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MporHosnpoBaHne guHamukun 3abonesaemoctun COVID-19
M NJIaHNPOBaHNEe MepPonNpPUATAIA NO BaKuMHoNnpodunakTnke
HaceneHna MocKBbl Ha OCHOBe MaTeMaTU4eCcKoro MmoaennpoBaHus

AcatpsaH M.H."™, lepacumyk 3.P.2, JloryHoB [.10.", CemeHeHKo T.A.", lMHU6Yypr AJ1."

'®IBY «HaumoHanbHbIN ccNegoBaTeNbCKUIN LLEHTP SNUAEMNONOTN Y MUKPOOMONOMM UMEHM NMOYETHOTO aKaleMnKa
H.®. Tamanewn», 123098, Mocksa, Poccus;
ZTocypapcTBEHHDI yHMBepcuTeT «[y6Ha», 141982, [ly6Ha, Poccus

BBepeHue. PacnpoctpaHeHune Bupyca SARS-CoV-2 npogomkaeTcsa BoO BceM Mupe. bonblune Hagexabl Bo3na-
raloTCcs Ha BaKUMHbI, KOTOPble pa3pabaTbiBaoTCA BO MHOMMX BeOQYLUUX HAYYHbIX LEHTpax Mupa, B TOM 4ucre B
Poccun.

Llenb nccnegoBaHus — ¢ NOMOLLBHO pa3paboTaHHON 3NMAEMMONOrMYECKO MOAENM NPOBECTN aHanmns3 u NPorHo3
OuHamuku 3abonesaemoctn COVID-19 Ha TeppuTopmn MocCKBbI U onpegenvTb OCHOBHbIE NOAXOAbI K OpraHv3a-
unM NpoTMBO3aNUAEMmYecknx meponpuatuii (MIAM) c yueTom BakuuHaumm HaceneHus Ha ce3oH 2020/2021 rr.
MaTtepuanbl U MeToAbl. ANnaemmnonormyeckas Mogens paspaboTtaHa Ha 6ase OTeYeCTBEHHON TeEOpUKN MaTema-
TMYECKOro MOAENUPOBAHUSA aNnAeMuii «AnuaamHamukar. NMporHo3HyH OLEHKY Ha CpeaHEeCPOYHBIN Nepuoa npo-
BOOWIM Ha OCHOBE MPOrHO3HbIX CLIEHAPUEB Pa3BUTUS ANMOEMUYECKON CUTYyaLMU MPU PA3MUYHBIX U3MEHEHMSAX
M3M (no nM3onsauMmn MHPULMPOBAHHBLIX M KOHTAKTHbLIX NINL, NPEPbLIBAHNIO MEXaHU3Ma nepeaayn), B TOM Yucne ¢
Y4ETOM pasnnyHbix 06bEMOB BakUMHauun HaceneHnst Mocksbl.

Pe3ynbTaTbl U obcyxpaeHue. BbluncnutenobHble 3KCMEPUMEHTbI Mokasanu, YTO CyLLEeCTBYeT BEPOSTHOCTb
nogbema 3abonesaeMocTu npu ocrabnenun NAOM B oTcyTCTBME BaKUMHaALMM Hacenenus. Npu aTom BbiCOTa
nuka exegHeBHON 3aboneBaemMoCcTn 3aBUCUT OT CTeNeHn cHxeHnsa NOM 1 npakTuyeckn He 3aBUCUT OT Bpe-
MEeHUW Havana ux cHmwkeHus. MNMpoeeaeHne BakunHaUUM Ha oHe ocrnabneHus N3M nosBonsieT CHU3UTL 3a60-
NeBaeMOoCTb, OQHAKO CTeNeHb BINSAHWUS 3aBUCUT OT BPEMEHM Havana, o6bema 1 CKOpoCTU OXBaTa HaceneHus
BaKUMHaUMEN.

3aknouveHune. Pe3ynsraTthl BbIYMCIMTENBHBIX 3KCNEPUMEHTOB NoKasanu, YTo AN NpefoTBpaLleHns 3HauuTenb-
Horo nogbema 3aboneaemoctn COVID-19 Ha ¢hoHe MpoBOAMMON BaKUMHALUKM HEOOXOAMMO MOAAEPKMBATb
ocTtanbHble NOM go goctmkeHnss o6beMa oxBaTa BaKUMHaUMEN OKOMNO 2 MIH YenoBek. OnTumanbHbIM npea-
CTaBNSETCA COXpaHeHWe Mep Mo MU3OMsALMK U NPEPLIBAHUIO MEXaHW3Ma Nepefayn 40 OOCTMKEHUS CYMMapHOTro
ob6beMa oxBaTa BakuMHaLuunen 4 MIH YenoBeK, MOCNe KOTOPOro BO3MOXHO 3HAYMTENbHOE ocnabneHne orpaHnymn-
TenbHbIX Mep; Npu oxBaTe BakumMHaumen 50% HaceneHns MockBbl BO3MOXHA MX NOMHas OTMEHa.

KnroueBble cnoBa: COVID-19; SARS-CoV-2; snudemuydeckuli npoyecc; snudemuorniocudyeckast Modesb, rnpo-
2HO3Hble cueHapuu; nPomueoanudemMuyecKue Meponpusmusi; NPO2HO3HO-aHaIuMmMu4yecKkue uccriedoeaHusl.

HNcmoyHuk ¢puHaHcupoeaHusi. ABTOpbI 3asiBMSOT 06 OTCYTCTBUMU (DMHAHCMPOBaHWSA NPy NPOBEAEHNM nccne-
[0BaHus.
KoHdbnukm unmepecoe. ABTOpPbI AeKNapuUpyOT OTCYTCTBUE SBHbIX U NOTEHUMArbHbIX KOH(MKTOB MHTEPE-
COB, CBA3aHHbIX C Ny6nmKaumnen HacTosLwemn ctaTbi.
Ans yumupoeaHus: AcatpsH M.H., Frepacumyk 3.P, INoryHos O.10., CemeneHko T.A., TuHUBypr A.J1. MporHo-
3upoBaHue anHamukm 3abonesaemoct COVID-19 n nnaHnpoBaHue MeponpuaThiA NO BakUMHONPOMUNAKTNKe
HaceneHns MocKBbl Ha OCHOBE MaTemMaTU4eckoro MogenupoBanus. XKypHan Mukpobuonoauu, anudemuonoauu
u ummyHobuornoauu. 2020; 97(4): 289-302.
DOI: https://doi.org/10.36233/0372-9311-2020-97-4-1
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The results of the predictive analytical studies on Covid-19 incidence dynamics in Moscow, taking into account
different changes in epidemic prevention measures, including vaccination coverage of the population, are
presented.

Research Objective. Using the new epidemiological model for analysis and prediction of the Covid-19 incidence
dynamics in Moscow and outlining main strategies in implementing epidemic prevention measures (EPMs),
including vaccination in 2020/2021.

Materials and methods. The epidemiological model is based on the Russian approach to mathematical
modeling of epidemics, known as Epiddynamics. The medium-term forecasting incorporated probable scenarios
of epidemic development with different EPMs (isolation of the infected and contacts, breaking the transmission
chains), including different rates of vaccination coverage in Moscow.

Results and discussion. The computational simulations demonstrated that the incidence rate is likely to increase
with scaling down EPMs and zero vaccination coverage. At the same time, the daily incidence rate depends on
the degree of EPMs reduction and basically does not depend on the time when the reduction begins. With
scaled-down EPMs, vaccination can decrease the incidence, though its effectiveness will depend on the time of
its commencement, coverage and rate.

Conclusion. The computational simulations showed that the vaccination will be efficient for prevention of new
surges in COVID-19 cases only if the other EPMs (isolation of the infected and contacts, breaking the transmission
chains) are still in place until the vaccination coverage reaches about 2 million people. Ideally, the measures
aimed at isolation and breaking of transmission chains should be continued until the total vaccination coverage
reaches 4 million people, after which the restrictive measures can be scaled down significantly. With vaccination
coverage of 50% of the population of Moscow, the restrictive measures can be completely discontinued.

Keywords: Covid-19, SARS-CoV-2, epidemic process, epidemiological model, potential scenarios, epidemic
prevention measures, predictive analytical studies.
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BsepeHune

[Ipobnema BO3HMKHOBEHUS SMUACMHUIM M MaHe-
MU MHOEKIMOHHBIX 3a00JIeBaHUII M TOUCK MeEp IO
UX MPENOTBPAILICHUIO HUKOT/IA HE MOTEPSIOT CBOIO aK-
TyanbHOCTh. O6 3TOoM B 2005 I mucan 3aBedyromuid
nabopaTopueli  SMUACMHOJIOTUYCCKON KUOCPHETHKU
HUNUDOM um. H.®. I'amanen a.T.H. b.B. boes: «Co-
[IaCHO MPOTHO3aM, B IIEPBOH MOJIOBHHE TEKYILIETO Be-
Ka B J10001 reorpaduecKoil TOUKE MIaHETHl CIeayeT
OXHJIATh SMUAEMHUH WU BCIIBIIIKHA KaK «HOBBIX», TaK U
«cTapbIx» HH(PEKINOHHBIX 3a0oseBanuii. B aTux ycio-
BUSAX 0C000€ 3HAYCHUE MPUOOPETAIOT OMEPEIKAIOLIUC
Hay4YHbIE UCCIICAOBAHUS M0 aHAU3Y U IPOTHO3Y BEpo-
ATHBIX CIICHAPUEB Pa3BUTHS SMUACMHUI OMACHBIX HH-
(eKIMOHHBIX 3a00J1€BaHM, KOTOPBIE MOTYT ITOSBUTHCSI
B PE3YJIBTAaTe YPE3BbIYAWHBIX CUTYalUi PUPOAHOIO U
TEXHOTEHHOTO Xapaktepa» [1].
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[Mocne mepBbix coobuienuii B aekadbpe 2019 1. o
BeOblIKe 3a0oneBannii mueBMoHuel B Yxane (KHP)
HOBBII KOpOHABUpPYC OBICTPO pacIpOCTPaHMICH II0
BCEM CTpaHaM M KoHTHMHeHTaM. K Hauamy aBrycra
2020 r. KOJIMYECTBO 3aperucTPUPOBAHHBIX CIy4yaeB
nHpuuupoBanuss SARS-CoV-2 cocraBuno Gonee 18
MJIH, TOTHOJIO IO IPUYMHAM, CBSI3aHHBIM C KOPOHABU-
pycom, bonee 688 Thic. yenorek. B Poccuu, Gnaromaps
BBEJICHHBIM NPOTUBO3MUIEMUUECKUM MepaM, yAaloCh
3HAYUTEIHHO YMEHBIINUTh CKOPOCTh PACIpPOCTPaHEHUs
Bupyca. Tem He MeHee, TI0 JaHHBIM OQHIINAILHON CTa-
TUCTHUKH, K Hauany aBrycta 2020 r. B Poccun BbisBIIe-
Ho 6onee 850 Toic. unPuuUpoBaHHBIX SARS-CoV-2 n
3aukcupoBaHo 14 ThIC. NeTanbHBIX ciaydaeB. OnHaKO
3apEerUCTPUPOBAHHOE KOJIMYECTBO HH(HUIMPOBAHHBIX
JIMIL TPEJCTaBIsAET COOOM JNHUIIb YacTh UX PEaJbHOTO
yucia. Jons HEBBIABICHHBIX MHQULIUPOBAHHBIX JIHLI,
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[0 OLIEHKaM pa3JIMYHbIX HCCIEN0BaHUNA, MOXET CO-
craBnath ot 11,6 mo 35,8% [2-5].

Pacnpoctpanenue Bupyca SARS-CoV-2 nponon-
JaeTcsl BO BceM Mupe. bosbiine Haiex bl Bo3aararor-
Csl Ha BaKLIUHBI, KOTOPBIE pa3padaThIBalOTCsl BO MHOTUX
BEIYLINX HAay4HbIX LEHTpax MHpa, B TOM uucie B Poc-
cun',’. HoBas BakiMHa OT KOpOHABHpYca, pa3padoTaH-
Hasg B HannoHanbHOM LIEHTpE 3MUAEMHONIOTUN U MU-
kpoOuonorun um. H.®@. ['amanen, yxe ycneuHo mpo-
[UIa 3Tan KIMHUYECKUX HUCIBITaHUH, MOociae KOTOPOro
IUTAHUPYETCsl HaJaJuTh IPOMBILIUIEHHOE MPOU3BOJI-
CTBO M HAa4aTh MPOBEIEHUE BAKIIMHALUN HACETICHMUS.

[IpuMeHeHne aneKBaTHOM 3MHJIEMHUOIOIMYECKON
MOJIENH MO3BOJISIET «BOCCTAHOBHUTHY JAaHHBIE 10 3a00J1e-
BAa€MOCTH U Ha UX OCHOBE IPOBECTH BBIYHCIHTEIbHBIE
9KCIIEPUMEHTHI Ha KOMIIBIOTEPE TI0 pa3IMyHbIM BapHaH-
TaM pa3BUTUS DMUJIEMUYECKON cuTyauuu. B 3T0H CBs-
31 IPE/CTaBIACTCSA aKTyaJbHBIM IIPOBEICHUE MPOrHO3-
HO-aHAJIMTUYECKUX HCCIIEIOBAaHUI Ha OCHOBE paspa-
00TaHHOI MaTeMaTHYeCKOH MOJAENU PacHpOCTpaHEHHS
SARS-CoV-2 ¢ nenpio novcka Haubosaee MPUeMIICMbIX
CIICHAapHeB  IPOTUBOBIIUAEMUYECKUX  MEPOIPUATHH
(ITBM) ¢ yyeToMm BaKIIMHAIIUY HACETICHUS.

Hean ucciaenoBaHus — C MOMOIIBIO 3IUAEMHO-
JIOTMYECKOM MOJIETIM MPOBECTU aHAIM3 M MPOTHO3 IH-
Hamuku 3aboneBaemoctt COVID-19 nHa Teppuropun
MoOCKBBI U ONIPENETUTh OCHOBHBIE MOAXOABI K OpraHu-
3anmu [IOM ¢ yyeToMm BakIIMHAIIMY HACEJICHUS HA CE30H
2020/2021 rr.

MaTepman bl 1 MeToAbl

Ilpu pa3paboTke 3MHUIEMUOIIOTHYECKON MoJIe-
JIM UCIOJIL30BaHbI JIOCTYIHbIE MyOJHKAIMH 00 0CO-
OEHHOCTAX KIMHHUKHU, IMATOT€HEe3a U DIIUIEMUOIOCUHA
COVID-19; crarucTudeckue NaHHbIE O PErUCTPaLUU
3abonesaemoct COVID-19 u konuyecTBe IeTallb-
HBIX cliydaeB B MOCKBE 3a IepHo/1 HaOMOAeHUsS®; CBe-
neHust Poccrara 0 4MCIeHHOCTH HaceleHus MOCKBBI
(12,678 mutH uenoBek)*.

Beuta mpumeHeHa JCTEPMUHUPOBAHHAS Mare-
MaTU4ecKas MOJielb, pa3paboTaHHas Ha 0a3e TCOPUU
«OnuUAIMHAMHKA», KOTOpas IO3BOJSET HAa OCHOBE

OdunuansHeli calT MUHHECTEPCTBA 3[paBOOXPAaHEHUS 10
COVID-19 B Poccun. URL: https://covid19.rosminzdrav.ru/
mihail-murashko-17-vakezin-protiv-koronavirusa-pokazali-se-
bya-kak-perspektivnye/ (nata obparenus 20.07.2020).

BO3. BpemeHHbIC peKOMEHIAiK. MeXaHu3M JUls IPHHATHUS
pelIeHui pyu NPOBEAECHUH KaMIIaHUM MacCOBOM BaKLIMHALIUKU
B ycnoBusix COVID-19. 20.05.2020. URL: https://apps.who.int/
iris/bitstream/handle/10665/332159/WHO-2019-nCoV-Frame-
work Mass Vaccination-2020.1-rus.pdf (gata obpariesus
20.07.2020).

CronxoponaBupyc.p¢. Otuers! KOMMyHHKAaIIMOHHOTO LIEHTpa
[IpaBurenscrBa PO no curyanuu ¢ koponasupycom. URL:
https://cTonkoponasupyc.pd/info/ofdoc/reports

(mara obpamenus 20.07.2020).

DenepanpHas ciryxk0a rocylapCTBEHHON CTaTUCTHKH.

URL: https://gks.ru (nata oopamenus 20.07.2020).

JAHHBIX O 3aKOHOMEPHOCTSAX Pa3BUTHsI HHPEKIIMOHHO-
ro npouecca (Cpean HHANBUIYYMOB) MOTYYHUTh MIpe.-
CTaBJIEHHE O JUHAMHKE 3MHJIEMHUYECKOro IMpolecca B
nonyisiuu [6]. Ha ocHOBe Teopun «OMUIAMHAMIKAY
OBUTH YCHEIIHO pealn30BaHbl MaTeMaTH4ecKue Moje-

JIY [Tl U3yYEHUS PACIIPOCTPAHCHUS 3HAYMMBIX HH(EK-

IIMOHHBIX U HeWH(EKIIMOHHBIX 3a0oneBanumii [7—11].

3a ocHOBy ObLta B3siTa Monenb tuna SEIRF, koto-
pas ONMCHIBACT AMHAMHUKY «IIOTOKA» JIHIL MO COOTBET-

CTBYIOLIUM CTaJ1SIM-COCTOSTHUSIM: BOCTIPUMMYHBEIE (S),

B nHKyOanmonHo# craguu (E), B mH(pEKIMOHHON cTa-

1 (1), ¢ ncxonamu Gone3Hn — pexonsajiecueHys (R)

wi cmepts (F). st MomenupoBanust ObUM Ompezese-

HBI CIEYIOIINE JUIUTEILHOCTH CTaAui: HHKYOausa —

2—-14 nHeli, kmuHUYecKas (MH(MEKIMOHHAS) CTaaus —

7—14 nueit [12]. BepoarHocTh nepexoa UHIUBUAYYMA

B CICIYIOIIYI0 CTaaui0 3agaercs (QyHKuusmu: y(T) —

¢byHKUUs pa3BUTUS neproaa uHKyOauuu; 6(t) — QyHk-

1Us pa3BUTUS MHPEKIMOHHOTO Neprona. Maremaruye-

CKasi MOJISJIb Pa3BUTHsI SIHUJIEMHUA UMEET BHJ[ CHCTEMBI

HEJIMHEWHBIX UHTErpo-audhepeHIMaIbHbIX YPaBHEHUI

B YACTHBIX MTPOU3BOHBIX C HAYAILHBIMHU U TPAaHUYHBIMHU

ycnosusimu [1]. Monens ycnemHo Bepuduiimpopana Ha

CTaTHCTHYECKUX JAHHBIX O 3a00JIeBaeMOCTH (C y4ETOM

«BOCCTAHOBJICHHBIX» JIaHHBIX). B Mojienu He yuuThIBa-

JIUCh CE30HHBIE U3MEHEHMs BUPYJIEHTHOCTH BHUpYyca, a

TaKKe CJEeNaHO MPEANOIIOKEHHE O TOM, YTO BUPYC CY-

IIECTBEHHO He MyTupyeT 3a ce3oH 2020/2021 rr. [Ipu

pa3paboTKe NPOTHO3HBIX CLEHAPHEB C YYETOM HCIONb-

30BaHMS HOBOW BAKIMHBI CIEJIAHO MPEATON0KEHHE O

70% uMMyHOJIOTHYeCKOi 3PPEKTUBHOCTH.

HccnenoBanuss mpoBOJWINCH B HECKONBKO 3Ta-

TOB:

1. IlpoBeneHue mpoueaypbl «BOCCTAHOBICHUSD TaH-
HbIX 0 3a0oneBaemoct COVID-19 u BriOOp 6a3zo-
BOTO CLIEHapUsl.

2. IIporHo3HO-aHaTUTUYECKHUE HCCIIEAOBAaHUS, BKIIIO-
qaroIue:

2.1. AHanu3 ¥ MpOTrHO3 TEKyIeH 3MHUAEMHYECKON
cutyaruu (1o 6a30BOMY CIICHAPHIO).
2.2. BeIUNCAUTENBHBIE KCIIEPUMEHTHI, MPOBEICH-
HBI€ MO MIPOTHO3HBIM CLIEHAPHUSIM.
Ha 3akimtountensHOM dTarne npoBeneHa HHTepIpe-
Talus MOJTYYCHHBIX PE3YJIbTaTOB U C/CJIaHbl BBIBOJIBI.

Pe3yn bTaTbl N 06cy)K,qu ne

«BoccmaHosneHue» 0aHHbIX 0 3a6onesaemocmu
u 8b160p 6a308020 cyeHapusA

Oco0eHHOCThIO HOBOI KOPOHABHPYCHOH WH(QEK-
MU SIBISICTCS] HAJIMYKME ClydaeB OSCCUMIITOMHOTO M
JIETKOTO TEYCHUsI, YTO CIIOCOOCTBYET mepenaue nHpek-
1y B nonyisinuu [13]. Ecnu GonbHBIE ¢ TSHKEIBIM Te-
YCHHEM M CPEHEH TSHKECTU PETUCTPHUPYIOTCS B CBS3U
¢ oOpamieHreM B JiedeOHBIC YUPEKICHHS, TO JIULA C
JISTKUM ¥ OECCUMITOMHBIM TEUEHUEM MOTYT HE 00-
paTtuThes 3a MOMOIIb0. [0 TpoBeneHUs NIMpPOKOMac-
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MTA0HBIX CEPOANMUACMUOIOIMYECKUX HCCIEI0BaHUM
UL HeOoMNbIIas YyacTh OECCHMIOTOMHBIX JIMI[ MOIJIA
OBITH BBISBICHA NPU TIIATEIBHOM SIUAEMHOJIOTHYC-
CKOM pacciieZioBaHuu KOHTAakToB [ 14]. Takum oOpazom,
KOJIMYECTBO 3aperuCTPUPOBAHHBIX CIIy4aeB IMpe/CTaB-
JsieT co0oil IMIIb «BHIUMYIO YacThb aicOepray, a Ass
[IPaBUIBHOW TPAKTOBKU 3IMIEMHUYECKON CUTyalUH
TpeOyeTcss UIMETh MOJHYIO0 KapTHHY 3a00JIEBAEMOCTH.
ITosTOMY mEpBBIN 3TAll HAIIUX UCCIEIOBAHUMN 3aKIIIO-
qaJics B MPOBEJECHUM PACU€TOB 110 «BOCCTAHOBIICHUIO
UCXOJHBIX JaHHBIX.

«BoccranoBnenue» JaHHBIX ~ 3a00JIEBACMOCTH
COVID-19 cpeau HaceneHnust MOCKBBI IPOBEIEHO Ha
OCHOBaHUH PacyeToOB IO JIByM IOKa3aTeisiM, KOTOpbIe
3aTeéM CpaBHUBAJIH:

1) o ouieHKe BepXHEN U HUKHEN TPaHHILIbI JI€Talb-
Hoctr 0T COVID-19 (Infection-Fatality Rate — IFR);

2) Mo OlICHKE UMMYHHOH MPOCIONKH HaCeIeHUs
MockBbI, OCHOBaHHOW Ha UCCJIEAOBAaHUMU PENPE3EHTA-
TUBHOM BBIOOPKH.

[lo manHBIM cucTemarudeckoro o03opa muTe-
paTypbl W MeTaaHaliM3a pe3yJbTaToB HCCIIENOBaHUMN
G. Meyerowitz-Katz u coasr. [15] 6bu1 onipenenen [FR.
B otnmuue ot nokazarenss CFR (Case-Fatality Rate),
KOTOpBIA COOTBETCTBYET OTHOILIEHHUIO KOJMYECTBa Jie-
TaJbHBIX CIy4aeB K KOJIMYECTBY 3apPETUCTPUPOBAHHBIX
(BBISIBIEHHBIX) cy4aeB 3aboneBanus, IFR Berancisier-
sl KaK OTHOIIEHHE KOIMYECTBA JIETANbHBIX CIIy4aeB OT
MHQEKINN K KOJMYECTBY BCeX MH(UIMPOBAHHBIX JIUII
(BriTtOUasi OECCUMITOMHBIC M JICTKHE CIydan MH(EK-
nun). Ilokazarens neranpHocTH IFR B eBpomeiickux
cTpaHax coctaBui B cpeaHeM 0,64% c 1oBepUTeIbHBIM
untepsaiom (JIN) 0,50-0,78% [15].

JlaHHbIE OTepaTUBHOTO ITada O JIeTaJbHBIX CITy-
gasix B MOCKBE COOTBETCTBYIOT KOJIMYECTBY YyMep-
MIUX C OCHOBHOW npuumHOW cmepru COVID-19°.
B cooTBercTBHM ¢ MEXIyHapOIHBIMU METOIUYECKU-
MU PEKOMEHJAUMSIMHU IO YIOCTOBEPEHHIO U KOJU-
poBanno COVID-19 B kadecTBe MPUYUHBI CMEPTH®
MCXOAHbIE TaHHbIE ObLTN MEPECUUTAHBI C YIETOM CITy-
yaeB, korga Bupyc SARS-CoV-2 okazan cymiecTBeH-
HO€ BIIMSHUE Ha PAa3BUTHE CMEPTEJIbHBIX OCIOKHEHUM
3aboneBaHus .

OdunnanpHpli caiit MUHHCTEPCTBA 3APaBOOXPAHEHUS 110
COVID-19 B Poccun. URL: https://static-1.rosminzdrav.ru/sys-
tem/attachments/attaches/000/050/527/original/27052020 MR
STAT 1.pdf (nara obpamenns 20.07.2020).

BO3. MexnyHapoaHble METOIUYECKHE PEKOMEHIALUH 10
ynocroBepenuto u konupoBanuo COVID-19 B kauectse
npuauHbl cMeptu. 20.04.2020. URL: https://www.who.int/
classifications/icd/Guidelines_Cause_of Death COVID-19-
20200420-RU.pdf?ua=1 (mnara oopamenus 20.07.2020).
OdunnanpHplii caiit MUHHCTEPCTBA 3APaBOOXPAHECHUS 110
COVID-19 B Poccun. URL: https://mosgorzdrav.ru/professional/
covid-19 (nara oopamenus 20.07.2020).

8 'WHO. Media briefing on #COVID19 with @DrTedros.
10.06.2020. URL: https://twitter.com/WHO/sta-
tus/1270739116078981120 (nara obparuenus 20.07.2020).
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Puc. 1. Pesynbrat Bepudukauum mogenu — cpaBHeHne
mozenbHbix (SW_0,16; SW_0,25) n ctaTucTMy4ecknx AaHHbIX
KyMYNATUBHOW 3a60neBaemMocT (BbISIBIIEHHbIE Criyyau,
SW_Stat).

3aecb 1 Ha puc. 2—10: no ocu abcuuce — aarbl;
no OCY OpAMHAT — YUCIIO CryYaes.

Fig. 1. The result of model verification is a comparison
of models (SW_0,16; SW_0,25) and statistical data
on cumulative morbidity (detected cases, SW_Stat).

Here and in Figs. 2-9: the horizontal axis shows the dates; the
vertical axis shows the number of cases.

B pesynbrare pacdeToB B COOTBETCTBUH C JIaH-
HeIMH Poccrara’ monyuyaercs, 4TO KOJIMYECTBO Jie-
TaJNbHBIX ciydaeB 3a anpeib 2020 r. cocraBuio 850
+ 360 = 1165, 3a mait 2020 . — 2757 + 980 = 3737.
C yuderom Toro, yto 3a MapT 2020 1. KOJIMYECTBO Je-
TaJbHBIX CIy4YacB Ha HECKOJIBKO HOPSAKOB HIKE, YEM
B ampelie 1 B Mae (0€3 OTHOCUTENBHOTO pa3esieHus Ha
MPUYUHBL), IS pac4eTOB OBLIN B3ATHI JaHHBIE ONepa-
THUBHOTO 1ITada B KonuuecTse 24 ciryuaeB. Takum 00-
pa3zoM, CyMMapHO€ KOJIMYECTBO JIETAJIbHBIX CIIy4aeB C
MoMeHTa oduuuansHoi peructpanuu 1o 01.06.2020
cocTaBuio 4926.

B3siB 32 OCHOBY KOJIMYECTBO JICTABHBIX CITy4YacB
Ha 01.06.2020, MBI IPOBENX PACUYETHI C TOMOIIBIO MO-
JIeTTU C LEeJIBIO TIOUMCKA OTHOILICHHS YKCIa BBISIBICHHBIX
ciyyaeB 3a00NIeBaHUSI K «BOCCTAHOBIICHHBIM», IPH
KOTOPBIX pacyeTHOE (MOAEIBHOE) KOJHYECTBO JIETallb-
HbIx ciyyaeB Ha 01.06.2020 Oyner Haubosee OIU3KUM
K 4926. [lnsa BepxHeW rpaHULbl TIOKa3aTeNs JIeTalbHO-
ctu (IFR = 0,78%) oTHOlIEHUE BBIABICHHBIX (3aperu-
CTPUPOBAHHBIX) CIIy4aeB MO OPHUIUATBHON CTATUCTUKE
K «BOCCT@HOBJICHHBIMY JaHHBIM COCTABIISICT IPUMEPHO
25%, wmm 1 : 4. Hanpumep, kymyssTuBHas 3abomneBae-
mocTh Ha 01.06.2020 cocrasnser nmo monenu 718 687
YeNoBeK, a JaHHble O(QUIHMAIbHON CTATUCTUKUH —
183 088. Jlns HMKHEH IpaHUIBl TOKa3aTess JeTajlb-
noctu (IFR = 0,50%) oTHOIIECHUE BBISBICHHBIX (CO-
00I[aeMbIX) CIIy4yaeB MO O(QUIMAIBLHOW CTaTUCTHKE K

° EcTeCTBeHHOE IBIKCHHE HACEIICHHS B pa3pe3e CyObheKTOB
Poccuiickoii @enepannn 3a suBapp—Maid 2020 roxa.
URL: https://rosstat.gov.ru/storage/mediabank/yjmHZnUV/
edn05-2020.htm (marta o6parienus 20.07.2020).
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Puc. 2. BrisiBneHHble (3aperMcTpupoBaHHbIE) Criyvan exeqHeBHON 3a60neBaemMocTy.
CraTtnctuyeckne gaHHble — W_Stat, mogensHblie — W_0,16.

Fig. 2. Detected (reported) cases of daily incidence.
Statistical data — W_Stat, model — W_0,16.

«BOCCTAHOBJICHHBIM» C TIOMOILIBIO MOJICTH IaHHBIM —
npumepHo 16%, nnu 1 : 6. Hanpumep, KyMynsTUBHas
3aboneBaemocTs Ha 01.06.2020 cocTapisieT o Moaenu
1 134 836 yenoBek, a TaHHBIE OQUITUATEHON CTATUCTH-
ku — 183 088.

KpuBast BepuduUupOBaHHONW KyMYJISTHBHOW 3a-
OoneBacMOCTH (BBISIBIICHHBIC CITydau) AJSl IBYX Bapu-
antoB pacueToB (1 : 6 u 1 : 4) xopouo coBmagaeT ¢
KPUBOU OUIMAILHOM CTATUCTUKY (puc. 1).

Crienyronmm 3TarnoM pacueToB Jijisi 000CHOBaHUS
1 BbIOOpa «0a30BOT0Y» CIICHAPHS U3 JIByX BepuUIUpPO-
BaHHBIX CTaJ aHAJIU3 Pe3yJAbTaTOB TECTOB Ha OIpEiere-
HUE aHTHUTEN B PAaHJOMHU3HPOBAHHBIX BEIOOPOYHBIX HC-
CJIEZIOBaHUSX, KOTOpBIE MpoBoAKINCH B Mockae ¢ 15 o
23 mas 2020 1. ComnacHo opUIHAaIbHBIM UCTOYHUKAM
U cooOleHusiM mpecc-cayx0b1 [IpaBurensctBa Mo-
CKBBI, TI0 pe3yNbTaTaM 3TOr0 UCCIIEIOBaHUS BUPYCHEH-
Tpanuzytomue anturena Kk SARS-CoV-2 6putn ompe-
nenensbl y 12,5% nacenenust ropoga'® [16]. C yuetom
UHPOPMALMH O CIEHU(PUIHOCTH M YYBCTBUTEILHOCTH
WCTIOJIb30BAHHBIX TECT-CHCTEM OB MONTY4YEH «pacyer-
HBII TIOKA3aTeNb J0JU HHPHULIUPOBAHHOTO HACEICHHUS.
s atoro u3 3aseineHHON nonu 12,5% Obutu BbIYTE-
HBI BO3MOXHBIE JIOKHOIIOIOXKUTENbHBIE ciydau (3,8%)
U Jo00aBlIeHbI JIOKHOOTpULatenbHbie ciaydan (0,2%),
B uTore nomyuuiochk 8,9% Hacenenuss MOCKBBI, WK

10 OduumaneHblii mopran Mapa u [IpaButenbcTBa MOCKBBL
MmmMynuTeT k KopoHaBupycy Gopmupyercs y 12,5 nporenta
mocksuueil. URL: https://www.mos.ru/news/item/74512073/
(nara obpamenus 20.07.2020).

250 000
200 000 /
150 000 /
100 000 / —SW_Stat
/ ——— SW_0,16
50 000
0
1 1 T T T
n2 nA (a1 nR n7

Puc. 3. BoisiBneHHble (3apernctprpoBaHHbIe) criyvan
KyMyNsiTUBHOM 3a60/1eBaemMoCTy.
Cratuctuyeckme gaHHele — SW_Stat, mogenbHele — SW_0,16.

Fig. 3. Detected (reported) cases of cumulative incidence.
Statistical data — SW_Stat, model — SW_0,16.

1130 Thic. yenoBek''. Dra oreHka Omu3Ka K pe3ysib-
TaTtaM pPacueTOB OTHOIICHUS BBISABJICHHBIX CIy4acB K
«BOCCTaHOBJICHHBIMY JJAHHBIM 110 KyMYJISITUBHOM 3200-
JieBaeMocTH, kotopas cocrapisieT 1 : 6 (IFR = 0,50%).

Takum 00pa3om, JJis JaTbHEHIIUX UCCIIC0BaHUI
B KauecTBe «0a30BOro» BbIOpaH CIiEHApUi ¢ ToKa3are-
nem netanbHocTH 0,50%, KOTOpBIi ObLIT 0003HAUCH KaK
cuenapuii CO. Ha pme. 2, 3 npuBenens! rpaduku co-

' SARS-CoV-2 IgM. URL: https://keul.de/wp-content/up-
loads/2020/04/IFU-SARS-CoV-2-IgM-CLIA-1.0.pdf
(mara obpamenus 20.07.2020).
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OTBETCTBUS MOJEIBHBIX U CTATUCTUYECKUX JAHHBIX IO
3apPETUCTPUPOBAHHON €KEJHEBHOW U KyMYJIATHUBHOMN
3a00J1€BaEMOCTH.

B coorBeTcTBUM C pe3ynbTaTOM pPacyeToOB OTHO-
IIIEHUE BBIABJICHHBIX CIy4aeB K «BOCCTAHOBJIECHHBIM)
JAaHHBIM 10 KyMYJISITHBHOH 3200J1€BA€MOCTH COCTaBHIIO
1 : 6. Ha puc. 4 npencraBieHs! pe3yasTaTbl MOAEIHPO-
BaHUSl JUMHAMHMKU «BOCCTAHOBJIEHHOW» KyMYJIITUBHOU
3a00JIeBaEMOCTH W AJIsl CPaBHEHHUSI NpHUBEAEH Ipaduk
BBISIBJIEHHBIX (3aperuCTpUpPOBAHHBIX) ciydaeB. [lainb-
HEHIe KccleoBaHus MPOBOJMINCH HA OCHOBE «BOC-
CTaHOBJICHHBIX» JaHHBIX 10 0a30BoMY crieHaputo CO.

npOZHO3HO-GHG/7UI’T7U‘-I€CKU€ uccneoosaHus

Ananuz u npoeHo3 mexyuetl INUOeMuiecKoll
cumyayuu no 6azoeomy cyenapuio (cyenapuii 1 : 6)
Hcnonb3oBanue MareMaTHueCKOM MOJACIIN I103BO-
JISIET «IIPOUTPATh» (Ha KOMIBIOTEPE) pa3IMYHbIC CLICHA-
pyYY pa3BUTHS SMUACMUU, KOTOPHIC JaI0T BO3MOXXHOCTh
OTBETUTh KaK Ha €CTCCTBCHHBIN IJIs HCCIECIOBATEISI
1 600 000
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O -hesnssnsnnressns
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SW_0,16
SW_C0

Puc. 4. BoisBneHHas (3aperncTpmpoBaHHbie criyyam)
(SW_0,16) n «BoccTaHOBNEHHasi» KyMynaTUBHas
3aborneBaeMoCTb B COOTBETCTBUM C BbIOPaHHbIM

6asoBbIM cueHapuem CO (SW_CO).

Fig. 4. Detected (reported cases) (SW_0,16)
and «recovered» cumulative incidence in accordance
with the selected baseline scenario CO (SW_CO0).
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Puc. 5. CpaBHeHue TekyLeln exeaHeBHON 3aboneBaemocTu
(W_CO0) u runoteTtnyeckom (6e3 mep, W_no measures).

Fig. 5. Comparison of the current daily morbidity (W_CO0)
and the hypothetical (without measures, W_no measures).
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BOIPOC: «4YTO OYIIET, €CNIH...», TAK U HA PUTOPUIECKUN
BOIMpOC: «4To ObUIO OBI, eciu...». [locnenHuii Bompoc
OKa3bIBAETCS TOXKE MOJIE3HBIM, T.K. IO3BOJISIET OLICHUTD
MPEANPHUHATEIE CUCTEMOU 3IpaBOOXPAaHEHHS MEpHI U
CPaBHHUTD TEKYLIYIO CUTYalUIO C TUIIOTETHYECKU BEPO-
SITHBIM CLIEHAPHEM Pa3BUTHS SMUACMUU 0€3 MpeAnpH-
HATBIX MEp.

Ha pue. 5 npeacraBneHsl rpaduKy eKeJHEBHOM
3a00eBaeMOCTH 0e3 BBEIECHHsI Mep MPOTHBOJACHCTBUS
u npu peanusoBaHHbIXx IIOM. BBeneHHbie BoBpems
MEpHI 10 M30JIIIUH WHGHUIUPOBAHHBIX JIML (BKIIIOUYAs
CaMOM3OJISILIMIO0 HACEJICHUS) U COLMAJIbHOMY IWCTaH-
LUPOBAHUIO IMO3BOJMIM CYIIECTBEHHO CHH3UTH E€iKe-
JTHCBHYIO 3a00J1€BaeMOCTh (IIpUMEPHO B 25 pa3s) u co-
XPaHHUTB JECSATKH THICAY KHU3HEH.

[MpoBenennas uaeHTH(UKALMA MAPaMETPOB MO-
JIeNy Tokaszaina, uto s cueHapus C0O, 0003HaueHHO-
ro Kak «0a3oBbiii», [IOM, nocturnyteie k 12.06.2020,
COOTBETCTBYIOT CJIEAYIOIIMM MOKa3aTesiM: MEphl IO
W30JSIMK Ha ypoBHE 67% (107151 OT BCeX JuLl B MH(EK-
LIMOHHOM (3apa3HOl) CTaJuu); MEphl, HANPABJICHHBIC
Ha MpepbIBaHUE MEXaHU3Ma Tepeiau (TMIHeHUYeCcKre
MEpONPHSITUSl Ha BCEX COLMAIBHO 3HAYMMBIX OOBEK-
TaxX, COLMAIBbHOE MUCTaHIIMPOBAHKHE, HOLICHUE MacoK
U TepYaroK, JIMYHAsl TUTHEHA) CHU3WIH BEPOATHOCTH
nepenaun Bupyca 10 14% oT MakCHMaJbHOTO 3Haue-
HUS (BEpOSITHOCTH Mepeladu 10 BBEICHMS OTPaHWYH-
TENILHBIX Mep). B COOTBETCTBUHM C OCYyLIECTBICHHEM
stanoB cHiTus [IOM (c coxpaHeHHEM COLMAIBHOTO
JUCTAaHIIMPOBAHMS M HOLLICHHUS MACOK) U MPEATOIoKe-
HUEM O MOBBIIICHUH JIEIOBOH aKTUBHOCTH B CEHTSIOpE
2020 r. mp1 MOAETUPOBAHUH MBI CIIEIAIU JOMYIIEHUE
0 HE3HAYUTEIHLHOM (M MOCTEIICHHOM) OCIa0lIeHun Mep
B niepuosa ¢ 12 utons 1o 25 centsiops 2020 r.'>" Jlara
25.09.2020 ompeneneHa yCIOBHO KaK BEPOSTHOE Haya-
JI0 TIPOBECHUS BaKI[MHAIIMK HACENeHHUs T. MOCKBBI'*,
IIpu ycioBuu coxpaHeHus B JalbHEHIIEM YPOBHS MED
MIPOTUBOAEHCTBUSA, NOCTUTHYTOro K 25.09.2020, exe-
JHEBHasi 3a00JeBaeMOCTh OyHeT CHWXKaTbCs, COCTa-
BMB JIMIIb €AMHUYHBIE cioy4yau nocie sHeaps 2021 r.
(puc. 6). KymynsaTuBHOE KOJIMYECTBO HMH(PHULIUPOBAH-
HBIX JIUI] MOKET COCTaBUTH 1,558 MIIH 4yenoBek, a Ky-

12 Meroaunueckue pexkomeraarmu ot 08.05.2020 Ne MP 3.1.0178-
20 «OmnpeneneHne KOMIUIEKCA MEPOTIPHATHI, a TaKXKe
HOKa3arese, IBIAIOMNXCA OCHOBAHUEM JUISl [IO3TAITHOTO
CHSITHSI OTPAHUYUTEIBHBIX MEPOTIPHUSTHIH B YCIOBUSIX
snuaeMudeckoro pactpocrpaneHust COVID-19». URL:
https://www.rospotrebnadzor.ru/upload /MP_nosrannoe%20
custre%20orpannd. _08.05.2020.pdf (nara obpaeHus
20.07.2020).

Caiit Ceprest CobsauHa. Bo3Bparenue Kk HOpMaJIbHOHN JKU3HH.
O6pasoBaHue, TeaTpbl, KUHO U JACTCKHE Pa3BIeKaTEIbHBIC
uerTpel. URL: https://www.sobyanin.ru/otme-
na-ogranicheniy-obrazovanie-i-detskie-tsentry

(nara obpamenus 20.07.2020).

YMepeHHOE CHIKCHHE MEP OJJHOBPEMCHHO ¢ Ha4aJloM
BaKIMHAMK, Hanpumep, ¢ 25.11.2020, moka3siBaeT
QHAJIOTUYHBIC PE3YIBTAThI MOACTHPOBAHHSL.
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Fig. 6. Dynamics of the daily number of infected cases according to the CO baseline scenario (W_CO0).

MYJISITUBHOE KOJMYECTBO CMEPTEJIBHBIX CIIy4aeB IPU
TAaKOM CIICHApUU HE TMPEBBIIIACT 8 THIC.

Cuenapuii CO mokasbpIBaeT, 4To NMPH COXPAHEHUHU
JOCTUTHYTHIX [IOM B TeueHue MPOAOIKUTEIHLHOTO
BpeMeHH 3a00JIeBAEMOCTh MOXKHO YICPXKHUBATh Ha JO-
CTaTOYHO HU3KOM ypoBHe. Ho uTo Oyzer, eciu npu zo-
CTYDKEHUM HU3KOTO YPOBHS 3a00JIeBAEMOCTH OCJIA0UTh
Mepel? [l 0TBETa HA STOT BOMPOC MBI IIPOBEIHU BHI-
YUCIIUTEIBHBIE IKCIIEPUMEHTHI 110 TPOTHO3HBIM ClLIEHA-
pUsM.

Buiuucaumenvuvie sxcnepumenmel
N0 NPOCHO3ZHBIM CYECHAPUAM

Jnst orpaHnueHHs pacnpocTpaHeHUs MH(PEKIUU
ocHoBHbIe [I19M nomKkHBI OBITH HanpaBiIeHb! HA 3 dak-
TOpa (JBUXKYIINE CUIIBI) SIUAEMUYECKOTO MpoLecca:

* UCTOYHHK MH(]EKUnHU (M30s1usi OOTBHBIX B 3a-

pa3HOM CTaaum);

* MEXaHM3M IHepenayn WHGeKIuu (TMpepbiBaHHUE
OCHOBHBIX MyTeH Mepeaayd, BKIIOUYAIoIee I'H-
THEHUYECKUE MEPONPUSTHS Ha BCEX COLUAIBHO
3HAUUMBIX 00BEKTaX, COIUANBHOE AUCTAHLIUPO-
BaHMe, HOIIEHHE MAacOK M MEpYaToK, YCHICHHE
JIMYHOM TUTHEHBI);

* BOCIPHUMMYMBLIX JIML (IUIAHOBAsk BaKLMHALMS,
9KCTpeHHas npoduiaaktuka)' [17].

PeanbHas cutyanusi cKiaaplBanach TakuM oOpa-
30M, YTO OCHOBHBIE MEpbI 10 pa3paboTKU HOBOW Bak-
UUHBI ObUTH HampaBieHbl HA 2 (akTopa — HMCTOYHHUK
nHpEeKIMH ¥ MexaHu3M nepenaud. Kak mokaspiBaer
MOJICTIIPOBaHNE, BBEACHHBIE BOBPEMs OIPaHUYHTEIIb-

15 Meronuueckue pexkomengarmu MP 3.1.0170-20
«Omumaemuonorus u npopunakriaka COVID-19» (B penakimm
MP 3.1.0175-20 «M3menenus Ne 1 8 MP 3.1.0170-20
«Omunemuonorus 1 npodunaktuka COVID-19»,
y1B. Pocnotpebnamzopom 30.04.2020). URL: https://
www.rospotrebnadzor.ru/upload/iblock/070/metod
recomend 3.1.0170 20 v_1.pdf (mara obpamenus 20.07.2020).

HBIE MEPbI TIO3BOJIUIIM 3HAYUTEIBHO CHU3HUTH 3a0051eBa-
eMocThb (puc. 5).
VYenemHo npoBeAeHHbIE KIMHUYECKUE HCIIBITa-
HUS HOBOW OTEUYECTBCHHOU BaKIMHBI Ha JOOPOBOJIb-
1ax MO3BOJISIIOT C YBEPEHHOCTBIO TIIAHUPOBATh MEPHI C
Y4eTOM BaKIMHAIMK HaceleHus. MOXXHO JIM IPH 3TOM
0cnabnaTe Mepbl MPOTHUBOACHCTBUS, B KAKOM 00beMe U
KaKdMH TeMIaMH CJeAyeT MPOBOIAWTH BaKLIUHALIUIO?
[Tpy KakuX yCIOBHSX MOKHO CHIKaTh Mephl Oe3 pu-
CKa pe3Koro moabeMa 3aboneBaemoctu? [y orBera
Ha MOCTaBJICHHBIE BOMPOCHI MBI pa3padboTain MporHo-
3HBIE CIICHAPUW PA3BUTHS SMHICMHYECKON CUTyaluu
COVID-19 npu paznuusbix usmeHenusx [1OM, B Tom
YHCIIe C yYETOM IPOBEACHUS Pa3InUHBIX 00HEMOB BaK-
IUHALUK HacelleHns1 MOCKBBI (¢ Ha4ajoM BaKLMHALIUU
¢ 25.09.2020), 1 npoBesr BBIYUCIUTENbHbIE IKCIIEPH-
MEHTBI C MOJICJIbIO (Tadu. 1).
VYpoBHH oOcCnabiacHUsT Mep NPOTUBOACUCTBHUS B
TabJIMLIEe ONpeiesIeHbl TEPMUHAMU: «HE3HAUNTEIBLHOECY,
«YMEPEHHOE» U «3HAYUTEIILHOE», KOTOpPBbIE COOTBET-
CTBYIOT CJICAYIOIIUM [TOKa3aTelsIM:
* HE3HAYHUTEJIFHOE CHIDKEHHE MEp — B CpeIHEM
Ha 2% ot gocturnytoro k 12.06.2020 ypoBHs;

* YyMEpEHHOE CHW)XEHHE MEp — B CpEeJHEM Ha
13% ot nocturnyroro k 25.09.2020 ypoBHs;

* 3HAUUTEIBHOE CHIKEHUE MEep — B CpEeHEM Ha
50% ot nocturnyroro k 25.09.2020 ypoBHs.

IIpocnosnule cyenapuu ¢ pasnuiunbim ypogHem
cnudicenust [IOM 6e3 saxyunayuu nHacenenus
Pesynbrartel MOIENMpPOBAaHWS IO IPOTHO3HBIM
cuenapusim C1.0, C2.0, C3.0 (0e3 BakIMHALIUN) TIPS~
CTaBJICHBI HA PHUC. 7.

Cuenapuii C1.0 wutrocTpupyeT CUTyaluio, Kor-
Ia Ha (poHE eMHUYHBIX ClydaeB 3a0oieBaHus (Mpak-
TUYECKU MOTYT HE PETHCTPUPOBATHCS JaKE CIUHUY-
HBIE CITy4ad K KOHLy (beBpajis) K 3aBEepLICHHUIO MOAb-
ema 3aboneBaeMocTH ce3oHHBIMU OPBU cHumaroTcs
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Tabnuua 1. [NporHo3Hble cueHapun — BapuaHTbl komnnekca N3OM
Table 1. Forecast scenarios — options for a complex of anti-epidemic measures

CueHapun
Scenarios

M3onaumns nHMLMPOBaHHbLIX UL, U NpepbiBaHNe MexaHn3ma
nepegayv (rMrmeHnyYeckne MeponpusTAS Ha BCeX CoLmarnsHO
3Ha4YMMbIX 0ObEKTaXx, coumanbHoe AMCTaHLMPOBaHWe,
HOLLUEHME MacoK U NepyaTok, yCuneHme IMYHON rmrmeHsl)
Isolation of infected persons and interruption of the transmission
mechanism (hygiene measures at all socially significant facilities,
social distancing, wearing masks and gloves, strengthening
of personal hygiene)

O6bem 1 CKOpOCTb BakLMHALMN®
(cymmapHbIin 06bem, AOCTUTHYThIN
Ha gaty 01.01.21 —
01.04.21 — 21.10.21)
Vaccination volume and rate*
(total volume reached
on the date 01.01.21 —
01.04.21 — 21.10.21)

CueHapuin CO «6asoBbii» (puc. 6) HesnayumernbHoe cHxeHne NMOM ¢ 12 nioHsa Ao ceHTA6pst 2020 .
C nocneaywLmMm nogaepXKaHmeM nx Ha JOCTUTHYTOM YpOBHe

Scenario CO «Basic» (Fig. 6)

BakuuHauusi He npoBoauTcst
No vaccination

A slight decrease in measures from June 12 to September 2020,
followed by their maintenance at the achieved level

Cuenapun C1.0 (puc. 7)
Scenario C1.0 (Fig. 7)

Cuenapun C1.1 (puc. 8)
Scenario C1.1 (Fig. 8)

Cuenapun C1.2 (puc. 8)
Scenario C1.2 (Fig. 8)

Cuenapun C2.0 (puc. 7)
Scenario C2.0 (Fig. 7)

Cuenapun C2.1 (puc. 9)
Scenario C2.1 (Fig. 9)

Cuenapun C2.2 (puc. 9)
Scenario C2.2 (Fig. 9)

Cuenapun C3.0 (puc. 7)
Scenario C3.0 (Fig. 7)

Cuenapuin C3.1 (puc. 10)
Scenario C3.1 (Fig. 10)

3HaqumernbHoe cHwkeHune NM3AM ¢ mapTta 2021 r.
Significant reduction in measures from March 2021

3HaqumernbHoe cHwkenune NM3AM ¢ mapTta 2021 r.
Significant reduction in measures from March 2021

3HaqumernbHoe cHwkeHune NM3AM ¢ mapTta 2021 r.
Significant reduction in measures from March 2021

YmepeHHoe cHmxkeHne MOM c ceHTabpsa 2020 r.*
Moderate reduction in measures from September 2020*

YmepeHHoe cHxkeHne MOM c ceHTabpsa 2020 r.*
Moderate reduction in measures from September 2020*

YmepeHHoe cHnxkeHne MOM c ceHTabpsa 2020 r.*
Moderate reduction in measures from September 2020*

3Ha4umernbHoe cHuxkeHne NMAOM ¢ ceHTabps 2020 r.*
Significant reduction in measures from September 2020*

3Ha4umernbHoe cHuxkeHne NM3OM ¢ ceHTabps 2020 r.*
Significant reduction in measures from September 2020*

BakuuHauusi He npoBoauTcst
No vaccination

2 MIH — 4 MiH — 6,5 MIH
2M — 4M — 6.5M

300 Tbic. — 2 MNIH — 6,5 MIH
300k — 2M — 6.5M

BakuuHauusi He npoBoauTcst
No vaccination

2 MIH — 4 MnH — 6,35 MnH
2M — 4M — 6.35M

300 Tbic. — 2 MNH — 4,3 MIH
300k — 2M — 4.3M

BakunHauua He npoBoanTca
No vaccination

2 MNH — 2,3 MNH — 2,3 MSH
2M — 2.3M — 2.3M

MpumeyaHue. *Hayano nameHexus NI3M coBnagaet ¢ Havyanom BakuuHauum — 25.09.2020.
Note. *The beginning of the change in measures coincides with the beginning of vaccination — 25.09.2020.

OTrpaHUYUTENbHBIE MEPHI, HAIPUMEpP, HAYMHasl C MapTa
2021 1., yTO paBHO3HAYHO 3HAYUTEIILHOMY CHHKEHHIO
I[I9M. Ilpu Takux yciloBHSX M OTCYTCTBUM BaKIMHa-
LIUM UMEETCsI BBICOKAasi BEPOATHOCTb HOBOTO MOABEMA
3aboneBaemMocTH ¢ KoM (380 ThIC.) K CepeAMHE aBTy-
cra 2021 r. (puc. 7, W_C1.0).

Cuoenapuii C2.0 WUIIOCTpUPYET BEPOATHOCTD
noabeMa 3a00J1eBaeMOCTH (C TMKOM 65 ThIC. B cepenu-
He uroHs 2021 1) npu ymepeHHoM cHuxkeHuu [1OM c
KOHIa CeHTAOpst mo siHBaph 2021 T. 1 OTCYTCTBUU Bak-
nuHarmu (puc. 7, W_C2.0).

Cuoenapuii C3.0 wuUIIOCTpUPYET BEPOATHOCTD
noabema 3aboneBaeMocty (¢ mukoM 360 THIC. B IEPBBIX
yucnax ssHBaps 2021 1) npy 3HAYUTEIHHOM CHIKEHUU
[IOM c xoHua centsiOpsa mo siHBapb 2021 . U oTCyT-
cTBUM BakiuHanuu (puc. 7, W_C3.0).

Takum 00pa3oM, BBEIUMCIUTEIbHBIC SKCIEPHUMEH-
ThI MOKA3aJM, YTO CYLIECTBYET BEPOSATHOCTH MOABEMA
3aboneBaeMocTH npH ocinabnenuu [1OM B oTcyTcTBHE
BaKLMHAIMK HaceneHus. [Ipyu 3ToM BbICOTa MHKaA €xe-
JHEBHOM 3200JI€BAEMOCTH 3aBUCHT OT CTEIICHH CHHXKE-
Hus [I1OM u npakTHyecku He 3aBUCHUT OT BPEMEHU Ha-
yana cHKeHUs Mep. CIeayomuii 3Tan UCCIIeOBAHMIMA
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CBSI3aH C IIOMCKOM 00bheMa U CKOPOCTH OXBaTa BaKI[HMHA-
IUCH HACEIeHUS TS TPEAOTBPAIEHHS PE3KOTO MMOIbe-
Ma 3a00J1€BaEMOCTH.

IIpozno3nvle cyenapuu ¢ pastuyHsim 00beMom
oxeama 6aKyuHayuel HaceieHus

Cuenapuii C1.1 CcOOTBETCTBYET IPOBEACHUIO
BakiuMHaIuu Hacenenus ¢ 25.09.2020 nva done coxpa-
HEHHUS JOCTUTHYTOTO YPOBHS Mep [0 Hayaja mapTa
2021 . ¥ C MOCHEIYIONINM 3HAYUTEILHBIM CHUXKEHU-
em [IOM. [lpu mnocremeHHOM yBelWYEeHHH OObeMa
OXBaTa BaKLMHAIMEN HaceleHus 70 2 MIIH YelIOBeK K
01.01.2021, 3atem yBenuuuBas o0beM 10 4 MJIH K Ha-
yany anpens 2021 . 1 mocTeneHHo AocTUras odbema
6,5 MmnH K koHIy aBrycta 2021 ., ynaercs npeaorBpa-
TUTh SKCIOHEHLMAIBHBIA POCT 3a00J€BaeMOCTH, Ha-
OnrogaeMplli MPU OTCYTCTBUHU BaKLMHALUH 110 CLEHA-
puto C1.0 (puc. 8, W_CI1.1).

Cuenapuii C1.2 — Ha (oHe 3HAYUTEIHLHOTO OC-
JabNeHuss Mep 1O U30JISIUH U MPEPHIBAHUIO MEXaHU3-
Ma nepefaun ¢ mapra 2021 1. 1 npu CHIKEHUH 00beMa
oxBara BakiuHarumen (¢ 25.09.2020) no 300 Thic. yerno-
Bek k 01.01.2021 u o 2 maH k Havyany anpens 2021 r,
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Puc. 7. Pe3ynbraThl MOgenMpoBaHUs AMHAMUKM eXXeqHEBHON 3aboneBaemMocTu Mo NporHo3HbiM cueHapusim C1.0, C2.0, C3.0
6e3 BakuMHaLUuK.

Fig. 7. The modeling of the daily incidence dynamics under scenarios C1.0, C2.0, and C3.0 without vaccination.

CHIDKCHUHU TEMIa IOCTIDKEHHS CyMMapHOTo oObema
BakKLMHALMK 6,5 MIIH YEIOBEK K CepeluHe OKTAOps
2021 r. mMOMTHOCTHIO MPEIOTBPATUTH HOABEM HE YIaeTCA
Y HAOJIOACTCs TOSABICHUE HEOOBIIOW BTOPOM BOJIHBI
3aboneBaemocTH ¢ koM (11 387 ciydaeB) B cepeante
nekabps 2021 r. (puc. 8, W_C1.2).

Takum 00pa3zom, IS MPEAOTBPALLICHHS 3HAYUTEIb-
HOTO TobeMa 3a00seBaeMOCTH Ha (JOHE TPOBOAUMOMN
BaKIMHALMK HEOOXOAMMO MOJJICP)KUBATh OCTaJIbHBIE
[13M (no m3onmsMy MHOUIUPOBAHHBIX JIML] U TPEPHI-
BaHMIO MEXaHU3Ma Tepeaadn) 10 AOCTHXKEHUsT o0beMa
OXBaTa BaKIIMHAIIMEH MO KpaitHei Mepe 2 MITH YeIOBeK.
Coxpanenre mep (0 M30JSILMU U MPEPHIBAHUIO MeXa-

40 000

HU3Ma Tepeadn) 10 TOCTHKECHUSI CyMMAapHOTO OXBaTa
BaKIMHAIMEH 4 MITH Y4eJIOBEK MO3BOJISIET MPAKTHUECKU
[IPEIOTBPATUTh IIOSIBJICHUE TAaK HAa3bIBAEMOW BTOpPOU
BoHbl. [Tocime mocTmkeHus: oObeMa OXBaTa HaCeICHHUS
4 MIIH YeJOBEK BO3MOXKHO 3HAYUTEILHOC CHIDKCHUC
[IOM. [Ipu ycnoBuu JanpHENIIEro Npo1oKeHNs IIpoBe-
JIeHMsI BAaKIIMHALIMY 10 JOCTIKEHHs 00beMa oxsara 50%
HaceleHrss MOCKBEI BO3MOJKHA ITONHas otMeHa [I1OM.
Cuenapuii C2.1 — npu yMEpeHHOM CHI)KEHUH
I13M c xoHua centsiops mo siHBaps 2021 1. U mpoBe-
nennn BakiuHanuu (¢ 25.09.2020) ¢ oobemMoM 2 MITH
yenoBek k 01.01.2021, 4 mun k 01.03.2021 u 6,35 M
k 01.11.2021 HaGmrogaeTcst HU3Kas 3a00JI€Ba€MOCTh 10
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Puc. 8. CpaBHeHVe AMHaMUKK exxeaHeBHOM 3ab0neBaeMoCcT No CLUEHAPUSIM 3HAYUTENBHOTO CHDKEHUSA Mep
(no n3onAuMK 1 NpepbiBaHUIO MexaHuama nepegayn) ¢ mapta 2021 r. ¢ pasHbIMU TEMNaMU BakLMHaLNW.

Fig. 8. Comparison between the daily incidence dynamics under the scenario of a significant reduction in measures
(isolation and breaking chains of transmission) from March 2021 and different rates of vaccination.
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01.01.2021, 3areM He3HAYUTEILHBIA MOABEM 3a00II€e-
BaemocTH ¢ nmukoM (1120 yenoBek) B cepeanHe MapTa
2021 . (puc. 9, W_C2.1).

Cuenapuii C2.2 — npu yMEpEeHHOM CHIKEHUU
I15M c koHna ceHTs10ps no siuBaps 2021 . 1 06beMOM
oxBara BaknuHaien 300 teic. 10 01.01.2021, 2 maH K
01.04.2021 u nanee 10 4,3 mun k 01.10.2021 npuBoaut
K Oojiee 3HAYMMOMY IOIBEMY €KECIHEBHOH 3a00ieBa-
emoctu ¢ nukoM (18 302 yenoBeka) B KOHIIE ampest
2021 . (puc. 9, W_C2.2).

[IpoBencHue BakuuHaIMKU Ha (POHE YMEPEHHOTO
ocnabnenust [I1OM (o u3omauuM WHPHUIUPOBAHHBIX
JIUI] U TIPEPHIBAHUIO MEXaHW3Ma Iepeiauu) MO3BOJISET
CHU3UTh 3a00JICBAEMOCTh, OJHAKO CTCIICHb BIUSHHUS
3aBHCHUT OT BpEMEHH Hayasa, 00beMa U CKOPOCTH OXBa-
Ta HaceJICHUs BaKIMHAIIHESH.

Cuenapuii C3.1 — mpu 3HAYUTEIHLHOM CHUXKE-
Huu [1OM c koHua centsiops mo siHBapb 2021 1. Tpe-
OyIOTCS OYCHb BBICOKHE TEMIIBI HapalllMBaHUsS OO0b-
eMa BaKIMHALMKU B JIOCTATOYHO KOPOTKUH CPOK, IO
Hauayia nojabema 3aboneBaemMocTy, 1.e. K 300-My aHIO
(01.01.2021). docrmxenue oObemMa 2 MITH YEIIOBEK K
01.01.2021 He mo3BoIsAET MPEAOTBPATUTH SKCIIOHEHIIHU-
aJBHBIN POCT 3a00JICBAEMOCTH C IIUKOM BTOPOU BOJIHBI
(220 TpIc. wenoBek) k 20.01.2021, Takoii oObeM maeT
BO3MOXHOCTh JIMIIIb CHU3HMTh MUK 3a00JI€BAEMOCTH
(c 360 ThIc. 10 220 THIC. UenoBek) (puc. 10).

Takum 06pa3zom, 3HauuTEILHOE OCHabenue [I1OM
OJTHOBPEMEHHO C HA4YaJIOM BaKIMHAI[UK HE MO3BOJISCT
M30eXKaTh CYIIECTBEHHOTO pOCTa 3a00JIEBAEMOCTH.

CBOJIHBIC PE3YJIBTAThI BHIYMCIUTEIBHBIX YKCIICPH-
MEHTOB I10 IPOTHO3HBIM CIIEHAPHUSAM IPEICTABICHBI B
Tadu. 2.

ORIGINAL RESEARCHES

IIpu cpaBuenun cuenapues CO u C1.0 Beuucnu-
TEJIbHBIE SKCIEPUMEHTHI MPOUIUTIOCTPUPOBAIN CHUTY-
alMIo, KOraa, Ka3anoch Obl, SMHIAEMHUS yXKE COLUIa Ha
HET, HO MpH 3HauUNTeNIbHOM cHIkeHuU [I9OM (HaumHas
¢ Mapra 2021 r.) npu OTCYTCTBUM BaKI[MHALIUU HMEET-
Csl BBICOKAsi BEPOATHOCTb 3HAUUTENBHOIO MOABEMA 3a-
OoneBaemoctu ¢ mukoM 380 ThIC. YETIOBEK B CepeinHE
asrycra 2021 r.

IIpu cpaBnennu crenapue C1.0 u C1.1 Bbruuc-
JIUTENbHBIE IKCTIEPUMEHTHI I0KA3aJIH, YTO IPOBEIECHUE
BaKIIMHAIIUY C HauajioM B KoHIle ceHTss0ps 2020 r. u j0-
CTIKCHHEM 00beMa 4 MIIH 4YellOBEeK A0 Hayaia 3Havu-
TenapHOro cHIKeHus: [I9M nmpenoTBpamaeTt nosiBieHue
BTOPOI1 BOJTHBI 3200J1€BAEMOCTH.

IIpu cpaBrennu crenapue C1.0 u C1.2 Bbruuc-
JIMTENbHBIE SKCIIEPUMEHTHI MOKa3ajd, 4TO Ha (oHe
HU3KOH 3200JIeBaEMOCTH HauaJo IPOBEJACHHUS BaKI[HA-
uu B KoHIe ceHTsa0ps 2020 1. ¢ cyMMapHbIM 00beMOM
6,5 MJIH 4€JIOBEK U OoJiee HU3KUM Had4aIbHBIM TEMIIOM
BakiuHaiuu (300 Teic. — 2 MITH — 6,5 MIIH) HE TI03BO-
JISIET TIOJTHOCTBIO MPEIOTBPATUTh MOIBEM €KEAHEBHOM
3aboneBaemMocTH ¢ koM 11 387 cimyyaeB B cepeanHe
nekabps 2021 r.

IIpu cpaBuenun cuenapueB CO u C2.0 Bpluuc-
JUTETbHBIE SKCHEPUMEHTHI MOKa3aliH, 4YTO Ha (oHe
ymepeHHoro cHmkeHus [I1OM B centsiope 2020 r. 6e3
BaKIMHAMK HaOmrofaeTcs HHU3Kas 3a00JeBacMOCTh
1o cepeannsl HOoAOps 2020 r., 3aTeM moabeM 3aboiie-
BaeMocTH ¢ nmukoM 65 300 ciayyaeB B cepelHE HIOHS
2021 .

IIpu cpaBrenuu crenapue C2.0 u C2.1 Bbruuc-
JIMTENbHBIE SKCIIEPUMEHTHI MOKa3ajd, 4TO Ha (oHe
yMepeHHoro cHmkeHust [I9M B ceHTsiOpe Hauano mpo-
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Puc. 9. CpaBHeHne anHaMUKn exeqHEeBHOM 3ab60neBaemMoCcTy No CUeHapusaM ymepeHHoro cHmkeHust M3AM ¢ koHua ceHTsbpa
no axHeapb 2021 r. ¢ pa3HbIM TEMNOM NPOBEAEHMS BaKUMHALNN.

Fig. 9. Comparison between the daily incidence dynamics under the scenario of a moderate reduction in EPMs
from the end of September to January 2021 and different rates of vaccination.
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Puc. 10. CpaBHeHVE OoMHAMUKM eXeAHEBHOM 3ab0neBaeMOoCTu No CLEHAPUIO 3HAYUTENBHOTO CHbkeHUN NMAOM ¢ KoHua
ceHTa6psa no sstHeapb 2021 r. 6e3 BakumHaumm (W_C3.0) u npu npoBefeHum BakumHauum (W_C3.1).

Fig. 10. Comparison between the daily incidence dynamics under the scenario of a significant reduction in EPMs
from late September to January 2021 without vaccination (W_C3.0) and with vaccination (W_C3.1).

BEJICHHS BaKIIMHAIIUH B KOHIIE ceHTs0ps 2020 1. ¢ cym-
MapHBIM 00bEeMOM 6,35 MJIH YelOBEK U yMEPEHHBIM
TeMIIoM BakuHauuu (2 MaH — 4 muiH — 6,35 MuH)
MTO3BOJIUT MPAKTUYECKHU IMPENOTBPATUTh BTOPYIO BOJI-
Hy B KoHue ampeist 2021 r. Habmonaercst HeGOnbLION
noabeM 3aboneBaemoctu (1120 ciayuae) B cepeanHe
mapta 2021 1.

[Ipu cpasaennn cuenapue C2.0 u C2.2 Bbrymc-
JUTEIbHBIE SKCIEPUMEHTHl TOKa3anHd, 4To Ha (hoHe
ymepeHHoro ocnabnenus [IOM Hauano npoBeneHUs
BaKIIMHAIIUY B KOHIIC CCHTSAOPS C CyMMapHbIM 00beMOM
4,3 MJIH 4enoBeK U 0os1ee HU3KUM HayajJbHBIM TEMIIOM
BakiuHauu (300 Teic. — 2 MiIH — 4,3 MJTH) TTO3BOJIUT
CHHM3UTH 3abosneBaeMocTh. HaOmomaercss HeOONbIION
noabeM 3aboneBaeMoctu ¢ mukoM (18 302 ciyuas) B
koH1e anpens 2021 .

[Ipu cpaBuenuu cuenapues CO u C3.0 Beruucu-
TEJbHBIC YKCTIEPUMEHTBHI IIOKa3aJId, 4TO Ha (POHE 3HAYH-
TeabHOro cHIbKeHUs [IOM B ceHTs0pe O3 BaKIIMHAIIUU
HaOmonaeTcst Hu3Kas 3abomeBaemocts g0 01.11.2020,
3aTeM SKCIOHCHUIHUAIBHBIN POCT eXeIHEBHOU 3a0oie-
BaeMOCTH ¢ MUKOM (360 ThIC. clly4aeB) B Hayase SHBapsi
2021~

[Ipu cpasaennn cuenapue C3.0 u C3.1 Bbrumc-
JUTEIbHBIE SKCIEPUMEHTHl TOKa3anHu, 4To Ha (hoHe
3HauUUTENbHOTo cHIbkeHus [IOM B ceHTsi06pe Hauano
MPOBEJICHNUS] BAaKIMHAIMKW B KOHIIE CEHTSIOps ¢ yme-
PEHHBIM Ha4YaJbHBIM TeMNOM (2 MJIH — 2,3 MJIIH —
2,3 MJIH) U MakCUMaJIbHO BO3MOYKHBIM CYMMAapHBIM
00beMOM 2,3 MITH HE MOXKET MPEJOTBPATHTH MOSIBICHUE
BTOPOi1 BOJHBI. BakuuHamus cnocoOCTByeT yMEHbIIIe-
HUIO NTHKa eXeJHeBHOW 3aboneBaeMoctu ¢ 360 ThIC. 10
220 ThIC.YENOBEK.

BbiBoapbl

CymiecTByeT BBICOKAsi BEPOSITHOCTH MOJbEMa 3a-
OoneBaemoctu npu ocnabnenuu [I1OM B oTcyTcTBHE
BaKIMHALUK HaceneHus. [Ipy 3ToM BbIcoTa Muka exe-
JTHEBHOU 3a00JI€BAEMOCTH 3aBUCHT OT CTETICHH CHH-
skeHust [I9M 1 mpakTUyeckn He 3aBUCUT OT BpEeMEHH
Hauaja 0cJIabiieHus Mep.

3HauuTenbHOe cHIkeHue [I1OM ogHOBpeMeHHO ¢
HayaloM BaKIMHALUK HE MO3BOJAET M30eXaTh Cylle-
CTBEHHOTO pocTa 3a00JIeBaéMOCTH.

[IpoBenenue BakiuHauu Ha (OHE OcCHaOICHUS
[13M (o m3o0msiuKy WHGUIUPOBAHHBIX JIML U MPEPHI-
BAaHHMIO MEXaHM3Ma Tepeau) MO3BOISIEeT CHU3UTH 3a-
00NIeBaeMOCTb, OTHAKO CTETEHb BIIHMSHUS 3aBHCUT OT
BpEMEHH Hayasia, 00beMa M CKOPOCTH OXBara Hacele-
HUS BaKLIMHAILIMEH.

Jnst mpenoTBpalieHusl 3HAYMTENLHOTO MOAbEeMa
3aboneBaemoctn COVID-19 nHa ¢onHe npoBomumoit
BaKIMHALUK HEOOXOIMMO MOAJIEPKHUBATh OCTallb-
Hele [IOM (mo wu3onsuuu UHQHUUUPOBAHHBIX JIHIL U
NPEPHIBAHUIO MEXaHW3Ma Mepeadu) A0 JOCTHKECHUS
o0beMa oxBaTa BaKIMHAIMEH OKOJIO 2 MJIH YeJIOBEK.
OnTUMalbHBIM TIPEICTABISETCS COXPAaHEHUE BBIILIEY-
KazaHHbIX [IOM 1o nocTHKeHHs] CyMMapHOTO OXBaTa
BaKI[MHALMe 4 MIIH YeJIOBEK, MOCJE Yero BO3MOXKHO
3HauuTenbHoe cHkeHue [I19M. Tlpu oxBare BakiuHa-
uueit 50% HaceneHuss MOCKBBI BO3MOYKHA ITOJIHAs OT-
MeHa [IOM.

3aKknwuyeHune

Lenpto MomenupoBaHus HE OBUIO TOYHOE IMPEJ-
CKa3aHWE Pa3BUTHUA IMUAEMUYECKOW cUTyaluu B Mo-
ckBe. Haim uccnenoBaHus 1o NPOTrHO3HBIM CLIEHAPH-
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Tabnuua 2. Pesynstatsl MOAENMPOBaHNS MO NPOrHO3HBLIM CLEEHapusam
Table 2. Simulation results for forecast scenarios

ORIGINAL RESEARCHES

CueHapumn
Scenarios

BakumHauuns
Vaccination

OuHamuka exxegHeBHOM
3aboneBaemocTu, 1K
Dynamics of daily morbidity, peak

KymynatusHoe
KONnn4yecTBo
MHULMPOBAHHbIX
(na 01.02.2021)
Cumulative number
of infected
(as of 01.02.2021)

KyMynaTvBHOE KONMYECTBO
netanbHbIX Cry4YaeB
(Ha 01.02.2021)
Cumulative deaths
(as of 01.02.2021)

CueHapun CO «6a30BbIf»

(pvc. 6)
Scenario CO «Basic»

(Fig. 6)

Cuenapun C1.0 (puc. 7)
Scenario C1.0 (Fig. 7)

Cuenapun C1.1 (puc. 8)
Scenario C1.1 (Fig. 8)

Cuenapun C1.2 (puc. 8)
Scenario C1.2 (Fig. 8)

Cuenapun C2.0 (puc. 7)
Scenario C2.0 (Fig. 7)

CueHapun C2.1 (puc. 9)
Scenario C2.1 (Fig. 9)

Cuenapun C2.2 (puc. 9)
Scenario C2.2 (Fig. 9)

CueHapun C3.0 (puc. 7)
Scenario C3.0 (Fig. 7)

Cuenapun C3.1 (puc. 10)

Scenario C3.1 (Fig. 10)

He nposoguTtcsa
No vaccination

He npoBogutcsa
No vaccination

MNposoaguTtcs
Vaccinate

MNposoagunTcs
Vaccinate

He npoBogutcsa
No vaccination

MpoBoawnTca
Vaccinate

MNposoguTcs
Vaccinate

He npoBogutcsa
No vaccination

MpoBoguTcsa
Vaccinate

ExenHesHas 3abonesaemocTb —
e[IMHNYHble Cryyau nocrne
01.01.2021
Daily morbidity — isolated cases
after 01.01.2021

Muk BTOpON BoMHbI 380 ThiC.
yenosek Ha 530-11 aeHb
(B cepennHe aBrycta 2021 r.)
The peak of the second wave of
380,000 people on day 530
(mid-August 2021)

HeT nogbema 3abonesaeMocTy
No rise in incidence

Moabem 3aboneBaemocTy C MUKOM
11 387 yenoBek Ha 662-i1 oeHb
(cepeguHa gekabps 2021 r.)
Rise in incidence with a peak
of 11,387 people on day 662
(mid-December 2021)

Muk BTOpon BonHbl 65 000 Yenosek
Ha 430-1 feHb (B cepeguHe MIoHS
2021r)

The peak of the second wave
of 65,000 people on day 430
(mid-June 2021)

Mogobem 3aboneBaemocTu
1120 yenoBek Ha 378-1 AeHb
(cepennHa mapta 2021 r.)
The increase in the incidence
of 1120 people on day 378
(mid-March 2021)

vk 18 302 cny4yaes Ha 417-1 AeHb
(koHew anpens 2021 r.)
Peak 18,302 cases on day 417
(end of April 2021)

Muk 360 Tbic. cnyyaes Ha 310-1
AeHb (k 20.01.2021)

Peak 360,000 cases on day 310
(20 January 2021)

Munk 220 TeiC. cnyyaes Ha 320-1
OeHb (k 20.01.2021)

Peak 220,000 cases on day 320
(20 January 2021)

15657718

10737 123

1568 972

2691315

7678 221

1717 293

3610 443

10 728 363

8 356 263

7789

53 686

7832

13 082

38 391

8586

18 052

53 642

41781

SIM UMEJIM CBOEH LIEJIbI0 TIOUCK BO3MOMXHOCTEW yIpaB-
JIEHUS SIUJEMUYECKONM CUTyallMeW IpU pa3iIudHbIX
BapHaHTax ee pa3BUTHA. Kak MOKa3bIBaIOT Pe3yNbTaThl
BBIYMCIIUTEIbHBIX 3KCIIEPUMEHTOB, B HACTOSILIEE BPEMS
CYIIECTBYET BO3MOXXHOCTH M30€XKaTh MOSBICHHS TaK
Ha3bpIBaeMoil BTopoii BonHb! anuaemun COVID-19 mpu
palMOHANBHON CTPAaTErMy KOMILIEKCA IPOTUBO3IIMJIE-
MHUYECKUX MEPOIPUATHH, BKIIOYAIOIIETO BAKLIIUHALIUIO

300

HaceneHus. ONTHMaNbHBIM TPEACTaBISIETCA COXpa-
HEHHUE Mep (Ha JOCTUTHYTOM YPOBHE) IO M30JISLHU U
MIPEPHIBAHMIO MEXaHM3Ma Mepefadd 10 JOCTHKEHUS
CYMMapHOTO 00beMa 0XBaTa BaKIWHAIKEH 4 MITH 4eJo-
BEK, II0CJI€ Yero BO3MOKHO 3HAYUTEIBHOE OCIadIeHne
MIPOTUBO3NUAEMUYECKUX Meponpustuil. IIpu oxsare
BakuuHanueil 50% nHacenenns MOCKBBI BO3MOXKHA UX
I0JIHAsI OTMEHA.
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Predicting the dynamics of Covid-19 incidence and planning
preventive vaccination measures for Moscow population based
on mathematical modeling

Marina N. Asatryan', Elita R. Gerasimuk?, Denis Yu. Logunov’,
Tatyana A. Semenenko’, Aleksander L. Gintsburg’

'N.F. Gamaleya Federal Research Centre for Epidemiology and Microbiology, 123098, Moscow, Russia;
2Dubna State University, 141982, Dubna, Russia

The results of the predictive analytical studies on Covid-19 incidence dynamics in Moscow, taking into account
different changes in epidemic prevention measures, including vaccination coverage of the population, are

presented.

Research Objective. Using the new epidemiological model for analysis and prediction of the Covid-19 incidence
dynamics in Moscow and outlining main strategies in implementing epidemic prevention measures (EPMs),

including vaccination in 2020/2021.

Materials and methods. The epidemiological model is based on the Russian approach to mathematical
modeling of epidemics, known as Epiddynamics. The medium-term forecasting incorporated probable scenarios
of epidemic development with different EPMs (isolation of the infected and contacts, breaking the transmission

chains), including different rates of vaccination coverage in Moscow.

Results and discussion. The computational simulations demonstrated that the incidence rate is likely to increase
with scaling down EPMs and zero vaccination coverage. At the same time, the daily incidence rate depends on
the degree of EPMs reduction and basically does not depend on the time when the reduction begins. With
scaled-down EPMs, vaccination can decrease the incidence, though its effectiveness will depend on the time of

its commencement, coverage and rate.

Conclusion. The computational simulations showed that the vaccination will be efficient for prevention of new
surges in COVID-19 cases only if the other EPMs (isolation of the infected and contacts, breaking the transmission
chains) are still in place until the vaccination coverage reaches about 2 million people. Ideally, the measures
aimed at isolation and breaking of transmission chains should be continued until the total vaccination coverage
reaches 4 million people, after which the restrictive measures can be scaled down significantly. With vaccination

coverage of 50% of the population of Moscow, the restrictive measures can be completely discontinued.

Keywords: Covid-19, SARS-CoV-2, epidemic process, epidemiological model, potential scenarios, epidemic

prevention measures, predictive analytical studies.
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MporHosnpoBaHne gnHamukun 3abonesaemoctun COVID-19
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'OIBY «HaumoHanbHbIN CCNeqoBaTeNbCKUI LEHTP SMNUAEMUONOTN Y MUKPOOUONOT UMEHM MOYETHOIO akaeMnKa

H.®. lamanen», 123098, MockBa, Poccus;

TocypapcTBEHHbIN YyHUBepcuTeT «[ybHa», 141982, lybHa, Poccusn

BeepeHue. PacnpoctpaHeHue Bupyca SARS-CoV-2 npogormkaeTcsa Bo BceM Mupe. bonbluve Hagexabl Bo3na-
raloTcs Ha BaKUMHbI, KOTOPblE pa3pabaTbiBalOTCA BO MHOMMX BEOQYLUMX HAYYHbIX LEHTpax Mupa, B TOM YMChE B
Poccun.

Llenb nccrnegoBaHusi — ¢ NoMoLLbo pa3paboTaHHOW 3NMAEMMONOrMYeckor MogEenn NPOBECTU aHanu3 1 NPorHo3
anHamukm 3abonesaemoctn COVID-19 Ha TeppuTopmmn MoCKBbI 1 OnpedenvTb OCHOBHbIE NMOAXOAbI K OpraHM3a-
Lun npoTnsoanuaeMmyecknx meponpusatni (M3IM) ¢ yuetom BakumHauum HaceneHnms Ha ce3oH 2020/2021 rr.
Martepuanbl n meToabl. dnugemuonormyeckas Mmogens paspaboTaHa Ha 6a3e oTe4ecTBEHHOW Teopun matema-
TUYECKOro MOAENUPOBAHNS aNUAEMUA «naaMHamMuka». NMporHo3Hy OLEHKY Ha CpegHEeCPOYHbIN Nepuoa npo-
BOAMIM Ha OCHOBE NPOrHO3HbIX CLEeHapueB pa3BUTUS ANMAEMUYECKON CUTyaUUnN MpU pasnnyHbIX N3MEHEHUSIX
M3M (no n3onauMmn NHOULMPOBAHHBIX M KOHTAKTHbIX NULL, NPEPbIBAHNI0O MEXaHU3Ma nepefayn), B TOM Yncrne ¢
Y4ETOM pasnmMyHbiXx 00bEMOB BakLMHaUmn HaceneHs MockBbl.

Pe3ynbratbl U obcyxaeHue. BoluncnutenbHble 3KCNEPUMEHTbI MOKasanu, Y4TO CYLLECTBYET BEPOSITHOCTb
nogbema 3abonesaemocTu npu ocnabnexHmun NOM B oTCcyTCTBME BakumHauuu HaceneHus. [Npu aTom BbicoTa
nuka exxegHeBHON 3ab0neBaemMoCTu 3aBUCUT OT CTENEHU CHMXKeHus NOM n npakTnyecku He 3aBUCUT OT Bpe-
MEHW Hadana ux cHwxkeHusi. MNMpoBeaeHne BakuMHaumMm Ha oHe ocnabneHus NMAOM nossonsieT cHU3nUTb 3abo-
neBaemMoCTb, OAHaKO CTeNeHb BMUAHWUS 3aBMCUT OT BPEMEHM Hayana, obbema 1 CKOpOCTU OXBaTa HaceneHus
BaKLMHaLUMEN.

3akntoueHue. Pe3ynbrathl BblYMCANTENBHBIX SKCNEPUMEHTOB NOKa3sanu, YTo Ans npeoTBpalleHnst 3HaunTenb-
Horo nogbema 3abonesaemocT COVID-19 Ha ¢oHe NMpPOBOAMMONM BakUMHALMK HEOBXOAMMO NoadepKMBaTb
ocTtanbHble NMOM go gocTmxkeHns obbema oxBaTa BakUMHaALMEN OKONO 2 MIH venoek. OnTMManbHbIM Npea-
CTaBISIETCSl COXpaHEHNE Mep MO U30MALMK U NPEPLIBAHUI0 MEXaHU3Ma nepefaydn 4o AOCTUXEHUS CYMMapHOro
o6bema oxBaTa BaKkuMHaLumen 4 MiH YenoBek, NOCne KOTOPOro BO3MOXHO 3HauuTernbHoe ocrnabneHne orpaHuyu-
TenbHbIX Mep; Npu oxeaTte BakuuHaumen 50% HaceneHnss MockBbl BO3MOXHA UX NOMHasA OTMEHaA.

KnroueBble cnoBa: COVID-19; SARS-CoV-2; anudemuyeckuli rpoyecc; anudemuosioaudeckas Mooesib; rpo-
2HO3HbIE CUeHapuU; MpomueoanuidemMuyeckue Mepornpusimusi; MPO2HO3HO-aHanumu4eckue uccriedoeaHusl.

UcmoyHuk d)UHchupoeaHun. ABTOpr 3asaBnsa0T 00 OTCYTCTBUA (*)I/IHaHCVIpOBaHI/IFl npn npoBegeHnn ncene-
noBaHuA.

KoHdpbnnukm uHmepecoe. ABTOPbI AEKNAPUPYHOT OTCYTCTBUE SIBHbIX U MOTEHLMANbHBIX KOHIUKTOB NHTEPE-
COB, CBAI3aHHbIX C MNybnukawumen HacTosiLLEeNn CTaTby.

Ans yumupoeaHus: AcatpsiH M.H., F'epacumyk 3.P, JloryHos [.10., CemeHeHko T.A., MmHuBypr AJ1. MporHo-
3upoBaHve agnHamukn 3abonesaemoct COVID-19 1 nnaHupoBaHme MeponpuaTUiA No BakUMHONPOMUNakTuke
HaceneHnss Mockebl Ha OCHOBE MaTeMaTU4ecKkoro MoaenupoBanus. JKypHan Mukpobuonozuu, snudemuonoauu
u ummyHobuonozuu. 2020; 97(4): 289-300.
DOI: https://doi.org/10.36233/0372-9311-2020-97-4-1
Moctynuna 06.08.2020
MpuHaTa B nevatb 17.08.2020

Dedicated to the memory of Boris Vasilievich Boev

Rationale rus quickly spread across all countries and continents.

The problem of the emergence of epidemics and
pandemics of infectious diseases and the search for pre-
ventive measures will never lose their relevance. The
head of the Laboratory of Epidemiological Cybernet-
ics at the Gamaleya Research Institute of Epidemiolo-
gy and Microbiology, D. Eng. Sci. B.V. Boev wrote in
2005: "According to forecasts, in the first half of this
century, anywhere in the world, one should expect an
epidemic or an outbreak of both "new" and "old" infec-
tious diseases. In this context, advanced scientific stud-
ies on the analysis and forecasting of probable scenarios
for development of epidemics of dangerous infectious
diseases that may occur as a result of natural and man-
made emergencies are of particular importance" [1].

After an outbreak of pneumonia had been report-
ed in Wuhan in December 2019, the novel coronavi-
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By early August 2020, the number of recorded SARS-
CoV-2 cases exceeded 18 million people, with the death
toll reaching more than 688 thousand fatalities caused
by the coronavirus. In Russia, due to the epidemic pre-
vention measures, we were able to curb the spread of
the virus; however, according to official statistics, by
the beginning of August 2020, more than 850 thousand
of SARS-CoV-2 cases and 14 thousand deaths had been
reported in Russia. In the meantime, the true number of
people who have been infected with the virus far ex-
ceeds the number of reported cases. The proportion of
unidentified infected people, according to various stud-
ies, can range from 11.6% to 35.8% [2-5].

The SARS-CoV-2 virus continues its global
spread. We have great expectations for vaccines that
are being developed at leading research centers around
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the world, including Russia'. The new vaccine against
coronavirus developed at the Gamaleya National Cen-
ter for Epidemiology and Microbiology has successful-
ly passed the clinical trials; its manufacturing is sche-
duled for September 2020, and then it will be available
for vaccination of the population.

The use of an appropriate epidemiological model
makes it possible to "recover" data on the incidence,
and, by using them, to perform computational simu-
lations of various scenarios of the epidemic situation.
It seems relevant to conduct predicative and analytical
studies based on the mathematical model of the spread
of SARS-CoV-2 and to select the most reasonable sce-
narios of epidemic prevention measures (EPMs), in-
cluding vaccination of the population (through the ex-
ample of Moscow).

Materials and methods

The new epidemiological model incorporated data
from the published studies on clinical features, patho-
genesis and epidemiology of Covid-19, statistical data
on the reported Covid-19 cases and deaths in Moscow
over the observation period® as well as census data on
the population of Moscow (12.678 million people)*.

The new deterministic mathematical model is
based on the Epiddynamics approach incorporating
patterns of infection process development (among indi-
viduals) to get an insight into the dynamics of the epi-
demic process in the population [6]. The Epiddynamics
approach was successfully used in mathematical mod-
eling and analysis of the spread of significant infectious
and non-infectious diseases [7-11]. We used a SEIRF
type model as a basis to study the infection dynamics in
individuals going through different phases: susceptible
(S), exposed (or the incubation period) (E), infected (1),
recovered (R) or fatal (F). For modeling, the estimated
duration of the phases was as follows: the incubation
period after exposure 2—14 days, the clinical (infec-
tious) stage 7-14 days [12].

The probability of an individual’s moving to the
next stage is set by the functions: y (7) is the function
of the incubation period; (1) is the function of infec-

' Official website of the Ministry of Health, COVID-19 in
Russia. URL: https://covid19.rosminzdrav.ru (reference date
20.07.2020).

URL: https://covid19.rosminzdrav.ru/mihail-murashko-17-vak-
czin-protiv-koronavirusa-pokazali-sebya-kak- perspektivnye/
(reference date 20.07.2020).

2 WHO. COVID-19 Strategy Update. 20.05.2020.

URL: https://apps.who.int/iris/bitstream/handle/10665/332159/

WHO-2019-nCoV-Framework Mass Vaccination-2020.1-rus.

pdf (reference date 20.07.2020).

Stopkoronavirus.rf. Reports of the Communication Center of

the Government of the Russian Federation on the situation with

the coronavirus URL: https://cTonkoponasupyc.p¢/info/ofdoc/

reports (reference date 20.07.2020)

Federal State Statistics Service. URL: https://gks.ru (reference

date 20.07.2020).

tion development. The mathematical model of epide-
mic development is presented as a system of nonlin-
ear integro-differential equations in partial derivatives
with initial and boundary conditions [1]. The model has
been successfully verified with statistical data on mor-
bidity (with consideration of "recovered" data, ref. to
section 1). The model disregards seasonal variations in
the virus virulence. In addition, it was assumed that the
virus did not significantly mutate during the 2020/2021
season. The potential scenarios were developed with
consideration for a new vaccine and 70% immunolog-
ical efficacy.

The research was carried out in several stages:

1. Recovery of data on the Covid-19 incidence and
selection of the baseline scenario;

2. Predictive and analytical studies, including:

2.1. Analysis and prediction of the current epi-
demic situation (according to the baseline scenario);

2.2. Computational simulations based on the po-
tential scenarios.

At the final stage, the obtained results were inter-
preted and conclusions were made.

Results and discussion

Recovery of incidence data and selection
of a baseline scenario

The existence of asymptomatic and mildly symp-
tomatic cases being a distinctive feature of the novel
coronavirus infection contributes to the transmission of
infection in the population [13]. While severe and mod-
erately severe cases are recorded in clinics and hospi-
tals, patients with mild or absent symptoms may not
seek help. Prior to the large-scale sero-epidemiological
studies, only a small proportion of asymptomatic cases
was identified through epidemiological contact tracing
[14]. Thus, the number of reported cases is only a tip
of the iceberg, and the complete picture is required for
correct interpretation of the epidemic situation. There-
fore, the first stage of our research was focused on com-
putations and recovery of the source data.

The data on Covid-19 incidence among the popu-
lation of Moscow were recovered by two parameters,
which were compared later:

1) by estimating upper and lower bounds in mor-
tality from Covid-19 (Infection-Fatality Rate),

2) by estimating the immune stratum of the Mos-
cow population through the analysis of the representa-
tive sample.

The infection-fatality rate (IFR) was estimated
through the systematic review of the reference litera-
ture and the meta-analysis of research results obtained
by G. Meyerowitz-Katz and L. Merone [15]. Unlike the
CFR (the case fatality rate), which is the ratio between
the number of deaths and the number of reported (de-
tected) cases, IFR is calculated as the ratio between the
number of deaths from infection and the number of all
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infected people (including asymptomatic and mildly
symptomatic cases of infection). The IFR in European
countries averaged 0.64% at a confidence interval (CI)
of 0.50-0.78% [15].

The data on mortality in Moscow from the Emer-
gency Operations Center correspond to the number
of deaths due to Covid-19°. In accordance with inter-
national guidelines for the certification and coding of
Covid-19 as a cause of death®, the source data were
recalculated with consideration for the cases when the
SARS-CoV-2 virus had a significant impact on the de-
velopment of fatal complications of the disease’®.

The calculations based on the data’ showed that in
April, the number of deaths totaled 850 + 360 = 1,165
cases; in May, the number of deaths was 2,757 + 980 =
3,737 cases. Since the number of deaths in March was
several times lower than in April and May (without
breakdown by the cause), 24 death cases recorded in
the statistical reports of the Emergency Operations
Center were taken for calculations. Thus, from the date
of official registration to June 1, 2020, the number of
deaths totals 4,926 cases.

Based on the number of deaths by June 01, 2020
(4,926 cases), we performed calculations, using the
model, to find the ratio between the number of detected
cases and the number of "recovered" cases, where the
calculated (model) number of deaths by June 1 will be
close to 4,926. For the upper bound of the mortality rate
(IFR 0.78%), the ratio between the detected (reported
cases) and the "recovered" cases is approximately 25%
or 1 : 4. For example, by June 1, 2020 the cumulative
incidence is 718,687 cases according to the model, and
183,088 cases according to official statistics. For the
lower bound of the fatality rate (IFR 0.50%), the ra-
tio between the detected (reported cases) and the mod-
el-based "recovered" cases is approximately 16% or
1 : 6. For example, the cumulative incidence by June

5 Official website of the Ministry of Health, COVID-19 in Russia.
URL: https://covid19.rosminzdrav.ru
URL:https://static-1.rosminzdrav.ru/system/attachments/attach-
es/000/050/527/original/27052020_MR_STAT _1.pdf (reference
date 20.07.2020).

¢ WHO. COVID-19 - GUIDELINES FOR DEATH CERTIFICA-
TION AND CODING.20.04.2020.

URL: https://www.who.int/classifications/icd/Guidelines_
Cause_of Death COVID-19-20200420-RU.pdf?ua=1 (refer-
ence date 20.07.2020).

7 Official website of the Ministry of Health, COVID-19 in Russia.
URL: https://covid19.rosminzdrav.ru.

URL: https://mosgorzdrav.ru/professional/covid-19 (reference
date 20.07.2020).

8 WHO. Media briefing on #COVID19 with @DrTedros.
10.06.2020.

URL: https://twitter.com/WHO/status/1270739116078981120
(reference date 20.07.2020).

° Natural movement of the population in the context of the con-
stituent entities of the Russian Federation in January-May 2020.
URL: https://rosstat.gov.ru/storage/mediabank/yjmHZnUV/
edn05-2020.htm (reference date 20.07.2020).
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Fig. 1. The result of model verification is a comparison
of models (SW_0,16; SW_0,25) and statistical data
on cumulative morbidity (detected cases, SW_Stat).

Here and in Figs. 2-9: the horizontal axis shows the dates;
the vertical axis shows the number of cases.

1, 2020 is 1,134,836 cases according to the model, and
183,088 cases according to official statistics.

The curve of the verified cumulative incidence
(detected cases) for two calculation examples (1 : 6 and
1 : 4) matches the curve of official statistics (Fig. 1).

The next stage required for well-grounded selec-
tion of the baseline scenario from two verified scena-
rios included the analysis of the antibody test results
obtained during the randomized sample studies, which
were performed in Moscow from May 15 to May 23,
2020. According to official sources and press service
of the Moscow government, SARS-CoV-2 neutralizing
antibodies were found in 12.5% of the city's popula-
tion'® [16].

Taking into account the specificity and sensitivity
of the test systems, the proportion of the infected pop-
ulation was estimated. For this purpose, the possible
false-positive cases amounting to 3.8% were subtract-
ed from the declared portion of 12.5%, and then, the
false-negative cases amounting to 0.2% were added,
representing 8.9% of Moscow population, or 1,130 thou-
sand people'. This estimate is close to the calculated
ratio between the detected cases and "recovered" cases,
which is 1: 6 (at 0.50% IFR).

Thus, for further studies, the scenario with the
mortality rate of 0.50% was chosen as the baseline or
CO0 scenario. Figures 2 and 3 show the graphs of the
model and statistical data on the recorded daily and cu-
mulative incidence.

Based on the calculations, the ratio between the
detected cases and the "recovered" cases was 1 : 6.

19 Official portal of the Mayor and the Government of Moscow.
Immunity to coronavirus is formed in 12.5%.
URL: https://www.mos.ru/news/item/74512073/ (reference date
20.07.2020).

1"SARS-CoV-2 IgM. URL: https://keul.de/wp-content/up-
loads/2020/04/TFU-SARS-CoV-2-IgM-CLIA-1.0.pdf (reference
date 20.07.2020).
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Fig. 2. Detected (reported) cases of daily incidence.
Statistical data — W_Stat, model — W_0,16.

Figure 4 shows the modeling of the dynamics of the
"recovered" cumulative incidence and the graph of the
detected (reported) cases for reference. The further
studies were based on the "recovered" data for the base-
line scenario CO.

Predictive and analytical studies

Analysis and prediction of the current epidemic
situation according to the baseline scenario
(scenario 1 : 6)

The use of a mathematical model allows us to play
out (by using the computer) various scenarios of epi-
demic development, making it possible to answer two
questions: "What will happen if..." and "what would
happen if...". The last question is also useful, as it helps
evaluate the measures taken by the healthcare system
and compare the current situation with a hypothetically
probable scenario for the epidemic development with-
out the implemented measures.

Figure 5 shows the graphs of daily incidence
without preventive measures (red line) and with the im-
plemented EPMs. As can be seen in Fig. 5, the timely
implemented measures for isolation of the infected (in-
cluding self-isolation of the population) and social dis-
tancing significantly reduced the daily incidence (ap-
proximately by 25 times) and saved thousands of lives.

The analysis of the model parameters showed that
for the baseline CO scenario, EPMs implemented by
June 12, 2020 resulted in the following: the isolation
reached 67% (the proportion of all infected (conta-
gious) people); measures aimed at breaking the chains
of transmission (hygienic precautions at all socially sig-
nificant facilities, social distancing, wearing face masks

250 000
150 000 /
100 000 / —SW_Stat
/ ———SW._0,16
50 000
7
(4
’I
0 =
1 1 7 7 7
n2 nA (a1 nRe n7

Fig. 3. Detected (reported) cases of cumulative incidence.
Statistical data — SW_Stat, model — SW_0,16.
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Fig. 4. Detected (reported cases) (SW_0,16)
and «recovered» cumulative incidence in accordance
with the selected baseline scenario CO (SW_CO0).
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Fig. 5. Comparison of the current daily morbidity (W_CO0)
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and gloves, personal hygiene) reduced the probability
of virus transmission to 14% of its maximum value (the
probability of transmission before adoption of the re-
strictive measures). Taking into account the elimination
of restrictions (while retaining social distancing and
mask wearing) and expecting an increase in business
activity in September, we assumed a slight (and gra-
dual) EPM reduction from June 12 to September 25,
2020213, The date of September 25, 2020 is selected
randomly as the probable commencement of vaccina-
tion among the population of Moscow'®. Provided that
the level achieved by September 25, 2020 due to the
prevention measures remains stable in the future, the
daily incidence will decrease, comprising singular cas-
es after January 2021 (Fig. 6). The cumulative number
of the infected can total 1.558 million, and the cumu-
lative number of deaths will not exceed 8§ thousand ac-
cording to this scenario.

The CO scenario shows that if the adopted EPMs
remain effective for a long time, the incidence can stay
at a fairly low level. But what will happen if measures
are scaled down when the incidence rate is low? To an-
swer this question, we performed computational simu-
lations under the scenarios presented below.

Computational simulations under
potential scenarios
To reduce and prevent the spread of infection, the
main EPMs should be aimed at 3 factors (drivers) of

12 Methodological Guidelines of 08.05.2020 MR 3.1.0178-20
«Determination of a set of measures, as well as indicators that
are the basis for the phased lifting of restrictive measures in the
context of the epidemic spread of COVID-19».

URL: https://www.rospotrebnadzor.ru/upload /MP_
nosrarHoe%20cusarue%20orpanny._08.05.2020.pdf (reference
date 20.07.2020).

13 Sergey Sobyanin's website. Return to normal life. Educational,
theater, cinema and children's entertainment centers.

URL: https://www.sobyanin.ru/otmena-ogranicheniy-obrazo-
vanie-i-detskie-tsentry (reference date 20.07.2020).

14 A moderate reduction in measures and vaccination commence-

ment from 25.11. 2020 show similar simulation results.
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the epidemic process: The source of infection (isola-
tion of contagious patients), transmission of infection
(breaking the chain of infection through different mea-
sures, including hygiene preventive measures in public
spaces and social facilities, social distancing, wearing
face masks and gloves, improved personal hygiene),
and susceptible individuals (routine vaccination, emer-
gency preventive care)" [17]. Before the new vaccine
was developed, the main measures were focused on two
factors — source of infection and transmission chains.
The model shows that timely adopted restrictive mea-
sures helped significantly reduce the disease incidence
(Figure 5).
The successful clinical trials of the new Russian
vaccine with participation of volunteers add confidence
in planning of the measures including vaccination of
the population. Can EPMs be scaled down? What co-
verage and rate of vaccination are required? Under
what conditions can the measures be reduced without
causing a surge in Covid-19 cases? To answer these
questions, we prepared potential scenarios of develop-
ment of the Covid-19 epidemic situation, taking into
account different changes in EPMs and various ranges
of vaccination coverage of the Moscow population (the
vaccination commencement on September 25, 2020).
In addition, we conducted computational simulations
with the model (Table 1).
The EPM reduction levels are shown in the table
as slight, moderate and significant, in percentage terms:
* Slight (insignificant) reduction in measures —
reduction by 2% from the level achieved by
June 12, 2020;

* Moderate reduction in measures — reduction by
13% from the level achieved by September 25,
2020;

« Significant reduction in measures — reduction
by 50% from the level achieved by September
25, 2020.

Potential scenarios with different levels of reduction
in EPMs without vaccination of the population

The modeling results for potential scenarios C1.0,
C2.0, and C3.0 (without vaccination) are shown in
Fig. 7.

Scenario C1.0 illustrates the situation when there
are only a few isolated cases of the disease (or no cases
may be recorded by the end of February) and seasonal
ARVI (acute respiratory viral infection) incidence goes
down, the restrictive measures will be eliminated, for
example, starting from March 2021, which means a sig-

15 Methodological Guidelines MR 3.1.0170-20. Epidemiology and
Prevention of COVID-19 (read with MR 3.1.0175-20, Amend-
ment No. 1 in MR 3.1.0170-20, Epidemiology and Prevention of
COVID-19, approved by Rospotrebnadzor on 30/4/2020).

URL: https://www.rospotrebnadzor.ru/upload/iblock/070/metod
recomend 3.1.0170 20 v_1.pdf (reference date 20.07.2020).
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Fig. 6. Dynamics of the daily number of infected cases according to the CO baseline scenario (W_CO0).

nificant reduction in EPMs. Under such conditions and
in absence of vaccination, there is a high probability of
a new surge in cases and an incidence peak (380,000)
reached by mid-August 2021 (Fig. 7, W_C1.0).

Scenario C2.0 illustrates the likelihood of in-
creased incidence (with a peak of 65 thousand in mid-
June 2021), when there is a moderate reduction in
EPMs, from late September to January 2021, and no
vaccination (Fig. 7, W_C2.0).

Scenario C3.0 illustrates the likelihood of in-
creased incidence (with a peak of 360 thousand in early
January 2021), when there is a significant reduction in
EPMs, from late September to January 2021, and no
vaccination (Fig. 7, W_C3.0).

Thus, computational simulations have shown that
the incidence rates are likely to increase if EPMs are
scaled down and the vaccination is not available. At

the same time, the daily incidence peak rates depend
on the extent of EPM reduction and do not depend
on the time when the reduction starts. The next stage
of our research focuses on the vaccination coverage
and rate required to prevent a sharp increase in the
incidence.

Potential scenarios with different vaccination
coverage of the population

Scenario C1.1: The vaccination of the popula-
tion starts September 25, 2020 and the achieved level
of measures is maintained till the beginning of March
2021 when EPMs can be significantly reduced. If the
vaccination coverage gradually increases to 2 million
people by January 1, 2021 and, then to 4 million peo-
ple by the beginning of April, reaching the level of 6.5
million by the end of August 2021, the exponential in-

Table 1. Forecast scenarios — options for a complex of anti-epidemic measures

Scenarios

Isolation of infected persons and interruption of the transmission
mechanism (hygiene measures at all socially significant facilities,
social distancing, wearing masks and gloves, strengthening
of personal hygiene)

Vaccination volume and rate*
(total volume reached
on the date 01.01.21 —
01.04.21 — 21.10.21)

Scenario CO «Basic» (Fig. 6)

A slight decrease in measures from June 12 to September 2020,

No vaccination

followed by their maintenance at the achieved level

Scenario C1.0 (Fig. 7)
Scenario C1.1 (Fig. 8)
Scenario C1.2 (Fig. 8)
Scenario C2.0 (Fig. 7)
Scenario C2.1 (Fig. 9)
Scenario C2.2 (Fig. 9)
Scenario C3.0 (Fig. 7)
Scenario C3.1 (Fig. 10)

Significant reduction in measures from March 2021

Significant reduction in measures from March 2021

Significant reduction in measures from March 2021
Moderate reduction in measures from September 2020*
Moderate reduction in measures from September 2020*
Moderate reduction in measures from September 2020*
Significant reduction in measures from September 2020*

Significant reduction in measures from September 2020*

No vaccination
2M — 4M — 6.5M
300k — 2M — 6.5M
No vaccination
2M — 4M — 6.35M
300k — 2M — 4.3M
No vaccination

2M — 2.3M — 2.3M

Note. *The beginning of the change in measures coincides with the beginning of vaccination — 25.09.2020.
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Fig. 7. The modeling of the daily incidence dynamics under scenarios C1.0, C2.0, and C3.0 without vaccination.

crease in the incidence observed with zero vaccination
in scenario C1.0 (Fig. 8, W_C1.1) will be prevented.

Scenario C1.2L The isolation measures and the
measures aimed at breaking chains of transmission are
significantly reduced from March 2021 and the vacci-
nation coverage (from September 25) is scaled down to
300 thousand people by January 1,2021 and to 2 million
people by early April 2021, totaling 6.5 million people
vaccinated by mid-October 2021. It will not be possible
to completely prevent the increase, and there will be
a small second wave of Covid-19 with a peak (11,387
cases) in mid-December 2021. (Fig. 8, W_C1.2).

Thus, to prevent a significant increase in the inci-
dence, the vaccination must be conducted together with
the other EPMs (isolation and breaking chains of trans-
mission) until the vaccination coverage reaches at least
2 million people. The measures (isolation and breaking

chains of transmission) remaining in effect until a total
vaccination coverage of 4 million people is achieved
will it possible to prevent the so-called second wave.
After 4 million people are vaccinated, EPMs can be re-
duced significantly. If the vaccination is administered
until 50% of the Moscow residents are vaccinated,
EPMs can be completely discontinued.

Scenario C2.1: A moderate reduction in EPMs
from the end of September to January 2021, and the
vaccination (from September 25) covering 2 million
people by January 2021, 4 million people by March
2021 and 6.35 million people by October-Novem-
ber 2021 will result in a low incidence until January
2021, followed by a slight surge in cases with a peak
(1,120 people) in mid-March (Fig. 9, W_C2.1).

Scenario C2.2: A moderate reduction in EPMs
from late September 2020 to January 2021 and the
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Fig. 8. Comparison between the daily incidence dynamics under the scenario of a significant reduction in measures
(isolation and breaking chains of transmission) from March 2021 and different rates of vaccination.
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Fig. 9. Comparison between the daily incidence dynamics under the scenario of a moderate reduction in EPMs
from the end of September to January 2021 and different rates of vaccination.

vaccination covering 300 thousand people by January
2021, 2 million people by early April and then 4.3 mil-
lion by October 2021 will lead to a more significant
increase in the daily incidence with a peak (18,302 peo-
ple) at the end of April 2021. (Fig. 9, W_C2.2).

The vaccination conducted while EPMs (isolation
and breaking the chains of transmission) are moderate-
ly reduced can contribute to the decreasing incidence,
though its effectiveness depends on the time of its com-
mencement, on its coverage and rate.

Scenario C3.1: A significant reduction in EPMs
from the end of September to January 2021 will require
a very high rate of vaccination within a short period by

the 300™ day (2021) before the incidence begins to rise.
The coverage 2 million people reached by 2021 is not
sufficient for preventing an exponential increase in the
incidence with a peak of the second wave (220,000 pe-
ople) reached by January 20, 2021. The above coverage
helps decrease the incidence rate (from 360 thousand to
220 thousand people) (Fig. 10).

Thus, it has been shown that the vaccination ac-
companied by a significant reduction in EPMs will not
prevent a significant increase in the incidence.

The summarized results of computational simu-
lations under the potential scenarios are presented in
Table 2.
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Fig. 10. Comparison between the daily incidence dynamics under the scenario of a significant reduction in EPMs
from late September to January 2021 without vaccination (W_C3.0) and with vaccination (W_C3.1).
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Scenarios Vaccination

Dynamics of daily morbidity, peak

Cumulative number
of infected
(as of 01.02.2021)

Cumulative deaths
(as of 01.02.2021)

Scenario CO «Basic» No vaccination Daily morbidity — isolated cases 1557718 7789
(Fig. 6) after 01.01.2021
Scenario C1.0 (Fig. 7) No vaccination The peak of the second wave of 10737 123 53 686
380,000 people on day 530
(mid-August 2021)

Scenario C1.1 (Fig. 8) Vaccinate No rise in incidence 1568 972 7832
Scenario C1.2 (Fig. 8) Vaccinate Rise in incidence with a peak 2691 315 13 082
of 11,317 people on day 662
(mid-December 2021)

Scenario C2.0 (Fig. 7) No vaccination The peak of the second wave 7678 221 38 391
of 65,000 people on day 430
(mid-June 2021)

Scenario C2.1 (Fig. 9) Vaccinate The increase in the incidence 1717 293 8586
of 1120 people on day 378
(mid-March 2021)

Scenario C2.2 (Fig. 9) Vaccinate Peak 18,302 cases on day 417 3610443 18 052
(end of April 2021)

Scenario C3.0 (Fig. 7) No vaccination Peak 360,000 cases on day 310 10 728 363 53 642
(20 January 2021)

Scenario C3.1 (Fig. 10) Vaccinate Peak 220,000 cases on day 320 8 356 263 41 781

(20 January 2021)

When comparing scenarios CO and C1.0, the com-
putational simulations illustrated a situation when the
epidemic was already on the decline, but a significant
reduction in EPMs (starting from March 2021) and the
absence of vaccination can result in a high probability
of a significant increase in the incidence (with a peak of
380,000 in mid-August 2021).

When comparing scenarios C1.0 and Cl1.1, the
computational simulations showed that the vaccination
(from the end of September) covering 4 million people
before EPMs are significantly reduced prevents the oc-
currence of a second wave of the disease.

When comparing scenarios C1.0 and C1.2, the
computational simulations showed that, while the in-
cidence is low, the vaccination (from the end of Sep-
tember) starting from 300 thousand people, then rea-
ching 2 million people and, finally, covering the total
of 6.5 million people, does not completely prevent the
increase in the daily incidence (with a peak of 11,317
cases in mid-December 2021).

When comparing scenarios CO and C2.0, the com-
putational simulations showed that the moderate re-
duction in EPMs in September 2020 and the absence
of vaccination will result in low incidence rates until
mid-November 2020 to be followed by an increase in
the incidence with a peak (65,300) in mid-June 2021.

When comparing scenarios C2.0 and C2.1, the
computational simulations showed that the moderate
reduction in EPMs in September 2020, the vaccination

298

(from the end of September 2020), the total coverage of
6.35 million people and the moderate rate of vaccina-
tion (2 mln — 4 mln — 6.35 min ) will help prevent the
second wave of the disease (at the end of April 2021).
There is a slight increase in the incidence (11,20 cases)
in mid-March 2021.

When comparing scenarios C2.0 and C2.2, the
computational simulations showed that the moderate
reduction in EPMs, the vaccination (from the end of
September 2020), the total coverage of 4.3 million peo-
ple and the lower rate of vaccination (300 thousand —
2 million — 4.3 million) will help decrease the inci-
dence. There is a slight increase in the incidence (18,302
cases) with a peak at the end of April 2021.

When comparing scenarios C0O and C3.0, the com-
putational simulations showed that the significant re-
duction in EPMs in September 2020 and the absence of
vaccination will result in a low incidence until Novem-
ber 1, 2020 to be followed by an exponential increase in
the daily incidence (360,000 cases) with a peak in early
January 2021.

When comparing scenarios C3 0 and C3 1, the
computational simulations showed that the significant
reduction in EPMs in September, the vaccination (from
the end of September) at a moderate rate (2 million —
2.3 million — 2.3 million) and the maximum possible
total coverage of 2.3 million people cannot prevent the
occurrence of a second wave. The vaccination helps de-
crease the daily incidence rates from 360,000 to 220,000.
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Implications

1. There is a high probability of an increase in the
incidence if EPMs are reduced and the vaccination is
absent. However, daily incidence rates depend on the
extent of reduction in EPMs, hardly depending on the
time when the reduction takes place.

2. The commencement of vaccination accompa-
nied by a significant reduction in EPMs does not pre-
vent a significant increase in the incidence;

3. The vaccination accompanied by a reduction in
EPMs (isolation and breaking chains of transmission)
can decrease the incidence, but the impact depends on
the time of its commencement, its coverage and rate.

4. To prevent a significant increase in the Covid-19
incidence during the vaccination, the other EPMs (iso-
lation of the infected and breaking chains of transmis-
sion) must be maintained until the vaccination coverage
reaches approximately 2 million people. Ideally, EPMs
should remain effective until the total vaccination cov-
erage of 4 million people is reached’ then, EPMs can be
significantly reduced. When the vaccination coverage
reaches 50% of the Moscow population, EPMs can be
completely discontinued.

Conclusion

The modeling was not intended for making an ac-
curate prediction of development of the epidemic situa-
tion in Moscow. Our research by using scenarios was
aimed at finding opportunities for managing the epi-
demic situation in different versions of its development.
The computational simulations show that the appropri-
ate strategy in EPMs and vaccination will prevent the
so-called second wave of Covid-19 epidemic. The opti-
mum solution is to keep maintaining EPMs until a total
vaccination coverage of 4 million people is reached,
after which EPMs can be significantly reduced. When
the vaccination coverage reaches 50% of the Moscow
population, EPMs can be completely discontinued.
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© Haruesa O.I., bapkosa E.lN., Ctpoesa A.[l., Cugopos A.B., 3sepes B.B., 2020
W) Check for updates

XapaKkTepucTuka mapKkepoB X0J1I040BOI1 afanTaunn KaHANAATHbIX
BaKLUMHHDbIX LUTAMMOB A1l XKUBbIX aTTEeHYNPOBaHHbIX BaKLVH
NPOTUB BETPAHOI OCNbl U ONOACbIBAIOLEro repneca

Haruesa O.[.%, bapkosa E.I., CtpoeBa A.[l., Cugopos A.B., 3BepeB B.B.

OIBHY «HayuHo-uccnegoBatenbCkun MHCTUTYT UM. .M. MeuHmnkoBa», 115088, Mockaa, Poccusa

BBepeHue. 3HauMMOCTb BETPAHON OCMNbl OOYCMNOBNEHa €€ LUMPOKOWM pacnpoCTPaHEHHOCTLIO, 3HAaYUTENBHOW Be-
POSTHOCTBIO TSPKENOIO KIIMHUYECKOrO TEYEHNS, OCIIOKHEHMWI, KOTOPblE MOTYT NPUBOAUTL K NeTanbHbIM UCXOAaM.
BakumHaumsa aBnseTcs eAMHCTBEHHbIM crieumduryecknm cnocobom npodunaktvuki 3abonesanus. Llenb pabotbl
3aKnyanach B OLUeHKe aTTeHyauum xonogoaaanTupoBaHHblx (XA) kaHAMAATHBIX BUPYCHbIX WwWTaMmMoB Varicella
zoster n Herpes zoster TpagWUMOHHBIMU U HOBLIMW METOAaMMU.

Matepuanbl u metoabl. B pabote vcnonb3oBany LWTaMMbl AUMNOUAHBIX KIETOK NErKUX U KOXXHO-MbILLEYHON
TKaHn aMBpMOHa YenoBseka, NepBnYHbIE N ANNnonaHble kKneTkn dounbpobnactoB ambprMoHa MOPCKOW CBUHKN. Bbl-
nn nonyyeHbl ABa KNMHUYECKMX n3onsTa Bupyca — oT pebeHka, 60MbHOro BETPSIHOWM OCMON, 1 B3pOCMOro B ne-
pvioa peakTuBaumMm OMnosicbiBatoLLEro reprneca. B kayecTse KOHTPOMS UCMOMb30Banu BakUMHHLIN WTamm vOka u
nabopatopHbii wTtamm Ellen. MHMOEKUMOHHY0 akTUBHOCTb BUPYCOB OMpeAensnu MeToaoM nNpeaenbHbIX passe-
[OeHVIN BUpYCa B YyBCTBUTENbHbIX KynbTypax. BUpyneHTHOCTb yCcTaHaBnuBanu npu aHannse UHULMPOBaHHbIX
BMpPYCOM Varicella zoster xopnoH-annaHToONCHbIX 060MoYeK pa3BMBaOLLMXCS KYPUHBLIX 3MOPUOHOB.
Pesynbratbl. KnnHuyeckne nsonaTbl nacCcUpoBaHbl NPY NMOHWXEHHOW TeMnepaType U nccrnegoBaHbl B CpaBHU-
TeNbHbBIX 3KCNEpPUMEHTax Ha Hanuyne GUoNorM4yeckMx MapkepoB aTTeHyauuu. YCTaHOBMEHO, YTO LWTaMMbl BU-
pyca Varicella zoster vFiraVax n Bupyca Herpes zoster vZelVax obnaganv temneparypoyyBCTBUTENBHOCTbLIO U
X0nogoaganTypyemMoCTbio, HO HE BUPYNEHTHOCTbLIO. ATTEHYMpoBaHHble XA BUPYCHbIE LUTaMMbl MHAYLMpOBanu
Honee HU3KNIA YPOBEHb IKCMPECCUU O- U Y-UHTEPXdEPOHOBLIX PELIENTOPOB HA MOHOHYKIEapHbIX KNeTKax Yyenose-
Ka B OT/IM4ME OT UX POAUTENBCKNX BApUAHTOB.

3akntoyeHune. Hamy cosgaHbl M 0XapakTepr3oBaHbl ABa KaHAWAATHbIX BaKLUMHHbIX LWUTaMMa Ha OCHOBE aTTeHy-
aumK KNMHNYECKNX U30MSATOB.

Knrodesnie cnoea: supyc eempsiHol OCribl; 8UPYC OMOSIChIBAKOLE20 2eprieca; Xusol ammeHyupo8aHHbIU eupyc
8empsiHOU OCrbl U Ofosichblgarowieao 2epreca; memrepamypodyscmeaumeribHocms, xornodoadanmupyemMocms,
KriemoyHbIl Mapkep; att-ctbeHomur; Hogble 6UOIO2UYECKUE MapPKEPLI ammeHyayuu.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asiBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBaHUS MPU NPOBEAEHUU Ucche-
[0BaHuS.

KoHdbriukm unmepecos. ABTOPbI AeKNapUpyoT OTCYTCTBUE SBHbIX U NOTEHLMArbHbIX KOH(MMKTOB UHTEpe-
COB, CBA3aHHbIX C NyOnmKauuen HacTosLWwen cTaTbi.

Ansi yumupoeaHusi: Harvesa ®.I",, bapkosa E.l1., Ctpoesa A.[l., Cugopos A.B., 3BepeB B.B. Xapakrepuctuka
MapKepOoB XOMoA0BOW afanTauuy KaHaAMAATHbIX BAKUMHHBIX LUTAMMOB AMNS XUBbIX aTTEHYMPOBAHHbIX BaKLUMH
NpOTMB BETPSIHOM OCMbI U onosicbiBatoLLero repreca. JKypHan Mukpobuonoauu, anudemuonoauu U UMMyHo6uo-
noauu. 2020; 97(4): 202-311.
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Characterization of markers of cold-adapted candidate virus strains
for live attenuated vaccines against chickenpox and shingles

Firaya G. Nagieva™, Elena P. Barkova, Alexandra D. Stroeva,
Alexander V. Sidorov, Vitaly V. Zverev

I. Mechnikov Research Institute for Vaccines and Sera, 115088, Moscow, Russia

Introduction. Chickenpox poses a significant public health concern due to its worldwide occurrence, a substan-
tial probability of severe clinical progression, development of complications that can lead to a fatal outcome. Rou-
tine vaccination is the only way to prevent the disease. The purpose of this study was to assess the attenuation
of cold-adapted (CA) candidate virus strains of Varicella zoster and Herpes zoster by using traditional and new
methods.
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Materials and methods. The study was performed on strains of diploid cells from human embryonic lung and
musculocutaneous tissue, primary and diploid cells of guinea pig fetal fibroblasts. Two clinical isolates of the virus
were obtained — from a child with chickenpox and from an adult during the reactivation of shingles. The vOka
vaccine strain and Ellen strain, a laboratory strain, were used as a control. The viral infectivity was measured by
using a sensitive limiting dilution assay. The virulence was measured through the analysis of chick embryo cho-
rioallantoic membranes infected with the Varicella zoster virus.

Results. The clinical isolates were sub-cultured at lower temperatures, put through comparative tests and
checked for presence of attenuation biomarkers. It was found that vFiraVax, a Varicella zoster virus strain, and
vZelVax, a Herpes zoster virus strain were temperature-sensitive and cold-adaptable, but they lacked virulence.
Attenuated CA virus strains induced lower expression of IFN-a and IFN-y receptors on human mononuclear cells

as compared to their parental variants.

Conclusion. We created and assessed two candidate vaccine strains through attenuation of clinical isolates.

Keywords: varicella zoster virus; herpes zoster virus; live attenuated varicella zoster and herpes zoster virus;
temperature-sensitive; cold-adapted; cell marker; att-phenotype; new attenuation biomarkers.
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BsepeHune

Bupyc Varicella zoster (VZV) siBisieTcst 4eiaoBe-
YECKUM 0-TepIIECBUPYCOM U TECHO CBSI3aH C BUPYCOM
repreca npocToro 1-ro u 2-ro tunoB. VZV umMmeer TH-
MUYHYI0 MOP(]OIOTHIO BUpYyca repreca, OJHaKoO ero Te-
HOM SIBJISIETCSl CaMbIM HEOOJBIINM CPEIH O-TepreCBU-
pycoB u oH konupyet O6osee 70 TeHHBIX MPOAYKTOB [1].

Berpsnas ocnma (BO) mmeer o0y 3THONO-
THIO U TECHYIO NTaTOTEHETUYECKYIO CBSI3b C XPOHHMYE-
ckoii (hopMoii MH(EKINNU — OIMOSCHIBAIOLIMM TepIie-
com (OI'), oOycnoBneHHBIM BUpycoM Herpes zoster
(HZV). BO u OI sBnsrTCs pa3HbIMU KIMHHYECKU-
MU GopMaMH OJHOTO HHQPEKIUOHHOTO Mpolecca.
Puck pazsutust OI' y nepeboneBmmnx BO cocraBnser
10-30%. Cpenu nun B Bo3pacte 60—80 et vacrora
3abonieBanust OI' BappupyeT ot 5 10 10 ciayuyaeB Ha
1000 genoBek. Y 15-40% Gonpubix OI' pa3zBuBaercs
MOCTrepreTHUYecKas HeBpaiIrus, MI0X0 MOAAAI0IasCs
JICUEHUIO W TPUBOASIIAS K 3HAYUTEIBHOMY CHIMKE-
HUIO KayecTBa JKU3HU. J[pyrue OoCIOXKHEHHs peakTH-
BaI[MM BKJIIOYAIOT SHIE(PATUTHI, MOTOPHYIO ClIab0CTh,
Mmuenonaruio u ap. Hanbonee Tskenbie 0CI0KHEHUS
BO3HUKAIOT Y MMMYHOKOMIIPOMETHUPOBAHHBIX WHIU-
BUyYMOB [2—4].

3a pyOexoM Ha MPOTSHKEHUH MHOTHUX JIET IPUMe-
HSETCs JKUBas KyJNbTypaJibHasi BaKI[MHa HA OCHOBE aT-
TEHYHPOBAaHHOTO BUpycHOTro mramma vOka (Slnonus).
OTa BaklMHA CO3[AeT JUIMTEIBHBIM HaNpPSKEHHBIHN
MOCTBAKIIMHAIBHBI UMMYHUTET TOCJIE JBYKPAaTHOTO
nukina ummyHuszanuu (Ha 10-20 mer — mepuon Ha-
OMIoNeHus) ¥ MPEeJOTBPAIAET CMEPTEIbHBIE HMCXObI
Yy HOBOPOXICHHBIX U JETEH ¢ 0cIabIeHHBIM UMMYHHU-
TETOM, a TaK)X€ YaCTUYHO NpEeAOTBpAIIAET pa3BUTHE
OrI' y noxubIxX JIrofed u JIofei ¢ 0caabIeHHbIM UM-
MYHUTETOM [5].

304

Received 5 February 2020
Accepted 6 April 2020

Ha ocnoBe BaknuaHoro mramma vOka Mpou3BO-
JIUTCSL BAKLMHA JUIsl UMMYHU3ALHUH IE€TEH U B3POCIbIX.
[Ho3a Bupyca VZV B BakLMHE JUIsl B3POCIBIX YBEJIUYU-
BaeTCs Ha 2 MopsiIKa.

OTteuecTBeHHBIE aHAJIOTH BakUMHBI IpoTHB BO B
Poccuu otcyterBytoT. B Hamieit naboparopun co3naHbl
JIBa OTEYECTBEHHBIX AaTTCHYUPOBAHHBIX BaKIIMHHBIX
mramma VZV [uisi KOHCTPYUPOBAHUS JKUBBIX KYJIbTY-
palbHBIX OTEYECTBEHHBIX BAKLUH, IIPEIHA3HAYCHHBIX
JUIsL JETEN U B3POCIIBIX.

OCHOBHOH LEJbI0 HACTOSILEH pabOThl SBIISETCS
OLICHKA ATTEHYUPOBAHHBIX BAaKIMHHBIX IITAMMOB IIO
TPaJULIUOHHBIM OHOJOTHYECKHM MapKepaM aTTeHya-
LUK ¥ TIOUCK HOBBIX MapKepOB aTTeHyauuu AJs Oosee
IIOJIHOTO KOHTPOJISI CBOMCTB KaHINU/JAaTOB B BAKI[UHHBIE
BHUPYCHBIE IITAMMBI JIJIS1 )KUBOW KyJIBTYpaJIbHOM BaKIIU-
Hbl ipotuB BO u OI.

MaTepmanbl n metToabl
Kynemypesl Kyiemok

B pabore wucnonp3oBanyd IITaMMBI JAUTUIOH[-
HBIX KIIETOK JIerKHX 5MOpHoHa uyenoBeka (JIDY-3
u MRC-5), mraMMm IUMIOUIHBIX KIETOK KOXKHO-MBbI-
LIEYHOH TKaHU 3MOpHoHa yenoBeka (KM 27), nepBuu-
HBIC U IUTUIOUHBIE KIeTKH puOpo01acToB sMOpHOHOB
Mopckoit cBuHkH (POMC).

JuniouaHeie KIETOYHBIE KYyIBTYPhl BBIpAIIMBa-
1 Ha nurarenbHoit cpenae JJMEM/F12 («PanEcoy») ¢
10 MM HEPES, 5% »mOpuoHaibHOM Tensybel CHIBO-
potku («HyClone») ¢ nobasinenuem 2 MM riiyTamMuHa
u 40 MKI/MJI TEHTaMUIIMHA.

Bupycel

[Tonyuywin knMHUYECKUN U300AT VZV U KIUHU-
yeckuid n3onsaT HZV ot nHGUIMPOBaHHBIX MAlMEHTOB
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B BUJIC KOPOYCK OT BE3UKYJ, C(HOPMHUPOBABIIUXCS C
Hayvasna nosBiceHus chimu. OIUH U30JISAT MOTYyUYUIU OT
3JI0pOBOM JIeBouUKHU 6 Jjet, 3a0onepmieii BO B Mockae,
JPYrOil — OT MY>KYHMHBI 63 JIET B IEPUO PEAKTUBALINU
peunauBupytomero OI.

AmmeHyauu;q KJTUHUYeCKuUx u3oJiamaoes

Bupycueiii u3onsatr BO u OI' arrenyupoBanu Ha
kietkax JI9U-3 npu Huskoit remneparype (30°C). Uszo-
JATHI mponuty 12 maccaxeil Ha TUIUIOUTHBIX KIIETKAX
JIDY-3, 6 naccaxeil Ha nepBuUHbIX KieTkax ®OMC u
JIOTIOJIHUTENBHO 2 maccaa Ha kietkax JI9U-3. ITocie
3aBepIICHUs] TOJIHOTO ILIMKJIA XOJIOJOBOHM ajanTaiuu
uzonsaty VZV npucBounu HazBanue vFiraVax VZV, a
uzonsaty HZV — vZelVax HZV.

B kauectse pedepenc-supycoB VZV ucnonbp3oBa-
JI1 aTTeHYUPOBAaHHBIN BAKLUHHBIM BUPYCHBIN IITAMM
vOKA/Merck VZV (CLIA) u nabopatopHblii BUpycC-
ueiii mramm Ellen VZV (CILHA).

OnpedeneHue UHpeKyUOHHOU akmusHocmu
supycos VZV

HNHpeKunoHHyI0 aKTUBHOCTh BUPYCOB OIpene-
JIATU Ha KJIeTOYHBIX KyabTypax KM-27 unu ©@OMC,
BBIpAlICHHBIX Ha 24-ITyHOYHBIX IUIaHmieTax. B mon-
nepkuBaromeit nurtarensHoit cpene JMEM ¢ 2%
SMOpHOHANBHON Tensubedl chiBopoTkH (ITC) roto-
B 10-KkpaTHbIE pa3BeICHUS BHUPYCCOACPIKAIICH
xuakoctu (BCX) ¢ 107" mo 107'°, M3 muaHmeToB ¢
BBIPOCIIMMHU KJIETKAMHU POCTOBYIO CpeAy yAasuld U
MOHOCJIOH KJIETOK OJHOKPaTHO MpOMBIBaJH (ocdar-
HO-OypepHbiM pacTBopoM (DBP). ITo 0,1 M kaxmoro
passenenus BCK BHOCHIM B LIEHTpP JYHKH C KJIETOU-
HBIM MOHOCJIOEM M OCTAaBIISUIM Ha KOHTAKT mpu 36,5°C
1 5% CO,na 1 4. ITocse 3aBepuIeHHs] KOHTAKTa B Ka-
XKAYIO JIYHKY, BKIIIOUasi IyHKH C KOHTPOJIbLHBIMH KJIET-
KaM{, BHOCWJIM 1O | MJ MOAAEPKUBAIOLICH Cpeabl
JIMEM c 2% OTC. Pe3ynbraTsl THTPOBAHUS YUUTHI-
BajJi Ha 6—7-€¢ CyTKM C MOMEHTa WH(UIHMPOBAHUS B
peakuuu remaacop6oumu ¢ 0,25% B3BeChIO 3PUTPOLIH-
TOB MOPCKOH CBHUHKH wWiM 4enoBeka O rpynmsl Rh+.
3a TUTp BHpyca NPUHUMAIM MaKCHUMalbHOE pa3Be-
JeHHe BUpYca, BbI3bIBaIOlIee remaacopouuio B 50%
WHOUIUPOBAHHBIX KYJIBTYp KIETOK, MPH OTCYTCTBUHU
remMajcopOLuu B KOHTPOJIBHBIX HEMH(QHUIMPOBAHHBIX
KYJIBTypax KIJIETOK.

3apaxkeHue xopUuoH-annaHmoucHou obosouku (XAQ)
pA38uUBAIOWUXCA KYPUHbIX SMOPUOHO8

VY 11-12-gHeBHBIX KYPHHBIX 3MOpPHOHOB CO37a-
BaJll MCKYCCTBEHHYIO BO3IYIIHYIO IOJIOCTh, Ha Hee
Hanocwu 1o 0,1 mn BCXK VZV. ExenneBno npocma-
TpHUBaJIK SMOPUOHBI HA KU3HECTIOCOOHOCTh. B ciyuae
rudeny SMOPUOHOB Ha CIEAYIOIINE CYTKU WX YHUUTO-
xanu. Habmonanu 3a sMOpruoHaMu B TedeHUE He Ooiee
6 cyt. [locie oxnaxaeHus HHPUIUPOBAHHBIX 3MOPHO-
HOB U3 HUX m3Biekanu XAQO Ha vamky [letpu, 060-

n0uky orMmbiBaid OBP u nmpocmarpuBanu Ha Hanu4ue
reMOpparuy Wi OesbIX OCIHH.

Mony4eHue MbILUHbIX CbIBOPOMOK,
cneyuguyHsix K VZV

Meriueit nuanu BALB/c, cBOOOIHBIX OT IMaTOreH-
Hoii ¢ropsl (SPF-Mbimn), nmmyHusuposain BCXK mo
0,5mrc6lgTAIE, | (TAIE — remancopbupyro-
niasi eqUHKLA) BHYTPUOPIOMIMHHO TPEXKPATHO 3 JTHS
noApsiA. YKa3aHHBIH LUKI MMMYHHU3AIMH [TOBTOPSUTH
TPHXKABI C 2-HeJCTbHBIM HHTEPBAJIOM.

OnpedeneHue 8upyccneyuguyeckux aHmumern
8 HeNPAMOM UMMYHO(epMeHMHOM dHasu3e

B kauectBe VZV-copOenrta Ha TBepayo (azy uM-
MYHOJIOTHYECKOro 96-myHouHoro iaHmera («Nunky»)
copbupoBanu nu3atel kietok KM 27, unduuuponan-
HBIX JaboparopueiM mTamMoM Ellen VZV. Jluzatsel
WHQHUIMPOBAHHBIX KJIETOK IMOJMy4Yalld MyTeM 3apake-
Hus MoHOcH0s KieTok KM 27, BbIpallleHHbIX Ha KyJb-
TypaJbHBIX (akoHax ruiomaapio 175 cm? («Costary) .
[ uHGUIMPOBaHUS KIETOYHOTO MOHOCTIOS U3 KYJb-
TypaJbHOTO (JIaKOHA YAAJSUTH POCTOBYIO CpELy, MO-
HOCJION KJIETOK ABa)KJpl npombiBaau @BP u Ha kie-
TOYHBIH MoHOCION BHOCcHH 1o 5 Mi BCXK Ellen VZV
C MHOKeCTBeHHOCThI0 MHpuupoBanus 0,2. Kymeru-
BUPOBaHWE WH(PULIUPOBAHHBIX KJIETOK MPOBOAMIH B
unky6arope B Teuenue 10 cyt mpu 36,5°C u 5% CO,,.
3areM U3 KylbTypajbHBIX (rakoHOB codupamu BCK, a
B KYJIBTYpaibHbIH (pakoH ¢ MHOULIMPOBAHHBIMHU KIIET-
kamu BHOcHH 110 5 it OBP, u kynerypanbhbiil guiakoH
¢ UHQUIMPOBAHHBIMU KJIETKAMU TPYKABI 3aMOpasKHBa-
mm nipu —70°C u pazmopaxusaiu npu 4°C. B nonyuen-
HOM UH(UIMPOBAHHOM JIU3aTe, COACPKAIIEeM KIETOYHO-
accouunpoBanHbli VZV, Ha anmapare «NanoPhotometer
NP80-Touch» onpenensian KOHIEHTpaLUIO OeKa.

[ocne BopTekcupoBaHusi HHOUIIMPOBAHHBIHN Kile-
TOYHBIN JIN3aT COPOMPOBAIM Ha JYHKH 96-TyHOUHBIX
TUTaHIIETOB 1Mo 50 MKJI C KOHIECHTpaLuei Oenka 5 MKr
Ha JIyHKY ¥ BBICYIIMBaJIu B TepMocTare npu 36,5°C B
tedenue 18-20 u.

[locTaHOBKY HEmpsIMOro MMMYHO(GEPMEHTHOTO
aHasn3a OCYILECTBIISUIN M0 OOIENPUHITON METOAUKE:
OJIOKUPOBKa OTKPBITHIX cBsized 1% OBIYBHM CHIBOPO-
TouHbIM ansOymuHoMm Ha 0,01 M ®BP B Tepmocrare
B TedeHue 1,5 4, ynaneHue OIOKUPYIOLIETro pacTBopa,
TUTPOBAHUE HCCIEAYEMOM CBIBOPOTKH MOPCKOH CBUH-
K{ C JBYKPAaTHBIM LIaroM B AJMHHOM psay 96-myHOU-
HOTO IUJIaHIIeTa, HauuHas ¢ pasBedeHus 1 : 100 mo
1 : 204 800. Ces3piBaHKME TBEpAO(PA3HOIO aHTHICHA C
WMMYHHBIMH CHIBOPOTKaMH [TPOXOIUIIO B TEPMOCTATE B
tedenue 1,5 4. [locne 3aBepiieHnss KOHTAKTa IUIAHIIIE-
ThbI IpoMbIBaJIK TpKABI 1o 200 Mk Ha nyHKY 0,01 M
OBP ¢ 0,05% Teun-20. IMMyHHBIE KOMILIEKCHI BbI-
SBJISUIM C TIOMOLIbIO KoHBIOrara Protein A—Peroxidase
(«Sigma») B pabouem pazseaenuu 1 : 500 mo 100 mxn
Ha JIyHKY B TeueHue | 4 B Tepmocrare. Jlajee riaH-
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metsl oTMbIBaM natukpario 0,01 M ®BP ¢ 0,05%
TBuH-20 M JETEKTUPOBAIM WMMYHHBIE KOMIUIEKCHI
CyOCTpaTHBIM PacTBOPOM TETPaMETHIOCH3UANHA C Tie-
peKuchIo BoJiopoAa B TedeHue 15 MuH B TeMHoTe. Pe-
akuuio ocranasiusami 4N H SO,. Onrtuyeckyro mior-
HOCTh M3Mepsiii Ha ¢oromerpe «Bio-Rad 680» mpu
JUIMHE BOIHBI 450 HM.

OnpedeneHue 3Kcnpeccuu peyenmopos
0714 a- u y-uHmepgepoHos (IOH) uenoseka

Brinenenne mumMQonuTOB U3 BEHO3HOH KPOBH 4e-
noseka 0 rpynmnsl Rh+ u mpobomoaroroBka asst mpsMoi
peakumy UMMYyHO(]IIOOpECIEHIMH TOXpPOOHO ommca-
HbI B paborax [6, 7]. MOHOHYKJICapHBIC KJIETKU 4ej0-
Beka (MKY) Bbinensuin u3 renaprMHU3MPOBAHHON KpO-
BU B rpaauente ¢uxowia mpu mwiotHoctu 1,077 r/em?
(«PanEco»). ITomyyennsie MKY pecycnenaupoBaiu B
cpene RPMI-1640 ¢ 1% ObIYbETO CHIBOPOTOYHOTO allb-
OyMuHa, MHAYIUPOBAIA aHTUITeHaMU VZV, KylbTHBU-
posaiu B uuKyOarope 1pu 36,5°C u 5% CO, u B pasHble
BpPEMEHHbIE MHTEPBaJIbl TOTOBHJIM O0pa3lbl, MHAYLH-
poBannble VZV MKY, misg npsmMoit peakiiuy UMMYHO-
¢moopecueniuu. IIpuroroeiaeHHsle 00pas3ubl  OKpa-
mBain OUTII-koHBIOraTaMM Ha OCHOBE MOHOKJIO-
HAJIbHBIX AHTHUAMOTHIIMYECKUX AHTHUTEIN, CTPYKTYPHO
umuTHpYytomux o/f- u y-MOH uenoseka. Itn anTHHAN-
OTHIUYECKUE aHTUTENA SIBISIOTCS aHTHPELENTOPHBIMU
st UOH-o/p u UDH-y. [Tocne MeueHus: MapKepHbIMU
npenaparaMi UX OLIEHHBAIM B JIIOMUHECLUEHTHOM MHU-
kpockore «Optika» npu mnmuHe BomHbl 510-550 HM.

MonyuyeHue zemazzmomuruHa VZV no E. Norrby [8]

i1 MOCTaHOBKM pPEAKIMHM TOPMOXKEHHUS Temar-
rmoTuHupyronieit  aktuBHocTH (PTIA) cnenuduue-
CKHX aHTHU-VZV-UMMYyHHBIX CBIBOPOTOK [8] mosy4niu
remarcirotuauH u3 BCXK Ellen VZV.

BCX mnonywanu myrem MHQUIUPOBAHUS KyJb-
Typsl kinetok Vero-CCL 81 naGopaTopHBIM ITaMMOM
Ellen VZV. BCX ocemisuiin neHTpudyrupoBaHueM
npu 1500 06/mMun B Teuenune 30 MuH U 0OpabaTbIBaIH
TeuH-80 u sadupom. O6paboTaHHBI MaTepuanl BHOBb
UEHTPU(YTUPOBAIH MPH TEX KE YCIOBUAX, B PE3ylib-
TaTe MPOMCXOAMJIO paccilauBaHHe cMecH. lemarmiio-
TUHUPYIOIIUNA aHTHUIE€H HaXOAWJICS B HIDKHEM CIIOE,
KOTOPBI aKKypaTHO OTCachIBaIU BO (MIAKOH, 3aKphIBa-
JIM CTEPHUIILHOM MaplieBol caj(eTKol U OCTaBIsUIM Ha
HOYb JUIsl OCBOOOXKICHHS OT mapoB 3dupa. [y ompe-
JIeJIEHUs] TUTPa BUPYCHOTI'O T'€MarmIIOTHHUHA CTABHJIU
peakmuio remarrmotuHanuu (PIA) co B3Bechlo spu-
TPOLIUTOB MOPCKOI CBUHKH.

PI'A npumensnu aiis BIOOpa pabouero passene-
HUS TEMarnIIOTHHUPYIOIIETO aHTUT€HA [Tl TOCTaHOB-
ku PTTA. B ocHoBe mocneaneit nexana 3anepikka re-
MAarmIlOTHHUPYIOLIETo AeHCTBUS BUPYCHOIO aHTHIEHA
creun(puuIecKUMI UMMYHHBIMH CBIBOPOTKaMH.

PTT4. B peakiuu ucnonb3oBanu pabouee pasBe-
JIeHUe aHTureHa, cojepxkamiee B 0,25 M 2 eIUHUIBI
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aHTUreHa. /o mocTaHOBKHM peakMU UCCIIETyEeMble Chl-
BOPOTKH OCBOOOXIAIH OT TePMOJaOWIBHBIX (Iporpe-
Banue npu 56°C B TeueHue 30 MHH) U TEPMOCTaAOMIIb-
HBIX (00paboTka (QUIBTPAaTOM XOJIEPHOTO BHOPHOHA)
HHTUOUTOPOB. Peakuuio MpoBOAWIM 1O CTAaHAAPTHON
METOAMKE. 32 TUTP aHTUTEN NMPUHUMAIHN IMpeaeIbHOE
pa3BelieHHE CBIBOPOTKH, IOJHOCTHIO IOJABIIAIOLIEE
reMarnIIOTHHUPYIOIIYI0 aKTUBHOCTh aHTHUI€HA.

Onpeodenenue UMMYHOLEHHOCIU XO1000A0anmu-
posanuvix (XA) eaxyunnvix wmammos vFiraVax VZV u
vZelVax HZV npoBoawIv Ha )KUBOTHOM Mozeau. Mop-
ckuM cBuHKaM Maccoil 300—400 r BBOAUIN ITOAKOXKHO
OJIHY IPUBHBOUYHYIO 103y BakuuHbl npotuB BO u OI.
Uepes 2, 3 u 5 Mec ¢ MOMEHTa UIMMYHHU3AIMH U3 CEPIIa
M3BJIEKAIH KPOBb I IOCTAHOBKU peakliy HEUTpau-
3aruu u PTTA.

W3 MMMYHHBIX CHIBOPOTOK OBLIM YOalleHBI Tep-
MOJIaOMIIbHBIE U TEPMOCTAOMIIbHBIE UHTUOUTODPBI AJIS
peakun HedTpanuzanuu u PTTA. B kadectBe Heil-
TpaJIM3yIOIIEro BUpyca B peaklMy HeNTpaiu3auu rc-
nosib3oBasiu BakiuHy VariVax (CIHIA), conepxariyro
1000 BOE,,  wm 6 IgTAJIE, . .

Peaknuss HeWTpanu3aiuu ObUIa MOCTaBJICHA Ha
knetkax KM 27. Peakuuio HeHTpaau3aluy yUuThIBAIU
Ha 7-€ CyTKM C MOMEHTa IOCTAaHOBKH, THUTP yCTaHaB-
nuBaiu Ha ocHOBe 100% 3anuThl KIIETOYHBIX KyJABTYD.

CrarucTudeckyio 00paboTKy HPOBOIWIN C TIOMO-
uipto f-kputepus CThIOEHTA.

PE3YJIbTATDI

B npouiecce x0monoBoi afanTanuy BUPYChI, Kak
MIPaBUIIO, IPUOOPETAIOT MyTaLUH 110 TEMIIEPATypOUyB-
CTBHUTENBHOCTH (ts-peHOTHIT) M XOJOmOaJanTUPOBaH-
HocTH (ca-heHOTHIT). DT OBa (EHOTHIIA ABIISIOTCS OC-
HOBHBIMHU J1a00OPaTOPHBIMU KOHTPOJISIMH KaHIUIaTOB B
BaKLUHHBIE IITAMMBI JUISl )KHBOW BHPYCHOW BaKLIWHBI,
T.€. OCHOBHBIMHM OMOJIOTHYECKHMHU MapKepamu aTTeHy-
HMPOBAaHHBIX BUPYCHBIX IITAMMOB [9].

B Ta64. 1 u 2 npencTaBieHsl pe3yasTaThl TUTPO-
BaHUsI aTTEHYUPOBAaHHBIX IITAMMOB U AUKHUX POAUTEIb-
ckux mraMMoB VZV u HZV Ha quniaouaHbIX KJIETKax
OOMC u MRC-5.

[MpeacraBnennsie B Tabn. 1 u 2 pe3ynbTarsl Je-
MOHCTPUPOBAJIM, YTO KAaHAWAATHl B BaKUMHHBIC BU-
pycHbie mtammbl VFiraVax VZV u vZelVax HZV ne
PenpoIyMPOBATIUCH MIPH HENEPMUCCUBHON TeMIlepa-
type 39°C, T.e. obnamanu TeMmIepaTypodyBCTBHTEIb-
HOCTBIO — tS-()EHOTUIIOM, U PENPOAYLIHPOBAIUCH 0O-
nee 3pQeKTUBHO NpU CyOONTHMAIBHOW TeMIIEpaType,
T.€. 00Jazany X0JI0I0alalTHPOBAHHOCThIO — ca-(e-
HOTHUIIOM.

Kanauaatel B BAKIMHHBIE IITAMMBI JOJKHBI TaK-
KE pa3nyaThes M0 CIOCOOHOCTH PENPOAYLIUPOBATHCS
B kietouHoH KyneType ®OMC. Ilpu 3ToM arTeHyupo-
BaHHBIE ITaMMbI VZV 10JDKHBI 00s1a1aTh 00J1€€ BBICO-
KOM PENpOAYKTUBHOW aKTUBHOCTBIO B 3TUX KJIETKAX O
CPaBHEHHUIO C TUKUMH BUPYCHBIMHU H30JIITaMH.
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Tabnuua 1. OnpegeneHue ts- 1 ca-mapkepoB GUoNorMyeckon aTTeHyaumm KaHanAaToB B BaKUMHHbIE WTaMMbl VZV

Ha knetkax ®3MC

Table 1. Identification of ts- and ca-markers of biological attenuation of candidate VZV vaccine strains on GPFF cells

BupycHbIli wutamm

The VZV and HZV infectious titer at different temperatures, Ig HAU

WHdekumoHHbIn Tutp VZV 1 HZV npu pasnmyHbix

TemneparypHbix pexumax, Ig FAOE, . -

Viral strain 50/0.1 ml

30°C 36°C 39°C

vFiraVax VZV, 19-i naccax, BCX, 11 cyT 9,0 7,75 0

vFiraVax VZV, 19" passage, vaccinated liquid, 11 days

vFiraVax VZV, 19-i1 naccax, nHuumpoBaHHble knetku, 11 cyt 12,8 11,8 0

vFiraVax VZV, 19" passage, infected cells, 11 days

pFira VZV, 2-n naccax, BCX, 11 cyt 7,75 7,5 6,5

pFira VZV, 2" passage, vaccinated liquid, 11 days

vZelVax HZV, 19-i naccax, BCX, 11 cyt 8,5 6,5 0

vZelVax HZV, 19" passage, vaccinated liquid, 11 days

vZelVax HZV, 19- naccax, nHpunumMpoBaHHbIe KneTkun, 11 cyT 12,8 10,3 0

vZelVax HZV, 19" passage, infected cells, 11 days

pZel HZV, 2-n naccax, BCX, 11 cyT 7,5 7,5 6,5

pZel HZV, 2™ passage, vaccinated liquid, 11 days

vOKA/Merck (USA) 6,5 5,5 0

Mpumeyanue. 3aech 1 B Tabn. 2—6: v — BaKUMHHbIV LUTAMM, P — POAUTENbCKUIA LUTAMM.
Note. Here and in Tables 2—6: v — a vaccine strain, p — a parental strain.

Tabnuua 2. Onpegenetue ts- n ca-MapkepoB GMONOrMYecKoit aTTeHyaLMn KaHaAMOATOB B BaKUMHHbIE WTamMMbl VZV

Ha kneTkax MRC-5

Table 2. Identification of ts- and ca-markers of biological attenuation of candidate VZV vaccine strains on MRC-5 cells

BupycHbIn wramm

The VZV and HZV infectious titer at different temperatures, Ig HAU

WHdekumonHbIi TuTp VZV 1 HZV npn pasnuyHbix

TemneparypHbix pexumax, Ig FALOE,, | .-

Viral strain 5001 mi

30°C 36°C 39°C

vFiraVax VZV, 19-i1 naccax, BCX, 11 cyT 9,5 7,75 0

vFiraVax VZV, 19" passage, vaccinated liquid, 11 days

vFiraVax VZV, 19-i1 naccax, nHdunumpoBaHHble knetku, 11 cyT 12,8 10,8 0

vFiraVax VZV, 19" passage, infected cells, 11 days

pFira VZV, 2-i naccax, BCX, 11 cyt 8,0 7,25 6,5

pFira VZV, 2" passage, vaccinated liquid, 11 days

vZelVax HZV, 19-i naccax, BCX, 11 cyt 8,5 7,5 0

vZelVax HZV, 19" passage, vaccinated liquid, 11 days

vZelVax HZV, 19-i naccax, nHUUMpoBaHHbIe KneTku, 11 cyT 12,3 1,3 0

vZelVax HZV, 19" passage, infected cells, 11 days

pZel HZV, 2-n naccax, BCXK, 11 cyT 8,0 8,0 6,5

pZel HZV, 2™ passage, vaccinated liquid, 11 days

vOKA/Merck (USA) 6,5 6,0 0

B Ta6a. 3 npencrasnensl pe3ynsraTel onpenene-  Ha 1,5-2,0 Ig TAZTE,, ,,, HAXKE [0 CPABHEHHIO C aT-

HUS TUTPOB aTTEHYHPOBAaHHBIX U POJUTEIBCKUX BU-
pycoB VZV u HZV, penponyuupyromuxcs B KIETKax
O®OMC U OLIEHEHHBIX 10 PEaKIUH reMajicoOpOUpyro-
el akTUBHOCTH Ha JUINIOUMIHBIX KileTkax POMC.
Pesynbrarel, npeacTaBieHHbIC B Ta0M. 3, MOKa3bl-
BaJIM, YTO WH(EKIMOHHAS aKTUBHOCTH POIUTEIBCKHX
BapuaHTOB VZV, ycTaHoBieHHas Ha KieTkax OOMC,

TEHYMpPOBAaHHBIMM MTaMMaMu VZV. DT0 yKa3bIBalo
Ha Jpyrodl OMOJIOTMYECKUN MapKep aTTeHyalud KaH-
JUAATHBIX BaKUMHHBIX IITAMMOB JJISl KHUBBIX KYJIBTY-
pabHBIX BaKIMH.

Hamu pa3zpaboTaHbl HOBbIE MapKepbl OHOJIOTHYe-

CKOM aTTeHyaluu KaHJUJATHBIX BaKIIMHHBIX IITAMMOB
VZV.
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Tabnuua 3. CpaBHMTENbHAs penpoayKTMBHAsA aKTUBHOCTb
aTTeHYMPOBAaHHbIX U POAUTENBCKNX BUPYCHBIX LUTAMMOB
VZV B knetkax POMC

Table 3. Comparative reproductive activity of attenuated and
parental VZV virus strains in GPFF cells

MNHMEKLMOHHBIN

BupycHbIn Wwtamm ™t VZV U HZV, Ig

Viral strain Infectious?ﬁéfv1 Vzv
and HZV, Ig HAU, .,
vFiraVax VZV, 19-i4 naccax, BCX, 14 cyt 8,5
vFiraVax VZV, 19" passage, vaccinated
liquid, 14 days
pFira VZV, 2-i1 naccax, BCX, 14 cyt 6,5
pFira VZV, 2" passage, vaccinated liquid,
14 days
vZelVax HZV, 19-n naccax, BCX, 14 cyt 8,0
vZelVax HZV, 19" passage, vaccinated
liquid, 14 days
pZel HZV, 2-n naccax, BCX, 14 cyt 6,5
pZel HZV, 2" passage, vaccinated liquid,
14 days

AHTUUAMOTUNINYECKHE MOHOKIOHAJIbHBIE aHTUTE-
na, HanpaBieHHble K peuentopam UOH-o/f u UOH-y
Ha UMMYHOKOMIIETEHTHBIX KJIE€TKaxX 4eloBeKa, MHAY-
LUPOBaHHBIX i1 Vitro VZV, UCNIONb30BAIN IJI OLICHKH
KOJIMYECTBEHHBIX I10Ka3aTeliell ypOBHSA 3KCIPECCUH
HN®H-penenrtopos [6, 7]. Panee Ha Mopenu pa3nuyHbIX
LITaAMMOB BHpYCa KOPH HaMU II0Ka3aHO, YTO YPOBEHb
U IIPOJOJDKUTENBHOCTD 3Kcnpeccun UOH-penentopos
HaXOAWJIKCh B 0OpaTHON 3aBUCUMOCTH OT CTEIIEHH art-
TeHyaluu Bupyca kopu [10].

ORIGINAL RESEARCHES

IIpoBeneHna cpaBHUTENbHAS OLIEHKA MOKa3aTeneit
skcnpeccun peuentopos MOH-o/f u UPH-y na MKY
nepugepruveckoil KpOBH, HHIYIUPOBAHHBIX KaHHAT-
HeiMU XA-mtammamu VEiraVax VZV u vZelVax HZV
Ha paHHUX M TO3IHUX MACCAXHBIX YpOBHAX. B Tad.
4 M 5 mpeacTaBlIEHB! Pe3yNbTaThl 3TOTO UCCIIEA0BAHNUS.
[lonyueHHble AaHHBIE MOKA3aJd, YTO 00a BUPYCHBIX
XA-mramma VZV unaynupoBanu Ooiee HU3KHHA ypo-
BeHb 3kcnpeccun penentopoB st UOH-o/f u UDH-y
B CPaBHEHUM C UX POAWUTENBCKUMM BapuaHTamHu. JlaH-
HBIH OMOJIOTMYECKUI MapKep aTTeHyalnl KaHJHJaTHbIX
mramMmmoB VZV Hazpaim skcnpecc-MOH-deHoTHIIOM.
3TOT GEHOTUI MOXKET OBITh UCIIOIB30BAH U AJIS APYTUX
aTTEHYHPOBAHHBIX BUPYCHBIX BAaKIIMHHBIX IITAMMOB.

Eme omHrM OMONOTMYECKUM MapKepOM aTTeHy-
aluy JJIs BaKIMHHBIX IITaMMOB VZV sBIsieTCS BU-
PYJICHTHOCTh aTTeHyHPOBAaHHBIX IITaMMOB (att-peHo-
tun). Hamu obnapyxeno, uro npu 3apaxeHun XAO
pa3BUBarOIIMXCs KypuHbIX 3MOpruonoB BCXK ot aukoro
BHpYyCa 3MOPHOHBI T'HOJIH, & €CITH 0CTABAINCH )KUBBIMH,
To Ha XAO nosBIsIach OOIIUPHAS TeMOpparus KpoBe-
HOCHBIX cocynioB. ITpu 3apaxxenun XAO BCX or arre-
HYHMPOBaHHBIX ITaMMOB VZV Ha XAQO oOHapyxuBasu
OeJible OCTIMHBI.

BaxHBIM CBOMCTBOM aTTCHYHPOBAHHBIX BaKIIMH-
HBIX BHUPYCHBIX IITAMMOB SBJSIETCSI UX HWMMYHOICH-
HOCTb. B Tad. 6 npuBeneHsl pe3yasTaThl TUTPOBAHUS
MMMYHHBIX CBIBOPOTOK B p€akLIM{ HeWTpanuzauuu U
PTTA.

Pesynbratel, npeacTaBieHHble B Tabm. 6, moka-
3alid, 4TO HeHTpanusyronias akTUBHOCTb MMMYHHBIX

Tabnuua 4. CpaBHuTenbHas akcnpeccus peuentopoB ans NOH-a/B (B %) Ha MKY, nHayumpoBaHHbIx in vitro
aTTEHYMPOBaHHbLIMU U POANUTENBCKMMU WITaMMamu VZV Ha pasHbIX NacCa)HbIX YPOBHSIX

Table 4. Comparative expression of IFN-a/p receptors (%) on HMC induced in vitro by attenuated and parental

VZV strains at different passage levels

BupycHbIn wramm

Okcnpeccus peuenTtopos Ana MPH-a/f Ha MKY B pasnuyHble BpeMeHHEIe nHTepBanb (B Yyacax)
Expression of IFN-a/p receptors on HMC at different time intervals (hours)

Viral strain
3 24 48 72

pFira VZV, 3-in naccax 14,8 £ 0,9 239+1,3 20,0+ 0,6 6,6+0,7
pFira VZV, 3 passage
vFiraVax VZV, 17-i naccax 3,6 +£0,5* 8,1+0,4* 4,5+0,4* 1,6 £0,3**
vFiraVax VZV, 17" passage
pZel HZV, 3-1 naccax 13,5+0,9 13,4+1,0 17,8 +0,8 6,4+0,5
pZel HZV, 3 passage
vZelVax HZV 17-i4 naccax 4,3+0,7* 94 +1,0*" 9,0 +0,3* 43+0,7*
vZelVax HZV, 17" passage
Ellen*VZV 27,8+ 3,2 18,8+ 1,4 15,8+2,3 116+15

MpumeyaHue. 3geck 1 B Tabn. 5: ypoBeHb akcnpeccun MOH-peLenTopoB onpenensnu nyTem BblYUCNEHNUSI MPOLEHTHOTO COOTHOLLEHUS CBe-
TSALLMXCA KNETOK M3 obLyero uncna 2000 kneTok, noacunTaHHbIX Ha 4 obpasuax MKY ans kaxporo BpemeHHOro nHtepeana. # Bupyc ckoHUeH-
TPUPOBAH yNbTPaLEHTPUMDYrMPOBAHNEM U OYMLLIEH B CAaXapO3HOM rpagmneHTe.

*p < 0,05, **p < 0,001 no cpaBHEHMIO C POAUTENBCKUM LUTAMMOM.

Note. Here and in Table 5: The expression of IFN-receptors was estimated through calculating the percentage of light-producing cells in the
total number of 2,000 cells, using 4 HMC samples for each time interval. # The virus was concentrated by ultracentrifugation and purified in

sucrose density gradient.
*p <0.05, **p < 0.001 as compared to the parental strains.
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OPUTVHANbHbBIE NCCJTIEAOBAHNA

Tabnuua 5. CpaBHutensHas akcnpeccus peuentopos Ans WPH-y (B %) Ha MKY, nHgyumpoBaHHbIX in vitro
aTTeHYMPOBaHHbIMU U POAUTENLCKUMU WTaMMamMu VZV Ha pasHbIX NacCaXKHbIX YPOBHSIX

Table 5. Comparative expression of IFN-yreceptors (%) on HMC induced in vitro by attenuated and parental VZV strains

at different passage levels

BupycHbI Wutamm

Okcnpeccus petientopos UOH-y Ha MKY B pasnuuHble BpeMeHHble MHTepBarb (B Yacax)
Expression of IFN-y receptors on HMC at different time intervals (hours)

Viral strain
3 24 48 72

pFira VZV, 3-i1 naccax 58+1,0 14,9+ 1,1 15,1+0,9 12,0+ 0,4
pFira VZV, 3" passage
vFiraVax VZV, 17-i4 naccax 3,6 +0,5* 8,1+0,4* 4,5+0,4* 6,0 £ 0,3*
vFiraVax VZV, 17" passage
pZel HZV, 3-i naccax 79+0,8 14,4 +0,9 143+1,2 11,13+ 0,5
pZel HZV, 3 passage
vZelVax HZV, 17- naccax 4,8 +0,9* 4,9 +0,9** 7,1+0,9* 5,2 +0,02**
vZelVax HZV, 17" passage
EllenVvzV 16,6 £1,6 12,5+0,35 10,4+ 0,6 9,0+£0,71

BHUPYCCHEIM(PUUECKUX CHIBOPOTOK IO OTHOIICHHUIO K
KaHIMJAaTHBIM BaKIMHHEBIM mraMMmaM vFiraVax VZV u
vZelVax HZV kak B peakuuu HEHTpanIu3anyu, TaK 1 B
PTT'A Obina Bbicokoit. [Ipu 3TOM HaJO OTMETHTH, YTO
TUTPbl UMMYHHBIX CBIBOPOTOK B PEAKLMU HEWUTpau-
3allMd OCTaBaJMCh BBICOKMMH Ha MPOTSIKEHUH BCEX 5
MEC HUCCIIEOBAaHUS, B TO BPEMS KaK TUTPbl UMMYHHBIX
ceiBOpoTOK B PTT'A K 3TOMYy CpOKY CHU3WINCH MOYTH
B 4 pa3a. M3BeCTHO, YTO BUPYCHBIC T€MArTIIOTHHUHBI
MeHee CTaOWJIBHBI TI0 CPABHEHUIO C BHUPYCHBIMH HEH-
TpaJIU3UHAMU.

O6cyxaeHne

B nanHOM ucClieZIOBaHUM MBI U3y4ayid OMOJIOTH-
YECKHE MapKephl aTTCHyallud CO3[aHHBIX HaMHu XA
KauaugaTHeiX mramMmmoB VZV u HZV nng co3panus
JKUBBIX KyJIBTypalbHBIX BakiuH npotus BO y nereit u
OI y B3pocnbix nocine 50 ner.

OKCHepUMEHTaILHO OBbIJIO YCTaHOBIEHO, YTO 00a
XA-mramMmma 001a1aj I OCHOBHBIMH OMOJIOTHYECKUMU
MapKkepaMH arTeHyauuu: ts- u ca-¢peHoTurioMm (Tal.
1, 2). Ans BupycHbIX mTaMMoB VZV XapakTepeH elle
OJMH JOTOJHUTENBHBIN (EHOTUI, HA3BaHHBI HaMU
cell-penorumnom, T.e. ”3BMEHEHNE TKAHEBOTO TPOIHM3MA.
Jlukue BapuaHTBl KIMHUYECKUX H30IATOB VZV, Kak
MpaBWIO, O0JIAAA0T OO0Jiee HU3KOH PEenpOoayKTUBHOM
AKTUBHOCTBIO B IEPBUYHBIX KJIETKAaX SMOPHOHOB MOp-
CKOM CBMHKH B CPaBHEHUM C aTTEHYHPOBaHHBIMU BU-
PYCHBIMH IITaMMaMHU. DKCIIEPUMEHTAIBHO YCTaHOBJIE-
HO, yT0 XA-mrammbl VFiraVax VZV u vZelVax HZV
obnananu cell-perorunom (tadmn. 3).

B Hacrosiiee BpeMs He CyIIECTBYEeT MOJEIBHOTO
o0beKkTa U OLIEHKU BHpYJeHTHOCTH VZV — att-(e-
HoTuma. Hamu oOHapyXeHo, YTO MOIXOASIIEH Moje-
npio saBnseTcss XAO pa3BUBAIOIIMXCS KYpPUHBIX 3M-
OpHOHOB. YCTaHOBIICHO, YTO POAUTEILCKHE BapUAHTHI

Tabnuua 6. VIMMyHOreHHOCTb aTTeHYMPOBaHHbIX BaKUMHHBIX WTammoB VFiraVax VZV n vZelVax HZV, yctaHoBneHHasa
UMMYHM3aLMEN MOPCKMUX CBMHOK C OLIEHKOWN B peakumn HenTpanusaumm Ha Kynstype knetok u B PTIA B pasnuyHble

BPEMEHHbIE HTepBarbl

Table 6. Immunogenicity of attenuated vFiraVax VZV and vZelVax HZV vaccine strains through immunization of guinea pigs
and a neutralization test on cell culture and in HAI assay at different time intervals

MMMyHHbIe CbIBOPOTKA

Peakuus Hentpanusauum (co 100% 3aLumTon)
Neutralization test (at 100% protection)

PTTA (remarrntoTuHuH, wtamm Ellen VZV)
HAI assay (hemagglutinin, Ellen VZV strain)

K BaKUMHHbIM WTammam VZV
Immune sera for VZV vaccine

CpPOK C MOMEHTa MMMyHM3aummn, mec
time since immunization, months

strains
2 3 5 2 3 5

vFiraVax VZV, 20- naccax 1:1600 1:1600 1:1600 1:25600 1:12800 1:6400
vFiraVax VZV, 20" passage

vZelVax HZV, 20-i naccax 1:1600 1:1600 1:1600 1:25600 1:12800 1:6400
vZelVax HZV, 20" passage

Hevitpanusytowmin VZV-wtamm 6,019 TALE, 4 1 \n

vOka, 1000 po3 6.0IgHAU_ ;.

Neutralizing VZV strain vOka,
1000 doses
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BUPYcOB VZV BBI3BIBaIOT rHOENb SMOPHOHOB HIIH 00-
mupHyto remopparuto XAO, a XA BUpYCHBIE IITAMMBI
VZV Bbi3biBasin 00pa3oBaHue Oenbix ocrnuH. Kanmu-
naraele XA-mrammbel vEiraVax VZV u vZelVax HZV
OKa3aJliCh aBUPYJICHTHBIMH M oOnajmanu att-QpeHoTu-
MOM. DTOT € METO/I MOXKHO MCIIOIb30BaTh IS OLUCHKH
TCHETHYECKOM CTaOMIBLHOCTH BaKLIWHHBIX BHUPYCHBIX
mraMMoB VZV.

Hamu npeanosxeH HOBBII Mapkep OHOJIOTHYECKOI
aTTeHyallu KaHIUJATHBIX BAKIWHHBIX ITaMMOB. Tak,
panee Hamu ObUT pa3paboTaH HOBBIM METOAMYECKHMA
MOAXO] K OLleHKe ()YHKIMOHAILHOTO COCTOSIHUS CHCTe-
MbI IDH [6, 7]. C 3Toii IeThI0 UCIIOIB30BaN BEICOKO-
4yBCTBUTEIIbHBIC U CICIIU(PUIHBIC (TFOOPECIUPYIOLIUE
30H/1bI HA OCHOBE MOHOKJIOHAJIbHBIX aHTUUIUOTHITNYE-
CKUX aHTUTEJ, UMHTUPYIOIX OHonornueckue s pex-
o1 UOH-0/p u UDH-y uenoseka. O6cnenoBanue 06-
Pa3uoB KPOBHU JIOHOPOB C Pa3IMYHBIMU TPYIIIAMHU KPO-
BU He BbIsABIIIO HA MKY 3kcnipeccuu perenTopoB st
N®H-0 u UOH-y, uyTo yka3piBano Ha cOaIaHCUpOBaH-
Hoe QyHKIHoHupoBanue cuctembl UOH B opranusme
[7]. Ipu wnpykuuu in vitro MKY nepudepuyeckoit
KPOBU JOHOPOB Pa3IMYHBIMU IITAMMaMH BHPYCOB KO-
PH YCTaHOBJIEHO, YTO YPOBEHb M MPOJOIKHUTEIBHOCTD
JKCIIPECCUU PELIENITOPOB A pasnuuHbix Tunos MOH
HaXOAWJIKCh B 0OpaTHON 3aBUCUMOCTH OT CTEIIEHH art-
TeHyaluu Bupyca kopu [10].

B nammx skcnepumentax XA-mrtammsl VZV u
HZV »kcnpeccupoBan Ha MemOpanax MKU Gonee
HU3KUH ypoBeHb peuentopoB aist UOH-o/f u UOH-y
(Tabm. 4 u 5), u 3TM NoOKa3zarenu ObUIU CTAOWIIBHBIMH,
YTO MO3BOJWIIO HAM CUMTATh ATOT dKcnpecc-MDH-de-
HOTHIT XapaKTEePHBIM IS BCEX aTTeHYHPOBaHHBIX Bak-
OUHHBIX [ITAMMOB.

CaMbBIM BaXHBIM CBOMCTBOM >KUBBIX XA-BaKIIUMH
SIBJISIETCS UX OoJiee BhICOKast 3(p(EeKTUBHOCTH O CpaB-
HEHHIO C MHAKTUBUPOBAaHHBIMU BAaKIIUHAMH, TIOCKOJIBKY
OHHM 00J1a/Ial0T CIIOCOOHOCTHIO BBI3BIBATH OoJiee 3P dek-
THUBHbBIEC BPOXKICHHBIA U aJANTUBHBINA I'YMOPAIbHBIA U
KJIETOYHBIM UIMMYHHBIE OTBETHI [11, 12].

NMMyHOTEHHOCTDh aTTeHYWPOBAaHHBIX BaKLWH-
HbIX mTaMMoB VFiraVax u vZelVax usydanu nmytem
MOJKOXKHOM MMMYHH3aIMM MOPCKUX CBHHOK. Ole-
HUBQJIN TYMOPaJIbHBI UMMYHHBIH OTBET B PEaKLHUAX
HelTpanuzanuu npotuB 1000 go3 Bupyca, coaepxa-
muxcs B BakuuHe OkaVax/Merck (CLHA), u B PTTA
OPOTHB 2-TeMarrTIOTUHUPYIOMINX SAWHULL TeMarriio-
TUHHUHA, TMOJXY4YeHHOro H3 Jab0opaTOpHOTO BUPYCHO-
ro mramma Ellen VZV. XA-BakuuHHBIE IITaMMBI
vFiraVax VZV u vZelVax HZV oGnaganyu BBICOKOUN
MMMYHOTE€HHOCTBIO Ha MPOTSHKEHUHU 5 Mec Habmoze-
HUs (Tabi. 6).

Takum 00Opa3om, HaMH CO3IaHBI U OXapaKTepH-
30BaHbl ABa XA-BaKIMHHBIX mTaMma: vEiraVax VZV
u vZelVax HZV — xanaupaTsl 11 CO30aHUSA KUBBIX
KyJIBTYpajbHBIX BakUUH A npodunaktuku BO y ne-
teit u OI' y B3pocHbIX.
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AoKnnHnyeckne nccnegoBaHnA 6€30nacHOCTU, UMMYHOreHHOCTI
N 3alUTHON aKTUBHOCTM aTTeHYNpPOBaHHbIX 6akTepuin Bordetella
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BeepeHue. PocT 3a6onesaeMoCTv KOKNIOLEM CPEAMN PasHbIX rPYMMn HACENEHNA U HECOBEPLLEHCTBO CYLLECTBYHO-
LLMX NPOdOUNAKTUYECKNX NpenapaToB TpebyoT pa3paboTku HOBbIX Ge3onacHbIX BakUMH, YAOOHbBIX AN UMMYHU-
3auuu geTen paHHero MnageH4Yeckoro Bo3pacTa, peMMMYHU3auny NogpoCTKOB U B3POCTIbIX.

Lenbtlo HacTosiLen paboThbl ABMSIETCA XapakTepucTnka 6e3onacHoOCT!, MIMMYHOT€HHOCTU U 3aLLMTHOW aKTUBHO-
CTUN CKOHCTPYMPOBaHHbIX HAMW aTTeHynpoBaHHbIX 6akTepuin Bordetella pertussis 4MKS B TecTe MHTpaHa3anbHOro
3apaxxeHus MIMMYHU3MpoBaHHbIX 06e3bsH Macaca mulatta BupyneHTHbIMK 6akTepmsaMy Bo30yauTenst KOKMoLWa.
Martepuanbi u metoabl. [INsg MIMMyHU3aLUN U SKCNEPUMEHTANbHON MHEKLMN NCNONBb30BaHbI 5 NONOBO3penbIX,
KIMMHUYECKM 300pOBbIX 00e3bsiH Macaca mulatta B Bo3pacTe 3—4 net. PeummyHusaumo npoBoamnu Yyepes 6 mec.
B kauecTBe KOHTPOMSA MCNOMb30oBanu 3 HEMMMYHN3MPOBAHHBIX KMBOTHBIX TOrO e Bo3pacTa.

PesynbraThl. IHTpaHa3anbHas ogHOKpaTHas U NOBTOPHAsA MHOKYNALMKN aTTeHynpoBaHHbIX 6akTtepun B. pertussis
He BbI3blBaNu BOCNanuTenbHbIX NPOLECCOB B HocornoTke 06e3bsiH Macaca mulatta n uameHeHuin nabopaTopHbIX
nokasatenen KpoBu, Habnogaembix Mocre 9KCneprMeHTanbHOW MHAEKLUN HeYernoBekoobpasHbIX nMpumaTtoB
BMPYNeHTHbIMK BakTepuamn. He 3apernctpmpoBaHo yBenuyeHus konmyectsa obwmx IgE B cbiBOpOTKE KpoOBU
06e3bsH Macaca mulatta nocne ogHOKpaTHOW U ABYKPATHOM MMMyHu3auun. VIHTpaHasanbHas MMMyHu3auusi
obe3bsiH Macaca mulatta aTTeHynpOBaHHBbIMW U BUPYNEHTHLIMU BakTepuamu B. pertussis npuBoanT K opMUpo-
BaHWIO 3aLLMTHON peakumm opraHn3mMa Ha NoBTOPHYHO MHADEKLMIO, MPOSIBMAIOLLENCS B NOAABNEHUN PA3MHOXEHWS
GaKTepPU, YCKOPEHUN TEMMOB NX 3NMMUHALIMN N3 HOCOFMOTKN XMBOTHBLIX U Pa3BUTUM N'yMOpParnbHOro UMMYHHOMO
oTBeTa Ha MHMeKUno. Pa3Bntne MMMyHUTETa K NOBTOPHOWM KOKIMIOLLHOM MHMEKLMM CONPOBOXAAETCH BblpaXKeH-
HbIM ByCcTepHbIM adhdekToM.

O6cyxaeHue. NpeactaBneHHble pesynbTaThl yKasbiBalT Ha obLine MexaHu3Mbl (DOPMUPOBAHUS MOCTBAKLU-
HanbHOro MMMYHUTETa B pe3ynbraTe MHTpaHa3anbHOW BaKLMHALUN XMBOTHBLIX U MOCTUHMEKLMOHHOIO NPOTUBO-
KOKMIOLIHOIO MMMYHUTETa, 06ecneynBaoLLmX 3aLlmuTy OT NOBTOPHOMO MHMUMpoBaHusa baktepusamu B. pertussis
N pasBUTKS KITMHUYECKNX CUMNTOMOB KOKITHOLLA.

KnioueBble cnoBa: KOK/IOW; Xusasl 8akyuHa UHMpaHasanbHo20 NpUMEeHeHUs; 3alumHasi akmusHocms, am-
meHyuposaHHble bakmepuu Bordetella pertussis; HederosekoobpasHbie 06€3bsiHbI.

UcmoyHuk puHaHcupoeaHusi. ABTOpPbI 3asBNAT 06 OTCYTCTBUM (DMHAHCUMPOBaHWSA NPY NPOBEAEHUN Ncche-
[OOBaHus.
KoHdbnukm uHmepecos. ABTOPbI AeKNapupyroT OTCYTCTBME SBHbIX M MOTEHLMANbHbIX KOHIUKTOB NHTEpe-
COB, CBSI3aHHbIX C Nybnvkauunen HacTosALENR CTaTb.
Ans yumupoeaHusi: MegkoBa A.1O., CunswwuHa J1.H., AMnyba A.A., CemuH E.I, Wesuosa 3.B., Matya A.3.,
DxmpapsH A.A., Kybpasa [.T., Kongxapusa W.I., Bapkas B.C., Muksabus 3.4., Kapataes N. JoknuHnye-
CKune uccnegoBaHus 6e3o0nacHoOCTU, MMMYHOMEHHOCTU U 3aLLMTHON aKTUBHOCTM aTTeHynpoBaHHbIX BakTepuii
Bordetella pertussis Ha akcnepumeHTanbHon Mmogenu Macaca mulatta. XKypHan mukpobuonoauu, anudemuoro-
auu u ummyHobuomnozauu. 2020; 97(4): 312-323.
DOI: https://doi.org/10.36233/0372-9311-2020-97-4-3
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Introduction. An increasing incidence of pertussis among different groups of population and shortcomings of the
existing preventive solutions pinpoint urgency of development of new safe vaccines suitable for immunization of
infants and for booster immunization of adolescents and adults.

The purpose of this study is evaluation of safety, immunogenicity and protective activity of the new constructed
attenuated Bordetella pertussis bacteria 4MKS by infecting immunized Macaca mulatta monkeys intranasally with
virulent bacteria of the pertussis pathogen.

Materials and methods. Five adult, clinically healthy Macaca mulatta monkeys aged 3—4 years were used for
immunization and experimental infection. The re-immunization was performed in 6 months. Three non-immunized
animals of the same age were used as controls.

Results. The intranasal single-dose inoculation and re-inoculation of attenuated B. pertussis bacteria did not
cause any nasopharyngeal inflammation in the rhesus monkeys and any changes in the blood lab test values
after the nonhuman primates had been infected with virulent bacteria. No elevation of total IgE was detected
in blood serum of the Macaca mulatta monkeys after the single-dose and double-dose immunization. When
the monkeys were intranasally immunized with attenuated and virulent B. pertussis bacteria, they developed a
defensive reaction to re-infection, namely suppression of the bacterial growth, increased rates of elimination of
bacteria from the animals’ nasopharynxes and development of a humoral immune response to the infection. The
development of immunity against pertussis re-infection is accompanied by a pronounced booster effect.
Discussion. The obtained results suggest common mechanisms of development both of post-vaccination
immunity after intranasal vaccination of animals and infection-acquired immunity against pertussis. Both of them
provide protection against re-infection with B. pertussis bacteria and prevent development of clinical symptoms
of pertussis.

Keywords: pertussis; live intranasal vaccine; protective activity; attenuated Bordetella pertussis bacteria;
nonhuman primates.
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BBepgeHue

HecMoTps Ha MaccoByr0 NPOTHBOKOKIIOIIHYIO
BaKIMHALIMIO, TPOBOAUMYIO B pa3HbIX CTpaHax C Ha-
yayia 1950-X rr., STUMUHALIMK BO30OYAUTENS KOKIIOIIA
cpeau HaceseHus He npoucxoaut. Ha done runoama-
THOCTHKH KOKJIIOIIA €KETOHO B MUPE PErUCTPUPYETCs
Oonee 16 MiH ciydaeB 3a00JeBaHUSI pa3HOW CTEIECHH
TSKECTH, U3 KOTOPBIX 0Kosio 200 ThIC. 3aKaHUMBAIOTCS
netansHBIM HcxonoM [1]. B mocnennee necaruneTue
OTMeYaeTcsl 3HaYUTENbHBIH POCT YHucia J1a0opaTopHO
MOATBEPKACHHBIX CIIy4aeB KOKIIONIA CPeIH MOAPOCT-
KOB M B3pOCibIX [2, 3], pacnpocTpaHEHHE CTEPTBIX
(hopmM 3a00JieBaHUs, BBISBICHBI OECCUMITTOMHBIC HOCH-
TenbcTBa Oakrepuii Bordetella pertussis (BP) [2, 4, 5].

B CHIA, rne oxBar aeTell NpUBUBKAMHU C KOKJIIOITHOM
BakiuHoi (KB) cocraBuser 95%, ¢ nauana 2000-x rr.
OTMEUYCH 3HAYUTENIBHBIA POCT 3200JI€BAEMOCTH KOKJIIO-
meM, MPUONMKAIOMICHCS K JIOBAKIUHHOMY IEPHOIY
[6, 7]. PacTeT 3aboneBaeMocTh B MTamuu U AHIIHMH
[8, 9]. B Poccum B 2018 1. 3apeructpupoBaHo Oonee
4yeM 2-KpaTHOE YBEIIMYCHUE YHCIIa CIYy4YacB KOKIIOIIA
nmo cpaBHeHuto ¢ 2017 r. Tennenuus pocra 3aboe-
BaeMOCTHU coxpansuiach kak B 2019 ., Tak u B Hauane
2000 r. [10]. B mpeasiayiye rofasl poct 3a0oaeBacMo-
CTH PETUCTPHUPOBAIIM IIIABHBIM 00pa3oM B MockBe u
Cankrt-IleTepOypre, 4To CBSI3aHO, BEPOSATHO, C KAaueCT-
BOM JUarHocTuku [11].

Jliis mpoUIaKTHKY KOKJTIOIIIA B HACTOSIICE BpEMSs
MCIOJIBb3YIOT BaKIMHBI, COJIEPIKAIINE KOPITYCKYJISPHBII
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KOKJIIOITHBIA KOMIOHEHT (LenbHOKIeTouHble KB —
IIKB) wiu OecKIICTOYHBIN KOKJIIOIIHBIA KOMIIOHEHT
(6ecknerounsie KB — BKB) B coueranuu ¢ vHaKTu-
BUPOBaHHBIMHU JU(PTEPUIHHBIM U CTOTOHSIYHBIM aHATOK-
cunamu. Muoraa LIKB wnn BKB ucnons3yror kak mo-
HoBakuuHbl. Cunrtaercs, yto bKB Menee peaktorenna,
HO MpsIMBbIE MCCIIEIOBAHNA Ha MIPUMaTax MoKa3ajiH, 4To
OHa He 00ecleunBaeT aHTHOAKTEPUIHHOTO UMMYHHUTETA
1 HE 3aIMIIAET KUBOTHBIX OT SKCTIEPUMEHTAIbHON KO-
kiroiHoN nH@ekuuu [12]. Ha HeBbicOKyIO 3 deKTuB-
HOCTh PEBaKLMHAIMKU TOAPOCTKOB M B3pocibix bKB
YKa3blBaeT €€ CpPaBHUTEIBHOE OMNpejaeieHue 3adoie-
Ba€MOCTU BaKLMHUPOBAHHOW M HEBAaKIIMHUPOBAHHOU
nomyssuuii [13, 14].

JpyruM BaKHBIM HEJOCTATKOM COBPEMEHHBIX
KB sBnsieTcss HEBBICOKAsi AJIUTENBHOCTH CHOPMUPO-
BaHHOTO UMMYyHHTeTa. M3yuenue saddexruBHocTn KB
pa3HOro THIA MOKa3ajio, YTO JJIUTEIBHOCTh IOCTBAaK-
UHAJIBHOTO HMMYHHTETA He npeBbliiaet 5 neT. [locie
MEPEHECEHHOT0 3a00I€BaHNsI UMMYHHUTET COXpPaHIETCs
o 10-15 met [15].

Bce coBpemennrie KB BBOmATCS netsM crapiie
2 mec He MeHee 3 pa3. Takum 00pa3oM, NONHBIA LUK
BaKIIMHAIMK 3aBEPILIAETCS HE paHbllle YeM K 6-Mecay-
HOMY BO3pacTy peOeHKa, 4TO COXpaHseT BBICOKHI PHUCK
B IIEpBBIC, CAMBIC OITACHBIC B OTHOLICHUH 3a00J1€BaHMsI
KOKJIIOILIEM, MECSALIbI €r0 JKHU3HU.

Poct 3aboneBaeMOCTH KOKIJIIOUIEM, B TOM YHCIIE
Cpeay CTapuIMX JAeTe M B3pOCIOro HACEIECHUs, MpH-
BeJ K TIOHMMaHHIO HEOOXOAMMOCTH PEBaKLIUHALUH
MOAPOCTKOB W B3pOCHBIX. PaccMarpuBaeTcst HE0O-
XOOUMOCTh BaKIHMHAIMH MaTeped W (OPMUPOBAHUS
«cemeitHoro ummynurteray [3, 4, 16, 17]. Husa >tux
ueneit pekomenaosana toibko bKB [4], koTtopas, kak
YIOMSIHYTO BBIIIE, HE 00SCIeUnBaET 3aIUTy IeTel U
B3pOCTBIX OT 3apa’KeHUsl U PaCIPOCTPaHEHHs MHQEK-
. TakuMm o0pa3oM, MPUXOAWTCS KOHCTATHPOBATh,
4TO, HECMOTPSI Ha IeNecO00Pa3HOCTh PEeBAKIUHALIUH
MOAPOCTKOB M B3pPOCIBIX, (POPMUPOBAHUS CEMEHHOTO
MMMYHHTETa, B HACTOALIEE BpPEMs OTCYTCTBYET Bak-
nuHa s 3tux neneit. HKB ne pexomengoBana BO3 k
MIPUMEHEHUIO Y B3pOCIbIX, a coBpeMeHHass bKB, cko-
pee Bcero, HeaddexktuBra. BKB nmponemoHcTpupoBaia
cBOIO 3((HEKTUBHOCTH U 0E30MACHOCTh B KAUECTBE aJlb-
tepHaruBbl [IKB nns Bakiumuammu mianenueB. Takas
BaKLIMHAIM KOHTPOJIIMPYET CMEPTHOCTh M TAXKECTh 3a-
OoJsieBaHMs AETEH MJIaJEHYECKOT0, Hanboee ysI3BUMO-
ro JuIsl Kokioma Bo3pacta. Onnako, kak u LIKB, ona
TpeOyeT 3—4-KpaTHOM BaKUUHALMK U TIOXO 3allHIIaeT
neted or mHuuUpoBaHus W 3a0o0JeBaHUs MpPU HE3a-
BEPILIEHHOM ITUKJI€ BAaKLIMHALIH.

B pamkax MOKJIMHMYECKHX HCCIICJOBAaHUM HaMu
MOKa3aHbl 0E30MacCHOCTh MHTPAaHA3aJbHOTO BBEACHMUS
aTTeHyupoBaHHBIX OakTtepuii BP 4MKS naboparop-
HBIM JKMBOTHBIM M 3aIUTHBIA 3(PQEKT BaKIUHALUH
MBIIIEH B OTHOLUIEHUH UX BHYTPHMO3TOBOTO M MHTpa-
HA3JIbHOTO 3apaKCHUs] BUPYJIECHTHBIMU OaKTEpUSMH
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BP [18]. UccnenoBanus MOCHEIHUX JIET MPOIECMOH-
CTPUPOBAJIM MEPCIEKTUBHOCTh JSKCIEPUMEHTAIBHOM
MOJICTI HEYEIOBEKOOOPpa3HBIX 00€3bsH AJIsi U3YUCHUS
HMMYHOOHOJIOTHUECKUX XapaKTEPUCTUK BO30YAUTENS
rokmoma 1 uMMmyHorensoctu KB [19-23]. Tlokasano,
YTO DKCTIEPUMEHTaJbHAsI HHPEKIHS 00€e3bsIH IPUBOAUT
K Pa3BUTHIO JIAOOPATOPHBIX MMOKA3aTENICH KOKIIFOIIHON
WH(EKIUH, TUIEPEMHN HOCOTIIOTKH, AJUTENBHON Mep-
CHCTEHIIMM BP ¥ HapacTaHUIO TUTpa CHenu(PUIeCKUX
HMMYHOIJIOOYIMHOB B CBHIBOPOTKE KPOBH J>KHBOTHBIX.
HccnenoBanus Ha maBHaHax raMaJpuiax MpPOJEMOH-
CTPUPOBAIN BO3MOKHOCTD Iiepeadyll HHPEKIUH OT ve-
JIOBEKa K 00e3bsiHEe U MEKIY 00e3bsiHamu [23].

Henwo HacToseH paObOTHI ABISIETCS XapaKTepH-
CTHKa 0€30IacHOCTH, MIMMYHOTEHHOCTH W 3aIUTHOM
AKTUBHOCTH CKOHCTPYMPOBaHHBIX HAMHU aTTEHYHPO-
BaHHBIX OakTepuii BP 4MKS B Tecte nHTpaHa3aIbHO-
ro 3apakeHHs UMMYHH3HPOBAaHHBIX 00e3bsiH Macaca
mulatta (makaka pe3yc; MP) BupyneHTHbIMU OakTepu-
SIMU BO30YUTENS KOKJIIOIIA.

MaTepman bl 1 MeToAbl

BP KynbTUBHpOBaJIM HAa TBEPABIX MUTATEIbHBIX
cpenax KYA ¢ noGasnenuem 10% nedubpunuposan-
HOW KpoBH Oapana mpu 36°C. ArTeHyupoBaHHbIC BP
4MKS u3 HazodapHHreaabHbIX CMBIBOB BBHICEBAJIHM HA
KVA, comepxkasiryro 200 MKI/MIT CTpENITOMHUILIMHA.

[ns onpeneneHusi cEpOTUIIOBOIO COCTaBa KYJb-
TYpBI UCIIONIB30BAJI CHIBOPOTKU AMArHOCTUYECKUE KO-
KJIIOIIHEIE K arniioTHHOreHam 6akrepuii BP 1, 2, 3 an-
copOMpOBaHHbBIE, AJSl PEaKUUH arrilOTHHALUHN, CyXHUe
(OI'BY HULIOM um H.®. 'amanen) B COOTBETCTBHUH C
pEeKOMEHIALUAMU TPOU3BOAUTEIIS.

NMMyHHM3aLMI0 B DKCIIEPUMEHTATbHOEC UH(ULU-
pOBaHKE MPOBOJWIN y 5 MOJIOBO3PENBIX, KINHUYECKU
3nopoBbix MP B Bo3pacte 3—4 ner. PeummyHu3anuto
poBOMIIM 4Yepe3 6 Mec. B kauecTBe KOHTpOJS HcC-
[I0JIb30BAJIM 3 HEMMMYHM3MpOBaHHBIX MP Toro e
Bo3pacTa. PaboTta ¢ HMBOTHBIMH OCYIIECTBIISIACH HA
0aze Cyxymckoro nutoMHuka o6e3bsH (HUUM skcne-
PUMEHTAIBHON MMaTOJIOTUU U Tepanuu AKaJeMUHN HayK
Ao0xa3un). Mcnonap3oBaHue )KUBOTHBIX COOTBETCTBOBA-
10 npuHuunaM EBpoIelckoil KOHBEHLUHU IO 3alIUTE
[T03BOHOYHBIX JKHBOTHBIX, MCIIONB3YEMbIX AJIS 3KCIIe-
PUMEHTAJIBHBIX U MHBIX HAyYHBIX LIEJTEH, a TaKKe Tpe-
OOBaHMSM OTEUECTBEHHBIX HOPMAaTHBHBIX JOKYMEHTOB.

3alIUTHYI0 aKTUBHOCTh aTTEHYMPOBAHHBIX OaKTe-
puil onpenensy N0 CPaBHEHUIO TUHAMMKH BbIBEIEHUS
BUPYJCHTHBIX Oaktepuii BP 475 U3 HOCOINIOTKH Bak-
LMHUPOBAaHHBIX M KOHTPOJBHBIX — HEMMMYHHU3UPO-
BaHHbIX MP, pa3BUTHIO UMMYHOJIOTUYECKHUX PEAKLUM,
a TaKke KIMHUYECKUX CHMITOMOB M JIa0OPaTOPHBIX
MIPU3HAKOB KOKJIIOLIA.

Ilepen ManHunymauusMu (MMMyHH3aLMEH, 3KC-
MEepUMEHTANBHON HMH(EKLIuel, B3sTHEM Ha3zodapHH-
reaJbHpIX Mas3koB) MP mnoasepranm Hapko3y BHY-
TpuMbliedHbiM BBeaeHueMm 0,03—0,04 mn 3ornernna
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(«Virbacy, ®@panums) B xoHueHntpanuu 100 mr/ma (c
MpeMeIuKaIel KCUITa3uHTUAPOXIIOpUaoM, 20 Mr/mit).
DKCIepUMEHTAIbHY0 HHPEKIUIO 1 BakuuHaimo (107
10'° 6akTepuit) ocymiecTBIsLIN MyTeM BBeAcHUs 0,5 M
CYCIICH3UH BHPYJCHTHBIX WM aTTeHyHPOBAaHHBIX Oak-
TEpUi B K&KIYIO HO3/IPIO )KUBOTHOTO B TIOJIOKEHUH JIe-
Ka Ha CITUHE.

KpoBb Ha ananuz y MP Opanu 6e3 Hapko3a ¢ uc-
MOJIb30BAHUEM KIIPUKUMHBIX KIIETOKY.

s BeisiBnenus [JHK Gakrepuit BP ucnonb3oBaH
CMBIB Hazo(apuHrealbHbIX TaMoHOB B 500 mkin ¢u-
3uonoruyeckoro pacrsopa. Ilocne nentpudyrupona-
uus JIHK Beizmensiu ¢ momonipo CTaHAapTHOM o0pa-
OOTKH PacTBOPOM TyaHHJIUHTHOLIMAHATA C TIOCIEAYIO-
el copOuueil Ha MarHuTHOM copOente («Promegay).
Unentundukanuro JJHK Oakrepuii BP mpoBomwim c
MOMOIIIBIO pa3paboTaHHOM Hamu TecT-cuctemsl [11[P B
peansHOM BpeMeHH [24, 25].

Omnpenenenue CrenUpUISCKUX K KOKIIOIIHOMY
TOKCHHY M (DUIaMEHTO3HOMY reMarrioTHHUuHY IgG,
IgM u necnenuduyeckux IgE B CHIBOPOTKax KpoBU
MP nocne ogHO- ¥ JIBYKPAaTHOM MHTpPaHA3aJIbHON BaK-
UUHALWN TPOBOAWIN C MPUMEHEHHEM TECT-CUCTEM
«Ridascreen». Hecnieunpuueckue IgE onpenensiu ¢
IIOMOILBIO TeCT-cucreMbl « Bextop-bect».

Pesynbrarel npoananu3upoBansl 1o Tecty CThIO-
nenTa. Pazmuuns 3HauuMel npu p < 0,05.

PesynbraTbl

Obwee cocmosaHue MP u aHanu3s Kposu nocsie
UMMYHU3AyuU U 3apaxxeHUs supysaeHmHsimu BP 475

[lepBast u MOBTOpHAsA WHTpaHa3aJbHbIE UMMYHH-
3auuu MP He mpuBenu K OTKIIOHEHUSM OT HOPMBI B
MOBEACHUH, OOIIEM COCTOSHMU >KUBOTHBIX, (hopmyle
KpPOBH, KOJMYECTBE JIEHKOLIMTOB U TJIIOKO3bl, aKTHB-
HOCTH acmapTar- U alaHUHaMUHOTpaHcdepasbl, K BO3-
HUKHOBEHMIO BOCHAIMTEIbHBIX WIH JPYTUX peaKkiuil B
HocoroTke (Tada. 1).

OkcnepuMeHTallbHass HMHQEKIUsT HMMYHU3UPO-
BaHHBIX 00€3bsH BUPYJIECHTHBIMU OakTepusiMu BP de-
pe3 12 Mec mocne peMMMyHHU3AINA TaKKE HE BBISIBUJIA
OTKJIOHEHHH M3MEPEHHBIX MapaMeTpoB OT HOPMHI (Ta-
01. 1). IIpu 3TOM B KOHTPOJBHOM SKCIIEPHUMEHTE, MPH
3apayKCHUU HAaTUBHBIX 00€3bsiH BUPYJICHTHBIMHU OaKTe-
pUSAMH, 3apETUCTPUPOBAHBI JOCTOBEPHOE yBEJIUYEHUE
KOJIMYECTBA JICHKOIMTOB M CHIDKEHHE COJEpKaHHs
DIIOKO3BI (Tabi. 1), Hanu4Ke CIM3HM U BOCHAIEHHs HO-
corioTk Ha 3—10-¢ cyTkm nHdpeknuu. Kamuis y koH-
TPOJIBHBIX U OMBITHBIX 00€3bsIH HE 3apETUCTPUPOBAHO.

Pesynbrare! n3mepenmii Hecnienupuueckux IgE B
CBIBOPOTKE KPOBH MMMYHU3WPOBAHHBIX M MHQHUIHPO-
BaHHBIX JKUBOTHBIX IPEACTABICHBI B Ta0. 2.

U3 Tabn. 2 BUAHO, YTO M3 MMMYHHU3UPOBAHHBIX
JKUBOTHBIX TOJNBKO Y 00e3bsiHbI 31883, a U3 KOHTPOIb-

Tabnuua 1. Buoxmmuyecknin aHanns kposu MP nocne nHTpaHasanbHOM UMMYHU3aLMM aTTEHYMPOBaHHbIMK GakTepusamu BP n
3KCNepMMeHTanbHON NHAEKLMM BUPYNEHTHbIMK GakTepusamun BP 475

Table 1. RMs’ blood biochemistry after their intranasal immunization with attenuated BP bacteria and experimental infection

with virulent BP 475 bacteria

AnaHWHamuHo- AcnaptatamuHo- - 3
MHTpaHasanbHas MHOKynauus OHn TpaHcdepasa, Ea/mn TpaHcdepasa, Eg/mn Fniokosa, J'Iev_moumbl, x10
) ; ; Mwm/n White blood cells,
Intranasal inoculation Days Alanine Aspartate 3
. . Glucose, Mm/I x10
aminotransferase, U/ml | aminotransferase, U/ml
MepBas MMMyHM3aLMA ®oH 34544 36,5+ 12,5 54+11 10,1+£2,8
First immunization Background
3 38,8 £10,2 36,2+ 10,4 4,7+0,3 8219
7 42,1+6,1 33,1+2,6 55+0,5 9,8+27
14 46,1 £6,7 41,1+10,6 4,7+0,7 8823
MoBTOpHas UMMyHM3aUWsa doH 39,1+4,6 43,5+ 11,5 4,4 +0,6 9,1+26
Re-immunization Background
3 37,2+39 38,2+84 47+04 72+19
7 40,0 £ 3,1 34,1+5,6 53+£0,5 8,0+3,1
14 41,8+4,0 39,1+71 47+04 83+25
WHdpekums baktepuamm BP 475 doH 42,2 +6,4 42,0+6,5 6,2+0,3 12,1+1,4
HaTVBHbIX 06e3bsH Background
Infection of native monkeys
with BP 475 bacteria 3 442 +49 39274 57+07 17,8+2,9
7 40,4 £4,1 41,1+55 4,4 £ 0,6" 19,3 +2,9*
14 39,8+3,8 40,1 +£5,1 4,7+04* 19,3 +2,9%

Mpumeyanume. *p < 0,05 No cpaBHEHMIO C POHOM.
Note. *p < 0.05 as compared to the background.
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Tabnuua 2. 3HaveHus IgE B cbiBopoTke kpoBu MP, BaKLMHUMPOBaHHBIX 1 PEBaKLUHMPOBAHHbLIX aTTEHYMPOBAHHBIMU

Gaktepusivn BP

Table 2. Values of IgE in blood sera of RMs vaccinated and re-vaccinated with attenuated BP bacteria

Homep 06e3bsiHbI

Retb nocne Monkey identification number
MHEeKL N
D fter infecti
ay afieriniection | 34gg1 31882 | 31883 | 31901 | 31908 | 31926 | 31927 | 31843 | 31870 | 31888
MepBas MMMyHU3aLWs
First immunization
®oH 320 250 66 680 678
Background
7 290 190 73 - -
14 285 220 56 845 693
24 427 350 48 690 578
64 469 191 53 662 750
180 668 117 63 609 555
PenMMyHm3saLms yepes 6 mec
Re-immunization in 6 months
®oH 668 117 63 609 555
Background
7 720 141 31 745 449
14 518 187 43 722 458
24 562 203 62 648 -
64 669 177 47 393 524
180 580 258 - - 180
3apaxeHne BUpyNeHTHbIMU bakTepuamu BP
Infection with virulent BP bacteria
®oH 219 22 45 58 55 656 48 559 376 257
Background
7 73 13 15 45 32 732 37 635 281 201
14 48 13 17 10 14 651 25 759 351 224
28 43 7 9 23 9 515 52 569 390 356

HBIX — 31927 conepxarcs IgE B konndecTe, Omu3kom
K 3Ha4YeHMSM OTPULATEIBHOIO KOHTPOJS Yy dYeloBeKa
(20-30 ME/mn). Y Bcex o0e3bsiHbl 31882 3HaueHwMs
IgE Bappupyrot ot 117 no 350 en., y ocTaJbHBIX —
200-850 ex.

He 3apeructpupoBaHo peryaspHOro yBeIHMUEHUS
konuyecTBa IgE mocne UX MMMyHM3alUUd U PEUMMY-
Hu3auuu. HampoTus, y 06e3bsiubl 31882 Habmromaetcs
TEHJIECHIUSA K CHIKEHMIO KonmmuectBa IgE yxke mocne
PEeUMMYHHU3ALIUY, U Y BCEX XKUBOTHBIX PETUCTPUPYETCS
3HAUMUTENIbHOE yMeHblIeHne yucia IgE nocine 3apaxe-
HUSI BUPYJCHTHBIME Oaktepusimu BP 475.

bakmepuaneHas Haepy3ka BP 6 Hocoznomke
06e3b5H Nocs1e UMMYHU3AYUU U 3apaxeHus
supysieHmHsiMu BP 475

3070THIM CTaHAAPTOM IS TUATHOCTUKHU KOKITIOIIIA
SIBJISICTCS OAKTEPUOJIOTMUSCKH METOM. MBI MPOU3BO-

316

JUITH BBICEB MaTrepHaja CMBIBOB Ha3zo(dapHHreaIbHbBIX
TaMIIOHOB, COOPaHHOTO C 3aJHEH CTEHKH HOCOTIIOTKH
00e3bsiH, Ha cpeny KYA ¢ KpoBblo, coepKallyIo Uil
HE coAepiKallylo cTpenToMUIrH. Ma3sku Opaiu dyepe3
1 4 mocjie IMMYHHM3aLUH WK SKCIIEPUMEHTAIbHON HH-
(dexuuu u nanee B nuHamuke depes 3, 7, 10, 14 cyt
u T.a. Poct Oakrepuii Ha cpeae KYA orenuBanu Ha
4-5-e cyTKuM mocjie moceBa. Bripociive KOJOHHH TH-
MUPOBAIIM C MOMOIIBIO CIEUU(PUUECKUX CHIBOPOTOK K
aroirotuHoreHam 1, 2 u 3. Pocr 6akrepuiit BP Ha yai-
Kax YJIaBaJlOChb PETUCTPUPOBATH B TEUCHHE MEPBBIX
2 Hesd, B peAKHX ciiydasx — 3—4 Hel mocjie MHOKY-
Jsiurd. JIONONMHUTENBHYIO CIIOKHOCTD MPEACTABIISIO
HaJIW4YHEe TOCTOPOHHEH MHKpPO]IOpBbI, 0COOEHHO HpHU
aHayimze Marepuana Ha cpene KYA Oe3 aHTUOHMOTHKA.
[TosToMy, a Takxke YUUTBIBasi HU3KYIO 3QPEKTUBHOCTh
MeTona OaKTepHaJbHOTO MOCEBa, ISl ITUArHOCTUKU
KOKJTIOIIA M XapaKTePUCTUKU KOIMYeCcTBAa OaKkTepuil B



*KYPHAJ1 MUKPOBNONOTUW, SNMNAEMMNONOTUUA N UMMYHOBWUOJTOTUN. 2020; 97(4)

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-3

OPUTVHANbHbBIE NCCJTIEAOBAHNA

POTOHOCOTIOTKE KUBOTHBIX MCIIONB30BaH pa3paboTaH-
Hblid Hamu meTtof [ILP B peanpHOM BpeMEHH.

Ha puc. 1 m 2 npencraBineHa AMHAMUKa H3Me-
HEHHS KOJMYECTBA TC€HOM-3KBHBAJICHTOB OaKTepHil B
YCJIOBHOM MWJUJIMJIMTPE CMBIBA Ha30(apuHIealbHOTO
TaMIoHa (acnupara) 00e3bsiH, OJHOKPATHO U ABYKpaT-
HO WH(HLIMPOBAHHBIX BUPYJICHTHBIMH W aTTEHYHPO-
BaHHBIMH OakTepusiMu BP.

3 7 14 21 28 70 160

-1
Onn /

Puc. 1. lnHamrka nsameHeHus Konnyectesa reHOM-3KBMBa-
neHtoB 6akTepun BP B Hocornotke MP nocne nepsoro u
NMOBTOPHOIO MHTPaHa3anbHoro BBeaeHust 6akrepuii BP.

N — konu4yecTBO reHoM-3kBUBaneHToB 6akTepuit BP B 1 Mn Haso-
dapuHreansHoro acnupata. 1 — nepsoe BBeAeHWe BUPYNEHTHbIX
GakTepuit BP; 2 — noBTOpHOE BBEAEHWE BUPYNEHTHbIX BakTepuit
BP; 3 — nepBoe BBefeHWe aTTeEHYMPOBaHHLIX GakTepuii BP;
4 — noBTOpPHOE BBEAEHMWE aTTEHYNPOBaHHbIX GakTepuin BP;
5 — nHdVMUMpoBaHne BUpyneHTHbIMU BP yepe3 12 mec nocne
BBEJEHNS aTTEHYMPOBaHHbIX 6akTepuii BP.

Fig. 1. Changes in the number of BP genome-equivalents in
the RMs’ nasopharynx after the first and repeated intranasal
vaccination with BP bacteria.

N — the number of BP genome-equivalents in 1 ml of the
nasopharyngeal aspirate. 1 — the first vaccination with virulent BP
bacteria; 2 — the repeated vaccination with virulent BP bacteria;
3 — the first vaccination with attenuated BP bacteria; 4 — the
repeated vaccination with attenuated BP bacteria; 5 — the infection
with virulent BP bacteria 12 months after the vaccination with
attenuated BP bacteria.
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[ToBTOpHYIO HHOKYIALIUIO aTTEHYHPOBaHHBIX OaK-
Tepuil BP npoBoawin depe3 6 mec mnocie 1-ro Beese-
HUS, a SKCIIEPUMEHTAIbHYIO0 HH(EKIUIO BUPYJICHTHBI-
MU OakTepusimu BP — yepe3 12 Mec mocie penummy-
HU3ALUH.

st nposicHeHHs1 3aBUCUMOCTH KapTUHBI SITIMUHA-
UM OT IITaMMa OaKTepuid ¥ MHGHUIUPYIOIIEH 103bI IIPO-
BEJICHO 3apakeHHEe IoJ0Bo3penbix MP nBymsa nosamu
(107 KOE u 10°-10'° KOE) BupynenTHbix Oakrepuii BP
18323. Kaxxaoii 3 103 MHTpaHa3aIbHO MH(PHIUPOBAIN
o 3 MP. [ToeropHo Bcex MP undumpoBaiu oaHoi 10-
3oi 10°-10'" Gakrepwmii. [TOBTOpHYIO IKCIIEPUMEHTAIIb-
HyI0 uH(peKkuo BupyneHtHeiMu BP 475 wmu BP 18323
npoBoawin yepe3 4—6 mec nocne 1-if nHOKymauuu. Ha
puc. 1 u 2 BuaHO, 4TO yKcno O6akrepuii B Hocornorke MP
JIOCTUTaeT MakCUMyMa uepe3 7—14 aneit nocne sxkcrnepu-
MEHTAJIbHOW MH(QEKINN aTTCHYUPOBAaHHBIMHU OaKTepHs-
mu BP AMKS (t = 7-14 nueii), yepes 14-21 nenp mo-
ciie MHQEKINH U30TeHHBIMHA BUPYJACHTHBIMHU OaKTepHs-
MU BP 475 u uepe3 7-10 nHeil nocie UHTpaHa3aIbHON
WHOKYJISILIMY BUPYJICHTHBIX Oaktepuii BP 18323.

[Ipu nocege u I11[P-ananuse cMbIBOB Ha30(hapuH-
reajbHbIX TAMIIOHOB KOHTPOJBHBIX KHBOTHBIX POCTa
kosoHuid u peructpanmu JJHK Bo30ynuTens kokiroma
He HaOIroamu.

Tump cneyuguyeckux IgG 8 ceisopomke Kposu
8aKYUHUPOBAHHbIX 06e3bsaH MP nocne
UHMPAHazanbHo20 UHGuUyuposaHus BP

Bce akcnepuMeHTBI, ONMCaHHbBIE B MPEAbIAYILEM
paszene, COMpOBOXIAIUCH U3yYeHUEM ITUHAMUKU H3-
MeHeHus! ypoBHs cneuududeckux IgG xk BP B cbIBo-
POTKE KpPOBH WHQHUIHUPOBAHHBIX XHUBOTHBIX. [lpn 1-i
SKCTIEPUMEHTATILHON MH(EKLIUH KOJIM4YeCTBO crienudu-
yeckux [gG B CBIBOPOTKE KPOBH KHBOTHBIX HAPACTAIIO
(puc. 3, 4) nauuHas ¢ 10-14-ro IHSA U JOCTUTATIO MaK-
cumyMa K 28-My JHIO y 00€3bsiH, HHQUIMPOBAHHBIX
BUPYJICHTHBIMA U aTeHYHPOBaHHBIMH OakTepusiMu BP
475, u k 35-48-my anro nocie uHpekuuu BP 18323,
[Tocne noBropHOW MHGeknuu OakTepusimu BP 18323
IgG mocturan MmakcuManbHOTO 3HAYCHUS K 14-My JTHIO
Mocyie HHOKYJISIIUY OaKTepHid TI000ro mTaMma.

Puc. 2. iInHammka nameHeHuns konnyectsa
reHoM-3kBmBaneHToB Gaktepuii BP 18323
nocne 1-n n 2-n aKcnepuMeHTanbHoOn
WHTpaHasanbHou nHdekunn MP.

1 — 1-51 aKcnepuMeHTarnbHas UHTpaHasansHas
nHdekuus B gose 107 KOE; 2 — 1-9 akcnepumeH-
TanbHas UHTpaHasanbHas UHdekums B fo3e
10° KOE; 3 — noBTOpHasi 3KCcnepuMeHTarnbsHas
MHekums BP 18323 B gose 10°-10" KOE.
Fig. 2. Changes in the number of BP 18323
genome-equivalents after the 15t and 2™
experimental intranasal infection of RMs.

1 — the 1%t experimental intranasal infection at
93 a dose of 107 CFU; 2 — the 1% experimental

intranasal infection at a dose of 10° CFU,;

3 — repeated experimental infection with BP 18323
at a dose of 10°-10'"° CFU.

317



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2020; 97(4)

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-3

O6cyxpeHne

JokIIMHUYECKHE UCCIENOBaHUS OCTPOW TOKCHY-
HOCTH Ha KPBICATAX U MBIIIATAX, JEHKOLUTO3- U TUCTa-
MUHCEHCHOMIIN3UPYIOIEH aKTHBHOCTH KOKJIIOIITHOTO
TOKCUHA U BECOBOM TOKCUYHOCTU CYCIIEH3UU aTTEHY-
UPOBaHHBIX OakTepuii BP B KIIACCHYECKHX JKCIIEpH-
MEHTax Ha JIMHEWHBIX MBIIIAX, AKTUBHOCTH JECPMOHE-
KPOTHYECKOIO SHJOTOKCUHA M T'HIIOAIEPreHHOCTH
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Puc. 3. InHamuka nameHeHuns konnyectsa IgG B CbIBOPOT-
ke kpoBu MP nocne 1-ro u NOBTOPHOIo MHTPaHa3anbHOro
BBeaeHusa um b6aktepun BP.

Mo ocn opanHaT — oTHOCUTENbHOE 3HaveHve KonuyecTaa IgG
(B %): OM,,/Or,, rae Ofl,, — 3Ha4YeHVe ONTUYECKOM MNOTHOCTK
MONOXKMUTENLHOrO KOHTpons, Of, — onTnyeckas NOTHOCTL B JyHKE
C uccnegyemon CbiIBOPOTKOW.

1 — 1-e BBefileHMe aTTeHynpoBaHHbIX 6akTepun BP; 2 — 1-e
BBeAeHWe BUPYNeHTHbIX Baktepuit BP; 3 — uHduumpoBaHme
BUPYNeHTHbIMKN GakTepmsammn BP yepes 12 mec nocne BBeAeHNA aT-
TeHynpoBaHHbIX 6akTepuii BP; 4 — NOBTOPHOE BBEAEHUE BUPYIEHT-
HbIx 6akTepuii BP; 5 — noBTOpHOE BBeAEHWNE aTTeHYMPOBaHHbIX
H6akTepun BP.

Fig. 3. Changes in the IgG level in the RMs’ blood serum
after the 1%t and repeated intranasal vaccination with BP
bacteria.

On the vertical axis — the relative value of IgG levels (%): OD,/OD,,
where OD, — optical density of the positive control, OD, — optical
density in the well with the studied serum.

1 — the 1%t vaccination with attenuated BP bacteria; 2 — the 1%
vaccination with virulent BP bacteria; 3 — the infection with virulent
BP bacteria 12 months after the vaccination with attenuated BP
bacteria; 4 — the repeated vaccination with virulent BP bacteria;

5 — the repeated vaccination with attenuated BP bacteria.

120

T
100 A\I

0 N
|

N
@ 60
2
T
40 1\1 -
1 I .
20 L
I T
0 ES L b
0 7 14 21 35 48

Ouun / Days

318

ORIGINAL RESEARCHES

B 3KCIIEPUMEHTAX Ha KPOJMKAaX M MOPCKHX CBHUHKaX
MPOIEMOHCTPUPOBAIH OE30IaCHOCTh HMHTpaHa3aJlb-
HOI'O IPUMEHEHHsI CKOHCTPYUPOBAHHON HaMU >XKUBOU
pexoMOMHaHTHOYW KoKItomHOU BakiuHbl (JKKB) [18].

HccnenoBanus, mpoBeieHHblE HAaMHM Ha IOJO-
BO3PEJNBIX HEUEIOBEKOOOPa3HbIX MPUMATax, IOKa3ay,
YTO JKCIIEPUMEHTaJbHAs WHTpaHa3adbHas MH(EKUus
00e3bsiH BUPYJICHTHBIMU OakTepusiMu BP mpuBomuT
K Pa3BUTHUIO JIAOOPATOPHBIX MPU3HAKOB KOKIFOIIHON
uHpeknun y o6e3psH MP, maBuaH ramaapui, Makak
SIBAHCKUUA M Makak smoHCKui [22]. Y HemonoBo3pe-
JBIX TaBUAHOB aHYOHCOB pPa3BHBAJICS XapaKTepHBIN
JUTsT KOoKumromna Kamens [19]. UmMmyH#u3aus maBHaHoB
anyouc J)KKB Ha ocHOBe arTeHyHMpOBaHHBIX OaKTepHit
BP BPZE1 npoaemoHcTpupoBasia ee 0€30MacHOCTb U
MMMYHOT€HOCTb [21]. DT pe3ynbraTsl yKa3blBajlu Ha
MEPCTIEKTUBHOCTh 3KCIIEPUMEHTAIBHON MOJIENIN Heue-
JIOBEKOOOPAa3HBIX 00€3bsIH AJISI U3yYEHHsT HMMYHOOHO-
JIOTMYECKUX XapaKTEePUCTUK BO3OYIUTENsI KOKIIOIIA U
MMMYHOT€HHOCTH KOKJIIOIIHBIX BaKIMH.

[IpencraBieHHble B HACTOSIIEM HCCIEIOBaHUU
pe3yabTaTshl MPOAEMOHCTPUPOBAIN OTCYTCTBHE H3MeE-
HEHUS TOKa3arelel aHanu3a KPOBU M MECTHBIX peak-
nuid y MP nociie nHTpaHa3albHOM MHOKYJISLIMM aTTe-
HYMPOBaHHBIX OakTepuil BP B MOTHOM COOTBETCTBUU
C OKCIIEPUMEHTaMH Ha MEIKHUX JIaOOpaTOPHBIX K-
BOTHBIX. [locie nepBoil 1 MOBTOPHOM BaKUMHALIUKU HE
3aperuCTPUPOBAHO BOCHAINUTENBHBIX NPOLIECCOB B HO-
COIVIOTKE >KUBOTHBIX, HAONONAEMbIX HAMH TOCIIE KC-
MEPUMEHTANTBHON WHPEKIIMN BUPYICHTHBIMU OaKTepu-
siMd. He oTMedeHo yBennueHus kojaudecta o0mux IgE
B CBIBOPOTKE KpOBU 00€3bsiH MOCJIE BaKLIMHALIMU U Pe-
BaKIMHAIMHU. Y BCEX UMMYHM3UPOBAHHBIX KUBOTHBIX
peructpupoBanock cHuxeHue IgE mocne 3apaxeHus
BUPYJCHTHBIME OakTepusimu BP 475. D1u HabnroneHus
XOpOLIO coracyroTes ¢ pesynsratamu R. Li ¢ coaBt.
[26], mokazaBUIMX, YTO MHTpaHA3ajdbHAs BaKIMHAIIH
MBILIECH arTeHynpoBaHHbBIMEH Oaktepusmu BP BPZE]
HE TOJBKO HE BBI3BIBAET AIEPTHUECKHUX pEakIHil, HO
M 3allMIIAET )KUBOTHBIX OT HKCHEPUMEHTAJIBHOTO ajl-
JEPru4eCcKoro BOCHAJIEHUS U CHUXaeT yposeHb IgE B
CBIBOPOTKE KPOBH.

Puc. 4. lnHamuvka nsmeHeHunst OTHOCUTENBHOIO
konuyecTtsa IgG B cbiBopoTke kposn MP nocne
1-M 1 NOBTOPHON NMHTpaHa3anbHON MHMEKL MM
XMBOTHbIX BakTepuamn BP 18323.

[3 1 — 1- aKcnepyMeHTasnbHas UHTpaHasanbHas uH-
I hekuums B gose 107 KOE; 2 — 1-51 akcnepumeHTanbHas

MHTpaHa3anbHas nHgekums B gose 10° KOE;
3 — noBTOpHas aKkcnepMMeHTanbHas MHPEKUMS
BP 18323 B no3se 10° KOE.

Fig. 4. Changes in the IgG relative levels in the
RMs’ blood serum after the 15t and repeated
intranasal infection of the animals with BP 18323
1 bacteria.

1 — the 1%t experimental intranasal infection at a dose
of 107 CFU; 2 — the 1%t experimental intranasal infection

at a dose of 10° CFU; 3 — the repeated experimental

infection with BP 18323 at a dose of 10° CFU.
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Crnenyer oTMmeTutb, 4TO TecT-cuctemMa «IgE
Ridascreen», npennazHaueHHasi sl pabOThI C ChIBO-
pOTKaMu KpOBHU 4€JIOBEKA, He BbIsiBisIa IgE B chIBOpOT-
ke 00e3bstH. J{s peructpaunu IgE B cbiBOpoTKE KpoBU
00e3bsiH OblIa Ucmonb30BaHa TecT-cucteMa «IgE Bek-
Top-bect». OTa cucremMa He MPUMEHsIACh paHee st
oueHku IgE o00e3bsiH, M03TOMY MONy4YEHHBIE LUQPHI
HE MOTYT OBITh WCIIOJIb30BaHBI [l KOJTMYECTBEHHOTO
OTpeneIeHNs, HO IPUTOHBI AJI KaYEeCTBEHHOM OLIEH-
KM U3MeHeHus conepxkanus IgE nociie nMMyHu3anuu
YKUBOTHBIX.

PazMHOXXEHHME BUpYIEHTHBIX OakTepuii BP B HO-
COIVIOTKE U MX MEPCUCTEHIMsI B OpraHU3Me YeJoBeKa
SIBIIAIOTCS. BQXKHBIMHM XapaKTEPUCTUKAMHU KOKJIIOIIHOMN
nHpekuu. CormacHo UMEIOIMIMMCS B HACTOALIEe Bpe-
Ms1 JaHHBIM UIMMYHU3aust 00e3bsH LIKB u artrenyupo-
BaHHBIMH OakTepusimMu, B oTinuue ot BKB, mpuBogut x
(hOpMHPOBaHHIO MYKO3aJIbHOTO MMMYHHUTETa, MPETIsT-
CTBYIOILIETO Pa3MHOKEHUIO BHPYJCHTHBIX OakTepHid
BP npu uX NPOHUKHOBEHUU B OPraHU3M 4YEJIOBEKA U
006e3bsHbL. [IpencraBnennsie Ha puc. 1 u 2 rpaduku ae-
MOHCTPUPYIOT CXOXYI0 TUHAMHUKY pa3sMHOKEHHS/Ipa-
JOUKALMHU aTTeHYHPOBAaHHBIX M BUPYJICHTHBIX OaKTepuit
Pa3HBIX MITaMMOB B poTo-HocorioTke MP. OtnenbHble
TeHOM-3KBHBaJECHTHl BP peructpupyrorcsi B Hazoda-
PUHIreaIbHBIX U30iATax ¢ nomousto 1P B peanbHOM
BPEMEHHM BIUIOTH 10 6 MeC. AHAJIOTUYHBIE PE3YIBTAThI
MOJTy4YeHbl HAMU MPH 00CIIeJOBaHNH BBI3JIOPABIMBAIO-
[UX OT KOKJIIOIIA JIeTel pa3Horo Bo3pacta, y 15-20%
KOTOPBIX BO30yIWTENb KOKJIIOIIA PErHCTPUPOBATH C
nomoisio [P B peanbHOM BpeMeHH CIyCTs 6 Mec
IocJe MOCTAaHOBKH auarxHosa [27].

Cxokast xapTMHa HaOlomanace IOCjie MOBTOP-
HOM HMHOKYJISILIMM aTTEHYHUPOBAHHBIX M BHUPYIEHTHBIX
Oakrepuii 00e3bsHAM M TMOCJE JKCIEPUMEHTAIbHOM
WHEKIMA UMMYHH3HPOBAHHBIX )KUBOTHBIX BHPYJICHT-
HBIMU OakTepusiMu. KpuBble pa3MHOXEHMS/dpaauKa-
LUK MOCJie TOBTOPHOM MHOKYIALMHU Oaktepuid (puc. 1
U 2) HE UMEIOT Ka4yeCTBEHHBIX OTIMYUN, HO MPUHIU-
MUATbHO OTINYAIOTCS OT KapTUHBI ocie 1-i HHOKyA-
LUK OTCYTCTBHEM HAKOIUICHHS M 3HAYUTEIBHO Ooliee
ObIcTpO#t spaaukanuet 6akrepuii. Hanpumep, k 28-my
JHIO TOCJie TIOBTOpHOW HWH(EKuuu (MMMYHHU3AINN)
0akTepuu HE BBUBISUINCH WIM HMX YAaBajoOCh peru-
CTPUPOBATh TOJIKO B €IMHUYHBIX KOMMSX, TOTJA KaK B
9TH K€ CPOKH 1ociie 1-i HH(EKIn Y1CcIo TeHOM-IKBHU-
BaJICHTOB OakTepuii BP MOIJIO COCTABISATh HECKOJIBKO
necsiTkoB. HeoOXoauMoO OTMETUTh, YTO YYBCTBHTEIIb-
HOCTb UCTIOJIb30BAaHHOW HAMU TE€CT-CUCTEMBI COCTABIIA-
et 0,01-0,1 reHoM-3KBHBajeHTa B 5 MKJ pacTBOpa U
ONpEAEINIIeTCs] NTPUMEHEHUEM MHOTOKOIIUMHOM IOCIe-
JOBaTeNIbHOCTH [S481 B KaduecTBEe MUIICHU aMILTU(U-
Karmu [24, 25].

Jng usydeHus 3aBUCUMOCTH AMHAMUKH pa3MHO-
XKEHUs1 OakTepuil ¥ pa3BUTHS WUMMYHHOTO OTBETa OT
WHOUUUpPYIOIIEH 036l U ITaMMa OaKTepuil Hapsiay
C W30T€HHBIMH BUPYJIEHTHBIMM U aTTEHYHPOBAHHBI-

MU Oaktepusimu BP 475 u 4MKS wucnons3oBaHbl BuU-
pynentHeie Oakrepun BP 18323, mpumensieMmbie st
onpenenenns 3amutHol aktuBHocTu LIKB. Bakrepun
o 3 MP o 10°-10'° KOE, 3 MP — o 107 KOE.
KonuuectBo OakTepuii 1 JUHAMUKA Pa3MHOXKEHUS/3pa-
JIUKAIUKM TI0CJIEe SKCIIEPUMEHTANbHON MHPeKuun MP,
nonyyuBux 10° Gakrepuii, He UMENU CTaTHCTHYCCKU
3HAUUMBIX OTIMYUHA OT TUHAMHUKHU MpHU MHOUIUPOBa-
HUU XUBOTHBIX Ipyrumu mrammamu BP. 3MepeHHble
HaMmu 3HaYeHusA ¢ st BP 475, 18323 u 4MKS 06nusku
JIpYT K JpYyTy U COBMAJAIOT CO 3HAYEHUSIMH, IIPUBEACH-
HbeiMHU B padote J.M. Warfel u coast. [19] mist Gakrepuit
BP D420, nony4eHHBIX IpH WHOULUPOBAHUN JACTCHbI-
1Ieii maBuaHa anyouca.

[Mpu unpuumpoBannu o6e3bsiH no030i 107 KOE
Oaktepuii BP Ha NpOTsSHKEHNH BCETO BPEMEHH Pa3BUTHS
-1 uadekunu HaOMOMANM JOCTOBEPHO MEHBIIEE KO-
JINYECTBO I'€HOM-3KBUBAJICHTOB OakTepuil BP B HOCO-
IJIOTKE YKUBOTHBIX (pHC. 2). DTO 00CTOSTENBCTBO OBLIO
YUTE€HO HaMHM P ONpPEesIEHUH BaKIIMHUPYIOLIEH 10-
36l I KnuHu4eckux uccnenoBanuii XKKB na 3mopo-
BBIX OOPOBOJBLAX, MPOAOIKAIOUIMXCS B HACTOSILEE
BpeMmsl.

Crnenyer OTMETUTh, YTO MPOBEACHHBIE HAMU pa-
Hee HccleloBaHMsl MOKa3ail, YTo B IpOLEecce MepCcu-
cTeHUUM OakTepuii BP B opranuzMe 00e3bsHbBI IPOUC-
XOJHT U3MeHeHHe Pa3oBoro cocrasa nomyssiuuu. Eciu
B [IEPBbIE Yachl Mociie MH(PEKIUHU moIaBisionee 60Jb-
HIMHCTBO OakTepuil BP HaxoAaTcsi B BUPYJACHTHOM CO-
CTOSIHMM, XapaKTEPU3YIOIIEMCSI HATUBHON CTPYKTYPOU
ornepoHa bvgAS, To B mpolecce pa3BUTHS UHPESKIIUU
reTepOreHHOCTh MOomyJsinuu Oakrepuii BP Bo3pactaeT
32 CyUeT YBEJIMYEHHS JOJIU aBUPYJIECHTHBIX MYTAaHTOB
BO30yIUTEN KOKIIOMA, HeCyluX UHcepuuto [S481 B
onepoHe bvgAS BP. B HauOonplieii CTENeHN MPOLECC
BBIPaXKEH I10CJIE€ MTOBTOPHBIX WHOKYISALUHN, KOTAa KOJIHU-
4eCTBO MHCEPLHOHHBIX MyTaHTOB OakTepuii BP B nep-
CUCTHpYIOIIEH MOMyasiuuu Moxet aocturarb 50% ot
YHciIa 3apEerHCTPUPOBAHHBIX Oaktepuii [28]. D10 Ha-
OrofieHue yKa3blBaeT Ha BO3MOXKHBIA MeXxaHu3M (op-
MHUPOBaHUs JUINTENBHO MEPCUCTUPYIOMUX OakTepui,
o0ecrneunBaloIuX BbDKMBaHUE NIATOTeHA U eTro nepea-
4y HOBOMY XO3SIMHY.

Ha puc. 3 u 4 BugHO, 9YTO AMHAMHUKA U3MEHEHUS
TtuTpa cneunpuieckux [gG B CHIBOPOTKE KPOBH BaKIIH-
HUPOBAaHHBIX 00€3bsH, IKCIIEPUMEHTATIBHO HHPUIIHPO-
BaHHBIX BUPYJICHTHBIMU OakTepusiMu BP, Gnu3ka K co-
OTBETCTBYIOIEH KPUBOM, IIOJYYEHHOHN IOCIIE MOBTOP-
Horo nHuuposanust MP, n 3Ha4uTENbHO OTIHYAETCS
ot nquHamuku [gG mocne 1-if skcTiepuMeHTaIbHON UH-
(exuyu BUPYIEHTHBIMU M aTTEHYUPOBaHHBIMH OakTe-
pusiMd. Y BCEX PEUMMYHHU3HUPOBAHHBIX M MHOUIHPO-
BaHHBIX TOCJIE UMMYHH3alUN BUPYJICHTHBIMH OakTe-
pusiMd BP >KWBOTHBIX KOJIWYECTBO AHTHUTEN OBICTPO
Hapacrajio U Jocturano Makcumyma K 10—14-my gsro.
OTU pe3ynbTaThl IOJTHOCTHIO COOTBETCTBYIOT PE3YJIbTa-
TaM onpezaeneHus 1gG nocnae NOBTOPHOTO 3apa’keHUs
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BUPYJIEHTHBIMH OakTepusimu BP 475 1 Xopouo cora-
CYIOTCA C IPUBEJCHHBIMH BbIILIE pe3yibTaTaMy U3yye-
HUsI TMHAMUKU HaKOIUJICHHs OaKTepUid B HOCOIIIOTKE
MH(QHULIMPOBAHHBIX JKUBOTHBIX. BbIcTpoe HapactaHue
creun(pUUeCcKuX aHTHTEI MOCIe MOBTOPHOTO KOHTAKTa
¢ nH}peKIHrerd crnocoOCTBYET MONABICHHIO PasMHOXeE-
HUs OaKTepHii U UX SMUMHUHAIMK U3 HOCOIJIOTKH KH-
BOTHBIX.

Cxoxass JMHaMUKa BBIBICHa HaMM NpU 2- U
3-KpaTHBIX 3KCIIEPUMEHTAIbHBIX 3apaXXEHUAX PasHBIX
BU0B 00e3bsiH Craporo CBera BUpPYJICHTHBIMH Oak-
tepusimu BP, B Tom uucie B po3ax 101°-10" KOE. Bo
BCEX CIydasiX 3aperucTpUpOBaHbl BBIPAKEHHBIH Oy-
CTep TyMOpPAJIBbHOIO HMMYHHOI'O OTBETA U YCKOpEHHAs
AIIMMHUHALMS BO3OYIUTENSI TIOCIIE TIOBTOPHOTO 3apaxe-
Hus [22]. Hamuume OycrepHOro 3ddexra moBTOpHOIA
BaKLMHAIMKM TPU HU3KUX 3HAYEHUAX U Jaxke MpH OT-
cyrcTBuM IgG y HEKOTOPBIX JKUBOTHBIX Hocie 1-if Bak-
OUHALUH, & TAKKE YCKOPEHHAas! SNMUMHUHALUS OaKkTepuit
y BCE€X KMUBOTHBIX MOCJIE TOBTOPHON BaKLIMHAIMK YKa-
3BIBAIOT Ha TO, YTO Ja)K€ OJIHOKpATHAasi MHTpaHa3aIbHasl
BaKI[MHALUS aTTCHYHPOBAHHBIMU OAKTEPHSIMU MOXKET
0Ka3aThCsl JOCTAaTOYHOM 1Jisi 0OecleueH s 3alUThl OT
9KCIIEPUMEHTAIBLHON HHPEKIHH.

Takum 0oOpa3oMm, SKCIepUMEHTalbHAs HHTPaHa-
3anpHas uHQekuuss MP arTeHyHMpOBaHHBIMH U BHPY-
JICHTHBIMH OakTepusiMu BP mpuBomuT K QopMHUpOBa-
HUIO 3alIUTHON PEaKLUU OPraHU3Ma, [POSBIIIOIIECHCS
B TOJABJIEHUM pPa3MHOXKEHUS OaKTepuil, yCKOpEHHU
TEMIIOB MX JJIUMHHALMU W3 HOCOIVIOTKH KHBOTHBIX
U pa3BUTHUH T'yMOPAJBHOIO MMMYHHOTO OTBeTa. Pas-
BUTHE TYMOPA&JIbHOIO, AHTUTEIBHOTO OTBETA IOCHE
MOBTOPHOW HMH(MEKIUH HOCUT OyCTEpHBIH Xapakrep,
HE3aBUCHMO OT IuTamma Oaktepuid. [IpeacraBieHHbIe
pe3yNbTaThl yKa3bIBalOT Ha OOIIME MEXaHU3MBI (op-
MHUPOBaHMs MOCTBAaKUMHAIBHOTO HMMYHHUTETa IOCIE
MHTpaHa3zadbHOW MMMyHH3aluu >kMBOTHBIX JKKB wu
NOCTUH(EKINOHHOTO MPOTHBOKOKIIIOIIHOTO MMMYHH-
TeTa, 00eCneYnBalOUIMX 3aIlIUTy OT MOBTOPHOTO HH-
¢unupoBanus OakrepusiMu BP ¥ pa3BUTHs KIMHUYE-
CKHX CUMIITOMOB KokJtomia. IIpencTaBneHnHble JaHHbIE
He npoTtuBopeuar pesyibsratam C. Locht u coasr. [21],
MIPOIEMOHCTPUPOBABIINM HaJIU4YUe BBIPAKEHHOTO 3a-
MUTHOTO 3¢ exTa B OTHOLIECHUN HKCTIEPUMEHTATILHOM
MH(EKIUN BUpYACHTHBIME OakTepusimu BP D420 y na-
BHAHOB aHYOHCOB, IMMYHU3UPOBAHHBIX )KUBBIMU aTTe-
HYHUPOBaHHBIMU OaktepusMu BP. MeHee BbIpakeHHBIM
3alUTHBIM 3] deKkToM 001anal0T UHAKTHBUPOBAHHEIC
Oaxrepun Bo30ynutens (LIKB), B To Bpems kak BKB He
o0ecrieurBaia 3aIuThl OT Pa3MHOXKEHUS OaKTepuil mo-
cie moBTopHOH uHpekun [20, 21].

OtcyTcTBHUE CcrielUUYHBIX 11 00€3bsH TECT-CH-
cteM uMMmyHodepMmeHTHOro aHanmmuza (MUDA) 3naum-
TEIbHO OCJIOXHSIET PErHMCTPALMIO KOKIIOIIHBIX aHTH-
Tel y 3THX XMBOTHBIX. EciM ncnonb3oBaHHas HaMu
tecr-cucrema MDA IgG yenoseka «Ridascreen» oka-
3ajach NPUroAHoM it peructpauuu IgG y MP, naBua-
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HOB raMaJpuiIOB, MaKaK sIBAHCKUX U MaKak SITIOHCKHX,
TO TECT-cUCTeMa TOH ke pupMbl 115 [gA yenoBeka Obl-
Jla COBEPILICHHO HE YyBCTBUTEIbHA K IgA 00e3bsiH. Ham
yIAI0Ch OIPENEIUTh 3HaueHus: [gM Ha pa3HbIX CpOKax
9KCIIEPUMEHTAIILHON KOKIIOUTHON MHpEKIH 00e3bsH
¢ nomoiplo TecT-cuctembl MDA IgM uyenosexka BP
«Ridascreen», onHako HU3KHE aOCOIIOTHBIE 3HAYEHUS
BEJIMYMH M OOJIBIION Pa3dpoc JenaroT HEeMmpomyKTHB-
HBIM uX oOcyxnenue. Cxopee Bcero, HabmromaeMas
KapTUHa OOBSCHACTCS HEN0CTATOYHOH 3(PQEeKTUBHO-
CTBIO KOMMEPUECKOH TECT-CUCTEMBI Ha CBIBOPOTKE
00e3bsH. [lomyueHHbIe pe3yabTaThl YKa3bIBalOT HA He-
00XOIMMOCTh KOHCTPYHpOBaHUsI TecT-cucteM HDA,
ceUn(UUHBIX 1151 UIMMYHOIJIOOYJIMHOB HEYEIOBEKO-
00pa3HbIX 00€3bsH, B MPOIECCE NATbHEHIIIETO UCIIOb-
30BaHUs 3TUX )KUBOTHBIX B Ka4€CTBE IKCIIEPUMEHTAIIb-
HOU MOJIEIH.

3aknioyeHue

WHTpana3anpHas OAHOKpAaTHas U MOBTOPHAsS WHO-
KYJIALUH aTTeHYUPOBAaHHBIX OakTepuii BP He BBI3bIBAIN
BOCHAIUTENBHBIX IIPOLECCOB B HOcomIoTke MP u u3me-
HEHUs! JTabOpaTOPHBIX IMOKa3arenei KpoBH, Halmonae-
MBIX TOCJIE 3KCIEPUMEHTAIBHON MH(EKIH HeuenoBe-
KOOOpa3HBIX MPUMATOB BUPYJICHTHBIMHU OaKTEPHSMHU.

He 3apeructpupoBaHO MOBBILICHHUS YPOBHS 00-
mero IgE B CBIBOPOTKE KPOBU 00€3bsH MOCIIC U OJIHO- U
JByKPAaTHON UMMYHH3aLUU.

OKkcrnepyuMeHTallbHasi WHTpaHa3ajdbHas WHQEK-
uusi MP arTeHynpOBaHHBIMH U BUPYJICHTHBIMH Oak-
TepusiMmu BP mpuBOAUT K (HOPMHPOBAHHIO 3alIUTHON
peaKkLuu OpraHu3Ma, MPOSBISIOLIEHCS B MOJABICHUU
pPa3MHOKEHHUsI OaKTEepHid, YCKOPEHHU TEMIIOB HUX DJIH-
MHHALUY U3 HOCOIVIOTKH XUBOTHBIX U PA3BUTUH [YMO-
panbHOrO UMMYHHOTO OTBETa. PazBurHe ryMopasbHO-
r0, aHTHTEJILHOTO OTBETA TOCJE OBTOPHON HH(EKINU
HOCHUT OyCTEpHBIH XapakTep, HE3aBUCHUMO OT IITaMMa
OakTepui.

[IpeacraBieHHble pe3yabTaThl yKa3bIBAIOT HA 00-
e MEXaHU3Mbl (POPMUPOBAHUS TOCTBAKIMHAIEHOTO
MMMYHUTETA II0CJIE UHTPAHA3AJIbHON BaKLIMHALIUN KU-
BOTHBIX U MOCTUH(EKIHOHHOTO POTHBOKOKIIIOIIHOTO
HMMYHHUTETa, 00€CIIeUNBAIOIINX 3alIUTy OT IIOBTOPHO-
ro uHGUIHMPOBaHUs OakTepusiMu BP W pa3BUTHS K-
HHUYECKUX CUMIITOMOB KOKJIIOLIA.
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MOHEKyﬂﬂpHO-BI‘II/IAeMI/IOHOFI/I‘IECKI/Ie 0C006eHHOoCTUN umnpkKynaumun
SHTepoBMpYycCa Kokcakn A10B naanEBOCTO‘-IHOM ¢enepaan0M
oKpyre

Bytakosa J1.B.”, Canera E.lO., TpoueHko O.E.

®BYH «XabapoBCKuin HayYHO-UCCNEROBATENBCKMI MHCTUTYT SNMAEMUONOTUN U MUKPOOronorum» PocnoTpebHagsopa,
680610, XabapoBck, Poccus

AxTyanbHocTb. B [lanbHeBocTO4HOM cheaepansHom okpyre (OPO) exxerogHo HabnrogatoTcs noabemMbl 3abone-
BaEMOCTM SHTEPOBUPYCHON NMHGEKLUMEN. [pn 3TOM OTMEYaETCs LUMPOKOE pasHoobpasune LMpKyNMpYLWMX HeMo-
NIMOMUENUTHBIX 3HTEPOBUPYCOB. Cpean HNX MOXHO BbIAENUTL T, KOTOPbIE HA NPOTSHKEHWUM psida NET NOCTOSIHHO
naeHTnduumpytot y Hacenexuss A0, B Tom uncne supyc Kokcakm A10.

Lenb. N3yuntb ocobeHHoCcTM umpkynsauum aHTeposupyca Kokcakn A10 Ha Tepputopum APO B 2014—2018 T
Martepuanbl u metoabl. [1na paboTtbl 6binn ncnonsb3oBaHbl 117 NOMHbLIX HYKNEOTUAHBLIX NOCneAoBaTeNbHOCTEN
reHa VP1 aHTepoBupyca Kokcaku A10, koTopble Obinu BeigeneHsl B AP0 B 2014—2018 rr.

PesynbraTthl. [0 pesynsratam unoreHeTMYeCcKoro aHannsa BbisiBreHbl ABe reHeTudeckme nuHum Kokcakm A10,
npu atom B CaxanuHckon obnactn B 2017 r. oTMeYeHa NX OQHOBPEMEHHast UMPKyNsauus. AKTUBHast MUrpaums
HaceneHms cnocobcTByeT LWIMPOKOMY pacnpocTpaHeHnto Kokcakm A10 Ha conpenenbHbIX TeppuTopusix ¢ dop-
MVPOBaHUEM 3NNOEMNYECKNX BAPUAHTOB.

3akntouyeHue. JHTeposupyc Kokcakm A10 aBnsieTcss ogHMM U3 Hambonee akTyanbHbIX TUMOB HEMONMOMUENUT-
HbIX aHTepoBupycoB ansa OPO. MNpoBeaeHHbIV hrunoreHeTUYeCKUi aHanu3 NO3BOMWIT BbISBUTb €ro reHeTu4ecKoe
pa3Hoobpasune 1 NpeanonoXnTb Kak eBPOMnenckoe, Tak N a3naTckoe NPoOnCXoXaeHue NnonyyYeHHbIX LWTaMMOB.

KnioueBble cnoBa: aHmeposupyc,; Kokcaku A10; knacmep; ¢hunoeeHemuyeckull aHanus.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHWS MPU NPOBEAEHWN UCChe-
[0BaHus.

KoHngpriukm uHmepecos. ABTOpbI AEKNapUPYIOT OTCYTCTBME SBHbIX U NOTEHLManNbHbIX KOHMMUMKTOB MHTEpe-
COB, CBSI3aHHbIX C Nybnukaumen HacTosLwen cTaTbu.

Ansa yumupoeaHusi: Bytakosa J1.B., Canera E.1O., TpoueHko O.E. MonekynsipHo-anngemuonornyeckme
0cobeHHOCTY UnpKynaumnm aHTeposupyca Kokcakn A10 B [JanbHEBOCTOMHOM dbefepanbHOM OKpyre.
XKypHan mukpobuomnozauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(4): 324-330.
DOI: https://doi.org/10.36233/0372-9311-2020-97-4-4
Moctynuna 05.12.2019
MpuHsTa B neyatb 31.05.2020

Molecular epidemiological features of the Coxsackievirus A10
circulation in the Far Eastern Federal District of Russia

Lyudmila V. Butakova®™, Elena Yu. Sapega, Olga E. Trotsenko

Khabarovsk Research Institute of Epidemiology and Microbiology, 680610, Khabarovsk, Russia

Background. Increase in incidence rates of enterovirus infections in the Far Eastern Federal District of Russia
is observed annually. There is a wide genetic diversity of circulating non-polio enteroviruses. Some of them have
been constantly identified for a number of years in the population of the district, including the Coxsackie A10 virus.
Purpose. To study the features of the Coxsackievirus A10 circulation in the Far Eastern Federal District of Russia
in 2014-2018.

Methods. For this work, 117 Coxsackievirus A10 complete sequences of the VP1 gene were used, which were
isolated in the Far Eastern Federal District of Russia in 2014—2018.

Results. Phylogenetic analysis revealed two Coxsackievirus A10 lineages in the Far Eastern Federal District
of Russia in 2014-2018, while their simultaneous circulation was noted in the Sakhalin region in 2017. Active
population migration contributes to the widespread distribution of Coxsackievirus A10 in border areas with the
formation of epidemic variants.

Conclusion. Coxsackievirus A10 is one of the most relevant types of non-polio enteroviruses for the Far Eastern
Federal District of Russia. Phylogenetic analysis revealed its genetic diversity and suggested both European and
Asian origin of the obtained strains.
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BeBepeHune

AKTyanbHOCTh  DHTEPOBHPYCHOH  HMH(]EKUUU
(BBN) s nacenenus Poccuu 00ycioBiIeHAa BO3HHK-
HOBEHHMEM Ha €€ TEePPUTOPHUU €KErOJHBIX CE30HHBIX
MOABEMOB 3a00JIeBAEMOCTH ¢ (POPMHPOBAHMEM BCITBI-
eyHsIX o9aros. DB nmeeT MHOTOUMCIIEHHbIE KIUHU-
YecKue MPOSABICHUS U MOpa)kaeT pa3ilyHble BO3pacT-
HBIC TPYIIBI. YUYHUTHIBAsA, YTO B OONBIINHCTBE CIIyYacB
OBU mporekaeTr mpu OTCYTCTBHH SIPKO BBIPAKEHHBIX
creun(pUUecKuX MPU3HAKOB, UMEETCSl BBICOKAsl BEPO-
STHOCTh HEMPaBHJIBHOTO WIINW/U HECBOEBPEMEHHOTO
YCTaHOBJIEHUS AMartosa. B cBoro ouepenp 310 ABIA-
eTcsl OJJHOM W3 NMPUYMH OBICTPOrO paclpoOCTpaHEHUS
WHQEKIUNA U MPUBOIUT K BOZHUKHOBEHHIO 0YaroB 3a-
00JIeBaCMOCTH.

OuntepoBupycel (OB) BxomsaT B cocTaB KpyHHO-
ro cemeiictBa Picornaviridae v pencTaBisioT co00i
Meskue 0e300010ueuHbIe BUPYCHl ¢ TEHOMOM B BHJIE
OJTHOIICTIOYEYHOW MONOXKUTENbHO 3apsikeHHod PHK.
3B, BbI3bIBaIONINE 3200JI€BaHUS Y YEIOBEKA, 00pa3yIoT
4 Buga: A,B,CuD[1].

OB Kokcaku A10 saBiseTcs OOHUM U3 HauOoJiee
4acTo BBIABISIEMBIX TUIIOB OB u BepBbie ObLI BbIjC-
neH I Tangopdom u cotp. B CIILIA B 1950 1. oT 60b-
HBIX cepo3HbIM MeHUHTUTOM [2]. Kpome Toro, Kokcaku
A10 upeHTHOUIHUPYIOT Y MAIMEHTOB C TepHaHTUHOH,
pecniupatopaoii popmoii DBU, 3kx3aHTEeMOlN mONOCTH
pra u xoneunocreir (HFMD — hand, foot and mouth
disease), meBpoaunueii [3]. HecMotpst Ha TO 4TO JyIs
OonprmHCTBa citydaeB IBU, oGycnornennbix Kokcaku
A10, xapakTepHO OnaronpusTHOE TEYCHHE, B HEKOTO-
PBIX CIIydasx MOTYT HaONIOAAThCS TsDKEJIbIe HEBPOJIO-
THYECKHE U KapUOITyIbMOHAIbHbIE OCIOXKHEHUS [4], a
TaKXe JICTATbHBIC UCXOIbI Y HOBOPOXKICHHBIX [5].

B nocnennee gecstunerne 9B Kokcaku A10, Ha-
psaay ¢ OB Kokcaku A6, cran yalie BBIABIATHCS MPU
Benbinkax HFMD, koTopble paHee B OCHOBHOM BBI3bI-
Banmu OB A71 u Kokcaku A16 [6]. Tak, umerorcs my-
onmukaryu 00 yyactuu Kokcaku A10 B BOSHUKHOBEHUH
snuaemMudeckoit 3aboneBaemoctn HFMD B ®unnsn-
quu B 2008 1. [7], Ucnanuu B 2008 1. [8], Cunramype
B 2008 1. [9], ®panmuu B 2010 r. [10], Kurae B 2012—
2013 rr. [11].

Hens Hacrosimedi pabOTbl — HM3Y4YHTHh OCOOCH-
HocTtH nupkynauun OB Kokcaku A10 Ha Teppuropuu

Received 5 December 2019
Accepted 31 May 2020

HansHeBocTouHoro QenepansHoro okpyra (JPO) B
20142018 rr.

MaTepwan bl 1 MeToAbl

Hns aHanuza peructpupyeMoi 3a0ojeBaeMOCTH
OBU B PO ucnonb30BaHbl CTATUCTUYCCKUE JTaHHBIC
rocygapcTBeHHbIX ¢Gopm oTueTHOCTH Ne 1 m 2 «CBe-
neHus: 00 MHGEKIMOHHOM U mapa3uTapHOi 3a0oseBa-
emoct», Ne 23-09 «CaeneHus o BCIbIIKaX HH(DEK-
LHOHHBIX 3a00JIeBaHMIT», OTYeThl J[aIbHEBOCTOYHOTO
PETHOHANIBHOTO HAYYHO-METOANYECKOTO LEHTpa 10
U3y4YeHu1o SHTepoBUpycHbIX nHpekuuit (PBYH «Xa-
6aposckuit HUU snuaemMuonorun 1 MUKpOOHOIOTHI
PocnorpebHanzopa).

buonornyeckuii Mmarepual ot Jul ¢ MOAO3PEHUEM
Ha OBU, nocrynasmmii u3 cyonekros PO B 2014—
2018 rr., ObUT UCCTIEOBAH MOJIEKYIISIPHO-TEHETHYECKU-
Mu Meromamu. Tunt OB B MOJIOKUTENBHBIX 00pa3iax
YCTaHABIMBAJIM C TOMOIIBIO CEKBEHUPOBaHHA (ppar-
MeHTOB obnacteit reHoma VP1 (=370 HykJI€OTHIHBIX
ocHoBaHuit (H.0.)) 1 VP2 (=368 H.0.) ¢ mocnenyrommum
CpPaBHEHUEM TMOJIyYEHHBIX HYKJICOTHIHBIX IMOCIIEIO0Ba-
TENBHOCTEH C peepeHCHBIMH, IMPEACTABICHHBIMU B
GenBank.

B HacTos1meM uccinenoBaHuM JOMOTHUTEIBHO IO-
Jy4eHBI MOJTHBIC HYKJICOTUAHBIE TTOCIE0BATEILHOCTH
reda VPI (anuna = 894 H.0.) mTammoB OB Koxkcaku
A10, HEOOXOMMBIE IS IPOBEICHUS 00JIee ONITUMAITb-
Horo (uioreHeTnueckoro ananusa. B kauectse pede-
peHcHbix u3 GenBank 6butn B3sThl 800 HYKJICOTHIHBIX
MOCJIEA0BATENbHOCTEN, MPEACTABISIIOIINUX  MOJTHBIN
yuaactok VPI (894 H.0.) u nonusiii renoM Kokcaku A10
(=7400 n.0.). [locne BblpaBHMBaHUS Bcex pedepeHc-
HBIX IIOCJIEJIOBATENILHOCTEH HEKaYeCTBEHHbIE CHUKBEH-
ChI OBUTH y/aJeHbI (C HAIMYUEM T'3II0B, HEOMPEICIICH-
HBIX HYKJICOTUJIOB), OCTAJIbHBIC MIOABEPTHYTHl aHATHU3Y
C LIETIBIO BBIABICHUS CXOJHBIX JAPYT ¢ ApyroM Ha 1-3%,
T.K. UCKJIFOUYEHHE MOXOKUX IMOCJIEA0BaTEIbHOCTER MO-
JKET CYMTATHCS ONTHUMAJILHBIM IMOJXOJ0OM IIPU BhIOOpE
pedepeHCHBIX CHKBEHCOB ISl (PHIIOTEHETHYECKOTO
ananu3a [12].

PexkoHCTpyKLIMIO 3BOJIOLMOHHBIX B3aHMOOTHO-
LICHUI CO CTaTHCTHYECKOH 00pabOTKOW AaHHBIX OCY-
LIECTBISLIIH C UCIIOJIb30BaHHEM 0aiieCOBCKOTO ajJropHT-
Ma ¢ merogamu MonTte-Kapino no cxeme nenu Mapxko-
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Ba, NPEACTABICHHOTO B MPOrPaMMHOM 0OecCredeHuH
«BEAST v1.8.4». [lnd aHHOTHUpPOBaHMUS HPUMEHSIH
«TreeAnnotator v1.8.4», mocrnemyoomyo BU3yaln3a-
IIUIO JIepeBa C MAaKCHMAaJbHBIM JIOBEpHUEM K Kiajam
npoBoaniu B «FigTree 1.4.3».

Pe3ynbraThbl 1 06CyxaeHne

ADO sBisieTcst HEONIAroNoNIyYHOH TeppUTOpHUEi
no OBU. [lokazatenu perucTpupyemMoil B CE30HHBIM
nepuoy 3aboneBaeMoctd DBU exeronHo 3HauNTENILHO
MPEBBINIAT obmIepoccuiickue (puc. 1). 3a npoananu-
3UpOBaHHBIN HaMu nepuon Bpemenu ¢ 2014 mo 2018 r.
B JI®O nabmoganuck 2 muka 3abonesaemoct DBU: B
2016 . (40,4 Ha 100 TbIc. HaceneHus) U 2018 . (39,9 Ha
100 TbIC. HaceneHMUS).

Cpenu cyobekroB DO Haubosblliee YUCIO CIIy-
gaes OBU ¢ 2006 o 2015 r. peructpupoBaiocs B Xa-
0apoBCKOM Kpae (IToKa3areib 3a00JIeBaeMOCTH B CPE/I-
HeM paBHsics 76,4 Ha 100 Thic. Hacenenus ). C 2016 .
oTMeueH poct 3aboneBaemoct DBU B CaxaanHCKoi
obmacru, nocturimii B 2018 1. makcumyma 3a 10 net
odunmansHoi peructpanuu uadekunu. [Ipu stom Ca-
xanHcKas oonacts ¢ 2016 mo 2018 r. Opu1a IUANPYIO-
nmM cyobekroM 1o 3aboneBaemoct DBU u B JIDO, u
B 11e7ioM 1o Poccum ¢ mokaszarensiMu 3a001€BaeMOCTH
103,0; 103,3 u 222,6 Ha 100 ThIC. HaCEICHHUSI COOTBET-
ctBeHHo. Kpome Toro, B 2017 1. ObLiin BriepBbIe 3aUK-
cupoBanbl ciydan OBU B UykoTCkOM aBTOHOMHOM
OKpyTe.

OBHU cpenu nacenenus PO ¢ 2014 mo 2018 . B
OCHOBHOM IIpOTEKaja B BUJE TePHaHTHHBI, CEPO3HOTO
MEHHMHTHTA U SK3aHTEMBl. B snmaemudeckuii mpouecc
ObUIM BOBJICYCHBI BCE BO3PACTHBIE TPYMIBI, HO OC-
HOBHOE KOJIMYECTBO 3a00JICBaHWU 3aperucTpupOBaHO

ORIGINAL RESEARCHES

y nereii 3—6 ner. [lomumo criopaguueckoii 3adoeBac-
moctu OBU B cyobekrax JIPO B 20142018 rT. huikcu-
POBaITUCH OYard MHPEKLUUH B JETCKUX OpraHH30BaHHBIX
KOJUISKTHBAaX, OOJBIIMHCTBO M3 KOTOPBIX OBLIO 00ycC-
nosneHo DB Kokcaku A6. Cpenu apyrux HEMmoIuoMue-
outHeix OB (HIIDB), oTBeTCTBEHHBIX 32 BCHBIILIKA
OBMU B yka3aHHbII IEpHOJ BPEMEHH, CIEAYET OTMETHUTh
Kokcaku A5, A10, B3, B4 u B5, ECHOG6, 9 u 30.

C 2014 mo 2018 r. B maGoparopun [lanbHeBo-
CTOYHOTO  PETHOHAJBHOIO  HAyYHO-METOIUYECKOTO
LeHTpa no usydyeHuro OBU ¢ momolpio MoJeKysmsp-
HO-TEHETUYECKHX METONOB HCCIENOBaHBl MPOObI OT
2494 uenosek u3 9 cyobekro JIDO. bouiu nonydeHb
1360 nykneorunueix nocienoBarensuocreir HIIDB 39
TUTIOB, oTHOcHBINKeCs K BuaaM A (OBA — 54,1%),
B (BB — 43,3%) u C (3BC — 2,6%). Hecmorps Ha
obmee mpeobnaganue DBA B TeueHue paccmarpuBa-
€MOro B JaHHOH pabore mepuozaa BpemeHu, B 2014 u
2016 rr. B 1®O nomunupoaniu OBB. BryTpu kax-
JOro BujAa HamboJjee 4YacTO BBISBISIEMBIMH THIIAMHU
HIIOB 6butn: cpenu DBA — Kokcaku A6, A10 u AS;
OBB — ECHO30, ECHO6 n Kokcaku B5; DBC —
Kokcaku Al, A19 u A24. OB Koxkcaku A6 ¢ 2014 o
2018 r. MMAMPOBaAN MO KOJIUYECTBY OOHApY>KEHUH BO
Bcex cyonekrax JIPO, kpome IIpumopckoro kpas, rjie
npeobnaganmu ECHO-Bupycel. [Tomumo Kokcaku A6
HanOombllee YUCIO HACHTUPHUUUPOBaHHBIX B 2014—
2018 rr. HYKJICOTHAHBIX MOcCaenoBaTenbHocTeil OB B
JDO npunagnexano k ECHO30 u Kokcaku A10.

Bcero 3a 2014-2018 rr. B I®O MeTomoM cekBe-
HupoBaHus BbuiBIeHO 120 mTammoB OB Koxcaku
A10, s 117 U3 KOTOPBIX yaaoCh MOIYYUTh HOJTHBIE
HYKJIEOTH/IHBIE TTOCIIE0BAaTENLHOCTH y4acTKa reHoMa
VPI nnunoit 894 H.o.. Hupkynsamus Kokcaku A10 3a-
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Puc. 1. 3abonesaemoctb OBU B PO B MHOroneTHew gnHamumke B cpaBHeHun ¢ Poccumeid (Ha 100 Thbic. HaceneHus).

Fig. 1. The incidence of enterovirus infections in the Far Eastern Federal District in long-term dynamics in comparison
with Russia (per 100 thousand population).
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¢ukcupoBana Bo Bcex cyobekrax DO, 3a uckmoue-
HueM UyKOTCKOro aBTOHOMHOTO OKpyTa, rje u3 HIIOB
MOJICKYJISIPHO-TEHETUYECKHMMU METOJaMu OOHapyKeH
nuib Kokcaku A6.

C 2014 no 2016 r. Kokcaku A10 BbIsABIAJICS B
KJIIMHAYECKOM Marepuajie OT JIUI ¢ MOAO3PEHHEM Ha
OBU B HeOonbmIOM KOMUYECTBE (IIPOLEHT BHISBIIsIC-
MOCTHU B 3TH rofsl oT yuciaa apyrux HIIOB cocras-
qsut oumb 2,3-3,7%). B 2017 1. oTMeueHa aKkTUBHU3a-
nus nupkysinuu Kokcaku A10 B JIPO (31,3% cpenu
uaeatuduuupoBanubeix HIIDB), kotophlii moTecHun
0e3ycioBHOTO nuaepa npeapaymux jger — OB Kok-
caku A6. B 2017 r. momyuens! 92 mramma Kokcaku
A10 (mpeumymecTBeHHO U3 XabapoBckoro kpas u Ca-
XaJIMHCKOH o0sacTu), 4To cocTaBuio 76,7% ot uucna
Bcex BbIgelieHHBIX Kokcakum A10 3a 2014-2018 rr.
B 2018 r. Kokcaku A10 0b11 nACHTU(HUIUPOBAH JIHIIb
B 1 (0,5%) ciyuae.

Lupkymnsuust Kokcaku A10 B 0TAETBHBIX CYyOBEK-
tax JI®O no rogam taxxe Obuia HepaBHOMEpHOU. Tak,
B 2014 1. oH BeisBIISLICH B PecnyOnuke Caxa (SIkyTus) u
EBpeiickoii aBToHOMHO# o0Onacty, B 2015 r. — B Xaba-
poBckoM u Kamuarckom kpasix, B 2016 . — B Xabapos-
ckoMm u [IpumopckoM kpasix, AMypckoii obnactu u Pec-
nyomuke Caxa (Axyrtus). B 2017 r. Kokcaku A10 Obin
n3onupoBaH oT nauueHToB ¢ DBU u3 Xabaposckoro u
IIpumopcxkoro kpaes, CaxanuHckoil, EBpelickoii aBTo-
HOMHO# W Marananckoi obnacreii, Pecyonuku Caxa
(Axytus). [Ipu stom B 2017 1. Kokcaku A10 oOycnoBun
noabeM 3aboneBaemMoctu OB B XabapoBckoM Kpae u
Caxanunckoit oonactu. B 2018 . ymanoch momyuuTsb
mramMm Kokcakn A10 tonbko y 1 3abonesmero OBU
pebenka u3 IIpumopckoro kpasi.

WNudexnus, sei3Bannas OB Kokcaku A10, cpenu
Hacenenus [1®O nporekana B Buie IeplaHIMHBI, pe-
CIMPATOPHBIX NPOSABICHUA M CEPO3HOTO MEHMHIHTA.
Crnyyau TSDKEJIOTO TE€UEHUSs, OCJIOKHEHHs MocCIIe mepe-
HECEHHOTO 3a00JIeBaHUs HE YCTAaHOBJICHBI.

C 2014 no 2018 r. B JI®O Obu1 3admukcupoBaH
mume | ouar rpymmoBoil 3aboneBaeMocTH, 00ycC-
noeneHHbi Kokcaku A10. O ungeHTHdUIMpOBaH y
4 neteil ¢ TepHaHTMHOM, MOCEIIABIIUX JETCKUU caj
Ne 17 . Amypcka XabapoBckoro kpast B 2016 .

3aBo3HbIx cinydyaeB OBU na Teppuropun PO c
yuactueM Kokcaku A10 He ObLIO 3aperucTpUpPOBAHO,
YTO MOXET OBITh CBSI3aHO C HEIOCTATOUYHBIM COOpPOM
SMUIEMHUOIOTUYECKOro anaMHe3a y juil ¢ DBU.

DUIOreHeTUYECKUI aHalu3 IIOJY4YEHHBbIX Ha-
MU TOJHBIX HYKJIEOTHIHBIX IOCEeN0BaTeIbHOCTEN
yudacTka reHomMa VP1 OB Kokcaku A10 moxkasan, 4to c
2014 o 2018 r. Ha Tepputopun DO nupKynuponaau
2 pa3HbIe TCHETUYECKUE JTUHUH 3TOTO BUpyca (pHuc. 2).
[TockonbKy B HacTosIIEee BpeMsl YCTOSIBLIAsICSL CHCTEMA
redotumnoB st OB Kokcaku A10 orcyrctByer [12],
IUIsl yI0oOCTBa MPENCTABICHUS MONyYSHHBIX JaHHBIX B
9TOil paboTe Mbl YCIOBHO 0003HAYMIM UX KaK JHMHUU
A u B. Paznuuune Mexay mraMMaMy, OTHOCSIIUMUCS

K Pa3HbIM JUHMSM, cocTaBwio 18-21% mo Hykieo-
TUIHOW ToOcienoBareapbHOCTU. [IpuyeM nuBepreHuus
nuaui A u B nponsonnia oxono 1950 r. (95% nosepu-
tenbpHbIN uHTEpBat (JJN) 1934-1966).

B cocTaB renernueckoi JMHUM A BOLUIM IITaM-
Mbl Kokcaku A10, BeisineHHbie B PecriyOnuke Caxa
(Axyrust), Espeiickoii aBToHOMHOH 1 CaxaJWHCKOH
obnactax, Xabaposckom u Ilpumopckom kpasx. Ha
JIEHApOTpaMMe BHUIHO, YTO IITAMMBI JUHUU A pasje-
mwirck Ha 2 knacrepa (ycnoBHo Al u A2) ¢ oTudu-
€M HYKJIEOTHIHBIX HocienoBarenbHocTeil 7-8%. Pac-
XOXJIEHHE MEKAY HUMH BO3HUKIIO MPUOIN3UTENHHO B
2003 r. (95% AW 1999-2006). B cocras knactepa Al
BOLUIA BUPYCHI, U30JIMPOBaHHbIE B EBpeiickol aBro-
HOMHOH obOnact u Pecrybnuke Caxa (Skytus) B 2014
r. u B XabapoBckoMm kpae B 2016 1. Ha dunoreneru-
YECKOM JIEpEBE C HHUMH CTPYNIUPOBAINUCH IITAMMBI
Koxcaku A10, Beinenenusie Bo @panruu B 2010 1., uto
MO3BOJISIET MPEAIoaraTb UX eBpoIeiickoe MpOoUCXoXkK-
JIeHHE.

Knacrep A2 npeacrasieH Bupycamu, uaeHTH(U-
uupoBanHbIME B Pecybnuke Caxa (Skytus) B 2016 .,
Caxanuuckoit oonactu B 2017 1. u [IpumopckoM kpae
B 2018 . Kpome Toro, mramm Kokcaku A10, oTHOCS-
LIMACS K JaHHOMY KJ1acTepy, OblI BBISIBIICH B CyObEKTE
Cubupckoro ¢denepansaoro okpyra (KpacHosipckom
kpae) B 2017 . mpu paccieoBaHUHU 3aBO3HOIO CIydas
OBU un3 Typuumn.

I'enernueckas nuHus B Ha neHaporpamMMe OTIU-
yaeTcs OoJiee MUPOKUM pazHOOOpa3HeM OTHOCSIIUXCS
K Helt mramMmoB Kokcaku A10 u Takke mpeacTaBiIeHa
JByMsl KiactepamMu — ycinoBHO Bl u B2. Pacxoxne-
HUE MEXAy KiacTepaMy JIMHUM B mpowusomnuio oxo-
50 2002 1. (95% AU 1999-2005), a paznnyue MexIy
HYKJIEOTHHBIMU MOCIJI€0BAaTEIbHOCTAMU COCTABISAET
takxe 7-8%. B kinactep B1 Bouum GONBIIMHCTBO BbI-
neneHHblx Hamu mTammoB Kokcaku A10. Oto Bupy-
cbl, mupKynuposasmue B 2015 r. B XabapoBckoM Kpae,
B 2016 . — B [Ipumopckom kpae, B 2017 . — B Xaba-
posckoM u IIpumopckoM kpasx, EBpeiickoil aBTOHOM-
Hor, CaxanuHckod M MaragaHckoil obmactax, B Pe-
cnyonuke Caxa (Skytus). C HUIMU CTPYNIIMPOBAINCE
Koxcaxku A10, nzonuposannsie B Kurae B 2010-2018
rr., B CIIIA B 2016 ., B ABcTpanuu B 20162017 rr,,
a Takke apyrue poccuiickue mrammel 2013, 2016 u
2017 rr. BepostHee Bcero, ganpHeBocTouHble Kokca-
ku A10 u3 kimactepa B1 Obutu 3aBE3€HBI Ha TEPPUTO-
PHIO OKpyTa U3 COCEAHEro rocynapcTsa — Kurakickoit
Haponnoii Pecriyonuku.

Crnenyer OTMETUTh, YTO OCHOBHOE KOJHYECTBO
mraMMoB Kokcakn A10 u3 xmacrepa Bl, Bwinenen-
Heix B JJ®O B 2017 1., 00pazoBanu eAWHYIO TPYIMILY
co mraMmmoM LC412978, koTopblii ObUT M30IMPOBaH
BO BpeMs Bcnblliku HFMD B kuTalickoil IpPOBUHLIUA
HOnpHanp B 2017 1. X o0wmwmii mpeaok CyniecTBoBaj
B 2014 1. (95% AU 2013-2015), 4T0 CBUACTEIBCTBRY-
€T B OJIb3Y TOTO, 4TO MoIbeM 3aboneBaeMoctu DBU B
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Puc. 2. dunoreHeTnyeckoe AepeBo C MakCUManbHbIM AOBEPUEM K Kragam Ans HYKNeoTUAHbIX NocnenoBaTernibHOCTeN
OB Kokcakn A10 (nonHas nocnegosatenbHocTb VPT = 894 H.0.).

Ha nepeBe oTpaxeHO BpeMs CyLLeCTBOBaHMS NpeawecTBEHHNKOB OTAENbHbIX Py BUPYCOB C UcMonb3oBaHnem [V HambonbLue anoctepu-
OpHOW NNOTHOCTN 95%.
KHV — Xabaposckui kpait, YKT — Pecnybnuka Caxa (Axkytus), SAH — CaxanuHckasi obnacte, PRIM — lMpumMopckuin kpan,
MGD — MaragaHckasi obnacts, AMUR — Amypckas obnactb, JAR — EBpeiickasi aBToHoMHasi obnacTb, IRKT — UpkyTckas obnacTb,
KJA — KpacHosipckuii kpail. [inst 0603Ha4yeHns HEKOTOpbIX CTpaH ucrnonb3oBaHa cuctema ISO 3166-1 alpha-3.

Fig. 2. Maximum clade credibility tree for the Coxsackievirus A10 nucleotide sequences
(complete sequence of VP1 =894 b.p.).
The tree shows the age of the ancestors of certain groups of viruses using the confidence interval of the highest posterior density of 95%.
KHV — Khabarovsk Territory, YKT — Republic of Sakha (Yakutia), SAH — Sakhalin Region, PRIM — Primorsky Territory,

MGD — Magadan Region, AMUR — Amur Region, JAR — Jewish Autonomous Region, IRKT — Irkutsk Region,
KJA — Krasnoyarsk Territory. For some countries, the ISO 3166-1 alpha-3 system is used.

2017 r. B page cyobekToB DO (B XabapoBcKOM Kpae u
CaxaJuHCKOH 00:1aCTH), CBA3aHHBINA C POCTOM BBISBIIS-
emoctu Kokcaku A10 B KIMHUYECKOM Marepuane, Mor
OBITH 00YCIIOBIICH 3aBO30M «HOBOTO» 3IUAEMHUYECKOTO
BapuaHTa BUpPYyca, KOTOPBIH Ha MPOTSHKEHUH Psija JIeT
mupkynupyetr B Kurae ¢ ¢gopmupoBanreM Bchbliey-
HBIX 0Yaros.

B cocraB knacrepa B2 Bonun mrammsl Kokcaku
A10, nzonupoBannbie B Pecnyonuke Caxa (SkyTus) u
Awmypckoii obactu B 2016 T., KOTOpbIE CrpyNIIUAPOBa-
JIUCH C BUPYCaMH, BblJieIeHHBIMU BO BoeTHame B 2014 1
u Kutae B 2017 r. cOOTBETCTBEHHO. JlaIbHEBOCTOYHbBIC
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Bupychl Kokcakn A10 u3 kinacrepa B2 umeror obiero
MpeAnIecTBeHHNKA ¢ QpaHIy3ckumu Bupycamu 2010 .,
KOTOPBIH cymiecTBoBal npubnusutensHo B 2004 1 (95%
J1 2001-2007). PaccmarpuBas rpyIiny, 00pa3oBaHHYO
mrammamu 98 AMUR 2016/LC430226_China_2017,
MOYKHO TIPEATIOIOKHUTE, YTO aKTUBHBIE MUTPALIIOHHBIE U
COLIMAJIbHO-3KOHOMUYECKHE CBSI3U MEXKAY TOCyAapCTBa-
MH CIIOCOOCTBYIOT HE TOJIBKO 3aB03y DB Ha Tepputopuio
Poccun, HO ¥ MX pacnpOCTPaHEHHUIO C ee TEPPUTOPUH B
COCEIHHE CTPaHBI, YTO B IEJIOM OTpa)kaeT OOLIMPHYIO
mupKysiuio OB cpeny Hacenenus Mupa 6e3 ydera reo-
rpadu4ecKkux rpaHull.
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3aknioyeHue

Kokcaku A10 MOXHO CUMTaTh OIHUM M3 HanOO-
nee aktyanbHbIX A PO tunom HIIOB, yuursiBas
€ro HEeMpephIBHYIO LMUPKYIALuio B okpyre ¢ 2014 no
2018 1. [IpoBeneHHbIl (HUITOreHETUIECKUN aHATN3 TO-
3BOJIMJI BBISIBUTH TEHETHUYECKOE pazHOOOpaszue 3TOro
OB B PO, a Takxke OJHOBPEMEHHOE IPHUCYTCTBHE
BUPYCOB M3 pa3HbIX TUHUHN (A2 1 B1) B omHOM cyOBeK-
te — CaxanuHckoi obnactu B 2017 1. BeposiTHee Bce-
ro, MOJyYeHHbIE JaTbHEBOCTOUHbIE MTaMMbl Kokcaku
A10 nmenu Kak eBporneickoe, Tak 1 a3UaTCKoe Mpouc-
xoxnenue. [logpnstonyecs: «HOBbIEY» IMUAEMUYECKUE
BapUaHThl CNOCOOCTBYIOT BO3HMKHOBEHHUIO MOIBHEMOB
3aboneBaemoct. Kpome Toro, ¢uioreHeTnueckuit
aHaJIM3 MOKa3aJl, YTO CYLIECTBYET BO3MOKHOCThH pac-
npoctpanenust Kokcaku A10 u3 Poccuu B compenens-
HbIE FOCY/IapCTBa.

K coxanenuro, cpenu NpeACTAaBICHHBIX B
GenBank HykneoTuaHbix nocienoBarenbHocTel Kok-
caku A10, mogxoAMBIIKX MO pa3Mepy U Ka4ecTBY IS
(UIIOTEHETUUECKOTO aHaiu3a B JaHHOW pabore, HET
00JIBLIIOTO reorpauuecKoro pazHooOpasus, 4yTo He Ho-
3BOJIMIIO Oo0Jiee MIMPOKO PACCMOTPETh MyTH LUPKYIIsi-
LMY JaHHOrO BUpyca. TeM He MeHee anbHEeHInii Hal-
30p 3a DBU B nienom u 3a otaensHbME TUaMu HITOB,
B ToM umcie Kokcaku A10, a Takxe pa3melieHHue B
GenBank monmy4eHHBIX HAMH HYKJICOTHIHBIX TIOCIIE0-
BaTeNIbHOCTEN IMO3BOJIAT MOMOJHUTH MEXAYHApPOIHYIO
0a3y JaHHBIX ¥ PACIIUPUTH NpPEACTaBICHUE 00 UX MO-
JIEKYISIPHOM 3TMIEMUOIIOTHH.
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Oco6eHHOCTU NonyyeHnA 6eN1KOBOro KoMmnieKca BereTaTuBHbIX
Kynbtyp Bacillus anthracis pna npoTeoMHOro KapTupoBaHUA
IWTaMMOB

KoteHeBa E.A.”, LibirankoBa O.U., KanuHuH A.B., Pognonos U.C., Abpamosuu A.B.,
LLlep6akoBa B.IO.

DKY3 «CTaBpononbCKuin HayYHO-UCCNIeOBaTEeNIbCKUI MPOTUBOYYMHbIV MHCTUTYT» PocnoTtpebHaa3opa, 355035,
CraBpononb, Poccus

BBepeHume. ViccnenoBaHue 6enkoBoro coctaBa Bo3byanTens cubmpckow a3ebl Bacillus anthracis no3BonsieT Bbl-
SIBNATb Kak obLLMe BUOOBbIE XapaKTePUCTUKK, Tak U MHAMBUAYaMNbHbIE 0COBEHHOCTN LUITAMMOB, pasnuyarLLmxcs
no heHOTUNMYECKNM CBOWCTBaM, MPOSIBMAIOLMMCSA B OCHOBHOM B BEretaTMBHOW (hOpME U MMEKLLUM BaXHOE
3HaYeHune Ans BUPYNEHTHOCTU, UMMYHOTEHHOCTU U CMOCOBHOCTM aaanTUpOBaTbCs K pasHbIM YCITOBUSIM BEreTU-
poBaHus.

Lenb paboTtbl — Ha rpynne wrammoB B. anthracis, MeloLmX pasHblii NNasMUaHbIA COCTaB U BUPYIIEHTHOCTb,
anpobvpoBaTh pasHble CNOCOObLI IKCTPAKUUKN TOTanbHOro NpOTeOMa M3 BEreTaTuBHbLIX KNETOK Gauunn.
Pe3ynbrartbl. [Toka3aHo, 4TO CKOPOCTb CNOpoobpa3oBaHMs 3HAaYMTENBHO BapbUpyeT MexXay OTAerNbHbIMU LTaM-
mMamwu B. anthracis n MOXeT oKa3aTb CYLLECTBEHHOE BMNUsiHME Ha 3 (EKTUBHOCTb SKCTPaKLMM U cocTaB 6enkoBo-
ro komnnekca. lNMpegBaputensHas o6paboTka NM30LUMOM, BITUSIOLLMM Ha KIETOYHYH 060mouKy, cnocobcTByeT
6onee nonHoMy nM3nNcy KNeToK, a yNsTpaMuUKpoLEeHTpUdYxHasa dunstpaums obecneyvnsaeTt nonHyo cneundu-
YeCKyH CTePUNbHOCTb MOMy4YeHHbIX 00pasLoB.

3aknroyeHue. PaspabotaHa cxema nogroToBku KynsTyp B. anthracis, no3sonsioLlas nonyyartb KynsTypy B Bere-
TaTMBHOW hase XM3HEHHOrO LiMKna u apPeKTUBHO aKCTparnposaTb 6enkm B coMeTaHnm ¢ HaaexHbIM obessapa-
XvBaHnem obpasLoB.

KnroueBble cnoBa: npomeom; cubupckas sisea; Bacillus anthracis; cnopoobpasosarHue; MALDI-TOF/TOF MS;
2D-eenb-anekmpoghopes; seeemamueHasi hopma; MemoObl IKCmpakyuu 6esikos.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asiBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHUS NPU NPOBEAEHUU Ucche-
[0BaHus.

KoHgbnnukm unmepecoe. ABTOpbI AEKNAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHUMArNbHbIX KOHMIMKTOB UHTEPEe-
COB, CBAI3aHHbIX C NybnmKaLuen HacTosLWen cTaTbi.

Ans yumuposearusi: KoteHesa E.A., Upirankosa O.U., KanunuH A.B., PognoHos W.C., Abpamosuy A.B.,
LLlepbakoBa B.FHO. OcobeHHOCTH nony4eHns 6enKoBOro KOMMeKca BereTaTnBHbIX KynbTyp Bacillus anthracis
0N NPOTEOMHOIO KapTMPOBaHWA WTaMMoB. XKypHan Mukpobuonoauu, anudemuonoauu u UMMyHobuonoauu.
2020; 97(4): 331-338.
DOI: https://doi.org/10.36233/0372-9311-2020-97-4-.5
Moctynuna 20.03.2020
MpuHaTa B nevats 27.06.2020

Features of obtaining the protein complex of vegetative cultures
Bacillus anthracis for proteomic mapping of strains

Elena A. Koteneva™, Olga I. Tsygankova, Aleksander V. Kalinin, Ivan S. Rodionov,
Alena V. Abramovich, Victoriya Yu. Shcherbakova

Stavropol Research Antiplague Institute, 355035, Stavropol, Russia

Introduction. The study of the protein composition of the causative agent of anthrax — Bacillus anthracis, allows
you to identify both general species and individual characteristics of strains that differ in phenotypic properties,
manifested mainly in the vegetative form and which are important for virulence, immunogenicity and the ability to
adapt to different vegetation conditions.

Purpose of the work. In the group of anthrax microbe strains having different plasmid composition and virulence,
different methods of extraction of the total proteome from vegetative bacillus cells have been tested.

Results. In the course of the work, it was shown that the rate of spore formation varies significantly between
individual strains of the anthrax microbe and can have a significant impact on the efficiency of extraction and
the composition of the protein complex. Preliminary treatment with lysozyme, which affects the cell membrane,
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promotes a more complete lysis of cells, and ultramicrocentrifuge filtration provides complete specific sterility of

the obtained samples.

Conclusion. A culture preparation scheme was developed for B. anthracis, which allows one to obtain a culture
in the vegetative phase of the life cycle and to efficiently extract proteins in combination with reliable disinfection

of samples.

Keywords: proteome; anthrax; Bacillus anthracis; spore formation; MALDI-TOF/TOF MS; 2D-gel electrophoresis;

vegetative form; protein extraction methods.
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BBepeHune

Uzyuenne mnpoTeomMa MaTOTCHHBIX MHKPOOpPTa-
HU3MOB SIBJISICTCS aKTYaJIbHOW 3aiadyed, T.K. MO3BOJIS-
€T HE TOJBKO BBISIBUTH OCHOBHBIE U BCIIOMOTaTeIbHbIE
(hakTOpBl BUPYJIICHTHOCTH, HO U OOBEKTUBHO OIICHHUTH
UX MPOAYKIHIO B KOHKPETHBIX YCIOBHSIX KYITETHBHPO-
BaHHA B JJa0OPATOPHBIX YCIOBHSIX HJIHM MPH €CTECTBEH-
HOW LMPKYJSIIMK B OPTaHU3ME JKUBOTHBIX M YeJIOBEKa
W BO BHeIHel cpeae. MccnenoBanue 6eIKOBOTo cocra-
Ba B030ynuTens cuOupckor s3Bbl Bacillus anthracis
MIO3BOJISIET OMPEENTUTh KaK oOIIre BUIOBBIE XapaKTe-
PUCTHKH, TaK ¥ HHIUBUyaJbHbIE 0COOCHHOCTH IITaM-
MOB, pa3IHYaIOIUXCs MO0 (PEHOTHUNUYECKHM CBOM-
CTBaM, MPOSIBIISIOMIMMCS B OCHOBHOM B BETETAaTHBHOM
¢dopMe 1 UMEIOUIMM BasKHOE 3HaYE€HHUE AJISl BUPYJICHT-
HOCTH, HIMMYHOTE€HHOCTH U CHOCOOHOCTH aJalTHpO-
BaThCs K pa3HbIM YCIIOBHSAM BETETHPOBAHMSI.

Jiis 0OBEKTHBHON OILIGHKM OCOOCHHOCTEH Ipo-
TEOMOB IITaMMOB B. anthracis He0o0X0IUMO, YTOOBI
WCTOYHHKOM BBIJCNICHHUS OEJIKOBOTO KOMIUIEKCA SIB-
JSIaCh YUCTask KylIbTypa € OZHOPOAHOM IO OCHOB-
HBIM (peHOTHNHMYECKHM NpH3HaKaM momyisuued. He
MEHEe Ba)KHBIM YCIIOBHEM KaueCTBEHHOW MpoOomon-
TOTOBKH SBJISIETCS HAaXOXIEHHE KYJIBTYphl B OIHON
MopdodyHKIHOHAIBEHON (a3e, T.K. mpu padoTe ¢ BO3-
OyauTeneM cubupckoi 51386l (GOPMHUPOBAHHE CIIOP BIIE-
4YeT W3MEHEeHHe OEeJIKOBOTO COCTaBa KYJIBTYp, YTO MO-
JKET MPUBOJIUTH K HEKOPPEKTHBIM pe3ylibTaTaM CpaBHH-
TEJILHOTO aHaju3a OEeJIKOBBIX KOMILUIEKCOB MITAMMOB,
Pa3IMYAIONIMXCS TI0 CKOPOCTH copoobpazoBanusl. Tak,
OKOJIO TIOJIOBMHBI MPOO BEreTaTHBHBIX KYJBTYp MHpel-
cTaBUTeNeH rpynnsl Bacillus cereus npyu uccneqoBaHUM
Macc-CHEKTPOMETPHYECKUM METOAOM MMEIOT MHUKH, Xa-
paKTepHble U CHEeKTpoB cropoBbix (opm [1, 2]. He-
MOCPEACTBEHHO METOJ JIN3UCA KYJBTYPHI IOKEH OBITH
3¢ QEKTUBHBIM 10 OTHOLIEHHIO K KyJIBTypam, UMEIOLIIM
0COOEHHOCTH COCTaBa M CTPOEHUS IOBEPXHOCTHBIX KITe-
TOYHBIX CTPYKTYp, AJIsl HAauOoJiee TOJHOTO M3BJICUCHUS
0EJIKOB M MpeAyCcMaTpUBaTh UX 3aIIUTY OT Jerpaialvy,
B TOM YHCJI€ IO/ ACHCTBHEM COOCTBEHHBIX MPOTEA3.
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[TonyueHHbI HA KOHEYHOM 3Tarle MaTepuani J0J-
KEH BKJIIOYATh BECh CIIEKTP OEJIKOB, IPUCYIIUX MUKPO-
OpraHu3My B KOHKPETHBIX YCIIOBHUSIX, B KOHLIEHTPAIIHH,
JOCTaTOYHOM I MPOBEICHUSI TIPOTEOMHBIX HCCIEI0-
BaHUIA, U HE COEPKATh KU3HECIIOCOOHBIX KIETOK MU-
KpOOPTraHU3MOB.

Hens paboTel — pa3paboTka anropuTMa mnoiryye-
HUS ¥ 39()(HEKTUBHOM IKCTpaKIuK OSIKOBOTO KOMILIEK-
ca BEreTaTuBHBIX KYIBTYp B. anthracis, OTBeUaromero
TpeOOBaHUAM peKUMa pabOTHI C BO3OYAUTEIIMHU 0CO00
OTACHBIX MH(EKINH.

MaTepman bl 1 MeToAbl

B paboTe ucmonp3oBajiM BaKIUHHBIC MITAMMBI
B. anthracis CTU, 228/8, Sterne 34F2, 55, CTU-IIP,
71/12, UxTuman, BupyieHTHbIe mtammbl 140 T1, 228,
1265, 1(CO) u 81/1, a Takxe HX KylIbTypajlbHbIC Ba-
puantel ACTU, CTU-II, ASterne 34F2, 228/8-11, 228/4,
1(CO)-5-1, 1(CO)-16, 1(CO)-23, 1(CO)-24, xotopsie
pa3nuvasich M0 FTeHeTHYECKUM XapaKTepUCTHKaM (Bce
BapHaHThI IJIA3MUIHOTO cOcTaBa, pasnuyHsie MLVA-
u SNP-reHoTHIIBI) B 110 PEHOTUNMYECKUM MTPU3HAKAM:
KyJBTYPaJIbHO-MOP(OJIOTMIECKIM CBOWCTBAM, TOKCHU-
HOTIPOLYKIHMHU, (PEPMEHTATUBHOW AKTUBHOCTH, YCJIO-
BUSIM (H)OPMHPOBAHMS KAaIlCYJbl, BUPYICHTHOCTH, YyB-
CTBHUTEJIFHOCTH K CIICUU(PUYECKUM CHOUpES3BEHHBIM
Oakrepuodaram.

B kauecTBe MHUTATENBHBIX CpPEA HCIOJIB30BAIH
LB-6ynason u LB-arap (no JlenHokcy), a mpu HE0OXO-
JUMOCTH J100aBisuid KpoBb (5%), CHIBOPOTKY KPOBHU
(10%), runepun (4%).

CriopooOpa3oBaHrue KOHTPOJIUPOBAIN BU3YaIbHO
B Ma3Kax, OKpalIeHHBIX 110 PeOurepy, MpUroToBIeHHBIX
U3 KyJIBTYyp Ha Pa3iMyHBIX 3Tanax KyJIbTHBHPOBAHHS.
[NoacunTeiBay K010 OAMIUIIPHBIX KJIETOK, COAEepKa-
mux GOpMHUPYIOLIMECs CIIOPBI, U OTMEYaIH Halndue
BHEKJIETOYHO PACIOJIOKEHHBIX CIIOP.

[Mpouecc mMpoOOMOArOTOBKH BKIIIOYAJ MpEIBApH-
TEJIbHYI0 00pabOTKy KJIETOK JIN30LKMMOM, pa3pyliaio-
LOIMM KJIETOYHYIO CTEHKY, B KOHEYHON KOHLEHTpaluu
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JKCTPAKIMA NPOTEOMHOI0 KoMIuiekca B. anthracis nas nccienoBanus meroaom 2D-31exTpodopesa

B3Bech 18-24 4 BereTaTHBHOI KyJbTYpPbI

\

Oopaborka auzonumom, 40 mr/mi, 37°C, 1 4

v

TpexkpaTHasi OTMBIBKA JHCTHIIMPOBAHHOMN BO/10i

v

v

Jluzupyrommii 6ydep ¢ MoueBHHOH/THOMOYEBHHOM

Jluzupyromuii 0ydep ¢ ryaHuANH THOLHAHATOM

v

!

Hnxy6anus, 24 npu 25°C

2

YasTpamukponenTpudysxknasa puabrpanus yepes PVDF 0,22 mkm

2

KonTpoab ¢punsTpara Ha cnennpuIecKyIo CTEPHIBHOCTD

I 3 AHaJIN3 MPOTEOMa METOIOM JJIeKTpodopesa

Puc. 1. Cxema onbiTa no Nogdopy onTMMarbHbIX YCIIOBUI 3KCTPaKUUM TOTanbHOro npoteoMa wtaMmMmoB B. anthracis.
Fig. 1. An experimental design for selecting optimal extraction conditions for a total proteome of B. anthracis strains.

40 mr/mn ¢ uakybanueit 1 g npu 37°C. Jlanee obpa3s-
1Bl JBaX Al oTMbIBaiu B 40 MM pacTBOpe OCHOBHO-
ro Tpuc-Oydepa or mu3ounMa U KISTOYHOTO Jedpuca.
DKCTPaKIUIO TOTAIBHOTO POTEOMa MPOBOIIIHN Hapali-
JIENBHO 7151 KaXKJ0ro o0pasna B 2 H3HUpyIomux Oyde-
pax: 8 M moueBuHa/2 M THOMOYeBHHA 1 6 M ryaHu-
OvHA THOLMaHat. [y mpemoTBpalleHus Aerpajganuu
9KCTparupyeMbix OENIKOB B JTU3UpYOLIMiA Oydep BHO-
CHJIM MHTHOUTOPBI OaKTepHalbHBIX IPOTea3 B KOHIICH-
Tpauuu 1 Mxr/mi. OGe33apaxiuBaHue MPod MPOBOANIN
METOJIOM  YABTPAMUKPOLEHTPUDYKHOU (PUIBTpaLuu
nm3ara yepe3 punsTp PVDF ¢ pasmepom nop 0,22 MKM.
CrnenuduvecKkyo CTEpUIBHOCTh MOITY4YEHHOTO Mare-
pHana moaTBEp>KAalu OTPULATEIbHBIME pe3ylbTaTaMu
BbiceBa Ha LB-arap.

XapakTep BO3ICUCTBHS JHU3UPYIOIIUX Oydepos
OLICHMBAJIM BH3yaJIbHO IO COCTOSHHIO KYJBTYPHI B
OKpAIllEHHBIX Ma3KaX Ha Pa3UyYHBIX dTamnax MOAro-
TOBKHM Marepuana. CpaBHUTEIbHYIO OLIEHKY IOJHOTHI
AKCTPAKIMKA OCIKOBOTO KOMIUIEKCA M3 OallMJUISIPHBIX
KJIETOK OCYILECTBIISUIM MO KOJINYECTBY U MHTECHCUBHO-
CTH OEJIKOBBIX IMOJIOC, MOITYYEHHBIX MPU OJHOMEPHOM
AEKTPO(POPETUUESCKOM pa3eliCHUH O0pa3iloB Ha aB-
TOMaTU4eCKOW CHCTEME KalMJUIIPHOTO 3eKTpodopesa
«Experion» («Bio-Rad») ¢ ucmonszoBanuem Habopa
«Experion Pro260 Analysis Kit» («Bio-Rad») mocie

NpeABapUTEIbHON 04MCTKU 00pa3oB HabopoM «Ready
Prep 2-D Cleanup Kit» («Bio-Rad»).

JBymepHbIii a5ekTpodopes IpoBOIMIN C UCTIOJb-
30BaHUEM KOMIUIEKTa 000PYIOBaHUS ISl IPOTEOMHBIX
uccnenoannii («Bio-Rad») m cnenuanusmpoBaHHO-
ro nporpamMmHoro obecneueHust «Quantity One 1-D
analysis software» u «PDQuest 2-D analysis software».
Konnenrpauuio o0pas3noB mepen npoBeaeHHEM 1-ro
HampapJIeHUsT U3MepsIH Ha QruroopumMeTpe «Qubity u
napajuienbHo metonoMm bpendopna. M3osnekrpodo-
KyCHPOBKY TPOBOJWIM C HUCIOJB30BAHUEM CTPHIIOB
«ReadyStrip IPG strips» pH 3-10, 7 cM, 3arpyxas 00-
pasiel u3 pacuera 10—15 mkr Genka Ha 300 mMxi pe-
THApaTalMoHHOr0 Oydepa. YpaBHOBEIIMBAHUE CTpPU-
OB OCYIIECTBIsUH B Oydepe ¢ 6 M MOueBUHON B JBa
stana: ¢ 2% autuorpeutonoM u 2,5% HomaneraMuaoM
o 15 mun. Bropoe HanpaBieHne NpOBOAUIN B KaMepe
«Mini Protean» ¢ oxnaxaenueM 10°C B 12% ITAAT B
Tedenue ~1,5 4. [0ToBbIC renu oOKpalmBaiii cepedopom
¢ ucnojb3oBaHueM Habopa «Silver Stain Plusy.

3a OCHOBY B3sUTM METOIMKY, OIMCAaHHYIO B pabo-
Tax [3—6], ¢ aBTOpCKUMHU MOIU(DUKAIIUIMYU, BKITIOUAIO-
LIMMU TIPEIBApUTEIBHYI0 00pabOTKY KYJIBTYphI JIH30-
OUMOM, a TaKKe pa3iuvHble BApUAHTHI COCTaBa JIN3HU-
pyromux Oydepos. [ToceB BereTaTuBHOM KyIBTYPbI IS
JAJIbHEHIIETO UCCIIeA0BaHNs IPOTEOMHBIMHA METOJaMU
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6/b

eld

Puc. 2. Pasnnuusa B cnopoo6pasoBaHuu Ha LB-arape 20-4acoBbix Kynetyp wtammoB B. anthracis ASterne (a), Sterne 34F2
(6) n ACTWU (8), a Takke 6-4yacoBor KynbTypbl LWITamma Sterne (2).

Okpacka metonom Peburepa, yB. 500.

Fig. 2. Differences in spore formation on LB agar of 20-hour cultures of B. anthracis ASterne strains (a), Sterne 34F2 (b)
and ASTI (c), as well as a 6-hour culture of Sterne strain (d).

Coloring with the Rebiger method, x500.

MPOBOAWIIN B HECKOJIBKO ATAIOB, YTOOBI MUHUMHU3HUPO-
Barb 00pa3oBaHUE CIOP: MEPBOHAYAIBHBIA MOCEB Ha
LB-arap (20 4) ans or6opa U30IMPOBAHHBIX KOJIOHUH
u niepecena B LB-OynboH (18 1) ¢ mocnemyrommm mnepe-
ceBoM Ha LLB-arap (18 4). Cxema ombiTa npejicTaBicHa
Ha pmuc. 1.

PesynbraTbl

Ha wma3kax, mpUroTOBIEHHBIX M3 KYIBTYpHl Ha
NOCJIeAHEM STale, BBISIBHIM 3HAYMTENbHBIC pa3iiu-
YUl CKOPOCTH CIOPOOOpa3oBaHMs HM3YyUCHHBIX KyIlb-
typ. Tak, y mrammoB B. anthracis 55, CTU, CTU-,
CTU-IIP, 228/8-11, 228/4, ASterne, 140-I1, 1265, 81/1,
228/8, Uxtumawn, 71/12, 1(CO), 1(CO)-5-1 nabnroganu
2-30% OakTepuanbHBIX KIETOK, COACPIKAIIUX CIOPEI
Ha pa3NUYHBIX dTanax GopMupoBanus (puc. 2, a). B to
e BpeMsa y mrammoB Sterne 34F2 u ACTU gocratou-
HO c()OPMHUPOBAHHBIE CIIOPBI HaOMIOHaTUCh B 82—88%
OakTepuanbHBIX KIEeTOK, a y mramma ACTU onm pac-
noJiarajrch CBOOOIHO BHE Oanuiui (puc. 2, 0, ).

Ha cnenyromem stane paboThl HONBITAINCH AO-
OWUTBHCS OTCYTCTBHSI CHOP B KyJIbTypax IyTeM ao0aB-
nenwust B LB-arap 106aBok, TOpMO3SIIIUX MIPOLIECC CIO-
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poobpa3oBaHus — TIUIEPHHA, 1ePUOPHUHUPOBAHHON
KpPOBU U MHAKTUBHUPOBAHHOM CHIBOPOTKH KPOBH, a TaK-
e IMyTeM U3MEHEHUSI CPOKOB HHKYOUPOBaHUS KYJIBTYD.
Hnst aroro Obumu BeIOpaHbl WITaMMbl B. anthracis 55,
Sterne 34F2, ACTU ¢ pa3nu4HO# CKOPOCTHIO CLIOPOOD-
pasoBaHus. Vcrmonbp30Banu KUAKYIO U TUIOTHBIE MTUTa-
TeNbHBIE cpelbl Ha ocHOBe LB-Oyinbona: LB-0ynboH,
LB-arap, LB-arap ¢ nobasnenuem 5% nedudpunupo-
BaHHOH KpoBH, LB-arap c no6asnenuem 4% riuuepu-
Ha. Criopsl 3aceBanu B LB-0Oyiab0H 1 oCTaBIsUH HA 6 4
npu 37°C, mocie 4ero KyJabTypy HepeceBaid B HOBYIO
nopuuto LB-6yiapoHa u nomemanu Ha 18 1 mpu 37°C.
Ha cnenyrommii neHs 18-4acoByto OylNbOHHYIO KYJBTY-
PY BBICEBaJIM MUIETKOM Ha IUIOTHBIC MUTATENbHBIE CPE-
Ibl U PaclpeseNsiIi 10 BCei MOBEPXHOCTH IITATENEM,
nHKyOuposanu 6 4 mpu 37°C. Ilocne 3T0oro u3 KysabTy-
PBI TOTOBUIIN B3BeCh U OcTaBisuu mpu —20°C Ha HOUb.
Ha Bcex sTamax mepeceBoB M MPUTOTOBICHUS B3BECH
TOTOBWJIM Ma3Kd Uil KOHTPOJI CIIOpOOOpa3OBaHHMS.
[Ipu Takux cpokax BbIpAIIMBAHUS B OKPALICHHBIX Ma3-
Kax HU y OJHOTO M3 IITaMMOB Ha BCEX CPEAax CIOPHI
He 00HapyXUBAIUCH (pUC. 2, 2). YUHUTHIBAs, YTO KYJIb-
Typa mpeaHa3HadaeTcs Ui MCCIEAOBaHUs OCOOEHHO-
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CTeil MPOTEOMHOI0 KOMIUICKCA Pa3JIMYHbIX IITAMMOB,
a TaK)Ke BO3MOXKHOCTb IKCTPAKLUH OCITKOB KPOBH MIIH
CBHIBOPOTKHU TIPH CMBIBAHUH KYJIBTYPBI C TIOBEPXHOCTH
Cpelbl, KOTOpbIC B JajbHEHIIIEM MOTYT UCKaXaTh Kap-
TUHY OCJIKOBOTO CIIEKTPa KYJbTYp, MOJIy4aeMyI0 METO-
noM 2D-3nektpodopesa, BEpOSTHO, IPEAIOUTHTEIbHEE
UCIIOJIb30BATh Ha MOCJICAHEM JTalle IEPECEBOB KYIBTYP
LB-arap 6e3 100aBoK.

[Ipu ucnone3oBanuu merona 2D-3nekrpodopesa
BOXHBIM (PaKTOpOM 3(PPEKTUBHON MOATOTOBKH Mate-
pHaa sBJIseTCs MOJHOTA U3BJICUCHHUsI OCIKOBOTO KOM-
IUieKca U3 OalWULIPHBIX KiIeTOK. st paspyrieHus
OakTepHaIbHBIX KJIETOK M SKCTPAKIUU BHYTPHKICTOY-
HOTO OEJIKOBOTO KOMIUIEKCA HMCIIONb30BAIH JIU3HPYIO-
e Oydepsl, cofepxKalue XaoTPOIHbIC BeliecTsa (Ty-
aHW/IMHA TUOIMaHAT, MOYCBHHA, THOMOYEBUHA), Pa3-
pylIaronme MeMOpaHHbIE CTPYKTYpbI, TTOBEPXHOCTHO
aKTUBHBIC BEINECTBA, CIOCOOCTBYIOIIUE MaKCHMallb-
HOMY M3BJICYEHHIO OCJIKOB, BOCCTAHOBHUTENb, CIOCO0-
HBIIl BOCCTaHABIMBATh CTPYKTYPY OCJIKOBBIX MOJICKYJ,
HapYIICHHYIO JICHATYPUPYIOLIUM JICHICTBHEM XaoTpOII-

ala

glc

HBIX BEIIECTB, U KOKTEHIb HHTHOUTOPOB MpoTeas, mpe-
JOTBpAIIAlOUIMK Jerpagauunio OeNKoB MmoJ AeHCTBHEM
BHYTPHKIICTOUHBIX IpoTeas. [anee B paboTe MCIOINb-
30BaM B3BeCH 2(0-4acOBBIX KYJABTYp aBHPYJIEHTHBIX
mraMMoB B. anthracis CTH, 228/8, Sterne 34F2, 55,
CTU-I1P, 71/12, Uxtuman, BupyneaTHoix — 140 TII,
228, 1265, 1(CO) u 81/1, a Taxke UX KyIbTypalbHBIX
BapuantoB ACTU, CTU-II, ASterne 34F2, 228/8-II,
228/4, 1(CO)-5-1, 1(CO)-16, 1(CO)-23 u 1(CO)-24.
Kynerypsl Bcex mTaMMoB niociie oopaboTKu JIu30-
IIMMOM 00pPa30BbIBAJIM KOHIIIOMEPAThI CI1a000KpaIllecH-
HBIX OAIMJUIIPHBIX KJIETOK B BUJIE KOMOYKOB, 32 HCKITIO-
yerueM mrammoB B. anthracis 1(CO)-23 u 1(CO)-24,
KOTOPBIC COXPAHSUIM JUIMHHBIE LETNOYKd. Pe3ymbraTsl
MHUKPOCKOIIMM Ma3KOB Ha Pa3IM4YHBIX 3Tarax BBISIBU-
JI HEKOTOpbIE 0COOEHHOCTH Y OTAEJIBHBIX MITAMMOB.
Ucxonnast 20-yacoBasi KyJnbTypa mramMmma B. anthracis
ACTU copepxana yxe BHoidHEe cHOpPMUPOBABIIHECS
CIOpPBI, B TOM YHCIJIE PacIOIOKEHHbIE BHEKIIETOUHO,
W TPAKTHYECKH TOJHOCTBHIO JIM3UPOBANACH TPH BCEX
BapuaHTax o0paboTKu Iu3upyrmmMu OydepamMu B

6/b

eld

Puc. 3. Mukpodotorpadummu ocagka 6aktepuanbHblX KNeTok WTammMoB B. anthracis nocne nocnegosaTtenbHon 06paboTku
nM3ouMMoM 1 nnaupyowmum Bycepom ¢ 6 M ryaHmauHa Tnouyuanatom: a — 1(CO); 6 — 1(CO)-5-1; 8 — 1(CO)-24; 2 — ACTW.
Okpacka metofom Peburepa, yB. 500.

Fig. 3. Microphotographs of the sediment of bacterial cells of B. anthracis strains after sequential treatment with lysozyme and
lysis buffer with 6 M guanidine thiocyanate: a — 1(CO); b — 1(CO)-5-1; ¢ — 1(CO)-24; d — ASTI.

Coloring with the Rebiger method, x500.
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COYETaHHUHU C JIM30LUMOM, B Pe3yJIbTare 4ero B Ma3Kax
HaOmoanucy CBOOOTHO JIeKALIME CIOPhl U JIETPUT
OakTepuaNbHBIX KJICTOK (pHC. 3, 2).

ITocne BO3OEHCTBUA JIM3UPYIOLLETO PacTBOpA,
cozmepxxamiero 6 M ryaHuauHa THOLMAHaTa, HA HATHB-
Hble (He 00pabOTaHHBIC JIM30IIMMOM) B3BECH OallUILI
B Ma3Kax HaOmogany XapakTepHble /Ajs IITaMMOB
B. anthracis 1enoukn KIETOK, OKpacka KOTOPBIX ObLia
MEHEE€ MHTEHCUBHOM U HEPABHOMEPHOM I10 CPABHEHUIO
C MCXOIHOW KynbTypoil. HauMeHbIne U3MEHEHus Ipe-
TeprieBasy mrammsl B. anthracis 1(CO)-23 u 1(CO)-24.

[Tpu ob6paboTke OakTepualbHBIX B3BECEH JIN3HU-
pyromuM pactBopoM ¢ 8 M MoueBuHOI/2 M THOMO-
YEeBUHOW BHJIMMBIC M3MEHEHUS KYJAbTYp ObUIM MHHH-
MaJIbHBIMH — OKpacKa KJIETOK CTAaHOBHJIACh HECKOJIBKO
cinabee, a y mrammoB 1(CO)-23 u 1(CO)-24 ona mpak-
THYECKU He MeHsutach. barpuiel mramma 1(CO)-5-1
pacrmonaraiuck B OKpYKEHUH BEILIECTBa, aHATOTUYHO-
IO 10 OKPACKe KarCyJbHOMY.

BosaeiictBue nu3upylomumx pacTBOpoB Ha Oa-
UJUTBI, TIPeIBapUTENbHO 00pabOTaHHbBIE JHU30IMMOM,
NPUBOAMIIO y OOJIBIIMHCTBA HM3YyYCHHBIX MITAMMOB K
00pa3oBaHUIO OaKTEpHAILHOTO ACTPUTA U CI1a000Kpa-
IICHHBIX «TCHEW» O0aKTepHAIbHBIX KIETOK (puc. 3, a,
0), rammbl 55, 71/12 coxpaHsuiH ENOYKH, B KOTOPBIX
KJIETKH MPOKPAIIUBAINCH 3HAYUTENBHO cllabee HaTUB-
HOHU KyNbTyphl, Kyasrypa mramma 1(CO)-24 Busyais-
HO IPaKTHYECKU HE MEHsIach (pHcC. 3, ).

[Ipu oneHke pe3ynbTaToB SKCTPAKLIUKN OEIKOBOTO
KOMIUIEKCA BET€TaTUBHBIX KYIBTYp B. anthracis Han6o-
nee 3((heKTUBHBIM METOAOM OKa3bIBaJICs JH3UC Oyde-
poMm, coaepkamiuM 6 M ryaHuauHa THOLMAHAT, TIOCIe
NpEeABAPUTEILHON 00pabOTKH TU30LUMOM.

Haubonpmee konumuecTBo OEJNKOBBIX (pakUuii
BBISBISUIM B Marepuase KIacCHYECKOTo MO (EeHOTH-
MUYECKUM CBOMCTBaM U IJIa3MHIHOMY COCTaBy BHPY-
neHtHoro mramma B. anthracis 1(CO). Ha anekrpodo-
perpamme y Hero HaOJIONAI0Ch HAUOOJBIIEE KOJUYe-
CTBO I10JI0C, 0cOoOeHHO B obOiacT 25—75 x/I. llltamm
B. anthracis 1(CO)-5-1, umeromuii moiaHbId HAOOp
IIa3MKJl U 00JaNaroluii CrIoCOOHOCThIO (HOPMUPO-
BaTh KarlCy/ly Ha OOBIYHBIX TUTATEIBHBIX CPEAaX, B TOM
gyucne LB-arape, B atMocdepe Bo3yxa, HECMOTPsL Ha
HaJIM4Me BBIPAXKEHHOTO CJIOSl KallCyJbHOTO BEIECTBA,
JIEMOHCTPHPOBAJI OOJIBIIIOE KOJUYECTBO OCIIKOBBIX TO-
JI0C, KOTOPBIE OBUIM HECKOJIBKO MEHEe MHTEHCUBHO BBI-
paXeHbl, B OTIIMYME OT UCXOTHOTO ITamma B. anthracis
1(CO). V¥ ocranbHbIX mTaMMOB B obnactu 50-75 k]l
HaOII01a10Ch MEHbIIEe KOJIMYECTBO TOJIOC, 0COOEHHO
Yy W30TCHHBIX BapuaHToB tamma B. anthracis 1(CO):
1(CO)-16 (mapyumeHue mnpopacTaHus CHOp IpU TMO-
BbiieHHoM conepxkanun CO,), 1(CO)-23 (Gecrnas-
muzanbiid) u 1(CO)-24 (orcyrerBue miasmuabl pXO1).
Crnenyer OTMETHTb, YTO YKa3aHHBIE KYJIbTYpajbHbBIC
BapuanTel mramMma 1(CO) ObUTH BBIAEIEHBI TIO TPH-
3HaKy (Darope3uCTeHTHOCTH K CIeUU(DUISCKUM CHUOU-
pes3BeHHbIM OakTepuodaram. MeHbliee KOIUYECTBO
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OenkoBbIX (hpakiuit mramma 1(CO) HabMONAIOCh MPH
00paboTKe ATUM Ke JIN3UPYIOIUM OydepoM HaTHBHOM
KyJABTYPBI: OTMEYAIOCh HEKOTOpOe (HE3HAYUTEIILHOE)
CHIDKCHHUE Ha dIIEKTpodoperpaMme KOIHYeCcTBa U HH-
TEHCUBHOCTH JIMHHU, COOTBETCTBYIOIINX OEJIKaM ¢ MO-
nexynsapHoi maccoit 50-75 x/1.

OKcTpakius OSIKOBOTO KOMIUIEKCA Oaluiul mpu
BO3JICHCTBUM JM3UpYHOIEro Oydepa, coaepKaliero
8 M moueBuny/2 M THOMOYEBHHY, OblIa MeHEe dPdek-
TUBHOW MMEHHO B O0JIaCTH OCJIKOB C MOJICKYJSPHOMN
Maccoit 6onee 50 k/I; nusupyromuii 3¢dext, kKak U B
MpeapAyIeM ciiydae, Obul Oosiee BIpakeH IpH Ipel-
BapUTENLHON 00paboTKe KyJIBTypBI JIN30LHUMOM.

OnucanHble pa3nuuusg B 3PPEKTUBHOCTH IKC-
Tpakuu OAlMIUIAPHBIX OEJIKOB JBYMs JIM3UPYIOIIUMHU
Oydepamu ¢ pa3IMYHBIMU COCTABAMU C MPEIABAPUTECIIb-
HOW 00pabOTKOW KYNBTYpHI JIU30IIUMOM H B €€ OTCYT-
CTBHE MPOJEMOHCTPUPOBAHBI Ha MPUMEPE TUITHYHOTO
BHpPYJICHTHOTO mtamma B. anthracis 1(CO) (puc. 4).

260,0

150,0

100,0
75,0

50,0
37,0
25,0
20,0

10,0

1,2

1 2 3 4 5

Puc. 4. Pazgenenue 6enkoB wramma B. anthracis 1(CO),
BbIAENEHHbIX TM3NCOM KYNbTYpbl: 2 — pacTBOPOM C ryaHu-
OvHa TMoumaHaToMm nocne obpaboTkm nusounmomM; 3 — Tem
e pacTBopoM 6e3 06paboTkn NM3oLUMOM; 4 — pacTBOPOM
C MOYEBUHOW/TMOMOYEBMHOWN Nocne o6paboTky NM3oUMMOoMm;
5 — TeMm xe pacTBopom 6e3 06paboTKM NM30LUMOM.
1 — mapkep MoneKynsipHbIX Macc 6enkos.

Fig. 4. The separation of proteins of the strain B. anthracis
1(CO), isolated by culture lysis: 2 — a solution with
guanidine thiocyanate after treatment with lysozyme;

3 — the same solution without treatment with lysozyme;

4 — a solution with urea/thiourea after treatment with
lysozyme; 5 — the same solution without treatment
with lysozyme. 7 — marker of molecular masses of proteins.
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Pwuc. 5. KaptuHa paspgenenns 6enkos wramma B. anthracis
CTWN meTtopom 2D-anekTpodopesa.

OkcTpakumsi 6enkoBoro KoMnnekca NpoBoAMach U3 B3BeCU
20-4yacoBowu kKynbTypbl B. anthracis CTW, npegsaputenbHO
06paboTaHHON NMN30LMMOM, B NnusnpytoLem bydepe
¢ 6 M ryaHnguHa TroumaHaTom.

Fig. 5. Protein separation pattern of B. anthracis STI strain
by 2D electrophoresis.

The protein complex was extracted from a suspension of a 20-hour
culture of B. anthracis STI, pretreated with lysozyme in lysis buffer
with 6 M guanidine thiocyanate.

[MockonbKy pasperaromiasi cioCOOHOCTh KaruJl-
JISIPHOTO 3JIeKTpodope3a HeJOCTATOYHO BBICOKA, 3TOT
METOJl MOJKET CIIY’KUThb TOJBKO JUIsl TIPelBApUTEIBLHON
OLIEHKH 00pa3loB, MOJyUYCHHBIX C IPUMEHEHUEM pa3-
JUYHBIX CXeM IOATOTOBKH KYyJBTYPHl U TONyYEHHUS
nu3aroB. Ha koHeYyHOM »Tarme OLEeHKY 3(QQEeKTHBHO-
CTH 3KCTpakiuu OenkoB BakuuHHOro mramma CTHU ¢
HEBBICOKOW CKOPOCTBIO criopoobpaszoBanus (13% npu
BhIpanuBaHuy Ha LB-arape B Teduenue 20 1) mposo-
q MetonoM 2D-anekrpodopesa. Ha 2D-anextpo-
(doperpamme (puc. 5) 3aperuCTpUPOBaH IIMPOKHIA
Habop OENKOB, PA3TUUAIOMIMXCS MO 3HAYCHUSIM H303-
JIEKTpUUYECKUX Todek (l-e HampaBieHHe) M BEIHMUMHE
MOJIEKYJISIpHBIX Macc (2-e HanpasieHue). [lonydyennoe
paszzeneHue OeNKOB MO3BONAET MPOBOIUTH UX BBIAETIC-
Hue u uaeHtudukamuio mMetonom MALDI-TOF/TOF
MaccC-CIIEKTPOMETPUH MOCIE UX IKCTPAKLUU M3 Ted,
OYHCTKH U TPUIICHHOJIH3A.

O6cyxpeHune

CkopocTh criopoo0Opa3oBaHus y TaMMoB B. an-
thracis 3HAYUTENBHO PA3NUYACTCs, YTO SIBISETCSA 3HA-
YUMBIM (aKTOpOM IpH COONIOAEHUHM CTaHIAPTHBIX
YCIOBUH TONYyYEHHs BETETaTHMBHOW KYJABTYPBI IS
MPOTEOMHOIO KapTHUPOBAaHUS IITAMMOB BO30YyIWTEIs
cubUpcKot s13BbI MeTosI0M 2D-31eKTpodopesa B coue-
tanuu ¢ merogoM MALDI-TOF/TOF macc-cniekrpome-
TPHH.

AHanu3 pe3yabTaroB Pa3InYHBIX METOAOB 3KC-
TPaKHMU TOTAJBHOTO OEJIKOBOTO KOMIUIEKCA BBISBHII
BJIMSHUE MHIUBHIYAIbHBIX CBOHCTB IITAMMOB B. an-
thracis Ha 3 (PEKTUBHOCTH PA3IUYHBIX CIIOCOOOB TPO-
6onoaroroBku. Tak, kynerypa mrtamma ACTU npakru-
YECKH IMOJTHOCTBIO JIM3UPOBAIACH O] ICHCTBUEM JI30-
LUMa, B TO BpeMsi KaK KyJlIbTypaM IITaMMOB B. anthracis
1(CO) u 1(CO)-5-1 ans mectpykuuu OakTepUaTbHBIX

KJIETOK TPeOOBANIOCH COYETAHHOE NEHCTBUE JIM30IIMMA
W JIM3UPYIOIIUX PACTBOPOB, COACPKAIIUX XaOTPOIHEIE
BEILECTBA. DBOJIBIIYI0 YyBCTBUTEIBHOCTh IITaMMa B.
anthracis ACTU, BeposiTHO, MOX)KHO OOBSICHUTL 0CO00#
¢usnonornueckoit $hazoii KyabTypbl — €CTECTBEHHBIM
JU3UCOM Oamuiul, 3aBepIUAIOIIMM TPOLECC CIOpood-
paszoBaHus. [IpakTHuecKu HE U3MEHEHHBIN 110 CpaBHE-
HUIO C KOHTPOJEM (CBEKENPUTOTOBICHHAsT OaKTepu-
anbHasl B3BECh) BHJ KYJIBTYp Hocje oO0pabOTKH JIN3H-
PYIOIIMMH PacTBOPaMU MOATBEPKIAET JAaHHBIE O TOM,
YTO XaOTPOITHBIE BELIECTBA BBI3BIBAIOT JIETPaJaTUBHEIE
MPOLIECChl, 3aTParkBalOLIME IIOYTH BCE KICTOYHBIE
CTpyKTypbl. OIHAKO KJIETOYHAs CTCHKa B OCHOBHOM
COXpaHsSeT CBOIO IIEJIOCTHOCTb, YABTPACTPYKTYpY H
PUTHAHOCTB, YTO 00YCIIOBIMBACT MO ICPIKAHNE UCXOA-
HOU MOp(ONOTHHK KJIETKH. B 3THX ciydasx, HecMOTps
Ha BU3YQJIbHYIO LIEJIOCTHOCTH KIIETOK, Ha 3JIEKTPOdO-
perpaMmax HaOIIOAAaTUCh UHTEHCHBHBIE TIOJIOCHI, CO-
OTBETCTBYIOIIME OelkaM C pa3iIMYHON MOJIEKYIIPHOH
Maccoi, XOTSi U B HECKOJIBKO MEHBLIEM KOJHYECTBE,
YeM NP COYETAaHHOM BO3ACHCTBHUHM JIM30LIMMa U TYaHU-
JIUHA THOLIMAHATA.

[IpensapurenshHas 00paboTKa KyJABTYPHI JIH30-
UMOM C TIOCTenyrolleld ee o0pabOTKOH pacTBOPOM,
COAEPKAIlUM  MOYEBHHY/THOMOYEBHHY, HAaIlPOTUB,
yMEHbIlIaJIa KOJIMYECTBO OENKOBBIX (paKiuii Ha dIeK-
TpodoperpamMme, 4eMy Mbl HE CMOIVIM HalTH OOBSICHE-
Hue. MeHbmas 3QQEeKTUBHOCTh SKCTPAKIUH BHYTpPHU-
KJIeTOYHbIX O0eIKoB y mramma 1(CO)-24 ucnpITaHHBIMU
METOJaMH, BO3MOXKHO, OOBSCHIECTCS OCOOCHHOCTSIMHU
MOBEPXHOCTHBIX CTPYKTYP KJIETOK, T.K. AAHHBIN ITAMM
(BapuaHT) OBLT BBIJENCH M3 MOIMYIALUH HCXOTHOTO
mramma 1(CO) o npu3HaKy pe3sucTeHTHOCTH K CHOU-
pesisBeHHOMY OakTepuodary BA-9 u y Hero orcyTcTBy-
et miuazmuaa pXO1.

MeHblliee KOJIMYECTBO TOJIOC Ha 3ekrpodope-
rpamMMe BpsiIl JId MOXKHO OOBSICHUTH OTCYTCTBUEM IIPO-
OYKIWW 4YacTh OEJIKOB, CMHTE3 KOTOPBIX JETEPMUHH-
pYyeTCsl YKa3aHHOW IUIa3MHJION, T.K. OCCIUIa3MUIHBIN
mramm ACTHU Obut mpencraBieH Ha amnekTpodope-
rpaMMe B OTHX K€ YCIOBHUSAX 3HAYUTEIHHO OONBIINM
KOJIMYECTBOM OEJKOBBIX (hpaKLuii.

3aKknioyeHue

[IporeoMHoOe KapTUpOBaHUE IITAMMOB B. anthra-
cis sIBIseTCS, 0C3YyCJIIOBHO, aHAJIMTUYCCKUM METOIOM
WX W3YUYCHUS JJIs BBISBICHUS MHIWBHUIYAIbHBIX OCO-
OEHHOCTE W WX KOppEeISLUH C MAaTOTeHHBIMU CBOK-
CTBaMH WJIM BaXKHBIMU ISl )KU3HEoOecrieueH sl (Pru3mo-
JIOTUMECKMMHU MEXaHU3MaMU U CPaBHUTEIIBHOTO aHa-
JIU3a CHUHTE3a ONPECIICHHBIX OCJIKOB B KOHKPETHBIX
ycnoBusx. Mcxonst u3 3Toro, BBULY TPYLOEMKOCTH U
3aTPAaTHOCTH YKa3aHHBIX HCCIEHOBAaHUN IOJIYUYEHHE
Martepuana Ui JalbHeHIero anaiauza metogaoM 2D-
anekrpodope3a AOKHO HPOBOAMTHCS C YyYETOM HH-
JIUBUYaIbHBIX 0COOEHHOCTEH IITAMMOB, B TOM YHUCIIE
CKOpPOCTU CIIOPOOOPA30BaHUSI W YYBCTBUTEIBHOCTH
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K JICHCTBHIO ONPENENICHHBIX JIM3UPYIOIINX CMECEei, ¢
10100POM ONTHMAJIBHBIX MUTATENIBHBIX CPEIl U CPOKOB
IPE/IBAPUTEIILHOTO KYJIBTUBUPOBAHHMS KYJIBTYPBI, @ TaK-
e ONTHMAJBbHOI CXeMbI 3KCTpakKiMu OenkoB. CaMbIM
3¢ PEeKTUBHBIM COCOOOM JIU3KCA BEreTaTHBHOMN KYIBTY-
PBI C LEJBIO MONyYeHHs] HanboJIee MOTHOTO KOMILIeKCa
OCJKOB SIBIISICTCS NPUMEHEHHUE JH3Hpyroliero Oydepa,
coneprkamiero 6 M ryaHu/iMHa THOIIMAHATA, C IPEBapH-
TENBHOM 00pabOTKOM JIN30IIIMOM.

JUTEPATYPA/REFERENCES

1. Castanha E.R., Fox A., Fox K.F. Rapid discrimination of Bacil-
lus anthracis from other members of the B. cereus group by mass
and sequence of «intact» small acid soluble proteins (SASPs)
using mass spectrometry. J. Microbiol. Methods. 2006; 67(2):
230-40. DOTI: http://doi.org/10.1016/j.mimet.2006.03.024

2. Lasch P, Beyer W., Nattermann H., Stimmler M., Sieg-
brecht E., Grunow R., et al. Identification of Bacillus anthracis

UHopmayust 06 aemopax:

KomeHesa EneHa AHamornbeeHa — K.6.H., 3aB. Nab. NOCTTeHOMHbIX
TexHonormn PKY3 «CTaBpononbCKMin NPOTUBOYYMHBIN MHCTUTYTY,
355035, CraBpononb, Poccusi.

ORCID ID: https://orcid.org/0000-0003-4525-1594.

E-mail: postgenom_stv@mail.ru

LibieaHkosa Onbea MleaHos8Ha — [.M.H., Bpad-b6akTepuonor nab.
6pyuennesa ®KY3 «CtaBpononbCkuii NPOTUBOYYMHBIA UHCTUTYTY,
355035, Craspononb, Poccust.

ORCID ID: https://orcid.org/0000-0002-7940-9460.

KanuHuH AnekcaHdp Bacunbesuy — 6uonor nab. NoCTreHOMHbIX
TexHomnormn PKY3 «CTaBpononbCKMin NPOTUBOYYMHBIN MHCTUTYTY,
355035, CraBpononb, Poccusi.

ORCID ID: https://orcid.org/0000-0002-2678-2624.

PoduoHoe UeaH Cepeeesuy — M.H.c. nab. NOCTreHOMHbIX
TexHonornn PKY3 «CTaBpononbCKMin NPOTUBOYYMHBIN MHCTUTYTY,
355035, CtaBpononb, Poccusi.

ORCID ID: https://orcid.org/0000-0002-0049-7411.

A6pamosuy AneHa BnadumupogHa — M.H.cC. nab. NOCTreHOMHBbIX
TexHonornn ®KY3 «CtaBpononbCKMn MPOTUBOYYMHbLIN UHCTUTYTY,
355035, CraBpononb, Poccus.

ORCID ID: https://orcid.org/0000-0001-8852-4332.

Lllepbakosa Bukmopusi KOpbesHa — nabopaHT-uccnegosarenb
nab. noctreHoMHbIX TexHornorui ®KY3 «CtaBpononbckui

NPOTUBOYYMHBIV MHCTUTYT», 355035, CtaBponons, Poccus.
ORCID ID: https://orcid.org/0000-0002-2982-4877.

Yyacmue aemopoe. BCe aBTOPbI caenanu 9KBUBANEHTHbIN BKNaj B
noAroToBkKy I'Iy6]'|VIKaL|,VIVI.

338

ORIGINAL RESEARCHES

by using matrix-assisted laser desorption ionization — time of
flight mass spectrometry and artificial neural networks. Appl.
Environ. Microbiol. 2009; 75(22): 7229-42.
DOI: http://doi.org/10.1128/AEM.00857-09

3. Mottaz-Brewer H., Norbeck A., Adkins J., Manes N., An-
song C., Shi L., et al. Optimization of proteomic sample prepa-
ration procedures for comprehensive protein characterization of
pathogenic systems. J. Biomol. Tech. 2008; 19(5): 285-95.

4. Chitlaru T., Shafferman A. Proteomic studies of Bacillus an-
thracis. Future Microbiol. 2009; 4(8): 983-98.
DOT: http://doi.org/10.2217/fmb.09.73

5. Gao Z., Wang Z., Zhang K., Li Y., Zhang T., Wang D., et al.
Experimental validation of Bacillus anthracis A16R proteo-
genomics. Sci. Rep. 2015; 5: 14608.
DOI: http://doi.org/10.1038/srep14608

6. Rajoria S., Sabna S., Babele P., Kumar R.B., Kamboj D.V., Ku-
mar S., et al. Elucidation of protein biomarkers for verification
of selected biological warfare agents using tandem mass spec-
trometry. Sci. Rep. 2020; 10(1): 2205.
DOI: http://doi.org/10.1038/s41598-020-59156-3

Information about the authors:

Elena A. Koteneva — PhD. (Biol.), Head, Laboratory of postgenomic
investigations, Stavropol Research Antiplague Institute,

355035, Stavropol, Russia.

ORCID ID: https://orcid.org/0000-0003-4525-1594.

E-mail: postgenom_stv@mail.ru

Olga I. Tsygankova — D. Sci. (Med.), bacteriologist, Brucellosis
laboratory, Stavropol Research Antiplague Institute,

355035, Stavropol, Russia.

ORCID ID: https://orcid.org/0000-0002-7940-9460.

Aleksander V. Kalinin — biologist, Laboratory of postgenomic
investigations, Stavropol Research Antiplague Institute,
355035, Stavropol, Russia.

ORCID ID: https://orcid.org/0000-0002-2678-2624.

Ivan S. Rodionov — junior researcher, Laboratory of postgenomic
investigations, Stavropol Research Antiplague Institute,

355035, Stavropol, Russia.

ORCID ID: https://orcid.org/0000-0002-0049-7411.

Alena V. Abramovich — junior researcher, Laboratory of
postgenomic investigations, Stavropol Research Antiplague
Institute, 355035, Stavropol, Russia.

ORCID ID: https://orcid.org/0000-0001-8852-4332.

Victoriya Yu. Shcherbakova — assistant, Laboratory of postgenomic
investigations, Stavropol Research Antiplague Institute,

355035, Stavropol, Russia.

ORCID ID: https://orcid.org/0000-0002-2982-4877.

Contribution: the authors contributed equally to this article.



*KYPHAJ1 MUKPOBNONOTUW, SNMNAEMMNONOTUUA N UMMYHOBWUOJTOTUN. 2020; 97(4)
DOI: https://doi.org/10.36233/0372-9311-2020-97-4-6

OB30PbI

Ob30OPbl

© LWatyHosa MN.0., brikos A.C., Ceutny O.A., 3Bepes B.B., 2020 . Check for updates

AHrnoTteHsnHnpeBpawaowmnin pepmeHr 2.
Mopxoabl K natoreHeTnyeckom tepanum COVID-19

LaTyHoBa .0.%, bbikoB A.C., CButuy O.A., 3BepeB B.B.

OrAQY BO lMepsbii MITMY nm. .M. CeueHoBa MuH3gpaBa Poccunn (CeueHoBcknin YHuBepcuteT), 119991, Mockea, Poccus

Bo3byauTenem KopoHaBMpYyCHOM MHGEKLMM, KOTopas npueena k nangemun B 2020 r., ansetcs Bupyc SARS-
CoV-2. OH oTHOCUTCS K B-KOpOHaBUpycam 1 UMEET BbICOKOE reHeTn4Yeckoe cxoacTeo ¢ Bupycom SARS-CoV, Bbl-
3BaBLUMM BCbILLKY TSXXENnoro ocTporo pecnupatopHoro cuHapomMa B 2002—2003 rr. AHanmM3 MexXmMoneKkynspHbIx
B3auMoAencTBUi nokasbiBaeT, YTo SARS-CoV-2 6onee BMpYNeHTEH BCNeACTBUE CHMKEHNSI CBOOOQHOM SHEPTUN
Npun CBSA3bIBAHUM C aHIMOTEH3UHNpeBpaLuatowmm depmeHTom 2 (ACE2), KoTopbin ABRseTcs TpaHCNopTepoM Ans
BMpYyCa B KMNeTKy-X03siMHa. B CcBA3M ¢ LUMPOKMM pacnpocTpaHeHWeM KOPOHABUPYCHOWM MHAEKLMN NO BCEMY MUPY
OCTpO BCTaeT BONpPOC O NoAPOGHOM U3yYeHUn KIYeBOro 3BeHa natoreHesa 3abonesaHuss — ACE2. [letanbHoe
n3yveHne epmeHTa, KOTOPbIN SBNSETCA PeLEenTOPOM Ha NOBEPXHOCTM PasfMYHbIX TKAHEN N B HOPME OCYLLECT-
BMSieT npeBpalleHne aHrmoteHanHa Il B aHrmoTeHsuH (1-7), npuBeno K HeoAHO3HaYHbIM BbiBOgaM. byayun He-
TKaHecneungnyHbIM, peuenTop LUMPOKO pacrnpoCTpaHeH B cepALe, NoYKax, TOHKOM KULLKE, ANYKaXx, LWUMTOBUAHOM
Xenese, XmpoBou TkaHu. MNMomumo npsimon GapoperynupytoLlen MyHKLUMM OH NogaBnseT BocnaneHue, rmasHbIM
06pa3omM B NEroyHoNn TKaHW, y4acTBYET B TPAHCMNOPTE aMUHOKUCIIOT U NOAAEPXKUBAET XU3HEAEATENbHOCTb MU-
Kpobrnoma kuwieyHvka. Beuay CyLleCcTBEHHbIX MOMOXUTENbHBIX (OYHKUMIA CTaHOBUTCA OYEBUAHOW HEOOQHO3HAY-
HocTb ACE2, B TOM 4u1Crne npu KOPOHaBUPYCHOW MHpeKumun. [epcnekTnBHbIM TepaneBTUYECKnM HanpaBneHnem
Npu KOPOHABUPYCHOW MH(EKLUN MOXET 0KasaTbCsl BNIUSIHUE HA PEHUH-aHMMOTEH3NHOBYI cucTemy. MNpeasapu-
TenbHble AaHHble 0 NpuMeHeHnn nHrimbntopos ACE2, npenapaToB, cogepalumx AaHHbIA peLenTop B LMpKyns-
TOpHOW hopme, 1 BriokatopoB aHMMOTEH3MHOBOTO peuenTopa || cBuaeTenscTByOT 06 MX 3PEKTMBHOCTM U, KaK
cneacTeue, yny4ylleHnn COCTOSIHUSA Y NPOTrHO30B Af1si NaLMEHTOB C KOPOHABUPYCHOW MHMDEKLIMEN.

B o63ope npeacraBneHa vHdopmauma o pacnpoctpaHeHun ACE2 B pasnuyHbIX TKaHAX YerioBeka, ero B3auv-
mogenctBun ¢ SARS-CoV-2, gaHo TeopeTmyeckoe 0BOCHOBaHME MPaKTUYECKOro NMpUMEHeHUsT npenapartos,
CBsi3aHHbIX ¢ MmeTabonuyeckum nytem ACE2, anst nevyeHust n orpaHU4eHnst pacnpocTpaHeHnsi KOpOHaBMPYCHOM
WMHEKUMN.

Knroyeenblie cnoea: SARS-CoV-2; KkopoHasupycHas UHGeKUUs;, aHauomeH3uH-rnpespauwjaruul gpepmeHm 2;
All®2, COVID-19; briokamopbl aH2UuOMeH3UH08020 peuyernmopa .

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asiBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBaHKS MPU NPOBeAeHUU Ucchne-
[0BaHus.

KoHdbriukm unmepecos. ABTOPbI AEKNapUPYIOT OTCYTCTBUE SBHbIX U NOTEHLMArbHbIX KOH(MMKTOB UHTEpPEe-
COB, CBA3aHHbIX C NyOnMKauuen HacTosLWwen cTaTbi.

Ans yumuposarus: WatyHosa INM.0., beikoB A.C., Ceutny O.A., 3Bepes B.B. AHrMoTeH3nHNpeBpaLlaoLwui
epmeHT 2. Moaxoakl k natoreHeTndeckon Tepanum COVID-19. XKypHan mukpobuomnoauu, anudemuonoauu u
ummyHobuonoauu. 2020; 97(4): 339-345.
DOI: https://doi.org/10.36233/0372-9311-2020-97-4-6
Moctynuna 04.06.2020
MpuHaTa B neyats 16.06.2020

Angiotensin-converting enzyme 2,
Approaches to pathogenetic therapy of COVID-19

Polina O. Shatunova®, Anatoly S. Bykov, Oksana A. Svitich, Vitaly V. Zverev

I.M. Sechenov First Moscow State Medical University (Sechenov University), 119991, Moscow, Russia

The SARS-CoV-2 virus is a pathogen causing the coronavirus infection that culminated in a worldwide pandemic
in 2020. It belongs to B-coronaviruses and has high genetic similarity to the SARS-CoV virus that is responsible
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for an outbreak of severe acute respiratory syndrome in 2002—2003. The analysis of molecular interactions shows
that SARS-CoV-2 has higher virulence due to lower binding free energy in interaction with the angiotensin-con-
verting enzyme 2 (ACEZ2), which is used by the virus to enter the host cell. At the time of the global coronavirus
pandemic, the thorough study of ACE2 as a key component of the disease pathogenesis comes to the fore. The
detailed study of the enzyme, which is a receptor located on the surface of different tissues and which normally
catalyzes the conversion of angiotensin Il to angiotensin (1-7), led to diverging conclusions. Being non-tissue
specific, the receptor is abundantly present in the heart, kidneys, small intestine, testes, thyroid, and adipose
tissue. Besides regulating blood pressure, it suppresses inflammation, mainly in the lung tissue, participates in
amino acid transport and maintains the activity of the gut microbiome. With all its essential positive functions, the
role of ACE2 is highly ambiguous, specifically in coronavirus infection. The influence on the renin-angiotensin
system can be seen as a promising therapeutic route in treatment of coronavirus infection. The preliminary data
on using of ACE2 inhibitors, soluble forms of ACE2, and angiotensin Il receptor blockers demonstrate their ef-
fectiveness and, consequently, improvement in symptoms and prognoses for patients with coronavirus infection.
The review presents information about ACE2 distribution in human tissues, explores its interaction with
SARS-CoV-2, provides a theoretical basis for medications involving ACE2 metabolic pathways and for using them
in treatment of coronavirus infection and its prevention.

Keywords: SARS-CoV-2; coronavirus infection; angiotensin-converting enzyme 2; COVID-19; ACE2,

angiotensin Il receptor blockers..
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BsepeHune

B nexabpe 2019 r. B Kurae npowusoruia BCIbIIIKa
OCTpOH pecrupaTopHOl HHPEKIUN C TAKUMH KIIMHUYe-
CKHMHU IPOSIBIICHUSMH, KaK JINXOpajKa, CyXoH Kalleb,
onpilka U mHeBMOHMs [1]. Bo3Oymurenem sBasercs
HOBBI KOPOHABUPYC, NPUHAICKAIINN K B-KOpOHABH-
pycaM M MMEIOLIUI CXOXKHE XapaKTePUCTUKU C BUPY-
COM, BBI3BIBAIOIIUAM TSXKEJIBIA OCTPBIIA PECIIUPATOPHBIN
cuaapom (SARS), xoTopeiii sBISICS NaHIEMUYHBIM
mraMMoM B 2002-2003 rr. HoBblif Bupyc momyunn
Ha3BaHue kopoHaBupyc-2 (SARS-CoV-2), a Gosessb
Obu1a Ha3BaHa KOpoHaBUpYycHOU uHpekuuei 2019 rona
(COVID-19). Cmeprrocts oT COVID-19 noBsimaercst
B TpyIax NOXWIBIX Jtonei (crapue 70 jer) u ium ¢
XPOHUYECKUMHU 3a00JIeBaHUSIMHE (TUTIEpTEH3UEH, caxap-
HBIM JHa0eTOM, CEeplIeUHO-COCYIUCTHIMUA HapyLICHUS-
MH). [[Ba 3 BBIIENIEPEUUCICHHBIX 3a001€BaHI TECHO
CBSI3aHBI C IPUEMOM JIEKapCTB, KOTOpPbIE NEHCTBYIOT B
KauecTBe HMHIHOMTOpa peLenTopa aHTHOTCH3MHIpe-
Bpamatomiero ¢epmenta (ACE). OHu npumeHsroTcs
JUTs1 OIOKMPOBKY aHTMOTEH3MHOBOTO PELENITOpa U, KaK
CJIEJICTBHE, CHIKEHHS apTepHaJIbHOTO JaBlICHUs.

VYdeHble TIIATENBHO HCCIEAYIOT HaTo(u3n0I0-
rudyeckue Mexanmsmel COVID-19, B3auMomeicTBhe
BHpyCa C JIETKUMHU U cepAueM denoBeka. CormacHo
HeckonbkuM ucTounnkaMm, ACE2, pacnonoKeHHBIH
Ha aJbBEOJSIPHBIX SMUTETHAIBHBIX KIIETKAX, CIYKUT
kotpancroprepoM aist SARS-CoV-2 B KileTKH JTerKux
yenoBeka. Takum oOpaszoMm, ACE2 sBisieTcss KII04OM
JUTsl MIOHUMaHus Mexauu3ma passutust COVID-19.

B nmanHOoM 0030pe mpencrapieHa HHGoOpMalus O
pactpoctpanenun ACE2 B pa3lIUyHBIX TKaHSIX YEIOBE-
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Ka, ero B3aumoneincteuu ¢ SARS-CoV-2, nano Teope-
THYECKOe OOOCHOBaHME MPAKTUYECKOIO MPUMEHEHUS
[penaparoB, CBS3aHHBIX C METaOOJMYECKUM ITyTEeM
ACE2, nuig nedeHys U OrpaHUYEHUs pacpOCTpaHeHUs
COVID-19.

Ponb ACE2 B natoreHese COVID-19

SARS-CoV-2

SARS-CoV-2 — 310 onnouenoueunsiii PHK-co-
JiepKalluil BUPYC C MOXOKUM Ha KOPOHY S-IJIUKOIPO-
TerHoM. [lomHoreHomHBIM cuKBeHC Bupyca SARS-
CoV-2, nmokasai, 4to oH Ha 96% cxoxk ¢ SARS-1om006-
HBIM KOPOHAaBUPYCOM JIETY4UX MblIeH. Takxke JaHHBINA
Bupyc Ha 79,5% unentuuen SARS-CoV [2], a HekoTO-
pBl€ 3aKOJMpPOBaHHBIE OCTIKH, TaKUe KaK IiaBHAs Mpo-
TeHMHa3a KOpOHaBHpyca, NalanHONoA00Has MpOoTenHa-
3a u PHK-3aBucumas PHK-nonmumepasa [3], oOnanaror
96% cxonctBom ¢ SARS-CoV. BBuay ux Oam3koro
POJCTBA CUMTAETCS], YTO MaTOTEHETUYECKUE MEXaHU3-
™Mbl pazputus nHpexaun y SARS-CoV n SARS-CoV-2
JEHCTBYIOT [0 OTHOMY NPUHIIMITY.

J1y1s IpOHUKHOBEHHS B KJIETKY X035MHA 1 o0ecIie-
YeHUs! CIUSIHUSL MeMOpaHbl BUpyca ¢ MeMOpaHo KieT-
KM X03sMHa BO Bpemst nHpunupoBanus SARS-CoV-2
HCIIOJIB3YET MOBEPXHOCTHBIM CIIAMKOBBIN INIMKOIIPOTE-
uH (S). S-TIMKONPOTEHH SBISIETCS TPUMEPHBIM OCIIKOM.
OH urpaeT KIH4YeByIO pPoiib B 00eCleYeHUU BbKUBAC-
MOCTH KOPOHAaBHPYCOB, T.K. HE TOJIBKO BBICTYIAET B Ka-
YecTBE BaKHOM (PyHKIIMOHAJIBHOM 4acTH BUPHOHA, HO
U Bceleno odecreyuBaeT MPUCOCIUHEHNE U CIIHSIHUE
¢ MeMOpaHamu KieTku-xo3suHa. Kpome Ttoro, S-Oe-
JIOK, SIBIISIOLIUIICS CaMbIM KpPYNHBIM MOBEPXHOCTHBIM



*KYPHAJ1 MUKPOBNONOTUW, SNMNAEMMNONOTUUA N UMMYHOBWUOJTOTUN. 2020; 97(4)

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-6

OB30PbI

0CJIKOM KOPOHABHPYCOB, OINpPENeNsieT PacTBOPHUMOCTD
BHUPYCHBIX YacCTHIl U, KaK CJIEJICTBHE, KOHTarHO3HOCTh
SARS-CoV-2.

S-6enok uMeeT Ba BaKHBIX ydyacTka — S1 u S2:
S1 cBs3pIBaeTCS € pEeLENTOPOM Ha OBEPXHOCTH KJIET-
KM X0351Ha, a S2 obecnieunBaet ciusaue MmemOpas [4].
B S1-yuactke nmeercss N-konueBoir (NTD) u C-kon-
uessle nomensl (CTD1, CTD2 u CTD3). V Bupyca
SARS-CoV na CTD1 pacnonaraercst peenTopCBs3bl-
Baromwmii fomex (RBD).

KoponaBupyc SARS-CoV-2 mnposBnser BbIco-
Kylo cTeneHb romojoruyHoct Kk SARS-CoV [5]. On
MIPOHUKAET B KIETKY-XO35fMHA C TOMOIIBIO B3auMO-
neiicTBus Mexny S-0enxom Bupyca u ACE2 uenosexka.
OnHako MOJIEKYISIPHBIA MEXaHU3M JaHHOM CBSI3M, Kak
u Bomronusa SARS-CoV-2, ocrarorcs He 10 KOHITa U3Y-
YEHHBIMHU.

beuio gokazano, uto S-rmkomporenH SARS-
CoV-2 obnanmaer MeHblIed CBOOOAHOW HEPrHel MO
cpaBuenuto ¢ SARS-CoV [5]. JlanHoe HaOironeHue
noguepkuBaet, uto SARS-CoV-2 sBnsiercst 6osee cra-
OUJILHBIM M MEHBILIE TTOJIBEPKEH Pa3pyIICHHIO [TPH HO-
BBIIIEHHBIX TeMIleparypax — cienoBarenbHo, SARS-
CoV-2 umeert 6ornee BEICOKYIO EPCUCTUPYIOLIYIO CHO-
cobHocTh, ueM SARS-CoV nipu Takoli ke TeMieparype.

Ha S-Oenke y KOpOHAaBHPYCOB pAacHONOXKEH
RBD — kpaiiHe BayKHbBIU 7151 dKU3HEACATEIBHOCTH BU-
pyca nomeH, obecrieuuBaommii nHguuuposanue. Nu-
TepecHo, uyTo cBoOoanas sHeprus RBD y SARS-CoV-2
oKa3zanach HIke, ueM Yy SARS-CoV, kak u ero sHeprus
conpBatanuu. Jlemo B ToM, uto ais cBsizu RBD ¢ ACE2
OH JIOJKEH OTCOETUHUTHCA OT S-IIMKOIPOTENHA U pac-
TBOpUTHCA B Boje. [pyrumu cimoBamu, SARS-CoV-2
CTaHOBHUTCSl OoJiee PacTBOPUMBIM, U B 3TOM Cllydyae
B3aumoeicteue ¢ ACE2 mpoucxoaut ropaszio jerye.

CHmkeHre cBOOOHOM SHEPTUH S-TIIHKOIIPOTENHA
u sHepruu conbBaraniuu RBD y SARS-CoV-2 moxer
OBITH CJICICTBUEM DBONIOLMH BUPYCa WIH aJalTallul K
OpPTaHU3My XO3SIMHA, TIOCKOJIBKY OOBIYHO MPHUPOIHBIM
pe3sepByapom ans SARS-1omoOHBIX KOPOHABUPYCOB
SIBJISIFOTCSL JIETYYHE MBILIH, Y KOTOPBIX TeMIIeparypa Te-
Jla B HOpME BHIIIIE, YeM Y Jronei [6].

T'oBopst 0 RBD SARS-CoV-2, HeoOxoaumo ymo-
MSIHYTh €IlI€ OJIHY Ba)KHYIO0 0COOCHHOCTh — OH Ooiiee
rHOKWI, YeM aHaJIOTHYHBIA ydacTok Bupyca SARS-
CoV. HuepmmMu cioBamu, mist cesisu ¢ ACE2 on gon-
EH MPEOAOJIeTh OONBLIYIO SHTPONUIO, & 3HAYHT, TIPU
MOBBILIEHUH TeMIieparypsl kommiekc RBD-ACE2
CTaHOBHUTCS HECTaOMJIBHBIM. OJTa JeTalb MO3BOJISET
HaJESThCA Ha CHIDKEHUE TEMIIOB pOCTa MaHAEMHUU NPU
HACTYIUICHUH JKapKOM MOTO/BL.

[lpu cpaBHEHMH KOMIUIEKCOB, KOTOpBIE 00pasy-
10T aHanu3upyemele Bupycbl ¢ ACE2, BBIACHWIOCH,
yt0 SARS-CoV-2 cBsi3biBaetcs ¢ hepmeHToM ¢ Oosee
BBICOKOH apPUHHOCTBI0. MyTallMOHHBIE aJlallTUBHBIE
n3meHenust B SARS-CoV-2 orHocutensHo SARS-
CoV MOryT CIoyXuTh pasrajkod BBICOKOW KOHTAarW-

O3HOH CIIOCOOHOCTH M ILIMPOKOTO PaclpOCTPaHEHUs
COVID-109.

CmpoeHue u pyHKyuu ACE2

Yenoseueckas kapOokcunentunaza ACE2 komu-
pyetcs reHoM ACE?2, pacrionoxeHHbIM Ha 22-1 XpoMo-
come [7]. ACE2 npeacrasisieT codoii TpancMeMOpaH-
HBIA Oenok I Thma, UMeroImMil BHEKIETOYHBIN N-TIH-
KO3UJIMPOBaHHbIM N-KOHLIEBOM Y4YacCTOK, HA KOTOPOM
HAXOJUTCsI KapOOKCUIICTITUAA3HBIN CalT, a TaKkKe KO-
POTKHUH BHYTPHUKJIETOUHBIH C-KOHIIEBOW LUTOILIa3Ma-
THYEeCKHM XBOCT [8]. N-KOHIIEBOM MENTHAa3HBIN JOMEH
spasercss mectoM cBa3u ACE2 ¢ SARS-CoV. Takxe
BBLIEIAIOT iBe hopmbl Oenka ACE2: kiertounyro (cBs-
3aHHYIO C MEMOPAaHOI1) M [IUPKYIUPYOIYO (pacTBOpH-
My10). Kitetounast popma — 3T0 momHOUEHHBIN OENOK,
CHUHTE3UPYEMBIil B OOJNBLIMX KOJIMYECTBaX MHEBMOILIHU-
TaMU WIN 3HTEPOLUTAMHU TOHKOM KHUILIKH.

Hupkynupyromass ¢gopma (y Hee coxpaHsercs
N-KOHIIEBOM MENTHAA3HBIN YIaCTOK) BOSHUKAET MOCIE
pacuienyienus kietouHoi Gopmbr ACE2 metamnonpo-
Teaszoi ADAMI17, mocie 4ero oHa rnomnajaaet B MeKKIIe-
TOYHOE MpocTpaHcTBO [8]. Hampotus, B3auMopeicTere
ACE2 c TpancMeMOpaHHOI CepHHOBOH mpoteasoit 11
tuna TMPRSS2 obecneunBaer Bxoxnenue SARS-
CoV-2 B KJIETKH — MUIIIEHH JIETOUHOW TKaHU U TOHKOM
kumkd. TMPRSS2-nyTe pacuienyieHuss MOXXET MHIHU-
oupoBate ADAMI17-nyte. TMPRSS2 cBs3biBaercs ¢
ADAMI17 nng guccounmanuu kominiekca ADAMI17—-
ACE2. Kaxk ADAMI17, tak u TMPRSS2 ormemistor
ot ACE2 ne6onbmioit C-koHueBo# ¢pparmeHt. UMeHHO
3TO CIY)KUT HayaJoM NMPOHUKHOBEHMs BUpyca SARS-
CoV B KJIETKY.

Hecmorpss na cxoxects reHoB ACE u ACE2,
oenku ACE u ACE2 BBINOJHAIOT pa3nuyHble (yHK-
uuy B opranusmMe yenoBeka. Tak, ACE ormemnser ot
cyOcTpaTa 1O OJHOW aMHHOKHUCIIOTE, JICHCTBYS Kak
KapOokcunenTuaasa, B To Bpemsi kak ACE2 ruaponu-
3yeT CBS3b MEXAY OCNKOBBIM OCTOBOM M JHMIIEHTHIOM
¢ C-xonmna cyocrpara. ACE u ACE2 sBisiroTcst He3a-
MEHUMBIMU KOMIIOHEHTaMH pPEHUH-aHTHMOTEH3MHOBOM
cuctemsl (RAS), 3anaun koTopoit — noxpnepx aHue ro-
MeOCTa3a CepICYHO-COCYAUCTON CUCTEMBI U (YHKIIHO-
HUPOBAHUS Pa3IMYHBIX OPraHOB, PETYNALNs CUCTOIU-
YECKOT0 JaBJIE€HUs,, OCMOTHUYECKOTO U 3JIEKTPOIUTHOIO
Oananca.

AHTHOTEH3UHOT€H CHHTE3UpYyeTCsd B IIE€YEHHU,
nocje 4ero npeoOpasyeTcs PEeHHMHOM B AaHTHOTEH-
3uH | (Angl), a 3arem npu yuactuu ACE — B Angll.
Angll — 310 KimodyeBoe 3BeHO RAS, oH cBsA3bIBaeTCs
C aHTHMOTeH3UHOBBIM peuentopoM I tuma (AT1R). O1o
B3aUMOJEHCTBUE IPUBOJUT K COKPAILCHUIO NIIAJKOU
MYCKYJIaTypbl OpOHXOB, mnponudepaunn ¢Gudpodna-
CTOB B JIETKHX, allONTO3y aJbBEOJSIPHBIX AMUTEIHAIb-
HBIX KJIETOK, MOBBIIIEHUIO MPOHHULIAEMOCTH COCYIOB
B JIETOYHOM TKaHH, a TaKKe K OCTPOMY pecluparop-
HOMY auctpecc-cunapomy [9]. Tem Bpemenem ACE2
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BBICTYyIa€T B KadyeCTBE KOHTPPETyYNIATOpa aKTUBHOCTH
koMmiuiekca ACE-AnglI-AT1R, on ruaponusyer Angll
B Angl—7, KOTOpHIi, B3aUMOJCHCTBYs depe3 Mas-pe-
LENTOp, BHI3BIBAECT BAa30AMJIATALMIO, CHIDKEHUE apTe-
PpHANBHOTO JaBJIEHUS M MHAYKLUIO arnonTo3a. Cxoxas
3amuTHass (QyHKOUs HaOmomaeTcs TpU CBA3BIBAHUH
Angll ¢ peuenrropom AT2R. Kpome toro, ACE2 moxet
B3auMojieiicTBOBaTh ¢ Angl, mpeBpaias ero B Angl-9,
U3 KOTOPOrO BO3MOXKEH mnepexon B Angl—-7 mpu yua-
ctun ACE. Taxoke, BRICTyIasi B KaueCcTBE MapTHEpa [
Tpancnoptepa amuHokucior BOAT1, ACE2 mnpunu-
MaeT y4JacTue B abcopOLMU HEHUTPaIbHO 3apSIKEHHBIX
aMHHOKHCJIOT B KHUIIICUYHUKE [9].

ACE2 B OONbIIMX KOJIUYECTBAX 3SKCIPECCHPY-
€TCsl B alIbBEOJSIPHBIX 3NUTENHaNbHBIX KieTkax [ u 11
THUIIOB, SHIOTENNAIBHBIX KJIETKAaX COCYI0B, INIaJJKOMBI-
IIEYHBIX KJIeTKax jerounoit tkanu [10]. KoponaBupyc
MOXKET MPOHUKATh B OPraHU3M YEJIOBEKA Pa3IUYHBIMU
cnocobamu. CaMbIM paclpoCTpaHEHHBIM CUUTAETCS
a’pOreHHBI MEXaHU3M Iepefaqn, IpU KOTOPOM Y 3a-
0oseBIIero 4eaoBeKa MOSABISIOTCS CUMITOMBI TSXKENOH
nHeBMOHUU. OnHako ObuIo ycTaHoBieHo, uto ACE2
COAEPKUTCS B OONBLIMX KOMMYECTBAX B TOHKOH KHUIIIKE,
SAUYKaX, MOYKax, Ceplle, IUTOBUIHON Keye3e, )KUPO-
BOIi TKaHU. B MeHbILIeli KOHLIEHTpalKu ero 0OHaAPYKH-
BAIOT B [IEYEHHU, TOJICTOM KHILIEYHUKE, MOYEBOM ITy3bIpe
Y HaJ{MIOYEYHUKAX.

CrpyKTypHOE MOJIETUPOBaHHE [TOKAa3aJ10, YTO KOM-
wiekc ACE2—BOAT1 MoxeT cBs3bIBaThCS C S-O€IKOM
Bupyca SARS-CoV-2. Takum o6pasom, SARS-CoV-2
MOXKET NMPOHUKATh B OPTaHU3M YeJIOBEKa uepe3 Apyrue
TKaHU U OpraHbl, MUHYs pecrnuparopHslii TpakT [11].
OO0 3TOM CBHJCTENBCTBYIOT HEJaBHHE HCCICAOBAHUS,
nokasbiBatomue Hamuune SARS-CoV-2 B cryne 3apa-
JKCHHBIX MAllMEHTOB, a TAaKXKe pa3BUTHE 3a00JeBaHUS
0e3 MHEBMOHHMH WIH ¢ J00aBOYHBIMH CUMIITOMaMH, He
CBS3aHHBIMHU C PECHUPATOPHBIM TpakToM. B mganHOM
ciydae y OOJIbHBIX HAONIOMAIOTCS CUMITOMBI 3apaske-
HUS JKEJTyJOYHO-KUILIEYHOTO TPAKTA: AUApes], TOLUIHOTA,
pBOTA, a TAKXKe CIyTaHHOCTh CO3HAHUS, TOJIOBHAs O0Jb
1 MHQEKIMOHHBIC TOpaXkeHus cepana [12—14].

Hannuue ACE2 B sndkax U TECTHKYISPHBIX CO-
Cylax yKa3bplBaeT Ha OOJBIIYI0 BOCIPUUMYHUBOCTH K
COVID-19 y MyxuuH. ['eHnepHBIX, BO3PACTHBIX WU
pacoBbIX paznuuuii B koHuentpanuu ACE2 B TkaHax
OpraHM3Ma 4eJIOBEeKa HE BBIABICHO, TEM HE MEHEE PUCK
CMEPTHOCTH MOBBILIAETCS JUIsI MYKUYUH 10 CPaBHEHUIO
C JKEHIIIMHAMU U JUISI TTOKUIIBIX JIIOJIEH OTHOCUTENBHO
0osiee MOJIOOTO MOKOJIEHUS. DTO CBA3aHO C BO3pacCT-
HBIMH ¥ (YHKIIMOHAJbHBIMH OCOOCHHOCTSIMH MeXa-
HU3MOB BPOXKJIEHHOTO U aJalTUBHOIO HMMMYHHTETA,
cnocoOHocThI0 SARS-CoV-2 BBI3BIBaTh IUTOKHMHOBBIH
IITOPM, KOTOPHI NPUBOJUT K HMMYHOIIATOJOTHYe-
CKHM HapylIEHUSM y MalMEHTOB C KOPOHABHPYCHOM
uH}eknuel. PasnuuHoe KOJIMYECTBO KIETOK MMMYH-
HOU CHUCTEMBI B JIETOYHOM TKaHU CIIOCOOHO MO-Pa3HOMY
MPOTUBOCTOSATH MH(EKINH U ayTOMIOBPEKICHHIO. YcTa-
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HOBJICHO, YTO Yy JKCHUIMH (paccMaTpuBasi TeHIEpHbIC
IPYIIIBL) U Y JTI0AEH MOJIOIOTO BO3pacTa (paccMarpuBast
JIBE BO3pACTHBIC TPYMITHI A0 U mocie 49 1eT) Te KIeTKH
JIETOYHOM TKaHH, KoTopble sKkcnpeccupoBanu ACE2 B
OoJiblIeM KOJNWYECTBE, Jierde WHGHUIUPOBAINCH BHPY-
coM SARS-CoV, npu 3ToM KJI€TOK UMMYHHOH cHCTe-
MBI B JAaHHOM ClTydae 00Hapy»KHBajIOCh MEHbIIIE, YEM B
AHAJIOTUYHBIX TKaHAX co cpeaHer sxcnpeccueit ACE2.
st MOKUIIBIX JTUL U JIUI] MY>KCKOTO TI0JIa XapaKTepHa
oOpaTHasi 3aBUCUMOCTb — TPU BBICOKOH 3KCIPECCUH
ACE2 nabmonaercsi pocT yucia UMMYHHBIX KJIETOK B
JIETOYHOU TKaHU. DTO O3HAYAET, YTO NMpu MHUIMpOBa-
Hun SARS-CoV u SARS-CoV-2 y stux nroaeii ¢ 60ib-
el BEpOSTHOCTHIO OyIyT HAOMIOAAThCS ayToarpeccus
U OUTOKMHOBBIN IITOPM, YTO CYLIECTBEHHO OTATOLIAET
TeYeHUe OOJIE3HU.

ACE2 u kopoHasupycHas uHgekyus

COVID-19 mnpexcrasisier coboii 3aboneBaHue,
Mopakaroliee HIKHUE AbIxareiabHbie myTu [15]. Tlpu
BCKPBITHH TPYyMOB Jofe, 6onesmmx COVID-19, 006-
Hapy>KCHbl MacCHUBHBIE TIOpa)KEHUs JIeTKUX ¢ puodpos-
HBIMHU U 9KCCYJaTUBHBIMH W3MeHeHHsMU. [Ipu 3Tom
MOKPOTa M KCCY/IAT 3allOJHSIIN HIYKHHUE AbIXaTelIbHbIE
myTd W anbBeojbl. [lo cpaBHeHMIO C BO3ACHCTBHEM
SARS-CoV, npu SARS-CoV-2 3kccynaTUBHBIX MOpa-
JKCHHI HaOonaeTcst Oosblie, HO (GUOpPO3 MpPOTEKaeT B
Oonee nerkoii popme. Hamuuue y TpymnoB cerMeHTalb-
HOHM JWJIaTallud U CT€HO3a TOHKOW KUIIKU IONYEPKU-
BaeT pa3BUTHE MH(EKIHOHHOTO Mpolecca B AaHHOM
oprane. IlopakeHHil UHBIX OpPraHoOB U TKaHEH HE BbI-
siBlieHo. MccienoBanue, MpoBeeHHOE C APYTHMMHU 3a-
OoneBmmu [12], ykasbiBaeT Ha MPUCYTCTBUE Y HUX
OounarepanbHoro Au((Gy3HOTO MOpa’keHUsl alnbBEOJ C
(uOPOMYKOMAHBIM KCCY/IaTOM, JeCKBaMalUel ITHEB-
MOLUTOB ¥ ()OPMHPOBAHHEM THATMHOBOW MEMOpaHbI
B JICTKHX.

Ecnu uMMyHHasi cucteMa He B COCTOSHUM CIIpa-
BUThCI ¢ SARS-CoV-2, To BUpyC aKTUBHO PEILIUIU-
pyeTrcs ¢ HCIofb30BaHUEM BHYyTpukieTouHoro ACE2
U 3aTeM MPH BBIXOJIE BO BHEKJIETOYHOE MPOCTPAHCTBO
paspymaer KieTky-xo3suna. Kak cneacreue, metabo-
JUYECKHIA MyTh aHTMOTCH3WHA HE MHTUOUpYeTCs. DTO
0OCTOSATENBECTBO TOJNBKO YCYryOnseT MHQEKIHOHHBIH
Mpolecc M Pa3BUTHE BOCHAICHUS, a LUTOKHHOBBIN
LITOPM HapyllaeT (pyHKIMOHWPOBAHUE HE TOJBKO pe-
CIHMPAaTOPHOTO TPaKTa, HO M CEPACYHO-COCYIUCTOH
1 WHBIX CUCTEM OpraHoB. I JIIONEH ¢ TaKUMHU XpO-
HUYECKUMH 3a00JIeBaHMUSIMH, KaK apTepuayibHasl TH-
MepTeH3Hs, UIIeMHUUYecKas OoNe3Hb cepAla U caxap-
HbII ualeT, KpaiiHe omacHo uHpuuupoBanue SARS-
CoV-2 — npu 3TUX 3a00JCBaHUAX METa0OIUYCCKUI
MyTh aHTHOTEH3WHA SABJSIETCS M30BITOYHBIM, a MPHOO-
peTeHue KOpPOHABUPYCHOM HH(EKIUH CEPbEe3HO YCy-
ryoJsieT TeYeHHE COMYTCTBYIOMIMX 3a00JieBaHUN U C
OoJibIICH BEPOSITHOCTHIO MOXKET MMPUBECTH K TSHKEIBIM
COCTOSTHUSIM U JTaKE K CMEpPTH.



*KYPHAJ1 MUKPOBNONOTUW, SNMNAEMMNONOTUUA N UMMYHOBWUOJTOTUN. 2020; 97(4)

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-6

OB30PbI

ACE2 urpaet 3Ha4UMYIO POJIb BO MHOTHX I1aTOJIO-
TMYECKUX M (PU3HONIOTHYECKUX COCTOSHHSX. YCTaHOB-
JIEHO, YTO MBI, 3apaxkeHHsie BupycoM SARS-CoV,
ncnbIThiBatoT HepocTatok ACE2, y HuX mOBBIIIaeTCs
ypoBenb Angll u pa3BuBaroTcsi TsDKeJble 3a00IeBaHuUs
opranoB apixanus [16]. OrcyrcrBue ACE2, obecneun-
BAIOILETO MMPOTEKTUBHYIO (PYHKIHIO, BeET K TUC]YyHK-
uun RAS 1 ocTpbIM NaToJIOrHYECKUM PeCIMPaTOPHBIM
COCTOSIHUSIM. MHTepecHO, 4TO 3amuTHAs (QyHKUIUS
ACE2 npu OCTpBIX MOpaKeHUSX JIETKHX HaOIIomaeT-
Csl HE TOJIBKO MpU HMHOHULIMPOBAHUH KOPOHABHPYCOM.
Y naGopaTtopHBIX MBIIIECH, UMEIOIIUX MAaCCUBHBINA OTEK
JIETKUX, TSAKENEHIITYI0 THITOKCHIO, THAJIMHO3 U BOCTIAJIM-
TEJIbHBIC KJIETOUHbIE MH(HUIIBTPATHI, IPH BBEIICHUHU pe-
komOunantHoro ACE2 Habmionanoch BOCCTaHOBIICHHE
serou”oil Tkanu. Taxxke ACE2 3amuiaer ot u30bIToY-
HOTO BOCHAJICHHS MPH 3apaKEHUU NTHUYBUM TPUIIIIOM.
[lpn naHHOM COCTOSHHM TSDKECTb 3a0OJIEBaHUS, €ro
[IPOrpecCUpOBaHNE U JIETAILHOCTh HAXOIATCS B MPSIMOI
3aBUCUMOCTH OT ypoBHs Angll B nna3me kpoBu.

Hamnuune ACE2 B HepecnupaTOpHBIX OpraHax
OKa3bIBa€T MOJIOKHUTEIbHBINA 3PQPEeKT Ha (PyHKIUOHU-
pOBaHME JaHHBIX TKAaHEW. Y 1a0OpaTOPHBIX MBILIEH ¢
sHIoreHHOH HenoctatouHocThio ACE2 Habmromatorcst
TsKEINble MOPaKEHUS CepAlla — CHUKEHHE COKpaTH-
TENBHOW CITIOCOOHOCTHU 3a CYET HE3HAUUTEIbHOH BEH-
TPUKYJISIPHON THIaTallii U UCTOHYEHUS CTEHKH JIEBOTO
xKemymouka [9].

Konnentpanus ACE2 wMoxer yBeIM4MBaTHCA
[I0CJIE WIIEMHUYECKOT0 HMHCYJIbTa. JTO KOMIIEHCAaTop-
Hasl peakuysi, HalpaBleHHAs Ha yCTpaHEeHUE M30BITKa
Angl-7 u obecrnieueHue 3alIUTHBIX 3PPEKTOB MyTEM
ypaBHoBemrBanus Angll.

ACE2 yyacTByeT B HaToJOTHYECKHX IpoIieccax
[IOYEYHOM TKaHH, XOTsI TOYHBIA MEXAHU3M €EIlIE HE yCTa-
HOBJIEH. Y MbIe ¢ Hegoctarounocteio ACE2 pas-
BUBAIOTCSA IIOMEPYJIOCKIIEp0o3 U ansOymunypus [17].
Cuwmxenne konueHtrpaunu ACE2 Bei3bIBaeT qucOanaHc
Angll, xoTopsIif y4acTByeT B MOYEYHOM BOCHAJICHUU U
¢ubpose, 00BACHAA, IO KpaliHEe Mepe YacTHYHO, MPO-
rpeccupyloliee NopaxeHue moyvek.

Baxnoit nenentunazHoit gpynkuueid ACE2 sipns-
eTCsl yJacTHe B TPaHCIIOPTE aMUHOKHCIIOT Yepe3 CTEH-
Ky TOHKOTO KHIeuyHuKa. OnHOM M3 TaKuX aMHHOKHC-
JIOT SIBJSCTCSI TPUNTO(AH, PErYAUPYIOUIHNA CEKPELUIO
AQHTUMHUKPOOHBIX MENTUAOB, KOTOPBIE BIHSIOT Ha CO-
CTaB KUIICYHOTO MUKPOOHOMA. DTO OOBSICHICT HAJM-
yhe KoluTa y Mblmei ¢ HepoctarogHocTeio ACE2, y
KOTOPBIX IIPOUCXOAUT HAPYLIEHUE TPAHCIIOPTA TPUIITO-
(haHa ¥ €ro HEIOCTATOK BENET K AMCOAKTEPUO3y U BOC-
MaJeHHIO.

Hecmorpss Ha npoBeacHHE UHTEHCUBHOM Tepa-
iy, cMeptHOCcTh 0T COVID-19 no-npexHemMy ocTaert-
csl Ha BBICOKOM ypoBHe. M300peTeHue BakmMHBI — K
COXKAJICHUIO, KpallHE TPYNOEMKUI U JUIUTENBHBIN IIPO-
necc. Kpome toro, SARS-CoV-2 MyTupyeT B KakaoM
PEIUIMKALMOHHOM LIHMKJIE. DTO CYIIECTBEHHO OCIOXKHSA-

eT pa3paboTKy BakIHHBL, a TIPU OMPEACICHHOM HCXO/e
W BOBCE MOXET cenarh ee Oecrone3Hoi. JlekapcTBeH-
HBIE Iperaparbl, HalpaBlIeHHbIC Ha PEryIUpOBaHUE
nucbananca RAS, TeopeTHuecku MOXKHO HCIONB30-
BaTb B MHBIX LelsiX. Hampumep, mist OnoxupoBaHUs
caiita cBsaspiBaHug SARS-CoV-2 ¢ ACE2 Bo3MoOxHO
npumenenue pactBopumoii ¢opmel ACE2, kotopas,
cBs3piBasick ¢ RBD Bupyca, Oyner MHruOMpoBaTh €ro
MpoHUKHOBeHME B KieTKy. Kpome Toro, ACE2 ymens-
LIMT Pa3BUTHE MATOJOTMYECKUX M3MEHEHUH, Y4acTBYys
B Pa3IMYHBIX NPOTEKTUBHBIX META0OIUIECKUX MYTSIX.

CepunoBas nporeaza TMPRSS2 urpaer xiroue-
BYIO POJIb B KJIETOUHOM NpoHUKHOBeHHU SARS-CoV-2
u nucoynkauu ACE2, mosToMy OMOKHpPOBKa JaHHOTO
(epMeHTa MOXET CIIYKUTb AJISl MPEAOTBPALLCHHS TH-
JKeNbIX Kputudeckux ocnoxHeHuit COVID-19. Vera-
HOBJIEHO, yTo MHrHOMTOp TMPRSS2 kamocrar mesu-
nar vactuyHo Onokupyer TMPRSS2-ACE2-onocpe-
noBauHbI Bxoa SARS-CoV-2 B xietky [18]. B To xe
BpeMs1 HahamocTar Me3uIart, SBISIOMINNACS HHTHOUTO-
POM MEMOPAHHOIO CJIUSHUS MEMOpaH KICTKU-X03s5uHA
n SARS-CoV-2, noka3sbiBaeT IeCATUKPATHYIO dPPeK-
TUBHOCTh OTHOCHTENIBHO KamocraraT mesmnara. Oba
npenapara o0Ja1aoT J0Ka3aHHOH 0e30MacHOCThIO AT
KJIMHAYECKOTO MPUMEHEHHUsI, TI03TOMY MOTYT HCIIOJIb-
3oBathcs st iedeHuss COVID-19 B MmeaunmHCKUX Op-
ranu3anusx. Hadamocrar me3wsiar nmeer eme OmHO
CBOWMCTBO — OH OJIOKHpYeT npoTeonu3 (HubOpuHOreHa
u ero nepexon B ¢uOpun. IIpu KopoHaBUpYCHOW HH-
(dexry HabIoaaeTCsl YBEIMYEHHE B CHIBOPOTKE KPOBH
ypoBHsi D-nuMepa — mpoaykra aerpagauuu GuopuHa,
a ero KoHIeHTpalus Oosee 1 Mr/mil accoluupoBaHa
C BBICOKMM pHCKOM cMmepTH mauueHToB ¢ COVID-19.
Takum oOpa3zom, HaamMocTaT ME3WIAT MOTCHIIUAIBEHO
SIBJIIETCS TIPENaparoM JABOWHOIO AEUCTBUS — OH HE
TOJIBKO OnokupyeT BxoxneHue supyca SARS-CoV-2 B
KJIETKY, HO U IPEIOTBpaIaeT TpoMO03 U CHHIPOM AMC-
CEMHHUPOBAHHOTO BHYTPHCOCYAHCTOIO CBEPTHIBAHUSI.
B SInonun B mapte 2020 r. HauyaaKCh KIMHUYECKUE UC-
NBITAaHKUA IaHHOTO Ipernapara Jyis JieueHUs KOpOHaBU-
PYCHO# HHpEKIHH.

Wnrnburopsr ACE, 6nokaropsl penentopa Angll,
aroHUcTsl Mas, BO3MOXKHO, TIO3BOJIAT CKOPPEKTHPOBATh
Hapymenus: RAS. brokaropsr peuentopa Angll npro6-
peratoT noBepue Onarogapsi TokazaHHOW (YHKIMH 00-
JICTYCHHUS] CUMIITOMOB TTOPa)KeHUS JIETOYHON TKaHU TOJ
neiictBueMm SARS u Bupyca nruubero rpumnmna. Oxu-
JIaeTCsl, 4TO OJIOKMpOBaHUE perentopoB Ang — Ooree
HAJISKHBIA CM0CcO00, 4YeM MPUMEHEHHE HWHIMOMTOPOB
ACE, T.k. Angll MoXeT CHHTE3MpOBaTbCS Pa3IUYHBI-
MU (epMeHTaMH. BaXHO OTMETHTB, YTO Mpemnapathbl C
yKa3aHHBIM JICHCTBHEM TEpaneBTUUECKH 0e30MacHbl U
4acTo mpuMeHstoTcs. [lapagokcaibHo, HO, MCXONS W3
KIMHUYECKNX AaHHBIX [19], yBenmmueHue 3KcIpeccuu
ACE na oHe npriema 3THX JIEKApCTBEHHBIX MIPENapaToB
HE NPUBOAMUT K BO3PACTaHUIO BHUpYJAeHTHOCTH SARS-
CoV-2. HccnenoBanusi Bupyca MMMyHoAeduuuTra ue-
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noseka (HIV) nokasanu, 4To MOBBILICHHAS 3KCIPECCUS
HIV-cBs3niBaronux caiitoB CCRS u CD4 3amumiaer ma-
UEHTOB OT BUpyJIeHTHOCTH Bupyca. HIV u3beraer cy-
neprH(QEKIMU BO BpeMsl IIpoLecca MONaAaHus B KIETKY
nocpeacTBoM ymeHsbleHus konudectBa CCRS. [lannoe
CHIDKEHHE CrocoOCTByeT 3((PEKTUBHON peIUIMKalnK
BUpYCa U, KaK CJIC/ICTBUE, BIIMSET HA TIATOTCHETUYECKUE
MEXaHU3Mbl CHHIPOMA MIPUOOPETEHHOTO UMMYyHOAE(U-
urta. Ocraercst HesICHBIM, IPUMEHMMA JIW JJaHHAasl KOH-
uenust a1 SARS-CoV-2, ogHako, eciau KOpOHaBUPYC
UCTIOJIB3YET TaKOH JKe MEXaHU3M, IPUMEHEHHE OIoKaTo-
poB peuentopa Angll u ACEI BnonHe 000CHOBaHHO.

3aKkniouyeHue

Baxuple MyTallMOHHBIE H3MEHEHUS B TEHOME BU-
pyca SARS-CoV npuBeiu K mosBICHUIO O0JIee CUIBHO-
ro Bua SARS-CoV-2 u pazsututo nangemuu B 2020 r.
ACE2, c onHOW CTOpPOHBI, UTPAET KIIOYEBYIO POJb B
MIPOHUKHOBEHHUH BUpPYyCa B KJIETKY-X0351Ha, a C JIpyroi
CTOPOHBI, 3aIMIIAET OPraHU3M YeJIOBEKa OT TSKEIBIX
MOpaXeHUH BHYTPEHHUX OPraHOB IpPHU KOPOHABUpYC-
Hoii uHpekiyu. PazpaboTka BakIIMHBI IPOTHB BUpPYCa,
KOTOPBIN MPETEPIEBAET MHOXKECTBO MYTAallUii, OCTAeT-
Csl JVIUTENBHBIM U TPYJOEMKHUM IIPOLECCOM. 3Has POIlb
ACE2 B RAS, craHoBHUTCS BO3MOXXHBIM NPUMEHEHHUE
JIEKapCTBEHHBIX CPE/ICTB, BO3ACUCTBYIOLIMX Ha JaH-
HBII MeTabonuueckuil myTh, 1i1st gedenuss COVID-19.
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Angiotensin-converting enzyme 2.
Approaches to pathogenetic therapy of COVID-19

Polina O. Shatunova®, Anatoly S. Bykov, Oksana A. Svitich, Vitaly V. Zverev

I.M. Sechenov First Moscow State Medical University (Sechenov University), 119991, Moscow, Russia

The SARS-CoV-2 virus is a pathogen causing the coronavirus infection that culminated in a worldwide pandemic
in 2020. It belongs to B-coronaviruses and has high genetic similarity to the SARS-CoV virus that is responsible
for an outbreak of severe acute respiratory syndrome in 2002—2003. The analysis of molecular interactions shows
that SARS-CoV-2 has higher virulence due to lower binding free energy in interaction with the angiotensin-con-
verting enzyme 2 (ACE2), which is used by the virus to enter the host cell. At the time of the global coronavirus
pandemic, the thorough study of ACE2 as a key component of the disease pathogenesis comes to the fore. The
detailed study of the enzyme, which is a receptor located on the surface of different tissues and which normally
catalyzes the conversion of angiotensin Il to angiotensin (1-7), led to diverging conclusions. Being non-tissue
specific, the receptor is abundantly present in the heart, kidneys, small intestine, testes, thyroid, and adipose
tissue. Besides regulating blood pressure, it suppresses inflammation, mainly in the lung tissue, participates in
amino acid transport and maintains the activity of the gut microbiome. With all its essential positive functions, the
role of ACE2 is highly ambiguous, specifically in coronavirus infection. The influence on the renin-angiotensin
system can be seen as a promising therapeutic route in treatment of coronavirus infection. The preliminary data
on using of ACE2 inhibitors, soluble forms of ACE2, and angiotensin Il receptor blockers demonstrate their ef-
fectiveness and, consequently, improvement in symptoms and prognoses for patients with coronavirus infection.
The review presents information about ACE2 distribution in human tissues, explores its interaction with
SARS-CoV-2, provides a theoretical basis for medications involving ACE2 metabolic pathways and for using them
in treatment of coronavirus infection and its prevention.

Keywords: ACE2; angiotensin-converting enzyme 2; SARS-CoV-2; coronavirus infection, angiotensin-converting
enzyme; COVID-19; angiotensin Il receptor blockers.
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AHrnoTteHsnHnpeBpawaowmnin pepmeHr 2.
Mopxoabl K natoreHeTnyeckom tepanum COVID-19

LatyHosa M.0.%, bbikoB A.C., CButuy O.A., 3BepeB B.B.

OrAQY BO lMepsbii MITMY nm. .M. CeueHoBa MuH3gpaBa Poccunn (CeueHoBcknin YHuBepcuteT), 119991, Mockea, Poccus

BosbyamTtenem kopoHaBupycHow MHdeKLUK, KoTopas npveena K naHgemun B 2020 r., sBngercs Bupyc SARS-
CoV-2. OH oTHOCUTCS K 3-KOpOHaBUpYyCcam 1 UMEET BbICOKOE reHEeTUYecKoe cxoacTeo ¢ Bupycom SARS-CoV, Bbl-
3BaBLLMM BCHbILLKY TSXXENnoro ocTporo pecnupatopHoro cuHapomMa B 2002—2003 rr. AHanmM3 MexmMorneKynspHbIx
B3anMoAenCcTBMI NokasbiBaeT, UTo SARS-CoV-2 6onee BUpYyneHTeH BCNeaCcTBME CHUXKEHUS CBOOOAHOW aHeprum
Npun CBA3bIBAHUM C aHIMOTEH3UHNpeBpaLuatowmm depmeHTom 2 (ACE2), koTopbin ABnseTcs TpaHCnopTepom Ans
BMpYyCa B KMNeTKy-X03siMHa. B cBA3M ¢ LUMPOKMM pacnpocTpaHeHWEM KOPOHABUPYCHOWM MHAEKLUMN NO BCEMY MUPY
OCTpO BCTaeT BONpPOC 0 NoApOo6GHOM U3yYeHUN KIYEeBOro 3BeHa natoreHesa 3abonesaHuss — ACE2. [letansHoe
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n3yyeHne hepMeHTa, KOTOPbIN ABMAETCS peLenTopoM Ha MOBEPXHOCTU PasnnyHbIX TKAHEW U B HOPME OCYLLEeCT-
BMSIET NPeBpaLleHne aHrmoTeHsnHa Il B aHrmoTeHauH (1-7), NnpmBeno K HeoAHO3Ha4YHbIM BbiBoAaM. Byayyn He-
TKaHecneunduyHbIM, peLienTop LIMPOKO PacnpoCcTpaHeH B CepAaLe, NoYKax, TOHKOMN KULLIKE, ANYKaXx, LUMTOBUAHON
xenese, Xvuposou TkaHu. NMomumo npsmon GapoperynupytoLen yHKLUM OH NOAABNAET BOCNaneHue, rmaBHbIM
06pa3om B Iero4HON TKaHuW, y4acTByeT B TPaHCMOPTe aMUHOKUCIOT U MOAAEPXKUBAET XKU3HEAEATENIbHOCTb MU-
Kpobroma kuileyvHvka. Beuay CyLieCTBEHHbIX MOMOXUTENbHbLIX (OYHKLMIA CTAHOBUTCSH OYEBUMOHOW HEOAHO3HAY-
HocTb ACE2, B TOM 4ncne npu KOPOHaBMPYCHOW MHpekumu. NepcnekTnBHbIM TepaneBTUYeCKUM HanpasreHnem
Npy KOPOHaBUPYCHOW MHEKLUM MOXET OKa3aTbCsi BNUSHUE Ha PEHUH-aHTMOTEH3MHOBYIO cucTemy. MNpeasapu-
TenbHble JaHHbIE O NPUMeHeHnn nHrnbutopos ACE2, npenapaTtoB, CoaepaLlmx AaHHbIA peLenTop B LIMPKyns-
TOopHOW hopme, 1 BriokaTopoB aHrMOTEH3NHOBOTO pelenTopa Il cBuaeTenscTBYOT 06 UX 3PDEKTUBHOCTM U, KaK
cneacTsue, ynyylleHnM COCTOSIHWSA M MPOrHO30B A/151 MaLMEHTOB C KOPOHABUPYCHOW UHAEKLMEN.

B o630pe npeacTasneHa nHdopmaums o pacnpoctpaHeHnn ACE2 B pa3nnyHbIX TKaHAX Yenoseka, ero B3au-
mogenctesun ¢ SARS-CoV-2, gaHo TeopeTuyeckoe 0OOCHOBaHWE MPaKTUYECKOro MPMMEHEHUS MnpenapaTos,
CBsi3aHHbIX ¢ MeTabonunyeckum nytem ACE2, ans neyeHns n orpaHW4eHns pacnpocTpaHeHWs KOpOHaBUPYCHON
MHEKUNN.

Knroyeenie cnosa: ACE2; aHauomeH3uH-rnpespaujarouuli pepmeHm 2; SARS-CoV-2; kopoHasupycHasi UH(hek-

yusi; COVID-19; 6riokamopbl aHauOMeH3UH08020 peuenmopa Il.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHWS MPU NPOBEAEHWN Ucche-

[oBaHuA.

KoHgpnnukm uHnmepecoe. ABTOpbI AeKnapupyoT OTCYTCTBUE SIBHbIX W MOTEHLUManNbHbIX KOH(NMKTOB NHTEpEe-
COB, CBSI3aHHbIX C Nybnvkauunen HacTosLwen CTaTbu.

Ansa yumupoeaHus: WatyHosa IN.0., beikos A.C., Ceutny O.A., 3BepeB B.B. AHrnoTeHanHnpespalaoLui
depmeHT 2. Moaxoabl kK natoreHeTnyeckon Tepanum COVID-19. XKypHan mukpobuonozuu, anudemuonoauu u

ummyHobuomnozuu. 2020; 97(4): 339-344.
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Introduction

In December 2019, China reported an outbreak
of acute respiratory infection accompanied by such
symptoms as fever, dry cough, shortness of breath and
pneumonia [1]. The infection was caused by the novel
coronavirus belonging to B-coronaviruses and having
common features with the virus causing severe acute
respiratory syndrome (SARS), which was a pandemic
strain in 2002—2003. The novel virus was named coro-
navirus-2 (SARS-CoV-2) and the disease was referred
to as coronavirus infection 2019 (COVID-19). The
COVID-19 death rate tends to increase in groups of el-
derly people (over 70 years) and people with chronic
health conditions (hypertension, diabetes, cardiovascu-
lar diseases). Two of the above listed diseases are close-
ly associated with administered medications acting as
inhibitors of the receptor of the angiotensin-converting
enzyme (ACE). They are used to block the angiotensin
receptor and, consequently, to lower blood pressure.

Scientists thoroughly study pathophysiologic
mechanisms of COVID-19, the interaction of the virus
with the human lungs and heart. According to differ-
ent sources, ACE2 located on alveolar epithelial cells
serves as a co-transporter for SARS-CoV-2, helping it
enter human lungs. Therefore, ACE2 is the key to un-
derstanding the COVID-19 pathogenesis.

The review presents information about ACE2 dis-
tribution in human tissues, explores its interaction with
SARS-CoV-2, provides a theoretical basis for medica-
tions involving ACE2 metabolic pathways and for us-
ing them in treatment of COVID-19 and its prevention.
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Role of ACE2 in COVID-19 pathogenesis
SARS-CoV-2

SARS-CoV-2 is a single-stranded RNA virus
with a crown-like appearance of spike glycoproteins (S
proteins). The whole-genome sequence of the SARS-
CoV-2 virus revealed that it is 96% identical to the
SARS-like coronavirus found in bats. Besides, this vi-
rus is 79.5% identical to SARS-CoV [2], while some
encoded proteins like coronavirus main proteinase,
papain-like protease and RNA-dependent RNA poly-
merase [3] show 96% identity to SARS-CoV. Their
close relationship suggests that pathogenic mechanisms
of infection progression both in SARS-CoV and SARS-
CoV-2 are based on the same principle.

The SARS-CoV-2 virus uses the surface spike (S)
glycoprotein to enter the host cell and to mediate the
host cell and viral membrane fusion during infection.
The S-glycoprotein is a trimeric protein. It is essential
for survival of coronaviruses, as it not only acts as an
important component of the virion, but also is respon-
sible for attachment and fusion with host cell mem-
branes. In addition, the S-protein is the major surface
protein of coronaviruses; it determines the solubility
of virus particles and, consequently, contagiousness of
SARS-CoV-2.

The S-protein is composed of two subunits, S1 and
S2; the S1 subunit binds to host receptors and the S2
subunit facilitates membrane fusion [4]. The S1 subunit
contains an N-terminal (NTD) and C-terminal domains
(CTD1, CTD2 and CTD3). The receptor-binding domain
(RBD) is located in CTD1 of the SARS-CoV virus.
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The SARS-CoV-2 coronavirus is highly homolo-
gous to the SARS-CoV virus [5]. It penetrates the host
cell through interaction between the S-protein of the
virus and ACE2 of a human. However, the underlying
molecular mechanism of this relationship as well as the
evolution of SARS-CoV-2 need further study.

It was proved that the S-glycoprotein of SARS-
CoV-2 has a significantly lower free energy than
SARS-CoV [5]. This observation implies that SARS-
CoV-2 is more stable and is not as easily destroyed at
warmer temperatures, which means that SARS-CoV-2
has stronger persistence than SARS-CoV at the same
temperature.

S-protein has RBD domain that is important for
activity of the coronavirus, as it is critical for infection.
Interestingly, the RBD free energy and solvation energy
in SARS-CoV-2 are lower than in SARS-CoV. The fact
is that RBD must move away from the S-glycoprotein
and get dissolved in water in order to bind to ACE2.
In other words, SARS-CoV-2 becomes more soluble so
that it can bind to ACE2 more easily.

The lower free energy of the S-glycoprotein and
lower RBD solvation energy in SARS-CoV-2 can result
from the evolution of the virus or its adaptation to the
host organism; normally bats serve as natural reservoirs
for SARS-like coronaviruses, as their body temperature
is consistently higher than the temperature in humans [6].

RBD of SARS-CoV-2 has another distinctive
feature: It exhibits significantly higher flexibility than
RBD of SARS-CoV. In other words, it must overcome
a higher entropy penalty in order to bind to ACE2 and,
therefore, the RBD-ACE2 complex loses its stability
at higher temperatures. The latter gives hope that the
pandemic rates will go down when the weather gets
warmer.

It was found that SARS-CoV-2 can bind to the hu-
man enzyme with a higher binding affinity than SARS-
CoV. Adaptive mutations in SARS-CoV-2 as compared
to SARS-CoV can provide explanation of the higher
infection ability of SARS-CoV-2 and wide spread of
COVID-19.

ACE2: Structure and function

The human carboxypeptidase ACE2 is encoded by
the ACE?2 gene located on chromosome 22 [7]. ACE2 is
a type I transmembrane protein comprised of an extra-
cellular N-glycosylated N-terminal domain containing
a carboxypeptidase site and a short intracellular C-ter-
minal cytoplasmic tail [8]. The N-terminal peptidase
domain is also an ACE2 and SARS-CoV binding site.
There are two forms of ACE2 protein: cellular (mem-
brane-bound) and circulating (soluble). The cellular
form is a full-length protein, which is expressed abun-
dantly in pneumocytes and enterocytes of the small in-
testine.

The circulating form (with the N-terminal pepti-
dase domain) is cleaved from the cellular ACE2 form

by the ADAM17 metalloprotease and then released into
the extracellular environment [8]. On the other hand,
the interaction of ACE2 with the type I transmembrane
serine protease, TMPRSS2, helps SARS-CoV-2 enter
target cells of lung tissue and small intestine. The TM-
PRSS2-cleavage path can inhibit the ADAMI17-cleav-
age path. TMPRSS2 binds to ADAM17 to dissociate
the ADAM17-ACE2 complex. Both ADAM17 and
TMPRSS2 cleave a short C-terminal fragment from
ACE2, thus facilitating the entry of the SARS-CoV vi-
rus into the cell.

Despite the similarity between ACE and ACE?2
genes, ACE and ACE2 proteins function differently in
the human body. For example, ACE cleaves a single
amino acid from the substrate, acting as carboxypep-
tidase, while ACE2 hydrolyzes the bond between the
protein backbone and the C-terminal dipeptide. ACE
and ACE2 are key components of the renin-angiotensin
system (RAS) playing a critical role in maintaining the
homeostasis of the cardiovascular system and functions
of different organs as well as in regulating the systolic
blood pressure, fluid and electrolyte balance.

The angiotensinogen is synthesized in the liv-
er and then is cleaved by renin to form angiotensin I
(Angl), which is further converted to angiotensin II
(Angll) by ACE. Angll is a key player of RAS; it
binds to the angiotensin type I receptor (AT1R), thus
inducing contraction of bronchial smooth muscles,
proliferation of lung fibroblasts, alveolar epithelial
cell apoptosis, increased pulmonary vascular perme-
ability, and acute respiratory distress syndrome [9].
In the meantime, ACE2 acts as a counter-regulator of
the activities of the ACE—-AnglII-ATIR axis; it hydro-
lyzes Angll into Ang(1-7), which, mediating through
the Mas-receptor, causes vasodilation, a decrease in
the arterial pressure and induction of apoptosis. The
similar protective function can be observed when An-
gll binds to the Angll receptor. Besides, ACE2 can
interact with Angl and convert it to Ang(1-9), which
can be converted to Ang(1-7) with the help of ACE.
Acting as a partner for the BOAT1 amino acid trans-
porter, ACE2 participates in the intestinal absorption
of neutral amino acids [9].

ACE?2 is highly expressed in type I and II alveolar
epithelial cells, in vascular endothelial cells, and in pul-
monary smooth muscle cells [10]. The coronavirus can
enter the human body in different ways, the most com-
mon of which is the aerogenic mechanism of transmis-
sion, when the infected person develops symptoms of
severe pneumonia. On the other hand, high ACE levels
were found in the small intestine, testes, kidneys, heart,
thyroid, and adipose tissue. ACE is present in lower
concentrations in the liver, colon, bladder and adrenal
glands.

The structural modelling has demonstrated that
the ACE2-B0OAT1 complex can bind to the S-protein of
the SARS-CoV-2 virus. Thus, SARS-CoV 2 can enter
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the human body through other tissues and organs, by-
passing the respiratory tract [11]. This fact is supported
by recent studies that revealed the presence of SARS-
CoV-2 in feces of infected patients and by the disease
development without pneumonia or with other symp-
toms unrelated to the respiratory tract. Then, patients
develop gastrointestinal symptoms: diarrhea, nausea,
vomiting as well as confusion, headache and cardiac
involvement [12—14].

The ACE2 presence in testes and testicular ves-
sels suggests that males may be more susceptible to
COVID-19. Although no gender, age or race-related
differences have been found in ACE2 concentration
levels in the human body, males and older adults face
a higher risk of death than females and younger adults,
respectively. It can be explained by age and functional
characteristics of innate and adaptive immune mech-
anisms and by the ability of SARS-CoV-2 to cause a
cytokine storm, which leads to immunopathological
events in patients with coronavirus infection. Different
numbers of lung-tissue-resident immune cells fight off
infection and auto-damage differently. It was found that
in females (gender groups) and in younger adults (two
age groups of under and over 49 years), the lung-tissue
cells that expressed high levels of ACE2 were infec-
ted by SARS-CoV more easily, and there were fewer
immune cells than in the similar tissues with medium
expression of ACE2. Older people and males demon-
strate the opposite relationship — the higher expression
of ACE2 and an increasing number of immune cells in
the lung tissue. It means that if infected with SARS-
CoV and SARS-CoV-2, these people are most likely to
have auto-aggression and a cytokine storm, which can
aggravate the disease progression.

ACE2 and coronavirus infection

COVID-19 is a disease, which affects the lower
respiratory tract [15]. The anatomic pathology reports
indicated that people who died from COVID-19 had
seriously injured lungs with fibrosis and exudative le-
sions. Phlegm and exudates filled up the lower respira-
tory tract and alveoli. Compared to SARS-CoV, exuda-
tive lesions were significantly more sever, but fibrosis
was much milder in SARS-CoV-2. The segmental dil-
atation and stenosis of the small intestine in the cadav-
ers suggest the development of an infection process in
this organ. Lesions of other organs and tissues were not
found. The pathological findings obtained from other
COVID-19 victims [12] showed bilateral diffuse alveo-
lar damage with fibromyxoid exudates, desquamation
of pneumocytes and hyaline membrane formation in
the lungs.

If the immune system is not able to defeat SARS-
CoV-2, the virus will be massively replicated, will oc-
cupy cellular ACE2 and then will destroy the host cells
when released to the extracellular space. As a conse-
quence, the metabolic pathway of the angiotensin is not
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inhibited. It results in aggravation of the infection pro-
cess and development of inflammation. The cytokine
storm disrupts functioning of the respiratory tract, car-
diovascular system as well as other systems and organs.
Patients with such underlying diseases as hypertension,
coronary heart disease and diabetes are at high risk
when infected with SARS-CoV-2: With these diseases,
the metabolic pathway of angiotensin becomes redun-
dant and the coronavirus infection aggravates severely
concurrent conditions and, therefore, can induce critical
conditions and even death.

ACE?2 is a major player in many pathological and
physiological conditions. It is found that mice infected
with SARS-CoV experience a shortage of ACE2; they
have an elevated level of Angll and they develop severe
conditions of the respiratory system [16]. The absence
of ACE2, which maintains the protective function, re-
sults in RAS dysfunction and acute pathological respi-
ratory conditions. Interestingly, the protective function
of ACE2 in severe lung involvement can be observed
not only during coronavirus infection. Restoration of
the lung tissue was observed in laboratory mice, which
had massive pulmonary edema, the severest form of
hypoxia, hyaline degeneration and inflammable cellu-
lar infiltrates, when recombinant ACE2 was injected.
ACE2 also protects against excessive inflammation
when infected with the avian flu. The severity of the
disease, its progression and lethality depend directly on
the Angll level in blood plasma.

The presence of ACE2 in non-respiratory organs
has a positive impact on functioning of the related tis-
sues. Laboratory mice with endogenous deficiency
of ACE2 develop severe cardiac involvement — de-
creased contractility caused by insufficient ventricular
dilation and thinning of the left ventricular wall [9].

The concentration levels of ACE2 can increase af-
ter an ischemic stroke. It is a compensatory response
aimed at removing excessive amounts of Ang (1-7) and
at providing protective effects by balancing Angll.

ACE2 participates in pathological processes in re-
nal tissue, though the exact mechanism is not obvious.
Mice with ACE2 deficiency develop glomeruloscle-
rosis and albuminuria [17]. Decreased concentration
levels of ACE2 cause imbalance of Angll, which par-
ticipates in inflammation of kidneys and fibrosis, thus
explaining, though partially, the reasons for progressing
renal disease.

An important non-peptidase function of ACE2 is
its participation in transportation of amino acids through
the wall of the small intestine. One of such amino ac-
ids is tryptophan regulating secretion of antimicrobial
peptides, which have an impact on the intestinal micro-
biome composition. The latter can offer explanation to
development of colitis in mice with ACE2 deficiency;
the mice have disruption in the tryptophan transport;
the disruption causes its deficiency, which leads to dys-
biosis and inflammation.
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Despite intensive therapy, the death rates from
COVID-19 remain high. Creation of a vaccine is a time
and labor-consuming process. Besides, SARS-CoV-2
tends to mutate in every replication cycle. It substan-
tially complicates the development of a vaccine and
even may make it useless. Theoretically, medications
regulating the RAS imbalance can be used for other
purposes. For example, they can be used to block the
SARS-CoV-2 and ACE2 binding site; ACE2 can be
used in a soluble form to inhibit the viral entry into the
cell by binding to the RBD of the virus. Furthermore,
ACE2 can subdue development of pathological chan-
ges by participating in different protective metabolic
pathways.

The type Il transmembrane serine protease, TM-
PRSS2, plays a key role in the cellular entry of SARS-
CoV-2 and dysfunction of ACE2; therefore, if this en-
zyme is blocked, it may help prevent severe critical
complications of COVID-19. It is found that the inhibi-
tor camostat mesylate TMPRSS2 can partially block the
TMPRSS2-ACE2-mediated entry of SARS-CoV-2 into
the cell [18]. At the same time, the nafamostat mesylate,
which inhibits the membrane fusion of the host cell and
SARS-CoV-2, demonstrates ten times higher efficiency
than camostat mesylate. Both camostat mesylate and
nafamostat mesylate are clinically safe and, therefore,
can be used for COVID-19 treatment in clinical practi-
ces. Nafamostat mesylate has another property — it can
block the proteolysis of fibrinogen into fibrin. Corona-
virus infection can cause increased D-dimer levels in
bold serum. D-dimer is a fibrin degradation product and
its concentration exceeding 1 mg/ml is associated with
high risk of death for COVID-19 patients. Thus, nafa-
mostat mesylate is potentially a product of dual action:
It not only blocks the entry of SARS-CoV-2 into the
cell, but also prevents thrombosis and disseminated in-
travascular coagulation. Clinical trials of this product
intended for coronavirus infection treatment started in
Japan in March 2020.

ACE inhibitors, Angll receptor blockers, agonists
of Angll or Mas receptors may help fix impairments
in RAS. Angll receptor blockers gain trust due to their
proven symptomatic relief in case of pulmonary tissue
injury caused by SARS and the avian influenza virus.
It is expected that blocking of Angl receptors with the
help of Angll receptor blocker will be more reliable
than using ACE inhibitors, as Angll can be synthetized
by different enzymes. It should be noted that the above
products are clinically safe and commonly used. Par-
adoxically, based on clinical data [19], the increased
ACE expression during treatment with the above medi-
cations does not cause any increase in the SARS-CoV-2
virulence. Studies of the human immunodeficiency
virus (HIV) showed that the increased expression of
HIV-binding CCR5 and CD4 sites protects patients
against the virus virulence. HIV avoids superinfection
during its entry into the cell by reducing the amounts

of CCRS5. Such reduction facilitates efficient replication
of the virus and, consequently, affects the pathological
mechanisms of the acquired immune deficiency syn-
drome. It remains unclear whether this concept can be
applied to SARS-CoV-2; however, if the coronavirus
uses the similar mechanism, application of Angll re-
ceptor blockers and ACEI is well-reasoned.

Conclusion

Significant mutation changes in the SARS-CoV
virus genome resulted in emergence of a stronger
type, SARS-CoV-2, and caused a global pandemic in
2020. On the one hand, ACE2 plays a key role in the
viral entry into the host cell; on the other hand, it pro-
tects the human body from severe damage that may
me caused to internal organs by coronavirus infec-
tion. The development of a vaccine against the virus
that undergoes numerous mutations is a labor-inten-
sive and time-consuming process. Being aware of the
ACE2 role in RAS, it is possible to use medications
that can affect this metabolic pathway during treat-
ment of COVID-19.

JUTEPATYPA/REFERENCES

1. WuF,, Zhao S., Yu B., Chen Y.M., Wang W., Song Z.G., et al. A
new coronavirus associated with human respiratory disease in
China. Nature. 2020; 579(7798): 265-9.

DOI: http://doi.org/10.1038/541586-020-2008-3

2. Zhou P, Yang X.L., Wang X.G., Hu B., Zhang L., Zhang W., et
al. A pneumonia outbreak associated with a new coronavirus of
probable bat origin. Nature. 2020; 579(7798): 270-3.

DOI: http://doi.org/10.1038/s41586-020-2012-7

3. Morse J.S., Lalonde T., Xu S., Liu W.R. Learning from the past:
possible urgent prevention and treatment options for severe
acute respiratory infections caused by 2019-nCoV. Chembio-
chem. 2020; 21(5): 730-8.

DOI: http://doi.org/10.1002/cbic.202000047

4. Song W., Gui M., Wang X., Xiang Y. Cryo-EM structure of the
SARS coronavirus spike glycoprotein in complex with its host
cell receptor ACE2. PLoS Pathog. 2018; 14(8): €1007236.
DOI: http://doi.org/10.1371/journal.ppat.1007236

5. He J., Tao H., Yan Y., Huang S.Y., Xiao Y. Molecular Mecha-
nism of Evolution and Human Infection with SARS-CoV-2. Vi-
ruses. 2020; 12(4): 428. DOL: http://doi.org/10.3390/v12040428

6. Banerjee A., Kulcsar K., Misra V., Frieman M., Mossman K.
Bats and coronaviruses. Viruses. 2019; 11(1): 41.

DOI: http://doi.org/10.3390/v11010041

7. Tipnis S.R., Hooper N.M., Hyde R., Karran E., Christie G.,
Turner A.J. A human homolog of angiotensinconverting en-
zyme. Cloning and functional expression as a captopril-insensi-
tive carboxypeptidase. J. Biol. Chem. 2000; 275(43): 33238-43.
DOI: http://doi.org/10.1074/jbc.M002615200

8. Lambert D.W., Yarski M., Warner F.J., Thornhill P., Parkin E.T.,
Smith A.IL, et al. Tumor necrosis factor-alpha convertase (AD-
AM17) mediates regulated ectodomain shedding of the severe-
acute respiratory syndrome-coronavirus (SARS-CoV) receptor,
angiotensin-converting enzyme-2 (ACE2). J. Biol. Chem. 2005;
280(34): 30113-9.

DOI: http://doi.org/10.1074/jbc.M505111200

9. Hamming 1., Cooper M.E., Haagmans B.L., Hooper N.M.,
Korstanje R., Osterhaus A.D., et al. The emerging role of ACE2
in physiology and disease. J. Pathol. 2007; 212(1): 1-11.

DOIL: http://doi.org/10.1002/path.2162

343



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2020; 97(4)

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-6

10. Li MY, Li L., Zhang Y., Wang X.S. Expression of the SARS-
CoV-2 cell receptor gene ACE2 in a wide variety of human tis-
sues. Infect. Dis. Poverty. 2020; 9(1): 45.

DOI: http://doi.org/10.1186/s40249-020-00662-x

11. Li W., Moore M.J., Vasilieva N., SuiJ., Wong S.K., Berne M.A.,
et al. Angiotensin-converting enzyme 2 is a functional recep-
tor for the SARS coronavirus. Nature. 2003; 426(6965): 450-4.
DOI: http://doi.org/10.1007/s00018-004-4242-5

12. Huang C., Wang Y., Li X., Ren L., Zhao J., Hu Y., et al. Clini-
cal features of patients infected with 2019 novel coronavirus in
Wauhan, China. Lancet. 2020; 395(10223): 497-506.

DOI: http://doi.org/10.1016/S0140-6736(20)30183-5

13. Chen N., Zhou M., Dong X., QuJ., Gong F., Han Y., et al. Epi-
demiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a descriptive
study. Lancet. 2020; 395(10223): 507-13.

DOI: http://doi.org/10.1016/S0140-6736(20)30211-7

14. Holshue M.L., DeBolt C., Lindquist S., Lofy K.H., Wiesman J.,
Bruce H., et al. First case of 2019 novel coronavirus in the Uni-
ted States. N. Engl. J. Med. 2020; 382(10): 929-36.

DOI: http://doi.org/10.1056/NEJM0a2001191

Information about the authors:

Polina O. Shatunova®™ — student, |.M. Sechenov First Moscow
State Medical University (Sechenov University), 119991, Moscow,
Russia.

ORCID ID: https://orcid.org/0000-0001-7478-8783.

E-mail: ppolite@mail.ru

Anatoly S. Bykov — D. Sci. (Med.), Prof., Department of
Microbiology, Virology and Immunology, .M. Sechenov First
Moscow State Medical University (Sechenov University), 119991,
Moscow, Russia.

ORCID ID: https://orcid.org/0000-0002-8099-6201.

Oksana A. Svitich — D. Sci. (Med.), Corresponding Member of
RAS, Prof., Department of Microbiology, Virology and Immunology,
I.M. Sechenov First Moscow State Medical University (Sechenov
University), 119991, Moscow, Russia.

ORCID ID: https://orcid.org/0000-0003-1757-8389.

Vitaly V. Zverev — D. Sci. (Biol.), Full Member of RAS, Head,
Department of Microbiology, Virology and Immunology,

I.M. Sechenov First Moscow State Medical University
(Sechenov University), 119991, Moscow, Russia.

ORCID ID: https://orcid.org/0000-0001-5808-2246.

Contribution: the authors contributed equally to this article.

344

REVIEWS

15. Yan T., Xiao R., Lin G. Angiotensin-converting enzyme 2 in se-
vere acute respiratory syndrome coronavirus and SARS-CoV-2:
A double-edged sword? FASEB J. 2020; 34(5): 6017-26.
DOI: http://doi.org/10.1096/1].202000782

16. Kuba K., Imai Y., Rao S., Gao H., Guo F., Guan B., et al. A cru-
cial role of angiotensin converting enzyme 2 (ACE2) in SARS
coronavirus-induced lung injury. Nat. Med. 2005; 11(8): 875-9.
DOT: http://doi.org/10.1038/nm1267

17. Ye M., Wysocki J., William J., Soler M.J., Cokic 1., Batlle D.
Glomerular localization and expression of Angiotensin-conver-
ting enzyme 2 and Angiotensin-converting enzyme: implica-
tions for albuminuria in diabetes. J. Am. Soc. Nephrol. 2006;
17(11): 3067-75. DOL: http://doi.org/10.1681/ASN.2006050423

18. Xiao L., Sakagami H., Miwa N. ACE2: The key molecule for
understanding the pathophysiology of severe and critical condi-
tions of COVID-19: demon or angel? Viruses. 2020; 12(5): 491.
DOI: http://doi.org/10.3390/v12050491

19. Rico-Mesa J.S., White A., Anderson A.S. Outcomes in patients
with COVID-19 infection taking ACEI/ARB. Curr. Cardiol.
Rep. 2020; 22(5): 31.
DOTI: http://doi.org/10.1007/s11886-020-01291-4

UHgopmayus 06 aemopax:

LliamyHoea lMonuHa OnezoeHa™ — ctyneHT ®FAQY BO Mepsbin
MIMY um. .M. CeyeHosa MuHaapasa Poccumn (CeveHoBckui
YuusepcuteT), 119991, Mocksa, Poccus.

ORCID ID: https://orcid.org/0000-0001-7478-8783.

E-mail: ppolite@mail.ru

Bbbikoe AHamornutl Cepeeesuy — O.M.H., npod. kad.
Mukpobronorum, Bupyconorun n nmmyHonorun ®raQy BO [epsbin
MIMY unm. .M. CeuveHoBa MuH3gpaBa Poccum (CedeHoBCckum
YuusepcuteT), 119991, Mocksa, Poccus.

ORCID ID: https://orcid.org/0000-0002-8099-6201.

Ceumuy OkcaHa AHamorbeeHa — [,.M.H., YNeH-KOppeCnoHAEHT
PAH, npod. kac. Myukpoburonoruu, BUpyconorum u UMMyHosormm
®rAQY BO lMepsbii MTMY um. N.M. CeueHoBa Munaapasa Poccun
(CeueHoBckuin YHnsepceuteT), 119991, Mocksa, Poccusi.

ORCID ID: https://orcid.org/0000-0003-1757-8389.

3eepes Bumanuti Bacunbesu4y — f.6.H., akagemuk PAH, 3aB. kad.
Mukpobuonorum, supyconorun n ummyHonorun ®rAQy BO [lepsbin
MIMY um. U.M. CeueHoBa MuH3gpasa Poccumn (CeveHoBckui
YHusepcutert), 119991, Mocksa, Poccus.

ORCID ID: https://orcid.org/0000-0001-5808-2246.

Yyacmue aemopoes. BCe aBTOpPbI caenanu 9KBMBAsEHTHbIV BKNag B
noaroToBKy ny6nv||<au|/||/|.



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2020; 97(4)
DOI: https://doi.org/10.36233/0372-9311-2020-97-4-7

© Muxainosa H.A., BoesoaunH [1.A., Nlasapes C.A., 2020

REVIEWS

W) Check for updates

CoBpeMeHHble NpeAcTaBleHNA O NPO-/3yKapuoTUYeCcKnX
B3aMMOAeCTBMAX OpraHN3Ma Ye/loBeKa — OCHOBa CO3aHuA
HOBOIO NOKOJIeHNA NPOGMOTNYECKNX NpenapaToB

Muxainosa H.A., BoesoguH [.A.”, Nlasapes C.A.

OIBHY «HayuHo-uccnenoBaTenbCKMM MHCTUTYT BakUUH U CbIBOPOTOK UM. U.W. MeuHunkoBa», 105064, Mockea, Poccusa

MHOrokneTo4Hble OpraHn3Mbl B COBOKYMHOCTU C CanpodUTHON rioport hopMmpYIOT CrOXHbIE, ryBoko MHTe-
rPMpOBaHHbIE XMMEPHbIE CUCTEMbI (accounaTvBHbIE CUMOMO3bl, METAaopraHM3Mbl) C BblpaXKEHHbIM B3aUMHbIM
BMUSHMEM MPO- U 3YKapUOTUYECKOro KOMMNOHEHTOB. CnocobHocTb MukpoopraHuamoB (MO) k cumbrnoTnyeckomy
B3anMOAeNCTBUIO POPMUPYETCH TOMBKO B YCIOBMAX LIENIOCTHOrO OpraHnsma.

Mpu ANMTENbHOM BbipalLMBaHUM Ha UCKYCCTBEHHBIX cpefax cumbuotuyeckne MO, aganTupysich K cyLlecTBOBa-
HMIO B UCKYCCTBEHHbIX YCIOBUSIX, MOCTENEHHO M 06paTUMO yTpaumBaloT CocOBHOCTbL K accoLuMaTuBHOMY B3au-
MOOENCTBMIO C OPraHN3MOM YeroBeKa, YTO MPUBOAMT K CHDKEHUIO TepaneBTUYecKon adhpekTMBHOCTU Npodmo-
TUYECKMNX NPenapartoB, MPUrOTOBIEHHbIX HA UX OCHOBE. [1Ns NOBbILLEHUS TepaneBTUYECKON aKTUBHOCTM Npobuo-
Tnyecknx MO Heobxoanma ux dyHKUMOHanbHas peabunuraums.

Mpw pa3BuTMM NaTONOrMYECcKoro npouecca CKrnagbiBaroTcs NPeanochinkn MOpMMPOBaAHUSA BTOPUYHOTO OOMEH-
Horo Ancbuosa, BCNeacTBUE 3TOMO U3MEHEHUS PErYNATOPHBLIX NMPOLECCOB CaMoOro MHAVBMAA CTaHOBSITCS Mpe-
NSATCTBUEM [N BOCCTaHOBMNEHUSI HOpMarnbHOW MUKpodnopbl. [oatomy dyHKUMOHanbHast peabunuraums npo-
6uotuyeckmx MO gomkHa NpoBOAUTLCH Ha dTane KynbTUBMPOBAaHMWSA, a NMPOLECC KyNbTUBMPOBAHWSA OOMMKEH B
HeobXxoauMoN CTeneHn BOCNPON3BOAUTL YCINOBUS LLENOCTHOIO opraH13ma.

KnroueBble cnoBa: npobuomuku; peaynsimopHsie nenmuodsbi; 6enkoasil audponusam; ucbuo3; KOpPEeKYUs.

UcmoyHuk ¢huHaHcupoeaHus. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUMU (PMHAHCUMPOBaHWS NPU NPOBEAEHUM UCCTe-
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Multicellular organisms and the saprophytic flora form complex, highly integrated chimeric systems (associative
symbioses, metaorganisms) characterized by interplay between pro- and eukaryotic components. To be able to
interact symbiotically microorganisms (MO) need a whole body.

When grown on artificial media for a long time, symbiotic MO have to adapt to the artificial environment and
gradually, though reversibly, lose their ability of associative interaction with the human body, thus causing a
decrease in the therapeutic efficacy of MO-derived probiotic products. To increase the therapeutic activity of
probiotic MO, they must be functionally rehabilitated.

A pathological process induces development of a secondary metabolic dysbiosis; as a result, changes in the
regulatory processes of an individual interfere with the restoration of the normal microflora. Therefore, functional
rehabilitation of probiotic MO must take place during cultivation, while the cultivation process must replicate the
whole-body conditions.

Keywords: probiotics; regulatory peptides; protein hydrolysate; dysbiosis; correction.

Acknowledgments. The study had no sponsorship.

Conflict of interest. The authors declare no apparent or potential conflicts of interest related to the publication
of this article.



*KYPHAJ1 MUKPOBNONOTUW, SNMNAEMMNONOTUUA N UMMYHOBWUOJTOTUN. 2020; 97(4)

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-7

OB30PbI

For citation: Mikhailova N.A., Voevodin D.A., Lazarev S.A. [A modern view of pro-/eukaryote interactions
in the human body as the basis for development of next-generation probiotics]. Journal of microbiology,
epidemiology and immunobiology = Zhurnal mikrobiologii, épidemiologii i immunobiologii. 2020; 97(4):

346-355. (In Russ.).

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-7

BeBepeHune

YesnoBek SBISETCS MHOTOKJIETOUYHBIM 3YKapHO-
TOM, KOTOPBI COPMHUPOBAJICS B MUPE OaKTepuH, Cy-
LIECTBOBABLIMX 3aJI0JIT0 O €ro nossieHus. duiore-
HETHYECKH SBOJIOLMOHUPYIOIAS MMMYHHAs CHCTEMa
CTaJIKMBaJlaCh C OakTepUalbHBIMH CHTHAJaMH COTHH
MUJIJTHOHOB JIET, MIPHUCIIOCca0iuBagach pearupoBaTh Ha
HUX, T03TOMY (POpPMHUpPOBAaHUE U KOPPEKLHS CTPYKTYPBI
CUMOUOTUYECKONH MUKPOOUOTHI B HACTOSIIICE BPEMS aK-
THUBHO U3Y4aeTCsl.

HecMmotpst Ha oOuinne u MHOrooOpasue uHGOp-
Maluy 1Mo (OpMHUPOBAHUIO M KOPPEKLIUHU CTPYKTYPHI
CUMOMOTHYECKOH MHKPOOHOTHI, paOOTHI, TPOBOJMMEIC
B 3TOM 00JIaCTH, HOCST pa3po3HeHHbIN Xxapakrep. C of-
HOW CTOpPOHBI, 3TO CBHIETEIBCTBYET O TOM, YTO MJIS
OOJILIIMHCTBA aBTOPOB BOCHPUSATHE MPOOIEMbI HE BBI-
LIJIO 32 PaMKH NIEPBOHAYAILHOTO HaKoIIeHus MH)Op-
MalUu C OUEHKOM JaHHBIX C MO3WLMA TPagULMOHHO
YIOPOLIEHHBIX («UH(EKIUOHHBIX», aHTaroHUCTUYe-
ckux) npencrasnenuii. C qpyroit — pa3zHooOpasue 00-
CY)KIaeMbIX «IHCOMO3aCCOLMUPOBAHHBIX» MaTOIOTHU-
YECKUX COCTOSHUI MOJHUMAET BOIPOC 00 oOIienaro-
JIOTHYECKOM 3HAYCHUU CUMOMOTHYECKON MUKPOOMOTHI
B (popmupoBaHuK 3a0071€BAEMOCTH Y YeNIOBEKA U POIIU
KOppEeKIUH A1CcOM03a B KOMIUIEKCHON TEpaIuH.

OpnHako npu3HaHKWE BKHOW ponu qucOro3a B pas-
BUTHH TIATOJIOTMYECKUX COCTOSHHH Y UYEJIOBEKa Camo
o cebe elle He pemaeT HUKakux npooiem. [lo Harmre-
MY MHEHUIO, IEPBONPUYUHON CIIOKUBILIEHCS ITPOTUBO-
PEUYMBOI CUTYalMU SBISIOTCS YIPOIIEHHBIE (MCKaKEeH-
HbIE) MPEACTABICHNS O B3aUMOJEHCTBUHU COOCTBEHHO
OpraHu3Ma X03sMHa ¥ ero MUKpOOHOTHI C pa3ieieHueM
€IMHON MPO-/3yKaPHOTUYECKOH CHUCTEMBI IEJIOCTHOTO
OpraHu3Ma Ha JiBa epcoOHU(UIMPOBaHHBIX, YACTO aH-
TarOHUCTHYHBIX CYyOBEKTa.

DOopMUPOBAHKE ANEKBATHBIX IIPEIACTABICHUM O
MPO-/3yKapHOTUYECKUX B3aUMOJICHCTBUSIX SIBISETCS
BAYKHOM IIPAKTUYECKOM 33/1a4€i HACTOSIILETO0 MOMEHTA,
MO3BOJIUT BBISIBUTH POJIb MHKPOOHOTHI Cpely MPUYNH
U MEXaHW3MOB Pa3BUTHUS MATOJIOTHUECKOTO COCTOSIHUS,
HAMETUTh KOMIUIEKC BO3MOXKHBIX TEpaleBTUYECKUX
MOAXOOB C ONpe/eNeHueM HEeOOXOAUMBIX XapaKTepu-
CTHK JIEKAPCTBEHHBIX CPE/ICTB, CIIOCO00B UX MPOU3BO/I-
CTBa U IPUMEHCHUSI.

BnuaHue perynatopHbIX NpoLEeCccoB X03ANHA
Ha CTPYKTYPHO-PYyHKLMOHaNbHOEe COCTOsIHNE
CcMMObuoTnYeCcKon MUKpodnopbl

[epBbiii mar k 00oO0IIAOIIEMY B3Iy HA MPO-
O1eMy Mpo-/9yKapHOTHYECKUX B3aHUMOICHCTBUII Op-
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rauu3ma yenoBeka ciaenaH akan. O.B. byxapuseMm c
coaBT. [1], mpPeAToKUBIIUMU KOHIICTIIIMIO «aCCOIUa-
tuBHOrO0 cumbuosza» (AC). «AC mpencrariser coboit
MHOTOKOMITOHEHTHYIO MHTETPaJIbHYI0 CHUCTEMY, BKJIIO-
Yalollyl0 X035 MHAa B KauecTBE MaKpoIapTHepa, CTa-
OWJIbHBINM JOMUHAHTHBIH MUKPOCUMOUOHT M aCCOLMU-
POBaHHbIE MUKPOCHUMOHMOHTHI C pa3HOHANPaBICHHBIMU
BO3/EHCTBUSAMH, ONpenesaiomMy  (HOPMHPOBAHHE,
CcTaOWJIBHOCTh CYIIECTBOBAHHS U HPOAYKTUBHOCTb
cumbuo3a B renom» [1]. Konnenmus AC moctynupy-
€T TEeCHYIO B3aUMOCBA3b MEXAY MHUKpPO- U MaKpOCHM-
OunoHTamu 0e3 JOCTAaTOYHOH JeTalu3alny, 4To 3aTpyl-
HSIET €€ MOJHOLEHHOE MPAKTUYECKOE HCIIOIb30BaHHE.

Pacmupsis u xonkperusupys nonoxenus AC, HO
y)K€ C Y4YeTOM JIMHAMHYECKHX MpeBpalleHui, KOTo-
PBIM TO/IBEP)KEHBI KaK MPOKAPHOTHYECKHE, TaK U Y-
KapHOTUYECKUE AIIEMEHTBI CUCTEMBI, OBLIO MPEAIONKe-
HO TOJOXEHHE O MPO-/SyKaAPHOTUYECKOM XHMEpPU3ME
opraHu3ma uenoBeka. «BszanmMHoe QyHKUMOHATIBHOE
MIPOHUKHOBEHHE CUCTEM IIUTOKMHOB U QS-Menuaropos
MO3BOJISIET PaccMaTpUBaTh MUKPOOHOIIEHO3 Kak 3KC-
TPaKopnopajgbHyl0, IUTOKMHONOA00HYI0, HETeHEeTHYe-
CKU HaclIeyeMYIO PerylIiTOPHYIO CUCTEMY OpraHH3Ma
HOCHUTEJIS], a HENIOCTHBIN OPraHU3M YeJIOBEKa Kak mpo-/
9YKapUOTHUECKYIO XUMEpY, MPHOIIKas, [0 CyTH, Me-
TOABI OaKTEpHOTEpaluk K METoJaM IIMTOKMHOBOU U
KJIETOYHOU Tepanumny» [2].

Hdannoe monoxenue cGOpMYIHMpPOBAaHO Ha OC-
HOBE OIBITa KJIMHUYECKOTO MCIIOJIb30BAaHU IIpera-
paroB MPOOMOTHKOB M HUTOKMHOB, MOATBEPAMBIIETO
CXOXKHH, B3aUMOIIOTEHUUPYIOLUN PE3yabTaT IpU Te-
paneBTUYECKOM IPUMEHEHUH 3TUX mpemnaparos [3].
B nocnenyromemM npuBeneHHOE MONOKEHUE MOTYIHIIO
npsMoe monaTBepxkaeHue. B cepun pabor [4—7] Obuia
MIPOIEMOHCTPUPOBaHa CIIOCOOHOCTh MHUKPOOpPTaHH3-
MoB (MO) npoayuupoBaTh HIMPOKUI CIIEKTP IIUTOKHU-
HOITOJIOOHBIX MEIUAaTOPOB B KOJIMYECTBAX, COIMOCTa-
BUMBIX C MpPOAYKLUHEH IIUTOKUHOB KJIETKaMU KpPOBH
yenoBeka. J{o0aBieHUE B KyJIBTYpaJlbHYIO cpeny Oak-
TEepUl CUHTETHUYECKOTO aHaJora rpaHyJoLUuTapHO-Ma-
Kpo(haraJpbHOTO KOJIOHHECTUMYIHpYIOUIEro (axkropa
CTHUMYJIMPOBAIO  MPOAYKLIUIO  LUTOKWHOMOZOOHBIX
areHToB MO [7]. ABTOPBI UCIIONB3YIOT TEPMHUH «IIUTO-
KUHOIIOJIOOHBIE areHThD», MOCKOJIBbKY UX CTPYKTypHas
WJEHTUYHOCTh IIUTOKMHAM HE YCTAHOBJIEHA, OJHAKO
ONpesieNIeHHe BO3MOXHO C TOMOUIbIO CTaHJAPTHBIX
TECT-CUCTEM, NPEIHA3HAYEHHBIX JIJIsl ONPEAeIeHUs IH-
TOKHHOB.

BrLsiBeHHBIE 00CTOATENBCTBA HE TONBKO PACIIU-
PSIOT HAIK TPEACTABICHHS O MPO-/3yKapUOTHYECKUX
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B3aMMOOTHOLICHUSX B LIEJIOCTHOM OpraHu3Me U O0b-
SCHSIIOT MHOTroOOpasue TepaneBTHYecKuX 3(QPEeKToB
MPOOHOTUKOB, HO U MMEIOT, KaK HaM KaXeTcs, 0O0Jib-
I0€ MPAKTUIECKOE 3HAYCHUE TIPU pa3paboTKe mpooHo-
THYECKUX TMpernaparoB, oOyCJIOBINBas BO3MOXKHOCTh
¥ HE0OXOIUMOCTh MOIYJIMPOBAHUS (PYHKIIMOHAILHOM
AKTUBHOCTH NPOOHOTHYECKUX CBOMCTB.

C 000O0IICHHBIX TO3MIUN IICIOCTHBIN OpraHu3M
YyeJoBeKa MOXKHO paccMaTpuBaTh Kak (yHKIHMOHAIIb-
HyI0 XuUMepy (110 MPUHATON B 3alaJHOM JIMTEpaType
TEPMHUHOJIOTHH — «METAOPTaHU3M»), COCTOALIYIO U3
JBYX IO CYTH PaBHOLIEHHBIX IOJICUCTEM, OpPraHU30-
BaHHBIX IO CXO)KEMY NPUHIMITY (ayTO-/IapaKpUHHAs
ceTeBasi Peryisiius Ha YPOBHE MEKKIICTOYHBIX U MEXK-
OaKkTepuaNbHBIX B3aMMOJCHCTBUI) W OOJAJArOIIUX
CXOXKUM <«SI3BIKOM» KOMMYHHKAIMH, C HEU30EKHBIM H
3aKOHOMEPHBIM 3a CYET CTPYKTYpHO-(YHKIHOHAIb-
HOTO ((DMIIOTeHETHYECKOTr0) POACTBA MEPEKPECTHHIM
B3aumoaencTeueM. MI3MeHeHus B OJHOU U3 IIOJACUCTEM
Hen30€KHO MOPOXKAAIOT U3MEHEHHS B APYIOM, 4TO Ja-
€T TpaBO TOBOPUTH O HAJIMYHMU B OpPraHU3Me YeJoBe-
Ka €VMHOU JABYHAIIPABJICHHON PEryISITOPHOU CUCTEMBI
MUKPOOHOLIEHO3—IUTOKHUHBI-TOpMOHBI (MLII).

Hanpumep, aucbananc MUKpOOMOTHI paccMaTpu-
BaeTCs KaK MPUUMHA WIIH Ipeapacionaralomuii gpakrop
caxapHoro nuabera 1-ro tuna (C1) n merabomuue-
CKOTO CHHJpoMa (0XKHpEHHE, aTepOCKIIepO3, TUIepPTOo-
HUsI, caxapHbIi quadet 2-ro Tumna) [8], a HeAOCTaTOYHO
KOHTPOJIpyeMas TOPMOHOTEPAITUs — KaK MaTOoreHeTH-
yeckuid (pakTop BTOPHUYHOTO TOPMOHOOYCIOBICHHOTO
aucouosa [9].

VYuactue peryiaropHoi cucremsl MII' mupoko
NPOSIBIISICTCS B KIIMHUYECKOW MPAKTUKE, B IIEPETIOMHEIE
MOMEHTBI OHTOT'€HE3a, IIPU FTOPMOHAIILHOM IEpeCTpoil-
Ke, CBSI3aHHOW ¢ OEpEeMEHHOCTBIO: CTPECC C Pa3BUTH-
€M MOCTCTPECCOPHOTO AUCOMO03a U MOCTCTPECCOPHOTO
CHUHIpOMA, TUCOM03 OepeMEHHBIX C Pa3BUTHEM OCIIOXK-
HEHHOW OepeMEHHOCTH, IMCOMO03 TIOKUIIOTO BO3pacTa
C pPa3BUTHEM BO3PACTHOM MATOJOTHH, HETATUBHBIE HIIH
MO3UTUBHBIE U3MEHEHHsI IPU MOJOBOM CO3PEBAaHHMU B
MOJPOCTKOBOM Bo3pacte. IIponecc 3amyckaercs ecre-
CTBCHHBIMH HM3MEHEHUSMH TOPMOHAIBHOTO (OoHA Ma-
KpomnapTHepa, HO KIWHUYECKHUE W3MEHEHHUs! 00yCiIoB-
JICHBI TIEPECTPOHKAaMH B CHCTEME MHUKPOCHMOUOHTOB.
«/3MeHeHus: cocTaBa HOPMAaJIbHOW MHUKPOQIOPHI, Ha-
PYLICHHUS] CUCTEMBl IMMYHHUTETA U CUMIITOMBI 3a00J1e-
BaHHA JOJDKHBI PacCMaTpUBATHCS B MX COYETaHHH...,
TaK KakK BEAYIIYIO pOjb UTPAeT COCTOSTHUE UMMYHOJIO-
THYECKOM PEaKTUBHOCTH MAaKpOOPTaHU3Ma, a He BUPY-
JICHTHOCTh BO30ymuTess» [10].

Onnako momoOHas peakuusi pa3BUBAaeTCS HE Y
BCEX, & HETaTUBHBIM WJIM MO3UTHUBHBIN CLIEHApUH Tpe-
JOMpeAessieTesl 3aJ0JIr0 O KIMHMYECKOH MaHudecta-
UM U CBSA3aH ¢ (JOpMHUPOBAHHMEM MHUKPOOHOLIEHO3a B
NepUHATAIbHOM BO3pacTe (MepUHATalIbHOE IMporpam-
MUPOBaHUE), TPOUCXOASIIMM O/ BIMSHUEM MaTepHH-
ckoii mukpoduiopsr [11]. Tlo Hamemy MHEHUIO, aKTH-

348

REVIEWS

BalMsl pOCTa yCIOBHO-NATOTeHHON ()IOpHI, COMPSKEH-
Has ¢ MaHu(ecTanuei 3a00JIeBaHUs U ONPECIISIONIas
€ro pa3BHUTHE, SIBISETCS PE3yJAbTaTOM HEWPO-IUTOKHU-
HO-TOPMOHAJIBHBIX U3MEHEHHH, MPOUCXOISAIIUX B yC-
JOBUSIX cTpecca (B TOM 4HCiIe MH()EKIMOHHOTO) WU
€CTECTBEHHOTO M3MEHEHHs TOPMOHAIILHOTO CTaTyca
(6epeMeHHOCTb, CTapeHHeE, MTOJIOBOE CO3PEBAHMUE), C aK-
TUBALIMEH YCIOBHO MaTOTeHHOH (IIOPHI KaK JeTPECCUB-
HOTO (10 MOPBI CKPBITOTO) KOMIIOHEHTa MUKPOOHOILIe-
HO3a, cPOPMHUPOBABLIETOCS, OJJHAKO, B IEPUHATAIILHOM
Bo3pacte. OTCloma HereHeTHUYecKass HacleayeMOCTh
(T.e. KOHTaKTHas Mepenaya OT MaTepu) MPEAPaCIONo-
KEHHOCTH K IATOJIOTHYECKOMY IIpOIIecCy, «IIpOrpaM-
MHUpPYEMBIE» B MJIaJIeHYECTBE MPEAIOCHIIKH NaTOI0TUU
3pesoro Bo3pacTa.

TecHast 3aBUCHMOCTb MUKPOOHOTHI OT OOMEHHBIX
MIPOIIECCOB HOCUTEIS ITO3BOJISIET UCTIOIB30BATH HEOXKHU-
JaHHBIC, HA TIEPBBIN B3IVIsI, HOAXObI B TEPAITHH H IIPO-
¢unakTrke HHPEKIUOHHO-BOCHAINTEIbHBIX 3a00J1eBa-
Hui. Harpumep, nprMeHeHHe TECTOCTEPOHA B TEPAIIUU
MPOCTaTUTa TIO3BOJISIET BOCCTAHOBUTH MHUKPOQIOPY
MOYETIONOBOH c(epbl U KyHPOBaTh BOCMIAIUTEILHBIE
MPOSIBIICHUsT 0€3 HCIIONIb30BaHMUsI aHTUOMOTHKOB [12],
WIH IPUMEHEHHE CHHTETHYECKOTO aHaJIora MpUpoIHO-
ro IMMYHOMOZYJISATOpa U aganTtoreHa taguuna («Ce-
JaHK») 11l TPO(UITAKTUKY MOCTCTPECCOPHBIX, B TOM
yuclie auconoTudeckux [13], HapyuieHwmi.

Monenn 0OMEHHBIX (TOPMOHOOYCIIOBJICHHBIX )
J1COMO030B OCOOCHHO MOAYEPKUBAIOT 3HAUUMYIO POJIb
PETYIATOPHBIX MPOLECCOB X035MHA B (YOPMHUPOBAHHUU
U TONACPKAHUH AUCOMOTUYECKHX CIBHIOB, MMEHHO
PETYIATOPHBIE TPOLIECCH XO35MHA 3aIlyCKalOT U TMOA-
JIEepKUBAIOT MX C (POPMUPOBAHHMEM TOPOYHOTO Kpyra:
O0OMEHHO-PETYISTOPHBIE CABUTM — JAUCOM03 — YCY-
ry0jieHue 0OMEHHO-PETYIISTOPHBIX HAPYIIEHUH C pa3-
BUTHEM JAUCOMO03aCCOLMUPOBAHHBIX MATOIOTHMYECKUX
COCTOSIHHH.

Takum 0Opa3om, caM OpraHu3M XO03siMHa (€To pe-
TYJISTOpHBIE MpOLEecChl), (GOPMHUPYsSI TOPOYHBIN KPYT,
CTaHOBHUTCS AKTHBHBIM MPEMATCTBHEM Ui BOCCTa-
HOBJICHUS HOpManbHOW MUKpodmopsl. [IpuMeHenue
Ha 3TOM (QOHE MPOOHMOTHYECKUX MPENapaToB ¢ HUIKON
MeTa0OIMYECKON aKTUBHOCTBIO (JTMODUITU3UPOBAHHBIE
OakTepuanbHble Tpenaparsl) 3aBegoMo Manodddex-
TUBHO. DTO HABOJUT HA MBICIb, YTO JAJS YCIEIIHOTO
HCTIOJIb30BaHUS IPOOUOTHUYECKUX CPEACTB, BHIPAOATHI-
BacMbBIX Ha OCHOBE MY3eHHBIX ((hapMaKoIOTrHYECKHUX)
ITaMMOB, HeoOXoAMMa NpenniecTByomas (QyHKIHO-
HaJlbHas peaOMIUTaLus, OBBIMIAIONIAS UX METa0oNu-
YECKYI0 aKTUBHOCTB U aJlalliTAllMI0 K YCIOBHUIM CYyIIe-
CTBOBaHMS B LIEJIOCTHOM OpraHu3Me (CM. HHXKeE).

«3MeHeHus1 B cocTaBe MUKPO(IIOPBI CIIM3UCTHIX
MPOMCXOIAT 3HAYUTEIBHO PaHBILE, YeM MPOSBISIOTCS
KIMHUYECKHE CUMIITOMBI, TIOOTOMY MX MOXKHO CUHTATh
MpeABeCTHUKaMU OOYCIIOBIIEHHBIX YCIOBHO-NATOICH-
HOW MUKPOQIIOPOH MaTOIOrn4ecKux npoueccosy [10].
B yem mpuumHa may3bl Mexny (GpopMHUpOBaHHEM Ku-
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LIEYHOro AMcOMo03a W MaHU(ecTalue ero KIMHU4Ye-
CKHUX NPOSIBICHUNA?

Hawubozee sipko nmpoueccsl Npo-/3yKapuoTHYECKO-
ro XMMepHU3Ma TPOSBIAIOTCS Ha MOJAEIH 3HJOTEHHOTO
MHUKpOOHOLIEHO3a, B KOTOPOIl B HAMOOJIBIICH Mepe BbI-
paXeHa CTENEeHb CPOACTBA NMPO- U SYKAPHOTUYECKOTO
SIIEMEHTOB €JJMHOW CHCTEMBI 1IEJIOCTHOTO OpPraHU3Ma,
B3aWMHbBIC BIUSHHUS CUMOHMOTHYECKOH MUKPOQIIOpPHI U
OpraHN3Ma XO3sIMHA.

OO6cyxeHre npoOIeMbl TUCOMO03a Yy YeNOBEKa,
Kak TpaBUJIO, CBOIUTCS K OLECHKE KadyeCTBEHHOTO M
KOJJMYECTBEHHOT'O COCTaBa MUKPO]IOPHI B €CTECTBEH-
HBIX IOJIOCTSX OpraHu3Ma. MHoOrue aBTOpBI MPOAOII-
KarOT MPUACPIKUBATHCS TIOJIOKECHUSI O CTEPUIILHOCTH
BHYTPEHHEHN Cpenbl opraHu3Ma 4enoBeka. B To xe
BpeMsl Y pacTeHUI OOIICNPUHATO JelICHHEe canpoQur-
HOW MHKpO(]IOpHl Ha 5K30- M SHAOPHUTHYIO (9K30- U
SHJOTEHHY10). A y 4enoBeka »To He Tak? Torma oTky-
Ja TpU3HAaHHBIE TPOOJIeMbl 00pa30BaHUSI OHUOIIICHOK
Ha SHAompoTe3ax, BbLiBIeHHI MO B areporeHHbIX
OJsIIKaxX, BHYTPUKJIETOYHOW MEPCHUCTECHIUU HH(EK-
LMOHHBIX areHToB W mp.? Ilpm atom mepeuens MO,
CHOCOOHBIX K BHYTPHUKIICTOUHOH MEPCUCTEHIINHU, pac-
IHPSIETCs ¢ KKIBIM TofoM. Posb sHIoTeHHO# (ropbl
00CyX/1aeTcs MPU HAIMYHUU SIBHOTO UH(PEKIIMOHHOTO U
WHQEKIIMOHHO-BOCTIAJIUTENBHOTO MPOLECCOB. A eciu
(dbopMupyeTcss UIMMYHOJIOTHYECKask TOJIEPAHTHOCTD HITH
HMMYHOJIOTHYECKasi THUIOPEAKTUBHOCTh, a BOCIANH-
TeNbHAs peakUysi B CHIIy 3TOr0 cj1abo BhIpakeHa WIH
OTCYTCTBYET — 3HAUMT, 3HAOTeHHOH (uopsl HeT? Ma-
JIOBEPOSITHO.

OcHOBHOH ycnex B M3Y4EHMH 3HJOTEHHON MU-
Kpo(IIOphl M CBSI3aHHBIX C 3TUM SIBJICHUH JOCTHUTHYT
B pacteHueBoacTBe. CIOCOOHOCTh pacTeHHil K Bere-
TaTHBHOMY Pa3MHOKEHHIO MOPOXKIAeT cOOJa3H MHO-
TOKPaTHOTO TUPAaKMPOBaHMsI IKOHOMHUYECKH Hanbosee
MPONYKTUBHBIX 0COOEH, IIPU 3TOM Pa3MHOKEHHE BO3-
MOXXHO HE TOJIBKO OTIEJBHBIMH OpraHaMH, HO U He-
OonpmuMH parMeHTaMu Tkanel (3kciuianThl). OHa-
KO 0Ka3aJloCh, YTO HEraTHBHAs POJIb SHAOTCHHOU (3H-
O0(MUTHOI) MUKPOIOPBI MOXKET SIBIATHCS CEPHE3HBIM
MPEMSTCTBAEM IS IIMPOKOTO UCIOIB30BaHUS METONA
KJIOHUPOBAHHUSI.

OTHOCHTENBHO HU3Kas TpeOOBaTENIbHOCTH pac-
TUTEIBHBIX KJIETOK K YCIOBHSIM KYJBTUBUPOBAaHUS, UX
BBICOKHMI pereHepaTHBHBIN OTEHIUAN, CIOCOOHOCTH K
MHOTOKPaTHOMY HacCHPOBAHUIO KCIUIAHTOB MO3BOJIHU-
JIM CO3JaTh TOCTaTOYHO MH(OPMATHBHYIO MOJCIb IS
BBISIBJICHUSI M U3yUCHHS] YHJOTCHHONW MHKpPOOHOTEI, €€
(DYHKIIMOHAJIEHBIX OCOOCHHOCTEH, posin B (OPMHUPO-
BaHWU (eHOTUNA X03suHA. [1000HBIE MO HA OC-
HOBE KJIETOK J)KHBOTHBIX M YeJIOBEKa MOKa HE CO3/IaHBl.
OnHako B nuTEpaType MoAYEPKUBACTCS JUILL OTHOCHU-
TeNbHasl MPaBOMEPHOCTh MCTOPUYECKOTO JACICHUS Ha
MHUKpOQIIOpy YeloBeKa, KUBOTHBIX M pacTeHuil [14,
15], moCKOJIbKY MOKa3aHa CIIOCOOHOCTh OJHUX U TEX
K€ TIaTOreHHBIX OaKTepuil NEpCUCTUPOBATh KaK B Opra-

HU3ME YeJIOBEeKa, TaK U B pacTeHusx [14] u, HanpoTus,
CHoCcOOHOCTh OHHUX U TeX ke mpoduornueckux MO
OKa3bIBaTh 3aIUTHBINA 3()(QEKT HAa OpraHU3MbI YeJIoBe-
Ka, )KMBOTHBIX U PAacTEHHH B OTHOLICHUHU MATOTEHHBIX
BO3ICHCTBUIN (MHOTOYHCIICHHBIC MTPENapaThl HA OCHOBE
Bacillus subtilis). CToinb e yCIOBHO C MO3UIIHIA 001eH
Ouonoruu AejieHue MOJeNeH Ha PacTUTEIbHbIE U JKU-
BOTHBIE, TIO3TOMY (PUTOMOAETH SHAOTEHHOTO MHUKPO-
OMOIICHO32a MPUBJICKACT BHUMAHKE HE TOJIHKO PUTOOMO-
JIOTOB, HO U MIPEACTAaBUTENEH APYTuX ONOIOTHYECKUX U
MEINKO-OMOIOTHYECKHX CIIEIMATbHOCTEH.

[IpensrcrBueM Aiisl BBISIBICHUS M U3YYCHHS DH-
noreHHbIx MO MeTojjaMu KJIacCH4YeCKOH MUKpPOOUO-
JIOTUH SIBIISIETCSI UX CYLIECTBOBaHWE BO BHYTPEHHEH
cpele X03iMHA B BHJEC HEKYJIBTUBHUPYEMBIX (HOpM.
Jonroe BpeMs ObLTO MPUHSATO CYUTAThH, YTO 00pa3zo-
BaHUE HEKYJIbTHBHPYEMBIX (opM OakTepuil CBA3aHO
¢ Bo3zeiicTBUEM TpaBMupytomux dakropos. [Tocuen-
HUE JaHHbIE ACMOHCTPUPYIOT OJHOOOKOCTH 3TOTO
MHeHHs. CTaHOBSICh 3JIEMEHTOM EAMHON Mpo-/3yKa-
puoTudeckoit cuctemsl, MO ecTecTBeHHBIM 00pa3oM
MOJUUHSIOTCS €€ 3aKOHAM, 110 KOTOPHIM aBTOHOMHBIH,
HEKOHTPOJIHUPYEMBIH pocT HepomycTtuMm. OOparumo
yTpauuBasi CHOCOOHOCTH K Iponudepannu (aBTOHOM-
HOMY pocTy), sHAorenunsie MO npuobperarnT cro-
coOHOCTh APPEKTUBHO (PYHKIHOHHUPOBATH B PaMKax
TeTepPOreHHON MPO-/9yKapUOTHIECKON CUCTEMBI, BIIU-
sisl HA OOMEHHBIE MPOIIECCHI X0351HA, YYaCTBYs B (hop-
MUPOBaHUH €r0 ()EHOTUIMYECKHX XapaKTEPHUCTHUK, B
3HAQUUTEIBLHOW Mepe olpenensis yCTOMYHMBOCTb Ma-
KpoopraHu3ma K MH(GEKINOHHBIM BO3AeHCTBUsAM [16].
B nocnennem ciydae 3anuTHbIN 3QPEeKT peanusyercs
HE TOJBKO Yepe3 peakUuu MPsSMOro aHTaroHW3Ma, HO
W 4epe3 aKTHBALHMIO 3aIIUTHBIX MEXaHH3MOB CaMOTO
xo3siHa [17]. B 3TOM KOHTEKCTE MPOOHMOTHYECKYIO
¢ynkuuto MO cnenyer paccMaTpuBaTh Kak (QyHKLU-
OHaJIbHOE, HEKOHCTHUTYTHBHOE COCTOsIHUE, (popMupy-
1ol1eecs TOJIBKO B YCIOBUSIX LEIOCTHOTO OpraHu3Ma U
M0J] BO3JICHICTBHEM PErYJIATOPHBIX CUTHAJIOB XO3SHHA.
Bare peryiasTopHbIX BO3AeHCTBUN X035iMHa (My3€eiiHOe
coJiepXaHWe BHE CHCTEMBbI) MpoOuoTHuYecKas (QyHK-
ousl 32 HEHaJOOHOCTBIO, BUAMMO, CHUXKAeTci. OTH
00CTOATEILCTBA HEOOXOJUMO YUYUTBIBATH MPHU pa3pa-
00TKe MPOOUOTHIECKHUX CPEICTB.

[peamonoxuM, 4YTo BHYTpHCpEOOBas U BHYTpPU-
KieTouHas nepcuctennus MO, sBusisick 001e0noIo-
THYECKUM COCTOSTHHEM JUISi MHOTOKJIETOUHBIX dYKapu-
0T, — 3TO HOpMaJIbHAasl, €CTECTBEHHAS! COCTABIISIOIIAs
MPO-/9yKapHUOTUYECKUX CHCTEM (METaopraHu3MOB).
Ona uMeeT 00JbIIOE MPAKTUIECKOE 3HAUYCHHE B ME/IU-
[UHE HE TOJILKO 17151 (POPMUPOBaHHS (DEHOTHUIUIECKUX
XapaKTEePUCTHK X03siMHa (pu3nueckoe Onaronomydne/
HeOnaromnonyyue), Ho M JUIsl ONIPEeIICHUs] CPOKOB KOp-
PUTHPYIOLINX MEPONPHUITUH U, MyCThb 3TO MOKAXKETCS
HEOKUAAHHBIM, U1 (OPMUPOBAHUS METOJOJIOTHYC-
CKUX, B MEPCHEKTHBE U METOAMYECKHX, OCHOB pa3pa-
OOTKH MPOOMOTUYECKHX CpPEACTB. DHAOTCHHBIH MHU-
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KpPOOHOIIEHO3 B KOHTEKCTE HACTOSIIEH CTaTbd — 3TO
MOZEIb AJIS BBISIBJICHNSI MEXaHU3MOB PETYIISLIUH (YHK-
UOHANBHOU akTUBHOCTU MO, n3yuaemMas ¢ IeNIbI0 UC-
MOJIb30BaHMS BBISIBICHHBIX MEXaHM3MOB JJISi MOZIYJIsi-
uu (QYHKIIMOHAILHOW aKTHMBHOCTH NPOOUOTHYECKUX
OakTepuil U CO3aHus MPUPOIONIOJOOHBIX TEXHOIOTHI
pa3paboTKu MPOOUOTUUECKUX JICYSOHBIX CPE/ICTB.

BozHukaer Bompoc: UMeeT M 3HaueHUe, Kakue
MO npencrasieHs! B sHA0reHHOM ITyne? [ToHsTHO, 4TO
KOHEYHbIe 3(PQEKTbl SHIOTeHHOW MHKpOodIophl 00Yy-
CJIOBJIEHBI BUJIOBOM NMpHHAIeKHOCThI0 MO — Hanpu-
Mep, 3aBUCUMOCTD MOBBILICHUS HJIH CHIDKEHHUS )KU3HE-
CHOCOOHOCTH PacTUTENbHBIX 3KCIUIAHTOB B KYJBType
OT BHJIOBOTO COCTaBa SHAOTEHHON MUKpodiopsl [15].

B ciydyae uzaMeHeHMs PETYNATOPHBIX MPOLIECCOB
X031MHa, NPU JOMUHUPOBAaHUM YCIOBHO-IIATOTEHHOMN
¢utopbl B MUKpOOHOILICHO3¢e 1 y uesioBeka [10], u y pac-
teHuit [15] npoucxomuT (QyHKIMOHAJIbHAS aKTHUBAIUS
MAaTOT€HHOI0 Hayajia yciioBHO-naroreHHsix MO, Boc-
CTaHaBJIMBACTCS CIIOCOOHOCTH OaKTepuil K KyJIbTHBHU-
poBaHUIO (ABTOHOMHOMY CYILIIECTBOBaHUI0) [18].

EcTecTBEeHHBIM UCTOUHUKOM 3HJIOT€HHOIO Myna y
YeyoBeKa CIy)karT, mpexzae Bcero, MO ecTrecTBEHHBIX
nosocred. Harpumep, cuuraercs, 4ro NPUYUHOW DH-
JOTEHHBIX OaKTepUaNbHBIX WHPEKIMH SIBISETCS remMa-
TOTCHHBIA 3aHOC MHUKPO(MIOpPHI CIHU3UCTBIX B OPraHbl
BHyTpeHHeH cpenpl [19].

OTH paccyXIeHHsI yKa3bIBaIOT Ha HEOOXOIUMOCTD,
BO-TIEPBBIX, JACICHUS AUCOMO03a HA DK30- U SHIOTCHHYIO
COCTABJISIOLINE W, BO-BTOPBIX, NMPOBEJACHUS KOPPUTH-
pytoliel 1ucObuo3 TepanmuH C y4eTOM HE TOJIBKO MH-
Kpo(Iopsl MONOCTEH, HO U HJOTCHHON KOMITOHCHTHI.
Heo0xonumo yuuThIBaTh, YTO KUIEYHas (IK30reHHAas)
MUKpodIopa Ooyiee HOCTYMHA Il KOPPHUTHPYIOLIMX
MEPONpPUATUI 10 CPaBHEHMIO C 3HJIOTEHHOM, OTCrOoa
OTCPOYCHHOCTH 3(P(PEKTOB AUCOMO3KOPPUTUPYIOLIEH
Tepanuu [9] — oOpaTHas napamiens ¢ GOpMUPOBAHH-
€M KHUIIEYHOTo AUCcOH03a U OTMEUEHHOM BBIIIE OTCPO-
YEHHOCTBIO €r0 KIIMHUYECKUX IPOSBICHUIM.

Y4er 5HIOTEHHON KOMIIOHEHTHI MpPOSIBIISETCH,
MIPEXKAE BCEro, B ONPEAEICHUH CPOKOB MPOBOJUMBIX
MEPONPUATUH, TO3BOJSAIONIUX JOOUThCS «(HHU3H0IIO-
TUYECKOW» CaHALMM, T.€. €CTECTBECHHOW CMEHBI KIe-
TOYHOM MOMYJISIIUN — pe3epByapa BHYTPUKICTOYHBIX
MHUKpPOOMOJIOrHYecKux areHToB. bonee 3¢ ¢peKTUBHBIX
METO/I0B BHYTPHUKJIIETOUHOW CaHalUWMKW HAa HACTOALLIHAN
MOMEHT He pa3paboTaHo.

B paznnyHbIX 001acTsIX MEAUIUHBI MOXKHO CTOJI-
KHYTBCSl C JIIOOONBITHBIMUA MapajieNsiMi: MPOOHOTH-
KOTepamus, MpoBoAuMas CBBIIIE 6 MecC, MPUBOAUT K
00paTHOMY Pa3BUTHIO TIO3JHUX OCJIIOKHEHUH y NeTeit
¢ C1 [9]; uepe3 6 mec mocie TpaHCIIAaHTAIIUU TOY-
KM PE3KO CHIDKAETCS BEPOSITHOCTh OTTOPKEHUS OpraHa
[20]; xpuTHYECKUM BO3pacTOM y J€Tel ¢ TSHKEIBIMU
BPOX/IEHHBIMU YPOJICTBAMH CUMTAeTCs BO3pacT 6 Mec,
ecnu peOCHOK MPEOAoIIeBaeT 3TOT MOPOr — MOJIOXKH-
TETIBHBIM MPOTHO3 BBDKMBaHMS MOBbImaeTcs [21]. B
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MPUBEACHHBIX clydasx 3(QQeKT o0ycIOBIEH CMEHON
KJICTOYHOH MOMYISALUH C «(PU3HOIOTrHYECKOI» caHalu-
eit, kak pu C1, wim ¢ popmupoBaHueM TpaHCILIaH-
TAallUOHHOI'O0 XMMEPU3MA, T.€. C IIOCTEIIEHHON 3aMEHOU
B TPaHCIUIAHTATE KJIETOK JIOHOpa Ha KJIETKU PELHIH-
€HTa CO CHWYKEHHEM HMMYHOT'€HHOCTH M BEPOSTHOCTH
OTTOpKEHHUSI TpaHciulaHTarta. CaMa TMOBTOPSIEMOCTD
CpOKa yKa3blBaeT Ha ero (pyHKIHOHAJIbHOE 3HAYCHHE,
3aBUCUMOCTb KIMHHYECKOW 3(dexkTHBHOCTH TpoOHO-
TUKOTEpANUK OT (DU3HMOJOTMYECKHX IMPOLECCOB HO-
curens. [lo HameMy MHEHHIO, IPH MPOBEACHUH IMPO-
OMOTUKOTEpanuu CpoK 6 Mec cieoyeT paccMaTpUBaTh
KaK MUHHUMaJbHO HEOOXOAUMBIN, HO B KaXIOM CITydae
9TOT BONPOC JOJDKEH pPEelIaTbes, UCXOAS M3 MHAHMBU-
IOyaJlbHBIX U HO30JIOTMYECKMX OCOOCHHOCTEH MaleH-
Ta U 0COOEHHOCTEW HCIOIb3YEMbIX MPOOHMOTHYECKUX
CpPEACTB.

B HeoOXomuMOCTH UIMTENBHON HPOOUOTHUKOTE-
panuu, pa3HOBHIHOCTH aHTUOAKTEPUAIBHOW TEpaIuH,
HET HUYEro HEOOBIYHOTO WM HEOXHIAHHOTO. Jlnu-
TeJIbHBIE KYpPChl aHTUOMOTHKOB C JOCTAaTOYHOH 3 dek-
TUBHOCTBIO TIOKA3aJI1 ce0sl MPU TSHKENBIX MH(PEKLINOH-
HBIX U HHPEKIMOHHO-BOCTIATUTEIbHBIX 3200 IeBaHMSIX
TyOepKyJiese, Jienpe, peBMaru3Me u 1Ip. B ocHoBe nyu-
TEJILHOW aHTHOMOTUKOTEpAINUU JIe)KaT T€ K€ MPUHIIHU-
bl, YTO W MpPU JUIUTENLHON MPOOUOTUKOTEpAIluH, HO
MPOOMOTUKU UMEIOT PsiJi MPEUMYIIECTB: BO3MOKHOCTh
JUIMTETILHOTO HEOCIOKHEHHOTO NPUMEHEHHS, 3aHsITHE
9KOJIOTUYECKUX HHII € MPO(UIAKTUKON 3HIOTCHHOTO
peuH(peMpOBaHUs, CHUCTEMHBIH OOIIeTepaneBTuIC-
CKUi1 3P PeKT.

OrcyrcTBue (HechOpMUPOBAHHOCTB) IIEIOCTHOMN
UACOJIOTHH M METOIOJIOTHU MPOOIeMbl HOPMOLIEHO3a/
JqUcOM03a U MPO-/FyKAPUOTUIECCKUX B3aMMOJCHUCTBUI
SIBIISIETCSL TIEPBONPUYHMHON, (popMHUpYIOLIel KOMILIEKC
mpo0ieM, 3aTpyaHsst He TOJBKO pa3paboTKy 3G PeKTUB-
HBIX JIYeOHBIX CPEACTB, HO U KIMHHUYECKOE HCIOIb30-
BaHKE ATOTO HANPABJICHUS B IeJIOM. B KOHIIE KOHIIOB,
MPOOUOTUKU — 3TO MHCTPYMEHT, KOTOPBI HEoOX0au-
MO HE TOJILKO YMETb «HacTPauBaThy», HO KOTOPBIM HAI0
YMETh MOJIb30BaThCSI.

[Moxg AncOMO30M MOHMMAIOT HAPYILICHUS MHUKPO-
OMOJIOTMYECKOTO TIel3a)ka EeCTECTBEHHBIX IOJIOCTEH
OpraHu3Ma 4eJoBeKa M KOXH, T.€. B OCHOBY MOJOXKEH
MHUKPOOHOJIOTMYECKHI TIOX0/], HE YYUTHIBAIOIINN PO-
au Hocutessl. [Ipu KIIMHUYECKOM pacCMOTPEHUH 3TOTO
BOIPOCA U B COOTBETCTBUY C IOMUHHUPYIOIUM HPUHIIN-
[IOM OpTraHU3aIHMHU 3PaBOOXPaHEHHS (HO30JIOTUIECKUI
MIPUHIIMIT) OOIIEMEIUIIMHCKas pobiema (MUKPOOHO-
LEHO3/11cOM03) OKa3anach pa3zeneHa Ha «c(epsl BIu-
SIHUSD) MEXKIY TacTPOIHTEPOIOraMH, CTOMATOJIOTaMH,
JepMaToIOTaMH M TIP. Y3KHE CIICIHAINCThI MBITAI0TCS
peniaTh 00IIeaTOIOrHUECKYI0 U JIaXkKe 00IIeOnOoIoru-
YEeCKYH0 IpooaeMy (0OIILy O ISl BCEX MHOTOKJICTOYHBIX
9YKapHOT) C MO3UIHUKA CBOETO Y3KOCIIEIHAILHOTO MO/~
X0[la, OTPaHMUYMBasi MPEACTABICHHUS O KIMHHYCCKHX
MPOSIBIICHUSAX AUCOMO03a TOJIBKO 00IACTBI0 CBOMX IMPO-
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(deccroHanbHBIX MHTEpecoB. s Takux crenuainc-
TOB, KaK T€MaToJIOTH, SHAOKPHUHOJIOTH U TP., KOTOPHIM
«HE JIOCTANOCh €CTECTBEHHBIX TOJIOCTEN», €CIIH TOJIb-
KO OHHU HE MPOSIBIISIOT JTMYHON WHUIMATHUBEL, KJIMHUYC-
ckas npoOiemMa aucOno3a OTCyTCTBYET.

Ha HacrosmeM »sTame NpOU30LUIO HEBOJIBHOE
paszmeneHue TMOHATUS «AUCOMO03» Ha MUKPOOHMOJIOTH-
YECKOE COCTOSHME M KIMHHMYECKOe€. J[MarHocTukou u
BbIpaOOTKON pEKOMEHAALUI 10 KOPPEKUUH AUCOr03a
Kak MHUKPOOHOJOTMYECKOTO COCTOSHHS 3aHUMAalOTCS
MHUKPOOHOJIOTH, a KaK KIMHHYECKOTO — BPaud Y3KHX
crienuanbHocTel. IIpu 3TOM nepBbIE HE BUAST PE3YJib-
TaTOB BO3ACHCTBHA MHKpPOOHOLIEHO32 HA HOCHTEIS,
HE 3HAIOT CHeNM(UKH KOHKPETHOro 3a00jieBaHuUsl, HE
YUUTHIBAIOT POJIM HOCHUTENS B (POPMUPOBAHUMU IUCOU-
03a, a BTOPbIE, B CHJIy Y3KOHANPaBICHHOH MOATOTOBKH,
HE CMOCOOHBI B MOJHOH Mepe OLEHUTh CUCTEMHOCTh
MPUYMHHO-CIICICTBEHHBIX TPOLIECCOB, MPUBEIIINX K
Pa3BUTHIO KOHKPETHOTO KIMHUYECKOTO COCTOsHU. B
pesynbrate U y TeX, U y IpPyruX BO3HUKACT HEIOIO-
HUMaHUE BaXXHOCTH Mpobnemaruku. i ycnemHoro
pelieHus mpooieMbl TUCOM03a HYKHBI CIICIIUAIIUCTHI,
CIOCOOHBIE MTPEOOIETh 3TOT Pa3phIB.

Coctosinne AC, B KIIMHUYECKOM KOHTEKCTE ITOr0
SIBJICHUSI, — SBJISIETCS TIEPEMEHHBIM M CKJIaJbIBACTCS
HE TOJILKO M3 TEKYUIMX MHKPOOHOIOTHYECKHUX Xapak-
TEPUCTHK, M3 TO3WTHBHBIX W HETAaTUBHBIX BIUSHHUN
MHUKpOOHOLIEHO3a HAa HOCUTEJISI, HO U U3 TEKyLIeH CIo-
COOHOCTH HOCHTENsl pearupoBaTh Ha HETaTUBHBIE U
MO3UTUBHBIE BIUSAHUS MUKpOcuMOnoHTOB. bes Boccra-
HOBJICHHS OOMEHHBIX MPOLECCOB, UX HEproodecrie-
YEHHOCTH PaCcCUMTHIBaTh Ha 3P QPEeKTUBHOCTH peadu-
JUTAUUOHHBIX MEPONPUATHI Henb3sl. Mcnonb3oBaHue
CpEACTB HOpMaJM3alui 0OMEHHO-PETYIATOPHBIX MPO-
LIECCOB HOCHUTEJISI — COCTaBHOM 3JIEMEHT KYITUPOBAaHUS
nucOMo3a Kak KIMHUYECKOTOo cocTostHus. [loaTomy
B KJIMHUYECKOW MpaKTHKE ISl JOCTIIKEHMsS JIydlle-
ro pesyjibTara HeoOXOOUMO PaccMaTpUBaTh OPraHU3M
YeJIoBeKa KaK IIeJIOCTHYIO MPO-/3yKapHOTHYECKYIO CHU-
CTeMy U KOPPHUTHPOBaTh HE TOJIBKO MHKPOOHMOLIEHO3,
HO Bcto cucreMy AC B nenom. B peanpHON npakTuke,
MPU UCIMOJIB30BaHUM KOMIUIEKCHOTO MOAXONA, TaK U
MPOMCXOJHT, HO OMOpa Ha aJAeKBaTHYIO0 METOHOJIOTHIO
Mo3BOJISIET OoJice OCO3HAHHO U A(PPEKTUBHO MpHMeE-
HATH KOMIUIEKCHBIM HHCTPYMEHTApHH, CYLIECTBEHHO
pacUIMpHUTh €T0 IIePEYEHb.

Knunuueckoe (He myTtath ¢ MHKpPOOHOJIOTHYC-
CKHUM) COCTOsSIHHE IucOno3a B camMoM oOIieM BHIE,
C MO3MIMIA OOINEH MaToJIOTMH — 3TO, MPEKIEC BCETO,
HapyleHne 0OMEHHO-PETYISATOPHBIX MPOIIECCOB HOCHU-
Tens (AuchYHKIHS TUTOKUHONOAOOHO! PEryasTopHON
CHCTEMBI ), HHUIMAIUSI COCTOSHUS TKAHEBOH IMITOKCHH.
Ho3zonorunueckue ¢opmbl mpouecc mpuoOpeTaeT moj
JIEUCTBUEM JOTIOJHUTENIBHBIX YCIOBUI: UCXOAHBIA MU-
KpOOHMOJIOTHYECKUH CHEKTP B COUETAHUU C BHEIIHUM
MHUKPOOUOJIOTMYECKIM BO3JEHCTBUEM («MHKPOCHM-
6uoneno3» no O.B. Byxapuny [22]), unanBuAYyanbHast

MMMYHOPEAKTUBHOCTh (TOJIEPAHTHOCTb), TEHETHYe-
CKHE 0COOEHHOCTH, OBITOBBIC MPUBBIYKK M mp. KoH-
KpETHBIC KIMHUYECKHE MPOSBICHHUSI — 3TO, MO CYTH,
OTpaKEHUE CUIOMUHYTHOTO cocTOsiHUS AC (COCTOSIHUSA
MPO-/9yKapHOTUYECKOTO XMMEPHU3Ma) KOHKPETHOTO
WHIWBU/A, T.6. KIMHUYECKHE MPOSIBICHUS AUCOMO3a
00yCIIOBICHBI MHO)KECTBOM TEPEMEHHBIX, MHUKPOOHO-
JIoTHYecKasi TiepeMeHHasi — JIMIIb ofHa U3 Hux. OT-
CIOfla CJIOHOCTb JAWArHOCTUKU (IPOTHO3UPOBAHUS)
KJIMHAYECKUX TPOSBICHUH TONBKO MO MHKPOOHOIIO-
TMYECKUM [OKa3aTelsiM, HEBO3MOXKHOCTb MOJACIHPO-
BaHHS MpOIECCa, T.€. HEBO3MOXKHOCTD UCIIOIB30BaHUS
COBPEMEHHOTO TOHITUHHOTO MHKPOOHOJIOTHYECKOTO
WHCTPYMEHTApUsl JUII MOAEIUPOBAHUS W KOPPEKLUHU
nporeccos, hopmupyromumx AC.

ITono:xenue o perynsitoprout cucreme MIII™ mo-
3BOJISIET paccMaTpHUBaTh TEKyIIee COCTOSHUE WHANMBU-
Ja KaK MHTEerpajbHOEe OTpakeHHE (DYHKIMOHAIBHOTO
coctostHust cucteMbl AC, MCHONB30BaTh JAByHarpas-
JICHHBIM, B3aMMOIOTCHIMPYIOMINA MOaX0/ (T.€. OIHO-
BPEMEHHOE BO3JCHCTBUE KaK Ha IIPOKAPUOTUUYECKUH,
TaK ¥ Ha DYKapUOTHYECKUH SIIEMEHTBI) B KOPPEKIHUU
COCTOSIHUS CHUCTEMBI.

[lpuBeneHHble  paccyKACHUS  MPHOOPETAIOT
CMBICJI TOJILKO IIPY HAJIMYUH B apceHale Bpada dh¢ex-
TUBHBIX CPEACTB KOPPEKIIMH MUKPOOHOILICHO3A.

[octynupoBanHasi paBHOLIGHHOCTh MOACHUCTEM B
AC noBbIIIaeT OMOJIOTHYECKOE 3HAYCHNE MUKPODIOPHI
B 00€CIIeYeHNH MPOIIECCOB KU3HEAEATEIBHOCTH HOCH-
TeJsA, TIO3BOJISIET MPEATNOIOKUTh BEAYLIYIO POJIb JHC-
0103a B pa3BUTHH KaK IPUOOPETEHHOM, TaK U BPOXKACH-
HOW IMaTOJIOTUM YeJIOBEeKa, 0OOCHOBAHHO PAaCIIUPSET
CHEKTp TEpaneBTUYECKHX MOAXOA0B, 3aKOHOMEPHO
aKTyaJIu3upyeT mpodieMy pa3paboTKh 3¢ (PEKTHBHBIX
NPOOMOTHYECKUX CPEACTB U (HOPMHUPYET METOJOIOTHU-
YEeCKYIO OCHOBY JJISl pa3pelIeHus 5TOH MPOOIEeMEL.

Wcnonb3oBaHre npnpoaonoao6HbIX
TEXHOJNIOTNI ANA CO3AaHNA NleYebHbIX
Npo6MoTUYECKNX CpeacTs

Mopenb 3HIOTEHHOTO MHUKPOOHMOIIEHO3a YKa3bl-
BaeT Ha BO3MOXXHOCTH CYLIECTBOBAHUSI CHMOMOHTHBIX
MHUKPOOPTaHH3MOB B JIBYX (popmax: B dopme cBoOOI-
HOXXMBYIIMX (HE3aBHCHUMBIX OT XO3sMHA) OakTepuii U
OakTepualbHBIX accouuanuid U B GopMe TECHOH ac-
coLMalMU ¢ OpraHu3MoM xo3simHa. Ob6a cmocoba cy-
1IecTBOBaHUS (POPMHUPYIOTCS O] BIUSHUEM TEKYLIHX
BHEIIHUX YCJIOBUH, MOTYT MEPEXOAMUTH APYT B JAPYra,
COIIPOBOXKIAIOTCS (PYHKIMOHANBHBIMH, (U3HOIOTHYC-
CKUMH, TEHETHYECKHMH, WHOTAa MOP(OIOrHIeCKUMHU
m3meHenussmu MO [23]. MO, obOuraronye B KHIICU-
HUKE YeJIOBEeKa, Urpasi pojib KaMOHaIbHON MOMYISALUT
JUIE BOCIIOJIHEHHsI 3HJOT€HHOH MHUKPOOMOTHI, HAXo-
JSITCSI, BEPOSTHO, B MPOMEKYTOUHOM COCTOSIHUH, T.C.
HE yTpaTWIIM B MOJHOM Mepe CBSA3U C PEryasSTOPHBIMHU
MPOIECCaMU XO3sIMHA, HO 00JIaJatoT CIIOCOOHOCTBIO K
CBOOOJTHOMY POCTY.
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WznayansHO MHOTHE pobuotnueckne MO Obun
BBIJICJICHBI U3 KUIIEYHHKA YEeJIOBEKa, OJHAKO JTUTEIb-
Hoe KynbTuBHpoBaHue MO B 1a00paTOPHBIX YCIOBHAX
NPUBOAMT K Tepexony OakTepuil B COCTOSHME, Xapak-
TEpHOE i1 CBOOOAHOXKHMBYIIUX (HOPM, C BO3MOKHBIM
CHW)KEHUEM NpOoOMOTHYECKON akTUBHOCTU. Ilpu pas-
paboTke TPOOMOTHYECKUX MpenaparoB HeoOXOAUMO
YUUTBIBATh, YTO CBOOOAHOXKHUBYILIUE POPMBI HE UMEIOT
BO3MOXKHOCTH U151 yHKIIMOHAJIBLHOM PeBEepCHU B opra-
HU3ME OOJIbHOTO M3-32 OJIOKHPYIOUIMX PEryIsSTOPHBIX
BO3JCHUCTBUIM CaMOr0 YE€JI0BEKAa, OTCIOAA HEI0CTaTo4-
Has KJIMHUYecKass S(QQGEKTHBHOCTH CYIIECTBYIOLIUX
npoOuoTtnkoB. [loaToMy ¢QyHKUMOHANBHYIO peaduiu-
Tanuio (peBepcrio) HeoOXOAUMO MPOBOAUTH HA dTare
KyJIBTHBHPOBAHHS POU3BOICTBEHHBIX LITAMMOB.

Ha 1y e 3aBuCcUMOCTb (PyHKIIMOHATBHBIX MPOSIB-
nenuii cumbuornueckux MO ot ycioBuii obutanus,
HO Ha MpHMEpEe YCIOBHO-MATOT€HHON MHUKPOQIIOPHI,
YKa3blBAIOT U APYTHE aBTOPBI: «DKCIpeccusi TeHOB,
OTIPEIENSIOMINX BUPYJICHTHOCTD, HE SIBISETCS] KOHCTH-
TYTUBHOMU. ... I €HBl BUPYIEHTHOCTU «BBIKIIIOYAKOTCSI
NpYU TIepexoie MUKPOOPTaHU3Ma BO BHEILHIOIO CpPey
«BKJIIOYAIOTCS» B Opranu3me xo3siuuay [10].

dopmupoBaHue EIMHON MPO-/3yKAPHOTUYECKOU
CHCTEMBl BO3MO)XHO TOJIBKO TMPH YCIOBHH €IUHOTO
A3bIKa KOMMYHHKALUH, T.€. HaJHMYUH SI3bIKA B3aUMO-
JEeHCTBUS, MOHATHOrO o0enM cTropoHaM. B kadecTBe
TAKOTO $SI3bIKa MOXKET BBICTYNATh CUCTEMa PEryJsTop-
HBIX nenTua0B. CocoOHOCTh BIUSITH HA POCTOBBIE U
¢dyHknuoHanbHbIe cBo¥icTBa MO mnokaszana jis hakto-
pa Hekpo3a OIyXOIllM, MHTEPIeHKUHOB-2, -6, sMOpHo-
HAJILHOH CBIBOPOTKH, aHTHOAKTEpPHAJIbHBIX MENTHIOB
[24, 25]. B mocnenHeMm ciay4yae MOAYEPKUBACTCS, YTO
aHTHOaKTepUaNbHBIN 3()(HEKT MPOSIBISETCS TONBKO MPH
3aBBIIICHHBIX KOHLIEHTPAIMAX arcHTa, a npu (HU3HOo-
JIOTHYECKUX KOHLEHTpAIMAX 3PQPEKT «aHTHOAKTepH-
ANBHBIX» MENTHJO0B OIPAHUYMBACTCS PETYISTOPHBIMU
BO3ACHCTBUSAMU [26].

IlentupHas perynsanus SBISIETCS IO MEHbIIEH
Mepe OIHUM W3 MEXaHW3MOB, MOCPEACTBOM KOTOPBIX
OpraHu3M XO35MHA BO3/EHCTBYET Ha (PYHKIHIO MUKPO-
ouotel. [lo3HaHue W MCHONB30BaHME JAHHOTO MeXa-
HHU3Ma, BapbHpYsl KOMIUIEKC PEryJISTOPHBIX MENTHIOB,
MO3BOJIMT, [0 HAaIlleMy MHEHHIO, [TOJIy4aTh MPOOHOTH-
YecKHe mpenaparbl ¢ 3aJaHHOl (QYHKIMOHAILHON aK-
TUBHOCTBIO. B 3TOM MOJIOKEHUH 3aKITIOUCHBI BO3MOX-
HbIE METOJUYECKUE HIOAHCHI, KOTOPBIE HEOOXOAMMO
YUUTBIBATh TIPU pa3pabOTKe W MPOU3BOICTBE MPOOHO-
TUYECKUX MPenaparos.

dusoreHeTHYECKOE POICTBO B OPraHU3aMH MPO-
Y DYKapUOTHYECKUX CHUCTEM MPOSIBISIETCS HA Pas3iivy-
HBIX Mojensix. Ilpennonararor, 4To MPOKAPHUOTHI IS
aMILUTU(HUKAIUN TeHOMA, TUPPEPEHLUPOBKH H POCTa
KJIETOK HCIOJIB3YIOT Ty € CTPATeruio, YTo M dyKapu-
otsl [23]. [Tokazana coco6nocts MO nponyuupoBath
PETYIATOPHBIE areHThl, CXOXKHE C TaKOBBIMH Y JyKa-
puot [2, 27]. CponcTBo MpoIEeCCOB, MPOTEKAOIINX B
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[IPO- U 3YKapHUOTHUECKHX JIEMEHTaX CUCTEMBI, 3aCTaB-
JISIET MPENATON0KUTh, [0 AHAJIOTHH C dyKapuoTaMu, 3a-
BUCUMOCTb (DYHKIIMOHANBHOW aKTHBHOCTH OaKTepUi
OT BO3pacTa KyJIbTypbl: CYMMapHBI MPOOHOTHYECKUH
(TepaneBruueckuii) 3¢dext Kynsrypsl MO (mpoGuo-
THYECKOTO Tpemapara), CIeKTp mnpoaynupyemsix MO
areHTOB M, COOTBETCTBEHHO, XapaKTep TepaneBTHYE-
CKOTO BO3JCUCTBHUSI OymyT 3aBUCETh OT (DYHKIMOHAIb-
HOH «3penocti» KyasTypbl MO. Y sykapuoT nonoOHas
3aBHCUMOCTb PETYIISATOPHOIO CIIEKTPa OT «3PEIOCTH»
Iporiecca IOKa3aHa HEOJHOKPAaTHO M Ha pa3lIM4HBIX
Mojelisix [28], BEpOsITHO, SBISSACH OOIIEH 3aKOHOMEPHO-
CTBIO JUTS IOKJIETOYHBIX ¥ KJIETOUYHBIX COOOLIECTB.

B ecTecTBEHHBIX YCIIOBUSX pEryasTOpPHBIE arcH-
TBI NENTUAHOW MPUPOABI 0OPa3yIOTCS MPH THIPOIU3E
KPYTHBIX MOJEKYJI-TPEALIECTBEHHUKOB, T.€. SBISIOTCS
€CTECTBEHHBIMHU (IIPUPOAHBIMHU) T'HApOIM3aTaMu. JTa
3aKOHOMEPHOCTb MO3BOJISIET HAJIEATHCS, YTO MCIIOJIB30-
BaHHE KOHTPOJIMPYEMOTO THAPOJIN3a C TI0A00POM Mpo-
TEOJUTHYECKUX areHTOB, HCXOIHOTO cybcTpara, HeoO-
XOJIMMBIX YCIIOBUH peakiuy, C KOHTPOJEM U CTaHAap-
TU3alMed PEeryIsaTOPHOW aKTUBHOCTU OOPa3yIOLIUXCS
areHTOB TIO3BOJIUT IMOJNYYUTH Marepuaj ¢ HeoOXoau-
MBIMH XapaKTepUCTUKAMH JIJIsl IPUMEHEHUS B KaUueCTBE
OCHOBBI KYJIBTYPJIbHBIX CpPEJl IPU BhIPAILIMBAHUU TIPO-
OMOTHYECKHX KYJIBTYP.

Bo3MoxHO BO3pakeHHE: OEIKOBBIE THIPOTU3ATHI
JaBHO M aKTUBHO HCHOJNB3YIOTCS B MHUKPOOHOJIOTHH.
Ha, ato Tak. OqHaKo, 3aMBIKasACh B paMKax TpaauLU-
OHHBIX MPEACTABICHUH, MUKPOOHOIOTH HE YYUTHIBAIIH
BO3MOYKHYIO PETYISATOPHYIO POJIb NENTHIHBIX MOJIEKY
THIPOJIN3aTa, pacCMaTpUBas €ro TOJNBKO KaK HCTOYHHUK
A30THCTOrO MUTAHHUA, C OLEHKON Pe3yJabTaToB C MO3H-
uui HyTpuuuosoruu. Kpome Toro, mpu MmoarotoBke
KyJABTYypajJbHBIX CPEJl TPAJAWLMOHHO LIMPOKO HCIIOJb-
3yeTcsl BBICOKOTEMIIEpAaTypHas CTepHiIn3alus, Mpu-
BOZALIAs K BO3MOXKHOW HMHAKTUBAIMM PETYIATOPHBIX
MNenTUAOB. ITOT (akT TpeOyeT AajbHEHIIEro OCMBbIC-
JICHUsI M U3Yy4EHUs, KaK U CUTYyallysl, peosaramonas
yueT cnocoOHocT MO peanan30BbIBaTh CBOM (PyHKIUU
HE B IPSMBIX, & B ONOCPEIOBAaHHBIX Y€pe3 OpraHu3M
XO0351Ha Mpoleccax.

3akniouyeHue

[Monoxenne 06 AC (MeraopraHu3me) H3MEHSET
METOJIOJIOTHIO pa3padOTKH MPOOHOTHYECKUX Mpenapa-
TOB: JUIsl MHUIMAIIMY TIPOOUOTHYECKON (DYHKIIUHU YCIIO-
BUSI KYJITUBUPOBaHUS poouoTnyeckux MO JOIKHBI
BOCIIPOU3BOIUTH YCIIOBHS LIEJIOCTHOH Mpo-/dyKapu-
OTUYECKON CHUCTEMBI, a OLIEHKY TEpParieBTUYCCKON (-
(EeKTHBHOCTH HEOOXOAMMO TMPOBOAMTH HE TOJIBKO IO
AQHTarOHUCTHYECKOH aKTUBHOCTH i1 Vitro M CIOCOOHO-
CTH BJIUSITH HA MUKPOOMOJIOTMYECKUI Tel3ax in vivo,
HO M MO CyMMapHOW KJIMHWUYECKOW 3(QQEKTUBHOCTH B
COOTBETCTBHUHU C KPUTEPUSIMH TSHKECTH OCHOBHOTO 3a-
OoneBanus. KIMHHMKO-3KCTIEpUMEHTAJIbHBIE MOACIH
OYEHb TPYIOEMKH U IPOJOKUTEIBHBIL, 8 IOTOMY TIJIOXO
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MOAXOJAT JUIsl ONIEPATUBHOIO pelieHus 3ajgad. B aToit
CBSI3M UpPE3BbIUYAIHO BaXKHOM 3a/1a4€id CTAHOBUTCS BbI-
SIBIICHUE KPUTEPUSA, OIPEAEIAEMOTIO in Vitro, HO IO-
3BOJISIFOILIETO MPOTHO3HPOBATH TEPATICBTUYECKYIO d(-
(eKTUBHOCTH NPOOMOTHYECKOTO Mpenapara B yCIOBHU-
SIX [EJIOCTHOTO OpraHu3Ma. TakuM KpUTEprUeM MOXKET
MOCITYKUTh cltocoOHOCTh MO CHHTE3MpOBaTh CHCTE-
MO0Opa3yroIIre MeIUaTopbl (IUTOKUHBI U JICKTHHBI),
4bsl BayKHAS POJb OTMEUEHA AJsl PyHKIMOHUPOBAHUS
KaK MPOKAPHOTHUYECKUX, TaK M DYKaPHOTHUECKHUX CH-
creM [5, 27]. Kpome Toro, HEIb3s HE YUYUTHIBATH 3aBU-
CHUMOCTb YPOBHSI MPOAYKLIUHU ITHX MEIUATOPOB OT YC-
JIOBHI OOUTAHHMS C 3aMETHBIM CHIDKEHUEM Y MY3€HHBIX
mTaMMmoB [5, 29].

O06o00uieHne MpeAcTaBICHHBIX JAaHHBIX I03BO-
JISIeT 3aKJIIOYUTh, YTO mpobuoTnueckas ¢pyHkuus MO
HE SIBJISIETCSI KOHCTUTYTHBHOM, (HOPMHpPYETCS TOJBKO
B YCJIOBHUSIX LEIOCTHOTO OpPraHu3Ma M HaXOAUTCS TMOJ
KOHTPOJIEM PETYISTOPHBIX IMPOLECCOB XO3SUHA. ITO
KIIIOYeBOE OOCTOSITENBCTBO HEOOXOIUMO YUYHUTHIBATH
pu pa3paboTke NPOOUOTUYESCKUX CPEICTB.
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NpeHTMPMKauna MMKpoopraHM3MoB C NpUMeHeHnem
rasoBoi XpomMaTo-mMacc-CneKTpoMeTpum

Mucanos P.B., Wunko E.C., flyBaHoBa O.B., CumakoBa [.U.”
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B 0630pe nsnoxeHa oCHOBHas MHOPMaLus, NMeloLLasacs B nutepatype, 06 NCnonb3oBaHNM METOAAa rasoBow
XpomaTo-Macc-cnekTpometpumn. OBeyxaeHbl BONPOCHI, 3aTparMBatolme 3Ha4MmMoCTb 3Toro MeToaa Anst AEHTM-
dhmkaumm myukpoopraHuamoB. OTMeYeHa NepcneKkTUBHOCTb CO3AaHUsi OTEYECTBEHHOro NporpamMmmHoro obecneye-
HUA 1 6a3 4aHHbIX MacC-CMEeKTPOB MUKPOOPraHN3MOB.

Knroyeenbie crnosa: udeHmuquKauu,q MUKPOOpP2aHU3MO8, XXUPHbIEe KUCIIOMbI,; XpoMamo-mMacc-CrieKmpomempus.

HUcmoyHuk huHaHcuposaHusi. PaboTa BbinonHeHa B pamkax rocygapcteeHHon TeMbl Ne 209-4-19 «M3yye-
HMEe CMEKTPOB XMPHbIX KUCMOT Kak Gruomapkepos wTammoB Vibrio cholerae».

Kongpriukm uHmepecos. ABTOpbI AEKNapUPYIOT OTCYTCTBUE SBHbIX U NOTEHLManNbHbIX KOHMMUMKTOB UHTepe-
COB, CBSI3aHHbIX C NyGnunkaumen HacTosLwen cTaTbu.
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Identification of microorganisms using gas chromato-mass-

spectrometry

Ruslan V. Pisanov, Elena S. Shipko, Olga V. Duvanova, Diana I. Simakova™

Rostov-on-Don Antiplague Research Institute, 344002, Rostov-on-Don, Russia

The review presents the basic information available in literature on the use of gas chromatography-mass-
spectrometry. Issues concerning the significance of this method for the identification of microorganisms are
discussed. The prospects of creating domestic software and databases of mass spectra of microorganisms are

noted.

Keywords: identification of microorganisms; fatty acids; gas chromate-mass-spectrometry.

Acknowledgments. The work was carried out within the framework of the state theme No. 209-4-19 «Study of
the spectra of fatty acids as biomarkers of Vibrio cholerae strains».

Conflict of interest. The authors declare no apparent or potential conflicts of interest related to the publication

of this article.

For citation: Pisanov R.V., Shipko E.S., Duvanova O.V., Simakova D.l. [Identification of microorganisms
using gas chromato-mass-spectrometry]. Journal of microbiology, epidemiology and immunobiology = Zhurnal
mikrobiologii, épidemiologii i immunobiologii. 2020; 97(4): 356—362. (In Russ.).

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-8

CyliecTByeT MHOXKECTBO METOJIOB HJICHTU(UKA-
1 MUKpoopranuszmoB (MO): ¢peHoTuImueckue, reHo-
TUIHYECKUE, XeMOTaKCOHOMUYECKHUE METO/BI, MPsIMOe
oenkoBoe nmpodunupoBanue u aAp. [1]. Kaxaprit u3 atux
METOJOB MMEET CBOU JIOCTOMHCTBA M HEJOCTAaTKH M
NPUMEHSETCS B 3aBUCUMOCTH OT LIETIH SKCIIEPUMEHTA.
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OmHuM U3 COBPEMEHHBIX METOMIOB, HCIIOIb3Yye-
MbIX i quddepeHuuanuu u uaeHTudukamuu MO,
SIBJISIETCSI METOJ Ta30BOM XpOMaTo-MaccC-CIEeKTpoMe-
Tpun (['’X/MC). OH OCHOBaH Ha COYETaHWU IBYX aHa-
JIMTUYECKUX METOAOB: KalMJUISIPHOW Ta30BOM XpOMaro-
rpaduu u Macc-criekrpomeTpuu. [IpuHimn merona —
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KaueCTBEHHOE M KOJIMYECTBEHHOE OIIPEJesIEHuEe Map-
kepHbIx BemectB MO (xupnbix kucnot (KK), anbae-
THJIOB, CIIUPTOB, CTEPUHOB U JIp.) HETMOCPEACTBEHHO B
HCCIIETlyeMOM MarepHaie.

KonnvectBeHHoe razoxpomarorpaduieckoe om-
penenenvie uHAMBHAYanbHEIX JKK B Ononmormueckux
00BEKTax SBJISACTCS OJHUM U3 Haubojee BOCTpeOOBaH-
HBIX METOJOB aHAJUTHYECKON M KIMHUYECKON OMOXU-
MHUH: OHO IIMPOKO UCIOJIB3YETCS MPU OLIEHKE MUIIEBOI
LIEHHOCTH NMPOJAYKTOB MUTAHUS, I TAKCOHOMUYECKO-
ro ¥ cyaeOHO-MEAUIMHCKOIO YCTaHOBIICHHS IPHPO-
Ibl OMONOTHYECKUX 00pa3loB, B KaYeCTBE MCTOYHUKA
WHPOPMATUBHBIX OMOMEIMLIMHCKHX KPUTEPHEB B JU-
arHoctuke 3a00JeBaHUI pa3HON 3THOIOTWH, B Hayd-
HO-UCCIIEJOBATEIbCKUX, OAKTEPUOJIOTUIECKUX U BETe-
puHapHbIX Jaboparopusix [2]. OnHOW M3 MEPCIEKTUB
MPUMEHEHUS Ta30BOil XxpoMarorpaduu B OMoMeTuIH-
CKUX HMCCIICAOBAHUAX SIBIISETCS KOHIEIH MeTa0onu-
YECKUX Mpo(puiIeid — CHCTEM HHTErPAJIbHON OICHKU
MeTaboIM3Ma Kak JUIsi MaKpOOpraHU3MOB (MeTadonu-
yeckue npodunu Ouocpen: MoUH, KPOBH, CIIOHBI, BbI-
JIBIXaeMOT0 Bo3/1yXa), Tak u jyis MO. MeTtabonndeckue
npoduiIu Tak kK€ MHIUBHIYAIbHBI, KAK U OTIEYATKU
manbies [3].

Hannuue cienuduueckux BemecTs (MapKepoB) B
HCCIIeyeMBIX 00pa3lax OTKPHIBAET BO3MOXKHOCTH JJIS
HaMpaBJICHHOTO MOUCKa U uaeHTUPukauun MO B co-
obmecTBax ¢ ucnoias3oBanueM metoga ['X/MC. Tak, ¢
oIpeZieNieHns] Mapkepa ObUTH HavaThl paOOThI TPYIIIEL
aMEpUKaHCKUX HcCieaoBaTesiell oA PYKOBOACTBOM
D.C. White [4], BOC/IEACTBUM M3YYUBIIUX CTPYKTYPY
MUKPOOHBIX co00MIecTB [S] paznuunbix rpynn MO 1o
W3BECTHBIM MapKkepaM 0e3 KOIMM4YeCTBEHHBIX Ompe/ierne-
HUI BUIOBOTO COCTaBa COOOIECTBA. YCTaHOBICHO, YTO
HEYETHBIE, Pa3BETBICHHBIC U IuKIonponaHoBsie KK,
a TaKKe )KUPHBIE alIbJETUABI BCTPEUAIOTCS IpeuMyIe-
CTBEHHO Y T'PaMIIOJIOKHUTENILHBIX OAKTEpHii, a BBICIINE
KHUPHBIE [-OKCHKHCIOTHI MPHUCYIIH TOJIBKO TPaMOTpU-
natenbHbIM MO. K HacTosmemy Bpemenu cocta KK
oonpmmacTBa MO 111 u IV rpynn natoreHHOCTH U3Y-
yeH [6—13], mokazaHa ero BOCIPOU3BOIUMOCTb, TOKa-
3aHbI pono- u Bupocneunpuanocts KK [14].

Paspaborannsiii ['A. OcunoBbiM anroputm [14]
[TO3BOJIMJI HE TOJIBKO PACCUMTATh KAYECTBEHHBIN U KO-
JINYECTBEHHBIH COCTaB MHUKPOOHOTO COOOIIECTBa, B
toM yuciae MO II-IV rpynn matoreHHOCTH, B OMOTO-
Max 4ejoBeKa, HO U CIEIUTh 332 U3MEHEHHEM €ro co-
CTaBa, OTCJICIKHMBasg M3MEHEHMUsT MeTabonu3mMa MO me-
TogoMm I’ X/MC.

Unentudukanus MO myTem nonydeHust npoduis
KK BximroyaeT B ceOs HECKOJIBKO ITOCIIENOBATEILHBIX
3TAaroB:

* POCT M HaKOIUICHUE OaKTepHii B ONpeesICHHBIX

YCIIOBUSIX;

* OMBUICHHE KJIETOUHBIX JHITH/IOB;

» metunuposanue KK;

* HKCTPAKIHIO U OYUCTKY MeTHIIOBBIX 3¢pupos JKK;

* pazgenenue MeTHiIoBHIX 3¢upoB KK razosoit
Xpomarorpadueii;

* UACHTU(PULIUPOBAHUE U KOJIMYECTBEHHOE OIpe-
JieJICHHE TIHKOB.

[Mony4enusie npoduim MOKHO CPaBHUTH C cepreit
OoubnroTek npoduieil U cnuckoM O6akTepuii ¢ Hanboee
MOXOXUMHU TPOQUISIMH, TPEACTABICHHBIMA BMECTE
C pacyeToM OTHOCHUTEIBHOTO CXOIACTBA. 3a pyOe:koM
NPOJAIOTCsl MOJOOHBIE CHCTEMBI, HAlPUMEpP CUCTEMa
MHUKpoOuonorundeckoii uneHtupukanmuu «Sherlock»
(«MIDI Inc. Delawarey, CILIA), 3anymennas B 1991 .
Jutst ObICTpO# uaeHTudukauu 6onee 1500 sunor MO
nyTtem ananuza KK u anpaerunos [15]. [Iporpammuoe
obecrieueHre MO3BOJISIET ABTOMAaTH3MPOBAaTh Ta30BYIO
xpomarorpaduro. Meton xopomo ceds 3apeKOMEeHI0-
BaJI; pe3yabTaThl, moiayueHHsle mytem ' X/MC-ananu-
3a, ObUIM aHAJIOTHYHBIMH JaHHBIM, TTOJyYEHHBIM C HC-
MOJIb30BaHUEM MOJICKYJISIPHO-OHOJIOTHYECKUX METOIOB
UCCIIeIOBaHMSL.

HeoOxonumMo OTMETHUTb, YTO 3HAYUMOCTH CH-
CTEMbl MHKPOOMOJIOTUYECKON HICHTH(HUKAIIUN 3aBU-
cuT or Buja uccieayemoro MO. Haubonbiast ciiox-
HOCTh BO3HHMKAeT MpPU MPOBENCHUH BHYTPUBHUIOBOMH
MexXImTaMmMoBoi auddepennuanun. Beicokas cTeneHb
BapuabensHocTn JKK-cocraBa 1160 BeICOKast TOMOJIO-
rust cnektpoB KK u3014TOB OAHOrO BHJA HE BCETaa
MO3BOJISIIOT POBECTH BHYTPUBUIOBYIO MU dhepeHma-
uuto [16, 17]. [loaTomy B HacTositee Bpemsi AJisi UICH-
tuukanmu MO, nomumo KK, B xauecTBe OMomapke-
POB HCHOJIB3YIOT Caxapa, aMUHOKHCIIOTHI, HYKIJICO3H-
JIbl, OPTaHUYECKHE KUCIOTHl M HEKOTOPhIE BTOPUYHBIE
MeTa0oIuThL. TaKkke ciaeqyeT yUYUThIBAaTh TOT (DAKT, YTO
Ha (eHorunmyeckyio skcnpeccuro KK B KieTouHBIX
CTCHKaxX OaKTepuid MM KJIETOUYHBIX MEMOpaHax BIHSET
uenslid psag GakTopoB, BKIIOYAs COCTaB CPEIbl, TEM-
neparypy KylbTHBHpOBaHMs U a3y pocra. B cBszu ¢
3TUM TpeOyeTcs CTporasi CTaHAapTH3aLuUs [IPOTOKOJA
UCCIIeIOBAHMSL.

B Poccum Ha ocHoBe ['X/MC Ttakxe Obuia pas-
paboTaHa ¥ BHEIpEHA B NMPAKTHKY KOMIUIEKCHAs aBTO-
MaTU3UPOBAHHAS XEMOTAaKCOHOMHYECKAsi CHCTEMa JJIst
oOHapyXeHUs MaTOreHHbIX OakTepui, BO3OyAHTENICH
OCTPBIX KHUIIEYHBIX MHQEKIHMH B MPOAYKTaxX MUTAHUS
o npodumtto KK [18]. [TlogoOHO pabote ¢ MCIoIb30Ba-
HUEM CUCTEMBI MUKPOOHOJIOTHYECKON HACHTU(DUKALINT
«Sherlock», He HMCKIIOYEH 3Tall BBIACICHUS YUCTHIX
KYJIBTYP C IOMOIIBIO CENICKTUBHBIX MUTATENBHBIX CPEI.
Apropamu ObLIa CO3/1aHA OTEUYCCTBEHHAS 0a3a NaHHBIX
o KK mis 6onee yem 200 MUKpPOOOB, MpUHAICKA-
uwx k 12 ponam (Salmonella, Klebsiella, Enterobacter,
Hafnia, Serratia, Citrobacter, Campylobacter, Escheri-
chia, Listeria, Yersinia, Staphylococcus, Francisella). B
Hacrosiiee BpeMs meron ['X/MC ¢ aHaim3oM criekrpa
KK ycnemHo ucnonbs3yercs Al ONMCaHUs U XapakTe-
pucTrkH natoreHHbIx Oakrepuit [II-1V rpymm [14].

B 10 xe Bpems cBeleHUN O IPUMEHEHUU JTaHHO-
O TOAX0Ja Ui HACHTU(DHUKALMHN BO3OyaUTENEH 0c000
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OMMacHbIX MH(EKIIMOHHBIX 3a00eBaHni Mano. B vacr-
HOCTH, B OTHOILIICHUH BO30OYIUTEIS XOJEPhl B TOCTYII-
HOW JIUTepaType OOHapyXeHa paboTa aMEPUKaHCKUX
aBTOpoB [19], B kKOTOPOIi ObLIa MpEANIPUHSATA TOMBITKA
MPOBECTU MEXBHUIOBYIO0 Iu((EepeHIUAIUI0 MPpecTa-
BUTENel cemelicTBa Vibrionaceae Mo HalUuUIO HIIH
OTCYTCTBHIO THIPOKCH-, PA3BETBJICHHBIX, IUKJIONPOIIa-
HOBBIX M HeHachleHHbIX JKK. B skcnepumeHT ObLH
B3STHI 16 mpeacTaBUTENe cemMeiicTBa, KOTOPBIE B MPO-
necce aHanu3a ObUTM paszfenieHsl Ha 12 rpynm. Huskas
cnenuUYHOCTh METO/Ia MOIJIA OBITH OOYCJIOBIICHA He-
JIOCTATOYHO ITOJIHOM HA TOT MOMEHT 0a30i1 JaHHBIX MO-
neKynspHbeIx MapkepoB MO. B Hacrtosiiee Bpems Takas
0a3a qaHHbBIX BKIroYaeT nHpopmanuio no KK, cnimpram,
CTEpOJIaM U IPYTUM OHOJIOTUYECKH aKTUBHBIM COCIIMHE-
HussM MO (6ornee 200 mO3MIMiA), YTO SBISETCS JTOCTa-
TOYHBIM JUUIsl ONPEACICHUSI TAKCOHOMHUYECKON TpUHAJI-
nexxnoctd MO Ha ypoBHE pojia, a UHOT/IA U BUJIA.

T.E. Ky3bpmenko c¢ coaBt. [20] uccrnegoBanu co-
craB KK cBOOOmHBIX numuaoB y 3 mrammoB Vibrio
cholerae O1: 1 mramma El Tor u 2 mramMmMoB Kiac-
cuueckoro omoapa. Crenyer OTMETUTh, YTO HEMHO-
TOYMCJICHHBIC Pa0OTHI 1O IMOMBITKE U3YYCHHS COCTaBa
KK 'y xonepHbIX BUOPHOHOB MPOBOIMINCH Ha PA3HOM
000pyIOBaHUM C MPUMEHEHUEM DPA3JIMYHBIX METOJU-
YeCKHX NPUEMOB BBIACICHUS U HIeHTU(UKauuu 0Oe3
CTaHAapTHU3alMUU YCIOBUM KynbTuBHpoBaHud MO, 4To
HE MMO3BOJISJIO a/ICKBATHO MHTEPIIPETUPOBATH MOy YCH-
HBIC PE3YJIBTATHI.

B 1996 r. rpynmno#i uccienosareneil Obuia mpo-
BEJICHA WICHTU(DUKAIUS JIBYX KIMHUYCCKUX W30JIATOB
F. tularensis ot nauuentoB ¢ nueBMoHuel. [Ipu cpas-
Henun crekrpoB JKK ¢ mpuMeneHuem 0asbl TaHHBIX
MIDI Obina MOATBEPKIACHA WX BHUIIOBAs MPUHAIIICK-
HOCTh M OOHApY)XCHbI MEXKIITaAMMOBBIC paziuuus. B
JTAHHOM MCCJICIOBAHUY TI0KA3aHO, YTO TUCKPUMUHHUPY-
tomas criocobHocts Metona I'’X/MC ananoruyna MeTo-
Jly TIOJTHOTEHOMHOTO CEeKBeHUpOBaHus [21].

T.J.J. Inglis u coaBr. [22] moKa3aiu BO3MOXK-
HOCTh Ju(depeHanuu OJIU3KOPOACTBEHHBIX IITaM-
MOB — Burkholderia pseudomallei w Burkholderia
thailandensis. B pe3ynbrare NpoBeICHHOTO UCCIIEI0BA-
HUS TI0KA3aHO, YTO B COCTAaB KJICTOK IITamMma B. pseu-
domallei, BBI3BIBAIOILIETO MEIHOWUI03, BXOOUT 2-THI-
POKCHTETpaJieKaHOBask KucioTa. JlaHHasi kuciora otT-
CYTCTBYET B COCTaBE KJIETOK HEMAaTOreHHOrO IITaMMa
B. thailandensis.

Paspermraromas cnocoonocts Metona ['X/MC mnst
muddepeHIanuy npeacTaBuTeNel poua Yersinia no-
ka3zaHa B pabore A. Leclercq u coast. [16]. Ananu3s co-
otnomeHus JKK (12:0/16:0 u 14:0/16:0) mo3sosun pas-
JIeTUTH pox Yersinia Ha 3 KacTepa: HEMaTOreHHBIC Uep-
CHHMH; TATOTEHHBIE M30JATHlI Yersinia enterocolitica,
Yersinia pseudotuberculosis u Yersinia pestis. llpu ana-
mu3e 29 mTamMMoB Y. pestis ObLIN BBISBJICHBI OCHOBHBIC
KK: 12:0, 14:0, 3-OH-14:0, 16:0, 16:109-1uc, 17:0-
nuc u 18:1109-Tpanc. ABTOPEI OTMETHIIN, YTO COCTaB
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KK mrammoB Y. pestis ObL1 1OCTaTOYHO OXHOPOAEH U
HE 3aBHCEJI OT OMOTUNA, pUOOTHUIIA U STTUAEMHUOIOTHYC-
CKUX XapaKTEPUCTHK.

B 2000 r. rpynma uccienoBaTeneil mMpUMEHHIIA
meton ['X/MC mis cpaBHenus: JKK-criektpoB criopo-
BBIX M BETETATHBHBIX KJIETOK a’3pOOHBIX Oanmii, o0-
pasyroimux 3Hgocnopsl (poasl Bacillus, Paenibacillus
u Brevibacillus). B xone uccienoBanusi Oblia mpoje-
MOHCTPUPOBaHAa BBICOKAs BOCIPOU3BOJUMOCTb METO/IA
I'’X/MC. Tloka3zaHo, 4TO Kak B CIIOPOBBIX, TaK U B Be-
reTaTUBHBIX (hopMax NpeodasaoT pa3BeTBICHHbIE Ha-
cermennbie JKK. IIpu sToM copepxaHue HACBHIIIEHHBIX
KK B copoBbIX popmax 3HAUMTEIHHO BHILIE, YEM B
BereTaruBHBIX. 110 MHEHHIO aBTOPOB, aHAJM3 CIEKTpa
KK Moxker OBITH JOMOJHUTENBHBIM HWHCTPYMEHTOM
[IPU MPOBEIEHUH XEMOTaKCOHOMHUYECKOTO aHaju3a ad-
poOHBIX 6armii [23]. Metox I'X/MC 0bu1 ycnemHo uc-
MOJIH30BaH JJIsl UCCIICJOBAHHS HEN3BECTHBIX TOPOLIKOB
Ha MpeaMeT HaJTM4usl CIIop CUOMPCKOM s3BHI [24].

Kpome wuccnenosanus JKK-cocraBa memOpaH,
Metox ['X/MC mmpoko ucmomb3yercs AJsl XapakTe-
puctuku nunononucaxapuaa (JIIIC). Ycranosneno,
4yT0, uMest o0myto ctpykrypy JIIIC, nunug A y pas-
HBIX MpECTaBUTENEH TPaMOTPHULATENIbHBIX OaKTepuil
OTJIMYaeTCs 1O TOJIOBHBIM 3aMECTUTEIISIM, KOTUYECTBY
u cocraBy JKK. B 3aBucumoctu ot Buga MO coctas
aunuga A moxet BapbupoBath oT 4 XK (Francisella
tularensis, Helicobacter pylori, Pseudoalteromonas
issachenkonii KMM 3549T), oOpa3ys TeTpaaluimpo-
BaHHble Qopmbl munuaa A, no 7 KK — renraanuinu-
poBaHHBIE BapuaHThl nunuaa A (Erwinia carotovora
u Acinetobacter radioresistens S13). BonpmmacTBO
reKCaallMJIMPOBAHHBIX MOJICKYJ JHNHAA A HMMEIOT
acumMmeTpudHoe pacnpenenenue KK mexny riroko-
3aMHUHaMHu Aucaxapuaa junuga A. CUMMETpHYHOE
(2 + 2) pacnpenenenue KK oOHapyxeHo B aunuie A
u3 Coxiella burnetii © HEKOTOPBIX TeKCaallUIUPOBaH-
HBIX (3 + 3) cTpykrypax. B cocTaBe 3HIOTOKCHHOB 3
Mopckux Oakrepuii Pseudoalteromonas haloplanktis
TAC 125 u Alteromonas addita KMM 3600T unen-
TUQUIUPOBAHBl TEHTAAMIMPOBAHHBIE CTPYKTYPBI
numuaa A [25-27].

N. Phillips ¢ coasr. [28] mpoBenu wuccienoBa-
Hue momubukanuii munuga A JIIIC Bo3Oynurens Ty-
asipemud. B pabore ObUIM MCHONB30BaHbI 2 IITaMMa:
F tularensis LVS (ATCC 29684) c panee n3yueHHbIM
KUPHOKUCIIOTHBIM ITpoduiieM nununa A u F. tularensis
1547-57 (tun B). [1pu ucnons3oBanuu Mmetoaa I' X/MC
mokaszaHo, yto mramm F. tularensis 1547-57 (tun B)
nmeer cxoxuil ¢ F tularensis LVS XK-cocras nmunuga
A, HO IOTIOJIHUTEJIBHO COACPIKUT B COCTaBe AJTUHHOILIC-
noueunbie KK (C, , C,, ., C, 4:0)' B xone nanpHeiiero
HCCIIeIOBaHUs JUNUAa A ObUIO OKAa3aHO IPUCYTCTBUE
B HEeM ranakrozamuna. [lo MHEHHIO aBTOpOB, JaHHAs
Moaudukanys TUNUAa A MOXET BIUSTh Ha yCTOWYH-
BOCTh OakTepuH K IeHCTBUIO aHTUMUKPOOHBIX MENTHU-
noB. [Ipumenenne meroma I'X/MC 1m0o3BOJINIO BBISIBUTh
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OB30PbI

MOJIEKYJISIPHBIE MapKepbl MPUPOAHOTO M BAKI[MHHOIO
LITAMMOB TYJSIPEMHUHHOTO MHKPOOa.

B nuarHoctudeckux LEISIX MCIONB3YyeTCS MYJb-
turoHHbIH MeTon I'X/MC-ananusa in situ, CO3IaHHbBII
OTEYECTBEHHBIMU HCCIIEI0BATEISIMHA, KOTOPHIN M03BO-
JISIeT IPOBOAUTH WACHTHU(PHKALIUIO BO30YAUTEINS HEIO-
CPE/ACTBEHHO B OMOJIOTMYECKOM MaTepuaie (MOKpOTa,
THOMHBIA dKccynaT, OMONTaThl TKaHEH W Jp.), MUHYS
CTaJUI0 BBIACIICHUS YUCTOU KYJIBTYphl. JJaHHBIN METOA
npeaycMaTpuBacT NPOBEACHUE HICHTU(PHUKALUU 110
150 MUKpPOOHBIM MapKepaM OIHOBPEMEHHO, 4TO Jiena-
eT aHanu3 Ha ocHoBe ['X/MC 3KCIpecCHBIM METOIOM
JIMarHOCTHKH [29].

Meton I'X/MC Moxer ObITh HCIIOIB30BaH JUIS
PEKOHCTPYKIUHU BUIOBOTO COCTaBa U CTPYKTYPHI KO-
soruueckux cooduiecte MO [3], mo3Bossist omnpene-
JISITh COCTaB MHKPOOHOTO COOOILECTBA HE TOJNBKO Ka-
YECTBEHHO, HO U KojudecTBeHHO [30], BKiIroUas maro-
reaabsie MO B OMOTOIIaX Y€I0BEKA, a TAKXKE CIACAUTH 3a
HW3MEHEHUEM COCTaBa MUKPOOHOILIEHO3a U OTCIICKUBATH
M3MEHEHUS MeTa0ojIM3Ma ero y4yacTHukos [ 14, 31, 32].
[TokazaHa BO3MOXXHOCTb NPUMEHEHHS TIa30XpOMaTo-
rpadMuecKkoro aHaiusa A ONpPEAETICHUS HalMuus
B mpo0ax KIMHAYECKOTO Marepuana BO3OyAHuTesel
aHa3poOHbIx mHGpekuui [3]. [Ipu TakoM HHDEKIHOH-
HOM TIpoLiecce B Mpo0ax THOsl, APEHAXKHOH >KUIKOCTH
OTKpBITOM paHbl HakarumBatorces Jeryune KK C3-C6
(B TOM 4HCIE M30MEpPHBIC), TOT[A KaK MpH MH(EKIUH
a’pO0OHOTO MPOUCXOXKICHUSI — YKCYCHAasih KHCJIOTa W
HETIETY4YUe KUCIOTHI [3].

Uzyuyenne npoduist KK mo3Boisier momydaTsb
JaHHBIE O MUKPOOHOM COOOIIECTBE HEKYJIBTHBUpYE-
MbIX MO npu 6aKTE€pHUOJIOTHYECKOM aHaJIHM3e.

Metoapl 'X/MC MOTyT OBITH YCHELIHO HCTIOJNb-
30BaHbl B U3YyYCHHUH aJalTalMOHHBIX cBokcTB MO.
Crnextp KK sBusiercss (peHOTUNHMYECKON XapakTepu-
CTHKOU OaKkTepHanbHOM KieTKH. Bapuanuu ero cocrtaBa
MO3BOJISIIOT CYIUTh 00 M3MEHEHHSX YCIOBUI KyIbTHBU-
poBanus MO. B Hacrosiiee Bpemsi Hanbosiee U3ydeH
PETYISTOPHBINA MEXaHU3M aJianTaluu OaKTepUid K TeM-
[epaTypHOMY peXUMY OKpy»Karoiei cpens [33, 34].

Knerounbie memOpanbl OakTepuil mpencTapis-
10T c0o00l CIOKHBIE TeTePOreHHbIE CUCTEMBI, (Hu3u-
KO-XMMHMYECKHE CBOMCTBA KOTOPBIX 3aBHUCST OT KOJHU-
YECTBEHHOI'0O M Kade€CTBEHHOIO COCTaBa JIMIMIHBIX
KOMIIOHEHTOB. HarmsiAHBIM PUMEPOM MOTYT CITYKUTh
W3MEHEHUS BA3KOCTH MEMOpaH, aCCOLMUPOBAHHBIX CO
cnekrpom XK, y 6akrepuii pona Yersinia. YctaHoBIe-
HO, YTO NOBBIIICHNE BA3KOCTH MEMOpPaHBI MPH CHUKE-
HUM TEMIIEPaTypbl KyJIbTUBUPOBAaHUS 00YyCIOBICHO U3-
MEHEHHEM (U3UYECKUX CBOHCTB MEMOpAHHBIX JIHIHU-
JIOB, CBSI3aHHBIM CO clIocoOHOCThI0 MO MOaynupoBaTh
cnektp XK, Bxonsmux B coctaB ¢ochonumnuaos [33].

F. Chen u coaBr. [35] u3yuniu myTa MmeTadboin3ma
JBYX ITAMMOB BO30yAuTeNs TynspeMuu: F. tularensis
subsp. holarctica (naToreHHBIA i 4elloBeka) U F.
tularensis subsp. novicida (HenatoreHHBIN TSI YeIIO-

Beka). [Ipu uzydenuu ['’X/MC-meTonoM npoduiis u3o-
TOIIOJIOTOB AMHUHOKHCIIOT, ONIUCAXapUAHOTO JIeprBara
DIIIOKO3BI, (hpyKTO3bI, amuHOcaxapoB, KK, 3-rumpox-
culyTHupara, JlakTara, CyKIMHATa U Majara MOoKa3aHo,
YTO IITAMMBI B Pa3IMYHOI CTENICHH HCIOJB3YIOT AaH-
Hble cybcTpaTel. [1o MHEHHIO aBTOPOB HCCIEAOBAHMUS,
pasnuus B MCHONB30BaHUU CyOCTPaTroB MOTYT OBITh
CBSI3aHBI C BUPYJICHTHOCTBHIO IITAMMOB M HX MEpCHU-
CTCHLMEH B OpraHu3Me X0341Ha U TIEPEHOCUHKA.

OnHUM U3 KJIIOYEBBIX MOMEHTOB IPY MPOBEACHUH
I'X/MC siBnsieTcst aHajiu3 MOJIy4YeHHBIX AaHHBIX. [Ton-
XOJl OCHOBaH Ha aHaJiM3¢ BPEMEHH BBIXO/A BELIECTBA
W HalW4uusl HECKOJbKMX 3HAYMMBIX HOHOB. JlaHHBIN
METOJl aHalu3a SIBISIETCS HamOoJiee TOYHBIM M JaeT
HaWIy4IlUe pe3yNbTaThl, OIHAKO CHJIBHO 3aBHCUT OT
UCIIOJIb3yeMOI0 000PYA0BaHUS — OTHO U TO K€ Bellle-
CTBO OyZeT UMETh pa3HOe BpeMsl yIepKaHus IpU Mpu-
MEHEHUH Pa3HBIX KOJIOHOK. DTO JAeiaeT MPaKTHYECKU
HEBO3MOXXHBIM HCIIOJIb30BAaHUE JAHHBIX, MOTYYEHHBIX
JPYTUMH aBTOpaMH, U TpeOyeT co3naHus 0a3 ITaHHBIX
UMEHHO Ha «cBoeM» obopynoBanuu. [ToMumo 3TOTO
MPaKTUYECKU Bce 0a3bl JaHHBIX COJEPkKAT Macc-CIeK-
TPHI OTJIETBHBIX BEIIECTB, a He 1eabix MO. OnHoit u3
BO3MOXHBIX NPOOJEM HCIONB30BaHUS 3apyOeKHOTO
nporpaMmMHoro obecrieueHus U 6a3 JaHHBIX SABISETCS
3aBUCHUMOCTb OT Xa0TUYHON CaHKIIMOHHOW IOJIMTUKH
3apy0eKHBIX CTPaH, YTO MOXKET MPUBECTH K OJIOKUPO-
BaHUIO PabOTHI IOPOTOCTOSILEr0 UMIIOPTHOTO 000pY-
JnoBaHus. Bce 3To AenaeT akTyaabHBIMH pabOTHI 1O
CO3/IaHUIO0 OTEUYECTBEHHOrO MPOrpaMMHOrO obecre-
4yeHus, 0a3 JJaHHBIX MAaCC-CIIEKTPOB BEIIECTB U 0a3bl
npoduneit MO 1 MX HACHTU(PHUKALUK C MOMOLIBIO
I'X/MC.

BbiBOAbI

Takum o6pazom, ' X/MC-MeTon XapakTepHu3yIoT:

* BBICOKasi 4yBCTBUTEIBbHOCTH (1x10°—1x10* kie-
TOK B Ipo0e) U TOCTOBEPHOCTH, BOZMOKHOCTD
WCIIOJIb30BaHUS B KIIMHUYECKOH JUAarHOCTHKE;

* CrIOCOOHOCTH BBISBISITH BO30yAuTENeH MHQEK-
U, HAXOAALIMXCS B «CIALIEM» COCTOSHHU
(MHUKpOKOJIOHHH OKYTaHBI 3alIUTHOH MoJrcaxa-
PUAHOI Karicynoi);

* YHHUBEPCAIbHOCTb METOJMKH B OTHOIIEHUH Pa3-
HBIX Ipynn MO: 6akTepuii, TpuOOB, BUPYCOB;

* HKCIPECCHOCTh — TOJHOE BpeMs aHaIH3a CO-
CTaBJIsCT 2 U

* CEJICKTUBHOCTb — BO3MOXKHOCThH HJICHTU(HKA-
muu MO 1o Buaa;

* KCIOJIb30BaHKE JIFOOOTO OMoMarepuala.

Mertop NMIIEH HEJOCTATKOB KIACCHUYECKHX Me-
TofoB uaeHTHUKanuu u guddepenumanuu. Tak,
B OTIMYHME OT OaKTEPHOJIIOTHUYECKUX MCCIICAOBAHUI
I'X/MC — »KcripeccHBI METOJ: OTCYTCTBYIOT CTaJuHU
MOBTOPHBIX MEPECceBOB U OMOXMMHUYECKUX TECTOB, KO-
TOpBIE OCOOCHHO CIIOKHBI, TPYIOEMKHU M AJUTEIbHBL.
Het HEoO0X0OMMOCTH B TIOyY€HHH YUCTOH KYJIBTYPBI;
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BO3MOXKHA WACHTH(UKALMS HEKYIBTUBUPYEMBIX (hopM
MO. B omiinune 0T IMMYHOCEPOJIOTHYECKUX UCCIIEN0-
Banuii ' X/MC — npsiMmoli METOXI: OTCYTCTBYIOT OIIU-
OOuHBIC ONpe/eNeHus, CBI3aHHbIe C UHANBUAYaIbHbI-
MU BapHalUsIMU UMMYHHOTO OTBETa; OH TaKxke Oolee
YyBCTBHUTEJILHBIN. B oTiMune ot MonekyasipHO-OnoI1o-
TUYECKUX METOAOB JAETCs aJeKBaTHasi KOJIUYECTBEH-
Hasl OLICHKA; METOJ MEHee JOPOIoM, Ul €ro peainusa-
UM UCTIONB3YIOTCS JOCTYITHBIE JTF00BIM JIAO0paTOpHUSIM
XUMUYECKHE PEaKTUBBI U METOIUKHU POOOMOATOTOBKH.
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PeakToreHHOCTb, 6€30MacHOCTb M UMMYHOJIOrMYecKas
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BBeaeHue. PoTaBupycHas uHdekums (PBW) aensieTcs Hambonee pacnpocTpaHEHHOW NPUYMHON TSDKENOro ra-
CTPO3HTEPUTA Y AEeTel paHHero Bo3pacTta BO BceM Mupe: exerogHo 600 Thic. AeTelt B MMpe yMUpatoT, OKOmo
3 MITH Hy>XgaloTcs B rocnuTanuaauun, 25 mnH Tpebyetcs BpayebHas nomoLb. OcHoBHOWM Mepon 60pb0Obl ¢ AaH-
HOW MHdEKLMEN Npu3HaHa BakuuHonpodunaktuka. Llenb paboTbl — oueHKka peakToreHHoCTH, 6e3onacHoOCTU U
UMMYHOIEHHOCTU BaKUMHbI AN npodunakTnkn PBU neHTaBaneHTHOM XMBOW Npy UIMMYHU3aLmUKn AeTen.
MaTtepuanbl u metoabl. B Poccuu BnepBbie NpoBeAEeHO MHOMOLEHTPOBOE MPOCMNEKTMBHOE PaHOOMU3MPOBaH-
Hoe [1BOKHOe crenoe nnauebo-KoHTponMpyemMoe KNMHUYeCKoe uccrnefoBaHne BakUmHbl Anst npodunaktku PBU
NneHTaBaneHTHOM XUBOW C y4acTUeM 340POBbIX AETEN B BO3pacTe 2 MeC Ha MOMEHT NepBON BaKUMHaLWN.
PesynbraThl. BakumHa xapaktepusoBanachk yaoBneTBopuTenbHbIM npodunem 6e30nacHOCTU U BLICOKOW MMMY-
HOIMOrMYECKOW aKTUBHOCTBIO MPU TPeXKpaTHOW MMMyHM3auun aetein. OTpuuatenbHON AUHAMUKU B COCTOSIHUM
300pOBbSA AEeTen B xoae HabnogeHUs He BbISIBIEHO.

O6cyxaeHue. [NokasaTtenu cepokoHBepcUn, hakTopa CEPOKOHBEPCUN U CPEAHEN reOMETPUYECKON TUTPOB aH-
TMTEn BbINKM conocTaBMMbI C pesynsTaTamy 3apybexHbIX MCcCcrnefoBaHUI kKak 4aHHOMo npenaparta, Tak 1 ero aHa-
noros.

KnioueBble cnoBa: pomasupycHas UHGbeKyus;, 0emu; saKUuuHa rneHmasaneHmHas xueas; UMMYHO2eHHOCMb,
b6e3onacHocmb; peaKkmoeeHHOCMb.

HUcmoyHuk ¢pbunaHcuposaHusi. VccnegosaHne MHAHCMPOBANoCh B paMKax KINMHUYECKOro nccrneqoBaHns
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Introduction. Rotavirus infection (RVI) is the most common cause of severe gastroenteritis in infants and young
children worldwide: 600,000 children die annually; it accounts for approximately 3 million hospitalizations and
25 million physician visits each year among children. Preventive vaccination is universally recognized as the most
effective measure against this infection.

The purpose of the study is assessment of reactogenicity, safety and immunogenicity of the pentavalent live
vaccine for RVI prevention in childhood immunization.

Materials and methods. The first multicenter prospective, randomized, double-blind, placebo-controlled clinical
trial of the pentavalent live vaccine for RVI prevention was conducted in Russia among healthy infants aged
2 months at the time of the first vaccination.

Results. The vaccine had a satisfactory safety profile and high immunologic activity when administered in a three-
dose series for childhood immunization. No negative changes in the children’s health condition were detected
during the surveillance monitoring.

Discussion. The seroconversion rates, the seroconversion factor and the geometric mean antibody titer were

consistent with the results obtained during trials of the above vaccine and its equivalents in other countries.

Keywords: rotavirus infection; children; live, pentavalent vaccine; immunogenicity; safety; reactogenicity.

Acknowledgments. The study was funded as part of the clinical study "Vaccine for the prevention of rotavirus
infection, pentavalent, live" (Resolution of the Ministry of Health of the Russian Federation, January 29, 2019

No. 46).

Conflict of interest. The authors declare no apparent or potential conflicts of interest related to the publication

of this article.

For citation: Feldblium L.V., Subbotina K.A., Rychkova O.A., Mironov A.N., Volkova D.A., Metov A.O.,
Sakaeva I.V,, Kupina N.V., Karbyshev M.S., Mironov N.A., Kondratyeva Ya.Yu. [Reactogenicity, safety and
immunological efficacy of the live, pentavalent rotavirus vaccine in childhood immunization (results of the
multicenter clinical trial)]. Journal of microbiology, epidemiology and immunobiology = Zhurnal mikrobiologii,
epidemiologii i immunobiologii. 2020; 97(4): 363-374. (In Russ.).

DOI: https://doi.org/10.36233/0372-9311-2020-97-4-9

BsepeHune

PoraBupychnas ungexuust (PB1) — camas macco-
Basl KUIIeuHass MHQEKIMS MPAKTHYECKH BO BCEM MHUPE.
Ilo nannbIM 3kcniepToB BO3, cpeau 1,0—-1,2 mipa «aua-
peHiHBIX 3a00NIeBaHMI», PETUCTPUPYEMBIX EXKETOIHO,
49-67% mnpuxoauTcs Ha BUpycHble MHpekuuu [1, 2].
Cronp mmpoxoe pacmnpoctpanenne PBU ompenenser-
csl paoM (haKTOPOB: HEBO3MOXKHOCThIO 3(pekTuBHOTO
BO3JICHCTBUSL HAa BO30YAMTENIE WH(EKIMU BCIICACTBUC
OOJBILIOTO KOJIMYECTBA HOCHUTENEH M OTCYTCTBHSA 3THU-
OTPOIIHOM Tepalnuy, HEKOHTPOJIUPYEMOCTBIO IIyTeH
nepeavr, BHICOKOH KOHTarO3HOCTBIO BO3OYIUTENS M
HEJOCTaTOYHON S(PPEKTUBHOCTBIO JIe3MHOUIIPYIOLIHX
cpeacts [3—5]. B cuity BeIcoko KOHTarno3Hoctu (y zie-
Tel BeiaenseTcs >10 MiIpa BUPYCHBIX YacTUIL/MJI CTYIa,
MUHHMAaJIbHAS 3apakaronias jgo3a — 10 Onsikooopasy-
roumx enuauiy/min) PBU siBnsieTcst oHON M3 OCHOBHBIX
NPUYUH BHYTPUOOIBHUYHBIX THApeH, NOMsl KOTOPBIX B
OTJIeTIbHBIC CE30HBI TOJIa MOXKET TOCTUTaTh 87% [6—9].
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Mo manneiM 3kcneproB BO3, 3a0oieBaeMoCTh
PBU B pa3nuuHbIX cTpaHax KoJeOJIETCs B IIUPOKHX
npeaenax: 250-3000 na 100 TeIc. mereii. EsxerogHo B
CIIIA naOmromaercs cBblllie | MIIH CITydaeB TSHKEIIBIX
pPOTaBUPYCHBIX AMApel Cpeau MAaIeHTOB B BO3PAcTe
1-4 roma [10-13]. MaccoBbie HcCCIENOBaHUS B STOU
CTpaHe MoKa3aJd, 4TO €Ile A0 Hayaia MporpaMMbl Bak-
nuHaru ot PBU 80% neteii ObutM CepOINO3UTHBHEI,
YTO CBUJICTEIHCTBOBAJIO O paHEE MEPEHECEHHOW HMHU
vH(peKIUU. AHAJIOTUYHBIE WCCIEA0BaHUs, NPOBE/ICH-
weie B [lonwine B 2008 r., mogTBepauwnn Hannuue PBU
MIPAKTHYECKU Y KAKIOTO TPEThEero peOeHKa ¢ OCTpOi
KuieuHou nadeknueii [14, 15].

ITo muenuto BO3, PBU sBnsiercsa Beayme npu-
YUHOW FaCTPOIHTEPUTOB y AECTEW B BO3pACTE MIIAJIIIE
5 JeT B CTpaHax Kak ¢ HU3KUM, TaK U C BBICOKUM yYPOB-
HEM PKOHOMHYECKOTO pa3BUTHUs. JJoCcTOBEpHBIE pa3iu-
YUl UMEET JIMIIb TT0Ka3aTellb CMEPTHOCTHU, €€ BBICOKHIA
yposens ot PBU Haunbosee xapakTepeH Al pa3BUBalo-
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HAYKA /I TPAKTUKA

LIUXCS TOCYAPCTB U HOCTUTaeT moutu 82% cMepTemb-
HbIX ciaydaes oT PBY Ha muiaHere.

[MIpobnema PBU B 3KOHOMHYECKH pPa3BUTHIX
CTpaHaX CTOMT He MeHee ocTpo. Ilo oneHkam eBpo-
MEeUCKUX DKCIEePTOB, Ha 23,6 MIH AeTedl Muailie
5 JeT, NpOoXMBAIOIUX B cTpaHax EBpocorosa, exe-
TOJTHO MPUXOAUTCs 3,6 MITH 3MHU30/I0B POTAaBUPYCHOTO
racTpOIHTEpUTA, YACTOTa COCTaBIAeT 1 ciayuyail Kiu-
HUYECKH 3HAYUMOUM MH(EKIUU Ha 7 JACTEH €KETrOIHO
[16]. B pe3ynbrare MHQEKIUH €XKETOAHO MOTHOaeT
231 pebenok, Oonee 87 ThIC. TOCIUTATUIUPYIOTCS U
emte okoio 700 ThIC. OOpalarTCs 3a MEIUIIUHCKOM
noMouipto. B crpanax EBpocoro3a CMEpTHOCTH OT
JlAaHHOW MH(EKIUU HEeBbICOKA, HO nMeHHO PBU ompe-
JeJIsIeT BEICOKYIO 3200J1€Ba€MOCTh CPe/IH IETCKOTO Ha-
CEJICHUSI C HAIWYMeM OONBIIOr0 YUCHIa KIMHUYECKUX
dbopM, TpeOyONMX TOoCHUTAIM3AIMN U OOpalleHUs
3a HEOTJIOKHOM momompo. CpenHsas IpOAOIKUTENb-
HOCTB T'OCIIMTAIN3aluu cocTaBisieT 2—10 nueil, cTou-
MOCTb city4as BHyTpubonsHnunoit PBM — 1500 eBpo
[15]. Honst poTaBUPYCHOTO TaCTPOIHTEPUTA B 00IIEM
YHUCJIE CIy4aeB OCTPOro IacTpO’HTEPUTA y AETeH 110
5 JeT B eBpOMEHCKHX CTpaHax BapbupyeTr oT 25,3%
(I'peuns) no 63,5% (Hopserus). B npyrux crpanax
3Ta aods cocrasiser 36—45% [16, 17].

B crpykType nerckoil CMEpPTHOCTM OT BaKLU-
HOKOHTpOJIUpYyeMbIX 3a0osieBanuii PBU, mo naHHBIM
BO3, 3anmmaer 2-¢ MECTO MOCJE€ HTHEBMOKOKKOBOM
uHgpeknuu [18-21]. B 2011 1. undpekuonnas auapes
ctana npuauHou 9,9% u3 6,9 MiH cmepTel B JaHHOMU
BO3pacTHOM rpymrie, npudeM Oonee 70% ymepiux Obl-
nu muaamie 2 net [14, 18, 19]. Cpenu sTnonoruuecku
pacudpoBaHHBIX BUpPYCHBIX nuapeii PBU BousBnsieT-
cs B 65% ciyuaeB, nmpuueM et oOycioBieHsl 17,8%
CMEpTENbHBIX Auapeid. TakuM o0pa3oM, €KEerofHO C
pPOTaBUPYCHBIM T'acTPO3IHTEPUTOM CBsi3aHO 197 ThIC.
CMEpTEH, T.e. KaXKIbIi Yac OT 3TON HH(PEKIUH TOTudaeT
23 pebenka [ 14, 18, 20, 21].

B Poccun B CTpyKType OCTPBIX KHILIEYHBIX HH-
¢dexnuii 6onee 50% cinyyaeB MPUXOAUTCS Ha OCTpHIC
KHLIEYHbIe HH(EKIMH BUPYCHOH 3THONOTHU (pOTa- U
HOpoBHUpYCHEIE). 3aboneBaemocTh PBU B Poccuu Ha
NpOTsKEHUU mocieanux 10 et coxpaHseT TeHJCH-
Mo K pocty u no utoram 2018 1. cocraBuna 81,3 Ha
100 Teic. Hacenenus. OueBUIHO, YTO OJJHOU U3 IPUIHH,
00yCJIOBUBIINX JAHHYIO JUHAMUKY, SIBISETCS YITy4Ille-
HHUE KauecTBa JIAOOpaTOPHON TUarHOCTUKH OCTPBIX KH-
IICYHBIX MH(EKIMA, YTO MO3BOJSIET 00JIee JECTAIBHO
0003HaUNTh OCHOBHBIX BO30YIUTENEH OCTPBIX racTpo-
SHTEpUTOB y Hacenenus Poccun [22]. YpoBeHb BUpY-
COHOCHUTEJNBCTBA y JIETE€H paHHEro BO3pacTa COCTaBIs-
et 1,5-9,0% [23].

OcHoBHO#1 Mepoli 60pbOBI ¢ 3TOH MHQEKIHCH B
MUpE IpU3HAHA BakIUHONpoQUiIakTuka. B HacTos-
miee BpeMs BakiuHanus npotus PBU BHeapena B 69
CTpaHaxX MHpa W BKJIIOUCHA B KaJeHJapu Mmpoduiiak-
tnueckux npusuBok CIIIA, bensrun, I'epmanuu, AB-

cTpuH, psina crpan Jlarunckoit AMepuku u np. [24—
26]. Kypc BakmuHanuu COCTOUT U3 2—3 103, BBOAU-
MBIX BHYTPb C HHTEPBaJIOM 4—8 He/l B TEUEHHE TIEPBBIX
6 Mec KHU3HU (OAHOBPEMEHHO C BaKIIMHAMM IPOTHUB
qudTepuu, CTONOHSKA, KOKIIONMIA, MOJMOMHUENNTa U
reMopwIbHON HHpeKuun). DPPEKTUBHOCTE HUMMY-
Huzanuu pocruraer 70-80%, a B oTHOeHUH (GopM,
TpeOyIOIUX roCMUTAIN3alNN WIM BHYTPUBEHHOH pe-
ruaparamnuu, — 100% [27, 28]. B Mekcuke npumeHe-
Hue BakIMHBI IpoTuB PBU B Teuenue nepBrix 3 jet
MO3BOJIMJIO COKPATUTh KOJIMYECTBO CMEPTEU y AETEU
Ha 700 B rom ¢ moMmeHTa BakiuHamnuu [25]. B Poc-
cun HaunonaneHbI KaJeHIAph NPO(UIAKTHYECKUX
npuBuBok (HKIIIT) ummyHnu3zanuro aereir or PBU He
npenycMmarpuBaeT. BakuuHanys npoBOJUTCS JHILD B
OTIeNbHBIX cyObekTax Poccun B paMkax pernoHaib-
HBIX MIpOrpaMM (KaJIeHJapeil) IMMYHU3aLNH.

B Mupe nu1eH3upoBaHbl U YCHEIIHO NPUMEHSIOT-
csl IB€ aTTEHYMPOBAHHBIE POTAaBUPYCHBIE BAKIIMHBI —
NeHTaBaleHTHas peaccopTanTHas Porarex («Merck
Sharp & Dohme B.V.», Hunepnanabl) 1 MOHOBaJICHT-
Has Porapukc («GlaxoSmithKline Trading», benbrus).
Ha reppuropun Poccuu B HacTosiliee BpeMs 3apeErucT-
pupoBaHa ML 0/1HA BakiMHa — Portatek. OHa conep-
JKUT 5 peaccopTaHTHBIX BUPYCOB: 4 HECYT Ha HapyX-
HOl 000JI04Ke MOBEepXHOCTHEIE Oenku VP7 cepoTumnos
G1, G2, G3, G4 uyenoBeueckux mramMmmMoB u VP4 ce-
poruna P7 Obrubero mramma, a 5-ii — Oenok P1A ot
9eJI0BeuecKoro u 06e1ok G6 oT OBIYBETO POTUTEIBCKUX
mrammoB [29, 30]. OTeuecTBeHHAs] BaKLMHA MPOTUB
PBH orcyTcTByerT.

B 2014 1. 6b11a co3nana TepMocTabuiIbHas opalib-
Hasl MATUBAJICHTHAS BaKIIMHA HA OCHOBE OBIYBHX pOTa-
BupycoB B Munuu. C 2018 r. oHa crana 1oCTynHa Ha
MEXIYHapOAHOM YPOBHE KaK MPEKBaTU(PHULIUPOBAHHAS
BO3 BaknuHa. JlaHHBIH UMMYHOOHOIIOTUYECKUI Tpe-
napar 0611 anpoOupoBaH B UHAWY 1 MOKa3aJl BBICOKYIO
addextuBHOCTD (66,7%) [30, 31].

B kmuanveckux uccnepoBanusax (I, II, 1T da-
3bl) BakUUHBI AJs1 npodunaktukn PBU menTaBanent-
Hoti xuBol (BIDK) («Serum Institute of India Ltd.»,
Wnnus) 8 Uanun m Hurepe npuHsiiu yuactue Oonee
15 toIC. yenoBek. Mccneayemble MONynanyy BKIOYAIH
B3pPOCIBIX, JIETEW MIIa/IIEero Bo3pacTa U HOBOPOXK/IEH-
HBIX. B X01€ KIMHUYECKUX UCCIIEA0BAaHUN ObLIa JOKa-
3aHa 0Ee30MacHOCTh M Xopolias nepeHocumocTts BITK
BO BCEX BO3pacTHBIX Tpymnmnax. Ceppe3Hble Hexena-
TEJbHBIE SIBICHUS HE OTMEYAIUCh. 3aperucTpUpPOBAHO
HECKOJIKO HEXKENaTeNbHBIX SIBICHUN, KOTOpBIE OBLTH
YMEpPEHHBIMU U HpexoduMu. Beinenenus Bupyca B
oOpasiax cTyjia He HaOIOIAI0Ch.

[IpoBeneHHble KIMHUYECKUE HCCIEJOBAHUSA IIO-
Kazajau HauOoliee BBICOKYI0 MMMYHOT€HHOCTh U IPO-
¢unaktrueckyto 3¢ dexrusrocts BIDK npu ummynu-
3amuu JeTel B Bo3pacte 4—6 Hel B peXHUMe, Mperyc-
MaTpUBAIOLIEM BBeJ€HHE 3 703 BaKLUMHBL. Tpu J03bI
BaKLIMHBI BBOAWIN B COYETAHUU C BAKI[MHAMU IPOTHB
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IudTepun, CTONOHSKA, KOKIIONIA, TeMOPHIbHON HMH-
¢dexnuu, rematura B u nonnoMuenuTa, 4To Moo ooe-
CHEYHUTH OBICTPOE paclIMpeHre MaciITab0B HIMMYHHU3a-
uuu ¢ ucnois3zoBanueM BITK, cokpamienue pacxomos
U Harpy3KH, KOTOpas JOKUTCS Ha IJIEYH ceMel B CBA3U
C TIOCEUIEHUEM [IEHTPOB BAKIIMHALIMH.

C yd4eToM BBIIIEU3I0KEHHOTO C IEJIbI0 rocyaap-
CTBEHHOH PErucTpalMy JaHHOIO Ipenapara B Poccun
OBLIIO TMPOBEJEHO MPOCIEKTUBHOE pPaHIOMU3UPOBAH-
HOE JBOWHOE ClIenoe IUIalueOOKOHTPONIUPYEMOE KIIU-
HUYECKOE MCCIC/I0OBaHME 0€30IacHOCTH U IPPEKTHB-
Hoctu BIDK Ha 310poBBIX 10OpOBONIBIIAX B BO3pacTe
1845 netr B coorBercTBUU C [IpoTOKOIOM KIMHHMYE-
ckoro uccienoanus Ne PTB 001/18 u nonyueno pas-
pemienne M3 PO g npoBeneHUs] KIMHUYECKUX HC-
cnegoBanuii Ha JeTax (Ne 46 ot 29.01.2019 ).

Henbo HacTOALIETO HCCIEAOBAHUS SIBUJIACh
OLIGHKAa PEaKTOTeHHOCTH, O€30IIaCHOCTH U UMMYHOJIO-
ruueckoil addexruBnoctn BIDK ¢ yuactuem pereid.
HccnenoBanue JaHHON BakKUMHBI IpHU MMMYHHU3ALUH
JieTeil paHHero Bo3pacta B Poccuu mpoBeneHO HaMu
BIIEPBBIE.

Ma‘repman bl 1 MeToAbl

PeakToreHHOCTh, 06€30M1aCHOCTE ¥ UMMYHOJIOTH-
gyeckas dpdexruBHocTh BIDK ObTH M3yueHBI B MHO-
TOLICHTPOBOM IPOCHEKTHBHOM PaHIOMHU3UPOBAHHOM
JBOWHOM CJIETIOM ILIale00-KOHTPOIUPYEMOM KITUHH-
YEeCKOM HCCIICIOBAHUU C YYacCTHEM 3I0POBBIX JIETEH B
BO3pacTe 2 MeC Ha MOMEHT MePBOil BaKIUHALINH.

BIDK mnpencrasisier coOOH CTEpUIIBHYIO JIHO-
(GUITU3UPOBAHHYIO Maccy OT PO30BAaTOrO JIO JKEJITOBA-
To-0enoro nsera, pH 6,8-8,8. [lnst pacTBOpeHHs IHO-
¢unu3ara KCHONB3YIOT HUTPATHO-OMKapOOHATHBIH
OydepHbIli pacTBOp, KOTOPBIH MpPENOTBpaIlacT WHAK-
TUBALUIO JICKAPCTBEHHON (POpMBI B KUCIION cpelie Ke-
nynka. B cocraB muTparHO-OMKapOOHATHOTO Oydep-
HOTO PacTBOpa BXOIAT OMKapOOHAT HATPHS U KUCIIOTHI
JIMMOHHOW MOHOTruApar. PacTBopurens npeicTaBisieT
co00i1 Tpo3payHyro OECIBETHYIO KUAKOCTh. PacTBOpe-
Hue npousBoast nepes npumenenuem BIDK. Onna no-
3a (2,5 MII) COEpKUT KUBBIE PeacCOPTAHTHI YeJloBeye-
CKOT'0 U OBIYBETO POTABUPYCOB, BHIPAIICHHBIE HA KYIIb-
Type kietok Vero: poraBupycsl Tuna G1, G2, G3, G4 u
G9 ue menee 10> Gokyc QIOOpECIMPYIONINX SAUHHUIL
Kaxzaoro. Bce mramMmel conepxar reH VP7 cOOTBET-
CTBYIOILIETO CEPOTHIA U3 MITAMMOB YEJIOBEYECKHX BHU-
PYCOB, PEacCOPTAaHTHBIX ¢ OBIYBUM POTABHPYCOM.

Brlubn U yenoBeuecKkue peaccopTaHTHBIC LITaM-
MbI ceporunoB G1, G2, G3, G4 u G9 npenocrapieHbI
xomnanuu «Serum Institute of India Ltd.» (Muaus)
noktopoM A.3. Kamaiikuanom (HanmoHanbHBINH UHCTH-
TyT 3apaBooxpaHenus, CIIIA). B «Serum Institute of
India Ltd.» npuroToBuIn nepBUYHbIH OaHK BAaKIIMHHBIX
HITAMMOB BHpPYCa, BTOPHYHBII OaHK BaKLIMHHBIX [ITAM-
MOB BUpyCa U pabouuii OaHK BAaKI[MHHBIX IITAMMOB
BUpYca ISl UCTIOJIB30BaHMsI B MPOU3BOJCTBE MOHOBA-

366

SCIENCE AND PRACTICE

JICHTHOM HedacoBaHHOW BakUMHBL B kayecTBe crabu-
JIu3aTopa B MPOIECCE MPOU3BOJICTBA TOTOBOW JEKap-
CTBEHHOUN (DOPMBI HCIIOJIb30BAIM Caxapo3y M DIUIUH,
KOTOpbIC 00ecCIeunBaloT CTaOWIBHOCTH Tpernapara B
Pa3HBIX TEMIIEPaTYPHBIX PEKUMAX.

Knuauueckoe ucciaenoBaHuEe € y4acTHEM JACTel
MPOBOAMIOCH B COOTBETCTBUH C STUYCCKUMU HOPMaMHU
U TpeOOBaHUSIMH, PEIIIAMEHTHUPOBAHHBIMU XEJIbCUHK-
ckoit neknapanuedt (2013 r.), a Takke HOPMATHBHBIMU
JIOKyMEHTaMH, PeTIIaMEHTUPYIOIIUMU IPOBEACHHE KITU-
HUYECKHUX HccienoBanuii B Poccun.

UccnenoBanue mpoBOAWIOCH B JBYX KIHMHHYE-
ckux uenrpax: B [lepmu u TromeHun.

Kpumepuu exnmiouenusn: 3M0pOBbIE I€TU MYKCKO-
rO WK >KEHCKOTO TOoja B BO3pacTe 2 Mec Ha MOMEHT
MPOBEICHUS TIEPBOM BAKIIMHAIIWU, HE UMEIOIIHNE MPO-
TUBONOKAa3aHU K UMMYHHU3allu1, T€CTALlUOHHBIA BO3-
pacT KOTOpBIX cocTaBWi >37 Hel, BEC IPHU POKICHUU
>2500 1, mpUBUTHIE COITIACHO BO3pPAacTy B COOTBETCTBUU
¢ HKIIIIL. [lns BKIIOYEHUSI B UCCIEAOBAHUE POJUTEIND
pebenka gomkeH OblT COOCTBEHHOPYYHO U 100POBOIIb-
HO IMOJITUCAaTh HHPOPMHUPOBAHHOE COIIACHE U BBIIIOJI-
HATH TPEOOBAHUS IPOTOKOJIA.

Kpumepuu nesxniouenus:

* nuapes Wik KPOBb B KaJie B aHAMHE3¢ WM Ha-

pylieHHe pexuma JedeKalu 3a IOCIeIHUS
14 nnei;

* XpOHUYECKHE 3a00JICBaHUS  IKEIYIO0YHO-KH-
[ICYHOTO TPaKTa, WHBATMHAIMS KHUIICUYHUKA U
BPOXKJICHHBIC TIOPOKHU PA3BUTHUS KEITYIOUHO-KHU-
[IEYHOTO TPAKTa, MPEAPACIOIATAIOIINE K HEM;

* Onepaluy Ha OpraHax OpOIIHOM MOJIOCTH;

* AIIEPTUYCCKUE PEAKIMU HAa KOMIIOHEHTHI BaK-
LIMHBI WIX Ha JIIOOYIO MPEANIECTBOBABIIYIO BaK-
LUHALINIO;

* CHJIbHBIC TMOCTBAaKIIMHAIBHBIE PEAKIIMH U OC-
JIOXKHEHUSI, CBSI3aHHBIC C JIIOOOW TPEIbIIyIICH
BaKIMHAIKCH;

* HaJM4Me KAaKOTO-TH0O0 3HAYUTEIILHOTO CHCTEM-
HOTO HapyIICHUS CO CTOPOHHI JIETKUX, MEYCHH,
MOYEK, KOXKHBIX TOKPOBOB, CEpPJCUYHO-COCYIU-
CTOM CUCTEMBI, XKEIYOUYHO-KUIIIEIHOTO TPAKTa,
SHJIOKPUHHOW CHUCTEMbl, UMMYHHOU CHUCTEMBI,
HEPBHOI CHUCTEMBI, a TaKXE OHKOJOTUYECKOE
WK ayTOUMMYHHOE 3a00JIeBaHue;

* BPOXKJICHHBIC WJIM TCHETUYECKUE HAPYIIICHNUS,

* OCTpbIC MH(EKI[MOHHBIC WK HEUH(PEKIIMOHHBIC
3a00JicBaHMsI HA MOMEHT BKJIFOUCHHMSI B HCCIIC-
JIOBaHUE WM €CJIHM MPOILLUIO MEeHee 4 HeJl Mocie
BBI3JIOPOBJICHHUS;

* HAIMYUE B aHAMHE3€ JOKa3aHHOTO IIepeHe-
CeHHOro rematuta B, nudtepun, cTonOHsKa,
KOKJIFOIIA, MOJUOMUEINTA, TeMOGUIBHON WK
ITHEBMOKOKKOBOH MH(DEKIIHH;

* MONTBEPKIACHHOE MO0 MOJ03PEBAEMOE UMMY-
HOJICUIIUTHOE COCTOSIHHE (HACJICICTBCHHBIM
WJIM BPOXJICHHBIM UMMYHOIC(QUITUT);
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* MOCTOSHHOE MIPUMEHEHNE HMMYHOCYTIPECCOPOB
WM UIMMYHOMOAYJISTOPOB, CTEPOUIHBIX Mpena-
paroB, UMMYHOIIOOYJIMHOB WJIM KOMIIOHEHTOB
KpOBH.

Uccnenosanue cocrosio u3 3 sranos. [lepBsrii
3Tan COCTOsUI U3 Mepuoja CKPUHUHTA, JUIUTEIbHOCTh
KOTOpPOTO MOIJIa JOCTUraTh 7 IHEH, U mepuojia nocie-
JYIOLIETo MEPBUYHOTO TUHAMUYECKOTO HaOmoneH s 3a
pa3ButueM pebeHka mnocie BBeAeHus 1-it mo3er BITK
JUIUTEIbHOCTRIO 30 mHell.

Bropoii atamn Bkiroyan 2-e Beeaenue BIDK ¢ mo-
CJICIYIOIIUM BTOPUYHBIM TWHAMUYECKHM HaOJIONCHU-
€M 3a pa3BUTHEM PEOCHKA JJIMTEIILHOCTBIO 45 JTHEH.

Tpetuii atan — 3-e BBeaenue BIDK ¢ mocnexny-
IOUIMM TPETHYHBIM JTUHAMUYECKHM HaOIltoneHneM 3a
pa3BUTHEM pebeHKa, COTIACHO OOLICTIPHHATHIM TeH-
aTpu4ecKuM HopMmaMm, uiuTenbHocThio 30 mHeit. Ilo
JaHHBIM KJIMHUYECKHUX M JabOpaTOpHBIX METOAO0B 00-
clIeloBaHud B vccienoBaune ObuH BKIroueHs! 100 e-
Tell ¢ BEepU(PHULUUPOBAHHBIM AMATHO30M «3IOPOB», CO-
OTBETCTBOBABILIUE KPUTEPHUAM BKIIOUEHUS M HE MMEB-
LI1e KPUTEPUEB HEBKIIIOUEHUS.

Bce peru-yyacTHUKM OBUIM PaHAOMH3HPOBA-
HBI B COOTHOIIEHUH 1:1 B ogHy u3 rpymnm: 1-s rpynmna
(n=50) — netu, xoropsie nomyuanu BIDK TpexkparHo
MepopabHO C MHTEpBAJIOM He MeHee 4 Hel B 00beMe
2,5 mi1; 2-1 rpynmna (n = 50) — aeTu, KOTOpbIe MoTy4a-
JM T1ane0o0 TPEXKpaTHO MEpOpaIbHO C HHTEPBAJIOM HE
McHee 4 Hen B o0beme 2,5 M.

Bce netn — y4acTHUKHM HcceloBaHHUs MOTyYa-
T Apyrue npouIakTHUECKUe NPUBUBKU B COOTBET-
crBur ¢ HKIIIT: mpoTHB MHEBMOKOKKOBOH HH(EKIUH
(B Bo3pacTe 2 Mec — mepBas BaKIMHALUSA, B BO3pacTe
4,5 Mec — BTOpas BaKI[MHAIINSA), TUPTSPUH, KOKITIOIIIA,
CTOJIOHSIKA, TTOJTMOMUEINUTA (B BO3pacTe 3 Mec — mep-
Bas BaKLMHAIM, B Bo3pacTte 4,5 Mec — BTOpasi BaKLU-
Hauus). [Ipu aToM pomyckanach OTHOBpPEMEHHas Bak-
nuHanus ¢ BBeaenueM BIDK/mnane0o.

Peakrorennocts u 6e3omacHocts BITK ouenu-
BaJIM MO JaHHBIM (U3UKAIBHOTO OCMOTpa, aHTPOIO-
METpPHH, Pe3yJIbTaTaM U3MEPEHUH YacTOTHI CEPACUHBIX
COKpAlleHUH, YacTOThl JbIXaHUs, TEMIepaTyphl Tena,
4acTOTe€ BO3HMKHOBEHUS MOCTBaKIMHAIBHBIX peakiuil
1 HEeXeNaTeJbHbIX SBJICHUH, a TakKe M0 JAaHHBIM Jia-
0OpaTOPHBIX MCCIEIOBAHHUIN B XO€ AKTUBHOTO (BU3HUTHI
B MOJIMKIIMHHUKY U Tele(OHHbIE 3BOHKH) U TACCUBHOTO
(nHEeBHMKM HAOMIOACHUS, 3alOJHACMBIC POTUTEISIMU)
HaOMIoeHU 38 yYaCTHUKaMH Ipolecca.

[Tocne mpuema kaxkmont no3b1 BIDK wnu mnare-
00 BCce y4aCcTHUKHU UCCIIe0OBAaHUS HaOMIOAaINCh B HC-
CJIeI0OBATENbCKOM LieHTpe B TedeHue 2 4. Yepes 30 u
60 muH nociie npuema 110361 BIDK/mnane6o Bpau-uc-
clefoBaTeNlb MPOBOAWI (U3UKATILHBIH OCMOTpP U H3-
MepsJ OCHOBHBIE JKH3HEHHO Ba)KHBIE ITOKa3aTesu.
Uepes 6 u mociie KaXI0W BaKIMHAILMU Bpay-Hcclie-
J0BaTelNlb COBEpLIaN TEICPOHHBIA 3BOHOK POAUTEIIO
pebeHka.

OneHka BBIPAKEHHOCTH TOCTBaKIMHAJIBHBIX pe-
aKIU{ MTPOBOIUIIACK 110 4-0aJUTBHOM IIKaJIe MO CIISTYO-
LM KpUTEPUAM:

* peakius He BbIpaXKeHa;

* crnabas CTeNeHb BHIPaKEHHOCTH Peaklni — Ha-
nrure cnaboBBIPaKEHHBIX CUMIITOMOB, THIIEP-
tepmus 37,0-37,5°C;

* CpeIHsA CTENEHb BBIPAKEHHOCTH — CUMIITOMBI,
3aMETHO HapyLIalole HOPMAJIbHYIO €XKEIHEB-
HYIO JIeATENIbHOCTb, runeprepmust 37,6-38,5°C;

* CHJIbHAS peaKkLysi — CUMITOMBI, IPEMSATCTBYIO-
M€ HOPMaJIbHOM €XXEIHEBHOMN NESTEIbHOCTH,
runeprepmust >38,6°C.

JlabopaTtopHbIe HCCIIEAOBaHUS BKIIIOYAIH ONpe/ie-
JIeHHE TI0Ka3areneld KIMHUYECKOro (YpoBEeHb reMoryio-
OuHa, CKOPOCTh OCENaHMs 3PUTPOLUTOB, (OPMEHHEIE
ANIEMEHTHI, JIeHKonuTapHas (opmyna, TPOMOOLMTHL,
SPUTPOLIUTHI) U OMOXUMHUYECKOTO (ComepikaHue asa-
HUH- W achapraraMuHoTpancdepasbl, y-TIIyTaMuil-
TpaHcgepasbl, OunupyouHa odumiero, obmiero Oenka,
MOYEBHHBI, KpeaTuHHHa, C-peakTHBHOTO Oeika, TITIo-
KO3bI) aHAJIM30B KPOBH, OOLIETO aHaiIu3a Mo4H (comep-
JKaHue Oelka, TIIFOKO3bI, KIIETOUYHBIX JIEMEHTOB, COJICH,
yAenbHBI Bec, pH) u ompeneneHue ypoBHs 0O0IIEro
IgE B cbIBOpOTKaX KPOBU yYaCTHUKOB UCCIICJOBAHMSL.

Ummynonorndeckyro s¢pdextuBHocTs  BIDK
OIICHUBAJIM IO BelnuurHe TUTpa antuten (IgA) k po-
TaBUPYCY B CHIBOPOTKAX KPOBU JIeTeH 10 BBEIECHUSA U
MOCJIe TPEXKPATHOT'O BBEJCHUS UCCIIENyeMOro Mpemna-
para. M3yuenue npotuBoporaBupycHoro IgA mposo-
WM B MCCIIEOBaTEIbCKOM JlabopaTopuu « Wellcome
Trust» XpuCTHAHCKOTO MEIMUIIMHCKOTO KOJUIEHKa
(Uugus) mMeTonoM MMMYHO(EpPMEHTHOTO aHalu3a B
COOTBETCTBUU C YTBEPXKACHHON CTaHAAPTHOW OIle-
panmonnor mpouenypoit « WTRL/ASA/035 «Ompe-
JejeHue aHTuportaBupycHoro IgA meromom M®PA c
ucnojibp3oBaHueM 1% peareHta IUisi BeCTEpH-OJIOT-
TUHTay». BanuaupoBaHHas aHaTuTHYECKas IpoLeaypa
UMMYHO(QEPMEHTHOTO aHalW3a NpeAHa3HadeHa s
KOJIMYECTBEHHOU OIICHKH aHTUTeN IgA Kk poTaBupyCy
B 00pa3lax CHIBOPOTKM KPOBH UEJIOBEKa MPH aHAIH3E
pe3yabTaToB KIMHUYECKHUX HCCIEAOBaHUNA pPOTaBU-
PYCHBIX BaKIUH.

B nanHOM aHain3e HCHOIB30BAIM OYMILECHHBIE
npoTuBoBHpycHBIE IgG Kposnka B KauecTBe HUMMOOU-
JIM30BAHHBIX aHTHUTEN JJI CBA3BIBAHUS JIMN3aTOB pOTa-
Bupyca. CBI3aHHBIN JIU3aT pOTaBUPYCa UIMMOOMIIN3YET
MIPOTUBOPOTABUPYCHOE aHTHUTEJO, IPUCYTCTBYIOIIEE B
UCTBITaTeNsHOM OOpasue. [IpoTuBopoTaBupycHOE aH-
tuteno IgA oOHapyxkuBaeTcs OHOTHMHUIMPOBAHHBIM
BTOPUYHBIM aHTUTENOM K IgA. OnpeneneHue amruiu-
(GULMPOBAaHO  MPEABAPUTEIBHO  C(HOPMHPOBAHHBIM
KOMIUIEKCOM  aBHUAWH—OMOTHHIEPOKCUIA3bl  XpEHa.
Konnenrpanuio crenuuyHOro K poraBupycy IgA B
TECTOBOM 00pasiie ONpeAessUTd MyTeM dKCTParoInpo-
BaHUs U3 CTaHAAPTHOU KPHUBOMH, KOTOPYH COCTaBIISUIHA
13 HECKOJIbKUX Pa3BeACHUI pedepeHTHOro cTaHxapra
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C HU3BECTHBIM KOJIMYECTBOM IPOTHBOPOTABHUPYCHOTO
IgA (8 EO/™mo).

B naGoparopuu 0bU10 mpoBeneHo uzyuenue 197
npo0 CHIBOPOTOK KPOBH JIETEeH paHHETO BO3pacTa, IpH-
HSBIIUX ydyacTue B HcciepoBanuu. OOpasubl XpaHu-
such pu —20°C 10 MpoBeAeHNUS TECTUPOBAHMS.

Nmvmynorennocts BIDK onenuBanu mo criemyro-
MM [OKa3aTesIM:

* CpeHSAs TeoMEeTpUYecKas BeJIMYMHA TUTpA

(CI'T) anturen (IgA) y nerell 10 BakIMHALMH
U HE MeHee ueM uepes3 4 Hen mocie 3-il Bakiu-
HaIWH;

* YPOBEHb CEPOKOHBEPCUU — KOJIMYECTBO U MPO-
LEHT JeTeH, Y KOTOPbIX BEJIMYMHA TUTPA aHTH-
ten (IgA) He MeHee yem uepes 4 Hepn nocne 3-i
BaKIIMHAIMY TIOBBICHIIACH B 2—4 pa3a u OoJjee 1o
CPaBHEHUIO C UCXOIHBIM YPOBHEM;

* (aKkTOp CEPOKOHBEPCHU — KPaTHOCTh HPHUPO-

cra CI'T antuten (IgA) He MeHee ueM yepes
4 "en nocne 3-i BaKUMHALWU 1O CPABHEHUIO C
UCXOZHBIM YPOBHEM.

CratucTudeckuil aHalnu3 MPOBOAMUIU C HCIOJIb-
30BaHMEM METOJOB MapaMeTPUUYECKOW U Hemapame-
TPUYECKOW CTAaTUCTUKHU. JIOCTOBEPHOCTH pa3IMYHM
OIIEHUBAJIM MPU MOMOIIN KOMIIBIOTEPHOM MPOTpaMMBI
«Statistica 6.0» ¢ UCTIONB30BaHUEM f-pACHPEACICHHUS
CrbroZicHTa U KpuTepus ¥*. YPOBEHb CTATUCTUYECKOM
3HAYMMOCTH (BEPOATHOCTH MONYy4YeHHUs omnOKN) 95%
pacueHuBaIy KaK HaJlW4YUe CTaTHUCTUYECKH 3Hauu-
MBIX pa3iauuui MeXAy ABYMs SBICHUAMU (IPUMEHS-
1 OnHO(AKTOPHBINM AMCIEPCHOHHBIN aHanu3). s
co3nanus 0a3bl JaHHBIX OblIa IPUMEHEHA MporpaMmma
MS Excel. IIpu aHanu3e MONMy4EeHHBIX PE3YNBTATOB
OTIPEENSIN CPEeIHUE BEIMYUHBI U CTAaHAAPTHOE OT-
KJIOHEHHE.

SCIENCE AND PRACTICE

PesynbraTtbl

B xone uccnenoBaHus 3aperuCTPUPOBAHO 55 MO-
CTBaKIMHAJIBHBIX peakIUi y 25 y4aCTHHUKOB.

Uepes 60 mun nocne npuema 1, 2 u 3-it 103 Bak-
LMHBl TOCTBAaKUMHAJIBHBIX pEakUuil He 3aperucTpu-
poBaHo. Ilo pesynbratam TeneOHHOrO 3BOHKa yepes
6 4 mocne 1-ii IMMyHHU3aK OBUIO 3apETUCTPUPOBAHO
7 MOCTBaKIMHAJIBHBIX peaklui y 2 yYacTHUKOB HcCe-
JIOBaHUA U3 1-# rpynmsl B BUjE pa3apa)kUTEIbHOCTH,
0ecCIOKOWCTBa, B3AYTHS JKUBOTA, CHW)KEHHS alllieTUTa
Y TOBBILIEHUS Temmeparypsl Tena g0 37,6°C. Bo 2-i
rpymIe MOCTBAKIMHAIBHBIX peaklrii B TeueHue 6 4 He
ObLIO.

Bcero B teuenue 7 gHer mocie 1-ro BBemeHHSA
npenapara 3aperucTpupoBano 11 MmocTBaKIMHAIBHBIX
peakiuil y 4 y4aCTHUKOB HCCIEA0BaHUS U3 1-i TPpyIIIbI
1 13 — y 5 y4acTHUKOB HCCIIE€OBAaHUS U3 2-11 TPyTIIbL.
B nanbHeiiiem B rpyrine HaOMIONESHUS MTOCIIC BBEICHUS
2-ii 103bl Tpenapara B TeueHue 7 AHEH ObLIO 3aperu-
ctpupoBano 10 peakmuii, mocne 3-it — 1. [Ipu 3Tom B
rpyIlne CpaBHEHUs OBbLIO 3aperucTpupoBaHo 1 u 7 pe-
aKIUM COOTBETCTBEHHO. XAPAaKTEPUCTUKA [TOCTBAKIIU-
HaJbHBIX PEAKIHI MO CTENEHN BBIPa)KEHHOCTH Ha BCEX
JTanax UCCeA0BaHusA MpeacTaBieHa B Tadu. 1.

Takum 06pa3om, B TeueHHe 7-IHEBHOTO HaOIIOIe-
HUS TOCTIe TPEXKPATHOTO BBEJCHMSI IIpernaparoB 3ape-
TUCTPUPOBAHO 43 MOCTBAKIMHAIBHBIX peakuuu. OHU
ObUTM CIIAOBIMU WM CPEAHUMH, 38 UCKIIOYCHUEM OJI-
HOW CHIIBHOW TEMIIepaTypHOH peakluu y pebeHKa u3
2-i rpynmnel. Koppurupyromas Tepanus sl CHATHS
HEeXeJaTeIbHbIX CUMIITOMOB HCIIOJIb30BaIaCh TONBKO B
2 ciryvasix: Ui KyIUpOBaHUs TEMIEpaTypHOH peakLuu
nocie 3-ii UMMyHH3alMK y peOeHKa U3 2-i TpyNIbl U
KyIHMPOBaHMS TaKMX CUMIITOMOB, KaK B3IyTHE XKHBOTA U
KHUIICYHBIE KOJIUKH, TTOcTe |- IMMyHHU3auu# y peOeHKa

Ta6nuua 1. MocTBakuuHanbHble peakuuun, 3apermctpupoBaHHble y y4aCTHUKOB UCCeaoBaHNA B Te4eHNEe NepBblX 7 pHen

nocne eBeaeHnda npenapara

Table 1. Postvaccinal reactions recorded in the trial participants during the first 7 days after the vaccination

KnuHnyeckne | aTan uccnegoBaHus Il atan uccnegoeanusa | Il atan nccnegoBaHus WNtoro
NposiBReHns CTeneHb Phase | of the trial Phase Il of the trial Phase Il of the trial Total
peakuui BbIpaXKeH- 2%
Clinical HOCTK 1-a rpynna | 2-a rpynna | 1-a rpynna | 2-a rpynna | 1-a rpynna | 2-a rpynna | 1-a rpynna | 2-a rpynna X
manifestations Intensity 1stgroup | 2" group 1stgroup | 2" group 1stgroup | 2™ group | 1tgroup | 2" group
of reactions (n =50) (n=50) (n=49) (n=49) (n=48) (n=49) (n =50) (n=50)
BaayTtue Cnabas 1(2%) 1(2%) 1(2,1%) 0 0 0 2 1 0,344
XuBoTa Mild (4%) (2%)
Bloating CpepgHsisi 0 0 0 0 0 0
Moderate
CwunbHas 0 0 0 0 0 0
Severe
KuweyHble Cnabas 0 1(2%) 0 0 0 0 0 2 2,041
KOMNWKU Mild (4%)
Bellyaches CpenHsis 0 1(2%) 0 0 0 0
Moderate
CwunbHas 0 0 0 0 0 0
Severe
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OkoH4aHwue Tabn. 1.

End of Table 1.

KnuHuyeckue | aTan nccnepgosaHus Il atan uccneposanus | Il aTan nccnegosaHus Wtoro
nposiBneHuns CTeneHb Phase | of the trial Phase Il of the trial Phase Il of the trial Total
peakuui BblpaxKeH- ¥
Clinical HOCTHU
; . . 1-a rpynna | 2-a rpynna | 1-a rpynna | 2-a rpynna | 1-a rpynna | 2-a rpynna | 1-a rpynna | 2-a rpynna
mafmfestghons Intensity 1stgroup | 2™ group | 1stgroup | 2™ group | 1stgroup | 2" group | 1stgroup | 2" group
of reactions (n=50) | (n=50) | (n=49) | (n=49) | (n=48) | (n=49) | (n=50) | (n=50)
[napes quﬁaﬂ 1 (2%) 0 0 0 0 0 1 0 1,010
(>knakmi cTyn) Mild (2%)
Diarrhea CpeaHsis 0 0 0 0 0 0
(loose stool) Moderate
CunbHas 0 0 0 0 0 0
Severe
MoBbliweHve Cnabas 1(2%) 0 1(2,1%) 0 0 0 5 3 0,543
Temneparypbl Mild (10%) (6 %)
TE?Q\?ated body CpenHsist 1 (2%) 1 (2%) 1(2,1%) 0 1(2,1%) 1(2,1%)
temperature Moderate
CunbHas 0 0 0 0 0 1(2,1%)
Severe
Paspam- Cnaﬁaﬂ 3 (6%) 1(2%) 1(2,1%) 0 0 1(2,1%) 4 3 0,154
TenLHOCTb Mild (8%) (6%)
Irritability CpenHss 0 1(2%) 0 0 0 0
Moderate
CunbHas 0 0 0 0 0
Severe
BecrnokoiicTeo quGaﬂ 2 (4%) 1(2%) 3 (6,2%) 0 0 1(2,1%) 5 3 0,543
Restlessness Mild (10%) (6%)
CpegHsas 0 1(2%) 0 0 0 0
Moderate
CunbHas 0 0 0 0 0 0
Severe
CHWKEHNe Cnaﬁaﬂ 2 (4%) 3 (6%) 2 (4,1%) 0 0 1(2,1%) 4 4 0,000
annetuta Mild (8%) (8%)
Decreased CpeaHsis 0 0 0 0 0 0
appetite Moderate
CunbHas 0 0 0 0 0 0
Severe
Kanpuatocts ~ Cnabas 0 0 1(2,1%) 0 0 0 1 1 0,000
Naughtiness Mild (2%) (2%)
CpepnHsist 0 0 0 0 0 1(2,1%)
Moderate
CunbHas 0 0 0 0 0 0
Severe
Mnayu qu6aﬂ 0 2 (4%) 0 0 0 0 0 2 2,041
Crying Mild (4%)
CpepgHss 0 0 0 0 0 0
Moderate
CunbHas 0 0 0 0 0 0
Severe
CHIKeHne Cnaﬁaﬂ 0 0 0 1(2,1%) 0 1(2,1%) 0 2 2,041
YpOBHS Mild (4%)
aKTUBHOCTH CpeaHsis 0 0 0 0 0 0
Decreased Moderate
activity
CunbHas 0 0 0 0 0 0
Severe

MNpumeyaHue. *Kputnyeckoe 3HaueHue kputepus X2 MupcoHa npu ypoBHe 3HaummocTtun p = 0,05 cocTasnset 3,841.
Note. *The critical value of the Pearson chi-square (x?) is 3.841 at the significance level p = 0.05.
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u3 2-i rpynmsl. Bee peakiuy ObUTH KpaTKOBPEMEHHBIMH
(ATUTENBPHOCTD OT HECKOJIBKUX YacoB JIO 3 CYT) U pas-
PEIIMINCH BBI3IOPOBICHUEM 0€3 OCIEACTBUI.

CraTHCTUYECKH 3HAUUMBIX Pa3IM4YUid B 4acTOTeE
3apErUCTPUPOBAHHBIX IMOCTBAKIMHAIBHBIX pEaKIHii
MEX]ly TPyIIIaMU HE BBISBIIEHO.

O6pamaer BHUMaHHE, YTO BO3HHKHOBCHUE KH-
HICYHBIX KOJNHMK, BAJIOCTH M Iulaya OBUIO OTMEYEHO
TOJIBKO Y JieTeil n3 2-i rpymimsl, YTO UCKIIOYAET CBSI3b
¢ BBenenueM BXKII. Kpome Toro, Takue peaxiuu, Kak
MOBBIIIEHUE TEMIIEpaTyphl Tela, pa3ipakKuTEIbHOCTD,
IUIa4, CHIDKEHHWE alleTHTa, auapes, Kak H3BECTHO,
xapakTepHbl U s BakuuH [Ipesenap® 13 u I[lenTak-
cuM®, KOTOpBIC YYAaCTHUKH HCCIICAOBAHHS IOIYYaIn
OJHOBPEMEHHO C HCCIEIyEeMbIM IpernaparoM, corjac-
Ho HKIIII. BeposiTHO, MOCTBaKIIMHANBHBIE PEAKIIHH,
3aperucTpPUpPOBAHHBIE B TEUEHHE 7-THEBHOTO Iepuoja
HaOroneHus nocie Beeaenus BIDK, moru ObITh 00Y-
CJIOBJIEHBI U COILYTCTBYIOLIEH BaKIIMHALIUEH.

Hapsay ¢ stumu peakuusMu 3a BeChb INEPUOJ
HaOIONeHHUsT 3a JETbMH OBLJIO 3apeTHCTPHUPOBAHO
12 mo6OYHBIX MPOSIBICHUI TIOCTIE UMMYHHU3ALUU B BU-
Jie HeOMaronpHUsITHBIX CUMIITOMOB, JKajio0 WU UHTEP-
KYPPEHTHBIX 3a00JIeBaHHM, HE CBA3aHHBIX C UMMYHHU-
3anMeit, U3 KoTopeix 9 — y nereit 1-it rpynnst u 3 —
cpenu netei u3 2-ii rpynmsl. [Ipu 3ToM Bce oHU OBLIH
cnaboil WM CpelHEH CTEeNeHU TSHKECTH, 338 HCKIIIO-
YEHUEM TOBBIIIECHUS Temmeparypsl tena 10 38,7°C y
1 pebeHka u3 2-i rpyIibl, KOTOpOe ObLIO OIEHEHO KaK
Tskenoe. CTaTUCTUYECKU 3HAYMMBIX pa3Induil B ya-
CTOTE Pa3BHUTHUS U CTENEHHU TSHKECTH MOOOYHBIX MPO-
ABJIGHUH TOCJIE UMMYHHM3allUUd MEXAy TpyIIaMH He
BBISIBJIEHO.

[MonmyuenHsle pe3ynbraThl o 6e3omacuoctu BITK
COIOCTaBUMBI C Pe3yJIbTaTaMu KIMHUYECKHUX HCCIIeN0-
BaHUI BakUMHBI Porarek, KOTopasl 3aperucTpupoBaHa
U yCHemHo ucnonbdyercs B Poccuu. Ilpu msyuenun
Oe3onacHoCTH BakIMHBI PoTarek HexenaTenbHbIE pe-
aKLMU PEerucTpUpOBAINCH B TedeHHe 42 nHel mocie
BakMHauuu. Hambonee dYacThIMM HeXeJaTelbHBIMH
SBJICHUSIMH TaKKe SIBUINCH WHPEKIMU BEPXHETO JIbI-
XaTeJIbHOTO TPaKTa, Iuapesi, pBoTa, OCTPHIA CPEeAHUM
OTUT, Kallleb U Pa3IpakKUTENbHOCTD [29].

[lo nanHBIM 3apyOeKHON NHUTEpaTyphl, UCIIOJNb-
30BaHHE POTAaBUPYCHOM BAKIMHBI HEPEIKO ACCOLUU-
poBanoch C IMOBBIIIEHHON YacTOTOW BO3HUKHOBEHMS
WHBarvHaIMKM KUIICYHUKA, HEOOBIYHOW (hOPMBI HEMPO-
xoauMmocTu kumieyHuka [32, 33]. B xome npoBeneHus
HAIIIEro KJIIMHUYECKOTO UCCIIE0BaHMs TOCTBAKIIMHAIIb-
HBIX OCJIOXKHEHMH, BKJIIOYas MHBAarMHALMIO KHUILIEYHU-
Ka, a TaKXKE CEpbE3HBIX HEXeNaTelbHbIX SBICHUN He
3aperucTpUpPOBaHO.

AHanu3 BIUSHUS BBEICHUS BaKLUHBI Ha MOKa3a-
TeJH KIMHUYECKOTO U OMOXHMHUYECKOTO aHAIN30B Kpo-
BH, OOIIETO aHAJIM3a MOYH ITOKa3aJl, YTO J1a00paTOpHEIC
MOKa3aTeli, pErUCTpUpyeMble B TUHaMuKe Halmrone-
HUSI, KoJeOaluch B mpenenax (pu3noIoruyeckor Hop-
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MBI, CYIIECTBEHHOTO OTKJIOHEHHUS OT (POHOBBIX 3Ha4e-
HUU HE OTMEYEHO.

Annepruzupyromux coiicts y BIDK ne BbisBie-
HO — II0Ka3areny cbiBOpoToyHOro IgE He nperepriesanu
3HAYUTENBHBIX U3MEHEHUH B AMHAMUKE HAOMIOICHHS.

OTpuLaTenbHOW AMHAMUKU B COCTOSIHMM 370pO-
Bbsl fereid, npuBuThix kak BIDK, tak u mnane6o, He
BBISIBIIEHO. J[eTH pa3BUBaINCh TAPMOHUYHO, B COOTBET-
CTBHM C BO3pacToM. Pe3ynbraThl MpOBEJEHHBIX J1a00-
PAaTOPHBIX HCCIEN0BaHUIN MOATBEPAUIIN, UTO BBEICHUE
BIDK He oka3blBaeT HEraTUBHOIO BIMSHMS HA OCHOB-
HBIE TIOKa3aTesii KIMHHYECKOTO M OHOXMMHUYECKOrO
aHaJIM30B KPOBHU M MOKa3aTeu 00IIero aHanM3a Mo4H.

Takum 00pa3oM, MOTYyYSHHBIE HAMH PE3YJIbTaThI
CBUACTEILCTBYIOT 00 YJOBIETBOPUTEIHLHOM Mpodue
6e3onacHoctu BIDK mpu TpexkpaTHOH MIMMYHH3AUH
neteid. [TomyueHHble pe3ynbTaThl OBLIN COMOCTaBHUMBI
C JaHHBIMH 3apyO€XHBIX U OTEUECTBEHHBIX aBTOPOB
[30, 32].

OneHka HMMMYHOJIOTHYECKOH 3()(EKTUBHOCTH
BIT)X moka3zana, 4To A0Js 1€T€ — YYaCTHUKOB KJIH-
HUYECKOTO HCCIIEAOBaHMs, KOTOpbIE OBLIM CEpOrNo-
3UTUBHBIMH C KOHIIEHTpauuel poTaBupyccrneuupu-
yeckoro IgA >20 En/mMn Ha MOMEHT UX BKIIFOYCHUS B
HccieoBaHue Iepea nprueMoM 1-H 103bI, COCTaBH-
na 20,8% B rpynmne Habmronenust u 32,7% B rpymmne
CpaBHEHUS, YTO MOATBEP)KJIAET JaHHBIE JTUTEPATYpPHI
0 BO3MO)KHOM CEpONO3UTUBHOCTH MJIAJICHIIEB, IPUIH-
HOM KOTOPOW MOTYT OBITh BHICOKHI ypOBEHb BO3/CH-
CTBUS IPUPOJHON POTABHPYCHOM MHPEKIUN B OYCHD
paHHeM Bo3pacTe (paHee MOJyYEHHbIE Pe3yabTaThl
KJIMHUYECKUX UCCIEJOBAHUN M3y4yaeMOM BakKLMHBI B
Wnnuu n Hurepe), TpaHciuialieHTapHas nepejgada Ma-
TEPUHCKHUX aHTUTEI peOCHKY, a TAK)KE aTMMEHTapPHBIN
IIyTh NEpelaul MAaTEPUHCKUX aHTUTEI Yepe3 rpyiHoe
MoJi0ko [34].

IIpoBeneHne TPEXKPaTHOM BAKLUHALUU CEPOIIO-
3UTHUBHBIX JIETEH MO3BOJIMIIO JOCTHUYb ITOKA3aTeNs Cepo-
kouBepcun 50%. B rpymnme ucxonHo cepoHEraTUBHBIX
ydacTHUKOB 92,1% mpusuteix BIDK umenu uersipex-
KpaTHoe U Oosee yBeIMYEHUE THTPa CreHUPHICCKIX
aHTUTeN. YBEIMYCHUE KONNYECTBA CIIEHU(UIECKUX aH-
tuten IgA nocne Tpexxkparnoro Beeaenus BIDK B 1-it
rpymnIe CTaTUCTUYECKH 3HAYUMO OTJIMYaJIOCh OT Kpar-
HOCTH yBeIMYCHHUs ypoBHS IgA B rpynme mianebo (¢ =
2,020; p = 0,047).

Pe3ynbrarhl OLIEHKM MMMYHOJIOTHYECKOH 3 dek-
tuBHocTH BIDK B momynsauuu cepoHeraTMBHBIX U ce-
POTIO3UTUBHBIX J€Ted — YYaCTHHUKOB HCCIIEZOBAaHUS
MIpeJICTaBJICHBI B Ta0JI. 2.

O6cyxpeHune

ITonydyeHHusle pe3yiabTarbl CBUAETEILCTBYIOT O
BBICOKMX MMMYHOTeHHbIX cBoicTBax BIDK wu sBns-
FOTCSI JIOKa3aTeNbCTBOM TOTO, YTO CEPOKOHBEPCUS IIPU
TPEXKPATHOM UMMYHHU3aLUU MOXKET IIPOUCXOJUTH JaXe
Yy HUCXOIHO CEPONO3UTHBHBIX JIUL, YTO IOATBEPKAACT
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Tabnuua 2. VimmyHonornyeckas agdpektmeHocTb BIMK
Table 2. Immunological efficacy of BRV-PV

CI'T antuten, Ea/mn KonnyecTtso nuy, KonunyecTtso nuu KonnyecTtBo nuy,
GMC of antibodies, U/ml C He MeHee YeM C HEe MeHee YeM C HEe MeHee YeM
2-kpaTHOMN 3-kpaTHON 4-kpaTHow
nocne KpaTHocTb CepOoKOHBEpCHEN CEPOKOHBEpPCUEW CepoKoHBeEpCHEN
Ao TpexkpaTHon HapacTa- Number of Number of Number of
lpynna BaKUMHaUMn | BaKUMHaLMN HUA TUTPOB individuals with individuals with individuals with
Group before after ¢ aHTuTen 22 seroconversions | 23 seroconversions | 24 seroconversions
vaccination three-dose Antibody titer
L (p-value) .
vaccination ratio abe. abe. abe.
abs % [95% O] abs % [95% O] abs % [95% O]
CI'T[95% O] % [95% ClI] % [95% ClI] % [95% CI]
GMC [95% CI] (n) (n) ()
1(n=48) 3,4 130,8 2,819 39,05 40 83,3 39 81,3 38 79,2
[1,64-6,87] [79,3-215,6] (0,007)* [70,4-91,3] [68,1-89,8] [65,7-88,3]
2 (n=49) 59 16,6 0,556 2,80 22 449 19 38,8 17 34,7
[2,7-11,2] [8,2-32,0] (0,581) [31,9-58,7] [26,4-52,8] [22,9-48,7]
t (p-value) 0,385 3,499 - 2,493 X2 15,531* 18,196* 19,534*
(0,701) (0,0007)* (0,014)*

MpumeyaHme. *CTaTMCTUHECKN 3HAYUMbIE PA3NNYUS.
Note. *Statistically significant differences.

paHee NOJY4YEHHBIE PE3YJIbTaTbl KIMHHUUECKHUX HCCIIe-
JIOBaHUH U MO3BOJIAET MpeIoaraTb BEICOKYIO MOTEH-
uuansHyto 3gdexktuBHOCTh npenaparta [35].

Takum 00pa3om, MpoBeICHHBIE UCCIIEOBAHHS I10-
3BOJISIIOT 3aKII0UUTh, uTO BIDK Xapakrepusyercs ynos-
JIETBOPUTENBHBIM MpOoduiIeM 0e301acHOCTH, BBICOKOU
MMMYHOT€HHOCTBIO MPU TPEXKPATHOW HMMYHHU3ALUU
JeTell 1 MOXKeT ObITh PEKOMEHAOBaHa K PETUCTPaLuu
JUIS UMMYHH3alMM JIeTeil ¢ 2-MEecsIYHOro BO3pacTa.
Bonpoc o nokanu3anuy npou3BOACTBA BaKIIMH IPOTHB
PBH Ha OTE€YECTBEHHBIX MPEAIPUITHUIX B YCIOBUAX
COIMOCTaBUMOCTH JBYX 3aperMCTPUPOBAHHBIX BAKIMH
MO TMOoKa3aresasiM 0e30MacHOCTH U HWMMYHOT'€HHOCTH
MOXeT OBITh PElICH Ha OCHOBE Pe3yNbTaToB (papMako-
SKOHOMHYECKOTO aHAJIU3a.
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CoBpeMeHHbIe NPaKTUKN UMMYHU3aLun aeTten,
3KCNoHupoBaHHbIX BUY n BUM-nuHpuymposaHHbIX

KykapkuHa B.A."*, Tony6koBa A.A.2, MogbimoBa A.C.'

'TBY3 Ceppanosckor obnactn «O6nacTHom LueHTp npodunaktnku n 6opbbsl co CrAL», 620102, EkatepuHbypr, Poccus;
2QrbOY BO «YpanbcKuii rocyfapcTBEHHbIN MegULNHCKNIA YHUBepCUTeT», 620014, EkaTepuHObypr, Poccus;
3OBYH «LleHTpanbHbIf Hay4YHO-MCCefoBaTeNbCKU UHCTUTYT anugemuonorum» PocnotpebHaasopa, 111123, Mockaa,

Poccua

Llenb nccnegoBaHns — Ha OCHOBaHUM U3YYEHWUsI COBPEMEHHbIX NPAKTUK BaKLUMHONPOMUNAKTMKN B paMkax Ha-
LUMOHanbHoro kaneHaaps npodunaktnyeckmx npmsnsok (HKIMIM) ckoppekTnpoBaTh TakTUKYy UMMYHU3aUUK AeTen,
AKCNoHUpoBaHHbIX BUY 1 BUY-nHMMUMPOBaHHBIX.

Matepuansbi un metogbl. 1o nHpopmaummn B ambynaTtopHow kapTe nauveHTa, kapte NpounakTM4ecknx npu-
BMBOK W UCTOpUU pa3BuTus pebGeHka NpoBedeH aHanu3 MofHOTbl U CBOEBPEMEHHOCTU MMMyHU3auun 216 ge-
Ten, akcnoHupoBaHHbIX BUY, n 198 BUY-nHduumpoBaHHbIx aeten. KoHTponbHyto rpynny coctasunu 100 geten,
POXAEHHbIX OT MaTepen ¢ oTpuuartensHbiM BAY-ctatycom. [na nsyyeHnss npuBep>XeHHOCTM NpuBMBKaM Obin
nposeaeH onpoc 160 poguTenen aeTen, COCTOSBLUUX Ha AncnaHcepHoMm ydete no BUY-uHdekuun.
Pe3ynbraTbl. YCTaHOBMEHO, YTO, HECMOTPS Ha OTCPOYEHHOE NMPOBEAEHNE NPUBMBOK, OXBAT AETEW BakuMHaumen
NpoTMB OCHOBHbIX MHekunin HKMIM coctasnan 94,4—-97,5%. HanGonbwune TpygHoctu B peanuaauun HKIMIM Bos-
HUKanW npu MMMyHU3auum aetern Ao 2 neT. «YMyLleHHbIE BO3MOXHOCTUY MPU MMMYHU3auunM B AanbHenLwem
NPUBENY K HapyLUEHWIO KaneH4apHbIX CPOKOB NMPUBMBOK 1 NpoBeaeHMI0 nx B Gonee crapliem Bospacte. Yucno
«MPOMYyLUEHHBbIX MPUBUBOK» B UCCMeQyeMOn KOropTe He NpeBbiluano kputepun, pekomeHaosaHHble BO3 (10%) n
COCTaBnAno no oraenbHbiM Buaam npusmsok (AKOC n nonvosakunHa) 5,8%.

[onsa peten, BaKUMHUPOBaHHBLIX MPOTUB TybepKyne3a B poaunbHOM Aome, B rpynne BUY-akcnoHmpoBaHHbIx Gbl-
na B 2 pa3a MeHbLLE, YeM B KOHTPOMNbHOW, OQHaKO pa3nuynii B Yactote hopMmnpoBaHns BakLMHANbLHOM anneprm
B rpynnax He BbISIBMEHO.

B npouecce BakumHauum geten ¢ BUY-nHdekumen Ha oHe BbICOKOAKTUBHOM aHTUPETPOBUPYCHOW Tepanuu
(BAAPT) konuyectso CD4-numdountoB coOOTBETCTBOBANO NapameTpaMm BO3pacTHOM HOpMbI. 10 cpaBHeHuIo ¢
WCXOAHBLIMU AaHHBIMU U3MEHEHWUI B UMMYHHOM CTaTyCce NPUBUTLIX HE 3aperncTprpoBaHo.

OpraHn3aumoHHbIMK YMYLLEHUSIMU NPU UMMYHU3aumn aeten ¢ BUY-uHdekumeln 66inm ncnonb3oBaHne XMBOK
NonMoBaKUUHbI, 3-kpaTHasa cxema NPMBUBOK NMPOTUB BUPYCHOro renatuta B y getenm us rpynn pucka, a takke
BaKLMHaLMS NpoTMB TybepKyrnesa npu oTCyTCTBMU TPEX3TanHon xuMuonpodunakTuku nepeaadn BUY ot matepu
pebeHky.

[Mpu oueHke NPUBEPXKEHHOCTM NMPUBMBKAM poguTenen ycTaHoBNEeHO, YTo 85% pecnoHOeHTOB cuMTanu BakUMHa-
UM HeobxoamMMow Anst NPoUNaKkTUKM MHPEKLMOHHbIX 3aboneBaHuii, 11,3% 3aTpyaHANNCL C OTBETOM B CBSI3U
C BO3MOXHbIM PUCKOM BaKUMHAIbHbIX peakuui u OTCYTCTBUMEM rapaHTMpoBaHHOM 3awuTtbl 1 3,8% 6binu npo-
TMB BaKUMHaUUK, CCbiNasicb Ha cOBCTBEHHOE MHeHue. Hanbonee aBTOPUTETHBIM MCTOYHUKOM MHGOPMaLIMK A4S
OOMNbLUINMHCTBA PECNOHAEHTOB — Kak MONOXWUTENbHO HACTPOEHHBIX MO OTHOLUEHUIO K BaKUMHALUMK, Tak U COMHE-
BalLUXCA B ee HeobxogumocTu — Obinn MeauuuHckue pabdotHukm (98,5 n 72,2% cootBeTcTBeHHO). Y 33,3%
HEraTMBHO OTHOCALLUXCS K NPUBMBKAM MCTOYHUKOM MHAOpMaLMmM Takke 6binv MeguumnHckme paboTHUKN.
3aknto4veHue. [poBefeHHbIN aHann3 NoNHOTbI U CBOEBPEMEHHOCTHM BakumMHaumm B koropte BNY-nHbmumposah-
HbIX U 3KCMOHMpoBaHHbIX BUY geten no3sonun BbisBUTE Hanbonee npobrnemHblie BONPOCHI, KacakoLwmnecs npo-
BeJEeHUs NPMBUBOK B CPOKU, pernameHTmpoBaHHblie HKIM. Jetn ¢ BUY-nHdekumen, nvetowme 1-10 Kateropmio
UMMYHHbIX HapyLleHuin Ha dooHe BAAPT, nognexat BakunHaumm B pamkax HKIIM B nonHom o6beme.
Vcnonb3oBaHne KOMOUHMPOBAHHBIX BaKLUMH MO3BONUT CHU3WUTb B 3TOM KOTrOpPTE MaHUMYMAUWOHHYK Harpysky,
npeoaoneTh BbIABMNEHHbIE HECOOTBETCTBMA 1 onTuMnauposatb HKIM.

KnioueBble cnoBa: BUY-uHgpekyus; demu; npobrnemMsl 8akyuHayuu; MpueepXxeHHOCMb MpueUeKam.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asiBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBaHUS MPU NPOBeAEHUU Ucchne-
[0BaHuS.

KoHdbriukm unmepecos. ABTOPbI AeKNapUpyoT OTCYTCTBUE SBHbIX U NOTEHLMArbHbIX KOH(MKTOB UHTEpe-
COB, CBA3aHHbIX C NyOnmKauuen HacTosLWwen cTaTbi.

Ansi yumupoearus: KykapknHa B.A., Nony6kosa A.A., lNogbimoBa A.C. CoBpeMeHHble NPaKTUKM UMMYHWU3a-
umm geTen, akcnoHnpoBaHHblix BUY n BUY-uHdbuumpoBaHHbIx. XKypHan mukpobuonoauu, anudemuonoauu u
ummyHobuormnoauu. 2020; 97(4): 375-384.
DOI: https://doi.org/10.36233/0372-9311-2020-97-4-10
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Modern practices of immunizing children exposed

to HIV and HIV-infected

Vera A. Kukarkina'?, Alla A. Golubkova3, Anzhelika S. Podymova'

'Regional Center for the Prevention and Control of AIDS, 620102, Yekaterinburg, Russia;

2Ural State Medical University, 620014, Yekaterinburg, Russia;

3Central Research Institute for Epidemiology, 111123, Moscow, Russia

The purpose of the study is to adjust the tactics of immunization of children exposed to HIV and HIV-infected
people on the basis of studying modern vaccination practices within the framework of the National Calendar of
Preventive Vaccinations (NCPV).

Materials and methods. According to the information in the patient's outpatient card, the card of preventive
vaccinations and the history of the child's development, the completeness and timeliness of immunization of 216
children exposed to HIV and 198 HIV-infected children were analyzed. The control group consisted of 100 children
born to mothers with negative HIV status. In order to study adherence to vaccines, a survey was conducted
among 160 parents of children registered in the dispensary for HIV infection.

Results. It was established that, despite the delayed immunization, the coverage of vaccination against the major
infections from NCPV among children ranged from 94.4% to 97.5%. The greatest difficulties in the implementation
ofthe NCPV arose when immunizing children under 2 years of age. The “missed opportunities” during immunization
subsequently led to a violation of the calendar terms of vaccinations and their implementation at an older age. The
number of “missed vaccinations” in the study cohort did not exceed the criteria recommended by WHO (10%) and
amounted to 5.8% for certain types of vaccines (DTP and polio).

The proportion of children vaccinated against tuberculosis in the maternity hospital in the HIV-exposed group
was 2 times less compared to the control group, however, there were no differences in the incidence of vaccine
induced allergy.

During the vaccination of children with HIV on the highly active antiretroviral therapy (HAART), the number of
CD4 lymphocytes corresponded to the parameters of the age norm. Compared to baseline data, no changes in
the immune status of vaccinees were recorded.

Organizational omissions in immunizing children with HIV infection were the use of live polio vaccine, a 3-dose
vaccination schedule against viral hepatitis B in children at risk, and vaccination against tuberculosis in the
absence of a three-stage chemoprevention of mother-to-child transmission of HIV.

When assessing parental vaccine adherence, it was found that 85% of respondents considered vaccination
necessary for the prevention of infectious diseases, 11.3% found it difficult to answer, due to the possible risk of
vaccine reactions and the lack of guaranteed protection, and 3.8% were against vaccination, citing own opinion.
The most authoritative source of information for most respondents, both positive for vaccination and those who
doubted its need, was medical workers (98.5 and 72.7%, respectively). In 33.3% of those who are negatively
related to vaccines, health workers were also a source of information.

Conclusion. The analysis of the completeness and timeliness of vaccinations in a cohort of HIV-infected and
exposed to HIV revealed the most problematic issues regarding vaccinations within the time periods regulated
by the NCPV. Children with HIV infection who have the 1st category of immune disorders on the background of
HAART are subject to vaccination in the framework of the National calendar of vaccinations to full extent. The use
of combined vaccines will make it possible to reduce the manipulation load in this cohort, overcome the identified
inconsistencies and optimize the vaccination calendar.

Keywords: HIV infection; children; vaccination problems; vaccination commitment.
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BBepeHmne

Cpenn M3BECTHBIX YENOBEYECTBY TEXHOJIOTHHA
YIPaBICHUs 3MUAEMUYECKAM IPOLIECCOM NpH HH]EK-
UAX C Pa3IMYHBIMU MEXaHW3MaMH Mepeiady BaKIIMHO-
npodunakTrka cyuraercsi Hambosnee >PQEeKTHUBHBIM H
penTabenbHBIM MeponpusiTueM. Ee pe3ynsrarel Ha mpo-
TSDKEHUH BCeW MCTOPUM NPUMEHEHUs! BaKLIWH, HAUMHAS

376

ot 3. JI>keHHepa /10 HallluX JHeH, HaCTONbKO OYEBHIHBI,
YTO JIMIIAIOT apPTYMEHTOB JIFOOBIX OMMOHEHTOB [1].

IMpu Bceil 3QQEeKTUBHOCTH CaHUTAPHBIX MeEp,
YAYYLICHUH BOJOCHAOKEHUs, TOSBICHUM HOBBIX Jie-
KapCTBEHHBIX MpEenapaToB M TEXHOJOTHIl Je4eHUsl He
yAAJIOCh MOJIYYUTh TaKUX PE3YJIbTaToB, KaK OT Macco-
BOM BaknuHauuu [2, 3]. DNUaAeMUOIOrHYeCKUil KOH-
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TPONb Hajg MHOEKUUSMH C TMOMOIIBI0 BaKIUHOIPO-
(UIAKTUKH U CHIDKEHHE, a MOpOW JaXe OTCYTCTBHE
3a0071€BaEMOCTH Ha JIOCTaTOYHO MPOJOIKUTEIHHOM
OTpe3Ke MPUBEIH K OTPULIAHUIO HEOOXOJUMOCTHU TPO-
BOJUTH TNPHBHUBKH, OCOOCHHO HMMYHOKOMIIPOMETHU-
POBAaHHBIM KOHTHHTEHTaM M JIMI[AM C XPOHUYECKOH
COMAaTHUYECKOM MAaTOJIOTHEH, TOrja KakK HMMEHHO OHU
HYXJAIOTCsI B TAPAHTUPOBAHHOM 3alUTE OT HH(PEKIHH.
K KOHTHHTeHTaM ¢ BBICOKUM PHUCKOM HH(PHULIUPOBAHUS
U BBICOKOH BEPOSTHOCTBIO HEONAromoIyyHbIX HCXOIO0B
3a00JIeBaHMS OTHOCATCA JIETH, pokaAeHHbIE 0T BUY-un-
(UIMPOBaHHBIX poIUTENeH: SKCoHupoBaHHbIe BUY
(®OBUY) u BUWY-unpunmposanusie (MBUY) [4].
C npyro#i CTOpOHBI, BBEIEHHE UM UMMYHOOHOJIOTHYe-
CKHUX TPEenapaToB, COAEPKAIINX )KUBbIE, XOTS U aTTEHY-
HWPOBAaHHBIC AaHTUTEHBI, TPeOyeT B3BEILICHHOTO MOAX0A
K ONpeAeNeHUIO TAKTUKY UMMYHH3aluu [5, 6].

B HacTosee BpeMsl HAKOIUIEH OIPENEICHHBIN
onblT uMMyHu3auuu MBUY-gerTeit u B3poCibIX Mpo-
TUB psifia UH(OEKIIMOHHBIX 3a00JIEBaHUMI, XOTS SAUHON
CTpaTeruy BaKLUMHAIMK HE CYLIECTBYET. BOIbIIMHCTBO
CHELUAINCTOB MOATBEPXKIAIOT MONHYI0 0€30MaCHOCTb
s UBUY-mronedt BBENEHUST WHAKTUBUPOBAHHBIX
BaKIMH U aHATOKCUHOB [7]. B oTHOLIEHUU NPUBHUBOK
KUBBIMH BaKIIMHAMHU €IMHOM TOUYKHU 3pEHHUs] HE Cy-
LIECTBYET, OJJHAKO TIOMCK KOMIPOMHCCOB HEU30EkKEH.
[lepBoHauanbHas MpakTHKa OTKa3a OT HCIOJIb30BAaHUS
y UBUY-nroneil XUBBIX aTTEHYUPOBAHHBIX BAKIUH B
nocieHre rofbl Oblla MEepecMOTPEHa U CKOPPEKTHU-
pOBaHa ¢ y4eTOM S3NUACUTYalUd B KaXAOU OTAEIBHO
B3sTOM cTpane [8].

Haubonee 3HaumMble KOPPEKTHBBI B Kall€HAAPh
NPUBMBOK BHECHA CUTyalus 1o tyoepkyinesy'. Ilepso-
HavyaJbHbIE peKoMeHAaluu BceMupHON opraHuzanuu
snpaBooxpanenus (BO3) 1987 1. 00 oO0s3aTenbHBIX
npuBuBkax aereit ot UBUY-poaureneii B 2007 r. 6b1u1n
OTMEHEHBI B CBSI3U C perucTpanreil y BaKLIMHUPOBaH-
HbIX auccemuHupoBanHoi BIK-undexunu, u ToNbKo
B 2018 1. OBUIM OKOHYATENBEHO ONpENENCHBl yCIOBUS,
npu KoTopbix BakiuHauus BILDK cranma Bo3sMoxxHOI U
MaKcHMallbHO Oe3omacHoii [9, 10].

B CBepaioBckoii 0051acT HaKOIMJICH PErHOHalb-
HbII onbiT uMMmyHH3anuu OBUY- u UBUY-geteit ot
HNBUY-poaureneii B pamkax HanmoHaibsHOro KajeHaa-
ps npodunaxkrryeckux npuBuBok (HKIIIT), onnako Bo-
IIPOCHI MTOJTHOTHI, CBOEBPEMEHHOCTH UX MPOBEACHUS U
(haxTOpBI, BIUAOMINE HA TPUBEPKEHHOCTh IPUBUBKAM
poauTeneil, panee He U3ydaauch [2].

Iens HacTOALIETO UCCIENOBaHUS — HA OCHOBA-
HUM M3YyYCHUS! COBPEMEHHBIX MPAKTUK BaKIMHOIPOQHU-
JIAKTUKH B pamkax cyuiectytomiero HKIII ckoppexTu-
poBarh TakTUKy uMMmyHu3armu OBUY- u UBUY-gereil.

! Tlpuka3 MuHuctepcTBa 3apaBooxpaHeHus Poccuiickoit ®ene-

pammu ot 21.03.2014 Nel25-H «O HamMoOHATBPHOM KalleHIape
npoUIAKTHYECKUX IPHUBUBOK M KaJICHape MPOPHIAKTHISCKUX
MPUBUBOK MO 3MUAEMHYECKUM MOKA3AHHSIM).

MaTtepunanbi n meTopbl

B npocnexkTMBHOM KOTOPTHOM HCCJIEIOBAHUU
MIPOBEAICH aHAJIU3 TMOJIHOTHI U CBOEBPEMEHHOCTH Bak-
nuHaryu 198 nereit ¢ BUY-undexnueii u 216 nereii ¢
[epUHaTAIBHBIM KOHTakTOM 110 BUY ¢ Hepeanu3oBan-
HOM TpPaHCMHUCCUEH BUPYCa, COCTOSIBIIMX HA JUCIIAH-
CEpHOM YYeTe B KIMHHMKO-TUarHOCTHYECKOM OTiele-
Hun 'BY3 CO «OLl CTIIA .

Kpumepusimu exirouenusi B UCClieIOBaHUE ObUIH
JUCTIaHCEpHOE HAOMIONeHNE B KIIMHUKO-AHATHOCTHYE-
CKOM OT/IEJIeHHH, MpOoXMBaHHWE Ha Teppuropun Exa-
TepuHOYpra ¥ BEPTUKANBHBIH MyTh MHOUIMPOBAHHSL.
Kpumepuu uckniouenus — npoxuBaHue 3a MpeaeiaMu
ExarepuHOypra v UHBIE ITyTH 3apaKEHHSL.

Ha MomeHT wuccienoBaHus CpeIHHM BO3pacT
OBUY-geteit coctasmsin 3,9 + 2,7 rona (95% nosepu-
tenpHbIM mHTepBan (AW) 1,4-9,1), UBUY-nereit —
11,0 = 4,4 rona (95% AN 2,4-19,6).

B rpynne OBUY-nereil oneHuBanu BEIUYUHY
BaKIMHAJIBHOTO pyOLla W pa3Mep Mamylibl MPH pOoBe-
JneHud npoOsl ManTty. BakuuHanbHeiii pyOen cuntanu
JIOCTaTOYHBIM TIpU ero pasmepe Oonee 4 mm. [IpoOy
MaHTy olLleHMBaJIM KaK HOPMEPTHUECKYIO IIPU BEIUYH-
He namyisl 5—16 M.

Kontponsnyto rpymnmy cocraBunu 100 gerei,
POXXKICHHBIX B PONWIBHBIX ToMax I. ExarepunOypra ot
Mmarepeil ¢ orpunarensHsiM BIU-cratycom. Cpennuit
BO3pacT JIeTel B KOHTPOJIBHOM Irpymie cocTasisia 2,4 +
0,3 roma (95% U 1,8-2,9).

Hns onenkn ummyHHoro craryca UBUY-perei
ompenensii  konuuectBo CD4-mumdpouutoB B Mo-
MEHT MOCTAaHOBKHM KIMHUYECKOTO JMarHo3a u jajee B
npouecce HaOmoneHus. [Ipu oleHKe UMMYHHBIX Ha-
pPYLIEHUH B COOTBETCTBYIOLIMX BO3PACTHBIX IpyMIax
PYKOBOACTBOBAJINCH KIMHUYECKUMHU PEKOMEHIALIUSIMHI
«BUY-undexuus y gereit» Ne 459 (2017 r.).

[Ipn ananu3e MNPUBUTOCTH HCIOIB30BAIU HH-
dopManuio M3 KapT NPOPHUIAKTUYECKHX HPUBUBOK
(popma Ne 063/y), ucropuu passurus pederka (popma
Ne 112/y) u amOynatopHoli kapThl nauueHTa (popma
Ne 025/y).

Pacuer mokazarens mpoBOAWIIN IO Tak Ha3blBae-
MBIM «TIPOIYIIEHHBIM JETSIM» YIPOLIEHHBIM METOAO0M
«oTceBay, pekoMeHoBaHHbIM BO3, 1o popmyie:

(V1 -V3)/V1 x 100,
rme V1 — KOmM4ecTBO JeTed, OXBauCHHBIX IEPBOU
BaKIMHAIMEH; V3 — KOJIM4ecTBO JIeTei C 3aBeplICH-
HOH BaKLMHALUEH.

g u3ydeHHs OTHOLIEHMS K BaKIMHALUU PO-
nmuteneit UBUY-nereti Obu1 nipoBesieH onpoc 160 ue-
JIOBEK METOZIOM aHKETHUpPOBaHMs. AHKEeTa BKIIOYaja
15 BonpocoB, 4acTh KOTOPBIX XapaKTepu3oBaja UX OT-
HOILIEHUE K BaKIUHAIMK U IPEANOYTUTENBHbBIE NCTOY-
HUKHU UHPOPMALH O IPUBUBKAX.

B pabore ucnonp30Baiv SMHIEMHOIOTHUECKUE
(omucareabHO-OLICHOYHBIN U aHATUTHYECKUIN) U CTaTH-
CTHUYECKHI MeTo/bl uccienoBanus. Onpenensu cpe-
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HeapupmeTuuecky (M), cTaHOapTHYIO OMIMOKY TO-
KazaTess (71) ¥ cpeiHee KBaJApaTHUeCKoe OTKIOHEHHE.
OneHKy AOCTOBEPHOCTH PE3YJbTATOB HCCIIEOBaHUS
npoBOAWIM 1O Kputeputo [lupcona (¥?) u ymioBomy
pacnpenenenuto duriepa (¢amm). 3a BEIUIUHY YPOB-
HS CTaTUCTHUECKOHM 3HaunMocTu mpuHumanu p < 0,05.

PesynbraTbl

BUY-undekuus Obuta BoisiBieHa y 198 nereii B
BO3pacTe OT 3 MeC J10 5 JIeT, CPEAHMI BO3PACT TOCTAHOB-
ku quarno3a BUY-undekiuu coorBercrBoBai 15,9 +
1,5 mec.

BbICOKOAKTHBHYIO aHTUPETPOBUPYCHYIO TEPATTHIO
(BAAPT) nonyuanu 97% nereid, BpeMsi Ha3Ha4YCHUsI
Tepanuu OT MOMEHTa MIOCTAaHOBKH JIMarHo3a B CpeiHEM
coctasisuto 28,1 + 2,8 mec (95% 1AM 0,3-111,1). Cpen-
HASI OPOAOJKUTENBHOCTD )Ku3HU ¢ BUY B 3TOM rpymme
cocrasisuia 9,7 + 0,3 rona (AU 95% 6,2—-15,5).

IIpp  CpaBHUTENBHOH  OLIEHKE  KOJIMYECTBA
CD4-nmumdonutoB B TuHaMuKe 0oje3Hu Ha (oHe mo-
cTosiHHO npoBoanMoil BAAPT ux cHuxenus no cpas-
HEHHIO C UCXOJHBIMH IOKA3aTeNsIMU HE YCTAHOBJIECHO.
B mpouecce HaOmoneHuss OTMEUEHO, YTO JAOJS JIHILL,
MMEBIINX HAa MOMEHT IOCTaHOBKM auarto3a BY-un-
(exuuy MpOsIBIICHUS BBIPAKEHHOTO M TSHKEIOTO HM-
MYHOAC(QHULIUTHOTO COCTOSHUSI, yMEHbIIMIACH B 37,4 1
25,8 pa3a cooTBETCTBEHHO (Taod. 1).

[Mpr uMMyHM3aIUKM OeTed rpymibl HaOmIoAeHUs
HU B PaHHEM, HM B NO3JHUX BaKLMHAIbHBIX MEPHUO-
Jax He 3aperuCTPUPOBAHO CHIDKEHHS aOCOIIOTHOTO U
oTHocuTenbHOro KonmuuectBa CD4-mumdonurtos, 4to
CBUJICTENILCTBYET O CTaOMJIBHOM HMMMYHHOM CTaTyce
naireHToB Ha one BAAPT.

B cootserctBuu ¢ HKIIII Bce HOBOpOKAEHHBIE B
nepBbie 24 9 KU3HYU MOAJICHKATH BaKIWHALUK MIPOTUB
BUpycHOro remnarurta B. JlaipHelmas cxeMa UMMYyHHU-
3alMy IpeArnoaraia JByKpaTHOE BBEIEHUE BaKIIUHBI C

SCIENCE AND PRACTICE

untepBaioM 1 u 5 mec. [l oTAeNBHBIX KaTeropuii ma-
LIMEHTOB, TAKUX KaK JAETH, POKJIEHHBIE OT >KEHIIIMH —
HocuTelnel BupycoB renarutoB B u C u norpedureneit
WHBEKLIMOHHBIX HAPKOTHUKOB, OBUIO MPEAYCMOTPEHO
BBEJICHUE JIOTTOJHUTENBbHON 1036l BaKIMHBEI.

IIpy ananu3e INPUBUBOYHOM JOKYMEHTALMU
UBUY-neteii ObUIO YCTaHOBIEHO, YTO 1-¢ BBEICHHUE
BaKIMHBI IPOTUB BUPYCHOTO renatura B B ponniasHOM
noMe nonyumiia 79,3% nereit, a 18,2% ObLIM IPUBUTHI
no3xe, Ha 1-M roxay >ku3HU. OCHOBHBIMM NPUYMHAMU
OTCPOYCHHOW TPHUBHUBKH OBLIM HEJAOHOIIEHHOCTH U
MaToyIorTys mepuojia HoBopokJaeHHocTu. [lo mpuunHe
[IO3/IHETO CTapTa IMPHUBHMBOK 3aBEPILMIM BaKLUHAIUIO
IIPOTUB BUpYycHOro renaruta B k 6 mec Ttonsko 24,3%
(Tadm. 2).

[TonHplil BakUMHAIBHBIA KOMIUIEKC B 3TOW KOTOp-
te nonyunntn 91,4% npu HOpMupyeMOM IOKa3aTese
95%. Yacte gereii (79,3%), Haubosiee yA3BUMBIX IO
BHUPYCHBIM TelaTuTaM, MOJJIeXkalld BBEJECHHUIO JIOTOJI-
HUTEJIBHOM 103bl BAKLMHBI, OTHAKO MTOJYYMIIN €€ TOJb-
K0 46 (29,3%) nereii.

HauOonpmme caoXHOCTH NpU NPOBEICHUU TPU-
BHBOK B IIEPHOJI HOBOPOXKACHHOCTH OBUIN MPU BAaKIIHU-
Haiuu BLDK. M3menenue crpareruu BO3 B oTHOMIE-
Huu npuBuBoK BIDK ¢ 2007 mo 2017 r. nosnusio Ha
MOJTHOTY ¥ CBOEBPEMEHHOCTh MX TpoBeAeHus. O0muit
OXBaT BaKIMHaIMEH NpoTuB TyOepkyinesa MBUY-xe-
tert coctapisin 46% (91 u3z 198), xots 86,2% u3 HUX
ObUIM TPUBUTHL B ponwibHOM gome. [Ipu 3Tom 10
2007 1. ObUIM TPUBUTHI OOJIee TOJOBUHBI AeTed 57
(62,6%), B mocnenyromye rogsl — Tonbko 34 (37,4%).

[MprurHaMK HENPUBUTOCTH MPOTUB TyOEpKyse3a
B poawisHOM aome B koropre UBUY Obiin HemoHO-
LIEHHOCTH (46,8%), OTCYTCTBHE TPEXdTAHOW XUMHUO-
OpopUIaKTUKH — [EPUHATANBHOTO  MH(QHUIUPOBAHUS
BUY (31,9%), a mociie BBITUCKU U3 POIUIBHOTO J0-
Ma — MOATBEPKIACHHBIN Tuarno3 BUY-undexmm.

Tabnuua 1. Xapaktepuctuka MMMyHHoro ctatyca IBUY-geten (n = 198) B MOMEHT NOCTaHOBKM AmarHosa BUY

1 B npouecce HabntogeHus Ha poHe nposoammont BAAPT

Table 1. Characteristics of the immune status of children with HIV infection at the time of HIV diagnosis and during follow-up

against the background of HAART

B MOMEHT nocTtaHoBKWU AuarHosa B npouecce HabnogeHus Ha
X BWY-nHdpekumn ¢oHe BAAPT Kputepun
apakTepucTika At the time of diagnosis During observation on Dduwepa
MMMYHHOTO cTaTyca of HIV infection the background of HAART Fisher's test p
Characteristics of the immune status
a6ce. / abs % abe. / abs %
OTcyTCcTBUE MMMyHOAEeULMTA UNn 78 39,4 183 92,4 12,2 <0,01
He3HauuTenbHbI UMMyHoAEeDULNT
No or minor immunodeficiency
YMepeHHbI UMMyHoaedULnT 32 16,2 12 6,1 3,3 <0,01
Moderate immunodeficiency
BbipaxeHHbIn nMMmyHogednumT 37 18,7 1 0,5 7.4 <0,01
Expressed immunodeficiency
Taxenbii UMMyHoAeULNT 51 25,8 2 1,0 8,6 <0,01

Severe immunodeficiency
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Tabnuua 2. lNMonHoTa 1 CBOEBPEMEHHOCTb BaKLMHaLMK
npoTMB BUpYycHoro renatuta B aeten ¢ BUY-uHdbekumen (%)

Table 2. Completeness and timeliness of vaccination against
viral hepatitis B in children with HIV infection (%)

BakumHauus
Cpok Vaccination
Time
| 1]

244/h 79,3
1-3 mec / months 7,3
4—6 mec / months 2,6
6 mec / months 24,3
7-12 mec / months 8,3 58,6
>12 mec / months 2,6 171

B rpynne OBUY u3 216 mereil ObuH BaKIMHU-
posanbl BIDK-M 196 (90,7%), xoTs 1oas NpUBUTBIX
B poamiibHOM Jome He mpebimana 40% (p < 0,01), u
OOJIBIIMHCTBO OBLIM BaKIMHUPOBAHBI MOCHe 6 Mec, B
TOM YHCIIe KaXKIblii 6-if — B Bo3pacte crapiie 12 mec.
B xonTponbHoit rpynne npuBueky BLIK B ponnisHOM
nome nonyuunu 82,8% (Tada. 3).

OCHOBHBIMH NPUYMHAMH HENPUBUTOCTH MPOTHUB
TyOepKyiie3a B poawibHOM Jiome y IBUY-neteii Obutu
OTCYTCTBHE TPEX3TATHON XUMHONPOPUIAKTUKU MIEPU-
HatasnbHOro uHpuuuposanus BUY (35%), naronorus
Mepruoaa HOBOPOXKIACHHOCTH M HEIOHOIIEHHOCTH (00-
nee 40%). B xoHTponbHOI rpyImmne, Hapaay ¢ Harojo-
THEH Teproaa HOBOPOXKACHHOCTH, 35,3% cocTaBisuu
OTKa3bl pOJUTeNei OT IPUBUBOK.

Ananu3 pesynsraroB npusuBku BLDK B rpymme
OBUY-pereit mokaszan, 4ro u3 196 npuBUTHIX NPOTHUB
TyOepkynesa y 141 (71,9%) peGeHka B MPUBUBOYHOMN
JOKYMEHTallMU OBbUIM OTMEUEHBI pa3Mep BaKLIIMHAIBHO-
ro pyoua u pe3ysbrarsl npoObl MaHTy, B KOHTPOJIBHOMN
rpymnrne A0S TaKuX JeTeil coctasinsia 89%.

Cpenuuii pa3Mep BaKIMHAJIBHOTO pyOlLa B TPyI-
ne OBUY-nereii cocraimsn 4,1 = 1,2 mm (95% AU
1,9-6,4), B ToM uncne y 65,3% pa3zmep BaKIIUHAIHHOTO
pyOua Ob11 Oomnee 4 MM, a BeIMUKHA NAIyJIbl IpU pode
Mamnry y 55,3% Obina Gonee 5 MM U B CpeIHEM COCTaB-
nsna 8,2 + 3,1 mm (95% AU 2,1-14,3).

B KOHTpOIBHON IpyIie NaHHBIE IIOKA3aTENId HE
OTIIMYANKCh OT TAKOBBIX B Ipymine HaOmoaeHus. Be-
JUYMHA BaKUMHAIBHOTO pybua Obuia 4,2 £ 1,3 MMm
(95% AU 1,8-6,7), a cpeanuil pasMep Mamylbl MpH
npobe Mauty — 7,4 = 2,2 mm (95% AN 3,2-11,6;
Tao. 4).

Paznuunii B GopMUpOBaHNM NPUBUBOYHBIX peak-
LUK y JEeTed UCCIENYEMBIX I'PYIIl HE BBISBIECHO, KOp-
peNsIH MEXIy pa3MepoM BaKUMHAJILHOTO pyOua u
BEJIMYMHOMN NaIyJbl B OTBET HA BBEJCHHUE TyOepKyIHHA
HE YCTaHOBJICHO.

Bmecre ¢ TeM ObUIM yCTaHOBJICHBI pa3iv4Hs B
pesynprarusHocTH puBuBKH BIJK B 3aBUCHMOCTH OT
MecTa ee NMpoBeJeHMs. B rpymnne Bak[MHUPOBAHHBIX B
POAMJIBHOM JOME J0JIs1 AETEN C BEIMUYMHON BaKIIMHAJIb-
Horo pyOma Oosnee 4 MM W TOJOXKHUTEIBHOH MPOOOi
Manty cocraBnsuia 53 u 46%, npotus 43 u 36% cpenu
MIPUBUTHIX B YCIOBUSX MONMUKINHUKY (Ta0d. 5).

C mosunuii rapaHTHii 0€30MacCHOCTH TPHUBHUBKH
BIDK B 2013-2019 rr. ObL1a IPOBEICHA CPAaBHUTEIbHAS
OLIEHKA JI0JIM BAKIIMHAJIbHBIX PEAKIIUI U OCIIOXKHEHUN y
NBUWY-nereii B 00111eM KOIMYECTBE OCIOKHEHUH (21)
9TOH NIPUBUBKH, 3aPETHUCTPUPOBAHHBIX B MEAULIUHCKUX
opranuzanusx CBepAJIoBCKoOl obnacTu. B ux cTpykry-
pe mpeobnaganu ocnoxuenus 2-i kareropuu (BLK-o-
ctutel U BIDK-ocreomuenuts) — 57,1%, koTopble
OBLTH CBA3aHBI C HAPYIIEHUEM WHCTPYKLUH 10 TIPHMe-
HEHHIO Tpernapara JInO0o ¢ MHIAMBUAYaJIbHON PeaKTUB-
HOCTBIO peOcHka, U 42,9% NpPUXOIUIOCh HA OCIIOK-
HeHus 1-i xareropun (peruoHapHble JTUMQaJCHUTHI),
pasBUTHE KOTOPBIX OOYCIIOBWIIM HapyIICHHS TEXHUKU
BaKLUHALIH.

Ta6bnuua 3. MNMonHoTta n CBOEBPEMEHHOCTb BakUumMHaUuum npoTue Ty6ep|<yneaa Jeten, nepuHaTanbHO 3KCMOHUPOBAHHbIX

N HE3KCMOHMpOoBaHHLIX BY

Table 3. Completeness and timeliness of vaccination against tuberculosis in children perinatally exposed and not exposed

to HIV
W3 Hnx / Of them
B TOM uucne B cpoku / including on time
B . He NpuBUTBLI
Ipynna ggg NpUBUTI 00 7 oHen C7 Auein fIOIKE not
Group Aet vaccinated before 0o 2 mec 2-5mec/ | 6-12mec/ | 12-24 mec/ 24 vec vaccinated
All children 7 davs from 7 days months months months after
Y to 2 months 24 months
abe. | o abe. | abe. | o abe. | o abe. | o abe. | o abe. | abc. o
abs | ® |abs | % |abs | % |abs | ® |abs | ® |abs | * |abs | % | abs L
3OBUY 216 196 90,7 74 37,8 3 1,5 3 1,5 81 413 29 148 6 3,1 20 9,3
HIV exposed
He-3BWY 100 99 99,0 82 828 5 5,1 8 8,1 4 4,0 - - - - 1 1,0
Not exposed
to HIV
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Tabnuua 4. YactoTa NpMBMBOYHLIX peakumi y AeTeun, BaKLMHUPOBaHHbIX NPOTMB TybepKynesa, B aHanuampyeMbIx rpynnax
Table 4. Frequency of vaccination reactions in children vaccinated against tuberculosis in the analyzed groups

3BNY-getn He-OBNY-getn
Children exposed to HIV Children not exposed to HIV
MapameTp (n=141) (n=289) 2
Parameter X p
abe. abe.
abs % abs %

BakumHanbHbI pybeu 24 MM 92 65,3 51 57,3 1,5 0,2
Vaccination scar measuring 24 mm
Manyna npu npo6e MaHTy >5 Mm 78 55,3 53 59,6 0,4 0,5

Papule with Mantoux test >5 mm

B UBUY-rpynne nocne npusuBku BLXK 66111 3a-
perucTpupoBansl 4 ciaydas HIOCTBAKLIMHAIBHBIX OCIIOXK-
HeHHH, 9To coctaBwio 19% OT CyMMBI OCIIOKHEHHI
npuBuBku BIIK, 3apeructpupoBanHbix B CBepiJioB-
CKOH obmacTu: 2 citydasi peruoHapHoro nuMdaneHuTa
U no 1 ciayyaro reHepajiu30BaHHOM U JAMCCEMUHUPO-
BanHOU BI[K-undekuuu, mocnemuuii ¢ JeTalibHBIM
ucxoznoM. [TpuunHON reHepanuzanuu npoiecca ObLIO
OTCYTCTBHE TPEXdTATHOH XMMUONPOPUIAKTHKH Tepe-
naun BUY ot marepu peOeHKY u Tsoxemnast opma M-
MYHOAC(QULIUTHOTO COCTOSIHHUS K MOMEHTY IOCTaHOBKH
muarno3a BUY-undeximm.

[lo mpuBMBKaM mNpPOTUB AUQTEpUH, CTOIOHSKA,
KOKJIIOIIA Y TIOJIMOMHUENNTA, CTapT KOTOPBIX IMPUXO-
JIUTCSL Ha BO3pacT 3 Mec, ObLJIO YCTaHOBJICHO, YTO B
NBUY-rpynne ux nomydunu Tonbko 33,2% pered,
octajbHble 66,8% ObUIM MPUBHUTHL B OoJiee cTapiieM
BO3pacTe.

KonuuecTBO METUIIMHCKMX OTBOIOB OT HPUBHU-
BOK U OTKa30B pojuTesiel ObI0 He3HAYUTEILHBIM U HE
npeBbIano 5%.

B cBs3u ¢ mo3gHUM CTapTOM NPUBUBOK HMENO
MECTO 3ara3/bIBaHie OKOHYaHUS BaKIIMHAJIBHOIO KOM-
IJIEKCa, a TaKXe 1-i 1 BO3pacTHHIX peBakIuHaImil. Bo

2-¢ TONyroAue >KU3HU ObUTM BaKUWHUPOBaHBI 72,7%
nerei, 15,3% 3aBepmmiau  peraMeHTHUPOBaHHBIN
HKIIIT xomIuIeKC TOIBKO Ha 2-M TOfy KU3HU (Ta0J1. 6).

B pesynbrare MOJIHBIIA BaKIIMHAJIBHBIA KOMILIEKC
u3 3 BBeaeHnit AKJIC-BakMHBI ¥ MOJIMOBAKIIMHBI T10-
ayuniu 176 (88,9%) neteid.

W3 uncna nepsuuHo BakumHupoBaHHbIX AKJIC u
MOJIMOBAKIIMHOW KOMIUIEKC M3 3 MPUBUBOK IOIYyYHIIN
94,2%. CnemoBaTenbHO, YHCIO «IPOIMYIICHHBIX -
Tei» 1o KputepuanbHoii ounenke BO3 coctasuio 5,8%,
T.€. OBUIO HUKE MOPOTOBBIX 3HaueHuH (10%).

[lepuunyto pesaknunanuo AKJIC u nonuosak-
LIMHOW B IEKpETUPOBAHHOM Bo3pacte noryuniu 81,3%
JeTel, cleoBaTeNbHO, IeTel ¢ He3aBEPIICHHBIM KOM-
iekcoM (TiepBUYHas peBakuuHanus) Obuio 18,7%, uto
B 1,9 pa3a npeBsimano nopor, yctanoBieHHbii BO3 no
KOJIMYECTBY «IPOMYLICHHBIX AeTei» (p < 0,01).

[TonHoTa oOXxBaTa NOCHEAYIOIIMMH pEBaKIMHA-
LUUSMH [IPOTHB TUQTEPHU U CTOJOHSKA B JEKPETHPO-
BaHHOM BoO3pacTe cocTaBisuia 63,2-67,7%, mpoTus
noimoMuenura — 67,6—-79,8% (pucyHok) npu HOpMU-
pyemom nokaszarene 95%.

B npornecce ananmuza y 70 (37,4%) UBUY-nereit
OBUIM YCTaHOBIICHBI (PaKThl MMMYHH3AIUU KUBOW TO-

Tabnuua 5. Pesynsrartbl BakuMHauMm NpotuB TyGepKynesa B 3aBMCMMOCTM OT MeCcTa npoBeaeHus npmemeku y SBNY-

1 He-OBUNY-geten

Table 5. Results of vaccination against tuberculosis depending on the place of vaccination in children exposed

and not exposed to HIV

M3 Hux no mecty BakumHaumm / Of which at the place of vaccination
poaunbHbIi gom / maternity hospital nonuknuHuka / polyclinic
Bcero
NpVBUTO B ToM yucne / including B TOM yucne / including
MovAna Totally
gy vaccinated BCEro pybeL nanyna npv npo6e BCEro py6eL nanyna npuv npo6e
roup total >4 Mm MaHTy >5 Mm total >4 MM MaHTty >5 Mm
scar papule with Mantoux scar papule with Mantoux
>4 mm test >5 mm >4 mm test >5 mm
abc. o abc. o abe. | abc. o abc. o abe. | abc. o
abs t abs % abs % abs % abs % abs % abs %
3BNY 196 1000 74 378 39 527 34 45,9 122 62,2 53 434 44 36,1
HIV exposed
He-3BWM 99 1000 82 828 45 455 46 26,4 17 172 6 323 7 41,2

Not exposed to HIV
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Tabnuua 6. MNonHoTa 1 cBOEBPEMEHHOCTb BaKLMHaLMK
NpoTMB AndTepun, CTONOHSAKA, KOKMIOLWA 1 NoMoMuennTa
MBWY-petein (%)

Table 6. Completeness and timeliness of vaccination
against diphtheria, tetanus, pertussis and poliomyelitis

in HIV-infected children (%)

BakunHauus
Cpok, mec Vaccination PeBakunHaums
Time, months Revaccination
| 1l
3 33,2
4-6 31,6
6 11,9
7-12 25,7 72,7
>12 9,6 15,3
18 13
>18 87
%
100 A
90 7 79,8
807 67,6
70 1 63,2 :
60 -
50 -
40 4
30 A
20 -
10 4
0
RV2 RV3
— ,D,M(*)Tepl/lﬂ, CTONOHSAK  m— Monvuomuenut
Diphtheria, tetanus Polio

MpuBuTOCTL NPOTMB AN TEPUK, CTONOHAKA 1 NONMoMMenuTa
neten ¢ BUY-nHdpekunen.

Vaccination against diphtheria, tetanus and poliomyelitis
in children with HIV infection.

JINOMMEIIUTHOM BaKLMHOM, XOTSA HU y OJHOIO U3 IIpU-
BUTBIX HE OBLIO 3apETUCTPUPOBAHO MOCTIPHUBUBOYHBIX
peaKuuid.

IIpu aHanm3e CBOEBPEMEHHOCTH BaKIIMHALUU
MIPOTUB KPACHYXH, KOPU M SMUAEMUYECKOTO MapoTUTa
HeNb3s HE OTMETUTh, YTO, HECMOTPS Ha HapylIEHUs
rpaduka KaJeHJapHBIX MPUBUBOK, IIPOTHB KPACHYXHU
ObUTM TIPUBHUTHL 95,5%, a MPOTUB KOPH W MUAEMUYC-
ckoro naporuta — 96,7% nereit, B ToM uncne 63% B
JEKPETHPOBAHHOM BO3pacTe.

PeBakunHaius NpoTuB KOpU U 3MUIEMHUYECKOTO
napotruTa Obula mpoBeneHa y 86,6% paereil, mpoTHB
kpacHyxu — y 84,1%, B TOM uucie B ACKPETHPOBAH-
HOM Bo3pacte — y 76,1 u 64,6% COOTBETCTBEHHO.

i OLleHKM OTHOILIEHHS K NPUBUBKAM pOAUTE-
neit pereit ¢ BUY-unpekiueir ObUT MpoOBENeH OMpoc

160 pecrionnienToB; u3 HUX 83,1% OBUIM POAUTENSAMU H
16,9% — onexynamu. bonsimuncTtBo (70%) pecrionaeH-
TOB OTHOCHJIKCH K Bo3pacTHOM rpymre 1o 40 net; 81,3%
MMEJIH CpeJjHee CIEeUaIbHOE 1 BBICIIEE 00pa30BaHue.

3HaunrenbHas 10 (85%) pecroHAeHTOB cunTa-
JIM, YTO NPUBUBKM HEOOXOIMMBI, T.K. OHU 3alIMIIAIOT
0T MH(EKIMOHHBIX 3a00JICBAHMIM, XOTS KaXK]IbIi Jecs-
Thii (11,3%) 13 ONPOIIEHHBIX HE ONPENENUICS C OTBE-
ToM U 3,8% OBLIN MPOTUB BaKI[MHAIIWH.

HauGonee 3HaYMMBIMU JJIi POIUTENCH M oOIie-
KyHOB ObUIM MPHUBUBKU MPOTHB TyOepkynesa (78,1%)
u BupycHoro renarura (77,5%). PefiTuaru npuBuBok
MPOTUB KOPH, KPACHYXH U MUAEMHUYECKOT0 apoTHTA,
KOKJTIOIIA, AU(TEpUN U CTONOHAKA OBLIM HECKOJBKO
ke (73,1%).

Cpenu poaurened, KOTOpble COMHEBAIUCH B 3(-
(EeKTMBHOCTH NPUBUBOK U OBUIM TPOTUB HHUX, OCHOB-
HOW TPUYMHON OBIJIO OECHOKOWCTBO MO MOBOAY BO3-
HUKHOBEHHMSI MOCTBaKIIMHAIBHBIX peakuuit (42,4%) u
OTCYTCTBHSI TapaHTHUPOBAHHOHN 3alIMTHl OT MH(EKINU
nociie BakuuHaimu (36,4%). Y nereit 57 (35,6%) pe-
CIOH/ICHTOB OBUIM 3aperuCTPUPOBAaHbI OOBIYHBIE pe-
aKIUH MOCJIe TOCTAaHOBKU MPUBUBOK. Hanbonee vacto
(64,4%) BO3HMKAIIK OOIIME PEaKIUU B BUJE MOIbEMa
Temreparypsl Tena 1o 38°C 1 o011ero HeloMOranus, 1
y 30% ObLTH MECTHBIE PeaKItH.

Jiist yToOYHEeHUs] KICTOYHUKOB MOJIy4eHUs] HHDOp-
Malli{ O MPUBUBKAX POAUTEISIM MPEJIOKIIN IPOPaH-
JKUPOBATh 3TH HCTOYHUKHU U X 3HAYUMOCTB 110 7 MO3H-
UM (MEIULMHCKHE PaOOTHUKHU, POACTBEHHUKH, 3HA-
KOMBIe, TeneBuieHue, uapopmanus 3 CMU, neuatHas
MPOAYKIKS), yKa3aB HanOoee aBTOPUTETHBIC TSl HUX.
YcTaHOBIEHO, YTO U3 UCTOYHUKOB MONTyueHHs HH(Op-
MaIuu Ha 1-i paHroBOM MO3UIMK BO BCEX IPyIINax Obl-
JIM MeIUIMHCKUEe pabotHuku (66,7-92,6%); Ha 2-ii u
3-ii — WHTEpHeT U nevyaTHas nNpoayKuus (Tadj. 7).

Haunbonee aBTOpUTETHHIM HCTOYHUKOM HH(pOpPMa-
UM JUIS JIAL, TIOJIOKUTENFHO HACTPOEHHBIX MO OTHO-
LICHUIO K MPUBHUBKAM, U 1a)Ke CPeJ COMHEBAIOIINXCS
B MX 3()(EeKTUBHOCTH OBUTH MEAWIMHCKHAE PaOOTHUKU
(98,5 u 72,2%). Jlunia, HEraTUBHO OTHOCSIIIMECS K BaK-
UUHALUK, CYUTAIIM, YTO UMEIOT COOCTBEHHOE MHEHHE
0 TpPUBUBKAX, ONHAKO HCTOYHMKOM HH(OpMaLuu y
33,3% 13 HUX TaKke OB MEIUIIMHCKUE PAOOTHUKH.

O6cyxaeHne

B coBpeMeHHBIX YCIOBUAX B OTHOLLIEHUHU JETEH,
poxnenHbsix ot UBHUY-xeHIIUH, COXpaHAETCS HEOM-
HO3HAYHOE TOJIKOBAHUE MOHATHS «UMMYHOIC(HHUIIUTY,
X0Ts u3BecTHO, yTo BUY-undekius cama no cede He
BCer/ia OnpeeiisaeT HATMYUe UMMYHOICUIUTA.

[Ipu monoxuTenbHON MPAaKTUKE BaKIMHOMPODU-
naktuku UBUY- u O9BUY-nereii B8 CBepasioBCKoi 00-
JIACTU BOINPOCHI TAKTUKH MMMYHU3AIMH KUBBIMHU BaK-
UHAMH TPEOYIOT 00CYXKICHUSI.

[enecooOpa3HOCTh BaKIMHAIMH J0JDKHA paccMa-
TPUBATHCS B KOHTEKCTE CPAaBHUTEJIbHOW OLEHKH IMOJIb-
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Tabnuua 7. VICTOMHUKM NonyYeHns nHpopmaummn o NnpmBMBKax cpeamn pogutenen n onekyHos NBUY-geten (%)
Table 7. Sources of information on vaccinations among parents and guardians of children with HIV infection (%)

OTHowweHune poauTenen kK MMyHu3aumm / Parental attitudes towards immunization

McTouHMK nHdopmauum
Sources of information

nonoxwurenesHoe / positive

HeogHo3Ha4Hoe / ambiguous HeraTuBHoe / negative

(n=136) (n=18) (n=6)
MeguunHckne paboTHUKK 92,6 77,7 66,7
Medical workers
TenesungeHune, pagmo 1,5 5,6 0,0
Television, radio
MHTepHeT 2,9 1M1 16,7
Internet
MeuyaTHasi npogyKumns 2,2 0,0 0,0
Printed products
Hay4yHble nccnepoBaHus 0,0 0,0 16,6
Scientific research
Konneru no mecty pabotbl 0,7 0,0 0,0
Colleagues
He umeto nHdopmauum 0,0 5,6 0,0
| have no information
HanGonee aBTOPUTETHBIN UCTOUHMK
Most authoritative source
MeauuuHckme paboTHUKK 98,5 72,2 33,3
Medical workers
TenesuaeHune, pagmo 0,7 0,0 0,0
Television, radio
MHTepHeT - 5,6 16,7
Internet
PoacTteBeHHUKn 0,7 0 16,7
Relatives
Pogutenu gpyrux geten, 3Hakomble 0,0 5,6 0,0
Parents of other children, acquaintances
HayuHas nutepatypa 0,0 0,0 16,7
Scientific literature
CobCcTBEHHOE MHEHUE 0,0 16,7 16,7

Own opinion

3bl, KOTOPYIO OHA MOXXET MPUHECTH, U OHaCHOCTH OC-
JIO)KHEHHH, KOTOPbIE OHA MOXKET BBI3BaTh, C MOMCKOM
KOMIIpOMHCCA.

B npoBeneHHOM HcCIe0BaHUM TIO OLIEHKE CBOE-
BPEMEHHOCTM W TMOJHOTHl BakuuHauuu HMBUY- u
OBUY-neTeil ycTaHOBIEHO, YTO IOJIHOTA OXBaTa HX
NPUBUBKAMH MPOTUB OOJBIIMHCTBA MH(EKLUI cornac-
no HKIIII cocrasisina 94,4-97,5%.

Haubonpmme 3arpyaHeHus B 4acTH cOOMIOACHUS
KaJIeHAapHBIX CPOKOB MPUBUBOK BO3HUKAJIH B OTHOILIE-
HUU JIeTel B BO3pacTe 10 2 JIET, HA KOTOPBIH MPHUXO-
JUTCs HanOoJbIlee KOTUYECTBO MPOQPHIAKTHPYEMbIX
MHQEKIUH U YUCIIO BBEACHUI MIMMYHOOHOIOTHYECKUX
JIeKapCTBEHHBIX MPENaparos.

B mepron HOBOpPOXXIEHHOCTH Hauboiee HHU3KHUE
MOKa3aTeJ OXBaTa MPUBUBKAMH B POAMJIBHOM JIOME
ObUIM TIpY BaKIMHAIMK TPOTHB TyOepkynesa. [Ipu-
yiHOHM orcpodeHHol npuBuBku BIDK y OBUY-nereit
OBUIO OTCYTCTBUE TPEXATATHONH XUMHONPOPHUIAKTUKHY,
torga kak y UBNY-nereil — HEOOHOKPATHO MEHSIB-
mrasicst cTparerus nposeaeHus npuBuBok BLIK u Hop-

382

MatuBHas 06a3a. B pesynprare oxono 60% DBUY-nereit
ObUIM TPUBUTHI NPOTUB TyOEpKyJe3a TOIBKO BO 2-M
MIOJIyTOAMM KU3HU. MTOroBble MOKa3aTeiau MOJHOTHI
OXBaTa MpPUBUBKAMH HPOTUB TyOepKyle3a B 3TOH KO-
ropre coctaBuin 90,3%, x0T U OTCTaBaJU OT aHAJO-
TMYHBIX NOKa3arejeld B KOHTPOJIBHOH TpyIe 340pO-
BBIX aeTei (98%).

[Ipu cpaBHUTENHHOMN OLIEHKE 4aCTOThI (POPMHUPO-
BaHMsI BaKLIMHAJIBHOTO pyOlLla B TpyNmax HaOIIOACHUS
U KOHTPOJIbHOM, a TaKXK€e MOCTBAaKLIMHAIBHOMN aJIJIEPTUU
o pesyabraraM NpoObl MaHTy JOCTOBEPHBIX pa3iu-
YUl HE YCTAHOBJIEHO, YTO IOATBEPXKIACT pe3yJIbTa-
TBl JPYTUX UCCIEAOBaHUM, IJI€ IE€TEH, POXKIECHHBIX OT
NBWY-matepeit, npuBuBanu BakuuHoi BIDK-M nHa
3—7-i1 1eHb KHU3HU NPU OTCYTCTBUHU OOIIMX IPOTHUBO-
[OKa3aHM JUIs BaKIIMHAIIMY MPOTUB TyOepKysesa [8].

Bonee Ttoro, y mereif, MOmydMBIIMX NPUBUBKY
BIXK B poguinsHOM JIoMe, yacToTa (hOpMUPOBAHUS BaK-
LUUHAJIBHOTO pyOlla M TMOCTBaKUMHAJIBHON aijiepruu
ObLIa Ja’ke HECKOJIBKO BBIIIE MO CPABHEHUIO C IIPHUBU-
THIMU B IonuKIuHuKe: 53 u 46% npotus 43 u 36%.
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B anamuese y 35,6% MBUY-nereii Obuin 3aperu-
CTPHUPOBaHbI PEAKIIMH Ha MPUBUBKH, B CTPYKTYpe KOTO-
peix 64,4% cocTaBisuia 00IIME PEaKIUU B BUJIE TIOb-
ema Temneparypsl Tena 10 38°Cu 30% — mecTHBIE.

B mpouecce uccnenoBanus ObUTM MpOaHATU3U-
poBaHbl 4 cilydas MOCTBaKUMHAJIBHBIX OCJIOKHEHUI
2-i1 kaTteropuu B OTBET Ha BBeneHue BakuuHb BIDK.
IIpuunHamMu BO3HUKHOBEHUS OCJIOKHEHUU CTal0 UM-
MYHOJE(QHUIUTHOE COCTOSHHE BCIICACTBUE OTCYTCTBUS
TpPEeX3TAMHOM XuMmuonpoduiaktuku mnepeaaun BUY
OT Marepu peOeHKy U Tspkenas ¢popma uMMmyHoaedu-
LIMTHOTO COCTOSIHUSI K MOMEHTY IIOCTAHOBKH JHarHo3a
BUY-unpekuuu.

B uccnenoBaHusIX Ipyrux aBTOPOB IMOKa3aHa aod-
comoTHast 6e30macHOCTh panHel BakuHanu bIDK-M
JeTell ¢ peann3zoBaHHON nepuHatansHo BUY-ungexk-
LMel Mpu OTCYTCTBUM MOCTBAKIIMHAJIBHBIX OCJIOXKHE-
Huti [8].

«YTylieHHble BO3MOXKHOCTH» HMMYHH3AllUU B
JEKPETHPOBAHHBIX BO3PACTHBIX TpyHIax MPHUBOAAT K
MIPOJIOHTUPOBAHUIO CPOKOB 3aBEPILIEHUS BaKIIMHAIBHO-
ro KOMIUIEKCa IPHUBHUBOK MPOTHB BHUPYCHOTO IemaTUTa
B, koxuronia, qudTepuu, CTOIOHIKA U TOJTUOMUCIINTA,
B TOM 4YHCJI€ BO3PAcCTHBIX pEBaKLMHAIMM, 1 Hapyle-
HUIO KaJICHIApHOTO Irpad)uka NPUBUBOK NPOTUB KOPH,
KpacHYXH ¥ 3MIHJIEMUYECKOT0 MapoTUTa. AHAJIOTUYHbBIE
BBIBOJIBI OBUTH C/IENaHBl yueHbIMH U3 Kutas, rae oxsar
npuBuBkamu UBHUY-gereil B pamkax HanuonanbsHo-
ro kajeHnaps cocrasisut 70,9—77,7%, uro ObUIO 3HA-
YUTENBHO HWKE, YEM Ha OOIEHALIMOHAIBHOM YPOBHE
(=97%) [9].

BAAPT sBnsiercss rapanToM 0€30HacHOCTH HM-
myHuzanuu MBUY-pereit, ocoOeHHO B ciydasix Mpu-
MEHEHUs XKUBBIX BAaKIMH, T.K. CHI)KAaeT BUPYCHYIO Ha-
IPY3KY U PUCKH (HOPMUPOBAHUS UMMYHOIE(PUIIUTHOTO
COCTOSIHUA. Y JETEH C BBIPAKEHHBIM U TSKEIIbIM HM-
MYHOJE(QUIUTHBIM COCTOSIHMEM Ha3zHadeHue BAAPT
MPUBOJUT K BOCCTAHOBIICHHIO A0COIIOTHOTO M OTHOCH-
TeabHOro Konmdyectsa CD4-mum¢onuros.

Hannple 00 M3y4YeHUW MPHUBEPKEHHOCTH NpH-
BuBKaM poauteneid UBNUY-nereit cBUAETENbCTBOBAIN
00 X MOHMMaHUHM HEOOXOJMMOCTH BaKIUHOMPO(U-
JAKTUKUA KaK WHCTPYMEHTa COEpeXEHHUs 3T0POBBS.
B sT0#i KOTOpTE Hambojee aBTOPUTETHBIM MCTOYHU-
KOM HH(pOpMalMH O MPUBUBKaX ObLTH MEAULUHCKUE
pabOTHUKH.

B nanHO#l craThbe He MpenCTaBICHbI MaTepUalbl
[0 OLEHKE T'yMOPAaJbHOIO MMMYHHUTETA K BBOAMMBIM
BaKIIMHHBIM aHTUT€HaM, T.K. X Pe3yJbTaThl HAXOAATCS
B 00paboTKe.

3aKknio4yeHue

IIpoBeneH aHaIN3 IOJHOTHI U CBOEBPEMEHHOCTH
BakuuHanuu B koropre UBUY- u OBUY-npetet, mo
pe3yapraraM KOTOpPOro OBUIO YCTAaHOBIIEHO, YTO OX-
Bar npuBuBKamu aereit B pamxax HKIIII cocraBun
94,4-97,5%, onHako ObUIM BBISABIEHBl HapyIIEHUS

CPOKOB IpPOBEAECHUS IMPHUBUBOK B JIEKPETHUPOBAHHOM
BO3pacrTe.

bnaronaps mnposomumoit BAAPT xommuectso
CD4-muM¢poLnTOB HE CHUXKAIOCH IO CPaBHEHUIO C
WCXOJHBIMHU MapaMeTpaMyd B MOMEHT IOCTaHOBKH JIU-
arno3a BUY-undekunu, 4ro aBisiercs rapaHToM 06e30-
nacHo ummyHuzauuu UBUY-nerei.

CornacHo pe3ynbraTaM HCCIIEOBaHUs BaKI[MHA-
uust OBUY-nereit mpoTuB TyOepKyiae3a BO3MOXKHA B
POIMIBHOM JIOME IMpPH HAJUYMM TPEXITAHONW XHUMU-
onpouIaKTUKK TepuHaTtanpHOW mnepenaun BHUY u
OTCYTCTBMM OOLIMX MpoTuBONokazanuii. DBUY-ne-
TH UMMYHOKOMIIETEHTHBI U IIPU BBEJIEHUU BaKLIUHBI
BI[’K-M cnocobubl (opMupoBaTh BaKIHMHAJILHBIN
pyOen (65,3% ciyuyaeB) ¥ MOCTBAKIIMHAIBHYIO aJlIep-
ruto (55,3%), 4To HE OTIMYAET UX OT JIeTeH KOHTPOJIb-
HOU I'PYIIIBL

Pesynbrare! u3yvenus crenuduaeckoro MMMyHH-
TeTa y AeTed OyayT MPENCTaBICHbI B CICIYyIOIICH Iy-
OJIMKALIUH.
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