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OB30P AKTYAJIbHbIX PUCKOB OCJIOXKHEHUSA
ANMUAEMUONOMMYECKON OBCTAHOBKMU

Mo UHOEKLUUOHHbIM BOJIE3HAM B UHO-
3ANAAHO-TUXOOKEAHCKOM PETMOHE, 3HAYUMbIX
ONa CAHUTAPHOMN OXPAHblI TEPPUTOPUM
POCCUNCKOWU PEOEPALIUA

A.B. UBanoBa, A.A. 3yooBa, 2K.A. Kacesan, JI.H. /ImutpueBa, E.A. YymaukoBa,
M.B. Ilocnenos, A.A. 3umuposa, JI.JI. Illunosa, C.A. fApynuna, C.A. Illepboakona,
B.B. KyTtbipeB

DKYH Poccuiickuit nayuno-uccaedogamenbckuii npomueouymHbulii uncmumym «Mukpob» Pocnompebradsopa, e. Capamos, Poccus

Pe3tome. B 0030pe mpencraBieHbl 0000IIEHHbBIE SMUAEMUOJOTUIECKNE TaHHbBIE W MTPOAHATU3MPOBAHA CUTYAIUS
B cTpaHax MHmo-3amagHo-TuXo0KeaHCKOTO pernoHa 1Mo MHGEKIMOHHEIM 00JIe3HSIM, TPEOYIOIINM IIPOBEACHUS Me-
POTIPUATHI 10 CAHUTAPHOI oxpaHe Tepputopun Poccuiickoit ®enepanmn. OCHOBHBIM UCTOYHUKOM WH(POpMALINN
MTOCTY K MJTK O(DUIIMaTbHEIE CAal ThI M Tieproardeckre n3nanust BO3, MuHUCTepCTB 31 paBOOXPAaHEH I COOTBETCTBYIO-
mMx cTpaH. Mcrmonb30BaHbl TaHHbIE IPYTUX MeXyHapoaHbIX opranu3anuii (ITpogoBoibcTBEHHAS U CETbCKOX035 1~
ctBeHHas opranusanusi OOH, BcemupHas opraHu3anus 3I1paBOOXpaHEHUS XXMUBOTHBIX), 3JIEKTPOHHBIE arperaTo-
pul onepaTuBHOI nHGopMmanuu (ProM ED-mail, EpiSouth, arbo-zoonet u 1p.), MmaTepuabl crateil B pelieH3upyeMbIX
KypHajaX, OCBEHIAIONINX AU IEMUOJIOTMIeCKHe BOIIPOCH. B mocienHye rofpl o 1eJIoMy psiay MPUIMH PUCK 3aHOCA
MHGEKIIMOHHBIX 00JIe3Hel Ha TeppuTOoprio Poccruy U3 oNKMChIBa@MOTo perioHa MHOTOKPATHO BO3POC: aKTHMBHO pa3-
BUBACTCSI TYPU3M B CTpaHBI A3MM, IIPOUCXOIUT POCT YKCIA TOPTOBO-3KOHOMUUECKUX CBSI3E, YBEIMINBAETCS KO-
JIMYECTBO MPSIMBIX aBHAPEUCOB CO CTpaHAMM pernoHa. B pabore cucTeMaTM3MpOBaHBI JaHHEIC TI0 3a00JIeBAaCMOCTH
1 TePPUTOPHUATHLHOMY PacIpoCTpaHeHUIO O0e3Hei B 3amagHo-TuXo0KeaHCKOM pernoHe 1 peruone FOro-BocTounoit
A31U ¢ TO3UIUU BO3ZMOXHBIX PUCKOB JUUTS MOCEIaoKX ee Jull. B xone mpoBeJeHHOro aHaiu3a yCTaHOBJIEHO, YTO
SIMUAEMUOJIOTUYEeCKasT CUTYallMsI, CKJIaIbIBalomasicss B HacTosImnee BpeMs B MHI0-TUX00KeaHCKOM pEruoHe, Ipel-
CTaBJISIET COOOM CYIIECTBEHHYIO YTPO3Y CAHUTAPHO-3MNIEMHUOJIOTHUECKOMY OJIarornoyiyuynio HaceaeHus Poccuiickoi
®epepannu, MpexKae BCEro 3a CYET YBEJIMIMBAIOIIMXCS PUCKOB 3aHOCA OIMACHBIX MH(PEKIIMOHHBIX 0OJIe3HEN Ha Tep-
pUTOpPHUIO Halllelt cTpaHbl. Hanbosee BeposSITHBIM SIBASETCS PUCK 3aHOCA TaKUX MHMEKIIMOHHBIX 00JIe3HEH KaK XoJie-
pa, MaJspus U JUX0OpalKa IeHTe, HeOJaronoayyHas sMuIeMUOJIOTMYecKasi CUTyalrsl o0 KOTOPHIM CKJIaJIbIBaeTCs
B IOCJIeIHUE TOABI B pernoHe. [1pu 3ToM, Hain4ue MpssMoro TpaHCIIOPTHOIO COO0ILEeHMs pernoHoB Poccuu ¢ psiom
ctpad peruona (Taunang, Llpu-Jlanka, Beernam, Manbaussl, Uunus, Monronus, Kurtait, MbsHMa) MHOTOKpPAaTHO
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A.B. MBaHoBa n gp. MHdekumns n uMmyHuTeT

yBEJIMUMBAET PUCK 3aHOCA yKa3aHHBIX 0ose3Heii. CoriacHo paHee pa3zpaboTaHHON METOIMKE pacyeTa prucka 3aHoca
MH(GEKIMOHHBIX 00JIe3Hel Ha TeppuToprio Poccuiickoit Denepaiinm, yCTaHOBJIEHO, YTO CYIIECTBYET BRICOKHMI PUCK
3aHOCa JUXOpaaKy aeHre ¢ Tepputopun Jlaoca, Manaiisun, Hemana, Tannanga 1 @uiannmuH.

Karouesnie caosa: ocobo onacrvie ungexyuontsle 6ore3nu, Hnoo-3anaono-Tuxookeanckuii peeuon BO3, oyenka pucka 3a603a,
AuUxXopadxa denee, Maiapus, yyma, obecneverHue CaHumapHo-3nudemiuos02u1ecK02o 64a20n0ay4usl.

REVIEW OF ACTUAL RISKS ON AGGRAVATING INFECTIOUS DISEASES EPIDEMIOLOGICAL
SITUATION IN THE INDO-WEST-PACIFIC REGION IMPORTANT FOR SANITARY PROTECTION
OF THE TERRITORY OF THE RUSSIAN FEDERATION

Ivanova A.V., Zubova A.A., Kas'jan Zh.A., Dmitrieva L.N., Chumachkova E.A., Pospelov M..V., Zimirova A.A.,
Shilova L.D., Jarulina S.A., Shcherbakova S.A., Kutyrev V.V.

Russian Anti-Plague Institute “Microbe” of Rospotrebnadzor, Saratov, Russian Federation

Abstract. Here, we review summarized epidemiological data and analyze the situation on infectious diseases in the countries
of the Indo-West-Pacific region that require measures for sanitary protection of the territory of the Russian Federation.
The main source of relevant information was the official websites and periodicals of the WHO, Ministries of Health of the
respective countries. The data from other international organizations (Food and Agriculture Organization of the United
Nations, World Organization for Animal Health), electronic aggregators of operational information (ProMED-mail,
EpiSouth, arbo-zoonet, etc.), data from articles published in peer-reviewed journals covering epidemiological issues were
used. In recent years, due to a set of reasons, the risk of infectious diseases entering Russia from the Indo-West-Pacific
region has increased manifold: actively developing tourism to Asian countries, higher number of trade and economic ties,
increased number of direct flights with the countries of the region. The paper systematizes data on morbidity and territorial
distribution of diseases in the Western Pacific and South-East Asia regions by assessing potential risks for persons visiting
it. During the analysis, it has been established that the epidemiological situation currently developing in the Indo-Pacific
region poses asignificant threat to the sanitary and epidemiological welfare of the population primarily due to the increasing
risks for spread of dangerous infectious diseases into the territory of the Russian Federation. The most probable is the risk
of spreading of infectious diseases such as cholera, malaria and dengue fever, the unfavorable epidemiological situation
on which has developed in recent years in the region. At the same time, the presence of direct transportation links between
Russian regions and a number of countries in the region (Thailand, Sri Lanka, Vietnam, Maldives, India, Mongolia,
China, Myanmar) multiplies the risk of spreading for such diseases. According to the previously developed methodology
for calculating the risk of infectious diseases entering the territory of the Russian Federation, it was established that there
is a high risk of dengue fever entry from Laos, Malaysia, Nepal, Thailand and the Philippines.

Key words: particularly dangerous infectious diseases, WHO Indo-West Pacific Region, risk assessment of importation, dengue fever,
malaria, plague, sanitary and epidemiological welfare.

BeepneHue

OOwMpHble IpocTpaHcTBa MHmo-3amamgHo-
TuxooKeaHCKOI0 peruoHa Bcerga IMpeacTaBiIsIn
0COOEHHBIN MHTEPEC AJIsl SIMUAEMMOJIOrOB, B MEp-
BYIO O4epeIb B KOHTEKCTE 00eCIIeYeH S CAHUTAPHO-
BNUAEMHUOJOIMYECKOM 0e30MaCcHOCTU: IIPUPOLHO-
KJIMMaTHU4ecKue (paKTOPbl 3TOM YaCTU ILIAHEThI, CO-
OHUOKYJIBTYPHBIE OCOOCHHOCTU MECTHBIX OOIIICCTB,
a TakXXe peTPOCHEKTUBHbLIE 3IMUIEMUOJIOTMYCCKIE
JMaHHbIC ITO03BOJISIIOT OLEHUTb PUCKU TMOSIBIIEHUS
HOBBIX yI'po3, 3aHOoca MHMEKIMOHHBIX OOJIe3HEN
Ha HE3HJAEMUYHbIE TEPPUTOPUN U BOZHUKHOBEHU S
Ype3BbIUYaliHBIX CUTYallMil KaK BHICOKUE.

C 1e/1bI0 ONTUMM3ALIUY cO0pa 1 aHaIM3a MHGOP-
MaLlMU1, a TAK3Ke [JIs1 TIOBBILLIEH WS KayecTBa popMu-
pOBaHMsI OTYETHOCTU U yI0OCTBA aAMUHUCTPUPO-
BaHMs 48 rocy1apcTB U rocyaapCTBEHHbIX 00pa30-
BaHMI 3TOr0 MaKpOperunoHa oTHeceHbl BceMupHoii
opraHusanueii 3mpaBooxpaneHust (BO3) K 2 otneinns-
HBIM permoHaM: 3amnamHo-TuxookeaHckomy (3TP)
n FOro-Bocrounoit Azun (FOBA), BKitouatorum 37

u 11 cTpaH (Tepputopuii) cooTBeTcTBeHHO [18]. Tem
HE MEHEE B 3MUIEMUOJOTUYECKOM OTHOIIEHUU Ta-
KOe€ JieJIeHUE TOBOJIbHO YCIOBHO.

ITouTu mosioBMHA HAceJeHUusI MUpa MPOXUBAET
B IOBA u 3TP [4]. [IpakTruecku Bcgd MX MJIoLIalb
NPUXOAUTCS Ha cyOTponmuuyeckue, TPOIMUYECKUE,
Ccy0sKBaTOpHaIbHbIE U SKBAaTOPUAIbHBIE KJIUMaTU-
yeckue mosica. [ocymapcTBa 3TOro MakpopervoHa
KpaiiHe pa3HOOOpa3HbI B COLIUO-AeMOrpacduuecKoM
oTHolleHUU. B yactu u3 Hux 60sbIas 10J1s1 Hacee-
HUS XKUBET B YCJIOBUSIX KpailHel OeqHOCTU, ApyTrue
SBJISIIOTCS IPUMEPAMU MPOLBETAIOLINX COBPEMEH-
HbIX BKOHOMUK. Bcero B FOBA 3a ueproii 6eaHO-
ctH TipoxkuBatoT 9% Hacenenusi, B 3TP — nopsiaka
1%. 3HauuTenbHAasT HEOMHOPOAHOCTh XapaKTepHa
NpPaKTUYECKU /IS BCEX MOKa3aTeseid COlUaJbHOrO
1 3KoHoMUYeckoro pa3sutus (BBII, ypoBHs oGpa-
30BaHUsl, TEMIIOB ypOaHU3aLUU, AEMOTpadUIeCcKUX
nokasarteJyieil, JOCTyrna K Ka4eCTBEHHOW MeIUIIUH-
CKOIl MOMOIIA) KaK BHYTPU OTIEJIbHOIO PEruoHa,
TaK W MeXAy aIAMUHUCTPATUBHO-TEPPUTOPUATIB-
HbIMU €AMHULIAMU HEKOTOPbIX cTpaH [15, 11].
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HcTopuaecku paccMaTpuBaeMasi reorpagpudec-
Kasi 006JacTh — IIpearojiaraeMoe MeCcTO 3apoxKe-
HU S MHOTUX MTHDEKIITMOHHBIX O0JIE3HEI: YYMBI, XO-
JIEPBI, TUXOPAAKH ACHTE, SITTOHCKOT0 dHIIedaInTa,
0ose3Hu, BbIdBaHHOI BupycoM Humnax [30, 31, 34,
38, 37, 28]. B nociaeaHue roabl, perMoOH MOCTYXKHWJ
MCTOYHUKOM HEKOHTPOJUPYEMOTO PacpoCcTpaHe-
HUS Cpeau HaceJIeHUs psiga WH(PEKIIMOHHBIX 00-
JIE3HE: TSIXKEJI0ro OCTPOro PeCrnMpaTOPHOTO CUH-
npoma, COVID-19, HecKOMbKMX MOATUIIOB I'PUIIIIA
n npyrux nHdexumii [33].

OCHOBHEIC SIUACMHUOJIOTUUECCKHC pucKHn
Ha TEPPUTOPHUSIX pEeTMOoHa CBSI3aHBI C IMUPOKUM
pacnpocTpaHeHUeM TPaHCMUCCUBHBIX UH(MEKIIUA,
B MEPBYIO ouepeab MaasIpuU U JUXOPAIKHU ICHTE.
HeynoBneTBopuTeIbHBIC CaHUTApHO-TUTUCHU-
YeCKHE YCIIOBUSI U OTCYTCTBUE JOJXKHOTO YPOBHS
SMUAESMUOJOTMYECKOro Haa30pa BO MHOTUX CTpa-
HaxX IMIPUBOAST K AJISIIEMYCsI ST AEMHUOJOT MU CKO-
MY HeOJIarOMOJYIHIO 10 KUIITEIHBIM MHMEKITNSIM,
B TOM YHCJIe TI0 XoJiepe. BrICOKasT IJIOTHOCTh Ha-
CeJIeHMsI, HECOBEPIIEHCTBO HAIIMOHAJIBHBIX MeXa-
HU3MOB MpEeaynpexXIeHuss U KOHTPOJISI pacripo-
CTpaHEeHUST MHQEKIINN, TTepeaalolInxcs BO3MYII-
HO-KameJIbHBIM ITyTeM, CITOCOOCTBYIOT BO3HMK-
HOBEHUIO ITOMOJTHUTEIBHBIX PHUCKOB MO JaHHOW
Kareropum Oose3Heli. Knmmatmyeckuit ¢pakTop
TaK>Xe BHOCHUT 3aMETHBIN BKJIAI B SITUAESMUOJIOT -
YeCcKOe HeOJIaroroiyune B peruoHe (paciinmpeHne
apeaJjia OOUTaHMSI MIEPEHOCYNKOB, BOSHUKHOBEHE
YC npupoaHoro xapakrtepa u ap.) [24, 25, 40].

B mocnegHmMe rompl MO HEJIOMY PSIAY NMPUIUH
pUCK 3aHOCa MH(PEKIIMOHHBIX OOJIE3HEU Ha TEppU-
Topuio Poccnm U3 onmMchEIBaeMOIro permoHa MHOTO-
KpaTHO BO3POC: aKTHMBHO pa3BUBAETCS TYypU3M
B CTpaHbl A3UH, MPOUCXOIUT POCT YMCJIAa TOPTOBO-
SKOHOMMWYECKUX CBSA3EH, YBEINUMBACTCS KOJIMYIC-
CTBO IIPSIMBIX aBUAPEICOB CO CTpaHAMM PETrHMOHA.

B HacTosiemM 00630pe npeacraBiieHa 00001IeH-
Has WHGOpMaIMs, Kacalollasicsi OCHOBHBIX BIH-
nemuonornueckux puckos 3TP u FOBA ¢ no3uiun
obecItleueHNST CaHUTApHOM OXpaHBI TEPPUTOPUN
Poccuiickoit @enepariy. OCHOBHBIM UCTOYHUKOM
nHGOPMAIIUU TTOCHYKUIN OGUIIMATIbHBIE CAWTHI
n Tepuonnyeckue mizmaHusg BO3, MwuHUCTEpPCTB
3IpaBOOXpaHEHUSI  COOTBETCTBYIOIIMX  CTpaH.
Hcnonb3oBaHbl JaHHBIE APYTUX MEXIYHApOIHbIX
opranmusanuii (ITpogoBoJbCTBEHHAS 1 CETbCKOXO-
3giictBeHHas opranusanusa OOH, Bcemupnas op-
raHu3alurs 3IpaBOOXpPaHEHUS KUBOTHBIX), 3JICK-
TPOHHBIE arperaTophbl orepaTuBHON MHPOPMALIUN
(ProMED-mail, EpiSouth, arbo-zoonet u np.), ma-
TepHaJbl CTaTel B peleH3NPYEeMBIX XKypHajax, OC-
BEMIAIONINX SMHUIEeMUOJIOTNIECKIIE BOTIPOCHI.

Jlanee nmpeacTaBieHa 6oJiee moapooHass MHGoOp-
Malusi 00 MH(PEKIIMOHHBIX 00JIE3HSIX, PErUCTPU-
PYEMBIX B PETHOHE, TPEOYIOMNX MPOBEACHUS ME-
POIIPUSITUN MO CAaHUTAPHOM OXpaHEe TCPPUTOPHUU
Poccuiickoit @enepanuu.

Yyma. TIpupomHbIe O4arv 9yMBbI OITCaHBI HA TEP-
putopusx 10 ctpan pernoHa (TabJ1.), HO TOJBKO B IBYX
W3 HHUX OTMEUYEHBI SMUACMUYCCKUE ITPOSBICHUS
B nocjienHee aecsatuiaetue. B Kurtae 1 MoHroauu
3a nepuon ¢ 2014 mo 2023 rr., B 001IEH CIOKHOCTHU 3a-
peructTpupoBaHo 39 ciaydyaeB 601e3HU, 16 13 KOTOPBIX
3aKOHYUJINCH JIeTAJIbHBIM HMcxomoM. IlpakTmyecku
€XeTooHasT DSIMW300THYECKasT MW SIUAeMuYecKas
aKTUBHOCTh OTMEUYaeTCsI B T'OPHBIX M BBICOKOT'OP-
HBIX TIPUPOIHBIX OYarax 4yMbl, PacloOJOXEHHBIX
B CeBepHoM, CeBepo-3anagHoM 1 3armagHom Kurae,
a TakXe B TIPUPOIHBIX ovarax MOHTOJIBCKOTIO
Antass. Cpeay OCHOBHBIX MCTOUHUKOB 3apaskeHUS
JIIOJIE BBIAEISIIOT CYpKOB (B 69,2% ciyyaeB) M UX
akTorapa3utos (30,7%). Kak npaBuiio, B 31 AEMHUO-
JIOTMYECKOM aHaMHe3¢ OOJIBITMHCTBA 3a00JICBIINX,
OTMEUEeHa HECAaHKIMOHWPOBaHHAS OXOTa W/WUJIN
ynoTpeoOjeHe B MUILY Msica WHOUIMPOBAHHOTO
>KUBOTHOTO. B mpoluioM, KpyImHeRIe BCIIbIIIKT
IyMBI B PETUOHE OTMeYaIi Ha Tepputopusx Maanm
(1994 r. — 481 cnyuait), MpsgaMbI (1992 1. — 528 cy-
yaeB), BeeTtHama (1993 r. — 481 cayuaii), UHooHe3uu
(2007 r. — 71 cnyuaii). B HacTos111ee BpeMsi, B O0OJIb-
IMUHCTBe cTpaH MHmo-3anmagHo-THUX00KeaHCKOTro
pernoHa coxpaHsieTcsl OJlarorojiydyHasi 3MUIeMUo-
Jlornyeckast 00CTaHOBKaA I10 YyMe.

Xoaepa ocTaeTcsl OMHON U3 3HAYMMBIX ITPOOIEeM
3IpaBOOXpaHEHUSI B pPEruoHe. DNUIEMUYECKUE
NPOSIBJICHUST XOJICPBI HE PETrMCTPUPOBAIU JIUIIH
B Boctounom Tumope, Jlaoce, Ha MabauBax
M Ha HEKOTOPBIX OKeaHCKUX ocTpoBax (Banyary,
Haypy, Huy»s, OcTtpoBa Kyka, Ilanay). B cTpyk-
Type 3ab0JieBaeMOCTH XoJjiepoil B cTpaHax HOro-
BocTouHoii A3uu HaWOOJBIIMU YACTBHBINA BeC
OONBHBIX MpUXoauTCcd Ha MHAUIO, SIBASIOLIYIOCS
SHAEMUYHBIM OYaromM KJIACCUYECKOW a3uaTCKOU
XOJIephI U XOJIEPHBI Diib-Top. 31eCh eXKeTroIHO peTr-
CTPUPYIOT BCITBIIIKY 3a00JIeBAHUS: OT HECKOJIBKHUX
JIECSITKOB IO HECKOJIBKUX ThICAY ciaydaeB. TOJbKO
3a MocJeaHee IecaTuaeTre Ha Tepputopun MHIum
3aperucTPUPOBAHO CBBIIIE 22 THIC. CIydaeB 00JIe3-
Hu. Kpome Toro, cepbe3Hble COIMATbHO-IKOHO-
MMUUYECKUE MOCJEACTBUS OT MPAKTUYECKHU €XKEero-
HBIX BCIBIIIEK XOJIepbl OoTMeuaroT B baHrmamernr,
rae OOJIBIIMHCTBO cliydyaeB 00Jie3HU (UKCUPY-
IOT KaK OCTPYIO BOASIHUCTYIO nuapero, 6e3 cooT-
BETCTBYIOIIETO JIaOOPATOPHOIO TTOATBEPXKICHUS.
KpymHeiinias Bcobillika B CTpaHE C COBOKYITHBIM
KOJIMYECTBOM ciiydyaeB Oosiee 601 ThIC. oTMedeHa
B 2022 r. Ha tepputopuu Taunanna B nepuog c 2010
no 2016 IT. NposIBJEHUST XOJIephl PErMCcCTPUPOBATHA
exerogHo (2479 cnayuaeB). B Hemase anmuaemuosno-
TMYEeCKOe HeOJIaroIoIyuyne IO XO0JIepe OTMEUYEHO
B niepuon ¢ 2014 o 2022 r. (2174 cnyuas).

DHIEMUYHBIMU TEPPUTOPUSIMU B  CTpaHax
SamagHo-TuxookeaHckuii peruoHa BO3 cuuraior-
csa bpyneit, Bbetnam, Kamo6on:xa, Kurait (KHP),
Manaiizus, Pecny6onuka Kopes, I[Manya-Hosas
I'Bunes n @unnnnuubl. Hanbomnee cioxHas snu-

11



A.B. MBaHoBa n gp.

MHdekumns n uMmyHuTeT

Ta6nuua. MpupopgHbie oyarn yymbl B UHA0-TuxookeaHckom pernoHe [1, 17]
Table. Natural plague foci in the Indo-Pacific region [1, 17]

DaTta
perucrpauum
nocnegHero
CrtpaHa MpupopHo-04yaroBsas TepputTopus Bo3moXxHble HocuTenu Yymsbl | cnyvas (roa)
Country Natural Focal Area Possible carriers of plague Date
of registration
of the last case
(year)
lOro-BocTtoynas Asus/Southeast Asia
OcHoBHble NpupoaHbie o4aru B UHaum HaxopaTcs . .
B CEBEPHOI, LLEeHTPaJIbHOM U I0)KHOM YacTSX CTPaHbl, g‘éﬁggza:;(g:ﬁ%ﬁﬂégaggﬁu s
NpuypoYeHbl K YMEPEHHO BAaXHbIM OuoTonam, 6aHnMKc;Tb| (Bandicota ’
Whams pacmnoJioXeHHbIM B NOAFOPHbIX 001aCTAX M Ha NAOCKOropbax bengalensis, B. indica)
i Ha BbicoTe 0T 610 no 1200 m Hap, ypoBHEM MOPS Fluff tM'l; d tad t 2004
India The main natural foci in India are in the northern, central and oflf[hg raenuls aRfatltignga?\d?é(;ztss
southern parts of the country, confined to moderately humid (Bandi%ota ben ale’nsis
biotopes located in the foothills and plateaus at an altitude B. indica) g ’
of 610 to 1200 m above sea level ’
BbigensioT 4 30HbI:
1 30Ha — «4yuCTbIE» PUCOBBIE NOJIA HA PAaBHUHE [aNeKO OT rop;
2 30Ha — pucoBbIe NONS NPeAropuii U MeXropHbIX AOJINH; Kpbickl poaa Rattus (Rattus
3 30Ha — HM3KOrOpHas, C HeGONbLUMMK NONAMM pUCa argentiventer, R. exulans),
Ha Teppacax; nepeMexaeMbiMU HEBO3A,e/biBaeMbIMU GanaukoTsl (Bandicota sp.),
NHpoHesNs | cyxpmm yuacTkamu; [OMOBbIE MbILLV
(0.518a) |4 30Ha — 3acywnuBas, noneii Het (Mus musculus) 2008
Indonesia | Four zones are distinguished: Rats of the genus Rattus (Rattus
(Java) Zone 1 — “pure” rice fields on the plain far from the mountains; | argentiventer, R. exulans),
Zone 2 — rice fields of foothills and intermountain valleys; bandicoots (Bandicota sp.),
Zone 3 — lowland, with small rice fields on terraces, house mice (Mus musculus)
interspersed with uncultivated dry areas;
Zone 4 — arid, no fields
Kpbicb!i (R. rattus, R. losea,
R. flavipectus, R. exulans,
MpepnonoxutensHo, B MbsiHMe umeeTcs ABa oyara R. norvegicus, Nesokia indica,
B LLIEHTPaJIbHOW YaCTN CTPaHbl M Ha ee CEBEePO-BOCTO4YHOM Millardia meltada), 6aHBUKOTbI
oKpauHe, rae CMbIKaloTCs MeXAy c060i1 9H300TUYHbIE (Bandicota bengakensis),
Mbsinma Tepputopun Mbsiimbl u KHP (npoBuHuus KOHbHAHD) 3emnepoiiku (Suncus murinus) 1994
Myanmar Myanmar is believed to have two outbreaks in the central Rats (R. rattus, R. losea,
part of the country and on its northeastern edge, where R. flavipectus, R. exulans,
the enzootic territories of Myanmar and the China (Yunnan R. norvegicus, Nesokia indica,
Province) meet Millardia meltada), bandicoots
(Bandicota bengakensis),
shrews (Suncus murinus)
CeBepo-3anap Henana, okpyr Bagxxanr nposuHuus Cetn,
Henan B6M3U rpaHuLbl ¢ TMGeTCKMM aBTOHOMHBIM paiioHoM KHP | He ycTaHoBneHo 1968
Nepal Northwest Nepal, Bajhang District, Seti Province, near Not established
the border with the Tibet Autonomous Region of the China
BeposiTHble NPUPOAHbIE O4arv YyMbl pacnoJiaraioTcs
B npuneratowein Kk MbsiHme 3anagHoi (04eBUAHO, rOpHbie gp:;ub,' aﬁjt%':ura;t: Os';bl
paiioHbl xpe6ToB TaHeH-TayHaXu u KyH-TaH), LeHTpanbHOiA (B.andicota,indicg)
Taunanp, (nnato Aan-JlayHr-foHrnbsacda) 1 I0XKHOIK YacTAX CTPaHbI 3emnepoiikm (Sum’:us murinus) 1952
Thailand Probable natural foci of plague are located in the adjacent Rats (Rattus rattus, R. exulans)
western (apparently the mountainous areas of the Tanen-Taunji bandicoots (Bandiéofa indica) ’
and Kun-Tan ranges), central (Dai Laung-Dongpyapha Plateau) | o o\ (Suncus murinus) ‘
and southern parts of Myanmar.
3anapgHo-TuxookeaHckuii pernoH/Western Pacific region
Kpbicol (Rattus exulans,
R. tanezumi R. nitidus, R. rattus,
R. norvegicus, R. losea,
MoTeHumanbHbie NpupoaHbie oyaru (nnato KoHTym gb:'/ae‘ll"s‘;eﬁ;g)%ge;yslz’r};er)
BbeTHam u LleHTpanbHOE NnaTo) B NPOBUHLMSAX, MOrPaHUYHbIX 3emnep:)|7u(v| (SU)I,‘ICUS muri’nus)
! ¢ Jlaocom u KamGopxeit Rats (R ; 2003
Vietnam Potential natural hotspots (Kontum Plateau and Central Ra}:rg 6?51;7[’17? nggig'gffs R. rattus
Plateau), in provinces bordering Laos and Cambodia F?' norvegicus' R loséa ’ ’
R. flavipectus, Berylmys
bowersi, Maxomys surifer),
shrews (Suncus murinus)
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Darta
perucTpauum
nocnegHero
CrtpaHa MpupopHo-oyarosas TeppuTopus Bo3MoXHble HOcUTenu Yymol | cny4vas (ron)
Country Natural Focal Area Possible carriers of plague Date
of registration
of the last case
(year)
3anapHo-TuxookeaHckuii pernoH/Western Pacific region
Kpbichi (Rattus rattus,
PaBHuHbl HXxHero MekoHra u ero npasoro nputoka Toune- | R. norvegicus), 3emnepoikmu
Kamb6opxa | Can, LieHTpansHoe nnaTto (Suncus murinus) 1973
Cambodia |Plains of the Lower Mekong and its right tributary Tonle Sap, Rats (Rattus rattus,
Central Plateau R. norvegicus), shrews (Suncus
murinus)
Tap6araHbl (Marmota sibirica),
cycnuku (Spermophilus
Ha Tepputopuu cTpaHbl 12 npMpoAHbIX 04aroB YyMbl. dauricus), nnuwyxu (Ochotona
MepBuUYHbIE 04aru pacnpPoOCTPaHEHbl B FOPHbIX, CTEMHbIX, dauurica), nonesku
NONYNYCTbIHHBIX U MYCTbIHHbIX NAHAWAPTHLIX 30HaX (Lasiopodomys gregalis,
Kurait Kutasi, B 10)XHbIX CyOTPONMYECKUX PErMoHaxX — BTOPUYHbIE L. brandti), TylwukaH4mkun
. NPUPOAHbIE OYaryu Yymbl (Allactaga sibirica) v pp. 2023
China There are 12 natural foci of plague in the country. Primary Tarbagans (Marmota sibirica),
foci are distributed in mountainous, steppe, semi-desertand | gophers (Spermophilus
desert landscape zones of China, while secondary natural dauricus), pika (Ochotona
plague foci are found in southern subtropical regions dauurica), voles (Lasiopodomys
gregalis, L. brandti), marmosets
(Allactaga sibirica) and others
Jaoc lOXHas 4yacTb CTpaHbI He yctaHoBneHo 1996
Laos Southern part of the country Not established
MpakTnyeckun BCS TePPUTOPUS CTPaHbl. Jinwb
Ha TeppuTopuu 2 aiimakoB (BynraH u Cenenre)
He 00HapyXXeHO NPUPOAHBIX 04aroB YyMbl 32 BCE roAbl Tap6araubl (Marmota sibirica,
MoHronus |usyvyeHus pacnpoctpaHeHus uidekuum B MoHronum Marmota baibacina) 2023
Mongolia Practically the whole territory of the country. Only Tarbagans (Marmota sibirica,
in the territory of 2 aimags (Bulgan and Selenge) no natural Marmota baibacina)
plague foci were found during all the years of studying
the spread of infection in Mongolia

JeMuoJioruyeckasi CuTyalusi IO XoJepe CKJa-
neiBaeTcs B Pecriyonuke PuaunmuHbl. Ha Beeit
TEPPUTOPUM CTPAHBI CYIIECTBYET BBICOKWII PUCK
3apaxeHus1 xojepoit. ToabKO 3a mociaeaHee necs-
TuneTre Ha OuannnuHax 3aUKCUpoBaHoO OoJjiee
14 ThIC. cnyuyaeB 60se3Hu. KpymHelie BCIIbIIIKNA
XoJiepbl B cTpaHe oTMedeHbl B 2014 1 2022 rr. (4547
n 6062 ciydast COOTBETCTBEHHO). Ha Tepputopusx
IPYTUX CTpaH B IMOCJEIHMWE TOAbl OTMEYeHa TeH-
JNEHIIUS K CHUXEHUIO YPOBHS 3a00JI€BA€MOCTHU.
B Kutae peructpupyoT eIMHUYHBIE MECTHBIC
ciydyau OosieaHu. B Manaiizum — orpaHuyeH-
Hble BCmbIlIKM 3a6oseBaHusa (2021 r. — 50 ciay-
yaeB). B ABctpanuu, Anonun, Hosoii 3enannuu,
IOxxHo#t Kopen exXeromHo perucTpupyIoT enuHuY-
HbIE 3aBO3HbIC Clyyau 3a00eBaHM .

Heob6xonmMo oTMeTUTh, 4YTO Mo AaHHBIM BO3
I100aJbHBIM AMUAEMUOJIOTUYECKUN YUYET XOJepPhl
HMCKaXaeTcs MU3-3a OTCYTCTBUS IMOJHOU OTYETHO-
CTU U3 CTpaH A3MHU C BHICOKUM YpPOBHEM 3aboJie-
BaeMOCTH, B CBS3U C YeM (paKTUUECKOE YUCIIO CITy-
yaeB 3a00JIeBaHU S XOJEePOU B peTMOHE MOXKET OBbITh
ropaspo Baiiie [21].

Manspus. Cepbe3Hylo TMpoOieMy s psiaa
ctpaH WHpo-3anaaHo-TUXOOKEaHCKOTo peruoHa

MpeACTaBIsIET BBICOKasl 3a00JIeBaeMOCTb MaJISIpy-
eit. Tonbko aBe ctpaHbl B IOro-BocTouHoit A3zuu
B HacTosIlee BpeMsl HWMEIOT CTaTyC «CBOOOMTHOI
ot MaJisipumn»: Manpnussl (¢ 2015 r.) u Ulpu-Jlanka
(2016 1.). I'1pm a3TOM 3a Trocsieqrue 20 JeT peTMoH 10-
OuJICS 3HAUMTEbHBIX YCIIEXOB B 00pbh0OE ¢ MaISIpUEIA.
ITo cocTosiHuio Ha 2022 1. 001IasT YMCIEHHOCTh CIy-
JaeB 3a00JIeBaHUS COKpaTuiiach Ha 78%, ¢ 22,9 MiH
IO 5 MJTH; ciTydaeB cMepTH — Ha 75%, ¢ 35000 1o 9000.
CormtacHO TaHHBIM TTocJIenHero BcemupHoro nokiia-
JIa o Maasgpuu [3], obluee KOJMYEeCTBO cliyyaeB 00-
ne3Hu B KOro-BocTouHoit A3um cocTtaBujio, JIMIIb
2% B 00LIEMUPOBOM 3aueTe. bosblast 1o ciyJyacs
npuxonutcsd Ha Uuauio (82,5% B permone FOBA),
Wnnoneswnto (15,6%), Mbsiamy (1,6%).

B 3anmagHo-TuxookeaHckom peruoHe BO3 oc-
HOBHas M0Js 3a00JIEBIINX MaJIsipyueil perucTpupy-
ercs B [1amya-Hosoii I'Bunee (6oee 90% B 3TP) u Ha
ConoMoHOBBIX ocTpoBax (9%). ITo manHbsiM BO3,
5 u3 9 sHAeMUUYHBIX cTpaH peruoHa (KambOomxa,
Jlaoc, Mamaiizusg, @OuiunmuHEl W BbeTHaM),
Ha JOJII0O KOTOPBIX €Ille B ITPOIJIOM IeCATUICTUN
NpUXoauJach OOJblIasi YacTh 3a00JIEBIIUX, Ce-
TOMHS HaXOMSATCSI Ha MYTU K JIOCTUXKEHUIO IIEIN
mporpaMMbl MO 3JIMMWHAIIUMA Majsipuu, a MUMEH-
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HO CHUXXEHUIO 3a00eBaeMoCcTU OoJjiee yeM Ha 75%
K 2025 r. Ha 60abIIMHCTBE OCTPOBHBIX FOCY1apCTB
MaJIIpuI0 HE PEervucTpupyoT ¢ 1963 r. MecTHas
nepenaya B ABcTpanuu, bpyHee u CuHramype
npekpaneHa B 80-Xx rogax IpoULJIOro CTOJETHUS.
C 2012 r. Mansgpuio He PErucTpUpyroT B ATMoHuH,
Kupubatu u Tysany [19]. B TedeHuu mociaemHux
5 niet, Manaii3usi coobI111aeT o HyJIEBOM KOJIMUYECTBE
cayyaeB 3aboneBaHusi. B 2021 r. Kurait ceptudu-
LIMPOBAH KaK CTpaHa, CBOOOIHAs OT Masapuu [2].
Jluxopaoka denee. Haubosnee akTyaqbHbIMU UH-
GEeKIIMOHHBIMU OOJIE3HSIMU JIJIs1 pETMOHA SIBJISTIOT-
cs1 apOOBUPYCHBIE JTUXOPAAKU, MPEXAE BCEro Ju-
Xopajaka AeHre. B coBpeMeHHbIl mepuoa MecTHast
nepenaya Bo30yIuTeJsI IeHTe TIPOUCXOIUT BO BCEX
CTpaHaxX peruoHa, 3a MCKJIOUeHueM ABCTpaliviu,
Mownronuu, KHIAP u Pecnyonuku Kopes. I1o nan-
HbiM BO3 [5], 601ee 50% 3a6oaeBIIUX B MUpe DUK-
CUpYyeTCs UMEHHO Cpeau xKuTeseit peruoHa. Kpome
TOTO, TakWe cTpaHbl Kak Wunus, MHaoHe3us,
Mbsanama, pu-Jlanka u TaujgaHa BXOASIT B YKMC-
jgo 30 rocymapcTB ¢ HauOOJIbIIEN peructpaiuei
ciyyaeB 3abosieBaHUS. [lo OLIEHOYHBIM NaHHBIM
BO3, B HacTosi1iee BpeMs 6osiee 1,5 Mapa yeaoBek,
npoxuparoimux B crpaHax IOBA u 3TP, exeron-
HO TOJABEPraroTcsl pUCKY 3a0oJieBaHUS JIMXOpa-
Koit nenre. Ha Tepputopumn peruoHa ycTaHOBJIeHa
LHUPKYJSLUS BCcex cyOTUInon Bupyca aexre (1, 2, 3,
4) [14]. Bose3dHb PErUCTPUPYIOT KPYIJIOTOAUYHO.
Kpome Toro, B cTpaHax ¢ BBICOKUM yPOBHEM 3a00-
JIEBA€MOCTU OTMEUEHO yBEJIWYEHUE NJIUTEIbHOCTHU
BCIIbILIEK, KOTOpble MpUOOpeTaloT BCe OOJIBIIYIO
MHTEHCUBHOCTh M Teorpaduyeckue MaciiTaObl.
Tonbko B 2022—2023 rr. Ha TEPPUTOPUU pPErvoHa
o0111ee KOJUYEeCTBO O(PUIIMAIBHO 3aperucTpupo-
BaHHBIX CJIyyaeB 3a00JieBaHUS MPEBBICUJIO 2 MJIH.
Haubonee HeOGaaronoJiydHbIMU B SIUIAEMHUOTIO-
TMYecKoM oTHouleHuu ctpaHamu B 3TP sBistor-
¢t @uannnunsl, rae B 2023 r. 3aperucTprupoBaHO
167 355 3a60neBIIUX 1 575 ymepinx (KoahOUITUEHT
neranbHocTH 0,34%), 1 BeeTtHam (149 557 3a6oeB-
mux u 36 ymepmux, Ko3hGUIINEHT JIeTaTbHOCTHA
0,02%). B KOro-BocrouHoii Asun — baHriagern
(8 2023 r. 321 179 cnyuaeB), Uunus (94 198 ciayua-
eB), Hpu-Jlanka (5454 cinyyas). Heodxonumo 3ame-
TUTb, YTO B PETMOHE BEACTCS OrpaHUYEHHBIN y4eT
3a00J1€Ba€MOCTH JIeHT€, OCOOEHHO B OCTPOBHBIX I'O-
cyaapcTBax M TeppUTOpUsIX TUXoro okeaHa, B CBSI-
31 ¢ yeM (haKTUUeCKOe YUCJIO ClydaeB 3a00IeBaHUSI
B pErMoOHe MOXET ObITh 3HAUUTEJbHO BhILLIE [5].
Jluxopadka 3uka. TlepBble yroMuHaHUs O 00-
ae3Hu B peruoHe FOro-BocTtouyHoit A3MM OTHOCST-
ca K 1960-m romam [35]. Brmots mo 1980-x, nerkue
dopMBbI TMXOpaaKu 3UKa yXKe BbISIBJISIA BO MHOTUX
crpaHax Asuu. [IpucyTrcTBre Bupyca 3uKa B peruo-
HE MOATBEPXAaJIOCh OOHAPYXKEHUEM ero B KoMapax-
nepeHocurkax u 'y ooesbsiH. o 2007 1. y gtoaeit pe-
TUCTPUPOBATINUCH EAMHUYHBIE KIIMHUYECKUE CIydau,
B CBSI3U C YeM 0O0JIe3Hb He BbI3bIBaJjla CEPbE3HbBIX OMa-

ceHuii. [TepBast KpyITHast BCITBIIIKA TUXOPAJIKH 3UKa
3apeructpuponBaHa B 2007 r. Ha OAHOM U3 OCTPOBOB
MuxkpoHe3uu, rae 0bUIn MHpUIMpoBaHbl 73% Ha-
ceJIeHUus, OJHAKO TeuyeHUe 3a0ojieBaHUSI B OCHOB-
HOM OBLIO JIETKMM M HenpoaoKuTeabHbiM [10].
B 2013—2014 rT. BcribimKa oxBatiyia @paHITy3CKYIO
TTonuHesuto. OpHOBpeMeHHO ObliIa 3apuKcupoBaHa
BOJIHA 3200JIeBA€MOCTHU PEAKUM ayTOUMMYHHBIM 3a-
ooJsieBaHueM — cuHapomoM I'uiienHa—bappe (42 ciy-
Yasi), 4TO MOCTaBUJIO BOIIPOC O €ro aCCOLMaIlUU C BU-
pycom 3uka [12]. UMeHHO 5Ty nepBble dNUaeMuYec-
KUe BCHBIIIKA CBUACTEIbCTBOBAIM O TIOTEHIIM-
aJlbHOM omacHocTH BuUpyca. B 2016 1. 60Jie3Hb
3apeructpupoBaHa B CuHranype. B HacTosiiee
BpeMsI LIMPKYJISLMS BUpyca MOATBEPXKAeHA Ha Tep-
putopuu Muauu, Muaonesuu, MessHmbl, Tannanna
u Boctounoro Tumopa. Ciyyau 3a0oJieBaHUsI cpenn
HaceJIeHUsT 3aperucTpupoBaHbl B IHAMY (BCIBIIIKYA
B2017,2018, 2023 rr.), Ungonesuun (2016 r.), Taunanmge
(2023 1.), BocrounomMm Tumope (2024 r.). MecTHBIe cl1y-
yau 3a06oJeBaHus iuxopaakoii 3uka B 3TP oTrMeueHbl
HaTepputopusx: Banyary (2015 .), Ha CoJIOMOHOBBIX
octpoBax (2015—2016 rr. — 302 cayyas 3abosieBa-
Hus), B HoBoii Kanenonuu (2015 r. — 82 ciyuas,
U3 HUX ToabKo 10 ciydaeB 3a00J1€eBaHU S UMITOPTUPO-
BaHHBIX) 1 Ha @uannmuHax (2012, 2016 rT.). Kpome
TOro, psifi (haKTOB CBUACTEIBCTBYIOT O BO3MOXHOM
HUPKYJISIAY BUpyca M B APYTUX CTpaHaX peruoHa:
MOJIOXKUTEIbHBIE CEPOJTOTMUYECKUE HAXOAKU Yy MECT-
HBIX XUTEJIeH, HaJln4ue ciydyaeB 3a00ieBaHUS B CO-
CEeIHUX TOCyAapCcTBax M HaJIMUYME TOTEHIIMATbHBIX
MEePEHOCYNKOB MH(DEKIIUH.

Jluxopadka 3anaonoeo Husa. Llupkynsuus Bu-
pyca nuxopanku 3anagHoro Huna (B3H) ocraercs
MaJIou3y4YyeHHO! Mpo0bJieMoil B perruoHe. MI3BecTHO
00 ob6Hapy:keHuu Bupyca B Kamoboaxe, Pecnyonnke
Kopess, Mamnaitauu banrnagemr, WHaoHe3uu
u Henane. B HayyHBIX NyOJUKALMSIX WUMEIOTCS
NaHHBIE O PErucTpaluu ciaydyaeB 3abojeBaHUS
Ha Tepputopuu Ulpu-Jlanku [29]. B ABcTpanuu
nposieaeHus JI3H cBsizaHbl ¢ LUPKYAsLMelt BUpyca
Kynmxun (montun B3H). 3aboneBaHue, BbI3BaH-
HOI JaHHOW pa3HOBUJHOCTBIO BUPYCa, XapaKTepH-
3yeTcs 0oJjiee MSATKUM TeYeHUEM, PEAKUM TTopake-
HueM LIHC u oTcyTcTBUeM JieTanbHOCTH [13].

Anonckuii snyegpasrum. C MOMEHTA BbIsSIBJICHUE
BUpYyca simoHcKoro sH1edanuTa B 1870 r. B AnoHuu,
3ab0JieBaHHE IIMPOKO PACIIPOCTPAHUJIOCH IO Tep-
putopuu Bcero Azuarckoro pervosHa [37]. Mo naH-
HeiM BO3, B HacTosiiiee Bpems1 24 cTpaHbl C Ha-
cejieHueM Oosiee 3 MJpa yesoBeK B pernoHax FOBA
n 3armagHoil yactu TUXOro okeaHa ITOIBEPXKEHBI
pucky riepenadyu Bupyca [23]. B peruone uneHtudu-
UPOBaHbI KaAK MUHUMYM 10 BUJIOB KOMapoOB-Tiepe-
HOCYMKOB BUPYCa, OCHOBHBIM 13 KOTOPBIX SIBJISICT-
cs1 Culex tritaeniorhynchus. TogoBasi 3a0071€Ba€MOCTb
BapbUpPYETCs MEXAY CTpaHaMHM U BHYTPU HUX, CO-
craBiss ot MeHee 10 no 6osiee 100 Ha 100 ThIC. Ha-
CeJIEHUsI WJIV BBIIIEe BO BpeMs BCnblieK. OCHOBHOM
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Puck 3aB03a MHDEKLMOHHBIX 60N1e3HeN

KOHTUHIEHT pucka — AeTu A0 15 jeT. BoabIIMHCTBO
B3POCJBIX B 9HJIEMUYHBIX CTpaHaX 00J1a1al0T UMMY-
HUTETOM, TIepeHecs] MH(MEKIINIO B IETCTBE, OJHAKO
00JIe3Hb MOXET 3aTPOHYTh JIMIL JIOOOro Bo3pacTa.
3abosieBaeMOCTh UMEET CE30HHBIN XapaKTep, C TeH-
JIEHIIel K POCTYy B MYCCOHHBIA M TIOCTMYCCOH-
HBI TIEpUOAbI, KOTAa ITOIYJISIIIMs KOMapoB BbIIIIE.
Hau6Gonee KpyImHbIe BCIIBIIIIKY OOBIYHO ITPOUCXOISIT
C Mas IO OKTS0pb, JOCTUTAS MHUKA B CE30H JOXICH.
DNUAEMHUOJIOTUYECKOE HEeOJaronoaydyue 1Mo SIoH-
CKOMY 3HIIedaJIuTy 3aperMCTpUpPOBaHO Ha TepPpU-
topuu banrmagem, byrana, Unauu, MHaoHe3uu,
Mpbsaumbl, Henana, Taunanga, Boctounoro Tumopa
u Ipu-Jlanku. B 3TP — gnoHckuii sHuedasut
pacnpoctpaHeH B KamoOomaxe, BbeTHame, Kwurtae,
Jlaoce u Mamnaiizuu. B HacTosiiee BpeMs 6aroaapsi
KaMTIaHUM BaKIIMHAIIMK TIPOTUB STIOHCKOTO SHIIE-
danvTa Ha TEPPUTOPUM PErMOHA OTMEYeH HU3KUIA
YPOBEHbD 3a00J1€BAEMOCTH.

HoBoil nmpo6GemMoil 00111eCTBEHHOro 3ApaBOOX-
paHEHUsI B PeTUOHE SIBISIETCS UHQDeKUyUs, 8bl36AH-
Has eupycom Hunax. TlepBoe BBISIBJIEHUE BUpPYyCa
Hunax, Kak TpUYWHBI BCIIBIIIKKU 3HIEdanTa
3apeructpupoBaHo B peruoHe B 2001 r. B oKpy-
re Mexepnyp B banrmamemr. 3a mepuon c¢ 2001
no 2023 rr. B cTpaHe 3apeructpupoBaH 341 cayuaii
3a0o0yieBaHUS, B TOM 4ucie 242 neTtanbHbIX, B 34
n3 64 okpyroB ctpaHbl [36]. B 2023 r. oTMedeHO
10 neTanbHBIX ciy4yaeB OOJIE3HU, UTO SIBJISIETCS ca-
MBIM BBICOKMM ITOKa3aTejieM JIeTaJIbHOCTHU 3a I0-
cieqHue cemb JeT. 1o cocTosiHuio Ha MmapT 2024 1.
B bBaHrmagenr 3aperucTpupoBaHO 2 JIeTaJdbHBIX
ciayyvast. OTaenbHbIe BCITBIIIKY 3HIedaluTa, BbI-
3BaHHOI'0 BUpycoM Humax perucTpupyloT Ha Tep-
putopuu Uugun: 2001 r. (66 cayuaes), 2018 r. —
2 Benbliiku (5 u 23 ciayyas), 2019 r. (1 cayyaii),
2021 r. (1 cayygaii), 2023 r. (6 caygaes). Ha Teppnu-
topuu apyrux ctpadH FOBA (byran, UHnooHe3us,
Mpbsuma, Taunann, Ipu-Jlanka) umeroTcs: gaH-
HbIE O PacIpPOCTpPaHEHUU (BEPOSITHOM OOUTAHUM)
HECKOJIbKUX BUJIOB JIETYYMX MbIIIeii pofa Pteropus,
KOTOpPBIE MOTYT IIEpeHOCUTh BUpyc Hurmax, omHako
ciyJyaeB 3a00JieBaHUS CPEeNU HACEJIEHUSI HE OTMe-
yanocb. B 3TP orMeueHbl efIMHUYHBIE BCIBIIIKU.
B Manaiizuu Bcrnbiiika Bupyca Humax (ceHTs6pb
1998 r. — mait 1999 r.) nmpuBena K 265 ciayyasam
ocTporo sHuedanuTa co 105 cMepTeTbHBIMU UCXO-
namu [27]. B 1999 r. B CuHranype noaTBep:KacHa
ocTpast mHbeKIus, BbI3BaHHass BUpycoM Hurax
y 11 paGOTHMKOB OAHOU CKOTOOOIHM, Kyda He-
3aJI0JITO IO BCITBIIIKU OBUIM 3aBe3€Hbl CBUHBU
n3 Manai3uu, Kak Mo3xe okKaszajaoch WH(PUIIUPO-
BaHHBIe BUpycoM Humax [28]. Ha ®PumaunmnuHax
Bo Bcnbilike 2014 1. 3apeructpupoBaHo 17 ciiyuaeB
0oJie3Hu (JeTaJbHOCTh 82%). JlecsaTh MalMeHTOB
WMeJIM B aHAaMHe3€¢ TEeCHBII KOHTaKT C JIOLIalb-
MU WJIY yIIOTpeOieHe KOHUHBI. 3a TOT XKe Tepu-
ol OblJla 3apeructpupoBaHa cmepTh 10 Jowranei,
y 9 U3 KOTOpBIX HaAOJIOIAJIUCh HEBPOJIOTMUYECKUE

cUMIITOMBI [26]. K TeppUTOpUSIM BBICOKOTO pHUCKa
pacnpocTpaHeHus Bupyca Humax Takxke OTHOCST
BretHam, Kamb6oaxy, Kuraii u ITanay.

Iloauomueaum. MecTHas nepenadya MmoJUOBUPY-
ca B HacTosIIee BpeMsl Ha TepPUTOPUM CTPAH peru-
oHa otcyTcTByeT. B 2000 r. PernoHajbHass KOMUC-
cus Mo cepTUdUKALIMY JTUKBUIAIIUNA TTOJTMOMUE-
JIMTa TIOATBepaAuraa, 4yto Permon 3amamHoil yacTtu
Tuxoro okeaHa cBoOOIEH OT Iepeaayu MEeCTHOTO
IUKOro ToauoBupyca. IlocienHuil uU3BECTHBIN
cayJail nepegadyu MECTHOTO MTOJIMOBUPYCa MPOU30-
mena B Kamo6omaxe B 1997 r. B 2014 r. BO3 npusHana
peruoH Oro-BocTouHoit A3uu cBOOOJHBIM OT IO-
JIMOMUEINTA, BBI3BAHHOTO TUKUM ITOJIMOBUPYCOM.
ITocnennue cnyyau ormeuyeHbl B MHauu B 2008 1.

Meauoudos. Ilo oneHkaM, Ha FOxXHY10 A3UI0 TTpU-
xonutcs 44% rnobanbHOro OpeMeHM 3a00JIEBaeMO-
cTU MeJinou1030M [39]. bone3Hb sHAEMUYHA B PsIae
ctpaH peruoHa (Mumus, Ilpu-Jlanka, Tawunann,
ABctpanus, bpyHeit, BberHam, Kam6oaxka, Kuraii,
Jlaoc, Manaiizust, Mbssuma, Ilanya-HoBast I'BuHest
un Cunrarnyp). CoriacHO OIIEHOYHBIM JaHHBIM €Xe-
romHasi BCTPEYaeMOCTb OOJIE3HM Ha SHIAEMUYHBIX
TeppuTOpUsx coctapiaset a0 50 ciyyaeB Ha 100 ThIc.
HaceynieHus [6]. HauGosblilee 4MCIO CIy4aeB exe-
TOHO PETUCTPUPYIOT Ha TeppuTOpuM Maaiisuu,
CesepHoii ABctpanuu, CuHranypa u B TaugaHpe.
B 2023 r. Bcnbiiku otMedeHbl B Tanmanae (110 ciy-
yaeB), ABcTpaiuu (52 caydast), Cunranype (20 ciy-
yaeB) u Kurae (7 ciyuyaen).

Takum obpa3om, B Xolie MPOBEAECHHOIO aHaI13a
YCTaHOBJIEHO, UTO MU AEMUOJIOTUYECKast CUTYallu s,
cKJambIBaloiasicss B HacTosiiee Bpemsi B MHmo-
TuxookeaHCKOM pervoHe, IpeacTaBsieT CoOOoM
CYIIECTBEHHYIO Yrpo3y CaHUTapHO-3MUIAEMUOJIO-
TMYecKoMy Oyiaronoayuyuio HaceaeHus Poccuiickoi
Denepanuu, Tpexae BCETO 3a CUET yBEIUYMBAIO-
IIMXCS PUCKOB 3aHOCA OMACHBIX MH(EKIIMOHHBIX
0oJIe3He Ha TePPUTOPUIO HAIIe CTPaHBI.

HawnbGosee BepoSITHBIM SIBISIETCSI PUCK 3aHOCA
TaKMX UH(MEKIIMOHHBIX O0Je3Hel Kak Xxoaepa, Ma-
JISIpUS U JIUXOpajKa JeHTe, HebaromnoayyHas anu-
JNIeMHUOJIOTUYEeCKasi CUTyallusl MO KOTOPbIM CKJla-
IbIBAETCs B IMOCeAHME TOAbl B peruoHe. [1pu aTom
HaJM4ue NpsIMOTO TPAHCITIOPTHOTO COOOIIEHUS pe-
ruoHoB Poccuu ¢ psnom ctpaH peruoHa (Taunanm,
IIpu-Jlanka, BweTHam, Manapaussl, WMHAUA,
Mouronus, Kurait, MbssHMa) MHOTOKpPaTHO yBe-
JIMYUBAET PUCK 3aHOCA YKa3aHHbBIX O0JIE3HEA.

B cBSI3M ¢ MOCTOSTHHOW perucTpanmeil YyMbl
B CTpaHax peruoHa, B TOM YMCJIE TpaHUYAIIMX
¢ Poccuiickoii @enepatueit (Monronus, Kuraii)
3aHOC uyMbl U3 MHpo-3anaagHo-THX00KeaHCKOro
pervoHa IpeacTaBisieT CYIIeCTBEHHBIN PUCK IS
AMUAEMUOJOTMYECKOTO O1aronoaydyns HaceJaeHU s
Poccniickoit Denepainy, 4TO OIpEIeasieT ITPUO-
PUTETHOCTh JAaHHOTO pErMoHa B MOHUTOPUHTE
BNUIEMHUOIOTUYECKUX PUCKOB 3aHOCA YYMBbI JIJIs
caHuTapHOI oxpaHbl Poccniickoit Menepain.
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Heo0OxonnMo OoTMETUTh, YTO IIPUCYTCTBYIOIIAS
BEPOSITHOCTh OCJIOKHEHUST SITUIEMUOJIOTMYECKOMI
cutyanuu Ha Tepputopun Poccuiickoii @enepaiinu
3a CUeT NMPUOBITUS 3a00JEBLIUX JIUL TAKMUMU WH-
GeKIIMOHHBIMU O0JIE3HSIMU, KaK JINXOpaaKa IeHTe,
3uka, 3amagHoro Huia, octaeTcsa HU3KOM B CBSI3U
C OTCYTCTBMEM MOTEHIIMaJia K JajbHeIIeMy pac-
MmpocTpaHeHWI0 0oje3Hu. B TO ke Bpemsi 3aHOC
MHUOUPOBAHHBIX ITIEPEHOCYNKOB YIIOMSHYTBIX
0oJie3HEll MOXET MPEeACTaBIsITh OOJNBIIYIO YTpO3y
B HekoTopbix peruoHax Poccuu (YepHomopckoe
nobepexbe KaBkaza, KpbiM) B CBSI3M C HaJIU4U-
eM TIOAXONSIINX KJIUMATUYECKUX YCJIOBUM IS
IIMPOKOTO PACIIPOCTPAHEHUsI KOMapOB-TIEPEHOC-
YUKOB W MHMUIIMALIUA MECTHOW (hOpMBI Tepeaadyu
UHGEKIUH.

CornacHO paHee pa3pabOTaHHON METOIMKE pac-
yeTa prcka 3aHoca MH(MEKIIMOHHBIX 00JIe3Hel Ha Tep-
putoputo Poccuiickoit @eneparinm [7] ¢ yueToM mac-
CaXXHPOITOTOKAa M TToKa3aresisl 3a00JIeBaeMOCTH KOH-
KpeTHoU nHdeKIIMOHHOI 60J1e3HbI0 Ha 100 ThIC. Hace-
JICHUSI B KaKJI0il CTpaHe perruoHa, MpoBeieHa OlleHKa
BHEITHUX 3MUIEMUOJIOTMYECKUX YyIPO3 U3 CTPaH pe-
ruoHa. ITpoBeneHHast olleHKa MO3BOJIMJIa PAHXKUPO-
BaTh PUCK 3aHOCA MH(MEKIIMOHHBIX 00JIe3HEN U3 CTpaH
permoHa rno CJIeAyIOIINM KaTeropusiM:

MuHMMaJIbHBIA PUCK — 3aHOC CJIydash XO-
aepbl U3 Muauu, Kurtasgs u Taunanpa; mMaasipuu

Cnucok nutepatypbl/References

n3 OumunnuH; JI3BH — n3 ABctpanuu n MMM,
nenre n3z Uagun.
Hwuskuit puck — 3aHocC ciiydast Yymbl U3 MoOHTO-

Juu; xojiepbl — u3 OUIUINIIWH, MaJsapud —
u3 banrnagema, HMuauu, KHIAP, Manaiizuu
u Henana; nenre — u3 ABctpaauu u Kutasg

(TaiiBaHb); Men1uonao3a — U3 ABctpaiuu, CuHra-
nypa u Taunanna.

CpenHult pucKk — 3aHOC ciiyyasi XxoJiepbl u3 baH-
rinageur; neHre — u3 banrnaneia, BbetHama, Kam-
o6onxu, CuHranypa, MessHMmbl U Ll pu-Jlanku.

Bricokuii puck — 3aHoc cinyuasi neHre usJlaoca,
Manaiizun, Henamna, Tannanga, @uannnuH.

HanHas paboTa, sIBJsIeTCS 3aBepllIalolleil B ce-
pUM aHAJIUTUYECKUX 0030pOB COBPEMEHHOIO pac-
NPOCTPAaHEHU ST B perMoHaX MUpa NHGMEKIITMOHHBIX
0oJie3Hel, TPeOYy oM X MTPOBEASH U ST MEPOTIPUSTU I
MO0 CaHUTApHOI oxpaHe TeppuTtopuu Poccuiickoit
®denepanuu [8, 9, 20, 22].

TTonpoOHbIe SMTUAEMUOJOTUYECKUE MaTepraIbl
B BUJE 5 TOMOB, cDOPMUPOBAHHBIE N0 PeTrMOHAM
BO3: BoctouHo-CpenuzemHomopckomy (2020 r.),
Espomneiickomy (2021 r.), AMepukaHckomy (2022 1.),
Adpukanckomy (2023 r.), FOro-BoctouHoii A3uu
(2024 1) u 3amamHo-TuxookeaHckomy (2024 r1.),
NpeAcTaBJeHbl B OTKPBITOM JOCTyMNe Ha caiTe
®KYH Poccuiickunii TpOTUBOYYMHBIA WHCTUTYT
«Mukpo6» PocriorpedHanzopa [16].
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ONMUCAHUE MEOUATOPOB 3KOJIOTMYECKOIo
CTPECCAY BUOOB POOA CANDIDA

O.B. EnokraeBa

DI'bOY BO Tomenckuii 2ocyoapcmeentuiil meouyunckuii yuugepcumem Munzopaea Poccuu, 2. Tromens, Poccus

Pe3iome. YcrmenrHoe pacripocTpaHeHre MUKpoMuUlieToB pona Candida B pa3nuIHbBIX HUIIAX X0351MHA 0OYCIOBJIEHO MX
CITOCOOHOCTBIO M30eTaTh CTPECC, BRI3BAHHBIM MMMYHHOM CUCTEMOM X03IMHA U IPYTUMH (DaKTOpaMU, HallpaBJICHHBI-
MM Ha OJIOKMPOBaHME TPOLIECCOB XKNU3HEAEATEBHOCTH Y 3TUX TprOoB. COOp, crcTeMaTh3alys M MHTepIIpeTUPOBaHIE
MTOJTYYEHHBIX 3HAHW I 0 MHOXECTBEHHBIX PETYJIITOPHBIX ITYTSAX, KOHTPOJIUPYIOIINX META0OTN3M B KJICTKE, TTO3BOJIVITN
MO-MHOMY B3IJISTHYTh Ha MPOLECCHI aJanTallMi MaTOTeHHbBIX OPraHU3MOB K U3MEHSIIOIIMMCS YCIOBUSIM CPeIbl. DTOT
0030p UTEpaTyphl MOCBSIIEH M3YUYEHUI0 HMHK-KJIACcTepHbIX akTuBaTOopoB TpaHckpunuuu TACI (Transcriptional
activator of CDR) u MRR1 (Multidrug resistance regulator), peryanpyoInx CBepXaKCIpecCuIo reHoB-MUIIeHe, pado-
Ta KOTOPBIX HAIpaBlieHa Ha 00ecIeueHre Pe3UCTCHTHBIX CBOMCTB Y BUA0B pofa Candida 1o OTHOLIICHUIO K TPUA30JIb-
HOMY aHTUMUKOTHYECKOMY IIpernapary (piykKoHa3oiay. MennaTrop 3KOJOrMIecKOro CTpecca — 3TO MOHSTHE, KOTOpOe
XapaKTepu3yeT IJIeHOTPOITHBIN TPAaHCKPUIIIIMOHHBIN (PAaKTOp KaK CTPYKTYPY, CIIOCOOHYIO BOCIIPUHUMATD BIMSHUE
OIHOTO 3KOJIOTUYECKOTO (paKTOpa M TPaHC(HOPMHIPOBATH €T0 B IIPOIIECCC TOBHIIICHNU S PE3UCTEHTHOCTH K JIEKapCTBEHHO-
MY TIperapaTy y U3y4aeMbIX MUKPOMMUIIETOB 33 CYET CTUMYIMPOBAHUS paOOTH MEMOPaHOCBSI3aHHBIX TPAHCITOPTEPOB.
TouKoBBIC MyTallUM B TeHAX MJIM M3MEHEHNE KOJIMUECTBA KOITUIA T¢HOB, OTBETCTBEHHBIX 32 OTTOK JIEKAPCTB M3 KJICTKU
ITaToreHa, TaK:Ke TIOBHIIIAIOT aalITUBHBIC BOBMOXHOCTH Yy TPMOOB K aHTH(YTaIbHOMY IIperapaTy, YTo B TaJIbHEHIIEM
MOXET JaBaTh CEJEKTUBHOE MPEUMYIIECTBO BHYTPH IOMYJISIIUY IIPH ONpPeIeICHHBIX HeOMarompusITHBIX YCIOBUSIX
cpenbl. Hannuue reHoB-opTo0roB y peactaButeneii poga Candida 00bSICHSIET CXOAHbBIE BEKTOPHI PAa3BUTU S MEXaHU3-
MOB PE3MCTEHTHOCTH K JIEKApCTBEHHBIM MperapaTtaM. B cTaTbe mpuBeneHO cxeMaThuyecKoe n300paxkeHue MexaHu3ma
(popMupoBaHUs agaITUBHOrO OTBeTa y rprdoB poaa Candida ¢ MTOMOIIBIO MEAMATOPOB SKOJOTUUYECKOTO CTpecca K aH-
TUMUKOTHKY (JIYKOHA30.1y, OCHOBAaHHOTI0 Ha padoTe 3(pdriokcHbIX 6e1koB AT®-cBs3biBaroimnx kaccet (ATP-binding
cassette) M cymepceMelicTBa OCHOBHBIX (pacunutaropoB (Major-Facilitator superfamily). M3moxeHHBIe TOJOXEHUS,
XapakTepu3ylolirue paboTy aKTUBaTOPOB TPAHCKPUIIIIUY B KaUeCTBE MEAMATOPOB 3KOJOTMIEeCKOro cTpecca, MHpOop-
MHPYIOT O TOM, YTO OAWH TPAHCKPUIIIIMOHHBIN (PaKTOP MOXET ITOBHIIIATH SKCITPECCUI0 HECKOIBKIX TeHOB; OMMH TeH
MOXET aKTUBHPOBATHCS HECKONBKUMU (haKTOpAMM TPAHCKPUIIIINY, aKTUBAIIUIO OIMCBIBAEMBIX B CTaThe (haKTOPOB
TPAHCKPUIILINH 3aITyCKAOT OKUCIUTEIBHBIA U OCMOTHUECKUI CTPecc; KOMOMHATOPHBIN CTPecC MOXET OJIOKMPOBATh
paboTy MeIMaTopOB SKOJOTUUECKOTO cTpecca. 3Has FeHeTMYECKU (DOH IMaTOreHHBIX IITAMMOB, MOXHO MOAEINPO-
BaTh KOMOMHAIIMOHHBIN CTpecC, KOTOPHIH OyIeT OKa3hIBaTh HETATUBHOE BIMSTHUE Ha ITPOIECCHI XKU3HEACITETEHOCTI
MuKpoMmuieToB. Hanpumep, 3¢ GeKTUBHOCTD UCITONB3YeMbIX AHTUMUKOTUKOB B TePaIleBTUUYECKOM TTPaKTUKE MOKHO
MTOBBIIIATE OJ1aromapst IPUMEHEHU 0 XUMHUOCEHCUOVITU3UPYIOLINX ar€HTOB.

Karuesvie caosa: Candida, meduamop skonoeuueckoeo cmpecca, 1eKapCmeeHHas pe3ucmeHnHoOCmby, YUHK-KAACmepHbie haKkmopbl
mpanckpunyuu TACl u MRR1, sgpparokcroie 6eaxu ABC u MES, kombunamopruiii cmpecc.
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DESCRIPTION OF ENVIRONMENTAL STRESS MEDIATORS IN CANDIDA SPECIES
Enoktaeva O.V.
Tyumen State Medical University, Tyumen, Russian Federation

Abstract. The successful spread of the genus Candida micromycetes in various host niches is accounted for by their ability
to avoid stress caused by host immune system and other factors aimed at blocking fungal vital processes. The article studies
the Transcriptional activator of CDR and the Multidrug resistance regulator controlling overexpression of target genes
supposed to ensure resistant properties in genus Candida species against fluconazole. An environmental stress mediator
is a term that characterizes a pleiotropic transcription factor as a structure capable of sensing an effect influence of a single
environmental factor and transforming it into a process of increasing drug resistance in Candida micromycetes by
promoting membrane-bound transporter activity. Gene point mutations or copy number alterations also increase fungal
adaptive potential to fluconazole, which may further provide a selective populational advantage. The article schematically
outlines a mechanism for developing adaptive response against genus Candida fungi involving environmental stress
mediators to antimycotic fluconazole based on efflux proteins ATP-binding cassette and Major-Facilitator superfamily.
Such premises describing activity of transcription activators mediating environmental stress suggest that a single
transcription factor can upregulate expression of several genes; a single gene can be activated by several transcription
factors; activation of the transcription factors described here is triggered by oxidative and osmotic stress; combination
stress can block the functioning of environmental stress mediators. Knowing the genetic background of pathogenic strains
may allow for simulating a combination stress able to negatively impact on micromycete life cycle.

Key words: Candida, mediator of environmental stress, drug resistance, zinc-cluster transcription factors TACI and MRR 1, efflux proteins

ABC and MFS, combinatorial stress.

BeepgeHue

B nuteparype mnpuBeneHa KoJjioccajbHash MH-
dopManusg o pa3JU4YHBIX (PakKTopaxXx aKTUBALMU
TpaHCKpUIIUKUKU y TpuboB pona Candida [16, 26].
Ho nns1 6onee mogpoOHOTo pacKpbITHUS CYTH MOH SI-
TUSI MeIUaTOPhI 3KoJiorndeckoro crpecca (MDC),
OCTAHOBMMCSI Ha W3YYEHUM [MHK-KJIACTePHBIX
daktopoB TpaHckpunuuu TACI1 (Transcriptional
activator of CDR) u MRR1 (Multidrug resistance
regulator), onHOl U3 (YHKIUNA KOTOPBIX SIBJISIET-
Csl peryjsiliisi OTTOKa U3 KJIeTKU (JIyKoHa30ja —
LIMPOKO UCHOJIb3YyeMOI'0 TPUAa30JbHOIr0 aHTU(hYH-
rajbHOrO ITpenapara B TepaIreBTUUYeCKOM ITpaKTUKE
Mpu JIeYEHU U KaHIua030B. B ctaThe OynyT cucre-
MaTU3UPOBaHbI MOJyYEeHHbIC CBEICHUS 110 paboTe
3TUX PEryJsITOPOB TPAHCKPUIILIMOHHOW aKTHB-
Hoctu reHoB-muuieHeitr CDRI, CDR2 (Candida
drug resistance) u MDRI1 (Multidrug resistance)
M OMKMCAHO UX YYacTHEe B peryJisiliuu MeTaboim3ma,
MpeTepreBapIIero UM3MeHEHUs IO BO3ICCTBU-
€M Ha KJIETKY OIHOI'0 3KOJIOrM4yeckKoro dakTopa.
B pesyabraTe TpaHchopMalMU MTPOLIECCOB KMU3HE-
JIeSITeJIbHOCTU MOBBILIAETCSI PE3UCTEHTHOCTD K Jie-
KapCTBEHHOMY IIperapary y M3y4aeMbIX MUKPO-
MMILETOB 3a cueT paboThl 3(PDIIOKCHBIX OEIKOB
nByX cynepcemeiicTB: ATM-cBA3bIBAIOLINX KaCCET
(ATP-binding cassette (ABC) u ocHOBHBIX (pacuim-
TatopoB (Major-Facilitator superfamily (MFES).

Llenb ucciaengoBaHUsT — OIMCATh POJIb LIMHK-
KJIacTepHbIX (dakTopoB TpaHckpunuuu Tacl
1 Mrrl B nipouecce MpUuoOpeTeHUsT pe3UCTEHTHBIX
cBoiicTB rpudbamu pona Candida 110 OTHOUIEHUIO
K (bJyKOHaA30J1y U OomnpenejuTh X GyHKILIMOHAIb-
HOE 3HaYeHME B KaYeCTBE MEIMaTOPOB SKOJIOTMYEC-
KOro cTpecca.

Ponb uuHK-knactTepHbix GpakTOPOB TPAHCKPUNLUN
TAC1 nu MRR1 B pOpMUPOBAHUY PE3UCTEHTHbIX
CBOIiCTB y rpn6oB poaa Candida

ApanTaius K APOKOMY AMAIa30HYy 9KOJOTU-
YEeCKMUX HUII B OpraHU3Me XO35IMHa, CIOCOOHOCTh
NepexoauTh OT KOMMEHCAJbHOIO K Mapa3uTuyec-
KOMY o0Opa3sy CyllecTBOBaHUSI, MIpUOOpEeTEeHUE pe-
3UCTEHTHBIX CBOMCTB K aHTUMYTaJIbHBIM Mpenapa-
TaM U Ipyrue cToiikue GeHOTUNMMYECKUEe U3MEHe -
HUSI 00BSICHSIOTCS Han4dreM y BuaoB poaa Candida
CJIOXKHBIX MpPOrpamMM PEryasiiuyd TPaHCKPUTILIUU
reHoB. binaromaps PHK-cekBeHupoBaHUIO reHOMAa
Candida glabrata 61710 yCTAaHOBJIEHO, YTO B COCTOSI -
HUU cTpecca, BbI3BaHHOro (JykoHasojom, Marl
KOHTpOJIUpYyeT padboTty 337 reHoB-MuUllIeHeH [23].

DdakTopbl TPAHCKPUIILIUW TIO3BOJISIIOT I1aTO-
TeHHBIM TpubaM HOJIXKHBIM 00pa3oM pearupoBaTh
Ha UBMEHEHMU ST OKPYKalolleil cpenbl U nmepecTpau-
BaTh CBOU (hU3UOJOTMUECKUE MTPOLIECCHI TTOJT HOBbIE
ycnoBusd. Y Buna Candida albicans onucaHo OGojee
80 hakTOpPOB TPAaHCKPUNIIMHU LIMHKOBOTO KJiacTe-
pa — 3TO LIMHKCOAepXKallre OeJIKOBbIe MOJIEKYJIbI,
XapakTepusylolnuecss HaJluyueM KOHCEpBaTUB-
HbiX JIHK-cBsI3bIBaloOMX MOTMBOB — LIMHKOBBIX
najblieB, KOTOpble TMpPU BO3AEUCTBUU C HaCe-
CTBEHHBIM anmapaToM KJIETKU U3MEHSIOT YPOBEHb
9KCIPECCUU TeHOB-MUIlIeHel. [IpumMepom npoayk-
TOB 9KCIIPECCUM TaKUX T'€HOB SIBJSIIOTCS XOPOILIO
u3yuyeHHble 3GhdIOKCHbIe OeJIKU IBYX cylepce-
melictB — ABC u MFS, yuactBylouive B TpaHC-
nopTe BeliecTn [2, 17].

MuterpanbHbie MeMOpaHHble Oenku, ABC-
TPaHCIIOPTEPHI, JOKAJU30BaHHbIE BO BHEIIHENU
nja3mMaTuyeckoil MemOpaHe WJIM B MeMOpaHax
BHYTPUKJIETOUYHBIX OpPraHesij, CIOCOOHBI TpaHC-
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MMOPTUPOBATH IMPOKU I CITEKTP areHTOB, BKJII0Yast
WOHBI, CTEPOUIbI, caxapa, aMUHOKMCJIOTHI, BUTa-
MWHBI U IENTU/IBI, UCITOJIB3YST B Ka4eCTBE SHEPI U
JUISI TpaHCIOPTa BEIIECTB MOJIEKYJIbl aAeHO3WH-
tpudochara (ATD).

Cpenu 28 mnpenmnonaraembix ABC-TpaHcnop-
TepoB, onucaHbix y C. albicans, 6e10K Jiekap-
cTtBeHHol yctoitunBocTu Candida (Candida drug
resistance (Cdrlp) sBJsieTCS OCHOBHBIM Mepe-
HOCYMKOM JIEKapCTB. YcTaHOBJIeHO, uTO 28 ABC-
TpaHcnoptepoB y Buaa Candida auris y4acTBYIOT
B GOPMUPOBAHUM KJIMHUYECKU 3HAYUMBIX (DEHO-
TUTIOB OJ1aronapsi BOSHUKHOBEHUIO PE3UCTEHTHO-
CTU K MHOTOYMCJIEHHBIM aHTUMYTaJbHBIM TIpe-
naparaMm. CleayeT OTMETUTb, YTO MeMOpaHHBIe
TpaHcnopTepbl ceMelictBa ABC mupoko pacmnpo-
CTpaHEeHBI B MMPUPOAE U BCTPEUAIOTCS KaK B opra-
HM3Me 0aKTepuil, TaK 1 YeJoBeKa.

®acunuratropel  MFS  saBisiioTcsi KoHcepBa-
TUBHBIMU O€JIKaMM TOJIbKO OaKTepWii M TrpuOOB.
JaHHBIN (akT T03BOJISIET paccMaTpuBaTh 3THU
MeMOpaHHBIE TPAHCIIOPTEPHI B KAYeCTBE MMIICHU
ISl pa3pabOTKM HOBBIX aHTU(YTaJIbHBIX TIperapa-
TOB. D datokcHbie 6ea1Ku MFS 1151 BEITTIOTHEHU ST
cBoMX (bYHKIIMI MCITOJB3YIOT ITPOTOHHBIN Ipaau-
eHT IJIa3MaTHJecKoit MeMOpaHHI [1, 6, 10, 24, 29].

M3 orpoMHOro KojiMmuyecTBa OMMCAHHBIX MeXa-
HU3MOB JIEKAPCTBEHHOI YCTOMUYMBOCTH [3] omHUM
13 HanboJiee N3BECTHBIX SIBISIETCS HapyIllIeHUe Ha-
KOIJIEHUsI JIEKAapCTB BHYTPU KJIETKU I'pUOOB B pe-
3yJIbTaTe€ YCUJICHUS PETYJISIIUU MeMOpaHOCBsI3aH-
HBIX TpaHCOpPTepoB. HampuMep, MyTalium ycuie-
Hus dyHkuuu (Gain-of-function mutations (GOF)
BTeHaX, KOAUPYOIIMX IMHK-KJIacTepHbIe (haKTOPbI
tpaHckpunuuu TACl u MRRI1, npuBoasiT K KOH-
CTUTYTUBHOM CBEPX3KCIIPECCUM COOTBETCTBYIOIITMX
reHoB-muueHeit (CDR1, CDR2 u MDRI1) u noBbI-
MIal0T YCTOMYMBOCTH K (DJIYKOHA30Jy Yy MpeacTa-
Buteneit poga Candida 3a cyeT ycuiaeHusl pabOTHI
addarokcHbIx 6ekoB (ABC u MFS). Kpome Toro,
KaXJIblii aKTUBATOP TPAHCKPUIILIMU CITOCOOEH M3-
MEHSITh U CBOIO COOCTBEHHYIO 3KCIIPECCHUIO, PETry-
JUpys KoanvyecTBo Oesnka B kieTke [10]. Bausnue
¢dayKoHa3oJjia Ha YpOBeHb 3Kcrpeccuu 3 dItoKc-

HbIX 0€JKOB BHYTPU KJETOK IrpudoB pona Candida
cxeMaTU4ecKu u3o0pakeH B Ta0. 1.

IMpoTuBOTpUOKOBasI Tepanmusi MOXKET SIBISITb-
CSl TPUITEPOM AJISI MUKPOIBOJIIOIMM MAaTOTEHHBIX
IITAMMOB, TIOBBIIIIAsl MX adallTalluOHHBIN TTOTEH-
MajJ K MCHOJb3YeMbIM aHTUMMKOTHUKAM IIyTeM
BO3HUKHOBEHMSI TOYKOBBIX MYTallMii B TeHaX, OT-
BETCTBEHHBIX 3a JIEKAPCTBEHHYIO PE3UCTEHTHOCTh
rpuOOB, BCJIEACTBUE YETO IMTPOMCXOINUT HAaKOTLJICHUE
ATUX MyTalluii B monyasuuu [13, 14].

AHam3 GEeHOTUNMNYECKN HEUTpaJbHBIX OIHO-
HYKJICOTUAHBIX ToaumopdusmMoB reHoB TACI
u MRRI1, mosiyyeHHBIX OT MOMYJSLMU KIUHAYEC-
kux usoygaroB C. albicans, noxa3aja HaJau4due 00JIb-
IIIOTO TyJla HECUHOHUMUWYHBIX MYyTalluii, KOTOpPbIE
B JajJibHeMIIeM OyayT crnocoOCcTBOBATh (hOPMUPO-
BaHUWIO PE3UCTEHTHBIX IITAMMOB. [Ipr 3TOM HYX-
HO TTOHMMaTh, YTO MOJIEKYJISIPHYIO MOAUMUKAIIIO
0enKa, BBI3BAHHYIO 3aMEHON TOJIbKO OJHOM aMu-
HOKMCJIOTHI, HE BCETa MOXKHO KJacCuUIIMpoBaTh
KaK MYTalMI0 YCTOMYMBOCTH K aHTUMUKOTUKAM.
TTockonwky C. albicans siBAsieTcsl AUIIJIOUIHBIM
OpraHu3MOM, TO TOMO3UTOTHOE COCTOSIHUE I'eHOB,
OTBETCTBEHHBIX 3a PE3UCTEHTHOCTh K (DIIyKOHA30-
1y, OyaeT B O0JIbIIIEN CTeNeHU CHUXATh 3 (PeKTUB-
HOCTb IPMMEHEHHME TaHHOT0 JIEKaPCTBEHHOTO Mpe-
mapara, YeM IreTepo3uroTHoe [6].

JnuTelibHOE BO3ACUCTBUE aAHTUMUKOTHKOB
Ha KJIETKM TpuOOB TaK XK€ WHAYLMPYeT 0Opa3o-
BaHUE M30XPOMOCOM M aHEYIUIOMIAM, Giaaromaps
yeMy MOXHO 3a(MKCUPOBATh YBEJIMUYEHHOE WM
YMEHBIIIEHHOE KOJIMYECTBO KOIMUK TEHOB, OT-
BETCTBEHHBIX 3a OTTOK JICKAPCTB M3 KJETKH, YTO
B JaJIbHEHIIIEM MOXET JaBaTh CEJIEKTUBHOE IMpeu-
MYIIIECTBO TIPU ONpeaeIeHHBIX HeOJIaronpusiTHbIX
ycaoBusix [17].

Tak kak ¢ujoreHeTUYECKU OJU3KUE BUABI 00-
JajalT CXOXeW TeHeThuyeckoil uHdopmaliuei,
Yy HUX MOXHO OOHapy>XWUTh HaJu4yue Iapajjieib-
HBIX BEKTOPOB Pa3BUTUSI MEXaHU3MOB PE3UCTEHT-
HOCTU K (ayKoHa3osy. [eHBI-OpTOJIOTU y TaKMX
BUJIOB BIEpPEIM CBOEro O0O3HAYECHUST IOJTydaloT
JIBE TOTOJTHUTEIbHBIE OYKBBI OT POJIOBOT'O 1 BUIO-
BOTO Ha3BaHUs Buaa (Tadi. 2).

Ta6auua 1. NMyTb nepegaun nupopmauum ot GakToOPOB TPAHCKPUNLUU K MEMOPaHHbIM TPaHCNopTepam
NPy BOSHUKHOBEHMU PE3UCTEHTHOCTU K diykoHa3ony y rpubos poaa Candida
Table 1. A crosstalk between transcription factors and membrane transporters in fluconazole resistance emerging

in genus Candida

TpaHcKpunuUoHHbIe paKTopPbI FeHbl-MuULeHn LeneBble 6enkun
Transcription factors Target genes Target proteins
TAC1 - CDR1u CDR2 — AddniokcHbie 6enku ABC
(ren TAC1 Ha 5 xpomocome) (3 xpomocoma) Efflux proteins ABC
(TAC1 geneiis located on chromosome 5) | (CDR1 and CDR2 genes are located on chromosome 3) P
MRRT - MDR1 — AddniokcHbie 6enku MFS
(ren MRR1 Ha 3 xpomocome) (6 xpomocoma) Efflux proteins MFS
(MMR1 gene is located on chromosome 3) (MDRT1 geneis located on chromosome 6) P

MpumMeuanue. B TabnuLe ykazaHo pacnonioXeHne reHoB Ha XxpomMocomax B kapuotune C. albicans [20].

Note. Gene location on chromosomes in C. albicans karyotype is shown [20].

21



0.B. EHokTaeBa

MHdekumns n uMmyHuTeT

Ta6auua 2. 0603Ha4eHne reHa CDR1 y pa3nuyHbix
npencrtasurtenei popa Candida

Table 2. CDR1 gene designated in various genus
Candida members

HasBaHue Bupa 0Go3Ha4YeHue reHa

Name of species Gene designation
Candida albicans CaCDR1 [28]
Candida auris CDR1 [28]
Candida glabrata CgCDR1 [28]
Candida lusitaniae CICDR1[9]
Candida parapsilosis CpCDR1 [32]

MoHsiTue «mepmaTop 3KONOrM4ECKoro crpecca»

byayuyu mnjiacTUYHBIMU OpraHU3MaMu, IIpU-
CIOCabIMBAIOIIMMUCS K Pa3JIUYHBIM YCJIOBUSM
BHEIIHENW cpenbl, mpeactasuteau popa Candida
NpuoOpeTM MHOXECTBO 3alllUTHBIX CTPAaTEruii, mo-
3BOJISIIOIIMX UM BBIKMBAaTh B OpraHU3ME XO3sIMHA
U IEMOHCTPUPOBATh BBICOKWIA YPOBEHb YCTOMYU-
BOCTUM K MHOTUM cTpeccaM. AJanTUBHBIA OTBET
Yy KJIETOK 3yKapruoT (OpMUPYETCS 3a CUET Tepena-
Yy CUTHAJIOB Yepe3 MYyTU MUTOreH-aKTUBUPYEMOM
nporeuHnkrnHaszbl (MAPK) B saapo, rme 3amycka-
IOTCS TaKue MPOoLEecChl KaK aKTuBalusd HakTopoB
TPAHCKPUIILUU, PEryasiiuusl KJIeTOYHOTO IIMKJia
U aKTUBaLUg KuHa3ssl [11, 27].

Jkonornyecknin hakTop
Enviromental factor

Kaxxaplii peryasTop TpPaHCKPUIILIMOHHOU ak-
TUBHOCTU reHa cretiuuyecKu pearupyeT Ha yHU-
KaJbHble (aKTOpbl OKpPYyXKAaIIel cpeabl, TaKue
KaK JOCTYITHOCTb MUTATEJAbHBIX BEIIECTB U KUCJIO-
pona, Temrnepatypa, pH cpeasl u npyrue.

3avactyo (akTopbl TPAaHCKPUIILIMU BBICTYIIA-
10T B POJIM MEAUATOPOB 3IKOJOTMYECKOIO CTpecca.
MenuaTop 9K0JIOrHYecKoro crpecca — 3TO MOHSTUE,
XapaKTepUsylouiee MJICHOTPONHbIA TPaHCKPUIILIU-
OHHBIN (haKTOp KaK CTPYKTYPY, CIIOCOOHYIO BOCITPH-
HUMaTh BJAUSHUE OJHOIO 9KOJIOTMYecKoro dakropa
U TpaHC(HOPMUPOBATH €r0 B IMPOLIECC MOBBIIIEHUS
PE3UCTEHTHOCTU K JIEKApCTBEHHOMY IIpenapary
Y MUKPOMUILIETOB 3a CYET CTUMYJUPOBAHUS pabOThI
MeMOpPaHOCBSI3aHHbIX TPAHCIIOPTEPOB (pUC.).

Mpumepbl pyHKLMOHMpPOoBaHUS MAC BHYTpU
KNeTok rpuoos popga Candida

Y 310pOBBIX X035€B MEPBOM JTMHUEH 3alUThI
ot C. albicans sBnsercs parouutos3. Hadop antudy-
rajJbHBIX MEXaHU3MOB (harolMTapHBIX UMMYHHBIX
KJIETOK BKJIIOUYACT B ce0sT 00pa30BaHME TOKCUUYHBIX
aKTUBHBIX (OpPM KHUCI0poaa (CUMHTE3 CylepoKcHuia
(O5*) u mepekucH Boaopomaa), padboTy KaTUOHHBIX
MOTOKOB, MUIIEBYIO NCIIPUBAIINIO, TTOAACpPKaHUE
AKCTpeMaJIbHBIX 3HaUeHU#T pH 1 BBICBOOOXICHNE
AaHTUMUKPOOHBIX menTuaoB. ClenoBaTeabHO, CY-

AHTUMUKOTUK
Antimycotic

CurHan akTneaTopy TpaHCKpUnuum
Signal to the transcription activator

Knetka
Cell

NeKapCTBEHHON PE3UCTEHTHOCTU
Increasing the level of drug resistance

MoBbILWEHNE YPOBHS

=
I
ft{

Mepnwnartop (nocpeaHuK) 3KoN0rMyeckoro cTpecca
Mexay ABymsl dakTopamu
Mediator of environmental stress between two factors

b
|

- - MoBblleHne ypoBHst | = -

3KCNpeccum reHa
Increasing the level
of gene expression

PucyHok. CxemaTuyeckoe naobpaxeHune mexaHmama ¢opmM1MpoBaHus apanTMBHOro oTBeTa rpuboe poaa
Candida ¢ nomoubio M3C K aHTUMUKOTUKY priyKOHa3ony

Figure. A schematic mechanism for developing adaptive anti-Candida response genus involving environmental stress

mediator against antimycotic fluconazole

MpumeyaHue. * — GopmupoBaHmNe aganTUBHOrO OTBETA HA AECTBUE 3KON0rn4eckoro paktopa ¢ ncnonb3osaHmem MAPK
1 nanbHelen akTueaummn daktopa TpaHckpunumm; ** — aktueaums dakTopa TPaHCKPUNUMK, NPUBOASALLAS K HAPYLLUEHWNIO
HaKOMNEHNS TIEKAPCTB BHYTPY KNETKM rpMOOB B pe3ysibTate YCUIeH!s akcnpeccuy MemopaHoCBsA3aHHbIX TPaHCMOPTEPOB,

,El,el‘;ICTBy}OLLI,I/IX KaK HaCOChb! 419 OTTOKa aHTUMUKOTUKA.

Note. * — Developing adaptive response against environmental factor involves MAPK pathway followed by transcription factor
activation; ** — transcription factor activation affecting subsequent drug accumulation inside fungal cell due to higher expression
of membrane-bound transporters acting as pumps for antimycotic efflux.

22



2025, T. 15, Ne 1

Megamartopbl 3KON0rM4eckoro cTpecca

IECTBYET OOJIBIION WHTEepeC K CTpaTerusiM, WC-
nosibdyeMbIM C. albicans njisi yKIOHEHUS OT YHUY-
TOXEHU ST MaKpodaraMu U HEUTpopuiaMu.

CrenyeT OTMETUTh, YTO KOMOMHUPOBAHHOE BO3-
JIefiCTBME KATMOHHOTO W OKWCJIUTEIIBHOIO CTpeC-
COB CHUKAeT CTEIEeHb aJaliTUBHbBIX BO3MOXHOCTEN
Buga C. albicans K yCcJIOBUSIM BHEIITHEI CcpeAbl 1 TTO-
BBIIIACT €r0 YYBCTBUTEIBHOCTD K JIEKAPCTBEHHBIM
npernapataM B pe3yJIbTaTe YMEHBIIICHUS OMOCUHTE-
3a KaraJia3bl, YTO IMIPUBOAUT K TUIEPAKKYMYJISLIUU
BHYTPUKJIETOUHBIX aKTUBHBIX (OpM KHCIOpoIa
¥ pa3pymICHUIO KJIETOK nmaTtoreHa. D OeKTUBHOCTH
yHuutoxeHus C. albicans HeliTpodunamu B pe-
3yJbTate ¢harolrTo3a o0ycJOBIeHa IJIaBHbBIM 0Opa-
30M CUMHEPrudeckuM 3(P@GEeKTOM OKHCIUTEIBHOrO
B3pbIBa M KATUOHHOIO ITOTOKA, a HE BO3ICUCTBUEM
KaxkJIoro cTpecca 1o otaeabHocTu [12, 19].

IloBbIlIEHHYO PE3UCTEHTHOCTh K (hJIYKOHA30Jy
MoxHO Habmonath y Candida lusitaniae ipyu Hanu-
YUU B OKPYXaOLIeW cpeae METWJITJIMOKCANIs, BbI-
3bIBAIOIIIETO OKUCJIUTENILHBIN cTpecc. JlaHHOe Be-
mectBo 3anmyckaeT MRRI-3aBucrumyto skcnpeccutio
He Toabko MDRI1, Ho 1 MGDI1, MGD2, B KOTOpbIX
3amudpoBaHa THOOPMAIIUS O METHJITINOKCAIbPe-
nykrtaszax (Mgdl u Mgd2). B kadecTBe MenuaTopoB
9KOJIOTMYECKOTO CTPecca B 3TOM CJIydae BBICTYITAlOT
renbl MRR1 1 CAPI1 (Cyclase-Associated Protein 1).
BeLIO 3aMOKYMEHTHMPOBAHO, YTO METWJITJIMOKCATb
BBI3BIBACT OKMCIMTEIILHBIN CTpecc, KaK U IpyTrue
W3BECTHBICE WHAYKTOPHI TPAHCKPUIIIIMOHHOM aK-
tuBHocTU MRRI1, a uMeHHO: OeHOMMJI, METOTpPEK-
caT, 4-HUTPOXMHOIUH-N-0OKCcUa, o-(heHaHTPOINH,
IUATUIIMAeaT, TUaMUI U KOMILJIEKC PEMOISINPO-
BaHus1i xpomaruHa Swi/Snf. ITapanormunsie MG-
penyKTa3bl CTUMYJIUPYIOT TPAHCKPUITLIMOHHBIN OT-
BeT y BunoB C. albicans, C. auris, Candida parapsilosis,
Candida tropicaliswn C. glabrata.

MoXXHO cMeo yTBepXJaTh, 4TO AUAOET, ype-
MUl M CeTCUC SBJISIIOTCS (aKkTopaMu pucKa pas-
BUTUS KaHauao3a, Bbi3BaHHoro C. lusitaniae, Tak
KaK TP TaKUX COCTOSHHSIX B OpraHU3ME XO3SIM-
Ha HaOIomaeTcs HU3KOe CcoAepXKaHWe yriaepoaa
u/unu docdaros. biaronaps naHHOMYy hakTy TOK-
CUYHBIN METa0OIUT METUITIMOKCAIb CIOCOOCH He-
00paTuMo MOOUMUIINPOBATH OCIKH, JIUITUILI U HY-
KJICMHOBBIE KUCJIOTHI B KJETKaxX Xo3snHa. OgHUM
U3 CIOCOOOB MOBBIIEHU ST 2DMOEKTUBHOCTU JICYSHU ST
KaHIMI03HON MHGMEKIIUU Y TTallMeHTOB, IIPeapacro-
JIOXKEHBIX K TTOBBIIICHUIO YPOBHSI METHJITIIMOKCAIS
B CBIBOPOTKE KPOBU, SIBJISIETCS MOLYIMPOBAaHUE ITPO-
LIECCOB XXHU3HEIEI TeTbHOCTH MUKPOMULIETOB 3a CUET
MOTpeOJeHUST TUIIEBO N00aBKM KapHO3MHA, W3-
BECTHOTO TTOTJIOTUTENSI METUJITIINOK A [7, 8].

HecMoTps Ha TO UTO TpaHCKPUNIITMOHHBIN (pak-
Top MRRI1 gBisieTcss LeHTpaJbHBIM PEryJSITOPOM
skcripeccun MDRI1, myranuu ycuiaeHus ¢yHK-
ouu B (pakTope TpaHcKpunouu Capl MOTyT TaKKe
OIIOCpeIoBaTh CBepXaKcnpeccuio b ITIOKCHON
TMOMITBI M JIEKAPCTBEHHYIO PE3NCTEHTHOCTH K (PITy-

KoHazony. CTOUT OTMETUTH, YTO OAHA U3 OCHOB-
HBIX poJjieit Capl — 3To peryasiuust yCTOHYMBOCTH
K okuciautenbHoMy ctpeccyy C. albicans. Capl, ak-
TUBUPYS OMOCUHTE3 KaTalla3bl, THTUOUPYET Hera-
THUBHOE BO3/ICHCTBHE MIEPEKUCH BOAOPOIA Ha KJIET-
Ky. OT Hanuuusg naHHOro ¢(epmeHTa B KJIETKE
3aBHUCUT CKOPOCTH IETOKCUKAIIMU MTaHHON MoJIe-
Kynbl [ToaTomy nmernHo Capl sIBAsIeTCSI MeITUATO-
POM BKOJIOTMUYECKOI0 CTpecca, TakK KakK 3aIycKaeT
askcrpeccuioro MDR1 B oTBeT Ha OKUCIUTEIbHBIH
CTpecc, BBI3BaHHBIH ITIepeKnCchio Bogoponaa [19].

Onst TmpemoTBpalllecHWsS pPa3BUTUS KaHIWIO-
3a B POTOBOW MOJIOCTU OPraHW3M XO3sMHA BMECTe
CO CJIIOHOI BbBIAEISIET AaHTUMUKPOOHBIN MEenTUI
ructatuH 5 (Hst 5). JlanHHoe OenKoBOe coenmHe-
HUEe 00agacT QYHTUIUIHBIM JeCTBUEM, TaK KakK
MOXKET BAMATh Ha PYHKIIMU MUTOXOHIAPHUI U BHI-
3bIBaTh OKMCJIUTEIbHBIN CTPECC Y MUKPOMUILIETOB,
a TakxXe MHruoupoBaTh pocT KjeTtok C. albicans
¥ 3alIMINATh SIUTEIIUNA MOJOCTU PTa OT MHBA3UMU,
OJIHAKO KOHCUHOI MPUINHOU TUOETN KJIICTOK TpU-
OOB SBJIsIETCSl HapyllleHUe MOHHOTO 0ajlaHca U OC-
MOTHYECKU cTpecc. BriBeaeHre TaHHOTO MEeNnTU-
na u3 nuToria3Mel Kietok C. albicans mpoONCXoanuT
Ojaromapsi pabote MeMOpaHHOIro TpaHCIopTepa
Flul (Fluconazole resistance). ['mnepakTUBHBI
LMHK-KJIAacTepHbIN pakTop TpaHcKputniuuu MRR1
OPUBOIUT K KOHCTUTYTHUBHOW aKTWBAIIUU TEHBI
FLU1 u MDRI. IMosTOMy maToreHHbIe LITAMMbI
C. albicans MOTyT OJHOBPEMEHHO JIEMOHCTPUPO-
BaThb HEBOCHPUMMYMBOCTH K aHTUMUKPOOHOMY
NenTUAY W 00JlagaTh MHOBBIIMICHHOM YCTOWYMBO-
cThio K (urykoHaszony. M3yuenue MRRI1 B kaue-
CTBE MeamaTopa 3KOJIOTMYEeCKOro cTpecca B JIaH-
HOM cJIy4dae OCJIOXHSETCS TEM, YTO TUCTATUH 5 BbI-
pabarbiBaeTCs TOJBKO y IpuMaToB. OMMCaHHBIN
npuMep MOATBEPXKAAET TO, UYTO PadbOTy (PaKTOpPOB
TPAaHCKPUIILIUU MOTYT WHAYIMPOBATH OKWUCIIM-
TeJbHBIN U OCMOTUYECKUIT cTpecc [17, 25, 31].

AHanu3 TuTepaTypHBIX HaHHBIX IT0Ka3aj, 4TO
y tpenctaButesieii poma Candida OTCYyTCTBYIOT
MeIUaTOpPbl BKOJIOTMYECKOTro cTpecca, TpaHchop-
MUpPYIOIIME MUIIEBYIO ASMPUBALIUIO B PE3UCTECHT-
HOCTh K JIEKapCTBEHHBIM mperapaTtaM. [loaTomy
IpUW HeIoCTaTKe XeJie3a /M Kaablnsg QIyKoHa-
30J1 oKa3bIBaeT yHTUIIMIHOE, a He (DyHTUCTATH-
yeckoe aerictaue [18].

Ho nipu aTOM cneayeT yuyuThIBaTh, 4TO 3¢ dek-
TUBHOCTHh MEIMKAMCHTO3HOTO JIeUeHUS (PIyKOHaA-
30JI0M 3aBUCHUT W OT CTETIEHM TOpa*keHWs opra-
HHU3Ma XO03sIMHA BO3OYAMUTENSIMU KaHAUI03a. DTO
00BSICHSIETCS TEM, YTO MOTPEOHOCTH B kKeJie3e y Ia-
TOreHHBIX MUKPOMMIICTOB OOBIYHO HaOJIOmacTCs
Ha HavyaJIbHOM CTaAWM pa3BUTUS MHPEKIINHU, 103~
TOMY 3KCITPECCHsI TEHOB MOBbIIIIEHA M3-3a OIpaHU-
YEHHOH NOCTYIMHOCTU JaHHOTO MHUKPOBJIEMEHTA.
Ho npu o0mmupHOM TTOBPEKACHUMN TKAaHEH XO3sIM-
Ha IIPOMCXOAUT WHTUOMPOBAHWE TPAHCKPUIILIUN
U3-3a JIErKOl ycBosieMoCTU MeTaJsa [15].
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MHdekumns n uMmyHuTeT

OcTtaHoBUMCcS 6071ee MOAPOOHO Ha POJTU KOMOU-
HaTOPHOIO CTpecca B PEeryJMpOBaHUMU PE3UCTEHT-
HBIX CBOIMCTB y nIpencraBuTeneii poaa Candida.

Ecnu n3onmpoBaHO OIIEHUBATh BIIUSHUE BHEIII-
HUX (PaKTOPOB Ha TIPOUECCHl XKU3HEAESITEIbHO-
CTU U3yYaeMbIX MUKPOOPraHM3MOB, TO UX MOXHO
KJaccuuInupoBaTh KakK MO3UTUBHBIC, HEHTpaJIb-
HBIC MJIM HeraTuBHBIC. HO, KaK M Bce KUBBIEC Op-
raHU3Mbl, MUKPOMUIIETHl B CBOEW €CTeCTBEHHON
cpene OOUTaHUST OMHOBPEMEHHO WCIIBITHIBAIOT
Ha ce0e pa3IuyHbIe BO3ACHCTBUSI, IO OTHOIICHUIO
K KOTOPBIM B XOZ¢ BBOJIIOINHU y HUX MOTYT (op-
MUPOBAaThCs aJaNTUBHBbIE peakuuu. [IpumeHss
TEPMUH «KOMOUMHATOPHBIN CTPeCcC», HY>KHO TMOHM-
MaTh, YTO BEPOSITHBI IEPEKPECTHDIC TIOMEXU MEXKIY
CUTHAJIbBHBIMU CTPECCOBBIMH IYTSIMU, B Pe3yJIbTa-
Te KOTOPBIX OAHU (haKTOPHI MOTYT YCUJIUBATh U
0CnabyiITh IeiCTBYE Ha KJIETKY APYTUX (hbaKTOPOB.
IToaTOoMy OmHOI M3 HOJATOCPOYHBIX LIeJeil B Tepa-
MEBTUUYECKON TIpaKTHKE SBJISICTCS OIIpeaeICHUE
¥ IPOTHO3UPOBaHME TTOTCHIIMAIBHBIX aJaTITUBHBIX
peakluii, IeMOHCTPUPYEMBIX MPEACTaBUTEISIMU
pona Candida npu KIMHUYECKU 3HAYMMOM KOMOU-
HATOPHOM CTpecCe, BbI3BAHHOM AMHAMMYECKUMU
KOJIEOAHUSIMHU (DAKTOPOB OKPYKAIOIIEI CPEIbI.

IlepcriekKTUBHBIM HanpaBJeHUEM B 0Opb0E C BO3-
OyaIuTEAsIMM MMKO30B BO BpaueOHONM MNpaKTUKE
SIBJISIETCSI TPUMEHEHUE XWUMMOCEHCUOUIN3UPYIO-
X areHTOB, KOTOPBIC YJYACTBYIOT B (hOpPMHpPOBa-
HUM KOMOMHUPOBAHHOIO CTpecca, OKa3bIBAeMOTO
Ha npencraBuTelieii poga Candida. ITpu 3ToM nona-
BJsieTcs (hyHKIIMOHaIbHAas 3HauuMocTh MBOC u no-
BBIIIAETCS XMMUUYECKass YyBCTBUTEIHLHOCTh K a30-
JaM y Tpu6oB. [lpuMeHeHre TTMTaBacTaTUHA, CITO-
COOHOro BCTynarh ¢ (hJIyKOHa30J10M U BOPUKOHA30-
JIOM B CUHEPTrUYECKUE B3aUMOJCHCTBUSI, TPUBOIUT
HE TOJBKO K ITOBBIIIEHUIO 9yBCTBUTEIBHOCTH K JIe-
KapcTBeHHbIM npenaparam y C. albicans, HO 1 nipe-
MSTCTBYET 0Opa30BaHUIO OUOITJICHOK Yy 3TOrO BU/IA.

IIpuMeHeHMe a30JI0B BMECTE C LIUC-2-T0Jelie-
HOBOM KHCJIOTOM TaKXe CHMXXAacT aJdallTUBHBIC
BO3MOXHOCTU TPUOOB M TIO3BOJISIET TPEOMOJIETh
YCTOMUYMBOCTh K IIPOTUBOTPMOKOBBIM Tperapa-
TaM 3a cueT IojaBjaeHus akernpeccuu reHoB MRR1
n TACI [14, 30].

VuuTeBass KJIMHUYECKYIO BaXHOCTH a30JI0B
npu 60pb0e ¢ KaHIUIO3HBIMU MH(PEKIIUSIMHU, TO-
MCK U BHEAPEHME BO BpauyeOHYI0 MPAKTUKY XUMMUO-
CCHCHMOMJIM3UPYIOIINX areHTOB SIBJISICTCS OIHUM
W3 TIEPCIIEKTUBHBIX HAIIPBJICHUI B COBPEMEHHOM
MEIULIHE.

MonoxeHus, xapaktepusyiowue padoty MAC

AHaNMM3 JUTEPATYPHBIX JaHHBIX TO3BOJIVII
copMyIMpoBaTh CACAYIOLINE MTOJTOXKEHM S, XapaK-
Tepu3yloline padoTy TPaHCKPUTILIMOHHBIX (PaKTO-
poB B kKauecTBe MDC:

1. OnMH TPaHCKPUNIMOHHBIN (HAKTOP MOXET
MOBBIIIATH SKCIIPECCUIO0 HECKOJbKUX TE€HOB.

2. OOWH Te€H MOXET aKTUBUPOBATHCS HECKOJb-
KUMU pakTopaMu TPAHCKPUTTLIMU.

3. Joka3aHo, 4TO aKTHUBaLNIO (haKTOPOB TPaHC-
KPUNIHUU 3alyCKaioT CACAYIONINe 3SKOJIOThYec-
Kre (PaKTOpPBl: OKMCIUTEIbHBIA 1 OCMOTHYECKU M
ctpecc. pyrue »skoJiornueckue @(akTopbl WU
He 3amyckaioT MOC unu ux (GpyHKIMOHAJIbHOE
3HAYCHHUE CIIE IMTPEACTONT YTOUHUTD.

4. KoMOMHATOPHBIN CTpecCc MOXET OJOKUPO-
BaTh paboty MOC.

3akJoyeHne

B HacTosi1iee BpeMsi BO MHOTMX UCTOYHUKAX JIM-
TepaTypbl B KaueCTBE OAHOM M3 OCHOBHBIX IPUYKNH
MHOBBILIEHU S YCTOMYMBOCTH K a30JIaM y I'puOOB poaa
Candida paccMaTpuBaeTcsl BbICOKasl Mpeapacrioio-
JKEHHOCTbh K MYTallMsIM Yy pacCMaTpUBaeMbIX B 3TOM
paboTe LIMHK-KJIACTEPHBIX (DaKTOPOB TPaHCKPHUII-
nuu. Harmpumep, B 2020 T. M3y4yaau TEHOTUITNYECKOE
pazHoobpasust TAC1, MRRI1 u 6esnkoB addrokcHOM
noMm1bl y mitaMMoB C. tropicalis. Y wzonstoB C. auris
kaaabl I'V 01711 3aperucTpupoBaHbl ABE paHee HEU3-
BecTHBIE MyTalnu B reHe TACI [5, 21].

Taxkoii «[TOBEPXHOCTHBI» IMOAXOI HE IT03BOJISIET
B3IJISIHYTh Ha NIPO0OJIEMY YCTOMUYMBOCTH MUKPOOP-
raHMU3MOB K JIEKapCTBEHHBIM IIperaparaM CO BCex
PaKypCOB 1 ITPEICTaBUTh aKTUBATOPHI TPAHCKPUII-
OUHW B POJIM TTOCPETHUKOB (MECAMATOPOB IKOJIOTH-
YecKOro cTpecca) MeXAy ABYMS M 0OoJjiee IKOJO-
TMYECKUMM (QakTopaMu, OKa3bIBAIOIIMX BIIUSI-
HME Ha MaTOreHHbI opraHu3Mm. [Ipu HazHaYeHUU
aHTUGYraJbHOU Tepanui, YYUTHEIBAIOIIEH TOJIHKO
FeHeTUYEeCKYI0 MH(pOPMALINIO, XPaHSIIYIOCSI B MU-
KpoMulieTax, He (POpMUPYETCs MOJHasi KapTuHa
0 IMOCJEACTBUSIX JICYCHUSI Y€I0BEKA, IIOPAKEHHOr 0
KaHaugo3Hou nHpekuuein. B pesyabrate addek-
TUBHOCTH ITPUMEHCHHU ST 3apEKOMEHIOBAaBIINX CcOST
AHTUMHUKOTUKOB CHUKAETCSI.

Ui IOJIHOIO OCMBICIICHUSI TMOHSATUS «Meaua-
TOPbI DKOJOTUYECKOr0 CTPeCcCa» HY>KHO IIOHUMATh,
4TO JIT00ast KJIeTKa IMPeACTaBIIsieT COO0H OTKPBITYIO
CHCTEMY, B KOTOPOI IPOUCXOISIT PA3IMUHBIC XUMMU-
yeckue U (pr3nyecKe mpoLecChl, IeperneTalolnme-
cs1 Mex 1y coboii. [ToaToMy Korna y onpeaeieHHOro
mTaMmMa GOPMUPYETCS PE3UCTEHTHOCTH K KOHKPET-
HOMY MEOMKAaMEHTO3HOMY MpeltapaTy HY>KHO yIU-
ThIBATh HE TOJIBKO €0 TeHEeTUYECKM O0YCJIOBJICHHbIC
aHTudyrajbHble CBOACTBA, HO U pa3JM4YHbIE KO0~
ruyeckue (paKTOpPHI, OKa3bIBAIOIINE BIUSHIE Ha €TO
KU3HEIEITeIbHOCTh. IMEHHO 3T (haKTOPHI MOTYT
M3MEHSTh pabOTy I'€HOB, KOHTPOJUPYIOIIUX OMO-
CHHTEe3 OEJIKOBBIX MOJIEKYJI, OTBETCTBEHHBIX 3a pe-
3UCTEHTHBIE CBOMCTBA M Pa3BUTUE KaHIWIO3HOM
MHGEKINY BHYTPU OpTaHU3Ma XO3sTMHA.

BbUIO 3KCHEepMMEHTalbHO A0Ka3aHO, YTO He-
raTUBHOE BJIMSIHHME Ha pPOCT KJIETOK IITAMMOB
C. albicans B pOTOBOI1 TIOJTOCTH OKa3bIBaeT CUHTE-
supoBaHHbIH nennTug OW Histatin 5 (ananor Hst 5),
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KOTOPBIN COOEPXKUT B CBOEH IMOCJIeN0BATEIbHOCTU
aMUHOKUCIOTY TpuntodaH. [IpuMeHeHUe JaHHO-
ro JUMIIOCOMAJILHOIO MperapaTta B TepaleBTUYecC-
KOl MpakKTUKE NEMOHCTPUPYET, KaK W3MEHEHUe
9KOJIOTUYECKOTO (haKTopa cAepXXUBAeT pa3BUTHE
KaHAua03HOU nHbekuu [31].

Y Buna C. albicans 1 HEKOTOPbIX LITaMMOB
Candida dubliniensis, paboty Tacl Takxke aKTHUBHU-
pyeT hapHe30J — MOJIeKyJia-aBTOMHAYKTOP, 9HA0-
TeHHOE HaKOIJIEeHUe KOTOPOUl B MaTpUKCE KJIETOU-
HOI'0 KOHIJIOMepaTa MHULIMUPYET 3alycK ¢a3bl AUC-
nepcuu [22]. [ToaToMy MOXHO NIPEANOI0XKUTh, YTO
COOCTBEHHbIE METaOOIUTHI TPUOOB WU METabOIU-
Thl MUKPOOPraHU3MOB, C KOTOPbIMU OHU 00pa3sy-
IOT TETePOTUITNYECKUE acCOLMallii, MUKPOOUMOM
U COCTOSTHUE 30POBbsI XO3siMHA OyIyT BBICTYIATh
B KauecTBe TpurrepoB MOC uiu, Ha060pOT, yrHe-
TaTh UX padoTy. Cieayer Tak Xe yYuTbiBaTbh MOpdo-
JIOTUYECKHUE OCOOEHHOCTU KJIETOK I'PUOOB, CTaAuU
SKU3HEHHOTO 1IUKJIa U/UJIY CTaauu GOPMUPOBAHUS
OMOIIEHKHU, BJAMUSIONIME HA TPOLIECCHl XU3HEes -
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Te3upyeMble UMY BEIIeCTBa B pe3yJbTaTe MHOT000-
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WMMYHOTEPANNUA NUHOEKLUN, BbI3BBAHHbIX
CANDIDA spp.: MUD UJTU PEAJIBHOCTb?

C.H. Xocrequau', H.B. Cepeopanas’-?3
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Pestome. KaHa1103 — MUKO3, BBI3bIBAEMbII YCIOBHO-TIATOTeHHBIMU MUKpomulieTamu Candida spp. UHGeKIMOHHBIT
TIPOIIECC MOXET MPOTEKATh MO TUIY IMMOBEPXHOCTHHIX (DOPM € TIOpakeHUEM KOXM M CIM3UCTBIX 000JI0UeK, a TaKXKe
MHBa3UBHbIX BapuaHTOB. [lockonbKy Candida spp. ABASIOTCS KOMMEHCAIaMu, pa3BUTUE 3a00eBaHus Mperoaara-
eT JucbaaHc MeX1y (paKTopaMU MaTOTeHHOCTU MUKPOMUIIETOB U UMMYHHOI cUCTeMoii yesoBeka. MccienoBaHus
B 00JIaCTM UMMYHOTEpanuu MMUKOTUYECKUX MHGMEKINHA 0COOEHHO aKTyaJbHbI B CBETE BCE Bo3pacTalolleil pe3u-
CTEHTHOCTH MUKPOMMUIIETOB K aHTU(DYHIaIbHBIM IpenapataM. Ha ocHoBaHMM aHaiu3a MyOoJMKaluil, MOCBSIICH-
HBIX TIpo0OJieMe UMMYHOTepanuu KaHAua03a ¢ UCIoJb30oBaHueM nmouckoBbix 0a3 PubMed, ClinicalKey u e-library
HaMU IIPOBEICH aHaIM3 OCHOBHBIX HATIPaBJACHUM U TOCTUKCHU I UMMYyHOTepanuy nHGeKIni, Boi3BaHHBIX Candida
Spp., ONMCAaHbl BOZHUKAIONINE IIPO0JIeMbI 1 HanbHeime nepcrnekTuBel. Co3gaHne XKUBOM BaKIIMHBI HA OCHOBE aT-
TEHYHMPOBAaHHBIX, TCHHO-MOIU(MUIIMPOBAHHBIX M MYTAaHTHHIX ITaMMOB Candida 6v110 Hadato B 80-¢ rT. XX Beka
1 TIPOJOJIKAeTCs 0 HacTosImero BpeMeHn. OQHAKO CO3MaHMe BAaKIIMH Ha OCHOBE PEKOMOMHAHTHBIX OCITKOB, alare-
3uHOB U pepmeHTOB Candida, siBnsiercs 6osee 6e30MacHOl aTbTePHATUBON XUBBIM BaKIIMHAM. MHOT000EIAI0NIM
HampaBJeHUEM SBJSIETCS U pa3paboTKa KOHBIOTUPOBAHHBIX BAKIIMH, B KOTOPBIX CIUsSIHUE 0oJiee c1abblX aHTUTEHOB
(rTMKaHOB KJIETOYHOM CTEHKH) C UMMYHOTEHHBIMU O€TKaM¥ B KaueCTBE HOCUTENIEH TPUBOIUT K (HOPMUPOBAHUTO UM-
MYHOT'€HOB, CIIOCOOHBIX BBI3bIBATh CTOMKUII UMMYHHBII OTBET. B aKcniepuMeHTe M3ydeHbl TaKKe BAKIIMHBI Ha OCHO-
Be MHAKTUBUPOBaHHBIX C. albicans B coueTaHUU C TEPMOJAOUIBHBIM F€HETUYECKU MOAUMULIMPOBAHHBIM TOKCUHOM,
MoJy4YeHHbIM U3 Escherichia coli B XauecTBe aabloBaHTa. UHTepeceH OMbIT CO3AaHUsI KOMOMHUPOBAHHBIX Mpernapa-
TOB, HaIlpaBJEHHbIE HA COBMECTHYIO O0OPHOY € pelIMIUBUPYIOIUMU OAKTEPUATbHBIMU U TPUOKOBBIMU MH(EKIIUIMU
MOYEIOJIOBBIX MTYTE, HATpUMep CoueTaHNe CyOJIMHTBaJIbHO MHAKTUBUPOBAHHON MOJMBAJIEHTHOI 0aKTepraabHOM
BakUMHBI MV140 u cyOnMHTBaIbHOTO IpenapaTta nHakKTuBupoBaHHoit Candida albicans V132. UHTEepecHBIM TIpe-
CTaBJISICTCS TIOAXOA U C MCIOJIb30BaHMEM MHAKTUBUPOBAHHBIX IPOXXKEH S. cerevisiae, NX BBeIeHUE 00CCIIEUNBACT
MepPeKPECTHYIO 3a1IUTy OT MHMeKI A, BeI3biBaeMbIX C. albicans, Aspergillus fumigatus v Coccidioides posadasii. [lonckm
MUIIEHEH 1151 UMMYHOTEPAITMU TTPOAOJIKAIOTCS, JJIST YeTO MPOBOASITCSI MHOTOUMCIEHHBIE UCCIEI0BAHUS, HATIPAB-
JIeHHBIe Ha OoJee rirybokoe MOHUMaHue MexaHu3MOB B3auMmoneictBus C. albicans ¢ MaKpoOpraHU3MOM YeJIOBEKa.
B Hacrosmiee Bpemst 2 pekomOuHaHTHBIe BakMHBI (PEV7 1 NDV-3) yernierrvo niporu /11 da3sl K TMHMYECKUX HC-
MBITAHU I, YTO MO3BOJISIET HAJCAThCS Ha MX KJIMHUYECKOE UCTIOb30BaHKE B HEAAIEKOM OyayIIEM.

Karoueenie caosa: Candida spp., 6akuyuna, uHea3usHwlil MUKO3, UMMYHOMePAnus, KaHoudos, n08epxXHOCMHbLY KaHOUu0o03,
npomugoepudKo6as 6aKUUuHa.
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Abstract. Candidiasis is a mycosis caused by opportunistic pathogenic Candida spp. fungi. The infectious process can
manifest as superficial forms affecting the skin and mucous membranes, as well as invasive variants. Since Candida spp.
are commensals, a related disease development implies an imbalance between the pathogenic fungal factors and human
immune system. Research in the field of immunotherapy of fungal infections is particularly relevant due to the increasing
resistance to antifungal drugs. Based on the analyzed publications investigating candidiasis immunotherapy retrieved from
the databases PubMed, ClinicalKey,ande-library, we have assessed the maindirectionsandachievementsinimmunotherapy
of infections caused by Candida spp., described emerging issues, and outlined future prospects. The development of live
vaccines based on attenuated, genetically modified, and mutant Candida strains began in the 1980s and continues to the
present day. However, creating vaccines based on Candida recombinant proteins, adhesins, and enzymes represents a safer
alternative to live vaccines. A promising direction is the development of conjugate vaccines, in which the fusion of weaker
antigens (cell wall glycans) with carrier immunogenic proteins leads to the formation of immunogens capable of eliciting
a robust immune response. In experiments, vaccines based on inactivated C. albicans along with a genetically Escherichia
coli-derived modified heat-labile toxin as an adjuvant have also been studied. The experience of creating combination
therapies aimed at combating recurrent bacterial and fungal urogenital tract infections is promising, e.g., the combination
of sublingual inactivated polyvalent bacterial vaccine MV140 and sublingual preparation of inactivated Candida albicans
V132. An interesting approach involves the use of inactivated . cerevisiae yeasts, providing cross-protection against
infections caused by C. albicans, Aspergillus fumigatus, and Coccidioides posadasii. A search for immunotherapy targets
continues, with numerous studies aimed at a deeper understanding of crosstalk between C. albicans and human host.
Currently, two recombinant vaccines (PEV7 and NDV-3) have successfully completed Phase I/1I clinical trials, raising

hopes for their clinical use in the near future.

Key words: Candida spp., vaccine, invasive mycosis, immunotherapy, candidiasis, superficial candidiasis, antifungal vaccine.

BeepneHue

MuUKpOMUIIETHI B TOCICAHNE TOABI CTAHOBSITCS
Bce 00Jiee aKTyaJIbHBIMU M OTTACHBIMHU ITATOTCHAMMU,
KOTOPBIC MOTYT OBITh NIPUYNHON KaK «<MCTUHHBIX»,
TaK W OMIITOPTYHUCTUUECKNX NHPeKIni. [To oneH-
KaM 2KCIIEpTOB CyllecTBYeT oT 2,2 10 3,8 MJIH BU-
JIOB MUKPOMULIETOB 13 HUX 0KO0J10 600 BUIOB ObLIM
NIeHTU(GUIMPOBAHBI KaK ITaTOTCHBI YeJIOBEKa,
BbI3bIBatolue 3aboneBaHus [1,2]. I[Ipu aTom exe-
FOAHO MPUMEPHO y 6,55 MJIH MaLlMeHTOB pa3BUBa-
FOTCSI OITaCHBIC IS 3KU3HU IPUOKOBBIC MH(PEKIINH,
KOTOpPbIE CTAHOBITCS NPUYMHON cMepTu y 57%
u3 HuXx [3]. [To n1aHHBIM MeXAyHapOAHOI OpraHu-
zaunn GAFFI (Global Action For Fungal Infection),
BO BCEM MUPE, Ilie €3KeroAHO PErMCTPUPYETCs OKO-
JIO 55 MJIH CMepTEN OT pa3JIMYHbBIX IPUYUH, 10 6,7%
W3 HUX IIPUXOONTCS Ha TPUOKOBBIC MH(MEKIINU, YTO
NPEeBOCXOAUT CMEPTHOCTb OT TyOepKyJie3a, Masi-
puu, reraTuTa UJau MHEBMOHUMU [4].

CornacHo BO3, rpu6sl pona Candida siBnsitorcs
HauboJjiee pacnpoCTpaHEHHOW MNPUUYMHOU MUKO-
TUYECKUX WHPEKIUN U BXOOSAT B TPYIIIY ITaTOTe-
HOB KPUTUUYECKOTO M BBICOKOro mpuoputeta [5].
Hawub6oJiee yacToil NpruYMHON KaHAMA03a SIBJISIIOT-
csa mwramMbl Candida albicans. Candida spp. sAiBJsI-
FOTCS TIPEICTaBUTEIIMU HOPMaJIbHOM MUKPOOUO-
THl OpraHN3Ma YeJIoBeKa: X MOXHO OOHapyXKHTh
Ha ITOBEPXHOCTU KOXU M CIAM3UCTBHIX (IbIXaTEIIb-
HBIX ITyTeH, 3KeJTyA0YHO-KUIIEYHOT O TPaKTa U YPO-

FeHUTAJILHOTO TpaKTa) y 3J0pPOBOTO YeJoBeKa.
OnHaKo NpM HApYLIEHU Y LIEJIOCTHOCTH 0apbepHbBIX
TKaHEW, a TaKXe MPW HapylIeHWU paboThl Mexa-
HU3MOB WMMYHHOM 3allUTHl APOXKXKEIOTOOHbBIE
rpubsl Candida spp. MOTYT IPOHUKATh B TKAHU WU
¢opMUpOBaTh TICEBOOMUIIEINI Ha ITOBEPXHOCTU
CJIM3UCTBIX, BbI3bIBas 3aboJieBaHre. KinHnyeckue
BapuaHThl UHMEKL M, Bei3biBaeMble Candida spp.,
BapbUPYIOT OT ITOBEPXHOCTHOI'O KaHANWI03a KOXHU
M CJIM3HUCTBIX 000JI0YeK (HalpuMep, KaHINI03HbI1
BYJIBBOBAarMHUT U OpodapuHIreaIbHbI KaHIUI03),
IO OMAaCHBIX IJIS XWU3HW WH@EKIN, TaKUX Kak
KaHIUIEMUSsI, KaHAWIO3HBII MEPUTOHUT, DHIO-
KapIuT VI MEHHUHTUT. JleTaJbHOCTh ITPU MHBA-
3MBHOM KaHaMa03€e gocturaet 63,6% [3].
OCHOBHBIM  BO30YyIUTEJIEM ITOBEPXHOCTHOTO
M MHBAa3MBHOI'O KaHIM103a 10 HACTOSIIIEro BpeMe-
Hu saBasietcsa Candida albicans, onHaKO B CTPYKType
ATUOJIOTMYECKOTO CIIeKTpa 3a00IeBaHU I B TTOCTIE -
HUeE roJbl yBeJIUUMBAETCs UYUCI0 He-albicans BUIOB,
Takux kak Candida glabrata, Candida parapsilosis,
Candida tropicalis, Candida krusei n np. [6]. bonee
TOro, nosiBjaeHue HoBoro Buna Candida auris, o6na-
JAOIIET0 PE3UCTEHTHOCTHIO KO MHOTMM aHTUMU-
KOTHKaM, CTajlo 3HAYMMOI MpoOIeMoii B CUCTEME
3apaBooxpaHeHus [7, 8]. MHBa3uBHbIE U MOBEPX-
HOCTHBIE MUKO3bl B 1I€JIOM IMOIJAIOTCSI JICYSHUIO
aHTUGYHTAJIBHBIMU TpenapatamMu. OgHaKoO pa3s-
BUTHE MHBA3MBHOIO KaHIumo3a Ha (hoHe coxpa-
HEHUS W mporpeccupoBaHust (GOHOBBIX UMMYHO-
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CYIIPECCUBHBIX COCTOSITHUM, VYTSKEISIOMINX CO-
CTOSHUS TTAallMEHTOB, HEBO3MOXHOCTH 3aMEHBI
MHBA3UBHBIX YCTPOMCTB, CBSI3aHbI ¢ HEOOXOAUMO-
CThIO MCHOJIb30BaHMS KOMOMHAILIMU JOPOTrOCTOSI-
IIMX IIpernapaTtoB M MOBBIIIEHUEM TOKCUYHOCTU
AaHTUMUKOTUYECKOM Tepanuu. Takue cutyaluu
HaTJSITHO JAEMOHCTPUPYIOT HEOOXOIMMOCTh I10-
MICKa HOBBIX IMOAXOIOB K JIEUCHHWIO, B YaCTHOCTU
nMMyHoTepanuu. [Ipy MOBEpXHOCTHBIX MUKO3aX
MOAKJIIOUEHUE MMMYHOTEpAIlMU TaKKe 1IeJIECO0-
Opa3HoO, ITOCKOJBKY 3TU (POPMBbI MHMEKIIUU CBSI-
3aHBI C HapylleHueM paboThl (PAaKTOPOB MECTHOI
3alMThI.

Llens wucciemoBaHuUs: IIPOBeIeHUE aHaIM3a
ONyOJIMKOBAHHBIX TaHHBIX OJIST ONpEIeICHUS BO3-
MOXXHOCTHU MMPUMEHEHUS UMMYHOTepaIuu, ee 3d-
¢deKTUBHOCTU U 0GE30MaCHOCTU MpPU MHGPEKLUIX,
BbI3BaHHBIX Candida spp.

Matepuasbsl 1 MeToLbl

IIpoBencH aHaINU3 ITyOIUKAIINI, TOCBSIIIIEHHBIX
npobaeMe UMMYHOTEPAIUH KaHANI03a C UCTIOJIb-
30BaHMEM ITOMCKOBBIX 0a3 PubMed (Ha maii 2024 1.),
ClinicalKey (Ha mait 2024 r.) n e-library (Ha mait
2024 1). Ilpu moucke uHdOpPMaLIUU UCITOJIb30Ba-
JU cleayloliure KiwudeBble cioBa: Candida spp.,
BakIIMHAa, NHBa3UBHBIII MUKO3, UMMYHOTEpaINsI,
KaHIUI03, TOBEPXHOCTHBIN KaHAWIO03, IIPOTUBO-
rpuOKoBasi BaKlMHA, vaccine, invasive mycosis,
immunotherapy, candidiasis.

Candida spp.  MEXaHN3Mbl UMMYHHOIO
oTBETA

Ha mpoTskeHun Bcell MUCTOPUU 4YeIOBeUeCTBa
rpu6sl poga Candida 3BONIOLIMOHUPOBAIU BMECTE
¢ yesoBekoM. OHU NprOOPeSU CIIOCOOHOCTh KOJIO-
HU3NPOBATh KOXY U CINU3NCTHIC 000JIOUKM, HE BEI-
3bIBast 3a0osieBaHMs. OMHAKO IS 3I0POBbS JTIO/ICHA
C ocJIabJIeHHBIM UMMYHHUTETOM 3Ta KOJOHU3AIIUSI
MpEeNCTaBIIsIET CEPbe3HBIN pUCK [9].

MMMyHHas1 cuctemMa 4YeJloBeKa pearupyer
Ha Candida spp. TOCpeICTBOM MEXaHU3MOB BPOX-
JIEHHOTO M ajJaliTUBHOTO MMMYHHOro otseta [10].
MexaHU3MBl BpPOXIEHHOTO HMMYHHOTO OTBETa
noapa3syMeBalOT (u3nYecKre M XUMHUYeCcKue Oa-
PBEPBI SIMUTENUS KOXHW M CIMU3UCTBIX O000JIOUEeK
MOJOCTU PTa, BEPXHUX IOBIXAaTEJIbHBIX ITyTei, Xe-
JIYIOYHO-KMIIIEYHOIO TpakKTa U YPOreHUTaJIbHO-
ro tpakt [l1]. TIpu rpubKoBoil MH}pEeKUUU naTo-
TeH-aCCOIIMUPOBAHHBIC MOJIEKYISIPHBIC TTAaTTEPHBI
(PAMP) C. albicans pacrio3dHaloTcsl naTTepH-pac-
no3Hawiumu peuentopamu (PRR), Takumu kak
nekTuHOBBIe W Toll-tomooHbIe penentopsl (TLR),
KOTOpBIC 3alyCKalOT MNPOAYKIMI MEAUaTOPOB
BOCIaJICHU S, IPUBJIeKasi U aKTUBUPYS (harouTu-
pymolide KJeTKU. DaeMeHThl rpuboB Candida spp.
3aXBaThIBAIOTCI W ITOABEpPraroTcst (arommnuTo3y pe-

3UJACHTHBIMM MaKpodaraMu, IeHIPUTHBIMU KJIeT-
kamu (AK) u nmonumopdHosiAepHbIMU HEUTPOPU-
namu. Ilpn kontakte ¢ Candida spp. makpodaru
U HEUTPO@UJIBI BHICBOOOXIAIOT aHTUMUKPOOHbIE
MEeNTUABI, BOCIAJUTEIbHbIE ITUTOKUHBI W XEMO-
KuHbI. Cpasy mnocjie BOBHMKHOBEHUSI MHPEKL WU
Makpodaru MoryT arouuTUpoOBaTh U pa3pyliaTh
IPOXKIKEeBBIC KJETKM, CHUXasl TpHMOKOBYIO Ha-
Tpy3Ky, a najee, Ha paHHUX CTaausIX WH(EKIINH,
MOHOLMTHI 6ojiee 3pHEeKTUBHBI, UeM Makpodaru
WIN JeHAPUTHBIE KiaeTKu [12]. OCHOBHYIO pPOJIb
B YHUUYTOXEHUU MUKPOMUILIETOB UTPAIOT HEUTPO-
GbuIIbl: OHU MOTYT 0Opa30BbIBATh HEUTPODUIIbHbBIE
BHekJIeTouHble JoByIIKU (NET), KoTophie 3axBa-
TeiBaloT C. albicans [13]. Kpome Toro, HeiTpouIbI
npenoTBpaiaioT nepexona onacrornopon C. albicans
B rudwnl [14, 15]. ITokazaHO, YTO HEUTPONEHUS SIB-
JisieTcsl 3HaUMMbIM (DaKTOPOM pHCKa MHBa3UBHBIX
rpUOKOBBIX MUH(PEKLU. JIpyrumMu KiaeTKaMu BpOXK-
JIEHHOTO UMMYHHUTETAa, YYACTBYIOIINMU B UMMYH-
HOM OTBETE, SIBJISIOTCS HATypajbHbIC KUJJIEPHI,
KOTOpbI€ pa3pylIaloT KJETOYHYIO CTEHKY I'puOOB
M BBI3BIBAIOT UX TMOEJIb, CEKPETUPYS LIUTOTOKCU-
yecKue MOJIEKYIbl (mepdOpUHBL U TpaH3uMbl) [16].
Takxe >(PGHEeKTUBHBIM MEXaHU3MOM WMMYHHOU
3aIUTHI IBJISIETCS CUCTeMa KoMIieMeHTa. [1pu ak-
TUBAllMM KOMIUIEMEHTa CO3Jal0TCsI OIICOHUHBI,
cTUMYAHpyooIe GaromnTos3, 1 aHapUIaTOKCUHBI
(C3a, C4a u C5a), OTBETCTBEHHBIE 32 XeMOATTPaK-
MO Y aKTUBALMIO UMMYHHBIX KJIeTOK [17]. Takum
obpa3oM, MeXaHU3Mbl BPOXJIEHHOTO MMMYHHOI'O
OTBETa UTPAIOT OCHOBHYIO POJIb B MHULIMUPOBAHUU
3alUThI OT TpUOKOBBIX UH(p ekt [18]. KoHTponb
HaJ HeWTpoduJIaMyu M1 MOHOLIMTAMHU OCYIIIECTBIISI-
IOT JUMOOLUTHI agallTUBHOIO MMMYHMUTETa, TYT
BaxkHasl POJib MPUHAIJICKUT MUX CYyOIOMyIsIIIAsSIM
Thl17, Thl u Treg [19]. Thl akKTUBUPYIOT LIUTOTOK-
CUUYECKYI0 aKTHMBHOCTh MOHOIIMTOB/MakKpodaron
u CDS8" numdouuToB, ceKpeTUpysd LUUTOKWUHBI
(8 ocroBHoM, [FNy u TNFo). Takxke oHu croco6-
CTBYIOT CHUHTe3y BhICOKOA(DUHHEBIX IgG-aHTnTEeN
B-numdouutamu. Takue aHTUTETA HEUTPATUIYIOT
0eJIKM MUKPOMMUIIETOB, OJOKUPYIOT 3aKperjieHue
rpu0oOB Ha KJIETKaX MaKpoopraHu3Ma, IIpensiTCTBY-
10T 00pa30BaHUIO OMOIIJIEHOK, MHTMOUPYIOT O0pa-
30BaHME POCTOBBIX TPYOOK, TEM CaMbIM OTPaHUYM-
Basi TpMOKOBYI0 Harpy3Ky (puc., I1 obyoxka) [20].

Korna paBHOBecre MeX1y UMMYHHBIM OTBETOM
X03siMHA 1 MUKPOMMIIETAMU HapyIIaeTcs (Halpu-
Mep, B YCJIOBUSIX XMMHUOTEpAIU U UMMYyHOTEpa-
MUKW OHKOJIOTMYeCKHX 3a00JieBaHU, TpaHCIJIaH-
Tallui OPraHOB, IPU HMCIIOJb30BaHUU TJIIOKOKOP-
TUKOCTEPOUIIOB U IPYTUX MMMYHOCYIIPECCOPOB)
CO3JaI0TCsl YCJIOBUSA Ui aKTUBAIIUA MEXaHU3MOB
arpeccuu MUKPOMMUIIETOB, YTO, B 3aBUCHUMOCTHU
OT ME€XaHU3MOB HMMMYHOCYIIPECCUU, €€ CTEICHU
W IIPOAOJIKUTEIBHOCTH, TMPUBOIUT K Pa3BUTUIO
MOBEPXHOCTHOTO WJIM WHBA3UBHOTO KaHIMIO-
3a (21, 22].
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ITpu HapylIeHN W MEXaHU3MOB, CACPKMBAIOIITNX
MHGEKIINIO, aKTUBUPYIOTCI (DAKTOPHI ITATOT€HHO-
CTH MUKPOMMUIIETOB, YCUJIMBAETCSI X CIIOCOOHOCTh
K aIre3U U WHBA3WW B TKaHU. ANITre3ust APOXKKe-
BbIX KJIETOK K TMOBEPXHOCTU SMUTEIUS ITPOUCXO-
IUT ¢ nmoMolblo 6enkoB Alsl—7, Als9, hwpl [23],
Eapl [24] u Pgal [25]. CemeiicTBO reHoB Als Koau-
pyeT BoceMb OEJIKOB KJIeTOUHOU cTeHKMu (Alsl—7
u Als9). Als3 mpeacrtaBiasieT coOOil MOBEPXHOCT-
HBI 0enoK, oOHapyxkeHHbIN B rudax C. albicans,
KOTOpBI OIoCpenyeT IpUKpPErJICHUE IPOXKKe-
BbIX KJIETOK K 3HIOTEJHAJbHBIM U SMUTEIUAD-
HBIM KJIETKaM, a TakXe K 0eJKaM BHEKJIETOUHO-
ro mMarpukca [27]. Als3 urpaer KJIIOYEBYIO DPOJIb
He TOJIBKO ITPU SHAOILIMTO3€, HO U B aKTUBHOM MPO-
HUKHOBEHUU B TKaHU [28], U cuMTaeTcss MHOIO-
obGenaIIeit MUIIIEHBIO 151 UMMYHOTepanuu [27].
PacripocTpaHeHHBIE YCIOBHO-IIaTOTCHHBIC IITaM-
MBI APOXKEU TaKKe SKCIIPECCUPYIOT T'eHbI, KOIM-
pyOIINEe TPaHCIIOPTEPHI, JUIIA3bl M OJIUTOICIITHU-
bl [26]. B omimyumn oT HUX, BBICOKONATOreHHBIE
IMTaMMBI aKTUBHEE 3KCITPECCUPYIOT TeHBI, CBSI3aH-
HBIC C POCTOM T'pHOOB, OOpa3oBaHUEM MUIICIUS
1 OUOTIIeHKH. [IpOayKTHI 3TUX TEHOB TaKXKe pac-
CMATPUBAIOTCS KaK MOTEHIUAJIbHbIE MULIEHU IJISI
MMMYHHOTEpaIuy KaHIna03a.

JkcnepuMeHTasbHble NpenapaThbl
NS UMMYHOTEpanmu

OcHOBHas 11eJIb UMM YHOTEpanuu — MOBBIIIIEHUE
CIIOCOOHOCTH COMPOTUBIATLCI MHpeKIusaIM [29].
Crparerueii UMMYHOTEpaInuy MOXET ObITh BBEIE-
HUEe KOJOHUECTUMYIUPYIOUIUX (haKTOPOB C LEIbIO
YBEJIMYSCHU ST MOMYISIIUN HEUTPODUIOB UJIN JTUM-
douuToB. TakKe BeAeTcs MOUCK MyTeil CTUMYJIS-
MU aHTUTCHCITeIM(UIECKOTO UMMYHHOI'O OTBETa
¢ MoMoIIbI0 BaKIIMH. OmMHaKO pa3padboTKa BaKIIUH
K MUKpPOOpPTraHU3MaM-KOMMEHcaJaM SIBISICTCSI He-
TPAOIMLIMOHHOM 3adayeii, U yCIIEX Ha 3TOM IIyTHU
He TapaHTupoBaH. [1o3TOMy 3HAUUTEILHBIN MHTE-
pec BBI3BIBAaET BO3MOXKHOCTh aHTUTCHHECIICIIN(U-
YeCKOI aKTHBAIIMU KJICTOK BPOXICHHOIO MMMY-
HHUTeTa (HEUTPODUIIOB, MOHOIIMTOB) MEXaHU3MaMU
TPEHUPYIOMEro UMMYyHHTeTa (trained immunity),
MOCKOJIBKY CHUKeHUE (PyHKIIMOHAIBHON aKTUBHO-
CTH 3THUX KJIETOK SIBJISICTCS pelIaloiuM (pakTopoM
TPH Pa3BUTUU MUKO30B. SHAUUTEIbHBIC OKTAHUST
CBSI3BIBAIOT U C IIPUMEHEHMWEM MOHOKJIOHAJIBHBIX
aHTHUTEJI, CIIOCOOHBLIX OJIOKMPOBaTh AHTUTCHHBIC
JIeTepPMUHAHTEI MOJIEKYJI, KOTOPBIC BXOIST B COCTaB
KJIETOYHOU CTEHKU I'PUOOB, UYTO IIPUBOMUT K HaApPy-
IMICHUTO (PYHKIINU KJIETOK.

[lepBBIc TTOMTBITKY CO3AaTh MMMYHOITpamaparhl
NPOTUB KaHIUI03a, ObLJIU CBSI3aHbI ¢ pa3paboTKoOI
BakIMH. MIcTOpnYecKM KUBbIC aTTeHYUPOBaHHBIC
BaKIIMHEI OBIJIM OPUEHTUPOBAHBI Ha BUPYCHI, TTeP-
BBIC MIONBITKH CO3IMAaHUSI TaKOW BaKIIMHBI B OTHO-
IIEHUH TPOXKKEITOJOOHBIX MUKPOMUIIETOB OBLIN

mpennpuHATH B 1986 1. [30, 31, 32]. XKuBas aTrteHy-
MpOBaHHas BaKllMHa opMUpyeTCs Ha OCHOBE OC-
JIaGJICHHOTO TTaTOTeHa, KOTOPHIM HE BBI3BIBACT 3a-
0oJIeBaHUS Y 3I0POBOTrO YeJI0BeKa, HO JOCTATOYHO
MMMYHOTEHEH [IJIsI TOTO, YTOOBI BEI3BATh CTOMKU A
UMMYHHBIN oTBeT. BriepBrle Bistoni F. u coasr.
3asIBUJIM O CO3MAaHUM TaKOM BaKIIMHBI HA OCHOBE
moaudunupoBanHoro mramma C. albicans PCA-2,
ycTouymBOoro K KacnodyHruHy. [lpm BBegeHUM
9TOW BaKIMHBI MbIlIAaM HaOJOdaIu yBeJIUYEHUE
yuciaa NoJMMOPMHOSIICPHBIX JEHKOIIMTOB C BBI-
COKOM MPOTHUBOTPUOKOBOW aKTHUBHOCTBIO B IEpU-
depuyeckoii kpoBu. M3 aTOro ObLJI cAeiaH BbIBO,
yTO BaklMHauus Ha ocHoBe PCA-2 mosixxHa obe-
CIIEYMTh 3alUTY NPU KOHTAKTe C ImaroreHoM [33].
OmHako gJajdbHEMINHWE  WMCCIENOBAaHUS  BTOTO
HE MTOATBEPAUIIN.

K co3naHuio XuBOI aTTEeHyMPOBAHHOW Bak-
LIUHBI BHOBb OOPaTUIMUCH CHEIMATUCTBI YXKe
B XXI Beke. dnsa storo MepHannec-Apenac E.
M COaBT. BBOAMIJIM MBIIIAM HU3KOBUPYJICHTHBIC
mraMMbl C. albicans CM1613 nm CNCI13, a Takxe
Mopdosorudyecku aedeKTHbIn MyTaHT 92° [34].
B uuTHpyeMoM B3KCIIEpUMEHTE HNpUMEPHO B 60—
70% cnydaeB BBIXKHMBAJIM BaKLMHUPOBAHHEBIE
MBIIIM, KOTOPBIM BBOIWJIM IIpemnapar, comepKa-
muit mramm C. albicans CNCI13 B seTaJIbHOM 103€
(Mozneslb KaHIUJAEMUU), YTO COMNOCTABUMO C BBI-
KMBAaECMOCTBIO IIPU HCMOJIb30BAHUM AHTUMUKO-
TUYECKUX IperapaToB. DTO HCCIIeIOBaAaHUE II0-
Kazajo, 4yto nmpu umMmmyHusaumuu CNCI13 nHayuu-
POBAJINCh KAaK KJIETOUYHBIM, TaK W T'yMOpPaJbHbIN
OTBET Ha MH(MEKINIO, W ObIJIa OIlpenecHa YeTKast
pasHUIIa B CTPYKTYpPE aHTUTEJ B CBIBOPOTKAX KM~
BOTHBIX, BaKLIMHUPOBAaHHBIX MyTaHToM CNCI13,
M HEBaKIIMHUPOBAHHBIX.

Hpyroit aKCIIepruMeHTaJIbHBIN TTOIX0I K CO3/Ia-
HUIO XXUBOW aTTEeHYNPOBAaHHON BaKIIMHBI OBIJI OC-
HOBaH Ha UCIMOJb30BAHUU T€HETUYECKU MOAUbU-
LIMPOBAaHHBIX BakKUMHHBIX mtaMMoB C. albicans.
Saville S. u coaBt. B 2009 r. co3maau mraMm tet-
NRGI1 C. albicans, B xoTopoM penpeccop ¢uia-
meHTauuu rpudba NRGI1 MoxeT cBepxakcnpeccu-
poBaThCSl B INPUCYTCTBUE MOKCUIIMKJIWHA, a MPU
OTCYTCTBUM JOKCUIIMKJINHA B MUTATEJIBHOU Cpefie
B Ipollecce KyabTUuBUpoBaHU skcnpeccuss NRG1
CHMKaJlach. BBIJIO TTOKa3aHO, YTO BBEACHUE Ipe-
mapaToB Ha OCHOBE MHAHHOTO IIITaMMa ITOBBILIAET
BBIXKMBAE€MOCTh MBIIIEH TIpU WHOUIIMPOBAHUN
netanbHoi no3oit C. albicans [35]. AHAJIOTUUYHBIM
o0pa3oM, ObIJIM CO3JaHbl pa3JUUYHbIE aTTEHYUPO-
BaHHBbIe ITaMMBbI C. albicans (Hanpumep, RML2U)
CITIOCOOHBIC aKTUBUPOBATh UMMYHHBI OTBET B MO-
JieJIM UHBa3MBHOIO KaHAKA03a [36].

IMTovickm B 3TOM HaIlpaBJICHUU ITPOIOJIKAIOTCSI.
Taxk Shen H. u coaBrt. (2020) oOHapyXuau, YTO MY-
tauTHBIH mtamMmM C. albicans GPI7, aBnsiercs aBu-
PYJICHTHBIM U COJIEPXKUT B CBOCH CTPYKTYpe «0OOHaA-
SKeHHBI» B-(1,3)-TTI0KaH KJIETOYHOM CTEHKHU, YTO
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CIIOCOOCTBYET aKTUBAIIMU CUHTE3a aHTHUTeJ. B aKkc-
nepuMeHTe aTTeHyupoBaHHbI mwitamM C. albicans
GPI7 adpdpekTuBHO 3amIUIIAT MBIIIEH OT IUCCEMU-
HUPOBAHHOTO MHBA3WBHOTO KaHaumpo3a [37].

JIJis1 TIOBBILIEHUST ©€30MacHOCTU OuoIperna-
paToB y Jioneid ¢ ocyiabJeHHbIM MMMYHHUTETOM
OblIa MCCaeaoBaHa BO3MOXHOCTH IIepeHoca pas-
pO3HEHHBIX aHTUTeHOB Candida Ha HeTTaTOTeHHBIX
rpudax Saccharomyces cerevisiae B KaueCTBE BEK-
Topa. be3onacHOCTh U aKTUBHOCTb Saccharomyces
cerevisiae, TOATBEPKIACTCS TEM, YTO UX UCTIOJIb3Y-
[OT B KaueCTBe alblOBaHTA IIPU U3TOTOBJICHUM BaK-
OV H IPOTUB TAKWUX NaTONeHOB, KaK BUPYC JINXOpal-
ku lenre, SARS-CoV-2, H5N1, Helicobacter pylori,
Toxoplasma gondii n T. 1. JJoKJIMHUYECKHE TaHHBIS
moka3ajii, 9YTO B OTBET Ha BaKIIMHBI Ha OCHOBE
S. cerevisiae akTuBupytorcsa K u CD4* T-kjieTku,
a TaK>ke TIPOUCXOIUT MepeKPeCcTHOE MpaliMupoBa-
Hue CD8" T-kjeTok. OmHAKO COXpaHSIOTCS MPOo-
0JIeMBbI ¢ KIMHUYSCKUM IIPpUMEHEHUEeM 3THUX pa3-
paboToK, TaK KakK IMoKa BaKIMHBI HEIOCTATOYHO
CTAOMJIBHBI M CICHU(PUUHBI, a TaKXe He M3y4YeHa
0€30MacHOCTb UX MMPUMEHEHUS y JUIL C OCJIabIeH-
HBIM mMMyHUTeToM [38]. KitoueBble (dakTOphI,
MNPEISITCTBYIONINE KIMHUYECKOMY YCIIeXy Mepe-
YUCJICHHBIX BKCIIEPUMEHTAJIBHBIX IIperaparTos,
CBSI3aHBI C T€M, UTO B HEKOTOPBIX MCCICAOBAHUSIX
He HaOJ1oaaI 3HAYMMBIX ITPEUMYIIECTB II0 CpaB-
HeHUIO ¢ 1iane6o. Kpome Toro, mokasaHBI CITy-
Jyay peBepCUU aBHPYJICHTHBIX aTTEHYWPOBAHHBIX
IIITAMMOB B BUPYJIEHTHbIE, a TaKXXe MMEeTCs oIla-
CEHHE, YTO AaKTUBHPOBAHHBIA MMMYHHBIA OTBET
MOXKET 0ECKOHTPOJIBHO pa3BUBATHCSA W MIPUBOIUTH
K Ype3MEPHBIM PEaKIINIM Y UMMYHOKOMIIPOMETH -
POBaHHBIX 60IBHBIX [39].

CJIOXKHOCTH CO3JaHUs TPATAUIIMOHHBIX <«KH1-
BbIX» BakKIIUH NpoTuB Candida spp. NIpuBeIu K ak-
TUBHOMY BHEIPCHHWIO TEHHO-WHXCHEPHBIX Me-
TOAOB, BKJIOUasi MEPEHOC TI'EeHOB, KOIMPYIOIIUX
MMMYHOTEHHBIE aHTUTEHBI, KOTOpPbIC TEIIEPh pac-
CMaTpUBAIOTCSI KaK IIPUOPUTETHOE HaIlpaBJICHUE
BO3MOXXHOW UMMYHOTEpPanu.

Co3naHue BaKIIMH Ha OCHOBE PEKOMOMHAHT-
HbIX OEJIKOB SIBJISIETCS ropa3ao 0osee 6e3o0macHoOi
aJbTepPHATUBOM XKMWBHIM BaKIIMHAM H3-3a OTCYT-
CTBUSI MH(PEKIIMOHHBIX areHTOB B UX cocTaBe [40].
YuutbeiBas oOLIMPHOE aHTUIEHHOE U I'eHeTUYec-
Koe pasHooOpasue C. albicans, nHaubosee 3ddek-
TUBHBI TIOAXOH K pa3paboTKe WMMYHOTepa-
OUU MOXET BKJIIOUYaTh OJHOBPEMEHHOE BO3JIcii-
CTBHE Ha HECKOJbKO HECBSI3aHHBIX AHTUTCHOB.
JIeiCTBUTENbHO, B 9KCIEPMMEHTE BaKIIMHBI, CO-
JIepxKalire peKoMoOmHaHTHBIe 0esTku Alslp u Als3p,
OTIEJIBHO UJIN B COYCTAHUM C PA3JIUIHBIMU aIbIO-
BaHTaMHU, TPOIEMOHCTPUPOBAIN 3HAYNTEIBHBIN
MMMYHOTeHHBI ToTeHuuan. Tak Ibrahim A.S
M COaBT. IMOKa3ajii, YTO BBEICHNUE MBIIIIAM PEKOM-
ouHaHTHBIX N-Alsl (rAlslp-N) npenoTrBpaliaio
pa3BUTHE TSKEJIOTO MHBA3WBHOIO KaHIM103a C Jie-

TadbHBIM cXomoM y 50—57% kuBoTHBIX [41]. B mpy-
TOM 3KCIIEPUMEHTE B XO/I¢ TOKJIMHUYSCKUX UCIThI-
Tannii npenapata NDV-3A Ha ocHoBe rAls3p-N
Tak>e ObIJT TOoKa3aH IOJOXUTENAbHbIN 3¢ deKT.
NDV-3 cocTout u3 pekoMoruHaHTHOro 6eyika Als3p
C aJJIOMUHHEBBIMU KBacllaMU B KayeCTBE alblO-
BaHTa. [IpuMeHeHMs mpenapaTa IIPUBOAMIIO K UH-
TMOMPOBAHUIO aAre3M MUKPOMMIIETOB K SITUTE-
JIMaJIbHBIM/SHI0TEeINa bHBIM KieTKaM. [Ipenapat
NDV-3 npoaeMoHCTpupOBal 3HAUUTEIbHYIO UM-
MYHOIe€HHOCTb, BbI3bIBast 3(M@GEKTUBHBIN OTBET
B- n T-xJIeTOK Ha MBIIIMHON MOJIEIHN, TEM CAaMBIM
YCIIEIITHO TIpeIoTBpaIias Kak ToBepXHOCTHBI, TaK
M WHBa3WBHBIN KaHAMA03 y Mbilieit [42]. Kpome
TOTO, ObUIM TPOBENCHBI KIMHUYECKUE UCCIIEeN0Ba-
HUS (assl I, BKIouaBiIe KOHTPOJBHYIO TPy
u 40 370pOBBIX B3POCABIX JIOIEH, MOJTYUYUBIINX
onHy 103y NDV-3, comepxamyto 30 uau 300 Mkr
o6enka Als3p. B xone I ¢pa3bl KIMHUYECKUX UCTTBITA-
HUI OBIJIO0 OOHApyKeHOo, 4To BakiimHa NDV-3 6e3-
onacHa u a3ddexktruBHa. OcHOBHOU 3¢ deEKT cBs3a-
JIU ¢ aKTUBaL el nmpojudepauu cneluduieckux
T-kneTok, KOTOpble MPOAYLUPYIOT LIUTOKUHBI
IFNywn IL-17A, a TakXe MOBBIIIAIOT yPOBHU OOI11IE -
ro IgG u IgAl npotus Als3p [43]. B xone najibHeit-
LI X UCCIeAOBaHM 1 OBLIIO TTOKA3aHO, YTO IIpernapar
paboTaeT U B OMOIIJIEHKAX, MPENsITCTBYs aAre3duu
JIPOXKKEIIOMOOHBIX TPUOOB [42].

Jpyroil BaxkHOI rpynmnoil 6e1KOB-MMMYHOTE-
HoB C. albicans, ABASIOTCS CEKpeTUPYEMble acrap-
Tuianporeasbl (SAP). BBeneHue peKoMOMHAHTHO-
ro Sap2 mHTpaBaruHaJIbHO MJIM MHTpPaHa3aJbHO,
CaMOCTOSITEJILHO WJIU C XOJIEPHBIM aHAaTOKCUHOM
B KadecTBe alblOBaHTa, IPUBOAMIIO K yCTpaHe-
HUIO KaHIUIO3HOrO BYJIbBOBarMHUTA Y BKCIEPU-
MEHTaJIbHBIX XKUBOTHBIX [44, 45, 46]. De Bernardis
u coaBT. (2002) paspaboraiu MoaudUIIMPOBAH-
HYIO Bepcuio acnapTtuiinporenHasbl-2 Candida
albicans, 3aKJIIOYEHHYI0O B BHUPOCOMBI Ha OCHOBE
Bupyca rpunma (PEV-7). IIpenapar BbI3pIBa 00-
pa3oBaHME aHTUTEIN Y MBIIICH M KPBIC MTOCJIC BHY-
TPpUMBILLIEYHOTO BBeAeHUs. Tak:ke OblIM OOHapy-
JKEHBbI aHTUTEJa BO BJaraJUIIHON XXKUIKOCTU, KaK
Ipu MHTpaBaruHaJbHOM, TaK W MPU BHYTPUMBI-
IICYHOM BBEICHUH IIperapara MBIIIIaM W KpbIcaM.
Ha xpwicuHOl Momenn KaHIUIO3HOTO BarnHUTA
npu MHTpaBaruHajbHoM BBeneHuu PEV7 npope-
MOHCTPUPOBAJIA CYLIECTBEHHYIO U IJIUTEIbHYIO
3alllATY, BEPOSITHO OITOCPEIOBAHHYIO B OCHOBHOM
aHTUTeJaMU. BBelreHUWe MOBTOPHBIX N03 KpbicaM
noaTBepauio 6esonacHocTb PEV7 [45].

Kak moreHuunanbHbIe MUIIEHU OIS UMMYHO-
Tepanuy TakXe OBbIJIM WCCIEAOBAHBI MajaTAeTHU/I-
porenasa C. albicans (Mdhlp) [46], GeoK Terio-
Boro 1moka Hsp90p u 06enok KJIETOUHON CTEeHKU
Hyrlp [47]. Ha ocHOBe peKOMOMHAHTHOTO aHTHUTENa
yeJioBeKa K 6esiky TeruioBoro moka 90 (rP-HSP90C)
ObUT pa3paboraH mpenapatr Mwukorpabd. B skchne-
pUMEHTe OOHapyKeHo, 4To Mukorpab B coueTa-
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HUMU ¢ aMmdoTepulinHOM B obecrieunBaeT 3allUTy
oT uHdek1uii, ooycnoiaeHHbIX C. albicans, C. krusei
u C. glabrata |47, 48]. OnHako He OBLIO JOKAa3aHO
MPEUMYIISCTB €ro MCIOJIb30BaHUS MO CPAaBHECHUIO
C aHTUMUKOTHUKAMM B Ka4eCTBE MOHOTEPAITHH.

AHAJIOTMYHO, O€JIOK KJETOYHOM CTEHKU
rHyrl-N npu moakKo>KHOM BBEISHUM C adblOBaH-
ToM DpeitHga, MO0 C TUAPOKCUIOM ATIOMUHUS
MPOAEMOHCTPUPOBAT KJIUHUYECKU 3HAYUMYIO
adexkTuBHOCTh NpoTuB C. albicans, C. glabrata,
C. krusei, C. parapsilosis u C. tropicis y ”MMYHOKOM-
TMETSHTHBIX MBIIIIEH B 9KCIIEpUMEHTAIbHOM MOJICIN
KaHauaemuu [49]. B HacTosiee BpeMsl 2Ta rpyIina
nperapaToB IIpeJacTaBasieT 3HAUUTEeAbHbII KJIMHU-
YECKUM MHTEpEC.

KOHBbIOrMpoBaHHbIe MMMYHOMpPenaparhl

MHoroo6emawoIuM HalpaBIeHUEM SIBIISCTCS
pa3zpaboTKa KOHBIOTUPOBAHHBIX BaKIIUH, B KOTO-
pBIX causgHue 6osee caabblx aHTUTEHOB (OOBIYHO
nojucaxapuaoB KJETOUHOH CTEHKH) C UMMYHO-
TeHHbIMU OeJKaMHu B KayecTBe HOCHUTEJIeH MNpu-
BOOUT K (OPMHPOBAHWIO MMMYHOTEHOB, CIIO-
COOHBIX BbI3bIBATb CTOWKUII MMMYHHBII OTBET.
KoHbloranyusg MaHHO30COAEPXKAIIMX YIJIEBOIOB
KJIETOYHOU CTEHKU MUKPOMMUIIETOB (B TOM YMCIIE
C. albicans) ¢ aHTUTEeHHBIMU TENITUIAMU yCUJIH-
BaeT MpE3EHTAllMI0 aHTUTeHa, co3gaBas 3¢ dek-
THUBHbIE CUHTETUYECKUE TJIUKOIENTUAHbIE MOJE-
Kyabl. Takue KOHBIOTaThl MO3BOJSIOT IToJiMcaxa-
pugaM CTUMYJUpoOBaTh B-KieTKu, crocoOCTBYs
T-He3aBUCUMBIM UMMYHHBIM peaKIMsIM, a TaKKe
CO3JAaI0T YCJOBUS MJIS MpeacTaBieHust T-kaeTkaM
nojucaxapuaHbIX aHTUTEHOB, CBSI3aHHBIX C Tel-
tugamu [50]. Heckonbko BugoB Candida sxcripec-
CHPYIOT INIMKAHOBYIO CTPYKTYpY B-(Man)3, KoTo-
past MOXKET UCOJb30BAaThCS B COUETAHUM C pa3iny-
HBIMU HOCUTENSIMU U aabloBaHTamu [50]. B skc-
nepumenTe Xin H. u coast. (2019) ucnonb3zoBaniu
BaKIIMHY Ha OCHOBE IICIITHUIHBIX MOJICKYJI, 00Iama-
IOLIUX CTPYKTYPHOI TOMOJIOTUEN C SIUTOIOM IJIU-
kaHa 3-(Man)3. YToObl yCUJIUTh UMMYHHBII OTBET
M TIOBBICUTH 3 (PEKTUBHOCTh Mpenapara, aHTUTreH
COCIMHUIIN CO CTOJOHSIYHBIM aHaTOKCHOM (TT)
c obpazoBaHueM KoHblorata (Man)3-Fba-TT. B pe-
3yJbTaTe BaKIIMHAILIUU BOBJIEKAJIWCh UMMYHOJIO-
TMYeCKHUe MEXaHU3Mbl, aHAJOTUYHBIC 3aIIUTHOMY
JIEUCTBUIO IPU BHEIPEHUN MHUKPOMMIIETOB B TKa-
HU, — aKTUBAIUs HEUTPODUIOB, aKTUBAIIUS CU-
CTeMbl KOMITJIEMEHTa U CUHTE3 aHTUTEJ U30TuIla
IgG3, uTo yKa3bIBaeT Ha POPMUPOBAHUE MEXaHU3-
MOB UMMYHOJOTM4YeCcKoi rnmamsTtu [51].

B 1iestoM, KOHBIOTMPOBAaHHBIC BAKIIMHBI MOTYT
OBITh CpelCTBAMU OOPHOBI C TPUOKOBBIMU MHDEK-
nussMu. CtpaTterus HaleJIMBaHUsI Ha OOLIME BMU-
TOITHI JTaeT HAaAEXKIy Ha CO3MaHUE MaHTPUOKOBBIX
BaKIIMH, KOTOPbIC MPUHECYT ITOJb3Y Pa3TMIHBIM
rpyIirnam naimueHTOoB.

NmMmyHonpenapartsbl Ha OCHOBE
NHAKTUBMPOBaHHbIX C. albicans

MMMyHonpernapaTsl Ha OCHOBE MHaKTUBUPO-
BaHHBIX C. albicans Takxe ObIJIM U3YYEHBI B DKC-
nepuMeHTe. BBeneHMe HMHAKTHBUPOBAHHBIX Ha-
rpeBaHueM 1TamMmoB C. albicans B couyeTaHUU
C TEpMOJIAOMJILHBIM TeHETUYECKU MOAUMUIIMPO-
BaHHBIM TOKCUHOM, MOJYYEeHHBIM U3 Escherichia
coli (R192G) B kauecTBe amblOBaHTa, IOKa3aja
CTUMYJISIIIAI0 UMMYHHOTO OTBETa Ha XMWBOTHBIX
MOeJIsIX, HO He obecrieunsia J0CTaTOUHYIO 3alllu-
Ty [52]. AHanOrnuYHbIe UCCAECAOBAHMS OBIJIN TPOBE-
JIEHbI C UCMOJIb30BaHueM S. cerevisiae [53].

IMTpomonxalOTCsT MOMBITKM CO31aTh KOMOWHU-
pOBaHHBIE MpenapaThl, HallpaBJIeHHbIE HAa OOPHOY
C PELMIVBUPYIOIIMMHU KaK 0aKTepruaJbHBIMU, TaK
W TPUOKOBBIMU MHGPEKIUSIMHA MOYEIIOJIOBBIX ITY-
Teii. Tak, ObIJIO OIPOOOBAHO coUyeTaHUE CYOJTUHT-
BaJIbHOM MHAKTUBHPOBAHHOW MOJMBAJEHTHON
O6akTepualibHOM BakMHBI MV140 (Uromune, co3-
MIaHHOI Ha OCHOBE OaKTepHUli, BHI3bIBAIOIINX 0OJIb-
IIMHCTBO MHMEKIINI MOYETIOJOBBIX MyTel Y eBpo-
MEeUCKUX TAallMeHTOB: 75% TpaMoTpuIaTeIbHbIX
G6akTepuit (25% Escherichia coli, 25% Proteus vulgaris
u 25% Kilebsiella pneumoniae) n 25% rpamMmnoaoxu-
TeNIbHBIX OakTepuii (Enterococcus faecalis) n cy-
OJMMHTBAJBHOTO IIpelapaTa WHAKTUBUPOBAHHOM
Candida albicans V132 B paBHOI1 nponopuuu [54].
I[MunoTHOE UccienoBaHUEe MOKa3a0, YTO CYyOTUHT -
BajibHOE BBeAeHUE V132 B 3HAUUTEJIbHOUN CTENEHU
npenoTBpalliaeT pelnANMBbI KAaHAM103a, 00ecredm-
Basi JOMOJTHUTEJbHYIO 3alIUTY OT MH(MEKIINI MO-
YeIoJOBbIX MyTei Mpu 50% KOHIEHTPAIluK B COUe-
TaHuu ¢ MV140 B cocTaBe KOMIIJIEKCHOU BaKIIMHBI.
Takzke pe3yabTaThl ITOKa3add, YTO MBIIINA, UMMY-
HU3MPOBaHHBIC JAHHBIM KOMILJIEKCOM, ITPOJIEMOH-
CTpUpPOBaANM ycuiaeHHYyIo npoanyknuio IgG u IgA
npotuB C. albicans, 10 CpaBHEHUIO C MbILLIAMU, M-
MYHM3UPOBAHHBIE TOJBKO V132, 4TO TO3BOJIUJIO
NPeATIoNoXUTb, 4To MV140 MoXeT yCUJIUTH CHO-
coO6HOCTh V132 BBI3BIBATh TyMOpaJIbHbIE PEaKIIVH.
HccnenoBanre MMMYHOTEHHBIX CBOMCTB KOMOU-
Hanuu BakumH MVI140/V132 moka3ano addek-
TuBHY1I0 cTumyasuuio K, nnaykuuio T-KJeTok,
nponyuupywomux [IFNywu IL-17A, a Takke peryns-
topHbix FOXP3* Treg-knerok. IlokazaHo Takxke,
yTO KOMOMHalMs BakiuuH MV140/V132 3anyckaet
SMUIeHeTHuYeckoe mnepenporpammupoBanue K
yeJioBeKa, CMOCOOCTBYSI MHAYKIIMU TPEHUPOBaH-
HOro MMMyHUTeTa. OMHAKO TO, KaK KOMOMHAIIWST
V132 u MV140 MmoxeT peryaupoBaTb GYHKIIUIO My-
Ko3aJibHbIX JIK 1 cTUMyIMpoBaTh UX CIIOCOOHOCThH
WHUILIMHAPOBATh aJallTUBHBIC UMMYHHBIC PeaKIINN
Ha MOJICKYJISPHOM yPOBHE, BCe eIlle HeIOCTATOUHO
u3ydyeHo. CII0XKHOCTb TOCTUKEHUS KOMITJIEKCHOMN
3alMThI CBsA3aHA C TPYAHOCTBIO ONPEACICHU A OIl-
TUMAaJIbHBIX KOHLICHTPALWi BaKIIMHHBIX aHTUTE-
HOB, a TakXe OajlaHCa MEXIY MX MMMYHOTEHHO-
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CTBIO ¥ TOKCUIHOCTHIO. JIJIsT BHEAPEHUS B KJINHU-
YEeCKYI0 MPAaKTUKY TAKOTO BAKIIMHHOTO KOMIIJICK-
ca HEOOXOOMMBI maJbHEHIINEe TOKJIMHUYCCKUE
W KIWHUYECKHE WCCICOOBAaHUsI, HaIlpaBIICHHBIC
Ha M3y4YeHUe 3aJeiICTBOBAHHBIX MEXaHU3MOB.

MHTepecHBIM ITPeacTaBAsIeTCS U MOIXOI C MC-
MOJIb30BaHUE APOKKEN S. cerevisiae B UHAKTUBU-
poBaHHOI (opme, TaK KaK OBIJIO ITOKa3aHO, YTO
MX TIOOKOXHOE BBeIeHUE oOecrieuymBacT Iepe-
KPECTHYIO 3aIllUTy OT MHQEKIINIA, BBI3BIBAEMBIX
C. albicans, A. fumigatus n Coccidioides posadasii.
B wacTtHOCTHM, BakmMHAIMWS YOMTHIMM Harpe-
BaHMEM JIPOXXKEBBIMMU KJIeTKaMHU Mo 3-, 4- uUIu
6-nHeBHOMY rpaduKy obecrneuuBaja 3alluTy
ot 3apaxeHust Candida mocpencTBoM oOpa3oBa-
HUSI aHTUTEJI, HallpaBJICHHBIX ITPOTUB TJIMKAaHOB,
o0IMX AJId KJIeTOUYHOW CcTeHKU Saccharomyces
n Candida, B nornmonHeHNe K aKTUBAIlMU KJIETOY-
HBIX oTBeTOB uepe3 Thl u Thl7. DdpdexTnBHOCTH
BBeIeHUS S. cerevisiae B JAaHHOM cjydae OCHOBa-
Ha Ha HaJJUYMU CXOIHBIX TMojaucaxapuaon (0era-1,
3-D-rnrokaH 1 MmaHHaH) [53].

Ipyrue BO3MOXHOCTM UMMYHOTEpanum
KaHAnZo3a

IMpononxarouniicss TOMCK aHTUTEHOB AJISI CTU-
MYJSILIAA UMMYHHOI'O OTBETa ITOCPEACTBOM MPO-
TEOMHOTO aHaJIN3a OTKPbIBAET NEePCICKTUBEI JaJTh-
HEMIIIero momcKa IpernapaToB IJIsS JeYeHUs KaH-
muao3a [55]. 3HaUUTeNbHBIC YCIEXW OBLIN JOCTHUT-
HYTBI Ipu n3ydeHun anturena Enolp C. albicans.
BBenenune 6enka Enopl mMblimaM mpuBOIMIIO K MO~
BBILLIEHUIO YPOBHSI aHTUTE] NpoTuB Enolp, koTo-
pole 3amuinanu oT uaeexkuuu C. albicans 1o 60%
MbIlei [56]. B kauecTBe aablOBAHTOB MPU UMMY-
HM3alMM MCIIOJIb30BaJiM HAaHOYACTUIILI cepedpa
W 30J0Ta. 3aMEeTHBIM pPe3yJbTaTOM BaKIIWMHAIIUK
ObLI0 MOBBIIIEHUE CUCTEMHBIX YpoBHel [FNY, yto
yKa3bIBacT Ha MOJIE3HYIO aKTUBAIIMIO (DAarolnuToB
IS SAMMMUHALIMM KJIETOK MPOXKIKEeH Mpu OTCYT-
CTBUM KaKUX-JIMOO allIepreHHbIX peakuuit [55].
Takum o0Opa3oM, HCMOJb30BaHUWE aAHTUTEHOB
C. albicans c HaHOUYacTULIAMU cepedpa U 30JI0Ta SIB-
JISIeTCSI BO3MOXKHBIM METOIOM TOBBIIIEHUS ITPOTU-
BOTPpHMOKOBOTO MMMYHUTETA.

I'puGbl 06J1agal0T YHUKAJIBHOU CITOCOOHOCTHIO
NpOSBASIThE MOP(POJIOTUUECKYIO U (PEHOTUITUYEC-
Ky miaactuuHocTh [57]. C. albicans criocoOHBI
obpaTuMO TMpPeoOpa30BBIBATHCS U3 APOXKKEBOU
B TICEBAOMMUIICIMAIbHYI0O U MULIEJTUATIbHYIO (hop-
Mbl. OgHokyeTouHble Apoxku C. albicans oObIU-
HO CUMTAIOTCS Oe3BpeAHBIMHU KOJOHM3ATOPaAMMU.
OmHako mx TpaHchopMamus B MUICIUATBHYIO
dopMy cBsI3aHA C YCUJICHHEM alare3uy U ITOSIBIIC-
HHUEM MHBa3MBHOCTH, YCUJIMBAIOIINX WX MAaTOTeH-
HoCTb. Jlpyrue 6enku, cneuuduuHbie A5 TUda,
WJIV aCCOLIMMPOBAHHBIE ¢ HUMU, Takue Kak Hyrl,
Hwp2, PIbS u Sod5, takxe OblLIU TPEAJIOXKEHDI

B KadeCcTBE ITOTEHIIMAJIbHBIX MUWIIECHEH IJIsT MM-
MyHoTepanuu [58], MOCKOJbKY NpU 3TOM MUHU-
MU3UPYETCS BO3IEHCTBUE HA HOPMaJIbHbIC (POPMBI
KOMMEHCAJbHBIX OPOXKEd WM HOPMAJIbHYIO MH-
Kkpobuoty [59, 60]. IIpencraBiisieTcst, 4TO MYJIBTHU-
BaJICHTHBIE MperapaThl, ClIOCOOHbIE (DOPMUPOBATh
MMMYHHBIE peakKlU{d MPOTUB Pa3JIMYHBIX IITaAM-
MOB UJIM CEPOTHUIIOB OOHOTO U TOTO XK€ ITaTOT¢HA,
MOTYT O0ecTieYuTh 0ojiee KOMIUIEKCHYIO W ajarn-
TUPYEMYIO CTpaTeruio paclio3HaBaHUS U OJIOKU-
poOBaHUs AaHTUIEHOB U (PaKTOPOB BUPYJIEHTHOCTH,
pacIpoCTpaHEeHHbBIX B pa3HbIX OpraHax U B pa3Hoe
Bpems [59].

3ak/yeHme

Knunudeckue uccienoBaHusl B 00JaCTU WM-
MYHOTepanuu MUKOTUUYECKUX MHMEKIINI HEOOX0-
IUMBI B CBETE BCE BO3pacTalollleil pe3UCTEHTHOCTHU
MHUKPOMMUIIETOB K aHTU(YHTAJIbHBIM IIperapaTaM.
IMonnMaHMe TaTOreHETUIECKUX MEXaHU3MOB KaH-
U032, YCTOMYMBOCTU MUKPOMUIIETOB K IPOTHU-
BOTPUOKOBBIM JIEKAPCTBEHHBIM CPEACTBaM IMOMO-
ract oOHapyXKUTh AOMOJTHUTEIbHBIC MUIICHU IJIS
UMMYHOTepanuu rpubKoBbIX 3a00JjieBaHUM. XOTS
WCCJIEIOBAHMS B 3TOI 00JIaCTH BEAYTCS YK€ OKOJIO
50 sieT, TeM He MeHee Ha CeTOAHSIIIHUI IeHb UX pe-
3yJbTaThl HE BHEIPEHBI B KIMHUUYECKYIO IPAKTHUKY.

Pa3zpaboTka BakllMH, CHOCOOHBIX OOPOTHCS
C IMPOKUM CIIEKTPOM 3a00JIeBaHU I, BBI3BAHHBIX
Candida spp., BAsieTcsl CIOXHOI 3amauveil M3-3a
MHOXECTBA JIOKaJIu3aluuii MHPeKIU, (HOHOBBIX
UMMYHOIS(UIUTHBIX COCTOSTHUUM y ITAaIlMCHTOB
B T'pyIIiax BbICOKOIO prcka. B HacTosiee Bpems
TOJIbKO 2 peKOMOMHaHTHBIX mpernapata — PEV7

nu NDV-3 — mocturmu I/11 ¢a3pl kK1mHUYIECKUX
HCIIBITAHU.
NDV-3A — nmepBblli npemnapar, AOKa3aBIIWN

3(pHEKTUBHOCTh B JOKJIMHUYECKUX UCTTBITAHUSIX.
Bo Bpemsa uccnepgoBanus ¢asel 1 NDV-3A y Bak-
OWHUPOBAHHBIX BBISBUIM TOBBIIICHHBIC TUTPHI
crren(UISCKUX aHTUTEA W YCHJIEHUE ITPOAYK-
MU LIUTOKUHOB, B KJIMHUYECKOM HCCICIOBAHUU
B dasze 1b/2a NDV-3A npu peuuauBUPYIOIIEM
KaHIWIO03HOM BYJIBBOBAarMHUTE. Y MPOJICUYCHHBIX
NalMeHTOK (KeHIIWH B Bo3pacte no 40 jeT) Ha-
OJroa CHUXKEHUE 4Yucja 3MU30A0B KaHIWI03-
HOTO ByJIbBOBarmHUTa B TeUeHUE 12 Mecs1IeB Iocie
BakuHauuu [43]. OgHakKo B HEKOTOPBIX CIIydasIx
TeparieBTUUYeCKUe A03bl YyCYTyOssiiu 3a00eBaHe
U3-3a YpEe3MEPHO BbIPAKEHHOMW BOCIAJUTEIbHOMN
peakuuu.

IMTouckm MuIieHei AT UMMYHOTEpanuu IIpo-
MOJIKAIOTCS, OJIST 9ero IIPOBOASITCS MHOTOYHC-
JIeHHBIC MCCIJICIOBAaHMSI, HAallpaBJICHHBIE Ha OoJice
r1y0oKoe IOHMMaHWEe MEXaHHW3MOB B3aMMOICH-
ctBus C. albicans ¢ MaKpOOpPraHU3MOM «XO3S1-
Ha». Ha sTame OOKIMHWYECKUX WCCICIOBAHUMA
HEOOXOOIMMO TIIATSJIbHOE M3yUYeHHWE IIperrapaToB
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Ha pa3jIMYHBIX XKWBOTHBIX MOMEIISIX, oO0Jlamaro-
IIAX Ppa3IMIHBIMA OCOOCHHOCTIMU WMMMYHHOTO
cratyca. Ha crenymomux 3rtamnax KJIMHUYECKHUX
WCHBITAHUMN TPeOyeTCs 0TpadoTaTh PEXKUMBI TO3U-
poBaHUs ¢ yuyeToMm npoduist 6e30macHoCTU, dap-
MaKOKMHETUKM WU TepareBTuUYeckoro sgddexra.

Heob6XxoaMMoCTh COOTBETCTBUSI BCEM 3TUM KpHU-
TEpUSIM B COBOKYITHOCTHU OTIPEACIISICT CIOXKHOCTH
CO3JaHUsS WMMYHOJOTMYECKUX IIpernaparoB s
JeyeHU st uH(GeKui, BeizBaHHbIX Candida spp., on-
HaKO NMPUHIMINHAJIbHAS BO3MOXHOCTh UX CO3JIa-
HUS IPEACTABIISICTCI BEChMa BEPOSITHOI.
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'@FYH Pocmoeéckuii HAy4HO-UCCACO08AMEAbCKULN UHCIUMYM MUKpobuoso2uu u napazumonoauu Pocnompebnadsopa,

2. Pocmoeg-na-Jlony, Poccus

2@I'BOY BO Pocmosckuii 2ocydapemeennbiiit meOuyunckuii ynueepcumem Munzopasa Poccuu, . Pocmoeg-na-Zlony, Poccus
3I'BY PO «Ilamonozoanamomuueckoe 610po», 2. Pocmos-na-Zony, Poccus

Pe3siome. Llenbio paboTHI SIBJSIIOCH OTIpeiesieHne 0e30TaCHOCTH MEPOPaIbHOTO UCTIOIb30BAHUSI KOMMEPUYECKHUX Tpe-
MapaToB KOJUIOMTHOTO HaHOCepeOpa B Mepuo] 0epeMEHHOCTH TTyTeM M3YYeHU ST HEKOTOPBIX MEIMKO-0MOJIOTMIECKIX
ITapaMeTpPOB. COCTOSTHUSI MUKPOOMOTHI M MECTHOIM HecCIeln(PUIeCKOl pe3MCTEHTHOCTH TOJICTOM KUINKW, TCUCHUS
" rcxona 6epeMeHHOCTH; MOP(OJIOrUHY KU3HEHHO BaXKHBIX OPraHOB — ITOYEK, TIEYeHW, MO3ra Y MBIIICi, TIPUHUMAaB-
IIMX 3TU TpenapaThl, U y UX TOTOMCTBA. B paboTe UCnoab30BaHbl MUKPOOUOJIOTHYECKHUE, OMOXUMUYECKHE, THCTOJIO0-
IrMYecKHe METObI UCCIIENOBAHUS. DMIIMPHUUECKHU BEIOPaAaHHBIE KOMMEPUECKHe MpernapaThl KOJJIOMAHOIO HaHOcepedpa
(«AmxeHTa», «Butapron») 1 peKoMeHI0BaHHBIE JJIs1 BHYTPEHHET O MTPUMEHEH U S JTIOISIM OBLJIM UCTIOJIb30BaHbI B 3KCIIE-
puMeHTe in vivo myTeM 30-THEBHOTO BRITAMBAHUSI OepPEMEHHBIX MBIIIICH B TepaneBTUYECKOI 103e. B pesyabrare oT™Me-
YeHO BOCCTAaHOBJICHME OajlaHCa B MUKPOOMOME TOJICTOM KUIITKY KUBOTHBIX 3a CUET CHUKEHM S YUCICHHOCTH BO30YIH-
TeJeli: SHTepobaKTeprii, cTaPUIOKOKKOB 1 KaHIUI. B Kommpodunprparax 00eux rpyIil MBIIIeH, IPUHUMAaBIINX KakK
«AIXEHTY», TaK 1 «BuTtaproj», cocTossHre MECTHOI HeCITeIM(pUISCKON pPe3UCTCHTHOCTH CBUICTEIBCTBOBAJIO O HECO-
CTOSITCIBHOCTH MECTHOI aHTHpaInKaIbHOU 3a1IUTHL. Eciiy mocie Teparmmu «AIKeHTO» OTMedaicst ucbaraHe B pa-
00Te aHTMOKCHIAHTHBIX (DEPMEHTOB, KOTIa aKTUBHOCTB CYTIEPOKCUAANCMYTA3HI B 1,5 pa3a IpeBhIliiaia KOHTPOIbHBII
YPOBEHb, a aKTMBHOCTB KaTaJla3bl B 2 pa3a Obl1a HUKE eT0, CITIOCOOCTBYS YBEIMUCHUIO CONEPXKaHMST TIPOIyKTa MEPOK-
CUJaLIU — MaJIOHOBOI'O IMaJibAeruia B 2,6 pasa, To ocJje repanuu «Buraprogom» ak THUBHOCTH CYNEPOKCUAIUCMYTa-
3bl M KaTaJla3bl COCTABIISIIN Bcero iniib 43% 1 25%, a KoMuecTBO MaJIOHOBOTO AMAIbCTU1a JOCTUTAI0 MAKCUMAaTbHO
BBICOKOT0 YPOBHSI — 431%. MUKPOCKOIMMYECKOE UCCIIEIOBAHIE BCEX OMONTATOB OPraHOB 3KCIIEPUMEH TaTbHBIX MbIIIIEI
13 TPYIIN, TPUHUMABIIMX KOMMEPUYECKHE TpernapaThl KOJJIOMIHOTO HaHOCepeOpa «AmxKeHTa» U «Butapromi», Kakux-
00 MPUHUMITMAIBHBIX pa3Iuuuii He 0OHapyxuo. [Ipu 3TOM y BCeX JKMBOTHBIX MPUCYTCTBYIOT MOP(OJIOTNYECKIE
M3MEHEHUS B TKAHSX: 3epHUCTAs] TUCTPO(US IelmaToluToB, He(POLUMTOB TPOKCUMAIbHBIX U TUCTATbHBIX KaHaTb-
1LIeB, B IIpenaparax MedeHu MepruHyKJIeapHO NMEETCsT ITPOCBETICHNE IIUTOIIa3Mbl B OTACIBHBIX I'PYIIIAX IEYCHOTHBIX
KJeToK. Bo Becex mpemapaTax Mo3ra — YMEPeHHO BBIpaKeHHBIN e pUBACKYIISIPHO-TIEPUIICITIONSPHBIA OTEK, TIOJTHO-
KPOBHE COCYIOB, TUCTpOdUs HelipoHOB. OMHAKO IIPH THCTOIOTHUCCKOM MCCIICIOBAHNH TICUCHU MOJIOAH, BRIPOCIIEH
Ha IpyJHOM MOJIOKE CAMOK, TaKKe IIPMHUMABIINX B TePAIIEeBTUUCCKUX 103aX «Butaproj», Kakux-1mmdo oTpuIaTeIb-
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HBIX U3MEHEHU I O6Hapy>KCHO He ObLIO. HCCMOTpH Ha TO 4YTO NMPpOUECChI BbIHAIIMBAHU A 6CpCMeHHOCTI/I N JC€TOPOXKIC-
HUay MbIIIEeH NpOoTEKaJIu HOpMaJbHO, pE€3yJbTaTbl UCCJACAOBAHUA CBUACTCIbCTBYIOT O HEI0CTAaTOUHOI Oe30MacHOCTH
BbI6paHHI)IX npenaparoB AJ1d NIEPOpaIbHOIO UCITOJIb30BaHU A IIPU 6CpCMCHHOCTI/I.
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@ Rostov Research Institute of Microbiology and Parasitology of Rospotrebnadzor, Rostov-on-Don, Russian Federation

b Rostov State Medical University of the Ministry of Health of Russia, Rostov-on-Don, Russian Federation
¢ Pathoanatomical Bureau, Rostov-on-Don, Russian Federation

Abstract. The aim of the work was to determine the safety of oral commercial colloidal nanosilver preparations during
mouse pregnancy by assessing microbiota and local colonic nonspecific resistance; pregnancy course and outcome;
morphology of vital organs — kidneys, liver, brain in pregnant mice and paired offspring. Microbiological, biochemical,
and histological research methods were used in the work. Empirically selected commercial colloidal nanosilver preparations
(“Ajenta”, “Vitargol”) recommended for internal use in humans at a therapeutic dose were used in an in vivo experiment
by 30-day watering of pregnant mice. As a result, the large intestine microbiome balance was restored due to decreased
in number of pathogens: enterobacteria, Staphylococcus and Candida. In the coprofiltrates of both groups of mice receiving
both “Adjenta” and “Vitargol”, the state of local nonspecific resistance showed impaired local antiradical protection.
If after “Adjenta” therapy there was an imbalance in antioxidant enzyme system, when the activity of superoxide dismutase
was 1.5 times higher than control level, and catalase activity was 2 times lower contributing to higher level of peroxidation
product — malondialdehyde by 2.6 times, then after “Vitargol” therapy activity of superoxide dismutase and catalase
was only 43% and 25%, and the amount of malondialdehyde peaked reaching 431%. Microscopic examination of all
organ biopsies from mice receiving commercial colloidal nanosilver preparations “Ajenta” and “Vitargol” revealed no
fundamental differences. At the same time, morphological changes in tissues were found in all animals: granular dystrophy
of hepatocytes, nephrocytes of the proximal and distal tubules, perinuclearly in liver preparations there is a cytoplasm
enlightenment in some liver cell types. In all brain samples, there is moderate perivascular-pericellular edema, vascular
fullness, neuron dystrophy. However, breast-fed mouse pup liver histological examination from paired female mice after
oral Vitargol intake revealed no negative changes. Despite the fact that the processes of gestation and childbirth in mice
proceeded normally, the results of the study indicate insufficient safety of the selected drugs for oral use during pregnancy.

Key words: colloidal nanosilver, mouse colon microbiota, coprofiltrates, local nonspecific resistance, pregnancy, morphological changes
in tissues.

BeepneHnue

I1poGaema 60pbObI ¢ AaHTUOUOTUKOYCTOM Y BbI-
MU IITaAMMaMU BO30yauTenaeil MHGMEKIIMOHHBIX 3a-
OoJieBaHUIT MPOJOJXKAET OCTaBaThCS aKTyaJbHOU
s meauuuHsbl [1, 5]. Cpenu HoBelIMX pa3pado-
TOK COBPEMEHHBIX YUEHBIX Ha MEPBOE MECTO BBIXO-
AT HaTIpaBJieHUe HAHOTEXHOJOTU U, 3aHUMaloIee-
Csl CHHTE€30M HAaHOYACTUII, UMEIOILIIUX Pa3Mep MEeHee
100 HM, YTO TTO3BOJISIET UM IPOHUKATh YEPE3 MUKPO-
CKOIMMYECKHEe MOPbl U YHUUYTOXaTh OakTepuu [9, 12,
16, 17]. B HacTost1Iee BpeMsT UCITOJIb30BaHME Mpera-
paToB HaHOCEpeOpa CUUTAETCS OUYEeHb MEePCIeKTUB-
HBIM B CBSI3U C OTCYTCTBHUEM YCTOMUYMBBIX K HEMY
dopM MUKPOOOB, IprbOB 1 BUPYycoB [22]. T[ToaTomy
IIIUPOKO paccMaTpUBaeTCsl BO3MOXHOCTb TeparieB-
TUYECKOro MpUMEHEHM s HaHo4YacTull cepedpa [7].
BosblIMHCTBO MpenapaToB KOJIJOUAHOIO HaHOCE-
pedpa UCIOIb3YIOT B MEAUIIMHE U B KOCMETOJIOTUU
nyTeM Hapy>XHOro npuMmeHeHus [19]. 3HauuTeabHO
pexe HaHOKOJJIOWJ cepedpa HCIIOJb3yeTcs Iepo-
paJIbHO IS JIedeHUsI UHMEeKIUNA KeJTyIouHO-KHU-

mevyHoro TpakTa [11]. ITpu co3gaHum Takux mpena-
paTOB MPEX e BCEro yUYUuThIBaeTCs MX 0€30IMaCHOCTb,
OIHAKO MCCJIeNOBaHUsI, IIPOBENCHHBIC B TTOCIEAHES
NeCATUJIETUE, TOKa3bIBalOT Pa3jiU4YHbIC pe3yJibTa-
ThI [2]. Tak B padoTte Shahare B. (2013) ycTtaHOBJIeHO,
YTO IMpPHU MEepopaJbHOM BO3ACHUCTBUM HaHOcepeOpa
Ha CJIM3UCTYIO TOHKOM KHIIKHW MBIIIEH YHUUTO-
JKarTcsl MUKPOBOPCUHKM 3HTEPOLIUTOB, YTO CIO-
COOCTBYET YMEHBIIEHMIO TUIONIAIM BCacChbIBaHUS
NUTaTEJbHBIX BEIIECTB U IPUBOAUT K IOTEpe Mac-
chbl XMBOTHBIX [25]. IIpu BabixaHUM HaHOCepebOpa
KpbICAMU OTMEYEHO €ro paclipele/ieHUe MO BCEMY
OpraHu3My U OTJIOKEHUE B HU3KUX KOHIICHTPAIIUSIX
B cepille, MoYyKax, cejie3eHKe, NMeuyeHu, Mosre [26].
B uccnenoBanusx Gromadszka-Ostrovwska J. ¢ co-
aBT. BBISIBJCHO, YTO HAaKOIUJICHHME HaHocepeOpa
BAMSIET Ha (PYHKIIMOHUPOBAHUE PEIPONYKTHUBHOMU
CUCTEMBI, TIPOSBISS LIUTOTOKCUYECKUUN 3PdeKT,
MOBpeX1asl KJIETKU CBOOOAHBIMU paguKagamMu [22,
24]. OmHako MpU KOHTAaKTe KJIETOK C HaHOYaCTUIIa-
MU 6osiee 500 HM MHULIMUPYETCSI UMMYHHBIN OT-
BeT B Buie (harolnuTo3a/mMMHOIMTO3a, TO3TOMY JJIsI
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aHTUOAKTEepUAJTbHBIX Ieeid OOBIYHO MCITOJb3YIOT
HaHocepeOpo auameTpoM 50 HM [27]. YcTaHOBIEHO,
4yTO aHTUOaKTepuaibHbIE CBOICTBa cepedOpa 00-
YCJIOBJICHBI KOHTAKTOM HOHOB C OPTaHUYECKUMU
KUIAKOCTSIMH, a HauOOJIbIIass UX PEaKTOT€HHOCTH
HacTynaeT MpU B3auMOACUCTBUU C COEAMHEHMSI-
MU cepbl C 00pa3oBaHUEM MOHOB cepedpa, KOTOphIS
MPOHUKAIOT B OAKTepHUaATbHBIC KJICTKHU U IIPUBOIST
K ux rudenu [18, 23]. HaHocepebpo umeeT aoka-
3aHHY10 3(p(HEKTUBHOCTh, TEM HE MEHEE OCHOBHbIE
npoOJIEeMBbI €r0 UCTIOJAb30BaHU S CBSI3aHbI C TOKCUY-
HOCTBIO, ITPEACTABISIONICH BEICOKU PUCK IJIST 3100~
POBBsI UeJIOBEKAa U 3aBUCSIIENH OT (hOPMBI, KOTUYE-
CTBa M pa3Mepa MmpuMeHsieMbIx yacTuil [19].

Oco0Oblii MHTEpeC MpeacTaBisieT HCIIOJIb30Ba-
HHEe HaHocepeOpa ISl CaHAIIMKM BOCTIAJIUTEIbHBIX
0YaroB pa3JIMYHON JIOKAJIU3alMU U ITUOJOTUU
y OepeMeHHBIX, YTO O0YCJIOBJIEHO OrpaHUYCHHBIM
CIIEKTPOM MperapaToB, UCIOJIb3YEMbIX B 3TOM CO-
crosgHur. OMHAKO Cpear MHOXKECTBA HCCIIeIOBa-
HUi, TIPOBOAMMBIX II0 HAHOTOKCUKOJIOTUU, JTUIIb
HEMHOTHE KacalTcsI OLIEHKHU BIMSTHUSI HaHOCEpeO-
pa Ha PENpoOAYKTHUBHYIO (YHKIIMIO, HMCIOJb3Ys
B KauyeCTBE SKCIECPUMEHTAJbHBIX KMBOTHBIX Ca-
MOK, UTO JIeJaeT TaHHOE MCCJIeOBaHUE aKTyallb-
HbIM [21, 24].

B cBsI3M ¢ 3TUM 1LIeJiIbI0 pabOTHI CTalo omnpene-
JICHHE 0€30IMacHOCTHU MCIT0JIb30BaHUsI KOMMeEpUeC-
KUX TIperapaToB KOJJIOMIHOIO HaHocepeOpa IIpu
0epeMEeHHOCTH ITyTeM OLIEHKU COCTOSTHUSI MUKPO-
OUOTHI U MECTHOI Hecnenuduiecko pe3nuCTeHT-
HOCTM TOJICTOM KMIIKW MBIIIEH, U3YYEHUS MOP-
donornm KM3HEHHO BaKHBIX OPTaHOB MBIIIEH,
BBITTaMBaeMbIX TIperaparaMu HaHOocepeOpa Ha Te-
YyeHue U ucxon 6epeMeHHOCTU. BblIn mmocTaBieHb
CeAYIOIINE 3a1auM:

1. IIpoBecTn OakTepuoOJIOrMYeCcCKUe, OUOXUMMU-
yecKue ucciaeaoBaHus hpeKaanii SKCTiepuMeHTalb-
HBIX XXUBOTHBIX IO M TOCJIC UCIOJIb30BaHUS Mpe-
napaToB KOJIJIOUIHOTO HaHOcepeopa.

2. OueHuTh JoCTUXKEeHME 3P (PEKTUBHOCTH ITPO-
BOOMMBIX MEPOIPHUITHI IO HOPMAaJIU3aIUU YUC-
geHHocTu Y MIIT u ypoBHsa MIA.

3. OLleHUTh HOPMAJbHOCTb TEUEHHUS U HCXOJ
OCpeMEHHOCTHU Y MBIIIEH.

4. [IpoBecT TMOCJIE POHAOB THUCTOJOTUUECKOE
KCCJIEIOBAHNE OPraHOB JIJIsl OLIEHKU BO3MOXKHOTO
BJAUSIHUSI HaHOcepeOpa Ha MO3T, Ie4YeHb, MOYKU
CaMOK M TMeYeHb ITPUIIIIONA TT0CIe BCKapMJIMBaHU ST
MOJIOKOM MaTepH, NpUHUMAaBIIICH ITperrapaT cepeo-
pa BO BpeMsI 6epeMeHHOCTH.

Matepwnarsbsl 1 MeToLb!

Js1 uccieqoBaHUs W3 allTeYHOUM CETU DMITH-
pUYecKM ObIIM BBIOpaHBI KOMMeEpYEeCcKHue IIpe-
napatbl KOJIJIOUJTHOTO HaHocepeOpa <«AmKeHTa»
n «BuTaproi», peKoMeHIOBaHHBIC K BHYTPEHHEMY
NPUMEHEHUIO JIOASIM, HO IIPOTUBOIIOKAa3aHHBIE

npu 6EpeMEeHHOCTHU B CBSI3U C OTCYTCTBUEM BKCIIE-
PUMEHTaJbHBIX JaHHBIX.

DKCIEpUMEHT OBLT MIPOBEASH MBaXIbl, B aIlipe-
e 2023 u 2024 rr. MaTepuaioM IJIsI UCCIICTOBaHM ST
CJIYKUMJIO COAEPXKMMOE TOJICTOM KMUIIKU 36 GesIbIX
OecropoaHbIX OepeMeHHbIX MblIllieil BecoM 20—24 1.
CaMKH OBIIM B3SITHI B 9KCIIEpPUMEHT Ha 4—5 NeHb
0epEeMEHHOCTH.

Mpbllieit pacnpenesii Ha TPyImnbl Mo 6 oco-
Oeil B Kaxaoit: rpynna K — >KUBOTHBIE, HE TIPUHU-
MaBIIMe TMpenapaTbl cepedbpa, rpymma 1 — MBIIIN,
OPpUHUMABIINE BOMTHBIM PacTBOP KOMMEPYECKOIO
mpernapara KOJJOMJIHOTO cepedpa «AmxkeHTa» AgA
(30 ppm — 300 mr/n), rpynna 2 — MbILIW, TPUHUMAaB-
1€ BOAHBIN pacTBOp KOMMEPUYECKOIo Iperapara
KoJUIOngHOTO cepedbpa «Burtaprom» AgB (30 ppm —
300 mr/m). B ckoOKkax ykazaHa MCXOOHASI KOHIICHTPa-
LM cepedpa 1o ero pa3BeaeHUs.

PasBeneHue rmpenapaToB cepedpa oCyIeCTBIISIN
NUTbEBOI OYyTMJIMPOBAHHOM BOAOI, KOTOPOW MOUJIN
KOHTPOJBHBIX M 3KCICPUMEHTAJILHBIX KBOTHEHIX.
IIpuroroBiaeHue pacTBOPOB cepedpa IPOBOAMIIN
B COOTBETCTBHE C MHCTPYKIIMEH IO TIPUMEHEHUIO
npermapatoB, nob6asisgasg kK 1000 ma Boabr 50 M1 pac-
TBOpa «AIKEHTbI», a K 900 M1 Bomsl 1,5 Mut pacTBopa
«Butaprona». Ha npotsizkeHun 30 CyTOK Mbl1iIeii BbI-
nauBajIu B 103€, IepeCcUYUTaHHOI Ha BEC XKMBOTHOTO,
o 0,1 mur (2 Kanin) 2 pa3a B CyTKH.

Pabora ¢ XUBOTHBIMHY ITPOBOAMIIACH B COOTBET-
crBue ¢ Jlupektupoit 2010/63/EC MexayHapomTHOM
KoHBeH1IMH 00 0XpaHe XXMBOTHBIX, UCITOJIb3YyEeMbIX
B HAYYHBIX LIeJIsIX, a TakXe cornacHo TOCT 33215-
2014 «PyKoBOACTBO ITO COIEPKAaHUIO 1 YXOIY 3a Jia-
OopaTopHbIMU XUBOTHbIMU. [IpaBuna obopyno-
BaHUS TIOMENIEHU W opraHu3aluu IPOLEaYyp»,
Ha ocHoBaHuU [IpoTokona JIokaabHOIO 3TUYECKO-
ro KomuteTa Impu PocToBcKOM HaydYHO-HMCCIen0OBa-
TEJIbCKOM MHCTUTYTE€ MUKPOOMOJIOTUU U Tapa3u-
Tonorum ot 2023 1.

B xone skcriepruMeHTa XKMBOTHBIM 00JIb HE TIPU-
YUHSIACh. 3bsITHE OPraHOB AJISI TUCTOJIOTTICCKO-
IO MCCJIENOBAHUST TPOBOAMIOCH Y MUHUMAJTLHOTO
Koaun4decTBa ocobeit (1o 3 u3 Kax a0k uccieayemMoi
TPYIIbI) TOCNe UX yChITJIeHusT adupoM. OpraHbl
ObL1M (puKcHpoBaHbl B 15% pacTBope (popmainHa.

B paGoTte ncnoiab30BaHbl OAKTEPUOJIOTUYECKUE
U OMOXMMMUYECKHE METOAbl MCCJIEIOBAHUS COIEp-
XM MOTO TOJICTOW KUILIKU.

UccnenoBanuss MUKPODIOPEl  COICPXKUMO-
ro TOJCTOW KWIIKW OCYIIECTBISIJIMN MUKPO-
OuonornyeckuMu mertomamu [4, 15] B cooTBeT-
crBunu ¢ Ilpukazom MunsapaBa CCCP Ne 535
oT 22.04.1985 «O6 yHuduUKaumum MUKPOOUOJTIOTH-
YeCKHX METOIOB WCCICHOBAHUS, TPUMEHSICMBIX
B KJIMHUKO-IMAaTrHOCTUYECKUX JIabopaTOpUsIX Jie-
yeOHO-MpodUIaKTUUYECKUX yupexaeHuii», OCT
91500.11.0004-2003, ytB. Ilpukazom MwuH3IpaBa
P®D o1 09.06.2003 r. Ne 231 1 METOAUYECKUMU pe-
koMmeHnauusm 2007 r.
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OmnpeneneHue aKTUBHOCTEN aHTUOKCUTAHTHBIX
depmeHTOB cynepokcuanucmyTasbl (COJl) u kara-
Jla3bl 1 KOJIMYECTBa MPOAYKTA MEPEKUCHOTO OKUC-
aenus nunuaoB (ITOJI) — manoHoOBOro nuasbie-
ruga (MIA) — omnpenensiyii B KonpoduabTpaTrax
CIIEKTPOMETPUUYECKHU MO CTaHAAPTHBIM OUOXUMMU-
JyecKrM MeToaukam [3, 8, 13, 14].

T'uctonornyeckoe uccienoBaHUE OPraHoOB PO-
JUBIIMX CAMOK W MX JAETEW OCYIIECTBJISIJIU MyTeM
MUKPOCKOMUU CPE30B OUOMTATOB (IMOYEK, MEUYCHHU,
MO3ra), OKpalleHHbIX TeMaTOKCUJIMH-203UHOM.

Cratuctuueckass o0paboTKa JaHHBIX TPOBOIU-
Jlach C TPUMEHEHWEeM MPOrpaMMHOI0 oOecIieueH U st
«Statistica 10.0 for Windows XP».

PeaynbraThl

Pesynprathl  0aKTEpPHOJOTMUECKOTO  MCCIIe-
IOBaHUSI MHUKPOOMOTHI TOJICTOM KHUIIKH DKCIIe-
PUMEHTAJIbHBIX KWBOTHBIX CBHIETEIBCTBYIOT
00 OOMHAKOBOM MHMKPOOHOM TIeii3axke, MPUCYT-
CTBYIOIIIEM KaK y MHTAKTHBIX >KWBOTHBIX, TakK
W Yy MBIIIIEH 10 MCITOJIb30BaHUS IIperapaToB cepe-
Opa. B ¢BsI3u ¢ 3TuUM, UX OaHHBbIE ObLIM OOBEAU-
HEHBI W TIPEICTaBICHBI B KOJOHKE «I0 CaHaIlW»
B Tabn. 1. Cpenu mpencraBUTeNIe HOPMaJbHOU
MUKpodIopsl TpucyTcTBoBanu Lactobacillus B Ko-
muyectBe lg 7,3+0,3 KOE/r, Bifidobacterium —
lg 8,4+0,4 KOE/r, E. coli ¢ HOpMalbHOU (dep-
MEHTaTUBHOI akTuBHOCThIO — lIg 8,2+0,4 KOE/r
n Enterococcus fecalis — 1g 7,010,3 KOE/r. Cpenu
YCIIOBHO-TIATOT€HHON MUKPOMIIOpH MPUCYTCTBO-
Banu: Proteus mirabilis 1g 2,0+0,1 KOE/r, ycioBHO-
naroreHHble 3HTepobakTepum (Citrobacter freundii,
Hafnia alvei) 1g 5,31£0,2 KOE/r, koaryna3ooTpuiia-
TeabHble cTaduiaokokku lg 6,1+0,3 KOE/r, npox-
XeroaooHble rpubbl p. Candida 6,0+£0,2 KOE/r,
KJIOCTPUINY OTCYTCTBOBaIM (TabI. 1).

W3meHeHre KOMMYECTBA TUIMMYHBIX BIIe-
pUXHWil BO BTOPOM Tpynme IIPOM3OIII0 dYepe3
7 nHeir ymnoTpebiaeHus KOJIJIOMAHOro cepebpa,
IpY 3TOM B MEPBOI T'PYIINe MX KOJIUISCTBO CHH-
3UJIOCh HAa OAMH IIOPSIOK OTHOCHUTEIbHO KOH-
TPOJISI, MTOCTUTAsT CBOETO0 MHMHMMAJIBHOTO YPOBHS
Ig 5,6+0,2 KOE/r x 30 cyrkaM, Torga Kak BO BTO-
poii TPYIIIe YMCIACHHOCTD SIICPUXUN TOCTOBEPHO
YMEHBIINJIaCh OTHOCUTEIBHO KOHTPOJISI B 2 pa3a —
1o lg 4,0+0,2 KOE/r ¢ mocienyiommuM yBeTnUeH-
€M KOJHMYECTBA Ha OOMH IOPSIAOK K ITOCIICTHUM
CYTKaM HCCJICAOBaHUSI.

Ha npotsizkenumn 7 pHeir mpuema oOoOuX mpe-
napaToB KOJIJIOMIHOTO cepebpa comepKaHUe Ou-
dumobakTepuit ocTaBajOCh CTAOMJIBHBIM M CO-
OTBETCTBOBAJIO KOHTPOJIbHBIM 3HAYCHUSIM,
Ha 23 CyTKU ypoBeHb OuUdmmodbakTepuii yBeIu-
quicst 1o lg 10,0£0,5 KOE/r n octaBaics TAKOBBIM
JI0 OKOHYAaHU ST UCCACIOBAHUSI.

YpoBeHb 1aKTOOAKTEPUIA B 00EUX S3KCIEPUMEH-
TaJIbHBIX TPYMNNaxX B TeUeHUE 7 CYTOK COXpaHSIJICS

CTaOUJIBHBIM, COOTBETCTBYSI KOHTPOJIBHBIM 3Ha-
yeHusiM. C 14 cyTok mpuema IpernapaToB COAep-
J)KaHME JJaKTOOAKTepuil yBeJMUYMBAJOCh HAa OIUH
MOpPSIIOK, OCTaBasiCh Ha TOM K€ YPOBHE A0 KOHIIa
HaOIIOAEHU .

XapakTepHBbIM IJI5I BCEX KMBOTHBIX SIBUJIOCH
ONMHAKOBOE JAEWCTBUME HaHOCepeOpa Ha YUCJEH-
HOCTb npoTes. Tak Ha 22 CyTKU NpueMa Mmpernapa-
TOB YPOBEHb ITPOTES CPABHSIJICS C KOHTPOJIbHBIM —
Ig 2,0+0,1 KOE/r. Ha 23 cyTku nipoTeii He onpene-
Jasiacs, a 3ateM, K 30 cyTkaM, MOSIBJISIICS BHOBbD,
HECMOTPSI Ha HETIPEPBIBHBII TIPUEM TIperapaTos.

YucleHHOCTh Koaryjaa3ooTpullaTeJlbHbIX CTa-
(bUITOKOKKOB BO BCEX MCCIEAYeMbIX TI'pyITax
Ha MPOTSI>)KEHUU BCEro CpoKa MCCAeIOBaHUS OCTa-
BajlaCb HEHW3MEHHOI, COOTBETCTBYIOIIEU KOH-
TPOJIbHOMY YPOBHIO.

Ha 23 cyTtku wucnonb3oBaHUsT HaHocepebdpa
B COCTaBe MUKPOOUOTHI MblIllIelt 1 1 2 rpymni He BbI-
SIBJISLIUCHh ~ YCJIOBHO-TIATOT€HHBIE 3HTEpPOOaKTe-
pun — radHUKU U MUTPOOAKTEPHI, TPUCYTCTBYIO-
II1e B IpyIIe KOHTPOJIS.

B pesyibrare MecsyHOro mnpuemMa pasHBIMU
rpyInmaMu XUBOTHBIX KOJJIOMTHOTO cepebpa (AgA
u AgB) B peKOMeHIOBaHHOW 103€ YMCJIEHHOCTh
KaHIUI B COAEPKMMOM KHUIIIEYHUKA CHU3UJIACh
Ha 1 opsimok — ¢ 1g 6,0 mo Ig 5,0 KOE/r dexkanuii,
MpU 3TOM HE JIOCTUTHYB HOPMaJIbHOTO YPOBHSI
(£l1g 4,0).

Jeiicmeue npenapamoe HaHocepebpa Ha bepemen-
HOCcmb U Ha pa3eumue npunioda y muiueil. Ha mpo-
TSIKEHU M BCceil O6peMeHHOCTH T10 BHEITHEMY BUILY
M TIOBEACHUIO 3KCIIEPUMEHTAJIbHbIC >XWBOTHBIC
HE OTJINYAJIMCh OT 0CO0€ii KOHTPOJIbHOM IPYMIIbI.

Tlepuonuyeckoe B3BelIMBaHUE OEpPEMEHHBIX
CaMOK CBUJIETE€JIbCTBOBAJIO O PEryJsipHOi mpudaB-
Ke Beca BO BCeX I'pyIlax, IpUHUMAaBIINX pPa3HbIe
npenapaTrbl HaHocepeOpa (TabJ1. 2).

Ha 21-23 nmeHp y Kaxaoil caMKU POIUJIOCH
no 8 neTeHbIe.

BHemHui1 BUA 1 MOBeIeHWE TPUTLIIOAA B 9KCIIe-
PMMEHTAJIbHBIX TPYyNNax He OTIMYaJIUCh OT MPH-
MJI0Ja B KOHTPOJIbHOM TpyIiie. Bece neTeHbIm ca-
MOCTOSITEIBHO IMTUTAJINCh MAaTEPUHCKUM MOJIOKOM,
Habupaau Bec (¢ 1,4 1 1o 16 1) 1 ObIJIM AKTHUBHBI.
Ha 7 cyTku 1mocie poXaeHUsT Yy MBIIIAT OTJIMUILIN
yuiu, Ha 11 cyTKU MmosiBUJIach epcTh, Ha 13 cyT-
KU OTKPBIJIUCH IN1a3a. B TpexHenenbHOM BoO3pac-
T€ IMOTOMCTBO TI€pelli0 K CaMOCTOSITEJIbHOMY
MUTaHUIO.

Jleiicmeue npenapamoé HaHocepebpa Ha mecm-
HYH AHMUOKCUOAHMHYIO 3AUJUMY U HA NPOUeCcCyl ne-
pokcudayuu. ViccnenoBaHue COCTOSIHUSI MECTHOI
HecTenM(pUIecKoil Pe3UCTEHTHOCTU B TOJICTOM
KUIIKEe y OepeMEeHHBIX MBI, ITPUHUMABIINX
nepopaabHO MpernapaTbl HaHocepebpa, BBISIBUJIO
pa3auyue B aKTUBHOCTU COIPSIKEHHBIX aHTUOK-
cunaHTHbIX pepmeHTOB (COJl 1 Kataiasbl) B CpaB-
HMBAeMbIX I'PYIIITax MbIIIIEH.
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CpenHue TokasaTejm aKTUBHOCTH aHTHOKCH-
naHTHbIX depmeHTOoB COJl M KaTanasbl, a TakKxke
cpenHee comepxkaHue MJA B kompoduibTparax
OepeMeHHBIX MbIIIell, MPUHUMABIIMX MperapaThl
HaHocepeopa, IMpeacTaBiaeHbl Ha puc. 1.

OmnpeneneHue akKTUBHOCTM aHTHMOKCUIAHTHBIX
depmentoB COJl u karanas3sl B KonpoduabTpaTax
CaMOK MBIIIIEN, TIPUHUMABIIMX TI€pOpaIbHO Tepa-
MEeBTUYECKHME A03bl KOJUJIOUJHOrO HaHocepebpa —
AgA, AgB Ha npotsizkeHuu 30 1HeU, BBISIBUJIO CHU-
JKeHWE YPOBHSI BCEX IOKasaTeyieil OTHOCUTEIbHO
KOHTPOJIS 32 UCKJTIOYEHUEM aKTUBHOCTH (DEPMEHTOB
B IPYIITe XXUBOTHBIX, MOJIYyYaBIINX KOJUIOMIHOE Ce-
pedpo AgA, y koTopbiX akTuBHOCTH COJl 1ocTOBEp-
HO TIpeBBIlIaia KOHTPOJIbHBIE 3HaYeHus B 1,4 pasa
(p < 0,05). Ilpu ucnonb3oBaHuu AgB oTmevanuce
MaKCMMaJlbHO HU3Kasli aKTUBHOCTh aHTUOKCHUIAHT-
HBIX (DEPMEHTOB U BBICOKWI yPOBEHb MPOAYKTA Ie-
PEKMCHOTO OKUcaeHus aunuaos — MIA (puc. 1).

O1leHKa COCTOSSHMSI MECTHOM Hecmenuduyec-
KOM PEe3UCTEHTHOCTU B KOIMpOMUJIbTpaTax Mocje
Tepanuu <«AIXEHTOW» C HO0CTOBEpHOCThIO (p <
0,05) BbIsIBUJa gucbandaHC B paboOTe aHTUOKCU-
MAaHTHBIX (PepPMEHTOB, KOT/Ia aKTUBHOCTH CYIIePOK-
CUAANCMYTa3bl Ha 46% TpeBbIiiala KOHTPOJbHBIM
YPOBEHb, a4 aKTUBHOCTH KaTaJjia3bl OblJIa HUXKE KOH-
TposibHO# Ha 50%, 4TO CMOCOOGCTBOBAJIO YBEIUYE-
HUIO COJIepPXKaHUSI ITPOAYKTa NMepOKCUAAIIMU — Ma-
JIOHOBOTO muajibaeruaa Ha 164%. Ilocae Tepanun
«Butaproiaom» konudectBo MJIA nocturano 60Jb-
IIIETO YPOBHSI, KAK OTHOCUTEJIbHO KOHTPOJISI, TaK
W OTHOCHUTEJIbHO CpaBHUBAEMOI T'PYIIITbI, COCTaB-
ns1s1 431%. Ipu sToMm akTuBHOCTH COJI 1 KaTanasbl
cocTaBIisiiia Bcero JTUIb 43% u 25% coOTBETCTBEH-
HO, YTO CBHUJIETEJIBCTBYET O HECOCTOSITEIbHOCTU
MECTHOM aHTUPpaJMKaJTIbHOU 3aIIUTHI.

Tucmonoeuueckoe uccaedosanue opeanog 3Kc-
nepumeHmanvHvlXx scueomuvix. Mopdoaornueckue
W3MEHEHMSI B OpraHax 3KCIepUMMEHTaJIbHBIX XU-
BOTHBIX TIOCJIE TTpreMa IIperapaToB KOJIJIOUTHOTO
cepeOpa Bu3yaausnpoBaHbl Ha pucyHKax (b) u (B)
2—5, U1 CpaBHEHU S PSIIOM C HUMU TTPEACTaBIEHBI
KOHTpoJibHbIe n300pakeHus (A) (I11 obyioxka).

Mukpockonuueckoe onucaHue pucyHka 2 (b):
B KOpE YMEPEHHO BbIPaKeHHBI epUBaCKYJIsIPHBII
¥ TIepULEJUTIONISIPHBIN OTEK, YMEPEHHO BbIpaskeH-
HO€ KPOBEHAIIOJTHEHUE COCYA0B, TUCTPOGUUIESCKUE
W3MEHEHM ST HEIiPOHOB.

Mukpockornuueckoe ornucaHue pucyHka 2 (B):
B IIpenapare npeacTaBeH MO3KeUYOK — YMEPEHHO
BbIpak€eHHBI TEPUBACKYISIPHBIA W TIePUILIEITIO-
JISPHBI OTEK, yMEpEeHHOe KPOBEHAIIOJHEHUE CO-
CyHoB, TUCTPOGU S HEHPOHOB.

Mukpockomnuueckoe onucanue pucyHka 3 (b):
MOJTHOKPOBUE, JTOJBKOBOE CTPOEHHUE, sIapa OKPYT-
JIOit (hOPMBI KOHTYPHUPYIOTCSI YETKO BO BCEX MOISIX
3peHU s, IUTOIIa3Ma 3€PHUCTAsI, B MEYCHOUHBIX
JIOJIbKaX YMEPEHHO BBbIpakeHHasl TMCKOMILJIeKCa-
LM TeTIaTOLIMTOB.
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PucyHok 1. CpepgHue nokasaTtenu akTUBHOCTHU
COQA, katana3bl U cogepxaHua MAA

B KonpodunbTpaTax Mbille, Nojy4yaBLInX pasHblie
npenaparbl HaHocepeobpa (%)

Figure 1. Coprofiltrate average activity levels for SOD,
catalase and MDA level in mice treated with different
nanosilver preparations (%)

Mukpockonmieckoe onucanue pucyHka 3 (B):
NepUHYKJICAPHO OTMEYaeTCs ITPOCBETICHUE IIH-
TOITJIa3MBI B OTHCJIBHBIX TPYIIIAX, SIApa OKPYTJIOi
(GOPMBI KOHTYPHUPYIOTCS YeTKO BO BCEX MOJISIX 3pe-
HUS, LMTOIJIa3Ma 3epHUCTAS.

Mukpockonumdeckoe onucanue pucyHka 4 (b):
BEHO3HOE IIOJTHOKPOBUE MEXKAaHaJIbIIEBBIX BEH,
KanmIJISIpOB MOYEYHBIX KJIYOOUKOB, IIUTOILIa3Ma
HEe(DPOIUTOB TUCTAJIBHBIX U ITPOKCUMAaJIbHBIX Ka-
HaJIbIIEB 3¢pHUCTAS.

Mukpockonmieckoe onucanue pucyHka 4 (B):
BEHO3HOE ITOJTHOKPOBHE, B MHTEPCTUIINHN MEJIKO-
OYaroBbIe CBEXME KPOBOU3IUSIHUS, OUCTaIbHBIC
W TPOKCUMAJIbHBIC KaHaJbIBI — 0e3 0COOEeHHO-
cTeit, ssmpa HePOIMTOB OKPYIIO (OPMBI KOH-
TYPUPYIOTCS YETKO BO BCEX IOJISIX 3PCHUS, IIUTO-
TJia3ma 3epHUCTasl.

Mukpockonumdeckoe onucanue pucyHka S5 (Bb)
u (B): momHOKpOBUE LIGHTPAJIbHBIX BEH U TeMOKa-
OUJIISIPOB, TOJIBKOBOE CTPOCHHE COXpaHEHO, Oa-
JIOYHOE PACIIOIOKEeHE B JOJIbKaX IpOoCcCMaTpUBACT-
cs1, YMEpEHHO BhIpakKeHHasI X TMCKOMIIJIEKCAIIH I,
SIIpa TeIraToOIMTOB OKPYTJIOi (popMBI, MUTOITIa3Ma
3epHUCTAS.

Ob6cyxaeHne

MuKpoOHOJIOTUYECKOe HCCeI0OBaHUE COHEP-
JKUMOTO  TOJICTOM KMIIKM OepeMEeHHBIX ca-
MOK, BBIIaMBaeMbIX IIperapataMu <«AIXeHTa»
u «Burtaproi», BBISIBUJIO UICHTUYHOCTb M3MEHE-
HMI TTOKa3aTesieil B Xo/1e AKCIIepUMEHTa pe3yabTa-
TaM aHaJOTMYHOTO HCCJICIOBAaHUS, TTPOBOIUMOIO
Ha camuax B 2022 1. 3apuKcupoBaHO JOCTUKEHUE
MUKPOOHOro OaJlaHca C 3JIMMUHAILIUEH YCJIOBHO-
MaTOTeHHBIX BO30OYAMTENICH, NICYE3HOBEHUE ITPOTES
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M BOCCTAHOBJIEHUE €ro IMepBOHaYaJbHOW YHCJIeH-
HOCTH TI0CJie MepopaibHOro npreMa oooux npena-
paTtoB HaHocepeOpa. CpaBHeHUE NMPOTUBOKAHIU-
J03HOro 3 dekTa npenapaToB KOJJIOUIHOIO Cepe-
Opa B MOJI€JIU in Vivo BbISIBUJIO UX HE3HAUUTEJIbHOE
JeicTBUE MPpU MepopabHOM MCIOJb30BaHUU, T10-
3BOJISIIONIEE JIMIIb YMEHBIIUTh YMCIEHHOCTh KaH-
JUJ, YTO MOXET ObITh OOYCJIOBJIEHO CBSI3bIBAHUEM
yacTHUll cepedbpa ¢ MUKpPOIJeMEeHTaMU MaKpoop-
raHusma, KOTOpOoe MOTJIO CITOCOOCTBOBATh CHUXe-
HUIO J103bl BO3JEUCTBUS, SIBJISIOMIEHCS N10CTaTOU-
HOI AJist 0aKTepUil U HETOCTATOUHOM AJIsI IPOXKXKe-
MOJ0OHBIX TPUOOB.

PesynbpTarhl Halllero OMOXUMHUYECKOrO MCCIIe-
NOBaHUSI KOMNPOMUJILTPATOB CBUAECTEILCTBYIOT
00 yrHeTeHUM aHTUOKCHJIAHTHON 3allMThl MpU

aKTUBAIlMU TIPOIIECCOB TEPOKCUAAIMU, YTO HE-
MOCPEJICTBEHHO CBSI3aHO C IIPUCYTCTBUEM CBO-
OomHOpaIMKadbHBIX IIpolieccoB. [loryyeHHBIe
HaMU JaHHBIE COIVIACYIOTCSI C pe3yJibTaTaMUu HC-
cJIelOBaHUWM, BEISTBUBIIMX aKTUBAIIUIO TIPOIIECCOB,
MPUBOASIINX K OKUCIUTEIBHOMY CTPECCy B 3yKa-
PMOTHYECKUX KJIETKaX B MPUCYTCTBUU HaHOCEpe-
opa [10]. CBegeHue o TOM, YTO HAaHOCEPEOPO MpHU
BoicokMXx mo3ax (0,1 mr/cm® Ag) siBAsIeTCST MHIYK-
TOPOM OKHCJIMTEJIBHOI'O CTpecca B KJETOUHBIX
KYyJIBTypaXx M B OpraHM3Max TMJpOOMOHTOB TpH-
CYTCTBYET B oly0JrMKoBaHHBIX padoTax [20]. B pa-
60Te 110 TOKCUKOJIOTMYECKOI OlIEHKE KOJJIOUTHOTO
HaHocepeOpa 'mommHckuit M.B. ¢ coasT. B 2015 1.
ONpenessiiu coAaepXXaHWe MaJOHOBOIO IuaJiblie-
rujaa B mja3Me KpOBHM, a aKTMBHOCTbH (DEpPMEHTOB

Ta6auua 1. CocToiHMEe MUKPOOGUOTHI TONCTON KALLIKU OepeMeHHbIX Mbiwwei Ao (K) n nocne 30-gHeBHOro
nepopanbHOro MCNoOJIb30BaHUSA NpenapaToB KOJIJIOUAHOro HaHocepeopa
Table 1. Colon microbiota in pregnant mice before (K) and 30 days after oral colloidal nanosilver preparation intake

CpenHee konuyecTBo MukpoopraHuamoB Ig KOE/r B pa3Hbix rpynnax mMbillei
Average number of microorganisms Ig KOE/g
MMKPOOPraHM3MbI Ao caHauum Mocne caHauun
Microorganisms Before therapy After therapy
1 rpynna AgA 2 rpynna AgB
n =K12 1 group AgA 2 group AgB
n=12 n=12
Budupobakrepun 10,0£0,5* 10,040,5"
Bifidobacteria 8404 p<0,05 p<0,05
p<0,1 p<0,1
JNakTo0akTepun 8,2£0,1" 8,2:0,1"
Lactobacteria 7:3£0,3 p<005 p<0,05
p<0,1 p<0,1
. 5,6+0,2% ** 5,0+0,2% **
E.' ggllillflll;lAq,A 8,2+04 p<0,05 p<0,05
p<0,05 p <0,05
SHTEPOKOKKMN 7,001 7,0£0,1
Enterococcus 7,003 p<O; p<O)
p<0,1 p<0,1
2,0+0,1 2,0+0,1
Proteus mirabilis 2,0+0,1 p<0,1 p<0,1
p<0,1 p<0,1
0* 0*
Hafnia alvei 5,3+0,2 p<0,05 p <0,05
p<0,1 p<0,1
0* 0*
Citrobacter freundii 5,3%0,2 p<0,05 p <0,05
p<0,1 p<0,1
CtadUNOKOKKM 6.0£0.2 6.0£0.2
KoarynasooTtpuuaTtesbHbie ’ ’ ’ ’
. 6,1x0,2 p<0,1 p<0,1
Staphylococci
coagulase-negative p<0,1 <0,
p. Clostridium 0 0 0
Opoxoxenoao6Hble rpubbI 5,220,2" 5,0:0,2"
Yeast-like fungi Candida sp. 6,002 P<0,05 p<0,05
p<0,1 p<0,1

Mpumeyanme. HPA (HopmanbHas hepMeHTaTUBHAs aKTUBHOCT); * — AOCTOBEPHOCTbL OT/INYMIA M3y4aemoro nokasatens B rpynnax 112 ot rpynnsi K,
p < 0,05; ** — LOCTOBEPHOCTb OTANYMIA U3y4aeMOro nokasaTens B rpynnax cpasHenus (11 2), p < 0,05.
Note. NFA (normal enzymatic activity); * — significant differences between groups 1 and 2 from group K, p < 0.05; ** — significant difference

in comparison groups (1 and 2), p < 0.05.
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HaHocepebpo npv 6epeMeHHOCTY MblLLEi

Ta6auua 2. ilutHamnka n3aMeHeHus Beca 'y 6epemMeHHbIX CaMOK U UX NPUNJIoaa B Xxo4e 3KCrnepumMeHTa
Table 2. Body weight dynamics in pregnant female mice and paired offspring during the experiment

. CpepHuii Bec (r) B rpynne (t, Hepenm)
Fpynnbl MblLwen . .
. Average weight (g) in the group (t, weeks)
Groups of mice
t, t, t; t,
K,n=12 32,2+1,1 34,8+1,5 36,1£1,6 22,2+0,9
«Ap)XeHTa»
“Adjenta” 31,8+1,2 34,2+1,4 35,9%1,5 20,5+0,8
BepemMeHHble camKku
n=12
Pregnant females
«Butapron»
“Vitargol” 32,3+1,1 34,3+1,4 36,0+1,6 22,3+0,9
n=12
K,n=96 1,5+0,2 11,5+0,4 16,3+0,7 -
«Ap)XeHTa»
“Adjenta” 1,4+0,3 10,8+0,5 16,0+0,7 -
Mpunnopg
) n=96
Offspring
«Butapron»
“Vitargol” 1,5+0,2 10,8+0,5 16,1£0,7 -
n=96

AHTUOKCUIAHTHOM 3allUTHl — B 9pUTpouuTax [6].
Pe3ynbTathl UX uccienoBaHUs CBUAETEIbCTBOBA-
JT1 00 aKTUBAIIMU KJTIOUEBBIX (DEPMEHTOB CUCTEMBI
JNIETOKCUKAIlMM KCEHOOMOTHUKOB, YKa3blBalolleh
Ha ee (byHKIMOHAJIbHOE TepeHarnpsXeHue, ooy-
CJIOBJIEHHOE MOBBIIIEHHBIMU 103aMU cepebpa [6].
B HauieM ciiyyae HECOCTOSITeIbHOCTh MECTHOU He-
crielupuIYecKoil pe3UCTEHTHOCTU HE MOXKET ObITh
CBSI3aHAa C 103001, TaK KaK KOJM4YecTBa 00ouX mpe-
napaToB KOJIJTOUTHOTO HaHOcepeOpa He MpeBbilia-
JIU TepaneBTUYecKUue 3HaueHrs. Bo3aMoxHO, Takoi
a¢deKkT o0yC/OBJEH CHUJBbHOW aHTUOAKTEpUaJb-
HOU aKTUBHOCTBIO TIpenaparoB, B pe3yabTaTe Yero
yBeJauuuBajachk KoHueHTpauus H,O, n mornommx
KJIETOK OaKTEepUil, YTO B CBOIO OUEpPEdb MOIJIO BbI-
3BaTh YCUJICHUE MPOLIECCOB MEPOKCUTALIMU U UH-
TOKCUKAIIUU C BO3pacTaHUEM Harpy3Ku Ha JeTOK-
CHUKallMOHHbIE OpTaHbl MAKpPOOPraHU3Ma.

B pesyabTate mpoBeIeHHOro rMCTOJOTMYEeCKOro
aHaau3a MeyeHu, NoYyek U Mo3ra caMoK, MpUuHUMaB-
IIMX BO BpeMsl OepeMeHHOCTH MpenapaTbl HaHOCe-
pedpa, BBISIBJIIEHBI HEKOTOpble MOpdOIornyecKue
N3MEHEHM S B TKaHIX. [Ipy MUKPOCKOITMYECKOM HC-
cJIeIOBaHWU U BCeX OMOMTATOB OPraHOB SKCIIEPUMEH-
TaJIbHBIX MBIIIE W3 TPYII, IPUHUMABIIUX KOM-
MepyecKUe Tpenaparbl KOJJOUAHOTO HaHOcepeOdpa
«AmxeHTa» U «Burtaproj», Kakux-1u60 MPUHLIM-
NUuaJbHBIX OTJMYUI HEe OOHapyxXeHo. Y BceX XKU-
BOTHBIX TPUCYTCTBYET 3€pHUCTAs] TUCTPOPUS Te-
MaTOILMTOB, HE(PPOLIUTOB MPOKCUMAJILHBIX U IHC-
TaJIbHBIX KaHaJIbLIEB, B MpelapaTax IedeHu Iepu-
HYKJIeapHO HMEETCS MPOCBETJECHUE IIMTOIIa3Mbl
B OTHEJIbHBIX TPpYMIax IeYeHOUHBIX KJIETOK. Bo Bcex
npernaparax Mo3ra — yMEpPEeHHO BbIpak€HHbIN Te-
PUBACKYISIPHO-MIEPULICIUTIONISIPHBIN OTEK, MOJHO-
KpPOBUE COCYNIOB, NTUCTPOdH S HEUPOHOB.

OnHaKo MpU TUCTOJOTMYECKOM UCCIEeIOBAHUU
MEYEeHU MOJIOAU, BBIPOCIIEN Ha TPYAHOM MOJIOKE

CaMOK, TaK>Ke MPUHUMAaBIINX B TEpANeBTUUYECKUX
noszax «Burtaproj», Kakux-aubo OTpULATEIbHbBIX
U3MEHEHU I 00HapyKeHO He ObLIO.

Hu onuH 13 npenapaToB KOJJIOUAHOIO HAHOCE-
pebpa oTpuLIATEIbHOTO AEMCTBU S HA TeUEHUE U UC-
Xoa 6epeMeHHOCTHU y MblllIeii He oKa3aJl.

3akJ/yeHme

TakuMm o00pa3oM, B BKCIEpUMEHTE 3a(pUKCH-
pPOBAHO TIO3UTUBHOE AEUCTBUE OOOMX IMperaparoB
«AmxeHTa» u <«BuTaprom» Mo BOCCTAaHOBJIECHUIO
MHUKpOOHOro ©OajaHca B KHUILIEYHOM MUMKPOOMO-
Me OepeMeHHBIX MbIlIeH C SJAMMMHALIUEN YCIOB-
HO-MATOT€HHbIX BO30YyAUTENE M HEraTUBHOE NEWi-
CTBHE HA COCTOSTHME MECTHOM HecTenndrIecKomn
PE3UCTEHTHOCTU B TOJCTOW KMILIKE >XWUBOTHBIX.
ITonydyeHHBIe TaHHBIE O BBICOKOM KoundectBe M 1A
B KOIpoduiabTpaTax MBIIIEH II0CIe BHYTPEHHE-
ro HCIIOJIb30BaHMS IPENapaToB CBUJIETEIbCTBYIOT
O TOKCMYECKOM JAEMCTBUM HAaHOYaCTUILl cepedpa,
B OCHOBE KOTOPOTO JICXKHUT MHTCHCU(pUKAIIUAS TTPO-
LIECCOB TMEePEKMCHOI0 OKUCIEHU S JUMUIO0B, YBEIU-
yyBarolasi MpOHULAEMOCTb KJIETOYHBIX MeMOpaH.
Bo3MoxkHO, 3TOT (paKT IMOATBEPKAAIOT PE3yIbTaThI
MOCJAEPOJIOBOTO TUCTOJOTMYECKOTO HCCIIENOBAHM S
KMU3HEHHO BaXHBIX OPTaHOB CaMOK (MO3T, IICUCHb,
MOYKM), YCTAaHOBUBIIETO B HUX ITAaTOMOP(MOIOTH-
yecKre M3MEHEHMS TIoCjie TepopaibHOro IpuemMa
npenapaToB. OMHAKO OTPUIIATEIBHOTO BO3ICUCTBUS
HaHocepebpa uepe3 MaTepuHCKOE MOJIOKO Ha TeYeHb
MOJIOAM He BbIsIBIEHO. [Ipoliecc 6epeMeHHOCTH IMTPOo-
TeKaJl HOpMaJbHO U MMEJI 0J1aroroJyYHbIi UCXO.

HecMoTpsg Ha cyliecTBOBaHUE TTOJOXUTEIb-
HBIX ()aKTOB, 3a()MKCUPOBAHHBIX B 9KCIIEPUMECHTE
no TepopaibHOMY MCIOJb30BAHUIO TMpernapaToB
«AnmxeHTa» u <«Burapron» mnpu OepeMEeHHOCTH,
ceJiaTb OJJHO3HAYHbI BBIBOJI HEBO3MOXKHO.
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B3AUMOAENCTBUE MUKPOBWOTbI
SQHAOMETPUA C AHTUMUKPOBHbIMU
NENTUOAMM Y XXEHLUNH C PASHBIMU
dOPMAMU BECIJ1IOOUNA

K.B. lllaneno, K.B. Cropoxkesa, A.A. KpoicanoBa, O.B. Bynunosckas, T.A. XycHyTauHoBa,
A.A. KonbrmoBa, H.!. Tanuasckasa, A.M. CasnueBa, O.H. becnaioBa

DOIbHY HUH akywepcmea, eunexonoeuu u penpooykmonoauu umernu /1.0. Omma, Cankm-Ilemep6ype, Poccus

Pestome. Bsedenue. AHTUMUKPOOHBIE TICTITUIBI, KOTOPBIE MOTYT TPUBOAUTH K UMMYHHBIM HApYIIEHUSIM U pa3BUTHIO
BOCITAJICHMSI B TIOJIOCTU MaTKH, HAaXOISTCS B TECHOM B3aMMOAEUCTBUY C MUKPOOHBIM COCTaBOM BEPXHUX W HUKHUX
PENIPONYKTUBHBIX ITyTeil. B3aMOCBSI3b MUKPOOHUOTHI TTOJIOCTY MAaTKH M BPOKICHHON ¥ aJalITHBHON MMMYHHOM CH-
CTEMBI UTPAET BaXXHYIO POJIb B MOAEPKaHUM cOaTaHCUPOBAHHOM CPEbl ISl TPOLECCOB MMIIAHTALIMM SMOPHOHA.
Lenp — oreHKa B3aMMOACHCTBUS MUKPOOMOTHI SHIOMETPU S C AHTUMUKPOOHBIMU MENTUAAMU Y XXEHIIUH C Pa3HbI-
MU opMamu Oecrionusi. Mamepuanst u memoos:. O6cnenoBaHa 181 xxeHIIMHA PeMpOAYKTUBHOrO Bo3pacTta. | rpymn-
Iy cocTaBuan 165 XeHIMH ¢ GecrioaueM pasHoro redesa, II rpynmy 16 toHopoB oouuTtos. B I rpymme BoiaeeHbI
Tpu noarpynnsl (IA — cuHexuu B mojocTu MaTku, Ib — monumnel sHgomMeTpus, IB — mpoune dhopmbl 6ecriionus).
MukpoOrOTy 3HAOMETPUSI UCClIeqoBaln MeTogoM KoauuectBeHHoi ITIIP B peanbHoM BpemeHu (Pemodiop 16,
HNHK-texnonorusi, Mocksa). dedensun (DEFal), dhaktop pocra ¢pubpobdmacros 2 (FGF2), Tpanchopmupyonmii
dakTop pocra 6eta 1 (TGF-B1) B snnomerpun onpexaensiin metogom MDA (Cloud-Clone Corporation, Yxaub, KHP).
Pesyrvmamoi. B snmoMeTpun Hanboiee YaCTO BBISIBISIIACH TAaKTOOAIMIIIEL. B OCHOBHOM TpyIITe BBISIBICHBI TAKKE
Atopobium vaginae, Enterobacteriaceae, Lachnobacterium spp., Mobiluncus spp., Peptostreptococcus, Mycoplasma hominis,
Ureaplasma spp., a B TpyTITe CpaBHEHUSI 3TM MUKPOOPTaHU3MbI HE BBISIBJISIMCH. Y BCeX MAIIMEHTOK | TpyIITbI, Hesa-
BUCHUMO OT (popMbI Oecrionus, o cpaBHeH U0 co I1 rpymnmoit Ob11M cTaTucTUYecKU 3Ha4uMo MoBbiteHbl DEFal (p <
0,01). Beicokue koHueHTpauuu DEFal tak:xe Ob111 0OHApY>KeHbI TIPU BbISIBJICHUU Afopobium vaginae B IOJOCTU MaT-
KM Y XXEeHIIUH ¢ T100biMu popmamu 6ecrnoaus (p < 0,001). 3axawouenue. MuKpoOUoTa SHAOMETPHUS U TTPOUCXOASLIINE
B HEM UMMYHHbBIe U3MEHEHHU ST TECHO B3aMMOCBsI3aHbl. [Ipu Oecrnioauu B MOJOCTU MaTKM TMOBBIIIAETCS KOHIIEHTpa-
uus nepensnHoB (DEFal), mpuBoasiast K HapylIeHUsIM TTPOLIECCOB UMIIJIAHTALIMK SMOPUOHA, a HaJlu4ie MUKPO-
OpraHM3MOB, 0COOECHHO Atopobium vaginae, ycyryO0IsieT 3TH HapyIICHHU .
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INTERPLAY BETWEEN ENDOMETRIAL MICROBIOTA AND ANTIMICROBIAL PEPTIDES IN WOMEN
WITH DIFFERENT INFERTILITY FORMS

Shalepo K.V., Storozheva K.V., Krysanova A.A., Budilovskaya O.V., Khusnutdinova T.A., Kopylova A.A.,
Tapilskaya N.I., Savicheva A.M., Bespalova O.N.

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

Abstract. Introduction. Antimicrobial peptides able to induce immune disorders and inflammation in the uterine cavity are
tightly bound to microbial composition of the upper and lower reproductive tract. An interplay between uterine microbiota
and innate and adaptive immune system is crucial for maintaining a balanced environment for embryo implantation
processes. Objective: to evaluate an interplay between endometrial microbiota and antimicrobial peptides in women with
different infertility forms. Materials and methods. A total of 181 reproductive age women were examined. Group I included
165 women with infertility of various origins, Group Il included 16 oocyte donors. Group I was divided into three subgroups
(IA — adhesions in the uterine cavity, IB — endometrial polyps, IB — other infertility forms). The endometrial microbiota
was studied using quantitative real-time PCR (Femoflor 16, DNA-technology, Moscow). Defensin (DEFal), fibroblast
growth factor 2 (FGF2), transforming growth factor Betal (TGF-B1) in the endometrium were determined using ELISA
(Cloud-Clone Corporation, Wuhan, China). Results. Lactobacilli were most frequently detected in the endometrium.
Atopobium vaginae, Enterobacteriaceae, Lachnobacterium spp., Mobiluncus spp., Peptostreptococcus, Mycoplasma hominis,
Ureaplasma spp. were also found in main group, but not in comparison group. All patients in group I, regardless of the
infertility form, had significantly increased DEFal (p < 0.01) level compared to group II. High concentrations of DEFal
were also found when Afopobium vaginae was detected in the uterine cavity of women with any infertility form (p < 0.001).
Conclusion. The endometrial microbiota and related immune changes are closely interconnected. Infertility increases
the concentration of defensins (DEFal) in the uterine cavity, leading to disturbed processes of embryo implantation,

whereas the presence of microorganisms primarily Atopobium vaginae, aggravates such alterations.

Key words: defensins, endometrium, cytokines, transforming growth factor, infertility, microbiota.

BeepgeHne

IMpoexT «MuKpoOMOM UesloBeKa» CTaa KpyITHe-
UM UCCJIEIOBAHUEM TI0 OMMCAHUIO BCEX MUKPO-
OpPraHU3MOB, HACEJSIONINX Pa3uuYHbIe OUOTOTIBI
(mpIxaTenbHbBIE TTYTH, TIOJIOCTH PTa, KOXY, KeJIyA04-
HO-KWIIEYHBI U YPOTEHUTAJIbHBIN TPaKThl) y 250
3n0poBbix noopoBosbiieB CIIIA. I'pynna Obta pa3-
HOOOPa3HO IO STHUYECKOMY COCTaBY U JPYyTUM Jie-
Morpaduueckum xapakrtepuctukam [18]. B uccre-
JIOBaHWU ObLIa TIIATEJIbHO M3yuyeHa MUKpoOuoTa
BJIArajiMiia, a MmoJoCTh MaTKU TPAIUIIMOHHO CUM-
Tajachk cTepuyibHOM. OIHAKO C Pa3BUTHUEM MOJIEKY-
JISPHBIX TEXHOJIOTUI MOSIBIISIETCS BCe OOJIbIIE TaH-
HBIX O CyIIECTBOBAHUYU MUKPOOUOTHI SHIAOMETPU S
U €€ BO3MOXHOM BJIMSTHUM Ha PETNPOAYKTUBHYIO
¢dyuknuio. HemaBHue wuccieqoBaHusl TIoKa3aliu,
YTO B TIOJIOCTM MATKU COXPAHSETCS 4Ype3Bbluaii-
HO HU3Kasi MUKPOOHAsT MOMYJSIIIUS U CONEPKUTCS
B 10000 pa3 meHbllle OakTepuii, Y4eM BO BJIarajiv-
mre. M3-3a Takoii HU3KOW OMOMacChl HE CYIIeCTBYET
€IMHOTO MHEHUS O COCTaBe MUKPOOUOTHI IHIOME-
tpus [7]. Ilpenmnonaraercs, 4TO MUKPOOUOTA KEH-
CKUX PETNpOAYKTUBHBIX MYTeil UTPaeT KIIOUEBYIO
pOJIb B MECTHBIX UMMYHHBIX PeaklusIX B MOJOCTU
MAaTKH, JeMNCTBYIOIINX BO BpeMsl OepeMeHHOCTH [9].
DTO MOXET O3HauyaTh, YTO TOCJEACTBUS BIUSHUS
TMCOMOTUYECKON MUKPOOMOTHI Ha PENPONYKTUB-
HbIE UCXOJIbl, BOBHUKAIOIIINE B pe3yJibTaTe OaKTepu-
aJbHOUW MHBAa3UU U3 BJarajulia B MOJOCTb MAaTKH,
MOTYT 3aBUCETh OT PeaKIIMM MECTHOW MMMYHHOM
cuctembl. Eciu MMMyHHasi CHUCTEMa Ype3MEPHO
aKTUBHA BO BpeMs 0aKTepuaJbHOW WHBA3WU, BO3-

HUKAET MPOBOCTIAIUTEIBHOE COCTOSIHUE, KOTOPOE
MOTEHIIMAIBbHO TPUBOIMT JIMOO K Heyaue MMITIaH-
Tauuu, AMbo K norepe 6epeMeHHOCTH [7]. OpHaKO
€IMHOTO MHEHHUSI O COCTaBE MUKPOOHUOTHI SHIOMET-
pMs HET, TIOBTOMY €€ POJIb B HOPMOIIEHO3€ MOJIOCTH
MAaTKU BCE ellle OCTaeTCs aKTyaIbHOI TEMOIA.

B uccnegoBanuu Moreno m coanT. (2016) [13]
OBbLJI0O OTMEYEHO, YTO B COCTaB€ MUKPOOMOTHI IH-
JIOMETpUsI B OCHOBHOM TipeodnanatoT Lactobacillus
spp. (> 90%). T1py TOMMHUPOBAHUU TaKHX OAKTeE-
puii Kak Atopobium, Bifidobacterium, Gardnerella,
Megasphaera, Prevotella, Sneathia w Streptococcus
y XEHIIIMH UMEeIOT MeCTO OoJiee HU3KMe ToKa3are-
I UMITJIaHTAallMM, HACTYIIJIEHUSI W TTPOJIOHTUPO-
BaHUsI OEPEMEHHOCTU, POXICHUS KMBOTO peOeH-
Ka, a TaK>Xe BbICOKAsl YaCTOTa BbIKUABIIIEH [7].

WM3BecTHO, YTO MHOUIIMPOBAHWE TTOJIOCTU MaT-
KU CTPENTOKOKKaMU, CTa(hUIIOKOKKaAMHU, SHTEPO-
KOKKaMu, a Takxe FEscherichia coli nnu Klebsiella
pneumoniae, SIBJIsIeTCSI (DaKTOPOM pUCKA Pa3BUTHS
OecCIIoaMs U HEBbIHAII M BaHU s OepeMeHHOCTH [14].
ITo nanHbiM Schoenmakers u Laven 2020 [22], oT-
HocuTelbHOE conaepxaHue Lactobacillus crispatus
(> 60%) u Lactobacillus iners (> 60%) Bo Biarajim-
IIIe MOXET OBbITh UCTIOJb30BAHO JJISI ONpeaeIeHU S
TPYIITBI XXEHIIUH C 0oJjiee BBICOKMM IIIaHCOM Ha-
CTYIIJIEHUS] OEpeMEeHHOCTHM TIPU MCIOJIb30BaHUU
BCIIOMOTAaTEIbHBIX PEMPOAYKTUBHBIX TEXHOJIOTUIA.
Ony6auKoBaHHBIE 0030pbI UccaenoBanuii [15, 19]
MOATBEPANIIU, YTO JOMUHUPOBAHHE JTAKTOOAIIMJLIT
B XKEHCKMX TIOJIOBBIX MYTSX CBSI3aHO C JIYUYIIUMU
PENPOAYKTUBHBIMU HCXOAAaMHM U pe3yJbTaTaMu
BCIIOMOTATEIbHBIX PENPOIYKTUBHBIX TEXHOJIOTHIA.
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Takum oOpa3oM, yCIlelHass UMITJIaHTalus dM-
OpuoHa U OJIaTONMPUSITHOE TeueHe OepeMEeHHOCTH
CBsI3aHbl C MUKPOOMOMOM, B KOTOPOM ITpEBaJINPY-
10T Lactobacillus B XXKeHCKUX PENIPONYKTUBHBIX ITy-
TX. HanmpoTtus, HelMaKTOOALMIJISIPHBIA TUIT MU-
KpoOuolleHo3a Bjlarajauiina MoXeT CllocOOCTBOBATh
pPa3BUTHIO BOCIAJIUTETbHON peakIiMu, BIUSIONIEH
Ha uMmILIaHTauuio smopuoHa [10]. boaee Toro, He-
JIOCTATOK TJIMKOTeHa KaK B 9HJIOMETPUU, TaK U BO
BJIaTaJIMIIEe MOXET YMEHBIIUTH KOJIMYECTBO BUIOB
Lactobacillus 1 TeM caMblM ITOMeNIaTh YCIEIIHOMI
UMILJTIaHTauuu [7].

HenasHee ucciaenoBaHue rokasajo, yto y 141
JKeHIIIWHBI ¢ TIOBTOPHBIMY HeyjaaYaMy MMILIaHTa-
uuu B 121 obpa3siie 3HAOMETPU S ObLIN OOHAPYKEHbI
Streptococcus spp., Staphylococcus spp., Enterococcus
spp., Escherichia coli, Klebsiella pneumoniae, HO nipu
9TOM OTCYTCTBOBaJIM JlaKToOaumyuibl [26]. Kpome
TOTO, PacIpoOCTPaHEeHHOCTh BUIOB Bacteroides B 2H-
JIOMETpUM HeOepeMeHHBIX >KEHIIMH Obljla CBs3a-
Ha C MOBTOPHBIMM HeyJadyaMW UMILIaHTaluuu [24].
Jpyroe ucciegoBaHue mokasajo, YTo MpeacTaBuTe-
au pona Lactobacillus mpyu XpOHUYECKOM 3HJIOMET-
pUTe BBISIBJISIIOTCS pEXe, 4YeM TaKue MUKpoopra-
HU3MBbI Kak Bifidobacterium, Prevotella, Gardnerella,
Anaerococcus v Dialister [12]. I3BeCTHO, YTO 3TU MU-
KPOOpPTaHU3Mbl HapylIaloT IEJOCTHOCTh IHJIOME-
TPUSI, YTO MOXKET NMPUBECTU K HEYAaYHON MMITJIaH-
Tauuu [6]. JrcOuo3 Baarajanila M CBI3aHHbIE C HUM
MPOBOCITAJIMTENIbHBIE pPEaKIIMU MOTYT TOBPEAUTh
SMUTEIMAIbHBIA Oapbep MIEMKW MaTKH, YTO IIPU-
BOIUT K TPaHCJIOKAIMKU OaKTepUil B SHIOMETPUI,
a 3TO MOKET ITPUBECTU K JJOKAaJILHOMY BOCITaJIeHUIO,
MPEensITCTBYIOIIEMY pa3BUTHUIO OepeMeHHocTu [4].
ITpu Mukpo6bHOM nucOansaHce B SHAOMETPUU MPO-
HUCXOMSIT U3MEHEHN I UMMYHHOTO OTBETa U BOCITPU-
WMYUBOCTD 9HIOMETPHUSI CHUXKACTCSI U HapyIIaeTCs
UMILIaHTaLus SMOpuroHa [5].

JrcbakTepro3 Biaraauina U/ HIAOMETPUS
CBsI3aH C TTOBTOPHBIMM HeymayaMy MMIUIAaHTAIIUU
U BBIKMIBIIIAMU U B 000UX cllydyasx 3aJeicTBoBa-
HBI CXOXHe MexaHu3Mbl. bojiee Toro, BocrajieHue
W HeperyJupyeMasi akKTHUBallMsi MMMYHHOW CH-
CTEMBI, TIO-BUIMMOMY, BJIMSIOT Ha IIEJIOCTHOCTh
CJIM3UCTON 00O0JIOUKM HAOMETPHUSI, UTO ITPUBOIUT
K HeynadyaM MMIIJIaHTalluu, U BIOCJIEICTBUU Me-
[Ia}0T BOCITPUMMYUBOCTU SHIOMETPUST U TIPOIIEC-
caM UMIIaHTAllMU U TJIalleHTalluy, YTO ITPUBOIUT
K HeBbIHAILIMBAHUIO OepeMeHHOCTH [7].

DHAOMETPUI SIBJISIETCS Ba’XHBIM OapbepoM,
OCHOBHAasI (DYHKIIMSI KOTOPOTO 3aKJII0YaeTcst B 00e-
CHEeYeHUU 3allUThl U CMMOMO3a MEXIy KOMMEH-
CcaJlbHBIMU MUKPOOpPraHU3MaMW M MMMYHHBIMU
dakTopamu. UMMyHHas1 cucteMa CJIM3UCTON 000-
JIOUKM TIOJOCTUM MAaTKW YHMKaJdbHA, ITOCKOJBKY
OHa IIMKJINYECKU U3MEHSIETCS B TeYEHNE MEHCTPY-
aJbHOTO IIMKJIA B OTBET HA TOPMOHAJIbHBIE CTUMY-
abl [2]. UMMyHHas1 cucteMa SHIOMETPUSI UTpaeT
pelIamIy0 poJib B peNpOAYyKIIMU, TTOCKOJBKY OHa

obecrieyrBaeT MECTHYIO MMMYHHYIO TOJEpPaHT-
HOCTh K (DeTaJbHBIM/OTIIOBCKUM aHTUTEHaM, WUH-
Ba3uu Tpodobiiacta U PeMOJEIUPOBAHUIO COCY-
JIOB, TaKUM obOpa3zoMm wurpas ¢yHIaMEeHTaJbHYIO
poOJIb B UMIUIAHTALIUA U HACTYIJEHUU OepeMeH-
HocTH [2]. InHaMHU4YecKoe B3auMOJeHCTBUE MEX Y
MMUKPOOMOMOM W MMMYHHBIMU daKkTopaMu pe-
NPOAYKTUBHONH CHUCTEMBI 3TO CJIOXHasi U OBICTPO
pa3BUBaloNIasicss 00JacTh HCCIEIOBaHUMN, OTKPHI-
Balolllasi OrPOMHBIE BO3MOXHOCTU [OJS1 Pa3BUTHUS
PENPONYKTUBHONM MEMUIIMHBI. DTHU B3aUMOOTHOIILIE-
HUS PaKTOPOB UMMYHUTETA U MUKPOOUOMA BIUSI-
IOT Ha BPOX/JIEHHBIE U aJalTUBHbIE UMMYHHBIE pe-
aKIMU, TEM CaMbIM CIOCOOCTBYSI BOZHUKHOBEHUIO
U TIPOrPECCUPOBAHUIO PENPOAYKTHUBHBIX Hapylile-
HUil. OgHAKO MeXaHU3MBbI, YIPaBASIOIIE STUMU
B3aMMOJEUCTBUSIMM, OCTAlOTCS  HEYJOBUMBIMU
U TpeOYyIOT MHHOBAIIMOHHBIX TTOJAXOIOB JIJIs Ty Yllle-
ro MOHMMaHMU S Ipoliecca UMIIaHTauuu. CTpoeHue
U TIpaBUJIbHasI GYHKIIMS SHIOMETPUS HEOOXOTUMBbI
JUTS UMTUIAHTAlluU SMOpUOHA, pa3BUTUSI OepeMeH-
HOCTU U POJOB. DTO pe3yabTaT ACUCTBUS MHOTUX
¢$aKTOpPOB — aHATOMUYECKOTO U TUCTOJOTNYECKOTO
CTPOEHUSI, TOPMOHAJbHBIX 3(h(HEKTOB U CUTHAJb-
HBIX MYyTEeN Ha MOJIEKYJSIPHO-TEHETUYECKOM YPOB-
He. UMniaHTanus sMOproHa, BEPOSITHO, SIBISIETCS
OIHMM U3 CaMbIX CJIOXXHBIX ITPOLIECCOB U3-3a CJIOX-
HOU peryasiium KOMOUHUPOBAHHBIX MEIUATOPOB,
TaKUX KaK HUTOKUHbI, TUMUIbI, MOJIEKYJIbI AT€3UUN
U dakTopsl pocTa. YToOBI 0OECNEYUTh UMILIAHTA-
LMI0, TKaHb SHJAOMETPUS MpeTeprneBaeT Mopdoo-
TMYeCKUe U3MEHEHUSI BO BpPEeMsl CpPeIHEeCEeKpeTop-
HOM (ha3bl MEHCTPYaJbHOIO 1IMKJIa, TAKXE U3BECT-
HOW KaK UMITJTaHTallMOHHOE OKHO. PelienTuBHOCTD
SHIOMETPUS SIBJSIETCS KJIOYOM K MMILIAaHTAllUU
SMOpUOHA, U B OTOM KOHKPETHOM KOHTEKCTe (DyH-
JIAaMEHTaJbHYIO POJIb UTPAIOT UMMYHOJOTHMYecKast
TOJIEPAHTHOCTb K aHTUTE€HaM IJIOJa U CTPOro pery-
JIupyemMasi 3KCIIpeccrsi MeAMaTOPOB BOCHAJIEHUSI.
AHTUMUKPOOHBIE MOJIEKYJbl, BbIpabaTbiBae-
MbI€ B CJIM3UCTOU 00O0JIOUKE KEHCKUX PEeNpPOAYK-
TUBHBIX MOYTEU, HAXOASATCS IO 3HAYUTEJIbHBIM
BJMSITHUEM 2CTPOr€HOB, KOTOPbIE MO-Pa3HOMY Aeii-
CTBYIOT B BEPXHMUX M HUKHUX PENPOAYKTUBHBIX
nyTsix. Beicokre ypoBHM 3CTpoOreHa, XxapakTepHble
IS TPEAOBYJSITOPHOTO TMEpUOAa, yBEJIWYUBAIOT
BbIPA0OTKY HEKOTOPbIX AHTUMUKPOOHBIX Mem-
TUAOB, TAKUX KaK MHTUOUTOP CEKPETOPHOM Jeit-
kouutapHoit mentuaassl (SLPI), nedeHsun 1-2
(HBD 1-2) u snacduH u3 sHIOMETpPUS, HO ToJa-
BJISIET CEKPELMIO TPOBOCIAJUTEIbHBIX IIUTOKU-
HoB, BKJItoyass TNFo, makpodgaraibHbiii Bocna-
nuTenbHBIN Oemok 3o (MIP3o, CCL20), IL-1pB,
IL-6 u IL-8 u3 snuTennalbHbIX KJIETOK MaTKHU [2].
HedeH3uHbI TpeacTaBasSI0T COO0I KATUOHHBIE aH-
TUOaKTepUaabHble U MPOTUBOBUPYCHBIC TTETITUIBI.
TToMmuMO NpSIMBIX aHTUMUKPOOHBIX DYHKIIUHA, Jie-
¢deH3uHbBl 00Jagal0T UMMYHOMOAYJIUPYIOIIe ak-
TUBHOCTBIO M YYacCTBYIOT BO MHOTUX (DU3UOJIOTU-
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yecKkux mpoieccax. McciaegoBaHus mokasajiu, 4To
nedeH3MHBI ITUPOKO PaCIIPOCTPAHEHBI B XKEHCKUX
PENMPOAYKTUBHBIX MYyTSIX, Urpasi ABOMHYIO POJb:
3alMThl XO3IMHA U 3aIIUTHI pepTuaIbHOCTH [25].

Bo Bnaranuiile KaueCTBEHHBIW U KOJUYECTBEH-
HBIA COCTaB MUKPOOPraHU3MOB OOycaBJIMBa-
€T BBICOKMI YypOBEHb 3KCIIpeccuu o-nedeH3nHa,
C TIOHWKEHHWEM YUCJIEHHOCTU MUKPOOPTaHU3MOB
YPOBEHb DJKCIpeccur Jae¢heH3MHOB CHMXaeTcs.
Dkcrnpeccus neheH3MHOB B DHIOMETPUU BapbU-
pyeTcs B 3aBUCMMOCTH OT CTaJAUU MEHCTPYaJTbHOI'O
LMKJa U MUKPOOHOI nHBa3uMu. JledpeH3MHbI TaKXe
y4acTBYIOT B MECTHOM UMMYHHOM OTBETE, PEryau-
PYysI PUCK CIIOHTaHHBIX MIPEXI€BPEMEHHBIX PO/IOB.

CurHajbHbIe MOJIEKYJIbI (haKTOPOB pOCTa y4ya-
CTBYIOT B aHTMOreHe3e U SBMOpPHUOHAIbHOM pa3BU-
Tuu. [ToMrUMO TIPSIMOro BAUSIHUS HAa SHAOMETPU A
daKTOpbl poCTa BBICTYIMAIOT B POJIU «3CTPOMEAU-
HOB», TO €CTbh OlTOCPeAYIOT 3P hEKTHI CTEPOUIHBIX
ropMoHoB. TGF — 3T0 MyJ1bTUdYHKIIMOHATBH I
dakToOp pocTa, KOTOPBII PEeryaupyeT KJETOUYHbINU
poct, nuddepeHnpoBky u anonto3. TGF- neii-
CTBYET MOCPEACTBOM YCUJICHUS WU MOAABICHUS
Pa3JMYHBIX CUTHAJIbHBIX MYyTeil, TEM CaMbIM MO/ -
JepXKrBasg UMILJIAaHTAllMI0 SMOpPHUOHA; KPOME TOTO,
TGF-3 MoxeT ycunuBaTh anre3uto Tpodobiacra.
VY bepTUuabHBIX XEHIIUH B 9HAOMETPUU NPOAYK-
st TGF-J BeIlie, 9eM y XXEeHIIWH C TIOBTOPHBIMHU
HeyJayaMu UMIIJIaHTauuu B mnporpammax BPT.
O6cyxknaetcs ponb TGF-B1 B maroreHe3e HeBBI-
HalllMBaHUS OEPEMEHHOCTH. Y XEHIIMH C Hepas-
BUBaloulelics 0epeMeHHOCThIO paHHEro CpoKa OT-
MeueHa MoHMXeHHas akcnpeccuss TGF-B1 u ero
pelenTopa B BOPCMHAX XOPUOHA U JeLUAYyaTbHOMN
tkanu. Kpome toro, TGF-B saBisiercs omHUM
U3 KJIOUEBBIX PEryJISTOPOB MUMMYHHOIO OTBe-
ta. B vactHoctu, TGF-B nHrnoupyetr HaTypa b-
Hble KUWJJIEPbl, WHAYLUUPYET mNepudepudeckKkue
T-peryasaTopHbIe KJIETKU U KOHTPOJIUPYET pa3BU-
THE HECKOJbKUX JUHUU T-xeamnepos, 4TO UrpaeT
pOJb B 00E€CHEUYEHUU TOJEPAaHTHOCTU UMMYHHOM
CUCTEMBbI MaTepu MO OTHOLIEHUIO K MOJIyaJIOreH-
HOMY (B noHOpcKkuX nporpammax BPT — anynoreH-
HOMY) 3MOpUOHY [1].

®daxkrtoper pocra ¢udpoodiactoB (FGF) yua-
CTBYIOT B aHTMOre€He3e MyTeM BJUSHUS Ha Mpo-
audepannio, MUTPALIUIO U CO3PEeBaHUE IHIOTEI -
aJIbHBIX KJIETOK MPU 3MOPHUOHAJIbHOM pPa3BUTHUMU,
CTUMYJISILIUIO POCTAa DHIOTEJNMATbHBIX KJIETOK
U OpraHu3alMIo WX B TpyobuaTyio cTpykTypy [1].
B3aumopeiicTBre ¢ pacnoOKeHHBIMU Ha TTOBEPX-
HOCTU KJIETOK IIPOTEOrJIMKaHaMU HEOOXOIUMO
IJIs1 mepeaayu curHajia (gakTopoB pocta GUOpo-
omactoB. MakTopel pocTa (HUOPOOIACTOB HIpa-
IOT KJIIOUYEBYIO POJIb B Mpolieccax npoaudepaiuu
U 1UudbepeHIIMPOBKU ITUPOKOTO CIIEKTPa KJIETOK
M TKaHeil ¢ 0oJblIuM HabopoM 3(@deKToB; yalle
BCEIr'o OHM SIBJISIIOTCS MUTOI€HAMU, HO TaKXKe OKa-
3bIBAIOT PEryJSITOPHOE, CTPYKTYPHOE U SHITOKPUH-

HO€ BO3JeicTBUE. YcIieX UMIJIaHTallu dMOproHa
3aBUCUT OT CKOOPAWHUPOBAHHOTO PAa3BUTUS CO-
CYJIOB U TIOCJIEAYIOIIEro MoaAep:KaHUsl TPpaHUIIbI
MEXAYy MaTKOi U 9MOPUOHOM, YTOOBI OOECTIeYnuTh
€ro aJeKBaTHOE MUTaHUE.

CuMOMOTHYECKUE OTHOIIEHUST MEXAY MUKPO-
OMOTOI TMOJOCTU MAaTKW U BPOXIAEGHHOW W anmam-
TUBHOW UMMYHHOI CUCTeMOIi UTrparoT (pyHaaMeH-
TaJbHYIO POJIb B TONJAEPXaHUU cOaJlaHCUPOBaH-
HOM cpenbl, MOCKOJbKY 3Ta Msrkasi 0akTepuasb-
Has CTUMYJISILIM ST MOXET CO3/1aBaTh MOTEHIIMAJIbHO
OJTaronpUsATHYI0O MUKPOCPENY AJs1 UMILIaHTalluu
sMbpuoHa. C Apyroil CTOPOHBI, peryaupyemasi
CTUMYJISILIUST UMMYHHOH CHUCTEMbI MUKPOOUOTOM
MOXET CHOCOOCTBOBAaTh MHAYKIIMU TOJEPAHTHO-
CTU K HECTEpPUJILHOU criepMe, MpOXOoAslieil yepes
MOJIOCTh MaTKU. HecMOTps Ha nuMerolecs 10CTU-
JKEHU S, Mbl TTOTYEPKUBAEM HEOOXOAUMOCTh MaJib-
HEMIINX UCCISIOBAHUN B 3TOM 00JIaCTU, TTIOCKOJIb-
Ky 0OoJiee rn1yboKoe MOHMMaHUEe B3aMMOJEUCTBUS
MMMYHOMa U MUKpoOMoMa obellaeT co3gaHue
WUHHOBAIIMOHHBIX MNUATHOCTUYECKUX W TepareB-
TUYECKUX CTpaTeruii penpoayKTUBHOIO 310pO-
Bbsl, TAKUX KaK JieueHUEe Oecrionusi U BeIeHHEe
O0epemeHHOCTH [11].

Llenbto Hamero McciaemoBaHUS Oblla OlLIEHKA
B3aUMOJEUCTBUSI MUKPOOUOTHI SHAOMETPHUS C aH-
TUMUKPOOHBIMU TIENTUIAMU Y KEHIIUH C Pa3HbI-
MU popMaMu OECTIIOAMSI.

Matepuanbl n MeToapl

B uccnenpoBannu npuHsia yuactue 181 xxeH1m-
Ha penpoayKTUBHOIO BO3pacTa, U3 HUX Oblao 165
KEHIMWH ¢ OecIuiomueM pa3IMYHOro reHesa (3T
KEHIIMHBI cOCTaBUJIM | OocCHOBHYIO rpymnmny) u 16
YCJIOBHO 3IOPOBBIX XCHIIWH, SIBISIONINXCS TOHO-
paMu oonuToB (coctaBuau Il rpymry cpaBHeHMS).
Ha ocHOBaHUM aHAaMHeCcTUYeCHX JaHHBIX | rpymnma
Oblna pasaesieHa Ha Tpu noArpynnbl: IA — >KeH-
IMUHBI ¢ BHYTPUMATOUHBIMU CUHEXUSIMH B aHaAM-
He3e (n = 12), IB — XeHIIWHBI C TTOJIUIIIKTOMHUEH
B aHaMHe3e (n = 17), IB — XXeHIIWHBI ¢ TPOIUMHU
dopmamu Gecrutonus (n = 136). Bce mauueHTKH
manad MHOOPMHUPOBAHHOE NHMCHBMEHHOE COIIacue
Ha y4JacTHe B MCCJIeJOBaHM M.

CpenHuit BO3pacT IMAIIMEHTOK C OeCIIIoaueM
cocraBsun 36,5 [33; 38,25] ner, B rpyrie cpaBHe-
HUS — 34 [29; 35] roma. B moarpynmax 1A, Ib u IB
BO3pacT, COOTBETCTBeHHO, Okl 35,5 [32,75; 37] ner,
37 [34; 39] et u 35 [33; 38,75] ner.

DHIOMETpUI TOJIydaau TpPH IIOMOIIM DSH-
moo6pamr (Endobrash Standard For Endometrial
Cytology; Laboratorie C.C.D., ®@paHius) ¢ co-
OnromeHMeM IIPaBUJI aCeNTUKU M aHTUCENTUKU
W TIOMEINaJu B MNPOOUPKY ¢ (PU3NOIOTMUECKUM
pPacTBOPOM.

MuxkpoO1OTy 3HIOMETPHUS UCCICAOBATIN C MC-
MOJb30BaHUEM MeToda aMILUIM(pHUKAIINN HYKJICeH-
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HOBBIX KMCJIOT, CHTHAJIbHBIE MOJIEKYJTBI UMMYHHO-
IO OTBETA OIPEAEIISIIN C MTOMOIIIbI0O UMMYHOMeEp-
MEHTHOI'0 aHaJI3a.

MoanekynsapHo-eenemuueckoe uccaedo8anue Muk-
pobuomur s3Hdomempus. Ansa Beiaenenus JHK wmc-
noJib30BaJiu KOMILIeKT peareHToB <«JIHK-cop06-
AM» (OO0 «Hekctbuo», Mocksa, Poccus), mis
MOCTAHOBKM peaKIIUd MCHOJIb30BaN JIETEKTH-
pyoiue amnaudukatopbl «DT-96» u «DTprime»
(000 «IHK-TexHonorus», Poccus).

MukpoOUOTy SHIAOMETPUSI WCCAENOBAJM C HC-
nojib3oBaHueM Tecta «@emodiiop-16» (OO0 «IHK-
Texnonorusi», Mocksa). TecT OCHOBaH Ha METO-
ne konuuectBeHHoil [ILIP B pexume peasibHOro
BPEMEHU M IIO3BOJISIET OMNPEIeJIUTh KOJUYECTBO
JHK wuckomoro MukpoopraHusma B o0Opa3slie,
KOTOpOE€ BBIpaXKalOT B TEHOMHBIX OSKBHBaJICH-
tax (I'D) Ha nmpoody. KonuyectBo I'D mponopuu-
OHAJIbHO KOJMYECTBY KJIETOK MUKPOOpPTraHU3Ma.
C ToMOIIbIO TEeCTa OINMpPENeJISIIN TOTaJbHYIO KOH-
neHTpauuio 6aktepuanbHoit JJHK (OBM) u KoH-
HeHTpaluio (a0COJIOTHYIO U OTHOCHUTEIbHYIO)
CJIENYIONINX BHUJIOB/POJIOB MUKPOOPTAaHU3MOB:
Lactobacillus, Enterobacteriaceae, Streptococcus, Sta-
phylococcus, Gardnerella vaginalis/Prevotella bivia/
Porphyromonas, Eubacterium, Sneathia/Leptotrichia/
Fusobacterium, Megasphaera/Veillonella/Dialister,
Lachnobacterium spp./Clostridium, Mobiluncus spp./
Corynebacterium, Peptostreptococcus, Atopobium vagi-
nae. Kpome TOro, oneHuBaaIu aOCONIOTHYIO KOH-
ueHtpauuo Mycoplasma hominis, Ureaplasma spp.
u Candida. T111P-ananu3 ocyiecTBsIJIA COIIaCHO
MHCTPYKIIUU ITPOU3BOAUTESI.

Hmmynoghepmenmuolit anarus onpedeseHus cue-
HAAbHBIX MOAEKYA UMMYHHO20 omeema. CUTHalb-
HBIE MOJIEKYJIbl UMMYHHOIO OTBeTa — je(eH3uH
(DEFal), daktop pocta dudbpodsacros 2 (FGF2),
TpaHchopMuUpylolUii ¢dakTop pocta Oeta 1
(TGF-B1) B aHOOMETpUM OMpPENENsIIN C WCIOJb-
30BaHMEM MeToAa MMMYHO(GEPMEHTHOIO aHaJin3a
(ELISA, U®A) coriacHO MHCTPYKIIMM K peaKTH-
BaM ¢upmbl «Cloud-Clone Corporation» (Texac,
CIIA; npousBoactso Yxanb, KHP). Tkanb aHg0-
MeTpUsI OTMBIBAJIU OXJIaXXJAeHHBbIM (ocdaTHO-CcO-
JIEBBIM OyhepoM OT KPOBHU, JIaJiee U3MeIbUaJIH C T10-
MOIIIbIO CTEKJITHHOTO TOMOTE€HM3aTopa Ha JIbIy.
TlonyuyeHHYIO CycrieH3Ul0 OoOpabaThiBajau YJbTpa-
3ByKOM A0 ocBeTyieHUus1. QOOpasibl HEHTpUpYTrupo-
BaJiv B TeueHue 15 MmuH npu ckopoctu 1000g, mocie
Yero MX aJMKBOTUPOBAM W XPAaHWIM TIPU TEMIIC-
patype —80°C. Ilepen mpoBenecHreM MDA obGpa3iibr
pa3MopakuBain. JIOMOJTHUTEIBHO IJISI OIpeeie-
aus TGF-B1 x 100 Mk cyniepHaTaHTa 100aBIISIIA
aKTUBUPYIOIIWK peareHT, U KOHIEHTpAllUio 00-
pa3loB YMHOXaJM Ha KOdMDMUIIMEHT pa3BeaeHUS
1,4. ONTUYECKYIO IMJIOTHOCTb UBMEPSIJIU MTPU IJTMHE
BoJIHBI 450 HM. Ha ocHOBaHU M MOJTyYeHHBIX 3HavYe-
HUI CTaHIApTOB CTPOWJIM CTAaHJAAPTHYIO KPUBYIO.
Crangapthl TUTpoBaiu. KoHleHTpaluuio ctaHaap-

TOB OTMEUAaJI IT0 OCcH Y, a 3HAUYeHUsI ONTUYECKON
MJIOTHOCTH — M0 ocu X. MUHUMaJIbHasI ompee-
nsiemast KoHueHTpamuss DEFal obuta 0,125 Hr/mi,
st FGF2 — 5,5 nir/mn, mist TGF-B1 — 5,7 or/ma
(corytacHO MHCTPYKIIUY K TECTY).

Cmamucmuueckuil anaau3. Hactosiee uccie-
JOBaHME SIBJISIIIOCh OMMCATEIbHBIM, a HE CPaBHU-
TEJILHBIM (32 MCKIIIOYEHHWEM BHYTPUTPYHIIOBOIO
aHaJIn3a TOJYYEeHHBIX HAHHBIX), TTO3TOMY HUKa-
KHEe CTaTHUCTUYECKUE TUIIOTEe3bl ITpeIBaApPUTEIIh-
HO He ompenelssauch. CTaTUCTUYESCKUI YUET CO-
OpaHHOro MaTepMajia TPOBOAMJIMN C TIOMOIIbIO
aaeKTpoHHOU Tabauubl Microsoft Office Excel.
O0paboTKy pe3yabTaTOB OCYIIECTBISIJIA C IPUMe-
HEHWEM CTaTHUCTUYECKOM MpOoTrpaMMBbI IJIsT IIePCo-
HaJibHOro KoMnbloTepa SPSS. AHaiu3 coyeTaHUs
MUKPOOPraHU3MOB BBITIOJNIHSINA C ITPUMEHEHHUEM
KpuTepusi coriacusi xu-kBanpat (y?) I[lupcona
U onpenejeHreM KoadduimeHTa Koppeassuuu ().
Bo Bcex caydasix KpUTHUECKU U YPOBEHb 3HAUMMO -
cTu npuHuMascs rpu p < 0,05.

PesynbraThl

INpn aHann3e MUKPOOMOTHI SHIOMETPUS yCTa-
HOBJICHO, YTO YaIlle BCETO BBISBIISJINCh MUKPO-
opraHnu3Mbl poga Lactobacillus, 94T0 XapakKTepHO
st GU3NOTOTMIECKOTO MUKPOOMOIIeHO3a. Y mMa-
OUEeHTOK | Tpynmel JTaKTOOAIMIIIIBI BCTpPEUYATNCh
¢ yacToToit 64,2%, a Bo 11 rpyne B 19% ciyuyaes,
paznuune cratuctudecku 3Haummo (p < 0,001).
Cpenn KeHIIWH ¢ OeCIIoAMeM 4YacTOTa BBISB-
nenust Gardenerella vaginalis Obpl1a OOIMHAKOBOI
C 9acTOTOM MX OOHApyKEHUS B TPYyIIe TOHOPOB
OOIIMTOB, Atopobium vaginae BBHISIBASIIACH C dYa-
cToTOi 8% B OCHOBHOII IpyIIie U HE BBISIBIISIACDH
B IrpyT1iIie cpaBHeHU . Ta ke KapTuHa HabJomaiach
OTHOCHUTEJIBHO JPYIrMX MUWKPOOPTAaHMW3MOB, Ta-
Kux Kak FEnterobacteriaceae, Lachnobacterium spp.,
Mobiluncus spp., Peptostreptococcus, Mycoplasma
hominis, Ureaplasma spp. B 0OCHOBHOI TpYyIIIIe 3TU
MUKPOOPTraHU3MBbI OBLIN BBISIBJICHBI B €IMHUYHBIX
clIyJasix, a B TPYIITIe CpaBHECHUS He OBIJIM OOHApY-
JKEHBI HM B OJHOM CJIy4yae. DTU JaHHBIC TIPEACTaB-
JICHBI Ha PUCYHKE.

I[Ipn cpaBHEHUM YaCTOTHI OOHAPYKEHUS MU-
KPOOPTraHM3MOB B ITOJIOCTA MAaTKH B TPEX MOATPYTI-
nax M B TpyIIe CpaBHEHUS CYIIECTBEHHON pa3HU-
1Bl He ObLJIO OOHaApyxXKeHo. XOoTs1 B moarpynie 1A
HECKOJIBKO 4Yallle 10 cpaBHEHUIO ¢ moarpyImoi 1b
BeIsIBASLINCh Ureaplasma (urealiticum-+parvum) —
JacToTa WX OOHApyKEHMSI COCTaBHMJIa, COOTBET-
ctBeHHO, 16,7% u 5,9%. Atopobium vaginae BbisiB-
nstauch B noarpynmne 1A ¢ yacroroit 33,3%, B moa-
rpynne Ib — 5,88%. G. vaginalis 661711 0GHAPYKEH bl
B oarpytne IA B 16,67% cnydaeB, a B IOATPYIIIIe
Ib 3T MUKpoopraHu3Mbl He ObLJIU OOHAPYXKEHbI
BooOwie. Ilogrpynma IB HuyeM He oTjauuaiach
OT OCHOBHO TPy HBI.
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Figure. Frequency of detection of individual groups of microorganisms in the uterine cavity in women of groups | and I

Mpumevanune/Note. Lact — Lactobacillus spp.; Ent — Enterobactariaceae; Strpt — Streptococcus spp.;
Stph — Staphylococcus spp.; Gard — Gardnerella vaginalis/Prevotella bivia/Porphyromonas spp.; Eub — Eubacterium spp.;

Sn — Snethia spp./Leptotrichia spp./Fusobacterium spp.; Meg — Megasphaera spp./Veillonella spp./Dialister spp.;

Lachn — Lachnobacterium spp./Clostridium spp.; Mob — Mobilincus spp./Corynebacterium spp.; Pept — Peptostreptococcus
spp.; Av — Atopobium vaginae; Ca — Candida spp.; Mh — Mycoplasma hominis; Ur — Ureaplasma spp.

Ta6nuua 1. KoHueHTpauusa DEFal, TGF-B1, FGF2 B a3HAOMETPUM XXEHLLUH CPAaBHMBaEMbIX Fpynn
Table 1. Concentration of DEFal, TGF-B1, FGF2 in the endometrium of women in the compared groups

dakTopsl
:3;?:3;%:_2 OCHOB.HaH rpynna Fpynna cpaBHeHus U w 2 D
Local immunity Main group Control group
factors
CuHexuu (l1A) JoHopbl OOLUTOB
Synechiae (IA) Oocyte donors
FGF2 19,83 [14,531;22,28] | 18,6145 [15,1675; 19,625] 64.000 200.000 -0.453 p>0,05
TGF-p1 7,73 [5,556; 9,727] 7,56 [4,8725; 10,28] 65.000 201.000 -0.396 p>0,05
DEFai 1,073 [0,806; 1,56] 0,6151[0,49275; 0,66125] 11.500 147.500 -3.426 p < 0,001
Monunaktomus (1B) [ oHOpbI OOLUTOB
Polypectomy (IB) Oocyte donors
FGF2 33,115 [24,278; 36,962] | 18,6145 [15,1675; 19,625] 57.500 193.500 -2.040 p<0,05
TGF-p1 2,315 [1,376; 5,335] 7,56 [4,8725; 10,28] 34.000 125.000 -3.070 p < 0,001
DEFai 1,025 [0,948; 1,235] 0,61510,49275; 0,66125] 22.500 158.500 -3.575 p < 0,001
Mpouue (IB) JoHopbl OOLUTOB
Others (IC) Oocyte donors
FGF2 19,037 [14,66; 25,41] | 18,6145 [15,1675; 19,625] | 637.500 757.500 -0.533 p>0,05
TGF-p1 5,42 [3,079; 8,65] 7,56 [4,8725; 10,28] 555.000 4926.000 -1.619 p>0,05
DEFat 0,888 [0,646; 1,179] 0,615 [0,49275; 0,66125] 343.000 479.000 -3.434 p < 0,001
Bce naumeHTKu
c 6ecnn:qwem ()] AoHopei coumTos
Allinfertility patients (1 Qocyte donors
FGF2 19,335 [14,8005; 31,741] | 18,6145 [15,1675; 19,625] 801.500 937.500 -0.833 p>0,05
TGF-p1 5,335[2,93; 8,519] 7,56 [4,8725; 10,28] 668.000 7338.000 -1.771 p>0,05
DEFat 0,927 [0,6565; 1,1925] | 0,615[0,49275;0,66125] 377.000 513.000 -3.817 p < 0,001
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Ta6nuua 2. KoHuentpauua DEFal, TGF-B1, FGF2 y Bcex naumeHToK ¢ 6ecnnoavem B 3aBUCMMOCTH
OT BbISIBJIEHUSI MUKPOOPraHM3mMoB B nNosiocTu matku (kputepuii Mann-Whitney U)

Table 2. Concentration of DEFal, TGF-B1, FGF2 in all patients with infertility depending on the detection
of microorganisms in the uterine cavity (Mann-Whitney U criterion)

dakTopbI
JNIOKanbHOro CpaBHuBaemble CpaBHuBaeMble
UMMYHUTETa MUKPOOpPraHU3msbl MUKpPOOPraHu3mbl U w Z p
Localimmunity | Compared microorganisms Compared microorganisms
factors
A. vaginae oGHapyXeHbl A. vaginae He 0GHapyXeHbl
A. vaginae A. vaginae
were detected were not detected
(17,39%) (82,61%)

FGF2 18,1055 [13,7345; 22,60725] 19,492 [15,0255; 34,195] 756.500 | 966.500 | -1.428 | p>0,05
TGF-p1 4,561 [2,7265; 9,3495] 5,42 [2,9555; 8,519] 937.000 | 1147.000 [-0.096| p>0,05
DEFa1 1,0915 [0,86225; 2,07925] 0,888 [0,6515; 1,1655] 494.000 | 5054.000 | -3.365 | p < 0,001

G. vaginalis oGHapy>eHbl G. vaginalis He oGHapyXeHbl
G. vaginalis G. vaginalis
were detected were not detected
(25,22%) (74,78%)

FGF2 19,492 [15, 516; 25,41] 19,077 [14,5635; 32,50175] 1170.500 | 4911.500 | -0.493| p>0,05
TGF-p1 6,01 [3,66; 9,8] 5,1495 [2,4075; 8,3785] 1053.500 | 4794.500 | -1.246 | p > 0,05
DEFat 0,996 [0,653; 1,698] 0,916 [0,665; 1,15] 1109.500 | 4850.500 | -0.886 | p > 0,05

Peptostreptococcus spp. Peptostreptococcus spp.
oGHapyXeHbl He 0OHapyXeHbl
Peptostreptococcus spp. Peptostreptococcus spp.
were detected were not detected
(9,57%) (90,43%)

FGF2 22,28 [19,4135; 41,45] 19,0455 [14,62775; 26,22875] | 403.500 | 5863.500 | -1.602 | p > 0,05
TGF-p1 5,86 [5,28; 7,925] 5,1495 [2,785; 8,6125] 449.000 | 5909.500 | -1.165 | p>0,05
DEFat 1,464 [0,6315; 2,1636] 0,916 [0,675; 1,1685] 487.500 | 5947.500 | -0.804| p>0,05

Ureaplasma spp. Ureaplasma spp.
oGHapyXeHbl He 0OHapyXeHbl
Ureaplasma spp. Ureaplasma spp.
were detected were not detected
(11,30%) (88,70%)

FGF2 18,5 [16,25; 20,3] 19,3675 [14,78025; 33,1315] 555.500 | 646.500 [-0.950| p>0,05
TGF-p1 6,76 [4,204; 8,79] 5,28 [2,825; 8,3785] 560.500 | 5813.500 | -0.905| p>0,05
DEFat 1,023 [0,497; 1,188] 0,903 [0,665; 1,19375] 639.500 | 5892.500 | -0.208 | p > 0,05

Lactobacillus spp. Lactobacillus spp.
oGHapyXeHbl He 0OHapyXeHbl
Lactobacillus spp. Lactobacillus spp.
were detected were not detected
(60,00%) (40,00%)

FGF2 18,846 [14,166; 32,297] 19,335 [14,8005; 31,741] 1412.000 | 3827.000 | -0.999| p>0,05
TGF-p1 5,42 [2,77; 8,79] 5,335[2,93; 8,519] 1449.500 | 2530.500 | -0.785| p > 0,05
DEFa1 1,001 [0,807; 1,336] 0,888 [0,6565; 1,1925] 1051.000 | 2132.000 | -3.060 | p < 0,005

A. vaginae oOHapyXeHbl, A. vaginae oGHapyXeHbl,
Lactobacillus spp. Lactobacillus spp.
oGHapyXeHbl He 0OGHapyXeHbl
A. vaginae A. vaginae
were detected, were detected,
Lactobacillus spp. Lactobacillus spp.
were detected were not detected
(75,00%) (25,00%)

FGF2 17,278 [13,303; 23,2415] 19,054 [17,482; 19,931] 34.500 | 154.500 |-0.262| p > 0,05
TGF-p1 4,872 [2,683; 14,3425] 4,25 [3,66; 6,01] 31.000 46.000 [-0.567| p>0,05
DEFa1 1,235 [1,0095; 2,478] 0,646 [0,497; 0,746] 3.000 18.000 | -3.011 | p< 0,001

52




2025, T. 15, Ne 1

MukpobroTa aHAOMETPUS N aHTUMUKPOOHbLIE NenTUabl

MBI mpoBeM CpaBHUTEJIbHBIN aHaJIM3 OIpe-
nenenus: konnentpannu DEFal, TGF-B1, FGF2
B 9HJIOMETPHUU B OCHOBHOM T'PYIITIEe C yYETOM BO3-
MOXHOI MPUYMHBI OECITIONMS U B TPYIIIEe CPaBHE-
HUS. DTU TaHHbIE MTPeICTaBIeHbI B Ta0I. 1.

Kaxk moka3aHo B Ta0J1. 1, Ipu UCCleNOBaHUN SH-
nmomeTpust Ha skcripeccuto FGF2, TGF-B1, DEFal,
OBLJIO YCTAHOBJICHO, YTO Y BCEX MAIIMEHTOK | rpyTmbI
ny Bcex maneHTok noarpyni (IA, Ib u IB) o cpas-
HeHMIo ¢ manueHTKamu II rpymnmsl ObLIM CTAaTUCTU -
yecku 3HaurMo nosbiieHbl DEFal (p < 0,01).

B otnimuue ot Apyrux rpyIi MaleHToK, B MO/~
rpynmne Ib (c monunakToMueid B aHaMHe3€) B DH-
JIOMETPUU OBLJIIO OTMEYEHO JIOCTOBEPHOE CHUKEHME
koHreHTpannu TGF-B1 B ocHOBHOI TpyTITie B CO-
YyeTaHUMU C MNoBbIIIeHUWeM KoHueHTpauuu FGF2,
DEFal.

Kpome Bcero rmpoyero, Mbl CpaBHUJIN 9KCIIPEC-
CUIO0 CUTHAJbHBIX MOJIEKYJ] MMMYHHOTO OTBETa
B OHIOMETPUU B 3aBUCHUMOCTU OT BBISIBJIEHHBIX
JTOMUHUPYIOIIUMX MUKPOOPraHuW3MoB. Tak, mpu
BBISIBJICHUU Atfopobium vaginae B MOJOCTU MaTKU
Y KEHIIUH ¢ OecrnionrueM OTMEYEHO JOCTOBEPHOE
noBblieHUe KoHUeHTpauuu DEFal. ITpu uccie-
JIOBAaHUM OTHEJISIEMOIo ITOJIOCTU MAaTKW Ha 3KC-
npeccuo FGF2, TGF-B1, DEFal, y mamueHTOK
¢ OecryionveM ObIIM MOJIYYEHBI CIeayIollue pe-
3yJIbTaThl: TOCTOBEPHOE TMOBHIIIIEHUE KOHIIEHTpa-
uuu DEFal npu BoisiBieHUU Atopobium vaginae
B nojioctu Matku (p < 0,001); nocToBepHbIe pa3-
anuus koHueHTpauuu DEFal B 3aBucumoctu
oT Hanuuus Lactobacillus spp. B MOJOCTU MaTKU
(p <0,005).

Ilpu cpaBHeHuu KoHueHTpauuu DEFal B ciy-
yae BbISIBIEHUSI Afopobium vaginae B TOJIOCTU
MaTKM B 3aBUCHMMOCTU OT HaJMYUsI/OTCYTCTBUSI
Lactobacillus spp. BbISIBJEHbBI TOCTOBEPHbIE pa3iu-
uus. [Ipu BeisiBieHun Lactobacillus spp. onpenensi-
eTcs Oosiee Boicokas kKoHUeHTpauus DEFal (p <
0,001). OTu naHHBIE IPUBEAEHBI B TA0JI. 2.

B rpynmne ¢ GecrijionueM JaKTOOAIMJIbI B 9H-
IoMeTpu¥ oOHapyXeHBI Y 41,8% xeHmuH. Cpenu
HUX y 34,8% ObLINM OOHApPYXKEHBI TOJBKO JJAKTOOA-
LUJUIBL, Y 65,2% Kpome JTaKToGaluJIjI OblIM OOHA-
PYKEHBI U Apyrue MUKPOOpraHu3Mbl. Y 58,2% —
JIAKTOOAIMJIJIBI HEe OBbITM OOHApyXKEHbI B 9HJIOME-
Tpuu n'y 12,7% B HIOMETPUU MUKPOOPTaHMU3MBI
OTCYTCTBOBAJIU.

Takum 00pa3oM, HAMU ITOKa3aHO, YTO MUKPOOP-
TaHU3MBI B TIOJIOCTU MaTKHW KOPPEIUPYIOT C YPOB-
HEM IIUTOKWHOB U ITPOTUBOMMUKPOOHBIX MEMTTUIOB.
CocTtaB MUKPOOHOTHI SHAOMETPUS C pa3HOOOpa3U-
€M MUKPOOPTaHU3MOB U OTCyTCcTBUEM Lactobacillus
MOXET CITPOBOLIMPOBATh BOCHaJEHUE, 3aTPYTHUTh
BOCHIPUMMYMBOCTb DHJIOMETPUsI K UMIUIAHTALIUU
9MOpHMOHA M MPUBECTU K pa3BUTUIO PA3JIUIHOM ITa-
TOJOTUMU B 3HAOMeTpuMu. Hanuuue makToOaAIIMIIIT
SIBJISIETCS TIOJIOKUTEbHBIM TIPEAUKTOPOM HACTY-
miaeHus: o0epemeHHocTU. PaKTOphl pocTa ITOKa-

3aJIM CTaTUCTUYCCKHN 3HAYUMBIC pa3jinyud TOJIb-
KO B IIOATpyHnmne y nmnaiimcHTOK C MOJUN3KTOMUEN
B aHAMHCEC3C.

O6cyxaeHne

MexaHU3MBbl B3aUMOICHCTBUS MEKIY UMMYH-
HBIMHA (PaKTopaMU U MHUKPOOMOMOM B 3HIOMET-
pUM — CJIOXHAasi M OBICTPO pa3BUBAOIIasICI 00-
J1acTh uccaenoBaHuii. McciaemoBaHMsST B3aIMOOT-
HOIIEHUI MeXAY MMMYHOMOM W MHUKPOOMOMOM
OTKPBIBAIOT OIPOMHBIC BO3MOXHOCTH IJISI Pa3BU-
TUSI PENMPOAYKTUBHON MeTUIIMHBI. BpoxkaeHHBIC
¥ aJalTUBHBIE UMMYHHBIC peakKIIn Ha MUKPOOU-
OM BJIMSIOT Ha BOSHUKHOBEHHUE U ITPOTPECCUPOBa-
HUE pEeIpOoAYKTUBHBIX HapymieHu#. OmHaKo MeXxa-
HU3MBI, YIPaBJISIONINE 3TUMU B3aMMOICIHCTBUS -
MM, OCTAIOTCSI HEM3BECTHBIMU M TPEOYIOT MHHOBA-
OUOHHBIX MOoAX0m0B. M3BeCTHO, YTO MUKpPOOMOTa
SHIOMETPHUS UMEECT MEHBIITYIO OMOMAacCy M pa3HOO-
Opa3sue, yeM Biaraauuie. JncéasaHc MUKPOOUOTHI
SHIOMETPHUS MOXKET BBI3BIBATh ITOBTOPHBIC HEYIA9N
WMIUIaHTAllMY, HeBBIHAIIMBAaHUE OEpPEeMEHHOCTH,
SHIAOMETPUO3, SHAOMETPUT, ITOJIUTIBI SHIOMETPH S,
runepria3uio u pak sHaomerpus [11].

BOKcnpeccusi neeH3NHOB B SHIOMETPHUM Ba-
PBUPYETCS B 3aBUCHUMOCTH OT CTaAMIA MEHCTpYyajb-
HOTrO IMKJIa U MUKPOOHOI MHBa3uu. JdeheH3NHBI
YJacTBYIOT B JIOKaJbHOM MMMYHHOM OTBETE, pe-
TYJAUPYST PUCK CHOHTAHHBIX IIPEXIeBPEMEHHBIX
ponoB [25]. KnnHu4eckne ucciaegoBaHU s BbISIBU-
I YMEHBIIIeHNE YPOBHS ncheH3MHA Yy XCHIIUH
¢ bakTepuaabHBIM BarmiHO30M. DddPeKTuBHOE Jie-
yeHne BB HopmanuiyeT ypoBHU AedeH3mMHA, UTO
MO3BOJISIET IIPEAIIOI0KUTh, UYTO HU3KHNE YPOBHU
nedeH3MHA CBI3aHBI C 9TUM 3a00JieBaHUEM. briTo
BBICKAa3aHO TMpPEANOJIOXKeHNEe, YTO Ooyice HU3KUE
YypOBHU Ae(EH3WHOB BO BjarajuIle y KCHIIWH
pPEeIIPONYKTUBHOTO Bo3pacTa Iipu Haaunuyuu BB
MOTYT OBITh OOYCJIOBJICHBI NMPOMYKIIMEH MpoTeas
OOJIBIIINM KOJIMYECTBOM Pa3HOOOPA3HBIX MHKPO-
opranu3mMoB npu bB [17]. [lo HamIuM DaHHBIM,
Yy BCeX MaIlMeHTOK ¢ pa3HBIMHU (popMaMU OECIIIO-
WS IO CPAaBHEHUIO C TPYIMMIONM JOHOPOB OOILIUTOB
BeIgBIeHUe Lactobacillus oCTOBEpHO COYETaIOCh
¢ yBeaudyeHueM KoHueHTpauuu DEFal. Kpowme
TOro, HaIlle HCCIeOOBaHME IT0Ka3ajo, 4YTO IIpH
obnapyxenuun G. vaginalis w Fannyhessea vaginae
(Atopobium vaginae) B TOJOCTA MaTKH y KEH-
IMUH ¢ OecruiogueM YpPOBeHBb Ae(EH3MHOB OBLI
3HAYUTEJIBHO HMXKE, YeM B TPYIIIIe CpaBHEHUS.
Bo3MOXXHO, 3TO CBSI3aHO C TEM, UTO B ITOJIOCTH MaT-
KU Ype3BBIYaifHO HU3KasI MUKPOOHAS ITOITYJISI IS
u conepxutcs B 10 000 pa3 MeHbIIIe bakTepuii [7],
YeM BO BJIarajiviie, II03TOMY KOJIMYeCTBO IIpoTeas
HEIOCTATOYHO, YTOOBI YMCHBIIUTH YPOBEHb [IE-
(dheH3MHA B DHAOMETPHUH.

Jpyroe mpocneKTUBHOE NCCISA0OBaHNE ITOKa3a-
JI0O OTHOCUTEIbHOE NOMUHHMPOBAHWE BUIOB ypea-
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mjia3M B TKaHW SHIOMETPUS KaK He3aBUCUMBINU
¢axTop pUcCKa MOCIENYIOLIEro BbIKMIbIIIA ITOCIIE
nepeHoca 3MOPMOHOB C JYIIJIOMIHBIM KapUOTH-
nowM [21]. ITo HamIMM TaHHBIM y NAIIUEHTOK € Oec-
MJIOAMEM BO BCEX MOATrpyMnmnax B 3HIOMETPUU OOHa-
pyxeHbl Ureaplasma spp.

IIpennonaraercst, 9To maxke He3HAYUTEIIbHBIS
HapylIeHWsI B OCIWKATHBIX OTHOLICHUSIX MEXIY
MUKPOOUOTON U UMMYHHOI CUCTEMOI MOTYT Cy-
IIIECTBEHHO TIOBJMATh Ha PENPOAYKTUBHOE 3M10-
pOBbE, TIOTEHIIMAJIBbHO MPUBO/ISI K IMCOAKTEPUO3Y,
BOCITAJICHUIO U Pa3JIMYHBIM PEIPOAYKTUBHBIM Ha-
pyueHusaM. [ToaToMy NOHUMaHUWE CIOXHBIX B3au-
MOCBSI3eii MUKpoOuoMa M (HakKTOPOB MUMMYHHOMN
3alllUTHl UMeeT OOJIbIIoe HAayYHOE U IpaKTu4e-
cKoe 3HadyeHHMe. Tak, MHPEKINHU, aCCOLIMUPOBaH-
HblE C MUKpoopraHusMamu popaa Fusobacterium,
BbI3bIBAIOT BPOXKIEHHbBII UMMYHHBI OTBET, aKTU-
BUpYIOT curHanbHble TyTH TGF-f 1 cmoco6cTBY-
10T TpaHchopMauuu GuUOpPOOIIACTOB SHAOMETPUS
B MUodUOpoOIaCThl, UTO B UTOre CHOCOOCTBYET
Pa3BUTHIO BHAOMETpUO3a. DTO UCCIefOBaHUE
BIIEPBbIE IMPOJEMOHCTPUPOBAJIO CBSI3b MEXIY
MHUKPOOMOMOM, UMMYHHOU TUCGYHKIIMEH U pa3-
BUTHEM 3HAOMeTpro3a [16]. [To HaIIMM TaHHBIM,
MMEJIOCh NOCTOBEPHOE MOBBIIIEHNWE KOHIEHTpa-
1 TGF-B1 B aHAOMETPUM y XKEHIIIUH C GecIio-
nueM Tpu obHapyxeHuu G. vaginalis mo cpaBHE-
HUIO C TPyNmnoul cpaBHeHUS. B Haluem mpenbiay-
IIEM HCCJEIOBAaHUU OBLIO MOKa3aHO, YTO YPOBHU
TGF-B1, bFGF2 u DEFal nocTtoBepHO Koppenau-
poOBaJIi TOJBKO ¢ HamuuueM Peptostreptococcus spp.
u BIIY B sHaomerpuu. Kpome Ttoro, aHamiu3s
KOHIIEHTpAllUU DHAOMETPUATbHBIX IIUTOKWHOB
U o-AeEeH3UHOB BBISIBUJ MX JOCTOBEPHYIO KOP-
pPESAILINIO C HAJIUYMEM B aHaAMHe3¢ pelUIMBUPYIO-
meit ungexunu BIIT [23].

XOpUOHUYECKUI TOHAJOTPOIMH  YeJloBeKa
(XTY) peryaupyeT BKCIPECCUIO 4YeThIpex Oes-
KOB B DHAOMETPUU 4YejoBeKa, a mMeHHO: IL-11,
CXCL10, GM-CSF n FGF2. Bkcnpeccus FGF2
B DHAOMETPUU YEJIOBEKA in Vivo YBEJIUYUBACTCS
BO BpEMS CEKPETOpPHON ha3bl MEHCTPyaJbHOTO
HMKJa ¥ OCTaeTCsl BHICOKOW B TEYEHHE IEPBOTO
TpuMecTpa O6epemeHHOocTH. FGF2 obGecrneunBaeT
aAre3uio TpoMaKTOAEPMbl K BHYTPEHHEN KJIeTOU-
Hoit macce (ICM) u konnareny tuna IV. ITonumnsl
SHIOMETPUS TIPEACTaBASIOT co0o0il abeppaHT-
HBIC pa3pacTaHUs, COCTOSIINE U3 XKeJe3, CTPOMBI
U KPOBEHOCHBIX COCYJOB C COCYIMCTBIM LIEHTPOM,
pacrnpocTpaHstonecs B MojocTb MaTKU. Mx pas-
Mep BapbUPYeTCs OT HECKOJbKUX MUJJIMMETPOB
IO HECKOJBbKUX caHTuMeTpoB [8]. Ilo maHHBIM
MNPOBEIEHHOTO HAMU UCCJIENOBAHU S, Y MAlIUEHTOK
¢ monumnakToMueil B aHamHe3e (Ib) u y XeHIuH
TPYMIIBI CPaBHEHUSI ObLIM MOJYYEHO TOCTOBEPHOE
cHmkeHue kKoHueHTpauun TGF-Bl1 B couyeTtaHunu
¢ nosbimieHUeM koHueHTpauuun FGF2, DEFal.
PerynstopHbie T-KJIETKU OKa3bIBalOT MOIIHBIC

NPOTUBOBOCIIAJUTEIbHBIE, HWMMYHOCYITPECCUB-
HbIE U COCYIOPEryJsiTOpHble (DYHKIIMU, HEOOXO-
IVMBIC IJIs HACTYTUICHUSI 0epeMeHHOCTHU. 3a CUeT
BBICBOOOXKJICHUSI ITMUTOKUHOB, BKitouass TGF-
MPOUCXOAUT KOppEasiliisl BOCIajaeHUusl U Moaaep-
XaHusg romeocTta3sa [20].

B Hacrosiee BpeMs hakTopaM pocTa B 3HIO-
METPHUH yIenasieTcss 00JbIlIoe BHUMaHMWE, HO JTaH-
HbIe OYeHb NPOTUBOpeUYUBLI. OOCyXIaeTCs POJib
TGF-B1 B maToreHe3e HeBbIHAIIMBAHUSI OepeMeH-
HOCTU. B sHmomeTpuum y (epTUIABHBIX KEHIIUH
nponykiist TGF-B1 Bbillie, 4eM y XKEHIIWUH C MO-
BTOPHBIMU HeyJAadyaMW WUMILJIAHTAllUKU B IIpOrpam-
max BPT [1]. B Hamiem uccienoBaHUM TaKKe ypoO-
BeHb TGF-B1 OblI cTaTUCTUYECKU 3HAYMMO HUXKE
(p < 0,001) mpm cpaBHEHUM MAIIMEHTOK M3 IIOMI-
rpynnbl ¢ MOJUIIBKTOMUEH B aHaMHe3e I10 cpaB-
HEHUIO C GEePTUTBHBIMU KEHIIUMHAMMU. Y XKEHIIUH
C Hepa3BUBAIOIIMMUCSI 0EPEeMEHHOCTSIMU PaHHETO
cpoka mocie DKO oTMmeueHa ITOHUKEHHAsT BKC-
mpeccust TGF-B1 u ero penernitopa B AeIUayarb-
HOM U MHTEePCTUILIMATbHONU 000JIouKax, BOpCUHYA-
TOM TKaHu [1].

HemaBHue mcciaenoBaHUs II0Ka3ajlu, 4TO ypO-
BeHb FGF2 B naBaxke MaToOyHON XUAKOCTU (ep-
TUJIBHBIX U OECMJIOAHBIX XXEHIIWH He pas3jinyali-
ca [3]. DTo moAaTBepXKAAETCS M HAIIUM MCCIEOO-
BaHMWEM, OOHAKO B MOATPYMIE C MOIUIIIKTOMUCH
B aHaAMHe3¢ MBI BUAMM ITOBBIIIICHUE COACPKAHUS
FGF2, 4Tt0o, BO3MOXHO, CBSI3aHO C MPUCYTCTBUEM
KPOBEHOCHBIX COCY/IOB B moJjiumnax. B rpymnme xeH-
IUH ¢ OCCIUIONWEM HaMU BBISIBJICHO HEOOJBIIIOE
nosbimeHne FGF2 u monuxenne TGF-B1, Ho 3TO
CTaTUCTUYECKU He 3HauMMoO. CTaTUCTUUYECKU 3Ha-
yuMoe mnoBbieHue (p < 0,001) y )KEHIIUH ¢ UANO-
NaTU4YeCKUM OecCIIogueM II0 CpaBHEHHIO ¢ (dep-
TUJBHBIMUA TALIMCHTKAMU OTMEUYEHO TOJBKO IS
DEFal.

B npenpiayiiemM ucciaenoBaHUM ObLIO IMOKa3a-
HO JOCTOBEPHOEC CHUXXEHHE 3SHIOMETPUATBHOTO
TGF-B1 u bFGF2 u yBennuenue DEFal y xxeH1uH
C UAUOMATUYECKUM OECIJIONUEM MO CPaBHEHUIO
¢ GepTUIbLHBIMU NallMeHTKaMu [23].

YpoBHU  TIPOBOCITAJUTEIBHBIX IIUTOKWHOB
M AHTUMHUKPOOHBIX TICTITUIOB ITOBBIIIAIOTCS
BO BpeMsI TOpPMOHaJILHBIX M3MeHeHU . BripaboTka
LIUMTOKMHOB UIPaeT pellalIlyld pojb B OTBET
Ha pa3IMYHYI MUKpoOUOTy. OnHaKO NJIUTEIbHAS
BBIPAa0OTKAa IIUTOKWHOB MOXET OCJIaOUTh SIUTE-
JIMAJIBHBIN 0apbep U IMTOBBICUTH BOCIIPUUMYNBOCTH
K uHpexkuuwm [11].

HecMmoTpss Ha MHOTOYHMCIEHHBIE TUTEpaTypPHBIS
TaHHBIC, HEOOXOOMMBI JaJIbHEUIITNE NCCISTOBAHU S
C 1IeJIbIO TOHUMAaHM I B3aMMOIECTBUS MMMYHOMa
M MUKPOOHMOMA, 4TO OTKPOET IMEePCHEeKTUBBI IJIsI
MHHOBALIMOHHBIX MTUATHOCTUYECKUX U TepareB-
TUYECKUX CTPpATETUI B 00JIACTH PEIIPOTYKTUBHOIO
3I0POBbsI, TAKMX KaK JeueHUe OEeCIIonus U Beae-
HUEe 0epeMEeHHOCTH.
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3akJoyeHme

Hanuuume MHMKpPOOpPraHuU3MOB B BHIOMETPUU
MPUBOMAUT K MOIYJISIIIMU WMMYHHOUW CHUCTEMBI
U TIATOJIOTMYECKUM TMpoIleccaM B MOJOCTU MaTKU
¢ pasButueM Oecrutonus. Hanwuume uam orcyT-
CTBUE JIAKTOOAIIMJITT B MOJIOCTU MaTKU SIBJISIETCS
KJTIOYOM K UMILJIAHTAllu1 SMOpUOHA.

BzanmoneiicTBue MuUKpoOMoMa M WMMYHOMa
B TIOJIOCTM MATKW MPEICTaBJISIET COOOM CIIOXHYIO
CUCTEMY M BJIUSIET HA BPOXJAECHHBIC U alalITUBHBIC
WMMYHHBIE peakIluu, TeM CaMbIM CIHOCOOCTBYS
BO3HUKHOBEHUIO UM TPOTPECCUPOBAHUIO PETPO-
NYKTUBHBIX pacCTPOUCTB. DTO MHOTOOOeIIatoIast
00JTacTh UCCIEAOBAHUN CO 3HAUYMTEIbHBIM TTOTEH-
IIAAJIOM TSI PETTPONYKTUBHOU MEAUITUHBI.

Hame wuccimenoBaHue IIoKas3ajo, HAaCKOJBKO
TECHO B3aMMOCBSI3aHbI MUKPOOMOTa 3HIOMETPUSI,
NPOUCXONSAINe B HEM WMMYHHBIE W3MEHCHUS
M KJIMHUYECKME TIPOSIBJIICHU S Oecrimonusi. B cBsa3m
C OTUM HEOOXOIMM IIePEeCMOTP KIMHUYCCKUX pe-
KOMEHJAIIMI 1O JICYeHWIO IMallMEHTOK C pa3HBIMU
dhopMamu OeCIIoausI.

JononHutenbHas nHpopmaums

KondaukTt uaTepecoB. ABTOPHI 3aBJISIIOT 00 OT-
CYTCTBUU KOH(PJIMUKTOB UHTEPECOB.

CooTBeTCTBHE NPUHIUNIAMATHKH. MccrienoBanue
ON00pEeHO JIOKAJIbHBIM OTUYECKUM KOMUTETOM
«OI'BHY HUU ATuP um. 1.0. OTTa», IpOTOKOII
Ne 114 ot 14.12.2021.
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FrEHOMHOE PASHOOBPA3SUE TOKCUINEHHbIX
LUTAMMOB VIBRIO CHOLERAE O1 BUOBAPA
3J1b TOP, BbIAEJIEHHbLIX B MNEPUOA TPEX
BOJIH CEAbMOW NAHAEMWUN XONEPHI

H.N. CmupHoBa, /I.A. Peioansuenko, 10.B. JIozosckuii, S1.M. Kpacuos, E.1O. Illeakanosa,
A.B. ®enopos, B.B. KyTbipeB

DKYH Poccuiickuit nayuno-uccaedogamenbckuli npomueouymubulii uncmumym «Mukxpob» Pocnompebradsopa, e. Capamos, Poccus

Pesiome. Bsedenue. Boicokast BapuabeabHOCTh TeHOMA BO30YIUTENS CEAbMON TaHaeMW U XoJiepsl V. cholerae Onb Top
NpuBeJia K BOSHUKHOBEHUIO Pa3TUYHBIX TEHETUUECKUX BAPUAHTOB, UMEIOIINX Pa3HbI HA0OOP M3MEHEHHBIX TEHOB,
KOAMpPYIOIMX (DaKTOPhl MaTOTEHHOCTU M PE3MCTEHTHOCTh K aHTHMOMOTUKaM. Lleiab paboThl — aHaAM3 AMHAMM-
KW U3MEHEHMSI TeHOB MAaTOreHHOCTH, SMUAEMUYHOCTU U JIEKAPCTBEHHON YCTOMYMBOCTH TOKCUTEHHBIX IITAMMOB
V. cholerae Dnb Top n3 Poccun u SHIAEMUUYHBIX M0 XOJEpe PErMOHOB, BbIIEACHHBIX B MEPUOJA TPEX BOJH TEKyIlIei
MaHAeMUM, U UX puaoreHeTuUecKuit ananus. Mamepuansl u memods. VIcrionb30Balu HyKJICOTUIHbBIE MTOCIEI0BA-
TEJIbHOCTU TMOJHBIX TeHOMOB 155 TokcuTreHHBIX mTaMMOB V. cholerae Dnv Top, moayyeHHbIX HaMU (42 ITAMMOB)
n B3aTeIX U3 NCBI GenBank (113 uzonsroB). CekBenupoBanue JAHK mpoBogunu Ha miaatdopme «lon PGM»
@uioreHeTUYECKUE CBSI3HM IMITAMMOB OIPEACISIIN Ha OCHOBE 0aifeCOBCKOTo aHaan3a KOpoBbIX SNP, moxyueHHBIX
C TIOMOILBIO TPOrPaMMHOrO MakeTa Snippy 4.6. Pe3ucTeHTHOCTh K aHTUOMOTHKAM OLIEHUBAIKN TUCKO-I1(y3noH-
HBIM MeTonoM. Pe3zyasmamoi. Ha ocHoBaHumM SNP-aHanM3a yCTaHOBIICHO IeJICHUE MCCIIeAYeMBIX ITaMMoB (1970—
2023 rr.) Ha 3 kiactepa. [lokazaHa yeTKast KOppeas U MeX 1y TEHOTUTIOM IITAMMOB KaK JOTO KJ1acTepa M BDEMEHHBIM
rnepuoaoM ux BoiaeneHus1. O6ocobaeHre reHeTUUeCKU MU3MEHEHHBIX IITaMMOB U3 KiactepoB I1 u 111, BeimeaeHHBIX
B ITEPUOJ BTOPOH 1 TPEThEil BOJH MaHAEMWH, OT TAITMYHBIX IITAMMOB 13 KJj1acTepa I, 61710 CBsI3aHO ¢ TPUOOpeTeHU-
eM uMu HoBbIX yuacTKoB JIHK (rena ctxBI v pasubix TunoB ICE), a Takke MyTauMsIMU B T€éHaX MaTOr€HHOCTH U Jie-
KapCTBEHHOI YCTOMUMBOCTH. BelencTBre pa3Horo coueTaHus MyTalMii mraMMbl kjaactepa I11 6bln reHeTHUeCKT
HeonHoponHbl. CpaBHEHME TeHOMOB M3Y4YaeMbIX LITAMMOB MTOKa3aJjo0, YTO UX pPa3HOOOpa3re 3HaYUTEbHO BO3POCIO
B IIEPUOJ TPEThEl BOJHBI MAHAEMUHU, YTO MPUBEJIO K MOSBICHNIO HOBBIX TeHOBAPUAHTOB C MOBBIIIIEHHBIM MMaTOreH-
HBIM ¥ 3MUAEMMYECKUM MOTeHIIManoM. [TokazaHo, 4TO pe3UCTEHTHOCTh K aHTUOMOTHUKAM IITAMMOB KaK U3 SHIE-
MMYHBIX PETMOHOB, Tak 1 U3 Poccuu 3a mociennue 30 et (19932023 rT.) mpeTepIieia CyieCTBEHHbIC M3MEHEHU S
3a CUET Pa3NIMYHBIX MyTaluid. [Ipy 3ToM MeHsIoMasACs IeKapcTBEHHAs] YCTOMYMBOCTh BAPHAHTOB YeTKO KOPPEIH-
poBaJjia ¢ BOSHUKHOBEHHMEM B X TEHOME MYTAllMii B pa3IMIHBIX TeHAX MaTOTeHHOCTH. 3akaruerue. [loka3aHo, 4TO
Ha TIPOTSIKEHU U IBYX MOCICTHUX AeCSITUICTHI IIPOUCXOINIIO JOBOJIBHO OBICTpOE M3MEHEHNE TeHOMA BO30YIUTES,
CJIEICTBUEM KOTOPOTO SIBUJIOCh BOSHUKHOBEHME Pa3IMUYHBIX TEHOBAPMAHTOB. YCTAaHOBJIEHA CMEHA BapUaHTOB BO3-
oynutens B Poccuu. Ocobyto 00eCOKOEHHOCTD BbI3bIBAIOT IIITAMMBbI, COYETAIOUIME TEHETUYECKHUE MapKEPhl TUIIEP-

Anpec ans nepenucku:

CmupHoBa HuHa VBaHoBHa

410005, Poccus, r. Capatos, yn. YHuBepcurtetckas, 46,

OKYH Poccuiickuii Hay4HO-McCnenoBaTenbCKuii NpOTUBOYYMHbIN
MHCTUTYT «Mukpob» PocnotpebHaa3sopa.

Ten.: 8 905 321-33-77.

E-mail: rusrapi@microbe.ru

Contacts:

Nina I. Smirnova

410005, Russian Federation, Saratov, Universitetskaya str., 46,
Russian Anti-Plague Institute "Microbe™ of Rospotrebnadzor.
Phone: +7 905 321-33-77.

E-mail: rusrapi@microbe.ru

[ns umTMpoBaHus:

CmupHoBa H.W., Puibanbyenko [.A., Jlososckwii H0.B., KpacHos 9.M.,
LLlenkaxosa E.10., ®epnopos A.B., Kytbipes B.B. [eHomHoe pa3Hoobpa3ue
TOKCUreHHbIx WwrammoB Vibrio cholerae O1 6rosapa Anb Top, BblAENEHHBIX
B NEPUOZ, TPEX BOSH CeLibMOI NaHaemMum xoneps! // NHdekums

1 ummynutet. 2025. T. 15, Ne 1. C. 57-70. doi: 10.15789/2220-7619-
GDO-17701

© CmupHoBa H.WU. n coasr., 2025

Citation:

Smirnova N.I., Rybal’chenko D.A., Lozovsky Yu.V., Krasnov Ya.M.,
Shchelkanova E.Yu., Fedorov A.V., Kutyrev V.V. Genomic diversity of toxigenic
Vibrio cholerae O1 biovar El Tor strains isolated during three waves of the 7th
cholera pandemic // Russian Journal of Infection and Immunity = Infektsiya

i immunitet, 2025, vol. 15, no. 1, pp. 57-70. doi: 10.15789/2220-7619-
GDO-17701

DOI: hitp://dx.doi.org/10.15789/2220-7619-GDO-17701

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

57



H./. CmupHoBa 1 ap. MHdekumns n uMmyHuTeT

BUPYJCHTHOCTH ¥ MHOXECTBECHHOM JIeKapCTBEHHON yCcTOYMBOCTH. BapnabeapHOCTh TeHOMa mTaMMoB n3 Poccnm
yKa3bIBaeT Ha HEOOXOAMMOCTD MPOBEICHUS MOCTOSTHHOIO T€HOMHOTO HaA30pa 3a HUMU C LIEJbIO TIOJyYeHUs TaH-
HBIX 00 UI3MEHEHUU UX SMUIEMUYECKH BaXXHbIX CBOMCTB AJISI CBOEBPEMEHHOIO CO3JJaHUsI HOBBIX CPENCTB AMArHO-
CTUKU U TPOPUTAKTUKMU.

Karouessie caosa: V. cholerae, 6apuabensrocms eenoma, namoeenHocms, 1eKapcmeeHHas yCmouuueocms, UA0eeHUs, 2eHOMHbLI
Hao3op.

GENOMIC DIVERSITY OF TOXIGENIC VIBRIO CHOLERAE O1 BIOVAR EL TOR STRAINS ISOLATED
DURING THREE WAVES OF THE 7TH CHOLERA PANDEMIC

Smirnova N.I., Rybal’chenko D.A., Lozovsky Yu.V., Krasnov Ya.M., Shchelkanova E.Yu., Fedorov A.V.,

Kutyrev V.V.

Russian Anti-Plague Institute “Microbe” of Rospotrebnadzor, Saratov, Russian Federation

Abstract. Introduction. High genome variability of the 7th cholera pandemic agent, V. cholerae El Tor, led to emergence
of genovariants with distinct set of altered genes. The aim of the work was to analyze the dynamics of changes
in pathogenicity, epidemicity as well as drug resistance and phylogeny in toxigenic strains of V. cholerae El Tor isolated
in Russia and endemic regions during three waves of ongoing pandemic. Materials and methods. We used whole-genome
nucleotide sequences of 155 strains, obtained by us (42) and taken from the NCBI Genbank (113). DNA sequencing was
performed on Ion PGM platform. Phylogenetic relations were determined based on the Bayesian analysis of core SNPs
obtained using Snippy 4.6 software package. Antibiotic resistance was assessed applying disk diffusion test. Results. SNP
data revealed that the studied strains (1970—2023) might be divided into three clusters. A clear correlation between
each-cluster strain genotype and relevant isolation timing was observed. Separation of genetically altered cluster 11
and III strains isolated during the 2nd and 3rd waves of the pandemic from typical cluster I strains is associated with
acquisition of new DNA regions and mutations in pathogenicity and drug resistance genes. Due to different combination
of mutations, cluster II1 strains are genetically heterogeneous. Genome comparison showed that this diversity increased
dramatically during the 3rd wave, which led to emergence of new genovariants with higher pathogenic and epidemic
potential. It is demonstrated that antibiotic resistance in strains both from endemic regions and Russia over the past
30 years (1993—2023) has undergone significant changes. Thereat, the changing drug resistance clearly correlated with
the occurrence of mutations in various pathogenicity genes. Conclusion. It is shown that over the past two decades
the agent genome underwent a rather rapid change resulting in emergence of various genovariants. A change in the
pathogen variants in Russia has been established. Strains combining genetic markers of hyper-virulence and multiple
drug resistance are of particular concern. Genome variability of the strains identified in points at a need for constant
genomic surveillance to obtain data on altering epidemically important properties for timely generation of new
diagnostic and preventive means.

Key words: V. cholerae, genome variability, pathogenicity, drug resistance, phylogeny, genomic surveillance.

[TaToreHHOCTHh TUITMYHBIX IITAMMOB, BBI3BaBIINX
nepBylo BosiHy nmanaeMuu (1961—1990 rr.), o0ycioB-
JIeHa TIPUCYTCTBMEM B TeHome Ipodara CTXETr

BeepgeHue

Ha iporsikennn 601ee 60 J1eT MBI SIBASIEMCS CBU-

JIETeASIMU Pa3BUTUS CEAbMON MaHIEMUU XOJIEPHI,
HayvaBieiicss B 1961 r. Ha MHAMIICKOM CyOKOHTU-
HEHTE, OTKY/a ITPOMCXOIMJIO €€ pacIpoCTpaHeHUe
10 BCEMY MUPY TPEMSI HE3aBUCUMBIMHM, HO ITIEPEKPhI-
Baromiumucs BoaHamu [1, 19]. IIpomonkaroiiuecs
B HACTOsIEee BpeMsl BMUACMUM U BCIBIIIKK XO-
Jepbl B BHAEMUYHBIX cTpaHax Iro-BoctouyHoit
Azun, Appuku, KOxxHOM AMEpUKU cO31al0T peasb-
HBIC PUCKM €€ 3aB0O3a B IPYTUE PErUOHBI, BKIIIOYas
Poccuio, TeppuTOprsi KOTOPOI SIBISIETCSI HEIHJIE-
MUYHOI. Bce 3aperucTpupoBaHHbBIC SIUAEMUYEC-
CKH€ BCITBIIIKY UK CHOpPaaMdYeCcKue Clydan XOJje-
pol B Poccum Bcerna nMmesnm 3aHOCHOM XxapakTep [4,
6]. Bo30OynuTeneM TEKYIIEH MaHIEMUU SIBIISIOTCS
TOKCUTEHHBIE ITaMMBbl Vibrio cholerae ceporpynnbl
O1 ouoBapa Dnb Top, oTHOCAIIMECS K TUTTUYHBIM
M FeHETUYSCKY U3MEHEHHBIM MJIM FeHOBapUaHTaM.

C OIIePOHOM CIXA B3, KOMNPYIOIIUM XOJICPHBIN TOK-
cuH (mym CT), m octpoBa naroreHHocTu VPI-1 ¢ re-
HamMu  fcpAET'-F, onpeaeasioluMUA  IPOAYKIIAIO
TOKCHH-KoperynupyeMmbrx nmieit (miu TCP) — oc-
HOBHOTO (paKkTOpa KOJIOHU3AINY KUIIIEYHUKA YeT0-
Beka [21, 23]. [TargeMuyecKuit (ANUAESMUYICCKUIN)
MOTEHIIMAJI CBSI3aH C OCTPOBOM ITaHASMUYHOCTH
VSP-II, npoayKThl TEHOB KOTOPOTO 00ECIeYnBAIOT
BBICOKHMU YPOBEHB amanTalldid BO3OYOMTEIS K Me-
HSIIOLIMMCS YCJIOBUSIM OKpYyKatolei cpeabl [15].
OmHako B OajbHEMIIIEM TeHOM BO30YIUTENs
B IIPOIIECCE SBOJIOIMU IIpeTepIies] OOJBIINE W3-
MEHCHUS, YTO MPUBEJIO K MOSBICHUIO Pa3INUYHBIX
TeHOBAPUAHTOB, OTJIUYAIOIINXCS OT TUIIHYHBIX
IITAMMOB TE€HETUYCCKUMU U (DEHOTUIINICCKUMHU
cBoiicTBaMU. BriepBble BO3ZHUKIIIME TEHETUICCKIC
BapuaHTH (1991—1994 r1T.) BBI3BAJIM BTOPYIO BOJI-
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HY MaHAEMUU, BBITECHUB TUTTMYHBIE IITaMMBI [19,
20]. KntoueBbIM COOBITUEM B UX (POPMUPOBAHUU
CcTaJIo IpUoOpeTeHUe BO30YIUTEIEM XOJIEphl DIIb
Top ropr3oHTaIbHO NEPEHECEHHBIX T€HOB cfxABI
u3 npodara CTXHCs xonepHbIX BUOPUOHOB KJ1ac-
cUYecKoro OuoBapa — BO30OyAMTENs] TIpPEablay-
MMX IIeCTH TMaHAeMUil a3maTcKoil xojepbl [20].
Btopoe BaxkHOEe COOBITHE — IIOSIBJICHHUE B T€HOME
naToreHa MHTETrPaTUBHOI'O KOHBIOTATUBHOTO 3JIe-
meHTa (uau ICE) SXT ¢ reHaMu pe3UCTEHTHOCTU
K pa3nuuHbIM aHTHOMOoTUKaM [10, 25]. U3 30 us-
BECTHBIX €TO THMIIOB HamboJiee pacIpoCTpaHEH-
HeimMu Obt ICEVehIndS(floR, strAB, sul2, dfrAl)
u ICEVchBan9(floR, strAB, sul2, tetAR, dfrAl).
OCHOBHOE pa3anu4ue MeXIy HUMU — pa3HbINA Ha-
0Op reHOB PE3UCTEHTHOCTU K aHTUONOTUKAM [2, 7,
16, 25]. IIpuoOpeTeHre HOBOI NeHETUYECKOM MH-
dopManuu NpUBEIO K MOBBIIIEHUIO BUPYJIEHTHO-
CTU M aHTUMUKPOOHOI YCTOWYMBOCTH MaTOTeHa,
a Takxke IOJIyYeHUIO BapMaHTaMM CEJIEKTUBHOTO
MPEeNMYIIeCTBA OTHOCUTEIBHO TUITUYHBIX IITaM-
MOB, 4YTO OOYCJIOBMJIO BBITECHEHUE ITOCISTHUX
NpakTUYECKHN BO BCeX DHASMUYHBIX permoHax [12,
28]. Tem He MeHee mTpuMepHO depe3 10 et B mepu-
Ol TpEeTheil BOJTHBI MAaHASMUH IIPOU30IIIa 3aMeHa
3TUX BAPUAHTOB HOBbIMU [19].

XapaKkTepHOI 0COOEHHOCThIO TeHOMAa IIITaMMOB
13 TPEeThe BOJTHBI MTAHASMUU CTAJIA TOYCUYHBIC MY-
TallX B KJTIOUEBBIX 1 TOTTIOJTHUTEIBHBIX TeHAX ITaTo-
TeHHOCTH ¥ JICKAPCTBEHHOM YCTOMYMBOCTH, a TaK-
Ke BHYTPUICHOMHAasl MepecTpoiika OCTpoBa MaH-
nemudHocTu VSP-II. OmHOHYKI€OTUAHBIE 3aMEHBI
B reHax ctxBI u tcpA n3 npodara CTXo u ocTpoBa
natroreHHocTu VPI-1 mpuBenu K MOSBICHUIO MX
HOBBIX aJutesnen ctxB7 u tepACRS1° cooTBETCTBEHHO
W IIPOAYKIIMU NU3MEHEHHBIX (DAKTOPOB ITaTOT€HHO-
ctu [22, 26]. Pe3ynbraToM MyTallMu B TeHE FixA, KO-
IUPYIOIIeM MHOTO(MYHKIIMOHAIBHBIM IUTOTOKCUH
MARTX, crajio mosgBiaeHue ero anjeis rtxA4 c no-
Tepeit pyHkuum 3Toro reHa [14]. K romy Xxe 3a cueTt
NpOTSIKeHHOM Aenenuu okoio 30 reHos B VSP-I1
Mpou3olllJla yTpaTra TeHEeTUYEeCKOTO MaTrepuasa
n obpazoBaHue VSP-1IA(vc0495 — vc0512) [27].
Kpome Toro, BO3HMKIM MyTalliu, KOTOpBIE IIO-
BJICKJIM M3MEHEHHUE PEe3UCTEHTHOCTH K aHTHOMO-
TUKaM — BO3HUKHOBEHHUE YCTOMYMBOCTU K HaJIM-
JMMKCOBOM KMCJIOTE 3a CUET MyTalllii B reHax gyrA
(G248T) u parC (C254T) [17] 1 4yBCTBUTEIbHOCTH
K TIOTUMUKCUHY B B pe3ynbraTe OmMHOHYKJICOTH/I-
Hoi1 3aMeHBI B reHe carR (G265A) [24]. CnenctBueM
yKa3aHHBIX COOBITHI CTa0 (POPMUPOBAHME BBICO-
KOMaTOreHHbIX HOBbIX TEHOBAPHUAHTOB C YHUKAJIb-
HBIM HabopoMm (aKTOPOB BUPYJICHTHOCTU, aHTU-
MHUKPOOHOI pe3UCTEHTHOCTU M BRLICOKHM YPOBHEM
ajarTalliid K CTPECCOBBIM BO3IEHCTBUSIM OKpY-
XKarolei cpenbl, YTO MPUBEJIO K UX TJI00AaTbHOMY
pacnpoctpaHeHuio [11, 19, 22] u pocTy 3aboeBac-
MOCTH XOJIEPOil B MUpPE C YBEJIMUYEHHBIM YUCIOM
cay4aeB TsxKeJioro TedeHus [13].

IlepBblc BONUIEMUYECCKUE IIPOSIBIICHUS XO-
nepel B Poccuiickoit ®denepauuu (P®) Haua-
auck B 1970 r. B mepuoa IepBOil BOJIHBI MaHIE-
MHUU U OBIJIM CBSI3aHBI C 3aBO30M BO30YIUTEIIS
B AcTpaxaHCKylo obGJjiacTb u3 MpaHa u pgajibHe-
IIIMM pacIpoCTpaHEeHUEM MHMEKIIMU B IPYTUX Ha-
ceqeHHBIX nyHKTax IloBoykbst [3]. Kpome Toro,
HEOObIINE BCITBIIIKA U eAMHUYHBIC CIIyYanl XO-
JIEpBI PETUCTPUPOBAJIVICH U B IPYTUX pernoHax Pd
(Ykpaunna, AsepOaiigxaH, I'pysus, bamkupus,
CraBpomonb) [1, 5]. UccaemoBaHue psiga KJIWMHU-
YEeCKHUX M30JIITOB ITI0KAa3aj0, YTO OHU OTHOCHUJIVICH
K TUITMYHBIM IITaMMaM, COAEPXKAIIMM B COCTaBe
oriepoHa ctxAB annenb ctxB3. OnHako B gajibHel-
IIeM BO BpeMs ABYX APYTUX BOJH MaHAEMUU BCeE
M3BECTHBIC ciIyyan Xojiepbl B PM ObIIM CBSI3aHBI
¢ IpyrMMU BapuaHTamu [4, 6, 18].

BriepBble reHEeTUYECKU WM3MEHEHHBbIEe IITaMMbI
C ctxBI1 Ob11M 3aBe3eHbI B pa3IMyHbIe pernoHbl PM
B 1993—2001 rr., cTaB MPpUYNHON SMUASMUICCKUX
BCITBIIICK, JTMOO CITOpaIMYSCKUX CIydaeB XOJIEPhI
B pa3HbIX pervoHax ctpanbl [9, 10, 18]. OmHako
Bckope, HaunHag ¢ 2004 r., Ha TeppuTopuio Poccun
OBLIM 3aBe3C¢HBI ApyTHe BapWaHTHI BO3OYIMTEIS
C IOTOJIHUTEABHBIMU MYTAIUSIMUA B SITUACMUYE -
CKM BaXXHBIX reHaxX. MyTalssMu ObLIN 3aTPOHYTHI
reHbl maToreHHoCTH (ctxBI, tepAP™ | rtxAl) u ne-
KapcTBeHHOI ycToitumuBocTH [4, 11, 18]. [Tpu aTom
pas3sIuYHbIe IITaAMMBI BapMaHTOB MMEIUW pPa3HBII
Ha0Op MYTaHTHBIX TEHOB, YTO OIPEIeIsiIo UX He-
ONMHAKOBBI MATOMeHHBIA W JBIUIEMUYECKUN
NOTCHIIMAJIBI.

Bricokass CKOpPOCTh 3BOJIONMHN W aJalTalluu
BO30yOMTENSI XOJIepbl K BHEIIHEW cpene OyneT
U B JajibHEHIIEM TNPUBOAUTH K (pOpMUPOBAHUIO
HOBBIX BAPUAHTOB 1 MX 3aHOCYy B PM. D10 06CTOSA-
TEJILCTBO yKa3bIBaeT Ha HEOOXOOAMMOCTh MPOBEAC-
HM S TEHOMHOTO HaJ130pa 3a TaTOT€HOM C 1IeJ1bI0 MO-
HUTOPMHTA T€HETUYECKUX U3MEHEHUI IITaMMOB,
KaK 3aHECEHHBIX B Poccuio, Tak U LUPKYJIUPYIO-
IMUX B SHOICGMUIHBIX PETHMOHAX, IJISI CBOCBPEMECH-
HOTO CO3TaHM S aIcKBATHBIX CPEIACTB AMaTHOCTUKH
u TnpopunakTuku xojepbl. HecmoTpss Ha 060Jib-
IO MHTEPEC MHOTMX MCCIEeNOBATENIEN K T€HETHU-
YeCKOMY aHaJIM3y pa3IMYHBIX BapUaHTOB BO30Y-
nutens [2, 4, 8, 9, 11, 18], moaydyeHrUe CUCTEMHbBIX
NaHHBIX 00 M3MEHEHUU SBIUAESMMUYECKU BaKHBIX
CBOMCTB ITaMMOB V. cholerae Dnb Top 3a nocien-
Hue 50 net (1970—2023 rT.) OCcTaeTcsi aKTyaJIbHOMU
3ajadeii, pelreHue KOTOPOM ITO3BOJMUT ITOBBICUTH
ONEepaTUBHOCTH M KAYyeCTBO OOIIEl CUCTEMBbI SMU-
JEMUOJIOTrMYEeCKOro Haa3opa.

Llenb pabOTHI — aHAIN3 TMHAMUKHN U3MEHECHU ST
TeHOB ITATOTCHHOCTH, SMUIASMUIHOCTH U JIeKap-
CTBEHHOI YCTOMYWBOCTH TOKCHUTEHHBIX IITAMMOB
V. cholerae Dnp Top n3 Poccuiickoit Menepanu
W DHICMUYHBIX PETMOHOB, BBIICICHHBIX B IICPHUOL
TpeX BOJIH TeKYIIeH ITaHIeMUN, U X (PUIIOTEHETU-
YeCKMI aHaIu3.
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Wcnonp3oBajii  HYKJEOTUIHBIE IIOCJIEIOBa-
TEJBHOCTU TIOJHBIX T€HOMOB 155 TOKCMTE€HHBIX
mramMmMoB V. cholerae Ol ouoBapa Dab Top, BbI-
JIEeJeHHBIX B pa3Hble MEPHOABI TEKYIIEH MHaHOe-
mMuu B Poccuu 1 sHIEMUUYHBIX peruoHax (tadu. 1).
HykneoTunHble mOCIEI0BaTEIbHOCTU IITAMMOB
OBLIM TIOJIyYeHBI HaMu (42 ImTamMma) WU B3STHI
n3 NCBI GenBank (113 mrtamMmMOB).

Baktepuu KyabTUBUPOBaIU B OyJIbOHE U arape
LB nipu 37°C. YUyBCTBUTEJIBHOCTh K aHTUOAKTEPU-
aJIbHBIM TIperaparaM omnpeneiasiaim Tucko-guddy-
3MOHHBIM METOIOM C HMCIIOJIb30BaHUEM ITpernapa-
TOB nmoauMukcuHa B (300 MKr) u HaJIUAUKCOBOM
kucaothl (30 Mkr) dhupmel «<HiMedia Laboratories
Pvt. Limited» (Muaus).

CekBeHUpOBaHHWE IIPOBOAMJIN Ha TIaT@opme
«lon PGM» (Ion Torrent, CIIA). ITonroToBKYy re-
HoMHOI JIHK BbIMOJHSIIM cOrjacHO ITPOTOKOJY
NPOU3BOAUTENSI U3 00pabOTaHHOW MEPTHUOISITOM
HaTpus OaKTepUaJIbHOM CYCIICH3UU C MCIIOJIb30-
BaHUE KOMMepueckoro Habopa «Axy Prep Bacterial
Genomic DNA Miniprep Kit». IToarorosky JTHK
O01OJIMOTEeK MPOBOAUIIU MO CTAHAAPTHOMY IIPOTO-
KOJIY B COOTBETCTBUH C PEKOMEHOAIIMSIMHU ITPOU3-
BoauTeist. JAast cOOpKY TeHOMOB ITIPUMEH SLTU TTPO-
rpaMmMHoe obecniedeHue lon Torrent Suite Software
v. 5.4 u Newbler GS Assembler v. 2.6. CpeaHsis 1iry-
OMHa ITPOUYTEHU I CeKBEHPOBAHHBIX IIITAMMOB CO-
ctaBua 50.

AHau3 TIOJJHOTEHOMHBIX IOCJeA0BaTEeIbHO-
CTeit uccienyeMbIX IITAMMOB ITPOBOANIIA OTHOCH-
TEJILHO ITOCJICIOBAaTEIIBHOCTU TeHOMa pedepeHc-
Horo mrtaMmMma V. cholerae N16961 ¢ oMolIbIO TTPO-
rpamMbl UGEN v.45.1.

Js oonapyzkennss SNP uoctpoeHus puiiore-
HETUYECKOTO AepeBa MUCIT0ab30Baau baliccoBcKUii
dusoreHeTUYECKU aHAIM3 C IIpUMEHEHHUEM
nporpamMmMbl MrBayes v.3.2.7a. Ha ocHoBe SNP-
MaTpPULbl, IMOJYYEHHON C IOMOIIbLIO IIPOrpaMMbI
Snippy 4.6.0. Buzyanusauuio nogy4eHHbIX pe3yib-
TaTOB OCYIIEeCTBISIN B IIporpamme iTOL v.6.

Pesynbrarhl

Quanoeenemuueckuil amaau3  MOKCUREHHBIX
wmammoes V. cholerae av Top uz Poccuu u 3HOe-
MUYHBIX Pe2UOHO08, BblOCACHHBIX 8 PA3HbLE 8PeMEHHble
nepuodst cedvmoii nandemuu. J1st BEISCHEHUS TeHe-
TUYECKUX CBSI3el pa3JIMIHBIX IITaMMOB 13 Poccun
C IPYTUMU LITAMMaMU BO30YIUTEN ST, U30JIMPOBAH-
HBIMU B pa3HbIe TOABI HAa Pa3JIUYHBIX SHICMUYHBIX
TeppuTOpUsX (Tabj.), Mbl IPOBENU UX (PUJIOTEHE-
TUuueckuii aHaaus. Ha puc. 1 uzo6paxeHo ¢puiore-
HETUYECKOe JepeBO, IMTOCTPOCHHOE HAa OCHOBAaHUU
ananm3a 1950 xopoBbix SNPS ITOITHOreHOMHBIX
nocJjenoBareabHocTeil 119 miraMMOB, 13 KOTOPBIX
47 ObLIO 3aHeceHO Ha TeppuTopuio Poccuiickoii

Denepalii. YCTAaHOBIIEHO YETKOE JICJICHUE B3SIThIX
IIITAMMOB Ha TPU OCHOBHBIX KjacTepa. TUTTUYHbIE
IITaMMBI, BBIICJICHHBIC B IIEPHUOM IIEPBOM BOJHBI
nangemuu (1970—1991 rr.), obpa3zoBaiu OTAEIbHBIU
kJjactep I, Bkiawouaromuii 23 mramma u3 Poccun
(12 M30J5TOB) M SHIAEMUYHBIX PETMOHOB A3UU
(Uunusa, banrnamemr) m Adpukm (Mo3amMOuK,
I'BuHest). Bce miTamMMmbl, He3aBUCMMO OT MeCTa
M BPEMEHU BBIJICJICHUSI, UMEJIU OJMHAKOBBIN Te-
HoTtun — ctxB3tepAF O rtxAIVSP-11, vaeHTUYHBIN
TakoBOMY pedepeHcHoro mramma N16961, ObLin
YyBCTBUTEJIbHBI K HAJIMAUKCOBOM Kuciaore (Nals),
pPe3UCTEeHTHBI K moJuMukcuHy B (Pol®) u He co-
nepxanu B reHome ICE. Knacrep Il (22 uzons-
Ta) BKJIOYal mTaMMmbl U3 Poccun (19 uzonsaTos),
M30JIMPOBAHHBIX BO BTOPYIO BOJHY IaHIACMUH
(1993—-2001 rr.), a Tak>Xe TpU IITaMMa U3 SHAEMUY-
HBIX CTpaH, Ha TEPPUTOPUU KOTOPBLIX B 3TO Bpe-
MsI OBLIM 3aperMCTPUPOBAHBI BCHBIIIKHU XOJEPHI
(puc. 1). Ob6oco0bseHNe 3TUX IIITAMMOB OT M30JISI-
TOB U3 KJlactepa | yeTko KoppesimpoBasio ¢ mpuoo-
peteHueM uMu HOoBbIX yuacTKoB JIHK — rena ctxBl1
(B coctaBe npodara CTXd) oT XoJepHbIX KJIaCCU-
YEeCKUX BUOPUOHOB M Pa3HBIX TUIIOB MOOMJIBHOTO
snemeHTa ICE OoT Heu3BecCTHBIX HOHOPOB. B pe-
3yJIbTaTe 3TU MEePBbIe BAPUAHTHI BO30OYIUTEIISI UME-
nu reHotun ctxBliepAPrrtxAIVSP-11 ICE, otnuu-
HBIM OT TAKOBOTO pedepeHcHoro mramma N16961.
Paznuuug Mexny mrammamu u3 kiaactepos I, 11
n pedepeHCHBIM N16961 cocTaBisIiu B CpeIHEM
83 u 114 SNPs coorBeTcTBeHHO. YUTO Kacaetcs 74
IPYTUX UCCIIENYEeMBbIX IIITAMMOB, BBIIEJICHHBIX KaK
B Poccuu (16 n30715TOB), TAK U B 9HAEMUYHBIX pe-
ruoHax A3uu u Adpuku (58 U30JTOB), TO BCE OHU
OTHOCUJIUCh K Pa3HbIM IreHOoBapuaHTaM, BO3HMK-
UM B MIEPpUOA TpeTheil BOJHBI maHaeMun (2022—
2023 rr.), KoTOopble obpa3zoBanu kiacrep III, pas-
JuJasich oT pedepeHcHoro mramma 1o 137 SNPs
(puc. 1). DTu BapruaHThl BO30YIUTEJISI OTJIUYAIUCH
OT U3MEHEHHBIX IIITAMMOB U3 BTOPOIl BOJHBI pa3-
HOTO THIA JOMOJHUTEIBHBIMA MYTAallUSIMHA — OII-
HOHYKJICOTUTHBIMU 3aMeHaMU B KJTIOUEBBIX (CIxA,
tcpA) 1 JONOJHUTENbHBIX (F1XA) reHaxX maToreHHo-
CTU U JIEKAapCTBEHHOM ycTouuBocTU (gyrA, parC,
carA), nenenmeir reHoB B VSP-II 1 pasHbIMH TUTIA-
mu ICE, Bkimouass ICEVchIndSA, yrpatuBmiuii 4
reHa (floRstrABsul2). BcneacTBue pa3HoOro coyeTa-
HUsg MyTanui mrtamMmmbl Kiaactepa I11 Ob11m rene-
TUYECKU HEOTHOPOIHBI, 00pa30BaB IIECTh OTACIb-
HBIX BETBEW C pa3HBIMU Fr€HOTUTIAMU:

“a” ctxBltep AR rtx A 1gyrA(G248T)parC
(C254T)carRVSP-1IASXTT E  (tetARstrA Bsul2
dfrA1) nnm ICEVchInd5(floRstrA Bsul2dfrAl);

“b”  ctxBltcpA“RSrix A4 gyrA(G248T)parC
(C254T)carRVSP-1TAICEVchIndS;

“c ctxB7tep AR 0lrtx A4gyrA(G248T)parC
(C254T)carRVSP-11AICEVchInd5;

“de ctxB7tcp ARSI rtx A4gyrA(G248T)parC
(C254T)carR(G265A)VSP-11AICE VehInd5;
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Ta6nuua. NleHeTuyeckue ceoiictea wtammoB V. cholerae O1 Anb Top U3 Poccumn 1 aHAEMUYHbIX

no xosnepe CTpaH

Table. Genetic features of V. cholerae O1 El Tor strains isolated in Russia and cholera-endemic countries

LLITaMMBI. FObI Annenb Annenb Annenb
» FOA reHactxB| reHatcpA |reHartxA
BblAeneHusa B en tcA en rixA aen VSP-II gyrA parC carR
Strains, years of isolation CIxS gene | Lepa gene XA gene
allele allele allele
Wrammbl ns PO
Strains isolated in Russian Federation
1970-1990 rr.
M888, M893, M1062,
M818, M1011, M1067, ctxB3 tcpAE™" rtxAl VSP-II gyrA parC carR
M1020, P8194, M671,
M642, M1261, C402
1993-2001 rr.
1275, M1270, M1293,
:};314; ?fé(:g*s]:w;gsa?’ ctxB1 topAET rixA1 VSP-II gyrA parC carR
11187*, M1266, M1268,
P17644, M1344
:nq?:z_gz‘:v}f;srb p1age gy CPB1 | topAST | rixAd VSP-Il | gyrA(G248T) | parc(C254T)|  carR
L3226, RND19187, L4150,
RND13188, 76, 153, 39, ctxB7 tcpACIRS1O! rtxA4 VSP-114 gyrA(G248T) | parC(C254T) carR
186
1509, 3265/80 ctxB7 tCpACIRS1Ot rtxAd VSP-114 gyrA(G248T) | parC(C254T) | carR(G265A)
89, 147 ctxB1 tcpAE™" rtxAl VSP-II gyrA parC carR
2015-2023 rr. B7 ACRSIO Al VSP-IIs A(G248T) | parC(C254T) | carR(G265A
M3208, M3213 cx tep rix - ayrA( ) | parC(C254T) | carR(G265A)
M3210 ctxB1 tcpAE™" rtxAl VSP-II gyrA parC carR
LLitaMMbl U3 3HAEMUYHbIX CTPaH A3umn n Appuku
Strains from endemic Asian and African countries
1970-1990 rr.*
CNRVC960629,
CNRVC960959, A19,
N16961, A18, A10, GP145,
GP160, CNRVC930171,
PRL18, A131,V109, A155,
A154,V212-1,VC51, ctxB1 tcpAE™" rtxAt VSP-II gyrA parC carR
A330, CNRVC940103,
CNRVC940190,
MJ-1236, CNRVC960254,
CNRVC960218, F3835,
4679, 4672, 1944 _CDC,
956_CDC, 4662
1991-2001 rr.*
éksRs\;ggNsF:)Vz%gs‘lg;gg’s ctxB3 tcpAET" rtxAl VSP-II gyrA parC carR
A154
V212-1,VC51, A330,
gn:xgggg;gi' "“"61;2236’ ctxB1 oA rixAf VSP-II gyrA parC carR
4679, 956_CDC
4662 ctxB1 tCpACIRSIO! rtxA4 VSP-11 gyrA parC carR
gggz;gg;" . ctxB1 tcpAET™" rtxAl VSP-II gyrA parC carR
4488, 4656, 4623, 4551, 2rC
VN243P_07,VC-8,BGD119, | cixB1 tCpACIRS1O! rtxAl VSP-|14 gyrA (G248T) ((?25 A7) carR
BGD122, BGD095
CIRS101, 4646,
CISM1020229.6, ctxB1 tcpACIRS10t rtxA4 VSP-114 gyrA(G248T) | parC(C254T) carR
CISM1020231.9
4519, IND033, INDO41, CIRS101 ) parC
VC-18, INDO51, IDH-04808 ctxB7 tcpA rtxA4 VSP-14 gyrA (G248T) (C254T) carR
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OkoH4yaHue Tabnuubl. FeHeTU4yeckue ceoiicTea wtammoB V. cholerae 01 Anb Top 3 Poccum

U 3HOEMUYHbIX MO XoJiepe CTpaH

Table. Genetic features of V. cholerae O1 El Tor strains isolated in Russia and cholera-endemic countries (continued)

Annenb
reHa tcpA
tcpA gene

allele

Annenb
reHa ctxB
ctxB gene

allele

LUTammbl, rogbl
BblAesieHns

Strains, years of isolation

Annenb
reHa rtxA
rtxA gene

allele

VSP-II parC carR

gyrA

INDO71, IDH-05298,

INDO82, IND090 cixB7

thAC\RSTOT

rtxA4

parC

VEP-Ii* (C254T)

gyrA (G248T) carR(G265A)

2015-2023 rr.*
BGD128, BGD143,
NALMLE36, NALMLEO5,
KDCP183

ctxB1 tCpACIRSIO!

rtxA1

parC

(C254T) carf

VSP-II* | gyrA (G248T)

CMR33, NER211, NGA0O2,
NGAO016, NGAOO1,
NGA236, CMR57, CMR56,
CMR50, CMR44

ctxB7 tcpACIRS1Ot

rtxA4

parC

VSP-11* (C254T)

gyrA (G248T) carR

IND220, IND231,
CNRVC170168,
CNRVC170175,

UG020, UG010,
4621STDY6714780,
THSTI56695, THSTI56712,
CNRVC170179,
CNRVC170208, KDCP136,
KDCP208, KDCP245,
DMAVC-20, DMAVC-1,
DMAVC-16, DMAVC-19,
DMAVC-4, DMAVC-11,
DMAVC-18, DMAVC-21,
N1252, Q4233, 622, 619,
K19, K15

CtxB7 tCpACIRSIO!

rtxA4

parC

VEP-II* (C254T)

gyrA (G248T) carR(G265A)

K054646, K054662,
K054666, K054671,
K054681, K054685,
K054684, K054659,
K054670, K054682

ctxB7 tCpACIRSI1O!

rtxAda

parC

VEP-i* (C254T)

gyrA (G248T) carR(G265A)

Mpumeyanue. VSP-IIA — peneums vc0495-vc0512. *MonHOreHOMHbIE HYKNIEOTUAHBIE MOCNEA0BATENBHOCTY LUITAMMOB B35iThl 13 6a3bl LaHHbIX NCBI

GenBank.

Note. VSP-IIA — vc0495-vc0512 deletion. *Whole genome nucleotide strain sequences are retrieved from the NCBI GenBank database.

— “e” ctxB7tcp AR 9lrix A4gyrA(G248T)parC

(C254T)carR(G265A)VSP-11AICEVehInd5A;

— “f7ctxB7tcp AR 0rtx A4-agyrA(G248T)parC

(C254T)carR(G265A)VSP-11AICEVehInd5A.

Oo6ocobmenne kiactepa III ObITO cBsAI3aHO
¢ dopMHpOBaHMEM TEHOBAapMAaHTOB HE TOJBKO
C YCUJICHHO# BHPYJICHTHOCTBIO, BBICOKMUM BITHUIC-
MHWUYECKHUM ITOTEHIINAJIOM 1 pa3HBIM CIIEKTPOM pe-
3UCTEHTHOCTU K aHTUOMOTHKAM, HO TaKXe ¢ yTpa-
Toii Pol? — cnenudpuyeckoro mapkepa BUGPUOHOB
Db Top. TakuM o6pa3om, IToKa3aHo, YTO JeIeHUE
HUCCIEAYEeMBIX IIITAMMOB Ha TpH (PUIIOTCHETUYEC-
KWE TPYIIIbl, pa3IndaplInecs MeXIy Cco0oi
O CTPYKType TeHOMa, COBMHAJacT C BPEMEHHBIM
MEePpUOIOM TPeX BOJH IJI00aJIbHOTO pacIIipocTpa-
HEHUS BO30YIUTENs B MUPE U3 IICPBUYHOTO ovara.
IIpucyTcTBrE B KaXXIOM KJIacTepe SMUICMUICCKU
OMacHBIX IITaAMMOB Kak m3 Poccuu, Tak U U3 BH-
IEMUYHBIX CTPaH yKa3bIBaeT HA UX TEHETUICCKYIO
om3ocThb. OUeBUIHOE OOIBIIIOE TEHOMHOE pa3HO-
obpas3ue MTaMMOB BO30YIUTEIIsI, NU30IMPOBAHHBIX

Ha npoTsikeHuu 6osee 50 ger (1970—2023 rr.), 06-
YCJIOBJICHO TOPU3OHTAJIBHBIM MEPEHOCOM Pa3HBIX
yuactkoB JIHK u pasznuyHoro tuna myrauusiMu
B IeHax, BXOISIIIIUX B COCTaB MOOMJIbHBIX 3JIEMEH-
TOB M KOPOBOI YaCTH XPOMOCOM.
Pacnpocmpanennocms  UBMEHEHHbIX 2eHO8 Na-
MmoceHHOCMU, SNUOEMUMHOCMU U  NeKAPCMEEHHOUL
yemouuugocmu cpedu pasauyHuiX wmammos 030y-
dumens xonepol, 3aneceHHvix 8 Poccuro. AHanu3 47
CEKBEHUPOBAHHBIX T'E€HOMOB TIOKa3aJl pasiudust
B PpaACIpPOCTPAHEHHOCTU W3MEHEHHBIX KJIIOUYEBBIX
TE€HOB IMAaTOT€HHOCTU W SIUJASMUYHOCTU MEXITY
mTaMMaMu, 3aHeceHHBIMU B Poccuio u3 pasimu-
HBIX SHJEMUYHBIX OYaroB XOJepbl B pPa3HbIC TOMBI
Tekyleid maHgemMun. Kak m oxwumanoch, Bce HC-
cenyeMble IITaMMBbI U3 TIEPBOM BOJHBI TTAHACMUU
(12 m3onsgros; 1970—1990 rr.) OTHOCHINCH K TUITA Y-
HBIM, UMEJIV XapaKTepHbIC JIJIST HUX TeHbI TTaTOreH-
HOCTM M mnaHgeMudHoctu (ctxB3, tcpAFVSP-11)
n o1 muiieHs! ICE (puc. 2A). Bmecte ¢ TeM B 1o-
cnenywoiee necatunerue (1993—2001 rr.) Ha Tep-
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putopuu Poccum ObLIM OOHaApy>KeHbl Te€HETUYe-
CKHMe BapuaHTbl BO30yAUTENsl C UBMEHEHHBIM Ie-
HOM BUPYJEHTHOCTU cfxBIl 1 TipuoOpeTeHHBIMU
reHaMmu pe3UCTEeHTHOCTU K aHTUOMOTUKAM B CO-
ctaBe ICE. IMosiBneHue Takux mrammoB B Poccuu
MOJIHOCThIO COBMAJO C MEPUOJOM BTOPOI BOJIHBI
(puc. 2A). B TO Xe BpeMs B TPETblO BOJIHY ITaH-

Ccs BapuaHTaMU ¢ TeHOTUIOM ctxBltcpAF™VSP-11
(12,5%) nosiBuIMCH IPyTUe BapUaHThI ¢ TEHOTUTIA-
mu ctxBltcp ARSIV S P-1TA(ve0495—vc0512) v ctxB7
tepACRSIOTY S P-T11A(ve0495—vc0512). Tlpu  sTOM
6oiree 60,0% M3 HUX OTHOCHUJIMCH K HEIABHO BO3-
HUKIIUM BapuaHTaM, HECYLIUM WU3MEHEHHbBIA I'eH
ctxB7, SIBISIIOIIUICS TEHETUYECKUM MapKepoM

IITAMMOB C TTOBBIIICHHBIM ITATOTEHHBIM ITOTEH-
uuagoM (puc. 2A, B). OcoOblit nHTEepec, Ha Halll

nemuun B 2004—2014 rr. OblLIM BbISIBJIEHbI pa3HbIe
TUIbI TeHOBapuaHTOB. Hapsiny ¢ coxpaHUBIIMMU-

ctxB7
ctxB1

ctxB3

topA™e
ciRsto1

tep.

VSP-Il nHTakTHbIA / intact

VSP-Il AVC0495-VC0512

I vsP-i avcoags-vcoass
AVC0495.V/C0502
AVC0491-VC0501
AVC0495-V/C0500

ICE ortcytctayet / absent

ICEVchBan9

ICEVchind5

ICEVchBan11

SXTTET

ICEVchInd5AVRIII

ICEVchMoz10

ICEVchBan9AVRIII

-THSTI56712
xA1 THSTIS6695
KDCP136
IND231

1ND220
ooe®

rtxA4

rtxAda III d

GyrA nHTaKTHbIN / intact

gyrA (G248T)

parC WHTaKTHI / intact

parC (C254T)

carR WHTaKTHbIN / intact

carR (G265A)

[la

PucyHok 1. dunoreHeTuyecknini aHanu3 TOKCUreHHbIX wtammoB V. cholerae O1 3nb Top, BblaeNeHHbIX
B 1970-2023 rr. B Poccuiickoii Pepepaumnmn u aHAeMUYHbIX N0 Xonepe ctpaHax Asuu u Agpukn

Figure 1. Phylogenetic analysis of toxigenic V. cholerae O1 El Tor strains isolated in the Russian Federation and
cholera-endemic Asian and African countries in 1970-2023

MpumeyaHue. AHann3 nposeaeH No AaHHbIM NMOHOreHOMHOIO CEKBEHMPOBaHMS Ha OCHOBE 6aiecoBCKOro aHanmsa
(BbINOAHEHHOO B NpunoxeHun Mr.Bayes 3.2.7) kopoBbix SNP, Mofly4eHHbIX C MOMOLLLbIO MPOrpaMMHOro naketa Snippy 4.6.
[eHpporpamma, ykopeHeHHast Ha pedepeHcHebIi wtamm V. cholerae N16961, Bu3yanusmpoBaHa ¢ NoMoLbio online npunoxeHus
iTOL v6 (https://itol.embl.de).

Note. Analysis was conducted using full-genome sequencing data based on Bayesian test (performed in the Mr.Bayes 3.2.7
application) of core SNPs obtained using the Snippy 4.6 software package. The dendrogram rooted to the reference strain

V. cholerae N16961 was visualized using the iTOL v6 online application (https://itol.embl.de).
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B3IJISII, TIPEACTABJISIIM  IITaAaMMBI, 3aHECEHHBIC
B Poccuio B 2023 r. mocjie BOCbMUJIETHETO MepUo-
na snuaeMuyeckoro ogaromnoayuus [8]. O6palaet
Ha ce0s1 BHUMaHUe TOT (PakT, YTO OHU OTHOCHUJIUCH
K pa3HBIM THUIIAaM T€HOBAapUaHTOB, MMEIOIINX pa3-
JIMYHBIE MyTallMM B KJIIOYEBBIX T€HaX, CBSI3aHHBIX
C MaTOreHHOCTBIO M CITOCOOHOCTHIO K IIMUAeMUYEC-
CKOMY pacIipocTpaHeHM 0. [IBa KIMHUYECKUX U30-
agTta (M3208 1 M3213) umenu MoaHbIi HaboOp U3-

[A (A) | 100 100 100 100 100 100

MEHEHHBIX T€HOB BUPYJIEHTHOCTH (ctxB7, tepACRS10T)
u  osnuaemMmudHoctu  (VSP-1IA(ve0495—vc0512),
XapakTepHBIM IS IITaMMOB C BBICOKMM IIaTO-
TeHHBIM TIOTEHIIMaJioM. B To Xe BpeMs IITamMM,
BblAEJIEHHBIN 13 Boabl (M3210), uMmes NUlllb OAUH
U3MEHEHHBIN T'eH (ctxBl) 1 OTHOCUJCS K TIEPBbIM
MO0 BpEeMEHM BbIJACIECHUs T€HOBaprMaHTaM C OoJiee
HU3KOU BUPYIEHTHOCTBIO (TabJi., puc. 2A). Takum
00pa3oM, TEHOMBI IITAMMOB BO30OYAUTEJISI XOJIEPHI,

100 100 100

87,5

66,7 66,7 66,7

1970-1990 1993-2001 2004-2014 2023 roapl/years
n=12 n=16 n=16 n=3
| B (B) | 100 100 100 100 100 100 100 100
100 93,3 93,3

1970-1990 1991-2001 2002-2014 2015-2023 roael/years
n=12 n=15 n=25 n=56

B (C) FUTESI%Y PO CHIE SETI NP FUTR T EAT EYYNY COVS SRSy SUOUT SR 8 G S ST Y 16 1
5 20 1%0 200 210

ctxB3 "ATATGCACDTGGAACACCTCAAAATATTAC’I‘GATTTGTGTGCAGAATACCACAACACACAAATATA‘I‘ACGCT. 'TAAGAATGGTGCAATTTTTCAAG'

D e e e e e O S YT S S N s

CtXB7  ccsssass Aececsesssnssssassssssssssssssssssnsssnssssssssssssassasass C ..................... C ........

W T S VR T [ G T R S e SR T T Y YO [ € S e

wcpporer 50 €0 70 80 90 100 110 120 50 260 270

tepAcistor >ACGATAAGAARRACCGGTCAAGAGGGTATGACATTACTCGAAGTAATCATTGTTCTGGGTATTATGGGTGTGGT

B cixB3
tcpACIRS101

B cixB1
W vsP-i

GCTA CCGCAAACGCJ\AATGCTGC'

B cixB7
W VSP-iia

B icpAEiTor
B sxT

PucyHok 2. luHaMnka u3MeHeHUsl pacnpoCTPaHEHHOCTU MYTaHTHbIX FEHOB BUPYJIEHTHOCTU ctxB u tcpA,
peneTupoBaHHoOro octposa naHgemMu4yHocTu VSP-II n ICE SXT anemeHTa cpeay TOKCUreHHbIX LUITAMMOB

V. cholerae O1 3nb Top, BbigeneHHbIX Ha TeppuTopumn Poccuiickoin Depgepauum (A) M 3HAEMUYHBIX

no xonepe ctpaH Asum u Adppuku (B). HykneoTugHbie nocnepoBaTenbHOCTU annenen reHoB ctxB u tcpA (B)
Figure 2. Dynamic prevalence changes for mutant virulence genes ctxB and tcpA, deleted pandemicity island VSP-II
and ICE SXT element among toxigenic V. cholerae O1 El Tor strains isolated in Russian Federation (A) and cholera-
endemic Asian and African countries (B). Nucleotide sequences of ctxB and tcpA gene alleles (C)
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3aHeCceHHbIX B Poccuio B mepuoa pa3HbIX BOJIH MaH- JlpyruM He MeHee BaKHbIM OblLJI BOIPOC 00 U3-
JIEeMU1 U, YeTKO pa3aInvyaluch MeXIAy COOOil HA0OPOM  MEHEHUU PE3UCTEHTHOCTU K aHTUOMOTUKAM, IIO-
MYyTallMi B KJIIOUEBBIX FTeHAaX MaTOTEHHOCTU U OMU-  CKOJbKY BO3HUKHOBEHHE YCTOWYUBOCTU BO30Y-
JEMUYHOCTHU, BXOASIIIMX B COCTaB MOOUJIbHBIX 3JIe-  JUTEJISI XOJepbl K JEKapCTBEHHBIM IpernapaTram
meHTOB (CTX¢, VPI-1 u VSP-II), uTto yka3eiBaeTr  sBjsieTcsl OOJBLION TPOOJIEMON COBPEMEHHOCTH.
Ha WX Pa3HbIi MaTOTeHHBIN MTOTEHIIUAJ. Ilpex e Bcero, Kak OTMeyYaJioCh BbIIE, W3MEHE-
m roasl 1993-2001 2004-2014 2023 years

n=16 n=16 n=3

1 ICEVehBanI(floR, strAB,sul2,dfrA1, tetR); Nals: W ICEVchind5(foR, strAB, sul2,dfrA1); NalR: gyrA(G248T),parC(C254T); B [CEVchind5 AVRIII(dfrA1); NalS: gyrA,parC; PolR:carR
gyrA,parC; PolR:carR PolR:carR
1 ICEVchiInd5(floR, strAB,sul2,dfrA1); NalS: gyrA,parC; PolR:carR . NalR: ;
B (CEVEhInd5(foR,strAB,sul2, dfrAL); NalS: gyrA,parC; chind5(floR, strAB,sul2,dfrA1); Nals: gyrA,parC; PolR:car W ICEVchind5 AVRIII(dfrA1); NalR: gyrA(G248T),parC(C254T);
PolR:carR PolS:carR(C254T)
! W ICEVchind5(floR,strAB,sul2,dfrA1); NalR: gyrA(G248T),parC(C254T);
PolS:carR(G254A) ICEVchind5(floR, strAB,sul2,dfrA1); NalR:

gyrA(G248T),parC(C254T); PolS:carR(C254T)

B (B) roas! 1991-2001 2002-2014 2015-2023 years
n=15 n=25 n=56

9 A
\x A
| 533
y /
P y
y
W [CEVchind5(floR, strAB,sul2,dfrA1); NalR: gyrA(G248T),parC(C254T); W ICE SXTTET: (tetAR,sul2,strAB,dfrA1); NalR:
= Nals: gyrA,parC; PolR:cark FolR:cark GyrA(G248T), parC(C254T); PolR:carR
W ICEVchBan(floR, strAB,sul2,dfrAL, tetAR); NalS: 1 ICEVchind5(floR,strAB,sul2,dfrA1); NalR: gyrA(G248T),parC(C254T); W [CEVchind5AVRII(dfrA1); NalR: gyrA(G248T),parC(C254T);
gyrA,parC; PolR:carR Pols:carR(G2544) PolS:carR(G254A)
W ICEVchind5 (floR, strAB,sul2, dfrAL); NalS: gyrA,parC; ® ICEVchInd5Moz10(floR,strAB,sul2,dfrA1,tetAR); NalS: gyrA,parC; W [CEVchInd5AVRIN(dfrA1); NalR: gyrA(G248T),parC(C254T);
PolR:carR PolR:carR PolR:carR
’ W ICE SXTTET: (tetAR,sul2,strAB,dfrA1); NalR: ICEVchind5(floR, strAB,sul2,dfrA1); NalR:
gyrA(G248T),parC(C254T); PolR:carR gyrA(G248T),parC(C254T); PolS:carR(G254A)
\\

\\, N
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M3208 M1509 M671

PucyHok 3. iIntHamuka usameHeHus pacnpoCcTPaHeHHOCTU reHOB JIEKAPCTBEHHOW YCTOWYMBOCTHU

cpeau pa3nuyHbIX BapuaHTOB BO30yanTEeNs Xonepbl, U3onupoBaHHbix B Poccuiickoin Pepepauum (A)

M SHAEMUYHbIX cTpaHax A3un u Appukum (B) B nepuos BTOPOI U TpeTbeli BOJIHbI TeKyLL el naHaeMumn
xonepbl. YyBCTBUMTENIBHOCTb K NONAMMUKCUHY B (PoIS) u pesancTteHTHOCTBL K Hanuaukcosoii kucnote (NalR)
M3y4eHHbIx uzonatos: M3208 n M1509 — wiTammbl reHOBapuMaHTOB ¢ MyTauusMu B reHax gyrA, parC v carR,;
M671 — TMNWYHBIM LUTaMM C UHTAKTHbIMU reHamu gyrA, parC v carR, B3aTbi B Ka4ecTBe KOHTpons (B)
Figure 3. Dynamic prevalence changes in drug resistance genes among various variants of the cholera pathogen
isolated in Russian Federation (A) and endemic Asian and African countries (B) during the 2nd and 3rd waves

of the current cholera pandemic. Sensitivity to polymyxin B (PolS) and resistance to nalidixic acid (NalR)

of the studied isolates: M3208 and M1509 — genovariant strains with mutant gyrA, parC and carR genes;

M671 is a typical strain with intact gyrA, parC and carR genes used as a control (C)
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HMUE PE3UCTEHTHOCTU OBbLJIO CBSI3aHO C TOSIBJICHU-
€M B IeHOMe TIepBbIX BapMaHTOB Pa3HBIX TUIIOB
ICE. CraeactBueM TakKuX COOBITUI CTajl 3aHOC
B Poccuto mrammoB B 1993—2001 1. ¢ nByMS Tu-
namu ICE: ICEVchInd5(floR, strAB, sul2, dfrAl)
u ICEVchBan9(floR, strAB, sul2, tetAR, dfrAl), pa3-
JIMYaloNMMUCI HabOpOM T'€HOB PE3UCTEHTHOCTU
(puc. 3A). JanbpHeline U3MEHEHU ST YCTOMYMBOCTHU
K aHTUOMOTUKAM ObLIU OOYCJIOBJIEHBI IOSIBJIEHU-
eMm y reHoBapuaHToB ¢ ICE myTanuii B pa3iM4HbIX
KOpPOBBIX TeHax. B pesynbrare LITaMMbl, WU30JIU-
poBaHHBble B Poccuu B TpeTbi0 BOJIHY MaHAEMUU
(2004—2014 rr.), cTaau yCTOMYUBBIMU K HOBBIM aH-
TUOMOTHKAM U TI0 TTPOGUIIIO PE3UCTEHHOCTHU ObIITU
OoJjiee pa3HOOOpPAa3HBIMU MO CPaBHEHUIO C M30-
JISITAMU U3 TIpeablayinero accatunetus. Y 87,5%
IIITAMMOB ObLjIa BBISIBJIEHA PE3UCTEHTHOCTb K Ha-
nmuaukcoBo kuciaote (Nal®), BosHuKIag 3a cyet
JIByX TOYEYHBIX MYTallMii B KOPOBBIX IeHax gyrA
(G248T) u parC (C254T), koaupyrolunx TOIou30o0Me-
pazy II (AHK-rupasy) u Tonouzomepasy I'V. JIuuib
HeGosbIoe yucao mrammoB (12,5%) ocraBajioch
Nal®. bosiee Toro okasanochk, 4to B 12,5% cay4dasx
NalR mTaMMbl YyTpaTUIN YCTOMYMBOCTh K TOJU-
MukcuHy B (Pol%) B pesynbrare TOYeuHO MyTa-
uuu B reHe carR(G265A) (puc. 3A, B). TlockonbKy
PE3UCTEHTHOCTh K MOJUMUKCUHY B ucnonbiayetcs
B KayeCcTBe KJIIOYEBOro Mapkepa s nuddepeH-
Maluu BUOPUOHOB OroBapa Db TOp OT XOJEePHBIX
BUOPUOHOB KJlacCMYeckoro OuoBapa, TO yTpara
BO30yIUTEIEM 3TOTO CBOWCTBA MOXET CO3[aBaTh
onpenesieHHble TPYIHOCTU TPU NUArHOCTUKE BbI-
JeasieMbIX ITaMMOB. YTo KacaeTcsl 1ITaMMOB, 00-
Hapy>XeHHbIX B 2023 I., TO BCce KJIMHUYECKUE U30-
atel Ob1 Nal®Pol®, 4To moaTBep:KaaeT IKUPOKOe
pacnpocTpaHEHHWE TaKUX IITAMMOB B 9HAEMUYHBIX
ouarax (puc. 3A). Kpome Toro, BnepBbie 0OHapy>kKeH
3aHoc B Poccuto mitammoB, Hecyiiux B ICEVchIndS
aeneuunio (oxkoao 10 ThIC. T.H.), 3aTPOHYBIIYIO 4e-
ThIpe TreHa, KOAUPYIOIIUX PE3UCTEHTHOCTh K XJIO-
pamdenukony (floR), ctpenTOMULMHY (5trA, strB)
U cyabdanunamuny (sul2). CoxpaHUJICA JUILb FeH
dfrAl, xogupylolIUil YCTOMYMBOCTh K TPUMETO-
npumy (puc. 3A). Takum o6pa3zom, pe3UCTEHTHOCTh
K aHTUOMOTHUKAM 3aHeCeHHBbIX B Poccuio mTaMMoB
3a 30 net (1993—2023 rr.) nmpeTeprieya CyleCcTBeH-
Hble U3MeHeHUs. [1pu 2TOM M3MEeHEHUE Pe3UCTEHT-
HOCTU F€HOBapUaHTOB Y€TKO KOPPEJIMPOBAJIO C BO3-
HUKHOBEHUEM B UX T€HOME MYTallUuii B pa3JIUIHBIX
reHax matoreHHoctu (puc. 2A, 3A), 4TO TPUBEIO
K U3BMEHEHUWIO MHOTUX Ba>KHEMIIIMX CBOMCTB I1aTO-
reHa, BKJIIoYasi ero BUPYJIEHTHOCTb, YYBCTBUTEb-
HOCTb K aHTUOAKTEepUaJIbHbBIM MIperapaTaM U yTpaTy
OIHOT'O U3 IUAarHOCTUYECKHY 3HAYUMBbIX TPU3HAKOB.

CpasrHumenbHblil AHAAU3 2EHOMO8 MOKCUSEHHbIX
wmammos V. cholerae Do Top, viderennvix 6 s3Hde-
MUHHbIX 04a2ax Xo/aepbl HA PA3HbIX 3Manax mexy-
weil nandemuu. ITosiBJIeHUE pa3JTUYHbIX BADUAHTOB
BO30OyauTenss B Poccuu, 3aHECEHHBIX U3 pa3jiny-

HBIX BHJIEMUYHBIX OYaroB, CTaBUT BOIIPOC 00 MX
pacnpoCTpaHEHHOCTH Ha DBOTUX TEePPUTOPUSIX.
B aT0i1 cBSI31 MBI contocTaBuIM reHoMbl 108 mtam-
MOB, U30JMpOBaHHbIX B 17 crpaHax Azuu (Muaus,
Baurnaneur, Memen, ITakucran, Beernam, Heran)
n Adpuku (Konro, Moszamb6uk, Kot-m'HUByap,
Hurepus, KamepyH, I'Bunesi, ManaBu, Hurep,
Tanzanus, VYranga, Kenus) B 1970—-2023 rr.
AHanu3 CeKBEHUPOBAHHBIX YUaCTKOB T'€HOMa, CO-
nepxaiux MoouabHble ageMeHThl CTX¢p, VPI-1
u VSP-1I ¢ kijwuyeBbIMM TFeHaMU IaTOreHHOCTU
M SMUJAEMUYHOCTU, BBISIBUJI 3aMETHBIE M3MEHEe-
HHS UX CTPYKTYpPHI ¥ IITAMMOB, M30JIMPOBAHHBIX
B nocaenHue 30 jget (1991—2023 rr.) 1o cpaBHEHU IO
C TUMMYHBIMU LITaMMaMU U3 00Jiee paHHEro aTamna
nangemuu (1970—1990 rr.) (puc. 2b). OnHo U3 Bax-
HEUIITMX U3MEHEHW I B TIEPUOJ BTOPOI BOJHBI MaH-
nemuu (1991—2001 rr.) — nosiBaeHue 6OJBILIOrO KO-
JMJecTBa U30JsTOB (66,7%) ¢ annenem ctxBl, cpe-
I KOTOPBIX 6,7% 1ITaMMOB OIHOBPEMEHHO HECIHN
MYTAHTHBIA TeH tcpACRSII) a Takske MPOTSIKEH-
Hyto geneuunto B VSP-II (VSP-11A(vc0495—vc0512).
K Tomy e B XxpoMocoMe OOJIBIIMHCTBA IITAMMOB
npucyTcTBoBanu pasHble Tunbsl ICE (puc. 2b,
3b). BHauajne TpeTbeii BoJHbI nmaHaemMuun (2002—
2014 rr.), HapsiAy CO IITaMMaMU C TEHOTUIIOM, Xa-
PaKTEPHBIM JIJIs1 BTOPOI BOJIHBI, OBLIY BBISIBJICHBI
mramMmmbl (B 40,0% oT ynciia U3ydeHHBIX) C HOBBIM
ajieneM ctxB7, HeCyLlIMMU U APyTrUe U3MEHEHHbIe
reHbl — tep ARSIy VSP-T1A(ve0495—vc0512).

Kpome Toro, 6ojiee 90,0% ucciaeayeMbix IITaM-
MoB okazanuch NalR 3a cueT yKasaHHBIX BBIIIIE
myTtauuit B reHax gyrA u parC. Yto KacaeTcs Io-
ciaenHero aecsatunetus (2015—2023 rr.), To npu
HE3HAYUTEJTbHOM KOJUYECTBE BapUAHTOB C TEHOM
ctxB1 (8,5%), 6onee 90,0% M30J9TOB OTHOCUJIKUCH
K HOBBIM BapuaHTaM ¢ HaOOpPOM MYTaHTHBIX Te-
HOB ctxB7, tcpA“RS11 agyrA(G248T), parC(C254T),
VSP-11A(vc0495—vc0512), KoTOopble OOYCIOBUIU
MOBBIIIIEHUE TNPOAYKIIMU KJIIOUYEBBIX (haKTOPOB
MaTOreHHOCTHU Y YCUJIEHUE YCTOMYUBOCTU K aHTU-
ouotukaM. bojiee Toro, BciaencTBUE MyTallUU €11e
B OOHOM reHe — carR, 6onee 75,0% wm3ydeHHBIX
ITaMMOB yTpatuiu PolR — nuarHocTudeckmii
npu3HaK BUOpUoHoB Db Top (puc. 2b, 3b). Takum
o0pa3oM, IpUBENEHHbIE JaHHbIE CBUIETEIbCTBYET
0 0OJBIIOM TE€HOMHOM pPa3zHOOOpa3UM ILITAMMOB
B 9HAEMUYHBIX pEruoHax, TAe Ha ITPOTSIXKEHUU
JNBYX TOCJEIHUX BOJH MaHAEMUU TPOUCXOIUIIO
JIOBOJIbHO OBICTPOE M3MEHEHUEe I'eHOMa BO30yIu-
TeJIsI, YTO MPUBEJIO K TMOSIBJEHUIO €ro pa3IudHbIX
BapuaHToB. K Haubosee pacnpocTpaHEHHBIM
B MOCJEAHUE TOAbI CAEAYEeT OTHECTU IITaMMBbI, CO-
yeTarolle MyTallud B FreHax MaTOreHHOCTHU, dIU-
JIEeMUYHOCTU M JIEKAPCTBEHHON YCTOWYUBOCTH,
YTO CBSI3aHO C YCUJIEHUEM BHUPYJEHTHOCTU MaTO-
reHa, U3MEHEHUEM €ro pPe3UCTeHTHOCTU K aHTU-
OMOTHKAM U yTPaToil TMarHOCTUYECKU 3HAYMMOTO
CBOMCTBA.
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[eHoMHoe pasHoobpasue V. cholerae O1

O6cyxaeHne

M3MeHYBOCTh T€HOMA BO30YIUTENSI XOJEPhl
Onp Top — olHA U3 OCHOBHBIX MPOOJIEM MOJIEKY-
JISPHOM MUKPOOUOJOTUU HSTOTO MATOreHa, Mo-
CKOJIbKY €€ pelleHUE OTKPbIBA€T HOBbIE BO3MOX-
HOCTU B paciuiu(ppoBKe NPUYUH (DOPMUPOBAHUS
B NPUPOAHBIX MOMYJASUUSAX AaTUMNUYHBIX MO BU-
PYJEHTHBIM U JUATHOCTUYECKU 3HAYUMBIM CBOMU-
cTBaM IITaMMOB. Bo3pacTaiomas 3HaAa4YUMOCTh
XOJIEPHI IIJIsl 3paBooxpaHeHus1 Poccuu u npyrux
CTpaH MOXET OBITh CBSi3aHA C BO3HUKHOBEHUEM
B TIOCJIEIHUE AECATUIETUS PAa3TUUYHBIX T€HETU-
YeCKUX BapUaHTOB BO30OyAUTENSI, pacrpocTpa-
HEHUE KOTOPBIX OBICTPO MPUOOPENIO TI0OaTbHbIE
macmTtabel. [Ipu mpoBeaeHUM MNOTHOTE€HOMHOTO
SNP-ananu3za mokas3aHo, 4TO JeJIEHUE UCCIeaye-
MBIX IITAMMOB Ha TPU (PUIOTE€HETUYECKUE TPYII-
Mbl, Pa3JIUYaOLIAECT MEXAY COOO MO CTPYKTYype
reHOMa, COBIIaJIa€T C BPEMEHHBIM TEPUOIOM TPEX
BOJIH TJ100aJIBHOTO pacnpoCTpaHEHUsI BO30yIu-
TeJIsI B MUPE U3 MEepBUYHOro ouvara. [lpucyrctBue
B KaXJOW Tpynne TOKCUTEHHBIX M3O0JSATOB KakK
un3 Poccuu, Tak U U3 9HAEMUYHBIX CTPaH yKa3bl-
BaeT Ha MUX TE€HETUYECKOEe CXOACTBO. OUeBUAHOE
U3MEHEHUE reHOMAa BO30yIUTEeNs Ha MTPOTSKEHUU
oousiee 50 met (1970—2023 rT.) CBSI3aHO C TAKUMHU MO-
JIEKYJIIPHBIMU COOBITUSIMU, KaK TOPU3OHTAIbHBII
MEePEHOC TeHEeTUYEeCKOW WHMOPMAllMd U BO3HUK-
HOBEHUWE MyTaluil (OMHOHYKJIECOTUIHBIE 3aMEHBI,
JeJelIu1) B HYKJIEOTUAHOU MOCIEI0BATEIbHOCTHU
T€HOB, KOAUPYIOLINX pa3indyHbie 0eaku. [1pu aTom
TaKWe MYTallMy MMPUBOAST K U3MEHEHUIO BaXXHEU-
IIUX CBOWMCTB BO3OYyAMTENSI, BKJIIOYasi €ro BUPY-
JICHTHOCTb W CIIOCOOHOCTHh K 3MUAEMUYECKOMY
pacrpoCTpaHEHUIO. DTU PE3YyJbTaThl MOTHOCTBHIO
COBMAJAIOT C JHAHHBIMM IPYTUX MCCIIeIOBaTeNen
U MOATBEPXKAAIOT OOIIYI0 TEHACHIIUIO TTOCIETHUX
JIET — BO3pAacTaHUE YPOBHS T'€HETUYECKON U3MEH-
YMBOCTHU ITOTO MAaTOreHa.

CpaBHeHUE TEHOMOB 155 mTaMMOB BO30yauTe-
JiS XOJIEPHhI, BBIIEEHHBIX B POCCUM 1 9HJIEMUYHBIX
ouarax B 1970—2023 rr., mokasajo, 4TO WU30JISIThI
U3 pa3HbIX BOJIH MaHJAEMUU YETKO Pa3uyvaliuch
MexXAy coboii HAbOpoM MyTallMii B KJIIOYEBBIX Te-
HaxX NaTOT€HHOCTU U SMUAEMUYHOCTU, BXOASIIUX
B cocTaB MoOOMIBHBIX 3imeMeHTOB (CTX¢, VPI-1
u VSP-II), yTo yKa3bIiBaeT Ha UX Pa3HbIil NaTOTEH-
HBI NOTeHUaJl. [eHOMHOe pa3HOoOOpa3ue mTam-
MOB 3HAYUTEJIbHO BO3POCJIO B MEPUOH TPEThben
BOJIHBI TAHAEMUU 3a CUYET BO3HUKHOBEHUS pa3-
JIMYHBIX MyTallUll B TEHAX, KONUPYOIIUX (PaKTOPbI
BUPYJIEHTHOCTHU U JIEKAPCTBEHHOI YyCTOMYUBOCTHU,
YTO MPUBEJO K MOSBJICHUIO HOBbIX TEHOBAPUAHTOB
C TIOBBIIIIEHHBIM MAaTOT€HHBIM W 3MUJAEMUYECKUM
MNOTEHI[MAJIOM. YCTaHOBJIEHO, YTO WCCJEAYyeMbIe
IITAMMBI, pa3Jinyarouecs MexXay co0oit Habopom
MYTAHTHBIX T€HOB, MIPUHAIJIEXaIN K LIECTU pa3-
HbIM T€HOTUNAM. AHAJIU3 TUHAMUKU U3MEHEHUS

reHoma rokasaJ, 4YTO €CJI BHavyaje TPeThe BOTHBI
nangemMuu (2002—2014 rr.) mums 40,0% mrramMmmoB
M3 SHAEMHUYHBIX PETUOHOB OTHOCHJIMCH K HETaBHO
BO3HUKIINM BapuaHTaM, HECYIIMM M3MEHCHHBIU
TeH ctxB7, aBnsomuniicss reHeTUYECKUM MapKepoM
IITaAaMMOB C TTOBBIIIIEHHBIM ITATOTe€HHBIM MOTCHIIM -
ajioM, To B mociaenaHee aecsatuietue (2015—2023 rr.)
3TOT noka3sateab nmpesbicri 90,0%. BenencTBue Ta-
KWX FreHeTUYECKUX U3MEHEHU 1 BO30OYIUTENsI B 9H-
JeMUYHBIX CTpaHax, 3aHeceHHbIe B Poccuio mram-
MBI B TPEThIO BOJHY MaHAEMUU TTPEUMYIIECTBEH-
HO TaKXe OTHOCWJIUCh K HOBBIM I'eHOBapHaHTaM
(862,5% 1 66,7% ciaydasix B 3aBUCUMOCTY BpEMEH U
BBIJIEJICHU ST IITAMMOB).

OTaeibHBIM ObLJI BOMIPOC O TMHAMUKE U3MEHE-
HUST YCTOMYMBOCTH IITAMMOB K JIEKAPCTBEHHBIM
npernapataM. Okazajaoch, UYTO PE3UCTEHTHOCTh
K aHTUOMOTHKAM UCCIeayeMbIX IITaMMOB 3a 30 jieT
TakxXe IMpeTepriesa CYIIeCTBEHHbIE W3MEHEHUS.
Takoe coObITHE B MEPBYIO OYepeab ObLIO CBI3aHO
C TIOSIBJICHUEM B TeHOME MEPBBIX BAPUAHTOB 13 BTO-
poii BoaHbI nanaemMuu (1991-2001 rr.) pa3HbIX TU-
noB ICE, paznnyamouiuxcss HabopoM reHOB pe3uc-
TEHTHOCTHU. TeM He MeHee B TIepHOJI TPEeTheii BOJTHBI
nangemuu (2002—2023 rr.) y reHoBapuaHToB ¢ ICE
MPOM3OILIN TaJbHEHIIINE U3MEHEHU ST YCTOMYMBO-
CTU K aHTUOMOTUKAM. ToueuHble MyTallui B KOPO-
BbIX TeHax gyrA (G248T) u parC (C254T) npuBeau
K TOSIBJICHUIO IITAMMOB, PE3UCTEHTHBIX K HaJM-
NUKCOBOW KHCI0Te. B aHAEeMUYHBIX CTpaHax U 3a-
HeceHHBIX B Poccuro mrammbl NalR cocraBisiin
90,0% wu 87,5% cooTBeTCTBEHHO. IpyruM Ba>k HbIM
COOBITHEM CTajla yTpaTa IITaMMaMHW YCTOUYUBO-
CTHU K IMOJIUMUKCUHY B, UCITOJIb3yeMoOil B KauecTBe
KJIIOUEeBOTO Mapkepa i auddepeHunanmuu Buo-
puoHoB O6uoBapa Db Top OT XOJIEpHBIX BUOPUO-
HOB KJlaccuyeckoro o6uoBapa. IlpuunHoil nmorepu
IITaMMaMU OJHOTO M3 TMAarHOCTUYECKUX CBOMCTB
BUOpHOHOB Db Top cTajla ToyeuyHass MyTallMu
B peryastopHoM rexe carR(G265A). Ilpu aToM npo-
MCXOAUJT OBICTPBIII POCT YMCJa IITAMMOB C TaKOU
myTauuveit. Eciiv BHayase TpeTheil BOJHBI IIITAMMbI
Pol’ u3 sHAEMUYHBIX PETMOHOB COCTABJISIIN JIUIIb
16,0%, To yepe3 mecsaTh JeT UX YUCIIO JOCTUTIIO 00-
nee 80,0%. MIsMeHeHMe TaKUX CBOWCTB TeHOBapu-
AHTOB MOXET CO3/1aBaTh OINpPeAeJCHHbIE TPYTHOCTU
Npu JUArHOCTUKE IITaAMMOB BO30YIUTEJS XOJie-
pbl, 3aHOoCcUMBbIX B Poccuio. Takum obOpaszom, u3-
MEHEHUE PE3UCTEHTHOCTU T'€HOBAapUaHTOB YETKO
KOpPpEeJIUpPOBaIO C BOBHUKHOBEHUEM B MX T'€HOME
MyTallMii B pa3JIMYHBIX T'eHaX MMaTOreHHOCTU, YTO
MPUBEJIO K TMOSIBJCHUIO U IIMPOKOMY pacipocTpa-
HEHUIO ITaMMOB C YCUJIEHHON BUPYJEHTHOCTHIO,
U3MEHEHHOM JIEKAPCTBEHHOW  yCTOWYMBOCTBIO
M yTpadyeHHBIM TUATHOCTUYECKU 3HAYMMBIM CBOM -
cTtBoM. COBMECTHOE ITPUCYTCTBUE TaKUX MyTallUid
B F€HOME HOBBIX BApMAaHTOB O0YCJIOBUJIO, BUIUMO,
CeJIEKTUBHbIE MPEUMYIIECTBA, CICACTBUEM KOTO-
PBIX CTaJIO UX IIUPOKOE pacCHpoOCTpPaHEHHUE.
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YcTaHOBIEHO, YTO TEHOMHOE pa3HooOpa3ue
TOKCUTEHHBIX IITAMMOB 3HAaYUTEIBHO BO3POCIO
B TIepUOJ TPEThell BOJHBI MMAHAEMUHN 32 CUET pa3-
JIMYHBIX MYTAlMil, 9YTO TPUBEJIO K TIOSIBJICHUIO
HOBBIX T€HOBAPUAHTOB C MOBBIIIIEHHBIM TMaTOTEH-
HBIM U dTIUJIeMUUYecKUM noteHmanoM. [lokazana
JIOBOJILHO OBICTpasi cMeHa BapuaHTOB BO30yIuTe-
Jisl, 4TO SIBJSIETCS, BUAMMO, CJIEICTBMEM BBICOKO
CKOPOCTHU 3BOJIIOIIMU TeHOMa W ajanTalliyd BO3-
OynuTessT K 4eJI0OBEUYEeCKOUM TOMyISIIIMU U MEHSIO-
IIMMCS YCIIOBUSIM BHEITHEU cpenbl. M3 n3BeCTHBIX
BapMaHTOB 0COOYI0 00ECTIOKOEHHOCTh BBHI3BIBAIOT
IITaAMMBI, COYETAIONINEe TEeHETUYECKHNEe MapKepbl
TUTIEPBUPYJIEHTHOCTU, MHOXECTBEHHOU JieKap-
CTBEHHOW YCTOWYMBOCTU U YyTPAuYeHHOTO ua-
THOCTUYECKU 3HAYMMOTO Tipu3Haka. [losiBieHue
TaKMX TEHETUYECKWX BapuaHTOB BO30OyAUTEIs
Ha Tepputopuu Poccuu B pe3ynbraTe 3aHOCa yKa-
3bIBA€T Ha HEOOXOMMMOCTD ITPOBEACHUSI TTIOCTOSTH-
HOTO TEHOMHOI'0 HaJ30pa 3a MaTOreHOM JJIsl TMO-
HUMaHUS HAmNpaBJIeHUs U CKOPOCTU U3MEHEHWU S
reHoMa B IPOIIeCcCe IBOTIOINY U CBOEBPEMEHHOTO

pacrio3HaBaHMsI JTOMUHUPYIOIIETO0 T'eHOBapuaH-
ta. [lonyyeHHBIE HAMU CBEJICHUS O TEHETUUECKUX
CBOICTBAX IIMPOKO PaclpoOCTpaHEHHBIX BapuaH-
TOB BO30ynutenas u3 Poccun M 3HAEMUYHBIX pe-
TMOHOB MOTYT OBITh BOCTPEeOOBaHBI IPU CO3TaHUU
HOBBIX CPEICTB MX JabOpaTOPHOW AMArHOCTUKM,
OCHOBaHHOW Ha MIACHTU(UKAIMM TeHETUIECKUX
MapKepoB rMMepBUpPYIeHTHOCTH. [Ipu olieHKe de-
HOTUTIMYECKUX U TEHETUUYECKNX CBOMCTB BhIIEISIC-
MBIX IIITAMMOB CJIEIYET TaKKe YIUThIBATh BO3MOXK-
HYIO yTpaTy reHeTUYeCKMMU BaprMaHTaMU YCTOM-
YUBOCTU K MOJMMUKCUHY B — amarHocTM4YecKun
3HAYMMOI'0 CBOMCTBA, a TAaK>Ke BaprMabeJIbHOCTh UX
PE3UCTEHTHOCTH K JIEKAPCTBEHHBIM TIpertapaTaM.

HJononHutenoHas nHGopmMaums

KoH(aukT wuHTepecoB. ABTOpPbI MNOATBEPXKAA-
IOT OTCYTCTBHE KOH(MDIMKTa (hUHAHCOBBIX/HEhU-
HaAHCOBBIX MHTEPECOB, CBSI3aHHBIX C HAaITUCAaHUEM
CTaThH.
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Pestome. [1715 BEIIBICHUSI 0COOCHHOCTEH (DYHKIIMOHUPOBAHMSI UMMYHHOIR CUCTEMBI Y O0JIBHBIX XPOHUIECKIM OITH-
CTOPX030M C HaJIMIMEM MYTAllMii B JIOKycaX, aCCOIMMUPOBAHHBIX C MPEIPACIIONOKEHHOCTBIO K Pa3BUTHIO apTepH-
aJIbHON THIICPTOHWH, MPOBEICHBI KOMILJICKCHBIC MCCICAOBAHUS HECTEIN(PUISCKON pe3NMCTEHTHOCTH, KIETOTHO-
T'O ¥ TYMOPAJIbHOTO 3BEHbEB aJallTUBHOTO UMMYyHHTeTa. CocTosTHUE (DarOIIUTapHON CUCTEMBI OLICHUBAIH, U3ydast
MOKa3aTe/u MOTJIOTUTEbHOM, MEeTab0IMYeCcKOll aKTUBHOCTH U 00pa30BaHUs aKTUBHBIX (pOpM KHUCIOpOaa MO BOC-
cTaHoBNeHNIO0 HUTpocuHero Terpazonust (HCT-tecT cioHTaHHBIN W CTUMYIMpoBaHHBIH). DeHoTUN TUMOOLIUTOB
OTIpEe/IEISIIA METOJIOM ITPOTOYHON UTOMETpUM. ['yMopabHOE 3BEHO CHCTEMbl MMMYHUTETA OLIEHUBAIH 1O KOJIU-
YECTBY O0LIMX UMMYHOTI100y1HOB KjaccoB M, G, A u E. [TonuMopdu3mMbl reHOB BBISIBISIIM METOIOM NMUPOCEKBE-
HUPOBaHMS C TPUMEHEHUEM CUCTEMbI FeHeTHYecKoro aHaiau3a «PyroMark24» 1 KoMMepuyecKruX HaOOpPOB peareHTOB
(AmmnCenc ITupockpun «TOHO-ckpun»). [1peapacnonoxXeHHOCTh K pa3BUTUIO apTepUaIbHON THIIEPTOHUY Olle-
HUBaJIACh TyTeM 0OHapyXeH st nonumopdu3mMoB Bokycax: rs1042713 rena AR DB2 (anpeHopenentop $2); rs4762 rena
AGT (anruorensutoren); rs699 rena AGT (aHruorensuHoreH); rs5186 rena AGTR1 (peuenTop 1 THIIa aHTrMOTEH3MHA
I1); rs1799983 rena NOS3 (cmHTa3a OKUCH a30Ta). Y OOJBHBIX XPOHMYECKMM OITMCTOPXO30M B TPYIIIAX C HATMINEM
u oTcyTcTBHEM moauMopdu3moB rs4762 rena AGT (anruoreHsuHoreH) u rs5186 rena AGTRI (peuentop 1 Tuna aHru-
oteH3nHa 1) paznmamii B moka3aTeIssX UMMYHHOTO pearipoBaHUsI BBISIBIICHO He ObLTO. B pe3ynbraTe ucciegoBaHus
MMMYHOJIOTHUECKUX TTOKa3aTeIel B TPYIIIE MaIllUeHTOB ¢ XPOHUUECKUM OIMCTOPX030M ¢ MyTanueil reHa ARDB2
(ampeHopenernTop 2) MO CpaBHEHUIO ¢ IPYNION 6e3 MyTalluu HAOIIONAETCs MOAABJICHIE TYMOPATbHOTO (CHUXEH
o0muit ”MMYHOTI00yIMH E) M HOmONHUTEIbHAS aKTUBAINS BPOXKICHHOTO MMMYHHOTO OTBETa Ha XPOHMYECKYIO
napasuTapHylo0 MHBa3Mio (MIOBBIILIEHO a0COMOTHOE KOJMYECTBO JIEUKOLIMTOB, MOHOIIMTOB). MccienoBaHusT UMMY-
HOJIOTMYECKHUX IMoKa3aTesieli O0JIbHBIX XPOHMYECKUM OIMKMCTOPXO30M B TPYIINE C HaJIMYMEM DPEAKOro ajiess rs699
reHa AGT (aHTMOTEH3MHOTeH) TTPOJAEMOHCTPUPOBATU CHUXEHUE OTHOCUTEIBHOTO KOIUYEeCTBA TUM@OIIMTOB, CHU-
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KeHUEe KOHIICHTpALlM! 00IIero MMMYHOITIOOYIMHA M 1 MOBBIIIEHNE OTHOCUTEIBHOTO KoJUuecTBa B-mnMmbonnTos
10 CPaBHEHMIO C TPYIINON ¢ HaJIMuKMeM yacToro ajens. MccienoBanue mokasaresieii MMMYHHOIO OTBETa MallMEHTOB
C XPOHUYECKUM OMUCTOPXO30M B I'pyIIe ¢ HamuuueM MyTauu rs1799983 rena NOS3 (cuHTa3a oKHMCH a30Ta) MO CpaB-
HEHUIO C TPYIIIOM 03 MyTallMy BBISIBIJIO MOBBILIEHME OAKTEPUIIMIHOIO MOTEHIIMA A HEUTPODUIOB (CTUMYIUPO-
BaHHBII BapUaHT TecTa ¢ HUTpocuHuM TeTpasonuem (HCT-TecT)); moBbIIIIEHO TaKXKe U OTHOCUTENbHOE KOJTNUECTBO
T-xenmepos (CD4").

Karouesvle ca06a: 8poxcoerHblil UMMYHUMEM, A0ANMUBHbLI UMMYHUMENM, NOKA3AMeAU UMMYHHOU CUCIEeMbl, XPOHUHECK UL
ONUCMOPX03, APMEPUANbHAS 2UNEPMOHUSL, 2EHEMUYECKUE NOAUMOPPUIMDbL.

IMMUNOLOGICAL PARAMETERS IN PATIENTS WITH CHRONIC OPISTHORCHIASIS COUPLED
TO MUTANT GENES ASSOCIATED WITH PREDISPOSITION TO ARTERIAL HYPERTENSION
DEVELOPMENT

Grigorieva S.A., Stepanova K.B., Stepanova T.F., Ozerova A.N., Bakshtanovskaya 1.V., Kalgina G.A., Kurlaeva L.V.

Tyumen Region Infection Pathology Research Institute, Tyumen, Russian Federation

Abstract. To identify the features of immune system functioning in patients with chronic opisthorchiasis coupled
to mutant gene loci associated with arterial hypertension predisposition, comprehensive studies on innate and adaptive
immunity were conducted. The state of neutrophil engulfment and bactericidal activity was assessed. The phenotype
of lymphocytes was determined by flow cytometry. The humoral arm of the immune system was assessed by
quantitating total immunoglobulins of classes M, G, A and E. Gene polymorphisms were detected by pyrosequencing.
The predisposition to arterial hypertension development was assessed by assessing polymorphisms in the gene loci:
ARDB?2 1s1042713; AGT rs4762; AGT 1s699; AGTR1 rs5186; NOS3 rs1799983. In patients with chronic opisthorchiasis
with and without polymorphisms AGT rs4762 and AGTR1 rs5186, had no difference in immune response. Patients with
vs. without ARDB2 rs1042713 had suppressed humoral (reduced total IgE) along with activated innate immune response
in chronic opisthorchiasis (increased absolute count of leukocytes and monocytes). In the group with the rare AGT rs699
vs. common allele there was a decrease in the percentage of lymphocytes, a lower total IgM level and increased percentage
of B lymphocytes. Immune indicators in patients with chronic opisthorchiasis with vs. without rs1799983 mutation in the
NOS3 gene had higher neutrophil bactericidal potential (stimulated nitrosine tetrazolium test (NST test)) along with

percentage of T-helper cells (CD4").

Key words: innate immunity, adaptive immunity, immune system parameters, chronic opisthorchiasis, arterial hypertension, genetic

polymorphisms.

BeeneHnune

B Poccuiickoit Penepainy B TeUCHUE TTOCIICI-
Hux 10—15 ner Habmomancd pPoOCT CMEPTHOCTH
OT cepaedHO-cocyaucThix 3aboneBanuit (CC3),
a aprepuanbHasg runeptoHusa (Al) gBasercs oc-
HOBHBIM (PaKTOPOM pHCKa, OIIPEACISIONINM IIPO-
rHO3 3abojyieBaeMocT U cMepTHOCcTU oT CC3 [15].
TpamguImoHHO THUIEPTOHMYECKAss OOJIE3HBb pac-
cMmarpuBaliach KaK HapylleHHe IBYX CUCTEM, KO-
TOpBIE YYACTBYIOT B PEryJISILIUU BOTHO-COJICBOTO
OajlaHca M CEepAEYHO-COCYAUCTOU (DYHKIIMU: pe-
HUH-aHTHOTCH3MH-aJIbIOCTEPOHOBOI ~ CHUCTEMBI
(PAAC) m cuMITaTUYECKOM HEPBHOM CHCTEMBI
(CHC). OpHaxko J1eucHHe, HaIllpaBJICHHOE Ha orpa-
Huyenne BaussHusg PAAC unu CHC Ha aprepu-
aJbHOE maBjeHwue, gaeT cooit B 40% ciaydaeB, 4TO
IpearojaaraeT, YTO IOJKHBI OBITh 3aJcHCTBOBA-
HBI ellle KaKue-To MexaHu3MBbI [19]. B mocnenHee
BpeMs CYIIeCTBYeT MHEHHUE, UYTO Ha pa3BUTHE ap-
TepUaJbHOM TUIIEPTOHUU OKa3bIBACT BIMSIHUC
UMMYHHasI cucteMma. JIIUTeIbHBI BOCIIAJIUTEIb-
HBIA TIPOILICCC BBI3BIBACT HAKOIJICHWE aKTUBHBIX
dopMm kuciopona (ADPK), BHIZBIBAIOIINX OKUCIIH-

TEJIbHBI CTpPecC, KOTOPbI MPUBOAUT K IHIAOTE-
JIMaJbHOW AUCHYHKIUU — OCHOBHOW MNpPUYUHE
AT, a noBbIllIEHHBIE KOJMYecTBa aHruoTeHsuHa Il
(BBI3BIBAIOIIETO CIa3M COCYIIOB), B CBOIO OUepelb,
OKa3bIBalOT aKTUBUPYIOIEEe BJIMSIHUE HA UMMYH-
HYIO CUCTEMY. YCUJIEHHAs aKTUBaLUsI UMMYHHOU
CUCTEMBI SIBJISIETCS MEXaHU3MOM, TMOMAEPXKUBAIO-
muM AT, u B To ke BpeMs Al orocpeayet reHepa-
JIN30BAaHHYIO BOCHMAJUTEIbHYIO PEaKIIUi0O B Opra-
HU3Me, Hapyliasi GYHKIIMOHUPOBAaHUE KPOBEHOC-
HBIX COCYAOB, CEp/lla, MOYeK U FOJIOBHOIO MO3ra.
Ilpu runepTOHUY UMMYHHBbIE KJIETKU NPOHUKAIOT
B KPOBEHOCHBIE COCY/bI, CIOCOOCTBYSI SHAOTEIU-
albHOM AMCHYHKIIUMU U MPENSTCTBYS pacciadlie-
HUIO0 cocyaoB. B moukax HaOatomaeTcss MHOUIb-
Tpallls U HAKOMJICHUE PA3JIMYHBIX TTOIMHOXECTB
UMMYHHBIX KJIETOK; B cepalie — UHGUIbTpaLUs
NPOBOCHAJIUTENIbBHBIX 3JEMEHTOB. Y4YacTue WM-
MYHHOI cucTeMbl B pa3BuTum Al kaxercs 0e3-
ycJIoBHBIM [18, 20] — oHa He TOJNBKO yCyryOJsieT
pazButue AI, HO crmocoOHa MpeaoTBPaTUTh pas3-
BUTHE apTepUajbHON TUMNEPTOHUU. MexaHU3MbI
aJalTUBHOIO UMMYHHOIO OTBE€Ta aKTUBUPYIOT-
ca B oTBeT Ha curHajgbl oT CHC u PAAC: npouc-
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NmmyHuTeT npun XO n myTaumm koHTpons AL

xonut auddepeHuuponka T-numdonutoB B Th-1
n Th-17, KoTopble SBASIOTCS ITPOBOCIATUTEIb-
HBIMU. B TO e BpeMmsl amanTuUBHAasT UMMYHHAas
cucTeMa MOXET IPeIsITCTBOBaTh pa3BUTUIO AT,
Hanpumep, CD4" T-knetku, nuddepeHnpysich
B peryasitopHbie T-knetku (Tregs), monaBasiioT ak-
THUBAIlMI0O UMMYHHOI'O OTBETa, IMMOCKOJBKY IPOIY-
OUPYIOT UMMYHOCYIIPECCUBHBIC HUTOKMHEI, TAKIE
kak TGF-B u IL-10. DT HTMTOKUHBI CHUXKAIOT 9H-
OTENAbHYI0 TUCHOYHKIINIO, MTPENSITCTBYSI pa3-
BUTUIO apTepHaIbHOM runeproHuu [16].

MexaHU3MBbl UMMYHHOTO OTBETa P OITUCTOP-
X03€, HECMOTPS Ha MHOTOJIETHIOIO UICTOPUIO U3yYe-
HU S 3TOI'0 FeJIbMUHTO3a, 10 HACTOSIIIIEro BpeMEeHU
OCTalOTCs aKTyaJIbHOI IpobJsieMoii. B mpenbimy-
LIUX UCCIETOBAHUSIX [6] ObIN BBISBIIEHBI CIIELY-
IOlMe W3MEHEHUS MMMYHHOIO pearupoBaHUS
B XPOHUYECKYIO CTaII0 ONTMCTOPXO3HOI MHBA3UU:
MOBBIIIIECHUE KOHIIEHTPAllUU B CHIBOPOTKE KPOBU
O0mMMUX HUPKYJIUPYIOIIUX MMMYHHBIX KOMIIJICK-
COB; TMOBBILIEHUE aKTUBHOCTU (hepMeHTa HEUTPO-
dunoB muenonepokcuaasbl (MII), mornoTutenb-
HO# CMOCOOHOCTY M aKTUBHOCTU OAKTEPUILIUIHBIX
cuctem HentTpodunaoB (HCT-tecT); moBhIIIeHUE
OTHOCUTEJIBHOTO U a0COJIOTHOIO KOJIMYECTBA 20-
3UHOMUIOB; CHUXEHHE KOJMYEeCTBa MOHOIIMTOB
n HatypaabHbiXx KuijepoB (NK). M3amensiercs
W amalTUBHBIM MMMYHHBIM OTBET: Y ITAIIMCHTOB
C XPOHUYECKUM OMUCTOPx030M (XO) cHUXaeT-
Ccsl KOJMYECTBO JUM@OIUTOB, [IUTOTOKCUYECKUX
T-numdpouuros (CD3*CDS8"), B-numdpouuTon
(CD3-CDI19");  yBenuuuBaeTcs  OTHOCUTEJb-
Hoe koauyecTtBo T-nmumdouurtos, T-xenmepos
(CD3*CD4") u T-nuMdonuToB C MapKepOM ITO3]I-
Heit aktuBauueit (CD3*HLA-DRY); Bo3spacrtaer
nnaekc CD4*/CDS§*.

B mociienaee BpeMs IIpUXOAUT IMTOHUMaHUE He-
OJHOPOJHOCTHU TMAaTOreHe3a OJTHOTO U TOTO Xe 3a-
OojieBaHUSI TIPU PA3JIUUYHBIX MHAUBUIYAJTIbHBIX
MOJICKYJISIPHO-TEHETUYSCKUX U MOP(DOGDYHKIINO-
HaJIbHBIX OCOOEHHOCTSX opraHu3Mma [3]. Panee
npoBeleHHble uccaeaoBanusd [1, 5, 8] mo3Boauau
NPEANOJOXUTh BJIWSIHUE TE€HETUYECKUX IIOIU-
MOpP®dU3MOB, CBSI3aHHBIX C MPEAPaACIIOJIOXKEHHO-
CTBIO K pa3BUTUIO HEMH(EKIIMOHHBIX 3a00JieBa-
HUW, HA peakKllMI0 UMMYHHOW CUCTEMBI MAlUECH-
ToB ¢ XO Ha uHBa3uio. CHekTp reHoB-KaHAuda-
TOB BKJIIOYAET T'PYNIMbl T€HOB, KOHTPOJIUPYIOIINX
pa3IMYHbIe META0OINYCCKHUE, TOMEOCTAaTUISCKIIE
U UMMYHOJIOTUYECKUE CUCTEMbI, HAPYIIEHUS KO-
TOPBIX, BOBJI€YEHBI B IaTOT€HE3 CEepAeUyHO-COCYy-
IUCTHIX 3a007eBaHUIT U MeXaHU3Mbl UMMYHHOTO
otseta [10].

Llenpio nccnenoBaHus ObLIO BBISIBJIEHUE B3a-
MMOCBSI3M MEXAY HaJudyueM MNOoJUMOpPGU3MOB,
aCCOLIMMPOBAHHBIX C pPa3BUTHEM apTepuaibHON
TUNEPTOHUM, U OCOOCHHOCTIMU (DYHKIIMOHUPO-
BaHUS UMMYHHOI CUCTEMBI Y TAIIUEHTOB C XPOHU-
YECKOU OMUCTOPXO3HOU MHBA3UEH.

Matepuanbl n MeTopl

boeio o6cienoBaHo 52 manueHTa ¢ JMarHO30M
XPOHUYECKHUI OMUCTOpX03. Bce mamueHThl nanu
NHGOPMUPOBAHHOE COIJIaCHe Ha yJacTHE B 3TOM
ucciaenoBanuu. [lpoBeneHue ucciienoBaHUS ONIO-
opeHo aTndyecknM KomuTeToM @BY H «TroMeHcK 1A
HAy4YHO-UCCJIEA0BATEAbCKUM HWHCTUTYT KpaeBOu
WHOEeKIIMOHHOM Tmarojiorun» PocrioTpebHan3opa
(mpoTtokoin Ne 2 ot 01.02.2023 r.). MennaHa Bo3pac-
Ta obcenyeMbrx coctaBmiia 54 roma (IQR 38,8—62).
IIpoBeneHO KOMITJIEKCHOE UCCAeA0BaHE UMMYHO -
JIOTUYECKUX MMOKa3aTeJen.

®DaronurapHasi aKTUBHOCTh HEUTpodUIOB
(DAH) ompenensiylach 10 CITOCOOHOCTU KJIETOK
norjomaTthk yactTuusl garekca ¢ d = 10 mxm (OO0
«ANADM», Poccus) — MpoOUEHT HEUTPOGDUIOB
u3 200 nmpoaHaJU3UPOBAHHBIX, coAaepKalluxX 4Ya-
cTulbl T1aTekca [14]. MeTaboan4yecKyo akTUBHOCThb
HeUTpodUIOB ONpeaeasiaiu HUTOXUMUIECKIM Me-
TOOOM BOCCTAaHOBJICHUSI HUTPOCUHETO TeTPa30JIUSI
no nudopmaszaHa (HCT-tecT CHOHTAaHHBIA U CTU-
MyJupoBaHHBI 10% pacTBOpoM MHUpOreHasa).
CrnontanHbii HCT-TtecT oTpaxall cTerneHb aKTH-
BalliM KHCJIOPOA3aBUCUMOTr0o MeTaboaI1M3Ma 1 CBsI-
3aHHYI0O C HUM BBIpAaOOTKY CBOOOIHBIX paanKa-
JIOB; CTUMYJIMPOBAHHBI BapUAaHT XapaKTepU30BaJl
(YHKIMOHATbHBIN pe3epB [9]. YpoBeHb Mueore-
poKkcuaa3bl HEUTPOMPUIIOB BBISIBISIN CIIEKTPOPO-
TOMETPUUIESCKUM METOAOM [9].

WccnenoBanue ¢peHoTUIIa TUMOOILIUMTOB IMTPOBO-
AU METONOM ITPOTOYHOU LIMTOMETPUU LIEJTHHOU
nepudepruIecKoit KpOBU C UCITOJIb30BaAHUEM MOHO -
kJoHanbHbIX aHTUTEN (Beckman Coulter, CILIIA),
meueHblx FITC (fluorescein isothiocyanate), PE
(phycoerythrin), ECD (phycoerythrin-Texas Red-X)
u PC5 (phycoerythrin-cyanin5) Ha IpOTOYHOM IH-
Todayopumerpe «Cytomics FC-500» (Beckman
Coulter, CIIA). Hcrnosb3oBajoch TpPeXIBETHOE
UMMYHO(peHoTUnIMpoBaHue Io maHeasm: CD3/
CD4/CD45, CD3/CD8/CD45, CD3/CD16%56/
CD45 u CD3/CDI19/CD45. OcHoBHBIE (hEeHOTH-
nel  auMdonuToB: T-mumdponnter (CD3*CDI19-
CD16/56-CD45"), T-xennepsl (CD3*CD4"CDA45"),
T-uurotokcumyeckue (CD3*CD8*CD45%), NK-
kiaetku (CD3-CDI16/567CD45%), B-numdouutsl
(CD3-CDI19"CD45") u akTtuBupoBaHHBIe T-TUM-
douutsl (CD3*CDHLADR*CD45"). AOCOnIOTHBIE
3HAUYEHUsI OBUIM TIOJYYCHBI C IIOMOIIBIO JIBYX-
mIaT(OPMEHHON TEXHOJIOTUM C WCHOJb30BaHU-
eM pe3yJIbTaTOB TIeMaTOJOrMYecKoro aHajmu3a.
KoHlleHTpano MMMyHOriaooyaiuHoB M, G, A,
1 E B CBIBOPOTKE KPOBH OIIPEACIIsSIIA UMMYHODep-
MEHTHBIM METOIOM C ITOMOIIBI0O KOMMEPYECKUX
HabopoB  «MmmyHockpuH-G,M,A-UDPA-BECT»
n  <«IgE-o6muit-MPOA-BECT» (BekTop-becr,
Poccust). Kouuentpanuuio uutokuHoB (IFNy,
IL-4, IL-8, IL-10) onpenensiim uMMyHO(bEPMEHT-
HBIM METOJIOM C ITIOMOIIbI0O KOMMEpPYECKMX Ha-
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6opoB «I'amma-uHTEephepoH-UDA-BECT», «MUH-
tepaeikuH-4-UDPA-BECT», «HTEepaeiKuH-8-
NDA-BECT», «HAutepneitkun-10-UDPA-BECT»
(BexTop-bect, Poccus).

Brinenenue ToranpHoii JJHK uyenoBeka m3 o00-
pa3loB KPOBU MPOBOAMIM C MCIOJb30BaHUEM
KomMmepueckux HabopoB «IHK-copo B» (DBYH
HHMWHND PocniorpebHanzopa). ['eHeTuyeckue mno-
JIUMOP(MU3MBI BBISBISIIM METOJIOM MUPOCEKBEHU-
pOBaHUS C MTPUMEHEHUEM CUCTEMBI TEHETUYECKOTO
aHanuza «PyroMark24» 1 komMepueckux HabopoB
peareHTOoB (AMmiuCeHc Ilupockpun <«TOHO-
CKpUH»), TIpeIHa3HAYCHHBIX HJISI OLIEHKUW IIpeid-
PacMoJIOXKEHHOCTHU K Pa3BUTHUIO apTepUaJIbHOM T'-
MEPTOHUM MyTeM OOHapyXeHUs MOJIUMOP(PU3MOB
B JIOKYCax:

— 151042713 rena ARDB2 (AnpeHnopenenTop [32);

— 154762 reHa AGT (AHTUOTEH3UHOI'€H);

— 15699 rena AGT (AHTMOTEH3UHOTIeH);

— 1s5186 rena AGTR1 (Peuenrtop 1 TvIta aHrHo-
TeH3uHa [I);

— 151799983 rena NOS3 (CuHTa3a OKMCHU a30Ta).

Craructuyeckasi obpaboTKa MOJIyYeHHBIX pe-
3yJIbTATOB BBITIOJTHEHA JIMIIEH3MOHHBIM ITPOTrpaMM-
HbIM obecrieueHueM SPSS, Bepcus 22.0, npeaHa3Ha-
YEeHHBIM JJTSI HAY YHBIX MCCJICTOBAaH U 1 TOKAa3aTeJIb-
HOl MemunuHBL. OlleHKa 3HAaYMMOCTU pa3TndIuid
MEXy TpyNIlaMy ¢ HOpMaJIbHBIM pacIipelesieHueM
3HaYeHUI (MonTBepXAeHHBIM TecToM Illanmupo—
Yunka) npoBoAMJIaCh C TIOMOIIBIO t-KPUTEPUS
CreioneHta (T-tect). OuleHKa 3HAYMMOCTU pa3-
JIMYWR  MeXIy TpyIIaMu TIpU  paclipenesieHnH,
OTJIMYHOM OT HOPMaJIbHOTO, IPOBOAMJIACH C MC-
MoJIb30BaHMEM Hemapamerpuueckoro U-kpurepus
ManHa—YutHu (U-Tect). Kputuueckuit ypoBeHb
3HauumMocTu npuHumMalcsd < 0,05. CpaBHuBaJIu Mo-
KazaTeJIM UMMYHHOI CUCTeMBI B TPyHITax 0OJbHBIX
XPOHUYECKUM OMKUCTOPXO30M C HAJIMUUEM U OTCYT-
CTBMEM MYTallMi1, aCCOLIMUPOBAHHBIX C ITPEAPACIIO-
JIO(KEHHOCTBIO K apTepHaJIbHOM ruIiepToHuu. B cra-
Th€ TPEICTABJIICHBI ITOCTOBEPHO pa3IMyaloniuecs
noka3zatenu (p < 0,05).

Pesynbratbl 1 06CyXaeHne

Ilpy cpaBHEHUU HMMYHOJIOTUYECKUX ITOKa-
3atesieid mauueHToB ¢ XO B rpynmnax ¢ HaJWYU-
eM U oTcyTcTBUeM MyTauuii reHoB AGT rs 4762
1 AGTRI rs5186 paznuuuii He BBISIBJICHO.

BrisiBieHHBIE TOCTOBEPHBIE Pa3IuydUsd U3yda-
eMbIX MoKa3aTeJeil MeXIy rpynmnaMu MalueHTOB
C XPOHUYECKHUM OMUCTOPXO30M C HAJIUYUEM MY-
TAHTHBIX aJJieJiell TeHOB, AaCCOLMUPOBAHHBIX
C pa3BUTUEM apTepUaJIbHOU TUNEPTOHUU, U 0e3
HUX ITPECTaBJIECHBI B TAaOJIUIIAX.

VY nmanumenToB XO ¢ penkum ajieneMm rs1042713
reHa P2-agpeHopenentopa (ADRB2) no cpasHe-
HUIO C MAallMEHTAMU C YaCThIM aJlJIeJIeM JOCTOBEPHO
MOBBIIIEHO a0COMIOTHOE KOJIUYECTBO JEUKOIMTOB
U abCONIIOTHOE KOJMYECTBO MOHOIIUTOB, CHUXEH
oomuit uMMyHor100yauH E (Tabin.l).

Mytanuu reHa P2-aapeHeprudeckoro pelern-
Topa (ADRB2) accounupoBaHbl C pa3BUTUEM ap-
TepuajJbHOW TUTNEPTOHMU. [2-aJapeHeprudyecKue
perenitopel  (B2-AR) cBs3aHBI ¢ MeIJICHHBIMU
KaJblIMeBBIMU KaHajiaMu L-Tuna u obecneyuBa-
0T pacciabiieHue TJIaJIKOW MYCKyJIaTypbl, B TOM
yucyae OpoHXxoaugaTallMoo U BazoauaaTauuio [12].
B2-AR HaxomsATcs MpaKTUYECKU Ha BCeX KJIETKax
opraHusMa 4ejaoBeka (MMMYHHBIX KJE€TKaX B TOM
qucie) u onocpenyroT 3¢pdeKTh KaTexoJIaMUHOB.
AxTtuBalusi P2-AR comnpsikeHa ¢ peaKUUSIMU
U BPOXJIEHHOT0, U alallTUBHOTO UMMYHHOIO OT-
BeTa. [Ipy akTuBaLUMU peUEenTOPOB B HEUTpohU-
Jlax 4ejoBeka mHrubupyercs skcrnipeccuss CDI11b/
CDI18 (peuentopsl komruiemMeHTa CR3), daro-
LUTO3, aAre3vs, MUTpalUusi WU OKHUCIUTEIbHBINU
metadonusM [22]. EcTecTBEeHHbIE KUJIIEPHI, DKC-
npeccupymoiniue B2-AR, moaydyaroT npu UX aKTHU-
BallUd WHTUOUPYIOIIME CUTHAJbl, & MOHOLIUTHI
npuoOpeTalT MPOTUBOBOCTAIUTENbHBIN (eHOo-
TUN. AJAaNTUBHBIA UMMYHHBIA OTBET TaKXke MO-
IyJIUpyeTcs akTuBUpoBaHHBIMU B2-AR. [Monyuas
cTumys uyepes f2-AR, AeHAPUTHBIC KJIETKU BBI3bI-
BatoT auddepenumposky CD4" T-knetok B Thl-

Ta6nuua 1. UMMyHOnornyeckme nokasaTesim y nauMeHToB C XPOHUYECKMM ONMUCTOPX030M B 3aBUCMMOCTM
OT HaNIM4YUS UM OTCYTCTBUSA MUHOPHOro annens rs1042713 rena ARDB2

Table 1. Immunological parameters in patients with chronic opisthorchiasis, with/without minor allele rs1042713

of the ARDB2 gene
OTCcyTCTBME MUHOPHOTO annens, | Hanuune MUHOpPHOro annens,
Mokazarent, Mzm/Me (Q5-Qy5) Mzm/Me (Q;5-Qys)
eauHuLa U3MepeHns ; . T CpasHeHwue rpynn, p
Parameter. Without minor allele, With minor allele, Group comparison, p
unit of measure,ment M:m/Me (Qzs=Qyrs) M=m/Me (Q,5-Q7s) ’
n=17 n=34
JleikounTbl, K1/MKN " " 0,05
Leukocytes, cells/ul 5252+379 6352355 T-tect/T-test
MoHOoUUTbI, KN/MKJ i B 0,03
Monocytes, cells/ul 210 (152-240) 301,5 (178,5-387) U-tect/U-test
IgE, ME/mn 0,05
IgE, IU/ml 16,5(9-34) 8(213-22,75) U-tect/U-test
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Ta6nuua 2. UMMyHONOrMYeckme nokasaTesnm y nauMeHToB C XPOHUYECKUM ONUCTOPX030M B 3aBMCUMOCTH
OT HaNINYUS MU OTCYTCTBUA MUHOPHOTO annens rs699 reva AGT

Table 2. Immunological parameters in patients with chronic opisthorchiasis with/without minor allele rs699 of AGT

gene
MokasaTtens, OTCyTCTBME MMHOPHOIO Hanuune muHopHoro
eAVHULA U3MepeHns annens, Mtm annensa, M+m CpaBHeHue rpynn, p
Parameter, Without minor allele, M£+m With minor allele, M*m Group comparison, p
unit of measurement n=17 n=34
Jumoouutsl, % N N 0,05
Lymphocytes, % 37,43:3,12 30,981,09 T-tect/T-test
0,02
_ ‘o + + ,
CD3-CD19*, % 7,43%0,72 10,39+0,65 T-recr/T-test
IgM, mr/mn . " 0,01
IgM, mg/ml 2,15+0,33 1.97£0,14 T-tecT/T-test

uau Th2-tuma [24]. Onocpenyembie B2-AR cur-
HaJIbl BBI3BIBAIOT MHTUOMpPOBaHUE 3(PHEKTOPHBIX
dyukuuit  T-numdbouuros [23]. Crumyngauugd
B2-AR Ha B-numdonurax yepes cucremy cAMP/
PKA BbI3bIBaeT akTuBaluno B-nuMmdounuToB: pac-
TeT ypoBeHb npotenHa IgGl, HabmromaeTCs1 TTOBBI-
meHune skcrpeccun CD86. Crumynsuus B2-AR
Ha T-muMmdbonnrax wmWHTUOUpPyeT (B pPa3IUIHONU
CTEeTICHN BBIPAKCHHOCTU) IPOAYKIIMIO ITPOBOC-
MaJauTeIbHBIX TUTOKUHOB Th-1, Takux kak [FNy,
IL-12, TNFo, 1 ycuneHue MPOAYKIUU ITATOKU-
HoB Th2, Ttakux kKaxk IL-10 u TpanchopMupyommii
daxkrop pocra (TGF-B), aBasiommxcs MmpoTUBO-
crnaauteabHbIMU [17]. Takum oO6pa3zoM, CTUMYJISI-
s f2-AR, HaXoAAMXCS HA KJIEeTKaX UMMYHHOM
CHUCTEeMBI, MOIYJIMPYET UMMYHHBIIA OTBET — CHU-
KaeT aKTUBHOCTh BPOXICHHOTO M KJETOYHOTO
3BeHA CHEeM(GUICCKOr0 MMMYHUTETA U YCUJIMBA-
T aKTUBHOCTbH TYMOPaJIbHOTO 3B€HA aIallITUBHOTO
MMMYHHOTO oTBeTa. B 1iesiom ctumynsinust f2-AR
NPUBOIUT K CHUKCHUIO BOCITAJIUTEIBHBIX U YCHU-
JICHUIO TTPOTHUBOBOCITAJIUTEABHBIX 3(P(HEKTOB M-
MYHHOTO OTBeETa.

Pesynprarhl MccaemoBaHUM WMMYHOJOTHUYEC-
KUX mokasaTteneil manueHToB XO ¢ penkuM ajiie-
nem reHa ADRB2 cBuageTea1bCcTBYIOT 00 YyCUIEHUN

peakInii BpOKACHHOTO MMMYHHUTETA W TOHABIIC-
HUM peakInii TYMOpaJbHOTO 3BEHa CIlelduiec-
KOTO UMMYHHOTO OTBEeTa. AKTUBAIIMS MEXaHN3MOB
HeCIenn(PUUIeCcKoil pe3UCTEHTHOCTHU W II0oJaBIIC-
HUE TYMOPaJIbHOTO 3BeHa CIeln(pruIecKoro uMmy-
HHUTeTa y nmanueHToB XO ¢ HaIM4YeM MUHOPHOTO
annens reHa 2-AR BeIpakeHa B GOJIbIIIeH cTere-
HU, YeM B IIEJIOM O BCEH T'PYIITe ¢ XPOHUYECKUM
ONUCTOPX030M. BeposiTHO, 3TO sIBASIeTCS HeOIaro-
OpUSATHBIM 3D (GEKTOM TaHHON MyTalluM Ha Tede-
HHME MHBAa3MOHHOI 00JIe3HM, TaK KaK y ITAaIlUCHTOB
C peIKuM aJjijieieM 3TOro TeHa MMMYHHBI1 OTBET
M30BITOYCH U, BO3MOXHO, TEPEXOAUT TPaHUIIBLI
(GU3MOTIOTNYeCKOM HOPMBI.

WccrnenoBaHuss MMMYHOJIOTMYECKHUX ITOKa3a-
Teneit manmueHToB XO ¢ HaJIMIUEM MHUHOPHOIO
annenss (rs699) rena anruoreHsmHoreHa (AGT)
NPOIEMOHCTPUPOBATIO  JTOCTOBEPHOE  CHIIKE-
HHE OTHOCHUTEJIBHOTO KOJMYECTBA JIUM@OIIMTOB
B rpymnre 6e3 myTanuu. OTHOCUTEIbHOE KOJIUYe-
CcTBO B-TrM}OIIMTOB B 3TO K€ TPYIITIe MOBHIIICHO.
Konuenrpauus obiero IgM y maliueHTOB ¢ MyTa-
nueit cHuxXxeHa (Tabu. 2).

T'en AGT kommpyeT 06elOK aHTMOTEH3WHOTEH,
KOTOPBIA CHYXUT TMPEIIIeCTBEHHUKOM aHIUO-
TeH3uHa-II, oOiamaroliero Ba3OIIPECCOPHOI ak-

Ta6auua 3. UMMyHoNornyeckue nokasaresiv y nauMeHToB C XPOHUYECKUM ONMUCTOPXO30M B 3aBUCUMOCTHU
OT HaJI4US UNN OTCYTCTBUSA MUHOPHOro annenda rs1799983 rena NOS3

Table 3. Immunological parameters in patients with chronic opisthorchiasis with/without minor allele rs1799983

of the NOS3 gene
OTCYyTCTBME MUHOPHOrO annens, | Hanuune MMHOPHOrO annens
e ME:K:?;las.ll-v?:b,eHm Mzm/Me (Qz5—Qys) M:£m/Me (Q;5-Q;5) | Crr)aB:reIHVle
A P:rameterp Without minor allele, With minor allele, %yrou;)p
) + —_ —
unit of measurement M_m/'r\:li(?f Qss) th/ﬁ/li (:;]425 Qrs) comparison, p
HCTctum., % 0,049
NBT stimulated, % 37(32,5-44.9) 46,5(34-51) U-TecT/U-test
HCTcTum./HCTcnoHT. 0,040
NBT stimulated/NBT spontaneous 2(1,415-2,5) 25(20-33) U-tect/U-test
0,05
+ + 0 + + ’
CD3'CD4*, % 45+1 49,3+11,7 Trecy/T-test
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TUBHOCTBIO. EcCTh JHOaHHBIE TIOATBEPXKIAIOIINE
CBSI3b OTOr0 MPOTEMHA C UMMYHHBIM OTBETOM ITpU
pazButumn Al. AHruoreHsuH Il obGnamaetr 3Ha4YM-
TEJILHBIM MIPOBOCTAJIUTEIIBHBIM IeICTBUEM, NHIY-
OUpyst PEeKPyTUPOBaHE MOHOIIMTOB U JIMMMOIH-
TOB B CyOPHIOTEIMaIbHOE MPOCTPAHCTBO, YBEIU-
YuBasi SKCIIPECCUIO MOJIEKYJI KJIETOUHOM aAre3uu,
arperaio TPOMOOIIMTOB U CEKPEIUI0 IIUTOKM-
HOB, XeMOKHMHOB 1 (DPAaKTOPOB POCTa, KOTOPhIC BO-
BJIEUEHBI B pa3BUTHE aTEPOCKJIEPO3a U BocnajeH1e
COCyaMCTOl cTeHKU. AHTUOTeH3uH 11 onpenensier
nudGepeHIINPOBKY UMMYHHBIX KJICTOK B KJICTKU
NpOBOCHAJUTENbHOTO (EeHOTUIIa U MOCJeayIo-
IIYI0 TMIPOAYKIIMIO UMU MPOBOCHATUTEIbHBIX 1IU-
TOKWHOB, Takux Kak IL-6, IFNy, IL-17 TNFa, uto
YCUIUBAET OKUCIUTENbHBIN cTpecc [18]. T-kineTkn
aKTUBUPYIOTCSI M NPOHUKAIOT B TKAHU B OTBET
Ha ctuMyasuuio anruoreHsuHom II. Ilpu aHnruo-
TeH3uH II-3aBUcHMoOiIT apTepranbHOI TUTIEPTEH3UU
HaOnromaeTcs yBeaudeHue Th-kieTok; nucbaiaHc
T-xenmepHbIX TUMGPOUUTOB ¢ yBeauyeHuem Thl-
TUMNa U CHUeHueM Th2-Tumna B cejie3eHKe U ToY-
Kax; yBeamueHue kosimdectBa CD8* T-knetoxk
W IOBaXabl HeraTuBHBIX T-kietok (CD3*CD4-
CDS8"); notepsl agantTopHoro 6ejika JUMQPOILIMTOB
LNK (rakxe m3BectHoro kak SH2B3) u yBenu-
yeHue xemoknHa RANTES. Takxke OblJi0 OoTMe-
YeHO YBEJIMYCHHE KOJIM4yecTBa T-KJIETOK ITaMSITH
CD3*CD45RO*. Posp B-kJIeTOK He CTOJIb OdYe-
BUAHA, OJHAKO B pa3BUTHUM aHTUOTeH3WH-II-
3aBUCHMOI TMNEPTOHUM OHA TaKXe CYIIECTBEH-
Ha [4, 18, 22, 25].

PesynbraTel McclIegOBaHUIT MMMYHOJIOTHYEC-
KX Tokasarejeir y mamueHToB XO ¢ peaKuM
annenem reHa AGT mo cpaBHeHMIO ¢ TalMeHTa-
MM C YacCThIM ajljIeJieM yKa3bIBaloT Ha OTJIMYUS
B agaliITUBHOM HNMMYHHOM OTBeTe. Y mNallleH-
TOB ¢ MyTauuei reHa AGT HaOJtogaeTcss CHUXe-
HHUE OTHOCHUTEJbHOro KOJIMYecTBa JUMMOIIUTOB,
B-nuMpouuToB;, CcHUXeHa TPOAYKIUS OOIlIe-
ro UMMYHOIJIOOyIrMHA M, 94TO MOXET yKa3hiBaTh
Ha MoAaBJIcHNEe MEXaHU3MOB KJICTOYHOTO M TYMO-
paJbHOTO 3BEHbEB aAaNTHUBHOIO UMMYHHOTO OT-
BeTa. [lo-BuaumMomy, y MaliieHTOB ¢ MUHOPHBIM
amneneM reHa AGT akTuBaluss UMMYHHOTO OT-
BeTa BbIpakeHa B MCHBIIEH cTeneHU. Bo3MOXHO,
9TO CIIOCOOCTBYET YMEHBIIEHUIO MOBPEXKACHUMH,
BbI3BAHHBIX TMNEPAKTUBHBIM MMMYHHBIM OTBE-
TOM Ha ONHMCTOPXO3HYIO MHBa3muio. B Takom ciry-
yae 3Ta MyTallMs OJIaronpusTHA HJIS ITAallUeHTOB
C ONMMUCTOPXO3HOM NHBa3Mel 1 3a00J1eBaHNE MOXKET
npoTekaTh B 60Jjiee JIrKoil CTeIeHU, Bellb B IaTO-
reHe3e OMMMCTOPX03a 3HAUMMYIO POJIb UTPAIOT UM-
MYHOITaTOJIOTUYECKHEe PeaKIMM, a OT XapakKTepa
chopMUPOBAHHOTO UMMYHHOI'O OTBETa Ha WHBa-
3UI0 3aBUCHUT CTEIIEHb IMAaTOJOTMYECKUX HM3MEHE-
HUI1 B opraHu3me yeaoseka [11].

HccrenoBaHMS TOKa3aTeaeii UMMYHHOTO OTBE-
Ta manyeHToB XO B TpyNax ¢ HAaJIMYUEM U OTCYT-

ctBueM myTanuu rs1799983 rena NOS3 (cuHTa3a
OKICHU a30Ta) BBISIBUJIM CIAEAYIOIINE OTIUYMSI: T10-
BBIIIICHHE TTOKAa3aTesI 0aKTepULIMIHOCTH HEHTPO-
dusioB — ctumynupoBanHoro HCT-tecta 1 noBbI-
IIEHWE NHIEKCAa CTUMYJISIIIMU 3TOTO TeCTa B TPYIIIIe
¢ peakuM ajjeneM. OTHOCHUTENbHOE KOJMUYECTBO
xennepoB (CD4") y maliMmeHTOB ¢ MyTallMell reHa
NOS3 noBbitieHo (Tadt. 3).

I'en NOS3 KonupyeT sHAOTEIUATbHYIO CUHTA3y
okucu azota (NOS3), KoTopasi ydacTBYeT B CUHTE3¢€
okcuaa azora (NO) B KieTKax 9HJIOTEI S COCYI0B.
OKUCh a30Ta SIBISETCS HEpOMeIaTOpPOM, BBI3HI-
BaeT paccyiabJeHne IIalKMX MBIIII COCYIOB, yJa-
CTBYET B 3alllMTe OT MaTOr€HOB, PEryJupyeT Mpo-
rpaMMUPYyeMYI0 THOeIb U poJindepalnio KJIeToK,
UTpaeT BaXXHYIO POJIb B CEKPETOPHOI M PEeIIPOAYK-
TuBHOI cucteme [7]. CHuxeHue akTuBHocTU NO-
CHMHTAa3bl MOXET TTPUBECTHU K PAa3BUTUIO CEPIEUHO-
COCYIUCTBIX 3a00JIeBaHUI U UX OCIOXKHEeHU [21].

Y mauueHTOB ¢ XPOHUYCCKUM OIHMCTOPXO30M
HabJomaeTcss aKTUBAIIMST MEXaHU3MOB BPOXKIEH-
HOro UMMYHHOTO oTBeTa. [Ipn HaIMYIUM MUHODP-
HOTO aJljieJisl TéHa CMHTAa3bl OKKMCHU a30Ta y Malu-
eHToB ¢ XO moKaszaresld BPOXJICHHOTO MMMYH-
HOTO OTBETa TaK:Ke IEMOHCTPHPYIOT aKTUBAIIUIO,
HO Mo mnokaszarejsiM cTumyaupoBaHHoro HCT-
Tecta u cootHoueHuro HCTctum./HCTcnoHT.
MOXHO CYyAUTH O OOJibllIeM OaKTEepPULIMAHOM I10-
TeHIIMaJe (GarouUTUPYIOIMINX KJIETOK, YeM B OT-
cyrctBue Mmytauuu reHa NOS3. HabOmaionarotcs
U3MEHEHUs B KJI€TOYHOM 3BEHE aJalTHBHOIO UM-
MYHHOTO OTBeTa: yBeJInueHue Koaudectsa CD4"-
TUM@OIUTOB (XapaKTepHOE IJISI ONMHCTOPXO3HOM
MHBa3nM) OoJjiee BbIPaXXeHO Yy MAIMEeHTOB C MyTa-
uueii. BoamoxkHo, mytauus reHa NOS3 HeOnaro-
npusTHa 1 nanueHToB XO, TaK Kak IMTPUBOJIUT
K YCUJICHUIO HMMMYHHOTO pearnpoBaHM’s Ha OIINC-
TOPXO3HYIO MHBA3UIO.

3ak/yeHme

IIpu TeTbMUWHTO3aX peakKIusg WMMYHHOW CHU-
CTEMBI, HaIlpaBJICHHasl Ha 3alllMTy OT WHBa3WH,
SIBJISIETCSI OTHOBPEMEHHO OJIHUM M3 IVIaBHBIX ME-
XaHM3MOB IIaTOreHe3a: MMMYHOJIOTMYECKHUE pe-
aKIIWU, TTepexons TpaHUIbl aJcKBAaTHOrO (PU3UO-
JIOTUYECKOTO OTBETa, CTAHOBSITCSI MWMMYHOIIATO-
gorudyeckumu [13], aBasissCh MPUUYMHOMN TIXKETBIX
OpraHHbIX ITOpaxKeHuii. Pe3yjabTarbl IIpOBEACH-
HOTO WCCJICIOBAHUS MO3BOJISIOT MPEANOJIOXUTh,
YTO MyTalliy T€HOB, aCCOLIMUPOBAHHEBIX C Pa3BU-
THUEM TUIIEPTOHUM, MOTYT BJIMSITh HA MMMYHHOE
pearnpoBaHUe OpraHM3Ma B OTBET Ha 3apakeHue
BO30yIUTEIEM ONHNCTOPX03a — YCUJIWBATH WIJIN
0oCcabasITh MMMYHHBII OTBeT. BEIsIBJIeHUE WC-
CJIEIOBAHHBIX IMOJUMOP(MU3IMOB I'€HOB, aCCOLIMU-
poBaHHBIX ¢ pa3BuTueM Al, y manmmeHoB ¢ XO no-
3BOJIUT OCYIICCTBISTh WHANBUIYAIbHBIN MOIXOM
B Teparvu.
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Pestome. Bsedenue. Ponb BupycoB rpynmsl reprieca (HHV) B pazBuTum ria3Hoii OHKOIMATOJOIMY B HACTOSIIIEE BpeMs
0CTaeTCsl OMHUM M3 MaJOM3YYEHHBIX BOITPOCOB. BaskHBIM (paKTOpOM, CLIOCOOCTBYIOIIMM HEOIIACTUYECKOM MPOrpeccu,
SIBJISIETCS Ocaa0JIeHe CUCTEMbl MIMMYHOJIOTMUECKOT0 Ha30pa v, B YaCTHOCTH, HAPYIIIEHUS B KOJTUYECTBEHHOM M Kaue-
CTBCHHOM COCTaBE OCHOBHBIX CYOIOIY/ISAIII TUMGBOIIUTOB neprdeprueckoii Kposu. Llenb: onpeneneHne 1 aHaau3 cyo-
TMOITYJISIIIMOHHOTO COCTaBa JIMMQOLIMTOB MepuhepUIecKoif KPOBHU Y MMAIIMEHTOB ¢ Y M B 3aBUCUMOCTHY OT MH(DUITMPOBaH-
HOCTH MaTepHasia oIryxoJeii Bupycamu reprieca yenoseka (HHV). Mamepuanst u memoos:. Buiomarepuan 99 marimeHTOB
C OIYyXOJISIMHU YBEaJIbHOTO TpaKTa 00C/ieJ0BaH METOIOM MOJIMMEPA3HOM 1eTHOM peakiiuu B peasibHoM BpeMeHu (ITL[P-PB)
Ha Hanuuue JJHK Bupycos repnieca 1 u 2 tunos (HSV-1,2), Bupyca Varicella Zoster (VZV), uutomeranosupyca (CMV), Bu-
pyca dnueitna—bapp (EBV), Bupycos repreca ueioseka 6 u 8 runos (HHV-6, HHV-8). Becero nccnenoana 231 rect-npoda
(Tkansb oryxonu (n = 99), kposb (n = 132)). [lnst noctanoBku [TLP-PB ucnonb3oBanu kommepueckue Tect-cucteMbl 3A0
«BekTop-bect». Bcem manimeHTamM mpoBeiu MccaeqoBaHue CyOnomyasiiMOHHOIO cocTaBa JMMGOLUUTOB nepudepuiec-
KOI KpOBM METOIOM Jia3epHoii IUTOhIyopuMeTpru Ha mpotouyHoM LiutomeTpe «BD FACS Canto [1». B rpynimy KoHTposist
BolLIH 33 310poBbIX JoHOpa. CTaTUCTUYeCcKas 00pabOTKa JaHHBIX BBITTOJIHEHA B ITporpaMmax «Biostatd», «Excel» (t -kpu-
Tepuii CThIOEHTa, YPOBEHDb cTaTUCTUYECKOM 3HaUMMOCTH: p < 0,05) Peszyasmamer. IHK HHV obHapyeHa B MaTepuase
oryxouu 11,3% nmauumenros (n = 11): B 72,7% ciyuyaeB EBV, B 18,2% — HHV-6. B 1 ciyyae (mipu AIIDC) BBIABIEHO COYe-
taHHoe nHuiuposanre EBV u HHV-6. I1o pesyisraram [T P-o6caenoBanus B 3aBUCIMOCTH OT MH(MUIIMPOBAHHOCTH
ONYXOJIX TTALIMEHTOB pacrnpeaeanan Ha 2 rpynmnbl: I rpynmma — HHV+ u I rpynmma — HHV—. ¥ naumentoB HHV+ rpyn-
TTBI OOHAPYKMJIM CTATUCTUIECKY 3HAYMMOE TTOBBIIIIeHUE 00111ero KonmmuectBa T-ketok (CD3*) n camkenune NK-ketox
B cpaBHCHNU ¢ marueHTaMu 0e3 JIHK Bo30ymuTesnst B TKAHM OITyXOJIM U TPYTITION KOHTPOJIST. MHIWBUIYaIbHEBIN aHAIN3
YaCcTOTHI CIBUTOB OT HOPMBI ITOKa3aJ1, uto B rpyme HHV+ B 3 pa3a uaie BcTpedatoTcs MAIlMEHTHI C TIOBBIIICHHBIMY 3HA-
YeHHWSIMH OTHOCHUTEIbHOT0 KonmuectBa CD3*-muMmdornuTos, B 2 pa3a yaiie abcomorHoro koandectsa CD3*CD4*CD8*-
KJIETOK, B 2,3 pa3a 4amie ¢ yBenumueHNeM cooTHomreHus CD4*/CD8*. 3akawuenue. TlonydeHHBIC TaHHBIE TTO3BOISIOT
TIPEAIOJIOXUTh YYaCTHE BUPYCOB B MOAAEPKAHMM MMMYHOJIOTMUECKOM PE3UCTEHTHOCTH Y TTALIUEHTOB C OITYXOJISIMH.

Karouesnie caoea: gupycul epynnol cepneca, ygeanvhas meaanoma, I1LP, cybnonyasayuu aumgoyumos, kposs, mKans Onyxonu.
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TUMOR INFECTION WITH HUMAN HERPES VIRUSES AND FEATURES OF PERIPHERAL BLOOD
LYMPHOCYTE SUBSET COMPOSITION IN PATIENTS WITH UVEAL MELANOMA

Svetlova E.V., Balatskaya N.V., Kulikova I.G., Saakyan S.V., Svirina L.V., Andryushin A.E., Myakoshina E.B.
Moscow Helmholtz Research Centre of Eye Diseases, Moscow, Russian Federation

Abstract. Introduction. Currently, a role for human herpes viruses (HHV) in development of ocular oncopathology remains
one of the poorly explored issues. An important factor contributing to neoplastic progression is impaired immunosurveil-
lance particularly alterations in quantitative and qualitative composition of the hallmark peripheral blood lymphocyte
subsets. The aim of the study was to determine and analyze peripheral blood lymphocyte subset composition in patients
with uveal melanoma (UM) assessing human herpes viruses (HHV) infection in tumor material. Materials and meth-
ods. Biomaterial from 99 patients with uveal tract tumors was examined by real-time polymerase chain reaction (rt-PCR)
for DNA presence coupled to herpes virus type 1 and 2 (HSV-1,2), Varicella Zoster virus (VZV), cytomegalovirus (CMV),
Epstein—Barr virus (EBV), human herpes virus types 6 and 8 (HHV-6, HHV-8). A total of 231 test samples (tumor tis-
sue (n = 99), blood (n = 132)) were examined. Commercial test-systems of “Vector-Best” (Russia) were used for rt-PCR
staging. Peripheral blood lymphocyte subset composition in all patients was studied by laser cytofluorometry on “BD
FACSCanto I1” flow cytometer. The control group included 33 healthy donors. Statistical data processing was performed
using “Biostatd”, “Excel” (t — Student’s t-test, level of statistical significance: p < 0.05) software. Results. HHV DNA was
detected in the tumor material from 11.3% of patients (n = 11): in 72.7% of cases EBV, in 18.2% — HHV-6. Co-infection
with EBV and HHV-6 was detected in 1 case (retinal pigment epithelium adenocarcinoma). According to the PCR data,
patients were divided into 2 groups based on tumor infectivity: Group 1 — HHV+ and Group 2 — HHV—. Patients from
HHV+ group had significantly increased and decreased total T-cell (CD3") and NK-cell count, respectively, compared
with patients lacking HHV DNA in tumor tissue and control group. Individual analysis of frequencies deviating from
normal range showed that HHV+ group had 3-fold more often increased percentage of CD3* lymphocytes, 2-fold more
often absolute count of CD3*CD4*CD8* cells, 2.3-fold more often rise in CD4*/CD8" ratio. Conclusion. The obtained

data suggest that viruses may be involved in maintaining immunological resistance in tumor patients.

Key words: herpes group viruses, uveal melanoma, polymerase chain reaction, lymphocyte subpopulations, blood, tumor tissue.

BeepgeHue

Bupycer rpynner repneca (HHV) — JHK-
coaepKalire BUPYChl, CHOCOOHBIE UHTEIPUPOBATh-
Cs1 B T€HOM KJIETKU X03s1Ha, BBI3BIBATh ITOXU3HEH-
HYIO JIJATEHTHYIO MH(EKIINIO U peaKTUBUPOBATHCS
B yCJOBUSIX ociiabsieHHoro uMmmyHutera. HHV-y,
0o0ylafaroT BBICOKMM OHKOT€HHBIM ITOTECHIIMAJIOM,
Y4acTBYIOT B POCTE U ITPOrpeCCUPOBAHUU 3JI0Ka-
YECTBEHHBIX OMYXOJEU pa3/IMYHOM JIOKAJINU3ALUU.

Taxk, ponap Bupyca dnmietina—bapp (EBV) B pa3-
putun aumdom bepkurra, XomxkkmHa, NK-/T-
KJIETOUHON NUMMOMBI Ha3aJbHOTO THUIIA, a TaKXKe
paka XeJayaKa 1 HOCOTJIOTKY MOATBEpKAeHAa MHOTO-
JuCcaeHHBIMU uccaenoBanusaMmu [18, 27]. IMokazaHo,
4YTO BUpYC repreca yenoBeka 8 tuna (HHV-8) saBus-
eTCs IIPUYMHOM psiaa auM@oIrtpoandepaTuBHbIX 3a-
OosieBaHU M, capkoMbl Karoliu, KapumHOMbBI TOpTa-
HU U ageHokapumHoMbl (AK) mpencraTenbHOI Xe-
siessl [12, 28, 38]. DdbdexTet HHV o- 1 B-noarpynn
(Herpes simplex virus (HSV-1, HSV-2), nutomera-
noBupyca (CMYV), Bupyc reprieca 4yejgoBeka 6 Tuiia
(HHV-6) u nap.), cBs3aHHble C MaJUTHU3ALUEH,
MPOIOJIXKAIOT AKTUBHO M3yYaThCsl.

Ponr HHV B pa3BuTuu rjia3zHoii OHKONAaTOJO-
TMU B HACTOSIIIEe BPEM S OCTACTCs OMHUM U3 MaJIo-
U3yYEHHBIX BOIMPOCOB. B nmoctynmHoil nuteparype
HaliieHbl eMUWHMUYHBIC MNYyOJUMKAIIMH, B KOTOPBIX
NPUBEICHBlI OIMCAHUS OITyXOJiell KOHBIOHKTUBBI
1 MEePBUYHBIX BUTPEOPETUHATBHBIX HEXOIXKKUH-

ckux TuMdoM, accoumnpoBaHHbIX ¢ EBV [5, 25,
36]. Cinyuyait ooHapyxeHust renomos CMV u EBV
B couetanuu ¢ Chlamydia trachomatis B MmaTepuaie
naireHTa C yBeaJbHOUM MEIAaHOMOM IIpeacTaBlICH
Takke B pabote C.B. CaaksH u coaBT. [4].

Exeronmno B Poccuu dpukcupyerca 6oiee 1000
cirydaeB (Ha 100 TeIC. HaceleHUs) 0(TaIbMOOHKO-
JIOTUYSCKUX 3a00JeBaHUM, Cpear KOTOPBIX Haul-
OoJiee PaCIpOCTPAaHECHHBIM SIBIISICTCS yBeaJbHas
mesanoMma (YM) [3]. VM mpoucxomuT U3 MeJaHo-
OMTOB COCYAMCTOI 000JIOUKM, HAaOOJIee JacTo JIO-
KaJm3syercs B xopuounzee (10 90%) u, 3Ha4UTEIbHO
pexe, B paayXKe U HUJIMAPHOM Telle.

HecMmoTpst Ha TO 4YTO B HACTOsIILEe BpeMsl pas3-
paboTaHBI BBICOKOTEXHOJIOTUYHBIC COBPEMEHHEIC
MeTonbl JjeueHus1 Y M, GoJiee yeM y MOJIOBUHBI Ma-
OMEeHTOB B KOPOTKME CPOKHU pa3BUBAECTCSI MeTacTa-
TUYecKast 0OJIe3Hb, KOTOpas 3HAUYMTEIBHO YXYII-
IIaeT BUTAJbHBIN TporHo3 [35].

BaxXHBIM (haKTOpPOM, CIIOCOOCTBYIOIINUM HEO-
TJIACTHUYECKOM ITPOTPECCH U, SIBIISICTCS OCIabJIeHIe
CHCTEeMBI UMMYHOJIOTUYCCKOI'0 Haa30pa M, B 4acCT-
HOCTHM, HapyHmIeHWS B KOJMYECTBEHHOM U Kade-
CTBEHHOM COCTaBE OCHOBHBIX CYOITONYJISIIIUMA TNUM-
¢dounTOB TNTepudepruIeCcKoil KpOBU.

HetictButensHo, B 1990-x rT. rpynmamn Kan-
Mitchell J. ¢ coaBt. 1 Huang X.Q. ¢ coaBT. O6b111 00-
Hapy>KeHbI U3MEHCHM ST KOJINYECTBA TN PKYJINPYIO-
IIMX LMATOTOKCUYECKUX JTUMMPOLKUTOB KPOBU MPU
MeJlaHOMe KOXM UM yBeaJIbHOro TpakrTa [14, 17].
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HeckonbKo 1o3aHee MOSIBUJIMCH JaHHbBIE, CBU-
JeTeNbCTByOIIMEe 00 accouuauum pocta YM
CO cOBUTaMM 0oJiee IIMPOKOrO0 COCTaBa HUMMY-
HOKOMITIETCHTHBIX KJICTOK, BOBJICKAIOIIMMU TaK-
K€ 3BEHO XeJIIIepOB/WHAYKTOPOB, MHMHOPHYIO
NONYJISIINIO «1YONb-TIO3UTUBHBIX» T-KJIETOK U Ha-
TypasibHble Kuiepbl (CD16"CD56%) — ocHOBHbIE
JTUM@OIUTHl BPOXICHHOTO NMMYHUTETA, UTPAFO-
I{e KJIOUYEBYI0 pPOJb B MNPOTUBOOITYXOJEBOU
U IPOTHMBOBUPYCHOI 3a1IUTE.

B mocnenHue roapl OBIJIO MOKa3aHO, YTO peak-
TUBAIMS U XPOHUUYECKOE TEUCHHE TIepIIeCBHPYC-
HoOU nH(peKIuU Npru YM, B OTJIMUKE OT NALIMEHTOB
C HEOHKOJIOTMYECKOWl maToJiorueil rjasa M HoOp-
MaJIbHOM HMMYHOJIOTUYECKON pPEaKTUBHOCTBIO,
COITPOBOXIACTCS <«HEaJIeKBAaTHBIMU» CIBHUTaMU
B cocTtaBe 3h@EeKTOPHBIX NONYASAUUNA JUMPOLU-
TOB BPOXIEHHOIO M agaliITUBHOINO MMMYHUTETA,
YTO MOXET BECTU K OCJIabJICHUIO MPOTHUBOOIYXO-
JICBOI 3aIlIUTHI M CITOCOOCTBOBATH 3JI0KAYSCTBEH-
HOMY pocTy [1].

B3auMoneiicTBUSI B cUCTeMe «BUPYC — KJIETKU
ONyXOJuM — WMMYHHas 3alllidTa opraHu3Ma» IIpUu
YM B cuiy METOOMYSCKUX TPYTHOCTEH, OCTAIOTCS
BCE eIl MaJJOM3yYEeHHBIMU, B TO BpeMsI KaK OHKO-
TeHHas POJib BUPYCOB — OOJMTAaTHBIX BHYTPUKJIC-
TOYHBIX I1apa3sUTOB HEOCIOPUMO J0KazaHa MpU
LeJIOM PS¢ 3JI0OKaueCTBEHHBIX HOBOOOPa30BaHUIA.

Ha cerogHsSIHUN IeHP OOJBIIMHCTBO MCCIE-
JMIOBAaHUU COCpenoTOYEeHbl Ha pacuiudpoBKEe HUM-
MYHOMOAYJUPYIOIIUX CBONCTB MUKPOOKPYKEHU S
OIYXOJIM in Situ WU JIETAaJbHBbIX MEXaHU3MaX OIly-
XOJIBCTICIIM(UICCKOTO OTBETA.

OnHako uccyiefoBaH s, HAITPaBJICHHbIC HA MTPsI-
moit mouck HHV B onyxoiau u Bo3MOXHBIX B3au-
MOCBSI3ell €¢ MH(MUIMPOBAHHOCTU C KadeCTBEH-
HBIM ¥ KOJTTISCTBEHHBIM COCTaBOM CYOITOMI YT SIITA A
JUM@POLIMTOB KPOBU ITpu Y M, He NpOBOAUIUCE.

Llesb: onpeneneHre U aHAIU3 CyONONYISILIMOH-
HOTO cocTaBa TUMQOILIUTOB IMepudeprudecKoii Kpo-
BU y MAlIUCHTOB ¢ YM B 3aBUCUMOCTH OT NH(PUIIH-
POBAHHOCTHU MaTepuaja ONyxoJieid BUpycaMu rep-
neca yegoBeka (HHV).

Matepunasbl U MeTOLbI

B uccnenoBanue Bonuiu 99 naieHTOB (57 >KeH-
IMH 1 42 MyXYUHBI B Bo3pacTe oT 18 mo 83 ner)
C ONYXOJSIMU yBeaJIbHOTO TpaKTa, HaXOOWBIIUXCS
Ha JjeueHun B Otaeire oprarbmoonkosoruu OI'by
HMMWII I'na3ubix 60Jie3Helt uMm. ['eabMmrosbiia.

JluarHo3 cTaBUJICSI Ha OCHOBAaHUM IaHHBIX
CTAaHOAPTHBIX M CIICIIUAJIN3UPOBAHHBIX ODTalb-
MOJIOTUUYECKUMX MeTOA0B obciienoBaHust. CpenHui
YPOBEHBb ITPOMUHEHIINH OITYXOJIU (ITO JTaHHBIM 3XO0-
rpadumn) cocraBui 6,1+3,0 MM, a THaMeTp OCHOBa-
Husg — 15,7+2,1 mm. BceM manmeHTaM npoBeaeHa
SHYKJIealns MOPasKeHHOTO TJIa3a C MOCICAYIOIIIM
NaTOTUCTOJIOTUYECKUM UccliefoBaHueM. Y 98 na-

OMEeHTOB nuarHoctupoBaHa YM (99%), B omHOM
ciaydyae MopdoJiorusi Oonyxoju COOTBETCTBOBaJia
ageHOKapIIMHOME ITUTMEHTHOTO SIIUTEINS ceTJaT-
ku (ATIDC).

Marepuas omyxoiau MOMeIIaJcss B KPUOIPO-
oupku tuna Eppendorf u xpaHuics B Kamepe
ri1yooKoi 3aMopo3ku Tipu Temiiepatype —70°C
JI0 TIPOBEACHM ST NCCIICAOBAHUA.

B Ouomarepuane OmyxoJid METOJIOM ITOJIU-
Mepa3HOM LeMmHOI peaklMU B pealbHOM BpeMe-
Hu (ITLIP-PB) (repmouuxkiiep «CFX96», Bio-Rad
Laboratories, Inc., CIIIA) nmpoBoIuIOCh OIIpele-
nenue reHoma HSV-1,2, VZV, CMV, EBYV, Bupycos
HHV-6, HHV-8 cornacHo MHCTpYKLIUSAM (pUPMBbI-
npousBogutensi. dns nmocranoBku I[1LIP-PB wnc-
MOJB30BaJIi KOMMeEpUecKue TecT-cucteMbl 3A0
«BekTop-bect» (Poccus).

3abop KpOBU MPOBOIUJICS B YyTPEHHEE BpeMs
10 9HYKJIeallMy B BAKYYMHBIe IPOOUPKU CO CTaOU-
nuzaropom K3DATA (Zhejiang Gongdong Medical
Technology Co., Ltd., KHP).

NMMyHOMEHOTUTTUPOBAHUE  CYOIOMYJISLUMA
aumdouuToB B LeabHOol KpoBu (LIK) manmeHTOB
M 3I0POBBIX JOHOPOB BBIMOJHSIIOCH METOIOM Jia-
3epHOI OUTO(GIYOPUMETPUN HA MPOTOUHOM IIH-
tomeTpe «BD FACS Canto II» (Becton Dickinson,
CIIA) c ucroab30BaHUEM CUCTEM bl MOHOKJIOHAJTb-
Heix aHntuTesn «Multitest 6-Color TBNK Reagent»
B npobupkax «BD Tru Count» (Becton Dickinson,
CIIIA). B nporpamme Canto (Becton Dickinson,
CIIA) ompeneasstim OTHOCUTEIbHOE U abco-
aoTHOe comepxaHue T-nmumponutor (CD3™),
T-xenmepoB (CD3"CD4*CD8-), T-umutoToKkcu-
yeckux (CD3"CD4-CD8"), T-n1y6ab MO3UTUBHBIX
(CD3"CD4'CD8"), NK-knerok (CDI16'CD56%),
B-numdorutos (CD19%), paccuuThIBaJICSI MHIEKC
(CD4"/CD8"), orpaxarmuii 0OajdaHC XeINepoB
M MU TOTOKCUYECKUX T-KJIETOK.

B rpynny KoHTposs Bouau 33 3I0pPOBbIX Ye-
JoBeKa 0e3 Mpu3HakoB O(TaJIbMOIIATOJOTMU, CO-
MOCTaBUMBIX TI0 BO3pacTy W IIOJIy C MallMeHTaMU
OCHOBHBIX TPYTIII.

Bcero nccnenopana 231 nmpoba duomartepuana:
TKaHu onyxoiu (n = 99) u uenbHas KpoBb (n = 132).

CraTtuctudeckasi oopadoTKa JaHHBIX BBITTOTHE-
Ha B mporpammax «Biostatd», «Excel» (t-kputepuii
CrhloieHTa, YPOBEHb CTAaTUCTUYECKON 3HAYMMO-
ctu: p < 0,05). KonudecTBeHHbIE HaHHBbIC TIpe-
cTaBieHBI B Buae M*m (M — cpenHee 3HaueHUE,
m — oIuOKa CPeAHETO 3HAYCHUS).

PesynbraThl

JAHK HHYV obGHapy:keHa B maTepuajie Onyxoiau
11,3% nmauuenTos (n = 11): mpu 3TOM Hanbojee ya-
cTOo, B 72,7% cinydaeB (n = 8), OIpeAessijiCs FreHOM
EBY, cyuiectBeHHO pexe, B 18,2% npo6 (2 yenoBe-
ka), — HHV-6. B 1 ciyuae (nmpu AIIDC) BoisiBiC-
HO couyeTaHHOe MHuUMpoBanue EBV u HHV-6.
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Ilo pesyabratam [T P-o6¢cieqoBaHus B 3aBUCUMO-
CTU OT MHGMUIIMPOBAHHOCTHU OMYXOJIM TMAllMeHTOB
pacnpenenunau Ha 2 rpynnsl: I rpynma — HHV+
u Il rpynnma — HHV—.

Pesynbrarhl ucciaegoBaHWs KPOBU MallMEHTOB
OCHOBHBIX TPYNN IIOKa3aju, 4YTO CpeJHUEe 3Ha-
YyeHUsI abCOJIIOTHOIO KOJIMYecTBa JUM@OIIUTOB
(CDA45%) 6b11u mpuMepHo oarHakoBbIiMU (2,110,08
x 10°/m HHV—; 2,240,2 x 10°/mn HHV+) (ta6n.).

Ilpu aHanu3e cpeAHUX 3HAYEHUI OOIIEil cyO-
nonyasguun T-kaetok (CD3*) oOHapyKuIu MOBBI-
LIEHMEe KaK OTHOCUTEeJIbHOro a0 77,64+1,18%, tak
u abcomoTHoro (1,7+0,15 x 10%/1) ee comepkaHusI
y naumeHToB HHV+ B cpaBHeHUM KaK ¢ KOHTPOJIb-
HOU rpynmnoil AOoHOpPoB 0e3 odTaabMOIATOJO-
ruu (73,1+0,87%, p < 0,05; 1,51+0,08 x 10°/1), Tak
u ¢ rpynnoii 6e3 JIHK Bo30ynuTesiss B TKAHU OIy-
xouu (71,18+0,86%, p < 0,05; 1,51%+0,07 x 10°/x).
IMosbimenue CD3* numdbouutos B HHV+ rpyn-
ne OblJI0 OOYCJIOBJIEHO, IJIABHBIM 00pa3oM, MOAb-
emoM abcomtoTHoro (1,12+0,13 x 10°/1) u oTHOCH-
TeabHOrO (49,5+2,06%) konuvectBa T-xeamnepos/
uHaykTopoB (CD3*CD4"), orinyaBIIMM ee Kak
ot KoHTpoas (0,97£0,06 x 10°/1; 45,7£1,19%), Tak
W OT TPyNNbl NAallMEHTOB ¢ HEWH(MUIIMPOBAHHBI-

mu onyxousmu (0,97+0,05 x 10°/1; 45,01£0,98%).
ConepxxaHWe IIMTOTOKCUYECKUX JIMMGOIIMTOB
(CD3*CDS8*) y mnanueHTOB O0Oeux TPy ObLIO
npakTudyecku oauHakoBbeiM (0,620,06 x 10%/;
0,6+0,03 x 10°/1) 1 He3HAYUTEIbHO OTIMYAIOCH
OT TaKOBOTO Yy KOHTpoJibHOI rpynnbl (0,52+0,03
x 10°/11), 3TO KacaeTcs Kak abCOJIIOTHBIX, TaK U OT-
HOCUTEIbHBIX 3HAYECHU .

NuauBnayadbHBIN aHAJIA3 YacTOTHl CIBUTOB
OT HOPMBI TIOKa3aJ, 4To y 36,4% mauumeHTOB C MH-
(buIMpoBaHHBIMU OTTYXOJISIMU OTHOCUTEJILHOE KO-
audectBo T-kjaetok (CD3*) OblJIO BhllIe HOpMaJb-
HBIX 3HaYeHU 1, Torga Kkak y nauueHtoB ¢ HHV—
OITyXOJISIMU TaKWe W3MEHEHUSI B COJEepXaHUU
YKa3aHHOI cyOnonyiasiuuy Habonaauch B 3 pasa
pexe (11,4%). JanHast TEHASCHIIMS COXpaHsJiach
O OTHOIIeHUIO K T-XenmnepaM/MHAYKTOpaM U M-
TOTOKCUUYECKUM JIUMdoLuTam (puc.).

B xpoBu nmanmeHTOB | rpymnisl (C IpUCyTCTBUEM
JHK BupycoB B TKaHUW OMyX0Jid) HauboJjee 4acTo
BBISIBJISIJICST OMCOAJlaHC OCHOBHBIX PEryJISITOPHBIX
MOMYASIUNA  XeJITEePOB-UHAYKTOPOB/IIUTOTOKCH-
YeCKUX JTUMQMOIIMTOB, KOTOPBII 3aKJII0YAJICS B YBE-
JuyeHnn cooTHomeHust CD4'/CDS8*. Tak, eciau
B rpynne HHV— Ttonbko B 15,9% ciydaeB oTMme-

Ta6auua. Cy6nonynsauMoHHbIi cocTaB nMMdounToB nepudepuyeckoii KpoBU 3A0POBbIX J,00POBObLEB
1 naumeHToB ¢ YM B 3aBUCMMOCTU OT MHPULIMPOBAHHOCTU MaTepuana onyxonu (M+m)
Table. Peripheral blood lymphocyte subset composition in healthy volunteers and patients with uveal melanoma

based on tumor material HHV infection (M£m)

Uccnepyemsie rpynnbi | Groups
MaumenTsl ¢ YM | Patients with UM
MokasaTtenb Epuknua KoHTponb (n = 99)
Factors Msmepguua Control Hanuune renHoma HHV B maTepuane onyxonu
Unit HHV genome detected in tumor material
(n=33) genome
HHV+ HHV -

(n=11) (n=88)
fy"'n';"sr’]g‘c‘;':; e x109n | 2,06+0,11 20402 210,08
T-numdounTbl o6waa nonynaumusa CD3* % 73,1+0,87 77,64+£1,18* 71,18+0,86
T lymphocytes (total population) CD3* x 10°/n 1,51+£0,08 1,7£0,15 1,510,066
T-xennepbl CD3"'CD4* % 45,7£1,19 49,5+2 .06 45,01+0,98
T helphers CD3*CD4* x 10%/n 0,97+0,06 1,12+0,13 0,97+0,05
T-umtoTokcuyeckme CD3*CD8* % 25,6+1,04 28,37+2,5 26,7+0,83
Cytotoxic T lymphocytes CD3*CD8* x 10%/n 0,52+0,03 0,6+0,06 0,6+0,03
T-«ay6nb-NO3NTUBHBIE» TMMOLUTBI % 0,54+0,31 1,19£0,23* 1,25+0,15*
CD3*CD4'CD8*
“Double positive” lymphocytes x 10%/n 0,009+0,007 0,026+0,005* 0,027+0,004*
CD3*CD4*CD8"*
B-numdoumntbl CD19* % 12,8+0,63 12,4+1,32 13,3+0,65
B lymphocytes CD19* x 10°/n 0,24+0,02 0,29+0,05 0,29+0,02
HaTtypanbHble kunnepbl CD16*CD56* % 14£0,87 9,49+1,33* 15,06+0,8
Natural killers CD16*CD56* x 10%/n 0,29+0,03 0,2+0,03 0,29£0,015
OTtHoweHue CD4*/CD8*
CD4'/CD8" ratio 1,9540,12 1,95:0,25 1,84x0,07

Mpumeyanmne. N — komyecTBO 06CNEAYEMbIX B Fpynne; * — OCTOBEPHOCTb Pas3nnyms napamMmeTpoB Y NaLyeHTOB NCCNeAyeMbIX Py Mo CPaBHEHMIO

¢ rpynnoi koHTpons (p < 0,05); * — LOCTOBEPHOCTb Pa3nyMs NapamMeTpPoB y NaLYEHTOB OCHOBHBIX 1ccnedyembix rpynn (p < 0,05).

Note. N — number of subjects per group; * — significant differences for test group patient parameters compared with control group (p < 0.05);
# — significant differences for patient parameters in main test groups (p < 0.05).
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normal increase fall

PucyHok. YactoTta cnyyaeB (%) cABUIOB OT HOPMbI (34,0POBbIX AOHOPOB) B (Cy6)nonynsilMoHHOM cocTaBe
nMMdOoLUMNTOB KPOBM (OTHOCUTENIBHOE U aGCONIOTHOE KOJINYECTBO) M KNIeTOYHOro cooTHoweHus CD4*/CD8*

y nayueHtoB ¢ HHV+ (A) u HHV- (B) TkaHbio YM

Figure. Incidence of shifts from normal range (healthy donors) for blood lymphocyte population (sub) profile (relative
and absolute numbers), CD4*/CD8* cell ratio in patients with HHV+ (A) and HHV- (B) uveal melanoma tissue

yajochk TmioBeilieHne CD4*/CD8" otHOcuTenbHO
HopMBbI, To B rpynne HHV+ panHble caBuru BbI-
SIBJISLTUCH B 2,3 pasa vanie (36,4%). OTHOCUTEIbHOE
1 abCOJIIOTHOE KOJIUYECTBO <«ITYOJb-TIO3UTUBHBIX»
T-knetok (CD3*CD4*CD8*) Ob1JIO TTIOBBIIIEHO Y Ta-
nueHToB o6oux rpynmn (0,026+0,005 x 10°/1, p < 0,05;
0,027%0,004 x 10°/m1, p < 0,05) B cpaBHEeHUU C TPyM-
ot KoHTposis (0,009+0,007 x 10°/11), 4TO MOATBEPK-
JTaeT paHee OMyO0JINKOBAaHHBIE TAHHBIC W COTJIACcyeT-
csl C WMCCJIEOBAaHUSIMU JIPYTUX YUYeHBIX. [Ipy aTOM
WHAWBUIAYAJIbHBIM ~ aHAJIM3 4YacTOThl  CIIBUTOB
OT HOPMBI TTOKa3aJl, uTo B rpyrie HHV+ mpaktnye-
cKku B 2 pa3sa uaie (54,5%) BcTpedaloTcs IalueHThl
C TIOBBIIIIEHHBIMU 3HAYEHUSIMU aOCOJIOTHOTO KO-
JINYECTBA «1yOJIb-TIO3UTUBHBIX» TUM@OILIMTOB, YeM
B rpynine HHV— (28,4%). YBennueHue KoJimyecTBa
CD3"CD4*CDS8" kJIeTOK B KPOBH OHKOJIOTMYECKUX
MaIMeHTOB, a TaKXe OOJIbHBIX ayTOMMMYHHBIMU
1 WHOEKIIMOHHBIMU 3a00JIEBAHUSIMU  OITMCAHO
B LIEJIOM psiae padorT [6, 32, 33].

OOpanraeT BHUMaHWE JTOCTOBEPHOE CHUXKE-
HHME OTHOCUTENIbHOTO KoindecTBa NK-kjiaeTok
(10£1,3%) y mnaumentoB mnoarpynnsl HHV+
IO CPaBHEHUIO KaK C KOHTpojbHO# (14%+0,87%,
p < 0,05), Tak u ¢ rpynnoi mauueHtToB ¢ HHV—
onyxoasmu (15+0,8, p <0,05). ITpu uHAMBUAYATb-
HOM aHaJiu3e 4acTOThl CABUTOB OT HOPMBI Y 25%
NalMeHTOB ¢ WHQMUOINPOBAHHBIMHU OIYXOJSIMU
abCoNIIOTHOE M OTHOCUTEJIbHOE KoianuecTtBo NK-
KJIETOK TaK3ke OBIJIO CHMXKEHO, TOTHa KaK B KPOBU
y nauueHToB ¢ HHV— onyxonsimu, Hao60poT, OT-
MEYaJIOCh MOBBILIEHUE OTHOCUTEIbHOTO (23,9%)
un abcomoTHoro (4,5%) conepkaHusi KJIETOK yKa-
3aHHOW IOITYJISILIUN.

Ob6cyxaeHne

ITo pesynbraTaM HaLIEro MCCIIEIOBAHMS WH-
(GULIUPOBAHHOCTL OIYXOJEl YBEaJIbHOrO TPaKTa
coctraBuia 11,3%, nipu 3ToM IpakThudecku B 73%
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u3 Hux Obuia ooHapyxeHa JJHK EBV. B teuenue
xu3Hu EBV coxpaHsieTcs B anuTeNnagbHBIX KIET-
Kax u B-mumdponurax, peannsys ABa OCHOBHBIX
clieHapH I TeUeHU I MH(MEKIIUU — JIATCHTHYIO U JIU-
Tuyeckyto [11]. B-muMdbouutsl mnoaaepXuBaloT
BUPYC B JIATEHTHO# (opme, aKkcnpeccupys LIECTh
sanepHbix aHTureHoB (EBNA) m nBa naTeHTHBIX
MmeMOpaHHBIX Oenka (LMP), uto oGecrnieuunBaet
€ro YKJIOHEHUE OT CUCTEMbl UMMYHOJOTUYECKOTO
Haa3opa. B nmareHTHO uHuuUuUpoBaHHBIX BOb-
MOJIOKUTEIbHBIX KJIETKaX BHUPYC MOXKET pPeaKTH-
BUPOBAThCI W TIEPEHTU K TIPOOYKTHUBHOM a3e
JKU3HEESI TEIbHOCTH, Ha3bIBAEMOUW JIMTUYECKUM
nukjaoMm. Bo Bpems nutudeckoii perinkauuu EBV
nooyepeaHo 3Kcnpeccupyet 10 80 reHoB, YTO NMpU-
BOOMT K 00pa30BaHUIO HOBBIX BHUPYCHBIX YACTHII,
rubeau MHPULIUPOBAHHON KJIeTKU U pacopocTpa-
HEHMUIO0 BUpyca 1o opraHusmy [19].

B nuteparype omucaHbl MCCICIOBaHMS, ITOM-
TBepxkaalolue criocooHoct) EBV nuunmnponaTth
KJIETKW DHAOTENSI COCYIOB U aKTUBUPOBATh BHY-
TPUKJIETOYHbIE OETKU-UMHTUOUTOPHI aronTo3a [16,
24]. BeCKOHTPOJBHBII POCT COCYIOB OITyXOJIH,
noaaepxurBaemMblii B ToM uuciae EBV, crioco6cTBy-
€T ee MUTAaHUIO U POCTY, a TAaKKe MOBBIIIAET PUCK
MeTacTa3upPOBaHUS 3a CUET YBEJIMYCHU ST IPOHULIA-
eMocTU cocyaucToii cteHku. Ponbs EBV B pazButun
MeTacTtaTudeckoit 6oJjie3Hu npu Y M elie nmpeacTo-
UT U3YIUTH, OOHAKO PSII y>Ke ITPOBEACHHBIX UCCIIE -
JMIOBAaHU yKa3bIBaeT Ha TO, YTO BUPYC CIOCOOCTBY-
€T MeTacTa3MPOBAHUIO IPYTUX OIYXOJICH, HAIIpH-
Mep, HasogapuHreajabHOU KapuuHoMbI [13, 21].
JIBa martepHa pa3sutus uHdpexkuuu EBV obycnas-
JIMBAIOT pa3jIMYHble BapUaHThl B3aWMOIEUCTBUS
MEXY BUPYCOM M KJIETKOM, a TaK>Ke JIOKAJbHbIN
M CUCTEMHBIA UMMYHHBIN 0TBeT. OcabieHne KOH-
TPOJISI CO CTOPOHBI UMMYHHOM CUCTEMBI IIPUBOIUT
K TpaHchopManuum 3apakeHHOUW KJIETKH, B TOM
yucJie OHKOreHHoro xapaktepa. CuuTaercs, 4To
EBYV asusiercst npuuunnoii 1% (mo 200 000 ciyyaes
€XKETOMHO) 3JI0KAa4eCTBEHHBIX HOBOOOpa30BaHUA
yeyioBeka [39]. Ilo maHHBIM JauTepaTypbl, 10 90%
HaceJieHUs1 3eMHoro 1apa uHduuupoBaHo EBYVY,
OIHAKO Pa3BUTHUE OHKOJIOTMYECKOIO IIpoliecca, ac-
COLIMMPOBAHHOTO C BUPYCOM, HaOJI0maeTCs JTUIIb
B UCKJIIOUUTENbHBIX ciaydasax [15]. OdyeBUAHBIM
¢dakTOpoM, OOBSICHSIIOIIMM CTOJIb PEIKOe pac-
NpOCTpaHEHUE OHKOJOTMYECKUX 3a00JIeBaHU,
BbeI3BaHHBIX EBYV, y 3m10p0oBbIX MHMDULIMPOBAHHBIX
JIIOJIe, SIBJISIETCS HaJIU4Yre MOIITHOTO UMMYHHOTO
OTBEeTa Ha BUPYC, B YACTHOCTH, OMOCPEAOBAHHOTO
T-KJIeTOUHBIM 3BEHOM UMMYHUTETA.

Peakiinss UMMyHHO# cHCTeMBI Ha TpaHCHOp-
MUPOBAHHYIO KJIETKY U CBOEBPEMEHHOE €€ YHUY-
TOXEHUE JIEKUT B OCHOBE MPOTUBOOITYXOJEBOIO
MMMYHHOTO oOTBeTa. Pacrmo3HaBaHue TreHeTHYe-
CKM M3MEHEHHOM KJICTKM 3aITyCKaeT CUTHAJIbHBIN
Kackaz B TMMMOIINTAX, COMTPOBOXIAIONIUIACS BbI-
paboOTKOW IIUTOKUHOB, MO3BOJSIONIMX H30eXaThb

NPOTUBOOIYXOJIEBOI TOJIEPAHTHOCTU WMMMYHHO
cucTembl. JleHaApUTHBIC KJIETKU 3aXBaThIBalOT OeJI-
KU1 — IPOMYKTHI OHKOTeHEe3a U IMPeIOCTABIISIOT UX
T-numdonurTaM Ha MOJIEKyIaxX TUCTOCOBMECTUMO-
ctu MHC 1 u MHC II, aktuBupyst orBeT 3 dek-
TOpHBIX T-KJIETOK MPOTUB KaHIep-crneuudpuuec-
KMX aHTUTeHOB [8]. B muTepaTtype onmmcaHbl Mccie-
IOBaHM S, YKa3bIBAIOIINE HA CIIOCOOHOCTH KJIETOK
VM 610KHMpoBaTh aKTUBUPYIOIY 0 OYHKIIAIO AEH-
IPUTHBIX KJIETOK, B YaCTHOCTH, TIPOAYKIIMIO UMU
LIMTOKWHOB 1 akTuBanuio T-numponuTosn [23].

OHKoyJlorn4yeckast TpaHcopMmalus, 3aITyIlIeH-
Has EBV, nopasasieT mpoTUBOONYXOJEBble Mexa-
HU3MBbI KJIETKM, TaK KakK 3KCIIpeccHus JaTeHTHBIX
TeHOB BHpYyca COIIpsiKeHa ¢ TlepecTporKaMu B Ma-
TpuyHoit PHK KJeTKu-xo3ssMuHa M NpPEensTCTBY-
eT CMHTE3Y 3allMTHBIX 0eaKoB (p53, p63, p73) [7].
B naHHBIX YyCIOBUSIX aleKBaTHBIM CHUCTEMHBIN
IPOTUBOOITYXOJICBBIII UMMYHHBII OTBET B cllydyae
BUPYC-TIOJIOXKUTEIIBHBIX ONYXOJieil CTAaHOBHUTCS
NpaKTUUYECKHN EINMHCTBEHHBIM CIIOCOOOM 3alllu-
TUTbh OPTraHU3M OT 0€CKOHTPOJIBHOIO POCTA TPAaHC-
dopMUPOBaHHBIX KJIETOK. B cBsI3M ¢ 3TUM u3y4de-
HHE CyOmomyJsIIIMOHHOIO COCTaBa JUMQOIINTOB
U UX POJIU B 9JIMMUHALIMU OMYXOJEBBIX KJIETOK aK-
TyaJIbHO ISl pa3HbIX BUJIOB OMyXoJeil, 0COOEHHO
UHOUIMPOBAHHBIX Pa3JIMYHBIMU BO3OYAUTEISIMU.
B nyGnukaumusix OoTeYeCTBEHHBIX U 3apyOexXHbIX
aBTOpOB onucaHo noeieHne CD3"CD4" numdo-
uuToB (T-xeJnepoB) y MallMeHTOB C pa3JUYHBIMU
BugaMu omnyxoJjieir [2, 37]. T-xeanepbl/MHAYKTO-
pBI UTPAIOT BaXXHYIO POJIb B UMMYHHOI 3aIllUTE
u 60pbbde ¢ BUPYCHBIMU MH(PEKUUSIMU U PAKOM,
OHM YYacCTBYIOT B Iepenaye HUTOKUHOBBIX CUTHA-
JIOB Y CO3JaHWUU ONTHUMAaJbHBIX YCJIOBUM s TIpa-
BUJILHOTO (PYHKIIMOHMPOBAHUS APYTUX UMMYH-
HBIX KJIETOK, TaKMX KaK Makpodaru, B-kieTkm
U uuTtotokcudyeckue T-numbpouutsl. B Hamem
MCCJIEMOBAaHUM YBEJIMUYEHHE OOIIero KoJudyecTBa
T-numdonuToB B 3 pas3a yallle BCTpeyaaoch y Ma-
nueHToB ¢ HHV+ omyxosbio, IIpy 3TOM MOBBIIIIE -
HUE CpeAHUX 3HAYeHUU oOIeill monyJsauuu npo-
ucxoauo 3a cuet yBeauueHuss CD3"CD4* kieTok.
UM3BecTHO, uTO akTuBUpoBaHHble CD4* kieTku
UTPaloT BaXXHYI0 pojib B KoHTpose EBV, ocobenHo
B KJIETKaXx C JJAaTEHTHOCThIO | THMa, rae BUpyc CuH-
tesupyeT 6eok EBNAI, obecneunBaoLimnii ycToi-
YUBOCTb BUPYCHOM 3MUCOMBI B OITyXOJIEBBIX KJIET-
kax [20, 26]. bosiee Toro, ituTryeckast akTUBHOCTb
EBNAIl-crieuupununbix CD4* T-kneTok TpOTUB
TpaHC(HOPMUPOBAHHBIX BUPYCOM OITYXOJIEBBIX KJIe-
TOK Habmoaanachk mpu scex EBV-omocpenoBaHHbIX
3JIOKAYeCTBEHHBIX HOBOOOpPA30BaHUSX, BKJIIOYAS
aumdomy bepkurtra [30].

AHanu3 pe3yJbTaTOB WCCIAEIOBaHUS MOKa-
3aJl TIOBBILLIEHUE KOJIMYECTBa CPEIHMX 3HAUYCHUM
«1yOJIb-MTO3UTUBHBIX» T-TUMPOIUTOB B 00euX
rpymiax. PaHee cIBUTY B 3TOM TIOIYJISSOUHN OBLIN
OTMEUEeHbl y MallMeHTOB C pa3JMUYHbIMU 3JI0KaUye-
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CTBEHHBIMM HOBOOOpa30BaHMSIMU, B TOM YHCIIE
¢ MeJlaHoMoli Koxu [31]. OgHako HaKOIJIEeHUe MU-
HOPHOM MONYJISIIIAA, B CJTy4ae KOKHOU MeJTAaHOMBI,
OOHapy>KMWBaJIu UMEHHO B MH(MUJIBTPATE OMYXOJIH,
Tora Kak B nepudeprnIecKoil KpOBU YBeJINUEHUE
konunuyectBa CD3*CD4*CDS8* He HaOJ101aJI0Ch.
Hamu pesyabTaThl COIIACylOTCSI TakKXke C paHee
MOJIYUEHHBIMU JaHHBIMU TTpU Y M OobIIMX pa3-
MmepoB [1]. Hatypanbubie kuinepbl (NK-knetku,
CD167CD56%) otHOCcaTCS K 9G(EKTOPHBIM KJIET-
KaM BpOXJIEHHOTO MMMYHUTETAa M COCTaBISIOT
oT 5% 10 15% ot o611eil NONyJISLUNA HAPKYIUPYIO-
mwux JuM@pouuToB. NK-TUM@OLUTHI BLINOJHSIOT
MHOXeCTBO OMOJ0orudyeckux (pyHKIIUK, 00gagaoT
OpSIMOl IIUTOTOKCUYHOCTHIO B OTHOIIEHUU WH-
GUIMPOBAHHBEIX BUPYCOM M OHKOTpaHCHOpMU-
poBaHHBIX kjeTok [10]. ¥YBenuuyeHue KoauyecTtBa
HaTypaJibHBIX KHJIJIEpOB, KaK W WX MUTpPaAIUs
B ONYXOJIEBBIA WHQUILTPAT, IIPU OHKOJIOTMYEC-
KOM IIpollecceé 3aKOHOMEPHO U HEOAHOKPATHO
onucaHo [34]. B Hame pabotre oOHapy>KeHO CHU-
JKEHUE OTHOCUTeNbHOro kojgudectBa NK-kieTok
(CD16"CD56%) B nepudepruuecKoil KpoBU y Maru-
entoB ¢ HHV+ onyxonsmu, Torna Kkak y octajib-
HbIX MAllMEHTOB OTMEYasloCh HOPMaJbHOE WJIU
YBEJIUUYEHHOE UX KOJn4YecTBO. MI3BeCTHO, 4YTO Mpo-
rpeccupoBaHue EBV umHdexkuuun cBsizaHo, B TOM
YyucJye, C HeIOCTaTOYHBIM KOJIMYECTBOM HaTypasb-
HBIX KHJIJIEPOB MJIU C YTHETEHUEM UX QYHKIIWH [9,
29]. boJiee Toro, BUpyc, orpaHU4YMBasi SKCOPECCUIO
JINTUYECKUX T€HOB, 3allINIIacT MHPUILIUPOBAHHYIO
KJeTKy oT NK-omocpeaoBaHHOrO YHMUTOXEHUS
3a CYET ITOBBIIIEHHON YCTOMYMBOCTU K aIlOMNTO-

Cnucok nutepatypbl/References

3y [22]. He uckioueHo, YTO CHUXEHHE KOJMYeCcTBa
NK-knetok B mepudepuyeckoid KpoBU CBSI3aHO
C UX TIPSIMOU IUTOTOKCUYECKOU DYHKIIMEN U MUT -
panueil B oyar pocta OIyXoJid U JJOKaJbHOTO pa3-
MHOXEHUS 6aKTepuil 1 BUpyCcoB, B ToM uncje EBV.

3ak/yeHme

AHanun3 pe3yJIbTaTOB HMCCIIENOBAaHUS MOKa3all,
yTo B 70% ciny4yaeB B MHPULIMPOBAHHOM OIyXOJIe-
BoMm Matepuaie (HHV+) mpu YM BeIBISIIICS Te-
HoMm EBV.

VY naumentoB ¢ HHV+ onyxonsimu oOHapy:ke-
HBI XapaKTepHbIe KauyeCTBEHHBIC M KOJIMYECCTBEH-
HBIC CIBUTU B cocTaBe JUMQOIIUTOB Tepudepu-
YeCKOI KpOBM, KOTOPBIE 3aTparuBajau MPEUMYIIe-
ctBeHHO nonyjasuuun T- u NK-kneTok:

a) TIOBBIIIEHWE OTHOCHUTEJIBHOIO COIepXKa-
Hug nonynsaouu CD3" gumdountoB, obecrne-
YeHHOe, TJIaBHBIM 00pa3oM, yBEJIMYEHUEM HOJIU
T-xenmepoB M 3aKOHOMEPHBIN POCT COOTHOIIICHUS
CD4%/CDS8", yka3pIBalOT Ha T€CHBIC MaTOTCHETH-
JeCKHe B3aMMOCBSI3M T-KJIETOUHOTO 3B€HA MMMY-
HUTEeTa ¢ QYHKIIMOHUPOBAHUEM BUPYC-aCCOIINU-
POBaHHOM OITYXOJIN;

0) 6oJiee yacTo€ BbISIBJIEHME CHUKEHHOIO KO-
JMYECTBA LUUPKYJIUPYIOLUIUX €CTECTBEHHBIX KWJI-
JIEPOB HE MMO3BOJISIET UCKIIOUUTh Murpanuio CD16"
CD56" ntuM@OILINTOB 13 KPOBSTHOT'O PycJia B Oy XO-
JICBBII oUar, colepKalinii BUPYC, a TaKKe IIPSIMOe
BausHue EBV Ha maHHbIe KJIETKM, SIBJISIOIIMECS
KJIIOUeBBIMU BJIEMEHTAMH CUCTEMBl MMMYHHOTO
Haa30pa 3a OITyXOJISIMHU.

1.

banankaa H.B., Caaksan C.B., MsakomuHa E.b., Kynukosa WU.T., Kpuuesckas I'MI. OcobeHHOCTU 3 HEKTOPHBIX CyOI1o-
MYJSTIAA TUMGOLIMTOB Y TTAIIMEHTOB C YBeaJbHOI MEeJIAaHOMOM TPY aKTUBALIMKM M XPOHUYECKOM T€YEHUU IeprecBUPYCHOM
nHdekunu // Uudekums u ummynutet. 2021. T. 11, Ne 6. C. 1123—1130. [Balatskaya N.V., Saakyan S.V., Myakoshina E.B.,
Kulikova 1.G., Krichevskaya G.I. Features of effector lymphocyte subsets in patients with uveal melanoma in recurrent and
chronic herpesvirus infection. Infektsiya i immunitet = Russian Journal of Infection and Immunity, 2021, vol. 11, no. 6, pp. 1123—
1130. (In Russ.)] doi: 10.15789/2220-7619-FOE-1596

Hassinosa K0.0., Kanpanos H.M., Hukudoposa K.A., Kapasaesa O.C., Kamenbckux /1.B., Ipokos M.1O., Ky3bmuna JI.A.,
l'anonosa T.B., l'anbuesa U.B., [Taposuunukosa E.H. Cy6nonynsinioHHbiit coctaB T-xeanepoB y 00JbHbBIX OCTPbIMU JIE KO-
3aMU MOCJIe TPaHCIIAHTAIMY aJIJIOTEHHBIX TeMOTIOATUYECKMX CTBOJIOBBIX KJIETOK // KimHnveckast onkoremarosorusi. 2023.
T. 16, Ne 2. C. 137—145. [Davydova Yu.O., Kapranov N.M., Nikiforova K.A., Karavaeva O.S., Kamelskikh D.V., Drokov M.Yu.,
Kuzmina L.A., Gaponova T.V., Galtseva 1.V., Parovichnikova E.N. T-helper subpopulations in acute leukemia patients after
allogeneic hematopoietic stem cell transplantation. Klinicheskaya onkogematologiya = Clinical Oncohematology, 2023, vol. 16,
no. 2, pp. 137—145. (In Russ.)| doi: 10.21320/2500-2139-2023-16-2-137-145

310KayecTBeHHbIE HOBooOpa3oBaHus B Poccuu B 2023 roay (3abojeBaeMocTb u cMepTHOCTh). [lon pea. A.JI. KanpuHa,
B.B. Crapunckoro, A.O. llax3agosoii. M.: MHUOMU nwm. I1.A. I'epuena — punuan ®IbY «<HM UL pagnonornn» Munsapaba
Poccun, 2024. 276 c. [Malignant neoplasms in Russia in 2022 (morbidity and mortality). Eds.: A.D. Kaprin, V.V. Starinskii,
A.O. Shakhzadova. Moscow: P.A. Herzen Moscow Research Institute of Oncology — branch of the National Medical Research Center
of Radiology of the Ministry of Health of Russia, 2024. 276 p. (In Russ.)]

Caaksn C.B., Maxkomuna E.b., Kpuuenckas I'U., CnenoBa O.C., I1anteneena O.I., AuapiomuH A.E., Xopomuiosa MU.II1.,
3axapona I.I1. O6cnenoBaHue GOTBHBIX yBEaJIbHOM METaHOMOM Ha HaJW4YUe TeprieCBUPYCHBIX MHbeKIuii // Bormpock Bu-
pyconoruu. 2016. T. 61, Ne 6. C. 284—287. [Saakyan S.V., Myakoshina E.B., Krichevskaya G.I., Slepova O.S., Panteleeva O.G.,
Andryushin A.E., Khoroshilova I.P., Zakharova G.P. Testing patients with uveal melanoma for herpesvirus infections. Voprosy
virusologii = Problems of Virology, 2016, vol. 61, no. 6, pp. 284—287. (In Russ.)| doi: 10.18821/0507-4088-2016-61-6-284-287
Human herpesviruses: biology, therapy, and immunoprophylaxis. Eds.: Arvin A., Campadelli-Fiume G., Mocarski E., Moore P.S.,
Roizman B., Whitley R., Yamanishi K. Cambridge: Cambridge University Press, 2007.

85



E.B. CseTnoBau gp. MHdekumns n uMmyHuTeT

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ban Y., Okamoto M., Ogata N. Case of primary intraocular lymphoproliferative disorder caused by Epstein—Barr virus. BMC
Ophthalmol., 2020, vol. 20, no. 1: 306. doi: 10.1186/512886-020-01583-x

Caraballo Cortés K., Osuch S., Perlejewski K., Pawetczyk A., Kazmierczak J., Janiak M., Jabtonska J., Nazzal K., Stelmaszczyk-
Emmel A., Berak H., Bukowska-Osko I., Paciorek M., Laskus T., Radkowski M. Expression of programmed cell death protein 1
and T-cell immunoglobulin- and mucin-domain-containing molecule-3 on peripheral blood CD4*CD8* double positive T cells
in patients with chronic hepatitis C virus infection and in subjects who spontaneously cleared the virus. J. Viral. Hepat., 2019,
vol. 26, no. 8, pp. 942—950. doi: 10.1111/jvh.13108

Chatterjee K., Das P., Chattopadhyay N.R., Mal S., Choudhuri T. The interplay between Epstein-Barr virus (EBV) with the p53
and its homologs during EBV associated malignancies. Heliyon., 2019, vol. 5, no. 11: e02624. doi: 10.1016/j.heliyon. 2019.¢02624
Chen D.S., Mellman I. Oncology meets immunology: the cancer-immunity cycle. Immunity, 2013, vol. 39, no. 1, pp. 1-10.
doi: 10.1016/j.immuni.2013.07.012

Chijioke O., Miiller A., Feederle R., Barros M.H., Krieg C., Emmel V., Marcenaro E., Leung C.S., Antsiferova O., Landtwing V.,
Bossart W., Moretta A., Hassan R., Boyman O., Niedobitek G., Delecluse H.J., Capaul R., Miinz C. Human natural killer cells
prevent infectious mononucleosis features by targeting lytic Epstein—Barr virus infection. Cell Rep., 2013, vol. 5, no. 6, pp. 1489—
1498 doi: 10.1016/j.celrep.2013.11.041

Cooper M.A., Fehniger T.A., Caligiuri M.A. The biology of human natural killer-cell subsets. Trends Immunol., 2001, vol. 22,
no. 11, pp. 633—640. doi: 10.1016/51471-4906(01)02060-9

Dunmire S.K., Verghese P.S., Balfour H.H. Jr. Primary Epstein—Barr virus infection. J. Clin Virol., 2018, no. 102, pp. §4—92.
doi: 10.1016/j.jcv.2018.03.001

Giiveng M.G., Midilli K., Ozdogan A., Inci E., Tahamiler R., Enver O. Detection of HHV-8 and HPV in laryngeal carcinoma.
Auris. Nasus. Larynx, 2008, vol. 35, no. 3, pp. 357—362. doi: 10.1016/j.anl.2007.08.006

Huang X.Q., Mitchell M.S., Liggett P.E., Murphree A.L., Kan-Mitchell J. Non-fastidious, melanoma-specific CD8" cytotoxic
T lymphocytes from choroidal melanoma patients. Cancer Immunol. Immunother., 1994, vol. 38, no. 6, pp. 399—405. doi: 10.1007/
BF01517210

Huang D., Song S.J., Wu Z.Z., Wu W,, Cui X.Y., Chen J.N., Zeng M.S., Su S.C. Epstein—Barr virus-induced VEGF and GM-
CSF drive nasopharyngeal carcinoma metastasis via recruitment and activation of macrophages. Cancer Res., 2017, vol. 77, no. 13,
pp. 3591-3604 doi: 10.1158/0008-5472.CAN-16-2706

Uveal melanoma: a model for exploring fundamental cancer biology. Eds.: Jager M.J., Niederkorn J.Y., Ksander B.R. London:
Taylor & Francis, 2004. 259 p.

Jones K., Rivera C., Sgadari C., Franklin J., Max E.E., Bhatia K., Tosato G. Infection of human endothelial cells with Epstein—
Barr virus. J. Exp Med., 1995, vol. 182, no. 5, pp. 1213—1221. doi: 10.1084/jem.182.5.1213

Kan-Mitchell J., Liggett P.E., Harel W., Steinman L., Nitta T., Oksenberg J.R., Posner M.R., Mitchell M.S. Lymphocytes cyto-
toxic to uveal and skin melanoma cells from peripheral blood of ocular melanoma patients. Cancer. Immunol. Immunother., 1991,
vol. 33, no. 5, pp. 333—340. doi: 10.1007/BF01756599

Kim D.H., Chang M.S., Yoon C.J., Middeldorp J.M., Martinez O.M., Byeon S.J., Rha S.Y., Kim S.H., Kim Y.S., Woo J.H.
Epstein—Barr virus BARF1-induced NFxkB/miR-146a/SMAD4 alterations in stomach cancer cells. Oncotarget., 2016, vol. 7,
no. 50, pp. 82213—82227. doi: 10.18632/oncotarget. 10511

Laichalk L.L., Thorley-Lawson D.A. Terminal differentiation into plasma cells initiates the replicative cycle of Epstein—Barr
virus in vivo. J. Virol., 2005, vol. 79, no. 2, pp. 1296—1307. doi: 10.1128/JV1.79.2.1296-1307.2005

LeenA., Meij P., Redchenko I., Middeldorp J., Bloemena E., Rickinson A., Blake N. Differential immunogenicity of Epstein—Barr
virus latent-cycle proteins for human CD4(+) T-helper 1 responses. J. Virol., 2001, vol. 75, no. 18, pp. §649—8659. doi: 10.1128/
Jvi.75.18.8649-8659.2001

Li D.K., Chen X.R., Wang L.N., Wang J.H., LiJ.K., Zhou Z.Y., Li X., Cai L.B., Zhong S.S., Zhang J.J., Zeng Y.M., Zhang Q.B.,
Fu X.Y., Lyu X.M., Li M.Y., Huang Z.X., Yao K.T. Exosomal HMGA2 protein from EBV-positive NPC cells destroys vascular
endothelial barriers and induces endothelial-to-mesenchymal transition to promote metastasis. Cancer. Gene Ther., 2022, vol. 29,
no. 10, pp. 1439—1451. doi: 10.1038/5s41417-022-00453-6

Lépez-Montafiés M., Alari-Pahissa E., Sintes J., Martinez-Rodriguez J.E., Muntasell A., Lopez-Botet M. Antibody-dependent
NK cell activation differentially targets EBV-infected cells in lytic cycle and bystander B lymphocytes bound to viral antigen-
containing particles. J. Immunol., 2017, vol. 199, no. 2, pp. 656—665. doi: 10.4049/jimmunol. 1601574

Mal., Usui Y., Takeuchi M., Okunuki Y., Kezuka T., Zhang L., Mizota A., Goto H. Human uveal melanoma cells inhibit the im-
munostimulatory function of dendritic cells. Exp. Eye Res., 2010, vol. 91, no. 4, pp. 491—499. doi: 10.1016/].exer.2010.06.025
Millan M.T., Natkunam Y., Clarke-Katzenberg R., Desai D., Prapong W., So S.K., Esquivel C.O., Sibley R., Ferran C.,
Martinez O.M. Epstein—Barr virus infection is associated with endothelial Bcl-2 expression in transplant liver allografts.
Transplantation, 2002, vol. 73, no. 3, pp. 465—469. doi: 10.1097/00007890-200202150-00023

Mittra R.A., Pulido J.S., Hanson G.A., Kajdacsy-Balla A., Brummitt C.F. Primary ocular Epstein—Barr virus-associat-
ed non-Hodgkin’s lymphoma in a patient with AIDS: a clinicopathologic report. Retina, 1999, vol. 19, no. 1, pp. 45—50.
doi: 10.1097/00006982-199901000-00007

Miinz C., Bickham K.L., Subklewe M., Tsang M.L., Chahroudi A., Kurilla M.G., Zhang D., O’Donnell M., Steinman R.M.
Human CD4(+) T lymphocytes consistently respond to the latent Epstein—Barr virus nuclear antigen EBNAL. J. Exp Med., 2000,
vol. 191, no. 10, pp. 1649—1660. doi: 10.1084/jem.191.10.1649.

Murray P.G., Young L.S. An etiological role for the Epstein—Barr virus in the pathogenesis of classical Hodgkin lymphoma. Blood.
2019, vol. 134, no. 7, pp. 591—596. doi: 10.1182/blood.2019000568

Mygatt G.J., Singhal A., Sukumar G., Dalgard C.L., Kaleeba J.A.R. Oncogenic herpesvirus HHV-8 promotes androgen-inde-
pendent prostate cancer growth. Cancer. Res., 2013, vol. 73, no. 18, pp. 5695—5708. doi: 10.1158/0008-5472.CAN-12-4196
OrangeJ.S. Natural killer cell deficiency. J. Allergy Clin Immunol., 2013, vol. 132, no. 3, pp. 515—525. doi: 10.1016/j jaci.2013.07.020

86



2025, T. 15, Ne 1

BIr'Y v cyénonynsuum numdoumMTOB NpU yBeasbHO MenaHoMe

31. Paludan C., Schmid D., Landthaler M., Vockerodt M., Kube D., Tuschl T., Miinz C. Endogenous MHC class II processing
of a viral nuclear antigen after autophagy. Science, 2005, vol. 307, no. 5709, pp. 593—596. doi: 10.1126/science. 1104904

32. Parrot T., Oger R., Allard M., Desfrancgois J., Raingeard de la Blétiere D., Coutolleau A., Preisser L., Khammari A., Dréno B.,
Delneste Y., Guardiola P., Fradin D., Gervois N. Transcriptomic features of tumour-infiltrating CD4lowCD8high double posi-
tive o T cells in melanoma. Sci Rep., 2020, vol. 10, no. 1: 5900 doi: 10.1038/541598-020-62664-x

33. Quandt D., Rothe K., Scholz R., Baerwald C.W., Wagner U. Peripheral CD4CDS double positive T cells with a distinct helper
cytokine profile are increased in rheumatoid arthritis. PLoS One, 2014, vol. 9, no. 3: €93293. doi: 10.1371/journal.pone.0093293

34. Rahemtullah A., Reichard K.K., Preffer F.I., Harris N.L., Hasserjian R.P. A double-positive CD4*CD8* T-cell population
is commonly found in nodular lymphocyte predominant Hodgkin lymphoma. Am. J. Clin. Pathol. 2006, vol. 126, pp. 805—8I14.
doi: 10.1309/YSKD32QGRYFNI1XQX

35. Ran G.H., Lin Y.Q., Tian L., Zhang T., Yan D.M., Yu J.H., Deng Y.C. Natural killer cell homing and trafficking in tissues and
tumors: from biology to application. Signal Transduct Target Ther., 2022, vol. 7, no. 1: 205 doi: 10.1038/541392-022-01058-z

36. Vaivanijkul J., Boonsiri K. Conjunctival tumor caused by Epstein—Barr virus-related infectious mononucleosis: case report and
review of literature. Orbit. 2017, vol. 36, no. 2, pp. 91—-94. doi: 10.1080/01676830.2017.1279659

37. Wang Z.K., Yang B., Liu H., Hu Y., Yang J.L., Wu L.L., Zhou Z.H., Jiao S.C. Regulatory T cells increase in breast cancer and
in stage 'V breast cancer. Cancer Immunol. Immunother., 2012, vol. 61, no. 6, pp. 911-916. doi: 10.1007/500262-011-1158-4

38. Weiss R.A., Whitby D., Talbot S., Kellam P., Boshoff C. Human herpesvirus type 8 and Kaposi’s sarcoma. J. Natl. Cancer Inst.
Monogr., 1998, no. 23, pp. 51—54.

39. Wong Y., Meehan M.T., Burrows S.R., Doolan D.L., Miles J.J. Estimating the global burden of Epstein—Barr virus-related can-
cers. J. Cancer Res. Clin. Oncol., 2022, vol. 148, no. 1, pp. 31—46. doi: 10.1007/s00432-021-03824-y

ABTOpbI: Authors:

CeeTtnoga E.B., Bpau-B1pyconor BUpyconornieckomn
MUKPOOUONormyeckoin nabopatopuv oTaena UMMyHONIOr K

1 Bupyconorun ®reY HMUL, rnasHbix 6one3Hen nm. lfenbMronsLa,
Mocksa, Poccus;

Banaukas H.B., k.6.H., BeayLwuit Hay4HblA COTPYAHMK, HAYANbHUK
otaena ummyHonorum u supyconorun ®reY HMUL, rnastbix
6onesHeit um. lenbMronbla, Mocksa, Poccus;

Kynukoga WU.I., 6uonor Bupyconormnyeckoit Mnkpobronornyeckoi
nabopaTopum otaena ummyHonorumn n supyconorun ®rey HMUL,
rnasHblx 6one3Hei nm. lenbMronsua, Mockea, Poccus;

CaaksH C.B., 4yneH-koppecnoHgeHT PAH, o.M.H., npodeccop,
HayanbHWK oTaena odpranbMoOOHKoNoruy n paguonorvn Grey
HMMWL, rnasHbix 6onesHein um. lrenbmronbua, Mockea, Poccus;
CeupuHa WU.B., acnupaHT otaena opTanbMOOHKONOrMN

n pagmonorum ®reY HMULL rnasHbix 6onesxelt um. lfenbmronsua,
Mocksa, Poccus;

AnpprowmH A.E., Hay4HbIVi COTPYAHMK OTAEN1a UMMYHONOr K

1 BUPYCONOrMK OTAENA UMMYHONOT K 1 BUpyconorum @rey HMUL,
rnasHblx 6one3Hei nm. lenbMronsua, Mockea, Poccus;
MsakowwuHa E.B., [.M.H., HAy4HbIVi COTPYAHWK OTAENA
odTanbMooHkonorum n paguonorun AreyY HMULL rnasHbix
6onesHeit um. lenbMronbua, Mocksa, Poccus.

Svetlova E.V., Virologist, Laboratory of Virology and Microbiology,
Department of Immunology and Virology, Moscow Helmholtz
Research Centre of Eye Diseases, Moscow, Russian Federation;
Balatskaya N.V., PhD (Biology), Leading Researcher, Head of the
Department of Immunology and Virology, Moscow Helmholtz
Research Centre of Eye Diseases, Moscow, Russian Federation;
Kulikova I.G., Biologist, Laboratory of Virology and Microbiology,
Department of Immunology and Virology, Moscow Helmholtz
Research Centre of Eye Diseases, Moscow, Russian Federation;
Saakyan S.V., RAS Corresponding Member, DSc (Medicine),
Professor, Head of the Department of Ophthalmooncology and
Radiology, Moscow Helmholtz Research Centre of Eye Diseases,
Moscow, Russian Federation;

Svirina L.V., PhD Student, Department of Ophthalmooncology and
Radiology, Moscow Helmholtz Research Centre of Eye Diseases,
Moscow, Russian Federation;

Andryushin A.E., Researcher, Department of Immunology and
Virology, Moscow Helmholtz Research Centre of Eye Diseases,
Moscow, Russian Federation;

Myakoshina E.B., DSc (Medicine), Researcher, Department

of Ophthalmooncology and Radiology, Moscow Helmholtz Research
Centre of Eye Diseases, Moscow, Russian Federation.

MocTynuna B pepakumio 24.05.2024
MpuHsaTa k nevyatn 13.08.2024

Received 24.05.2024
Accepted 13.08.2024

87



OpurnHanbHble CTaTby Original articles

NHudekums n ummyHuteT Russian Journal of Infection and Immunity = Infektsiya i immunitet
2025, T. 15, Ne 1, ¢. 88-102 2025, vol. 15, no. 1, pp. 88-102

MOJIEKYJIAPHO-TEHETUYECKA4
XAPAKTEPUCTUKA N3OJIATOB BUPYCA
SMNWTENHA-BAPP Y B3POCJ1bIX MALLMEHTOB

C BUM-UHDEKLUMEN B HUKEFOPO4CKOWU OBJIACTHU

M.W. Ilonkosa', E.H. ®unarosa!, C.B. Muunaesa?, H.A. Caxapuos', O.B. YTkun'

"®BYH Humcezopodckuil Hay4HO-uccaed08amenbCKull UHCMUMym 3nU0eMU0A02UU U MUKDPOOUOAO2UU UM. AKAOEMUKA
U.H. baoxunoii Pocnompebnadsopa, e. Husxcnuii Hoseopod, Poccus

2®Dr'bOY BO IIpusoaxcckuii uccaedogamenvckuil meduyunckuil ynuseepcumem Munszopasa Poccuu, e. Huxcnuit Hoeeopoo,
Poccusa

Pestome. Bsedenue. [1o maHHBIM 3apy0eKHBIX MCCIIETOBAaHU I M30ISATH BUpyca DmmTeitHa—bapp (BOb), BeinencHHBIE
OT JIWII, THPUIIMPOBAHHBIX BUPYCOM MUMMYHomepunTa yesoseka (BUY), mo cpaBHEHNIO ¢ *UMMYHOKOMITETEHTHBIMU
JIUIIAMU, TMEIOT MOJICKYIIPHO-TEHETUUeCKIEe 0COOeHHOCTH. B Poccnu nccnenoBaHms MOJIEKYISIPHO-TEHETHUESCKO-
ro pazHoo6pasust BOb y manuentos ¢ BUU-undexkuueii 1o cux nmop He npoBoauIuCk. Lleap uccienoBaHus — olLeH-
Ka MOJIEKYJISIPHO-TeHeTUYeckoro pazHoobpasust BOb y B3pocabix BUY-uHbuinpoBanHbix aun B Huxeropoackoit
obnactu. Mamepuaavt u memods.. UccnenoBanu uzonsatel BOD, BbiaeseHHBbIE U3 JIeHKOIUTOB KpoBu 138 BUY-
MHOUUIKMPOBAHHBIX AlMEHTOB B Bo3pacte 20—69 siet (rpynma BUY(+)) u 68 BUY-HenHGUIIMPOBAaHHBIX JIMI] COIO-
CTaBMMOTO I0JIa U Bo3pacTa 6e3 KJIMHUYECKUX MPU3HAKOB MHGMEKIIMOHHOU natonoruu (rpynmna BUY(-)). dns aud-
(epennmanbHoi netekuuu Tunos BOb-1 u BOb-2 B padote npumensiics BapuaHT [P ¢ anekTpodopeTnyeckoit
JIeTeKIMell MPOAYyKTOB aMILUIMGbUKAIIMK B arapo3HoM reje. OmnpeneieHue HYKJICOTUIHBIX IMOCIEI0BATEIbHOCTEM
C-koH1eBoro (pparmerrta reHa LM P-1 BbIIOJTHEHO METOIOM ceKBeHpoBaHus 1o Canrepy. @uioreHeTnyeck it aHa-
JIN3 TaHHBIX TIPOBOAMIIN C TIOMOIIBIO TporpaMMHoro obecrieueHruss MEGA X. Pe3yasmamsi. B TUTIOBOI CTPYKTYpe
HHIKeToponcKux n3oysiToB BOB y B3pocnsix B rpymne BUY(—) 6611 00HapykeH To1bK0 BOB-1. B To BpeMs Kak B rpym-
ne BUY(+) uyactora BoisiBnenus BOb-1 cocrasuna 88,2+3,4%, BOb-2 — 5,4+2,3%, BOb-1+BOb-2 — 6,4%+2,6% ciy-
yaeB. B mramMmmoBoii ctpyktype BOB Ha ocHoBe Knaccudukainm 1mo R. Edwards 1 coaBT. BEISIBICHO ISATh BApUAHTOB
LMP-1, a umenno B95-8, China 1, Med—, NCwu Alaskan, cpenyt KoTopsIxX toMuHUpoBaa B95-8. [1pu aTOM nX yacToTa
BCTpeUYaeMoCcTu Mexay ucciaeayembimu rpynnamMu BUY(+) u BUY(—) He pasnuuanace. Kak o01uias TeHaeHIUS, TPU
BUY-uHbekunn oTMEUYEHO MOSIBICHUE PEKOMOMHAHTHBIX BapraHToB LMP-1 BDbB, Gosee mupokuii ciekTp nene-
LM, BBIpaXXeHHAasl BapuabeIbHOCTb 00J1aCTU TaHAEMHBIX TTOBTOPOB C MPUCYTCTBUEM MOAUMDULIIMPOBAHHBIX MOTUBOB
1 TOYEUYHBIMU aMUHOKHUCJIOTHBIMY 3aMEHaMU B HUX, a TAKXe OMUCaHbl 57 aMUHOKMCIOTHBIX 3aMEH, KOTOPbIE paHee
B HUXKeropoackux usonsatax BOb He BbisiBAsIIUCE. 3akarouenue. Briepsbie B Poccuu mpoBeneHa olieHKa MOJIEK YIS pHO-
reHetTuyeckoro pazHooopasust BOb y B3pocnbix BUY-unbunmrpoBanubix ull. [TonyuyeHHbIe pe3yabTaThl JeXar B Oc-
HOBe MepPCHeKTUBHOTO M3YyUeHUs] B3aMMOCBSI3M KIMHUKO-Ta00paTopHbIX ocobeHHocTeit BOb+BUY-konHpekun
1 TEHETUUYECKOM TeTePOreHHOCTH nonyasuny BOb Ha ypoBHe TUIIOB, BAPHAHTOB M CYOBapHMAHTOB BUpYCa.

Karoueevte caosa: B2b-1, BAb-2, LMP-1, BUY-ungpexuus, cexeenuposanue, I11[P.
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MOLECULAR AND GENETIC CHARACTERISTICS OF EPSTEIN-BARR VIRUS ISOLATES IN ADULT
PATIENTS WITH HIV INFECTION IN NIZHNY NOVGOROD REGION

Popkova M.1.?, Filatova E.N.?, Minaeva S.V.>, Sakharnov N.A.?, Utkin O.V.?

“ Academician I.N. Blokhina Nizhny Novgorod Scientific Research Institute of Epidemiology and Microbiology, Nizhny Novgorod,

Russian Federation
b Privolzhskiy Research Medical University, Nizhny Novgorod, Russian Federation

Abstract. Introduction. According to foreing studies, the Epstein—Barr virus (EBV) isolates from individuals infected
with the human immunodeficiency virus (HIV) are characterized by specific molecular genetic features compared
to immunocompetent individuals. In Russia, no studies have yet been conducted to assessing EBV molecular genetic
diversity in HIV-patients. The aim of the study is to assess EBV molecular genetic diversity in adult HI'V-patients in the
Nizhny Novgorod region. Materials and methods. EBV isolates derived from blood leukocytes of 138 HI V-infected patients
aged 20—69 years (HIV(+) group) and 68 HIV-uninfected sex- and age-matched (HIV(—) group) individuals were studied.
For differential detection of EBV-1/EBV-2, there were used PCR variant with electrophoretic detection of amplification
products in agarose gel. Nucleotide sequences of the C-terminal fragment LMP-I gene were determined by Sanger
sequencing. Phylogenetic analysis was performed using MEGA X software. Results. In the typical structure of Nizhny
Novgorod region EBV isolates in the adults HIV(—) group, only EBV-1 was detected. In the HIV(+) group detection
rate of EBV-1 was 88.2+3.4%, EBV-2 — 5.44+2.3%, EBV-1+EBV-2 — 6.4+2.6% cases. In the EBV strain structure based
on the classification by R. Edwards et al. five LM P-1 variants were identified: B95-&, China 1, Med—, NC and Alaskan,
among which B95-8was dominant. However, their frequency rate did not differ between the HIV(+) and HIV(—) groups.
In general, in HIV infection, the appearance of recombinant EBV LM P-1 variants, a wider range of deletions, prominent
variability in the tandem repeat region with the presence of modified motifs and point amino acid substitutions therein
have been noted, and 57 amino acid substitutions have been described that were previously found in the Nizhny Novgorod
region EBV isolates was not detected. Conclusion. For the first time in Russia, molecular genetic EBV diversity in adult
HIV-patients was carried out. The results obtained build up the basis for a prospective study on a relationship between
clinical and laboratory characteristics for EBV+HIV co-infection and genetic heterogeneity of EBV population at the level
of virus types, variants and subvariants.

Key words: EBV-1, EBV-2, LMP-1, HIV infection, sequencing, PCR.

Beepgexne

Bupyc Onuretina—bapp (BBbB) oTtHocutcs
K cemeiicTBy Herpesviridae, moncemeiictsy Gamma-
herpesvirinae, pony Lymphocriptoviruses, Buny
Human gammaherpesvirus 4. EqnnHoil Kjaccudu-
kauuu BOb po cux mop He cyuiecTtByeT. Ha mpo-
TskeHUU 40 1eT ¢ MOMeHTa paciiu(pPOBKHU MEePBOIt
MOJIHOTEHOMHOU TIocaenoBaTeabHOCTU BOb [14]
MPEeaJoKeHO MHOXECTBO aBTOPCKMX Kjaccubu-
Kaluit BUpyca, KOTopble 000011IeHbI paHee B 0030-
pe [4]. T1pu 2ToM GONBIIMHCTBO U3 HUX OBIIM pa3-
paboTaHbl Ha OCHOBE TaK Ha3bIBA€MOTIO IIOJXO1a
«reHa-KaHauaaTa», 3aKJI04Yalonerocss B CeKBEHU-
pOBaHUM M MOCJICAYIOIIeH OleHKE MOJIEKYJISIPHO-
FeHeTUYEeCKOM BapuabeIbHOCTU OTIEJIbHBIX TeHOB
BUpyca (HampuMep, T'eHa SIJICePHOTro aHTUreHa 2
(EBNA-2), reHa naTeHTHOro MmeMmopaHHoro 6enka 1
(LMP-1) v ap.) unu ux pparMeHTOB.

IlepBas u 6a3oBas knaccudukauuss BOb ocHo-
BaHa Ha BapuabeabHOCTU reHa EBNA-2 1 1o3BoJIsI-
eT pa3ie/IuTh MOIYJISIIUIO BUpyCa Ha JBa OCHOB-
HbeIX TUNa — tun 1 (BOb-1) u tun 2 (BObH-2) [4].
ITokazaHo, uto BOb-1 aBiasgeTcss [OMUHUPYIOLIUM
TUIIOM, OOHApYy>XEHHBIM BO BceM Mupe. B To Bpemst
Kak BbICOKasl pacnpocTpaHeHHOCTh BOb-2 orpa-
HUYUBaeTcs cTpaHaMu Adpuku K ory oT Caxapsbl
U OTIEJAbHBIMHU TPYIIIIaMU HaceJeHM S, BKJIIOYasi
JIULL, XKUBYILIMX C BUPYCOM MMMYHoOIeMhUIIUTA Ye-

noBeka (BUY) [21, 34, 37, 38, 40, 41, 49, 50]. K Tomy
Ke B TEHOTUTIOBOI cTpyKType BDObB, BhigeeHHOTO
ot BUY-uHULMPOBAHHBIX, Yallle BCTpeYalOTCs
caydyan KOMHOUIIMPOBaHUS O0O0OMMU TUIIAMU BU-
pyca (BOb-1+B5b-2) nam pasHbIMU BUpPycaMU O~
Horo Tumna [21, 40, 49, 50].

Kaxk mokaszan aHaau3 JUTEpaTypHBIX TaHHBIX,
N5 nanbHeiniero cyorunuposanus BOb nccneno-
BaTeJIM ITPUMEH ST HanboJIee MOMYISIPHYIO U 9aCTO
nuTupyemylio kiaccudukaiuio mo R. Edwards u co-
aBT., OCHOBAaHHYIO Ha CTPYKTYPHO-(YyHKIIMOHAJIb-
HOM TIoJIUMOpGU3ME CaMOTO BapruabeIbHOro TreHa
LMP-1 [4, 24]. CornacHo 3Toil KJjaccU(pUKAlLIUU,
BBIIEJISIIOT 7 OCHOBHBIX TI'e€HOBapHaHTOB: B95-6,
China 1, China 2, China 3, Mediterranean (Med), North
Carolina (NC), Alaskan [24]. OTMETUM, UTO 0 CUX
nop y BUU-uHpuIMpoBaHHBIX TUII CYyOTUTTMPOBA-
Hue BOb nmpoBoaunock KpaitHe peako [13, 21, 23,
27, 30, 51]. IIpm aTOM HcclienoBaTean OrpaHUYU-
JIACH TIOUCKOM TOJBKO aejaetru 10 aMMUHOKHCIOT
(a.x.) B oHkoOenke LMP-1, oxBaTbIBaromnyo Komo-
HbI 346—355, n3BecTHYI0 TakKe Kak CAO-neenus
U JeneTUpoBaHHBIM BapuanT LMP-1 [4, 21, 27, 51].
ITonyyeHHBIE pe3yabTaThl IPOTUBOPEUYUBHI, II0-
CKOJIBKY 110 OfHUM JaHHBbIM CAO-neenus y rmaim-
eHToB ¢ BUY-nHbekI1IMel BcTpeyaaach yaiie, 4eM
B KOHTPOJIbHOM rpymnne [21, 27], mo Apyrum — pas-
aunuust orcyrctBoBanu [51]. IlepBast u moka equMH-
CTBEHHas1 paboTa O pacIpOCTPaAaHEHHOCTU IIPU
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BUY-undexkuuu Bapuantos LMP-1 BOb Ha oc-
HoBe KJiaccudukanuu no R. Edwards u coaBT. [24]
HosIBUJIach TOJIBKO B Mae 2023 1. [46].

B Poccuu o cux mop He MpOBOAUIUCH UCCTE-
JNIOBaHU S, HaIIPaBJEHHbBIE HA OLIEHKY MOJIEKYJISIP-
HO-TeHeTHUYeCcKoro pazHoobpasuss BOb y manueH-
ToB ¢ BUY-nnHbekueii. B ie1oM xapaktepucTuka
MOJIEKYJISIPHO-TeHETUUEeCKUX ocobeHHocTeli BOb
y BUY-uHpUIMPOBaHHBIX JEXUT B OCHOBE W3-
yJyeHUs maToreHesa, lieJeBOM pa3pabOTKu cTpa-
Teruii crienuduyeckoir NpodUIAKTUKU, JTUa-
THOCTUKY U TeparMvM acCOLIMUPOBAHHBIX C KOMH-
dunmrpoBaHueM 3TUMHU BUpycaMU 3a0O0JieBaHUM,
BKJIIOYasl 3J0Ka4yeCTBEHHbIE HOBOOOpa30BaHMS,
a TakKXe COBEPIICHCTBOBAaHMSI CUCTEMBI OSITUJIC-
MMOJIOTMYECKOrOo Hajazopa 3a BOb-undekuuei
u BUY-unbexuei.

Llenp uccnenoBaHUsT — OLIEHKA MOJIEKYJISIPHO-
reHeTU4YecKoro pasHooOpasus BOb y B3pocibix
BNY-undunupoBanHbix aul B Hukeropoackoii
obsiacTu.

Matepuasbl 1 METOAbI

Xapakmepucmuka epynn uccaedosanus. B 2021—
2022 rr. o6cnegoBano 138 BUY-uHOUIIMPOBaHHBIX
nmaireHToB B Bo3pacte 20—69 siet (rpynma BUY(+)),
KOTOpbIE HAXOAWJIUCh Ha OUCIIAHCEPHOM HabJIIO-
neann B 'BY3HO «HOILl CITMd» (r. Huxnaui
Hosropon), u 68 BUY-HenHOULIMPOBAHHBIX JINIL
COITOCTaBMMOTO IT0J1a M BO3pacTa 0e3 KIMHUIECKUX
NPU3HAKOB MH(MEKIIMOHHOW ITaTOJOTUU (TpyIiia
BUY(-)), mpoxonuBmux aucitaHcepusainio B OO0
«HUKA CITPUHI HH» (r. Huxxuawnit Hosropomn).
PaGora BbiNoJIHEHA € COOJIOJEHUEM STUUYECKMUX
TpeboBaHuii. UHMOpMHUpoBaHHOE COTriacue Mmaim-
€HTOB Ha MPOBEICHNE NCCISI0OBATSIIBCKON PaOOTHI
B COOTBETCTBHM C ITOJIOXKCHHUSIMU XEJTbCUHKCKOU
neknapanuu (2013) OBIJIO TIOMYyYEeHO JIeYAIlMMU
BpadyaMHM MEIUIMHCKMX opraHu3anuii. Pabdora
nojaydujia ogoOpeHMe Ha 3aceJaHUM JIOKaJIbHO-
ro atudeckoro komurera PbYH HHUMWDM um.
akagemuka W.H. bnoxunoit PocnorpebHan3zopa
(Mpotokon Ne 3 ot 11.11.2021 1.).

Cobop buonoeuueckoeo mamepuansa. Marepuaiom
IS UCCIIESIOBAHM S MOCTYKMJIIA 1IeJbHasT Tepude-
pudeckasi KpoBb, ctabminsnupoBaHHasgs K3DITA.
Jns monydeHUsT GpakOuu JIEHKOIMTOB KpPOBU
nucnonb3oBanu peareHT «lemomutuk» (PBYH
ILIHM KNS PocnorpebHan3opa, Poccust) B cooTBeT-
CTBUU C MHCTPYKIIMEH ITPON3BOAUTEIS.

Onpedeaenue JIHK BPF. BuimeneHune TOTalIb-
HOM HYKJICMHOBOW KWCJIOTHI ITPOBOAMJIN C TTOMO-
IO KOMIIJICKTA peareHTOB 1151 BeiaeaeHuss PHK/
JHK n3 kananndeckoro matepuana «PUBO-mipern»
(OPBYH ILIHHMWHND PocmoTrpedbHan3opa, Poccus).

! URL: https://www.megasoftware.net
2 URL: https://www.ncbi.nlm.nih.gov/genbank

BrisiBiieHue u kosinuectBeHHOe onpeaeneHue JJHK
BOb BeinoaHsaau ¢ nomouibio TP B peanbHOM
BpemeHu (ITLIP-PB) ¢ npumeHeHeM KOoMMepyec-
koro Habopa <«AMmauCenc® EBV/CMV/HHV6-
ckpuH-FL» (OBYH LTHWUHND PocnorpebHan3opa,
Poccus) Ha amniugpukatope «Rotor-Gene Q Splex
HRM>» (Qiagen, I'epmanus). JlaGopaTopHbIii mpo-
Tokoa Ha Bcex stanax I1L[P-PB coGaiomanu co-
IJ1aCHO MHCTPYKIIUW ITPOU3BOIUTEN .

Hupgepenyuarvnas demexkuyus BIb-1/BOB-2
memodom ITI[P. JIns pa3genbHOW OETEKLIMU OC-
HOoBHBIX TUNoB BOb (BOb-1 u BObB-2) npuMeHeH
ONTUMU3UPOBAHHBIT HAMU paHee BapuMaHT OJTHO-
payHaoBoii ITLIP Ha ocHoBe reHa EBNA-2 [5].

I11]P-anaau3z u cexeenuposanue no CoHeepy
@dpaemenma eena LMP-1 B2b. IlonoxuTteabHble 00-
pasibl, cogepxamue JJHK BOb (mo pesynbratam
TTIL[P-PB), Obls1u vcronb30BaHbI A1 aMITJIU(UKa-
nuu C-koHueBoro pparmeHTa rena LM P-1 Bupyca
metonoM ITLIP B onTuMu3anpoBaHHOM OZHOpAYH-
noBoM BapuaHTe [5]. JJabopaTOpHBI MPOTOKOJ MO~
clieAyllero cekBeHupoBaHus no CaHrepy (par-
meHTa reHa LM P-1 BOb onucaH paHee B [5].

Dunoeenemuueckuii anarus. buonndopmanmoH-
HBII aHAJIN3 JaHHBIX TTPOBOAMJIICS C TIOMOIIBIO OT-
KpbITOro nporpaMMmHoro obecrieueHust MEGA X
(Mega Software, CIIIA)!. ITony4yeHHbIe UCXOAHBIC
HYKJIEOTUAHBIC  IIOCJIEN0BATEIbHOCTU  BBIpaB-
HuBaJuch no anroputmy ClustalW. B kauecTse
pedepeHCHBIX MOCIeA0BaTEIbHOCTEN CIYXXKUIU
nosydeHHble U3 6a3bl maHHBIX GenBank? moyiHo-
TeHOMHBIE TOCJIETOBATEIBHOCTH ITPOTOTUITHOTO
mramma B95-8 (V01555.1), a TakKe HYKJIEOTHU]I-
HBbIE TOcJienoBaTeabHOCTU reHa LM P-I-mutaMMbl
China 1 (AY337723.1), China 2 (AY337724.1),
Med— (AY337721.2), Med+ (AY337722.2), NC
(AY337726.2), Alaskan  (AY337725.1), CAO
(X58140.1) 1 AG876 (DQ279927.1). HykneoTuaHbie
MOCJIeN0BaTEIbHOCTU UCCEYEeMbIX U30J15TOB BOD
U pedepeHCHBbIE TTOCIeI0BATEIbHOCTY TPAHCIUPO-
BaJIUCh B aMMHOKUCJIOTHBIE 10 CTaHJapTHOMY Te-
HeTudeckoMmy Komy. KoopamHaTel HYKJICOTHIHOMU
MOCJAEN0BAaTEIbHOCTU aHaJM3UPYeMOro yJacTka
reHa LMP-1 (168162—168763) cooTBeTCTBOBAIU
noyiokeHuto 187—386-ii aMUHOKUCIOT B GeJike
LMP-1.

IloctpoeHue GuaOreHeTUYECKUX OEPEBbEB
BBIMIOJTHEHO Ha OCHOBE METOJa MaKCUMalb-
Horo mpaBaonomo6ous (Maximum likelihood).

TIprHAAIEKHOCTh MCCIAEAYEMBIX TOCJIEIOBATE I b-
HocTeit LMP-1 Kk omnpeneleHHBIM BapuaHTaM
B pamkax kJjaccudukanuu R.H. Edwards u co-
aBT. yCTaHABJIMBAJIACh MO HAJMYUIO CUTHATYPHBIX
aMUHOKUCJIOTHBIX 3aMeH (corjiacHo TaoJ. 1 B [24]).

Pexomobunayuonnstit anarus. TlpearnonaraeMmbie
PEeKOMOMHAHTHBIE TTOCJIEIOBATEIbHOCTY aHAJIU3H-
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pOBaJId C TIOMOIIbIO MPOrPaMMHOI0 OOecneyeHus
3SEQ (BonilLab, BeetHam—CIIIA). Ucnionb3oBanu
anvHyokHa200n.H. uiar 10 m.H. CTaTUCTUYECKYIO
3HAYMMOCTb BEPOSITHBIX PEKOMOUHAIIMOHHBIX CO-
OBITU I OLIECHUBAJIU C MIPUMEHEHHEM HermapaMeTpu-
YeCcKOTo MO3alYHOTO TecCTa.

ITonyyeHHBIe HYKJIEOTUAHBIE IOCJEI0BATEIb-
HOCTU HUXKETopoAcKuX u3ojsaToB BOb nenonupo-
BaHbl B MeXJIyHapoaHyo 0a3y naHHbix GenBank:
HoMepa goctyna OR862230—OR862331 (rmpucsBoe-
HbI 12.12.2023).

B naHHoOIT paboTe olleHKa MOJEKYJIspHO-TeHe-
TUYECKOro pazHoobpa3uss BOb B HUKeropoackux
M30JI5ITaX MPOBOAMJIACH MO HECKOJbKUM HalpaB-
JeHusiM: 1) aHaJu3 TUIIOBOU CTPYKTypbl BODb;
2) nuddepeHMalbHbI aHaIU3 BapuaHToB LM P-1
BOb Ha ocHoBe knaccudpukanmu R. Edwards u co-
aBT. [24]; 3) nouck AefeMil U BCTaBOK; 4) XxapakTe-
pUCTHUKA TaHAEMHBIX TOBTOPOB; 5) aMUHOKUCIOT-
HbI€ 3aMEHHBI.

Cmamucmuueckas obpabomka dannvix. CTaTuC-
TUYyeckass oopaboTKa TaHHBIX MPOBOAMIACH C UC-
MOJIb30BaHUEM sI3bIKa ITporpaMmmMupoBaHus R Bep-
cus 2022.12.0+353 (The R Foundation for Statistical
Computing, Inc.)® u cpenst RStudio Bepcus
2022.12.0+353 (RStudio, PBC)*. Yacrory mokasa-
Tesl (I0JII0) OMUCHIBAJIM C YKa3aHUEM CTaHAapT-
HOT'O OTKJIOHEHUS ITponeHTHOU noiu (Pxop) B %.
OlleHKY pa3JMYuil OTHOCUTEJbHBIX TMOKa3aTesei
B aHAJM3UPYEMBIX T'PYIITNax MPOBOAUIMN C MTPUME-
HEHHEeM KpuTepus x’ (XM-KBaJpaT) C MOMpaBKOW
Herca n kputepus ®umepa. Paznuuus cunrtanu
CTaTUCTUYECKM 3HaUUMbIMU ITpu p < 0,05.

Peaynbrathl

Tunosas cmpykmypa BOb. YacTtoTa oOHapyxKe-
Husa JHK BBOb B nmeiikonnrax kposu BUY(+) ma-
uueHToB coctaBuia 70,3+3,9% (97/138), a cpenu
BUY(—) mu — 48,5+6,1% (33/68) (p =0,008). B pe-
3yAbTaTe MOCICAYIOMIETO TUITUPOBAHMS TTOTyUCH-
HBIX M30JIITOB B rpyIiie BUY(—) 6611 naeHTHOU-
nupoBaH Toabko BObB-1 (33/33). B rpymirie BUY(+)
TUII BUpyca YCTaHOBJCH mias 93 m3 97 M30759TOB.
IIpu aToM foMuHMUpyIomuM Tunom BOb Takke saB-
nsiicss BOb-1, kotopsblit 6611 BeisiBIIEH B 88,21+3,4%
(82/93) uzonstoB. BOb-2 obHapyxeH B 5,4%+2.3%
(5/93), a konHOGUIIMPOBAHNUE ABYMS TUIIAMU BUPY-
ca (BOb-1+B®b-2) — B 6,4%2,6% (6/93) cnyuaes.

Ouyenka MONEKYAAPHO-2eHEMUYEeCK020 pPA3HO-
obpazuss BOb Ha ocHose memoda ceKeeHUPOBAHUS
no Csueepy C-koHuesoeo ¢ppaemenma eena LMP-1.
JanbHeliee cyoTunupoBanue BOb ocyniecTBiie-
HO Ha OCHOBE MeTOAa CeKBeHUpoBaHU 110 CaHTEepy
camMoro BapuabeJIbHOTO ydyacTKa reHoma BOb —
dparmenTa C-KoHLeBoil obGmactm reHa LMP-1.

3 URL: https://www.R-project.org
4 URL: http://www.rstudio.com

Bcero nmonyyeHo u ucciaegoBaHo 102 HyKJIEOTU -
HBIX TOCJIEOBATeIbHOCTH, M3 HUX 82 u30JIsTa
u3 JerkouutoB kposu BUY(+), a 20 — BHUY(—)
auil. Io pesyapTraTtaM (pUJIOTEHETUYECKOTO aHAIU-
3a c()OpMUPOBAJIUCH 5 KJad, KOTOpbIe IpeacTaB-
JIS10T 5 U3 7 U3BECTHBIX IITAMMOB BUpPYCa, a UMEH-
HO B95-8, China 1, Med, NCwu Alaskan (puc.).

Hnsg  monTBepxkjaeHUs  (GUIOTreHEeTUYEeCKOM
TPYNIIUPOBKM MPOBEPEHO HAJMYME CUTHATYPHBIX
aMUHOKHWCIOTHBIX 3aMEH, OMNpeneIeHHBIX aBTO-
paMu KjaccuduKalum B CEMU OCHOBHBIX JIOKyCax
LMP-1 BOb B nosunugax 229, 306, 312, 322, 334,
338, 344. B pesysibTaTe aHajau3a B OJHON U3 KJIaJ,
cooTBeTcTByWOIIeir BapuaHty LMP-1 China 1,
HaMu ObBIM OTMEUYEHBI JIBE ITOCJIeN0BaTEeJIbHOCTU
(Homepa HIV+ 1836 u HIV+ 1808), B KOTOpBIX OT-
CYTCTBOBaja xapakTepHas nas mrtamma China 1
neneuyss B KOOpaAMHaTaX aMUHOKHUCIOT 346—355
(10 a.x.) u curHatypHag 3ameHa Q322N. I1pu aTom
B nocJiienoBatesbHocT Ne HIV+ 1836 BBISIBIIEHO
couetanue MmyTtauuii Q322E, H352R u L306Q, xo-
TOpBIE SIBJISIIOTCSI CUTHATYPHBIMU aMWHOKWCIIOT-
HBIMU 3aMeHaMu B BapuaHTax LMP-1 Med— u NC
CcoOTBeTCTBeHHO. A B u3oiisite Noe HIV+ 1808 amu-
HOKUCJIOTHAasl TOCJeA0BaTeIbHOCTh HecJa MpU-
3HaKM Kak mramma AGE76 (BOb-2), B yacTHOCTHU
myTtanuio Q322D, Tak u BapuaHTa Med—.

IlpoBenen PEKOMOMHAIIMOHHbIA aHaaus.
IMocnenoBarenbHocth LMP-1 Ne HIV+ 1836 Te-
CTUPOBaAJIM B CpPaBHEHUU C pedepeHCHBIMU I10-
cienoBateabHOCTAIMU ImTtamMMoB NC mn  Med—.
ITocnemoBatenmbHOCTE Ne HIV+ 1808 — ¢ pede-
PEHCHBIMM  TIOCJIEOBATEJIbHOCTSIMA  IIITAMMOB
AGE76 1 Med—. PedepeHCHYIO TOCIEIOBATEIIb-
HocTh Tamma China 1 UCIONb30Bau B KauyeCTBE
rpynimsl cpaBHeHUs1. OOHApPYKEHO, YTO IOCJIeNO-
BateabHOCTh Ne HIV+ 1836 Morina BO3HMKHYTh
KaK pe3yJbpraT IIepeKpPecTHO peKOMOWHAIIUU
mexnay mrtammamMu NC u Med— B ydacTKe reHa
LMP-1920 — 930 H.0. (p = 0,007, cOOTBETCTBYET
koopauHataMm 306—310 a.k.). B mocienoBarenbHO-
ctu Ne HIV+ 1808 BhIsIBIIEHAa BO3MOXKHAas TOYKa
MepeKpecTHO peKoMOMHauuu mramMmmoB AGE76
u Med— B yyactke 1010—1020 H.0. (p = 0,024, cooT-
BETCTBYeT nojoxkeHuto 336—340 a.x.).

JIBa oxapaKTepU30BAaHHBIX BBIIIE BapHUaH-
ta LMP-1 BHe usBecTHOli kjaccudukanuu BOb
ObUIM Ha3BaHbl HaMU <«dpyeue eapuanmol». OHU
MpUHAIJIEXKaIN U30JIITaM BUpPYca U3 JICHKOIIMTOB
kpoBu BUY-undunmupoanHbix. Mx pacmnosioxe-
HHe Ha (GUJTOTeHETUYECKOM AepeBe OTHOCUTEIBHO
pedepeHCHBIX U HUXKeropoAacKux mramMmmoB LM P-1
OTMEUEHO 3Be3104YKOi1 (puc.).

N3 panHbBIX TabJ. 1 clegyeT, YTO Ha TePPUTO-
puu Hwuxeroponckoil obysiactu B usonastax BOb
Yy B3pOCJIOTO HaceJeHUs JOMUHUPYET BapuaHT
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LMP-1 B95-8. Ilpuuem ero pacnpocTpaHEeHHOCTb
B rpynnax BUY(+) u BUY(—) Obl1a onmHakoBoit
(62,24+5,4% un 60,0£10,9% cooTBercTBeHHO). Takue
BapuaHTbl LMP-1 kak China 1, Med, NC u Alaskan
BBISIBISLIUCH pexke. OTMeTuM, uTo BapuaHT LMP-1
Med Obl1 TIpeacTaBJeH MCKJIOUYUTENbHO Med—
(He conepxamuit  CAO-mIOJOOHYIO  Jeelunlio
30 m.H./10 a.x.), a Med+, China 2w China 3 He ObILTN
oOHapyKeHbl HU B OJTHOM MCCJIETOBAaHHOM 0O0Opa3-
me. CTaTUCTUYECKU 3HAUYMMBbIe pa3IMuursT YaCTOThI
obHapyxeHus BapuaHToB LMP-1 mexny uccie-
nyembiMu rpynnamu BUY(+) u BUY(—) BbIsiBIE-
HbI He OblIM. OQHAKO B UX CIIEKTpe HabJI0dalIuCh

HeKOoTopble ocobeHHocTU. Tak, Tojbko y BUY(+)
B3POCJIBIX HUKETOPOI1IEB ObLIU BbISIBJCHBI U30JI5-
Tbl China 1 v «dpyeue sapuanmoi» LMP-1 BOB.
IlpoBeneH aHajiu3 pacnpenesieHusl BapuaH-
ToB LMP-1 BODb OTHOCUTEJIBHO TMUIIOB BMpYca.
BrisgsieHo, uto B rpynie BUY(+) ocHoBHas yacTh
u3onsaToB BOb uMenu MoJieKyasipHO-TeHETUYecC-
kuit npoduiap BOb-1/B95-8 (56,1+£5,5% BCcex uzo-
nsatoB BOB). Ansg cpaBHeHust BOB-2/B95-8 BuISIB-
jgeH B 1,241,2% wmzonstoB. 1o HamumMm HabGIOOC-
HusM Tunsl BOb-1 u BOb-2 xapakTtepru3zoBaluch
Pa3HbIM COOTHOLIEHUEM YMCJIa MOCIEA0BATEIbHO-
creit LMP-1 B95-§ K 00111eMy KOJIMYECTBY NPYTUX
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PucyHok. PunoreHeTuyeckoe aepeBo, NOCTPOEHHOE Ha OCHOBE CPaBHEHUS aMUHOKUCIIOTHbIX
nocnepoBatenbHocTeln C-koHueBoro yyactka LMP-1 102 Huxeropoackux uzonsatos BOb
1 8 pedepeHcHbIX NocneaoBaTeNbHOCTEM, NoNy4eHHbIX U3 6a3bl AaHHbix GenBank (meTop,

MaKcuUMasbHOro npaeaononooums)

Figure. Phylogenetic tree constructed based on comparison of amino acid sequences of the C-terminal region
of LMP-1 of 102 Nizhny Novgorod region EBV isolates and 8 reference sequences obtained from the GenBank

database (maximum likelihood method)
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TaGnuua 1. CpaBHeHue 4acToThl BbiiBieHUs BapuaHToB LMP-1 B3b (no knaccudukaumm R. Edwards
u coaBT. [24]) y BUY(+) u BUY(-) B3pocnbix nuy, npoxueatowmx B Huxeropopackoit o6nactu

Table 1. Comparison of the frequency of detection of EBV LMP-1 variants (according to the classification

of R. Edwards et al. [24]) in HIV(+) and HIV(-) adults living in the Nizhny Novgorod region

Fpynna BapuaHnt LMP-1 B3b no knaccudukauum R. Edwards u coasT. [24] Apyrue
CpaBHeHusi En. EBV LMP-1 variant according to the classification of R. Edwards et al. [24] BapuaHTbl
C ) namepeHus LMP-1
ogfzir;)son Units B95-8 China 1 Med- NC Alaskan Other LMP-1
variants
abc.
BU(+) | HIV(+) abs 51 4 10 13 2 2
n=282 .
: : Ptop, % 62,2+5,4 4,8+2,3 11,9+3,6 15,5%4,0 2,4+17 2,4+17
abec.
Bquo) | HIV(-) abs. 12 0 4 3 1 0
n —
{ ) Ptop, % 60,0+10,9 0 20,0+8,9 15,0£7,9 5,0£4,9 0
YpoBeHb
3HaYMMOCTH
pa3ny|qy|p’| p 1:000 1,000 0,464 1,000 0,477 0,847
p-value

BBISIBJIEHHBIX BapuaHToB LMP-1 (1,8:1 n 1:4 co-
OTBeTCTBEHHO). OTMeTUM, uTO B rpyrnne BHUY(-)
noJist uzonsitoB BOb-1/B95-8 Takxke npeobnanaia
(60,0+10,9%) 1 X COOTHOILLIEHUE C IPYTUMU Bapu-
aHTaMu BUpYyca cocTaBuJio 1,5:1.

Ilpu aHanM3e aMMHOKHUCJIOTHBIX IOCJIEIOBA-
TeabHOcTelt C-KoHlleBoi obmactu LMP-1 Oblim
BBISIBJIEHBI neneuuu. [Ipy 3ToM Kak B TIpyIime
BHUY(+), tak m BMY(—) meneumum mpuCyTCTBO-
BaJu B TII0JIOBUHE wu3o0gsaToB BObBb (48,8%£5,5%
1 40,0+10,9% cootrBeTcTBeHHO, p = 0,581). OnHaKO
CHEeKTp HeJieluii pa3audajcs. B nmociemnoBaresib-
HocTax LMP-1 BOb y 310p0oBbIX B3pOCIBIX BCTpE-
YyaJiCsl TOJIbKO OIUH BapuaHT Aejenuu 5 a.K. (a.K.
276—-280) B 40,0+10,9% u3zonsaroB. B To BpeMst Kak
n3onatel BOb y BUY(+) nmanneHTOB XapaKkTepu-
30BaJIMCh pa3HOOOpa3uMeM BapUAaHTOB JEJCLIMIA:
1 a.x. (a.x. 205), 4 a.x. (a.x. 209-212), 2 a.x. (a.x.
211-212), 6 a.x. (a.x. 345-350) — no 1,2+1,2%,
5 a.k. (a.k. 276—280) — 39,0+5,4%, 10 a.x. (a.x.
346—-355) — 4,9+2,4%. JIBa BapuaHTa IeJielinii
(30 H.0./10 a.k., oxBaThIBaloIlIast KOOAOHBI 346—355,
u 15 H.0./5 a.K. B nojnoxeHun 276—280), Haubo-
Jlee pacnpoCTpaHEeHHBbIe, SIBJISIIOTCS W3BECTHBIMU
CAO-nionoOHBIMU nejeuussMu. YeToipe agpyrue ne-
JICLIMU B KoopaurHaTtax aMuHokucaor 205, 209—-212,
211-212, 345—350 paHee He ObIIM OMMMCAHBI.

Bce uetnipe mocnenoBarenbHoctTu JJTHK BBOb
¢ neneuueit 30 H.0./10 a.K. OBIIM aCCOLIMMPOBAHBI
UCKJIIOYUTENbHO ¢ BapuaHtoM LMP-1 China 1.
Henenus 15 H.0./5 a.K., pacmojioXeHHas1 B 00Ja-
CTHU TaHIeMHBbIX noBTopoB LMP-1 (a.x. 253—306),
oOHapyXeHa B MOJOBUHE MOJYYEHHbBIX U30JISITOB
BOb. OTrMeTruM, 4TO AOaHHAas ACJIELIMST TTPUCYT-
CTBOBajJa BO BceX mocieaoBaTesibHOCTSIX LMP-1
China 1, Med—, NC, Alaskan v «dpyzue éapuarnmul»,
HE3aBUMCHMMO OT MX THUIIOBOM ITPUHAIJICKHOCTU.
OcTajibHble BbISIBJICHHBIC HAMU YeThIpe OeJIeLUu
BCTpPEYaJIUCh TOJbKO B u3oisitax Bob-1/B95-6.

IlpoBeneH aHanMM3 YMcia U aMUHOKHCIOTHOTO
CoCTaBa MOBTOPSIOLINXCS 37IeMEHTOB B C-KOHIIEBOM
obsactu LMP-1 (a.x. 253—306) B HMKErOpPOACKMUX
nzonsatax BOb y BUY(+) u BMY(—) B3pocibIx.
YcranoBieHo, yTo C-KoH1IeBoi yuacTok LMP-1 co-
AEPXKUT pa3HOE KOJIMUYECTBO NOBTOpOB U3 11 a.K., Ba-
puabesieH 1o HaIUYNIO U MECTOTIOJIOKESHU IO MEXK Y
HUMM BJIEMEHTa U3 5 a.K., a TaKXe CIeKTPy aMUHO-
KHCJIOTHBIX 3aMeH B HUX. Pe3ynbraThl IipeacTaBiie-
HBI B TA0JI. 2.

ITokazaHo, YTO KOJIMYECTBO MOBTOPOB 3HAUU-
TeJIbHO BapbupoBayo (0T 2 10 8 moBTOpoB). OgHAKO
OCHOBHAasl 4acTh M3O0JSITOB MMEJIU pa3Mep 3TOro
y4acTtka 3—5 moBTopos (87,8%+5,5% B rpynne BUY(+)
u 85,0+11,1% B rpynne BUY(—)). B moioBuHe Bcex
MOJIyYeHHBIX TocienoBaTenbHocTeii LMP-1, Hesa-
BHUCHMMO OT MCTOUYHHKA BHUpPYyca, 00JacTh TaHIEM-
HBIX TIOBTOPOB OblJla MACHTUYHA MPOTOTUITHOMY
BapuaHTy «4,5». [Ipn aTOM Bce OHM OBIIN aCCOLIUU-
pOBaHbl HCKJIIOUMTEJBHO C BapuaHTOM BIS5-6§.
B cBoio ouepensb 15,7+5,1% uzonsitoB B95-8 B rpyn-
ne BUY(+) otnnuanuchk BapnabebHBIM pa3MepoM
00J1acTy TAaHAEMHBIX TOBTOPOB, MPUCYTCTBUEM MO-
NIUOUIMPOBAHHBIX MOTUBOB I TOYCUHBIMU aMUHO-
KUCJIOTHBIMU 3aMeHaMu B HUX. B uzonsarax China 1,
NC, Med—, Alaskan n «dpyeue sapuanmor» LMP-1
YUCJIO TIOBTOPOB BapbUpPOBAIO B YCTAHOBJCHHOM
nuarasoHe, mpu a3Tom MotuB PHDPL Mexny mosTo-
pamu u3 11 a.K. BO BCeX 3TUX MOCIAEI0BATEIbHOCTSIX
OTCYTCTBOBAaJ. JIaHHYIO Ienenuio 5 a.K. TaKxXe OT-
HocAT K unucny CAO-nono0HbIX. M3 naHHBIX Ta0JI. 2
BUIHO, YTO B 00JaCTH TaHAEMHBIX TTOBTOPOB aMU-
HOKMCJIOTHBIE 3aMEHBbl MOTYT OBITh OOHapy>KEHBI
B J1oooMm BapuaHTe LMP-1 u 3arparuBarb pa3Hbie
MOBTOPSIOIIMECS MOTUBBL. YacTb U3 HUX SIBJISIOT-
Cs1 CUTHATYPHBIMU [JIsl OIPENeICHHOrO IITaMMa.
Hanpumep, B anementax PHDPL, 3aBepinaronimx
TMOBTOPSIOIIMICS MOTHUB, IITaMM-XapaKTepPHBIMU
aMUHOKMCJIOTHBIMM 3aMeHaMU B IoJ1oxkeHuu 306-ii
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g 1dAHd HDNAALNAdadd HNAALNAdaDd HNAALNAddDd HNAALNAdddd HNAALNAdadd o @) w.u_
g 3
14 0daHd DNAALINAdaDd DNAALINAddDd YNAALNAdaDd ONAALINAdadd | - 2y |7 ®
g ddHd DNAALNAdDOd HNAALNAdDOd HNAALNAdADd HNAALNAdADd HNAALNAdadd e/l e ww.
P
14 dd0Hd DNAALNAdDOd HYNAAINAdDDd DNAALNAdaDd HNAALNAdadd | - e/l 3
9 OdaHd DNAALNAdddd HDNAALNAdADd DNAALNAdADd HDNAALNAddDd DNAALNAdADd HDNAALINAdadd | - eL/e
S 0daHd DNAALNAdadd DNAAINAddDd HYNAALNAdaDd HNAALNAdadd HNAAINAdadd | - e/l =
4 0daHd HYNAALNAdadd HNAALNAdadd HNAALNAdadd HNAAINAdadd| ¢&/1 eL/e o
€ 0daHd HYNAALNAdadd HYNAALINAdadd HNAAINAdadd | €/ eL/L
L TdaHd DNAALNAdDOd HNAALNAdDOd HNAALINAdADd HNAALNAdDOd HNAALNAdDOd HNAAINAdADd HNAAINAdadd | /1 -
9 1ddHd DNAALNAdDOd HNAALNAdDOd HNAAINAdADd HONAALNAdaOd ONAALNAdadd HNAAINAdadd | - 0L/1
4 TdaHd DNAALNAdadd HNAALNAdadd HNAALNAdadd HNAALNAdadd oL/t
g 1daHd DNAALNAdDOd HNAALINAdDOd HNAALNAdADd HNAALNAdADd HNAALNAdadd | /2 oL/e N
14 1daHd DNAALNAdDOd HNAAINAdDDd HNAA1Addadd HNAAINAdadd | - oL/t 2
14 1dAaHd DNAALNAdDOd ONAHLINAdDOd HNAALNAdADd HNAASNAdaodd | - oL/t
14 1dQHd DNAALNAdDOd HYNAAINAdDDd HNAALNAdADd HNAALNAdadd | ¥/t 0L/
14 TdaHd DNAALNAdDOd HNAALNAdDOd ONAAINAdDOd HNAALNAdadd | - oL/t
8 1dAHd HNAALSAdADd HNAALNAdADd HNAALINAdADd HNAALNAdADd HNAALNAdADd HNAALINAdADd HNAALNAdADd HNDALNAdAdd /1 Q
9 1dAHd HDNAALNAdadd HNAALNAdADd HNAALNAdADd HNAALNAdADd HNAALNAdADd HNAALNAdadd | - /2 S
S 1ddHd DNAALNAdaDd HNAAINAdADd HYNAALNAdaDd ONAALNAdADd HNAAINAdadd | - /1 -
0'v 1d0Hd AddddadHadd addaddaaHadd HNAALINAdadd HNAALINAdadd 1G/L
g'g 1dAHd HDNAALNAdadd HNAALNAdadd 1ddHd DNAALNAdadd HNAALNAdadd HNAALNAdadd | gL/t 1G/1
2 1dQHd DNAALNAdadd HNAALNAdadd | - 16/l
+G'9 1daHd HNAALNAdadd HNAAINAdADd TdaHd YNAdINAdadd HNAALNAdadd 1ddHd DNAALNAdadd HNAALINAdadd | - 1G/L ®
G'g 1ddHd DNAALNAdadd HNAALNAdadd HNAALNAdadd 1dQHd DNAALNAdadd HNAaALNadadd | - 16/l e
Gy THOHd AdaaddDAHAHd AdaddadddHd 1dQHd DNAALNAdadd HNAALNAdadd | - 16/l &
Gy AdQHd DNAALNAdadd HNAALNAdadd 1dQHd DNAALNAdadd HNAALNAdadd | - 16/1
Sy 1dAHd HDNAALNAdddd HNAALNdT1add 1dAHd DNAALNAdddd HNAASNAdaod | - 16/l
Gy 1dAHd HDNAALNAdadd HNAALNAdadd 1dAaHd DNAALNAdadd HNAALNAdadd | gi/kk | 16/sy
G'y 1daHd HDNAALNAdadd HNAALNAdadd 1daHd YNAALNAdadd HNAALINAdadd (8-664) 2'GGSLOA
w m___ (90£-£52 Be) |-dINT AG3 0 uoiBal [euiwIB-0 By} Ul sjuswse jeaday = m = m @ m
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AaMUHOKUCJIOTHI SBASIOTCI B BapuaHte NC —
L306Q (PHDPQ), B Alaskan — L306P (PHDPP).
MonubuuupoBaHHbIE MOCJIEIOBATEIbHOCTU B Ba-
puaHTe Med— xapakTepusyeT 3aMeHa aclaparu-
HOBOI KMCJIOTHI Ha TJIMLIUH B TPEThEM MOJIOXEHUU
AaMUHOKWUCJIOTHI BO BTOPOM — CEAbMOM D3JIEMEH-
te: D266G, D282G, D293G. Myramnm D282G,
D293G Obliu BbISIBJEHBI M B BapuaHTe LMP-1
Alaskan. OcTajibHble aMUHOKHCIOTHBIE 3aMEHBbI
B TTOBTOPSIOLIUXCSI MOTUBAX, KaK MpaBUjo, BCTpe-
Yajauch criopaauyecku. [IpoaeMoHCTpUpoOBaHO, UTO
cpenu Bcex uzondaToB BapuaHT LMP-1 Med— otnu-
YyaeTcsi HauboJiblileit BapruadeTbHOCThIO TAHAEMHbBIX
noBTOpOB. Tak, B 14 monyyeHHbIX u3onsitax Med—
UISHTUGhULIUPOBAHO § cyOBapraHTOB 00JIaCTU MO-
BTOPOB, KOTOPBIE pa3IMyYaIMCh 3a CYET KOMOMHAIIUU
yucjia MOBTOPOB U PACIIOJNOXEHUSI OTHOCUTEIbHO
JIIPYT Apyra MPOTOTUITHBIX U MOAMMUIIMPOBAHHBIX
MOTUBOB U3 11 a.K. OTMETUM TaK>XKe, YTO B U30Js-
Tax B95-8 y nByx BUY-uHbuU1IMpOBaHHBIX BBISIB-
JIEHbl paHee He OMUCaHHble MOAMGUIIMPOBAHHBIE
motuBsl PHDPDDPDDPD, PHDHDGPDDPD,
PQDHDDPDDPD u PHDHL.

OcyllIecTBJIEH MOUCK ITOJHOI'O CIIEKTpa aMU-
HOKHCJIOTHBIX 3aMeH B Ipeneiax aHaJusupye-
moro C-koHueBoro ydactka 6eanka LMP-1 ¢ 187
o 386 a.k. CyMMapHO B HUKETOPOJICKMX U30JISITaX
BBb B rpynmax BUY(+) u BUY(—) uagentuduiiu-
poBaHo 112 MyTauuii aMMHOKUCJIOT B 74 10oKycax
(oTHOCUTENbHO pedepeHCHO MnocaenoBaTeIbHO-
ctu B95-8). Hauboiee «ropstauMm» TOYKAMU MY-
TalUi CTaalu aMUHOKUCJIOTHI B MOJIOXXEHUSIX 322
(6 myTanmii) u 331, 338, 359 (1o 4 myTauum).

ITocnenoBaTebHOCTh, aHaJOrM4YHasl IPOTO-
TUITHOMY LITAMMY, BbISIBJIEHA TOJIBKO B OTHOM M30-
agre (BapuaHT B95-8), a HauboJjiee AMBEpPreHTHAas
MOCJIEIOBATEIbHOCTD ¢ 16 MyTallUSIMU UACHTUGDU-
nupoBaHa B Alaskan. J1ns1 HarassAHOTO CpaBHEHU S
CTeNeHU NMBEPreHIuu Mexay Bapuantamu LM P-1
MNpOBENIEH pacyeT HHIEKCa, XapaKTepU3yIolIero
cpeaHee YUCIO MyTallMil, MPUXOAsIEeecss Ha OAHY
MOCJeA0BaTeIbHOCTh. AHAJIM3 BBINIOJHEH IUd-
depenuupoBaHo B rpynnax BUY (+) u BUY(-).
IMonyyeHsl creaymooliyde 3Ha4YeHUS  WHAEKca:

B95-8 — 39 u 2,2; Med— — 10,9 u 9,3; NC — 11,0
u 11,7; Alaskan — 15,5 n 15,0 cOOTBETCTBEHHO.
OTHOCUTENbHBIN TTOKa3aTeJb aMWHOKHCIOTHBIX
3ameH B iutamMmax China 1y BUY(+) nauimeHTOB co-
craBul 6,9, B «aipyrux» sapuantax LMP-1 — 10,5.
Bce aMMHOKMCIIOTHBIE 3aMEeHBbI OBUINM CIpYII-
MUPOBaHBI TT0 TIPUHAIJIEKHOCTU K ONpPEeIeJIeHHO-
my BapuaHTy LMP-1 BOb. Takue aMMHOKUCIOT-
HbIe 3aMeHBI Kak G212S, D216H, S229T, D250N,
G252A, T259S, D282G, D293G, L306Q, S309N,
S313P, Q322D, Q322E, Q322T, L323M, E328Q,
Q334R, L338P, L338S, H352R, G355C, H358P,
S366T oOHapy:XMBaJlu B ABYX U 0ojiee BapuaHTax
LMP-1 nezaBucumo ot BUY-craryca.
YcTaHOBIEHO, YTO HauboJiee pacnpoCTpaHEeH-
HbIMU B nonyjsuuu BOb cpenun B3pociaoro Hace-
neHust Huxxeropoackoit o0actu sIBASIOTCS 4 My-
rauun: G212S, S366T, E328Q u S309N. 3aMeHbI
G212S 1 S366T npucyTCTBOBAJIN BO BCEX YCTAHOB-
JeHHbIX BapuaHTax LMP-1, ux yacrora B rpyi-
ne BUY(+) cocraBuma 86,6+3,8% u 89,0+3,5%,
a B rpynne BUY(—) — mo 100£0% cooTrBeTCTBEH-
Ho. 3aMeHa cepuHa Ha acnaparut B 309 mo3uuuu
(S309N) mnpucyTcTBOBaja B coOcTaBe abOCOJIOT-
HO BCEX aHaJU3MPYEMBIX IOCJIeNOBaTEIbHOCTEN
China 1, NC, Med—, Alaskan n «dpyeue». MyTauus
E328Q xapaktepuszoBana 94,1+3,3% wu30a51TOB
B95-8 B rpynnie BUY(+) u Bce uzonsatel BIS-&
B rpynne BUY(—). BapuaHTel KOMOMHaLIMI aMU-
HOKUCIOTHBIX 3ameH G212S, E328Q u S366T B no-
cinenoBareabHocTaXx LMP-1 B95-8 mpencraBieHbl
B TabJ1. 3. B OCHOBHOI1 4YacTU UX HUX MPUCYTCTBO-
BaJio couetaHue G212S+E328Q+S366T.
OTnenpHblE aMMHOKMCIIOTHBIE 3aMEHBI BCTpe-
yanuch ¢ vactotoii 10—25% ot obuiero yucia
u30JiaToB. B ux uywucie 10 curHaTypHbBIX aMUHO-
KHCJIOTHBIX 3aMeH B 6 OCHOBHBIX JJoKycax (S229T,
L306Q, L306P, D312N, Q322E, Q322N, Q322T,
Q334R, L338P, L338S), koTopble ObLIM HAMU HC-
MOJIb30BaHbI ITpU AU depeHIInalIbHON OlIeHKe Ba-
puantoB LMP-1 no knaccudpukanuu R. Edwards
U coaBT. [24]. A TakXe NOMOJHUTEIbHbIC ILITAMM-
xapakTepHble myTauuu aass NC (D250N, S313P,
G331Q, H352N, H358P) u Med— (H352R u 3ameHa

Ta6auua 3. KomOMHaum aMmMHOKMUCNIOTHBIX 3ameH G212S, E328Q 1 S366T B nocnepoeatenbHocTax LMP-1

B95-8
Table 3. Combinations of amino acid substitutions G212S, E328Q and S366T in LMP-1 B95-8 sequences
AMMWHOKMCNOTHbIE 3aMeHbl B C-KOHLLEBOM BUY(+) | HIV(+) BUY(-) | HIV(-)
yuactke LMP-1 B95-8 (n=351) (n=12)
Amino acid substitutions in the C-terminal abc. abc.
region of LMP-1 B95-8 abs. P+op,% abs. P+op,%
Bea myTaumn | No mutations
G212S, E328Q, S366T 1 2,019 0
G212S 2 3,9+2,7 0
G212S+E328Q 2 3,9+2,7 0
E328Q+S366T 3 5,9+3,3 1 8,3+8,3
G212S+E328Q+S366T 43 84,351 11 91,7+8,3
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acrmaparvHOBOW KHWCJIOTHI Ha TJWUIWH B TPETheM
MOJIOKEHUU aMUHOKHUCIOTBHI B MOBTOPSIOIIEMCS
anemente u3 11 a.x.: D266G, D282G, D293G).

B pesynbraTe mpoBeIeHHOIO aHaJIM3a OIpeae-
JIEH IIUPOKUI CIEKTP aMHHOKWCIOTHBIX 3aMEH,
KOTOpble BCcTpedasuch crnopagudecku (< 10%).
IIpu >TOoM yamie Apyrux oOHapyKMBaJId MyTalluun
D372N B uzonsarax B95-8 (4/51) u G335D B uso-
nsarax NC (5/16). Onucanbl 64 aMUHOKUCIOTHBIE
3aMEHbI, KOTOPbIE paHee B HUKETOPOIACKUX N30SI~
Tax BOb He BoigBasiauce. [IpernMyniecTBEeHHO OHU
OBLIM CTeHEPUPOBAHBI B IOCICAOBATEIBHOCTSIX
LMP-1 BOb u3 neitkouutoB kposu BUY(+) manu-
eHTOB (57 U3 64 MmyTanuii):

— B95-& D210S, R223K, C238S, N251H,

T259S, Q281H, P283H, N285D, T286P (2),

N289P, G290D, Q292H, P294H, N296G,

N296D, T297P, N300P, G301A, G301D, P305H,

L306V, S3091, A314V, N316S, Q322P, G343R,

G345V, G353V, G355C, D356E, D356H, P357T,

L3598, L359Y, S369P, D372N;

— China 1: D210N, D261G, L338F, G355C;

— Med—: N220D, G222D, T259S, N269D,

D287H, N329H, N329S, H348D, D349A, 1.3591;

— NC: H224Q, Q322K, L323M, E325K, G331E,

L338T, M339K;

— Alaskan: He BbISIBJIEHO;

— Jlpyeue eapuanmor LMP-1: A231T, G232E,

D349A, D349E, G355C.

B rpynne BUY(—) yHuKaIbHBIE 3aMEHBI BCTpeya-
JIUCh B €IMHUYHBIX u3ongarax B95-8u Med—: D210S,
L359F, D372H, G319D, L323M, N329H, G355C.

CpaBHutenbHblii aHamu3 ¢ CAO-TTOIOOHBIMU
(GenBank: X58140.1) aMMHOKMCIOTHBIMU 3aMeHa-
MM TToKa3aJ, yto mytauuu G212S n S366T, kak pa-
Hee ObLJI0 OTMEUYEHO, MPEeNCTaBAeHbl MPAKTUUECKU
BO BCeX HUXeropoackux msonsgrax BOB; Q322N
SBJISIETCS YHUKAJIBHOW MyTalldeil OJIsT IITaMMa
China 1, a Q334R, L338S — curHatypHble 3aMEHHBI,
xapakTepusytomue mrtaMmbl China 1 Med—. B To
xe Bpemsa mytauuu QI89P, S192T, E328A B aHa-
JIU3UPYEMBIX MOCICAOBATSIILHOCTIX OOHApPYKCHBI
He ObLIU.

Ob6cyxaeHne

Bniepsoie B Poccuu B pamkax gaHHoOI pabo-
Thl BBIMIOJIHEHBI MCCJIEIOBaHMS, HaIlpaBJCHHBIC
Ha OIIEHKY MOJEKYISIPHO-TEHETUISCCKOTO pa3HO-
obpasuss BOb y BUU-uHDunpoBaHHBIX. AHAINU3
JINTEPATyPHBIX TaHHBIX CBUIIETEIBCTBYET O BBICO-
KOM T'eHEeTHUYECKOM pa3Hoobpasuu BOb, nupkyan-
pyloliero Bo BceM mupe [4].

Tune: BP5. B Poccuu TOJIBKO B MOCJIEAHUE IBA
roga IIOSIBUJINCH TIEpBBIe ITYOJMKAIIMM, TIOCBS-
IIIEHHBIE OLIEHKE paclpOCTPAaHEHHOCTH OCHOBHBIX
TUnoB Bupyca — BDOb-1 u BOb-2 [2, 5, 11]. Iloka
3TU HCCJICHOBAHUSA OBLIM OTPAaHUYECHBI KOHTHH-
reHTaMU YCJIOBHO 3A0POBBIX B3POCJBIX JUIL OTpe-

JIeJICHHOW 3THUYECKOW MPUHAMJIEXKHOCTU (ClaaBsi-
He, TaTapbl, KaJIMbIKM) U NETEil ¢ aKTUBHOW WUJIU
nateHTHoit BOb-nHdexkuueii [2, 5, 11]. B To Bpe-
Ms Kak 3apybOexHble MyOonukKauuu yOeauTeTbHO
CBUJETEJBbCTBYIOT 00 OCOOEHHOCTSIX pacrpocTpa-
HeHHocTu BOb-1 u BOb-2 B monynsuun BUY-
nHbUIMPOBaHHEIX [21, 34, 37, 38, 40, 41, 49, 50].

B pe3yapTare mpoBeIeHHOTO HAMU MCCICOOBA-
HUS JIEHKOLIUTOB KPOBU YCTAHOBJIEHO JOMUHUPO-
BaHue BOb-1 B cTpyKType HUXKETropoJACKUX U305~
ToB BOb y B3pocawix. [Ipeobraganme Tuna BOb-1
paHee HaMU OBLJIO BBISIBJICHO W B ICTCKOM ITOITYJISI-
uuu Huxeropoackoii obnactu [5]. OnHako B U30-
asatax BOb y B3pociabix BUY-uHGULIMPOBAHHBIX
NaleHTOB B JAHHOM MCCJIEIOBAHUU MICHTUGDU-
nupoBaHbl Takxe BBOb-2 m xomHbumpoBaHue
obouMHu TuUnamMu Bupyca. Takoe pacnpenejeHue,
B LIEJIOM, COOTBETCTBYET MPEAbIAYIIMM OLIEHKAM
pacripoctpaHeHHoctu BBOb-1 u BDb-2 y BHUY-
WHOUIMPOBAHHBIX, NPOXMWBAKIINX B pPa3HBIX
peruoHax Mupa, o CpaBHEHUIO C UMMYHOKOMIIe-
TEHTHBIMU Juuamu (tadn. 4) [13, 21, 22, 27, 34, 35,
37, 39, 41, 46, 50].

Ha ocHoBaHUM TaHHBIX Ta0JI. 4 XOTEIOCH OBI aK-
HEeHTUPOBATh BHUMaHE Ha ITMPOKUI CIIEKTP OMO-
CcyOCTpPaToOB U MCMOJIb3YEeMbIX JaOOPATOPHBIX MPO-
TOKOJIOB MPU TNPOBEASHUU MCCIEIOBAHUIN pa3HBI-
MM HayYHBIMHU TPYTIIIaMHU, JaXe B IIpeaeiax Teppu-
TOPUU OOHOU cTpaHbl (Hanmpumep, bpasunuu), uto
B COUYETAaHUU C BeCbMa Pa3HOPONHBIMU KOHTUH-
reHTaMu 00CJIeyeMbIX U pa3JIUYHBIM MpeacTaBie-
HHEM 4acTOTHI oOHapy:KeHus1 Tunos BOb co3paer
orpeneieHHbIN nHOPMAIITMOHHBIN xaoc [13, 34,
39, 41].

Ipeanonaraercst, uto nHULUUpoBaHue BOB-2
MOXKET ITPOMCXOIUTh B YCJIOBUSIX XPOHMUYECKOM
WMMYHHOI aKTWBaIlMM, HaIlpUMep, B TEX YacCTIX
Adpurku, TIe MHOTO CONMYTCTBYIOIINX WHMEKIINIA,
BKJIIOYAsI MaJsIipuIo, WJIW Y UMMYHOKOMIIPOMETU-
poBaHHBIX JINII [25, 43]. U3BeCcTHO, UTO pacIipocTpa-
HEHHOCTH ITaMMOB BOB-2 BhIIIe B KOTOPTE TOMO-
CEeKCyaJbHBIX MYXXYWH, MHOUIIMpoBaHHbIX BUY
(npesbimaet 30%), ¥ cpean HUX Yallle BBISIBJISIOTCS
cnydyau kouHpekunu BOb-1+BOb-2 nnu pasHbix
BUpPYycoB omHOTO THMA [37, 39, 49]. OTCcyTCTBUE JIeUe-
HUS WIU T03IHEE HAYaJI0 aHTUPETPOBUPYCHOM Te-
panuu y BUY-unbuuupoBaHHBIX AeTelt U1 B3pOC-
JIBIX MOBBbIIIAeT puck KouHpekunuu BOb-1+BOB-2
¥ pa3sBUTHE CUMIITOMOB [33, 36].

B koHTekcTe (DEHOTUIMUYECKUX CBOWCTB W3-
BecTHO, uTo BOB-1 6osee appekTuBHO TpaHChOP-
mupyeT B-mumdountel yenoseka, uem BOb-2 [41].
Kpome Toro, pasnbsie mrtammbl BBOb-1 in vitro
NPONEMOHCTPUPOBAIU BBIPAXEHHBIE pPa3Indnsd
B TpaHC(HOpMUPYIOIIEM MOTEHIIMAe U KJIETOYHOM
TpOMNMU3ME, BO3MOXKHO, TpPEHonpencisis pa3BUTHE
pa3HBIX TUMOB omnyxoJeit [42]. OTHOCUTENIBHO He-
JIaBHO MOSIBUJIMCH cOOOIIeHUusT 0 ToM, 4To BOB-2
uHbunupyet T-kKneTku in vitro u in vivo [19, 20].
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TaGnuua 4. PacnpoctpaHeHHocTb BOB-1 n BAB-2 y B3pocnbix BUM-mHPULMPOBaAHHBIX B Pa3HbIX

reorpadnyeckux permoHax

Table 4. Prevalence of EBV-1 and EBV-2 in HIV-infected adults in different geographic regions

YacTtoTa BbiiBneHus Tunoe BOB, %
Feorpaduyeckoe mecTo Fpynna MaTtepuansl . o Ccbinika
Geographical location Gro Materials Frequency of detection of EBV types, % Reference
grap up B3B-1 B36-2  |B3b-1+BIB-2
BUY(+) pesynbraTbl
zgﬁ:z:b()Huxeropop,cxaa HIV(+) nenkouuTbl 88,2 5.4 6.4 BaHHOrO
Russia (Nizhnv N q KPOBU uccnenoBaHus
reusiglr?)( izhny Novgoro BUY(-) | piood leukocytes 100 - - results of this
g HIV(-) study
BU() 40,0 15,0 5,0
MakucTaun HIV(+) KPOBb (37
Pakistan BUY(-) blood 90.0 B B
HIV(-) '
BUY(+)
62,3 9,3 12,9
Kutaii (LLanxait) HIV(+) chnioHa [46]**
China (Shanghai) BUY(-) saliva
28,9 15,4 -
HIV(-)
BUY(+)
4 1 2
ApreHTuHa HIV(+) MHMK 86 838 326 [21]
Argentina BUY(-) PBMC
HIV() 74,3 12,4 13,3
Ma3sKu
Bpa3unus (Pno-pe-Xauneiipo) | BU4(+) | us potornotku
Brazil (Rio de Janeiro) HIV(+) oropharyngeal 329 as7 143 [39]
swabs
Bpa3unus (Pno-pe-Xaueiipo) | BUY(-) CJNioHa B
Brazil (Rio de Janeiro) HIV(-) saliva 796 20,4 [13]
Bbpa3unus (Botykarty) BUY(+) MHMK
Brazil (Botucatu) HIV(+) PBMC 58 95 147 [27]
Bpa3unus (pernoH AMasoHku) | BUH(+) KPOBb
Brazil (Amazon region) HIV(+) blood 4r4 26,3 26,3 [(34]
Bpa3unus (Bypkuna-®aco) BUY(+) KPOBb o
Brazil (Burkina Faso) HIV(+) blood 3.9 46 21 [41]
Wtanua BUY(+) MHMNK B
Italy HIV(+) PBMC 974 26 [35]
Mpumeuanue. BNY(+) — nnua, xmeywwpme ¢ BUY. BUY(-) — 3popoBbie foHopbl. MHITK — MoHOHYkNeapHble kneTku nepudepnyeckoin kposu. * — 40%

1 10% n3onstos BOB y BMY(+) n BUY(-), COOTBETCTBEHHO, HE TUMUPOBAHLI. ** — 4acTOTa paccyMTaHa UCXOAA 13 00LLelt YUCNEHHOCTM BbIOOPKU.
Note. HIV(+) — persons living with HIV. HIV(-) — healthy donors. PBMC — peripheral blood mononuclear cells. * — 40% and 10% of EBV isolates in HIV(+)
and HIV(-), respectively, are not typed. ** — frequency calculated based on the total sample size.

O1murcaHbl TaKKe Pa3aIndrs B UMMYHOJIOTUUECKOM
npoduie BUU-mHGUIIMpoBaHHBIX B 3aBUCUMOCTH
oT uHpuuupyomero tuna BObB. Tak, BOb-1 6oee
YacTO BBISIBISIA CPeIy TMAIMEHTOB C MEHBIINM
konmuyectBoM CD4" T-1MmM@GOLUTOB M BBICOKOU
BUpYycHOIT Harpy3koit BUY, B To BpeMs Kak BDb-2
npeoOiiamal B UMMYHHBIX ITPOMUIISIX, BKIOYAIO-
mux CD4" T-numdouuter > 500 KIeTOK/MKII
1 HU3KYIO BUpYCHYIO Harpy3ky BHUY [34, 39, 41].
Tenoseapuanmer LMP-1 BSF. MHorne necsiTu-
JICTUSI BHUMaHME KaK 3apy0eXXHBIX, TAK U POCCUT-
CKMX MCCIIeToBaTe e OBIJIO COCPEIOTOYCHO HA M3-
Y4eHUU OCHOBHOro oHkoreHa BO®b — LMP-1 [1,
3,6,7,9, 10, 11, 16, 24, 40, 48]. B Haiem ucclie-
IOBAaHWM TIOJYYEHBI IIEPBBIE MTaHHBIC O PaCIIPO-
cTpaHeHHOCcTU BapuanToB LMP-1 BOb y BMUY-
MHGUIIMPOBAHHBIX MAIIMEHTOB. B 00111eM BBISIBIIC-
HO 5 13 7 u3BecTHbIX BapuanTtoB LMP-1, a uMmeHHO

B95-8, China 1, Med—, NC n Alaskan. Pe3yibraThl
COOCTBEHHBIX UCCIIEIOBAHUI MOIIOJHSIIOT ViKe
MMEIOIINECS CBEACHUS O JOMUHMPOBAHUY Ha Tep-
putopuu EBpomneiickoit wactu Poccum BapuaH-
ta LMP-1 B95-8[1, 3, 5, 6, 11]. OHu oT/In4YaiOTCs
OT IITAMMOBOTO pacIIpeeeHU S, IPEeACTaBICHHO-
ro B pabore yuyeHnbix u3 Kwuras (China 1 — 73,8%,
China 2 — 21,3%, Med+ — 3,8%), KOTOpO€E OIIUCHI-
BaeT y BUU-uHpuULIMpPOBaHHBIX XapaKTepHOE OJIsI
reorpauueckoro MecTa BBIOCJICHUS W30JSITOB
npeobiamanue BapuanTa China 1 1 COIpsSKEHHBIE
¢ HuM CAO-tomo6HbIe MyTanuu (menenus 10 a.x.
WM OOJBINMI pa3Mep 00JacCTHM TaHAEMHBIX II0-
BTOpOB) [46]. CTaTUCTUYECKU 3HAYUMBbIE PA3IUYUSI
4yacToT OoOHapyxeHUs1 BapuaHToB LMP-1 mexnay
ucciaenyembiMu TrpynnamMmu BHUY(+) m BHUY(—)
B HaIlleM WCCJICHOBAHUM BBISBICHBI HE OBLIN.
OnHako B ux criekTpe y BUY-nHpumupoBaHHBIX
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HaOJIIOJaINCh HEKOTOpble OCOOEHHOCTU, BKJIIO-
yasi oOHapyXeHue «dpyeux eapuanmos» LMP-1 BHe
KJIaccu(UKaAILIUU.

K HacTosimeMy BpeMeHHM HAKOILJICHBI CpaBHU-
TeJIbHBbIE MaHHBIE O OWOJIOTMUYECKUX CBOHCTBax
BapuaHToB LMP-1. Tak, Bapuantel CAO, Alaskan,
China 1 n Med+ moBBIIIAIOT aKTUBHOCTh TPaHC-
KpunuuoHHoro ¢gaxktopa NF-xB 1no cpaBHeHU1O
C UHbIMU BapuaHTamu [29, 43]. dns uzyuyenus de-
HOTUIMUYECKUX XapaKTePUCTUK BHOBbL BBISIBJICH-
HBIX peKOMOMHAHTHBIX BapuaHToB LMP-1 HeoO-
XOOWMO B JaJbHCUIIIEM MPOBEeICHNE SKCIICPUMEH-
TaJIbHBIX UCCJIEIOBAHUMN in Vitro v in vivo.

Hamu nipeacTtaBiieHO neTajibHOE OMMCaHUE MO-
JydeHHBIX 130JiaToB BOb Ha ypoBHe Tak Ha3bIBae-
MBIX CyOBapMaHTOB (TaHIEMHBIC ITOBTOPHI, HEJC-
U1 U aMUHOKUCJIOTHBIE 3aMEHBI).

Heneyuu. B nocnegoBatenbHocTIx LMP-1 BOb
y BUY-uHuumpoBaHHBIX BBISIBJIECH Oojee IIU-
pokuii crnextp aeneuuii. eneuuss 5 a.x. (276—
280 a.k.) B 00J1aCTU TaHAEMHBIX TMOBTOPOB MEXAY
MOBTOPSIIOLIIMMUCSI MOTUBaMU U3 11 a.K. ObLIa 00-
HapyKeHa BO Bcex IoclienoBaresibHocTsix LMP-1
China 1, Med—, NC, Alaskan n «dpyeue eapuarnmuol»,
HE3aBUCUMO OT WX MCTOYHUKA W TUIIOBOW TIpU-
HaJuteXHocTU. JlaHHas aeneuust u3 5 a.K. sIBJsI-
eTcsl yacThlo (pyHKuuoHaabHoro nomeHa CTAR3
(a.x. 275—330), KOTOpPHIiT OTBEUAaeT 3a aKTUBAIIMIO
STAT3 mocpenctBoM pekpytupoBaHusi JAK3 [9,
10]. Apyras gemenus B 30 H.0./10 a.x. (a.x. 346—355)
LIMPOKO U3BECTHA KaK «JIeJeTUPOBAHHBIN BapUAHT
LMP-1» ¢ ycTaHOBJIEHHOI1 BhIpaskKeHHOI TpaHpOp-
MUpPYIOLIe aKTUBHOCThIO B (hubpodiiactax rpbl-
3yHOB WJIM O3IUTEIMAIbHBIX KJIeTKaX, MMILJIaH-
TUPOBAHHBIX TOJBIM MbIlaM [18, 28, 43], a Tak:Ke
MOBBILIEHHBIM PUCKOM OTIAJIEHHOTO MeTacTa3u-
poBanuwus [31, 43]. OTMeTUM, YTO Ha OCHOBE TAHHBIX
JIUTEpaTypbl U MO pe3yJibTaTaM COOCTBEHHBIX Ha-
OJIOACHUT LLITAMMBI C DTOM JIeJeleil aCCOLIMUPO-
BaHBI TOJILKO ¢ onpeaencHHbIMU CAO-TIOnO0OHBIMUT
BapnantamMmu LMP-1, Takumm «kak China 1
u Med+ [24]. Bo3MOXHO, 9TO OOBSICHSIET KOHTpa-
CTUpYIOLIME JaHHBIE JUTepaTyphl, Korna y BHUY-
MHULUPOBAHHBIX 13 bpa3unum m ApreHTUHBI
(peTMOHBI C BBICOKMM pacHpOCTpPaHEHUEM IITaM-
MoB China In Med+) neneuns 30 m.H./10 a.K. BcTpe-
yanack vaiue [21, 27], a B LBeiuapuu (peruoH
EBporibl, B KOTOPOM HOMUHHUPYET IITaMM B95-8)
pa3anyus oTcyTcTBOBaAu [S1].

Obnracmv mandemubix noemopos. VI3BeCTHO,
4TO MPOTOTUNHBINA WITaMM BDODb B obimacTtu TaH-
IEMHBIX MOBTOPOB (a.K. 253—306) BK/IIOYaeT ye-
ThIpEe MOeaJbHBIX MMOBTOpPA, cocTOoAIUX 13 11 a.K.
(PQDPDNTDDNG) c pa3psiBom B 5 a.k. (PHDPL)
MEXYy BTOPBIM WM TPETHUM ITOBTOpaMU (TakK Ha-
3bIBaeMble «4,5 MoBTOpa»). Jpyroit MOTUB U3 5 a.K.
PHDPL (a.x. 302—306) 3aBepiuaeT 00JIaCTb TaH-
JIEMHBIX TTOBTOPOB. AHaIU3UpyeMble MOCJIeNOBa-
teapbHOCTU BOb y BMY-mHbUIMpOBaHHBIX TIa-

IIMEHTOB XapaKTEePU30BaJIMCh BbIPAXXECHHBIM pa3-
HooOpa3ueM 00JIaCTU TaHIAEMHBIX TTOBTOPOB. B TO
BpeMs Kak B m3ojsaTtax LMP-1 B95-8 y BUY(—)
B3POCJIBIX WJIV B paHee ITPOBEIEHHOM HaMU UCCJIe-
JIOBaHUM y JAeTeit [5] BcTpevaluch, Kak IMpaBuo,
NPOTOTUIHBIE IIOCJENOBATEIbHOCTH TaHIEMHBIX
noBTOpOB, y 15,745,1% BUY-uHbULIMPOBAHHBIX
MalMEeHTOB IIPA 3TOM OBIIIM BBISIBICHBI WX MO-
nudbuMpoBaHHble  cyOBapuaHTbl. KiauHuUKO-
SMUAEMUOJOTMYEecKasl OlleHKa IoJuMopdusMa
00JIaCTM TaHIEMHBIX TMOBTOPOB OTPaHUYMBAETCS
eAMHUYHBIMU TTyOauKauusmu [16, 26, 46].
Amunokucasomuoie 3amensvl. BoIsIBJI€H IIUPOKUA
CIEeKTP aMUHOKMCJIOTHBIX 3aMEH B HUXEropoj-
ckux usonigtax BOb y B3pocnbix. HecmoTps Ha TO
9TO 3aMeHa TJIMIIMHA Ha cepuH B 212 moJIoXe-
HUU SgBJSeTCS IITaMM-xapakTtepHoil niust China 1,
China 2, China 3 n Alaskan, a 3ameHa cepuHa
Ha TpeOHUH B 366 KOIOHE MPUCYTCTBYET B pede-
peHcHBIX TamMMax LMP-1 China 1, Med—, Med+,
NC u Alaskan [24], B HUXETropoJICKMX U30JsITax
BOb y B3pocabIXx OHU TaKxXe ObIIM OOHApYXKEHBI
npakTU4YeckKu BO Bcex uzojigatax LMP-1 B95-§.
ITockosbKy »THM MyTauuu oTHocdaTcad K CAO-
MOMO0OHBIM, UX (DEHOTUTIMUYECKHE XapaKTepUCTU-
KU OBLJIM TOCTAaTOYHO XOPOIIIO U3YYEeHBI KaK 3apy-
0eXHBIMHU, TaK U POCCUMUCKUMU HCCIEIOBATEIISI-
mMu. MyTtanusa G212S mpuxonuTcs Ha TTIEPBBIN CAUT
pacniodHaBaHusg HOS-06enkoB (0OQHOTO U3 KOM-
noHeHTOB E3-nurasel, yyacTBYIOIIEro B Mpolec-
cuHre moyekynnl IkB — cynpeccopa NF-xB) [8].
Samena S366T nokainsyercss B OJHOM U3 CAWTOB
cBsi3biBaHusT 6eikoB SCFHOS/BATrCP u nmpuso-
IUT K TOMY, YTO MYTAaHTHBI OEJIOK TepsieT CIO-
COOHOCTH CBSI3BIBaThCs ¢ O0eakamu E3-aurasHoro
KoMILIeKca. B pe3ynaprate B KJIETKe KOHIIEHTpa-
uus LMP-1 noswimaercs, myn 6eankoB SCFHOS/
BTrCP He ucromiaeTcs, W MOAABIEHUS CUTHAJb-
Horo nytu NF-xB He npoucxonut. HakomniaeHue
Xe TpaHckpununonHoro ¢gakrtopa NF-kB urpaer
BasXHYIO pOJIb B IIpoliecce TpaHchopMauu UHGU-
LMPOBAaHHBLIX BUpPYCcOM KJieTOK [12]. Tlo naHHBIM
IPYTUX UcciaenoBaTeseit jgoodas u3 3ameH (G212S
60 S366T) accouuunpoBaHa ¢ yCUJIEHUEM aKTH-
Baunn Erk m mHOyKIMm 3kcrupeccum c-Fos [44],
YTO BJMSIET Ha TIPOIIECCHl BRIXKUBaHU S, ITpoJinude-
pauuu, nudpbepeHIUPOBKU U MUTPALIUU KJIETOK.
I[IpuMmeuaTebHO, YTO B OCHOBHOI YaCTU HUXKErO-
POICKUX M30JIATOB BOB y B3poCibIX, 1, Kak paHee
HaM¥u OBLJIO YCTAHOBJICHO, y NETel MPUCYTCTBO-
Bajia nBoliHas 3ameHa G212S/S366T [5]. JaHHoe
coyetraHue (YHKIMOHAJIBHO aCCOLIMMPOBAHO
C MOBHIIIEHUEM YPOBHS aKTHUBAIlMU CUTHAJILHOTO
nytu NF-xB u nporennkunnasesi-B (PKB/Akt) [1,
9]. Tlo naHHBIM JUTEPATYPhl Y OOJBHBIX PaKOM
HocornoTtku (PHI) u3z Poccum moBosbHO 4YacTo
Habmroganm 3ameHy S366A [6, 7], koTopas Takxke
OblJla HaMU OoOHapy:kKeHa B oJHOM u3ojsite BOb
y B3pocyoro BUY-uHbULMPOBAHHOrO MalUeH-
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Ta (BapuaHT Med—), a paHee TaKxXe y JIeTeil ¢ uH-
(EeKIIMOHHBIM MOHOHYKJI€030M (BapuaHThl B95-§
u China 1) [5].

B Hwumxeropoackux wuzojsitax BOb mMyrtanms
E328Q accouuupoBaHa UCKIIOUYUTEIBHO C BapUaH-
ToM LMP-1 B95-§ ¢ yacToToli BhISIBJIEHUS OJIU3KOM
Kk 100%. 3amena E328Q 1ocTaTO4HO LIMPOKO PACIIPO-
cTpaHeHa cpeau xxutenaeit Poccuu [2, 5, 11], a Takxke
Oblia omnucaHa B u3ojisitTax BOB oT GOJIbHBIX WH-
(GEKLIMOHHBIM MOHOHYKJIEO30M U pakKOM HOCOTJIOT-
ku B CepbOuu [15, 16]. 3amena E328Q pacriojioxeHa
B KoopauHaTtax oo1actu CTAR3 u cmocobcTByeT Me-
TabOJIU3MY IJIIOKO3bl IMyTEM YCUJIEHUS DKCIPECCUU
c-Myc nocpenctom STAT3 [47]. Ee dyHKIIMOHAIb-
HYIO POJIb CBSI3bIBAIOT CO CHUKEHHUEM LIMTOTOKCUY-
HOCTM M YCUJIEHHEM TpaHCHOpMUPYIOLIEH aKTHUB-
HocTu 6enka LMP-1. Tlpeanonaraercs, 4To oOHapy-
KEHHbIE aMUHOKUCIOTHBIE 3aMeHBI B 212, 328 1 366
nojoxeHussx LMP-1 npuaaioT 3TOMy OHKOOEIKY
arpecCUBHBIC XapaKTePUCTUKM W XapaKTePHBI JJIS
BbICOKOTYMOPOI'€HHbIX BApUaHTOB [§].

OcTanpHas YaCTh BEISIBIICHHBIX B HACTOSIIIEM MC-
clefoBaHUM MYyTaluii ocTaroTcsl (PEHOTUITUYECKU
He 0XapaKTepu30BaHHBIMU. MOXHO MPEATIOOXUTh,
YTO OHU TOTEHIIMAJIILHO MOTYT U3MEHSITh PO
BHYTPUKJIETOYHOM aKTHUBHOCTH PSOa CUTHAJIBHBIX
nyTeit u ux ouosornyeckue cporictna [10]. st BbI-
SICHEHU ST pOJIU KaxkKJIOro U3 HUX HEOOXOAMMO IMPOBe-
JIEHUE 9KCIIepUMeHTabHbIX padoT in Vitro U in vivo.

Takum o0Opa3om, Bce TepeyucIeHHbIE OCO-
o6eHHocTu u3oidaTOoB BOb y manuentoB ¢ BUY-
MHGEKIIMEH XapakKTepu3yIoT 3Ty TPYIIY JUI KakK
pe3epByap TreHeTHMuYecKoil HecTabuabHocTU BOb
U UCTOYHUK MOJIEKYJISIPHO-T€HETUYECKOro pa3Ho-
0o0pa3usl HMPKYJIUPYIOLINX IITAMMOB BUpYyca.
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GAFOLUMNTAPHAA AKTUBHOCTb JIEAKOLIUTOB
Y bOJIbHbIX PEBMATOUAHbIM APTPUTOM
HA ®OHE MTHEBMOKOKKOBOW BAKLMHAL WU

MLII. Koctunos'?, B.I1. Baroxapramaosa!, 1.B. Bumesa', E.A. Kypoarosa', A./I. IlIMmutbKo',
I.B. JIykuna*4, JI.A. Mypra3zaauena®, C.A. Cxonosa', /I.A. Biarosuaos!

'@IbHY HayuHo-uccaedosamensckuii uHCmMumym eaKuyut u coieopomok um. U.U. Meunukoea, Mockea, Poccus

2@IAOY BO Ilepsviii Mockoesckuii cocydapcmeennutii meduyunckuil ynugepcumem um. M.M. Ceuenoea Munzopaea Poccuu
(Ceuernosckuit Ynusepcumem), Mockea, Poccus

II'BY3 Mockoeckuii kaunuyeckuil Hayunoii yeump um. A.C. Jloeunosa JI3M, Mockea, Poccus
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Pestome. PemaTongHblit apTpuT (PA) — ayromMMyHHOE BOCIIAIUTEIbHOE 3200JI€BaHIE CYCTABOB, XapaKTePU3YIOIIEeCs
CUCTEMHBIM IECTPYKTUBHBIM U TIPOTPECCUPYIOLTUM BOCTIAIUTEIbHBIM CHHOBUTOM, OOYCIIOBIEHHOE TTPOAYKIINEH Hell-
Tpounamu 1 MakpodaraMu XeMOKMHOB, aKTUBHBIX (DOPM KUCIOPOAA, TIPOBOCTIATIUTEIBHBIX IUTOKUHOB B CHHOBHU-
anbHOI obomouke. Llens: nccnenoBanue mokasateseit (harouTapHOii aKTUBHOCTH JIEKOIIMTOB U (haKTOPOB KUCIOPO/I-
3aBUCUMON OaKTEPULIMIHOCTH JEHKOLIMTOB ¥ OOJIBHBIX PEBMATOUAHBIM apTPUTOM, Moayvarolux metrorpekcar (MT)
n TodauuTuHuo (TODA), BAKIIMHUPOBAHHBIX KOHBIOTMPOBAHHOM ITHEBMOKOKKOBOM BakInHoit (ITKB13). Mamepuanw
u memoosl. B uccinenoanue BkaoueH 151 manueHt ¢ PA (78,1% xeHimuH u 21,9% MyxuuH B Bo3pacTe 26—69 7er).
Baxuunanutio [TKBI13 mpoBoauiu omHOKpaTHO B 103¢ (0,5 MJI BHYTpUMBIIIIEYHO Ha (hoHe mponoskeHus npuemMa TODA
n MT. Unnnmnannio TODA nipoogunu yepes 10—14 qHeit mocjie BaKIIMHALIMA, TPYIITBI CPaBHEHUS TTOJYYaInd OTHO-
MMeHHbIe pernaparbl. Ha MOMEHT BKJIIOUEHUSI B MCCIIEIOBAHME U BO BPEMsI KOHTPOJIbHBIX BU3UTOB uepe3 3 u 12 mecs-
LIeB MPOBOAUIN HUCCIeA0BaHME (harouuTapHoi akTuBHOCTH JeiikouuTtoB U1 HCT-tect. Peszyasmamest. Tlepen Hayasom
UCCIIeJOBAaHU S MAUEHTHl UMEIU HE3HAYUTEIbHbIE KOJTMUYECTBEHHbIE U (DyHKIIMOHATbHbIE U3MEHEHU ST (haroluTapHoi
AKTUBHOCTH JIEWKOLIMUTOB, OTMEUAJIOCh CHUXKEHUE Pe3ePBHBIX BOBMOXHOCTEH KUCIOPOA3aBUCUMON OAKTEPUIIATHOCTH.
V BakumaupoBanHbIx [1KB13, mpomomkatormux TODA (11 rpymma), ormpeneieHo He3HAYUTEIFHOE CHIKEHNUE (paromm-
TapHOI aKTUBHOCTY HEUTPOGMUITLHBIX TPAHYJIOIIUTOB. Y HEBAKIIMHUPOBAHHBIX TAITUEHTOB V TPYTIIBL, TPOIOIKAIOLTUX
tepanuio TODA, HabmonaMM yCUIeHNE TIOTTIOTUTETbHON aKTMBHOCTH MOHOILIMTOB Kak yepe3 3 Mecsia, Tak u uyepe3 12
MmecsieB. Y BakunHupoBaHHbix [IKB13 maimentos PA 11 rpynmsr, npomonkatouux TO®A, oTMevann aHaIOTUIHBIE
n3MeHeHus1. Teparmust MeToTpekcatoM y BakiimHUpoBaHHBIX [TKB13 1 HeBaKIIMHMPOBAaHHBIX HE OKa3bIBasia BIUSHUS
Ha (parouMTapHYI0 aKTUBHOCTD JIeHKOLUTOB. 3akatouenue. [IKB13 y 6oabHbIX PA BBI3bIBaI0 HE3HAUYUTEIBHOE CHUXE-
HUE MOIJOTUTENbHON CITOCOOHOCTU HEHTPOMUIOB, BOCCTAHOBUBILIEECS Yepe3 Tofl MOCie BaKIIMHALIMMI, YTO COMPOBO-
KIAT0Ch YCUJIEHUEM KUCI0POI3aBUCUMOM OaK TePULIMITHOCTH IS KOLMTOB B Buie npoaykinu ADK, crocobcTByoleit
YCUJIEHWIO UMMYHHOI 321U ThI TAIIUEHTOB MIPU BCTPEYE C MOTEHIIMATbHBIMU MTATOTEHAMU.

Karouesvie caosa: pesmamoudnwiit apmpum, [I1KBI13, memompexcam, mogpayumunub, pacouumapras akmugHoCmy AeUKOUUMO8,
HCT-mecm.
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LEUKOCYTE PHAGOCYTIC ACTIVITY IN PATIENTS WITH RHEUMATOID ARTRITIS DURING
VACCINATION WITH PNEUMOCOCCAL VACCINE

Kostinov M.P.*?, Batozhargalova B.Ts.?, Bisheva 1.V.?, Kurbatova E.A.?, Shmitko A.D.?, Lukina G.V.®4,
Murtazalieva D.A.c, Skhodova S.A.?, Blagovidov D.A.?

@I. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russian Federation

b I.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

¢A.S. Loginov Moscow Clinical Scientific Center, Moscow, Russian Federation
4V.A. Nasonova Research Institute of Rheumatology, Moscow, Russian Federation

Abstract. Rheumatoid arthritis (RA) is an joint autoimmune inflammatory disease characterized by systemic destructive
and progressive inflammatory synovitis caused by chemokines, reactive oxygen species, and proinflammatory cytokines
produced by neutrophils and macrophages in the synovial membrane. The objective of the work was to study indicators
of leukocyte phagocytic activity and factors of leukocyte oxygen-dependent bactericidal activity in patients with
rheumatoid arthritis receiving methotrexate (MTX) and tofacitinib (TOFA), vaccinated with pneumococcal conjugate
vaccine (PCV13). Materials and methods. The study included 151 patients with RA (78.1% women and 21.9% men aged
26—69 years). PCV13 vaccination was carried out once in a dose of 0.5 ml intramuscularly in subjects receiving TOFA and
MTX; TOFA was initiated 10—14 days after vaccination; those in comparison groups received same drugs. At the time
ofinclusion in the study, and during control visits 3 months and 12 months later, leukocyte phagocytic activity and NBT test
were carried out. Results. Before the study, patients had minor quantitative and functional changes in leukocyte phagocytic
activity and a decrease in the reserve capacity of oxygen-dependent bactericidal activity. In PCV13 vaccinated patients
receiving TOFA (Group II), a minor decrease in the phagocytic activity of neutrophilic granulocytes was determined.
Inunvaccinated patients from group V receiving TOFA therapy, an increase in monocyte absorptive activity was observed
both 3 months and 12 months later. In PCV13 vaccinated RA patients from group I receiving TOFA, similar changes were
noted. Methotrexate therapy in PCV13 vaccinated and unvaccinated patients did not affect leukocyte phagocytic activity.
Conclusion. In patients with RA, PCV13 caused a slight decrease in neutrophil absorptive capacity, which was restored
one year post-vaccination accompanied by higher leukocyte oxygen-dependent bactericidal activity in the form of ROS

production, which helps to strengthen immune defense in patients encountering potential pathogens.

Key words: rheumatoid arthritis, PCV'13, methotrexate, tofacitinib, phagocytic activity of leukocytes, NBT ftest.

BeepneHune

Pesmatouansiii aptput (PA) — ayToumMMyH-
HOe BOCHaJIMTeIbHOE 3200JieBaHUE CYyCTaBOB, Xa-
pakTepu3ylolieecss CUCTEMHBIM JIeCTPYKTUBHBIM
W TIPOTPECCUPYIONIMM BOCTAJIUTEIbHBIM CHUHO-
BUTOM TpeOdyrollee IIUTETbHOro JjedeHus [19].
B ummyHomnartoreHe3de PA BaxHas pojib OTBO-
IUTCS HeuTpoduiaM, KOTOpble HaKalJuBalOTCs
B OOJIBIIIOM KOJIMYECTBE B CUHOBUAJBHOMN KUIKO-
CTU, MHIYIMPYS XPOHUYSCKUI BOCTIAJIUTEIbHBIN
MpOoIIecC 3a CYET MPOAYKIIUU [TUTOKUHOB U XEMO-
KWHOB M BBIPAOOTKM aKTUBHBIX (POPM KUMCIIOPO-
na (ADK) [15, 25, 32]. MIponykuus ADK 3aBucur
oT aktuBHOCTU NADPH-0okcuaa3sl HeliTpoduioB
(NOX2). U3mepenue konnvectBa ADK B 1imtosomne
HEUTPO(DUIOB C MOMOIIIBIO TECTAa BOCCTAHOBJICHU ST
HutpocuHero terpaszonust (HCT-Tecta) kKocBeHHO
otpaxaeT coaepxxanue NOX2 u naeT npeacrasJiie-
HHe o koppeasuun mexay ADK m aKTUBHOCTBIO
3a00J1eBaHUSI MIPU ayTOMMYHHBIX mpolueccax [10].
WccnenoBanusi ¢arouuTapHoOil aKTUBHOCTU JEHi-
KoIUTOB pu PA HEMHOTOUMCIEHHBI U MTPOTUBO-
peuuBsl [2, 4, 8, 9, 18, 24]. HapyuieHue addepo-
1TO3a — 3(PEKTUBHOrO U OBICTPOro haronuTo3a
MOTUOIINX KJIETOK AEHAPUTHBIMU KJIETKaMU 1 Ma-
KpodaraMu SIBJSIETCS YHUBEPCAJIbHOU OCOOEHHO-
CTBIO TIOBPEXAEHHBIX TKAHEW MTPU Ay TOUMMYHHBIX
3aboneBaHugx [16, 23, 26, 27].

HAns  CcHUXEHUsT MHTEHCUBHOCTH BoOcCHale-
HMUSI U KOPPEKIIMM UMMYHHBIX HapylIeHUN ITpU
PA Haubosiee 4acTO MCHONB3YIOT JeKapCTBEHHBIE
cpencTBa, oO0Jajarllre MMMYHOCYIPECCUBHBIM
neiictBueM. K HUM oTHOCSITCSI 6a3MCHBIE TPOTUBO-
BocnaauteabHble npenapatel (BIIBIT) — wmeto-
tpekcat (MT); TapreTHble CUHTETUYECKUE Mperna-
pathel (TcBIIBIT) — Todpauutuamuc (TOMDA); riio-
kokopTukouabl (I'K) u reHHO-UHXXeHEpHbIE OMO-
norunuveckue mnpenapatel (FMBIT) — sTaHepuenrt,
aganumymao u ap. [7, 21, 31].

ITokazano, uyto Metorpekcar (MT) momaBnsi-
eT MPOAYKIUIO IIUTOKMHOB U XEMOKUHOB, CHMU-
Kasi BOCHaJIUTEJbHBINM Mmpolecc B cyctaBax [12].
Murudutopel TNFo, Takue Kak 3TaHepLEemNT,
amaJimMymabd, CHUXKAIOT NPOAYKIIMIO IPOBOCIIA-
JIUTEJIbHBIX IIUTOKMHOB U (haroluTapHYIO aKTUB-
HOCTb MakpodaroB MOHOILIMTAPHOI'O ITPOMCXOXK JIC-
HMS M YMEHBIIIAIOT MakKpodaraabHy10 MHOUIbTpa-
LM1I0 CHHOBUAJIbHOI 000J04KM cycTaBoB [18].

Ha ¢oHe mMMyHOCYIIpEeCCUBHOI Tepanuu ma-
HUeHThl ¢ PA ToaBep>keHBbI PUCKY MHBa3WMBHBIX
MHEBMOKOKKOBBIX MH(peKIuii. B ¢BsI3u ¢ aTuM
BaKIIMHAIIMS TIPOTUB ITHEBMOKOKKA MMEET CYIIe-
cTBeHHoe 3HaueHue [1, 11, 22]. Ansa npoduiakTu-
KM IMTHEBMOKOKKOBOI MH(pEKILIMU y TTallueHTOB ¢ PA
B Poccuu MCIosib3yoT mojaucaxapujable M1 KOHb-
IOTMpOBaHHbIE MHEBMOKOKKOBBIE BaKILIMHHBI [3, 7].
Jo HacTosIIIero BpeMeHU He MPOBOAUIM MCCIIE-
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darounTo3 1 NHEBMOKOKKOBbIE BAKLMHbI

JIOBaHUI 10 OLeHKe (parouuTapHO aKTUBHOCTU
JEMKOLMTOB Yy O0oabHBIX PA BaKIIMHMPOBAHHBIX
IMHEBMOKOKKOBOM BaKIIMHOM M MOJIyYaIOIIUX B Ka-
yecTBe 0a3MCHOM Tepartid UMMYHOIEIIPECCAHTEHL.
Lenn: uccnenoBaHue nokasareneit parouuTap-
HOM AKTUBHOCTU JEMKOLMTOB U KUCJIOPOIA3aBU-
CUMBIX (PaKTOPOB OAKTEPULIUAHOCTH JEHKOIMTOB
y 60oabHBIX PA, BAaKIIMHUPOBAHHBIX KOHBIOTUPO-
BaHHOI MHEBMOKOKKOBOI Bak1nHoi [TKB13.

Marepuanbsl n MeToapl

IMpocrieKTUBHOE OTKPBITOE JIOHTUTYAMHAIb-
HO€ HccliefoBaHue IMPOBEIeHO Ha 0a3e peBMaro-
nornueckoro neHrtpa I'bY3 MKHII nmenn A.C.
Jloruuosa /I3M (2018—2021 rr.) u ®I'BHY «<HUHA
BaKIIMH M cbIBopoToK uM. W.M. MeuHukoBa».
HccnenoBaHue o1o0peHO JOKaJIbHBIM 3TUYECKUM
komutetoM 'BY3 MKHL nmenu A.C. Jlornnosa
A3M (tipotokon Ne 9 ot 17.11.2017 1.).

Hnst mpoBeaeHUWs UcCIenoBaHUS CHOPMUPO-
BaHO 6 Tpynn manueHToB ¢ PA B COOTBETCTBUU
C T0JIy4yaeMOl MPOTHUBOBOCIIAJIMTEIBHOU Teparu-
el U MPOBEACHHOM BaKLMHALMEN ITPOTUB ITHEB-
MOKOKKOBOI MHpexkuuu BakuuHoit IlpeBeHapl3
(TTKB13). B I rpynny Bxoauau naiueHTsl ¢ PA (n =
29), BakuuHupoBaHHble [1KBI13, panee He momy-
yapiue JjiedeHue TodanutTuHuoom (TODA), ko-
TopeiM ObLT HazHaueH TO®MA B mo3e 5 mr 2 pasa
B cyTku; Il rpynma — manueHTsl (n = 24), BaK1IU-
HupoBaHHble [1KBI13 u npoaokaliue Tepanuio
npenapatoM TO®A 5 mr 2 pasa B cyTku (n = 24),
III rpynma mamuenToB (n = 18) moiyyana Bakiu-
Hauuto [1BK13 Ha ¢oHe jleueHrs MeToTpeKcaToM
15—25 mr/Henenio. HeBakilMHUpPOBaHHbIE MAl[MEH-
Thl ¢ PA, monyuyaBiire ogHOMMEHHBIC TTpenapaThl
CO CXOIHOI ITO3MPOBKON, OBIIN BKJIIOUYECHBI B TPU
ciaenyrwouive rpynnbsl: IV rpynna — mnaunueHTHI
(n = 26), paHee He nojyyasmue nmpenapat TODA;
V rpynna — naiuueHTH (n = 29), npomosKarolimne
tepannio TO®A; VI rpynma manmeHToB (n = 25)
nosayJasa jeuyeHue npernapatom MT.

Kputepnu BKIIIOYEHMWSI: MAlMEHTHI B BO3pac-
Te 26—69 Jsiet, paHee He noJydaBiiue paHee I'MBII;
YCTAHOBJICHHBII TUArHO3 PEeBMaTOMIHOTO apTPHTA;
HaJIMYMe MUCbMEHHOTO JOOPOBOJILHOTO MH(MOPMU-
POBAHHOI'O COIIaCU sl Ha TIPOBEACHME NUCCIEIOBAHM .

Kputepuu WHCKIOYEHHUS: OTKa3 MallueHTa
OT HaJbHEUIIIETO MCCJIENOBAaHMS, CMEHA Tepanunu,
OCJIOXKHEHU S mpoBoAnMOl Tepanuu. M3 nanpHeii-
1LIEr0 UCCAeA0BaHM I UCKII0UEHbI uepe3 3 Mecsiua 17
ooabHbIX PA: B I rpynne 4 manueHnTa (3 60JIbHBIX —
0TKa3, y 0gHOro 6oysbHOro ociaoxkHeHue PA); B 111
rpymre 5 manmeHToB (4 malyeHTa — OTKa3, y Of-
Horo namueHta cMeHa MT u3-3a HernmepeHOCUMO-
ctun); B IV rpynne onuH nauueHT; B V rpynre 2 na-
uueHTa, B VI rpynme 5 naieHTOB.

Baxuunanuio [TKB13 mpoBoguan B 1e 15TOBU I~
HYIO MBIIIIY BHYTPUMBIIIEYHO B 00beme 0,5 M.

OO0pa3ubl TenapuHU3MPOBAHHOW KpOBU Ma-
LIMEHTOB MCCJeIOBalu [0 Hayaja HCCICAOBaAHUS
u yepes3 3 u 12 Mecs1ieB.

Dacoyumapunas  AKMUBHOCMb  NCUKOUUMOE
(DAJI). TIOTIIOTUTEIILHYIO CITOCOOHOCTH JICHKOIIN-
TOB TPOBOAMJIM METOAOM ITPOTOYHOU Ja3epHoit
nuTodaoopuMeTpun. B kadecTBe o0BeKkTa HC-
CIeOOBaHUS WCIIOJIb30BaJIM MHAKTUBUPOBAaHHBIC
HarpeBaHueM MUKPOOHbIe KJIeTKu Staphylococcus
aureus, Me4eHHbIE (PIIOOPECIEMHU30TUOILIMOHATOM
(PUTL). Cmech, COCTOSIIYIO U3 TenapuHU3UPO-
BaHHOM KpoBU U PUTII-MeueHHOTO cTaPUITOKOK-
Ka, nunkyouposaau 1npu 37°C B TeueHue 30 MUH.
3aTeM JTU3UPOBAU SPUTPOIINUTHI, KICTKHW TPUKIBI
oTMBIBaIu pacTBopoM M3otoHa. [TonydyeHHBIT 00-
pa3ell aHaJIM3UPOBaIN Ha IMIPOTOYHOM IUTOMIYO-
pumetpe «FC-500» (Beckman Coulter) [6].

HCT-mecm. [ns mipoBeneHUs CIOHTAaHHO-
ro HCT-tecta B3Bech JICMKOLIUTOB, BBbIJCICH-
HBIX M3 TeIlapuHU3MPOBAHHOW KPOBU, HAHOCHUJIN
Ha IpeaMEeTHbIe cTekJa U uHKyouposaau ¢ 0,1%
pactBopoM HCT u ¢ochaTrHo-coneBbiM Oydepom
npu 37°C 30 MuH Bo BiaxHoi kamepe. [1Tpu mocta-
HoBKe ctuMyiaupoBaHHoro HCT-tecta K neitko-
OUTApHON B3BECH IPHOABISIIN YaCTHUIIHI JIaTeKca
pasMepoM 1,5 MKM U MHKYOMpPOBau KaK OMMUCaHO
Bbile. IlpemapaTel UKcUpoOBadM, OKpalldBaJIu
no PomanoBckomy—I'nm3e. OlLieHKY pe3yjbTaTOB
OPOBOIUIN METOAOM CBETOBOM MUKPOCKOITUN
C UMMEPCUOHHBIM 00BbeKTUBOM X100 myTem moa-
cyeTa KJIETOK, COAepXKalluX TeMHO-(UOJETOBbIE
rpanyibsl  ¢opmaszaHa (hopmaszaHIIO3UTUBHBIC
KJeTKn) [5].

PaGoTa BbITOJIHEHA C UCIIOJIb30BaHUEM CEePTHU-
duuuposaHHoro obopynosanus LleHTpa KoJuek-
TuBHOro mnoJjb3oBaHusi ®I'bHY «HWUMWM BakuuH
u ceiBOpoTOK M. M.M. MeuHuKOBa».

Cmamucmuuyeckuii aHaiu3 TPOBOAUIIHN C TIOMO-
mbio mporpaMMbl SPSS statistics 26 (IBM, CIILIA)
C UCMOJIb30BaHUEM HellapaMeTPUUYSCKUX KPUTEPU-
eB XM-KBajJpaT, MaHHa—YUTHU u BujikokcoHa rpu
CpaBHEHUU BU3UTOB.

Pesynbrarhl

B uccinenoBanuu npuHumali yyactue 151 namu-
eHT ¢ PA, u3 nux xxenmuH 118 (78,1%). CpenHunii
BO3pacT malueHToB cocTaBui 53,3 roma (tadn. 1).
I'pymmel  OBIIM  COMOCTAaBHUMBI IO  BO3pacCTy.
IMauuentsr Brpynnax [ u IV, panee He mosyyaBuiue
neyeHue TODA, xapakKTepru30BaJIUCh BHICOKOI aK-
TUBHOCTbHIO 3a00JieBaHUS. B ocTaJbHBIX I'pyImnax
MalueHTOB aKTUBHOCTH PA Oblia cpeaHeit.

Tlokazameau acoyumapnoii akmusrnocmu aeii-
xoyumos. DaronurapHasi aKTUBHOCTb TpaHY-
JIOLUTOB Tlepudepudeckoii KpoBu OOJbHBIX PA
no BBeaeHus [TKB13 B GonblIMHCTBE 0OCiemye-
MBIX TPYHOI HE OTJIWYaJach OT HOPMaJdbHBIX 3Ha-
geHui (95—99%) (tab6i. 2). Toapko y manmeHToB 11
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Ta6nuua 1. flemorpaduyeckas xapakTepucTuka uccnegyemMbix 60sbHbIx PA
Table 1. Demographic characteristics of the studied RA patients

BakuuHupoBaHHbie MKB13/rpynnbi HeBakuuHupoBaHHbie/[pynnbl
Mokasatenu Vaccinated PCV13/groups Unvaccinated/groups
Indicators | Il 1 v v v
(n=29) (n=24) (n=18) (n=26) (n=29) (n=25)
My>XuuHbl/XKeHLWwmHbl, % N X
Men/Women, % 10,3/89,7 33,3/66,7 22,2/778 26,9/73,1 10,3/89,7 32,0/68,0
Bo3pacT, Me (Q25%; Q75%) 53,0 55,5 51,0 53,5 54,0 53,0
Age, Me (Q25%; Q75%) (43,5; 58,0) (47,3; 62,8) (44,5; 59,3) (49,8; 58,3) (43,5; 65,5) (42,5; 59,0)
DAS28 (COJ) 6,1 3,7 4.4 5,6 3,7 4,2
DAS28 (ESR) (5,2;6,8) (3,1,4,4) (3,8,4,8) (5,1;6,1) (3,2,4,3) (3,3,4,8)

MNpumeyanue. [10CTOBEPHbIE PA3ANYMSA MEXAY OAHOUMEHHBIM Fpynnamu y XeHwuH (p, ) = 0,04.

Note. Significant inter-group differences in women (P, ;) = 0.04.

u [V rpy1int BeISIBJIEHO HE3HAYUTEJIbHOE CHUKEHUE
MOIVIOTUTEJIbHON CIMOCOOHOCTU TIPaHyYJIOIMTOB:
Bo II rpynne (mauuMeHTBI, MPOAOJXKAIOLIME MPU-
eM TODA) — o 94,7% w B 1V rpynre (ImaliueHTHI,
HaumHalomue mmpueM TODA) no 94,0%. Yepes 3
Mecdua nocjie npopeaeHus: BakuuHauuu [MTKBI13
W TIPOAOJIKeHMS TIpueMa 0a3WCHBIX ITpernapaToB
B 1, III, Vu VI rpynnax darouurapHasi aKTUBHOCTb
ocTaBajlach B Tpejesiax HOpMaJIbHBIX 3HAauYeHUH,
a Bo Il u IV rpynmnax aTot napaMeTp Ipoaoxall
0OCTaBaTbCsI CHUKEHHBIM, C TEHISHIIMEN K CHUXE-
HWIO B TPYIITE OOJBHBIX, IJIUTEIbHO MOTYYaBIINX
TO®A. Cniycts ron mocjie BaKIIMHAIIMKA U Hadaja
MpOBeAeHUs TTPOTUBOBOCTIAJIUTEIBHOM Teparuu
MeIuraHHOe 3HauYeHue (ParonuTapHoil aKTUBHOCTHU
rpanyjgouutoB y nanuentos I, 111, V u VI rpynn
ocraBaJioch 6e3 uaMeHeHUi (95—96%), a y 6oJib-
HbIX 13 I rpyTimel, npopoxkatomux nprueM TODA
HaOJIIOJa I TEeHICHIMS K YBEJMYCHUIO TaHHO-
ro TMoKa3zaTessd A0 HOPMaJIbHBIX 3HaYeHUH (p,; =
0,057).

®daronurapHasi aKTUBHOCTb MOHOIITMTOB JIO Ha-
yajia MCCJIENOBAHUS BO BCEX T'PyIIax MalMeHTOB
Obly1a B mpeneaax HOpMbI (Tabm. 2). [1pu aToM Ha-
OJromajii CylIeCTBEHHBbIE pa3nuuus mexay [V
u V rpynnamu (p = 0,044). ¥ nauueHTOB, TPOaOJI-
xkawomux npuem TODA, nmoryioTuTeIbHAST CIOCO0-
HOCTh MOHOLMTOB Obl1a Huxe 70,0 (63,8; 79,0),
yeM y JIUI, TOJbKO HAaYMHAIOIINX Teparuio 3TUM
npernapatoM. Yepe3 rom OT Hayajaa HCCJeAOBa-
HUg y TarneHToB II rpymnimel mociie BakKIMHAIIA A
TTKB13, npoBeaeHHoO#t Ha (oHe Oa3uCHOII Tepa-
nuu, HaOJIoIaJlu NOCTOBEPHOE yBeaudyeHue da-
FOLIUTAPHON aKTUBHOCTU MOHOLUTOB ¢ 70,5 (64,5:
80,75) mo 79,0 (67,25; 89,23), p, ; = 0,029. BV rpynne
(He BaKIIMHWPOBAHHBIE, MPOJIOJIKAIONINE TTPUEM
TO®A) — darounTapHasi aKTUBHOCTh MOHOIIM-
TOB UMe€Jia TeHJeHI IO K yBeanueHuio ¢ 70,0 (63,8;
79,0) mo 73,0 (68,0; 82,0), p, 5 = 0,067.

Ananausz npodykuyuu aKkmuéHwvix ¢opm Kucaopooa
Helmpo@puabHbiMU epanytoyumamu. J1o Hayala uc-
CJICIIOBAHMSI, BO BCEX TPYTMIaxX MallueHTOB MTPOIIEHT
¢dopmazaH-TIO3UTUBHBIX KJIETOK, a TAKKe CPETHUN

LIUTOXUMUWNYECKUN MHIOeKC B crnoHTaHHOM HCT-
TeCcTe, OTpaXarwlluii KHUCJIOPOA3aBUCUMYIO Oak-
TEPULIUAHOCTh HEUTPODUIBHBIX T'PAaHYJIOLUTOB
HE OTJWYaJIUCh OT HOPMaJibHbIX 3HaueHuu (0,1—
0,32) (ta6m. 2). CrmonTtanHast mponykuuss ADK
HEUTPOPUIBHBIMU TpPaHYJIOLMTAMU B TpyIIIax
BakuuHupyembix nanueHToB (I, II, IIT rpymrer)
HE uMeJa pas3juyuii B TMHAMUKE HaOIIOJeHUS.
Y HeBaKIIMHUPOBAHHBIX TTAIIMEHTOB B V TpyIIIie,
nponxokatomux npueM TODA, oTMedaan CHIXKE -
HUe crioHTaHHOU mpoaykinu ADK neitkonmramMmu
(p,, = 0,017) yepes 3 MecALa OT Hayasa UCCIIEN0BA-
HU, Torna Kak B [V rpy1ime, HaYMHawIIen mprueM
TO®A, ananornayHoe yMeHbIIIEHUE OTMEUYaIn Je-
pes 12 mecaues (p,; = 0,019).

ConepxaHue ¢GopMa3aH-MMO3UTUBHBIX KJIETOK
B ctuMyaupoBaHHOM Jiarekcom HCT-tecte y na-
uneHToB PA no mavasta BaknuHauuu [1KB13 6b110
HE3HAYUTEeIbHO HUXe HOpMbI (38—39%). Yepes
3 Mecsla U CIycTs roji OT HavaJla UCCJIeIOBAHU S
Habonanu Hapactanue rmpoaykinu APK reitko-
nuramu, focrosepHoe B I rpymnre (p; ; = 0,02) u TeH-
neHuuo K yennuyenuto B [11 rpynne, monyvarommx
MT (p,;=0,058). B rpynnax HeBaK IMHUPOBAHHBIX
nanueHToB ¢ PA, yBenunueHus conepxaHus ¢op-
Ma3aH-TIO3UTUBHBIX KJIETOK (%) M CPETHEro IIUTO-
XUMUYECKOTO WHAEKCA HE OTMEYaJiu.

Unnekc aktuBauuu neiikonutos B HCT-tecte
y 76—92% mnauuentoB PA Bo Bcex rpyimax ObLa
HUKe HOpMBI (= 3,0 y.e.) (Tada. 2). Yepe3 3 u 12 me-
CS1IeB MaHHBIN MoKa3aTeJdb YBEJIWYUBAJCId, HO HE
JIOCTUTaJ HOpMalibHbIX 3HaueHui. Bo Il rpymnmne
WHIEKC akThBauuu noctur 2,43 (2,20; 9,95), p,, =
0,029, uepe3 3 mecsua. Hauboliee BbIpaskeHHBIM
noabeM MHIEKca aKTUBALIUU JICWKOLIMTOB OTMeE-
Jajgu B TpyIax MallMeHTOB, BaKIIMHUPOBAHHBIX
IMKBI13, B I rpynme TO®A 110 2,8 (2,20; 3,25) (p,; =
0,022) u II rpynne npononxkatomeit TODA mo 2,6
(2,40; 3,05), p,; < 0,001, ugepes 12 mecaues. Torna
Kak B VI rpynne y HeBaKIIMHUPOBAHBIX OOJbHBIX
Ha ¢oHe Tepanuu MT BbISIBJ€HO CHUKEHUE WH-
Jlekca akTuBaluu HeuTpodpuiaos mo 2,35 (2,05;
2,68) uepes 12 mecsiues p, ; = 0,036 (Tab. 2).
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M.IM. KoctuHoB 1 Ap. MHdekumns n uMmyHuTeT

g Ob6cyxaeHune
—~| =] S
EX e §- § ~ § § Ilpu PA axkTuBUpoBaHHBIE (arolUThl MOTYT
ZES5q |g|e sl S |2 MHULIMHUPOBATh U MPOJOHTUPOBATh MOBPEXIACHUS
4 d c S NS % g CUHOBHMAJBHON 00OJIOUKM CYCTaBOB, UTO B KOHEU-
=== 3 5 3| 2 LT) HOM UTOTe IPUBOIUT K MX TecTpyKunuu. [MosgBieHne
2 o % ayTOAHTUTEJ COTIPOBOXAAeTCsI 00JIee TIKEITbIM Te-
= 5 genmem PA [29, 30].
g § 2 | % Mo nanubiM Arleevskaya M.I. u coasrt. (2011),
- H % <33 - SR> § TPaHYJOUUTHI Y OOJTBHBIX C PAHHENW KJIWHUYECKOU
E" ;5 ? g % S S iy UN, (-\o'- z 3 ctaaueii pPA (MpoaoKUTEJbHOCTh 3a00JIeBaHUS
< 8 s N E '_| £ A AR 8 MeHee 6 MecsilieB) U nosaHeit nPA (> 3 seT) noka-
E— g'g > g >3~ ~ E :,— = 3a711 HOPMaJIbHBIMA YPOBEHb CIIOHTAHHOW U CTH-
<4 S 2 2 e S MYJINPOBAHHON MPOMTYKIINN aKTUBHEIX (pOPM KHC-
2 5 5 Jopoma. DaronuTapHas aKTUBHOCTh JIEMKOIIMTOB
E- o »—l B OTHOIIEHUU S. aureus Oblaa 3aMETHO CHHKEHa
& * <2 < 2 |@ Sls cﬂé y marneHToB ¢ nPA [9]. )
z g g w2 o o3 2 Mo mannbim Jlymmnaesoii FO.A., Pomanosoii C.1O.
i) =g 'TGE) | S|2 (S 2 (2009) B mepuon Maunudecrannuu PA nabaromanun
s S >I z > 2 £ 3’ ‘;“; ~ 2 CHUXXEeHUe (parouTapHOi aKTUBHOCTU HEHTpOPU-
\g- %‘ —2 & |o||" E JIOB mepudeprIecKoil KpOBH, aCCOIMUPOBAHHOE
6 3 £ C TUIMCPOKCHUIAMEH JTUITUAOB KJIETOUYHBIX MEM-
ql,-, :é 8 OpaH 1 aKTUBHOCTBIO BOCITAJIMUTEILHOTO ITpoliecca.
5 el E o~ g IToka3zaHo yrHeTeHue arouuTapHOil aKTUBHOCTU
:'s: e EXs | gl % M CHMKCHHE TT0Ka3aTesieil CHOHTAaHHOTO U CTUMY-
Wei El = N =4 =3 c"\fl: & supoBaHHoro HCT-TecTa y mallueHTOB C PAHHUM
S o = =| £ % olT °\T ) PA. HopmanbHble mokazateau HCT-tecra, Kak
g = 2 B Ny MET < 5 3 CIOOHTAaHHOTO, TaK U CTHUMYJUPOBAHHOIO pEru-
’CE & % " g b Z crpupoBaliu B cpenHeM y 40% 6oabHbIX pPA, HuXXe
3 % % Cgl Cg.g \é g HOPMBI yjl9% u Boiie — y 11%. [lokazarenu (%aro—
Z 2 |m E) %a’_ ) =) PR 56 3 IUTapHOI aKTUBHOCTHU B Mpeeiax HopMbl Ha0JI10-
) S = 3 o g SRIRSIE] gl g § § Jaiu auib y 4%, darouurapHoe yucio — y 97%,
5|2 o} cgPzvNgI] e SSlg8s MHJIEKC 3aBEePLICHHOCTU (harounTosa — 6ojee yem
> 2z S | 8 | g _Ié_ didlal 55 583 y TIOJJOBMHBI 00CIENOBAHHBIX. BEISIBIEHA TTpAMasd
= % |8 % = §_= o 1&(2|&|ee 85 ¢ KOPPEJIIILMOHHAs B3AMMOCBA3b MEXITY MOKA3aTe-
o f §.'g c R % %’ 5 JAMU GarolUTapHON aKTUBHOCTU HEUTPODUIOB
S0 £33 M MapKepaMH BOCITAJIUTEJIBHOTO Ipoliecca — Cy-
S % g | £E® 3 cTaBHBIM nHAeKkcoM Puuu u conepxkanuem CPbB [4].
3 & @ < S o -% . 2R § o3 § C npyroii ctopoHbl, de Siqueira M.B. u coaBr. (2015)
38 g 3%5 s& z z ol 2|8 §§ MoKasajii, 4To (arouuTo3 U MPOLYKIIUS CyMep-
6 § 'T g 'T% LS g L I_:lrg | OKCHJI-AHVOHOB HE KOPPEIMPOBAIM HU C OJHUM
% = -Z-3%7|a|o @l e 3 8 5 KJInHUYecKUM napametrpom npu PA [18]. OmHako
= g I o o | % i"( § y CepOI'[03I/ITI/I(];)HBIX MalMeHTOB C PA6C ayToaHgZTeeé
& 9 5§83 JJaMU HEUTPOMUJIbI 1 MOHOLIUTHI O0JIagaau 0o
E TCD) g § § E l BBICOKOI (harouuTapHoil ak TUBHOCTb U CLIOCOOHO-
-3 g s § kZ g g . 5 gf CTBIO K BBEIPAOOTKE IMUTOTOKCHMUYECKUX PAaINKaAJIOB
i g S g = Sl ¢1ges KHCIopoAa MO CPaBHEHUIO B CEpPOHETaTUBHBIMU
35 S g2 a ONI) T E gé MalueHTaMU U 310pPOBbIM KOHTpoJieM [18].
e 2o 8 < ® 220 Jymmaesa 0.A., Pomanosa C.10. (2009) mpo-
8 2 =92 EI::E BeJIM MCcienoBaHue (aronuTapHO aKTUBHOCTU
Y E g f: JIEMKOLIMTOB Ha (pOoHE JIeUEHUSI METOTPEKCATOM,
Y 3 8§ % ndumkcumMaboM U putykcumabdom. Yepes 12 mecs-
z 2 : . S¢ &5 = T & LICB TEATIMU METOTPEKCATOM 3apericTPUPOBAHO
b ) E S a >‘_—~§ 62373 CHUMKEHUE ToKazaresieil ¢haromuTapHoil aKTUB-
'q-: % S -.‘;3 E § = g x e = HOCTHU, (parouMTapHOIO 4YMcjiIa U MHIEKCa 3aBep-
e = x _g‘,'\’ =5 § gg 3 LIEHHOCTU (haroLuTo3a HEWTPOdUIOB nepmpe:
N = % 2 5 : g %‘..’ Cll_ puyeckoit kpoBu. [IpoBeneHHbII CpaBHUTEIbHbII
s % = 7;5_, s § S| 25 aHaiu3 3P GHEKTUBHOCTU TEPAITUU METOTPEKCATOM
5 A Sz2zcC|8s8 ynauueHToB ¢ pPA uepes 12 Mecs1ieB Tepanuu npo-
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JIEMOHCTPUPOBAl 3HAYUTEJbHBI KIUWHUYECKUN
NPOTUBOBOCHAJIUTENbHBINA 2(dekT. B nuHamuke
Tepanuu METOTPEKCAaTOM OTMedaJu WHOeKIu-
oHHbIe ocjioxkHeHuss (OPBU, aHruHa, raiMopur,
OCTPBIi OPOHXUT, THEBMOHUS) [4]. ¥ manueHTOB
PA, nmonyvaromux udaukcumad, oTMEUYEHO CHMU-
KeHue darouuMTapHoil aKTUBHOCTM UM MHIAEKca
3aBEPIIEHHOCTU (harouuTo3a, Toraa Kak mpu Te-
panuu puTyKCMMaOOM BbISIBJIEHO IMOBBIILIIEHWE O~
Kazateneid ctumynupoBanHoro HCT-tecta uepes
12 mecsueB [4]. B TeyueHue 12 Mecs1eB y malueH-
TOB, MTOJIy4yaBIIUX UDIAUKCUMAD, OTMEYau YacThie
WHGEKIIMOHHBIE OCITOXKHEHMU 51, aCCOLIMMPOBaHHbIE
Cc MHTeHcUuduUKaluei nepeKMCHOro OKUCIeHU S JTU-
NUI0B B MeMOpaHaX HEUTPODUIOB U CHUXKEHUEM
darouuTapHoOil akTUBHOCTH KJeTOK. [IpumeHeHue
puTyKcuMaba Hapsay C BbIpaX€HHBIM IMPOTHUBO-
BOCIAJIUTEIbHBIM AEUCTBUEM HE BbI3bIBAJIO Pa3BU-
TUS HEXeJIaTeJIbHbBIX MTOOOYHBIX 3(P(HEeKTOB y O0JIb-
HbIx PA [4].

ITo manabIM JanéInova V u coast. (2017) y ma-
ueHToB PA HaOmtonanu 60jee BbIpaXeHHOE CITOH-
TaHHOE BHYTPUKJIETOYHOE OOpa3oBaHMUE AKTUB-
HbIX POpPM KUCJIOpOAa IO CPABHEHU IO CO 3TOPOBBIM
KOHTpoJieM. ¥ nmauureHToB ¢ PA, monyyaroummx reH-
HO-UHXEHEpHbIe IpemnapaTrbl (amaJiuMymad, ro-
JUMyMab, 3TepHALIEIT, TOLMJI03yMad), (harouThl
NPOAYLIUPOBAIY 3HAYUTETBHO OOJIbIIE OKCUIAH-
TOB BO BHEKJIETOUHOE MPOCTPAHCTBO IO CpaBHE-
HUIO C KOHTPOJbHOUW TPYIINOA U TPYIIIIONA Malu-
€HTOB, MOoJyJYallIUuX METOTpeKcaT U cyibdacaia-
3UH B KOMOWHAIIUU TJIIOKOKOPTUKOCTEPOUTHBIMU
npernapatamu [24].

TodhauuTUHUO MPOAEMOHCTPUPOBAT 3HAYUTEIb-
HYI0 3(dDEKTUBHOCTD Mpu JiedeHuru PA myTtem 0J10-
KVPOBaHUSI CUTHAJbHBIX MyTel aKTUBALIMU CUHTE3a
MpPOBOCIAJIMTEbHBIX HMTOKUHOB [13, 14, 28].

WccnenoBaHusi BAUSHUS BaKLUHALMU Mallv-
eHTOB ¢ PA KOHBIOTMPOBAaHHOI MHEBMOKOKKOBOM
BaKIIMHOW B 3aBUCUMOCTU OT IMIPUHUMAEMBbBIX UM-
MYHOCYIPECCUBHBIX (hapMaKkonpernapaToB paHee
He MMPOBOIMUIIH.

Cnucok nutepatypbl/References

¥V nauueHToB ¢ PA 1o Hayasia mpoBeneHU S BakK-
nuHauuu [TKBI3 He BBISIBJIEHO CYLLIECTBEHHbIX U3-
MEHEeHUH parouTapHO aKTUBHOCTH JIEUKOIIMTOB
M Pe3ePBHBIX BO3MOXKHOCTEU KMCI0POA3aBUCUMOM
0aKTEpULIMAHOCTU. DTO corjacyeTrcs ¢ JaHHBIMU
Kab6unooit A.B. u coasrt. (2018), koTopble oTMeya-
JIM HE3HAUMUTEJbHOE yBeJnYeHue (aroluTapHOro
uHAeKca U (parouMTapHO aKTUBHOCTU Yy MallMeH-
TOB ¢ PA [2].

darouuTapHass aKTUBHOCTH JICHKOIIUTOB OOJIb-
HbIX PA, BKJIIOYEHHBIX B JaHHOE HCCJIe0oBaH1e, TI0-
cie npoBeneHus BakuuHauuu [TKBI13, xapaktepu-
30BaJlach YCUJIEHHEM MOTJIOTUTEIbHOI CIIOCOOHOCTU
MOHOLIMTOB, YYaCTBYIOILLIUX HE TOJIbKO B (harouuTap-
HBIX peakKIMsIX, HO Y BBITIOJHSIOIINX aHTUTEHIIPE-
3eHTUPYIOIYI0 (PyHKIIMIO. AKTUBALMSI MOHOLIMTOB
COCOOCTBYET 3aITyCKy Kackajga UMMYHOJOTMYeCKUX
peakumii, BeAylmuxX K CUHTE3Y crielupuieckux (rmo-
CTBaKILMHAJbHBIX) aHTUTEN. Yepes 3 Mecslia 1 yepes
1 ron nocne BakuuHauuu I[TKBI3 Habaonanu ycu-
JieHue cuHTe3a (haKTOPOB KUCIOPOA3aBUCUMOI OaK-
TEPULIMTHOCTH JIEUKOILIMTOB, CLIOCOOCTBYIOIIEN yCU-
JIEHUI0O UMMYHHOI 3alMTHhI ITAalLIMEHTOB IMPU BCTpeye
C MOTeHLIMaJbHBIMU ITAaTOreHaAMU.

3ak/yeHme

YV BakumHupoBaHHBIX [IKB13 6oapHBIX PA,
nponoxaromux mpueM TODA, orrpenencHa TeH-
IEHIMS K He3HAYUTEJIbHOMY CHUXKEHUIO (paroirm-
TapHO aKTUBHOCTU HEUTPOMUIBHBIX T'paHYIO-
OUTOB Yepe3 12 MecsieB. Y HeBaKIIMHUPOBAHHBIX
HalMeHToB, Tpomoikammux Tepanuio TO®MA,
HaOJIOdaIu yCUJICHNE TTOTJIOTUTEIbHON aKTUBHO-
CTH MOHOIIMTOB, KaK depe3 3 MecsIa, Tak 1 9epe3
12 mecsaues. Y BakunHupoBanHbix [TKB13 manu-
eHToB PA, nmponomxkaromux sedueHne TODA, orme-
JaJIi aHAJIOTUYHBIC n3MeHeHU . Ha (hoHe Tepanum
METOTpPEKCaTOM y ManneHToB ¢ PA, BakIImHMpO-
BaHHbIX [IKB13 1 HeBakIIMHUPOBAHHBIX, CyIIIE-
CTBEHHBIX U3BMEHEHM 1 (haroOIMTapHO aKTUBHOCTH
JICUKOIIMTOB HE BHISIBJICHO.
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Abstract. Background. Cytokines are key players in the immune system’s reaction to HIV and play a crucial role in HIV
pathogenesis. Dysregulation of cytokines can contribute to the disease’s pathogenesis and associated complications,
making a comprehensive understanding of their roles crucial for developing efficacious therapeutic interventions against
HIV/AIDS. Therefore, the aim of this systematic review is to examine the role of cytokines in HIV associated neurological
manifestations and related complications. Materials and methods. Databases such as PubMed, Scopus, Web of Science,
and Embase were explored for original English literature until September 10, 2022. Eligible articles for data extraction were
screened and selected in two steps using some inclusion/ exclusion criteria. This study conforms to the PRISMA checklist
and Newcastle-Ottawa Scale (NOS). Results. This review included a total of 15 studies. It was identified that cytokines were
associated with sleep problems and numerous neurological manifestations. The most common neurological conditions
include dementia, seizure, meningitis, cerebral toxoplasmosis, microcephalus, encephalitis, and gliosis. Commonly
used cytokines detection methods included PCR, ELISA, Luminex xXMAP multiplex platform, and PUREGene DNA
Isolation System. Cytokine samples were mostly taken from blood and tissue. Conclusion. There is an interconnecting
pathway of cytokines, neurological function (mainly dementia), and sleep habits in people living with HIV. Despite
this, the mechanism of cytokines influencing sleep problems and neuropathological disorders remains unclear. Further
research is warranted to determine the potential mechanisms and impact of cytokines associations in HI'V progression.

Key words: HIV, AIDS, cytokines, infection, HIV infection, neuropathological disorder.
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LUNTOKWUHbI U BUM-ACCOLMMPOBAHHBIE HEBPOJIOTMYECKUE NPOSABJIEHUA:
CUCTEMATUYECKWNUN OB30P

CeitenAnunaru C.!, Adcaxu A.M.2, Mup3anyp I1.!, Anukapamu C.3, Ad3ansan A.3, Martunu I1.4, Maxpoxu C.!,
Auu 3.5, ITamau A.°, Dcaamu C.3, Baxean @.3, ITapanmxkxy I1.7, Xaouou M.A.%, Mojaa A.°, Taxxy A.°,
ITapuxanu C.H.3, Mexpaun D.!°, Xakerr JI.!!

! Hpanckuil uHcmumym no CHUMCEHUI pUCK08anHHo20 nosedenus, Tecepanckuil ynueepcumem meouyunckux Hayk, Teeepan, Hpan
2 Kaaugpoprutickuii ynusepcumem, Can-Jueeo (UCSD), Kaaugoprnus, CIIIA

3 Teeepanckuii ynusepcumem meouyunckux nayk, Teeepan, Hpan

4 Hpanckuil ynueepcumem meduyurckux Hayx, Teeepan, Hpan

S Yuueepcumem Cackauesana, Cackamyn, Kanaoa

¢ Yuueepcumem bpumanckoii Koaymbuu, Bankysep, Kanada

7 Amepukanckuii ynugepcumem Apmenuu, Epeean, Apmerus

¢ Yuueepcumem meduuyunckux nayx Kym, Kym, Hpan

* Yuueepcumem meduyunckux Hayk bywep, Bywep, Hpan

10 Yuugepcumem meduyunckux Hayk Xaaxan, Xaaxan, Hpan

I Cuoneiickuii ynueepcumem, Cuoneii, Hoswiit FOxcnoiii Yonvc, Aecmpanus

Pesome. LIMTOKMHBI UrpaloT KJIOUEBYIO POJib B peaklMM MMMYHHO# cucteMbl Ha BUY u B matoreneze BMY-
nHbekuu. HapyiieHre peryasinny UTOKMHOB COTPOBOXIAET pa3BUTHE 3a00J¢BaHMS 1 CBI3aHHBIX C HUM OCJIOX-
HEHMI, UTO JeIacT pelaoninM MOHNMaHKe UX polin B maroreHe3e BUY mist pazpaboTku 3 (peKTUBHBIX TEPATICBTH-
yeckux BMemmatenbcTB mpotuB BUY/CIT Ia. B 3T0ii ¢BsSI3M 11710 HACTOSIIET0 CUCTEMATUIeCKOT0 0030pa IBJISETCS
M3y4YeHUE POJIM IIUTOKMHOB B Pa3BUTUN HEBPOJOTMUCCKUX ITPOSBICHNUI, CBI3aHHBIX ¢ BUY-mHpekmeit, u ee oc-
JoXXHeHWt. Mamepuansl u memoost. JIst U3ydeHUsT OPUTUHATHHON aHTIOS3BITHON JINTEPATYPHI, OMYyOIMKOBAHHOMN
1o 10 cenTsaops 2022 1., OBIIN MCITOTB30BaHbI 0a3bI TaHHBIX PubMed, Scopus, Web of Science 1 Embase. [Togxonsimue
CTaThU IJI51 OLEHKW TaHHBIX ObLIM MPOBEPEHBI U OTOOPAaHBI B IBAa 3Tala C UCMOJb30BAHMEM HEKOTOPHIX KPUTEPU-
€B BKJIIOUEHUSI/UCKJIIOUEHHUS, B COOTBETCTBUU C KOHTPOJbHBIM criickoM PRISMA u mkanoit Heriokacn—OtTaBa
(NOS). Pe3yabmamut. B 0030p ObLIM BKJIIOUEHBI 15 nccaenoBaHuii. BbIao BBISIBAEHO, UTO LIMTOKMHBI aCCOLIMMPOBA-
HBbI C HapylIeHWEM CHa U MHOTOYMCISCHHBIMU HEBPOJIOTMUYECKMMHU MposiBAeHUsiIMU. Haubonee pacipocTpaHeHHbI-
MM HEBPOJOTUUYECKUMU COCTOSIHUSIHU SIBJISIIOTCS AEMEHIIUS, CyIOPOTH, MEHUHIUT, LiepeOpaibHbIi TOKCOIJIa3MO3,
MUKpouedanus, sHuedanut u rarno3. OOBIYHO UCIOJIb3yeMble METOIBI 0OHAPYKeHUST HUTOKUHOB BKJtouaroT ITLIP,
HN®A, mynprumiekcHyio miargopmy Luminex xMAP u cucremy Boizenenus JTHK PUREGene. CogepxaHue UTO-
KHMHOB TJIaBHBIM 00pa30oM OIICHUBAJIOCh B 00pa3iiax KpoBU U TKaHel. 3akawyerue. CylmiecTBYeT B3aUMOCBSI3aHHAs
acCcoIMaIs MeX Iy IUTOKMHAMU, HEBPOJIOTUUECKOM (DYHKITMEH (B OCHOBHOM IEMEHIINH) 1 PEXKMMOM CHA y JIFOICH,
xuBymux ¢ BUY. HecMoTps Ha 3T0, MeXaHM3M BIMSHUS MIUTOKMHOB HA COH U Pa3BUTHUE HEMPOMATOIOTHUECKUX
paccTpoiicTB ocTaeTcs HesICHBIM. HeoOXommMBI JaTbHEH TN NCCIIeIOBAHMS IS OTIpeNeIeHUS TOTEHIIMATBHBIX Me-
XaHW3MOB U BIMSTHUS acCCOLMAIIMI IUTOKMHOB Ha TIporpeccupobanne BUY-mHdexmm.

Karoueesvie caosa: BUY, CIIHII, yumokunsl, ungpexyus, BUY-unghexyus, Heliponamoaoeuueckoe paccmpoiicmeo.

of T cells. A disturbance in this regulation often leads
to immune system dysfunction, driving HIV pro-
gression [18].

Introduction

An estimated 38 million individuals worldwide

are living with HIV, making it a major public health
burden [24, 46]. The implementation of Highly Active
Antiretroviral Therapy (HAART) has drastically im-
proved survival rates [26, 41], however, people living
with HIV (PLHIV) face ongoing challenges includ-
ing immune system dysfunction, heightened vulner-
ability to opportunistic infections and malignancies,
and complications involving both physical and men-
tal health [25, 39].

Understanding the complex interactions between
HIV and the immune system is crucial for optimiz-
ing treatment strategies [42]. Cytokines, which are
signaling molecules released by immune cells, play
a central role in modulating immune responses
and are key players in the pathogenesis of HIV in-
fection [30]. These cytokines mediate various im-
mune responses that are central to the host’s defense
against HIV, including the activation and regulation

HIV infection gradually decreases the quan-
tity and ability of CD4"* T cells, which are essential
for effectively responding to viral infections [27].
The dysregulation of cytokine production, including
a reduction in Thl cytokines (e.g., IFNy and IL-2)
and a rise in Th2 cytokines (e.g., IL-4 and IL-10),
significantly contributes to the disease progression.
Cytokine signaling aberrations contribute to chronic
inflammation, tissue injury, and HIV-associated co-
morbidities [19]. Proinflammatory cytokines such as
IL-6 and TNF further exacerbate immune dysfunc-
tion, contributing to chronic inflammation, tissue
damage, and comorbid conditions like cardiovascu-
lar and neurocognitive disorders [51]. Moreover, even
in the presence of ongoing antiretroviral therapy
(ART), cytokine signaling abnormalities may sustain
viral replication in lymphoid tissues, thereby preserv-
ing HIV reservoirs .
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Table 1. Risk of bias assessment for the included
studies

o
o
§ Selection | Comparability | Outcome Total
.,g Out of 4 Out of 2 Outof3 | Outof9
o
[34] 3 1 2 6
[1] 4 1 2 7
[2] 3 2 3 8
[44] 3 2 3 8
[33] 3 0 3 6
[47] 3 2 2 7
[5] 3 2 3 8
[21] 3 2 2 7
[14] 2 2 3 7
[16] 3 2 3 8
[48] 4 1 3 8
[32] 4 0 2 6
[45] 3 2 2 7
[13] 4 1 3 8
[3] 4 1 3 8

Given the crucial role of cytokines in modulating
the immune response in PLHIV, recent research has
focused on their potential to serve as therapeutic tar-
gets [41]. Cytokines such as IL-10 and TGF-f3, which
have anti-inflammatory properties, can mitigate
HIV-related inflammation and viral replication [18].
However, excessive production of these cytokines can
also inhibit the immune system’s ability to fight off
the virus, thus allowing it to persist in the body de-
spite treatment [18].

In addition to their role in immune regulation,
cytokines are also implicated in HIV-associated neu-
rological complications, including mental health dis-
orders and neurocognitive decline [40]. HIV infection
has been shown to affect cognitive function and men-
tal health, leading to complications such as demen-
tia, sleep disturbances, and other neurological deficits
[48]. These issues arise in part from the interaction
between proinflammatory cytokines and the central
nervous system (CNS), as well as their contribution
to chronic inflammation, which exacerbates neuro-
cognitive impairments [40]. Despite recent attention
to the role of cytokines on HIV, there is still a lack
of a comprehensive study that thoroughly focuses
on the interplay of cytokine systems and HIV-related
neurological comorbidities in English or Russian.
This systematic review, therefore, addresses this gap
by exploring the linkage between cytokine dysregula-
tion and HIV-related neurological conditions.

This review aims to systematically assess the roles
of various cytokines in the pathogenesis of HIV in-
fection, including their impact on immune function
and mental health. By reviewing the available litera-
ture, this study aims to identify potential therapeutic

targets for the management of HIV-related compli-
cations, with a focus on neurocognitive and mental
health disorders.

Materials and methods

A thorough examination of the current literature
regarding the roles of various cytokines in HIV infec-
tion was conducted. To ensure reliable and authentic
results The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist
was followed. Additionally, the Newcastle-Ottawa
Scale (NOS) was used to assess risk of bias (Table 1).

Data sources. Four online databases were ex-
plored including PubMed, Scopus, Web of Science,
and Embase up until September 10, 2022 using key-
words and their combinations. The search strategy
employed is as follows:

A. “Cytokines” OR
“Cytokine” [Title/Abstract]

B. “HIV” OR “Human
virus” [Title/Abstract]

C. [A]JAND [B]

Study selection. Study screening and selection was
completed through a two-step process. The initial
step consisted of screening of articles based on title
and abstract, which was complete by four research
members. In the second step, five investigators re-
viewed and evaluated the full texts of the articles.
Inclusion criteria were original articles in English
that investigated cytokines in PLHIV. Studies in-
volving non-human data (e.g., animals and/or in vitro
investigations), unpublished, lacking accessible full
texts, case series and reports, conference papers, and
editorial letters were excluded.

Data extraction. Data extraction was conducted
for studies that fulfilled the inclusion criteria. Five
researchers extracted the essential data from the full
texts. Other researchers checked duplications and oth-
er irrelevant data in the selected articles. Data extrac-
tion consisted of neurological manifestations associ-
ated with cytokines, detection methods and samples
origin of cytokines, name of cytokine and cell source
of cytokines production, and serum level of cytokines.

Quality assessment. The Newcastle—Ottawa Scale
(NOS) was used to evaluate the selected studies’ risk
of bias. This assessment tool consists of three aspects
with the maximum possible scores of 4, 2, and 3
for selection, comparability, and exposure/outcome,
respectively. The maximum obtainable score for each
study is 9.

“cytokine” OR

immunodeficiency

Results

Study characteristics. The online database search
retrieved 4441 articles. Following the screening of the
obtained studies, 798 duplicates were eliminated.
Subsequently, the titles and abstracts of the remained
3643 articles were examined and 2853 records were
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Figure 1. PRISMA flow diagram of study retrieval process

excluded. In the full-text evaluation of the 790 stud-
ies, 775 articles did not meet the inclusion criteria.
Ultimately, 15 articles were included (Fig. 1).

Quality assessment. The details of the quality as-
sessment of the selected studies are shown in Table 1.
All the included studies had scores ranging from
6 to 9 in the NOS scale, demonstrating moderate
to high quality of evidence.

The included studies were carried out in five
countries, including the USA (n=12), Germany (n =
1), Switzerland (n = 1), and Italy (n = 1). The year
of publication for the included studies ranged from
1989 to 2018. The types of studies included were
case-control (n = 5), cross-sectional (n = 5), cohort
(n =4), and interventional (n = 1).

This systematic review included studies regarding
cytokine involvement in HIV-associated neurologi-
cal complications. The findings demonstrate the ma-
jor role of cytokines in neuroinflammation and HIV
neuropathogenesis across varied populations and
methodologies and serves cytokines as both diag-
nostic markers and therapeutic targets in addressing
HIV-associated neurological complications.

Key neurological manifestations and cytokine as-
sociations. In the review of studies, it was found that
cytokines are related to conditions such as sleep
problems, dementia, seizures, meningitis, cerebral
toxoplasmosis, microcephaly, encephalitis and glio-
sis, of which sleep problems are the most common.
For example, Foster et al. demonstrated associations
between higher levels of pro-inflammatory cytokines
(e.g., IFNy, IL-12, and TNFa) and altered sleep pat-
terns, such as increased sleep duration and efficiency,
yet poorer neurocognitive test performance. Byun et
al. and Lee et al. discussed SNPs in cytokine-relat-
ed genes e.g., IL1B, IL2, IL17A, IL1R2, and TNFo
linked to sleep disturbances.

Neuroinflammatory cytokines, such as TNFao,
iNOS, MIP-1a, and MIP-1B, were found to pre-
dominate in brain regions of individuals with HIV-
associated dementia, as reported by Nuovo et al.
Elevated IL-6 and IL-16 levels, noted in Gongvatana
et al., correlated with brain structural abnormalities.
Other findings emphasized that cytokines (e.g., IL-8
and MCP-1) remain elevated in monocyte cultures,
even after cognitive improvement through cART.
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Cytokines in neurological manifestations

self-reported problems with socio-emotional, be-
havioral, and executive function; which was men-
tioned in other studies like, Cohen’s comparison be-
tween HIV-infected children versus healthy controls
matched with socioeconomic status [7].

3. In addition, these cytokines played a crucial
role in a number of brain infections, such as SAH and
Meningitis, HI'V encephalitis, cryptococcal meningitis
(CM), cerebral toxoplasmosis (CT), aseptic meningitis
(AM), progressive diffuse leukoencephalopathy, and
microcephalus (Gallo et al., 1989). In a study by Wolf
et al., the importance of IL-12 activity and its interac-
tion with other cytokines, such as IL-4 and IL-10, has
illuminated to use for AIDS vaccine adjuvants to make
direct immune response [22]. Moreover, other findings
also recommend that IL-10 participates in different
immunomodulatory roles in CNS diseases [37].

4. Additionally, the presence of cytokines may in-
duce the sequence of events resulting in brain injury.
For example, glial activation with elevated expres-
sion of IL-1lor and B-APP may be important in the
neuropathogenesis of HI'V-related dementia. A study
by Mustafa et al. describes pathogenetic hypotheses
for dementia in HIV patients [28]. Another study
in the US, also proclaimed that higher levels of some
cytokines lead to indirect mechanisms of brain dys-
function, such as HIV dementia [15].

Various inflammatory cytokines can cause or
worsen HIV-related dementia. Massive viral rep-
lication in infected cells and cytokine secretion are
the main causes of this phenomenon [34]. Also, it is
mentioned that HIV-1 in collaboration with the cy-
tokines IFNy and TNFo can synergistically pro-
mote CXCLIO in human astrocytes aggravating
AIDS dementia [49]. On the other hand, dopamine
treatment in healthy and cART-treated donors pro-
motes the production of inflammatory cytokines
such as CXCLI10 [32] which may worsen the situa-
tion. TNF is also associated with a series of events
leading to brain injury in meningitis [40], and higher
volumes of the putamen, amygdala, pallidum, GM,
and WM [16]. Glial activation with elevated expres-
sion of IL1-o and B-APP may contribute to AIDS
dementia [45]. The presence of neuroprotective cy-
tokines IL-4 and CNTF helped basal ganglia move-
ment, whereas slow contraction speed was observed
in the presence of inflammatory cytokines ALCAM
and MM P-2 [33]. Higher levels of the pro-inflamma-
tory cytokines (IFNy, IL-12, and TNFo) were asso-
ciated with changes in sleep duration which itself was
linked to poorer performance on neurodevelopment
and neurocognitive tests in HIV-infected individu-
als [11]. Twelve SNPs from IFNG, IL1B, IL2, IL6,
IL17A, NFKBI, and NFKB2 genes are related to long
daytime napping [5]. Also, a positive feedback loop
of NFKB2 production with 1L-1B, IL-6, and TNFa
may cause extended cytokine production by periph-
eral blood monocytes, human fetal astrocytes, and
THP-1 and U373 cells [29]. SNPs in IL1R2, TNF,

and IL2 are related to poor sleep maintenance and
shifted WASO. Different TNF SNPs have unprinci-
pled influences on WASO [21]. OPN is released by
infiltrating macrophages and resident astrocytes and
rises with HAND intensity. A high level of INFG
is directly related to changes in sleep duration and
poor performance in neurocognitive tests [11], lower
marks in digit-symbol decoding tests [33], higher vol-
umes of the putamen, pallidum, amygdala, gray mat-
ter, and white matter [3].

In addition to the contribution of cytokines to the
neurological presentations of PLHIV, cytokine al-
teration patterns have also been observed in neuro-
logical complications associated with other RNA
viruses. Several studies have suggested that cytokine
storm is involved in the neurologic presentations
of COVID-19, as higher levels of IL-2, IL-6, IL-8,
IL-10, and IFNyinduced protein-10 (IP-10) have been
identified in the CSF or serums of patients with virus-
related encephalopathy [4, 10]. In addition, Espindola
and colleagues revealed that 1L-2, IL-4, 1L-6, 1L-10,
IL-12, chemokine (C-X-C motif) ligand 8 (CXCLS),
and CXCL10 were elevated in COVID-19 patients
with myelitis, encephalitis, meningoencephalitis, and
acute disseminated encephalomyelitis (ADEM) [9].
Increased 1L-6 levels have also been linked to dis-
turbances in memory, cognition, and spatial learning
in individuals with chronic hepatitis C virus (HCV)
[1]. Identifying the cytokine cascade involved in the
pathophysiology of neurological manifestations of vi-
ral infections may provide new therapeutic targets not
only for HIV but also for other viral infections and im-
prove patients’ outcomes.

The results of the present review should be tak-
en into account, with some limitations that must be
considered. There was a modest number of included
studies with relatively few participants and a lack
of reporting of neurological changes in some studies.

Conclusion

In summary, previous studies demonstrated that
polymorphisms in IL1R2, IL2, and TNFo genes
were associated with changes in WASO% and sleep
duration and elevated plasma levels of IL-13 along
with polymorphism in IL1B, IL6, IL13, NFKBI,
and TNFo genes was detected in SOI. Thus, we sug-
gest that there is an interconnecting pathway of cy-
tokines, neurological function (mainly dementia),
and sleep habits in PLHIV. Despite this, the mech-
anism of cytokines influencing sleep problems and
neuropathological disorders remains unclear, and
further research is needed into these potential mech-
anisms. Further research is also needed in this area
to determine whether or how these associations can
affect HIV progression. The prevention of pro-in-
flammatory cytokine production could be achieved
through better adherence to antiretroviral therapy.
Yet, anti-inflammatory medications may be thera-
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SEROPREVALENCE, RISK ASSOCIATIONS,
AND TESTING COST OF SCREENING FOR HCV,
HBV, AND HIVINFECTIONS AMONG A GROUP
OF PRE-OPERATIVE EGYPTIAN PATIENTS

H.W.Z. Hanna, R.M_.H. Shahin, L.A. Samy

Cairo University, Cairo, Egypt

Abstract. Background. Routine pre-operative testing for Human Immunodeficiency Virus (HIV) and other blood-borne
viruses, Hepatitis B Virus, Hepatitis C Virus (HBV, HCV) has been stated as a strategy to reduce the risk of healthcare
workers’ infection by preventing and reducing their infection. However, the argument that screening is essential or not
is strong. This study aims to determine the incidence of HBV, HCV, and HIV infections identified during pre-operative
screening in a cohort of Egyptian individuals, along with the associated risk factors and the subsequent testing costs.
Materials and methods. This study comprised 138 patients, with 92 (66.7%) males and 46 (33.3%) females. All patients
scheduled for surgical procedures underwent testing for HCV Ab, HBsAg, and HIV Ag/Ab by chemiluminescent
microparticle immunoassay conducted with the “ARCHITECT i2000SR Immunoassay” (Abbot Japan CO., Ltd, Tokyo,
Japan). Among the participants, 23 out of 138 (16.7%) tested positive for HCV, while 5 out of 138 (3.3%) showed equivocal
results for HCV, and 110 out of 138 (79.7%) tested negative for HCV. Additionally, 2 out of 138 (1.4%) were positive
for HBsAg, while 136 out of 138 (98.6%) tested negative for HBsAg. Furthermore, 1 out of 138 (0.7%) was found to be
HIV-positive, while 137 out of 138 (99.3%) tested negative for HIV. Results. The prevalence of each infection detected
through pre-operative testing of HCV, HBV and HIV and a questionnaire was compared. Furthermore, we calculated
the screening cost per confirmed infection by assessing the incidence of infections linked to different risk factors, ages,
genders, and levels of HBV vaccination. Conclusions Age markedly impacted HCV and HBYV rates. There was no link
between viral infections and gender. The expenses associated with each affirmative result were 1763 LE for HCV, 5520
LE for HBV, and 22 080 LE for HIV. While self-assessment through questionnaires can be partially efficacious, it lacks
sufficient screening accuracy.

Key words: HCV, HBV, HIV, pre-operative testing, screening cost, viral infections.
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pYCHI, Mepeaalouecs reMaToreHHo, Takue kak Bupyc rernaruta B, Bupyc rermaruta C (BI'B, BI'C), 061110 npeasioxeHo
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ro ckpuHuHra. Hacrosiuee ucciaemoBaHue HalpaBjeHO Ha ornpeeneHue 3adoneBaeMocTu uHdpekuusmMu BI'B, BI'C
n BUY, BeISIBICHHBIMU BO BpeMsI MTPeIOIepallMOHHOr0 CKpMHMHTA B TPYIINe NalMeHToB B Erunre, a Takke cBs3aH-
HBIX C HUMHU (aKTOPOB pHUCKa M MOCIEAYIOUIMX 3aTpaT Ha TecTUpoBaHue. Mamepuaavi u memodsl. B uccienoBanue
BKJIIOUeHbI 138 manueHToB, U3 KOTOpbIX 92 (66,7%) myxkuuHbl U 46 (33,3%) XeHIIMHBL. Bce malnueHThl, KOTOPHIM
OBLIM Ha3HAUEHBI XUPYPrUYecKre MaHUIYISIIUH, IPOIILJIM TECTUPOBaHME Ha aHTUTe a K Bupycy renatuta C, HBsAg
u anTutenaa K BUY Ag/Ab ¢ moMoIIbi0 XeMUITIOMIHECLIEHTHOTO MMMYHOAaHaJIM3a Ha MUKpOUYacTUIlaX, Ha Ipudope
«ARCHITECT i2000SR» (Abbot Japan CO., Ltd, Tokuo, Snonus). Cpenu yyactHukos 23 u3 138 (16,7%) nanu mo-
JIOXKUTENIbHBII pe3y/ibTaT Ha Bupyc rernatuta C, B To BpeMs Kak 5 u3 138 (3,3%) nokasaiu COMHUTEIbHbIE Pe3y/IbTaThl
Ha Bupyc remaruta C, a 110 u3 138 (79,7%) manu oTpuuaTeabHbIA pe3yiabraT Ha Bupyc rematuta C. Kpome toro, 2
u3 138 (1,4%) nanu mojoxuTe N bHbIN pe3ynbraT Ha HBsAg, B To Bpems kak 136 u3 138 (98,6%) nanu otpuiiatesib-
HbIH pe3yabraT Ha HBsAg. Kpome Toro, 1 u3 138 (0,7%) okasascsi BUU-monoxuTebHbIM, B TO BpeMst Kak 137 u3 138
(99,3%) nanu orpunateabHbIi pe3yabTar Ha BUY. Pesyavmameur. IIpoBeieHO cCpaBHEHNE PACIIPOCTPAHEHHOCTH KaX-
oIl MHGbEKLMU, BBISIBIEHHON ¢ TIOMOIIbIO MpenonepanonHoro TectupoBanus Ha BI'C, BI'B u BUY u anketupo-
BaHus. KpoMe Toro, ObLIM pacCUMTaHbl CTOMMOCTh CKDUHWHTIA Ha MOATBEPXICHHYI0 MH(MEKIINI0, OLIEHUB 4acTOTY
MHGbEKIMA, CBI3aHHBIX C pa3IMYHBIMU (haKTOpaMu PUCKa, BO3PAaCTOM, ITOJIOM 1 0XBaTOM BaKIIMHALUU TpoTuB BI'B.
Bviéoosr. Bo3pact 3ameTHO BIMsAa Ha nokasarenu pacnpoctpaHeHHocT BI'C u BI'B nndexkuun. Cssa3u Mexay BU-
pPYCHBIMU UHGbEKIMSIMU U TIOJIOM He YCTaHOBJIEHO. Pacxoibl, CBSI3aHHbBIE C KaXIbIM MOJOXUTETbHBIM PE3YIbTaTOM,
coctaBusu 1763, 5520 u 22 080 erumnerckux ¢yntos mist BI'C, BI'B u BUY coorBeTcTBeHHO. XOTS CaMOOLIEHKA TTPU
AHKETMPOBAHUM MOXET OBITh YaCTUYHO 3P (DEKTUBHOI, OHA He 00eCIeYnBaeT I0CTaTOYHOM TOYHOCTU CKPUHHIHTA.

Karueevie caosa: BI'C, BI'B, BUY, npedonepauuonnoe mecmupogarue, Cmoumocms CKpUHUHeA, 6UPYCHble UHpeKyUU.

Introduction

In recent years, Egypt has been estimated to be
one of the countries with the highest HCV incidence
globally. Anti-HCYV testing revealed that 6% of indi-
viduals aged 1—59 years had a positive result, and 4%
were determined to be suffering from an active in-
fection with higher prevalence in males among most
age groups except in children [1, 13]. In past years,
Egypt was considered one of the highest countries
in HCV prevalence but starting 2018/2019, Egypt
started applying screening, diagnosis and treating
HCYV patients to achieve HCV control and eliminat-
ing infection by 2030 [1, 26]. HBV infection in Egypt
is a significant public health issue [8]. According
to research, the estimated national prevalence was
3.67% [95% CI: 3: 4.39). With a history of HBV im-
munization during infancy, children under 20 had
the lowest prevalence (0.69%). Pregnant women,
blood donors, and healthcare professionals had com-
bined prevalence rates of HBV infection of 2.95%,
1.8%, and 1.1%, respectively. The largest prevalence
was seen in patients with hemolytic anemia and he-
modialysis, cancer patients, patients with HCC, and
patients with chronic liver disease (6.34%, 25.5%,
18.6%, and 34%, respectively). Research compar-
ing the prevalence of HBV in urban and rural areas
found that the rates were similar, at 2.43% and 2.15%,
respectively [8].

HIV prevalence rates in Egypt are estimat-
ed to be 0.1 percent in the general population.
Nevertheless, United Nations agencies such as
UNAIDS and UNICEF, along with stakehold-
ers within the Egyptian National AIDS Program
(NAP), express concerns regarding a potentially sig-
nificant increase [10]. HIV-positive individuals have
been identified in an increasing number of studies

conducted globally [12, 33]. The prevalence of HIV
among the general population remains low in Egypt.
That is supported by data from HIV testing services
(HTS) provided to pregnant women. However, Egypt
continued to witness an increasing trend of HIV
new infection and incidence rate, which is reflecting
a rapidly evolving disease spread. The incidence rate
has increased by five folds between 2010 and 2019.
In 2019, men (mainly young men aged between 15 and
24 years) had the highest HIV new infections com-
pared to women. There was a rapid increase in the
estimated number of adults and children living with
HIV in the country during the period 2015 and 2020.
UNAIDS Estimated around 24 000 People Living
with HIV by end of 2020 in Egypt. Programmatic
data on HIV testing and surveillance continue to in-
dicate that specific population groups are increasing
risks of new HIV infections. People who inject drugs
(PWID) and other men who engage in sex with men
(MSM) are at higher risk of HIV infection than other
population groups. Despite the focus on PWIDs and
MSM, data from HIV testing and assessments indi-
cate the significance of other population groups at
risk of HIV infection due to specific risk factors [6].

From the previous data, preventing and limiting
viral infection spread and transmission is crucial, es-
pecially among medical health workers (HCW) and
staff. According to estimates from the World Health
Organization (WHO), over 3 million healthcare
workers sustain injuries annually from contaminated
edges with at least one form of HIV (=170 000 expo-
sures), hepatitis B (=2 000 000 exposures), or hepati-
tis C (~900 000 exposures). The only available method
of prevention for HCV currently is the use of normal
precautions along with rigorous attention to post-ex-
posure prophylactic measures. This is because there
is currently no immunization against HCV [24].
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As for HBV infection, HCW are at increased risk
of hepatitis B virus (HBV) infection because of their
frequent exposure to blood and other body fluids.
Once infected, HCW may transmit HBV to their pa-
tients [14, 19, 28].

Globally, Europe (0.6—1.2%) and several Asian
nations (India, Iran, Turkey, and the United Arab
Emirates, for example) were reported to have low
rates of hepatitis B infection among HCW [3, 15, 21,
27]. Nonetheless, some Asian nations (up to 9.85%)
and African nations (2.3—11.8%) had significantly
greater prevalence [16, 20]. Vietnam had the highest
incidence in Asia.

In HCW in Cameroon, Mauritania, Sierra Leone,
and Tanzania, an alarmingly high incidence rate
of > 8.7% of HBsAg has been recorded.

In Egypt, a study showed that 0.4% of HCW were
positive for HBsAg and 15.6 for anti-HBc [17].

As for HCV infection, HCV infection prevalence
among Egyptian HCW was estimated to be around
8% |7, 25], another study reported that, out of 1000
studied HCWs, 90 cases (9%) were positive for hepa-
titis C antibody (HCV Ab) and 53.70% of all HCW
exposed to needle sticks injury (NSI) [6].

As for HIV, prevalence rates in Egypt are estimat-
ed to be 0.1 percent in the general population.

Pre-operative monitoring for HIV and the hepa-
titis virus is now pervasive in medical facilities. A sig-
nificant concern for the economy’s well-being and
clinical management is the administration of non-
essential and irregular pre-operative blood tests be-
fore elective surgery.

However, the argument that screening is essential
or not is strong. Routine pre-operative HIV and other
blood-borne viruses (HCV and HBV) checking is de-
fined as an approach to reduce the risk of healthcare
workers’ infection by preventing and reducing their
infection. Moreover, after a sharp injury, the sur-
geon and healthcare workers would know whether
to begin post-exposure prophylaxis immediately.
Furthermore, it is critical to determine whether or
not to increase the use of personal protective equip-
ment (PPE) as an additional precaution throughout
operations. Additionally, it assists surgeons in or-
ganizing their surgery schedule and prioritizing pa-
tients in the correct order. However, this aids sur-
geons in determining the necessary environmental
sterilization and apparatus to be utilized after each
procedure [17].

Regarding patients, it has been proposed that reg-
ular pre-operative testing for HIV, HBV, and HCV
could be advantageous by enabling the identifica-
tion of undetected cases and the timely management
of those cases before manifesting liver cancer, cirrho-
sis, or AIDS [12, 29, 32].

Research has indicated that a significant portion
of the concerns surrounding the spread of infec-
tions could be mitigated by implementing universal
precautions instead of universal screening; this rep-

resents the primary critique of the universal screen-
ing approach. However, the maximum significance
of universal precautions is preventing blood contact
through barrier protection. However, the risk of gain-
ing infection is higher with needle stick injury (NSI),
where barrier precautions are unavailing [2].

Despite specific precautions to prevent infection
as wearing protective gloves, googles and cloth, pro-
viding sinks for hands washing, providing appropri-
ate treatment and prophylactic IVIgG and raising
the awareness of HCW on how to deal after exposure,
still the risk of gaining infection is higher with needle
stick injury (NSI) and exposure to injury with sharp
objects.

This research investigates the impact of pre-op-
erative screening on HIV, HCV, and HBV infection
rates in Egyptian individuals, evaluating risk corre-
lations and checking costs, self-reported positivity
rates, and hepatitis incidence by gender and age.

Materials and methods

The Faculty of Medicine Ethics Committee at
Cairo University has approved the research (#N-280-
2023). The study corresponded with the principles
of the Declaration of Helsinki. All participants pro-
vided informed consent before enrollment.

The study was conducted on 138 patients undergoing
elective operation in King Fahd Unit Al-Kasr Al-ainy
Hospitals, Cairo University. Immunocompromised
patients and patients under corticosteroids or immuno-
suppressant medications were excluded.

Patients were subjected to a questionnaire discuss-
ing their entire history, kind of upcoming elective
operation, job, HBV vaccination state, risk factors
including previous operation, drugs, blood transfu-
sion, organ transplantation, previous endoscopy or
catheter, tooth manipulation, professional risk, and
sharing personal tools. Clinicians in the King Fahd
unit in Cairo University hospitals performed clinical
examinations of patients, data of the patients are dis-
cussed in Table 1 in [29].

A peripheral venous blood sample was collected
to detect HCV antibodies, HBsAg and HIV antigen/
antibody using a chemiluminescent microparticle
immunoassay conducted with the “ARCHITECT
i2000SR  Immunoassay” (Abbott Japan CO.,
Ltd, Tokyo, Japan), kits used for HCV ab are
ARCHITECT, Lot (57289BE00), for HBsAg Lot
(59411FZ00) and for HIV antigen/antibody Lot
(60457BE00).

All patients whose findings for HIV Ag/Ab > 1.0
S/CO, HBsAg > 1.0 S/CO) was reported as positive
for HIV and HBY, respectively.

For HCV Ab, patients whose findings were < 1.0
S/CO was reported as negative and from 1 to 5 S/CO
was reported equivocal and positive > 5 S/CO.

Statistical methods. Data analysis was conducted
using SPSS version 21. Qualitative data were present-
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ed using numbers and percentages, while quantita-
tive data were presented using means and standard
deviations. Significance testing included parametric
and non-parametric tests: chi-square with Fisher’s
exact test for qualitative data, Student’s t-test and
ANOVA for parametric normally distributed data,
and the Bonferroni test for post hoc analysis. The sig-
nificance level was set at a p-value < 0.05.

Cost analysis. In the context of testing cost analy-
sis, the cost associated with identifying patients with
cleared or active viral loads was determined by mul-
tiplying the test cost by the number of patients and
then dividing the result by the number of positive
cases. This process enabled the computation of the
testing expense.

Results

A total of 138 patients participated in this study,
comprising 92 (66.7%) males and 46 (33.3%) females.
The mean age was 50.20, with a standard deviation
of 17.05 (with 10 years old minimum age and 87 years
old maximum age). Data regarding previous HBV
vaccinations, upcoming operations, occupations,
and infection risk factors are presented in Table 1.

Viral screening test counts and positivity rates. All
patients scheduled for upcoming surgical procedures
underwent testing for HCV, HBV, and HIV. Among
the 138 patients, 23 (16.7%) tested positive for HCV,
while 5 (3.3%) showed equivocal results for HCV, and
110 (79.7%) tested negative for HCV. Additionally, 2
(1.4%) tested positive for HBsAg, while 136 (98.6%)
tested negative. Furthermore, 1 (0.7%) patient was
found to be HIV-positive, while 137 (99.3%) were
negative for HIV. These findings are summarized
in Table 2.

Investigating self-reported positivity rate of patients.
All HCV cases known to be infected tested seroposi-
tive, whereas 12.9% of cases known not to be infected
tested seropositive and 3.7% tested equivocal, with
a significance level of p-value < 0.001, as shown
in Table 3.

Regarding HBV infection, 75% of known infec-
tions tested negative for HBsAg, while 0.7% of cases
known not to be infected tested positive for HBsAg,
with a significance level of p-value < 0.001, as illus-
trated in Table 4.

As for HIV infection, no statistically significant
difference was detected (Table 5).

Association between age, gender, HBV vaccination
state, and different risk factors for HCV infection. A sta-
tistically significant difference was observed regard-
ing HCV infection status and age, with a higher prev-
alence noted in older age groups (p-value = 0.018), as
indicated in Table 6.

Statistically significant difference between posi-
tive cases in young age and negative cases in older age
by P value 0.035. No statistically significant differ-
ence between age and HIV infection.

A statistically significant difference was ob-
served between HCV-positive cases vaccinated with
the HBV vaccine (36.4%) compared to those not vac-
cinated (12.9%), with a p-value of 0.008. However,
no statistically significant differences were detected
between gender, occupation, various risk factors, and
HCYV infection.

Association between age, gender, HBV vaccination
state, and different risk factors with HBYV infection. A sta-
tistically significant difference was found regarding
HBYV infection status and age, with a higher prevalence
observed in younger age groups (p-value = 0.035).
Additionally, a statistically significant difference was
detected between positive HBsAg cases and previous
blood transfusions (p-value = 0.026). However, no
other statistically significant differences were observed
between gender, occupation, HBV vaccination status,
or any other listed risk factors, as shown in Table 7.

Association between age, gender, HBV vaccination
state, and different risk factors for HIV infection. No
statistically significant differences were detected be-
tween HIV infection state and age, gender, job, HBV
vaccination state, and other risk factors.

Cost analysis. All screening tests for HBV, HCV
and HIV cost: 56 442 LE, as for HBV cost was 16 560
LE; HCV cost was17 802 LE and HIV cost was 22 080
LE. A total of 138 patients were screened, cases with
positive results for all viral infections cost was: 4132
LE. HBV positive cases cost 360 LE; HCV posi-
tive cases cost 2967 and 645 LE for equivocal while
For HIV positive cases the cost was 160 LE.

Cost analysis for all screening test was 56 442/
27 positive cases =2090.4 LE (with equivocal HCV
results = 56 442/32 = 1763 LE) for HBV = 16 560/3
positive cases =5520 LE/positive case. For HCV=
17 802/23 positive cases = 774 LE/ positive cases
(HCV with equivocal 17 802/28 = 635.8 LE per
non-negative case) and for HIV = 22 080/1 = 22 080
LE per positive case. So, HCV is the most efficient
screening among all, followed by HBV.

Discussion

In this study, the prevalence of HBV, HCV, and
HIV in a group of Egyptian patients scheduled to un-
dergo operations at King Fahd Unit Cairo University
was investigated. The respective prevalence rates
for HCV, HBV, and HIV were 16.7%, 1.4%, and 0.7%.
Age was a crucial determinant influencing HCV and
HBYV exclusively; gender had no discernible effect
on HCV, HBYV, or HIV. The self-reported positivity
rates of HCV are 100%, as all known infections are
seropositive, but 12.9% of those known not to be in-
fected are seropositive, and 3.7% are equivocal. In the
case of HBV, 75% of individuals known to be infected
are HBsAg negative. For patients with a history of in-
fection, HBsAg negative cases should undergo inves-
tigation for HB core total and HBsADb to assess their
HBYV infection status. However, for screening purpos-
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Table 1. Demographic characteristics of the patients

Frequency (N) Percent (%)
male 92 66.7
Gender
female 46 33.3
. no 116 84.1
HB vaccine
yes 22 15.9
no or housewife 45 32.6
employee 14 10.1
skillful worker 17 12.3
worker 20 14.5
Job retired 22 15.9
student 10 7.2
farmer 8 5.8
health care worker 2 1.4
Total 138 100.0
stones 36 26.1
endoscopy 68 49.3
stint 6 4.3
Upcoming operation biopsy 1 v
open surgery 26 18.8
renal donation 1 7
Total 138 100.0
no 113 81.9
smoking 21 15.2
Drugs cannabinoids 2 1.4
tramadol 1 7
past history 1 v
Previous operation yes 107 77.5
Risk factors for infection Blood transfusion yes 24 174
Organ transplantation no 138 100.0
e 5
Tooth manipulation yes 106 76.8
Professional risk yes 106 76.8
Sharing personal tools yes 10 7.2
Total 138 100.0

Table 2. HCV Ab, HBsAg and HIV Ag/Ab results

HCV Ab (n=138)

HBsAg (n = 138)

HIV Ag/Ab (n = 138)

Positive 23 16.7 2 1.4 1 0.7
Negative 110 79.7 136 98.6 137 99.3
Equivocal 5 3.3 - - - -
Table 3. Investigating self-reported positivity rate of patients (HCV)
HCV Ab result
- .. - Total P value
Negative Positive Equivocal
Count 110 17 5 132
no
% within HCV Ab 83.3% 12.9% 3.7% 100.0%
Known HCV
Count 0 6 0 6
yes — 0.001
% within HCV Ab 0.0% 100.0% 0.0% 100.0%
Total Count 110 23 5 138
% within HCV Ab 79.7% 16.7% 3.6% 100.0%
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es, a positive history is sufficient to warrant precau-
tions. 0.7% of known not to be HBV-infected cases are
HBsAg positive, and for HIV, the only positive case
did not know about the presence of infection. Despite
the small number of HIV-positive cases, it is essential
to know the patient’s condition before entering the op-
eration to protect the surgeons and medical staff from
the danger of virus transmission because of the threat
it poses to their lives and the future of medical staff.
The corresponding prevalence rates for HCV,
HBYV, and HIV were 16.7%, 1.4%, and 0.7%. Ahmed
A Dahabetal. [11] reported concordant rates for HCV,
HBV (12.4%) (0.2%), respectively with higher HCV
rates. As for HI'V, Amgad Ali et al. [5] reported a rate
of (0.15%), these results support higher HCV rate
of infection compared to HBV rate of infection and
lower HIV rates in Egypt. Takata et al. reported lower

rates of HCV infections (5.8%) and higher HBV rates
(2.1%) in Japan compared to the current study [22].
Another study by Shintaro Sukegawa et al. [30]
in Japan demonstrated lower rates for HCV (0.76%),
HBV (0.39%), and HIV (0.07%) compared to the
current findings. Another study in India by Manjul
Mohan et al. [23] reported rates of HBV infections
(2.09%), Hepatitis C virus infection rate (1.77%) with
higher HBV rates compared to our results, HIV se-
ro-positivity was found to be (0.25%) which is con-
cordant with our study. Moreover, Akhtar Khan and
Taranum Siddiqui [18] reported in Pakistan 1.8%
subjects were found to be Hepatitis B positive, 1.2%
subjects were found to be Hepatitis C positive with
higher HBV rates compared to our results.

The outcomes of this work exhibit that gender
does not have a significant impact on HBV, HCV, or

Table 4. Investigating self-reported positivity rate of patients (HBV)

HBsAg results
- — Total P value
Negative Positive
no Count 133 1 134
% within HBsAg 99.3% 0.7% 100.0%
Known HBV
os Count 3 1 4 0.001
v % within HBsAg 75.0% 25.0% 100.0% '
Count 136 2 138
Total —
% within HBsAg 98.6% 1.4% 100.0%
Table 5. Investigating self-reported positivity rate of patients (HIV)
HIV Ag/Ab result
- — Total P value
Negative Positive
K HIV no Count 137 1 138
nown
% within HIVAg/Ab 100.0% 100.0% 100.0% Cannot be
Total Count 137 1 138 calculated
ota
% within HIVAg/Ab 100.0% 100.0% 100.0%
Note. Odds ratio and p value can’t be calculated.
Table 6. Association between age and HCV infection state
95% Confidence
N M Std. Std. E Interval for Mean Minimum | Maximum | Pvalue
ean L . Error inimu ximu valu
Deviation Lower Upper
Bound Bound
Negative 110 48.109 16.2827 1.5525 45.032 51.186 10.0 87.0 0.015
Positive 23 58.783 17.7839 3.7082 51.092 66.473 19.0 80.0
Equivocal 5 56.800 19.8671 8.8848 32132 81.468 22.0 70.0
Total 138 50.203 17.0504 1.4514 47.333 53.073 10.0 87.0
Table 7. Association between age and both HBV and HIV infection state
HBsAg result N Mean Std. Deviation P value
Positive 2 25.000 8.4853 0.035
Negative 136 50.574 16.8802
HIV Ag/Ab result N Mean Std. Deviation P value
Positive 1 59.000 0.606
Negative 137 50.139 17.0963
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HIV. However, these results contradict Amgad Ali
et al. [5] reporting a higher HIV prevalence among
males in Egypt. Moreover, Shintaro Sukegawa et
al. [30], Tanaka et al. [31] and Manjul Mohan et
al. [23] demonstrated that gender and age do have
a significant influence on hepatitis, with younger
men being more susceptible, these results contradict
the current study results. These researchers attrib-
uted this to the higher prevalence of sexual activity
among youth compared to older adults. Akhtar Khan
and Taranum Siddiqui reported that Hepatitis B pos-
itive cases 61.5% were males and 38.4% were females
with higher male rates contradicting our study while
1.2% subjects were found to be Hepatitis C positive,
out of these 50% were males and 50% were females,
this result agree with the current study result [18].

In the current work, a statistically substantial dif-
ference was detected regarding the HBV state of in-
fection and age being higher in younger ages with
ap-value of 0.035. This finding aligns with the results
of Shintaro Sukegawa et al. [30], Tanaka et al. and
Manjul Mohan et al. [12, 23].

For HCYV, a statistically significant difference was
detected regarding the state of infection and age being
higher in older age with a p-value of 0.018. However,
this result contrasts with Shintaro Sukegawa et al. and
Tanaka et al. [12], as infection was more prevalent at
a younger age. This difference may be related to the
Egyptian government’s effort and plan to eliminate
the transmission of the virus, and this plan started
years ago. As for HIV, there is no statistically signifi-
cant difference between age and infection rate, these
results contradict Amgad Ali et al. who reported high
HIV prevalence among young persons and males,
with high HIV prevalence among unemployed per-
sons, manual workers and single persons [5].

This study detected a relationship between
HBsAg-positive cases and previous blood transfu-
sions, which are major risk factors for transmission.
However, this agrees with the survey conducted by
Candotti and Pierre [4].

Binkaa et al. [9] mentioned intravenous drug ad-
diction as a significant risk factor for HBV, HCV, and
HIV infection, but in the current study, there were
no statistically significant differences between drug
addiction and infections. However, this is due to the
restriction of the type of addiction to oral tramadol
and cannabinoids.

All screening tests incurred a cost of 56 442 LE.
Specifically, HBV screening costs 16 560 LE, HCV
screening costs 17 802 LE, and HIV screening costs
22 080 LE.
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for HIV-positive cases, the cost was 160 LE. Cost
analysis for all screening tests was 56 442/27 positive
cases = 2090.4 LE (with equivocal HCV results =
56 442/32 = 1763 LE) for HBV = 16 560/3 positive
cases = 5520 LE/positive case. HCV = 17 802/23
positive cases = 774 LE/ positive case (HCV with
equivocal 17 802/28 = 635.8 LE per non-negative
case), HIV =22 080/1 =22 080 LE per positive case.
However, this data indicates that HCV is the most ef-
ficient screening, followed by HBV.

Sukegawa et al [30] determined that the aggre-
gate expenditure for HCV, HBV, and HIV screening
amounted to 16 630950 yen ($138 591.3), 13 904 960
yen ($116 174.7), and 14 274 400 yen ($118 953.3), cor-
respondingly. Screenings were conducted on 15 839,
15842, and 12745 cases, respectively, with HCV,
HBYV, and HIV infections. The cost per positive out-
come for HBV (total HBV testing expense: 13 940 960
yen/62 positive cases), HCV (total HCV testing ex-
pense: 16 630 950 yen/153 positive cases), and HIV
(HIV screening total expense: 14 274 400 yen/10 posi-
tive cases) was 224 854.2 yen ($1873.8), 108 699.0 yen
($905.8), and 1427 440 yen ($11 895.3), respectively.
This result is in substantial agreement with the current
findings, as it suggests that while the expense per posi-
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paratively less effective for HI'V.

Conclusion

In conclusion, our study investigated the preva-
lence of HBV, HCYV, and HIV in patients scheduled
for surgical operation in King Fahd unit Al-Kasr
Al-ainy hospital Cairo University. The prevalence
of HBV, HCV, and HIV was 1.4, 16.7, and 0.7%, re-
spectively. Patients-assessment using questionnaires
may be effective to some extent, but the screening ac-
curacy was inadequate. Age was a significant factor
affecting HBV and HCV, while gender does not af-
fect infection state. The cost per positive result was
useful for hepatitis, but less useful for HI'V.

The current study should be expanded to include
alarger sample size. Additionally, it is advisable to com-
pare the cost per test with the cost of universal precau-
tions. However, the current study did not include this
comparison due to challenges in collecting data and
determining the exact cost of these precautions.
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SDPPEKTUBHOCTU BAKLUWH NPOTUB rPUMMNA
U COVID-19 B CE3OHbI 2020-2021,
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Pesiome. BakuuHaius sBisieTcsl CTpaTernyecki 000CHOBAHHBIM CITOCOOOM 3aIUTHI OT yIIPABISIEMbIX MHPEKIIUA, CTIO-
COOCTBY$ HE TOJBbKO MPEAOTBPALICHUIO PA3BUTHS 3a001€BAHUS U TSIXKETbIX OCJIOXKHEHU A, HO TAKXKEe CHUKasl SKOHOMUYE-
CKUe NIOTEPU roCcyaapcTBa, TPAaThl Ha 60Jiee TOPOrOCTOSIIIEE JIeUeHUE U peabuauTanuio 0oabHbIX. Llenbio uccienoBaHus
OblJ1a OLIEHKA MU AEMMOJIOTMUYeCKOM 3P (MEKTUBHOCTU OTEYeCTBEHHbIX BaK1IMH MpoTuB rpuina u COVID-19 B anuaeMu-
yeckue ce3onbl 2020—2021, 2021-2022 u 2022—2023 rr. B HoBocubupcke. Mamepuanw: u memodst. DTUIEMUOJIOTUYECKAS
5(phHeKTUBHOCTb OTEYECTBEHHBIX BaKIIMH OT TpoTuB rpunmna u COVID-19 6bL1a n3yyeHa B MPOCTIEKTUBHBIX KOTOPTHBIX
uccienoBaHugx. Jlis yyactus B ucciaenoBaHuu Bcero oroopano 9000 yesoBek My>KCKOTO M XXEHCKOTO ToJia B COOTBET-
CTBUU C KPUTEPUSIMU BKJIIOUEHUS B UCCIEAOBAHUE, C JAJIbHEHIIUM B3ITHEM HOCOTJIOTOYHBIX 00pa3LOB ISl BepUbu-
Kauuu Bo30ynutens nHpeKuid. BakiimHauuio NpoBoAU/N B MPeI3NUAEMAYECKHE TEPUO/IbI B TEUEHUE TPEX CE30HOB:
¢ ceHTs0ps no aekadpb B 2020, 2021 u 2022 rr. Pe3yasmamsr. B nepsbiii iepuon uccienoBanus (ce3oH 2020—2021 rr.)
B HCO He ObLIO 3aperucTpupoBaHO HU OJHOTO CiIyyas 3a00J1€BaHMSI, BBI3BAHHOTO BUPYCOM Trpunma. B ¢ Bs3u ¢ 3TuM
HeE TIPE/ICTABIISIOCh BO3MOXKHBIM TTPOBECTU CPABHUTENBHYIO OIIEHKY 3MUIEMUOIOTHIEcKOro addexTa mpoTUBOrpPUTI-
MO3HBIX BaKLIMH. Bo BTopoii nepuon uccienoBanus (ce3oH 2021—2022 rr.) 3a601€Ba€MOCTb TPUIIIIOM CPEIY HEBAKIIUHU-
POBaHHBIX cocTaBua 2,6%, Cpey IPUBUTHIX CJYYAEeB TPUIIIA HE BBISIBJICHO, UTO TAKKe He TIO3BOJIMJIO IIPOBECTH OLIEHKY
npodunakTuyeckoro ad@exkra BakMHAIKUK. 32 UCCASAYEMbI Meprof 3a00J1eBAaeMOCTb Cpeld HEBAKIIMHUPOBAHHBIX
ot COVID-19 cocraBuna 21,9%, cpenn npuButhix — 3,1%. Tlpu onieHke 3(hHEeKTUBHOCTH OTEUECTBEHHBIX BaKIIMH
ot COVID-19 B ykazaHHBII TIepros 6b1T0 MoKa3aHo, uto D coctaBui 7,06, KB = 85,8%. B TpeTuii nepuox uccieno-
BaHUs (ce30H 2022—2023 rr.), 3a60J1€Ba€MOCTb TPUIIIIOM COCTaBUIA 8,8% cpelr HEBAaKIIMHUPOBAHHBIX UCCIIEMYEMBIX,
n 0,3% cpenu npuBuTHIX. D cocraBua 29,3, KO = 96,6%. 3a6oneBaemocth COVID-19 cpenyt HeBaKLIMHUPOBAHHBIX
ot COVID-19 cocraBuia 3,6%, cpenu npuButhix — 0,25. D cocrasun 14,4, KD = 93,1%. Bviéoowt. [1pu aHanuse smu-
nemuoniornyeckoit apdektruBHocTH BakLMH 0T COVID-19 Ob1710 BBISIBJIEHO, UTO B ce30HbI 2021-2022 1 2022—2023 rT.
BakimHuposanubie mpotuB COVID-19 B3pocnbie monu 6onenu B 7,1—14,4 pa3 pexe HETTPUBUTHIX, TIOKA3aTeNb 3alIH-
HIEHHOCTH cocTaBuI oT 85,8% 1o 93,1%. B xone uccnenoBanust 0GHapyKeHbl 3HAYMTETbHBIE U3MEHEH U ST STHOJIOTMUECKOIA
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2025, T. 15, Ne 1 OueHka apPEKTUBHOCTY BaKLMH

ctpykTypsl OPBU y 3a607eBu1nx Bo BpeMs nanaeMun COVID-19. TTonyyeHHbIe pe3yJbTaThl MOTYT CBUAETEIbCTBOBATh
00 ytpare nomuHupytouieit poau SARS-CoV-2 B ctpyktype OPBU B 2023 1. 1 mocTeneHHOM BO3BpallleHU U B aKTUBHYIO
LMPKYJISLIMIO BUPYCOB IpUIINa U Apyrux Bozoynuteneit OPBU.

Karouesnle caosa: éakyunayus, snudemuonsocuteckas 3Q@ekmugHocms 6aKyuH, uHoexc sgghekmusHocmu, Ko3ppuuuenm
agppexmuernocmu, epunn, SARS-CoV-2, npocnekmusHoe kocopmHoe ucciedoganue.

ASSESSMENT OF INFLUENZA AND COVID-19 VACCINE EPIDEMIOLOGIC EFFICACY

IN THE 2020-2021, 2021-2022, 2022-2023 SEASONS IN NOVOSIBIRSK

Saroyan T.A.?, Kurskaya O.G.?, Solomatina M.V.?, Sharshov K.A.?, Shestopalov A.M.?, Erofeeva M.K.",
Stukova M.A.", Buzitskaya Zh.V.>, Lioznov D.A.">¢

@ Federal Research Center for Fundamental and Translational Medicine (FRC FTM), Novosibirsk, Russian Federation

b Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation
¢ Pavlov First St. Petersburg State Medical University (Pavlov University), St. Petersburg, Russian Federation

Abstract. Vaccination prevents the development of disease and severe complications, as well as reducing economic losses
and expenditure on costly treatments and rehabilitation. Goal. The goal of this study is to assess the epidemiological
effectiveness of domestic influenza and COVID-19 vaccines during the epidemic seasons 2020—2021, 2021-2022, and
2022—-2023 in Novosibirsk. Materials and methods. We conducted prospective cohort studies to evaluate the effectiveness
of domestic influenza and COVID-19 vaccines. A total of 9000 men and women were selected to participate in the study
based on inclusion criteria. Nasopharyngeal samples were collected to verify the presence of relevant causative agents.
Vaccines were administered during pre-epidemic seasons from September to December in 2020, 2021, and 2022. Results.
During the first period (2020—2021), no cases of influenza disease were reported in the Novosibirsk district, so it was
impossible to compare the effectiveness of influenza vaccines. However, during the second period (2021—-2022), influenza
incidence among unvaccinated individuals was 2.6%. No cases were detected among vaccinated individuals, which also
not allowed to assess vaccination preventive effect. During the study period, COVID-19 incidence was 21.9% and 3.1%
among unvaccinated vs. vaccinated people, respectively. When evaluating the effectiveness of domestic COVID-19
vaccines during this period, the incidence of infection (IE) was 7.06 and the clinical effectiveness (CE) was 85.8%.
In the third period of the study (the 2022—2023 season), influenza incidence was 8.8% among unvaccinated subjects and
0.3% among vaccinated subjects. The incidence of COVID-19 infection among unvaccinated and vaccinated subjects was
3.6% and 0.25%, respectively. Conclusion. When analyzing the epidemiological effectiveness of COVID-19 vaccines, it was
found that adults vaccinated against COVID-19 in the 2021—2022 and 2022—2023 seasons were 7.1—14.4 times less likely
to become infected. The protection rate ranged from 85.8% to 93.1%, indicating the effectiveness of the vaccines. The study
also revealed significant changes in the etiological pattern of acute respiratory viral infections during the COVID-19
pandemic. These results may indicate a loss of the dominant role for SARS-CoV-2 in acute respiratory infections in 2023
and a gradual return to the active circulation of other viruses, such as influenza and other pathogens.

Key words: vaccination, epidemiologic efficacy of vaccines, efficacy index, efficacy ratio, influenza, SARS-CoV-2, prospective cohort study.
HEHUM KaK y OEeTEU, TaK U Y B3POCIbIX, BKJIIOYAsI

TIOXKMJIBIX JIIOIEH U OPYTUe TPYIIIbl pUCKaA C COMYT-
CTBYIOIIIEU XPOHUYECKOU TTAaTOJIOTUEN.

BeepneHne

I'purm u ocTprle pecnupaTOpHbIC BUPYCHbBIE MH-

dexkuuu (OPBU) 3aHUMAaOT IUAUPYIOLIECE MECTO
110 YaCTOTe 1 KOJIMUYECTBY 3a0ojeBaHmMii. Bo Bpems
SIUASMHUUYCCKHUX BCITHIIIEK TPUIIIIa B MUpPE €xXKe-
TOAHO PETUCTPUPYIOT A0 SMJIH TSIXKEJIBIX CIydyaeB
3ab6oseBaHus 1 10 500 000 jeTaabHBIX UCXO0B [4].
IMosiBieHMe HOBOTO BapuaHTa KOpOHaBHpYyca
SARS-CoV-2 B nekabpe 2019 1. u ero 0bIcTpoe pac-
MpocTpaHEeHME ITPUBEJIO K KaTaCTPODUISCKUM I10-
CJICACTBUSM — Pa3BUTUIO MaHAeMUH. 1o cocTos-
Hu1o Ha 31 mapTta 2024 1. 3aperucTpupoBaHo OoJiee
774 MIH ciaydaeB 3a00JieBaHUS IO BCEMY MUDY;
MOATBEPKAEHO Oosiee 7 MIIH JIeTaJbHBIX HMCXO-
noB [13], uTo xapaktepusyeT nanaemuto COVID-19
KaK OOHY M3 CaMBIX CMEPTOHOCHBIX B WCTOPUU
yesoBedecTna [11].

BakiyHanus siBiasieTcsl CTpaTeru4ecku 000CHO-
BaHHBIM CIIOCOOOM 3aIlIUThI OT BUPYCHBIX U OaKTe-
pHaNbHBIX WHMEKIINIA, CIIOCOOCTBYSI MpeIoTBpa-
IICHUIO Pa3BUTHS 3a00JICBAaHUS U TSIKEIBIX OCJIOX-

O hHeKTUBHOCTh BaKIIMHOMPOMUTAKTUKA TPUTI-
na TMOATBEPXKAEHA MHOTOYUCIEHHBIMU WCCJIEN0Ba-
HUSIMU 10 TaKMM KPUTEPUSIM, KaK CHUKEHUE 3a00-
JIEBA€MOCTH, OV TOCHUTATM3UPOBAHHBIX TMAIlUEH-
TOB M CMepTHOCTH |3, 6]. B obGecrieueH ageKBaTHOMN
3alIUTBl OT TpUIIIa Hauboyiee BaxKHBIM (PaKTOPOM
SIBJISIETCSI COBIAJIEHUE IIITAMMOBOTO COCTaBa BaKI[U-
HBI C [APKYJIUPYIONIAMU B SMUEMUIECKOM CE30HE
BUPYCAMMU, UTO TO3BOJISIET CHU3UTH 3a00JIEBAEMOCTh
rpurioM Ha 90%, B iesiom OPBU Ha 56% v Ha 45% —
YUCJIO FOCIUTAIU3ALMMI, CBI3aHHBIX C OCJIOXXHEHU-
SIMH TTOCJIe TIepeHeceHHoro 3aboseBanud [1, 2, 6, 7].
B Hacrtosmee Bpemsi B Poccuu 3apeructpuposna-
HBbI ¥ IPUMEHSIIOTCSI OTEUECTBEHHBIEC TPEX- U YEThI-
pexBaJIeHTHbIE WHAKTUBUPOBAHHBIC TPUIITIO3HbBIC
BakuuHbl (MI'B): pacimenienHble (CIUITAT) BaKIIM-
Hbl (Ynbrpukce, Yasrpuke Ksanpu, @noM, OnroM
TeTpa) U cyobenuHuuHble (I'punmon, [pumnmon
ITmoc, 'punnon KeagpusaneHnt, CoBurpurn) |2, 3].
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MHOTOYMCIEHHBIMHA MCCIIEIOBAHUSIMU TTOATBEPK-
JIeHa Xopolllasi IepeHOCUMOCTh, HU3Kasl peaKTOreH-
HOCTB U BEICOKUI PO 6€30IacHOCTH KaK pac-
LLIEMJIEHHBIX, TAK ¥ CYyObeIMHUYHBIX BAKLIUH [2, 6].

B Poccuiickoit Menepannn i1 BaKLWHALUKU
npotuB COVID-19 B3poCabIX JIUI 3apeTUCTPUPO-
BaHBI CJICAYIOIINE TUITBI BAKIINH: MHAKTUBUPOBAH-
Has LneJbHOBUpUOHHAas BakiinHa KoBuBak, Bak1iiu-
HBI Ha ocHOBe aneHoBeKTopoB ('amMm-KOBM JI-Bak —
CnytHuk V) CnytHuk JlaiiT), peKOMOMHaHTHAas
oenkoBas BakunHa DnuBakKopoHa. beicTpas pas-
paboTKa M BHEIPEHNE OTEUECTBEHHBIX BAKIIUH ITPO-
B COVID-19 no3Boauin B KOPOTKUE CPOKHU CO-
KpaTUTh 3a00JIeBAEMOCTh, YMCJIIO TSKEJIbIX CIydyacB
3a00JIeBaHUS Y CMEPTEIbHBIX UCXOI0B, CBSI3aHHBIX
¢ COVID-19 [8, 12].

BmecTe ¢ TeM MHOT'H€ acIIeKThl MacCOBOM BaKIIH-
HallMU HaCEJICHUS B YCJIIOBUSIX COUCTAHHOM LIUPKY-
nsaun BupycoB rputma u SARS-CoV-2, obmagaro-
IIUX BEICOKWUM MOTEHIINAJIOM TeHETUYEeCKOM N3MEH-
YUBOCTU, TPEOYIOT €XKEerogHOM OolleHKU 3P HEeKTUB-
HOCTHU BaKIIMHAIIUY ITPOTHUB TaHHBIX BO30YIUTEIICH.

Llenpr — olleHKa sNUaAeMUOIOTrnYecKol 3 dek-
THUBHOCTU OTEYECTBEHHBIX BaKIIMH MPOTUB I'PUIIIIA
n COVID-19 B anunemnyeckue ce3oHb 2020—2021,
2021—-2022 u1 2022—2023 rr. B HoBoCuOGUpckKe.

Marepuansl n MeToapl

OnuaeMuonornyeckass 3Q@GeKTUBHOCTL OTeue-
CTBEHHbIX BaK1IMH OT NpotuB rpunna u COVID-19
ObLTa M3y4YeHa B IIPOCIEKTUBHBIX KOTOPTHBIX WC-
cienoBaHusix Ha 6aze PIT'BHY «OULL OTM» B pam-
Kax BbIMIOJHEHUST [OCymapcTBEHHOro 3aJaHusl
dIbyY «HUUM rpunna nm. A.A. CMOpOIMHIIEBa»
Munsnpasa Poccuu «JlojirocpoyHasi olieHKa KOJI-
JIEKTUBHOTO MMMYyHHUTeTa U  3(G@PEKTUBHOCTU
crieunuIecKoll MpoUuIaKTUKU HaceJIeHUs B yC-
JIOBUSIX AMHAMMWYCCKON IIUPKYISIINNA BO30YIUTEICH
COVID-19 u rpunna B Poccuiickoii denepaiimm».
IIpoBeneHue ucciaengoBaHuii ogoopeHo Komurerom
o 6rmoMenuirTHCKOM 3TuKe 1Ipu GPUILL OTM (11po-
TokoJ No 4-2019, Ne 8-2020, Ne 10-2021, Ne 8-2022).

Omobop nayuenmos. KnTnHU4YeCKUMU O0a3zaMu IIsl
MIPOBEICHMUSI HWCCIIEMOBAHUS SIBUJWCHh OBE MEIU-
HUHCKUX opraHuzauuu HoBocuOupckoit obnactu
(HCO): TBY3 HCO «I'KIT Ne 14», knunuka ®UILL
DOTM. B uccinenoBanuu npuHsaau yyactue 9000 ye-
JnoBeK. KputepussMu BKIIIOYCHU S YIACTHUKOB B MIC-
cJieoBaHUS SIBJISITIUCD:

1. 3mopoBbIe 101U MYXKCKOI'O M XKEHCKOTO Toja
B Bo3pacTe oT 18 et u crapiie.

2. Hannume moanucaHHOTO ITOOPOBOJBLHOIO
MH(GOPMUPOBAHHOTO COTJIacHsl Ha ydyacTue B HC-
cleq0BaHUU.

BakiimHanuo IIpoBONMIAN B MpeadIIuaecMuIec-
Kle TIepHOabl B TEUCHUE TPEX CE30HOB: C CEHTSIOPS
no aexkadopn 2020, 2021 u 2022 rr. B ce3on 2020—
2021 rr. uccnegyeMblie ObUIYU TTPUBUTHI BaKILIMHAMU
«Yaerpukce KBampm», «CoBUTpUIIIT» W« pUIIIION
ITnoc» B pamkax HalmoHanbHOro KajieHaaps po-

dumakTuyeckux NMpuBUBOK. B ce3onbr 2021—-2022
n 2022—2023 rr. ucclienyeMble TIPUBUTHI BaKIIMHA-
mu ot COVID-19: «BnuBakKopoHa», «KoBuBak»,
«CnriytHuk Jlavt» u «[lam-KOBU/I-Bak» 1 mipoTu-
BOTPUIIIIO3HOM BaKIIMHOM «YnbTpukc KBaapu».

B nepuon HaGnaoaeHUs OCYLIECTBIASAU cOOp
MaHHBIX O 3a00JIEBAEMOCTU YYACTHUKOB OCTPHIMU
pecnupaTOPHBIMU BUPYCHBIMU MHMEKIUSIMU, WH-
¢dopMalio 0 KOTOPHIX BHOCUJIN B MHAWBUIYaJb-
Hble peructpaumoHHbie KapThl (MPK).

Bzamue ob6pa3yos. C 1IEIBIO 3THOJOTMTYCCKON
BepudUKaLMU  BO3OYAUTESS T'PUNNONOAOOHOrO
3a0071eBaHUSI MPOBOAUIU 3a00p OMOJIOTMUYECKUX
00pa3lioB y BCeX YYAaCTHUKOB MCCIEIOBaHUsI, 00-
paTUBIIMXCS 3a TIOMOIIBIO B MCAWIIMHCKIE Opra-
HM3aIIMU I10 TIOBOAY PECITUPATOPHBIX 3a00ICBaHUIA.
Bronornyeckuii MaTepuai U3 BEpXHUX JTBIXaTeIb-
HBIX ITyTeil (Ma3KM U3 ITOJIOCTU HOCA, HOCOTJIOTKM)
ucnoab3oBaiu 1s nposeaeHus [T P-nuarHoctTuku
Ha rput, COVID-19 u OPBU ua 6aze ®ULL OTM.
B3siTe oOpa3lioB OCylIeCTBASIIM He paHee 12 ya-
COB M He TIo37Hee 4 CyTOK OT Havyaja 3a0oJieBaHU s
B CJIydae OCTpOU MHMEKIINY BePXHUX AbIXaTeIbHBIX
MyTel WM He Mo3aHee 7 CYyTOK — B cJiydae OCTpOu
WHGEKINN HUKHUX IbIXaTeIbHBIX MyTeil. 3a Bech
nepuoa HaOMIOACHUS ObLIO B3SITO M MCCIEAOBAHO
870 HOCOTTIOTOUHBIX Ma3KOB.

I1pu 3a60pe HOCOTJIOTOYHOTO Ma3Ka 3aTloJH U
HampaBJIeHUEe Ha WCCleIoBaHUEe, TAe OTpaXkaiach
cilenylomiasi mHbopMalus: gara 3abopa, HOMEp
NPK, Bo3pacT, noJji, cBeeH1 s 0 BaKLIMHALIUU TTPO-
tuB rpunna u COVID-19, nata Havyama 3aboJjieBa-
HUS, TSIXKECTb 3a00JieBaHUsI, KJIWMHUYECKUN aua-
THO3, SMMUASMUYSCKNIT aHAMHE3, IIPOTUBOBUPYCHAST
Tepanus, HaJlu4ue COIYTCTBYIOLIMX XPOHUUYECKUX
3a001€BaHUA.

ITloaumepasnas uennas peaxkuyus 6 pexcume peaib-
Hnoeo eépemenu. TP nast BeIsIBIEHUS T€HETUYECKO-
ro MaTepuaja BUpyca rpunmna Tuia A (B TOM YHCIIe
cyoruna A(HIN1)pdm09) u B, a Tak>ke HOBOro Ko-
poHaBupyca SARS-CoV-2 npoBOIMIN ¢ TOMOIILIO
Habopa peareHToB «Ammuullpaiim SARS-CoV-2/
Flu(A/B/H1pdm09)» («Hexctbno», Poccus) ¢ 1o-
CJIeNYIOIIMM CYOTUIIMPOBAaHMEM BHpycCa TPUII-
na A ¢ nmomolibo Habopa peareHToB «AMIauCeHc
Influenza virus A-tun-FL» (MaTepJladcCepBuc,
Poccus). BbisiBaeHME T'€HETHMUYECKOro MaTepuaa
BHUPYCOB, BBI3BIBAIOIINUX OCTPHIC PECITMPaTOPHBIC
3a0071eBaHM (pecnmupaTopHO-CUHILIUTUATBHBII
BUPYC, PUHOBHUPYCHI, METAITHEBMOBUPYC, BHPYCHI
naparpunna 1, 2, 3 u 4 TUNIOB, KOPOHABUPYCHI, ae-
HoBupychl rpynn B, C u E, 6okaBupyc) npoBoauIn
C MCMIOJIb30BaHUEM Habopa peareHToB «AMILTUCEeHC
OPBU-ckpun-FL» (MuTepJlabCepsuc, Poccus).

Ouyernka 3gpgpekmuernocmu éaxyut. I OLIEHKU
AMUIEMUOJOTnYeCcKOi 3(D(HEeKTUBHOCTH BaKIllMHA-
OWH IPOBOAMJIM aKTUBHOE HAOIIOIeHIUE 3a BaKIIN-
HUPOBAaHHBIMM M HEBAKIIMHUPOBAHHBIMU y4YacT-
HUKAaMM UCCIICIOBAHUS C LIEJTBIO BEISIBIICHUS CITyda-
€B IPUTITIONOA00HBIX 3a00eBaHU 1 3a00JIEBaHUI,
BbI3BaHHBIX SARS-CoV-2, B niepuon anuaeMuyec-
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Koro noabema 3adosieBaeMoctu OPBU u rpunmom.
IpodpunakTuyeckyio a3pHeKTUBHOCTD ONpeaeasiain
Mo ABYM IoKa3aTesssM — MHAEKC 3(PpPEeKTUBHOCTHU
(MU3) u koadbduimeHT acppekTuBHOCTU (KID):

N =b/a (1), KB =100% x (b — a)/b(2),

rme a — 3a00JIeBaeMOCTb CpeIy BAKIIMHUPOBAHHBIX,
b — 3a00JieBaeMOCTb CpeIU HEBAKIIMHUPOBAHHBIX.
Cmamucmuveckuit anaaus. J1J1sg co3gaHust 0as3bl
JaHHBIX U Tpaduyeckoili o0pabOTKU pe3yJIbTaTOB
npumMmeHeHa nmporpamma MS Excel 2016. Cratuctu-
YEeCKMI1 aHaJIM3 BBITIOJIHEH C MTOMOIIIBIO IIPOrpaMM-
Horo obecrieueHus Statistica 10.0 1 mporpaMMHOro
MOIyJIsI «AHaJIN3 JaHHBIX» nporpaMMbl MS Excel
2016. CpeaHue BBIOOPOYHBIC 3HAYCHUSI KOJIUYE-
CTBEHHBIX ITPU3HAKOB IPEICTaBICHBI B Buae M+m,
rne M — cpeaHee apudmMeTndeckoe, a m — CTaH-
IapTHOE OTKJIOHEeHUe. sl cTaTUCTUYeCKOi oOpa-
OOTKM MOJYYEHHBIX JAaHHBIX MCITOJb30BaHbI ITapa-
METpUYECKHEe W HemapaMeTPUUeCKre METOIbI CTa-
TUCTUKU, BBIOOP KOTOPBIX OOYCJIOBJIEH XapaKTepoM
pacrpene/iecHusI U3yJdaeMBIX TIPU3HAKOB M BHIOM
aHAJIM3UPYEeMBbIX MATEPUAJIOB. ISl KOJMUYECTBCH-
HBIX — KpuTepnii CThIOACHTA UJIN IUCTIEPCUOHHBINA
aHaJIN3; IJIsl KAYeCTBEHHBIX U TTOPSIAKOBBIX — KPH-
Tepun MaHHa—YuTHu U Xu-KBagpaT. Paznuuus
CUUTAJIU CTATUCTUYECKHU 3HAUMMbIMU nipu p < 0,05.

Pesynbrathl

B snuaemunueckumii cezon 2020—2021 rr. moa Ha-
omogeHreM Haxonuyuch 3000 yesloBEK MYXKCKOIo
M KEHCKOTO I10Ji1a, KOTOpPbIE ObLIM pacIpeaesieHbl
Ha 4 rpynnsl (Tadna. 1); B ce3oHbl 20212022, 2022—
2023 rr. — 6000 yestoBeK, KOTOPbIE OBIIIN pacrpee-
JIEHbI Ha 6 rpyI (TadJ1. 2).

BakumHamnio IIPOBOOMIM B COOTBETCTBUU
C WHCTPYKOUSIMU IO ITPUMEHEHHUIO HCCICAYEMBIX
BaKIIH.

OueHka npodpunakTuyeckoi appeKTMBHOCTH
BaKLMH npoTue rpunna un COVID-19

Cezon 2020—2021 ee. 3a ucclienyeMblii TIepUos,
3aboseBaemMocTh OPBU Herpuno3Holi 3Tuojoruu
cpeny HeBaKIIMHUPOBAHHBIX YIaCTHUKOB UCCIIEIO-
BaHMs cocTaBuia 83,4%, B rpyIilie BaKLIMHUPOBAH-
HbIX — 19,3%. OuLeHKa IMOJIydeHHBIX PEe3yJIbTaTOB
HaOJIIoAeHU s TToKa3asa, 4yTo 3aboneBaemocth OPBU
B IpyIre NpuBUTHIX ObLIa B 4,32 pa3za HUXe MO CpaB-

HEHMIO C HeBaKIIMHUPOBaHHBIMU TuLiaMu (p < 0,05,
x> =4,03). UD cocraBuin4,32; KB — 76,85%. CnydaeB
3aboJieBaHU TpumnnoM B ce3oH 2020—2021 r. oTme-
YeHO He ObLJIO.

Cezon 2021—2022 2e. 3a60JieBa€MOCTDH T'PUIIIIOM
Y HEBaKIIMHWPOBAHHBIX YYAaCTHUKOB HCCIIEIOBA-
HUs cocTaBuia 2,6%; cpeayd BaKLIMHMPOBAHHBIX
cJIydaeB I'pUIINa BBISIBJIEHO HE OBLIIO.

3a wuccaemyeMmblii  Tiepuoa  3a00J€BaeMOCTD
COVID-19 cpeau HeBaKIIMHUPOBAHHBIX JIMI[ CO-
craBwia 21,9%, B rpymiie BaKIIMHUPOBAHHBIX —
3,1%. 1D cocrasuiu 7,06; KD — 85,8%. OueHka I11o-
JIy4eHHbBIX Pe3yJIbTaTOB HAOIIOACH S ITI0Ka3aJjia, YTO
3aboneBaemoctb COVID-19 B rpyIie OpUBUTHIX
6bL1a B 7,06 pa3 HUKe MO CPABHEHU IO ¢ BAKIIMHUPO-
BaHHBIMU JutiaMu (p < 0,05, > = 10,63). 3HAYUMBIX
pasTMIuii MEXAy TPyIIaMi B OTHOIIIEHU U 3a00J1e-
BaeMocTu OPBU oGHapyxkeHo He Ob110 (Tab. 4).

Cezon 2022—2023 ee. 3a001€BaeMOCTb TPUII-
MOM Cpelu HEeBaKIIMHUPOBAHHBIX YYAaCTHUKOB HC-
cllefoBaHUsT coctaBuiia 8,8%; cpenn BaKIIMHUPO-
BaHHBIX — 0,3%. D coctaBui 29,3; KO — 96,6%.
O1lleHKa TOJYYEHHBIX PE3yJIbTaTOB HAOIIOMCHU S
rnoxkasaja, YTo 3a00JIeBa€MOCTb TPUIIIIOM B TPYIIIIe
NPUBUTHIX Obly1a 29,3 pa3 HUXKE MO CPaBHEHUIO C He-
BakIIMHUPpOoBaHHBIMHU JTuiaMu (p < 0,05; ¢ = 3,92).

3a UCCEAYEMBbIiA nepuos, 3a00JeBae-
moctb COVID-19 cpeau HeBaKIIMHUPOBAHHBIX
ot COVID-19 cocraBuna 3,6%, cpeau BaKLIMHAPO-
BaHHBIX — 0,25%. D cocrasun 14,4; KO — 93.1%.
3HAYMMBIX pa3InYMii MEXIY TpyIIIIaMu I10 3a001¢e-
Baemoct OPBU 1 COVID-19 o6Hapy:kKeHO He ObILIO
(TabJ. 5).

STuonornyeckas CTPYKTYypa 3aboneBaeMocTn

Bce nonyuyeHHble 0Opa3slibl ObIJIM UCCIEOOBAHBI
Ha HaJW4Me TEeHEeTUYSCKOTO MaTepuajia BUPYCOB
rpunna tTura A u B, pecrimpaTopHO-CMHIUMTHAIb-
HOTO BUpYyca, pPUHOBUPYCA, METAITHEBMOBHUPYCa, BU-
pyca naparpunma 1, 2, 3 u 4 TUTIOB, CE30HHBIX KOPO-
HaBupycoB mrammoB OC 43, HKU-1, NL-63, 229E,
ageHoBupyca rpynn B, C u E, 6okaBupyca, HoBoro
kopoHaBupyca SARS-CoV-2.

Cezon 2020—2021 ee. B iepuop rmpearojgaraeéMoro
SMUIEMUIECKOTO TIoabeMa 3a00JIeBaeMOCTH TPUTI-
noMm 1 OPBU na teppuropun HCO, c 28.10.2020
no 30.04.2021, y 3a0oyieBIIMX YYaCTHUKOB MCCJIe-
JIOBaHUSI OBLIM B3SThl HOCOTJIOTOYHBIE Ma3KW st
ATUOJIOTUYECKON  paciiu@poBKU  3a00JeBaHUSI.

Ta6nuua 1. XapakTepucTuka uccsiegyembixX rpynn B anupemuyeckuii ceaod 2020-2021 rr.
Table 1. Characteristics of the study groups during the epidemic season of 2020-2021

KonuuecTtso BakuuHbl
Fpynna| uccnepyembix (n) Vaccines
Group The number HanmeHoBaHue MpousBogutens
of subjects studied (n) Name Manufacturer
1 700 Ynbrpukc® Keagpwu/Ultrix® Quadri 000 «dOPT», Poccusa/FORT, Russia
2 700 CoBurpunn®/Sovigripp® AO «HMNO «Mukporen», Poccua/NPO Microgen, Russia
. «HMO NeTtposakc ®apm», Poccusa/NPO Petrovax
3 600 Fpunnon® Mnioc/Grippol® Plus P Pharpm, F’iussia /
4 1000 Henpusutbie/Unvaccinated -
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TaGnuua 2. XapaktepucTuka uccaeayemMbix rpynn B anuaeMuyeckue ce3onbl 2021-2022, 2022-2023 rr.
Table 2. Characteristics of the studied groups in the epidemic seasons 2021-2022, 2022-2023

Konuyecteo BakuuHbI
Fpynna uccnepyembix (n) Vaccines
Group | The number of subjects HanmeHoBaHue Mpoussoautennb
studied (n) Name Manufacturer
1 1563 Ynbrpukc® Kesappu 000 «dOPT», Poccus
Ultrix® Quadri FORT, Russia
2 548 AnuBakKopoHa ®BYH MHL, BB «BekTop» PocnoTpe6Hansopa, Poccusa
EpiVacCorona State Research Center of Virology and Biotechnology “Vector”, Russia
KoenBax ®reHY «dHUUPUM um. M.IM. Yymakosa PAH», Poccus
3 850 CoviVac Chumakov Federal Scientific Center for Research and Development
of Immune-and-Biological Products, Russia
CrnyTHuK NaiT drey «<HULOM um. H.®. Famanen» Munspgpasa Poccun
4 910 yTHAK N.F. Gamaleya Federal Research Center for Epidemiology
Sputnik Light : . )
and Microbiology, Russia
} } drey «<HULOM um. H.®. Famanen» Munspgpasa Poccun
5 987 Fam-KOBMA-Bak N.F. Gamaleya Federal Research Center for Epidemiology
Gam-COVID-Vac ) . :
and Microbiology, Russia
6 1142 Henpungble _
Unvaccinated

Bcero B vcciieayeMblil Tiepuoa OBIA B3SITHI Ma3KU
y 181 3aboJseBliero, HaxoAsIIerocs IMoj Hadrone-
HueM: 35 Ma3KoOB OT BaKLMHMPOBAHHBLIX U 146 —
OT HEMTPUBUTHIX JIUII.

BospacTHoli nuarma3oH ITallMEHTOB COCTaBUJI
18—74 roga, mpuyeM OT MOXMUJIBIX JIIOJei B BOo3pac-
Te crapiue 60 JieT ObLIO IMOJydYeHo 3 obpasla, 4To
cocrtaBuio 1,7% (3/181) or oOuiero KoaudecTBa
npo6. 58/181 (32,0%) o0Opa3uoB ObLIO IIOJIYYEHO
ot Mmy>kuuH u 123/181 (68,0%) 06pa3LoB — OT KEH-
muH. Cpeaun Bcex UCCieIoBaHHBIX 00pa3noB 45,3%
(80/181) okazanuch MOJIOXKUTEIbHBIMU HAa HAJIUUYKE
TeHEeTUYECKOro MaTepualia XoTsl Obl OJTHOTO PECIU-
paTopHOTro BUpyca.

Y HabOmomaeMbIX YYaCTHUKOB  MCCJICHOBa-
HUs B iepuon ¢ okTsaops 2020 r. mo ampens 2021 T.
He OBLJIO BBISIBJICHO HU OTHOTO CJTy4asi 3a00JIeBaHu I,
BbI3BAHHOI'0 BUpycoM rpurra. Cpenu BO30yauTe-

Ta6nuua 3. 3aboneBaeMocTb cpeau
BaKUWHUPOBAHHbLIX N HEBAaKUWUHUPOBAHHbIX
y4aCTHUKOB nccnepoBsaHus B ce3oH 2020-2021 rr.
Table 3. Comparison of morbidity rates between
vaccinated and unvaccinated participants in the 2020-
2021 season

Mpusutbie
sgcrg:;:: HenpuButbie
against Unvaccinated
influenza
3abonesaeMocTb rpunnom* _ _
The incidence of influenza*
3abonesaemoctb OPBU* . .
The incidence of SARS* 193 834
3abonesaemocTtb COVID-19* 55 79
The incidence of COVID-19* ’ '

Mpumeyanue. * — % 0T yncna 06¢nea0BaHHbIX NALUEHTOB;
** — nocTtoBepHble pasnnyus (p < 0,05).

Note. * — % of the number of examined patients;

** — significant differences (p < 0.05).

et OPBM Herpunmno3Hoii TUOJIOTUM Yallle BCEro
BBISIBJISLIU pruHOBUpYC — B 21,0% (38/181) cinyuaes
u Bupyc SARS-CoV-2 — B 12,7% (23/181) cinyuaes.
CreayonMu 10 4acTOTE€ BCTPEYAeMOCTH ObLIU
METaITHEBMOBHUPYC U CE30HHBIC KOPOHABUPYCHI, CO-
craBuB 6,6% (12/181) u 4,9% (9/181) ciydaeB cooT-
BeTcTBeHHO. [IpoLIeHT meTeKIIu 3a00JIeBaHUI, BBI-
3BaHHBIX BUPpyCaMU ITaparpuIna 1 aaecHOBUpPYyCcaMU,
coctaBui 3,3% (6/181) n 0,6% (1/181) cooTBeTCTBEH-
Ho. Cny4yaeB MH(pEKIIMU, BEI3BAHHOM pecIriupaTop-
HO-CUHIIMTHUAJILHBIM BUPYCOM U OOKaBUPYCOM, 3a-
PErucTpUpoOBaHO HE OBbLIO.

Cpean HeBaKLIMHUPOBAHHBIX MallUEHTOB (n =
146) monst mpo6, ITILIP-110JI0XKUTEIBHBIX XOTSI ObI
Ha onuH BMpyc, coctaBuia 42,5% (62/146), nois
I P-oTtpuiaTenbHbIX Mpod — 57,5% (84/146).
Cpenn BakIIMHUPOBAHHBIX OT TpMIIA Tallu-
eaToB (n = 35) 51,4% (18/35) npo6 Obuim ITLIP-
MOJIOXUTETBHBIMU XOTsI Obl Ha OAWH BUpYC, 49,6%
(17/35) He ObLTM BepUDUITMPOBAHHI.

YacroTta BBISIBJIEHUS ClIy4aeB KOMHMEKIIUMN CO-
craBuiia 6,1% (11/181): oT HeBaKLMHUPOBAHHBIX
MalMeHTOB Oblia BhIsiBIeHA B 6,2% (9/146) ciyyaes,
cpeav BaKIIMHUPOBAHHBIX — B 5,7% (2/35) cinyuyaes.
HawnbGounee yacto BcTpeyaauchb KOMOMHALIMU U3 CJie-
nytouinx BupycoB: HMPV+HRV+HCoV — 5 pas,
HMPV+HPIV+HCoV — 3 paza, HMPV+HCoV+
HBoV — 2 pazau SARS-CoV-2+HRYV — 1 pas.

Cezon 2021—2022 2. B iepuon rmpearojgaraeMoro
AMUIEMHUUYECKOro IoabeMa 3a00J1eBaeMOCTU TPUII-
nomM 1 OPBM nHa tepputopun HCO, c 24.11.2021
10 01.05.2022 y 3a60J1eBIIMX yUaCTHUKOB UCCJIeIOBA-
HU S ObLIN B3SIThl HOCOIVIOTOYHbBIE Ma3KU 151 9TUO-
Joruyecko pacimudpoBku 3adosieBaHus. Bcero
B HCclienyeMblii mepuo 0b110 B3s1To 399 Ma3kos: 208
Ma3KOB OBLIM TIOJYYEHBI OT HEBaAaKIIMHUPOBAHHBIX
YYaCTHUKOB uccenoBaHus U 191 Mma3zok — oT npu-
BUTBIX JIUILL, U3 HUX 59 yesToBeK ObLJIM BaKLIMHUPOBA-
HbI OT rpunmna, 40 yegoBek ot rpunna u COVID-19,
92 wyenmoBeka BakuuHupoBaHbl oT COVID-19.
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Ta6nuua 4. 3a6oneBaeMocTb cpeau BakKUMHNPOBAHHBIX U HEBAKUVMHUPOBAHHBLIX YY4aCTHUKOB

nccnepoBaHuq B ce3oH 2021-2022 rr.

Table 4. Comparison of morbidity rates between vaccinated and unvaccinated participants in the 2021-2022 season

MpuBuTbIE OT rpunna
Vaccinated against influenza

Henpueurtbie
Unvaccinated

Mpusutbie ot SARS-CoV-2
Vaccinated against SARS-CoV-2

Henpusurtbie
Unvaccinated

3aboneeaemocTb rpunnom*

The incidence of COVID-19*

The incidence of influenza* - 2,6 1,5 2
3abonesaemocTs OPBU*

The incidence of SARS* 3.2 50 3,5 47
3aboneesaemocTtb COVID-19 213 10.3 o -

Mpumeyanme. * — % ot yncna 06¢cneoBaHHbLIX NaUMEHTOB; ** — fnocToBepHble pasnnyms (p < 0,05).
Note. * — % of the number of examined patients; ** — significant differences (p < 0.05).

BospacTHoii nuara3oH MaLMUEeHTOB COCTaBUJI 18—
90 7eT; OT MOXWJIBIX JIIOACH B BO3pacTe cTapiie
60 et ObLIO MOJIydeHO 69 00pas3LoB, YTO COCTaBU-
710 17,3% (69/399) 0T 0011Ier0 KOJIMYECTBA 00PA3LIOB;
165/399 (41,3%) o6pa310B OBIJIO MOJYUYEHO OT MY3K-
yuH u 234/399 (58,6%) 06pa31i0B — OT >KEHIIMH.

47,6% (190/399) o6pasuioB 6bitu [T P-HeraTus-
HbI Ha HaJIM4Me FeHeTUYECKOro MaTepualia peciiu-
patopHbIX BuUpycoB u 52,4% (209/399) saBiasiiuch
MOJIOXKUTETbHBIMU.

Cpenu Bozoyauteneit OPBU yaliie Bcero BbISIB-
JISLTY HOBbI KopoHaBupyc SARS-CoV-2 — B 40,6%
(162/399) cnyuyaeB u BuUpychl rpunmna — B 3,5%
(14/399) cnyuyaeB. CienyiomiumM Mo 4acTOTE BCTpe-
4aeMOCTH cTajl puHoBUpYc, coctaBuB 3,0% (12/399)
ciyuaeB. [IpoueHT aerekuuu 3abojieBaHUIA, BbI-
3BAHHBIX CE30HHBIMU KOPOHABMPYCAMU U PECIIU-
paTOpPHO-CUHLIUTHUAILHBIM BUPYCOM cocTaBui 1,7%
(7/399) xaxaplil, BUpycaMu Taparpurina u 00KaBu-
pycom — 1,2% (5/399) 1 0,5% (2/399), coOTBETCTBEH-
Ho. CinyuyaeB nHGEKIIMY, BBI3BAHHOM aJIcHOBUpYCa-
MU ¥ METalTHEBMOBHM PYCOM, He OBIJIO 3aperucTprupo-
BaHoO. [1pu 3TOM Cpeau HeBaKIIMHUPOBAHHBIX A1l -
eHToB (n = 208) mois 1poo, ITL P-monoxkuTeapHbIX
xoTsg Obl Ha oguH Bupyc OPBMU, cocraBuia 58,2%
(121/208), monsa ITLIP-oTpuuaTenbHBIX TIPOO —
41,8% (109/208). 46,1% (88/191) mpo6 mnarueH-
TOB, BaKIIMHUPOBaHHBIX OT rpunna u COVID-19
(n = 191), 6p11u I P-mto0KMUTETBHBIMU XOTSI ObI
Ha onuH Bupyc OPBMU, a 53,9% (81/191) ObL1u OTpU-
HateabHBI. YacToTa BBISIBICHMS CIydaeB KOMHMpEK-
umnu cocrasuia 2,0% (8/399): or HeBaKLIMHUPOBaH-
HBIX NaleHToB B 2,4% (5/208) ciy4aeB, OT BaKIIM-

HUpoBaHHBIX — B 1,6% (3/191) ciiyuaeB. Hanbousee
YacTO BCTpPEYaJUCh KOMOMHAIIMU W3 CICAYIOLINX
BupycoB: SARS-CoV-2+HCoV — 2 paza, SARS-
CoV-2+HRSV — 3 pa3za, SARS-CoV-2+HInfV —
2 pa3zau SARS-CoV-2+HRSV+HRYV — 1 pas.

Ceszon 2022—2023 ee. B nepuon npenrojiaraéMoro
SMUAEMUYECKOI0 IMoabeMa 3a00JIeBAEMOCTU I'PUII-
noM 1 OPBM Ha Tepputopunm HCO, ¢ 30.11.2021
no 01.05.2022 y 3a00neBIINX YYACTHUKOB HCCIIE-
MOBAHUSI OBLIU B3SIThI HOCOTJIOTOUHBIC Ma3KH IS
3THOJIOrMYecKoi paciundpoBku. Becero B uccueaye-
MBIt iepuof 661710 B3siTO 290 Ma3koB, 173 obpa3sia
Yy HEBaKIIMHUPOBAHHBIX yYACTHUKOB MCCIEIOBA-
HUsg 1 117 Ma3KoB y BaKIIMHUPOBAHHBIX YYaCTHU-
KOB ucciieqoBaHus, 13 HUX 30 4eJioBeK ObLIIM Bak-
HOUWHUPOBAHBI OT TpUMna, 22 yejaoBeKa — OT T'PUII-
na u COVID-19, 65 uyenoBek — ot COVID-19.
BospacTHolf mumamma3oH IMAMEHTOB  COCTaBUII
18—77 net, OT MOXWUJBIX JIIOJIEN B BO3pacTe cTaplile
60 et OBI1JTO TTOJTyYeHO 37 00pa3lloB, YTO COCTABUIIO
12,7% (37/290) ot o611iero KojaudyecTBa npoo. 88/399
(30,4%) o06pa3loB OBLIO IIOJYYEHO OT MYKUYUH
n 202/290 (69,6%) 00pa3LOB — OT KEHIIH.

52,1% (151/290) o6pa310B ObLIM OTpULIATEIbHbI-
MU Ha I€HETUYECKHUIl MaTepuall PEeCHUpPaTOPHBIX
BUpYycoB 1 47,9% (139/290) — TTOIOXUTETBHBIMH.

B wmcciaenyeMBlit Iepuon BUPYCHI TPUIIIA SIB-
JISITACHh TOMWHUPYIOIINUM 3THUOJIOTUYECKUM arcH-
ToM u coctaBuiu 21,3% (62/290) cnyuaeB. Cpeau
Bo3oynuteneit OPBU Herpunmno3Hoil 3TUOJOTrMU
qalie BCeTo BHISIBJISIJIA HOBBI KopoHaBupyc SARS-
CoV-2 — B 8,9% (26/290) cayuaeB. Cieayommum
IO Y4aCTOTE BCTPEYAEMOCTU CTaj PUHOBUPYC, CO-

Ta6nuua 5. 3a6oneBaemMocTb Cpeamn BakKLMHUPOBAaHHbIX U HEBAaKLLMHMPOBAHHbIX Y4aCTHUKOB

nccneposaHua B ce3oH 2022-2023 rr.

Table 5. Comparison of morbidity rates between vaccinated and unvaccinated participants in the 2022-2023 season

MpusuTble OT rpunna
Vaccinated against influenza

Henpusurbie
Unvaccinated

Mpusutbie ot SARS-CoV-2
Vaccinated against SARS-CoV-2

Henpusutbie
Unvaccinated

3abonesaeMocTb rpunnom*

The incidence of COVID-19*

The incidence of influenza* 0.3 8,8 8,2 13,1
3abonesaemoctb OPBU*

The incidence of SARS* 2.4 6.5 17 7,2
3abonesaemocTtb COVID-19 31 58 0.25 36

Mpumeyanue. * — % o1 yncna 06Cnen0BaHHbIX NALMEHTOB; ** — A0CTOBEPHbIE pasnunyns (p < 0,05).
Note. * — % of the number of examined patients; ** — significant differences (p < 0.05).
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Figure. The etiological pattern of respiratory viruses in the patients during the seasons 2020-2021, 2021-2022,

and 2022-2023

craBuB 5,8% (17/290). IIpoueHT AeTeKMU 3a60Jie-
BaHUM, BBI3BAHHBIX CE30HHBIMM KOpPOHABHUpYycCa-
MU U PECHMPATOPHO-CUHIUTUATIBHBIM BHPYCOM,
coctaBus 4,5% (13/290) u 3,1% (9/290) cooTBeT-
CTBEHHO; METAITHEBMOBUPYCOM W BHUpYCaMU Iia-
parpunma — 2,7% (8/290) u 1,1% (3/290) cnyyaeB
cooTBeTcTBeHHO. CiyyaeB uHGEKLUU, BbI3BaH-
HOIT alecHOBUpYCaMU U OOKAaBUPYCOM, He ObLIO 3a-
peructpupoBaHo. [lpu 3TOoM cpean HeBaKIIMHU-
pOBaHHBIX MaLueHTOB (n = 173) mons npoo6, ITLIP-
MOJIOXKUTENBbHBIX XOTs ObI Ha onuH BUpyc OPBU, co-
craBuia 63% (109/173), nons I[N P-oTpuLiaTe1bHbIX
npod — 37% (64/173). Cpenu BaKLIMHUPOBAHHBIX
ot rpunina u COVID-19 manuenTos (n = 117) 25,6%
(30/117) npo©6 66L1H [TL P-110/T0K U Te TBHBIM XO TSI OBI
Ha onuH Bupyc OPBU, a 74,4% (87/117) manwu IT1LIP-
OTPUILIATEIbHBINA pe3ysbTaT. YacToTa BBISIBICHUS
ciydaeB KomH(pekuuu cocraBuia 5,2% (15/290):
OT HEBaKLMHUPOBAHHBIX IAaLlMEHTOB B 6,3%
(11/173) cnyvaeB, OT BaKIIMHUPOBAHHBIX — B 3,4%
(4/117) cnyuaeB. Haubonee yacTo BCTpedyasivCh
KOMOWHALNU 13 caenyiommx Bupycos: SARS-CoV-
2+HRV — 5 pa3, SARS-CoV-2+HINFV — 6 pas,
HINFV+HPiV+HRV — 3 paza u HMPV+HRV —
1 pa3. DTuosorndeckass CTpyKTypa pecnupaTop-
HBIX BUPYCOB y MCCJIEAYEMBbIX MALIMEHTOB (CE30HbI
2020—2023 rr.) mpeacTaBjieHa Ha PUCYHKE.

Ob6cyxaeHne

B snunemuueckuii cezon 2020—2021 rr. ciyyaen
3a00J1IeBa€MOCTH I'PUIIIIOM HE OTMEUYEHO, YTO COIJa-
CyeTCs C JaHHBbIMU JIUTEPATypPhbl U, BEPOSITHO, SIBU-
JIOCH CJICACTBUEM COOJIIOACHUS CAHUTAPHO-TIPOdU-
JIAKTUIECKUX MeP, TPEATTPUHSITEIX B CBSI3H C TTaHIE-
mueii COVID-19 [5, 10]. Tak>ke HU B OMHOM U3 TPYIIIT
KUCCJIEAOBAHMS He ObLIM 3aPErUCTPUPOBAHLI ClIydyaun
3a00JIcBaHW I, BBI3BAHHBIX PECITMPATOPHO-CUHIIN-
TUAJIbHBIM BUPYCOM U OOKaBHPYCOM.

Ce30HHOE pacIpOCTpaHEHUE PeCIIMPATOPHbBIX
BUPYCOB MOXET 3aBUCETb OT MHOTUX (paKTOPOB, YTO
oIpeieisieT HeOOXOMMMOCTh MalbHEUIIEero u3yyJe-

HU S 0COOEHHOCTE! NX IUPKYISIIUU 1 BOSHUKHOBE -
HUS 3a00JIeBaHU, BbI3BAaHHBIX PECIUPATOPHBIMU
BUpPYCaMU C 1IeJTbIO TPOTHO3MPOBAHMS BO3MOXKHBIX
snuaeMuit. [Ipu cpaBHUTETbHOM aHaau3e 3abosie-
BaecMoctu OPBU HerpumnosHoi 3THUOJIOTUU ObIJIO
BBISIBJICHO, YTO 3200JIeBA€MOCTH CPEN YUaCTHUKOB
ucclienoBaHusl coctaBmiaa 19,3% B rpyiine BaKiM-
HUPOBaHHLIX, 83,4% B rpyIlle HeBaKLIMHUPOBAH-
HbIX. OlleHKa MOJTyYeHHbBIX Pe3yIbTaTOB MoKa3aja,
4yTo 3ab6oseBaemMocth OPBU cpenu BakKIIMHUPOBaH-
HbIX YYaCTHUKOB UccienoBaHus Obuia B 4,32 pasza
HMXe 10 CPaBHEHMIO ¢ KOHTPOJIbHOI rpynnoii (p <
0,05, 2 = 4,03). Uaaexc aMmmaeMHU0IOTnUeCcKoit 3¢
dexTuBHoctu (MD) cocraBuna 4,32; KoaphuuueHT
spdpextuBHOoCTH (KD) — 76,85%.

B ce3on 20212022 rr. 3a6071€Ba€MOCTb I'PUIITIOM
BIPYIIIle HEBaKLIMHUPOBAaHHBIX cOcTaBuJia 2,6, cpe-
IV BAaKIIMHUPOBAHHBIX CJIy4YacB I'PUIIA BHISIBJICHO
He Obuto. Takoif HM3KMII TMOKa3aTesib 3aboJieBac-
MOCTHU TaK:Ke COINIacyeTCs C JIMTCPAaTyPHBIMHU WC-
TOYHUKaMU, U BEPOSITHO CBSI3aH C MPEBEHTUBHBIMU
MepaMU, HallpaBJICHHBIMH Ha TPOMMIaKTUKY 3200-
neBaemoctt COVID-19 [9].

3a wuccaenyeMbli mepuon  3a00JeBaeMOCTH
COVID-19 cpeau HeBaK IMHUPOBAHHBIX COCTaBUJIA
21,9, cpenu BakuimHupoBaHHBIX — 3,1. [1pu olieHKe
3(HEKTUBHOCTH OTCYCCTBCHHBIX BaKIIMH ITPOTHUB
COVID-19 B ykazaHHbIi mepuoj ObLIO ToKa3a-
HO, yTo D cocraBui 7,06; KO — 85,8%. OueHka
TMOJTYyYeHHBIX PE3yJIbTaTOB TloKa3ajia, YTo 3aboJie-
BaeMocTh COVID-19 cpean BakKIMHUPOBaHHBIX
YYaCTHHMKOB MccliegoBaHus Oblia B 7,06 pa3 HuUXe
Mo cpaBHeHUIO ¢ KoHTposieM (p < 0,05, x> = 10,63).
B ce3on 2022—2023 rr. JOMUHUPYIONINMHU UHOpEK-
LIMOHHBIMU areHTaMu cTaju Bupyc rpurimnau SARS-
CoV-2, 4TO COIIOCTaBUMO C JaHHBIMHM 3a CE30H
2019—-2020 rr., moJly4eHHbIMU HAMU paHee B APYTUX
uccienoBanusax [10]. IMokasaTenp 3abojieBaeMOCTHU
TPUTITIOM coCTaBUI 8,8 cpenn HeBaKIIMHUPOBAH-
HbIX uccienyembix 1 0,3 cpenu mpuBUTHIX (UMD 29,3;
KD — 96,6%). OueHka IIOJy4EeHHBIX PE3yJIbTaTOB
HaOJoIeHUs TToKa3aja, YTO BaKIIMHAIUs TTPUBO-
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OueHka apPEKTUBHOCTY BaKLMH

JIUT K JOCTOBEPHOMY CHUXXEHUIO 3a00J1€Ba€MOCThIO
rpurrioM (B 29,3 pas) (p < 0,05; > = 3,92).

3a wuccaenyeMmblii  Tiepuoa 3a00J€BaeMOCThb
COVID-19 cpenu npusButeix ot COVID-19 co-
craBuiia 3,6, cpeay BaKLIMHMPOBAHHBIX 3TOT IMO-
Kazatesib coctaBui 0,25 (UD 14,4; KB — 93,1%).
PasHunel Mexxay TrpynmnamMu B 3a00JIeBaeMOCTU
OPBH u COVID-19 o6Hapy>keHO He ObLJIO.

3ak/o4yeHne

IIpoBeneHHOE MUCCIeIOBAHME IO OLICHKE SIS
MHUOJOTUIECKON 3(PPEKTUBHOCTA OTEUYECTBEHHBIX
BaKIWH TP UMMYHU3ALUN B3POCIOr0 HACEIICHUS
B T€UEHHE TPEX SMUAEMUUECKUX CE30HOB MOATBEP-
JUJIO BBICOKYIO 3((PEKTUBHOCTh creundruueckKoin
npopUIaKTUKU B MNPEAYNPEXICHUU CIy4yaeB 3a-
ooseBanus rpurnromM u COVID-19. BakuuHauus
MPOTUB IPUITIA MpHUBea K CHUKECHHUIO 3a0oJieBac-
MOCTU Cpeau NpPUBUTHIX B ce30oH 2022—2023 rr.
B 29,3 pa3a Mo CpaBHEHUIO C YYaCTHUKAMU HCCIC-
JIOBaHUSsI, HE TIOJTYYUBIIMMU BakuHy. [1pu aHanm-
3€ PNUAEMUOJIOrnYeCcKOl 2 (HEeKTUBHOCTU BaKIIUH
o1 COVID-19 661110 BBISIBJIEHO, UTO B c€30HBI 2021—
2022 n 2022—2023 rr. BaKLIMHUPOBaHHbIE MMPOTUB

COVID-19 B3pociblie aoau doaenu B 7,1—14,4 pas
pexe HEeNpUBUTHIX, MOKa3aTelb 3allUIIeHHOCTH
coctaBui oT 85,8% 1o 93,1%. B xone uccienoBaHus
OOHapyKeHbI 3HaYUTEIbHbIE U3MEHEHU ST 3TUOJIOT U -
yeckoit ctpykTypsl OPBU y 3a00/1eBIINX BO BpeM s
nangemMun COVID-19. JJoMUHUPYIOIINM BUPY-
coM B ce30H 2020—2021 rr., Tomumo SARS-CoV-2,
ObUT pUHOBUpPYC; BUpychl rpurnma u PC Bupycsl
He ObuIM oOHapy:KeHbl. B ce3on 2021—-2022 rr. oT-
MEUEHO CYIIIECTBEHHOE MpeobdiagaHue B CTPYKTYpe
OPBMU Bupyca SARS-CoV-2, onHaKO B LUMPKYJISILIUU
B 3,5% ObLIM 0OHaApy>KeHbI M BUPYChI TpuIiia. B ce-
30H 2022—2023 rr. BUpPYCHl TpuIIlia IIpeobanain
U ObLIM JeTeKTUPOBaHbI B 21,3% ciyyaes, cleaylo-
MMM TI0 YaCTOTe BCTpeuyaeMocTu Obl1 Bupyc SARS-
CoV-2 — B 8,9% cnyuaes. [IpolLeHT AeTeKLIMU 3200~
JIeBaHUW, BBI3BAHHBIX PUHOBUPYCOM, CE30HHBIMU
KOpOHaBUpYyCaMU,  PeCrupaTOPHO-CUHIUTHUAb-
HBIM BHPYCOM, METAaITHEBMOBMPYCOM U BUPYCaAMU
naparpumnma coctasuia ot 1,1% no 5,8% cnyuyaes.
ITonygyeHHble pe3yabpTaThl MOTYT CBHICTEIBCTBO-
BaTh 00 yTpare noMuHupytomeit poau SARS-CoV-2
B ctpykTtype OPBU B 2023 1. 1 NOCTENNEHHOM BO3-
BpallleHUM B aKTUBHYIO IUPKYJSIIUIO BUPYCOB
rpunmna u Apyrux Bozoyauteneit OPBU.
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CPABHUTEJIbHAY MOP®OJIOr'NMYECKA4
XAPAKTEPUCTUKA CTABUJIbHOW

WU NPOrPECCUPYIOLLLEEN TYBEPKYJIEM
JIETKUX

H.E. I'mmanaunosa’, JI.A. JIioooBuena', A.B. Ceprees'-?

'@I'BOY BO Yysawckuii 2ocydapcmeennbiii ynusepcumem umenu M. H. Yavsanosa, e. Yebokcapol, Poccus
2 Pecnybauranckoe 61opo cydebrno-meduyunckoil sxcnepmusvt Munzopasa Yysawuu, 2. Yeborcaput, Poccus

Pestome. Lles nccnemoBaHus — ONpeneTuTh BeAyIlee 3BeHO pearnpoBaHUSI MECTHOI UMMYHHOI 1 HEMPO3HIOKPHUH-
HOI1 CHCTEM B JIETKMX, MOpaxKeHHBIX TyOepKyaemoii. Mamepuanvt u memods. UccienoBano 60 ciydaeB TyOepKyjieM
CTaOMIILHOTO ¥ TIpOTpeccupylomiero TedeHus. MccnemoBanne MpoBOIMIIN B 2 30HAX: KaICcyJie TYOSpKYIeMbI U TIPH-
JIeXaIIuX K Hell 001acTax. ['pymmoil cpaBHEHUS CIYKUJIN pe3elIUpOBaHHBIC YIACTKU BEPXHUX JOJIEH IIPaBOTo JIeT-
Koro, B3gThie y 10 MmyxunH, norudmux B JATII, He 6oaeBux Tydepkyse3oM. DTa rpymnima Obljga Ha3BaHa «yCJIOBHO
3I0POBBIC». JIJIsT OIIEHKM MMMYHHOTO OTBETa MCIIOIb30BaI MMMYHOTHCTOXUMUIECKUI METOI C UCITOIb30BAHNEM
MoHOKJoHaJbHbIX aHTUTeN K CD8 u CD4. CoaepxxaHue KaTeXxoJaMUHOB B CTPYKTYpax JerkKux onpeaeasiiv JIIOMU-
HECLIEHTHO-THCTOXUMUYeCKUM MeTomoM Danbka—Xunapna. Pesyasmame:. [Ipy oLieHKe TOKaIW3aLUNA SKCIIPECCH T
M3yYyaeMbIX MapKEPOB B JIETKMX B TPYTIIIE «yCIOBHO 310poBbie» unciao CD4*- u CD8*-kneTok onpenesiioch Npeumy-
LIECTBEHHO B UHTEPCTUILIMATbHOM IpocTpaHcTBe. Ynceno CD4*-kaeToK B JTaHHOI UccaeayeMoli TpyIIe mpeobiaaaio
Hag CD8-xnerkamu. B cTaOuabHOI TyOepKyneMe ObIIO BhISIBIEHO OOblIee YMCI0 TUMMOLIMTOB B KarcyJie ¢ mpe-
obmamanuem T-kunnepoB Hax T-xenmepamu. B mepudokaibHO 30He CTAOMIIBHON TYOEPKYIEMbI UMCIO UMMYHHBIX
KJIETOK OBIJIO YMEHbBIIEHHBIM IT0 CPABHEHUIO C TPYIIIION «YCIOBHO 3J0POBBIE», HO IIPU 3TOM OIPEIEISINCh 30HbI, IJIe
CD4*-numdounTsl 00pa30BbIBaIN KOHTAKThI C UHTEPCTUIIMATBHBIMU Makpodaramu. B kancyne mporpeccupyroiieii
TyoepkyreMsl unciao CD4"- u CD8"-xireTok 0110 yBeIndeHo, HO T-KuiaepoB ObLI0 60JbIIe, geM T-xeamepoB. B me-
pudoxanbHOI 30He oTMeuanock cHukeHue yncia CD4* T-numdounToB npu omHoBpeMeHHOM yBenndenun CD8*-
KJeToK. OTMEUeHO yBEJIMUYEHUE KOJNMYECTBA BHYTPUABBEOISIPHBIX U MHTEPCTULMATBHEIX MaKpO(paros, KOTOPhIE
MecTaMM 00pa30BEIBaM KOHTaKTH ¢ CD4 -muMmdonuramu. LlnToTokcmueckre TMMMOLUTEI 9YaCTO KOHIICHTPUPO-
BaJICh BOKPYT KPOBEHOCHBIX cocynoB. [1py n3yuyeHNM comep:KaHUs KaTeXOJaMIHOB OBIJIO BBISIBICHO IOBEHIIIIEHIE
WX B TYUYHBIX KJIETKAX BO BCEX MCCIEIYEMBIX 30HaX TyOepKYyJIeM CTaOUJIBHOTO U IIPOrpeccupyloliero TeueHus. B ma-
Kpocdarax ypoBeHb KaTeXoJaMUHOB MPY CTA0OUILHOM TeUCHU U 3a00JIeBaHU ST CHUXKAJICS, a ITPU IPOrPeCCUPYIOLIEM —
pe3KO YBeIMUUBaNICA. 3axarouenue. PerynupoBaHue (a3 TedyeHUs TyOepKyJe3HOro BOCHAJCHHUS OCYILECTBISIOCH
Pa3HBIMU KJETOYHBIMU B3aUMOICHCTBUSIMU, M, OYSBUIHO, 3aBUCEI0 OT KOHILIEHTPALIMU MUKOOAKTEepHUii B JIETOUHOM
TKaHU ¥ COAepKaHM s KaTex0JIaMUHOB B MaKpodarax.

Karouesoie caosa: kamexonramunst, mybepkysema, CD4-aumepoyumot, CDE-aumpoyumot, ummynopezyismophulii uHOeKc,
Maxkpoghaeu, myurvle Kaemku, MuKkobaxkmepuu.
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COMPARATIVE MORPHOLOGICAL CHARACTERISTICS FOR STABLE AND PROGRESSIVE
PULMONARY TUBERCULOMA
Gimaldinova N.E.?, Lyubovtseva L.A.?, Sergeev A.V.*"

@ Chuvash State University named after I.N. Ulyanov, Cheboksary, Russian Federation
b Republican Bureau of Forensic Medical Examination of the Ministry of Health of Chuvashia, Cheboksary, Russian Federation

Abstract. The objective of the study was to identify a leading link in local and Iung neuroendocrine immune during
tuberculoma. Materials and methods. 60 cases of stable and progressive tuberculoma were studied. The study was conducted
in2anatomical zones: tuberculoma capsule and adjacent areas. A comparison (apparently healthy) group contained resected
samples of the upper lobes in the right lung collected from 10 men died in an accident lacking tuberculosis over lifespan.
An immunohistochemistry with monoclonal antibodies against CD8 and CD4 markers was used to assess local immune
response. Lung catecholamine level was analyzed by the Falk—Hillarp luminescent histochemical method. Results. When
assessing localized lung expression of the studied markers in “apparently healthy” group, the number of CD4* and CD8*
cells was observed mainly in the interstitial space: the former prevailed over the latter. In stable tuberculoma, higher
lymphocyte number in the capsule was revealed that dominated by T-killers vs T-helpers. In the perifocal zone of stable
tuberculoma vs apparently healthy group, the number of immune cells decreased, but at the same time zones where
CD4"* lymphocytes form contacts with interstitial macrophages were detected. In the capsule of progressive tuberculoma,
the number of CD4" and CD8" cells increased, containing more T-Kkillers than T-helpers. In the perifocal zone, there
is a decrease in CD4* T lymphocyte number paralleled with increase in CD8" cells. The number of intraalveolar and
interstitial macrophages sometimes contacting CD4" lymphocytes increases. Cytotoxic lymphocytes concentrate around
blood vessels. When studying catecholamine level, it was found to increase in mast cells in all studied areas during stable
and progressive tuberculoma. In macrophages, the catecholamine level decreases in stable disease, and increases sharply
in progressive progressive course. Conclusion. The regulation of the phases of tuberculous inflammation course is carried
out by various cellular interactions, depends on mycobacteria load in lung tissue and macrophage catecholamine level.

Key words: catecholamines, tuberculosis, CD4 lymphocytes, CDS lymphocytes, immuno-regulatory index, macrophages, mast cells,

mycobacteria.

BeepgeHue

Kak u3BecTHO, TyOepKyse3 0 CUX MOop SIBISIETCS
3ab00j1eBaHrEM, TPEOYIOIIMM 0CO0O0ro noaxoaa K Jie-
yeHuto [11]. Tybepkynaema — 3To oqHa U3 KJIMHUYEC-
K1X (popM BTOPUYHOIO TyOepKyJie3a, KoTopas Ipea-
CTaBJISIET COOOI TIPOAYKTUBHBIA OYar Ka3eo3HOIO
HEeKpo3a, auamMeTpoM Oosiee 1 CM, OorpaHUYEHHBIN
OT OKpYKaloIllel JIETOYHOW TKaHW COETUHUTETb-
HOTKaHHOW Karicyjioil. VI3 nuTepaTypHbIX TaHHBIX
M3BECTHO, YTO OOJBIIMHCTBO TyOEpKYJIeM JIETKOTrO
00pa3yloTcsl B pe3yJibTaTe 3BOJIONUU TaKuX (hopM
TyOepKyJe3a, Kak WHGUWIbBTpaTUBHAS, O4YaroBasi,
JIMCCEMUHUpPOBaHHasl, KaBepHo3Has [8]. Ho nHorma
OHa MOXeT (POpMUPOBATHCS U3 TIEPBUYHOTO TyOEp-
KYyJIe3HOro KoMIuiekca. HecMoTpst Ha TO YTO OCHOB-
HBbIE BOIIPOCHI MMaTOTreHe3a, KIMHUKU U AUaTHOCTUKHA
TyOepKyJeM Ha CEromHSIIHUN AeHb W3Y4YEHbBI J0-
BOJILHO MOAPOOHO, B TIOCJIEIHEE BPEMSI OTMEYAeTCs
pOCT moKa3zaTesieil 3a00J1eBaeMOCT! JaHHOU (opMoit
TyOepkyse3a. Tak, MO CTAaTUCTUKE OT OOIIIEro yucia
OOJIbHBIX TYOEPKYJIE30M OPraHOB JIbIXaHUS TTallUeH-
TBI C TYOepKyJeMamMu coctaBisioT 1o 10%. SABassch
¢dopMOIi XpOHUYECKOTO CHEeIM(MUIECKOro BocHae-
HUSI, TYOEPKYJIEeMBbl B CBOEM Pa3BUTHU MOTYT UMETh
KaK CTaauy TIPOrpecCMpOBaHUsI, TaK W 3aXKUBJIe-
Hus. B MopdonoruueckoM acrnekTe pa3inyaroT ABa
MyTU IPOrpecCupoBaHusI 3Toil opMbl TyOEpKyie3a.
K nepBomy oTHOCUTCS MepudoKaibHOE 000CTPEHE
B BUJIE allMO3UIIMOHHOTO POCTa, Pa3BUTHE JOUYEPHUX
OpOHXOJIOOYJISIPHBIX OYaroB Yy TpaHUIl Ka3e03HOIO

HeKpo3a B pe3yabTare JUMQGOTreHHOoro, JuMq@oopoH-
XOT€HHOTro, OPOHXOI€HHOIo TonagaHus UHGEKIUU
B JIETOYHYIO OJIbKY. BTOpOit 1 OCHOBHOI MyTh MpPO-
rpeccupoBaHusl TyOepKyJieM, TIOMUMO NepudoKaab-
HOI BCIIBILIKH, — 3TO pa3MsTUyeHue, pacriaBIeHUe
Ka3eo3ac KaBepHU3alleil M MICTUHHasi OpOHXOreHHast
JYCCeMUHALM. AKTUBHOCTbD CIeLIM(UUECKOro Ipo-
1ecca B TyOepKyaeMax MOXKHO OIpPeeIUTh 110 MUHTEeP-
IpeTalluy COCTOSIHUSI €€ KarlCyjabl, KOTopasi UMeeT
JIBA CJI0S: HAPYXKHBIN, COCTOSAIIMI U3 KOJJIar€HOBBIX
BOJIOKOH, U BHYTPEHHUI, 0Opa30BaHHBIN rpaHyJIs-
LIMOHHOM TKaHbIO ¢ MaKkpodaramu, SIUTEIUOUTHbI-
MU KJieTKaMu 1 Kiaetkamu [Tuporosa—JlanrxaHca [2].
Ecnu npeobiiagaeT HapyKHBbIH CJI0i1, 00pa30BaHHBII
M3 KOMIIAKTHO YJIOKEHHBIX KOJIJJAr€HOBBIX BOJIO-
KOH, CKYIHO WHOUJIBTPUPOBAHHBIX JUMGOIIUTA-
MU, Ha (hOHE YMEHBILIEHUS TPaHYISIIMOHHOIO CJIOS
WJIM Ja3Ke C ero MOJIHBIM MCYE3HOBEHUEM B TyOEpKY-
JleMax 0e3 MecCTpPyKIIMM Ka3eo3a, MOXHO TOBOPUTH
0 3aXXUBJEHUU UHGEKIIMOHHOro mnpoiecca. OmHako
npeobjialaHue TPaHYJISIIIMOHHOIO CJIOs1 B KaricyJe,
OTCYTCTBME BOJIOKOH KOJLJIareHa JIM0O UX XaOTUUYHOE
pacnonoxeHue Ha (poHe BbIpaskeHHOU JTUMQOUIHOMN
UHOUIBTpAllUY CBUAECTEIbCTBYET O BHICOKOM aKTUB-
HOCTU TyOepKyJje3a U BO3MOXKXHOCTHU JajbHEUIIEro
nporpeccupoBaHus 3adoneBaHus |7, 9].

IIpouiecchl 3a>KMBJAEHUST HECOMHEHHO CBSI3aHbI
C COCTOSIHUEM MMMYHHOM M HEUPOSIHIOKPUHHOM
CUCTEM OpraHusMa. MexaHu3Mbl UMMYHOJIOTUYEC-
KOI1 32l THI JJETKUX 00eCneuynBaIOTCsl HECKOJIbK M-
MM Pa3JIMYHBIMU TUIIAMHA MMMYHOKOMITETEHTHBIX
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KjaeToK. Cpeau HUX HauboJiee Ba>XKHBIMU SIBJISIIOTCSI
JAUM@OLUTBI, aJbBeOJISIpHbIE MakKpodaru U Hei-
Tpoduisl [10, 13]. Ha MmemOpaHax "MMyHOKOMIIE-
TEHTHBIX KJIETOK IIPUCYTCTBYIOT ITO(MaMHHOBBIC
U aJpeHOPELEeNTOPbI, MOCPENCTBOM KOTOPBIX Heli-
POTPAHCMUTTEPHI, HATIpUMEp, KaTexoJaMUuHbI (KA),
YUYaCTBYIOT B PETYJISILIUA UMMYHHBIX peaKIIuii, BO3-
JNercTBYs Ha npoaudepalnio U Aud@epeHIuPOBKY
JUM@OILIMTOB U MakKpodaroB, U3MEHSIOT UX peak-
TUBHOCTD, a TaKK€ MOAYJIUPYIOT MPOAYKIIUIO JIUM-
(GOKMHOB 1 TMTOKUHOB [1]. OnHaKo JaHHbBIE, PEI-
CTaBJICHHBIC B IUTEepaType, 1O CUX ITOP TOCTATOIHO
NPOTUBOPEUYUBHI, TaK KaK JEHCTBUE MOHOAMUHOB
(KA) 3aBUCHUT OT UX KOHLIEHTPALlMM B MOMEHT BOC-
OPpUSITUSI AaHTUTEHHOU MH(pOpMaIIu.

Takum o6pa3zoMm, n3ydeHHe KJIETOIYHOTO COCTa-
Ba B KarcyJje TyOepKyJeMbl U y4acTKax JITKOTo 0e3
MPU3HAKOB CIELIM(PUYESCKOTO BOCHAJICHUS C LETbIO
oInpeaesieH s BeAyIllero 3BeHa pearupoBaHM I MEeCT-
HOU MMMYHHOU 1 HEMPOSHIOKPUHHOMN CHUCTEM SIB-
JISeTCsl aKTyaJIbHOW MpOOJIEeMOU IS TIPOTHO3TPO-
BaHU S TEUCHU S U KypadebHOCTU 001e3HU. B cBSI3U
C 3TUM LIEJIbIO JTaHHOTO UCCIEeI0BAHU S CTaJI0 OIpe-
JIeJICHE BemyIlero 3BeHa pearupoBaHMSI MECTHOM
WUMMYHHOU U HEWPOSHAOKPUHHOMW CUCTEM B ayTOII-
CUWHOM MaTepuaJie Jerkux, MopaxeHHbIX TyOepKYy-
JieMoil. 3amayaMu UCCAeIOBaHU S ObIIU:

1. OnpeneneHure JoKaJIu3alluy, YMCiaa U COOT-
HomeHust CD4 u CDS§ B cTpyKTypax TyOepKyJieMm.

2. BeIgBiaeHUE JOKAaIU3alMU U COAEPXKAHUS MO-
HOAMMHOB B CTPYKTYpPaX pa3HbIX BUIOB TYOSPKYJIEM.

3. BeisiBIeHUE TIpeamnoJiaraeMoii KOppessiiiv-
OHHO CBSI3U MEXAY YMCICHHOCTHI0O UMMYHOKOM-
METEHTHBIX KJIETOK U COAEpP>KaHUEeM MOHOAMUHOB
NpU CTAOMJBHOM U MPOTPEeCcCUpYIONIeM TEeUeHUU
TyOepKyJieM.

Matepuasbl 1 METOLbI

HNccnenoBanue npoBeaeHo Ha 0aze bY «bropo
CyIeOHO-MEeTUIIMHCKON 3KCIIePTU3bl» MUH3IpaBa
YP. M3yyanu ayTONCUUHBIN MaTepuas BEPXHUX
JIOJIeil TIpaBOro JIETKOTo, B3STHIM Yy 60 My>K4YUH,
OOJIBHBIX TyOepKyJieMoit co ctadbuabHbIM (30 ciy-
yaeB) 1 nporpeccupyiomum (30 cirydaeB) TCUCHU-
eMm. OTOOp ciyyaeB OCYIIECTBIISJICS Ha OCHOBE U3-
YUYEHU ST COIPOBOAUTEIBHON MEIUIIMHCKON JTOKY-
MEHTAllMU C LeJbl0 OIpeneeHUs JoKaJu3alluu,
CTeTIeH! BBIPAKEHHOCTH W aKTUBHOCTHU TYOEpKYy-
JIE3HOT'O Mpoliecca, aHau3a 3aKJIIYEeHU N peHTre-
HOJIOTMYECKOI'0 HMCCJIEAOBAHUSI OPraHOB TI'PYyIHON
KJeTKHU, a TakKXe pe3yJbTaTOB O0aKTepHUOJIOorudec-
KOTO WCCIeIOBaHUS MOKpPOTHL. HMccinemoBaHue
MPOBOAUIM B 2 30HAX: Karcyjie TyOepKyJeMbl
U TIpUJIeXaluX K Hell obnactsax. ['pynnoil cpaBHe-
HU S CIYXXKMWJIN pe3elMPOBaHHbIE YUACTKU BEPXHUX
JoJIei TpaBoro JIETKOTO, B3dThie y 10 My>XK41H, T10-
ru6mux B JITTI, He 6oneBuinx TyoepKyae3oM. DTo
rpymnma Obljla Ha3BaHa «yCJOBHO 3J0POBbIC».

WccrenoBaHue MpoBeAeHO COMJIACHO HOPMaTUB-
HO-NpaBOBbIM JoKyMeHTaM (DenepaiibHbIil 3aKOH
No 323 01 21.11.2011 1. «O6 ocHOBaX OXpaHbI 3T0POBbS
rpaxmaH B PD») 1 omodpeHo DTUIeCKUM KOMUTETOM
MeOUILIMHCKOTO (hakynpreTa YyBaIlicKoro rocymap-
CTBEHHOro yHuBepcuteta umMeHu M.H. VYibsHoBa
(mpotokoa Ne 3/4 ot 31.01.17).

MeTonbl NCCAeIOBAHUSI:

1. OOmiasgs oxpacka reMaTOKCUJIMH-303UHOM
NpUMEHSIJIach 1Jisl BbISIBJACHUS MOPMOJOruUYecKuX
M3MEHEHUI B TKAaHU JNerKux u 1uddepeHInpoBKr
YJaCTKOB MOPaKEHHBIX M HETOPaKeHHBIX MUKO-
OakTepusiMmu Tyoepkyesa [12].

2. JIs1 OLIeHKY UMMYHHOTO OTBETa MCMOJIb30BaIN
MMMYHOTMCTOXMUMUYECKUI METO C HUCIOJIb30BaHUEM
MOHOKJIOHaTbHBIX aHTuTea K CD8 1 CD4 B rotoBoM
pasBenenuu (RTU) (Leica, [epmanusi). Cpesbl JoKpa-
LIUBaIUCh XKeJIe3HbIM reMaToKcuJimHoM. Yucyio CD8* -
n CD4"-k1eToK MOACUYMTHIBAIU C HCIOJIb30BaHUEM
cBeToBoro Mukpockora «Carl Zeiss Primo Star» B 10
TOJISIX 3peHus Ipu yBesimueHuu x400.

3. BerunciieHrie UMMYHOPETYJISITOPHOTO MHAEKCa
(UPU) npuMeHs1IU A1 OLEHKW COCTOSTHUS KJIETOU-
Horo uMMyHuTteTa. MPH BbruuclisieTcs Kak OTHOLLIE-
Hue CD4*/CDS8*. Ilokazarens UPU onienuBanu cie-
JIYIOLLIUM 00pa3oM: 3HaueHue 1,5—2,1 — HopMaIbHbIN
MMMYHHBI OTBET, 0oJiee 2,2 — U30bITOYHbIA UMMYH-
HBIN O0TBeT, MeHee 1,0 — mmmyHoneduuumr [4, 5, 6].

4. ]It n30MpaTeabHOTO BBISBJICHUS aMUHOCO-
IepKalluX CTPYKTYP JIETKUX M aIpeHEePTUISCKUX
HEPBHBIX BOJOKOH IIPUMEHSIJICS JIIOMUHECUEHT-
HO-TUCTOXMMUYeCcKUit MeTon Pasibka—Xuaapia
B Mogndukanuu E.M. Kpoxunoii [14].

5. KonuyectBeHHO KOHLIeHTpauuio KA B amu-
HOcCoOAepXalluX CTPYKTypax JIETKMX B YCJIOBHBIX
enuHuLaXx (y.e.) LIUTOCIEKTpodIyopuMeTpuei
¢ moMmoInko mpuoopa @PM3IJT 1(A).

Cmamucmuueckyro 00pabomiky 0anHbIX TIPOBOI-
JIU C VICTIOJTb30BAaHMEM ITPOrpaMMHOTI0 O0ECITEUeH U ST
Statistica 10.0, Microsoft Excel 2010. B3aumMocssizu
MeX Iy MakpodaraMu ¥ TYYHBIMH KJIETKaMU IT0 KO-
JIMYESCTBEHHOMY COACPKaHMUIO KaTeXOJIAMUHOB OIIe-
HUBAJNCh C NPHUMEHEHUEM HeIapaMeTPUIeCKOTro
PaHTOBOI'0 KOppeasiiMOHHOro aHanuza CrupMeHa.
HoctoBepHbIMU cuuTanu otiuuusa npu p < 0,05.
B pabGote mpuBOOSATCS CIEAYIOLINE TIOKA3aTeJIu:
M — cpengHSsT apudMeTHUYecKast BeJIUYNHA; M —
cpenHss omunbKa cpeaHeil apuhMeTHIecKoi Beau-
qyuHBI. CTaTUCTUYECKYIO JOCTOBEPHOCTD OTIPEICIs-
v KputepuemM ManHa—YuTHu (t).

Pesynbrathl 1 00CYyXaeHne

Ilpy okpamIMBaHUU TIeMAaTOKCUIUHOM-203U-
HOM IIperapaToB I'pyNMbl CO CTaOUIbHOI TyOep-
KYJIEMOM BBISIBJISIJIMCH OYaru Ka3eo03HOTO HEKPO3a,
OKPY>KECHHBIE COCOMHUTEIbHOTKAHHOW KaICyJIOn
U 06e3 MpU3HaKOB NepudOKaTIbHOTO BOCHAJIEHUS,
cpenHero nuametpa 15+1,3 mxMm (puc. 1A).
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Ilpu uccienoBaHuuM ayTOINCUWHOIO MaTepuasa
B IpyIiIie OOJbHBIX TPOrpeccupylolieii Tyoepkye-
MOW BOKPYT 30HbI Ka3€03HOI0 HEKPO3a OIpeaeas-
Jlach COEIMHUTEIbHOTKAHHAasI Karcyia, OKPYKeH-
Hast neprdoKaJTbHBIM BOCIIAJICHUEM B BUE CEPO3-
HOro 3KCcylaTa B ajbBeoJiaX, ¢ oyaraMu OTCEBOB
B BUJIC BOCTIAJIMTEIbHBIX KJIETOUYHBIX MH(MUIbTpa-
TOB (puc. 1b).

IIpn oleHKe JTOKaNM3alMu BSKCIPECCUU WU3-
y4JaeMbIX MapKepoB B JIETKUX B TPYIIE «yCJIOBHO
310poBbIe» ocHOBHas Mmacca CD4"-u CD8"-kyeTok
ornpenelisiiach MPEeMMYIIeCTBEHHO B WHTEPCTH-
[IMaJIbHOM ITPOCTPAHCTBE, U EAMHUYHBIE — OKOJIO
KPOBEHOCHBIX COCYIOB U B COOCTBEHHOM ITJIaCTUH-
K€ CJIMU3UCTON 000J04KU OpoHXxOB. B maHHOI uc-
caenpyemoii rpyrnre CD4"-KJIeTKU KOJUUYECTBEHHO
npeobaananu Hag CD8*-kneTtkamu (tada. 1).

Ilpu uzyyenuum CD4"- u CD8-KneTok B cTa-
OMJTBHOM TyOepKyJieMe OBbIJIO BBISIBJICHO YBEJIMUEHE
MX YUCJIa B KarcyJje ¢ npeodiagaHnueM T-KUaaepoB
B 1,7 paza Han T-xennepamu (puc. 2A, 2B). I1pu aTom
nokazareiab MPU Ob11 cHuxkeH B 1,9 pasa no cpaB-
HEeHMIO ¢ HopMoii (Tabu. 1). B nepudoxkaibHOI 30He
yuciio CD4" u CD8" T-numMdouuToB ObLJIO MEHb-
1AM, YeM B TPYIIIEe «yCJIOBHO 3I0POBBIE», TIPU 3TOM
KosnyecTBo T-xesnmepoB B 1,7 pa3a mpeBbIILIAIO CO-
nepxaHue T-kunnepos (puc. 2b, 2I'). Kpome Toro,
clielyeT OTMETUTb, YTO OIPEISISIINCh 30HBI, TIe
CD4"-numdonuTbl 00pa3oBbIBaJIM KOHTAKTHI C UH-
TepcTuMaJbHbIMU Makpodaramu (MM) (puc. 2B).
3HaueHue WMPU cooTBeTCTBOBAIO HOPMaJbHOMY
MMMYHHOMY OTBeTY (Tabu. 1).

B karcyne nporpeccupymolleit TyoepKyJjeMbl
ONpeAessIIUCh CXOOHbIE CO CTAOUIBHOI TyOepKYy-
JIeMOI MPOSIBJIEHU I, TO ecTh uncyio CD4"- u CD8"-
KJIETOK TaK>Xe OBbIJIO YBEJMYEHO MO CPaBHEHUIO
C TPYIIION «yCJIOBHO 300poBbie». Ilpu 3TOM KO-
audecTBo T-KuajepoB OblJIo B 2 pas3a OoJiblie,
yeM T-xenmepoB (puc. 3A, 4A). B nepudokaib-
HOU 30HE oOTMevaJioch cHUXeHue uucia CD4*
T-nuMdoOLIUTOB, TIPU OTHOBPEMEHHOM YBEJIMYE-
Huu CD8"-kyetok B 1,3 pa3a mo cpaBHEHUIO C yC-
JIOBHOU HOpMOI1 1 B 1,2 pa3a Mo cpaBHEHUIO C KO-
audyectBoM T-xenmnepoB (Tadu. 1, puc. 4b). Kpome
TOTO, YBEJIMUYMBAJIOCh YMCIIO BHYTPHUAJbBEOJISIP-
HBIX M MHTEPCTUIIMAJTbHBIX MaKpodaros, KOTO-

pble MecTaMu 0Opa30BbIBaJIM KOHTaKThl ¢ CD4*-
aumdonutamu (puc. 3b, 3B). Takxe cienyet oT-
MeTUTh ckorieHue CD8 nuM@ouuToB BOKpPYT
KPOBEHOCHBIX cocynoB g0 20+0,3 B moJie 3peHUs
(puc. 4B). 3nauenue MPU Bo Bcex uccaenyeMbix
30Hax Mporpeccupylolieil TyoepKyaeMbl COOTBET-
CTBOBAJIO0 UMMYHOAEDUIIUTY.

MeTtonom Pabka—XuJutapiia B TpyIIie «yCIoB-
HO 3J0pOBbIe» HaMU ObLIM BBISIBJIEHBI KaTexoJia-
MUH-CcOlepXalllue TYYHbIe KJIeTKH, aJIbBEOJISIPHbIE
M MHTepCTUllMaabHble Makpodaru. Tak, BHyTpH-
anbBeossipHble Makpodaru (BAM) npucyTcTBoBa-
JIV BIIPOCBETE aJIbBEOJI U OPOHXOB B BUAE OTAEIbHbIX
KJIETOK MJIU uX ckoruieHuii. BAM conepxanau 4yet-
K€ rpaHyJbl ¢ XeJATON JIOMUHECLUEHIINEeH U UMETU
pa3mepsbl oT 15 no 23 MkMm (puc. 5SA). ConepxaHue
KA B Hux cocraBuiio 15,3+0,5 y.e. (Tad.. 2).

WNHuTtepcTuiinanbHble  Makpodaru pacrnosara-
JIUCh B MHTEPCTULIMAJIILHON TKAaHU JIETKMX B BUIC
ckoruieHuit (puc. 5SA). Ilpu criekTpajJbHOM aHaau3e
B UX TpaHyJaX TaKXe OMNpeaeasiIuCb MOHOAMWUHBI
1o 17,6+0,6 y.e. B mosocTsix aabBeos JerKux rpyri-
bl «YCJIOBHO-3/I0POBbIE» CBOOOIHBIE MOHOAMWHBI
HEe ompeaeasanch. B rpymnmne cpaBHEHUSI B UHTEP-
CTULIMAJILHONI TKaHU ObLIU orpeaeaeHbl oT 2 1o 3 TK
B T10J1e 3peHus1 ¢ conepxkanneMm KA mo 18,610,1 y.e.

I1pu nccaenoBaHuM TyOEepKyJeM JIETKUX OIpe-
nensiiu conepxkanue KA HemocpeacTBEHHO B 30HE
KarcyJibl 1 TepudoKaabHbIX y9acTKax.

Tak, Tpy OKpalllMBaHWU IIPOTIPECCUPYIOIINX
Tyoepkyiaem 1o Mertony PDayivrka Ha KA Ham-
OoJiblllast JIIOMUHECIEHIIUS BBISIBIsJIaCh B (DOHO-
BOM CBEUYEHMM B 00JIaCTH KaIlCyJbl U COCTaBJIsJia
57,2%0,12 y.e. Hanbosnee oTueTIMBbIE CIBUTU B CO-
nepxaHnuu KA ompenensiiucb BO BCEX MCCIEMy-
€MBIX 30HaX M KJIETOYHBIX CTPYKTypax JIETKOTO.
Tak, B Kkaricyiae TyoepKyiaembl coaepxkaHue KA
B TK npeobGinamano Haa TakOBBIM B MaKpodarax,
a B nepudokajgbHO 30HE OoTMevajach obpaTHas
TeHaeHuus (puc. 5Sb). KpoMe Toro, B 9Toit 30He BbI-
SIBJIEHO yBeJinyeHue B 1,5 paza uuciaa UM u BAM
MO0 CPpaBHEHUIO C TPYMNIOUN «yCJIOBHO 3I0POBBIC».
BeposiTHee Bcero maHHas peakius Oblia CBsI3aHa
C JloKaJuM3alnueil Bo30ynuTesiss TybepKyie3a Kak
B KarmcyJjie, Tak U 3a ee npeaenamu. CiaenyeT oTMe-
TUTh, 4TO Y 60% GOJBHBIX U3 ITOM TPyl OTME-

Ta6auua 1. UPU 1 uncno CD4*- n CD8*-kneTok B pa3HbiX UCC/IeAyEeMbIX 30HAX JIErKUX
Table 1. IRl and the number of CD4* and CD8* cells in different studied lung areas

YCNOBHO CrabunbHag TyGepkynema Mporpeccupyiouias Tyéepkynema
340pOBbIe Stable tuberculoma Progressive tuberculoma
Apparently Kancyna BHE Kancynbl Kancyna BHe Kancyrnbl
healthy |tuberculoma capsule|outside tuberculoma capsule | tuberculoma capsule | outside tuberculoma capsule
CD4* 9,15+0,45 21+0,02 60,08 17,6+0,03 6+0,06
CD8* 5,72+0,46 35+0,06 3,5+0,06 34,6+0,02 7,3%0,01
UPW/IRI 1,16 0,6 1,7 0,5 0,8

Mpumeyanue. KypcnBoM 0603Ha4EHO MOHVKEHWE YMCNA KNETOK MO CPABHEHUIO C FPYMMON «yCNIOBHO 340POBbIE», XMPHBIM — MOBbILLIEHVE. MaTepuan

npeacTaBneH kak M+o. Pasnuuus ctatuctidecky aHadumbl npu p < 0,05.

Note. Decrease and increase in cell number compared to “apparently healthy” group depicted in italic and bold respectively. The data are presented as

Mzc. The significance level is set at p < 0,05.
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4ajoch IOSIBJIEeHUEe WHOUIBTPATUBHON HOPOXKKU
W3 JIIOMUHECHUPYIOIIUX JUM@OInToB. JJaHHBIN
daxkT moaTBepXK a1 aKTUBHOCTD TeUYEHM I TYOEPKY-
JIe3HOTO BocrajaeHus [3].

B crabunbHoOil TyOepkysieMe comepxkaHue KA
yBesmuuBaioch B TK ripu onHOBpeMeHHOM CHUXKe-
HuU ux B Makpodarax. B TK karncynabl TyoepKyJie-
MbI CBeUEHME JaHHOT0 HelipoaMMuHa ObL10 B 1,5 paza
BoilIe, yeM B TK nepudokanbHON 30HbI (TA01. 2).

Takum oGpa3oM, B Iporpeccupyloiieii Tyoep-
KyJieme coaepxkaHue KA yBeJInYMBaoCch BO BCex
HWCCIIeNYyeMbIX CTPYKTypaxX, KakK B KaIllcysie, TakK
u B nepudokajibHOU 30He. HanmpoTus, B Ty0epKYy-
JieMe CTaOuJIbHOIO TeYEeHUs CoAepKaHUe M3ydae-
MOTI0 HelipoaMMHa ObIJ MOBbIIIEHO TOJAbKO B TK.

Ilpn wu3yyeHUM KOPPEISIIIMOHHBIX B3aWMO-
nerictBuit Mmexxny KA-comepXammMu CTPYKTypa-
MU B IPYIITE «yCJIOBHO 3I0POBbIE» OMpPENEsIIUCh

PucyHok 1. Mukpockonuyeckas KapTuHa Ty6epKynieMbl Ierkux

Figure 1. Microscopic picture of pulmonary tuberculoma

Mpumeuanue. A — ctabunbHas Ty6epkynema nerkux: 1) oyar ka3eo3HOro HEKPO3a; 2) CoOeANHUTENLHOTKAHHAs Kancyna;

B — nporpeccupyiowas Tybepkynema nerkux: 1) ouar ka3aeo3Horo Hekpo3a; 2) CoeaMHUTENbHOTKAHHAs Kancyna; 3) Cepo3HbIi
akccyaart B anbBeonax. Okpacka remaTtokCunuH-303unH. Mukpockon Carl Zeiss Primo Star. Ysenunyenne x400.

Note. A — Stable pulmonary tuberculoma (1 — focus of caseous necrosis, 2 — capsule connective tissue); B — Progressive
pulmonary tuberculoma (1 — focus of caseous necrosis, 2 — capsule connective tissue, 3 — alveolar serous exudate).
Hematoxylin — eosin staining. The Carl Zeiss Primo Star microscope. Magnification x400.
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PucyHok 2. UMMyHoructoxumuyeckoe uccnegosaHme CD4*- u CD8*-knetok B cTabunbHoi TyGepkyneme
Figure 2. Immunohistochemical study of CD4* and CD8" cells in stable tuberculoma

MpumevaHue. A — o6pasoBaHme rpynnoBbIx 04aroB ckonneHust CD4*-kneTok B kancyne ctabuiibHon Tyb6epkynemsi.

B — CD4*-kneTku B nepndokanbHO 30He cTabunibHon Tybepkynemsl. B — nokanusaums komnakTHbix rpynn CD8*-kneTok
BOKPYI 30HbI KA3€03HOr0 HEKPO3a B cTabuNibHON Ty6epkyneme. I — eanHniHble CD8*-kneTkn B nepndokanbHoM 30He
ctabunbHoi Ty6epkynemsl. Mukpockon Carl Zeiss Primo Star. Yeennuyenne x400.

Note. A — formation of CD4* cell clusters in tuberculoma capsule during stable tuberculoma. B — perifocal zone CD4* cells

in stable tuberculoma. C — compact CD8" cell clusters around the zone of caseous necrosis in stable tuberculoma. D — single
CD8" cells in the perifocal zone of stable tuberculoma. Carl Zeiss Primo Star microscope. Magnification x400.
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PucyHok 3. UMmyHoructoxummyeckoe nccneposanme CD4*-kneTok B nporpeccupyiolleil Tyoepkyneme
Figure 3. Immunohistochemical examination of CD4* cells in progressive tuberculoma

Mpumeuanue. A — 06pa3oBaHye rpynnoBbix o4aros ckonnenns CD4* kneTok B kancyne NporpeccupyioLlei Ty6epkynemsi.

B — yBenuyeHune yncna BHyTpranbBeonspHeix Makpodaros. Yeenudenue x400 (1 — makpodaru, 2 — numdoumnThbl).

B — yBenuyeHue Yncna nHtepctuumanbHbix Makpodaros. Mukpockon Carl Zeiss Primo Star. YsenuyeHnue x400.

Note. A — formation of CD4* cell clusters in tuberculoma capsule during progressive tuberculoma. B — increased intra-alveolar
macrophages. Magnification x400 (1 — macrophages, 2 — lymphocytes). C — increased number of interstitial macrophages.
Carl Zeiss Primo Star microscope. Magnification x400.
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PucyHok 4. UmmyHornctoxmummyeckoe uccnepgosaHme CD8*-kneTok B nporpeccupyroLein Tyoepkyneme
Figure 4. Immunohistochemical study of CD8*-cells in progressive tuberculoma

MpumeuaHue. A — o6pasoBaHune rpynnoBbIx 04aroB ckonneHus CD8* knetok B kancyne. b — CD8* kneTku B neprdokanbHOM
30He. B — yBennyeHune yncna numdoLmnToB BOKPYr KPOBEHOCHOMO cocyaa (1 — numdbouuntel, 2 — cocyn). Mukpockon Carl Zeiss
Primo Star. YsenuyeHue x400.

Note. A — formation of CD8"* cell clusters in tuberculoma capsule. B — CD8" cells in perifocal zone. C — increased perivascular
lymphocyte number (1 — lymphocytes, 2 — vessel). Carl Zeiss Primo Star microscope. Magnification x400.

PMcyHOK 5. KaTexonaMMH-conep)Kau.me MaKpocbaru U TYYHbI€ KJIETKU B JIErKkux
Figure 5. Catecholamine-containing lung macrophages and mast cells

MpumeuaHue. A — Hann4yme MOHOAMUHOB B CTPYKTYpax 340P0OBOW YacTu nerkmnx: 1 — anbBeona, 2 — Ty4Hble KNeTKu;

3 — MHTEpCTUUManbHble Makpodaru, 4 — BHyTpranbBeonsapHble Makpodaru, 5 — agpeHeprmieckme HepBHbIE BOMIOKHA.

B — Hann4ne MOHOaMUHOB B Mporpeccupyowyx Tydepkynemax: 1 — anbBeona, 2 — MHTEPCTULMANBHOE NPOCTPAHCTRBO,

3 — nHTepcTMUmanbHble Makpodaru, 4 — TyuHas knetka, Meton ®Panbka ¢ coasT. Mukpockon: Jliomam 6. Yeenndyenue x100.
Note. A — catecholamines in healthy lung structures: 1 — alveoli, 2 — mast cells, 3 — interstitial macrophages, 4 — intra-alveolar
macrophages, 5 — adrenergic nerve fibers. B — catecholamines in progressive tuberculomas: 1 — alveolus, 2 — interstitial
space, 3 — interstitial macrophages, 4 — mast cell. Falk's et al. method. Lumam 6 microscope. Magnification x100.

148



2025, T. 15, Ne 1

Mopdonoruyeckas xapakTepucTika Ty6epKynem nerkmx

Ta6nuua 2. CopepxaHue KaTexonaMmMHOB B GM0OaMUHCOAEPXALLUX CTPYKTYpax Ierkux
Table 2. The content of catecholamines in bioamine-containing structures of the lungs

CrtabunbHag Ty6epkynema Mporpeccupyiowas Ty6epkynema
c YcnoBHo Stable tuberculoma Progressive tuberculoma
TPYKTYPbl
Structures 3A0pPOBbIE Karncyna BHE Kancybl Kancyna BHE Kancysbl
Apparently healthy tuberculoma outside tuberculoma tuberculoma outside tuberculoma
capsule capsule capsule capsule

BAM/IAM 15,3+0,5 11,3+0,05 35,7+0,02
UM/IM 17,620,6 9,2+0,01 36,5+0,05
BKM/ICM 11,7£0,03 48,8+0,01
TK/Mast cells 18,6+0,1 56,7+0,02 36,8+0,02 51,1+0,02 27,8+0,05
®oH/Background 7,9+0,4 6,8+0,01 - 57,2+0,01 -

Mpumeyanue. LindpoBstie faHHbIe NPUBEAEHBI B YCIOBHBIX eAnHULaX. KypcuBOM 0603Ha4EHO MOHMKEHME YMCAa KNETOK MO CPABHEHWMIO C rpynmnow
«yCI0BHO 3,0POBbIE», XMPHBIM — NOBbILLEeHWe. MaTepuan npeacTaBneH kak M+c. Paznnuns ctatuctuyecku 3Haunmel npu p < 0,05. BAM — BHyTpK
anbBeonspHbIN Makpodar, UM — nHtepcteumansHelii Makpodar, BKM — BHyTpun kancynspHbiii makpodar, TK — Ty4Hble KneTku.

Note. The numerical data are presented in arbitrary units. Decrease and increase in cell number compared to “apparently healthy” group depicted
initalic and bold respectively. The data are presented as M+c. The significance level is set at p < 0.05. IAM — intra-alveolar macrophage, IM — interstitial

macrophage, ICM — intra-capsular macrophage, MC — mast cells.

CUJIbHBIE TIOJIOXUTENIbHbIE CBSI3U Mexay BAM
u UM, a takxke mexny makpodaramu u TK mo co-
nepxaHuto B Hux KA (taosn. 3).

B kancyiie u nepudokaibHOI 30HE CTAOUJIBHON
TyOepKyJaeMbl KOPPEISIIUOHHBIE CBA3U IO KOJIU-
yecTBeHHOMY coaepxaHuio KA mexnay TK u ma-
Kpodaramu ociabeBayid, a Mexay nepudokaib-
HbiMu BAM u UM cTaHOBUJIMCH OTpULIATEIbHbI-
MU. MOXHO MPEAIOJOXUTh, YTO OCIa0JIEeHUE WU
pa3pbIiB KOPPEISIIIMOHHBIX CBS3EW MEXIy comep-
KaHUEeM M3yJyaeMbIX BEIIeCTB B 3TUX KJIETKaX CBU-
JIETeIbCTBOBAJIU O HACTYIJIEHUU (ha3bl PEMUCCUU.

B coenuHuUTENbHOTKAHHON Karicyje IMporpec-
cUpyIolleil TyOepKyJieMbl CUJIbHAS TOJOXUTEb-
Hasg CBS3b OIpenesjach MeXIy MakpodaraMu
u TK. B nepudoxanbHoii 06JacTU OHa COXpaHSI-
JIach TOJIBKO MEXAY Makpodaramu.

Bo3MOXHO, UTO MOSIBJIEHUE CUJIBHBIX CBSI3E1 MEX-
Iy Pa3HBIMU KaTeXOJaMUH-COJAEPXKAIIUMU KJIeTKa-
MU B aKTUBHYIO (ha3y BOCIAJICHUSI MOXET 3aBUCETh
OT KOHIIEHTPAlIMU MUKOOAKTEpUil B W3ydaeMbIX
30Hax. B yyacTkax Jierkux ¢ MOBBIIIEHHBIM YHCJIOM
MUKOOAKTEpUl BOCHATUTENIbHAS PEaKIUs CBsI3aHA
kak ¢ TK, tak u makpodaramu. B 30Hax ¢ MeHbIIENH
KOHIIEHTpAlIMeil BO30yIUTENsI IKCCyaaTuBHas hasa
peryivpyeTcs MpeuMyIleCTBEHHO Makpodaramu.

W3 nuTepaTypHBIX MTaHHBIX M3BECTHO, UTO TY-
OepKyyie3 OTHOCUTCSI K TpaHyJIeMaTO3HbIM 00se3-
HaM [9]. B ocHoBe maHHOU TpymIibl 3a00JIEBAaHUN
JIEXXUT TpaHyJieMa — acColMallds KJIETOYHBIX
9JIEMEHTOB, BO3HUKAIOIIass B OTBET HAa WH(EKIIM-
OHHOE€ BTOpXEHUEe MUKoOakTepuii. YuciaeHHas
HOMYJISIUUS KJETOYHBIX 3JIEMEHTOB T'PaHYJIEMBbI,
WX COOTHOUIEHUE, TTPOLIECChl 00pa30BaHUS KOJLIa-
reHa ¢uopobysacTaMu MOTYT CBUIIETEJIbCTBOBATh
JI0O O MPOTrPeCcCUPOBAHUN CHIETU(PUIECKOTO MPO-
ecca, Ju0O €ro OCTaHOBKE — 3axXuBjeHUuu [9].
CyliecTBoBaHUE Takoi (OPMbI TyOEpKYJIE3HOTO
mpoiiecca Kak TyoepKyiemMa, BO3BMOXHOCTh TUCTO-
JIOTUYECKOTO M3YYEHHUS €€ KJIETOYHOIO COCTaBa,
MO3BOJIIET pacCMaTpuBaTh 3Ty GpopMy TyOepKyJe-

3a KakK oyar JJaTeHTHOW WHGEKIINU C BO3MOXHO-
CTBIO K TIPOTPECCUPOBAHUIO U C Pa3BUTUEM B TalTb-
HelimeM OoJiee Tskenoit (opMmbl TydepKysesa [3].
PaznuuHble TUTTBI UMMYHOKOMITETEHTHBIX KJIETOK,
BkuItouast T-muM@OLUTHI, aTbBEOJISIPHBIE U UHTEP-
CTUIIMAIbHBIE MaKpodaru, a Takxe TyYHbIe KJIETKU
MPUHUMAIOT YYacTHE B PAa3BUTUU U PETYJIMPOBAHUU
aarTUBHOTO UMMYHHOTO oTBeTa. C OIHOI cTOpO-
Hbl, CD4" T-nuMdouunTh CEeKPEeTUPYIOT ITUTOKU-
HBI, aKTUBUPYIOT IUTOTOKCUYEeCKUE T-TMM(MOIUTHI
u Makpodaru, oopasys MmpsiMble KOHTAKThI C KJIeT-
Kamu-mumeHsasmu. CD8" T-xyietku B mpoiiecce
VUMMYHHOTO OTBeTa (PYHKIIMOHUPYIOT KaK eIuHas
CyOIonyJISIIIN S, OCYIIECTBIISIONIasi aHTUTEHCITeI M-
duueckoe, FAS- unu rpan3um-, nepopuH- u rpa-
HYJIU3UH-O0IMOCPEA0BaHHOE YHUUTOXEHUE MHDUTIN-
poBaHHBIX KJIeTOK. C Apyroii CTOpOHbI, U3BECTHO,
yto KA 0oKa3bIBaOT BhIpaXkKeHHOE BIUSHUE HA pa3-
HbIE 9Tarbl UMMYHHOTO OTBETa ITyTEM YBEIUYEHU S
numMdonpoaudepaTuBHbBIX peaklUil, CTUMYIUPY-
T nuddepeHIUpPoBKY T-xeanepoB U HUTOTOKCU-
YeCKUX JIMMQOIIUTOB, PETYIUPYIOT ITUTOKUHOBBIE
peak1iuu (ITOBBIIIASI YPOBEHDb MPOBOCITATUTEIbHBIX
W CHUXAasl colepKaHWe TPOTUBOBOCITAUTEIbHBIX
IIUTOKWHOB), TEM CaMbIM BO3JIEMICTBYSI Ha CTEIEHb
aKTMBHOCTHU BocmajeHus [5, 10, 13].

ITpu nzyyeHuu Tyo6epKyIeM CTaOUIBHOTO U MPO-
TPECCUPYIOIIETO TeUeHUsI HaM1 ObLIN OOHAPYXKEHbI
pa3Hble BapualMy KJIETOUHBIX B3aWMOJEUCTBUIA
B KarcyJsie u nepudokaibHOi 30He. Tak, B Kancynie
CTaOUJIBHOU TyOepKYJIEMbI OMPEIEIIIOCh yBeInYe-
Hue yncia CD4" u CD8* T-numdonunToB ¢ mpeobdia-
naHueM nociaenHux. [Ipua3ToM roBbITIIEHME CoIepXkKa-
Hue KA onpenensiocs Tonbko B TK, a B anbBeossip-
HBIX U MWHTEPCTUIIUATIBHBIX Makpodarax cBeueHUe
3TOr0 GMOr€HHOTro aMUHa ObLJIO CHUXEHO B 1,5 paza
1o cpaBHEHUIO ¢ HOpMoii. KoppensiiimoHHbie cBsI3U
MEXIy TYYHBIMU KJIETKaMU U MakpodaraMu ObLIn
pe3ko ocyiabyieHbl. Bo3aMoOXHO, B 3TO# 30HE HapyllleH
cuHTe3 U 3axBat KA makpodaramu BCaenCTBUE UX
TMOpakeHU s MUKOOaKTepusiMu [4].
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Ta6auua 3. KoppensunoHHble conpsixkeHus Mmexay 6uoamumHcoaepXawmMmMmm CTPYKTypamMm Nerkux
no copepxanuio KA npu ty6epkynemax nerkmx
Table 3. Correlations between CA-containing lung areas in pulmonary tuberculoma

CrtabunbHasg Ty6epkynema npor%eccwpyloman
YcnosHo Stable tuberculoma Tybepkynema
c Progressive tuberculoma
TPYKTYpbI 340pOBbie
BHE Kancybl BHE Kancynbl
Lung structures Apparently Kancyna outside Kancyna outside
health
y tu?:im;ﬂ?ema tuberculoma tu%irc:lz?ema tuberculoma
P capsule P capsule
BAM/UM | IAM/IM 0,86 - -0,8 - 0,9
BAM/TK | IAM/mast cells 0,82 0.2 0,3 0.9 -0,7
UM/TK | IM/mast cells 0,94 ' 0,3 ’ -0,7
Mad/ry6epkynema | MF/tuberculoma -0,5 - 0,8 -
TK/Ty6epkynema | Mast cells/tuberculoma -0,1 - 0,8 -

Mpumeyanme. BAM — BHyTpuanbBeonsipHblii Makpodar. UM — nHtepctuumanbHelil makpodar. MO — makpodarun. TK — TyyHble kneTku. XXUpHbIM
HayepTaHMeM OTMEYEHbI CUMbHbIE MOOXUTENbHbIE KOPPENSALMOHHBIE CBA3M, KYPCYBOM — CUMbHbIE OTPULLATENbHLIE.

Note. IAM — intra-alveolar macrophage. IM — interstitial macrophage. MF — macrophages. MC — mast cells. Strong positive and negative correlations

are depicted in bold and italic, respectively.

B kancyne TyGepKyjieMbl HNPOTrpPeCcCUpYIOLIETro
TEUEHUST YMCIIO M3yJYaeMbIX MMMYHHBIX KJIETOK,
TakK e KaK U B KarcyJjie CTabuJIbHOU TyOepKYyJIeMbl,
ObL1 OoJibllle MmokaszaTteaeir HopMmbl. Ho mpu stom
MOBBIIIICHHOE COACpKaHME KaTeXOJaMHHOB OIpe-
JIESII0Ch BO BCEX M3y4YaeMBbIX KJIETKAaX B HECKOJIb-
KO pa3, ¢ MAaKCMMaJbHBIMU 3HAYCHUSIMU (POHOBOTO
cBeueHUs. CoxpaHeHUEe KOPPEISIIIMOHHBIX CBSI3CH
MEXAY TYYHBIMU KJIETKaM1 U MakKpodaramu, yBe-
JUYeHME Yuciia TUMMGOIIUTOB, YKa3blBaeT Ha aK-
TUBHOCTH CHIEIIM(UICCKOTO TYyOEepPKYJIEe3HOTO MPO-
1Iecca B 9TOM 30HE, U LieJeHaIlpaBJICHHOE IECTBUE
KJIETOK Ha YHUUTOXEHUE BO30OYIUTEIISI.

Takum oOGpazomM, HECMOTPSI Ha CXOOHYIO HUM-
MYHOJIOTUYECKYIO peaklnio co cTopoHbl CD4-
1 CD8-1uM@pOLNTOB B KarcyJiaxX IByX U3ydaeMbIX
BUIOB TyOEpKYJIeM, MEXaHU3MBbI PETyJISIIIU TyOoep-
KYJIE3HOTO BOCIIAJIEHUS OYIYyT CBA3aHBl C pa3HBIM
conepxkaHnueM KA B Makpodarax 1 KOHIEHTpallU-
el Bo30yauTess B JIESTOYHOU TKAHU.

B nnepudokanbHBIX 30HaAX TYOEPKYJIEeM CTaONJIb-
HOTO TEUEeHHUsI OBIJIO BBISIBJICHO CHUKEHUE YNC-
Jla M3ydaeMbIX JTUM@MOIMTOB, C MpeobdiamaHueM
T-xennepos. I[losgBieHUe KOHTAKTOB MEXYy HUMMU
1 UHTEPCTUIIMAJIBHBIMM MaKpodaramu, BO3MOX-
HO, SIBJISICTCSI OMHUM M3 3B€HbEB B MEXaHU3MeE pe-
ryJsaumu ¢pasbl peMUCCUU CrielMPUIecKoro Tyoep-
KyJIE3HOIO BocmaJieHusi. HampoTus, B JIeTOYHOM
TKaHM BOKPYT KaIlCyJIbl IpOorpeccrupyloleii Tyoep-
KyJeMbl, oTMedaJioch yBennueHue CD8*Y numdpo-
LMTOB M MOBBIIIEHHOE comepkaHne KA B makpo-
darax. bojee Toro, B aT0l 30He OOHAPYXMBaJMCh
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CHANGES IN NUMBER, MORPHOLOGY
AND VOLUME OF PLATELETS DURING
NEONATAL SEPSIS
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Abstract. Introduction. Thrombocytopenia is considered as one of the signs of sepsis but, Changes in number, morphology
and volume of platelets is not widely researched upon in this matter. Therefore, the current study is aiming to analyze
the changes in number, morphology and volume of platelets during neonatal sepsis. Materials and methods. This
cross-sectional study has been carried out on 807 premature neonates suspected to have infection in Ghaem hospital
Mashhad from 2015—2023 by using available sampling method. The data collection tool, researcher-made checklist
included laboratory evaluations by which platelet indicators [Platelet count, Platelet distribution width (PDW) and
mean platelet volume (MPV)] were measured and compared before, during infection and after recovery. Afterwards,
platelet characteristics in septic neonates (Case group) were compared to neonates without definite signs of infection
(Control group). Results. Two hundred ninety-five neonates (35.5%) had definitive sepsis. In the case group the number
of platelets was less and the amount of MPV and PDW were higher than control group. The number of platelets decreases
during infection, but this numbers increase after recovery. PDW increases during infection and after recovery. Fifty
four percent of infected neonates had thrombocytopenia. Thrombocytopenia in 78% of neonates with sepsis caused by
Klebsiella pneumoniae and in 58% of the cases caused Enterobacter aerogenes was seen. The optimal cutoff value of platelet
to differentiate case from those of control group was lower than 100 000/mcL, with a sensitivity of 73%, specificity 12.2%
(AUC =0.427), MPV more than 9.8(fl), with a sensitivity of 80%, specificity 47% (AUC = 0.618), PDW more than 11.2(fl),
with a sensitivity of 90%, specificity 28.4% (AUC = (.763). Conclusion. During infection the number of platelets decreases,
but MPV and PDW increase. Thrombocytopenia was seen more in gram-negative bacteria rather than gram-positive.
During infection the number of platelets decreases but after recovery the number of platelets, MPV and PDW increases.
Platelet indices have good sensitivity but low specificity in diagnosing definitive infection.

Key words: neonates, sepsis, platelets, platelet distribution width (PDW), mean platelet volume (MPV), bacteria.

W3SMEHEHUY KOJTIUMECTBA, MOP®OJIOT'M U OBBEMA TPOMBOLIUTOB NMPU HEOHATAJIbBHOM
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Pe3iome. Bsedenue. TpOMOOLIMTONICHU ST CYMTACTCSI OMHUM M3 MTPU3HAKOB CETCcHca, ONHAKO U3MEHEHU ST KOJMYECTBa,
Mopdoioruu u oobemMa TPOMOOIMTOB MPU STOM M3YyUeHBI HEJOCTATOUHO. B 2T0ii CBSI3M HacToOsIIee UccienoBaHe
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OBILJIO MMOCBSIICHO aHAIM3Y YKa3aHHBIX U3MEHEHU I TPOMOOILIMTOB ITPY HEOHATaJIbHOM cericuce. Mamepuanst u memo-
Obi. [TpoBeneHo nomnepeyHoe uccieaoBanue Ha 807 HEMOHOIIEHHBIX HOBOPOXAEHHBIX C MTOI03PEHUEM Ha MHPEKIIUIO
B 6opHMIIEe ['aeM B Memxene ¢ 2015 mo 2023 IT. ¢ MCMOIB30BaHUEM JOCTYITHOTO MeTona oToopa mpob. dopma ydera
pe3yJIbTaTOB, COCTaBJIEHHAs UCCIENOBATENSIMU, COEPKaia pe3yabTaThl JaOOPATOPHBIX aHATU30B, a UMEHHO MOKa-
3aTeIM TPOMOOLIMTOB [KOJMYECTBO TPOMOOILMTOB, IIMPUHA pacrpeaenaeHus: TpomoouutoB (PDW) u cpennuii oobem
tpomboruToB (MPV)] 10, Bo Bpemst nHGbEKIMHU U TTOCIe BeI3nopoBacHU. [locie 3Toro xapakTepucTuKu TpoM0Oo-
LIMTOB Y HOBOPOXIEHHBIX C CETICMCOM (OCHOBHAs TPYIINa) CPAaBHUBAINCH C HOBOPOXICHHBIMU 0€3 OIpeaeIeHHbBIX
MPU3HAKOB MHMEKIIUU (KOHTPOJIbHAS rpyna). Pezyaemamot. Y 295 HOBOpoxXAeHHBIX (35,5%) OblLll [UarHOCTUPOBAH
cercuc. B ocHOBHOM rpyIine KOInMuecTBO TPOMOOLIMTOB ObLIIO MeHbIIIE, a ypoBeHb MPV 1 PDW Ob111 BbIlIE, 4eM B KOH-
TpoNBHOM TpyIIe. KormdyecTBO TPOMOOIIMTOB YMEHBIIIAETCSI BO BpeMsI MH(MEKIINY, HO YBEIMINBACTCS TTOCIIE BBI3I0-
posieHusi. PDW yBeanuuBaeTcsi BO BpeMst MHGEKIIMY U TTOCIe BbI3AOpOBIeHUS. Y 54% MHOULIIMPOBAHHBIX HOBOPOXK-
JICHHBIX OTMEUeHa TPOMOOIIMTOTICHU ST, TTPU 3TOM y 78% HOBOPOXIEHHBIX CeTicuc ObLI BoI3BaH Klebsiella pneumoniae,
a B 58% cnyuaeB — Enterobacter aerogenes. OnTUMaIbHOE MOPOrOBOE 3HAUCHIE TPOMOOIIMTOB AJIST PA3TUUUI MEXITY
OCHOBHOI ¥ KOHTPOJIbHOM rpyrnamu 6110 Hike 100 000/MKI1, ¢ 4yBCTBUTENBHOCTEIO 73%, cienimduaHocThio 12,2%
(AUC = 0,427), MPV 6oxee 9,8 (fl), c wyBcTBUTEIbHOCTHIO 80%, cnienudbuuHocTbio 47% (AUC = 0,618), PDW Gounee
11,2 (f1), c uyBcTBUTENBHOCTBIO 90%, cnienubuyHocThIO 28,4% (AUC = 0,763). 3akawouenue. Bo BpeMst HEOHATaIbHOTO
cerncuca KoJM4ecTBO TPOMOOIIMTOB YMeHbIaeTcsa, HO ypoBHU MPV u PDW yBenuuuBatorcsa. TpomOouuToneHus
yaiie HabJIomanach Mpy MaTojJoruu, BEI3BAHHONM TpaMOTpUIIATeIbHBIMU YeM TPaMIIONIOXUTEIbHBIMUA OaKTEPUSIMU.
Bo BpeMs nHGMEKIINM KOJTMIECTBO TPOMOOIIMTOB YMEHBIIIACTCS, OMHAKO MTOCJIC BEI3AOPOBICHMSI KOTUIECTBO TPOMOO-
uutoB, MPV u PDW yBennuuBaetcs. [Ipn nuarHocTrkKe TUTTMYHON MHGEKIIUU WHAEKCH TPOMOOILIMTOB TTOKa3aIn
XOPOIIYI0 9YBCTBUTECIBHOCTD, HO HM3KYIO CITEIIM(UIHOCTb.

Karouesnie caosa: Hogopooicdennbvle, cencuc, mpomooyumst, Wupura pacnpedesenus mpomooyumos no oosemy (PDW), cpednuii

06sem mpomoboyumos (MPV), bakmepuu.

Introduction

Sepsis is one of the most common infectious dis-
eases in neonates which most often appears in pre-
mature and low birth weight neonates [47] and in de-
veloping countries it is considered as one of the main
reasons for neonatal death [34]. In general, sepsis
is described as a systemic inflammatory reaction
against infections [1]. Mostly, positive blood culture
with the addition of clinical and laboratory signs
of infection is considered as definitive sepsis [18].
Early diagnosis and treatment of sepsis is a neces-
sity to reduce morbidity and mortality due to in-
fection [10]. Therefore, different parameters must
be used. Due to the fact that blood culture is time-
consuming and needs at least 48 to 72 hours, in or-
der to diagnose and treat sepsis on time, we can rely
on hematologic findings such as platelet indicators
{the number of platelets,

Platelet distribution width (PDW) and mean
platelet volume (MPV) [2, 6, 27]. Since platelet in-
dicators are biomarkers of platelet activation, during
sepsis, these indicators also change [9].

Platelets are one of the blood components and are
involved in different physiological and pathological
processes such as homeostasis, thrombosis, bleeding,
inflammation and immune regulation.

The number of platelets is considered as a nonspe-
cific biomarker in diagnosing sepsis or other diseases.
Platelet count is quite important and thrombocyto-
penia is one of the initial findings in neonatal sepsis.
In Oh et al. study, platelet count of less than 80 000/
ul in 40% of patients with severe sepsis was report-

ed [38]. Thrombocytopenia happens when the num-
ber of platelets is less than 150 000/ul [23]. In septic
patients, thrombocytopenia mostly follows with ir-
regular responses from the host [52]. The pathogen-
esis of thrombocytopenia in neonatal sepsis is not
fully understood yet. It is plausible that during neo-
natal sepsis, endothelial damage activates platelet
harvesting by the reticuloendothelial system (RES),
and possibly, platelet production decreases relative
to its consumption during infection [32].

MPYV in physiologic situations has an opposite re-
lation with the number of platelets [40]. MPV is used
in diagnosing, predicting and monitoring the severity
of neonatal sepsis [39]. Increase in MPV levels is an
indicator of increase in platelet production in bone
marrow which happens in conditions such as septice-
mia, thrombosis or inflammations [28]. Significant
increase in MPV levels compared to base amounts
in neonatal sepsis was reported by Guida et al.
A combination of increase in platelet destruction and
insufficient platelet production during thrombocyto-
penia caused by sepsis in neonates can cause the re-
lease of immature platelets into the bloodstream.
The increase in immature platelet levels in blood can
raise MPV levels [20].

PDW is an indicator of changes in platelet volume
in size and shows heterogeneity in platelet morphol-
ogy. In case of platelet anisocytosis, PDW increases.
PDW reference value ranges from 8.3% to 56.6%.
Under physiologic circumstances, there is a direct
link between MPV and PDW and they both usu-
ally change in one direction [9]. Tayman et al. have
reported higher levels of PDW followed by an in-
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Table 1. Comparing the mean amount of laboratory variables of neonates in two groups of neonates
without infection and those with infection

Variable oo groue Control group P-value (T-Test)
PLT 164.00£129.00 204.00+116.00 0.005
MPV 11.88+5.05 9.31£1.28 0.000
PDW 13.00+2.00 12.6242.05 0.000

crease in MPV levels during sepsis in consecutive
days among premature neonates which ultimately
died [50].

As noted in limited studies, the size and the mor-
phology of a platelet changes during the infection.
However, the studies have been carried out, using low
sample sizes and they occasionally had inconsistent
outcomes. Considering the fact that the number and
morphology of platelets is easily accessible for the
physician, if these factors help evaluate the possibility
of infection, early treatment would be started for the
neonate which can lead to improve patient’s survival.
Therefore, the current study is done aiming to ana-
lyze the changes in number, morphology and volume
of platelets before, during infection and after recover-
ing from neonatal sepsis and comparing it with neo-
nates without infection.

Materials and methods

This cross-sectional study has been performed
on 807 premature neonates suspected to have infec-
tion in Ghaem hospital, Mashhad, from 2015 to 2023
by using available sampling method. This study
was approved by the ethics committee of Mashhad
University of Medical Sciences (IR.MUMS.
fm.REC.1401.658) and samples were taken after ob-
taining the consent of parents. A sample containing
1 cc of blood was collected in order to evaluate PLT,
MPV and PDW. Inclusion criteria were as follows:
having at least one of the symptoms such as poor
feeding, listlessness and lethargy, hypotonia, respira-
tory distress, hypo- or hyperthermia, apnea, seizure,
direct jaundice, diarrhea and vomiting, loss of con-
sciousness, bradycardia, showing signs of local infec-
tions, abdominal distension [11]. Laboratory symp-
toms confirming sepsis included leukocytosis (WBC
more than 15000) and leukopenia (WBC less than
5000), thrombocytopenia (PLT < 150 000) and CRP
positive (more or equal to 6 mg per deciliters).
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Figure 1. Changes of platelet before, during
infection and after treatment

Neonates with positive blood culture in addition
to having at least one of the clinical signs of infec-
tion and one of the laboratory signs of infection were
considered to have definitive sepsis (Case group).
Neonates with positive blood culture during the first
three days of hospitalization were considered to have
early onset sepsis (EOS) and neonates who showed
signs of infection after 3 days were considered to have
late onset sepsis (LOS). Neonates without definite
signs of infection and negative blood culture were
considered as the control group. Neonates with con-
genital infections and congenital anomaly were ex-
cluded from the study.

After obtaining the blood culture results, under-
study units were deliberated in terms of the number
of platelets, PDW and MPV and a comparison was
made between case and control group. Also, the num-
ber of platelets, PDW, and MPV were compared be-
fore, during, and after infection recovery. Data col-
lection tool was researcher made checklist including
the neonates’ laboratory specifications (PLT, MPV
and PDW).

After collecting and coding the data, they were
analyzed using SPSS (version 26). In the data analy-
sis stage, first a general description of data was ob-
tained with statistical tables and charts, and then,
by using the T-test, we compared platelet indices
in non-infected and infected neonates. The ROC
curve analyses have been performed to evaluate if
platelet count could be a biomarker for distinguish-
ing definitive infection from those without infection.
The significance level in all cases is p < 0.05.

Results

807 neonates suspected of infection have been
enrolled in this study. 512 neonates (66%) did not
have infection and 295 neonates (35.5%) had infec-
tion. The number of platelets, MPV and PDW in two
groups had statistically significant difference. In the
group with definitive infection, the number of plate-
lets was lower and the amount of MPV and RDW
were higher (Table 1).

The results of the study depicted that the number
of platelets decreases during infection, but this num-
ber increases after recovery (Fig. 1).

PDW increases during infection and after recov-
ery (Fig. 2).

In this study, 54.5% of infected neonates and
32.7% non-infected neonates had thrombocytope-
nia. Forty percent of neonates with EOS and 57%
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of neonates with LOS, had thrombocytopenia (p =
0.000). Thrombocytopenia in LOS was 1.5 times
more than EOS. Thrombocytopenia can be observed
in more than 50% of neonates with sepsis Klebsiella
pneumoniae and Enterobacter aerogenes (Fig. 3).

As can be seen in Table 2, PDW higher than
11.5 fl is observed in 88.2% of neonates with defini-
tive infection.
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Figure 2. Changes in PDW before, during and after
treatment
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Figure 3. The percentage of thrombocytopenia
in neonates with infection

As seen in Table 3, MPW higher than 11 fl is ob-
served in 47% of neonates with infection, while it is
reported in less than 8% of non-infected neonates.

Platelet count less than 100 000 per microliter has
a sensitivity of 73% and a specificity of 12.2% in di-
agnosis of neonatal sepsis (AUC = 0.427). MPV more
than 9.8 fl has 80% sensitivity and 47% specificity
in neonatal sepsis diagnosis (AUC = 0.618). PDW
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Figure 4. Sensitivity and specificity of PLT, PDW
and MPV in diagnosis of neonatal sepsis

Table 3. Comparing the PDW of neonates in two groups of neonates without infection and those with infection

Variable: PDW Control group (%) Case group (%) P-value (chi-square)
Normal (7.5-11) 32.2 11.8 0.001
Abnormal (> 11.5) 64.8 88.2 '

Table 4. Comparing the MPV of neonates in two groups of neonates without infection and those with infection

The significance level*

. . . . . o S . o
Variable: MPV Without infection (%) Definitive infection (%) (chi-square)

Normal (< 11) 92.3 52.6 0.001

Abnormal (> 11) 77 474 '

Note. *P-value of less than 0.05 was regarded as statistically significant.

Table 5. Comparing the mean amount of laboratory variables of neonates in two groups of gram-negative
and gram-positive micro-organisms

Variable Gram negative Gram positive The significance level*
Mean=SD Mean=SD (T-Test)
PLT 153.58+113.93 188.71£162.15 0.001
MPV 11.92+3.04 10.80+2.33 0.047
PDW 13.98+2.47 13.54+2.97 0.490

Note. *P-value of less than 0.05 was regarded as statistically significant.
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Figure 5. Mean amount of platelet in sepsis
common germs among neonates with infection

greater than 11.2 fl has a sensitivity of 90.1% and
a specificity of 28.4% in diagnosis of neonatal sepsis
(AUC = 0.763) (Fig. 4).

The comparison of platelet indices between
gram-positive and gram-negative bacteria shows that
the number of platelets decreases more and MPV
significantly increases in sepsis caused by gram-
negative bacteria compared to gram-positive bacteria
(Table 4).

The highest amount of platelets was reported
in sepsis with Enterobacter agent and the least amount
of platelets, in sepsis with Enterococcus agent (Fig. 5).

Discussion

According to the results of this study, in infants
with definite infection compared to infants without
definite infection the number of platelets is reduced,
and this decrease is seen more in infections caused
by gram-negative bacteria. Although the reduction
of platelets has an acceptable sensitivity for diagno-
sis of definitive infection, it has very little specificity.
In this study, Thrombocytopenia in the group with
infection was 1.5 times more than the group without
infection (54% compared to 34%). The incidence
of thrombocytopenia in sepsis has been reported to be
20 to 81% |5, 35, 36, 43]. Ahmad et al. introduced
thrombocytopenia as a predictor of neonatal sepsis.
They observed a higher mortality rate in infants with
thrombocytopenia [2]. Thrombocytopenia in septic
neonates is multi factorial and can be divided into
several general categories such as increased platelet
destruction, reduce in platelet production, various
reasons and unknown reasons [4]. Physicians, who
are faced with this homeostatic disorder or signifi-
cant decrease in the number of platelets, should ac-
tively identify the underlying causes and try to rectify
it. Detailed patient history and precise physical exam
are the keys to a correct diagnosis, which should be
approved by laboratory test results along with data
analysis in clinical context [53]. Thrombocytes have
a complicated role in sepsis. During sepsis and stim-
ulation of pathogens, coagulation cascades, inflam-

matory responses along with endothelial tissue dam-
age continuously cause activation of platelets [14]
and platelets’ surface proteins can connect to bacte-
ria [21]. Platelet consumption by platelet activation
with intermediate thrombose is the most common
mechanism. In severe sepsis diffuse intravascular co-
agulation can happen which can lead to intravascular
fibrin formation and thrombotic vascular occlusion.
Consumption of platelets and its subsequent throm-
bocytopenia and reduction of coagulation factors si-
multaneously, caused by continues coagulation, can
cause excessive bleeding [53]. According to the fact
that thrombocytopenia occurs in half of the neonates
with sepsis, we can use it as a marker for neonatal sep-
sis diagnosis, since this blood marker can be quickly
accessed by the physician.

The probable pathophysiology is neonatal sep-
sis-induced endothelial damage and the formation
of microthrombi, which can lead to the consumption
of platelets. The imbalance between the production
from the bone marrow and consumption leads to low
platelet count in neonatal sepsis [42].

In this study thrombocytopenia in LOS was 1.5
times more than EOS (57% compared to 40%).
In Khasswanhe et al. study, higher rates of throm-
bocytopenia in neonates with LOS was reported,
approximately three times higher than EOS (59.3%
compared to 24%) [26]. In Sangsari et al. study,
33.3% of neonates with EOS, 40% of neonates with
LOS and 50% of neonates with clinical infections
had thrombocytopenia [35]. In Mittal and Guida
studies, prevalence of thrombocytopenia in LOS was
significantly higher than EOS [20, 36].

According to our study the number of platelets
decreases more and MPYV significantly increases
in gram-negative bacteria caused infection compared
to infections caused by gram-positive. In Guida et
al. study the duration of thrombocytopenia related
to sepsis was different depending on the microor-
ganisms causing it. Gram-negative and fungal infec-
tions had a longer period of thrombocytopenia com-
pared to the gram-positive infections [20]. According
to studies, platelet levels in sepsis cases caused by
gram-negative microorganisms in comparison with
gram positive cases was less [3, 5, 8, 29].

In 69% of the cases with sepsis Klebsiella pneumo-
niae and 57% with Enterobacter aerogenes agent
thrombocytopenia was observed. Although throm-
bocytopenia can be seen in various microbial causes
of neonatal infection, but according to Ghanghoriya
study, ininfections caused by gram-negative microbes
specially in Klebsiella[17] and according to Torkaman
study, in infections caused by FEnterobacter it was
more common [51]. In Karne study, Pseudomonas
aeruginosa was the most common organism causing
neonatal sepsis accompanying severe thrombocy-
topenia (64.7%) than mild or moderate thrombo-
cytopenia [25]. This may be due to more endotoxin
produced by the gram-negative bacteria. Bacterial
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endotoxin inhibits platelet production by obstructing
the bone marrow megakaryocytes in patients [16].
Whereas, In Sangsari et al. study, thrombocytopenia
was observed in 28.5% of neonatal sepsis with gram-
positive and 16.6% with gram-negative [35]. In Shane
et al. study, thrombocytopenia was diagnosed in 25%
of neonates with sepsis, but there wasn’t a significant
difference between gram-positive and gram-negative
caused infections [48]. Since the outbreak of throm-
bocytopenia in cases of sepsis due to gram-negative
microorganisms is more common, therefore in cas-
es of thrombocytopenia in neonatal sepsis, initially
a suitable treatment for gram negatives should be
considered.

In our study, moderate thrombocytopenia
(PLT < 100000/ul) has a sensitivity of 73% and
a specificity of 12.2% in diagnosis of neonatal sepsis
(AUC = 0.427). Thrombocytopenia (platelet count <
150 000/ul) had the highest sensitivity to detect sep-
sis (87.91%) followed by MPV and PDW with a sen-
sitivity of 84.9% and 79.12%, respectively (Majumdar
et al., 2021). The sensitivity and specificity of throm-
bocytopenia in detecting neonatal sepsis was found
to be 83.08% and 20.33%, respectively [2].

According to the results of this study, MPV in-
creases in infants with definitive infection compared
to those without infection and this increase is signifi-
cantly higher in gram-negative bacteria caused sep-
sis. In neonates with definitive infection high MPV
(more than 11 fl) has been reported 6 times more
than uninfected neonates. Choudhary et al. reported
that high levels of MPV and PDW, and thrombo-
cytopenia is more common in LOS than EOS [13].
In Mittal study, a significantly higher MPV in the
LOS group was reported [36]. MPV, due to its sensi-
tivity can be used as a marker for platelet morphology.
Any rise in MPV level indicates a raise in platelet pro-
duction by the bone marrow as a reciprocation to its
destruction or consumption elsewhere. In general,
platelets reduce in size due to aging, as a result MPV
decreases. Moreover, it is depicted that platelets that
have increased volume are more active, hypersensi-
tive, and have a faster respond during the aggregation
process while demanding minimum stimulus. These
platelets are more adhesive in nature and in order
to aid blood stasis they become more inert. These
traits are believed to be due to the presence of excess
of dense granules and thromboxane in the cytoplasm
of larger platelets [7]. MPV is used as a potential
marker for early diagnosis of severe sepsis and pre-
dicting the outcomes [24, 25]. The results of Cai et al.
study depicted that MPV can be an independent pre-
dictor of neonatal sepsis prognosis, and can help pre-
dict the prognosis of premature neonates with LOS
in early stages [12]. In Mittal study, MPV increased
in 70.7% of neonatal sepsis [36]. The difference be-
tween baseline MPV level of neonates with culture-
proven sepsis was comparatively higher than control
group and this difference was found to be statistically

significant. Hence, MPV can be used as a simple,
economical, and specific factor to predict neonatal
sepsis [22]. In Sangsari et al. study, increase in MPV
levels in 25.6% of septic neonates was observed [45].
According to the results of Cai et al. study, increase
in MPV levels in premature neonates can be caused
by increase in blood coagulation, increased inflam-
matory response and oxidative stress. Which amongst
all these reasons, the most common cause of relation
between MPV and mortality is inflammatory re-
sponses [12]. Elevated MPV may indicate endothelial
damage as well as platelet activation, and is an easily
accessible hematological parameter [49]. According
to results of Shaaban study MPYV levels on third day
after birth can be used as an alternate marker for pre-
dicting EOS and mortality related to it in premature
neonates [46]. Therefore, given that the MPV in-
creases during inflammation, it can be considered
as a predicting marker in premature neonates with
sepsis. However, the exact pathophysiologic mecha-
nisms are still unknown [54].

In our study, increase in MPV greater than 9.8 {1
has a sensitivity of 80% and a specificity of 47% in di-
agnosing the infection. In Tayman study, the MPV
value of 10.35 fl was considered as the cut off value
in patients probably resulting in sepsis with a sen-
sitivity of 97.8% and specificity of 78.7% (AUC =
0.949; p < 0.001) [50]. In Milas study, MPV levels
in infected neonates were found significantly higher
compared to healthy neonates. In sepsis diagnosis,
sensitivity and specificity of MPV was proven to be
0.675 (95% CI: 0.536—0.790) and 0.733 (95% CI.:
0.589—0.840), respectively, at an optimal cut-off
point of 9.28fL [35]. In Sagheb study, there were sta-
tistically significant differences between MPV (Mean
Difference: 0.56, 95% CI: 0.25 to 0.86, p < 0.001)
in neonatal sepsis compared to healthy neonates.
Diagnostic cut-off levels with sensitivity of (80.56%)
and specificity of (52%) were found to be MPV > 9.2
fl [44]. The sensitivity and specificity values of MPV
(cut-off > 9 f1) were 63.40% and 53.8% respectively.
The area under the curve (AUC) values for MPV,
in the ROC analysis were 0.641 [42]. In Pamudji
study, MPV with a cut-off point of 7.44 fl can be
used for neonatal sepsis diagnosis with a sensitivity
of 80% and 84.2% specificity [41]. The mechanism
of changing platelet function in sepsis is still unclear.
During activation, platelet morphology changes from
discoid to spherical with pseudopodia. MPV reflects
the average size of platelets. Old platelets are smaller
in size in comparison with young platelets. An in-
crease in number of young platelets indicates a raise
in platelet production due to overconsumption in-
duced by inflammation. Larger platelets are believed
to be metabolically, functionally, and enzymatically
more active than smaller platelets.

According to the results of this study, PDW has
a definitive increase in neonates with infection com-
pared to those without infection, which this increase
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is insignificantly higher in gram-negative bacteria
caused sepsis. Increase in PDW greater than 11.2 has
a sensitivity of 90% and a specificity of 28% for the
diagnosis of definitive infection. In Sangsari et al.
study, increase in PDW levels was observed in 24.3%
of septic neonates [45]. In 67% of cases (n = 188) PDW
was found to increase compared to the control group
(36.2%) (p < 0.0001) [36]. Guclu et al. reported that
septic patients with PDW levels higher than 18%, had
worse outcomes [19]. The results of Meabed study de-
picted that the average amount of platelets and PDW
among septic neonates was less than the control group.
Meanwhile, PDW level in septic patients was signifi-
cantly higher than control group. PDW increases
during infection [33]. In Karne study, platelet indices,
MPYV and PDW values were increased in newborns
with sepsis. 43.69% of proven and probable sepsis
showed increased PDW value [25]. Therefore, plate-
let function can be an important diagnostic marker
in neonatal sepsis [33]. In Tayman et al. study, there
were no statistically significant difference in PDW
levels between the group of neonates with sepsis and
the control group [50]. Catal et al. study reported
higher levels of PDW along with higher MPV levels
during sepsis episodes on consecutive days among
non-survivors [50]. According to Choudhar study,
65.81% of the neonates in case group and 34.69%
in control group had PDW higher than 19.1 FL and
which this difference between the two groups was
statistically significant (p = 0.0001) [36]. PDW is an
indicator of volume variability in platelets size and
depicts the heterogeneity in platelet morphology [15].
It increases when there is platelet anisocytosis. Under
physiological conditions, there is a direct connection
between MPV and PDW; both usually change in the
same direction [9]. A high PDW may result from
platelet swelling in the circulation and platelet imma-
turity, which can indicate platelet heterogeneity [31].
In order to predict outcomes in pediatric and neona-
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tal sepsis, metrics such as PDW, which is an indicator
of platelet size, have been used. Changes in these pa-
rameters during sepsis can help us gain a plain insight
into the multiple roles played by platelets in sepsis
pathophysiology [37].

The main limitation of our study is its retrospec-
tive nature. Therefore, it is recommended to carry
out detailed prospective studies on this subject.

Conclusion

Sepsis in premature neonates can lead to throm-
bocytopenia and changes in platelet indicators
(PDW, MPV and PLT) and all these indicators are
easily accessible and cost-effective and can be ob-
tained during usual blood count. During infection
the number of platelets decreases, but MPV and
PDW increase. Before and during infection the num-
ber of platelets and MPV decrease but after recovery
the number of platelets, MPV and PDW increase.
Thrombocytopenia in LOS was 1.5 times more than
EOS, and thrombocytopenia in sepsis caused by
gram-negative microorganisms was more common
than gram-positive. Increase MPV and PDW in sep-
sis caused by gram-negative microorganisms was
more common than gram-positive. Platelet indices
have good sensitivity but low specificity in diagnos-
ing definitive infection
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A PRELIMINARY STUDY: FIRSTLY OPTIMISATION
OF THE IN VITRO BIOFILM FORMATION METHOD
IN TRICHOSPORON ASAHII STRAINS ISOLATED
FROM PATIENTS IN TURKIYE
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Abstract. Trichosporon asahii, a fungus found in nature and human microbiota, has recently emerged as the most common
cause of disseminated and deep-seated trichosporonosis, particularly inimmunocompromised patients. Biofilm formation,
one of the important virulence factors of 7. asahii, facilitates its colonisation and proliferation, providing the fungus with
antifungal and environmental stress’s resistance. In this study, we aimed to develop a reproducible 7. asahii biofilm model
for our future research by optimising the inoculum concentration, adhesion-time, biofilm maturation-time, static and
shaking parameters. Materials and methods. We included two clinical isolates obtained from urine samples and a reference
strain in the study. For each strain, we applied 36 different experimental parameters, including, 10°, 10° and 10’ CFU/
mL inoculum consentrations, 60-, 90-, and 120-minutes adhesion-times, 48- and 72-hours maturation-times, and static
versus shaking. We determined the biofilm formation of fungus using the most commonly used crystal violet method.
We determined standard deviation values with three replicates within each experiment, and we compared all the graphs
obtained by repeating these experiments twice. Results. After applying 36 different experimental parameter combinations,
we determined the most optimised and reproducible parameters as 10’ CFU/mL inoculum concentration, 120-minute
adhesion-time, 72-hour maturation-time and static. Conclusion. In optimisation studies conducted worldwide on this
subject, it has been reported that biofilms formation varies in terms of quantity and duration across different countries, but
there isn’t any optimisation study in Turkey. We believe that the optimisation conditions we have firstly identified in our
country will shed light on our future research and other studies to be conducted in the future.

Key words: Trichosporon asahii, invasive fungal infections, biofilm, optimization, fungi, Tiirkiye.
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A. Sinem, E. Sevgi WNHbekums n UMMyHHUTET

¢ ocyabjJeHHBIM UMMYHUTeTOM. OOpa3oBaHue OUOIIJIEHKHU, ONUH U3 BaXHbIX (PAKTOPOB BUPYJIEHTHOCTU 1. asahii,
o0JieryaeT ero KOJIOHU3alMI0 U pacrpocTpaHeHue, obecrneyrnBasi rpuoKy yCTOMUYMBOCTh K MPOTUBOIPUOKOBBIM
npenaparaM ¥ BHELTHEMY cTpeccy. B HacToseM uccie10BaHUU MBI TTOMBITAJIUCh Pa3padoTaTh BOCIPOU3BOAUMY IO
MoJiesib OuoneHKU 7. asahii 1isi MOCAEAYIOIUX UCCAEIOBAHUI MyTeM ONTUMU3AIMU KOHIIEHTPAIMU WHOKYJIS-
Ta, BpeMEHU aJre3un, BpeMEHU CO3peBaHM sl OMOTIJIEHK Y, CTATUYECKUX MapaMeTPOB U MapaMeTPOB BCTPSIXMBAHUSI.
Mamepuanvi u memodsl. B viccnenoBaHue ObIIM BKIIOYEHBI 1BA KIMHUYECKUX U30JI51Ta, MOTYYSHHBIX U3 00pa31oB
MOYM, U 3TAJOHHBIN IITaMM. [JIs1 KaXI0ro ntTaMMa MpUMEHSJIMCh 36 pa3jIMYHbIX 3KCIIEPUMEHTAIbHbBIX Tapa-
MeTpa, BKIouas KoHueHTpauuu uHokyasgta 10°, 106 u 107 KOE/mn, Bpemst aare3uun 60, 90 u 120 MuHyt, BpeMs
cospeBanus 48 u 72 yaca 1 CTaTUKY MPOTUB BCTPSIXWUBaHUs. MBI onpenennan oopa3oBaHue OMOMIEHKY TproOKa,
MCIIOJIb3ysT HanboJiee YacTO UCTIONb3YeMbIl METO/I OKPACKM KPUCTAINUECKUM (hroeTOBBIM. bblnn onpeneneHbl
3HAYEHUS CTAHIAPTHOrO OTKJOHEHUS C TPeMs MOBTOPAMU KaXJOT0o 9KCIEPUMEHTA CO CPAaBHEHUEM BceX rpadu-
KOB, MOJYYEHHBIX MPU IBYXKPATHOM MOBTOPE MPOBEACHHBIX 9KCIIEPUMEHTOB. Pe3yivmamui. [lociie mpuMeHEHU S
36 pa3aIMYHBIX KOMOMHALIMI SKCITEPUMEHTAIbHBIX TapaMeTPOB ObLIK ONpeae/icHbl Hauboiee ONMTUMU3UPOBAHHBIE
Y BOCIPOM3BOAMMBIE U3 HUX, TAKKE KaK KOoHIIeHTpauus nHokyasita 107 KOE/mi, Bpemst anreaun 120 MUHYT, Bpe-
M3l co3peBaHMsl 72 yaca U cTaTuKa. 3akaio4eHue. B uccienoBaHUsIX MO ONTUMU3ALMM, OMTMCAHHBIX B IUTEpaATypeE,
coo011a10Ch, YTO 00pa3oBaHUe OUOMJICHOK Pa3MYaETCs MO KOJUYECTBY U MPOAOIXKUTEIBHOCTU B Pa3HBIX 3apy-
OexxHBIX 1abopaTopusix, HO B TypLuu MOAOOHBIX UCCIeOBAHU I MO ONTUMU3ALMU HE OTTMCAHO. MBI cuMTaeM, 4To
YCJIOBUSI ONITUMU3ALIUY, KOTOPbIE MBI BIIEPBBIE OMPEACIUIN B HAllIEH CTpaHe, OyAYyT BOCTPEeOOBAHBI 751 TOCIIEAY-

IOLIMX UCCIEAOBAHUMA.

Karoueente caosa: Trichosporon asahii, uneasugnoie epubkosole uHgexyuu, buonienka, onmumusayus, epudst, Typyus.

Introduction

Trichosporon species are yeast-like, anamorphic,
and basidiomycetous; can be isolated from decay-
ing materials, water, soil, cheese, insects, birds,
bats and cattle feces; and can colonize and multi-
ply in the gastrointestinal tract, vagina, skin, nails
and upper respiratory tract of humans. These fungal
species have a wide geographical distribution and
are more common in warm and tropical regions [1,
2, 3,5, 8, 10, 15]. Although the genus Trichosporon
is usually associated with easily treatable superfi-
cial infections of the skin, especially white piedra,
it has gained importance as a cause of opportunistic
systemic infections since the first case of brain in-
vasive trichosporonosis was reported in 1970 [3, 8,
10, 14, 15]. It is becoming increasingly common, es-
pecially in patients with underlying haematological
malignancies, aplastic anaemia, organ transplanta-
tion, extensive burns, AIDS and solid tumours, and
can cause systemic infections such as pneumonia
and endocarditis, accounting for approximately 10%
of cases of disseminated fungal infections [3, 5, 7].
Trichosporon infections associated with sinusitis,
ophthalmological surgery and prosthetic device in-
fections, intravenous drug abuse and peritoneal dia-
lysis are also observed in nonimmunocompromised
patients [2, 7].

Among Trichosporon species, especially Tricho-
sporon asahii is the most common cause of dissemi-
nated or deep-seated trichosporonosis [3, 7, 8, 9,
10, 12, 15]. Among the clinical materials obtained
from patients, 7. asahii is the most frequently iso-
lated species from blood and urine samples [16].
Clinical isolates are estimated to have greater path-
ogenicity than environmental isolates [9]. 7. asahii

is capable of biofilm formation, phenotypic and
genotypic variation and the production of proteo-
Iytic enzymes such as esterase, hemolysin, phos-
pholipase, protease, coagulase and DNAase, but
the role of these virulence traits in infection is not
clear [3, 5, 6,9, 14, 15]. The most studied virulence
factor among these virulence factors is adhesion
and biofilm formation, especially in medical de-
vices [13]. Although most reported cases of haecma-
togenous 7. asahii infection occur during the neu-
tropenic phase in patients with leukaemia, another
predisposing factor for infection is associated with
biofilm formation on invasive devices such as in-
travenous or urinary catheters, endoscopic forceps
and arteriovenous grafts [3, 7, 12, 15]. A biofilm
isathree-dimensional structure formed by microbi-
al communities embedded in a polymeric extracel-
lular matrix consisting of polysaccharide, protein
and extracellular DNA produced by cells adhering
to a biotic or abiotic surface. It facilitates the colo-
nization, growth and proliferation of yeast [3, 7, 15].
Biofilms formed by yeast can produce proteases,
and biofilm formation provides resistance to antibi-
otics and environmental stress [3, 4, 7, 15]. Biofilm
formation in 7. asahii occurs at four different de-
velopmental stages. These stages include the ini-
tial adhesion of yeast cells between 0 and 2 hours,
germination and microcolony formation between 2
and 4 hours, filamentation between 4 and 6 hours
and proliferation and maturation between 24 and
72 hours [7]. It is thought that prosthetic devices
may serve as substrates for the postadhesion growth
of biofilms, which are microbial communities em-
bedded in an extracellular polymeric substance [7].
T. asahii biofilm formation may confer markedly
increased resistance to antimicrobial agents and
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protection from host defense [3, 7]. Although an-
tifungal drugs are used to treat trichosporonosis,
the infection is usually persistent, may recur soon
after treatment and is associated with high mortal-
ity ranging from 50—80% [2, 3, 7, 12, 14]. Although
newer azoles, such as voriconazole and posacona-
zole, which are used against 7. asahii infections,
are more effective antifungals than amphotericin B
and fluconazole, biofilm formation in 7. asahii has
been associated with up to 16 000-fold increased
resistance to voriconazole, particularly compared
to that in planktonic cells [1, 7, 11, 14]. When there
is a high level of antifungal resistance, treatment
usually requires surgical removal of the infected de-
vice, which has a negative impact on the patient [2,
12]. Therefore, serious infections can be seen with
T. asahii strains that are deeply localized and do not
respond to treatment.

The aim of this study was to develop and op-
timize a reproducible biofilm model to monitor
the biofilm formation of 7. asahii in clinical sam-
ples. For this purpose, we evaluated the inoculum
amount, adhesion time, biofilm maturation time,
staticity and shaking parameters during biofilm for-
mation. We are also considering applying the data
we will obtain from this preliminary study to our
experiments in another study in which we investi-
gated the critical role of enzymes synthesized by
T. asahii, whose importance we emphasize in clini-
cal samples, in biofilm formation on polystyrene
surfaces.

Materials and methods

Strains used and growth conditions. In this retro-
spective study, two 7. asahiistrainsisolated fromurine
samples of patients admitted to Istanbul University —
Cerrahpasa, Cerrahpasa Medical Faculty, Medical
Microbiology Laboratory in 2017 and 2019, iden-
tified by MALDI-ToF MS method in those years
and stored at —80°C were included. 7. asahii var.
asahii CBS 2479 was used as the reference strain.
The strains were inoculated on Sabouraud dextrose
agar (SDA), incubated at 37°C for 48 hours and then
stored in Sabouraud dextrose medium (SDB) sup-
plemented with 15% glycerol at —80°C for reuse.
The 48-hour SDA cultures obtained were used in the
later stages of the study.

Establishment of biofilm formation by the strains.
While investigating the biofilms formed by
the strains, different parameters in the study of Itur-
rieta-Gonzalez, Padovan [10] were combined and
applied. For this purpose, inoculum amounts of 10°,
10¢ and 10’ CFU/mL; adhesion times of 60, 90 and
120 minutes; biofilm maturation times of 48 and
72 hours; and static and 100 rpm shaking parameters
were used, and 36 different parameters were applied
for each strain. These applications were performed
both in two patient strains and in the reference strain.

Roswell Park Memorial Institute (RPMI) 1640
medium (containing L-glutamine and phenol red
without sodium bicarbonate) was prepared with
MOPS according to the CLSI M27A3 guidelines
(pH 7.0) according to the CLSI M27A3 guide-
lines, sterilized by filtration and stored at +4°C
until use. A few colonies were taken from the 48-
hour culture produced in SDA with a sterile core,
inoculated into rpmlI 1640 medium and incubated
at 37°C and 100 rpm overnight. The cells were cen-
trifuged at 3000 rpm for 5 minutes, the superna-
tant was discarded, and the pellet was washed twice
with PBS. Cell suspensions prepared with rpml
medium for each origin were prepared at concen-
trations of 10°, 10® and 107 CFU/mL according
to their absorbance at 530 nm. In a flat-bottomed,
96-well polystyrene microplate, 100 pl of cell sus-
pension was added to each well. Three replicates
were performed for each isolate. The mixture was
incubated at 37°C for 60, 90 or 120 min under static
shaking conditions at 100 rpm. The supernatant
was removed, and the cells were washed with 150 pl
of PBS. Thus, cells that did not adhere to the surface
were removed. Then, 150 pl of RPMI medium was
added to each well and incubated at 37°C for 48 and
72 hours under static shaking conditions at 100 rpm.
Thus, biofilm formation was allowed. The superna-
tant was changed every 24 hours, and each experi-
ment was repeated 2 times.

Determination of biofilm formation in strains by
the crystal violet method. After biofilm formation,
the supernatant was aspirated, and the cells were
washed 2 times with 200 pl of PBS and dried at room
temperature for 45 min. Then, 110 pl of each sam-
ple was stained with 0.4% crystal violet for 45 min.
Afterwards, the cells were washed 4 times with 200 pl
of sterile distilled water. Two hundred microliters
were incubated with 95% ethanol for 45 min, 100 pl
was transferred to another microplate, and the ab-
sorbance values were measured at a wavelength
of 570 nm with a spectrophotometer.

Statistical analysis. Three repetitions were made
in each experiment for 36 parameters applied to the
three strains included in the study, and the mean
absorbance values and standard deviations were de-
termined with these repetitions. Each experiment
was repeated twice. To determine the reproduci-
bility of the experiment, the means and standard
deviations in these two experiments were com-
pared by applying the independent samples t test
in MedCalc Software (https://www.medcalc.org/
calc/comparison_of means.php (Version 22.023;
accessed May 17, 2024).

Results

Assessment of biofilm formation by the crystal violet
method. An inoculum amount of 10°, 10° or 10’ CFU/
mL; an adhesion time of 60, 90 or 120 minutes; a bi-
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Discussion

Trichosporon asahii is the most common trichos-
poronosis agent that can cause invasive infections
with a high mortality rate, especially in immuno-
compromised patients, and can be a source of infec-
tion through biofilm formation on invasive devic-
es. [3,7,9, 10, 12, 14, 15]. Therefore, it is important
to investigate biofilm formation in this fungus. In this
study, a reproducible 7. asahii biofilm formation
model was optimized by evaluating the ability of two
T. asahii strains isolated from patients in Tirkiye and
the reference strain to form biofilms on polystyrene
surfaces.

Determining the adhesion process, which is the first
step in biofilm formation, is also important because
it is the beginning of infection [9]. During biofilm for-
mation, after the initial adhesion of the yeast to the sur-
face, the mature phase begins with filamentation [12].

Di Bonaventura et al. [7] applied inoculum
amounts of 104 10° and 10° CFU/mL; adhesion
times of 30, 60 and 120 minutes; and biofilm matura-
tion times of 24, 48 and 72 hours and reported that
T. asahii cells could adhere to polystyrene surfaces
after only 30 minutes of incubation. They stated that
the adherent cells were organized as microcolonies
representing the early microbial adaptive response
in the first 4 hours despite the low metabolic profile,
and then the formation of mature biofilms increased
from 6 hours to 72 hours. They determined the most
optimal experimental setup as 10° CFU/mL, 60 min
adhesion time and 72 hours biofilm formation time.

Iturrieta-Gonzalez et al. [10], based on differ-
ent protocols in their study, used inoculum amounts
of 10°, 10¢ and 10’ CFU/mL; adhesion times of 60, 90
and 120 minutes; biofilm maturation times of 48 and
72 hours; shaking at 75 rpm; and static environment
parameters for optimisation experiments. As a re-
sult, 107 CFU/mL, 90 min of adhesion time, shaking
and 48 hours of biofilm maturation were determined
to be optimal.

In another optimisation study, 107 CFU/mL in-
oculum was used, and adhesion times of 1, 2, 4, 6 and
8 hours were compared. In contrast to other studies,
1 and 2 hours of adhesion were judged to be insuf-
ficient, and significantly greater biofilm production
was observed between 2 and 4 hours. They concluded
that if the exposure time increases when there is suf-
ficient surface area, it can lead to high virulence and
ultimately persistence of infection [14].

According to optimisation studies carried out
around the world, 7. asahii biofilm production is car-
ried out in different ways, and biofilms are formed
in different countries, in different amounts and
for different periods in each study.

As far as we could examine, we could not find any
research in our country where optimization studies
were carried out on 7. asahii biofilm production.
In this preliminary study before our study, for this
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Figure. Results of two experiments with 107 CFU/
mL, 60, 90 and 120 min adhesion time, 72 h
incubation and static conditions of the patient
strain isolated in 2017 (A), 2019 (B), and of the
reference strain T. asahii var. asahii CBS 2479 (C)

purpose, we determined the optimal parameters
for T. asahii biofilm production. In our research, we
applied 36 different parameters to all three strains
included in the study by crossing inoculum amounts
of 10°, 10° and 107 CFU/mL; adhesion times of 60,
90 and 120 minutes; biofilm maturation times of 48
and 72 hours; and static and 100 rpm shaking pa-
rameters. We applied these parameters twice to each
strain. We statistically compared the absorbance
results between these two experiments by including
the means and standard deviations that we deter-
mined from three repetitions within the experiment.
A P value between the two experiments was greater
than 0.05 indicated that there was no statistically
significant difference between the two experiments
and that the experiment was reproducible. It was
observed that the common parameters for reproduc-
ible results in all three strains were 10’ CFU/mL,
static conditions, 120 minutes of adhesion time and
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72 hours result. We concluded that this result is the
most optimized result.

The results obtained in our study are compatible
with the 72 hours given as the most optimised biofilm
maturation time in the optimisation study performed
by Di Bonaventura et al. [7], but the adhesion times
of 107 CFU/mL and 120 minutes in our study are not
compatible with the optimised inoculum amount
of 10° CFU/mL and the adhesion time of 60 minutes
in their study.

When we compared our study with the study
of Iturrieta-Gonzalez et al. [10], it was found to be
compatible with the inoculum amount of 10’ CFU/
mL in the study of Di Bonaventuraet al. [7]. The most
optimised conditions determined by this study, such
as an incubation time of 90 minutes, a biofilm matu-
ration time of 48 hours and the fact that the experi-
ment was carried out in a shaking apparatus, are not
compatible with the values in our study. In addition,
the shaking speed in this study was 75 rpm, while
the shaking speed we used was 100 rpm.

Montoya et al. [14] maintained a constant con-
centration of 107 CFU/mL in their optimisation stud-
ies and compared the adhesion times and found that
2—4 hours was optimal. In our study, we determined
120 minutes to be the most optimised adhesion time
and observed that it was compatible with this study.

Conclusion

As far as we could examine in our country, we
observed that there was no optimization phase in the
studies investigating the biofilm formation process
of 7. asahii. We will use the most optimized results
we obtained after this optimization study in our study
with the comprehensive clinical samples we men-
tioned. We believe that the optimization conditions
we have determined will lead studies to be carried
out on this subject in our country and raise aware-
ness. However, we think that the results may dif-
fer depending on the laboratory conditions studied,
the strains, and the type of clinical sample. For this
reason, we believe that optimization and standardi-
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TIME SERIES ANALYSIS FOR MODELING
AND PREDICTING CONFIRMED CASES
OF INFLUENZA A IN ALGERIA

D. Seba?, N. Benaklef®, K. Belaide®

@ Higher School of Informatics, Sidi Bel Abbes, Algeria
b University of Bejaia, Bejaia, Algeria

Abstract. Influenza A is a subtype of the influenza virus that primarily infects birds and mammals, causing respiratory
illness. It is characterized by its ability to mutate rapidly, leading to various strains and occasional pandemics. Objective.
This paper is dedicated to studying the distribution behavior and predicting confirmed cases of Influenza A within
the Algerian context, a highly infectious dis- ease that causes widespread illness and deaths both in Algeria and globally.
Materials and methods. To predict confirmed cases of Influenza A, we implemented several statistical models, including
ARIMA, Seasonal ARIMA (SARIMA), ETS, BATS, and the machine learning technique RNN, which is widely
recognized in the literature. We then conducted a comparative study using performance measures to evaluate these
models. Results. We used RMSE to determine the best-performing model. Our findings indicate that RN'N outperformed
the others due to its ability to handle complex patterns, including seasonal components and memory. SARIMA and
BATS also performed well, thanks to their capacity to manage seasonal patterns. In contrast, ARIMA and ETS showed
the poorest performance. Conclusion. This study employed a comprehensive approach to develop a model for predicting
confirmed cases of Influenza A in Algeria. The results enhance our understanding of the potential future behavior of this
disease and contribute to effective risk management strategies.

Key words: influeza A, prediction, risk management, time series, BATS, Algeria.

AHAJIN3 BPEMEHHbIX PA400B AJ1i4 MOOEJIMPOBAHUA U NMPOrHO3UPOBAHUYA
NOATBEP)XXAEHHbIX C/TYHYAEB rPUMMA A B AJIXXUPE
Ce0a /1.', Benakaed H.?, Beaaunne K.?

! Borcurast wikona ungpopmamuru, 2. Cuou-beav-Ab6bec, Anxcup
2 Yuueepcumem bedxucau, e. bedxcas, Anxicup

Pestome. I'purin A saBsieTcsl MOATUIIOM BUpYyca TPUIITIA, KOTOPBIH B IIEPBYIO 0YepEab ITOPaKaeT MTHUL M MJICKOITATAI0-
M X, BBI3BIBAsI pECIIMPATOPHbIE 3a00JIeBAHMU I, M XapaKTepU3YeTCsI CIIOCOOHOCThIO OBICTPO MYTUPOBATh, UTO TPHUBOIUT
K TIOSIBJICHMIO pa3HOOOpa3us MITaMMOB U NIEPUOIMYSCKUM NaHaeMusiM. HacTosias ctaThs MOCBSIIEHA U3YYEHUIO
B AJXMpe pacrpoCcTpaHeHUs U IIPOrHO3MPOBAHMIO MOATBEPKACHHBIX CJydaeB TpuIlna A, BHICOKOMH(PEKIIMOHHOTO
3a00JIeBaHU I, KOTOPOE BBI3bIBACT IIMPOKO PACIIPOCTPAHEHHbBIE 3a00JIeBaHUS U CMEPTHOCTD KaK B AJIKUpPE, TaK U BO
BceM Mupe. Mamepuanst u memodst. 1711 IpOrHO3MPOBAHUS TIOATBEPXKACHHBIX CIyYaeB TPUIIIA A OBLIY TPUMEHEHBI
HECKOJIbKO CTaTUCTUYecKMX Momeneit, Bkirouass ARIMA, Seasonal ARIMA (SARIMA), ETS, BATS u mmpoko nipu-
3HAHHBIN MeTox MamHHOTO 00ydeHuss RNN. Jlasee MBI IpoBeIn CpaBHUTEIBHOE CCIICIOBAHNUE C UCTIOJIB30BAHM-
€M IToKa3aTesieil Mpon3BONUTEIBHOCTH IJIs OLICHKU YKa3aHHBIX MoeNeit. Peszyavmame:. JI7s1 onmpeneneHus Hanboee
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3(beKTUBHOI MONIETM TTPOBOIUIACH OIICHKA CPeIHEKBaApaTUIecKoil omnOKu. Haim pe3yibraTsl MOKa3bIBatoT, YTO
RNN npes3oriien npyrue Moaenu 6aaroaapsi cBoeit CriocOOHOCTU 00padaThiBaTh CJOXHBIE IA0JOHBI, BKJIOYAs ce-
30HHBIE KOMIOHEHTHI U Hanun4uio namsatu. SARIMA u BATS Tak:ke mokasaiu Xopoline pe3yJbTaThl 0arogapst CBO-
eii CMOoCOOHOCTH YIIPaBAATh CE30HHBIMU 3aKoHOMepHOCTsIMU. HanmpoTtus, ARIMA u ETS nokaszanu caMmble Ijioxue
pe3ynbTaThl. Bboigod. B mpuBoanMoM McCCIeq0BaHUY MCTIONb30BaICS KOMITJIEKCHBIN MOAXOM I/ pa3padoTKU MOAEIN
MIPOTHO3MPOBAHMUS MOATBEPXKACHHBIX ClyJyaeB rpummna A B Amkupe. [TonydeHHBIe pe3ynbTaThl pacIIMpPSIIOT Hallle
MOHMUMaHNE OTEHIIMAIBHOTO OYAYIIETO PACTIPOCTPAHEHUSI JAHHOTO 3200JIeBaHUS U CITOCOOCTBYIOT 3(D(HEKTUBHBIM

CTpaTerusiaM yrpaBJICHUA pUCKAMHU.

Karouesnie caosa: epunn A, npoeHosuposanue, ynpasaenue puckamu, epemernvie paovl, BATS, Aaxcup.

Inroduction

Influenza A is a viral infection that affects the res-
piratory system. It is one of the four types of influ-
enza viruses and can cause symptoms such as cough,
body aches, and sore throat. Highly contagious,
Influenza A spreads through tiny droplets of bodily
fluid released during coughing, sneezing, or talking.
Symptoms often include fever, chills, fatigue, and
other related discomforts.

In the early 20th century, scientific knowledge was
advanced enough to predict the recurrence of influ-
enza, which had twice reached pandemic levels in the
late 19th century. However, it was largely ineffective
in mitigating the devastating impact of the 1918 pan-
demic. Since then, humanity has made significant
strides against the disease, developing the capability
to design and produce vaccines and antiviral drugs
to prevent or lessen infections.

The World Health Organization (WHO) esti-
mates that globally there are 3—5 million cases of se-
vere illness and 290 000—650 000 deaths annually
due to influenza-related respiratory conditions.

Nowadays, predicting Influenza A helps mini-
mize the health, economic, and social impacts of the
virus by enabling proactive and well-coordinated re-
sponses. The debate on forecasting Influenza A in-
volves researchers from various disciplines who use
a range of methodologies, including statistical, ma-
chine learning, and deep learning techniques, refer-
encing various studies such as Goldstein et al.[7], Xu
et al.[14], Zheng et al. [16], Kandula et al. [8], Khan et
al. [9], Cheng et al. [4], Wolk et al. [13], Xue et al. [15],
Boostani et al. [3], Al-Qaness et al. [2], Seba et al. [12].

This topic has been treated in the Algerian con-
text by several works such as [6] and [11]. The objec-
tive of our work is to predict the behavior of new cases
in Algeria using time series analysis. We employ two
widely recognized approaches from the literature:
statistical methods and machine learning techniques
for time series analysis.

Methods and Materials

Descriptive Data

The epidemiology of seasonal influenza is well
defined in many parts of the world, especially in de-

veloped countries. However, in other regions, much
less is known about the epidemiology of Influenza A,
notably in Algeria (Fig. 1).

We collect data from: Our world in data-Influen-
za. We observed that Influenza A exhibits a seasonal
winter pattern because the cold, dry air of winter
provides ideal conditions for the virus’s prolonged
survival. The reduced humidity during this season
enhances the likelihood of infection. The significant
decrease in Influenza cases from 2020 to 2022 can be
attributed to several factors related to the COVID-19
pandemic: Implementing public health strategies, in-
cluding mask wearing, hand hygiene, social distanc-
ing, and lockdowns on a large scale, substantially de-
creased the spread of respiratory infections, includ-
ing Influenza A.

Changes in the individual’s awareness of safe-
ty amid the COVID-19 outbreak [10]. Analyzing
monthly confirmed cases involves treating the data
as a time series. Throughout the literature, various
approaches such as statistical, machine learning
methods have commonly been employed.

Preprocessing data analysis

Our data does not contain any missing values but
contains seasonal patterns.

We employ the Augmented Dickey-Fuller (ADF)
test to assess the stationarity of the present time se-
ries. A p-value of 0.01, which is smaller than the sig-
nificance level of 0.05, indicates that the time series
is stationary.

150 200 250 300

100
I

Monthly confirmed cases of influenza A
50

T T T T T T T
2012 2014 2016 2018 2020 2022 2024
Time

Figure 1. Monthly confirmed cases of influenza A
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For data to be considered stationary, the statisti-
cal characteristics of the system must remain con-
stant over time. This does not mean that the values
of each data point must be identical; rather, the over-
all behavior of the data should remain consistent.

‘We introduce the Partial Autocorrelation Function
(PACF) and the Autocorrelation Function (ACF)
to measure the memory of the most effective mod-
el from the ACF and PACF plots, we observe that
the autocorrelation decays exponentially, indicating
that the data has short memory. Additionally, we note
the presence of seasonal components (Fig. 2).

Methodology

Various time series analysis models and techniques
are employed to determine the most efficient method
for handling validated cases of influenza A, utilizing
both statistical and machine learning models.

We take our data as atime series and split it into two
separate sets: the training set and the test set. The test
set, comprising 15% of the data, is used to validate
the best model, while the training set consists of the
remaining 85%. We evaluate a model’s performance
using the Root Mean Square Error (RMSE).

RMSE / SE (v — zi) M

Results

Predictive models

ARIMA and ARFIMA model

Autoregressive  integrated moving average
(ARIMA) models predict future values based on past
values, it gauges the strength of one dependent vari-
able relative to other changing variables.

A stochastic process (Xt)t>0 is said to be an
ARIMAC(p, d, q) an integrated mixture autoregres-
sive moving average model if it satisfies the following
equation:

$(L)(1 — L)X, = O(L)e, ¥t >0 )

where d e N, L is lag operator, &~ N (0, ¢?) i.i.d. er-

rors, with 02 < co.
d(L)y=(1—¢L—...
oLy=>1-6,L—..—-86,L% with 6,0

Seasonal ARIMA, is an extension of ARIMA
that explicitly supports univariate time series data
with a seasonal component.

There are four seasonal clements that are not
part of ARIMA that must be configured; they are:
P: Seasonal autoregressive order, D: Seasonal dif-
ference order, Q: Seasonal moving average order, m:
The number of time steps for a single seasonal period
SARIMA(p.d,q)(P,D,Q)m

¢ (L)G(LY(1— L™¥¢(1— LyX, = O(L)O(L)e; Vi>0 (3)

ETS model

The ETS models are time series models with an
underlying state space model consisting of a level
component, a trend component (T), a seasonal com-
ponent (S), and an error term (E). This method pro-
duces forecasts that are weighted averages of past
observations where the weights of older observations
exponentially decrease.

BATS model

The BATS (Exponential smoothing state space mod-
el with Box-Cox transformation, ARMA errors, Trend
and Seasonal components) model is a time series fore-
casting model that was proposed by De Livera et al. [5].

— $,L7) with ¢,%#0

Influenza A
(=]
2 _
N —
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Figure 2. ACF and PACF plots
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Box-Cox Transformation component is used
to transform the data to achieve normality and sta-
bilize the variance. The ARMA (Autoregressive
Moving Average) Errors component is used to model
the residuals of the time series data, which are as-
sumed to be independent and identically distributed.
Finally, the Seasonal component is used to model
the seasonal patterns in the data.

Recurrent Neural Network RNN model

A Recurrent Neural Network (RNN) model
for regression is a type of neural network designed
to process sequential data by maintaining a memory
of previous inputs.

Sequential Data Handling: RNNs are ideal
for tasks where data points are dependent on previ-
ous ones, due to their ability to maintain information
over sequences.

Memory: RNNs have internal memory (hidden
states) that captures information from previous time
steps, allowing them to learn patterns and dependen-
cies over time.

Structure: An RNN consists of layers of neurons
where each neuron receives inputs not only from the cur-
rent time step but also from its own previous output.

Backpropagation Through Time (BPTT):
The training of RNNs involves a variation of back-
propagation (BPTT), which updates weights by con-
sidering the entire sequence of data.

Empirical Results

Here, we illustrate the predicted results graphi-
cally using several models “Statistical and machine
learning models” (Fig. 3).

We show numerical results using this measure
such as RMSE, a smaller RMSE and MAE indicates
better performance (Tabl.).

Discussion

We have applied statistical models: ARIMA,
SARIMA, BATS, and ETS, as well as a machine
learning model, RNN.

ARIMA is not suitable for modeling and predict-
ing this data due to the lack of seasonal patterns.
Therefore, we opted for SARIMA, which can handle
seasonal patterns. SARIMA performed well in fore-
casting the confirmed cases in winter 2023 but exhib-
it poor performance for the winter of 2024 due to its
short persistence.

ETS had the worst performance. We applied sim-
ple exponential smoothing but could not use multi-
plicative errors and seasonal components due to neg-
ative values. Similarly, the additive case also resulted
in negative values.

BATS performed well due to its ability to handle
seasonal components and its treatment of errors as
ARMA, meaning they are autocorrelated (depend-
ent), which is more realistic compared to the inde-
pendent errors assumed by ARIMA and SARIMA.

S | Test set
|| cecensee ARIMA
o || ====- SARIMA
&{ 1) —-—- BATS
ETS
S || ——— RNN
N
@
[z =)
7 27
2
o
S A
A
o | _ // \\
~o ,t'— ‘f:‘_ \‘ al- /:_/___:§\
o '_A-’......----..........s.‘ .......... A ......:7-‘\
T T T T T
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Index

Figure 3. Predicting confirmed cases of Influenza A
in Algeria

Table. Measure of performance
Models | ARIMA | SARIMA ETS
RMSE | 78.319 75176 80.353

BATS
74.088

RNN
71.335

To improve the results, we replaced negative values
with zeroes.

The RNN model performed the best due to its
capacity to handle complex patterns, including non-
linear and periodic trends, and its ability to over-
come the problem of memory. However, it had prob-
lems modeling the rest of the year except for the
wintertime.

Suggestions for reducing the number of confirmed
cases of Influenza A

A combination of public health initiatives, per-
sonal efforts, and preventative measures are needed
to decrease the number of confirmed cases of influ-
enza A. The following are some crucial procedures:

Vaccination: Boost the use of yearly influenza
vaccinations, which aim to protect people against
the most prevalent strains that emerge each season.

Public Health Campaigns: Organize awareness
programs to inform people about the value of immu-
nizations, good hand cleanliness, and proper respira-
tory protocol.

Social Distancing: Take steps to avoid close
proximity in crowded regions, particularly during
the prime time of the flu season. This can involve
advising people to stay away from crowded places,
work from home, and keep a safe distance from other
people.

Surveillance and FEarly Detection: Implement
robust surveillance systems to: Monitor Influenza
Activity: Track the spread and evolution of influen-
za strains in real-time. Identify Outbreaks: Quickly
detect and respond to outbreaks to contain their
spread.

Data Sharing: Collaborate with international
health organizations for data sharing and coordinat-
ed response efforts.
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Conclusion

To summarize, this work examined the behavior
of confirmed Influenza A cases in Algeria and ap-
plied various statistical and machine learning mod-
els to predict the future behavior of this phenom-
enon. This approach enhances our understanding
of the disease’s future trends. Based on our find-

ings, we have suggested recommendations to help
reduce the number of confirmed Influenza A cases.
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PETPOCMNEKTUBHASAA OLEHKA
F'YMOPAJIbHOIO OTBETA NP MEJIMOUAO3E
XUBOTHbIX C UCMNOJIb3SOBAHUEM
MHOTOJIETHUX AAHHbIX

N.B. 3axaposa’, /I.JI1. Tepemko!, I1.P. Yupckos!, JI.A.T. Byii?, III. Tomcon®, 1.B. HoBunkas'

KpaTtkue coobLieHuns
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2025, T. 15,Ne 1, c. 173-177

'@KY3 Boaeoepadckuii HayuHo-uccaedo8amenbckuii npomueouymuslit uncmumym Pocnompebnaodsopa, e. Boazoepad, Poccus
2 Poccuiicko-Bvemuamckuii Tponuueckuil HayuHo-uccaedosamenvCckutl u mexnoaocuueckuii yenmp, 2. Xauoii, Beemnam
? Bbemuamckuil yenmp cnacenus medseoeii, Hayuonanvnorit napk Tam Hao, Boemnam

Pestome. Menmmonno3 — MHGMEKIUS C BBICOKON JI€TaJIbHOCTBIO, BBI3bIBacMasl I'paMOTPHUIIATEIbHONM OakTepueit
Burkholderia pseudomallei. Bo30ynuTens MenInonao3a 1Mo CBOCH MpUpOIe SBISETCS canpodUTOM U O0JamaeT 3Ha-
YUTEIbHBIM aJalTallMOHHBIM ITOTCHIIMAJIOM, IMO3BOJISIONMINM 3aHMMAaTh caMble Pa3HOOOpa3HBIC SKOJOTHMYCCKIE
HHUIIX — OT IIOYBHI 10 YeJoBeKa. bakTepus siBisieTcsT (aKyabTaTUBHBIM BHYTPUKJIETOYHBIM ITATOT€HOM U CII0CO0-
Ha MH(PULIMPOBATH MPAKTUUECKU BCE KJIACCHI TO3BOHOUHBIX XXMBOTHBIX, 32 UCKJIIOUeHEM aM@uouii. B cuny pazHo-
00pa3us KIMHUYECKUX MPOSIBJCHU I METMOUA03a 9TOT IMarH03 yCTaHABIMBAETCS HA OCHOBAHU U JTaOOPATOPHBIX UC-
cJieIOBaHU; 30JI0TbIM CTaHJAPTOM CUMTAETCS BblJeNeHUE KYJAbTYphl Bo30yauTenas. Tem He meHee PHI'A ocTaeTcs
BOCTPeOOBaHHBIM METOAOM OBICTPOI AMATHOCTUKU MEJIMOUA03a U TToKa3aTelb HapacTaHUsI TUTPA aHTUTEJ B TapHbBIX
ChIBOPOTKAX SIBJSIETCS] BaXKHBIM KPUTEPUEM 1151 yCTAHOBJCHU S AMarHo3a. B cBsI3M ¢ 9TUM LieJblo HacTosI1el paboThI
OBLI PETPOCIIEKTUBHBIN aHANU3 JIUTEIbHOM TMHAMUKU aHTUTEIBHOIO OTBETA y MOTMOIIMX OT MEJIMOUI03a U KOH-
TaKTHBIX JKUBOTHBIX U3 BbeTHaMcKoro ueHTpa crnaceHus measeaeit (VBRC) u MonekynsipHO-TeHEeTUUECKU I aHAIn3
BBIICJICHHBIX IITaMMOB B. pseudomallei. OT TOrUOIIMX XXMBOTHBIX OB BBIACICHBI OaKTepralbHbIC KYJIBTYPhI, OMUH
mwtamMm (VP069) unentuduumposat Ha «Vitek 2» kak Burkholderia cepacia, 3 mramma (VP044, VP161 u VP200) — kak
B. pseudomallei. MeTonom mynsrumiaekcHoi [TLP moka3aHo, 4To Bce 4 mTaMMa SIBJISTFOTCS BO3OYIUTEIEM MEJTNOH-
J103a. MyJIbTHIIOKYCHOE CUKBEHC-TUIIMPOBaHUE 0Ka3auo0, 4yTo mraMmbl VP069 1 VP044 nMenn oguHAKOBBIA 1 10
HACTOSIIIEro BpeMEHU He ONMMCAHHBIN CUKBEHC-TUII, 0003HauyeHHbIA STnew, mramMel VP161 1 VP200 takxke ume-
au obuinit ST541, pacnipocTpaHeHHBIN Cpeau IITaMMOB, BbIIEJEHHBIX Ha ceBepe BbeTHaMma. UIeHTUYHOCTL BHYTPU
rap mTaMMOB ¢ ogMHakoBeIMU ST moaTBepxkaeHa TUMpoBaHueM 4221 JOKyCOB OCHOBHOro reHoma. [loydeHHBIe
JIaHHBIE MTO3BOJIUIN YCTAHOBUTH HEKJIOHAIbHBIN XapaKTep BCIBILIKY METUOUI03a C IBYMS pa3HbIMU UCTOUHUKAMU
nHdekuu. [IpoBeaeH peTpoCeKTUBHbBIN aHanu3 546 00pa31oB CHIBOPOTOK OT 226 MenBeeid. Bee morubinme ot Me-
JIMOU103a XKMBOTHBIE ObLIIM CEPONO3UTUBHBIMU B OTHOILIEHUU B. pseudomallei, cpenu uccienoBaHHbBIX 3M0POBbIX MEI-
BeJieil CEpOIO3UTUBHBIX 0Ka3aa0ch 24%. OOHapyXeHO, YTO Y JII0Jei U MeABEICH IPOCIeKMBACTCS 00ILAst TEHACHIIM S
IUHAMMKU aHTUTEJbHOTO OTBeTa. Tak Xe, KaK y JIofel y MeaBeeli Mpu 0aKTepUOJOrMYeCKH MOATBEPKICHHOM Me-
JIMOU03¢ HAOIIOAAI0Ch KaK MOBBIIIEHNE M CHUXXEHHUE TUTPA CBIBOPOTOK, TaK M HEM3MEHHBIM 1 TOCTATOYHO BBICO-
KW TUTP, YTO ITOKA3BIBAET AMArHOCTUIECKYIO Hed((PEKTUBHOCTD IMOKa3aTe g HapacTaHUS TUTPa aHTUTEN B TapHBIX
CHIBOPOTKAX IIPY MEITMOUI03E.

Karouesnie caosa: meauoudos, Burkholderia pseudomallei, anmumena, PHIA, munuposanue na ocnose WGS, eenomHbLil Had30p.
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ARETROSPECTIVE LONG-TERM ASSESSMENT OF ANTIBODY RESPONSE IN MELIOIDOSIS ANIMALS
Zakharova 1.B.?, Tereshko D.L.?, Chirskov P.R.?, Bui T.L.A.>, Thomson S.¢, Novitskaya I.V.?

“Volgograd Plague Control Research Institute, Federal Service for Surveillance on Consumers Rights Protection and Human
Wellbeing, Volgograd, Russian Federation

b Russian-Vietnamese Tropical Research and Technology Center, Hanoi, Vietnam

¢ Vietnam Bear Rescue Centre, Tam Dao National Park, Vietnam

Abstract. Melioidosis is an extremely fatal infection disease caused by the gram-negative bacterium Burkholderia
pseudomallei. The causative agent of melioidosis is an environmental saprophyte and has significant adaptive potential
allowing it to undergo rapid adaptation to a wide variety of ecological niches. The bacterium is a facultative intracellular
pathogen that can infect many animal species as well as humans. B. pseudomallei has no pronounced tropism for certain
tissues of the infected organism, which explains the diversity and non-specificity of clinical manifestations, the most
common of which are pneumonia with or without bacteremia and sepsis. This diagnosis is established on the basis
of laboratory test data; cultured pathogen isolation is considered the gold standard. The indirect hemagglutination test
remains a popular method for rapid melioidosis diagnostics, and increased paired serum antibody titer is an important
criterion for making a diagnosis. The purpose of this work was to conduct a retrospective analysis of the long-term
dynamic antibody response in Asiatic black bears that died from melioidosis and contact animals from the Vietnam Bear
Rescue Center as well as molecular genetic analysis of isolated B. pseudomallei strains. Bacterial cultures were isolated
from dead animals and identified by PCR as B. pseudomallei. Multilocus sequence typing showed that strains VP069
and VP044 had the same and hitherto undescribed sequence type (STnew), and strains VP161 and VP200 shared ST541.
The pairwise strain identity with the same ST was confirmed by a core genome multilocus sequence typing. A retrospective
analysis of 546 serum samples from 226 bears was carried out. All animals that died from melioidosis were seropositive
for B. pseudomallei. Among the healthy bears studied, 24% were seropositive. It was found that in humans and bears there
is a general trend in the dynamics of the antibody response. Similar to humans, bears with bacteriologically confirmed
melioidosis were observed to have both higher and lower serum antibody titer, as well as a constant and fairly high titer,

which shows the diagnostic ineffectiveness elevated paired serum antibody titer in melioidosis.

Key words: melioidosis, Burkholderia pseudomallei, antibodies, IHA, WGS-based typing, molecular surveillance.

BeepgeHue

Mennouno3 — MHQPEKIMS C BHICOKON JieTallb-
HOCTBIO, BbI3bIBacMasi IpaMOTPMULATEILHON Oak-
Tepueit B. pseudomallei. Bo30ynuTenb Meanounosa
MO CBOEI Ipupoae SIBJsIeTCs canpo@UTOM U 00-
JlaiaeT 3HAYUTEJIbHBIM aJallTallMOHHBIM IOTEH-
1IMaJIoM, ITO3BOJISIONIEM 3aHMMAaThb caMble Pa3HO-
o0Opa3Hble S5KOJOrMYeCKMe HUIIM — OT IIOYBbI
o 4dejioBeka. baktepus sBiseTcss (akyJbTaTUB-
HBIM BHYTPUKJIETOYHBIM MATOT€HOM U CIIOCOOHA
MHOULIMPOBATh NPAaKTUYECKU BCE KJIACChl MO3BO-
HOYHBIX >XKMBOTHBIX. Bo30OymuTenb Menuoumosa
He o00JamaeT BbIpaxK€HHBIM TPOIIM3MOM K OIIpe-
JIeJICHHBIM TKaHsSM MakKpoopraHusma, 4eM OoO0y-
CJIOBJIEHA Pa3HOOOPAa3HOCTh M Hecelu(pUIHOCTh
KJIMHMYECKUX ITPOSBJICHUI, Hamboyiee 4acTbIMU
13 KOTOPBIX SIBJISIIOTCSI IHEBMOHMSI ¢ OaKTepUeMU-
et (uam 6e3 Hee) U CeICUC.

B ecTtecTBeHHBIX ycaoBUsIX B. pseudomallei pac-
MPOCTPpaHEHA B TPOIMUYECKMX U CYOTPOIMUYSCKUX
osicax BCeX KOHTMHEHTOB U e€¢ apeaJll IIOCTOSIHHO
pacmupsiercda. Tak, 3a mocliegHue 5 JIET CIIHMCOK
SHAEMUYHBIX MO MEJIUOUAO03Y CTPAH IOIOJHUIICA
12 HoBbIMU cTpaHamu Adpuku, Azuu, OKkeaHUU
n CesepHoii AMmepuku [1]. TlopaBisromee 60Jb-
LIMHCTBO SHASMUYHBIX IO MEJIMOUA03Y CTPaH SIB-
JISIIOTCSI TTOMYJISIPHBIMU JJISI TYPU3Ma, YTO, HAPsIoy
C BKCIIOPTOM TOBApPOB 1 XX MBOTHBIX, SIBJISICTCS IIPU-
YUHOU PEeryJsipHbIX 3aHOCOB MH(MEKIINM Ha HEDH-

neMuuYHble Tepputopuun. B Poccuu 3apeructpupo-
BaH €AMHCTBEHHBIW 3aBO3HOM CJIy4aidi MEJIMOUA03a
u3 Tausianga, 4To, yYUThIBasl CTAaTUCTUKY POCCUTI-
CKOro Typu3Ma U JaHHbIE O 3aHOCAaX MEJMOUJI03a
B ApYTrUe CTpaHbl, HE COOTBETCTBYET pPEaIbHOCTH,
MOCKOJbKY MEJIMOMI03 B Hallleil cTpaHe Majlou3-
BECTEH M HE paccMaTpuBaeTCs MPU JMATHOCTUKE
JINXOPAJIOK HESICHOU 2TUOJIOTUM.

B cuny paszHooOpasus KJIMHUYECKUX MPOSIB-
JIEHUIA MeJMoua03a 3TOT AUMArHo3 BO BCEM MUPE
YCTaHaBJMBAETCSl HA OCHOBAaHUHU J1aOOPATOPHBIX
uccleJOoBaHUI, B 00s3aTe/IbHbII MepeyeHb KOTO-
PbIX BXOJSIT OAKTEPUOJOTUYECKU T, MOJIEKYISIPHO-
TE€HETUYECKUI U UMMYHOJIOTUUYECKU I aHAJIU3.

PonpanTuTen B bopMupoBaHUU QYHKIIMOHATb-
HOTO UMMYHUTETA K MEJIMOUA03Y HEOJHO3HAUYHA,
MOCKOJbKY JAaKe IMPU HAaJIUYUU BBICOKUX YPOBHE
AHTHUTE BO3MOXKHO IMTOBTOPHOE 3apakeHUe APYyTrUM
mrammoM. KpomMe Toro, mpu MeJIMOMU103€ OCTAET-
Csl HESICHBIM Itepuoja cepokonBepcuu. Okosno 30%
MallMeHTOB C KYJbTYypaJbHO MOATBEPXKJAEHHbBIM
MEJIMOMI030M B TEUCHUU 2 HEIeJb IOCJC TOCIH-
Taqu3aliu OCTAIOTCSl CEPOHETaTUBHBIMU U Y 3HA-
YUTEJbHON YaCTU CEPOKOHBEPCUM HE MTPOUCXOAUT
u B 6osiee mo3gHue cpoku [2]. Tem He menee PHTA
OCTaeTCs BOCTPeOOBAHHBIM METOAOM ObICTPOI AU~
arHOCTHU KU MEJIMOU103a U IMTOKa3aTeJib HapacTaHUSI
TUTPA AHTUTEJ B MApPHBIX CHIBOPOTKAX SIBJISIETCS
Ba>XHBIM KPUTEPUEM JIJI51 yCTAHOBJIEHU S JUArHO3a.
B cBs131 ¢ 3TUM LIe1bI0 HACTOSI e paOOTHI ObLIT pe-
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TPOCHEKTUBHBIN aHalu3 AJUTEIBHON TMHAMUKN
aHTUTEJBHOrO OTBETA y MOTMOIINX OT MEJIMOUI03a
1 KOHTaKTHBIX JKUBOTHBIX 13 BheTHaMCKOTO IeH-
Tpa crnacenus mensenein (VBRC) u monekymsip-
HO-TEHETUYECKM I aHaJIU3 BhIAEICHHBIX ITAMMOB
B. pseudomallei.

KuBOoTHBIE, CTaceHHBbIE C HeJeraJbHbIX (epM
MO TIOJYYCHUIO MEABEXbE XXETYM, COmepKaTCs
B VBRC B nosiyecTeCTBEHHBIX OTKPBIThIX BOJIbEpax
(oOweit momanbio okoyio 30 000 m?). Meaeasam
CO37aHbl ONITUMAJIbHBIC YCIOBHS, COOTBETCTBYIO-
Y MEXIYHAPOIHBIM 3TUYECKM HOpMaM, 1 00¢-
cTieYeH MOXM3HEHHBIN yXO/, B TOM YUCJIe BETEpU-
HapHBIA (https://www.animalsasia.org/intl/our-
work/bear-sanctuaries/vietnam-bear-sanctuary/
vietnam-bear-sanctuary.html).

IpoBeneH peTpOCHEKTUBHBIN aHaau3 546 06-
pasmoB CBIBOPOTOK OT 226 MeaBeaeii, 0TOOpaHHBIX
MpU MPOBEASHUU TIJIAHOBOT'O KOHTPOJ ST 300POBbS
XUBOTHBIX Briepuoa.c 2008 mo 2023 TT., XpaHUBII N X-
cs B Jlabopatopuu neHtpa npu —80°C. Peakuuio
HenpsiMoit remarmnotuHauuu (PHTA) craBunu
B MUKpPOBapUaHTEe C MIPUMEHEHUEM 3PUTPOLIUTAP-
HOT'O aHTUTEHHOTO MEJIMOUI03HOTO TUAaTHOCTUKY-
Ma, Kak omnurcaHo paHee [3]. UaeHTudukanuio Bbl-
JIEJICHHBIX OaKTepUaJIbHBIX KYJIBTYP MNPOBOAMUIM
Ha OMOXMMMUYECKOM aHanu3atope «Vitek 2» ¢ mc-
MOJB30BaHUEM KapT M1 UACHTU(PUKAITNY KINHU-
YeCKM 3HAYMMBIX TPaMOTPUIATEIBHBIX MaJloueK
VITEK® 2 GN (bioMerieux, @paHuusi) U METOAOM
I1ILP, onucanHoMm paHee [4]. BeimeneHHbIE HITAM-
MBI THnupoBanau mo cxemam MLST (7 xoHcep-
BaTUBHBIX JIOKYCOB) [5, 6] u cgMLST (4221 nokyc
OCHOBHOTO TeHoma) [7] ¢ HUChoJib30BAaHUEM WH-
cTpyMeHTapus 6a3bl maHHbIX PubMLST (https://
pubmlst.org).

B reuenme nByx mecaneB 2020 . 8 VBRC ¢ ipu-
3HaKaMM 0aKTepuajbHOTO cercruca noruonau 4 yep-
HBIX a3uMaTcKux MeaBenst (yueTHblie HoMepa V069,
V044, V161 u V200). 2KuBOTHBIE K MOMEHTY MaHM-
decTany MHOEKOINN HAXOOUINCH B IIEHTPE OT 2
1o 10 JyieT, BO3pacT K MOMEHTY TUOEJIU XKUBOTHBIX
coctanisia 17—19 net, To ecTh y BCeX MPUCYTCTBO-
BaJl BO3pAacTHOM (paKTOP, ABJISIOMIMIACS AJIs Ttoaei
npeapacrnojaraloliuM K Pa3BUTHIO MEINOMO03a.
ITatomopdonoruueckass KapTuHa y Bcex IOTUO-
IIMX MeABee Obljla CXOMHOW — MHOXECTBEHHBIE
abclecchl IIeYeH U, CeJIe3eHKU, THOMHBIN repruKap-
JINT, JISTOYHOE KPOBOTEUCHME, UYTO XapaKTSPHO IS
MEJIMou103a.

OT morudIKMX >XKMBOTHBIX ObLIU BblIEJIEHBI OaK-
TepuajabHbIe KYJIbTYpbl — mtammM VP069 naeHTrdu-
nupoBaHHa «Vitek 2» kak Burkholderia cepacia, mTam-
Mbl VP044, VP161 u VP200 — kak B. pseudomallei.
Metogom mynbTuniekcHoi IILP mokazaHo, 4yTo
Bce 4 mTamma saBisitoTes B. pseudomallei. J151s1 BHY-
TPUBUIOBOI'O TUITMPOBAHU S NCTIOJIH30BAJIM IIIOTTaH
TOJTHOTEHOMHBIE TIOCJIEIOBATEIbHOCTU, JETIOHU-
poBaHHble paHee B GenBank NCBI (Homepa mo-

ctyna — JAOZIV000000000, JAOZIU000000000,
JAOZITO000000000, JAOZIS000000000). MynbTu-
JIOKyCHOe cuKBeHc tumnupoBaHme (MLST) moka-
3a710, 4To mraMMbl VP069 n VP044 umenu onuHa-
KOBBIIl, paHee He omucaHHbIA cukBeHc-TUI (ST),
mramMmMmbl VP161 u VP200 takxke mMenu oOIIMiA
ST541. To ectb ABe Tapbl MeaBeAei ObIIU MHPU-
OMPOBaHBI Pa3HBIMU IITaMMaMHu. MOCHTUYHOCTH
BHyTpu mnap 1mtammoB VP044/VP069 u VP044/
VP069 6bi1a moaTBepxkaeHa cgMLST — mramMMbl
VP044 u VP069 ortauyanuch Bcero 1o 4 jgoKycam
u3 4221 (BPSEU00110, BPSEU03110, BPSEU25620,
BPSEU25835) mrtammer VP161 u VP200 — 1o 5
(BPSEU08565, BPSEU28315, BPSEU25620,
BPSEU22515, BPSEU19005). [TonyyeHHbBIC TaHHBIC
TMO3BOJIMIN YCTAHOBUTH HEKJIOHAIBHBINM XapaKTep
BCITBIIIIKY MEJTMOMI03a C JABYMsI Pa3HbIMU MCTOY-
HUKaMU UHGDEKIIUU.

Ha Hanuuyue aHTUTEN K BO3OYAMTEIIO MEIUO-
WI03a WMCCeIOoBali ITapHBIC CHIBOPOTKH OT 215
JKUBOTHBIX 0€3 KJIMHUYECKUX IMPU3HAKOB MH(MEK-
uuu 1 11 morubmmx, B TOM yuncie 4-x ¢ 6akTepuo-
JIOTUYECKY MOATBEPKACHHBIM MEJIMOUI030M U 7-1
¢ TaToMopdOJIOTUISCKUMHU XapaKTepUCTUKAMMU,
MO3BOJISTIOIIUMHU 3aTIOA03PUTh MeJITUOU03 (baKTe-
PUOJIOTUYECKOE HCCAeA0BaHWe HEe MPOBOAMUJIOCSH,
npuroaHsblii nias anaausa B [1LIP maTtepuan orcyT-
ctBoBai). Cpeau 3M0pOBBIX XKUBOTHBIX CEPOTTO3U-
TUBHBIX (C TUTPOM ChIBOPOTOK 1:320 1 BbIIIE) OKa-
3aJI0Ch 55 ocobeii (24%).

Bce mnoruOiive oT MeJrMouao3a KUBOTHBIC
OBIM CEPOMO3UTUBHBIMU — THUTPHI ITOCICTHUX
OTOOpaHHBIX CBIBOPOTOK BapbupoBaiu ot 1:320
no 1:5120. IMpuyem y ABYX U3 HUX B JOJTOCPOYHOM
nuHamuke (2—10 yeT) oTMe4eHO MOBBILLIEHUE THU-
Tpa, y OOHOTO TUTP OCTaBaJICsI HEM3MEHHBIM, eIlle
Yy OTHOTO HaOJIIomaln TPaH3UTOPHYIO CepopeBep-
cuto (puc. 1, A). Cpenu XKUBOTHBIX C MMOAO3PEHU-
€M Ha MEJIMOUI03 TUTPHI MOCIEIHUX OTOOPaAHHBIX
CBIBOPOTOK BapbupoBayu ot 1:640 go 1:5120, ¢ te-
YeHUEM BPEMEHHU B 5 cIydasiX HaOII0daa0Ch ITOBBI-
LIIEHUe TUTpPA, B ABYX — CHUXeHue (puc. 1, b).

Cepono3uTUBHBIX B OTHOLIEHUU B. pseudomallei
Cpeau HMCCIIeNOBAaHHBIX 3MO0POBBIX MEIBEICH OKa-
3ayioch 24%, 4TO BBINIE, YeM Y TMKUX Makak (14%)
B Taunanne [§]. BoaMoXHO, 9TO oTpazkaeT pa3jiny-
HYIO BUAOBYIO BOCIPUMMUYMBOCTb K MEJHMOUIO-
3y. Takxke Heb3sl MCKJIoUaTh TePpPUTOPHUAIBbHBIN
daKTop, ITOCKOJIbKY Y 3IOPOBOI'0 HACEJICHUS SH/IC -
MUYHBIX TIO MEJIMOUI03Y CTPaH YPOBEHb CEPOITO-
3UTUBHOCTU TakxXe oTiandaercss — 30% Ha ceBepe
Brernama, 20% B Unauu u 38% B Taunange [2, 3,
9]. Borpoc, sIBisieTCsI TW CEPOITIO3UTUBHOCTD MPO-
TUB B. pseudomallei xax y 310pOBbIX JiloAel, Tak
My XMBOTHBIX ITOKa3aTeJieM JIaTEeHTHOW MHMeK-
LIUU UJIM UMMYHUTETA MOCJe TEePEeHECEHHOro 3a-
0oJIeBaHMSI, OCTAETCI OTKPBITHIM [2].

W3yyeHne NJIMTENbHON TUHAMUKHU aHTUTEIb-
HOro OTBeTa MpU MEJUOMIO03e Yy JIIonel 3aTpyl-
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Figure. Dynamics of the antibody response in dead animals: A — with bacteriologically confirmed melioidosis,

B — with suspected melioidosis

HUTEJIbHO, MAaKCUMaJbHBI CPOK HAOIIOICHUS
3a BbIKUBIIMMU MallMEHTAMM COCTaBISAN 52 Hede-
. CBIBOPOTKM OT MEIBEei OTOMpaiu B TeUeHUE
2—10 5eT, 4TO TO3BOJIUJIO PETPOCHEKTUBHO Olie-
HUTb ITUHAMUKY YPOBHS aHTUTEN K B. pseudomallei
B TeUYeHUEe IJUTeIbHOro BpemeHu. OOHApyKEHO,
4TO y JIIOAEN M MeaBeleil MpoCiekuBaeTCs 00-
mast TCHICHIWS OUHAMHUKHA aHTHUTEJIBbHOTO OTBE-
Ta. B oboux ciyyassx peakiuss MakpoOpraHu3Ma
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nPOAYKUUA NPOBOCHNAJIUTEJIbHbIX
LUUWTOKUHOB B OTBET HA CTUMYNIFLUIO
AOFE3UPYIOLLUXCH KJIETOK
ANOHOPCKOW KPOBU PACTBOPUMbIM JINC
N GATOUNTUPYEMbBIMU BAKTEPUAMMU

E.B. JIvicakoBa, C.A. Prionos, B.1IO. Tomakos

AHO BO Hayuno-mexnonoeuueckuii ynusepcumem «Cupuyc», Pedepanvras meppumopus «Cupuyc», Kpacnooapckuii kpaii, Poccus

Pe3iome. MojiennpoBaHe BOCIIAIUTENBHBIX TTPOIIECCOB ITOCPEICTBOM CIIEITU(UIECKON CTUMYJIISIIIMY PEIIETITOPOB CH-
CTeMBI BPOXICHHOTO MMMYHHUTETA IIMPOKO MCITONB3yeTCcsd KaK B MCCICHOBAHUAX (PyHIAMEHTAJIBHBIX MEXaHU3MOB
BOCHAJICHNSI, TaK ¥ IIPH pa3paboOTKe MPOTHUBOBOCIIAINUTEIbHBIX TIPEapaToB. PelenTopbl BpOXKICHHOTO UMMYHUTE-
Ta pa3nessIioT Ha aBe rpynibl. [lepByio rpyIimy o0pasyioT pelenTopsl, pacrojaralollrecs Ha Mia3MaTuieckoil MeM-
OpaHe KJeTKU U Ha MeMOpaHax sHIocoM. K takuM perentopaM oTHocAT Toll-mogooneie peuentopsl (TLRs, Toll-like
receptors) M JISKTMHOBBIE pelieniTophl C-Tuma. BTopyio TpyImy IpeacTaBsSIOT IUTOILIaA3MAaTHIECKUE PELEeHTOPHI,
WTparoIIne 0COOYIO POJTb IIPH paCIiO3HABAHUY ITPUCYTCTBHS MTATOT¢HOB (MJIW UX IIPOIYKTOB) BHYTPH IIUTOILIA3MBI KJIC-
tok. K nuronnasmatnueckum peuentopam oTHocaT NOD-nogo6Hbie peuentopsl (NOD-like receptors, NLRs), RIG-
I-mopo6nsie peuentopnl (RIG-I-like receptors, RLRs), nuro3onsubiit JIHK-cencop cGAS, a takxke peuentop Aim2
(absent in melanoma 2). Hanbosee 4acTo MCMOAb3yeMbIM CITOCOOOM MHIYKIMU BOCITAIUTENbHBIX TPOLIECCOB B Pa3Iny-
HBIX 3KCTIEPUMEHTATbHBIX MOIEISIX SBISETCS CTUMYJISIIMS UMMYHHOTO OTBETa MYTEM BBEICHUSI OUYMIIICHHbIX OaKTe-
puaabHbIX aunonoaucaxapuaoB (JITIC) uau npyrux MUKpoOHBIX MoJieKy/. B HacToseit paboTe cpaBHMBAJICS OTBET
JIEHKOIIMTOB TiepuepruuecKoit KPOBU JOHOPOB Ha CTUMYJISILIMIO PACTBOPUMBIM BhicoKoouunieHHbIM JITIC rpamMoTpu-
LIaTeJIbHBIX OaKTePUil C OTBETOM, MHAYIIMPOBAHHBIM (PUKCUPOBAaHHBIMU OaKkTepusiMu E. coli. iccnenoBaHus mokasanu,
yT0 JITIC 1 6akTepuy UHAYLUPYIOT CXOAHBIE YPOBHU MPOAYKIIMU ITPOBOCIANUTENbHBIX IUTOKUHOB, TaK1X Kak TNF
n IL-6, B To Bpemst kak Hu JITIC, HU LeabHBIE GakTepry He BbI3bIBAIM M3MepuMoit mponykimu [FNy anresupoBaH-
HBIMH JieiikoruTamu. [Ipoxykums uuTokuHoB B oTBeT Ha JITIC u 6akTepuu pe3Ko pa3audanach B UyBCTBUTEIBHOCTH
K TLR-MHru6uTOpY MIMPOKOro crieKrpa aeictBus, nentugy SR667. JJTIC-ctuMynrpoBaHHas IPOLYKIMS LIMTOKMHOB,
KaK ¥ OXKHUIaJI0Ch, ObLIIa BHICOKOUYBCTBUTEIbPHA K MHTOMPOBAHUIO TIEITUIOM, TOTIa KaK IPOAYKIIHS, CTUMYIUPOBAH-
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Hast KOPITYCKYJISIDHBIMU OaKTepUsIMU, He MHTMOMPOBaiach. AHaIU3 (haroluTapHOl aKTUBHOCTH KJIETOK KPOBH C TTO-
MOIIIbIO METOIA TPOTOYHOM IIMTOMETPU Y ToKazaJs, uTo T LR-010Kkupyomimii menTuI He BAUSIT Ha CIOCOOHOCTH JICHKO-
LIUTOB KpoBHU (harouutupoBath E. coli. [TockonbKy n3BecTHo, 4To nentun SR667 onokupyet psin TLRs, akTMBUpyeMbIX
npu 6akTepuaabHbIX HHMeKk1usX, Bkaovyass TLR4, TLRS u TLRY, nony4yeHHbIe faHHbBIE, a TAKXKE aHAJIU3 JIUTEPaTypPbl
yKa3bIBAIOT HA CYILECTBEHHbII BKJIa LIMTOIJIA3MaTUUECKMX PELEITOPOB CUCTEMbI BPOXKIEHHOTO MMMYHHUTETA (B YacT-
Hoctu peuentopoB NOD1 1 NOD2) B MHAYKLIMIO MPOAYKLIMY ITPOBOCIATIUTENbHBIX IMTOKMHOB (DarouuTamMu rnpu 6ak-
TepuanbHbIX MHOEKMX. [ToayyeHHbIe pe3yabTaThl yKa3blBalOT Ha CYILIECTBEHHbIC Pa3IMUMsI MEXaHU3MOB MHIYKIIUU
LMTOKUHOB MPHU CTUMYJIAILMU pacTBOpUMbIM JITIC 1 KOpmycKyJIsIpHBIMU OaKTEpUSIMU, a TaKKe TIO3BOJISIOT MPEIIO-
KHMTh CMIOCO0 MOJEIMPOBAHNU S BOCIIAJUTEIbHBIX MPOIIECCOB C MCIOb30BaHMEM LIENTbHBIX (DUKCUPOBAHHBIX OAKTEPUii
B KaueCTBe JOMOJTHEHUS K MOMEISIM, MCIIONb3YIOUIUM PaCTBOPUMEBIe OaKTepuabHbIe IIPONYKTHI, s 00jIee IMOJHOTO
OTpakeHUs MEXaHM3MOB UMMYHHOT'O OTBETa Ha OaKTepualbHble MHPEKIINHU.

Karouesvie caosa: ghacoyumos, 6axkmepuu, JII1C, demexyus namoeenos, npooykuus yumokuros, uneuobumopwt Toll-nodobnwix
peuenmopos.

PROINFLAMMATORY CYTOKINE PRODUCTION BY ADHERENT DONOR BLOOD CELLS
STIMULATED BY SOLUBLE LPS AND PHAGOCYTED BACTERIA
Lysakova E.V., Rybtsov S.A., Toshchakov V.Yu.

Sirius University of Science and Technology, Sirius Federal Territory, Krasnodar Region, Russian Federation

Abstract. Specific stimulation of receptors of the innate immune system by their purified ligands is commonly used in basic
studiesofinflammation andin the development of anti-inflammatory drugs. Based onlocation, receptors of the innate immunity
can be classified into two groups: i) cell plasma membrane and on membranes of endosomes (Toll-like receptors (TLRs) and
C-type lectin receptors), and recognizing the presence of pathogens in the extracellular space; ii) cytoplasmic sensors playing
a special role in the recognition of intracellular pathogens (NOD-like receptors (NLRs), RIG-I-like receptors (RLRs),
bacterial DNA sensor cGAS, and Aim?2 (absent in melanoma 2). Many experimental models of inflammation use bacterial
lipopolysaccharides (LPSs) or other purified microbial molecules to simulate the innate immune response to microbes. In the
present study, the response of human blood leukocytes to stimulation with soluble, highly purified LPS from gram-negative
bacteria was compared with that induced by formalin-fixed, corpuscular E. coli. The data obtained demonstrate that LPS and
bacteria induce similar levels of TNF and IL-6 by plastic-adherent leukocytes, whereas neither LPS nor whole bacteria induce
a measurable IFNy production. The LPS- and bacteria-induced cytokine production, however, drastically differed in the
sensitivity to a broad-spectrum TLR inhibitor, peptide 5R667. The LPS-stimulated human leukocyte cytokine production,
as expected, was highly sensitive to inhibition by the peptide, whereas production stimulated by corpuscular bacteria was not.
The TLR-blocking peptide did not affect the ability of blood leukocytes to phagocytose E. coli as shown by flow cytometry data
obtained using FITC-stained fixed bacteria. Because peptide SR667 blocks several TLRs, including TLR4, TLR5, and TLR9Y,
the differential sensitivity of LPS- and bacteria-induced cytokine production to 5SR667 suggests that the intracellular pathogen
sensors, most likely NODI and/or NOD2, essentially contribute to the bacteria-induced cytokine induction. These results
show that LPS and phagocyted bacteria induce cytokine production via different mechanisms and also suggest that the models
with corpuscular bacteria for simulating bacterially induced inflammation complement the models that using soluble TLR
ligands; therefore, both models should be applied to properly reflect anti-bacterial immune response.

Key words: phagocytosis, bacteria, LPS, pathogen sensing, cytokine production, TLR inhibitors.

Beepnexne

CucreMa BpOXXJIEHHOIO MMMYHUTETa paclio3HaeT
MPUCYTCTBUE MATOI€HHBIX MMKPOOPraHU3MOB IO-
CPEICTBOM IIIMPOKOro Habopa pelernTOPOB, KasK IbIi
U3 KOTOPBIX aKTUBUPYETCS OMPeNeJIeHHBIM KJIaCCOM
MUKpPOOHBIX MoJieKya [3]. CTpyKTypHble MOTHUBHI,
XapaKTepHbIC 1T MUKPOOHBIX MOJIEKYJI, pacIio3Ha-
BaeMbIX peleNToOpaMy BPOXICHHOIO UMMYHUTETA,
Ha3bIBAIOT I1aTOr€H-aCCOLIMMPOBAHHBIMU MOJIEKY-
asgpHbiMu cTpyktypamu (ITAMC) (ot aHTIMIACKOTO
TepMHuHa «pathogen-associated molecular patterns»).
PeriennTopsl BpOXXKIEHHOIO MMMYHMTETa pasaesi-
IOT Ha JBE TPYIIIThl HA OCHOBAHUM UX JIOKAJTU3AINU.
PeuenTopsl, pacnonararomiuvecsi Ha Tia3MaTuyec-
KOl MeMOpaHe KJETKHM, a TakXe Ha MeMOpaHax

SHIOCOM, O0Opa3yloT MEPBYIO TpyMy. DTa Trpyliia
BKJIIOYAeT B ce0s1 cemeiicTBa Toll-momoOHBIX periern-
TopoB (TLR) m nmekTuHOBBIX pelienTtopoB C-Tumna.
Penientopsl aTux ceMmeiicTB aktuBupyorcs [TAMC,
pacriojlarajolMMUCs BO BHEKJICTOYHOM ITPOCTpPaH-
CTBE, a TaKxKe SHJI0COMAaJIbHO PacIiojiaraloiiuMUCS
HYKJICUMHOBBIMM KHUCJIOTaMHU OaKTEpPUAJILHOTO WU
BUPYCHOTO mNpoucxoxaeHus: [5]. Bropas rpymnmna
MUKpPOOHBIX CEHCOpPOB oOpa3oBaHa IUTOIIa3Ma-
TUYECKMMU pPEeLEeNTOPaMM Pa3IMUHbIX OEJTKOBBIX
ceMelcTB 1 BKJtodaeT B cedost NOD-nono6HbBIe pe-
nentopel  (NLRs), RIG-I-mogoOHBIE pelenTo-
pel (RLRs), murozonpHbiii JIHK-cencop cGAS,
a Tak:ke perentop Aim2 (absent in melanoma 2) [8].
OcHoBHas1 (GPyHKLUS PELENTOPOB IUTOIIa3Ma-
TUYECKOM TPYMITbl 3aKJII0YaeTcss B OOHApyKCHUU
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TTAMC B uuto3zoJjie kjaetok. RLRs akTuBupyorcs
BUPYCHBIMU HYKJEMHOBBIMU KHUCJIOTaMU, Aim?2 ak-
TUBHUpYeTcsl 6akTepuaibHOW U BupycHoi JITHK [8].
D dexkTopHble MeXaHM3MBbl, 3allyckKaeMble LIHUTO-
MJa3MaTUYeCKMMU pelenTopaMu, pPa3HOOOpPa3HbI
M BKJIIOUAIOT B €051 aKTUBALIMIO MPOTHUBOBUPYCHOTO
WUMMYHUTETAa MOCPEICTBOM aKTHUBALIMW TTPOLYKIIUU
UHTEeP(PEpoOHOB, IPOTEOJTUTUYECKOE CO3PEBaAHUE
uHTtepyielikuHoB IL-1 u IL-18 B ux 3penble, cexpe-
TUpyeMble (OPMbI, UHAYKIIUIO Pa3IUYHBIX (HOpM
NpOrpaMMUPYEMON  KJIETOYHOW CMEPTU TOCPEN-
CTBOM aKTHUBAIllMU Kacras, a TakxXe Apyrue, doJiee
cnenuaausnupoBaHHbie pyHkimu [1, 5]. Hekotopsie
NLRs, Hanpumep NODI u NOD2, BBINOJHSIOT
dbyHkuuu aHajorunyHble GyHkiusaM TLRs, Tak kak
9TU PELENTOPbl aKTUBUPYIOT TPAHCKPUIIIIMOHHbBIE
dakTtopsl cemeiictBa NF-KB 1 MUTOreH-akTUBUPY-
emble mpoTenH kuHa3bl (MAIIK), TeM caMbiM UH-
NYyUUpysl MPOAYKIIMIO IIUTOKMHOB KJIETKOU-XO35U-
HoM [1]. NODI1 u NOD2 pacrno3HaioT MOJIEKYIsIpHbIE
MOTMBBI NENTUIOTJIMKAHOB KJIETOUHOU CTEHKU KaK
TPaMITOJIOKUTEIbHbBIX, TaK U I'PaMOTPULIATEIbHBIX
OakTepuil, Urpasi BaKHYy10 pojb B (pOpMUPOBAHUU
MMMYHHOTO OTBeTa Ha 00a 3TH KJjiacca baKkTepuaib-
HbIX maToreHoB [1]. [lenTuaormuKaHbl HE SIBASIOTCS
enMHCTBeHHBbIM KjaccoM TTAMC, criocoOHBIX ak-
tuBupoBaTh NODI1 u NOD2, oaTu peuenTopbl TakKe
MOTYT aKTUBUPOBATbCSl OaKTepUaJibHbIMU (P dhek-
TOpaMu OEJTKOBOU MPUPOMBI, a TaKXKE DHIOTEHHbI-
Mu MoJiekynamu [6]. NODI u NOD2 npucyTcTBy-
IOT B KJIeTKaX pa3auyHbix TUIOB [10], B yacTHOCTH,
NOD2 0ocob6eHHO 00MJIbHO 3KCITPECCUPYETCS MOHO-
HUuTaMu nepudepudeckoit Kposu [9].

Llutornia3zMaTruyecKure peLernTopbl BpOXISHHOMI
MUMMYHHOU CHUCTEMBbI UTPAIOT BaXXHYIO pOJib B pac-
MO3HaBaHUU MAaTOT€HHbBIX BUPYCOB U OAKTEPUA, pe-
TMJIMKAIIMOHHBIN IUKJT KOTOPBIX TPOTEKAET B LIMTO-
Jji1azMe syKapuoTudeckux kjaetok [8]. Kpome Toro,
LU TOIJIa3MaTUYEeCKHE CEHCOPbl MaTOrN€HOB BaXKHbI
U 151 pacno3HaBaHUsI OaKTepUil, HE CITOCOOHBIX
K BbIXOAYy U3 (parocoM, HO B 3HAUYMUTEJIbHOI Mepe
9JIUMUHUPYIOLIUXCS MOCPEACTBOM haronurosa [1,
15]. MexaHusmbl, mocpeactBoM kKotopbix ITAMC
darouTUpyeMbix O6akTepuil momagaroT U3 daro-
COM B LIMTOILJIa3My, OCTAIOTCSI MPEAMETOM U3y4ye-
Hus. B mutepaType paccMmarpuBaeTcsl Kak ImpocTast
TpaHcMeMOpaHHag yTeuka [TAMC u3 parocom, Tak
U yyacTue 0aKTepualbHbIX TPAHCIIOPTHBIX CUCTEM
B TakoM nepeHoce [1]. B Hacrtosiiiee Bpemsi pac-
MPOCTPAHEHO MPEeNCTaBJIECHUE O KOOMEePaTUBHOCTU
ydyacTuss MeMOpaHHBIX W IMTOIJIa3MaTUYEeCKUX
peLenTopoB B GOPMUPOBAHUU UMMYHHOTO OTBETa
Ha (arouuTupyembie 6akTepuu [15], a Takke pac-
TET MMOHUMAaHUE PA3JTUYUN B MOCIECACTBUSIX aKTHU-
BallMU KJETOK UMMYHHOI CUCTEMbI paCTBOPUMBbI-
mu [TAMC u KopnycKyJasipHbIMU, (haroluTupye-
MbIMU OaKTepusMu [2].

Ilepenavya curHaima akTUBUpPOBaHHBIMU Toll-
NOAOOHBIMU pEUEeNnTOPaMU ITPOUCXOAUT 3a CUET

0e/I0OK-0EeJTKOBBIX  B3aUMOJCUCTBUI, OCYIIECT-
BiasieMblx TIR-moMeHamMu, TIPUCYTCTBYIOLIUMU
Kak Bo Bcex TLRs, Tak u B amanTepHbIX OeJikax,
pekpytupyeMbix K TLRs npu aktuBauuu [5, 14].
braokupoBka B3aumoneiictBuii TIR-gomeHoB mern-
TUAAMU, MPOUCXOASIIMMU U3 CAUTOB, OCYIIECT-
BJISIIOLIMX CUTHAJI-3aBUCUMBbIe OEJIKOBBIE B3aMO-
NecTBUS, sBJsieTcd 2(PGdEKTUBHONU cTpaTeruen
pa3zpabotku uHruoutopoB TLR [11, 12]. Tlentun,
COOTBETCTBYIOLIUUI TPEThEMY CITUPATILHOMY yUacT-
Ky TIR-nomena TLRS u cuHTe3MpOBaHHBI BMECTE
C MENTUIHBIM BEKTOPOM, 00€CeYuBaIOIIUM MPO-
HUKHOBEHUE BCeil KOHCTPYKIIUU B KJIETKY (MeNTU
5R667), sBasieTcsi MyJAbTUCITEHUMUUHBIM HHIU-
outopoMm TLR, cnocoOGHbIM nHrubuponatb TLRS,
TLR4, TLR2, u TLRY, Ho He TLR7 uau TLRS [4].
B Hacrosiliem wuccienoBaHUU ObLIO H3YYEHO
BAusHUE nentuaa 5R667 Ha ¢arouuTapHylo CIo-
COOHOCTh I'paHyJIOLIMTOB U MOHOLIUTOB nepudepu-
YyecKoi KpoBu TOHOPOB. CpaBHUBAIU JIeHKOLIUTaAP-
HYIO0 TPOAYKIIMIO IIUTOKWHOB, WHAYLMPOBAHHYIO
BbIcOKoouMIIeHHBIM JITIC, ¢ TakoBo#t, UHAYLUPO-
BaHHOUW (arolUuTUpyeMbIMU, GOUKCUPOBAHHBIMU
rpaMOTpUIIATEIbHBIMU OaKTEPUSIMU, a TakkKe dP-
dexTrl TLR-6s0KMpyIOLIEro nentruaa Ha NpoayK-
LU0 IUTOKUHOB Mpu ctumyasuuu kak JITIC, tak
U darouuTUupyeMbiMu O0akTepusiMu. [logyueHHbIe
pe3yJbTaThl YKa3bIBAIOT Ha CYIIECTBEHHbIE pa3Jiu-
4us B MEXaHU3Max peakiuu jerikouutoB Ha JITIC
U Ha (arouuTUpyemble OaKTepUU, YTO BBISIBISIET
HEMOJHOTY MOJEJIUPOBAaHUS OTBETa UMMYHHOU
CUCTEMBbI Ha OaKTepuabHble UHPEKIIUU UCKTIOUU-
TeJbHO BbICOKOOUMIIeHHbIMU TLR-aronucramu.

Matepuanbl n MeTodb!

ITloayuenue npob donopckoil kposu. 3abop obpa3s-
OB TiepruepPUIECKON KPOBU IIPOM3BOIMIICS C TIO-
MOIIIBIO CHUCTEMBI IS BaKyyMHOTO B3SITUS Be-
HO3HOI KPOBHM YCJIOBHO 3IOPOBBIX TOOPOBOJBIICB
B TCIMapUMHU3MPOBAHHBIC IIPOOMPKMN BaKyTCITHEPHI
(XummencHa0, Poccust) B MeIITyHKTe YHUBEpPCUTETA
«Cupnyc» KBanmu(pUIUPOBAHHBIM IIEPCOHAJIOM.
HemocpenctBeHHO mocie 3abopa TIPOM3BOMMIICS
OHUTOJIOTUYSCKUU aHAJIN3 KPOBU HAa TEMOIIUTOMETPE
«Celltac MEK-7300K» (Nihon Kohden, Smoxmust).

Onpedenenue ¢hazoyumapHoil aKkmueHocmu aeli-
Koyumos. st onipeneacHUs (paronmTapHO aKTUB-
HOCTHU JIeKoIIUTOB K 100 MKJI IeJIbHO# KPOBU, KOH-
TPOJILHOM MJIN TpeaoOpaboTaHHOM renTuaoM SR667
B KOHeuHO# KoHueHTpauuu 10, 20 uau 40 MmxM
B TeueHue 30 MUH, no0aBiIsIIu (PUKCUPOBAHHEIE,
KoHBIoTMpoBaHHBIe ¢ dayopecuernHoMm (FITC)
oaktepuu E. coli (urtamm DHS5a) B cooTHomie-
HUU JleiikouuThl:0akTepuun 1:20. dukcupoBaHHBIE
¥ KOHBIOTMPOBAaHHBIC OAKTEPU U OBIJIN ITPUTOTOBJIC-
HBI COTJIACHO paHee OIy0JIMKOBaHHOI MeToauke [7].
Ilocne nobGaBineHus1 baKTepuii aTMKBOTbI KPOBU MH-
KyOupoBau B TedeHue yaca B armocdepe 5% CO,
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npu 37°C. Tlo oKOHYaHUU MHKYOAlUU 3PUTPOLIU-
Thl Au3upoBaiu BD Pharm Lyse 6ydepoM no mpo-
Tokosiy mpousBoauteisi (BD Biosciences, CIIA).
AHaiu3 Ha (arouuTapHyl aKTUBHOCTD JIEHKOLI M-
TOB MPOBOAUIMU HA MIPOTOYHOM LIUTOMJIYOPUMETPE
BD LSRFortessa kak orucaHo paHee [7].
Onpedenenue npooyKyuu npoeoCnalUMeNbHbIX UU-
moxunoe. O0pa3libl KPOBU pacrpeaessiau no 250 Mk
HaJYHKY B 48-TyHOUHBIE KYJIBTYypaJbHbIE ITAHIIEThI
(NEST, KuTail) 1 ”HKyOupoBaJu B TEUEHUE 2 U B aT-
Mochepe 5% CO, npu 37°C. [lo OKOHYAHUU UHKY-
OanMy KpoBb acOUPUPOBAIU, U aAre3MPOBaBIIUECS
KJIETKM JBaXJbl TMPOMbIBaIU (ocdaTHO-CONIEBBIM
oydepom. [Tocse mpoMbIBKY A00ABJISIIN KYJABTYpasib-
Hyio cpeny RPMI 1640, conepxaiunyio 10% tensubeit
ceiBOopoTKHU, motaMuH U HEPES. biokupyrommii
nentua  5R667, uMeolIMil  I0CIen0BaTeIbHOCTD
-RQIKIWFQNRRMKWKKWCLEAFSYAQGR-,
JIO0ABJISJICS B KYJIBTYPalbHYIO Cpeny B KOHILIEHTpa-
muu 10 nau 20 mxM [4] (Genscript, CIIA). ITocne
30-MUHYTHOI MHKYOAllMMU B MPUCYTCTBUU TIENTUIA,
CTUMYJIMPOBAIN MPOAYKIIMIO IIUTOKUHOB JIMOO OUU-
meHHbIM E. coli JITIC (100 Hr/mi) (Sigma-Aldrich,
CIIA), 1ubo (UKCUpPOBaHHBIMU OAKTEPUSIMHU, HO-
0OaBJIEHHBIMU B COOTHOLIEHU U JICHKOLIUTHI:0aKTepUn
1:20. KneTouHble cylepHaTaHTbl coOOUpaiu 4Yepes
22 4 mocjie CTUMYJISIIUU, OYUINAJU LIEHTPUdYyTU-
pOBaHMEM M 3aMOpakKuBajau. AHaJIM3 COAEPXKaHUS
TNF u IFNYy B cyniepHaraHTax MpoBOAUINA METOIOM
nMmyHodepMeHTHOoro aHanusa (MMDA) nipu mmomo-
my HabopoB kKommnaHuu <«Bekrop-Bect» (Poccus).
Conepkanue IL-6 aHanu3upoBanoch MpU MTOMOIIU
MDA Habopos komimanuu «BioLegend» (CLIIA).
Cmamucmuueckuii avaau3. CTaTUCTUUYECKYIO
JIOCTOBEPHOCTh pAa3JIMUYUU CpEeIHUX OLICHUBAIU
NpU MOMOIIM OMAHO(DAKTOPHOTO AUCIIEPCUOHHOTO
aHaJM3a C UCMOJIb30BaHUEM MTPOrpaMMHOro odec-
neueHust GraphPad Prism. Paznuuus cuurtanu cra-
TUCTUYECKU 3HaUYUMMBbIMU 11pu p < 0,05.

Pesynbratbl 1 06CyXaeHne

Llenpro TepBOM CepuUU IKCIIEPUMEHTOB OBLIO
ornpeneneHue BiausiHus  TLR-OGinokupyromiero
nentuga 5SR667 Ha darounrtos OakTepuii Jeii-
KoIlMTaMHu Tiepudeprudeckoili KpoBH. s 3TOTO
K o0pa3iiaM KpOBU 3I0POBBIX TOHOPOB T00aBJIISIII-
cs SR667 no koHeuHoi KoHueHTpauuu 40, 20, 10,
nian 0 MKM, 1 mpoObI THKYOUPOBAJIUCH B TEUEHUE
30 mua B CO,-mHKYyOaTOpe. 3aTeM IMOOABIISIINCH
McUYeHHBIe (IyOpeCleMHOM OaKTEpHM B KOJHWYE-
ctBe ~20 OakTepmii Ha neitkouut. MarouuTapHas
CITOCOOHOCTDH JICMKOIIMTOB OILICHWBAJlaCch METO-
JIOM IIPOTOYHON IUTOMETPUU OTACIBHO IJISI TIO0-
Oy MOHO- W TPaHYJIOIMTOB, BBHIIEISIEMBIX
o pa3Mepy M TpaHYISIPHOCTU KJETOK (puc. 1A).
®daronuTapHass aKTUBHOCTb OIIEHMWBAJIACh IO WH-
TEHCUBHOCTH (IIYOPECIIEHIINN KJICTOK B KaHale
FITC (puc. 1A).

AHanuU3 NOAyYEeHHBIX JaHHBIX ITOKa3aJl, YTO UH-
KyOanus KpOBU C IPOHUKAIONIUM B KJIETKU MENTU-
JIOM HE BbI3bIBaJla 3HAUMMbIX UBMEHEHU I (haroru-
TapHOU CMOCOOHOCTHU JIEHKOLIUTOB Tepudepuyec-
Ko kposu (puc. 1B). B cnyuae nob6aienus 40 uM
NenTuaa MOXHO ObLJIO OTMETUTh TEHICHIIUIO K He-
KOTOPOMY CHUXKEHUIO (haroluTapHO aKTUBHOCTU
MOHOLIMTOB. Takoili TeHIEHLIMW, OJHAKO, HE Ha-
0J1107a710Ch B MOMYASILIMU IpaHyI0LUTOB (puc. 1B).
OTtcyTcTBUE 3HaUMMOro 3¢ dekra nentuaa Ha da-
TOLIMTAPHYI0 aKTUBHOCTbJIEH KOLIMTOB KPOBU TaKKe
MOATBEPXKIAJOCh BU3YaJbHBIM aHaJTU30M MOIJIO-
meHust FITC-meuenHbIx E. coli anre3upoBaHHBIMU
Ha MJIAaCTUK JEUKOLIMTAaMU METOAOM (DJ1yOpPEeCLeHT-
HOl MHUKpocKonuu (He MokasaHo). PesyabraThl,
npeacTaBjeHHbIE Ha puc. 1, MOKa3bIBAaIOT, YTO 00-
paboTtka jgelikouutoB TLR-0J0KMpyOIIMM NEeNTU-
JIOM HE OTpazkaeTcsl CyllIeCTBEHHBIM 00pa30M Ha UX
daroMTapHO aKTUBHOCTH.

B cnenyroleii cepuu 3KCIEPUMEHTOB CpaBHU-
BaJIU JIEUKOLIMTAPHBIU IIMTOKUHOBBII OTBET, UHY-
HupoBaHHbBIN pacTBopuMbIM JITIC, ¢ oTBETOM, UH-
NYLUPOBAHHBIM KOPHYCKYJSIPHBIMU (harouTupy-
eMbiMU OakTepussMu. OLIEHUBAJIOCh COIAEpXKaHUE
TNEF, IL-6 u I[FNy B cynepHaTaHTax, COOpaHHBIX
yepe3 22 4 Mmocyie CTUMYJISILIUU JICHKOLIUTOB OaK-
TepuaabHbBIMU MOpoayKTaMu. CTUMyASIUUS Jeh-
kouutoB Kak JITIC, Tak u 11e1bHBIMU OaKTEPUSIMU
aKTHUBUPOBaJa MPOAYKIIMIO LIUTOKUHOB CXOJHBIM
obpasom (puc. 2). CireanyeT OoTMETUTh, OAHAKO, UTO
Hu JITIC, HU uenbHbIe OAaKTEpUU HE BbI3bIBAIU
npoaykuuu [FNy (He mokazaHo). OTo HabIoAeHE
yKa3blBaeT Ha OTJIMYME CIEKTpa IMTOKUHOB, IIPO-
NYLAPYEMBIX aATre3UPYIOIIMMUCS KJIETKaMU KPOBU
OT TAKOBOT'O, MPOAYIIMPYEMOIr'0 MEPUTOHUATbHBIMU
makpodaramu. Tak, paHee coo01IaIOCh, UTO CTU-
MY NEPBUYHOU KYJAbTYpPhl TEPUTOHUATBHBIX
makpodaros JITIC BeizeiBaeT TLR4-3aBucumyio,
MyD88-He3aBUCHUMYyI0 aKTHUBAalMIO MPOAYKIIUHU
IFNy [13]. OTu pa3zanynss MOTyT OBITb OOBSICHEHBI
CHUXXEHHOU skcmpeccueidr kKommnoHeHToB TRIF-
3aBUCUMOTrO CUTHAJbHOTO MYTHU aATe3UpPyIOIUMU-
cs JeKouuTamMu reprudepruieckoil KpoBU.

YcTaHOBUB, YTO KOPNYCKYJISIpHBIE (haroluTupye-
Mble 0aKTepU U BbI3bIBAIOT IMMPOMYKIIUIO MPOBOCHAJIH-
TEJAbHBIX IIUTOKUHOB, KOJWYECTBEHHO CPaBHUMYIO
C MpOAYKILMEN, BbI3biBaeMoii pacTBopuMbIM JITIC,
ObLJIO OLIEHEHO BJIMSIHUE MYJBTUCIICLIUMDUUECKOTO
uHruouropa TLRs mentuma 5R667 Ha MHAYLUPO-
BaHHYO nponyknuio TNF u IL-6. DrkcrieprMeHThI
MoKa3ajau 3HAYUTEIbHbIC pa3IUUYUs B UYyBCTBUTEIIb-
HOCTU LMTOKWHOBOW MNPOAYKIMU K MHIMOUpOBa-
auio TLRs. TTentua SR667 BbI3bIBAI 3HAYUTEIBHOE,
CTAaTUCTUYECKU JOCTOBEPHOE CHUKEHUE MPOAYKIIUU
00OMX LMTOKWHOB, WHIYLUMPOBAHHON pacTBOPU-
MbIM JITIC, HO He BJIM ST HA TPOAYKIIMIO, MUHAYLIUPO-
BaHHYIO KOPITYCKYJISIDHBIMM OakTepusiMu (puc. 2).
JlaHHBIE, TIpeICTaBJACHHbIE Ha pUC. 2, TaKXe IIOA-
TBEPXKAAIOT paHee CACIaHHbINA BBIBOA O BEPOSITHOM
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MHdekumns n uMmyHuTeT

OTCYTCTBUM BUAOBOU CIEIMMUUYHOCTU MHTUOUTOP-
Horo aeiictBus rentuaa SR667 [4], 4To MOATBEPXK-
naetcsd 3¢GEKTUBHBIM OJOKMPOBAHUEM MENTUIOM
JITIC-uHAyUMpoOBaHHON MPOAYKLUU IIMTOKMHOB
B JIeKOLIMTaX yejioBeka (puc. 2).

OTtcytcTtBUEe 3ddeKTa nenTuia Ha NPOaYKIIUIO
LIMTOKUHOB HE MOXET OBbITh OOBSICHEHO Yy4YacTUEM
nomnojiHuTeabHbIX TLRs mpu ctumynsuuu 6akre-
puaibHbIMU 4YacTuliamMu, coaepxamumu [ITAMC
pPa3IUUHbBIX KJIACCOB, MOCKOJIbKY MenTua SR667 nH-
rubupyeT MHOXecTBeHHbIe TLRs [4]. Tak, moMmumMo
TLR4, aktuBupyemoro JITIC rpamoTpuiaTeIbHbIX
b6akrtepuii, SR667 murudbuponan TLRs, akTubu-
pyembie U apyrumu I[TAMC rpamMoTpuLiaTeTbHbBIX
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PucyHok 1. BnuaHue TLR-6nokupyilowero nentuaa 5SR667 Ha parountos 6aktepuii E. coli MoHouuTamm

M rpaHynountTammu nepucdepuyeckoli Kpoeu

Figure 1. Effect of dose-dependent effect from TLR-blocking peptide SR667 on phagocytosis of E. coli bacteria

by peripheral blood monocytes and granulocytes

MpumevaHume. (A) CTpartervs reiTpoBaHns NonynsLmii NeKoLMTOB Nepudeprnyeckoit Kposu. Monynaumm rpaHyIoLMToOB

1 MOHOLIMTOB BbIZENSNN CPeAMN OAMHOUHBIX KNEeTOK (singlets) no paamepy 1 rpaHynsipHOCTY kneTok. darounTtupyioLime
KNeTKM xapakTepun3oBainck Hanmunem dnyopecueHumm B kaHane FITC B cBs3u ¢ fobasneHmem MedyeHHbix FITC 6akTepui,
Kak nokasaHo Ha npaBbix NaHensix pucyxka. (b) Mentng 5R667 He BbI3bIBAET 3HAYNMbIX M3MEHEHUI haroLMTapHOA
aKTUBHOCTU J'Iel7|KOLI,MTOB HepMd)epMHECKOﬁ KpOBW. LleJ'IbHle renapmHn3npoBaHHYO KPOBb I/IHKy6I/IpOBaJ'II/I B NMPUCYTCTBUN
pasnnyHbIX KOHLEeHTpauuii nentuaa S5R667 B TedeHnn 30 MuH, nocne yero [06aBnsIM MeyeHHble GyopecLenHom bakTepum.
D,OJ'IIO d)aFOLI,I/ITVIpleLLI,VIX KNeToK oueHnBanu MeTogom I'IpOTOLIHOI7I UATOMETPUN Yepes 14nocne ,EI,O6aBJ'IeHI/IF| 6aKTepI/Il‘/'I.
CTaTUCTUYECKMIA aHaNN3 BbIMOJSIHEH C NOMOLL KO U-KpI/ITepI/IFI MaHHa-YuTHu.

Note. (A) Gating strategy for peripheral blood leukocyte populations. Granulocyte and monocyte populations were distinguished
from singlets based on cell size and granularity. Phagocytic cells were characterized by fluorescence in the FITC channel due
to the addition of FITC-labeled bacteria, as shown in the right panels of the figure. (B) Peptide 5R667 does not significantly
affect the phagocytic activity of peripheral blood leukocytes. Heparinized blood was incubated in the presence of various
concentrations of peptide 5R667 for 30 min, then the fluorescein-labeled bacteria were added. The proportion of phagocytic
cells was assessed by flow cytometry 1 h after the addition of bacteria. Statistical analysis was performed using the Mann-

Whitney U-test.
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PucyHok 2. Mpoaykums npoBocnaauTenbHbIX LUTOKMHOB aAre3vpylolmnMncs neiikouutamm Kposu
YyeJsioBeKa npu ctumynsuum pactesopumbim JINC n paroumutupyembimm 6aKktepusmm

Figure 2. Proinflammatory cytokine production by adherent human blood leukocytes stimulated with soluble LPS and

phagocytosed bacteria

MpumeuaHue. Agre3npoBaBLUNECs K MNACTUKY KNETKU KPOBM OTMbIBASIM OT 3pUTPOLLMTOB, NPENHKYBUPOBaM C pasinyHbIMu
KOHLEeHTpaumsmu nentuaa SR667 B TedeHne 30 MUH 1 CTUMYNMPOBany IM60 BbICOKOOUHMLLEEHHBIM, pacTBopuMbiM JTC B fo3e
100 Hr/mn, nM60 GuKcMpoBaHHbIMK BakTepusamiu B konmyectse ~20 6akTepuii Ha neikouuT. CynepHaTaHTbl AN U3MEPEHUs
coaepXaHust LMTOKMHOB cobrpanu Yyepes 22 4 nocne ctumynsaumm knetok. (A) Mpoaykums TNF. (B) Mpoaykuus IL-6.
CTatucTmyecknini aHanuns BbINONHANCH METOAOM OAHO(AKTOPHOr0 AMCNEPCUOHHOro aHanu3a. * — p < 0.05. NMpoaHannanpoBaHsbl

npoGbl KPOBK, NMOJYYEHHbIE OT 12 JOHOPOB.

Note. Plastic-adherent blood cells were washed from erythrocytes, preincubated with different concentrations of peptide 5R667

for 30 min and stimulated with either highly purified, soluble LPS (100 ng/ml) or formalin-fixed bacteria at ~20 bacteria per leukocyte.
Supernatants for cytokine measurement were collected 22 h after cell stimulation. (A) TNF production. (B) IL-6 production.
Statistical analysis was performed by one-way analysis of variance. * — p < 0.05. Blood samples from 12 donors were analyzed.

LIETITOPbl aKTUBUPYIOTCS Pa3JIMIHBIMU (pparMeH-
TaMU TIeNTUIONTMKAHOB, TPUCYTCTBYIOIIIMX B OaK-
TepUabHOM CTEHKE KaK TPaMITOJIOKUTEIbHBIX, TaK
U IpaMOTpMLIATEIbHBIX OakTepuii [6]. Oba peuen-
TOpa aKTUBUPYIOT TPAHCKPUNIIMOHHbBIE (PaKTOPHI,
CTUMYJIUPYIOLIME TPAaHCKPUMNLMIO ITPOBOCTAIM-
TEeJIbHBIX HUTOKWHOB (TPAaHCKPUITIIMOHHBIE (haKTO-
pol cemeiictBa NF-xB, a takxke MAIIK)) [1]. Dt
peLenTOPbl 3KCIPECCUPYIOTCS JEUKOLMTaAMU Iie-
pudepryeckoit KpoBu, B yacTHocTu NOD?2 o0uJib-
HO 3KCIIpeccUupyeTcsi B MOHoLUTax [9].

3ako4yeHne

Hacrosiiee  umcciemoBaHue BBISIBUIJIO  CYIIE-
CTBCHHBIC Pa3JIMIUs MEXaHU3MOB MHAYKIIUU IIH-
TOKMHOB pacTBOPUMBIM ouuniieHHBIM JITIC n xop-
OYCKYISIPHBIMHA OaKTepUSIMU. DTU Pa3Inudus 00-
YCJIOBJICHBI HE TOJIBKO 0o0Jiee MIMPOKUM CIEKTPOM
IMTAMC, akTuBHMpyOIIMX JIOoTMOJHUTEIbHBIE TLR
peLenTOPHI IPU CTUMYJISIIIAU LIETbHBIMU OaKTepH-
SIMH, HO 1 3aJIeliCTBOBAaHMEM U TOILIA3MaTUIeCKIX
pelienTopoB, npeanojoxuteabHo NODI 1 NOD?2,
pacIio3HaloIInuX 0OakTepruaibHOEC TIPUCYTCTBUE,

3a CYET MHTEepHAJIU3alM1 OaKTepUaJIbHbIX IPOAYK-
TOBITOCPeNCTBOM harorTo3a. Haiile ucciegosanue
TaK>Ke YKa3blBae€T Ha HEIOJHOTY MOJETUPOBAHMUS
OakTepualbHbIX WHMEKIUNA C WCHOJb30BAHUEM
pactBopuMoro JITIC (MM MHBIX BBICOKOOYMUILIEH-
HbIX OaKTepuaabHbIX MPOAYKTOB). Mcrosb3oBaHue
KOPIYCKYJSIpHBIX, coaepxamux [TAMC ¢arouu-
TUPYEMBbIX YacTUll, TaKUX KakK (HUKCUPOBAHHBIE
0aKkTepruu, MOXET IMOBBICUTh KOPPEKTHOCTb MOJe-
JIMPOBAHUSI UMMYHHOI'O OTBeTa Ha OaKTepraibHbIe
uHbpexkuu. B byayiieM Mbl JIaHUpPyeM OoJiee fe-
TaJIbHO M3YYUTh MEXaHU3Mbl aKTUBALIUU MPOLYK-
MU TUTOKWHOB LEJIbHBIMU OAKTEPUSIMU, a TaKXKe
HUCMO0JIb30BaTh (GDUKCUPOBAHHbBIE OAKTEPUU B IKCIIE-
PUMEHTAJIbHOM MOJIEJIMPOBAHUU UMMYHHOTO OTBE-
Ta Ha 6aKTepUuaibHble UHMEKIIUU.

BnarogapHocTn

ABTOpBI OJlarogapsaT COTPYIHUKOB PECYPCHO-
ro IIeHTpa KJICTOYHBIX TEXHOJOTUI M MMMYHOJIO-
ruu, nabopatopHoro komriuiekca HTY «Cupuyc»
3a IIpeIOCTaBJIeHUE OOOPYIOBaHUS M TEXHUYEC-
KYI0 TTIOAICPKKY UCCICIOBAHIIA.
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JononHuTtenoHas nHGopmaums

Co0monenne 3THYeCKUX HOpPM. Bce mporeny-
Pbl, BBIMOJIHCHHBIC B NCCJIICAOBAHUHU C 06pa311aM1/I
I[O6p0BOJ'ILIIeB Ha aHOHUMHOM’ OCHOBE, COOTBET-
CTBYIOT HAHIMOHAJTbHBIM 5TUYCCKMM CTaHOApTaM,

XeIbCUHKCKON IeKkapanuu 1964 1. n ee mocieny-
FOIIIMM U3MEHEHM SIM U OBbIJIM 0I0OPEHBI KOMUTETOM
no 6uoatuke YHuBepcuteTa «Cupuyc» (IpoTOKOI
ot 06.03.2023 r.). UndopMupoBaHHOE 1OOPOBOJIb-
HOE corjlacue ITIOJIy4eHO OT BCEeX YYaCTHUKOB HC-
cJIeoBaHM I 10 OTOOpa 00pa3lioB KPOBHU.
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POJ1b MOJIUMOPOU3MOB TOLL-MOOOBHbIX
PELLENTOPOB B PASBUTUN KPAUHE
TAXXEJIOro COCTO9HN4A nNPu COVID-19

JILA. Amuna', H.W. Bapanosa', O.A. Kyiuesa!, A.W. Boarosa'-?

KpaTtkue coobLieHuns

NHdekumns n uMmyHnTeT
2025, T. 15,Ne 1, c. 185-189

! [lenzenckuii uncmumym ycoeepuencmeosanus eépaueii — guauan I'bOY JTI0 «Poccuiickas meduyunckas akademus
HenpepuIeHo20 Npogeccuonarvhoeo obpazoeanus» Munsopasa P®, e. Ilenza, Poccus
2I'BY3 [lenzenckuii 064acmHoil KAUHUMECK UL YeHMD CReUUANUIUPOBAHHBIX 81008 MeOUYUHCKOU nomouu, 2. Ilenza, Poccus

Pestome. COVID-19 — 10 pecniupaTopHoe 3abojieBaHue, BeI3BaHHOE BUpycoM SARS-CoV-2, KoTopoe MOXeT mpo-
IrpeccupoBaTh 10 OCTPOro pecrupaTopHoro auctpecc-cuHapoMa (OPIC) u 3amyckaTb UMMYHOITaTOJIOTMYECKHE Me-
XaHU3MBbI, TPUBOISIINE K Upe3MepHOMY BocnajeHuo. Toll-momoOHbIe pelienTopsl, KaK PelenTopbl pacro3HaBaHU S
00pa3oB, BHIMOJHSIOT HE3aMECHUMYI0 (DYHKIIMIO TIPU UACHTU(PUKALIMY BUPYyca U aKTUBUPYIOT BPOXICHHYIO MM-
MYHHYIO CUCTEMY, YTO MOXET IIPUBOAUTH K CEKPELUM IIPOBOCHATUTEIbHBIX IMTOKUHOB, Takux I1L-1, IL-6, TNFo.
u IFNy. [Mporusosupycusie Toll-momo6Hsie petientopsl, BKatouatomue TLR3, TLR7 u TLR9 crioco6HbI akTHBUPO-
Bath TRIF-3aBUCHMBII TTyTh, MHAYLIMPOBATh MMPOAYKIINIO MIPOBOCIATUTEIBHBIX IIUTOKNHOB, XeMOKMHOB 1 MHTEP-
(eponos tTuna I u Tumna 111, yuactBoBath B pacnozHaBaHuu dsRNA, a Takke y4acTBOBaTh B OOHAPYXXEHUU HEMETH-
nupoBanHoit CpG-IIHK. Kpome Toro, nokazaHa HemajoBaxxHasi pojib TLR2 mpu COVID-19, koTopblii pacro3Haer
MENTUAOTTMKAHBI TIOBEPXHOCTHU TPaMIIONOXUTENbHBIX OakTepuit 1 TLR4, KoTOpHIii pacro3HaeT JIUTONoaucaxapul
rpaMOTpULIATEIbHBIX OAKTEPUil U UTpaeT poJb B runepBocnaieHun y nanueHToB ¢ COVID-19. lokazano, uto TLR
MOTYT OBbITh BOBJIEUEHBI KaK B ITEPBOHAYAJbHBII CPBIB KJIMPEHCA BUPYCa, TaK U B IMOCJEIYIONIEe PA3BUTUM TSKEIbIX
KarHuYeckux nposiaeHuit COVID-19, B ocHOBHOM ocTporo pecniupaTopHoro auctpecc-cuHapoma (OPIC) ¢ da-
TaJbHOI ABIXaTeJIbHON HEeJOCTAaTOUHOCThIO. Llenbio JaHHON paboThl SIBUJIOCH M3ydeHue moaumopdusmoB TLR3
(rs3775291), TLRO (rs352140), TLR7 (rs3853839), TLR4 (rs4986790), TLR4 (rs4986791), TLR2 (rs574708) y nauueHTOB
¢ COVID-19 B 3aBucMMOCTH OT Mcxona 3aboeBaHus. B uccnenoBanue Bouau 187 malieHTOB, M3 KOTOPHIX BEI3IOPO-
BEBIIME COCTaBUIN 157 4eoBeK, co cMepTeabHBIM ucxonoM — 30. [eHeTHUecKnit aHA I3 Ha TONTMMOP(PU3MBI TCHOB
TLR3 (rs3775291), TLRO (rs352140), TLR7 (rs3853839), TLR4 (rs4986790), TLR4 (rs4986791), TLR2 (rs574708) 61
nposeneH MeronoM 1P ¢ meTexkiiueit pe3yibTaToB B peKUMe «peajbHOro BpeMeHM». CTaTUCTUYECKYIO 00paboT-
Ky TIOJIyYEHHBIX PE3yJbTaTOB MPOBOAUIU MpU oMoy nporpamm Statistica 12.0 (CLHA). Paznuyue rpynm cuuta-
JIM cTaTUCTUYecKu 3HaUYMMbIM 1ipu p < 0,05. Cuny acconmanuii OlleHUBaay B 3HAYEHUSIX TIOKA3aTeJsl OTHOIIEHU ST
nrancoB odds ratio (OR) u 95% noseputenbHoMmy MHTepBany. OtMedeHo, uyto reHotunbl GC TLR7 (rs3853839), AG
TLR2 (rs574708), GG TLR4 (rs4986790), TT TLR4 (rs4986791) MoryT siBAsieTCsI IPEeAMKTOPAMMU JIETAIBHOTO MCXO-
na COVID-19. Hanporus, renotunsl GG TLR7 (rs3853839), AA TLR2 (rs574708), AA TLR4 (rs4986790), CC TLR4
(rs4986791) MOryT SIBASI€TCSI TPOTEKTUBHBIMU U CITOCOOCTBOBATH BBI3JI0POBJICHUIO MAIIMEHTOB.

Karouesvie caosa: COVID-19, svi300posaenue, cmepmenvhowlit ucxoo, I[P, noaumopgusmot, Toll-nodobnvie peuenmopoL.
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ROLE OF TOLL-LIKE RECEPTORS POLYMORPHISMS IN THE DEVELOPMENT OF EXTREMELY
SEVERE COVID-19

Ashchina L.A.?, Baranova N.I.?, Kulieva O.A.?, Bolgova A.I1.*P

@ Penza Institute for Further Training of Physicians — Branch of the “Russian Medical Academy of Continuing Professional

Education” of the Ministry of Healthcare of the Russian Federation, Penza, Russian Federation
b Penza Regional Clinical Center of Specialized Types of Medical Care, Penza, Russian Federation

Abstract. COVID-19 isa respiratory disease caused by the SARS-CoV-2 virus that can proceed to acute respiratory distress
syndrome (ARDS) and trigger immunopathological mechanisms that lead to excessive inflammation. Toll-like receptors,
as pattern recognition receptors, play an indispensable role in virus identification and activate the innate immune system,
which can lead to the secretion of proinflammatory cytokines such as IL-1, IL-6, TNFa, and type I IFN. Antiviral toll-
like receptors, including TLR3, TLR7, and TLRY, can activate the TRIF-dependent pathway, induce the production
of proinflammatory cytokines, chemokines, and type I and type III interferons, participate in recognition of dSRNA and
detection of unmethylated CpG DNA. In addition, an important role of TLR2 in COVID-19, which recognizes peptide
glycans on the surface of gram-positive bacteria, and TLR4, which recognizes gram-negative bacteria lipopolysaccharide
and plays a role in hyperinflammation in COVID-19, has been shown. It was confirmed that TLRs can be involved both
in the initial failure of virus clearance and in the subsequent development of severe COVID-19 clinical manifestations
mainly acute respiratory distress syndrome (ARDS) with fatal respiratory failure. The aim of this work was to study
the polymorphisms of TLR3 (rs3775291), TLRY (rs352140), TLR7 (rs3853839), TLR4 (rs4986790), TLR4 (rs4986791),
TLR2 (rs574708) in patients with COVID-19 depending on disease outcome. The study included 187 patients, of whom
157 recovered and 30 deceased. Genetic analysis for polymorphisms of the TLR3 (rs3775291), TLR9 (rs352140), TLR7
(rs3853839), TLR4 (rs4986790), TLR4 (rs4986791), TLR2 (rs574708) genes was performed by real-time PCR. Statistical
processing of the obtained results was performed using Statistica 12.0 (USA) software. The inter-group difference was
considered statistically significant at p < 0.05. The strength of associations was estimated and presented as odds ratio (OR)
and 95% confidence interval. It was noted that the genotypes GC TLR7 (rs3853839), AG TLR2 (rs574708), GG TLR4
(rs4986790), TT TLR4 (rs4986791) can be predictors of a fatal COVID-19 outcome. On the contrary, the genotypes GG
TLR7 (rs3853839), AA TLR2 (rs574708), AA TLR4 (rs4986790), CC TLR4 (rs4986791) can be protective and contribute

to the recovery of patients.

Key words: COVID-19, convalescence, mortality, PCR, polymorphisms, Toll-like receptors.

BeepgeHue

Bcenbiika BupycHoit uHbekuuu COVID-19
BO3HMKJIa B YxaHe B 2019 1. 1 ObICTpO pacripocTpa-
HMJIACh TT0 BCEMY MUPY, IPEBPATUBIINCH B MaH/IE-
muio. B Hactosimee Bpems naroreHes COVID-19
JI0 KOHIIa He BbIsiCHeH. OnHako ObIJIO MOKa3aHo,
yTo B3aumogerictBue Bupyca SARS-CoV-2 ¢ opra-
HM3MOM 4YeJIOBEKa MOXKET BbI3bIBaTh UPE3MEPHBIN
MMMYHHBII OTBET, YTO BEAET K ITOBPEXJICHUIO
OpraHoB, OCOOCHHO y MAallMeHTOB B TSIXKEJIOM CO-
crositHuu [3]. Toll-mogo6Hubie peuenthl (TLR) kak
KOMIIOHEHT BpPOXIEHHONO0 MMMYHHMTETa uTpa-
IOT KJIIOYEBYIO POJIb B paclo3HaBaHUUM BUPYCHBIX
YyacTUll M aKTUBAllUM MMMYHHOW cucteMmbl [l].
IIporuBoBupycHnie TLR Bkitouator TLR3, koTo-
poiit pacno3HaeT dsSRNA, TLR7 u TLRS, koTopsie
3afeiicTByOT omHouernodyedHyio PHK (ssRNA),
BTO BpeMs kKak TLR9 o6Hapy:k1BaeT HEMETUIUPO-
BaHHy0 CpG-JIHK. Bosieuenue TLR3 BupycHoii
nuPHK aktuBupyetr TRIF-3aBucuMbIii NyTh U UH-
IYLIMPYET NPOBOCIAIUTEIbHBIC IIUTOKMUHBI, XeMO-
KUHBI M uHTepdeponbl Tuna I u tuna I11 yvepe3 NF-
kB u IRF3 [7]. TLR2 ono3HaeT nmenTuaorjanKaHbl
MOBEPXHOCTU I'PaMITOJIOKUTEIIbHBIX OaKTEPUid, TH-
noapabMHOMaHHAaH (IJIMKOJIUITUA, XapaKTepHBIA
IS TIpeACTaBUTEIe poaa MUKOOAKTEpUid), TUIIO-
npoteuHsbl, nunonentuabl [2]. TLR4 pacro3Haer

numnononucaxapun  (LPS) rpamorpuiiaTeabHBIX
OakTepuii 1 OblIa moka3aHa poab TLR4 B rumnep-
BocrnajieHuu y manueHToB ¢ COVID-19 [4]. Takum
ob6pazom, TLR MoryT ObITh BOBJICUEHBI KaK B Iep-
BOHAaYaJIbHBIN CPBHIB KJIMPEHCA BUpPYyca, TaK 1 B T10-
ClIeAyllIee Pa3BUTUU TIKEIbIX KIMHUUYECKUX
nposiBaeHuit COVID-19, B 0CHOBHOM OCTPOToO pe-
cnupatopHoro auctpecc-cuaapoma (OPIC) ¢ da-
TaJbHOM AbIXaTE€JIbHOU HENOCTATOUHOCTHIO. Lleibto
MaHHOI pabOTHI SBUJIOCH NU3YUCHUE TTOJIUMOPhU3-
moB TLR3 (rs3775291), TLRY9 (rs352140), TLR7
(rs3853839), TLR4 (rs4986790), TLR4 (rs4986791),
TLR2 (rs574708) y manimenToB ¢ COVID-19 B 3aBU-
CUMOCTH OT UCX0/1a 3a00JIeBaHUSI.

Matepuanbl n MeToOb!

IlpoBeneHo ob6caenoBaHue 187 mMalLMEHTOB
¢ COVID-19 B Bo3pacTte ot 20 mo 60 jeT, Haxoms-
muxcs Ha JedeHuu B 'BY 3 «Ilen3eHckuii odnact-
HOM KJIMHWYECKUI LEHTP CHenuau3upOBaHHBIX
BUIOOB MEAMIIMHCKOW TMOMOIIM». JlmarHos ycra-
HaBJIMBAJICS COTJIACHO AEUCTBYIOIIMM PEKOMEH1a-
nusMm «I[IpoduiaakTuka, TUAarHOCTUKA U JIeUeHUE
HOBOU KopoHaBupycHoit uHbekuuu (COVID-19)»
(Bepcus 15 ot 22.02.2022 r.) u BbisgBaeHuss PHK
SARS-CoV-2 B Ma3kax M3 HOCa U 3€Ba METOAOM
ITLP. IMTanyeHTsl OBbIIM pa3faesieHbl Ha 2 TPyMIbl
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Monumopduamsl TLR npu COVID-19

B 3aBUCHMOCTHU OT Mcxoja 3abosieBaHus. B rpymn-
My BBI3JOPOBEBIINX MAallMEHTOB BouLIo 157 yeno-
BEK, a B IPYIIY CO cCMepTeabHbIM ucxoaoM — 30.
l'eHeTnyeckMii aHalnW3 Ha MOJUMOPGU3MBI re-
HoB TLR3 (rs3775291), TLRY (rs352140), TLR7
(rs3853839), TLR4 (rs4986790), TLR4 (rs4986791),
TLR2 (rs574708) Obl1 mpoBeaeH Ha Oa3e Jiabopa-
TOPUU MOJICKYJISPHONH U TEepCOHAIU3UPOBAHHON
meguuuuael [IMYB — dummana ®IrboOy A0
PMAHIIO MuH3npaBa Poccuu. BelaeneHue
JHK npoBoauiu u3 LieJIbHON BEHO3HOW KPOBU
Habopamu «IIpobGa-panua-reHeTUKa» COIJIACHO
npunaraemoii uHcTpykuuu (JAHK-TexHonorus,
Poccus). IMonyuennsie npenapatrsl JHK xpanunu
npu Temreparype —18°...—22°C B TeyeHHUE OJHOIO
roga. TumupoBaHUe TOJUMOPGHBIX BapHMaHTOB
reHoB TLR3 (rs3775291), TLRY (rs352140), TLR7
(rs3853839), TLR4 (rs4986790), TLR4 (rs4986791),
TLR2 (rs574708) ocyllecTBJISJIM METOAOM MOIU-
MEpa3HOM LIEMHON peakllMu C JIETEKIIUEH pe3yJib-
TaTOB B pPEeXMUME «peaJbHONO BpPEMEHMW» Ha aM-
mubukarope «AT-navit» (AHK-TexHonorus,
Poccust) ¢ ucronb3oBaHUEM peareHTOB, CUHTE3U-
poBaHHbIX KoMnaHuel «IHK-cuHTe3» (MockBa).
CraTucTUYECKYI0 00paboTKy MOJYYEHHBIX pe-
3yJIETATOB MPOBOAMJIM IMPU IIOMOIIM MPOrpaMM

Statistica 12.0 (CIIIA). Paznuuyue rpymnm cuutaiu
CTaTUCTUYECKU 3HaUMMBIM ripu p < 0,05. Cuay ac-
colMalrii OllEHWBAJIM B 3HAYCHUSIX ITOKa3aTess
oTHoleHud maHcoB odds ratio (OR) u 95% nose-
pUTEIbHOMY MHTEPBAJY.

Pesynbratbl 1 06CyXaeHne

PesynbraThl MPOBEAEHHOIO UCCAEA0BAHUSI OTpa-
JKE€HbI B TabJinile. AHAJINU3 4aCTOThl BCTPEYaeMOCTH
renotumoB TLR3 (rs3775291) moka3ai, 9TO B Ipym-
e BbI3IOPOBEBLIMX MMALMEHTOB HauOOjee YacTo
BcTpevamomumes reHorunom 6Obi1 CC  (48,4%),
a B rpynmne yMmepiuux nauumeHtoB — CT (53,3%).
O1eHKa 4acTOThI BecTpedyaeMocTu reHoTunoB TLRY
(rs352140) BBIABUIA, UYTO B TPYIIIaX BBI3OOPO-
BEBIIMX M YMEPIIMX MAllMEHTOB HamboJee 4acTo
Berpeyvasics reHotun CT (64,3% u 66,7% coorBeT-
cTBeHHO). OJHAKO CpaBHUTEIbHbIMA aHAJINU3 110 Ya-
cToTte BcTpeuaeMocTu reHoTumoB TLR3 (rs3775291)
n TLRY (rs352140) B rpynnax ¢ 0J1aronpusITHBIM
U JIeTaJlbHbIM MCXOHAMM HE€ BBISIBUJI TOCTOBEPHO
3HAYMMBbIX pasnuuuii. M3ydyeHue nosmmopdusma
rena TLR7 (rs3853839) obHapyxXmuJio, 4TO Hambo-
nee yacto BeTpedasics reHoturt CC, Kak B IpyIimne
BBI3IOPOBEBIIUX, TAK U B IPYILIIE C JIETAJIbHBIM HUC-

Ta6nuua. PacnpepeneHue u cpaBHeHue reHOTUNOB NoIMMOpPHbIX BapuaHToB reHoB TLR3 (rs3775291),
TLR9 (rs352140), TLR7 (rs3853839), TLR4 (rs4986790), TLR4 (rs4986791), TLR2 (rs574708) y 60bHbIX

COVID-19 B 3aBUCUMOCTH OT UCXOAa

Table. Distribution and comparison of genotypes of polymorphic variants of TLR3 (rs3775291), TLR9 (rs352140),
TLR7 (rs3853839), TLR4 (rs4986790), TLR4 (rs4986791), TLR2 (rs574708) genes in COVID-19 patients depending

on outcome
MaumeHTtbl ¢ COVID-19
BbI3J0pOBEBLUNE YmepLume naumeHTbl
";’;‘lcxgr':)f;;” (:Z:g:y";)’; COVID-19 patients Deceased patients OR (95%/M1) p
recovered n (%)
n (%)
cC 76 (48,4%) 10 (33,4%) 1,88 (1,06-3,3) 0,09
TLR3 (rs3775291) CT 66 (42,0%) 16 (53,3%) 0,64 (0,36-1,12) 0,09
TT 15 (9,6%) 4(13,3%) 0,66 (0,27-1,63) 0,09
CcC 32 (20,4%) 6 (20%) 1,0 (0,50-2,00) 0,92
TLR9 (rs352140) CT 101 (64,3%) 20 (66,7%) 0,91 (0,51-1,64) 0,92
TT 24 (15,3%) 4 (13,3%) 1,18 (0,53-2,63) 0,92
GG 19 (12,2%) 0 (0%) 28,71 (1,68-492,08)* 0,04
TLR7 (rs3853839) GC 20 (12,7%) 6 (20,0%) 0,55 (0,25-1,2)* 0,04
CcC 118 (75,1%) 24 (80,0%) 0,78 (0,4-1,53) 0,54
GG 34 (21,7%) 24 (80,0%) 0,07 (0,03-0,14)* 0,001
TLR4 (rs4986790) GA 32 (20,4%) 6 (20,0%) 1,03 (0,51-2,05) 0,62
AA 91 (57,9%) 0 (0%) 278,49 (16,81-4613,18)* 0,001
TT 24 (15,6%) 10 (33,3%) 0,36 (0,18-0,71)* 0,002
TLR4 (rs4986791) TC 87 (55,2%) 16 (53,3%) 1,08 (0,62-1,9) 0,84
cC 46 (29,2%) 4 (13,4%) 2,74 (1,33-5,67)* 0,002
AA 11 (7,0%) 0 (0%) 16,3 (0,92-289,36)* 0,004
TLR2 (rs574708) AG 15 (9,5%) 6 (20,0%) 0,4 (0,17-0,93)* 0,004
GG 131 (83,5%) 24 (80,0%) 1,3(0,63-2,68) 0,78

Mpumeyanue. * — CTAaTUCTMYECKM 3HAYMMOE Pa3nnyme nokasarenei B rpynnax 6oabHsix COVID-19 (p < 0,05).
Note. * — statistically significant difference of indicators in groups of COVID-19 patients (p < 0.05).
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xoaoM (75,1% un 80,0% coorBeTcTBeHHO). OMHAKO
JIOCTOBEPHO 3HAUYMMBbIe Pa3JINUMsI ObLIV BbISIBJICHbI
no reHotunaM GG u GC. B rpynmne ymMepuux namu-
€HTOB yacToTa BcTpedyaeMocTu reHotumna GC 6bL1a
noctoBepHo Bhile (p = 0,04), areHotun GG He ObLI
npencrtasieH. B pabore El-Hefnawy S. u coaBsr.
ObLJ10 0OOHapyXeHo, uTo reHoTun GG Takke 3HaUYU-
TEJbHO Yallle BCTPEeYaeTCsl y MallMEHTOB B TSKEJIOM
1 KPUTUYECKOM COCTOSTHUU, a YPOBHU IKCITPECCUU
MPHK TLR7 Obliv 3HAUUTENBbHO BhIIIE y MallU-
eHToB ¢ COVID-19 no cpaBHEHUIO CO 3I0POBBIMU
monbmu. [Mpeanonaraercs, yto reHoTun GG ogHoO-
HyKJIeoTnHOTO TTotuMopdm3ma TLR7 (rs3853839)
MOXET ObITh FeHETUYeCKUM (PaKTOpOM pHCKa 3a-
paxeHuss COVID-19, Tsa:xenoro TedeHUs1 00I€3HU
M HebJaronpusITHOTO KJIMHUYEeCKoro ucxona [12].
M3yuenue rena TLR4 npoBoauaoch mo 1BYyM OJTHO-
HYKJEOTUIHBIM monumMoppusMam — 154986790
n 1s4986791. B rpyme mattmenToB COVID-19 ¢ 61a-
TOITPUSITHBIM MCXOJIOM ObLJIa MOKa3aHa JIOCTOBEPHO
OoJiee BBICOKAasl 4acTOTa BCTPEYAeMOCTU T€HOTH-
na AA reda TLR4 (rs4986790) (p = 0,001) u Gonee
HU3Kas yactoTa BcTrpedyaeMocTu reHotuna GG (p =
0,001) mo cpaBHeHMIO C OOJBHBIMU C JIETAJIbHBIM
ucxonom. B omHoIt U3 paboT ObLIO MOKa3aHO, YTO
reHotunt GG TLR4 rs4986790 Obl1 CBSI3aH C pUCKOM
passutus COVID-19 u ocTtporo pecnupatropHOro
auctpecc-cuHapoma [10], yTo cornacyeTrcs ¢ Mojy-
YeHHBIMU JaHHBIMU. Kpome TOro, M3BeCTHO, UTO
rs4986790 B rene TLR4 pacrioyioxeH 3a IIpeaejiaMu
JIUTaHI-CBSI3bIBAIOIIETO IOMEHA U TI0O3TOMY He TTpe-
MSITCTBYET CBSI3BIBAHUIO TIOJIMCaxapuia, OIHAKO
BBI3BIBAET JIOKAJIbHOE M3MEHEeHUe KOHMOpMallnu,
KOTOpOE BJIMSIET HA CBOpauyMBaHUE, YPOBEHb 9KC-
Mpeccuy Ha MOBEPXHOCTU KJIETKU, CTAaOMJIBHOCTh
0eJika M B3aMMOJEUCTBUE C HUXKECTOSIIIIMMU CHUT-
HaJIbHBIMU O€JIKaMu, YTO TIPUBOAUT K CHUXKEHUIO
dbyHKIMoHaabHOU akTUBHOCTU TLR4 [13].
Haub6oJjiee yacto BCTpedaroliMmMcsl TEHOTUTIOM
TLR4 (rs4986791) B 060uX rpynmnax 60JbHbBIX OTMe-
yeH TC, oqHaKO TOCTOBEPHO 3HAYMMBbIEC Pa3IUIUS
10 YaCTOTE BCTPEYAeMOCTHU BBISIBJIECHBI MO TE€HOTU-
naMm TT u CC. Y GoibHBIX C JeTaJbHBIM UCXOJ0M
oTMeueHa 0oJjiee BhICOKasl 4aCTOTa BCTPEYaeMOCTH

Cnucoxk nutepatypbl/References

reHotuna TT (B 2 paza) (p = 0,002) u nocToBEpHO
0OoJiee HU3Kasi 4acTOTa BCTPEUYAEMOCTU TeHOTHUMa
CC (p = 0,002). HokazaHo, 4TO BbIpabOTKa Mpo-
BOCTIAJIMTEJbHBIX IIUTOKWMHOB W WHTepHEPOHOB
MMeeT pelllarolnee 3HaueHue B 00pb0e ¢ BUPYCHBI-
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BYIO pOJib B CBSI3bIBaHUU ¢ S-0ejikoM SARS-CoV-2
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ma TLR2 (rs574708) BbIIBUJI, UYTO HaUOOJBIIUIA
MPOLEHT BCTPEYAEeMOCTH B MCCIEAYEMbBIX TpPYI-
nax umen reHotun GG. CpaBHUTEJbHBIUM aHa-
JIN3 ToKa3aj, YTO y BBI3JOPOBEBIIUX IMAaIlMEHTOB
¢ COVID-19 ormeuanach 4OCTOBEPHO 0o0Jiee BbI-
COKas yacToTa BCTpedyaeMOoCTU reHoTuna AA (p =
0,04) u 6osiee HU3KAasl YaCTOTA BCTPEYAEMOCTHU Te-
Hotuna AG (p = 0,04) mo cpaBHEHU IO ¢ yMEPLIUMHU
nanueHTamu. OtmedeHo, uyto reHotun AG TLR2
(rs5743708) Obl1 3HAUUTEJBHO CBsI3aH ¢ 00Jiee BbI-
cokuM puckom 3apaxeHus COVID-19, npencras-
JIsist COOOM 3HAYMTENbHBIN (DAKTOP PUCKA TSIKECTH
TeueHusi COVID-19 [5], uyTo TakxXe corjacyeTcs
C HalIMMM NaHHBIMU. [lojlydeHHBIE pe3yabTaThl
MOATBEPKAAIOT MOS0 O TOM, YTO TIeHEeTUYeCKUe
OCOOEHHOCTU MOTYT CYIIECTBEHHO BJIMSTH Ha HC-
xong COVID-19, a Takxxe npenmnoJjiaraeTcs, 4To Mo-
aumopdusmbl TLR7 (rs3853839), TLR2 (1rs574708),
TLR4 (rs4986790), TLR4 (rs4986791) moryT wuc-
MOJIb30BAaThCs B KAYECTBE MOJICKYISIPHBIX ITPEANK-
TopoB ucxona COVID-19. OTMeueHo, 4YTO TeHOTU-
nel GC TLR7 (1rs3853839), AG TLR2 (rs574708),
GG TLR4 (1s4986790), TT TLR4 (rs4986791) mo-
IyT OBITh MNPEAUKTOPOB 0o0Jiee TSIXKEJIOro Teue-
HHUS U HeOJaronpusITHOIO MPOTrHO3a KJIMHUYEC-
koro ucxoma COVID-19. HampoTuB, T€HOTHUIIbI
GG TLR7 (rs3853839), AA TLR2 (rs574708), AA
TLR4 (rs4986790), CC TLR4 (rs4986791) moryTt
SIBJISITbCS  TIPOTEKTUBHBIMU U CIIOCOOCTBOBaTh
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LUTOKMHOBbIN NPODWUJIb NMJIA3MbI
WMMYHHOW AHTU-COVID-19 U EIO CBAA3b
C ICXOA0M 3ABOJIEBAHUA NALUVEHTOB
NPU IEYEHUN UMMYHHOUN MNJTIASMOM

MLII. IToranues, A.B. Makcumosu4, U.A. /lynaes, JI.M. I'ymuna, ®.H. Kapnenko

Pecnybaukanckuii HayuHo-npaKkmuveckuil yenmp mparchy3uonoeuu u MeOuyuHcKux ouomexnosoeut, Muwnck,
Pecnybauka beaapyco

Pestome. [1mazsma ummynHass antu-COVID-19 (CCP) paccmarpuBaeTcsl KaK BaXKHBIN 3JIeMEHT Teparuy MalueHTOB
Ha HavyaJTbHBIX CTaausIX 3a0oneBaHus. TepameBTnueckoe aeiictBre CCP cBA3BIBAIOT ¢ HATMIMEM CIIEIM(PIICCKIX IIPO-
TUBOBUPYCHBIX aHTHUTEN. [IOMOJHUTEIHHO B KAYeCTBE TEPANlCBTHUCCKOTO pacCMaTpHBacTCI MMMYHOMOIYIHpPYIOIIee
neiictBre CCP, rie IUTOKMHBI CYUTAIOTCST OMHIMU M3 OCHOBHEIX (pakTopoB. Llenb nccaemoBaHrsI — OLIEHUTD 3HAUCHUE
LIUTOKWHOB 1 6a1aHCOB ITUTOKMHOB riepesintoit CCP m1st ncxona 3a001eBaHM S y MAIUEHTOB, TIOTYYaBIIVX €€ TPY ITPOBe-
neHuu ctartmonapHoro edeHuss COVID-19. Mamepuanw u memoos:. B uccienoBaHuie BKIIOUeHbI JaHHbIe 111 manreHToB
¢ COVID-19, nonyuyaiux CCP. Coaepxanue untokuHoB B CCP n3mepsiioch METOIOM UMMYHO(EPMEHTHOI0 aHaI13a.
Pe3yavmampl. YCTaHOBJIEHO, UTO MOBBILIEHHBIN ypOBeHb HHTepeliK1Ha-6 (IL-6) n untepdepona- ramma (IFNy), Ho He
IL-1B, IL-8, IL-10, IL-15, IP-10/CXCL10, MCP-1/CCL2 6611 BoisiBieH B CCP, nepenutoii mpenMyiiecTBeHHO MalueH-
TaM, UMEBIIMM HeOJaronpusTHHIN (CMepTeNbHbIN) ucxon 3a0oeBaHust. B aTux cepusx CCP 1ocToBepHO MOBBILLEHbBI
3HaueHus 6anaHcoB utokuHOB [IFNY/IL-10, IFNy/IP-10, IFNy/MCP-1, 1L-6/IL-8, IL-6/1L-10, IL-6/1P-10, IL-6/IL-
15 o cpaBHeHu1o ¢ obpasiamMu CCP, mepenuToit manueHTaM rpynmsl BbiznoposeBinx. Huskuii ypoers IL-6 1 [FNy,
CHWXKeHHbIe 3HaYeHusiMu GanaHca [L-6/1P-10, IL-6/IL-15, IFNy/MCP-1, IENy/IP-10, IFNy/IL-15 6b1n XapakTepHBbI
st CCP, KoTopylo mepeinBaiy MalueHTaM, BIIOCAEACTBIMI BbI310poBeBLIMM. YpoBeHb IL-6 B o6pasiax CCP, nepenu-
TOM MalleHTaM T'PYTIITHI BEI3IOPOBEBIINX, UMEI CHIIBHYIO IIPSMYIO KOPPEISIUOHHYIO CBI3b (r = 0,9) ¢ 6bamaHcaMu 11~
ToKHOB I L-6/1L-10 u IL-6/1P-10, B TO BpeMsl KaK B IpyIIie YMEpIIMX CUJIbHO# CBSI3W He Habmonanoch (r = 0,6). YpoBHU
IFNy B CCP nposiBAsIIM CUJIBHYIO MTPSIMYIO KOPPEISILMOHHYIO CBSI3b CO 3HAYEHUSIMU BCEX MPOAHATU3MPOBAHHBIX Oa-
nancoB uuTokMHOB (IFNY/IL-10 (r = 0,9), IFNy/IP-10 (r = 0,9), IFNy/MCP-1 (r = 0,9)). IFNy B CCP, nepenuroii namu-
€HTaM TPYIIbI BbI3IOPOBEBILNX, UMEJ MOJOXUTEIBHYIO KOPPEISILIMOHHYIO CBSI3b ¢ 3HaYUeHusiMu 6anancoB [FNy/IL-10
(r=0,78), IFNy/IP-10 (r=0,9), IFNy/MCP-1 (r = 0,75). Yposenb IFNy B CCP, nepenuToii maiiueHTam rpymnibl yMepIux,
nMe 6oJiee BHICOKME 3HAUSHMU ST TOJOKUTeNbHOMN KoppesiinoHHoi cBsizu ¢ IFNy/IL-10 (r= 0,96), IFNy/IP-10 (r =0,92),
IFNy/MCP-1 (r = 0,92). 3akarouenue. YpoBeHb HIuTOKMHOB IL-6 u IFNY, 6anaHc muToknHoB Ha ux ocHoBe B CCP MoryT
BausATH Ha ucxon COVID-19 y manireHToB, MOTyJaBIIKUX JiedeHue ¢ ucroiab3oBanueM CCP.

Karoueevte caosa: COVID-19, nayuenmot, naazma ummynnas aumu-COVID-19, yumoxurvt, barancy yumoxunos, ucxod 3a0604e6anus.
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CYTOKINE PROFILE OF COVID-19 CONVALESCENT PLASMA AND ITS RELATIONSHIP

TO OUTCOME OF TREATED PATIENTS

Potapnev M.P., Maksimovich A.V., Dunayeu I.A., Hushchina L.M., Karpenko F.N.

Republican Scientific and Practical Center for Transfusiology and Medical Biotechnologies, Minsk, Republic of Belarus

Abstract. COVID-19 convalescent plasma (CCP) is considered as an important element of therapy for patients in the
initial stages of the disease.The main therapeutic effect of CCP is associated with the presence of specific antiviral
antibodies. Additionally, the immunomodulatory effect of CCP is considered as therapeutic where cytokines represented
one of the main factors. The aim of the study was to evaluate the importance of cytokines and cytokine ratio of transfused
CCEP for the outcome of the disease in patients who received it during inpatient treatment of COVID-19. Materials and
methods. The study included data from 111 patients with COVID-19 who received CCP. The cytokine content in the CCP
was measured by enzyme immunoassay Results. It was found that elevated levels of interleukin-6 (IL-6) and interferon-
gamma (IFNy), but not IL-1B, IL-8, IL-10, IL-15, IP-10/CXCL10, MCP-1/CCL2 were detected in CCP transfused
mainly to patients who had an unfavorable (fatal) outcome of the disease. Values of cytokine ratios of IFNy/IL-10, IFNy/
IP-10, IFNy/MCP-1, IL-6/1L-8, 1L-6/IL-10, IL-6/I1P-10, IL-6/1L-15 were also significantly increased in these CCP
series as compared to CCP samples transfused to patients of the recovered group. Low levels of IL-6 and IFNy, reduced
level of cytokine ratios of IL-6/I1P-10, IL-6/I1L-15, IFNy/MCP-1, IFNy/IP-10, IFNy/IL-15 were characteristic of CCP,
which was transfused to patients, subsequently recovered. The level of IL-6 in the CCP samples transfused to the patients
of the recovered group had a strong direct correlation (r = 0.9) with the cytokine ratios of 1L-6/1L-10 and 1L-6/1P-10,
while in the group of the deceased patients there was no strong association (r = 0.6). IFNylevels in the CCP showed a strong
direct correlation with the values of all analyzed cytokine ratios (IFNy/IL-10 (r=10.9), IFNy/IP-10 (r=0.9), IFNy/MCP-
1 (r=0.9)). The level of INF-yin the CCP transfused to patients of the recovered group had a positive correlation with
the cytokine ratios of IFNy/IL-10 (r = 0.78), IFNy/IP-10 (r = 0.9), IFNy/MCP-1 (r = 0.75). The level of INFyin the CCP
transfused to patients of the deceased group had higher values of positive correlation with ratios of IFNy/IL-10 (r = 0.96),
IFNy/IP-10 (r = 0.92), IFNy/MCP-1 (r = 0.92). Conclusion. The level of cytokines IL-6 and IFNy, the cytokine ratios

based on them in the CCP may affect the outcome of COVID-19 in patients treated with CCP.

Key words: COVID-19, patients, COVID-19 convalescent plasma, cytokines, cytokine ratio, disease outcome.

BeepneHne

HWcnonp3oBaHWe pPEKOHBAJIECUEHTHOMN I11a3-
MBI, IOJIYYEHHOH OT MallMeHTOB, MepeOOJEBIINX
COVID-19 (m1a3zmbl uMMyHHOU aHTU-COVID-19,
aHr1. Coronavirus disease 2019 convalescent plasma
[CCP]), nnsg nedyeHUsl MALMEHTOB ¢ MHMEKLNEH,
BbI3BaHHOI SARS-CoV-2, nMeeT HEOqHO3HAYHY IO
ouieHky. C OJIHOIM CTOPOHBI, €€ TepamneBTUYeC-
KO€ IIPUMEHEHHUE PEeKOMEHIYeTCs AJIs1 MallMeHTOB
¢ COVID-19 cpenHeit TsXXeCTU U B paHHUE CPOKU
nHbexuuu [8, 11]. C apyroii cTopoHsbl, NpUMeHE-
Hue CCP He oKa3bIBaJo CylLIECTBEHHOTO B HUS
Ha ypoBeHb CMepTHOCTU NanueHToB ¢ COVID-19,
0COOEHHO TpeOOBaBIIMX MCKYCCTBEHHOM BEHTU-
aguuum gerkux [5, 10, 15]. CCP paccmarpuBaioT Kak
MCTOYHUK HEUTpanu3ymimux aHtutea K SARS-
CoV-2, B TO e BpeMs POJib OCTaJdbHbIX KOMITO-
HEHTOB MMMYHHOI'O OTBETa OCTAeTCs MaJIOU3yYeH-
Hoii [7, 9]. HutokuHbl B coctaBe CCP paccmartpu-
BaBalOTCd KakK JaeicTBeHHble KOMIIOHEHThl CCP,
OKa3bIBalOIIME IMPU TepPeIMBAHUU UMMYHOMOY-
JIMpYIolliee AeCTBYE HA MallMeHTa U y4acTBYIOIUE
B MpolLlecce BbI3IOpOBIIeHUsI [6, 9, 14].

Llenb nccnenoBaHuss — OLIGHUTh 3HAYEHUE LM~
TOKMHOB U OajaHca LHUTOKUHOB nepenutoin CCP
JUIsl Ucxoja 3a0oJieBaHUs Y MallMEHTOB, MOJIyYaB-
IIMX €€ MPU IIPOBEICHU Y CTALlMOHAPHOTI'O JICUCH U ST
COVID-19.

Matepuanbl n MeToapl

bbin  mpoBeneH pPeTPOCHEeKTUBHBIM aHaIu3
uctopuit 6one3nu 111 maumeHtoB ¢ COVID-19,
MOJy4YaBIINX CTAllMOHAPHOE JICYCHUE B YUpeXKJie-
Huu 3apaBooxpaHeHus (Y3) «Conuropckasi LeH-
TpajibHasl pailoHHas OosbHULIa», Y3 «Burtedckas
obnacTHasl KJAMHMUUYecKash MH@PEKIMOHHAasT 0O0Jib-
Huuna», ¥3 «Burebckuii 061aCTHOM KIMHUYECKU I
CIielMaJIU3UPOBAHHBIN LIEHTP», ¥ 3 «JIMo3HeHcKas
LIEHTpaJibHasi pailoHHast OOJIbHMIIA», Trocyaap-
ctBeHHOTO yupexaeHus (I'Y) «PecnyonukaHckuii
Hay4yHo-TipakTnyeckuit ueHtp (PHIILL) nmyabmo-
Hosoruu u Grtusuarpumn», I'Y «PHIILL HeBpono-
ruu u Hepoxupyprumn». [Manuentsr ¢ COVID-19
ObIIM 00CJieNOBaHbI U MOJIyYaJIu TEparnuio B COOT-
BETCTBUU C PEKOMEHIALMSIMU, YTBEPXKICHHBIMU
MuHucTepcTBOM 3apaBooxpaHeHUss PecnyOnuku
Benapycn (mpukasz Ne 255 ot 06.03.2020 B penak-
uuu npukasza Ne 430 ot 13.04.2020). OHa BKJIIO-
yajga AJUTEIbHOEe MpeOblBaHUE B IPOH-TIO3UIIMU
15—24—-36 4acoB moapsia, TUIApATAllMOHHO-WH-
¢Gy3MOHHYIO Tepamnuio, Mpernaparbl peMIeCUBH-
pa, uaruoutopoB IL-6 o mokaszaHusMm; mpodu-
JIJAKTUKY M JIe4deHUEe TpOoMOO30B, KoaryjoraTHii
n JIBC-cuHapoma, BKIOUYasi aHTUArperaHTHYIO
Teparuio, aHTUKOATYJISILMOHHYIO Tepamnuio Ipe-
napaTaMM HU3KOMOJIEKYJSIDHOTO WJIM Hedpak-
IMOHMPOBAHHOIO TIenapyMHa IO TOKa3aHUsIM,
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MHdekumns n uMmyHuTeT

nperapaTtbl  CUCTEMHBIX TTIOKOKOPTUKOWIHBIX
ropmMoHoB. [lalnimeHTaM, HY>KIAIOIMIUMCS B peCu-
paToOpHOIl moAaepXKKe, IMPOBOAMJIACh MHTCHCHUB-
Has Tepamnmusl OCTPOI JBIXaTeJIbHON HEZOCTaTOY-
HOCTH. AHTHOaKTepuajibHasl Tepamnusl ITPOBOIM-
Jlach CTPOTO IO MOKa3aHMUSIM, UCKJIIOUYUTEIbHO A5
JedyeHUus1 OakTepualbHBIX ocJiockHeHuii. [lnaszmy
nMmMmyHHyl0 aHTu-COVID-19 (CCP) monyua-
JU Bce mauueHThl B g03e oT 190 mo 750 mna (1-3
no3bl), 3arotoBieHHyo B I'Y «PHIIL TpaHcdy-
3UOJIOTUM U MEAMIIMHCKUX OmotexHojoruit» (I'Y
PHIILL TuMB) n npenocTaBieHHYIO MallMeHTaM
mocjie TIpeABapUTEIbHON KOHCYJIbTAllUM C Bpa-
yoM-TpaHcdysuogorom I'Y PHIIL TuMB. Co6op
M aHaAJIU3 KJIMHUYECKUX JaHHBIX MallMEHTOB, IO-
JIYyYaBIINX TUIA3MY MMMYHHYIO, OCYIICCTBIISIIN
BO WCIIOJITHEHUE TIprMKa3a MUHUCTEPCTBA 3paBo-
oxpaHeHus1 Pecnyonuku benapych «O0 okazaHuu
MEIUIITMHCKOM ITOMOIIY MallueHTaM ¢ MHMEKIIUueH
COVID-19» ot 05.06.2020 r. Ne 615.

MarepuaJioM HWCCIeNOBaHUSI TaK>Xe ObLIN 00-
pasubl CCP, npurotosaeHHoit B I'Y PHITLl TuMb
METOAOM aBTOMaTU4eckoro riaa3mMadepesa B 2020—
2022 1T. HAa OCHOBAaHUWM IIpUKasza MUHHUCTEpPCTBa
3npaBooxpaHeHus Pecnyonuku benapych «O no-
MOJHUTEJIbHBIX Mepax Mo obecredyeHuro Oecre-
peboiiHOi pabOoThl CYOBEKTOB CIYXObl KpOBU»
ot 03.04.2020 1., Ne 379, u miporreaiieii maToreHpe-
IYKIINIO C UCTIOJb30BaHUEM CUCTeM «Iepadekc»,
«AHTepcenT», «Mupacoa» Ha OCHOBAHUU UHCTPYK-
Uit pupM — MIPOU3BOAUTENICH CUCTEM TTaTOTEHpe-
nykuuu. [NoaydyeHne KOMIIOHEHTa KPOBHU <«IlJIa3Ma
nMMmyHHast anTu-COVID-19» (CCP) ocymiecTBisi-
JIM Ha OCHOBAaHMMU TMOJIOKUTEIbHBIX PE3YJIbTaTOB
TECTUPOBAHUSI C 1IeJbI0 OOHApy>KeHUSI aHTUTEN
K SARS-CoV-2 npu oTpuLaTeIbHBIX pe3yJbTraTax
TectupoBaHusi Ha BHpyc SARS-CoV-2 u orcyrt-
CTBMU TIPU3HAKOB 3a00JIeBaHUSI HE MeHee 2 Heleb
nocje repeHeceHHoro 3abdoneBanus. OnpeaenacHue
TUTpa aHTUTE] TMPOU3BOAUIMN C HCIIOJb30BaHUEM
TecT-cucTteMsl «ichroma™ COVID-19 Ab» (Boditech
Med Inc., Kopes). DdheKTuBHBIMU TUTPAMU CUU-
TajJu MpeBbIlIalonmre ypoBeHb cut off (> 1.1) ycra-
HOBJICHHBI1 TPOU3BOANUTEIIEM TECT-CUCTEM.

B xadecTBe KOHTPOJISI MCIOJIB30BaJI aHAJO-
rM4YHbIle 00pa3lbl IJaa3Mbl, MOJYYEHHOU OT J0-
HOpoB KpoBu, He OoneBminx COVID-19, u noa-
BEPrHYTOM  AHAJIOTMYHOM  NATOTEHPEAYKIIMHU.
3a60p KPOBU U €€ KOMIIOHEHTOB OT IOHOPOB KPOBU
B KOJIMYeCTBe 2—4 MJI MPOBOAMUIU HAa OCHOBAHUU
pemieHuss Komutera no satuke I'Y PHIIL TuMb
ot 10.04.2020 r. (3acenanue Ne 1) u Ha OCHOBaHUU
HOANMCAaHHOTO MH(MOPMHUPOBAHHOTO COTJIACHSI JI0-
HOpa KPOBH.

B KOHTpOABHBIX 0Opa3liax Mmjaa3Mbl JIUIL, HEe 00-
neBminx COVID-19, aHTuTen B AMArHOCTUYECKU
3HAYMMOM YPOBHE HE BBISIBJICHO (XOTSI OHU U OITpe-
JIEJISLTUCH KaK CJIe/ICTBUE CTrielinnIecKoil BaKIInHa-
LMY WU JIJAaTEHTHO MePEeHECEHHOTro 3a00JIeBaHU ).

OmnpeneneHue IUTOKMHOB B oOpasmax Inia3-
MBIl TPOBOAUIU METOAOM UMMYHO(MEPMEHTHOTO
aHanmuza (M®A) B COOTBETCTBUU C MHCTPYKIIUSI-
mu nipousBoauTeneit mist IFNy, IL-1B, IL-6, 1L-8,
IL-10 (AO <«Bektop-bect», Poccus), CXCLI10/
1P-10, CCL2/MCP-1 (Cloud-Clone Corp., Kuraii),
TGF-B (BT Lab, Kwraii), IL-15 (Wuhan Fine
Biotech Co., Kuwurait). Hccnengyembie o0pa3iibl
MJIa3MBbl JIMI-PEKOHBAJIECIIEHTOB U 3JI0POBBIX JIUIL
BHOCUJIM B JJYHKM MUKpPOIJaHIIeTa IJs1 Ompene-
JICHUsI YPOBHEU HMTOKWHOB. /I KaxXaoro Iim-
TOKMHA 110 pe3ynbrataMm M®MA OB ITOCTPOCHEI
KaJIMOpOBOUHBIE KPUBbIE HAa OCHOBAHWMW JaHHBIX
TUTPOBAHUS BHYTPEHHUX CTAaHIAPTOB U MOJYYEHBI
pacyeTHbIE 3HAYEHUSI KOHLUEHTPALUU LIUTOKUHOB
B HCCJICAYEMBIX 00pa31ax IMJIa3Mbl B COOTBETCTBUH
C peKOMeHIalusIMU (PUPM-TIPOU3BOAUTEIICH.

Craructuueckasi od0paboTka pe3yabTaToB 3KC-
NEPUMEHTOB MPOBOAMJIN C MCIOJIb30BaHUEM MaKe-
Ta Statistica 10.0. Paccuutanbl cpenHue 3HAYESHUS
M OIMOKA CPETHUX 3HAYCHUU BapUaIllMOHHBIX Psi-
JIOB M3YYEHHBIX IMoKa3arelyieil. JlJaHHBIe IpeacTaB-
JeHbl Kak M=*SD. JIng ycTtaHOBAECHUST pa3auduii
MEXIY OIBYMsI MCCICAYEMBIMU TPYIIIIAMU HCITOJIb-
3o0Banu t-kputepuii CTbIOAEHTA [UJISI CPaBHEHUS
HE3aBUCUMBIX BBIOOPOK, CTATUCTUYECKUI YPOBEHb
3HauuMocTu p < 0,05. CpaBHeHUE TPy NAlLIUEHTOB
C pa3IMYHBIM HMCXOIOM 3a00JIeBaHUS IIPOBOIMIIN
Ha OCHOBE KOPPEISIIUOHHOTO aHaJI3a C NCIOIb30-
BaHueM kputepus x> [Tupcona. lanpHeHmuit aHa-
JIU3 TIOJIYYEHHBIX NaHHBIX MPOBOAMJIU C UCIIOJb-
30BaHMEM IIporpaMMmHoro obecrneuenuss MedCalc
22.009 u iporpammuoro naketa R 4.3.1. C ucmois-
3oBaHueM ROC-aHanu3a omnpenensijiuch YyBCTBU-
TEJAbHOCTh, CHELUMDUIYHOCTb, MPOTHOCTUYECKAS
LEHHOCTD IOJIOKUTEIBHOTO 1 OTPUIIATEIBHOTO pe-
3yIBTaTOB aHAJIM3UPYEMBIX JaHHBIX.

Pe3ynbrathl 1 06CyXaeHne

AHann3 KOTOpTH MAIMEHTOB, MOJYYaBIIUX
Tepanuio ¢ ucrnojb3oBanueM CCP, mokaszai, 4To
OOJBLUIMHCTBO M3 HUX BbI3AOpoBeau (n = 84),
a y OCTaJbHBIX OBIT 3a(PpMKCUPOBAH CMEPTEJIb-
HBIU mcxonm (n = 27), CBI3aHHBINA C IIpOrpeccHueit
COVID-19. CpaBHeHUe 3TUX NOATPYIMIT MallUEH-
TOB C Pa3JIMYHBIM UCXOIOM 3a00JIeBaHM ST MOKa3all,
YTO OHU JOCTOBEPHO HE pa3JnyaiiCh IO BO3PACTy
(59,9 u 67,5 1eT COOTBETCTBEHHO), paclpeaeieHnIo
o ony (35/49 u 14/13 My>K9IWH ¥ XCHIIWH), NH-
nekcy Macchl Tena (32,8 u 33,32 COOTBETCTBEHHO).
CpaBHMBaeMble MOATPYIIIbLI MTAIlMEHTOB XapakKTe-
PU30BaINCh OMMHAKOBBIMY NCXOOHBIMHM ITOKa3aTe -
JISIMU T€UeHU s 3a001eBaHUS (IJIUTEJIbHOCTh aMOy-
JIAaTOPHOTO 3Tamna JiedeHU s, TJIUTEeJIbHOCTh 3a001e-
BaHWUS, TTIOKa3aTeau MOopaxKeHus JIErOYHOM TKaHU,
noTpedHOCTh B Kucjgopome. OCHOBHOE OTIMYNE
Kacajaoch HEOOXOOMMOCTU UCKYCCTBEHHOIN BEHTH-
JISILMU JIETKUX, KoTopas norpebdosaack 3 (3,57%)
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TaGnuua 1. YpoBeHb LUTOKUHOB B Njla3amMe UMMYHHO aHTU-COVID-19, ucnonb3oBaHHO AN NeYyeHns

nauyneHToB C pa3JIn4HbIMKN UCXooamMun 3a0oneBaHus

Table 1. Cytokine level in COVID-19 convalescent plasma used for therapy of patients with different disease outcome.

YpoBeHb LUTOKMHOB (Nr/m) B n1a3Mme MMMYHHOM aHTu-COVID-19, ucnonb3oBaHHoM
BN NeYeHus NaumeHToB
LlUTOKMHBI Cytokine level (pg/ml) in CCP, used for therapy of patients
Cytokines BbI3[10pOBEBLUNX yMmepLumx P
recovered deceased
n M+SD n M=SD

IL-6 38 3,22+1,67 12 5,23+0,45 0,0002
IFNy 33 7,40£2,72 16 15,83+9,67 0,00002
IL-10 43 11,39+2,89 13 12,142 14 0,3943
IL-15 30 7,34+1,87 11 7,9942,43 0,3714
TGF-B 43 1,065£0,55 15 0,96+0,45 0,5055
IP-10/CXCL10 40 22,9346,20 14 23,90+6,38 0,6215
MCP-1/CCL2 24 8,04+2,95 8 8,34+2,09 0,7921
IL-8 43 3,24+1,98 14 3,12+£2,07 0,8461
IL-1B 42 9,47+3,81 13 9,26+3,01 0,8536

NalyeHTaM NOATPYMITbl BEI3AOPOBEBIINX MAllUEH-
ToB M 10 (37%) manueHTaM MOATPYIITHI YMEPIITUX
(¢ =22,1; p << 0,001).

Panee Hamu u apyrumu aBtopamu [1, 7] Ob1au
OTMEUEHbl pa3jauyusl LIUTOKUHOBOTO Mpodu-
ag CCP wm miasMbl 300pOBBIX JIUL, He OO0JIeB-
mux COVID-19, cBsg3aHHBIE ¢ yBeJMYEHUEM CO-
nepxanusg B CCP wmHTepdepona-ramma (IFNy).
BonnyT.S.ccoaBT.[7]TaK>Xe OTMEeTUI M OBBILIIEHE
B CCP ypoBHs uHTepaeitkuna-10 (IL-10), IL-15,
IL-21, makpodaraibHOro BOCHaJUTEIbHOIO MPO-
ternHa (MIP-1a), a Takke yMeHbIIeHE YPOBH S aH-
taronucta peuenrtopa IL-1 (IL-1RA), IL-8, IL-16,
BaCKyJSIPHOTO DJHAOTeIuaibHOTO (aKTopa po-
cta A (VEGF-A).

IlpoBeneHHOE HaMM CpaBHEHUE BBISIBUJIO He-
KOTOpbIC Pa3JUYUs B YPOBHSX U OaslaHCaX IIUTO-
kuHoB B CCP, nepenutoit nanueHntam ¢ COVID-19
C pa3JMYHBIM UcXoa0M 3aboeBaHu . Kak moka3sa-
HO B Ta6i. 1, comepxanue 1L-6 u [IFNy oka3anoch
noctoBepHo BhilIe B cepusix CCP, nmepenuToit na-
IMEeHTaM, BIIOCJeACTBUU yMepuinuM. CoaepxxaHue
IL-1-B, IL-8, IL-10, IL-15, TGF-B, IP-10/CXCL10,
MCP-1/CCL2 ngocToBepHO HE pa3Inyajioch B MOMI-
rpymnmnax IalueHTOB, BMOCJIEACTBUE BbIXKUBIIUX
WJIA YMEPIIUX.

Hst imrtokuHoB 1L-6 u IFNY mocTpoeHsI Tpa-
duku pacnipeneneHus ux coaepxanus s CCP, nepe-
JIUTOM MalMeHTaM MOATrPY NN BbI3TOPOBEBIINX UTU
ymepimx. Kak BumHo u3 pucyHka, aist [L-6 yeTko
BBIICISIOTCS ABa OTAEIbHBIX HEMEpeceKalolnx-
Ccsl MUKa COOTBETCTBYIOIIMX HU3KOMY COAEpXKa-
Huto IL-6 (0—4 nr/mi), uto xapakTepHo ajst CCP,
MEepeuTON TMalMeHTaM, BIIOCJIEACTBUM BbBI3TOPO-
BEBIIMM, U 0oOJiee BBICOKOMY coaepxaHuio I1L-6
(4—7 it/mu), uTo xapaktepHo 1Jist CCP, mepenuTtoit
nanueHTaM, Brnocienctsum ymepmnm. s [FNy
KapTUHa pacnpeaesieHrus HECKOJIbKO OTJIMYaeTCs.
VYposenb IFNy B CCP, nepenuToil BBI3TOPOBEB-

[IIUM TTallUeHTaM, ITPEUMYIIeCTBEHHO DOPMUPYIOT
enuHblii nuk (2—10 nir/min). B cepusix CCP, nepe-
JIUTOM TMallMeHTaM, BIIOCJEACTBUM YMEpPIIUM, Ha-
omopanuch aBa nuka conepxaHus IFNy, onun
U3 KOTOPBIX cOBMNajaaeT co 3HadyeHussMu (2—10 nr/
M), xapaktepHbiMu aist CCP, nepeauToil mauu-
€HTaM, BIIOCJICACTBUU BbI3AOPOBEBIIUM. BTopoii
nuk cogepxanus [FNy B CCP (24—32 nr/mn) Ha-
Orofacss TOJBKO Yy TAllMEHTOB, BIOCJEACTBUU
yMepmnx. Takwe pacrpenenenus IL-6 u IFNy
B CCP cBUIETENbCTBYIOT O POJU IIMTOKMHOB KakK
MPOTHOCTUYECKUX (PAaKTOPOB HEOJIATOMPUSITHOTO
ucxoga COVID-19 y manueHTOB, TOJy4yaBIIUX Je-
yeHue ¢ ucroab3oBanuem CCP.

Xopolllo WM3BECTHO, 4YTO IPOTrpeccupoBaHUE
COVID-19 cBsizaHO ¢ BOBJICYEHUEM LIMTOKUHOB,
OCOOEHHO MpU Pa3BUTUU CHUCTEMHOIrO BOCIAJIM-
TeabHOTro orBeTa [3, 4, 6, 13]. AKTUBHOCTb U T-
KECTh 3a00JIeBaHUS TPOSIBISIETCS COBMECTHBIM
NeCTBUEM LIUTOKMHOB C U3MEHEHMEM UX OajlaHca
Ha pa3HbIX BTalax MaToJIOTMYEeCKOro Ipoliecca.
ITosTomy MbI otileHUaU B CCP He TOJIbKO YPOBHU,
HO U OajlaHChl OTHEJIbHBIX LIUTOKWHOB, MX BO3-
MOXKHYIO CBSI3b C UCXO/I0M 3a00JIeBaHUS y MallUeH-
ToB, npoJiedueHHbIX CCP. Kak HaMmu nmoka3aHo pa-
Hee, CCP no cpaBHEHUIO C KOHTPOJIbHOU TMJ1a3MOi
3IOPOBBIX JIUI[ UMEET BbIpaXXEHHBIN mucdaaHC
IUTOKMHOB, CBSI3aHHBIN C TOBBIIIIEHUEM YPOBHSI
IFNy, IL-6, IL-8, IL-10 [1]. Kak BuaHO u3 TabJ. 2,
OajjaHC ILIMTOKWHOB TIEPBOM, BTOPOU, TpeThei
BoJiHbl B CCP, Mcnofib30BaHHOW MJIs1 Teparuu
nanueHToB ¢ COVID-19, gaBasieTcss BaXXHBIM JJIs1
pa3BUTUS U ucxona 3abosneBaHus [3, 4]. Ipexnae
Bcero oTMmevaroT 6asiaHc 1L-6/1L-10, noBbilieHre
KOTOPOTO B KPOBU MAallMEHTOB CBSI3bIBAIOT C IJIO-
XUM TMporHo3omMm 3abosneBaHus. Ilpu stom IL-10
paccMaTpuBaeTcss KaK IIMTOKMH, CHUKAOIIUMA
MMMYHOONoCcpeaoBaHHOe BocnajeHue, a 1L-6 ac-
COLIMUPYETCS C TSIXKEJbIM TEUeHUEM U JIeTaJIbHBbI-
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PucyHok. Pacnpepenenue copepxanus IL-6 u IFNy (nr/mn) B nnaame uMmmyHHou, aHTu-COVID-19,
nepenuToi NnauneHTam rpynn Bbi3J0pPOBEBLUUX (CMIOLWHASA IMHUS) UK YMepPLUUX (MYHKTUPHas NNHUS)
Figure. Distribution of the level of IL-6 and IFNy (pg/ml) in the COVID-19 convalescent plasma (CCP) transfused
to patients of the groups recovered (solid line) or deceased (dotted line)

Mpumevanume. Mo ocu abcumce — copepxaHnue uutokmHa B CCP, no ocu opauHat — yactoTa BcTpeyaemocTtu (Density).
Note. On the abscissa axis is the cytokine content in the CCP, on the ordinate axis is the frequency of occurrence (Density).

MM OCJOXHEHUSIMHU Tipu 3aboieBaHuu [4]. 1L-6
u [FNvy He cBA3aHBI IPSIMO C BUPYCHOI HAarpy3Kon
y TIAIlMeHTOB ¢ TsKedbiM TedueHuemM COVID-19,
HO OTpaxkalT CUCTEMHOE BOCIaJICHUE B OPraHU3-
Me IMallMeHTOB, OCOOEHHO IIPU Pa3BUTUU OCTPOTO
pecnrpaTopHOro auctpecc-cuHapoma. LlutokuH-
ortocpenoBaHHBI 3 PeKT 61arorIpusITHOrO Tepa-
neBTudeckoro appexkra CCP He cBSI3aH ¢ ypOBHEM
antuten K S-aHtureHy SARS-CoV-2 unm Hop-
MaJIbHBIX aHTUTEN [6]. DTO yKa3bIBaeT Ha CaMoO-

CTOSITEJIbHBIIA MMMYHOMOAYJIUPYIOMNN 3P @EKT
HUTOKWHOB TIpu TiepenuBanuu CCP manmueHTam
¢ COVID-19 [6, 12, 14].

Hns mamuenToB ¢ COVID-19 ¢ pa3anyHbIM HUC-
XOJIOM 3a00JIeBaHUSI Mbl OLIEHUJIM B UCMOJb30-
BaHHOU 11d ux jgedeHuss CCP OanaHC LIMTOKMHOB
¢ yuactueM IFNy u 1L-6. IL-6 B KoropTte Bcex uc-
cnenoBaHHBIX oOpasnoB CCP u Mcnonb30BaHHBIX
B IpyIle BBIXKWBIIMX MALMEHTOB MMeEJI CUJIbHYIO
OPSIMYIO KOPPEJISIIIMOHHYIO ¢BsI3b (r = 0,8 u r = 0,9)

Ta6nuua 2. CpaBHUTENbHASA XapaKTepucTUKa 6anaHCcoOB LUTOKUHOB B NJ1a3amMe MMMYHHO aHTu-COVID-19,

nepenMToﬁ BbDKMBLUUM U YMepLUUM NauueHTam

Table 2. Comparison of cytokine ratios in COVID-19 convalescent plasma, transfused to patients with different

disease outcome

3HauyeHue nokasarenei B CCP, ncnonb3oBaHHO ANe Ie4eHNs NaumeHToB
Value of cytokine ratio in COVID-19 convalescent plasma, used for therapy of patients
BanaHc UMTOKMHOB
Cytokine ratio BbI3,0POBEBLUMX yMepLumnx p
recovered deceased

n M+SD n M+SD
IL-6/IL-10 37 0,29£0,12 10 0,4+0,04 0,0058
IL-6/IL-1p 36 0,37+0,14 9 0,52+0,13 0,0075
IL-6/IL-8 37 1,38+0,93 10 2,38+1,14 0,0058
IL-6/IP-10 36 0,14+0,09 10 0,23+0,07 0,0058
IL-6/IL-15 28 0,48+0,3 8 0,79+0,36 0,0181
IFNy/IL-10 32 0,74+0,27 13 1,26+0,76 0,0014
IFNy/IL-1B 31 1,05+0,51 13 1,55+0,71 0,0126
IFNy/IL-8 32 3,45%1,9 14 5,567+4,16 0,0209
IFNy/IP-10 31 0,34+0,18 14 0,73+0,63 0,0023
IFNY/TGF-f 32 0,01£0,01 15 0,02+0,02 0,0008
IFNy/IL-15 25 1,1+0,69 1 2,08+2,15 0,0444
IFNy/MCP-1 15 1,14+0,69 8 2,44+1,16 0,0029
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¢ Gamancamu IL-6/1L-10 u IL-6/1P-10, B TO Bpe-
Ms KakK B I'pyIle YMEpIIUX TaKOBOW CBS3M HE Ha-
omopanock (r = 0,6 u r = 0,6 COOTBETCTBEHHO), YTO
MOXKET OBITh CBSI3aHO C MOBBILLIEHUEM ypoBHel 1L-6
takxke B CCP, ncrnonab3oBaHHOI 1Jis TallMEHTOB
rpynnsl BekuBIIKMX. B CCP Habnionanach Cuiib-
Hasl mpsiMasl KOppeJIsIHMoHHa cBs3b ypoBHeil [FNy
CO 3HAUYEHUSIMU BCEX IMTPOaHaIU3MPOBAHHBIX OalaH-
coB 1uToknHOB (IFNvy/IL-10 (r = 0,9), IFNy/IP-10
(r=0,9), IFNy/TGF-B (r = 0,8), IFNy/MCP-1 (r =
0,9)). IIpu aTOM HabMIOAANUCH PA3IUYUS B 3HAUE-
Husgx 6ayaHca uutTokuHoB B CCP, ncnojib3oBaHHOI
JUIST JIEYEHUST MAIMeHTOB TPYIT yMEpIIMX W BbI-
znopoBeBlInX. Tak, B CCP, ucnoib30oBaHHOI 5
JICYEHU ST TPYIIIIbl BbI3TOPOBEBIINX, OBIIU CHUXKE-
Hbl 3HaueHus 6anaHcoB IFNy/IL-10, IFNy/MCP-1
no cpaBHeHuto ¢ CCP, ucnonb30BaHHON AJIs1 Jieye-
HUS nalueHToB rpynmnsl ymepiux. B CCP, nepe-
JIUTON TIalIMEHTaM TPYIIbl BBIKMBIINUX, OBLIO
Take CHMXeHo 3HaueHune Oananca IFNy/TGF-B
oTHocuTeJibHO coaepxkaHus B CCP, nepeauToii nanuu-
€HTaM rpyIiIbl ymepiux. [logyyeHHble JaHHbIE CBU-
JIETEBbCTBYIOT O TOM, UTO 0aJIAHCOBBIE COOTHOIIIECHU ST
uTokuHOB B CCP Hapsiny ¢ ypOBHEM ILIMTOKWHOB
WMEIOT 3HaYeHUE AJIs1 UcXoia 3a00yieBaHU s y MallMeH-
TOB, TTOJyYaBIIMX Teparnuio ¢ ucrnoyibzopanueM CCP.
banmanc murokuHoB IL-6/IFNYy, xapakrtepusyio-
IIMICST BBICOKMMU 3HAUYEHUSIMUA B KPOBH TTallIEHTOB
¢ TsxkenbiMm COVID-19, B CCP nMen HEBbICOKME 3HA-
yeHus (0,39£0,158, n = 31 aJ1s1 rpyIibl BEI3IOPOBEB-
mux 1 0,45+0,366, n = 12 ajs rpynibl yMepIux na-
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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.).

197



MpaBuna aAna aBTopos MHdekumns n uMmyHuTeT

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
SIBJISTIOTCSI COTPYTHUKU Pa3HBIX YUPEXKJISHUI, TO MOCIeTHUEe HYMEPYIOTCS 110 MOPSAKY, HauMHas
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

Pasmernatorcs

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(UIIMaTbHOM 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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Unnioctpauus k ctatbe «<MmmyHoTEepanusa nidekuuii, BbisBaHHbix Candida spp.: Mug wnm peanbHOCTb?»
(aBTOpbI: C.H. Xoctenuau, H.B. CepebpsaHas) (c. 27-36)

lllustration for the article “Immunotherapy of Candida spp.-caused infections: myth or reality?”

(authors: Khostelidi S.N., Serebryanaya N.B.) (pp. 27-36)
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PucyHok 1. UMMyHHbIe peakuuun, UHAYLMPOBaHHbIe aHTUreHamu Candida. ApantuposaHo u3 [36]
Figure 1. Immune responses induced by Candida antigens. Adapted from [36]

KommeHTapwii. MNepeas nuHus 3awmtel oT Candida npefcraeneHa anuTenmanbHbiM 6apbepom. dnutennabHble KNeTku
NPOAYLMPYIOT aHTUMUKPOOHbIE NenTuabl, KOTOpble orpaHnymBatoT pocT Candida. KonvmyecTso NpoayLmMpyoLmnxcs
aHTUMUKPOBHBIX NenTnaoB 3aBncuT oT IL-17 n IL-22, koTopblie npounssoaaTcsa T-xennepamu 17 (TH17). B cnyyae noBpexaeHus
anuTenuansHoro 6apbepa nponcxoaut B3anmopeiictamne aHtureHos (PAMP) rpubos ¢ PRR (TLR, nekTnHOB, ranektmHa-3,
MaHHO3HbIX peuentopos, DC-SIGN 1 Mincle) eHAPUTHBIX KNETOK, YTO NPpMBOAMT K co3pesanuto K. 3pensie K npe3eHTupytoT
aHTureHbl HanBHbIM CD4* T-knetkam ¢ nomoLbio monekyn MHC Il knacca npu koctumynsiumm yepes CD40-CD40L (CD154).

[K BbipabaTbiBalOT LUTOKUHbI, KOTOPLIE ONpeaensitoT GopMMpoBaHMe onpeaeneHHbIx cybnonynsaumnin T-knetok. Hanpumep,
IL-23, IL-6 n TGF-B 3anyckatoT popmupoBanue Th17, koTopble npoayumpyioT IL-17 n IL-21, 1 9BASIOTCS OCHOBHBIMUW Y4aCTHUKaMM
BOCManMTesbHol peakumn. AkTupoBaHHsle CD4* T-kneTku B3aMMOAENCTBYIOT C B-kneTkamu, KoTopblie pearnpyeT Ha 6esikoBbie
aHTUreHbl B npouecce T-3aBMCMMOro UMMYHHOIO OTBeTa. B pesynbraTe T-3aBUCMMOro oTBeTa B-kneTkn npoayumpyoT
aHTMTEena pasnnyHbIX M30TUMNOB, 06najatoLme BbICOKON abdUHHOCTLIO U ANUTENBHLIM NeprooM nonypacnaga. OTeeT
B-kneTok Ha HEGENKOBbIE aHTUIEHbI (MoAMcaxapuabl, MMNUAbI, MUKOAUNMAI, HYKNENHOBbIE KNCNOThI) NpomcxoanT 6e3
yyactus T-kneTtok (T-He3aBMCKMbI OTBET), B XOA4E KOTOPOro He GOpMUPYETCSH MMMYHONOrMYeckas NnaMmaTb, HET BTOPUYHOIO
oTBeTa U BbipabaTbiBalOTCA aHTMTeNa ToSbko n3otuna IgM ¢ HM3koi adPUHHOCTBIO 1 KOPOTKMM NeproaoM noslypacnaga.
Mcecnenoeanus no paspaboTke BakumH k Candida (Cy0beanHUYHbIX 1 KOHBIOrMPOBaHHbIX) HarNpaBeHbl Ha pa3BuTUe
T-3aBMCKMOro UMMYHHOIO OTBETA 3a CYET CBSA3bIBAHUS MOANCAXapWA0B rpuboB C pasdnnyHbIMu 6eNkamu-HOCUTENSMI.
Comments. Epithelial barrier builds up the first line defense against Candida. Epithelial cells produce antimicrobial peptides
restraining Candida growth. The level of antimicrobial peptide production depends on T helper 17 (TH17) cell-released IL-17

and IL-22. When the epithelial barrier becomes damaged, fungal antigens (PAMPs) interact with dendritic cell (DC) PRRs (TLRs,
dectins, galectin-3, mannose receptors, DC-SIGN and Mincle) followed by DC maturation promoting antigen presentation

to activate naive CD4* T cells via MHC class Il molecules and costimulatory CD40-CD40L (CD154). DCs produce cytokines

that control formation of specific T cell subsets. For example, IL-23, IL-6, and TGF-} skew towards Th17 (signature cytokines:
IL-17 and IL-21) mainly involved in inflammatory response. Activated CD4* T cells interact with B cells to elicit production

of antibodies of various isotypes with high affinity and long half-life. B cell response to non-protein antigens (polysaccharides,
lipids, glycolipids, nucleic acids) occurs without T cell help (T-independent response) not resulting in emerging immunological
memory and, subsequently, no secondary response, featured solely with low affinity short half-life IgM antibodies. Research into
development of Candida (subunit and conjugate) vaccines is aimed at developing a T-dependent immune response by binding
fungal polysaccharides to various carrier proteins.



UnniocTtpauum Kk ctatbe «OLeHKa MeANKOo-01M010rnyeckux napaMeTpoB y 0epeMeHHbIX MblLuei

npu nepopanbHOM NpuemMe KOMMepP4YeCKUX npenapaToB HaHocepeOpa» (aBTopbi: M.H. ManoH,

E.A. UBaHoBa, T.U. TBeppoxne6osa, A.B. Kantapus, 3.T. Tarupos, U.A. JlornHoB, 3.A. lanoH) (c. 37-45)
lllustrations for the article “Biomedical parameters assessed in pregnant mice receiving oral commercial nanosilver
preparations” (authors: Gapon M.N., lvanova E.A., Tverdokhlebova T.I., Kantaria A.V., Tagirov Z.T., Loginov .A.,
Gapon E.A)) (pp. 37-45)
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PucyHok 2. Mpenapat TkaHM MO3ra camMmoK Mbiwei go (A) u nocne npuema npenapaTtoB «Butapron» (B)
n «ApxeHta» (B)

Figure 2. Brain histology in female mice before (a) and after “Vitargol” (B) and “Adzhenta” (C) intake
Mpumevanue. Mukpockon «LEICA DFC 295» (Okynsip HC Plan x10/20. O6bekTuB HI-Plan x10/0,25).

Note. Microscope “LEICA DFC 295” (Ocular HC Plan x10/20. Objective HI-Plan x10/0.25).

PucyHok 3. NMpenapart TKaHU Ne4YeHn CamMOK Mblilue
n «ApxeHta» (B)

Figure 3. Liver histology in female mice before (a) and after “Vitargol” (B) and “Adzhenta” (C) intake
Mpumeuanue. Mukpockon «LEICA DFC 295» (Oxynsip HC Plan x10/20. O6bekTtrs HI-Plan x10 /0,25).

Note. Microscope “LEICA DFC 295” (Ocular HC Plan x10/20. Objective HI-Plan x10 /0.25).
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PucyHok 4. lMpenapat TKaHU NOYKM caMOK MbiLwleit no (A) n nocne npuema npenapatos «Butapron» (B)
n «ApyxeHta» (B)
Figure 4. Kidney histology in female mice before (a) and after “Vitargol” (B) and “Adzhenta” (C) intake
Mpumevanue. Mukpockon «LEICA DFC 295» (Okynsip HC Plan x10/20. O6bekTus HI-Plan x10 /0,25).
Note. Microscope “LEICA DFC 295” (Ocular HC Plan x10/20. Objective HI-Plan x10 /0.25).
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PucyHok 5. Mpenapat TkKaHU Ne4eHn MONOAMN MbiLLe
n «ApxeHta» (C)

Figure 5. Liver histology in female in mouse offspring before (a) and after “Vitargol” (B) and “Adzhenta” (C) intake
Mpumeyvanue. Mukpockon «LEICA DFC 295» (Okynsip HC Plan x10/20. O6bekTtns HI-Plan x10 /0,25).

Note. Microscope “LEICA DFC 295” (Ocular HC Plan x10/20. Objective HI-Plan x10 /0.25).
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