuberculosis, Yersinia pestis, punsoeenus, mosexyaapHoie Mapkepsl, 3K0a02u4ecKue npUsHaKu,
B6HYMPUBUO08a 5 OUBEPCUPUKAYUSL.
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THE PRINCIPLE OF ECOLOGICAL AND MOLECULAR CONSENSUS IN RECONSTRUCTED PLAGUE
MICROBE YERSINIA PESTIS PHYLOGENY

Suntsov V.V.

A.N. Severtsov Institute of Problems of Ecology and Evolution of Russian Academy of Science, Moscow, Russian Federation

Abstract. In the second half of the 20th century, through the efforts of scientists from many countries, a coherent theory
of natural plague foci (sylvatic plague) was formulated, attempted to describe the history of the origin and evolution of the
causative agent of plague infection, the microbe Yersinia pestis. But the accumulated knowledge in this regard remained
extremely limited. Envisioned by the modern phylogenetics, the methods of phylogenetic constructions in the pregenomic
time were rather primitive, “manual”, characteristic of early empirico-intuitive Haeckel phylogenetics. Since the beginning
of the 21st century, the introduction of genomic methodologies in the study of the plague pathogen allowed to detail
the intraspecific diversity (subspecies, genovariants) of this particularly dangerous pathogen at the level of geographical and
local populations (individual natural foci) around the world and to bring the diagnostics and description of intraspecific
diversity to a high degree of perfection. Two important discoveries were made. First, the direct ancestor of the plague
microbe was reliably established, it turned out to be the causative agent of intestinal infection — Far Eastern scarlet-like
fever (Y. pseudotuberculosis 0:1b). Secondly, the evolutionary youth of the plague pathogen was shown, the “molecular clock”
showed the time of its divergence from the ancestral population no earlier than 30 thousand years ago. Thus, the root of the
phylogenetic tree of Y. pestis was fully characterized. Nevertheless, molecular genetic (MG) achievements do not yet allow
to reveal the secrets of its phylogeny, i.e. the origin and sequence of world expansion. The most important reason is the
high dependence of the MG of phylogeny reconstructions on the choice of evolutionary model for the analyzed characters:
the model of neutral evolution is traditionally accepted, but its adequacy in relation to Y. pestis phylogeny is questioned by
many well-known ecological (in the broad sense) facts. At the same time, MG achievements contributed to the creation ofan
ecological (ECO) approach based on the provisions of the theory of natural plague foci in an updated version, according
to which the plague pathogen is an evolutionarily young pathogen descended from a psychrophilic pseudotuberculous
ancestor. The presumptive ECO scenario has no obvious natural-scientific and historical contradictions and can serve as
a null hypothesis for improving the MG methodology of phylogenetic constructions for plague and other similar microbes.
It is suggested that the creation of a real phylogeny of the plague microbe is possible only based on integration of MG and

ECO approaches.

Key words: Yersinia pseudotuberculosis, Yersinia pestis, phylogeny, molecular markers, ecological traits, intraspecific diversification.

BeeneHue

Bo30ynutenb yymMmbl — MUKPOO Yersinia pestis —
6611 oTKPHIT A. MepcuHom B ToHKOHTE B Hauaste 3-i
nanaeMuu B 1894 r. DTo cTano HavyajaoM I1yOoOKO-
r0 BCECTOPOHHEro M3ydyeHUs YyMHON MH}eKIInn
U ee Bo30oyauTes. Yepe3 HecKoJIbKO JeT, B 1898 .,
poccuiickuit 6aktepuosor J.K. 3a6010THBIN, 13-
yJasl BCTIIBIIIIKY YYMBI B ceBepo-BocTouHOM KuTae,
MpUIles K BbIBOMY, UTO YyMa SIBJSIETCS OOJIE3HbBIO
NVKUX HOPOBBIX TPHI3YHOB. Bo BTOpOI1 mosoBrHE
XX BeKa yCUJIMUSIMU YUYEHBIX MHOTMX CTpaH Obljia
chopmysiipoBaHa CTpoliHas Teopusl IPUPOAHOIN
ouaroBoctu uyMmbl (TTIOY, sylvatic plague), B kKo-
TOPOU MpeaANpPUHUMATIACh TTOMBITKA OMUCATh UCTO-
PUIO TIPOUCXOXKJICHUS W 3BOJIOLMU BO30YIUTENS
9Tolt nHpekuu. Ho HakomieHHbIE 3HAHUS B 9TOM
OTHOILIEHUU OCTAaBaJIUCh KpaliHE OTpAaHUYEHHBIMU.
Metoabl pUIOTeHETUYECKUX MOCTPOSHUN B Jore-
HOMHO€ BpeM s C TOUKHU 3pEHUSI COBPEMEHHOU bu-
JIOTEHeTUKU OBIJIM JOCTATOUHO MPUMUTUBHBIMU,
«PYYHBIMU», CBOMCTBEHHBIMHW paHHEU SMITUPH-
KO-UHTYUTHUBHON TEKKEeJIeBCKOW (UIoreHeTuKe.
OTCyTCTBOBaJlu TPU OCHOBHBIX TpeOOBaHUS NS
MOCTPOEHUSI (PUITOTeHUIi: HE ObLJIM YCTAaHOBJIECHBI
aHaJIU3UpyeMble TIPU3HAKU, HE pa3pabdoTaHbl MO-
JIEJIU SBOJTIOLIMM DTUX NPU3HAKOB X METO/IbI aHAJIU-
3a npusHakoB. [IpennpruHUManUCh JUIIb pEeIKUE

MOITBITKY WHTEPHPETUPOBATh MUCTOPUIO BO3OYIM-
TeJIsl YyMbl Ha OCHOBE MMEIOIIMXCS B MEIUIIMHCKOM
U OMOJIOTMYECKON HayKaxX OOIIMX TEOPETUUYECKUX
u ¢dakToJornYecKux 3HaHui. O0 UcTopuu BO30Y-
OUTENST CYOIUJIM MO TaKUM €CTECTBEHHOHAYYHBIM
(hakTaM, Kak reorpadumyeckoe pacrpocTpaHeHUE
04aroB YyMbl B MUpE; JaHa1IadTHOE pacnpocTpa-
HEHME OoYaroB B apuIHBIX TOPHBIX pailloHaX, CTe-
OsIX, TOAYMYCTBIHSAX M IYCTBIHSX; YCTOMYUBOCTh
LHUPKYISILIUU MUKpOOa B IMOMYJSIIUSX HOPOBBIX
TPBI3YHOB, Ha KOTOPBIX Iapa3suTUPYIOT B OOM-
Juun OJIoxM; Tajieoreorpacuyeckoe paclipocTpa-
HEHHE HOPOBBIX T'PBI3YHOB; YYBCTBUTEIBHOCTh
K BO3OYIMTEIIO YyMbl OCHOBHBIX X035IeB MUKpPO0Oa
B IIpUpPOAE U T. 1. BeIsIBIIeHHBIE (haKThl aHAJIU3H-
pOBaJINCh, COIOCTABISJINCH, COCTBIKOBBIBAJIUCH
M CKJIAJbIBaJINCh B «(DUJIOTCHETUYECKUE Ma3Jbl».
Takwue busloreHeTUYECKUE KOHCTPYKThI CTaJIU OC-
HOBOII OOIIENPUHSITON HAEU O MPOMCXOXICHUU
YyMBbI B TJIyOOKOI APEBHOCTU, B OJIUTOLIEHE-TINO-
ueHe, 30—3 MJH Jet Hazan [5, 7, 22, 35]. Beicokoe
MopdoJiornyeckoe M OMOXMMHUYECKOE CXOICTBO
C KMIIIEYHBIMM MUKPOOaMu ceMeiicTBa Yersiniaceae
(Enterobacteriaceae), B YaCTHOCTU C BO30yauTEIEM
nceBaoTyoepkyesa (Y. pseudotuberculosis), mocny-
JKHJIO TOBOJOM K YTBEPXKISHMIO O ero (popMupoBa-
HHMM U3 KaKOTO-TO IICEBIOTYOEPKYJIe30IT0A00HOTO
npenka, oOMTAaIOIero B MUINEBAPUTEIBHOM TpaK-
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dunorexus Yersinia pestis

Te TPHI3YHOB MJI MapasuTUPYIOIINX Ha HUX OJIOX.
dopMuUpoBaHUE YYMHOIO MUKPOOa, COrJIacHO I10-
JOXKEeHUSAM Kiaccudeckoit Bepcuu TITIOY, nmpoxo-
JIVJIO B TIPOLIeCCe MINTEIBHOM KO3BOIIOINU C XO-
3s5eBaMU-TPbI3yHAMU U TI€PEHOCUYMKAMU-0JI0OXaMU
niau B HoBom CBeTe B monynsiuusx (pa)CypKoB
(Marmotini), niu B Crapom CBeTe B IOMYJISIIIUSIX
necyaHok (Gerbillinae). PaciimpeHne BHyTPUBUIO-
BOTO pa3HOOOpa3usl CBS3bIBAJIU C pacCIIpoOCTpaHe-
HUEeM BO30yAUTENsl U3 LIEHTpa BUA00Opa30BaHUS
TPBI3yHAMU-X03siIeBaMU TI0 PEryIsIpHO BO3HUKAaB-
IIUM B TCOJIOTMYECKOE BpeMs bepuHTHiicKoMYy,
Cunaiickomy n [TaHaMCKOMY MEXXKOHTHHEHTAJIb-
HBIM CYXOITYTHBIM MOCTaM U C KO3BOJIIOLIME U TO-
CTaJbHON cIiellMain3alueil B MOIYyIsSIIUSIX HOBBIX
HOPOBBIX XO03s€B, BCTPEUYCHHBIX Ha MapIipyTax
9KCITAaHCHU.

Pa3BuTtre reHOMUKH U MOJIEKYISIPHO-TE€HETU-
yeckux (MI') meTonoB Ha pyoexe XX—XXI BekoB
W X BHeApeHUEe B MH(PEKTOJOTUIO YYMBI IIPUBE-
JIU K IBYM KpPaeyroJbHBIM OTKPBITUSM, KOTOpPHIE
BHECJIM CYIIECTBEHHbIE M3MEHEHUS B IIOJIOXKE-
Hus knaccuueckoir TITOY. Bo-nepBbix, BONpeku
MpPEeNCTaBICHUSIM O TJIyOOKOM APEBHOCTU UyMHI,
MOJIEKYJISIDHBIMUA ~METOJaMU OblJla YCTaHOBJIE-
Ha DBOJIIOIIMOHHAsT MOJIOJOCTh €€ BO30ymIuTess.
«MouJiekyisipHbIe Yachl» MMOKa3aJid BpeMsl €ro Bo3-
HUKHOBeHUs He paHee 30 THIC. JIET Ha3al, TO €CTh
Ha pyOexke IIeHCTOolleHa W TOJIOIeHA MU B TOJIO-
ueHe [18, 28]. OTcroaa cTajo MOHSATHBIM, UYTO BU-
JIooOpa3oBaTesIbHbIN TIpoliecc Mpoliesa B (ITOYTH)
COBPEMEHHOI OMOreoleHOTUYECKO OOCTaHOBKE,
KOTIa yXe CYIIECTBOBAJIM COBPEMEHHBIC BUIBI
X03sI€B U TIEPEHOCUYMKOB BO30OYIUTENS U apUIHbBIC
naHamadTh B reorpaguyecKux rpaHulIaX COBpe-
MEHHBIX MPUPOIHBIX ouaroB. Ilpu 3Tom ciemyeT
3aMETHUTh, YTO JTII000I BUA00OPa30BaTEIbHBII ITPO-
eCcC MPOXOAUT TP M3MECHEHUM CpeIbl OOMTaHUS
(monyasiLMU) UCXOAHOTO BUJA UJIU €TI0 BHEIPEHU U
B HOBYIO Cpelly, TO €CTh B HOBYIO 3KOJOTMYECKYIO
Humy. [To3ToMy BaXHO OBLIIO BBISICHUTH, KaKUe
M3MEHCHHUSI B aOMOTUYECKOM M/MIN OMOTUICCKOU
cpene oOMTaHWS MOMYJasSUUU (KJIOHA) 3HTEpoIa-
TOT'€HHOTO IIpelKa MOIVIM MIPUBECTU K HEAaBHEMY,
(TTouTH) COBpEeMEHHOMY BO3HUKHOBEHUIO TTOMYJISI-
OUW TPOU3BOIHOTO <«KPOBSHOTO» OOMTATENs —
BO30OYAMTEN ST UYyMbI, TJI€ U IPU KaKUX OOCTOSITEb-
CTBaX MPOXOIMJI IPOIIECC ITepexoaa IpeaKOBOI I0-
OYASIIAN U3 TUIIEeBapUTEIBHOIO TPpaKTa B TUMQO-
MHUEJIONTHBI KOMIUIEKC TpbI3yHOB? OTBET Ha 3TU
BOIMPOCHI  ABJISIETCS TPEPOraTUBOUM  BKOJOTUU
(B LIMPpOKOM TIOHMMaHUM). BbICKa3bIBaJIuCh Heap-
TYMEHTUpPOBaHHbBIE mpearonaoxeHus [17, 38], urTo
M3MEHCHM S B ITOBEICHUH TPhI3YHOB MOTJIN ITPUBE-
CTU K PEeryjsipHOMY 3apa’keHWI0 KPOBU BO30OYIM-
TeJIeM TICeBAOTYOepKyae3a U nepeaaye MHPEeKI
yepe3 YKYCHI OJIOX.

Bo-BTOpBIX, TE€HETUYCCKUMU METOIAMMU, W3-
yuyeHueM QO-aHTuUreHa, ObLI yCTaHOBJIeH Oec-

CITOPHBIN TIPSIMOU MpeaoK YYMHOro MHUKpoba —
NCUXpOoMUIbHBIKN BO30YyAUTEAb JdaJbHEBOCTOY-
HOI cKapiaatuHonomooHou nuxopanku (ACJI),
MCEeBIOTYOCPKYIE3HBIII MHKpPOO 1-rO0 cepoTuiia
Y. pseudotuberculosis 0:1b [23, 30]. DTOT KULLIEYHBI A
MaToreH pacnpoCTpaHEH Cpenu IIMPOKOro Kpy-
ra 0ECIO3BOHOYHBIX M ITO3BOHOYHBIX KMBOTHBIX
B XOJIOMHBIX paitioHax A3zuu [8, 25]. OTciona MOXKHO
OBLJIO cAe1aTh 3aKJIYEHUE, YTO BUI000pa3oBaHUe
YyMHOT0o MUKpoba mu3 kKjoHa Bosoymutens JACJI
OpPOIIJIO B HE CTOJb OTHAJCHHOM HCTOPUYCCKOM
BpeMeHu B LleHTpanbHOI A3uu, rae Bo30yAUTENb
JCJI obblueH U rae pacnosoXKeHBbI «3aMOPOKEH-
Hble» (1o BeipaxxeHuto M.I. Modda [8]) npupon-
Hble o4yarn yyMbl. Haubojiee BeposITHO MUKPOO
IyMBI TTOSIBUJICSI B MOHTOJINM C €€ yIBTPAaKOHTHU-
HEHTaJbHBIM KJIMMAaTOM WJIN B OMXKaWIIeM K Hel
okpyxeHuu [11, 13]. D10 coObITHE, MO HalIeMy
MHEHUIO, U3JI0KEHHOMY HHKe, ObLJIO CBSI3aHO C Ha-
ctynuBmuM B CeBepHoit u LleHTpanpHOT A3uWu,
Cubupu 1 Ha JanpHeM BocToke MaKCHMMaJIbHBIM
(capTaHCKMM) MMOXOJ0JaHMEeM Ha pyOexke IeicTo-
1eHa 1 rojoueHa (22—15 TeIC. JIET Ha3ana), KOTOpoe
BBI3BAJI0 M3MEHCHUS B CTPYKType OHOIIEHO30B,
dopMo- m BUAOOOpa3oBaHUE, CMEIICHUE TPaHUI]
apeajioB XXMBOTHBIX U PACTCHUA.

JIBa BbIllIe Ha3BaHHBIX M OTKPBITUSI MO3BOIU-
JIX JIOTUYECKU YBSI3aTh MHOTOYMCIIEHHBIC (haKThI
Pa3sIUYHBIX HAYYHBIX HaAIIpPaBIICHUM: 3KOJIOTUMU,
ouoreorpacduu, OHUOTEOLEHOJIOTUN, BIMU300TO-
JIOTUU, Majaeo0MOoJOTUU, MaJeOoKJIUMATOJIOTUH,
MUKPOOUOJIOTMY, TEHETUKU, MOJIEKYJISIPHOU OMO-
JIoTUY, NHOOPMATUKU U IPYTUX — U CO3AaTh Ma-
pajutenpHbIi K MI criieHapusiM 3KOJIOTMYECKH it
(B LIMPOKOM MOHMMAaHUM) ClieHapuii BOSBHUKHOBE-
HUS U a3MaTCKOM AKCIMaHCUU HOBOI'O MUKPOOHOTO
BBICOKOMATOTEHHOTO BUAa Y. pestis, paguKaJIbHO
otnunvatouuiicas or MI' cuenapues [11, 12]. B Ha-
CTOSIIEH cTaThe BHICKA3bIBACTCSI MHEHME, YTO IJISI
CO3JaHUs JOBEPUTEJIBbHOW HEMPOTUBOPEYUBOU
GUIOTeHUW YyMHOT0 MUKPOo0Oa BaXXHBI HaIEKHBIC
GaKThI, TIPEACTaBIIEMbIC JTIOOBIMH CICHAPUSIMMU,
¥ 3TH CLIECHAPUU JOJIKHBI OBITh IPUBEIECHEI K AU -
HOMY KOHCEHCYCY, 3a OCHOBY KOTOPOIrO cCJieayeT
IIPUHSITH MEHEE IPOTUBOPEUYMBBIN SKOJOTMYECKUMN
CLIEHApUil.

MonekynapHo-reHeTn4eckmnin NoAxXoL4

B HacTosiiee BpemMsi B pUITOTeHETUKE YYMHO-
ro Mukpob6ba nomuHupyetr MI' noaxon. Haubonee
MOMYJISIpHbIE (PUTOTEHETUYECKUE CXEMbl TIpea-
CTaBJISIIOT Yallle B BUAE NEHIPOrpamMM WJIM KJia-
norpamm [18, 20, 21, 27, 28, 29]. Metomonorus
MTI dunoreHeTUYECKUX UCCAEAOBAHUI BKIIOUAET
pa3anyHble NpU3HaAKU, Moaear u metonsl [1, 33].
Haubosnbuiyo nonyiasipHOCTb Npuodpea METOI0-
siorusi, onupatomasics Ha SN P-nipusHaku, Teopuio
HEUTpasbHON BOMIOLMU KaK 0a30BYyI0 TEOPETU-
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YEeCKYI0 OCHOBY (DUIOTE€HETHMUYECKUX PEKOHCTPYK-
muii Y. pestis 1 CTaTUCTUYECKHE METOIBI aHan3a
MPU3HAKOB — MaKCHMaJIbHOTO MpPaBIONOmI00u s
u baiieca. B ienom MI' MeTon010rusi peKOHCTPYK-
U1 UCTOPUY YYMHOT'O MUKPOOA UCTIONb3yeT MPU-
eMBI, TIpUMEHSIeMble MPU PEKOHCTPYKIIUU MCTO-
puii (bunoreHuii) BBICIIMX TaKCOHOB paHra BUIa
M BbIIIE, KOTIa BUJI-OCHOBATEb, a TeM 0oJiee MC-
XOIHBIM moaBuUI (IMOMYISIIIU) OCHOBaTeJNsI, KakK
npaBuJjio, He BhIsBJIeH. Ho Bua-ocHOBaTe b 4yM-
HOT0 MUKpPOOa AOIOJJIMHHO U3BECTEeH, U duore-
HHSI YyMHOTO MUKpPOOa — 3TO UCTOPHUSI €TO BUI00-
Opa3oBaHMS M BHYTPUBUIOBOM TMBepcUDUKAIINH,
ucrtopusi GopMUPOBAHUS TOABUIOB — HUBIIUX
TaKCOHOMMYECKUX Tpynim. To ecTb 3TO IpeaMeT
dunoreorpapuueckmx MccIeqOBaAaHUN, UMEIOIINX
HECKOJIBKO OTJMYHYIO OT (PUJIOTeHETUKHN METO/IO0-
snoru. Puioreorpadusi ormepupyeT MOIYJISIIU-
OHHO-3KOJIOTMYECKUMU U TOMYJISIIMOHHO-TEHE-
TUYECKUMU TTOHSITUSIMU, TAKUMU KaK apeaJ, To/-
BU/JI, reorpaduyecKas momyasus, 3KOJorndecKkast
HWIIIA, HEMOCPEICTBEHHOE POACTBO, MOTOK I'eHOB
u apyrumu. K Tomy ke, B CUJy CBOEI MOJIOJOCTH,
KOMITbIOTEpHO-CcTOXacTuyeckue MI' MeTomonoruu
(GUITOreHETUKM TIOKa OCTAIOTCSI HE BITOJIHE COBEp-
IIEHHBIMHU, BBIBOABI ITPU UCHOJIb30BAaHUU Pa3INY-
HBIX TPU3HAKOB U METOJOB MX aHajJIM3a 3aMETHO
pa3auyaloTCs, U sl OLIEHKH pealbHOCTH TPEIIO0-
KeHHbIX MT' ¢uysoreHnii HeodxoauMa UX OllEHKa
IPYTUMU BO3MOXHBIMU MeTogaMu. B Haumbosee
paHHUX (UIOTeHETUYECKUX PEKOHCTPYKIIMSIX
WCIIOJIb30BAaJIM METOJ TPOMHOIo mMapajuien3ma
D. Tekkens, BKIMOYaAOIUNA MOPDOJTOTUUYECKUA,
NaJIeOHTOJOTMYECKUN M SMOPUOJOTMYECKU M TTO-
xonbl. B oTHoIIeHUM Mukpoda yymsl B MI' moaxo-
Jie 1151 pPeKOHCTPYKIIMU (DUJIOTeH U NCITOIb30BaIN
pa3Hble METOABl M BBHIOMpAIM pa3Hble MPU3HAKMU,
Hampumep, IS, SNP, VNTR (MLVA), INDELSs map-
Kepwl [17, 18, 33, 36]. ConmocTaBicHUE pa3IUIHBIX
MPUEMOB UCTOPUYECKUX PEKOHCTPYKIIUI TTpUIaeT
00JIbIIYI0 YOeIUTENbHOCTh CAeJaHHBIM BbIBOJIAM.
B Hacrosimeit craTbe pacCMOTPUM ITOMYJISIPHYIO
MI ¢unoreHeTHUUYECKYIO CXeMY, MPEACTaBIECHHYIO
X. Jlemepom c coaBT. [21], U OLleHUM ee mapame-
TPbl B OTHOIIEHUM 3KOJIOTMUYECKOU (HaKTOJOruu
(puc. 1, IT obnoxka).

IMpexae Bcero cieayeT oOpaTUTh BHUMaHUE
Ha BHYTPEHHIOIO MpoTuBopednBocTh MI Tmon-
Xolla B MOCTpOeHUM duoreHuii. MoyekyasipHbie
W TEHETHUYEeCKHNEe apryMEHTBhl He MMEIOT JIOTMYecC-
koro eanHcTBa. C TOYKU 3pEHUST T€HETHUYECKUX
npeodpa3zoBaHUl BUAOOOpa3zoBaHue Y. pestis pac-
CMAaTpUBAaIOT KaK CaJbTallMOHHBIN MPOIECC <«TO-
PU30OHTAJIBHOTO» BHEIPEHUS B KJIETKY MCEBIOTY-
OepKyJIe3HOTO TIpeAKa cIelupuIecKnx IMaa3Mu/l
BUpYJeHTHOCTH pFra u pPst u3 BHelrHeil cpenbl
WJIU OT IPYTUX MUKPOOPTAaHU3MOB, a TaKXKe OTHO-
aKTHBIX JeJIeMid 1 MHAKTUBAILIM TeHOB, YTEPsIB-
mux GYHKIMKU B HOBOH cpeae obutaHus [26, 32].

B Takom cnydae reHeTuuyeckue mpeodOpazoBaHUS
paccMaTpuBalOT KaK pe3yabTaT ObICTPOro («in eye
blink» [34]) amanTtanuorenesa. B To xxe BpeMsi MO-
JIEKYJISIpHbIE MpeoOpa3oBaHUSI paccMaTPUBAIOT
C MO3UIIUU TEOPUU HEUTPAJIBHOW IBOJIIOLMU KaK
MOCTENEeHHbI I CTOXaCTUYECKU I MPOLIeCC HAKOTIJIe -
HUS HEWTPaJbHBIX MEIKUX MyTallUii, MOABEPXKEH-
HBIX caydaiiHoMmy aperidy [18, 28]. IIpu aToMm, Kak
MOXKHO BUAETh Ha pUC. 1, TOMoaoruo GuioreHeTu-
YeCcKOro IpeBa BbICTPAWBAIOT TOJbKO Ha OCHOBa-
HUU CTAaTUCTUYECKOIr0 aHaM3a HEUTPaJIbHBIX HY-
KJIEOTUAHBIX U3MeHeHU . Hainuyune reHeTu4ecKux
aJanTUBHBIX U3MEHEHUI, KOTOpbIe, COOCTBEHHO,
NpuBEJIM K BOSHUKHOBEHUIO Buaa Y. pestis U Bce-
ro BHYTPUBUAOBOIO pa3HOOOpa3us, JHUIIb KOH-
cTaTupyloT. BanussHue amantanuit Ha GUIOTeHUIO
BOCIIPUHUMAIOT KaK HEeU30eXHbIN «DuioreHeTu-
YeCKMil 1ymM» (OuyepuyeHbl MyHKTUPHBIM OBaJIOM
Ha puc. 1). WUrHopupoBaHue ajamnTaldoreHesa
B MOJIEKYJSIDHBIX (DUITOTeHEeTUYECKUX PEKOH-
CTPYKILIMSIX YYMHOTO MUKpPOOa cTajio, IO HalllEMy
MHEHUIO, TPUYUHON OTCYTCTBU S KOHTPYIHTHOCTU
«MOJIEKYJISIPHBIX» U «3KOJOTMYeCKO» DUIOreHui.

[ByxaTanHasa a3auaTtckas 3KcrnaHcus
B0O30yAuTENs YyMbl

MTI MeTomaMu mokKa3aHO, 4YTO HauboJjiee IpeB-
HUMHU dopMaMU YYMHOTO MHUKpPOOa SBJISIOTCS
«I10JIEBKOBBIE» MoAaBUIblI (0buoBap Pestoides, kiac-
tep 0.PE). Ilo HykjaeoTUAHOW CTpPYyKType aHa-
JIU3UPYEMbIX MapKepoB OHM HaubOoJiee OJMU3KU
K TMCEeBAOTYOEpKYyJie3HOMY Mpenky. Bosoymurenu
«I10JIEBKOBOW» YyMBbI ITPOSIBIASIIOT U30UPATEIbHYIO
BUPYJIECHTHOCTb, CJa0OBUPYJCHTHBI IO OTHOIIIE-
HUIO K CypKaM, CyCJIMKaM, TlecyaHKaM, YeJIOBEKY.
CornacHo MI' moaxomy, mocjie BO3HMKHOBEHMS
Y. pestis (Pestoides) B A3uu cHaudaysa chopMUpO-
BaJiCs apeaJsl «moJieBKOBbIx» ouaroB 0.PE (puc. 1),
M JIMIIb Yepe3 ThICSIUM JeT HaKaHyHe |-ii maHme-
muu («Yyma KOctuHmana», 541 r.) BO30yaMTENb
OJIHOI'O U3 <«IT0JIEBKOBBIX» ITOJBUIOB B ITOMN YIS M-
X ajiTalickoro cypka (Marmota baibacina centralis)
Ha Taub-IllaHe mpuo6Gpen cBOMCTBO BBICOKON BHU-
PYJAEHTHOCTH Y LIUPOKO PaCIIpOCTPpaHUIICI B A3UK
BTOPOIi BOJTHOI, CPOPMUPOBAB COBPEMEHHYIO 30HY
NEePBUYHBIX NPUPOAHBIX OYAaroB B MOMYJSIIUSIX
MHOTUX (DOHOBBIX HOPOBBIX T'pbI3yHOB. [TogoOHOE
JIBYXBOJIHOBOE (hOpPMUPOBaHUE 30HBI MPUPOTHBIX
o4YaroB 4yMbl B A3MM HE€ HaXOAUT OOBSICHEHUN
C 9KOJIOTUYECKUX, OroreorpacuiecKmx 1 3Mu300-
TOJIOTUYECKUX TTO3ULIU .

MpeoOpasoBaHue «NOJEBKOBOro» Noasmaa
B «CYPO4YMA» HaKaHyHe 1- naHaemMun

Hawnbonee MosoabiM cpeau  <«I10JIEBKOBBIX»
nonBunoB Ha3eiBaioT 0.PES (Y. pestis ulegeica), xa-
pAKTEepHBIA IS TIONYJSIIMA MOHTOJBCKOU TIHU-
myxu (Ochotona pallasi pricei) Ha MOHTOJIBCKOM
u loowmiickom Anrtae. Cynsa mo MI-dgunoreHusIM,
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9TOT MOABUJI CTajd MPEAIIEeCTBEHHUKOM BBICOKO-
BUPYJIEHTHBIX MOABUIOB/TeHOBapuaHToB [20, 21]
(puc. 1). [TpousBogHBIE OT HETO «CYyPOUYbU» MOABU-
nbl, cocTaBistomme kiaactep 0.ANT, BcTpeuaroTcs
Tonbko Ha TaHb-Illane. OTcloma, corjiacHO «MO-
JIEKYJAsIpHOI» Joruke, nuinyxosbiii moasua 0.PES
HakaHyHe 1-ii maHAeMUu NPOHUK M3 MoHTOIUU
Ha Taub-1llanpb, rae 3akpenuicsa B MHOITYJISIIIASX
anraiickoro cypka. IlozgHee W3 momyasiuuii aj-
TalicKkoro cypka yxe B Buae reHoBapuaHTa 0.ANTI
BHOBb BEpPHYJICSI B MOHTOJIMIO U OCBOUJ TPU reo-
rpaduyecKkux MONyJsSILIUU MOHTOJIbCKOIO CypKa-
tap6araHa (M. sibirica sibirica, M. sibirica caliginosus
u M. sibirica ssp.), mpeodOpa3oBaBIIUCh B I'eHOBA-
puaHTel 2. ANT3, 3.ANT2 u 4. ANTI. [TogoOHBII
peBepc BO30yIUTENAs] YYyMbl B MOHTOJIO-TSIHb-
IIaHBCKOM PErMoHe C DKOJOrMYecKoil u ouoreo-
rpaduyeckoil ToYeK 3peHU s SIBJASIeTCS COBEPIIEH-
HbIM HOHceHcoM. K ToMy ke MOsSIBUIUCH HOBBbIE
MTI nanHble [36], YTO (PUIOTEHETUUECKYIO BETBb
0.ANT, kak u apyrue BetBu |.ANTI, 2.ANT3,
3.ANT2 u 4. ANTI, takxe cienyeT OTHECTH K Y3y
nonutoMuu «Big Bang», a He BeLIEASITH Kak Oosiee
PaHHIOIO «CypPUYUHYIO» BETBb.

COMHUTENbHbIE NOABUADI

MeTtonaMu MOJEKYJISIPHON TUATHOCTUKHU U CU-
CTeMaTUKU KOHKPETU3NPOBAHO BHYTPUBUIOBOE
pa3zHooOpa3ue 4yMHOTo MUKpoba. [Ipexae Bcero,
9TO KacaeTcs] TAKCOHOMMUYECKUX €MUHUI] — IO/~
BUI0B, KOTOPBIE SIBISIIOTCSI 9KOJIOro-reorpaduyec-
KOM KaTeropueii: noaBua MMeeT apeasi, o0pa3oBaH-
HBIW CTPYKTYPUPOBAHHBIMHU TIOMYJISILMSIMU, UME-
IOIIMMU ONpeaenecHHbIH 3()@GEKTUBHBIN pa3Mmep.
B HacTosiee BpeMmst onucaHo 6ojiee 30 reHoBapu-
aHTOB (= MOJABUAOB) XapaKTEPHBIX JIJI5I KOHKPET-
HBIX TIPUPOAHBIX 1 AaHTPOIIOTEHHBIX OYaroB YyMBblI.
Ho «MonekyJisipHbIE» «ITOJIEBKOBBIE» TTOIBUIbI
0.PE7 (Y. pestis subsp. tibetica), 0.PE3 (Y. pestis subsp.
angolica), 0.PE4 (Y. pestis subsp. central-asiatica)
HEe COOTBETCTBYIOT KPUTEPUSIM TMOABHUIA.

IonBun 0.PE7 cuyutaior Hambosiaee APEBHUM.
DTOT NMOABUI TTPEACTaBJICH JUIIb IBYMS IIITAMMAa-
MU, U30JIMPOBaAaHHBIMU B 1960-x rT. Ha LlnHXalickoM
mjiaTo B BocTouyHOM TubGere. OnuH 1ITaMM H30-
JIUPOBaH B IPUPOJE OT CUOMPCKOIro TyLIKaHYM-
Ka (Allactaga sibirica), npyroii TaM e OT OOJBHOTO
yenoBeka [20]. ITpu aToM npupoaHbIE O4aru 4YyMbl
C OCHOBHBIM XO3SIMHOM CUOUPCKUM TYIIKaHYU-
KOM B MHUpPE HE M3BECTHBI. 3apakeHue YeJoBeKa
OT TYUIKAaHYMKOB WJIM OT MX OJIOX MaJIOBEpOSIT-
HO. McTOYHUKOM ero 3apaxeHMs, CKOpee BCero,
ObIJT MHOTOYMCIEeHHBIN Ha LlmHxalickoM maaTo
r’MMajlafiCKuii CypoK, SBJISIOIIMNCSI OCHOBHBIM
XO3sIMHOM BO MHOTMX NMPUPOAHBIX ouyarax Tubera
u 'umanaes.

IMonBun 0.PE3 mu3BecTeH Mo OMHOMY HITAMMY,
M30JIMPOBAHHOMY OT OOJILHOTO UejioBeKa B AHTroJe
U OJUTENIbHOE BpeMs XpaHUBIIEMYCSI B My3ee

B CILIA [24], mo3TOMY, COIJIACHO 3KOJIOTUYECKUM
OLIEHKaM, IIITaMM JOJI’)KeH UMETh CTaTyC JIUIIb UH-
JUBUAYaJbHOIO (HE WCKJIIOUYEHO abeppaHTHOTO)
TeHOTUNAa HEU3BECTHOrO IMPOMUCXOXIAEHUS, HO He
noaBuaa. CoOCTBEHHO, 3TO 3aMeYaHUE KacaeTcs
HEKOTOPBIX IPYTUX «MOJEKYJISIPHBIX» TOABUIOB/
reHOBapUaHTOB.

TTonBua 0.PE4 — cOopHbiil [27]. OH BKJIOYa-
eT reorpaduyeckyd pa3po3HEHHbIC TMOMYJSILINH,
XapakTepHble [Js1 apuyeBoil mnojieBKu (Microtus
carruthersi) Ha T'uccape, cepeOpUCTOI TIOJEBKU
(Alticola argentatus) Ha TamaccKOM XpeOTe, MOHTOJIb-
ckoii muiryxu B f'opHoMm Asitae u mojieBKM bpaHnara
(Lasiopodomys brandti) B ceBepo-BocTouHoM KuTae.
O0bearHeHue reorpaduyeck pa3po3HEHHBIX T10-
OyJasIUUi YyMHOTO MMKpoOa, HUPKYJIUPYIOIIUX
B o4yarax ¢ OCHOBHBIMM XO3sI€eBaMU, MpUHAIIeKa-
IIMMHU K pa3HbIM poJiaM, CeMeHCTBAM U JaKe OTpsi-
naMm (Rodentia v Lagomorpha) HOPOBBIX XKUBOTHBIX,
B €IWHBII MTOABUI TOJBKO HAa OCHOBAHWUU HYKJIEO-
TUAHOTO CXOACTBAa BBIOPAHHBIX MOJIEKYISIPHBIX
MapKepoB C 3KOJOTMYECKUX TO3ULIMIA MpeacTaB-
JISIeTCS HE KOPPEKTHBIM: JIIOOOMY MOABUIY CBOi-
CTBEHHBI TIPSIMO€ pPOJACTBO 0OCO0Eil, emMHCTBO
apeaJia ¥ 9KOJOTMYEeCKUX NMpru3HakoB. C 3KOJOrUu-
YeCKO TOYKU 3pEHU ST BIOJHE JIETUTUMHBIMU CJie-
JIyeT CYUTATh MIPUHSITHIC paHee Ha3BaHU S YeThIpeX
otaenbHbix oaBuaoB: 0.PE4h (Y. pestis hissarica),
0.PE4t (Y. pestis talassica), 0.PE4a (Y. pestis altaica)
u 0.PE4m (Y. pestis microtus = Y. pestis xilingolensis).
OTU MOABUABI HE UMEIOT MPSIMOro poAcTBa, (op-
MUDPYIOT TapaduieTnyeckyro (Mau noauduieTu-
YecKylo?) IpyIiny NoaABUI0B, BOSHUKIIKUX B pa3HOE
BpeMs B pa3HbIX reorpaduyeckux paifoHax oT pas-
HBIX MpenkoBbix nonyasuuid [11, 12, 20]. K Tomy
xe, nonsua 0.PE4a (Y. pestis altaica), xapakTepHbIii
JIISI TIOMYJISIIU MOHTOJIbCKOU nuiyxu B ['opHOM
Anrtae, Ha ceBepo-3amnage MoOHroJibckoro Ajrtas
(bastH-YAbreickuii peruoH) HMeeT 30HY CUM-
naTpuu ¢ ApyruM nuiryxoBbiM mnonsuaoM 0.PES
(Y. pestis ulegeica) [16]. BozHuKkaeT BOIpOC: MoYe-
MYy YJErecKuii MmoaBuja, OOMTAIOIIUI COBMECT-
HO C aJTaliCKUM B €IUHON TMOIYyJSIUU XO35IMHa,
no MI mpusHakaM He COOTBETCTBYET CTATyCy TakK
Ha3bIBAEMOI'0 «IIEHTPalbHOA3MaTCKOrO IMOABUAA»
Y. pestis central-asiatica? Kak 3T0 MOIJIO CITYYUThb-
cs? OTO BaXHBIW BOMNPOC OIS CPaBHUTEIbHOU
oueHku MI' 1 DKO MeTonoB TUNMPOBAHUS TIOJ-
BUOOB Y. pestis, a TAaK>Ke 151 OLIEHKU MOTOKA I'eHOB
B nonyassuusax noasuaos 0.PE4a u 0.PE5 u tormno-
Joruu GujIorpaMm.

Monutomus B nonynsiuusix MOHroJIbCKOro cypka
HaKaHyHe 2-i naHpemMumn

Bce uszBectHbie MIT (punoreHeTYecKue CXeMbl
(GUKCUPYIOT HaJInMYMe Ha (PUITOTEeHETUUECKOM Jpe-
Be Y. pestis nonutomuu (NO7, «Big Bang»), numeB-
1Ieil MecTo sIKOObI HaKaHyHE BTOPOI MaHIEeMUU
(«YepHast cMepTh», 1346 1.). [TotuTOMMUIO OOpPa3yIOT
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yeThbipe pusioreHeTuYeckue BeTBu (branches 1, 2, 3,
4) (puc. 1), BKJIIO4aOIIMe TTOABU/Ibl/TEHOBAPUAHTHI
yyMmHoro mukpo6a 1.ANTI, 2.ANT3, 3.ANT2 u 4.
ANTI. [IBa nocjienHUX reHOBapraHTa XapaKTepPHbI
JIJI51 O4aTrOB YyMBI B IBYX reorpaduyeckux momyJisi-
LM SIX MOHTOJIbCKOT'O CYypKa, OOMTAIOIIUX Ha XaHTae
1 Ha Xapxupa-MoHryH-TaliriHCKOM rOpHOM KOM-
mjiekce. DTu reorpaduyeckue TMOMYyasIIUU MOH-
TOJIbCKOTO CypKa CEMHUCHUMMATPUUYHBI C €IUHOU
reorpauueckoi Momnyasiliueil MOHIOJAbCKOM TH-
myxu (O. pallasi pricei). B TakoM ciiydyae ¢ To3uLuii
MTI noaxoma ocTaeTcsi HEOOBICHUMBIM, IOYEMY
u3 «mnoJjieBkoBoro» noasuaa 0.PES, xapakTepHoro
JUTSE MUIIYYbUX O04aroB Ha MOHTOJIBCKOM W/MJH
T'obuiickom AnTtae, cHayajla 0Opa30oBajuCh Cypo-
YbU TIOJBUABI/TEHOBAPUAHTHI B TOMYISIIMIX all-
Taiickoro cypka Ha TsHb-IllaHe (bunoreHeruyec-
kas rpynmna 0.ANT) u JulIb MHOTO MO3IHEE OHU
NPOHUKIU 0OpaTHO B MOHTOJIM IO, T/I€ BHEAPUIUCH
B ITOCEJIEHU ST MOHTOJIbCKOT'O CypKa, 00pa3oBaB TpU
CaMOCTOSITEJIbHBIX MOABUAA B Tpex reorpaduyec-
KUX TOnyasuusix. BO3HUKHOBEHUE MOIUTOMUU
B CpenHeBEeKOBbE HE HAXOAUT YAOBJIETBOPUTEb-
Horo oobsicHeHus B MI monxone, B TO BpeMsl Kak
9KOJIOTUYECKU I ClIeHAapU il MPenoCcTaBJIsIeT BIOJHE
JNIOBEPUTEIbHOE OOBSICHEHUE, MO MEHbIIE Mepe,
JIOCTOIHOE OOCYXJIeHUs M AajbHeilllero Oosee
rnyookoro musyuyeHus [11, 12]. K Tomy ke HOBbIe
naHHble o ¢punoreHetuuyeckoit rpynne 0.ANT cBu-
JIETeIbCTBYIOT O €€ MPUHAJIEKHOCTU, KaK U TeHO-
BapuaHTHI/onBuAbl 1.ANTI1, 2.ANT3, 3. ANT2
n 4.ANTI, k y3ny nonutomuu «Big Bang» [36]. DTo
CHUMAaeT HEeOOXOAMMOCTb pPa3zpabOTKU THUIIOTE3bI
O CJIOXHOM PEBEPCUBHOM TPAH3UTE YYMHOTO MU-
Kpoba B MOHTOJIO-TSIHbITAHCKOM peruone [11].

MNapadwunua nogeuaos «setsu» 0.PE

«IToneBKOBBIE» MOABUAbLI BO30OYIUTENISI YYMBI,
oobenuHeHHbIe BkaacTep 0.PE, cuuraroTr Haubosee
IPEeBHUMMU, U HA (DUIJIOTEHETUYECKOM ApeBe Y. pestis
UX pa3MmelnalT O0auxe K KopHio. HekoTopwie mnc-
ciemoBaTeM  paccMaTPUBAIOT  IpeacTaBUTENCH
kJaactepa 0.PE kak nmapadpunernueckyio (MIm gaxe
Kak NoJIN(pUIETUUECKYIO) TPYIIY, HO B TO XK€ Bpe-
Ms BKJIIOYAIOT B €NMHBIN MoaBuA Y. pestis microtus
(microti) |4, 6]. 3nech clienyeT 3aMEeTUTh, YTO, CO-
IJ1aCHO OTpeaesICHUI0, TIPEACTaBUTEIN Mapaduie-
TUYEeCKUX (TTOIU(PUICTUIYESCKUX) TPYIIN HE UMEIOT
IpsIMOTO POACTBA. B To e BpeMsi moABUIABI — 3TO
MoHoO(pueTndeckue (roiopuaeTUIeCKe) rpyIibl
HaIpsIMYIO0 POACTBEHHBIX DOPM (TTOMYJISLIMiA, Op-
ranu3mMoB). TakuM oOpa3oM, peaJibHOro MoABUAA
Y. pestis microtus (sensu [6]), 00beIMHSIOIIETO BCE
«I10JIEBKOBBIE» OMOBapbl B €AMHYIO IOJBHUIOBYIO
BeTBb 0.PE He cymecTByeT. U3 IMpoKO U3BECTHOI
pabdoThl OONBIIOTO aBTOPCKOIro KoJimekTuna [20]
TaKXe CJEAYET, YTO BCE <«IIOJIECBKOBBIE» ITOIBH-
bl COOPMUPOBAIUCH B Pa3HBIX reorpauyecKkux
paiioHax, B MOITYJSIIMSAX pa3HBIX OCHOBHBIX XO35-

€B, B pa3HOE BpeMsl, IOOTOMY HE UMEIOT MPSIMOTro
pOJCTBa U COOTBETCTBEHHO HE 00pa3yloT €NUHYIO
IpeBHIOI MoHodumeTnuueckyo rpynny 0.PE.
OuyeBUJeH BbIBOJ O TOMOILJIa3uiiHOM (DOPMUPOBaA-
HUU HYKJCOTUIHBIX TMPU3HAKOB, YKa3bIBalOIIUX
Ha CXOACTBO (HO HE POACTBO) BCEX «ITOJIEBKOBBIX»
noaBuaoB [16]. FoMoriasuitHbie MPU3HAKY TTOIJIE-
KaT CIENMaIbHOMY PAacCMOTPEHUIO B (UoreHe-
TUYECKUX MOCTPOEHMU SIX.

dopmMmupoBaHue «KpblICUHbIX» reHoBapuaHToB 1.0RI
B lOHbHaHM

I'enoBapuaHThl pugoreHeTnuyeckoii BeTsu 1.ORI
OTBETCTBEHHBI 3a 3-10 MaHIEeMUIO, KOTOpasl Haya-
nachk B FOro-Boctounom KuTtae Bo BTOpoii To10BU-
He XIX B. MI' moagxon npearonaraeT oopazoBaHue
aToif BeTBU He paHee 300—400 jeT Ha3am OT BO3-
oyautens serBu 1IN, nupkynupylouero B mo-
OyJasauusaX TuMaiaiickoro cypka (M. himalayana)
Ha roro-Boctoke Tubera (puc. 1) [11, 21, 29, 37].
OCHOBHBIM X03siMHOM TreHoBapuaHToB 1.ORI
B ouarax KOHbHaHs SBJIsIeTCS XEJATOrpyaast Kpbica
(Rattus flavipectus). Ho B ipupoae Ha 3TOI KpbIce,
oOuTaroIIeil BO BJIaXXHBIX CyOTPOIMUYECKHUX Jecax,
crienuduyecknx 010X HeT (KaK U Ha YepHOM KphIce
Rattus rattus na UnnocrtaHe). B arpo3oHe u B Hace-
JICHHBIX TTyYHKTaX Ha Hell Mapa3uTUpyeT KOCMOIIO-
JuTHas o6yoxa Xeormnca (Xenopsylla cheopis), nmero-
mast ahpruKaHCKOe ITPOUCXOXK ICHUE, KOTOpasl C CU-
HaHTPOMHBIMU KpbICaMU MPOHUKIA Ha 1or Kuras
(n Ha UumoctanH) He paHee cepennHbl XI1X B. Takum
oOpa3oM, 3KoJIoTUYeCcKHue (haKThl CBUIETEIbCTBY-
10T 00 oTcyTcTBUU B FOHBHAHE TMTPUPOAHBIX KPbI-
CUHBIX 0YaroB YyMbl. AHAJIN3 9KOJOTMYECKUX TaH-
HBIX TPUBOJAUT K BIIOJTHE 0OOCHOBAHHOM rMIOTE3¢E,
yto BeTBb 1.ORI chopmupoBanacy He B FOHbHaHE
B MOCJIEAHUE BeKa B MOMYISLUSIX TUKUX UIU CU-
HaHTPOMHBIX KPBIC, @ B pAHHEM WJIU CPEIHEM TO-
JolieHe Ha MMHmocTaHe B moNyJisiuMsIX MHIMCKON
necuaHku (Tatera indica) [11].

BbiMupaHue «apxeonormyeckux» «noaBuA0B»

B EBpome B ocTaHKax 4YeJIOBEUECKHX KEPTB
npeanojaraeMbIX IPEeBHUX AIUACMUN OOHapyKe-
HBI hparMeHTHI «apxeonaornueckoit» JIHK, mo Hy-
KJICOTUIHOM CTPYKType HEKOTOPBIX MapKepoB
OMM3KNEe K TOMOJIOTUUYHBIM (hparMeHTaM TICEBIO-
TyOepKyJie3HOoro Mukpooa. [loaTomy «apxeoyioru-
gyecKne» TakcoHbl/monBuabl Gok2, LNBA u mpy-
rme, IPeIJIOXKCHHBIC HAa OCHOBAHWUM ATHX (par-
MEHTOB, pa3MeIlIaloT B KOpHE (PUIIOTeHETUICCKUX
npeBec Y. pestis (puc. 1). CoBpeMeHHBIX TCHOTHUIIOB
MHKpPOOa YyMBbI, UMEIOIINX TOMOJIOTUYHBIC «apXeo-
JIOTUYSCKUM» MOJICKYJISIPHBIC MapKepbl, HE OOHa-
PYKE€HO, 1 «apXeOJIOTUYSCKIE» TaKCOHBI/TIOIBUIBI
CUUTAIOT BEIMepmInMu [2]. OmHAKO M3BECTHO, YTO
B TIOCTJICTHUKOBOIT EBporme (B rojomeHe) He OBLIO
OPUPOTHBIX YCIIOBHI, YIOBJICTBOPSIONINX TPeOO-
BaHUSIM JIJISI CYIIECTBOBAHUS IIPUPOIHBIX OYaroB
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YyMbI, HEe OBLJIIO apUIHBIX JIJAHAIIA(GTOB C MHOTO-
YUCJIEHHBIM HaCeJIeHUEM HOPOBBIX T'PHI3yHOB,
Ha KOTOPBIX B Macce napasuTupoBaim 0yioxu [19,
31]. IMoatomy 151 060CHOBAHMUSI KaKUX-JTMOO BbI-
MEPIINX €CTECTBEHHBIX TMHU I B (DUJIOTEHE3€ YyM-
HOTro MMKpoOa, BHI3BAHHBIX BEIMHUPAHUEM XO3S5IEB
WJIU TIEPEHOCYMKOB BO3OYAMTEINsI, HET CEPbEe3HBIX
9KOJIOTMYECKUX OCHOBaHUM. VIcue3HyBIlIMEe HBIHE
ouaru yyMbl B EBpone, 6e3yci0BHO, ObIJIM CUHAH-
TPONMUYECKUMU, MMEJIN aHTPOIOTeHHOe (3aBO3-
HOE) IPOUCXOXICHHUE.

IKONOrMYECKNn CUEHAPUIA

Kak ckaszaHo Beiiie, MI' meTomojiorusi He mo-
3BOJISIET BOCCO3/1aTb HEMNPOTHMBOPEYMBBIN KOH-
CIIeKT uctopuu (puioreHe3a) BO30OYIUTENS] YYMBI.
MI' meTomosorMM HaleJeHbl pacKpbiBaTb WUCTO-
puUM BBICIIMX TAKCOHOB B TEUYEHUE AJIUTEIbHbBIX
BPEMEHHBIX MHTEepBaJioB. McXxoaHble BUIBI, a TEM
0osiee MCXOAHbIE MOMYJSILUU U3ydyaeMbIX (Hujo-
FeHETUYECKUX TPYIMM, MOYTHU BCErga HEW3BECTHBHI,
WU [J1 XapaKTE€PUCTUKU KOPHS (PUIOreHETUYECKO-
ro JIpeBa HCIMOJb3YIOT KOHIEIMINIO CYyOBhEKTUBHO
BbIOMpaeMoil BHeulHeW rpynnbl. MHoe geno —
9KOJIOTUYECKUU MOAXOJ MPU WU3YyYEHUU WUCTOPUU
BO30YIUTENSl YyMbl, KOTOPbI HalleJeH Ha BUIO-
oOpa3oBaHME U BBIICHEHUE BHYTPUBUIOBBIX OT-
HoweHui. IlpeakoBass ¢opmMa 4yMHOro MUKpPO-
0a — Bo3oyauTtesb JACJI — monmoaInHHO U3BECTHA.
B TakoMm ciyuae 3ajaya U3yyeHUs UICTOPUU YYMBbl
SBJSIIOTCS B OOJIblIEN Mepe nmpeamMeToM (uiioreo-
rpadun (B MeHBIIIEi Mepe DOUIOTeHETUKM) C TIPH-
CyLIEN el MeTOHOJOruel, onepupylolmeil TaKUMU
NONYJSLIMOHHO-2KOJOTMYECKUMHU U TIOT YIS LIMOH-
HO-TEHETUYECKUMU TIOHSATUSIMU KaK HEnocpea-
CTBEHHOE pPOICTBO, BHYTPHUBUAOBASI ITUBEPCUDU-
Kauus, MecTHas U reorpaduyeckasi Momyasiius,
MOABU/I, apeasl, 9KOJOTM4eCKoe eIMHCTBO, DKOJIO-
ruyeckas Hula.

B cemerticTBe KullIeUHBIX MUKPOOOB Yersiniaceae
(Enterobacteriaceae), BKiodatomeMm no 250 BUIOB
U TIOABUIOB, BO30OYAUTENb YyMbl SIBJASIETCS €IWH-
CTBEHHBIM, KOTOpBII MepeaaeTcss TpaHCMUCCUB-
HBIM CITOCOOOM Yepe3 YKYCHI 010X. DTO CBUACTEIIb-
CTBYET O €ro YHUMKaJbHOM 3BOJIOLMOHHOM IMYyTH
U, COOTBETCTBEHHO, HEOOXOAMMOCTU NPUMEHEHU S
IS PEKOHCTPYKIIMHU €ro MCTOPUU ad hoc 3BOJIO-
nuoHHOM Monenu [14, 15]. Bellle Ha3BaHHBIE JIBa
oTKpbITUa MI, Kacawluecs: 3BOJIOLUNA YYMHOIO
MUKpOOa, U OrpOMHBIN Oaraxk 3HaHWU, HAKOII-
nenHbix TITIOY, mo3BoamaM co3naTh MHpaBIOIIO-
JOOHBIN 3KOJOTMYECKU HappaTHUB €ro UCTOPUU.
YHUKaJIbHOCThL BUI000pPa30BaTEJIbHOIO IIPOLEC-
ca — mpeoOpa3oBaHUS NOMYASIINU (KJIOHA) TIpe-
koBoro Bo3oynuteis JACJI B monyisinio MUKpooda
YyMbl — COCTOMUT B 3apa>X€HUMU UCXOAHOTO XO351U-
Ha YyMHOTO MUKpoOa — MOHTOJbCKOTO CypKa —
HE TpPaAWMILIMOHHBIM aJIMMEHTAPHBIM CIOCOOOM

Ha MmacTOouIlle, a TPaBMaTUYECKUM ITyTeM BO BpeMs
3uMHell criguku. [lpu aTOoM BUIOOOpa3oBaTesb-
HBIU MTpoLEecC MPOXOAW MO KBAHTOBOMY MPUHIIU-
1y, B 9BOJIOLIMOHHOM MaclluTade BpeMEHU ObICTPO,
HO MOCTENEeHHO, C yYacTUEM TaKUX Majao U3yUeH-
HBIX TI0Ka SIBJIEHUI, KaK OKMUCIUTEIbHBIN B3PbIB
Makpo¢aroB B OpraHU3ME TeTepPOTEPMHBIX CYp-
KOB M CTpPeCC-UHAYLIMPOBAHHBIN MyTareHes nepe-
xogHoit dopMmbl Y. pseudotuberculosis-pestis B mo-
OyJasuusX TUOSPHUPYIOIIUX XUBOTHBIX [9, 10].
Ilpu 3TOM BUIOOOpa30BaHUE MIPOIILJIO MTapasieb-
HO B Tpex reorpadnyeckux MomyJJasusaIX MOHTOJIb-
ckoro cypka. (IToutn) ogHOBpeMEHHO BO3HUKJIU
Tpu mnoaBuna/reHoBapuanTa 2. ANT3 (XsHT3i,
bapra), 3.ANT2 (Xanraif) u 4. ANT1 (Xapxupa,
Typren, MounryH-Taiira) (puc. 2, II o6moxka) [12].
OTu noaBuAbl/rTeHoBapuaHThl HAa MI dunoreHeTu-
YEeCKMX CXeMaxX IEeMOHCTPUPYIOT MoauToMuio «Big
Bang». JanpHeilnas TeppuTopruaibHas a3uarckas
SKCMAaHCUS BO30YIUTEJI MPOXOAMUJA U3 LIEHTPOB
BUA000OPAa30BaHUS CAMOCTOSITEJIbHBIMU Mapuipy-
TaMu ¢ GOPMUPOBAHUEM B MOMYJISILIUSIX HOPOBBIX
TPBI3YHOB M MOHTOJIBCKOW TTHUIIYXU ITPUPOITHBIX
0YaroB CO CBOMCTBEHHBIMU UM ITOABUIAMM,/TEHO-
BapuaHTaMHu. B 3TOM 3KOJIOTMYECKOM CLEeHapuu
MPOUCXOXIACHUS U DBOJIIOLUN BO3OYAUTENST YYMBbI
MOXHO HaWTU OOBSICHEHUSI MHOTUM ITPOTUBOpE-
yusam, npucyimuM MI nonxony.

3ak/yeHme

ImaBHBIMU MeXaHW3MaMM 3BOJIIOIINNA MUKpoba
gyMbl Tipu MI mmomxome Ipu3HAIOT, ¢ OMHOM CTO-
POHBI, CaJbTAllMOHHBIC MPOIIECCH: TOPU30HTATIb-
HBIM TIepeHOC TeHEeTHMUYEeCKOTo Marepuaia (mpe-
KJIe BCEeTo IJIa3MUI BUPYJIeHTHOCTH pFra m pPst)
M3BHE, a TaK:Ke OeJICUM M MWHAKTHUBAIIUU TCHOB,
yTpaTUBIINX (YHKIIMM B HOBOU cpele OOMTaHUS.
C mpyroil CTOpOHEBI, TOIIOJOTUIO (PUIIOTCHETUYEC-
KOTO JepeBa BBICTpAaMBAIOT TOJIBKO Ha OCHOBE
MOJZIEJIM TIOCTENEHHOW HEWUTPAJIbHOU 3BOJIOLINU,
npexycMaTpUBaIONIeil ITOCTEIIEHHOEe HaKOIIJIEHUE
HEeWTpaJbHBIX MYTallM U CIIYyYalHBIN Apeid re-
HOB. DTH IIBa ITOAXOAAa B MPOOIEeMe ITPOUCXOXK/IE-
HUSI YyMBI SIBJISIFOTCSI HECOBMECTHMMBIMH, aHTa-
TOHUCTHUYECKUMU. [103TOMY CcOrtacoBaHHOTO He-
IPOTHUBOPEUYNBOTO CIIeHAPHsI Ha OCHOBE 3TUX IBYX
COBPEMEHHBIX MA3WUHCTPUMHBIX ITOIXOI0OB K 3BO-
TIOUUA U GUIOTCHUHN YYyMHOTO MHUKpoOa co31aTh
He yaaetcsd. PemieHuio mpob6iaemMbl COCOOCTBYET
Tpetuii — DKO moaxon. DKojgormdyeckue (GakTbl
CBUIICTEIBCTBYIOT, UYTO BHI000pa30BaHUEC MMU-
Kpoba 9yMbI mpoIiio He paHee 30 ThIC. JeT Ha3ang
B LleHTpanbHOU A3 B Tpex reorpaduIecKmuX I1o-
OYJISIASIX MOHTOJILCKOTO CypKa IT0 TTaparaTpuiec-
KoMy (mepumaTpudeckoMy?) mpuHOuIy. (ITourtm)
OMHOBPEMEHHO C(HOOPMUPOBAINCH TPHU HCXOTHBIX
noaBuaa 9yMHOro Mukpo6a 2.ANT3, 3.ANT2 u 4.
ANTI1, nanpHeMIass 3KCIIaHCUSI KOTOPBIX ITPOXO0-
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MHdekumns n uMmyHuTeT

Iujia MO CaMOCTOSITEJIbHBIM MaplipytaMm. Takoit
HappaTWUB MCTOPMM YYMHOIO MHWUKpoOa CHUMaeT
MHOTHE IPOTUBOpPEUYMsI, cBoicTBeHHBIe MT moaxo-
ny. UcToprio «MOJIOIOTO» BO30OYIUTENIS IyMBI JTy4d-
IIIe OTpaxkaloT aJalTUBHBIC TTPU3HAKHU, B TO Bpe-
Ms KaK HeWTpallbHble HYKJICOTUIHBIC ITPU3HAKN
OoJiee TTOAXOASAT JJISI U3YUYCHUST UCTOPUM BBICIITMX
TaKCOHOB Ha 0oJjiee IJIUTEIbHBIX I'eOJIOTMUYECKUX
MPOMEXYTKaxX BpeMeHU. Mopenb HelTpaJibHOM
SBOJTIOLIMY MOXKET OTPazkaTh TOJIBKO TJIABHOE «Bep-
TUKaJbHOE» HAIlpaBJEHHE 3BOJIOINU KHUIIEYHBIX
OakTepuii, HO He paauKajbHbIe NHHOBAIIMOHHBIE
M YacTHBIE ajanTallii, KOTOPbIe XapaKTepU3yloT
BO30YAMUTEN ST YYMBI.

Wcnonbp3yemble MI' moaxomoM Takue IOHSI-
TUSI, KaK Hanboyiee COBPEeMEHHBI OOIIMI TTPeaoK
(MRCA, most recent common ancestor), ¢ujore-
HeTtuyeckue BeTBU (branches 0, 1, 2, 3, 4), aBosI0-
uuoHHbie tuHuu 0.PE, 1.LANT, 2.MED u npyrue
SABIISTIOTCS aOCTPAKTHBIMU, CTATUCTUYECKUMU, HE-
CYyT MaJlo OMOJIOTMYEeCKO MH@oOpMauuu, KpaliHe
IIEHHOI B cilydyae MUKpoOa yyMmbl. B To ke Bpems
0oTOOp JEeCTBYET Ha peajibHbIC MOITYJISIIIUN, 9BO-

JIIOLIMOHUPYIOT TIOMYJSILIMU, a He OTAEIbHbIE Op-
raHu3Mbl, (PUJIOreHETUUYECKE BETBU WU BBOJIO-
LMOHHbIE TUHUU, U TIOTOMY ITPU PEKOHCTPYKLIMU
NCTOPUU <«MOJIONOTO» YYMHOTO MHUKpOOa, YHU-
KaJIbHOTO IJisl ceMelicTBa Yersiniaceae, pe3KO OT-
KJIOHUBILErocs OT IVIaBHOI'O HAMpaBJIEHU S 3BOJIIO-
LMW KMIIEYHBbIX oOuTaTeeit, He cileayeT UTHOPU-
poBaTh NPUHLMIIBI MOMYISLMOHHOIO MbIIIJEHUS
W ajanTaluoreHesa.

CnenyeT mpu3HaTh, YTO KaXAbI M3 paccMoO-
TPEHHBIX HaMU TIOJXOJ0B MMEET CBOM IIpPEUMY-
IIeCTBa U HENOCTAaTKU, IMPU 3TOM pellleHUEe BbIsSIB-
JIEHHBIX TPOTUBOpPEYUII — EAWHCTBEHHBIU MYTh
K ucTtuHe. JlanbHeliliass MUHTerpauus MOJIeKyIsIp-
HOTO, TEHETUYECKOr0 U 9KOJOTMYECKOTO MOIX0I0B
B mnpobjemMe MPOUCXOXKAEHUSI U BBOJIOLUU BO3-
OyauTeN sl YyMbl OyAeT HEe TOJbKO CIOCOOCTBOBATH
MOCTUKEHUIO KOHCeHcyca B (DUJIOreHeTUYeCKOu
PEKOHCTPYKLMU YYMHOro MMKpoOa, HO Takxke
CO3JAaCT YCJIOBUSI NJIsI COBEPLICHCTBOBAHUS TEO-
PUM MOJIEKYJISIPHOW 2BOJIIOLIUUA HE TOJbKO BO30Yy-
JUTEJSI YyMbl, HO U MHOTUX JPYTUX MaTOreHHbIX
MUKPOOPraHU3MOB.
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NEPCMNEKTUBbI PASPABOTKHU
TEPANEBTUHECKUX BAKUUH MPOTUB
NAMUINTIOMABUPYCHOW MHOEKLIUN

H.M. Paesckas!, T.H. Hukuruna!, A.C. Cumoupuesn?, 1.JI. Conosnena’, A.P. Boarun',
A.C. KopoBkun!

T'@I'BY Hayunbiii yeHmp sKcnepmusnsl cpeocme MeOuyuHcko2o npumenenus Munzopasa Poccuu, Mockeéa, Poccus
2@I'YII locydapcmeenHblil HAy4HO-UCCACO08AMENbCKUN UHCMUMYm 0c000 yucmblx ouonpenapamos PMbBA,
Cankm-Ilemep6ype, Poccus

J@I'BOY BO Yavsauosckuii cocydapcmeernnnlii yHusepcumem, 2. Yivsnosck, Poccus

Pe3siome. Bupyc manuiiomsr yenoseka (BITY) sBisieTcs onqHOI U3 cepbe3HBIX MPOOJEM 0OIIECTBEHHOTO 3APaBOOXPaHe-
Hus. JdnutensHo cymectBytomas BITY-undexkuus sBasieTcs r1aBHOM MPUYMHON BO3HUKHOBEHMS 3JI0KAYECTBEHHBIX
3200J1€BaHUI Yy My>XXUUH U XEeHIIMH. Pak OTHOCUTCS K 3a00JI€BaHUSIM C BBICOKUM YPOBHEM CMEPTHOCTHU. YCTAHOBJIEHO,
yt0 BITY-unbexuns npumepHo Ha 70% cBsi3aHa ¢ pakoM Biarajiuiia, Ha 50% — ¢ pakoM IIOJIOBBIX OPraHOB Y MYXKUMH,
Ha 90% — ¢ pakoM aHaJIbHOTO KaHasa 1 60% — ¢ pakoM ToJToBbI. ExXeromHo y 60JbIIOro KOMMYeCTBa JTIO/Iei pa3BUBaIOT-
csl pa3Hble BUIBI paka, nHULIUMpoBaHHbIe BITY, BeqyniuMm 13 KOTOPBIX SBISETCS paK IEeWKU MaTKu. Pak meiiku mar-
KU — OMH U3 HauboJiee paclipoCTPAHEHHBIX U ATPECCUBHBIX BUJOB PaKa, YIPOXKAIOIIKX 30POBBIO, SIBISETCS YETBEPTHIM
M0 PACIPOCTPAHEHHOCTU B MUPE PakoM Y keHIUH. [To naHHbiM BcemupHoii opranusanuu 3apaBooxpanenus (BO3),
Ha 2020 1. okoJ1o 600 ciryyaeB 3a601€BaeMOCTH PAKOM IIEHKN MaTKU PETUCTPUPYETCS €XKESTHEBHO B PA3TMUHBIX CTpaHAX
Mupa. Bo3HUKHOBeHUE paka ek MaTK/ TECHO CBA3aHO ¢ TAKUMMU (DaKTOpaMU, KaK JUIMTEIbHO CyIeCTBYoMIas (ep-
cuctupytoias) nHgekuus BITY u comatnyeckue MyTaluy reHoma xo3siiHa. HecMOTpst Ha TO UToO mopaskeHusl, BbI3BaH-
Hble BITY MOTyT ObITH BBISIBJIEHBI Y YIAJIE€HbBI HA PAHHE CTaJANU C TOMOLIBIO BEICOKO3(P(HEKTUBHBIX METOIOB CKPUHUHTA
U XUPYPrUYeCKUX MPOoUeayp, KAHLIEPOTeHHBIN pUCK, BbI3BaHHBIN BITU-nHbeKIMel MpogoixKaeT yBeIUYuBaThCs, U €CTh
ornpee/ieHHbIE CIOXHOCTHA B €€ YCTPAHEHWU, OCOOEHHO B CTPaHaX C HU3KUM YPOBHEM pa3BUTHUS. PelieHreM HJaHHOTO
BOIMPOCA SABJISIETCS CO3MAHUE TEPAMEBTUUECKUX BaKIIMH KaK Ha 3Tamax NpoduIakTUKHU, TaK U JedyeHust. Ha ceromHsm-
HUH IeHb CYLIECTBYET TPU JIMIIEH3UPOBAHHBIE MPOGUIAKTUIECKUE BaKIMHBI TpoTB BITY Ha 0cHOBE BUPYCOMOIOOHBIX
yactuil tuna L1 (LI-VLP): 6buBanentHas (BITY-2), yetbipexBaneHTHas (BI1Y-4) u HoHaBaneHTHas (BITY-9) BakIMHBL.
Hcrnonb3oBaHre STUX BaKIMH MO3BOIMIIO 3(h(HEKTUBHO YeTpaHUTh 0Kosio 90% cinydaeB nadumpobanus BITY Bo Bcem
Mupe. OnHako TepaneBTUYecKoro 3 dekta JaHHbIX BAKIIMH B OTHOLIEHU Y rtepcuctupytouieid BITY-uHbek iy v BeI3BaH-
HBIX €10 TOPaXeHUIi 3aMeYeHO He Ob110. OCOOEHHOCTHIO TEPANIeBTUYECKMX BAKIIVH, pa3padaThIBAEMBbIX 111 OHKOOEJIKOB
E6/E7, siBnsieTcst akTUBALIMS KJIETOYHOTO UMMYHUTETA, UYTO CYMTAETCS MIeaTbHBIM UMMYHHBIM CITOCOOOM YCTPaHEHUSI
BUpYCHOIT MHMeKMU. B mpenctaBieHHOM 0630pe MprBeAcHa MHPOPMALINS, Kacarolasics KJiacCupuKaluu, MexaHu3Ma
JeUCTBUS U KIMHUYeCKUX 3 dekToB BakirH poTuB BITY, a Takke pa3paboTKU U MepCrneKTUBHBIX HAITPABJICHUIA B OT-
HOLIEHU Y TeParieBTUYECKUX BAKILIMH, UCTTOJb3yEeMbIX J1J1S TPODUIAKTUKY U JICYSHU ST 3I0KAUeCTBEHHBIX 3001€BaHUIA.

Karouesvie caosa: GUPYC NANUNIOMbL HeN06eKa, Bupyc0n0006ﬂb1e Hacmuuyol, paKk weixu mamku, }’Z[J0¢Ll/laKle'4€CKbl€ 6AKUUHbL,
mepaneemu4ecKue 6aKUUHbl, UMMYHOCEHHOCHb 6AKUUH.

Appec pns nepenucku: Contacts:

Paesckas Hatanbs MuxainosHa Natalja M. Raevskaya

127051, Poccusi, Mockga, MNMeTposckuii 6-p, 8, cTp. 2, 127051, Russian Federation, Moscow, Petrovsky boulevard, 8, build. 2,
Orey HUSCMIM MuHsppasa Poccun. Scientific Centre for Expert Evaluation of Medicinal Products.

Ten.: 8 (499) 241-89-27. E-mail: raevskayanm@expmed.ru Phone: +7 (499) 241-89-27. E-mail: raevskayanm@expmed.ru

[Ana uMTupoBaHus: Citation:

Paesckas H.M., HukutuHa T.H., Cumbupues A.C., Conosbesa 1.J1., Raevskaya N.M., Nikitina T.N., Simbirtsev A.S., Soloveva l.L., Volgin A.R.,
Bonrux A.P., Koposkut A.C. MepcnekTviBbl pa3apaboTku TepaneBTMyeckux Korovkin A.S. Prospectives of developing therapeutic HPV vaccines //
BaKLMH NPOTMB NanunnoMaBmpycHon nHdekumm // MHGeKLMs 1 UMMYHUTET. Russian Journal of Infection and Immunity = Infektsiya i immunitet, 2024,
2024.T. 14,Ne 4. C. 655-671. doi: 10.15789/2220-7619-POD-17636 vol. 14, no. 4, pp. 655-671. doi: 10.15789/2220-7619-POD-17636

PaboTa BbINoHEHa B pamkax rocyaapcTBeHHoro 3aganns Orby «HLSCMIT» Muraapasa Poccum Ne 056-00026-24-00
Ha npoBeaeHe NPUKAaLAHbIX Hay4HbIX UCCEA0BaHWIT (HOMep rocysapcTBeHHoro yyeta HUP 124022200103-5).

The study reported in this publication was carried out as part of publicly funded research project No. 056-00026-24-00
and was supported by the Scientific Centre for Expert Evaluation of Medicinal Products (R&D public accounting No. 124022200103-5).

© PaeBckas H.M. n coasr., 2024 DOI: http://dx.doi.org/10.15789/2220-7619-POD-17636

Cratbst focTynHa no nuueHauu Creative Commons Attribution 4.0 655
The article can be used under the Creative Commons Attribution 4.0 License



H.M. PaeBckasi n ap. MHdekumns n uMmyHuTeT

PROSPECTIVES OF DEVELOPING THERAPEUTIC HPV VACCINES

Raevskaya N.M.?, Nikitina T.N.?, Simbirtsev A.S.?, Soloveva I.L.¢, Volgin A.R.?, Korovkin A.S.?

@ Scientific Centre for Expert Evaluation of Medicinal Products of the Ministry of Health of the Russian Federation, Moscow,
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b State Research Institute of Highly Pure Biopreparations FMBA, St. Petersburg, Russian Federation
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Abstract. Human papillomavirus (HPV) represents one of the most serious global public health problems. Malignant
female and male diseases mainly result from persistent HPV infection. Cancer belongs to a high mortality rate disease.
It has been established that HPV infection causes about 70% vaginal cancer, 50% male genital cancer, 90% anal cancer
and 60% head-and-neck cancer. Annually, a large number of people develop various HPV-caused cancer types, dominated
by cervical cancer, one of the most common and aggressive types of cancer that threatens health holding the fourth place
among most female common cancer worldwide. According to the World Health Organization (WHO), in 2020, about 600
cases of cervical cancer are recorded daily in different countries. Emergence of cervical cancer is closely related to factors
such as long-term (persistent) HPV infection and somatic mutations of the host genome. Although HPV infection can be
detected and cured early with highly effective screening methods and surgical procedures, the carcinogenic risk of HPV
related diseases constantly increases, which elimination faces certain difficulties, especially in low- and mid-developed
countries. The most acceptable solution to this is development and implementation of therapeutic vaccines for prevention
and treatment of HPV related diseases. Three licensed HPV vaccines based on L1 type virus-like particles (L1-VLPs)
technology are available globally: bivalent (HPV-2), quadrivalent (HPV-4) and nonavalent (HPV-9) vaccines. These
vaccines demonstrated effectiveness in reducing HPV-related cervical cancer rate by up to 90% worldwide. However,
the therapeutic effect of these vaccines on persistent HPV infection and lesions has not been observed. Therapeutic HPV
vaccines candidates targeted Ye6/Ye7 cancer proteins activate cellular immunity that eliminates existing HPV infection.
Here we review types, mechanisms of action and clinical effects of therapeutic HPV vaccines, as well as current and future

developments in the field for prevention and treatment of HPV related diseases.

Key words: Human papillomavirus (HPV), virus-like particles (VLP), cervical cancer, preventive vaccines, therapeutic vaccines,

immunogenicity of vaccines.

Bupyc manunnombl yenoseka (BITY) mpunan-
JICKUT K ceMeicTBY Papillomaviridae n nmpencraBiieH
BUpycoM, HecymiuM koJibleByto IHK, comepxka-
IIYI0 OKOJIO 8 ThICSIY Map ocHOBaHUI. B HacTos11ee
BpeMs oO0HapyxkeHo 6osiee 200 Tunos BITY, cpenu
HU1X 0KO0JIO 40 TUTIOB CBSI3aHO C MOJIOBBIMU UH(PEK-
UMM U OTHOCSITCS K TUIIaM BBICOKOI'O M HU3KO-
ro OHKOreHHoro pucka, 15 tunmos BITY otHocsaTCs
K KaTeropuu BBICOKOHKOT€HHOTO pHMCKa M CBsI3a-
HBI ¢ HauboJiee arpeCCUBHBIMU BUIaMU pakKa (pak
e K1 MaTKH, paK TOJOBbI, paK 1lieu U ap.), 12 tu-
noB oTHocsATcs K TunaM BITY HM3KOOHKOreHHOTO
pucKa, KOTOpbIe B OCHOBHOM CBsI3aHBI C JOOpOKa-
YEeCTBEHHBIMU MTOPAKEHUSIMU IIEHKN MAaTKU U T'e-
HUTaJbHBIMU KOHIUJIOMaMu [1, 3, 4, 9]. Haubonee
pacnpoCTpaHEHHBIMM BBICOKOOHKOINEHHBIMU TH-
namu BITY aeastiorcst BITY 16-ro Tumna (BBI3bIBAIOT
80% mnatosiornii) u BITY 18-ro Turma (Bei3biBaoT 3%
nartoJyioruii). B 70% caydyaeB atu tunbsl BITY sB-
JSI0TCI NPUYMHOM BO3ZHUKHOBEHUS paKa IIEUKU
MaTKH, a B 90% ciydyaeB — ApPYTUX OILYXOJEii, BbI-
3BaHHbIX BITY [1, 2, 9].

I'eHOM BUpYyCa MaImIIOMbl Y€JI0BEKa BKJIIOYACT
caenyrliiue obnactu: odnacts (E), kogupyolyio
pannue oenku (El, E2, E4, E5, E6, E7), xitoue-
Basi POJib KOTOPBIX 3aKJIIOUAeTCs B pEILIMKAILIAU
reHoMa BUpYCa, BKCIIPECCUU TIEeHOB U YKJIOHE-
HUU BUpyca OT UMMyHUTeTa U obsacth (L), Ko-
nupylomyto oenku (L1, L2), koTopble OTHOCATCS
K BHYTpEHHeil 000JIouKe BUpyca — Karcujga. DT

0eKU y4yacTBYIOT B MH(PUILIMPOBAHUU, OCYIIECT-
BJISIIOT JOCTaBKY M YIaKOBKY BMPYCHBIX YaCTHII.
Kusnennslit uukia BITY TecHo cBs3aH ¢ aud-
(bepeHLIMPOBKOII OCHOBHBIX KJIETOK 3IUACPMHUCA
KOXU 4YeJioBeKa (KepatTuHouuToB) [77]. Bupyc na-
MNUJUIOMBI YeJIOBeKa IPOHUKAET B SIUTEINI yepes3
MUKPOTPEIIUMHBI U 3apaXkaeT aKTUBHO ACISIIIM-
€Csl CTBOJIOBBbIC SIIMTENMabHbIE KJIETKU. 3aTeM
MOCpeaCTBOM KamncuaHoro Oenka L1 cBs3biBaeT-
Cs C pelLeNnTOpOM remapaHcyabdara MpPOTEOrIu-
kaHa (Heparan Sulfate ProteoGlycan — HSPG),
pPACIIOJIOKEHHBIM Ha IIOBEPXHOCTU 0Oa3aJibHOM
mMeMOpaHbl KJeTku. Korma BITY cBs3biBaeTcs
¢ peuentopom HSPG, N-koHueBasi yacTh Oenka
L2 npereprieBaeT KOH(pOpPMALIMOHHOE U3MEHE-
HUe, orocpenoBaHHoe LUKAopuanHoM B. 3atem
N-KoHIIeBasi 4acTh pacuieruisiercss dypuHoM u/
WJIN TIpOIIpoTeMHKOHBepTasoir PC5/6 (Proprotein
Convertase — PC), mocJiie yero BUpyc cBsI3bIBaeTCs
CO BTOPMYHBLIM PELENTOPOM Ha IJ1a3MaTU4eCKOM
MeMOpaHe KJIeTKM-MUIIEHM, a 3aTeM IlomnaaaeT
BHYTPb KJETKU TIOCPEACTBOM BsHuouuTo3a [37].
Cniycts 24 gaca 1ociie IpuKpenjaeHus K KJIeTKaM
BUPYC ITONAJaeT B SIIPO KJICTKU-XO3sIMHA, IJIe PO~
MCXOIMUT 3allyCK IIMKJa BUPYCHOM peILIMKallUuU
¢ yuactuem 6enkoB El1 u E2. Yucno nepBoHavalib-
HO PEIJIMIIMPOBAHHBIX KOMUK B IApE KIESTKU-XO-
3s1MHA HEBEJIMUKO U cocTaBisieT mpumepHo 50—100
Konuii Ha siapo [9, 104]. benok E2 oTHocuTCS K BU-
PYCHBIM (baKTOpaM TPAHCKPUIILIUU U PEryJIupyeT
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paboTy paHHUX BUPYCHBIX MpomoTopoB (P97 BITY
16 1 P105 BITY 18), pacrnoo:KeHHBIX BbIIIE OTKPHI-
THIX PAMOK CYUTHIBAHUSI, KOAUPYIOIIUX TeHBI PeTy-
JsiTopHBIX 6eskoB E6 1 E7. Dkcnpeccus 6enkoB E6
n E7 nmo3BosisieT moaaepkaTh KU3HEAESITEIbHOCTh
KJIeTOK, 3apaxkeHHbIX BITY [44]. [To Mepe Toro Kkak
MHPUOUPOBaHHBIE KJEeTKU auddepeHIupyoT-
Cs M BCTYITAIOT B OoJice IMO3MHIOI CTAAWI0 MUKJIA
peIuUIMKaliy, TPOUCXOAUT WHUIIMALIMST IKCITpec-
CUU paHHUX U mo3aHux o6enkoB — E4 u ES5, a Tak-
xe 0enkoB L1 u L2 cooTBeTCTBEHHO. DKCIpeccus
oenkoB E4 u E5 ycmimBaeT MeXxaHU3M peIUINKa-
AU, CTIOCOOCTBYS YBEJIWYEHWIO BUPYCHOTO Te-
HOMa JI0 HECKOJbKHUX ThICAY KOMUNA Ha KJIETKY.
Ha nmo3aHeit ctaguy uKia pernjimkauuu 6enok E4
UTpaeT poJib B peopraHM3aluu (PUIAMEHTOB Ke-
PATUHOIIMTOB — KIJIETKH CTAHOBSITCS XPYITKUMMU,
obJieryasi BbICBOOOXJIEHHE TMOTOMCTBA BUPYCHBIX
yactull [44]. benok L2 TpaHcniopTupyetcs B SIApO,
B TO BpeMs KaK B IIUTOILIa3Me KJIETOK-XO3sHMHa
npoucxoauT camocbopka Oenka L1 ¢ oOpazoBa-
HHUEM TIeHTaMEPHBIX OeJIKOB 000JIOUKH, KOTOpPHIE
TaK>Xe TpaHCIOPTUpyIoTcsa B sapo [19]. B saape
oenku L1 n L2 cobuparoTcsd B BUpyCHBIE YACTUILBI,
KOTOpPBIE OCBOOOXIAIOTCS W3 KJIETKHW IMPU TTOMO-
mu 6enka E4 [23]. lng nonaepXaHusi akTUBHOTO
MexaHH3Ma peIiMKaluy B KJIeTKaxX MPUCYTCTBYET
skcnpeccust oHkooenkoB E6 u E7 [35]. Benok E7
aKTUBUPYET KJICTOUHBIN MUK MHPUIHUPOBAHHBIX
KJIETOK, CBSI3bIBAsICh C OEJIKOM DPETUHOOJACTOMBI
(retinoblastoma protein — pRb), ¢ mocaenyouieit
JIerpajanyveil TpPaHCKPUIILIMOHHOTO PENPECCOPHO-
0 KOMILJIEKCa, COICPpKaIIero TPaHCKPUITIIMOHHBI
dakTop E2F. ®aktop E2F ocBobOoxmaeTcst HJIst
aKTHUBallMM KOMIIJIEKCOB KJETOUHON LMKJIWH-3a-
BUCUMOI KMWHa3Hl 2 (cyclin-dependent kinase 2 —
Cdk2) ¢ nuuknuuom A (Cdk2/umknuu A) u Cdk2
¢ nukjguHoMm E (Cdk2/umknaun E), nmpenstcTBys
OCTaHOBKE KJIETOYHOTO LIUKJIA U CTUMYJIUPYS TPO-
nudepanmnio kietok [52]. bemok E6 mosblaer
YCTOMYMBOCTD K allOIITO3Y U 3alycKaeT peIlInKa-
uuio BupycHoit JJTHK, paspyuias o6emok p53 [74].
XoTs naHHbIE OEJIKU SIBJISIOTCS OHKONPOTEHAMU,
HUX 9KCIIpeccH sl HeoOoxoauma IJisd HOpMaJIbHOM pe-
rukanny reaoma BITY.

Ha cerogHsgmHuii neHb Haubojee >ddek-
TUBHOI Mepoli mpodunakTuku 3apaxkenus BITY
(B TOM 4YHCIe U C PKOHOMUYECKOI TOUKHU 3PEHMU )
SIBJIsSIeTCSI BaKIIMHAIINS. [eTepoIOTUIHBIC aHTUTE-
HBI B COCTaBe BaKIIMHBI TTOTIAIAI0T B OPTaHU3M, 3a-
xBaTbiBaloTcsl AITTK u BBoasiTcsa B T-nuM@ouuThI,
CTUMYJIUPYS BbIPaOOTKY B-nmumdbolnuramMu aHTHU-
TEJI, YTO SIBJISIETCSI OCHOBOM MPO(PMIAKTUICCKOTO
s dexra BakunHHI [3, 79]. AHTHTENAa TPOHUKAIOT
yepe3 CTEHKY KPOBEHOCHOI'O COCY/Ia JIUIsl JOCTaBKH
K MECTY 3apaxXeHMUs, Ille OObEAUHSIIOTCS C BUPY-
COM, CHUKasI €r0 CIIOCOOHOCTH K 3apakeHuto [79].
MMMYyHHBII OTBET, BbI3BAaHHBIM €CTECTBEHHOM
BITY-uHdbexkueit, sspasgeTcss ciadbiM, a KOHIICH-

Tpalns BBIpadaTBIBAEMbIX B OTBET Ha WHMOEKIINIO
aHTUTEJ] — OYeHb HU3Kasl, B TOM YHCJIe U3-3a OT-
CyTCTBUS (ha3bl BUpEMUU, XapaKTSPHOI IIPU MOoI1a-
nmanuu BITY B opranusm.

B HacTtosiee BpeMs pa3paboTaHbl U JIULIEH3U-
poBaHbl BakLMHBI poTuB BITY Ha ocHoBe BuUpy-
commomoOHbBIX yacTull (virus-like particles — VLP)
OCHOBHOTO KarcuaHoro 6enka L1 Bupyca nmamnui-
JIOMBI, KOTOpBIE TIPEACTaBISIOT COOOI MycCThle
BUPYCHBbIE 000JI0YKHU, COCTOSIIINE U3 OMHOI'O WU
HECKOJIbKUX TUTIOB ITOJIMMEPHBIX KallCUAHBIX OeJI-
KOB [4, 24]. BupyconogoOHBIC YaCTUIILI HE COIEp-
JKaT BUPYCHOTO F'eHOMa M He SIBISIOTCS MHQEKIIN-
OHHBIMM WJIU KaHLEPOreHHbIMU. OHU UHAYLUDPY-
10T CUJIbHBIX TYMOpPaJIbHBI UMMYHHBIIA OTBET, YTO
MOATBEPKACHO HAJIUYWEM BBICOKOTO TUTpa M-
TEJIbHO (PYHKIMOHUPYIOIINX HEUTPaTN3YIONINX
aHTuren [4, 24, 28].

M3 Hambonee 3HAYMMBIX TTPO(PUIAKTUUECKUX
BakuuH nmpotus BITY Ha cerogHSIIIHUNI IEeHb 10-
CTYMNHBI TPU: YeThlpexBajieHTHas BakuuHa (BITY-
4), nByxBajeHTHas BakuuHa (BITY-2) u HoHaBa-
neHTHas1i BakuuHa (BITY-9) [48]. DT BaKIIMHBI
npotuB BIIY 6111 pa3dpaboranbsl Ha ocHOBe VLP
Tuna LI1. Ilo pe3yabraTamM KIMHUYECKUX UCIbITA-
HU I ObLJIO YCTAHOBJIEHO, YTO BaKIIMHbI JAIOT XOPO-
muii npodunaktTudyeckuii 3@eKT B OTHOLIEHU U
BITY-uHdpuumpoBaHusg noaeil U3 pa3HbIX PErno-
HOB, pa3HbIX pac U BO3pPaCTHBIX Irpyni [8].

BITY-4 — nepBast B MUpe 4YeThIpexBaJIeHTHAas
BaKIIMHa, KOTOpyIo BbimycTryia B 2006 r. KoMIia-
Hus Merck (CIIA) nns npodwmmaktukm BITY-
uHbpeknu. BakumHa mipeacrtaBiasgeT coboi cy-
CIIeH3UI0 OenKa [JiI WHBEKUUH, IOJyYEeHHYIO
C TIOMOIIbBIO TeXHOJOrMu pekomMoumHaHTHoi JHK
C IIOCHENYIOLIEN SKCIIPECCUEM B KJETKaxX IpOXK-
XKeu Saccharomyces cerevisiae. B ee coctaB BXOIAT
camMocoOuparolIecss BUPYCOMOAOOHbBIE YaCTUIIBI
(VLP), cocrosiiyve u3 OYUILIEHHOTO BUPYCHOTO
KarcumgHoro Oenka L1, momoaHeHHOTo amopd-
HBIM cyjabdaToM ruapokcudocdara aaTrOMUHUSI
(amorphous aluminium hydroxyphosphate sulfate —
AAHS), KOTOpBIIi UCITOJIB3YEeTCSI B KauyeCTBE alb-
oBaHTa [76]. INokasano, uto B 90% cinydaeB Bak-
OWHA IIpeIoTBpallacT reHUTaJIbHbIC KOHIUJIOMBI,
Bei3BaHHBIe BITY 6/11 Tunos, a B 70% ciny4yaeB —
pak IIeiKM MaTKU M paK aHaJbHOI'O KaHaJja, Bbl-
3paHHbie BITY 16/18 Tunos [39]. BakuuHa npoiiijia
KJIMHUYECKNEC UCITBITAHUS IO BBIXOAA Ha PBIHOK,
IOKa3aB BBICOKMII ypoBeHb (0KoJi0 98%) mpodu-
JIaKTUKU MOpakeHU M 1eKU MaTK1; oHa obecre-
YUBaeT BbICOKUI yPOBEHbD 3aIIMTHI XKEHIIIMH B BO3-
pacte ot 15 1o 45 et ¥ My>K4YMH B Bo3pacTte oT 16
1o 26 ner. Takxke BakumHa obsnagaetr 100% mpo-
dunakTnyeckoi 3(pHeKTUBHOCTHIO B OTHOLIEHU U
3a00JieBaHUI BYJbBbBI M BJIarajuiia, CBSI3aHHBIX
¢ BIMY-undexkuneit. B CIIA, npu HaGaoneHU N
XKeHIIWH B Bo3pacTe 14—19 u 20—24 et B TeueHUe
LIECTU JIeT Tocje BaKIMHAIlUU, pacIpOCTpaHEeH-

657



H.M. PaeBckasi n ap.

MHdekumns n uMmyHuTeT

HocTh TUTOB BITY 6/11 u 16/18 cHusuiack Ha 64%
u 34% cooTBeTCTBEHHO [72]. XOTsI GOJIBIIMHCTBO
UCOBITAHUN 3(h(EKTUBHOCTU BaKIMHBI MPOBE-
JIEHO y MOJIOABIX XEHIIWH B Bo3pacTte 15—26 ner
Mo pe3yjabTaTaM UMMYHOOPUIKMHIOBOTO HCCJe-
JMIOBAaHU S 1O CHUXXEHUIO TTPUBUBOYHOUN 103bI, 3TU
BaKIMHBI ObIJTW OJOOPEHBI AJIs1 MIEPBUYHON UMMY-
HU3allUU KaK MY>KUYWH, TaK U KEHIIWH B BO3pacTe
oT 9 10 25 neT. OTU UccaeaoBaHU S TOKa3aJau Halu-
yue cpefHuX TUTpoB aHTuTes K BITY 16 y neBouek
U MaJbuuKOB B Bo3dpacte 10—15 jieT, yepe3 mecsiy
nocJjie TpeTheil BaKIIMHAILIMU, YTO B 2 pa3a MpeBbl-
LIaJIO TUTPBI Y KEHIIUH B Bo3pacte 16—23 et [12,
49]. Pe3ynbTaThl UCNBbITAHUI MOKa3aJikd, YTO Bak-
nuuHa BITY-4 obGnamaeT XOpOLIMM TMOIYJSIIIUOH-
HBIM NPOGUIAKTUUYECKUM d2DHEKTOM.

Bakuuna BITY-2, BblmylieHHass KOMITaHU-
et GlaxoSmithKline (benbrus), Obuia omooOpe-
Ha B ceHTsg60pe 2007 r. EBpomeiickum areHT-
CTBOM IO JieKapCTBeHHBIM cpeacTtBaM (European
Medicines Agency — EMA) u B okTs6pe 2009 r.
AMEpUKAHCKUM YyIpaBJeHUEM IO CaHUTaApHOMY
HaA30py 3a KaYeCTBOM MMUILEBbIX MTPOAYKTOB U Me-
nukameHToB (Food and Drug Administration —
FDA). Bakuuna BITY-2 gBasiercsa 3¢ @eKTuBHOMN
B OTHOILIEHU U HanboJiee pacpoCTpaHEHHbBIX OHKO-
reHHbIX TeHoTHUTOB: BITY 16 1 BITY 18. B kauecTBe
BupyconogooHbix yactull (VLP) BITY-2 conepxuTt
BITY 16 u BITY 18, a B KayecTBe aablOBaHTa —
AS04, Bkiwouvamwliero MoHodochopuaaunmus A
(Monophosphoryl Lipid A — MPL) u ruapokcun
anioMuHus. MoHodochopuanunua A mnpeacTas-
JsieT coboii JeTOKCULIMPYIOIIMI OGakTepuaJibHbI
JIMTIONIONIUCaxapul, SIBJASIETCS aroHucToM ToJui-
nogooHoro peuentopa 4 (Toll-like receptor — TLR)
U WCIOJb3YeTCs M aKTUBALMU BPOXICHHBIX
U aJalTUBHBIX UMMYHHBIX peakuuii. [To pe3yib-
TaTaM KJIMHWYECKUX UCIIbITaHW BakunHa BITY-2
nmpoaeMoHcTpupoBaia 98,1% 3amuThl OT AuCIIa-
3um wmeiiku matku CIN16+ m CINI8+ (Cervical
intraepithelial neoplasia — CIN), accoluupoBaH-
HbiX ¢ BITY-2. /JlaHHbIe MO BaKLIMHALIMU XEHIIIUH
cTapiie 25 JieT, HaXOAUBIIUXCS oA HaOJI0JeHUEM
B TedyeHUe 7 JeT, mokasaju, 4To BakumHa BITY-2
npenoTBpaiiaeT MHMEKIUIO, UTOJOTUYEeCKre
aHOMaJIMM U TopaxkeHus, cBsa3aHHble ¢ BITY16/18.
Ilpu mpoBeneHWU AOATOCPOYHOIO HCCICAOBAHUS
Bak1MHBI mpotuB BITY16/18 y )XeHIIIUH B BO3pacTe
18—25 net Ha 11-M romy uccienoBaHUs YCTaHOBJIE-
HO, uTo BITY-2 achhexTBHA MPOTUB CTOHTAHHOTO
paszButus CIN16+ u CIN18+, a kymynsiTuBHasT 2 -
GEKTUBHOCTH BaKIIMHBI cocTaBisiiia 97,4% u 94,9%
cooTBeTCcTBeHHO [83]. Hapsiny ¢ BBeAeHUEM BaKIlU-
Hbl BITY-4, KOoTOpyl0 MCHOJb30BaJU B ILIMPOKOM
BO3pacTHOM auana3zoHe, BITY-2 Tak:ke BbI3bIBaJia
CWJIbHBIA UMMYHHBIN OTBET y XEHIIIMH B BO3pac-
Te 10 55 net. HecMoTpst Ha TO, YTO TUTP aHTUTEN
y XKEHIIWH B Bo3pacTe 26—55 JileT ObLI HUXE, YeM
y 0oJiee MOJIOABIX XKEHIIMH, B Bo3pacTe 15—25 ner,

crycts 4 roga Tutp antuTea K BITY 16/18 Bce eme
ObLJI B HECKOJIBKO pa3 BbIIIIE, YeM ITPU €CTECTBEHHOM
BITY-undexkunu [93, 96]. B uccienoBaHusIX Bak-
uuHbl BITY-2 ¢ yyactuem okoso 1000 xXeHIIUH cTe-
MeHb MOpakeHUsT BYJIbBbI, BbI3BaHHBIN BITU-16/18,
Ob11 cHUXeH Ha 50% y TIPUBUTHIX 1O CPaBHEHUIO
¢ HenpuBuThIMHU [61]. HecMOTpst Ha TO 4TO BaKIM-
Ha BITY-2 noteHLMalbHO 00ecreYuBaeT MEHbIIYIO
3aluUTy oT AByX TumoB BITY, yem BakumHa BITY-4,
OHa OKasbIBaeT Jyullee MpoduIaKTUYEeCKoe Ieil-
CTBUE Ha MPOTrpecCUpylonine mopakeHusl.

B nexabpe 2014 r. komnanusg Merck (CLIA)
BBIITYCTMJIa HOHABaJIeHTHY10 BakLMHYy — BITY-9,
a KoHCyTbTaTUBHBIN KOMUTET IO IPAKTUKE UMMY-
Huzauu (Advisory Committee on Immunization
Practices — ACIP) pexomenaoBan BITU-9 B kaue-
CTBE OTHOW M3 TpeX pa3pelIeHHBIX BAKIINH ITPOTUB
BITY » HazHayM M1aHOBYO BaKIIMHALIUIO Ha (peB-
panb 2015 r. IMpousBoacTBo BakuHbl BITY-9 BbI-
MOJIHSJIOCh aHAJOTMYHO CHOCO0y MPOU3BOACTBA
BakLMHbI BITY-4, HO JOMOJHUTENBHO BKJlOo4Yajaa
ewne nsath TunoB BITY, obecneunBast, Takum obpa-
30M, 3amuty ot BITY renorumos 6, 11, 16, 18, 31,
33, 45, 53 u 58. Ilo pe3yabTaTaM KJIMHUUYECKUX UC-
cinepoBaHuii BakuuHa BITY-9 moxeT mpenoTBpa-
math 10 90% ciaydaeB paka MIeWKU MaTKu [29].

bei1  npoBeneH aHaau3  3(PEHEKTUBHOCTU
M UMMYHOTeHHOCTM BakuuHbl BITY-9 y Gonee
yem 14 000 keHIIMH B Bo3pacTe OT 16 mo 26 jer.
AddpekTuBHOCT, BakKuMHbI NpoTuB CIN2+, no-
paxeHuii ByJbBbl VIN2+ (Vulvar intraepithelial
neoplasia — VIN) u Bnaranuiua, BeizBaHHbIX BITY
31, 33,45, 52 u 58, cocraBuia 96,7%. KanHudyeckue
ucciaeqoBaHUS mokasajau, 4yTo BakuuHa BITY-9
B 97,4% cnydaeB 3allMIIaeT OT MOPaXKECHUN IIei-
KW MaTKW, BYJIbBBI U BJIaraJIdIa BEICOKOI CTETICHN
3JIOKQYeCTBEHHOCTH Yy XEHIIWH B Bo3pacTe OT 16
10 26 net [53].

HecMmoTps Ha cTo/ib OOHaEeXXMBAIOIIME PE3YIb-
TaThl U3-3a pa3JIMUYUUl B paCIPOCTPAHEHHOCTU KOH-
KpeTHbIX TUTIOB BITY, a Takxke ns noaeii pa3HbIX
pac u Jironeid, MpoXUBaOIINX B pa3HbIX PErMOHAX,
3alMTa odecneuyrBaeMasi BaKIIMHOM, CYIIECTBEH-
HO oTJinyaeTcs. Pe3yinbpraThl ypOBHS 3alIUTHI, T10-
JIVYEHHBIC TIOCJIe BaKIHWHAIIWW, MPU Pa3IUIHBIX
MOCTPErUCTPALIMOHHBIX KCCIAEIOBAaHUSIX COCTa-
BuIIM okouio 87,7% B Asun, 91,7% B Adpuke, 92%
B CeBepHoit AMmepuke, 90,9% B EBporie u 86,5%
B ABcTpanuu [110].

HNccaenoBanma BakumH BITY-2 n BITY-4 nmoka-
3aJI1, YTO UMMYHOT€HHOCTb ABYXJA030BbiX BITY-2
u BITY-4 BakiuH Obljla HE XyXKe Y I1eBOYEK B BO3-
pacte 9—14 5eT npu CpaBHEHUU C KEHIIMHAMU
B Bo3pacTe 15—26 7eT, TMOJYYMBIIMX TPU JO3bI
BakLMHBI [61, 62]. BblJIO MpoOBeAeHO BBEAEHUE TPEX
JIOTIOJTHUTENbHBIX 103 BakLMHbI BITY-9 y nmauwm-
€HTOB, paHee BakLIMHUpoBaHHbIX BITY-4, omHako
KJWHUYECKasT 3HAYMMOCTb JOIMOJHUTEIbHO 3a-
GUKCUPOBAHHBIX MSATH TUTPOB aHTUTEJ, KOTOPEIE
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oKaszaJIuCh HUXKE, TTOKa Heu3BecTHa. B HacTosIiee
BpeMsi BcemMupHasi opraHusanusi 3ApaBOOXpaHe-
Hus (BO3) yrBepauia BapuaHT IBYXJI030BOI Bak-
HUHALUKU IJI1 MaJbUMKOB U JAEBOYEK B BO3pacTe
9—14 neT, a TakXXe TPEeX/I030BOM BaKIIMHALUU IJISI
Jronei B Bo3pacte oT 15 jet u ctapuie. [1pu satom
pelieHue 00 UCIT0JIb30BaHW Y ONPEAEIeHHOTO TUIIa
BaKIIMHBI ITPUHUMAETCA B MHAMBUAYaJTbHOM I10-
panxe [34, 96].

KnroueBoit 0COOEHHOCTHIO COBPEMEHHBIX MPO-
buNakTUYECKUX BaKIIMH C UCIIOJb30BaHHUEM BU-
pycomono6Hbix vactull (L1 VLP) gBusgerca ux
CITOCOOHOCTh CHNOHTAaHHO 0OpPa30BbBIBATH BUPYCO-
nono0OHbie yacTulibl VLP, obnangaloiine BhICOKOI
MUMMYHOTeHHOCTbhIO [53]. BblJ10 yCTaHOBJEHO, YTO
BaKILIMHBI Ha OCHOBe Oenka L1 obecrieunBaioT nNpo-
dunaktuyeckyto 3amuty ot BITH. B HacTtosui
MOMEHT OOJIbIIOH MHTEPEC BBI3bIBAECT M3yUYEHUE
BaKIIMH Ha ocHOBe Oenka L2, obysagaromux 6osee
IIUPOKUM CIeKTpoM 3amuThl. benok L2 saBasert-
Cs1 BBICOKOKOHCEPBAaTUBHBIM U HEe 00pa3yeT CITOH-
TaHHBIX BUPYCHBIX YaCTHUII, YTO TaKXe MPUBOIUT
K 00pa30BaHUIO TUTPOB HEUTPATU3YIOLIUX aHTU-
TeJI, HO UX YPOBEHb ropa3ao HUXKE MO CPAaBHEHUIO
C TUTpPaMH, WHAYLUPOBAHHBIMU TOMOJIOTUYHBI-
MU BUpycHbIMU yacTullamu L1 [107]. Pe3ynbraTsl
MPOBENECHHbBIX MUCCAEAOBAHUI MOKa3aau, YTO pe-
KOMOUMHaHTHO-3KCIIpeccupyeMblii Tun Oenka L2
MOXeT JeHCTBOBATh MPOTUB MaNUJIJIOMaBUPYCHOMU
UHGpEKIIMU KaK UMMYHOT€H, HO €r0 CIIOCOOHOCTh
UHIOYLUPOBATh BBIPAOOTKY HEUTPAJIU3YIOIIUX aH-
TUTEJ sABJIsieTCs HU3Koit. [ToaToMy npu pa3pabdbor-
ke BITY BakiimHbl Ha ocHOBe Oesika L2 ocHOBHOM
3a7ayeil SIBISIETCS TOBBILIEHUE €€ WMMYHOIEH-
HocTUu. OOHUM W3 BapuUaHTOB pElLIEHUS TaHHOTO
BOIpOCa SBJSIETCS CIWUSIHUE BUPYCHBIX YacCTUIL
tumna L2 ¢ UMMYyHOCTUMYJTUPYIOIIUMU MOJIEKYIa-
MU. B yacTHOCTM, OMMCAHO UCIIOJIb30BaHUE OaK-
TepuanbHoro duarennuHa (FLA), saBasiomerocs
auranaoM TLRS, cauTtoro ¢ 6enkom L2, ¢ no6aB-
JIECHUEM aJIIOMUHUS B KauyecTBE allblOBaHTa, YTO
obecreynsio NJIMTENbHBIA UMMYHUTET Yy Jlabopa-
TOPHBIX XMBOTHBIX [54]. Kpome Toro, skcrpec-
Ccusl MENTUIOB B OEJIKax-HOCUTEISIX U B (opMax
BupycononooHsix uvactull (VLP) gBasercsa euie
ONHUM CHOCOOOM TOBBIIIEHUS WMMYHOI€HHO-
ctu. Umeetcss uHpopMauus o co3gaHuu aropoit
BaKLIMHBI Ha ocHOBe VLP, conepxalieil KopoTKuit
nentua L2, uHAynupyoiei BbIpadboTKy HIUPOKO-
IO CIIEKTpa UM BBICOKOTO TUTpPaA 3alUTHBIX aHTU-
tea [100]. Mcnonb3oBaHUE CUJIbHOASHCTBYIOLINUX
aJIbIOBAHTOB, TAKUX KaK TUIPOKCHUJ aTIOMUHUS/
MoHodochopunnunua A (MPL), aBiusgercsa npo-
CTEUIIUM CITOCOOOM YCUJICHUS NEHUCTBUS TaHHOTO
TUMa BakKuWH [6, 91]. B 6yayiieM ecTh MepcrneKTH-
Ba CO3JaHUs BaKILIMH Ha ocHoBe yacTtul VLP L2,
a 111 NpOPUITAKTUKU U JICYEHU ST TIOJTHOTO CIIEKTpa
3a00J1eBaHU Il MpeAnogaraeTcsi co3aaHue BaKIUH,
Ha OCHOBe KOMOWHaluu aHTureHos [61]. K mpu-

Mepy, KoMOMHauu BUpycHBbIX yactun L2/L1, L2
B couetaHuu ¢ 6enkamu E6/E7, a Tak:ke mepexon
OT TeKYyIIMX MOHOTUMIIMYECKMX CIUSIHUI BUPY-
COnoJoOHBIX YacTull L2 K MYyJbTUTUIIUNYECKUM
MOTYT OBITh MCIIOJIb30BaHBI 51 MPOMPUITAKTUKU
3a00JIeBaHU 1, BbI3BAHHBIX OOJIBIIMHCTBOM IO/~
TunoB BITY. Takxe cyliecTBYIOT NpoOiaeMbl, ogHa
M3 KOTOPBIX 3aKJI0YaeTCsl B BBICOKOW CTOMMOCTHU
BakuuHbl VLP tuna L1, Ha ocHoBe Saccharomyces
cerevisiae, a npyrast — B ToMm, 4yTo L1 VLP He numeeTt
MEepEeKPECTHON 3alUMThl U MOXET IMpeaoTBpallaTh
UHGEKINIO, BBI3BAHHYIO TOJBKO HECKOJbKUMU
noatunamu BITY, 3a cuet yBeaudeHus1 Turnos VLP,
YTO SIBJSIETCSI TPUUYUHOMN BBICOKOM 1IE€H bl BAKIIUHBI.
Hosblit LeneBoit antured Tuna L2, npeanoyaraet
MCMOJIb30BaHUE 3alMTHI LIIUPOKOTO CIEeKTpa, YTO
obecrieurBaeT NpoGUIAKTUKY MPOTUB HECKOJb-
kux noatunoB BITY [51]. OnHako oH obGiamaeT
HU3KOW UMMYHOTE€HHOCTBIO, UTO SIBJISIETCS OCHOB-
HOM mpobyieMoli mpu pa3padoTKe BaKIIUH JaHHOTO
TUMA, a TUTPbl UHAYLIUPOBAHHBIX UM HEUTpau-
3YIOLIUX AaHTUTEJ HAMHOIO HUXKE, YeM Y BaKIIMHBI
Tuna L1 VLP [101].

Takum obpazomM, pazpadoTka BITH BakiMH TN
VLP-LI HanpaBjieHa Ha CHUKE€HUE MaTepUuaIbHbIX
3aTpaT U MOBBIIIEHUE CTOMKOro MMMYHUTETa Op-
ranusMa npotuB BITY-uHdbekuu, a pazpadborka
BaKIIMH Ha ocHoBe Oejika L2 — Ha MmoBbILIEHUE
UX UMMYHOT€HHOCTU M, B COY€TAaHUU C APYTUMU
aHTUTEHaMU, IJ151 AOCTUXEHU ST LU POKOTO Mpodu-
JaKTUYECKOTO U TepaneBTUUYECKOro aggekTa.

Bo3HMKHOBEHUE paka IIEMKW MaTKu CBsi3a-
HO C TakuMu ¢dakTopaMu, KakK IJUTETbHO CYy-
HiecTByoIIas (rmepcuctupytomiasy) MUHGEKIUsI
BITY u comatnyeckue MyTallMyi reHoOMa XO3sIMHa.
Ilepcuctupyroiiasi MHGEKIUS BBICOKOIO pUCKaA
(BITY16/18) sBasieTcst Hanbojee Bask HbIM (haKTo-
POM B pa3BUTUM JaHHOI'O BUAa paka [5, 21, 36, 103].

OCHOBHBIM MTPUHIIMIIOM JIEUEHHUS paKa KU
MaTKMU SIBJISIETCS KOMIJIEKCHBII ITOXO, BKII0YAIO0-
LU XUPYPTUYECKOEe yAaJeHUue HEOMIacCTUYeCKUX
obpa3oBaHUi (C 00513aTeIbHBIM TUCTOJIOTUYECKUM
HUCCIeIOBAaHUEM) U IPUMEHEHUE UMMYHOMOAYIU-
pylommux mpenapatos [4, 9, 18, 26, 50, 92].

B kauvecTBe OOMOMHEHHUS K XUPYPTrUUECKOMY
BMEIIATEIbCTBY AJIS MTPEeIOTBpalleHUs PELUIUBOB
paka 1 Kak OCHOBHOIi CITOCO0 JieueHU ST UH(PEKLIU U,
BbI3BaHHOI BITY, Obl1M pa3dpaboTaHbl TEpaNeBTU-
yeckre BaKIMHBI. OXHUIaeTcs, 4TO CYILIECTBYIO-
IIMe B HACTOSIIee BpeMsl TUIMbI TEPANEBTUUYECKUX
BakKIIMH OyAyT BbI3bIBaTh OoJiee 3(hdEeKTUBHbIE
UMMYHHBI€ OTBEThl. BOJIBIIMHCTBO 3TUX BaKLMH
OPUEHTHPOBAHO Ha aHTUreHbI-MulneHu E6 m E7
U TIpeAHa3HauyeHO MJI aKTUBAllUU CUCTEMHOTO
KJI€TOYHOTO HMMMYHUTETa, BBI3BAHHOTO IIUTO-
TOKCHMYyeckuM oTBeToM T-numdpouuTtos (LITI),
HaIpaBJEHHBIX HA YHUUTOXEHUE KJIETOK, UHU-
uupoBaHHbiXx BITY. Tem He MeHee MHOrue Tepa-
MEeBTUYECKUE BaAKIIMHBI, KOTOPbIE MTOKA3aJU T0JIO-
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XKUTeNbHbIE NOKJIMHUUYECKHE Pe3yJbTaThl, B KJIU-
HUYECKMX UCTIBITAHUSIX paboTaloT Hed(hHEeKTUBHO,
M CYLIECTBYET HEOOXOAMMOCTh ONTUMU3ALMU YXKe
JEUCTBYIOIIMX CXEM BakKLMHALIMM U pa3pabOTKU
HOBBIX COBPEMEHHBIX BaKLIMH C TepareBTUYECKUM
JNECTBUEM.

Jlns nedeHus 3abojieBaHUM, BbI3BaHHBIX BITY,
CYLIECTBYET 4YeThIpe THUIIa TepareBTUUYEeCKUX Bak-
LIMH, HAXOASIIMXCS Ha pa3HbIX CTaaAUSIX pa3pabdboT-
KU: XVBbIe BEKTOPHbIE BaKILIMHBI, O€JIKOBbIE BaK-
LMHBI, BAKILIMHBI HA OCHOBE HYKJIEUHOBBIX KUCIOT
U LeJbHOKJIETOUHbIE BaKLMHBbI. MexaHU3M Jeii-
CTBUS 3TUX BaKIIMH 3aKJIIOYaeTCs B TOCTaBKe 11eJie-
Boro aHTureHa K AIIK, aktuBauuu crneuudpuyec-
kux ajasg BITY nuToTtokcmyeckux T-mumMpouunTon
(UTJ) tuma CD8 u orBeTtoB T-muMOOLIUTOB-
xenrepoB Tua CD4. Oukonporenrsl E6 u E7 8-
JISIIOTCS ABYMS$1 HauboJjiee BaXX HbIMU aHTUTEHAM M-
MUIIEHSIMU 151 TeparneBTudyeckux BITY-BakuuH,
UTpalOT pojib TpaHCHOPMUPYIOLIUX OETKOB, yda-
CTBYIOIIMX B BO3HUKHOBEHMM M MOAJEpKAaHUU
3JIOKQUECTBEHHBIX OMyXoJieil, 1 Haubosee Mupo-
KO HCHOJBb3YIOTCS B COBPEMEHHBIX pa3paboTkax.
bosabiryo poiab UrparoT BaKIMHBI, pa3paboTaH-
Hble Ha ocHoBe aHTuUreHa E2. E2 aBnsercs orpuna-
TeJbHBIM peryastopoM E6 u E7, u ero skcnpeccust
Npu MpeapaKoBbIX MOpaxkeHU X (B OCHOBHOM Tep-
BUUYHBIX) TOpasno Beilie, yueM y E6 u E7, mostomy
BaKLMHBI TUna E2 Mcnoab3yloTcsi, B OCHOBHOM,
JIJ1s1 IeUeHM ST TIpeApaKOBbIX MOPaXXeHU M, OCTPOKO-
HEUYHBIX KOHAUJIOM U APYTUX, MEHEE arpeCCUBHBIX
BITY-3ab6o0neBanuii [7, 93].

KuBble BEKTOpPHBIE BaKILIMHBI MOXHO pa3sje-
JUTHh Ha JBE KaTeropuu: OakTepuabHble U BU-
PYCHBIE BEKTOPHbIE BaKLIMHBI. [J1s1 JaHHOro TUmna
BaKIIMH MCHOJIb3YIOTCSI OCabJeHHble (aTTEHYU-
POBaHHBIE) BEKTOPHbIE HOCUTEIU, KOAUPYIOIIUE
reHbl cneuuduueckux antureHos BIIY (E6, E7),
3alycKamplllie periukaluio B KJeTKaX-xo3sie-
Bax U MHAYLUPYIOLUINE UMMYHHBIN OTBET IPOTUB
BITY [109]. DTu BakLMHBI 001a1aI0T BLICOKOT UM-
MYHOI€HHOCTBIO M MOTYT BbI3bIBAaTh CUJIbHBIN T'y-
MOpaJdbHbIM M KJETOYHBINA OTBeThbl. UMMYHHBIH
OTBET OpraHM3Ma Ha caM BEKTOp (BaKILIMHY) MOXET
ObITH CUJIbHEE, YeM HMMMYHHBIII OTBET Ha COOT-
BETCTBYIOIIWM aHTUTEH U JaHHbII (QakT sBsIETCS
NpensITCTBUEM JJIS1 UCITOJb30BaHU ST BAKILIMH Ha OC-
HOBe XUBBIX BeKTOpoB [103].

baktepuanbHble BEKTOpPHbIE BaKIMHbI MOTYT
ObITh CUHTE3UMPOBAHBI HA OCHOBE OaKTepuaJbHbBIX
mTaMMoB: Listeria monocytogenes (Lm), Lactobacillus
casei (L. casei) u Salmonella (SE), u ucnonab3zoBa-
HbI B KJIMHUYECKUX UCIBITAHUSIX, HO B LIEJIOM UX
pa3paboTKa sBJISIETCS OrPaHUYEHHON M3-3a MpOo-
0JieM ¢ 6e30macHOCTbIO U (P HEKTUBHOCTHIO. TeM
He MeHee TakKue BaKLIMHBI SIBJSIOTCS BaXKHOM ya-
CThIO pPa3paboOTKU TepareBTUYECKUX BaKIIWH.
K npumepy, BakuuHa ADXS11-001, usBecTHas
kak ADXS-HPV, npencraBisieT co0Oil >XUBYIO

aTTeHYUPOBAHHYIO OaKTepUalbHYI0 BEKTOPHYIO
BaKIIMHY Ha OcHOBe Listeria monocytogenes (Lm).
AHTUTEH BaKIMHbI COCTOUT U3 YeEJOBEYECKOIO
BITY-16 E7, cautoro ¢ ycedeHHBIM HEreMOJIUTH-
YyecKUM (pparMeHTOM MOpPooOpa3yIollero TOKCMHa
auctepuoausnHa O (listeriolysin O — LLO), u nep-
BO€ KJIMHUYECKOE HCCJiefOBAaHUE BAaKIIMHBI ObLIO
npoBeaeHo B 2009 1. [69]. Listeria monocytogenes
(Lm) npencrtaBiisieT coboii IpaMIIOJOXUTEIbHYIO
¢dakyJIbTaTUBHYIO BHYTPUKJIETOUHYIO OaKTepulo,
KOTopasi AJisi MPOHUKHOBEHUS B KJIETKY XO3siMHa
B3aUMOJEUCTBYET C peleNTOPHBIM OeJKOoM. B oT-
JIu4yue OT APYTrux OakKTepuil, OHa UCIIOJb3yeT MO-
poobpasyromuii TokcuH LLO u ¢pochonunazy C
(phospholipase C — PLC), 4uTo mo3BoJisieT eii BbI-
XOMUTh U3 (arocoMbl KJIETKU-XO3siMHA B IIUTO-
mjaa3sMy KJIeTKU-Xo3siuHa [46]. s akTuBaluu
aJanTUBHOIO OTBeTa aKTUBUPYIOTCS JBa MYyTHU
rJIaBHOrO KOMITJIEKca TUCTOCOBMecTUMOCTU (Major
Histocompatibility Complex — MHC). CuHauana
s 6aKTepuii, MOABEPruIMXCs AEUCTBUIO (aro-
coM, aktuBupyetrcsa nytb MHC knacca II, koto-
poiii ctumyaupyetr T-kiaetku CD4, a 3atem aJis
0aKTepMii, KOTOpbIE YCIIELIHO M30eraioT (parocom
KJIETOK-X03s1MHa, ucrnojab3yetrcsd nyTb MHC kiac-
ca | nyig u3BaeYeHUS MOJUIIENITUIOB U3 OaKTEpU-
aJbHBIX aHTUTE€HOB C MOCJEAYIOLIUM UX MPeacTaB-
JICHWEM Ha MOBEPXHOCTU KJIETOK-X0351€B, IIPU 3TOM
npoucxoauT akTuBauus T-kiaetok CDS [31].

B knuHuyeckom ucciaemoBanuu gassl I1 oeHu-
BaJjlach 0€30MacHOCTb U 3D (PEKTUBHOCTb BaKI[UHbI
ADXSI11-001 y manuMeHTOK ¢ peluIVBUPYIONIUM
pakoM IIEeMKW MaTKU TOoCJie XUMUOTepanuu WJIu
JIly4yeBOU Tepamuu. AHaau3 pe3yJbTaTOB HUCCIe-
MIOBaHM S TOKa3aj, YTO MEPEHOCUMOCTh BaKIIMHBI
ADXSI11-001 rpynmoii MOHOTepanuu Obljia XOpo-
11asi, a B rpyImne KOMOMHUPOBAHHOIO JIeUeH U, T1Ie
B IOTIOJIHEHME UCTTOIb30BaJICS [IMCIJIATUH, HAOJII0 -
J1aJ10Ch MHOTO IMTOOOYHBIX peaknii. YacToTa ob1eit
BbIXkuBaemocTu (OB) B AByx rpynmnax nokasaja, YTo
34,9% manueHToB nocturiu OB B TedeHue 12 me-
csareB, a 24,8% — nocturnu OB B Teuenue 18 Mecsi-
neB. Pe3ynbTaThl SIBASIOTCS OOHaIEXMBAIOLIUMU
U TpeOyIOT AajbHeliliero udyuyeHus [18]. Eie onHa
BaknmHa GLBL10lc — npou3BoauUTCS C MOMOIIBIO
TEPMOATTEHYUPOBAHHO peKOMOMHAHTHOI OaKTe-
puu Lactobacillus casei (L. casei), 3KCIpecCUpyIO-
et MmyranTHbii BITY-16 E7, u gaBisercs Bakiy-
HOI, ucroab3yemoli mepopaljibHo. KinHuuyeckue
ucnbiTaHUS BakKIIMHBI B ha3e I/1la mokaszanu, yto
BakimHa GLBL101c MoxeT BbI3bIBaTh PErpeccuio
CIN 16, cBsa3anHoro ¢ 6eakoMm E3 BITY, a yacrora
perpeccuu ot CIN 3 k CIN 2 coctaBunia 80% nociie
9 HeneJsib JieueHU s BaKIIMHOM [55]. B rccienoBanuu
3¢ HEeKTUBHOCTU U MOOOYHOTO JAENMCTBUS BaKIU-
Hbel GLBLI10Ic y nmantuenToB ¢ CIN 2, pe3yabraThl
HE TTOoKa3aJu HUKAKUX CEPbe3HBIX MOOOYHBIX pe-
akuuit. Mcye3HoBeHUE BcCeX IMAaTOTE€HHBIX 0YaroB
(mosHbIM oTBET, complete response — CR) y rpyn-
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nbl, BakumHupoBaHHoit GLBL101c, u rpynnsl ria-
ne6o cocrasmuiio 11% ciyuyaeB u 0% ciydaeB cOOT-
BETCTBEHHO, a cyMMapHasi 23ddeKTruBHas 4acToTa,
XapakTepusylollasi MCUYe3HOBEHUE BCEX MaTOreH-
HBIX 0YaroB U YMEHBIIIEHE CYMMBI UX JUAMETPOB
MmeHee yeM Ha 30% (wacTUYHBIA OTBeT, partial
response — PR), coctaBuia 22% [52]. PesynbraThl
HUCCeIOBaHUS MoKa3aJid, YTO KJIUMHUYecKas >3-
(GeKTUBHOCTb BaKIIMHBI HEBBICOKA U CYIIECTBYET
HEO0OXOIMMOCTb €€ JOPadOTKU.

BakiimHbl Ha OCHOBE BUPYCHBIX BEKTOPOB, TIe
UCHOJIB3YIOTCS aJeHOBUPYCHI, aAeHOACCOLIMUPO-
BaHHbBIE BUPYCHI, ab(paBUPYChl, JEHTUBUPYCHI
¥ BUPYCHI KOPOBbEI OCITBI, SIBISIFOTCS CAMBIM MHO-
roo0OelaniyuM U HauboJee LIMPOKO LUTUpYe-
MBIM BapuMaHTOM BakKIMH C Je(UIIMTOM peIInKa-
uuu [42, 66]. TexHOIOTUsI U3TOTOBJICHUSI BEKTOPOB
Ha ocHoBe ajieHoBUpyca (AD) siBisieTcs nepeaoBoit
1 HauoOosiee BbIUMTPBIIIHON [10]. OcoBGeHHOCThIO
AD-BeKTOpPOB SIBISIETCS WX CIHOCOOHOCTb BBI3bI-
BaTh CWJIBHBIN CUCTeMHBINA OTBeT T-TMM(pOIIMTOB
W CTUMYJMPOBaTh BBIPAOOTKY BBICOKOIO THUTpa
CBIBOPOTOUYHBIX AHTHUTEN IIOCJIe BHYTPUMBIIIEY-
HOUl mMMyHU3auuu [17]. B KauecTBe BaKIIMUHHOTO
BEKTOpa HauOboJiee IIUPOKO UCIIOJb3yeTCsl aje-
HoBupyc ADS, gaBasiolmiuiicss Haubojee pacrpo-
CTpaHEHHBIM CEpPOTUIIOM uYejoBeKa. BekTopHas
TEXHOJIOTU S, C UCMOJb30BAaHUEM HECKOJIbKUX Ce-
potumnoB AD, nocTuria Xopouux pe3yjabTaToB Ipu
BaKIIMHAIIMM Pa3JIMYHBIX 3a00JIeBaHMW I, BbI3BaH-
Hbix BITY [38]. WccrnenoBaHbl TepamneBTUUYECKUE
BakLMHBI AD1 1 AD3 ¢ nedpuuuToM penaukaliumn
nmenenuu E26/E35, skcnpeccUpYOIIMX CIUTHIA
6enok BITY16 E6/E7. MMMyHU3alus OaHHBIM
0OeJIKOM MBbIIIel BbI3Bajla CUJbHBIN criennuduyec-
kuit orBeT T-kneTok tuna CDS8, ¢ nocienyroiei
cekpelmeil MHOroyHKIIMOHAIbHBIX [TMTOKUHOB,
ONHaKo creuuduyeckoro T-KJIETOYHOro OTBETa
CD4 oo6HapyxeHo He Oblo [31]. ToT ke a3 dekT,
HaIpaBJEHHbBINA Ha JIeYeHUe BCeX CTaau i 3a0oJieBa-
HUs, BbI3BaHHBIX BITY-uHbeknei, aexxut B oc-
HOBE paboThl APYruX TepamneBTUUYECKMX BaKIIMH
AD26 u AD35, sKCIIpeccUpyIomux paHHue 0eJKu
E2/E6/E7 BI1U16/18. Xopoiue pe3yabTaTbl Kak
IO BBICOKOII MMMYHOT€HHOCTH y MBIIIIEN, TaK 1 Ha
mojaenu onyxoju TC-1 nano ucnojib3oBaHUE aHTU-
reHa E2 B couetaHuu ¢ BapyaHTaMu N-KOHIIEBOTO
ciusiHus 6enkoB E6 u E7 ¢ obpa3zoBaHueM IBYX
aHTUreHos [57].

Bupyc kopoBbeil ocnbl TpeacTaBisieT coOoit
nByxuemnoueuHbiii JJHK-Bupyc ¢ 60abpuM U cTa-
OUJIBHBIM TE€HOMOM, KOTOPBIi MOXET 3KCIIPEeCCH-
poBaTh O00JbIIOE KOJIMYECTBO aHTUTEHOB. OH 1IU-
POKO MCHOJb3YETCs B KaUeCTBE UMMYHOI'€HA U XO-
pouro nepeHocutcs. TA-HPV npencrasiiser coboit
KUBYIO DPEKOMOMHAHTHYIO BakKIIMHY Ha OCHOBE
BUpPYCa OCMOBAKIIMHBI, KCIIPECCUPYIOLIYIO OETKU
BITY16/18, E6 u E7. B paHHeM KJIMHUYECKOM UC-
cnegoBanuu ¢das3wl I/I1 ¢ ygactuem 8 mammeHTOB

C pacrnpocTpaHEHHBIM BapMaHTOM pakKa IeUKU
MaTKu, BeI3BaHHBIM BITY, y 3 maneHTOK oOHapy-
KEH crieludruYecKrii OTBET aHTUTEN, a crienudu-
YEeCKUI HIUTOTOKCUYECKUN OTBET T-TuMGOILIUTOB
BITY 6611 06HapyKeH y oAHOro namueHTta. B skc-
nepuMeHTe C UCTIoNb30BaHMEM BakiMHbBI TA-BITY
M LIMCIIJIaTUHA Ha MBIITMHOM Moneiu oty xoyiu TC-1
ObLI MoJIy4eH OoJsiee cuibHbI E7-crieninduyeckuii
otBeT T-muMmdponntos CDS [63].

PekoMOWHaHTHBIN BUpPYC ocmoBaKIMHBI M VA
E2 npencraBisieT coboil BUPYC KOPOBBEU OCHbI
Ankapa (Modified Vaccinia Virus Ankara — MVA),
coiepxXaluii 6eJ10K BUpyca ManujaJoMbl KPYITHOTO
poratoro ckota E2. BBeaeHHBII1 B KaueCTBE UHTU-
outopa skcrpeccuu 6enkoB E6/E7 u E2 B KiieTKHU
X03s5IMHAa, KOMITJIEKC MOXET MHTMOUPOBaTh aKTUB-
HOCTh E6 m E7, n3neumBas mmpeapakoBbie TOpake-
HUS U Jaxe UHTUoupys pak. bbljgo moka3zaHo, 4TO
komruiekc MVA E2 npenoTBpalllaeT poCcT OMyXO-
Jiell y JyesjoBeKa M MbIlIelt U UHAYLMPYET perpec-
CUI0 oTyXxoJieil y KpoJinkoB [86]. Bakiimay M VA E2
TaK>Xe WCIOJb30BaIU AJ51 JIeUeHUS] aHOTEHUTAJIb-
HBIX UHTPA3IUTEJINATbHbBIX TTOPaXKeHU, BbI3BaH-
Hbix BITY. B 2014 r. B KJIMHUYECKOM HCCJIeIOBa-
Huu 111 dasel ¢ yuactuem 1356 manueHTOB (MYXK-
YUH U XEHIIUH) o011as 23(pHEeKTUBHOCTD JIEUSHUST
nopaxeHnuii CIN cocraBuia npumepro 90%, npu
5TOM Yy BCeX MallMEHTOB-MYXUYHWH HabJ101aJ1ach UX
nojiHasg spaaukanus [87]. B KnTuHuyeckux ucce-
noBaHusx ¢assl /11, olileHMBaIOIKX BO3MOXHOCTh
NPUMEHEHUS TeparieBTUYEeCKUX BaKIIMH, BAKIIUHY
MVA E2 ucnonb3oBajau JIJisi CHUXEHUS BEPOST-
HOCTM pelMANBa PeCIUPATOPHOTO MaMUJIIOMATO-
3a (Recurrent respiratory papillomatosis — RRP):
13 cnyuaeB (44,8%) nopaxkeHuit ObLIN MOTHOCTHIO
ycTpaHeHBI, a 16 cinydaes (55,2%) nopakeHuii gaau
peuuanB depe3 6—18 MecsilieB TOcie JIeUYEHUS.
BriocnenctBuu, mocie BTOPOro payHIa Tepamnuu
MVA E2, cuMIITOMOB HOBBIX PEUMAMBOB HE Ha-
OJ1101a]TI0Ch, UYTO yKa3blBaeT Ha XOPOIUMI MOTEH-
nuajn BakuuHbl MVA E2 11 nocTUKeHU s TIOJTHOU
perpeccuu nopaxeHuiit RRP [25].

Baknuna TG4001 skcnpeccupyer BITU16 E6/
E7. B uccnenoBanuu, oneHuBalwlleM ee 6e3ormac-
HOCTb 1 3¢bheKTUBHOCTH y mantmeHToB ¢ (CIN) 2/3,
y 7 u3 10 manmenToB kiaupeHc MPHK BITY 16 6b11
CBSI3aH C IIMTOJIOTUYECKON U KOJBIIOCKOTTMYECKOU
perpeccueit CIN 2/3 [22]. DTu MHoroo6euaolime
MaHHBbIE TPEOYIOT JaJibHEUIIero u3ydyeHus Tepa-
neBTUYecKoro aeicteus BakumHbl TG4001.

Apyryio TepaneBTUYECKYI0 ITPOTHBOPAKOBYIO
BaKIIMHY, CIEeJaHHYIO Ha OCHOBe aJjb(daBupyca
Vvax001 u skcnpeccupymoinyio BITU16 E6/E7, one-
HUWBAJIM Ha JTIOASX B OTHOLIEHU UMMYHOJIOTYec-
KOl aKTUBHOCTH, 0€30MacHOCTU U IEePEHOCHUMO-
CTU B IepBOM uccienoBaHuU (asbl [. PedynbraTsl
nokasaJjii, YTo UMMYyHU3aus BakuHoi Vvax001
ObL1a 6€30MacHO U XOPOIIIO MepeHOCUIaCh Malu-
eHTaMH, a B MECTe MHbEKIIMU HaOJII0MaJUCh JIer-
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KHe peakluu, IpuBoasime K T-KJIeTOYHBIM OTBE-
tam CD4" u CD8" npotus antureHos E6 u E7 [59].

Hennoxue nepcriektuBbl aas jdedeHuss BITY-
aCCOLIMMPOBAHHBIX PAKOBBIX 3a00JI€BAaHU UMEIOT
penInLMpPYyOLIMecs] BUPYCHbIE BEKTOPHbIE BaKIIU-
Hbl HA OCHOBE MEHUCTHIX BUPYycoB (foamy virus —
FV). PeniukaunMoHHO-aKTUBHBIE MEHUCTbIE BU-
pychol (FV) MoryT nuHTerpupoBaTh B FeHOM XO3sIMHA
M 3anyckaTb MMMYHHYIO Tlepeaadyy CUTrHaJIOB, YTO
NPUBOAUT K YCTOMUYMBON 3KCOPECCUU aHTUTEHaA
M HaAeXXHOMY UMMYHHOMY OTBeTy. B oTnesbHOM
HUCCIeTOBAaHUM B KaueCTBE KapKaca 1J1s1 TepareBTHU-
4yecKoil JocTaBKu anuTornoB B- u T-kaeTok in vitro
ObLJ1 MCHOJb30BaH O€JI0K KOLIaYbero IMEeHUCTOTO
Bupyca (feline foamy virus — FFV), npukpernieH-
HBI K BEKTOPY DKCHPECCUU, KOTOPBIN 3alllUIaa
MBbIIIeil oT TpaHchopMmupoBaHHbix BITU-16 omy-
XOJIEBBIX KJIETOK [64].

BakiimHbl Ha OCHOBE O€J1KOB MPEACTABISIOT CO-
0Olf aHTUTEHBI B BUJe O€JIKOB UJIU UX YaCTU, KOTO-
pbl€ UCMOJIb3YIOTCS U MPE3EHTUPYIOTCS ASHIPUT-
HbIMU KJeTKaMu ([IK), ¢ nanbHeliliei akTHBalu-
et myteit MHC kunacca | unu Il u ctumynsuuei
uMMyHHoro otBeta T-kyietok CD8 unu CD4 [101].
benkoBbie BakLIMHBI 60raThl T-KJIETOYHBIMU 3MH-
TonamMmu CD4 u CDS8, uyto mo3BoJisieT u30exaThb
orpanuyeHuit co cropousl MHC [81]. beakoBbie
BaKILIMHBI 0€30MacHbI U CTAOUJIbHBI, HO UX OCHOB-
HBIM HEIOCTATKOM SIBJSIETCSI HU3Kasi UMMYHOTI€H-
HocTh. CylllecTByeT HEOOXOAUMOCTh MCCJeAoBa-
HUS nyTu npe3eHTanuu Kjiacca [I MHC, koTopsiit
NPUBOAUT K MeHee HaJeXXHOMY OTBETY LIMTOTOK-
cuyeckux T-mum@oLUuTOB. YCOBepIIEHCTBOBATh
0eJKOBbIE€ BaKIIMHBI MOXHO C TIOMOIIbIO aIblO-
BAHTOB WM UWMMYHOCTUMYJUPYIOIIUX MOJe-
KyJ, yBeJMUYUBAOIIMX 3HAOTEHHBIN MPOLECCUHT
M YCUJIMBAIOWIUX JeCTBUE AHTUTEHOB IO MYTU
MHC 1[102].

WUccnenoBanue  0Oejika  TEIMJOBOro  IIoKa
mHSP110 Ha MoaeJisiX MBILIENH C UCMOJb30BaHUEM
snurona 6enka E7 BITY-16 B KauecTBe MMMYH-
HOro aJbloBaHTa IlOKa3ajao, 4yTo OeJloKk objana-
€T BBICOKHMM CPOJICTBOM CBSI3bIBAHMUSI C aHTUIE-
HaMU U MOXET TOBbIIIATh UX UMMYHOT€HHOCTb.
bbbl CKOHCTpyWMpOBaH O€JIKOBBIA  KOMILJIEKC,
MNpPeACTaBISIONINI COOOU CIUTHIN BapuaHT OeJ-
koB mHSP110 u E7, meyeHHoro ¢ayopecuenH-5-
nzotuouuaHarom (FITC), ucnonb3zyemoro B Ka-
yecTBe uHAUKartopa [42, 101, 111]. UmMyHu3auus
JaHHBIM KOMITJIEKCOM MBbIIIEH C OMyXOJISIMU MO-
XKET BBI3BAaTb CUJIbHBIA OTBET LIMTOTOKCUYECKUX
T-nuM@poOUMTOB M 3alMTUTHL MBILIEH OT aTaku
OIYXOJIU, UHTUOUPYS €€ POCT U YBEJIMUMBasi BpeMsl
KU3HU XKUBOTHBIX [85].

JloroTHUTEbHBIN JOMEH A Oenka HUOpoHeK-
TuHa yenaoBeka (hEDA) sBasieTcss 6eJIKOM-aroHu-
ctoM TLR4 1 aHTUreHOM J151 IEHAPUTHBIX KJIETOK
in vivo, VHAYLUPYS UX CO3pEeBaHUE MYTEeM CBSI3bI-
BaHus ¢ TLR4 [70]. ITonHopa3mepHblil 6esiok E7

BITY16/18 1 hEDA 6biin 06beAMHEHBI ¢ 06pa3o-
BaHUEM JBYXBaJEHTHOIO0 PpeKOMOUWHAHTHOIO OeJ-
Ka, KOTOPBI B coyeTaHUU C aabloBaHTamMu Poly-
IC (NOAMMHO3WH-TIOJUIIUTUANUIOBAS KUCIOTA)
u Poly-ICLC (cuHTeTH4YecKuit KOMIIJIEKC KapOoK-
CUMETUJILIEJUTIONO03bl, MOJUWHO3UH-NOJUIIATUIIO-
Boii KucaoThl U aByxuenodyedyHoit PHK monu-L-
Jiu3uHa) ObIJT WCIOJb30BaH AJsI OLEHKU 3ddek-
TUBHOCTU, UMMYHOT€HHOCTU WM TIOTEHIIMAJbHOUI
TepaneBTUYECKO AaKTUBHOCTU B OTHOIIEHUU
onyxoneir BITY16 TC-1 in situ B TIODKOXHBIX WU
TeHUTaJbHbIX o00nacTsax. Pe3ynabTaThl mokasaliu,
YTO NEWCTBUE BAKIMHBI CTUMYJIUPYET crienudu-
YEeCKMI IIUTOTOKCUYECKUU OTBET T-TMMObOIIUTOB
(cytotoxic T lymphocyte — CTL) u ycTpaHsieT
UMEIOIIIUECS] OIyXOJU, MPU ITOM B HEKOTOPBIX
rpymnmnax Ajsi JaHHOro KOMILJIEeKCa B COYEeTaHUU
C aIbIOBAHTOM OBbLI JOCTUTHYT 100% mIpoTHUBOOMY-
xoJieBblii adekT [19]. DTOT pe3yabTaT SABJISIETCS
MPOTrPECCUBHBIM U B OyayliemM obeliaeT Xopolire
KJWHUYECKUe Moka3aTeau. JJaHHbIA TUTT BaKIIUH
SIBJISIETCSI MHOTOOOEIIAIOIIMM B OTHOIIEHU U Tepa-
MUU paka U yCOBEPUICHCTBOBAHUE €€ MPOTOKOJOB
MO3BOJIUT YAYUYIIUTh KIMHUYECKOE JIeUeHUE OHKO-
6oabHbIX ¢ BITU-uHpeknei.

B nepcrniekTuBe OymyT paccMaTpuBaThCs MyTH
YAYYIIEHUST AEUCTBUSI KOMIIJIEKCHON OelKOBOM
BaKIIMHBI, OAHUM U3 KOTOPBIX SIBJSIETCS OlleHKa
BJIMSIHU S OIYXO0JIEBOU CYIIPECCUBHOM Cpelbl Ha ee
3¢ deKTUBHOCTb, Ipearojarawpliias Cco3aaHue
cpenbl, Oosiee OJM3KOW K POCTY OMYXOJU in Vvivo.
ITnanupyetrcss paboTa Mo yaydlleHUIO 3KCHepHU-
MEHTaJIbHOTO N13ailHa BaKIIMHbI, KOTOPBIA, C OJ-
HOM CTOPOHBI, TIOMOXET YCOBEPILIEHCTBOBATH CITO-
COObI JIeYeHUsI B SKCIEPUMEHTAJbHBIX Tpymmax
C KPYITHBIMU OMYXOJSIMU U MPOTrpecCUpyommuMu
pakoBbIiMU 3aboneBaHUsIMU. C APyroil CTOPOHHBI,
ornpeneaeHue ONTUMaJbHOM 103kl BAKIIMHbBI TaK3Ke
SIBJISIETCSI BaXKHBIM (paKTOpOM UMMYHHOI 3¢ dek-
TUBHOCTU: BBICOKUE O3bl BBEICHUSI MOT'YT BbI3bI-
BaTh MOOOYHBIEC pPeaKIIMU, KOTOPbIE JOJKHBI ObIThH
3a(UKCUPOBAHBI MO MePe UX BOBHUKHOBEHUSI.

dpyruM BapuaHTOM BakKUUWH s JeYeHUs
BITY-uHdekMil SBISIOTCS BaKIIMHBI Ha OCHOBE
HYKJIEMHOBBIX KHUCJIOT.

UcnonbzoBanue JIHK-BakuuH cTajio elle ona-
HUM TPEUMYIIECTBEHHBIM METOJIOM MMMYHOTE-
panuu 14 Je4eHusl paka 6iaromaps TaKUM Kade-
CTBaM, KaK IPOCTOTa, CTAOUJIBbHOCTh U 2P hEKTUB-
HocTh. JJHK-BakKIIMHBI KOHCTPYUPYIOT Ha OCHOBE
OakTepualbHbIX I[JIA3MUI, KOAUPYIOIIMX aHTU-
TeHbl, TeHbl KOTOPBIX YMPaBJSIOTCSI BbBICOKOAD-
(GEeKTUBHBIMU PYKAaPUOTUUYECKUMU ITPOMOTOPAMHU.
TTocne nnbekuuu 3ddextuBHbie JJHK-BakiinHbI
¢ nomoluibio mosekyal MHC knacca I npoHukaroT
B SIAPO U 3aITyCKAIOT 9KCIPECCUI0 aHTUTEHOB C T0-
clenymolleil akTuBallMeil UMMYHHOI cucTteMsl [11,
85]. B oTinuue OT >XKMBbIX BEKTOPHBLIX BaKIIMH,
JHK-Bak1IMHbI OTHOCUTEIBLHO 0€30IacHbl — IPU

662



2024, T. 14, Ne 4

PaspaboTka TepaneBTUHeCKMX BakLMH

BeeageHun JHK-BakiMH B opraHuaM aHTUTeNa
He 00pa3yloTcs, W AJIs MOBBIIIEHUS UMMYHMUTE-
Ta BaKIIMHbI MOXHO BBOAUTH MOBTOPHO. OMHUM
U3 riaBHbIX HepmocTaTkoB JIHK-Bak1uuH sBasieTcs
HecrnocoOHocTb BBeaeHHoM JIHK k camocTosiTenb-
HOU aMmminduKaIMU, YTO MPUBOAUT K C1a00N UM-
MYHOT€HHOCTU opraHus3ma. B 1ieisx ee MmoBblliiie-
HUS TpU pa3paboTKe BAKIIUH MCHOJb3YETCS DS
BCIIOMOTATEJbHBIX METOAOB, TAKUX KaK 3JEKTPO-
nopaiusi ASHIPUTHBIX KJIETOK, WCIIOJIb30BaHUE
WUMMYHOMOIYJISITOPOB (KaK MPaBUJO0, 3TO CUTbHbIE
aAbIOBAHThI) U UMMYHOCTUMYJISITOPOB (LIUTOKMH bl
U KOCTUMYJUpyoliue Mojekyasl) [13]. B k1uHu-
YEeCKUX HUCCJIENOBAHUSIX MPOBOAMUJIN OLIEHKY Oe3-
OMNacHOCTU, 2HGHEKTUBHOCTU U UMMYHOT€HHOCTU
JHK-BakuuH y 16 maunentos ¢ CIN 2/3, cBga3aH-
Hbix ¢ BITY [39]. JHK-BakiinHa BKJIOUYajga 3KC-
npeccuoHHblii BekTOop PNGVL4a, comepxamiuii
KOoAMpYIOIyIo TocienoBarebHocts BITY 16 E7,
cBsI3aHHYIO ¢ KaJibpeTukyjanHoMm (CRT), 6enkom,
CBA3bIBAIOIIMM MOHBI Kanblus [30]. I3 32 ucnbl-
TyeMbIX TTanueHToB ¢ BITY-16 CIN2/3, BaKIIMHU-
POBaHBIX C TOMOIIbIO AMTUAEPMATbLHOI'O BBEACHMU S,
BHYTPUMBIIICUHON WHBEKIUU WU IIPSIMOU BHY-
TPUMATOYHONM MHBEKUUU y 22 (69%) manueHTOB
Habgogaauch MOOOYHbIE peaKllMu, CBSI3aHHBbIE
¢ BakLKHOM, ay 8 u3 27 (30%) HabGiromaicsti THCTO-
noruueckuii perpecc CIN 1. ITonyyeHHbIe JaHHbIE
nokas3aji BO3HUKHOBEHUE CUJIBHOIO MMMYHHO-
ro OTBeTa U TIOSIBJIEHUE OOJIBIIIOrO KOJIMYeCTBa
T-numbonuToB Tuna CD8 B OoTBET Ha BBEICHUE
JaHHOUM BakuUMHBI [16]. Elle ogHO KJIMHUYECKOE
HUCCeOBaHWEe OBbLJIO HaMNpaBJI€HO Ha M3y4YeHUe
TeparneBTudeckoro BausgHusa JHK-pakuunber GX-
188e Ha mpolecc perpeccuu LepBUKATbHON MH-
TpasnuTtenuaibHoli Heoriazuu (CIN3). BakuuHa
GX-188e BKJIOYAja CUTHAJbHYIO TOCIEA0BATENb-
HOCTh TKAaHEBOTO aKTHWBaTOpa MJa3MUHOreHa, Ju-
rana FMS-nono6Hoit TUpO3UHKIMHA3BL 3 U peKOM-
ouHaHTHBIN TeH BITY 16/18 E6/E7 [58]. B pesyib-
TaTe UCCJIefOBaHu y 67% nauyeHTOB HAaOII0daICs
TUCTONATOJIOTMYECKUI perpecc, v 77% mnauueH-
TOB C THMCTOJIOTMYECKOI perpeccueit HabJomancsa
kaupeHc BITY. IMonyyeHHbIE fJaHHbBIE CBUACTEb-
CTBYIOT O TOM, 4UTO BBeneHUe BakKIMHBI GX-188E
BbI3bIBAET 3HAUUTEJIbHYIO aKTUBAIIUIO KJIETOUHO-
ro UMMYHUTETA, HAIIPaBJIEHHOro Ha yCTpaHeHUe
TUCTOJOTMYECKUX MopakeHu i, BeI3BaHHbIX BITY.
Ilpu uccnegoBanuu 3ddexTa NeUCTBUS APYyToi
JHK-Bakuuner AMV 002 06blJ10 MOKa3zaHO, 4YTO
BakKIlMHA XOPOIIO MEPEHOCUTCS TMPU BBEIECHUU
pa3HBIX JTO3WPOBOK U TIOBBIIIAET CIelubuyec-
KU MMMYHUTET K OITyX0JIeaCCOLIMUPOBAHHBIM
aHTUTEHaM y MallMeHTOB, C paHee MPOBEIEHHOU
Tepanuei [26].

Hawubosiee  MHorooOGemawlieid  crpareruei
B UMMYHOTEparuu naTojoruit, BbiIzaBaHHbIX BITY,
saBasieTCsl ucrnoab3oBaHue MPHK-BakiiMH, KOTO-
pble B HacToslllee BpeMs OTHOCSTCS K HauboJjee

NONyAspHBIM BUIaM BaklMH. B 1989 1. ManoyH
u cotp. nokazanu, yto MPHK ycneurHo tpaHc-
dbunupyeTcss U 3KCIIPECCUPYETCS B Pa3JUUYHBIX
2YKApUOTUUYECKUX KJIETKaX MyTeM UHKATICYAS U
katuoHHoro saununa (N-[1-(2,3-guonenIoKCH)
nponuil-N,N,N-xnopuna TPUMETUTAMMOHUS
(DOTMA)) [68]. BnocaeactBuu, B 1990 r., MPHK,
TpaHcKpuodupyemas in vitro, Obljla 3KCIIPECCUPO-
BaHa B KJE€TKaX CKEJIETHBIX MBIIIL MbIIIU. TaKUM
obpa3oM, BIEpBble MPOBEIEHHAs yCIlelIHasl DKC-
npeccust MPHK in vitro mpoageMoHcTpupoBaJa 1e-
necoobpa3HOCTb pa3dpadboTku MPHK-BaKIIMHBEIL.

B cocraB MPHK BKJTI04eHBI: 5'-K31M-00/1aCTh, 5'-
n 3'-00JlacTu, KOOMPYIOIIUE MOCIeA0BaTEIbHOCTh
6enka u 3'-mmonu-A-xsocT [73]. Bosbioe yncio uc-
ciaenoBaHui nokxkasano, yTo MPHK He crocobHa
MHTErpUpoBaTh B TEHOM (TO €CTh SIBJIsIeTCs Oe3omac-
HOI), a HOBOE MOKOJIEHHE caMoaMILIUDUIIUPYIO-
muxcsa MPHK-BakuuH (caPHK-BakuimH) obi1agaet
BBICOKOI1 CIOCOOHOCTBIO K aBTOHOMHOI perjinKa-
uuu. Takum 00pa3oM, CaMOBOCHPOU3BOASIIUECS
MPHK-BUpycHBIE BEKTOPBI UMEIOT BBICOKUN YypO-
BEHb DKCIIPECCUU U 00JagaroT JUTaHAHOW aKTUB-
HOCTBIO U TIpu BBeneHun BMecte ¢ TLR7/8, B Ka-
YeCTBE €CTECTBEHHOro aJblOBaHTa, CIIOCOOHBI BbI-
3bIBaTh CUJIbHBIA UMMYHHBIN oTBeT [33]. 1o cpaB-
HEHMWIO ¢ aKTuBHOI paspabotkoil JIHK-BakiuH,
ONHOW W3 TIPUYUH, OINPENEaSIONINX MeAJeHHOe
pa3BuTUe ucciaenoBaHuii B oTHoumieHuu MPHK-
BaKIMH, SBJSIETCS WX HEBbICOKAas CTaOUJIbHOCTH
u ciabast 3pPeKTUBHOCTDL AocTaBKU. [ToaTomMy ms
BBegeHUs B opraHu3M MPHK yacto ynakoBbsiBaloT
B BEKTOPBI JOCTaBKHU, BKJIOYasi BeKTopbl DC, nmpo-
TaMWH, KATUOHHbIE TUTIOCOMHBIE CUCTEMBbI JOCTaB-
KU ¥ TTIOJIMMEpHBIe MaTepralisl [67, 78].

DKcnepuMeHTaabHbIX JAaHHBIX 00 McCCeaoBa-
Huu MPHK-Bak1imu npotus BITY HemHoro. OnHo
M3 TIOCJeTHUX HATPaBJIE€HO Ha OLIEHKY UMMYHOT'€H-
HOCTM MHKAIICyJUPOBAHHOW B JIMIIOCOMAJIbHBINI
anmnapat MPHK BakiinHbl, aKcrpeccupylouieii aH-
tured HPV16 E7 ¢ o6pazoBannem PHK-1unmuaHbix
komruiekcoB (PHK-LPX). 3OxkcnepumeHTaaibHO
ObLJIO TOKAa3aHO, YTO IOCJ€ BHYTPUBEHHON WHB-
eKIIMUW MbIlIaM BaKIIMHa BbI3Bajla CUJIbHBIA aHTU-
reH-creuuduyeckuii 3@ eKT ¥ UMMYHHBIA OTBET
T-xnetok namstu tTuna CD-8 [45]. B ueysom nep-
criekTuBbl pa3padboTku MPHK-BakiiMH B HacTos-
1iee BpeMs OLIEHMBaIOTCS KaK MOJ0XKUTEIbHbIE.

B HacTosg1mMit MOMEHT NPOBEAEHO HEMHOTO UC-
cinenoBaHuit gyt BITY Bak1uMH Ha OCHOBE HYKJIe-
MHOBBIX KMCJIOT U JaHHBIE, TTOJyYeHHbIe pa3HbIMU
J1abopaTopusiMU B SKCIIEPUMEHTAX Ha XKUBOTHBIX,
pasnuyaroTcsd Mexay coboii. MccienoBaHus, Ka-
caromuecs MPHK-BaknumH, crtaHoBsITCSI Bce 0O-
Jjee momyJasipHbIMU Ojaromapsi MX 0€30IacCHOCTU
1 3D HEKTUBHOCTU.

PasHoBumHOCThIO  TepamneBTuYeckux  BITY-
BaKIIMH SJISIIOTCS BaKIMHBI ITOCTOSIHHOIO TOKa
Ha OCHOBE JEHAPUTHBIX KJIETOK. JeHIApuTHbIE
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KJEeTKU SBJSIOTCS Haubosee 3GhdOEKTUBHBIMU
aHTUTEeH-Npe3eHTUupyromnuMu kiaetkamu (AITK)
MUMMYHHOI CHCTEMbl W UTPalOT BaXHYI pPOJb
B UMMYHHOW DEryJISIIIUM M TIpe3eHTAlluh aHTH-
reHoB. OHUM 007a7al0T MOIIHONA CHOCOOHOCTHIO
3axBaTbhiBaThb U 0OpabaThiBaTh AaHTUIEHBI IJIS UX
nocjenywlueii  npedeHTauuu  T-muMdouuTam
in vivo W in vitro, a MHOTUE JAHHbIE TTIOJATBEPXIAIOT
crocobHocTh MoHOLMTapHbIX K ctTumynuposaTh
HauBHbIe T-TuMbonutsl TunoB CD4 u CDS in vivo
u in vitro. Kpome toro, JIK MmoryT geiicTBoBaTh Kak
€CTECTBEHHbBIE albIOBAHTHI, UTPasi POJIb B ITOBbIIIIE-
HUU UMMYHOreHHoCTU BakKLUuH [89]. CyluecTByeT
IBa crnocoda TPUIOTOBJEHUS BaKIMH MPOTUB
BITY, B cocraBe KOTOpbIX ucnojb3ytorcsa K.
OIHUM U3 CITOCOOOB SABJSIETCS KYJbTUBUPOBAHUE
JK in vitro, a 3aTeM UX CTUMYASLUS aHTUTE€HOM
BITY E6/E7. Ipyroii MeToAd 3aKJH4aeTcs] B TOM,
yto K cTtabuibHO TpaHCHULUPYIOT in Vitro BeK-
TOpOM, 3KcrpeccupytomiuMm anturedH BITY, 3atem
TaKHWe KJIETKU BBOASIT B OpPraHuU3M IallMeHTa, rae
OHU MPENCTaBJSIIOT aHTUTEH HAaUBHBIM T-KJIeTKaM
U CTUMYJIUPYIOT OTBET HUTOTOKCUYECKUX T-TuM-
douuTon (LITJT) [82, 103]. B coznpanuu JIK-BakLiMH
LI POKO UCIIOJb3YeTCsI arOHUCTHI TOJLI-TTOJOOHBIX
peuenTopoB (TLR). TLR saBisieTcst yacTbio pelern-
TOpa pacno3HaBaHUS KJIETOK MOCTOSIHHOIO TOKa
U MMEeT B COocCTaBe: peuenTtop JekTuHa C-Tuma
(CLR), nomMeHONogoOHbI peLenTop HYKJICOTUI-
cBa3biBatolieid onuromepuszanuu (NLR) u penen-
TOP, MOAOOHBIN T€HY, UHAYIIUPOBAHHBIA PETUHO-
eBoii kucaoroit (PK) [54, 98]. Jluranag TLR moxeT
CTUMYJIMPOBATh CO3PEBaHUE NE€HAPUTHBIX KJIETOK,
a TaK>Ke peryJiupoBaTh METa00JIU3M KJIETOK U MPO-
JIOJIKUTEIBHOCTD UX XKU3HU [27, 65].

bbina uccienoBaHa 6€30MaCHOCTb U UMMYHO-
TeHHOCTb BaKIIMHAIIMHY MTAIIUEHTOB C paKOM IIEUKU
maTtku Ha ctaausax IB unau I1A 3penbsimu JIK ¢ remo-
uuanuHoM [89]. s BBeaeHus JK Obl10 MCMOIb-
30BaHO TPU AO3UPOBKU (HU3KAs, CPEIHSIST U BbI-
cokasl), KJIETKM BBOAMIM Kaxable 21 neHb (BCero
5 pa3). IlanieHTHI, Moay4YaBIIKe BaKIIMHBI HA OC-
HoBe JIK, mokaszanu XOpoulylo MNepeHOCUMOCTh
U OTCYTCTBUE 3HAUYMMBIX TOKCUYECKUX U TOOOY-
HbIX 2D HEeKTOB, KpOME TOr0, OTMEUEHO 3HAUUTE b-
HO€ yBeJauudeHue skcnpeccuu o6enka E7 u ypoBHS
CD4 T-nuMbOLUTOB IMOCJIe BAaKIIMHAIIWUH.

WHTepecHble UCCaeq0BaHUS OBbIIM MTPOBEICHBI
¢ pparMeHTaMu aHTUTEN (HaHOTeJa, UM Variable
Heavy domain of Heavy chain — VHH), nony-
YEeHHBIMU W3 KPOBMU MpeACTaBUTEIEil cemeiicTBa
BepOIIOAOBBIX. YCTAaHOBJIEHO, YTO HaHOTEJa pac-
MO3HAIOT OeJIKM KJIeTOUHOU nmoBepxHocTU Ha ATTK
U MOTYT CJIY>KUTh LIEJIEBBIMU CPEICTBAMU JOCTABKU
NPUKPETIJIEHHBIX K HUM aHTUTeHOB. [TomoOGHoe uc-
cjeqoBaHue MPOBENAU IJIS OLIEHKU NeUCTBUS Bep-
omoxbrx HaHoTed (VHH) Ha onyxoneBbie KJIeTKU
tuna DC2.4, a uMMYyHU3aL s MBIIIEH C OIYXO0JIbIO,
BbI3BaHHOU BITY, mpuBena K o6pazoBaHUIO OOJIb-

mero konauyectBa CD8-numpouuToB, UHOUIb-
TpUpYOLIUX NaHHYyo omnyxoab [108]. HecmoTps
Ha TMPOBEAECHHBIE HWCCIEAOBAaHUS B OTHOLICHUU
BaKIIMH TOCTOSIHHOro Toka Ha ocHoBe K, stu
BaKIIMHBI UMEIOT OorpaHuuYeHus. Bo-nepBbIX, U3-
32 HECOBEPUICHCTBA TEXHOJOIUM, HET rapaHTUU
nonyuuth JK, cooTBeTCTByIOILIHME TpedyeMoMy
00beMy U KayecTBY. DTU BaKLIMHBI TaKXe TPYIHO
NPOU3BOAUTH B O0bIINX MaciiTadbax. Takum o6-
pa3oMm, mpu pa3paboTKe MaHHOTO THUIIAa BaKIIUH
NPEACTOUT MPEOI0JETh MHOTO ITPENSITCTBUMA.
Kaxxaplii Tum paka HeceT OOJiblIoe KOJuve-
CTBO MOTEHI[MAaJTbHO OMYXOJEBbIX aHTUTEHOB, IO-
ATOMY JUISl BaKIIMHAIIMU BCEX OMYXOJEBbIX KJIETOK
ONTUMAJIbHOU CTpaTeruei siBasieTCsl MMpUMEHEHUe
OMYyXOJEeBbIX BaKIIMH, C BKJIYEHUEM BCEX IIO0-
TEHIMaJIbHO 3HAYUMBbIX aHTUTeHOB. [IpuMeHeHMe
JMIAHHOTO TI0/IX0Ja MO3BOIsIeT OOXOAUTH OTpaHuyYe-
HUSI CO CTOPOHBI OCHOBHOI'O KOMITJIEKCAa TUCTOCOB-
mectumoctu (MHC) [97]. BDddDeKTUBHOCTH TAKOTO
MOoAX0/1a OLIEHUBAJM B KIMHUYECKUX UCTTBITAHUSIX
Ha MPOTSIXKEHUU MHOTUX JIET, UCCENYS Pa3TUYHbIE
BUIBI OIMYyXOJIEN, BKJIOUasi KOJOPEKTaJbHbIE, Jie-
TOYHBIE OITYXOJIU, MOYEUHO-KJIETOUHBI ! pak, MeJia-
HOMY U pakK mpeacraTejabHOl Xeae3bl. [TocKoIbKY
BITY sgBasieTcsd XOpOIIO U3BECTHBIM OMYXOJEBBIM
cneuudUYEeCKUM aHTUIeHOM, BaKIIMHbBI Ha OC-
HOBE OITYXOJIEBBIX KJIETOK MOTYT SIBJISITbCSI HE ca-
MbIM TIOAXOASIIMM BapuaHTOM WMMYHOTEPAIUU
NpoTUB paka, cBsg3zaHHoro ¢ BITY. K HacTosiemy
MOMEHTY HaKOIIJIEHO MaJio JaHHBbIX, OLIEHUBAIO-
LIMX MOJE3HOCTh 3TOr0 TUIA BaKIIMHBI ITpu BITY-
aCCOLIMMPOBAHHBIX PAKOBBIX 3a0071€BaHUSIX.
OcHOBHAasl poJib TepaneBTUYECKUX BaKIIUH 3a-
KJIIoYyaeTcsl B MOBBILIEHUM amanTuBHOro T-kiie-
TOYHOTO MMMYHUTETa, B WHUILIMALIMA HaWBHBIX
T-xyeTok U mocjaeayolleil reHepaneil IUTOTOK-
cuyeckux T-numpouuton (LITJI, cytotoxic T-cell —
CTL), HaueJeHHbIX Ha KJETKU, WHPUIIMPOBAH-
Hbie BITY, a Tak:ke njs MHAYKIIUU T-KJIETOK TUIIA
CD4, ctumMyIupylolnx BbIpabOTKY HEOOXOAUMBbIX
LMTOKMHOB M ycuiauBaromux aeiicteue AITK.
Ha ceronHsimHuit AeHb BCe TeparieBTUYeCKre BakK-
LIMHBI, KOTOPbIE OBIJIY MPOBEPEHBI B KIMHUYECKUX
UCTBITAHUSIX, SIBISIOTCS 6€30MaCHBIMU U XOPOIIIO
nepeHocsTcs. TeM He MeHee MHOTrMWE BaKIIMHBI,
UCIBbITAHUE KOTOPBIX yKe BcTynuiao B III kiauHu-
yecKkylo azy, moka He ObLIU O00BSIBIEHBI U3-3a UX
0oJiee HU3KUX OXUAAaeMbIX KJIMHUYECKUX 3¢ dek-
TOB. Takxe TU BaKIMHBI MOKa3aJu YCIEUIHbIe
pe3yabTaThl Ha XKMBOTHBIX MOAEJISIX, HO OKa3aluCh
Hea(pHeKTUBHBIMU MpU pake, BbI3BaHHOM BITY
yesjaoBeKa, YTO TMOJYEPKHUBAET OTPaHUUYCHUS MC-
MOJIb3YEMbIX B HaCTOsIIII€€ BpeMsl JOKJIUHUYECKUX
moneneid BakuuH [47]. DakTUYeCcKU, B MUKPO-
OKPY>KEHUU OMYXOJU MOXET HAXOIUThCS OOJIbIIIOE
KOJIMYECTBO UMMYHOCYIPECCUBHBIX CPEM, BAUSIO-
mux Ha 3PGEKTUBHOCT, MHAYKUWU BaKLIMHON
T-xyeToK, BbI3BAHHOU pa3IMYHBIMU MeXaHU3Ma-
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MU YKJIOHEHUSI OT UMMYHUTETa U UMMYHOCYTIpecC-
CUBHBIMM MeXaHM3MaMU, CHUXKAIOIIUMU UMMYH-
HbIN 2 dekT. Hampumep, accolimupoBaHHbBIE C pa-
KoM ¢pubpobaacTtsl (cancer-associated fibroblasts —
CAF) oOnamaloT MPOOHKOTeHHBIMU (DYHKIIUSIMU
U BBI3bIBAIOT UMMYHHOE YKJIOHEHUE OT OITyXOJiel
C MOMOIIIbIO HECKOJIBKUX MEXaHU3MOB. B ommyxosisix
yenoBeka, ooratbix CAF, Habn01a€TCsI OTCYTCTBUE
T-xknetok Tuna CDS8. B npyrom uccieagoBaHuu o0-
Hapy>KeHbI cj1abble UMMYHHBIE 3 EKThI Oy Xoaei
¢ CAF, nnocne BBeneHus mbimaM CAF, cmelnaHHBIX
C KJIETKaMU-MUIIEHSIMHU JJIsi GOPMUPOBAHUS CO-
CTOSIHVSI, aHAJIOTUYHOI'O OIYXO0JIEBOI cpelie, C Mo-
CIAeayILIUM TTpoBeAeHUeM MMMYyHoTepanuu [40].
MMeHHO T03TOMY BaXXHO YYUTHIBATh BIIUSIHHUE
OMnyXoJeBoil cpenbl Ha 2P GHEKTUBHOCTh AEUCTBUS
BaKIMHBI, U CYLIECTBYET HEOOXOIMMOCTb UCCJIEN0-
BaHM s OOJIbILIETO YMCia ONyXoJiei in situ, BKJItoJyast
OMYXOJU IIeHKN MaTKHU, MOJOBBIX OPraHOB, rOJIO-
Bbl U IlI€W, B LIEJIOM, JIJIsI YBEJWYEHUS YMUcCaa J0-
KJIMHUYECKUX McIbITaHW. [TorydeHHble (haKTh
SIBJISTIOTCSI BECOMBIM J0Ka3aTeJbCTBOM Ba*KHOCTU
BJAUSIHUSI OITyXOJieBOW cpedabl Ha paboty BITY-
BaKIIMH, 32 KOTOPbIM HEOOXOAUMO MTPOBEACHME A0~
CKOHaAJIbHOTO OOCYKAEHU ST BOIPOCOB yJAyUIIEHUS
KayecTBa BaKIIMH. OOHUM U3 TAKUX HaNpaBJICHUN
SIBJISIETCSI TTOBBIIIEHE MMMYHOT€HHOCTU BaKIIWH
Ha TeKylleM 3Tane MCCAeIOBaHUU. XOTSI MHOTHUE
BaKIMHBI Ha CTaAUU Pa3pabOTKU C MPUMEHEHUEM
MoJieseil oryxoJjiefi MBbIlIE CIOCOOHBI JOCTUYb
BBICOKMX TOKa3aTesielt KIupeHca UK Jaxe ciayda-
€B TIOJIHOT'O KJIMPEHCa, UX MoKa3aTeJu Ha KJIUHU-
YeCcKOl CTaauu BCE ellle OCTAITCI CPEAHUMU. DTO
o0ycnaBaMBaeT HEOOXOAUMOCTh 00Jiee MHTEHCUB-
HOT'O MPOJIBUXEHU S pa3pabOTOK, K MPUMEPY, B OT-
HomeHun MPHK-BakLMH MAM KOMOUWHUpPOBAH-
HBIX CXEM BaKIIMHHO-JEKAapCTBEHHOW Tepamnuu,
C TOYKM 3pEHUs MOBBIIIEHUSI UMMYHHOI 3 dek-
TuBHOCTU. CeroaHss MPHK-BakLMHBI SIBISIOTCS
caMbIM MOMYJISIPHBIM BapuaHTOM BaKIIMH U obJa-
JIaI0T BBICOKOW UMMYHOT€HHOCTbhIO B KOMOMHAIIU U
C WCIOJb30BaHUEM JUNUAHBIX HaHOYacTull (lipid
nanoparticles — LNP) B KkauecTBe €CTeCTBEHHOIO
aabIOBaHTa, YTO AeJlaeT 3TY GOPMY BaKIIMHbBI BECh-
Mma addexkTuBHoit. B Hactosiiiee Bpemss MPHK-
BaKIMHBI COCTaBJSIOT OYEHb HEOOJIBIIYIO TOJIIO
B pa3paboTKax TepareBTUYEeCKUX BaKIIUH MTPOTUB
BITY, Ho B Oynyliiem OyaeT HaOaOAaThCs TeHASH-
M K 0oJiee M POKOMY HMCCIeA0BaHUIO 3TO hop-
MBI BaKIIMHBI. KpoMe Toro, KoMmOuHamus BaKIIWH
U JIEKApCTBEHHBIX CPEACTB MOXET SBJSTHCS 2D-
GeKTUBHBIM ciocobom JieueHus BITY-uHdexkumii,
MaIIUM Hauadydymui pesyabsrar. Knaccuyeckum
BapuMaHTOM TaKOTro JIeYeHUs SBJISIETCSI KOMOWHa-
AT ¢ MHTMOUTOPAaMU UMMYHHBIX KOHTPOJIBHBIX
Toyek. Hampumep, OuoTeparneBTUUYECKUE Mpera-
paThl IeMOpoaIM3yMad U HUBOJIYMaO, SIBJISIOLINE-
Ccsl aHTUTEJaMU MNPOTUB Oejika pelenTopa Mpo-
rpaMMUpyeMoi KJieTouHoi rudenu (Programmed

cell death 1 — PD-1), nokazanu xopoliiyio 3¢-
(EeKTUBHOCTb B COYETAHUU C BaKIIMHAMU MPOTUB
BITY [108].

B HacTosiiee BpeMs MpeacTtaBieH HOBBII CITO-
co0 JsieyeHUs1 paka — T-KjgeToyHasi TE€HHO-UH-
JKEHEepHasi Teparus, paslejeHHas Ha Tepanuio
CAR-T (xiMepHbIi aHTUT€HHBIU PelenTop, CKOH-
cTpyupoBaHHbill y T-kyietok) u tepanui TCR-T
(T-KJIETOYHBIN pelLenTop, CKOHCTPYMPOBAHHBIN
y T-knetok), moka3zaBiias 3(MGhEeKTUBHOCTh MPU
reMaToJIOTUYECKUX PaKOBBIX 3abosieBaHUAX [41].
B oTnenbHOM McciemoBaHUM ObLT UASHTUDUILIUPO-
BaH TCR BbICOKOI YMCTOTHI, HalleJeHHbI Ha BITY-
16 E7, pacio3HaOIIMil SOTUTONHBINA KOMITIeKC E7.
TakuM oOGpa3omMm AJisl JIeYeHUST MeTacTaTUu4eCKOTo
BMUTENMaaIbHOro paka, Bbi3BaHHoro BITY, Onlia
paspaboTtaHa Tepanus ¢ nomoiibio TCR-T. ITo pe-
3yJIbTaTaM UCIIBITAHUI y 6 U3 12 rcciienyeMbIX Ta-
IIMEHTOB, MOJYyYaBIIUX JIeUeHUE B KJIMHUYECKOM
ucciaenoBaHuu dasel I, HabmOHaIach perpeccus
onyxoau [78]. DTu maHHbIe AAIOT NpeACTaBJIEHUE
O CTpaTerusx JIeUeHU s, IpeaycMaTpuBaloIuX CO-
yetaHue BaKLMH NpoTuB BITY ¢ reHHO-MHKeHep-
HOU Tepamueil ¢ ydyactuem T-kiaetok. M3BecTHO,
YTO HCII0JIb30BaHUE aAbIOBAHTOB ITO3BOJISIET MO-
BBICUTh TepalreBTUYECKyl0 3(dOEeKTUBHOCTh BakK-
uuH. K npumepy, wucnonb3oBaHME aJdbloOBaHTa
Poly-ICLC nozBoauio nooutbest 100% perpeccun
OIMYXOJIM B HEKOTOPBIX 3KCIIEPUMEHTATbHBIX TPYTI-
nax. B OynyiieM HeoOX0AMMO YBEJINYMBaTh 00beM
3HaHuil o Poly-ICLC, a Takxke uccienoBatb 6osee
3¢ GeKTUBHBIE aAbIOBAHTHI.

B mouicke HOBBIX TepalieBTUYECKUX MUIIEHEH
JUTST OOJIBIIIMHCTBA COBPEMEHHBIX BaKIIMH OCHOB-
HO€ BHUMaHUe OyJeT COCPEIOTOUYEHO HAa aHTUTEHaX
E6 n E7, MOCKONBKY NpoIoJKarolleecsl yBeJrnde-
HUE IKCIPECCUU JAaHHBIX aHTUTEHOB CIIOCOOCTBY-
eT TporpeccupoBaHuio omnyxojeil. CyllecTBYIOT
pa3paboTKu, OpuUeHTUpPOBaHHbIE Ha aHTUreH E2,
Kacarllliecs JIeYeHUsI MPeapakKoBbIX CUMIITOMOB
¥ TIopaxkeHU# (K IpuMepy, TeHUTaJlbHbIe KOHIM-
Jsombl). OmHaKo s JedyeHu s paka aHTureH E2 Hu-
Koraa He Obl1 2 (eKTuBeH, 4YTo TpedoBaJo MOUC-
Ka HOBBIX OenkoB-MulleHel. beiok E1 HeoOxonum
JUTS peruIMKalluyi BUpYyca, SIBASETCS caMbIM KpPYII-
HbIM O6eskoM BITY (rmocnenoBatenbHOCTh Oesika El
BITY-16 cocTaBisieT 649 aMMHOKUCIIOT), U BEPOSIT-
HO, UMeeT 0oJiblliee KOJUYECTBO MOTEHIIMAaIbHBIX
AMUTONOB A1 T-KJIeTOK MO CpaBHEHUIO C Oejka-
mu BITY-16 E6 u E7 mennbiiero pasmepa (154 a.x.
u 98 a.K. cooTBeTcTBeHHO). [20]. B mocieaHee Bpe-
M ToKa3aHa poib 6esika El B KaHlieporeHese, 4To
MO3BOJISIET MOCTABUTh €ro B psiAbl OEIKOB-KAHIU-
JIaTOB IIJIsl pa3pabOTKU TepareBTUYECKUX BaKIIVH.
TTomoGHO emy, npyroii 6enok, E2, ucronb3yercs ast
pa3pabOTKM BaKIMH TPOTUB ITPEAPaKOBBIX MOpa-
KEHUU U B OyIyllIeM OXUIaeTCsl BO3MOXKHOCTD pa3-
paboTKM TepaneBTUUYECKUX CXEM IMTPOTUB paKa ¢ ero
yuactueM. bejsok E5 BITY gBasieTcs eiue omgHOIA,
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MEPCIEeKTUBHON MUILIEHBIO ISl pa3paboTKU Tepa-
MEBTUYECKUX BAaKIMH. DKCIEPUMEHTAIbHO IOKa-
3aHO, 4To y nauueHToB ¢ BITY-nmojioxXuTeabHbIM
pPaKoM TroJIOBBI U IIeU IKCIpeccupyroTcs T-KaeTKu
tumna CDS, Kk koTopsiM y 6enka E5 BITY umeetcs
HECKOJbKO amnuTornoB. Takum obpazom, 6enok ES
MOXHO paccMaTpuBaTh B KauyeCTBE BaKIIMHHOIO
aHTUTeHa, 3aITyCKalOIIEro OMyXoJeBO-peaKTUBHbIE
orBeThl T-kjeTok CD8 [36].

Coznpanue TepaneBTudeckux BITY BakuuH siB-
JIsIeTCS BaKHbIM B3TallOM B 3BOJIOLMU BakKIIWH,
HamnpaBJE€HHBIX MPOTUB IATOJIOTUI, BbI3BAHHBIX
BUPYCOM MaNMJIJIOMbI UyejoBeKa U Oyayliue cTpa-
TerMu B WCCJIEJOBAaHUU TepareBTUYEeCKUX Bak-
LIMH OynyT HampaBJeHbl Ha TOUCK U pa3paboOTKy
HOBBIX MullieHei aas1 BITY-anTureHoB, cosma-
Hue 0oJjiee MOUIHBIX aJblOBAHTOB U oOoralleHue
NOKJIMHUYECKUX MOJeJIeH.

Cnmcok nutepatypsbl/References

1.

10.

11.

Anaytnuna O.C., IMpunyukas B.JO. Tekyiuue npo6aembl v Oyayiive HampaBieHUsl BAKIIMHALMY TTPOTHUB BUpPYyca MarujIoMbl
yestoBeka (BITY) // bezomacHoctb u puck dapmakoteparnuu. 2020. T. 8, Ne 3. C. 141—150. [Alyautdina O.S., Prilutskaya V.Yu.
Ongoing challenges and future directions in Human papillomavirus vaccination. Bezopasnost’i risk farmakoterapii = Safety and Risk
of Pharmacotherapy, 2020, vol. 8, no. 3, pp. 141—150. (In Russ. )] doi: 10.30895/2312-7821-2020-8-3-141-150

BunokypoBa C.B. Bupycwl manmuiaombl yenoBeka 6 M 11 THUIOB: pacmpoCTpaHEHHOCTb, MATOTeHHOCTh M OHKOTEH-
HOCTb // Bompochl nmpakTudeckoit koiabrnockonuu. [enuranbubie naGekuuu. 2022, T. 4. C. 6—16. [Vinokurova S.V. Human
papillomavirus types 6 and 11: prevalence, pathogenicity and oncogenicity. Voprosy prakticheskoi kolposkopii. Genitalnye infekcii =
Issues of Practical Colposcopy. Genital Infections, 2022, vol. 4, pp. 6—16. (In Russ.)| doi: 10.46393/27826392 2022 4 6
3apouenueBa H.B., KpacHononbsckuit B.M., benasa KO.M. Ycnexu BakimHonpodunaktuku BITY-accouumpoBaHHBIX 3a-
OoeBaHMII M paka IIeiKW MaTKu B Mupe u B Poccun. O630p suteparypsl // Bompochl mpakTHyecKoil KOJTbIIOCKOITHUY.
Ienutanpubie mHGekmuu. 2022. T. 1. C. 8—16. [Zarochentseva N.V., Krasnopolsky V.I., Belaya Yu.M. Progress in vaccination
of HPV-associated diseases and cervical cancer in the world and in Russia. Literature review. Voprosy prakticheskoi kolposkopii.
Genitalnye infekcii = Colposcopy Issues. Genital Infections, 2020, vol. 1, pp. 8—16. (In Russ.)]

Kaupa A.H., Ceutuu O.A., [Tonurosa H.T. [TanunnomaBupycHast uHGEKLIMS — SMUAEMUOJOTUS U MPodUIaKTUKA: y4eOHOoe
nocobue. M., 2022. [Kaira A.N., Svitich O.A., Politova N.G. Papillomavirus infection — epidemiology and prevention. Moscow,
2022. (In Russ.)|

Kantunsnubiii B.A., E¢pumona B.A., Jlazapenko A.H. Bo3aMoXHOCTH ¥ MepCrneKTUBBI TAPTreTHON Tepanuu MepcucTUpyouiei
ManuiJoMaBUpycHoOU MHbeKIMU // ApXuB akymepcTBa U rTuHekojoruun um. B.®. Cuerupena. 2023. T. 10, Ne 1. C. 13-24.
|Kaptilnyy V.A., Efimova V.A., Lazarenko A.N. Possibilities and prospects of targeted therapy for persistent human papillomavirus
infection. Arkhiv akusherstva i ginekologii im. V.F. Snegireva = V_F. Snegirev Archives of Obstetrics and Gynecology, 2023, vol. 10,
no. 1, pp. 13—24. (In Russ.)| doi: 10.17816/2313-8726-2023-10-1-13-24

Kyuenko M.U., boposukos 1.0., Tomuna O.B., T'oppunr X.W., Byarakosa B.I1., bopoBukosa O.M. BakiimHauus npoTuB BU-
pyca ManuIJIOMbI YeJIoBeKa MocJIe abloBaHTHOM Tepalui LIepBUKaJIbHBIX MHTPAdIUTeINaIbHbBIX Heornasuii // Kybanckuii
Hay4YHBIH MeguMHCKUI BecTHUK. 2022. T. 29, Ne 3. C. 103—120. [Kutsenko I.1., Borovikov 1.0., Tomina O.V., Gorring Kh.1.,
Bulgakova V.P., Borovikova O.l. Vaccination against human papillomavirus after adjuvant therapy of cervical in-traepithelial
neoplasia. Kubanskii naychnyi medicinskij vestnik = Kuban Scientific Medical Bulletin, 2022, vol. 29, no. 3, pp. 103—120. (In Russ.))
doi: 10.25207/1608-6228-2022-29-3-103-120

Muxanes I.E., baitnuk O.J1., Myxamenos M.P., AnexcanapoB I.O. Pojb Bupyca manuijloMbl yejoBeKa B pa3BUTUU I10-
TEHIIMAJbHO 3JIOKAYECTBEHHBIX 3a00JeBaHUII W TIIOCKOKJIETOUHBIX KapIIMHOM CIM3UCTON OOOJOYKM TOJOCTU pTa //
Poccuiicknii cromaronornueckuii xxypHai. 2022. T. 26, Ne 3. C. 267-276. [Mikhalev D.E., Baydik O.D., Mukhamedov M.R.,
Aleksandrov G.O. The role of the human papilloma virus in the development of potentially malignant diseases and squamous cell
carcinomas of the oral mucosa. Rossiiskii stomatologicheskii zhurnal = Russian Journal of Dentistry, 2022, vol. 26, no. 3, pp. 267—
276. (In Russ)] doi: 10.17816/1728-2802-2022-26-3-267-276

Iectpukosa T.10., Ucmaitnoa A.®., FOpacosa E.A., IOpacos U.B. INanunnoMaBupycHast MHGEKIHUS KaK MEXIUCIIU-
IJIMHapHas MpobyieMa COBPEMEHHOT0 31paBooxpaHeHus // JlanbHeBOCTOUHBIN MeTuIMHCK Uit XypHai. 2022, Ne 1. C. 99—
103. [Pestrikova T.Y., Ismaylova I.F., Yurasova E.A., Yurasov L.V. Papilloma virus infection as an interdisciplinary problem
of current healthcare. Dal’nevostochnyi meditsinskii zhurnal = Far Eastern Medical Journal, 2022, no. 1, pp. 99—103. (In Russ.))
doi: 10.35177/1994-5191-2022-1-17

[Monarosa [.1L., MagamuuoB A.KO. OcHOBHbIE MOJIEKYJISIPHbIE MEXaHU3Mbl KaHIIEPOTeHE3a, UHAYLIMPOBAHHOTO BUPYCOM
MaNMJIJIOMBI YestoBeka // 3imokadecTBerHbie omyxonu. 2021. T. 11, Ne 4. C. 39—47. [Polatova D. Sh., Madaminov A.Yu. Main
molecular mechanisms of carcinogenesis induced by human papillomavirus. Zlokachestvennye opykholi = Malignant Tumors,
2021, vol. 11, no. 4, pp. 39—47. (In Russ.)] doi: 10.1765/2313-805X-2021-11-2-31-40

Psa6osa E.U., lepkaeB A.A., EcmaramberoB WU.b., Llleoaskos /.B., Josruit M.A., beipuxuna /1.B., IIpokodres B.B.,
Yemomanosa W.I1. CpaBHeHHe pa3JIMYHBIX TEXHOJOTWI TOTYYEHHS PEKOMOMHAHTHOTO aneHOacCCOMMPOBAHHOTO BU-
pyca B aboparopHoM MacmTabe // BUOnpenaparel. [Ipodunaktuka, nmarnoctuka, gederue. 2021. T. 21, Ne 4. C. 266—
278. [Ryabova E.I., Derkaev A.A., Esmagambetov I.B., Shcheblyakov D.V., Dovgiy M.A., Byrikhina D.V., Prokofiev V.V.,
Chemodanova I.P. Comparison of different technologies for producing recombinant adeno-associated virus on a laboratory
scale. Biopreparaty. Profilaktika, diagnostika, lecenie = Biological Products. Prevention, Diagnosis, Treatment, 2021, vol. 21, no. 4,
pp. 266—278. (In Russ.)] doi: 10.30895/2221-996X-2021-21-4-266-278

Cenosa E.C., Ileppoiikuna K.A., lepounun I.H., lIMmapoB M.M. [eHeTHYecKre KOHCTPYKIIMU, BBITOJAHSOIIME QYHKIIUK
aJ’bIOBAHTOB, B COCTaBE BAKIIMH Ha OCHOBE aIcHOBUPYCHBIX BeKTOpoB // UMmyHomorus. 2022. T.43, Ne 1. C. 5—17. [Sedova E.S.,
Pervoykina K.A., Shcherbinin D.N., Shmarov M.M. Genetic constructs as adjuvants in vaccines based on adenoviral vectors.
Immunologiya = Immynologiya, 2022, vol. 43, no. 1, pp. 5—17. (In Russ.)] doi: 10.33029/0206-4952- 2021-42-6-5-17

666



2024, T. 14, Ne 4 Pa3paboTka TepaneBTUYECKMX BaKLMH

12.

13.

14.

15.

16.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

[ammrea O.B. DBosonus HAIMOHATBHOTO KajJeHIaps MpoMUIaKTUYSCKUX MPUBUBOK. Pe3ynbTaThl M MEpCHEKTUBHI //
Herckue nadexunu. 2022. T. 21, Ne 1. C. 5—15. [Shamsheva O.V. Evolution of the national vaccination calendar. Results and
prospects. Detskie infektsii = Children Infections, 2022, vol. 21, no. 1, pp. 5—15. (In Russ.)| doi: 10.22627/2072-8107-2022-21-1-5-15
Afrough B., Dowall S., Hewson R. Emerging viruses and current strategies for vaccine intervention. Clin. Exp. Immunol., 2019,
vol. 196, no. 2, pp. 157—166. doi: 10.1111/cei.13295

Alvarez R.D., Huh W.K., Bae S., Lamb L.S., Jr., Conner M.G., Boyer J., Wang C., Hung Ch-Fu, Sauter E., Paradis M.,
Adams E., Hester Sh., Jackson B., Wu T., Trimble C. A Pilot Study of Pngvl4a-CRT/E7(detox) for the Treatment of Patients
With HPV16+ Cervical Intraepithelial Neoplasia 2/3 (CIN2/3). Gynecol. Oncol., 2007, vol. 140, no. 2, pp. 245—252. doi: 10.1016/j.
ygyno.2015.11.026

Angelo M.G., Zima J., Tavares Da Silva F., Baril L., Arellano F. Post-licensure safety surveillance for Human papillomavi-
rus-16/18-AS04-adjuvanted vaccine: more than 4 years of experience. Pharmacoepidemiol. Drug Saf., 2014, vol. 23, no. 5, pp. 456—
465. doi: 10.1002/pds.3593

Arribillaga L., Echeverria I., Belsue V., Gomez T., Lozano T., Casares N., Villanueva L., Domingos-Pereira S. , Romero P.,
Nardelli-Haefliger D., Hervas-Stubbs S. , Sarobe P., Rodriguez M. , Carrascosa J., Ziircher Th., Lasarte J. Bivalent therapeutic
vaccine against HPV16/18 genotypes consisting of a fusion protein between the extra domain a from human fibronectin and
HPV16/18 E7 viral antigens. J. Immunother., 2020, vol. 8, no. 1: e000704. doi: 10.1136/jitc-2020-000704

Barouch D.H., Kik S.V., Weverling G.J., Dilan R., King S.L., Maxfield L.F., Clark S., Ng’ang’a D., Brandariz K.L., Abbink P.,
Sinangil F., Bruyn G., Gray G. E, Roux S., Bekker L-G., Dilraj A., Kibuuka H., Robb M.L., Michael N.L., Anzala O.,
Amornkul P.N., Gilmour J., Hural J., Buchbinder S.P., Seaman M.S., Dolin R., Baden L.R., Carville A., Mansfield K.G.,
Pau M.G., Goudsmit J. International Seroepidemiology of Adenovirus Serotypes 5, 26, 35, and 48 in Pediatric and Adult
Populations. Vaccine, 2011, vol. 29, no. 32, pp. 5203—5209 doi: 10.1016/j.vaccine.2011.05.025

Basu P., Mehta A., Jain M., Gupta S., Nagarkar R.V., John S., Petit R. A Randomized Phase 2 Study of ADXS11-001 Listeria
Monocytogenes-Listeriolysin O Immunotherapy With or Without Cisplatin in Treatment of Advanced Cervical Cancer. Int.
J. Gynecol. Cancer, 2018, vol. 28, no. 4, pp. 764—772. doi: 10.1097/igc.0000000000001235

Becker K.A., Florin L., Sapp C., Sapp M. Dissection of Human Papillomavirus Type 33 L2 Domains Involved in Nuclear
Domains (ND) 10 Homing and Reorganization. Virology, 2003, vol. 314, no. 1, pp. 161—167. doi: 10.1016/50042-6822(03)00447-1
Boilesen D.R., Nielsen K.N., Holst P.J. Novel Antigenic Targets of HPV Therapeutic Vaccines. Vaccines, 2021, vol. 9, no. 11: 1262.
doi: 10.3390/vaccines9111262

Bossler F., Hoppe-Seyler K., Hoppe-Seyler F. PI3K/AKT/mTOR Signaling Regulates the Virus/Host Cell Crosstalk in HPV-
Positive Cervical Cancer Cells. Int. J. Mol. Sci., 2019, vol. 20, no. 9: 2188. doi: 10.3390/ijms20092188

BrunJ.L., Dalstein V., Leveque J., Mathevet P., Raulic P., BaldaufJ.J., Scholl S., Huynh B., Douvier S., Riethmuller D., Clavel C.,
Birembaut Ph., Calenda V., Baudin M., Bory J.P. Regression of High-Grade Cervical Intraepithelial Neoplasia With TG4001
Targeted Immunotherapy. Am. J. Obstetr. Gynecol., 2011, vol. 204, no. 2, pp. 169.e1—169.e8. doi: 10.1016/j.ajog.2010.09.020

Buck C.B., Day P.M., Trus B.L. The Papillomavirus Major Capsid Protein L1. Virology, 2013, vol. 445, no. 1-2, pp. 169—174.
doi: 10.1016/j.virol.2013.05.038

Burd E.M. Human Papillomavirus and Cervical Cancer. Clin. Microbiol. Rev., 2003, vol. 16, no. I, pp. 1-17. doi: 10.1128/
cmr.16.1.1-17.2003

Cabo Beltran O.R., Rosales Ledezma R. MVA E2 Therapeutic Vaccine for Marked Reduction in Likelihood of Recurrence
of Respiratory Papillomatosis. Head Neck, 2019, vol. 41, no. 3, pp. 657—665. doi: 10.1002/hed.25477

Chandra J., Woo W.P., Finlayson N., Liu H.Y., McGrath M., Ladwa R., Brauer M., Xu Y., Hanson S., Panizza B., Frazer .H.,
Porceddu S.V. A Phase 1, Single Centre, Open Label, Escalating Dose Study to Assess the Safety, Tolerability and Immunogenicity
of a Therapeutic Human Papillomavirus (HPV) DNA Vaccine (AMV002) for HPV-Associated Head and Neck Cancer (HNC).
Cancer Immunol. Immunother., 2021, vol. 70, no. 3, pp. 743—753. doi: 10.1007/s00262-020-02720-7

Chen M., Huang L., Wang J. Deficiency of Bim in Dendritic Cells Contributes to Overactivation of Lymphocytes and
Autoimmunity. Blood, 2007, vol. 109, no. 10, pp. 4360—4367. doi: 10.1182/blood-2006-11-056424

Chen C.H., WuT.C. Experimental Vaccine Strategies for Cancer Immunotherapy. J. Biomed. Sci., 1998, vol. 5, no. 4, pp. 231-252.
doi: 10.1007/bf02255855

Cheng L., Wang Y., DuJ. Human Papillomavirus Vaccines: An Updated Review. Vaccines, 2020, vol. &, no. 3: 3915. doi: 10.3390/
vaccines§030391

Cheng W.F., Hung C.F., Chai C.Y., Hsu K.F., He L., Ling M., Wu T.-C.T.-C. Tumor-Specific Immunity and Antiangiogenesis
Generated by a DNA Vaccine Encoding Calreticulin Linked to a Tumor Antigen. J. Clin. Invest., 2001, vol. 108, no. 5, pp. 669—
678. doi: 10.1172/jci12346

Cory L., Chu C. ADXS-HPV: A Therapeutic Listeria Vaccination Targeting Cervical Cancers Expressing the HPV E7 Antigen.
Hum. Vaccines Immunotherapeut., 2014, vol. 10, no. 11, pp. 3190—3195. doi: 10.4161/hv.34378

Cuburu N., Khan S., Thompson C.D., Kim R., Vellinga J., Zahn R., Lowy D.R., Scheper G., Schiller J.T. Adenovirus Vector-
Based Prime-Boost Vaccination via Heterologous Routes Induces Cervicovaginal CD8(+) T Cell Responses Against HPV16
Oncoproteins. Int. J. Cancer, 2018, vol. 142, no. 7, pp. 1467—1479. doi: 10.1002/ijc. 31166

Diebold S.S., Kaisho T., Hemmi H., Akira S., Reis e Sousa C. Innate Antiviral Responses by Means of TLR7-Mediated
Recognition of Single-Stranded RNA. Science, 2004, vol. 303, no. 5663, pp. 1529—1531. doi: 10.1126/science.1093616

Dilley S., Miller K.M., Huh W.K. Human Papillomavirus Vaccination: Ongoing Challenges and Future Directions. Gynecol.
Oncol., 2020, vol. 156, no. 2, pp. 498—502. doi: 10.1016/j.ygyno.2019.10.018

Dyson N., Howley P.M., Miinger K., Harlow E. The Human Papilloma Virus-16 E7 Oncoprotein is Able to Bind to the
Retinoblastoma Gene Product. Science, 1989, vol. 243, no. 4893, pp. 934—937. doi: 10.1126/5cience.2537532

Eberhardt C.S., Kissick H.T., Patel M.R., Cardenas M.A., Prokhnevska N., Obeng R.C., Nasti T.H., Griffith C.C., Im S.J., Wang X_,
Shin D.M., Carrington M., Chen Z.G., Sidney J., Sette A., Saba N.F., Wieland A., Ahmed R. Functional HPV-Specific PD-1(+)
Stem-Like CD8 T Cells in Head and Neck Cancer. Nature, 2021, vol. 597, no. 7875, pp. 279—284. doi: 10.1038/541586-021-03862-z

667



H.M. PaeBckasi n ap. MHdekumns n uMmyHuTeT

37. Egawa K. Do Human Papillomaviruses Target Epidermal Stem Cells. Dermatology, 2003, vol. 207, no. 3, pp. 251—254.
doi: 10.1159/000073085

38. Ewer K.J., Lambe T., Rollier C.S., Spencer A.J., Hill A.V., Dorrell L. Viral Vectors as Vaccine Platforms: From Immunogenicity
to Impact. Curr. Opin. Immunol., 2016, vol. 41, pp. 47—54. doi: 10.1016/].coi.2016.05.014

39. Flogging Gardasil. Nat. Biotechnol., 2007, vol. 25, no. 3: 261. doi: 10.1038/nbt0307-261

40. Ford K., Hanley C.J., Mellone M., Szyndralewiez C., Heitz F., Wiesel P., Wood O., Machado M., Lopez M-A., Ganesan A.-P.,
Wang C., Chakravarthy A., Fenton T.R., King E.V., Vijayanand P., Ottensmeier C.H., Al-Shamkhani A., Savelyeva N.,
Thomas G.J. NOX4 Inhibition Potentiates Immunotherapy by Overcoming Cancer-Associated Fibroblast-Mediated CD8 T-Cell
Exclusion From Tumors. Cancer Res., 2020, vol. 80, no. 9, pp. 1846—1860. doi: 10.1158/0008-5472.Can-19-3158

41. GaoQ.,DongX.,XuQ.,ZhuL.,WangF., HouY., Chao C.-C. Therapeutic Potential of CRISPR /Cas9 Gene Editingin Engineered
T-Cell Therapy. Cancer, 2019, vol. 8, no. 9, pp. 4254—4264. doi: 10.1002/cam4.2257

42. Garland S.M., Kjaer S.K., Mufioz N., Block S.L., Brown D.R., DiNubile M.J., Lindsay B.R., Kuter B.J., Perez G., Dominiak-
Felden G., Saah A.J., Drury R., Das R., Velicer C. Impact and Effectiveness of the Quadrivalent Human Papillomavirus Vaccine:
A Systematic Review of 10 Years of Real-World Experience. Clin. Infect. Dis., 2016, vol. 63, no. 4, pp. 519—527. doi: 10.1093/cid/
ciw354

43. Gomez-Gutierrez J.G., Elpek K.G., Montes de Oca-Luna R., Shirwan H., Sam Zhou H., McMasters K.M. Vaccination With an
Adenoviral Vector Expressing Calreticulin-Human Papillomavirus 16 E7 Fusion Protein Eradicates E7 Expressing Established
Tumors in Mice. Cancer Immunol. Immunother., 2007, vol. 56, no. 7, pp. 997—1007. doi: 10.1007/500262-006-0247-2

44. Graham S.V. The Human Papillomavirus Replication Cycle, and its Links to Cancer Progression: A Comprehensive Review. Clin.
Sci., 2017, vol. 131, no. 17, pp. 2201—-2221. doi: 10.1042/cs20160786

45. Grunwitz C., Salomon N., Vascotto F., Selmi A., Bukur T., Diken M., Kreitera S., Tiirecia O., Sahin U. HPV16 RNA-LPX
Vaccine Mediates Complete Regression of Aggressively Growing HPV-Positive Mouse Tumors and Establishes Protective T Cell
Memory. Oncoimmunology, 2019, vol. 8, no. 9: €1629259. doi: 10.1080/2162402x.2019.1629259

46. Guirnalda P., Wood L., Paterson Y. Listeria Monocytogenes and its Products as Agents for Cancer Immunotherapy. Adv. Immunol.,
2012, vol. 113, pp. 81—-118. doi: 10.1016/b978-0-12-394590-7.00004-x

47. Hancock G., Hellner K., Dorrell L. Therapeutic HPV Vaccines. Best Pract. Res. Clin. Obstetr. Gynaecol., 2018, vol. 47, pp. 59—72.
doi: 10.1016/j.bpobgyn.2017.09.008

48. Hanna E., Bachmann G. HPV Vaccination With Gardasil: A Breakthrough in Women’s Health. Expert Opin. Biol. Ther., 2006,
vol. 6, no. 11, pp. 1223—1227. doi: 10.1517/14712598.6.11.1223

49. Herrero R., Gonzalez P., Markowitz L.E. Present Status of Human Papillomavirus Vaccine Development and Implementation.
Lancet Oncol., 2015, vol. 16, no. 5, pp. e206—e216. doi: 10.1016/5s1470-2045(14)70481-4

50. HuZ., Ma D. The Precision Prevention and Therapy of HPV-Related Cervical Cancer: New Concepts and Clinical Implications.
Cancer Med., 2018, vol. 7, no. 10, pp. 5217—5236. doi: 10.1002/cam4.1501

51. Huber B., Wang JW., Roden R.B. S., Kirnbauer R. RG1-VLP and Other L2-Based, Broad-Spectrum HPV Vaccine Candidates.
J. Clin., 2021, vol. 10, no. 5: 1044. doi: 10.3390/jcm10051044

52. lkedaY., Adachi K., Tomio K., Eguchi-Kojima S., Tsuruga T., Uchino-Mori M., Taguchi A., Komatsu A., Nagamatsu T., Oda K.,
Kawana-Tachikawa A., Uemura Y., Igimi S., Osuga Y., Fujii T., Kawana K. A Placebo-Controlled, Double-Blind Randomized
(Phase IIB) Trial of Oral Administration With HPV16 E7-Expressing Lactobacillus, GLBLI10Ic, for the Treatment of Cervical
Intraepithelial Neoplasia Grade 2 (Cin2). Vaccines, 2021, vol. 9, no. 4: 329. doi: 10.3390/vaccines9040329

53. Joura E.A., Giuliano A.R., Iversen O.E., Bouchard C., Mao C., Mehlsen J., Moreira E.D., Ngan Y., Petersen L.K., Lazcano-
Ponce E., Pitisuttithum P., Restrepo J.A., Stuart G., Woelber L., Yang Y.C., Cuzick J., Garland S.M., Huh W., Kjaer S.K.,
Bautista O.M., Chan L.S.F., Chen J., Gesser R., Moeller E., Ritter M., Vuocolo S., Luxembourg A. A 9-Valent HPV Vaccine
Against Infection and Intraepithelial Neoplasia in Women. New Engl. J. Med., 2015, vol. 372, no. 8, pp. 711-723. doi: 10.1056/
NEJMoal405044

54. Kalnin K., Chivukula S., Tibbitts T., Yan Y., Stegalkina S., Shen L., Cieszynski J., Costa V., Sabharwal R., Anderson S.F.,,
Christensen N., Jagu S., Roden R.B.S., Kleanthous H. Incorporation of RG1 Epitope Concatemers Into a Self-Adjuvanting
Flagellin-L2 Vaccine Broaden Durable Protection Against Cutaneous Challenge With Diverse Human Papillomavirus Genotypes.
Vaccine, 2017, vol. 35, no. 37, pp. 4942—4951. doi: 10.1016/j.vaccine.2017.07.086

55. Kawana K., Adachi K., Kojima S., Taguchi A., Tomio K., Yamashita A., Nishida H., Nagasaka K., Arimoto T., Yokoyama T.,
Wada-Hiraike O., Oda K., Sewaki T., Osuga Y., Fujii T. Oral Vaccination Against HPV E7 for Treatment of Cervical Intraepithelial
Neoplasia Grade 3 (CIN3) Elicits E7-Specific Mucosal Immunity in the Cervix of CIN3 Patients. Vaccine, 2014, vol. 32, no. 47,
pp. 6233—6239. doi: 10.1016/j.vaccine.2014.09.020

56. Kawasaki T., Kawai T., Akira S. Recognition of Nucleic Acids by Pattern-Recognition Receptors and its Relevance in Auto-
immunity. Immunol. Rev., 2011, vol. 243, no. 1, pp. 61—73. doi: 10.1111/j.1600-065X.2011.01048.x

57. Khan S., Oosterhuis K., Wunderlich K., Bunnik E.M., Bhaggoe M., Boedhoe S., Karia S., Steenbergen R.D.M., Bosch L.,
Serroyen J., Janssen S., Schuitemaker H., Vellinga J., Scheper G., Zahn R., Custers J. Development of a Replication-Deficient
Adenoviral Vector-Based Vaccine Candidate for the Interception of HPV16- and HPV18-Induced Infections and Disease. Int.
J. Cancer, 2017, vol. 141, no. 2, pp. 393—404. doi: 10.1002/ijc.30679

58. Kim T.J., Jin HT., Hur S.Y., Yang H.G., Seo Y.B., Hong S.R., Lee C.-W., Kim S., Woo J.-W., Park K.S., Hwang Y.-Y., Park J.,
Lee I.-H., Lim K.-T., Lee K.-H., Jeong M.S., Surh C.D., Suh Y.S., Park J.S., Sung Y.C. Clearance of Persistent HPV Infection
and Cervical Lesion by Therapeutic DNA Vaccine in CIN3 Patients. Nat. Commun., 2014, vol. 5: 5317. doi: 10.1038/ncomms6317

59. Komdeur F.L., Singh A., van de Wall S., Meulenberg J.J.M., Boerma A., Hoogeboom B.N., Paijens S.T., Oyarce C., de Bruyn M.,
Schuuring E., Regts J., Marra R., Werner N., Sluis J., van der Zee A.G.J., Wilschut J.C., Allersma D.P., van Zanten C.J.,
Kosterink J.G.W., Jorritsma-Smit A., Yigit R., Nijman HW., Daemen T. First-In-Human Phase I Clinical Trial of an SFV-Based
RNA Replicon Cancer Vaccine Against HPV-Induced Cancers. Mol. Ther., 2021, vol. 29, no. 2, pp. 611—625. doi: 10.1016/j.
ymthe.2020.11.002

668



2024, T. 14, Ne 4 Pa3paboTka TepaneBTUYECKMX BaKLMH

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Kreimer A.R., Gonzalez P., Katki H.A., Porras C., Schiffman M., Rodriguez A.C., Solomon D., Jiménez S., Schiller J.T.,
Lowy D.R., van Doorn L.-J., Struijk L., Quint W., Chen S., Wacholder S., Hildesheim A., Herrero R. Efficacy of a Bivalent HPV
16/18 Vaccine Against Anal HPV 16/18 Infection Among Young Women: A Nested Analysis Within the Costa Rica Vaccine Trial.
Lancet Oncol., 2011, vol. 12, no. 9, pp. §62—870. doi: 10.1016/51470-2045(11)70213-3

Lang Kuhs K.A., Gonzalez P., Rodriguez A.C., van Doorn L.J., Schiffman M., Struijk L., Chen S., Quint W., Lowy D.R.,
Porras C., DelVecchio C., Jimenez S., Safacian M., Schiller J.T., Wacholder S., Herrero R., Hildesheim A., Kreimer A.R.
Reduced Prevalence of Vulvar HPV16/18 Infection Among Women Who Received the HPV16/18 Bivalent Vaccine: A Nested
Analysis Within the Costa Rica Vaccine Trial. J. Infect. Dis., 2014, vol. 210, no. 12, pp. 1890—1899. doi: 10.1093/infdis/jiu357
Lazcano-Ponce E., Stanley M., Muifioz N., Torres L., Cruz-Valdez A., Salmerdn J., Rojas R., Herrero R., Hernéndez-Avila M.
Overcoming Barriers to HPV Vaccination: non-Inferiority of Antibody Response to Human Papillomavirus 16/18 Vaccine
in Adolescents Vaccinated With a Two-Dose vs. A Three-Dose Schedule at 21 Months. Vaccine, 2014, vol. 32, no. 6, pp. 725—732.
doi: 10.1016/j.vaccine.2013.11.059

Lee S.Y., Kang T.H., KnoffJ., Huang Z., Soong R.S., Alvarez R.D., Hung C.-F., Wu T.-C. Intratumoral Injection of Therapeutic
HPV Vaccinia Vaccine Following Cisplatin Enhances HPV-Specific Antitumor Effects. Cancer Immunol. Immunother., 2013,
vol. 62, no. 7, pp. 1175—1185. doi: 10.1007/5s00262-013-1421-y

Leil., Osen W., Gardyan A., Hotz-Wagenblatt A., Wei G., Gissmann L., Eichmiiller S., Lochelt M. Replication-Competent Foamy
Virus Vaccine Vectors as Novel Epitope Scaffolds for Immunotherapy. PLoS One, 2015, vol. 10, no. 9: e0138458. doi: 10.1371/jour-
nal.pone.0138458

LiX., Jiang S., Tapping R.I. Toll-Like Receptor Signaling in Cell Proliferation and Survival. Cytokine, 2010, vol. 49, no. 1, pp. 1-9.
doi: 10.1016/j.cyto.2009.08.010

Liu D.W., Tsao Y.P., Kung J.T., Ding Y.A., Sytwu H.K., Xiao X., Shen S.-L. Recombinant Adeno-Associated Virus Expressing
Human Papillomavirus Type 16 E7 Peptide DNA Fused With Heat Shock Protein DNA as a Potential Vaccine for Cervical
Cancer. J. Virol., 2000, vol. 74, no. 6, pp. 288§8—2894. doi: 10.1128/jvi.74.6.2888-2894.2000

Lungwitz U., Breunig M., Blunk T., Gopferich A. Polyethylenimine-Based non-Viral Gene Delivery Systems. Eur. J. Pharmaceut.
Biopharmaceut., 2005, vol. 60, no. 2, pp. 247—266. doi: 10.1016/].ejpb.2004.11.011

Macartney K.K., Chiu C., Georgousakis M., Brotherton J.M. Safety of Human Papillomavirus Vaccines: A Review. Drug Saf.,
2013, vol. 36, no. 6, pp. 393—412. doi: 10.1007/5s40264-013-0039-5

Maciag P.C., Radulovic S., Rothman J. The First Clinical Use of a Live-Attenuated Listeria Monocytogenes Vaccine: A Phase |
Safety Study of Lm-LLO-E7 in Patients With Advanced Carcinoma of the Cervix. Vaccine, 2009, vol. 27, no. 30, pp. 3975—3983.
doi: 10.1016/j.vaccine.2009.04.041

Malone R.W., Felgner P.L., Verma I.M. Cationic Liposome-Mediated RNA Transfection. Proc. Natl Acad. Sci. USA, 1989,
vol. 86, no. 16, pp. 6077—6081. doi: 10.1073/pnas.86.16.6077

MansillaC., Berraondo P., Durantez M., Martinez M., Casares N., Arribillaga L., RudillaF., FioravantiJ., LozanoT., Villanueva L.,
Sarobe P., Borras F., Leclerc C., Prieto J, Lasarte J.J. Eradication of Large Tumors Expressing Human Papillomavirus E7 Protein
by Therapeutic Vaccination With E7 Fused to the Extra Domain a From Fibronectin. Int. J. Cancer, 2012, vol. 131, no. 3, pp. 641—
651. doi: 10.1002/ijc.26412

Markowitz L.E., Liu G., Hariri S., Steinau M., Dunne E.F., Unger E.R. Prevalence of HPV After Introduction of the Vaccination
Program in the United States. Pediatrics, 2016, vol. 137, no. 3: e20151968. doi: 10.1542/peds.2015-1968

Maruggi G., Zhang C., Li J., Ulmer J.B., Yu D. mRNA as a Transformative Technology for Vaccine Development to Control
Infectious Diseases. Mol. Ther., 2019, vol. 27, no. 4, pp. 757—772. doi: 10.1016/j.ymthe.2019.01.020

MclIntyre M.C., Ruesch M.N., Laimins L.A. Human Papillomavirus E7 Oncoproteins Bind a Single Form of Cyclin E
in a Complex With Cdk2 and P107. Virology, 1996, vol. 215, no. 1, pp. 73—82. doi: 10.1006/viro.1996.0008

Melamed A., Margul D.J., Chen L., Keating N.L., Del Carmen M.G., Yang J., Seagle B.-L.L., Alexander A., Seagle B.-L.L.,
Alexander A., Shahabi S., Rauh-Hain J.A. Survival After Minimally Invasive Radical Hysterectomy for Early-Stage Cervical
Cancer. New Engl. J. Med., 2018, vol. 379, no. 20, pp. 1905—1914. doi: 10.1056/NEJMoal804923

Mohsen M.O., Zha L., Cabral-Miranda G., Bachmann M.F. Major Findings and Recent Advances in Virus-Like Particle (VLP)-
Based Vaccines. Semin. Immunol., 2017, vol. 34, pp. 123—132. doi: 10.1016/j.smim.2017.08.014

Moody C.A., Laimins L.A. Human Papillomavirus Oncoproteins: Pathways to Transformation. Nat. Rev. Cancer, 2010, vol. 10,
no. 8, pp. 550—560. doi: 10.1038/nrc2886

Nagarsheth N.B., Norberg S.M., Sinkoe A.L., Adhikary S., Meyer T.J., Lack J.B., Warner A.C., Schweitzer C., Doran S.L.,
Korrapati S., Stevanovic S., Trimble C.L., Kanakry J.A., Bagheri M.H., Ferraro E., Astrow S.H., Bot A., Faquin William C.,
Stroncek D., Gkitsas N., Highfill S., Hinrichs C.S. TCR-Engineered T Cells Targeting E7 for Patients With Metastatic HPV-
Associated Epithelial Cancers. Nat. Med., 2021, vol. 27, no. 3, pp. 419—425. doi: 10.1038/541591-020-01225-1
Nardelli-Haefliger D., Wirthner D., Schiller J.T., Lowy D.R., Hildesheim A., Ponci F., Grandi P. Specific Antibody Levels
at the Cervix During the Menstrual Cycle of Women Vaccinated With Human Papillomavirus 16 Virus-Like Particles. J. Natl
Cancer Inst., 2003, vol. 95, no. 15, pp. 1128—1137. doi: 10.1093/jnci/djg018

Pardi N., Hogan M.J., Porter FW., Weissman D. mRNA Vaccines — a New Era in Vaccinology. Nat. Rev. Drug Discovery, 2018,
vol. 17, no. 4, pp. 261-279. doi: 10.1038/nrd.2017.243

Paris R., Bejrachandra S., Thongcharoen P., Nitayaphan S., Pitisuttithum P., Sambor A., Gurunathan S., Francis D., Ratto-
Kim S., Karnasuta C., Souza M.S. de, Polonis V.R., Brown A.E., Kim J.H., Stephens H.A. HLA Class Il Restriction of HI'V-1
Clade-Specific Neutralizing Antibody Responses in Ethnic Thai Recipients of the RV144 Prime-Boost Vaccine Combination
of ALVAC-HIV and ATDSVAX(®) B/E. Vaccine, 2012, vol. 30, no. 5, pp. 832—836. doi: 10.1016/j.vaccine.2011.11.002

Peng S., Kim TW.,, Lee J.H., Yang M., He L., Hung C.F., Wu T.-C. Vaccination With Dendritic Cells Transfected With BAK and
BAX siRNA Enhances Antigen-Specific Immune Responses by Prolonging Dendritic Cell Life. Hum. Gene Ther., 2005, vol. 16,
no. 5, pp. 584—593. doi: 10.1089/hum.2005.16.584

669



H.M. PaeBckasi n ap. MHdekumns n uMmyHuTeT

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.
95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Porras C., Tsang S.H., Herrero R., Guillén D., Darragh T.M., Stoler M.H., Hildesheim A., Wagner S., Boland J., Lowy D.R,
Schiller J.T., Schiffman M., Schussler J., Gail M.H., Quint W., Ocampo R., Morales J., Rodriguez A.C., Hu S., Sampson J.N.,
Kreimer A.R. Efficacy of the Bivalent HPV Vaccine Against HPV 16/18-Associated Precancer: Long-Term Follow-Up Results
From the Costa Rica Vaccine Trial. Lancet Oncol., 2020, vol. 21, no. 12, pp. 1643—1652. doi: 10.1016/51470-2045(20)30524-6
Rajcani J., Mosko T., Rezuchova I. Current Developments in Viral DNA Vaccines: Shall They Solve the Unsolved. Rev. Med.
Virol., 2005, vol. 15, no. 5, pp. 303—325. doi: 10.1002/rmv.467

Ren F.,, XuY., Mao L., OuR., Ding Z., Zhang X., TangJ., Li B., Jia Z., Tian Z., Ni B., Wu Y. Heat Shock Protein 110 Improves
the Antitumor Effects of the Cytotoxic T Lymphocyte Epitope E7(49-57) in Mice. Cancer Biol. Ther., 2010, vol. 9, no. 2, pp. 134—
141. doi: 10.4161/¢bt.9.2.10391

Rosales C., Graham V.V,, Rosas G.A., Merchant H., Rosales R. A Recombinant Vaccinia Virus Containing the Papilloma
E2 Protein Promotes Tumor Regression by Stimulating Macrophage Antibody-Dependent Cytotoxicity. Cancer Immunol.
Immunother., 2000, vol. 49, no. 7, pp. 347—360. doi: 10.1007/s002620000125

Rosales R., Lopez-Contreras M., Rosales C., Magallanes-Molina J.R., Gonzalez-Vergara R., Arroyo-Cazarez J.M., Ricardez-
Arenas A., Follo-Valencia A. del, Padilla-Arriaga S., Guerrero M.V., Pirez M.A., Arellano-Fiore C., Villarreal F. Regression
of Human Papillomavirus Intraepithelial Lesions is Induced by MVA E2 Therapeutic Vaccine. Hum. Gene Ther., 2014, vol. 25,
no. 12, pp. 1035—1049. doi: 10.1089/hum.2014.024

Santesso N., Mustafa R.A., Wiercioch W., Kehar R., Gandhi S., Chen Y., Cheung A., HopkinsJ., Khatib R., Ma B., Mustafa A A.,
Lloyd N., Wu D., Broutet N., Schiinemann H.J. Systematic Reviews and Meta-Analyses of Benefits and Harms of Cryotherapy,
LEEP, and Cold Knife Conization to Treat Cervical Intraepithelial Neoplasia. Int. J. Gynaecol. Obstetr., 2016, vol. 132, no. 3,
pp- 266—271. doi: 10.1016/.ijg0.2015.07.026

Santin A.D., Bellone S., Palmieri M., Ravaggi A., Romani C., Tassi R., Roman J.J., Burnett A., Pecorelli S., Cannon M.J.
HPV16/18 E7-Pulsed Dendritic Cell Vaccination in Cervical Cancer Patients With Recurrent Disease Refractory to Standard
Treatment Modalities. Gynecol. Oncol., 2016, vol. 100, no. 3, pp. 469—478. doi: 10.1016/j.ygyno.2005.09.040

Santin A.D., Hermonat P.L., Ravaggi A., Chiriva-Internati M., Zhan D., Pecorelli S., Parham G.P., Cannon M.J. Induction
of Human Papillomavirus- Specific CD4(+) and CD8(+) Lymphocytes by E7-Pulsed Autologous Dendritic Cells in Patients
With Human Papillomavirus Type 16- and 18-Positive Cervical Cancer. J. Virol., 1999, vol. 73, no. 7, pp. 5402—5410. doi: 10.1128/
Jvi.73.7.5402-5410.1999

Schellenbacher C., Roden R., Kirnbauer R. Chimeric L1-L2 Virus-Like Particles as Potential Broad-Spectrum Human
Papillomavirus Vaccines. J. Virol., 2009, vol. 83, no. 19, pp. 10085—10095. doi: 10.1128/jvi.01088-09

Schiffman M., Solomon D. Clinical Practice. Cervical-Cancer Screening With Human Papillomavirus and Cytologic Cotesting.
New Engl. J. Med., 2013, vol. 369, no. 24, pp. 2324—2331. doi: 10.1056/NEJMcp1210379

Schwarz T.F., Spaczynski M., Schneider A., WysockiJ., Galaj A., Schulze K., Poncelet S.M., Catteau G., Thomas F., Descamps D.
Persistence of Immune Response to HPV-16/18 AS04-Adjuvanted Cervical Cancer Vaccine in Women Aged 15-55 Years. Hum.
Vaccines, 2011, vol. 7, no. 9, pp. 958—965. doi: 10.4161/hv.7.9.15999

Siegel R.L., Miller K.D., Jemal A. Cancer Statistics. CA Cancer J. Clin., 2016, vol. 66, no. 1, pp. 7—30. doi: 10.3322/caac.21332
Smith J.A., Haberstroh F.S., White E.A., Livingston D.M., DeCaprio J.A., Howley P.M. SMCX and Components of the TIP60
Complex Contribute to E2 Regulation of the HPV E6/E7 Promoter. Virology, 2018, vol. 470, pp. 311-321. doi: 10.1016/j.vi-
rol.2014.08.022

Stanley M., Joura E., Yen G.P., Kothari S., Luxembourg A., Saah A., Walia A., Perez G., Khoury H., Badgley D., Brown D.R.
Systematic Literature Review of Neutralizing Antibody Immune Responses to non-Vaccine Targeted High-Risk HPV Types
Induced by the Bivalent and the Quadrivalent Vaccines. Vaccine, 2021, vol. 39, no. 16, pp. 2214—2223. doi: 10.1016/j.vac-
cine.2021.01.060

Tagliamonte M., Petrizzo A., Tornesello M.L., Buonaguro F.M., Buonaguro L. Antigen-Specific Vaccines for Cancer Treatment.
Hum. Vaccines Immunotherapeut., 2014, vol. 10, no. 11, pp. 3332—3346. doi: 10.4161/21645515.2014.973317

Takeuchi O., Akira S. Pattern Recognition Receptors and Inflammation. Cell, 2010, vol. 140, no. 6, pp. 805—820. doi: 10.1016/j.
cell.2010.01.022

Tewari K.S., Sill M\W., Long III H.J., Penson R.T., Huang H., Ramondetta L.M., Landrum L.M., Oaknin A., Reid T.J.,
Leitao M.M., Michael H.E., Monk B.J. Improved Survival With Bevacizumab in Advanced Cervical Cancer. New Engl. J. Med.,
2014, vol. 370, no. 8, pp. 734—743. doi: 10.1056/NEJMoa 1309748

Tumban E., Peabody J., Peabody D.S., Chackerian B. A Universal Virus-Like Particle-Based Vaccine for Human Papillomavirus:
Longevity of Protection and Role of Endogenous and Exogenous Adjuvants. Vaccine, 2013, vol. 31, no. 41, pp. 4647—4654.
doi: 10.1016/j.vaccine.2013.07.052

Tyler M., Tumban E., Chackerian B. Second-Generation Prophylactic HPV Vaccines: Successes and Challenges. Expert Rev.
Vaccines, 2014, vol. 13, no. 2, pp. 247—255. doi: 10.1586/14760584.2014.865523

Valdez Graham V., Sutter G., José M.V., Garcia-Carranca A., Erfle V., Moreno Mendoza N., Merchant H., Rosales R. Human
Tumor Growth is Inhibited by a Vaccinia Virus Carrying the E2 Gene of Bovine Papillomavirus. Cancer, 2000, vol. 88, no. 7,
pp. 1650—1662. doi: 10.1002/(sici) 1097-0142(20000401)88:7<1650::aid-cncr20>3.0.co;2-1

Wang B., Li X., Liu L., Wang M. B-Catenin: Oncogenic Role and Therapeutic Target in Cervical Cancer. Biol. Res., 2020, vol. 53,
no. 1: 33. doi: 10.1186/540659-020-00301-7

Wang JW., Roden R.B. L2, the Minor Capsid Protein of Papillomavirus. Virology, 2013, vol. 445, no. 1-2, pp. 175—186.
doi: 10.1016/j.virol.2013.04.017

Wang R., Pan W,, Jin L., Huang W., Li Y., Wu D., Gao C., Ma D., Liao S. Human Papillomavirus Vaccine Against Cervical
Cancer: Opportunity and Challenge. Cancer Lett., 2020, vol. 471, pp. 88—102. doi: 10.1016/j.canlet.2019.11.039

Wang T.L., Ling M., Shih .M., Pham T., Pai S.1., Lu Z., Kurman R.J., Pardoll D.M., Wu T.-C. Intramuscular Administration
of E7-Transfected Dendritic Cells Generates the Most Potent E7-Specific Anti-Tumor Immunity. Gene Ther., 2000, vol. 7, no. 9,
pp. 726—733. doi: 10.1038/5j.gt. 3301160

670



2024, T. 14, Ne 4 Pa3paboTka TepaneBTUYECKMX BaKLMH

107. Wendel Naumann R., Leath C.A., 3rd. Advances in Immunotherapy for Cervical Cancer. Curr. Opin. Oncol., 2020, vol. 32, no. 5,
pp. 481—487. doi: 10.1097/cco.0000000000000663

108. Woodham A.W., Cheloha R.W., Ling J., Rashidian M., Kolifrath S.C., Mesyngier M., Duarte J.N., Bader J.M., Skeate J.G.,
Da Silva D.M., Kast W.M., Ploegh H.L. Nanobody-Antigen Conjugates Elicit HPV-Specific Antitumor Immune Responses.
Cancer Immunol. Res., 2018, vol. 6, no. 7, pp. 870—880. doi: 10.1158/2326-6066.Cir-17-0661

109. Yang A., Farmer E., Wu T.C., Hung C.F. Perspectives for Therapeutic HPV Vaccine Development. J. Biomed. Sci., 2016, vol. 23,
no. 1: 75. doi: 10.1186/512929-016-0293-9

110. Zhai L., Tumban E. Gardasil-9: A Global Survey of Projected Efficacy. Antiviral Res., 2016, vol. 130, pp. 101—109. doi: 10.1016/j.
antiviral.2016.03.016

111. Zur Hausen H. Papillomaviruses and Cancer: From Basic Studies to Clinical Application. Nat. Rev. Cancer, 2002, vol. 2, no. 5,

pp. 342—350. doi: 10.1038/nrc798

ABTOpbI:

PaeBckas H.M., k.6.H., akcnepT ynpaBneHus annepreHos,
LIMTOKUHOB ¥ APYrX UMMYHOMOZYNATOPOB LieHTpa akcnepTussbl

1 koHTponst MUBI ®IBY HayuHblii LeHTP 3KCNepTU3bl CPeLCTB
MeANLMHCKOro npumMmeHeHns Munsapasa Poccun, Mocksa,
Poccus;

Hukutnna T.H., K.M.H., rNaBHbIN 3KCNEPT yNpaBfieHns annepreHos,
LIMTOKUHOB ¥ APYrX UMMYHOMOZYNATOPOB LieHTpa akcnepTuabl

1 koHTponst MUBI ®IBY HayuHblii LeHTP 3KCNepTu3bl CPeLCTB
MeANLMHCKOro npumeHeHns Munsapasa Poccun, Mocksa,
Poccus;

CumGupues A.C., uneH-koppecnoHaeHT PAH, o.M.H., npodeccop,
rnaBHbIA Hay4HbI coTpyaHNK PIYT locynapcTBeHHbIN Hay4YHO-
nccnepoBaTeNbCkuin MHCTUTYT 0C060 YKCTLIX BruonpenapaTos
OMBA, CankT-MNeTepbypr, Poccus;

Conosbesa W.J1., o.M.H., npodeccop, 3aB. kadbeapoit neamatpum
menuumHckoro dakynsteta um. T.3. BukTumuposa MHcTuTyTa
MeaMLUMHbI, 3Konorum n dpuandeckoit kynstypel @FE0Y BIMO
YNbSIHOBCKMIA rOCYAapPCTBEHHbI YHUBEPCUTET, T. YIbSHOBCK, Poccus;
Bonrux A.P., K.M.H., 3aM. AnpekTopa LleHTpa akcneptussl

1 koHTponst MUBI ®IBY HayuHblii LEeHTP 3KCNepTu3bl CPeLCTB
MeANLMHCKOro npumMmeHeHns Munsapasa Poccun, Mocksa,
Poccus;

KopoBkuH A.C., K.M.H., AvpekTop LieHTpa akcnepTuabl 1 KOHTPONS
MWBN ®IrBY Hay4HbIl LLEHTP 3KCNepTH3bl CPEACTB MELULIMHCKOMO
npumexerns Munusapasa Poccun, Mocksa, Poccus.

Authors:

Raevskaya N.M., PhD (Biology), Expert of the Allergens, Cytokines
and Other Immunomodulators Department, Centre for Biological
Medicinal Products Evaluation and Control, Scientific Centre

for Expert Evaluation of Medicinal Products of the Ministry of Health
of the Russian Federation, Moscow, Russian Federation;

Nikitina T.N., PhD (Medicine), Head Expert of the Allergens,
Cytokines and Other Immunomodulators Department, Centre for
Biological Medicinal Products Evaluation and Control, Scientific
Centre for Expert Evaluation of Medicinal Products of the Ministry
of Health of the Russian Federation, Moscow, Russian Federation;
Simbirtsev A.S., RAS Corresponding Member, DSc (Medicine),
Professor, Head Researcher, State Research Institute of Highly Pure
Biopreparations, St. Petersburg, Russian Federation;

Solovyeva l.L., DSc (Medicine), Professor, Head of the Department
of Pediatrics, Faculty of Medicine named after T.Z. Biktimirov, Institute
of Medicine, Ecology and Physical Education, Ulyanovsk State
University, Ulyanovsk, Russian Federation;

Volgin A.R., PhD (Medicine), Deputy Director, Centre for Biological
Medicinal Products Evaluation and Control, Scientific Centre

for Expert Evaluation of Medicinal Products of the Ministry of Health
of the Russian Federation, Moscow, Russian Federation;

Korovkin A.S., PhD (Medicine), Director of the Centre for Biological
Medicinal Products Evaluation and Control, Scientific Centre

for Expert Evaluation of Medicinal Products of the Ministry of Health
of the Russian Federation, Moscow, Russian Federation.

MocTynuna B pepakumio 09.04.2024
MpuHsaTa k nevyatn 15.05.2024

Received 09.04.2024
Accepted 15.05.2024

671



00630pbI Reviews

NHudekums n ummyHuteT Russian Journal of Infection and Immunity = Infektsiya i immunitet
2024, T.14,Ne 4, c. 672-680 2024, vol. 14, no. 4, pp. 672-680

HOBbIE NMEPCMNEKTUBHbIE AHTUCENTUKA
AN UHAMBUAYAJIbBHOU AHTUBUPYCHOM
SAWNUTDbI NMPU CE3OHHBIX UHOEKLUAX,
BKJIIOYAA COVID-19

C.A. Jlenexosa, I'.E. I'puropses, 1.C. Kypranckuii

@I'bYH Hpkymckuit nayunutii uenmp Cubupckoeo omodenenus Poccuiickoti akademuu Hayk, e. Upkymck, Poccus

Pe3iome. Ce3oHHbIe BUPYCHbIE NHGMEKIIMU BEPXHUX IbIXaTeAbHbBIX MyTEH MIUPOKO PACIIPOCTPAHEHBI BO BCEM MUDE.
[Mannemus koponaBupyca SARS-CoV-2 mokaszana BaxXHYI0 3HAYMMOCTh CBOEBPEMEHHOU TMepCOHATU3NPOBAHHOM
poUTAKTUKY OCTPHIX BUPYCHBIX 3a00JI€BAHUI 1 NX OaKTepUaTbHBIX OCIOKHEeHWI. OMHUM 13 OCHOBHBIX HATIPaB-
JIEHU I TIPOOUIAKTUKY BUPYCHBIX MHMEKIINH BIsieTcs pa3paboTrka 3¢hHEeKTUBHBIX aHTUCETITUKOB JIJIsT MHAKTHUBA-
LIMY BUPYCOB Ha PyKaxX U CIU3UCTHIX obosoukax. s apdexktuBHoro ynuutoxenuss SARS-CoV-2 BO3 pekomeH10-
BaHBI ABa aHTHcenTUKa: 70%-i1 pacTBOp 3TaHOJIAa U TUTIOXJIOPUT HaTpus. [IpemmoxeHHbIe aHTUCETITUKY SIBJISIIOTCS
ycTapeBIIMMHU, 001a1aI0T pa3apaxatoliuM AeCTBUEM Ha KOXXHBbIE MOKPOBBI U CIM3UCThIE 000J0UKU. B CBSA3M ¢ 3TUM
MepPCreKTUBHBIM HAaIlpaBACHUEM UCCIEIOBaHUI CTAHOBUTCS pa3pabOoTKa HOBBIX aHTUCENTUKOB, 00JafaloNInuX 13-
OMpaTeNbHOI TOKCMYHOCTBIO, MaJION JIETYUECThIO, HU3KUM 3HAUeHHEM KO3(D(HUIIMEHTOB B CUCTEME «MaCJI0—BOa»,
C1a00BBIPAXKEHHBIMU JTUMOGUIBHBIMU CBOWCTBAMM, HU3KOW BCACHIBAEMOCTBIO B BaKYOJbHBIE CTPYKTYpPbl KOXH
Y HU3KUM COZIEP>KaHUEM TOKCUUYHBIX TpuMeceil. OMHUM U3 TaKMX aHTUCETITUKOB sIBJsieTCsl aHaBUAMH. [IpoBeaeHbl
pa3paboTka U OTOOpP MOJIEKYJ, CIEAYIOIIMM 3aTIaHMPOBAHHBIM 2TANOM OY/ET SABJISATHCS olieHKa 3(hHEKTUBHOCTH
1 0e30MaCHOCTU HOBBIX MOJIEKYJI, BKJTIOUAsl TOKJIMHUYECKYIO U paHHI010 (ha3y KIMHUYECKUX UCTIBITAHU, B TOM YHC-
JIe B MpOMIaKTUKY BUPYCHBIX MHMeKnii, BKitodass SARS-CoV-2.

Karoueesnie caosa: anmucenmuxu, ahmuOUOmMuKope3ucmeHmHoCmy, UPYCHAS Unpekyus, panesas ungexyus, SARS-ColV-2,
npoguiaKmuka.

NEW PROMISING ANTISEPTICS FOR INDIVIDUAL ANTIVIRAL PROTECTION AGAINST SEASONAL
INFECTIONS INCLUDING COVID-19

Lepekhova S.A., Grigor’ev G.E., Kurganskiy I.S.

Irkutsk Research Center, Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russian Federaton

Abstract. Seasonal viral infections of the upper respiratory tract are widespread throughout the world. The SARS-CoV-2
pandemic has revealed the importance of timely personalized prevention of acute viral diseases and related bacterial
complications. One of the main directions in the preventing viral infections relies on the development of effective
antiseptics to inactivate viruses on the hands and mucous membranes. To effectively destroy SARS-CoV-2, the WHO
recommends two antiseptics: a 70% ethanol solution and sodium hypochlorite. The proposed antiseptics are outdated
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HoBble nepcnekTUBHbIE aHTUCENTUKMN

and have an irritating effect on the skin and mucous membranes. In connection with this, a promising research direction
includes development of new antiseptics with selective toxicity, low volatility, low coefficients in the oil-water system, weak
lipophilic properties, low absorption into the vacuolar skin structures and low content of toxic impurities. One of these
antiseptics is anavidin. The development and selection of molecules has been carried out, the next planned stage will
be assessment of the effectiveness and safety of new molecules, including preclinical and early phase clinical trials, also

analyzing prevention of viral infections, e.g. COVID-19.

Key words: antiseptics, antibiotic resistance, viral infection, wound infection, SARS-CoV-2, prevention.

BeepneHne

BrinmonHeHMe TpaHCISIIMOHHBIX UCCIICIOBAHM I
Mo pa3paboTKe IEePCHEeKTUBHBIX aHTUCEITUKOB
ST MHAWBUAYAJIbHOM 3aIIUTHI U TTPOGUIAKTUKHI
CE30HHBIX PEeCHMPATOPHBIX MHGEKIUA, BKIIOYAs
COVID-19, npuBonsgamux K 000CTPEHUIO XPOHMU-
YyecKMX 3abojeBaHUlI M pa3BUTUIO TOpaXKeHUI
OpTraHOB-MUIIICHE!, SIBJISICTCSI aKTyaJbHOW TIpoO-
0JIeMOI1 B YCIIOBUSX HOBBIX OMOJIOTUYCCKUX YTPO3
W YBEJIMYCHU ST YU CJIa MALIMEHTOB, CTPAadaloIX CO-
LIMaJIbHO 3HAaYMMBbIMU 3a00jieBaHUsIMU. HecMoTpst
Ha 00bsaBIIeHUEe OKOHYaHUs naHaemMuu COVID-19,
MPOMIOJIKAETCSI TTOMCK HAIIEXKXHBIX CIIOCO0O0B IPO-
GUIAKTUKY W WHIWBUAYAJIBHON 3aIIMTHI, 4TO
BBI3BAHO OBICTPBIM PACIIPOCTPAHEHUEM, TTOCTOSIH-
HBIMUW HOBBIMU MyTallMsIMU KopoHaBupyca SARS-
CoV-2 1 BBICOKOM CMEPTHOCTBIO MPHU 3apakeHUU
M OT OCJIOXKHEHUI B OTHAJICHHOM IICPHOJE.

Ce30HHble HDEKLMK, BKITIOYAS
COVID-19: npodunakTmka,
NHOMBUAYaAbHAS 3almTa

Ce30HHbIC BUPYCHBIE MH(PEKIIUNU BEPXHUX IbI-
XaTeJabHbIX TTyTei, BKiatodas COVID-19, mupoko
pacrpocTpaHeHbl, u3BecTHO Oosee 200 BO30OY-
IUTeJIei, OJHAKO MPEeUMYIIECTBEHHOEe 3HayeHHe
umeloT puHoBupychl (30—50%), Bupychl Tpuimna
(5—15%), xoponaBupyc SARS-CoV-2 (5—28%),
TaK>Xe BHOCST CBOl BKJIaJ B CTPYKTYpYy CE30H-
HBIX 3a00JIeBaHUIl aJeHOBUPYCHI, BUPYCHI Tapa-
TPUIINA, PeCUpPaTOpHO-CUHIIMTHUAIILHBI BHpPYC.
IMangemus kopoHnaBupyca SARS-CoV-2 noka3zana
BaKHYIO 3HAYMMOCTb CBO€BPEMEHHOI Npoduiak-
TUKM OCTPBIX BUPYCHBIX 3a00JIeBaHMII BEPXHUX
JIBIXaTEeJIbHBIX IMTyTe 1 X OaKTEepraTbHBIX OCTOX-
HeHUii. BaXHbIM MeponpusaTHeM TpodUIaKTU-
KU CE30HHBIX MHMEKINU SIBJISICTCS BaKIIMHAIIMSI
HaceJIeHUs, a AJisd MOBbIIIeHUsT 3(PGEKTUBHOCTHU
BaKLIMHALIMU CYILIECTBEHHBII BKJIaJ BHOCSIT IIPO-
dunakTuyeckue Mmeponpuatus [7].

B 2020 r. Becb MUP CTOJKHYJICSI C HOBOI yrpo-
301 SARS-CoV-2-uHpekuuu, B pe3yabTaTe KOTO-
poit BcemupHasi opraHu3anusi 3a1paBOOXpaHEHUS
(BO3) o6bsBuna nanaemuto COVID-19, u Obinu
BBEIE€Hbl KApPAHTUHHbIE MEPOIPUSATUSI. YCHIIUSI
YUYEHBIX HAalTPaBJICHbI HA CO3TAHUE TECT-CUCTEM TSI
MOJIEKYISIPHO-OMOJIOTUYECKOM U CEPOJIOTMUECKOM

OIWATHOCTUKM, IIPOBEICH HEMPEPBIBHBIA SITHOC-
MMOJIOTUYECKNIT MOHUTOPHHT, a TaKxXKe BEIyTCSI
pa3paboTKM KJIMHUUYECKUX HCCIEeIOBAaHUN ITHUO-
TPOMHBIX ITPOTUBOBUPYCHEIX MperapaToB, 3 dek-
TUBHBIX Mep MNpodUIAKTUKU, BKIIOYasT CIelu-
GUIECKYI0 MUMMYHOITPODUIAKTUKY U aKTHUBHOE
WUCIIOJIb30BAaHNUE AHTUCETITUKOB, Il WHIWBUIY-
aJIbHOM 3alUTHI corjiacHo International Committee
on Taxonomy of Viruses [11, 44, 54].

B nepuon manmeMuu M mociie Hee BEAYTCs T0-
CTOSTHHBIE PabOThl MO co3aaHuio 3(hpdEeKTUBHONU
BakKIIMHBI OT KOpoHaBUpyca. [1po6seMbl BEI3BaHbI
0COOEHHOCTSIMU cCaMO MHMEKIIUU U YaCTOU MyTa-
nueit kopoHaBsupyca SARS-CoV-2. B ciioxuBIInx-
Cs yCJIOBUSIX BasKHOM ocTaeTcs 3ajada pa3padoTKu
MpoUIAKTUIECKUX CPEACTB 3allUTHl OpTaHU3Ma
ot undexkuuu COVID-19.

BenyTcst pa3paboTKu MpOTUBOBUPYCHBIX CPEICTB
Ha OCHOBE aHTUMUKPOOHBIX MUKPOIJIEMEHTOB JIJISI
WHAKTUBAIIMY BUPYCOB Ha pyKaxX U CIIM3UCTBIX 000-
Jnoukax. O60J0uKa BUPYCOB COCTOUT U3 JIUMUIOB, UYTO
TMO3BOJISIET €€ Pa3pyIlIMTh 00pabOTKOI 3TAHOJIOM, Op-
TaHUYECKMMU PACTBOPUTEIISIMU, MBIJIOM U IPYTUMU
Je3UHOUITMPYIONIMMY CPEACTBAMU U CHU3UTH KO-
YeCTBO BHMPYCOB Ha pPyKaxX, KOHTAKTHBIX TTpeIMeTax.
BO3 6b111 pazpaboTaHbl METOAMYECKHE PEKOMEHIA-
muu. st THAWBUIYaIbHOM 3aIIUTHI OT KOPOHABU-
pyca SARS-CoV-2 pekoMeH1yeTcsl HOLIIEeHE MacoOK,
coOofiecHNe AUCTAHIINM, OTpaHUYeHUE OOIIEeHUSI,
camousoJjisiuus [13].

I'maBHOI 11€JIBIO TIPW WCTIOJIb30BAaHUUM CPENCTB
WHAWBUAYAJTbHON 3aIIUTHI, K KOTOPBIM OTHOCSITCSI
aHTUCENITUKMU, SIBJISIETCS TTOBbIIIIeHUE 3(h(hEeKTUBHO-
CTU TTPOUTAKTUKY CE30HHBIX MH(MEKIIN, BKJTIOUasT
COVID-19, Bbipaxatolieecs B IpeaynpekJaeHUM 3a-
OosieBaHUS B MEPUOJ IIMUAEMUIA, YMEHBIICHUE TsI-
JKECTU TeUYeHMsl 3a0oJieBaHMsI, CHUKEHUE KOJve-
CTBa OCJIOXKHEHU y 3a00JIeBIINX, 00ECIIeYMBaeMOe
BUPYJMIIUAHBIM JEMCTBUEM CPEICTB C JOKa3aHHOM
3(pHEKTUBHOCTHIO, CIIOCOOHOCTBHIO AHTUCEINTUKOB
HE TIOIaBJISITh €CTECTBEHHYIO MUKPOOUOTY U MECT-
HbIA MMMYHUTET CJIU3UCTBIX O0O0JI0YEK, CITOCO0-
HOCTBIO aKTUBHUPOBATh OKUCJIUTEIbHBIE TTPOIIECCHI
B TKAHSIX M 3alllUIIaTh BXOAHBIE BOpOTa AJIsI CE30H-
HBIX WHMEKIIN — T0JIOCTh HOCA M POTOBYIO TO-
JocTh 29, 32, 33, 45, 51, 52].

BupycHast Harpy3ka KOHIIEHTPUPYETCSI B HOCO-
IJIOTKE, Jajiee paclpoCTPaHsIETCs] B HUXKHME JIbI-
XaTeJIbHbIC TTYTU BCJICACTBUE OBICTPOI MHTAJISIIUN
BO30OYIUTEN S, B pe3yJibTaTe Yero pa3BuBaeTCs Mac-
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CUBHOE ITOpakeHUe JIETOYHOM TKaHW, OCOOEHHO
y TTAlIMEHTOB 13 IPYIII pUCKa: CTPaJalolnX OHKO-
JIOTUYECKMMHU U COLIMAJIbHO 3HAYMMBIMHU 3a00J1e-
BaHUSIMU M JIIOJIEH cTapiiero nokogeHus (65+) [47].

OIHWM W3 IJIaBHBIX HAIlpaBJICHUU B JESITE]Ib-
HOCTHU METUILIMHCKMX OPTaHU3alMil TP CE30HHBIX
VMHPEeKIMIX IBJIIeTCs obecrneueHue 0e30IacHOCTH
HalMeHTOB U IlepcoHazna. JlesITeIbHOCTh MeIau-
IIMHCKUX OpraHM3allMii Ha COBPEMEHHOM ypOBHE
XapakKTepU3yeTcsl IUPOKUM BHEIPEHUEM B IIpak-
TUKY HOBBIX METONOB TEpallMM W MTUATHOCTUKMU,
YTO BEACT K BHEAPCHMUIO HOBBIX TEXHOJIOTUI U Me-
IULWHCKUX W3NCeJIUi, B TOM YUCIe WHCTPYMEH-
TOB, MEAUIIMHCKOU TEXHUKU, HOBBIX MaTepuasoB.
BaxxHeiimM acnekToM HecneuudUuueckoil nmpo-
GUIAKTUKHN TOCIUTAIBHBIX WHMEKIININ SIBISICTCSI
WCITOJIb30BAHUE XMMUUYECKUX CPEICTB JAe3MHpeK-
MU U cTepuauzauuu [41].

PexoMeH10BaHO B KOPOHABUPYCHBIX KJIMHUKAX
HMCTIOJIb30BaTh Ae3UH(MUINPYIONINE CPEACTBA C 10-
Ka3aHHOW aKTUBHOCTBHIO ITPOTUB BUPYCOB, UMEIO-
MIMX O00JIOUKY, BKJIOYasi TUIOXJOPUT HaTPUsI
(Harpumep, 0,1%-i1 gjist o61ei Ae3uHOEKIIMHT M0~
BEPXHOCTH, I1epuaTok), 62—71%-ii atanon, 0,5%-10
MEPEeKNCh BOAOPOAA, YETBEPTUIHBIE aMMOHUEBbHIC
coeHEeHUsI U (DEHOJIbHBIC COSTUHEHM S, €CJIU OHU
MCMOJIb3YIOTCS B COOTBETCTBUM C PEKOMEHIAIIM SI-
MM npou3BoauTens. JApyrue OMOInaHbIe areHTHI,
takue Kak 0,05—0,2%-ii xj10pua 6eH3aIKOHU S N
0,02%-ii AUTIIOKOHAT XJIOPreKCUuIMHa, MOTYT OBbITh
MeHee 3¢ deKTuBHbIMU [39].

HNranbssHCKMMU aBTOpaMu ObLIIO MOKAa3aHO, YTO
SARS-CoV nonHOCThI0O MHAKTUBUPYETCS TAaKUMU
Ne3HGUIMPYIONIMMU CPeICTBAMM, KakK HalyK-
cycHast kuciota, 3taHoa 70%, TMIOXJIOPUT Ha-
tpus 0,05% u 0,1%, xaoprekcuanH ouriatokoHat 1%
u 2-6eH3ui-xaopdeHos 2% yxke nocie o6paboTKU
B TeueHUU | MUH. 151 O€H3aJKOHU S XJIOpU 1A Tpe-
oyeTtcs 6osbiie BpeMeHu. [Ipu o6paboTke 6HMOJ0-
TMUYECKUX OTXOMOB (MOKPOTA, BBIACICHMS YEIOBE-
Ka 1 T. I1.) CITOCOOHOCTH K pa3pylIeHUI0 BUPYCHOU
PHK noka3zanu tonbko 0,1%-ii TUIIOXJIOPUT Ha-
Tpus U 2%-ii 2-0eH3UI-XJJOpHEHO IIPU BPeMeHU
KOHTaKTa 6oJyiee 2 MUH [42].

Ilpy cpaBHEeHUM W3BECTHBIX AaHTUCEIITUKOB
BaXHO YYMTHEIBaTh KaK MX CBOMCTBA, TaK W OIBIT
MPUMEHEHHsI, MeXIYHapoIHble U HallMOHAJbHbIE
pexoMmeHmauuu. st 3pPeKTUBHOr0 YHUUTOXKE-
Husg SARS-CoV-2 BO3 pekoMeHI0BaHbI IBa aHTU-
centuka: 70%-ii pacTBOp 3TaHOJAa U TMIIOXJIOPUT
Hatpus [39].

IlepcneKTUBHBIE aHTUCENTUKU MOJKHBI OBITH
YHUBEpCaJIbHBIMM, OIHOBPEMEHHO pa3pylIaTh
BUPYJIEHTHYIO TPaMIOJOXUTEJIbHYI0O UM TpaM-
OTpULIATEILHYI0 MUKPOMIOpPY, BUPYCHI, IPOXK-
XKEToJ00HYI0, TIJIECHEBYIO, TpPUOKOBYIO (Jiopy.
IIpennmaraeTcs UCIMOIB30BAHNEC AHTUCCIITUKOB IS
00paboTKM pPYyK M KOHTAKTHBIX TMOBEPXHOCTEH,
a TaK>ke OpOIIeHUE CIU3UCTBIX 00oiouek. B mepu-

ol MaHAEMUU KOPOHABUPYCHON MHMEKLIUHU U I10-
clie Hee 3Ta MpobjieMa MpuobpeTacT rI06aaIbHbIN
xapakTep.

AHTUCENTUKN: MEXaHN3MbI OENCTBUSA
N NepcnexkTnBa NCroJsib30BaHNS

AHTUCENITUKMU SBJISIIOTCS Ba>XHBIMU Cpel-
CTBaAMU Jis 3allMTHI OpraHu3Ma OT MHMpEKIUi
u 3a0o0JIeBaHUM, BBI3BIBAEMBIX pPa3IUYHBIMU
MUKPOOpPTaHU3MaMU.

AHTHCENTUKHN CTalud He3aMEHUMBbIMU IIO-
MOILIHMKAaMU NPU COOIOAEHUN MPaBUJ TUTUEHBDI.
Hampumep, mojie3HbIM OKaXKeTCsl MCMOJIb30BaHUE
CIUPTOCOaEPXKAIIMX BIaKHbBIX cal(heTOK sl ObI-
CTpoOit 00pabOTKHU PYK B YCJIOBUSIX, KOTIa BOCIOJb-
30BaThCsl MbIJIOM HEBO3MOXKHO.

AHTHUCENTUKN MPUMEHSIOTCS B MEAMIIMHCKOM
MpakTUKe 151 00pabOTKU OXKOTOB, IapaIliH U I10-
pe3oB. X ucnonb3oBaHUe objieryaeT 3aXXK MBJIeHNE
paH W TIpeIoTBpallaeT pa3BUTHE BTOPUYHBIX WH-
dexumii [3, 11, 35, 37]. Anst o6paOOTKU aHTUCENTU-
KOM KOXMH TTallMeHTa PEKOMEHIYETCSI MPUMEHSTH
pacTBOpHBI MoganMpPoOHa, BOJOPOIHOIO TIepOKCHa,
dypauuarHa.

YTOOBl CHU3UTH PUCK Pa3BUTUS WHOEKIINMOH-
HBIX MATOJIOTU, CIeAYET MPAaBUIBHO Ie3UHMUIIN-
poBaTh npeaMeThl U moBepxHocTH [20]. Hampumep,
AHTUCENTUYECKUE CPEICTBA WCITOJb3YIOTCS IS
CTepUIN3ALNNA MEIUIIMHCKUX WHCTPYMEHTOB TIC-
pen olepaTUBHBIMHM BMeEIIaTeIbCTBAMU, UMU 00-
pabaTeIBAIOT CTOJIBI M PYYKHU ABEPEid, YITOOBI MUHU-
MU3UPOBATh Mepenady BO30YIAUTEIIST MEKAY JTIOIb-
MW, HAXOISIIIUMHUCS B OOHOM ITOMEIICHUU.

MHorne aHTHUCEIITUKKW MOTYT HapyIlaThb IIPO-
ecchl OOMEHa BEMISCTB B KJIETKaX MUKPOOPTaHU3-
MOB ITyTeM WHTUOMPOBAHUS KJIIOUYEBBIX (hepMeH-
TOB. UTOOBI 0O0BSICHUTH, KaK paboTaeT aHTUCEIITUK
B JTaHHOM cJiydyae, MOXHO NPUBECTU B KadyeCTBE
npumepa toxa. OH CITocoOCTBYeT OKUCTICHUIO (poc-
¢dopa, uTo HapylraeT GYHKIMOHUPOBAHUEC MOJIC-
Kyn AT®, xoTopble SBISIOTCSI YHUBEpPCAJIbHBIM
MCTOYHUKOM DSHEPTUU KJICTKU. YMEHbBINasT KOJIU-
YeCTBO TOCTYITHOI 3HEPrUH, MperapaTr BBHI3bIBACT
OBICTPBIN aHTUCENTUUYECKUI 3P deKT [22, 24].

HekoTopble aHTUCENTUKM, TaKUE KaK TaJOr¢HBbI,
CITOCOOHBI UBMEHSATH CBOMCTBA KJIETOYHBIX MEMOpPaH.
OHM NPOHUKAIOT Yepe3 JTUIMTUAHbBIE CJIOU MEMOpaHbI
M pa3pylIaloT ee CTPYKTYPY, BbI3bIBass HEOOpaTUMOE
MOBpEXKACHUE U TMOeTb MUKpOoOopraHusma [28].

Cpenu nperapaToB, UCIOJIb3YIOLIUXCS B MEI-
LIMHE, aKTUBHOE IPUMMEHEHHWE HaIlJIU CHUHEPru-
yeckKrue KOMOMHAIMMU — MEIUKAMEHTbI, KOTOpbIe
NEeHWCTBYIOT BMECTE IJIsl CO3JaHUS CUJTBHOIO aHTHU-
centnyeckoro addexra [26, 36]. Mox u xjaoprekcu-
JIVH UHTUOUPYIOT CUHTE3 MOJIEKYJI, HEOOXOAUMBIX
IUISl periapaliuu 6akTepuaaibHON KJIETOYHOU CTeH-
KU, B CBOIO OUYE€pelb CHUXAIOT CIOCOOHOCTh OIpe-
JIeJICHHOro BUJ1a OaKTepUil K pa3MHOXeHUIo [25].
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AHTHUCENITUYECKHE CPEACTBA UI'PAIOT BaKHYIO
POJb B MENUIIMHCKON MPAKTUKE U MMOBCEIHEBHOMN
XU3HU. B 3aBUCMMOCTU OT XMMHMUYECKOH CTPYK-
TYpbl OHU pa3IedsioTCs Ha OpraHMYecKue W He-
opraHuueckue. [IpymepaMmu opraHMYECKUX aHTU-
CEeNTUKOB CyXaT (eHOJI U ero Nporu3BOIHbIC, OHU
ObLJIM OJHMMM M3 MEPBbIX pa3pabOTaHHBIX aHTU-
CCNITUKOB. DTU CpeacTBa OO0JIAmalOT IMUPOKUM
CIEKTPOM JIEHCTBUS U JOJTUM aHTUCENTUYECKUM
apdexkTom. ITIpumepamu peHOTbHBIX aHTUCENTU-
KOB SIBJISSIOTCSI XJIOPKPE30J1, PE30IIUH, Tpexopde-
HoJI, ¢eHos. OHU NPUMEHSIOTCS TSI 00pabOTKM
KOXU, TIPEIMETOB YX0/1a ¥ TOBEPXHOCTEH, a TaKKe
B BeTepuHapuu [21].

CrnupTocoaepxalie aHTUCENTUKH, TaKHe KaK
STUJIOBBIM Y M3OTPOITUJIOBEII CITUPTHI, 0071a1aI0T
IIAPOKNUM aHTUMHUKPOOHBIM IeHCTBHEM, OBICTPO
HUCHAaPSIIOTCS U HE BBI3bIBAIOT pa3apakeHU s KOXU.
CBoe mpuMEHEHUE aHTUCENTUKHW HTaHHON TpyI-
OBl HAIITA B 00pabOTKe KOXHBIX TOKPOBOB Mepes
WHBECKIUSIMHU U OIepPallUIMHU, B KOCMETHUECKHUX
nponykTtax [1].

JleTepreHThl 001a0al0T OAKTEPULIUAHONM U OaK-
TEepUOCTaTUUEeCKOIl aKTMBHOCTHIO. Hambomee pac-
MMPOCTPAHEHHBIMU NETEPreHTaMM1, WUCITOJIb3YeMbI-
MU B aHTUCENITUKE, IBISIIOTCS aMMOHWEBBIC COSTM -
HEHMU S, TaKMe KaK OCH3aJKOHUI XJIOPUI U LEeTPU-
mua. OHM BXOMISIT B COCTaB MbLIa, TeJIeil, IIaMITyHel
U IPYTUX CPEACTB IO yXOIy 3a Koxeli [15].

OnHUM U3 CaMbIX M3BECTHBIX aJbJCTUIOB SIB-
JasieTcss ¢opMaabAerul, KOTOpbIi oOJyiagaeT BbI-
paXXeHHBIM  Ae3MHGUUUPYIOIUM 3P (eKTOM.
dopmanpaeruag aKTUBHO OOpeTcs ¢ OAKTEePUSIMU,
rpuokaMu 1 Bupycamu. OH mpuMeHseTCs 151 00-
paboOTKM MEAMIIMHCKOIO MHCTPYMEHTapus U IO-
BEPXHOCTEl, aKTUBHO HCITOJIb3yeTCSI B BeTepUHA-
puu [4, 5, 23, 33].

ITpumepamu rpymmbl KpacuTeaen ciryKaT Opui-
JIMAHTOBBIH 3€JI€HbIN U METUJICHOBBIN CUHU . DTO
CUHTETHMUYECKNE KpacCUTEIW aHWJIWHOBOIO psija,
obiamaromne aHTHOAKTEepPUATbHBIM U IIPOTUBO-
TPUOKOBBIM JeWiCTBUEM. bBpUIMAaHTOBBIN 3eJie-
HBIU MPUMEHSIETCS AJISI MECTHOTO 00pabOTKU paH,
HapanuH 1 HeOOJBIINX OXKOTOB [18].

Conmm TSXeNBIX MeTaJloB (cepedpa, Meou
U LIMHKA) OKa3bIBalOT aHTUCENTUYECKU 2P deKT
3a CUeT CBI3bIBAaHUS U MHAKTHUBAUMU (PYHKIIUO-
HaJibHbIX 6enkoB, JHK 1 npyrux xxu3sHeHHO Bax-
HBIX MOJIEKYJ MUKpoopraHmusmosB [2, 3, 11]. B pe-
3yJIbTaTe HapylIaeTcss TMPOHUIAEMOCTh KJIETOY-
HOIi MeMOpaHblI, BOBHUKAET HEIOCTATOK IHEPIUu
1 pa3BUBAETCs KJIETOUHBIN CTpecc, YTO B KOHEY-
HOM HTOTE BeIeT K rmbe MUKPOOHBIX KJIETOK.
B Hacrosiiiee BpeMsi IpuMeHEHWE COJIe TSIXKEbIX
METaJIJIOB B aHTUCENTUKE CYIIIECTBEHHO COKpaTH-
JIOCh, BMECTO HUX UCIIONb3YIOTCSI Oojiee Oe3orac-
HbIe 1 9P PEeKTUBHBIE CPEIACTBA.

lanoreHcopepxaiime aHTUCENITUKU OCHOBa-
HBI Ha XJiope, oae 1 ux nmpousBoaHbix [10, 19, 38].

IlpuMepsl TaKUX CPEACTB BKJIIOYAIOT MOMOMUPOH,
naHTouuna, xjopamMmuH. OHU o0jagaroT aHTUOAK-
TepUuaJbHBIMU CBOMCTBaAMU, AEHATYypUpPYys OEIKU
NpoTOIJIa3Mbl MUKpoopraHusma. KMcrnonab3yroTcs
IS 0O0pabOTKU KOXU, MOJOCTU PTa U MOBEPXHO-
CTeif, B TOM YHCJIe B CTAlIMOHAPHBIX YCIIOBUSX [6].

KucnoTsl u mienoun o6i1aaatoT BBICOKO aHTHU-
OakTepuasbHOU aKTUBHOCTbBIO, HO UCTIOJIb30BaAHUE
3TUX BELIECTB CHUXAETCS U3-3a CJIOXKHOCTU pabdo-
Thl C UCXOTHBIMU TOKCMYHBIMU BeliecTBamu [20].

OkucauTeN, TaAKMe KaK BOAOPOIHBIN MEPOK-
cull, 00JIafaloT XOPOIIUM aHTHUOAKTEepHa bHBIM
M aHTUBUPYCHBIM AeiicTBueM [17].

BenyTtcs noctosiHHbIE pa3pa®OTKU HOBbIX, 00-
nafaounx OOJBIINM MOTEHIIMAJIOM AaHTUCETITU-
KOB, KOTOPBIE IMMTOCTETIEHHO BHEAPSIOTCS B TIPAKTU-
Ky, HaIIpuMep Takue, Kak aHaBUIAWH.

Pa3paboTka HOBbIX MePCNeKTUBHBIX
MOJIeKYn

COBMECTHO C COTPYIHUKaMHU MPKyTCKOTO WH-
ctutyta xumuu um. A.E. ®aBopckoro CO PAH
BEAYTCSI MCCIIeNOBaHMUS MO pa3paboTKe U OTOOpY
MEepPCICKTUBHBIX MOJIEKYJ, KOTOPHIE MOTYT OBITh
BKJIIOUEHBI B TPAHCISILIMOHHBIC WCCJICIOBAHMS,
C TIEPCHEKTUBOI CO30aHUsI HOBBIX JIEKAPCTBEHHBIX
mpernapaToB U aHTUCENTUKOB. Pa3zpabarniBaembie
AHTUCENTUKHN TOJIKHBI 00JIaTaTh M30MpPaTeIbHOMU
TOKCUYHOCTBIO, KPOME TOTO, MOCKOJIbKY aHTHUCEIT-
TUYECKUeE IIpenapaThl UCIOIb3YIOTCS KaK MPaBUIO
MECTHO, IIPEUMYIIECTBO MPU BbIOOPE IMOJIYYaiOT
MaJIoJIeTy4due, IIOJSIpHbIE, MOHU3UPYyEeMble aHTH-
CeITUKU, 00JIafalole CBOICTBOM 3JIEKTPOJIUTOB,
HM3KUM 3HauyeHueM KOd(D@UILIMEHTOB B CHUCTE-
ME «MAacJIO—BOJa», CJa0OBbIPAXKEHHBIMU JIAIIO-
GUIBHBIMU CBOMCTBAMU, HU3KOW BCAChIBAEMOC-
ThbIO B BaKyOJIbHbIE CTPYKTYpPbl KOXU, BellECTBa,
OpU CHUHTE3€ WM MPOMBIIIIEHHOM IIPOU3BOMI-
CTBE KOTOPbIX CHUXKEHO 00pa30BaHUE TOKCUUHBIX
MUKponpumeceii [31].

Panee ObLI co31aH aHTUCENTUK Ha OCHOBE T'ya-
HMIMHA C YJIYy4YIIEeHHBIMM CBOMCTBAMM — aHa-
BuauH [30]. B ycnoBusiXx HOBBIX yrpo3 Bo3pac-
TaeT MHTEpPEeC K BTOMY aHTUCENTHUKY, KOTOPBIi
npeactaBiissieT coboit GpochOpPHO-KUCAYIO COJIb
noaurekcametuiseHnryanuauda (ITI'MIY) u umeer
dopmyny [C,HN;O,P]. Ero cpenHeB3BemaHHas
MoJIeKyasipHass macca oT 5 go 30 ThIC. eIMHMII.
Monekyna aHaBUAMHA COCTOUT U3 ABYX JIMHEHAHO
CBSI3AHHBIX TPYIIN: ryaHuauH@oOCcHaTHON U Trek-
cameTusieHoBoii. [TonsipHast ryaHuamnHgocdaTHas
rpyIrma MMeeT MOJOXUTEIbHBIN 3apsia W IIpuaaeT
MOJIMMEpPY CBOMCTBa (BJIOKYJISIHTA KaTMOHOBOTO
Tuna. Hanuuue ryaHuamHdocdaTHON U Trekca-
METUJICHOBOW TpyNnbl oOecrneyrBaeT MOJIEKYJIe
aHaBUIWHA BBICOKYIO OaKTePULINIHYIO, aJlbIv-
OUIHYIO U GYHTUILIUAHYIO aKTUBHOCTH IIPU OTHO-
BPEMEHHOI (PU3MOTOTrNYECKOl COBMECTUMOCTHU
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MHdekumns n uMmyHuTeT

C OpraHM3MOM XMBOTHBIX U YyeoBeKa. [1o rmokasa-
TeJqto «hakTopa HaAeXXHOUW 6e30MacTHOCTU» Mpe-
mapat B 3662 pa3a TOKCMUHEE IJIST MUKPOOPTaHM3-
MOB, YeM JIJISI TEIMJIOKPOBHBIX XKMUBOTHBIX 1 Y€JIOBE -
Ka [13, 14, 16, 40].

AHTUMUKpOOHAsT aKTUBHOCTbL 3TOTO IIperapa-
Ta B 3—5 pa3 BhbIllIe, YEM XJIOpaMUHa, KapOOJOBOit
KHWCJIOTHI, XJIOPHOW WM3BECTH, MEPrUApOJIsI, Tpe-
napatoB ITAB (karamuHa ADb, kaTtamosia, pokka-
Ja, aToHus). B oTauume ot 61uxkaiiiiero aHaJjora,
XJIOPreKCUAWHA OUTJI0OKOHATa, aHaBUIWH 3bdek-
TUBEH B OTHOIICHUU CITOPOBBIX OAKTEepUii, aAeHO-
BUPYCOB, SHTEPOBUPYCOB, BUPYCOB I'eprieca, HIIe-
danura, a3MaTcKoOro rpurmna, rnaparpuiiia, pora-
BUPYCOB U BO30yauTeneit Tyoepkyiesa [12, 34, 40].
DTOT aHTUCETITUK HEe MMeeT 3araxa, He JICTy4uid
W MOXET OBITh MPEIJIOXKEH B KaUYeCTBE WHIUBUIY-
AJIbHO 3alUTHI.

HarmpaBieHHBIII CUHTE3 HOBBIX MOJIEKYJI SIBJISI-
eTCsl OJHOW M3 aKTyaJIbHBIX 3aJlad OpraHMYeCcKOM
xumuu. Ocoboe MecTo B 3TOI 00JJaCTU 3aHUMAIOT
JKU3HEHHO BaXXHBIE a30TCOAepKallne reTepoInK-
JIBI M X TPOU3BOJHBIC, HA OCHOBE KOTOPHIX CO3/a-
HBI ¥ CO3JaI0TCSI HOBBIE MEPCIIEKTUBHBIE TTPEKYP-
COpHBI JIEKAPCTBEHHBIX cpeAacTB. Hampumep, cosu
MUPUANHUS BXOAST B COCTaB TaKWX M3BECTHBIX
nmpenapaToB, KakK NMUPUAOKCUH, MEKCUIOJ U Me-
TagOKCUH. AKTUBHO H3ydaloTcsl Takxke dochop-
colepxXaline ITPOM3BOAHBICE THMPHUIMHA, CpEIu
KOTOPBIX BBISIBJICHBI COCIWHEHUSI, O0Jajarolime
IUTOTOKCUYECKUMHU U AaHTUMUKPOOHBIMU CBOIi-
cTtBamu [8, 9].

M3BeCTHBIMU NPOU3BOMHBIMU T'yaHUJIMHA SIB-
JISI0TCS  QYHKIIMOHATM3UPOBAHHbBIE  ITUPUIU-
HBI, coiep:Kalllie, B 4acTHOCTH, (dochoHaTHBIC
¢dbparMeHTHI, SIBISIOTCSI BBICOKOBOCTPEOOBAaHHBIM
KJIaCCOM OpPraHMYeCKMX COEAMHEHMU M aKTHUBHO
WCITOJIb3YIOTCSI KaK MPEeKypPCOphl JIEKAPCTBEHHBIX
CPEACTB, JIMTaHIbI s JOu3aiiHa MeTaJIOKOM-
MJIEKCOB, 9KCTPAreHThl, a TaKXe KaK CTPOUTEIb-
HbIe OJIOKM B 3JE€MEHTOOPraHMYECKOM CHUHTE3€.
BaxHoil 3agaueii coBpeMeHHOTo (hapMaKOOpUeH-
TUPOBAHHOIO OPraHMWYECKOro CUHTE3a SIBISIETCS
HaTpaBJeHHOE BBEJIEHME B MOJIEKYJIbl (DyHIaMEH-
TaJbHBIX FEeTEPOLIMKIIOB (hapMaKopOpHBIX (PpTOp-
opraHUYeCcKuXx 3aMecTuTesiei [48].

dropcoaepxkaiiue dochopopraHu4YecKrue co-
eNUHEHM S 00JIaIaloT IIMPOKUM CITEKTPOM CBOMCTB
W HaxXoAsT NPUMEHEHUE B Pa3JIUYHBIX 00JaCTIX
MPOMBIIIIJICHHOCTH, CEJIbCKOM XO3SUCTBE, Me-

Cnucok nutepatypbl/References

nununHe. boibplmoe BHUMaHUE WcCcienoBaTeleil
yaenasieTcsl Takxke dropankuiidpochoHaTram, cpe-
I KOTOPBIX YK€ BBISIBJICHBI COCTMHEHUST, aKTUB-
HBbIE TI0 OTHOIIEHWIO K Pa3JIUuYHBIM BUPYCHBIM
M PETPOBUPYCHBIM WH(MEKIIMSAM, TaKUM KakK Te-
natut B u BHUY, 3710KaueCTBEHHBIM OITyXOJISIM,
a Takxe oOJyiagaronire MPOTUBOBOCHATUTEIbHBIM
nericteuem [27].

TlpemioxkeH HOBBINM TEXHOJIOTMYECKUI METOI,
KOTOPBII MO3BOJISIET KOHTPOJIMPOBATH COCTaB CO-
OJIMTOMEPOB U, CJIEIOBATEIbHO, UX TUAPOGMUIBHO/
ruapo¢oOHbI OajlaHC, PACTBOPUMOCThL, MeMOpa-
HOTPOITHBIE CBOMCTBA, U3MEHsSISI TEM CaMbIM I1O-
TEHIIMAJIbHYIO OMOJIOTMYECKYI0 aKTUBHOCTD TTOJTY-
YyaeMbIX npernapaToB [49].

BnepBble peannzoBaHa W M3ydYeHa peakius
pagukajdbHOro  TpucoenuHeHus  auaakuia-(H)-
dochoHaToB K BUHUJIOBBIM 3dupaM MosiubTopa-
KaHOJIOB, Ha OCHOBE KOTOPO# CUHTE3MPOBAaHbl HOBBIE
npeacraBuTean propaikuipocdoHaros [46].

PaspabarteiBatoTcss Metoabl cuHTe3a H-dbochu-
HOBBIX KMCJIOT B3auMojaelicTBueM rumnodocoop-
Hoil kwucnoTel, H;PO, (monydaercss u3 O6eyoro
dochopa ¢ ankeHaMM, alKMHaAMHU, aJIKUJTaao-
reHugaMu. DTU peakIMM TPOTEeKalT B ITPUCYT-
crBuM Pd-karann3aTopoB uiiv paauKaabHbIX MHH-
IIMAaTOPOB, a TakKXe B YCIOBHUSIX MUKPOBOJHOBOM
akTtuBauuu [48].

TTonydyeHbl HOBBIE HaHHBIE O CHUHTE3€ HOBBIX
MOJIEKYJI JIJIsI CO3IaHU ST TIPEKYPCOPOB JIEKApCTBEH-
HBIX CPEACTB C MpearnojaraeMbiM MPOTUBOBOCIIA-
JIUTEJIbHBIM, aHTHMOAKTepualbHbBIM W TIPOTUBO-
onyxoseBbIM 2 dekTamu [43, 50, 53].

TTocne paszpaboTku, oTOOpa ClAEAYIOLIUM 3Ta-
noM OyJeT SBJISTbCSA OlLEHKa 3(P@eKTUBHOCTHU
¥ 6€30TTaCHOCTY HOBBIX MOJIEKYJI, BKJIIOYas TOKJIM-
HMYECKYI0 M paHHIOKW a3y KIMHUYECKUX HUCIThI-
TaHW, 11 yero Ha 6a3e DenepaabHOro rocynap-
CTBEHHOTO OIO[KETHOTO HAYYHOTO YUYpEeXICHUS
MNHIL CO PAH coBmecTHO ¢ KianHu4yeckoit 60Jib-
Huuei MpkyTckoro HaydyHoro 1eHTpa Cuoupckoro
otnesieHus1 Poccuiickoii akameMun HayK co3laHa
OITBITHasI KOMaHIa UCCJIeToBaTeIei.

Cosznmanue HOBBIX 3(DP(PEKTUBHBIX CPEICTB JJIs
NpoUIAKTUKN CE30HHBIX MHMEKIIN, BKJIIOYas
SARS-CoV-2, BbIpaxarolieecs B Ipeayrnpexie-
HUM 3a00JIeBaHUS B TIEPUOM SMUIEMUN U PUCKOB,
MO3BOJIUT YMEHBIIUTH TSIXECTh TedyeHMsl 3abo-
JIeBaHUS W CHM3UTh KOJMYECTBO OCIOXHEHMIA
y 3a00JIeBIIUX.
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FEHETUMECKUW NPO®UJIb KAPEAMNEHEM-
YCTOWYUBbIX LULTAMMOB ACINETOBACTER
BAUMANNII

A.E. Anekceesa, H.®. Bpycuuruna, M.A. MaxoBa

DbYH Huxcezopoockuii HUHU snudemuonoeuu u mukpobuosoeuu um. axademurxa U.H. Broxunoii Pocnompebnadsopa,
2. Huxcnuiit Hoseopoo, Poccus

Pesiome. Llenb uccnenoBaHusi — MOJIEKYJISIPHO-TEHETHYECKAsT XapaKTePUCTHKA KapOaneHeM-YCTONYUBBIX MITaM-
MOB A. baumannii, BKI104aiolasi omnpeieieHNe KJIOHATbHONW MPUHAMIEKHOCTH, aHAJIU3 CTPYKTYpbl pe3ucTOMa
1 BUPYJOMa, OMKMCAHUE F'€HETUYECKOTO OKPYXEHUS JeTEPMUHAHT YCTOMYMBOCTH, CPABHUTEIbHBII TeHETUUECKU T
aHallu3, OLEHKY (hUJIOTeHeTUYeCKUX CBsi3el. Mamepuanvt u memoodsi. MaTepuaaoM UCCIeNOBAHUS CIYXUIU Kap-
OameHeM-yCTOMUMBBIC IITAMMBI A. baumannii (n = 7). IIpoBeneHo momHoreHoMHoe cekBeHupoBaHue JHK mmrram-
MOB A. baumannii n GuonHOpMaTUUECKUI aHAINU3 PE3YIbTATOB C UCIIONb30BAaHUEM Web-CcepBUCOB 1 0a3 JaHHBIX.
Pezyavmamut. iccnenyemble ITaMMbl A. baumannii ipuHaaiexatn cukBeHc-tunam ST2P+/ST2062,2063°* (n = 5)
u ST78P/ST1757°% (n = 2). CornacHo JaHHBIM (PUIIOTEHETHYECKOTO aHaIM3a, HYKJICOTUIHbIE TOC/IEI0BATEIbHOCTH
UcCaeayeMbIX IITaMMOB A. baumannii ST2P*/ST2062,2063° rpynnupoBanuch B eAMHBIA KJacTep, a TOCIeI0BATETbHO-
CTU TaMMOB A. baumannii ST78%/ST1757°X 06beAMHSINCH C TIOCIENOBATEIbHOCTBIO ITaMMa A. baumannii AbCTX3,
BeIesieHHOTO Bo ®@panuny B 2015 1. [TokazaHo, 4To TaMMBI A. baumannii XapaKTepr30BaINUCh HAJTUIHEM KaK c00-
CTBEHHBIX reHoB KapbaneHeMa3 (OXA-51 mogoOHbBIX), TaK U MPUOOPETEHHBIX FeHOB. B yacTHOCTH, Y MpeacTaBUTe-
neit ST2P%/ST2062,2063° onpeneneHbl reHbl blaOXA-23, a'y miraMmMoB A. baumannii ST78%%/ST1757°X — blaOXA-72
B coctase muasmugHoi JJHK. Ycranosneno, uto mwrammel A. baumannii ST78%/ST1757°% obnamaan GOMOTHUTENb-
HBIMU TeHaMU OeTa-laKkTama3 pacliMPEeHHOro crekTpa. Tak, y 000ux ITaMMOB MPUCYTCTBYET I'eH LiedanocnopruHa-
3b1 CTX-M-115, accouuupoBantblii ¢ ISKpn26, a mutamm A. baumannii NNAb_2023.3 uMeeT JONOJHUTEIbHBII TeH
blaCARB-16. 1nst 60JBIIMHCTBA UCCIENYEMBIX INTAMMOB A. baumannii XapaKTepHO HaJIU4Me TPUOOPETEHHBIX TeHOB
(bepMeHTOB, CBA3aHHBIX ¢ MOmMbUKaIel MaKpoauaoB (mph(E), msr(E)), xnopamdeHNKOIOB (catB8), aMIHOTIUKO-
3unoB (aadA, aph(3")-1b, aph(6)-1d, aac(6)-1b, aph(3')-1a, armA). CpaBHUTETHHBII aHAIN3 TIOKA3aJl, 4YTO y NITAMMOB
A. baumannii ST2%*/ST2062,2063° reHbl pe3UCTEHTHOCTH K MAKPOJIUIaM, aMMHOTIMKO3KMIAM U CYIb(haHuIaMKiIaM
HaxomsATcs B cocTaBe Tn6279-1mogo0HOro TpaHCIIO30Ha, a TeHbl aMUHOIIMKo3uaa3 aph(3")-1b, aph(6)-1d accouununpo-
BaHbI ¢ 1S91-MOAOGHBIM MOOUIBHBIM 3JIEMEHTOM. Y mTaMMOB A. baumannii ST78%/ST1757°X reHbl ycTOWYNBOCTH
K aMUHOTJIMKO3MIaM, MaKpoJIuaaM, cyabMaHuaaMuaaM 1 TeHbl 0eTa-JlakTamas CrpyIiupoBaHbl Ha yyacTke oT 60
10 80 ThIC. T.H. Mex 1y reHamu gimS u hutC. Bce itaMMbl A. baumannii xapaKTepu30BaJrCh HATUYUEM MyTallU il B Te-
Hax gyrA v parC, acCOLMUPOBAHHBIX C YCTOMYUBOCTHIO K (PTOPXMHONIOHAM. Tak1M 0Opa3oM, MOTYyYEHbl HOBbIEC 3Ha-
HUSI O TEHETUYECKOM TMpoduiie KapoaneHeMyCTOMUMBBIX MITAMMOB A. baumannii, SIBASIIOIIUXCS TIPENCTABUTEISIMU
SMUIEMUYECKU 3HAUUMBbIX MEX1YHAPOIHBIX KJIOHATbHBIX TUHUMA.

Karouesvie caosa: A. baumannii, cukeenc-mun, gpusoeenemuueckuii anaius, blaOXA-23, blaOXA-72, unmeepon, mpancno3on.
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A.E. Anekceesa, H.®. bpycHuruHa, M.A. Maxoga MHdekumns n uMmyHuTeT

GENETIC PROFILE OF CARBAPENEM-RESISTANT ACINETOBACTER BAUMANNII STRAINS
Alekseeva A.E., Brusnigina N.F., Makhova M.A.
L N. Blokhina Scientific Research Institute of Epidemiology and Microbiology of Nizhny Novgorod, Nizhny Novgorod, Russian Federation

Abstract. The purpose of the research: the molecular genetic characteristic of A. baumannii carbapenem-resistant strains,
including clonal affiliation, resistome and virulome pattern analysis, description of genetic environment resistance
determinants, comparative genetic analysis, and assessment of phylogenetic relationships are presented in the work.
The studied A. baumannii strains belonged to sequence types ST2P/ST2062.2063% (n = 5) and ST78%*/ST1757°" (n = 2).
The nucleotide sequences of the studied A. baumannii ST2%/ST2062.2063% strains were grouped into a single cluster
according to phylogenetic analysis. And the sequences of the A. baumannii ST78%*/ST1757°% strains were combined with
the nucleotide sequence of the A. baumannii AbCTXS strain, isolated in France in 2015. The presence of intrinsic (OXA-
51-like) and acquired carbapenemases genes was shown in A. baumannii strains. In particular, blaOXA-23 are identified
in members of ST2P*/ST2062.2063°¢, and in A. baumannii ST78%/ST1757°¢ strains — blaOXA-72 as part of the plasmid
DNA. The A. baumannii ST78" strains possessed additional extended-spectrum beta-lactamase genes. The CTX-M-115
cephalosporinase gene are present in both strains, and the A. baumannii strain NNAb_2023.3 has the blaCARB-16 gene.
Most A. baumannii strains are characterized by the presence of acquired genes for enzymatic modification of macrolides
(mph(E), msr(E)), chloramphenicols (catB§), aminoglycosides (aadA, aph(3")-1b, aph(6)-1d, aac(6)-1b, aph(3)-1a, armA).
A comparative analysis showed that in A. baumannii ST2*/ST2062.2063% strains the resistance determinants to macrolides
and aminoglycosides are located in the Tn6279-like transposon, and the aminoglycosidases genes aph(3")-1b, aph(6)-1d are
associated with the 1591-like mobile element. In A. baumannii ST78%/ST1757°* strains, resistance genes to aminoglycosides,
macrolides, sulfonamides, and beta-lactamase genes are grouped in a region from 60 to 80 Kb long between the gim.Sand hutC
genes. The presence of mutations in the gyrd and parC genes associated with resistance to fluoroquinolones were characterized
in all A. baumannii strains. Thus, new knowledge about the genetic profile of carbapenem-resistant A. baumannii strains

representing epidemically significant international clonal lineage has been obtained.

Key words: A. baumannii, sequence type, phylogenetic analysis, blaOXA-23, blaOXA-72, integron, transposon.

BBeneHune

IMpencrasurenu Buma Acinetobacter baumannii,
XapaKTepU3yoIlurecs: yCTOMIMBOCThIO K Kapoarie-
HeMaM, SBISIOTCS aKTyaJlbHBIMHU BO30YIUTEIISIMU
MHMEKINHA, CBI3aHHBIX C OKa3aHNEeM MEIUITMHCKOMU
nomotu [20]. B 2009 r. AMeprKaHCKUM OO1IECTBOM
MH(PEKINOHNCTOB OHU BKJIIOUCHBI B TaK Ha3bIBac-
Mbiii ciucok ESKAPE, o6benuHsionunii npencra-
BUTEJIC TIPOOJEMHBIX YCIIOBHO-TTATOTCHHBIX MU-
KPOOPTaHU3MOB — BO30yauTeIeli HO30KOMUAIb-
HBIX 1 BHEOOIbHUYHBIX UHbEKLUI [6]. A. baumannii
SIBIITIOTCSI 3TUOJIOTUYSCKUM areHTOM WHQEKIINit
IBIXaTeAbHBIX ITyTeH (BEHTHUIISITOP-aCCOIIMUPOBAH-
Hasl ITHEBMOHMS), CHUCTEMBI KPOBOTOKAa, MOYEBHI-
JIETUTEIIBHOM CHCTEMBI, pPaHEBBIX ITOBEPXHOCTEH,
a Take LEHTPpaJbHOM HEPBHOM cCUCTEMBL [6, 7, 8, 9,
19, 20]. CorynacHO CBeA€HUSIM POCCUICKON OH-TTaliH
mimatdopmel  AMRmap  (https://amrmap.ru) [1],
B 2021 r. mrramMmmbl A. baumannii OBLIN 3apETUCTPU-
pOBaHBI B KaUYeCTBE STUOJIOTMUYECKUX arceHTOB WH-
deKMOoHHBIX 3a00JieBaHmii B 8,39% ciryuaes.

W3BecTHO, uTO GakTepuut A. baumannii odmama-
OT IPUPOIHOU YCTOMYMBOCTHIO K aHTHOMOTUKAM
Pa3IMYHBIX KJIACCOB M OCHOBHBIMHU IIpeHapaTaMu
STHOTPOITHON Tepalmnu alWHETOOAKTEpHON WH-
dexuuu SABALIOTCI KapbaneHeMbl. B mocienHue
JIBa JAECSITUJICTUST HAOTI0IaeTCsl yBeJIMUEHNE YacTO-
ThI BCTPEUAECMOCTH KJIOHAJBHBIX JUHUI IITAMMOB
A. baumannii, XapaKTepU3yIOITNXCSI yCTOUNINBOCTHIO
K KapOareHeMam, 9TO SIBISIETCSI CEPbe3HOM KJIMHU-
yecKol nmpobJieMoii B riiodajibHOM MacuiTabe [7, 8,

9, 19]. MHOroYuMcaeHHbIe UCClIe0OBaH M MOCASAHUX
JIeT ToKas3ajM, YTO HauOoJblliee 3MUAEMUUECKOE
pacrpocTpaHeHHe MOJyYUIn KapOarieHeM-yCTO-
YUBbIC IITaMMBbl A. baumannii, OTHOCSIIECS K He-
CKOJIBKUM OITPeACICHHBIM KJIOHAJTbHBIM JIMHUSIM
(OHU TTOJTYYMJTM Ha3BaHWE BCEMU PHBIX AITUIEMYeC-
KMX KJIOHOB international clones — IC) u accouuu-
pPOBaHHBIE C TOCMTUTAIbHBIMU MHDEKIUIMU [9, 23].
B HacTosI1Iee BpeM ST BBIICIISTIOT IEBSTh IJI00aIbHBIX
KJoHaJbHBIX TMHUI (IC1—-1C9), cpean KoTopbIX 10-
MUHUPYIOIIUMU SIBIASIOTCS IITAMMBbI, OTHOCSIIIIAC-
csl K TIEPBBIM TPEM MeXTYHApOAHBIM KJIOHAIbHBIM
JIMHUSM, a a0COJIIOTHOE JIMIEPCTBO TTPUHAIICKUT
npenctasuteasm IC2 [9, 23].

HMcnonb3oBaHKWe MOJTHOTEHOMHOTO CEKBEHUPO-
BaHUS TO3BOJISIET IMOJYYUTh PACIIMPEHHYIO MO-
JIEKYJISIPHO-XapaKTEPUCTUKY KapOareHeM-yCTOoM-
YUBBIX IITaMMOB A. baumannii, onpeaeauTb UX
KJOHAJIbHYIO ITIPUHAIJIEXKHOCTh, OXapaKTepHU30-
BaTh CTPYKTYPY pe3ucTOMa U BUpPYJIOMa, U3YYUTh
TeHEeTUYECKOE OKPYKEHUE AeTePMUHAHT YCTOMIM-
BOCTHU, ITPOBECTU CPAaBHUTEJIbHBIN FeHETUYECKUIA
aHaJu3, OIpeAeIUTh (PUIOTEHETUYECKHE CBSI3MU.

MaTtepwuanbl 1 METOAbI

OO0BEKTOM HMCCIIeIOBAHUS SIBJISIJINCH CEMb Kap-
0arneHeMyCTOMYMNBBIX IITAMMOB A. baumannii, no-
JIYYEHHBIX OT MALlMEHTOB, HAXOASLLIMXCSI HA CTallU-
OHApHOM JIEYEHUU B MEAMIIMHCKUX OpraHnU3alnsIx
r. Huzxnero Hosropoma. AHTHOMOTHKOTpamMMa
mMTaMMOB A. baumannii npenctapjieHa B Ta01. 1.
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leHeTuyeckuit npodunb A. baumannii

Jdnsa  seigenenuss JHK wucnonb3oBanu  Ha-
oop <«Ammuullpaitm JHKcop6-B» (IIHWUHND
PocniorpedbHanzopa, Poccus). TloaroroBky JHK-
OUOMMOTEKM TSI CEKBEHMPOBAHUS OCYIIECTBIISI-
JIU ¢ ucrnojgb3oBaHueM Habopa ShotGun «SG GM»
(Raissol, Poccusi) u KoMILJIeKTa WHAESKCUPOBAH-
HBIX TIpailMepoB MJjs ABOWHOro OapKoAMpOBa-
Hus (Raissol, Poccus). CexBeHUpoBaHUE MPOBO-
nuad Ha mpudopax «iSeq 100» (Illumina, CIIIA)
u «GenoLab M» (GeneMind Biosciences Co., Kuraii).
BripaBHUBaHME U COOPKY HYKJIECOTUAHBIX MTOCIEA0-
BaTeJIbHOCTEN de novo OCYIIECTBJISIIM C WUCIOJIb30-
BaHUeM web-cepBuca Assembly (https://www.bv-brc.
org/app/Assembly2) 1 mporpaMMHOI0 O0OeCITeUeHU’ T
SPAdes Bepcus v3.13.0. AHHOTMPOBaHVE€ TEHOMHBIX
MOCJIeIOBATEIbHOCTEM IITaMMOB A. baumannii ipo-
BOAMJIM C MWCIIOJb30BaHUEM cepBuca Prokaryotic
Genome Annotation Pipeline (https://www.ncbi.
nlm.nih.gov/genome/annotation_prok). C moMouIso
cepBUCOB 0a3bl HaHHBIX Acinetobacter baumannii
typing database (https://pubmlst.org/bigsdb?db =
pubmlst_abaumannii_seqdef) ocyluecTBasam TU-
nupoBaHue mTamMmmoB 1o cxeme MLST. lns nowuc-
Ka NeTePMUHAHT ITaTOreHHOCTU U PE3UCTEHTHOCTU
KCITOJIb30BaJIM TTOMCKOBBIE CEPBUCHI 0a3bl JaHHBIX
Virulence Factor of Pathogenic Bacteria (http://www.
mgc.ac.cn/VFs) n Resistance Gene Identifier (https://
card.mcmaster.ca/analyze/rgi). OmpeneneHue Mo-
OMJIBHBIX 2JIEMEHTOB, aCCOLIMMPOBAHHBIX C JIETEP-
MUHaHTaMU Pe3UCTEHTHOCTH, OCYIIECTBIISLIN C 10~
Momipio web-cepBucoB IS-finder (https://www-is.
biotoul.fr) u VRprofile2 (https://tool2-mml.sjtu.edu.
cn/VRprofile/home.php). C ncrnonb3oBaHUEeM cep-
Buca BLASTN mnpoBoauiy MOUCK TOMOJOTMYHBIX
HYKJIEOTUIHBIX MOCJIEIOBATEIbHOCTEI.

Web-cepBuc REALPHY (https://realphy.unibas.
ch/realphy) wucnonp3oBajiiv AJsI BbIpaBHUBAHMUS
HYKJEOTUAHBIX TIOCJIENOBATEIBHOCTEl T€HOMOB
mrTaMMoB A. baumannii. TlocTpoeHue AeHApOrpaMmM
NpOBOAUIM C MoOMolIblo TmporpaMmbel MEGA
7.0.26 [17] anroputMm Neighbor joining ¢ GyTcpan
noanepxkoi 100 moBTOpPOB.

PesynbraThl

OO0l1Last CTpyKTypa reHOMa MCCJIEAYyEeMbIX IITaM-
MOB A. baumannii, ioay4eHHasi B pe3yJbraTe OUO-
“H(GOPMATUUECKOr0 aHAIU3a Pe3yJIbTaTOB MOJTHOIe-
HOMHOI'O CEKBEHUPOBaHMUsI, IIpeACTaBIeHa B Ta0l. 2.

B pesynbrate TunupoBaHusg no cxemam MLST
YCTaHOBJIEHO, YTO ABa IIITaMMa IIPUHAIJIEXKaT CUK-
BeHc-tuny (ST) 78P (cxema Pasteur) [9] u 17570
(cxema Oxford) [4]. lpyTue IIATh IITAMMOB IO CXE-
me Pasteur mpunaniexat ST2, a mo cxeme Oxford
ogHOBpeMeHHO mnpuHamiaexar asym ST (2062,
2063), TOCKOIBKY B TeHOME OOHAPYXXMJIUCh ABE KO-
nuU reHa gdhB, Kogupylollero aeruaporeHasy B,
C pa3HbIMU ajlJIeJIbHbIMU BapUaHTaMU.

[MpoBeneH ¢uaoreHeTUYECKMA aHAIN3 HYKJIE-
OTUAHBIX ITOCIEAOBATEILHOCTEM reHoMa LITaAMMOB
A. baumannii, npuHaanexamux reHorumny ST2Ps/
ST2062,2063° (puc. 1A). YcraHOBJIEHO, YTO BCE
HWCCIIeyeMble ITaMMBlI TPYNOHUPYIOTCS B OIUH
KJ1acTep C BBICOKOI CTeNEHbIO MOAAEPXKKU, B KOTO-
Pblii BXOOAUT TaKXe IITaMM, BblII€JICHHBIA OT 6O0JIb-
Horo B . Huzxauii HoBropon B 2022 r. Ha cocen-
HEl BeTKE pacIiojlaraloTcsl IUTaMMBbl, BblACICHHbIE
B Mockse B 20192018 rT. [12].

HenaporpaMMa HYKJICOTHIHBIX IIOCJIEIOBA-
TeJabHOCTEeN WTaMMOB A. baumannii ST78%* u Kio-

Ta6auua 1. AHTUOMOTUKOrpamMMma WwTamMmMoB A. baumannii

Table 1. A. baumannii strain antibiogram

LWramm A. baumannii
A. baumannii strain

AHTMOGaKTepuanbHbIii Npenapar
Antibiotic agents

NNAb 1

AmukaumH/Amikacin

FenTamuumH/Gentamicin

ToGpamuunH/Tobramycin

Liunpodnokcaumu/Ciprofloxacin

JNlesodnokcaumu/Levofloxacin

WUmunenem/Imipenem

MeponeHem/Meropenem

LopuneHnem/Doripenem

U (W|o|(x|>o|1|3|T|(3W| NNAbD 2022.1

D (V|WV|TV|V|WV|TV| V|

TpumeTtonpum/cynbdpamertokcason
Trimethoprim/sulfamethoxazole

D |B|D|2|D|>W|2| || NNAb_2023.1
T |J|D|D|(W|T|DW|D|T| NNAb_2023.2
T |1|2|2|o|>|2| || NNAb 2023.3
T |J|D|D|H|T|W|(D|T| NNAb_2023.4
T |T|o|o|>1|I|>T|2| | NNAb 2023.5

MonumukcuH E (konnctun)
Polymyxin E (colistin)

wn
wn

(2]
w
(2]
wn
wn
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TaOnuua 2. O0wWas cTpykTypa reHoMma wrammoB A. baumannii
Table 2. Genome pattern of A. baumannii strains

Wramm A. baumannii
A. baumannii strain
- - N « < 1
MokaszaTtenu - q ? Q Q Q Q
Feature 2 8 b b & & Y
= -QI _Ql _QI _QI _QI _QI
=z < < < < < <
= = = = =z =z
=z =z = = =z =z
Paamep resoma, Teic. f.H. 4008 4012 3878 3955 3993 4030 3978
Genome size, kb
Konuuecteo 6enok-
KOAMPYIOLLUX
nocneaosaTenbHOCTEN 3849 3841 3663 3777 3756 3863 3765
Number of protein-coding
sequences
Konuyecteo TPHK
Number of tRNA 58 55 80 74 67 68 72
Konunyecteo pPHK
Number of rRNA 8 8 6 4 4 4 5
KonuyectBo npodaros 5 5 5 4 - 6 5
Number of prophages
Mnasmupaa, TbiC. N.H. 1 14
Plasmid, kb 644 15 1 1 15 625 1
CukeeHc-Tun (cxema Pasteur/
f
cxema Oxford) 2/2062,2063 | 78/1757 | 2/2062,2063 | 2/2062,2063 | 78/1757 | 2/2062,2063 | 2/2062,2063
Sequence type (Pasteur
scheme/Oxford scheme)
MexayHapogHas KIoHasibHast
NNHUSA 2 6 2 2 6 2 2
International clonal lineage (IC)
KL-tun 235 130 235 - 130 235 235
KL-type
OCL-tun
OCL-type 1 1 1 1 1 1 1
10401 SAMD00034503 64 — SAMEA7451242
10384 SAMD00034486 JEE) CP0597291
10397 SAMD00034499 JASKIXD11
10394 SAMD00034496 JAUNZVO11
16806 SAMN2636594 1 SAMNO7258623
11993 SAMN 14538764 JARUPPO1 1
16634 SAMN25722230 AMADD4256
18546 SAMN27010276 JASKIFO1 1
11385 SAMEA9273362 CP060505 1
11382 SAMEA9273359 NNAb 2023 3
11369 SAMEA9273346 (" NNAD 2022 1
13299958544 — W CP03g34t
S i
JASKILO1 1 CP1156391
JAYEZQO1 1 100 CP115637 1
NNAb 2023 2 100 gg: }gg :
:::g 2023 ¢ 8 SAMEA451173
NNAb 2023 5 SAMEA7451245
NNAb 2023 1 SAMEAT7451184
CP1070321 JASKIKOT 1
SAMN14669934
JASKINO1 1
CP122365 1 SAMN20110676

SAMN14669930

PucyHok 1. ®PunoreHeTuyeckoe gepeBo, noctpoeHHoe no anroputmy Neighbor joining, Ha ocHoBe
aHanu3a HYKNeoTUAHBIX NociefAoBaTeNibHOCTeli reHoMa wrtammoB A. baumannii, npuHagnexawmx ST2P2s/

ST2062,2063% (A) n ST78%5/CCI44° (B)

Figure 1. Neighbor joining phylogenetic tree based on analysis of A.
belonging to ST27¢/ST2062,2063% (A) and ST78P2/CC944° (B)

baumannii genome nucleotide sequences
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HanpHoro komiuiekca (CC) 9449 mpencrasie-
Ha Ha puc. 1b. CorjlacHO NMOJy4YeHHBIM JTaHHBbIM,
uccienyemMble ITamMmMmMbl A. baumannii ob6pa3sy-
IOT eOWHBIN KJacTep co ImTaMMoM A. baumannii
AbCTX5 (CP060505.1), BoigeieHHBIM BO DpaHLUKU
B 2015 1. [22] u oTHOCsIIMMCsT K ST78Pas/17570x,

C ucnonbs3zoBanuem ceppuca BLASTN y uccre-
IYeMBIX IITAMMOB A. baumannii ObLIN OIIPEaCICHBI
KOHTHUTH, NpuHamiaexkamue TmasmuaHoin JJHK.
Tak, y Bcex uccienyeMbIX IITaMMOB A. baumannii
NPUCYTCTBYIOT mocjenoBareabHocT pABI120-
nono6Hoii (CP031446.1) maa3Muabl, y AByX LITaM-
MOB A. baumannii BEISIBJICHBI TIOCTIEA0BATEIILHOCTH
BTopoii pACICU2-nogo6Hoii (CP031382.1) nuas-
muabl. CorlacHO cXeMe TUITMPOBAHMS TLIa3MUJ
A. baumannii, npennoxenHoi Bertini A. 1 coaBrT.,
2010 [13], maHHBIE MJa3MUAbI OTHOCSITCS K TUMaM
GR2 1 GR6 coOTBETCTBEHHO.

Ctpyktypsl CRISPR oTcyTcTBOBaNM y BCcex uc-
CIeAyeMBIX IMTaMMOB A. baumannii, 9TO SBISIETCS
XapaKTepHOU OCOOEHHOCThIO OaKTepUil JaHHOTO
Buga. Tak, ucciaegoBanus Yadav G. u coaBrt. [27]
nokaszaju, 4to nociaenoBareabHocTaMu CRISPR
MOT'yT 00J1a71aTh 0K0JIO 14% mtaMMoB A. baumannii.

B T1abGn. 3 mpeacTtaBieHbl TeHETUYECKHUE Map-
KEepbl PE3UCTEHTHOCTH, BEBISIBJICHHBIC B CTPYKTY-
pe reHoMa MCCJIeNyeMbIX IITaMMOB A. baumannii.
CoryacHO TMOIYYEHHBIM pe3yJbTaTaM, BCE IITaM-
MBI A. baumannii 0671a0a10T COOCTBEHHBIMU T'eHa-
MU OeTa-JakTaMa3s, oTHocsauxcs K rpynmne ADC-
nedansocnopuHas, a Takxe OXA-51-mogoOHBIX
KapbareHemas.

J st mccimemyeMbIX IITaMMOB A. baumannii xa-
pakKTepHO HaJIW4YMe IMPUOOpPEeTeHHBIX TeHOB OeTa-
JakTamMa3 U (PepMEHTOB, CBSI3aHHBIX C MOIUDU-
Kanueir mMakponunos (mph(E), msr(E)), xnopam-
¢deHukonoB (catB8), aMUHOIIUKO3UAOB (aadA,
aph(3")-1b, aph(6)-1d, aac(6')-1b, aph(3')-1a, armA),
cyabhanunamMmunos (sull, sul2).

C momombio cepBucoB VRprofile2 u BLAST
Yy MCCICAYeMBIX INTaMMOB A. baumannii, TIpuHAaI-
nexamunx ST2P, onpeneneHbl HYKJIEOTUIHbBIE I10-
cJIeoBaTeIbHOCTH, HECYIIMe T'eHbl aHTUOMOTHUKO-
PE3UCTEHTHOCTH, KOTOPBIE SIBJISIFOTCSI BHICOKOTOMO-
JIOTUYHBIMH TIOCJICIOBATEIBHOCTH KOMIIO3UTHOTO
TpaHcmo3oHa Tn6279 (KT317075.1) [15]. Takke ycTa-
HOBJICHO, UTO Y IITAMMOB A. baumannii CAKBEHC-TU-
na 2 reHsl aph(3")-1b, aph(6)-1d, sul2 accouuupo-
BaHBI ¢ IS9/-TT0MOOGHBIM MOOMJIBHBIM 3JIEMEHTOM,
otHOocamuMcs K rpytrrne ISCR2 (aph(3")-1b—aph(6)-
1d—ISCR2—sul2). KacceTHY10 OpraHM3alnio TaKKe
UMEIOT TeHBbI cmlAS5 n arr2, KOTOpbIE PACOIOXKEHBI
B COCTaBe KOPOTKOro KoHTura. CieayeT OTMETUTh,
4yTO y npeAacraButesieii A. baumannii ST2* nerepmu-
HAHTBI PE3UCTEHTHOCTH B CTPYKTYpe TIa3MUIHOU
JIHK BbISIBJ€HBI HE OBLIN.

V mrammoB A. baumannii ST78%* reHbl ycToii-
YUBOCTU MaKpOJUIaM, aMUHOTJIMKO3UAAM, CYJIb-
daHUIaAMUIAM TaKXe aCCOLMUPOBAHBI C MOOUJITh-

HBIMU MHCEPIMOHHBIMM 3JIeMEHTaMU M 00pa3sy-
IOT CJIEAYIOLIYI0O TeHETUUYECKYIO CTPYKTYpy: mph
(E)—msr(E)—ISEc29—armA—AIS5—1S91-like—
sull—gacEAL ymitamma A. baumanniiNNAb_2023.3
nocye reHa gacEAI mpucyTCTBYET NOTOJHUTEIbHO
reH aMUHOIIMKo3uaassl aadAS5. B cTpykrype pe-
3ucToMa ITaMMoOB A. baumannii ST78% onpeneneH
reH blaCTX-M-115, mepen KOTOPBIM PACITOJIOKCHBI
nocyienoBatenbHocTH ISKpn26 u AISEcpl. Y mitam-
Ma A. baumannii NNAb_2023.3 B HYKJIE€OTUAHON’
MOCIeO0BaTEILHOCTU T€HOMA TaKKe MPUCYTCTBYET
reH blaCARB-16. TlocnegHuii pacrnoJioXeH B CO-
cTaBe KOPOTKOTO KOHTHUTA, B MOCJIEN0BATEIbHOCTH
KOTOPOI'0 MOOUJIbHBIE 2JIEMEHTHI OTCYTCTBYIOT.

AHanu3 cTpyKTypbl aasmuaHoi JJHK mram-
MOB A. baumannii ST78%* nokasan HaJlM4yue reHa
KapOaneHeMasbl blaOXA-72.

Y Bcex ucclienyeMbIX 1ITaMMOB A. baumannii
BBISIBJICHBI MyTallUU B TeHax gyrA u parC, acCOlIMU-
POBaHHBIX C YCTOMYMBOCTHIO K (DTOPXMHOJIOHAM.

B cTpykType Bupysioma mtaMMoB A. baumannii
onpeesieHbl TeHbI, KOAUPYIOIIHe OSJIKN CUCTEMBbI
cekpenuuu Il (gspDEFK) u VI tunios (vgrG/tssi, clpV/
tssH, tssM); O0enKu, ydacTBYIOIIME B CUHTE3€ JIU-
nonosiucaxapuna (lpxABCD, IpsB), nuneit IV Tuna
(knactep reHoB pil), dumopuit Csu u Ata-aare3mHa.
Cpenu paKkTopoB MHBa3UU OMpeAeJeHbI FTeHbl (poc-
donunaiz C u D, rensl 6enka-cuaepodopa aumHe-
TobakTHHA (basD, bauA, basB) n cucTeMbl 3axXBarta
xkene3a HemO. Takxke BBISIBIECHBI JeTepMUHaH-
Thl, OTBETCTBEHHBIE 3a OHOIJIEHKOOOpa3oBaHUE
(pgaAB, bap).

HykieoTumHBIE II0CIIENOBATEIBHOCTA TEHOMA
HUCCIIEyeMbIX IITaAMMOB A. baumannii JeNOHUPO-
BaHbI B 0a3y gaHHbIX GenBank (NCBI) nmox Home-
pamu JAVVDE000000000.1, JAVVDF000000000.1,
JAVVDG000000000.1, JAVVDHO000000000.1,
JAVVDI000000000.1, JAZBGN000000000.1

Ob6cyxaeHne

CoracHO TIOJIyYeHHBIM HaMM JTaHHBIM, BcCe
HWCCIIeyeMble ITaMMbl A. baumannii MpuHaJIJIC-
KAT K MEXIYHAapOIHBIM KJIOHAJbHBIM JUHUSIM
IC2 u IC6. UsBecTtHO, yTO mTtaMMbl I1C2 3aHmuMa-
IOT TOMUHUPYIOIIee MOJOXEHUEe cpeau Kapobarie-
HEM-YCTOMUUBBIX IITaAMMOB A. baumannii BO BceM
MUPE, UX paCpOCTpaHEHUE MPUXOAUTCI Ha KOHELL
70-x 1. XX B. [23]. HeoO6X0nMMO OTMETUTH, UTO UC-
cienyeMble TaMMbl A. baumannii COTJIACHO cXeMe
Oxford npumHamiexar cukbBeHc-Tuity 2062,2063.
Irammer ST2062,2063 BrepBble ObIIU BBISIBIIE-
Hbel B 2014 r. B Hemane, 3arem Taunanme, Uuauu
u B 2018 r. B Poccum [12]. TlpencrtaBuTenu aaH-
HOTrO TeHOTHIIa BCTPEUYalOTCs pPEIKo: TakK, B 0ase
naHHbpix PubMLST umeercs mHdopMalusg JulIb
o 15 mrammax mn3 6804, nmpuHannexammnx ST2P
(Ha despanb 2024 r.). [lo manubiM Mayanskiy N.
u coanT. [18] B 2017 r. B Poccuu Haubosee yacto
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BCTpEYaJIMCh MPEICTaBUTEIIN KJIOHAJIBHON IPYIIITHI
92 o cxeme Oxford. KnonanpHast nuHust 1C6, K Ko-
TOpOM IpuHaiexar rnpeacrasurean ST78, oTHo-
CUTCS K YMCJTYy HeTaBHO MOSIBUBINUXCS. Tak, ITaMM
A. baumannii ST78%* BniepBbie OblL1 BbIsiBJIeH B 20006 T.
B Utanuu [13], 3aTeM npeacTtaBUTe I JaHHOIO re-
HoTuna 6b11n oOoHapyKeHbl B CIIIA, bpasunun [11],
®panuum [22] u Poccun [18, 24]. CornacHo cxeme
Oxford, ucciaeayemble iITaMMbl A. baumannii OTHO-
carcsa k ST1757. Ha ¢peBpanb 2024 r. B 6a3e maHHBIX
PubMLST mmeercs mHdpopManms TOIbLKO O IBYX
mTaMMaX JTaHHOTO CHUKBEHC-TUIIA, BBIACIICH-
HbIX Bo @pantmu (2015 r.) u B Poccunm (1. Kazans,
2017). CornacHo aHanudy eRURST cukBeHc-TUN
1757° BXoguUT B cOCTaB KJIOHAJBHOIO KOMILJIEKCA
(CC), obpaszyemoro ST944. I[Moka3aHo, YTO IITaM-
Mbl ST78P#/CC944°% 3aHMMaOT BTOPOE PAHTOBOE
MECTO IO pacIpPOCTPaHEHHOCTU Ha TEPPUTOPUU
Poccuu [2, 3]. C ucnons3zoBanuem cepBuca Kaptive
yctaHOBJIeHO, 4To 1o OC-710Kycy Bce IITaMMBI
A. baumannii npuHaajiexar reHorpyrie I, K KOTo-
poit OTHOCSTCST OOJBITMHCTBO MOJMPE3UCTEHTHBIX
mramMmMoB A. baumannii, mpu 3ToM 10 K-110KYyCY,
IMITaMMBI pa3daeaMINCh Ha TeHorpymnmbel 130 m 235,
He SBJISIONINECS IMHUPOKO PacIIpOCTpaHECHHBIMU
O TaHHBIM JIUTEepaTypshI [12, 26].

AHanu3 CTPYKTYphbl BHUpPYJOMa MCCIEIYyeMBbIX
IMITaMMOB A. baumannii ToKa3aJ OTCYTCTBUE CYIIIE-
CTBEHHBIX Pa3INYUii, YTO COTIJIACYETCS C HaHHBI-
MM JIUTEPATyPhI, TIOJYUYSHHBIMU TP TTPOBEICHUN
KpYITHOMAacCIITaOHBIX UcciienoBaHuit [12, 26].

CTpyKTypa pe3ucToMa MUCCICAYEMbIX IIITAMMOB
A. baumannii ST2P* conep>kUT HAOOP AETEPMUHAHT
YCTOMYMBOCTHU, XapaKTePHBIN IS TPEACTaBUTE-
JIell TaHHOMW KJOHaJbHOU JuHMuM [2, 3, 12, 16, 20,
26]. Tak, ycTaHOBJIEHO, YTO MOCIEA0BATEIbLHOCTH,
Hecymue reHsl aph(3')-la, armA, mph(E), msr(E),
aacA4, aadAl, catB8, sull, gacEAI, IBASIIOTCS BBICO-
KOTOMOJIOTUYHBIMU TMOCJAEA0BATEIbHOCTU TpPaHC-
no3oHa Tn6279, BriepBble OIMMCAHHOIO Y IITaM-
MOB A. baumannii A071 n A. baumannii A091 [15].
B cTpyKTypy 1aHHOTO KOMITO3UTHOTO TPaHCTIO30Ha
BXOAUT IIOCJeA0BaTeIbHOCTh Tn6020-nogo6GHOTO
TpaHCIO30Ha, Hecymiero aph(3')-Ia, u Tnl154§-
HOogO0OHOro TpaHCIO30HA ¢ TeHamu armA, msr(E),
mph(E) v reHaMu aacA4, aadAl, catBS, sull, gacEAI
B COCTaBe MHTETrpOHa IePBOTO KJiacca. Y uccieaye-
MBIX ITAMMOB JJIMHA Tn6279-110M00HOTO yyacTKa
Kopode Ha 2409 m.H. U OTCYTCTBYET IIOCJICIOBA-
TeJIbHOCTb ISAba24.

YCTaHOBJIEHO, YTO Yy WCCENYEeMbIX IITaMMOB
A. baumannii ST2P* reunl aph(3")-1b, aph(6)-1d,
sul?2 crpynnupoBaHBI W acCcOMUpOBaHBI ¢ [S97-
MOTOOHBIM MOOMJIBHBIM 3JIEMCHTOM, OTHOCSIIIIIM-
ca k rpynne ISCR2. VI3BecTHO, UTO JTaHHas IeHe-
TUYECKasd CTPYKTypa BXOAMUT B COCTaB TPAHCIO-
30Ha Tn6172, KOTOPBIIA MOXET OBITH JIOKAJIU30BaH
B tutasmune pA297-3 (KU744946.1) [14]. [1pu cpaB-
HUTEJBHOM aHaJIu3e OIPEeIeSIeHO, UTO Y UCCIIeaye-

MBIX IITAMMOB A. baumannii y4acTOK ¢ TeHaM1 aMU-
HOINIMKO3WAa3 WACHTUYEH I10CeI0BaTeJIbHOCTU
Tn6172 nuiub Ha 65%, TaK KaK OTCYTCTBYET Y4acCTOK,
Hecymuit ISAbal n xnactep reHoB tni. CoBMecTHas
JIOKau3alus reHoB cmlAS v arr24acTo BCTpevyaeTcs
y mITtaMMoB A. baumannii. B nepBy1o ouepenb, JaH-
HbIe T€HBI Y IITAMMOB A. baumannii oOHapyXHnBa-
IOTCS B COCTaBe MHTerpoHa 1-ro kiacca [10, 21], ko-
TOPBIIT MOXET OBITh JIOKAJIM30BaH, KaK B CTPYKTYpe
minasmMuaHoi JHK (pVB82 1, pPM194229 1 u np.),
TaK ¥ BXOAUTh B COCTAaB KOMITO3UTHOTO TPAHCIO30-
Ha, HartpuMep Tn 1548-like-2 [15].

Pesuctom ucciienyemMbix miTaMMOB A. baumannii
ST78P/ST1757°x  xapakTepusyeTcss  HabOpPOM
NEeTePMUHAHT CXOXHMM C OINMCAaHHBIMU paHee
mramMmMamMu, nOpuHamiexamumu I1C-6, KoTo-
pble ObLIM BBISIBJIEHBI M B bBpa3myibcKoM peruo-
He AmasoHku [l11], Bo ®panuun [22] 1 Ha Tep-
putopuu Poccum [2, 3, 18]. dast Bcex LITAMMOB
MAHHOTO CHKBCHC-THIIA XapaKTepHO HaJIW4due
reHoB blaCTX-M-115 w blaOXA-72, mnocienHui
HaXoIUTCsS B COCTaBe ILIa3MUAbBI, pa3Mep KOTO-
poii MoxXeT BapbupoBaTh OoT 7 mo 20 ThIC. TL.H [25].
CpaBHUTENbHBIN aHalIN3 TUIA3MHUIHON HYKJICO-
TUJTHOM TOCJIEIOBATEILHOCTHU UCCIIETYeMBbIX IIITaM-
MoB Ttokasayn noutu 100% coBmajaeHue ¢ TOCIeNn0-
BaTeJbHOCThIO T1asMuabl pAbCTXS5 (CP092029.1),
BBISIBJICHHOI B (PUJIOTeHETUYECKU OJIM3KOM IIITaM-
me A. baumannii AbCTX5 (CP060505.1). ¥V mtam-
MoOB A. baumannii NNAb_2022.1 u NNAb_2023.3
nepen reHoM blaCTX-M-115 pacnonoxen ISKpn26,
BCTPOMBIIUICI B TIOCieaoBaTeabHOCTL ISEcpl
AHaJOTMYHOE TEHEeTUYEeCKOe OKpYKEeHUEe TeHa
blaCTX-M-115 ObUIO BBISIBJIEHO VY IITaMMOB
A. baumannii B uccnenoBaHusix Vuillemenot J.B.
M COoaBT. [25], a Tak>Ke B JaHHOI paboTe ObIJIO TToKa-
3aHO, YTO wWTaMMbl A. baumannii ST78%/ST1757°x
XapakTepu3oBajanuch Hannuumem reHa blaCARB-16
B OTJMYMEe OT ImTamMMmMoB A. baumannii ST78%/
ST9449 xoTopsie obaamanu reHoM blaTEM-1 [18].
Vuillemenot 1 coaBT. [25] ycTaHOBJIEHO, UYTO Y O0JIb-
IIIWHCTBA IUTAMMOB A. baumannii TeHbl PE3UCTEHT-
HOCTHU CTPYIIIMPOBaHbI HAa yyacTKax AJUHOMN oT 19
1o 80 TeIc. I.H. Mexxay reHamu glmSu hutC [25]. Tak,
y mrtaMMoB A. baumannii AbCTX4 u AbCTX5 re-
HoTtuma ST78%%/ST1757°% naHHbBI y4yacTOK MMeeT
nnHy 80 THIC. I1.H., B KOTOPOM PaCITOJIOXEHbI T€HbI
YCTOMYMBOCTU K aMUHOIJIMKO3UIaM, MaKPOJIUIAM,
cynbpaHunaMmmuaamM, reuel oera-makrama3 CARB-
16 u CTX-M-115. CpaBHUTEIbHBII aHAJU3 MMOKa-
3aJ1 BBICOKMI YPOBEHb MICHTUYHOCTH HYKJICOTHUI-
HBIX IIOCJIENOBATEIBHOCTEM MCCIEAYEMBIX IITaM-
MOB A. baumannii ST78"/ST1757%¢ (6onee 90%)
C TIOCJIEIOBATEIbHOCTHIO JAHHOTO yJacTKa IITaM-
Mma A. baumannii AbCTXS5 (puc. 2, 1II obaoxka).
Onpnako y mramMa NNAb 2021.1 mociegoBaTeib-
HOCTh yJacTKa OoKa3ajach 0oJjiee KOPOTKOI (0OKOJIO
60 ThIC. IM.H.), TIOCKOJIBKY OTCYTCTBYET (PparMeHr,
Hecyuii reHsl aac(6’)-1an, floR, blaCARB-16, sul2.
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3akJito4eHme

Takum o6paszom, B pesyibTaTe IPOBENEHHBIX
WCCJIEIOBAHUI TIOJTyYEeHBI CBEJIEHUSI O TEHETUYeC-
KoM Tipoduisie mraMMoB A. baumannii, TIpuHAanI-
nexamux IC2 u 1C6. Bece nccneayemple mTaMMbl
A. baumannii XapakTepu30BaJIUCh CXOIHOUN CTPYK-
TYpoOii BUpPYJIOMa, OIHAKO B CTPYKTYype pe3ucroMa
OBV BBISIBJICHBI PA3JIMYM I KaK MEX 1Y IITAMMaMU
pa3HBIX CUKBEHC-TUIIOB, TaK W MPUHAIJIEXKAIIUX
K OTHOMY CUKBeHC-TuITy. [lokazaHo mupoxoe pas-
HOOOpa3ne MOOMJIbHBIX 3JEMEHTOB, Y4YacTBYIO-
X B PACpPOCTPAHEHWN TEHOB JIEKAapCTBEHHOM
ycroitunBocTu. [lojlydeHHBIE HaHHBIE CIOCO0-

CTBYIOT PacIIMPEHUIO MPEACTAaBICHUN O MOJIEKY-
JISPHO-TEHETUYECKMX XapaKTepUCTUKaX IITAMMOB
A. baumannii — NpeACTaBUTENSIX MEXTYHAPOIHbBIX
AMUIEMHUYECKYN 3HAYUMMBIX KJIOHAJTbHBIX TUHUM.

bnarogapHocTn

Bripaxxaem OylarogapHOCTH CTaplieMy Ha-
YYHOMY COTPYAHUKY J1abopaTOpuu MUKPOOUO-
noruu OBYH Huxeropoanckoro HUWM smmpne-
MUWOJOTUM W MUKPOOMOJIOTMU HM. aKaJeMHKa
MN.H. bnoxunoii, PocnorpebHan3opa, A.M.H.
l'opaunckoit Hatanbe AnekcaHapoBHE 32 IOMOIIb
B ITog00pe MTaMMOB Acinetobacter baumannii.
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OLLEHKA CYBNONYJIAUUOHHOIr0O COCTABA
JIMMOOLUNTOB B NEPUDEPUYECKOUN

KPOBU U UHOYLUUPOBAHHOU
JIMNONOJIMCAXAPUAOM LUIUTOKUHCEKPETOPHOM
AKTUBHOCTU B KYJIbTYPAX MOHOHYKJIEAPHbIX
JIEMKOUUTOB BOJIbHbIX C JINXOPAJOYHOM

U MEHUHTEAJIbHOW ®OPMAMM KJIELLLEBOIO
SHLUEDANIUTA

E.H. Uabnnckux, O.B. BoponkoBa, A.B. Pemerona, P.P. Xacanosa, 1.E. EcumoBa,
H.A. Yepupimmon, O.B. SImnoasckas, A.B. fAmMnoasckasa, E.M. Ilonromomnosa, E.B. Munakosa

DI'EOY BO Cubupckuii eocyoapcmeennutii meduyunckuil ynugepcumem Munzopaea Poccuu, e. Tomck, Poccus

Pestome. Bsedenue. Pe3ynbraThl MHOTHX MCCIEAOBAHUI 0COOEHHOCTE MMMYHHOTO OTBETA Y OOJBHBIX C pa3TIMIHBIMU
KJIMHUYECKUMU (hopMaMu KirelieBoro sHIedanurta (KD) aBnstoTcs [0cTaTouHO MpOTHBOpeunBBIMU. Llenbio nccieno-
BaHUS OBIJIO U3YyUeHNE OCOOEHHOCTEN M3MEHEHU I CYOITOMYISIIIMOHHOTO COCTaBa TUM(MOIIMTOB MepudepruIeckoit Kpo-
BU M aKTMBHOCTHU CITOHTaHHOU ¥ junomnoiaucaxapuy (JITIC)-ctuMyanpoBaHHON MPOIYKIIMU IIMTOKUHOB B KYJIbTypax
MOHOHYKJICAPHBIX JICHKOIIMTOB Y OOJBHBIX C JIMXOPAIOYHONM M MEHUHTeaNlbHOI opmamu octporo KB. Mamepuanv
u memodst. | u 11 rpyIIbl COOTBETCTBEHHO BKJIIOYAIH 16 1 12 GOMBHBIX C JTMXOPAJOYHON ¥ MEHMHTeaJbHOIi popMamMu
octporo K3, a KoHTpobpHas Tpy1ina — 13 3M0poBBIX TOHOPOB, Y KOTOPBIX B TIEPBYIO HEIE/ 0 00JIe3HM B Tiepudepriec-
KOIf KpOBM METOIOM ITPOTOYHOM IIUTOMIYOPUMETPUH OBLIIY IIpOaHaIU3MPOBAHBI TeMOTpaMMa, a0COTIOTHOE ¥ OTHOCH-
TesbHOE unciao T-mumdornto, T-xenmepoB/MHAYKTOPOB, T-IMTOTOKCHUYeCKMX JuMboruToB 1 NK-K/IeToK, a Takxke
JBaXXIbl B IMHAMMKE — TIPY TOCTIMTAIN3AIMN 1 Yyepe3 2 HEeACIH IPHU BBHIITMCKE — METOIOM MMMYHO(DEePMEHTHOTO aHa-
JIM3a B KOHAUIIMOHHOM cpene KyIbTyp MOHOHYKJIEAPHBIX JIEHKOLIMTOB KPOBM OBbLJIa IMPOBEAEHA OlieHKA KOHIICHTpaLlUi
cniontaHHoi u JITIC-ctumynupoBanHoii cekperuun TNFo, 1L-1B, 1L-6, IL-10, IL-8 u MCP-1. [1ns cratTucTn4eckoro
aHasu3a ucnojb3oBaiu U-kputepun MaHHa—YuTHU U Kputepuii Bunkokcona. Pesyasmamsi. Bo 11 rpyrine y 60ibHBIX
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C KJIMHUYeCKH Oosiee TsKeaoi MeHUHTea bHoi (opmoit KB ypoBHM crioHTaHHO#I W/uiu JITIC-cTuMynupoBaHHOIA ce-
KPEIUY MPOBOCTATUTebHBIX ITMTOKWHOB [L-1B, IL-6, MCP-1 1 TNFo. 6bt1 cymiiecTBeHHO HIXe, a 1L-8, HarmpoTus,
BbILIE, YeM Y MallMEHTOB C JInxopaaouHoii ¢popmoit KB. Kpome Toro, y 60bHBIX ¢ MEHUHTealbHOI (hopmoii KD ypos-
HU crioHTaHHoit u/wnu JITIC-unayumpoanHoii cekpennu 1L-6 1 TNFo He uMenu CTaTUCTUYECKM 3HAYMMbBIX pas3iin-
YUii OT KOHTPOJbHBIX 3HAYEHU I, UYTO TAKXKE CBUAETEIbCTBOBAJIO O MOAaBIEHUU UX NMpoaykuuu. Hamportus, B I rpyn-
e ypoBHU crioHTaHHO# u/vnun JITIC-unayupoBanHoit mpoxykimu [L-1B, IL-6, MCP-1 u TNFo 66111 3HAYUTETEHO
BbIIIE, YeM B KOHTposie. ClIOHTaHHAas CeKpelusi UMMYHOCyIpeccopHoro nuutokuHa I1L-10 y manueHToB 06eux rpymnm
CYILIECTBEHHO IpeBbIIIaia TAKOBYIO y 3MOPOBbIX ULl HezaBucuMo oT KnH1YecKoit hopMmbl y manueHToB ¢ KO B KpoBu
BBISIBJIEHO CYILIECTBEHHOE CHUXKEHUE 110 CPABHEHUIO C YCIOBHO-3I0OPOBBIMU JOHOPAMU OTHOCUTEIBHOTO YKca TUMbOo-
LIUTOB, OTHOCUTEJLHOIO U a0COIIOTHOrO Yncia T-LIMTOTOKCUYECKUX KJETOK. ¥ OO0JbHBIX C MEHMHIea bHOM (popMoii
K3 orMeuanock ctaTucTHYECK M 3HAYMMOE TIOBBIIIIEH M€ YHCIa HEUTPO(MUIIOB B reMOrpaMMe, CHUXKEHHE OTHOCUTETbHOTO
u abcomoTHoro koanvyectsa NK-KeToK Mo cpaBHEHUIO ¢ OOJBHBIMU ¢ MEHEE TSKeJOo MpoTeKaloulel JUX0opaaoyHOn
(opmoii KB. Buigodu. PazBuTrie MeHUMHIeadbHON (POpMBI Yy 00JbHBIX OCTpbIM KB accoununpoBaHo ¢ 60ee BhIpaXKeHHOI
TIU3pEryJsiueil UMMYHHOTO OTBeTa, nmpuBonsiiei K aeuuuty NK-KieTok, KoTMu4ecTBeHHOMY auchaaHCy cyOmnory-
asuuii T-TuM@oLMTOB, yBEIUYSHUIO YUCIa HEUTPOGhUIOB B eprdepruecKoil KpoBU U MOAABICHUIO TPOAYKIIMHU TTPO-
BOCHAJIUTEIbHBIX HUTOKMHOB, OTBETCTBEHHbIX 3 PEAKIIUU BPOXIEHHOTO UMMYHMTETA.

Karouesvie caosa: kaeuiesoli snyeparum, Auxopadounas Gopma, MeHuHeea bHaAs (hopma, YUMOKUHDL, CYORONYASUUU AUMPOYUUMOE,
AUNONOAUCAXAPUOD, MOHOHYKACAPHBLE NCUKOUUMbL KDOBI.

EVALUATING PERIPHERAL BLOOD LYMPHOCYTE SUBSET COMPOSITION

AND LIPOPOLYSACCHARIDE-INDUCED CYTOKINE SECRETORY ACTIVITY

IN MONONUCLEAR LEUKOCYTE CULTURES FROM PATIENTS WITH FEBRILE

AND MENINGEAL FORMS OF TICK-BORNE ENCEPHALITIS

Ilyinskikh E.N., Voronkova O.V., Reshetova A.V., Hasanova R.R., Esimova I.E., Chernyshov N.A.,
Yampolskaya O.V., Yampolskaya A.V., Polomoshnova E.M., Minakova E.V.

Siberian State Medical University, Tomsk, Russian Federation

Abstract. Introduction. Multiple studies on immune response in patients with various clinical forms of tick-borne encephalitis
(TBE) have shown conflicting results. The study aim was to estimate the changes in peripheral blood lymphocyte subset
counts and activity of spontaneous and lipopolysaccharide (LPS)-stimulated cytokine production in the mononuclear
leukocyte cultures in patients with febrile and meningeal acute TBE. Materials and methods. Groups 1 and 2 included 16 and
12 patients with febrile and meningeal acute TBE, respectively. The control group included 13 healthy donors. Hemogram
and T-lymphocyte, T-helper cell, T-cytotoxic and NK cell counts were analyzed by flow cytometry at week 1 of the disease as
well as the spontaneous and LPS-stimulated secretion levels of TN Fa, IL-1B, IL-6, IL-10, IL-8, and MCP-1 were assessed
by ELISA in the supernatants of mononuclear cell cultures twice: during hospitalization and two weeks later. Statistical
analysis was performed by the Mann—Whitney U-test, and Wilcoxon test. Results. Group 2 demonstrated significant
decrease in spontaneous and/or LPS-stimulated levels of proinflammatory cytokines I1L-1B, IL-6, MCP-1, and TNFa,
but showed higher IL-8 level as compared with Group 1. In addition, spontaneous and/or LPS-induced levels of IL-6 and
TNFa in Group 2 did not significantly differ from the controls, which presumably also indicated the suppression of their
production. In contrast, spontaneous and/or LPS-induced levels of I1L-1B, 1L-6, MCP-1, and TNFo in Group 1 were
higher than in the controls. The spontancous IL-10 level in the patients from both groups were higher than in the controls.
Peripheral blood lymphocyte and T-cytotoxic T-lymphocyte counts in both groups of TBE patients were lower than in the
controls. There was significant increase in neutrophil counts, decrease in NK cell count in Group 2 as compared to the
patients with a milder febrile form. Conclusion. Meningeal acute TBE patients was presumably associated with inadequate
immune response with NK cell deficiency, T-cell dysfunction, increased neutrophil count in the peripheral blood and
impaired pro-inflammatory cytokine production related to innate immune response.

Key words: tick-borne encephalitis, febrile form, meningeal form, cytokines, lymphocyte subpopulations, lipopolysaccharide, mononuclear
blood leukocytes.

MoXHOCTbIO TopaxkeHust [ITHC u pasButuem me-
HUHTeaJIbHOW niin oyaroBoii popm (M®D unn OD)
Oousie3Hu [2].

BeepgeHne

Knewmesoii sHuedanut (KB) — aTo camas pac-

npocTpaHeHHas1 Ha TeppuTopuu Poccuu, B oco0eH-
HocTu B 3amagHoii Cubupu, MpUpoOsHO-0YaroBas
apboBupycHas MH(peKIMOoHHas1 00Je3Hb C TpaHC-
MUCCHUBHBIM MEXaHU3MOM Teperadyu BO30yaUuTes s,
KJIMHUYECKU TMPEUMYIIECTBEHHO MpOTeKaoas
B BuIe auxopamodHoil dopmel (JID), a Takzke ¢ BO3-

WccnenoBaHusl 3aKOHOMEPHOCTEM MMMYHHOTO
oTBeTa y 60JbHBIX KB, KOTOphIe B OCHOBHOM Orpa-
HUUYCHBI OITpeIe/ICHUEM pa3InYHBIX ITapaMeTpPOB
OUTOKMHOBOTO CTaTyca B CBHIBOPOTKe mepudepu-
4yecKoil KpOBM IMallMeHTOB, MPOBEASHHbBIE pa3Jiny-
HBIMM aBTOpaMW, MoKa3aju NPOTUBOPEUNBLIE pe-
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E.H. UnbuHCcKmx 1 ap.

MHdekumns n uMmyHuTeT

3yabTathl [3, 6, 7, 12, 23]. KpoMme Toro, B 1uteparype
HEIOCTaTOUYHO MH(pOopMaIIy 00 U3MEHEHMSIX CITOH-
TAaHHOW W MUTOr€H-UHIYLMPOBAHHOU CEKpeluuu
OUTOKWHOB B KJIETOYHBIX KYJIBTypaXx JICHKOILIMTOB,
MOJIYYEHHBIX OT 00J1bHBIX KD B3aBUCUMOCTH OT pa3-
JUYHBIX KTuHU4Yeckux dopMm KO [3]. U3BecTHO, 4TO
O0IIMIT MMMYHOPEryJsITOPHBIN 3(P@PEKT LIHUTOKU-
HOB CBSI3aH C MUX CJIOKHBIM CETEBBIM B3aWMOJIEHi-
CTBHEM, KOT/Ia YCUJICHUE CEKPEIINY OTHUX ITUTOKM-
HOB MOXET COMPOBOXKAaThCs MOAAaBJIEHUEM CUHTe3a
IPYTUX, 9TO BO MHOTOM OIIpeneasieT 0OCOOCHHOCTH
KJIMHUYECKOTO TeUeH s 3a00JieBaHu [4].

Kak m3BecTHO, olleHKa (DYHKIIMOHAJILHOMN akK-
TUBHOCTU UMMYHHUTETa MOXET ITPOBOAUTHCS C UC-
MOJIb30BaHUEM KYJbTYpaJbHBIX METOJOB, TIpe-
CIEOYIONIMX OICHKY IIPONYKIIMM IITMTOKWHOB
M WHTEHCUBHOCTHM mpojudepannu JUMGOIUTOB
neprudeprndeckoii KpOBU B OTBET HAa CTUMYJISIIAIO
KJIETOK pPa3JMYHbIMU HecneludUuIecKUMU TMOJIU-
KJIOHAJIBHBIMA MHUTOTEHAMHU PACTUTCIILHOTO WJIN
0aKTepHUaJIbHOTO MPOUCXOXICHU S, UTO B YCIOBUSIX
in vitro TO3BOJISIET MOJYYUTH UH(POPMALIUIO O pe-
aKTUBHOCTU KJICTOUYHBIX (PaKTOPOB MMMYHUTETA
y TIalIMEHTOB B TWHAMUKE B 3aBUCMMOCTHU OT OMO-
JIOTUYECKUX CBOWCTB BO3OYOMTENsI, KIMHUYICCKOMN
(hOPMBI U TSIKECTU TEUSHU ST M3ydaeMOU MaToJI0ruu,
BKJIIOUasl OaKTepuajbHbIe W BUPYCHBIE HWHMEK-
LMK, OCTPOBOCIIAJIUTEIbHBIE WU ayTOMMMYHHBIE
3a0o0JieBaHus [4].

OmHUM U3 IMIUPOKO TMPUMEHSIEMBIX MUTOTCHOB
saBisieTcs nunonoaucaxapu (JITIC), npeacraBnasito-
M coOOl OCHOBHOM KOMMIOHEHT KJIETOYHOM
CTEHKHU T'paMOTPUILIATEbHbIX OaKTepuil, KOTOPBINA
WCIIOIb3YEeTCS IJISI OLEHKU B YCIIOBUSIX in Vitro co-
CTOSATEJBbHOCTU  TIPEUMYIIECTBEHHO  (haKTOPOB
BpOXJAeHHOTO uMMyHuUTeTa [4]. OCHOBHBIMU pe-
nentopamu pacnosHaBaHus JIIIC sasasrorca Toll-
nonoo6Hsbie peuentopbl (TLR)4 npu yyactuu CDI4,
aKTUBAILIAsI KOTOPBIX ITIOCPEICTBOM TPaHCKPUIIII-
OHHOro siaepHoro ¢daxkropa Kamma (nuclear factor
kappa-light-chain-enhancer of activated B-cells,
NF-kB) uHunuupyer sKCIpeccuio I'€eHOB MHTEp-
neviknHoB (I1L)-1B, 1L-6, IL-12, dakTopa Hekposa
onyxonu (TNF)-o, a Takke XeMOKMMTHOB — XeMOaT-
TpakTaHTHOro 6enka MoHouutoB (MCP)-1 (CCL2)
n IL-8 (CXCLS), obmagaroniux IIpPOBOCHATIUTEIIb-
HbIMU cBoiicTBamu [14, 17].

IMTokazaHo, 4TO pa3IWYHBIC BUPYCHl U UX aHTU-
TeHbl TMO-pa3HOMY B3aMMOJEHCTBYIOT C MOHOHYK-
JICapHBIMU  JICMKOIIMTAMU, CTUMYJIMPOBAHHBIMU
JITIC, 4To no3BoJIsIET U3y4YaTh OCOOEHHOCTH BPOXK-
JIEHHOTO UMMYHHOTO OTBeTa MPU 3TUX 3a00JIeBaH -
sgx. B yacTHOCTH, HelipaMMHMIa3a BUpyca TpUIIIIa
ycunuBaeT JITIC-CTUMYIUPOBAHHYIO 3KCITPECCUIO
NF-xB u runepnpoayKiuio OpoBOCHAJIUTEIbHbBIX
LIUTOKMHOB BPOXXJAEHHOIO UMMYHHOI'O OTBETa, YTO
MOXET CIOCOOCTBOBATh Pa3BUTHUIO «IIMTOKWHOBO-
ro 1ITopMa» U moBpexkaeHuIo jJerkux [19]. B To ke
BpPEMSI TEpIEeCBUPYCHl CIOCOOHBI yCTaHaBJIMBATh
MEPCUCTEHTHYIO0 MHMEKIINIO, O1arogapsi CTpaTeruu
YKJIOHEHUSI OT UMMYHHUTETa, B TOM YHCJE 3a CYET

MoJaBJICHU ST MEXaHU3MOB BPOXKJIEHHOTO MMMYHHO-
ro orBeta [15]. U3BecTtHO, uTo PHK Bupyca KD pac-
no3Haetcss TLR3, TLR7 u TLRS, uyto cTuMynupyeTt
9KCIPECCUI0 TEHOB ITPOBOCITAJIUTEIBHBIX ITUTOKM-
HOB — IL-1B 1 TNFo, a Tak:ke cekpernnio mHTepde-
ponoB (IFN) Tuma I, 3amyckas peakiiuy BpOXICH-
Horo umMmmyHuTteTa [18]. OcCoOOGeHHOCTU BPOXAEHHOTO
MMMYHHOro oTBeTa Ha Bupyc KD n3zydeHnl HegocTa-
TOYHO, XOTS IPEATOJaraloT, UTO OT 3TOI'0 3aBUCUT
KJIMHUYECKOe TeUeHUEe 3a00JIeBaHMSI U PUCK AUCCE-
muHauuu Bo3oyautens B LIHC ¢ pazsutuem GoJiee
TsKenbIX (hopM nHpekuu [13, 18].

Llenbio ucciienoBaHusl ObLIO U3yYE€HUE OCOOEH-
HOCTE M3MEHEHMI CyOnomyasiiMOHHOIO COCTaBa
JTUMGOIINTOB MepudepruIecKO KPOBM U aKTUBHO-
¢t crioHTaHHOU 1 JITIC-cTuMynupoBaHHOI TTPO-
IYKIOUH MITOKWMHOB B KYJIBTYpaX MOHOHYKJICAPHBIX
JIEHKOIMTOB y 06071bHBIX ¢ JI® 11 M® ocTporo KD.

Matepuanbl 1 MeToOb!

B nccnenpoBanuu npuHAAM ydactue 28 0O0JIb-
HbIX ¢ JI® u M® octporo KD, rocrnurannzmpo-
BaHHBIX B MEPBYIO HEACIO0 00JIE3HU B MH(MEKIIU-
OHHYI0 KJIUHUKY CuUOUPCKOTO TOCYIapCTBEH-
HOTO MeIULMHCKOTO yHuBepcuteta (CubI'MY)
MunzapaBa Poccuu. ¥ Bcex maliMeHTOB AMarHo3
cpenHeTskenoro tredeHust JID naum MD KD 6w
MOATBEPKACH NAaHHBIMHU SITUACMHOJOTUUECKOTO
aHaMHe3a, KJMHMYECKOTO M KJIMWHMKO-JTabopa-
TOPHOTO OOCIEOOBAaHWUS, BKJIIOYAss MCCICIOBaHUC
criuHHOMO3roBoi xuakoctu (CMXK), u cdop-
MYJIHPOBAaH B COOTBETCTBUM C KJIMHUYCCKOU
kJnaccudpukauuein [2]. JlabopatopHasi Bepuduka-
Ous TUarHo3a IPOBOMUIIOCH C IOMOIIBIO OIpe-
neneHus: KoadpuuueHtoB no3uTuBHOocTU (KIT)
IIsT  creunUIecKUX UMMYHoOriaooyanHoB (Ig)
kjaccoB M u G k Bupycy KD MeTonoMm uMMyHO-
depmeHTHOTO aHanu3a (MPA) B neHb TOCTIUTATIH-
3allMY NallMeHTOB U Yyepe3 14 nHell ¢ ucrnojib3oBa-
HueM TecT-cucteM AO «Bektop-bect» (Poccus).
Kpome Toro, y Bcex o0OcCaemoBaHHBIX OOJbHBIX
Ha OCHOBAaHUU OTPUIIATEIBHBIX PE3YJIbTaTOB OMpeE-
neneHust crieuuduyeckux IgM u IgG x Borrelia
burgdorferi s.I. B UPA, a takxe IHK Borrelia
miyamotoi n Anaplasma phagocytophilum meTogom
noaumepasHoit nenHoii peakuuu (ITLP) (Hadopsl
AO «Bexktop-bect», Poccus), OblIM UCKIIOUYEHbI
MKCONOBBI KiemeBoil O6oppenuos (MKB), Bo3-
BpaTHas KJIelleBasl JIMXopaaKa U TpaHyJIoLnTap-
HBIN aHaMJIa3Mo3 yeJoBeKka. BrlienepeuyncieHHbIe
metonbl MDA Takke OBLIM NpUMEHEHBI B KOH-
TPOJILHOM Ipymie YCJIOBHO-3I0OPOBBIX JOHOPOB JJIsI
WCKJTIOUCHUS JINI, CCPOITOJIOXKHUTEIBHBIX MO KJIE-
1IEeBBbIM MH(EKIIUSIM.

ITucekmMeHnHOE TOOPOBOJILHOE WHGMOPMUPOBAH-
HOE corJjlacue JaJii Bce YYaCTHUKM UCCIIeTOBaHMUSI.
I[IpoBeneHMe wmccaenoOBaHUS TIOJYYUIO OHXOOpe-
HHue sTudeckoro komurera CubI'MY MuHzapaBa
Poccum (mpotokonsl Ne 9119/1 or 30.05.2022 r.
n Ne 9568 ot 30.10.2023 1.).
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I'pynna GonbHbix JI® KD BkiIoyama 16 ma-
UMeHTOB (7 MYX4YUH U 9 XEHUIWH; CPeAHUI BO3-
pact: 47,0£3,2 neT), a rpymnma ¢ M® KD cocrosna
13 12 maueHTOoB (5 MY>XYWH U 7 XSHIIWH; CPeTHUNA
Bo3pacT: 43,5+2.4 netr). KoHTpojeM mocCiayKuiu
13 yC10BHO-3I0POBBIX JOHOPOB KPOBU, COINOCTAa-
BHUMBIX C OCHOBHBIMU TPYIIIIAMM IO TIOJYy U BO3-
pacty (6 My>XYMH U 7 KEHIIWH; CPEIHUIA BO3PACT:
46,31+2,2 ner).

Kputepun BKIOYeHUSs TaleHToB ¢ KD B uc-
clemoBaHUe: IIOCTYILJIEHME B CTallMOHAp B TIep-
BYIO Heleslo OT Hauvaja 00JIe3HU, MOATBEPKICHNE
muarHo3oB JI® mian M® octporo K3, mckiioue-
HMe IPYTUX KJelleBbIX MHPeKIIni, Bo3pacT oT 20
1o 60 ser. KputepusiMmu MCKItOUeHUsT Oblin Gepe-
MEHHOCTb, COITyTCTBYomasi nH(peknnonHast (BUY-
nHDEKIMs, TYOepKyJie3 U Ip.) U/UIN TeKOMIEHCH-
poBaHHas (pOHOBASI COMAaTHUIECKAasl ITaTOJIOT M.

MarepuaJioMm A1 UCCAENOBAHUS CYXKUJIU MTPO-
Obl BEHO3HOII KPOBU, KOTOpBIE IIJIS OIPEeAcIeHUS
CyOIOMyJISIIMOHHOTO cocTaBa JUMQOLIUTOB B Tie-
pudepruIecKoil KpOBU U JICHKOLIUTAPHOU (DOPMYJIbI
Opaiy OMHOKPATHO MPU TOCITUTATIN3AIIUU B TIEPBBIC
ceMb THel 00JIe3HU, a TSI OLIEHKH TTPOIYKIIUU 111~
TOKHMHOB B IIEPBUYHOI KYJIBTYPEe MOHOHYKJICAPHBIX
KJETOK MOJyyadu ABaXXAbl — IIPU MOCTYIJICHUU
B CTallMOHAp U uyepe3 2 HeJleJIU MIPU BBITIUCKE (TTocTie
Kypca Teparnum).

MeTon MMYyHOMEHOTUTTUPOBAHU S TUMGDOIIUTOB
¢ npuMeHeHueM GJIyOpeCLeHTHO-MEYEHbIX MOHO-
kioHanbHbIX aHTUTEN (Elabscience, KHP) u nocie-
IYIOIIAM MHOTOIIBETHBIM ITUTOMETPUYECKUM aHa-
JIM30M Ha MPOTOYHOM LUTOodIyopruMeTpe <«Accuri
Co6» (BD Biosciences, CI11A) GblT UCTTOTB30BaH TSI
orpejiesieHus a0COMIOTHOTO KOJUYECTBA UM OTHO-
cutenbHOrO 4mcia B-muMmdpormros CDI9*CD3-,
T-nmumdormtoB CD3"CDI19-, T-xenmepoB/MHIYKTO-
poB CD3"CD4*CD45", T-unToTOKCHYeCKUX JUM}O-
nutoB CD3*CD8"CD45" m HaTypaJIbHBIX KUJIJIE-
poB — NK-kietok CD3-CD56*CD45*,

IlepBuyHBIC KYJIBTYPB MOHOHYKJICAPHBIX JICH-
KOILIMTOB, BbIACJEHHbIX 3 BEHO3HOU KPOBU METOJIOM
TPalueHTHOTO TEeHTPpUMYTrupoBaHus Ha (UKOJIIIE
(OO0 <«buonoT», Poccus), ObIIM MOTYYECHBI IS
olleHKU crioHTaHHOW u JITIC-cTuMysiMpoBaHHOM
cekpenuu TNFa, IL-1B, IL-6, IL-10, IL-8 u MCP-1
meTonoM MDA B oOpasiiax KOHAWIIMOHHOMN Cpebl
¢ riomonbkio HabopoB AO «Bektop-bect» (Poccus).
Kpome Toro, paccuuTbiBaiu MHACKC CTUMYJISLIUU
(MC) kak oTHOIIEHUE TTOKA3aTeNsI MHTEHCUBHOCTHU
MUTOT€H-CTUMYJIMPOBAHHOU MPOAYKIINU LIUTOKU-
Ha B KYJIBTYpPaJIbHOM XUJKOCTHA K COOTBETCTBYIOIIIE-
MY CIIOHTaHHOMY ypoBHI0. KynbTuBUpOBaHUE KIe-
TOK OCYIIECTBJISIJIM B MOJHOW MUTATEJIbHON Cpejie
Ha ocHoBe RPMI-1640 (OO0 «buonoT», Poccus) 6e3
NPUMEHEHU I MUTOIeHa AJ151 OLIEHKU YPOBHEH CITOH-
TAaHHOU MTPOAYKIIMU IMTOKWUHOB UJIU TIOCJIE CTUMY-
asuuu 10 Hr/ma 6aktepuanbHbiM JITIC Escherichia
coli (Servicebio, KHP) B CO,-unky6artope HF90
(Heal Force, KHP) mipu 37°C u 5% KoHIeHTpaluu
CO, B TeyeHue 24 u.

CraTucTuyeckylo  0o0paboOTKy  pe3yJbTaToB
npoBoauau ¢ npumeHeHuem STATISTICA 12.0
(StatSoft, CIIIA). JlaHHbIe ObLIU MTPeACTaBISHbI Kak
MmenraHa (Me) n nepBblii 1 TpeTtnit KBaptunu (Ql;
Q3), MOCKOJABbKY OHM HE MOAYMHSIJIUCH HOPMaJib-
HOMY 3aKOHy pacipeneieHusi B tecte Ilanupo—
VYunka. CTaTUCTUYECKU aHAIU3 PA3TUYUA MEXTY
He CBSI3aHHBIMM BBIOOPKAMMU BBITIOJHSIJIM MPU TO-
momn U-kputepuss ManHa—YutHu [5]. Hug cra-
THUCTUUYECKOrO aHaJiM3a IapaMeTpPOB B CBSI3aHHBIX
rpynmnax B OIWHAMHKE IIPUMEHSIJICS KPUTCPUMA
Bunkokcona. PanroBast koppensuusa CnupMmeHa
ObLlIa MCMOJIb30BaHA OJISI KOPPEISIIMOHHOIO aHa-
nu3sa. I[Ipu ypoBHe 3HauumocTu p < 0,05 pazauuus
IIBYX CPaBHUBACMBIX BEJIUYWH CUUTAIN CTATUCTH-
YeCKU 3HAUMMBIMU.

Pesynbrarhl

YcraHoBseHo (Tabia. 1), 9To B Havaje 3aboJie-
BaHUWSl YPOBHM CIIOHTAaHHOW MPOAYKIIMH ITPOBOC-
manuTenbHbIX TUTOKUHOB IL-13 1 TNFo, a Takxke
xeMoknHa MCP-1 (CCL2) B cynepHaTaHTaxX KyJb-
TypP MOHOHYKJICAPHBIX JICHKOIIUTOB, IMOJYYCHHBIX
ot 60abpHBIX ¢ JI® KD, ObLJIN CylIeCTBEHHO BHIIIIE,
yeM y 0osbHBIX ¢ MD KD (p = 0,017, p = 0,035, p =
0,035), a TakxXe MO CpaBHEHUIO C COOTBETCTBYIO-
IIMMU TTOKa3aTeJIIMU B TPYIIIe YCIOBHO-300POBbIX
i (p = 0,009, p = 0,018, p < 0,001). YpoBHu 0a-
3aJ1bHOM MpoayKuuu 1L-6 B KyJIbTypaJIbHOM XKW~
KOCTHU MOHOHYKJICAPHBIX JICMKOLIMTOB Y MAlIIEHTOB
¢ JI® KD B mepByro Heaesto 00JE3HM OKa3ajucCh
MOCTOBEPHO BHIIIIE, YeM Yy 3MO0POBBIX JOHOPOB (p =
0,035), omHaKoO CyIIeCTBEHHbIX pa3JMYM il 3TOrO MO-
KaszaTells OT TPYIIIbl 00abHBIX ¢ M@ 00HapyXKEeHO
He ob110 (p > 0,05). Kpome Toro, y 60i1bHBIX ¢ M®D
KD ypoBHU CITOHTAaHHOI CeKpelln MOHOHYKJIeap-
HeiMu Kiaetkamu [L-1B3, IL-6 u TNFo cratucrrye-
CKM 3HAYMMO HE OTJINYAJINCh OT COOTBETCTBYIOIINX
napamMeTpoB B rpyrtire koHTpoJist (p > 0,05 Bo Bcex
ciydasix), 94TO, MO-BUIMMOMY, CBUACTEIHCTBOBA-
JIO O TIOJAABJICHUM MPOAYKIMHU ITUX LIUTOKWHOB
B cllydyae KJIMHUYECKM OoJiee TSIKeaoil (hOpMBbI
3a0071eBaHNS.

M3yyeHue CIIOHTaHHOU MTPOAYKIIMY 3TUX IIUTO-
KWHOB B CyliepHaTaHTaX KYJbTYP MOHOHYKJI€apHBIX
KJIETOK uepe3 2 HeAe AU ToKa3ajio, YTO B IpyIre Ia-
meHToB ¢ JI® KD yposuu IL-1B 3HaunTeIBHO TI0-
Boimaauck (p = 0,005), B To BpeMms Kak ypoBHHU [L-6,
TNFo 1 MCP-1 He umMenu cTaTUCTUYECKUX 3HAYU-
MBIX UI3MEHEHM I B AMHAMUKE, OCTaBasICh, TAKXKe KakK
u KoHLeHTpauuu [L-1B, BbIllle COOTBETCTBYIOIINX
3HaYeHM 1 B KOHTpoabHoii rpymre (p < 0,001 Bo Bcex
ciayvasx, Kpome p = 0,005 mirs TNFo). B rpyrme
60sbHBEIX M®D KD B nHamMuKe yepe3 2 Helean To-
clie Kypca Tepallid OTMEeJaIoCh CYIIeCTBEHHOE T10-
BbIIIIEHUE YPOBHEH CrOHTaHHOU cekpeumu [L-1[3,
TNFo 1 MCP-1 (p = 0,025, p = 0,012 u p = 0,034
COOTBETCTBeHHO). Kpome TOro, KOHIIEHTpaluu
3TUX HUTOKWHOB B KyJbTypax 001bHBEIX ¢ MD KD
mocJie Kypca Tepanuu MpeBbIlaJu COOTBETCTBYIO-
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TaGnuua 1. Pe3ynbTaTbl OL,eHKM CMIOHTAHHOW M INonoancaxapua-cTUMyMpoBaHHOW NPOAYKLUN
LUTOKUHOB B KYJIbTYpe MOHOHYKJ1eapHbIX JIEUKOLUTOB Nepudeprnyeckoin KpoBu 00JIbHbIX C TMXOPaA0YHOM
¥ MEeHUHreasnbHOI popmMaMum Kiew,eBoro aHuedanuTa B Hayase 0051e3HM U B AUHAMUKe Yepes 2 Heaenu,
Me (Q1; Q3)

Table 1. Assessment of spontaneous and lipopolysaccharide-stimulated cytokine production in the peripheral blood
mononuclear cell cultures from patients with febrile and meningeal tick-borne encephalitis at disease onset and two
weeks later, Me (Q1; Q3)

BonbHble knewesbiM 3HUEeDaANUTOM
Mapamer Patients with tick-borne encephalitis 300poBble A0HOPbI
P P JinxopapouHasa popma MeHuHreanoHas dpopma Healthy donors
Parameter . ,
Febrile form Meningeal form n=13
n=16 n=12
cn. l, nr/mn 106,4 (23,4; 314,9) 11,4 (2,29; 51,3)
sp. I, pg/mi p, =0,009 p,=0,017 .
cn. Il, nr/mn 322,9(294,3; 334,0) 25,4 (6.50; 281,8) 20,5 (9,6; 25,0)
sp. I, pg/ml p; <0,001; p,=0,005 p, =0,044; p,<0,001; p; = 0,025
ctT. |, nr/mn 349,5 (343,5; 368,3) 353,9 (340,9; 368,4)
st. I, pg/ml p, < 0,001 p, < 0,001 )
IL-1B ct. ll, nr/mn 357,6 (348,4; 369,6) 350,5 (340,6; 378,5) 165,0(110,0:230,0)
st. Il, pg/mi p; < 0,001 p; < 0,001
mcl 4,80 (1,17; 14,8) 29.9(1,15,84,1)
ratio | p; =0,009; p, = 0,007 792 (6.11; 10,00)
nci 1,12 (1,06; 1,27) 14,3 (1,31; 59,2) ’ e
ratio Il p; <0,001; p,=0,005 p, =0,001; p, < 0,001
cn. |, nr/mn 298,0 (2_78,6; 436,9) 366,2 (102,3; 407,5)
sp- . pg/ml b, = 0,035 220,2 (92,2; 353,2)
cn. Il, nr/mn 570,9 (348,7; 573,7) 170,1 (154,3; 270,2) ’ ” ’
sp. I, pg/ml p; < 0,001 p, < 0,001
ct. |, nr/mn 570,8 (563,0; 574,6) 501,4 (485,8; 504,2)
st. I, pg/ml p, < 0,001 p, < 0,001 )
-6 e, nojmn 5747 (564,3; 586.,6) 495,0 (492,9; 495,7) 500,4(495,8; 501,1)
st. Il, pg/ml p, =0,001 p, < 0,001
ucl 1,90 (1,44; 2,03) 1,82(1,23;4,95)
ratio | p, =0,045; p, < 0,001
2,25 (1,42; 5,43)
nuci 1,02 (0,99; 2,75) 1,84 (1,63: 2.91)
ratio Il p,=0,043 ’ e
cn. |, nr/mn 180,6 (119.9: 207.7) 351,3 (287,5; 420,4)
sp. I, pg/ml p; <0,001; p, < 0,001 78.1 (58.6: 344.9)
cn. Il, nr/mn 154,8 (94,4, 178,7) 403,6 (375,8; 430,3) ’ ™ ’
sp. I, pg/ml p;=0,009 p, <0,001; p,< 0,001
cT. |, nr/mn 199,3 (186,9; 213,0) 4477 (415,0; 449,5)
st. I, pg/ml p, < 0,001 p, < 0,001 )
IL-8 ct. ll, nr/mn 189,0 (180,5; 201,1) 446,0 (444,0; 447,90) 450,7(445,0,453,3)
st. Il, pg/ml p; < 0,001 p, < 0,001
nci 1,78 (0,93; 1,87) 1,28 (1,06; 1,79)
ratio | p, < 0,001 p; < 0,001 )
nci 1,15 (1,03; 6,64) 1,11 (1,03; 1,17) 5,78 (1,31,7.59)
ratio Il p;=0,002 p, =0,002; p; = 0,005
cn. |, nr/mn 3519,0 (680,4; 4532,0) 761,5 (159,5; 2534,0)
sp. |, pg/ml p, < 0,001 p, <0,001; p,=0,035 )
cn. Il, nr/mn 3430,0 (2412,0; 5150,0) 1057,0 (257,1; 3849,0) 213,1 (118,1;1520,3)
sp. I, pg/ml p; < 0,001 p; < 0,001; p,=0,034
ct. |, nr/mn 4470,5 (2448,0; 4687,0) 2757,0 (880,5; 3907,0)
st. I, pg/ml p, < 0,001 p, <0,001; p,=0,040 .
MCP-1  ree i, nojmn 1870,5 (1658,0; 2034,0) 2130,5(1639,0;3129,0) 1104,4(328,9; 1453,7)
st. II, pg/ml p; <0,001; p;=0,002 p; < 0,001
MQI 1,24 (0,64; 6,31) 3.38 (0,45 18,2)
ratio | p, < 0,001 9,20 (4,43: 17.2)
nuci 0,59 (0,32; 0,72) 2,15(0,43; 18,1) ’ e
ratio Il p; < 0,001 p, < 0,001
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BonbHble KnewesbiM 3HLeDANUTOM
Patients with tick-borne encephalitis 3/0poBble [OHOPbI
MNapameTp
JluxopapouHas dopma MeHuHreanoHas popma Healthy donors
Parameter i .
Febrile form Meningeal form n=13
n=16 n=12
cn. |, nr/mn 20,1 (5,12; 40,8) 11,1 (3,36; 11,9)
sp. |, pg/ml p,=0,018 p,=0,035 .
cn. ll, nr/mn 20,0 (13,6; 45,9) 49,6 (38,5; 50,9) 3,31 (2,15, 12,5)
sp. Il, pg/ml p; = 0,005 p; < 0,001; p, = 0,025; p, = 0,012
ctT. |, nr/mn 614,3 (591,9; 624,7) 345,3(330,1; 351,2)
st. |, pg/ml p; < 0,001 p, < 0,001 )

TNFa ct. ll, nr/mn 620,4 (587,3; 663,8) 338,6 (330,1; 345,4) 334,4(323,8,3354)
st. Il, pg/ml p; < 0,001 p, < 0,001
mcl 67,8 (27,1; 123,2) 29,7(29,6; 96.5)
ratio} b, =0,023 95,2 (16,4; 150,7)
nucii 34,2 (18,0; 48,9) 6,83 (6,42; 8,67) ’ o
ratio Il p; < 0,001; p,=0,009 p, <0,001; p,<0,001; p;=0,013
cn. |, nr/mn 41,2 (22,9; 75,7) 28,5(12,9; 53,7)
sp. |, pg/ml p,=0,014 p,=0,015 )
cn. Il, nr/mn 66,0 (30,9; 95,9) 12,3 (7,51; 15,1) 9,36 (2,45, 12,7)
sp. Il, pg/ml p; < 0,001 p, <0,001; p;=0,012
cT. |, nr/mn 128,2 (557,9; 229,7) 12,2 (96,5: 135,0)

1o oulpo/m P =0,043 63,8 (43,5; 111,4)
ct. I, nr/mn 153,3 (53,1; 248,0) 143,2 (140,1; 149,8) ’ o
st. Il, pg/ml p, =0,031 p, =0,018
Mcl 2,22(1,67, 12,0) 7,49 (2,51; 10,4)
ratio | p, =0,019

8,81 (3,62; 23,1)
nuci 210 (1.71: 2,58) 11,6 (9,4; 37,5)
ratio Il ' e p, < 0,001

Mpumeyanme. cn. — CNOHTaHHbIN YPOBEHb; CT. — CTUMYIMPOBAHHbINA IMNONOAMCaxapuaoM ypoBeHb; C — MHAEKC CTUMYASLNY; P; — YPOBEHb 3HAYMMOCTH
pasnnyuin Npu CPABHEHUM MapamMeTPOB MeX Y 60bHLIMU 1 3LLOPOBbIMU LloHOpamu, U-kputepuii MaHHa-YWTHU; P, — YPOBEHb 3HAYMMOCTMN Pa3Nnymii

Mpu CpaBHEeHWV NapaMeTpoB MexXay 60bHBIMU C IMXOPAA0YHOM 1 MEHUHIeabHOM popMamm KneLeBoro aHuedanuta, U-kputepuii MaHHa-YnTHY;

P; — YPOBEHb 3HAYMMOCTM PA3NNYMIA NPY CPAaBHEHUN NAPAMETPOB Y O0JIbHBIX B AMHAMUKE B Havane 601e3Hu 1 yepes 2 Helenu, Kputepuii BUnkokcoHra.
Note. sp. — spontaneous level; st. — lipopolysaccharide-stimulated level; ratio — stimulated to basal level ratio; p, — a significance level for differences while
comparing parameters between patients and healthy donors, Mann--Whitney U-test; p, — a significance level for differences while comparing parameters
between patients with febrile and meningeal tick-borne encephalitis, Mann-Whitney U-test; p; — a significance level for differences while comparing

parameters in patients at disease onset and two weeks later, Wilcoxon test.

1€ 3HAYCHUSI Y YCIIOBHO-3M0POBBIX JIUII (p = 0,044,
p < 0,001 u p < 0,001 gist 1L-1B, TNFo. u MCP-1
COOTBETCTBEHHO).

Bmecte ¢ Tem B Hauajie 3a0oyieBaHUSI M 4epe3
2 Hemenmu B AWHAMHUKE YPOBHUW CIIOHTAHHOI MpO-
aykuuu xemokrHa IL-8 (CXCLS), KoTopblii BbI3bI-
BaeT aKTUBALIUIO U ACTPaHYJISLIUI0O HEUTPODUIIOB,
B CyIlepHaTaHTaxX KYyJbTYp MOHOHYKJEapHBIX KJe-
TOK 00bHBIX ¢ M@ KB, B oT/IMuMe OT APYTUX ITPO-
BOCHAJIMTEABHBIX IUTOKWHOB, OKa3aJHWCh CYIIe-
CTBEHHO BbIIIIe, YeM Yy 00JbHBIX ¢ JI® KD u B KoH-
TpoabHOI rpyte (p < 0,001 Bo Bcex ciryyasix).

Kpome Toro, B Hauasie 60J1e3HN Y 60IbHBIX ¢ JID
1 M® KD ypoBHU CITOHTAHHOW CEKPEIIMU UMMYHO-
cynpeccopHoro uutokuHa IL-10 Ob11u cyliecTBeH-
HO BBIIIIE, YeM B KOHTpOJIbHOI rpytire (p = 0,014
u p = 0,015). Yepes 2 Hemenu y 6oapHBIX JIO KD
YPOBHHU ITPOAYKIINHM 3TOT0 HUTOKNHA MO-TIPEKHEMY
OCTaBaJINCh MOBBIIIEHHBIMH IO CPAaBHEHHUIO C KOH-
tposiem (p < 0,001), a y 6onpHBIX ¢ M® KB, Harpo-
TUB, OBLIM CYIIECTBEHHO HMXKE, YeM Y OOJIbHBIX
¢ JI® KD (p < 0,001), cHuzkasich B TMHAMHKE (p =
0,012) 1o ypoBHei, COMOCTaBUMBIX C 3HAYCHUSIMU
B IPYIIIIE YCIOBHO-300POBBIX U1l (p > 0,05).

CTuMyJISILIAs KYyJABTYP MOHOHYKJICAPHBIX JICH-
kouutoB JITIC y 6onpHBEIX M® KD B 1epBy1o He-
JIeJTI0 3a00JIeBaHUS TIPUBOAMIIA K CYIICCTBEHHOMY
MOMABJICHUIO YPOBHEM CEKPELIMU TaKUX ITPOBOCIIA-
JINTEIbHBIX IIUTOKWHOB BPOXICHHOTO UMMYHHOTO
orBeTa, Kak IL-6, MCP-1 u TNFo 1mo cpaBHEeHUIO
C YPOBHSIMHU COOTBETCTBYIOIIUX TapaMeTpPOB y Ia-
nueHToB ¢ JI® KD (p < 0,001 Bo Bcex caydasix, Kpo-
me p = 0,040 giss MCP-1), uto B otHomeHnn JITIC-
uHayuupoBanHou npoaykuuu I1L-6 u TN Fo coxpa-
HSJIOCh HEU3MEHHBIM B IMHAMUKE U Yepe3 2 Helean
(p <0,001 Bo Bcex ciiyuasx). Kpome Toro, y 60JIbHBIX
¢ M® KD yposaM JITIC-cTUMYTMPOBAaHHOM CEKpe-
muu IL-6 1 TNFo He uMenu cTaTUCTUYECKU 3Ha-
YUMBIX pa3JMUUii OT KOHTPOJbHBIX 3HAYCHU 1, YTO
TaK>Ke CBUIAETEIBCTBOBAJIO O IMOJABJICHUU UX ITPO-
nykouu (p > 0,05). BMecte ¢ Tem B Hauaje 3a00Je-
BaHUS U B ITMHAMMKE IOCJIE Kypca TepaIriuu B KyJIb-
TypaX MOHOHYKJICAPHBIX JICHKOIMTOB T'PYIITHI Ma-
ueHToB ¢ JI® KD yposHu JITIC-uHayIMpOBaHHOM
nponykimu 1L-1B, IL-6, 1L-10, MCP-1 u TNFo
ObLJIM 3HAYUTEJbHO BbIIIE, YeM B KOHTpoje (p <
0,001 Bo Bcex cayuasx mas IL-1B, IL-6, MCP-1
u TNFo; p = 0,043, p = 0,031 nna IL-10 cooTBeT-
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ctBeHHO). Hamportus, JITIC-unayuupoBaHHasi ce-
kpeuus IL-8 B KJIETOUHBIX KYJIbTypax Y NallUEHTOB
¢ JI® KD 6bl1a 3HaYMTEJILHO ITOAABJICHA 10 CpaBHE -
HUIO ¢ 60onpHBIMU M®P KD n koHTposeM (p < 0,001
BO BCeX CJIydasix), a B TpyIllie maiueHToB ¢ M@
HE HMeJla CYIIECTBEHHBIX OTIMYMII OT YCJIOBHO-
3n0poBbIX aull (p > 0,05).

Kpome Toro, B rpynmne manmueHToB ¢ M® KD
B HauaJe 3a0ojieBaHusI UHIAEKChl cTumMyasiuuu (MC)
s IL-8 (p < 0,001), IL-6 (p = 0,045) u TNFa (p =
0,023) Obiu cymectBeHHOo Huxe, a MC MCP-1
He UMeJI CYyILIIeCTBEHHBIX pa3auuuii (p > 0,05) ot co-
OTBETCTBYIOIINX MapaMETPOB Y YCIOBHO-3TOPOBBIX

JIVIL, YTO, TO-BUIMMOMY, OTPakajio yTHEeTEHUE ITPO-
OYKIIMU 3TUX HMTOKUHOB B KYJIBTYpax MOHOHYKJIe-
apHBIX JIEUKOUMTOB y 001bHbIX KD ¢ MeHUHTIrea b-
HBIM CUHIPOMOM.

B 1ab6n. 2 mpuBeneHbI pe3yabTaThl OLIEHKU CyOIT0-
OYJISIIAOHHOTO COCTaBa JUMMOILIUTOB B niepudepu-
yeckoil KpoBu 00JibHBIX ¢ JI® 1 M® KB B niepByio
HeJnesTio 3abosieBaHUsI. Hapsiy ¢ 3TMM roKa3aHo, 4ToO
6onbHbIe ¢ M® KD 110 cpaBHeHUto ¢ JI® u ¢ KOH-
TPOJILHOI T'PYMIION MMEIU CYIIECTBEHHO 0oJjiee Bbl-
COKME€ 3HauyeHMs OOILero KOJIMYEeCTBa JICHKOILIUTOB
kpoBu (p = 0,008 u p = 0,006), r1aBHBIM 00pa3oM
3a CYET ITOBBIIICHUSI OTHOCUTEIBHOIO M aOCOIIOT-

TaGnuua 2. Pe3ynbraTthl OL,EHKU CyOnonynsumMoHHOro coctasa numdoountoB B nepudepuyeckoii Kposu

00NbHBIX C IMXOPaAL04YHO U MEHUHIeanbHoW ¢opmamu knewesoro aHuedanuta, Me (Q1; Q3)

Table 2. Assessment of peripheral blood lymphocyte subset composition in patients with febrile and meningeal tick-
borne encephalitis, Me (Q1; Q3)

BonbHblE KneuweBbiM aHuedJanI/ITOM
Patients with tick-borne encephalitis

340poBble AOHOPbI

Mapamerp JinxopapouHaa popma MeHuHreanbHas ¢opma Healthy donors
Parameter . :
Febrile form Meningeal form n=13
n=16 n=12
10,3(7,00; 12,3)
9 . .

WBC, x 10°/L 5,85 (4,82; 6,04) b, = 0,008: p, = 0,006 5,76 (4,32; 5,90)
NEUT, % 56,70 (49,90; 64,15) 70,70 (63,70; 77,20) 51,40 (47,50; 55,40)

p, < 0,001; p,= 0,012

NEUT, x 10°/L

3,21 (3,17; 4,44)

5,49 (3,20; 5,63)
p, < 0,001; p,= 0,026

2,83 (2,11; 3,51)

LYMP, %

22,8 (15,5; 25,3)

22,5 (17,1, 28,9)

36,0 (32,0; 37,0)

p, =0,003 p, =0,025
LYMP, x 10°/L 1,38(1,18; 1,44) 2,03 (0,98; 2,40) 2,08 (1,45: 2.18)
b, = 0,031
CD3'CD19-, % 66’?) (f%’%;;g’” 73.8 (67,5: 86.1) 80,3 (78,2: 82,0)
1~ ]
CD3°CD19-, x 10°/L O'gﬁ ((_)’5%?315’09) 1,33 (0.75: 1,96) 170 (1,09: 1.71)
1~ Yy

CD19°CD3-, %

2,90 (1,50; 12,7)

9,75 (7,59; 15,68)

9,07 (8,97, 9,80)

CD19'CD3-, x 10°/L

0,07 (0,01; 0,17)

0,22 (0,09; 0,31)

0,16 (0,14; 0,19)

p,=0,030
_ 17,4 (16,1; 45,0) 11,4 (8,0; 20,9)
+ + 0 .
CD3-CD56'CD45%, % b, < 0,001 b,= 0,026 11,0 (8,98; 12,9)

CD3-CD56°CD45", 10°/L

0,25(0,23; 0,28)

0,16 (0,10; 0,18)
p; =0,003; p,=0,003

0,21 (0,19; 0,26)

CD3*CD8'CD45%, %

21,1 (17,2; 23,1)

17,4 (11,3; 22,5)

31,0 (29,9; 32,1)

p, =0,004 p, = 0,002
0,27 (0,09; 0,34) 0,30(0,15; 0,42)
+ + + 9 .
CD3*CD8*CD45*, x 10°/L 0, < 0,001 b, < 0,001 0,62 (0,47; 0,70)

CD3*CD4'CD45%, %

49,5 (36,2; 58,5)

58,2 (46,5; 69,1)

49,3 (47,3; 51,1)

CD3'CD4'CD45", 10°/L

0,68 (0,20; 0,82)

0,92 (0,52; 1,44)

1,01 (0,66; 1,08)

uc
ratio

2,77 (2,10; 2,85)

3,27 (1,81; 4,25)

1,59 (1,54; 1,70)

Mpumeyanmne. WBC — neiikoumntsl; NEUT — HeriTpodunbl; LYMP — numdoumnTtsl; CD3*CD19~ — T-numdouutsl; CD19°CD3~ — B-numdoumnThl;
CD3-CD56°CD45* — NK-kneTku; CD3*CD4*CD45" — T-xennepbl/mHpykTopbl; CD3*CD8*CD45* — T-umtoTokcunyeckune numeountsl; UC — nHaekc
COOTHOLLeHus (T-xennepoB K T-LMTOTOKCUYECKUM IMMPOLMTaM); p; — YPOBEHb 3HAYMMOCTU Pa3MymiA NPpU CPABHEHW C MapaMeTpoB Mexay
60/1bHBIMM 1 300POBbLIMU OHOPaMu, U-kpuTepuit MaHHa-YUTHU; p, — YPOBEHb 3HAYMMOCTU PA3NNYMIA PV CPABHEHUM C NAPAMETPOB MeXAY 60bHbIMM
C IMXOPAL04HOV N MEHWHIeanbHON GopmamMu Knelesoro sHuedanuta, U-kputepuii MaHHa-YUTHU.
Note. WBC — leukocytes; NEUT — neutrophils; LYMP — lymphocytes; CD3*CD19- — T lymphocytes; CD19*CD3- — B lymphocytes; CD3-CD56'CD45" —
NK cells; CD3"CD4°CD45* — T helper/inducer cells; CD3*CD8*CD45" — T-cytotoxic lymphocytes; ratio — T-helper to T-cytotoxic cells ratio;

p, — a significance level for differences while comparing parameters between patients and healthy donors, Mann-Whitney U-test; p, — a significance
level for differences while comparing parameters between patients with febrile and meningeal tick-borne encephalitis, Mann-Whitney U-test.
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Horo yuciia Heirpoduios (p = 0,012, p = 0,026, p <
0,001, p < 0,001) B reMmorpamme. B miepupepryeckoit
KPOBU 00eux rpyIi nauueHToB ¢ KD no cpaBHEeHU O
C YCJIOBHO-3OPOBBIMHM JOHOPAMM OBLIO BBISIBJICHO
CYIIECTBEHHOE CHUXEHUE OTHOCUTEIBHOTO YUC-
sa aumbonutoB (p = 0,003 u p = 0,025), a B rpyrie
6onbHBIX ¢ JIO KD 0bLJI0 00HApYKEHO YMEHBIIIEHNE
a0COJIIOTHOTO KonvyecTBa 3TuX KjueTok (p = 0,031),
4TO, MO-BUJAMMOMY, MPEX e BCEro ObLJI0 00yCIOBIIE-
HO 3HAUYUTEIbHO 00JIce HUBKUMU YPOBHSIMU OTHOCH-
TETBHOTO M a0COJTIOTHOTO YKciia T-IIMTOTOKCMYECKUX
CD3"CD8*CD45" knetok y 6onbHbIX KD BHe 3a-
BHUCHUMOCTH OT KJIMHUYECKOU (hOPMEBI 3a007eBaHUS
(p = 0,004, p = 0,002, p < 0,001 u p < 0,001). Kpome
Toro, 60BHEIE ¢ JID KD 110 cpaBHEHHUIO C KOHTPOJIEM
MMeJU CYIIECTBEHHOE YBEJIMUYEHUE OTHOCUTEIbHO-
ro uuciaa NK-kinerok CD3-CD56"CD45" (p < 0,001)
B niepudepuueckoit KpoBu. B To e Bpems y 00JIbHbIX
¢ M® KD ormeyanoch CTaTUCTUYCCKU 3HAYMMOE
CHUXKEHUE OTHOCHUTEJIBHOTO M abCOIIOTHOIO 4uciia
NK-kierok CD3-CD56"CD45" B KpoBH IO CpaBHE-
HUIO ¢ 0OJIBHBIMU ¢ OoJiee ierkuM TedeHuemM JID KD
(p=10,026, p=0,003).

JloTIOJTHUTETbHO HaMW  BBISIBJIGHBI OTpUIIa-
TEJbHBIC KOPPEISIIIMOHHBIC 3aBUCUMOCTH MEXIY
3HAYCHUSIMM MaKCUMaJbHOW BBICOTHI JIMXOPAJIKU
y OOJIbHBIX B Havaje 3a00JieBaHU s, KOTOPbIC SBJISI-
IOTCSI OMHUMU U3 KPUTEPUEB TAKECTU KJIMHUYEC-
koro tedyeHust JI® n1 MP KD, 1 OTHOCUTETBHBIM
qucioM JUMGOIIUTOB B Tiepudepruieckoit KpoBU
(r = —0,66, p < 0,001), a Takxe ypoBHamu JITIC-
CTUMYJIHMpPOBaHHON mpoayknuu IL-6 (r = —0,68,
p<0,001) u TNFo (r=—0,69, p <0,001) BKyabTypax
MOHOHYKIJIEapHBIX JIEHKOIIMTOB KpoBU. bosee Toro,
BBISIBJICHBI TOJIOXKUTEIbHBIE KOPPEISIIMOHHbBIC 3a-
BHUCHUMOCTH MEXIY OTHOCHTEIBHBIM M aOCOJIOT-
HBIM KOJMYECTBOM HEUTPOGUJIOB B reMorpaMmme
W YPOBHEM CIIOHTaHHOU mmpoaykuuu 1L-8 B Kyib-
TypaX MOHOHYKJI€apHBIX JIEHKOLIUTOB 00JbHBIX KO
(r=0,76,p < 0,001 ur= 0,69, p <0,001).

O6cyxaeHne

M3BecTHO, 4TO KIMHUYEeCKoe TedeHrne KD Mo-
KET BapbMpOBAaTh OT MHAIIMAPAHTHOM WUJIU JETKOU
JI® 1o TsKenbIx (popM 3a00JIeBaHUS C JUCCEMMUHA-
nueii Bo3oynutens B LIHC ¢ pazBuTueM MEHMHTUTa
WJIV BHIIe(aanTa, 9To, IIO-BUIUMOMY, 3aBUCUT KaK
OT OMOJIOTMYECKHMX CBOMCTB ITamMMa Bupyca KB,
TaK U OT MHAWNBUAYAJILHBEIX OCOOCHHOCTEH MMMY-
HOJIOTMYECKOM pPEe3UMCTEHTHOCTH xo3suHa [1, 16].
CpaBHUTEIbHOE H3YyYeHHE OCOOCHHOCTEU BpPOXK-
JICHHOTO M aIalITUBHOTO UMMYHHOT'O OTBETa B KYJIb-
Typax KJICTOK KPOBU, MHOUIIMPOBAHHBIX IIITAMMa-
MU BUpycoB KD ¢ pa3anyHol maToreHHoCThIo [16],
M0KAa3aJio, YTO BBICOKONMATOTCHHBIN INTaMM OBLI
CMOCO0eH OBICTPO MPOHUKATH U AKTUBHO PEIJIMIIU-
pOBAaThCS B KJIETKAX B YCIOBUSIX in Vitro, IOTABIISIS
9KCITPECCHUI0 MOJIEKYJT aIT€3UM U aKTUBAIIMU Ha MO-
nHonutax, NK-knerkax m CD8" T-numdbonurax,
HPUBOAS K IIOJABJIICHUIO BPOXICHHOIO WMMYHU-

TeTa, B TO BpeMsI KaK HU3KOITATOTeHHBIN IITaMM,
HAIIPOTHUB, MEIJICHHO PEILIMIIMPOBAJICI B KJIETKaX
KPOBHU, BbI3bIBasi 3HAUMTEJbHOE YBEJIMYEHUE DKC-
IPEeCCUM MOJIEKYJ aAre3un U aKTUBAIIUH, 3aITycKas
BPOXJCHHBIC 3alllUTHBIE MEXaHU3Mbl U 00eCTeUu-
Bast OBICTPYIO 2TMMUHAIIMIO BUPYCa U3 OpraHu3ma,
YTO MOXKET ITpeapacroiaratb K KINHUYECKU OoJjiee
JIEeTKOMY TeueHMIo 3aboJyieBaHus. He uckioueHo,
4TO 3THU JAHHBIC TTO3BOJISIOT B 3HAUYUTEIIBHON CTe-
MEHU OOBSICHUTH MOJYUYEHHbIE HaMU Pe3yJIbTaThl
pa3INYMil TapaMeTpOB MMMYHHOI'O OTBETa MEXIY
rpynnamMu 6oabHbIX ¢ JIO 1 MO KD.

M3BectHO, yTo MP KD KIMHUYECKU MTPOTEKa-
eT OoJiee Tskesio, yeM JID, 4TO COMpOBOXKIAETCS
HE TOJIbKO MEHMHIeaJIbHBIM CHUHIPOMOM, BBIpa-
KEHHBIMM CHUMIITOMAaMHM WHTOKCUKAIIMU U JINXO-
paaKu, HO W TEHACHLUEH K YMEPEHHOMY YBEJIM-
YeHUIO KOJIWYECTBA HENTPOGHIIOB B TeMOTpaMMe,
KOTOpbIE UIPalOT CYIIECTBEHHYIO POJIb BO BPOX-
JICHHOM WMMYHHOM OTBeTe [2], 4TO HauUIO MOI-
TBEPXKIEHNE B MPOBEACHHOM HaMU MCCJIEIOBaHUMU,
a Tak>kKe B TTOJIOXKUTEJIbHON KOPPEJISIIIMOHHOM 3aBU-
CUMOCTH MEXIY KOJIMYECTBOM HEUTPOMUIOB B TIe-
pudeprIeCcKOil KpOBU M YPOBHSIMM CIIOHTAHHON
CeKpelMM B KYJBTypaX MOHOHYKJICAPHBIX KJIETOK
xemoknHa IL-8 (CXCLS8), KOTophlii BbI3bIBaeT aK-
TUBALMIO W ACTPAHYJISLUI0 TOIUMOP(MHOSIASPHBIX
JIEUKOUMTOB [4].

Kak cBHOeTeIbCTBYIOT HaHHBIE JIMTEPATYPHI,
OOJIBIIMHCTBO MCCJIeaoBaTeNeil, TaK ke, KaK 1 MBI,
Mpy aHaJM3e TToKa3aTesiel, XapaKTepu3yIolnX Ie-
MOTpaMMy U KOJIWYECTBEHHYIO CTPYKTYpPY OCHOB-
HBIX CyOmomyasiiuii JUM@OILIUTOB, YyKa3blBalOT
Ha YMCHBIICHWE OTHOCUTEIBHOTO COMEpXKaHUS W/
MJIU a0COIOTHOTO KOJIMYeCTBa TUM@OILIMTOB B KPO-
Bu y nanueHToB ¢ M® u/unu OD® KD 1o cpaBHe-
HHMIO C YCJIOBHO-3IOPOBBIM KOHTpoOJeM. OmHako,
B OTJIMYME OT MOJTYYESHHBIX HAMU PE3yJILTATOB, B JIN-
Teparype IIpeacTaBiIeHBI CBSACHUS O TOM, UTO JINM-
douuToneHus: (GopMupyeTcsi, TJIaBHbIM 00pa3zoM
3a CYCT CHMXKCHUS KOJIMUYECTBA KJIETOK, SKCIIpEeC-
cupylomux aHtureHbl T-xeanepoB (CD3*CD4%),
HO He MapKepbl T-IUTOTOKCUYECKUX TUMMOIIUTOB
(CD3*CDS8*CD45%) [3, 6].

N3BecTHO, uTO NK-KJIeTKM SIBISIIOTCSI Ba>kKHOM
YacThI0O BPOXICHHOIO0 MMMYHUTETa M aKTHUBUPY-
FOTCSI TIPY MHOTHX BUPYCHBIX MH(PEKIINSIX YeJIOBEKa.
IIpoTtuBoBupycHbiii orBeT NK-KJIETOK BKJIIOUaeT
NpsiMOe YHUUYTOXEHME UHPUILIMPOBAHHBIX BUPYCOM
KJIETOK, OTIOCPEIOBaAaHHOE ITPEUMYIIECTBEHHO BHI-
cBOOOXIEeHUEM NephOPUHOB U T'PAaH3UMOB, a TaK-
Ke IPOAYKIINEH HECKOJIBKUX ITPOBOCIIATUTEIILHBIX
nutoknHOB, BKIodass TNFao [9, 10]. Heckonpkumu
aBTOpaMU OBLJIO BBICKA3aHO IIPEITIOJIOXEHUE, YTO
npy WHAEKIIMSIX, BBI3BAHHBIX (DIaBUBUPYCaAMU,
BKJto4Yasi Bupyc aeHre [20, 21] 1 BuUpyc SITTOHCKO-
ro sHuedanuta [22], NK-kjieTku urpaioT BaxkHYIO
pOJIb B IPOTUBOBUPYCHOM KOHTPOJIE U OKa3bIBalOT
BIMSHUE Ha TSKECTh TEUCHUS M MCXOJ 3TUX 3a00-
JIEBaHM 1, XOTSI OCHOBHBIC MEXaHN3MBbI TAKOTO BJIVSI-
HUSI OCTAIOTCSI HEU3BECTHBIMU. YCTaHOBJIEHO, YTO
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y 00JIbHBIX OCTpbIM KB ¢ cuMnToMaMy MEHUHTUTA
1 MEHWHTO3HIedalnTa B paHHUI nepro 3adoe-
BaHUS TaKXXe MPOUCXOAUT MoaaBieHUe DYHKIIMO-
HaJapHON aKTUBHOCTH NK-KJIETOK B OTHOIICHUU
KJIETOK-MUIIIEHEH, XOTsI 3TO HE BCeraa IMOATBEpXK-
JaeTcsl KAKUMU-JIMOO TOCTOBEPHBIMU M3MEHEHMUSI-
Mmu obuiero koauvectBa NK-kjaeTok cpeaun o011ero
yucaa suMdponutos [10].

Y 00cnenoBaHHBIX HAMU manmeHToB ¢ MO KD
ObLJIO BBISIBJIEHO CYIIECTBEHHOE CHUXKEHUE KOH-
uenTpauuu NK-kiaerok CD3-CD56"CD45" B me-
pudeprIecKoil KpoBU IO CPaBHEHUIO ¢ OOJbHBIMU
¢ MeHee Tsmkelio nmpoTekarorneit JI® KB, B To ke
BpeMs1 B rpyiie nauueHToB ¢ JI® KD koanyecTBO
NK-kneTok OblJI0O 3HAUMUTEJAbHO BBIIIE, YEM Y 3/10-
POBBIX JIMII, YTO B IICJIOM COOTHOCHUTCSI C pe3yJibTa-
tamu H.B. KpblioBoii ¢ coaBt. [3], mpoaeMOHCTpU-
POBABIIMX aHAJOTUYHOE pa3HOHAIIPABICHHOE W3-
MmeHeHne uyuciaa NK-kimerok (CD3-CDI16"CD56%)
B niepudepryeckoii kposu 60bHBIX ¢ OD 1 JIO KD
B OCTpOM nepuoje 3aboneBaHusi. CHUKeHUE KOTU-
yectBa NK-kjietok u neduuut T-KJIeTOUYHOTO 3Be-
Ha UMMYHHTETa B KPOBU Y MAILIMEHTOB C TSKEJIBIM
TeueHreM OP KD »3Tr aBTOpHI paccMaTpUBaINd Kak
OOWH U3 KPUTEpUeB mporpeccupoBaHuss KD, B To
BpeMs KaK yMepeHHas akTUBalusl CUCTEMHOTIO 111~
TOKMHOBOro orBetra Thl-Tuna u KoMneHcaTopHbI
XapakTep M3MEHEHUN MapaMeTpoB T-KJIETOYHOIro
UMMYHUTeTa y 00osbHBIX ¢ JI® MoxeT paccMaTpu-
BaTbhCs KaK aJeKBaTHBIIT UMMYHHBII OTBET Ha WH-
dexkuuio [3]. He nckiawoyeHO, 4TO 3Ta 3aKOHOMEP-
HOCTb yKa3biBaeT Ha Murpannio NK-Ki1eTok depes
remaTosHuedanuuyeckuii 6apbep (I'DbB), mockoabKy
oHu ObLT1 00HapyxeHbl B CM2K maniuentoB ¢ MO
n O®D octporo KD [11].

WccnenoBaHus, BKIOYAIONIUE aHATU3 KOHLIEH-
Tpaluii IUTOKUHOB B OMOJOTUYECKUX XUIKOCTSIX
y OOJIbHBIX B 3aBUCMMOCTHU OT KJIMHUUYECKON (op-
MBI KD neMOHCTpUPYIOT IPOTUBOPEUYMBEIC PE3YIIh-
TaThl [3, 6, 7, 12, 23]. 1o TaHHBIM OTHUX aBTOPOB
y 60sbHBIX ¢ M®D 1 OD KD B cbIBOPOTKE KPOBHU |6,
23] u B ocobeHHoctu B CM XK [10, 12, 23] O6b1710 00-
Hapy>KeHO 3HAaYUTEIbHOE MOBBIIIIEHUE YPOBHEN MpO-
BOCHAJIMTEAbHBIX XEMOKWHOB/IIUTOKMHOB IL-8,
MCP-1, IL-6, IFNy u/mwu TNFo mo cpaBHeHHIO
C TPYMNIION YCIOBHO-3IOPOBBIX JUI W ITAIIUEHTOB
¢ JI® KD. INoBbllIeHHbIE YPOBHU MTPOBOCITAIUTEIIb-
HBIX IIUTOKMHOB B CHIBOPOTKE KPOBU MOCTEIICHHO
HOPMAaJIM30BaJIUCh B CTaAUI0 PEKOHBAJIECLIEHIIUU
y OOJbHBIX C OJaronpUsITHBIM MCXOAOM 3a0o0JieBa-
Hus [12]. KpomMe Toro, ypoBHM UMMYHOCYITPECCOp-
Horo uuTokuHa IL-10 B CM2K o6paTHO KOppeaupo-
BaJIu ¢ OoJiee TSKEJIBIM TeYeHUEeM MEHHTO2HIIeda-
JUTa, BeI3BaHHOTO BUpycoM KB [12, 23].

Jpyrue wmcciaemoBatenn, HamnpoTuB, npu OD
octporo KD BBISIBUIM HEIOCTaTOYHOCTH OTBE-
ta Thl-Tuma U OTCYTCTBUE 3HAYUMBIX Pa3IUYUN
M0 CPaBHEHUIO C TPYIIONA YCIOBHO-30POBBIX JUIL
JIJ151 KOHLIEHTpallu1 MPOBOCIIAJUTENbHBIX IUTOKM-
HoB IL-8, IL-1B u/unu TNFo B cBIBOPOTKE KPOBH,
a Tak>Xe OOHAapyXMJIM CYLIECTBEHHOE CHUXXEHUE

YPOBHEI 3TUX MUTOKWHOB B CBIBOPOTKE W MHIIEK-
coB ctumynsuun (MC) TNFo u IL-10 B cymepHa-
TaHTaX KYJbTYp MOHOHYKJICAPHBIX KJIETOK, WHIY-
HOMPOBAaHHBIX KOHKAHABaJIWMHOM A, TTO0 CpaBHEHUIO
¢ 6onpHBIMU JID KD [3]. B TO Ke BpeMs y GOJTbHBIX
c JI® KD KOHUEHTpaLUU 3TUX HUTOKUHOB B ChI-
BOpPOTKE KPOBHU CYIIECTBEHHO IPEBBIIIATINA aHAJIO-
TUUYHBIE TTOKa3aTeJIu B KOHTPOJE, YTO B 1LIEJIOM CO-
OTHOCHTCS C TIOJTyYeHHBIMHY HAMU JAHHBIMU U CBU-
JIETEJIbCTBYET O pa3HOHAIIPABJICHHbBIX U3MEHEHU SIX
AKTUBHOCTH (PAKTOPOB BPOXKIACHHOTO UMMYHHTETA
y 0OJBHBIX ¢ pa3dHbIMU popmamu KBD: npu Goiee
serkoii JI® 1 mpu TSKEJIOM TeUYSHUU C TTOpaskeHU-
em LHHC [3, 7]. [MopaBiaeHue B KyabTypaX MOHO-
HYKJICAPHBIX JICHKOIIUTOB KPOBHM CIIOHTAaHHOM
u JITIC-cTUMynMpOBaHHOW MPOAYKIIMU MPOBOC-
HaJUTebHbIX HMTOKUHOB, TakKuxX Kak 1L-6, TNFo
u IFNo, OblJIO BbISIBAEHO MPU TSKEJIOM TEYEHUU
HEKOTOPBIX IPYTUX MHPEKIIMOHHBIX 3a00IeBaHUA,
B YaCTHOCTW, NPU KOPOHABHPYCHONM WHOEKIINN
COVID-19 [8]. MenuHreanbHast hopMa y OOJIBHBIX
ocTpeiM KD, xapakTepmuayromiascs ITPOHHUKHOBE-
HueM Bupyca KO uepes3 I'Ob, no-BuaumMomy, co-
MPOBOXIAETCST OoJiee BBIPAKEHHOW TU3PETyIIIIN-
el UMMYHHOI'O OTBeTa, IPUBOASIIICH K IeDUILIUTY
NK-kJeToK, KOJIUYeCTBEHHOMY AucOaaHCcy cyO-
nonyiasauuii T-nuM@OnUTOB, YBEJIMYSHUIO 4YuUCIa
HEeNTpoMIOB B NepudeprnIecKoil KpoBU U Moaa-
BJCHUIO CIOHTAaHHOW HU/MJMW MUTOTEH-CTUMYJIU-
POBaHHOU ITPOAYKIINU ITPOBOCITATUTSIILHBIX IIUTO-
KWHOB, OTBETCTBEHHBIX 34 peaKIIMU BPOXKICHHOIO
UMMYHUTETA, TIJIaBHbBIM o0Opa3oMm, IL-6, TNFo
u MCP-1.

3aknyeHne

Takum oOpa3oMm, YCTaHOBJICHO, YTO B TpPYIIIIE
60sbHBEIX M®D KD, nMeBIIMX OoJiee TIXKeI0e KITHU-
HHMUYECKOe TedeHHe 3a00JIeBaHMSI, MHTEHCUBHOCTH
cnoHTanHoi u/miau JITIC-cTuMynIupoBaHHOM ce-
KpeM MOHOHYKJICAaPHBIMM JICMKOIIMTaAMU KpO-
BU TIPOBOCTIAJIMTETbHBIX TUTOKUHOB [L-1B, 1L-6,
MCP-1 u TNFa 6p11a cyliecTBeHHO Huke, a 1L.-8,
HampoTUB, BbBIIIE, YeM y mnainueHTtoB ¢ JIO KO.
Kpome Toro, y 6osbHBIX ¢ M® KD ypoBHU CITOH-
tanHo#t u/nnm JITIC-uHnynumpoBaHHON HapabOTKHN
IL-6 u TNFo 1160 He uMeau CTaTUCTUYECKU 3Ha-
YUMBIX Pa3in4yuii, TUOO OKa3aJUCh HUXE COOT-
BETCTBYIOIIMX KOHTPOJbHBIX 3HAYCHU I, UTO TaKXKe
CBUJIETEJIbCTBYET 00 YTHETEHUU (PYHKIMOHAJbHOM’
aKTUBHOCTU KJieToK. HampoTuBs, B rpymnmne namu-
eHToB ¢ JI® KD yposHu ciontanHoit u/unu JITIC-
uHaynupoBaHHoi nponykuuu IL-1B3, IL-6, MCP-1
u TNFo ObuIM 3HAYUTENBHO BbILIE, YEM Y 310PO-
BbIX Jull. [Ipy1 2TOM cmoHTaHHasl ceKpeluus UMMY-
HocymnpeccopHoro mutokmHa IL-10 y maimmeHTOB
o0eux rpynn CyLIeCTBEHHO IpeBbllliajia TaKOBYIO
B KOHTpoJje. He3aBUCMMO OT KIIMHUYECKOM (hOPMBI
y nauueHToB ¢ KO B KpOBU BBISIBJICHO CYIIIECTBEH-
HO€ CHMXEHHE I10 CPaBHEHUIO C YCJIOBHO-3I0PO-
BbBIMM JOHOPAMU OTHOCUTEJIBHOIO 4uciaa JuMdo-
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LUTOB, OTHOCHUTEJIBHOIO ¥ abOCOJIOTHOrO 4YHCIIa
T-LIUTOTOKCMYECKUX KJETOK. Y OOJbHBIX ¢ MDD
KD ormeyanoch cTaTUCTUYECKM 3HAYMMOE IIOBBI-
LIEHHE YKcJia HeUTPoUJIOB B reMorpaMMme, CHUXe-
HHE OTHOCHUTEJIBHOTO U aOCOJIOTHOTO KOJMYEeCTBa
NK-KkJIeTOK T1I0 CpaBHEHUIO C OOJBHBIMU C MEHee
Ts3KeJ10 mpoTekaroieit JI® K. [To-BumuMomy, pas-
Butue M@ y 601bHBIX OcTpbIM KD acconmmmupoBaHo
c 6osee BbIpaXXEHHOW AU3PEryasiiiueii UMMYHHO-
ro orBeTa, npuBoasieii K nepuuuty NK-kieTok,

KOJIMYECTBEHHOMY JucOajiaHCcy CyOmomyasiiuii
T-numdonnTOB, yBEJIUUYEHUIO YucCIa HeUTpobdu-
JIOB B IlepudeprIecKoii KpOBU U ITOAABJICHUIO ITPO-
NYKIWY ITPOBOCIIAIUTEIbHBIX LIUTOKMHOB, OTBET-
CTBEHHBbIX 3a peaKLUU BPOXIEHHOIO UMMYHUTETA.

HJononHutensHas nHopmaums

KondamkT mHTEpecoB. ABTOPHI TaHHON CTaTbU
CcOO00IIAI0T 00 OTCYTCTBUUY KOH(MINKTA UHTEPECOB.
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ASSESSED CORRELATION BETWEEN
BIOLOGICAL DIVERSITY OF OROPHARYNGEAL
MICROBIOTA AND ATOPIC DERMATITIS
SEVERITY AND EXACERBATIONS

0.0. Pobezhimova, A.V. Zhestkov, A.V. Lyamin, V.P. Reshetnikova, A.A. Ereshchenko, D.V. Alekseev

Samara State Medical University of Ministry of Healthcare of Russian Federation, Samara, Russian Federation

Abstract. Atopic dermatitis (AtD) is a multifactorial inflammatory skin disease characterized by itching, chronic recurrent
course and age-related features of lesions. AtD pathogenesis has not been fully elucidated yet. An important factor for AtD
emergence and progression is the imbalance in symbiotic microbiota. The research publications provide a few studies
about a role for oropharyngeal microorganisms in AtD immunopathogenesis. The aim of the study is to analyze biological
diversity of oropharyngeal microbial communities in varying AtD severity. 97 male patients, aged from 16 to 19 years,
with different AtD severity were included in the study. Culture study of oropharyngeal discharge was also performed.
Biological material was seeded on the expanded list of growth media and incubated for 5 days at the 37°C. To assess
the biological diversity of the oropharyngeal microbiota, the coefficient of constancy (C) was used, in order to classify
individual microorganisms as permanent, additional or transient. Statistical data processing was performed using the Stat
Tech software (version 4.0.0, Stattech LLC, Russia). While examining biological diversity of the oropharyngeal microbiota
in AtD patients, 58 microbial species were isolated and identified. After statistical analysis the significant differences
in frequency of isolation, depending on different AtD severity were observed for microbes such as Streptococcus vestibularis
and Rothia dentocariosa. When R. dentocariosais isolated from the oropharynx, the chances of AtD exacerbation emergence
decreased by 6 times, whereas in case of S. vestibularis, on the contrary, it increased by 5 times. Therefore, identification
of transitions of individual microbes from transient to additional and permanent microbiota and vice versa, depending
on the AtD stage and severity, allows to analyze an influence of specific microorganisms in AtD pathological processes
and to establish definite new microbiological predictors of AtD exacerbation and remission.

Key words: atopic dermatitis, oropharyngeal microbiota, biological diversity, skin diseases, immunological disorders, microbiome.
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eTcs nucbasaHc CMUMOMOTHYECKO MUKpOOMOTHI. HayuHas auTeparypa couepXXuT HeOOblIoe KOJUIYeCTBO MHDOP-
MalMKu 00 y4acTMU MUKPOOPraHM3MOB POTOIJIOTKM B MMMYHoraroreHe3e At/l. Llenb ucciaenoBaHuss — MpOBECTU
aHaIu3 OMOJIOTMYECKOT0 pa3HOOOpa3usi MUKPOOHBIX COOOILECTB POTOIJOTKM B IPYIIax MalMEHTOB C pa3auYHON
creneHblo TsaxkecTu ATl ¥ Ha pa3HbIX cTanusax AT (pemuccusi/obocTpeHue). B uccienoBanue Ob1u BKIIOYEHBI 97
MalMeHTOB C pa3JnyHOI cTeneHblo TsxkecTu ATJl. Takke OblJIO TPOBEICHO KYJIBTYpaJlbHOE UCCACIOBAaHUE BhIACC-
HU U3 poTornoTKu. [ToceB MaTepuaa MpoOBOAMIN Ha pacIIMPEHHBIM MepevyeHb MUTATeIbHBIX Cpel 1 MHKYOMPOBaIn
npu Temriepatype 37°C B TedyeHue 5 cyTok. JIJIs OLIEHKY OMOJOTUYECKOTO pa3HO00pa3nust MUKPOOUOTHI POTOIJIOTKH
HCITONIb30BaCs KO3 duiineHT mocTossHCTBA (C), MO3BOMSIONINA KIacCUDUIIMPOBATD OTAETbHBIC MUKPOOPTaHU3MBI
KaK ITOCTOSTHHEIC, TOTIOJTHUTEIbHBIC MU BpeMeHHBIe. CTaTUCTHIECKHE PAaCcIeTHl IIPOBOIMIINCH C UCITOIb30BAHUEM
nporpamMmmHoro obecrieueHust StatTech (Bepcust 4.0.0, pazpadotunk OO0 «Crartex», Poccust). B xone nccienoBanust
y BKJIIOYEHHBIX B HETO MAIMEHTOB OBIJIO BBIACICHO U MACHTU(GUIIMPOBAHO 58 BUIOB MUKPOOPTaHU3MOB. B Xoze cra-
TUCTUYECKOTO aHaT13a ObLIM MOJyYeHbl 3HAYMMBbIE Pa3JIMYKs B YaCTOTE BBIJCICHUS, B 3aBUCUMOCTH OT pa3IMIHON
creneHu Tsxkectv AT/, A1 TaKUX MUKPOOPraHU3MOB, KakK Streptococcus vestibularis u Rothia dentocariosa. T1pu BbI-
neneHuu R. dentocariosa U3 pOTOIJIOTKH BEPOSITHOCTh BOSBHMKHOBEeHUsT 000cTpeHus ATl cHukanach B 6 pa3. [1pu BbI-
nenaeHun S. vestibularis BEpoSITHOCTb BOSHUKHOBEHU ST 000cTpeHus AT/, B otnnuue oT R. denfocariosa, yBennunBaach
B 5 pa3. Takum 00pa3oM, BbISIBICHHUE NIEPEXOIOB OTACIbHBIX MUKPOOPTaHU3MOB OT TPAH3UTOPHOMN K TOMOJHUTEIb-
HOI ¥ TOCTOSTHHOM MUKPOOMOTE U HA00OPOT, B 3aBUCMMOCTH OT CTaaUM U TsxkecTu AT/I, MO3BoJIsIeT HaM MMpoaHa u-
3UPOBATh BAUSHUE ONPENCICHHBIX MUKPOOPTraHU3MOB Ha MaTOJIOTMYeCKUe Tporecchl Ipu AT/l ¥ yCTaHOBUTD IIpe-

ITOCBLIKH JIJIST OTKPBITHSI HOBBIX MUKPOOHMOIOTMIECKME TIPEIUKTOPOB 000CTpeHUs 1 peMuccuu At/l.

Karouesvie caosea: amonuueckuii 0epmamun, MUKpoOOUOMA pomo2aomKu, 6uoso2uueckoe pazHooopasue, KoJcHole 601e3HU,

UMMYHOAOUMECKUE HAPYUEHUS, MUKDOOUOM.

Introduction

Atopic dermatitis (AtD) is a multifactorial inflam-
matory skin disease characterized by itching, chronic
recurrent course and age-related features of skin le-
sions. This is one of the most common skin diseases
(from 20% to 40% in the structure of this group),
emerging in all countries, mainly in young people
of both genders. The prevalence of AtD in Europe has
amounted to 15.6%, in the USA — 17.2%, in Japan —
24%, in Russia — 30—35%, reflecting the steady in-
crease in the frequency of AtD detection over the past
three decades [20, 28, 29].

The pathogenesis of AtD has not been fully elu-
cidated yet. Presumably, several factors might be
the initiators of the inflammatory processes. One
of such factors is hereditary determinism, leading
to a violation of the skin barrier, defects in the im-
mune system, hypersensitivity to allergens and non-
specific stimuli, colonization by pathogenic microor-
ganisms, and also to an imbalance of the autonomic
nervous system with increased production of inflam-
matory mediators [3, 13].

According to the clinical recommendations
of the American Academy of Allergy, Asthma, and
Immunology (AAAAI), AtD is a chronic inflamma-
tory process of the skin that emerges due to a genetic
malfunction, under the influence of external factors,
a violation of the skin barrier and a defect in the im-
mune defense [19].

Recent scientific data increasingly indicate that
cytokines play one of the main roles in the AtD
pathogenesis. In particular, much attention is paid
to the proinflammatory cytokines of the 1L-36 sub-
family: IL-36a, IL-36f and IL-36y and their receptor
antagonist I1L-36Ra. These molecules are produced

by keratinocytes, Langerhans cells and macrophages
and they serve as activators of the innate and acquired
defense systems [22, 32].

Another important factor contributing to the emer-
gence and progression of AtD is the imbalance of the
symbiotic microbiota of the human body [2, 27].

As a rule, most researches, dedicated to relations
between microorganisms and allergic or autoim-
mune diseases, mainly concentrate on the microbiota
of the skin or intestines. At the same time, microbial
communities of the upper respiratory tract remain
ignored. These anatomical structures are the most
diverse and plastic in the composition of the micro-
biome. The qualitative characteristics of the micro-
biota in them varies depending on the biotope (nasal
cavity, nasopharynx and oropharynx) [5, 10].

Microbiota of the oropharynx is especially in-
teresting in the context of our topic, as it is the most
abundant and diverse biotope. The surface of the ton-
sils is characterized by a particularly high microbial
diversity.

The scientific literature provides a certain amount
of information about the participation of micro-
organisms in the immunopathological processes.
However, only a small part of data on the involve-
ment of individual oropharyngeal species in the im-
munopathogenesis of AtD. This fact requires a more
detailed further study of the microbial diversity of the
upper respiratory tract in patients with varying AtD
severity degrees.

Although much is known about the diagnosis
and severity assessment of AtD, there are too many
ambiguous points about this disease. Additional
knowledge about the pathogenesis is needed in or-
der to introduce different biomarkers into practical
work for more accurate diagnosis and monitoring
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of patients’ condition. This requires an integrated
approach to the problem of AtD, which will take into
account various aspects of the pathogenesis of this
disease.

Aim of the study is to analyze the biological di-
versity of oropharyngeal microbial communities
in groups of patients at different stages of AtD in or-
der to identify certain microbiological predictors.

Materials and methods

The study included 97 male AtD patients, aged
from 16 to 19. 15 of them had remission, 82 had an
exacerbation of varying severity (22 — mild, 53 —
moderate and 7 — severe). Only patients with no ex-
acerbations of other chronic diseases were included.

The semi-quantitative SCORAD (Scoring
of Atopic Dermatitis) scale was used to assess the se-
verity of the skin pathological process. The SCORAD
scale provides a score assessment of six objective
symptoms: erythema, edema/papular elements,
crusts/weeping, excoriation, peeling, dry skin.

Atopic dermatitis of mild severity corresponds
to a SCORAD value < 25, moderate severity —
2550, and severe atopic dermatitis corresponds
to a SCORAD value > 50.

A smear was taken from the walls of the oro-
pharynx for cultural examination with a sterile cot-
ton swab. In a tube with a liquid transport medium,
the material was delivered to a bacteriological labora-
tory. The material was seeded on the following growth
media: universal chromogenic agar (HiMedia,
India), 5% blood agar with mutton blood (HiMedia,
India), chocolate agar (HiMedia, India), selective
media for the isolation of lactobacilli (HiMedia,
India), bifidobacteria (HiMedia, India), clostridium
(HiMedia, India), obligate anaerobes (HiMedia,
India), veilonella (HiMedia, India), non-fermenting
Gram-negative bacteria (HiMedia, India), entero-
bacteria (HiMedia, India), Saburo agar (HiMedia,
India).

The preparation of the material for seeding was
carried out by homogenizing it in a liquid Ames
growth medium (GEM LLC, Russia), followed by
spreading 100 pl of the final suspension on the sur-
face of each growth medium.

Media were incubated in aerobic, microaero-
philic (using a CO2 incubator (Sanyo, Japan) and
anaerobic conditions (using gas-generating pack-
ages (Anaerogaz, Russia), at a temperature of 37°C
for 5 days.

Colonies of all grown microorganisms were iden-
tified using the MALDI-ToF mass spectrometry
on the Microflex LT device (Bruker, Germany) by
direct application and extended application with
the use of formic acid. During identification, the ob-
tained spectra of microorganisms were compared with
the database of the Bruker Daltonik GmbH standard
library. The accuracy of identification was assessed

automatically using the MALDI Biotyper RTC soft-
ware according to the level of the coincidence coef-
ficient (Score) from 0 to 3. The level of 0.000—1.699
was regarded as the result of low-confidence identi-
fication, the level of Score from 1.700 to 1.999 was
considered as identification on the level of genus;
highly reliable identification to the species level was
accepted at Score values of 2.000—2.999.

To assess the biological diversity of the oropharyn-
geal microbiota, the coefficient of constancy (C) was
used. According to this assessment, microorganisms
were considered as participants of permanent, addi-
tional or transient microbiota.

In the case of isolation of individual microorgan-
isms from more than 50% of patients, this microor-
ganism was regarded as permanent. The isolation
from patients in the range of 25—50% correspond-
ed to an additional microbiota, isolation less than
in 25% of cases corresponded to transient micro-
biota. Coefficient was calculated using the following
formula:

C = (p x 100)/P,

in which p — number of isolations of individual mi-
croorganisms, P — total number of isolations.

Accumulation, correction, systematization of the
obtained data and visualization of the results were
carried out in Microsoft Office Excel 2016 spread-
sheets. Statistical calculations were performed using
the Stat Tech software (version 4.0.0, Stattech LLC,
Russia).

A predictive model, reflecting the dependence
of a quantitative variable on factors, was created us-
ing the linear regression method. The construction
of a predictive model of the possibility of a certain
outcome was performed using the logistic regres-
sion method. The Nigelkirk coefficient R2 served as
a measure of certainty, indicating the part of the vari-
ance that can be explained using logistic regression.

For assessment of the diagnostic significance
of quantitative signs, during predicting a certain
outcome, the ROC curve analysis method was used.
The dividing value of the quantitative feature at
the cut-off point was determined by the highest value
of the Yuden index.

Results

During examination of the biological diversity
of the oropharyngeal microbiota in AtD patients,
58 species of microorganisms were isolated and
identified.

To assess the contribution of different species
to biological diversity, for each microbe the coef-
ficient of constancy was calculated in three groups
of patients with different severity and in patients with
remission.

Microbes of additional and permanent oro-
pharyngeal microbiota are shown in Fig. 1.
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Figure 1. AtD severity-driven Species diversity for permanent and additional oropharyngeal microbiota

The only species that can be classified as per-
manent for AtD patients with all severity degrees
was Neiserria subflava, which was isolated in 50.9—
73.3% of the examined individuals. For the rest
of the microbes, three types of patterns were iden-
tified: an increase of the coefficient of constancy
with the transition from transient to additional and
permanent microbiota along with increase of AtD
severity (Streptococcus vestibularis, Streptococcus
mitis, Actinomyces oris, Rothia mucilaginosa); a de-
crease of the coefficient of constancy with transi-
tion to transient species along with increase of AtD
severity (Streptococcus salivarius, Streptococcus para-
sanguinis, Streptococcus oralis, Staphylococcus au-
reus, Rothia dentocariosa); the absence of significant
changes in the coefficient of constancy depending
on the AtD severity (Neisseria flavescens).

For individual microorganisms of the first and
second groups, significant differences in frequency
of isolation were obtained depending on the stage
of AtD (remission or exacerbation) (Table 1).

The isolation of S. vestibularis was significantly
more often in the group of patients with exacerba-
tions of AtD, whereas S. oralis and R. dentocariosa
were more often isolated in patients with remission.

Above written data, on the one hand, shows
the possibilities of the culture method in assessing

the biological diversity of the oropharyngeal micro-
biota. On the other hand, it opens up opportunities
for searching for new potential microbial markers
that determine the severity of AtD.

The species of microorganisms, which were iso-
lated from the oropharynx with statistically signifi-
cant differences between patients with different stag-
es and severity degrees of AtD, were also considered
as potential microbiological predictors.

To predict the emergence of AtD exacerbation,
mathematical models were created, which were char-
acterized by a higher quality of the prognostic test.
These models included such microbiological criteria
as the isolation of R. dentocariosa and S. vestibularis
from the oropharynx.

For R. dentocariosa, the dependence with AtD
stage is described by the equation:

P=1/(+e"?x100%

z=1,83 — 1,83 x R.d.

in which P — possibility of AtD exacerbation, R.d. —
isolation of R. dentocariosa from oropharynx (0 —
not isolated, 1 — isolated).

Created regression model is statistically signifi-
cant (p = 0.013). When R. dentocariosa is isolated

Table 1. Analyzed frequency of AtD stage-related isolation for individual oropharyngeal microorganisms

Species Result of culture study — AtD stage - p
Remission, abs. (%) Exacerbation, abs. (%)
ssimirs bt ) e
5 oras Notisosie Si600 T
A. dentocariosa Il::tl?:zfated 150((?;335.37)) 72 g;)a) 0.016”

Note. abs. — absolute number; * — significant differences at p < 0,05.
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Figure 2. Assessed odds ratio with 95%
confidence intervals for isolation of oropharyngeal
R. dentocariosa as a predictor of emerging AtD
exacerbation

from the oropharynx, the chances of AtD exacerba-
tion emergence decreased by 6 times, which is shown
in Fig. 2.

For S. vestibularis, the observed dependence is de-
scribed by the equation:

P=1/(0+e7%)x100%
z=1,07+ 1,6 x S.v.

in which P — possibility of AtD exacerbation, S.v. —
isolation of S. vestibularis from oropharynx (0 — not
isolated, 1 — isolated).

Created regression model is statistically sig-
nificant (p = 0.021). When isolating S. vestibularis,
the chances of AtD exacerbation emergence, in op-
posite to R. dentocariosa, increased by 5 times, which
is shown in Figure 3.

Depending on the isolation of S. vestibularis from
the oropharynx, a prognostic model has also been
developed to determine the possibility of emer-
gence of moderate AtD by binary logistic regres-
sion. The observed dependence is described by
the equation:

P=1/(1+e7?x100%
z=0,39 + 1,73 x S.v.

in which P — possibility of emergence of AtD with
moderate severity, S.v. — isolation of S. vestibularis
from oropharynx (0 — not isolated, 1 — isolated).
Created regression model is statistically signifi-
cant (p = 0.004). In the presence of S. vestibularis
in the oropharynx, the chances of emergence of AtD

Microbe |
isolated

Odds ratio
95% Cl

Figure 3. Assessed odds ratio with 95%
confidence intervals for isolation of oropharyngeal
S. vestibularis as a predictor of emerging AtD
exacerbation

of moderate severity increased in 5.7 times, which
is shown in Table 2.

Discussion

The microbiota of the oropharynx is divided
into permanent, additional, and transient groups.
As an example, Streptococcus spp. is a part of the
permanent microbiota; coagulase-negative staphy-
lococci, Corynebacterium spp., Haemophilus influ-
enzae — additional microbiota (25—50% of people);
Enterobacteriacae, Pseudomonas spp., Moraxella
spp., Micrococcus spp. represent a transient group
(5—20% of people). The main flora of the tonsils con-
sists of such microorganisms as: Staphylococcus spp.
(44.3%) and Streptococcus spp. (40.2%) [9].

The structure of oropharyngeal microbiota de-
pends on the factors of the pathogenicity of the com-
mensals and on the nature of the interaction between
microorganisms and biotope, colonized by them.
The published studies show that Staphylococcus spp.
and Aerococcus spp. are most likely to increase viru-
lent properties, and that an indifferent process is de-
tected in the microbiota of a healthy human body,
when pathogenic commensals are stabilized by
the eubiosis of the tonsils of a healthy person [16].

In our study, we identified significant variations
in the species composition of the oropharyngeal mi-
crobiota. This fact allows us to think about its pos-
sible functional connection with the emergence
of atopic dermatitis. In addition, the question arises
whether changes in the microbiota and pathological
processes in AtD are interdependent, or is modified
microbiocenosis a consequence of AtD?

Table 2. Features of correlation between S. vestibularis isolation and odds for AtD moderate emergence

Predictors Unadjusted Adjusted
COR; 95% CI P AOR; 95% CI p
Isolation of Streptococcus vestibularis 5.655; 0.011* 5.655; 0.011*
from oropharynx 1.493-21.413 ' 1.493-21.413 '

Note. * — significant predictor’s influence (p < 0,05); Cl — confidence interval; Unadjusted — odds ratio is unadjusted; Adjusted — odds ratio is adjusted;
COR — crude odds ratio (rough odds ratio), i.e. the odds ratio calculated for one of the factors without taking into account the influence of other factors;
AOR — adjusted odds ratio (corrected odds ratio), i.e. odds ratio calculated for one of the factors, taking into account the influence of other factors.
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Most of the studies, dedicated to relations be-
tween microorganisms and AtD, focus on the
skin or intestinal microbiota. The most common
theory about the influence of the human microbi-
ome on the emergence of AtD is associated with
the dysbiosis in these loci, which in turn leads
to the emergence of inflammatory processes.
Defects of the skin and intestinal barrier occur,
which leads to the leakage of different bacterial
toxins and metabolites into the systemic blood-
stream. Among these harmful factors there are
such as lipopolysaccharides, metabolic products
of tryptophan and serotonin, which can cause im-
munological dysfunctions [23, 31].

Significant number of researches concentrate
on S. aureus, the number of which increases sig-
nificantly in the areas of skin lesions during AtD.
As a rule, this is associated with a reduced amount
of an important structural skin protein — phylla-
grin [12, 17]. On the contrary, some authors consider
the predominance of S. aureus not only as a conse-
quence of AtD. It is believed that its presence may
have a direct connection with the emergence of im-
munological disorders, especially through the in-
duction of synthesis of such factors as IL-31 and
IL-33 [11]. Moreover, increased expression of these
molecules is not always associated with the death
of epithelial cells — it is associated with the direct
presence of S. aureus at the locus [6]. It is notewor-
thy that in our study, with an increase in the sever-
ity of AtD, the coefficient of constancy of S. aureus
in the oropharynx decreased on the contrary.

The oropharyngeal locus is often not paid with
enough attention from researchers when studying
AtD. And this is despite the fact that, on the one
hand, the oropharynx is one of the most micro-
bial-populated biotopes in the human body, and
on the other hand, individual oropharyngeal mi-
croorganisms are very often associated with other
immunological (including allergic ones) disor-
ders [14, 21, 30]. Perhaps this is due to the close
relationship between the microbiota and the im-
mune system, mediated by colonization of the
tonsils. Especially interesting is that tonsils are
normally colonized by such clinically important
microbes in the context of AtD as Staphylococcus
spp. and Streptococcus spp.

Only individual attempts have been made to as-
sess the biological diversity of oropharyngeal mi-
croorganisms in relation to the AtD. In some early
studies, there was information about a direct cor-
relation between the cutaneous and oropharyngeal
microbiota in patients with AtD [4]. Later, targeted
studies were conducted to compare the coloni-
zation of tonsils, affected and unaffected skin by
S. aureus, but the difference in results was almost
not analyzed [7]. Beheshti et al. [8] conducted
a molecular genetic examination of patients with
AtD. However, saliva was used as the material, not

smears or scrapings, and in addition, the study was
linked only to the total load of microbial RNAs
and a correlation was found only with a large group
of bacteria — Proteobacteria.

The most interesting correlations with the stag-
es of AtD in our study were found for Streptococcus
spp. Scientific works, which investigate the skin
microbiota, provided information about a decrease
in the number of these microorganisms in the spe-
cies structure in AtD patients [17]. On the contrary,
studies of the correlation between the intestinal mi-
crobiota and AtD associate the Streptococcus spp.
with the onset and progression of this disease [18,
26]. In our study, controversial correlations were es-
tablished for individual microbes from this genus.
Summarizing all the information provided, it is pos-
sible to indicate a heterogeneous immunological ef-
fect of Streptococcus spp.

Regarding the effect of R. dentocariosa (which
in our study was correlated with a more favorable
course of the disease) on the emergence of AtD, no
scientific publications were found.

Many allergic diseases are characterized by
a pathogenetic relation with the microbiota and
the presence of certain microbiological predic-
tors. In the context of AtD, this is the above men-
tioned increase of S. aureus in the composition
of the skin microbiota. The intestinal microbiota
in AtD, in addition to the already described role
of Streptococcus spp., is characterized by an in-
creased contribution to the species structure from
various opportunistic flora (Parabacteroides spp.,
Clostridium difficile, Escherichia coli) and a de-
crease in the number of Lactobacillus spp. and
Bifidobacterium spp. [1, 15].

The oropharyngeal microbiota so far lacks micro-
organisms that could definitely be called predictors
of AtD, or predictors of exacerbation or remission.
Therefore, the patterns identified in our study should
be further analyzed, and the search for such correla-
tions should be continued.

Conclusion

Therefore, we have identified significant correla-
tions between the various stages of AtD and the fre-
quency of isolation of individual oropharyngeal mi-
croorganisms. Taking into account our data, as well
as data on the possible influence of oropharyngeal
flora on various immunological processes, we believe
that it is necessary to continue work in this direction
in order to identify additional microbiological pre-
dictors of AtD and its exacerbations. Moreover, stud-
ies with a larger studied groups are needed, including
a comparison of the microbial diversity between dif-
ferent loci and a deeper analysis of their differences,
as well as taking into account various clinical and
laboratory parameters, including the level of inter-
leukin expression.
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OCOBEHHOCTU TrEHOB rEMAITJIIOTUHUHA
BUPYCOB IPUNMA " BOBMOXHOCTU UX
PEKOOWPOBAHUA

E.I1. Xapuyenko

Hncmumym 36oaroyuonnoil pusuonoeuu u ouoxumuu um. U.M. Ceuenoea PAH, Cankm-Ilemepbype, Poccus

Pestome. Mup yxe BCTYIUII B CTaAMIO BO3pAacTaHU s BEPOSITHOCTU BOSHMKHOBEHU Sl HOBOM MaHIEMUM, UTO MTOOYXKIaeT
K TIOMCKY HOBBIX BaKIIMH MPOTUB I'PUIIIA, TOCKOJBKY 3G (HEKTUBHOCTD CYILIECTBYIOIIUX K HEMY BaKIIMH JUIIb Cy0-
ontumManbHas. C mangemueit COVID-19 oTkpslaack BO3MOXKXHOCTD UcTiojb3oBaHus MPHK-Bak1inH, 1 nepcrnekTrBa
MTOMCKa HOBBIX IIPOTHUBOT PUIITIO3HBIX BaKIIMH Ha ocHoBe MPHK rena remarrmorununa (HA) mpeacrasisercs BecbMa
npuiekaTeabHoit. Kak npasuio, MPHK-BakiinHa siBisieTcs MpoayKTOM PeKOAUPOBaHMSI, 00eCIeuBaoLIero cTa-
ounpHocTh MPHK. OnHako pe3ynbraThl pekogupoBanusg MPHK OniBatoT HeomHo3HauHBIMU. Llenb maHHOTO cooOd1Ie-
HHS — TIPOaHaJIU3MUPOBATh 0COOCHHOCTH TeHOB 1 0eKoB HA 1 paccMOTpeTh BO3MOKHOCTH U OTPAaHUYCHUS UX pe-
KomupoBaHMs. ICTOYHUKOM MMEPBUYHBIX CTPYKTYP O0eTKoB HA 1 X TeHOB CIIY:KUJIM 00IIeNOCTYITHBIC B MHTepHEeTe
0a3bl faHHBIX. Onpenensii aMUHOKUCIOTHBIN COCTAB U YaCTOTY IUMENTUI0B, HYKJICOTUAHBINA U TUHYKIEOTUIHbII
coctaBbl, %GC, TpaHCISIIMOHHBIN KO M COCTABHI COCENCTBYIOIIMX T1- U TPUKOJOHOB, pacIipeaesieHue 1o TepBru-
Hoit ctpykType HA saBHbIX U cuHOHUMMYeckuX MyTauuid. [Toxtunst HINT u H3N2 umetot B ux HA reHax kak yact-
HbIE, TaK ¥ 00I111Me 0OCOOEHHOCTHU (OrpaHUUYEHHUST), pa3aruvasch He TOJBbKO MO YHUCTY 3aMeH B CaMOM OeJiKe, HO U 110 YUC-
JIy ¥ pacrpeae]eHUu0 CHHOHUMUYECKHX KOTOHOB B T'eHe, He TTPOSIBJSIIONIMXCS B IEPBUYHOM CTPYKTYpPE caMoro 6enka
HA, Ho BhICTynNaOIIMX, TO-BUANMOMY, KaK CKPBITHIN (haKTop, 00yCIOBIMBAIOIINI HU3KY1I0 3¢ (EKTUBHOCTb Kac-
CUYECKHUX MTPOTUBOTPUIIIIO3HBIX BaKIIMH. BhISBICHUE HECKOJIBKUX OIpaHUUEHUI B CTPYKType TeHoB HA npenmoa-
raet, 4To Jwobas ee MoguIuduKaus (B J1000M reHe) J0JKHa He TPOTUBOPEUMTH KaXX IOMY M3 OTpaHMYCHUH, yCTa-
HOBJICHHBIX mpuponoii. YactoTa nuHyKineotunoB CpG y Bcex UCCIeIOBaHHBIX IITAMMOB HU3Kasl, HO BO3MOXHOCTh
ontumuzanum ee y mrammoB HINI u3-3a 3anpeta kBaprera B reHe HA KoqoHOB, KOIUPYIOIIUX apTUHUH, 0COOEHHO
OTrpaHMYECHAa W MOXET OBITh peajn30BaHa Uyepe3 CHMHOHMMUUYCCKIE KOMOHBI IPYTUX aMUHOKHCIIOT (aJlaHWHA, TIPO-
JIMHA, TpeoHUHa WK cepuHa). [To cpaBHeHuto ¢ moarunom HINI y montuna H3N2 MoxHO npenBuaeTh 00blie BO3-
MOXHOCTel B KOHCTpyupoBaHuu ctadbuibHoit MPHK rena HA.

Karoueeuie caoea: gupyc epunna, 2eH 2emaeealomuHuna, ocobeHHocmu cmpykmypel, pekoouposanue, MPHK, éakyunel.

FEATURES OF INFLUENZA VIRUS HEMAGGLUTININ GENES AND THEIR RECODING POSSIBILITIES
Kharchenko E.P.
Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences, St. Petersburg, Russian Federation

Abstract. The world has already entered the stage of increasing odds for a new pandemic, which prompts to seek out
for new flu vaccines, because existing vaccines demonstrate only suboptimal effectiveness. With the COVID-19 pandemic,
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the possibility of using mRNA vaccines has been opened up, and a prospect of finding hemagglutinin (HA) gene mRNA-
based new influenza vaccines seems very attractive. As a rule, the mRNA vaccine is a product of recoding, which ensures
the mRNA stability. However, the results of mRNA recoding can be ambiguous. The purpose of this report is to analyze
the features of genes and proteins and to consider opportunities and limitations in their recoding. Primary structures
of NA proteins and relevant genes were retrieved from Internet publicly available databases. The amino acid composition
and frequency of dipeptides, nucleotide and dinucleotide compositions, %GC, translational code and compositions
of neighboring di- and tricodones, distribution along primary structure for explicit and synonymous mutations were
determined. HIN1 and H3N2 subtypes have both specific and general features (limitations) in their genes, differing not
only in the number of protein substitutions, but also in the number and distribution of gene synonymous codons, which do
not manifest in the protein primary structure, but appear, apparently, as a hidden factor, which causes the low effectiveness
of classical influenza vaccines. The identification of several limitations in gene structure suggests that its any modification
(in any gene) must not contradict each of the restrictions established by nature. The frequency of CpG dinucleotides in all
studied strains is low, but a potential for optimizing it in HINI strains due to the prohibition of the quartet in the gene
for arginine-encoding codons is especially limited and can be implemented through synonymous codons of other amino
acids (alanine, proline, threonine or serine). Compared to the HIN1 subtype, the H3N2 subtype can be expected to have

more possibilities in constructing stable NA gene mRNA.

Key words: influenza virus, hemagglutinin gene, structural features, recoding, mRNA, vaccine.

BeepgeHue

I[MTanageMuu rpunmna BO3HUKAIOT C UHTEPBAJIOM
10—40 net, u ¢ 2020 roga MUp yKe BCTYNUJ B CTa-
A0 BO3pacTaHUs BEPOSITHOCTU BO3HUKHOBEHM S
HOBOW MaHAeMU, YTO MOOYKAaeT K MOUCKY IMTPOTUB
Hee HOBBIX BaKIIWH. [IpuU3bIB K MepeocMbIC/ivBa-
HUIO MOAXO0MIOB K pa3paboTKe BaKILIUH MPOTUB BU-
PYCOB, BBI3bIBAIOIIMX PECITUPATOPHbIE UHGDEKIINH,
MPEACTaBJISIETCS  CBOEBPEMEHHBIM, IMOCKOJbKY
9 HEKTUBHOCTh CYLIECTBYIOIIMX K HUM BaKIIUH
Juib cyoontumanbHas [11].

CTpeMuTeNbHO pa3BUBAIOLIASICS CUHTETUYEC-
Kasi OUoJIoTHs OTKpbLJIa BO3MOXHOCTU OBICTPOTO
KOHCTPYUPOBAHUS HOBBIX T'€HOB U WX MPOAYK-
toB [12]. C mannemueit COVID-19 nposicHuiace
MEepCreKTUBA UCIIOJb30BaHUS A1 UMMYHU3ALIUU
MPHK-BakuuH [3, 7]. B pacnipocTpaHeHU Y BUPYCOB
rpurra v B GopMUpPOBaHUU NOMYASLIITUOHHOTO UM-
MYHUTETa K HUM poJib remarmitotuHuHa (HA) aB-
asgeTcs onpeaensionieii. MoXXHO MPeanoaoXKUTh,
4yTO MpUMeHUTEeNbHO K rpunmny MPHK-BakuuHbl
Ha ocHoBe HA MOryT MMeTh MpEeBOCXOACTBO Haj
KJTaCCUYECKUMU BaKIIMHAMU TIPEX e BCEro B TOM,
yto MPHK-Bak1inHa Kak HOcuTeab UHPOpMALIUU
O BUpYCE MO3BOJISIET U30aBUTHCS OT aHTUTEHHO-
ro rpysa Apyrux 0eJiKkoB BUpyca, HE BOBJIECUEHHBIX
B GOpMUpPOBAHUE UMMYHUTETA K HEMY, OTPaHUY M-
Bas ee cocTaB (B MUHUMAaJIbHOM BapuaHTe) 4 MO-
nexkyisamu MPHK HA, npeacraBasomumu 4 pas-
HBIX TIOATUNA BUPYCOB T'PUINA, PEKOMEHIYEMBbIX
BO3 nsig u3roToBjieHUS KJACCUYECKUX BaKIWH
U3 1LIeJbHBIX BUPMOHOB. B 3TOM acmnekTe mepcrnek-
THBa MOUCK HOBBIX MPOTHUBOIPUMNMO3HBIX BAKIIUH
Ha ocHoBe MPHK HA npeacraBiisgeTcss BecbMma
palMoHaJIbHOM.

Kak npasuno, MPHK-BaknnHa siBasiercst npo-
JYKTOM PEKOAUPOBAHU ST OTAEJIIbHOTO TeHa TMOo re-
HOMa, HallpuMep BUpPYyCa, MOABEPIrHYTOTO pa3HbIM
MoaupUuKanusM, o0OecrneyuBalolluM CTa0Ub-

Hoctb MPHK [9, 10, 13, 14]. HeiHe mpu3HaHO, 4TO
MPHK He TonbKO 3agaeT MEepBUYHYIO CTPYKTYPY
0enka, HO U COAEPKUT B ceOe peryasiTOPHbIN KO/,
O HaJM4YMU TOCJEIHEro CBUIETEIbCTBYIOT BO3-
MOXHOCTU M3MEHEHMsS] CUHOHUMMUUYECKUMU MY-
tauusmu ctaouibHoctTu MPHK u ee BTOpuuHOI
CTPYKTYPHI, 9(PEKTUBHOCTU TPaHCISILNU, JTOKa-
au3auuu u cnadicuira MPHK 1 koTpaHeasiumoH-
HOro cBepThIBaHU 6eJika [6, 8].

Ycrnex B HOBOM MOMCKE ITPOTUMBOTPMIIIO3HBIX
BakLMH Ha ocHoBe MPHK HA onpenensiercs npe-
KJe BCEro 3HaHMEM OCOOEHHOCTE KOAMPOBAHUS
reH HA u ponycTUMBIMHA BO3MOXHOCTSIMU €ro
pekonupoBaHus. llesqb DaHHOrO COOOIICHUST —
npoaHaJlu3upoBaTb o0cCcoOeHHOoCTHu reHoB HA
M PacCMOTPETh BO3MOXHOCTU M OTpaHUYEHUS UX
PEKOIMPOBAHMSI.

Martepuanbl 1 MeTob!

st CpaBHUTEJIBHOTO KOMIIBIOTEPHOTO aHa-
Jiu3da ObUIM  UCOOJB30BaHbBI MaHAEMUYECKUE
mrammbl  HIN1 A/Brevig Mission/1/18, HINI
A/California/08/2009, H2N2 A/Japan/305/1957
n H3N2 A/Aichi/2/1968 u mnpou3BOIBHO BBIO-
paHHblEe LUPKYJIUpYylOIIUMe B 3nuace3oHe 2023—
2024 rr. mrammbl HIN1 A/New Jersey/56/2023
u HINI1 A/Berlin/34/2023. UcTouHUKOM TIepBUY-
HBIX cTPYKTYp HA 1 ux reHoB ciry>kuau obuie no-
crymHble B UHTepHeTe 6a3bl maHHbIX (http://www.
ncbi.nlm.nih.gov, http://platform.gisaid.org, http://
viralzone.expasy.org).

52 reHa O0eJIKOB YeJIOBeKa, pa3HbIX KaK IO AJI1-
He, Tak U 1o GyHKIusIM (oT ructoHa H4 no Tutuna)
OBV MCITOJIb30BAHBI JUUISI BBISIBJICHUE PEIKUX AM-
KOJIOHOB B TIEPBUYHBIX CTPYKTYypax reHoB. Mx 00-
mas aauHa coctaBuja 6osieee 300 000 HyKJeo-
TUA0B. UCTOYHUKOM MEPBUYHBIX CTPYKTYP TE€HOB
U 6eJIKOB ciryxkuaa obienoctynHas B UHTepHeTe
6aza pauubrx (http://www.nextprot.org). B H#ux
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onpeaessiii aMUHOKUCIOTHBINA COCTaB U YaCTOTY
JMUTIENTUA0B, HYKJIEOTUAHBIA U TUHYKJICOTU THbBI I
coctaBbl, %GC, TPaHCASIIIMOHHBIN KOJ U COCTaBbI
COCEJICTBYIOIIUX I1- U TPUKOIAOHOB, pacrpeesie-
HUE 10 TIepBUYHOU cTpyKType HA SIBHBIX U CUHO-
HUMUYECKUX MYTAllUI

7151 BBISIBJIEHWSI OTPAaHUYEHU N B KOMUPOBAHUU
T€HOB ObLJIM MOCTPOEHBI TaKXe JUHEWHbIE Moce-
JI0BaTeJIbHOCTH OLIU(PPOBAHHBIX TPUKOJIOHOB, CU-
TaHHBIX (MMUTUPYS NPOLIECC TPAHCISLIUU HA pU-
0ocomax) co CIBUTOM paMKHU Ha OOWH KOIOH [2].
WX 4yrucoBbIM TOKa3aTeeM CIYKUJI UHIEKC KOM-
miemeHTapHoctu (MK) — cymMmMa BOZOPOIHBIX
CBS3€il, KOTOpble CIOCOOHBI OOpa30BBIBATH CO-
ctaastomue ux kogousl ¢ TPHK. MK otaenbHbIX
KOJIOHOB TMpPUBEAEHbI B TabJMlle T€HETUUYECKOTO
kona (puc. 1). bpuin mogcyrMTaHbl YaCTOTHI BCTPE-
yaemMocTu pasHulbl Mexnay MK coceacTByrommx
TPUKOIOHOB/KOIOHOB JIJIsl KaXK10ro TeHa (TabJr.).

B cratbhe ucrnonb3yeTcss MeXAyHapOAHbIN KO
aMUHOKUCTOT: A — anaHuH, C — nucteuH, D —
acrnaparuHoBas Kucjiaorta, E — rimyTaMuHoBast Kuc-
jgora, F — ¢penunananun, G — rmuuuH, H — ruc-
TuauH, | — uzonenuun, K — nusuH, L — neituuH,
M — metuoHuH, N — acnaparuH, P — npoauH,
Q — rnyramuH, R — apruHuH, S — cepuH, T —
TpeoHUH, V — BaauH, W — tpunrtodat, Y — Tupo-
3UH. 7151 0003HaYeHU ST HYKJIEMHOBBIX OCHOBaHU M
UCHOJb3yeTCs clienyromias abopeBuarypa: A —
ageHuH, G — ryaHuH, C — uuTO3uH, T — TUMMH.

Peaynbrathl

Yaiie Bcero npu peKOAMPOBAHUN BUPYCOB M
WX T€HOB IIPUMEHSIOT ONTUMU3AIINIO U JCOIITUMMU-
3alIAI0 YaCTOT KOJOHOB M UX Map U AMHYKJICOTUIOB
CpG u UpA, Monudukanuum HykiaeoTuaos [6, 10].
IMoncku TPOTUBOTPUNTIO3HBIX BAKIIH IO MTOCICI-
HEro BpeMeHU He YUYUTHIBAJIU POJIb CHHOHUMUYE-
ckux myTtauuii B rene HA. IToaToMy B aTOM pasae-
JIe IPUBOISTCS JaHHBIC PACIIMPEHHOI'O aHaIM3a,
WCTOJIb3yeMBbIe TPU PEKOTUPOBAHUY T'€HOB.

Crieninduka KkogupoBaHus reHoB HA y Bupycosn
TPUTIIIIa Pa3HBIX IMOATHIIOB MPOSIBISICTCS IIPEXIe

TCrsS 7 TGTC 7| TITF 6 TATY 6
TCCS 8 TGCC 8| TICF 7 TACY 7
TCAS 7 TGAZ O| TTAL 6 TARAZ O
TGS 8 TGGW 8| TIGL 7 TAGZ O
ACTT 7 AGTS 7| ATTI 6 AATN 6
ACCT 8 AGCS 8| ATCI 7 AACN 7
ACAT 7 AGAR 7| ATATI 6 AAAK 6
ACGT 8 AGGR 8| ATGM 7 AAGK 7
CCTP 8 CGTR 8| CITL 7 CATH 7
CCCP 9 CGCR 9| CICL 8 CACH 8
CCAP 8 CGAR 8| CTAL 7 CAAQ 7
CCGP 9 CGGR 9| CIGL 8 CAGQ 8
GCTA 8 GGTG 8| GITV 7 GATD 7
GCCA 9 GGCG 9| GICV 8 GACD 8
GCAA 8 GGAG 8| GIAV 7 GAAE 7
GCGA 9 GGGG 9| GIGV 8 GAGE 8

PucyHok 1. Ta6nuua reHeTu4eckoro koga

C Np1BeAEeHHbIMU 3HAYeHUSIMU UHO,EKCOB
KOMMJIeMEHTapPHOCTU KOLA,OHOB

Figure 1. Table of the genetic code with the given values
of the codon complementarity indices

BCEro 10 MX COCTaBy NUHYKJIeoTunoB. Ha puc. 2
MIpeacTaBjeHbl JaHHbIE 10 MX YaCTOTaM y ILITaM-
MOB, BbI3BaBIIMX 4 MOCJIEIHNE HaHIeMUU I'PUILIIA.
Wx BblpaxkeHHbIE pa3ivuusl IIPaKTUYECKU
O BCeM AMHYKJICOTHAAM IIPEAIlojiaraloT ImpuMe-
HeHME pa3HbIX MoAXon0B Moaudukanuu nux MPHK
IpU PEKOAUPOBAHUM C 1I€JIbI0 HCIIOJb30BaHUSI
B KQ4eCTBE IIPOTUBOIPUIIIIO3HbIX BAKIIMH
CienyoliuM BaXHBIM MCTOYHUKOM HHOOpP-
Maluu 00 0COOEHHOCTIX KoaupoBaHus reHoB HA
CJIIYKUT €ro TPaHCISILMOHHBIM KO, IT03BOJISIIO-
U BBISIBUTH YPOBEHb MCIIOJb30BAaHUS Pa3HBIX
cuHOHUMMUYeckux KogoHoB (CK), u oH oka3bIBaeT-
cs1 ocobeHHBIM y BUpycoB nmoatuna HINI tem, 4yTo
U3 Hero MckKawodeH kBapTeT KogoHoB CGC, CGT,
CGA u CGG, kogupylomux apruHuH. [TocnenHmii
KonupytoTcsa B HA numb 1ByMsI 0OCTaBIIMMUCS KO-
noHamu AGA n AGG. TlpumeyaTesbHO, UTO 3TOT
3anpeT Ha KBapTeT KOAOHOB apruHuHa B reHe HA
coxpaHsieTcs, o KpaiHeit Mepe, ¢ 1918 1. 1 He pac-

Ta6nuua. Pasnnumsa TpMKOAOHOB, CYUTbIBa€MbIX CO CABUIOM Ha OAMH war, no ux UK
Table. Differences of tricodons, read with a shift of one step, according to their complementarity indices

YactoTa BCTpEeYaemMOoCTU pa3HuLibl

%GC | AnuHarewa nocnepoBartesibHbIX TPUKOZOHOB No UK

UcTouHuK reqa remarrnioTMimHa rena B KOZLOHAX Frequency of occurrence of the difference

BMPYCOB rpunna 9 of successive tricodons in Cl
- %GC The length
gene in codons Difference values

0 1 2 3

HAH1N1 A/Brevig Mission/1/1918 42 566 186 279 105 10
HA H2N2 A/JAPAN/305/1957 42 562 187 280 98 1

HA H3N2 A/AICHI/2/1968 45 566 223 243 105 9
HA H1N1 A/California/04/2009 41 566 207 267 94 12
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E.M. XapyeHko

MHdekumns n uMmyHuTeT

HIN1
A/SouthCarolina/1/1918

H2N2

A
A 199
G 142
T 99
C 137

G
124
104
128
37

T

156
79
92
82

C
98
68
90
65

A
197
159
77
138

G
130
115
142

24

T

151
78
96
77

A
G
T
C

A/JAPAN/305/1957

C

93
59
87
65

H3N2
A/AICHI/2/1968

HIN1
A/California/04/2009

A
180
136
73
149

G
120
118
130
39

T

128
4

108
97

C

110
82
93
66

A
A 218
G 127
T 109
C 147

G
128
104
117

27

T
150

79
100

78

C
105
66
81
64

A
G
T
C

PucyHok 2. CocTtaB guHykneotuaos B reHax HA nangemMmumyeckmx LiTaMMOB BUPYCOB rpunna
Figure 2. The composition of dinucleotides in the genes of pandemic strains of influenza viruses

MPOCTPaHsETCd Ha APYyTUe OeKY BUpyca NoaTuNa
HINI1, a B rene HA BupycoB noaruna H3N2 y pas-
HBIX LITAMMOB HE UCMOJIb3yeTCs JUIIb | nam 2 Ko-
JIOHA U3 YIIOMSIHYTOr0 KBapTeTa KOJIOHOB apruHu-
Ha, yaie Bcero kogoHbel CGC u CGT (puc. 3).
Xorts o ucnoyibzoBaHuio CK renst HA A/Brevig
Mission/1/18 u A/California/08/2009 cyuiecTBeHHO
OTJIMYAIOTCS, OOIIMM IJIs1 HUX SBJISIETCS Haubo-
Jiee peaKoe UCIIOJIb30BaHUE KOJIOHOB, COIepXKaIllnX
npeumyiectTBeHHO G u C, 1 Hanboiee BbICOKas Ya-
cToTa (1151 OONBIIMHCTBA aMUHOKMCJIOT) KOJIOHOB,
cogepxammx A u T, 4yTo OOyCIOBAMBAET HU3KOE
sHayeHue %GC B renax HA — 41—42%. Paciuupsier
U YyTOYHSIET OITMCaH1e OCOOEHHOCTEe KOAUPOBAHU S
TeHOB BCTPEYaeMOCTh B HUX JUKOIOHOB. M3-3a pa3-
anyuii B ucrnoab3oBaHun CK KaxaoMy HITaMMy
BUpYyCa OJHOro NoAaTuma (1axe nNpyu UICHTUUYHOCTU
nepBUYHOI CTPYKTypbl Oenka HA) cBoiicTBeHHa
CBOSI KapTUMHA JIMKOAOHOB. B KauecTBe miItocTpa-
LMY HAJIMYKMSI OTPAHUYCHMIA B KOTMPOBAHUM T€HOB
HA Hapuc. 4 npeactaBieHa BCTpe4aeMOCTh JUKOI0-
HOB B reHe HA mannemuueckoro mrammMa HA HIN1
A/Brevig Mission/1/1918. 3ameTtum, 4TO NpU HaIU-
yuu 61 CMBICJIOBOrO KOAOHA B F€HETMYECKOM KOJIE
MUWHMMAaJbHas JUIMHA T'eHa Oejika, KOTopasi Morja
ObI OXBATbHIBATh XOTSI ObI IO OTHOMY Pa3y COCEACTBO-
BaHME BCEX KOJIOHOB B JIMKOJOHAX, IOJXKHA COCTaB-
a1k 3721 konoH. JliuHa ke reHa HA cocraBiser
BCero 564 KomoHa, Mo3ToMy 00JbIIMHCTBO BO3MOX-

HBIX IMKOJOHOB Ha puc. 4 oTCyTCTBYIOT. Puc. 4 nmo-
3BOJISIET YTOYHUTD YMCJICHHOCTh U COCTaB JMKOI0-
HOB (a TaK>Xe 1 JUTIENTUA0B) IO TIEPBOU UJIU BTOPOIt
no3uuusM. M3 564 BO3MOXKHBIX pa3HBIX TUKOJIOHOB
st reHa HA ncnonb30BaHHBIMU OKa3aJUCh JUIIIb
490 IMKOIOHOB, U U3 HUX 426 BCTpeYaloTCs TOJBKO
OJIVH pa3, YTO CBUIETEIbCTBYET, C OMHOM CTOPOHHI,
00 orpaHnuYeHUsIX (YHUKAJIbHOCTH) B COCEACTBOBA-
HUU KOJOHOB U, C IPYTOil CTOPOHBI, O MPEAIIOYTE-
HHMU y 3HAYUTEJIbHO MEHBIIIETO Yuc/ia KOJIOHOB Ha-
XOIMUThCSI B COCEACTBE C OMHUM M TEM Xe KOIOHOM
JUIST OMHUX U TeX XKe AMIeNnTuaoB. [ToBTOpsieMocThb
NUKOIOHOB He boJee 3.

JIJ1s1 BBISICHEH M1, UCTIONB3YIOTCS U B reHax HA
penkue AUKOMAOHBI, IIPUHSB 3a MOCJIeIHUE T€, YTO
pPEIKO BCTpeyaloTCs B reHax YyejioBeKa, OblLI EPBO-
HayaJbHO BBIINTOJHEH MOUCK PEIKO BCTPEYaIOLIX-
Csl IMKOMOHOB B I'eHax yejioBeKa. BhIsIBIEHBI 2 UX
rpynnsl (puc. 5). OgHa uX HUX BKJIIOYaeT OYeHb
peIKO BCTpeyalollre NUKOMOHbI. Jpyrast oxBaThbl-
BaeT IMKOJIOHbI, KOTOPbIE OTCYTCTBOBAJIU B UCCJIC-
JTOBaHHBIX TeHax 4JejgoBeka. Hu onuH M3 D1UKomo-
HOB 00€MX T'PYIMIT HE ObIJ BHISIBJIEH B MCCJIEIOBaH-
HbIX TeHaXx HA BupycoB rpurmnma.

B nmpupone HA BupycoB rpurina OTHOCSITCS
K YMCy Haubosiee U3BMEHUYUBBIX, ITO3TOMY IIPOBE-
JIeH aHaJIM3 NePBUYHOM CTPYKTYPbl MX TEHOB Ha Cy-
IIECTBOBAHMWE OrpaHUYCHUI B UX KOAMPOBAHUU.
OuudpoBKka KOIOHOB 0003HauujJa BO3MOXHOCTh

HIN1 A/Brevig Mission/1/1918

TS 7
TCCS 6
TCA S 16
TGS 3

TGT C 10
TGC C 6
TGAZ 1
TGG W 11

TITF 9
TTC F 10
TTAL 11
TIGL 9

TAT Y 17
TACY 9
TAAZ 0
TAGZ 0

ACTT 7
ACCT 8
ACAT 20
ACGT 2

AGT S 6
AGC S 11
AGA R 12
AGGR 8

ATT I 10
ATCI 8
ATATI 14
ATGM 8

AAT N 26
AAC N 16
AMA K 21
AAG K 12

CCT P
cce P

CGT R
CGC R
CGA R
CGG R

CTTL 2
CICL 6
CTAL 9
CTG L 14

CAT H 10
CACH 3
CAA Q 10
CAGQ 7

w o ouoN

0
0
0
0

GGT G 10
GGC G 2
GGA G 22
GGG G 10

GTT V GAT D 15
GAC D 10
GAA E 26

GAGE 9

GTA V
GTG V

HIN1 A/California/04/2009

TCT S 8
TCCS 4
TCA S 18
TGS 1

TGT C 9
TGC C 6
TGAZ 0
TGG W 10

TITF 8
TTC F 11
TTAL 5
TTG L 10

TAT Y 13
TAC Y 14
TAAZ 1
TAGZ 0
ACTT 9 ATT I 18
ATCI 7
ATA I 12
ATGM 7

AAT N 27
AAC N 14
AAA K 27
AAG K 15

CTTL 1
CTCL 5
CTA L 15
CTG L 10

CAT H
CAC H
CAAQ
CAG Q

W NN

GITV 7
GICV 5
GTA V 17
GGV 7

GAT D 13
GAC D 13
GAAE 24
GAG E 11

PucyHok 3. Tabnuua TpaHcngaumoHHoro koga HA wrammos HIN1 A/Brevig Mission/1/1918

u A/California/04/2009

Figure 3. Translation code table for HIN1 strains A/Brevig Mission/1/1918 and A/California/04/2009
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paszieseHu s TabJaM 1 bl FeHeTUYecKoro Koaa (puc. 1)
Ha YeThIpe KBajapaTa U COOTBETCTBEHHO BbIACIUTH
TPU TPYIIIbl TPUIJIETOB IO 3HadyeHUsM mx MK.
IlepBasg rpynma, BKJImYarollas TPUILIETbI, KOAU-
pylolue NpoauH, aJaHUH, apTUHWUH U ITUIUH, Xa-
pakTepusyeTcs HauboJbIuUMU (8 1 9) 3HAUEHUSIMU
nx MK, 1 cocTaBieHHBIe M3 HUX TPUKOAOHBI UMEIOT
MakcumajbHoe 3HaueHue MK — 27. TuposuH, de-
HuaajdaHuH, JeiuuH (kogoHsl TTA u TTG), uzo-
JIEWIIMH, METUOHUH, aclaparuH 1 JU3UH COCTaB-
JISIOT BTOpYIO TI'pyIiny KomoHoB ¢ MK, paBHbBIMU
6 vuau 7. TPUKOOOHBI U3 HUX MOTYT UMETh MUHM-
ManbHoe 3HaueHue MK — 18. KomoHbI ocTaabHBIX
AaMUHOKMCJIOT UMEIOT MTPOMEXKYTOUHBIE 3HAYCHU S
MUK — 7 unu 8. TToCcKOJbKY CYUUTBIBAHUE KOJOHOB
MPOBOIMTCS CO CABUTOM PaMKU Ha OAWH KOJOH, TO
pasHuua mexay MK coceacTBylomumx TPUKOJIOHOB
MOXXeT MpUHKUMaTh 3HaueHus1 ot 0 mo 3. Ha puc. 6
npeacTaBjeHa B KayeCTBE WJIJIIOCTpALlUU JUHEH-
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8w

1.TCT

2.TCC

3.TCA 11
4.TCG
5.AGT
6.AGC
7.TGT
8.TGC
9.TGG
F 10.TTT
F 11.TTC
L 12.TTA 1
L 13.TTG
L 14.CTT 1

L 15.CTC 1 1
L 16.CTA 1
L 17.CcTG

Y 18.TAT 1

Y 19.TAC 1 1
T 20.ACT 1
T 21.ACC

T 22.ACA

T 23.ACG

R 24.AGA

R 25.AGG 1

R 26.CGT

R 27.CGC

R 28.CGA

R 29.CGG

I 30.ATT 1 1

I 31.ATC 1

I 32.ATA 11 1

M 33.ATG 1

N 34.AAT 1 11
N 35.AAC
K 36.AAA
K 37.AAG
P 38.CCT 1
P 39.cCC

pP4o.cca 1 1

P 4l.cce

H 42.CAT
H43.CAC 1
Q 44.CAA

Q 45.CAG 1 1
A 46.GCT

A 47.GCC 1

A 48.GCA 1
A 49.GCG 1
G 50.GGT 1 1
G 51.GGC
G 52.GGA
G53.66G |1 1
V 54.GTT
V55.6TC 1
V 56.GTA

V 57.GTG 1
D 58.GAT
D 59.GAC
E 60.GAA
E 61.GAG 1 1
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Hasl nocienoBateibHOCTh MK TpHUKOIOHOB reHa
HA mramma HIN1 A/Brevig Mission/1/1918, cun-
TAaHHBIX CO CABUTOM paMKM Ha OIWH KOJIOH, UMM~
TUPYS MPOLecC TPAHCISILIMU HAa puOOCOMax.

Kak yxe oTmedanoch B pasmese «MaTepuanbl
¥ METOJIbI», TTPY Ka3KJIOM CIIBUT€ CYUTHIBAHU ST TPU-
KOJIOHOB 3aMeHSIEeTCS JIMIIb OAUH TPUIIET U MaK-
cumanbHas pazHuna mexay MK cocemHux Tpuko-
KoaoHOB OyaeT paBHa 3. Y rena HA mramma HINI
A/Brevig Mission/1/1918 makcuMaJibHOE U MUHU-
manbHoe 3HaueH U s1 UK cocTaBsIIOT COOTBETCTBEH-
Ho 25 1 19. JIumb y 10 coceacTByOIIMX Map TPUKO-
JnoHoB (Ta6a.) MK umeroT pazHuny 3, a y ocTajlb-
HBIX OHa He 0oJiee 2, TO €CTh KOAMPOBAaHUE reHa
HA mrramma HIN1 A/Brevig Mission/1/1918 numeer
siBHbIe orpaHuyeHus1. O0 o01HOCTU (YHUBEpPCAJIb-
HOCTU) BTUX OrpaHUYEHUI CBUACTETEIHLCTBYIOT
npuBeNeHHbIe B TaOJ. moka3ateau paszHul MK
TPUKONOHOB M TeHoB HA apyrux nmaHaeMuyecKux
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PucyHok 4. BctpeyaemocTb AnkonoHoB u aunentupos B HA A/Brevig Mission/1/1918 H1N1
Figure 4. The occurrence of dicodones and dipeptides in A/Brevig Mission/1/1918 HINT1

MpumevaHue. MepBblil BEPTUKASbHBINA PSA U NEepPBbI FOPU3OHTANbHbIN P, CBEPXY — 0003HAYEHNS aMUHOKMCIIOT; BTOPOWA
BEPTUKAJbHbIA P, U BTOPOM FOPU3OHTASIbHLIN PSf, CBEPXY — HYMEpPaLLMS KOLOHOB; TPETUIN BEPTUKASbHbIA psg, — KOLOHbI.
Note. The first vertical row and the first horizontal row from above are amino acid designations; the second vertical row

and the second horizontal row from above are codon numbering; the third vertical row are codons.
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E.M. XapyeHko

MHdekumns n uMmyHuTeT

TCC(S)-GGT(G)
TCG(S)-TCC(S)
TCG(S)-CTC(L)
TCG(S)-ACA(T)
TCG(S)-AGA(R)
TCG(S)-ATT(I)
TCG(S)-GGT(G)
AGT(S)-CAT (H)
AGC(S)-GTA(V)
TGT(C)-GCG(A)
TGC(C) -GGA(G)
TTA (L) -CGC (R)
CTC(L)-GTA(V)
CTC(L)-GAA(E)
ACG(T)-CGT (R)
ACG(T)-ATA(I)
CGT(R)-TCG(S)
CGT(R)-CTA(L)
CGT (R)-CGC(R)
CGT(R)-GCG(A)
CGC(R)-CCG(P)
CGC(R)-CAT (H)
CGC(R)-GCG(A)
CGC(R)-GGA(G)
CGA(R)-TCG(S)
CGA(R)-GCG(A)
CGG(R)-TTA(L)
CGG(R)-GCG(A)
ATA(I)-TCG(S)
ATA(I)-CGG(R)
CCG(P)-CAC (H)
CAA(Q)-CGC(R)
GCG(A)-CGT(R)
GCG (B) -ATG (M)
GTA(V)-ACG(T)

TCG(S)-TCA(S)
TCG(S)-TCG(S)
TCG(S)-TAC(Y)
TCG(S)-CGT(R)
TCG(S)-CGC(R)
TCG(S)-ATA(I)
TCG(S)-CAA(Q)
TGC(C)-GCG ()
CTC(L)-GCG(A)
CTA (L) -TCG(S)
CTA(L)-CGG(R)
CTA(L)-CCG(P)
CTA(L)-GCG (A)
CGT(R)-AGC(S)
CGT(R)-ACG(T)
CGT(R)-CCG(P)
CGC(R)-GTA(V)
CCG(P)-TCG(S)
CCG(P)-CGA(R)
CAC(H)-TCG(S)
GCG(A)-CGA(R)
GCG(A) -ATA(I)
GGT(G) -ACG(T)
GGT(G)-CCG(P)

PucyHok 5. Cnucok peako BcTpeyvaiowmxcs (A)

1 He 0GHapyXeHHbIX (B) B uccnepoBaHHbIX reHax
YyenioBeKa AUKOA0HOB

Figure 5. List of rare (A) and undetected (B) dicodons
in the studied human genes

mraMmMoB. Y reHoB HA maHaeMuU4yecKUX 1 TaMMOB
BUPYCOB rpurnna He 6ojiee 2,1% cocencTBYIOIINX
nap TpukoaoHoB (tab6n.) MK ummeror pazHuuy 3,
a pasuuny no MK 0 miau 1 nmeror 82—84% cocen-
CTBYIOIIMX TPUKOJOHOB, TO €CTh NaXXe pa3HMUIa
mexny UK, paBHoii 2, B reHax HA He npearnodyTu-
TesabHa. ClienyeT crelaJbHO OTOBOPUTh, UTO MPU
cBoiictBeHHOM 'K KoMMmo3uium BbIsIBI€HHbIE 00-
11Me orpaHMYeHNs] B KOAMPOBAHUU T'€HOB, Oj1aro-
Japsi BBIPOXKAEHHOCTH F'€HeTUYEeCKOTO Ko/la, HE Be-
IyT K 3alpeTaM COCEICTBOBAHUS aMUHOKUCJIOT
B IIEPBUYHOI CTPYKType OEIKOB.

B kauecTBe TIOCTpALIMU, YTO KasKAbIH IIITAMM
BUPYCOB TpUINa YHUKaJeH XOTsA Obl MO pac-
npeaeneHuto B ero HA rene CK, mJjist cpaBHeHUS
ObLJIM BBIOpaHBI ABE Mapbl IITaMMOB. OaHa U3 HUX
BKJIIOUAET MaHAeMudeckue I1mrtaMMbl A/Brevig
Mission/1/1918 u A/California/04/2009, pazneneH-
HbIe TI0 BpeMEeHU BO3HUKHOBEHHUS Oojiee ueM
B 90 nieT, npyras napa — aBa mwramma roaruna HINI,
BblIeIeHHbIe B HOs10pe 2023 r. CpaBHeHUE MEPBUY-
HBIX CTPYKTYp O€JKOB M T€HOB MaHJIEMMUYECKUX
mrammoB 1918 1. 1 2009 r. BeisiBUII, uTO Oenku HA
A/California/04/2009 otnuyaercss or HA A/South
Carolina/1/1918 o 79 103U LIUSIM, KOTOPBIM COITYT-
cTBy10T paznuuus nno 191 CK. Ha puc. 7 npencras-
JieH hparMeHT IocJie1oBaTeIbHOCTEN OEJTKOB U T'e-
HoB HA o6oux miTaMMOB cO crieliMajabHOi TTOMET-
Koi (*) mo3uuuii, pazanvarpuuxcs no CK. OueHb
npuMmeyaTelbHa BecbMa yacTasi COJIOUeHHOCTh I10-
CAEIHUX U YepeaoBaHME UX C MyTallMsSIMU, BbI3BaB-
UMY 3aMeHbl aMUHOKUCTOT. IBa mrtamma HINI
anuace3oHa 2023/2024 rr. ecTeCTBEHHO UMen 00-
Jiee CKPOMHBIE pa3Juuus UX MePBUUYHBIX CTPYKTYD
oenkoB HA (Bcero mo 14 mo3uuiusm) u 6oJiee BbI-

23,23,22,22,23,23,21, 20, 21, 21, 22, 22, 23, 21, 21, 22, 23, 21, 20, 19, 22, 22, 23, 23, 22, 22, 20, 22, 23, 23, 22,
22,22,22,22,22,22,20,21, 22, 24, 23, 23, 22, 22, 21, 22, 23, 23, 23, 23, 24, 23, 23, 21, 21, 20, 20, 19, 18, 20, 20,
23, 23, 23,21, 20, 23, 22, 22, 19, 20, 22, 24, 25, 24, 23, 23, 22, 24, 23, 24, 22, 21, 21, 22, 23, 24, 24, 24, 23, 23, 22,
20,19, 20, 21, 22, 22, 22, 22, 21, 22, 21, 22, 21, 22, 23, 23, 22, 21, 22, 21, 21, 20, 22, 23, 24, 23, 22, 22, 22, 23, 22,
23,21, 21,19, 20, 20, 20, 19, 21, 22, 23, 22, 23, 24, 25, 23, 22, 20, 21, 22, 21, 22, 21, 23, 23, 24, 24, 24, 22, 23, 23,
25, 24, 23, 21, 20, 20, 20, 20, 21, 23, 24, 23, 22, 21, 22, 23, 23, 22, 22, 22, 22, 22, 22, 23, 21, 22, 21, 21, 19, 21, 21,
22,21,22,22,21,22,23,23,22,21, 23, 24, 25, 24, 23, 22, 21, 22, 22, 23, 21, 22, 20, 22, 21, 23, 21, 22, 21, 22, 23,
23,23,20,19, 19, 21, 22, 22, 22, 24, 24, 22, 21, 23, 24, 25, 22, 22, 20, 21, 21, 22, 24, 25, 24, 22, 20, 20, 21, 22, 21,
20, 20, 23, 24, 25, 23, 21, 20, 19, 21, 22, 23, 23, 21, 21, 19, 21, 22, 24, 22, 22, 21, 23, 23, 22, 21, 21, 22, 23, 23, 24,
23,22,21,21,22,23, 24,24, 23, 22,21, 21, 22, 22, 22, 21, 21, 23, 23, 24, 23, 22, 21, 21, 22, 23, 23, 23, 23, 21, 20,
19, 21, 23, 23, 21, 21, 22, 24, 24, 22, 21, 21, 23, 23, 23, 21, 21, 21, 22, 23, 22, 23, 22, 22, 21, 20, 21, 21, 21, 20, 21,
23,24, 23,21, 21, 23, 23, 24, 23, 23, 20, 20, 23, 25, 25, 23, 23, 22, 21, 20, 21, 23, 22, 22, 20, 21, 20, 22, 21, 21, 21,
23, 23,24,22, 23,23, 24, 23, 20, 21, 21, 22, 20, 22, 21, 23, 23, 23, 22, 20, 21, 22, 21, 21, 20, 21, 22, 21, 21, 20, 22,
22,22,21,22,23,24,22,21, 20, 21, 21, 20, 20, 20, 22, 21, 21, 19, 19, 18, 18, 18, 20, 21, 22, 22, 21, 22, 21, 21, 21,
21,21, 19, 20, 21, 22, 20, 20, 20, 22, 22, 21, 20, 20, 22, 23, 23, 22, 21, 22, 22, 21, 20, 21, 21, 22, 20, 22, 20, 21, 19,
21,21, 21, 20,19, 19, 21, 22, 23, 21, 22, 21, 22, 21, 21, 21, 21, 22, 22, 22, 22, 22, 22, 23, 23, 23, 22, 21, 21, 21, 20,
22,22,22,20,20,22,21, 20, 19, 20, 21, 21, 21, 21, 21, 21, 21, 21, 20, 20, 21, 23, 22, 20, 19, 20, 21, 23, 24, 23, 22,
20, 22, 23, 24, 23, 21, 21, 22, 24, 24, 23, 21, 22, 23, 22, 22, 22, 24, 25, 25, 24, 23, 22, 23, 22, 22, 21, 20, 22, 22, 23,

22,23,23,21,21, 20,21, 22

PucyHok 6. MocnepoBatenbHOCTb 3Ha4€HUI UHA,EKCOB KOMMNJIEMEHTaPHOCTU TPUKOA0HOB HA
wramma HIN1 A/Brevig Mission/1/1918 npu caBure pamku cunTbiBaHus Ha 1 KOJ,O0H

Figure 6. The sequence of values of the tricodon complementarity indices of the HIN1 A/Brevig Mission/1/1918 HA

gene when the reading frame is shifted by 1 codon
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COKUI MoKa3zaTesib, Kak U B ciydyae HA manaemu-
yeckux mrtammoBn, 1o CK ux renoB — 21. Ctolb
BBICOKOE TIpeobyialaHe CUHOHUMUYECKNUX 3aMeH
1 OCOOEHHOCTU WX JIOKAJM3alln BO3MOXHO CBSI-
3aHbI C «BbIpaBHUBaHUEM» pa3HUIIbl o MK mexy
COCEJICTBYIOIIIMMHU KOJAOHAMU, MO3BOJSIOLIUM 3a-
KPEIMUThCS B CTPYKTYpe T'eHa TeM MYyTallUsIM, YTO
MPUBEU K 3aMEIIEHUSIM aMUHOKHUCJIOT.

O6cyxaeHne

JlaHHBIe BRINOJTHEHHOTO HAaMM aHaJi3a CBUIC-
TEJIbCTBYIOT O HaIM4uu y reHoB HA BupycoB rpumn-
na pa3HbIX MOATUIIOB KaK YaCTHBIX, TaK U OOILIMX
ocobeHHOCTel (orpaHUUYEeHUI), KOTOPhIe HEOOXO-
IUMO YUYMTHIBATh IIPU WX PEKOAMPOBAHUU, MMES
B BUJLY, UYTO U IITAMMBI OTHOTO TTOATHUTIA B IIpeaeiax
3IUACE30Ha MOTYT UMETh pa3inuusi HA He ToJIbKOo
10 YMCJIy 3aMEH B cCaMOM OeJIKe, KOTOPhIC MOTYT 3a-
TparusBath 10 30—40 mo3unuii, HO U elle 0oJIbIINe
paznuuus 1o yuciy u pacrnpeneieHnio CK B rete,
HE MPOSIBJISIIONIMECS B TIEPBUYHONM CTPYKTYpe ca-
moro 6enka HA u BeicTymaroiiue, mo-BUIAMMOMY,
KaK CKPBITBIA (haKTOp, OOYCIOBIMBAIOIINIA HU3-
Kylo 2(dEeKTUBHOCTh KJIACCUUYECKUX TMPOTUBO-
TPUTIIIO3HBIX BaKIIWH.

I[lo auHykJeoTUIAM pa3JIU4YMs MEXIY TeHa-
M HA BbIpazkeHBI HEe TOJIBKO MEXIY MOATUIIAMMU,
HO ¥ JJISI IITAMMOB OJHOTO M TOTO K€ TMOJTHUIIA,
BBIZICJICHHBIX B pa3Hoe Bpewms. [Ipu pexkomupoBa-
HUU ONTUMU3ALMS U NEONTUMU3ALMS YaCTOT IU-
HykiaeoTunaosB 1mo CpG u UpA nmpoBoauTcs rnmocpen-
crBoM BBeneHust B reH CK [6, 10]. Yactora CpG
Yy BCEX UCCJIENOBAaHHBIX IITAMMOB caMasi HU3Kasl,
HO BO3MOXHOCTbH OINTUMMH3ALMU €€ y LITaMMOB
HI1N1 u3-3a 3anpera KkBapTeTa KOJOHOB, KOOAUPYIO-
WX apTUHWH, OrpaHUYeHa U MOXET OBITh peaju-
3oBaHa yepe3 CK apyrux aMMHOKUCAOT (aJlaHWHa,
MNpoJIMHA, TPEOHWHA UJIU CepUHA).

CrnenyeT cpa3y OTOBOPUTH, UTO ONTUMM3AIIUS
JacTOT OTUHYKJIeoTuaoB depe3d CK momkHa OBITH
MOMYMHEHA COOJIOACHUIO OrpaHWYCHUSI, HaKJia-
JbIBa€MOro 3HaueHusiMu padHoctu MUK Mexny co-
CEACTBYIOIIMMU TPUKOAOHAMHU, YUYUTHIBAs OYEHb
HHM3KYI0 9aCTOTY BCTPEYaeMOCTU PAa3HOCTU, paB-
Hoii 3. [TosicHUM 3TO Ha KOHKPETHOM TIpUMepe —
Ha parmeHnTe nociemoBateabHocTi HA HINT A/
Brevig Mission/1/18, mpencTtaBieHHOro Ha puc. 8.
Bribepem B KauecTBe MUIICHU ST ONTUMU3AIINHT
yactotbl aunykieotuga CpG komoH ACA, xo-
NUPYIOLIMA TPEOHUH W HAXONSIUIUICI B TPEThEU
MO3UIIMU BBIACJICHHOIO CEpPbIM IIBETOM TPUKOIO-
Ha, U 3aMCHUM €ro CMHOHUMUWYCCKUM TPUILIC-
ToM ACG, mmeromum 3HadeHne MK, paBHOe 8
(cM. puc. 1). B pesyabraTe Takoil 3aMeHBbl BblAe-
JIEHHBI CEpbIM 1IBETOM TPUKOJOH IMpPEeBPaTUTCS
B TpukogoH GCA GAC ACG u c ero MUK, paBHBIM
24, pa3HHUIIa MEXAY COCCAHUMU TPUKOOOHAMU, OYy-
neT paBHa 3. [ocyienHsist oueHb peKO BCTpevyaeTcst

61 L. = TTA CTA* 91 S = AGC =
62 K R AAA AGA 92 S =TCA =
63 G = GGA GGG* 93 W = TGG =
64 I V ATA GTA 94 S = TCC =
65 A = GCC = 95 Y = TAT TAC*
66 P = CCA = 96 I = ATT =
67 L = TTA TTG* 97 V = GTA GTG*
68 Q H CAA CAT 98 E = GAA =
69 L = TTG = 99 T = ACA =
70 G = GGG GGT* 100 s P TCG CCT
71 K = AAA = 101 N S AAC AGT
72 C = TGT = 102 s = TCA =
73 N = AAT AAC¥* 103 E D GAG GAC
74 I = ATC ATT* 104 N = AAT =
75 A = GCC GCT~* 105 G = GGA =
76 G = GGA GGC* 106 T = ACA ACG*
77T W = TGG = 107 ¢ = TGT =
78 L I CTC ATC 108 Y = TAC =
79 L. = TTG CTG* 109 P =cca =
80 G =GGA = 110 G = GGA =
81 N = AAC AAT* 111 D = GAT =
82 P = CCG CCA* 112 F = TTC =
83 E = GAA GAG* 113 I = ATC =
84 C = TGC TGT* 114 D = GAC GAT*
85 D E GAT GAA 115 Y = TAT =
86 L S TTA TCA 116 E = GAA GAG*
87 L = CTG CTC* 117 E = GAA GAG*
88 L S CTC TCC 118 . = CTG CTA*
89 T = ACA = 119 R = AGG AGA¥*
90 A = GCG GCA~* 120 E = GAG =

PucyHoOK 7. Pa3nuumnsa nepBuYHbIX CTPYKTYP
¢dparmenTa HA naHaemunyeckux wrammos A/Brevig
Mission/1/1918 u A/California/04/2009

Figure 7. Differences in the primary structures

of the HA fragment in the pandemic strains A/Brevig
Mission/1/1918 and A/California/04/2009

N A D T I C I G Y
AAT GCA GAC ACA ATA TGT ATA GGC TAC

6 8 8 7 6 7 6 9 7

i v —

22 23 21 20 19 22 22 23 23

PucyHok 8. UnniocTpaumnsa paccyetTa UHAEKCOB
KOMIMJIEMEHTaAPHOCTU TPUKOAOHOB, CYNTbIBA€MbIX
coBuUrom Ha 1 KogoH

Figure 8. Anillustration of the calculation

of a complementarity index in tricodons read by a shift
of one codon

Mpumeyanue. 1-i psap 6ykB — NOCNef0BaTENIbHOCTb
aMUHOKMCNOT, 2-11 psii — 0603Ha4YeHNs KOAOHOB, 3-11 psaa —
00603Ha4yeHnsa NHOEKCOB KOMMJIEMEHTAPHOCTN KOOOHOB,

4-in pag — 0003HaYyeHus MHOEKCOB KOMMJIEMEHTAPHOCTU
TPUKOO0HOB.

Note. The 1st row of letters is a sequence of amino acids,
the 2nd row — a designation of codons, the 3rd row —

a designation of codon complementarity indices,

the 4th row — a designation of tricodon complementarity
indices.
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155

W
(.;V[I]A[213]T[164]

L.I[2]V[375]A[1]
éK[138]T[240]

N[1]T[200]

NOPLOHOZOH<OPE
-4

PucyHok 9. ®parmeHT goMUHUpYloLLet
nocneaoBaTesibHOCTU remMarriloTUHUHA JNs
wTtammoB H3N2 anupcesona 2018-2019 rr.
Figure 9. Fragment of the dominant hemagglutinin
sequence for H3N2 strains of the epidemic seasons
2018-2019

MEXIYy COCeIHUMM TpuKogoHamMu B HA BupycoB
rpunna. Ee yactrora, Bapepys y HA B nuamnazo-
He 1,6—2,1%, Ha 1% HuUXe yeM y TEHOB 4YeJIOBEKa,
TO €CTh BO3MOXHOCTH MonyJisiiiuu 4actotel CpG
MpU PEKOAUPOBAHUM, UCITOJIb3YEeMOI, KaK MpaBU-
Jo, ¢ uenbio crabunu3auuu MPHK, y rena H1 HA,
no cpaBHeHU1o ¢ H3 HA, BecbMa orpaHUYeHHI.

IMo ucroib30BaHHOI HAaMM MOJEJIM CUUTHIBA-
Hus tpunaetoB B MPHK kaxnwlit KogoH, 3a uc-
KJIIOYEHUEM TIePBBIX U MOCJIEIHUX TPEeX KOIOHOB,
BKJIIOUaeTcs, Kak v rpu Tpancasiuuu MPHK Ha pu-
bocoMax, B TpU MOCJEIOBATEIbHO CUYMThIBAEMBbIC
TPUKOIOHA, U 0YeBUIHO, uTOo MK Kaxmoro komoHa
B TpUKOJIOHE cBsi3aH ¢ MK nByX mpeniiecTBYyOMMnx
U JIBYX ITIOCIEAYIOIIMX KOIOHOB. DTO MOIBOIMUT
K TIPU3HAHUIO CYIIECTBOBAHUSI B IeHaX KOHTH-
HyyMa CBSI3HOCTHM KOJIOHOB 10 3HadyeHUsIM ux MK
M OTpaHUYCHM S Ha UX MyTareHe3. CBUIETEIbCTBOM
CBSI3BHOCTU KOJOHOB CJIYXUT WJUIIOCTpUpyeMast
Hapuc. 7, Hanpumepe reHoB HA mTammoB A/Brevig
Mission/1/18 u A/California/04/2009, Beicokas ya-
cToTa u JimHeitHoe pacnpeneneHue CK mexay reMu
KOIOHAMHM, C KOTOPBIMM CBSI3aHa 3aMeHa aMUHO-
kucaot. Kak metrko mommeueHo Komapom A.A.,
«CUHOHUMMYECKHE KOMOHbI pa3menieHbl B MPHK
CTpaTeruvyecku (B ONpEeNeJICHHBIX MeCTaX) TaKuM
00pa3oM, 4YTO OHM 3a1al0T CHEIIU(PUICCKYIO KIUHE-
TUKY TPAHCISI MU, 00eCIIeuBaIOIIY 0, B CBOIO OYe-
penb, 3¢OEKTUBHOE MOITAITHOE KOTPAHCIISIIIMOH-
HOE CBOpayMBaHUe OeJIKa», TO €CTh SIBJISTIOTCSI BTO-
PUYHBIM KOJOM JIJ151 CBOpauyrMBaHUs Oeka [8].

V mTaMMoB BHpyca TpUIINIa OAHOIO U TOTO XKe
MOJATHIIA, KaK OTMEYaJIOCh BBIIIE, W SITHJICE30HA
paznuuusi HA cBsi3aHBI HE TOJIBKO C 3aMEHaMM
aMUHOKMCJIOT, HO U C ellle OOJILIINM pa3jinyueM
B uucnae u pacnpeneneHun CK. IMocnegnue ciaykart
MPUIMHONM 06pa30BaHUs Yy KaXKI0T0 IITaMMa BUPY-
ca rpurmnra cBoero koHngopmepa HA u cBoeii Mo3a-
MKW OOHAXXKEHUSI U JOCTYITHOCTH B HEM BIMUTOIIOB.
CouMpKyJIsIusi B 3IUJACE30HE IITaMMOB BHpycCa
TPUIINIA C Pa3HBIMU IEPBUYHBIMU CTPYKTYpaMu
HA u cocraBamu CK B ux reHax U OTJIMYHUE OT HUX

Mo 3TUM K€ IToKa3aTesiM BaKIIMHHOIO IITaMMa
SIBJSIIOTCS (CeayeT NMPpU3HaTh) APYTUM (haKTOPOM,
0OpeKalIINM MPOTHUBOTPUIIIIO3ZHBIE BaKIIMHBI
JIIOO0 KOHCTPYKIIMU Ha HEBBICOKYIO 3 DEKTUB-
HocTh. B CIIA, Hanpumep, 3¢ HeKTUBHOCTDH Bak-
LIMHBI MPOTUB I'PUIINA Ha CYOONITUMAIbHOM YPOB-
He — 14—60%, a UMMYHUTET K I'PUIIILY COXPaHsIeT-
Cs IUIIb HECKOJIBKO MecqaueB [11].

Ecnu Tabiuna TpaHCAsSIIMOHHOTO Koaa (puc. 3)
CNYXXUT 00ob1IarolIeit nHGopMalueil 00 UCHOJIb-
3oBanuun CK B MPHK, To nBymMepHass KOMOMHU-
poBaHHas Tabiauiia (puc. 4) CIYKUT UCTOUYHUKOM
uHbopManuu no nurnentuaam B 6eake HA u coot-
BETCTBYIOIIUM UM nukogoHaM B MPHK u nmosnesna
0CO0EHHO TeM, U4TO B Hell BuaHo, kKakue CK coue-
TaroTcs (MJIX HE COYCTAIOTCS) APYT C IPYTOM U KaK
yacTo. M30upaTebHOCTh B COCECTBOBAHUU MEXK-
Iy KOIOHAMM CJIYXXUT, HApsIAy C OrpaHUYCHUSIMU
B pasHuie no MK mMexay cocetTHUMU KOTOHAMU,
BTOPBIM 0OapbepoM, KOTOPBIiI HYXHO OOXOIUTH
TpU PeKOJMPOBAHU I TeHOB. TpeTbuM ke 6apbepoM
SIBJISIIOTCSL PEAKO BCTpevarlluecs M He oOHapy-
JKEHHBIE B MCCJIEMIOBAaHHBIX HaMU T'€HaX yejoBeKa
IUKOOOHBI, TIEPEUYMCICHHBIC Ha pUC. 5. DTH TUKO-
JIOHBI MOXXHO pacCMaTpUBaTh KakK 3alpeTHBIC s
WCIOJIb30BaHUSI TIPU PEKOTUPOBAHUH.

YyeT nepeyuciaeHHbIX HAMU 0apbepoB B pPEKO-
IVPOBAaHUU T'€HOMAa/TeHa ITOCPEICTBOM U3MEHEHU ST
coctaBa CK mepeBOAUT CUHTETUUYECKYIO OHOJIO0-
TUIO Ha APYTroii ypOBeHb, CIIOCOOCTBYSI M30eraHusI
Heynauy. Beab M3BECTHO, UTO pe3yabTaThbl PEKOAU-
poBaHusi MPHK HeomHO3HAauHBI U MOTryT IIpUBe-
CTH K YXYAIUICHUIO CBOMCTB y HOBBIX BapMaHTOB
CMHTETUYEeCKUX I'eHOMOB MU reHoB. boiee Toro,
BBEIEHHBIE B TEHOM BHUpPYyCa CUHOHMMUYECKHE 3a-
MEHBI MOTYT PEeBEPCHUPOBATHCSI K KOJOHAM IUKHUX
mramMmmoB [6, 10], 4TO MOXHO paccMaTpuBaTh Kak
CYIIIECTBOBAHWE OTPAaHUYEHUI B MX PEKOIMPOBaA-
HUU U MOATBEPXIAEHUE PEaIbHOCTU BbISIBJCHHBIX
HaMu O0apbepoB, KOTOPHIC HEJIb3sT UTHOPUPOBATD,
MoOOU(GUIIMPYS TEHBI UJIN BUPYCHI.

Henb3s o6oliTu BHUMaHUEM U301 PaTeIbHOCTH
U HEUM3MEHHBI KOHCEPBATHU3M MPU MCKJIIOUECHUU
u3 reHa H1 HA xBapTeTa KOJOHOB, KOTUPYIOIINX
apruHUH. Eciu BHOBb 00paTUTHCS K CIOUCKY Pel-
KO BCTpEYaloONINXCcsI M He OOHapy>KeHHBIX B HC-
CJieNOBAaHHBIX HaMM T'e€HaxX 4yejJoBeKa TUKOIOHOB
(puc. 5), TO HETPYAHO 3aMETUTh, YTO B HEM MPe0O-
JIamafoT, C OMHOW CTOPOHBI, KOJOHB aMIHOKHCIOT
(cepuH, JNEMLIMH U aprUHUH), KOAUPYEMBIX 6 KO-
JIOHAMM, a C JIPYroil CTOPOHBI, KOJOHBI C TUHYK-
neotuaoM CpG, 4yTo TOOYXKIaeT OOBSICHUTH MC-
kioueHne kBapteta kogoHoB CGC, CGT, CGA
u CGG u3 rena H1 HA kak nposiBieHue oOILEero
3arpeTa no aukKomoHaMm. OaHAaKO 3Ta apryMeHTa-
LM OTMETAeTCsl OrPaHUUYEHHOCThIO UCKIIOUCHUS
ToJibKo TeHamMu H1 HA 1 He pacripocTpaHeHUeM ee
Ha Apyrue reHbl BupycoB rpurnima noaruna HINI
¥ Ha IpyTHe MTOATUIBI BUPYCOB I'PUIIIIA.
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IlpuemyieMbIM  OOBSICHEHUEM  UCKJIIOUEHUS
kBapreta komoHoB CGC, CGT, CGA u CGG
un3 reda H1 HA moxxeT OBITh CBSI3aHO C OCOOEHHO-
CTSIMU CTPYKTYphI caMmoro oesika HA, B yacTHoCcTH
OTrpaHUYCHUSIMU B €r0 MHBAPUAHTHOM ITOCIIeI0Ba -
TeJbHOCTU. Tak, clAeACTBHMEM 3ampeTa B TPaHCIS-
nuoHHoM Kozae reHa H1 HA na konponsl CGC, CGT,
CGA u CGG OynyT COOTBETCTBEHHO OTpaHUYEHUS
Ha 3aMEHBI 0 8§ aMUHOKHMCIIOTaM (CM. puc. 3): IIu-
OUHY, TpUIIToDaHy, HUCTEUHY, CepUHY (B clydae
KOAUPOBAHUS €ro KogoHaMu ¢ KopHeM AG), npo-
JIMHY, JIEWLIUHY (B clydyae KOAUPOBAHUS €ro KO-
npoHaMu ¢ kopHeM CT), THCTUAMHY U TIyTaMUHY.
OrpaHuyeHUsT Ha LIMCTEWH, TpUITOodaH, IIUIIH
W JISHIIMH CBSI3aHBI C IPUCYTCTBUEM UX B MTHBapU-
AHTHBIX TTO3ULIMSX MEPBUUYHON CTPYKTYpPHI Oelrka
HI1, u 3anpeT Ha ucnojib3oBaHue B koae reHa HI
BCEro KBapTeTa TPUILJIETOB aprMHUHA C KOPHEM
CG npecekaeT BO3MOXHOCTU MYTUPOBAHU S KOO~
HOB 3TUX aMHUHOKHCJIOT

Brigsnenue ckpoitoii poniu CK B HEBBICOKOM
3(pHEKTUBHOCTH MPOTUBOTPUITIIO3HBIX BaKIIUMH
emre OoJjiee ybexaaeT B TOM, YTO BO3MOXHOCTh
YCHEIIHOI0 MCHOJb30BaHUSI TPUHIIUMNA <«OAUH
MMMYHOTEH [IJIsl BCeX IITaMMOB MOATHUIIA BUpycCa»
MajgoBeposiTHa. OOWH M3 IIyTeil pelIeHus Ipo-
0JieMbl ¢ yBeJandeHueM 3(GEKTUBHOCTU NPOTUBO-
TPUIMNO3HBIX BakKUMUH MpuMeHUTeabHO K MPHK
BakKIIMH MOI' Obl 3aKJIYaTbCs B IPUBJICUCHUU
NPOTUB LITAMMOB OJHOIO IMOATHUIIA 2—3 UMMYHO-
reHoB, To ecTh 2—3 MPHK, oxBaTeIBatonnx 6oJee
IIUPOKUI CHEKTP UUPKYJIUPYIOLIUX B SNUACCE30-
He IITaAMMOB COOTBETCTBYIOIIIETO MOATHUIIA, OUPa-
SICh Ha TpeACcTaBJCHUE O TOMUHAHTHBIX IITaMMax
noaTumna, ynomuHaembix B maHax CIIA n BO3
M0 TTIOMCKY YHUBEPCAJIBHBIX ITPOTUBOTPUTIITO3HBIX
BakiuH [4, 5]. KoHcTpynpoBaHue COOTBETCTBYIO-
mux M MPHK Morio 6bI OCHOBBIBAaTHCS Ha TOM
e NpuHLuIe (HO 0ojiee pacCIIMPEHHOM), YTO ObLIT
MNpenJoXeH HaMU paHee AJsI IMOCTPOCHUS JTOMMU-
HaHTHOI 0enKoBoil cTpykKTyphl HA omHoro miam
HECKOJIbKUX 3MHUICE30HOB, B 3aBUCUMOCTH OT Iie-
JieBOIi ycTaHOBKM [1].

IIpuBeneM c momolIibio puc. 9 KpaTkoe U3jaoxe-
HUE TpOoLEeaYpPhl MOCTPOCHUs (hparMeHTa aMUHO-
KHCJIOTHOUM IOCJICA0BATEIBHOCTU AOMUHAHTHOTO
H3 HA snunce3zona 2018—2019 rr., KoTOpas JIErKo
TpaHchopmupyetcsd B joMruHaHTHY10 MPHK 3ame-
HO aMUHOKMCJIOT COOTBETCTBYIOIIMMU KOJOHAa-
mu. Ha puc. 9 nepBblil BepTUKAJIbHBIN YHCIOBOK
psa — HyMepalus MO3UNMii aMuHOKUCIOT B HA,
BTOPOM BEepTUKAJIBHBIN PSII aMUHOKHUCIIOT — CO0-
CTBEHHO caMa ITOCTPOCHHAas JOMUHAHTHAs IOCIIe-

Cnucok nutepatypsbl/References

JnoBaTesibHOCTh HA anuice3oHa, nmapajjiejibHO i,
npaBee — «CKeJIeT» MOJIEKYJIBI C pacHOJIOXKEHUEM
MHBapUaHTHBIX (MpeACcTaBJIeHbl O0O3HAYCHUSIMU
aMUHOKHCJIOT) M BapuaOeIbHBIX (ITPeICcTaBICHBI
TOYKaMM) caiiToB. 3a IOCICMHUMH CIICAYCT TOPU-
30HTAJBHBIN pSII BCEX 3aMeIalolINX aMUHOKWC-
J10T, OOHaApy>XXeHHBbIX B 3TUX no3uuusx HA y pas-
HBIX IITAMMOB 3IUJACE30HA, C yKazaHueM (B CKOO-
Kax) s KaxXJIoil aMMHOKMUCIOTBI 4YacTOTHI €€
BcTpedaeMocTu. CTpomyiach JOMUHAHTHAS TTOCIIE -
IoBaTelIbHOCTH HA BcTaBICHMEM B IIeNb C UHBAPU-
aHTHBIMU 0JIOKAMY JOMUHAHTHOM aMITHOKMCJIOTHI
U3 IPUBOIMMOTO TOPU30HTAIBHOTIO Psi/ia 3aMeH sie-
MBIX aMUHOKHMCHOT [1].

Kaxk cremyet u3 puc. 9, tToMuHaHTHAS TTOCIEI0-
BaTeJIbHOCTh HA He oxBaThIBaeT BCe U PKYJIUPYIO-
e MTaMMBbl, 1 HepeAKU CUTyalluu (HarpuMmep,
no3uuuu 147 m 151), xorga B COOTBETCTBYIOIIEH
NO3UIIMU AOMUHAHTHAasE aMHWHOKHCIOTAa IO YKC-
JICHHOCTH HE HAMHOTO MPEBOCXOAUT IPYTYIO aMU-
HOKHUCJIOTY B 3TO# Xe¢ BapHadeIbHON ITO3UIIWM.
TTocneaHIol YyCIOBHO MOXHO Ha3BaTh Kak Cyomdo0-
MHUHaHTHYO. [lo3TalTHO MOXHO MOCTPOUTH HeE-
CKOJIbKO cyOmomMuHaHTHBIX HA, 3aMelnas kax-
IYIO BapUOEIbHYIO MO3ULUI0 UHBAPUAHTHOU ITO-
ciaegoBareibHOCTH HA HOBBIMM YMEHBITAIOIIUMU
IO YacTOTe BCTPEUAEMOCTH aMWHOKMCIOTAMM.
B COBOKYNMHOCTHY ¢ JOMWUHAHTHOM MOCJIEA0BATEb-
HocThlo HA oHU obOecrnieunBaloT 6ojiee MUPOKUT
oxBaT HA 1mITaMMOB COOTBETCTBYIOILIETO ITOATH-
na. B otninune or MPHK BakiinH, ucronb3oBaHUe
ONMCAHHOTO MOAXOIa IPUMEHUTEIBHO K KJac-
CUYCCKUM BaKIIMHAM W3 BHPUOHOB COIIPSIKEHO
C BO3pacTaHMEM aHTUTEHHOW HArpy3KHM BaKIIMHBI
3a cueT OEJIKOB BUPYCOB, HE BOBJIEUEHHBIX B (Op-
MHpOBaHUE K HUM UMMYHUTETA.

3aBepmiass OOCYKJICHHE pe3yJIbTaTOB OMOMH-
(GOpMaAITMOHHOTO aHaJI3a MEPBUYHON CTPYKTYPHI
reHoB HA BUpPYCOB rpumnia XoTejJoch Obl MogYepK-
HYTb IMOJIE3HOCTH €r0 B BBISIBJICHUU TE€X UX OCOOEH-
HOCTeli, KOTOpbIe TTOTEHIIMAJIbHO MOIJIM OBl Orpa-
HUYUBATH YCIIEITHOCTh MX PEKOAMPOBAHUS C IIE-
Jbl0 MoJlydyeHust Ha ux ocHoBe MPHK BakuuHBI.
BrisiBIcHME HECKOJNBKUX OTPaAaHWUYEHHUI B CTPYK-
Type TeHOB IpeariojaraeT, YTo Jrbdasi ee MOAUIIM-
Kauus (B 11000M reHe) HoJXKHa He TTPOTUBOPEYUThH
KaxXXJIOMy U3 OTpaHUYCHUI, YCTAHOBICHHBIX IIPU-
ponoii. CpaBHuBast HA montumoB HIN1 1 H3N2,
MOXKHO NpeIBUACTH OOJIbIIE BO3MOXKHOCTEH B KOH-
cTpyupoBaHuu ctabunbHoit MPHK y moatuna
H3N2 u3-3a UCKJIIOYEHUS M3 TPAHCIASLIMOHHOTO
konay reda nogruna HINI1 kBapTeTa KOJOHOB, KO-
IUPYIOLIINX apTUHUH.
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rPUMMN U HEFPUMNMNO3HBLIE OPBU Y AETEWN.
B3AMMOCBHA3b NPODPUNIA LUTOKUHOB,
NAPAMETPOB CUCTEMbI «[MTEPEKUCHOE
OKUCJIEHUE TMNNOOB — AHTUOKCUOAHTHASA
SALLUTA» C KIIMHUKO-JTIABOPATOPHbIMU
NOKASATEJIAMMU

M.A. dapenckas, E.JI. Kazanuena, A.I". Ilerposa, JI.B. PeiuxkoBa, C.I. KojecHukos,
H.B. Cemenona, H.A. Kypamosa, A.C. Jlecnas, JI.®. I1lonoxos, JI.!. KonecunkoBa

OI'BHY Hayunutii yenmp npobaem 300p08us cemvu U penpooykyuu veaogeka, e. Upkymcek, Poccus

Pestome. ['punn u npyrue octpsie pecniupatopHsie BupycHbele MHGekuuu (OPBU) HaHOCST cylllecTBeHHBIN yuiepo
3M0poBbI0 HaceneHnsi PO 1o mpuyrHe UX CE30HHON UPKYISIIUYN U TPEUMYIIECTBEHHOMY ITOPakeHUIO NeTeil paH-
Hero Bo3pacTa. JaHHBIX 0 moka3zaTeasix NMpoduyis LUTOKUHOB, Hecnenuduueckoii cuctemMbl «[10OJI—AO3» u ux
B3aMMOCBSI3SIX ¢ KIMHUUYECKUMU XapaKTepUCTUKAMU TpU JTaHHBIX 3a00JIeBaHUSIX y IETeil TOIKOJBbHOTO BO3pacTa
KpaitHe MaJjio. [lesbio HAaCTOSIIEro UCCIeOBAHMUSI SIBUJIACH OLIEHKA ITapaMeTPOB IIUTOKMHOBOTO MPOMUJIS, CUCTEMbI
«[TOJ1 — AO3» 1 UX B3aMMOCBSI3U C KJIMHUKO-Ta00PaTOPHBIMU XapaKTepUCTUKAMU 3a00JIeBaHUI Y A€TEl NOIIKOJIb-
HOro Bo3pacTa ¢ rpurnnom u apyrumu OPBU. O6cnenoBaHo 86 neTeii 101KOJbHOTO Bo3pacTa (3—6 JieT): ¢ ycTaHOB-
JIEHHBIM AuarHo3oM rpunm (n = 31), Herpunno3usiMu OPBU (n = 28), npakTuuyecku 300pOBbIe 1eTH (KOHTPOJIbHAS
rpynna (n = 27). BceM getam mMeToaoM TBepaoda3HOro MMMYHOMEPMEHTHOrO aHaJiu3a MPOBOAUIMN OMpeleaeHe
B CBIBOPOTKE KPOBU KOHILIeHTpaluu C-peakTuBHOrO 6enKka u uutokuHoB [L-13, IL-4, IL-6, IL-8, TNFo, IFNao, [FNy.
Hnsa oueHku coctogHus cuctembl «[10OJI—AO3» ucnonb3oBaluch CeKTpoGOTOMETpUUYECKUE, (PIIOOpOMETpUYIEC-
KHe ¥ UMMYHO(MEepMEHTHBIC METOIBl aHaau3a. B rpymme neteit ¢ rpumnmnoM B cpaBHeHUM ¢ apyrumu OPBU BbIsIB-
JieHa OoJiee BHICOKAST YACTOTa BCTPEUAEMOCTH MHTOKCHUKAIIMOHHOTO CUHAPOMA. B IMTOKMHOBOM mpoduie y aetei
00enX KJIMHUYECKUX I'PYIIIT B CPABHEHUM C KOHTPOJbHBIMU 3HAYCHUSIMM YBEIMIMBAINCh ITOKa3aTe 1, KaK IMIPOBOC-
MaJUTENBHOr0, TaK ¥ IIPOTUBOBOCIIAIMTEILHOIO XapakTepa. B rpymrie gereit ¢ Herpunno3susiMu OPBU B Hecnenu-
uueckoii cucteme «I[10OJI —AO3» HalineHBl OoJiee BHICOKME 3HAYeHUST KOHeUuHbIX nponykToB [10JI Ha doHe cHU-
JKEHHOI KOHIIEHTPAIIUM XKUPOPACTBOPUMBIX BUTAMMHOB, O0IIel aHTUOKUCIUTEIBHOM aKTUBHOCTH, YpoBHSI GSH,
aktuBHOoCcTH CO/I. B rpymre ¢ rpummoM MOBBIIIIEHB! 3HAYCHH S TIEPBUIHBIX M KOHEUHBIX ITponyKToB [10JI, cHuke-
HBI 3HaYCHUSI PETHHOIA, 0i-TOKOo(depora, o0Iell aHTHOKHUCIUTEIbHOI aKTUBHOCTH, BhIle ypoBHU GSSG u CO/I.
OTMeueHBl MHOTOUMCIEHHbBIE KOPPEISIIMOHHBIE 3aBUCMMOCTH B TpyTe aeteii ¢ OPBU: 1L-1p —ketoHsl, 1L-6 —ke-
toHbl, IL-8 —xetons, TNFo—xetonsl, IL-4—xertonsl, [FNy—onsimka, [FNo— kamensb, [IB.cB. —1uxopaka,
HB.cB. —ACT, IO —wunTOKCUKAIUS, peTuHON—auxopaaka, GSSG —xkamens. ['pynmna ¢ rpunmnomM oTidyaach
caenyromuMu B3auMocBs3aMu: 1L-4 —xketonsl, IL-4 —nuxopanka, IFNo —xetorsr, IK — ACT. MoXHO 3aKTIOUNTH,
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M.A. apeHckas n gp. MHdekumns n uMmyHuTeT

YTO Yy JeTeil pomkonbHoro Bo3pacta ¢ OPBU u rpunmnom u3MeHeHUs B HUTOKUHOBOM Mpoduie COMPOBOXAAIOTCS
POCTOM MPO- U MPOTUBOBOCIAJIUTEIbHBIX HUTOKWUHOB, MOBBIIIEHHON WHTEHCUBHOCTBIO peaKIMii JUTIONEePOKCUIa-
LMY Ha (hOHEe CHUKEHHbIX 3HAYEHUI aHTUOKCUIAHTHBIX GakTopoB. B rpynmne ¢ OPBU oTMeuaioTcsi B3aMMOCBSI3U
KOHEYHBIX TOKCUYHBIX MMPOIYKTOB JTUTMONEPOKCUAAIIUN — MIUGB(OBBIX OCHOBAHU I — € TOKA3aTeJIeM HUHTOKCUKALIUH,
a TaK>Xe HaJM4yue 3alIMTHBIX MEXaHU3MOB B BUJIE CBsI3€i MHTEP(HEPOHOB ¢ KIMHUYECKUMU TPOSIBICHUSIMU 3200J1¢e-
BaHUs1. [pyma ¢ rpunmnoM oTanyatach HAJIMYKUEM 3aBUCUMOCTE MPOTEKTUBHOTO XapakTepa, YTO MOXET UMETh OJ1a-
TOMPUSITHBIN 3 (EKT B YCIOBUSIX pa3BUTHSI ITATOJOTMUECKOro npotecca. [loaydeHHble JaHHbIe TOMOTYT PacIlUPUTh
MOHMMaHNE NaTOreHETUYECKMX MEXaHM3MOB UMMYHHOUN peaKTUBHOCTU M HecnelubuyecKuX peakiuit TMmonepox-
CUJAIIMU Y MALIMEHTOB JOLIKOJIBHOT0 BO3pacTa U c(hopMyarnpoBaTh COOTBETCTBYIONINE MEPOTIPUSITHSI ITO KOPPEK LIV H.

Karoueesvie caosa: epunn, ocmpbule pecnupamopHble UpYCHble UHGeKUuU, demu, 00OUKOAbHII 803DACM, UUMOKUHbL, NEPEKUCHOe
OKUCAeHUe AUNUA08, AHMUOKCUOAHMHAS 3aUUMA, UHMOKCUKAUUSA.

INFLUENZA AND NON-INFLUENZA ARVI IN CHILDREN. A RELATIONSHIP BETWEEN CYTOKINE
PROFILE, PARAMETERS OF THE “LIPID PEROXIDATION — ANTIOXIDANT DEFENSE SYSTEM”
AS WELL AS CLINICAL AND LABORATORY INDICATORS

Darenskaya M.A., Kazantseva E.D., Petrova A.G., Rychkova L.V., Kolesnikov S.I., Semenova N.V.,
Kurashova N.A., Lesnaya A.S., Sholokhov L.F., Kolesnikova L.I.

Scientific Centre for Family Health and Human Reproduction Problems, Irkutsk, Russian Federation

Abstract. Influenza and acute respiratory viral infections (ARVI) impose a substantial damage to the population health
in the Russian Federation due to their seasonal circulation and predominantly affect young children. A very few data on the
cytokine profile, the nonspecific LPO — AOD system and their relationships with clinical characteristics in such diseases
in preschool children are available. The aim of this study was to assess the cytokine profile, LPO — AOD system parameters
and their relationship with the clinical and laboratory characteristics of diseases in preschool children with influenza and
other ARVI. 86 preschool children (3—6 years old) were examined: with an established diagnosis of influenza (n = 31),
non-influenza ARVI (n = 28), apparently healthy children (control group (n = 27). All pediatric samples were analyzed
by enzyme-linked immunosorbent assay assessing blood serum concentrations of C-reactive protein and cytokines
IL-1B, 1L-4, IL-6, IL-8, TNFa, IFNa, IFNy. Spectrophotometric, fluorometric and enzyme immunoassay methods
to assess the state of the “LPO — AOD” system were used. In the group of children with influenza vs other ARVI, a higher
incidence of intoxication syndrome was revealed. Cytokine profile in children from both clinical groups compared with
control cohort was featured with higher indicators of both pro-inflammatory and anti-inflammatory origin. Children with
non-influenza ARVI, had increased magnitude of LPO final products in the nonspecific LPO — AOD system along with
lowered concentration of fat-soluble vitamins, general antioxidant activity, GSH level, and SOD activity. In the group with
influenza, the level of primary and final lipid peroxidation products was increased, whereas that of for retinol, o.-tocopherol,
and total antioxidant activity was decreased paralleled with higher GSSG and SOD levels. Numerous correlations were
noted in the group of children with ARVI: IL-1f/ketones, IL-6/ketones, I1L-8/ketones, TNFo/ketones, 1L-4/ketones,
IFNy/shortness of breath, IFNa,/cough, double bonds/fever, double bonds/AST, SO/intoxication, retinol/fever, GSSG/
cough. The influenza group differed in the following relationships: IL-4/ketones, IL-4/fever, IFNa/ketones, CDs/AST.
It can be concluded that in preschool children with ARVI and influenza, changes in the cytokine profile are accompanied
by increased pro- and anti-inflammatory cytokine levels, increased intensity of lipid peroxidation reactions along with
reduced magnitude of antioxidant factors. In the group with ARVI, there was a relationship between the final toxic products
of lipid peroxidation — Schiff bases — and the intoxication index, as well as the presence of protective mechanisms in the
form of connections between interferons and disease clinical manifestations. The group with influenza was distinguished
by the presence of protective relations, which may have a beneficial effect in the context of developing pathological process.
The data obtained will help expand the understanding of the pathogenetic mechanisms related to immune reactivity and
nonspecific lipid peroxidation reactions in preschool patients and formulate appropriate measures for correction.

Key words: influenza, acute respiratory viral infections, children, preschool age, cytokines, lipid peroxidation, antioxidant defense, intoxication.

BeepgeHue

I'purnmn u ocTpble pecriupaTOPHO-BUPYCHbIE WH-
dexkuuu (OPBW) HaHOCAT cylilecCTBEeHHBIN yIlepOo
300pOBbIO HaceseHUs1 PP, cpaBHUMBII O 4aCTOTE
C TpaBMaTU3MOM M CEpPAEYHO-COCYIUCTBIMU 3a-
ooneBaHusmMu [33]. YacTtora AMarHOCTUPOBAHUS
OPBU Herpunmno3Hol »>TUOJOTUM (Maparpui,

aJIcCHOBUPYCHasl, PeCnUpPaTOPHO-CUHIIUTUAIbHAS,
KOpOHaBUpYyCHasi, 00KaBUPyCHasi, METaITHEBMOBM-
pycHast u puHoBUpYycHast uHdekuus) B 2023 1. co-
craBuia 13,4% [8]. Cepbe3Hoii mpobieMOii rpu-
na u apyrux OPBU gBiusercs mopaxXeHue JUII,
OTHOCSIIIMXCS K TpyIlIaM pucka (IeTU paHHEero
BO3pacTa, MOXMJIbIE JIIOIU, JULA ¢ OCIa0JeHHBIM
MUMMYHUTETOM U JIMIIa C XPOHUYECKUMU 3a0oJie-
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BaHusmu) [31]. Tak, yuciio 3a60a€BUINX CPEAU JIULL
NETCKOM MOMYJSLMU B IEPUOL ISMUAEMUNA MOXKET
npesbimath 30%. CTOUT OTMETUTD, YTO PUCK 3a-
0ojieBaHUS B JIETCKOM Bo3pacTe OObIYHO B 1,5—
3 pasa mpeBBIIIAET JAaHHBIE 110 B3pOCIBLIM [36].
DnuaeMuogoruyeckasi CUTyalusi Mo HOBOH KO-
poHaBUpyCHOI uUHMeKnnu, BbI3BaHHON SARS-
CoV-2, Takxe TpeOyeT OoJiee MPUCTATbHOTO BHU-
MaHU$ K HOBOMY CE30HY I'pUIINa, U B TIEPBYIO OYe-
peab 3TO KacaeTcs MallMeHTOB U3 rpyIn pucka [35].
C110coOHOCTh BUpyca IpuMna K aHTUTeHHBIM U3-
MCHEHUSM OIIpeneasieT HeAOCTaTOuHYI0 3dhdek-
TUBHOCTH ITPOTUBOTPUNIMO3HBIX BaKOWH U CHU-
XaeT BO3MOXHOCTU (apMmakoTepanuu 3abojeBa-
HUS, YTO TUKTYET HEOOXOAMMOCTDb UCCISAOBaHUM
MaTOreHeTUUYEeCKUX MEXaHMU3MOB I'PUIIIIA U IPYTUX
OPBM [33].

OCHOBHBIM (HaKTOPOM, OMNPEACaSIOIINM CKO-
POCTh KJIMHUYECKON MaHMGEcTalluu U TeYyeHUE
NHMEKINOHHOTOo 3a00JIeBaHUsI, CIMTACTCS peak-
TUBHOCTbH CUCTEMBbI UMMYyHUTeTa [12]. B HacTos-
WA MOMEHT CYIIECTBYET JOCTATOYHOE YMCIIO UC-
clefoBaHU O 3HAYMMOCTU LIUTOKMHOB ITPU MaH-
JIEMHUYECKOM TPUIIE y B3POCIBIX U MOAPOCTKOB,
OHAKO Pe3yJIbTaThl U3yYeHU ST AMHAMUKHU TOKa-
3aTejeil HUTOKUHOBOIO MPpoduJis B 3aBUCUMOCTU
OT OCOOEHHOCTel TeUueHUSs pecnupaTOpHBIX 3a-
OoleBaHUI y AeTeii HEMHOTOUYNCIICHHBI 1 WHOTIA
HOCAT npoTtuBopeuuBbiil xapakTep [20]. Cuctema
HecIenndruIecKO CUCTEMBI MEPEKUCHOTO OKMC-
JIEHUSI JIMMMUJI0B — aHTUOKCUAAHTHOW 3allUThl
(ITOJ1 —AO3) MoxeT HUMeTh OOJIbIIIOE 3HaYe-
HHUE B TeUeHUU WH(EKIIMOHHOTO Tpoliecca [19].
JlokazaHa poab ITOJI B mpoueccax ¢arouurosa
U pa3pylIeHUsI MUKPOOPraHU3MOB, MeTaboI3Me
MeYyeHbI0 KCEHOOMOTUKOB, OMOCUHTE3€ HEKOTO-
PBIX OMOJOTMYECKU aKTUBHBEIX BEIeCTB, HAIIpU-
mep, npocrtarnaHauHoB [10, 34]. CooObuianochk,
YTO pecrnupaTopHbie MHGEKIIMU NPUBOASIT K UH-
OYKIMU peakKnii okucauTeabHoro crpecca (0OC),
a TUIIEPOPOAYKIIMS aKTUBHBIX (hOpM KHUCIIOpoIa
(ADK), okasbiBaeT BBIpaXKEHHBIN TTOBpPEXIal0-
Uil 2¢bHeKT B OTHOLIEHUWUM MHOIOUYMCJIEHHBIX
KJIETOUHBIX CTPYKTYP, UTO CIIOCOOCTBYET, B CBOIO
ouepenb, W3JIUIIHEH aKTUBHOCTA WMMYHHOU
cucteMsl [5, 6, 7]. 36bITOYHOMY OGpPa30BaHUIO
A®K nporuBoneiictByeT cuctema AO3, Beny-
LM 3BEHOM KOTOPOU SIBJISIIOTCSI aHTUOKCHUIAH-
THl — COEIMHEHMUS, CIIOCOOHBIE MHTUOUPOBATH
U cHUXatb mHTeHcuBHOCTE ADK okwucieHus,
HeWTpaJau3oBaTh CBOOOAHBIE paaKaJibl, OOMEHU-
Bas UX aTOM BOJIOpPOJa Ha KUCIOPOA CBOOOTHBIX
pagukanoB [17, 25]. HecmoTpsa Ha wmMelominecs
WCCIeNOBaHUs, TaHHBIX 00 aKTUBHOCTU MOKa3a-
TeJieil IMTOKMHOBOTO Npoduiist, Hecreluduyec-
koit cucteMbl [1OJI—AO3 u MX B3aMMOCBS3SIX
C KJIMHHUYCCKMMHU XapaKTePUCTUKAMU Y OEeTEeU
JIOTIKOJIBHOTO BO3pacTa, 0OJbLHBIX TPUTITIOM U He-
rpunno3nsiMu OPBU kpaitHe mano.

B cBg3M ¢ 3THM, 11€J1bI0 HACTOSIIIIETO NCCIICI0BA-
HMSL SIBUJIOCH OLICHUTh ITapaMeTpbl IIUTOKMHOBOTO
npodpuis, cuctreMmbl I1OJI—AO3 u ux B3aumMoc-
BSI3b C KJIMHUYECKHUMM XapaKTECPUCTUKAMU 3a00-
JIeBaHUs y IeTell MTOIIKOJBHOTO BO3pacTa ¢ TPUII-
nom u gpyrumu OPBU.

Matepuanbl 1 MeToOb!

O06cieqoBaHo 86 meTeil JOIIKOJIBHOTO Bo3pacTa
(3—6 51eT): ¢ yCTaHOBJIEHHBIM AUATHO30M «I puIim»
(n = 31), Herpunmmo3ubiMu OPBU (n = 28), u mpak-
TUYECKU 3JO0POBBIC IeTH (KOHTpPOJbHAS TPYIIa
(n = 27). Bce netu HAaXOAMJIUCH Ha CTallMOHAPHOM
nedenuun B OI'BY3 «Mpkyrtckas obGigacTHast MH-
(deKIIMoOHHasI KIMHUYecKass OOJbHHIIa» C JIcKa-
ops 2018 no ssuBapsb 2019 r., 10 Havyaja SNUAEMUUN
COVID-19.

Jduarno3z OPBM craBujicss Ha OCHOBAaHUU KJIU-
HHUKO-JIAa0OpaTOPHBIX JaHHBIX. [Ipm IMOCTaHOBKE
nuarHo3za OPBU B 86% (n = 24) cny4yaeB BUPYC He
OBbLJI 3TUOJOTNYECKU UASHTUMUITMPOBAH U UCKJTIO-
yeHa GakTepuaiabHast MHPekuus, B 3,5% (n = 1)
ciy4daeB OBLI OTIpeeJICH BUPYC MaparpuIiia 4 TUIa,
B 3,5% (n = 1) — puHOBUDYC, B 3,5% (n = 1) — pe-
CHOUPATOPHO-CUHIUTHAIbHBIN BUpPYC, B 3,5% (n =
1) — MuKcT-BUpycHas MHpeKLusa (agecHOBUpPYC +
naparpurti 1 Tuna + koponaBupyc OC43/HKU 1).

JvarHo3 rpunia ObL1 1a00paTOPHO BEpUPUIIU-
poBaH MmeTogoMm ITLP ¢ TunupoBaHueM ITAMMOB
rpunna A/B y 94% (n = 29) aereii B rpyIile Mc-
ciaenoBaHus. B aTnoiaormyeckoit CTpyKType mpe-
obmanan ceporun rpunma A(HINI)sw2009, on
onpeneisiiaca B 81% (n = 25) ciayuyaeB. Bropoe me-
CTO 10 YaCTOTE BBISIBJICHUSI MPUHAJIEkKaJO TPUII-
ny A(H3N2) B 13% (n = 4) cayuaeB. ¥ 6% mramMmm
BUpycCa IpUIIIa He ObLT UAeHTUDUIHpOBaH. deTn
C TPUIIIIOM MMEJIN TPEeUMYIIECTBEHHO CPEIHIOI0
CTETeHb TSIXKECTU 3a00JIeBaHU .

AHaau3 KJIMHUYECKUX OCOOEHHOCTEN TEUYEHU S
rpunna u OPBU y peteii mpoBoauICS C y4eTOM
JUTUTEJILHOCTU 3a00JIeBaHUS, KOJIWYECTBA JIHEM
npebbIBaHMS B CTallMOHApe, JMarHo3a OCHOBHOTO
M COMYTCTBYIOIIETO, HAJTUYM S OCTOKHEHU M, UCXO-
na 3ab0oJieBaHUS, HAJIUYMS B aHAMHe3e CBEICHUM
0 BaKIMHALINK OT rputia. KnmHnyeckas KapTuHa
OllEHMBaJIaCh 110 MPEIbSIBISIEMBIM XajlobaMm, Ha-
JIMYMIO, XapaKTepy U IJUTEJIbHOCTU CHUMIITOMOB:
PUHUTA, KalllIsl, THTOKCUKAIIUU (BSIJIOCTH, OTKa3
OT eIbl, TOIIHOTA UM PBOTA HAa MHUKE JIMXOPAIKH,
oburas ci1abocTb, HApyIIEHUE CHA) U JUXOPAAKU
(y4yuThIBaJIOCh TIOBBILIEHUE TEMIIEpaTyphl TeJja
ot 37,2 no 38,0°C — cybO(pebpunabHasg nauxopa-
Ka, ot 38,1 mo 39,0°C — ¢pebpuabHAsa IUXOpaaKa,
ot 39,1 no 40,0°C — nupeTuyeckas Juxopanaka),
IPYTUM KJIMHUYECKUM MPOSIBJACHUSIM (ChIMb, CYyI0-
poru, 60JIb B TOpJie, TOJOBHAas, MBIIIIEYHas1 00JIN),
OTKJIOHCHUSIM J1a00paTOPHBIX TTOKa3aTejieil ooIe-
ro, OMOXMMHMYECKOTO aHaJM30B KPOBU M OOIIETO
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aHaJM3a MOYM MPU MOCTYIMJIEHUU, OObEMY U MPO-
JMOJIKUTEIBbHOCTU WHMY3UOHHOU, MPOTUBOBUPYC-
HO M aHTUOAKTepUaJIbHOU Teparuu B TeUeHUE
BCEro 3aboJjieBaHUs.

KoHTponbHas rpynna BKJouyaja NpakKTU4eCKU
310pOBbIX neTeil (n = 27) 6e3 mpusHakoB OPBU
uiu cnycts 14 nHeit mocne nmepeHeceHHoit OPBU
U OblJ1a COMOCTaBMMa MO BO3PacTy, aHTPOIIOMETPU-
YEeCKUM JaHHBIM U TTOJIOBBIM MPU3HAKaM C T'pyIia-
MU OOJIbHBIX AETEM.

KputepussmMu BKIJIIOYEHUSI B TpyIIny JAeTeit
¢ OPBU u rpunmnoM OBUIN: 1eTH 3—6 JIET BKIIOUM-
TeJIbHO, OATBEPKACHHBI AuarHo3 «['punm» uin
«OPBH», moanucaHnHoe WHGMOPMUPOBAHHOE CO-
rlacue Co CTOPOHBI POAUTENICH U/MJIN 3aKOHHBIX
npeacTtaBuTeseil pedbeHka.

Kputepun BKJIIOYEHHMS] B TPYIITY KOHTPOJS:
MpaKTUYECKH 3H0POBBIE NeTH 3—6 jer, 6e3 mpu-
3HakoB OPBU unu cniycts 14 nHeli mociie nepeHe-
ceHHoii OPBU, noagnucaHnHoe MHGOPMUPOBAHHOE
coTJjlacue CO CTOPOHBI POIUTENIEH 1/ MU 3aKOHHBIX
npeacTtaBuTeseil pedbeHka.

Kputepun MCKIIIOUEHUS: HEXeJIaHUE POIUTEeNei
W/WJIV 3aKOHHBIX TTpeCcTaBUTEe el MaliueHTa IIPUHU-
MaTh y4acTHe B UCCJIEAOBAHUU Ha JIIOOOM 13 3TAllOB,
HECOOTBETCTBUE NMalleHTa KPUTEPUSIM BKITIOUCHU .

B3siTue kpoBu U3 nepudepruieckoro KpoBoToka
y AeTeil OCYIIEeCTBISAN YTPOM HATOIIAK U3 JIOKTE-
BOI BEHBI B MEPBbIN JeHb rocnuTagiu3anuu. B ka-
YyecTBe MaTepuaja HUCCJIeNOBaAHUS HWCIIOJb30Balu
MJia3My, CBIBOPOTKY U T€MOIU3aT IPUTPOLIUTOB.

IlpoBeneHo  ompeaefeHWe  KOHUEHTpallMU
C-peakTuBHOTO Genka u ruTokKuHOB 1L-1[3, 1L-4,
IL-6, IL-8, TNFo, IFNa, IFNY B cbIBOpOoTKe KpO-
BU METOAOM TBepaoda3zHOro UMMYHO(MEPMEHTHO-
ro anayim3a (MMA) ¢ ncmoab3oBaHUEM TMAarHOCTH-
YEeCKUX TECT-CUCTEeM Mpor3BoacTBa «BekTop-bect»
(r. HoBocubupck). UsmepeHust IpoBOAMIN HA MU-
KporutaHiieTHoM (oTtometrpe («Multiskan EX»,
DdOuangauINd).

AHanu3 akKTUBHOCTU Hecneuudruyeckoil cu-
CTEeMBbI JIMMIONEPOKCUAAIIMU TTPOBOAUIIHU TIO COAEP-
>KaHU10 HEHACHILLIEH HBIX IBOMHBIX CBs13eit ([IB.CB.),
NEePBUYHBIX — NUEHOBBIX KOHBbIOTaTOB (I K) 11 BTO-
PUYHBIX — KETOIMEHOB M COITPSI)KEHHBIX TPUEHOB
(KO u CT) npoayKToB B IJla3Me KPOBU 1O METOLY
N.A. Boanueropckoro (1989) [3]. ComepkaHue Ko-
HeuHbIX npoaykToB I1OJI, pearupytomux ¢ TUO-
oapoutyposoii kucioroit (TBK-AIT) onpenensiiu
GbayopuMeTpUYECKH C TIOMOIIbIO Habopa peak-
TuBOB «Arat» (Poccust). O COCTOSHUU CUCTEMBI
aHTUOKCUAAHTHOM 3auThl (AO3) cyauau no oo-
et aHTUOKUCAUTEeAbHOM akTUuBHOCTHU (AOA), ak-
TUBHOCTHU cyriepokcuaaucmyTtasbl (COJl) B cbiBO-
POTKE KPOBU (C MOMOIIIbIO KOMMEPUYECKOTo Habopa
dupmbl «Randox» (BenukoOpuTaHus), comepxKa-
HUWI0 BOCCTAHOBJIECHHOTO U OKMCJIEHHOTO TJIyTaTu-
oHoB (GSH u GSSG) B sputpouuTax (remosim3a-
Te) [24], a-Tokodeposa U peTUuHOIa B ChIBOPOTKE

KpoBu [14]. M3mepeHUsT mpoU3BOAUIN Ha CHEK-
Tpodoromerpe «CP-2000» (Poccust), cnekTpod-
Joopodotomerpe «BTS-350» (Mcmanus) u moJry-
aBTOMAaTMYECKOM JIIOMUHECIIEHTHO-(OTOMETPH-
yeckoMm aHanmzatope «®Dmoopar 02 ABDOD-T»
(Poccus).

CraTtuctuuyeckasi o0OpaboTKa MNOJYYEHHBIX pe-
3yJIbTATOB TIPOBOAMJIACH C MCITOJIb30BAaHUEM ITPO-
rpammbl  Statistica 10.0 (StatSoft Inc., CIIA).
Wcnonb3oBanu BU3yaJIbHO-TpaUIECKUId  METOI
n kputepuu coriacus Kosmoropopa—CMupHOBa
¢ nomnpaskoit JInnnuedpopca u Hlanupo—Yunka nas
orpee/ieHrsT OJIM30CTU K HOPMaJIbHOMY pacrpese-
JICHUIO TaHHBIX; KpuTepuii @uiirepa nj1st OLIEHKU pa-
BEHCTBa IreHepaIbHBIX Aucniepcuii. CTaTUCTUYeCKast
3HAYMMOCTh MEXTPYIIIIOBBIX pasjuyMii 110 Ka-
YeCTBEHHBIM IIpU3HAaKaM OIlleHWBajlach C TIOMO-
IIBIO JIBYCTOPOHHEro TOYHOTOo Kputepus Puiiepa.
Craructuyeckasi 3HaAYMMOCTb JBYX HECBSI3aHHBIX
TpyIIN OlLIEHMBaJach 1Mo Kputeprio MaHHa—YUTHU
(U-test). KoppeasiiMOHHBII aHaJu3 BbIMOJIHEH
Mo METOAMKe paHTOBOW Koppesuuu CruvpMeHa.
KauecTBeHHbIE NpU3HAKKW ITIPEICTaBJICHBI B BUIE
a0COMIOTHBIX (N) U OTHOCUTENbHBIX BeauuuH (P),
KOJIMYECTBEHHbIC MPU3HAKU MpPEACTaBIEHbI C yKa-
3aHueM MenuaHbl (Me) 25% u 75% kBaptuieit (Q,s;
Q55). 3a ypoBEeHb CTAaTUCTUYECKON 3HAYUMOCTHU yPO-
BeHBb ImpuHuUManu p < 0,05.

IlpoTtokon wucciaenoBaHus ObLI OJO0OPEH KO-
MUTETOM II0 OWomenuIMHCKoO 3Tuke PI'BHY
«HayuHBblIii 1IeHTp TTPO06JIeM 310POBbsI CEMBU U pe-
NpoOAYyKIIMU YejoBeka» (BpllrMcka u3 mpoTokoJia
3acenanust Ne 8.4 ot 02.11.2018 1.). ITognucanue
MH(GOPMHUPOBAHHOTO COIJIACUS CO CTOPOHBI POAM-
TeJIeli/OMeKYHOB SIBJISIIIOCh 00s13aTeJIbHOM MpoIie-
JILYPOT 17151 y9acTHsI B UCCIIEAOBaAaHUH.

JaHHast paboTa BBITIOJHEHA C MCITOJb30BaHUEM
ob6opynoBaHus LKIT «lleHTp pa3paboTku mnpo-
TPECCUBHBIX MEPCOHATN3UPOBAHHBIX TEXHOJOTUIA
3nopoBbsi» ®I'BHY HII IT3CPY, UpkyTck.

PesynbraThl

I[Ipn cpaBHEHMHM KIMHHUKO-aHAMHECTUYCCKUX
MaHHBIX, CTATUCTHUUYECKM 3HAUYMMBIX pa3Inunit
MEXIy TpynnamMu neteit ¢ Herpunno3HsiMu OPBU
¥ TPUIIIIOM TIOJIYYEeHO He OBIJIO, 3a MCKIIIOUCHUEM
nokasarejiss UHTOKCUKALIUU, Yalle MPOosBIIAIOLIE-
rocsa y nereii ¢c rpuniiom (p = 0,044) (tadmn. 1).

Kpome ToOro, AMMUTENBbHOCTH JMXOPAIKHW TMPU
TpuUIIIie ObIJIa MOJBIIe (CpeaHME 3HAYCHUS TeMIIC-
patypsl coctaBuiau 38,5+0,7°C), yeM IIpy HETPUTII-
no3Hbeix OPBU (cpemHue 3HaYeHUS TeMIepaTyphl
cocraBusin 37,6+0,9°C), TakKe He ObLJIO OTMEUEHO
CJIy4aeB OIBIIMIKU, B OTJIMYME OT MHBIX pecHupa-
TOpHBIX MHPpeKnuit (Tadm. 1). Jlokanu3zanus mopa-
KEHHI peciMpaToOpHOTO TpaKTa IIPHU TPUTIITIE B OC-
HOBHOM OBbLlIa TMpeACTaBJIEHA TPAXEUTOM, OITHAKO
CTPYKTypa Tonudeckux nuarno3on mpu OPBU He-
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TPUTITIO3HOW 3THUOJIOTUU TpelncTaBieHa 0oJiee 00-
UpPHO: puHOMGapuHIuT — B 18% (n = 5), dapuH-
ruT — B 18% (n = 5), TpaxeoGpoHXUT — B 11% (n =
3), ocTpblit OpoHXUT — B 32% (n = 9), 06CTPYKTUB-
HBI 6poHXUT — B 21% (n = 6) ciy4daes.

B oTHomIeHUYN OCJIOXXHEHUI OCHOBHOIO 3a00-
JIEBAaHUS M COMYTCTBYIOIIMX TMAaTHO30B pa3Induii
MEXAy TpylnaMu BbIsABJIeHO He ObLIo (p > 0,05)
(Taba. 1).

JlabopaTtopHoe obOcaenoBaHue neteit ¢ OPBU
WHOI 3TUOJIOTUU Y TPUTITIOM BKJIFOYAJIO PSII CTaH-
MapTHBIX UCCAEA0BaHUM (TabI. 2).

I[Ipr »TOM TmoOKa3areJb MOHOIIMTOB B KPOBU
y MallMEHTOB C TPUIIIIOM OOHapykKuBaj 0oJjiee HU3-
kue 3HayeHusd (p = 0,017) B cpaBHEHUU C APYTUMU
OPBMU. Takxxe y neTeil ¢ rpUMNnoM oTMe4Yaauch Io-
BollneHHbIe ypoBHU ACT (p = 0,002) (Tadu. 2).

Hanee ObLI NpoOBeNeH aHalU3 LIUTOKMHOBOIO
npo@us B UCCIIEAYEMbBIX TpynIax aetei (tad. 3).

V nereii ¢ Herpunno3ubiMu OPBU 6b1110 oTMe-
YeHO HaJMyue CTaTUCTUYECKU 3HAYMMOTro pocTa
noka3zatenss CPb (p < 0,0001), mpoBocnaauTeb-
HbiXx — IL-1B (p < 0,0001), IL-6 (p < 0,0001), IL-8
(p <0,0001), TNFo (p < 0,0001) u mpoTuBOCIaIn-
teabHbix — [L-4 (p < 0,0001), IFNy (p < 0,0001),
IFNa (p = 0,0003) dpakTOpOB B CpaBHEHUU C KOH-
TPOJIbHOU rpymnmnoi (Tadm. 3).

MN3MeHeHUs B LTUTOKMHOBOM mpoduje y aeTei
C TPUIIIIOM HOCHJIM aHAJIOTUYHBIN XapakTep: 6oyee
Beicokue 3HaueHuss CPB (p < 0,0001), IL-1B (p <
0,0001), IL-6 (p < 0,0001), IL-8 (p < 0,0001), TNFo
(p < 0,0001), IL-4 (p < 0,0001), IFNy (p = 0,032)
u IFNo (p < 0,0001) mo OTHOILIEHUIO K KOHTPO-
gt (ta6ha. 3). JaHHas rpyIina Takxe oTaudajach
ot rpynnsbl aeteii ¢ OPBU noBbIIIEHHBIM coaep-
xaHnuem CPBb (p = 0,001), IFNa (p = 0,015), 60-
nee HU3KUM ypoBHeM IL-8 (p = 0,025), TNFo (p =
0,001), IFNy (p = 0,003) (Tab6x. 3).

ITapameTpsbl Hecneuuduueckoii CUCTEMBI
«[MOJI — AO3» B rpynmne neteit ¢ npyrumu OPBU
KacajJuch OoJiee BBICOKMX 3HaueHU# [IB.cB. (p =
0,016), TBK-ATI (p < 0,0001), cCHU>KeHHOI KOHIIEH-
Tpauuu petruHoja (p < 0,0001), a-Tokodepona (p =
0,001), oomreit AOA (p < 0,0001), GSH (p = 0,003),
aktuBHocTu CO/I (p < 0,0001) B cpaBHEHUU C KOH-
TPOJbHBIMU 3HAYEHUSIMU (Ta0JI. 4).

V neteil ¢ TpUNINIOM OTMEUYaJIUCh MOBBIIIIEHHbIE
ypoBHu JIK (p < 0,0001), KJI u CT (p < 0,0001),
TBK-ATI (p < 0,001), cHUXEHHBbIe 3HAYEHU S PETU-
Housa (p < 0,001), a-Tokodeponaa (p = 0,029), oO1ueit
AOA (p <0,001), mobitneHHbIe ypoBHU GSSG (p =
0,018), COJI (p = 0,013). MexrpynnoBasi pa3Hulia
B ITOKa3aTeJIsIX Kacajaach 00Jiee BBICOKMX 3HAUCHU I
AK (p <0,001), KO u CT (p=0,001), petunoJa (p <
0,0001), a-tokodepona (p = 0,039), odueit AOA
(p = 0,015), GSH (p = 0,027), GSSG (p < 0,001),
CO/ (p <0,0001) Brpynne ¢ tMarHoOCTUPOBaHHBIM
TPUIIIIOM B CPaBHEHMHM C IMOKa3aTeJIIMU TPYTMTbI
¢ OPBU (ta6a. 4).

Ta6nuua 1. KnuHuko-aHamHecTuyeckue

XapaKkTepucTUKMU AeTel AOLKONbHOro BO3pacTta

c OPBU urpunnom

Table 1. Comparative analysis of the main clinical
symptoms in preschool children with acute respiratory

viral infections and influenza

Febrile seizures

OoPBU Fpunn
Mokasatenb
Parameters ARVI Influenza
(n=28) (n=31)
Bospacr, rogbl 4+1,3 4411
Age, years
Mon/Sex
MYXCKoi/male 14 (50%) 18 (58%)
XeHckuii/female 14 (50%) 13 (42%)
YacToTa KNMHMYECKUX NPOSiIBIEHUN’
Frequency of clinical manifestations
M'mnepemus sesa o o
Hyperemia of the pharynx 27(96%) 30(97%)
Puxopes o o
Rhinorrhea 19(68%) 20 (65%)
Kawenb o o
Cough 24 (86%) 26 (84%)
UnTokcukaums 5(18%) | 13 (42%)*
Intoxication
Juxopanka 25(89%) | 28(90%)
Fever
Oppbllka 5 (18%) B
Dyspnea
Oc'rpgﬂ K@meqﬂaﬂ nHdekums 2 (7%) 6 (19%)
Intestinal infection
MpoAoNXUTENbHOCTb KJIMHUYECKUX NOABNEHU
Duration of clinical manifestations
ﬂ.n_nganoch pUHUTA, HU 5427 45+2.6
Rhinitis, days
AnuTtenbHOCTb Kawns, [HU 5425 5422
Cough, days
AnuTenbHOCTb NINXOPa[KU, AHN 1411 341 5+
Fever, days
YacTtoTa 0CNOXHEHUI
Complication rate
CuHapom keToauupaosa o o
Ketoacidosis syndrome 1(3%) 4 (13%)
nHeBMOH-WiI B 4.(13%)
Pneumonia
®debpunbHblie cyaoporu B 1(3%)

YacTtoTa conyTCTBylOWUX ANarHo30B
Frequency of concomitant diagnoses

F'vnoxpomMHas anemus
Hypochromic anemia

2 (7%)

5 (16%)

3HTepoomos
Enterobiosis

2 (6%)

MpumeyaHue. * — CTATUCTUYECKM 3HAYUMBIE PA3NNYUS (TOUHBINA

kputepuin Guwepa), p < 0,05.

Note. * — significant differences (Fisher’s exact test), p < 0.05.
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Janee B McclielyeMbIX I'pymnnax ObLI MPOBEICH
KOPPEJISIIIMOHHEBIN aHaJIn3 MapaMeTpOB IUTOKWHO-
Boro npodbwiisa u [NOJI—AO3 ¢ kiauHUKO-1abopa-
TOPHBIMU TOKa3aTeasIMU. JlaHHBIN aHAJINU3 MoKa3as
HaJIM9re MHOTOYMCIICHHBIX CTaTUCTUYECKU 3HAYM-
MBIX B3auMocBsi3eit B rpymie ¢ OPBU: IL-1f—xkeTo-
HbI (r = 0,56; p = 0,002), IL-6 —keToHbI (r=0,48; p =
0,010), IL-8 —keToHnbI (r=0,43;p=0,023), TNFo.—Kke-
ToHbI (r = 0,45; p = 0,017), IL-4—xeTonn! (r = 0,41;
p = 0,031), IFNy—ogpimka (r = 0,70; p < 0,0001),
IFNo—xkamens (r = —0,45; p = 0,016), AB.cB. — 1~
xopazka (r = 0,50; p=0,007), AB.cB. —ACT (r = 0,45;
p = 0,017), lIuddosel ocHoBaHus (ILIO) —uHTOK-
cukauus (r = 0,43; p = 0,022), peTUHOJ — IUXOpaaKa
(r=-0,41; p=0,030), GSSG —kamens (r=0,57; p =
0,001). I'pyrnma ¢ rpunmomM oTindaaach 3HAYUMbIMU

B3auMocBs3siMu Mexay IL-4 u ketonamu (r = 0,40;
p = 0,026), IL-4 u nuxopanxoii (r = 0,38; p = 0,035),
IFNo u keronamu (r = 0,39; p = 0,029), AK u ACT
(r=-0,49; p=0,005).

O6cyxaeHne

B pesynbrare aHanu3za KJIMHUYECKUX AAHHBIX
B ABYX I'PyIIIax, BOTHOIEHW W OOJbIIUHCTBA MTOKAa-
3aTelieil (runepeMus 3eBa, pUuHOpes, Kalledb, JU-
XOpajika) 3HAYMMbIX Pa3JIUYU BbISIBJIEHO HE ObLIO,
32 UCKJIIOUEHUEM O0Jiee BBICOKOI YacTOThI BCTpeya-
€MOCTU MHTOKCHUKAIIMOHHOTO CUHApPOMA B IpyIIIe
JieTell ¢ rpunmnoM B cpaBHeHUU ¢ apyrumu OPBU.
IMoka3zaTenb MHTOKCUKALIUU OTPaXkKaeT CyMMapHbIe
KJMHUYECKUE MPOSIBJCHUS (MOBBILIEHHYIO YyTOM-

Ta6nuua 2. CpaBHeHMe nabopaTopHbIX NoKa3aTenei y perei AowKonbHoro Bospacrta c OPBU u rpunnom

(Me [Q_5; Q/5])

Table 2. Comparison of laboratory parameters in preschool children with acute respiratory viral infections

and influenza (Me [Q,5; Q-5])

Red blood cells, x 10'/I

OPBU punn
MokasaTtenb
Parameters ARVI Influenza
(n=28) (n=231)
12
OputpouunTtsl, x 10'2/n 4,48 [4,00; 4,80] 4.25(3.95 4.36]

FemornoOuH, r/n
Hemoglobin, g/I

124 [118,75; 130,25]

122 [114,00; 126,75]

TpomGouuTsl, X 10°/n
Platelets, x 10%/I

240 [185,75; 346,00]

213 [179,50; 246,25]

TNevikounTsl, X 10°/n
Leukocytes, x 109/I

4,38 [2,85; 5,00]

3,88 [3,24; 4,86]

JlumouuTsl, X 10%/n

Eosinophils, x 10%/I

Lymphocytes. x 1091 1,65 [0,84; 2,39] 1,38 [1,10; 1,09]

MoHouuTbl, X 10°/n . . *

Monocytes, x 107/ 0,611[0,32; 1,66] 0,38 [0,32; 0,49]
9

303MHO¢MJ1I:I, x 10 /n 0,02 [0’01; 0,17] 0,03 [0,01; 0,06]

C03, Mm/y
ESR, mm/h

17 [11,00; 23,00]

16,5 [10,00; 23,50]

00wwmii 6enok, r/n
Total protein, g/I

68 [65,10; 71,00]

68,90 [62,90; 70,50]

nioko3a, Mmonb/n

Glucose, mmol/I 4,00 [3,60; 4,68] 3,78 [3,17; 4,27]
ACT,Epn/n . . -
AST, Units/I 42 [32,57,53,62] 57,95 [46,25; 76,50]
ANT,Ep/n . .

ALT, Units/I 17,50 [13,42; 21,70] 19,60 [16,00; 23,40]

KpeaTuHuH, MKmonb/n
Creatinine, pmol/I

47 [41,75; 49,25]

44,9[43,35; 49,22]

MoueBuHa, MMonb/n
Urea, mmol/I

4,10 [4,00; 5,25]

4,31 [3,00; 12,60]

YaenbHbI BEC MOUM, /N
Specific gravity of urine, g/I

1020 [1020,00; 1025,00]

1020 [1015,00; 1025,00]

KeToHbl B MOYe, Mr/an
Ketones in urine, mg/d|

010,00; 0,10]

01[0,00,0,65]

MpumeyaHue. * — cTaTMCTUMYECKM 3HaUYMMble pasnnyns (U-test), p < 0,05.
Note. * — significant differences (U-test), p < 0.05.

724



2024, T. 14, Ne 4

Ipunn n OPBU y peteit. LUutokuxbl, cuctema NOJ1—AO3

TaGnuua 3. AHanus ypoBHs CPB 1 uutokuHoBoro npodunsa y getei aowkonbHoro so3pacrta c OPBU

u rpunnom (Me [Q,s; Q,5])

Table 3. C-reactive protein and cytokine profile in preschool children with acute respiratory viral infections and

influenza (Me [Q,s; Qy5])

NapameTos KoHTponbHas rpynna OPBU Fpunn
Pai:ameter:s Control group ARVI Influenza
(n=27) (n=28) (n=31)

CPB, mr/n . . * . o #
CRP, mg/L 0,71[0,31; 1,00] 10,67 [5,90; 13,22] 17,2[7,3; 19,1]
TNFo, nr/mn . . * . *k, #
TNFo., pg/ml 0,01 [0,01; 1,15] 3,98 [2,62; 6,54] 1,8[1,3;3,7]
IL-1, nr/mn ) . * . *k
IL-1B, pg/mi 0,01[0,01; 0,01] 10,50 [4,33; 25,71] 6,75 [3,00; 23,20]
IL-6, nr/mn . . * . ok
16, p/ml 0,35[0,01; 2,21] 18,93 [15,24; 23,49] 20,15 [14,50; 32,80]
IL-8, nr/mn 2,91[2,08; 5,36] 274,80 [114,80; 457,10]* 177,60 [73,90; 255,001 *
IL-8, pg/ml
IL-4, nr/mn . . * . *k
IL-4, pg/ml 0,01{0,01;0,32] 2,34[1,42; 3,66] 3,20 [1,30;5,10]
IFNY, nr/mn ) ) * . *k, ¢
IFNy, pa/ml 0,011[0,01; 1,66] 2,98 [2,06; 5,91] 19,95 [10,00; 77,00]
IFNa, nr/mn . . * . ok, 4
IFNo., pg/ml 0,011[0,01; 0,26] 13,36 [0,39; 18,00] 19,95 [10,00; 77,00]

MpumMeyaHme. * — CTaTUCTUYECKM 3HAUMMBIE PA3INYUS MEXAY KOHTPOMLHOM rpynnoii u rpynnoit ¢ OPBU; ** — cTaTncTMYeCcKn 3HaUMMBble pasnuuns
MeX [y KOHTPOSIbHOW FPYNMOWA U FPYNNOV C rPUNNoMm; # — CTaTUCTUYECKM 3HAYUMblE pasnnyus mexay rpynnamu ¢ OPBU v rpynnom.

Note. * — significant differences between control and group with respiratory acute viral infections; ** — significant differences between control and
influenza group; # — significant differences between groups with respiratory acute viral infections and influenza.

Ta6auua 4. AHanu3 akTMBHOCTU Hecneuudpuyeckoii cuctemol MNOJ1—AO3 y seTeit A,OLWKONBHOIO BO3pacTa
¢ OPBU v rpunnom (Me [Q,5; Q;5])

Table 4. Analysis of nonspecific LPO - AOD system activity in preschool children with respiratory acute viral infections

and influenza (Me [Qs,s; Q5])

MapameTpsbl
Parameters

KoHTponbHas rpynna
Control
(n=27)

OPBMU
ARVI
(n=28)

Fpunn
Influenza
(n=31)

AB.cB., ycn.epn.
Double bounds, units

1,92 [1,66; 2,18]

2,30 [1,72; 2,96]*

2,04 [1,28; 2,56]

OK, Mkmonb/n
CD, umol/L

0,96 [0,78; 1,38]

1,00 [0,65; 1,38]

2,29 [1,11; 2,85]**

KO wCT, ycn.en.
KD and CT, units

0,34 [0,22; 0,62]

0,30 [0,15; 0,41]

0,48 10,36; 0,88]**

TBK-akTuBHbIE NPOAYKTbI, MKMOJb/N
TBA-active products, umol/L

0,8210,62; 1,03]

1,64 [1,13; 2,36]*

1,23 [0,94; 2,15]**

O, ycn.en.
SB, units

0,05 [0,04; 0,06]

0,05 [0,04; 0,10]

0,05 [0,03; 0,10]

00Lwwaa aHTMOKUCAUTENIbHAS
aKTUBHOCTb, yCI.e4.

Total antioxidant activity, units

18,42 [14,98; 26,81]

10,00 [8,16; 12,39]*

13,41 [9,89; 16,21]**

AxkTuBHocTb COJl, ycn.en.
SOD activity, units

1,56 [1,46; 1,59]

1,38 [1,20; 1,51]

1,61[1,55; 1,73]**

o-ToKOepos, MKMOJb/N
o-tocopherol, umol/I

8,73 [6,61; 10,74]

7,09 [6,28; 8,50]*

5,78 [4,05; 7,61]**

PeTuHon, MKkMonb/n
Retinol, pmol/I

1,32[1,14; 2,20]

1,00 [0,84; 1,30]*

0,56 [0,47; 0,74]**

GSH, mmonb/n | mmol/l

2,51 [2,22; 2,66]

2,25 [1,99; 2,38]*

2,41 [2,22; 2,80]

GSSG, mmonb/n | mmol/l

1,85[1,68; 2,46]

1,83[1,62; 2,08]

2,41[2,03; 2,63]**

MpumMeyanme. * — CTaTUCTUYECKM 3HAUMMBIE PA3INYUS MEXAY KOHTPOJILHOI rpynnoii u rpynnoit ¢ OPBU; ** — cTaTUCTMYECKM 3HAYMMBbIE Pa3nnyns
MeX[ly KOHTPOJIbHOW FPYNMOW W FPYMMOoW C rPUMNnoMm.

Note. * — significant differences between control and ARVI group; ** — significant differences between control and influenza group.
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JISIEMOCTb, BSIJIOCTb, CJIAOOCTh, TOJIOBHYIO OOJb,
TOJIOBOKPYXEHUE, 00l1llee HEAOMOTaHWe) U B LIEJIOM
UMeeT Ipeodafaloliuii XapakTep IpU T'PUIIIe
B IIOILIIKOJTLHOM BO3pacTe.

OreHKa J1abOpaTOpHBIX TOKa3aTejeil B 1IeJIOM
HE TIoKa3aja 3HAaYMMBbIX pa3jM4yuili B TpyIIax,
32 MCKJIOYEHHWEM CHMXXEHHOrO YPOBHSI MOHOILIM-
TOB U BbICOKMX 3HaueHult ACT y neTeil ¢ rpurirom.
B naHHOM ciydyae MOXHO TOBOPUTH O DPa3BUTUU
JIEHKOMEHUYECKOTO CUHAPOMA, CHUXEHHOM yPOBHE
JICHKOLIMTOB 3a CYET CHUXKEHHUSI YPOBHSI MOHOILIU-
TOB. bosiee BbIpakeHHbIE U3MEHEHU ST ObLIIU 3aperu-
CTPUPOBAHBI Y I€TEI C TPUIITIOM B OTHOLIEHUHU MO-
Kazarens neyeHouHoro epmeHTa — ACT. JlaHHBIN!
nokKasaTe/b 3HAYUTEJIbHO TOBBIIIAJICS TaKXKe OTHO-
CUTEJbHO OOIIEMPUHSATHIX HOPMATUBOB B JaHHOM
Bospacrte [11, 13].

M3MeHeHUsT B LIMTOKWHOBOM Ipoduiie y ne-
Tel obenx KJIMHUYecKux rpyri, kak ¢ OPBH, Tak
U C TPUIITIOM, COIMPOBOXKIAJIUCh POCTOM 3HAYCHU
BCEX MoKa3aTesieil, Kak MPOBOCHaTUTEIbHOIO, TaK
U TIPOTHMBOBOCHAJIUTEIBHOIO XapakTepa, B CpaB-
HEHUM C KOHTPOJbHBIMU 3HaueHUsIMU. HdeTu mo-
IIKOJBHOI'O BO3pacTa, KaK W3BECTHO, HAXOMSTCS
B YETBEPTOM KPUTHUYECKOM MEPUOAEC CTAHOBJICHUS
CUCTEMbl UMMYHUTETA, KOTOPBII XapaKTepU3yeTcs
onpeneaeHHbIMU 3HAYEHUSIMU, OTYACTU TTPUCY LT -
MH y3Ke B3pociaoMy BospacTy [16]. K HacTosmemy
BPEMEHM HaKOIJIEH JOCTaTOYHO OOJBIION MacCUB
JMaHHBIX B U3YYEHUU [IUTOKMHOBOTO NPpOoduIs mpu
BUPYCHBIX MHbekusaAx y aeteid [13]. YcTaHoBEHO,
YTO IIUTOKMHOBBIM OTBET HAMNPSIMYIO BJIUSIET
Ha KJIMHUWYECKOE TeYeHHWEe BUPYCHOU HHOEKIIUU
y IeTeil BHe 3aBUCMMOCTU OT Bo3pacta [27]. Tak,
MoBbIlIeHre B KpoBU KoHIeHTpanuit TNFo u 1L-6
SIBJISITIOCh MapKepOM TSKEJI0ro TeYeHU s TaHIeMu-
yeckoro rpurnma A(HIN1)pdmO09 y nonpocTtkos [9].
ITangeMuyeckuii rpunmn y AeTei, OCIOXHEHHBII
MHEBMOHUEN, COMPOBOXKIAJICS MOBBIIIEHHBIM CHUH-
TE30M MTPOTHBOCIIAIMTEILHBIX MenuaTopoB — IL-13,
TNFo. JaHHBIM MapKepaM Takxe OTBOAMUJIACH Be-
nyliasi pojib B pa3BUTUU LIUTOKWUHOBOIO IITOPMA
npu rpunne [22]. I1pu rpurre, BBI3BAHHOM BUPY-
coM rpunna A, Habaomagsach MPOAYKIIMS ILUTO-
KWHOB ¢ npeobyiananreM Th2 BocrajieHus, yBeau-
YyeHHOoI okasaJjiach npoaykuus IL-4, yero Heb3s
OTMETUTH npu rpumnmne B [29]. beiio oTMeueHo Tak-
K€, YTO y NeTel C TPUMIOM CpedHell CTeneHU T-
KECTHU B KPOBU TOBbILIEHO coaepxkaHue IL-1, IL-4,
IL-10 Ha done cHuxeHust IFNy [4].

WHTepdhepoHbl SIBISIOTCI HUTOKMHAMU BPOXK-
JICHHOU pe3UCTEHTHOCTU U MUMEIOT MIEPBOCTEIIEHHOE
3HauyeHue B MPOTUBOBUPYCHOI 3amuTe [13]. B Ha-
1IIEM HCCJIEOBAaHU U OBIJIO 3apEerMCTPUPOBAHO yBeE-
JIMYEeHUE COoIepKaHUsl psla IIUTOKUHOB OTHOCHU-
TEJIbHO KOHTpOJIs y AeTelt obeux rpymni. [1pu aTom
0co00ro BHUMaHUS 3aCJy>KMWBaeT 3HAYUTETIbHbBIN
poct KoHueHTpauuii IL-6 u IL-8. IL-6 kak paHHM1
MeauaTop BocHajieHus NpoaylupyeTcss Makpoda-

raMu, akTuBupoBaHHbIMU T- u B-numdonuramu,
aKTHBHO y4YacTBYeT B CO3peBaHUU, Mpeobpa3oBa-
HUU B-muMdonutos B miazmaTuyeckue KJIETKHU,
CeKpeTupylole UMMyHorao0yauHsl [9]. IL-8 oT-
HOCHUTCSI K CEMENCTBY XeMOKMHOB, CUHTE3UPYETCS
MOHOLIUTAMU, JUMMOLMTAMU, TpaHYJOLUUTAMU,
Y4acTBYET B aKTUBallM1 HEUTPOMDUIOB, YCUIECHUU
XEMOTAaKCHUCa, MOBBIIIEHUU IKCIIPECCUU PELIENTO-
poB K komIuieMeHTY [30]. Bricokue KOHIIeHTpa-
UMW JAHHOTO LIMTOKWHA MPUBOISAT K aKTUBALIUU
MUTpallMU KJIETOK UMMYHHOW CUCTEMbl B OUYaru
MOBPEXIEHUS MPU Pa3BUTUM BOCHAJIUTETbHO-IE-
CTPYKTUBHBIX siBJeHU [9]. B 06enx rpynmnax nerei
comepxxanue ypoBHeil 1L-6 m IL-8 3HauMTETBHO
MpeBbIIIag0 HOpMaTUBHbIE 3HaYeHU I [13].
3acnyXMWBalOT BHUMaHUS TaKXe BbICOKHE KOH-
nentpauuu CPb y geteit c OPBU u rpunnom. CPB,
KaK U3BECTHO, SBJISIETCS OJHUM U3 OCHOBHBIX Map-
KEPOB BOCITaJICHU S, a ero o0pa3oBaHUe MOBBIIIAET-
ca ripu aeiicteuu IL-1, IL-6, TNFo Ha rematonu-
Thl IPU MOBPEXACHUSIX TKaHEW pa3TUYHOU 3TUO-
jgoruu [7]. TlomoOGHBIe pe3yabTaThl TaK>Ke ObLIU
noJiydyeHbl B psae ucciaemoBaHuii [9, 15]. JlaHHBI
dakT 0OBICHSJICS pa3BUTUEM OCTPOro BOCHAIU-
TEJILHOTO Mpollecca Mpu BUPYCHOU MHMEKIIUH.

Ilo maHHBIM JAUTEpPaTypbl U3BECTHO, YTO UHTEP-
¢depoHbl SABISAIOTCA HauboJiee Ba’KHBIMU IIUTOKU-
HaMM B TIPOTMBOBUPYCHOM MMMYHHOM OTBeTe. Tak,
O-UHTEepMEPOHBI TOPMO3AT PEMIUKAILIUIO BUPYCOB,
a poJib Y-MHTEeP(PEPOHOB PEaATU3YeTCsI B BULIE CTUMY-
JIIUMU haronuTo3a, HarmpaBJIeHHOro Ha UH(PUIIMPO-
BaHHbIC KJIETKU, OAKTEPUU, HA CTUMYJISIIAIO aHTU-
TenooopaszoBaHus [2, 27]. [lo MHEHUIO MHOTUX UC-
cienoBaresieil, akTuBHOCTh npoayKuuu [FNy nmeer
Ba)KHOE 3HAYeHUE B pa3BUTUU 3(DHEKTUBHOCTH CIIELI-
UprIecKNX UMMYHHBIX peaKkIllMil B AETCKOM BO3pac-
Te [4]. B Halem uccieqoBaHUM ObLIa BbISIBJIEHA T1O-
BollieHHast KoHueHTpauus IFNy u IFNa, ocobeHHO
BBIpaskeHHast Tipu rpurie. Ou3nosorndyeckuii CiBUT
MOMYJISILIMOHHOTO COCTaBa JUMMOIIMTOB B CTOPOHY
Th2, a TakxXe akTuUBalLlUsl Hapsiay ¢ MPOBOCHATU-
TEJbHBIM TMPOTUBOBOCIAJIUTEIBHOTO UMMYHOJIOTU-
YecKOoro oTBeTa MOTyT 00ecrneurBaTh Orpee/ieHHbIE
KOMITIEHCATOPHO-TTPUCTIOCOOUTEIbHBIE PE3ePBbI Y Je-
Tell MOIIKOJBLHOIO BO3pacTa, COOTBETCTBEHHO — OT-
CyTCTBUE mepexona 3abosieBaHUsI B 0oJjiee TsKeJble
dopms [§].

CorjlacHO HalllUM JaHHBIM, U3MEHEHUS B He-
crieuuduueckoit cucreme «IMOJI—AO3» y nereit
00erX rpy I HOCUJIU BbIPaXXeHH bl MPOOKCUIAHT-
HBIN XapakKTep ¢ pa3BUTUEM I€(PUIIMTOB OCHOBHBIX
¢dakTOpoB 3alIUTHI. BBISICHEHO, YTO OCHOBHBIE
CUMIITOMBI MIPU 3a00JIeBaHUSIX TPUIIIIO3HON U He-
TPUIIIIO3HON MNPUPOABl BO3HUKAIOT BCJIEACTBUE
LMTONMATUYECKOrO BO3ECHUCTBUS HA KJIETKHU IMUTE-
JIVisl, BBICTUJIAIONIErO AbIXaTeJbHbIC MYTU, a TaKXe
BBICBOOOXKJAEHUSI UMMYHHOAKTHUBHBIX TOCPEAHU-
KOB, 3aITyCKalOIIMX KacKaJl COObITUIA, HATPaBJIEH-
HBIX Ha JIMKBUAALIKIO BUpyca [26].
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AxTtuBHble (popmbl Kuciopoaa (ADPK) cuura-
IOTCSI OTBETCTBEHHBIMU 3a MHOTUE IMaTOJOrnuyec-
Kre U3MEHEHMU sI, BOZHUKAIOIIME MPU pecrnupaTop-
HbIX MHDeKIUAX [28]. YcTaHOBIEHO, YTO ONpene-
JIEHHbIE TOATUIMBI BUPYCOB TPUIINIa UHAYIUPYIOT
pPa3IMYHYI0 BSKCOPECCUI0 TTPOBOCIAJIUTEIbHBIX
T€HOB, KOTOPbIE, B CBOIO OYEpedb, OIMPEAeasIOT
TsKecTh 3abosneBaHus [31]. AKTuUBaLMsI MPOBOC-
HaJuTETbHbIX CTAIUN MPUBOAUT K peaKIIMsIM MPO-
OKCHUAAHTHOTo xapakTepa. Cpenyd MOJIEKYJISIPHBIX
muireHeit AAK 0co6eHHO ySI3BUMBIMU CYUTAIOTCS
JUMUAHBIE KOMIIOHEHThI OMOMeMOpaH KJjeTok [12].
Peakiiu ITOJI MOryT Cy1ieCTBEHHO UBMEHUTH (hU-
3UKO-XUMMUYECKUE CBOMCTBA OMCIOST MEMOpaHHBIX
JIUMUJIOB, YTO TPUBOAMUT K TSIKEJON KJIETOUHOM
nuchyHkuuu. Tak, peaklMM MNEepPeKHCHOIro Mo-
BPEeXIEHUS JUMUIOB MOTYT UMEThb 3HAYUMOCTh
B MaTOreHe3e rpUMIo3HON WHMEKIIUU MPU BbIpa-
JKEHHOM Ae(UIIUTe aHTUOKCUAAHTHBIX KOMITOHEH-
TOB, UYTO HabJII01a0Ch B HAIIEM UCCJIEIOBAHUU.

B ycnoBusax OPBUM y neteit oTmeuasnach CHU-
JKEHHas KOHLEHTpallus peTUHOJA, o.-ToKodepoJia,
a takxe oobmeii AOA, GSH, aktuBHoctu CO/I.
BuTtaMuHBI cuuTalOTCA BenylMMu pakTopaMu 3a-
IIUTHl OT PECIUPATOPHBIX UHGpEKIIMA. Bblio BbI-
SICHEHO, UTO 100aBKU BUTaMuHa E Mbiliam, nuHbU-
nupoBaHHbIM HINI1, 3HaUUTEIbHO CHUKAJIU KOH-
HeHTpauuio npoayktoB ITOJI (conpsixKeHHBIX TU-
eHoB U MJIA) 1 yBeTu4YMBaIu BpeMs BbIKMBAHUS
KUBOTHBIX [21]. Coobl11a10ch TaKXe, 4YTO 100aBe-
Hue BuTaMuHa E a(bdeKTuBHO B MjaaHe CHUXKEHUS
permmukanu H3N2 y mereit C57BL/6NTA [23].

I'siyTaTUOH SBJISIETCSI OCHOBHBIM CBOOOIHBIM
THUOJIOM B OOJIBIIMHCTBE KJETOK OpraHu3ma, cyo-
CTpaTOM NJis1 TJIYyTaTUOH-3aBUCUMBIX (epMeH-
TOB (IJIyTaTUOHMEPOKCUIA3bl U TJIYyTaTUOH-S-
TpaHcdepa3bl) U KJIIOYEBBIM aHTUOKCUAAHTOM
KUBOTHBIX KJIeToK [32]. I[TposiBieHus1 ero mpoTu-
BOTPUTIITIO3HOW aKTUBHOCTU OTMEYEHBI KaK in vitro,
Tak W in vivo ucciaenoBaHusx [18]. Tak, nobaBka
GSH wuHrubupoBaja 3KCIIpeccuio 0eaka BUpPYC-
HOrO MaTpMKCa B AbIXaTeJIbHBIX MYTSIX SMUTETU-
aJbHBIX KJIETOK 4YeJIoBeKa, a TakKxXe KJeTKaxX Io-
yek, uHGUIrpoBaHHBIX A/X-31 mTaMMoM BUpyca
rpunmna [18]. ¥ mbireit BALB/c BkitoueHue B pa-
uuoH GSH cHMXao BUPYCHYIO HArpy3Ky B TOMO-
reHaTax JIeTKUMX U TpaXeu yepe3 YeTbIpe OHS Mociie
WHTpaHa3aJbHOW WHOKYJSILIMM IITaMMa TpuIlla
A/X-31[19].

CO/l saBasieTcsl KJaro4yeBbIM (PepMEHTOM, obec-
MEeYUBAIOIIUM BPOXJIEHHBIA aHTUOKCUAAHTHBIN
OTBET 3a CYEeT 00€3BpPEeXUBaHUS AKTUBHBIX (HDOPM
Kucjopoaa Ha nepBuuYHbIX 3Tanax [10]. JIucbananc
B cucteMe I1OJI—AO3, peryaupyooumuii ypoBeHb
A®DK, sgBasiiics OOHUM W3 OCHOBHBIX (haKTOPOB,
KOTOpble ycyryousiu nHdexkuuio IAV u nospex-
JieHUe KJIeTOoK [23].

MHTepecHBIM MNpencTaBisiicsad aHaau3 GYHK-
IIMOHAJbHBIX B3aMMOCBSI3€il MapaMeTpOB IUTO-

kuHoBoro npodus u [MNOJI —AO3 ¢ KIMHUKO-JI1a-
OopaTOopHBIMU MoKazaTeasiMu. MHoroobpasuem
3aBUCUMOCTEN oTauyasacek rpynna ¢ OPBU, npu-
yeM Haubobllee YUCJIO IMTOKMHOB ObLJIO CBSI3aHO
C TMoka3zaTeJieM KeTOHOB B Mouye. KeToHOBbIE Tesia
0o0pa3yloTcsl B pe3yibTaTe OKMCIECHUSI HE3CTEpPU-
GULIMPOBAHHBIX UKW CBOOOAHBIX XKUPHBIX KUCIOT
MEUYEeHbIO U UCIIOJb3YIOTCS B KaUECTBE UCTOUYHUKA
SHEPrMM MHOTMMHU TKaHSIMU B IEpUOAbI AehU-
LMTa TJIIOKO3bI, SIBJISIOTCSI METa0OJUTAMU JUMU-
OB, B YaCTHOCTHU MPONYKTOM [-okwucieHus |[1].
TToka3zaHo, 4YTO HaKOIlJIEHWE KETOHOBBIX T€J MO-
JKET OKas3blBaTh HEraTUBHOE BO3JEHCTBUE, HO B TO
K€ BpeMs U UMETh MTPOTEKTUBHBIN 2 DEKT 3a cueT
NPOBOCHAUTEIBHOTO AEUCTBUS, YCUJIEHUS] OKHC-
JUTENbHONU GYHKIIMU MUTOXOHAPUM, YBETUYECHMU S
npousBoacTBa AT®. OTMeueHO CHUXKeHMEe 00pa3o-
BaHU S CBOOOAHBIX paIMKAJIOB, yAy4dllleHUE PaOOThI
KOMILJIEKCa AbIXaTeJbHOM’ LIEMU MUTOXOHAPUIA [1].

B rpynne ¢ OPBU npumedyaTeabHbIMU SIBJISI-
JIUCh TaKXe B3aMMOCBSI3U KOHEUYHBIX TOKCUYHBIX
npoaykToB aunonepokcuganuu — IO — ¢ noka-
3aTesieM UHTOKCUKAIlMU, a TAKKe HaJIu4due 3alluT-
HBbIX MEXaHW3MOB B BHUIE CBsI3eil MHTep(EepOHOB
C KJIMHUYECKUMU TIPOSBJICHUSIMU 3a00JieBaHUS.
I'pynna ¢ rpyunnoM oTivyajach HaJudyueM 3aBU-
CUMOCTEN MPOTEKTUBHOTO XapakTepa, YTO MOXKET
UMETb OJaronpusaTHbIN 3 HEKT B YCIOBUSX pa3-
BUTU S NATOJOTMYECKOTO Mpoliecca.

3ak/yeHme

Takum o6paszom, y 1eTei 1O KOJIbHOTIO BO3pac-
Ta c OPBU u rpunmnoM nu3aMeHeHU S B HUTOKUHOBOM
npoduiie COmpoBOXIAIOTCI POCTOM IIPO- U MPO-
TUBOBOCTIAJIUTEIbHbBIX LIUTOKMHOB, MOBbILLIEHHOK
MHTEHCUBHOCTBIO peaKLMi JUNOMEePOKCUIALINHU,
CHMXEHHBIMM 3HAQYEHUSIMU aHTUOKCUAAHTHBIX
GdaKTOpoOB, a TaKxke HaJWYMeM B3aMMOCBSI3CH
C KJMHUWYECKUMU TPOSIBJICHUSIMU 3a00JieBaHUS.
I'pynmna ¢ rpunmnomMm otrjiMyajach HaJUUYUEM 3aBU-
CHUMOCTEN MPOTEKTUBHOrO XapakTepa, YTO MOXET
WMETh OJIaronpusITHBIN 3(P(EKT B YCIOBUSIX pa3-
BUTHUS MaTojiornyeckoro npouecca. [lonydyeHHbIe
pe3yabTaTbl MOT'YT CIOCOOCTBOBAaTh 0oJjiee TOU-
HOM OIIEHKE TEYCHUSI PECIIMPATOPHBIX WHAEKIINMA
y JeTeil AOILIKOJIbHOro BO3pacTa, YTO JOJI>)KHO $SIB-
JSATbhCS BaXKHOM cocCTaBJisiiolIel B TPO(PUIaKTUKE
OCJIOXKHEHUW.

BnarogapHocTn

ABTOpBI CTaThbM BbIpaxkaroT 0JlarofapHOCTb
aAMUHUCTpalMu U BpadyaM MpKyTcKoii obJacT-
HOMl MHQPEKLUMOHHONH KJIMHUYECKOU OOJbHUIIHI,
agMuHUCTpauuu KMBaHO-MaTpeHUHCKONH  JeT-
CKOI TOpPOACKON KIMHUYECKOU OOTBHULIBI U JIUY-
Ho WnwomuHoii T.C. 3a momolllb B NPOBEIEHUN
HUCCIeTOBaHM .
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WCCJIELOBAHUE UBMEHEHUN
NEWKOLUTAPHOW ©OPMYJ1bl KPOBM
B MEPUOA NAHOEMWUU

C.H. Kocrapes'?3, T.I. Cepena’

! [lepmckuii eocydapcmeentvlii azpapHo-mexuoaoeuteckuil ynusepcumem um. akad. . H. [panuwnurosa, 2. [lepmo, Poccus
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I Hepmckuit uncmumym @CUH Poccuu, e. Ilepms, Poccus

Pestome. Axmyanrvrocms. Bo3MOXKXHOCTh 300HO3HOI Tepefauy BbICOKOMATOTeHHBIX IITAMMOB KOPOHABUPYCOB YeJIOBe-
Ky He BbI3bIBajia 0OJIbILION 00ECIIOKOCHHOCTH Y MEAULIMHCKUX PAOOTHUKOB, UTO CTajJI0 HEOXKUIAHHOCTHIO U MPUBEJIO
K MaHJeMU1H, BEI3BAHHOI KOpoHaBUpYCHOI nH(pekueii, BecHoit 2020 r. Ocenbio 2023 . Hab101aI0Ch YBEIUYEHHE KO-
JINYecTBa MHPULIMPOBAHHBIX KOPOHABUPYCOM Jtoaeii. B 2024 r. HabmoaaoTcst BCIBIIIKY TPUTITIA, XapaKTepU3YIOIINecs
BOJIHOBBIM M3MEHEHUEM TEMIIEPATYPHI, YTO MOXKET TOBOPHUTH O ITOSIBJICHMH HOBOTO IIITaMMa Brpyca. B HacTosmee Bpems
MIPEACTABIISIET MHTEPEC N3yUeHNUE TIOCICACTBUI BIUSHUS HOBOI KOPOHABUPYCHON MH(PEKIINY Ha UMMYHHYIO CHCTEMY
yenoBeKa. K HacTosImeMy BpeMeHH ObUIM M3YUeHBI OTACIbHBIC TAPaMETPhI JIEUKOLMTAPHON (POPMYIIBI KPOBH, HO COBO-
KYITHOMY BO3IEHCTBUIO YIIeICHO HEOCTATOYHO BHUMAHMS, B CBA3H C TEM, YTO MHOTHE ITOKA3aTe)IN BEMyT ce0s HEOTHO-
3HAYHO U He OBLIO BO3MOXKHOCTHU OMPEIENIUTh CyMMapHOe BO3ACHUCTBUE HA UMMYHHYIO cucTemy. Lleibio paboThl siBiis-
€TCsI MCCIIeIOBaHKE MOJIEJIel, OITMCHIBAIONINX TMHAMUKY U3MEHEHHU s IToKa3aTe el MMMYHOTpaMM B TIEPUOJ TTaHAEMU T
y IeTeil M TIOMpOCTKOB, MpoxuBaromux B [lepMckoM Kpae. 3a1aun UcceI0BaHM 3aKTI0YaInCh B aHaau3e quddepeH-
LIMaJIbHBIX YPaBHEHU I, OMKUCBHIBAIOIIMX M3MEHEHME TTapaMeTPOB MMMYHOIpaMM; 0000IIEeHUH Pe3yIbTaTOB MCCIen0Ba-
HMI 1O AECTPYKIIMY UMMYHUTETA B pe3yJibTaTe BO3AEHCTBUS KOPOHABUPYCHOU MHDeK MY, Pe3yrsmame:. iccnenoBaHbl
nudbepeHIanibHble ypaBHEHUSI Ha SKCTPEMYM U OIpeaeeHbl BO3paCTHBIC MapaMeTphl MallMeHTOB, MMEIOII1e Hau-
OoJblliee OTKJOHEHHUE ToKa3areseil oT pedepeHTHOro nHTepBaia. 3akarouenue. HecMOTpsl Ha TO YTO OTHACJbHBIC 3Jie-
MEHTBI IPOTOYHOTO IIUTOMOTOMETPUIECKOTO aHaJIM3a HOCAT KOJIeOaTeNbHBIN XapakTep ¢ OOJBITUMU MMITYJIbCaMHU,
000011IeHe TToKa3aTeseil TpoToYHOoro IurodoToMerpuieckoro ananmusa (IILMPM) mokaszano MHTEPECHYIO KapTUHY,
XapaKTepU3YIOIIYIOCS IIJIaBHBIM N3MEHEHHMEM B CTOPOHY YBETMUYCHU S OTKJIOHEHH S Y CTapIIIero MOIpOCTKOBOTO BO3pacTa
IIpH BCeX McclenyeMbIx mapametpax. [lokazarenu [TIMOM, Haxomsmiuecs B pechepeHTHOM MHTEPBaJIe, MMEII ONMHAKO-
BOC HaIIpaBJICHUE B CTOPOHY OTPHUIIATEILHOTO OTKJIOHEHHUS C YBEJIMIEHNEM BO3pacTa ¢ TeM OTIMUKEM, UYTO B COCTOSTHUHT
0oJie3HM OTKJIOHEHUE ObLTO B 2 pa3a 6oibiiie. B cocTossHUYM OTCyTCTBUS 3a00/1eBaHM S TpeBbITieHue okasatesneit [ILIOM
MIMeJIO TIOIOXHUTETBHYIO TeHACHIINIO C YBETMUCHNEM BO3pacTa, a oHrkeHue okasateneit [ILPM ot pecdepeTHOTO MH-
TepBajia UMeJI0 OTPUIIATEIbHYIO TeHIEHIIMI0. B cocTosTHUM 3a001eBaH1ST TIPU MMOHMXKEHHBIX UMMYHOIJIOOYJIMHAX TIpU
npeBbIleHUH peepeHTHOro nHTepBana [1IIMPM HabmonaeTcs BHITYKJI0e OTKJIOHEHKE B OTPULIATEIbHYIO CTOPOHY TIPU
yBeJrYeHuu Bo3pacTta. [1py moHUKeHUU OT pedepeHTHOro MHTepBajia HabIroaaeTcs BbITyKJiast KpUBasi C OJOXUTEb-
HBIM OTKJIOHeHMeM. [Tpy MOBBIIIEHHBIX KMMYHOIIOOYJIMHAX ITPU MTPeBbIIeHH pedepeHTHOoro nHtepsajia [1LIOM nme-
€T BBITHYTOE MOJIOKUTEIbHOE OTKJIOHEHUE, ITPY MOHMXeHUU pedepeHTHOro nHtepBajia [11IMM takke MMeeT BBITHYTOE
MOJIOXKUTENIBHOE OTKJIOHEHHE, TIPEBBIIIAIOIIEeE TTOYTH B 5 pas.

Karouesvie caosa: koponasupyc, SARS-CoV-2, ummyHnoepamma, npomourbsLil yumopomomempuuecKuii anaius, AeiKoyumsl,
CUCMEMHDbII AHAAU3.
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ALTERED LEUKOCYTE BLOOD COUNT IN COVID-19 PANDEMIC PERIOD
Kostarev S.N.*"¢, Sereda T.G.?
@ Perm State Agrarian-Technological University named after academician D.N. Prianishnikov, Perm, Russian Federation

b Perm National Research Polytechnic University, Perm, Russian Federation
¢ Perm Institute of the FPS of Russia, Perm, Russian Federation

Abstract. Relevance. A potential for zoonotic transmission of highly pathogenic coronavirus strains to humans was of little
concern to health care providers, which came as a surprise and led to a coronavirus pandemic in 2020 spring. In 2023
fall, there was higher number of humans infected with coronavirus infection. In 2024, influenza outbreaks characterized
by wave-like temperature changes are observed, which may indicate the emergence of a new virus strain. Currently, it is
of interest to study the effects related to novel coronavirus infection on human immune system. To date, the immune
responses for individual parameters from leukocyte blood formula have been studied, but insufficient attention has been
paid to the cumulative impact, due to the fact that many parameters behave ambiguously and it has not been possible
to determine the cumulative impact on the immunogram. The aim of the study is to investigate models describing
the dynamics in immunogram changes during the pandemic in adolescents living in Perm Krai. The objectives were
to analyze differential equations describing a change in immunogram parameters; to summarize study results on impaired
immunity due to exposure to coronavirus infection. Results. Differential equations were analyzed and the extremum and
age patient parameters with the greatest deviation from the reference interval were determined. Conclusion. Despite the fact
that individual elements of flow cytophotometric analysis are oscillatory in nature with large impulses, the generalization
of flow cytophotometric analysis indices showed an interesting pattern characterized by a smooth change towards
increasing deviation in older adolescence for all studied parameters. Flow cytophotometric analysis indices being within
the reference range had the same modality towards negative trend with increasing age only differed by the fact that in the
disease state the deviation was twice as large. Without disease, the excess of flow cytophotometric analysis indicators
had a positive trend with increasing age, and the decrease of flow cytophotometric analysis indicators from the reference
interval had a negative trend. In the disease state with decreased immunoglobulins, when flow cytophotometric analysis
exceeded the reference interval, there was a convex deviation in the negative direction with increasing age. When decreasing
from the reference interval, a convex curve with a positive trend is observed. Upon elevated immunoglobulins exceeding
the reference interval flow cytophotometric analysis has a convex positive trend, whereas for at lowering the reference
interval flow cytophotometric analysis also has a convex positive trend exceeding 5 times.

Key words: coronavirus, SARS-CoV-2, immunogram, flow cytophotometric analysis, leukocytes, systemic analysis.

BeepgeHue

B HacTos11ee BpeMsi cTaIu MOSIBJISITHCSI HOBBIC
WH(EeKI M, BbI3BAHHBIE 300HO3HOW mNepenadei
BBICOKOIIATOTEHHBIX IITAMMOB BUPYcOB. OcobOy1o
npo0bieMy BbI3BaJ KopoHaBupyc. KopoHaBupychl
(CoV) mpencrtaBisiioT cOOOM TPYIIITY OIHOILICIO-
yeuyHblx PHK-BupycoB, umHOUUUpPYIOIIUX pas3-
JIMYHBIX TIO3BOHOYHBIX. BriepBbie OHU OBLIM OOHA-
py:KeHBbI y yesoBeka B 1960-x rT. [8] 1 B OCHOBHOM
BBI3BIBAJIM JIETKME peCcIpaTOpPHBIC 3a00IeBaHUS.
OmHakKo K HUM OTHOCSITCS TIEPBBII BUPYC aTUITN Y-
HOTO TSKEJIOro OCTPOTO PEeCIMPaTOPHOTO CUH-
npoma (SARS-CoV-1) B 2002 r. 1 KOpoHaBUPYC
OJIM>KHEBOCTOUHOI'O PECIIMPATOPHOro CHUHIpOMa
(MERS-CoV) B 2012 1., KOTOpBIE XapaKTepu3y-
JOTCSI BBICOKOM CMEPTHOCTBIO OT PECIIMPATOPHBIX
3aboseBaHuii. B nekabpe 2019 r. B mMpOBUHIIUU
Wuhan (Yxanp) KHP mpowusoina myranus Ko-
poHaBupyca SARS-CoV-1 u nosiBuIcsI HOBBI Oe-
TaKOpOHABUpPYC, MONYyYMBIINI Ha3zBaHue SARS-
CoV-2. Bonpochl, cBI3aHHBIE C JICUEHUEM, TTPO-
GUIaKTUKON U BaKIIMHAIME HaceJeHUs, SIBsI-
IOTCSI OYEeHb aKTyaJbHBIMU, B CBSI3U C YeM OBLIO
yaeJaeHO OOJIbIIIoe BHUMaHUEe UMMYHHOMY OTBE-
Ty. OueHke T-KJIeTOYHOro MMMYHMTETa y IIepe-
ooneBmux COVID-19 1 uMMyHHOTO OTBeTa II0-

cJie BaKIIMHAIIMM TOCBSIIICHBI MCCICIOBAHUS |5,
7]. MHOTOUYMCIIEHHBIE UCCIeA0BAaHMU S TIOCBSIIIIEHBI
M3YUYCHUIO NMMYHUTETAa Y AeTeil BO BpeMsI MaHIe-
mun [3, 4]. Takke mpeacTaBIIsIio MHTEpeC BO3Ae-
CTBHME HOBOM KOPOHABHPYCHOM MH(MEKIINH Ha TTa-
OMEHTOB, WMCIOIINX TMOOOYHEBIC 3a00JeBaHUS.
HNMMyHOTEpanieBTUICCKNE MOAXOOBI K JICUCHUIO
M COCTOSTHUE JTUTNUATPAHCIIOPTHOM CUCTEMEBI pac-
CMOTpEeHBHI B paboTax [1, 9].

Matepuanbl n MeTOObI

MarepuajioM UCCIEIOBAHUS CIYXHIU WM~
MYHOrpaMMbl TTallMEHTOB B Bo3pacTe no 18 Jer,
npoxusatomre B [lepmckom kpae. I[11aH mpoBe-
JIEHU ST DKCIIEpMMEHTa MoKa3aH Ha puc. 1 U cocTo-
ST B CJIENYIOIIEM: MMMYHOIpaMMBbl AeTeid U TIOJI-
POCTKOB OBbLJIM MPEABapUTEIbHO CIPYNIIUPOBAHBI
Ha TpU BO3pacTHbIe MHTepBajia: g0 3 JeT, oT 4
no 9 net u no 17 net. Jlajsee B 3aBUCMMOCTU OT UM~
MYHOIJIOOYJIMHOB MMMYHOTPaAaMMBbl  pa3iesieHbl
Ha 6oabHBIX (C2) u 3popoBbix geteit (Cl). B co-
crtosiHuu Cl n3ydajaoch OTKJIOHEHHE MapaMeTpPOB
nporoyHoir uutodporomerpuu (INLIOM) kposBm
NalieHTOB OT pedepeHTHOro MHTEepBajga B 00e
CTOPOHBI, a TaK>Ke HaXOASIIUXCS B pehepeHTHOM
uHTepBaae. OTauyue usMmepeHui B coctosHuu C2
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PucyHok 1. MnaH npoBegeHusa akcnepumeHTa
Figure 1. Experimental design

COCTOSIJIO B TIPEIBAPUTEIBHON COPTUPOBKE UMMY-
HOTpaMM TI0 OTKJIOHEHUI0 WMMYHOTJIOOYJINHOB,
TakuM o06pa3oM (popMUpoOBaJIUCh 2 MAaCCUBA, YUU-
THIBAIOIINE TIOBBIIIIEHUE WU TOHUXEHWE OT pe-
depeHTHOro wuHTepBana. WMcciemoBaHus ObLIU
MPOBEIeHBI Ha 0a3ze MEAMIIMHCKOTO YUPEXKICHM S
«@unocodust KpacoThl U 3A0pOBbs». [locTpoeHMe
WUMMYHOTPAaMM BBITIOJIHEHO Ha Tipubope Ilab
Taurus. beuio npoaHaauspoBaHo okosio 300 uMm-
MyHoOTrpaMM. MaTepuajioM IJsl JaHHBIX UCCIIEN0-
BaHUU SIBJISIIUCH PE3YJIbTaThl, TIOJIyYeHHBIC B paH-
HUX nyoaukauusx [6, 10].

Pesynbrathl

CocTosiHME MMMYHHOI CHCTEMBI YeJIOBe-
Ka MOXET OxapakKTepu3oBaTb MMMYyHOIpaMma.
MMmmyHorpamMmma OOBIYHO COAEPKUT TPU MOJS:
MacCUB MMMYHOIJIOOYJIMHOB, MOJe MMMYHHOTO
cTaTtyca U IoJie IokasaTeJsieil IpOTOYHOIo LUTo(hOo-
TOMETPUYECKOTO aHajmu3a. PaccMOTpuUM ITOAXOIbI
MaTeMaTU4YeCKOTro MOJEIMPOBAHKS IIPU ONMCAHU U
CUCTEMBbI MOAYJIEId UMMYHOTpaMMBI [6, 11].

IMokazarenr mmmyHornooyanHoB AO(MI) xa-
paKTepu3yeTcss OTKJIOHEHHWEM IlapaMeTpOB Tpex
nmMmyHorsooynuHos UTA, UT'G u UT'M:

00 00 00

AO(UT) = ——— AMHA+ ——— AMAM+——— AUHG. (1)
OUTA oUrM OUIG

CyMMapHBIii TIOKa3aTesib OTKJIOHEHUS JIeW-
KormTapHoit dopmynasl KpoBu AN(?) oT Bo3pacTta
nanyeHTa (7) OmMcaH IlapaMeTpaMu TIPOTOYHOM
HUTO(POTOMETPUMN:

APU

AN(t):%At+%zlt+%dt+%zlt+%dt, 2)
ot ot ot ot ot

roe n, — Jletikouutsl, n, — Jlumdpouutsr, n, —

NK-knerku (CD167CD56%), n, — T-xenmnepsl, ns —

WNunexc ummynoperynsuuu (CD4Y/CD8™).
CyMMapHOe OTKJIOHEHME ToKaszaTesisi haroim-

T030B AF(t) onuceiBaeTcs mapamMeTpaMu UMMYH-

HOTO cTaTtyca:

AF(t)=%At+%At+%At, A3)
ot ot ot

roe f; — AOcCoJITHOe 3HauyeHue (haromnTosa;
f, — @arouurapHoe 4ucio; f; — PDarouuTapHbIi
MHIEKC.

B 1ierom mokasatesib umMMyHorpaMMber AD (M)
MOXHO OLEHUTbh MO aAAMTUBHON (PYHKIIMIT OTKJIO-
HEHU S mapaMeTpoB UMMYHorpaMmul [8, 10]:

o(N)"-o(N) , ¢(6)"-0(0) , H(F)"-o(F)
(D(N)PI/I ®(®)PI/I (D(F)P” ’ (4)

rae PU — nokazarenu pedepeTHOro MuHTepBaja.

B naHnHOM HcciaenqoBaHUU PaCCMOTPEHBI Xapak-
TepHble TapaMeTpbl (2) UUTODOTOMETPUYECKOTrO
aHaJM3a MJia3Mbl KPOBU MAILIUEHTOB.

B paHHuX ucciaenoBaHUSIX ObLIU MOJTYyYEHBI 3a-
BUCUMOCTH TIOJJMHOMOB OTKJIOHEHUI JIEKOLMTOB,
JInmpouunrtoB, NK-knerok, T-xenmnepos, MHaekca
UMMYHOPETYJISLIUA U IPYTUX OT BO3pacTa MalueHTa
U COCTOSTHU S Goste3Hu [6, 10]. B manHO# paGoTe mpe-
CTaBJISLT UHTEpeC 0000111eHHbIH TToKa3aTesb [TLIOM.

Ha nepBoMm 3Tame mpoBeAeHO WCCIEeIOBaHUE
st Becex mapametrpoB [TLIMDM, Haxoasimuxcst B pe-

AD(H)=
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TaGnuua 1. 3aBucumocTu nokasarenei npu Haxoxageuuu NMUOM nu uMMyHornoOynuHoB B pepepeHTHOM

nHtepsane (PU) (coctoaHue C1)

Table 1. A relation between indices for flow cytophotometric analysis and immunoglobulin level within reference

interval (RI) (state C1)

Mokasatenb AnnpokcumaumoHHasa pyHKuma
Indicator Approximation function
n,(t) %At:—l&l&z+77,91t+13,19
on,
ny(t) EN =40,37In(t) + 51,44
on,
ny(t) EAt =-12,79In(r) + 93,33
on,
n,(t) EN =69,741n(t) + 16,62
ons 2
ng(t) a—t’At = -32,29¢* +14,811-93,76
Cymmaphbiit nokasatens AN(r)=—50,47¢> +92,72¢ + 97,32 In(r) + 80,82
Total Score

Ta6auua 2. 3aBucumocTtu nokasarteneii NMNUPM B cocTosiHum C1 npu npeBbilleHUn pepepeHTHOro

uutepeana (TPH)
Table 2. A relation for flow cytophotometric analysis indicators at C1 state exceeding reference interval (TRI)
Mokasatenb AnnpokcumaumnoHHasa GyHKUmUS
Indicator Approximation function
ny(t) %Az: 30,9¢* 145,59 +364,2¢ 1,611 — 2,76 In(t) + 473
t
on, )
ny(t) EN =24,81t"—-122,6t +147,78
on,
ny(f) EN =-2,76In(t) + 6,07
on,
n,(t) 4 Ar=3642¢—1,61
ot
Ons 2
ny(t) Em = 38,21+"— 188,49t + 231,52
Cymmapheiii nokasatens AN(r)=30,9r> ~145,59¢ +364,2¢ 1,61t — 2,76 In() + 473
Total Score

Ta6nuua 3. 3aBucumocTy nokasateneii MUOM kposu B coctosHum C1 npu |PU*
Table 3. A relation between blood flow cytophotometric analysis indicators in at C1 state for LRI*

Mokasartenb AnnpokcumauunoHHasa GyHKUMA
Indicator Approximation function
n, O N¢ =1,6650—1,6033
ot
on,
n, —=At=1,665t+2,7167
ot
on, 2
n, EAI =-4,625t" + 26,835t -22,21
on, 2
n — At =-22,405¢" +91,285¢ — 68,88
4 ot
On;
n, EA: =36,517In(r) + 0,1667
Cymmaphiii nokasarese AN(f)=-27,03¢> +36,517In(¢) +121,45¢ — 89,81
Total Score

NMpumeuanue. *LPV — npu noHMxeHUn nokasaTteneii 0T pedepeHTHOro HTepBsana.

Note. *| Rl — when indicators decrease below reference interval.
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TaGnuua 4. 3aBucumoctu nokasarenei NMNUOM 8 PU npu coctoaHum C2

Table 4. A relation between flow cytophotometric analysis indicators at C2 state within Rl

WUrA, UM IgA, IgM | Status*

J PU/RI

MNokasarensb 3aBucuMmMocCTb
Indicator Dependence
n, %:10,53%—31,57”21,05
n, aai; = —16,45¢7+ 74,341 32,89
on, 2
n, s 5067+ 200t ~150
ot
on, 2
n, E: -27,96t"+121,38t—80,92
on, N
ng E =-26,065t"+117,44r —78,29
Cymmaphbiit nokasaten AN(r) =-110,53/* + 481,59 321
Total Score

Mpumeyanue. *PU — pedepeHTHbIN MHTEPBAN.
Note. *Rl — reference interval.

Ta6nuua 5. 3asucumoctu TPU nokasareneit NLUPM npu coctosiHum C2

Table 5. A relation between TRI flow cytophotometric analysis indicators at C2 state

WrA, UITM IgA, IgM | Status*

l TPU/RI

Mokasatenb 3aBucumMocTb
Indicator Dependence

n, %: ~43,7517+168,75t ~112,5
on, _

N2 o
on,

n ony _

8 ot

on,
d R

fa ot
On,
S0

s ot

CyMMapHblii nokasarenb on _ 43750 +168,75¢ ~112.5

Total Score ot

Mpumeyanue. *PU — pedepeHTHLIN nHTepean, TPU — npu npesbilueHnm nokasatenei oT pedepeHTHOro MHTepeana.
Note. *RI — reference interval, TRI — values exceeding reference interval.

Ta6auua 6. 3aBucumocTn nokasateneii NMUPM neiikoumTtapHoii popmysnbl KPOBU NPU COCTOAHUM GOle3HU
(oTknoHeHue ummyHorno6ynuHos UFA, UM ot pedepeHTHOro MHTepBana)

Table 6. A relation between flow cytophotometric analysis indicators of leukocyte blood formula in disease (deviation
of immunoglobulins IgA, IgM from reference interval)

Mokasarenb 3aBucumocTb
UrA, UTM IgA, IgM *
Indicator Dependence ’ oA, IgM | Status
on,
il Ry
n, ot
on, 2
n, E: 18,42¢"— 55,26t + 36,84
on, P
n, E: 34,217 -102,63¢ + 68,42
. l LPU/RI
n, % = -27,96¢*+121,38 — 80,92
on, 2
n, E =-26,65t"+ 117,44t 78,29
CymMmmMapHbIii nokasartens AN(t) = —1,98¢*+ 80,741 — 54
Total Score

Mpumeuanue. *PV — pedepeHTHbIl nHTepBan, P — npu saHuxeHnn nokasateneii 0T pedepeHTHOro HTepBsana.
Note. *RI — reference interval, LRl — in case of indicators below reference interval.
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TaGnuua 7. 3aBUCMMOCTU NOKa3aTenei nekouutTapHoi Gopmysbl KPOBU NPU COCTOSHUU 00Ne3HU
(npeBbIWIeHME Noka3aTeneii uMMyHornooynuHos UFA, UM ot pedepeHTHOro uHTepeana)

Table 7. A relation between leukocyte blood formula indices in disease (IgA, IgM immunoglobulin indices above
reference interval)

Mokasarenb/Indicator 3asucumocTtb/Dependence WUrA, UrM IgA, IgM | Status*
n, %:—43,75”133,33
n, aai; =375t +116,67
on, 2
n, Ez—SOt +200z -150
) PU/RI
on,
i o
on, 2
n —=-37,5t"+137,5t-75
° ot
CymmapHbI nokasartenb AN(t) — 8752 +336.99/ —30
Total Score ’ ’

Mpumeyanue. *PU — pedepeHTHbIN MHTEPBA.
Note. *RI — reference interval.

Ta6nuua 8. 3aBMcMMOCTU NoKasaTeneli neiikounTapHoi Gopmysibl KPOBM NPU COCTOAHUMN Gone3Hn
(oTknoHeHne uMmyHornooynuHos UrA, UTM ot pedepeHTHOro nHTepeana)

Table 8. A relation between leukocyte blood formula indices in disease states (deviation of immunoglobulins IgA, IgM
from reference interval)

Mokasartens/Indicator 3aBucumocTb/Dependence WUrA, UM IgA, IgM | Status*
on,
™ a0
0
= ) TPU/RI
n —+ = 18,42* — 55,26t + 36,84
4 ot
n, %‘ = 4572t ~199,68¢ +216,45
CymmapHLiii nokaaarens AN(f) = 64,1412 — 254,941 + 253,29
Total Score

Mpumeuanue. *PV — pedepeHTHbili nTepsan, TPU — npu npesbiLeHn nokasaTteneit 0T pedepeHTHOro NHTepBana.
Note. *RI — reference interval, TRI — indicators exceed the reference interval.

Ta6auua 9. 3aBMcUMOCTM NokasaTenei neikouutTapHoit GopMyIbl KPOBU NPU COCTOAHUM OONesHu
(oTknoHeHne uMmyHornooynuHos UrA, UTM ot pedepeHTHOro nHTepeana)

Table 9. A relation between leukocyte blood formula indices in disease states (deviated immunoglobulins IgA, IgM
from the reference interval)

Mokasartenb/Indicator 3aBucumoctb/Dependence UrA, UITM IgA, IgM | Status*
on,
n, =
n My 10,526 =31,57¢ + 21,05
2 ot
n, % = 15,79 — 47,37t + 31,58
! ) IPU/RI
on,
i E
on
" il
CymmapHbIii nokasartesnb AN() = 2631 ~78.941 +52,6
Total Score ? ’ ’

NMpumeuanue. *PVl — pedepeHTHbIN nHTepBan, LPU — npu 3aHnxeHnn nokasateneii oT pedepeHTHOro HTepBsana.
Note. *Rl — reference interval, LRI — values below reference interval.
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¢depeHTHOM WHTEepBaje U IOJYUYeHbl CyMMapHBIe
noka3zarenu (coctrossHue Cl) (tad. 1).

3aBucumMmocTtu mnokasareneit ITLIAPM B cocTosi-
Hun Cl mpu npeBBIICHUW OT pedepeHTHOIO MH-
tepsana (TPW) npencTaBiaeHsl B TabI. 2.

3aBucumocTu 1okasarejieir I[TIHPOM B cocTosi-
Huu Cl npu 3aHUKEHUU OT pepepeHTHOTO MHTEP-
pasna ({PU) mpencrasieHsl B Ta6I. 3.

PaccMoTpuM Takke mokaszaTeJu UMMYHOTpaM-
Mol [TH®M B cocTtostnuu C2.

B Tabin. 4, 5 u 6 nokasaHbl pe3yabTaTbl UCCIIE-
JIOBaHMIA, TIOJTyUYeHHBIX IPU 3aHUKCHUYU UMMYHO-
JIOOYJIMHOB OT pedepeTHOTO NHTepBaa.

3aBucumocTtn Tmokasateieir TTLIAOM, Haxoms-
mrecs B pebepeHTHOM MHTEepBaJjie MPU COCTOSTHUU
C2, mpencraBieHbl B Ta01. 4.

Pesynbrarhl, moaydeHHBIE MPU MPEBHIIMICHUN/
noHmxkxeHnu [MLPM ot pedepeHTHOro MHTepBajia
B cocTtosiHuM C2 moka3aHbl B Ta0JI1. 5 1 6.

Pesynbrarsl, moka3aHHbIe B Ta0JI. 7, 8 1 9 ogHO-
TUITHBI ¢ Ta01. 4, 5 1 6 ¢ ONHUM OTJIMYMEM, Kacalo-
IIETOCsI OTKJOHEHUSI UMMYHOTJIOOMHOB B CTOPOHY
MpeBbILLIEHUS pedepeHTHOIO MHTepBaJa.

I'pacdmyeckme  3aBUCUMOCTU  ITOKazaTeseit
IML®M B coctossHuu C2 mokaszaHbl Ha puc. 3.

O6cyxaeHne

ITouTtu BCce rpaduku cyMMapHBIX TTOKa3aTesei
NPOTOYHON TUTOGOTOMETPUN UMEIOT HEOOJI IO
9KCTPEMYM Y JeTell B Bo3pacTte 2—3 neT. HecMmoTtps
Ha To 4TO otaesibHble mapaMeTpbl [TLIDOM nmenu
KOJIeOaTeIbHBIN XapaKTep, IJIsI BceX TpaKOB Xa-
paxkTepHO IJaBHOE U3MEHEHUE C YBETMYEHUEM OT-
KJIOHEHU 1 Y MOAPOCTKOB.

IMokaszarenun ITLMOM, naxomsimmecs B pede-
PECHTHOM MHTepBajie UMeJIN OOAMHAKOBOE HaIlpaB-
JIEeHWEe B CTOPOHY OTPULIATEIBHOrO OTKJIOHEHUS
C YBEJIMUYEHHUEM BoO3pacTa ¢ TeM OTJIUYHUEeM, YTO
B COCTOSTHUM OOJIE3HU OTKJIOHEHME OBIJIO B 2 pa3a
OoJblile.

B cocTosiHUM OTCYTCTBUS 3a00JIeBaHU I TTPEBbI-
meHue nmokasareieil ITLIMAM nmeno moaoxKuTelIb-
HYIO TEHICHIIUIO C YBEeJIMUYEHHUEM BO3pacTa, a Io-
HmkeHne mokasateneit [TLMAM ot pedepeTHOro
MHTepBaJja UMeJIO OTpULIaTeIbHYIO TEH AEHIIUIO.

B coctossHuM 3a007eBaHUs TIPU TTOHUXKEHHBIX
MMMYHOTJIOOYIMHAX TIpU TIpeBbILIEHUU pede-
peHTHoro nHTepsana [1LIMM HabmonaeTcsd BBIITY-
KJIO€ OTKJIOHEHHE B OTPULIATEIbHYIO CTOPOHY MpU
yBeJMYeHUU Bo3pacTta. [Ipy MOHUXKEHUU OT pe-
(depeHTHOro MHTepBajia HaOJIogaeTcsl BBHITTyKJas
KpPUBasI C MOJOXUTEIBHBIM OTKJIOHCHUEM.

IIpy TOBBIIIEHHBIX MMMYHOTJIOOYJIMHAX TP
npeBbilieHU pedepeHTHOro nHtepBasa [MLIOM
MMEET BBITHYTOE IIOJOXUTEJIbHOE OTKJIOHE-
HUe, TP MOHUXeHUU pedepeHTHOro MHTEepBaja
IMIPM Takke MMeeT BBITHYTOE ITOJIOXKHUTEIHHOE
OTKJIOHEHUE B 5 pa3 0oJiblle.

BbiBOAbI

Oo6o6menue mokasaresneii I[TLIAM mipu kopo-
HaBUPYCHOM MH(PEKIUU Yy JeTe U MOAPOCTKOB,
HECMOTpPSI Ha HEKOTOpbIE OTIWYWS, WMEET TeH-
JNIEHIINIO K YBEJIMYCHUIO OTKJIOHEHUS K CTapiieMy
MOAPOCTKOBOMY BO3pacTy, Ha YTO HY>KHO OOpPaTUTh
BHMMaHWE TIpU JajbHEl AMArHOCTUKE MOCeI-
CTBUU MHDEKINU.

AN(r)x107 2
PIURI 0o 5 10 15 20
-2
-4
-6
-8
-10
-124
14+
-16
AN(t)x107 8
TPU/RT 7 -
6
5 4
4 4
3
> |
-
0 T T T |
0 5 10 15 20
AN(t)x107 1
LVPU/RI 0-

-7

PucyHok 2. 3aBUCUMOCTM OTKJIOHEHUS CYMMapPHbIX
nokasareneii MU®M (AN(t) x 10-3) B cocToAHUM

C1 ot BO3pacTa naumneHToB (t) U OTKJIOHEeHUS

ot pedepeTHoro uitepeana (PWU)

Figure 2. A relation between deviation modality for total
flow cytophotometric analysis (AN(t) x 10-%) indices at

C1 state and patient age (t) and deviation from reference
interval (RI)
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PucyHok 3. 3aBMCUMOCTHU OTKJIOHEHUS cyMMapHbix noka3aTteneii MUPM (AN(t)) B cocTosiHuu C2

0T BO3pacTa NauueHToB (t), OTKNOHeHUs oT pedepeTHoro nutepeana (PU) npu nonnxeHHbix (MFA, UTMU)/
noBbieHHbIX (UTA, UTMT) ypoBHSX UMMYHOrNoGYNUHOB

Figure 3. Arelation between deviation modality for total flow cytophotometric analysis indices at C2 state and patient
age (t), deviation from the reference interval (RI) at decreased (IgA, IgM{)/increased (IgA, IgMT) immunoglobulin
levels
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BJIMAHUE HOBOU KOPOHABUPYCHOM

MHPEKLUUN HA NOKASATEJIN TEMOIPAMMBI

B PAHHEM MNEPUOAE Bbl3A0POBJIEHUA
NAUMEHTOB C ULLEMUYECKOW BOJIE3HbIO CEPLA

H.M. Arapkos'-?, T./. SIkynuenko?, O.!. Oxoruukos?, K.®d. Makkonen?, M.B. AnbimoBa'

"®@IrbOY BO KOz0-3anadnusiii 2ocydapcmeennniii ynusepcumem, 2. Kypck, Poccus
2DIAOY BO beazopodckuii ocydapcmeenHblii HAYUOHAAbHBLIL UCCAe008aMeAbCKUl YHUusepcumem, 2. beazopoo, Poccus
J@I'bOY BO Kypckuii cocydapcmeennbiii meduyunckuil ynusepcumem, 2. Kypck, Poccus

Pesiome. JIabopaTopHbIe mJaHHBIE, 0COOEHHO OOIIMI aHAIM3 KPOBH, UI'PAIOT BaXKHYIO POJIb MPHU JICYeHUHN UHDEK-
LIIMOHHBIX 3a00eBaHmit, B ToM yncie COVID-19. OgHako y 60JBHBIX ¢ MIIeMu4ecKon 0ose3Hbio cepama (MBC)
u COVID-19 obmuit aHann3 KPOBU aHANIM3UPYETCS PEIKO W HEIOCTATOYHO, YTOOHBI IMIOTHOCTHIO OLIEHUTH BO3ICH-
CTBYE HOBOI KOPOHABUPYCHOM MH(PEKIINY Ha TTALIMEHTOB C KapAUOJIOTHIeCKUMHU 3a0oeBaHusIMU. Llenb ncciaemona-
HUS — U3yYeHUe BIUSHUS HOBOM KOPOHABUPYCHON MH(MEKIINY Ha ITOKA3aTeJIM TeMOTPaMMBI B paHHEM ITEPUOJIE BBI-
3mopoBiieHus manueHToB ¢ UBC 3penoro u moxuioro Bo3pacta. Mccinenopanne BEITTOHeHO B Kypckoit ropomckoit
KJIMHUYECKOH 00JIbHUIIE CKOPOit MeanIIMHCKON moMomu B 2021-2022 rr. B HeM npuHSIAM ydyacTue 58 maluueHTOB
3peJioro Bo3pacta (45—59 jer), crpamaromnx MBC, nepeHecnx HOBYI0 KOPOHABUPYCHYIO MH(MEKINIO, 1 62 Talu-
eHTa TMoXujoro Bozpacta, ctpaganiux MbC, nepeHeciinx HOBYI0 KOPOHAaBUPYCHYI0 MHpeKL0. 3a00p KpOBU
MPOBOIMJICS B YTPEHHME Yachl U3 MOBEPXHOCTHBIX BEH MpPeIlyieubs B CiellMagbHble MPoOMpKU Vacutainer ¢ akTH-
BaTOPOM CBEPTHIBAEMOCTH. Y MOXMUJIBIX MALIMEHTOB Yepe3 3—4 Hemeu Tocie BbI3TOPOBICHUS COXPaHSJIMCh 3HAU M-
MBbIe M3MEHEHU S MoKa3aTeIel KpacCHON KpOBU — CHMXKEHUE cofepKaHus B epudepruecKoil KpOBU 3pUTPOILIUTOB,
reMOrJ00MHA ¥ TeMaTOKpuTa. Y MOXMIBIX nanueHToB ¢ MBC, mepeHecmux HOBYI0 KOPOHABUPYCHYIO MH(DEKIIMIO
CpemHei CTEeIeH! TSIKeCTH, Yepe3 3—4 HelmeIn 0TMeJaacs TakKe MOBBIIIEHHBII OTHOCUTEILHO T'PYTIITEI CPAaBHEHU ST
YPOBEHB JICHKOIIUTOB, HEUTPOPUIIOB, CETMEHTOSAAepHBIX HeliTpoduiaoB u COI. CiaenyeT oOpaTUTh BHUMaHUE, YTO
B paHHEM IIepHoIe peKoHBajlecleHINN manueHToB ¢ MBC moxmioro Bo3pacra ¢ epeHeCEHHOM HOBOI KOpOHa-
BUPYCHOM MH(pEKIIMEH OblJIa CTATUCTUUSCKN 3HAYMMO ToBbIIIeHa BeanarnHa COD, 4TO MOATBEPKAACT COXpaHEHUE
BOCITAJIMTEILHOTO Tipoliecca. [IpoBenst olleHKY WH(POPMATUBHOCTH MCCICIOBAHHBIX ITapaMeTPOB OOIIETO aHaJIH-
3a KPOBH I10 paCCUYMTAaHHBIM IMoKa3aTesnsiM Kyiabbaka, ycTaHOBIIeHa HanOoJIbIas MHGOPMATUBHOCTD JIJII TPOMOO-
uuToB, aeiikouuToB 1 COD. Takum 00pa3oM, Cpeaun MpoaHaIM3MPOBAHHBIX MTOKa3aTeseil 00I1Iero aHajiu3a KpoBu
HauOoJblIel NHGOPMATUBHOCTHIO M MPOTHOCTUYECKON 3HAUMMOCTBIO B OTHOIIIEHU S TPOTEKaHUSI pAHHETO PEKOH-
BajiecleHTHoro nepuona nauueHToB ¢ MBC moxunoro Bo3pacta, nepedoieBIINX HOBOIl KOpPOHABUPYCHON MH(]EK-
nuei, oonagaoT TpoMoouTh, COD U IeHKOLMTHI, KOTOPHIE MpeaiaraeTcs UCI0Jb30BaTh B KaueCTBe 0MOMapKepoB
PaHHETO PEKOHBAJIECLIEHTHOIO NIEPUOAA.

Karoueesote caosa: COVID-19, eemoepamma, nodicunoil 603pacm, cpedruil 603pacm, uuemuueckas 604e31b cepoya, paHHuil nepuoo
6b1300p06ACHUS.
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THE EFFECT OF ANEW CORONAVIRUS INFECTION ON HEMOGRAM PARAMETERS IN THE EARLY
CONVALESCENCE PERIOD OF PATIENTS WITH CORONARY HEART DISEASE

Agarkov N.M.*", Yakunchenko T.I.>, Okhotnikov O.1.c, Makkonen K.F.’, Alymova M.V.?

@ South-West State University, Kursk, Russian Federation

® Belgorod State National Research University, Belgorod, Russian Federation
¢ Kursk State Medical University, Kursk, Russian Federation

Abstract. Laboratory data, especially a general blood test, play an important role in the treatment of infectious diseases,
including COVID-19. However, in patients with coronary heart disease (CHD) and COVID-19, a general blood test is rarely
analyzed and is insufficient to fully assess an impact of the new coronavirus infection on patients with cardiac diseases.
The aim of the study was to analyze a COVID-19 effect on hemogram parameters in the early recovery period of patients
with coronary heart disease. The study was performed at the Kursk City Clinical Hospital for Emergency Medical Care in the
years 2021-2022, which involved 58 mature-aged patients (45—59 years old) suffering from coronary heart disease who had
a new coronavirus infection and 62 elderly patients suffering from coronary heart disease alone. Morning blood sampling
was carried out from the forearm superficial veins into Vacutainer test tubes added with a coagulation activator. In elderly
patients, 3—4 weeks after recovery, significant changes in red blood parameters persisted — a decline in the level of peripheral
blood erythrocytes, hemoglobin and hematocrit. Elderly patients with coronary heart disease comorbid with a moderate new
coronavirus infection, 3—4 weeks later had also higher count of leukocytes, neutrophils, segmented neutrophils and ESR
level relative to comparison group. It should be noted that in the early convalescence period elderly patients with coronary
heart disease and COVID-19 had significantly elevated ESR, which confirms ongoing sustained inflammatory process. After
evaluating the information content according to the calculated Kullback informativeness assessment for analyzed general
blood test parameters, it was found to peak for platelet and leukocyte counts as well as ESR level. Thus, among the analyzed
indicators in the general blood test, it turned out that platelet and leukocyte count along with ESR level were most informative
and of prognostic significance during early convalescent period of elderly patients with coronary heart disease comorbid with

a new coronavirus infection, which are proposed to be used as biomarkers of early convalescent period.

Key words: COVID-19, hemogram, old age, middle age, coronary heart disease, early recovery period.

BeepneHne

I[MangeMusi HOBOIl KOpPOHOBUPYCHOW WHQEK-
uuu, accouuupyemasi ¢ SARS-CoV-2 u opunimaib-
HO NpU3HaHHas1 BceMUpHOU opraHu3anuvei 3apa-
BooxpaHeHUs1 B MapTe 2020 r., coxpaHsieT CBOIO
aKTyaJbHOCTh U B HACTOSIIIIEE BpeMsi, TTOCKOIbKY
B pa3JIMYHBIX CTpaHaX, B TOM uucie B Poccuiickoii
Denepanu, HECMOTPSI Ha CYIIECTBEHHOE CHUXKE-
Hue 3aboneBaemoctu COVID-19, nanHoe 3a0o0Jie-
BaHME MTPOJOJIKAET PETUCTPUPOBATHCS U BbhI3bIBA-
€T Cepbe3Hble OCJIOKHEHUSI, OCOOEHHO B I'pyIIIax
BBICOKOTO PUCKa, K KOTOPBIM OTHOCSITCSI TTAIlMEHTHI
¢ umeMuueckoit 6onesnnto cepaua (MBC) [2, §].

B cBa3u ¢ poctoM uwucnaa cayyaes COVID-19
M0 BCEMY MUPY M3-3a €ro BHICOKOW KOHTAarmo3HO-
CTU OBIIM TPOBENEHBI MHOTOUYMCIIEHHBIE MCCIIE-
JIOBaHUSI, B KOTOPBIX COOOIIIAIOCh O TIPEIUKTOPax
TsIKeCcTU 3a0oJieBaHus y manueHToB ¢ COVID-19.
HccnenoBanusi mokasaiv, YTO TSIKEJIbIE UJTU CMEp-
TeJbHbIe ciaydau 3aboneBaHuss COVID-19 css3za-
HBl C TIOBBIIIIEHHBIM KOJWYECTBOM JIEHKOIIMTOB,
MOYEBMHBI B KPOBHU, KPEaTWHWHOM, MapKepaMu
GyHKUIUU neyeHU U 1nouek, C-peaKTUBHBIM OeJi-
KOM, UHTEPJICHKUHOM-6, CHUXEHUEM KOJIMYEeCTBA
JTUMGOIMTOB U TPOMOOIIUTOB, a TaKXe ypOBHEM
anpOyMMHA, 110 CPaBHEHUIO C OoJiee JISTKUMU CITy-
yasiMmu COVID-19, uTo BiUSIET HA BbIXKMBAEMOCTh
nmanueHTos [6, 7, 8].

JlaGopaTopHble TaHHbIE, OCOOEHHO OOIIUIT aHa-
JIN3 KPOBU, UTPAIOT BAXKHYIO POJIb MIPU TUAaTHOCTH-

K€ U JieYeHU M MH(MEKIIMOHHBIX 3a00JIeBaHU I, B TOM
yuciae npu COVID-19. OngHako y GOJbHBIX C UIle-
muueckoi 6osiesHblo cepaua u COVID-19 obmumii
aHaJIM3 KPOBU aHAJIM3UPYETCS PeIKO M HEAOCTaTOU -
HO, YTOOBI OJTHOCTBIO OLICHUTH BO3/ICHCTBUE HOBOM
KOPOHABUPYCHOM MHMEKIIMKX Ha ITallMeHTOB C HC-
CJIENyeMbIM KapAWOJOTMYEeCKUM 3a00JieBaHUEM.
Llenp Halllero UccaenoBaHUsI — U3YUYCHME BIUSHUS
HOBOI KOPOHABUPYCHOM MH(MEKIIMU Ha MoKa3aTeIu
reMorpaMMbl B paHHEM II€PUOJE BBHI3IOPOBJICHUS
nauueHToB ¢ MBC 3pesioro v moxXujoro Bo3pacTa.

MaTtepwuanbl 1 MeTOAbI

B wuccrmemoBaHnmm, BBITTIONTHEHHOM B O06JacT-
HOM OIOIKETHOM YUPEXKICHUU 3IPaBOOXPaHCHUS
«Kypckass Topomackas KiIMHHYecKas OOJbHHUIIA
CKOpO# MeIUITMHCKOI mmomorn» B 2021—-2022 rT.,
yJacTBOBAJO 58 MallMEHTOB 3pejIoro BO3pacTa,
ctpamaromnux MBC, KoTopble MepeHECIn HOBYIO
KOPOHABUPYCHYIO MHGEKIHUIO U 62 malueHTa Io-
KHMIIOTO Bo3pacTa, cTpamatomux MBC, mepenec-
WX HOBYIO KOPOHABUPYCHYIO MH(MEKIINIO.

Huarnoctuka COVID-19 ocymecTBisiachk
no pesyapratam [ILIP M MDoaoXuTeabHOro Te-
cta Ha Bupyc SARC-CoV-2. Bepudbukauns UBC
OpoBeAcHA 1O KPUTCPUSIMH, M3IIOXKCHHBIMU
B Kiumunuuyeckmx pexkomeHganusax «CTadbuibHas
uieMuyeckasi 00Jae3Hb cepalar, MoAroTOBJIEHHOM’
crrienaaucTaMu Poccritckoro KapamoJIornuecKo-
ro obuectna [1].
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Temamonoeuueckue uccaedosanus. Ilpu 3abope
BEHO3HOI KPOBM B YTPEHHME 4achl ITyTeM BEHO-
MYyHKIIMY U3 TTOBEPXHOCTHBIX BEH MPEATIeubs UC-
MOJb30BaM CHelraibHble TTPOOUPKMU Vacutainer
C aKTUBATOPOM CBEPTHIBAEMOCTH.

OO1uii aHaaM3 KPOBU BBIMOJHSJCSI C COOIIO-
JIeHUeM OOIIEeNPUHSITHIX TPeOOBAaHUI M BKJIIOYAT
ornpeesieHue ypoOBHEIl:

— BPUTPOLUTOB, n X 10'2/11;

— TeMOoIJIOOWHA B I/,

— reMaTokpuTa B %;

— TpoMGOLUTOB, n X 10°/1;

— JuMdouuToB, n x 10°/7;

— JIeKouuToB, n X 10°/71;

— HewTpoduiIoB, n X 10°/71;

— CEerMeHTOSIepHBbIX HEUTpod1IoB B %;

— MaJIOYKOSIACPHBIX HEUTPpOdUIIOB B %;

— 503uHO(UIOB B %;

— MOHOIIMTOB B %;

— aIuMQOIUTOB B %;

— COD BMM/u.

WM3ydyeHne BbIlIeNIEpEUYMCICHHBIX TTOoKa3aTeleit
o0111ero aHaI13a KPOBU BBITIOJTHEHO HA aBTOMAaTH -
YeCKOM reMaToJIOTMYeCcKOM aHaju3aTtope Quintus
(e us).

[MTanieHTHl B OCHOBHYIO Y KOHTPOJIBHYIO TPYTI-
bl BKJIIOYAJIMCh MOCJIE TTOJYUYEHUST ITMCbMEHHOTO
nHpopMupoBaHHOro corjlacus. McciiemoBaHue
OCYIIECTBJISIJIOCH C COOJIIOAEHUEM OOIIENPUHSITHIX
3TUYECKUX HOPM.

Cmamucmuueckas oopabomka dannsix. Ilpu cta-
TUCTUYECKO 00paboTKe pe3yabTaTOB MCCIIeI0-

BaHUs NpuMeHsiiacek 9BM tuna «Pentium» c wuc-
MOJIb30BaHUEM CTaHAAPTHOIO NPUKJIAAHOTO Iia-
KeTa «Statistica 10.0». IIpu aHanu3e pe3yabTaTOB
WCCJIENOBAHUSI pacCUMTaHbl MHMOPMATUBHOCTH
Kynsbaka M mnporHoctmyeckue Ko3(DOUIIMEHTHI
o obenpuHATBHIM hopmynam. PesyabTaTsl uccie-
JOBaHUsI OIIEHUBAJIMCh MO KPUTEPHUIO )> C YICTOM
yycjia CTeneHeil cBOOOAbl U pas3jinyue NpUHUMAa-
JIOCh CTaTUCTUYECKH 3HAaYUMBbIM T1pu p < 0,05.

PesynbraThl

Cpenu o0OcCJIemOBaHHBIX ITAallMEHTOB B BO3pac-
Te 60—74 yepe3 3—4 Hemesn MOCIE BBI3IOPOBIEHUS
OT HOBOM KOPOHABUPYCHOI MH(MEKINU C COYCTaH-
Hoii MBC B o611eM aHaIM3e KPOBU BBISIBJIEHBI CYIIIE-
CTBEHHBIC M 3HAUYMMBIC M3MEHEHUS OTHOCHUTEIILHO
TIpeAcTaBUTENCH 3peoro Bo3pacTa ¢ MepeHEeCCHHOM
HOBOI KopoHaBupycHoi nHpeknueit 1 UBC (tada. 1).

B yacTHOCTHM, Y MAallMEHTOB OCHOBHOI TPYNIIHI
yepe3 3—4 Hemeau TOoCie BBI3AOPOBIICHUS COXpaHSI-
JINCh 3HAYMMBbIC M3MEHEHMS ITOKa3aTesieil KpacHOM
KPOBU — CHU>KEHHUE COIep:KaHUS B TTepudepruIecKOMn
KPOBU 3pUTPOLIMTOB, TeMOIVIOOMHA ¥ TeMaTOKPHUTA.

OIHOBPEMEHHO YCTaHOBJICHBI CTAaTUCTUYCCKU
3HAYMMBIC NPYyTUe OTKJIOHEHUS cpeau o0cIemo-
BaHHBIX nauneHToB ¢ MBC B Bo3pacte 60—74 ner
yepe3 3—4 HemesM peKOHBAJICCIIEHTHOTIO Ieproaa
TIOCJIE TIEPEHECEHHO HOBO KOPOHABUPYCHOMW NH-
dexumu. Hambonee BrIpazkeHO Cpeay ITOCISTHUX
Ha0I01aI0Ch TTOBBIIIIEHHOE COofepXaHue TPOMOO-
LUTOB, focTturaoiee 259,3+3,8 x 10°/x1.

Ta6auua 1. UameHeHns nokasaTtenei oOLwero aHannsa KpoBu cpeam naumeHToB ¢ UBC B Bo3pacTte

45-59 net n 60-74 net yepe3 3—-4 Hegenu NocJie BbI3[0POBIIEHNUS OT HOBOW KOPOHABUPYCHOM UHP eKkuum

(M+m)

Table 1. Changes in general blood test indicators among patients with coronary heart disease aged 45-59 years and
60-74 years 3-4 weeks after recovery from a new coronavirus infection (M£m)

MauneHTbl 45-59 ner MauueHTbl 60-74 net
Moka3aTenu o6Liero aHanu3a KPoBM, ¢ UBC yepe3 3-4 Hepenun | c UBC yepes 3-4 Hepenu 3HAYMMOCTD
efuHULa uamepeHus nocne COVID-19 nocne COVID-19 .
General blood test indicators, Patients 45-59 years old Patients 60-74 years p?\?avll::u
unit of measurement with coronary heart disease | with coronary heart disease
3-4 weeks after COVID-19 | 3-4 weeks after COVID-19
BputpouuTsl, x 102/n | Red blood cells, x 10%2/] 4,8+0,2 4,1+0,3 <0,05
YpogeHb remorno6uHa, r/n | Hemoglobin level, g/I 118,5+4,1 92,6+2,8 < 0,001
FemaTokpuT, % | Hematocrit, % 38,6+1,4 30,7£0,9 < 0,01
TpomGouuTsl, X 10%/n | Platelets, x 109/ 177,8+3,4 259,3+3,8 < 0,001
JNumdoumTsl, x 10°/n | Lymphocytes, x 10%/I 2,6+0,1 2,10,2 <0,05
NeiikoumTsl, x 10%/n | Leukocytes, x 109/ 7.4+0,2 9,240,3 < 0,01
Hentpodunsl, x 10%/n | Neutrophils, x 109/ 4,9+0,1 5,6+0,2 <0,01
1A 0
S o, %
NanoukosigepHbie, % | Band neutrophils, % 3,4+0,2 3,5+0,1 >0,05
BoauHodunsl, % | Eosinophils, % 2,0£0,2 2,1+0,3 >0,05
MoHouuTbl, % | Monocytes, % 6,7+0,1 6,4%0,2 >0,05
Numdouutsl, % | Lymphocytes, % 32,1+0,9 25,6+0,7 < 0,01
C03, mm/u | ESR, mm/h 10,2+0,3 13,6+0,4 <0,01
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VY noxwunbeix nauuveHToB ¢ MBC, mepeHeciiunx
HOBYIO KOPOHAaBUPYCHYIO MHMEKIUI CpeaHen
CTETIEHU TSIKECTU, 4yepe3 3—4 Heaeau oTMedascs
TaK>Ke MOBBIIIEHHBIII OTHOCUTEIBHO TPyl CPaB-
HEHMSI YPOBEHb JICMKOIIMTOB, HEUTPODUIIOB, Cer-
MeHTosI AepHBIX HeliTpoduaoB u COD. Bee aTo noa-
YEepKMBAECT COXPAHSIOIINICI B PEKOHBAJECIICHT-
HOM TIepuoie He3HAUYUTEIbHBINM BOCITAJIUTEIbHBIN
npoiiecc. BmecTe ¢ Tem B miepudepryeckoit KpoBu
obcnegoBaHHBIX ocHOBHOI rpyniibl ¢ UBC u nocie
nepeHeceHHO HOBOI KOPOHABUPYCHOM MH(MEKIIN U
3apETUCTPUPOBAHBI CTATUCTUYSCKN 3HAYMMO CHU-
JKEHHBIC YPOBHU JIUM(MOILINTOB, IIPHUUYEM YKa3aHHOE
CHUXXEHUE OTHOCHUTCSI KaK K aOCOJIOTHOMY, TakK
1 K OTHOCUTEJIBHOMY KOJIUYECTBY JIUMMOIIUTOB.

IIpu >TOM TOHMKEHHBIE YPOBHU aOCOJIOTHO-
r0 Y OTHOCUTEJBHOTO KOJMYeCcTBa JTUM(MOIIMTOB
cpenu nipencrasuteneit ¢ UbC noxuioro Bo3pac-
Ta B paHHEM PEKOHBaJIECLIECHTHOM Mepuoe, ITIOMU-
MO CTAaTUCTUYCCKH PEIPEe3CHTATUBHBIX Pa3INUIUNA
B 00OUMX ciyyasx MO OTHOIIEHWIO K TMalMeHTaM
¢ MBC 3penioro Bo3pacta ¢ HOBOl KOPOHABUPYC-
HOIT MH(peKIINeit, UMeIU NPUOIN3UTETHLHO paBHOE
yMeHbllleHne — B cpenHeM B 1,2—1,3 pa3za.

Cnenyetr obpaTUThb BHMMaHMWE, 4YTO B paHHEM
nepuoae peKoHBajecleHIuu nanueHToB ¢ UBC
MOXXMJIOrO BO3pacTa C IEPEHECEHHOM HOBOM KO-
pPOHaBUPYCHOM MH(MEKIINECH ObIJIa CTaTUCTUUECKU
3HAUYMMO TIOBbIlIeHAa BeauuuHa COD, yTOo mNOI-
TBEPXIaeT paHee yKa3aHHBIN BBIBOJ O COXPaHSIIO-
1IeMCsI BOCHAJIUTEIbHOM Ipoliecce.

OrmpeneneHre COOTHOIIEHU S a0COTIOTHOTO UKC-
JIa HeTpodHJIOB K a0COTIOTHOMY KOJIMUECTBY JTUM-
¢douuToB y nauureHToB ¢ UBC B nmoxuaom Bo3pacTe
yepe3d 3—4 Heaesu Tocjie BbI3IOPOBISHUST OT HOBOM
KOPOHABUPYCHOW WH(MEKIIMN HE BBISIBUJIO CTaTH-
CTUYECKM 3HAYMMBIX pPa3IIuii OTHOCHUTEIILHO
MpeaCcTaBUTEIIC KOHTPOJILHOM TPy b (pHC.).

ITonyyeHHBIE pe3yJibTaThl CBUACTEIbCTBYIOT
0 OBICTPOM MNPUOJUKEHUU K TpaHULAM HOPMBI
TAaHHOTO WHIEKCAa y 00CIeIOBAaHHBIX MAllMCHTOB
nocie nepeHecenHoro COVID-19 cpenHeit cremne-
HU TSIXKECTH.

IIpoBens oleHKY MHGOPMATUBHOCTU IIO pac-
CUMTAaHHBIM IToKa3aTenasm Kymbbaka mcciaemoBaH-
HBIX ITapaMeTpPOB OOIIIETo aHaIn3a KPOBH, YCTAHOB-
JileHa HauOosblIass UHGOPMATUBHOCTD Uil TPOM-
oonutoB u COD. Ilpu a3TOoM BeamunHa nHMOPMa-
tuBHOocT Kynnbaka, ycraHoBieHHas miasg COD
y nauueHToB ¢ UBC B moxujiom Bo3pacTe B paHHEM
neprofe PEeKOHBAJIECLIEHIIMUM TI0CJe IIepeHEeCeH-
HOIl HOBOW KOpPOHABUPYCHON WH(MEKIMU, CyIle-
CTBEHHO HMKe, 4eM IJIsI YPOBHSI TPOMOOIIMTOB.
CyllecTBEeHHOU SBJsSETCS BeJIWYMHaA WHpOpMAa-
TuBHOCTH Kysibbaka ajst conepkaHusI JISHKOIITMTOB
B nepupeprnyecKoil KpoBU, KOTOpast HE3HAUYUTEIb-
HO HUXE TAKOTO MapameTpa, YCTAaHOBJICHHOTO IJIS
COD cpenu paccMaTpuBaeMOil KOropThl 00cieno-
BaHHBIX (TA01. 2).

2,7
2,4
2,1 1
1,8
1,5 1
1,2 1
0,9 1
0,6
0,3 1

—H

PucyHok. CooTHOLIEHME KONn4YecTBa
HEeNTPOPUNOB K KOIMYECTBY TIMMPOLUTOB

KpoBu y nauueHToB ¢ UBC nocne 3-4 Hepenb
3a00s1eBaHMS HOBOI KOPOHABUPYCHO nHdekuuel
Figure. Peripheral blood neutrophil/lymphocyte ratio

in patients with coronary heart disease 3-4 weeks after
anew coronavirus infection

MpumevaHume. Ha ocu abeumce npeacTaBneHsbl
CpaBHMBaeMble KOropTbl NALMEHTOB, HA OCK OpAVHAT —
BE/INYNHA COOTHOLLEHNS KONMYECTBA HEMTPODUIIOB

K KOIM4ecTBy MMMOOUMTOB; 1 — naumeHTbl KOHTPOIbHOW
rpynnbl, 2 — NaLMeHTbl OCHOBHOW Ipynmbl.

Note. X-axis: the compared patient cohorts, Y-axis:

the neutrophil/lymphocyte ratio; 1 — patients from control
group, 2 — patients from main group.

Hanee B mopsinKe yMeHBIIEHUSI WH(MOPMAaTHUB-
HOCTH CpeaM MapaMeTpPOB OOIero aHaau3a KPOBU
ciaenyeT MH(GpOPMATUBHOCTh OTHOCUTEIBHOTO CO-
nepxkaHUsT TUM@OIMTOB W abCOJIOTHOTO YHCIa
HeliTpodusioB. MHPOPpMATUBHBIMU JJis1 OLIEHKU
NPOTEKaHUSI PaHHEro PEeKOHBAJIECILIEHTHOrO IIe-
puona manueHToB ¢ MBC B moxuiaom Bo3pacTte
mocje HOBOM KOPOHABUPYCHON MHGEKIIUU SIBIIS-
FOTCI TaKXKe ITOKa3aTelu KpacHOW KPOBU — 3pH-
TPOLIMTOB, YPOBHSI I'€MOIJIOOMHA U reMaTOKpuTa.
HenndopMaTUBHBIMHU XXe Cpeay MOTYYEeHHBIX MO~
KasaTesJeil oOIero aHajim3a KPOBU CIEAYET CUM-
TaTh OTHOCUTEIIBHOE KOJMYECTBO 303MHODUIIOB,
MOHOLIUTOB U TAaJOYKOSIACPHBIX HENTPOdUIOB
B KPOBU 00CJIeIOBAHHBIX.

JaHHbIe moKa3aTeau IepudepruIecKo Kpo-
BU (303WHOMUIIBI, MOHOLIUTHI U ITAJIOYKOSIICPHBIC
HeiTpodusl) y nanmeHToB ¢ UBC noxuaoro Bo3-
pacTta mocje InepeHeCeHHONW HOBOM KOPOHaBUPYC-
HOIl nHMexunmn odnagaa He TOIbKO HU3KON WH-
(GOPMAaTUBHOCTHIO, HO I HU3KOU ITPOTHOCTUICCKOMN
3HAYMMOCTbIO, KOTOpas BapbupoBasa ot —0,2 1is
najgouyKosiAepHbIX HelTpoduygoB 1o —0,9 — s
MOHOIMTOB (Tad. 3).

OmHaKo TOJIyYeHHBIEe Pe3yJIbTaThl IPOTHOCTU-
YeCKNX KO3 PUIIUECHTOB CBUIETEIBCTBYIOT O TOM,
9TO IJISI MTPOTHO3WPOBAHMUS MPOTEKAaHUS paHHE-
ro PEKOHBAJECILICHTHOTO Mepuoaa HauOoJbIllee
M MpaKTHUUYEeCKOe 3HAUCHUE MMEIOT TaKHMe IoKas3a-
TeJIX OOIIEero aHaaM3a KPOBU KaK YPOBEHb TPOM-
ool uToB, JeikounutoB, COD u reMoriobuHa, 1mo-
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CKOJIBKY MX BBICOKHME OTpHUIIaTe/IbHble 3HAaYeHMS,
oTpaxarolllie BbISIBJIEHHBIC OTKJIOHEHUS (pa3-
au4usi) oTHocuTeabHo nanueHToB ¢ MBC B BO3-
pacTHoi rpymnne 45—59 e, nepebdoaeBIINX HOBOI
KOpPOHaBUPYCHOW MH(MEKIIMel, yKa3bIBalOT HA UX
HeraTMBHBI BKJIAJl B BOCCTAHOBJICHUE TaHHBIX 1O~
Ka3arejieli KpOBU U BBI3IOPOBJIEHUE 00CYKTIaeMOi
KaTeropuu MairMeHToB CIycTs 3—4 Hemesu Tocie
COVID-19.

Ta6nuua 2. NMokasaTenu MHGOPMaTUBHOCTU
Kynb6aka ans napameTpoB o0LLEero aHannu3a KpoBu
y nauueHToB ¢ UBC B BO3pacTe 60-74 net yepes
3-4 Hepenu noce BbI3J0POBJIEHUS OT HOBOW
KOPOHaBUPYCHOM UHGeKumn

Table 2. Parameters of Kulback informativeness
assessment for general blood test parameters

in patients with coronary heart disease aged

60-74 years 3—-4 weeks after recovery from a new
coronavirus infection

Bkrnan apyrux rmokasaTesieid oOlero aHajausa
KPOBH, COTJIACHO PaCCYMTAHHBIX BETMIYNH ITPOTHOC-
TUYECKUX KO3(MDGUIIMEHTOB, B MPOLIECC paHHEN pe-
KoHBaJjiecueHuuu mnauueHToB ¢ MBC B Bospacte
60—74 5ieT cyleCTBEHHO HUKE, YeM PACCMOTPEHHBIX
paHee, HO Takke cylecTBeHeH. CKa3aHHOE OTHO-
CUTCS K COAEPKaHUIO SPUTPOILIMTOB B KPOBU, OTHO-
CUTEJILHOMY KOJIUYECTBY JTUMMOLIUTOB, A0COTIOTHO-
MY YUCTY HEUTPO(DUIIOB.

Ta6nuua 3. MokasaTenn NPOrHOCTUYECKUX

K03 PULMEHTOB N3y4HeHHbIX NapaMeTPOB o0Lero
aHanu3a KpoBu y o6cnepoBaHHbIX naumueHToB ¢ UBC
NMOXWJI0ro Bo3pacTa B paHHEM PEKOHBANIeCLLEHTHOM
nepuope nocne Bbi3f40POBAEHUS OT HOBOM
KOPOHaBUPYCHOM MHDeKL N

Table 3. Indicators of prognostic coefficients for the
studied general blood test parameters in elderly patients
with coronary heart disease in early convalescence
period after recovery from a new coronavirus infection

MokasaTtenu obwero MokasaTtenu obwero
aHanusa KpoBu, MHd)(I)(pr:g:::ocn PaHroBsoe aHanun3a KpoBu, n OF?I?)Z:::::KOI'O PaHroeoe
efVHNLLA U3MepeHns %ulback MecTo eAvHuLA U3MepeHns ?(oatquuuema MecTo
General blood test . ; Rank General blood test L Rank
. informativeness " . Value of predictive "
parameters, unit assessment position parameters, unit coefficient position
of measurement of measurement
AputpouuTsl, X 102/n 19 7 ApuTtpouuTsl, X 10'%/n o4 5
Red blood cells, x 10%2/1 ’ Red blood cells, x 10%/I ’
YpoBeHb YpoBeHb
remornoGuHa, r/n 2,3 6 remorno6uHa, r/n -3,1 4
Hemoglobin level, g/l Hemoglobin level, g/l
0 0
I'emaToxp'uT, % 17 9 remaTOKp.VIT, % 13 8
Hematocrit, % Hematocrit, %
TpomGouuTsl, X 10%/n 49 1 TpomGouuTsl, X 10°/n 39 1
Platelets, x 10%/I ’ Platelets, x 10%/I '
Jumdouutsl, x 10°/n 16 10 JiumdouuTtsl, x 10%/n 11 9
Lymphocytes, x 10%/I ’ Lymphocytes, x 10%/I ’
JeiikounTnbl, X 10%/n 31 3 JleitkounTnbl, x 10%/n 36 5
Leukocytes, x 10%/I ' Leukocytes, x 10%/I ’
Heiitpodunsi, x 10%/n o4 5 Heittpodunsl, x 10°/n 18 7
Neutrophils, x 10%/1 ’ Neutrophils, x 10%/1 ’
CerMeHTosiaepHbie CermeHTosiiepHble
HelTpodunsl, % HeWTpodunbl, % B
Segmented 1.8 8 Segmented 1.0 10
neutrophils, % neutrophils, %
0y 0
naHO'-IKO'ilAepI-.IbIe, % 0.3 12 I'Ianouxon,qepr,me, % Yy, 13
Band neutrophils, % Band neutrophils, %
Qo3uHodunbl, % QosunHopunsl, %
+
Eosinophils, % 0.2 13 Eosinophils, % 0.3 12
MoHouuTbl, % MoHouuTbl, %
+
Monocytes, % 0.4 1 Monocytes, % 0.9 n
0 0y
JNiumdouutsl, % 27 4 Jumdouuntbl, % 20 6
Lymphocytes, % Lymphocytes, %
COJ3, MM/y CO3, MM/y
ESR, mm/h 34 2 ESR, mm/h 3.2 8
Bcero Bcero
Total 26,0 - Total ~224 N
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Ob6cyxaeHne

Knuanueckue u 1abopaTopHble MapKepbl Ts-
xectu COVID-19 MHTEHCHMBHO WU3y4YaroTCs y4ye-
HBIMU TI0 BCEMY MUPY. ba30BbIM UCCIIEOBAHUEM,
MOCTYNMHBIM KaK B KJIMHUKAX, TaK U Ha CKOpPOU
TMOMOIIU, SIBJISIETCH OOIUI aHaIu3 KPOBU, MTOITO-
MYy €ro MOXHO MCIOJIb30BaTh B KaU€CTBE 4aCTOTO
U oJie3Horo bruoMapkepa. OMHUM U3 NOTEH U AT b-
HBIX MapKepoB SBJgeTCSd JUMPONEHUSI, KOTOpas
ynoMuHaetcs yaie Bcero [9]. Ghahramani S. u co-
aBT. [4] B MIMPOKOM MeTaaHalin3e, BKJIOYaBIIIEM
17 mybnukauuii, moka3ajau 3HAYUTEIbHOE CHUXKE-
HUE KOJWYECTBA JUM@POLUTOB, a TAKXKE MOHOIIU-
TOB U D03UHO(PUIIOB, FeMOIrJI00MHA, TPOMOOILIMTOB,
YBEJIWYECHUE KOJTMYECTBA HEUTPOPUIIOB y TTAllUEH-
TOB C TSIKEJIBIM Te4eHUueM 3abosieBaHus. He ObL10
OOHAapyKEeHO CYIIECTBEHHBIX pa3JIMYUil B YPOBHE
SPUTPOLIUTOB, UTO COIJACYETCHd C HALIUMU MOJY-
YEeHHBIMU pe3yJibTaTaMu, TaK KakK y MallueHTOB
noxwuiioro Bozpacta ¢ MbC uepe3 3—4 Hegenu mo-
cJie BBI3IOPOBJIEHUS COXPAHSJIUCh 3HAYMMBIE U3-
MEHEHU S TMoKa3aTesaeil KpaCHOW KPOBU — CHUXKe-
HUE collepXaHusl B mepudepruieckoil KpoBU 3pU-
TPOLIMTOB, TeMOTJIOOMHAa U rematokpuTta. OnHaKoO
y noxuiabix manueHtoB ¢ MbC, nepeHecmnx Ho-
BYI0 KODOHABUPYCHYI0 UH(pEKIINIO CpeaHel cTene-
HU TSIXKECTHU, yepe3 3—4 Hemean oTMevascs Takxke
TMOBBIIIIEHHBIT OTHOCUTEIBHO T'PYTIITBI CPAaBHEHU S
YPOBEHb JIEMKOLIMTOB, HEUTPOMDUIOB, CETMEHTO-
sanepHbIX HeTpoduaos u COD.

Pesynbrarel oOmIero aHaiausa KpoBU y Mallv-
entoB ¢ COVID-19 B uccnengoanuu Djakpo D.K.
U COaBT. [3] CBUIETEIBCTBYIOT O HU3KOM YPOBHE
remorsioonHa (124,84+15,877), CHUKEHHOM ypOB-
He rematokputa (37,45+4,685) 1 HU3KUX YPOBHSIX
sputpouuToB (3,19+0,577) y naliMeHTOB C COITyT-
CTByIOIIMMU 3aboeBaHusIMU, B ToM yucie UBC.
Kpome Toro, 6bu1a BbISIBJIEHA 3HAYUTENAbHAS pas3-
HUIIA B YPOBHSX OSPUTPOLIUTOB, TEMOTJIOOMHA,
reMaToOKpUTa, CPEeAHEero oO0beMa 3PUTPOLUTOB
MEXAY ABYMS TPyIIIaMU C COMYTCTBYIOIIUMU 3a-
OoJsieBaHUSAMU (apTepualibHasi TUIEPTEH3U S, UILIE-
Muyeckasi OOJIe3Hb cepjlia, caxapHblii auabder)
U 3[I0POBBIMU JTIOJbMMU.
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BbiBOAbI

TTanuenTHl TTOXKMJIOTO BOo3pacta ¢ MBC, nepe-
HECIIMe HOBYIO KOPOHABHPYCHYIO WHQEKIINIO,
CTaTUCTUYSCKN 3HAYMMO OTJIMYAIOTCS OT ITallM-
€HTOB 3peJIOro Bo3pacTa ¢ WUIIeMUYeCKOil 0oJie3-
HBIO Cepllla, MepeHeclInX HOBYIO KOPOHaBUPYC-
HYI0 MHOEKIHNo, IO COAepXaHUI TPOMOOIIMTOB
(259,3%3,8 x 10°/n npotus 177,8%3,4 x 10°/1 coot-
BETCTBEHHO), JeikouutoB (9,2+0,3 x 10°/1 npo-
TuB 7,4+0,2 x 10°/11) 1 CKOPOCTH OCEeIaHMsl DPU-
tpouutoB (13,6+0,4 mm/4 npotu 10,2+0,3 mm/g
COOTBETCTBEHHO) B paHHEM PEKOHBAJICCIICHTHOM
nepuoae ¢ BHICOKOM MH(opMaTuBHOCTHBIO (4,2; 3,1
" 3,4 COOTBETCTBEHHO) 1 IIPOTHOCTUYECKOM 3HAUM -
MOCTbIO (—3,9; —3,6 1 —3,2 COOTBETCTBEHHO).

TakuMm obpa3om, cpean IIpoaHaIu3uPOBAHHBIX
mokasaTeJieil O0IIeTo aHaaAn3a KPOBU HAUOOJIBIICH
NHGOPMATUBHOCTHIO I POTHOCTUYECKON 3HAUM-
MOCTBIO B OTHOIICHMS ITPOTECKAHUS PaHHETO pe-
KOHBAaJICCIIEHTHOro ITieproaa ImanueHToB ¢ MBC
MOXMJIOTO BO3pacTa, mepedoIeBIINX HOBOI KOPO-
HaBUpPYCHON WMHpeKnmeit, obdramaroT TPOMOOIH-
Tb1l, COD ™ JIeHKOHMTHI, KOTOPBIC IIpeaiaracTcs
WCTOJIb30BaTh B KaueCTBE OMOMAapKEepOB paHHETO
PEKOHBAaJIECIICHTHOTO Meproa.

JoCTOMHCTBOM JaHHBIX OMOMapKepOB paHHETO
nepuoaa BBI3IOPOBJICHUS MAallUCHTOB, ITepeOOoIeB-
X HOBOW KOPOHaBUPYCHON WH(MEKIINECH, IBISI-
€TCsl BO3MOXHOCTh UX OTIpeNesieHUsI B JI000M Jie-
YeOHO-TTPOPUIAKTUICCKOM YUPEXKICHUN U CPell-
HUM MEAUIUHCKUM IIEPCOHATIOM.
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AWHAMUKA PESBUCTEHTHOCTU OPTAHU3MA
B MOCTKOBMAHOM NEPUOAE
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I'A. Hauzaposea Munszopasa Poccuu, e. Kypean, Poccus

Pe3tome. HecMoTpst Ha ouiinaibHOE OKOHYaHUE TAHIEMU Y HOBOM KOPOHABUPYCHOI MH(EKIINU, BBI3BAHHOI BUPY-
coM SARS-CoV-2, Bonpoc 0 COCTOSHUY crieliurIecKoii U HecnelubrIecKoi pe3UCTEHTHOCTU B TOCTKOBUIHOM Tie-
puoje U BOBMOXHBIX ochenctBuil nepeHeceHHoro COVID-19 octaeTcs He 10 KOHIIA U3yYeHHBIM. [IpoBeeHO KITUHU-
Ko-J1abopaTopHoe obcienoBaHue 124 maueHTOB B pa3jnyHble cpoku nocie nepeHeceHHoit COVID-19-undekuuu.
62 maleHTa IMOJIHOCTBIO BBI3IOPOBEIN U 62 MMeIU MPU3HAKK TIOCTKOBUIHOTO CUHAPOMA. Y BCEX IMAllMeHTOB OLIEHU-
BaJIX 00I1Iee KOJMYECTBO JIEHKOIMTOB U I KOIUTapHYI0 (DOPMYJTY, a TPY HATUIMU TOCTKOBUIHOTO CHHIPOMA OIpe-
nensnu obuiee conepxkanue IgA, IgM, IgG u IgE B ceiBopoTKe KpoBH, a TakKe KonndecTBo TuMdonutos CD3, CD4,
CD8 u CDI19. Pe3yabraTsl oKa3aliu, YTO BHE 3aBUCHUMOCTH OT HAJTUYHUS TTOCTKOBUIHOTO CHHIPOMA Y BCeX TMallMeH-
TOB B TeUeHUE Mojayroaa nocjie nepeHeceHHoir COVID-19-uHdeknm conepxaHue JIeHKOIUTOB B mepudepruecKoit
KPOBM HMKe, 4eM y He OoneBImux. [Ipr 3ToM BoccTaHOBIIEHME a0COTIOTHOTO KOJIMYECTBA HEHTPOGDUIIOB ITPOUCXOTUT
TOJIBKO cITyCTs 12 MecsitieB. [1py HaMTmIny MOCTKOBUIHOTO CHHAPOMa abcomoTHoe KoaudectBo CD3*, CD4" u CD19*
JTUMGOUUTOB OBLIO OoJiee HU3KUM, YeM Y 310poBbIX. [Ipu 3ToM B epuof ot 3 1o 15 mecsues Tutp IgA y nanimeHToB
¢ [NKC 6b121 focToBepHO HUXKeE, a obuiee coaepxkanue IgM u IgG Bbille, YTO HE COMPOBOXAAT0Ch KAKMMU-TUO0 KJIH-
HUYECKUMHU WJIM JJADOpaTOPHBIMU TTpu3HakaMu BocraieHus. Conepxanue obiero IgE B KpoBu ObII0 10CTOBEPHO
BBIIIIE ¥ HapacTajlo K KOHILY repuona HaOmonaeHus:. CHUXeHNEe aKTUBHOCTH HeCTelM(pUIeCKOl 3allUThI, a TakXe
rokasareJieil KJISTOUHOI0 M TyMOPaJIbHOrO UMMYHHUTETA Y TAIMEHTOB C MOCTKOBUIHBIM CHAPOMOM COIPOBOX 1AeT-
Cs1 YBEJIMUYEHUEM Y HUX YaCTOThI BUPYCHBIX U OaKTepUaJbHBIX MHOEKIUI pa3iuuHoii JoKanuzanuu. Eciu B TedueHue
MepBOro Myayroaus yseanueHue ooiero IgE B KpoBu He conmpoBoX1aeTcss KIMHUISCKMMHU TPpU3HaKaMU aTOIUU, TO
CIyCTs 6 MeCsILeB YacTOTa aJlIepriuecKMX MposiBIeHU HapacTaeT. B aTOT e mepuos yJyaniaoTcs ciaydan CycTaB-
HOTO CUHApPOMA B BUJIE apTPaJTHUil UK MIPOTPECCUPYIONICH IeCTPYKIIMU CYCTaBOB. ATOIMMYECKIE TTPOSIBICHMS YaCTO
COUYETAIOTCA ¢ CYyCTaBHBIM CHHIPOMOM. TakuM obpasom, rmocie nepeHeceHHoit COVID-19-uHdeknu B opraHnu3mMe
IJIATETbHOE BpeMsI COXpaHSIeTCI HU3KUM YPOBEHD HeCIelIM(pUUeCKOM 3alUTHL. Y TTAaIlMeHTOB ¢ TOCTKOBUIHBIM CHH-
IPOMOM HU3Kas Heclemnpuaeckas 1 crienuprdecKas pe3uCTCHTHOCTb OpraHN3Ma IIPOSBIIsSIeTCS BUPYCHBIMU U OaK-
TepuasbHBIMU UHGEKIIUSIMHU CTU3UCTHIX 000I04EK 1 KOXKU. /lnuchanaHc B UMMYHHOM CUCTEME CIIOCOOCTBYET popMu-
POBAHUIO AJIJIEPTUYECKUX U Ay TOMMMYHHBIX IIPOIIECCOB.

Karoueesnie caosa: SARS-CoV-2, nocmkosudnslii nepuod, nocmxoeuonblii CUHOPOM, AelKOUUMbL, AeUKODOPMYAA, AUMPOUUMDL,
UMMYHO2A0OYAUHbL.
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HUMAN BODY RESISTANCE DYNAMICS IN THE POST-COVID PERIOD
Zhdanova E.V.?, Rubtsova E.V.’, Kostolomova E.G.?
@ Tyumen State Medical University, Tyumen, Russian Federation

b National Medical Research Center of Traumatology and Orthopedics named after academician G.A. Ilizarov, Kurgan,
Russian Federation

Abstract. The issue of the state of specific and nonspecific resistance in the post-COVID period and the possible
consequencesof COVID-19 remainspoorlyunderstood. A clinicaland laboratory examination of 124 patientswas conducted
at various time points after COVID-19 infection. 62 patients recovered completely and 62 had post-COVID syndrome.
The leukocyte count and leukogram were evaluated in all patients. Immunogram parameters were additionally evaluated
in patients with post-COVID syndrome. The results showed that, regardless of post-COVID syndrome, leukocyte count
is lower in all patients within six months after COVID-19 infection than in unaffected subjects. The absolute neutrophil
count is restored only 12 months later. In the presence of post-COVID syndrome, the absolute number of CD3*, CD4*
and CD19" lymphocytes was lower than in healthy people. At the same time, 3 to 15 months after that, IgA titer in patients
with PCS was significantly lower and that of for total IgM and IgG was higher without any clinical or laboratory signs
of inflammation. The total blood IgE level was significantly higher and increased by the end of the observation period.
A decreased activity of nonspecific protection, as well as indicators of cellular and humoral immunity in patients with
post-COVID syndrome is accompanied by higher rate of viral and bacterial infections of various localization. Whereas
during the first period an increase in total blood ID is not accompanied by clinical signs of atopy, then 6 months later
the frequency of allergy increases. During the same period, cases of a joint syndrome revealed as arthralgia or progressive
joint destruction become more frequent. Atopic manifestations are often combined with joint syndrome. Thus, after
a COVID-19 infection, a low long-term level of nonspecific protection remains in vivo. In patients with post-COVID
syndrome, low nonspecific and specific body resistance is manifested by viral and bacterial infections of the mucous
membranes and skin. An imbalance in the immune system contributes to developing allergic and autoimmune processes.

Key words: SARS-CoV-2, post-COVID period, post-COVID syndrome, leukocytes, leukogram, lymphocytes, immunoglobulins.

BBeneHue

PHK-Bupyc SARS-CoV-2, BbI3BaBIIUI MaHAE-
MMWIO, NOBOJIbHO KOHTAaruo3e€H, MOXKET BBI3bIBAaTh
TsKeJible (OopMbl 3a00JieBaHUSI ¢ HeOJIaronpusT-
HbIM ucxoaoM. KpoMe Toro, yacTb malieHTOB, Ie-
peHecIuX MHDEKINIO, IIUTETbHOE BpEMS HEe MO-
JKET BEPHYThCS K OOBIYHON >XKU3HEACSITEIbHOCTU
B CBSI3M C Pa3BUTUEM MOCTKOBUIHOIO CUHApOMa
(ITKC) [1]. ITIKC xapakTepu3yeTcsl MpexJe BCEero
HaJu4YWeM acTeHuu (ci1aboCTh, YTOMJISIEMOCTD,
MOCTHArpy304HOEe HeIOMOraHue, KOTHUTUBHAS
nuchyHKIM), HA (OHE KOTOPOI yacTo hopMUpy-
IOTCS MOPaXXKeHU S Pa3IUMYHbIX OPraHOB U CUCTEM.
Ilpy 3TOM pOJAb MMMYHHOI CUCTEMbI B (hOpMU-
pOBaHUM TMOCTKOBUIHBIX HapylIEeHU oOcTaeT-
cs1 MajiouzyuyeHHoil. MmMerluecs: myOJUKaluu,
MOCBSIIEHHbBIE COCTOSSHUSI MMMYHHOW CUCTEMBbI
B octpom nepuoae COVID-19 onHO3HAaYHO CBU-
JEeTeIbCTBYIOT O ee runepdyHkuuu [9, 11, 12, 16],
OJHAKO CBEACHMUSI O NUHAMMUKE BOCCTAHOBJIECHUS
crienuduyecko u HecneUGUUECKONH 3alllUThl
opraHusMa B MOCTKOBUIHOM IEPUOAE Y BbI3TOPO-
BeBlIMX U npu Hannuuu I[TKC BecbMa orpaHUYeHbI
M HeoaHo3HauHbl [4, 15]. Yalue oHU MOCBSILIEHBI
U3YYEHUI0 JUHAMUKU WMMYHHOIO OTBETa MpO-
uB SARS-CoV-2 [3, 12]. IIpu 3TOM BBISIBJIECHO
HECKOJIbKO (DEHOTHUIIOB HapylIeHUd WMMYHHOU
CUCTEMBbI, KOTOPbIE XapaKTEePU3YIOTCS Pa3HOM CTe-
MEHbIO MOBPEXIEHU S BPOXKAECHHOTO UJIY adalTUB-
HOTo UMMYyHUTeTa |2, §].

Llenb paGoOTHI: OLIEHUTH AMHAMUKY U3MEHEHU
Hecreuduueckoit u crieuduIecKoil pe3ucCTeHT-
HOCTHM OpraHu3Ma Yy MallMeHTOB C MOCTKOBUIHBIM
CUHJIPOMOM.

Marepuanbl 1 MeTob!

WccnenoBaHue ripoBeneHo Ha 6a3e aMmOy1aTOpPHO-
TO-TIOJIMKJIMHUYECKOTO OTaeJIeHUs omgHoro us JIITY
. TrtomeHu ¢ mast 2022 1. o nekadpn 2023 1. B uccneno-
BaHUU NPUHSIU yuacTue 124 yenoseka (38 My>X4uH,
86 sxeHiuH), nepeHeciime COVID-19-uHdekmIO.
IMauuentsr He UMenu npuBUBKU OT SARS-CoV-2
U TIepeHecan 3a00jieBaHUE €CTECTBEHHBIM ITYTEM.
W3 uncia oocieqoBaHHbIX 62 (19 Myxx4uH 1 43 KeH-
IIWH) UMETU TIPU3HAKU TTOCTKOBUTHOTO CUHIpOMA
(ITKC) cnycta 1—15 MecsueB nocjie nepeHeceHHON
COVID-19-un@dexuuu. [ToctBocnaniuTeabHas acTe-
HUS TIPOSIBJISLIACH COXPAHSIONIEUCST BbIPasKeHHOMU
o01Ieil ¢c1aboCThlo Ha TIPOTSXKEHUU JIJIUTEJTbHOrO
BpeMeHU mnociie KynupoBaHusi octporo COVID-19.
Y 60% wu3 obcnenyeMbIX JUArHOCTUPOBAHBI TIPU-
3HAKU TTOPAaXEHUsI [IECHTPATbHOW HEPBHOM CUCTEMBI
B BUJE CTOMKOI IOJOBHOU OOJM pa3jiMTOro Xapak-
Tepa, KOTHUTUBHBIX HApYIIEHW I 1 HapyIIeHU CHA.
IMauuenTts! ¢ [TKC He nMenu comaTnyeckux 3abosie-
BaHUI, KOTOPbIE MOTJIU CITIPOBOIIMPOBATH WMJIN YCY-
ryouTh 0oOIIyI0 acTeHu3aluo. JIpyrue 62 nalueHTa
B TIOCTKOBUTHOM TIEPUONIE HE TPEXBSIBIISIN Kal00
M TIPOIILTN 00CIeIOBAaHNE B paMKaX MEPUOTNIECKOTO
MeAMLIMHCKOTo o0ciaeaoBaHus (Tad. 1).

748



2024, T. 14, Ne 4

Pe3ncTeHTHOCTb Npy NOCTKOBUAE

Ta6auua 1. Bo3pacTHble U NONOBbIE XapaKTEPUCTUKMU KNMHMYeckux rpynn, Me [Q,5; Q5]
Table 1. Age and sex characteristics in clinical groups, Me [Q,s; Q5]

nKC Be3 NKC
PCS Without PCS
npon.o:':n)lév::';euj::uocn, My>X4UHbI XKeHwWwuHbI My>X4uHbI XKeHLWwuHbI
. Men Women Men Women
Duration, months
Boapacr, net Bospacr, ner Bo3spacr, ner Bospacr, net
n n n n
Age, years Age, years Age, years Age, years
1-3 4 | 66,75[46,0;74,0] | 11 | 44,81[27,0;54,0] | 3 | 50,0[38,0;56,0] | 9 | 53,88[34,0;70,0]
3-6 4 | 54,5[39,0;70,0] | 13| 46,38[23,0;63,0] | 6 | 47,5[47,0;62,01 | 16| 46,75[21,0;73,0]
6-12 7 | 48,14[37,0;61,0] | 9 | 40,88[24,0;58,0] | 7 | 39,71[27,0;70,0] 50,44 [36,0; 72,0]
12-15 4 31[24,0; 43,0] 10 | 40,2[28,0;64,0] | 3 | 33,0[29,0; 38,0] 37,0[27,0; 56,0]
Mpumeuanue. MNKC/Be3 MNKC — ¢ Hannunem NoCTKOBUAHOIO CMHAPOMA/6e3 NOCTKOBMAHOrO CUHAPOMA.
Note. PCS/ Without PCS — with/without post-COVID syndrome.
Y Bcex 00cieqoBaHHbIX ObLJT 1a00PaTOPHO MOA- MNMMyHOMEHOTUTTUPOBAHUE KJETOK KPOBU

TBepXXJAeHHBbIN (akT nepeHeceHHoit COVID-19-
uHbekunu (MmojaoxuTeabHblii pedyabrar [TLP
PHK SARS-CoV-2 B aHaMHe3€ UJIU NOJOXUTEb-
HbIN TUTP aHTUTeN KJacca IgG kK SARS-CoV-2 no-
cJie KyIMPOBaHM ST OCTPOTO Iepuoia v Ipu 6ecCum-
NTOMHOM TeueHUuU MHpekuun). TsaKecTh nepeHe-
ceHHoil COVID-19 undek1iuu B OCTpOM Mepuoie
OllcHeHa coIlacHO BpeMeHHBIM MeTONMYECKUM
peKoMeHIalusM MOpoPUIAKTUKU, JUATrHOCTH-
KU W JIeYeHUsT HOBOW KOPOHABUPYCHOUW MH(peEK-
uuu (COVID-19) (MunsapaB Poccuu. Bepcus 17
(09.12.2022). Pazsutue IN1KC He 3aBuceno oT BO3-
pacTta, ToJjia U TSKEeCTU IepeHeCeHHOTOo 3aboJie-
BaHug. boapmumHcTBO manneHToB ¢ [TKC (66%)
nepeHecau octpuiit nepuoas COVID-19 B jerkoii
uiau 6eccuMnToMHOM (opme. Y 25% mnainmeHTOB
OCTpBIII TIEpMOJ IPOTEKal B CPeAHEW CTeIreHU
TSIKECTU U TOJbKO B 9% ciyuyasix Tskeso, ¢ pas-
BUTHUEM MHTEPCTUIIMAIbHOI MTHeBMOHUU. Bee ma-
uueHThl ¢ [TKC npoaosikanu cBO TPyAOBYIO Ae-
SITEJIBHOCTh, HECMOTPSI Ha MMEIOIIMeCcsT MpU3HaK1
CHUMXKEHUS anarTalluOHHOW (DYyHKIIMW OpraHU3Ma
K MOJIHOLIEHHOM XU3HEeAesI TEIbHOCTH MOCJIe Tiepe-
HeceHHoro octporo COVID-19.

ConepxaHue JEMKOIIMTOB U JICHKOLIMTAPHYIO
dopmyny B oOIleM aHaliM3e KPOBM OIpeaeisi-
JIM C TIOMOIIbIO TI'eMaTOJIOTMYECKOro 3-4acTHO-
ro anainuzatopa Mindray BC-2800 (Hemalight
1270, CIIIA). O6wuee cogepxanue IgA, IgM u IgG
B CBIBOPOTKE KPOBHU OIPEACISIIN C MCIOJIb30-
BaHMEeM cTaHaapTHoro Habopa peakTuBoB OOO
«[IpoTenHoBbIll KOHTYp» (Poccust). AHanus npo-
BOAWJIM COIJIACHO MHCTPYKIIMM, TpHUJIaraeMoi
K Habopam dbupMmoii usroropurtesem. Perucrpanuio
pe3yJIbTaToB MpoBoaAUIM Ha poTomMeTpe Multiskan
(Labsystems, ®uuiasanus). OIpeaeieHUe CyM-
MapHOro MMMYHoOIJIOOyJIuHa Kjacca E (obuiero
IgE) B chIBOpOTKE KpOBU IMpOBEAeHA C MOMOIIbIO
ELISA-ananu3za c pukcalmeit pe3yjibrata Ha puae-
pe Multiskan SkyHigh (Thermo FS, ®unnsuaus).

Ha akcrnpeccuio mapkepoB CD3, CD4, CD8 u CDI19
NPOBOIUIU C MOMOIIbIO MHOI'OLIBETHOW MPOTOY-
HOM LUMTOMETPUU C MCIOJb30BAHUEM IIPOTOYU-
Horo nutomerpa CytoFlex S (Beckman Coulter,
Mnununananonuc, Muauana, CIIA). JlaHHbIe nipo-
TOYHOU HUTOMETPUU aHAJTU3UPOBAIU C UCITOIb30-
BaHUEM IporpammHoro oodecrneyeHus Kaluza v2.1
(Beckman Coulter, Muauananonuc, WHauaHa,
CIIIA). O6uumit aHaJ1M3 KPOBU U UMMYHOJIOTYEC-
KUe ToKasaTeau Yy IalMeHTOB ONpeAesisijii BHe
000CTpeHUsT BOCIMAJUTEIbHBIX MpolieccoB. B ka-
YeCTBE KOHTPOJIbHBIX BEJIMYUH JIJIsI UMMYHOJIOT Y-
YeCKMX TeCTOB HCIT0Jb30Bau MOKa3aTeau, MoJy-
YeHHbIe MPU UCCIAEAOBAaHUU 0OPa3loB KPOBU 300~
poBbIx He 6osieBInX COVID-19-undexkimeit nui
(n =25).

KinnHuuyeckoe wuccienoBaHue MNPOBOIUIOCH
B COOTBETCTBUU C TIPUHLMIIAMU, W3JIOXKEHHBI-
MU B XeJbCUHKCKOW aeKJapalluu, U OZ00pEeHO
JOKaJbHBIM 3TUYeckuM komutetom HMMHAILL TO
umeHu akagemuka I'A. Mnuzaposa. Bcemu nauu-
eHTaMUu MOAINCaHO A0O0POBOIbLHOE MHGOPMUPO-
BaHHOE corjlacue Ha yyacTUe B UCCJIEIOBAHUU.

Cmamucmuueckue memodsl. CTaTUcTUUYECKAS
obpaboTKa pe3yJbTaTOB OCYIIECTBJIEHA C IIO-
MOIIbIO KOMMBIOTEPHOU mporpaMMbl Statistica 9
(StatSoft, CIIA). CooTBeTcTBUE HOPMAJIbHOCTU
pacrnpenesieHUs OLIEHUBAJU C TIOMOIIbIO KPUTEPUST
IManupo—Yunka. IIpu HopMalbHOM pacnpeaene-
HHMM TIPU3HAKOB PE3yJIbTAThI IIPEACTABICHBI B BUJIE
cpenHux 3HadyeHUd (M) U cTaHIaApTHON OIIMOKU
cpeaHero (m).

OmnucartenbHasi  CTaTUCTUKA  KOJUYECTBEH-
HBIX TPU3HAKOB TpEICTaBJieHa B BUJE MeAUaHbI
U WHTEepKBapTUJbHOro pasmaxa Me [Q,s; Q]
CpaBHeHUE Tpynn TMPOBOAMJIM C MOMOIIbBIO He-
napameTpuueckoro U-kputepusi MaHHa—YUTHU.
Bo Bcex mpouenypax CTaTUCTMUYECKOTO aHaau3a
pa3auuursl CYUTAJM CTAaTUCTUYECKU 3HAYUMBIMH
MpU JOCTUTHYTOM ypoBHe 3HauumocTu p < 0,05.
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TaGnuua 2. uHaMmuka nokasarenei ieilkorpaMmbl B NTOCTKOBUAHOM nepuope y naumeHtoB 0e3 MKC, Me [25; 75]

Table 2. Dynamics of leukogram indices in post-COVID period in PCS-free patients, Me [25; 75]
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U-kputeputo MaHHa-YuTtHu.

— [OCTOBEPHOCTb pasnunynii Mexay nokasaresiiMn KOHTPOIbHOW U nccnenyemoiMu rpynnamMmm no

Mpumeuanwue. P

Note. P — significant differences between indicators in control and study groups assessed by Mann-Whitney U-criterion.

Pesynbrarhl

VYV mauuenTtos 6e3 [TKC B mepuon 1—6 Mecs1ia rmo-
ciie nepeHeceHHoro COVID-19 conepxxaHue JeiiKo-
OHUTOB B IepudeprnuecKoii KpOBU OBLIO TOCTOBEPHO
HUXeE, YeM Y 300POBbIX NOHOPOB KpoBu (p = 0,001).
YMeHblIIeHre OOIIero KOJMYeCTBa JISWKOIIMTOB
OBLJIO CBSI3aHO C COKpallleHWeM abCOJTIIOTHOIO COAEP-
JKaHUsI HEUTPOMDUIIOB, a B EpUOL 3—6 MeCsI1IEB elle
U MOHOULMTOB (Tabis. 2). BoccTaHOoBIeHUE OOIIEro
KOJIMYECTBA JISUKOIIMTOB ITPOUCXOMUT CITYCTSI TTOJI-
roaa, a HeM TpoUI0B TOJIBKO Yepes IO,

YV manmeHToB ¢ I[IKC aGconoTHBIE 3HAYCHUS
O0IIIeTO KOJMYEeCTBA U PA3JIMYHBIX BUIIOB JIEHKO-
IIUTOB JTOCTOBEPHO HE OTJIMYAJIUCh OT TaKOBBIX
y nanueHToB 0e3 [TKC, onHako HeTsikesble Jiei-
KOMEHUU BCTpeYya uch ropa3no vaiie. JuHamuka
BOCCTAHOBJICHU I JIEHKOTPAaMMBI TaKXe He 3aBHUCE-
sna ot Hanuuwus [TKC (ta6a. 3).

YV nanuenToB ¢ [TKC nonoaHUTENbHO OLIEHEHBI
nokKasaTeJIl UMMYHOrpaMMBbl (Tabi. 4). B mepude-
pHUYECKO KPOBU Y 0OCICHOBAHHEIX B MEPUOI OT 3
no 12 mecsueB ObUIO OoJjiee HU3KOE abCOIOTHOE
comepxkanue CD3* kyerok. Ilpu aToM B TedyeHuUe
BCEro roma OBLIIO CHMXXEHHBIM KomumdectBo CD4*
J1uMdouunTOoB, a B nepuoa 3—6 mecsueB u CD8" kie-
TOK. AOCONIOTHBIE 3HaueHus1 coaepxkaHusi CDI19*
JUMGOIUTOB ObIIM Oojiee HU3KUMU, YeM Yy JTOHO-
POB KPOBHU, B TCUCHHUE BCETO TMeproaa HaOIIOOCHM S,
Konuenrtpanuu IgM u IgG B iepudepuydeckoit Kpo-
B B TE€UEHHE BCETO Tofa MPEeBBIIIAJIN KOHTPOJIb-
HbI€ 3HAYEHUsI 1 HOPMAJIU30BAJIUCh TOJbKO CIYCTS
12—15 wmecaneB mocne uHpekuuu. IloBbimeHne
yposHeii IgM u IgG He conpoBOX 1a10Ch KIIMHUYEC-
KUMH CUMIITOMaMM BOCHAJICHMsI, a TaKXe JIeWKO-
LMTO3aMU JIMOO YBEJIMUYEHUEM KaKUX-JIMOO OCTpO-
¢a30BBIX MOKa3aTeJieil B OMOXMMUYSCKOM aHaJI3e
kposu. IIpu sToM B mepuon ot 3 1o 15 MecseB TUTpP
IgA y nantueHToB ¢ ITKC 0611 TOCTOBEPHO HUXKE, YEM
y IOHOpPOB KpoBu. HampoTus, coaepkaHue oOI1Iero
IgE B KpoBu OBLJIO JOCTOBEPHO BHIIIE U HapacTalo
K KOHIIY TTeproia HaOIIOOeHMSI.

JvHaMuKa JelKorpaMMbl U MMMYHOTPaMMBbI
COITPOBOXKAAETCS U3MEHEHUEM KJIMHUYECKOI Kap-
tuHbl [1KC (Ta6a. 5). Hapsanoy ¢ cumrmiromaMu acrte-
HUYECKOTO CHUHJAPOMa — BEAYIIErO MPOSIBICHUS
TTKC — HabsronaeTcs CHUXXKEHUE PEe3UCTEHTHOCTHU
K MH(PEKINOHHBIM areHTaM. B 49% ciryuyaeB ocTpas
nHbek1uss COVID-19 ¢dukcupoBanachk 6oJjiee IByX
pa3 B TeUeHUE TTOCIIETHUX 2-X JIeT, B TeueHne roma
rnocJie mepeHeceHHoM octpoii uHdekuu 52% (n =
32) mauueHToB ¢ I[TKC oTrmeyanu y cebst TOBTOp-
HBIE pecnupaTopHble 3aboseBaHus g0 6—10 pa3s
B IO, 9TO HE OBIJIO XapaKTEPHO IJIT HUX B JTOKO-
BUAHOM nepuoae. OgHako snuzoasl OPBU nipeu-
MYILIECTBEHHO MEPEHOCUIIUCH B JIETKOI (popMe 6e3
oOpalleHusl 3a TIOMOILBIO K Bpauy.

B niepsbie 3 mecsa 8§ us 15 manuenTton ¢ [TKC
o0palaanch Mo MOBOAY THOMHO-BOCTIAJIMTEIbHBIX

]
a1
o
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3aboneBaHuii JIOP-opranos (n = 3), koxu (n = 3) > o
a3 (n = 2). =3 | 1ol a
B nepuon 3—6 MecsleB y 4 mauueHTOB, 00- 32 3 & g 8
paTUBILIKUXCS C XajJo0aMU Ha HapyllE€HUE 3pEeHUs g § e e e e
B BUJIE CHUKEHUU €TO OCTPOTHI, MOSIBJIEHUU <«TY- 20
MaHa», «4yBCTBa IeCKa», CyXOCTH TIJa3, AMarHo- -
CTUPOBaHBI BUPYCHO-0AKTepHaIbHBIIA KOHBIOHK- 4 =
TUBUT (n = 2) u 61eaput (n = 2), ONUH U3 KOTOPBIX '_E =8 § § g §
3aBEePUINJICS PAa3BUTUEM OCTPOTO JaKPUOIMCTUTA. E 3 S) =) c o
I'HoitHoO-BOCnanuTenbHble  3aboneBaHust  JIOP- [ 26
OpPraHOB M KOXU OBLIU BBHISIBJCHBI Y § TMAlIMEHTOB, °
repriec v 3. Y 4 mmanmeHTOB IIPUCYTCTBOBAJI «CHH- o i >
IIPOM pas3ipa)XeHHOro KHUIleYHUuKa». B 3TOoT Xe 35 = 3 S S
nepuos 3aperucTpupoBaHO 5 ciydyaeB THOWHOTO E%’ 2 = S =
PUHOCUHYCHUTA. 20
B TeyeHmMe BTOpOIT MOJTOBUHBI T'OAa MOCJE BBI-
zpopoByaeHuss or COVID-19 9 nmauueHToB 06pa- > >
LIaJINCh 33 MEIMIIMHCKOW MOMOILBIO IO MOBOAY = 3o N = 5 =
NUCIIENCUU ¢ IpeobiiajlaHueM XUIKOro Uil Bo- I~ E % p = I =
nssauctoro cryia (IBS-D). [IpmumHamMu mucrier- Q E@
cuu 6bUIU HOpOBUPYC (n = 2), afeHOBUpPYC (n = 2) °
U poTtoBUpycC (n = 1), a TaKKe NMCOUO03 KUIIEYHH KA E. Y - = ) & §
(n = 4). JIucbmnos3 KUIIEYHNKA XapaKTepu30BaJics ‘g’ ‘>° >0l3w 5 o < N S |3
npeoOlalaHUEM YCJIOBHO-TIATOTEHHOM MUKPO- (= E %?II 8 Ei: = 3 2 8|2
Ga0opbl: 30J0TUCTOr0 cTauUIOKOKKa (S. aureus) : 25 < Eeg ; ©, =) e |2
ot 10° go 10° KOE/mu, pexe kieocuenn (Klebsiella =y = S 3| 2 a8 & ¢
pneumoniae), smepuxuii (E. coli), s3HTEepobakTepa c:: L: i e g
(Enterobacter), ncesnomonan (Pseudomonas), npox- g N, § @ > €| S| g g5
XKeroao0HbIX TpbO0B (Candida) n npyrux Bo30y1u- c § 2> «| 3 E - DA ) S |2 e
TeJIeil Ha (POHE PE3KOro CHUXKEHUS YPOBHS JTAKTO- q>; & E ST 2 g s | 8 S| e g S
Gaktepuii (< 10° KOE/Mn) u 6ubuaymbaktepuii o S 25 «c 10 2 = % = S 8%
(< 10" KOE/Mmn). SE|- a8 | 212 g § &S
Y 7 mauueHTOB 3aperucTPUPOBAHBI BOCIHATIU- g 5,’ A s ;é
TeJNbHBIE 3a00JIEBAHUS CIIM3UCTBIX HOCOTJIOTKU g Q _ v |l 8|l 3| K : c§%
B BUIE OOOCTPEHUII XPOHUUYECKOTO TOH3MJIIMTA, Z<S|T=o E = ('; T | o | S |&x
pa3BUTHUS NAPATOH3UJLIAPHOTO abclecca, OCTPOro S8 |E Cgl n 2 g © 513|883
U IJIUATENBHO MPOTEKAIOLIEr0 UM Y4acTO PELVI- o g E.’c?; | o §| o o‘% E E <3
BUPYIOLLIETO XPOHUYECKOr0o (apuHIUTA, CPETHETO § ) & © < Sslala % §
oTUTa U cuHycuTa. [1pu moceBe MaToOJIOrMYEeCKOTro c 5 — 5§ g
Marepualla Ha TUTATelbHbIE CPeIbl C MOCIEeNYIO- ; Q|_ Q 2 § g S| 8|2
IIIMM BbIAEJIEHUEM BO30YyAUTEJISI BO BCE CJIyvyasix E 2| i[: EE 2 < 2 S Z é
BepuduuupoBaH S. aureus B KoHLeHTpauuu 10* © 8 E§ g g E) ) 2% S Eg
u Boilie KOE/Mn. ¥V 3 manueHTOB B MaTepualie g'f- 26 €| 09 = 5 5 § Eg
Takxxe BelneneHa Klebsiella pneumoniae. Bocna- — E E o i IR BC S § g
JINTEeAbHBIC TIOPaXXeHU S ITPUIATOYHBIX ITa3yX HOCA 23 — — =
Yyalie HOCUJIM THOWHBIU XapaKTep, a Ipu KaTapasib- ’g GE’ _ s @ 57,_ 8 3 g g g
HBIX CHMHYCUTaxX TepuoJ peadbuauTalMu 3aTSITU- 5 g S o w 5 € g Z';_ f z §._§
BaJICA M COCTaBJISLI Oosiee 14 nHE. E2|53n| & g 22| s z =
VY 3 manueHToB ObIIM OOUJIbHBIE THOMHUYKO- § g 20 5 o f'_? § o |l o | o g §
BbIE BBICHITIAHU ST HA KOXeE, a B 2 caydasix GypyHKY- e a < o~ & S 2 i
abl. B 4 cnyuasax 3aukcupoBaHa reprieTuyeckas ) é g 3
nHpeK1rs (0T MPOCTOro reprieca ryo 10 reHuTalb- E % = - _ § %
Horo 1 Herpes zoster). [Ipnuem reprnec ObLT Kynu- S 9 o = = ‘é . aé\ & s < 5 =
pOBaH JIUIIb TTPU TOMOIIIU MTpUeMa MaKCUMaJTbHBIX |§: = ¢ s E e(x2TX|ed El‘ =
JT03 TIPOTMBOBUPYCHBIX TTPEITapaTos. o g § g > : 8 ; E‘ § X i f-‘; fg’
Eciu B nepBble 6 MecsilieB I0CIe BbI3I10POBJIEHU S c A = s £ 8Z|5%2 E 2|12
ot COVID-19 cnyyau anjgepruu ObIIM €TUHUIHBI- §’ ™ = § g8 § & % 3 § g £|L
MM, TO CITYCTSI TTOJITOA OHM 3HAYMTEIBHO YIaCTH- S % = ‘::3 ’E 3|2 |55 2 P
JIUCh. 5 MAIMEHTOB TIPENbSBISIIN KaJ00bl HA KOK- 1o 1S SJ|TZ|EFSS|28
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Ta6nuua 4. JuHaMmuka nokasarenen uMMmyHorpammbl y nauueHToB ¢ NMKC, Me [25

Table 4. Dynamics of immune indicators in PCS patients, Me [25; 75]
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U-kputepuio MaHHa-YUTHU.

— [OCTOBEPHOCTb Pa3nnynii Mexay nokasatensimv KOHTPObHON 1 UCCNEAYEMbIMU FPYNNaMmn no

Mpumeuanwue. P

Note. P — significant differences between indicators in control and study groups assessed by Mann-Whitney U-criterion.

HBIMA 3yd, KpanmuBHULY (n = 2), manyasl (n = 1),
MEeTEeXUHU, a TaK>Ke U3MEHEHUsI 1IBETa KOXU B BUJIE
MSITEH PO30BOTO, KPACHOTO U (PMOJIETOBOTO 11BETA.

B mriepuon 12—15 Mecsi1ieB y 5 TallMeHTOB BIIEP-
Bble TIPOSIBUJICSI OPOHXOOOCTPYKTUBHBIN CHH-
apom. Ilpu aToM B 3 ciayyasix AuarHocTMpoBaHa
atonuyeckasi OpoHxuaJIbHasl aCTMa C U3MEHEHHEM
cnuporpaMMbl B Buie cHuxXeHHsT OD®BI1/DOXKEJI
< 70%, O®BI1 < 80% 1 MOJOXUTEIBLHON MPOOOIA
¢ OpOHXOAUTUKOM (IIPpUPOCT Ha (poHe MNpueMa
caapbyTamosna coctaBui 12—17%).

Coyctsi mofarofa 3HAYMTENLHO —y4YallaloTcs
cllyya CyCTaBHOI'O CHHJIpOMa B BUAE CUHOBU-
Ta, apTpaJruu U nojuapTpairuv. ¥ 7 MalueHTOB
U30JIMPOBAHHAS apTpajrusi WIU MOJUApTPaITHUs
HE COIPOBOXKaIach MOPaKEHUEM CyCTaBOB 1O pe-
3yabTratam ux peHtreHorpacduu u Y3U. B 8 cnygasx
BBISIBJICHBI iehopMarius XpsIieBoil TKaHW, apTpo-
30-apTPUT C MPUCOENNHEHUEM MTPU3HAKOB CUHOBU-
Ta. Y 1BOMX MalMeHTOB Ha (hOHE MOTy4aeMOro IO~
Horo kypca HITBC, XoHIponpoTeKTOpOB, BHYTPU-
CYCTAaBHOTO BBEIECHMSI TJIIOKOKOPTUKOCTEPOUIOB
(I'KC) u pusnorepaneBTUUYECKOro JISUeHUsI, pa3py-
HIEHUE XPSIIIEBON TKaHU KOJEHHBIX CYCTaBOB IPO-
rpeccupoBaso, 3aBEpIINIOCh NECTPYKIIUEH Xpsiiia
¥ pa3BUTHUEM aCEeNITUUECKOTO HEKPO3a, UYTO SIBUJIOCh
MoKa3aHWeM IJIsI TTPOBEIEHUSI 3HIOMNPOTE3UpPOBa-
Hus. JlIoBoIbHO YacTo (n = 7) CyCTaBHOW CHHAPOM
COYETaJICs C aTOIMMYECKUMU TTPOSTBIICHUSIMU.

O6cyxaeHne

B TeueHue mepBBIX 6 MecsIeB Mocie TMepeHe-
ceHHoil nHbeknuu COVID-19 B nepudepuueckoit
KPOBU BCeX IallMEHTOB OTMEUYEHO COKpalleHue
abCOJTIOTHOTO KOJIMYECTBA BCEX JICMKOILIUTOB B TIE-
pudepuueckoii KpoBu. bojee HU3KME 3HAUYECHUS
abCOJIIOTHOTO Co/iepXKaHUsI HEUTPODUIOB coxpa-
HSIOTCS B TEYEHME rofa IOCJie BbI3IOPOBJICHUSI.
OTMeuYeHOo, 4TO B TepudepruyecKoil KpoBU y Ma-
nueHToB, nepeHecmnx COVID-19, ymeHbIIaeTcsa
HE TOJIBKO KOJIMYECTBO JIEUKOIIUTOB, HO U TPOMOO-
uuToB [7]. C HUBKUM KOJIMYECTBOM TPOMOOILIMTOB
aBTOPBI CBSI3bIBAIOT HapyllleHHE OOBIYHOTO Teue-
HUS TOCIEOTepallMOHHOTO TIeproaa Iocjie aMoy-
JIaTOpPHBIX BMeuaTeabCeTB [5]. [Tpu 2TOM BhISIBIIEHA
3aKOHOMEPHOCTh: yeM paHblie B [TKII mpoBeneHo
BMEIIATEIbCTBO, T€M OOJIbIIIE CPOKU HETPYIOCIIO-
COOHOCTH BHE 3aBUCUMOCTH OT 00beMa OIlepaliiu.
YuuTsiBass TUHAMUKY JIEHKOTPaMMBbI, MOXHO YT-
BEPKJ1aTh, YTO HE TOJIBKO HEIOCTATOYHBI YPOBEHb
TPOMOOILIMTOB HEOJAronpUusITHO BAUSIET Ha perna-
paTUBHBIE TIPOIIECCHI B 00JIACTH MTOCICONePalOH-
HOI paHBI, HO TaKXe M MEHbIIIee COAepKaHUEe MU-
Kpo- u Makpodaros. Eciu y naumentoB 6e3 [TKC
CHUXXEHHUE PE3UCTEHTHOCTU TMPOSIBASETCS TIpuU
KakKoOM-JIM0O BKCTpeMaJIbHOM BO3JIEUCTBUH, TO
npu Hanuuuu [TKC oHoO yXe nMeeT KJIMHUYECKYIO
CUMIITOMATUKY.
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Table 5. Frequency of inflammatory, allergic and autoimmune manifestations in PCS patients

1-3 mecqueB | 3-6 mecaueB | 6-12 mecqaues | 12-15 mecqaues
1-3 months 3-6 months 6-12 months 12-15 months

Yactbie PBU . o . 5 9 12 9
Frequent respiratory viral infections
THoliHO-BOCNanuTe bHbIE NOPaXeHUs KOXMN

) . X 3 4 5 4
Purulent-inflammatory skin lesions
THoliHo-BOCNanuTenbHbie 3a00neBaHuns rnas

. . 2 4 3 2
Purulent-inflammatory eye diseases
FHoiltHO-BOoCNanuTenbHble 3a6onesanus JIOP-opraHos 3 4 7 5
Purulent-inflammatory diseases of the ETN organs
KuweyHbie nHekummn n aucomos 0 4 9 4
Intestinal infections and dysbiosis
lepnec 0 5 3 1
Herpes
Anneprus 1 1 5 5
Allergy
Cy.CTaBHOI/I CUHAPOM 0 5 10 5
Joint syndrome
Bcero nccnepgyembix B rpynne
Total subjects in the group 15 17 16 14

B uccrenoBanusax Wsanosoit M.A. u coasT.
YCTAHOBJIEHO, YTO OTHOCUTEIbHOE U aOCOTIOTHOE
KOJIMYECTBO OCHOBHBIX MOMYJISIIIUEI U CyOTIONyisi-
uuii auMmdonuToB y mepedosesmux COVID-19,
3aBUCSAT OT TSXECTU TNEepeHEeceHHOro 3aboieBa-
Hud [3]. [Tpu 53TOM y Iepe6oeBIINX B 0€CCUMIITOM-
HOU popme oTnnuunii TUMAOOLUTAPHOTO NPOPUITS
OT KOHTPOJIbHBIX BEJIMUYWH BBISIBJIEHO HE OBLIO,
a BOCCTAaHOBJIEHUE TOMYJISIIIUOHHOTO U CyOIoIy-
JISIIMOHHOTO COCTaBa JUMMOIIUTOB y TiepedoJieB-
IIMX B TSIKEJION (hopMe TTPOUCXOAUT TOJBKO Yepes
7—8 Mecs1eB. Y 00ciienoBaHHbBIX HAMU ITallUEHTOB
¢ [TKC BHe 3aBUCUMOCTHU OT TSIXKECTU TEPEeHECEH-
HOI MH(peKuru 60oJjiee HU3KOe a0COJIOTHOE KOJIU-
yectBo CD3*, CD4" u CD3-CDI19" coxpaHsioch
B TeueHue 12 MecsieB TOcjie BbI3JOPOBICHUS,
a B repuon 3—6 MecslieB ObLJIIO MEHbIIIEe KOJIUIe-
ctBo 1 CD8*. To ects mpu Hannuuu [IKC HemocTa-
TOYHOCTH CIenn(pUuUIecKol 3aluThl U AUcOaIaHC
B MMMYHHOI cHUCTeMe CcoxpaHseTcs OoJiee Au-
TeJIbHOE BPEeMS4I.

ITpu INKC Hapsay ¢ yMeHBIIEHUEM KOJINUYEeCTBa
¢arouMTOB M pa3NUYHBIX MOMYISIUT TUMGOIU-
TOB HAMU BBISIBJIEHO YMEHbIIIEHUE TUTPOB IgA, uTO
SIBJISIETCS e1lle OMHUM (paKTOpOM CHUXKEHU I 0aKTe-
PULIMIHBIX CBOMCTB CIM3UCTHIX 000JI0UEK U KOXU.
YuyuTteiBas BaxXHYI0 poJjib [gA B MMMYHHOM OTBETE
npotuB SARS-CoV-2 [10, 14], MOXXHO OOBSICHUTH
BBICOKYIO YacTOTY TTOBTOPHOTO WHGUIIMPOBAHU S
9TUM BHUPYCOM Y OOCJIEIOBAHHBIX TTAllUEHTOB.
M3MeHeHre MUKPOOUOTHI KUIIIEUHUKA ¢ TIpeodia-
JTAaHWEM YCJIOBHO MATOTE€HHBIX MUKPOOPraHMU3MOB
JIEXXUT B OCHOBE (DOPMUPOBAHUS «CUHIPOMA pa3-
JIPaKeHHOro KUIIEYUHNUKAa» U CIIOCOOCTBYET pa3Bu-
TUIO KUIIIEYHBIX NH(PEKIUIA.

Kpome KonmuuecTBeHHBIX U3MEHEHU B UMMYH-
HOW cUCcTeMe MOocjie KIMHUYECKOTO BbI3JOPOBIICHU S
ot COVID-19 Takke onucaHbl HapylieHUsT (PyHK-
uu aumdonuTon [18], mpuyeM X CTENeHb KOppe-
JIUPYET C TSXKECThI0O MH(MEKIITMOHHOTO Tpoliecca [13,
17]. BeposiTHO, UMEHHO AMCPYHKIIMSI UMMYHOLIUTOB
crnocoOcTBYeT (POpMUPOBAHUIO MUMMYHOTATOIOTU-
YeCKHUX MPOIECCOB, KOTOPble MAaHU(ECTUPYIOT CITy-
CTs TI0JITona mociie Ber3gopoBiacHusa or COVID-19.
O HapacTatoleM U3MeHEeHU 1 CrieliuuIecKon peak-
TUBHOCTHU CBUJIETEJILCTBYET MPOTrpeccupylolee Ha-
pactaHue coaepxaHus ooiero IgE B TeueHue roma
y natimeHToB ¢ [TKC, uto conpoBoxgaercs: yuare-
HUEM aJlJIepruuyecKux MposiBjieHuit. Beicokuit TUTP
IgE cnocoGcTBYyeT akKTUBALIMKU TYYHBIX KJIETOK [6].
BoicBOOOXIEHE W3 TYYHBIX KJIETOK IIPEACYIIe-
CTBYIOLIMX MEIUATOPOB U CUHTE3 HOBBIX, a TAKXE
IIUTOKUHOB CITOCOOCTBYET (DOPMUPOBAHUIO KOXKHBIX
MPOSIBJIGHUN aJlJIepruu, JIUCIICTICUU, apTpaJiTWii.
®dopmupoBaHUEe CYyCTABHOTO CMHJIpPOMA U TPOrpec-
CUPOBaHUE JETeHEePAaTUBHBIX U3MEHEHUN CYCTaBOB
NpoOUCXOAUT Ha (pOoHE TOBBILIEHHBIX TUTpoB IgM
u IgG 6e3 uzmeHeHust ocTpoda3oBbIX TTOKa3aTENEH,
4TO, BEpOSITHEE BCEro, siBJsieTcsl pesdyabratoM IgE-
HE3aBUCUMOT'O UMMYHHOTO MTOBPEXICHUSI.

Takum ob6pazom, tocie nepeHecenHoit COVID-
19-undexunu IUTEIbHOE BpEMsl COXpaHSeTCs
HU3KUI ypOBEHb Hecnennduueckoil 3aminThl.
Y ManueHToB C MOCTKOBUIHBIM CUHIPOMOM HU3-
Kas Hecrieuuduyeckas u crnenuduueckast pe3uc-
TEHTHOCTb TMPOSIBIISIETCSI BUPYCHBIMM U OakKTe-
puaabHBIMU WHQEKIUSIMU CIU3UCTBIX 000JI0UeK
U KOXU. JlucbanaHC B UMMYHHOI CUCTEME CITIOCO0-
cTByeT (hOPMUPOBAHUIO AJJIEPTUUECKUX U aAyTO-
VUMMYHHBIX TTPOIIECCOB.
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JOBaHbI yepe3 6—12 Mecsies mocie nepeHeceHHoro octporo COVID-19, Ho obnagaBiune CHUXKEHHBIM COIEpXKaHUEM
TREC B nepudepuueckoit kposu (TREClow, n = 29); ycioBHO 3a0poBbie 100poBosblibl (HC, n = 18). 17151 oLeHKH YpOB-
Heit TREC npumensiin Habop peareHToB « [ REC/KREC-AMP PS», 0151 BbIsIBACHUST OCHOBHBIX CYOIOMy s it TUMbOo-
LIMTOB MCIOJIb30BaJI MHOTOL[BETHYIO ITPOTOUHYI0 IIUTOMETpHI0. OOCIeI0BaHHbIE IPYIIITBI IOCTOBEPHO HE Pa3Invainuch
o ypoBHio CD3" knerok. OnHako B ciiyuyae CD4" T-kjeToK 0b1J10 00HapykeHo, uTo 00e rpynmbl naiueHToB TR EClow
n TRECn niuTenbHoe BpeMsi COXPaHsIIOT CHUKEHHOE OTHOCUTEIbHOE COiepXKaHMe 3THX KJIETOK B LIMPKYJIUPYIOIIEH Kpo-
BU I10 CPAaBHEHMIO C KOHTPOJIbHBIMU 3HaueHussMu (40,8% (31,6; 50,1) u 46,4% (40,0; 53,0) mpotus 53,5% (47,36; 56,9) ipu
p < 0,001 1 p = 0,004 coorBeTcTBeHHO). AGComtoTHOe conepxkaHue CD4" T-mumbonntoB y TREClow naiueHToB ObLI0
cHuxkeHo kKak HC, tak u TRECn (701 ku1/1 Mkt (478; 807) mpotus 1005 ki1/1 mxJ1 (700; 1419) ipu p = 0,020 u 876 ki1/1 MK
(661; 1046) ipu p = 0,008 coorBercTBeHHO). Conmepxkanust CD8" T-mnMdoLnTOB ObIJIO JOCTOBEPHOE YBEJIMYEHO B 00€-
MX TPYIIax naiueHToB nocie ocrporo COVID-19 — 29,4% (20,7; 39,7) B rpynne TREClow, 26,5% (21,1; 32,7) B rpyrmne
TRECn npotus 21,3% (17,1; 26,0) B rpymne cpaBHenus mpu p = 0,024 u p = 0,026 coorBeTcTBeHHO. Kpome Toro, B rpyIiie
TRECn abcomtorHoe comepxkanue CD8" T-kyieToK 10CTOBepHO ITPEBOCXOMMIO 3HaUeHMST KOHTposts (508 xi/1 Mk (372;
622) npotuB 356 xi1/1 Mk (247; 531) ipu p = 0,044). [ToyyeHHbIe HAMU PE3YJIbTAThl yKA3bIBAIOT (haKT HapyIueHUs (DYHK-
LUOHUPOBaHUs T-KJIETOYHOr 0 3BeHa TPUOOPETEHHOr0 MUMMYHMTETA Y MALMEHTOB II0CJIe IIEPEHECEHHOI KOPOHABUPYCHOM
MHOEKIHU, KOTOPbIE MOIYT ObITh TECHO CBSI3aHBI C IpolieccaMy co3peBaHus 1 auddepeHunpoBky T-KJIETOK B TUMYCE.
HuurenbHoe cHuxkeHue ypoBHs: TR EC B UPKYISIIIMU MOXKET OKa3bIBATh CYILIECTBEHHBIC BJIMSIHUS Ha COCTOSIHAE UIMMYH-
HOW CUCTEMBI MALIMEHTOB U HYXIA€TCSI B IPOBEAECHUN UMMYHOKOPPUTUPYIOILIEH TepaITi.

Karoueesnie caosa: npomounas yumomempus, ypogenv TPEC, T-aumepoyumot, T-xeanepst, yumomokxcuueckue T-rumepoyumot, nocm-
COVID-19.

ALTERATIONS IN T CELL IMMUNITY OVER 6-12 MONTHS POST-COVID-19 INFECTION
IN CONVALESCENT INDIVIDUALS: A SCREENING STUDY
Zurochka A.V.*, Dobrynina M.A.*"¢, Safronova E.A.>¢, Zurochka V.A.*", Zuikova A.A.", Sarapultsev G.P.e,

Zabkov O.1.°, Mosunov A.A.>', Verkhovskaya M.D.>!, Ducardt V.V.’, Fomina L.O.", Kostolomova E.G.z,
Ostankova Yu.V.", Kudryavtsev L.V.i, Totolian A.A."

a Institute of Immunology and Physiology, Ural Branch of the Russian Academy of Sciences, Yekaterinburg, Russian Federation

b Federal Research Institute of Viral Infections “Virom”, Ekaterinburg, Russian Federation

¢ State Research Center of the Russian Federation — Federal Medical Biophysical Center named after A.1. Burnazyan of the Federal
Medical and Biological Agency of the Russian Federation, Moscow, Russian Federation
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¢ 354 Military Clinical Hospital of the Russian Ministry of Defense, Ekaterinburg, Russian Federation

I Chelyabinsk State University, Chelyabinsk, Russian Federation

¢ Tyumen State Medical University, Tyumen, Russian Federation

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

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

Abstract. Acute COVID-19 is a viral infection caused by a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
that results in dramatically decreased peripheral blood CD3* T cell count apparently due to alterations of thymic T cell
maturation, that can persist long term afterwards. Therefore, we analyzed the levels of peripheral blood TRECs (T-cell
receptor excision circles), and investigated the main alterations in peripheral blood T cell subsets in COVID-19 convalescents.
We performed molecular quantification of TRECs with “TREC/KREC-AMP PS” kit and flow cytometric analysis
of peripheral blood lymphocytes from three groups of patients. The first group contained 109 samples from COVID-19
convalescents (6—12 month post-acute COVID-19) with normal levels of TRECs (TRECn); the second was formed from
COVID-19 convalescents (6—12 month post-acute COVID-19) with decreased levels of TRECs (TREClow, n = 29), and
healthy control group (HC, n = 18). We noticed no significant differences between all three groups in CD3* T cell relative
and absolute numbers. However, CD4* T cell frequencies were decreased in TREClow and TRECn groups compared to HC
(40.8% (31.6; 50.1) and 46.4% (40.0; 53.0) vs 53.5% (47.36; 56.9), p < 0.001 and p = 0.004, respectively). Furthermore, Th
cell levels were decreased in TREClow patients vs HC and TRECn groups (701 cell/1 uL (478; 807) vs 1005 cell/1 pL (700;
1419), p = 0.020, and 876 cell/ 1 uL (661; 1046), p = 0.008, respectively). Finally, both groups of COVID-19 convalescents
had increased frequencies of circulating CD8" T cells — 29.4% (20.7; 39.7) in TREClow group, 26.5% (21.1; 32.7) in TRECn
group vs 21.3% (17.1; 26.0) in healthy controls (p = 0.024 and p = 0.026, respectively). In TRECn group, CD8* T cell count
was elevated vs control range (508 cell/1 pL (372; 622) vs 356 cell/1 puL (247; 531), p = 0.044). Thus, COVID-19 convalescents
(6—12 month post-acute COVID-19) showed an imbalance in CD4* and CD8* T cell level even at 6—12 months post-acute
SARS-CoV-2 infection, and the observed changes in peripheral blood T cells could be closely related to the alterations
in thymic T cell maturation and differentiation. Such a long-term decline in TREC levels in the circulation may have
a profound impact on immune system functions and requires immunocorrection therapy.

Key words: flow cytometry, TRECs level, T cells, Th cells, CD8" T cells, post-COVID-19.
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MHdekumns n uMmyHuTeT

BBeneHune

OnHOM U3 OTJUMYUTEIbHBIX XapaKTePUCTUK
OCTPOU BUPYCHOUW MHGEKIIMU, BEI3BAHHOW WHBa-
3ueit Bupyca SARS-CoV-2, aBnsieTcs BeIpaxXeHHOe
CHUKE€HHUE YPOBHSA JUMGPOUUTOB B mnepudepu-
YeCcKOW KpOBM MAllMEHTOB, UTO YyX€ OTMEYasocCh
B CaMbIX MEPBbIX HUCCAeqOBaHUAX. Tak, B paMKax
ob1iero myJja JeMKOUUTOB Mepudepruyeckoin Kpo-
BU y 60bHBIX COVID-19 oTMeuanoch CHUXEHUE
T-mumMboUUTOB TO Mepe yBEJIUYEHUE TSIXKECTU
3a00J1eBaHU S, TOTIAa KaK IMOBBILIEHUE TOJU STUX
KJIETOK MOIJIO pacCMaTpUBAThbCS B KayecTBe OJia-
ronpusiTHoro npusHaka [23]. bonee toro, comep-
xkaHue T-mumM@ouunToB B riepudepruieckKoii KpoBu
HaXOJIMJI0Ch B 0OPAaTHOM 3aBUCUMOCTU OT KOHIIEH-
tpauuii 1L-6 u IL-10, ypoBeHb KOTOPBIX IIPU WUH-
dunupoBanuu SARS-CoV-2 Bozpactan mo mepe
YBEJIUYECHUS TSKECTU TedeHUus 3aboseBaHus [11].
IMoHuxeHHbI# ypoBeHb T-TUMGMOLUTOB B AU-
HaMuKe HaOofeHuii, paBHO Kak u CD3*CD4*
n CD3"CD8"* kyeTok, ObLI XapaKTepeH AJsT 00Jb-
HBIX TSXeJIoll Gopmoil TeueHU s 3a00IeBaHUS TTPU
CPaBHEHUU CO CPEIHETSIKEJIbIMU cliydasamu [22].
Kpowme Toro, 6p111a 0OHaApyKeHa 3aBUCUMOCTb MEX-
Iy ypoBHEM T-KJIETOK B LIUPKYJSLIUU U TIXKECTHIO
teueHuss COVID-19, BeipaxxeHHOI B 6ajiax mka-
gl APACHE III [21]. CTtoab Xe BaxXHbIE pe3yJibTa-
ThI ObLJIW OJTYYEHBI ITIPU OLIEHKE CTENEHU 3PEIOCTU
CD4" u CD8" T-nuMdOounTOB, IIUPKYJIUPYIOIINX
B Iepudeprudeckoli KpOBU MALUEHTOB B OCTPOWU
da3ze 3ab007eBaHUS, BBISIBUBIIME, B MEPBYIO O4Ye-
penb, CHUXEHUE YPOBHS <«HAWBHBIX» T-KJIETOK
obeux nomynsuuii [9, 20, 24, 25].

CHUXeHUE YPOBHSI «HAUBHBIX» T-KJIETOK, 00-
JaaloluX [IAPOKUM CIIEKTPOM YHUKAJTbHBIX
crieuuduyHoCcTel T-KJIETOYHBIX PELENTOPOB, Xa-
PaKTEepHO Ui pa3jiMYHbIX BUPYCHBIX U OaKTepu-
aJbHBIX WHMEKIUI, KOTOPbIE HETaTUBHO BJIUSIOT
Ha (QYHKIMIO TUMyca 3a CUET MPSIMOro BO3Jei-
CTBUS Ha KJIETKU MUKPOOKPYXKEHUS TUMYyCa, KakK
3TO ObLIO ToKa3zaHo it SARS-CoV-2 [31], win
3a CUET CUCTEMHBIX 3(P(HEKTOB PaCTBOPUMBIX (DaK-
TOPOB, BHICBOOOXIAEMBIX B KPOBOTOK, TAKUX KaK
TJTIOKOKOPTUKOUJBI U TIPOBOCTIAJIUTENbHBIE LIUTO-
KuHBGI [13, 16]. UMeHHO mO3TOMY aHAJIU3 COAepKa-
HUS «HAUBHBIX» T-KJIETOK, MPOIIEAITNX aHTUTEH-
3aBUCUMYIO TUD(HEPEeHIUPOBKY B TUMYCE U BBI-
IHIeAIINX B TIepUPEepruIeCcCKy0 KPOBb, MOXET ObITh
BaXXHEWIIIUM METOMNOB NJIs1 OLEHKU 3(PHEKTUBHO-
CTU TuUMoMo33a. s 3Tux ueneil TpaaullMOHHO
NPUMEHSIOT HECKOJBKO METOAUYECKUX MOAXOA0B,
BKJIIOYasg aHanau3 skcrnpeccuun CD31, no3BoJsiio-
IIUX BBISBUTH LUUPKYIUPYIOIIUE «PAHHUE TUMMU-
YecKHNe MUTPaHTB» ¢ peHoTUIoM CD31"CD45R0-
CD62L*" [18] mpu moMOIIM TPOTOYHOW ITUTOME-
TPUU WJIU oOmpeAesieHue YpoBHS T-KIJIETOUYHBIX
skcuu3noHHbix kosenr (TREC, ot anrn. «T-cell
receptor excision circles») [5]. TREC — sTo BHexpo-

MOCOMHBIE TTPOJAYKTHI KPYTOBOTO BbIPE3aHUs MO-
nexkya AHK npu nepectpolike reHoB T-KJeTOUHBIX
peuenTtopoB (TCR) B xoge coMaTuyecKoil peKoM-
ouHauuu JIHK, koTopble 06pa3ytoTcs npu co3pe-
BaHUM T-KJeToK B TUMyce. KoablieBble MOJIEKYJIbI
TREC o0Opa3sylorcst B JBaKAbl-HETaTUBHBLIX TH-
moruuTax (DN4 TUMOLIMTHI) Ha 2Tare MepecTpoiu-
ku o-uenu TCR nmpu pekoMOWHAIIUU 2JI€MEHTOB
0Rec m ylo ¢ mocnenylomeir neenuei JoKyca
TCRS. TREC o0OHapy:XuBalOTCI B TUMOLMTAX
U «HauBHBIX» T-TuMdonurax nmpyu NoMoIu METO-
JIOB MOJIEKYJISIPHOU OMOJIOTU U, UTO JieJaeT JTaHHbI I
noaxoa K aHaau3dy 3MGheKTUBHOCTU (HYHKIIMOHU-
pOBaHUSI TUMYCa yIOOHBIM IS WCITOJIb30BaHUS
B KJIMHUYECKOW JlabopaTopHOU auarHoctuke [1].
I1pu onenke ypoBHeil Mosiekysl TREC y GoibHBIX
COVID-19 ob6HapyXeHO UX JOCTOBEPHOE CHUXKE-
HUE N0 CpaBHECHMIO CO 3MOPOBBIMH JIOABMU [6].
IIpu 3TOM HE TOJIBKO MMOKa3aHa IpsMasi Koppesi-
nus ypoBHeit TREC ¢ konnyectBom CD3™ K1eToK,
HO Y IOCTOBEPHOE CHUKEHE KOJINYECTBA MOJECK YT
TREC y 601bHBIX C TSIXKEJIBIM T€UEHUEM 3a00JIeBa-
HUS TI0 CPAaBHEHUIO CO CPEIHETSIKEJIBIM B TPYIIIIe
aui B Bo3pacte 30—49 ner [5].

MMeHHO MOo3TOMY LIeJbI0 JaHHOI'0 HCCJienoBa-
HU S ssBUIoch udyyeHue ypoBHsi TREC, a Tak:xe co-
CTOSTHUE UMMYHHOM CUCTEMBbI IMMAIIMEHTOB Ha OCHO-
BE€ CKPMHUWHTA 10 OCHOBHBIM CYOITOITYJISIIIVSIM JTU M-
(oumToB nepudepruIeckoil KpOBU YeJIOBEKa B HOP-
Me u nocJie nepeHeceHHoit COVID-19 nndekiuu.

Matepuanbl n MeTodb!

Xapakmepucmuka nayuenmog. B oCHOBHOIT Ja-
CTU MCCJICAIOBAHUS HaMU OBLIM OOCJIeIOBaHBI TPU
TPYTIIBI HAIIMEHTOB, B TOM YHMCJE TPyIIIa KOHTPO-
JIsl, B KOTOPYIO BOIIJIA YCJIOBHO 3IOPOBBIE TOOPO-
BOJIBIIBI HA MOMEHT OOCJIeMOBaHMSI, HE MMEBIIIE
OCTPBIX WM OOOCTPEHMUSI XPOHMUYECKMX BOCIIA-
quTenbHbIX 3aboneBanuii (HC, n = 18); rpymma
MalMeHTOB, KOTOpbIe OBLIM OOCJIeMOBaHBI Yepe3
6—12 MecsueB IIOCie IIEPEHECEHHOr0 OCTPOro
COVID-19 ¢ vHopmanpHbIM comepxaHnueM TREC
(TRECn, n = 109); a Tak>ke TpyIIa manueHTOB, KO-
TOpBIE TaKXKe ObLIM 00cCIenOBaHbI yepe3 6—12 me-
cAleB moclie nepeHeceHHoro octporo COVID-19,
HO oOJyiafgaBIINe CHUXXEeHHBIM cogepkaHnueM TREC
B nnepuepuueckoii Kposu (TREClow, n = 29). Bce
TPH TPYIIILI ObIIU B Bo3pacTte 45—65 et 1 10CTO-
BEPHO HE OTJIMYAJIMCH IPYT OT ApyTa MO MOJOBOMY
COCTaBy.

Bo BTOpoOiT wacTu mMcciaemoBaHUS aHAJIU3UPO-
Baiu 25 00pa3mnoB nepudepruIeckoil KpoBU, MOJy-
YEeHHBIX OT 25 IMalMeHTOB, UMEBIINX B aHaAMHeE3¢
nepeHeceHHbIN paHee COVID-19 ¢ He MeHee yeM
25%-M 1opakeHueM JIerK1X, a TakKxKe 000CTpeHue
XPOHUYECKUX BOCITAJIUTEIBHBIX 3a00JICBAHU.

Bce nmauueHThl ObLJIM TpeaBapuUTEIbHO 00Ce-
IOBaHBI BPAa4OM TEPAIIeBTOM ¥ MMMYHOJIOTOM-aJI-

758



2024, T. 14, Ne 4

Hapywexus B T-knetkax nocne COVID-19

JIEPTOJIOTOM JIJIS1 BBISIBJICHUST COITYTCTBYIOIIMX 3a-
OosieBaHuli. Bce obciienoBaHHbBIE MAllMEHTHI MO~
MUCHIBaIN WHOOPMUPOBAHHOE corjlacue Ha 00-
cienoBaHue. Bce nccienoBaHus ObLIM OM0OPEHbI
HE3aBUCUMBIM JIOKAJIbHBIM 3TUYECKUM KOMMTE-
ToM nipu [AY3 OTK3 «Ioponckast KauHu4eckas
oonpHuiia Ne 1» 1. YensstomHcka, mpoTokos No 8
ot 11.04.2022 Ha 6a3e KOTOPOI MPOBOAMUJIUCH NaH-
HBIE UCCJICTOBAHMSI.

Onpedenenue ypoeneit TREC 6 nepughepuueckoii
Kpoeu. B3siTe KpOBU OCYIIECTBJISIIN B ITPOOMPKY
¢ anTukoaryJisHToM D TA. DKcTpakKlinio TOTalb-
Hoit JIHK wm3 neiikouutapHoil (pakliMuM BEHO3-
HOIi TIepudepuIecKoil KPOBU ITPOBOIUIN C HC-
nonab3oBaHueM Habopa «PUBO-npen» (LHHWUNUD,
MockBa, Poccus). asi oLegHKU ypOBHEM MoJie-
Kya TREC co Bcemu obpasuamu TotaabHoi JJHK
MPOBOAUIN KOJMYECTBEHHYIO MYJBTUIJIEKCHYIO
Real-time ITLLP c omHOBpeMeHHOI aMmudrKaIIU-
eit ueneBoro pparmeHta JJHK TREC u ¢pparmen-
TOB IBYX HOpMUpPoBOoUHBbIX reHoB HPRT u RPP30
¢ ucrojib3oBaHueM Habopa peareHToB «IREC/
KREC-AMP PS» (BYH HWMU Ilacrepa, CaHKT-
IleTepOypr), corjacHO WHCTPYKIIUU MPOU3BO-
nutensi. KoaudyecTBEHHYIO OLIEHKY COJepXKaHM S
mosekyal TREC mpoBoauiu ¢ momoliblo MeToaa
MOCTPOEHUSI CTaHAAPTHBIX KpUBBIX [7]. AHanu3
MOJTYYEHHBIX JaHHBIX OCYIIECTBIISIJIM B CpaBHE-
HUM CO 3HAYEHMSIMU HOPMBI, YCTAaHOBJICHHBIMU
paHee Uil B3POCHBIX JIIOAE pa3sHBbIX BO3PACTHBIX
rpynr [4].

Ilpomounas yumomempus. OOBEKTOM HUCCJIE-
JIOBaHUSI CHyXujaa Tepudepudeckasi KpoBb, CO-
OpaHHasl B BaKyyMHBIE ITPOOUPKU C COAepKaHUEM
K9 TA BKauecTBe aHTUKOATyJISHTA. [IoNTOTOBKY
00pa3loB Uil TIPOBEICHUSI MPOTOYHON IIUTOME-
TPUU OCYIIECTBJISIIN B A€HD ITOJYUYEHUST 00pa3IioB
(He 60J1ee 6 9acoB MOCjIe MyYHKIIMU JJOKTEBOM BEHBI).
B pamkax mepBoii yacTW MCCJIEIOBAHUS ISl BbI-
SIBJIEHWSI OCHOBHBIX CYOMNOITYJISIIUI TUM(DOIIMTOB
nepudepruIecKoil KpPOBU TIPUMEHSIJIN PEaKTUBBI
komnaHuu Beckman Coulter (CIIIA) nmoa komMep-
yeckuM HaszBaHueM TetraChrome. Tak, njis omnpe-
JieJIeHU s a0COTIOTHOIO U OTHOCUTEJBHOIO COlep-
xkaHusg T-nmumdbouutoB (beHotun CD3 CDI197),
B-numdonurtoB (benorun CD3-CDI19*), NK-
kiaeTok (penorun CD3-CD56"CDI16%) u T-NK
muMmponutoB (penorun CD3"CD567CDI16") wuc-
MOJb30BaM CJENYyIollyl0 KOMOMHaLUK ¢Gayo-
POXPOM-MEUYEHHBIX MOHOKJIOHAJbHBIX aHTUTEI:
CD45-FITC, CD56-RDI1+CDI16-PE, CDI9-ECD
u CD3-PC5. JIns BbISIBA€HUSI OCHOBHBIX CyOMNo-
nynasuuii T-xkiaetok — T-xeamepoB ¢ peHOTUIOM
CD3"CD4" u unutotokcuuyeckux T-TuMEOOLIUTOB
¢ ¢peHotunom CD3*CD8" — ucnojb3oBaiu cCMeCh
aHTutes, BKIouaByio CD45-FITC, CD4-RDl1,
CDS8-ECD u CD3-PC5. VYnaneHue 3pUTpPOLIUTOB
13 00pa3loB MPOBOIMIU C UCITOJIb30BAHUEM JIN3U-
pylouiero pactBopa VersalLyse (Beckman Coulter,

CIIIA). Ab6cotoTHBIE 3HAYEHU ST YKa3aHHBIX BbIIIE
MOMYJISIUUN TUM@OIIUTOB OBLIM MOJYy4YeHBI B Of-
HOITJIaT(POPMEHHOI CHUCTeME C MCHOJIb30BaHUEM
dayopecueHTHBIX yacTul, FlowCount™ (Beckman
Coulter, CIIA). AHanu3 o00pa3lOB IPOBOAU-
AU Ha OpOoTOYHOM uHUTOdQayopuMerpe Navios™
(Beckman Coulter, CIIIA), ocHaleHHOM 488
un 638 HM naszepamu. B kaxxjaom obpa3siie aHaJIU3H-
poBasu He meHee 10 000 numdouuTOB.

Bo BTOpOIi yacTM wMcclienoBaHWN TIPOBOAMIIN
CpaBHEHUE pe3yJIbTaTOB aHajiM3a OCHOBHBIX CyO-
MOIYJISIIUI TUMMOILIUTOB MepudepruIecKoin Kpo-
BU, MOJYYEHHBIX TIPU UCMOJIb30BaHUM Habopa pe-
areHToB TetraChrome komnanuu Beckman Coulter
(CIIJA), a Takxe HabopoB peareHToB «CTaTyc
®jnoy-1 Terpa BR» u «Cratyc ®@noy-2 terpa BR»
NpOMU3BOJACTBA KoMITaHUU «AJkop buo» (Poccus).
ITIpn momomu pearentoB «Ctaryc Dioy-1 Terpa
BR», cocTosBiiux nx antutes npotuB CD3-FITC/
CD8-PE/CD45-PerCP-Cy5.5/CD4-APC, omnpene-
JSIIM OCHOBHBIE cyononyjasuuu T-kjaetok. Torma
KaK c ucroyib3oBaHueM Habopa «Craryc dioy-2
TeTpa BR», BKiItouaBliero anturesa npotuB CD45-
PerCP-Cy5.5/CD3-FITC/CD56"16-PE/CD19-
APC omnpenensanu B- u NK-xknetku. YmaneHue
SPUTPOILIMUTOB U3 00Pa3IIOB IMIPOBOIMIIN C UCTIOJb-
30BaHUMEM JIM3upylolero pactsopa «Bepcadioy»
NpOMU3BOJACTBA KoMITaHUU «AJkop buo» (Poccus).
AHanu3 o0pa3uoB TMPOBOAUIU Ha MNPOTOYHOM
uutodayopumerpe Navios™ (Beckman Coulter,
CIIIA), ocHamieHHOM 488 u 638 HM JazepaMu.
B kaxmom o6pasne aHaaM3uMpoBaJii HEe MeHee
10 000 numMpoLUTOB.

Cmamucmuueckas oo6pabomKa NOAYYEHHbIX pe-
3yavmamos. OOpabOTKY JaHHBIX MPOTOYHOU IIU-
TOTMEPUU IIPOBOIMJIA IIPU MOMOIIU IIPOTpaMMm
Navios Software v.1.2 n Kaluza™ v.2.0 (Beckman
Coulter, CIIA). Cratuctuyeckyo o00paboOTKy
NPOBOIUU MPU MOMOIIY MPOrpaMMHOTO obecrie-
yeHus Statistica 8.0 (StatSoft, CIIIA) u R version
4.3.2 (2023-10-31 ucrt) Eye Holes RStudio version
2023.09.1+494 Desert Sunflower (The R Foundation,
CIIIA). PesynbraThl, MOJYyYEHHBIE B XO[I€ UCCJIENO-
BaHUSI aOCOJIOTHOTO M OTHOCHUTEJIBHOTO COMEp-
KaHUS JTUMGOIUTOB B TepucepruIecKoil KpoBH,
BbIpaxkajau B BuJe MeauaHbl (Me) U MHTepKBap-
TUabHOro pa3Maxa (Q,s u Q,5). KoppenassumoHHbII
aHaJIM3 ITPOBOIMJIN C MCIIOJb30BaHUEM KPUTEPU S
CnupmeHna. [IpoBepKy JaHHBIX Ha COOTBETCTBUE
TUIIa paclpeie/ieHus] HOpMaJlbHOMY ITPOBOIUIN
npu nomoinu kputepus llanupo—Yuika B Kax-
JIOM TpyIie oTaeibHO. [OMOTeHHOCTh AUCIIEPCHiA
B TpyINmax IPOBEPsJIM MPU TIOMOIIM KPUTEPUS
®dumrepa. Husd cpaBHEHUSI TpeX TpyHn IManueH-
TOB NPUMEHSIJIM HemapaMeTPUUeCKUN KpUTEpHii
Kpackena—Yonnuca. [1pu cpaBHeHUM pe3yabTaTOB
0 OTHOCUTEIBHOMY M a0COTIOTHOMY COJIEXKpPaHU ST
JTUMGOIIMTOB, IMOJYYEeHHBIX MPHU MOMOIIU peak-
TuBOoB KoMmnaHuii Beckman Coulter u Ankop buo,
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MHdekumns n uMmyHuTeT

B ABYX CBSI3aHHBIX T'pyIlax Npyu COOJIOIEHUHN YyC-
JIOBUM HOPMAJIbHOCTU pacIlipeaesieHus1 3Ha4YeHU it
M OTCYTCTBMSI B HUX 3HAYMMBIX BBIOPOCOB IPO-
BOAWJIW MPpU nMoMoluu nmapHoro tecta CThloJeHTa.
B cnyuae HapylleHUs YCJIOBUSI HOPMaJIbHOCTU
pacnpeaeJeHus uccaeayeMblX MapaMeTpPOB B IPyI-
nax UJu paBeHCTBa JUCTIEPCU TPy IITIbl CpaBHUBA-
JIM TIpU TMIOMOILIM KpUuTepuss BuiakokcoHa ajis cBsi-
3aHHBIX HAOJIOJICHUA.

PeaynbraThl

I1pu aHaTM3€¢ OTHOCUTEIHLHOTO M a0COTIOTHOIO
conepxxanug CD3* T-numpounToB nepudepnyec-
KOl KpOBM y MAIIMEHTOB CPaBHUBAEMBIX TPYIIIT
M YCJIIOBHO 3I0POBBIX JOOPOBOJIBIIEB HAMU HE OBLIO
OTMCUYEHO IOCTOBEPHBIX pa3JIMUMil 10 CpaBHU-
BaeMbIM ItapameTpaMm (puc. 1). Tak, y manmueHToB
¢ Hu3kuM ypoBHeM TREC B mepudepudeckoii
KPOBH 3TH 3HaYeHUs1 coctaBunu 72,4% (69,4; 79,2)
u 1251 xn/1 mxi (1001; 1611), gast rpymnmbl ¢ HOP-
ManbHBIX comepxxanueM TREC — 76,1% (71,1; 80,7)
u 1501 x/1 mka (1180; 1765), a B rpyIiiie KOHTPO-
st —77,5% (74,1; 80,0) u 1666 k1/1 mx (1033; 1926).
Kpowme Toro, B cirydyae ImammeHTOB ¢ HOPMaJIbHBIX
conepxxanueM TREC B mepudepnyeckoii KpoBu
HaMU OBLJIY BBISIBJICHBI ITOJOXUTEIbHBIC KOPPEIIs-
OUU MEXIY OTHOCHUTEIBHBIM M aOCOTIOTHBIM CO-
nepxanue CD3* T-numdonutos u yposaem TREC
(r=10,258 mpu p = 0,007 u r = 0,215 mpu p = 0,025
COOTBETCTBEHHO).

AHanu3 oTaenbHBIX cyononyisauuii T-numdo-
OMTOB, BRISIBJICHHBIX B cilydae T-xexrepoB Ha oc-

1004
> o ° ]
- 75 ot

o
°\° n ]
+" 501
en
8 251
0

HC TREC" TREC"Y

HoBaHUU Koakcrnpeccuu CD3 u CD4, a B ciyyae
LHUTOTOKCUYECKUX T-TUMGOIUTOB — Ha OCHO-
BaHuu Haaudusg CD3 u CD8 Ha moBepXHOCT-
HO MeMOpaHe KJIETOK, MoKa3aJl CylIeCTBEHHbIEe
pa3inuyusl MeXNIy aHaJlu3UpPyeMbIMU TpyMHIaMu.
Tak, B cnyyae CD4" T-kJieTOK ObIJIO OOHApYXKEHO
(puc. 2), yTo 00e rpyIIibl NallMEHTOB, MepedoIeB-
mux COVID-19, anutenbHOE BpeMsl COXPaHSIOT
CHUXXEHHOE OTHOCUTEJIbHOE COJepXKaHUE ITUX
KJIETOK B LIUPKYJUPYIOLIEH KPOBU MO CPAaBHEHUIO
C KOHTpOJbHBIMU 3HayeHusmu (40,8% (31,6; 50,1)
B rpynne TREClow u 46,4% (40,0; 53,0) B rpyn-
ne ¢ HopMaabHbIM ypoBHeM TREC nmpotus 53,5%
(47,36; 56,9) B rpymnme cpaBHeHust ripu p < 0,001
u p = 0,004 coorBeTcTBeHHO). bojiee Toro, cHu-
>keHHasi koHueHTpauuss TREC B kpoBu ObLIa
CBsi3aHa ¢ OoJsiee HU3KUM coaepxaHuem CD4*
T-xnetok B uupkyasuuu (p = 0,027) y maliueHTOB,
ycnemHo mnepeHeciiux COVID-19. AbconoTHoe
comepxxanue CD4" T-numbouutoB B mnepude-
pUYeCcKOlf KpOBU MAllMEHTOB C HU3KUM YPOBHEM
TREC 6b110 CHUKEHO T10 CpaBHEHU IO KaK C Ipym-
MO KOHTPOJISI, TAK U MTallUeHTaMU C HOPpMaJIbHbIM
conepxxanuemM TREC (701 ku/1 mxn (478; 807)
npotus 1005 xi1/1 mxa (700; 1419) npu p = 0,020
u 876 xn/1 mxa (661; 1046) npu p = 0,008 coor-
BeTCcTBeHHO). Kpome Toro, y manyMeHTOB CO CHU-
>keHHBbIM conepxkaHueM TREC Obly1a BoisiBJieHa 00-
paTHas 3aBUCUMOCTb MeXAY KOHIleHTpauuii CD4*
T-xnetok u yposHem TREC B nupkyasauuu (r =
—0,422 npu p = 0,022).

BMmecTte ¢ TeM npu aHanuse comepxkaHuss CD8*
T-numbounToB nepudepudeckoir KpOBU HaMU

HC TREC" TRECYY

PucyHok 1. CogepxxaHmne CD3* kneTok nepudepunyeckoii KpoBu y naumeHToB nocne octporo COVID-19

¢ pasHbiMmu ypoBHsimu TREC

Figure 1. Peripheral blood T cell frequencies in COVID-19 convalescents with varying TRECs levels

MpumeyaHue. PesynsTathl NpMBEAEHbI B BUAE NPOLLEHTa OT 06LLEro Yncna MuMeOoLmMToB 1 abCOMIOTHLIX 3HaYeHUIA (KON-BO KNEeTOK
B8 1 Wl LenbHO KPOBU) M NPEACTaBNEHL B BUAE MenaHbl U MHTEPKBAPTUILHOIO pa3maxa [Med (Qus; Qrs)]. Ans cpaBHeHMs
NoJly4eHHbIX BbIBOPOK MCMOb30Ban HenapameTpuiecknin kputepuii Kpackena-Yonnuca. 3aech 1 fanee: 6enbie kpyrn — rpynna
koHTponst (HC, n = 18); yepHble Kpyrn — naumeHTsl, nepeHeciune COVID-19, ¢ HopmanbHbiM cogepxanmem TREC (TRECnH, n = 109);
YyepHble KBaapaTbl — naumeHThbl, nepeHectune COVID-19, co cHukeHHbIM copepxaHnem TREC (TREClow, n = 29).

Note. The obtained data are presented as percent of cells within total lymphocyte subset (%, left), as well as absolute numbers
(the number of cellsin 1 pL of whole peripheral blood, right). Each dot represents individual subjects, and horizontal bars depict
the group medians and quartile ranges [Med (Q,s; Q;5)]. The statistical analysis was performed with the Mann-Whitney U test.
Here and on the Fig. 2 and 3: white circles denote healthy control group (HC, n = 18); black circles — convalescent COVID-19
individuals with normal levels of TRECs (TRECn, n = 109); black squares — convalescent COVID-19 individuals with low levels

of TRECs (TREClow, n = 29).

760



2024, T. 14, Ne 4

Hapywexus B T-knetkax nocne COVID-19

]
(=]

(o2}
(=]

N
[=}

CD3+CD4+, % LY

o

p<0.001
p=0.004 p=0.027 :3_2500

o3 E 2000 -

po &3 + 1500 oo
-
6 1000: °¢o
& 500 E;o
a
S . . .

HC TREC" TRECYY HC TREC" TREC"Y

PucyHok 2. CoaepxaHue CD3*CD4* kneTok nepudepuyeckoin KpoOBU y NaLMEHTOB NOCJIe OCTPOro

COVID-19 ¢ pa3Hbimu ypoBHsamu TREC

Figure 2. CD4* T cells frequencies in peripheral blood samples from COVID-19 convalescents with different levels

of TRECs

MpumevaHue. Pe3ynbTaThl NPYBEAEHBI B BUAE NPOLEHTA OT 00LLEro Yucna iMM@OoLMTOB U aOCONMIOTHBLIX 3HAYEHUI

(kon-Bo kneTok B 1 ul LLenbHO KPOBK), U MPEACTaBNEHbI B BUAE MEANAHBI U MHTEPKBaHTUABHOrO padMaxa [Med (Q,s; Q;s)]-

[ns cpaBHEHNS NONYYeHHbIX BLIDOPOK MCMONb30BaNu HenapameTpuyieckuii kputepuin Kpackena-Yonnuca.

Note. The obtained data are presented as percent of cells within total lymphocyte subset (%, left), as well as absolute numbers
(the number of cellsin 1 uL of whole peripheral blood, right). Each dot represents individual subjects, and horizontal bars depict
the group medians and quartile ranges [Med (Q,s; Q;5)]- The statistical analysis was performed with the Mann-Whitney U test.

ObLI0 MOKa3aHo (puc. 3) IOCTOBEPHOE YBEJIUYECHUE
MPOILIEHTHOTO COAEPKaHUS 3TUX KJIETOK B 00enx
rpynmax mnangueHToB mocye octporo COVID-19
(29,4% (20,7, 39,7) Brpynne TREClow 1 26,5% (21,1;
32,7) Brpynrie c HopMmaJibHbIM ypoBHeM TREC npo-
tuB 21,3% (17,1; 26,0) B rpyIiIie cpaBHEHU S TIPU p =
0,024 u p = 0,026 cooTrBeTcTBeHHO). KpoMe TorO,
B rpynne ¢ HopmajibHbiM ypoBHeM TREC B 1iup-
KyJUpYyOIllell KpOBM abCOJIIOTHOE CcolepXaHue
CD8" T-xJIeTOK TOCTOBEPHO ITPEBOCXOOMJIO 3Ha-
yeHus1 KoHTposs (508 ki/1 Mk (372; 622) mpoTus
356 ki1/1 mxa (247; 531) ipu p = 0,044). Bosee Toro,
HapymeHue coaepxanus CD4" u CD8* T-kneTtok

OKa3bIBaJM CYIIECTBEHHOE BJIMSTHWE Ha COOTHO-
meHune CD4/CDS8 B nepudepnieckoit KpoBH Tia-
nueHToB, nepeHecuux COVID-19, no cpaBHeHUIO
CO 3HAUYEHUSIMU, TOJTYYEHHBIMU IS TPYTIITHI KOH-
TpoJsigd. B obeux rpymnmnax malili€eHTOB HaMU ObLIO
OTMEUEeHO AOCTOBEPHOE CHUXKEHUWE NaHHOTO WH-
nekca (1,70 (0,90; 2,50) B rpynnie TREClow u 1,80
(1,30; 2,40) B rpymnme ¢ HOPMaJbHBIM ypPOBHEM
TREC npotus 2,40 (2,00; 3,20) B rpy1ime cpaBHe-
Hug ripu p = 0,004 u p = 0,005 cooTBETCTBEHHO).
Kpowme Toro, mipu uccienoBaHuu TUM@OIIUTOB
nepudepruyeckoii KpoBU MAIIMEHTOB, TIEPEHECIITNX
COVID-19, namu 6ni1a ipoBeneHa orienka CD19*
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PucyHok 3. CopepxaHue CD3*CD8* kneTok nepudepnyeckoi KpoBU y NnaLMeHToB Nocsie oCTporo

COVID-19 ¢ pasHbimu ypoBHsimu TREC

Figure 3. CD8* T cells frequencies in peripheral blood samples from COVID-19 convalescents with different levels

of TRECs

MpumevaHue. Pe3ynbTaThl NPYBEAEHLI B BUAE NPOLEHTA OT 00LLEro Ymucna iMM@OoLMTOB U aBCONMIOTHBLIX 3HAYEHNI

(kon-Bo kneTok B 1 ul LLenbHOM KPOBK) 1 NPeCTaBeHbl B BUAE MEAMaHbl M MHTEPKBaHTUALHOrO padmaxa [Med (Q,s; Q)]

[na cpaBHeHWs NONyYeHHbIX BbIBOPOK MCNONb30BaM HenapameTpuieckuii kputepuin Kpackena-Yonnumca.

Note. The obtained data are presented as percent of cells within total lymphocyte subset (%, left), as well as absolute numbers
(the number of cellsin 1 pL of whole peripheral blood, right). Each dot represents individual subjects, and horizontal bars depict
the group medians and quartile ranges [Med (Q,s; Q;5)]. The statistical analysis was performed with the Mann-Whitney U test.
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B-numdonutos u CD3-CD56" HaTypaabHBIX KWJI-
aepoB. B ciyuae B-kjeTok y maluMeHTOB C HOpP-
ManbHbIM ypoBHeM TREC B KpoBM OTMeUeHO H0-
CTOBEPHOE YBEJIMWYEHUE MNOJU KJIETOK TaHHOU IMo-
myssiuan (11,8% (8,6; 16,2) mpoTus 9,3% (6,5; 13,5)
npu p = 0,032), Toraa Kak Mo Apyrum rnokaszareasimMm
JOCTOBEPHBIX OTJAMUYUI TTOKa3zaHo He ObL10. bosee
TOr'0, KakK OTHOCHUTEJbHOE, TaK U a0COJTIOTHOE CO-
nepxanue CD3-CD56" HK-kJjieTok y manueHTOB
BHe 3aBUcuMOCTH OT ypoBHeil TREC B kpoBM Ha-
XOAUJIOCh B Mpeaejaax 3HAYEHUH KOHTPOJIbHOW
TPYIIITHI (JaHHBIE HE TIPUBEICHBI).

B pamkax mNpoBeAeHHOIro aHajlu3a IallueH-
ToB (n = 25), mepeHecuuux COVID-19, Hamwu
ObLJTa MpEeANpUHSTa IIONMbITKA CPaBHEHUSI MOHO-
KJIOHAJbHBIX aHTUTEJ, IIOJYYEHHBIX OT pPa3HBIX
dupm-npousBonuTeseil. Kak mokazaHo B TabJu-
e, MpMMEHEHUEe aHTHUTEeJ TPOM3BOACTBA KOMIIa-
Huu «Beckman Coulter» (CIIIA) u kommanuu OOO
«Ankop buo» (Poccust) mo3Bosisijio MOAy4YuTh pe-
3yJIbTaThl, JTOCTOBEPHBIX Pa3IMUMil MEXAY KOTO-
PbIMH OTMEYEHO He ObLIO C MCIIOJb30BaHUEM ABYX
HE3aBHUCUMBIX KpUTepueB olleHKu. CpaBHeHUE He-
MPEePBIBHBIX JaHHBIX B JIBYX CBSI3aHHBIX TPyIMITax
NpU COOTIONEHU M YCIOBUI HOPMAJIbHOCTHU paciipe-
JIeJICHW s 3HAYeHUI U OTCYTCTBUS B HUX 3HAUMMBIX
BBIOPOCOB MTPOBOIMJIN MTPY MTOMOIIU MapHOI'o TeCTa
CrrloneHTa (p,). B ciiyyae HapylieHU s yCJIOBUSI HOP-
MaJIbHOCTM paclpenesieHrs UCCAeAyeMbIX MapamMme-
TPOB B IpyIINax WM paBEeHCTBA JUCTIEPCUM TPYIIITHI
CpaBHMBAJIM TIpU TIOMOIIMA KpuTepust BuikokcoHa

JUISL CBSI3aHHBIX HaOJoaeHUil (p,). I[IpoBeneHHBII
aHaJIM3 BBISIBUJ OTCYTCTBHE TOCTOBEPHBIX pa3Ju-
YU MEXAy CpaBHUBAa€MbIMU MOHOKJIOHAJbHBIMU
AHTUTEJAMU 17151 TPOTOYHON LIMTOMETPUU, YTO MO~
3BOJIMJIO TIOJIYYUTh BOCHPOU3BOIMMBIE PE3YJIBTAThI
B paMKax IMMPOBEAEHHOI0 HaMU UCCJIeTOBaHUSI.

Taxkxxe HamMu OblJa MpoBeJdeHa OlIEHKa B3au-
MOCBSI3U DPE3YJbTaTOB MoOKa3aTeJdeil KJIETOYHOIo
UMMYHUTETa MalueHToB, nepeHecuinx COVID-19,
MOJIYYEHHBIX TIPU MCIIOJb30BAaHUU aHTUTEJ, MPO-
U3BEIEHHBIX KoMMaHueil «Ankop buo» (Poccus)
u kommnaHueir «Beckman Coulter» (CIIIA). C no-
MOIIIbIO KOPPEISIIMOHHOTIO aHajJu3a YCTaHOBJIEHO
HaJu4yue AOCTOBEPHBIX BBICOKUX ITOJIOXUTEb-
HBIX B3aMMOCBSI3€l MeXIy pe3yjbTaTaMu, MOJy-
YEeHHBIMU TPU TMOMOIIM aHTUTET ABYX Pa3HbIX
dbupM-TIpOoU3BOAUTENECH, O BCEM KJIOUEBBIM CyO-
nonyasiuus JUMAOOIMTOB Nnepudepruyeckoil KpoBU
(puc. 4).

O6cyxaeHune

I[MomyyeHHBIC HaMU pe3yJabTaThl yKa3bIBa-
IoT (dakT HapyumieHusT (QYHKIMOHUPOBAHMUS
T-xieTouHOro 3BeHA IIPUOOPETEHHOTO MMMYHM-
TeTa y MallMeHTOB IIOCJIe TTepeHEeCeHHO KOpoHa-
BUPYCHON WH(EKIINU, KOTOPhIE MOTYT OBITH TeC-
HO CBsI3aHBI C TIpolleccaMM CO3peBaHMUSI W IUP-
depeHumpoBku T-KJIeTOK B TuMyce. JauTenbHOoe
cunxeHnue ypoBHd TREC B LHUpKyJISIIMU MOXKET
OKa3bIBaTh CYIIECTBEHHBIC BIUSHUS Ha COCTOS-

Ta6auua. AHanus cyononynsuMoHHOro coctaea nMM$oLUTOB nepudepuyeckoii KPOBU NaLUEHTOB,
nepeHecwwmnx COVID-19 (n = 25), npy NOMOLLY MOHOKJIOHANIbHbIX aHTUTEJ NMPOU3BOACTBA KOMMaHU

«Ankop buo» n «<Beckman Coulter»

Table. Flow cytometric analysis of peripheral blood lymphocytes from COVID-19 convalescents based on monoclonal
antibodies, manufactured by “Alkor Bio” and “Beckman Coulter Inc.”

AHTUTENna npoussoacTeBa AHTUTENna npousBoacTBa
Monynauusa numdpounTtoB «Ankop buo» «Beckman Coulter»

Lymphocytes subsets Antibodies, manufactured Antibodies, manufactured

by “Alkor Bio” by “Beckman Coulter Inc.”
T-numpouuTtsl (CD3*'CD19-) % 76,8 (70,3;79,2) 75,3 (68,8; 79,6) p, =0,845
T cells (CD3*CD19~) # 1270 (922; 1817) 1173 (1019; 1755) p, = 0,934
B-numdouutsl (CD3-CD19Y) % 9,0(6,7;10,9) 9,3(8,0; 11,9) p,=0,938
B cells (CD3-CD19") # 152 (101; 214) 150 (104; 220) p,=0,772
NK-knetku (CD3-CD16"CD56") % 11,8 (9,1; 18,1) 10,7 (6,6; 15,2) p,=0,576
NK-cells (CD3-CD16*CD56*) # 228 (150; 327) 196 (121; 2730) p, =0,594
T-xenneps! (CD3*CD4") % 51,4 (47,2; 57,5) 51,9 (45,3; 56,9) p, = 0,691
Th cells (CD3*CD4") # 790 (679; 1234) 790 (648; 1162) p, =0,859
Uutotokcuueckue T-knetku (CD3*CD8*) | % 24,0 (19,7; 27,5) 21,8 (17,1; 26,5) p,;=0,930
CD8* T cells (CD3*CD8*) # 351 (250; 580) 347 (251; 531) p, = 0,983

CooTtHoweHue CD4/CD8

041008 i / 23(1,7:2.7) 2.4(2,0;3,0) b, = 0,846

Mpumeyanue. Pe3ynsTaThl NPUBEAEHI B BIAE NPOLEHTOB B pamkax obLeit nonynsauuy T-niuMbouLmnToB, a Takke Buze abConoTHOrO (#) conepxaHns
kneTok B 1l LLenbHO KPOBK, pe3ynbTaThl NPeACTaBNeHb! B BUAE MeinaHbl U UHTepKBaHTUALHOro pasmaxa [Med (Q,s; Q;5)]. ns cpaBHEHUS NONYYEHHbIX
BbIOOPOK MCMONb30BanM napHoi Tecta CThIOAEHTa (p;) UM KpUTEPUIA BUNKOKCOHA 1151 CBA3AHHBIX HAGMIOLEHUT (D).

Note. The obtained data are presented as percent of cells within total ymphocyte subset (%), as well as absolute numbers (#, the number of cells per

1 uL of whole peripheral blood), and are shown as median and quartile ranges [Med (Q,s; Q;5)]. The statistical analysis was performed with the Student’s

t-test (p,) or Wilcoxon test (p,).
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PucyHok 4. CpaBHeHne 0THOCUTENbHOr0 CoAepXKaHMs OCHOBHbIX cyononynauuii itMuM¢poLuuToB
nepudepuyeckoin KpoBU NauMeHToB, nepeHeclunx COVID-19, BbiSIBIEHHBIX NPU MOMOLLM
MOHOKJIOHaJIbHbIX aHTUTEN NPOU3BOACTBA KOMNaHuii «Ankop Buo» (Poccug) n «Beckman Coulter» (CLLA)

Figure 4. Significant correlations between flow cytometric data based on monoclonal antibodies, manufactured by

“Alkor Bio” (Russia) and “Beckman Coulter Inc.” (USA)

Mpumeyvanue. ns nccnefosaHns CUbl B3aMMOCBSA3€e nokasaTenem BbldUcnancs KoadduLMEHT PaHrOBOM KOPPeNiLmMm

no CnupmeHy.

Note. Correlation analysis was performed using Spearman’s correlation coefficient.

HHE UMMYHHOI CMCTeMBI TAIIMEHTOB W HYKIaeTCS
B IIPOBEACHU Y UMMYHOKOPPUTHUPYIOLICH TEpaTTUH.

IIpn octpom COVID-19 HabGiaromaeTcsa Hapy-
IMIEHUsI KaK C CYOIOITYJISSIIMOHHOM COCTaBe, TakK
1 B QYHKIIMOHAJIBHON aKTUBHOCTHU IIWPOYAUIIIETO
CIIeKTpa KJIETOK OpraHu3Ma 4YeJIOBeKa, BKIII0Yast
KJIeTKM MMMYHHOM CHUCTEMBI 1, B OCOOEHHOCTH,
T-mumdonutsr [19, 34, 38]. CHuxXeHHe (GyHKIIUNU
TUMYyca U, KaK CJICICTBUE, CHUKCHUE BEIXOIA «<HANB-
HbIX» T-KJIETOK MOXET YCyryouTb AuMQpOINECHUIO
y TIAIIMEHTOB C OCTpBIM 3abosieBaHneM COVID-19
W YBEJIIMIUTH BpeMsl, HCOOXOIMMOE JIJIsI BOCCTAHOB-
JICHUSI KOJINYeCTBa M (YHKIHUU IUPKYIUPYIOIIAX
T-KJeTOK Iociie BEI3AOPOBIICHUS. TaK, ITpu OCTPOi
nHpeknuu, BbI3BaHHONW SARS-CoV-2, HH3Koit
comepxkanne TREC mam mx moiaHOe OTCYTCTBHUE
B HUPKYISIINHT CIIYKUT OMHUM U3 ITOKa3aTeJieit He-
0JIaronpusITHOTO MCxXoja 3a00JieBaHUS, YTO ObIIO
MOKa3aHO B IICJIOW CEepUU HE3aBUCHUMBIX MCCIICHO-
BaHmii. Tak, B ucciaemoBanuu Khadzhieva M.B.
u coaBT. (2021) ObI10 MOKa3aHO, YTO MIPU PA3BUTUN
pecnupaTOpHOro AMCTPECC-CUHApPOMa y OOJIBHBIX
COVID-19 yposan koHueHTpauuiit TREC u KREC
3HAYUTEJIBHO HIKE, 4eM y OOJIbHBIX 0€3 peclu-
paTopHoro auctpecc-cuHapoma [17]. Huskuit
ypoBeHb TREC y 6ombHbix COVID-19 B ocTphIit
nepuoa 3aboJjieBaHUSI SBJISIETCSI KpUTEepHUeM He-
OJTaroIpUSITHOTO MCXOHa, TOrma KaK IOBBIIICHUE

koHleHTpanuun TREC u KREC onpenensercs 61a-
TONPUSATHBIM HCXOAOM HAHHOTO MHMEKIIMOHHOTO
3aboneBanug [33]. CpaBHUTEIBHO HEZABHO OBIJIO
MoKa3aHO, YTO TUMYC YeJI0BEeKa SIBISICTCS MUIIIC-
HbIo 11 Bupyca SARS-CoV-2, a pyHKIMS TUMY-
ca CyIICCTBEHHO HapyIlaeTcs MOCJE 3apakeHUS,
MOA3TOMY MOHUTOPUHT aKTUBHOCTU TUMYCa MOXKET
OBITh BaXXHBIM MapKepoOM [IJIsl TIPOTHO3UPOBAHM S
TSIXKECTU M MporpeccupoBaHusg 3aboyieBaHus [31].
Hammu co6cTBeHHBIE pe3yabTaThl TakKXXe YKa3bIBa-
IOT Ha TOT (PaKT, UYTO HapyIIeHUS B paboTe TUMyca
COXpaHSIOTCS M TIOCJIe YCIEITHO NepPEeHECEHHOTO
OCTPOTO TIeproaa JaHHOTO 3a00JeBaHMsI, YTO yKa-
3pIBaeT Ha BaXXHOCTHM aHalM3a (hyHKIIMOHAJIBbHOMU
aKTUBHOCTH THUMYca ITOCje OCTpoit ¢a3bl MHDEK-
oun. boiee Toro, «3aMeneHHOE» MU «OTCPOYCH-
HOE» BOCCTAHOBJIcHUEC (YHKIIUU THUMYCa MOXKET
CITOCOOCTBOBATh Pa3BUTHIO BTOPUYHBIX WHOEK-
M1, KOTOPBIE MOTYT YCYTYOUTH TSIXKECTh 3a00JIeBa-
HUS Kak B ocTpoii (pase [10], a Takzke crmocoOCTBO-
BaTh COXPAaHEGHUWIO CHUMIITOMOB, CBSI3aHHBIX, Ha-
npuMep, C peaKTUBAILIUCH TepIeCBUpPYyCa B MEPUOL
pekoHBaiecueHMu [14]. Bce 3TO NpuBOAUT K TOMY,
YTO Yy MaIlMEHTOB MOCJE OCTPOU KOPOHABUPYCHOI
WHGEKIIMU OTMEUYAIOTCS pa3IndHble HapyIICHUS
B paboTe MMMYHHOI CHCTEeMBI, KOTOPBIE MOXHO
pa3geuTh Ha HECKOJIBKO MOATUIIOB [3], YTO HYXK-
IaeTCs B IIPOBSACHUY UMMYHOKOPPEKIINH [2].
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CrnenyeTr TakXe OTMETUTh U TOT (hakT, 4TO Ha-
pylIeHue mpoliecca pa3BUTUs T-KJEeTOK B TUMYCE
MOXKET CKa3aTbCs HE TOJIbBKO Ha CHUXXEHUU BO3-
MOXXHOCTEHM OpraHu3Ma B paclio3HaBaHWU MHMEK-
HOMOHHBIX areHTOB, HO U BJUSATH Ha (DOpMUPOBa-
HUE LIEHTPaJbHOU TOJEPAHTHOCTU K COOCTBEHHBIM
aHTUTEHaAM OpraHu3Ma, BBI3BIBAsI BBIXOI B KpO-
BOTOK ayTOPEaKTUBHBIX KJIOHOB T-TMM@OIMTOB
B CJEACTBME HApyLICHUS MEXaHU3MOB CeJIeKIINU.
B3zauMocBsI3b MeXAy BUPYCHBIMU WHMOEKIMUSIMU
U pa3sBUTHUEM ayTOMMMYHHBIX MaTOJOTHUYECKUX
TPOIIECCOB, BKJIIOUAsI PeBMAaTOUIHBIN apTPUT, pac-
CeSTHHBIN CKJepo3, nuaber 1 TUIa U CUCTEMHYIO
KpacHyIO BOJIYaHKY, B HacToOslIee BpeMsl XOPOIIIO
onucaHa [36, 37]. bonee Toro, yxe cooOIajgoch
0 ciaydasiX pa3sBUTUHU IICOPHMATUYECKOTO apTpUTa
Ha ¢oHe nepeHeceHHoro COVID-19 [12, 27], cu-
CTeMHOI KpacHO# BoT4aHKH [26, 29], a TaKXKe Ipy-
TMX OPraHHO-CIeN(MUISCKUX U CUCTEMHBIX ayTO-
MMMYHHBIX 3a0oieBanuii [8, 30, 32].

B Hacrosiiee Bpemst Bce dallle MosIBJISIIOTCS pa-
0OTHI, ONUCHIBAIOIINE CYIIECTBEHHbIE U3MEHEHMU S
B COCTaB€ LMPKYJUPYIOLIMX MMMYHHBIX KJIETOK
y MaumeHTOoB Tocie nepeHeceHHoro COVID-19,
KOTOpBIE COXPAHSIOTCS UTUTEIbHOE BpeMs (Kak
MUHUMYM OT 3 no 7—9 Mecs1eB, a To U 12 Mecs1eB
nocJje ocTpoil asnl 3abosieBaHus1). B mepByio oue-
penb clemyeT OCTaHOBUThCS Ha T-mmMmdolnTax,
OTBEUAlOIINX 3a BCE MHOTOOOpa3uWe KJEeTOoY-
HBIX peakIWil CHeHuPUIecKoro WMMYHHTETA.
Hamu Obu1o mokazaHo cHUzkeHue ypoBHs CD4*
T-xnetok Ha poHe MoBbIlIEHUE comepkaHus CD8*
T-muM@OUMTOB B HUPKYINPYIOIIEe KPOBU B IIEPU-
O]l mocJjie OCTpOoil MH(EKI MU, BhI3BaHHO SARS-
CoV-2, npuyeM BBISIBJ€HHbIE U3MEHEHUS CcoXpa-
HSIJIUCh Y 00CJIETOBAaHHBIX MAIlMEHTOB B MHTEPBaJie
6—12 Mecs1eB nociie BbI3AOpoBiIeHus. Tak, OTHO-
cutenabHoe coaepxkaHue CD4* T-kJieTok B nepude-
puueckoit KpoBu y nepebdosieBmnx COVID-19 (kak
B JIETKOI1, TaK 1 B TsI>KeJIOM (hopMe 1 BhIpabOTaBIINX
BUpPYC-CITEITN(UICCKIE aHTUTEI) OBIJIO TOCTOBEP-
HO CHUXEHO OTHOCHUTEIbHO KOHTPOJIBHBIX 3Ha-
yeHM i1, Toraga kKak ypoBeHb CD8" T-numdouutoB
ObIJT IOCTOBEPHO MOBHIIIEH [28]. AHAIM3 TMMalleH-
TOB CIIYCTS 6 MecCsLeB II0Cjie OCTPOi MHMEKIUUN
SARC-CoV-2 nokasaj, 4To y O0OJbHBIX, KOTOpbIE
JUTUTEJIbHOE BpeMsI HaXOAUJIMCh B YCJIOBUSIX CTa-
LIMOHapa U KOTOPHIM MOTPedOBaIOCh OKOJIO 4 Me-
cs1ieB 1is BezgopoBiieHus (rpymra LCR, ot aHT.
long-time clinically recovered), B LUpPKYJISLUU
nosbilagcst ypoBeHb CD4" T-numdouuToB Kak
0 CpPaBHEHHUIO C KOHTpOJIeM, TaK U IallMeHTa-
MH, BpeMsI BBI3MOPOBIICHUS KOTOPHIX COCTaBIISI-
go 1-2 mecsaua (rpynma SCR, ot aHra. short-time
clinically recovered) [39]. Ilpu aHanuze ypoBHS
nuddepeHIpoBKU Th KJIeTOK OBIJIO MOKa3aHOo,
yto B rpynmne SCR conepxxanue Th neHTpanbHO
namstu ¢ peHoruriom CD45RO*CD27" 6b110 cCHU-
JKEHO OTHOCHUTEJIbHO 3HAaYeHWId KOHTPOJSI W Ma-

nueHToB rpynnbel LCR. Torma kak B caiydyae CD8*
T-numdpouutoB y SCR OblJI0O MOKazaHO CHUXKE-
HUe ypoBHS «HauBHBIX» CD45RO-CD27* kieTok
u ipupoct CD45RO*CD27- knetok 3¢ heKTopHO
naMsTH B IMPKYJUPYIOIIe KPOBU OTHOCUTEILHO
3HAYEeHUM, MOJYUYEHHBIX IJIsl OABYX APYTUX TPYIIIT
cpaBHeHMU 1. B paMKkax 1pyroro ucciaenoBaHus ObLIO
OTMEUCHO YBEINUCHME IOJIU 3PCITBIX 3D (PEeKTOPHBIX
KieTok ¢ peHotuniom CD45RAYCCR7" B mepude-
pUUYECKOIl KPOBU y BBI3JOpABIMBAIONIUX TMallUEH-
ToB [35], mpuuyeM B ciiydyae CD8* IuTOTOKCMYECKUX
T-xJIeToK 3TO ellle OBLIO CBSI3aHO C YBEIWYCHUEM
JIOJIN 3peJibiX nmephOprH- U TPaH3UM-3KCITPECCH-
pytominx aumdouuToB. B pamkax npyroro muccie-
JIOBaHUsI OBLJIO TTOKa3aHO, YTO YPOBEHb «HAUBHBIX»
CD45RA*CCR7" Th pmocToBepHO He pa3jauya-
Ccs MeXIy TpyIIoil mepedoieBIINX TMallueHTOB
u KoHTpoJieM. Toraa kak Th 1ieHTpaJibHOU MaMsITU
¢ ¢penorunom CD45RA-CCR7* y mepeboJjieBIINX
COVID-19 0b11M CHUKEHBI TIOUYTH B 2 pasa, a ypo-
BeHb CD45RA-CCR7- Th addexTopHOlt mamMsaTu
OBIJT TOCTOBEPHO TMOBHIIIEH 110 CPAaBHEHUIO C KOH-
TposieM [15]. BaxkHO OTMETUTh, YTO MUHUMAJIbHBIE
3HAYEHUsI «HAUBHBIX» Th B LUMPKYISILUU, KOTO-
pble OBLIM JOCTOBEPHO HUXKE 3HAYCHU KOHTPOJIS,
OBIJIM XapaKTEPHBI [IJIsI MAllUEHTOB, TTepeOOoIeBIINX
COVID-19 B taxenoii (popme. bosee Toro, uMeHHO
Y TSIXKEJBIX OOJBHBIX OTMEYaJINCh MUHUMAaJIbHBIC
gnaueHuss CD45RA-CCR7" Th B uupkynsiuwu,
Torga kak CD45RA-CCR7- Th Obl1u nipeacranJie-
Hbl Ha BBICOKOM ypoBHe. Torma Kak OgHOCUJIbHOE
colepkaHWe YKa3HBIX MOMYISIINI KJIeTOK Y Iaiu-
eHTOoB, TiepeHecmnx COVID-19 B terkoii 1 cpemHe
(b opme, TOCTOBEpHO OT KOHTPOJISI HE OTIINYAJINCH.

3ak/oyeHme

CoOcTBeHHBIE pe3yJbTaThl, a TakKXe aHalu3
JaHHBIX JIUTEpaTypbl CBUACTEJIbCTBYIOT O HaJlu-
YUU CYILIECTBEHHBIX U3BMEHEHU I B (DYyHKIIMOHUPO-
BaHUU T-KJI€TOYHOTO 3B€HAa CUCTEMbI IPUOOPETEH-
HOTO UMMYHUTETa nocjie octpoit paszsl COVID-19.
B HacTosimiee BpeMs UAET MEPBUYHOE HAaKOIIJICHUE
(hakToNOTMUECKOrO MaTepHaja II0 M3MEHEHM-
SIM B UMMYHHOI CHCTEME YeJIOBEKAa, BbI3BAHHBIM
SARS-CoV-2, a Takxe olpenejeHUe TeX MpoMe-
JKYTKOB BpEMEHU, Ha KOTOPBIX YKa3aHHbIC U3MEHE -
HUS MOTYT BAUSATH Ha 3PPEeKTUBHOCTh (PYHKIINO-
HUPOBAHUS UMMYHHOI CUCTEMBI Ha YPOBHE BCETO
opranmsMa. Ilo-BmopmMomy, aHaan3 GyHKIMOHU-
pOBaHMsI TUMYyca KaK LEHTPaJIbHOrO opraHa MM-
MYHHOW CHCTEMBbI, OoTBeuaollero 3a ¢hbopMupoBa-
HUS pa3audHbIX cyononyasuuii T-1umMbouuTos,
IPpY TTOMOIIM HECKOJBKUX He3aBUCUMBIX METOIOB
HMCCJIEIOBAHUS TTOMOXET BEISIBUTH MAIlMEeHTOB, Ha-
XOISIIMXCS B IPYIIIIax pUcKa U TpeOyOII X ITPOBE-
JeHUsI crieunprIecKOil UMMYHOTEpaIuu, LeIbio
KOTOPOW JOJKHO SBJSITHCS TTOJTHOE BOCCTAHOBJIIC-
HUWE CUCTeMbl UMMYHHUTETA.
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Pe3tome. Bsedenue. B orcyrcTBunm BakuinHbl poTuB SARS-CoV-2 ce3oHHast BakKIIMHALIMSI TPOTUB I'PUTITIA B TTEPUOLT
MaHAEMMU CITOCOOCTBOBAA CHUXEHUIO BOCIPUUMUYUBOCTU U TsxkecTu TeueHuss COVID-19. llenb — oLeHUTH co-
CTOSTHUE ITOCTBAKIIMHAIBHOTO UMMYHHTETA K TPUTIIITY, YaCTOTY U TSKEeCTh THEBMOHUI Y MEIMIIMHCKUX PAOOTHUKOB
TTocJIe MPUMEHEHU S pa3IMIHBIX CXeM BaKIIMHALMY TTPOTUB TPUIIIA, MEXKAY | M 2 MUKaMU 3MUIEMUYECKOT0 IToIbeMa
COVID-19. Mamepuanvt u memoos:. IIpoBenieH CpaBHUTEIbHBIN aHAIN3 PE3yJbTAaTOB YPOBHEN aHTUTEN K IITaMMaM
BUpYycCa I'pUIINa ¥ YaCTOTHI pa3BUTUS THEBMOHUU y 487 MeIMUIMHCKUX paOOTHUKOB: | rpynmna — HenmpuBuThie B 2020—
2021 (n = 281), Il rpynma — BakuumHupoBaHHbBIE TpoTUB rpumnmna (Cosurpumnim) (n = 98), 111 rpynna — nmoayuuBiiue
COYETAHHYI0 BaKLIIMHALIMIO IIPOTUB TpuIina 1 mHeBMoKoKKa (IIpeBenap 13) (n = 108). Pesyabmamor. Yepes 6 MecsiiieB
IToCJIe BaKIIMHAIIMY Han0oJIee BRICOKME TIOKa3aTeIn BeISIBICHHI K BUpycy rpunima A(H3N2), ypoBeHB ceporpoTeKIInu
(= 1:40) o1 49,0% y nenpusutsix (I rpynmna) go 53,4—53,2% y nonyuuBiiux couetaHHylo BakuuHauuio (111 rpymma),
a TaK>Ke BaKIIMHUPOBAaHHKIX TOJIbKO oT rpumia (I rpymma), p > 0,05; k mrammy A(HINI) ypoBeHB cepOIIpOTeKIINT
B | rpynne — 24,5%, auxe (p < 0,04), yem y II rpynner — 32,7%, Ho He pasiuyaetcs oT ypoBHs 40,4% B 111 rpym-
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Te; K mTamMMy B ypoBeHb ceporpoTeKIiMu camblii Hu3kuii: ot 19,4% B rpynie HenmpuBUTHIX 10 22,4% Bo 11 rpyme
n 23,4% B 111 rpynme. Yactora pasputust nHeBMonuii B 1 (3,9%), 11 (3,1%) u 111 rpynmnax (4,6%) He pa3iuyajuch,
OJIHAKO CPeIy BCeX BaKIIMHUPOBAHHBIX THEBMOHUM IO TSXKECTU KIMHUYECKOTO TeYeHU ST ObLIM JETKMMHU, TOrIa Kak
y HEIIPUBUTBIX COTPYAHUKOB KpoMe Jierkoro TeueHus (45,4%, y 5 u3 11 yenoBek) mHeBMOHUM B 36,4% (4 u3 11 yeno-
BeK) CJyyaeB OLIEHMBAJIUCh KaK cpeaHeii Tsixkectu 1 B 18,2% (2 u3 11 yesioBeK) ci1yvaeB Kak TsXKeJble, C JJeTaJbHbIMU
ucxomaMu. Buieodst. [IpoBeseHHOE MCCIeI0BAHKE TI0KA3aJI0, YTO Yepes3 6 MeCsLEeB 0cIe IPOBeIeHUS CE30HHOM M-
MYHU3ALMK TPOTUB Tputina Mexay 1 u 2 mukamu snuaemuueckoro nogbemMa COVID-19 uMMyHOreHHOCTD BaKI[U-
Hbl cooTBeTcTBYeT KputepueM CPMP nmo mrammy A(H3N2). V Bcex BakuuHupoBaHHbIX (100%) oTMeueHO Jierkoe
TedeHue MHEeBMOHMI ¢ KianHuKoi COVID-19, y HenpuBuUThIX B 36,4% ciydaeB MMEJIO MECTO CPEIHETSKEIO0E TEUEHME
u B 18,2% — Ts1XKej0€ TeueHUe C JIeTaTbHbIM UCXOIOM.

Karuesnte caosa: COVID-19, sakyuna npomue epunna, Co4emaHHas 6aKYUHAyUs, AHMumend K epunny, NHeeMoHuu,
anudemuueckuil no0seM.

POST-VACCINATION IMMUNITY AND PNEUMONIA INCIDENCE IN MEDICAL WORKERS

IN RESPONSE TO VARIOUS FLU VACCINATION REGIMENS BETWEEN THE 1st AND 2nd PEAKS
OF COVID-19 MORBIDITY

Kostinov M.P.*", Nastaeva N.Yu.c, Nikityuk N.F.*?, Mashilov K.V.?, Khasanova A.A.%, Soloveva I.L.¢,

Andreeva N.P.¢2, Li Yu.A.!, Polishchuk V.B.?, Linok A.V.**, Loktionova M.N.?, Kostinova A.M.", Khrapunova I.A."
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Abstract. Background. In the absence of a vaccine against SARS-CoV-2, seasonal influenza vaccination during
the pandemic contributed to lowered COVID-19 susceptibility and severity. The study was aimed to assess the state of post-
influenza vaccination immunity, pneumonia frequency and severity in medical workers after using various flu vaccination
regimens, between the 1st and 2nd peaks of COVID-19 epidemic rise. Materials and methods. Comparatively analyzed data
on the levels of antibodies against influenza virus strains and pneumonia incidence in 487 medical workers was carried out:
Ist group — unvaccinated in 2020—2021 (n = 281), 2nd group — vaccinated against influenza (Sovigripp), (n = 98), 3rd
group — received combined vaccination against influenza and pneumococcus (Prevenar 13), (n = 108). Results. 6 months
after vaccination, the highest rates of influenza virus were detected in the A(H3N2), the level of seroprotection (> 1:40)
ranged from 49.0% in unvaccinated (Ist group) to 53.4—53.2% in those who received combined vaccination (group III),
as well as influenza alone (2nd group), p > 0.05; for strain A(HINT1) the level of seroprotection in Ist group is 24.5%,
lower (p < 0.04) than in 2nd group — 32.7%, but does not differ from the levels of 40.4% in group I1I; for strain B the level
of seroprotection is the lowest ranging from 19.4% in the group of unvaccinated subjects up to 22.4% in 2nd group and 23.4%
in 3rd group. The pneumonia incidence in 1st group (3.9%), 2nd group (3.1%), 3rd group (4.6%) did not differ, however,
among all vaccinated subjects severity of pneumonia clinical course was mild, whereas in unvaccinated employees, except
for mild course (45.4%, 5 out of 11 people) pneumonia in 36.4% (4 out of 11 people) cases was assessed as moderate and
in 18.2% (2 out of 11 people) cases — severe with fatal outcomes. Conclusion. The study showed that 6 months after seasonal
influenza immunization between the 1st and 2nd peaks of COVID-19 epidemic rise, the immunogenicity of the vaccine
meets the CPMP criterion for the A(H3N2) strain. In vaccinated patients, the proportion of pneumonia with COVID-19
clinical picture was mild in 100% of cases, and in unvaccinated patients in 36.4% of cases — of moderate severity and
in 18.2% — severe with fatal outcome.

Key words: COVID-19, influenza vaccine, combined vaccination, antibodies to influenza, pneumonia, epidemic rise.

BeepneHue

Ha npotsixkeHuU AECATUICTUI OCHOBHBIM 3Jie-
MEHTOM HOpOMUIAKTUKN TpUIIA SBJSIETCS BakK-
HuHauus. B mociienHue roabl crajia OYEeBUAHOM
“H(pOpMaLMs O BOBMOXKHOM CBSI3U MEXAY BaKIIU-
HallMeil IpOTUB FPUIINIA U YPOBHEM 3a00JieBaeMO-
ctu COVID-19 [16, 18, 22, 26, 27]. HekoTopble uc-
clenoBaHMs MTOKa3bkIBaloT, uTo rpunm u COVID-19

BBbI3bIBaeMbIe pa3HbBIMU BUPyCaMH, Te€M HE MEHee
naroT (GeHoMeH HHTepdepeHLUU, KOTOpbiii 00-
YCJIOBJIEH CITOCOOHOCTHIO KJIETKU, TOpa’KeHHOM
OMHUM BUPYCHBIM areHTOM, OTPaHUYUBATH TPO-
HUKHOBEHUE JPYroro, 4YTO, BIIOJIHE BEPOSITHO,
U TIPOM3OIIJIO C BUPYCAaMU TPUTITNA BCJIEICTBUE
obmmpHoro pacrnipoctpaneHust SARS-CoV-2 [21].
BoigBuraioTcsi mpeamnosiokeHUsl, 4YTO aHTUTela
TMPOTUB Pa3HbIX BUPYCOB MOTYT JaBaTh MePEKPECT-
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HYIO 3allMTHYIO peakKIHI0 MEXIYy pa3IUuIHBIMU
BUpycamMu (Kpocc-rpoTekius) [14].

Kpome Toro, mronm, BaKIMHUPOBAHHBIC
OT TPUINA, UMEIOT He TOJIbKO MEHBIINI PHUCK 3a-
oosietp COVID-19, HO U pa3BUTh TaXeayl0 Gop-
My 3aboneBanus [17, 18, 20, 30, 32]. OTMmeuaeTrcs
BO3MOXXHAasI pOJb CTUMYJSIMU BaKIMHON MpoO-
TUB TpUIIIa HECTeIU(PUICCKOI0O HWMMYHHUTETA
Ha ypoBHe T-TuM@OINUTOB, YTO, IO MHCHHUIO WC-
ciaengoBaresieil, Cmoco0CTBYeT (DOPMUPOBAHUIO 3a-
muThel ot COVID-19 3a cyet cuHTe3a nHTEpdEepo-
HOB aKTUBUPOBaHHBIMU T-numdponuramu [18, 19].

CiiemoBaTeIbHO, MOXHO IIPEAMNOJIOXKHUTH BO3-
MOXXHOE CYIIECTBOBAaHME MNPSIMON 3aBUCUMOCTHU
MEXAYy HampsKeHHOCTbIO TMOCTBAaKIIMHAJIbHO-
ro UMMYHHUTETa K BUPYCY TPUINA M €ro HecIell-
ndpnyecknum s3¢pdekTom no oTHoueHuo K SARS-
CoV-2. OgHako B OOJIBIIMHCTBE HCCIEIOBaHUIM
9TOT (PaKT HEAOCTAaTOUHO U3YUYCH.

Ilenrp wmccmenoBaHUS — OILICHUTH COCTOSIHHE
MOCTBAaKIIMHAJIBHOTO UMMYHHUTETA K TPUIIITY, Ja-
CTOTY M TSI3KECTh THEBMOHUM Y METUIIMHCKHUX pa-
OOTHUKOB IIOCJIe TIPUMEHEHMS Pa3JIUYHBIX CXEM
BaKIIMHAIIMU IIPOTUB IpuUIlIa, MexXay 1 u 2 muka-
MU anuaemMudeckoro nmoabema COVID-19.

Matepuainbl 1 METOAbI

Huszaiin uccaedosanusi. B mccnegoBaHumM yda-
cTtBoBau 487 MEAUMLIMHCKUX PAaOOTHUKOB CTap-
me 18 ner. YyacTHUKU OBIIM pacrnpeaeaeHbl
Ha 3 rpynisl: I rpynma — He nMeronue B aHaMHe -
3¢ BaKIMHAIWN NPOTUB TpHUIIa B ce3oHe 2020—
2021 rr. ¥ MPpOTUB ITHEBMOKOKKOBOW WHMEKI MU
(n = 281), Il rpynna — BakLIMHUPOBAHbI MPOTUB
rpurnma (n = 98), III rpynna — moay4yuBIINE CO-
YeTaHHYIO BaKIIMHAILIWIO IIPOTUB T'PUIIA U ITHEB-
MOKoOKKa (n = 108).

Ilpu or6ope y4YacTHUKOB OPMEHTUPOBAJUCH
Ha TpeOboBaHUS K MPOBEICHUIO KIMHUIYCCKUX HC-
ClIeOBaHUI C YYETOM KPUTEPUEB BKIIOUCHUS
1 KPUTEPUEB UCKITIOUCHU .

Imansvl uccaedo8aHus:

— TIEpBBI 3Tall HUcciaegoBaHus (C aBrycra

2020 r. mo guBaps 2021 1.) BKJIIOYAJ: BaKIIU-

HallUI0 MEIULINHCKUX PAaOOTHUKOB TIPOTUB

rpUIllia W ITHEBMOKOKKA; pEerucrpanmio 3a-

0o0JIeBa€MOCTH  OCTPBIMU  PECHUPATOPHBIMU
nHbekuusamMu (OPU) mo maHHBIM HEepBUYHON

MEINIIMHCKOM TOKYMEHTAIINU B TICPUO STTHUIC-

Mmudeckoro nogbeMa COVID-19 B P® n B Kpac-

HOOApCKOM Kpae; MNpOBeAcHHE SIUIASMUOJIO-

TMUYECKOTO M CTaTUCTHMUYECKOTO aHanm3a. Bce

YYaCTHUKM HUCCICAOBAHUS HE OB BaKIIMHU-

poBaHbl NpoTUB SARS-CoV-2, MockoJIbKy Bak-

LIMHA NPOXOAUJa KIMHUYECKUE UCCIEIOBaHMSI;

— BTOpOH 3Tam wucciaemoBaHus (¢ deBpans

no Mmapt 2021 r.), yepe3 6 MecslEeB MOCJe BaK-

OWHALUA OT TPUNNAa U ITHEBMOKOKKOBOW WH-

dekuuu. IlpoBomuiaock wuccaeIOBaHUE Ha-

NPSI)KEHHOCTU MMMYHHUTETa K TPUIINY Cpenu

YYaCTHUKOB  WCCJIEIOBAaHWUSI,  OIMpeacjeHne

cpenHero reomerpuyeckoro tutpa (CI'T) anTn-

TeJ W KOJWYECTBAa CEPOIPOTEKIIMI W aHau3

MPUCOECTMHEHU S PECIUPATOPHBII NMHEKIIUA.

COOp MNPOCHEeKTUBHBIX MHAHHBIX BBIITOJIHEH
IO CTATUCTUYECKUM OTYeTHBIM opmam: Ne 060y
«Kapra nmpodunakTuuyeckux mpuBUBOK»; No 058y
«DKCcTpeHHOe u3BelleHre 00 NHGEKIITMOHHOM 3a-
OoJieBaHUU, TTUIIEBOM, OCTPOM MNpodecCruoHallb-
HOM OTpaBJICHWH, HEOOBIYHOM peaKIUMW Ha MpH-
BUBKY»; Ne 060y «2KypHan ydyeTa MHGEKIIMOHHBIX
3200JIeBaHUI1».

Hnast TpoBemeHUs UCCJIENOBAHUS IMOJYUYEHO
omobpeHne JIOKaapbHOTO BATHUYECKOTO KOMHTETA
®DI'bBHY «HayuHo-ucciienoBaTe1bCKUil UHCTUTYT
BaKIIMH U CBIBOPOTOK uM. M.M. MeunukoBa» No 3
ot 14.02.2022 n opopMIeHO MUCbMEeHHOe MHGOP-
MHPOBAaHHOE COTJIacHe OT PECIIOHACHTOB (MEAM-
IIMHCKWX paOOTHUKOB OpraHM3aIlnm).

Kpumepuu  coomeemcmeus. VicciaemoBaHue
OBLJIO TIPOBENIEHO C COOMIOAEHUEM DTUYECKUX HOPM
B COOTBETCTBUU C XCIbCMHKCKOW IeKJIapallueit
BO3 «DrTuyeckue mpuUHLUNOBI NPOBEACHUS Ha-
YUYHBIX MEIUIIMHCKUX MCCIEAOBAaHUM C ydyacTueM
yejioBeKa» U «IIpaBujiaMu KJIMHUYECKON MpaKTU-
k1 B Poccniickoit ®enepaninm», yTBEPKIEHHBIMU
IMpukazom Munszapasa PO ot 19.06.2003 . Ne 266.

Yenosusa nposedenus. VicciaenoBaHue TPOBOIU-
Jioch Ha 6azax PI'BY3 «HoBopoccuiicknii KITMHU-
yecKuil LeHTp» DenepaibHOr0 MeIMKO-O0MOJIOrU-
yeckoro areHTcTBa» (I. HoBopoccuiick, Poccus),
DIrAOY BO «IlepBbiit MI'MY um. .M. CeueHoBa»
(CeueHOBCKUM YyHUBEpCcUTET) MUHUCTEpCTBA 31pa-
BooxpaHeHus1 Poccuiickoit ®@enepauuu (MockBa,
Poccust) m ®I'BHY «HayuHo-uccienoBaTeTbCKIA
MHCTUTYT BaKLIMH U CbIBOPOTOK uM. MU.M. MeuHu-
KoBa» (MockBa, Poccusi) B cOOTBETCTBUE C IPO-
TOKOJIOM ucclienoBaHus ot 12.02.22 1. yTBepKaeH-
Holf Ha yuyeHHOM coBeTe PI'BHY «Hayuno-uccne-
JIOBATEIbCKU MHCTUTYT BaKIIMH U CBIBOPOTOK UM.
N.N. MeunukoBa» TeMbl HUP.

Bakuyunnble npenapamet, npumeHsemole 8 Uccae-
doeanuu, U NPABUNA UX 6BCOCHUSL:

— CoBurpurIin, BaKIIMHAa TPUMIMO3HAs WHaK-

TUBUpPOBaHHas cyobennHuuyHas (AO «Haruo-

HajibHasi MMMYHOOMOJIOTMYEeCKasi KOMITaHUSI»,

Poccust). BakiuimHa ¢ KOHCEpBaHTOM JIOCTYITHA

JUTST BaKIIMHAIMY JTUTL OoT 18 mo 60 JieT u BKJTIO-

YaeT IMITaMMbl, COOTBETCTBYIOIIME PEKOMEH-

nauusam BO3 nias ce3oHa rpurina B CEBEPHOM

nosymapuu 2020—2021 rr. 1y TpexBaJeHTHBIX

BakiH: A(HIN1)pdm09 I'yanmonr-MaoHaHb/

SWL1536/19-niono6ubiii  mramM;  A(H3N2)/

T'onkoHTr/2671/19-110M0GHBI LITAMM; B/

Bammurron/02/19-mogo0OHbIN  1ITAMM,  BbI-

IeJeHHBIE W3 BHUpPYCCOAepXKaIlel  ajllaH-

TOUCHOW KUIKOCTH KYPUHBIX 3MOPHOHOB,
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CBSI3aHHbIE C MMMYHOAQIbIOBAHTOM — COIIO-
auMmep N-BUHUIOUPPOIUIOHA U 2-METUI-5-
BuHuanupuarHa (CoBugoH). Ilpu syeKTpoH-
HOMUKPOCKOITMYECKOM HCCJIeIOBaHUMU Oblia
nokazaHa CIIOCOOHOCTh IIpemnapaTa Koormepa-
TUBHO CBSI3bIBATHCSI C TeMarrIlOTUHUHAMM BU-
pyca rpuIiia, CoXpaHsisi UX HaTUBHYIO CTPYKTY-
py [8]. HayuHo noka3zaHo, 4YTO TaKWe KOH'bIOTaThl
CITOCOOCTBYIOT pa3BUTHUIO T-HE3aBUCUMOTO UM-
MYHUTETAa, a TaKKe ITO3BOJSIIOT MaKCUMalb-
HO CHU3UTb KOJUYECTBO aHTUIE€HA B BaKIIMHE,
a 3HAYUT, U BO3MOXHOCTb MOOOYHBIX SIBJIE-
Huit [9, 12].

— IIpesenap 13 (ITKB13), BakiimHa MHEBMO-

KOKKOBasi KOHBIOTUPOBaHHAasl aJcopOupoBaH-

Hasl, TpuHaauatuBaideHTHas (Ildaitzep UHK.,

CIIIA, nepBuuHasi ymakoBka — OOO <«HIIO

ITetpoBakc Dapm», Poccust) mpeacTaBisieT co-

0ol KarcyJasipHble nmojucaxapuabl 13 cepoTu-

OB ITHEBMOKOKKA: 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14,

18C, 19A, 19F u 23F, uHauBuayaJlbHO KOHBIO-

rupoBaHHBbIe ¢ AU TEepuitHbIM 6e1KoM CRM 197

U agcopOupoBaHHBIE Ha aJlloMUHUS (ocdare.

Beenenune BakuuHbl [TKB13 BbhI3bIBaeT BbIpa-

OOTKY aHTUTEJ K KamCyJsIpHBIM MoOJiMcaxapu-

nam Streptococcus pneumoniae, o0ecriedBasi TeM

caMbIM cHeIU(pUUECKYIO 3alluTy OT WHOEK-

Ui, BBI3BIBAEMBIX BKJIIOUCHHBIMU B BaKIIMHY

13 cepoTnaMu MMHEBMOKOKKA.

BakiimHaluio mpoTuB rpunna u THeBMOKOKKO-
BOU MHGEKIIMY MTPOBOAMIIN TIOC]IE OCMOTpa Tepa-
neBTa B KabuHeTe UMMYyHonpoduilakTuku. OaHa
Jo3a BaklMHbI cocTtaBiseT 0,5 ma. BakuuHa BBO-
nuiaach B/M (IIPOTUB TpUINa U IMTHEBMOKOKKOBO
UHGEKIINU — OJHOKPATHO.

Cmamucmuueckue memodst. B pe3yabrare TeCTu-
pOBaHUS Ha COOTBETCTBME HOPMAaJIbHOMY pacIipe-
JIEJICHUI0 KOJMYECTBEHHBIX MoKa3aTrenaei (Tabi. 1)
TUIOTE3a O TOM, YTO AAaHHbIE SBJISIOTCS BbIOOP-
KOl U3 HOpPMaJbHO pacHpeaesieHHOM COBOKYII-
HOCTHU, OblJJa OTBEPrHyTa, COIJIACHO KPUTEPHUSIM

Konmoroposa—CmupHoBa (C KOoppeKliueid 3Hauyu-
moctu JInnwsedopc) u lllanupo—Yuika, p < 0,001.

CraTUCTUUYEeCKUI aHau3 IPEACTaBJIeH pacye-
TOM 4YacTOT U JOJIeU I KaTeropuajbHBIX Mepe-
MEHHBIX, MPOBEPKM Ha HOPMAJbHOCTH KOJUYE-
CTBEHHBIX IEPEMEHHBIX C IIOMOIIbIO KPUTEPUEB
Konamoroposa—CMupHoOBa (C KOppeKlueil 3Hauu-
moctu Jlunwedopc) u lllanupo—Yunka. s cpaB-
HEHMS JI0JIe UCITOJIb30BaH KPUTEPUIA XU-KBaapar,
JUISI CpaBHEHMSI KOJTMYECTBEHHBIX TToKa3aTejieil —
HermapaMeTpMUYeCcKuii KpuTepruii MaHHa—YUTHU.
Ilpn mpoBepKe TUNOTE3 MCHOJIb30BaHBI YPOBHU
sHaunmoctu 0,01 (1%) u 0,05 (5%). Busyanusauus
pe3yJbTaTOB BBITTOJIHEHA B TAOJIMYHOM U Tpaduyec-
Kol ¢opme. g pacyeToB MCHOJIb30BaHBI 3JIEK-
TpoHHbIe Tabauubl Excel 2010 u ctaTucTUudecKui
naket SPSS v.26.

PesynbraThl

st olleHKMW TyMOpajJbHOI'O MMMYHHUTETA II0-
clie BaKIMHAIIUKM IIPOTUB TPUIINIA BHIOOPOYHO
ucciaenoBaHo 246 o06pasloB CHIBOPOTKU KPOBH,
cpenu Kotopbix: 61,2% (60 u3 98 yenoBek) mpu-
BUTBIX TOJbKO IpoTuB rpuiima (II rpynmna); 41,7%
(45 n3 108 ye10BeK) — BaKIIMHUPOBAHHBIX IPOTUB
rpumnmna u mHeBMoKokkKoBoi nHdexknuu (111 rpyr-
na). B kauecTBe KOHTPOJISI ObIIa BRIACICHA IPyIIIia
HenpuButhix (I rpynmna), koropasi cocraBuia 50,2%
(141 u3 281 yenoBeka) 0O6CIeTOBAHHBIX.

Pe3ynpTaThl ”MMYHOT€HHOCTH BaKIIMHBI OIS-
HUBAJIA B COOTBETCTBUM C KPUTECPUSIMHU, OIpPEIIE-
JeHHBIMU EBporeiickuM MEIWIIMHCKUM areHT-
ctBoM (Committee for Proprietary Medicinal
Products [CPMP)).

CpaBHUTEIBHBINI aHAJIW3 OICHKH WMMYHO-
TeHHOCTU BaKIIMHEBI C OIIpeaeICHUEM YPOBHU Ce-
PONPOTEKIIMI K IITaMMaM BHUpyca T'pHUINa depes
6 MecsileB MMocjie BaKLIMHALIMU I10 TPYIIIIaM y4acT-
HUKOB BBISIBUJI HaubOoJjiee BBICOKHME ITOKa3aTelau
y mramma A(H3N2) (tabm. 1). YpoBeHB cepoIpo-

Ta6auua 1. YpoBeHb ceponpoTeKkuuii K LUTaMMaM BUpyca rpunna yepes 6 Mmecsues nocsie BakLMHaLUm

no rpynnam y4aCTHUKOB

Table 1. Intergroup level of seroprotection to influenza virus strains 6 months after vaccination

A(H1N1) A(H3N2) B
Mpynna Bcero (abc.) v 26 26
Grou Total (abs. C. 9 C. 9 C. 9
P ( ) Abs. % Abs. & Abs. %

Irpynna (HenpusuTsie) 281 34 24,5 68 49,0 27 19,4
1st group (unvaccinated) ’ ’ '
Il rpynna (V rpunn) *
2nd group (V flu) 98 19 32,7 31 53,4 13 22,4
Il rpynna (V coyeTaHHas)
3rd group (V combined) 108 19 40,4 25 53,2 1 23,4

Mpumeyanue. MokasaHbl pe3ynbrarthl ¢ TUTPOM > 1:40; V — BakKLMHALMS; CTAaTUCTAYECKM 3HAYUMBIE PA3NUYMS MEXAY NOKa3aTenu LUTaMMOB BUPYCa

rpunna: * — p < 0,04 y wramma A(H1IN1) mexay | v Il rpynnamu.

Note. Results with a titer > 1:40 are shown; V — vaccination; statistically significant differences between influenza virus strains: * —p < 0.04 in the

A(H1NT) strain between 1st group and 2nd group.
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Ta6nuua 2. PacyeTHoe KOIMYECTBO CEeponpoTeKkLui K LuTaMMaM rpunna yepes 21 aeHb

nocne BakunHauuum

Table 2. The estimated anti-influenza strain seroprotection 21 days after vaccination

H1N1 H3N2 B
Mpynna Bcero (abc.) 26 26 26
Grou Total (abs. c. ) C. [ C- [
P ( ) Abs. % Abs. & Abs. &

| rpynna (Henpuaureie) 281 34 74,5 68 89,0 27 69,4
1st group (unvaccinated) ’ ’ ’
Il rpynna (V rpunn)
2nd group (V flu) 98 19 82,7 31 93,4 13 72,4
Il rpynna (V coyeTaHHas)
3rd group (V combined) 108 19 90,4 25 93,2 11 73,4

MpumMeyanme. nokasaHsl pedynsraTbl ¢ TUTPOM > 1:40.
Note. The results are shown with a titer > 1:40.

TEeKLIMU K JaHHOMY IITaMMYy KoJiebajcs oT 49,0%
Y HETTPUBUTBIX MEAULIMHCKUX padOTHUKOB (I rpyri-
na) 1o 53,4—53,2% — y NoJly4MBIIUX COYETAHHYIO
BakuuHauuio (111 rpynmna) u rpunn (II rpynma).
HccaenoBaHUsSIMU CBIBOPOTOK KPOBU K IITAMMY
rpunna A(HINI), mpoBeaeHHbIMU B aHAJTOTUYHBI I
MEPUOJ, YCTAHOBJICHO, YTO YPOBEHb CEPOIPOTEK-
uuu (I rpynmna) y HeNpuBUTBHIX MEAULIMHCKUX pa-
60THUKOB (24,5%), noctoBepHo Huke (p < 0,04) yem
y npuBUTHIX ITpotuB rputia (11 rpynmna) (32,7%).
Heob6xomumMo OTMETUTh, YTO uepe3 6 MecslieB
Yy BCeX MEIMIMHCKMX PaOOTHUKOB PEruCTPUPO-
BaJIUCh MUHUMAJIbHbIC TUTPHl aHTUTEJ] K BUPYCY
rpurmna mramma B ot 19,4% B rpyIiiie HEIIpUBUTHIX
1o 22,4% (11 rpynna) u 23,4% (111 rpymia) uMmy-
HM3UPOBAaHHBIX BAKIIMHOM IIPOTUB IPUIIIIA U COYEC-
TAaHHOM CXEMOM C MCHOJb30BAHUEM BAKIIUH IIPO-
TUB I'PUIIIIA U THEBMOKOKKA COOTBETCTBEHHO.
CrnenyeT NMpuHMMaTh BO BHUMaHHUE, YTO HaMU
HE IIPOBOAMJIOCH HCCJICIOBAHUE YPOBHSI aHTUTEI
yepe3 3 Helesu Tociie BBeAeHUsT BaKLIMHBI. OIHaKO
HaMM IIOCTpoeHa TabJ1. 2 ¢ MOICIMPOBaHKEM IToKa3a-
TeJIeU MCXO/IST U3 PACUCTHBIX JTAHHbBIX O €XXeMECIYHOM
CHUKEHUU CKOPOCTU U CTEIIeHU OCTBAKIIMHAIBHBIX
aHTuTen [29]. AHanu3 MO3BOJSICT IPEAIIOIOXUTh,
YTO MPOLICHT JIMII C CEPONPOTEKIINEI K YKa3aHHBIM

IITaMMaM TMeped HayaJloM Ce30Ha pacHpocTpaHe-
HMSI TPUIIIIA U APYTUX PECIIMPATOPHBIX 3a00JIeBaH U
OBLJI JOCTATOYHO BHICOKMM M UMMYHOI'€HHOCTb BaK-
LIMHBI COOTBETCTBOBaJa KPUTEPUSIM, YyKa3aHHBIM
KoMuTeToM mnaTeHTOBaHHBIX MEIMIIMHCKMUX IIPO-
nyktoB (CPMPEMEA, CPMP/EWP/1045/01), rne
YPOBEHb CEPOITPOTEKIIMI II0C/Ie BaKIMHALIMU IS
LITAMMOB BHpyca I'puIliia onpeaeneH > 70%.

JApyrum mnokasaTejeM OLUEHKU WMMYHOIEH-
HOCTM BakKIIMH MPOTUB I'PUIINA SIBJISIETCS OINpele-
JICHUE YPOBHEH CpeaHereoMeTpUYEeCKUX TUTPOB
(CI'T) antuTen K miraMmmam Bupyca. IlonyyeHHbIe
HaMU pe3yabTaThl 4epe3 6 MecsIlieB B 3aBUCUMOCTHU
OT BaKIIMHAIIMU TI0 TPyIIIaM OO0CIeIOBaHHBIX OT-
paxkeHbl B Ta6. 3.

SamuTtHbii ypoBeHb CI'T anTuten (= 1:40)
orpenessijicds TOAbKO K InTamMmy rpunma H3N2
B IIl rpynmne 1:42, roe MemuLIMHCKHE PaOOTHU-
KM ObLJIM OPUBUTHI COYETAHOI BAKIIMHOI IMPOTUB
rpulilia 1 MHEBMOKOKKOBOI MHpekuuu. YTo Ka-
caercg 3HaueHuit CI'T y HenpuButheix (I rpymnmna)
M BakKLMHUpOBaHHBIX mpoTus rpumnna (II rpymn-
na), To JaHHBIM IoKa3aTejb K 3TOMY Xe IITaMMy
rpuIina HaxoauTcs B rpeaenax 1:29 u 1:27 cooTBeT-
CTBEHHO M OIIpeaeasieTCs] HMXXe IPOTEKTUBHOIO.
B ocTtanpHBIX Ipynmnax KO BCeM LITaMMaM BUpyca

Ta6nuua 3. 3HayeHUs cpefHereoMeTpuyeckmux TMTPOB aHTUTEN K LUTaMMaMm BUpyca rpunna
yepe3 6 mecsLeB nNocse BakuMHALUM NO rpynnam y4acTHUKOB
Table 3. Magnitude of inter-group mean geometric anti-influenza virus strain antibody titers 6 months

after vaccination

Fpynnbi Bcero yenosek 06cnegosauo HINA H3N2 B
Groups Total people Examined
I rpynna (HenpusuTsie) 281 141 112 1:29 110
1st group (unvaccinated)
Il rpynna (V rpunn) . . .
2nd group (V flu) 98 60 1:17 1:27 1:13
Il rpynna (V coyeTaHHas) 108 45 119 1-42 114
3rd group (V combined) ' ' '

Mpumeuanue. V — BakuyHaums.
Note. V — vaccination.
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TaGnuua 4. PacnpepgeneHue 3HavyeHnint CI'T aHTUTeN K LUTAaMMam Bupyca rpunna yepes 6 mecsiues
B rpynne nuu,, BaKUMHUPOBaHHbIX NpoTUB rpunna (Il rpynna)
Table 4. Distribution of anti-influenza virus strain antibody GMT magnitude 6 months after influenza vaccination

(2nd group)
LUTtammbl BUpyCa rpunna
YposHw anTuTen Influenza virus strains
Antibody levels A(H1N1) A(H3N2) B
yenoBek % yenoBek % yenoBsek %
people people people
1:5 23 38,3 14 23,3 28 46,6
1:10 10 16,6 7 11,6 6 10,0
1:20 8 13,3 8 13,3 13 21,6
1:40 7 11,6 13 21,6 7 11,6
1:80 4 6,6 8 13,3 2 3,3
Il rpynna (V rpunn)
2nd group (V flu) 1:160 6 10,0 7 11,6 0 0

1:320 2 3,3 0 0 2 3,3
1:640 0 2 3,3 2 3,3

1:1280 0 1 1,6 0

Bcero

Total 60 60 60

CrT

GMT 1:17 1:.27 1:13

Mpumeyanue. V — BakuyHaums.
Note. V — vaccination.

rpunma CI'T aHTuUTea onpenensijcs 3HAYUTEIbHO
HMKE YPOBHSI 3aIIIMTHOTO.

AHanu3upysl WHIUBUAYaJbHBIE TTOKa3aTean
YPOBHSI aHTUTEN 4yepe3 6 MecsilieB B IpyIie co-
TPYAHUKOB, BaKIIMHUPOBAHHBIX IIPOTUB TPUII-
na (Il rpynma), ycTaHOBJIEHO, UTO JUIA C HU3KUM
CI'T antuten (< 1:40) k mrammy HINI coctaBu-
JI OONBIITYIO MMOJIOBUHY 00CIeNOBaHHBIX — 68,4%
(41 u3 60) u nub 11,7% corpyaHukos (7 us 60 ye-
JIOBEK) MMEJU 3allUTHBIA ypoBeHb aHTUTeNa 1:40
(tabna. 4). B cTpyKType 3HaueHU i ObIJIU BbISIBJAEHBI
pe3yabtathl ¢ BeicokuMu CI'T aHTUTEN K IITAMMY
rpunna HINI (> 1:160) — 13,3% (8 u3 60 uyenoBek),
npuYeM MaKCUMaJbHBI YPOBEHb aHTUTEJ B 3Ha-
yeHuu 1:320 Kk JaHHOMY LITAaMMYy T'pUIIIIa OMNpeae-
nsics B 2 (3,3%) ciaydasix.

K mrammy rpunna A(H3N2) KoinyecTBO JUIL
HE WMEIIIMX IPOTEKTUBHBIX YPOBHEH aHTUTEI
coctaBuyio 48,3% (29 u3 60 4yenoBeK), 3alUTHBIE
AT peructpupoBanuch y 51,7% (31 uz 60 yenosek).
B cpaBHEeHUM cO 3HAYEHUSIMU K IITAMMY TpHUIINa
HINI1 KoauyecTBO JIUIL C 3allIMTHBIM YPOBHEM aH-
tutea K mrammy rpunma A(H3N2) 6b1710 BbILIIE, Y4eM
K mrtammy rpunmna HINT (p=0,0001). ITpuuem nos
JIVII ¢ BBICOKMMU 3HaYeHusiMu (> 1:160) k rpunmy
A(H3N2) coctaBunu 16,7% (10 u3 60 4yesoBek), 4TO
HECKOJIbKO BbIIe, yeM K rpuriny HIN1 — 13,3%.
CiienyeT OTMETUTB, 4TO Y 78,3% (47 13 60 4e10BeK)
00cCIe10BaHHBIX COTPYTHUKOB HE BBISIBJISIJIUCH 3a-
IIMTHBIE YPOBHU aHTUTEJ K IITaMMy rpunmna B
u vk y 21,7% (13 u3z 60 yea0BeK) OHU COOTBET-
CTBOBAJIM ITPOTEKTUBHBIM 3HAUYCH U SIM.

Ananusupys ypoBeHb CI'T aHTUTEN K TPUITY
yepes 6 MecsIleB B I'PYIIe MOJYUYUBIIUX COYCTAH-
HYIO BaKIIMHAIIMIO ITPOTUB TPUTITIA U THEBMOKOK-
koBoit uHdexkuuu (I11 rpynmna), BeIsiBJeHa aHAJIO-
TMYHas TeHICHIMS KaK Ipyu aHaJIu3e, MpOBeaeH-
HOM B IIPEeAbIAYIIEH TPYIbl cpaBHEHU S (Tab. 5).
Tak, 3HaueHuss CI'T aHTUTen K mITaMMy TpuIlla
A(H3N2) Ob1u BbllIE B CPAaBHEHUU C TaKOBBIMU
K witammam rpunna HINI u B (p = 0,0006).

JocTaTouyHO BBICOKMI MPOLIEHT JHI[ C HU3-
KM TuTpoM aHTuTel (< 1:40) He HOCTHUTHYBIIHNX
MPOTEKTUBHOIO YPOBHS OIPEACIISIIICS K IITaMMy
rpurina HIN1 — 58,0% (26 u3 45), B TO BpeMsI Kak
HU3KkUl ypoBeHb AT k mtammy rpunma A(H3N2)
3apeructpupoBaH y 44.4% (20 u3 45 4yenoBek).
CpaBHUBAs 3alIUTHBIA YPOBEHb AaHTUTEN K IIITAM-
my rpunna HIN1 u mrammy rpunmna A(H3N2),
TaK>Xe BBISIBJICHO IIpeBaJIMpOBaHME IT0Ka3aTess
K rpunny A(H3N2), kotopslit coctaBuia 55,6% (25
n3 45 genosek) npotus 42,0% (19 u3 45 denosek).
CrenyeT TakXe OTMETMTh, YTO YYAaCTHUKHU C BBI-
cokumu 3HaueHUsIMU (1:160 U BbIIIE) BBISIBASITIUCH
k mrammy rpunna A(H3N2) y 18,0% (8 u3 45 geno-
BEK) COTPYOHUKOB ITpOTUB 8,9% (4 13 45) K mram-
my rpunmna HINI.

HaubGonee Hu3kue mnokasaTesind, perucTpupye-
Mble HMXKE 3alllUTHOTO YPOBHSI, ONpPEIeISINCh
K rpuniy mrammy B B 75,6% cnydaes (34 u3 45 ge-
JIOBEK) U TOJBbKO y 24,4% (11 uz 45 yenosek) AT 06-
Hapy>KeHbl B TPOTEKTUBHBIX 3HAYEHUSIX, TP 3TOM
BbICOKHE YPOBHU (> 1:160) BbISIBIIEHBI U1 Y 6,7%
(3 u3 45 yenoBek) (Tadu. 5).
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Ta6nuua 5. PacnpepeneHue 3HayeHuit CI'T aHTUTen K LUTAMMaMm BMpyca rpynna yepes 6 mecsues
B rpynne nuu,, BaKLMHUPOBaHHbIX MPOTUB rpunna u nHeesmokokka (Il rpynna)

Table 5. Distribution of anti-influenza virus strain antibody GMT magnitude 6 months after influenza + pneumococcus

vaccination (3rd group)

LTtammbl BUpYCca rpunna
YpoBHH aHTUTEN Influenza virus strains
Antibody levels A(H1N1) A(H3N2) B
people | * | poople | * | ‘people | %
1:5 16 35,5 7 15,5 20 444
1:10 4 8,8 5 11,1 6 13,3
1:20 6 13,3 8 17,7 8 17,7
1:40 9 20,0 7 15,5 3 6,6
1:80 6 13,3 6 13,3 5 11,1
Il rpynna (V coyeTaHHas)
3rd group (V flu) 1:160 2 4.4 4 8,8 2 4,4
1:320 2 4,4 4 8,8 1 2,2
1:640 0 0 3 6,6 0
1:1280 0 0 1 2,2 0
Bcero
Total 45 45 45
CIrT
oMT 1:19 1:42 1:14

IlpenctaBiasgiOT HAyYHO-TIPAKTUYECKUU WH-
Tepec pe3yabTaTbl UCCIECIOBAHUMI, MPOBEIECHHBIX
B TPYIIIIe MEAUIIMHCKUX PAOOTHUKOB, HE TIOJY-
YUBIIUX BaKIWHALUIO NPOTUB TPUIINIA U MHEB-
MOKOKKOBOU nMHMpekuu (I rpynna, HENpuBUTHIE)
(Tabu. 6).

HabGnoneHussMu B AUMHAMUKE 3a COTPYIHU-
KaM¥, He BaKIIMHUPOBAHHBIMU IIPOTUB TpUIIIa

¥ TTHEBMOKOKKaA, C OTpeeJIeHueM YPOBHE aHTH-
TeJ 4depe3 6 MecseB OT Hayajla MCCJIeIOBaHUS
BBISIBJICHO, YTO B JAHHOW TPYTITIE JIUI] 3allIUTHBIN
YPOBEHb aHTUTEJI KO BCeM M3ydYaeMbIM IITaMMaM
rpunina — A(HINI), A(H3N2) u B onpenensicsa
B 24,8%, 48,9% 1 19,1% cOOTBETCTBEHHO.
HecomMHeHHBIN MHTEpeC BBI3BAT aHAU3 KJIW-
HHUYECKOTO HAOIIOCHUS 32 METUIIMHCKUM TIePCO-

Ta6nuua 6. PacnpepeneHue 3HayeHuii CI'T aHTuTen K LuTaMmaM Bupyca rpunna yepes 6 mecsaues
B rpynne nvu,, He BaKLLMHMPOBAHHBIX NPOTUB rPUNna u nHeBMokokka (I rpynna)

Table 6. Distribution of anti-influenza virus strain antibody GMT magnitude 6 months without influenza +

pneumococcus vaccination (1st group)

LLtamMmbl BUpYyca rpunna
v Influenza virus strains
POBHM aHTUTEN
Antibody levels A(HIN1) A(H3N2) B
4yenoBek % yenosek % 4yenoBsek %
people people people
1:5 7 54,6 32 22,6 92 65,2
1:10 12 8,5 13 9,2 7 49
1:20 17 12,1 27 19,1 15 10,6
1:40 17 12,1 25 171 8 5,6
1:80 10 71 19 13,4 12 8,5
| rpynna (HenpuBuTbIE) :
1st group (unvaccinated) 1:160 4 2,8 14 9.9 3.5
1:320 1 0,7 5,6 2 1,4
1:640 2 1,4 2 1,4 0
1:1280 1 0,7 0,7 0
Bcero
Total 141 141 141
Crt ) ) )
GMT 1:12 1:29 1:10
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6 mecques no rpynnam y4aCTHMUKOB

Table 7. Inter-group proportion of COVID-19-related pneumonia without verified diagnosis within 6 months

Bcero Jlerkoe TeueHne | CpepHei TxecTn Taxenoe
Bcero | nHeBMOHMiA, Mild course Moderate severity Severe
Fpynnbl yenosek a6c./%
Groups Total Total AGC. AGcC. AGcC.
people | pneumonia % % %
’ Abs. Abs. Abs.
abs./%
Il rpynna (V rpunn)
2nd group (V flu) 98 3/3,1 3 100 0 0 0 0
Il rpynna (V coyeTanHas)
3rd group (V flu) 108 5/4,6 5 100 0 0 0 0
| rpynna (HenpusuTbIE) 2 NeTanEHEIX
[ pusy 281 11/3,9 - 45,4 4 36,4 ncxopa 18,2
1st group (unvaccinated) 5 deaths

Mpumeyanue. V — BakuyHaLMS.
Note. V — vaccination.

HaJIOM B TedeHUe 6 MecCsILeB, TO €CTh MexXAy 1 1 2
nuKamMu snuaemMudeckoro mnoabema COVID-19.
Oxka3zaJioch, YTO YacTOTa Pa3BUTUSI IHEBMOHMIA,
MOATBEPKJACHHBIX JTaHHBIMM KOMIIBIOTEPHOM TO-
Morpadguu, cpean WMMMYHH3HpOBaHHBIX (3,9%,
y 8 u3 206 4denoBek) M HenpuBUTHIX (3,9%, y 11
n3 281 4yenoBeKa) JUIL MPOTUB IPUINA U TTHEBMO-
KOKKa He oTiaunyajach (Tada. 7). B To xe Bpems
cpeay BaKIIMHUPOBAHHBIX BCE ITHEBMOHUM 10 TsI-
XKECTU KJIMHMYECKOIO TEYeHHUs ObLIM JIETKUMU,
TOTJa KaK y HePUBUTHIX COTPYIHUKOB — B 45,4%
(y 5 u3 11 yenoBek), y 36,4% (4 u3 11 yenoBek) na-
IIMEHTOB OHU OLICHUBAJIMCh KaK CPEIHETSIXKEIbIC
u B 18,2% (2 u3 11 denoBek) ciaydyaeB KaK TsXKe-
Jble. HecMOTpsl Ha rocnuTaju3aluio, B 3TUX CIIy-
yasix ObLI 3aperMCTPUPOBAH JIETAJIbHBIM MCXO.
3a00JieBaHU .

Ob6cyxaeHne

IMpu aHann3e MoTyYeHHBIX PE3YJIbTATOB I10 UC-
CJIEIOBAHWIO UMMYHOTE€HHOCTU BaKIIMHBI IPOTUB
TPUIITA, a TAKXKE B €€ COUeTAaHUU C ITHEBMOKOKKO-
BOIi, TPOBEIEHHBIE MEX/TY TIEPBBIM 1 BTOPBIM TTH-
KoM 3abosneBaemoctu COVID-19 B KpacHomapc-
KOM Kpae y METUIIMHCKUX paOOTHUKOB, Ha ITEPBBI
B3TJISIA KaKeTcsl, YTO BCe M3ydyaeMble IMoKa3aTean
pEeTUCTpUpPYIOTCS B HU3KUX 3HauyeHMsX. OmHaKo,
MpUHUMAasi BO BHUMaHWE pe3yJabTaThl UCCIIEa0Ba-
HUSIX IO OLIEHKM TMOCTBAKIIMHAJIBHOTO UMMYHMU-
TeTa, re MoKa3aHo, 4YTO 3(PpHEKTUBHOCTh BaKIIU-
HallM¥ TIPOTUB T'PUIITIA 3aBUCUT OT BPEMEHU, TTpHU
KOTOPOM TIPOUCXOAUT €XKeMeCIUYHOe CHUXKEeHUE
YPOBHSI aHTUTEN B cpeaHeM Ha 7% aJsi mraMma
H3N2 u mwtammoB JuHuu B u Ha 6—11% — nng
HINI, mpoiuenliero ¢ MOMeHTa BBEIEHMS Mpe-
rnmapara W mraMma BUpYycCa, TO TOJIyYeHHbIe HaMU
JIaHHBIE COIIACYIOTCsS C aHaJOTMYHBIMUM TIOKa3a-
TEJSIMU OPYTux uccienonaresieit [29]. Takum 06-

pa3oM, MOXKXHO MPEANOJI0XKUTh, YTO 3a 6 MeCSIICB,
MNPOIISAIINX C MOMEHTa BaKIIMHALIMK 3alllUTHBIN
ypoBeHb aHTUTen ajasa mrtammoB A(HINI1) u B
camsuica Ha 50%, a ning A(H3N2) — na 40% [1].
HecMmoTpst Ha TO YTO CKOPOCTH U CTENEHb YMEHb-
LIEHUSI aHTUTEJI MOI'YT pa3jinyaTbCsi, CUYUTACTCS,
4YTO anuAeMHuoIorndeckas 3p@PeKTUBHOCTh COXpa-
HsIeTCs B TE€YECHME Toja.

B mpoBeneHHOM ucciegoBaHUM OOHAPYKEHBI
BbICOKHME YPOBHM aHTUTEN K ITaMMy A(H3N2) ue-
pe3 6 MecslieB ITocjie BaKIIMHAIIMY ITPOTUB T'PUII-
1a BO BCEX IpyIIiax IpUBUTHIX COTPYIHUKOB, IIPU
5TOM HauOOJIbIllee KOIMUYECTBO — CPEIU JIUII, IO~
JIYYMBIIMX COYETAHHYIO BakuuMHauuio (26,7%).
Takxe B I'pyIllie IMIPUBUTHIX OT T'PUIIIIA KO BCEM
TPEM LITaAMMaM BBISIBJIeHA 10y Jull oT 4 (6,7%)
no 10 (16,7%), umeBLINX BbICOKHUE YPOBHU aHTU-
TE€Jd, OOCTUTAIOIIMX MaKCUMaJbHBIX 3HAYCHUU
(1:1280). Takoe pacnpenelieHUe MNOATBEpPXKAAET
3G (PEKTUBHOCTL TPOBEACHHON BaKIIMHAIIUU.
OIHaKO HEJb3sl UCKJIIOUUTh U POJIb HUPKYIUPY-
IOIIMX CE30HHBIX BUPYCOB rpunmna. Tak, aHaIu3
M3MEHCHMM YPOBHSI MOMYJISIIIMOHHOTO MMMYHM-
TeTa TPYAOCIIOCOOHOrO B3POCJOT0 HaCeJICHUS
Poccun K UUMPKYyIUPYIOUIMM BHpycaM TIpUIIIa
A(HIN1)pdm09, A(H3N2) u Bioka3sai, uro B 2014
u 2017 rr. mpeobyiagaa ce30HHBIN BUpyca TpUIlNa
ceporuna A(H3N2), B 2016 r. — maHaeMudec-
Kuii BapuaHT Bupyca rpunia ceporuna A(HINI)
pdm09, a B 2015 u 2018 rr. — BUpYyC rpUIina cepo-
tuna B [2].

CorynacHo gaHHBIM HalimoHalbHOTO IIEeHTpa
no rpunny npu HUMUM rpunma, B sanugeMuye-
ckoM ce3oHe 2019—2020 rr. B Poccuu nupkyiam-
poBaJii BUPYChI, TEHETUYECKM OJIM3KHE BHPYCY
A/ToHkKoHT/2671/2019 (reHeTMueckass MOATPYII-
na 3C.2alb+T135K-B). Hauvano snuaeMuyecko-
ro cezona 2021—-2022 rr. B KpacHomapckoMm Kpae
XapakKTepHU30BajloCh IOABEMOM 3a00JIeBAEMOCTH
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rpunnomM A(H3N2) [11]. TTonydyeHHbIe pe3ybTa-
Thl YOEIUTEIbHO CBUIAETEILCTBYIOT O CYIIECTBO-
BaHUM IIPUUYUHHO-CJICACTBEHHON CBSI3M MEXIY
YPOBHEM MONYJISIIUOHHOIO MMMYHUTETa U BTHU-
ojiorueil snunemuit. Kak mpaBujio, mo ux Mmpo-
IIECTBUM OTYETJMBO YyBEJIUYMBAETCs YPOBEHb
aHTUTE] K JOMUHUPYIOIIEMY areHTYy, CJIeICTBUEM
Yero SIBJISICTCS KaK YBEJIMUYCHUE MPOCTONKHI JIUIT
C TIPOTEKTMBHBIMU aHTUTEJIaMU, TaK U YBEJIH-
yeHue CI'T aHTUTEN K OCHOBHOMY BO30yAUTEIO
snuaemMuu [3].

O1lcHKa YpOBHS MOITYISIIIMOHHOTO MMMYHU-
TeTa mokaszaja, 4TO y IMPUBUTHIX MOHOBAKIIMHON
npotuB rpunmna gonas (32,7%) null ¢ TPOTEKTUB-
HBIMU 3HAYCHUSIMU aHTUTEN K mTamMmmy A(HINI)
Beime (p < 0,04), yeM y HeBaKIIMHHPOBAHHBIX
(24,5%). Ecim mpuHUMAaTh BO BHUMaHME BBbIIIE-
yKa3zaHHOE MNPeANnooXeHUEe O BO3MOXHOM CHU-
JKeHUeM ypoBeHb aHTUTeN Ha 50% uyepe3 6 MecsiLieB
MocJie BaKIIMHAIIMM, TO TTOJIyYeHHBIC TaHHBIC SIB-
JISTIOTCST OK M TAa€MbBIMU.

B mpoBeaeHHOM HaMW MCCJIEIOBAHUU 3aperu-
CTpPUPOBAHHBIN ypoBeHb aHTUTed, a Takxe CI'T
aHTUTEN K Tpunmy B Obl1 HAMMEHBIIUM Cpeau
BCEX NITAMMOB TPUIINA B UCCIEAYEMBIX T'pyIIIax
HEeCMOTpSI Ha LUPKYASLUI0 Bo3oyauTens B 2017—
2018 rr. Ha Tepputopuu KpacHomapckoro kpas.
HemocrtatouHast MMMYHOT€HHOCTh BaKIIMHHO-
ro KOMIIOHEHTAa BMPYCOB Tpulllia B oTmeuaercs
U B Ipyrux nyoaukanusx [7].

M3BecTHO, 4YTO MOCTBAaKILIMHAIbHBIA UMMYHU-
TeT MOCjJe MMMYHHU3aIUU aabIOBAHTHOI BaKIIU-
HOM coxpaHseTCS He MeHee roma y OOJBIIMHCTBA
nanueHToB. OMHAKO exXeroaHast BaKIIMHAIIWsl He-
obxoauma J1Jisi OOHOBJIEHU SI TYMOPaJbHbBIX aHTUTEN
K OUPKYJIUPYIOINIMM B TaHHOM CE30HE IIITaMMaM
rpurniia u aias nogaepxanus CI'T anTuTen Ha 3a-
IIMTHBIX YPOBHSIX Y CEpPOHEraTUBHBIX U1 [6, 15].

B T0 xe BpeMsI He1b3$s1 UICKJIIOUUTh, YTO MPeo0-
JlalaHUe MTPOTEKTUBHBIX YPOBHEU aHTUTEII K TPUTI-
My CpeIn IIPUBUTHIX B3aW MOCBS3aHO 1 ¢ (DOPMUPO-
BaHUWEM JJIUTEIbHON UMMYHOJIOTUYECKOU TTaMSITH,
0COOEHHO MpU BBEICHNE aAblOBAHTHON BaKIIMHBI,
cpeau KOTOPBhIX M MCMOJIb3yeMasl IJII UMMYHHU3a-
WY B JaHHOM MccleaoBaHuu [4]. AIbIOBaHTHI O-
JUOKcuIoHuM (a3okcumepa o6pomua) u CoBUIOH
(MOJIMBUHUJTNUPPOJUAOH), BXOISIINME B COCTaB
OTEYECTBEHHBIX BaKIIMH MPOTUB I'PUIIINA, CIIOCO0-
CTBYIOT HE TOJBKO (DOPMUPOBAHUIO TYMOPATBHOTO
WUMMYHUTETa, HO OKa3blBAIOT 1 UMMYHOMOYJIU-
pyolee aeicTBUE, KOTOPOE MPOSIBIISIETCS B aKTH-
BalMy GyHKIIMU KJIETOK BPOXKIEHHOI'O M aAaTlITUB-
HOrO UMMYHHTETA, HCOOXOAMMBIX JIJISI PacIio3Ha-
HU S BUPYCOB, B ToM uucie u SARS-CoV-2, unayk-
MU CUHTE3a IMPO- W IMPOTUBOBOCIATUTEIBHBIX
Mmeauatopos [5, 10, 13, 23, 24].

B nanbHeiillleM Ha MOPOTSXKEHUU 6 MecsleB
B HaOJIOMaeMbIX TPyIIax MEIUIIMHCKUX paboT-
HMKOB ObljJla IIpOBeJcHa OIlleHKA BJIWUSHUS BakK-

OUHAOUUW Ha TSIKECTh TEUEHUS OCTPBIX pecCHupa-
TOPHBIX UH(MEKIIN, B TOM YUCJIE OCIOKHEHHBIMU
nHeBMOHUSIMU ¢ KauHukoii COVID-19. Cnenyert
HAIIOMHUTH, UTO BaKOWHAIUS TPOTUB TpHUIIIIA
WJIA €€ coueTaHHWe C ITHEBMOKOKKOBOI BaKIIMHOM
NpOBOAMJIACH JAHHOMY KOHTHMHIECHTY B OTCYT-
CTBUE crienuduueckoii MmMpoUIaKTUKU TIPOTUB
SARS-CoV-2. BaxkHO OTMETUTh, YTO Y MCAUIIMTH-
CKHMX COTPYAHUKOB, BHE 3aBUCHMOCTHU OT CXEMBI
BaKIIMHAILIUU TIPOTUB TpUIIIIa WUJIU COYETaHHOU
BaKIIMHAIIUU IIPOTUB TPUIIIAa U THEBMOKOKKOBOM
WHOEKIINH, pa3BUBIINECS BIOCICICTBUMN ITHEBMO -
HUU NPOTEKAJN B JIETKOUN (popMe. Y HEITPUBUTHIX
COTPYAHUKOB ITHEBMOHUM, OCJIOXHHUBIINE Teue-
HUe pecnupaTopHbIX WHMpeKI N, B 54,6% ciayda-
eB (6 u3 11 4yesloOBeK) UMEIN CPEOHETSIKEI0e Te-
yeHue, a B 18,2% (2 u3 11 4yenoBeK) 3aKOHYUJIUCH
JIETaJIbHO.

Eie crnemyetr momgyepKHYTb, YTO CPaBHUTEIb-
HBIW aHAJIW3 OLIECHKU YPOBHS MOCTBAKIIMHAIBHBIX
aHTUTEJ MMOKa3aJl, YTO HauOOIbIlIee YUCIIO CEepo-
NPOTEKIINI KO BCEM IITaMMaM T'PUIIIIA BHISIBIICHO
B IpyIIie IMPUBUTHIX MIPOTUB I'pUMNa U IMHEBMO-
KOKKOBOI mMH(peknuu. He mckiaouyeHo, 4TO BakK-
OUHAOHUS TPOTUB ITHEBMOKOKKOBOM WH(MEKIINU
COITPOBOXAAETCS CTUMYJISIIIME HEe TOJBKO CIell-
nGUYECKUX aHTUTEN K Trpuliny, HO U K SARS-
CoV-2, TpaH3UTOPHO CIOCOOCTBYSI CHUKEHU IO BOC-
npunmanBoctu K COVID-19 [25, 28, 31].

3ak/yeHme

HeTanpHBIN aHAJIW3 MO MCCIEIOBAHUIO YPOB-
Hell aHTUTe]I K BUPYCYy IpUIINa, MPOBEICHHBINU
o rpynmnaM MeIULMHCKUX COTPYIHUKOB B 3a-
BUCUMOCTU OT IIOJIYYEHHOM BaKIMHALIMM MEXK-
Iy IIEPBBIM M BTOPBIM ITMKOM 3a00JIeBAEMOCTH
COVID-19, no3Boaua ompeneauTb, YTO CIIYCTS
6 MecsueB nonast cepornporekunii 1 CI'T anTuTen
cpeayu BaKLIMHUPOBAHHBIX BBIIIE, YeM Y JIMIL He-
MMMYHU3UPOBAHHBIX B KOHKPETHOM HaOJiomae-
MoM ce3oHe. OTHAaKO TOJIBKO TTOKa3aTeu IITaM-
ma A(H3N2) o ypoBHio CI'T aHTUTEN COOTBET-
CTBOBAaJIM KPUTEpUSIM UMMyHoreHHocTu CPMP.
BoigBiieHHas1 cpeau HEIPUBUTBIX COTPYAHUKOB
BapnabeIbHOCTh 3HAUYCHUI aHTHUTE OT MUHH-
MaJIbHBIX 10 MaKCUMaJbHBIX CBHUIETEIbCTBYET
0 BO3MOXHOM COXPaHEHUU KaK MOCTBAKIIMHAIb-
HbIX aHTUTEJ C IPEAbIAYIIEro Ce30Ha UMMYHHU-
3a0UM, TaK U O OUPKYJISIINU IMITaMMOB BHpyca
TpUIINa Ha JaHHOU TeppuTopuu. HecMoTpst Ha oT-
CYTCTBHE pa3iuuuii B npoduIaKTUKEe pecnupa-
TOPHBIX MHGMpEKLU, IpealiecTByolIass BaKIU-
HallMsl OKa3bIBAeT BIMSHUE HA TIXECTh TCYECHU S
nHeBMOHUM ¢ KinHukoir COVID-19:y 100% Bak-
HMHUPOBAHHBIX OTMEUEHO JIeTKOe MX Te4YeHue,
Yy HEeNnpUBUTbIX — B 36,4% ciydaeB UMeJIO MECTO
cpenHeTsiKeoe TedeHue U B 18,2% — Tsaxeinoe,
C JIeTaJIbHBIM UCXOJIOM.
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IMMUNOGENICITY AND SAFETY

OF DTPW-HEPB-HIB (PRP-T) VACCINE
(PENTAVAC) IN INFANTS AGED 2-7 MONTHS:
A POST MARKETING PHASE 4

CLINICAL TRIAL STUDY

H. Masoumi-Asl?, A. Nateghian®, H.R. Baradaran?, E. Jafari’, R. Azizian’, M. Faramarzi?

@ [ran University of Medical Sciences, Tehran, Iran
b Tehran University of Medical Sciences, Tehran, Iran

Abstract. Background. Vaccines play a critical role in safeguarding public health, particularly for children. It is imperative
to proactively address safety concerns to uphold trust in their effectiveness and safety. Skepticism surrounding vaccines
can have significant adverse effects on the overall well-being of the entire population, potentially leading to individuals
opting out of vital vaccinations, thereby posing risks to public health. Thus, ensuring confidence in vaccine safety remains
paramount. Materials and methods. This phase four clinical trial was conducted as a post-marketing study (PMS) on 2to 7
month old healthy infants (N = 539) to evaluate immunity and safety of Indian pentavalent vaccine containing Diphtheria,
Tetanus, Pertussis, Hepatitis B and Haemophilus influenza type b [DTPW-HEP B-HIB (PRP-T)/PENTAVAC] in four
different centers at Tehran province. Blood samples were collected from eligible infants before receiving the vaccine
(2 months of age) and 1 month after the third dose (7 months of age) to determine antibodies against all antigens in the
pentavalent vaccine using ELISA. Results. The results indicated that the immune responses demonstrated seroprotection
and protective antibody levels after three doses of the vaccine for Haemophilus influenza b, diphtheria, tetanus, hepatitis B
virus and Bordetella pertussis were 99.1%, 98.7%, 99.8%, 99.4% and 69.6%, respectively. Statistical analysis showed that
the P-value for all vaccine components was similar (P < 0.001). The five most common side effects reported were mild
fever (10%), erythema at the vaccination site (9.1%), inflammation (4.3%), pain at the vaccination site (3.3%), and
restlessness (2.6%). Conclusion. This study’s findings demonstrated a significant increase in antibody levels against all
five vaccine components. In light of these results, it can be concluded that the Pentavalent vaccine is not only effective
in enhancing immunity against multiple diseases but also presents minimal risk of side effects in the study population.
These findings contribute to the body of evidence supporting the safety and efficacy of vaccines, underscoring their crucial
role in protecting public health.

Key words: immunity, infants, pentavalent vaccine, antibody levels, side effects, children’s health.
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MMMYHOIeHHOCTb U BESOMNMACHOCTb BAKLWUHbI DTPW-HEP B-HIB (PRP-T) (MEHTABAK)
Y MJIALEHLEB B BO3PACTE 2-7 MECALEB: KJIMHU4YECKOE UCIbITATEJIbHOE
MOCTMAPKETUHIOBOE UCCJIEAOBAHUE 4 ®A3bI

Macymu-Aca X.!, Harersu A.!, Bapanapaun X.P.!, Ixxacdapu 9.2, Azusan P.2, @apamap3u M.!

! Yuugepcumem meduyunckux nayk Hpana, Teeepan, Hpan
2 Teeepanckuii ynusepcumem meouyunckux nayx, Teeepan, Hpan

Pestome. Bak1iHbBI UTpalOT KPUTUUECKU BaXKHYIO POJIb B OXpaHe OOIIECTBEHHOTO 3M0POBbsI, 0OCOOEHHO IJISI IETEH.
KpaiiHe BaxXHO aKTMBHO pelaTh Ipo0JIeMbl 0€301TaCHOCTH AJIS IOA IS p>KaHU S TOBepUSI K BaKIMHAIIU Y. CKETITUIIN3M
BOKPYT BaKIIMH MOXET UMETh CYIIECTBCHHBIC HEONArOMPUATHBIC ITOCACACTBUS IJISI OOIIEro 0JaromoJydIusi BCETO
HacelleHU s, TOTCHIIMAJBHO IIPUBOIS K TOMY, YTO JIFOAW OTKA3bIBAIOTCS OT XMU3HCHHO BaXKHBIX IIPUBUBOK, TEM Ca-
MBIM CO3/IaBasi PUCKH JUIST OOIIEeCTBEHHOrO 3apaBooxpaHeHus. CiiemoBarebHO, 00ecTieueHe YBEPEHHOCTH B O€3-
OTIACHOCTM BAKIIMH OCTAaeTCs MEePBOCTENEHHOM 3amaueit. Mamepuans u memods.. Hacrosiee KITMHUYECKOE HC-
MbITAHUE YeTBEPTOI (ha3bl ObLIO MPOBEAECHO B KAUYeCTBE MOCTMAPKETUHIOBOrO ucciaeaoBaHus (PMS) Ha 3m0poBbix
miaaneHunax 2—7 mecsueB (N = 539) aiast oLleHKM UMMYHUTETAa U 0€30MacHOCTU MHAMNACKON MSITUBAaJeHTHOM Bak-
LIMHBI MPOTUB OUdTepuu, cTONOHsIKA, KOoKJIolIa, renatuta B u Haemophilus influenza Tuna b [DTPW-HEPB-HIB
(PRP-T)/PENTAVAC] B yeThIpex pa3JIMUHbIX LEHTPaX B MpoBUHIIMU TerepaH. OOpa3ubl KpOBU 00CI€I0BaHHBIX
MJIafieHLIeB ObIJIM COOpaHbI 0 BBEACHMS BaKIIMHBI (BO3pacT 2 Mecsila) 1 yepe3 1 Mecsll rmociie TpeThelt 103bl (BO3-
pact 7 MecsueB) IS onpeaeaeHuss aHTUTEN MPOTUB BCeX aHTUTEHOB MATHUBAJICHTHOM BaKLUMHBI MeTogoM ELISA.
Pezyabmamest. TlokazaHo, YTO YPOBHU CEPO3AIIMThI M 3aIMTHBIX aHTUTEN MOCJIe TPEX 103 BAaKIIMHBI IPOTUB aHTHU-
reHoB Haemophilus influenza Tuna b, nudrepun, cronbHsKa, BUpyc renaturta B u kokiomnia cocraBunu 99,1%, 98,7%,
99,8%, 99,4% 1 69,6% coorBeTcTBeHHO. CTATUCTUYECKUIA aHAIU3 TI0KA34aJ1, YTO BeJIMYrHa P 1151 BceX KOMIIOHEHTOB
BakIMHBEI ObI1a cormoctaBuMa (P < 0,001). [Tats Hanboee pacIpocTpaHEHHBIX TTOOOUYHBIX 3(PHEKTOB MPUMEHEHU S
BaKIMHBI OBLIM MPENCTaBIeHBl B BUIe yMepeHHOM nuxopaaku (10%), sputembl B MecTe BakimHauuu (9,1%), Boc-
naneHus (4,3%), 6onu B Mecte BakuuHauuu (3,3%) u 0ecrnokoiictsa (2,6%). Bbieodsi. Pe3yabTaThl HACTOSIILETO KC-
CJIeIoBaHMS TTPOJEMOHCTPUPOBAJIM BhIpasKeHHOE YBEJIMUEHNWE YPOBHSI aHTUTEN MPOTUB BCEX MATU KOMIIOHEHTOB
BaKIIMHBI. B cBeTe MOJYyUEHHBIX PE3yJbTaTOB MOXHO 3aKJI0YMTh, YTO BaKlMHa [leHTaBajeHT He TOJbKO 3 dek-
THBHA B TIOBBIIIIEHMY UMMYHMTETa MTPOTUB YKa3aHHBIX 3a00JIeBaHUI, HO U HECET MUHUMAaJIbHBIN PUCK TTOOOYHBIX
addexToB B uccaenyemoit monyasiuu. [IpuBoarmbie pe3yabTaThl BHOCIT BKJIad B COBOKYITHOCTD 10Ka3aTelbCTB,
MOATBEPXKAAIOLIMX 0€30MaCHOCTb U 3¢ (HEKTUBHOCTH BAaKIIMH, OJYEPKHUBAsI UX PEIIAIOIIYIO POJIb B 3alllUTE 00IIIe-
CTBEHHOTO 3IpaBOOXPaHEHUS.

Karoueesvie caosa: ummynumem, maadenusl, neHmMasaieHMHAs 6AKYUHA, YPOSHU aHMUMeN, N0O0UHble d(hhekmbl, 300p08be demell.

Introduction

Vaccines are usually used for the health of the
general public, especially children. Any concerns
about efficacy and safety of vaccines should be seri-
ously investigated [3]. If Suspicion about a vaccine
may increase, it could create dangerous consequenc-
es for everyone’s health as some people will avoid vac-
cination of their children [20]. It is important to eval-
uate the safety of vaccines, especially in the case
of vaccines that have been used in a more limited way
and there are fewer reports of their side effects.

Pentavalent vaccine includes Diphtheria, Tetanus,
Pertussis, Hepatitis B and Haemophilus influenza
type b. This vaccine has entered the national vacci-
nation program for children in Iran since 2014 and
is usually given at the ages of 2, 4, and 6 months [9].

Pentavalent vaccination aims to protect infants
against five major life threatening diseases, includ-
ing diphtheria, whooping cough, tetanus, hepatitis B,
and Haemophilus influenza [13]. To date, no vaccine
has been 100% effective and safe for all individuals
and because of the antigen or other substances in the

vaccine some show a reaction to it [22]. Equally in the
case of neonatal vaccination, the health promotion
of infants should also be considered; therefore it is
important to evaluate the efficacy and safety in in-
fants following pentavalent vaccination.

In this study we assessed the immunogenicity and
safety of pentavalent vaccine administrated at 2, 4,
6 months of age, as well as the possible complications
after the injection of the pentavalent vaccine with-
in the first 48 hours, one week and 2 months after
injection.

Materials and methods

Study group. Participants for this study included
healthy male and female infants aged 2—6 months
who were referred to four Health Centers in two
districts of Tehran, covered by Iran University
of Medical Sciences, who were scheduled to receive
routine pentavalent vaccine between July 2, 2018,
and February 20, 2019.

Inclusion criteria included the infant’s with arm-
pit temperature of less than 38.5, and normal clini-
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cal examination at the time of vaccination, who were
born from a normal pregnancy with a gestational age
of 38—42 weeks from a mother seronegative for HBs-
Ag, and received the 2/4/6 months vaccination in the
same clinic and were available up to two months
after the last vaccination. Infants with the histo-
ry of transfusion of blood or blood products or use
of immunoglobulin since birth, with significant and
chronic heart, respiratory, kidney, liver and blood
disease, history of any type of allergic disease or any
type of sensitivity that may be exacerbated by vac-
cine components, history of seizures or neurological
disorders, congenital or genetic immunodeficiency
were excluded. Moreover, the participants who used
any type of vaccine or investigational drug except
the study vaccine during the study, or received one
of the other routine vaccines during the study except
BCG and OPYV, were also excluded.

Vaccine. The PENTAVAC vaccine [DTPW-
HEPB-HIB (PRP-T)] used in this study is manufac-
tured by the Serum Institute of India and contained
a combination of: Diphtheria toxoid < 25 Lf (> 30IU),
Tetanus toxoid > 2.5 Lf (> 40 1U), Bordetella pertus-
sis (whole cell) < 16 OU (> 4.0 1U), HBsAg (rDNA)
> 10 ug, Purified capsular Hib polysaccharide (PRP)
conjugated to Tetanus Toxoid (carrier protein) 10 ug,
< 0.01% Thiomersal as preservative and Al** content
as aluminum phosphate < 1.25 mg.

The pentavalent vaccination was administrated
based on the routine national protocol of vaccina-
tion and the infants were observed for 30 min after
each vaccination for immediate effects and then
for 48 hours, one week and 2 months after injection
following the vaccination for any complications such
as fever > 38.3°C, drowsiness, restlessness, persistent
crying, seizure, and anaphylaxis which were regis-
tered in the questionnaire form for possible compli-
cations by parents.

Serology. For determination of antibodies against
all antigens in the pentavalent vaccine, blood sam-
ples were collected at 2 months of age (pre-first
vaccination) and at 7 months of age (1-month after
the third vaccination). The trial was registered with
the Trial Registry of Iran (IRCT2016042027498N1),
the sampling protocols were approved by the Ethics
Committee of Iran University of Medical Sciences,
and written consent was obtained from parents/
guardians of patients prior to data collection.

Antibody titers were measured by ELISA Kits
from DeMeditec Diagnostics GmbH (Germany).
The seroprotection was considered as immune if
antibody concentration were defined as follows:
Anti Diphtheria IgG antibody titer of > 0.1 1U/ml,
Anti Tetanus IgG antibody titer of > 0.1 IU/ml, Anti
Pertussis IgG titer of > 16 IU/ml, Anti HepB IgG an-
tibody titer of > 10 IU/ml, and Anti PRP IgG titer
of > 0.15 ug/ml.

Data analysis. The categorical variables were ex-
pressed as frequencies, percentages and mean, and

differences in variables were assessed by Fisher’s ex-
act test. The data were analyzed using SPSS software
version 22. Two-sided P values of less than 0.05 were
considered statistically significant.

Results

In the first stage, a total of 658 participants en-
tered the study and received the first dose of vac-
cination. As some of the parents refused to con-
tinue participating in the project due to traveling
and changing their place of residence, in the sec-
ond stage, the number of participants was reduced
to 553. Fourteen other samples were discarded
due to tube breakage, lack of volume and presence
of clots, and eventually the blood samples of 539
infants including 261 girls (48.4%) and 278 boys
(51.6%) who participated in both sampling times
were included in results. The participant’s flowchart
is shown in Figure.

Tables 1 and 2 present the immunogenicity data
for the pentavalent vaccine. The observed immune
responses to each vaccine component considering
the cut-off point of ELISA-IgG or the protective
antibody showed that the average anti-Bordetella
antibody titer in 2- and 7-month-old infants was
9.336+0.411 and 24.380%£0.574, respectively, and
69.6% have been immunized against Bordetella per-
tussis. The average anti- Haemophilus influenzae anti-
body in 2-month-olds is 0.490+0.04 and in 7-month-
olds it is 5.491%0.169 and 99.1% of 7-month-olds
have been immunized against Haemophilus influen-
zae type b after 3 doses of the vaccine. The average
anti-diphtheria antibody titer in 2- and 7-month-olds
was 0.2420+£.014 and 0.919+0.016, respectively, and
after 3 doses of the vaccine 98.7% of 7-month-olds
have been immunized against diphtheria. The aver-
age level of anti-tetanus antibody in a 2-month-old
infant before vaccine injection was 1.127+0.047 and
after three doses of vaccine was 3.497£0.078, and
99.8% got immunized against tetanus. The average
antibody titer against surface antigen of hepatitis B
virus (HBs-Ab) was 40.15+5.137 and 544.67+12.183
in 2 and 7-month-olds, respectively, and 99.4% pro-
tection have been achieved against hepatitis B vi-
rus. Comparison of the level of the antibodies and
side effects of 5 vaccine in boys and girls revealed
no significant differences in all 4 medical centers.
As indicated in Table 3, inspecting the side effects
after receiving each dose of the vaccine, which were
monitored 48 hours, one week and two months later
in person or by phone, showed mild fever (38—38.9)
with 10%, erythema at the vaccination site with 9.1%,
inflammation with 4.3%, pain with 3.3% and rest-
lessness with 2.6% were five common vaccine side ef-
fects. Complications such as abscess, lymphadenitis,
encephalopathy and encephalitis, meningitis, con-
vulsions, drowsiness, anaphylactic shock were not
observed in any of the children.
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Excluded (n = 33)
- Not meeting inclusion
criteria

Excluded (n = 14)
- Other reasons

Screened

[ (n=691)

Excluded (n = 119)

- Parents refusing

to continue participation
- Not meeting inclusion
criteria

Figure. The participant’s flowchart

Analyzed
(n=1539)

Enrolled
in first sampling stage
(n=1658)
Enrolled
in second sampling stage
(n=553)

Table 1. Antibody titers before (2 months old) and after (7 months old) Immunization

Before Vaccination, No =539 After Vaccination, No =539
Variables Non-lImmune Immune Non-Immune Immune P
N (%) N (%) N (%) N (%)

Tetanus <0.11U/ml >0.11U/ml <0.11U/ml >0.11U/ml <0001
IgG 36 (6.7) 503 (93.3) 1(0.2) 538 (99.8)
HBs Ab <10 1U/ml >10 IU/ml <101U/ml >10 [U/ml 0.053
IgG 251 (46.5) 288 (53.4) 3(0.6) 536 (99.4) '
Diphtheria <0.11U/ml >0.11U/ml <0.11U/ml >0.11U/ml 0.008
I9G 272 (50.5) 267 (49.5) 7(1.3) 532(98.7)
Hib Anti PRP <0.15ug/ml >0.15 ug/ml < 0.15 ug/mi >0.15 ug/ml 0028
IgG 175 (32.5) 364(67.5) 5(0.9) 534 (99.1)
Pertussis <16 1U/ml >16 1U/ml <16 1U/ml 2 16 1U/ml <0.001
IgG 453 (84) 86 (16) 164 (30.4) 375 (69.6)

Note. HBs: hepatitis B surface antigen; Hib: Haemophilus influenzae type b; PRP: polyribosyl ribitol phosphate.

Table 2. Average antibody concentration before (2 months old) and after (7 months old) Immunization

Vaccine components Immunization state Mean Std. Error Mean p

e L e
Bef 40.15051 13737

HBs :ft?erre 543.:706556 152.138339796 <0.001

e Soro0r Boreats ] <0

Aor 349708 sarzer ] <O

Bordetella B;‘ft(()arre 2%1'.3338608997 8 ;1225 <0001

Note. Hib: Haemophilus influenzae type b; HBs: hepatitis B surface antigen.
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Table 3. Observed adverse effects associated with pentavalent vaccination

Symptoms Primary First Booster Second Booster p
Fever 54 (10) 55(10.2) 37 (6.9) 0.043
Pain 12(2.2) 18 (3.3) 17 (3.2) 0.461
Erythema 3(0.6) 10(9.1) 8(1.5) 0.128
Inflammation 23(4.3) 14 (2.6) 8 (1.5) 0.015
Restlessness 8 (1.5) 14 (2.6) 22 (2.4) 0.022
Anorexia 5(0.9) 2(0.4) 1(0.2) 0.197
Allergic symptoms 0 3(0.6) 0 -
Vomiting 0 0 5(0.9) -
Long-term crying 0 1(0.2) 0 -

Note. Variables are represented by No. (%).

Discussion

There are many benefits for combination vac-
cines, such as reduced number of injections, patient’s
discomfort and costs. Whereas the complications

in this context are mainly pain, erythema, fever,
restlessness, weakness, vomiting, irritability or sen-
sitivity, diarrhea and unusual crying [23]. In recent
years the pentavalent vaccination has been widely
used for the prevention of DTP, hepatitis B and
Hib [12], and different studies have been conducted
to highlight its preventive effect.

Our results showed that one month after the third
dose of the Pentavalent vaccine, immunogenicity
levels increase significantly and the participants had
no serious complications. In the study of Aspinall et
al. which evaluated the immunogenicity and safety
of Quinvaxem vaccine used in Switzerland, it was
found that one month after the injection of the vac-
cine in 90% of the infants showed increased levels
of immunity to all three antigens and the injection
of the vaccine had not any complications [1]. Also,
in another study in El Salvador, it was found that
Quinvaxem vaccine was highly effective in terms
of immunogenicity and safety [21].

In this study the protective antibody levels
for Haemophilus influenza b, diphtheria, tetanus,
hepatitis B virus and Bordetella pertussis was 99.1%,
98.7%, 99.8%, 99.4% and 69.6%, respectively.
In a study conducted in India, which investigated
two types of pentavalent vaccines (PENTAVAC and
Eastfive), the immunogenicity of both vaccines was
100% for all vaccine components, except Bordetella
pertussis, which was 95% and 96% for PENTAVAC
and Eastfive, respectively [18].

In the study of Roa et al. which was conducted
for three types of pentavalent vaccines common
in India, the immunogenicity rate obtained for per-
tussis is 89.94%, 76.60% and 92.39% in Shan5, Easy
five and TritanrixHB vaccines, respectively [4].
Although this study showed that the immunogenic-
ity of the pertussis is less immunogenic than other
antigens of the pentavalent vaccine, compared to this
study, our results indicate lower amounts of anti-per-
tussis immunogenicity. Not only development of an-

tibody to pertussis is less than other vaccines but also
antibody against pertussis wanes overtime. To com-
bat this issue more researches is needed and addition-
al booster doses of vaccine should be used [14, 16].

In this study, 67.5% of 2 months old infants showed
protective antibodies against Haemophilus influen-
zae b before receiving the vaccine that has reached
to nearly 100% after receiving three doses, which
is similar to other studies [6, 10, 15, 19]. Increased
levels of antibody before vaccination is due to moth-
ers’ immunogenicity levels, which indicates the high
prevalence Haemophilus influenzae infection in the
society, as the mothers had not have a history of re-
ceiving Haemophilus influenzae vaccine.

In this study, 93.3% of the infants due to maternal
immunity were immune against tetanus before vacci-
nation, which increased to 99.8% at the time of second
evaluation 1 month after the third dose of the vaccine.
Other studies also showed similar results [7, 11]. Our re-
sults also showed that 53.4%, 49.5% and 16% of the in-
fants were immune against Hepatitis B virus, Diphtheria
and Pertussis before vaccination, respectively, which
is similar to the results of other studies [2, 5, 6].

The five most common complications of the vac-
cine were mild fever, erythema, inflammation, pain
and restlessness, which is similar to observations
documented in other studies [6, 11, 17]. No com-
plications such as abscess, lymphadenitis, encepha-
lopathy and encephalitis, meningitis, convulsions,
drowsiness, anaphylactic shock were observed in any
of the children who received the vaccine.

In another study conducted on 1119 children less
than one year of age, the side effects of Pentavalent
vaccine 48 hours after injection showed 15.8% in-
flammation, 10.9% erythema, 44.2% pain, 12.6%
mild fever, 15.0% decreased appetite, 32.9% irrita-
bility, 4.6% nausea and 5.5% continuous crying, and
none of the children showed complications such as
seizures or encephalopathy [8].

Conclusion

According to the results, this study effectively
evaluated the immunogenicity of the PENTAVAC
vaccine in infants, demonstrating promising out-
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comes. Despite preliminary participant deduction,
the analysis became primarily based on samples from
539 cases, revealing significant immune responses
to all five vaccine components (diphtheria, tetanus,
pertussis, Hib and hepatitis B) with significant im-
munogenicity levels. Furthermore, the monitor-
ing of vaccine side effects showed that slight fever,
erythema, inflammation, pain, and restlessness have
been the most commonplace, without any severe
complications determined. These findings support
the effectiveness and safety of the pentavalent vac-
cine in infants. Overall, this research offers precious
insights for healthcare specialists and policymakers,
highlighting the significance of successful vaccina-
tion programs for infant health.
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ANTIBODY TITER AFTER ANTI-IDIOTYPE
RABIES VACCINATION WITH NANO-CHITOSAN
ADJUVANT

S.P.Y. Paryati, S. Ramadhanti, K. Hasan

General Achmad Yani University, Cimahi, Indonesia

Abstract. Background. The rabies virus neutralizing antibodies titers is a public health problem in the world, including
Indonesia. Rabies is zoonotic and causes death in humans with a case fatality rate of 100%. Anti-idiotype antibody
(Ab2) from chicken immunoglobulin (IgY) can be a substitute antigen for the rabies virus. This research aims to study
the potential of rabies vaccine based on anti-idiotype antibody (Ab2) with nano-chitosan as an adjuvant. Materials and
methods. The production of Ab2 is derived from purified and characterized chicken immunoglobulins. Nano-chitosan
is made from chitosan from shrimp shell waste. Vaccination tests were carried out on rats compared with commercial
vaccines as a positive control and physiological solutions as a negative control. The characterization results of IgY Ab2
were IgY rabies with BM ~180 kDa, heavy chains (BM ~60 kDa), and light chains (BM ~30 kDa) of IgY. Nano-chitosan
is less than 100 nm in size, can dissolve well, and does not cause side effects in experimental animals. Results. The vaccine
formula uses a concentration of 0.5%, where the ratio of nano-chitosan and Ab2 is 1:1. The Ab2 concentration used was
about 1000 units per mL of the Ab2 suspension. Conclusion. This study concludes that anti-idiotype antibodies dissolved
in nano-chitosan adjuvant can induce the formation of antibodies with titers that are not statistically different from
the antibody titers induced by commercial rabies vaccines. Nano-chitosan has a potential vaccine adjuvant candidate, safe
to use, and can enhance the immunogenicity of an antigen applied subcutaneously. According to the results of this study,
it is recommended that post-vaccination antibody titers be measured regularly: for example, every one week for six weeks
after vaccination. This measurement determines the time of the peak of the antibody titer so that the time for revaccination
can be determined.

Key words: anti-idiotype, antibody, chicken immunoglobulins, chitosan, rabies, vaccine.

OLLEHKA TUTPA AHTUTEJ NOCJIE AHTUMANOTUNMHON BAKLUMHALIMM NPOTUB BELLEHCTBA
C AlbIOBAHTOM HAHOXUTO3AHOM

Mapbsartu C.I1.1O., Pamanxantu III., Xacan X.
Ynueepcumem eenepana Axmaoa Huu, e. Yumaxu, Hnoonesus

Pestome. Bseodenue. belieHCcTBO — 300HO3HAs MHGEKLNS ¢ JeTagibHOCThIO 100%. AHTUMANOTUIIMYECKHE aHTHUTEA
(Ab2) u3 xypuHoro uMmmyHornooyarHa (IgY) MoryT ncmob30BaThcsl B Ka4eCTBE 3aMEIIAIOIIeT0 aHTUTeHa Bupyca Oe-
mieHcTBa. Llenblo HACTOSILEro UCCIeA0BaHMSs ObLIO U3YYeHK e MOTeHIIMala BAKLIMHbI IPOTUB OElIeHCTBA HA OCHOBE
AHTUUAMOTUIIMYECKUX aHTUTeN (Ab2) ¢ HAHOXMTO3aHOM B KAUeCTBE aAblOBAHTA, C OLIEHKOI YPOBHS TUTPA aHTUTE,
HEUTpaNn3yIOIINX BUPYC OemeHcTBa. Mamepuanvi u memoosi. Ab2 TIOTy9aroT U3 OUMIIEHHBIX KYPUHBIX UMMYHOTLJIO-
OynrHOB. HaHOXMTO3aH TPOM3BOAUTCS M3 XUTO3aHA TAaHIIUPS KpeBeToK. OTleHKa BAKIIMHAIINH IIPOBOIMIIACH Ha KPBI-
Cax B CPaBHEHMU ¢ KOMMEPUYECKMMHU BaKIIMHAMHU B KAUECTBE MOJOXUTEIBHOTO KOHTPOJIS U (DU3NOIOTHIECKUM pac-
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TBOPOM B Ka4eCTBE OTPUIIATEIbHOTO KOHTPOJIS. XapaKTEePUCTUKHU UCITOJb30BaHHOM BakMHbBIL: IgY Ab2 IgY mpoTtus
aHTHTreHa OemeHcTBa ¢ Mr ~180 kDa, Tsixensie enu (Mr ~60 kDa) u nerkue nenu (Mr ~30 kDa) IgY. HanoxuTo3an
nmMeeT pazmep MeHee 100 HM, XOpOILIO PACTBOPSIETCSI M HE BBI3BIBAET MOOOYHBIX d(PGHEKTOB Y IKCIEPUMEHTATbHBIX
KUBOTHBIX. Pe3yasmamoi. BakiimHa ucrnonb3yercs B KoHUeHTpauu 0,5%, rae cooTHoleHne HaHOXUTo3aHa U Ab2
coctaBjser 1:1, mpu KoHieHTpauuu Ab2 okoso 1000 exuHuMIl Ha M cycrieH3uun Ab2. Bbigoodsi. HacTosiee uccneno-
BaHUE MO3BOJISIET 3aKTIOUUTh, YTO AaHTUUIUOTUITMNYECKUE aHTUTENA, PACTBOPEHHbIC B aIbIOBAHTE HAHOXUTO3aHa,
MOTYT BBI3bIBAaTh 00pa30BaHME AHTUTEN C TUTPAMU, KOTOPBIE CTATUCTUYECKHU HE OTANYAIOTCS OT TAKOBBIX, MHIYIIY-
POBaHHBIX KOMMEPUYECKMMU BaKIIMHAMY TPOTUB OellieHCTBA. HaHOXMTO3aH SIBAsIETCS MOTEHIIMATbHBIM KaHIUIATOM
B KAQUECTBE aIbIOBAHTA BAKIIMHBI, 0€30IaceH B UCTIOJIb30BAHUYU U MOXKET YyCUTUBATh UMMYHOTEHHOCTh AaHTUTEHA ITPU
MOJKOXXHOM BBeneHnU. COorjlacHO pe3ysibTaTaM JaHHOTO UCCIIEIOBAHUS, TUTPHI aHTUTEJ TOCIe BAKIIMHAIIUN PEKO-
MEHYeTCSI UBMEPSITh PETYJISIPHO: HATPUMED, KaXAYI0 HeJeJI0 B TeUEHUE IECTU HelleJIb Toc/ie BaKIIMHALM U, YTO MO~

3BOJIACT OIIPECACIUTDL BPEMA IMMUKA TUTPAa aHTUTE AJIAd YCTAHOBJICHUA BPEMCHU pCBaKIIMHALINN.

Karouesvie caosa: aHmuuauomun, aHmumeno, KypuHole uMMyHOZflOd)Ulqul, XUMO3aH, 6€m€HCm60, 6AKUUHA.

Introduction

Rabies is a public health problem in the world, in-
cluding Indonesia. Rabies causes the death of more
than 59 000 people or nearly one death every 9 min-
utes worldwide. In Indonesia, in the last five years
(2015—2019) cases of bites of rabies-transmitting
animals were reported to be 404 306 cases with 544
deaths. The incidence of rabies in Indonesia from
2020 to April 2023 was reported to be at an average
of 82 634 bite cases per year. However, from January
to July 2023, Indonesia witnessed 74 cases of hu-
man rabies, which were associated with suspected
rabid animals among a total of 66 170 bite cases
reported [26].

There were five provinces with the highest fa-
talities: North Sulawesi, West Kalimantan, South
Sulawesi, North Sumatra, and East Nusa Tenggara.
The last rabies outbreak in 2019 was reported in West
Nusa Tenggara. In 2023, it is worth noting that out
of the 34 provinces in Indonesia, only 8 regions are
currently free of rabies. Eight free rabies provinces are
Riau Islands, Bangka Belitung Islands, DKI Jakarta,
Central Java, DI Yogyakarta, East Java, Papua and
West Papua [26]. Rabies is zoonotic, meaning that
the disease can be transmitted from animals to hu-
mans and causes death in humans with a case fatality
rate of 100% [5]. There is no effective drug to cure
rabies, but rabies can be prevented by vaccination.

Louis Pasteur developed the first rabies vaccine
in 1885, which was made using the dried spinal cord
of rabbits infected with rabies [10]. However, the pres-
ence of nerve tissue in such vaccines can cause post-
vaccination neurological reactions such as menin-
goencephalitis, meningoencephalomyelitis, myelitis,
and paralysis [24]. Over time, vaccine production
technology has improved, and most rabies vaccines
produced worldwide are now cell-culture vaccines.
These include human diploid cell vaccine (HDCYV),
purified Vero cell vaccine (PVRV), and purified
chick embryo cell vaccine (PCECYV), all of which
have elements of animal origin and human serum
albumin [23]. As a result, systemic allergic reactions
such as swelling and redness can occur [24]. To over-

come this challenge, anti-idiotype antibodies (Ab2)
can be utilized as replacement antigens in making
vaccines that are free from viruses and animal com-
ponents, which can cause side effects [27].

Paryati et al. reported that anti-idiotype antibod-
ies derived from chicken immunoglobulins could be
used as a substitute antigen for the rabies virus in the
vaccination process. Furthermore, diagnostic Kkits
have been successfully prepared using anti-idiotype
antibodies as a substitute for antigens; therefore, it is
hoped that serological examinations can be carried
out without harmful infectious substances [17].

Rabies vaccination trials using anti-idiotypic an-
tibodies carried out on rabbits and dogs showed a pro-
tective immune response against rabies with an anti-
body titer higher than 0.5 IU/mL serum. Still, this ti-
ter was much lower when compared with the immune
response that occurred in the viral vaccine [16]. This
more inadequate immune response is probably due
to the smaller antigen size; therefore, it is necessary
to increase the size, such as adding adjuvants.

Adjuvants are immunostimulants in one or more
compounds commonly added to vaccines to in-
crease the immune response. At least 30 different
adjuvant formulas are being developed commercial-
ly and some seem to show promise for wider clini-
cal use [19]. Adjuvants are frequently utilized when
the body quickly neutralizes the antigen or is inca-
pable of responding to antibody production. The use
of adjuvants can increase the titer two times higher
than without adjuvant [6]. Adjuvant use can also re-
duce the dose of antigen required in response to an-
tibodies. In addition, adjuvants can balance the re-
sponse of humoral and cell-mediated antibodies [12].

Chitosan from shrimp shell waste can be a can-
didate for adjuvant. Chitosan is non-toxic, easy
to synthesize, safe to use, and able to induce an
immune response by activating macrophages [3].
The administration of chitosan by inhalation and
orally has been carried out and produces good ef-
fects. To date, there have been no reports on the use
of intravenous chitosan. Biologically, chitosan can
form a protective layer and can be properly absorbed
by the body. Chitosan has a structure similar to glu-
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cosamine in the extracellular matrix [17]. Chitosan
can be made in nanoparticles, which can be used
for drug and vaccine delivery through inhalation,
orally, intravenously, and as a vector for nonviral
gene delivery.

Chitosan has unit characteristics as a polymer,
which is mucoadhesive or can adhere to mucosal sur-
faces [14]. This mucoadhesive characteristic is due
to the ionic interaction between the quaternary
ammonium group of chitosan and the negatively
charged mucus. When attached to the mucosal sur-
face of chitosan, it can temporarily open tight junc-
tions between glycoprotein epithelial cells, namely,
anionic sialic acid. This temporary opening allows
a longer time for drug interaction and transport into
the cell [3]. The process of inserting nanoparticles
into cells is through a mechanism called pinocytosis.
The mechanism starts with the attachment of chi-
tosan nanoparticles to the cell. Chitosan administra-
tion can be degraded in vivo by lysozyme and glu-
cosaminidase in animal cells [8§].

Chitosan can modulate the maturation of den-
dritic cells to induce interferon interactions and
stimulate the increased activity of T lymphocytes and
B lymphocytes. This process occurs due to cGAS-
STING cytoplasmic DNA sensors, which cause ac-
tivity in dendritic cells. This process depends on the
presence or absence of cytoplasmic DNA [13]. If chi-
tosan can cause an increase in the activity of T lym-
phocytes and B lymphocytes, it is hoped that it can
increase the rabies virus neutralizing antibodies ti-
ters. To date, only aluminum hydroxide adjuvant
has been widely used in rabies vaccines. Other types
of adjuvants such as immunostimulating complexes
and Freud’s adjuvant also have disadvantages because
they are quite expensive and cause an inflammatory
response in experimental animals. Nano-chitosan
has the potential as an adjuvant that can increase im-
mune response at an economical price. This research
aims to study the potential of rabies vaccine based
on anti-idiotype antibody (Ab2) with nano-chitosan
as an adjuvant.

Materials and methods

Vaccine preparation. Before vaccination, pure
anti-idiotype antibodies (Ab2) with characteristics
of Ab2 ~180 kDa molecular weight, ~60 kDa heavy
chains, and ~30 kDa light chains [15] and chitosan
nanoparticles measuring less than 100 nm were pre-
pared. Anti-idiotype antibodies with a concentra-
tion of 1000 mg/mL were mixed with a 0.5% con-
centration of nano-chitosan in a ratio of 1:1, made
sufficiently.

Vaccination procedure in rats. A total of 27 rats
were randomly divided into three groups, each group
consisting of nine rats. Group 1, as a negative con-
trol group, was injected with 0.5 mL of physiological
NaCl. Group 2 was injected with a mixture of 0.5 mL

of anti-idiotype rabies antibody and 0.5 mL of nano-
chitosan adjuvant. Group 3 was injected with 0.5 mL
of commercial rabies vaccine (Nobivac rabies).
The commercial vaccine used is an inactivated virus
vaccine which is used to vaccinate dogs with a dose
adjusted to the rat’s body weight. All the groups
of rats were injected three times on days 0, 7, and 14.
Vaccination was carried out subcutaneously in areas
of loose skin tissue: for example, at the nape [25].

The treatment procedure for experimental ani-
mals received ethical clearance from the Health
Research Ethics Committee of the Faculty of Me-
dicine, Padjadjaran University, with ethical approval
No. 1114/UN6.C.10/PN/2017.

The aspect of using experimental animals in this
research is to pay attention to the welfare of experi-
mental animals, based on the Declaration of Helsinki
by the World Medical Association in 1964, revised
in 1975 in Tokyo, and the International Guiding
Principles of Biomedical Research Involving Animals
by the Council for the International Organization
of Medical Sciences and WHO in 1985 with the ba-
sic principles of 3R (Replacement, Reduction, and
Refinement).

This research was carried out by determining
the minimum sample limit using the Federer formu-
la, so that the average in 1 group consisted of 9 ani-
mals. After an acclimatization period of 7 days before
treatment, the rats were placed in cages measuring
30 x 50 x 30 cm at a room temperature of +26°C,
proper lighting and ventilation, and the cages were
ensured to be cleaned so that the rats could still move
and carry out their natural behavior and were given
food and drink bottles. The rats were given rat food
according to the rat’s body weight, 20—25 grams/day,
and given drinking water of 10 mL/100 grBB/day ad
libitum. To reduce pain during blood collection, an-
esthetics, and analgesics are given to experimental
animals according to the Formulary of Laboratory
Animals guidelines. After the research is complete,
the rats will be euthanized using the carbon monox-
ide gas inhalation technique following the American
Veterinary Medical Association (AVMA) guide-
lines [2, 4, 9, 11].

Antibodies titer examination. Two weeks follow-
ing the last dose of vaccine, rat blood was obtained.
For four weeks, it was collected once a week. A micro-
pipette was used to draw blood from the retro-orbital
plexus. Serum was separated from other blood com-
ponents to be tested for rabies virus neutralizing anti-
bodies titers. This examination was performed using
the agar gel precipitation test (AGPT) method. AGPT
composition consists of 0.8 g of agarose, 2.4 g of PEG,
40 mL of aquadest, and 40 mL of phosphate-buffered
saline with a pH of 7.4. The ingredients were mixed
and heated to a boil and allowed to stand for 5—10
minutes. Then, the AGPT medium was poured as
much as 3 mL into a 6-cm-diameter petri dish until
it became solid. It was next placed in a refrigerator at
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8°C. After chilling, a well was made for rabies virus
antigen and six well for blood serum of rats surround-
ing the antigen, as seen in Figure (see cover III).

The determination of antibody titer is based on the
formation of precipitation in the form of a white line
(positive result) between the antigen and serum with
a specific dilution. A log, serial dilution was carried
out in this study starting from 2°, 2!, 22, 23, 24 and 2°.
If no precipitation line was formed on the AGPT test
or a negative result, the antibody titer was considered
zero or absent.

The limitation of this study is that the measure-
ment of antibody titer is still using the semiquantita-
tive method (AGPT). This test is less sensitive; hence,
false-negative observations are possible.

Statistical analysis. The study commenced with
data processing using the Shapiro—Wilk Test,
which is generally employed for samples less than
or equal to 50. The results of the normality test
with the Shapiro-Wilk Test indicated that the data
is abnormally distributed, as the obtained p-value
was less than 0.05. Therefore, the Kruskal—Wallis
Test, a non-parametric statistical test, was utilized.
Additionally, the Mann—Whitney test was conducted
to identify the group that had a more significant im-
pact on increasing antibody titers. This test involved
the comparison of serum rats antibody titers in a pos-
itive control group immunized with commercial ra-
bies vaccine with a treatment group immunized with
anti-idiotypic antibody vaccine and the addition
of chitosan nano adjuvants.

Results

Vaccination in rats. Observations of the three
groups of vaccinated rats showed that all the rats
looked healthy. Their appetites did not change with
normal behavior during the treatment period up to 6
weeks after vaccination. The rats’ body weight in-
creased normally. In group 2 vaccinated with anti-
idiotype antibodies with the addition of a nano-chi-
tosan adjuvant, there was no change in the skin tissue
of rats at the subcutaneous injection site.

Antibodies titer examination. The results of anti-
body examination in rat serum since the second week
after vaccination using the AGPT method are shown
in Figure (see cover I1I). A positive reaction indicates
the presence of antibodies against rabies, demon-
strated by the presence of a white precipitation line
between the antigen and serum.

In Table 1, the antibody titer is shown based
on the formation of a precipitation line in AGPT.
Based on Table 1, there are differences in antibody
titers in each treatment group. The highest antibody
titer was obtained in the group of rats vaccinated with
the commercial rabies vaccine, followed by the group
of rats immunized with anti-idiotype antibodies with
nano-chitosan adjuvant and the negative control
group.

Table 1. Rabies antibody levels based on AGPT
examination

Positive Negative
s(;n;;g;e control co%trol clﬁl:c?s::?ll:;;)
(log2) (log2)
1 0 0 1
2 0 0
3 0 0 1
4 1 0 0
5 0 0 1
6 1 0 0
7 0 0 0
8 2 0 1
9 1 0 0
Mean 0.7778 0.0000 0.4444

Statistical analysis. The statistical tests carried out
using the Kruskal—Wallis Test indicate that the use
of anti-idiotype rabies serum antibody vaccine along
with nano chitosan adjuvant had a significant effect
on raising rats serum antibody titers. The calculated
p-value was found to be 0.032 (p < 0.05), which in-
dicates a statistically significant result. The relevant
data regarding the Kruskal—Wallis Test results have
been presented in Table 2.

Additionally, the Mann—Whitney test was used
to determine the group that had the most signifi-
cant impact on increasing antibody titers. The re-

Table 2. Kruskal-Wallis test for the variety
of rabies virus neutralizing antibodies titers based
on the AGPT method

. . Mean | Kruskal- .
Antibody titers N Rank | Wallis H df [ Sig
Positive Control 9| 1744 6.912 2

Negative Control 9] 9.50
Ab2+nano-chitosan | 9 | 15.06
Total 27

Note. *p < 0.05: there is a significant difference between groups.

0.032*

Table 3. The Mann-Whitney test of rabies virus
neutralizing antibodies titers between groups

Treatment N Mean Sum sig.

group Rank | of Rank
Antibody Fostve 19| 1200 | 108.00 | 0.021*
titer Ngatve 19| 700 | 63.00
Antibody FC’?;]'E‘ST 9| 1044 | 9400 | 0.406
titer Abznano-| g | 56 | 77.00
Antibody Abzrnano-l g | 1150 | 10350 | 0.0288"
titer Megatve | 9 | 750 | 6750

Note. *p-value < 0.05: there were significant differences between groups.
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sults of the Mann—Whitney Test have been pre-
sented in Table 3, which shows a significantly higher
antibody titer (p < 0.05) in the commercial vaccine
group than in the negative control group. The group
of rats that received anti-idiotype antibody vaccine
(Ab2) with the addition of nano-chitosan adjuvant
showed a higher antibody titer than the control group
(p < 0.05). Although the commercial vaccine group
obtained the highest antibody titer, it was not sig-
nificantly different (p > 0.05) from the antibody titer
of the group of rats given anti-idiotype antibody vac-
cine (Ab2) with the addition of nano-chitosan adju-
vant. The group of rats given anti-idiotype antibody
vaccine (Ab2) with the addition of nano-chitosan ad-
juvant showed a higher antibody titer than the control
group (p < 0.05).

Discussion

Observations in the vaccinated rats showed no
physical changes, and the rats gained normal body
weight. This condition indicates that there is no
treatment effect on the physical health and behavior
of experimental animals. The skin area where the in-
jection was given did not show any changes, and there
was no inflammation or signs of allergy, indicating
that the vaccine given was safe and had no adverse
effects.

In accordance with Figure on the results of the
AGPT test, it shows a homologous reaction between
rat antibody and rabies virus antigen, which is indi-
cated by the presence of a precipitation line. These
figures indicate that anti-idiotype (Ab2) antibodies
can induce the formation of antibodies in rat that can
recognize and bind homologously to the rabies virus.
The AGPT test is a serological test with the appro-
priate antigen deposition technique for antibodies.
The AGPT test is semiquantitative and less sensi-
tive. A low antibody titer will be difficult to visually
observed because it does not produce a clear line
of precipitation.

Roitt and Delves stated that precipitation is a sec-
ondary reaction due to the primary interaction be-
tween specific antigens and antibodies [21]. Specific
antigen-antibody interactions entail various nonco-
valent interactions between the antigen determinant,
the antigen epitope, and the hypervariable regions
of the antibody molecule [20].

The specific reaction between rats serum and
anti-idiotype antibodies indicates that the rats serum
has formed antibodies similar to or similar to rabies
antibodies and can bind specifically with the origi-
nal antigen [22]. It suggested that the anti-idiotype
antibody contains an internal image that can induce
a specific antibody against the original antigen. Anti-
idiotype antibody vaccines can mimic the structure
of the antigen so that it can be used as an immunogen.

Macrophages will phagocytose the antigen, but
the process of antigen destruction in the macrophag-

es is slowed down due to the addition of adjuvants.
The antigen is gradually released to prolong expo-
sure to antigens and the immune response and can
intervene in selective immune systems: for example,
T cells and B cells. Furthermore, antigens phago-
cytized by macrophages will be exposed to T lym-
phocytes via the major histocompatibility molecules
complex class II [22]. The introduction of antigens
by the presenter cells causes T lymphocytes to be
activated, which triggers the process of active prolif-
eration and differentiation from other T lymphocytes
in lymphoid tissue [20].

Other T lymphocytes are activated and secrete
protein mediators called cytokines. Cytokines act
on other cells of the immune system. The cytokines
secreted by T lymphocytes include 1L-2, IL-3, IL-4,
IL-5, IL-6, and other factors that play a role in the re-
sponse of B lymphocytes4. Activated B lymphocytes
then proliferate and differentiate into mature plasma
cells and produce antibodies that are rapidly secreted
into lymph fluid and transported into the blood cir-
culation [18, 19].

Table 1 shows that there are differences in an-
tibody titers between treatment groups. The high-
est antibody titer was obtained from a group of rats
vaccinated using an anti-idiotype antibody vaccine
mixed with a nano-chitosan adjuvant. Chitosan has
unit characteristics as a polymer, which is mucoad-
hesive or can adhere to mucosal surfaces. The char-
acteristic of this adhesive mucus is due to the ionic
interaction between the quaternary ammonium
group of chitosan and the negatively charged mucus.
When attached to the mucosal surface, chitosan can
temporarily open tight junctions between epithelial
glycoprotein cells, namely, anionic sialic acid. This
temporary opening allows a longer time for drug in-
teraction and transport into the cell [1].

Chitosan can modulate dendritic cell matura-
tion to induce interferon interactions and stimulate
increased activity of T lymphocytes and B lympho-
cytes. This process occurs due to cGAS-STING cy-
toplasmic DNA sensors, which cause activity in den-
dritic cells. This process depends on the presence or
absence of cytoplasmic DNA. Because chitosan can
increase the activity of T lymphocytes and B lym-
phocytes, it is hoped that it can increase the rabies
virus neutralizing antibodies titers [8]. The addition
of nano-chitosan adjuvant can increase growth stim-
ulation and antibody formation by B lymphocytes so
that antibody levels can increase rapidly in the body.

Conclusion

This study concludes that anti-idiotype antibod-
ies dissolved in nano-chitosan adjuvant can induce
the formation of antibodies with titers that are not
statistically different from the antibody titers induced
by commercial rabies vaccines. Nano-chitosan has
a potential vaccine adjuvant candidate, safe to use,
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and can enhance the immunogenicity of an antigen
applied subcutaneously.

According to the results of this study, it is rec-
ommended that post-vaccination antibody titers be
measured regularly: for example, every one week
for six weeks after vaccination. This measurement
determines the time of the peak of the antibody titer
so that the time for revaccination can be determined.
To enhance the precision of antibody titer measure-
ments, it is advisable to employ more sensitive assays,
such as the enzyme-linked immunosorbent assay
(ELISA).

The use of nano chitosan as an adjuvant in the con-
cept of rabies vaccination based on anti-idiotype an-

tibodies is worth considering because it can increase
antibody titers and is safe for humans. Nevertheless,
additional research is necessary to fully understand
the scope of its efficacy and safety.
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XAPAKTEPUCTUKA BEJIKOBOIO
NMPODUIA BUY Y NALMEHTOB C BNEPBDIE
BbI9BJIEHHOU MUHOEKLMEN

B.C. 1asbigenxo', FO.B. Ocrankosa', A.H. Illemenes!, E.H. Cepukosa', A.A. Torosn'?

'®@FYH HUH snudemuonoeuu u muxpoouosoeuu umenu Illacmepa, Cankm-Ilemep6ype, Poccus
2@IrbOY BO Ilepsviii Cankm-Ilemepbypeckuii eocydapcmeentvlii MeOUYUHCKUL YHUBEPCUMem UMeHU AKA0eMUuKka
U1 [agnosa M3 PD, Cankm-Ilemepbype, Poccus

Pesiome. Dnuaemust BUY-nHbek1mu octaeTcsl OMHOM U3 KpYMHEHIINUX B Mupe. JI1s1 AMarHoCTUKU JaHHOTO 3aboJie-
BaHUs pa3paboTaH 00JIbLION PSI METOAMK, OJHAKO HanboJIee paclpoCcTpaHEeHHBIM METOIOM OcTaeTcsl BecTepH-0710T.
JlaHHBII METON, OCHOBAHHBI Ha OTpeneieHNU crelupuIecKuX BUPYCHBIX O€IKOB, MO3BOJISET OLEHUTh MPOTEKAI0-
1IMe BUpycHbIe mpotiecchl. HecMoTpst Ha TUCKycCUM OTHOCUTETbHO KPUTEPUEB MOJIOKUTETHHOTO PE3YJIbTaTa U BbI0O-
pa MMHUMAaJIbHOTO HA0OPa BUPYCHBIX O€TKOB IIJIsI JOCTOBEPHOI MHTEPIIPETAIIUH MTOJYYEHHBIX PE3YTbTaTOB, KOJNYe-
CTBO UCClieNoBaHU M OeKoBbIX poduieir BUY-nanneHToB pa3niuuHBIX TPYIIIT OCTAETCSI HEAOCTATOUHBIM, 0COOEHHO
B KoHTekcTe Poccuiickoit @enepanuu. Llenb paboTsl 3aKiTi0Uanach B OLIEHKE YaCTOT BCTPEYAeMOCTH BUPYCHBIX O€JI-
KoB BUY y rpynmsl maliMeHTOB C BIEepBbie BHISIBIEHHON MHMeKIMeir. MatepuanioM ciykuiau 2566 o6pasiioB Chi-
BOPOTKM KPOBH, TIOCTYTUBIINX OT JIVI[ C BIIEPBbIE BHISIBJICHHOW MH(EKIIUEi, 1151 pedepeHcHoro aHanu3a Ha BUY.
OcymiectBisinu aHaiau3 meronamu MDA u UXJTA ¢ mocienyommum UMMYHOOIOTTUHTOM. B naibHeiinem aist oleH-
KU XM3HEHHOTO IIMKJIa BUpyca U IpeodIafaHK s eT0 OTAeIbHBIX CTaANI aHAIM3MPOBAJIH CIIEAYIOIINe BUPYCHBIE OeJI-
ku: gpl60, gpl20, gp4l, p53, p40, p24, pl7, p66, p51, p31. PedpepeHcHbIM GesTkoM i cpaBHeHMs1 ObLT BeIOpaH gpl10/120
B CBSI3U C HAMMEHbIIIEl YaCTOTON BCTPEUaeMOCTH CPeAM IPYMITbl MPOAYKTOB reHa env — 96,06%. OOHapyxeHa 10-
CTOBEPHO CHUXEHHAsl 4aCTOTa BCTPEYaEMOCTH CIEAYIOIIMX O€IKOB pa3IMYHBIX rpyIi: rpynnsl GAG — p55 (80,91%),
p40 (72,14%), nykneokancuaa pl8/17 (67,37%); rpynnsl POL — p68/66 (89,57%), p52/51 (81,91%), p34/31 (86,02%).
[ToxaszaHbl JOCTOBEPHbIE OTAMYMS YACTOT BUPYCHBIX OCJIKOB MEXIY BO3PACTHBIMU I'PYNTIAMU, B TOM YHUCJIE B 3aBU-
cuMocTH ot nosa. [IpeacTaBaeHbl TMIIOTE3bl, MHTEPIPETUPYIOIINE TTOTy4YeHHbIe faHHble. ComnocTaBieHue mpodust
AHTUTEN K BUPYCHBIM OeJIKaM ¢ TeueHrneM MH(EKIIMOHHOTO MPOoLiecca U COCTOSIHUEM TMalleHTa MO3BOJIUT 00HApY-
KUTh 3aKOHOMEPHOCTH U TPUHUMATh HEOOXOAMMBbIE MEPHI TIO OTIEPATUBHOI TUATHOCTUKE C PACIIMPEHHBIMY PE3YJIb-
TaTaM¥, TAKUMU KaK CPOK MH(PUIIMPOBAHU S, BUPYCHAS HATPY3Ka U TSKECTh TEUCHU .

Karouesnle caosa: eupyc ummyHnodepuyuma uesosexka, ecmeph-010m, 6e4K08blll NPOPUNDL, HACMOMbL BCMPEUAeMOCU NPOPUASL, env,
pol, gag.
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HIV PROTEIN PROFILE CHARACTERISTICS IN PATIENTS WITH FIRST-TIME DETECTED INFECTION
Davydenko V.S.?, Ostankova Yu.V.?, Shchemelev A.N.?, Serikova E.N.?, Totolian A.A.*"

@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
b I. Pavlov First St. Petersburg State Medical University, St. Petersburg, Russian Federation

Abstract. The HIV-infection continues to be one of the most large-scale epidemics worldwide. Many techniques have
been developed to detect this disease, but the Western blot based on the identification of specific viral proteins remains
the most commonly used method that allows to monitor ongoing viral processes. Despite discussions regarding the criteria
for a positive test assessment and selection of a minimum number of viral proteins to reliably interpret the data, a very few
studies on the protein profiles in HIV-infected patients, particularly in the Russian Federation are available. The aim of this
study was to assess the prevalence of HIV viral proteins in a group of people with newly diagnosed infections analyzing
2566 blood samples from individuals with newly diagnosed HIV infection for reference testing. The samples were assessed
using ELISA and THL techniques, followed by western blotting. Subsequently, the following viral proteins were analyzed
to assess HIV life cycle and the predominance of its different stages: gp160, gp120, gp41, p55, p40, p24, pl7, p66, p51, and
p31. For comparison, gp110/120 was chosen as the reference protein due to its lowest prevalence frequency among all env
gene products comprising 96.06%. A significantly reduced prevalence frequency was found for several protein groups:
GAG — p55 (80.91%), p40 (72.14%), nucleocapsid pl8/17 (67.37%); POL proteins — p68/66 (89.57%), p52/51 (81.91%),
p34/31 (86.02%). Significant differences in frequency of viral proteins between age and sex groups are shown. Hypotheses
explaining the obtained data are presented. By aligning anti-viral protein antibody profile with the course of the infection
and patient’s condition, it will be possible to identify patterns and take necessary measures for early diagnostics with

extended results, such as duration of the infection, viral load, and disease severity.

Key words: Human immunodeficiency virus, Western blot, protein profile, profile frequencies, env, pol, gag.

BeepneHue

Bupyc ummynonedunnra uenoseka (BMY), kak
1 WHQEKIIMS UM BBI3bIBaeMasi, OCTAaeTCsI BaXKHe-
IIeii Mpo0IeMOoii COBPEMEHHOTO YeJIOBEYeCTBa, HaJl
TMONCKOM PEIIeHUSI KOTOPOil ObeTCSI MHOXKECTBO
JToAe B MEIUIMHCKUX M OMOJIOTMUYECKHUX cde-
pax. ITo manHbpIM Ha 2022 T. B MUpe HACYUTHIBA-
Jnoch ot 33,1 MaH 10 45,7 MJTH 4eJIOBEK C AMAarHO30M
BUY-undekuus, cpeayd KOTOPBIX YUCIO HOBBIX
caydaeB 3apaxkeHUs cocTaBuIo okouio 1,3 miH [17].
PacnipoctpaHeHHOCTh MH(MEKINM B pa3HBIX pe-
TMOHAa MHpa HepaBHOMEpHa, HanMOOJbIIasl IIpe-
CTaBJIECHHOCTb HaOJ1omaeTcs B cTpaHaX Adpuku.
I1pu 5TOM B BBICOKOOHAEMHUUYHBIX PETUOHAX BCTPE-
yaemocTh BUY B rpymnmax pucka MOXET O0Ka3aTh-
CsI HUXKE, YeM CPEeIM YCJIOBHO 3IIOPOBBIX JIMIL WJIN
B KJIIOYEBBIX TPYIIIaX HaCeJeHUs, YTO CBSI3aHO
C COLMAJbHO-KYJIBTYPHBIM B3aMMONPOHUKHOBE-
HHeM 3Tux rpynmn. Tak, HanpuMep, B [ BuHelicKoi
Pecniyonuke PHK BUWUY BeissBunu y 4,05% menn-
LHUHCKUX paboTHUKOB [28] ny 11,11% ycnoBHO 310-
POBBIX O€pEMEHHBIX XKeHIIUH [1].

Ilo maHHBIM TOCYOApCTBEHHOrO JOKJIazaa
Ha 2022 1. B Poccuiickoit Menepany nmokasatelib
3aboneBaemoct BUY-nudexkumnm cocrasun 43,29
Ha 100 ThIC. HaceleHUs, HO B OTACIIBHBIX PErHhO-
HaX, TakKux Kak KpacHosipckuii Kpaii, JaHHBII T10-
Ka3aTeab ObLT BaBOe BhIIe [4]. OcoOOeHHO BBICOKA
pacnpocTtpaHeHHocTh BUY B rpynnax pucka. Tak,
HanpuMep, yactota PHK Bupyca y nun u3 neHu-
TEHIMapHBIX yYpeXaeHnil cocTtasiseT 23,19% [1].
W XoTs 110 cTaTUCTUKE 3a MOCJICAHME 2 Toma II0-
Ka3aHO COKpallleHWe HOBBIX CIIy4aeB MH(MHUINPO-

BaHWUS, WCCJIENOBATENU CBSI3bIBAIOT JaHHOE TIO-
HUXEHUE C COKpaTUBIIMMCS OO0OBEMOM 00OCJIeno-
BaHUU CO CTOPOHBI MEAUIIMHCKUX PaOOTHUKOB
U CHUXEHHOU o0pamaeMocThl0 NallMeHTOB B Tie-
puon KopoHaBupycHol nHdpekuuu COVID-19 [6].
OueHka WCTUHHOTO 4YucIa WHOUIUPOBAHHBIX
B Poccuiickoii ®enepanimu 3aTpymnHeHa pPsaoOM
NPUYKH, BO MHOITOM B3auMOCBsI3aHHBbIX. Cpenau
HUX yrposa pacrnpoctpaHenuss BUY nHe paccma-
TPUBAETCHd KaK HENOCPEACTBEHHAas, B Jy4ylleM
cJiydyae BOCITPUHUMAETCS KaK MOTeHIIMaJIbHAs; OC-
HOBHBIM UCTOYHUKOM HMH(pOpMaLUU CIyXKaT CBe-
neHwusi, nodyeprnHytbele us CMMHW, dopmupyroiiue
OOIIIECTBEHHOE MHEHUE U HE SIBJSIONIUECS YEeTKO
cHOpMYTUPOBAaHHBIMU U YCTOSIBIIMMUCSH; CYIIIE-
CTBYIOIIIME TTpOorpaMMmbl, cBsi3aHHble ¢ BUY, HocsAT
CnopaauyecKuil U 3MU30AUYECKUI XapaKTep: Te-
puoauyeckas AUCHaHCEepU3aluu C HeoOs3aTesib-
Holt cnaueit TectoB Ha BUY [7]. B nocienHee Bpe-
M$ MIPUCTAJIbHOE BHUMAaHUE ylenaseTcs mpoodiemMe
JiekapcTBeHHoU yctoiuuBoctu BUY k mpenapa-
TaM aHTUPETPOBUPYCHOU Tepamuu U pacTylueu
pacrpoCTpaHEeHHOCTU dapMakope3UCTEHTHBIX
mwrtamMmmoB. Y 72,05% nuu ¢ BUY-unbekuueii, Ha-
NpaBJ€HHBIX NJ51 AUATHOCTUYECKOTO YTOYHEHUS
craTyca JekapcTBeHHo ycrtoitunBoctu u3z C3MO,
HabI0Aa1ach MUHUMYM OJlHA 3HaUYMMasi MyTallus
JIEKapCTBEHHOU ycToiunuBOCTH [29].

BUY npencrasasier codoit PHK-conepxamimii
BUPYC, T€HOM KOTOPOro KOAUPYET MO KpalHeu
Mmepe 15 6enKOB, OCYILIECTBISIIOIINX CTPYKTYPHBIE,
depMeHTATUBHYIO U peryasTopHbie dyHkuuu [15].
Kwusnennwii nuuka BUY moxHO pasznenuts Ha 11
CTaAWil C ydyacTUEM OTAEIbHBIX BUPYCHBIX Oe€J-
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KOB — IIPOHUMKHOBEHUE BUpYyCa B KJIETKY C HEIO-
CpeacTBEHHBIM yuyacTueM 0eskoB gpl20 u gp4l, ko-
IUPYEeMBIX TEHOM env, KOTOPBI TaK>Ke OTBETCTBE-
HeH 3a Tponu3M BUY [5]; aTan oOpaTHOU TpaHC-
KPUTIIIUU, peajnu3yeMblii BUPYCHBIM (hepMEHTOM
obpaTHOIl TpaHCKPUMNTa30i, CHPOPMUPOBAHHBIM
besnkamMu p68/66 u p52/51; aTanbl BCKPLITUSL 000-
JIOYKU ¥ IPOHUKHOBEHUS B SIAPO C YIaCTHUEM BU-
pycHoro 6enka p24; unrerpauus nposupyca B JIHK
KJEeTKHN TMOCPEACTBOM MHTEerpasbl, (GOpMUpPYEMOK
oenkom p31; tpanckpunuusg JHK B PHK, B koTo-
poif 3HAYMTEIBHYIO POJb UTPAIOT MPOXYKTHI BU-
pycHoro reHa fat; akcnopT PHK npoaykTtamu reHa
rev; TpaHCISLMS; cOOpKa BUPYCHBIX YaCTUIL U UX
BBICBOOOXKICHME U3 KJICTKM IMMPOAYKTaMU IeHa gag;
«co3peBaHue» BUPYcHbIX yactul (pl0, p6) [8,9].
IIpeobnananue WM OTCYTCTBUE TE€X WU UHBIX
0eJIKOB JaeT uH@opMaluio O NpPOTeKaHUU/Tpe-
obysamaHUM OTACABHBIX CTaAUIl pa3BUTHUS BUpYcCa.
OTtcyTcTBUE UM Ae(EeKT KaKOTO-T1M00 BUPYCHOTO
Oesika CylIeCTBEHHO CKa3bIBaeTcs Ha GopMUpoBa-
HUU HOBBIX BUPYCHBIX yacTu1l. Tak, Hanmpumep, rmo-
cnepoBatesbHocTu GagPol, nuimeHHbie obnacTu,
KOAMpYIOleii 0eloK p6, MOrYyT ObITh BKJIIOYEHDI
B HYKJIEOTUTHBIEC TOCIEA0BATEIbHOCTU CO3PEBAIO-
mux yactuy BUY, Ho B nanbHeillieM OTCYyTCTBUE
Oesika p6 HEraTMBHO BJIMSIET Ha JTUMEPU3alINIO
npoTeasbl, TAKMM 00pa30M HapyIlas CO3peBaHUE
BUPYCHBIX yacTull [12].

B cBol0 ouepenb, KOHIIEHTPAIlMU aHTUTEN K He-
KOTOPBIM BUPYCHBIM O€JIKaM MOIYT paccMaTpu-
BaTbCsd KaK MapKepbl IIPOTEeKaHUs WHQEKIINU.
MacManus ¢ coaBT. ITOKa3aj, 9YTO KOJINIECTBCH-
Hble YPOBHU aHTU-gp4]l u aHTH-gpl60 CrOCOOHBI
CJIY>KMTb OBICTPBIM M HEIOPOIMM WHCTPYMEHTOM
nJist ckpuHuHTra Hu3kux yposHeri PHK BMY B ne-
pudepryeckoil KpoBU y IeTeil ¢ BUPYCHOI CyTpec-
cueii, korga koanyectso PHK BUY oueHuBaercs
meHee 10 konuii unu meHee 100 konuit Ha M [24,
32]. OueHKa YacTOT BCTPEYAEMOCTU BUPYCHBIX
OEIKOB B pa3IMUHBIX TPyNmax, B TOM YUCJIE Cpe-
IV JIUIL C BIIEPBBIC BBISIBJICHHOW WHGMEKIINEH, ma-
LIMEHTOB C BUPYCOJIOTHMYECKOU 3(hHEKTUBHOCTHIO
n HeaddexkTuBHoCcThIO APT, ¢ akTUBHO pa3BUBa-
IOIIUMCS 3a00JIeBaHUEM, ITI03BOJIMUT PaCIIUPUTh
noHuMmaHue naroreHe3a BMY-undexuun. K co-
XKaJleHU10, HaOJII0IeHUE MTallMeHTOB C MOMEHTa 3a-
paxeHus 3aTPYAHEHO, YTO CYXAeT BO3MOXHOCTU
N3yYeHUST IMHAMHUKH NPpOo(UIIsSI BUPYCHBIX OSIIKOB
W IPYTUX TloKasaTesjieil U CYIIeCTBEHHO CHUXKaeT
nporpecc ucciaenoBanuii BUY. ManouucieHHOCTb
nyOJUKAaIIWii, B KOTOPBIX aHAJTU3UPOBAJIN YaCTOTHI
BCTPEYaeMOCTHU BUPYCHBIX OCJIKOB B OOJIBIIINX BHI-
Oopkax ¢ paccCMOTpeHUEM NMPOdUISI aHTUTEIT K BU-
DPYCHBIM OeJIKaM, CBUIIETEIbCTBYET O HEAOCTATOU-
HOI MpopabOTaHHOCTHU YKa3aHHOI'O HallpaBJICHU .

Llesp paboOTHI 3aKJIoYajach B OIEHKE YacCTOT
BCTpPEYaeMOCTHU BUPYCHBIX 6e1koB BUY y rpynmsl
MarMeHTOB C BIIEPBbIC BHISIBJICHHON MH(MEKIIUE.

Matepuanbl n MeTopl

B xonme paGoThl Oblia MpoaHaJU3UpPOBaHaA Bbl-
O6opka u3 2566 oOpasla ChIBOPOTKM KPOBH, II0-
CTYIUBIIUX O pedepeHcHoro aHaimn3a Ha BUY-
WHGEKIINIO B JIaOOpPaTOPUI0  MMMYHOJIOTUH
n Bupycojoruu BUY-unbexkuuu DenepaibHOTO
OlomKeTHOro yupexaeHus Hayku «CaHkT-IleTep-
OyprcKMil HaAyYHO-UCCIAEAOBATEIbCKUI UHCTUTYT
3MUIEMUOJIOTUY U MUKpobuooruu um. [lacrtepa»
DenepanbHOI CIIYXKOBI IO HaA30pY B cepe 3amim-
Thl MpaB MOTpeduTeeii U OJIarONOoJyuunsl YeJoBe-
Ka. Ha nmpoBeneHue naHHOTO UCCAeIOBaHUS OBLIO
MOJIYYCHO COIVIache JIOKAJIbHOTO DTHUUYECKOTO KO-
muteta ®BYH HUUWDBM wmmenu Ilactepa. Bcee
obOclienoBaHHBIE [OajJd THUCbMEHHOE WHMOOPMU-
pOBaHHOE coIJIacle Ha y4acTHe B MCCICIOBaHUM.
KpurepussMu BKIIOUESHU S SIBJISIIUCH: ITOJIOXKUTEIIb-
HBI/HeoNnpeneIeHHbI pe3yIbTaT IpU TTepBUIHOM
BbIsiBIeHUU AT/AT BUY MeTomamu mMmyHodep-
meHTHOro (MPA) n/mnm mMMyHOXeMUJITIOMUHEC-
nentHoro (MXJIA) aHanusza, KOppeKTHOCTb aHAM-
HECTUYECKMX MaHHBIX ManueHTa. JJomoJHUTEIbHO
B pabOTy BKJIIOUYaJIM 0Opa3iibl, B KOTOPbIX aHKET-
HBIC JaHHBIC MOAAHBl aHOHMMHO, HO UMEIOT BBIIIIC -
yKa3zaHHBIe ITapaMeTpbl. KpuTepreM MCKITIOUeHU ST
CUMTAJICSI OTPUUATEIbHBIN pe3yabTaT IIpu Iep-
BUYHOM BhIsiBJieHUU Ar/AT BUY metomamu MDA
n/unu UXJIA.

B pamkax wmcciaemoBaHUS CHIBOPOTKH KpPOBU
onpenesau Hanuaue Ar/At metogamu MDA ¢ uc-
MOJIb30BaHMEM JMAarHOCTHYeCKUX HabopoB «IC-
NDA-BUY-AT+AT> u «MunaJlao-MDPA-BNY-
AT+AT» (duarHoctuueckue cucrtembl, Poccuii-
ckasg ®enepauus) u UXJIA «HIV Ag/Ab Combo»
(Abbott Laboratories, 'epmanust). Takum o6paszom,
IIJIST OLICHKU KM3HEHHOI'O IIMKJIa BUpyca U MPeo0-
JNalaHusl ero OTASbHBIX CTaauil, OB BHIOpAHBI
ciaenyloie BUpycHble 6enku: gpl60, gpl20, gp4l,
p55, p40, p24, pl7, p66, p51, p31. BeisiBaeHue aHTH-
Tea K mHauBuayaiabHbiM Oenkam BUY ocyiect-
BJISITN MeTomoM BecTepH-0J10T, IIpUMEHSST Ha-
6op peareHToB «NEW BLOT BIORAD» (Bio-Rad
Laboratories, CIIIA), cormacHO MHCTPYKLIMU MPO-
usBoauTeis. JluzaiH akcrepuMeHTa U oT6opa 00-
pas3moB IIpeAcTaBIcH Ha puc. 1.

CTaTUCTUYECKUI aHaJIu3 OCYIIEeCTBIISIIN C UC-
MOJb30BaHUEM  IIPOTPaMMHOTO  OOecrHeYyeHUs
Microsoft Excel u GraphPad Prism 10.2. ITpu oneH-
KE€ CTaTUCTHUYECKO MOTrpelIHOCTH MCIIOJIb30Ba-
JU <«TO4YHBbIi» wuHTepBas Kionmnepa-ITupcoHa.
OlLIeHKY JOCTOBEPHOCTU Pa3JIMUUU BHIOOPOK MPO-
BOOWJIA C HCIIOJIh30BAaHUEM HeNapaMeTPUUECKO-
ro kputepus KonmoropoBa—CmupHoBa (kpK-C)
npu p < 0,05. Pe3ynbraThl NpeacTaBieHbl C yKa3a-
HUeM 95% noBepureabHOro nHTepsaia (95% AN).
CpaBHEHHME 4YacTOT BCTPEYAEMOCTU BUPYCHBIX
0OeJIKOB TIPOBOJIMJIM OTHOCUTEJIILHO OejKka Trpymn-
bl €NV ¢ HaMMEHbIIIell YaCTOTOW BCTPEYaeMOCTHU
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JUTSI TIOBBIIIEHUSI TOCTOBEPHOCTU OTIPEIeICHHBIX
paznuuunii. JIJIsT OLeHKU YPOBHS JTOCTOBEPHOCTU
pa3aM4YMii MEXIY BO3PACTHBIMU I'PyNIaMu MO Ia-
paMeTpy HaJu4dusi/OTCYTCTBUS CHEeLU(PUIHOIO
KOHTIJIOMepaTa BUPYCHBIX O€JIKOB UCTIOIb30BaJIU Z-
M t-TE€CThI C YPOBHEM JOCTOBEpHOCTH 95%. Bribop
MEXIYy OBYyMsI TeCTaMU 3aBHUCEJ OT pa3Mepa BbI-
OOpKHU U IIPOBOAMIICSI aBTOMATUYECKU IIPOrpaMM-
HbIM obecrieueHueM GraphPad Prism 10.2 u Be6-
pecypcom «Z Score Calculator for 2 Population
Proportions» (https://www.socscistatistics.com/
tests/ztest/default2.aspx)

B xone ananun3a BBIOOPKU CpeaM T€X, y KOT'O TOJ
M3BECTEH, NOJS MYX4YUH coctaBuia 826 (54,77%),
B TO BpeMs KakK XXeHIIUH — 682 (45,23%). CpenHuii
BO3pacT 00cieayeMoli IPyIiibl olieHeH B 36,14 roaa.
Bo3pacT manneHTOB B UCCJIEOBAHHOM TPyTITe Ba-
PBUPOBAJ OT 3-X MecsLeB 10 92 JeT.

Jns aHanu3a BO3MOXHOM B3aMMOCBSI3U BO3-
pacTta M 4aCTOThl BCTPEUYAEMOCTM BUPYCHBIX Oe€JI-
KOB TAIIMEHTHI OBIJIM pas3/ieieHbl Ha CIeAyIoIIue
BO3pAacTHBIE TPYIIIbI: MepBasi Bo3pacTHasl TPyI-
na (go 17 jger BkaoyutenbHo) — 47 (1,86%), BTO-
past Bo3pacTHas rpynna (ot 18 go 35 ner) — 1163
(45,93%), TpeTbss BoO3pacTHas Tpymnma (ot 36
1o 45 net) — 811 (32,03%), yeTBepTHAsI BO3pacTHAas
rpymma (ot 46 u crapie) — 511 (20,18%).

Pesynbrathl

B xone paboTsl OBbIJIO MpOoaHaJIM3UPOBAHO 2566
ob6pasnoB. Cpenu mnojiydyeHHBIX o6OpasmoB 2018
(79,70%, 95% OWN: 78,08—81,25%) mokasaau HEOT-
pUIIaTeIbHBIN pe3ysbTaT (IMOJOXKUTEIbHbBIC W He-
OIlpeJe/IeHHbIE) — IIPU IEPEKPECTHOM aHajin3e
metomamu MDA u UXJTA. Tlpu aHanmu3e MeTOI0M
MMMYHOOJIOTTUHIA BBISIBJIEHO ITO3UTUBHBIX JIUII
1824 (72,04%, 95% AWN: 70,25—73,78%) OT Bceil BbI-
6opku, HeonpeaeaeHHbix — 105 (4,15%, 95% O W:
3,40—5,00%). [1oy10KUTEIbHBII pe3yJIbTAT, COIJIAC-
HO BceM 3M TecTam, ObLT onpenesieH y 1802 ob6pas-
ua (71,17%, 95% A W: 69,36—72,93%) u3 oOl1ieii BbI-
Oopku. YkazaHHbIe 00pa3libl ObLJIM OTOOPAHBI A5
JIajibHelIero aHaju3a. Pe3yibTarsl IIpeicTaBlie-
HBI Ha puc. 2.

Cpenn MYXYWH TIOJOXUTEIBHBIN pe3yabTar,
COTJIaCHO MoKa3zaTesissM BecTepH-0J10T, BBISIBIICH
y 617 (74,70%, 95% AWN: 71,59—77,63%), Heonpene-
seHHBbIN y 40 4,84%, 95% [ W: 3,48—6,54%). Cpenn
JKEHIMH ITOJIOKUTENIbHBIA y 457 (67,01%, 95% A
63,34—70,53%), HeomnpeneneHHblii — 34 (4,99%,
95% AWN: 3,48—6,90%). OneHKa OTHOCUTEIbHOTO
pucka cBsi3aHHOro ¢ mmoJjiom rnpu p < 0,05 coctaBuia
1,124 (AU: 1,060—1,192), TakuuM 0Opa30M pUCK 3a-
pa3utbcsd BUY y My>X4uH BblllIe, YeM Y KEHIIMH.

Ilpu nanbpHelilieM aHalu3e YYUThIBAJIU (PyHK-
LIMOHAJIbHBINA BKJaJ KaXIOI'0 BUPYCHOIO OeJika
B XXM3HEHHBIM IIUKJIe BUpyca. Tak, gpl60 — 6ej10K,
KOIMPYEMBII TEHOM env, IIpapoauTesib OeJIKOB

gpl20 u gp4l, TakKe CUHTE3UpPyeTCs Ha CTaau-
X (opMUpPOBaHUS HOBBIX BUpUOHOB [27]; gpl20
n gp4l — Oesku, HeOOXOOAMMBbBIE IS TPOHUKHO-
BEHU S BUpYyca B KJIETKY, a UMEHHO KOHTaKTa C pe-
LEeTNTOPOM KJIETKU U Hauvajda causHus [27]; p55 —
0eJI0K, KON PYyeMblii TEHOM gag, U SIBJISIETCS Mpe/-
mecTBEHHUKOM OenkoB p4l, pl7, pl5, p7, p6, pl
u KarncuaHoro 6enka p24 [10, 13]; p24 — ocHOBHOI
CTPYKTYPHBII 0€JI0K KaTlcuaa, KOTOPBIi y4acTBYeT
B MO AEP>XKaHUU CTPYKTYPHOH 1IEJIOCTHOCTU BUDPY-
ca 1 00JISTYEHU U pa3JIUIHBIX CTATUN XKU3HEHHOTO
OMKJIa BUpyca, BKJI0Uasi IpOHNKHOBEHNE BHpyca
B KJIETKH-X03s5ieBa U BBICBOOOX/IEHWE HOBBIX BU-
pycHbIX yacTull;, p40 — 6ejloK HyKJieoKancuaa, siB-
JNSeTCSI KOMIIEHCATOPHBIM OCJIKOM 15T P55 M 9KC-
IpeccupyeTcs Ha Topa3mo 0oj1ee HU3KUX YPOBHSIX,
yem pS5 [10, 13]; pl7 — xancuaHbiii OeJioK, yya-
CTBYET Ha PaHHUX CTaAUsIX periMKalluu BUpYyca,
MOCPEIHUK CBS3U C MJIa3MaTUYECKOI MEMOpPaHOIA,
MpoliecC Co3peBaHUs BUPYCHBIX yacTtul [16, 26];
p66 — 6enoK, KOOUPYEMBI T€HOM pol, cyObeau-
HHULA C KaTaJUTU4YeCcKoi (pyHKIMel B oOpaTHOI
TpaHCKpUIITa3e, OMHOBPEMEHHO SIBJSISICH IPEAIIIe-
CTBEeHHUKOM Oenka p5S1 [21, 22, 30]; pS1 — cy0sb-
enrHULla obpaTHOI TpaHckpunTa3dsl BUY-1, B re-
TepoauMepe UrpaeT CTPYKTYpHYIO poib [21, 22];
p3l — wmHTerpasa, (epMeHT KaTaJau3UpYyOIINi
BkiawoueHnue JITHK Bupyca B reHeTmdyeckKuil Ko
xo3s9uHa [9]. YkazaHHble OeJIKU B TOJHOU Mepe
ONMUCHIBAIOT KU3HEHHBIN IIWKJI BUpyca W MPOSIB-
JISIOT CBOIO aKTMBHOCTH Ha OITpeNeIeHHbBIX 3Tanax
MHGEKIIMOHHOTO TIpolecca B KJieTKe. [ToCKoIbKy
JUIST HOPMaJIbHOTO (PYHKIIMOHUPOBAHUS BUpYyca
00s13aTeIbHBIM SBJISIETCS HaJTUYMe aHTUTIeHa 000-
JIOUKM BUpyca U/Mau OejiKa, aCCOLIMMPOBAHHOIO
C IPOHUKHOBEHUEM B KJIETKY, & aHTUTSHBI TPYIIIT
POL n GAG sBasoTCs nmokas3areasiMu MpoTeKa-
HUS TTOCTIEAYIOIINX CTAANI pa3BUTUSI XKU3HEHHO-
ro 1MKJja rmaToreHa, KpuTepueM IMoJIOXKUTEJIbHOTO
pesyJsibrata ayisi BectepH-0JI0T ObIJIO ONPEAeeHO
HaJITuue OOHOTO OejiKa, KOOMPYeMOTo TEHOM env,
U OTHOTO OejiKa, KOAUPYeMoro reHaMu pol uiu gag.
Takum oGpa3oM, JaHHBIN KpUTepuii 00yCIOBIEH
MHWHHUMAaJbHBIM KOJMYECTBOM aHaJIM3UPYyeMBbIX
MapKepoB, MO3BOJISISI HUBEJINPOBATh B3aMMOCBSI3U
MEXIY BUPDYCHBIMU OCJIKAMY U OLIEHUTH UX WHIM -
BUAYaJbHBIN BKIaa. OLIEHKY JOCTOBEPHOCTU CHU-
JKEHU ST 4acTOT IMTPOBOIUIN OTHOCUTEIBHO OCIKOB
TPYIIITEL env, YTO CBSI3aHO ¢ X (PYHKIIMOHAJIHHOU
POJIbIO, a8 UMEHHO MPSIMBIM ydyacTUEM B Ipolecce
NPOHUKHOBEHUS BUpYyca B KJIETKY [24].

Ha puc. 3 npencraBieHbl pe3yjbTaThl aHaIM3a
4acTOTHBIX ToKa3arejieii 6enkoB BUY y mo3autus-
HBIX JIWII.

3HauYMMBbIX pa3auuUil B OEJKOBOM Mpodue
B 3aBUCMMOCTHM OT I10J1a HE 0OHAapY>KeHO.

O1ICHKY IOCTOBEPHOCTHY CHUKEHU I YaCTOT aHa-
JIU3UPYEMBbIX OEJTKOB MPOBOIMIU C UCITOJIb30BaHU-
em kputepusi Konmoroposa—CmupHosa (KpK-C).

799



MHdekumns n uMmyHuTeT

B.C. JaBblaeHko v ap.

BuIl10]q uIBISOAN PUB ‘SYTHI ‘YSIT3 Buisn siSAjeue-sso04d ay} Jo synsal ay] ‘g ainbi4
lowrg-HdoL1oag u YIrXU ‘YU nnweroLan esureHe oloHLoaddadau 19reldarhead g YoHAound

sisAjeue Aouanbal) 80uU811n290 ui81oid |eJIp
g0)Lr9Q XI9HOAdMNE NLOOWSEBHDALOE LOLIBh ENLBHY
A

Gyl =U
ajjoidioige
INOYNM UlepIaoun
elouqg sumndodu €99
BI9HAUBLNHNOD

/¢l =Uu
aljoidiolq e jo
9ouasaid 8y} yiim urersaoun
eloug sungpodu
BURMNLBH 9 BI9HAUBLUHINOD

8Gy=u ¢le=U 2081 =u
(synsaujo|g pue yS|13 oAljebau) (1se1 8U0 1sB3| 1B JO S} NSal snonbique) (S11NS9.10]g PUE YS[13 9MMIS0d) BANISOg
anebaN ureliaoun (1011
(tougu you (BLOBL 0JOHIO 199 10X 1qa1elquAead M_A:Mmuw_\h_svxgo:v
19L1e1quAead aiaHara1enndLo) 19L1e190A€9d S1I9HRBHEOHTOSH) 5I9HALBLINOLO
dI9HqudLenndLQ SIGHALBLMHNOD u
]
£09=u iG=Uu
onedeN (annebau aie 1591 Y10Qq)
alaHauaLtenndLQ anebaN
(919HqwraLeINdL0 BLOSL BQO)
- T T T T T~ _ _ alaHquaLtenndLQ
¢g€Gec=U i
GoL=U 286z =u (S1581 OM} JO S}NS8I 8Y} UO PasSeq) Phe ~ o
urenaoun 1019 WIBIS/MN vSI73 ue dn Buiies )/ <
9I9HALBLNHINOD 10uQ-Hda108g (801081 XAg welelduAsad ou) vel=u AN
Vbl BASOHRLOOL (1se18U0 1589 1€ JO N
vz8l = U synsaJl snonbiquie) \
OAISOd ureyseoun /
SI9HALBLIXOLOL 4 — N\ 85>9 m._o:.qo 190 E.m.x .
(£ papn|oxa) elss114d uoisnjoul 0} buipioooe Buldwes 1e191rAead B19HKEHEOHTIOBH) !
- _ (& OHOROILINOM) BUHBKOILYE WEMda.LM oL \_ SITHAUBLMHNOD ) \_
T 7 S goneedgo dogLQ ) gLog=u ,
I 7881 = R K
s ~ (ensod aJe s1s8) Y10q) 8AI1ISOd y
996Gz =u AN (919HaLrBLMKOLOL BLOBL BQO) ’
synsaJ yS| 13 Arewd urepisoun/aaiisod yum sajdwes 'R QIGHALBLUXOLOL | e
Vb 010HRmadau nnerelduAead /f \\ -
_ NINIGHGLB LMHINOD/MINIGHALraLMXoLoU O 19fieedgQ ) S~ _ -7

800



2024, T. 14, Ne 4

Benkosbit npoduns B4

%

1
00 96,06 96,95 99,83 99,00 7]

89,57
£ %0 86,02 ]
o —
z3 80,91 81,91
% g 80 ]

Q=
5 8 71,14
s 2 70 67,37
5=
5 8
£ 60-
gp110/120 gp4i gp160 p18/17 p40 p55 p24/25 p52/51 p34/31 p68/66
BupycHbie 6enku/Viral proteins
ENV GAG POL

PucyHok 3. YacToTbl BcTpeuaemocTu 6enkoe BUY B 06cneaoBaHHO NO3UTUBHOWM rpynne
Figure 3. Prevalence frequency of HIV proteins in the examined positive test group

PedepeHCHBIM OelKOM 1151 CpaBHEHUS ObIJI BbI-
opaH gpl10/120 B cBsI3M ¢ HAMMEHBIIIE YaCTOTOM
BCTPEYAaeMOCTU CpeOr TPYIIIbl IIPOAYKTOB TIeHa
env — 96,06% (p < 0,05, 95% AN: 95,16—96,96%)

B xone ananm3a obHapykeHa JOCTOBEPHO CHU-
JKEHHasl JacTOTa BCTPEUYAEeMOCTU OEJIKOB TPYITITHI
GAG: 6enka Hykaeokarncuaa pl8/17 — 67,37% (p <
0,05, 95% JAWN: 65,2—69,54%, xkpK-C: 0,2869), uzo-
dopmbl 6enka GAG p40 —72,14% (p < 0,05, 95% A U:
70,07—74,21%, kpK-C: 0,2392) u 6eska p55 — 80,91%
(p < 0,05, 95% OW: 79,09—82,73%, kpK-C: 0,1515).
Jns 6enka p24/25 1OCTOBEPHBIX OTIIMIUIA OTHOCH-
TeabHO O6eka gpl10/120 He oOHapykeHo. benkn p55

U p40 ABASIOTCS MpeAlIeCTBEHHUKaMU psifa OeJ1KOB
GAG, Takux kKak p24/25, dopMmupysicb U3 OaHOM
HYKJICOTUAHOW MOCJIeIOBATEIbHOCTU, HO KCIPEC-
cupymwoluivecs padHbiMu nyTsamu [13]. Tlpu oueHke
pas3anuunii 4acToT BCTpeuyaeMocTu 0eaKoB pS5 u p40
metonoM KonmoropoBa—CMupHOBa HaO0gaIU
JNOCTOBEpHOE pazinuue nByx 6eakoB ¢ kpK-C =
0,08768 mipu p < 0,0001.

TlokazaHO [OOCTOBEpPHOE CHUKEHHE YacTOT
BcTpeyaeMocTu 6enkoB rpymnibel POL oTHocuTeb-
Ho gpl10/120. YacToThl BCTpeyaeMOCTU IMPOIAYK-
TOB JAaHHOrO reHa ciepympoiue: p52/51 — 81,91%
(p < 0,05, 95% NU: 80,13—83,69%, kpK-C: 0,1415),

p68/66
POL p34/31
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GAG
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30

%
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80
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PucyHok 4. CpaBHUTeNbHbI rpacduk 4acToT BcTpeyaemocTn 6enkos BUY B no3utueHom

1 COMHMUTEJIbHOM rpynnax

Figure 4. A comparative analysis of HIV protein frequencies between positive and uncertain test groups
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B.C. JaBblaeHko v ap.

MHdekumns n uMmyHuTeT

AN: 5,30-7,61%), ¢ OTCYTCTBUEM OZHOTO OeJI-
Ka maHHoro reda — 13 (0,72%, p < 0,05, 95% O U:
0,39—1,23%).

OOHapyXeHHbIe JOCTOBEPHbBIE pa3Invus B aH-
caM0yie BUPYCHBIX O€JIKOB, CBSI3aHHBIE C IOJIOM
M BO3pacTOM MpeacTaBieHbl B Ta0J. 1 u 2.

IMpoaHanu3upoBaan 4YacTOThI BCTPEUAEMOCTH
BUPYCHBIX O€JIKOB B 00pa3sliax, ONpeaesIeHHBIX
Kak comHuTenbHbie (127 obpasuoB — 5,02% 95%
AW: 4,2—5.94%), B TOM 4ucie: oopasibl ¢ MOJO-
kutebHbIM WA /HeorpeneleHHbIM OJI0T; TO-
JIOKUTEJIIbHBIM OJ10TOM/HeoTpunareaibHbiM MDA,

1. lPOHMKHOBEHME B KNETKY
Infiltration into the cell /

gp120, gp41

T e
2. O6paTHasa TpaHCKpUNums
Reverse transcription I
p66, p61

I1pu ananuze KoMraekca 6eJ1KoB B obpasiax ¢ co-
MHUTEJIbHBIMU  pe3yjJbTaTaMM  BeCTepH-0J0Ta
He 0O0Hapy>XeHO JTOCTOBEPHOTO CHUMXKEHUS 4acTOT
BCTPEYAEMOCTH BUPYCHBIX OEJIKOB OTHOCUTEIBHO
oenka gpll10, HO HabGAOAAETCSI CHUXEHUE OTHOCHU-
TeabHO gpl60 (3a ucknoueHuem p24/25). Ipu cpas-
HUTEJIbHOM aHajJln3e OOHapy>KeHO JIOCTOBEPHOE
CHUXXEHME YacTOT aHcaMOJisd BUPYCHBIX OEJIKOB,
3a uckaodeHueM gpl60 u pl8/17 (p < 0,00001),
B IPYMIIEe C COMHUTEIBHBIMM pe3yJibTaTaMu 0J0Ta
no cpaBHeHU10 ¢ BUY-mo3uTuBHBIMU oOpa3uamMu

(puc. 5).

11. Co3peBaHue

Maturation
Protease, p10
10. dopmuposaHne
Forming
Gag, gp160, p17

9. Cbopka “
Assembly ® “
Gag, p17 L)

,

1]

3. BoicBOGOXAEHME
Release
p55, p40, p24, p17

RNA Exports

8. TpaHcnaums
x\ Translation
/ 7. 3kcnopT PHK

4. TIpOHVKHOBEHME B 94P0
Penetration into the core
p55, p40, p24

5. NuTerpauuns
Integration
p32, p31

rev

6. TpaHckpunuums
Transcription

PucyHok 5. )KusHeHHblit umkn BUY ¢ ykazaHmeM pyHKLMOHaNbHbIX PONieil HEKOTOPbIX 6eNKOB
Figure 5. The HIV life cycle, denoting functional roles for some proteins
MpumevaHue. XX1pHbIM HauepTaHNEM BblAENEHBI aHANM3NPYEMbIE B HACTOsILLEN paboTe Genku.

Note. The proteins analyzed in this study are marked in bold.
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Ob6cyxaeHne

DyHKIIMOHANbHAS POJb OTICIbHBIX OEIKOB
BMNY, kak 1 uX BAMSIHME HA POLIECC Pa3BUTUST MH-
dekunu, IMpUBJIeKaeT MHTEpPeC HCCeaoBaTesiei,
TaK KakK 3HaHUS O MeXaHM3MaX pabOThl BUPYCHBIX
0EeJIKOB U MX B3aMMOJIEICTBU U C Y€JIOBEUYECKIM UM-
MYHUTETOM MOTYT IOJCKa3aTh HaIlpaBJeHUS pa3-
paboOTOK METONOB aHalaM3a U YHU(DHUIHPOBAHUS
KPUTEPUEB ITOJIOXKMUTEIILHOIO pe3yIbTaTa IIpy paH-
Hell [1MarHocTHKe nHduImpoBaHus. B mociaenHee
JIecsITUJIeTUe UAST aKTUBHOE OOCYXXJIEHME IToKa-
3atesieit BUY-nmosautuBHOro pesyJjibrara, Iojara-
SCh Ha aHHbIEe 0 Hanuuuu 6eakoB BUY, a umeH-
HO O BaXXHOCTU KaXXJOro OTAEJbHOro OelKa Kak
KpUTepHusl OLIEHKU Toll mau uHoi ctaguu BUY-
nHbekunu. Ha TeKyImmii MOMEHT CYIIIeCTBYeT CO-
I71aCUe OTHOCHUTEIILHO IIPUCYTCTBUS MUHUMYM OJI-
HOTO OeJIKa IPYNIbI enV B CBSI3U C UX POJIBIO B TIPO-
HUKHOBEHUU BUpPYyCa B KJIETKY, IOCKOJbKY JaHHbIN
0eJI0K BCTpedaeTcs Ha BCeX KIMHUYECKUX CTaau-
sax 3aboseBanus [14, 18, 22]. Haubonsmmuii crop
MPOUCXOAUT OTHOCUTEIILHO POJM OEJIKOB TpPYyI-
nbel POL u GAG. Yactb ucciiegoBareaeili cuuTaeT,
4YTO JOCTATOYHO HAJU4YUSA XOTS Obl OMHOTO Oejika
W3 3TUX TPYIII ISl TIOJIOKUTEJILHOTO pe3yibTara,
cuuTas MpOTEeKaHUs JO0OH Tocienylouleid cra-
IUYU MUHUMaJIbHbIM KputepueM [19]. B mpoTuBo-
BEC OIIIIOHEHTHI pPAcCIICHUBAIOT 3TO HEIOCTaTOY-
HBIM ITOKa3aTejieM Pa3BUTHUSI BUPYCHOT'O IIPOIEC-
ca I0 MpUYMHE BO3MOXHOI ne(eKTHOCTU BUpYyCca
WU omuOKM Metona aHanuiza [11]. OnucaHHBIe
IPOTUBOPEUYNST OOBSICHUMBI, IIOCKOJIBKY ITOKa3a-
teau BUY-mo3uTuBHOrO pesynbrata MJIAHUPYIOT
HUCMIOJb30BaTh KaK JJisl 00Cje0BaHUS JIIOJIEH C Mo-
no3peHueM Ha BUMY-uHdpeKkLIMiO M BO3MOXHOTO
npeackasaHus Xola WH(EKIIMOHHOTO IIpollecca,
TaK U B KJIIOUEBBHIX TpPYIIIax, TPEOYIOIINX ITOBHI-
IIEHHOTO BHUMAaHU I, HAITpUMeP, TOHOPOB KPOBH.

HecmoTtpst Ha ¢daxT, uTo puck 3apaxeHus BUY
y XeHIIWH BbIIe [23] 1 npeobnagaHus XEeHIIWH
Cpeau 3apakKeHHBIX B MUDPE [2], MOXU3HEHHbI pUCK
3apaxeHuss BUY-undbekuueit y My>K4uH Bbile [20].
B Poccuiickoit @enepanuu BUY-uHbexus yaiie
ObLIa BBISIBJICHA Y BIIEPBBIC O0OCIICIOBAHHBIX MYXK-
YUH [4], 9TO COOTHOCUTCS C TTOJTYYCHHBIMU PE3YIThb-
TaTaMH. My>XCKOI TI0JT sIBJIsIeTCsl (haKTOPOM pucKa
BUY-nHpeKkum, 4To MOXHO OOBSICHUTH PUCKO-
BaHHBIM CEKCyaJbHBIM IIOBEICHUEM Y MYKUYUH
M0 CPaBHEHMUIO € XeHIIuHaMU [3]. CTOUT OTMETUTH
JIOCTOBEPHBIE pa3JIM4YMsl YaCTOT BCTPEYAEMOCTH
OeJIKOBBIX Ipoduieii TeHOB gag U pol y MYXYUH,
HO OTCYTCTBHME TAaKOBBIX y XCEHIIWH, YTO MOXKET
TOBOPUTH O OOJIBIIEM Pa3HOOOPa3WM KBa3UBUIOB
BNY nuMeHHO B MYXCKOU TTONYJISILIAU.

B o011eM aHanM3e JaHHBIX TTOKa3aHbl CHUKEH-
HbIe YacTOTHI BCTpeUYaeMOCTH OeJkoB p55, p40,
p52/51, pl8/17, p68/66 u p34/31, urparouux pojb
B XXM3HEHHOM LIMKJIe BUpyca (puc. 5).

CHUXEeHHE 4aCcTOT BCTPEYAEMOCTU OEJIKOB P55
u p40 MoXeT ObITh OOBSICHEHO TeM, YTO (pparmMeH-
Tl MPHK BUY mnpossnsgior IRES akTuBHOCTS,
CTUMYJIUPYS TNPONYKIIWIO KaK OejKa-TIpelie-
ctBeHHuka GAG, p55gag, Tak u uzodbopmsl GAG
¢ N-koHIIOM, ykopoueHHoii Ha 40 kDa (p40).
Takum oOpa3oM, Mbl HaOJOJaeM KOHKYPEHT-
HBI MyTh OOpa3zoBaHUE yKaszaHHBIX OenkoB [10].
TMokazaHHasi CHUKeHHasl 4acTOTa BCTPEUAEMOCTH
oenka p40 oTHOcUTEeNbLHO PS5 coriacyeTcsl ¢ JaH-
HBIM, ToJTlydyeHHbIMU de Breyne S. m coaBT. OTHO-
CUTEJIbHO JKCIpEecCUuM yKa3aHHBbIX OenkoB [13].
B cBoeii paboTe OHM PacCMOTPEIN IKCIPECCUIO
KOJIOHOB, OTBETCTBEHHBIX 32 YKa3aHHbIE BUPDYCHbIC
oenku. Dxkcrpeccus B kogoHe AUGI, B pe3ynbrare
gero oopasyeTrcs 6enok pS5, peryaupyercs 5'-UTR
KOHIIOM W TIPOMCXOIUT KaK IO K3IT-3aBUCUMOMY
MeXaHu3MYy, HaOJIogaeMoMy APYTroil rpymnroi uc-
caenoBaresieii [31], Tak u Gyarogapst pacroJioKeH-
Homy B 5'-UTR snementy IRES, perynmupylomemy
KJIETOUHBIN UK. HanmpoTus, TpaHCcasins, MHU-
nuupyemasi KonoHom AUG2, oTBeTCTBeHHas 3a Oe-
1ok p40, crporo 3aBucut ot IRES, uto ecTrecTBeH-
HO MoApa3yMeBacT MEHbIIIee KOJTMIESCTBO MoJIyJae-
MOrO MpoayKTa, no cpaBHeHuto ¢ AUGI [13].

OnmHOI M3 BEPOSITHBIX TPUYMH CHUXKECHHON
yacTOThl BCTpeyaeMocTu Oenka p52/51 Moxert
OBITH OCOOEHHOCTH PabOTHI €€ aKTUBHOU (DOPMBEIL.
OoOpaTtHasa TpaHckpunTaza BMY akTtuBHa B BuUie
roMoauMepa p66p66 (MpemiecTBEHHUKA), JTUO0
B BUe rerepoauMepa p66p5Sl. I'ereponumep, Kak
npeamnojaramT, 0oJjiee IIPOLECCUBEH 3a cyeT OJia-
TONPUSITHON  KOH(MOPMAIIMU  KaTaJIUTUICCKOU
cyobenuHuLbl A5l noaumepusanuu THK [22].
T'ereponumep opmMupyeTcss B pe3yJibTaTe pacliie-
MJeHUs IIpoTea3oi JoMeHa pubOHYKJIea3bl OJHOM’
u3 Mosiekys p66 romonumepa [30]. Takum ob6pa-
30M, 0€JI0K p66 IpeBaUMPYET B KOJIUYECTBEHHOM
nokaszaTeje OTHOCUTENbHO P51, 4TO corjacyercs
C TIOJIyYEeHHBIMM HaMHW JaHHBIMU U JTOCTOBEPHO
CHUKEHHOI 9acTOTe BCTPEYaeMOCTH P51 OTHOCH-
TEJbHO P66.

benok pl8/17 — ©Genok ¢ camMoil HU3KOM 4Ya-
CTOTOI BCTPEUAEMOCTU CpPEAu aHaJIUu3UPyEeMBIX.
HamMeHbpmIasgs yactoTra yKa3aHHOTO OejKa oIpe-
JleJleHa B TIepBOM BO3pacTHOU rpyrire, HadJiona-
€TCsl TeHHECHIIUSI K €ro CHUXKEHUIO OTHOCUTEIBHO
OCTaJIbHBIX TPYII, OJHAKO JOCTOBEPHBIX pa3TUIU A
HeT. JIaHHBII 0eJIOK Yy9acTBYeT Ha pAHHUX CTaAUIX
periMKauuu BUpyca, a Takxke B HaueauBaHuu PHK
Ha Ila3MaTU4YeCcKyr MeMOpaHy, BKJIIOUeHUU 000-
JIOYKY B BUPMOHBI U cOOpKe yacTull [16]. AHTUTE A
K pl7 cHUXKaIOTCA MO Mepe MPOTPEeCCUPOBAHUS 3a-
0oJieBaHMSI, MTPUYEM CHUKEHUE CTAHOBUTCS OoJiee
PE3KMM MO Mepe TOTO, KaK IMallUeHTHI IepeXomsiT
OT 0€CCUMIITOMHOI'O COCTOSIHM I K MO3AHUM CTaaU-
aM, cBsa3aHHBIM co CITU]L [25]. B meTckoii rpymiie
He HaOsmonanock CITU-accoummupoBaHHBIX CIYy-
yaeB, U UcCleayemMasl Tpylmna MOXeT ObITh Mpe-
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CTaBJIeHa KaK CJy4yassMU paHHei UHGbEKIUU, TaK
U BEPTUKAJIbHO UHGMUILIMPOBAHHBIMU JIULIAMHU C 3a-
Mo3JaBIIUM OOCeIOBaHUEM, HO HE OOCTUTILIUM
no3gHux craauit. CHUXXKEHHasl 4yacToTa BCTpeyda-
eMocTu Oesika pl7 y mepBOil I'pyIIibl, BO3MOXHO,
accolupoBaHa ¢ OCOOEHHOCTSIMU pa3BUTUS JET-
CKOT'O UMMYHUTETa, a UMEHHO MOCTENEHHBIM (hop-
MHUPOBAHUEM UMMYHHUTETA y JETEU, B CBSI3U C UYEM
B3aMMOJIEHICTBHE BUpPYyca C OPraHM3MOM MpPOTEKaeT
MHaye — BUPYC HE BKJIOUAET PsIJ KOMIIEHCATOPHBIX
MEXaHU3MOB, HEOOXOAUMBIX JIJIsI paOOTHI BO B3POC-
JIOM OpraHM3Me, UTO OKa3blBAaeT BJIMSHUE Ha pe-
maukanuo PHK BUY. YV gereit ctapiie roga ypoB-
HU aHTUTEJ K p31 u pl7 mponopLUOHaJIbHO CBsI3a-
Hbl ¢ ypoBHIMu PHK BUY [24]. Takum o6pazom,
JIOCTOBEPHO CHUXXEHHasl 4acToTa BCTPEYaeMOCTU
pl8/17 cBsi3aHa ¢ paHHel cTtagueil MHpEeKUUU —
Yy JIU1I C OTCYTCTBYIOIIMM pl8/17 6e10K He JocTUra-
€T YPOBHS$I OOHApy>KeHUsI NTMarHOCTUYECKOU cucTte-
MO1. AHAJIOTUYHBIM 00pPa3oM MOXKHO OOBSICHUTH
JIOCTOBEPHOE CHUXKEHMHE YacCTOThbl BCTPEYAEMOCTU
oenka p31.

Ilpu aHanu3e AUTEPATYPHBIX TAaHHBIX HE yOa-
JIOCh OOHApPYXUTh PaboOT, MOCBSIIIEHHBIX BCTpeya-
€MOCTHU oIpeaeseHHoro npoduas aHtutea K BUY,
OJHAKO aKTWBHO BEAYTCS HCCJIEAOBAHUS, LIEIbIO
KOTOPBIX SIBJSIETCS U3yyeHUe (DYHKIUNA KaxXI0To
OTIEIBHOI'O BUPYCHOI'O O€jiKa U €ro pojau B XKU3-
HEHHOM IIMKJIe maToreHa. Tem He MeHee, 0ObsICHE-
HUe MexaHu3Ma GOpMUPOBaHUS OEJIKOB U JAWHA-
MMUKHU WX KOHLIEHTpalMi yallle BCTpeyaeTcs B pa-
0oTax, paccMaTpUBaIOIIMX BUPYC U OPTaHU3M KakK
cuctemy. B ciyyae ucciienoBaHust oOpaTHOM TpaHC-
KpUIITa3bl BUpPYyca, KPOME MCCeayeMoro oOeika
p51, nsyyanu u 6enok p66 [22, 30]. AHAJIOTUYHBII
cjyJyail v ¢ ucciiefOBaHUSIMU OEJIKOB T'PYIIIbI reHa
gag [10, 13, 31]. JaHHBI moaxom OJuXkKe K KOM-
MJICKCHOMY TTOHMMAaHUWIO0 B3aUMOAEUCTBUS BUpYyca
M 4eJI0BEYEeCKOro UMMYHUTETA.

IlpoBeneHHOE wuccaenoBaHue Tpoduaeii BU-
DPYCHBIX O€JKOB Yy JIUI[ C BIEPBbIE BBISIBJICHHOMN
WHbEKIIMeld TPUBHOCUT HOBBIE JaHHBIE, CIIOCO0-
CTBYIOIIIV€ MOHUMAaHUIO aKTYaJbHOCTU OIpeesie-
HUSI KPUTEPUEB OLIEHKHU MOJI0XKUTEIbHOTO Pe3yib-
TaTa U UX BHEAPEHUS B PyTUHHYIO JIJAOOPATOPHYIO
IUATHOCTUKY.

Tem He MeHee 3aTPyIHUTEIbHO BbIOpATh OOWH
13 OEeJIKOB, KOAUPYEMbIX TeHaMUu gag u pol, Kak
ONHO3HAYHBIA KPUTEPUUN TMOJOXKUTEJIbHOTO pe-
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Abstract. Background. The issue of diarrheal diseases remains relevant for modern health care in all countries.
Campylobacteriosis is the most common infectious disease with foodborne transmission and poultry meat is a transmission
factor. Materials and methods. 724 items of faeces sampled from patients with diarrheal syndrome and 283 samples of faeces
of chickens raised on private farms and five poultry farms in the province were studied. For bacteriological method were used
selective media. Traditional routine tests (cell morphology, cytochrome oxidase, catalase, hydrolysis of sodium hippurate
and indoxyl acetate) and MALDI-ToF mass spectrometry was performed for identification. The susceptibility of strains
to antibiotics was analysed using the disc-diffusion method. Results were interpreted according to the EUCAST criteria,
versions 2019—-2022. Results. Campylobacter spp. was cultured in 65 out of 724 faecal samples from patients with acute
diarrhoea, of them 83.08% were identified as C. jejuni, and 16.92% as C. coli. Of the 237 Campylobacter strains from chicken
were identified as C. jejuni (54.0%), as C. coli (46.0%). Campylobacter spp. strains from humans were resistant to tetracycline
(40.0%), to erythromycin (6.15%), to ciprofloxacin (12.31%). The strains from chickens kept on farms, were resistant
to tetracycline in 42.55%, to ciprofloxacin — in 22.70% and to erythromycin — in 11.35%. The strains from chickens kept
on private farms were resistant to tetracycline in 4.17%, to ciprofloxacin — in 1.04%, all strains were sensitive to erythromycin.
Conclusion. Thus, due to the widespread prevalence of Campylobacter spp., infectious diseases they cause remain a topical
issue. Studying the resistance to antibiotics in Campylobacter spp. among poultry could allow to develop new approaches
to confirming the significance of their foodborne nature and to improve the national disease prevention system.

Key words: Campylobacter spp., Campylobacter infection, Africa, foodborne infections, poultry farms, antibiotic resistance.
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repenaonnMcs depe3 MUIIEeBbIe MPOIYKTHI, a MSICO NMTHIIEI — OOIIepU3HaHHbBINM (akTop Tepenaun. Llexs nccie-
JIOBaHUSI: OLIEeHKA pacrpoCcTpaHeHHOCTU TepMoTonepaHTHbIX Campylobacter spp. B 'BuHelickoit Pecriyonuke y mauu-
€HTOB C IMapeiHbIM CUHIPOMOM U KYp TMPU Pa3IUUHBIX TUIIAX cofepxaHusi. Mamepuans: u memoos:. U3yyeHo 724
MpoObl UCITPaXKHEHU I MAUMEHTOB ¢ AUapeiHBIM CUHAPOMOM U 283 mpoObI TOMeTa Kyp, COAEpXKaLIUXCsl B TMYHBIX
X03siiicTBax M nTunedepmax. 1 6aKTeproJI0rM4eckoro MeToaa MCIoab30Baan CeJIeKTUBHbBIC MUTATEIbHBIC Cpe-
npl. Unentudukanuio mrammoB Campylobacter spp. IPOBOAWUIN TPAaIUIIMOHHBIMM PYTUHHBIMU TecTaMu (MOpGho-
JIOTUS KJIETOK, OKCHIA3HBIM M KaTaJla3HBIM TECTHI, TUAPOIN3 TUIIITypaTa HATPUS M MHIOKCHUJIAlLIETaTa) M METOIOM
MALDI-ToF macc-cniekTpometpueii. UyBCTBUTENHHOCTD IITAMMOB K aHTUOMOTHKAM OTIpeNe s TUCKO-TUbPYy3Hn-
OHHBIM MeTOomoM. Pe3yibraThl mHTEpIpeTHpoBain B cootBeTcTBUN ¢ Kputepusasmu EUCAST Bepcuit 2019—-2022 rT.
Peszynomamur. Campylobacter spp. ObL1 BbIsIBIEH B 65 13 724 npobax MCIpaXKHEHUIT MALIMEHTOB ¢ OCTPOIi AMapeeii,
u3 Hux 83,08% Obuiu uneHTuduurposansl Kak C. jejuni u 16,92% — xak C. coli. 13 237 wurammon Campylobacter spp.,
BBIIEJIEHHBIX U3 IToMeTa Kyp ObLiu uaeHTuduimposansl C. jejuni 54,0% u C. coli 46,0%. KaMnuao06akTepuu, Bolae-
JICHHBIE OT JIIOIei OBIIN YCTOMYMBEI K TeTpaunKInuHy 40,0%, K spuTpoMuinHy 6,15%, k munpodrokcanuny 12,31%.
[TamMMBI, BBIIEJIEHHBIE OT ITPOMBIIIIEHHOM TITHUIIBI, OBITN YCTOWYMBEI K TETPALMKINHY 42,55%, K numpodIoKcal k-
Hy 22,70% v sputpomuniuny 11,35%. llltaMMbl, BeIICACHHBIE OT JOMAIIHUX KYP, XapaKTepHU30BaJUCh PE3UCTECHTHO-
CTBIO K TeTpauukKiInHy — 4,17%, x uunpoduokcauuny — 1,04%, Bce mTaMMbl ObLJIM YYBCTBUTEIbHBI K 9PUTPOMMU-
LUHY. Bbigodsr. B ¢BsI3u ¢ mMpoKoit pacipocTpaHeHHOCTI0 Campylobacter spp., BbI3bIBaeMble UMU UH(MEKIITMOHHbBIE
3a00J1eBaHHUS OCTAIOTCS aKTyaIbHOI ITpobaemMoit. M3ydeHue ycToitunBoCcTH K aHTHOMOoTUKaM Campylobacter spp. cpe-
I JOMAITHEeN MTUIIBI MOXET MO3BOJIMTh pa3padoTaTh HOBBIC TTOAXOABI K MMOATBEPKACHUIO 3HAUMMOCTH MX KaK (pak-

TOpa nnepeaaym u yCOBEPpIIEHCTBOBATb HAIIMOHAJIbHYIO CUCTEMY l'[pO(bI/II[aKTI/IKI/I KaMHHJ’IOGaKTepHO?)a.

Karoueesnie caosa: Campylobacter, kamnunsobakmepuos, Appuxa, ungexyuu, nepedaroujuecs ¢ nUwe8bIMU NpOJyKmamu,

nmuyegabpuxu, ycmouuueocms kK AaHmuOUOMuKam.

Introduction

The issue of diarrheal diseases remains relevant
for modern health care in all countries. This is due
to the wide range of diverse pathogens that cause diar-
rheal diseases, their wide distribution, as well as signif-
icant socio-economic impact. According to the World
Health Organization (WHO) Expert Committee, they
occupy the fourth place on the “importance scale”
of the Global Burden of Disease and are included
in the list of emergent foodborne infections affecting
over 500 million people every year, of which 220 mil-
lion are children under 5 years old [13].

Campylobacteris among the main causes of gastro-
enteritis worldwide and has increased in both devel-
oped and developing countries over the last 10years.
It accounts for 8.5% of the total number of diarrheal
diseases reported [8, 12, 14].

The genus Campylobacter was first reported in 1886
by Theodor Escherich who discovered these micro-
organisms in a deceased child during an outbreak
of “children’s cholera” and described them as un-
cultivated spiral-shaped bacteria. At the beginning
of the 20th century, in humans learned of a wide-
spread Campylobacter distribution among animals and
their significance in reproductive system pathologies.
In 1906, veterinarians McFadyean and Stockman
found Campylobacter in smears from the uterine mu-
cosa of a pregnant sheep as “a large number of unusual
microorganisms”; in 1913, similar microorganisms
were sampled from an aborted cow foetus and thus
named Vibrio fetus. In 1927, Smith and Orcutt named
a group of bacteria sampled from cattle faeces in diar-
rhoea Vibrio jejuni. Seventeen years later, in 1944, Doyle
sampled bacteria from the faeces of pigs with diarrhoea

that differed in biochemical properties from previously
isolated Vibrio jejuni and classified them as Vibrio coli.
Campylobacter (V. fetus) were first sampled from hu-
man blood in 1947 [8]. Initially, all the above bacteria
were assigned to the genus Vibrio and, despite having
significant differences in biological properties from
the “true” Vibrio spp., they were classified as an inde-
pendent genus Campylobacter only in 1963. In 1969,
Dekeyser first sampled Campylobacter from the faeces
of patients with diarrhoea by direct membrane filtra-
tion on a selective agar medium. The development
and increased use of selective media for the sampling
of Campylobacter in the late 1970s and early 1980s led,
on the one hand, to the recognition of the significance
of said microorganisms as those causing acute intes-
tinal conditions in humans, and, on the other hand,
to the improvement of laboratory diagnostic methods
and discovery of new species [5].

As of December 2022, the genus Campylobacter
includes 43 species, and almost half of them may
cause various human diseases, including gastroen-
teritis. In countries with developed laboratory di-
agnostics of campylobacteriosis, thermotolerant
Campylobacterspecies C. jejuniand C. coli are consid-
ered the most significant causative agents of gastro-
enteritis. Other species of this Campylobacter group,
C. lary, C. concisus, C. ureolyticus and C. upsaliensis,
may cause diarrhoea too, but less often [8, 17].

Campylobacter infection is characterised by its im-
pact on the gastrointestinal tract. It may manifest as
enteritis, enterocolitis, colitis or gastroenterocolitis
and result in serious gastrointestinal or extraintestinal
complications [5, 27]. Immunocompromised humans
(patients with AIDS, cancer, etc.), as well as infants
are most vulnerable to complications. An acute infec-
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tion can have serious long-term consequence, includ-
ing the peripheral neuropathies, Guillain—Barré syn-
drome (GBS) and Miller—Fisher syndrome (MES),
and functional bowel diseases, such as irritable bowel
syndrome (IBS). GBS occurs in one in 1000 cases
in people who have had campylobacteriosis. Older
males get sick more often than females [3].

Campylobacteriosis is diagnosed based on the re-
sults of faeces examination using laboratory diagnos-
tic methods, that is, bacteriology, molecular and im-
munology tests aimed at identifying the pathogen or
its antigens and genetic markers [2, 21]. In countries
that established observation practices for foodborne
infections, it was found that C. jejuni is the main
cause of foodborne outbreaks and one of the most
important zoonotic pathogens capable of causing hu-
man diseases [4, 13, 20].

Epidemiological features of campylobacteriosis
are studied in detail in most industrialised countries,
as they record large outbreaks with foodborne trans-
mission type. In the European Union, including
the European Economic Area (EU/EEA), 30 countries
reported 129 960 confirmed cases of campylobacterio-
sis in 2021. The overall recording rate was 44.5 per
100 000 population [16]. Despite the decrease in the
incidence of Campylobacter infection over the past
3 years in a range of countries in North, Central and
South America, thermotolerant Campylobacter spp.
are the leading causative agents of bacterial diarrhoea
in Europe, as well as in Australia and New Zealand.
The number of confirmed cases in the European
Union in 2020 reached 121 000 cases, whereas the in-
cidence was 40.4%o00 [1, 26].

Epidemiological data from a number of coun-
tries of Africa, Asia and the Middle East is incom-
plete; however, it shows that Campylobacter infection
is relevant for these regions as well [23]. The results
of 10-year studies (1997—2007) conducted using
the molecular method based on RT-PCR in Blantyre
(Malawi, Africa) showed that Campylobacter are of-
ten causative agents of diarrheal diseases in children;
C. jejuni and C. coli were detected in every fifth child
hospitalised with diarrhoea and in 14% of the cases
where examinations found no signs of an acute in-
testinal infection, while C. jejuni accounted for up
to 85% of all cases of campylobacteriosis [18]. These
results are confirmed by another study conducted
in Moramanga (Madagascar), in which the pro-
portion of Campylobacter spp. was 8.9% in fae-
cal samples of children with diarrheal syndrome,
and 9.4% in children without diarrhoea [22]. From
2005 to 2009, 5443 strains of Campylobacter spp.
were sampled from the faeces of children with diar-
rhoea at the Red Cross Children’s Hospital in Cape
Town (South Africa), of which 40% were C. jejuni;
the second most common species were C. concisus
(24.6%) [23]. In general, it can be concluded that
C. jejuni and other species of the genus Campylobacter
are significant for children in most regions of Africa.

Reducing disease risks and preventing campylo-
bacteriosis in the population are primarily associated
with the idea of reservoirs/factors of transmission
of infectious agents [6]. The most important reser-
voir/factor of transmission of C. jejuni and C. coli
pathogens for humans is industrial poultry: chickens,
turkeys, ducks, geese, etc., among which the leading
place is occupied by broiler chickens raised on poul-
try farms [9]. Numerous epidemiological studies have
shown that Campylobacter infection caused by chick-
en meat consumption is more often recorded in urban
residents than in rural residents [26]. However, there
is evidence that other types of Campylobacter are of-
ten sampled from chickens in various regions. This
is due to the high level of Campylobacter spp. among
broiler chickens. On poultry farms Campylobacter are
found in the environment including soil, water sourc-
es, dust, building surfaces and air [11]. International
trade in broiler chickens, industrial poultry prod-
ucts and feed contributes to the overall burden
of Campylobacter infection. In Switzerland 71%
of campylobacteriosis cases were caused by poultry
products [25, 26]. Given that C. jejuni strains survive
in chicken faeces up to six days after isolation, they
can be a potential source of environmental pollution,
and the use of poultry manure as fertiliser is a factor
in human infection. According to the Food Standards
Agency in the UK, 72.9% of chicken carcasses were
contaminated with Campylobacter spp. between 2014
and 2015, with 18.9% of them characterised by sig-
nificant contamination (> 10 000 CFU/g) [16, 19].

Considering the above, the purpose of this study
was to assess the prevalence of thermotolerant
Campylobacter in the Republic of Guinea among pa-
tients of various ages with diarrheal syndrome and
chickens with various types of livestock management.

Materials and methods

The study was conducted in the period from
2019 to 2022 in the province of Kindia (Republic
of Guinea), in a laboratory of Guinea-Russian
Research Centre of Epidemiology and Prevention
of Infectious Diseases (Kindia, Republic of Guinea).

724 items of faeces sampled from patients with di-
arrheal syndrome were studied, among them 73 from
children aged 0 to 5, 127 from children aged 6 to 17, and
524 from humans aged 18 and older, as well as 283 sam-
ples of faeces of chickens raised on private farms and
five poultry farms in the province. The samples were
delivered to the laboratory in a Cary—Blair Transport
Medium in a refrigerated container in 4—8 hours.

For bacteriological method, the following media
(Oxoid, UK) were used: 1. Campylobacter Blood-
Free Selective Agar Base and CCDA Selective
Supplement; 2. Selective medium carbon agar and
a Selective Supplement (cefoperazone and teico-
planin); 3. Blood agar Muller—Hinton Agar, with
5% Defibrinated Horse Blood (E&O Laboratories
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limited) and culture growth supplement to increase
Campylobacter aerotolerance. Inoculation on the
blood agar was performed using cellulose acetate fil-
ters (Sartorius Stedim Biotech) with a pore diameter
of 0.45 um. The cultures were incubated in a micro-
aerobic atmosphere at 42°C for 48 hours.

Traditional routine tests based on the determina-
tion of key phenotypic features were used for primary
identification: cell morphology and Gram staining,
production of cytochrome oxidase and catalase, hy-
drolysis of sodium hippurate and indoxyl acetate.
The second identification level was performed using
MALDI-ToF mass spectrometry (Bruker Daltonik
MALDI Biotyper).

The susceptibility of thermotolerant Campylo-
bacter strains to antimicrobial agents was deter-
mined by disc-diffusion method using Muller-
Hinton Agar (Oxoid), 5% Defibrinated Horse Blood
(E&O Laboratories limited) and 20 mg/1 of -NAD.
Results were interpreted according EUCAST crite-
ria, versions 2019—2022 (https://www.eucast.org/
ast_of bacteria/previous_versions_of documents).

In parallel with the culture method, faeces samples
from patients with diarrheal syndrome was examined
by PCR method with fluorescence in situ hybridiza-
tion using the Russian reagent kit AmpliSense® OKI
screen-FL to identify and differentiate the DNA
of Campylobacter microorganisms (thermophilic
Campylobacter spp.)

Statistical processing of results. The obtained data
were processed using the computer program Excel
(Microsoft Office). Fisher’s exact test was used to as-
sess the statistical significance of differences in in-
dicators (frequency, proportion). Differences were
considered statistically significant at a 95% confi-
dence interval (p < 0.05).

Results

Thermotolerant Campylobacter spp. was cul-
tured in 65 out of 724 faecal samples from patients
with acute diarrhoea (8.98%). In children under
5 years old, they were found three times more often
than in adults (20.55% vs 7.06%, respectively), p <
0.05 (Table 1). Molecular markers of thermotolerant
Campylobacter were detected in 72 samples (9.94%).

Thermotolerant Campylobacter were found in 237 out
of 283 (83.75%) samples of chicken intestinal contents,
regardless of the livestock management type (personal

Table 1. Frequency of sampling Campylobacter spp.
in patients of various ages

Age s;rlg:)a::es of ffﬁﬁﬂ‘;es'f?(%) 95%Cl
0-5 73 15(20.55%) | 12.87-31.18
6-17 127 13(10.23%) | 6.08-16.73
18andolder | 524 37 (7.06%) 5.17-9.58
Total 724 65 (8.98%) 7.11-11.28

farming or poultry farms). In chickens raised free-range
on personal farming, Campylobacter spp. was found
in 96 out of 132 samples studied (72.73%). In poultry
farm broilers, thermotolerant Campylobacter was de-
tected in 141 out of 151 samples, which was 93.38%.
The use of membrane filters and non-selective media
made it possible to identify three strains of closely re-
lated microorganisms (Arcobacter cryaerophilus) in the
samples studied, which will not be discussed in this pa-
per since they are not pathogenic to humans.

Of'the 237 Campylobacter strains, 128 were identi-
fied as C. jejuni and 109 as C. coli, representing 54.0%
and 46.0%, respectively. Identification using classi-
cal tests of six strains of C. jejuni showed questionable
results after the hippurate hydrolysis test. The use
of MALDI-ToF mass spectrometry and PCR with
species-specific primers allowed for the correct cul-
ture identification.

To assess the prevalence of resistance strains
of Campylobacter spp., were conducted a screen-
ing of sampled cultures for clinically significant
drugs. Were studied 302 strains of thermotoler-
ant Campylobacter spp. sampled from humans
(65 strains), as well as from chicken intestinal contents
(237 strains) of chickens kept in different livestock
management types: 96 strains from personal farm-
ing and 141 strains from five poultry farms (Table 3).
212 strains (70.20%) of Campylobacter spp. were sus-
ceptible to all antibiotics whereas 90 (29.80%) were
resistant to one or several agents.

When it comes to the general population of strains,
Campylobacter spp. strains sampled from humans
were resistant to tetracycline (40.0%), p < 0.05, sig-
nificantly more often. The proportion of strains re-
sistant to erythromycin and ciprofloxacin was 6.15%
and 12.31%, respectively. At the same time, there
were no significant differences in the levels of resist-
ance to these drugs (p > 0.05).

Among the strains sampled from the intestinal con-
tents of chickens kept on poultry farms, strains resistant
to tetracycline were significantly more common as they
accounted for (42.55%), p <0.05. As for fluoroquinolo-
nes which had previously been widely used in veteri-
nary medicine (enrofloxacin), 22.70% of strains were
resistant; 11.35% were resistant to erythromycin. No
significant differences were identified.

The proportion of strains sampled from the faeces
of chickens kept on private farms resistant to tetra-
cycline was 4.17%, whereas the proportion of strains
resistant to ciprofloxacin amounted to 1.04%.
At the same time, all strains remained susceptible
to erythromycin.

The analysis of combined resistance showed that
18.46% of strains sampled from humans were char-
acterized by resistance to two antibiotics: 8 to tet-
racycline and ciprofloxacin, 4 to erythromycin and
tetracycline. Strains from livestock kept on poultry
farms with phenotypes of combined resistance were
sampled almost twice as often (1.84).
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Table 2. Frequency of findings for C. jejuni and C. coli sampled from humans and intestinal contents
of chickens kept on personal farming and poultry farms

Type Humans 95% CI pers%T:Ik g:fning 95% CI po(l::l]ti:ykfanr?ns 95% Cl
of Campylobacter n (%) n (%) n (%)
C. jejuni 54 (7.46%) 576-961 46 (34.85%) | 27.25-4330| 82(54.31%)  |46.35-62.04
C. coli 1 (1.52%) 0.85-2.70 50(37.88%)  |30.06-46.39] 59(39.07%) | 31.65-47.03
Not found 659 (90.61%) |88.72-92.89| 36 (27.27%)  |20.40-3543| 10 (6.62%) 3.63-11.76
Total 724 (100%) 99.47-100 132(100%) | 67.79-82.27| 151 (100%) | 58.37-73.29

Table 3. Antimicrobial resistance of Campylobacter spp. strains sampled in Kindia, Republic of Guinea,

2019-2022
Chickens personal Chickens poultr
Antibiotic Humanso(n =65) farming ?n =96) farms (n g 141)y Total (n°= 302)
n (%) n (%) n (%) n (%)
Tetracycline 26 (40.00%) 4(4.17%) 60 (42.55%) 90 (29.80%)
Erythromycin 4 (6.15%) 0 (0%) 16 (11.35%) 20 (6.62%)
Ciprofloxacin 8 (12.31%) 1 (1.04%) 32 (22.70%) 41 (13.58%)

Discussion

Bacteria of the genus Campylobacter are among
the leading causative agents of acute intestinal infec-
tions of bacterial etiology in residents of developed
countries, exceeding in some regions the frequency
of registration of salmonellosis and escherichiosis.
In a third of cases, they are the cause of “travelers’
diarrhea” among residents of economically devel-
oped countries visiting regions with a high degree
of circulation of Campylobacter spp. among the pop-
ulation, animals and environmental objects [15].
According to the latest estimates of the World Health
Organization, campylobacteriosis is one of the most
common infectious diseases with foodborne trans-
mission. Campylobacteriosis is registered in all age
groups, most often among children aged from one
year to 3—5 years; a relative increase in cases of dis-
ease is observed in older children and young people
(compared to other age categories) [4, 11, 18, 23].

Our studies showed that the campylobacteriosis
accounted for 8.98% in the etiological structure of di-
arrheal diseasesinindividualsresidinginthe Republic
of Guinea in 2019—2022. Analysis of the age struc-
ture confirmed that thermotolerant Campylobacter
are common pathogens among the child population:
C. jejuni and C. coli were detected in one in five chil-
dren under 5 ages. C. jejuni (83.08%) were signifi-
cantly predominant in the Campylobacter infection
structure compared to C. coli (16.92%), p < 0.05.

The incidence of Campylobacter colienteritis, as
well as the frequency of detection of thermotoler-
ant campylobacters in chickens in different coun-
tries varies very widely. Thus, in the countries of the
European Union, where monitoring has been car-
ried out for many years, the incidence is at the level
of 61.4—66.5%000, varying from < 5.8%oc00 in Bulgaria,
Latvia, Portugal to 230.0%o00 in the Czech Republic.
Poultry meat is a transmission factor in campylobacte-
riosis. The frequency of detecting Campylobacter spp.

in chickens in different countries varies in wide rang-
es [3, 16, 19, 25]. As our studies have shown, the lev-
el of Campylobacter spp. among chickens was high
(82.57%) and ranged from 70.58% in chickens kept
free-range on personal farming to 93.37% in broilers
kept on poultry farms. There were no significant differ-
ences in the species structure: C. jejuni and C. coli were
distinguished with almost the same frequency of 54.0%
and 46.0% (p > 0.05). If we talk about the frequency
of detection of Campylobacter in chickens, our data are
consistent with the results of other authors [9, 11, 14],
however, sometimes comparison is difficult due to dif-
ferences in methodological approaches to research.
In our work, we assessed the distribution of thermotole-
rant campylobacters in the chicken population, while
most modern studies deal with the frequency and in-
tensity of contamination of chicken meat, i.e. product
prepared for shipment to the consumer [19].

In clinical practice, for the treatment of moderate
and severe forms of campylobacteriosis, the prescription
of broad-spectrum antibiotics is regulated, among which
the drugs of choice are macrolides, and mainly azithro-
mycin. Along with antibiotics of this group, aminogly-
cosides, quinolones, tetracyclines, chloramphenicol,
nitrofurans and carbapenems are recognized as alterna-
tive and effective therapeutic drugs. Fluoroquinolones,
previously widely used for the treatment of campylobac-
teriosis, contributed to the development of resistance
to this group of antibiotics in 50—84% of circulating
strains of Campylobacter spp., which made them unsuit-
able for therapeutic purposes. In recent years, the clini-
cal ineffectiveness of ongoing antibacterial therapy has
been accompanied by the emergence of a large number
of resistant strains. A feature of the formation of resist-
ance in Campylobacter is not only the rapid onset of the
effect of insensitivity of strains to the action of antibiot-
ics, but also the multiple nature of this phenomenon.
In countries where surveillance of campylobacteriosis
pathogens has been carried out in recent years, it has
been noted that the population of Campylobacter spp.
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is dominated by strains characterized by multidrug re-
sistance [12, 24, 26]. In 2017, WHO published a list of 12
bacterial priority pathogens that pose the greatest threat
to human health. Campylobacter spp. due to the need
for the creation of new AMPs, those resistant to fluoro-
quinolones are classified as a group of microorganisms
with a high level of priority (https://www.who.int/news/
item/27-02-2017-who-publishes-list-of-bacteria-for-
which-new-antibiotics-are-urgently-needed).

Thermophilic Campylobacter spp. are among
the most difficult microorganisms to cultivate. In the
laboratory diagnosis of campylobacteriosis, the most
difficult task is to isolate a pure culture of the path-
ogen from stool samples due to their massive con-
comitant microbial contamination. In recent years,
the use of molecular research methods has been
considered not as an alternative, but as a mandatory
addition to regulated diagnostic regimens for acute
intestinal infections, allowing for the rapid and ef-
fective identification of pathogens of acute intestinal
infections, including thermophilic Campylobacter
spp. At the same time, it does not imply species iden-
tification and determination of sensitivity to antibi-
otics [2, 7, 10].

Conclusion

Thus, due to the widespread prevalence of ther-
motolerant Campylobacter spp., infectious diseases
caused by them remain a topical issue. Successful use
of molecular diagnostic methods along with tradi-
tional culture inoculation methods makes it possible
to effectively assess the prevalence of Campylobacter
in poultry and to enact effective control strategies
to prevent campylobacteriosis in individuals resid-
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AKTYAJIbHbIE BOMPOCbI ONMACTOPXO3A

IO.H. Paoenko', D.b. Pga0enko?

"®@IAOY BO Poccuiickuii ynugepcumem 0pyucovl Hapodos, Mockea, Poccus
2®IAOY BO Poccuiickuii hayuoHanvHblil uccaedosamensckuii meouyunckui ynueepcumem um. H.U. Iupocosa Munszopaea
Poccuu, Mockea, Poccus

Pe3ome. B cTaTbe mpoBeneH aHAaNIM3 CTATUCTUYECKUX TaHHBIX 3a00J1€BAaEMOCTH OMUCTOPXO30M Ha TEPPUTOPUU
Poccuiickoit @enepanuu 1 B 3apyoexkHbIX cTpaHax B 2020 r. mo cpaBHeHUI0 ¢ 2019 romom, mpuBeneHb aOCOTIOT-
HBICE M1 WHTEHCUBHBIC ITOKAa3aTely 3a00JIeBaeMOCTHU B IIEJIOM B CTpaHEe M KOHKPETHO B cyOBbeKTax Poccuiickoit
Oemepanny — pecnydanKax M 00JIacTIX, YISIbHBIM BeC TeIbMIHTO30B B 1IEJIOM, M OMKMCTOPX03a, B YaCTHOCTH,
B 00IIEl CTPYKTYpe Mapa3uTapHbIX 3a00JeBaHUH, a TaKXXe YAeAbHbII BeC OMUCTOPX03a B 0011Iel CTpyKType Ouo-
reJIbMUHTO30B, €T0 TMHAMUKA, PaclpOCTPAaHEHHOCTh BO30YAMTENsl NaHHOTO Tapas3uTo3a. [IpoBemeH cpaBHU-
TeNBbHBIN aHaJIn3 ToKa3aTejell 3a00JIeBAeMOCTH B PeTMOHAX, The OB 3aperMCTPUPOBAH JAHHBIN TeJIbMHHTO3,
CO CpeJHEeCTAaTUCTUYECKUMHU TTOKa3aTeIsIMU CTpaHbl. B pe3yibrare mpoBeaecHHO pabOThI OBIIIN CAETaHbl BHIBOIBI
0 TOM, YTO HECMOTPSI Ha CHUKEHME 00lLIel mapa3uTapHoil 3a001eBaeMOCTHU B CTPaHe, B PsIjie PETMOHOB OTMEUYaeTCs
MpeBbIIIEHNE CpeIHECTaTUCTUUECKUX TTOKa3aTeseil, MecTaMu 3HauuTenbHoe. Tak, B Pecniybauke Komu uHTEH-
CUBHBII MOoKa3aTesJb NMPEBBICUII TTOKa3aTeb 10 cTpaHe B 4 pasa, B KypraHckoii, Bonoronckoii, ApxaHrenbcKoii
ob6macTsax u HeHelrkoM aBTOHOMHOM OKpyTe — B 3 pa3a. B craThe mpuBeaeH aHaAM3 BO3PACTHBIX TPYIIIT HACEICHU S
U YACIBbHBIM BeC TOPOACKOT0, a TaKXKe CEeJIbCKOr0 HACeJICHMS, IIOPAKEHHOTO OMUCTOPXUcoM. OIMUCTOPX03 OCTa-
eTcsI aKTyaJbHOM COIMa bHO 3HAYMMOM TIPOOIEeMOIt TPaKTUUECKOTO 31paBOOXPAaHEHU ST, 3aHNMAas OMHO M3 BEIY-
IIAX MECT CPEA BCeX Mapa3suTapHBIX MHBA3W, a Cpeay OMOTEIbMUHTO30B — IEPBOE, YTO HE MOXKET HE BEI3BIBATh
HACTOPOXKEHHOCTH, U HAHOCUT HeMallblif yimepO 3M0pOBbI0 HaceleHUs. B cTtaThe ompenesieHa ocodast KIMHIIE-
cKasl M 3NUAeMHUOJIOrnUecKast 3HAUMMOCTh OITMCTOPX03a, KOTOPast 00BSICHICTCS TSIKECThIO TCUSHU ST 3a00JIeBaHUS,
MopakeHNEeM Pa3IMIHBIX CHCTEM M OPraHOB, (DOPMUPOBAHUEM CEPhE3HBIX OCIOXHEHUM, BEAYIINX K MHBAJIUI-
HOCTH, a B psiJie CJIYYaeB K JIeTaJIbHBIM MCXOJaM, HaJIMYKMeM ITPUPOJHBIX 09aroB, OCHOBHAS YacTh KOTOPBIX Ha-
xomutcs B Poccuiickoit @enepannn. HebaaronosmydHbIMY TTO OMUCTOPXO3Y SIBISTFOTCS MPAKTUUECKH BCE TEPPU-
TOpUM, MpUMbIKalolue K 6acceiiHaM pek O0b, MpThiin, Tomb u ux nputokam. [IpuBeneHbl TaHHBIC YACIbHOIO
Beca 0OOHapyKeHUS TUUYMHOK TeJbMUHTO30B B pbioe B 2020 1. 1 2019 1. — B nuHamuke ¢ 2010 r. [IpoBeneH aHanus
JIUTEPATyPHBIX UCTOYHUKOB M HAYUHBIX CTATe 10 M3YUYEHUIO OTIMCTOPX03a, PACIIPOCTPAHEHUIO €TI0 BO30OYIUTE ST
1 3HAYCHME IJI TMPaAaKTUICCKOro 3ApaBooxpaHeHMs. Mcxomst U3 BhIIIe M3JI0XKEHHOr0, BaXHOE 3HaUEHUE B CHU-
JKEHUM 3a00JIeBAEMOCTH M HEIOMYIIEHNUH PaCIpOCTpaHEeHHUs JaHHOTO Mapa3nuTo3a UrpaeT CTPOroe COOTIOACHME
MpOoPUIAKTUIECKUX Mep.

Karouesnie caosa: onucmopxos, Opisthorchis felineus, Opisthorchis viverrini, snudemuueckas cumyayus, 3a001e6aemMocms,
OuoeenbMUHMO3bL.

Appec pns nepenucku: Contacts:

Ps6erko dnuHa BopucosHa Elina B. Ryabenko

117513, Poccusi, Mockea, yn. OcTpoBuTaHOBa, 1, 117513, Russian Federation, Moskva, Ostrovityanova str., 1,
®rAQY BO Poccuiickuii HaLMoHabHbI UCCEA0BATENLCKMIA Pirogov Russian National Research Medical University.
MeLMUMHCKMIA yHuBepcuteT um. H.U. Muporosa Phone: +7 (918) 852-00-49.

MwuH3pgpaBa Poccun. E-mail: eryabenko@yandex.ru

Ten.: 8 (918) 852-00-49.
E-mail: eryabenko@yandex.ru

LS uMTUPOBaHMUS: Citation:

PsbeHko t0.H., Paberko 3.b. AkTyanbHble BONPOCH ONUCTOPX03a // Ryabenko Yu.N., Ryabenko E.B. Opisthorchiasis-related topical issues //
Mudexumns n nmmynutet. 2024. T. 14, Ne 4. C. 816-822. doi: 10.15789/2220- Russian Journal of Infection and Immunity = Infektsiya i immunitet, 2024,
7619-0TI-8055 vol. 14, no. 4, pp. 816-822. doi: 10.15789/2220-7619-0TI-8055

© PsbeHko tO.H., PabeHko 3.6., 2024 DOI: http://dx.doi.org/10.15789/2220-7619-0TI-8055

81 6 Cratbsa focTynHa no nnuenaun Creative Commons Attribution 4.0
The article can be used under the Creative Commons Attribution 4.0 License



2024, T. 14, Ne 4 AKTyanbHble BOMPOCHI ONUCTOPX03a

OPISTHORCHIASIS-RELATED TOPICAL ISSUES
Ryabenko Yu.N.?, Ryabenko E.B."

@ Peoples’ Friendship University of Russia, Moscow, Russian Federation
® Pirogov Russian National Research Medical University, Moscow, Russian Federation

Abstract. The article analyzes statistical data on the 2020 vs 2019 opisthorchiasis incidence rate on the territory of the
Russian Federation and in foreign countries, provides absolute and intensive morbidity indicators across entire the Russian
Federation and specifically in its subjects — republics and regions, general prevalence of helminthiasis, and opisthorchia-
sis particularly overall pattern of parasitic diseases, as well as contribution of opisthorchiasis to general pattern of biohel-
minthiasis, its dynamics, and prevalence of relevant causative agent. A comparative analysis for incidence rates in the re-
gions where opisthorchiasis was recorded and mean country-wide statistical parameters was carried out. As a result, it was
concluded that despite a decline in the Russia-wide overall parasitic morbidity, an excess of mean indicators, sometimes
significant, was noted in some regions. Thus, compared to Russia-wide magnitude of intensive indicator, it was higher
by 4-fold in the Komi Republic, whereas in the Kurgan, Vologda, Arkhangelsk Regions and the Nenets Autonomous
Okrug — by 3-fold. The article provides an analysis of the population age groups as well as percentage of opisthorchis-
affected urban and rural populations. In addition, the special clinical and epidemiological significance of opisthorchiasis
remains urgent due to severity of its course, affected various body systems and organs, emergence of serious complications
leading to disability, and in some cases to fatal outcomes, the presence of natural foci, most of which are located in the
Russian Federation. Almost all territories adjacent to the basins of the Ob, Irtysh, Tom rivers and their tributaries pose
special concern regarding opisthorchiasis. The data related to prevalence of helminthiasis larvae detected in fish in 2020
and 2019 since 2010 are presented. Based on the data shown above, strict adherence to preventive measures plays an im-

portant role in reducing opisthorchiasis incidence rate and preventing its spread.

Key words: Opisthorchiasis, Opisthorchis felineus, Opisthorchis viverrini, epidemic situation, morbidity, biohelminthiasis.

BeepneHue

HecmoTps Ha cHMXXeHHe 3a00JIeBAeMOCTH OITH-
CTOPX030M, KOTOPOE MOXKHO OOBSICHUTH CHUXKECHU -
€M MHTEHCUBHOCTHU MUTPAIINU HacCeJICHUS BHYTPU
CTpaHBI M BPEMEHHBIM 3aKPBITHEM T'PAHUIL B CBSI3U
¢ npopoJrxaloueiica mangemueit COVID-19, akty-
aJbHOCTh MTAHHOTO ITapa3WTapHOrO 3a00JIeBAaHUS
COXpaHSsIEeTCS.

Lenb paboTbl — aHaJMU3 3a00JIEBAEMOCTHU OIU-
cTOpxo30M Ha Tepputopumn Poccmiickoit Peme-
panuu 1 B 3apyoexxHbIX cTpaHax B 2020 T. 1o cpaB-
HeHMIo ¢ 2019 1., pacrpocTpaHEeHHOCTh BO30OYINTE -
JIsl TAHHOTO Mapa3uTo3a.

Matepwuasbl 1 METOLbI

Hamu mpoBeneH aHaaU3 CTaTUCTUYECKUX TaH-
HBIX 3a0oJieBaeMOCTU omucTopxo3oM B 2020 T.
U JIUTEePaTYpPHBIX UICTOYHUKOB U HAyYHBIX CTaTei
M0 M3YyYEHUIO OMKMCTOPX03a, PACIPOCTPAHEHUIO
ero BO30yauTeJIsI M 3HAYEHU S Il IPaKTUIECKOTO
3ApaBOOXPAHECHUSI.

Pesynbrathl

Knunaunueckass u snuaeMuojioruyeckasi 3Ha-
YUMOCTbH OIIMCTOPXO03a OMPEACHSAETCS TIXKECTbIO
TeueHUs1 3a0ojieBaHUsl, TMOpa>KeHUeM pas3JMUYHbIX
CUCTEM U OpraHoB, GOPMUPOBAHUEM CEPbE3HBIX
OCJIO)KHEHUW M, BEAYIIUX K UHBAJIUIHOCTH, a B PALIE
CJIy4yaeB K JIETaJbHBIM UCXOIAaM, HaJIU4YUEM TIpU-
POAHBIX OYaroB, OCHOBHAsI 4aCTb KOTOPbIX HaXoO-
nutcst B Poccuiickoit @emepanmu.

B 2020 r. B cTpaHe 3aperucTpupoBaHO CBBILIE
173 TeiCc. ciaydaeB mapa3uTapHbBIX 3a00JI€BaAaHUIA,
WHTEHCUBHBIN ITOKazarejb coctaBua 118,2, urto
Ha 42,0% nunxe nokasareis 2019 1., u KoyeGieTcs
ot 18,4 1o 56,6, 1 o4YTHU B 3 pa3a MeHbILIE IT0Ka3a-
tens 2010 r. [8, 13, 15] (Tabu. 1).

OnHako, HECMOTpPS Ha CHUXKEHHUE OOlleil ma-
pa3uTapHOii 3a00JIeBAEMOCTH B CTpaHe, B psjie
PErMOHOB OTMEYaeTCs TIPEeBbIIIIEHUE CPeAHECTaTU-
CTUYECKMX MoKa3aTeyell, MecTaMy 3HAYUTEJIbHOE.
Tak, B Pecnyosiike KoMy MHTEHCUBHBI MOKa3a-
TeJb MPEBBICUJI TTOKa3aTelb Mo cTpaHe B 4 pasa,
B Kypranckoii, Bojioroackoii, ApxXaHTeIbCKOU
obnactsax u HeHeukoM aBTOHOMHOM OKpyre —
B3 paza[l2, 13, 14, 15].

B oOuieit cTpykType napa3uTapHoil 3aboJieBa-
€MOCTH JIOJISI TeJIbMUHTO30B cocraBisieT 88,0%,
B20191. — 87,6%, ormMeuaetcs poct Ha 0,45%. B cpas-
HeHuu ¢ nokazateysiMu 2010 1. 10J151 reJIbMMHTO30B
yBennuumiaachk Ha 10,3%, B 2019 . — ua 9,2% [8, 15]
(Tab. 2).

B cTpyktype ouorenbMmuHTO30B B 2020 T. omnu-
CTOPXO03 3aHSLJI IEPBOE MECTO, €ro yIeJIbHbIN BeC CO-
craBui 79,98% (puc. 1), 82019 r. — 80,88% (puc. 2).

Onuctopxo3 — Haubosee pacrpoCTpaHEHHBIN
napasuTo3, Tepenaloniuiicss Jepe3 3apakeHHYIOo
MPECHOBOJHYIO PBIOY.

B 2020 r. 3apeructpupoBaHo okojo 10 TeIC. ciy-
yaeB OMKMCTOPX03a, MHTEHCUBHBI MOKa3aresb 6,77,
4TO B 2 pasa Huxe nokaszarens 2019 r. — 13,35, a o
cpaBHeHuo ¢ 2010 r. — Huxe B 3,3 paza [11, 15, 16].

Ve bHBI 1 BEC TOPOICKOT0 HACEJIEH U I COCTABUII
76,0% — 7,5 ThIiC. c1y4aeB 3aboeBaHus, B 2019 . —
78,3% — cBoile 15 Toic. ciydaeB. CelbCcKoe Hace-
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snenne — 23,7% — 2353 cayyas, 82019 1. — 22.3% —
4338 ciryuaes [3, 6, 7].

OnuUCTOPX03 PEruCcCTPUPOBAJICSI BO BCEX BO3-
pPacTHBIX TpynIiax HaceJleHns. BocmpuuMYnBoCTh
BBICOKASI.

IMokazarenbp 3a00JIeBAEMOCTU OITHMCTOPXO30M
B cyObekTax cTpaHbl BapbupoBai ot 0,04 n1o 112,5
Ha 100 TeIic. HaceneHus, B20191. — 010,03 10 252,74.

He6aromnoiy4HbIMU 10 OMTUCTOPXO3Y SIBIASIIOT-
CsI IPaKTUYECKH BCE TEPPUTOPUH, TTPUMBIKAIOIIIE

K OacceiiHaMm pek O6u, MpTeilna, ToMu 1 ux npu-
TokaM [18, 19].

ViaenbHbIE BeC OOHApyXXEHUs JUYUHOK Iejlb-
MUHTO30B B pbeide B 2020 1. cocraBun 0,8%,
B20191. — 1,6%, B 2010 — 3,5% [2].

OnucTopxo3 oCcTaeTcs aKTyaJabHOM COLlMaIbHO-
3HAUYMMOI MpoOJIeMOil MPaKTUIECKOro 3JpaBOOX-
paHeHM s, 3aHMMas1 4—5 MeCTO cpeau BceX mapa-
3UTApHbIX WHBA3Wi, U HAHOCUT HeMaJblii yliepO
3I0pOBbIO HaceaeHus [15].

Ta6auua 1. NMokasaTtenu napasutapHoii 3abonesaemocTu B cyobektax P® B 2019-2020 rr.

Table 1. 2020-2019 parasitic morbidity in the subjects of the Russian Federation

Cy6nekTbl PO: pecny6nuku, o6nactn 2020r. 2019r. AvHamuka
Subjects of the Russian Federation: Bcero cnyyaes Bcero cnyyaes Dvnamics
republics, regions Total cases (%) Total cases (%) y
Poceuiickas ®eaepaums 173430 296 847 ~42,00%
Russian Federation
PecnyGnuka Komu 4093 (2,36%) 5681 (1,91%) -27,96%
Komi Republic
KyprchKag obnactb 3492 (2,07%) 4279 (1,44%) -18,40%
Kurgan Region
Bonoroackas o6nacte 4531 (2,67%) 6507 (2,19%) -30,37%
Vologda Region
ApxaHrenbckasi o6nactb o o _ 0
Arkhangelsk Region 3871 (2,23%) 5505 (1,85%) 29,69%
HeHewknit aBTOHOMHBIN OKPYF 0 0 _ 0
Nenets Autonomous Okrug 153 (0,08%) 341(0.11%) o5 14%
Tomckas o§nach 3461 (1,99%) 6368 (2,74%) -45,66%
Tomsk Region
Pecny6nuka Caxa o 0 _ 9
Sakha Republic 2998 (1,72%) 5849 (1,97%) 48,75%
XaHTbl-MaHcuiicknii aBTOHOMHbIN OKpYr o o _ 0
Khanty-Mansi Autonomous Okrug 4923 (2,83%) 8863 (2,98%) 44.46%
HosocuGupckas oGnacre 7997 (4,67%) 12414 (4,18%) ~35,59%
Novosibirsk Region
Pecnyﬁnuka Kapenuﬂ 1690 (0,97%) 2956 (0,99%) -42.83%
Republic of Karelia
Kemeposckas 06nacTs 6823 (3,93%) 12203 (4,11%) ~44,09%
Kemerovo Region
Nepmckuii kpait 6652 (3,83%) 9818 (3,30%) =32,25%
Perm Region
Amano-HeHeuKnii aBTOHOMHbI OKPYT o 0 _ 0
Yamalo-Nenets Autonomous Okrug 1371(0,79%) 2264 (0,76%) 39.45%
EBpgucKaﬂ aBTOHOMHaﬂ. obnactb 401 (0,23%) 798 (0,26%) _4975%
Jewish Autonomous Region
TiomeHckas pﬁnach 3807 (2,79%) 4673 (1,57%) -18,54%
Tyumen Region
Pecny6nuka Xakacus 0 0 _ 0
Republic of Khakassia 1265 (0,72%) 2911 (0,98%) 56,55%
YamypTtckas Pecnyo6nvka o 0 _ 0
Udmurt Republic 3401 (1,96%) 6824 (2,29%) 50,17%
Yyeawckas Pecny6nuka o 0 _ 0
Chuvash Republic 2561 (1,47%) 3880 (1,30%) 34,00%
KpacHosapckuii Kpau 5806 (3,34%) 7416 (2,49%) -21,711%
Krasnoyarsk Territory
Pecny6nuka TbiBa o 0 _ 0
Republic of Tyva 986 (0,56%) 1444 (0,48%) 31,72%
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OnucTopxo3 — IapasuTo3, BO3OYIUTEISIMU KO-
TOPOro SIBASIIOTCSI TeAbMUHTHI Opisthorchis felineus
u  Opisthorchis viverrini. 3apaxkeHue 4ejgoBeKa MpoO-
WICXOIUT MPHU YIIOTPEOJICHUN B ITUILY HEAOCTATOYHO
TepMUYECKU 00pabOTaHHOM, c1ab0 COJIEHOM, Bsjie-
HOM WJTH CBIPOI PEIOBI ceMeliCTBa KapITOBbIX, MHBA3M-
POBaHHOI TMYMHKAMU onmucTopxucos [4, 10, 20, 21].

OCHOBHEBIM apeajioM paciipoctpanenus O. viver-
rini aBnsierca Oro-BocTouHast A3susg — Taunann,
Jlaoc, BbetHam u Kambonzka, a O. felineus — OOb-

Uprteiuickuii, Boaro-Kamckuii, Jlonckoit, JIHer-
poBckuii u EHuceiickuii 6acceiiHbl pex [6, 21].
MexaHu3M pa3BUTUSI ONUCTOPX03a BKJIIOYAET
B ce0s1 peaKLMI0 UMMYHHOI CUCTEMbI Ha UY3KEPOI-
HBIl areHT, a TaKXKe MeXaHMYeCKOe U TOKCUUYECKOoe
MOBpPEXJIeHNE OPraHOB U TKaHel [5, 9, 22].
KnuHunyeckasi KapTHa OCTPOro OMNUCTOPX03a
CKJIaJAbIBa€TCs M3 TOKCUKO-aJIJIePruyecKux Mpo-
sBJIeHUN. XpoHUuyeckue ¢GopMbl 3aboJieBaHUS
CIOCOOCTBYIOT (POPMUPOBAHUIO XKEJTYHOKAMEH-

Ta6auua 2. UHTeHcuBHbIE NoKa3aTenu 3abosieBaeMoCcT

Table 2. Intensive morbidity rates

Cy6bekTbl PO: pecny6nmnku, o6nactu 2020r. 2019r. T
Subjects of the Russian Federation: un un Dynamics
republics, regions Intensive indicator Intensive indicator
Poccuiickas Depgepaums 118.2 202.2 _
Russian Federation ' ’
Pecny6nuka Komu
Komi Republic 496,0 680,0 +4,19
KypraHckas o6nactb
Kurgan Region 420,3 510,0 +3,55
Bonoropackas o6nactb 3900 5550 +399
Vologda Region ’ ’ ’
ApxaHrenbckasi o6nactb
Arkhangelsk Region 3530 498,0 2,98
HeHewknit aBTOHOMHBIN OKPYT
Nenets Autonomous Okrug 3480 76,5 2,94
Tomckasi o6nacTtb
Tomsk Region 321,0 551,0 +2,71
Pecny6nuka Caxa
+
Sakha Republic 310,0 606,0 2,62
XaHTbl-MaHCcUIACKUIA aBTOHOMHbII OKPYr
Khanty-Mansi Autonomous Okrug 295,0 5340 2,49
HoBocubGupckas o6nactb
Novosibirsk Region 290,0 445,0 +2,45
Pecny6nuka Kapenus
Republic of Karelia 274,0 4170 +2,31
KemepoBckas o6nacTb
Kemerovo Region 260,0 255,0 +2,19
Mepmckui kpai 256,0 382,0 216
Perm Region ’ ’ ’
Amano-HeHeuLKunit aBTOHOMHbI OKPYT
Yamalo-Nenets Autonomous Okrug 255,0 4200 2,15
EBpeiickasi aBTOHOMHas o6nacTb 2540 500.2 214
Jewish Autonomous Region ’ ’ ’
TiomeHckasa o6nacTb
Tyumen Region 250,2 321,2 +2,11
Pecny6nuka Xakacus
+
Republic of Khakassia 2404 541,2 2,03
YamypTtckas Pecnyo6nuka
Udmurt Republic 232,2 4521 +1,96
Yysawckas Pecny6nuka
Chuvash Republic 2101 3424 i
KpacHosipckuii kpai 2042 310.3 172
Krasnoyarsk Territory ’ ’ '
Pecny6nuka TbiBa
Republic of Tyva 323,3 450,1 +2,73
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HOIl O0OJIe3HM, XOJAaHTMOKApPIIMHOMBI, ITPUBOIST
K Pa3BUTHUIO TSIKEIBIX MAHKPEATUTOB U 9PO3UBHBIX
racTpoayoaeHuToB. Mcxomst n3 BhIIIe CKa3aHHOTO,
aKcrepramMu BceMupHO#l opraHuU3aluu 3ApaBoO-
OXpaHEHMsI OIMMUCTOPXUCHI OTHECEHBI K OUOJIOTH-
YyecKUM KaHlleporeHaM. ONMCTOpX03 HapyllaeT
HOpMaJIbHYI0 pabOoTy MPaKTUYECKU BCEX OPraHOB
u cucteM. [ToMUMO KeTyToUHO-KUIIIEYHOI'O TPaK-
Ta, TIopakalTs CepAeYHO-COCYANCTAasT, SHIOKPUH-
Hasl U HepBHag cuctemsl [1, 7, 11, 17].

MpodunakTuka onucTopxosa

Hawubounbiiee anmuaeMuyeckoe 3HaYeHUE UMEIOT
BUABI PHIO CeMeMCcTBa KapIlOBBIX: S13b, €Jiell, JUHb,
TJIOTBA, JIEI, 3apa’keHHOCTb KOTOPBIX IMYMHKAMU
onucropxug rocturaer 60—80%.

MeTtaliepkapruy 10BOJbLHO YCTOMYMBBI BO BHEIII-
Hel cpene, XOpOIIO TEePEHOCST CYIIKY, BBICOKHE
KOHIIEHTPALMM COJIM U HU3KME TeMIepaTyphl, 03~
TOMY OCHOBHO ITpo(dUIaKTUUECKO MEPOi1 TPOTUB
OMUCTOPXO03a SIBJSIETCS COOJIONEHUE TEXHOJOTUU
MPUTOTOBJICHUSI PBIOBI U PHIOONIPOAYKTOB Mepen
yrnorpebiaeHueM B mnuily. Ppiba, moTeHLMaJIbHO
comep:xKaliass >KM3HECIIOCOOHbIE JIMUYMHKU OMU-

CTOPXMCOB, IIOMJIEKUT 0O0e33apaXxMBaHUIO, KO-
TOpPOE OCYIIECTBIISIETCSI TIYTEM 3aMOpakMBaHUS,
mocoJia M TEIJI0BOi 0OpabOTKM B COOTBETCTBUU
C METOAMYECKMMU YKa3aHUSIMU O IPpODUIaKTUKE
OMMCTOPX03a, pa3pabOTaHHBIMU U YTBEPKICHHBI-
mu DenepanbHOU CyxX00ii Mo Han3opy B cdepe
3alIUTHI TpaB NMOTPeOUTENCH U OJIAarOMONydu sl dye-
noBeka [3, 10, 18].

3ak/yeHme

AHaNNU3 TUTEePATYPHBIX UCTOYHUKOB U OTYETOB
nokasaj, YTO ANUAEeMUYECKasl CUTyallus MO OMU-
CTOPX03y OCTAeTCS HAMPSIKEHHOU, U OMUCTOPX03
SIBJISIETCSL CEPbE3HOM MNpoOJIeMOli MNpaKTUyec-
KOTro 3ApaBOOXpaHEHUs He Toabko B Poccuu,
HO M B Mupe. HecMoTpsi Ha cHUXKeHUE OOIlIei
napas3uTapHoOil 3a00JieBa€MOCTHU B CTpaHe, B psijie
SHJAEMUYHBIX PETUOHOB OTMEYAETCS MPEBBILIEHUE
CpeNHEeCTAaTUCTUYECKUX mnokas3areneid. HMcxons
U3 BBILIE U3JIOKEHHOI0, BAXXHOE 3HAYECHUE B CHU-
XKEHUU 3200JIEBAEMOCTHU U HEAOITY LLIEHU U PACIPO-
CTpPaHEHU S JAHHOTrO Mapa3uTo3a UTPAET CTPOroe
cobmioaeHre NpopuIakKTUIECKUX Mep.

. OnucTtopxo3 D Onodwnnnobotpros . OXMHOKOKKO3 . Ounpodunapnos . KnoHopxo3
Opisthorchiasis Diphyllobothriosis Echinococcosis Dirofilariasis Clonorchiasis
E AnbBEOKOKKO3 I:l TpuxuHennes & TeHnapuHxo3 TeHnos
Alveococcosis Trichinosis Teniarinhoz Teniosis

PucyHok 1. CTpykTypa 6MorensMuHTo308 B 2020 .
Figure 1. 2020 Pattern of biohelminthiasis

m OnucTopxo3 H Onodwnnnobotpros = OXMHOKOKKO3 B Oupodunapnos m KnoHopxo3a
Opisthorchiasis Diphyllobothriosis Echinococcosis Dirofilariasis Clonorchiasis
E AnbBEOKOKKO3 D Tpuxunennes & TeHnapuHxos TeHnos
Alveococcosis Trichinosis Teniarinhoz Teniosis

PucyHok 2. CTpykTtypa GuorenbmuHTo308 B 2019 T.
Figure 2. 2019 Pattern of biohelminthiasis
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CEPOTOHWH U AQPEHAJIUH

KAK UHTUBUTOPbI OBPA3OBAHUA
BHEKJIETOYHbIX JIOBYLUEK HEATPODUIIOB
B 9KCMNMEPUMEHTE

C.B. Ckynnenckuii, P.B. CaBesibeB

Hremumym duomeduyurckux uccaedoganuii — guauar PI'BYH Dedepanvroeo Hayunoeo uermpa «Baaduxkaskazckui
Hayunbtii yenmp Poccuiickoii akademuu nayk», PCO-Aaanus, e. Baaduxkaskas, Poccus

Pestome. Perynsiims mporecca HeTo3a HEUTPO(DUIOB KaK IMPOBOIKPYIONIETO (haKTopa Pa3BUTHUS BOCIIATUTEIbHBIX
1 ayTOMMMYHHBIX 3a00JIeBaHNI MOKET COCTaBUTh OCHOBY BBHICOKO3((EKTUBHOI TapreTHOU Tepanuu. Lleap — u3-
YIUTh MOTU(PUIHpPYIOIIee OeHCTBIE CEPOTOHMHA M aJpeHaJMHa B OTHOIICHWHM HETO3a MpH (HaroInuTo3e y KpHIC.
Mamepuaavt u memoow.. Kpbichl TuHun Wistar, pazaeeHHbIe Ha KOHTPOJIBHYIO (pacTBopuTesb, 0,9% pactBop NaCl)
1 OTIBITHBIE (CEpOTOHUH U agpeHanuH 1,43 u 0,143 MI/KT Macchl TeJIa COOTBETCTBEHHO) IPYIITEL. BHYTpHOpIOIIMHHOE
BBe/IeHME 3aTpaBoK — 3a 90 MUH 10 3a00pa KPOBH, B KOTOPOU OTpeaessiini parolMTapHyo aKTUBHOCTH (aroiu-
TapHBI MHAEKC U (HarolMTapHOE YMCIIO0) U CTETIeHb CYMIIMIaTbHOTO HETO3a HEUTPOMUIIOB: C IMTOJHON 1 YaCTUIHOM
JeKoHieHcaleil xpomaTuHa. CpaBHeHMEe TPYIIl MPOBOAMIN C MCIOJb30BaHUEeM TapHoro Kputepusi CTbloneHTa
(nst yMceHHbIX 3HaueHu i) 1 Mak-Hemapa (1151 iMxoToMrueckuX nepeMeHHbix). CTeneHb TMHeHOM 3aBUCUMOCTH
MEXy BbIOOpKaMM OLEHMBAIM 1o Kputepuio IlupcoHna (r,,). Pesyabmame:. BeeneHye aapeHaarHa Cloco0CTBOBA-
JI0 MHTUOMpoBaHUIO HeTo3a Ha 41,5% otHocuTeabHo KoHTpous (p < 0,001), ceporonnHa — Ha 27,6% (p < 0,001).
CooTHollleHre HERTPO(PUIIOB ¢ TIOJHON AeKOHIeHCalleil XpoMaTUHA M YaCTUYHOM JJISI KOHTPOJIBHOM TPYIITBI CO-
craBuio 1,0:0,9; m1s ceporoHrHa oHO M3MeHMI0oCh o 1,0:1,7, a nnst anpeHanuHa paBHstach 1,0:1,4. arouutapHbIit
MHJIEKC [OCJIe BBEAECHUS CEPOTOHMHA BO3POC OTHOCUTEIbHO KOHTPOIbHOM rpyibl Ha 4,9%, B TO BpeMsi Kak Ha (poHe
afpeHaanHa oH cHu3uicsd Ha 12,4% (p < 0,01). BeisiBiieHa BHICOKAS IOJIOXUTEIbHAS KOPPEISLIMOHHAS CBA3b MEXIY
HETO30M U (harouMTapHbIM UHAEKCOM [UL KOHTPOJIbHOM U OXIBITHOM ¢ agpeHaIuHoM: I,, = 0,823—-0,997. [lns darouu-
TApPHOrO YMCJIa ¥ HETO3a B TEX XK€ TPYIIAX BbICOKAs OTpULIaTeNbHAs Koppenauus (r,, = —0,714—(-0,871)) u 3ameTHas
TMOJIOXUTETbHAsA — JUIs cepoToHuHa (r,, = 0,638). 3axawouenue. CepOTOHMH U aipeHaIMH B TEPANeBTUYECKUX T103H-
POBKax CIIOCOOHBI OKa3bIBaTh BhIPaXKeHHOE MHTMOMpYIOIIee NeCTBIE B OTHOIIEHUHM HETO3a, YTO MOXET OTKPBIBATh
MEPCIEKTUBBI K TIOBBIIIEH M0 3(P(HEKTUBHOCTH TePAITui UMMYHOBOCIIAJUTETbHBIX U OHKOJIOTUUYECKMX 3a00IeBaHUA.
Hcnonb3oBaHue cepoTOHMHA SIBASIETCS O0siee MPEeANOUYTUTEIbHBIM, ITOCKOJAbKY OH 00JafaeT JOMOJTHUTEIbHBIM M-
MYHOMOIYJIMPYIOIIUM JEUCTBUEM U HE BbI3bIBACT MPSIMON CTUMYJISILIAU O/~ U B-aIpEHOPELIETITOPOB.

Karouesvle caoea: aopenanun, gHekaemounvlie 108YUKY Helmpoguios, MoOUGUKayus 0cnaienus, Hemo3, CepOmMoHUH,
pacoyumapnas akmugnocms Hellmpogu.nos.
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SEROTONIN AND ADRENALINE AS INHIBITORS OF NEUTROPHIL EXTRACELLULAR TRAPS
FORMATION (EXPERIMENTAL STUDY)
Skupnevskii S.V., Saveljev R.V.

Institute of Biomedical Investigations — the Affiliate of Viadikavkaz Scientific Centre of RAS, RNO-Alania, Vladikavkaz,
Russian Federation

Abstract. Regulation of the NETosis can provoke cancer, inflammatory and autoimmune diseases and become a basis
for effective targeted therapy. The aim: to study the modifying effects of serotonin and adrenaline on NETosis during
phagocytosis in rats. Materials and methods. Wistar rats were divided into control (solvent, 0.9% NaCl solution) and
experimental (serotonin and adrenaline 1.43 and 0.143 mg/kg body weight, respectively) groups. Intraperitoneal injection
of test substances was carried out 90 minutes before blood sampling, in which phagocytic activity (PhA), phagocytic
index (PhI) and degree of suicidal neutrophil NETosis were determined: with total and partial chromatin decondensation
(TCD, PCD, accordingly). A paired Student’s t test was used to compare groups with numerical values and McNemar’s test
(for dichotomous variables). Pearson’s linear correlation coefficient (r,,) was assessed to measure a linear relationship between
time points. Results. The administration of adrenaline contributed to NETosis inhibition by 41.5% compared to control group
(p < 0.001), serotonin — by 27.6% (p < 0.001). The ratio of neutrophils with total and partial chromatin decondensation
for control group was 1.0:0.9; for serotonin and adrenaline it changed to 1.0:1.7 and 1.0:1.4, respectively. Relative to control
group, phagocytic index after serotonin administration increased by 4.9%, in case of adrenaline, on the contrary, it decreased
by 12.4% (p < 0.01). A high positive correlation was revealed between NETosis and phagocytic index for control group and
experimental group with adrenaline: r,, = 0.823—0.997. For phagocytic index and NETosis in these groups there was a high
negative (r,, = —0.714—(—0.871)) and a noticeable positive correlation for serotonin (r,, = 0.638). Conclusion. Serotonin and
adrenaline in therapeutic dosages have a pronounced inhibitory effect on NETosis, which may pave the avenue for increasing
the effectiveness of therapy for immunoinflammatory and oncological diseases. The use of serotonin is preferable because
it has additional immunomodulatory effects and cause no direct stimulation of o.- and B-adrenergic receptors.

Key words: adrenaline, extracellular traps of neutrophils, modification of inflammation, NETosis, phagocytic activity of neutrophils, serotonin.

BeepgeHue

BaxxHas posb (popMHUpOBaHUS BHEKJIECTOYHBIX
noByliek HeliTpodusnos (neutrophil extracellular
traps, NET) npu ¢aroumnroze MUKpPOOPraHU3MOB,
a Tak>ke B MaToreHe3e ayTOMMMYHHBIX 3a0o0JieBa-
HUI (peBMaTOUAHBIN apTPUT, CUCTEMHas KpacHasi
BOJIYaHKa, copuas u ap. [1]) onpenessgeT BEICOKU A
MHTEpeC UccaeaoBareieili K M3YYEeHUI0 MeXaHM3-
MOB naHHoro ¢eHomeHa. B pabore Bonkosa /I.B.
M COaBT. [2] oTMeyaeTcsl, YTO BHEKJIETOUHBIE JIO-
BYILIKN HEUTPOdUIOB OKa3bIBAIOT CTUMYJIUPYIO-
1ee BIAMSIHUE Ha POCT M MeTacTa3upoBaHHUE CO-
JIUIHBIX OITyXOJIE U B TO e BpeMsl 3a CUeT IIpo-
CTpaHCTBEHHOW mperpaabl 3HAYUTEIBHO CHU-
xaT apdexktuBHocTh CAR-T-numdonuTapHoit
Tepanmuu (Chimeric Antigen Receptor T-Cell).
N.N. Jonrymun n E.A. Me3eHlieBa IPUBOASAT pe-
3yAbTaThl HCCIEAOBAaHUIN HETO3a, CIIOCOOCTBYIO-
mero nepexony P. aeruginosa oT BHICOKOpETIMKa-
TUBHOTO TIJIAHKTOHHOTO CYIIIECTBOBAaHUS K TLje-
HOYHOMY, 4YTO TIpedoTBpalllaeT ITPOHUKHOBECHUE
BO30YIUTEJISI B TOJIOBHOIM MO3T MBbIIIE MpU MHO-
KYyJSLMU 0aKTepuii Ha POTOBUILY >KMBOTHBIX U BbI-
SIBJISICT OMUH U3 3BOJIIOIIMOHHO 3aKPEeIJICHHBIX 3a-
IIUMTHBIX MeXaHU3MOB [4]. MU3HavyanbHOE ITpencTaB-
JIEHUE O TOM, UTO HETO3 — OJIHA U3 HOBbIX (hopm
KJIeTOYHOI rubenau, B MoOcCieaHee BpeMs 3Hauyu-
TEJBHO PaCIIUPUIOCH, TOCKOIBKY OOOCHOBAHO €ro
HEMOCPeICTBEHHOE yYacTHe B BOCITaJIEHUU 1 ayTO-
MMMYHUTETE 32 CUET MHAYKIIMM OOpa30BaHUS aH-
TUTEJ, UMMMYHHBIX KOMILJIEKCOB, aKTUBHBIX (DOpM

kuciopona (ADK), azora, a Takke BbIOpoca ajiap-
MUHOB B BUJIE SIA€PHOI, MUTOXOH ApuaibHou JTHK
M IPYTOro BHYTPUKIIETOUHOTO ComepXumoro [3].

OmpenensieTcs pojb HETO3a B TapreTHON Te-
paIrtuy aTepOreHHOTO BOCITAJICHMSI, KOTOpas CITO-
cobHa 3HAYUTEABHBIM O0Opa30oM CHU3UTh PUCKU
aTepoTpoMboTHUYecKmnx ocyioxkHeHUi [10]. Bece aTo
ompenessieT aKTyaJIbHOCTh ITorcKa 3(hOEeKTUBHBIX
1 0e30IMacHBIX CPEICTB IJIsS YIIpaBJISHUS IIPOIEeC-
caMu BeIOpoca xpoMmaTtnHa 1 ¢opmupoBanus NET.

Llens — n3yunuTh MoauGUIIMPYIOIISe TeiiCTBHIC
CEepOTOHMHA M aJpeHaIMHAa B OTHOIICHUH HETO3a
npu paronTose y KphiC.

Matepuanbl n MeToOb!

HccnenoBaHue mpoBeau Ha 9 Kpbicax JUHUU
Wistar maccoit 270—290 1, pa3aeieHHbIX Ha Tpu
paBHBIC TpyImIbl. [lepBas rpyrma — KOHTPOJb
(BHYTpuOpIOIIIMHHOE (B/0) BBeAEHME PaCTBOPU-
Tedass — (U3MOJOTMYECKOTO PacTBOpa 3KBUOOB-
€MHO C ONBITHBIMM TpyIlirtamu). Bropast rpymnmna
(ombITHas1) — B/O BBeIEHHE CEPOTOHMHA (cepo-
TOHWHA aAuIIMHAT, pacTBop s BBeaeHus (OO0
«JIOPP+K», Poccus) u3 pacuera 1,43 Mr/Kr Macchbl
Tena (M.T.). TpeThs rpynna (onbiTHasi) — B/0O BBe-
JeHue aapeHajlnHa (nNuHedpUHA TUIPOXJOPUI)
(PI'VIT «MOCKOBCKMI 3HIOKPUHHBIN 3aBOI»,
Poccus) us pacuera 0,143 MI/Kr M.T.

Yepesz 90 MUH mocJie BBENEHUS MpenapaToB Mo
O0IIMM paylll-HapKO30M Yy KMBOTHBIX W3 Cepilla
oTOMpaJii KPOBb, KOTOPYIO CTaOMJIM3UPOBATIM Te-
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BroreHHble aMUHbI — MHIMOUTOPBI HETO3a

MapyuHOM C KOHEYHOW KOHIIEHTpallhueid aHTUKoa-
rysstata 50 ME/mi. O6pa3siibl KpoBH, TTOIOTPETHIS
no 37°C, cmewmnBanau B cooTHoueHuu 10:1 ¢ cy-
crieH3uel Tyuu, paseaeHHoit 1:1000 ¢pusuonoru-
YEeCKUM pacTBOPOM U MHKYOUPOBAJM B TEPMOCTATE
B TeueHue 30 muH nipu 37°C 1 OUEHKU UHIYIIU-
poBaHHOro HeTo3a 1 1pu 38°C 1151 OLleHK U (paroru-
TapHoii akTuBHOCTHU [7]. [locie nHKyOalM KPOBb
THIATEJbHO MEepeMelInBaIn U AeJaalu Ma3KH Ha arl-
naparte «Vision» (ABcTpus). Mukpornpenaparsl Bbl-
CyIIMBaJIU MPU KOMHATHOW TeMmIieparype u (uk-
cupoBanu 25 muH npu 37°C B napax dopmasnHa.
OxpamuBanu 0,5% pacTBOPOM METUJIEHOBOIO CH-
Hero B TedeHue 2—3 MuH. O1LieHMBaIu NPOLIEHT CYyU-
LMIAJIBHOTO HETO3a C YACTUYHOMW U MOJHOMN JTEKOH-
neHcanueit xpomaruHa (YA X u IT1X), aHanusupys
no 150 HeitTpodunoB Ha Kpbicy. Onpenensiau ga-
rouuTapHyto akTuBHOCTH (100 KJIETOK Ha KpbICY),
paccuuThiBasg arouuTapHbiii mHAeKC (PU, Komm-
YeCTBO KJIETOK, BCTYITUBIIUX B (haronTos) u ¢daro-
nuTapHoe yrcyio (PY, cpenHee KOTMIECTBO YaCTHIL,
MOTIJIOIIEHHBIX KJIETKAMM) C TTOMOIIBIO MUKPOCKO-
na «Munumen-2». CpaBHeHHe TMIIOTE3 MPOBOIUIN
JUIS. ABYX CBSI3aHHBIX TPYII (KOHTPOJIL/OIIBIT) TIO:
napHoMy Kputeputo CTblogeHTa — AJIs1 KOoJuye-
CTBEHHOTIO IMpHU3HaKa C HOPMaJIbHBIM pacrpenese-
HMEM — (arouuTapHOro 4ymcia; Kputepuo Mak-
Hemapa — nyid KauyeCTBEHHOrO NUXOTOMWYECKOTO
npu3HaKa — HeTo3a (1 ero pasHoBuaHocTei: ITAX/
YJIX) u darouutapHoro nHiaekca. HopmaabHOCTb
pacripenesieHusi BbiOOpKM 3HayeHuit DY mpose-
psiu no kputeputo [lanupo—Yuinka (mpu ypoBHe
3HauumocTu o = 0,05). KoaddpuuueHt koppess-
LMW PacCYUThIBANM 1o Kputepuio ITupcona (r,).
JlanHble oopadaTwiBanau B Excel, BeIUUCIsISI cpeaHee
3HaYeHMWE U CTaHAApTHOE OTKJIOHeHue M=*c (mis
YUCJIEHHOTO 3HAYEHUsI); JOCTOBEPHOCTh Pa3InyMuii
MPOBEPSJIM C TIOMOLIBIO OHJAWH KaJIbKyJsiTopa
(https://medstatistic.ru/calculators.html).

B pabote ¢ 1aG0opaTOpHBIMU KMBOTHBIMU MPU-
JeP>KUBAJIMCh MTPaBUI U STUYECKHUX HOPM coaepxkKa-
HUS U yXojda, OMUMCAaHHBIX B pyKoBojacTBe National
Research Council, 2011 r. u TTOCT P53434-2009
«[MTpuHUIMTIBI Hamdexame JabopaTOpHON Ipak-
TUKW» C pa3pelIeHUus] 3TUYECKOro KOMHUTETa IpU
MHcTuTyTe OMoMeauIIMHCKUX ucciienoBanuii PAH.

Pe3ynbrathl 1 006CYyXaeHne

B xone uccnenoBaHus ObIJT YCTAHOBJIEH BbIpa-
XKEHHBI HETO3-UHTUOUpYIOIIUKA U (HarouuTos-
MOAYAUPYIOMUUA 3D PEeKThl anpeHaInHa U CEPOTO-
HUHA B YCJIOBUSIX in vivo (TabJ1.).

M3 Tabauibl BUAHO, YTO BBEACHUE OMOTE€HHBIX
aMWHOB MPUBOAUT K OOIIIEMY CHUXXEHUIO 00pa3o-
BaHus NET u nuameHeHn10 MOp(dOJIOrUU cCaMuX JIO-
BylIek. M3 AByX cpaBHUBAaeMBbIX MpPErapaToB ajape-
HaJIMH OKa3aJi 0oJiee BbIPaXXeHHOE MHTMOUPOBaHUE
HeTo3a — Ha 41,5% (OTHOCUTEILHO KOHTPOJIs), ce-
poToHUH — Ha 27,6%. CoOTHOIIIEH1E HeUTPOMUIIOB
C MOJIHOW JAEKOHJEHCAllMell XpoMaThUHA U YaCTUY-
HOW 151 KOHTPOJIbHOM Tpymibl coctaBuiio 1,0:0,9,
B TO BpeMs Kak JJIsI CEpOTOHMHA OHO U3MEHUJIOCH
mo 1,0:1,7, a mnsg agpeHanmHa paBHsLI0CH 1,0:1,4.

BpIrogHbIM CBOMCTBOM, OTJIMYAIOIIUM CEPOTO-
HUH OT aJpeHaJuHa, SBUJOCh CTUMYJIUPOBAHUE
darouuTo3a, KOTOPBI TIPEBBICUJ MOKa3aTeJau
KOHTPOJIbHOM Tpynmbl Ha 4,9%, 4TO cOompoBOXIa-
JIOCh NOIMOJHUTEBHO yBEJIWYEeHUuEeM Garouurap-
Horo vyucna. [Ins anpeHanuHa najneHue ¢paromu-
TapHOW aKTUBHOCTH cocTaBuyio 12,4% (oTHOCU-
TEJIbHO XXUBOTHBIX KOHTPOJIbHOM TPYIIIIHI).

ITo mkane Yenmoka st KOHTPOJIBHOU TPYTIITHI
U OTBITHOW C aIp€HATMHOM, BBISIBJISIETCS BbICOKAS
MOJIOXXUTEIbHASI KOPPEJSIMOHHAS CBI3b MEXAY
HETO30M U (paroluTapHbIM UHIAEKCOM. [ cepo-
TOHWHA TECHOTA CBSI3U — YMEPEHHas, a XapakTep
Koppeasuuu — obpatHbiii. ng darouutapHoro
4YuCJla U HETO3a BBISIBJIEHA aHAJOTUYHAS TEHIECH-
LU OTpULIATeIbHAasI BBICOKAS KOPpENsUus IJIs
KOHTPOJIBHOM TPYIIBI U SNUHEDPUHA U 3aMEeTHAs
MOJIOXXKUTEIbHAS KOPPEIILUS IJI1 CEpOTOHUHA.

OO6HapyxeHHble 2(PGHEKTBl MOryT OBITh OO0b-
SICHEHBI PSJOM OOLIMX OUOJOTMYECKUX U XUMU-
YeCKHX CBOUCTB CEpOTOHWHA U agpeHaimHa. Bo-
MEePBBIX, 00€ MOJIEKYJIbI SBJISIIOTCS aKTUBATOPAMU
TPOMOOILIUTOB, KOTOPHIE, KAK U3BECTHO, BBICTYTTAIOT
ONHUM U3 (PAKTOPOB BPOXKJIEHHOTO UMMYHUTETA,
obpa3yss TpPOMOOLUTAPHO-JIEHKOLIUTAPHBIE KOM-
MJekchl [6]. B yacTHoCTH, GJ1arogapst HATUYUIO pe-
1enTopoB K nmatoreHam (Hanpumep, TLR4 (Toll-like
receptor) K 0aKTepuaabHbBIM JIMIIONOIUCAXapUIaAM)
KPOBSIHbIE MJIACTUHKU MOTYT HETOCPEICTBEHHBIM

Ta6nuua. PesynbTaThl UccriefoBaHus arounTapHoil akTUBHOCTU U MHAYLMPOBAHHOIO HETO3a Y KPbIC
Table. Results of rat phagocytic activity and induced NETosis

Mpynna NET. % nax, % 4yax, % DU, % oY, Mt6 | r,, (PU/NET) | r,, (P4/NET)

Group ’ TCD, % PCD, % PhA, % Phl (PhA/NET) (PhI/NET)
Kontponb/Control 21,7 11,3 10,4 477 1,8+0,4 0,997 -0,714
CepoToHuH/Serotonin 15,7*** 5,9%** 9,8*** 52,6 2,0+0,3 -0,418 0,638
AppeHanud/Adrenaline 12,7*** 5,3*** 7,4%** 35,3** 1,5+0,2 0,823 -0,871

Mpumeyanue. *** —p < 0,001; ** — p < 0,01 oTHOCMTENBHO KOHTPOMLHOI FPYNMbI N0 KpUTEPUIo Mak-Hemapa; ctatuctudeckue paznmyus Y

«KOHTPOJIb/OMbIT» HE3HAYMMBIE MO MApHOMY KpuTepwio CThIOAEHTa.

Note. *** —p < 0.001; ** — p < 0.01 compared with control group assessed by McNemar criterion; statistical differences for Phl in control/experience

parameter are insignificant according to Student’s paired criterion.
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00pa3oM M3MEHSTh AaKTUBHOCTh HEUTPOMUIOB,
BJIMsISI HA pEaKTUBHOCTD KJIETOYHOIO 3B€HAa UMMY-
HuteTa [9]. Bo-BTOphbIX, ucciaenyeMmble OUMOreHHbIe
aMUHBI TIPOSIBIISTIOT BbIPa’KeHHbBIC aHTUOKCHIAHT-
HBIE CBOWCTBAa M MOTYT KyNMpOBaTh 00Opa3oBaHUe
A®K — 1TycKOBOTO 3B€HA B MeXaHU3Me OerpaHyIs-
MY 1 BBIOpOCa XpoMaTuHa HelTpoduiamMu.
N3meHeHre daroumyMTapHoil aKTUBHOCTH, W3-
YYEHHOE B XO/e 9KCIMEPUMEHTa, HaXOAUTCS B T1OJI-
HOM COOTBETCTBUU C JaHHBIMU U3 HAYYHOM JIUTE-
paTyphbl, TIe TToKa3aHo, YTO CEPOTOHUH ITOBBIIIIAET
o011y10 (harouuMTapHyI0 aKTUBHOCTH [8], a KaTexo-
JJaMUHBI, HA000POT, ee CHUXaroT [5]. Pe3yabTaThl
KOPPEISIIIMOHHOTO aHaJIu3a PO BISIOT MEXaHU3M
00pa30oBaHM S JIOBYIIIEK HEUTPODUIOB C CEPOTOHM-
HOM, OTJIMYHBIN OT KOHTPOJILHOM I'PYIIITHI M OTIBIT-

HOI, TOABEPrHYTON BO3ACUCTBUIO aJipeHaIuHAa.
OTANYUTENBHBIM TTPU3HAKOM >XMBOTHBIX, TOJY-
YaBIIMX CEPOTOHUH, SIBJISIETCS TTOBBIIIEHUE (haro-
LUMTapHOU aKTUBHOCTU Ha ¢oHe cHuxeHust NET.

TakuM 06pa3oM, CEpOTOHUH U aAipeHaIUH B Te-
paneBTUYECKUX T03UPOBKAX CIIOCOOHBI OKa3bIBaTh
BbIpaX€HHOE UHTMOUupylollee 1eiicTBHUE B OTHOILIIE -
HHMM HETO3a, YTO MOXKET OTKPBIBATh MEPCHEKTUBbI
K MOBBIIIEHUIO 3(P(MEKTUBHOCTU Tepanuu UMMY-
HOBOCHAJIUTEJIbHBIX M OHKOJIOTMYECKUX 3aboJie-
BaHUil. HMcmosib30BaHUE CEPOTOHWHA SIBJSIETCS
OoJjiee TIPEATIOYTUTEIbHBIM, TTOCKOJIBKY OH 0O0Jia-
JaeT JOTOJHUTEIbHBIM UMMYHOMOIYJIUPYIOIIUM
JleiicTBUEM, TTOBBIIIAs (DaroMTapHyI0 aKTUBHOCTH
HEUTpO(dUIOB, 1 HE BBI3BIBACT MPSIMON CTUMYJISI-
IIUH O~ U B-aIpeHOPEIeTITOPOB.
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JIABOPATOPHOE OBECINEYEHUE
CEPOMOHUTOPUHIA NOCTBAKUUHAJIBHOIO
UMMYHUTETA NPOTUB KOKJTIOLLIA

M.B. Buamanosa'-?

'@I'BOY BO Camapckuii eocydapcmeennbviii meduyunckuii ynusepcumem Munzopasa P®, e. Camapa, Poccus
2DBY3 Ilenmp eueuenvt u snudemuosoeuu ¢ Camapckoii oonacmu, e. Camapa, Poccus

Pe3tome. OnHUM 13 HaNpaBAECHU I MU AEMUOJOTMYECKOT0 Hal30pa 3a KOKJIIOLIEM sIBJIsIeTCsl HabmoaeH e 3a pop-
MHUPOBaHKEM TYMOPAJbHOIO UMMYHMTETAa B MHAMKATOPHON rpymmne AeTeir 3—4 jeT ¢ 3aBepllIeHHOM BaKIMHa-
LMei TPOTUB KOKJIIOIIA ¥ OLEHKA IOJU CEPOHEraTUBHBIX JUI. DTO SBASETCS MPOTHOCTUUYECKUM ToKa3aTeaeM
JUJTST KOMITJICKCHOM OLIeHK M 3a00JIeBaeMOCTH B perroHe. [IpruMeHsieMas 111 3TOro paHee peaklus arTIoTHHALIUY
(PA) crana BeiMemnaTbes UMMYHOGMepMeHTHBIM aHaau3oM (M®PA). [Ipu 3ToM BO3HUK BOIIPOC 00 aIeKBaTHOCTH
npuMeHeHNs MDA y mull, TpUBUTHIX IEJIbHOKJIECTOYHBIMY BaKIIMHAMM, ¥ BOIIPOC KOPPEKTHOCTU MHTEPIIpeTa-
LM ST MACCOBBIX PE3YIbTAaTOB 0e3 yHuDUIMpoBaHHOTO pedhepeHTHOTO 3HaueHU IgG. Lens nccieqoBaHus — Olie-
HUTHh HAMPSIXKEHHOCTh TYMOPAJIbHOIO IMPOTUBOKOKJIIONIHOTO TMOMYJSIIMOHHOI0O MMMyHHUTeTa MeTomoM MDA,
OTIpEeNeTUTh OCOOEHHOCTH T'YMOPAJIbHOM 3alIUTH Y MPUBUTHIX Pa3IUUYHBIMU TUIIAMU BAKIWH, BHISBUTH BO3-
pacTHbIE 0COOEHHOCTH, CHOPMYTUPOBATH PEKOMEHJALIMY 110 OLIEHKE MaCCOBBIX PE3YJIbTATOB CEPOMOHUTOPUHTA
Ha OCHOBE CIMUYMTEIbHBIX HcciaenoBaHuii. 3a 2016—2020 rr. o6cie0BaHbl MOJHOCTHIO IPUBUTHIE OT KOKJIIOIIA
netu (n = 1729) Camapckoit ob61acTu; oHUM pacnpeaeneHbl Ha 4 Bo3pacTHbie rpynimbl (< 3, 3—4 roga, 5—7 Jer,
> 7,1 7eT) 1 Ha 3 TPYNIbI O TUIY BaKIIMHALIMK: KJETOYHbIE BAKIIMHBI, 0€CKJIETOYHbIC BaKIIMHbI, KOMOUHUPO-
BaHHas. buomaTepuan — cbIBOpOTKa KPOBU ¢ BEIOPaKOBKON HECBOEBPEMEHHO OTOOPAHHBIX U HEKaUueCTBEHHBIX
o6pa3suos. [ nposeaeHuss MDA ucnobp3oBaHo 2 Habopa, MpeaHa3HauYeHHbIX IJIsI OLEHKH MOCTBAKIIMHAIbHO-
ro IMMYHHTETA COTJaCHO MHCTPYKIIUU MpousBoautens. O6a Habopa MO3BOJISIOT KOJTUIYECTBEHHO OMpPEACIsITh
IgG Kk B. pertussis, OTINYAIOTCS [10 €IMHUIIAM U3MEPEHUS U pedepeHTHBIM 3HaueHUAM. CTaTUCTUICCKUIT aHAIN3
BbinosiHeH Ha nporpamme StatTech v.2.6.2 (OO0 «CratTex»). [1o pesynbrataMm MccliefoBaHUS HaMOObLIAS OIS
CepOHETAaTHBHEIX AeTeil HAXOAMIACh B TPYIIIIE MIPUBUTHIX KJICTOYHBIMI BaKIIMHAMY, HAMMEHBIIAS CPEIN TPUBH-
THIX OCCKJIETOYHBIMY BaKIIMHAMU. YCTaHOBIICHO, UTO OJIS CEPOHETATUBHBIX IIPUBUTHIX AeTCH B «MHAMKATOPHOM
rpymme» gocturaer 55,2%, 4To CylLIeCTBEHHO Bbille JONycTUMOTO ypoBHs B 10,0%, 1 oTimuaercs B 6OJbLIYIO
CTOPOHY OT NHUTepaTypHBIX TaHHBIX (30—40%), MOTYUYeHHBIX IPEUMYIIECTBEHHO TIPH MCIIOJb30BaHUH PA. DTo0
MOXET YKa3bIBaTh Ha HEKOPPEKTHOCTh MHTEPIIPETAIIMU PE3YIbTATOB OLIEHKHM MMEHHO ITOCTBAKIIMHAJIBHOTO UM~
MYHHUTETA CTPOTO MO pedepPeHTHBIM KPUTEPUSIM WHOCTPAHHBIX mpousBoauteneii MMA-HabOpOB, B 4aCTHOCTHU
y IPUBUTHIX LEIbHOKJIETOUHBIMU BaKIIMHaMM. [IpensioxeH crmocod pacueTa 101 CEPOHETaTUBHBIX JIUIL CPeaun
MPUBUTHIX OT KOKJIIOIIA ¢ UCIOJIb30BAHMEM IMTPOTHOCTUYUECKON IIEHHOCTHU OTPULIATEIbHBIX PE3YIbTaTOB MPUME-
HseMoro Habopa B BUJe IONPaBOUYHOTo KoadduiineHta. Heodxonumpie 3HaYeHU I TPOTHOCTUYECKON IIEHHOCTHU
pPEe3YAbTATOB OBLIM MOJYYCHBI B XOAE CAMYUTENbHBIX MCCICIOBAHUI CIy4YaitHON BBIOOPKM CHIBOPOTOK KPOBH
ot nereit 3—4 ner (n = 70) ¢ npuMeHeHueM AByX Habopos mia nposeneHns UOA («KRIDASCREEN® Bordetella»
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u «SeroPertussis™ IgG») U mocTpoeHUeM BHYTPUIaO00paTOPHOI CIMYUTEAbHON MaHeau. s 1oCTOBEpHON OLleH-
KM JI0JIM CEPOHETaTUBHBIX JIUIL B TONYJISIIIUY CIeAyeT OTIaBaTh MPeANoYTeHne HabopaM ¢ OOJIbIIe TPOTrHOCTH-
YEeCKOI IEHHOCThIO HETATUBHBIX PE3YJIbTATOB.

Karoueevie caosa: KOKAW, uH()u/camopHa;z epynna, nocmaakuuﬂaﬂbﬂbtﬁ UMMYHUmMem, ZyMopaﬂbelﬁ UMMYHUmem,
LlMMyHO¢€pM€HmeIL7 AHAAU3, NPOCHOCMUYECKAA UEHHOCMb pe3y1bmanoes.

LABORATORY SUPPORT FOR SEROMONITORING OF ANTI-PERTUSSIS POST-VACCINATION
IMMUNITY
Vidmanova M.V.*?

@ Samara State Medical University of the Ministry of Health of Russia, Samara, Russian Federation
b Hygienic and Epidemiological Centre in the Samara Region, Samara, Russian Federation

Abstract. Monitoring of humoral immunity in 3—4 year-old anti-pertussis vaccinated children is one of the approaches
for pertussis epidemiological surveillance. It’s a predictive indicator for comprehensive assessment of morbidity in the
region. The agglutination reaction (RA) used earlier has been displaced with enzyme immunoassay (ELISA). So, two
questions arose: regarding i) a relevance of using ELISA in whole-cell vaccinated individuals, and ii) correctness
of large-scale data interpretation without applying a unified IgG reference value. Study aims were to assess humoral
anti-pertussis population immunity by ELISA, to determine features of humoral protection in vaccinated subjects after
using various vaccine types, to identify age features, to make recommendations for evaluating seromonitoring data.
Blood serum samples from anti-pertussis vaccinated children in Samara region (n = 1729) were examined in 2016—2020;
children were divided into 4 age groups (< 3, 3—4, 5—7, > 7.1 years) and into 3 type vaccines groups: cellular, acellular
and combined. We used two ELISA kits, which are designed to assess post-vaccination immunity, according to the
manufacturer’s instructions, quantifying IgG against B. pertussis, which differ in units and reference values. Statistical
analysis was performed using StatTech program v.2.6.2. The largest and smallest percentage of seronegative children
was in the cellular-vaccinated and acellular-vaccinated group, respectively. Seronegative percentage in the “indicator
group” reaches 55.2% being significantly higher than acceptable 10.0%-level, and differs from the literature data (30—
40%), which were obtained mainly with RA. This may suggest about an incorrect interpretation of post-vaccination
immunity data evaluation strictly according to manufacturers’ reference criteria, especially for whole-cell vaccinated
subjects. A method for calculating the seronegative percentage is proposed that relies on the prognostic negative data
level as a correction factor. The required values were obtained during comparison studies of random serum samples
from 3—4-year-old children (n = 70) using two ELISA kits (“RIDASCREEN® Bordetella”, “SeroPertussis™ IgG”) and
intra-laboratory comparison panel. It should be given preference for sets with a greater prognostic negative data level,
if population seronegative percentage is assessed.

Key words: pertussis, indicator group, post-vaccination immunity, humoral immunity, enzyme immunoassay, prognostic value of results.

BeepgeHue

Koxkroun — akTyanbHast uHGbeK1Us [3, 5]. OnHuM
U3 HampaBJIEHUU SMUAEMUOJOrMYECcKOro Haaszopa
3a kokutomeM B Poccun u npyrux crpanax (MKb-
10: A37.0/A37.1/A37.8/A37.9) siBnsieTcss HabaOIEeHUE
3a (OpMUPOBAHUEM TyMOPAJIbHOTO WMMMYHHUTETA
Y JILL C 3aBEPIIEHHON BaKLIMHALIMEN; B HAIlIEl cTpa-
He — B MHAMKATOPHOI rpyrmne aeteir 3—4 jer [2, 6,
9, 13]. Jloas1 cepoHeraTUBHBIX JIML B MHIMKATOPHOMI
TpyIIIe sSIBJISIETCS MPOTHOCTMYECKUM IToKa3aTesieM
JIJ1sl KOMITJIEKCHOI OLIEHKU 3a00J1eBaéMOCTHU B Peru-
OHE; TIpUeMJIEMOI CUUTAETCS JOJsI CEpOHEraTuBHbIX
qui He 6oitee 10% [6, 9]. Ha ycMoTpeHne annaeMu-
oJIora cepojiormyeckoe obcieIoBaHUEe MOXET ObITh
MPOBEIEHO B JOMOJHUTEIbHBIX BO3PACTHBIX T'PYII-
nax, a NMpuUMeHseMasl paHee peaklivsl arrIloTUHa-
uuu (PA) MoXeT ObITh 3aMEHEHa UMMYHO(epMeHT-
HbIM aHan3oM (MPA). Meton MDA B 3apyOexkHBIX
CTpaHax LIMPOKO MPUMEHSIETCS /ISl CEPOINMUIEMU-

YEeCKUX MCCJICIOBAaHUM MOCTBAKIIMHAIBHOTO U TO-
CTUH(MEKIIMOHHOTO  IMPOTUBOKOKJIIOIIHOTO  UM-
MYHUTETa, ogHako B Poccuu mpumMeHeHHe MeToma
HN®DA 1151 TOJ LI€TM BBI3BIBACT PSiJI BOITPOCOB:

— aJaeKBaTHOCTb npuMmeHeHuss MDA st cepo-

MOHMTOPUHTIA IPOTUBOKOKIIIOIITHOTO WMMY-

HUTEeTa y JIML], MIPUBUTHIX LIEJIbHOKJIETOUHBIMU

BaKIIMHAMU,;

— HHTEpHpeTalus MaCCOBBIX pe3yJIbTaToOB 0e3

VYHUPUUIMPOBAHHOIO peepeHTHOTO 3HAYEHU S

NPOTUBOKOKIIOIIHBIX MMMYHOIJIOOYyInHOB G

(IgG) (Bapuanuu y pazubix MPA-HaAGOpOB), B TO

BpeMs Kak aJis PA MUHMMaNbHBIN 3alIUTHBIN

tutp (1:160) OmMHO3HAYHO yKa3aH B JEHCTBYIO-

LIMX HOPMATUBHBIX JOKYMeHTax [6].

Llens uccienoBaHUSI — OLICHUTH COCTOSIHUE
NPOTUBOKOKJIIOIIHOTO MOMNYISIIIMOHHOTO MMMY-
HUTETa B MHAUKATOPHON M B CMEXHBIX BO3pacCT-
HBIX TpyImImax, chopMyJnpoBaThb PEeKOMEHIAIIUU
10 €ro OlICHKE.
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Marepuanbsl 1 MeToapl

3a mepuon 2016—2020 rr. oGcienoBaHbl IMOJI-
HOCTBIO TIPUBUTHIE OT KokJjawmia netu (n = 1729)
Camapckoil 061acTu; OHU pacnpenesieHbl Ha BO3-
pacTHBIE TPYIIIbL:

— <3ner,n=46 (2,7%, AN: 2,0-3,5);

— 3—4roma, n = 1427 (82,5%, A: 80,7—84,3);

— 5-7 net, n = 145 (8,4%, AU: 7,1-9,8);

— >7,1ner,n=111(6,4%, AN: 5,3—7,7).

Takxke obcienyeMble pacrpeaeaeHbl Ha 3 Tpy -
B TIO TUTTY BaKIIMHAIIMU: KJIETOYHBIE BAKITUHBI —
n = 1657 (95,8%, AW: 94,8—96,7); GeckieTOYHbIE
BaKUMHBI — n = 44 (2,5%, AN: 1,9-3,4); komGuHa-
LU KJIETOYHBIX U O€CKJIETOUHBIX BAKIIUH — n = 28
(1,6%, AN: 1,1-2,3).

buomarepuan — cbhIBOPOTKA BEHO3HOW KPOBU
(uHTepBaa mexay gnatoii RV1 u natoit obcnenona-
HU S > 3 Mecslia); UCKJTIOUeHbl TeMOJIM3UPOBaHHBIE,
MYTHBIE U XUJIe3Hble 00pa31bl. MICTOIb30BaHBI HA-
6opsl MDA, mpuromgHbie 1Jisi CEPOMOHUTOPUHTA
MOCTBAKIIMHAJIBHOTO UMMYHUTETA, COIJIACHO UH-
CTPYKIMSIM NPOU3BOJUTEIICHA:

«RIDASCREEN® Bordetella»  (R-Biopharm
AG, I'epmaHus) — KOJTMYECTBEHHOE OIpEaeIeHUE
IgG x B. pertussis 4-mapaMeTpUUECKUM METOIOM.
Conepxanue IgG > 18 En/mn onieHuBaJioch Kak
Haau4yue UMMYHUTETa K B. pertussis. HabGop uc-
MOJb30BAJICS JJI MACCOBBIX UCCIEAOBAHUN.

«SeroPertussis™ IgG» (Savyondiagnostics, 13-
paunb) — KoJIMUYecTBeHHoe omnpeneineHue IgG
K B. pertussis mo kanudbpoBoyHoii Kpuboil. Conep-
xanue IgG > 10 CBEn/mMn cuuTanoch MoJoXu-
TeJbHbIM. Habop wucnosap3oBajici TOJNBKO HJI
CIAVUYUTENbHBIX UCCTIETOBAHUN.

WccnenoBaHue ogo0peHO KOMUTETOM MO OMO-
atuke mpu CaMapcKoM TOCYJAapCTBEHHOM Me-
IUIIMHCKOM YHUBepcuteTe, TpoTokos Ne 212
ot 11.11.2020 r. JIng CTaTUCTUYECKOro aHaju3a
ucrnojb3oBaHa mporpamma StatTech v.2.6.2 (OO0
«Crartex», Poccust)). KareropuajibHble HaHHBIE
OonMucCaHbl C YKa3aHWEM aOCOJIIOTHBIX 3HAYEHUU
U TPOUEHTHBIX noJieli. CpaBHEHUE MNPOLIEHTHBIX

JloJleil Mpu aHajM3e MHOTOMOJbHBIX TaOJUL] CO-
NPSIXKEHHOCTU BBIMOJHEHO C MOMOIIBIO KPUTEPUS
Xu-kBanpat [TupcoHa.

Pesynbratbl 1 06CyXaeHne

B pmaHHOM WMCClegOBaHMM CyMMapHasl [I0JisI
CepoOHeraTUBHBIX MPUBUTHIX AeTeir Gojee 10%.
IIpu aHaiM3e 3aBUCUMOCTU IyMOpPaJbHO MPO-
TUBOKOKJIIOIIHOM 3allMThl, OIpEAcasieMOil Me-
TonoM MDA, oT Thna BaKLMHALIMU YCTAHOBJIEHBI
cTaTUCTHUYEeCKM 3HaunMbIe pasnuuusg (p < 0,001):
HauboblIast A0 O00CIeayeMbIX C OTCYTCTBUEM
TyMOPaJbHOM 3a1UTHI IIPOTUB KOKJIIOIIA OTMeYa-
J1ach Y IPUBUTBIX KJIETOYHBIMU BaKLIMHAMU, HAU~
MEHbIIAsi — CpeAud MPUBUTHIX OECKJIETOYHBIMU
BakumHaMu (Tta6j. 1). CpaBHUTEIbHBIC UCCIIEIO-
BaHUs 3P(HEKTUBHOCTU ITPOTHUBOKOITIOLIHBIX BaK-
LMH, IPOBOAMMBIE B IEPUOA IPUMEHEHU S Pa3HbIX
TUIIOB BaKLIMH B €BPOIEMCKUX CTpaHaX, TAKXKe OT-
Medaau HU3KYI0 3¢ OEKTUBHOCTD LI€JIbHOKIETOY-
HbIX BaKLMH I10 CPAaBHEHUIO C OECKJIETOYHBLIMU
OpU OIIpeNeIeHNN 3aIllUTHBIX aHTUTEJI METOIOM
DA [11].

Takke ObLI IIPOBEAEH aHAIU3 HAIIPSIKEHHOCTHU
MPOTUBOKOKJIIOIIHOIO MMMYHUTETA Yy MPUBUTHIX
JeTeil B 3aBUCMMOCTU OT NPUHAMICKHOCTU K Of-
HOM 13 4 BO3paCTHBIX IPYIII (TabI. 2).

J10CTOBEPHO YCTaHOBJIEHO: I0JISI CEPOHEraTUuB-
HBIX MIPUBUTHIX AeTeil B Bo3pacte < 3 yeT 52,2%,
OHa yBeJuuuBaeTrcs n0 55,2% B «MHAUKATOP-
HOM Tpynme», YTO CYLIECTBEHHO BbILIE HOMYCTH-
mbix 10,0%; n nanee no 61,4% B rpyre crapiinx
JIOLIKOJAbHUKOB. Jl0oJs1 CepOHEraTUBHBIX [OeTeil
B IPYIIIIe IIKOJbHUKOB CHUXKAETCS 10 CPAaBHEHUIO
¢ npeaiuectByomei rpynnoi 1o 40,5%, 4To cBU-
JIETEbCTBYET O €CTECTBEHHOM MMMYyHM3auuu [4].
IMonmyuennast metonom MMPA moiss cepoHeraTuB-
HBIX AeTell B <«MHAMKATOpHOI rpymme» (55,2%)
oTJIMYaeTcs B OOJBIIYIO CTOPOHY OT JUTEPATyp-
HbIX JaHHBIX (30—40%), 1OJIly4eHHbIX ITPEeUMYILe-
CTBEHHO MpU UcnoJib3oBaHUU PA [2, 7]. DTO MOXeT
yKa3blBaThb Ha HEKOPPEKTHOCTb MHTEPIIpEeTaLuU

Ta6auua 1. l'ymopanbHas 3awMTa OT KOKJIoLWwa y AeTel, NPUBUTLIX Pa3HbIMU TUMAaMU BaKLMH
Table 1. Humoral protection against pertussis in various type vaccinated children

Tun BakUMHaUUN
WnTepnpeTtauus pesynbratoB UPA Vaccine type
Interpretation of ELISA data KneTtouyHas BecknetoyHas CmeluaHHas

Cellular Acellular Hybrid
F'ymopanbHas 3awmTa otcytcTeyeT (I9gG < 14 En/mn) 926 9 1
No humoral protection (IgG < 14 U/ml) (55,9%) (20,5%) (39,3%)
F'ymopanbHas 3awumTa HegocTaTo4yHas
(lgG214Epn/mMnuigG< 18 En/mn) 143 5 3
Insufficient humoral protection (8,6%) (11,4%) (10,7%)
(IgG>14 U/mland IgG < 18 U/ml)
F'ymopanbHas 3awuTa gocrartoqHas (IgG > 18 Ep/mn) 588 30 14
Humoral protection is sufficient (IgG > 18 U/ml) (35,5%) (68,2%) (50,0%)
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TaGnuua 2. F'ymopanbHas 3awMTa oT KOKJIIoLWa Yy AeTel pa3fMyHbIX BO3PACTHbIX Fpynn
Table 2. Anti-pertussis humoral protection in different pediatric age groups

VIHTepnpeTau,v,ﬁ pesynbTatoB UDA Boi%?;ﬁ::;?&gsx f’;,);’a:gnbl
Interpretation of ELISA data

<3* 3-4* 5-7** 27,1
F'ymopanbHas 3awumra otcytcreyer (IgG < 14 Ep/mn) 24 788 89 45
No humoral protection (IgG < 14 U/ml) (52,2%) (55,2%) (61,4%) (40,5%)
F'ymopanbHas 3awmra HepgocTaToyHas (IgG> 14 Ep/mnu lgG< 18 Ep/mn) 2 134 9 6
Insufficient humoral protection (IgG > 14 U/ml and IgG < 18 U/ml) (4,3%) (9,4%) (6,2%) (5,4%)
F'ymopanbHag 3awumTa gocrtatoyHas (IlgG > 18 Eg/mn) 20 505 47 60
Sufficient humoral protection (IgG > 18 U/ml) (43,5%) (35,4%) (32,4%) (54,1%)

MpumeyaHue. YCTaHOBNEHbI CTATUCTUHECKM 3HaYMMBbIe pasnuuuns *p = 0,002, **p =0,011.

Note. Significant differences, *p =0.002, **p =0.011.

pe3yIbTaTOB CEPOMOHUTOPUHTA ITPOTHBOKOKITIOIII -
HOTO MMMYHUTETA MO peepeHTHBIM KPUTEPUSIM
nHocTpaHHBIX MDA HaOOPOB M HAa HEOOXOTUMOCTh
YTOYHEHUS peepeHTHBIX YPOBHEU ITPOTUBOKOK-
momHbIX [gG oI IpUMEHEHHUST B OTE€YSCTBEHHOM
SMUJIEMUOJIOTUH.

Huszkuit ypoBeHb TyMOpaJIbHOI MPOTUBOKO-
KJIIOIITHOM 3aIllUThI, OIIpemeIsieMbIii B peaKIIUU
VDA y TIpUBUTHIX HEIbHOKJICTOYHBIMHU BaKIIM-
HaMM, OMHAKO, HE SBJISICTCS IOBOAOM ST OTKa-
3a oT gaHHoro tuma BakuuH [1]. CoryiacHO akTy-
aJbHBIM MYOJUKAIMSIM ONTHUMAaJbHAs 3alluTa
OT B. pertussis siBIIsieTcsI MHOTO(MaKTOPHOM, Tpe-
Oyrolleid rymMopajabHBbIX M KJETOYHBIX pEeaKkIlMid.
beckieTouHble TPOTMBOKOKJIIONIHBIE BaKIIMHBI
HHAyOupyioT Th2-omocpemoBaHHBIE MMMYHHBIE
peaxkiu, KOTopble He MPeAOoTBpAIlalOT KOJIOHU-
3alIMI0 CJAM3HUCTBIX, UTO CIIOCOOCTBYET pPaCIIpO-
CTpAaHEHUIO KOKJIIOITHOW WHMEKIIUU B TIOITYJIs-
uuu. LlenbHOKJETOUYHbIE BaKLWHbI, HAINpPOTHUB,
naayuupylor Thl- u Thl7-onocpemoBaHHbIe
MMMYHHBIC peaKIMHu, oOecreuynBaloline BHIBE-
IeHWe OaKTepHaJbHOIO areHTa W ITOJITOBpPEeMEH-
Hylo 3amuTy [12]. JIpyrue aBTOpbl 000CHOBBIBAIOT
3¢ OEeKTUBHOCTh IIEABHOKJIECTOUYHBIX TMPOTUBO-
KOKJTIOIITHBIX BaKIIMH B paMKaX ITPOCIHEKTUBHBIX
SIMUAEMUOJIOTUUYECKNX HAOTIOASHUN: TaK B TPYyII-
e, TToJyJaBIIei T1M00 MeIbHOKJIETOYHYIO BaKIIN-
HY, 1100 KOMOMHAILMIO 00enX BaKlMH, 3a00yieBa-
€MOCTb KOKJIIOIIeM OblJla HUKE Cpeayr MJIaaeHIICB
M IeTei JOIIKOJIBHOTO BO3pacTa, YeM CPeau JeTeid
IIKOJILHOTO Bo3pacTa [14].

TakuM 06pa3oM, 1IeTBbHOKJICTOUYHBIE TTPOTHUBO-
KOJIIOIITHBIE BaKIIMHBI Ha COBPEMEHHOM 3Talle
BHOBb 00penu cTatyc Haubosee 3(PGEKTUBHBIX
M peKOMEH IOBAaHBI K ITUPOKOMY ITpruMeHeHun10 [10].
OmHakKo CEPpOMOHHUTOPUHI WX MMMYHOT€HHOCTU
TpeOyeT HOBBIX MOAXOJ0B K JJabopaTOpHOMY obec-
MEYCHUIO Y K MHTePIIPETallu Pe3yJIbTaTOB.

Ha coBpeMeHHOM »3Tame CcTaHOApTHU3AILIUS
OIIEHKH ITPOTUBOKOKJIIOIITHOTO MOITYISIIIMOHHOTO
MMMYHUTETA MPEACTABIISICT aKTyaJIbHYIO IIPO0OJIE-
MY He ToJbKO B Poccuu, HO 1 3a pyOeskoM; 3TO 00-
YCJIOBJICHO pa3HOOOpa3reM MPUMEHIEMbIX BAKITNH

NPOTUB KOKJIIOIIA, BApMaOeTbHOCTHIO MX aHTUTEH-
HOTO COCTaBa, a TaKXKe pa3HooOpa3neM KOMOWHa-
O KOKJIIOITHBIX aHTUTEHOB, eMUHUI] U3MEPCHUS
¥ X pepepeHTHBIX 3HAUCHU I y 3apeTUCTPUPOBaH-
HBIX HabopoB MDA [13]. B Poccuu sTa cutyauns
OCJIOXKHSIETCSI OTCYTCTBUEM 3apEeTUCTPUPOBAHHBIX
oTeueCTBEeHHBIX HabopoB MDA 11 OlIEHKU TTOCT-
BaKIIMHAJIBHOTO ITPOTUBOKOKIIIONTHOTO UMMYHMU-
TeTa, a BbIOOp Hanbosiee 0JIM3KOTo MO aHTUTEHHO-
MY COCTaBY 3apy0eXHOro Habopa He Bceraa BO3MO-
JKEH IT0 KOMMEPUYECKHUM ITPUINHAM.

B mmpakTryeckoMm 31paBOOXpaHEHUN IJIsI OIIeH-
K1 MaccoBBIX MDA pe3ysibTaToB CEpPOMOHUTOPHUH-
ra IIPOTUBOKOKJIIONIHOTO TOCTBAKIIMHAJIBHOTO
UMMYHUTETa, a MMEHHO IOJIA CEePOHETaTUBHBIX
JIV1I, BO3MOXEH BapuMaHT MPUMEHEHUS TTOIIPaBOU-
HOro kKoadduinmenta. B kadecTBe Hero Ipem-
JlaraeTcsl HMCIIOJIb30BaTh pPacUYeTHBIM ITOKa3aTellb
«IIPpOTHOCTUYECKAsT IMEHHOCTb OTPHUIATEIIbHBIX
pe3yJIbTaTOB», KOTOPBIM BO3MOXHO ONPEACIUTh
B CIMYUTENBHBIX MCCJICIOBAHUSIX C UACHTUIHBIM
NDA-HabopoM MM 3TAaJOHHBIM HaObOpOM pea-
TeHTOB C MU3BECTHBIM pe(epeHTHBIM 3HAYCHUECM.
JsT OlIeHKW TOJIMW CEpOHETATUBHBIX JHUI OUCBUI-
HBIM $IBJISIETCSI BbIOOp HaOOpoB ¢ HauOoOJblIeH
CTIeTM(UIHOCTHIO.

B paMkax maHHOTO MCCIeOOBaHUS IJIsSI OTIpeac-
JICHUSI TTPOTHOCTUYCCKONM HEHHOCTU PEe3yJTbTaTOB
IgG Kk B. pertussis ObIJTa MCClIeMOBaHa ClydaiiHas
BBIOOpPKA CBIBOPOTOK KPOBHU OT meTeit 3—4 et (n =
70) mapanjgenbHO ITIEPBBIM U BTOPBIM HaOOpPOM.
[1pn ncnonb30BaHUU IEPBOTO Habopa moaydeHo 40
MOJIOXXUTEABHBIX 1 30 OTpMIIaTEeIbHBIX pe3yabTa-
TOB; BTOpOro — 44 n 26 cooTBeTCTBEHHO. B cnnum-
TEJIbHOW BHYTPHMJIA00pATOPHOI TMaHEIW O0Opas3Iilbl
pacupeneaniInCh CISaYIOIINM 00pa30oM: UICTUHHO-
TMOJIOXKUTEIBHBIX (a) — 38; JIOXKHOMOIOKUTEIBHBIX
(b) — 2; I0XXHOOTPULATEAbHBIX (C) — 6; ICTUHHO-
orpunareabHBIX (d) — 24. TOYHOCTH pPe3yabTAaTOB
omnpenensinack no ¢opmyne: ((at+d)/(at+b+c+d)) x
100%, v coctaBuiia 88,6%, wiu 0,886.

Hnst nadopa «<RIDASCREEN® Bordetella» nipo-
THOCTHYECKas IIEHHOCTH MOJOXUTEIbHBIX PE3YIIhb-
taToB coctaBuia 95,0% (0,950); oTpuLiaTeIbHBIX —
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80,0% (0,800). Hnsa Habopa «SeroPertussis™IgG»
MPOTHOCTUYECKasI IIEHHOCTD TTOJIOKUTEBHBIX pe-
3yJabTaToB coctaBuia 86,4% (0,864); orpuiiatesib-
HBIX — 92,3% (0,923).

Wurepnperanus MaccoBbix MDA pesynbra-
TOB C yYE€TOM NPOTHOCTUYECKON IEHHOCTH MO-
KT BBITJISIACTH CIEAYIOIIMM 00pa3oM: HOJsl ce-
pOHEraTuBHBIX NeTeil B MHIMKATOPHOW TI'pyIIIe
3—4 ner cocraBaser 0,552 (55,2%), HO C y4EeTOM
M3BECTHOM IIPOrHOCTUYECKON IIEHHOCTH OTpU-
aTEeJbHBIX PE3YJbTaTOB HCIIOJb3yeMOro Habopa
(«(RIDASCREEN® Bordetella») ona Oyaer pacyer-
Hoit u coctaBut 0,552 x 0,800 = 0,442 (44,2%). DToT
MmokKasaTeJib COMOCTaBUM C pe3yJbTaTaMu, ITOJy-
YeHHBIM ITpu ucnogb3oBanuu PA (30—40%).

BbiBOAbI

Jlonst cepoHeTaTUBHBIX IIPUBUTHIX OT KOKJTIOIIA
neteit B CamapcKoii 0061aCTU CYIIIECTBEHHO BHIIIE
pekomeHaoBaHHBIX 10% 1 MakcuMajbHa B I'PyIIIe
NPUBUTHIX KJIETOUYHBIMU BaKIIMHAMM, 9YTO MOXKET

SIBJISITHCSI HEO1aronmpusiTHBIM NPU3HAKOM J1J151 IPO-
rHO3a 1o 3a06071eBaeMOCTU KOKJIIOIIIEM B pEerMOHE.

IlpolieHTHAas 10JisI CEpOHEraTUBHBIX JUIL C 3a-
BEPIICHHOU BaKIIMHAIIMEel MUHUMAaJIbHAas B TPYM-
ne aeteit maaaure 3 JeT, B MOCIEAYIOIIMX BO3pacT-
HBIX TpyNmnax oOHa JOCTOBEPHO YBEIUYUBAECTCS
JI0 LIKOJBHOIO BO3pacTa, B KOTOPOM HabmomaeT-
Cs1 pe3KOe CHUXKEHUE MOJU CEPOHEeraTuBHBIX JIUIIL,
CBUIETEJBbCTBYIOIIEE O IMOSIBJACHUU B MOMYJSILIUU
JIUIL C TOCTUH(MEKIITMOHHBIM UMMYHUTETOM [4, §].

CinyuTeNbHbIE WCCIACAOBAHUS  MO3BOJSIOT
Ha HEOOJIbIIONW BBIOOPKE OMNpPENeIuTb y AOCTYM-
HbIX HA0OpPOB IPOTHOCTUYECKYI LEHHOCTb OT-
pULIaTebHBIX PE3YyJbTaTOB, KOTOPYIO BO3MOXHO
MCMOJb30BaTh B KayeCTBE MOMNPAaBOYHOIO KO-
apbunmeHTa 1Jiss MHTEPHpeTallud Pe3yabTaTOB
CEpOMOHUTOPUHTA.

151 TOCTOBEPHOU OLIEHKU JOJIM CepOHEeraTuB-
HBIX JUI B MOOYJISILUU CAEAYyeT OTaaBaThb Ipe-
noyTeHue HabopaM c OoJiee BBICOKOW MPOTHOCTU-
YeCKOl IEHHOCTbIO OTPULIATEIbHBIX PE3YyJbTaTOB
(cneundUUIHOCTHIO).
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NPABUJIA AJ19 ABTOPOB

CTaTbhy IPEACTABISAIOTCS B PEIAKIIMIO Uepe3 CUCTEMY 3JIeKTPOHHOTO0 n3naTeabeTBa (http://iimmun.ru) B cooTBeT-
CTBUHM C TpeOOBaHMAMM XypHana «MHbeKIusI 1 UMMYyHUTET» U «MHCTpyKIIMel 11T aBTOPOB», MPeaCTaBICHHOM
Ha caiite. C despans 2016 rona xxypHai «MHDEKIIMS 1 UMMYHUTET» TyOJIUKYET CTaTbU Ha IBYX SI3bIKaX (PYCCKOM
U aHTJIUIICKOM).

OcHOBHbIe BUbl cTaTeil, Nyo/IMKyeMbIX B XXypHane

OpHUruHaIbHAS CTAThA

CTaTbs A0JKHA OMUCHIBATH PE3YIbTaThl 3aKOHUEHHOT0 uccienoBaHus. Jlomyckaercss o0beM cTaTbi 10 20 Maliu-
HOTUCHBIX CTPAHUII, BKJOUast pUCyHKU, Tabauiibl. CTaThs JOJIXKHA colepkaTh: 1) BBeneHue; 2) MaTepuaibl U METO-
bl 3) pe3yabTaThl UCCIeAOBaHMI; 4) 00CyKIeHNEe Pe3yIbTATOB; 5) 6J1arogapHOCTH.

e BBenenne conepXxuT o00CHOBaHME 1eJIU U 3a]a4 ITPOBEIEHHOT0 UCCIeA0BAHUSI.

e MarepuaJibl 1 METObI MOTYT U3J1araThCsl B BUJAE OTEJIbHbIX (DPArMEHTOB C KOPOTKMMMU MOA3ar0JIOBKaAMU.

e Bce HeTpanuiimoHHble MOAU(PUKAIIMN METOIOB JOJIKHBI OBITH OTTMCAHBI C JOCTATOYHOI CTEIEeHbIO IO/~
pob6HocTH. JIJIsT BCeX UCIOJb3yeMBbIX B pab0Te PeaKTUBOB, SKUBOTHBIX, KJIETOYHBIX KYJBTYP M T.1. HEO0-
XOJIMMO TOYHO YKa3bIBaTh IPOU3BOIUTENEH /WU UCTOYHUKY MOTYyYeHU s (C HAa3BaHUSIMU CTPaHbI, hUp-
MBI, UHCTUTYTA).
PesyabTaThl ONMUCHIBAIOTCSI B JIOTUYECKOI MOCIEIOBATEILHOCTU B BUAE OTIEIbHBIX (DparMeHTOB, pa3je-
JICHHBIX MO/I3aTr0JIOBKaMU, 6€3 2JIEMEHTOB O0CYKAeHUsI, 6€3 MOBTOPEHUS METONUIECKUX ITOIPOOHOCTEM,
0e3 nyosimpoBaHU s HU(PPOBBIX JaHHBIX, IIPUBEICHHBIX B TAOJIMIIAX U PUCYHKAX.
B 00cyKaeHuM ITPOBOAMTCS AeTaJbHBIM aHAJINU3 TTOJYYEHHBIX JaHHBIX B COMOCTABJICHUM C TAHHBIMU JIU-
TepaTypbl, UYTO CIYKUT OOOCHOBAHUEM BbIBOJIOB U 3aKJIIOUYEHU T aBTOPOB.
Paznen «baaromapHocT» He sIBJIsIeTCS 00s13aTeIbHBIM, HO KpaiiHe xkeJiaTesieH. B aToM pasnese aBTOpbI MO-
T'YT BBIPA3UTh MPU3HATEIbLHOCTh OpPraHM3alli1, CyOCUINPOBaBIIEi TpoBeAeHUE UCCIEIOBAaHU M, KOJe-
ram, KOHCYJIbTUPOBABIIIMM pabOTYy B ITPOIIECCE €€ BHITTIOJTHEH U ST U/UJIM HATTUCAHU S, a TAKXKE TEXHUYECKOMY
TMepCcoHay 3a TMTOMOIIlb B BRIMOJTHEHU U UcciefoBaHu . biarogapHocTu 3a mpenocraBieHue crieiupuiec-
KUX peaKTUBOB UJIM 000pYyI0BaHMsI, KaK IIpaBUJIO, TIOMEIIAIOTCs B pasaeiie «MaTepuaibl U METOIbI».

Kparkue cooduenns

KypHan nyoinKyeT HeOoIblIKre 0 00beMY CTaTbU, KOTOPbIE UMEIOT 0€3YCIIOBHYIO HOBU3HY M 3HAUMMOCTh. DTHU
CTaThU IMPOXOMIST YCKOPEHHOE pelieH3UpOBaHNe U TyOJUKYIOTCS B KOPOTKHUE CpoKU. OOMit 00beM KpaTKOTO CO00-
IIEHU I OTPaHWYeH 8 MAITMHOMMCHBIMU CTPAHUIIAMHU, KOJTMYECTBO PUCYHKOB M/MJIW TaOIUI] HE MOXET OBITH OoJiee 3,
a CMUCOK MCMOJb30BAaHHBIX IMTEPATYPHBIX UCTOUHMKOB He JOJKEH MpeBbIIaTh 15. TUTYNbHBIN TUCT oopmseTcs,
Kak onucaHo Huxe (cM. «[Togroroska crareii»). Pazaenbl KpaTKoro cooOIIeH I aHAIOTMYHBI BBIIIIEOMTMCAHHBIM pa3-
JleJlaM OPUTUHAJIBHOM CTaTbU, HO HE BBIIEISIIOTCS 3aT0JIOBKAMU U TTOA3ar0JIOBKaMU, Pe3yJIbTaThl MOTYT OBITh U3J10-
JKEHBI BMECTE C 00CYXICHUEM.

O030pHbBIE CTATHY U JIEKIUU

O0630pHbIE CTAaTbU U JIEKIIMY B OCHOBHOM 3aKa3bIBaIOTCS pelaKIlMei UM MOTYT ObITh PEKOMEHI0BaHbI OMHUM U3 UJie-
HOB penkosuternu. bojee monpodHyo nHMOPMAIINIo O TpaBUIax 0(POPMIEHUS 3TUX CTaTei MOXKHO Y3HATh B pelaKIINU.

Bubnuorpacpuyeckmne ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnukaumni

Onucanue CTaTbU U3 XKypHAJIA:

Casnuna T.1O., Mopososa T.1. UmmyHoormueckue MeTonbl B tuddepeHimaibHoil nuarnoctuke // Ty6epkyies u 601e3HU JTeTKHX.

2011. T. 88, Ne 11. C. 50-53.

Salina T.Yu., Morozova T.I. Immunological methods in differential diagnostics. Tuberculosis and Lung Diseases, 2011, vol. 88, no. 11, pp. 50-53.

Onucanue craTbu N3 KHUTH (MOHOTpadum):

Llypeiruna U.A., Yecnokosa M.B., Kinumos B.T. [IceBnoTybepkynes. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumepsi npaBubHOrO 0hOPMJIEHUS AHIJIOA3BIYHBIX CCHLIOK:

Turenne C.Y., Wallace R., Behr M.A. Mycobacterium avium in the postgenomic era. Clin. Microb. Rev., 2007, vol. 20, no. 2, pp. 205-229.

Goodman J.W., Parslow T.G. Immunoglobulin proteins. Basic and Clinical Immunology. Ed. Stites D.P., Terr A.1., Parslow T.G. Appletion &

Lange, 1994, pp. 66—79.

CchLIKY Ha TUTEPATyPHBIE MICTOYHUKU B TEKCTE CTaThU, B PUCYHKAX M Ta0IM11aX 0003HAYAIOTCS apaOCKUMU M-
paMu B KBaJpaTHBIX ckoOkax [1, 2, 3,...]. He momyckaioTcs cChIIKM Ha nucCepTalluu, aBTopedepaThl AMCCEpTaLlnii,
nyoJaMKaluu B COOPHUKAX, METOAMYECKHE JOKYMEHTHI MECTHOTO ypOBH 1. Ko1MyecTBO NICTOUHUKOB HE OrpaHUYEHO.
B xax10ii cchlyike MpuBOASITCS BCe aBTOPbI paboThl. HeonyOanKoBaHHbBIE CTaThbU B CIIUCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

J1s CIOXKHBIX TEPMUHOB MJIM HA3BaHU M, HaK0OJIee YaCTO UCTOJIb3YeMbIX B TEKCTE CTATbU, MOXHO BBECTH (B KPY-
[JIBIX CKOOKAaX MocJje MepBOro ynoMMHaHUS TTOJTHOTO Ha3BaHUsI TepMUHA) He Oosiee 3—5 HeTpaauIIMOHHBIX COKpa-
IEHWIA. Y3aKOHEHHbIE MEXIyHapOTHBIMU HOMEHKJIATYpaMU COKpAIIeHUST WCIOJb3YIOTCS B COOTBETCTBYIOIIEH
TpaHcKpunuuu. Hampumep, 11 TEpMUHA «MHTEPIENKUH» UCIIONB3yeTCs cokpatenue «IL», a He pyCCKOSI3bIYHBII
BapuaHT «MJI»; aHaIornuHo sToMy ucrnonb3yrorcst cokpaineHus: < NF», a He <TH®» unu «®HO»; «CD», a He «C».
HasBaHus MUKPOOPTaHU3MOB MIPUBOISITCS B OPUTMHAIBHON TPAaHCKPUIILIMU C UCTIOIb30BaHUeM KypcuBa (E. coli,
Streptococcus pyogenes). ETUHWIIBI U3MePEHU I TPUBOASATCS 6€3 TOUKHU TTOCJIe X COKPAIIIEHHOT0 0003HaYeHM I, peryia-
MEHTHUPOBAHHOI'O MEXIYHapOIHBIMU IIpaBUIaMu (C, 4, cM, MJI, MT, kDa u T.1.).
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Od)OpMHEHMe WINIOCTPATUBHOINO Matepuana

WnnocTpaTuBHbI MaTepua J10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTJAE He onyOJMKoBaHHBIM. O0lee Ko-
JINYECTBO MJUTIOCTpALUii (TabJIUI] 1 pUCYHKOB) HE JIOJXKHO MpeBbIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
cTpauuii ux myoJuKanus onjadynBaeTcs aBTopoM. [1ydiukanums HBETHbIX MJUTIOCTpALIMi (HE3aBUCUMO OT UX KOJIM-
YeCTBa) TaKKe OIJIAYMBAETCS aBTOPOM.

Pa3meps! naocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcuMajbHas muprHa 18 1 crondua — 82 mwm, 1ist 2 ctoa61oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTAeIbHBIM daiisom. Tabauiiel HyMepyloTcs apabckuMu nudpa-
MU OTAEJIBHO OT HyMepaluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Bech Tekct
Ha PYCCKOM sI3bIKe, colepKalluiics B Tabauile, BKIoYash eAUHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeaeH Ha aH-
TJIMICKUI S3bIK; TPU 3TOM MEPEBOJL CeAYET MOMEIIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
crpokoii. HazBaHue TabauIIbl M TEKCT IpUMEYaHUsI K Hell TaKkKe JOJIXKHBI ObITh MepeBeeHbl Ha aHTJIMMUCKUI SI3bIK
U TPUBEACHBI MO/l PYCCKUM TEKCTOM C HOBOW CTpOKU. [lJisl MOMETOK B TabJaMIIaX CleNYyeT UCIOJAb30BaTh OAHY WU
HecKoJbKo (*). [losicHeHMs TevyaTaioTcs IOoCje COOTBETCTBYIOIIEro KojauuecTna (*) monm tadbmuueit. EquHuIbI n3me-
peHusl, TPy HEOOXOAMMOCTH, BKJIOUAIOTCS B 3aTOJIOBKY CTPOK UJIM CTOJIOIIOB.

Pucynku (rpaduku u ¢ororpadun). B Tekcte ctaThu Ha3BaHUSI pUCYHKOB (rpadukoB, potorpaduii) u Tadbiuil pas-
MelaloTces cpasy nocje abzalia, rjae Ha HUX JaeTcs repBasi cchliika. Bce pucyHKU HyMepyloTcsl ociea0BaTe1bHO apad-
CKUMU UMpaMU TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaTh. Ha3BaHUSI PUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUIE
CITMCKa B OTASBHBIN aita. B crircke yka3eIBaloTCs: HOMEp pUCYHKa, Ha3BaHMe (C OOJIBIION OYKBHI), TEKCT ITpUMeYa-
Huii (111 MUKpodoTorpaduii 10JXKHO ObITh yKa3aHo yBeaundyeHue). [lonnucu K pucyHKaM JaioTcsl KpaTKue, HO 10cTa-
TOUHO MH(bOpMaTUBHbIe. HazBaHM S pUCYHKOB M TPUMEUYaHU I K HUM, HAPUCYHOUHbIE MOAMUCH, TEKCT JIETEHIbI JOJIK-
HBbI OBITH ITepeBeIeHbl HA AHTIIMICKUT SI3bIK M pa3MelleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOTYT OBITh MpeACTaBICHBI B TpaduuecKuX hopmaTax ¢ pacimpernueM .tif (paspemenue He meHee 300 dpi ipu 100%
MaciTabe), .eps uin .ai. M3o0pazkeHuss, BCTpoeHHBIE B TOKyMeHThl Word, He mpuHuMaoTcs. ['paduku u guarpaMMbl
MPEAOCTABISIOTCSI BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObLJIM CO3JIaHbl, UJIU C YUCTCHHBIMU 0003HAUEHM -
MM MoKasaTesieid, 0ToOpakaeMbIX COOTBETCTBYIOIIMMU TpadrUyecKMMU 2JIeMEeHTaMU (CTOJIOMKAaMU, CEKTOPaMU U T.I1.)
B BUJIe (DaiiJIoB ¢ paciiMpeHusiMu .doc Uiiu, pearnoyTuTeabHee, .XIs.

MnaTa 3a ny6nukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKAILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJISETCS OecCIIaTHOMN
IUTS1 aBTOPOB M YUPEXIEHU I, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIATY B CICAYIONIUX Cyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX UJLTIOCTPALIMii; 2) MTPpU 00JbIIOM KOJIUYECTBE HILTIOCTPATUBHOIO MaTepuaJa (CBbIlIe
8 mimocTpanuii).

MoprotoBka cTartei

IMpu penocTaBAeHNN CTATbU aBTOPBI TOJXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nyomux nyHKTax. CTaThsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

1. HampaBiisist cTaThIoO B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasibl He ObIIU paHee OMmyOJIMKOBaHbI
MMOJTHOCTBIO MJIW TI0 YacTsIM, B JII000# hopme, B JII0OOM MeCTe MJIK Ha JTII0OOM si3biKe. Tak ke aBTOpbI TapaHTUPY-
0T, YTO CTaThsI He TIpeACTaBIeHA I pACCMOTPEHUS U MyOIUKaIlUuy B IpyroM XypHaie. C MOMeHTa TIPUHSTUS
CTaThU K TeyaTu B KypHayie «MHbeKIns 1 UMMYHUTET» TPUBEACHHBINM B Hell MaTepral He MOXET OBITh OITy-
OJIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI3bIKe O0e3 coria-
COBaHUS C PYKOBOJCTBOM XYypHasa. VICKTI0UeHEM MOXET SIBJAAThLCS: 1) MpeaBapuTeabHash UM MoCIeaylomas
MyOJIMKALIMsI MATePUAaIOB CTaThU B BUE TE3UCOB MJIM KOPOTKOT'O pe3ioMe; 2) UCITOIb30BaHE MaTePUAJIOB CTaThU
KaK 4acTH JIEKIIMW WM 0630pa; 3) UCTIOb30BaHUE aBTOPOM TPENCTABIEHHBIX B JKYpHAaJI MaTepHUaoB MPU Ha-
MYMCAaHUU IUCCEePTALMU MJIM KHUTH. Bocmpon3BeneHne BCero n3naHus UM 4aCcTH JTI0OBIM CITOCOOOM 3arIpeliaeT-
cs1 6e3 MUCbMEHHOr0 pa3pelneHus uznareneir. HapyiieHue 3aKkoHa OyaeT IpeciieaoBaThCs B CyaAeOHOM MOPSIAKE.
Oxpansiercss 3akoHoM PD Ne 5351-1 «O6 aBTOpCKOM IpaBe U CMEXHBIX TpaBax» oT 09.07.93 r.

2. @aiin oTIIpaBiIgeMOil CTaThbU MpeacTaBieH B ¢opmare .doc, .docx, .rtf.

3. [TomuMo (aiina co cTaThbeil, IIPeIoCTaBICHBI CIeaYIoIre (paitIb:

1) daiin ¢ MeTagaHHBIMU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBauBaeTCsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiveit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKIECHUS, TOae paboTaeT OTBETCTBEHHBIN aBTOP (B pyCCKOM U OGUIIMATBHO MTPUHSITOM
aHTJIMICKOM BapuaHTax);
TMOYTOBBIN apec IS IEPENUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl U ropojaa), e-mail;
daMuIMsa U MHUIIMAJIBI OCTaJbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJTHOE Ha3BaHUE CTAThbU, HAIIPABJISIEMOM B peIaKIIMIO;
KOJIMYECTBO CTPAHUII TEKCTa, KOJTUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa qaHHas paborta: «Jlekuuun», «O630pbl», «Opurn-
HaJIbHBIE CTAaThi», «KpaTKue coobIeHsI», «B MOMOIIL MTPaKTUYECKOMY Bpady»,
e /aTa OTIIpaBJeHU S PaOOTHI.
2) OTckaHUpOBaHHas KOMUs (haiija ¢ MeTaJaHHBIMU MOAMUCAaHHAs BCEMH aBTOpaMHu (ITPU 3arpy3Ke B CUCTe-
My eMy ImpucBauBaeTcst UMs «IToamucu aBTOpOB»).
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3) TuTyabHBIN IUCT (IIPpU 3arPy3Ke B CUCTEMY eMy MpUCBauBaeTCsa UMsl « [UTYJIbHBIN JTUCT»), 10 (hopMe:

e Ha3BaHUeE CTaThy (0€3 UCIOIb30BaAHU ST KAKUX-TMOO COKPAIIIEHU i, HA PYCCKOM U aHTJIMICKOM SI3bIKaX);

e (hamMuIMsl, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COABTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM SI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SBIISTIOTCSI COTPYAHUKU Pa3HBbIX YUPEXKAEHUI, TO TOCIeTHNEe HYMEePYIOTCS T10 TOpSaKy, HaunHas
C eAMHMUIIBI, U COOTBETCTBYIOIIAS IIMdpa pa3MmeliaeTcs nocje aMuany aBTopa, MpeacTaBsoero
NIaHHOE yupexIeHue; AJs1 MAapKMPOBKM aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbd BMECTO LMD UC-
MOJb3YITCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d u T.11.);

e COKpalIeHHOE Ha3BaHUE CTAThbU [1JIsl BEPXHEro KOJOHTHUTYJIA (He 60jiee 35 CMMBOJIOB, BKJIIoUast po-
GeJIbl M 3HAKU MPperMHAHU S, HA PYCCKOM U aHTJIMICKOM sSI3bIKax);

e He MeHee 6 KITI0UEeBBIX CJIOB Ha pPYCCKOM M aHIUIMHCKOM SI3bIKaX;

e ajpec IJIs MEpeNuCcKU ¢ yKazaHueM HoMmepa TejiepoHa, (pakca u agpeca e-mail.

4)

Pesiome (mpu 3arpy3ke B cucTeMy eMy npucBauBaeTcs uMs «Pe3iomMe»). [IpenocTaBisieTcs B BUe OJHOI0 ad-

3alia 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B mojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBo/ie Ha aHIIMHCK U I3bIK. B OTHEIbHBIX CiTyyasix, 1Mo peleHu o peJaKIimoH-
HOM KOJIJIErnU, MOXET ObITh 3aTPe00BaH pa3BepPHYTHI BADUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitoM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckoM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

1I0¥ OYKBBI), TEKCT IpUMEUYaHU i (1151 MUKpodoTorpaduii 1oakHO ObITH YKa3aHo yBennueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO I0CTaTOYHO MH(MOPMaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabaulieit).
8) aiiy c HUTUPYEMOI TUTEpaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpHUeHTaLl M), Te:

Tabnuibl, eci OHU €CTh — KakJast OTACJIbHBIM (haiiioM (Ha3BaHUe KaxKI0M TaOJIUIIbI JOJKHO OBITh TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTODDI, HA3BaHKeE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
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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Wnnioctpaums k ctatbe «FeHeTuYeckuii npodunb kapbaneHeM-yCcToYMBbIX LUTaMMOB Acinetobacter
baumannii» (aBTopbi: A.E. AnekceeBa, H.®. BpycHuruia, M.A. MaxoBa) (c. 681-689)

lllustration for the article “Genetic profile of carbapenem-resistant Acinetobacter baumannii strains”

(authors: Alekseeva A.E., Brusnigina N.F., Makhova M.A.) (pp. 681-689)

Acinetobacter baumannii strain AbCTX5 chromosome, complete genome

GenBank: CP060505.1

GenBank FASTA
Link To This View | Feedback
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(0) Alignment for group templates, BLAST Results for: NNAb_2023.3_contig_1 length 136116 coverage (i R
Alignment for group templotes, BLAST Results for: NNAb_2023.3_contig ! length 136116 covercge _UUD17104993210UU nucleotide (32 oligns, 29 ids) m
(0) Rlignment for group templates, BLAST Results for: NNAb 2022.1 contig_1 length 178971 coverage (i -

Atignment for grovp templotes, BLAST Results for: NNAb_208221 contig ! length 178971 coveroge _UUDI7104997420UU sucleotide (35 oligns, 31 ids)
b

PucyHok 2. BolpaBHMBaHME HYKJIEOTUAHDbIX NOC/iefoBaTesibHOCTel wTammoB A. baumannii
NNAb_2023.3 (A) m NNAb_2022.1 (B) oTHOCMTENbHO NOCIEA0BaTEIbHOCTY yYacTKa reHoMa LTamma

A. baumannii AbCTX5 (CP060505.1) pnuHotii 83 257 n.H. (1796552-1879809), HecyLiero AeTepMUHaHTbI
aHTUOMOTUKOPE3UCTEHTHOCTHU

Figure 2. Alignment of A. baumannii NNAb_2023.3 (A) and NNAb_2022.1 (B) strain nucleotide sequences relative

to the sequence of A. baumannii strain AbCTX5 (CP060505.1) 83 257 bp length genome region (1796552-1879809),
carrying antibiotic resistance determinants

WnniocTpauus k ctatbe «OLeHKa TUTPa aHTUTEN Nocjie aHTUMAUOTUNHOWN BaKLMHaLMKY NPOoTUB GelleHCcTBa
C aAbIOBAaHTOM HaHOXUTO3aHOM» (aBTopbi: C.M.10. MapbsaTu, L. PamaaxaHntu, X. XacaH) (c. 788-794)
lllustration for the article “Antibody titer after anti-idiotype rabies vaccination with nano-chitosan adjuvant”

(authors: Paryati S.PY., Ramadhanti S., Hasan K.) (pp. 788-794)

Figure. Positive reactions are indicated by the presence of a white precipitation line between the antigen
(Ag, rabies virus) and antibody (serum at dilution 21) (arrow)
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