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Pe3iome

IToxa3aHa BO3MOKHOCTH IKCIIPecC-aHATN3a BO3/IeHCTBUA aMHHOIVIMKO3U/IHBIX aHTHOMOTHKOB Ha OakTepuu (Escherichia
coli) c IOMOIIBI0O CEHCOPHOI CHCTEMBI HA OCHOBE Ibe303JIEKTPUYECKOT0 PE30HATOPA C MONEPEYHBIM JIEKTPUYECKUM
I0JIEM C JUANA30HOM Pado4YuX 4acToT 6-7 MI'L. /IJis1 9KCIIepUMEHTOB HCII0JIB30BAJIH IITAaMMbI OakTepuii E.coli kak 4yB-
CTBUTEJIbHBIE, TAK U YCTOHYHNBbIE K KaHAaMHIUHY. IIpH olleHKe BO3/1eliCTBHA KaHAMHIIMHA HAa 0aKTepHH UCI0/Ib30BaH
H3MEeHeHHe MOAYJIA JIEKTPUIECKOT0 HMITeJaHCa Pe30HATOPa B KaYeCTBe AaHAJIMTHYECKOT0 CUTHAJIA. YCTAHOBJIEHO, YTO
KpHTepHeM YyBCTBHTEJHHOCTH OaKTepHi K KAHAMHIIUHY ABJIAETCS U3MEHEHHEe MOAYJIA 3JIEeKTPHYECKOro HMIlefaHca
JlaTYHKa IIOCJIe BO3JeHCTBUY AHTHOMOTHKA Ha OaKTepHH Ha JTI000# YacToTe BOJM3HU pe3oHaHca. JIlaTynk 00J/1aiaeT BbI-
COKO¥ YyBCTBUTEJIBHOCTHIO ¥ IIO3BOJISAET IPOBOIUTH JUATHOCTHKY AaHTHMHKPOOHO¥H BOCIPUMMYHBOCTH OaKTepHii B
TeueHue 7-9 MUH.

Karoueenle cr06a: aMuHo2AUK03UOHbLE anmuﬁuomlmu; 6anmepuu; o0amuuk Ha ocHoae nobe3031ekmpuuecro2o pe3oHa-
mopa c nonepeyHbim INeKmpudeckum nojiem

Jus murupoBanust: [yauti O. H., 3aitiyes B. /1., Ancoeaiiou A. K. M., Kapaesaesa O. A., Ceménos A. I1., Bopoduna H. A. dxcupecc-
aHaJIM3 BO3[eHCTBUS aMUHOIVINKO3UI0B Ha 6AKTEePUHU C IOMOIIIbI0 CEHCOPHOM CHCTeMbI Ha OCHOBE IIbe303JIeKTPUYECKOr0
pe3oHaTopa € HoIePeYHbIM 9JIEKTPUYECKUM NoJieM. AHmubuomurku u xumuomep. 2023; 68: 1-2: 4-10. https://doi.org/10.37489/
0235-2990-2023-68-1-2-4-10.

Abstract

The possibility of express analysis of the effect of aminoglycoside antibiotics on bacteria (Escherichia coli) using a sensor
system based on a piezoelectric resonator with a lateral electric field with an operating frequency range of 6-7 MHz is
shown. E.coli strains, both sensitive and resistant to kanamycin were used for the experiments. During evaluating the ka-
namycin effect on bacteria, the change in the electrical impedance modulus of the resonator was used as an analitical
signal. It has been established that the criterion for the antibiotic bacteria sensitivity is the change in the modulus of the
sensor electrical impedance after antibiotic exposure on bacteria at any frequency near the resonance. The sensor is highly
sensitive and allows diagnosing the antimicrobial susceptibility of bacteria within 7-9 minutes.

Keywords: aminoglycoside antibiotics; bacterial; sensor based on a piezoelectric resonator with a lateral electric field
For citation: Guliy O. I, Zaitsev B. D., Alsowaidi A. K. M., Karavaeva O. A., Semyonov A. R, Borodina I. A. Rapid analysis of the effect

of aminoglycosides on bacteria by using a sensor system based on a piezoelectric resonator with a lateral electric field. Antibiotiki
i Khimioter = Antibiotics and Chemotherapy. 2023; 68: 1-2: 4-10. https://doi.org/10.37489/0235-2990-2023-68-1-2-4-10.
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Brenenue

UpesMepHOe U TIOPOH HempaBUJIbHOE UCIOJIb-
30BaHUe AaHTUOMOTUKOB PUBOJUT K OaKTepHaIbHON
3BOJIIOIUM U (D)OPMUPOBAHUIO IITAMMOB C MHOKe-
CTBEHHOH JIeKapCTBEeHHOU ycToiumBocThIo (MJIVY).
Poct ycToitunBocTu Bo3byauTesei MH(MEKINN K aH-
TUOMOTHKAM (AHTUOMOTUKOPE3NUCTEHTHOCTh) pac-
CMaTpHBaeTCs B Pa3HbBIX CTpaHax MUpa Kak yrposa
HaIlMOHAJ/IbHOM Oe30macHoCcTH. BcemupHas opranu-
3anus 3npasooxpanenus (BO3) orHocut npodiiemy
QHTHMUKPOOHOM pe3NCTEHTHOCTH K YHCJTy HanboJiee
IIPUOPUTETHBIX, 0 UYEM CBUETEILCTBYET pa3paboTka
«[mobanwHOM cTparerun BO3 mo caepskuBaHUIo pe-
3UCTEHTHOCTH K aHTUMHUKPOOHBIM IIpernaparam». B
norstage OOH mpo6GJiiema yCTOMYUBOCTU K aHTHUOHO-
TUKaM JIEMOHCTPUPYETCA KaK «CepbEé3Hasl yrpo3a»
JIJIs1 TJI00aJIbHOTO OOIIeCTBEHHOTO 3/ paBoOXpaHe-
HuA [1-4]. bakTepuanbHble IaTOT€Hb], BbI3bIBAIOIINE
WHQEKINN YeJ0BeKa, IIpeTepleBaloT 3BOJIOINOH-
Hble U3MEHEeHMs B YCJIOBUAX aHTPOIIOT€HHOH TpaHCc-
(bopmanum BHemIHe! cpebl, UI3MEHEHUs IyTel Ie-
penayn MHQEKIUU U BOCHIPUMMYUBOCTH K HUM
YeJIOBEYECKOU MOomyJIsiuu [5].

B ocHoBe a(pdpeKTUBHOrO NecTBUS aHTHOAK-
TepUaIbHBIX IIPENapaToB JeXKUT BbICOKasI YYBCTBU-
TeJIbHOCTh K HUM MHKPOOHBIX KJIeTOK. OCHOBHOH
LIeJIbI0 OIlpefiesIeHUsI YYBCTBUTEJIBHOCTU MUKPO-
OpPraHM3MOB K aHTUMHUKPOOHBIM IIperniaparaM siB-
JIsieTCsI IPOrHO3UpOoBaHue ux a(pheKTUBHOCTU IPU
JgedeHnn nHdekrui. [Toaromy onpesesenre aHTU-
MHUKpPOOHON BoCIpuUMUYMUBOCTU (AMB) GakTepuii
SIBJISIETCS OTHOM M3 OCHOBHBIX 3aJjay NPU aHTUOHO-
Tukorepanuu. Onpenenenne AMB TakyKe IPOBOIAT
npu HaOJ/II0JeHUHU 3a paclpocTpaHeHUeM pe3u-
CTEHTHOCTHU CpeJli MUKPOOPTaHN3MOB U B IIpoliecce
M3y4eHHUs HOBBIX Ipenaparos. J[jis aTux nesei npu-
MEHSIOT, KaK IPaBUJIO0, CTaHIapTHbIe MUKPOOMOJIO-
ruyecKre MeTo/Ibl ollpe iesIeHU sl MUHUMaJIbHOH I10-
nassstionieii koHeaTpanun (MITK) antubuoruka B
MsACO-TIENTOHHOM Oy/IbOHe UJIM Ha TBEpJON NMuTa-
TeJIbHOH cpeJie, OCHOBaHHbIE Ha CIIOCOOHOCTH IIpe-
IaparoB yIrHeTaTb POCT MUKPOOPraHusMos [6]. Cro-
pocTh 006BIYHOTO TecTUpoBaHusA AMB, mo cyry,
orpaHHUYeHa HaOJII0JJeHNeM 32 POCTOM KJIEeTOUHBIX
KOJIOHUH, KOTOPO€e MOSKeT IPOI0JIKaThCS B TeUeHNe
HECKOJIbKUX JHeH. /Iy ObICTpOro ompejesieHUs
AMB GakTepuii BecbMa IepCIEKTUBHBI METO]IbI
3JIEKTPO(U3UUYECKOr0 aHaIN3a, IOCKOJIbKY I103BO-
JIAIOT OJIYYUTh NH(MOPMAIIUIO O METa00JIUTHYECKU
aKTUBHBIX KJIeTKax 0e3 UX HOBPEYKJeHNs B TeueH1e
KOPOTKOI'0 IIPOMEsKYTKa BpeMeHHU. [l omnpenese-
HUA aKTUBHOCTHU aHTUOMOTUKOB B OTHOIIIEHNU H6ak-
TepU pa3BUBAIOTCA aBTOMAaTU3UPOBaHHbIE METO/IBI,
HallpuMep, C IOMOIIbI0 OMOCEHCOPHBIX CHU-
creMm [7-12]. IlepcieKTUBBI IPUMEHEHUA IIbE30-
KBapIlleBbIX OMOCEHCOPOB 1is olleHKu AMB Mux-
POOHBIX KJIETOK IPOIEMOHCTPUPOBAHKI B paboTe
[13], B KOTOpPOI1 omHcaH CIocob perucTpaum Mexa-
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IKCITEPUMEHTA/IbHBIE NCC/TEAOBAHNA

HUYECKHUX KoJiebaHuil 6akTepuil 10 U MocJie BO3-
NelCcTBUA Ha HUX aHTUOMOTHUKOB (ITOJIMMUKCHHA B
U aMIUIUJIJIWHA) KBapIeBbIM PE30HATOPOM Ha
MpuMepe TOJABUKHON KUIIIEYHOH MajJo4YKu. Pe3o-
HaTOP MO3BOJIAJ PerucTpupoBaTh ha3oBhIH HIyM,
BBbI3BAaHHBIN Pa3JINYHBIMU TUIIAMU JBUKEHUS OaK-
Tepuil ¢ pa3/JMYHON YyacToTON. YMeHblIeHue (a-
30BOTO IIyMa IfocJsie JobaBeHnsI aHTHONOTHUKA SIB-
JISJIOCHh CJIeJICTBUEM YMEHbIIeHUsS ABUNKEHUS
6aKkTepuil U3-3a OTCYTCTBUSA Y HUX YCTOHUUBOCTU
K TaHHOMY aHTUOUOTHUKY. B coueTanunu c BU3yaJiu-
3alMen KJIeTOK J0 U IocJe qo0aBIeHnss aHTUOno-
THKa, a TaksKe IO0JICYETa KOJUYEeCTBa KOJOHUE-
06pasyIoluxX eINHNIL], YCTAHOBJIEHO, UTO B TeUeHUE
7-15 MUH MOYKHO onpeneaTb AMB.

AHaJIM3 JaHHBIX JIMTEPATYPhbI II0KAa3aJl BO3MOK-
HOCTb Pa3pabO0TKU BbICOKOYYBCTBUTEIbHBIX YKIAIKOCT-
HBIX JJATYNKOB HAa OCHOBE PE30HATOPOB C ITOIEPEYHBIM
3JIEKTPUYECKUM II0JIeM, TIOCKOJIBKY OHU pearupyroT
Ha U3MeHeHHe KaK MexaHUYeCKUX IapaMeTpoB KOH-
TaKTUPYIOIIeN SKUIKOCTH, TaK Ha U3MeHeH!e e€ aJIeK-
TPUUYECKUX CBOHCTB [14]. [lepcIeKTUBHBIMU JJIS Te-
crupoBanusi AMB Gakrepuii SBJSIOTCS JTaTYUKH,
KOTOPBIE TTO3BOJISTIOT ITPOBOJUTH MHOTOKPATHBIE U3-
MepeHUs U JIETKO OUYUIIAIOTCSA IT0CJIe IIPOBe/IeHNs U3-
Mepenuii. [Tockoabky mponenypa onpenenenuss AMB
OakTepuii KJIACCHTYECKUM METOIAMU I0CTATOYHO JJTH-
TesibHA [15], pa3paboTka MeToja OBICTPOro aHAIN3a
AKTUBHOCTH MpernaparoB B OTHOIIEHUH MUKPOOHBIX
KJIETOK SIBJISIETCS Ype3BbIUaliHO BayKHOM.

Ilesis paboThl — HcCCJIeloBaHNEe BO3MOSKHOCTHU
9KCIIpecc-aHa/IN3a BO3efCTBUS aMUHOTIMKO3U/10B
Ha 6aKkTepuu C IIOMOIIBIO JaTYMKa Ha OCHOBE Ibe-
303JIEKTPUUYECKOTO pe30oHaTopa C IOIepedHbIM
3JIEKTPUYECKUM I10JIEM.

MarepuaJ u MeToabI

B pabore ucnosb3oBanu 6akrepuu Escherichia colimraMMoB
K-12, XL-1, B-878, K-12 (pMMB33), nosryueHHbIe U3 KOJJIEKIIUN
pusochepubix Murpoopranuamor VMB®PM PAH (Capartos)
(http://collection.ibppm.ru).

MHUKPOOPTraHU3Mbl XpaHUJIU 1pu +4°C U IepeceBav Kask-
nble 2 HeJI.

JIJ1s1 KyJIBTUBUPOBAHUs ODaKTepUil UCIIO/IH30BAIU SKUIKYIO
nurarejabHyio cpeay LB cienylomero cocrasa (r/u): NaCl (3A0
«JIenPeaxkTus», Poccuss) — 5,0%; rerrtoH (Becton, Dickinson & Co.,
CIIIA) — 10,0%; mposxsxeBo# sxkcTpakT (DIFCO, CIIA) — 5,0%.
IMosrysxunkast cpena LB conepsxana 0,7% arap-arapa; TBépaas —
1,5 u 3% arap-arapa.

B pabore ucnoap3oBany KaHaMuIuH (Sigma, CIIIA).

JIJIs1 OIIEHKY YKU3HECIIOCOOHOCTH KJIETOK ITOC/Ie X 0Opa-
0OTKYU KaHAMUIIMHOM HCII0JIb30BAJICS CTAaHAAPTHBIN MeTOo[ OJI-
cuéTa KOJIOHUI KJIeTOK. JIJIs1 moac4uéra KoJIndecTBa KOJIOHUIA, 00-
PasyIOLIKUXCS U3 OT/eJIbHBIX KU3HECIIOCOOHBIX KJIETOK II0OC/Ie
BO3/IeHCTBUA aHTUOMOTUKOB, UCIIOIb30BAJIN CTAHJAPTHBIA METO
roceBa Ha IIOBEPXHOCTb IVIOTHOH MUTaTeIbHOU Cpefbl, KaK OIU-
caHo B [16]. KOHTpoJieM CiIy»KUJI0 KOJNYeCTBO BBIPOCIINX KOJIO-
HUU IIPU IIOCEBE KJIETOK 0e3 MX 00pab0TKHA aHTUOMOTUKOM.

HccaenoBaHue IPOBOIUIN C IIOMOIIBIO CEHCOPHOH CH-
CTeMbl, BKJIIOYAIONIEN Tbe303JeKTPUYECKUN Pe30HaTop C I10-
TepeyHbIM 9JIeKTPUYECKUM I10J1eM. ITOT Pe30HATOP OB BBIIIOJI-
HEH Ha OCHOBe IVIACTUHBI HU00OaTa JUTUs X — Cpe3a TOJIIIUHON
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0,5 MM [17]. Ha HUKHEH CTOpOHE IJIACTUHBI ObLIM HAaHECEHBI IBa
MPSIMOYTOJIBHBIX 9JIEKTPOJA C 3a30pOM Mesky HuMu. O6J1acTh
BOKPYT 9JIEKTPOJIOB U YaCTh 3JIEKTPOIOB ObLJIN IIOKPBITHI CIIEIH-
QJIBHBIM JIAKOM, KOTOPBIX JeMII(bUpoBas MapasuTHbIE BOJIHBI
Jlamba [18] 1 obecrieynBasl JOCTATOYHO BBICOKYIO JOOPOTHOCTH
~630. /IlnanazoH pabouux 4acToT cocTassaa 6-7 MI'. Bo3Oy:x-
JlaeMasi akyCTU4YecKasi BOJIHA C TPOA0JIBHOM MOJIsipU3aluei pac-
MPOCTPaHsAIACH B/IOJb HOPMaJIM K IOBEPXHOCTHU IJIaCTUHBI. Ha
BepXHeH CTOpOHe IJIACTUHBI OBbIT IPUKJIEEH KUJKOCTHBIN KOH-
TeliHep 00’bEMOM 1 MJ1. JIJIsi IPOBEIEHUST aHAIN3A B SKUIKOCTHBIN
KOHTeHHEeP BHOCUJIM IOJIOTOBJIEHHYIO CYCIIEH3UI0 MUKPOOHBIX
KJIETOK (KOHILIeHTpauus 10° kJ1/MJ1) U U3MepsiyIM 4acTOTHbIE 3a-
BUCHMOCTH PeaJIbHON U MHUMOH JacTell 3JIeKTPUIEeCKOro UMIIe-
JIaHCa JIaTYMKA C IOMOIIIBIO IPEeM3NOHHOr0 n3mMepurelisi LCR na-
pameTtpoB 4285A (Agilent, CIIIA). 3aTeM 100aBJIsA/IA AHTUONOTUK
U U3MepeHUs IOBTOPSIUCH. MICII0/Ib30BaIN OJHY KOHIIEHTPAITHIO
MMKPOOHBIX KJIETOK M Pa3HYIO KOHI[EHTPAIUIO aHTUOUOTHKA.

Bce akcrniepuMeHTBI IPOBOAWIMCE HE MeHee YeM IIATh pas.
OTHOCUTeIbHAA MOTPEIIHOCTh Pe3y/IbTaTOB U3MepeHUH Hcce-
JlyeMbIX 00pasIoB cocTaBJsiiaa +2%, T. e. IPU NIPOBeJIeHUN He-
CKOJIBKUX 9KCIIEPUMEHTOB C OIHUM U TeM >Ke B3auMogeicTBreM
CYCIIEH3UU KJIETOK C aHTHOMOTUKOM 3HAYeHUsI peaIbHOM U MHU-
MO YacTel 3JIEKTPUYECKOT0 UMITe/JaHCa UMeIoT pa3bpoc 3Have-
HUH Ha JII000# yacTore B ripesesax +2%.

AHanu3 U IpejcTaBIeHNe JAHHBIX OCYIIECTBJIAIN IPU H0-
Moty nporpammsl Microsoft Excel 2010 1 craH1apTHBIX METO/I0B
CTaTUCTUYECKON 00pabOTKU.

Pe3yabTaThl M 00CYy:KI€HHUE

AMUHOITIMKO3U/IbI IBJIAIOTCH OaKTepULIUIHBIMU
AHTUONOTHUKAMU U TPOSIBJISIIOT OBICTPBIN apdeKrT
IIpU JIEUeHUH TSKEIBIX UH(EKITNH, BI3BaHHBIX UyB-
CTBUTEJIbHBIMU K HUM MUKpoopranusmamu. [Toatomy
aMMHOTIMKO3U/IbI YaCTO BBIOMPAIOTCA IPU JIeYeHUN
TAXKEBIX MHPEKIUH, CONPSIKEHHBIX C INIyOOKUM
yTHeTeHreM UMMYHUTeTa, HallpuMep, Ipu (pedpusinb-

MINKO3UI0B. [I0OCKOJIBKY KAaHAMUIIMH aKTUBEH B OT-
HOIIIEHNHY 0OJIBIIIOTO YK CJIa TPaMOTPUIATETbHBIX Ma-
JIOUeK, B KauecTBe 00bEeKTa MCCJIeTOBAHUS UCIIOJIb-
30BaJiM MUKpOOHBIe KJIeTku E.coli. Unes
9KCIEPUMEHTOB 3aKJII0YaaCh B CPAaBHUTEJIbHOM
aHa/j r3e PEerucTPUPyEMBIX MapaMETPOB JaTUYUKaA
IocJie BO3AeVCTBUSI KaHAMUIIMHA HA MUKPOOHBIE
kiaetku E.coli mrammoB (K-12, XL-1, B-878, K-12
(pMMB33)), pa3Iu4aronuxcs 1o yCTOHYMBOCTH K U3-
y4yaeMoMy aHTHUOUOTHUKY. [losydeHHBIE JTaHHBIE
CPaBHUBAJIUCH C Pe3yJIBTaTaMM CTAaHAAPTHOTO MUK-
pobuosiorndeckoro BeiceBa. O0IIIas cxema IIPoOBeIe-
HUsI 9KCIIEpUMEHTA ITpeJicTaB/ieHa Ha puc. 1.

ComtacHo ganubIM Jiuteparypbl MITK kanamu-
muHa OJa KJIeTok E.coli K-12 cocraBJjisier
2 Mrr/ma [20], ucxons u3 aToro, B paboTe UCIOJIb-
30BAJIN CJEYIOIINE KOHIIEHTPAIUN aHTUOMOTUKA:
0,5; 1,0, 2,0 1 4,0 MKr/MJ1. B ipenBapuTeIbHBIX 9KC-
MePUMEHTAX YCTAHOBJIEHO, YTO ONITUMATHLHOE BpEMSsI
BO3IENCTBUS KaHAMUITMHA Ha 6akTepuH (T. €. BpeMs
IIJIsl PETUCTPALIMA aHAJTUTUYECKOTO CUTHAJA) CO-
CTaBJIAET ~7—9 MUH.

[Tpu o1ieHKe BO3IECTBYSI KaHAMUIINHA Ha OaK-
TEPUN KAHAMHUIIMHOYYBCTBUTEJHHOTO IIITaMMa
E.coliK-12 mokasano, 4To JoOaBjaeHe KaHaMHUIIMHA
MIPUBOIUT K M3MEHEHUIO Kak peasbHOU R (puc. 2, a),
Tak 1 MEHUMOH X (puc. 2, b) yacTell 3JIeKTPUIECKOTO
UMIleJJaHCca pe3oHaTopa Jaske Ipu 100aBJIeHUN MU-
HUMaJIbHOHN KOHIIEHTpaIy kaHaMuiiraa (0,5 MKr/MJt).
[TosrydueHHbIE TaHHbBIE TIO3BOJIUJIU TIOCTPOUTH 3aBU-
CUMOCTH HW3MeHEeHUs BeJIMYMHBI pealbHOU AR
(puc. 3, @) u mEHUMOHN AX (puc. 3, b) yacteil umnenaHca

HOU HeWTpomneHuu. /laHHas
rpyIina aHTUOMOTHUKOB IIIPO-
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Puc. 1. O611as1 cxema NMpoOBeIeHUs IKCIIEPHMEHTOB.
Fig. 1. General scheme of experiments.
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Puc. 2. YacToTHBIE 3aBUCUMOCTH peasbHOu R (a) 1 MEMMOi X (b) yacTeil 3JIEKTPUYECKOTO MMeJaHCca JJIsl KJIETOK

E.coliK-12 nocsie BO31eCTBUS pa3HbIX KOHIIEHTPAIMHA KaHAMUITHHA.
1— 0e3 BO3/eliCTBUS aHTUOMOTHKA; IIOCJIE BO3IENUCTBUSA KaHaMuInHa: 2— 0,5 MKT/MJT; 3 — 1 MKT/MJT; 4 — 2 MK/ MJT;

5 — 4 MKr/mJI.

Fig. 2. Frequency dependences of the real R (a) and imaginary X (b) parts of the electrical impedance for E.coli K-12

cells after exposure to different concentrations of kanamycin.
1— without exposure to an antibiotic; after exposure to kanamycin (mcg/ml): 2—0,5; 3—1; 4—2; 5—4.
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Puc. 3. 3aBucumMocTy n3MeHeHus peajsbHoH AR (a) u MmEnMOI AX (D) yacreii 31eKTPHYIECKOr0 UMIIEJaHCA HA YacTOTe

6,5 MI'1; OT KOHLIEHTPAMH KAHAMHULIMHA, J00aBJIsIEMOro B 0aKTePHAIBHYIO CYyCIIEH3HUIO.
Fig. 3. Dependences of changes in the real AR (a) and imaginary AX (b) parts of the electrical impedance at a frequency

of 6.5 MHz on the concentration of kanamycin added to the bacterial suspension.

BOJIM3M PE30HAHCHOU YaCTOTHI OT KOHIIEHTPAIUN
KaHaMmuInHa. V13 1aHHbBIX, IpeACTaB/JIEHHbIX HA PUC.
3a, BUJIHO, YTO C YBEJIUYEHUEM KOHIEHTpalluU aH-
TUOMOTHKA N3MEeHEeHNe peaibHON YacTHU UMITeTaHCca
OBICTPO PACTET MPU YBEJIUYEHUN KOHIIEHTPAIUU C
0,5 1o 1 Mkr/mi. 3arem poct 3amepisaerca u AR no-
CTUraeT HacCbIIIl€eHUA HpI/I KOHHeHTpaHI/II/I KaHaMU-
muHa 4 MKr/mJiL. YTo KacaeTcas MHUMOM YaCTH 3J1eK-
TPUYECKOI0 UMIIE/IaHCa, TO e€ n3MeHeHne AX pacTeér
C yBeJIMYE€HNEM KOHIIEHTpaluy KaHaMUILHA U 10-
CTUTAeT MaKCHUMaJIbHOTO 3HA4YeHUs IJIsI KOHIIEHT-
parun aHTUOMOTKA 4 MKTr/MJI. Takass 3aBUCUMOCTh
N3MEHEHUA BEJINMYNHBI perHCTppreMoro CUrHaJIia
00ycJIoBJIeHa, BEPOSITHO, MEXaHN3MOM JIEHCTBUS aH-
THOUOTHKA. VI3BECTHO, YTO MEXaHN3M aHTUMUKPOO-
HOTI'0 JeMCTBUSI KAaHAMUIIMHA CBSI3aH C IOIaBJIEHUEM
0eJIKOBOTO CHHTE3a Ha CTAIUU IIePeH0Ca AMIUHOKKC-
Jgor ot amuHoauua-TPHK #a pubocomsl c mocne-
JIyIOLINM yTHETEHUEM CUHTe3a HyKJIEeUHOBBIX KUCJIOT
U HapyluieHrneM 00pas3oBaHUsI KJIETOUYHOU CTEHKH.

AHTUBENOTUKN N XUMWOTEPATTVISA, 2023, 68; 1-2

KanaMu1a crioco6CTByeT yaep kaHuio Ha pudocome
amuHoanua-TPHK, He COOTBETCTBYIOIINX KOIIOHY,
YCTaHOBJIEHHOMY B A-y4acTKe puOOCOMBL. B pe3yib-
Tare TaKoro JIOSKHOT0 KOIUPOBaHUA CHHTE3UPYIOTCS
HelpaBUJIbHBIE MOJIUIENTH I C DOJIBIITUM KOJTUYE-
CTBOM OIIIMOOK, YTO ¥ TPUBOAUT K IIUTOTOKCUYECKOMY
(6bakTepunnaHOMY) 3 PEKRTy KaHAMUITMHA Ha KJIET-
KU [21]. [IpOHMKHOBEHNE aMUHOIJIMKO3UI0B Yepes
BHEIIIHIOI0 MeMOpaHy rpaMOoTpHIlaTe/IbHbIX OaKTepUil
yepes MOPUHOBBIE KaHAJIbl BBISHIBAET YACTUYHYIO
JIECTPYKITUIO MEMOPAHBI ¥ YCUJIEHUE TPOHUKHOBEHUST
aMUHOTINKO3UIOB Yyepe3 aToT 6apbep. Takum obpa-
30M, UI3MEHEHNEe PETUCTPUPYEMOTO CUTHAJIA TAaTIYNKA
IpY JeHCTBUN KaHAMUITMHA, BO3MOKHO, 00YCJIOBJIEHO
YaCTUYHOU JTeCTPyKIMel MeMOpaHbI KIETOK, BCJIET-
CTBHE Yero COJIepsKUMOe KJIeTKY IPOHUKAET B CPeJTy
W3MEepEeHUsI U YBEJTMIUBAET €€ TPOBOIUMOCTb. IMeH-
HO 39TO YBeJIMYEHNE MTPOBOIUMOCTH U (DUKCUPYETCS
JIaTYNKOM B BUJI€ MU3MEHEHUS PeaIbHOU M MHUMOU
yacTel aJIeKTPUYECKOT0 UMIIeJaHca.
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Puc. 4. YacToTHBIE 3aBUCUMOCTH peaabHoi R (a, ¢) u MmunMoii X (b, d) yacreii 3JIleKTpUYECKOro UMeaHca JIs CycC-
nens3uu KJaeTok E.colimurammos XL-1 (a, b) u B-878 (¢, d) mo (1) u moce (2) Bo3aeicTBHA KaHAMHUIIHHA.

Fig. 4. Frequency dependences of the real R (a, ¢) and imaginary X (b, d) parts of the electrical impedance for suspension
of E.coli cells of strains XL-1 (a, b) and B-878 (b, d) before (1) and after (2) exposure to kanamycin.

Bruin mpoBeneHbI UCCIENOBAHUSA C TPYTUMU
mramMmmaMu XL-1 u B-878, ABsAommMucs 4yBCTBU-
TeJIbHBIM K KaHaMUITHY. [I0CKOJIBKY TP ITPOBEIEHUN
MIPEIBIIYIINX UCCIIETOBAHNUH 3a(pUKCIPOBAHO MAKCH-
MaJibHOe 3HaueHne AR 1 AX mpu KOHIIeHTpayu Ka-
HaMUIIUHA 4 MKT/MJI, B JAJIbHENIIINX UCCIeOBAHUSIX
HCII0JIB30BAJIU IAHHYIO KOHIIEHTPAIIIO aHTHOMOTHKA.
Ha puc. 4 mpencraB/ieHbI pe3y/IbTaThbl U3MEHEHUSI pe-
TUCTPUPYEMBIX TAPAMETPOB AATYNKA ITPU J00ABJIEHUN
4 MKr/MJ1 KaHaMHUIMHA K cycrieH3nu E.coli mraMMoB
XL-1 (puc. 4, a, b) u B-878 (puc. 4, ¢, d). BunHo, urto st
JaHHBIX IITAMMOB TaK:Ke 3a()MKCUPOBAHbI 3HAYUU-
TeJIbHble U3MEHEeHUs peaJbHOW U MHUMOU dacTei
3JIEKTPHAYECKOTr0 MMIlelaHca JaTyrka. Ha yacrore 6,65
MTI'1, 6;1M3KOM K yacToTe pe3oHaHca, AR okasbiBaercst
paBHbIM 418 OM 1 853 OM 114 mrrammos X1-1 u B-878,
cooTBeTCTBEHHO. MI3MeHeHus1 AX [JIs1 9TUX [IITAMMOB
paBHbI 364 OM 1 837 OM.

151 IpOBEepKU IPEANOJI0MKEHUSI O BO3MOKHO-
ctu quddpepeHuani 9yBCTBUTEILHBIX U Pe3U-
CTEeHTHBIX IIITAMMOB ITPY BO3AENCTBUY KaHAMUITAHA,
IIpOBeJIeHBI HCC/le/loBaHNsA ¢ OaKkTepUsAMHU KaHaMU-
uHOycToWunBoro mramma E.coli K-12 (pMMB33),
obusamatomiero miadmupoii pMMB33, nHecymieit
YCTOWYMBOCTh K KaHAMUIIMHY. YCJIOBUS 9KCIIePHU-
MeHTa OBbLJIN aHAJOTUYHBI KaK M MPU HUCIOJIb30Ba-
HUU KaHAMUIIMHOYYBCTBUTEJIbHBIX IITAMMOB. 13
JIAaHHBIX, PECTAaBJIEHHBIX HA PUC. 5, @, b BUITHO, UTO
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B HCII0JIb3YEMOM JHara3oHe 4acToT He 3apUKCUpPO-
BaHO M3MEHEHN peaJTbHOM U MHUMOH 4acTH 3JIeK-
TPUYECKOro uMIlefiaHca aaruyuka. CienoBaTesbHO,
“3MeHeHVe BeJMUYNHBI PeruCTpUPyeMOro cUrHasa
JaTyuKa Mpu AeWCTBUU KaHaMUIIMHA OTJINYaeTCs
JIJIS1 YyBCTBUTEJIBHBIX U PE3UCTEHTHBIX IIITAMMOB.
Creyer OTMETUTBD, YTO TAKOH OPUEHTUPOBOYHBIH
KpUTepUii BO3MeNCTBYsI KaHAMUIIMHA Ha OaKTepuwy,
Kak U3MeHeHHe MOJIYJIS 3JIEKTPUYECKOT0 NMITe/JlaHca
pe3oHaTopa, CoCTaBJIsAeT He MeHee ~3%. PaKTuYeCKu
/IS OIIpe/ie/IeHNsI KpUTePHA YyBCTBUTEIbHOCTU HAflo
IIpUHUMAaTh BO BHUMaHUe U3MeHeHHe perucTpupye-
MOT0 CUTHAJIa IaTYNKa Ha BeJINYNHY He MeHee 3% IIpu
BO3/IeliCTBUN KaHaMUIIMHA 10 CPAaBHEHHIO C KOHT-
posieM (kaeTKH 0e3 BO3AEUCTBUS aHTUOUOTHUKA).
Taxske 1151 yBesIMUeHUs HAAEsKHOCTH CJIe/TyeT YUUThI-
BaTh He O/IHy Pe30HAHCHYIO YacTOTy, a Habop 4acToT B
OTIpeJie/IEHHOM Auana3oHe BOJIM3U pe3oHaHca.
Takum oOpa3oM, perucTpupyst u3MeHeHUus pe-
aJIbHOM UJIM MHUMOU 4acTH 9JIEKTPUYECKOT0 UMIIe-
JlaHCa CyCIIeH3UH KJIETOK IT0CJjIe BO3/1efiCTBIA Ha Hee
KaHaMMIIMHA, MOKHO CJ1eJ1aTh BBIBOJ] O YYBCTBUTEIb-
HOCTH/YCTOMYNBOCTU U3y4yaeMbIX OakTepuil K uc-
cjielyeMOMYy aHTUOMOTHUKY. BO3MOKHOCTh peruct-
paiun BO3qefCTBYUS aHTUOMOTUKOB HA MUKPOOHbBIE
KJIETKU CJTYKUT MH(OPMATUBHBIM ITapaMeTPOM JJIs
oIpejieJleHUsI aKTUBHOCTH IIperiapara M YyBCTBU-
TeJIbHOCTHU K HeMy OakTepuii. [loCKOIbKY U3MeHEeHe
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Fig. 5. Frequency dependences of R (a) and imaginary X (b) parts of the impedance for suspension of E.coli K-12
(pPMMB33) cells before (1) and after (2) exposure to kanamycin.

BEJIMYMHBI PETUCTPUPYEMOTrO CUTHAIA JaTYNKa IPU
ﬂeﬁCTBHH KaHaMHUIIMHa OTVIMYaeTCAd OJId YyBCTBH-
TE€JbHbIX 1 PE3UCTECHTHBIX HITAMMOB, MOXXHO PEKO-
MEHJ/IOBaThb CEHCOPHYIO CUCTEMY Ha OCHOBE ITh€30-
3JIEKTPUYECKOTO pe3oHaropa C IONepeYHbIM
3JIEKTPUYECKUM II0JIEM JIJIST 3KCIIPECC-OIEHKH BO3-
JIEACTBUSI aMUHOTVIMKO3U/IOB Ha OaKTEPUH.
BpicTpOTa MI3BMEPEHMII C UCTI0JIb3OBAHUEM ITHE30-
3JIEKTPUYECKUX PE30HATOPOB C ITOTIEPEYHBIM 3JIEKTPH-
YECKUM TI0JIEM MOKET TPUBJIEYD CHEIUATUCTOB JIJIsI
J1abopaTopHOI TUATHOCTUKYA AHTUOMOTUKOYYBCTBU-
TeJIbHOCTU OakTepuii. PagpaboranHasi ceHCOpHasi CU-
CcTeéMa II03BOJIAET IIPOBOAUTH UCCJAENO0OBAHUA IIPU BbI-
MOJIHEHUU OOJIBIIIOTO KOJMYECTBA AHAJU30B, UYTO
3HAYUTEJLHO COKpAIIaeT BpeMs, HEOOXOIUMOe JIJIsT
OKasaHus BpaueOHOU momorry. VccaemoBanue mpo-
BOIUTCST HETIOCPEACTBEHHO B SKUIKOU (hpase 6e3 nMm-
MOOUJTU3AIMK KOMIIOHEHTOB aHAJ/IN3a Ha [IOBEPXHOCTH
nbe3oasiekTpuka. Onpeaesnenne AMB «B 1IOJIEBBIX
YCJIOBUSIX» U [I0 MECTY OKa3aHUsI MEIUIIMHCKOH I10-
MOIIIH SIBJISIETCSI BECbMa BYKHBIM aCIIEKTOM, KOTOPBII
II03BOJIUT OIIEPaTUBHO BbIOPATh aHTUOAKTepHAIbHBIHN
Mpernapar u CBOeBpeMeHHO Ha3HauuTh Jieuenue. C uc-
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MI0JTL30BAHMEM CYIIIECTBYIOIINX CTAHIAPTHBIX METOIOB
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Pa3paboTka yc/10BUIl CKPUHUHTA in vitro 3(peKTuBHbBIX
JIEKapCTBEHHBIX IIpernapaTroB B OTHOIIIEHUH BO30yIUTEJIs
JUX0pPaTKu YNKYHTYHbA
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Development of the Screening Conditions In Vitro Effective Drugs
Against The Causative Agent of Chikungunya Fever
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Pe3iome

Bupyc YukyHrynss (CHIKV) sBigerca npeacraBuTesieM BUpycoB poaa Flavivirus cemetictsa Flaviviridae u oTHocuTCA
K 300HO3HBIM apOOBHPYCHBIM HH(DEKIHAM, IePeHOCUMBIMH KoMapaMH poja Aedes. JIuxopagka YHKYHTyHbA BBI3BIBAeT
B3PBIBOOIIACHBIE 3MIHEMHH C y4aCTHEM MUJIHOHOB ciIydaeB. CyllecTByeT HACTOATe/IbHAsA He0OX0AMMOCTE B pa3pa-
60TKe IPOTHBOBHPYCHBIX IIPENIapaToB IIHPOKOI0 CIIEKTPa. AKTYaJIbHBIM SIBJIAETCA pa3padoTKa MOJeJH CKpHHUHTA in
vitro acp(peKTUBHBIX Ipenaparos. 111 BbIOOpa ONTUMAJIbHBIX YCJIOBUI CKDUHUHTA IPOBEAEH CPABHUTEJIbHBIN aHAJIN3
YYBCTBHTEJbHOCTH KYJIBTYP KJIETOK K BUpycy UMKyHryHbs, mTaMM FN198/66. OnieHeHbI JMHAMHUKA U YPOBEHBb HAKOII-
JIeHUs1 BUpYyca IPH Pa3/IMYHBIX HHHIMpYomHX fo3ax. [IokazaHo, uTo BUpyc YNKyHryHb, mTamMM FN198/66, xopomio
Pa3sMHOKaeTcA B IepeBUBaeMbIX KyJIBTypax KiaeTok Vero V, Vero Cl1008, BHK-21/13 u KJI-17. Bce H3y4eHHbIe INTHUH KJIe-
TOK MOT'YT OBITh HCIIOJIb30BAHBI JIJIsI IPOBEJeHUsI CKPUHUHTA 3(D(PeKTHUBHBIX HeCNenH(PUIECKUX MEAHUIMHCKUX CPEICTB
3aIUTHI B OTHOIIEHHH BHPyca UNKYHIyHB .

Knrouesvte crosa: eupyc YukyHzyHbsy; KY1omypa Kaemok; MHOXCeCHI86eHHOCHb UHPUUUPOBAHUSL; HeeamUeHble KOJOHUW

Juss muruposanus: Jlozunoea C. A, Illykuna B. H., Casenko B. B., Caxapos P B., Cyposssmrkuna H. B., bopucesuu C. B. Paspa-
OOTKA yCJIOBUN CKPUHUHTA in Vitro 3¢ (PeKTUBHBIX JIEKAPCTBEHHBIX IIPEapaToB B OTHOIIIEHNHU BO30YIUTEIs JIMXOPaAKy Yn-
KYHTYHbS. AHmubuomuru u xumuomep. 2023; 68: 1-2: 11-15. https://doi.org/10.37489/0235-2990-2023-68-1-2-11-15.

Abstract

The Chikungunya virus (CHIKV) is a member of the Flavivirusgenus, the Flaviviridaefamily, and is a zoonotic arbovirus infection
transmitted by Aedes mosquitoes. Chikungunya fever causes explosive epidemics involving millions of cases. There is an urgent
need to develop broad-spectrum antivirals. Actual is the development of a model of screening in vitro effective drugs. To select
the optimal screening conditions, a comparative analysis of cell cultures sensitivity to Chikungunya virus, strain FN198/66 was
carried out. The dynamics and level of virus accumulation at different infectious doses were estimated. It is shown that the Chi-
kungunya virus, strain FN198/66, well propagated in transplantable cell cultures Vero V, Cl1008 Vero, BHK-21/13 and TC-17. All
studied cell lines can be used to screen for effective non-specific medical defenses against Chikungunya virus.

Keywords: Chikungunya virus; cell culture; multiple infections; negative colonies
For citation: Loginova S. Ya., Schukina V. N., Savenko S. V., Sakharov R. V., Borisevich S. V. Development of the screening con-

ditions in vitro effective drugs against the causative agent of Chikungunya fever. Antibiotiki i Khimioter = Antibiotics and Che-
motherapy. 2023; 68: 1-2: 11-15. https://doi.org/10.37489/0235-2990-2023-68-1-2-11-15.

BBenenue B Hacrosiiee BpeMsl CJIOMKHJIACH 00Ias MeTo-
JIOJIOTHSI N3YYEHHSI IPOTHBOBUPYCHBIX IIPETIAPATOB,

B CBA3M €O CJIOKUBIIEHCA HeBJaronoJy4Hol —TpaJUIMOHHO UCIIOJIb3yeMas MHOTUMH MCCJIe0Ba-
SMUIEMUYECKO CUTyalleli B MUpe II0 JIuXopajgke TeasaMu. OHa BKJIIOYAET JOKJIUHUYECKYIO U KIMHU-
UHKYHI'YHbS, aKTUBHO HPOBOJSATCSA MCCIEI0BAHUS YeCKYIO CTaJUM U3yUYeHMs, KaKJasd U3 KOTOPBIX CO-
110 BBISIBJIEHUIO 9(P(EKTUBHBIX TPOTUBOBUPYCHBIX CTOUT UX HECKOJIBKUX 9TAIOB [7-12]. [IepBbIM aTariom

CpeJiCTB B OTHOIIIEHWU ero Bo3byauress [1-6]. JIabOpaTOPHOTO M3yUeHUsT TPOTUBOBUPYCHOU ah-
© KonnekTus aBTOpOB, 2023 © Team of Authors, 2023
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(peKTUBHOCTHU IIpenapaToB ABJAIOTCA MCCIe0Ba-
HUs1, TPOBOJUMBIE C UCIIOJIb30BAHUEM KYJIBTYP KJIe-
ToK. OCHOBOI JaHHBIX MCCJAEIOBAHUUN SIBJISETCA
OIleHKa BJIMSAHUSA U3y4aeMoro Ipernapara Ha pernpo-
JTYKIIUIO BUpyca B KYJbType KJETOK, BhISABJIseMast
TeM UJTU UHBIM CII0cO000M, a GroIoTu4ecKke 0cobeH-
HOCTH BO30ymuTesisi 00yCcaaBIUBaIOT BHIOOP KOH-
KPETHOTO MeTO/1a TPOBEeJeHNsI JaHHBIX HCCIeI0Ba-
HUU. B cBsA3uU c T€EM, YTO YYBCTBUTEJIbHOCTb
[EPEBUBAEMBIX KJIETOK K PA3JIMYHBIM BO30YIUTEIISIM
HE OJUHAaKOB4, KPOME TOTr'O, pa3/JIMYHbIE€ TUIIbI U JIN-
HUU KJIETOK HEOAMHAKOBO YyBCTBUTEJIbHBI K BO3-
JeICTBUIO IPOTHBOBUPYCHBIX IIpernapaToB, He00Xo-
JIMMO IIpeBapUTeTHbHO IIPOBOUTD BHIOOP KYJIBTYPHI
KJIETOK U YCJIOBUSA CKPUHUHIA OIleHKU 3 deKrTus-
HoctH [11]. MeTop orieHKY 3(h(PEeKTUBHOCTU HECIIE-
IU(PUUECKUX MEeIUINHCKUX CPEeJCTB 3allUThI
(HMC3) B onbITax ¢ UCIIOJIb30BAaHUEM KYJBTYP KJle-
TOK MMEET HECOMHEHHOE IIPENMYIIECTBO B IIJIaHE
9KCIIPECCHOCTH.

HcciienoBanus IMoKasajay, 4TO ONTHUMaJsbHas
MHO?KECTBEHHOCTb HH(PUITUPOBAHU S MOHOCJIOS KYJTb-
TYPBI KJIETOK ITPU OLIEHKE IPOTUBOBUPYCHOU 3 pek-
THUBHOCTH IIpEIraparoB JOJIKHA COCTaBIATh 0T 0,0001
1o 0,001 yc/IoBHBIX €IUHUL] Ha KJIETKY (ye/Ki). [Ipu
TaroU MHMPUIUPYIOIIEH T03€e BHICOK03(p(PeKTUBHBIE
Ipenaparsl, Kak IIPaBUJIO, IIOJHOCTHIO MOJABJAIOT
PEeIpoAyKINIO BO30yIUTe A, IPU MHPUIUpPYIOIei
no3se ot 0,003 o 0,03 ye/rneTky — Ha 4,0-4,5 Ig ye/mu,
ampu 0,3 ye/ryeTky — Bcero Ha 1,4 1g ye/mut [10, 13].

B cooTBeTCcTBUM C TaHHBIMU JIUTEPATYPhI BUPYC
HaKaIlJIMBaeTCs B CJIeIYIONIUX KYJbTypax KJeTOK:
TIOYKY 3eJI6HOU MapThiliku — Vero E-6, kapumHoMa
reitku Mmatku — Hel.a, moyka CUpUICKOTO XOMsIKa —
BHK-21 u xomapos A.albopictus — C6/36HT [14-16].

enpio paboTbl — paspaboTka ONTUMATbHBIX
YCJIOBUM CKPUHUHTA in Vitro apheKTUBHBIX XUMUO-
[IperaparoB, HHAYKTOPOB MHTep(EepOHa U PEKOM-
OMHAHTHBIX YeJI0BEYECKUX UHTEP(EPOHOB B OTHO-
nmieHuun BO36y,I[I/ITeJIH YUKYHTYHbBMU.

MarepuaJ u MeToabI

Bupyc. B pabore ucrnonbp30BaIu BUpYyC YUKYHIYHBS, IITAMM
FN198/66, mosyuyennstii us us I'Y «HWUM Bupycosoruu um. /1. .
NBanoBckoro» PAMH, koTopsrit xpanurcs B Cennaan3npoBaH-
HOW KoJneku ®I'BY «48 [IHMW» Muno6opons! Poccuu.

Kyssrypa kJeTok. VcrnoJsib3oBaHa nepeBruBaeMasi KyJasTypa
KJIETOK TTIOYEK 3eJIEHBIX MapThiek — Vero Cl008 u Vero V; mouyer

xomsikoB — BHK-21/13; komapoB Aedes albopictus — C6/36 u nu-
IUIOM/IHAs KYJIBTYpa KJIETOK JIEFKOTO 9MOpHOHA YesI0BeKa, KJIOH
KJI-17. B kayecTBe cpefibl NOAIePKaHUA UCTI0/Ib30BaIHN ITOTYCUH-
TeTnudeckyto cpeny (IIC-4) Ha pacTBope XeHKca, copepykalyio 2%
CBIBOPOTKH KPYITHOTO POraToro CKOTa, COOTBETCTBEHHO. [lepes mpu-
MeHeHMeM Iperaparbl pacTBOPAIN B (hU3U0JIOTTIECKOM PacTBOPE.

OneHKa GHOJIOTHYECKOH aKTHBHOCTHU BUpyca. Brosoruye-
CKYIO aKTUBHOCTb BUpyca UnKyHryHbs, mramm FN198/66, oue-
HUBAJIA TUTPOBAHUEM B KyJIBType KJieTok Vero, Cl008 o (popmu-
POBaHUIO HETATUBHBIX KOJIOHHUH B036YI[I/IT8J'ICM 1o arapoBbIM
nokpeiTreM (Ig BOE/mur).

Hccnenosanusa NpoBeeHbl B COOTBETCTBUM C PEKOMEH/a-
nuamu PIBY «HIIOCMII» Munsapasa Poccuu [17].

CrarucTuyeckuii aHau3. [losryuyeHHbIe pe3ysIbTraThl Ipeji-
CTaBJISUI B BHJI€ CPEJHEro + OmMMNOKa pernpe3eHTaTHBHOCTU
X+5,)(18].

Pe3ysbTaThl M 00CY:KI€HHE

B pesyssrare npoBeEHHBIX NCCIEeJOBAHNUN BbI-
SIBJIEHO, YTO MaKCUMaJ/IbHBIY YPOBEHb HAKOILJIEHUS
Bupyca YukyHrynbs, mramMm FN198/66, B KyasType
KJIETOK Vero V 3aBUCHUT OT BeJIMYMHbI UHPUIUPYIO-
1iet 703wl (Tabu. 1). [Ipu MHOYXKeCTBEHHOCTU NHPU-
nuposanusa 0,00003 BOE Ha KjIeTKy MakCUMyM Ha-
KOIJIEHUA MNpUXomgurcsa Ha 72 4, npu 0,003 u
0,0003 BOE Ha rieTky — Ha 48 4 11ocJie 3apaskeHus
KJjeTok Vero V. IIpu aToM ciienyer OTMETUTD, YTO Be-
JIMYMHA HAKOIVIEHU BUpYyca Yepes 48 4 IpU UCI0JIb-
30BaHUU MHOKeCTBEHHOCTU HHpuInpoBanusi 0,003
u 0,0003 BOE Ha KJIeTKy JOCTOBEPHO (C BEpO-
ATHOCTBIO 95%) BhIIE, YyeM I1pu nose 0,00003 bOE
Ha KJIETKY.

[Tpu no3e nugummposanus 0,00004 1 0,0004 BOE
Ha Kj1eTKy B Vero Cl008 MakcuMaJsIbHBIN ypOBEHD Ha-
KOILJIEHUsI BUpyca OTMeueH depes 72 4 rocjie UHPU-
LUPOBAHUA C IOCJAEAYOIINM BbIXOJ0M Ha ILJIaTO 4e-
pe3 96 u (Tab1. 2). [Tpu yBesnueHn UHUITIPYIOIIEei
no3wl BUpyca 1o 0,004 BOE Ha kIeTKy MaKCUMaJIbHbBIHI
YPOBEHb HAKOILJIEHUsA BUPYCa BbIABJIEH Yepes 48 4
I10CJIe 3apaskeHns KJIETOK C II0CJIeAYIOIIUM BbIXOA0M
Ha I1aro yepes 72 4. [Ipu aTom ciiegyer OTMETUTB,
4TO YPOBEHb HAKOIIEHUA BUpyca Ha 48, 72 1 96 4
rnocje UH(PUIUPOBAHUA CTAaTUCTUYECKU He OTJIU-
YaJics OT TAKOBBIX [TOKa3aTeJiei! [1/1s1 BCceX M3y4eHHBIX
UHOUIIPYIOMINX 103.

B kynerype kiaetoxk BHK-21/13 npu MHOXe-
cTBeHHOCTH uHpunupoBanuda 0,00001 BOE Ha
KJIETKY MAaKCUMYM HaKOILJIEHUA IPUXOAUTCA Ha 48 4
u cocrasJister 5,85 Ig BOE/mut (TadJ. 3). Yepes 72 u

Ta6nuuya 1. Pe3ybraThl H3yUeHHs JHHAMUKH M YPOBHS HAKOIJIEHUS BUpPyca UHMKYHTyHbA, mTaMM FN198/66, B KyJIb-

Type KJieTok Vero V

Table 1. The results of studying the dynamics and level of accumulation of the Chikungunya virus, strain FN198/66, in

the Vero V cell culture

MHoskecTBeHHOCTh HH(HITUPOBaHUs,
BOE Ha KJeTKy

YPOBCHB HaKOIIJICHU A BUpYyCa 110CJie PIH(i)PH.lPIpOBaHI/IH,

1g BOE/mu, X6,

yepes 24 u gepes 48 u yepes3 72 4 yepes 96 u
0,00003 3,50+0,09 6,72+0,07 7,20+0,04 7,22+0,02
0,0003 4,04+0,05 6,94+0,06 7,01+0,05 7,00+0,06
0,003 5,58+0,04 6,94+0,06 7,04+0,08 6,90+0,05
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Tabauuya 2. Pe3ybraThl H3y4eHHsI JMHAMUKH M YPOBHSI HAKOIIEHUsI BUpyca UHKyHTyHBs, iTamM FN198/66, B KyJb-

Type kjaeTok Vero Cl008

Table 2. The results of the study of the dynamics and level of accumulation of the Chikungunya virus, strain FN198/66,

in cell culture Vero C1008

MHO:KkeCTBeHHOCTh HH(DULIUPOBaHHUH,

YpoBeHb HAKOIJIEHH I BUPYca HOcJie HH(PpUIIMPOBaHus,

BOE Ha KJIeTKRy Ig BOE/mu, X+6,

4yepes 24 4 yepe3 48 u yepe3 724 4vepes 96 u
0,00004 3,50+0,09 5,48+0,07 6,00+0,04 5,83+0,02
0,0004 4,00+0,04 5,83+0,06 6,13+0,03 5.93+0,07
0,004 4,48+0,02 5.84+0,05 6.14+0,08 6,00+0,05

Tabauuya 3. Pe3yJibTaThl H3y4eHH s JMHAMUKH M YPOBHSI HAKOINIEHUsI BUpyca UNKyHTYHBs, ITamM FN198/66, B KyJsib-

Type kjaeTok BHK-21/13

Table 3. The results of studying the dynamics and level of accumulation of the Chikungunya virus, strain FN198/66, in

the cell culture VNK-21/13

MHO:keCTBEeHHOCTh HH(HUIIUPOBAHUS,

YpoBeHb HaKOIJIEHUA BUpPYyca Iocjae HH(UITMPOBAHHS,

BOE Ha KJIeTKy Ig BOE/mu, X+6,

vepes 24 4 yepe3 48 u yepes 724 gepes 96 u
0,00001 3,40+0,02 5,85+0,01 4,69+0,08 3,55+0,03
0,0001 5,80+0,04 5,98+0,04 4,704+0,03 3,73+0,04
0,001 6,31+0,03 6,00+0,03 4,72+0,04 3,602+0,07
Tabauua 4. Pe3ybraThl H3y4eHH s JMHAMUKH M YPOBHSI HAKOIJIEHUsI BUpyca UHKyHTyHBs, TamM FN198/66, B KyJib-
Type KJeTok C6/36
Table 4. Results of studying the dynamics and level of accumulation of the Chikungunya virus, strain FN198/66, in
C6/36 cell culture
MHO:KkeCTBeHHOCTh HH(DULIUPOBaHHUH, YpoBeHb HAKOIJIEHH I BUPYca IOcJie HH(PUIIMPOBaHus,
BOE Ha KJIeTKRy Ig BOE/mu, X+6,

yepes 24 u yepe3s 48 u yepes 724 4depes 96 u
0,00004 <1,0 2,35+0,08 5,55+0,03 5,65+0,09
0,0004 1,96+0,38 5,92+0,07 6,50+0,02 6,78+0,04
0,004 2,32+0,03 6,55+0,04 7,22+0,04 7.36x0,02

Tabauuya 5. Pe3ynbsraThl U3yYeHHUsI AMHAMHKH H YPOBHS HAKOIIVIEHU BUpyca UHNKYHTyHBs, TamM FN198/66, B KyJiib-

Type KJjaeTok RJI-17

Table 5. The results of studying the dynamics and level of accumulation of the Chikungunya virus, strain FN198/66, in

the cell culture KL-17

MHO:KkeCTBEeHHOCTh HMH(DHUIUPOBAHUS,

YpoBeHb HaKOIJIEHH I BUPYca HOcJie HH(pHIMpOBaHus,

BOE Ha KJIeTKy Ig BOE/mu, X+6,

4yepes 24 4 4yepes 48 u yepes 724 gepe3s 96 u
0,004 1,902+0,03 <1,0 <1,0 <1,0
0,04 2,80+0,04 3,84+0,04 3,95+0,07 5,75+0,02
0,4 3,21+0,03 4,92+0,03 5,60+0,05 5,77+0,04

IIocJjie I/IHq)I/IIII/IpOBaHI/IH BBIABJIEHO CTAaTHCTHUYE€CKHN
JOCTOBEPHOE (C BEpOATHOCTHIO 95%) CHUKEHUE Ha-
KOILIeHUs Bo30yauTesis. [Ipu nHpuupyiolei 1o3e
0,0001 m 0,001 BOE Ha KJIeTKY He BbISIBUJU CTaTU-
CTUYECKU 3HAYUMOTO (C BEPOATHOCTBIO 95%) OTn-
4KA JUHAMUKU U YPOBHSA HAKOIJIEHUA BUpyca 1O
cpaBHeHUIO ¢ 10301 Bupyca 0,00001 BOE Ha KJIeTKY,
IIPU 3TOM MAaKCHMYM HAaKOILJICHUS OTMEYEH 4depes
24 ¥ mocje UHPUIUPOBAaHUA KJIETOK. Y pOBEHb Ha-
KoIlleHus Bupyca YnkyHrynbs, mramm FN198/66, B
KyJsrype kiaeTok BHK-21/13 npu MHOKECTBEHHOCTU
nHdunuposanud 0,001 BOE Ha kjeTKy crarucTuye-
CKU BBbII1IE (C BEPOATHOCTBIO 95%), YeM IIPU ABYX IPY-
TUX UHPUIUPYIOIINX 103aX.

B rynsrype riaeTok C6/36 mpu HU3KOH MHPUITH-
pyroreii nose (0,00004 BOE Ha k1€TKY) MAaKCUMAaJIb-
HBIA YPOBEHb HAKOMJIEHUsI BUpPyca UMKYHTYHBS,
mramm FN198/66, otmedeH yepes 96 4 (TadJr. 4).
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[Ipu yBeJIM4eHNU MHOKECTBEHHOCTU NH(UITH-
poBaHudA B 10 1 100 pa3 HakoILJIEHWEe BUPYyCa B KYJIb-
Type kaeTok C6/36 yepes 72 4 mocje nHPUIUPOBA-
HUA [JOOCTOBEPHO (C BEpPOATHOCTBIO 95%) He
OTJINYAJIOCh OT TAKOBOI'O IPU NPUMEHEHUU J[103bI
0,00004 BOE Ha kJieTky. CiieryeT OTMETUTD, YTO MaK-
CAMYyM HAaKOIUICHUsI BUPYCa OTMETHUJ/IN TAKKe depes
96 4. BeIsBJIEHA 3aBUCUMOCTD YPOBHsI HAKOILJIEHUSI BU-
pyca oT 03bl HH(PUIMPOBaHUs (JIOCTOBEPHOCTH I10-
BBIIIIEHUS HAKOIJIEHNUS C BEPOATHOCTBIO 95%).

IIpu nHPUIIMPOBAHUU AUNJIOUIHBIX KJIETOK
Jérkoro amOpmona uesoBeka KJI-17 B mose
0,004 BOE Ha KJIETKY Ha HNPOTSKEHUN BCEro CpOKa
HabTIoneHus BUpYyC He BoIsiBJeH. [Ipu no3se 0,04 BOE
Ha KJIETKY MaKCUMYM HaKOIUIEHWSA BUpPYyCa IIPUXO-
nuTcsi Ha 96 4 u coctaJsier 5,75 lg BOE/ma (Taba. 5).
C yBesmmueHueM MHQUUIUpPYIOIed 1036l BUpyca 10
0,4 1g BOE Ha kJIeTKy oTMe4eH 00Jiee BLICOKUH ypo-
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BE€Hb HAKOILJIEHUs BUpYyCa (C BEPOATHOCTBIO 95%).
MaxkcuMasbHbBIM ypOBEeHb HAKOILJIEHUsI BUpYyca OT-
MedeH yepes 72 4 mocjie UH(PUIMPOBAHUS C TIOCIe-
JYIOIIUM BBIXOJOM Ha I1J1aTo Yepes 96 4.

Takum o6pa3oMm, B mepeBUBaeMbIX KJIETKaX I10-
4Jek 3es1€HBIX MapThImiek (Vero V u Vero Cl008) B us-
Y4eHHOM Juana3oHe MHOUIUPYIOIINX 103 MaKCH-
MaJTbHBIN YPOBEHDb HAKOIIJIEHUS BUpYyca YNKYHTYHbBSI,
mramMM FN198/66, otMedeH depes 72 4 11ocje 3apa-
SKEHMsS U IIUK HAKOIJICHUS He 3aBHCEJ OT MHOKe-
CTBEHHOCTH MH(UIIMPOBAHUA. ITU JUHUU KJIETOK
MOTYT OBITh UCIIOJIb30BAHBI /151 TPOBEIEHUST CKPU-
HuHTa 3pdextuBHbix HMC3 B oTHOIIEHNM BUpyca
UMKYHIYHbA. YCI0BUA IIPOBEAEHNA CKPUHUHTA: 103a
naunmposanusa 0,00003-0,00004 BOE Ha kiIeTKy
IIpU MTHKYOMPOBAaHMUY B TeueHue 72 4 ripu 37°C.

IlepeBuBaeMas KyJbrypa KJIETOK II0YEK XOMsAKa
(BHK-21/13) Take MOKeT OBITH NCII0JIb30BaHa JIJIs1
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YyBCTBUTEIbHOCTh K aHTHOAKTEPHAJIBLHBIM IpernaparamM
OHMOMJIEHOK, 00pa30BaHHBIX HITAMMAMH X0JIEPHBIX BHUOPUOHOB
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Sensitivity to Antibacterial Drugs of Biofilms Formed
by Strains of Cholera Vibrions of Various Serogroups
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VLADIMIR D. KRUGLIKOV, MARIYA I. YEZHOVA
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Pe3rome

CnocooHocts Vibrio cholerae 06pa3oBbIBaTh OMOIIEHKH MOKET BbI3BATh He3(P(hEKTUBHOCTH JIeYeHHsI U TPO(PUITAKTHKHA
xoJepsl. Ieav uccredosanus — onpeneieHne aHTHOMOTHKOYYBCTBUTENBLHOCTH V.cholerae B cocraBe 6uonIéHok. Mame-
puan u memoodst. OnpeneNsAIN YyBCTBUTEIBHOCTD K 11 aHTHOAKTepHAIBHBIM IIpenapaTaM OHOIIEHOK 10 ITaMMOB
V.cholerae pa3In4HBIX CEPOrPYIII, BBIJeJ€HHBIX OT YeJ0BeKa U U3 BOJbI, IIOTYYEeHHBIX B TeyeHue 48 4 npu 37°C Ha 11a-
CTHKOBBIX IINTACTHHKAX BO (hJIaKOHAX C BOJONPOBOHOM aBTOK/IaBHPOBAHHOM BO/IO, 3apaKEHHBIX B3BeChI0 10* MUKPOO-
HBIX KJ1eTOK V.cholerae. 111 yero njIaCTHHKH TPEXKPATHO IPOMBIBATH B (PDH3UOIOTHYECKOM PacTBOpe U IIePEeHOCUIIH B
TEHHIWJIJINHOBBIE (DIIaKOHBI C IByKPAaTHBIMH Pa3BeeHHAMH aHTHOAKTePHAIBHBIX IIPENapaToB B KUKOI I TaTeIbHOM
cpene (OyiiboH Maprena, pH 7,7). Uepes 24 4 BeIpaliBaHuA B TepMocTare (37°C) qes1ajiu oTIe4yaTky OHONIEHOK U BBICEB
0,1 MJI IVIAHKTOHHOM KYJIBTYPhI HA IVIACTUHKM ¢ arapom Maprena (pH 7,7). Pe3y/ibTar yYuThIBAIH Yepes 24 4, onpeesisisa
MHHUMAaJIbHBIE NT0JaBJIAIONINE KOHIEHTPAIUH IIpernapaTos 110 HAJTUYHIO HJIH OTCYTCTBHIO pocta V.cholerae. Pe3yne-
mameol. I3y4yeHHbIe HITAMMBI B COCTaBe OHOIIEHOYHBIX COOOIIIECTB, B OTJINYHE OT IINTAaHKTOHHOI (DOPMEI, BBICOKOpPE3HU-
CTEHTHBI KO BCEM aHTHOAKTepHaIbHBIM IIpernapaTaM, B3ATHIM B HCCJIeJOBaHHE, 3a HCKJIIOYeHHeM IUNpodyIokcaluHa u
nedrasuauma. /Ijist noBpImeHNuA 3(hheKTHBHOCTH JIeYeHHU I X0JI€PhI ¥ IPYTUX HH(eKIHii, BO30yTUTEIsIMH KOTOPBIX SIB-
JIAIOTCSA X0JIePHbIe BUOPHOHEBI, HEOOX0IMMO OIIpe/ieJIeHHe aHTHOMOTHKOYYBCTBUTEILHOCTH OHONIIEHOK V.cholerae.

Karoueevie crosa: Vibrio cholerae; 6uonaénku; anmuduomukouyecmeumeivHocms

Joa murupoBanus: Ceaanckas H. A., Tumosa C. B., Menvuiukosa E. A., Kpyeaukos B. /., Esxcoea M. H. UyBCTBUTEJIBHOCTD K
aHTHOaKTepHuaIbHBIM IIperaparaM OMOIIEHOK, 00pa30BaHHbIX IIITAMMaMU X0JIePHBIX BUOPUOHOB Pa3J/IMYHbIX CEPOTPYIIIL.
Aumubuomuru u xumuomep. 2023; 68: 1-2: 16-21. https://doi.org/10.37489/0235-2990-2023-68-1-2-16-21.

Abstract

The ability of Vibrio cholerae to form biofilms may cause ineffectiveness of cholera treatment and prevention. The aim of
the studywas to determine the antibiotic sensitivity of V.cholerae in biofilms. Material and methods. Sensitivity to 11 anti-

bacterial agents was determined for biofilms of 10 strains of V.cholerae of different serogroups isolated from humans and

from water obtained for 48 hours at 37°C on plastic plates in vials with autoclaved tap water infected with a suspension of
10* V.cholerae microbial cells. For this purpose the plates were washed three times in physiological solution and transferred

into penicillin vials with double dilutions of antibacterial agents in liquid nutrient medium (Martin's broth, pH 7.7). After

24 hours of cultivation in the thermostat (37°C), the biofilms were imprinted and 0.1 ml of plankton culture was seeded

onto plates with Marten's agar (pH 7.7). After 24 hours in the thermostat (37°C), the biofilms were imprinted and 0.1 ml of
plankton culture was sown on plates with Marten's agar (pH 7.7). The result was counted after 24 h, determining the mini-

mum suppressive concentrations of preparations by the presence or absence of V.cholerae growth. Results. The strains stud-

ied in biofilm communities, in contrast to the planktonic form, were highly resistant to all antibacterial drugs taken in the

study, except for ciprofloxacin and ceftazidime. To improve the effectiveness of treatment of cholera and other infections

whose causative agents are cholera vibrio, it is necessary to determine the antibiotic sensitivity of V.choleraebiofilms.
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Brenenue

B mocisienHue roabl BHUMAaHUE YYEHBIX IIPU-
BJIEYEHO K N3YUeHNI0 MUKPOOHBIX OMOTIIIEHOK — BbI-
COKOOPTaHM30BaHHBIX COOOIIECTB, 00pa30BaHHBIX
MUKPOOPTaHU3MaMH, KJIETKU KOTOPBIX UMEIOT CIIe-
[MaI3aIiio, KOHTAaKTUPYIOT MesKy co00H, BbIpa-
0aThIBAIOT MEKKJIETOUHOE BEIIECTBO U OTTPAHIY€EHbI
OT OKPY’KaIOIIeN Cpeabl JOMOJHUTETbHBIMU 000-
Joukamu. BIJI0 MoKa3aHo, 4TO OUOTIIEHKO0Opa30-
BaHUe, HapsAIy ¢ IPYTUMH Hecllenu(pruiecKUMH Me-
XaHM3MaMH, MOSKeT y4acTBOBaTh B (P OPMUPOBAHUU
aHTUOMOTUKOPE3UCTEeHTHOCTU OakTepuil. Cucrema
obmena nH(poOpMaIel, 9IK30M0TUCAXaPUIHBIN MaT-
PUKC U psif PU3MOJIOTUIECKUX 0COOEHHOCTe!, Xa-
PaKTEpHBIX i1 OUONJIEHOK, JeJsaloT MUKpOoopra-
HU3MBI, BKJIIOYEHHBIE B UX CTPYKTYpy, B 1000 pa3s
M€E€HEE YYBCTBUTEJIbHBIMU K aHTI/I6aKTepI/IaJIBHbIM
Ipernaparam, 4YeM IIJIAHKTOHHbIE KJIETKH [1].

B Hacrosiiee BpeMsi aKTUBHO U3Y4YaeTCsI 9yBCTBU-
TeJIbHOCTH OMOTVIEHOK Pa3/IMYHbIX MUKPOOPTaHU3MOB
K aHTHOaKTepUa/bHBIM IIpenaparaM. Tak, ycTaHOB-
JIEHO, YTO OMOTIEHKHU Psiia MUKPOOOB CJ1a00 YyBCTBU-
TeJIbHBI K aMUHOIVINKO3UIaM [2] 1 bera-j1akTaMam [3].
A HeKOTOpbIe aHTUOAKTEPHAILHBIE ITPENapaThl XapakK-
TEPU3YIOTCSI XOPOIIIeH TeHeTparnyell B ONOMIEHKN U
BBICOKOH KITMHUYECKOH 9(p(PeKTUBHOCTHIO [4].

Cr1ocoOHOCTB X0JIePHBIX BHOPHOHOB 00Pa30BbI-
BaTh OMOIJIEHKU B OKpY>KaIoIei cpefe [5] u B opra-
HH3Me 4yeJioBeKa [6, 7] CllocoOCTBYeT epCUCTEHIINHT
9TUX BO30ynuTeJsieil. [l0aToMy BaskKHBIM 3aJI0TOM 3(-
(peKTUBHOCTU 3TUOTPOMHON Tepaluy XOoJIephbl SB-
JISIETCSI TECTUPOBaHU e aHTHOWOTHUKOB B OTHOLIIEHUH
OMOIIEHOK TAHHOTO BO30OYIUTEJIS.

IKCINEPUMEHTA/TbHBIE NICC/TEAOBAHWA

B cBA3M C 9TUM, LIeJIbI0 HACTOSAIIEr0 UCCIeI0-
BaHUs CTAJIO OIIpeJie/ieHe YyBCTBUTE/IbHOCTH K aH-
TubaKTepuaIbHBIM IIpelaparam X0/ IepHbIX BUOPHO-
HOB B COCTaBe OUOIJIEHOK.

MarepuaJ u MeToabI

B pabote ucniosib3oBansb! mrrammel Vibrio cholerae, nmerorye
pasyinyHbIi Habop aerepmuHaHT nmaroreHHocTy: El Tor (6 mram-
MOB), BbIJIeJIEHHBIE OT 00JIbHBIX (P-5879, 19667, 18826) 1 13 BOIbI
(19613, 19241, 18904), kmuHUYeCcKHe U30JATHI (ctx+) 0139 cepo-
rpynmsl (16077, 16063) u V.choleraenon O1/ non 0139 (16150 (ctx+),
19190 (ctx-)), mosy4eHHbIe U3 Myses skuBbIX KyIsTyp PKY3 Po-
CTOBCKHIA-Ha-l0HY IPOTUBOYYMHBIN HHCTUTYT PocioTpe6Han3opa.

Jlys1 onipefiesieHusi NefCTBUST aHTUOAKTePUAIbHBIX IIpera-
paroB Ha oOpa3oBaBIIrecs COOOIECTBA, OMOIJIEHKN XOJIEPHBIX
BUOPUOHOB MOJTY4aJ/IX Ha IIJIACTUKOBBIX IVIACTUHKAX BO (p1akoHax
C BOJOIIPOBOJIHOW aBTOKJIABHPOBAHHOM Bomoi (100 mu1), 3apa-
SKEHHBIX B3BeChIO 10* MUKPOOHBIX KJIETOK XOJIEPHBIX BAOPHOHOB
KaKJIOTO IIITaMMa, CIIocoO0M, ONUCAHHBIM paHee [8], B TeueHUe
48 4 mpu 37°C. Ha 3-u CyTKU KyJIBTHBUPOBAHUA IVIACTUHKHU C 00-
pasoBaBUIMMUCS OUOIIJIEHKAMU 1IOC/IE TPEXKPATHOTIO IIPOMbIBa-
HUs B (PU3NOJOTHIECKOM PACTBOPE ITEPEHOCUN B TIEHUITUJIIIN-
HOBBbIe (DJIAKOHBI, COfEp’Kallye ABYKpPATHbIE pas3BeeHusI
aHTHOAKTEpHAIbHbBIX IPENAapaToOB B YKUJKON TUTATETLHON cpejie
(6yniboH Maprena, pH 7,7). B KOHTPOJIBHBIH (DIaKkoH ¢ GUOIIIEH-
KOU aHTHOAKTepHaIbHBIA Ipenapar He fo06aB/saan. Yepes 24 4
BbIpaIIUBaHus B Tepmocrare (37°C) gesany oTneyaTky OUOIIé-
HOK ¥ BbIceB 0,1 MJI IJIAHKTOHHOM KYJIBTYPbI Ha IIJIACTUHKY C ara-
pom Maprena (pH 7,7). Pesysbrar yuuTbIBaIn yepes 24 4, ompe-
Jlessii MUHUMaJbHble IofaBJjspIMe KoHueHTpauuu (MIIK)
Tpenaparos 10 HAJWYHUIO UJIK OTCYTCTBUIO POCTA XOJI€PHBIX BUO-
puoHOB. OTHECEHHE KY/IBTYp K YYBCTBUTEJIbHBIM/YCTONYNBBIM
MIPOBOJMJIA B COOTBETCTBUM C KpuTepusAMH HHTepIIpeTaluu pe-
3yJIBTATOB OIpeJiesieHus YyBCTBUTeNbHOCTH V.cholerae [9].

B pabore UCIIOIb30BAHBI TPENapaThl IPYIIIbI TETPALUKIIN-
HOB (TeTPaIUKJ/INH, JOKCUIIUKJ/INH), XJI0paM(eHUKO0O0JI (JIEBOMU-
EeTHH), pu(aMINIH, aMIHOIJIMKO3WI0B (CTPENITOMUIINH, TeH-
TaMUIWH), 0eTa-JakTaMOB (AaMIULUJIWH, UedTasuguM) —

Ta6auua 1. 3Hauennss MITK aHTHOAKTepHATHHBIX IPENIAPATOB B OTHOLIEHHH IIJIAHKTOHHBIX H OMOIJIEHOYHBIX KYJIb-
TYP KJIMHUYECKUX H30/IATOB X0JIepHBIX BHOPHOHOB JJ1b Top
Table 1. MPC values of antibacterials against planktonic and biofilm cultures of V.choleraeEl Tor clinical isolates

AnTHOakTepuanbHbii IlorpaHuYHbBIE

IIItamm V.cholerae El Tor

npemnapar 3na4yenus MIIK, P-5879 18826 19667

mr/a** IUIAHKTOH OMOILIEHKA ILUIAHKTOH OMOINVIEHKA IJIAHKTOH OHMOILIEHKA

S* R* cpenuue 3HaueHus1t MIIK, mr/a

JIOKCUTTUKJIUH <2,0 >4,0 0,3+0,1 21,3+5,3 1,3+0,3 10,7+2,7 1,3+0,3 21,3+5,3
TeTparuriana <4,0 >8,0 0,3+0,1 1,3+0,3 3,3+0,7 26,7+5,3 3,3+0,7 42,7+10,7
XmopaM@peHUKOT <4,0 2>16,0 0,8+0,2 42,7+10,7 21,3+5,3 85,3+x21,3 170,2+42,7 426,6+85,3
HamunukcoBas kucaora <4,0 >16,0 3,3+0,7 53,3+10,7 192+80,6 426,7+85,3 85,3+21,3 682,7+170,7
[Munpodaokcanymx <0,1 >1,0 0,001+0,0003 0,001+0,0003 1,7+0,3 1,7+0,3 0,13+0,3 0,3+0,6
CrpenToMUITiH <16,0 >32,0 5,3+1,3 53,3+10,7 683+170 853,3x170 42,6+10,7 85,3+21,3
lenTamunua <4,0 >8,0 2,7+0,6 6,7+1,3 5,3+1,3 10,6+2,7 2,7+0,7 5,3+1,3
AMIHAIIIAH <4,0 >16,0 2,7+0,7 53,3+10,7 85,3+21,3 106,7+21,3 213,3+42,7 426,6+65,3
Ledrasuanm <1,0 >4,0 0,23+0,1 0,7+0,1 0,66+0,1 1,66+0,3 Hp Hp
Pudamnunmx <4,0 >16,0 1,3+0,3 21,3+5,3 0,83+0,7 42,7+10,7 1,3+0,3 64,0
Tpumeronpum/ <2,0/10,0 >8,0/40,0 1,3+0,3 21,3+5,3 213,3+42,7 426+85,3 341,3+85,3 426,6+85,3
cyibgaMeToKcasoJl

ITpumeuanue. 3xeck 1 Tad1. 1-4: «H1» — HeT JaHHBIX; * — S — YyBCTBUTEIBHBIN; R — yCTONYMUBBIH; ** — MOrpaHUYHbIe
sHaveHuA MITK (MVK 4.2.2495-09). JKupHbIM HIpu(TOM BbIIeIeHbI JOCTOBEPHbIe OWINYUsA MesKay MITK n1aHKTOHHOH

1 OMOTIEHOYHOH KYJIBTYP.

Note. Here and Tables 1-4: Hn — no data; *— S — sensitive; R — resistant; ** — boundary values of MPC (MUK 4.2.2495-09).
Bold font highlights significant differences between the MPC of planktonic and biofilm cultures.
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OTe4YeCTBEHHOTO IIPOU3BOJICTBA; HATUANUKCOBAS KUCJIOTA (HEBU-
rpamoH, Chinoin, Beurpus), nunpodiiokcanus (kBuHTOp, Top-
pent ®apm.JITH, Muaus), TpuMeTonpumM/ cyiib(ameTorcaso (6u-
KoTpuM, Adgio, Inaus), pekoMeHayeMble JJIsi 9TUOTPOIHOMN
Tepanuu xoJepsl [10].

SKCIepUMeHTBI TOBTOPSAIN TPU pasa. CTaTUCTUYECKYIO 00-
pabOTKy IOJIYYeHHBIX Pe3Y/IETaTOB IPOBOIUIIH C UCIIOIb30BAHUEM
CTaTUCTUYECKUX makeToB «Microsoft Office 2007» u «Statistica 6.0»
17151 Windows XP. JlocTOBEpHOCTD ITOJTy4€eHHBIX IAHHBIX OLIeHUBAJIN
TP YpoBHE 3HaYnMocTu p<0,05.

Pe3yabTaThl M 00CYy:K/I€HHE

[lnankTOoHHAsA KyAbTypa mramma V.cholerae El
Tor P-5879 B coorBeTcTBUM ¢ MYK 4.2.2495-09 06.1a-
Jlajia YyBCTBUTEJILHOCTHIO KO BCEM aHTHOaKTepUaib-
HBIM IIperiaparaM, B3sThIM B HcciefoBaHue (TadJr. 1).
IIpu cpaBHEHUM aHTHOHMOTHUKOYYBCTBUTEIBLHO-
CTU IJTAHKTOHHOM 1 OMOTIIEHOYHOM KYJIBTYP YKa3aH-
HOTO IIITaMMa YCTaHOBJIEHO, YTO CpeJJHIe 3HaUYeHUA
MIIK aHTH6aKTepHalbHBIX IIpenapaToB B OTHOIIIe-
HUU eT0 OMONJIEHOK YBEJTUUUIUCH B 2-50 pas. [Ipu
3TOM OBLJIO IOATBEPYKIEHO CTAaTUCTUYECKN 3HAYNMOEe
(p<0,05) moBBIIIEHNE PE3UCTEHTHOCTU XOJEPHBIX
BuO6pHoHOB JAJ1b Top P-5879 B cocTaBe 6MONIEHKHN K
XJ10paM(pEHUKOITY, CTPENTOMUIINHY, AMITUINJIINHY,
TpUMeTONpUMYy/ cyiabdaMeToKkca3oay (cMm. TadJI. 1).
[T/1aHKTOHHBIE KYJIBTYpHI ITaMMOB V.choleraeEl
Tor 18826 1 19667 MpoOsABIAIN YCTOWUUBOCTD K XJIO-
paMdEHNKOJTY, CTPENITOMUIIHY, AMIUIIUJIIAHY, TPU-
MeTonpuMy/cysibhaMeTOKCa30J1y, HaJIuJUKCOBOHU
KHCJIOTE, ITPU COXpAHEHUU YYyBCTBUTEJILHOCTU K TET-
palyK/InHaM, TeHTaMUIUHY, e TasuauMy, TUIpod-
JIOKCAIUHY, pudamMnununy (cMm. Tab. 1).
YcraHnoBJsieHo noBeItienne 3uauennii MIIK B oT-
HOIIIeHUH OUOIIIEHOYHBIX KYJIETYP 9THUX IITAMMOB K
TETPpAUKJIANHAM, TCHTaMUIIUHY, HaJIHlIHKCOBOﬁ KHcC-
Jore, pudpaMnunuHy B 4-7 u 6oJiee pas mo cpaBHe-
HUIO C IIJITAaHKTOHHBIMU KyJIsTypamu. V.cholerae El Tor
18826 1 19667 B cocTaBe OMOIIEHOK TOCTOBEPHO

CTa/IM YCTOMYMBEI K TeTPAIUKJINHAM U pUdaMIIn-
nuHy (cM. TadJI. 1).

XoJsiepHble BUOPHOHBI JJ1b Top, BhIjleIeHHbIE U3
BOJIbI, B IIJTAaHKTOHHOH (hopMe OBL/IN YyBCTBUTEJIHHBI
K TeTPaIMKINHAM, XJI0paM(eHUKOJTy, TeHTaMUITIHY,
pudaMnuIuny, edTasuauMy 1 yCTOHYUBBI K CTpel-
TOMHUIIMHY, aMOUIWIINHY, TPUMETOIPUMY/CyJb-
dameTorcasoiry, pypasosmumony. [ltammer V.cholerae
El Tor 19613 u 19241 nposBJAIN PE3UCTEHTHOCTD K
HaJIUIUKCOBOM KH1cJjoTe (TabJ1. 2).

Cpenume 3nauenuss MIIK anTubakTepraaIbHbBIX
IpenaparoB JJis1 OMOIJIEHOK, 00pa30BaHHbBIX 3TUMHU
IITaMMaMH, YBeJIUYUINUCE B 1,3-35 pa3 B CpaBHEHUH
C IJIAHKTOHHBIMU KyJBTypaMu (cM. TabJ. 2). [Tpu
3TOM B COCTaBe OMOIJIEHOK IITaMMBbI TPHOOpesn
YCTOHYMBOCTB K TeTPAIUK/INHAM, TeHTAMUIUHY, PH-
¢amnununy, a V.cholerae El Tor 18904 — u k Ha/Mm-
IUKCOBOM KHCJIOTE.

IT/1aHKTOHHBIE KYJIBTYPbI X0JI€pPHBIX BUOPHOHOB
0139 ceporpynmsl V.cholerae 0139 16063 u 16077 oka-
3a/IMCh YCTOWUYUBBI K CTPENITOMUIIMHY U TPUMETO-
npumy/ cyiibameTorcasoJry (TadJ. 3).

Buon/IéHKM 9TUX MITAMMOB IIPOSABJIAIN O0JIb-
IIyI0 YCTOWYHUBOCTh K aHTHOAKTepHUaIbHbIM IIperna-
paraM B CpaBHEHHUHU C IJAHKTOHHBIMHU (hopMaMU C
noBbIilieHeM 3Havenuit MIIK B 1,5-48 pas. B coot-
BeTcTBUU ¢ MVYK 4.2.2495-09 6MOTIJIEHOYHbBIE KYJIb-
TYpbI IpUOOpPEN YCTOMIMBOCTD K TETPAIlUKJIMHAM,
xJ10paM(EHNKOITY, HATUIUKCOBOI KUCJIOTEe, TeHTa-
MUIHY, aMIUIWINHY, pudaMInnuay (cM. TadJI. 3).

[TnankToHHass ¢popma mramma V.cholerae non
O1/non 0139 16150 nnposABJIAaa 4yBCTBUTEIbHOCTD
KO BCeM aHTHOaKTepuaJbHBIM IIperapaTam, B3sThIM
B HcciaenoBaHue, a mraMMm V.cholerae non Ol/non
0139 19190 65171 yCTONYNB K CTPENITOMULIHY U TPU-
METOIPUMY/ CYITh(haMeTOKCa30y (TabJI. 4).

BuornyiéHouHble KYJIBTYPhI 9TUX IIITAMMOB UMeJIN
MIIK anTH6aKTepUaJIbHbIX IpenaparoB B 2-20 pa3

Tabruuya 2. 3navennss MITK aHTHOaKTepHATBHBIX IIPENapaTOB B OTHOIIEHUH IITAHKTOHHBIX H OHOTIIEHOYHBIX KYJIb-
TYP XOJIEPHBIX BUOPHOHOB JJIb Top, BBIIeI€eHHBIX H3 BOJBI
Table 2. MPC values of antibacterials against planktonic and biofilm cultures of V.cholerae El Tor isolated from water

AnTHOakTepuanbHbiii  [lorpaHuyHbIE

IlITtamm V.cholerae El Tor

npenapar 3HaueHuss MIIK, 19613 (Boja, ctx+) 19241 (Bojaa, ctxt) 18904 (Bojaa, ctx-)
mr/a** IUIAHKTOH OMOILNIEHKA IUIAHKTOH OMOILVIEHKA ILIAHKTOH OHMOILIEHKA
S* R* cpepaue 3HauyeHuss MITK, mr/a
JTOKCHUITMKJINH <2,0 24,0 1,2+0,7 10,7+4,6 0,8+1,0 21,3+9,2 1,5+2,2  26,7+32,3
TerTpauukiuH <4,0 28,0 5,5+4,3 29,3+30,3 5,7+8,9 53,3+18,5 3,2+4,2 8,3+7,5
XitopamM@eHUKoT <4,0 >16,0 12,0+17,32 192,0+110,9 12,0+x17,3 53,3+18,5 4,7+3,0 64,0
HanuaukcoBas kucjaora <4,0 >16,0 352,0+277,1 362,7+258,7 426,7+147,8 512,0 2,3+1,5 34,7+28,1
[Mumpodiokcanmx <0,1 >1,0 0,53+0,45 0,83+0,29 0,37+0,23 0,67+0,29 0,004+0,002 0,04+0,01
CrpenToMUIH <16,0 >32,0  66,7+60,0 128,0 53,3+18,5 106,7+36,9 5,3+2,3 42,7+18,5
lenTaMuIIH <4,0 >8,0 4,3+3,5 42,7+8,48 1,3+0,6 21,3+9,2 2,3+1,5  24,0+13,9
AMIUIUIINH <4,0 >16,0 25,3+33,5 181,3+129,3 5,3+2,3 106,7+36,9 24,0+13,9 74,7+48,9
edrasugum <1,0 >4,0 3,0+4,3 4,0+3,5 1,3+0,6 2,0+1,7 0,7+0,3 1,7+0,6
Pudamnunmx <4,0 >16,0 3,3+4,0 42,7+18,5 1,3+0,6 26,7+9,2 1,3+0,6 24,0+13,9
Tpumeronpum/ <2,0/10,0 >8,0/40,0 26,7+32,3 128,0 213,3+73,9 256,0 4,3+3,5 18,7+12,2
cynb¢aMeToKCca30J1
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IKCINEPUMEHTA/TbHBIE NICC/TEAOBAHWA

Tabauua 3. 3navyenus1 MITK aHTHOAKTepHATBHBIX IIPENIapaTOB B OTHOIIIEHNH IVIAHKTOHHBIX H OHOTIVIEHOYHBIX KYJIb-
Typ KINHUYECKUX U30JATOB V.cholerae 0139
Table 3. MPC values of antibacterials against planktonic and biofilm cultures of V.cholerae 0139 clinical isolates

AHTHOAKTEepHATBHBII ITorpaHu4HBIE IItamMm V.cholerae 0139
npemnapar 3Hadyenus MIIK, 16063 16077

mr/a** IUIAHKTOH OMOILUIEHKA ILUIAHKTOH OHOILIEHKA

S* R* cpeanue 3HaueHus MIIK, mr/i

JIOKCUTTIKJIIH <2,0 24,0 8,0+7,9 26,7+9,2 1,75+2,0 3,33+4,0
TeTpanukiana <4,0 28,0 1,3+0,6 13,3+4,6 1,33+0,6 12,0+6,9
XmopaM@peHUKOT <4,0 >16,0 8,0+6,9 384,0+221,7 2,7+1,2 53,3+18,5
HanmunukcoBas kucjora <4,0 >16,0 11,3+17,9 139,0+158,4 1,3+0,6 22,7+16,2
[unpodaokcanux <0,1 >1,0 0,001+0,0005 0,16+0,3 0,004+0,005 0,33+0,3
CTpenToMUIuH <16,0 >32,0 13,3+4,6 106,7+129,3  26,7+9,2 170,7+73,9
TeaTamMmuiua <4,0 28,0 6,7+2,3 13,3+4,6 4,5+4,9 24,0+11,3
AMOUITWIINH <4,0 >16,0 10,7+4,6 85,3+36,9 5,3+2,3 48,0+27,7
Ledrasugum <1,0 24,0 Hno Hno 1,3+0,6 8,0+6,9
Pudamnunux <4,0 >16,0 5,3+2,3 21,3+9,2 2,3+1,5 21,7+17,9
Tpumeronpum/ cyabhamMeToKca3on <2,0/10,0 >8,0/40,0 Hn Hn 106,7+36,9 192,0+110,9

Ta6auua 4. 3nauennss MIIK aHTHOAKTepHAIbHBIX IPENIAPATOB B OTHOLIEHHH IIJIAHKTOHHBIX M OMOIJIEHOYHBIX KYJIb-
TYp KINHUYECKUX U30JATOB V.choleraenon O1/non 0139
Table 4. MPC values of antibacterials against planktonic and biofilm cultures of V.cholerae non O1/non 0139 clinical

isolates

AHTHOaKTEepHATBHBII Ilorpanuunsbie IItamm V.choleraenon O1/non 0139
npermnapar 3nauyenusa MIIK, 16150 19190

mr/a** IUIAHKTOH OMOILIEHKA ILNIAHKTOH OMOILIEHKA

S* R* cpennue 3HauyeHuss MIIK, mr/a

JIOKCUITUKJINH <2,0 24,0 2,0+1,7 17,3+14,0 1,3+0,6 3,3+4,0
Terpanukiaux <4,0 >8,0 4,0+3,5 21,3+9,2 6,7+8,0 8,7+7,0
XstopamM@peHUKOT <4,0 >16,0 3,3+1,1 32,0+27,7 3,7+3,8 24,0+13,9
HamuaoukcoBasi Kucjora <4,0 >16,0 1,3+0,6 26,7+9,3 9,3+6,1 17,3+14,0
[Hunpodiokcanux <0,1 >1,0 0,001+0,0006 0,003+0,002 0,001+0,0006 0,002+0,0006
CrpenToMUIH <16,0 >32,0 2,7+1,1 42,7+18,5 42,7+18,8 85,3+37,0
TenTamuiiua <4,0 >8,0 1,33+0,6 3,7+3,8 3,3+4,0 18,7+12,2
AMOUIWIINH <4,0 >16,0 3,3+1,1 170,7+74,0 12,0+6,9 138,7+112,4
ITedrasumgum <1,0 24,0 0,8+0,3 3,7+3,8 0,7+0,3 1,7+0,6
Pudamnunmx <4,0 >16,0 0,8+0,3 1,3+0,6 7,0+7,9 21,349,2
Tpumeronpum/ cyabdamMeToKca3on <2,0/10,0 >8,0/40,0 0,8+0,3 10,7+4,6 33,3+30,0 74,7+48,9

6oJibllide, YeM y IVIaHKTOHHBIX (hopM. bruonnénku
mramma V.cholerae non Ol/non 0139 16150 cranu
JAOCTOBEPHO YCTOfI‘{I/IBI)I K TETPpALIUKJIINHY, HAJITU IR~
COBOM KucJore, CTpenToMunuuay, aMiuinuJajInHy,
TPUMETONPUMY/ CyIb(paMeToKca3oy (cM. TabJI. 4).
Takum oOpa3om, u3ydeHHbIe IITaMMEbI V.cholerae
El Tor, 0139, non O1/non 0139 B cocTaBe 6MOILIE-
HOYHBIX COOOILIECTB UMEJIN 00JIe€ BHICOKIE 3HAYEHMST
MIIK aHTHOaKTepHUaIbHbIX IPerapaTroB B CpPaBHEHUH
C IJIAHKTOHHBIMU (POpPMaMH, YTO COIJIACYETCSI C JaH-
HBIMM JINTEPATYPHI 0 06JbIIIel YCTOMYNBOCTH OHO-
IVIEHOK MUKPOOPTaHU3MOB K JeHCTBUIO aHTUONOTH -
kKoB [11]. Ilpm aTOM, IO MHEHHUIO HEKOTOPBIX
HccJIeoBaresen, NCX0 Il B3aMO/IEHCTBHA OMOIIJIEHKI
1 aHTUOMOTHKA 3aBUCHUT He TOJBLKO OT THIIA aHTH-
OMOTHKA ¥ BUJAOBOM MPUHAAJIEKHOCTH OUOILJIEH-
K00OPas3yoIux 6akTePH, HO U OT UX IITAMMOBBIX
0COOEHHOCTEH, a TAaKKe OT BO3pacTa ONMOMIEHKY, T. €.
OT IapaMeTpPOoB, KOTOPbIE MOT'YT OIPEAEJIATh XUMU-
YeCKU COCTaB 1 apXUTEKTypy MaTpukca [12].
HHTepeceH (akT HapacTaHUs YCTOMYUBOCTH
y MU3y4eHHBIX ITaMMOB K XJI0paM(eHNKOJTY, CTpel-
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TOMHUIHHY, TPUMETOIPUMY/CYIb(aMETOKCAZ0TY
Y HaJUINKCOBOM KMCJIOTE B OMOMIEHOUYHOM (hopMe
[IpY HaJIMYUM PE3UCTEHTHOCTHU K JAHHBIM aHTU-
H6akTepraIbHBIM IIpernapaTaM y IJIaHKTOHHOH ¢ op-
MBL. ITO 0OCTOSITENBCTBO, HA HAIl B3IVIAI, IOJI-
TBepsKJaeT HajIM4yKe B OMOIJIEHKAX HapsAIy C Kjac-
CUYECKUMU THIIAMU YCTOMYMBOCTH, XapaKTEPHBIMU
JJI IJIAaHKTOHHBIX (hopM OakTepuii, crienudude-
CKUX BAPUAHTOB PE3UCTEHTHOCTH, BOSHUKAIOIINX
B OMOTIIEHKAX, KOTOPbIE BKJIIOYAIOT B ce0s1 MHAK-
THBAIAIO aHTHOMOTHKOB BHEKJIETOYHBIMU IOJIH-
MepaMu Uiu epMeHTaMU, 3aMeijieHne MeTabo-
JIN3Ma C OCJIeYIOIINM YMEeHbIIIEHNEM KOJTNYECTBA
MUIIIEHEN JJIs1 JefCTBUS aHTUOUOTHUKOB, 9KCITpec-
CHIO BO3MOSKHBIX T€HOB PE3UCTEHTHOCTH, BOSHUK-
HOBeHHE B OMOIIEHKE MUKPOOPTAaHU3MOB-IIEP-
CHACTEHTOB. BHOTNIJIEHKY NMEIOT TeTePOTeHHBIH K-
30T0J/TMCAXapUIHBIN MaTPUKC, KOTOPHIH, 06pasyst
TPEXMEPHYIO (DUIBTPYIOIIYIO CHCTEMY, YTHETAET
JIOCTaBKY aHTHOAKTepHaabHBIX IPeraparoB K Oak-
TepuaJIbHBIM KjeTKkaM [13]. PeaucTeHTHBIH (heHo-
TUN KJIETOK U CHUKEHHBIM MeTaboJIu3M MHUKPO-
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OpPTaHU3MOB B OMOIJIEHKE, KOTOPBIH TOCTUTAETCS
3a CYET UX MHOTOCJIONHON Tonnorpaduu, IPUBOIUT
K CHUKEHUIO aHTUOMOTUKOYYBCTBUTEIBHOCTH [14].
[To maHHBIM JUTEpaTyphbl, CTPOEHNE OUOIJIEHOK
TaK)Ke CIIOCOOCTBYET IpolieccaMm oOMeHa TeHETH-
Yyeckoil mHdopMalmeil, B TOM YUCJIE PE3UCTEHT-
HOCTHU K aHTUMHUKPOOHBIM XUMHUOTpenaparam [15].
ITo MHEeHUIO HEKOTOPBIX HCCeoBarese, B OTJIN-
4yye OT NMJaHKTOHHBIX KJIETOK OMOIJIEHKA UMeeT
JIpyroil heHOoTHII, 3aK/II0YAI0IIUNCA B U3MEHEeHU N
IIapaMeTpOB POCTa U 3KCIIPecCcuu cruenupuiecKux
reHoB [16]. McciaegoBaHusi IoKas3aJju, YTO B OMO-
IJIEHKAaX MO’KET BO3HUKHYTH PE3WCTEHTHOCTH K
AMIUIUJIJIAHY, TETPAUUKJINHY, TEHUIUJIINHY,
9PUTPOMHUIIMHY U XJIOpaM(pEHUKOJIY B pe3yJIbTaTe
B3aWMOJIEMICTBUSI MEKAYy reHaMy Ha IJ1a3MUuax,
IocjenoBaTeJIbHOW MHAYKIMU CHCTeM BbIOpoOca
Ha OakTepuanabHOU xpomocome [17]. ¥V V.cholerae
oIycaHa BO3MOSKHOCTb OcjabjieHUs IpoHUIlae-
MOCTH [IJIs1 aHTUOMOTUKOB OaKTepHUaabHBIX 000-
Jgodek [18]. ABTopaMu OBLJI MOJIydyeH OMOIJIEH-
KOOOPa3yIOIINH MyTaHT C USMEHEHHOH CTPYKTYpOH
nopuna OmpU, BefyIiei k ruepaKCIpeccuu MeM-
6pannoit momnsl MexCD-OprJ, KOTOPBIi MPOABIIAT
BBIpa’KEHHYI0O Pe3UCTEHTHOCTh K Iedalocuopu-
HOBBIM AaHTUOMOTUKAM.

3uauenuss MIIK nunpodiokcanuna u mnedra-
3UMMa B OTHOIIEHUH OMOIIEHOYHBIX KYJIBTYP XO-
JIEPHBIX BUOPHOHOB JINOO He U3MEHUJIUCH, JINO0
MOBBICUJINCh HE3HAYHUTEJNHHO B CPaBHEHHU C
IJIAHKTOHHBIMU KYJIETYpamu. [1pu aToM OMONIEHKN
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BCeX IITaMMOB COXPaHsJIN YYBCTBUTEJbHOCTb K
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3arJgueHue
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Pe3iome

HccienoBaHye NOCBSAIIEHO OLIEHKe IPOTUBOMHKPOOHOM akTHBHOCTH B oTHOLIeHuH Klebsiella pneumoniae nupumum-
HOBOT'O COeiUHeHHUA 3-(2-BeH3nI0KCH-2-0KCO3THII)XHHa30/11MH-4(3H)-0H B ycJIOBHAX in vivo Ha MOJieJIM reHepaJn3o-
BaHHOH HH(EeKIUH. IKCIIEPUMEHT NPOBOANIN Ha MbIIax TuHUH CBA B KosimdecTBe 40 0cobeii, KOTOPBIX pa3/ie/InIu Ha
YeTbIpe IPYNIBL 1-5 rpylna — KOHTPOJbHBIE JKHBOTHBIE, II0Jy4aBIIHe HHTPANepUTOHEeaJbHO BOAY AJIA HHBEKIHI B
3KBHBAJIEHTHOM 00'b€Me (KOHTPOJIb I); 2-51 rpynna — nH(MUIMPOBaHHbIE ;KUBOTHHIE, KOTOPHIE HE MOJTY4YaJ/Iy JIeYeHUusI
(koHTpOJH II); 3-51 rpynIa — MBILIH C FreHepaJIu30BaHHOM HH(eKIHell, KOTOpbIe IT0JyYaJi B Ka4ecTBe JedeHHsI ne@T-
PHAKCOH B 03e 50 MI/KI HHTpallepUTOHEAJbHO B TeUYeHHe 7 JHeill; 4-A rpynna — HHQUIHpPOoBaHHbIE JKUBOTHbIE, KOTO-
PBIM BBOJWJIH HcCCJIegyeMoe coeguHeHHe B Jo3e 31 mr/kr (1/10 oT MOJIEKYJSAPHOH Macchkl) B TedeHHe 7 CyT.
TeHepa/n3oBaHHYIO HH(EKIHIO MOJEJTHPOBAH ITyTEM HHTPAIlEpUTOHEAJbHOr0 BBeAeHus: K.pneumoniaes 1o3e 3x10¢
B 00'béMe 0,5 MJI. B mpoLiecce akcriepuMeHTa OLIeHUBAIU BBLKUBA€MOCTh ;KHBOTHEIX. [locie BEIBeIeHH A MBIIIEH U3 KC-
NepUMeHTa MPOBOJUIIH PACYET HHIEKCA 00CEeMEHEHHOCTH KPOBH, IeYeHH, CeJIe3EHKH U JIETKHX, a TAKKe OIpe/IeIssIn
o011ee KOJIHYECTBO JeHKOIHUTOB, C-peakTHBHBIH 0eJIOK H NMPOKAJbIIUTOHHH. BBIJI0 yCTaHOBJIEHO, YTO H3y4aeMoe CO-
eJJUHeHHEe CIIOCOOCTBYeT MOBBIMIEHUI0 BBIXKHBAEMOCTH JIa00PaTOPHBIX JKHBOTHBIX B YCJIOBUSAX reHepaIu30BaHHOH
KJ1e0cHue1é3H0M HH(EKIUH, a TAKKe CHH)KEHUIO HH/IeKCa 00CeMEeHEHHOCTH, 001ero KOJINYeCcTBa JIEHKOIUTOB ¥ YPOBHSA
MapKepoB reHepagn3oBaHHOi HHpeknuu. Takum o00pa3oM, NPOH3BOJHOE HHUPUMHIMHA 3-(2-BeH3HJIOKCH-2-
OKCOJITHJI)XMHA30/IMH-4(3H)-0H NIposB/IsAeT aHTHOAKTepHATbHYI0 aKTHBHOCTb, COIIOCTABUMYIO C IefiCTBHEM IIpernapara
cpaBHeHUs1 — e TpHaKCOHa, B OTHOIIEHUH K.pneumoniae B yCJIOBUSIX IKCIIEPUMEHTAJIBHOH HH(PEKIHHU.

Knatoueevte croea:, Klebsiella pneumoniae; zenepanu3oeannas ungekuus; npomueoMuKpooHas axmueHoCHIb; 8bICU-
8aeMOCHIb JHCUBOMMHBLX; UHOCKC 00CeMeHEHHOCUL

Juisa nutupoBanus: Xmudem A. B. C., Acensieckas A. JL, [lubuzosa A. A., Tiopenkos H. H., O3epos A. A., Camompyesa M. A.
O1neHKa IPOTUBOMUKPOOHOH aKTUBHOCTU MUPUMHUIUHOBOTO COeTUHEHHUs 3-(2-BeH3UI0KCU-2-0KCOITHI) XUHA30/IUH-
4(3H)-on B orHouenuu Klebsiella pneumoniae. Aumubuomurxu u xumuomep. 2023; 68: 1-2: 22-26.
https://doi.org/10.37489/ 0235-2990-2023-68-1-2-22-26.

Abstract

The study is devoted to the evaluation of the antimicrobial activity against Klebsiella pneumoniae of the pyrimidine com-
pound 3-(2-Benzyloxy-2-oxoethyl)quinazoline-4(3H)-one under irn vivo conditions in a model of generalized infection. The
experiment was performed on 40 CBA line mice, which were divided into four groups: Group 1, control animals that received
intraperitoneal injection water in an equivalent volume (control I); Group 2, infected animals that received no treatment
(control II); Group 3, mice with generalized infection that received ceftriaxone at a dose of 50 mg/kg intraperitoneally for
7 days as treatment; Group 4, infected animals that received the study compound at a dose of 31 mg/kg (1/10 of the molec-
ular weight) for 7 days. Generalized infection was modeled by intraperitoneal injection of Cl. pneumoniae at a dose of 3x10°
in a volume of 0.5 ml. In the course of the experiment, animal survival rate was evaluated. After the mice were removed
from the experiment, the blood, liver, spleen and lungs were calculated, and the total number of leukocytes, C-reactive pro-
tein and procalcitonin were determined. The compound under study was found to increase the survival rate of laboratory

© Konnexkrus aBTOpOB, 2023 © Team of Authors, 2023
*Anpec 1151 KoppecloHaeHnuu: bakunckas yii., 121. Acrpa- *Correspondence to: 121 Bakinskaya st., Astrakhan State
xaHckuii 'MYV, 1. Actpaxans, Poccus. E-mail: yasen_9@mail.ru Medical University, Astrakhan, Russia. E-mail: yasen_9@mail.ru

22 AHTUBENOTUKN N XUMWOTEPATTVA, 2023, 68; 1-2



IKCINEPUMEHTA/TbHBIE NICC/TEAOBAHWA

animals under conditions of generalized Klebsiella infection, as well as to decrease the insemination index, the total number
of leukocytes and the level of markers of generalized infection. Thus, the pyrimidine derivative 3-(2-Benzyloxy-2-
oxoethyl)quinazolin-4(3H)-one exhibits antibacterial activity comparable to that of the reference drug — ceftriaxone

against Klebsiella pneumoniae under experimental infection.

Keywords: Klebsiella pneumoniae; generalized infection; antimicrobial activity; animal survival rate; index of the infestation
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YcrounBOCTh OaKTEPUil K MPOTUBOMUKPOOHBIM
IperniaparaM sBJIETCA OJHOU M3 IVIaBHBIX IPUYUH
pocra 3ab01€eBaeMOCTU U CMEPTHOCTHU OT UH(peK-
LIOHHO-BOCHA/INTEJIbHBIX OCJI03KHeHUH. OCHOBHBIMU
IpepacrnoJaralonuMu (pakTopamMu pa3BUTUA aH-
TUOMOTUKOPE3NCTEHTHOCTH SBJIsIeTC HEOTPaHU-
YyeHHasd I0CTYITHOCTh IPOTUBOMUKPOOHBIX CPEJICTB,
IIPUMEHSIEMBIX B BUJE JIEKAPCTBEHHBIX CPEJNCTB, a
TaKJKe HUCII0JIb3yeMbIX B MHUIEBON TPOMBIIIIEHHO-
cri [1, 2]. BOBHUKHOBEHNE PE3UCTEHTHOCTHU SIBJISIETCA
€CTeCTBEHHBIM IIPOIIeCCOM /I MUKPOOPTraHN3MOB,
cchopMupoBaBmIMMCSH B pe3yJibTaTe MyTalliH, olpe-
JleJisAonIed yCTOMYMBOCTD K TOMY MJIM NHOMY aHTH-
OMOTUKY U Tlepefaroleiicss mpu oOMeHe reHeTu4e-
CKUM MarepuajaoM Me)KIy MUKpoopranusmamu [3].

B HacrosIee BpeMsi oTMevaeTcs ycuieHue gop-
MUPOBaHUA pe3ucTeHTHOCTU K.pneumoniae k pas-
JIMYHBIM T'PYIIIaM [MPOTUBOMUKPOOHBIX CPEJICTB, B
YaCTHOCTH, NEHUIUJIIMHOBOTO U 11e(aT0CIOPUHO-
BOTO psja, kapbaneHeMaM M aMHUHOIVIMKO3UIaM, a
TaksKe (PTOPXUHOJIOHAM, YTO CyIIeCTBEHHO 3aTpy/l-
HsIeT JieueHne NH(DEKIIMOHHO-BOCIIaINTe/IbHBIX 3a-
60J1eBaHN, BEI3BAaHHBIX JAHHBIM MUKPOOPTaHU3MOM.
9P eKTUBHBIM MOIXOIOM K PEeIIeHNI0 JaHHOH ITpo-
0J1eMBI sIBJIsIETCSI pa3padOTKa HOBBIX aHTUMUKPOOHBIX
coeIuHeHuu [4, 5].

Ha cerogusanHuii 1eHb B KaueCTBE OCHOBBI JIJIs
CO3/IaHM HOBBIX aHTHOAKTEepUATbHBIX IIperapaToB
paccMaTrpuBaloTcs MUPUMHUANHCOAEP KaIle COeIu-
HeHUA. JlokasaHo, YTO IMPUMUINH U ero IPOM3BOIHbIE
00J1a1a10T MUPOKON (PapMaKOJIOTUIECKON AKTHUB-
HOCTBIO (IIPOTUBOBOCTIAJIUTETHLHOM, AHTHOKCUTAHTHOM,
IIPOTUBOOIIYX0JIEBOH, aHTUTUTIEPTEeH3UBHOM, IIPOTH-
BOBHUPYCHOM, IPOTUBOMUKPOOHOI 1 11p.) [6, 7]. YcTa-
HOBJIEHO, YTO CTPYKTypa MUPUMUIHA ABJIAETCA BayK-
HOH 4acCThI0 MHOTHX 9HJOTEHHBIX BEIIECTB, UTO I103-
BOJIsIET TAHHBIM COEIMHEHUSM B3auMOJIeHiCTBOBAaTh
C TeHeTHYeCKUM MaTepuasioM, (pepMeHTaMu, JIUIO-
MOJINCAaXapuAaMy U APYTUMUA OMOIOJUMEPHBIMU
CTpyKTypamu B KjeTke [8]. Kpome Toro, uccaenosa-
TEJISIMU ObLT UJEeHTU(PUIIMPOBAH TUPUMUIUH B Ka-
yecTBe MeTaboJIUTa KJIETOYHBIX IIPOIECCOB, TaKUX
Kak OMOCHHTe3 KJIeTOYHOH CTeHKHU, KIeTO4YHas Mpo-
HHUIaeMocTs, pertnkanys JJHK, 6unocunTres 6eka u
Ip., Y Pa3/IMYHBIX MUKPOOPTaHU3MOB, B TOM YHCJIE U
K.pneumoniae, 4To MOKeT pacCMaTpUBaThCsA KaK OJH
13 OCHOBHABIX aCIIEKTOB MeXaHN3Ma IIPOTUBOMUKPOO-
HOTO eMICTBUS MUPUMUTUHOBBIX cCOeTuHeHNH [9, 10].
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3HAYUTETbHBIN UHTEPEC K MPOU3BOIAHBIM MH-
pPUMUVHA, HAPSIy C MIUPOKUM CIEKTPOM OHOJIO-
TMYECKOU aKTUBHOCTU U HU3KOU TOKCHUYHOCTBHIO,
00'bSICHSIETCSI HAKOTIJIEHHBIM OOIIIMPHBIM 9KCIIEPU-
MEHTaIbHBIM MaTepuajoM, KacalommMcsi 0co0eH-
HOCTeH Mporiecca CuHTe3a U (papMaKOJIOTUIECKOT0
JIEACTBUS PA3JIMYHBIX IPOU3BOIHBIX TUPUMHUIUHA.

[eJib uccIeI0BaHUSA — U3Y4Y€HUE TPOTUBOMUK-
pOOHOI aKTHBHOCTU NPOU3BOAHOTO MUPUMHUIMHA
3-(2-BeH3UJIOKCH-2- OKCOITHII)XMHa30JnH-4(3H)-0H
B oTHOLIeHUM K.pneumoniae B yCJIOBUSAX IN Vivo.

MarepuaJ u MeToabI

O1leHKY MPOTUBOMUKPOOHOW aKTUBHOCTU COEJUHEHUS
3-(2-BeH3UI0KCH-2- OKCOITUII)XHHA30/1MH-4(3H)-0H ¢ Jy1abopa-
TOopHBbIM IIHppom VMA-13-03 B orHouenun K.pneumoniae B
YCJIOBUSIX i ViV0 IPOBOIWIIA MOAEINPYs TeHepaaIn30BaHHYIO HH-
(ernuio. dKcepuMeHT IPOBOAMIIN Ha MbliTax THHUU CBA B KO-
saundectse 40 ocobell, KOTOPBIX pa3eIu/Id Ha YeTbIpe TPyIbL: 1-
S TpyIlla — KOHTPOJIbHBIE )KUBOTHBIE, I10/Iy4YaBIINe NHTPAIlepu-
TOHeaJbHO BOAY JJIs HHBEKIUI B 9KBUBAJIEHTHOM 00'bEMe (KOHT-
poJib I); 2-s1 rpynna — MHGUIMPOBAHHbIE SKUBOTHBIE, KOTOpPbIE
He TI0JIy4aJIn JieueHus (KOHTPoJb II); 3-a rpynmna — MbIIA C re-
HepaJIM30BaHHOUN MH(QEKIMeld, KOTopble MOJyYaal B KauyecTBe
JledeHus1 11epTpUAKCOH B Jj03e 50 MI'/KI HHTpaNepUTOHEeATbHO B
TedyeHWe 7 THeH; 4-A rpynmna — WHQUIUPOBAHHBIE YKUBOTHBIE,
KOTOPBIM BBOJWJIM HCCJIelyeMOoe coeluHeHUe B 103e 31 MI/Kr
(1/10 or MoJIeRyJIAPHOW Macchl) B TedeHue 7 cyT. [eHepasauso-
BaHHYIO HH(PEKITHIO MOZIe/IMPOBAJIH Iy TEM NHTPAIIepUTOHEATEHOTO
BBeJeHusi K.pneumoniae B nose 3x10° B 00béme 0,5 MJ1 (mo3a
Obly1a OTIpejiesieHa B IIPeJBAPUTEIbHBIX UCCIIEJOBAHUSX).

B niponiecce akcniepuMeHTa OLleHUBAIN BBI)KUBAEMOCTD KU -
BOTHBIX. [Toc/1e BbIBEJEHUS MBIIIIEN 13 9KCIIEPUMEHTA IPOBOIUIIN
pacuéT nHaeKca 00ceMeHEHHOCTH KPOBH, IeYeHH, CeJIe3éHKU U
JIETKUX, @ TaKyKe OINpeeIsiyii 00Iee KOJIMYEeCTBO JIEHKOIIUTOB,
C-peaKkTUBHBIN 0€JI0K U IPOKAJIBIUTOHUH.

CTaTuCcTUYeCKUi aHa/IU3 Pe3y/IBTaTOB IIPOBOJUIIN C IOMO-
mpio makera Excel u mporpamMmuoro obecniedenns: BIOSTAT. Pas-
JIMYUA MesK Ty IPyNIIaMU OlleHUBAJIM C IIOMOIIbIO KpuTepus Mas-
Ha—YWTHU U CYUTAJIUA CTATUCTUYECKUA 3HAYUMBIMU 11pu p<0,05.

Pe3yibTaThl M 00CY:KAEHUE

B Tabs. 1 mokasaHbl pe3yabTaTbl OIEHKU BbI-
’KMBAEMOCTH >KUBOTHBIX B YCJIOBHUSX T'€HEPATH30-
BaHHOMH Ky1e0cue1é3H0l nHMeKIUY TPy TpUMeHEeHUH
MMpOM3BOAHOI'O IMpUMHUIWHA.

ITpu dhbopMHupoBaHUY reHepan30BaHHON KJ1eb-
cresié3HOU WHQeKIUN Habaogamach rubesb SKu-
BOTHBIX, B pe3yJIbTaTe Yero Yepes HeJesIi0 0CTaI0Ch
4 BBDKMBIIINUX 0COOU. B rpymme MbIie, moJsry4aBIInx
B KayecTBe JieYeHHs [e(TPUAKCOH, HA CelbMble
CYTKU TIOTH0JI 2 0c0OH, TOTIa KaK B TPYIIIIE, TIOJTY-
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Tabauua 1. BniusHue coeuHeHUA 3-(2-BeH3NTOKCH-2-0KCO3THII) XHHa30auH-4(3H) -0 (VMA-13-03) Ha BbI2KMBA€EMOCTH
SKHUBOTHBIX B YCJIOBHSIX FeHEpaTH30BaHHOM KJIeOcHe/Ie3HOM HH(PeKITur

Table 1. Effect of the compound 3-(2-Benzyloxy-2-oxoethyl)quinazoline-4(3H)-one (VMA-13-03) on animal survival
under conditions of generalized Klebsiella infection
I'pyninbl ;JKHBOTHBIX

BsrxuBaemocTs (B %), CyTKH

1-e 2-e 3-e 4-e 5-e 6-e 7-e
KonTpous I 100 100 100 100 100 100 100
Koutpous II (3x10° MUKPOOHBIX TeJ) 100 100 80 60 50 50 40
IHedrpuakcoH (50 Mr/kr) 100 100 100 100 100 90 80
VMA-13-03 (31 Mr/xr) 100 100 100 100 90 90 90

Tabauya 2. Bnussuue coeguHeHH 3-(2-BeH3HI0KCH-2-0KCoaTHII) XuHa30auH-4(3H) -0 (VMA-13-03) Ha 06ceMeHEH-
HOCTBh BHYTPEHHUX OPTraHOB U KPOBH
Table 2. Effect of 3-(2-Benzyloxy-2-oxoethyl)quinazoline-4(3H)-one (VMA-13-03) compound on internal organ and

blood infestation

JKcnepruMeHTaJbHbIe IPYNIIbI Yucao ocodeii Ileuenr  Cese3énka  JIérkme Kposs
KonTpouis I (Boga/vuHbeRIINIT) 10 — — — —
KouTtpous 1T (3x10° MUKPOOHBIX TeJT) 4 + + + +
Hedrpuakcon (50 Mr/xr) 6 — — — —

2 + — — +
VMA-13-03 (31 mr/Kr) 6 — — — —

3 — — — +
IIpumeuyanue. «+» — XapaKTepHbIN pocT K.pneumoniae; «—» — HeT pocTa K.pneumoniae.
Note: «+» — characteristic growth of K.pneumoniae; «—» — no growth of K.pneumoniae.

Tabauua 3. Biussaue coequHeHus1 3-(2-BeH3MI0KCH-2-0KC0ITHI) XuHa30aruH-4(3H)-0H (VMA-13-03) Ha HHAEKC 00-

CeMEeHEHHOCTH KpOBH 1 BHYTPEHHHUX OPraHoB

Table 3. Effect of 3-(2-Benzyloxy-2-oxoethyl)quinazolin-4(3H)-one (VMA-13-03) compound on blood and internal organ

infestation index

JKcnepyMMeHTaJbHble IPYNIIbI I[leuenr  Cene3énka  Jlérkue Kposs
KonTpouis I (Boga/vuHbEKIIHI) 0 0 0 0
KouTposs II (3x10° MUKpOOHBIX TeJT) 1,0+0,1* 1,0+0,1* 1,0+0,1* 1,0+0,1*
Iedrpurakrcon (50 Mr/Kr) 0,06+0,01* 0 0 0,06+0,01*
VMA-13-03 (31 mMr/Kr) 0 0 0 0,09+0,02*

IIpumeuanwue. * u # — p<0,01 MO0 OTHOLIEHUIO K ITIOKAa3aTeJsIM I'PYHIIbl KOHTPOoJIs I 1 KoHTpoJiA II.
Note: * and * — P<0.01 with respect to the parameters of control group I and control group II.

yaBIleill MUPUMUIUHOBOE COENUHEHHE, MTOTrU6II0
1 5KUBOTHOE, T. €. BBDKABAaeMOCTb cocraBuiia 90%.

B Tabu. 2 mpeacTaBiaeHbl pe3ysIbTaThl OLEHKHU
obcemenéHHOCTH K. pneumoniae KpOBY ¥ BHYTPEHHUX
OpTaHoOB (IIeYE€HHU, CeJIE3EHKN, JIETKUX).

N3ayyenne MUKPOOHOU 00CeMEHEHHOCTH BHYT-
PEHHHX OPraHOB ¥ KPOBH ITIOKA3aJI0, YTO B KOHTpOJIE
He OBLJI0 BBIsIBIEHO K.pneumoniae; B TPyIlle KOHT-
pouJis Il xapakTepHbIi pocT HAOJIIOIATICS BO BCEX 00-
pasnax; y JKuBOTHBIX, IIOJIy4aBIIIHUX B KAYECTBE JI€UEe-
HUsI 1e(DTPUAKCOH, Y ABYX ocobelt K.pneumoniae
Obl1a UIeHTU(UIINPOBaHa B IeYeHU U KPOBH; IPU-
MeHeHne VMA-13-03 y sSKkUBOTHBIX IPUBEJIO K Xapak-
TEepHOMY POCTY MUKPOOpPTaHU3Ma Yy ABYX 0co0ei B
KPOBH.

Peaysbrathl oripeesieHust nHAEKCa 00ceMeHEH-
HOCTH BHYTPEHHHX OPTaHOB U KPOBH, ITPEACTABJISIO-
I11ero cO00M OTHOIIIEHUE TTOJIOKUTEIHHBIX TPOO BBI-
ceBa K.pneumoniae k0 BceM npobam, B yCJIOBUSIX
reHepaji30BaHHOM KJe0cue/183HoN NH(eKIuU Ipu
BBeJIeHUM TUPUMHUANHOBOM cyocTaHinu VMA-13-03
IpeJicTaB/IeHbl B TabJ1. 3.

MogesimpoBaHue TeHePATU30BaHHOU KieOcue-
JIE3HOM MH(EKIIH IPUBEJIO K 3HAYUTEIHHOMY POCTY

24

HUHJIeKca 00ceMeHEHHOCTU BCeX BHYTPEHHMX OpraHOB
U KPOBU B CpaBHeHUHU C KOHTpoJeM l. BeeneHue
nedTpruaKkcoHa CI0COOCTBOBAJIO CHUKEHHIO NHAEKCa
B II€Y€HU U KPOBU B 16 pas (p<0,01) 110 OTHOLIEHUIO
K KOHTpoJIo 11 1 cesie3€HKU U IIe4eHU — [0 YPOBHA
3/I0POBBIX KUBOTHBIX. [ [MPUMUAMHOBOE TPOU3BOIHOE
NIPUBEJIO K CHUKEHUIO MHJAEKca 00CeMeHEHHOCTH
KpoBu B 11 pas (p<0,01) B cpaBHEeHNUY C KOHTpOoJieM 11
1 BO BHYTPEHHHUX OpraHax — JI0 ypOBHs KOHTpoJIA 1.

B Tab6J1. 4 moKka3aHbl pe3yJ/IbTaThl OIIpe/e/IeHus
00I11ero KOJIM4ecTBa JIEHKOIIUTOB, YPOBHEH MapKepoB
reHepaan3oBaHHoON nHGpeknuu (C-peakTUBHBIN Oe-
JIOK ¥ ITPOKAJIBIINTOHNH) Ha (hOHEe dKCIIEPUMEHTaITb-
HOU MofeJin UH( EeKITUHN.

dopmupoBaHue reHepaaIn30BaHHON NHGMEKINT
IIpUBEJIO K YBEJUYEHHUIO 00IIero KoJanu4yecTna Jek-
KOITUTOB, ypOBHs C-peakTUBHOTIO OeJsika U MPOKaJlb-
nuToHuHa B 3,8 (p<0,01), 6 (p<0,01) u 1,9 (p<0,05)
pasa, COOTBETCTBEHHO, B CPaBHEHUH C TPYIIIOH UH-
TaKTHBIX YKUBOTHBIX; BBefIeHNe ITpeliapara CpaBHEHUs
CII0COOCTBOBAJIO CHIPKEHUIO U3y4YaeMbIX IIoKa3aresiei
B 1,4 (p<0,05), 1,6 (p<0,01) u 2 (p>0,05) pasa, coor-
BETCTBEHHO, 110 OTHOIIIEHUIO K KOHTpoJIIo II; mupu-
MUJMHOBOE COeIMHEeHNe CII0OCOOCTBOBAJIO CHIKEHUIO
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Tabauua 4. Biussaue coenmHeHus 3-(2-BeH3nI0KCH-2-0KCOITHII) XHHa301uH-4(3H)-oH (VMA-13-03) Ha o0111ee KoJIH-
YeCTBO JIEHKOIUTOB U MapKepPhI reHePATU30BaHHON HH(EKINH
Table 4. Effect of compound 3-(2-Benzyloxy-2-oxoethyl)quinazoline-4(3H)-one (VMA-13-03) on total white blood cell

count and markers of generalized infection

IKCIepMMeHTaJbHBbIE TPYNIIbI O0111e€e KOJIMYECTBO C-peaKTHBHBIH I[IpokajabIIMTOHUH,
JIEMKOIIUTOB, x109/a 0€eJIOK, MI/JI HI/MJI
Kontpous I (Boma/MHBEKIINI) 7,18+1,02 18,61+1,20 1,86+0,08
Koutpouis — II (3%x106 MUKPOOHBIX TeJ1) 27,37+2,56%* 111,35+12,41%* 3,63+0,97*
I[Medrpuakcon (50 Mr/Kr) 18,91+2,45% 66,88+4,23" 1,65+0,98
VMA-13-03 (31 Mr/kr) 15,46+1,10% 58,47+3,97%* 1,98+0,11

IIpumeuanue. * 1 * — p<0,05 110 OTHOILIEHUIO K [TIOKa3aTe M I'PyIIbl KOHTPoJsA [ u koHTpodas II; ** u # — p<0,01 1o
OTHOIIIEHUIO K ITIOKa3aTeJssIM IPYIIbl KOHTPOJIA [ 1 koHTpOJIA 1.
Note: * and * — P<0.05 versus control I and control II; ** and ## — P<0.01 versus control I and control II.

nokasareseii B 1,8 (p<0,01), 1,9 (p<0,01) u 1,8 (p>0,05)
pasa, COOTBETCTBEHHO, B CPABHEHHUU C IPYIIION WH-
(prIMpOBaHHBIX YKUBOTHBIX.

Onwmpasice Ha ITOJyYeHHbIE PE3YIIBTAThI, MOSKHO
c/ies1aTh BBIBOJ, YTO MCCJIEAyeMOe TUPUMUATUHOBOE
IIpou3BoaHOE 3-(2-BeH3uIoKCH-2-0KCOITUI)XUHA-
30Ji1H-4(3H)-0H ¢ mmdpom VMA-13-03 okas3bsIBaeT
BBIPQ)KEHHYIO IPOTHBOMUKPOOHYIO aKTUBHOCTH B
oTHoIeHNU K.pneumoniae, IpOsIBJIAIONIYIOCH B I10-
BBIIIIEHNH BBKMBAEMOCTH JJaOOPaTOPHBIX 3KUBOTHBIX
B YCJIOBUSIX TeHEPATN30BaHHOM KJ1e0CHeé3HO0M NH-
(¢exnuy, BbI3BaHHOIN MHTpanepuTOHeaJ bHbIM BBe-
JeHVEeM IITaMMa, BBIJEJIEHHOTO OT OOJIBHBIX, CTpa-
JAIOMINX XPOHNYECKUM OpOHXUTOM, B H03e 3x10°
MUKPOOHBIX TeJl, a TaKsKe CHUKEeHNU MHIeKca ooce-
MEHEHHOCTH, OOIIEero KOJUYecTBa JIEHKOIUTOB U
YPOBHSI MapKEPOB reHEpPaIN30BaHHOU WHQEKIIUN
(C-peakTUBHBIN 6eJIOK ¥ IPOKAJBIIUTOHUH), YTO
CBHJIETEIHCTBYET O CHI;KEHUHU BOCIIAJIUTEIHHOM pe-
aKIUU [IPY BBEJEHUN JAHHOTO coenuHeHus1. [Toiry-
YeHHBIe Pe3yJIBTaThl COMIOCTABUMBI C PE3YJIETaTaMH,
[IOJTyYeHHBIMH [PV BBEJIEHUH YKUBOTHBIM B KAUeCTBe
JIeKapCTBEHHOT 0 IIpenapara nedrpuakcona. Ciemyer
OTMETHTBH, YTO BJIUSHUE U3Yy4AeMOTO COENMHEHUS
Ha C-peaKkTUBHBIN OesIOK O0Jiee BBIpAYKEHO, UTO, Be-
POSITHO, CBSI3aHO C eT0 NMMYHOTPOIIHBIM JEHCTBUEM,
B T. 4. Ha IIpoIiecchl (arourosa, KIETOYHOIo U I'y-
MOpPAJbHOIO MMMYHHTETA, YTO JOKa3aHO B paHee
IIPOBEAEHHBIX NCCJIEJOBAHUAX.
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Pe3rome

AxmyanvHocme. OTHAJEHHBIE PE3YJIbTAThI JIeYeHU s 00JIbHBIX TYOEepKYJIE30M € IIUPOKOH JIEKapCTBEHHOH yCTOH-
YHBOCTHIO BO30YAUTEJIsI HE IPECTaBJIeHbI B MeUIIMHCKOI quTeparype. [[ens. U3yuuts a¢h(heKkTHBHOCTH U OT/XA-
JIEHHbIEe pe3yJbTAThl JIEYEHUs MNANMEHTOB C HIHPOKOH JIEKAapCTBEHHOH YCTOWYHMBOCTBIO TyOepKyaésa c
HCII0Jb30BaHHEM OefakBUJINHA. Mamepuan u memodst. ChopMHPOBaHEI JBe IPYNIILI MAIHEHTOB C TyOepKyI€30M
C IIMPOKOH JIEKAPCTBEHHOH YCTOHYHBOCTHIO, KOTOPBIE B KauecTBe 02a30BOro Kypca XMMHOTEpPaINuM MoJIyJaJau oe-
JaKBHJIMH B OCHOBHOI rpymnie (49 4yej0BeK) H MOKCU(JIOKCAIMH B KOHTPOJIBHOM rpynmna (76 yenosex). I3yueHbl
pe3yabTaThI JIeYeHHU I 10 OKOHYAaHHUH KYpPCa XHMHOTEpPAaIllHHU U 110 HCTEeYEeHHUIO TPEX JIeT JUCIaHCEePHOro HabJoe-
HUA. Pesyrvmambot. 87,8+9,2% nmanueHTOB H3 OCHOBHOH IPyIIIBI 3aBepINHJIH 3(P(heKTHBHBIHA KypC JIeYeHH A C KOHT-
poJieM 110 IoceBy MOKPOTEL. Y 67,3+13,1% NOCTHTHYTO NpeKpalleHne 0alu/II0BbIAeJeHHA Ha 1-2 Mec. JIedeHHns.
He:kenarenpHbIe 3(h(peKTHI XHMHOTEpPANHI OTMe4YeHbI B 10,2-32,7% ciay4aes, IpU4YéM yaJInHeHHe HHTepBaJga QT
TOJBKO Y 8,2+7,7% nanueHTOB. [locie TpéxJieTHEro JUCIIAaHCEPHOTO HAG/II0JeHH:A B OCHOBHOM I'pyIIe He OTMeYa-
JIOCHh peluuBa TyOepKy/I€3a, peske BCTpedaach BIiepBhIe BEIABJICHHAs XPOHUYECKaA 00CTPYKTUBHAsA 001e3Hb
JIETKHX, HEe YCTAaHOBJICHO CJIy4YaeB JIeYeHH s Y KapJHOJIOra H THHEKO0JI0Tra, Yalle Ha0J/I0ajIca nepeso] NalieHTOB
€O BTOPOIi rPyNIbI HHBAJIHIHOCTH HA TPEThI0. 3akatouenue. IpuMeHeHne 6eJakBHIHHA JJ1 JIeYeHH s IallHeHTOB
C HIMPOKO¥ JIEKAaPCTBEHHOH YCTOHYHUBOCTHIO TYyOEepKyJI€3a NO3BOJISAET JOCTUTHYTh PAHHEr0 NIPeKpanieHus1 0amu-
JIOBBIJIEJICHHU: € IEPeBO0M Ha aMOy/IaTOpHOe JIedeHHe, CHU3HTh YaCTOTYy HeKeJIaTeJIbHBIX peaKI[uii XUMHoTepa-
nuu. OTJajdéHHBIEe pe3yJbTaThl JUCIAHCEPHOro HAOMI0JeHH s CBHAETEJbCTBYIOT 0 HU3KOM PHCKE peaKTHBAIlHH
TyOepKyJIé3a, 3HAYNTETbHOM CHHKEHUH NOTPEeOHOCTH B AUCIIAHCEPHOM HaOJIOeHHH Y APYTHX CIIEHAINCTOB, B
TOM YHCJIe Y KAPAUO0JIOra, yIyYIIeHHH Pe3yIbTaTOB KOMILIEKCHO! peaOHIHTaliH.

Katouegbvie croea: mybeprynés; muporas 1ekapcneenHas ycnoiuueocns; 6e0akeuiul; 0moaiéHHble pe3yioinamol i1eueHust.

Jus muruposanust: Yeprurkos A. IO., Hoasnckuit /1. /1., Tesakos A. B., Pomenrko K. /1., [laugunosa /. B. OTnanéHHble pe3yiib-
TaThl XUMUOTEPAIIUY TYOEPKY/IE3a C HINPOKOH JIEKAaPCTBEHHOHN YCTOMYMBOCTHIO BO30YJUTEIIS C UCIIOIb30BAHUEM O€TaKBH-
JuHA. AHmubuomuru u xumuomep. 2023; 68: 1-2: 27-32. https://doi.org/10.37489/0235-2990-2023-68-1-2-27-32.

Abstract

Relevance. Long-term results of treatment of patients with widespread drug-resistant tuberculosis are not presented in the
medical literature. Objective. Study the efficacy and long-term results of treatment of patients with widespread drug-re-
sistant tuberculosis using bedaquiline. Material and methods. Two groups of patients with widespread drug-resistant tu-
berculosis were formed, who received bedaquiline as the base drug of the chemotherapy course: bedaquiline in the main
group (49 people) and moxifloxacin in the control group (76 people). The results of treatment at the end of the course of
chemotherapy and after three years of follow-up were studied. Results. 87.8+9.2% of patients from the main group com-
pleted an effective course of treatment with sputum culture control. In 67.3+13.1%, the cessation of bacillus excretion was
achieved at 1-2 months of treatment. Undesirable effects of chemotherapy were noted in 10.2-32.7% of cases, with pro-
longation of the QT interval only in 8.2+7.7% of patients. After a three-year dispensary follow-up, there was no recurrence
of tuberculosis in the main group, chronic obstructive pulmonary disease was less common for the first time, no cases of
treatment by a cardiologist and gynecologist were found, the transfer of patients from the second disability group to the
third was more often observed. Conclusion. The use of bedaquiline for the treatment of patients with widespread drug-re-
sistant tuberculosis makes it possible to achieve early cessation of bacillus excretion with transfer to outpatient treatment,
reduce the frequency of adverse reactions of chemotherapy. The long-term results of dispensary observation indicate a low
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risk of reactivation of tuberculosis, a significant reduction in the need for dispensary observation by other specialists, in-
cluding a cardiologist, and improvement in the results of complex rehabilitation.

Key words: tuberculosis; broad drug resistance; bedaquiline; long-term treatment results.
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BBenenue

CoracHO KJIMHAYECKAM peKoMeHzanusam Poc-
cuiickoro of1ecTBa (prusmarpon 2022 1., MIUPOKAsT
JIEKApPCTBEHHAsI YCTOMYNBOCTH MUKOOAKTEPHUH TY-
beprynésa (MBT) — aT0 yCTOMYHUBOCTH K prupammiu-
[[MHY C YCTOMYUBOCTHIO K M30HUA3UTY U O€3 HEE,
B COYETAHUU C YCTOWUYUBOCTHIO K JIIOOOMY (hTOPXU-
HOJIOHY U, TI0 KpaliHell Mepe, K JTUHEe30JIMAY WU K
benakBuauHy [1]. XOTS paHee B IPaKTUYECKOU fesi-
TeJIbHOCTHU MCII0JIb30Ba/Iach MHast (DOPMYJINPOBKA,
IITPOKasi JieKapCTBeHHas1 ycTouduBocTh (IIIJIY) —
3TO YCTOWYMUBOCTDH K pU(paMIULINHY, U30HUA3ULY,
(PTOPXUHOJIOHY U UHBEKIIMOHHOMY IIPOTUBOTYOED-
Ky/é3HoMYy mperapary [2]. [Is1 Tepanun Tybepryiéaa
¢ [IIJTY B OoJiee paHHEN TPAKTOBKE MMEPBOHAYATBLHO
peKoMeHJ0BaJIM allieHTaM MOKCU(IOKCAINH, KaK
6a30Boe JIeKapCTBO peKIMa XMMUOTepaIuy, a mo3i-
Hee HOBBIU IpemnapaT 0eJakBUINH [3].

BenakBUIMH — 9TO IEpPBBIN IIperapar B Kjaacce
IUAPUIXUHOJIUHOB, OKA3bIBAIONIINY MOITHBIN OaK-
TepULIUAHBIA 3 PeKT Ha MUKOOAKTEPUIO TYOEPKY-
JIE3a, TIPU 9TOM B OTIMYHE OT (PTOPXHMHOJOHOB OH
BO3JIENCTBYeT Ha aKTUBHOCTD F-AT® cunHTa3b1, 6J10-
KUpys BpallleHue c-KoJblia ¢hepmenTa [4]. HecmoTpsa
Ha BBICOKYIO CTOUMOCTB, 3TOT IIperapar ObLJIO peKo-
MeHJI0OBaHO HCI0JIb30BaTh B IIPAaKTUYECKOH J1esTeIb-
HOCTH POCCHUHCKUX TPOTUBOTYOEPKY/IE3HBIX AUCIIAH-
cepoB c 2016 1. [5]. B MmeguIinHCKOM TUTEpaAType ObLIa
o00OCHOBaHa JKOHOMHYecKass 3(P(PeKTUBHOCTD
BRJIIOYEHUSI O€JaKBUJIMHA B CTAH/IAPTHBIE PESKUMBI
xuMmuorepanuu. Tak, B [oHKOHIe yCTaHOBJIEHO, YTO
HasHayeHUe OelaKBU/IMHA B COUETAHUU C IPYTUMU
XHUMUOIIpenapaTaMy, K KOTOPbIM COXpaHeHa YyB-
CTBUTEJBHOCTD, MPUHOCUT KO3 PUIIHEHT T00ABOY-
HOU 9KOHOMHUYECKOH 3(ppeKkTUBHOCTH 12 MOJ/LIIapOB
CHIA/QALY B cpaBHEHHUH C peskKUMaMu Tepanuu 6e3
aTOro Ipemnapara [6].

B HaCTOHIIII/Iﬁ MOMEHT HaAKOILJIEHbI JaHHbIE O
77% RJIMHUYECKOU 3(p(PEeKTUBHOCTH TAHHOTO IIpe-
rapara ¢ MCIOoJ/Ib30BaHNEeM I0CeBa MOKPOTHI, Kak
KpUTEePHsI KOHTPOJIS Pe3yJIbTaTUBHOCTY JIeUueHus,
IIpU 3TOM CpeJiHee BpeMsi KOHBEPCUH pe3y/IsTrara 1o-
ceBa MOKPOTHI cocTaBuio 60 queti [7]. B Kutae 24-ne-
neJabHoe jJedenne 177 manuenTos c IIIJIY 6emaksu-
JIMHOM Ha (OHEe NEepCOHAJU3UPOBAHHBIX CXEM
npuéma TyOepKyJ0CTaTUKOB 3apeKOMeHI0BaJsIo
cebs1, Kak 0e30TMaCHBIN pEeKUM XUMHUOTepanun [8].
YCTOWUMBOCTD K OeIlaKBUJIMHY B HACTOsIIIlee BpeMs
cocrasJiser 2,4% u onpepesisierca B 40% ciy4aeB My-
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TanusaMu B rede Rv0678 [9]. HeskenaTesnnHbie ad-
¢exTbI Tepanmy 0€JaKBUIUHOM MOTYT HAOTIOIATHCS
B 11,2% cisyuaes [10]. ¥V 5,8% nanmeHToB 9TH peakiinun
OBLTU HACTOJBKO CEPBHEIHBI, UTO IIpemapar MpH-
IIIJIOCh OTMEHUTD [7].

KapanoTOKCUYHOCTD, YaCcTO BbIpa)kaloIasics B
YAJUHEHUU UHTEPBaJia QT " pa3BUTHUUN CBA3aHHBIX
C 9TUM HaApYyIIeHUH CEPeYHOr0 PUTMA, BEPOSITHO
cBsI3aHa ¢ UHTMOUpoBaHueM reia hERG 1 Hapy1e-
HHEM penoJisApu3alui KaaneBbIX KaHa/IOB, a TaKKe
C BBICOKOU JIMTIO(PUTBHOCTHIO IEHUCTBYIOIIETO Bellle-
CTBa, IPUBOJISAIIETO K AJIUTEIbHOMY IIEPUOJTY MOJTY-
BBIBeJIeHUs IIpeliapaTa M3 opraHu3Ma — OKOJIO
5-6 mec. [11]. Cpennee ygimHenue unrepsana QT
npu npuéme OemakBUIMHA cocTaBisgeT 15,4 Mc,
TOJIBKO Y 3,9% 13 233 naneHTOB YCTAaHOBJIEHO YIJIN-
nenne QT 6osiee 60 MC MO CPAaBHEHUIO C UCXOTHBIM
ypOBHeM, 4To TpeOyeT Oe30TaraTeJIbHOr0 IIpeKkpa-
ieHus npuéma npenapara [12]. OgHako TAKEbIX
9IIM30J0B CO CMEPTEJIbHBIM MCXOOO0M, OIMMCAaHHbBIX
pu npruéme (PTOPXUHOJIOHOB, B YaCTHOCTH, criapd-
JIOKCAIlHa, He YCTaHOBJIEHO [13].

Cpenu mpyrux HeskeJaTeIbHBIX peakrIuii Ha
puéM OeTaKBUJINHA BBIIEJISIOT SKeJTyJOYHO-KUIIIeY-
HbIE PeaKINH, COCTaBJSIONINE 14% OT BCeX MOI0OHBIX
peaxtuii [14]. HedppoTokcuueckne peakiu, BCTpe-
yalomecss Opu npuéMme (QTOPXUHOJIOHOB, IPHU
npuéme OelaKBUJIMHA TPaKTUYEeCKU He OT-
MeueHBI [15]. B iesioM 6e1akBUJIMH IPOAEMOHCTPH-
poBaJ yI0BJIETBOPUTEIbHBIN IPO(DUIbL 6€30I1acHO-
CTHU, YTO HapAay C yAOBJIETBOPUTE/JIbHBIM YPOBHEM
a(pperTUBHOCTH JIeueHU s, TI03BOJISIET UCIO/IH30BATh
€ero B JieueHUHU naiyeHTos c IIIJIY [16]. Y naimueHToOB
¢ HIJIY mocrarouyHo 4acTo (pOpMUPYIOTCS OOJbIINE
OCTaTOYHbIEe U3MEHEHUs B JIETKUX B BUjle pubpoaa,
OPOHX09KTA30B, KUCT, UTHTEHCUBHBIX 04aros [17].

COBOKYIIHOCTDH (PYHKIIMOHAJIBHBIX X aHATOMMU-
YeCKUX ITOCTTYOEPKYJIE3HBIX U3MEHEHU MOSKET IPU-
BOOUTH K CY;KEHUIO MEJIKUX NbIXaTEJ/JIbHBIX HYTefI nu
pasBUTHUIO OOCTPYKTUBHOM O0JI€3HU, B CBSI3U C UEM
B JIUTEpaType MOsIBUJICS TEPMUH «TyOepKy/é3-acco-
IUUpOBaHHAsA XpoHHUYecKasA oOCTPYKTUBHas 00-
JIE3HB JIETKUX» [18]. V JIUII, TPOIIEAITNX TOJTHBIH
KypC aHTUMHUKOOAKTEpUATbHON XUMUOTEPATINU B
16,3% cJiyyaeB perucTpHUpoBaach OpoHXUAIbHAS
OOCTPYKITUSI, TPUUEM Y OOJILITUHCTBA HEOOpaTH-
Mas [19]. PanHee ucnoJsib3oBaHue OeITaKBUJINHA B
CXeMe XuMuoTepannum MOMET YMEHbIIIUTb YaCTOTY
¢dopmMupoBaHUs BbIpAKEHHDBIX OCTATOYHBIX N3MEHE-
HUI B JIErkux [20]. Ho MHOrue uccjieqoBaresiy Cum-
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TAIOT, YTO [IJIsT JOCTUKEHMsI 9Toro 3(pdherTa HE0OXO0-
JVMO He PEeKOMEHJOBAaHHOE B MHCTPYKIUU 24-He-
JleJIbHOe TpMMeHeHNe Ipernapara, a 6oJiee IJINTeb-
HBI CpPOK, Kak MuUHUMYM 13-15 mec. [21, 22].
ViyinHeHNe cpoKa JiedeH!s He yXyauaeT Tpoduib
6e3omacHoCTH rpemnapara [23].

BcTpeuaroTcss MHEHUs Hcc/iefjoBaTesed, YTo
[pU YAJUHEHUU CPOKA MOKHO KCIIOJb30BaTh HE
TOJIBKO CTaHJAPTHBIN pesKUM I03UPOBAHUS ITpena-
para (400 MT' B CYyTKH €KeTHEBHO IIepBbIe 2 HEJl., 3a-
TeM 200 Mr B CyTKU 3 pasa B HeleJsro 22 Hex.), HO
IIPUMEHATH YMEHbIIIeHHbIE JO3UPOBKHU 100 MI exxe-
JHEBHO IPU IPOAJIEHUN CPOKa jieueHus [24, 25]. OT-
JlaJIEHHbIE PE3YILTaThI JeUeHNsI OeTaKBUIUHOM (Ue-
pe3 3-5 jieT) y manuenToB c¢ LIJIY TyOepkynésa B
JINTEepaType He BCTPeYa/IuCh, B CBSI3U C UEM MBI pe-
IIWJIN CAeJaTh 3Ty Mpo0JIeMaTHKy 1iesIbl0 HaIllero
HCCJIeIOBAHUS.

LeJsb ucciief0BaHUA — U3YYUTDH KIUHAYECKYIO
3(pdeKTUBHOCTD U OTJa/IEHHbIE pe3yJIBTaThl Jede-
HUsI TAUedToB ¢ TyOepryiésom c IIIJIY Bo3byau-
TeJIsA IPU UCII0JIb30BAaHNY OeJJakBUJINHA B KaUeCTBe
6a30BOro Ipemnapara B peskuMe XUMHUOTepalni.

MarepuaJj 1 METObI

Cpenu 5269 manueHTOB, COCTOABIIUX HA NUCIAHCEPHOM
y4ére ¢ aKTUBHOH (popmoii TyOepkyaé3a B KypckoM o61acTHOM
NpOTUBOTYOEpKyIE3HOM Aucnancepe B 2013-2019 rr., MHOKe-
CTBEHHas JIeKapCTBeHHasl yCcTONYnBOCTL (MJIY) OBLIO yCTaHOB-
J1eHo B 608 (11,5%) cay4asax. M3 mux IIIJIY cocraBuia 125 (2,4%)
cirydaeB. [ToMUMO yCTOMYMBOCTY K M30HUA3UTY, pUDaMIUIIUHY
u (PTOPXMHOJIOHAM, YCTAHOBJIEHA YCTOWYMUBOCTD K CJIEIYIOIIAM
NIPOTUBOTYOEPKY/IE3HBIM IIpenaparaM: CTPENTOMHUIMH —
374 (7,1%); arambyTos — 294 (5,6%); kanamuua — 99 (1,9%);
aruoHamup (nporuonamup) — 82 (1,6%); KanpeoMHUUIUH —
37 (0,7%); napaaMUHOCaIULIUIOBas1 KUca0Ta — 26 (0,5%); HUKJI0-
cepuH — 17 (0,3%); amukanua — 8 (0,2%); nupasuHaMuyg —
7 (0,1%). CpegHeromoBas pacupocrpanénHocts MJIY nma 100000
HaceJsieHusA cocraBuia 7,9; LIIJIY — 1,6. IIpu aToM cpenHerogosas
pacnpocTpaHEHHOCTh TYOepKy/IE€aa 3a 9TOT IIepHOJ] BPEMEHH CO-
crasmiia 68,5 Ha 100000 HacesienusA. Ync/10 manueHToB C BIIEPBbIE
BBISIBJIEHHBIM TyOepKys1é3oM ¢ IIIJTY B 2013 . cocTaBuIo 5 yeso-
BeK, B 2019 I. — TaKuX ITAallMeHTOB He OBLIO.

B cooTBeTcTBUU C IPUKAa30M MUHUACTEPCTBA 3] paBOOXPaHe-
Hus Poccuiickoit @epeparuu ot 29.12.2014 Ne951, yrBepskaaio-
UM MeToAuYeCKHe peKOMEeHJalliH 10 COBEPILIEHCTBOBAHMUIO -
ArHOCTUKU ¥ JIeYeHUs1 TyOepKy/jaé3a OpraHOB JbIXaHWUS,

KIMNHWYECKWE NCCTIEAOBAHWIS U TIPAKTVIKA

nanyeHTam 1nocse noarsepsxaenus 1IJIY KyJbTypbl Ha SKUTKUX
¥ TIJIOTHBIX IUTATEIBHBIX CPEIax C ONPEAEeIeHNEM CIIEKTPa 9yB-
crBuTesbHOCTY MBT K XuMuonpenaparaM HadHAa4daJICsl PEKUM
xuMuoTepanuu 5. OCHOBY JaHHOTO PesKMMa COCTaBJIA aHTUONO-
THK U3 TPyNIbI (DTOPXUHOJIOHOB. [lepBOHAYAIBHO 3TO OBLI MOK-
cudJiokcanu, HO ¢ 2017 I. OCHOBHBIM IIperaparoM JaHHOTO pe-
sKMMa cTaHoBuTcs 6eakBuvH. C 2013 I. B IepevyeHb 3aKyIaeMbIX
3a CYET MHBIX MeKOIOKETHBIX TpaHC(hepPTOB U3 (erepaabHOro
OromrKeTa aHTUOAKTEpUAJIbHBIX IIpellapaToB U IPOTUBOTYOEPKY-
JIE3HBIX IIpenaparoB (BTOPOTO PsAfa) BXOAWJ MOKCU(JIOKCalUH,
¥ peruoHAJIbHBIE IPOTUBOTYOEPKY/IESHBIE CIYKOBI IMEHHO 3TOT
Ipenapar UCIoJIb30BajId B KadecTBe 6a3UCHOro IpY Ha3HaYeHUH
pesknma xumuorepanuu 5. C 2017 . TosIBUJIach BO3MOYKHOCTD
nprobperars 6eJaKBU/INH, YTO U3MEHHUJIO MACCOBBIA IIOAXON K
JiedeHuIo Tybepkyséaa c IIJTY.

Bblu chopMHUpOBaHEI Be TPYNIIbI MCCJIEL0BAHUSA: OCHOB-
Has rpynma 1 — 49 4yesjioBeK, MoJy4aBIIUX OeJaKBUINH; KOHT-
PpoJIbHAsA rPyNIa 2 — 76 4eJI0BeK, I0JIy4aBUIINX MOKCU(IIOKCAlIUH.
CpeHuii BO3pacT NalleHTOB COCTaBuUJI B rpytne 1 —42,6+6,6 jer,
B rpynne 2 — 47,3+6,9 jieT. B 06eux rpymnmnax mpeodsiagani MysK-
YUHBI U 3allyllleHHble KIMHUKO-PEHTIeHOJIOTnYecKe (POPMBI TY-
OepKyJ1ésa, 4To 0ToOpaskeHo B Tad1. 1.

Bcem HasHavanca pekMM XMMHMOTEpPANAW 5, NPU 9TOM
B rpynie 1 6a30BbIM IIpenapaToM OblLI OeJaKBU/INH (3TO HaIu-
€eHTbI, 3aperucTpUpoOBaHHble i jJedeHus B 2017-2019 rr.), a
B rpymnme 2 — MOKCH(JIOKCanuH (3To manueHTs! 2013-2016 IT.).
J1J11 IOBBIIIEHUSA Pe3YJILTaTUBHOCTA XMMUOTEpaIluy BCeM Ialy-
eHTaM OBLIM IIPe/I0KeHbI METOIUKHU IICUX0JIOTUYECKOr0 CONpO-
BOKJEHUS JIUTEIbHOTO TePaleBTHYEeCKOr0 Je4YeHNs, pAHHUH
1epeBoJ] Ha aMOyJIaTOPHBIA KOHTPOJIUPYEMBIH pesKUM XUMUOTe-
panuu IpU JOCTHKEHUH IIpeKpalieHusa 0aluiyIoBbIe/IeHIs B
CTalOHAape, MCII0JIb30BaHUE /I KOHTPOJIA NPUBEPKEHHOCTH
XAMUOTepauy Ha aMOyJIaTOPHOM aTalle BUIE0CBA3H C IOMOIIBIO
YCTaHOBJIEHHBIX Ha CMapT@OHaX MecCceHIsKepax.

W3yyannch pes3ysbraTbl CyObeKTUBHOTO M 00bEKTHBHOIO
o0cienoBaHull, JaHHbIE JIy4eBOH TUarHOCTUKY, pe3y/IbraThl Ja-
60paTOPHBIX ¥ MHCTPYMEHTATbHBIX ICCIIeI0BAHUH, TIPEJICTABIIEH-
HbIE B MEIUIIUHCKHAX KapTaxX 00J/IbHBIX TYOEPKYJIE30M depe3 TPH
rojia IocJjie OKOH4YaHus OCHOBHOI'O Kypca JedeHus. Cratucrude-
ckast 06paboTKa JaHHBIX ObLIA NMPOBEJEHa C MOMOIIBIO IPO-
rpamMMmsbl SPSS 23.0. Beruucasanucs BeposTHOCTE coObITus B, 95%
JIOBEPUTEIbLHBIA HHTEPBAJI JJ151 BEPOATHOCTU cOObITHSA I3, KOad-
unuent conpssxkénnoctu Iupcona y?, i-kputepuii CTbIOeHTa,
BEPOATHOCTH OIIUOKH p (CTATUCTHYECKH 3HAUYUMAas IpH p<0,05).
HccnenoBaHue 6bLJI0 0I0OPEHO PErHOHAIBHBIM 3TUYECKUM KO-
muTeToM 14.12.2020. [{n3aiiH nccieJOBaHUs: CPABHUTEJIBHOE, KO-
TOPTHOE, IPOCIIEKTUBHOE.

Pe3yabTaThl M 00CYy:K/I€eHHE

Pe3yJsibTaThl IPOBEAEHHBIX KYPCOB XMMHUOTEPA-
[IUY NIpeJICTaBJIeHbI B Ta0JI. 2.

Tabauua 1. PactipejesieHre NalieHTOB 110 IOJTY ¥ KJIWHHKO-PEHTIeHOJIorH4ecKiM (hopMaM B Ipynnax ucc/jief0BaHus
Table 1. Distribution of patients by gender and clinical and radiological forms in the study groups

IToka3arenb YucJio manueHToB B a0COMIOTHRIX Hudpax
I'pynna 1, n=49 I'pynna 2, n=76 Bcero, n=125

OuaroBsIit 1 4 5
VHbuasrpaTuBHBIN 5 2 7
JlrncceMUHUPOBAHHBIN 15 16 31
Tybepkysoma 3 9 12
KaBepHO3HBIH 1 2 3
PrOPO3HO-KABEPHO3HBIN 21 37 58
[uppoTuueckuui 3 6 9
My »K4YnHBI 39 64 103
JKeHmmMHBL 10 12 22
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Tabauua 2. Pe3yabTaThl XMMHOTEPAIINH B IPYIIAX HCCIEAOBAHUS

Table 2. Results of chemotherapy in the study groups

ITokasarein I'pynmnal, I'pynmna 2, X2 P
n=49 n=76

ITpekparieHve 6AIUJIOBBIIEIEHNS HA 1-2 Mec. JIe4eHUsT 67,3+13,1% 44,7+11,2% 6,124 0,014

ITpexkparmienne 6anu/IOBbIAeIeHNA Ha 3—4 MeC. JIeYeHnsI 20,4+11,3% 22,4+9,4% 0,068 0,795

PybG1ieBaHme 0JI0CTH 61,2+13,6%  51,3+11,2% 1,183 0,277

PaccacbiBanve MH(UIBTPALUHA U 04aroB 22,4+11,6% 19,7¢8,9% 0,133 0,716

ITepeBof Ha aMOy/IaTOPHOE JieueHHe 1ocJie 3 Mec. JIedeHUsI B CTallioHape 67,3+13,1% 44.7+11,2% 6,124 0,014

B niepBoii 1 Bropoii rpymmnax B Iepuo; Ipose;ie-
HHA Kypca XMUMHOTEPAIINY OTMEUYAJIMCh HEKeJ1aTe Ib-
Hble 3 eKThI: yayinHeHne naTepBasia QT — 8,2+7,7%,
22,4+9,4% (y2=4,301, p=0,039), COOTBETCTBEHHO; ApUT-
musi — 0, 2,6+3,6%; 000CTpeHUsI TAaCTPUTA U TICEBO-
MeMOpaHO3HBIN KOUT — 32,7+13,1%, 36,8+10,8%
(x?=0,229, p=0,633); reraTOTOKCUYECKUE PEAKIIAN —
16,3+10,3%, 22,4+9,4% (x2=0,680, p=0,410); cToiikoe
IOBBIIIEHNE apTEepUaIbHOTO AaBjaeHnsa — 2,0+3,9%,
19,745,0% (x2=8,358, p=0,004); Hapy1L1€HNA MEHCTPY-
asibHOrO nukiaa — 2,0+3,9%, 5,3+5,0% (x2=0,806,
p=0,370); HeppoTOKCHUeCKUE peaknu — 6,1+6,7%,
10,5+6,9% (x?=0,720, p=0,397); IOBBIILIEHNE YPOBHA
MouyeBUHBbl — 32,7+13,1%, 31,6+10,5% (x2=0,016,
p=0,900); suredasonaTs U aCTeHUs EHTPATbHON
HepBHOU cucteMbl — 10,2+8,4%, 10,5+6,9% (x2=0,003,
p=0,955). Pa3gBuTHe 9TUX peaKINi He TOTPpedOBaAJIO
IIOJIHOY OTMEHBI ITpenapara.

INosHOCTHIO HEa(Y(HEKTUBHBIM KypC JIeUeHUS OT-
MeYeH y 6 MalyeHTOB U3 IPyIbl 1 ny 25 nanueHToB
n3 rpynnsl 2. Cpegy HUX B I'pyIine 1 IpoBegeHo ore-
patuBHOe JiedeHue 4 (8,2+7,7%) DanueHTOB,
2 (4,145,6%) nanueHTa KaTeropu4eCcky OTKa3a/IuCh
oT onepauuu. B rpymme 2 nposeneno 15 (19,7+8,9%)
ornepanui (8 pesekuil U 7 9KCTpaAIJIEBPATIHHBIN
nHeBMOJIn3) U 7 (9,2+6,5%) mmanyeHTaM Ha3HaueH HO-
BBIH KypcC JledyeHHs C UCII0/Ib30BaHUeM OefakBU/INHA
Y KJIanlaHHOU Oponxobmaokanuy, 3 (3,9+4,4%) deso-
BeKa OTKasaJuCh OT JajibHeliero jedyeHusa. OTKa-
3aBIIMMCS OT JICUCHUS] Ha3HA4aJIach l1a/lJINaTUBHAA
IIOMOIIb.

Y 43 (87,819,2%) manueHTOB M3 Ipynisl 1 u
51 (67,1+10,6%) mmanimeHTa U3 IpynIibl 2 yCTAHOBJICH
3¢ (P eKTUBHBIN KypC JIeUEeHUsI, TOATBEPKIEHHBIN
KyJIBTYpa/IbHBIM HcCCiIefoBanueM (x?=6,812, p=0,010).
B oboux rpymnmnax AOMOJJHUTE]bHO IIPOBEIEHO OIle-
paTuBHOe JieyeHue /I pe3eKIUN TyOepKyJIoM U
OCTaBIIMXCA TIOJOCTHBIX H3MeHeHMH: 1-1 —
20 (40,8+13,8%), 2-a — 21 (27,6+11,4%) (x2=2,350,
p=0,126). B nanpHeii1ieM Bce MaIUEHTHI C TOJIOKHU-
TeJIbHBIM 3(p(hpeKTOM XMMHUOTepPaTny HaX0JU/IUCh Ha
JYCIIaHCEePHOM HaOJII0IeHNH B TeueHne Tpéx jeT. [To
OKOHYAaHUU TPEX JIeT HaOJII0JeHUA BbISABJIEHBI CIIy-
Jau peruanBa TyOepkynésa — 2,0+3,9%, 3,9+4,4%
(x?=0,350, p=0,555), COOTBETCTBEHHO.

YcTaHOBJ/IEHBI CTOMKIE NU3MEeHEeHHA Ha 3JIeKTPO-
KapAuorpaMMme U KapAuoJIOTHYeCKUe HapyIIeHNsd,
TpeOyloline HaOJIIOfeHNs Bpaya-Kkapauosora, — 0,
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5,3+5,0%. BriepBble 1MarHOCTUPOBAHA XPOHUYECKAA
obcTpykTuBHasE 0OoJsie3Hb JETKUX — 8,2+7,7%,
27,6+11,4% (x2=7,057, p=0,008). Habsmronasice y Bpaya-
racTpO3HTEPOJIOra M0 IOBOJY XPOHUYECKOIO remna-
TUTA, XPOHUYECKOTO ITaHKPEaTUTa U XPOHUYECKOTO
racrpura — 6,1+6,7%, 9,2+6,5% (x?>=0,386, p=0,535); y
Bpaya-3H/I0KPUHOJIOTA 10 ITOBOJTy caxapHoro auabdera
¥ 3ab00JIeBaHUN MIUTOBUIHON keje3bl — 2,0+3,9%,
10,5+6,9% (x?=3,211, p=0,074); y Bpauya-ruHeKOJIOra —
0, 5,3+5,0%. PasBuTre nepudepruiecKoro paka Jeér-
KOI'0 yCTaHOBJIeHO Y 0, 1,3+2,5%.

CroHYaJIMCh 3a JaHHBIN ITepUOJ JUCIIaHCEPHOTO
Habmonenusi: — 0, 2,6+3,6%, U3 HUX BCe OT BBIpa-
SKEHHBIX NTOCTTYyOepKY/IE3HBIX OCTaTOYHBIX U3MeHe-
HUH B IErKUX. Blsa ycTaHOB/IeHA BTopasi rpyIia uH-
BaJIMIHOCTHU B rpymime 1 — 59,2+13,8%, B rpymnme 2 —
63,2+10,8% (x?>=0,199, p=0,656). [lepeBox areHTOB
CO BTOpPOY I'pyIIbI NHBAIMAHOCTHA Ha TpeThio — 20
u3 29 (69,0£16,8%), 21 u3 48 (43,8+19,0%) (x?=4,617,
p=0,032), COOTBETCTBEHHO.

Oo6cy:xaeHue

Rypc xumunorepanuu nanuedato c ILIJIY c
BKJIIOYeHHEM  OeJaKBMJIMHA  CTaTUCTHUYECKHU
3HAYMMO ObLJI 3 (peKTUBEH B CpPAaBHEHUU C aHAJIO-
TUYHBIM KYPCOM C BKJIOYeHHeM MoKcudJoKca-
nuHa. 9P ¢eKTUBHOCTH 10 MOCEBY MOKPOTHI J0-
cturia 87,8%, 4TO HEMHOT'O IIPEBBIIIAET JaHHBIE
Juteparypsl. [Ipu aToM paHHee npekpaleHue 6a-
IWJIJIOBBIJENeHNs HA 1-2 Mec. JieueHus 3a(pUKCH-
poBaHo B 67,3% cJjy4daeB, 4YTO CTAaTUCTUYECKU
3HAUYMMO IIPEeBBIIIaeT TAKOH sKe IT0Ka3aresib B KOHT-
POJILHOM TpyIIIie. ITO CHOCOOCTBOBAJIO pAaHHEMY TIe-
peBojy OOJIBIIIMHCTBA MTAI[eHTOB Ha aMOy/1aTopHOe
JiedeHue, CHUsKasi 00IIyI0 CTOMMOCTB 3aTpaT Ha XU-
MuoTepanuio. Cpeau HeskesaTeJbHBIX 3 (HEKTOB
XMMHUOTepauy BCTPevaanch peakliuy CO CTOPOHBI
SKeJTyJJOYHO-KUIIIeYHOT0 TPaKTa, Ne4eH!, MOYeBHI-
JleJINTeIbHOH U IeHTpa/IbHOM HepBHOM cucTeM. Ya-
cToTa 3TuX peaknuii 10,2-32,7% B 0CHOBHOMH rpyIie
OblyIa COIIOCTaBUMa C YaCTOTONW B KOHTPOJIbHOMU
rpyIe, HO IPU NPOBeleHNN XUMHOTepanuu c 6a-
30BBIM IIpenapaToM MOKCUMIOKCAIITHOM TaKsKe OT-
MeYaJuCh CTOMKOe MOBBINIEHNEe apTepUalbHOT0
JlaBJIeHUA U HapylleHHe MeHCTPYaJIbHOTO IUKJIA.
Yonmaenne natepsasia QT ycranossieHo B 8,2% city-
4aeB, YTO COOTBETCTBYET JAaHHBIM JIMTEPaATyphl U
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CTaTHUCTUYECKU 3HAYMMO HIKE, YeM B KOHTPOJIBHOH
rpymme. Ilociie TpEXJIETHETO AMCIIAHCEPHOTrO Ha-
OJII0[IeH s YCTAHOBJIEHO, UTO II0CJIE IPUEMA XUMUO-
TepaInuy ¢ BKJIIOYEHNEM OeTakBUINHA HE OTMeva-
JIOCh penuauBa TyOepKynésa, CTAaTUCTUYECKH
3HAYMMO pe’ke BCTpevaaach BIEPBbIe BhIsIBJIEHHAs
XpOHUYECKas1 0OCTPYKTUBHAS 00JIe3Hb JIETKUX. [1a-
IIeHTaM OCHOBHOM I'pyIIIbI He OBIJI0 HEOOXO0IUMO-
CTH HaOJIIONATHCSA Y KapAu0J0Tra U THHEKOJI0Ta B
OTIMYHE OT ITAIIIEHTOB KOHTPOJILHOM I'PYIIIBI, XOTS
4acToTa AUCIAHCEPHOTO HAOJ/IIONEeHNs Y 9HTOKPHU-
HOJIOTAa ¥ TaCTPOIHTEPOJIOra JOCTOBEPHO HE OT-
Jr4anaack B 06oux rpynnax. [lepeBoj nanueHTOB CO
BTOPOU IpyNIIbl HHBATUIHOCTHY HA TPETHIO (peadbu-
JuTanysi 60JbHBIX) CTATUCTUYECKH JOCTOBEPHO
yare Ha0J/II0/1a71ach B OCHOBHOH T'pYIIIIE.

Ozpanuuenust ucciedosanus. B cBsiau ¢ orpanu-
YEeHHOCTBIO BEIOOPKHU MAIEHTOB C JaHHOMH IaTroJioruei
B ogHOM cybbekTe Poccuiickoit Peneparun sxena-
TeJIbHO IIPOBECTH MHOTOIIEHTPOBOE PAaHIOMU3UPOBaH-
HO€ HCCJIe0BAaHME C aHAJIOTMYHOH IEJTBIO.

3akJgoueHnue

[TpumeHeHue 6elaKkBUIMHA J1J151 JIedeHUsI alu-
€HTOB C Ty0epKy/né3oMm c IIIJIY Bo3byauTesis Mo3Bo-
JisieT JOCTUTHYTh PAHHEro IIpeKpallleHus 0auiio-
BblJIeJIeHHs C IePeBOJOM Ha aMOyJIaTOpHOe JiedeHue,
CHU3UTH YaCTOTy HesKeJsIaTeJIbHBIX peakIuil XMMHUO-
Tepanuu. OTgaJ€HHbIe TPEXIETHUE Pe3yJIBraThl IUC-
IaHCepHOro HaOJIIoJleHNs 3a MalueHTaMy, IpUHH-
MaBIINMU O€JJaKBUJINH, CBUJETEIbCTBYIOT O HU3KOM
pUCKe peakTUBalUuU TyOepKy/1é3a, 3HaUUTEeJIbHOM
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CHU)KEHWU TOTPEOHOCTHU B JIUCIIAHCEPHOM HaOJIIO-
JEeHUU Y IPYTrux CIeUuaJnucToB, B TOM YUCJIe Y Kap-
JIM0JIOTa, a TaKyKe 00 YJIy4IlIeHUHU PEe3YJIETaTOB KOM-
IJIEKCHOU peabm/InTay nanueHToB.

JomosHuTeIbHAasA HHpOpMaLU

ABTOpBI MOATBEPSKAAIOT, YTO 3TA CTAThsI paHee
He Obl1a OITyOJIMKOBAHA, a TAK)Ke He MpeCcTaBIeHa
JIJIST pAaCCMOTPEHUsS U MyOJUKAIIUU B JPYTOM JKyp-
HaJse. Bce TaGJnIIb, IpeACTaABIEHHBIE B PYKOIIUCH,
SIBJISTIOTCST aBTOPCKUMU U HE 3aMMCTBOBAHBI U3 JIPY-
TUX UCTOYHUKOB.

Konghaurm unmepecos. ABTOPHI 3asIBJSIOT 00
OTCYTCTBUU KOH(JINKTA UHTEepecoB. [Ipu moAroTOBKe
PYKOIIMICH Y aBTOPOB HE BO3HUKJIO OTHOIIEHUH C
MIPOMBIIIJIEHHBIMA U (DUHAHCOBBIMH OpTraHU3a-
IUSAMH, CIIOCOOHBIX MPUBECTH K KOH(JIMKTY UHTe-
PECOB B CBSI3U C IPEJCTABJIEHHBIM B PYKOIIUCU Ma-
TepruasioM. VIcTOUHUKY (prHAHCUPOBaHUs pabOThl —
COOCTBEHHBIE CPEJICTBA ABTOPOB.

Braao asmopos. A. 10. UepHrKkoB — pa3paboTka
KOHIIEIIUY U Au3aliHa, 000CHOBaHNE U HallMCaHUe
pykonucy; 1. [1. [TossiHcKkuit — cbop, aHAINU3 U UH-
Tepuperanus JaHHLIX; A. B. [IbsgskoB — cHop, aHamn3
u uHTepuperanusa aaHHblx; K. JI. Porenko — npo-
BepKa KPUTUYECKHU BA)KHOTO MHTEJIEKTYaTbHOTO
coflepsKaHUs M OKOHYATEJIbHOE YTBEPIKIEHIE CTaTbU
i myosmukanuu pykomnucy; [1. B. [TangumaoBa —
MIPOBEPKA KPUTUYECKHU BAKHOTO MHTEJIIEKTYAh-
HOTO COIEPIKaHUsI U OKOHYATEJIbHOE YTBEPIKIEHNE
CcTaTbu JJIsI MyOJIMKAINU PYKOTIKCH.

Bce aBTOpHBI COTIACHBI OBITH OTBETCTBEHHBIMU
3a BCe aCHeKThI CBOEH pabOThI.

7. Borisov S.E., Dheda K., Enwerem M., Leyet R.R., D"Ambrosio L., Centis R.
et al. Effectiveness and safety of bedaquiline-containing regimens in
the treatment of MDR- and XDR-TB: a multicentre study. Eur Respir J.
2017; 49 (5): 1700387. doi: 10.1183/13993003.00387-2017.

8. Gao M., Gao J., Xie L., Wu G., Chen W,, Chen Y. et al. Early outcome and
safety of bedaquiline-containing regimens for treatment of MDR- and
XDR-TB in China: a multicentre study. Clin Microbiol Infect. 2021;
27 (4): 597-602. doi: 10.1016/j.cmi.2020.06.004.

9. Yao C, Guo H.,, Li Q., Zhang X., Shang Y., Li T. et al. Prevalence of
extensively drug-resistant tuberculosis in a Chinese multidrug-resistant
TB cohort after redefinition. Antimicrob Resist Infect Control. 2021; 10
(1): 126. doi: 10.1186/s13756-021-00995-8.

10. Mbuagbaw L., Guglielmetti L., Hewison C., Bakare N., Bastard M., Caumes
E. et al. Outcomes of bedaquiline treatment in patients with multidrug-
resistant tuberculosis. Emerg Infect Dis. 2019; 25 (5): 936-943. doi:
10.3201/eid2505.181823.

11. Rahul H.P, Pawara R., Pawara K., Ahmed E, Shirkhedkar A., Suraha S. A
structural insight of bedaquiline for the cardiotoxicity and hepatotoxicity.
Tuberculossis. 2019; 117: 79-84. doi:10.1016/j.tube.2019.06.005.

12. Fox G.J., Menzies D. A review of the evidence for using bedaquiline
(TMC207) to treat multi-drug resistant tuberculosis. Infect. Dis. Ther.
2013; 2 (2): 123-144. doi: 10.1007/s40121-013-0009-3.

13. Moowcoruna I'H., Camotinosa A.I' KapiroTokcuyeckrie cBoricTa pTop-
XUHOJIOHOB U GemakBuiinHa. TyOepkynes u 60s1e3Hu JETKux. 2019; 97
(4): 56-62. doi: https://doi.org/10.21292/2075-1230-2019-97-4-56-62.
[Mozhokina G.N., Samojlova A.G. Kardiotoksicheskie svojstva ftorhinolonov
i bedakvilina. Tuberkulez i Bolezni Legkih. 2019; 97 (4): 56-62. doi:
https://doi.org/10.21292/2075-1230-2019-97-4-56-62. (in Russian)]

14. Ilapnuesa H.H., Abynkacumoe C.II., ITynamos 7K.A., Myxmopoe III.H.,
Atimotcanosa A.Y. TToO0UHbIe HesKeJaTe/IbHbIe sIBIEHUsI [IPY ITIPUMEHEHUN
6e/lakBU/IMHA B pesKuMe jedeHus 60abHbIX ¢ IIIJTY TB. Mosonoit yué-
HbIA. 2018; 10 (1): 31-33. [Parpieva N.N., Abulkasimov S.B, Pulatov

31



15.

16.

17.

18.

Zh.A., Muhtorov Sh.N., Ajtzhanova A.U. Pobochnye nezhelatel'nye
yavleniya pri primenenii bedakvilina v rezhime lecheniya bol'nyh s
SHLU TB. Molodoj uchenyj. 2018; 10 (1): 31-33. (in Russian)]
Moowcokuna I'H., Camoiinosa A.I, 3anzuesa 3.A. HedppoTokcuieckue
CBOWCTBA TPOTUBOTYOEPKY/IESHBIX IpenapaToB. TyOepKy/és u 60s1e3Hn
sérkux. 2019; 97 (10) 9-65. doi: https://doi.org/10.21292/2075-1230-
2019-97-10-59-65. [Mozhokina G.N., Samojlova A.G., Zangieva Z.A. Ne-
frotoksicheskie svojstva protivotuberkuleznyh preparatov. Tuberkulez i
Bolezni Legkih. 2019; 97 (10): 59-65. doi: https://doi.org/10.21292/2075-
1230-2019-97-10-59-65. (in Russian)]

Tuxonoea JLIO., Cokonosea B.B., Tapaciok H.A., Ekumenko A.M. OubIT
NpUMeHeHusl Ipenapara 0eJaKBUJIMH y OOJbHBIX TyOepKyIE30M C
MHOKE€CTBEHHOU JIEKapCTBEHHO# YCTOWYNBOCTHIO BO3OYAUTENsI B
Amypckoit obsractu. Ty6epkynés u 6ose3nn Jaérkux. 2018; 96 (6): 45—
50. doi: https://doi.org/10.21292/2075-1230-2018-96-6-45-50. [ Tihonova
L.YU., Sokolova V.V,, Tarasyuk LA., Ekimenko A.M. Opyt primeneniya
preparata bedakvilin u bol'nyh tuberkulezom s mnozhestvennoj lekar-
stvennoj ustojchivost'yu vozbuditelya v Amurskoj oblasti. Tuberkulez i
Bolezni Legkih. 2018; 96 (6): 45-50. doi: https://doi.org/10.21292/2075-
1230-2018-96-6-45-50. (in Russian)].

Rhee C.K., Yoo K.H., Lee J.H. et al. Clinical characteristics of patients with
tuberculosis-destroyed lung. Int J Tuberc Lung Dis. 2013; 17 (1): 67-75.
doi: 10.5588/ijtld.12.0351.

Allwood B.W,, Byrne A., Meghji J., Rachow A., van der Zalm M.M., Schoch
O.D. Post-tuberculosis lung disease: clinical review of an under-recognised
global. Respiration. 2021; 100 (8): 751-763. doi: 10.1159/000512531.

HNudopmanus 06 aBropax

32

YepHnurkos Anekcandp KOpvesuu— 1. M. H., TOLIEHT Kadeapbl
KJIMHUYEeCKOW UMMYHOJIOTUH, a/1J1eproJioTuu U MTU3NO0-
nynbMoHosorud, PTBOY BO Kypckuii rocygapcTBeHHBIH
MeIUIUHCKUHN yHuBepcuTeT Munsapasa Pd, Kypck, Poc-
cusa. ORCID: 0000-0002-2045-9607. SPIN-kox: 7810-3535. Re-
searcher ID: K-9041-2017

Honanckuil mumputi /Imumpuesuv — CTYeHT 6 Kypca,
PI'BOY BO Kypcruii rocygapCcTBeHHBIA MeIUITUHCKUN YHU-
BepcuteT Munsnapasa PP, Kypck, Poccusa

Jvsikos Anercandp Bacunvesuu— acCUCTEHT Kadeapbl KIu-
HUYECKON MMMYHOJIOTHH, aJ/IJIEPrOJIOTUN U (PTUSUOITYIIb-
moHoJsioruu, I'BOY BO Kypckuii rocygapcTBeHHbIN MeIn-
nuHCKAH yHUBepcuteT Mun3npasa Pd, Kypck, Poccus

Pomenro Kupuan /lenucosuy — opauHarop kadenpbl KJIu-
HUYEeCKONH MMMYHOJIOTUH, aJlJIeproJIoTUM U (PTU3UOITYIIb-
monoJiorun, PI'BOY BO Kypckuii rocynapcTBeHHBIN Meu-
IUHCKUH yHUBepcuTeT Munsapasa P®, Kypck, Poccus

Hangunosa /Jlapes Bsuecniasoena — CTyHIeHTKa 5 Kypca,
$T'BEOY BO Kypckuii rocyapCcTBeHHbIA MEUITMHCKUI YHU-
BepcuteT Munsnpasa PP, Kypck, Poccusa

19.

20.

21.

22.

23.

24.

25.

Sarkar M., Srinivasa A., Madabhavi I, Kumar L.K. Tuberculosis associated
chronic obstructive pulmonary disease. Clin Resp J. 2017; 11 (3): 285-295.
doi: 10.1111/crj.12621.

Khoshnood S., Goudarzi M., Taki E., Darbandi A., Kouhsari E., Heidary
M. Bedaquiline: Current status and future perspectives. ] Glob Antimicrob
Resist. 2021 June; 25: 48-59. d0i:10.1016/j.jgar.2021.02.017.

Lewis J.M., Hine P,Walker J. et al. First experience of effectiveness and
safety of bedaquiline for 18 months within an optimised regimen for
XDR-TB. Eur RespirJ. 2016; 47: 1581-1584. doi: 10.1183/13993003.01980-
2015.

Caminero J.A., Piubello A., Scardigli A. et al. Proposal for a standardised
treatment regimen to manage pre- and extensively drug-resistant tu-
berculosis cases. Eur Respir J. 2017; 50: 1700648. doi: 10.1183/13993003.
00648-2017.

Furin J., Lessem E., Cox V. Recommending prolonged bedaquiline use
for the treatment of highly resistant strains of tuberculosis. Eur Respir J.
2017; 50 (5): 1701552. doi: 10.1183/13993003.01552-2017.

Svensson E.M., Karlsson M.O. Modelling of mycobacterial load reveals be-
daquiline’s exposure-response relationship in patients with drug-resistant
TB. J Antimicrob Chemother. 2017; 72 (12): 3398-3405. doi: 10.1093/
jac/dkx317.

Salinger D.H., Nedelman J.R., Mendel C., Spigelman M., Hermann D.].
Daily dosing for bedaquiline in patients with tuberculosis. Antimicrob
Agents Chemother. 2019; 63 (11): 463-419. doi: 10.1128/AAC.00463-19.

About the authors

Aleksandr Yu. Chernikov— D. Sc. in Medicine, Assistant, De-
partment of Clinical Immunology, Allergology and Phthisio-
pulmonology, Kursk State Medical University, Kursk, Russia.
ORCID ID: 0000-0002-2045-9607. SPIN-kox: 7810-3535. Re-
searcher ID: K-9041-2017

Dmitry D. Polyansky — 6% year student, Kursk State Medical
University, Kursk, Russia

Aleksandr V. Dyakov— Assistant, Department of Clinical Im-
munology, Allergology and Phthisiopulmonology, Kursk State
Medical University, Kursk, Russia

Kirill D. Rotenko— Resident physician, Department of Clinical
Immunology, Allergology and Phthisiopulmonology, Kursk
State Medical University, Kursk, Russia

Darya V. Panfilova — 5" year student, Kursk State Medical
University, Kursk, Russia

AHTUBNOTUKW I XWUMWOTEPATTVISA, 2023, 68; 1-2



https://doi.org/10.37489/0235-2990-2023-68-1-2-33-44 OBb30PbI
0630p/Review

IToTreHnmaabHasA pojib MUKPO- U HAHOIIJIACTUKA
B pacCIipoOCTPaHEeHUH BUPYCOB

|b. I. AHIPIOKOBJ', * H. H. BECEJJHOBA!, T. C. 3AIIOPOJKEILL}, A. A. AIKOBJIEB!,
E. B. MATOCOBA!, C. II. KPBI3RAHOBCKIM?, M. 10. IIEJIKAHOB!34

! H1W snmpemuosioruu u MUKpobuosiorun uM. I. I1. ComoBa, Bradusocmok, Poccus

2 MenunuHckoe o0benunenue [[BO PAH, Baradusocmok, Poccus

4 ®HII 6uopasHooOpa3us HazeMHOI 610ThI Boctounoit Asuu [IBO PAH, Baadueocmos, Poccus

5 HarimoHaJIbHBIN HAayYHBIN IEHTP MOPCKOH 6uosorun uM. A. B. JKupmynckoro IBO PAH, Baadueocmor, Poccus

The Potential Role of Micro- and Nanoplastics
in the Spread of Viruses

IBORIS G. ANDRYUKOV !, *NATALIA N. BESEDNOVA!, TATYANA S. ZAPOROZHETS},
ANATOLY A. YAKOVLEV?, EKATERINA V. MATOSOVA!,
SERGEY P. KRYZHANOVSKY?, MIKHAIL YU. SHCHELKANQV!34

! Scientific Research Institute of Epidemiology and Microbiology named G. P. Somov, Viadivostok, Russia

2 Medical Association of the Far Eastern Branch of the Russian Academy of Sciences, Vladivostok, Russia

3 Federal Scientific Center of the East Asia Terrestrial Biodiversity of the Far Eastern Branch of the Russian Academy of Sciences, Viadi-
vostok, Russia

4 A. V. Zhirmunsky National Scientific Center of Marine Biology of the Far Eastern Branch, Russian Academy of Sciences, Vladivostok,
Russia

Pe3rome

B HacrosIeM 0630pe NpUBeAeHbI MaTepHAJIbI IOC/IEAHHX JIET 0 BO3PACTAIOIIEM BJIMAHHU MHKPO- H HAHOIIJIACTHKA
(MII/HII) Ha pacnpocTpaHeHHe TATOreHHbIX BUPYCOB YeJI0BEKa U JKHBOTHBIX. OCBEIEH BONPOC 0 B3aUMO/EHCTBUH BH-
pycoB c mactucgepoii, 0 posiv 060J109KH BUPYCOB B COXPAHEHHH 3THX MUKPOOPTaHM3MOB Ha MUKPOYAaCTHIIAX B COCTABe
OonomIéHKH. O6CY:KIAI0TCA BOIMPOCHI CHHEPru3Ma aroreHeTH4eckoro aeiicrsus MII/HIT 1 BUPYycOB, HCCJI€0BAHHOTO
Ha pas/IMYHBIX MojeJsX. [IpecTaB/IeHbI MaTepHaJIbI O HeraTHBHOM BJiussHHK MII/HII Ha NPOHHUIIaeMOCTh eCTeCTBEH-
HBIX 6aphepOB OPraHU3Ma, YTO MOKET CO3JaBaTh O/IarONpPHUATHBIE YCJIOBHA JJIA IPOHUKHOBEHHUs BUPYCOB U Pa3BUTHE
MH(DEKIHOHHOTO Ipoliecca. ABTOPbI 00pallialoT BHUMaHUe Ha HE00X0AHUMOCTb PAaCIIHPEHH A MeK AU CIUIIMHAPHBIX HC-
cJIeJOBaHHI B JAaHHOH 00JIaCTH, yYUTBIBasA TOT (baKT, YTO BHPYCHI, HaxoasAwmueca Ha MII/HII, MOryT NOBBIIIATH CBOIO
MH(EKIHOHHOCTh H, BO3MOKHO, (hOpMHPOBATH HOBbIE FTeHOBAPHAHTHI.

Kntouesvle croea: MUKEpONIACMUE; HAHONAACMUEK; 8UPYCbL; NAACMUCHePa; MUKPOUACIULbL; NAN02eHbl; MUKPOOP2a-
HU3MbL; OUONAEHEA

Js nurupoBanus: Anopiokos b. I'., Beceonoea H. H., 3anopodicey, T. C., Akosnes A. A., Mamocoea E. B., Kpviicanosckulii C. I1.,
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mep. 2023; 68: 1-2: 33—-44. https://doi.org/10.37489/0235-2990-2023-68-1-2-33-44.

Abstract

The review presents recent materials about the growing influence of micro- and nanoplastics (MP/NP) on the spread of
pathogenic viruses in humans and animals. The issue of the interaction of viruses with the plastisphere, the role of the
virus envelope in the preservation of these microorganisms on microparticles in the composition of the biofilm has been
elucidated. The issues of synergism of the pathogenetic action of MP/NP and viruses, studied on various models, are dis-
cussed. The article shows the negative effect of MP/NP on the permeability of the body's natural barriers, which can create
favorable conditions for the penetration of viruses and the development of an infectious process. The authors draw atten-
tion to the need to expand interdisciplinary research in this area, given the fact that viruses residing on MP/NP can increase
their infectivity and, possibly, form new genovariants.
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BBenenue

HenpepbIBHOE U € KaXKIbIM THEM YBEIUYNBAIO-
1eecsd IPOU3BOJICTBO CUHTETUYECKUX IIOJIMMEPOB
WJIH TIJTACTUKA Pa3HOOOPA3HOTO XUMUYECKOTO CTPOe-
HUA IPUBOOUT K MaCIHTa6HOMy 3arpsA3HEHNI0 UM U
MIPOAYKTAMU €r0 Pa3JIOsKEHUS OKPY>KAIOIIEH Cpebl,
4YTO IpeJCTaBJsgeT YIpo3y IJid 3J0POBbs YeJIOBeKa
U KUBOTHBIX. B 2014 r. B iporpamme Opranusanuu
O0BbenMHEHHBIX HAIMU O OKPYMKAOIINEN cpeje
(UNEP) 6n110 3apUKCUPOBAHO, YTO 3arpsisHeHUE
IIAaCTUKOM MUPOBOTO OKeaHa SIBJISETCS OTHOU U3
10 OCHOBHBIX 9KOJIOTUYECKUX MTPOOJIEM COBPEMEH-
"octu. [To muenuro L. Sul u M. Labrenz [1], Haauuue
MUKpPOIJIACTUKA U ero IIUPOKOe paclpocTpaHe-
HHMe — MapKep 310X aHTPOIIOIleHa, HOBas eIUHUILIA
BpeMeHH, KOTOpas MOsKeT CTaTh YaCcThIO reosioruye-
CKOM IIKaJIbl BpEMEHU.

Yesi0Be4eCTBO MOKA HE MOYKET CIIPABUTHCS C
OTXOJJaMM IIJIACTUKA, KOJIMYECTBO KOTOPBIX PACTET
C ROKIBIM THEM. /13-3a HEMPaBUIBHOU YTUIN3A-
nuu (67,9% MJIaCTUKOBBIX OTXOOOB B HACTOSIIEE
BpeMs CKUTAIOTCA WJIM 3aKallbIBalOTCA) OHU IIO-
MaJafoT BO BHEIIHIO CPely U B TaJIbHEUIIIeM mpo-
JTYKTBI UX pas3JIosKeHUsI 00HAPYKUBAIOTCA B 00JIb-
IIMX KOJMYeCcTBaX B peKax, 03épax, ajJloBUH,
MOPCKO# BOJle, TOHHBIX OTVIOSKEHUSIX MOPEU 1 OKea-
HOB, TIOYBe, aTMoc(pepHOM Bo3nyxe [2-4]. [Ipo-
JYKThI Pa3JIOYKeHUsI CUHTeTUYEeCKUX IMOJIUMEPOB
MOAYJIMPYIOT pacupejeseHre KUPHbIX KUCJIOT U
¢opmMupoBaHUe PaACIPOCTPAHAIONINXCS B IMPO-
CTPaHCTBE KOHIIEHTPAIIMOHHBIX XUMUYIECKUX BOJIH
B pe3yJIbTaTe MeTareHes3a, 4YTo BJIMAEeT Ha COCTaB U
AKTUBHOCTb MUKPOQJIOPHI M OCT0KHSIET Pa3jIoKe-
HHUE OCTAJIbHBIX OPraHNYeCKUX BeIecTB [5-7].

B Hacros1iee BpeMs y4éHble pa3jIMyHbIX CIIely-
AJIBHOCTEN YIIesIsIoT 0c060e BHUMAHUE TEHCTBUIO MUK-
portactuka (MIT—uyacrunpl ¢ pasmepaMu 1 MKM-5 MM)
n HaHomiactTuka (HII — wactuner ¢ pasmepamu
1-1000 HM) Ha 300POBbE YesI0BEKa 1 YKUBOTHBIX (8, 9].
MII/HII BcTpevaeTcst fa’ke B TAKUX paiioHax 3eMJIH,
Kak ApKTHKa U AHTapKTHKa, [Jie OTCYTCTBYET UX IIPO-
n3BOACTBO. Bcemupnas Oprannsanysa 3apaBooxpaHe-
HUSI TIOKA He CIIEIINT JIeJIaTh KaKue-Jaru00 BBIBOABI O
TOYHO ITOATBEPIKIEHHOM Bpele MUKPOIJIACTUKA, Of-
HaKO IIPU3HAET, YTO ero BJAMsSHUE Ha YeJI0BeKa U YKU-
BOTHBIX €I1I€ CJIUIIIKOM MaJjIo U3y4€HO.

Muxpouactunsl nepsuunoro MII cnenuanbHO
M3TOTABJIUBAIOTCS HEOOJIHIINX PAa3MEPOB C IEJIHI0
JIo0aBJIeHUsI UX B CKPaOBI [JIsI JTUIIA U TeJsa, YUCTSI-
e cpejcrsa u T.0. Bropuunsiiit MIT/HII o6pasy-
eTcsl B pe3yJibraTe (pu3nmdeckoro (moj gefcTBueM
0CaJKOB, HU3KUX U BBICOKUX TemIieparyp, ¥Y®-us-
JIy9eHUsI U Tp.) U OMOJIOTUYECKOTO Pa3pyIIeHus: B
OKpY>KaIoIIel cpefie C TeYeHneM BpeMEeHU KPYITHBIX
IIJIACTUKOBBIX IIpeaMeTos (6, 7, 10, 11].

Mukpo4dacTUILbl C TOKOM BO3/1yXa IOJJHUMAIOTCS
C CYIIU U BOJHBIX IOBEPXHOCTEW U CHOBA C aTMO-
cepHBIMU OCaIKaMU TIOIMAIAI0T HA 3€EMJII0 U B BO-
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noéMel [12]. B pekax ¥ MOpsX MUKPOYACTULIBI I10-
[VIOIIAIOTCS MOPCKUMHU YKMBOTHBIMH, PbI0OaMH, Kpa-
0amu U TIp., a 3aTeM C IUIIEeH, comepsKaIiel THIPo-
OMOHTHI MJIM MOPCKYIO COJIb, OKa3bIBAIOTCA B
KUIIIeYHUKe YyesioBeka [13]. MII/HII nonagator B op-
raHu3M 4eJsioBeKa C BOJOMPOBOTHON M OyTUIUPO-
BaHHOH BO/ION, MOPENPOAYKTaMH, HAIUTKaMHU, MO-
JIOKOM, (ppyKTamu, oBoIamu [14].

MII/HIT o6HapyskUBaIOTCA B KPOBU, MOYe U (pe-
Kanuax Jjoneit [15]. HauboJsee pacnpocTpanés-
HBIMHU KOMIIOHEHTAMHU 3arpsI3HEHUS SABJIAIOTCA 110-
auatuisied (I19) wu moaunponuien (IIIT) [16].
Bospeticreue MII1/HII BbI3bIBaeT 60JIBIITYIO TPEBOTY,
TaK Kak YeJ0BeUYeCKUI OpraHn3M II0CTeleHHO CTa-
HOBUTCS IJIaCTU(UINPOBAaHHBIM. BiepBhie 0 Ha-
KOIJIEHUM IJIACTUKOBBIX BOJIOKOH Y4Y&€HBbIE CO-
obmuaun B 1998 r. B 87% wu3 114 oOpasnos
(KOHTpOJIbHBIE ITpenapaTbl U 06pasIbl 3J0KaYe-
CTBEHHBIX HOBOOOpa30BaHUIT) aBTOPHI O0HAPYKUIU
MII [17]. Mukpo4YacTuIbl HAXOAWUJIU B II€YEHU, Ce-
Jie36HKe U TUM(paTHIecKuX y3Jax OpIOITHOHN MoJI0-
CTH y TAIIUEHTOB C 3HI0NIPOTE3aMM Ta300eIpeHHBIX
U KOJIEHHBIX CyCcTaBOB [18], B mJameHTe 4eJsio-
Beka [19], Tosictom kunieunuke [20]. EskeHeneabHO
4yesJ0BeK MoTpedJisieT mpuMeprHo 5 v MIT/HIT [21].
[Ipu 3TOM B OpraHu3Me MJIaICHIIEB MUKPOILJIACTAKA
3HAYMUTEJbHO 00JIbIIIE, YeM Y B3POCJIbIX [22].

B 1iesioM, nMeloTcs yoenuTeIbHbIE JOKa3aTesIb-
CTBa TOT'0, UTO HaKOIJIeHHe U Bo3aericteue MIT/HII
B TKaHSX 4YeJI0BeKa ABJIAETCS BeCbMa pacIpocTpa-
HEHHBIM sABJIeHHMEM. YacTuUIbl pasMepoM MeHee
100 MKM MOI'YT IIPOHUKAThL Yepe3 KJIETOYHBIE MEM-
OpaHbl, a HAHOYACTHUIIBI padMepoM MeHee 20 MKM MO-
I'yT IepeMeIaThCA B pa3JIMYHble Oprafsl [23].

B nomnosiHeHME K TPSIMBIM TOKCUYECKUM 3 her-
Tam 3arpsisHenrie MI1/HIT u3MeHsieT cBoiicTBa MUK-
poopranusmoB. HecMoTps Ha TO, 4TO Ka)kaast OT-
neabHas yactuna MIT/HII umeeT He3HaYUTEJIbHbIE
pasmepsl, IJI0IAAb €€ I0OBEPXHOCTU JOCTAaTOYHA I
copOIu 6OJBIIOTO KOJTUYECTBA OHaKTEPUAIHHBIX U
BUPYCHBIX YaCTHUL. YYUTBHIBASA TUTAHTCKOE KOJIHYe-
crBo yactury MIT/HIT, nx cyMmmapHasa noBepxHoCTHasA
IJI0IIAIb, KOTOPasi MOKET ObITh MMOKPHITA COPOUPO-
BaHHBIMU MUKPOOPTaHU3MaMH, JOCTUrAET KOJIOC-
caJIbHBIX 3HaueHUnH. [Ipu aTom GakTepun 00pasyioT
Ha MIOBEPXHOCTHU YaCTUI] MUKPOIJIEHKHU, CIIOCO0-
cTByIOIIMe (h)OPMUPOBAHUIO Y MUKPOOPIraHN3MOB
MHO>KECTBEHHOMU JIEKaPCTBEHHON YCTOMYMBOCTH [24]
u 0oJiee BBICOKOUM BUPY/IEHTHOCTH [25], a Y BUDY-
CcOB — 00JIbIIIel YCTOMYNBOCTU BO BHEIIHEN cpejie
U TIOBBIIIIeHNIO MH(PeKIIMOoHHOCTH [26]. [Tox Bo3meii-
CTBHEM TeueHU MUPOBOTo oKeaHa [27] maroreHHbIe
MHKPOOPraHU3Mbl MOTYT OKa3aTbCA B sKU3HECIO-
COOHOM COCTOSIHMHU JlajieKo 3a IpejeslaMU CBOUX
IIPUBBIYHBIX apeaJsioB.

B nepuop nangemun COVID-19, aTHOJIOTUYECKHA
CBSI3aHHOH C KOPOHABUPYCOM TAKEJIOT0 OCTPOTO pec-
nuparopHoro cungpoma 2-ro tumna (SARS-CoV-2 —
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Severe acute respiratory syndrome coronavirus 2) (Ni-
dovirales: Coronaviridae, Betacoronavirus, monpon Sar-
becovirus) (28, 29], mpousorén OecrpereeHTHBIN
POCT IPOM3BOICTBA, HOTPEOIEHNS U YTUIIU3AIIH Pas-
JIMYHBIX CPEJICTB MHAUBUyaIbHOH 3amuTh! (CH3) Ha
OCHOBe IITacTuka [30, 31]. B To ske Bpems, IJIaCTUKO-
BbI€ TIOBEPXHOCTU MOTYT OBITH (haKTOPOM PacCIpo-
CTpaHeHUsI, TIOCKOJIbKY BO30YIUTETb MOKET OCTA-
BaTbCsl CTAOMIBHLIM U KU3HECIIOCOOHBIM Ha
MHOJIUIIPOIIUJIEHE U PYIUX IIJIaCTMAccax — 10 5-9 CyT.
[Ipennonararot, 4To Ha moBepxHOCTHU yacTul MIT/HIT
SARS-CoV-2 MOKeT IIepeHOCUTHCA Ha 3HAaYUTEIbHBIE
paccrossHuA [32].

B paboTte aBTOpBHI MONBITATINCH CHCTEMATU3UPO-
BaTh HEMHOT'OYKCJIEHHbIE Pa3pPO3HEHHbIE CBEIEHUST
0 TIATOTE€HHBIX BUPYCaX — «IIyTeIIeCTBEHHUKAaX» Ha
vyactunax MIT/HIT 1 06 ux moTreHIaJbLHOM SIIuje-
MUYECKOI 3HAYMMOCTH.

ITytn npoaukHoBenyuss MII/HII
B OpraHu3M

Hebombmme padaMepsl 4aCTHUIL TIJIACTHUKA TT03BO-
JIAIOT EMY IOMNaJarb B OPraHusM pasjIudHbIMU IY-
TsaMU. OCHOBHBIM 13 HUX SIBJISIETCSI IEPOPATHLHBIH (C
BOnIoO# u muiiel, 3arpssauénusiMu MIT/HII). Cuu-
TaroT, 4To 10 90% MII/HII ynaasiroTcst BbIIe/INTeIb-
Hoi cucremoit [33]. IIpu atom MII pasmepom GoJiee
150 MKM, BEpPOSITHO, HE A0COPOUPYETCsI, B TO BPEMSI
Kak MIT pasmepom meHee 150 MKM MOSKET IOIIafaTh
13 KUIIEYHUKA B JIUM(]Y 1 KPOBb U OKa3bIBaTh CH-
cTeMHOe Bo3ericTere. [1o mpeAnoaosKeHnuIo YIEHDIX,
TOJIBKO 4aCTUIIbI pasMepoM <20 MkM (mpuMepHoO 0,3%
OT ¥X CyMMapHOT0 KOJIMUeCTBa) MOKET IPOHUKATH B
opraubl, a camas MeJsikas ¢parius (0,1-10 MEM) —
MIPOXOIUTH Yepe3 reMaTosHIedaImnIecKuii bapbep u
wrarenTy. Bsaumoneiictsue MI1/HIT c uMmMyHHO cH-
CTEMOU B psifie CJIy4aeB MOKET MHIYIIMPOBATb UM-
MYHOCYIIPECCHIO/ UIMMYHYIO aKTUBAILUIO U aHOMaJIb-
HbIE BOCHAJIUTEJIbHBIE IIPOLecCHI [34, 35].

Bropoii o sHauenuio myTh nonaganus MI1 B op-
raHU3M — PeCpaTOpHbI — 00YCI0BJIEH BBICOKOH
roHIeHTpanueit MI1/HII B Bo3ayxe, Ha MOPSITOK IIpe-
BBIIIAIOIIEN ero cojepskanne B JPYrux cpenax [36,
37]. B yacTHOCTH, rOpOJCKas MbLJIb, BKIIOYAIONIAsA
MMKPOYACTHULBI CUHTETUYECKOI'0 TEKCTUJIA U Pe3u-
HOBBIX IIIMH TPAHCIIOPTHBIX CPEACTB, 3arpsA3HEHHbBIE
a’9p030JI1 OT OKEaHCKUX U MOPCKUX BOJIH, a TaK)Ke
TepeHOCUMBIE TI0 BO3IyXY YaCTHUIILI, 00Pa3YIOIINECS
npu 06e33apaskKUBAHUU CTOYHBIX BOJ, SIBJISIETCSI KC-
TOYHMKOM OI'POMHOI'0 MacCMBa MUKPOYaCTHLI, IIOCTO-
AHHO BJIbIXa€MbIX 4€JIOBEKOM. I1p11B BHYTpPU IIOME-
[IIEeHUH TaKsKe SBJISIETCS CYIIleCTBEHHBIM UCTOYHUKOM
Bo3neticteuss MII/HII na yesioBeka. B opranusm je-
Tel, Hampumep, €KeJHEBHO IPOHUKAET OKOJIO
17300 Hr/Kr Maccel Tesa noJIMAaTUIeHOBbIX MY [38].

JIérkoe desioBeka MMeET JOBOJILHO OOJIBIIYIO
aJIbBEOJIAPHYIO IOBEPXHOCTH (OKO0JIO 150 M?) 1 OYeHb
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TOHKUH TKAaHEBOU 6aphep, Uepe3 KOTOPHIN B KPOBOTOK
Jlerko npoHukKaioT yactuiisl HIT [39], 06pa3ys 30HBI
«MaToBOI0 CTeKJa». KosmuecTBO Bo10KOH u3 HII B
JIETKHAX BO3pAcCTaeT C yBeJandeHreM Boapacra [37]. B
TKaHSAX OMyXoJiel JIETKUX TaKue MUKPOBOJIOKHA 00-
Hapy>KUBAIOTCS Yallle, YeM B HOpMaJIbHOU TKaH! (B 58
1 46% ciy4aes, COOTBETCTBEHHO). ITpu arom HII-Muk-
POBOJIOKHA, 10 BCell BEPOATHOCTH, BCTPAUBAIOTCS B
TKaHb JIETKUX. ITO 0COOEHHO aKTyaJbHO JJIs1 Pecu-
paTopHBIX 6aKTepuil 1 BUPYyCOB, COPOMPOBAHHBIX Ha
vacturax MI1/HII, koTopble MOTYT CTaThb YCYTYOJISTIO-
IIIMM ITaToreHes (paKTOPOM U CIIOCOOCTBOBATH MHTEH-
cudukauu NHGEKINOHHOTO MpoIlecca.

Jlo HacTosAIIero BpeMeH! HeT JOCTOBEPHbIX 1aH-
HbIX 0 poHuKHOBeHuu MII/HII yepes koyKHbIE 10-
KPOBBI B OpraHusM uejioseka [40]. Bmecre ¢ TeMm, pe-
ayssraThl ucciaenoBanus P. K. Cheung, L. Fok [41]
IIOKa3aJIy, YTo IIJIOTHOCTh MUKPOIIIaPUKOB B CKpabax
JIJ1A muna Bapbeupyercsa or 5219 no 50393 yacrturn B
11, B cpeguem, 20860 yactuil/T. Bo3gelicTBue aToro
MUKPOILIACTUKA Ha KOXKY MOMKET BbI3BATb MUKPO-
TPaBMBbI ¥ OTKPBITH Iy Th JIJIs1 IPOHUKHOBEHUA Oak-
Tepuii, BUPYCOB M CaMUX MUKpodacTull. [Ipukpen-
Jenue noaunsTuiieHoBblx HII kK KeparuHomuTam
crmoco6CcTBOBYEeT 00pa3oBaHUI0 HETKOBON KOPOHBI
BOKPYT 4aCTHUII, YTO MOKET 3allyCTUTH IIPOLECC TN~
nonuTo3a. P M. Gopinath u coaBr. [42] ycTaHOBMWIH,
YTO KaK OJHOKPATHOe, Tak 1 MHOTOKpaTHOe BO31eli-
creue HY npuBOANIIO K OIIOCPELOBAHHOMY OKUCJIN-
TeJbHBIM CTPECCOM MOJABJICHUIO POCTa KEPATUHO-
[IUTOB ¥ THTUOUPOBAHUIO UX MPOJTU(EPALTIH.

MeToab1 MaeHTU(PUKAITUH
MMKPO- 1 HAaHOILJIACTUKA

JlJ1s1 oTrpeiesIeH st XMMUYeCKOU XapaKTepPUCTUKHI
MUKPOIIJIACTHKA B HACTOSIIIIee BpeMsI MCIIOIL3YIOT UH-
¢pakpacHyI0O CHEKTPOMETPHUIO C MPeobpa3oBaHEM
®ypoe (FT-IR) 1 paMaHOBCKYIO CIIEKTPOMETPUIO [43,
44]. TuaponHAMUYECKUH TaMeTp, JUCIEPCHOCTD Ya-
CTHII, JI3eTa-MOTeHIa U 3JIEKTOPO(OPETUIECKYIO
IIOABUKHOCTHh HAHOYACTHUI MOKHO OLI€HUTH C IIOMO-
IIbI0 TUHAMHUYECKOTr0 paccessHus cBeta. O CTPyKType
YaCTUIl IJIACTUKA MOKHO TOJYIYUTh UH(OpMAIIUIO
MIPY IOMOIIIY TITPOJIM3HOU ra30BOM XpoMaTorpaum.
VneHTudurkanuio TpoBOAAT NyTEM CpaBHEHUS CO
CTaHJapPTHBIMU CIIEKTPaAMU WUJIU MUPOTrpaMMaMU I1Jj1a-
ctuka [45]. KomOuHamusi mpoCcBeYnBAIOIIEH 9JIeK-
TPOHHOI MUKPOCKOIINH, CKAaHUPYIOIIEHN 2JIEKTPOHHOMN
MUKPOCKOTIINU C 9HEPTOIVCIIEPCUOHHON PEHTTeHOB-
CKOM CIEKTPOCKOIIHEN MOKET OBITH MCIIOJIh30BaHa
JIJIs1 aHA/IN3a TUCIIePCHOCTH, MOP(MOJIOTUH 1 COCTaBa
HaHo4dacTull (43, 44]. BMecTe ¢ TeM, HeOOXOIMMO J1aJTh-
HeiiIllee COBEPIIIEHCTBOBAHNE METOJIOB [IJIsI OTIPeEie-
JIEHUST XapaKTePUCTUK HAHOYACTHUIl U3 PeaTbHOH, a
He MOJIeJTUPOBAHHON OKPYKAIOIIEN CpeIbl.

MUKpOIIIAaCTUK — MEePEHOCYHK MaTOTE€HOB.
MII/HII paccMarpuBaoT B HaCTOALee BpeM:A KaK HO-
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BBIM ITIepeHOCUYNK ITaTOreHOB Ha OO0JIbIIINe paccTos-
HUS B BOIHOHM U BO3YIIHOM cucTeMax. MUKpoOILIa-
CTUK 00JiagaeT 6oJjiee BBICOKOU ILIABYYECTHIO U
TpaHCIOPTa0eIbHOCTHIO, UYeM APYrHe MUKPOYACTHUIIBI
(HarrpuMep, IpeBEeCUHA, IIECOK U I1P.). B cBA3U ¢ aTUM
MII/HII npencraBiseT 60J1bIIe BOSMOSKHOCTEH 171
pacmpocTpaHeHuA MaTOreHOB Ha 3HaYnTe IbHbIE pac-
CTOAHMNA 1 BOSHUKHOBEHUA BCIIBIIIIEK I/IHq)EKIII/IOH-
HBIX 3a00JIeBaHUN. BOJIBITNI aMTMIEMUYECKUN PUCK
MII/HII o cpaBHEHHIO € YaCTUI[aMU MHOM IPUPOIBI
00yCJIOBJIEH CJIEAYIOMINMU (DAKTOPAMMU:

— MII He mogmaérca merpaganuy U JOJITO CO-
XpaHsIeTCsI BO BHEIIIHEN Cpeie;

— Ogaromaps rugpodobHoit mpupoae MII mo-
SKeT JIETKO aficopOHpoBaTh OpraHNYecKue U Heopra-
HUYeCKHe coelMHeHUs, obecniedynBasi NUTaHue A
HOCHTeJIel BUPYCOB;

— HUu3Kasg mIoTHocTh MII nesaer Mukpoua-
CTHUIIBI O0JIee TOBUKHBIMU B BOJIE, UTO XOPOIIIO 0bec-
IIeynuBaeT 6I/IOHJIéHKy IIMTareJIbHBIMU BeEllleCTBaAMU.

BsauMogeiicTBe MUKPOOPraHU3MOB C 3TUM
IJIaBYYUM U CTOMKHUM CyOCTpPaTOM MOSKET CII0CO0-
CTBOBATh UX BBIDKUBAEMOCTHU U COXPaHEHUTIO I/IHq)eK-
IIMOHHOCTH B OKpYy:Katotiei cpefe [46]. Hampumep,
B IIpecHO Bojie poraBupyc SA1l MOJKeT BBI)KUBATh
Ha MII mo 2 nueit [47]. PoraBupycer (RV — Rotavi-
ruses) (Reovirales: Reoviridae, Rotavirus), Bupyc re-
naruta A (HVA — Hepatovirus A) (Picornavirales: Pi-
cornaviridae, Hepatovirus) u HopoBupycsl (NoV —
Noroviruses) (Picornavirales: Caliciviridae, Norovirus)
B OOJIBIIINX KOJTMYECTBAX BBIJEJIAIOTCA C (heKaJTUuAMU
WH(PUIIMPOBAHHBIX JI0lell U 0OBIYHO OOHAPYKU-
BAalOTCA B HEOYHIIIEHHbBIX CTOYHBIX BOOAX, NJIE€ WUJIN
IMOBEPXHOCTHBIX BOAAX, KyJda ITOCTYIIalOT OUUIII€HHbIE
CcTOKM [48-50]. MHOrH€E peciuparopHble BUPYChI —
oproMukcoBUpYychl (Articulavirales: Orthomyxoviri-
dae), mapamukcoBupycel (Mononegavirales: Para-
myxoviridae), koponasupycs! (Nidovirales: Corona-
viridae) — Toke 0OHAPYKUBAIOTCS B CTOKAX [51, 52].
OCHOBHBIMH MEXaHU3MaMU A[IT€3UU BUPYCOB K aOHO-
TUYECKUM ITIOBEPXHOCTAM SIBJISIOTCA 3J1€eKTPOCTATH -
YyecKre B3auMOJEeNCTBUA U I'MAPOodoOHbBIe CBOH-
crBa [53]. Kak nokasanu V. Moresco ¢ coasrT. [26],
BUPYCBI MOT'YT B3aUMO/IeiCTBOBaTb C MUKPOYACTH-
HaMu B CTOYHBIX UJIN IIOBEPXHOCTHBIX BOOax anbo
HeIoCpe/ICTBEHHO C TOBEPXHOCTHIO IJIACTUKA, JTU00
IIyTEM B3aUMO/IeHICTBUSA C BHEKJIETOYHOH IToJIMMep-
HOU MaTpulieil B OMOIJIEHKE, YTO MOSKET CI0CO0-
CTBOBATh BRJIIOYEHNIO BUPYCHBIX KAlICUTHBIX 0eJIKoB
1M 000JIOUKU BHpyca B COCTaB TaK Ha3bIBaeMOU
mwiactucgepst (I1CP).

B ounIlieHHBIX CTOYHBIX BOJIAX KOHIIEHTPALIWA 11a-
TOTEHHBIX JIJIs1 YeJIOBeKAa 0aKTepUil HIYKe 10 CpaBHe-
HUIO C BXOJAIIMMHU CTOYHBIMM Bogamu [54]. Bupycel
4yeJIoBeKa, 0C0OeHHO 0e3000/104eYHble 3HTEPOBU-
PYyChbI, MEHEE BOCIIPUUMYMBLI K IIpOojeccaM NHAKTH-
Baruu (Y®-o006syuenune, xjiop, 030H) [55]. Takas BbI-
COKasg YCTOMYMBOCTH BHPYCOB Ha OYUCTHBIX

36

COOPY>KEHUIX MOKET CII0COOCTBOBATH UX KOHTAKTY C
KOMITOHEHTaMM OMOIIJIEHKY Ha IJIaCTUKOBBIX IIOBEPX-
HOCTIX [56], KOTOpast ABJIAETCH, BEPOATHO, [JIJaBHbIM
(pakTOpOM CBAI3BIBAHUS BUPYCOB C IIJIACTUKOM [26 .

Ob6pa3oBanue ouomniéHku (IICD)
Ha MII/HII

BonbIIMHCTBO HCC/IefOBaHUM, KacalolUXCs
mtactucdeps! Ha MIT/HII, nocBsaiieHo 6akTepuam
u rpubam. OlHaKo He MeHee BaskHas npoodJieMa —
poab Mukpoiutactuka u IICP B pacnpocrpanenun
IIaTOT€HHBIX BUPYCOB.

Ilo cpaBHEHHUIO CO B3BEILIEHHBIMUA BUPYCHBIMU
4acTUIAaMU, IPUKPEeNUBIINeCd K MUKPOILJIACTUKY
MUKPOOPraHu3MbI BEIXXUBAIOT JOJIBIIIE HA YaCTUIAX,
KOTOpBIe 3alUIal0T UX OT BO3JAeNWCTBUSA XJIOPa,
030HAa U YIBTpadroaeToOBOro udayueHus [59].

UncIeHHOCTh, TAKCOHOMUYECKUH COCTaB U Tre-
HOMHBIE 0COOEHHOCTHU BUPYCOB OBLJIN OIpeIeTeHbI
JJ1d BOOHBIX UICTOYHUKOB PA3/IMYHBIX DETMOHOB: OT
IIPECHOBOJIHBIX PEK /10 MOPCKUX IIyOUH, OT AHTapK-
TuKU 10 CeBepHoro Jlegosuroro okeana [60]. Ox-
HaKO Takas cleluduyeckas HUIIA, KaK IJIACTU-
cepa, HaceséHHasA, Kak y;Ke TOKa3aHo, He TOJIBKO
OakTepusaMH, HO ¥ BUPYCaMH, /10 HaCTOSAIIETo Bpe-
MEHHU IPaKTUYEeCKU He uadydeHa. lccaenoBanue eé
BHUPYCHOI KOHTAaMHUHAIUH TOJbKO HAUNMHAETCS.

R. Li u coaBr. [61] ¢ TOMOIIILI0O METAar€HOMHOTO
CEeKBEHUPOBAHUS 1 OMOMH(OPMAIIMOHHOTO aHAIHN3a
HCCJIeI0BAJIN COCTaB BUPYCHBIX coob1ecTB HAa MIT
U OIIEHUJIN 9KOJIOTUYECKUH PUCK IISATH HanboJiee ya-
CTO UCI0JIb3yEMBIX IlJIacTMacC. 111 9TOr0 B pa3HbIX
MeCTax peKu ObLIW pas3MeIlleHbl CIeluaJabHbIe
YCTPOMCTBA, cofeprKaBIlIe MUKPOYaCTUIIbI U3 pa3-
JIMYHBIX BUJIOB IJIACTUKA: IToJauaTujaeHa (113), moiu-
nponusena (III1), mosmcrupoaa (11C), monuaruiaeHa-
BOJIOKHA (PF) 1 mosmmatniieHoBble BosiokHa (PFP). B
yCTPOMCTBax B cocTaBe IJIacTUCdeEpPHI ObLIN 0OHa-
py>KeHbI pa3dHOOOpa3Hble BUPYCHbIE COOOIIECTBaA.
JIOMIHUPYIOIIUMY TAKCOHAMU Ha YPOBHE CeMeCTBa
OpL TIpencraBuTesn orpsiga Caudovirales — Myo-
viridae, Siphoviridaewn Podoviridae— Ha 10110 KOTO-
PBIX IPUXOAMJIOCH 32,8, 26 1 8,32%, COOTBETCTBEHHO,
OT 00111er0 Ync/Ia Bcex BUpycoB. Ha ocHoBaHMM ITpo-
BeIEHHBIX UCCIIEIOBAHUMI aBTOPHI TOKa3au, uto MIT
AIBJISIETCS] BSKHBIM BEKTOPOM IIPUKPEILJICHUsI U pac-
IIpocTpaHeHus1 BUPycoB. CaMbIM BBICOKUM BHUPYC-
HBIM pa3HO0Opa3ueM U BBICOKUM PHUCKOM /11 OKpY-
SKaloMIed cpenbl W3 MATU UCCaeqoBaHHBIX MIT
XapaKTepu30BaJICa MOJIUIIPonnuIeHoBbIN. CocTaB
BupycHbIX JJHK B I1I1 conocraBrM € TAKOBBIM B MOP-
CKUX ¥ IPECHOBOIHBIX 9Kocucremax. Posib ITII B pac-
MIPOCTPaHEHUU BUPYCOB 3HAUYUTEJIbHA, IOCKOJIBKY
9TO OJMH M3 IIpeo0JsIaaoluX MaTepuasioB, U3 Ko-
TOPOTO0 feJaloT MeAUIIMHCKHAE MacKU U KOTOPBIHI
BeChMa IMPOKO PACHPOCTPaHEH TOBCeMeCTHO. [1pu
nonagaHvy B BOOAYy U O6pa3OBaHI/II/I MUKPO4YaCTUIl OH
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CO3/1aéT MOTEeHNINAJbHYIO BO3MOSKHOCTD 3apaskeHUs
Bupycamy, B ToM 4ucise, SARS-CoV-2, coxpansio-
LieMcs Ha IvtacTuke Macku. I1I1 cunraercs BayKHbIM
00 beKTOM 3acesieHUsI BUPyCaMU B BOAHBIX 9KOCH-
cremax (61, 62].

bakTepun 1 BUPyChI 4aCTO 3aHUMAIOT OTHU U Te
ske HuImu [63]. Ta ske kapTuHa HabOMIOHAETCS U HA
MUKPOYACTHUIIAX [IJIACTUKA, IJIe IPOUCXOAUT B3aNMO-
JleficTBUE MKy STUMU MUKpoopranuamamu. Cylie-
CTBYET [IBa TUIIa B3AUMOIEUCTBUS, HAOJTIONAIOIITHECS
Ipu O0aKTepHaTbHO-BUPYCHBIX 3a00seBaHusAx. [Ips-
Mble B3aUMOJIEHCTBUA CIIOCOOCTBYIOT Pa3BUTHIO BU-
pyca, Ipu 3TOM BUPYC UCHOJb3YET OAKTepUAIHHBIN
KOMIIOHEHT JAJisi oOJierdieHusi NMPOHUKHOBEHUS B
KJIETKY. Henpsimoe (KOCBEHHOE) B3aWMOJIENICTBUE
IIPUBOJUT K YCUJIEHUIO OaKTepHraIbHOIO ITaToreHesa
BCJIE/ICTBHE PAa3BUTHUs BUPYCHON MH(peKInu. JHTe-
POBUPYCHI, HAIIpUMeD, UCI0/IL3YIOT IPSAMOH IyTh, a
pecnuparopHble — KOCBEHHBI.

M-J. Gagne u coasT. [64] ncciaenoBaau CBA3b
MEyKIy KUILIEeYHbIMUA BUPYCAMU (BUPYyCOM rerarura A
U poTaBUpycaMu) U OaKkTepHUaILHBIMU OUOTJIEH-
KaMH, cQOpMUPOBAaHHBIMU Ha Pa3HBIX TOBEPXHO-
CTSIX, B TOM YHCJI€ IIOJINCTUPOJIOBOM, KOHTAKTUPYIO-
VMU C NUMIEBbIMU NPOAYKTAMU. ITHU BUPYChI
SIBJISTIOTCSI OCHOBHOU TPUYUHOM BCIIBITIIEK O0/IE3HEHN
MUIEeBOT0 IPOUCXOKIeHUA. BUpychl He pa3aMHO-
SKAIOTCA B MUINEBBIX IPOJYKTAaX, I09TOMY B IIpoIecce
00paboTKU 1 XpaHEHUsI YPOBEHb 3arpsi3HEHUsI BU-
pycaMu He yBennunBaeTcs. OHaKoO /1719 BOSHUKHO-
BeHUs1 00Jie3HN TpebyeTcss HeOOIbIIasi 103a BUPYC-
HBIX YaCTUI], a KUII€YHbIE€ BUPYCbHI JOCTATOYHO
YCTOWYMBBI K 1e3UH(PUIUPYIONIUM CpeAcTBaM, a
TaKsKe oIlpesesIEHHOe BpeMsl COXpPaHsAI0TCA Ha II0-
BEPXHOCTAX U MOTYT IlepefaBaTbCs MO MUIEBOH
nenu. bakrepua/ibHble OMONIEHKYA MOTYT JJIUTEJIh-
HOe BpeMs COXpPaHAThCA Ha pa3jNYHbBIX IIOBEPXHO-
CTsIX, B TOM YHCJIe Ha IJIaCTUKeE [65] U B psijie ciIy4aes
MOTYT cofiepsKaTh IaToTeHHble OakTepuu: Listeria
monocytogenes, Campylobacter jejuni, Bacillus spp.,
raTroreHHble TaMMBlI E.colin ap. In vivo KullleyHblie
BUPYCHI BCerlla COCYIIEeCTBYIOT ¢ OaKkTepuAaMU. Pan
paboT cBUAETEIHLCTBYET O TOM, UTO NPUCYTCTBUE
ompeesIEHHBIX OaKTepUil B KUIIIEYHOM TPaKTe XO-
3AMHa CIOCOOCTBYET Pa3BUTHIO ITOJIMOBUPYCHOMH, HO-
POBUPYCHOM, poTaBUpycHOM nHdernuii [66-68]. Ho-
pPOBUPYC U pOTaBUPYC 00/1aal0T CIIOCOOHOCTHIO
CBA3BIBATHCA C ONPeeEHHBIMYU ITAMMaMU OaKTe-
puii — E.cloacae, E.coli Nissle 1 HeKOTOPBIMH MOJIOY-
HOKHUCJIBIMU 6akTepuamu — L.rhamnosus, B.bifidum
U JIp., KOTOpble KPpOMe IIPUCYTCTBUA B SKeJTyI0YHO-
KHUIIIeYHOM TpaKTe, MOT'yT 0OHapy>KUBaThCs Ha I1J1a-
CTUKOBBIX IIOBEPXHOCTAX B BUJIE OMONJIEHOK Ha M-
IIeBBIX NPeANpUATUAX (69, 70].

M-]. Gagne u coasT. [64] IOKa3aJiy, 4YTO HAJIUINUE
OHMOIIEHKY Ha IIOJIMCTUPOJIOBBIX TIOBEPXHOCTSAX CIIO-
cOOCTBYeT aJre3uy KUIIEYHbIX BUPYCOB. B mpucyr-
ctBum 6aktepuit Pseudomonas fluorescens, Hanpu-
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Mep, B 7000 pa3 yBeJin4rBaaach CKOPOCThb IIPUKPEII-
JIEHUsI POTABUPYCA K IJIACTUKOBOU MMOBEPXHOCTHU
nocJsie 24-4acoBoil MHKyOauu. YBeJanyeHne uncsa
vactun HVA nabsonanoch B 6MOIIEHKAX, 00paso-
BaHHBIX MOJIOYHOKHUCJIBIMU OakTepusiMu. MeHee
BCero ObLI0 BJMsIHIE OMOIIEHOK HA TPUKPEIIEHNE
HOpOBHUpYyca. B aTuxX sKcrieprMeHTax ObLIT UCII0Ib30-
BaH HE MUKPOILIACTUK, a MOJIMCTUPOJIOBBIE TLJIa-
cTuHKY 18x18 MM. O1HAKO OUOTIJIEHKY 00pa3yIoTcs
Y Ha MUKPOYaCTHUIaX. Ba?KHO TO, YTO aBTOPHI MTOKa-
3471 B3aUMOJIEN CTBYE KUIIIEYHBIX BUPYCOB C DaKTe-
pHaIbHBIMU OMOIVIEHKaMU Ha I1IJITaCTUKOBOY ITOBepX-
HOCTU U yBE€JIMYEHHNE YN CJIa BUPYCHBIX YaCTUIL ITPpU
KOHTaKTe ¢ 0aKTepUsAMHU.

Posib 000/10YKH BUPYCOB
B UX B3aHMO/I€HCTBHH
c iactucgepou

CTabuIbHOCTH BUPYCOB 3aBUCUT OT padMepa U
CTPYKTYpbI BUPYCHOM YaCTHUIIBI, B TOM YHCJIE, OT Ha-
JINYMS UK OTCYTCTBUS 000J104KU. V. Moresco u co-
aBT. [47] yCTAaHOBUJIH, YTO KaK 000JI0UeUHbIE, TAK U
6e3060s104ue4HbIe MOJIe/TbHbIE BUPYCHI (ODaKTepHo-
¢ar u poraBupyc) MOryT npukpenasatbcs K [1CP.
Bes3ob6o/0ueynbie BUPYCHI CBSI3BIBAIOTCS C OMOTIIIEH-
KOH U B TeUEHUE OIPEeIeIEHHOTO BpEMEHHU YCIIEIITHO
BBIJKUBAIOT. IlHAaKTUBAIUsI 060JI09€YHBIX BUPYCOB
(baxkTepuodara) MpPoOUCXOIUT OBICTPEE, YeM, HATIPH-
Mep poTaBHUpyca, He uMeloliero obojaouku. Co Bpe-
MeHeM CTaOMJIbHOCTD NPpUKPENUBIINXCA BUPYCOB
CHUSKaeTCs, IIpU 3TOM OoJiee 3HaUUTEIbHOE CHILKe-
HYe HabJTIOIaeTCsl y BUPYCOB, TOJYYE€HHBIX U3 BOTHON
(¢a3se! 110 cpaBHEHUIO ¢ OMONIEHOYHBIMU. Bupychl,
IIpUKpenuBIInecs K 6nomiénke Ha MII, BcTynaioT
BO B3aMMOJIENCTBUE C DAKTEPUSMU, 0OPAZYIOIIUMH
[1C®. Baumoeiictere 6€3060/109€YHBIX BUPYCOB C
KOMIIOHEHTaM!U KJIETOYHOH CTeHKU OakTepuil (mem-
Tunornmukadami, JIIIC) conpoBosKIaeTcs MOBbIIIE-
HUeM MH(QEKIMOHHOCTU U TepMOCTaOUIBLHOCTH BU-
PHOHOB, KaK 3TO UMeeT MeCTO B CJIyyae HeCKOJIbKUX
TeHOI'PyIIl HOpoBHUpYyca U Bupyca Kokcaku [63].

B pabore V. Moresco uT coaBT. [47] nccienoBaH
IIPOIIECC CBSI3BIBAHUSI U BOCCTAHOBJIEHUSI BUPYCa U3
MUKPOILTACTUKA, KOJIOHU3UPOBAHHOTO OMOTITIEHKOM,
C I1eJIBIO OTIpeieIeHUs POJI 3TOTO B3aUMOeHCTBUA
B 00ecrieyeHNH CTaOUILHOCTH BUPYCa U €T0 PaCIpo-
CTpaHeHHUsI BO BHEIIIHEH cpejie. ABTOPBI HCIOJIB30-
BaJIU B 9KCciepuMeHTax 6e3000s10ueunbIii RV (=80 Hm
B AuaMeTpe) U 000J049eIHbIN OakTeprodar (=85 HM
B nuametpe) Phi6 (Pseudomonas phage Phi6) (Min-
divirales: Cystoviridae, Cystovirus). JIjist olleHKH aj-
re3ny BUPYCOB U M3BJIEYEHUS UX U3 INIEHKH KOJIO-
uusupoBanubsie MII ucciieqoBanu deped 7 nHel
rocJjie HavyaJjia 9KcrepuMeHTa. 113 rpaHys1 MUKpoILIa-
CTHKAa M3BJIEKAJINCH KaK 000/I04eYHBIH, Tak U 6e3-
o6oJ10ueyHbIi BUpYCHI. [1pu aToM nHaKTUBAIUA 060-
JIOYEYHOT'0 BUpYca ObLJIa OTHOCUTEIBHO BBIIIIE, YeEM
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b6e3obosoueunoro. OOHapyKeHNe TeHOMa POTaBU-
pyca Kak B Bojle, TaK U B OMOTJIEHKe OCTaBaI0Ch CTa-
OUIBbHBIM BeCh Mepuof HabmoneHus. Beimenenue
MH(PEKINOHHBIX BUPYCOB U3 KOJOHU3UPOBAHHBIX
TPaHyJI CBUIETEJHLCTBYET 00 OMAaCHOCTH, YTPOSKAIO-
IIeil YeJIOBEKY, TpU MOMalaHu UH(PUITUPOBAHHOTO
IUTACTUKA B JbIXaTeIbHbIE Iy TH UJIU SKEJTYI0YHO-KH-
IIeYHbIN TPaKT. [lomoOHO OakTepusiM, BUPYCHI MHO-
rJla MOTYT 00pa30BBIBATh IIEHKH, OTIMYAIOIIHECST
06b111el yCTOMYMBOCTHIO, YeM CBOOOHbIE BUPYC-
HbIE YaCTUIBI. Tak, 9HTEPOBUPYCHI CBS3BIBAIOTCS C
MII/HII, o6pasys mI8HKY, KOTOpasi yBeJIUIUBaET
IIPOAOJIKUTEJILHOCTD SKU3HU 3TUX ITATOTE€HOB [47].

CuHepruam naToreHeTu4ecKoro
neiicteuss MI1/HII u Bupycos

B sureparype mocaegHUX JeT IMpeCcTaB/IeHo
JIOCTaTOYHO MHOI'O pPe3y/IbTaTOB 9KCIepUMeHTaJb-
HBIX paboT, kacatomuxcs geiictsuss MIT/HII Ha op-
raHbl U CUCTEMBI Pa3/IMYHBIX KUBOTHBIX. OTHAKO
OHHU 3a4acCTyI0 HECOIIOCTAaBUMbI U HOCAT IIPOTUBO-
peduBBIN XapakTep, YTO 00bACHAETCA Pa3HBIMU
YCJIOBUAMU OIIBITOB, PAa3HBIMU MOJIe/IAMU, pa3JIUy-
HBIMHU I10 XUMH4ecKoMy coctaBy MII/HII, nx pas-
MepaMu U J03UpOBKaMU. B psne pabor craenaHbl
MIOIBITKY OIIpe/ieSIUTh 3HaUeHNe MUKPOIJIAaCTUKA
B Pa3BUTUU PA3JIUYHBIX I1aTOJIOIUUYECKHUX IIPOIIec-
COB y JiIofieil. MaTepuaJsioB, KacalomuXcs BIAUSHUA
Ha OpraHU3M MUKPOILJIACTUKA, MH(MUIIMPOBAHHOTO
BUpYyCaMH, HEMHOTO.

Q. Wang u coasr. [71] u C. Gonzalez-Fernandez
u A. Cuesta [72] uccaenoBaJnu, BausiioT o MIT/HII
Ha XapakTep U TeueHNe BUPYCHOH nH(eKInn y opaH-
5KEBO-IISITHIUCTOTO MOPCKOT0 OKYHs (Epinephelus coi-
oides), KOTOPBII IIIMPOKO KYJBTUBHpYyeTcs B KuTae
u crpanax Oro-BocTounoii Asuu. Bosbioit yiep6
AaKBaKYJIBType 3TUX PBI0 HAHOCAT UPUJIOBUPYC CUH-
ranypckoro Mmopckoro okyss (SGIV — Singapore
grouper iridovirus) (Pimascovirales: Iridoviridae, Ra-
navirus) ¥ BUPyC HeKpo3a HEPBHOM TKaHU KPacHOTO
Mopckoro okyHs (RGNNV — Red grouper nervous
necrosis virus) (Mononegavirales: Rhabdoviridae, No-
virhabdovirus). OpranoMm-muiiesbio SGIV siBiisieTcst
ceJie3€HKa, B TKAHU KOTOPOW BUPYC BBI3BIBAET KPO-
BouayusaHusa. RGNNV BbI3bIBaeT peTUHOIIATHIO U 9H-
1edpasionaruio, pa3pymnias, B OCHOBHOM TKaHHU Io-
JIOBHOTO MoO3Ta H 0O0yCJOBJIUBasA TsKEJbIE
cucteMHble HapymieHusi. O6a Bupyca 00yCJIOB-
JIUBAIOT BBICOKYIO CMEPTHOCTH — IIpuMepHO 90%
pbi6 rubHET OT aTux OoJie3Hel. YuéHble, paspaba-
ThIBAIOII[HEe 3Ty IPOOJIeMy, CYUTAIOT, YTO OIIpeesIEH-
HBIH BKJIa/l B yCUJIEHNe IaTOJIOTHYeCKOTo Ipoliecca
BHocut MII/HII, KoTOpBIil B HAacTOsIIIIEE BpEMS 00-
Hapy>KHUBaIOT B OpraHU3Me 3TUX PbIO.

Tak, C. Gonzalez-Fernandez u A. Cuesta [72] B
TeueHUe 24 4 oIBepraIu BO3JeUCTBUIO (DYHKIINO-
HanuanposBaHHbIX [IC-yactur (IIC-NH,; ITC-COOH)
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HIT (1 MKr/MJT) TUHUIO KJIETOK TOJIOBHOTO MO3Ta PHIO
(SAB-1), mocye yero nHGUIIUPOBATU KIETKU BUPY-
coM. B rierkax, oopaborannbix HII, TuTp BUpyca
OB mpuMepPHO B 10 pa3 BhIIIIE, YeM B KOHTPOJIBHBIX
KyJIBTypax. TpaHCKPpUIIUA BOCIIAIUTE/IbHbBIX U IIPO-
TUBOBUPYCHBIX MaPKEPOB B KJIETKAX, [I0BEPIIIINUXCS
JIe¥ICTBUIO MUKPOYACTHI], OblJIa CHUKeHa 10 CpaBHe-
HMIO C KOHTPOJIeM (KJIeTKH, 3apa’kEéHHbIe BUPYCOM
u He obpaboranHble HII). B akcnepumenTax in vivo
pu BHyTpuOpromuHHoM BBegenun HIT u 3apaske-
HUU BUPYCOM IIPOUCXOAUJIO YBEJIUYCHUE PellInKa-
MU BUpyca B opraHuaMe, U HabJI01anach rubesib
pbI10. BocmanuTesbHas ¥ IPOTUBOBUpPYCHASA peakIu
TaKsKe, Kak U in vitro, ObLJIN CHUKEHBI.

Kierku IMHUY CeJIe3EHKU MOJIOHA OPAHKEBOrO
Mopckoro okyHs GS-1 nornomanu I1C-HII npu KoH-
neHTpanuax 5, 50 u 500 Mir/mu [71]. B mosax 50 u
500 mkr/mut HIT okasbiBaIy Ha KJI€TKU TOKCUYECKOe
netictBue. Uepes 12 4 mocse Havajaa BO3AEHUCTBUS
gactul B 1o3e 50 MKr/mia persmmkanusas RGNNV u
SGIV B rnetkax GS-1 yBesmmyuBasiach. BosneiicTeue
HaHOYaCTHUIl yCKOpsI0 pernukanuio SGIV B cesie-
3éake 1 RGNNV B ro/IoBHOM M03Te MOJIOIU PbIO.
Kpowme Toro, netictBue Ha peid HII cHMIKRAMO 9KC-
npeccuio reHoB TLR 1 reHOB, CBSA3aHHBIX C BBIPAbOT-
KOl mHTepdepoHa J0- U MOocjae BUPYCHOU NHBA3UN
in vivo M in vitro, a TakyKe CHIYKAJIO YCTOMYMBOCTh
KJIETOK U TKaHel pbIO K pemnsrMKaluy BUpyca, T. e.
HaHOYaCTUIbI IIOJUCTUPOJIA CHUMKAJIA yCTOfI‘IH-
BOCTb I‘I/I,[[p06I/IOHTOB K IIaTOT'€HHbBIM BUpYyCaM.

Y. Deng u coasr. [73] nccienoBaiu BO3MOKHOE
BiausgHue MII Ha MeTOHOCHBIX MYé€sl. B opranusme
HaCeKOMBIX IIPU MOMOIIIH PaMaHOBCKON CIIEKTpPO-
cronuu 661710 0OHAPYsKEHO YeThIpe Tura MIT, BKJIo-
yas MoJUCTUPOJIL. [Ipu aToM GoJIbIIIOE KOJIMYECTBO
MIT obHapy:kuBajioCh B cpenHel kuike. [Ipucyrt-
CTBHE IIJIaCTHUKA ITIOBLIIIAJI0O BOCIPUUMYNBOCTD Ha-
CEKOMBIX K BUPYCHbBIM HH(l)eKIH/IHM, B 4aCTHOCTH, K
U3pauJIbCKOMY BUPYCYy ocTporo napanunya (IAPV —
Israeli acute paralysis virus) (Picornaviridae: Dicistro-
viridae, Aparavirus), nHpuUIITPpOBaHNE KOTOPHIM ITPHU-
BOJUT K 3HAYUTEJIbHOMY COKPAIEHUIO ITYEeJIUHOIO
post [48]. T'mcTomorndeckuii aHaaIn3 MOKasaJl, 4To Mo-
JINCTUPOJIOBBIE YaCTHUIIb], 0COOEHHO NMeIoIIre pas-
mep 0,5 MKM, TOBPEKIATNA TKAHU CPeTHEN KUIIKI
m4éJ1, 3aTeM MOCTYIAJIM B TeMOJUMQY, Tpaxe u
MaJibIIMTV€Bbl KaHaJIbIIbI. PeSYJIbTaTI:vI 9TOr'o uccJjie-
JAOBaHUA CBUAETEJBCTBYIOT O TOM, YTO HETAaTUBHOE
AHTPOIIOTEHHOE BJIMSIHUE B 9TOU 00J1aCTH MOSKET
NPeACTABJIATE OIIACHOCTD JJIA TYEJI0BOACTBA U A1
OpOU3BOJACTBA MEA, IOCKOJbKY 9TO BEIET K COKpa-
meHuio myéaocemeii. 11, pasymeercsi, IpUCyTCTBHUE
MII/HII B cocTaBe MEna HAIPAMYIO CHUSKAET €ro I10-
TpeOuTe bCKIE CBONCTBA.

Ha mplmmHoOM Momeu MH(MEKINY, BHI3BAHHOU
apTputoreHusiM BupycoM Ynkynrynbsa (CHIKV —
Chikungunya virus) (Martellivirales: Togaviridae, Al-
phavirus), 6pu10 uccaenoBano BiaussHUe MIT Ha Teue-
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HHe apTpuTa [74]. 3aboJieBaHNe CONPOBOIKIAETCS
CUJTBHOM TIpexofsiIieil BupeMuen, nHQEKITMOHHBIM
apTPUTOM U CaMOPaCCACHIBAIOIINMCS OTEKOM CTOIIHI,
C OOIIMPHBIM, IPEUMYIIIECTBEHHO MOHOHYKJ/I€apHbIM
BOCHAJIUTeIbHBIM UH(pUIBTpaToM [75, 76]. ApTpuUT
o0ycJsioBJieH, B oCHOBHOM, T-nmumdonuramu T1 CD4
U, B MeHblei crennenu — NK-kjietkamu [77, 78]. Yno-
Tpebsienre MII c nuTbeBOH BOOH B TeueHUe 8 HeI.
BBI3BIBAJIO JJINTEJIbHOE TeUeHNe apTPUTa y MbIIIei
¢ CHIKV-undexrnueii. B kauectse MII ncrosb3oBanu
rpaHyJibl cepasiekca pasmepom 1 MKM, HarpysKeHHbIe
(paryopecrieHTHBIM KpacuresieM. [lepopanbHas go3a
MUKPOYACTHUIL JJIs MBIIIN, UCIIO/Ib30BaHHAs aBTO-
pamu, OblyIa CpaBHMMA C HUSKHUM IIpefiesioM Ipe/-
rosiaraemoro norpe6sienns MII uesioBekoM. Ycuse-
HUe BOCIIaJIeHUs CyCTaBOB, 110 MHeHuIo D. J. Rawle n
COaBT. [74], cBsA3aHO C BOCHAJIUTEJBHBIMU U3MEHE-
HUAMU B KUIIEYHUKe, BbI3BaHHbIMU MII. KapTtuna
HAIIOMUHAJIA 9HTEPOIIaTHIeCKUH apTpuT [79, 80].

L. Luu coasr. [81], ucioJib3ys B Ka4ueCTBE HOCHU-
TeJIA MOJIUCTUPOJIOBbIN MIT, a B kauecTBe BUPYCHOU
monenun — OGakrepuodar E.coli T4 (Caudovirales:
Myoviridae, Tequatrovirus), moxkasaJu, 4ro Ha MII af-
copbupytotcs 1o 98,6+0,2% mobOaB/IeHHBIX BUPYCOB,
IIpY 3TOM CTelleHb aJcopOIMU 3aBUCUT OT pa3Mepa
YacTUIl ¥ (PyHKIIMOHAJIBHBIX CBOMCTB IOBEPXHOCTH
MHKPOILTACTUKA. ITOT (PAKT OBLI HOATBEPSKIEH UH-
(¢pakpacHoii ciekTpocKomnuel ¢ mpeodbpaszoBaHrEM
®dypbe 1 KOH(POKAITHHON MUKPOCKOIIHEN C (hJIyopec-
IleHTHOH MeTKoM. IlosiucTupos ObLI BEIOpaH aBToO-
pamMu B CBSI3U C T€M, YTO OH HMMeeT IIJIOTHOCTh
1,04-1,11 r/cm® 1 HaXOAUTCA B BOJIE€ BO B3BEILIEHHOM
COCTOSITHUH. AICOPOIIMOHHYIO CIOCOOHOCTH Iija-
CTUKA TMOBbBINIaga 06paboTKa ero yabsTpapuogeToM
(Momesib cTapeHus niactuka). Obpadboranarsie YP
U He ToABepriIrecs Bo3aeicTsuio Y® MII 3nauu-
TeJILHO TIPO/JIeBaIN UH(PEKITMOHHOCTD aIcOPOUPO-
BaHHBIX BUPYCOB Ja’ke MPHU IMOBBIIIEHUN TeMIlepa-
Typbl. OCHOBHBIM MeXaHU3MOM aJIcCOpOIMU BUpyca
OBII0 3JIEKTPOCTATHYECKOE B3aNMO/IeliCTBHE.

MukponjgacTuk CcTabUJIN3UPYyeT CTPYKTYPY
SARS-CoV-2 1 MO3keT ObITh er0 HOCUTEJIEM B BOJIE U
BO3/lyXe, CIOCOOCTBYA MPOHMKHOBEHHUIO B THUIIEBa-
pUTEJIBHBIN TPAaKT U OpTaHbl JbIXaHUA YesOBeKa.
BepKHUBaeMOCTh KOPOHABHpYCa BO BHEIIHEN cpefe
CUMTAIOT OTHOCUTEJILHO BBICOKO [29, 30, 32]. O BO3-
MOSKHOCTH IPOHUKHOBeHUs BUpyca SARS-CoV-2 B
OpraHu3M 4YeJsioBeKa ¢ yyactueM MII cBugeresis-
CTBYIOT uccjenosanus L. E Amato-Lourenco u co-
aBT. [37]. [TocKkOJIbKY OCHOBHBIM CIIOCOOOM Iepeiaun
SARS-CoV-2 siBJisieTcst a9p030JILHbIN, aBTOPHI OIIpe-
neJsiaim konndecrso PHK Bupyca u MII, npucyr-
CTBYIOIIIUX B BO3/yXe, B 00IlleM KOJIMYECTBE B3Be-
HIeHHBIX YacTuil. O0pasIibl Bo3myxa ObIIU COOpPaHBI
B palioHe, pacloJIo)KeHHOM PsAJIOM C OHUM U3 KPYII-
HBIX MEIUIIMHCKUX IIeHTPOB JIaTUHCKON AMepUKHN
BO Bpemsa nangemuu COVID-19. MII uamepsanu Ko-
JIMYECTBEHHO U 1o, (hJIyopeceHTHbIM MUKPOCKO-
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oM. [TosmnMepHBIi cOCTaB OIIpe/IeIsA/INA C TOMOIIBIO
nH(pPaKpPaCHON MUKPOCHEKTPOCKONNHU ¢ mpeodpa-
3oBaHueM Pypre. BupycHyo Harpy3ky uaMepsin
npu noMoinu [P B peasnbHOM BpeMeHu. Pe3ybsrarbl
OKa3a/IMCh BeCbMa MHTEPEeCHBIMU U WH(OPMaTHUB-
HbIMH. [TpoOBI BO3yXa Aaau MOJI0KUTE/IbHBIN pe-
3ysasrar Ha SARS-CoV-2 B 22 13 38 00pasnos, B3ATHIX
C 3 y4aCTKOB MeCTHOCTU. 80% MUKpPOYACTUL] IIPU-
HaJIesKaIn K moauacTtepy. Odiee koaudecTBo MIT
II0Ka3aJI0 MOJIOYKUTEIBHYIO KOPPEeJsIAIUIo C KoJude-
CTBOM IreHOB 000JI0YKHY BUpYCa 1 OTPUIATETbHYI0 —
C TeMIIepaTypol U BJIaYKHOCTHIO BO3/yXa.

B npyrux mcciieJoBaHusIX ObIJIO OIIpe/e/IeHO Co-
nepskanue SARS-CoV-2 B Bo3ayxe B OOTbHUYHBIX
ycaoBusix [82]. O6pasIfpl BO3ryxa COOMpaJH B OTae-
JIEHUSIX THTEeHCUBHOU Tepanuy 1 B 0OIIUX ajIaTax.
Pesysibrarhl HccaenoBaHuA IMOKa3ajau, 4To 35 U
12,5%, COOTBETCTBEHHO, 00PA3I[0B BO3/IyXa OBLIN 3a-
IpsA3HEHBI BUPYCOM, U YTO BO3OyAUTE/b MOSKET IIe-
peMeIaTbCs 110 BO3yXy C MaKCUMaJIbHOU mepesa-
yell Ha paccTosiHMe IIpuMepHO 4 MeTpa OT
ncroyHnka. SARS-CoV-2 B Buze aapo30Jid MOKET
cBs3bIBaThCcA ¢ MII (ero JocTaroyHo MHOI'O B BO3-
JIyXe) U IPOHUKATh B OpTaHbl AbIXaHUs YeJIOBeKa.
[Tosarator, yTo Bupycsel padmentarorca B [ICP Ha mo-
BEPXHOCTU 4YacTUIl [26] 1 MOTYT IIEPEHOCUTHCA C
HUMU Ha OoJiblne paccTtossHus. OTHOIIeHue IJI0-
1[IV IOBEPXHOCTU K 00'bEMY YaCTUI O4eHb BEJIUKO,
YTO JieJiaeT UX XOPOIINMU cCOpOeHTaMu 3arpsA3HAI0-
IIIVX BEIIEeCTB U BUPYCOB [32].

Mertopp! in silico ABJIAIOTCA HOBBIM 3(p(eKTuB-
HBIM IIOAXO0A0M K BBIACHEHHNIO M€XaHN3MOB B3aIMO-
netictBusa Bupycos ¢ MIT/HIT [83, 84]. 3ToT MeTos OKa-
3ajIcAd yAOOHBIM HHCTPYMEHTOM [IJI1 H3y4eHUA
B3auMopelicteusa medxay MIT/HIT u SARS-CoV-2. B
CBSI3U C 3TUM 3HAYNTEJIbHBIN MHTEPEC IIpe/iCTaBIsgeT
pabota E. Zhang 11 coaBT. [85]. ABTOPHI MCITOJIH30BAIN
MOJIEKY/IAPHO-TUHAMUYeCcKoe MOJleJINPOBaHue I
KCCJIEIOBAHUSI MOJIEKYJISIPHBIX B3aUMOJAENCTBUMN
Mexay 5 pasnuuabiMu MII u ¢pparmentamu PHK
SARS-CoV, SARS-CoV-2 u Bupyca renarura B (HBV —
Hepatitis B virus) (Blubervirales: Hepadnaviridae, Or-
thohepadnavirus) B BO3AYIITHOW cpefie, BAKyyMe U B
BojiHOM (pase. Bbl10 ycTaHOBJIEHO, UTO apPUHHOCTD
B3auMoelcTBUA MUKpodacTul ¢ pparmenTom PHK
SARS-CoV-2 6nL1a 60J1€€ CUJIBHOM, YeM B3aUMOJIEN-
CTBHUE C ABYMA IPYrMMH BHPyCaMHU HE3aBHUCHUMO OT
OKpY?KalolIlel cCpe/ibl, TeMIlepaTyphl ¥ TUIIA IIJIACTHKA.
MexaHU3Mbl B3aUMOAEHCTBUA MKy MUKPOYacTH-
namu u pparmenTom PHK SARS-CoV-2 Brioganu
aJIeKTpoCTaThYecKue U ruipodobHbIe MPOIECCH], a
adpuHHOCTH B3aUMOAENCTBUsI Obla CBsi3aHa CO
CTPYKTYPHBIMHU ITapaMeTrpamMu MoHoMepoB MIT.

[ToBrIlienne MHGEKIIMOHHOCTH TICEBIOBUpPYyCa
SARS-CoV-2, agcopOupoBaHHOIO Ha MHKpOILJIa-
CTHKe, COITPOBOYKIAJIOCH YBEJIMUEeHNEM 3KCIIPEeCCUN
T€HOB BOCIIAJIMTEJIbHBIX MapKepPOB: Kacnassbl-3, [L-8
u TNF« [85]. ®parment PHK SARS-CoV-2, umMo0Ou-
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au3oBaHHbIN Ha MII/HII, cTaHOBUTCA TPpUYNHON
NpojJjieHus npucyTcTsusa BupycHoit PHK B okpy-
sKkatoleil cpene. 113BecTHO, UTO 4esI0BEK ITO/IBEpra-
eTcs BO3/eHCTBUI0O MUKPOILJIACTHKA Yepe3 BO3MYX,
U cuabHOe B3anMogetlictsre MIT ¢ reHHBIM MaTepHra-
JoM SARS-CoV-2, no-BUIUMOMY, UT'PAET POJIb B pas-
BUTHU U XapakTepe Tedenuss COVID-19. [lomaganue
KOpOHaBHUpYyca B IJIaCTUC(epy MUKPOYACTHUI] I1J1a-
CTHUKa MOYKHO CUUTATh Ype3BbIUYatHO BayKHBIM IIPO-
IlecCCOM, B 3HAUMTEJbHOU CTeleHN 00yCJI0B/INBAlO-
UM IJI00aJbHYI0 9KOJOTMYECKYyI0 CHUTYyalluIo,
cBsI3aHHYIO ¢c obcemenenneMm MIT/HII.

Yactuns: MIT/HII MoryT nepeMernaTbest 1o BO3-
JIyXy, @ TaKyKe 10 BOJHBIM MarucTpaJsAM Ha 60JIbIIIne
paccTosiHUA U 3apaskarh JIiojiell Ha HOBBIX Teppu-
Topusx. [l1ybokoe nsyueHue aTux nyrei nepemgadyu
MOJKET JaTh OTBET HA BOIIPOC, I0YeMY IIOSBJISIETCA
3a00J1eBaeMOCTh B pernoHax 1 HaceJIEHHBIX ITyHK-
Tax, I7e He ObLI0 UCTOYHUKA 3apakeHust — 00JIb-
HOT'0 4eJIOBEeKa.

BivssHue MUKpPO-

Y HAHOILJIAaCTHKA

Ha pacnmpocTpaHeHHe
ap0oOBUPYCOB

Henb3st He ymOMSIHYTH €Ié ONWH BasKHBIN
acrekT Biaussaust MIT/HII na 3a00J/ieBaeMOCThb BHU-
pycubiMu nH@eKusiMu. Hakonsienue u 3arpsisHe-
Hue MIT/HII moskeT HanpsAMYyIO BJIUATH Ha apOOBU-
PYCHI, Tiepe/laBaeMble KPOBOCOCYIIIUMH KOMapaMu
(Diptera: Culicidae), co3gaBas GsraronpusiTHbIE YCJIO-
BUs )KU3HU HA HEM. Hampumep, Aedes aegypti, nepe-
HOCSIIIIME IIIUPOKUM CIIEKTP apOOBUPYCOB, HAMPU-
mep, CHIKV, nenre (DENV — Dengue virus)
(Amarillovirales: Flaviviridae, Flavivirus), >KE€J1TOH JIx-
xopanku (YFV — Yellow fever virus) (Amarillovirales:
Flaviviridae, Flavivirus), 3amagaoro Humia (WNV —
West Nile virus) (Amarillovirales: Flaviviridae, Flaviv-
irus), 3uka (ZIKV — Zika virus) (Amarillovirales: Fla-
viviridae, Flavivirus), sBis10TCS aHTPOINIO(PUIBHBIMU
Y pa3BUBAIOTCS B CKOIJIEHUSIX MycOpa (IJIAaCTUKOBBIX
KOHTelHepax, IITMHAX, IIJIACTUKOBBIX OYTHLIKAX, Yalll-
Kax U JIPYTUX EMKOCTSIX) U BCTPEYAIOTCS PSIOM C
nomoxoasaicTBamu (48, 86]. ITo nanneiM O. J. Brady
u S. 1. Hay [87], B HacTosIIIee BpeMs OoJiee T0JI0-
BUHBI HaCeJIEHUsI MUpa MOJIBEPKEHBI PUCKY 3apa-
SKEHUsI IEPEeHOCUMbIMU KoMapaMu Aedes BUpycamu,
MTOCKOJIBKY IJIaCTUKOBBIN MyCOP MOJKET BJIUSITh Ha
nepegavy uHQEKIUU. [1JIaCTUKOBBIE OTXOJIbI JiE-
JIAIOT MECTOM OOUTAHUSI CBOUX HEIOJIOBO3PEJIbIX
cTaiui MepeHOCYNKH BUPYCOB SITTOHCKOTO 9HIeda-
sguta (JEV — Japanese encephalitis virus) (Amarillo-
virales: Flaviviridae, Flavivirus), Cuagouc (SINV —
Sindbis virus) (Martellivirales: Togaviridae, Alphavi-
rus), T'era (GTV — Getah virus) (Martellivirales: To-
gaviridae, Alphavirus) u ceporpynibl KaangOopHU-
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ckoro anIedanurta (CEV — California encephalitis
virus) (Bunyavirales: Peribunyaviridae, Orthobunya-
virus): Uaxko (INKV — Inkoo virus), Tarunast (TAHV —
Tahina virus), safima-oesasaka (SHV — Snowshoe hare
virus), Xaraura (KHATV — Khatanga virus) [48, 88].
I1;macTukoBbIe OTXOAbI 1 MI/IKpOHJIaCTI/IK IIOYTHU HE
TOJIJIAF0TCST OMOJIOTUYECKOMY PA3JIOKEHUIO U MOTYT
OCTaBaThCsI BO BHEIITHEN CpeJie ITUTEIbHOE BpeMsI,
CIIOCOOCTBYsI pa3MHOKEHUIO TTIEPEHOCUYUKOB BUPYC-
HBIX 00JIe3Hel U IIepeHoCy UX B JIpyrre PeruoHsl ¢
BOJIOY ¥ IOTOKAaMU BO3[IyXa.

Bimanue MIT/HII

Ha MPOHUIAEMOCTh
e€CTeCTBEHHbBIX 0aphepoB —
BXO/IHBIX BOPOT

IJIsI TATOT€eHHBIX BUPYCOB

CHUKeHUe IIPOHUIIAEMOCTH €CTECTBEHHBIX
6apbepoB opraHmaMa 1 BoclaauTe/IbHBIN IIpoIiecc,
KOTOpBIe CIIOCOOHEI cripoBonmpoBaTh MIT/HII, mo-
T'yT CO3/aBaTh OJIarONpPUATHBIE YCIOBUA JJIS IPO-
HUKHOBEHUA BUPYCOB. B juTepaType LOCTaTOYHO
MHOTO0 paboT, KacaloIuxcs aToro Bompoca. Tax, 1mo-
Ka3aHo, YTO M0NaJasi B pOTOBYIO MOJIOCTh C IUIIe-
BBIMU IPOAYKTaAMU, BO,IIOI>,I U BAbIXa€MbIM BO3yX0M,
MUKPOIIJIACTUK MOKET HAHOCUTb IIOBPEKJCHUSA
KJIeTKaM poToBol mostoctu. S. Caputi u coasT. [89]
NIPOJIEMOHCTPUPOBAJIN TOKCHUYECKOoe JelicTBue
MII/HII pa3nuyHOro pagMepa Ha KyJIBTypy puopo-
6J1aCTOB — OCHOBHBIX KJIETOUHBIX 3JIEMEHTOB 3IIH-
Teaus nécer dyejiopexa [90]. BoamericTBre 4acTuij
MIPUBOJNJIO K CHUSKEHUIO BBIKUBAEMOCTH KJIETOK U
YBEJIUYEHUIO YPOBHA MIPOBOCHAJINUTE/JBHBIX MapKe-
OB, YTO aBTOPHI CBSI3BIBAIOT C pa3BUTHEM B (hUOPO-
6J1acTax OKUCIUTESIBHOTO cTpecca [89].

YHUKaJIbHasA 3alldTHasI CIIOCOOHOCTh rejieo0-
pasHOM C/IM3U, BEICTUIAIOIIEH SKeJTyTOUHO-KUTIIEY -
HBIM TpaKT Ha BCEM NPOTAKEHUH, 00yCJI0BJIeHa, B
YACTHOCTH, BBICOKUM COJIEPIKaHUEM IJIMKOIIPOTEH-
HOB, KOTOpbIE€ HENPEPBIBHO CUHTE3UPYIOTCA OJHO-
KJIETOYHBIMU sKejie3aMi — OOKaJI0BUIHBIMU KJIEeT-
KaMu  (MyKOIIMTaMH) CJM3UCTOH  0OOOJIOUKH
kuevyHuka [91]. OgHako QyHKIIUS ITUX KJIETOK MO-
SKeT OBITH HapyIIeHa MuKpouacTtutiamu MIT/HIT [92].
ITokasaHo, 4TO MPU BO3AEWCTBUU BBEJEHHBIX MbI-
11aM IIepopaJjbHO IIOJMUCTUPOI0BLIX MII nByX pas-
HbIX padmepos (0,5 u 50 MkM B guamerpe, 100 u
1000 MKT B TeuyeHHe 5 HeJ.) CHUKAJIACh CEKpelus
CJIN3U U YPOBEHb TPAHCKPUIITOMA OCHOBHOI'O I'eHa,
CBsI3aHHOTO C 9Kcrpeccueit mynmuna MUCI B ToJI-
CTOM KHIIIeYHUKE TPU IeHCTBUU 000UX 0O6pasIoB
MMKpPOYaCTHL, YTO CBUETEJIbCTBOBAJIO O Hapyllle-
HUU 6apbepHOH (pyHKIINM cIu3nCTON 060/109KHu. OO
YMeHBIIIEHNHU CJI0s MyllnHa 1o, feiictBueM MIT co-
obmraroT Takke Y. Jin u coasnt. [93], H. Sun u co-
aBT. [94]. [ledeKThI cIM3UCTOr0 Oapbepa MOTYT MPH-
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BOAUTDH K IMMOBBIMIEHUIO IDOHUIIAEMOCTU U BOCIIAJIN -
TeJIbHOMY IIpOLieCcCy B KulltedHuke [95]. OnHako gaxxke
€CJIA CIM3UCTBIN CJION HApYIIIeH, 9TO He BCera O3Ha-
YaeT, YTO KUIIEYHUK IPpOHUIlaeM IJIA IMaTOTr€HOB.
JnuTenuaabHble KJIETKUA caMU 00pasyioT (usude-
cKkuii 6apsep, paboraomuii B ooe ctopoHsl. OH 3a-
IIUIIAET OT ITATOTEHOB U B TO sKe BpeMsI He JaéT mpo-
CaunuBATHCA BaKHBIM KOMIIOHEHTaM OpraHu3Ma B
MPOCBET KUITKU. bapbepHas QyHKIUS TOIIEePIKU-
BaeTcs 3a CYET KPENKO CBsI3W KJIETOK, YTO odec-
ImedynuBaeTCcA IIJIOTHBIMYU COeJUHEHUAMU — beskamMu
Z0-1 u okkJroguHOM [96]. Ho 1 3J1eCh BMENIIMBAIOTCS
MUKpoudacTulibl. HIT MoKeT 3HaUNTEJIbHO [I01aBJIATh
9KCIIPECCHIO U Z0-1 ¥ OKKJIIOINHA, YTO TOJTBEPKIA-
eTcs uccienopanusmmu geiictsuss HII pasmepom
100 um B 103e 20 Mkr L. Lu 1 coaBr. [92].

OCHOBHBIMU MeCTaMU 3axXBaTa U epeMelleHust
YACTUII SIBJISTIOTCS TTeHePOBBI OJISIIIKY — JIMM(OUI-
Hasi TKAHb TOHKOTO KUIIIEYHUKA — BTOPUYHBINA Op-
raH UMMYHHOI CUCTEMBI, TPEICTABJISTIONTAHN OHY U3
MMEePBbIX JUHAN 3alIUThI OpraHrn3Ma OT IIPOHUKHO-
BEHUS TATOTEeHOB [97]. dnmTe inii B 00/1aCTU OJIAIIIER
conepyxut 5-10% M-rierok. MII ucoJib3yroT TpaHc-
IUTO3HYIO CIIOCOOHOCTDH 3TUX KJIETOYHBIX 3JIEMEHTOB
JIJIsI TIEpeceveHus SIUTeTNATBLHOT0 6apbepa 1 JaJih-
HEWIIero TpOHNKHOBEHMsI. 3aXxBaYeHHbIE U3 IIPO-
CBeTa KUIIIeYHNKA MUKPOYACTHIIHI, TTOTIaB B 0a3oJia-
TepaJibHbIN «KapMaH» M-KJIeTKH, KOHTaKTUPYIOT C
HaXOJSIIIIUMCSI TTOJT AT TETNATHLHBIM KYII0JIOM TIetie-
pOBOI OJIAIIKY AeHIPUTHBIMHU KJIETKaMH, MaKpo-
¢aramu u moronuramu. CKOIJIEHUST MUKPOILJIA-
CTUKA B 9TOUM 00JIaCTH, €C/IM OH 3aJep>KUBAETCSI, a
HEe Pa3HOCUTCS 110 OPraHU3My, 3HAUYUTEJTHLHO CHU-
sKaeT ypoBeHb UMMYHHOI'O HaJa3opa MeCTHOI'O MM-
MyHUTeTa [35] 1 CO31aéT BO3ZMOYKHOCTDb IIPOHUKHO-
BEHUA B OpraHu3M BUPYCOB.

S.Yang u coasr. [98] mpoeMOHCTPUPOBAJIY I1aTO-
JIOTUYeCKre U3MEHEHUsI B AIIUTEINATbHBIX KJI€TKAX
JIETKUX YeJI0BeKa TOJ TeMCTBUEM MOJIMCTUPOJIOBBIX
HII. ABTOpBI UCHIOJIB30BAJIN B 9KCIIEPUMEHTAX [1Ba
THUIIA IMUTEJINAJTBbHBIX KJIETOK AbIXaTeJIbHBIX HYTeﬁZ
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OpOHXUAIBLHBIN SMTUTE/INI U JIETOYHbIE aTTbBEOJIsIPHBIE
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MoJyieRryasApHbIE MEXaHU3MbI MUKPOOHOM YCTOHYHBOCTH
K Ae3UH(PUIHPYIOLINM CPeACTBaAM

C. H. RKOBAJIbYVK, JI. C. ®EJIOPOBA, *E. H. NJIbMTHA

®BVYH «HayuHO-uCCIe10BaTeIbCKUN MHCTUTYT CUCTEMHOM OMOJIOTUH U MeIUIMHE PocioTpebHuandopa, Mocksa, Poccust

Molecular Mechanisms of Microbial Resistance to Disinfectants

SVETLANA N. KOVALCHUK, LYUDMILA S. FEDOROVA, *ELENA N. ILINA

Scientific Research Institute for Systems Biology and Medicine of Rospotrebnadsor, Moscow, Russia

Pe3rome

PacnipocTpaHeHHe MUKPOOHOI1 yCTOHYMBOCTH K aHTUMHKPOOHBIM Ipernaparam, B TOM YHCJIe Je3HH(MHUIHPYIOLIUM CpeJ-
CTBaM, sIBJIsI€TCSI OXHOM U3 OCTPHIX IP0OJIEM COBPEMEHHOCTH, HECy1IIel 0H0I0rHuecKre H IKOHOMUYECKHUe YIPO3bI AJIs
BCeX CTpaH. 3HaHHe MeXaHW3MOB (DOPMHPOBAHHSI MHKPOOHOH YCTOMYNBOCTH K Je3WH(HULMPYIOIINM CPEeJCTBAM AB-
JisAeTcs1 Heo0X0JUMO¥ HayIHOI 6a30ii 111 MOKCKa myTeii e€ mpeogosienus. HecMoTpsi Ha IIMPOKOeE HCIIOJIb30BaHKE [1€3-
uHUIUPYOIHUX cpeacTB, GopMHPOBaHHEe MHKPOOHOH YCTOMYHBOCTH K HUM H3y4Y€HBI IOPa3[0 MEHBIIE, YeM K
aHTHOMOTHKaM. B HacTos11eM 0630pe ImpecTaBIeHbI JaHHBIE 00 OCHOBHBIX MOJIEKY/ISAPHBIX MEXaHU3MaX MHKPOOHOM
YCTOHYHMBOCTH K Ie3UH(UIMPYIOIINM CPEICTBaM.

Knroueevte croea: baxmepuu; 0esunduyupyrouiiie cpedcmea; yCrmoiuusocniv; Mexanu3mol

Jna purupoBanus: Kosanvuyk C. H., @edoposa JI. C., Hnvuna E. H. MoJieRyIsIpHbIe MEXaHU3Mbl MUKPOOHOH YCTONYHUBOCTH
K Je3uH(pUIMpYIONMM cpeacTBaM. Aumubuomuku u xumuomep. 2023; 68: 1-2: 45-56. https://doi.org/10.37489/0235-2990-
2023-68-1-2-45-56.

Abstract

Dissemination of microbial resistance to biocides, including disinfectants, is one of the acute problem, which poses bio-
logical and economic threats to all countries in the world. Understanding the mechanisms of microbial resistance to dis-
infectants is a necessary scientific basis for searching ways to overcome it. Despite the wide use of disinfectants, developing
bacterial resistance to them has been less studied than to antibiotics. This review presents data on the main molecular

mechanisms of microbial resistance to disinfectants.

Keywords: bacteria; disinfectants; resistance; mechanisms

For citation: Kovalchuk S. N., Fedorova L. S., Ilina E. N. Molecular mechanisms of microbial resistance to disinfectants. Antibiotiki
i Khimioter = Antibiotics and Chemotherapy. 2023; 68: 1-2: 45-56. https://doi.org/10.37489/0235-2990-2023-68-1-2-45-56.

Hesundurnupyioire cpeactna (JIC) mupoko uc-
MIOJIB3YIOTCS /1T HECTIEITU(DIIECKOU TPO(PUTAKTUKHA
nH}EeKIUH B MEIUITNHCKUX YIIPEsKIeHUAX, Ha ITpe/I-
MPUATHSIX 00IIIECTBEHHOT'O MUTAHUSI, TUIIEBOU ITPO-
MBIIIJIEHHOCTH, HAa KOMMYHAJIbHBIX 00bEKTaX, B 00-
pas3oBaTe bHBIX YIpPEsKIEHUAX U B ObITY. OTHAKO Ha-
OsromaeMbli yoke ¢ 1950-x ro1oB (peHOMeH ycToivn-
BOCTH MUKpOOpranuamos K JIC [1] npuBoguT K pes-
KOMY CHUKEHUIO 3(h(PEKTUBHOCTHU Je3NH(pEKITNOH-
HBIX MEPOIIPUATHH.

OcHoBHBIM cBoMCcTBOM JIC ABJISIETCS aHTUMUK-
poOHasi aKTUBHOCTH, KOTOPYIO 00eCIeYynBaroT Xu-
MHUYeCKHe COeIUHEeHUsI, BXOISIINE B UX COCTaB —
neiictBytomue BemectBa (/IB). Hambosee pacmopo-
CTpaHEHHBIMU ABJIAIOTCA 1B 13 IpyNIIbI XJIOPAKTUB-
HBIX COEIMHEHNH, KUCIOPOIAKTUBHBIX COeTMHEHNH,

a TakKe KaTUOHHBIX ITIOBEPXHOCTHO-aKTUBHBIX Be-
II1€CTB — YeTBEPTUYHbIE aMMOHUEBbIE COCTUHECHUS
(HAC), TpeTUYHbBIE aJIKAJIAMUHbI, IPOU3BOJHBIE I'ya-
HUWHA, a TAK)Ke aJIbJeruIbl U CIUPTHI (TadJ1. 1). B
coctas /IC MOTryT BXOAUTB KaK NHAWBUIyaIbHbIE CO-
eIUHEeHNsI, TaK U KoMIJIeKC JIB 1 BcrmoMoraTeJibHbIX
KOMITOHEHTOB. B oT/IHYMM OT aHTUOMOTHUKOB, JJIS
JIC xapakTepHO OTCYTCTBHE CHEeIU(PUIHOCTH K Ka-
KHM-JII0O0 OTpeeIEHHBIM MOJIEKY/IIPHBIM MUIIIEHIM
U BO3[IeHICTBUE HAa HECKOJIBKO KJIETOYHBIX CTPYKTYP,
BKJIIOYAsI KJIETOYHYIO CTEHKY, [IUTOIJIa3MaTUYECKYI0
U Hapy>kHYI0 MeMOpaHsI (cM. Tabu1. 1).

Tak, AIIBAX 1 XTOpreKCUIUH B3aUMOIENCTBYIOT
C OTPUIIATEJIbHO 3aPAKEHHBIMU KOMIIOHEHTaMU KJIe-
TOYHOU CTEHKU I'paMOTpHUIIaTe/IbHbIX OaKTepuii, He-
00paTuMo CBsI3BIBAIOTCA C (pocdosmmnumaamu u HeJ-
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Tabauuya 1.Tpynnsi IC ¥ X MULIIEHH
Table 1. Groups of disinfectants and their targets

I'pynmna JIC Je3unndunupyoniye Beliecrsa Muuienu CcbLIKku

UeTBepTUYHbIE ANKAIIAMETHI0 e H3MTaMMOHMS [IuTomniaamaTuyeckas [2-4]

aMMOHUEBbBIE xyopuj (AIBAX), IeTUATPUMETHIAMMOHHSI ~ MeMOpaHa

COeqUHEHUs xJjtopuf, Terpadenundochormnit

[IpousBogHBIE XJI0precTUauH, [MuToriaamaTuyeckasi MeMOpaHa,

ryaHuuHa [IOJINTeKCAMETU/IeHTYaHUAUH-TUIPOXJIOPUS]  CTPYKTYpPHBIE OeJIKU U (hepMEHTHI,
(III'MI-I'X) JIUIIOIIOJINCAXapUbL

XJIOpaKTHUBHbBIE XJIOpHasA U3BECTh, THIIOXJIOPUATHI KaIbIUA MeMOpaHHBbIEe U IUTOIIJIa3Ma-

COeIMHEeHU s U HAaTPUs, XJIOPAMHUHBI, THYECKUE CTPYKTYPHBIE OEJTKHI
COJTY TUXJIOPU3OIIMAHYPOBOM KUCJ/IOTHI, " (pepMeHTBI
IUXJIOPIAMETUITUIAaHTONH

Kucnopogaktusabsle  Ilepekuch Bogopoa, IepoKCcoruapar MemOpaHHBI€e U IUTOILIa3Ma-

CoeuHeHus (pTopuma kanus, mepooparsl, tuvyeckne 6eaku, JJHK u PHK
niepcynbdarsl, mepdocdarsl, meprkapOOHAThI

CnupThbl OTHUJIOBBIY, N30IIPOIUJIOBBIN Mewmb6paHna, 6eskn, THK u PHK

DeHOJTBI Oprodenumndeno, ITuTomaamarnueckass MeMOpaHa,
opToOeH3uIapaxaopdeHo 6esKu

Anbreruabl dopmanbaeru, IyTapoBbIi Benky KJIEeTOYHON CTeHKU

¥ OpTO(PTAIEBBIN AJTBAETU]T

u HapyskHOl Mem6panbl, PHK u THK

KaMM BHeITHeW M IJIaaMaTU4ecKod MeMOpaH, BBI-
3bIBasI U3MEHEHUS UX CBOUCTB U (DYHKIINH, 32 KOTO-
PBIMHU CJleflyeT IoTeps eJIOCTHOCTU KJIeTKH, 4TO, B
KOHEYHOM HTOTre, IPUBOAUT K yTeUKe OCHOBHBIX
BHYTPUKJIETOYHBIX KOMIIOHEHTOB [2, 3]. CIUPTHL U
¢eHosbI pa3pyuIaloT OMIUTIUAHBIA CJI0H MeMOpaH,
a Takke UHTUOUPYIOT (DepMEeHTHI, Y4acTBYIOIINE B
[JINKOJIN3€e, CHHTEe3€ KUPHBIX KUCJIOT, hochoIunm-
nos, JJHK, PHK, nentugorinkaHna u 0eJIKOB. AJIbie-
ruabl Bo3naelcTyior Ha Oenku, JHK u PHK, B3au-
MOJIeHICTBYS C UX aMUHHBIMH, CYIb(PrUIpUIbHBIMU
Y TUAPOKCUJIBHBIMU I'pymaMu. KuciopogakTHBHbIE
COoeIMHEeHNs CIIOCOOCTBYIOT OKUCIEeHUIO (pocdotn-
MIUJI0B ¥ HYKJIEO3UIOB, THTUOMPOBAHUIO (DEPMEHTOB
1 cuHTe3a 6esIKoB [2-4].

MoJieryisipHbI€ MEXaHU3MbI
MHUKPOOHOH ycTOMUNBOCTH K JIC

YcroitunBocTh OakTepuii k JIC omnpenesnsercs B
OCHOBHOM MX TAKCOHOMUYECKOU TPUHAAJIEIKHOCTHIO
1 XUMUYeCKOU IpUpooii JIB. Pa3imdaror mpupoaHyio,
pUOOPETEHHYIO U (DEHOTUITUYECKYIO YCTOUUYNBOCTD
baxrepuii k [IC. [IpuponHast ycTOHIYUBOCTD SIBJISIETCS
IIOCTOAHHBIM '€eHETYECKI O6yCJIOBJ'IeHHI)IM BHUIOBBIM
npusHakoM OakTepuil. Ilog npuoOpeTéHHON pesu-
CTEHTHOCTBIO IOHUMAIOT CBOHCTBO OTAeJ/IbHBIX IIITaM-
MOB 0aKTepUil COXPaHSATH KMU3HECTIOCOOHOCTH MPU
KoHIleHTpanusix JIC, momaBIsAIuX OCHOBHYIO YacTh
MUKPOOHOU MOMYJISAINN, YTO CBSI3AHO C MOSBJIEHUEM
HOBBIX [JId HUX F'€HETUYECKUX NETEPMUHAHT PE3Un-
CTEHTHOCTH [2]. PeHOoTUNINYEeCKasA UBMEHYNBOCTD HE
3aKpellyieHa TeHeTHYeCKU U CBsI3aHa, B YaCTHOCTH, C
oOpasoBanueM OuOMIEHOK [5]. TakcoHOMUYECKUE
I'PYIIIbI 0aKTEPUI MOTYT CyIIECTBEHHO Pa3InyaThCsA
T10 YPOBHIO YYBCTBUTEJILHOCTH K JIC, KOJTMYECTBEHHBIM
BBIPpa’KEHUEM KOTOPOTI'O ABJAETCA BEJINIMHA MUHU-
MaJTbHOU TIOmaBJIsTIoNIeN KoHrenTparuu (MIIK) [6].
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OCHOBHBIMU MeXaHU3MaMU (POPMUPOBAHUA MUK-
pobHoit peaucrentHocTd K JIC sABsA0TCA: 1) CHU-
SKEHUE UX BHYTPUKJIETOYHON KOHIIEHTPALINH 32 CUET
AKTUBHOTO BBIBEIEHUs M3 KJIETKU (3ddJirokca) u
2) yMeHbIlIeHWe NIPOHUIIAeMOCTH KJIETOYHOH 000-
Jgouku. Takke mpuobpeTeHne pe3ancTeHTHOCTH K J[C
MOSKET OBIThH CBsI3aHO C UX Omomerpaganuei u ycu-
JieHreM o0pa3oBaHUsA OUOMIEHOK [3, 5-7].

Ha renerndeckoM ypoBHE (pOpMUPOBAHUE PEIU-
creaTHOCTU K JIC 00yCJI0BJIeHO MOTUMDUKAIIUAMU
COOCTBEHHOI'0 TeHOMAa 1/ Wi TpruoOpeTeHreM HOBBIX
TEHETUYECKUX NETEPMUHAHT PE3UCTEHTHOCTH. TaK,
BO3/IelicTBHUE Ha OaKTepHUAIbHYIO KJIETKY CyOJ/IeTab-
HBIX KoHIeHTparuii YAC TpUBOIUT K HAPYIIEHUIO
1IeJIOCTHOCTU MeMOpaHbl, OKUCIUTETHLHOMY CTPECCY
u nopeskaenuio JJHK, uTo BbI3bIBaeT B 6akTepuaib-
HOU kJjIeTKe MHAYKIUIO SOS-0TBeTa M aKTUBAIIUIO
TpaHCKpUNIMOHHOTO dakTopa RpoS 1 masoit Heko-
nupyitorieit PHK SdsR, 3amyckaromux mpoieccsI pe-
xoMmbuHaiuy, perapanuu JJTHK u myrarenesa [6, 8].
ITO MOYKET MNPpUBECTU K TEHETUYIECKUM U3MEHEHUAM,
CBSI3aHHBIM C aKTUBAIlNEeN peKoMOWHA3 U, KaK CJe-
CTBUE, C IIEpEMEIIEHNEM BHYTPU r€HOMa MOOMJILHBIX
reHeTUYECKUX 3JIEMEHTOB (IIPO(aroB, MHTErPaTUBHBIX
KOHBIOraTUBHBIX 371eMeHTOB (ICE), MHTerpoHOB, TpaHC-
II030HOB), KOTOPbIe MOT'YT HECTH IETEPMUHAHTHI pe-
3UCTEHTHOCTH [9], @ TaK)Ke K YBEJIMYEHUIO CKOPOCTUA
MyTareHe3a 3a CU&T OIIMOOK peIyINKaly U MHIM0u-
pOBaHUA CUCTEMBI pEllapaniyui HEKOMIIJIEMEHTAPHBIX
HykaeotuaoB [10]. [losiBaeHre MyTaluii B reHax, 00-
yCJIaBJIMBAIOIINX ITpo1iecchl BeiBeneHust [IC 3 6ak-
TepuaJbHOUN KJIETKU (TeHbI 3(h(DIIOKCHBIX HACOCOB U
UX PETyJIATOPOB) U/IU UX IIPOHUKHOBEHUS B KJIETKY
(reHBI MMIOPUHOB U UX PETYJIATOPOB y IpaMOTpPHUIiA-
TeJIbHBIX 0aKTepuil), MOTYT IPUBECTH K (popMupoBa-
uuio peaucteHTHOCTH K /IC [3]. [Ipmobperenue myTém
TOPU30HTAIBLHOTO NepeHoca miasMus 1 ICE, Hecyimx
JIeTepPMUHAHTHI YCTOWUUBOCTH, SIBJISIETCS €I11€ OHUM
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pacrpocTpaHéHHbIM MexaHU3MoM (POPMUPOBAHUA U
pacmpocTpaHeHus MUKPOOHOU Pe3UCTEHTHOCTU KaK
k JIC, Tak u antTnbmotrnkam (7, 9, 11, 12] (puc. 1).

ddParokcHBIE HACOCHI
U UX peryiasanusi

CHIKeHNEe BHYTPUKJIETOYHON KOHIIEHTPALNU
JIC nmocTuraeTtcs 3a CYET ero akTUBHOI'O BbIBEJIEHU S
13 MUKPOOHOU KJIETKU C ITOMOIIBI0 3 (ITIOKCHBIX
HacocoB. AP PJITIOKCHBIE HACOCHI IIPEICTABIISIIOT COO0M
TpaHcMeMOpaHHbIe 0eJIKOBbIe KOMILIEKCHI, KOTOphIe
IIUPOKO PaCIpPOCTpPaHEHbl Yy OaKTepUil U UrpaioT
Ba’KHYIO poJib B X ¢usuoJsioruu (13, 14]. Ha ocHoBe
CTPYKTYPHOTO CXOJICTBAa U 0COOEHHOCTEHN (DyHKITNO-
HUPOBaHUA 3(pPJIIOKCHBIE HACOCHI 00bEeTUHEHHI B
5 cymepcemetictB: 1) RND (Resistance-Nodulation-
Division), 2) SMR (Small Multidrug Resistance),
3) MATE (Multidrug And Toxic compound Extrusion),
4) MFS (Major Facilitator Superfamily), 5) ABC (ATP-
Binding Cassette) (puc. 2).

OB30PbI

dddaokcHbIe Hacockl HancemetictBa RND Hau-
OoJiee 3HAYNMBI B (DOPMHUPOBAHUU PE3UCTEHTHOCTHU
k JIC u anTOmoTnKam [12, 15] 1 BCTpevaroTcsi TOJIBKO
y rpaMoTpHIaTe/IbHBIX 6aKTepuil B CUJIY 0COOEeH-
HOCTeH CTPOeHU UX KJIETOYHOH 000JI09KH, KOTOpas,
B OT/IMYHE OT IPAMIIOJIOKUTETbHBIX OAKTepUii, UMe-
eT HapyKHyl0 MeMOpaHy (cM. puc. 2). /leTaqapHO
U3y4eHHbIM 3(PDIIOKCHBIM HACOCOM cyliepceMeii-
crBa RND y Escherichia coli n npyrux npeicraBu-
Tesiell ceMelicTBa Enterobacteriaceae sBisgetcs
AcrAB-TolC [16-19], KOTOpBIN COCTOUT U3 OesTKka
HapyskHO} MeMOpans! TolC, TpaHciopTHOTO Heska
AcrB, pacmoJsioskeHHOTO BO BHYTpeHHEN MeMOpaHe,
U IlepuIJIa3MaTiyeckoro 6eska AcrA (cM. puc. 2).

dyHKIMOHUpPOBaHUE 3(PGIIOKCHBIX HACOCOB
HaXOJIUTCSI IO CJIOSKHON MHOTOYPOBHEBOM peryssi-
nuey, YTo M03BOJsIeT o0ecneynBaTh aKTUBAIIUIO
adurokca npu Bosneiicteuu JIC. Tak, akcpeccus
reHoB acrAB u tolC s daorcHoro Hacoca AcrAB-
TolCy E.coli perynupyercsi peripeccopom AcrR u us-
IykropoMm MarA [19-22]. Tpauckpunnusa resa acrR

Huayxknus npodaros

1l

IIpHoOpeTeHHEe FeHOB
3¢ QIIOKCHBIX HACOCOB

TOpH30HTAILHBIH NEPeHoC H PeKOMOHHANHS

Huayknus ICE Buoaerpanamus
_
Cy6aeraapHas b
koHuenTpanus YAC AR, g, Tennrte \ P
PexomOHHANHA ~-’*\_a KacceThl ";b 'c?
HHTErpoHa o
<RIRAC) O
¥ @‘De kl VYcuaeHHoe o6pa3oBaHHe
OHOIIEHOK
cr- TpaHCHO3HUHS W O
) 4=2"Y
/ \ MoaupuKanusa KIeTOTHOH
comicndll® Berormas MeMOpaHbI
peITHKANHHA JHK-noxamepasa P
=
T maaas PHK E{
HHrudupoBaHue | l iy
penapanuu o
HeKOMILIeMeHTAPHBIX CBepx3KcOpeccHs
HYKJI€OTHIOB PGtk riaET 3 (P IIOKCHBIX HACOCOB

K m—uonmuep? (é — .

Puc. 1. MojieKyJIsIpHBIE MEXaHU3MEI 0aKTepHaJIbHOH ycToiunBocTH K YAC [6].
Fig. 1. Molecular mechanisms of bacterial resistance to Q.A.C. [7].
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Puc. 2. CTpyKTypHasi OpraHU3aIysi KJIeTOYHOI 000/I0YKY IPaMOTPHIIATETbHBIX OaKkTepHii 1 3(P(PIIOKCHBIX HacocoB [13].
Fig. 2. Structural organization of the cell wall of gram-negative bacteria and efflux pumps [13].

yBeJIMYMBAETCs B YCJIOBUsAX 00I1ero crpecca, B ToM  Klebsiella pneumoniae, Salnonella enterica, Enterobacter
4yucse BbI3BaHHOTO Bo3feiicTBueM JIC u auTuOMO- aerogenes u Enterobacter cloacae roMoJiorom TpaHc-
TUKOB [21]. TpaHCKpUNIIMOHHBIN (pakTOp MarA, a KpuUNIMoHHOTrO hakTopa MarA siBjsieTcs 6esiok RamA
TaK’Ke ero CTPYKTypHbIe roMoJiord SoxS u Rob, mo-  [19, 27]. CxemMaTUYHO PETYIIAIMS T€HOB acrA, acrB n
BBINIAIOT 9KCIIPECCUIO TeHOB acrAB u tolC, uto ipu-  tolC apdiorcuoro Hacoca AcrAB-TolC E.coli mpen-
BOJUT K YBEJMYEHUIO B KJIETKe KOJIMYECTBa 3¢- CcTaBjeHa Ha PUC. 3.

¢urorcHbIx HacocoB AcrAB-TolC u, kak
CJIE[ICTBUE, CIIOCOOCTBYET YCUJIEHUIO
addaokca psga JIC (AIBAX, nune-
OUJITUMETUIaMMOHUN XJI0PH/Ia U KO-
TPUMOKCa30J1a) 1 aHTUOMOTUKOB [20,

23, 24]. IIpu aTOM caMm reH marA Haxo-
JIUTCA TIOJ peryisAiueil co CTOPOHBI
TPAHCKPHIIHOHHBIX pakTopoB MarR M“m Mﬁ’fy = IMocTTpaHCKPHNNHOHHASA
u MarB, koTopsie BMecTe ¢ MarA 06- - e R
- @ =]

pasytor o01uii onepod. s MarA Ge- o ¢
JIOK MarR aBasercsa pemnpeccopow, W i ©IC qap
MarB — akTtuBaropowm [19]. e @ @ n

Hamno AHC OHHOM U I1OCT-

CTTDATICKPHIILIA TpaHCKPHNIHOHHAA IMocTTpaHCAANHOHHASA

TPAHCJISAIITMOHHOM YPOBHSIX (PYHKITNO-
uupoBanne AcrAB-TolC perynupyercst
Geaxom CsrA u mporeasoii Lon. IIpo- Puc. 3. Cxema peryJisiniuy reHoB acrA, acrBu tolCaddiarokcHoro Hacoca
AcrAB-TolC E.coli tpanckpunuuoHHbIMH (pakTopamu MarRAB; mo-
CTTPAHCKPUIIHOHHASA M IOCTTPAHCISUOHHAs peryssanusi AcrAB-TolC
¢ moMourbsIo 0eska CsrA u mporeassl Lon [19].

, Fig. 3. Scheme of regulation of acrA, acrB and t0lC genes of the AcrAB-
3BIBAACH € 5'-KOHIOM TPAHCKPUITA oC efflux pump of E.coli by MarRAB transcription factors; post-tran-
ACrAB, mpuBozuT K ero 6oJiee apder-  scriptional and post-translational regulation of AcrAB-TolC by CsrA protein
TUBHOU TpaHc/AuU [26]. Y 6akTepuil  and Lon protease [19].

Tea3a Lon perynupyer aktuBatop MarA
Iy TEM ero NpoTeoJTUTUYEeCKOH Jierpa-
manuu [25], B To BpeMs Kak CsrA, cBA-
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Bo3HuKHOBeHUE MyTalluii B PeryJIATOPHBIX r'e-
Hax CIIOCOOHBI OKa3bIBATh 3HAYUTETbLHOE BIIMSTHUE
Ha 9KCIPeCcCHUio TeHOB 3(PIIIOKCHBIX HACOCOB W,
CJIe0BaTeJNbHO, HA NX KOJIMYECTBO B 0aKTepUaIb-
HOU KJIeTKe, TeM CaMbIM CIIOCOOCTBYS (pOopMUPO-
BAQHUIO PE3UCTEHTHOCTH Kak K JIC, Tak U K aHTU-
6uorukam. Tak, Obl71 OOHapysKeH psAg MyTalui B
re’ax acrR, marR 1 ramR, KOTOpbIe IPUBOLUIIU K
Cylepakcrpeccuu reHoB acrAB u tolC B rRJieTKax
E.colin K.pneumoniae, 4To IpUBOAUJIO K (DOPMHU-
pOBaHUIO (DEHOTHUIIA MHOKECTBEHHOU JIEKAPCT-
BeHHOH ycTouuBocTH [28-31]. MyTanuu B caMux
reHax Hacoca AcrAB-TolC MoryT BJIMATH Ha ero
CHeHI/Iq)I/ILIHOCTb K XUMHNYE€CKHUM COe€eIJVMHEHUAM N
PE3UCTEHTHOCTh K HUM [32].

Y IpaMIOJIOKUTEJNbHBIX 0aKTepuil IIUPOKO
pacupoctpaHeHbl 3¢ ¢AIOKCHBIE HACOCHI CyIep-
cemeiictBa MFS, u3 KoTOopbIXx HauboJsiee U3y4yeH
NorA u3s Staphylococcus aureus [33, 34]. NorA oGec-
neyuBaeT 3¢pPIIOKC HOTBIIOTO CIIEKTPa OUOIUIOB,
BrJroyass YAC u antubumoruku [11, 34-36]. IToBbI-
mieHHas1 akcrpeccusi NorA, cnocoOcTByroasi ¢pop-
MUPOBAaHUIO PE3UCTEHTHOCTHU, MOYKET BO3HUKATH
6s1aroaps npruoOpeTeHnIo MyTalii B IPOMOTOPHON
obJiacTu reHa norA WU B PEryasATOPHBIX Oekax
MgrA u MepR [36-38].

[TpuoOpeTrenue 3 PIIOKCHBIX HACOCOB MYTEM
TOPU30OHTAIBLHOIO MepeH0Cca TeHOB IMOCPEACTBOM
mtasMu u ICE aBisercs emé oqHUM pacrpocrpa-
HEHHBIM reHeTUYeCKUM MeXaHu3MoM (popMUpoBa-
HUSI U PACIIPOCTPaHEeHUsI MUKPOOHOU pe3uCTeHT-
voctu k JIC [6, 9, 39]. Tak, y S.aureus O6b1;1 0OHaApyKeH
MIUPOKUN CIEKTP 3P PIIOKCHBIX HACOCOB T'PYTIIIBI
gac, KOTopble CIIOCOOCTBYIOT (hbOPMUPOBAHUIO
ycroriunBocTH kK YAC u psy aHTUOMOTHUKOB U Ha-
XOOATCSI B cOcTaBe Ij1asmMup [6, 9, 35, 40]. Kinunu-
YyecKUe N30J/IATHI CTa(PUIOKOKKOB 4acCTO SBJISIOTCSA
HOCHTEJISIMU HECKOJIBKUX IJIA3MUJ], C JeTEPMHUHAH-
TaMU PE3UCTEHTHOCTHU (9, 41, 42]. BLy10 IOKa3aHo,
4TO MyTallu B reé”Hax qac MOryT obecrieynBaTh
pasuYHbIE YPOBHU ycTOHUUBOCTU S.aureus K JIC
u auTubOmoTUKam [43].

Y rpaMmoTpuiiaTeIbHBIX OAKTEPUU ceMelicTBa
Enterobacteriaceae xopo111o nsy4yeHbl 3 hIIOKCHbIE
nacocbl OgxA u OgxB Hanacemeiictea RND, koTopbie
ObLT1 0OHAPY’KEHBI B COCTaBE MJIa3MUJ, U CBEPX-
9KCIIPECCHUsi KOTOPBIX NPHUAAET YCTOHUYUBOCTD K
AJIBAX, nogenuiicynbgaTy HaTPUsI U TPUKJI03aHY,
a Takske psATy aHTUOMOTUKOB [44] (Tabu. 2). Belio
[I0Ka3aHO0, YTO I'eHbI 0GXA ¥ 0gxB N3HAYaJIBHO Ha-
XOJIUJINCH B XxpoMocoMe K. pneumoniae 1 yske T103Ke
MOSIBUJINCH B COCTaBE IJIa3MU/l, IPH 9TOM TPaHC-
Mo3nNUsA 3TUX TEHOB N3 XPOMOCOMEI B IIJIa3MUIbI
criocobHa 6oJ1ee yeM B 80 pa3 yBeJINYUTH YPOBEHbD
arcnpeccuu appirrokcHbIx HacocoB OqxA u OgxB,
YTO CIIOCOOCTBYET ()OPMUPOBAHUIO PEIUCTEHTHO-
ctu K JIC [59]. BeisiBJieHbI aBa Oejika — RarA (ak-
tuBaTop) u OgxR (penpeccop), — KOTOpbIe UTPAIOT
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Ba’KHYIO POJIb B PEryjasAIUU 3KCIPECCUU I'eHOB
0gxAu ogxB [12]. Bely10 TOKa3aHO, YTO BbI3BaHHAA
MyTaIllUsIMH CBEPXIKCIpPecCUsd reHa rarA MOMKeT
IOBBIIIATh YPOBEHDb IKCIIPECCUU I'eHoB 0gxA/B [60].
Taxske ObLIM BBISIBJIEHBI MyTalliM B TeHe pelpec-
copa OgxR, KoTopBbIe IT0JABJISAIN €r0 AKTUBHOCTD,
YTO TaK’Ke IPUBOJIUJIO K CBEPXIKCIIPECCUU T€HOB
0gxA/B [60, 61]. CuuTaeTrcs, 4YTO TOPU30HTAJIbLHBIN
IepeHoc MJaa3Mu/], HeCylux AeTepMHUHAHTHI pe-
3UCTEHTHOCTH 0QXA/B 1 qac, MOKeT IIpeACTaBJIATh
60JIBIIIOM PUCK, CBA3aHHBIN C pa3BUTHEM MHOKe-
CTBEHHOM JIeKapCTBEHHOU ycToitunBocTu (11, 12].

YuuTsiBasi poJib 3 IIIOKCHBIX HACOCOB B (hop-
MUPOBAaHUN MUKPOOHOU peaucTteHTHOCTH K JIC u
QHTUOUOTHUKAM, IPeIIIPUHNUMAIOTCSA ITONBITKY HAUTH
CcoeUHEHWsI, CIIOCOOHBIE NX MHTUOUPOBATH [62—64],
YTO IIO3BOJIUT CHU3UTh MUHHUMAaJIbHBIE II0/IABJIAIONINE
KOHIIEHTpaluy, Heob6XoquMble IJIs 3JIMMUHAIIUN
6aKkTepuaTbHbIX TaTOTEHOB.

ITopuHbI

VaMeHeHMe IPOHUIIAEMOCTH HapyKHOU MeM-
OpaHbl ABJsETCA eIé OJHUM MeXxaHU3MOM pe3u-
creHTHOCTH K JIC rpaMoTpHuIlaTeIbHbIX OaKTepUuil.
Tpaucnopr rugpoduiabHbix JIC BHYTph MUKPOOHOH
KJIETKU OCYIIEeCTBJIsIETCA Yepes KaHaJbl, 00paso-
BaHHBIe 6eJIkaMU ITopuHaMHU (cM. puc. 2). Koaude-
CTBO IIOPUHOB B 0aKTepHaJIbHON KJEeTKe MOYKeT
OBITH JOBOJILHO BBICOKHUM, A0 10° HA KJIETKY [65],
1 KOHTPOJIUPYETCA NYTEM PeryJIAIUY aKCIIPeCCUN
reHOB, KOAMPYIONIUX TIOPUHBI, YTO IPUBOJUT K U3-
MEeHEeHHUIO IPOHUIIAeMOCTH Hapy»KHON MeMOpaHbI
Juis rupoduababix JIC. IIpu yMeHbIIIeHUH KOJTH-
4yecTBa MOPUHOB 3(pdekTuBHOCTH TpaHcnopTa JIC
pEe3KO0 CHMYKAeTCs, YTO NpoABJsieTcsa B GOpMUPO-
BaHUHU YCTOMYMBOCTH K HUM, KaK 3To OBLJIO Ipojie-
MOHCTPHUPOBAHO AJIA MITAMMOB Pseudomonas ae-
ruginosa, E.colin Mycobacterium smegmatis mocJe
BospgerictBusi AIBAX [66-69]. Tak, agantamus E.coli
K AJIBAX npuBeJsia K CHUYKEHUIO IPUCYTCTBUA I10-
punosB OmpA, OmpF u OmpT [66].

Jlna psAga mopuHOB ObljIa oIlpejiesieHa Kpu-
CTajJInuyecKas CTPYKTypa U BBIABJIEH BBICOKO-
KOHCepBaTUBHBIN y4yacTok L3, ompenensiomuil
JuaMeTp IIOPUHOBOIO KaHaJsa u ero 3apsn [70-73].
MyTanuu, BAUAONINE HAa CTPYKTYPY HOPUHOB
U/WIA UX 9KCIPECcCHUIo, OKa3bIBAIOT HeIlocpe-
CTBEHHOE BJIMSIHME Ha BOCHPUMMUYUBOCTHL Oak-
Tepuil K aHTUMUKPOOHBIM ITpenapaTaM. ITHU My-
TaluM MOTYT MMeTh pasJIMuHble IMOCJIeCTBUS,
TaKkHe Kak MoTeps UM YMeHbIlIeHle KOJIn4YecTBa
IIOPUHOB, U3MeHeHNe padMepa UJIN IPOBOIUMO-
CTH MOPUHOBBIX KaHaJOB. BbljI0 MOKa3aHo, 4YTO
MyTanuu B ydacTke L3 mopuna Omp36 us En-
terobacter aerogenes [74, 75], OmpK36 us K.pneu-
monia [76], OmpF u OmpC u3 E.coli [77-80]
BJIMSAIOT Ha TPAHCHOPT aHTUOMOTUKOB U BOCIPH-
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MUMYUBOCTHh K HUM. B pesyibraTe sabopaTopHOM
amanTanuu mramMmmMoB E.coli k [IC ¢ moc/ieqyiomum
II0JTHOT€HOMHBIM CEKBEHHUPOBAHUEM OBLJIN TaKKe
naeHTuPUIUPOBAaHbI MyTauu B 6enkax EnvZ u
OmpR, yyacTByIOIUX B PETyJANUN IKCIPECCUN
nopuHoB OmpF u OmpC, KoTopble CIOCOOCTBO-
Bajau (pOpMHUPOBAHUIO PE3UCTEHTHOCTU K XJIO-
podeny u noBungoH-uonuay [81]. IIpumevaresnnHo,
4TO 9KCIPECCHUsI T€HOB IIOPUHOB HAXOJUTCA I1OJ,

perynAiue Tex ke TPaHCKPUIIITUOHBIX (aKTOPOB
(Mar, RamA, Rob u SoxS), uTo 1 reHbI 9(p hITIOKCHBIX
HAcocoB [82], 1 MyTaruu B HUX MOTYT UHTUOUPO-
BaTh 9KCIIPECCUIO TIOPUHOB U MIPSAMO UJIM KOCBEHHO
BBI3BIBATh CBEPXIKCIIPECCUIO 3 (PJIIOKCHBIX HACO-
coB (83, 84]. Hanuuue y rpaMoTpuIiaTe/IbHBIX OaK-
TepHuil aTUX JBYX MEXaHMU3MOB J[eJ1al0T UX YPEe3BhI-
yallHO YCTOMYMUBBIMU K MIHpPOKoMY cuekTpy JIC u
aHTUOMOTUKOB (CM. TabJI. 2).

Tabauua 2. I arOKCHBIE HACOCHI, CBSI3AHHBIE C TEPEKPECTHOIH ycToiYnBOCTRIO OakTepuii rpynnbl ESKAPE k 1B

M aHTHOMOTHKAM

Table 2. Efflux pumps associated with the cross-resistance of ESKAPE group bacteria to disinfectants and antibiotics

Bupn Adbdarokc- Cynep- YCTOIYHUBOCTD K aHTHMHKPOOHBIM CPEACTBAM CchLIKH
HBIH HACOC CEMEMCTBO /1B AHTHOMOTHKH
I'pammnosioskuTebHBIE
Staphylococcus QacA MFS AJIBAX, [leTpumu, mpolaMUIMHA N3ETUOHAT, [11]
aureus XJIOPTEeKCUTUH JTUaMUHOAN(EeHUTaMUH JUTUIPOXIOPHU]I,
MeHTaMUIWH, akpuQJIaBUH, TEHTAMUINH
QacB MFS AJIBAX, ArpudaaBuH [11]
terpadenundochoHuii,
XJIOPTEKCUIUH
NorA MFS AJTBAX, HopdaokcaryH, 9HOKCAIIH, [11, 36]
teTpadennnpochoHnit  odIOKcaH, HUITPOQIIOKCAIINH,
MeHTaMUIUH, IETPUMU, aKpHUdIaBUH
NorB MES AJIBAX, HopduiokcaruH, sHOKCAIWH, [12, 36]
terpadenundochornii  oduiokcaryH, TUIPodIIOKCaIH,
TTeHTaMU/IUH, TIETPUMHUJI, OPOMU/T
akpudIaBUH, MOKCU(IIOKCATIH,
criapdIOKCAIUH, TeTPATUKINH
MdeA MEFS AJIBAX, Hopdaokcayt, BUPruHUAMUIMH, [26, 125]
TeTpadeHnIpochHoHnl  HOBOOHMOLMH, MyIIUPOLUH, py3nugoBas
KHCJIOTA, JOKCOPYOULIUH,
JayHOpPYyOUIIMH
MepA MATE  AJIBAX, xmoprekcuand,  llumpodokcaiyH, HOpgJIOKCAIH, [11]
teTpadeHnnpochoHnit  MOKCHJIIOKCAIINH, criap(JIOKCALIH,
TUTEeIUKJIVH, IEHTaMUINH, IeTPUMUT,
JIEKBAJTUHUH, akpu(IaBUH
LmrS MES terpadenundochonur, Oxrca3zoJuANHOH, PIOpPHEHNKOT, [11]
TOTENUJICYTB(AT HATPUS TPUMETOIPUM, SPUTPOMHUITVH,
KaHAMUIWH, Py3ug0Bast KUCA0TA
MepA MATE  Terpadenmidocdonnii, TUTETUKINH, TATPOGIOKCALINH, [11]
nerpumun, AIIBAX HOpQJIOKCALINH, MOKCU(DJIOKCAIVH,
criapgJiokcanuH
I'pamoTpunarebHbIe
Klebsiella AcrAB-TolC RND AJIBAX, muaenuiam- XWHOJIOHBI, XJI0paM(EeHnKOI, [31, 45,
pneumoniae MEeTUJIaMMOHUS XJIOPUJ, TeTPaUUuKINHbI-TUTe[[UKJINH, 46]
KO-TPHUMOKCA30J1I MaKpPOJIHIbI, TPUMETOTTPUM
XJIOPTeCTUINH 1 HOBOOMOIIUH
KpnEFO SMR Hopenuiicynbdar Hatpust Lledenum, nedrprakcos, [47]
AJIBAX, xJji0prekcugux KOJIUCTUH, 9PUTPOMUIIUH,
TPUKJIO3aH, pudaMHAIIH, TETPATTUKITH
IIepeKuCh BOJOPOsia ¥ CTPENTOMHUINH
OgxAB RND YAC XnopaMbeHUKOJI 1 (PTOPXUHOJIOHBI [44]
Acinetobacter AdeABC RND JOeNUICYIb(dar HaTPHUsI, AMHUHOITIMKO3UIbI, OeTa-JIaKTaMBbl, 48, 49]
baumannii AJTBAX, XJIOpreKCUANH, xJI0pamM@eHnKOoJI, TeTPAUKIINH,
terpadeHnnpochoHNl  TUTEIUKJINH, TPUMETOIIPUM,
(pTOPXUHOJIOHBI
Adel RND AJTBAX, XmopaM@peHUKO0J, HOBOOUOIIWH, [49, 50]
JIONEeNUICYIb(ar HaTpUsI TeHTAMUIMH, KAHAMUIINH,
HATUIUKCOBAsI KUCJIOTA, TETPAIIUKINH
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Hpodonxcenue maoan. 2.
Continuation of the table 2.

OB30PbI

Bupg Addarokc- Cynep- YCToHYHBOCTS K aHTHMHKPOOHBIM CPEACTBAM CcpLIRH
HBIH HACOC CEMEMCTBO JB AHTHOMOTHKH
AdeT1 RND AJIBAX, XsropaM@peHUKOJI, HOBOOUOIIHH, [51]
AdeT2 teTpadennnipochonn, TeHTaMHUINH, KaHAMUIIAH,
JTOfeIUICYIb(dar HaTpUsA HATUAUKCOBAsI KUCJIOTA,
IUIpOdIOKCAIMH, 9PUTPOMHUIIUH
AbeS SMR AJIBAX, IPUTPOMUIINH, HOBOMUIINH, aMUKAlIUH, [52]
terpadenundocdonunii, UIpodIIoKcaH, HOPPJJIOKCAINH,
JONIEUJICYIb (AT HATPUsI, TETPANUKJINH, TPUMETOTIOPUH
[ETPUMU],
LEeTWITUPUAUHUN XJI0PHUT,
XJIOPTeKCUUH
Escherichia AcrAB-TolC RND AJIBAX, nuerpumug, bera-jiakTambl, TeTpALMKIINH, [12-14,
coli treTpadeHmnIpochoHnii  HOBOOMOUIWH U (PJTYPOXUHOJIOHBI, 53, 54]
(enuro
AcrE/EnvC RND Honmenuicynbdar HaTpusA, AKpHU(IaBUH; HOBOMUIINH [55]
AcrF/EnvD teTpadenunpochoHn,
AJIBAX
M3dfA/Cmr MFS AJTBAX, Pucdamnuiyg, TeTparuKInH, [46, 55]
terpadeHnnpochoHUNl  IYPOMUILIMH, XJI0paM(peHUKOJI,
3PUTPOMHUITIH, HEKOTOPBIE
AMHUHOTJTUKO3UIBI U (PTOPXUHOTOHBI
MdtE/YhiU RND AJIBAX, IPUTPOMULINH, JOKCOPYOHIIVH, [56]
MdtF/YhiV JofenuIcyabdar HaTpusA, HOp@JIOKCAINH, TUIPOQJIOKCAIIIH,
MdtK/YdhE terpadeHnIPochOHNN  IHOKCAIMH, TPUMETOIIPUM,
xj0paMmdeHnKoJ, GochOoMUIIH,
akpudIaBuH
Pseudomonas MexAB-OprM  RND AJIBAX PTOPXUHOJIOHBI, 11e(haIOCTIOPUHBI, [57]
aeruginosa AMUHOIIMKO3U/IbI
PmpM MATE  AJIBAX, AxpudaaBuH, GTOPXUHOIOHBI (58]

terpadernnndochoHuit

[ToMmumo m3MeHeHUU B MpoQue IKCOPeCcCuu
IIOPMHOB, COCTaB JIPYTMX KOMIIOHEHTOB HapysKHOU
MeMOpaHbl rpaMOTpPUIlATeIbHBIX OaKTEPUN MOKET
OBITH CBSI3aH c IpuobpeTeHneM ycroitunboctu K JIC.
Tak, ObLI MOKa3aHO, YTO YCTOWYUBBIE U BOCIIPUNM-
yuBble K YAC 1mrammbl Paeruginosa n E.coli nmenn
pasHbIil cocTaB GOoCGhONUTUIOB, SKUPHBIX KUCIOT U
JUTIONOJIcaxapuaoB [85-89]. Takyke OBII0 BHICKA3aHO
IIpeJIIIoJIo}Ke e, YTo IITaMMbl Pseudomonas MOTyT
amantupoBarbcsa K AJIBAX IyTéM yMeHbILIEHUA OT-
puUIaTeIbHOTO 3apsiia BHeITHell MeMOpaHbI 3a CYET
YBeJINYEeHU 9KCIIPECCUY TeHOB, OTIPEAesIAIONINX CUH-
Te3 OJMAMUHOB, U MoauduUKanuu Junuga A [69].

buoaerpaganyusa

ITpuobpereHre MUKPOOHO!N PE3UCTEHTHOCTU K
JC 3a cuét ux 6uomerpamanum 6610 TOKA3aHO 115
HEKOTOPBIX BUAOB OakTepuil poma Pseudomonas.
Tak, ObLTN BBIIEJIEHBI U30JIATHI Pseudomonas putida
u Pseudomonas nitroreducens, ciocoOHbIe MeTa00-
ausuposarb YAC [90-92]. Bbl1 u3dyyeH MexaHU3M
pacmiennenusi AJIBAX mo numernaamMuaa u 6eH301-
HOU KHUCJIOTHI C 00pa3oBaHUEM B KaUeCTBE IIPOMe-
SKYTOYHOTO MPOJYKTa OEH3WJIIUMETUIaMUHA, KO-
Tophbli B 500 pas3 MeHee TokcuueH, yeM AJIBAX [90,
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91, 93, 94]. bputn nAeHTUGUINPOBAHbI (pepMeHTHI,
y4yacTByoinue B Ouomerpamanuu YAC, Takue Kak
TeTpaferuJITPUMeTHI aMMOHUH GPOMUJT MOHOOKCH -
renasa (TTABMO) us Pputida ATCC 12633 [92], amu-
Hokcugasa C ua Pnitroreducens AOx-BAC [91], oKk-
cureHasa oxyBAC [95], a Tak)ke TUOKCUTeHasa, T -
poJIM3yIOIas apoMaTUyeCcKUe CoeiMHeHus (aromatic
ringhydroxylating dioxygenase), 13 u3oasaToB Pseu-
domonas spp. [90]. IIpu aTOM reHbI aMUHOKCHUIA3 U
IUOKCUTeHa3, KaTAJIN3UPYIOIre TpaHCchOopMaIIuio
OeH3UIIuMeTUIaMIuHA U 0€H30MHOM KUCJIOTHI, CO-
OTBETCTBEHHO [93], MOI'yT HaXOOUTBLCS B COCTaBE
MOOMJIbHBIX TeHETUYECKHX 9JIeMeHTOB [90], UTo CBU-
JIeTeJIbCTBYET O BO3MOKHOCTU UX TOPU30HTAIbHOTO
nepeHoca. Kpome Toro, corjacHo peayasraraMm Me-
TareHOMHBIX MCCIeJOBAHN, Y MUKPOOHOTO CO00IIIe-
CTBAa, B KOTOPOM JIOMUHUPOBAIU BUILI Pseudomonas
spp. u st kotoporo AJIBAX ObLT eJUHCTBEHHBIM
HWCTOYHUKOM YIVIEPOa, ObLiIa BBIsIBJIEHA TIEPETIPE-
CTaBJIEHHOCTb F'€HOB JIerWIporeHas, OKMCIASIIINX
¢dopmanbaeruipl, aabaeruabl, GopMuaThl, aMUHBI
n anuii-KoA, a Tak)ke reHOB MOHOOKCUI€Ha3bl U
IUTpaTIna3bl, KOTOPble TaKKe y4acTBYIOT B Jlerpa-
parun JIC [90, 91]. ITomumo YAC, 6aktepuu ponaa
Pseudomonas cnocoOHBI pacIIensTh (eHos 1 hop-
Masbaerns [96-101]. Tak, 66171 0OHapyKeH IIITaMM

51



Paeruginosa 1ES-Ps-1, crioco6HBIN 3a 56 4 TpaHC-
¢opmupoBars GeHos B KATexos ¢ IOMOIIbIo ¢de-
HOJITUJIPOKCHJIa3bl, KOTOPBIHM 3aTeM paciierIsiaca
KarexoJi-1,2-TMOKCUTeHa30i ¢ 0Opa3oBaHUEM ITHC-
MYKOHOBOU KuCJ0THI [101]. Brlia n3ydyena ouome-
rpaganus popMaabIeruaa 10 MypaBbUHOU KUCIOTHI
¥ MEeTaHoJIa MITaMMOM Pputida, Tpomynupyonmm
¢epment dhopmanbaerus aucmyTasy [97]. bBuorpasc-
dopmanust popMaIbIeruga ¢ TOMOIIbI0 (hopMab-
Ieruj neruaporeHas Obljaa mokasaHa Jjisi Pputida
u E.coli [102, 103]. MukpoOHas yCTOHYUBOCTSD K T1e-
peKucHu Bofopoja o0ycaoBJIeHa eé paciienyieHneM
IIMPOKUM CIIEKTPOM Karasia3 [104]. IIpunumasn Bo
BHUMaHUe poJib Ouonerpanannu JIC B ¢popmuposa-
HUM OaKTepUAMHU YCTOMYUBOCTHU K HUM, IIPeJCTaB-
JIsIeTCsI HeOOXOIUMBIM IIPOBEAEHNE MOJIEKYISIPHO-
reHETUYECKOr0 MOHUTOPHUHTA IITAMMOB, 00J1a1a0-
X COOTBETCTBYIOIITUMU (bepMeHTaMI/I, M IIONCK HUX
UHTUOUTOPOB.

O6pa3oBaHue OMOMJIEHOK

YcTo#unBOCTh MUKpOOpranuamos k JIC yacto
CBsI3aHa C CIIOCOOHOCTHIO OaKkTepuii 00pa30BHIBATH
OMOTIIEHKH, TIPECTABJSAOININE COO0M TpUKpeI-
JIEHHBIE K IOBEPXHOCTSIM COO0IIIECTBA MUKPOOPTa-
HHU3MOB, 3aKJIIDUYEHHBIE B CHHTeSHpOBaHHbeI nMn
9K30II0JIMMEPHBII MaTPUKC, COCTaB KOTOPOTO pas-
JINYEH y OaKTepUil pa3HbIX TAKCOHOMUYECKHX IPYIIIT
[105, 106]. PeHOTHIIHI DAKTEPUATBHBIX KJIETOK B
cocraBe OMOIUIEHKU OTJIMYAIOTCA OT (DEHOTUIIOB
UX IJIAHKTOHHBIX (POPM, B TOM UYHCJIe, ITOBBIIIIEHHOH
ycroiiunBocThio K JIC u aatubuotrukam [5, 107,
108]. BosneiictBue JIC MoKeT ycuamBarh 06paso-
BaHUe OakTepuaMu OuomniaéHok [109-111]. Tak,
OBLJIO NTOKA3aHo, YTO IITaMMBbI 6akTepuil E.coli u
Listeria monocytogenes, ycroiuubbie K AJIBAX,
o0J1afaan TMOBBIIIEHHON CIIOCOOHOCTHIO K 006pa-
30BaHMnI0 OMOILJIEHOK [110, 112]. C moMoOIIbIo CKa-
HUpYIOIIeN 3JIeKTPOHHOM MUKPOCKOIIUY ObLJIO 10~
KasaHo, YTO BO3/IeficTBHe HAa OakTepun Raeruginosa
u E.coli cybisetanbabix KoHIIeHTpauuii AJIBAX B
TeyeHue 5 mHeN mpuBeso K o0pasoBaHUIO OWO-
MIJIEHOK OOJIBIIIEel TOJMINHBI, COAepsKaIux 00b-
Iee KOJIMYECTBO IOJIMCAaXapuJ0B U OeJIKOB IO
cpaBHeHUIO ¢ KOHTpoJeM [111]. Takske Bo3melicTBre
AJIBAX cTuMmynupoBaJjio oOpa3oBaHue OMOIIJIEHOK
y Staphylococcus epidermidis CIP53124 [113].

dopmupoBanue OGUOMJIEHOK UHIYIUPYETCS
CUTHAJIAaMU OKPY’KAIOIIeN cpeabl 1 KOHTPOJIUPY-
eTcsl Ha TeHETHYECKOM ypoBHe. [Ipu aToM name-
HseTcs aKcnpeccus okoJo 40% OakTepHa/IbHBIX
reHOB, YYaCTBYIOIIUX B IIpoIlleccax MeMOpaHHOI0
TPaHCIIOPTa, CEKpel Ny, CHHTe3a KOMIOHEHTOB
KRJIETOYHOHU 0060J10uKkHU ((hochOJUTUI0B, TOJTUCA-
Xapu0B, JIUIIOMIOJINCAXapUI0B U IP.), PEryaalun
TpaHcKpunmuu u np. [114]. Tak, y 6akrepuii poga
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Salmonella spp. o6pa3doBanre OUOMJIEHKN KOHT-
POJIUPYETCS PEryJaATOPHBIMU reHaMu csgDh, csgA,
adrA u bcsA, KOTOpble HAIPSIMYIO UJIN OTIOCPETO-
BaHHO KOHTPOJIMPYIOT cCHHTe3 (GUMOpUil U I1es-
JII0J103bI [115-119]. bbL/10 TOKAa3aHO, YTO IKCIIPEC-
cusA re’HoB hrcAu dnaK TenyioBoro moka kJsacca I,
KOHTPOJIMPYIOIIUX CHHTe3 U (OpMUPOBaHUE TPe-
TUYHOHM CTPYKTYpPHI O0€eJIKOB y 6aKkTepuil, a Takke
reHa curma-¢gaxkropa crpeccoBoro orsera SigB,
ycuanBaeT oOpa3oBaHue OMOMJIEHOK IIITAMMaMU
L.monocytogenes u Streptococcus mutans 1 CIo-
cobcTByeT ycTottunBocTH K JIC [120-122].
KitoueBbIMU perysnATopamMu (popMHUPOBaHUSA
OMOIIEHKU SIBJIsIETCA CHCTEMa KBOPYM-CEHCHHTa
(quorum sensing — QS) U CUrHAJbHBIE IYTH C y4a-
ctueM Ouc-(3'-5')-MUKINYECKOTO JUMEPHOTO Tya-
Ho3uHMOHO(ocdara (c-di-GMP) [123]. QS obec-
revynBaeT MesKKJIeTOYHble KOMMYHHUKanuu y 6ak-
TepPUH U MOYKET KOHTPOJIMPOBATH 10 10% GakTepu-
aJIbHBIX T€HOB, YYaCTBYIOIINX B PETYJIMPOBAHUH I10-
BeJleHNsI OaKTEPUATHHOU OIYJISINY, BRJIIOYasi 00-
pasoBaHue OMOIIEHKHU, CeKpelnio (paKkTOpPOB BU-
PYJIEHTHOCTH M (POpPMUPOBaHHE YCTOWUYUBOCTU K
aHTUOaKTepUaIbHBIM cpejicTBaM [124]. CurHanbHas
movtekyia c-di-GMP yuacTByeT B pery/siiiuy CUHTe3a
9K30I10JIMCaXapyu0B, aJre3anHOB, CEKpeIuu BHe-
kietrouHoit IHK, a Takske KOHTPOJIMPYET MOIBHK-
HOCTb 0aKTEpPUANLHBIX KJIETOK M ux rubesnsb [123,
125]. Tennl, oTBeTCTBEHHBbIE 3a MeTaboJym3M c-di-
GMP, obHapy:keHbl Y MHOTUX BUJI0B OaKTEpUil, HO
OTCYTCTBYIOT Yy BBICIINX 3yKapHUOTOB, YTO JieJIaeT C-
di-GMP niepcrieKTUBHOY MUIIIEHBIO 17151 pa3paboTKu
aHTUOMOIIEHOYHBIX ITpenaparos [126].

IlepekpécTHAsI pe3NCTEHTHOCTD

Bompoc o ToM, MOXeT Jin yCTOWUUBOCTh K JIC
UTrpaTh PoJib B CEJIEKINYI aHTUONOTHKOPE3UCTEHTHBIX
IITAMMOB, OCTA€TCA AUCKYCCUOHHBIM [127-130]. CBe-
JIeHUA OTHOCUTEJIbHO HAJIUYUSA CBA3U MEKIY YCTOM-
YHUBOCTBIO K aHTUOMOTHKaM 1 JIC IpPOTUBOPEUUBHI,
OJTHAKO eCTh JJ0Ka3areJbCTBa B I0Jb3Y TOTO, YTO
“MeeT MECTO COBMECTHBIN OTOOp MITaMMOB C IIOHH-
SKEHHOHN 4YyBCTBUTEJBHOCTBIO K JIC aHTUOMOTHUKO-
pEe3UCTEeHTHBIMU 6aKTepPUsIMU, U HA00OPOT, YTO 00-
YCJIOBJIEHO, B TOM YMCJIe, peajusalueil CXOIHbIX re-
HeTUYeCKUX MexaHu3MOB (popMupoBaHus heHOoTHIa
pesucrenTHocT! [130-132]. ®opMupoBaHue mnepe-
KPECTHON YCTOMYMBOCTU K aHTUOMOTUKAM OBLIO
MIPOJIEMOHCTPUPOBAHO B pe3yJibTare Jad0paTopHOit
ceJieKIIUM 0DakTepui, yctoiruuBbix kK AJIBAX [66, 133,
134], xnoprekcununy (21, 121, 122] u npyrum JIC [3,
53, 81, 136] u monpo6HO paccMOTPeHBI B 0630pe
Kampf [130]. B TabJ1. 2 mpefcTaBjeH psi JAHHBIX O
epeKpECTHON Pe3UCTEHTHOCTH K /1B 1 anHTHOnOTH-
KaM U CBSI3aHHBIMU C Helt 9P (PIIIOKCHBIMU HACOCAMU
y Oakrtepuii rpynnbl ESKAPE, kotopsle, cormacHo
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BO3, aBasawTCa KIMHUYECKN 3HAYUMBIMUA BUAAMU
OakTepuii, 001 TAIOIIINMI MHOYKECTBEHHOU JIEKapCT-
BEHHOH yCTOWYMBOCTHIO [137].

3arJoueHue

Cepbé3HOCTH TPOOIIEMBI (DOPMUPOBAHUS MUK-
po6HOI Pe3UCTEeHTHOCTH K fe3UH(pEKTAHTAM U T1e-
PEeKPECTHON YCTOMYMBOCTU K aHTUOMOTHUKAM B
MIOJTHOM Mepe 0CO3HaHa Me3KTyHapOIHBIM HayYHBIM
CO00IIIeCTBOM, YTO HAIIJIO OTPAKEHNE B IPUHATON
BO3 B 2001 r. «[;1tob6anbpHOM cTpareruu mo caep-
SKUBAHUIO aHTUMHUKPOOHOU pPe3uCTeHTHOCTU». B
CBSI3W C 9TUM KpaliHe Ba)KHO YCUJIEHHE MOHUTO-
pUHTa pe3NCTEHTHOCTH MUKPOOPTaHU3MOB U ITOUCK
nyTel e€ MpeoioIeHu s, 4YTO SIBJISIETCS YacCThIO Ha-
IUOHAJBHOU «CTparerny NmpeaynpeskaeHnust pac-
IIpOCTpaHeH!sA aHTUMUKPOOHOHN Pe3nCTEeHTHOCTHU
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Pe3rome

Ilenw. TIouck U NIpeACTaBIeHUe JAaHHBIX IKCIIePHMeHTAJbHBIX U KIINHHYEeCKHX HCC/IeJOBAaHHI, 0TPasKaIOIIHX IeHTPAJIb-
HYIO POJIb CYKIITHHATA M CYKI[UHATAerHporeHas3bl B pery/IAIllii MEXaHH3MOB aJallTallH NPH KPUTHYECKUX COCTOAHHAX.
Mamepuan u memo0bot. IIONCK NCTOYHUKOB JTHTEpaTyphbl IPOBOAUJICA C HCII0Jb30BaHHEM 3JIEKTPOHHBIX PecypcoB poc-
CHICKOM HayYHOMH JIEKTPOHHOM 6uO/moTexku eLIBRARY.ru, rie HCo/ib30BaIHCh CIEAYIOIIHE KII0YeBbIe CJI0OBA «IUKJI
Kpeb6ca, cyknuHaT, CyKIIMHATAeTHAPOreHa3a, KpUTHYeCKHe COCTOAHHU» U B AaHIVIOA3BIYHOM TEKCTOBOM 0a3e MeJULIHH-
CKHMX M OMOJIOTMYECKUX MyOJTUKAUi M0 MeJHIHHCKUM HaykaM PUBMED, rje O0bL1H MCIIOJIB30BaHBI AHAJTOTHYHbIE
kJIro4eBble cioBa «Krebs cycle, succinate, succinate dehydrogenase, critical conditions». Pesyremamut. C y4éT0M JaHHBIX,
NpeJCcTaBJIeHHBIX B 0030pe, MOKHO KOHCTaTHPOBATh, YTO KOMILIEKC CYKIIMHAT U CYKIMHATAeTHAPOreHa3a ABJIAeTCA
LIeHTPaJbHBIM 3BeHOM IHKJIa Kpebca 1 NIaBHOH CTPYKTYPOH aHTHTHIIOKCHYECKOI'0 aHCaMOJIA BCeX KJIeTOK OpraHu3Ma
B IIEPUOJ aJaNTallUH IPH KPUTHYECKHUX COCTOSHHAX. 3akatouenue. JlaHHbIe 3KCIIEepPHMEHTATbHBIX U KIIMHUYeCKHX HC-
CJIeJOBAHUH, OTPAXKAIOIIUX IIeHTPAJIBHYIO POJIb CyKIIMHATA M CYKIHHATIerHAPOreHa3bl He TOJIBKO B MEXaHH3Max ajal-
TAI[UH K THIIOKCHH, a TAK:Ke B PeryJIsALMH BOCIIAJIEHH 1, TepMOTeHe3a, pacCTPOHCTB reMOCTa3a, KHCJIOTHO-OCHOBHOTO
COCTOAHH A, 00MEeHa 3JIEKTPOJHTOB, COCYIHCTOr0 TOHYCa H TPO(MHKYU TKaHel KHIIIeYHHKA, a TAKKe B MMMYHOJIOTHYeCKHX
peaknHAX OPraHu3Ma, No3BOJIAI0T pacCMaTPHBATh CyOcTpar U (hepMeHT Kak IeHTpaJbHoe 3BeHO IIuKJIa Kpebca u riras-
HOH CTPYKTYpOii aHTUTHIIOKCHYECKOTr0 aHCcaMOJIA BceX KJIeTOK opranuama. IlpuseiéHHbIe B 0030pe JaHHBIE OTKPHIBAIOT
HOBBI€ IIePCIeKTUBBI HCIIOIb30BAHHA CYKIIHHATOB IIPH KPUTHYECKHX COCTOSIHHAX.

Karoueswle crosa; UUk I{'pe6ca; CYKuuHam,; cynuuuam&eeu@pozeuasa; krpumuvecrkue COCmosiHus

Jsa nuruposanust: Op.aos FO. I1., Bympos A. B., Ceupudos C. B., Apanacwes B. B., Kondpamuwes A. H., Llenyunep JI. M., [oeoposa H. B.,
Kondpamues A. 1., batimyeaesa I A., Kakyas E. H. CyKIIMHAT ¥ CyKIMHATAETUpOreHas3a Kak «TouKa OIopkl» B iukJie Kpedca
TIPYU KPUTUYECKUX COCTOSIHUSAX. AHmubuomuku u xumuomep. 2023; 68: 1-2: 57-68. https://doi.org/10.37489/0235-2990-2023-
68-1-2-57-68.

Abstract

Purpose. Search and presentation of data from experimental and clinical studies reflecting the central role of succinate
and succinate dehydrogenase in the regulation of adaptation mechanisms in critical conditions. Material and methods.
The search for literature sources was carried out using the electronic resources of the Russian scientific electronic library
eLIBRARY.ru, with the use of the following keywords: «Krebs cycle, succinate, succinate dehydrogenase, critical conditions»,
as well as in the English-language text database of medical and biological publications on medical sciences PUBMED, where
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similar keywords «Krebs cycle, succinate, succinate dehydrogenase, critical conditions» were used. Results. Taking into ac-
count the data presented in the review, it can be stated that the complex of succinate and succinate dehydrogenase is the
central link in the Krebs cycle and the main structure of the antihypoxic ensemble of all body cells during the adaptation
period under critical conditions. Conclusion. The data of experimental and clinical studies reflecting the central role of
succinate and succinate dehydrogenase not only in the mechanisms of adaptation to hypoxia, but also in the regulation of
inflammation, thermogenesis, hemostasis disorders, acid-base state, electrolyte metabolism, vascular tone and trophism
of intestinal tissues, as well as in immunological reactions of the body, allow us to consider the substrate and enzyme as
the central link of the Krebs cycle and the main structure of the antihypoxic ensemble of all body cells. The data presented
in the review open up new prospects for the use of succinates in critical conditions.
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Paboma 6uonozuueckoll cucmembvl NOX0xca Ha
pabomy abpuru: kaxcoas mawiura (Ui epmerm,)
Ha gabpuke 8blNOIHAEN 00HY ULU HECKONbKO 83alL-
MOCB513AHHbIX 3a0au. B ycmaHosusuemcs pexcume
ckopocmb Kaxc0oli peakyuu 8 cucmeme 00UHAKO8A.
Oduaro ckopocmb, kak uHo20a ymeepxicoaemcsi, He
onpedensiemcs NPou3so00UMerIbHOCMbIO CaMoll meo-
JIeHHOLl MAUWLUHBL («Ulaz 02PaHUYeHUST CKOPOCIU»).
Bmecmo amozo eecv npoyecc pabombvt OuHamuver u
0m3bleYUS, a4 peyAUpPo8ka KOHUEHMpayull npome-
JHCYMOUHDBIX COeOUHEHUTL cucmemoli KoopOuHupyem
CKOpPOCMb KancO0li Maulutbl, HO CO CKOPOCMbIO 8CeX
Opyaux, ceasamnnbvix ¢ Hell. Takas kKoopOouHayus no-
Mozaem u3bexcamv HaKkONJeHUsL CAUULKOM 60bUL020
Koauuecmea 00H020 UL ucmoujerus 0py2020 pe-
cypca (pepmenma), umo u obecneuusaem becnepe-
boiinyo pabomy gabpuru.

BBenenue

B TeueHre MUJIJIMOHOB JIET B IIPOLeCCe 3BOJIO-
MU NIPUPOAOH CKPYIY/IE3HO MPOBEPAIUCH peak-
WY, KOTOPbIe ObI IPUBOIUJIN K aHANITAIINN B YCJIO-
BUAX Aeduiura KUCJI0pPoaa U BeIOOPY Hamboiee
TIOAXOSIIINX PeaKIIUH /1T BBIDKUBAHUS B YCJIOBUSIX
runokcuu. C aBOJIIOIMOHHON TOUKY 3PEHUs, ITUKJI
Kpebca Havasics He Kak IUKJI, a KaK JiBe JIMHelHble
1 He3aBHCHUMBIe 110CJIe/J0BaTe/IbHOCTH peakIuii, Ko-
TOpBIE B OTIPeAEJIEHHBI MOMEHT BpeMeHU 00 beu-
HUJINCH, YTOOBI OPTraHU30BaTh IIUKJINIECKUN MY Th.
CHayaJia «IAKJI» HOCHUJI BOCCTAHOBUTEJILHBINA Xa-
pakTep — OH ObLJT NpU3HAH «IUKJIOM Kpebca»
TOJILKO TI0 €70 OKUCJIUTETbHOU (PYHKIINHY, U CJIET0-
BaTeJIbHO, OH 3aBUCUT UCKJIIOYNUTEIHHO OT MOJIEKY-
JsspHOTO Kucaopopa. [{luki Kpebca — aro memouka
XUMHUYECKUX PeAKITUH, IPOUCXOSIINX B MUTOXOH/I-
pUAX KaXKI0U KJIETKU Halllero TeJia, KoTopasi Ha3bl-
BaeTCs IUKJIOM, IOTOMY 4TO IIPOJ0JIPKaeTCs Herpe-
pBIBHO. JTO HeYTO Bpoje «perpetum mobile»,
BEUYHBIN JBUTATEJIb, I1l€ OOIIUM KOHEYHBIM ITyTEM
ABJISIETCA OKUCJIEHNE alleTUJIbHBIX IPYNII (B BUIE
aetns1-KoA), B KOTOpbIe IIpeBpalliaeTcs B IIporecce
pacnaja 60JbIIas 4aCTh OPTaHUYECKUX MOJIEKYI,
Urparnimx poJib «KJIE€TOYHOTO TOILJINBa» UJIN «Cy6-
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CTpaTOB OKUCJIEHUA»: YIVIEBOAOB, YKUPHBIX KUCJIOT
1 AMUHOKHUCJIOT.

Hexoropble nmepBuYHbIE U3MEHEHUS IIPOJIO-
SKUJIA TYTh JIJIST 9BOJIIONNU U O KaHUs [IUKJIa
Kpebca kak 1ieHTpaJibHOTO MeTaboIUIEeCKOro IyTH
JIJISI MHOTOKJIETOYHBIX OPTAHU3MOB B YCJIOBUSIX KHC-
JIOPOJTHO¥ CpeJbl, U UMEHHO CYKIIMHATy MPUPOa
ompejesinia JIaBHYI0 poJb. Hy>kKHO OTMETHUTB, YTO
CYKIIMHAT «POJIUJICSI» JI0 OTKPBITHUS 1uKJIa Kpebca u
IO OTKPBITHUS JbIXaTeJbLHOHN e MUTOXOHAPUHA U
MEXaHU3MOB TKaHEBOTO AbixaHUA. Emié B 1920-x ro-
lax sSHTapHasg KUCJI0Ta (CYKIHWHAT), TUKapOOHOBasI
KHCJIOTA, BIIEPBBIE OblJAa COOTHECEHA C Teopuei
IOCJIEIOBATEIbHOTO OKUCJIEHUsI YIJIEBOJOB, TPEI-
JokeHHoi TopcrenoM Tyn6eprom [1]. B cienyroriem
JIECSITUJIETUU 3TA MOCJIEI0BATEIbHOCTD OKUCJIEHUST
ObLIa Jydllle omrcaHa OJiarogapsi UCCeI0BAHUAM
AnbbepTa ¢on CeHT-/[bepaAn Ha IPYIHBIX MBIIIIIAX
rosy0Oeii [2]. CnegoBareabHO, ObLJIa 0OHapysKeHa Ka-
TQJIUTHYECKasi POJIb CYKI[MHATA B KAYECTBE ITIEPEHOC-
YHKa BOJIOPO/Ia B a9p0O6HOM AbIXaHUH [2]. YiKe TOra
BO3HUKJIA T'UIIOTE34a, YTO IIPpU I'MIIOKCUUN NbIXaTeJIb-
Hasl I[ellb MUTOXOHJIPUI HEe MOSKET IIPUHSTD Ha ce0s
BOZIOPOJ, OT KaKOT0-I100 MHOTO CyOCcTpara, KpoMme
KaK OT MOJIEKYJIbI SIHTAPHOM KUCJIOTHL [Tpu eé okuc-
JIEHUHY BOJIOPOJI ITOCTYIIAET Ha 3HAYUTEIbHOE DoJiee
OJU3KUHA K KUCJIOPOAY YYACTOK IbIXaTeIbHOM IeTH,
4yTo 00JIee 9KOHOMHO U OBICTpEE.

3areM, B KoHIle 1930-x romoB, Kpebc ommcalt
SITPO a9po6HOTO IbIxaHusl, UK Kpebca, Takske Ha-
3bIBa€MbI ITUKJIOM TPUKAPOOHOBOW KHUCJIOTHI UJIN
IIUKJIOM JIMMOHHOM KKUCJIOTHI [3]. C qobaBjieHreM He-
CKOJIbKUX JJOTIOJTHUTEJIbHBIX JI€TAJIEeH, 3TOT IIUKJI Ce-
TOJTHSI OCTAETCS JIYUIITUM OITMCAHUEM a9POOHOTO JTbI-
XaHUs Ha CEeTONHAMIHUN neHb [4] (puc. 1). [Tocse
9TOT'0 B TeYEHUE MHOTHUX JIECATUJIETU CYKIIMHAT pac-
CMaTpPUBAJICA TOJBKO KaK POMEKYTOYHBIHN TPOIYKT
nukJa Kpebca.

HyskHO OTMeTUTBH, 4TO HOBATOpCKasg padoTa
Kpeb6ca u npyrux, npoBeénnasi B 1960-x rogax ycra-
HOBWJI4, YTO BO MHOTHX OpraHax Jja’ke O4eHb KOPOT-
KUe IepUoibl THIIOKCUY MOTYT IIPUBECTH K U36upa-
TEJIbHOMY YBEJIMYEHUI0 TKAHEBOTO CYKI[MHATA, YTO
pPE3K0O KOHTPACTUPYET C MaJIeHUEeM JPYrux mpome-
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SKYTOYHBIX ITPOAYKTOB KA. OTHAKO C TOIaMU CYK-
IHAT ObLJI B 3HAYNUTEJLHON CTENeHU 3a0bIT, B TO
BpeMs KaK POJib OKUCTUTETHLHOTO CTPECCa ¥ HAKOTI-
JIEHUSI aKTUBHBIX (popM Kucaopona (ADK), kak oc-
HOBHOT'O TOOOYHOTO OpOAYKTAa U IPpU3HaKa MUTO-
XOHJIPUATBLHOTO CTpecca U edUInTa IHEPTUN IIPHU
KPUTHYECKUX COCTOSTHUSX, Tpeobanaa [5].

VccnenoBanust, COCpeIOTOYEHHbBIE HA CYKITUHAT-
JleTuIporeHase 1 e€ cydbcTpaTe CyKIIMHATE, JOCTUTIIN
KyJAbMUHaANUU B 50-X rofax MpoIIIOro BeKa, COIIpo-
BOsK/1asA OBICTpPOe pa3BUTHE JaTbHEHIINX HCCIIe1o-
BaHUH, MTOCBAIIEHHBIX OO09HEPTETUKE U IPOMEIKY-
TOYHOMY MeTa0O0J/IM3My NIpPU TUIOKCUU U POJIA
CYKIIMHATa B TUIIOBOM ITaTOJIOTMYECKOM ITPOIIECCE.
ITO MO3BOJIUJIO UCCJIENOBATENSIM PACKPHITH 3HAUE-
HUE BYX «UTPOKOB» — CYKITMHATIETUIPOreHa3bl 1
CYKIIHATa KaK B IbIXaTeTbHOU 1IeT1 MUTOXOHIPUH,
Tak u B rukJie Kpebca. B HacTosmiee Bpems aTa TeMa
TepesKUBaeT HACTOSIIUHN OYM BO3POSKIEHUSI.

BroxHoB/IEHHBIE HETAaBHUMU pa3paboTkamMu B
HAYYHBIX 00/1aCTsIX, MBI COYJIA TTOJIE3HBIM COOpaTh U
npoaHa/JIM3UPOBATH JOCTYIIHbIE TaHHbIE, YTOOBI BbI-
JIeJTUTH BOIIPOCHI, KOTOPBIE 10 CHUX IIOP OCTAIOTCS
OTKPBIThIMU. TakmM 06pasom, B aTOM 00630pe MBI
paccMoTpUM OMOXUMUYECKUE, MeTaboJIUIYeCKUe U
KJIMHUYECKUE aCHEeKThI, CBSI3aHHBIE C CYKIIMHAT/IE-
TUIPOTEeHA30H M CYKIIMHATOM, KOTOPbIE B PA3JIMYHBIX
KOHIIEHTPANMAX HalleJeHbl HA aHTUOKCHUIAHTHYIO
3aIIUTy B YCJIOBUSAX OKUCIUTETBHOTO CTpecca mpu
KPUTHUYECKUX COCTOAHUAX.

MecTto cykniuHaTa

Y CyKIIMHaATAeruIporeHas3bl

B 1iiKkJIe KpeOca 1 B AbIxare sbHOM
1eny MUTOXOHIPUH

B mesiom, 9BOJTIONMS, KaK IIPOIIECC, CBsI3aHa C re-
HETUYECCKUMU MyTallUsAMU, KOTOPLIE IIPUBOAAT K
co3maHuio 0oJiee MPUCIOCOOJIEHHOTO OpPraHu3Ma,
CIOCOOHOTO MPOTUBOCTOSITh U3MEHEHUSIM OKPY>Kat0-
11ei cpepl. ITO MelJIEeHHbIN 1 HellpepbIBHbIH IIPO-
1IeCC, KOTOPBINI HEe HAYWHAETCS C HYJISI U He CTpe-
MHUTCSI K COBEPIIEHCTBY, a BMECTO 3TOrO
(¢ orycupyeTcst Ha TIOAAEPIKKE TEX META0OTUIECKUX
CTpareruii, KOTOpble IPUHOCAT yJIy4llleHUsd opra-
HHU3MY U er0o TOTOMKaM. B atom cmbIciie ki Kpebca
SIBJIsIETCSI aOCOJTIOTHBIM 3BOJIIOIMOHHBIM YCIIEXOM
IIPUPOJIBI, OTPAXKEHHBIM €I0 II0BCEMECTHBIM PaCIIPo-
CTpaHEHUEM CPEeJIU BCEX CYIIECTB, 3aBUCUMBIX OT
Kucjiopoja. KoHeuyHbIM pe3ysIEraToM JaHHOTO ITUKJIa
peakIuii sIBJISIETCSI TIPOU3BOJICTBO aJIeHO3UHTPU-
¢ocdara (ATP) — BelriecTBa, KOTOPOE MIPENCTABIISIET
00011 9HEPTETUUECKYI0O OCHOBY KU3HENESTeTbHO-
cTy opranusma. [1o-Ipyromy sToT IUKJI Ha3bIBAETCS
KJIETOYHBIM JIbIXaHHEM, TaK KaK OOJIBIITUHCTBO €ro
CTaJIU MIPOUCXOJIST C yYacTHEM Kucjaopopa. Kpome
TOTO, BBIAEJISIOT JPYTYI0 BAKHEUITYIO (DYHKIIMIO
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unkiaa Kpebca — mmacTU4ecKyio (CTPOUTENHHYIO),
TaK KaK BO BpeMs IIKJIa BEIpa0aThIBAIOTCS BasKHbIE
JUIs1 SKU3HeJesATeIbHOCTH 3JIEMEHTHI: YIJIEBOJHI,
AMUHOKUCJIOTHI U IpyTHe.

Bnaronapsa paboTe HECKOIBKUX BBIJAIOITUXCS
61oXuMHUKOB B 1950-X romax ObBLIN PACKPBITHI OC-
HOBHBIE 00IIIECTBEHHO TPU3HAHHbBIE (DYHKIINU CYK-
IWHATIETUIPOreHa3bl B MUTOXOHIPHUSIX a9POOHBIX
opranmu3MoB. Bb1710 06HAPYKEHO, YTO (DEPMEHT CYK-
IUHaTAeruaporeHasa urpaeT BeJylIyl0o poJb He
TOJBKO B IuKJe KpebGca, HO U B IbIXaTeJbHOU
1enu [6]. Y 'KUBOTHBIX, KaK U Y OOJBIITUHCTBA SKU-
BBIX OPraHHU3MOB, CYKIIMHATJIerujporeHas3a He
“MeeT KJIeTOYHOU N30(POPMBI, B OVINYUE OT HOJIb-
IIMHCTBa (pepMeHTOB InKIIa Kpebca, 3a uckove-
HHEM IUTPATCUHTA3bI U CyKUNHUII-KOA-urassl [7].
CiiefoBaTesIbHO, B ciIy4ae AUCHYHKINN WK Teu-
1uTa (pepMeHTa 3TO YMEHbIIIaeT BO3MOSKHOCTb Me-
Tabosimyeckux TpaHcopmanuii. iHTepecHo, 4To y
9yKapUOTOB BCe peaKIuu IiuKJIa Kpedca nmpoTtekaior
TOJIBKO BHYTPU MUTOXOHAPHUH, MPUUEM KaTaTU3U-
pylomue ux epMeHThI, KpOMe OJTHOT0, HaXOATCA
B CBOOOTHOM COCTOSTHUY B MUTOXOHAPUATHLHOM MaT-
puxce. Vck/ioueHne cocTaBsAeT TOJbKO (pepMeHT
CYKIIMHATJeruiporeHasa (U1 CyKI[MHAT-YOUXUHOH-
OKCHJOpPEeKAYKTa3a), KoTopas JIOKaJu3yeTrcs Ha
BHyTpeHHel MUTOXOH/IpUaIbHOU MeMOpaHe, Kak ObI
BCTPAMBAsICh B JTUMUIHBIN Oucsao [8]. He 3psi cyk-
[IUHATAEruAporeHasa, CyKIMHaT U CyIlepOKCUTHBIH
pasuKag CerofHs paccMaTpUBalOT KaKk reHeTHYe-
CKUMH, anureHeTU4eCKUH, MeTabo/IM4ecKuii, 3K0JI0-
rUYeCcKUi B3PBIBOOIIACHBIH ITepeKPECTOK!

CyknuHaTgerugporeHasa MJIEKONUTAIOIINX
y4acTByeT He TOJIbKO B 00pa30BaHNU 9HEPTUU B MU-
TOXOH/JIPUSIX, HO TaKsKe UT'PaeT POJIb B YYBCTBUTEIIb-
HOCTU KJIETKH K KucJopony. PyHIamMeHTaIbHasd
pOJIb CYKITMHATJEeTUAPOreHassbl B IeNU IlepeHoca
3JIEKTPOHOB MUTOXOHJPUH JleslaeT e€ sKU3HEHHO
Ba’KHOU /17151 O0JIBIITUHCTBA MHOTOKJIETOYHBIX OpTa-
HM3MOB, TaK Kak JeJsieliis TeHOB 3Toro depMeHTa
13 reHoMa JieTaJIbHa, YTo ObIJIO TOKa3aHO Ha paHHUX
aMmbpuoHax mblmiei [9]. [leficTBUTENBHO, 3TOT (pep-
MEeHT KaTaJu3upyeT OKUCJIeHUe CyKIIMHaTa 0 dy-
Mapara, To eCTb o0eclieurBaeT dHeprue eHTpalb-
HyI0 cTanuio nukJa Kpebca u BoccranasimBaeT FAD
no FADH,, koTopblil 3aTeM BOCCTaHaBJ/IMBaeT you-
XMHOH 10 youxuHoJa [10]. Kommekc II gprxaTesn-
HOW 1enu ABJIAETCA eAUHCTBEHHBIM KOMILJIEKCOM
IleTTH, KOTOPBIN He IepeKaynBaeT IIPOTOHbI Yepes
MeMOpaHy M KOTOPBIH MOJIHOCTBIO KOJUPYETCH
snepuot JJHK [7-10].

CykuuHaT o0pasyeTcs B MUTOXOHIPHUSIX TIOCpe/I-
CTBOM ITMKJIA ¥ MOJKET BBIXOAUTH U3 MUTOXOHIPHU-
aJbHOTO MaTpHUKca, PYHKIMOHUPOBATH B ITUTO-
IJIa3Me, a TaKsKe BO BHEKJIETOYHOM IIPOCTPAHCTBE,
M3MeHsIsI IaTTepPHbI IKCIIPECCUU TeHOB, MOIYINPYHA
SMUTeHEeTUYEeCKUN JaHAIIadT WIN JEMOHCTPUPYST
TOPMOHOTIOAO00HYIO Iepefavdy curHajion [11]. OTKpbI-
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ThI1 BputoHoMm YancoMm (Briton Chance) mexaHusm
JOMWHUPOBAHUS OKUCJIEHUS STHTAPHOU KUCJIOTHI,
KaK NIaBHOT'O 9HEPreTUYecKOoro cydcTpara B JbIxa-
TeJbHOU nemnu, ABJgadeTcd CaMbIM MOIIIHBIM, 13 BCeEX
JIPyrux cyOCTpaToB U NyTel UX OKUCIeHus. YaHcoMm
OBII0 YCTAHOBJIEHO, YTO IIPH CTPECC-PeaKIUAX U IPU
pPasHOro poja 9KCTPeMaTbHbBIX COCTOSTHUSAX B Opra-
HU3Me BO3HUKAIOT YCJIOBUS HEUPOXMMHUYECKOHN pe-
I'YJIALUH, KOTOpPble NMO3BOJIAIOT AHTAPHON KUCJIOTE
«MOHOTIOJTMI3UPOBATE» IBIXaTEIbHYIO IENb 110 OTHO-
meHuio K apyrum HAJI-3aBucCUMBIM cyOcTpaTam
okucsieHus. [Ipu aToM MaccupoBaHHBIHN BEIOpPOC aJI-
peHepruYecKux TOpMOHOB-MeAuaTopoB obecredn-
BaeT MOIIHBIN «Pa3TOH» JbIXaTeJIbHOU IIenH, KOTO-
pbIil OoJiee YeM Ha MOPSIOK MOSKET IIPEBOCXOAUTD
OKHCJIeHHEe APYrux cy0CcTparoB B I[UKJE, HO IPU
3HAYUTEJIbHO MEHBIIINX IOTPEOHOCTAX B KUCJIOPOJIE.
BosHukaeT cBoeobpasHas IielHasA peakIys, Ipu Ko-
TOPOH HepOHAIBHBIN U 9KCTPpaHeHPOHAIbHbIN BBI-
Opoc KaTexoJIaMUHOB B OpTaHbl ¥ TKAHU CTUMYJIH-
pyeT mpouiecc 06pa3oBaHusA STHTAPHOH KUCJOTHI,
a OHa, B CBOIO 04Yepe/b, CTUMYJINPYeT IIpoliecc 00-
pasoBaHus aJpeHaJIMHa U HopaJgpeHaJjuHa [12-14].

Takum 06pa3oM, CyKIIMHAT CBA3bIBAET KJIETOU-
HBIN MeTaboJsin3M, ocobeHHO oOpasoBaumne ATP, c
peryisinuei kaeTouHou pyHkumu. Hapyienue pe-
T'YJIAIAYA CUHTe3a CyKIIMHATa U, CJIefJloBaTeIbHO, CH-
Te3a AT® IIpoUCXOAUT IPU HEKOTOPBIX IT€HETUYECKUX
3a00JIeBaHUAX MUTOXOHJIPUH, TaKUX KaK CUHAPOM
JIn u cunnpom Melas (cuHAPOM MUTOXOHAPHUAILHOMN
aHIleda/IOMUOIIATUH, JIAKTOAIM103a U 3[IU30/10B, T10-
JTOOHBIX MHCYJBTY), a Jerpafalus MOKeT IPUBECTH
K I1aTOJIOTUYECKUM COCTOSTHUAM, TAKUM KaK 3JI0Ka-
YecTBeHHas TpaHc(opmanus, BocrajgeHue U 1o-
BpeXkJeHue TkaHel [15].

Takum 0O6pas3om, Bce MeTaboIYeCKue ITyTH, KO-
TOpBIe CBsI3aHbI ¢ IMKJI0M Kpebca, BkiIouas meTa-
00J113M yIJIEBO/IOB, aMUHOKHUCJIOT, }KUPHBIX KHCJIOT,
X0JleCTepyHa U reMa, 3aBUCAT OT BpeMeHHOro oopa-
30BaHUA CyKIMHara. JleUIUT 9HEPTrUU MOKET
TaKsKe CTUMYJIMPOBATh MpoJudeparuio MUTOXOH/T-
pUi B TaAKUX MBIIIIAX U 9HI0TETUATbHBIX KJIeTKAX
MEJIKUX KPOBEHOCHBIX COCYZIOB, YTO IPUBOAUT K aH-
TUOIIATUM U HapyIIEeHUIO0 KPOBOTOKA B MUKPOILIUP-
KYJIATOPHOM pyCJie HECKOJIbKUX OPraHoB [16].

OcobeHHOCThIO KoMILIeKca 11 sIBJIsgeTcA elné onuH
Ba)KHBIN (paKT — MPUCYTCTBUE B CTPYKTypPE CYKITH-
HaT/IeruporeHassbl ykej1e30CepHbIX KacTepos. [leso
B TOM, YTO KOMILIEKC Il He B3auMoeicTByeT ¢ Apy-
I'MMH KOMIIJIEKCaMU lIbIX&TeJIbHOﬁ e 3JIEKTPOHOB
1 He BXOJUT B COCTaB CyIpaMOJIEKYISPHBIX KOM-
IJIEKCOB — pecrnupacoM. B peaysbraTe OKUCIEHUA
CYKIIHaTa ero 3JIEeKTPOHbI IePeHOCATCA CTPOro Ha
®A]Jl, a 3aTeM IIepenaloTcs 10 LN U3 KeJie3ocep-
HBIX KJIacTepoB OT kjacrtepa [Fe-S] k [3Fe-4S]. Tam
9TU 3JIEKTPOHBI NEPEHOCATCA Ha 0KUAAIONIYIO B
caiiTe CBSI3bIBAHUS MOJIERYTY youxunoHa [17]. Tlep-
BBI 9JIEKTPOH (KaK MIOKa3aHO Ha PUC. 2), TOCTyHaI0-
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muit k youxuHony udepes [3Fe-4S], MoskeT 6BICTPO
IepeMenarbCcs BIepEa—Ha3al MesKy FeMOM U CBS-
3aHHBIM C HUM YOUXMHOHOM. TakuM 0Opa3oMm, reM B
CTPYKTYpe CyObeUHUITLI CYKIIMHATAETUIPOreHas3bl
HUrpaeT poJib CTOKA 3JIEKTPOHOB, IPeJOTBpAIlasa ux
B3aMMOJIEHCTBHE C MOJIEKYIAPHBIM KUCI0POJIOM, KO-
TOpoOe IpuBeJio ObI K 06pa3doBannio AOK B peakiun
dentona [18]. UeMm He aHTHOKCUIAHTHASA (PYHKITUS
¢epmenTa?

B >KUBBIX OpraHu3Max ssHTapHasl KUCJI0Ta UJIA
CYKIIMHAT IPUHUMaeT (popMy aHHOHA CYKIIMHATa, KO-
TOPBII UTPaeT MHOKECTBO OMOJIOTHYECKUX poJiell B
KayecTBe MeTab0J/IMuYecKOT0 IPOMESKYTOYHOTO
3BEHa, IIPeBpaIaeMoro CyKIHar B pymapar gep-
MEHTOM CYKIIMHATIeruporeHa3oii Bo Il komruiekce
JIbIXaTeJIbHOM I1eNy IIepeHoca 3JIEKTPOHOB, KoTopast
y4acTBYeT He TOJIbKO B IIPon3BoACTBE AT®, HO U B
Ka4eCcTBe CUTHAJIbHON MOJIEKYJIBI, OTPAYKAIOIIIEH Co-
CTOsTHUE KJIETOYHOT0 MeTabo/M3Ma B YCJIOBUAX Je-
(punmra KucIOpoaa. B opranname Bcex JKUBBIX CY-
IIeCTB CYUIEeCTByeT CeHCOpHasd (CUrHajbHas)
(pyHKIIMS MUTOXOH/IPUAJIBHON JbIXaTeJbHOHN I1enu
10 OTHOUIIECHUIO K KUCJIOPOAY. B OTBET Ha TUITOKCUIO
cuaTed HIF-1 (runokcusi MHAYIUPYIOMIN (haKkTop)
HA4YMHAETCA [0 CUTHAJY OT CYKIIMHAT-3aBUCUMOIO
penenTopa (GPR91). Korma KiieTKkH OLyIiaoT TUIo-
Kculo U aktusupyercs HIF-1, o pacnio3Haér u cB-
3bIBAETCA CO CHeIMaIbHON M0C/Ie0BaTe/IbHOCTHIO
B Pery/JssTOPHOM JoMeHe reHoB-MutieHeit. HIF-1 ak-
TUBUPYET HAOOP TE€HOB, KOTUPYIOITUX (DEPMEHTHI,
OTBETCTBEHHBIE 3a [VINKOJIN3 (9 U3 12 IMKoIUuTNYe-
CKUX (hepMeHTOB), U, HA0OOPOT, IPYTOil HAOOP TeHOB,
KOTOPBIN MOABJISIET OKUCTUTETbHOE (hochopuiin-
poBaHue 111 006Jer4yeHrss MeTaboJIM4ecKoro nepe-
nporpamMmMmuposanus [19]. B pesysbsrare IpoOUCXOIUT
topmoskenne I yaactka (HAl+) gbIxaTe/IbHOU Ienn
MUTOXOHAPUH, Beib OH dHepro3aTpaTHbIi. [ToaTomy
BKJIIOUaeTcs 6osiee 3(pPEeKTUBHBIN CUHTE3 CYKIIH-
HaT3aBUCHUMOM sHepruu Ha Il ygacTke u ctabuinaa-
nuA HIF-1. IIpu 9TOM aKTUBUPYIOTCS PAJ LIYHTOB
OKUCJIEHUS, CONPSIKEHHBIX C 9HJJOTeHHBIM 00pa3o-
BaHMEM CYKIIMHaTa (M3 MaJsaTta, pymapara U c-KeTo-
IyTapara). OTO BHOBb BBITOJHO ¥ 9KOHOMHO IIPY T'U-
IIOKCHUY, IOTOMY 4YTO IIPU OKHUCJIEHUU CyKIMHAaTa
BOJIOPOJ], IIOCTYIIaeT Ha 3HaUYUTeJIbHOe OoJiee OJIM3-
KUH K KUCJIOPOY YIaCTOK JbIXaTeJIbHOU memnu [19].

PoJib CyKIITMHATIETUAPOreHa3bI
Y CYKIIMHAaTa B YCJIOBUAX
THIIOKCHH

B yc0BUSIX MPOTPECCUPYIOIIEN TUIIOKCUU JIe-
(punuT KKCI0POJIA, TUMUATUPYIOIINI CKOPOCTH OKHUC-
JIEHUSI BCEX CyOCTPATOB, CHUKAET IIEHHOCTh CyKITMHATa
U CTAaBUT €r0 B OJUH PsJ C APYTUMU CyOCTpaTamu
okucsenusi. [10aToMy mpuMeHeHne CyKIIMHAaTa B Ka-
YeCTBE aHTUTHUIIOKCAHTa JOJIXKHO OBITH OCOOEHHO
a(pexTUBHO B KOMILJIEKCE C Ipelnaparamu, yiayd-
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LIAIOIIIUMHU KUCJIOPOIHOE 0bec-
neyenue opranusma [20]. Ilpe-
HMMYIIIECTBEHHOE UCII0JIb30BaHUE
CYKI[MHaTa — eCTeCTBEHHasI 3a-
IIUTAa KJAETKU IIPOTUB I'MIIOKCUU.
[Tpu arom momosHeHUe (oHIA
cyOcTpara MOYKeT IPOUCXOAUTD
3a cuét peakiuii mursa Kpebcea,
UAYIIUX Kak B IIPpAMOM, Tak U B
oOpaTHOM HalpaBJeHUsX [21].
KnerouHstii cTpecc, Takou
KaK THIIOKCHS], MOYKET MIOBJIUATh
Ha HOpMaJbHOE (PYHKITMOHUPO-
BaHHE IIMKJIA JIMMOHHON KHC-
JIOTBI 1 3aCTaBUTh YaCThb IIUKJIA
paborath B 0OpaTHOM HaIpaB-
JIEHUU, YTO B KOHEYHOM UTOre
MNPpUBOJUT K YBEJIMYEHUIO BbIpa-
6oTkuM cyknmHara (puc. 3) [21].
IIpu oOpaTHOM TeueHUU peak-
LI} UMEIOIIUIICA 3amnac MaJjara
1o Mepe HeoOXOIAMMOCTH TIpe-

OB30PbI

GLYCOLYSIS e————p Acetyl-CoA
CoA-SH
Oxaloacetate Ll» Citrate
NADH+H*
NAD*
Malate Krebs CyC|e Isocitrate
NAD*
NADH+H*
Fumarate < a-ketoglutarate
NAD*
FADH,
NADH+H*
FAD  succinate 4?— Succlnyl -CoA
CoA-SH

Puc. 1. YnpoméHHas cxema nukia Kpeoca (ukiIa TpPHKapOOHOBBIX KHCJIOT).
Fig. 1. A simplified diagram of the Krebs cycle (tricarboxylic acid cycle).

Bpaliaercs B (pymapar, KOTOpblif BOCCTaHaBIMBAETCS
B CYKIIMHAT. BoccTaHoB/ieHMe hymMapara COIpoBOsK-
naetcsi BIpaboTKou AT®, u moaToMy peakuuu 00-
palieHusi B CUCTeMe «MaJiaT—(hyMapaT—CyKIIMHAT»
CIIOCOOHBI OIIEPIKUBATh OKUCIUTETbHOE (hocdo-
puJMpoBaHue Oajke IIPA aHOKCUU [22], 4TO B CBOIO
ouepe]lb ACHO YKa3bIBaeT Ha TO, YTO IIePBBIE YKUBOT-
Hble BO3HUKJIN B CpeJie, IJle OHU CTaJKUBAJIUCH C
HU3KUM cofiepKaHieM KUCJIOpPO/ia, ¥ YTO peaKIus
Ha HU3KUM ypOBeHb KHUCJIOPOJa OCTaéTCs He3ame-
HUMOU 0 HACTOSIIIIEr0 BpEMEHU.
B yciioBUAX K€ TUIIOKCUU

TaKkKe CHIYKEHNEM 9KCIIPECCUN TPAHCKPUIIIMOHHOTO
¢arropa HIF-1 (runokcusa UHAyHUPYIOIIUN (dak-
TOp-1). lJid UIIeMUYeCKUX U TUIIOKCUYECKUX CO-
CTOSTHUY JJOKa3aHa BO3MOKHOCTb BOBJIEUEHUS eIlé
OJIHOT'0 MeTab0o/IMYeCKOr0 MyTH NMPOAYKIINU CYKITU-
HaTa M COXpaHEeHMs CYKIMHATOKCUJA3HOTO IYTHU
okucsieHus (I komriiekca) Ipu BOCCTAaHOBUTEJIBHOM
obparennu nukaa KpeOca 3a CY4ET akTUBAIINY ITUKJIA
IMIYPUHOBBIX HYKJEOTUJOB U MaJaT-aCriapTaTHOTO
mryHTa ¢ obpasoBaHmeM pymapara, BOCCTaHABJIIU-
BAIOIIIErocs B CyKLMHAT [24, 25]. B peayisrare npo-

WHBEpPCUBHBbIE IIpeBpalleHus

(ymapaTra BBIIOJHAIOT POJIb Komnnekc |l
TpUrrepa, KOToOpbin B 3aBUCH- MexmeM6paHHoe
MOCTH OT KOHLEHTpaluu KUC- NPOCTPaHCTBO

JI0poJia peryaupyeT TedeHune Ko-
HEYHBIX peaknuii nukiaa Kpebca
B IIpsAMOM J100 B 0OpaTHOM Ha-
IpaBJIEHUSX, ¥ 9TU PeaKLuU CO-
IIPOBOSKIAIOTCA CUHTE30M ATD.
[Ipy cHUKeHUN KOHIIEHTpaln
KHUCJIOPOAA pOJb CYKIIMHATOK-
CHIa3HOTO OKHCJIEHUsI B Kaue-
CTBe 9HEPTeTUYECKOT0 cyOcTpara
cHMKaercsa [23]. OgHako npu
9TOM aKTUBHUPYETCS PsIJI ITYHTOB
OKHUCJIEHUS, CONPSKEHHBIX C 9H-
JIOTeHHbIM 00pa30oBaHUEM CY-
KIMHAaTa [23]. ATo coCTOsIHUE OT-
paskaeT, BUAMMO, IIepeHanpsiske-

BHyTpeHHss MeM6paHa
MUTOXOHAPUMN

Succinate

Fumarate

HHe cucTeMbl (HayaJbHasI CTa-
VA JeKOMIIEHCAlluU dHepreTH-

YecKoro o0MeHa) U CONPSIKEHO
C TIOSIBJIEHMEM HapyIlIeHNUH YJIBT-
PaCTPYKTYpbl MUTOXOHJIPUH, a

Puc. 2. CydobeauHNa CYKIIMHATAETHAPOreHa3bl.

ApanTtuposaso: https://ru.wikipedia.org/wiki/Cyknunargernaporesasa
Fig. 2. Subunit of succinate dehydrogenase.

Adapted: https://ru.wikipedia.org/wiki/Succinate dehydrogenase
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Hasgd paboTa HOPBEKCKUX, aB-

Outer membrane

CTprICKHX 1 HEMEIKNX aBTOPOB

H* H* H*

NAD* NADH
+H*

H
aia Ny
ATP i

ADP H* acid
+Pi

Pi cycle
fu .
HO o, A succinate

O, H,0

«Metabolomic analyses of plasma
o reveals new .insi‘ghts.into. asphyxia
‘ and resuscitation in pigs» [29],
e OblyIa TOKa3aHa YHUKa/IbHas
POJIb 9HAOTEHHOI'0 CYKIIHATa B
YCJIIOBUAX TUIOKCUU. YeTwIpe
MeTabosmTa (13 45 aHaaIu3upye-
MBIX BEIIeCTB) IIOKa3aJIv pe3Koe

Inner membrane

yBE€/JIMYE€HNE BO BpEMA TUIIO-

ke — 850, 266, 8000 u 587%
IJIST JTaKTaTa, ajibga-KeTo-IIy-

TapaTa, CyKImHara u hymapara,

b Acetyl-CoA ¢

NADH+H* x Oxaloacetate
m.y

Malate

Citrate
“ NAD*

Isocitrate Malate
NAD*
COZ*K NADH+H*

a-Ketoglutarate
FAD ¥ Succinate

NAD*
Succinyl
'fﬁ -CoA NADH+H*

Co,

Fumarate
Fumarate

FADH, FADH,

ST Gpp

NADH+H*_Oxaloacetate

i ‘ . NAD*
FAD” Succinate ¢, cinyt «\
? S CoA NADH+H*

GTP  Gpp

COOTBETCTBEHHO. Peokcurena-
Y IMPUBOANJIA K CHUMKEHUIO
arux MetabosiutoB. Ho eciim BO
BCEX TPEX rpyniax (B 3aBUCAMO-
CTHU OT BeHTUJAANUU 21% wnjinu
100% KucJI0pOaOM B TeYEeHHE
15 MuH, a 3aTeM BEHTUJISILUN
KOMHATHBIM BO3JyXOM B TeYe-
Hue 45 muH (rpynnsl 1 n=8 u
2 (n=8) mam 1Js IOJIy4eHUs

a-Ketoglutarate

co,

Puc. 3. Tenepanus CyKIfuHaTa B MUTOXOHAPHAX.
ApantupoBaHo: [21].

Fig. 3. Generation of succinate in mitochondria.
Adapted: [21].

HCXOOUT CHU’KEHHE CTEeIeHU BOCCTAHOBJIEHHOCTHU
NADH u BoccTaHOBJIEHWE aKTUBHOCTU | KOMILJIEKCa,
KOppeJsiipylollee ¢ pe3KUM yBeJInUeHNeM cojiepsKa-
HuA ATA-crHTaswl. bilarogaps aToMy B YCJIOBUAX TA-
SKEJIBIX THIIOKCUYECKUX BO3IEHCTBUI IOCTABIIMKAMU
3JIEKTPOHOB ABJIAITCA Kak HAJ[-3aBucumoe, Tak u
CYKIIMHATOKCUIa3HOe OKHCJIeHue. B paborax oreye-
CTBEHHBIX aBTOPOB Oblja IMOKa3aHa Ba)kKHasA pOJIb
aHaspoOHOro 00Pa30BaAHUS CYKIIMHATA B AaHOKCHYe-
CKUX U TUIOKCUYECKUX COCTOSIHHUSIX U aKTUBAIUM
OKHUCJIEHUs CYKLIMHATA IIPU TUIIOKCUHA [25].

Bce 9t MexaHU3MbI 00€ECIIEYNBAIOT CHIYKEHIE
aKTUBHOCTHU | KOMIIJIeKca U BKJIIOYAIOT peBEePCHUI0
IIMKJIa TPUKapOOHOBBIX KUCJIOT C 00pa30BaHUEM CYK-
IIMHATa ¥ CONPSIKEHHYIO CYKIIMHAT-3aBUCUMYIO aK-
TUBAIUIO aMUHOTpaHcdepasHbIX peaknuii, pocgdo-
puaupoBaHue  cyOcTpara  «-KeToIJIyTapara,
a-munepodocdara 1 akTUBALUIO TYPUHOBOTO HYK-
JIEOTUIHOTO IUKJIA [25, 26]. ABTOpamMu ObLI clieJaH
BBIBO/I, YTO [IJIs1 IOA/IEPKAHMS 9HEPTETUKU KIIETOK
SKUBOTHBIX B YCJIOBUSAX AedUInTa KUCJI0pOo/a 1eJse-
c006pas3HoO UCIOJb30BaTh CYOCTPAThI, CIIOCOOHbBIE
y4acTBOBaTh B aHa3poOHOM 0O0pa3oBaHUU CYKIIU-
Hara, TOoT/a Kak IIpU FUIIOKCUU 11eJ1ecoo0pas3Ho uc-
I10JIb30BaTh CaM CyKIAHarT [27, 28].

B 2010 . Ha cTpanuriax PLoS One 65112 0my0J/1H-
KOBaHa MHTepeCcHas 9KCIlepUMeHTaIbHasi COBMeCT-
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100% xwucmaopoga B TedyeHUe
60 muH (rpynma 3 (n=11) ypoBeHb
JIaKTaTa CHI)KAJICA B OJJMHAKO-
BOM CTEIIEHU, TO MHTEPMEANAThI
nnkja Kpedca anbga-KkeTo-ny-
Tapar, CyKIuHar u pymapar J10-
CTOBEPHO CHUSKAJINCH C Pa3HOU
CKOPOCTBHIO B 3aBUCHMOCTH OT IIPOTOKOJIA peaHnMa-
1Y, TEMOHCTPUPYsI OoJiee OBICTPOE CHUKEHNE B
rpyIiie peokcureHanuu Ha yposHe 21%. OKa3aJjiocs,
4TO peaHuManusa nopocAr co 100% KucaopomgoMm 3a-
JlepKuBaeT KJIEeTOYHOe BOCCTaHOBJIEHHE. ABTOPBI
OTME€YAI0T, YTO BBIPpAKEHHOE€ CHHUKEHHNE HNHTEP-
MmenquaToB nukiaa Kpebca cykununara, ¢pymapara u
amb(a-KeTo-TIyTapaTa ykasbIBaeT Ha OoJiee paHHee
BOCCTaHOBJIeHHE (PYHKIMU MUTOXOHAPUU MPHU HC-
oJIb30BaHMU 21% KucCIopoaa 4Jid peaHnMaluu 1o
cpaBHeHUIO co 100% rucaoponoM [29].

IToopraHHbIi CIEKTP
BJIMAHUSA CYKIIHHATOB
NPH KPUTUYECKUX COCTOSTHUAX

MexaHu3MBbI 3aITyCKa MOJIMOPTAHHOUN HEI0CTa-
TOYHOCTH, TO-BUIUMOMY, MHOKECTBEHHBI. Oxucan-
TEJIbHBIN CTPECC, OIATH K€, II0-BUANMOMY, SIBJISIETCS
OOHUM M3 TAaKUX ITYCKOBbLIX MEXaHU3MOB U CETOAHSA
9TO 00IIenpr3HaHO. [Ipu 3TOM CYIIECTBYIOT Pa3HbIE
ompeJie/IeHUsI OKUCTUTEJILHOTO CTpecca, HO Haubo-
Jiee pacIpoCTPAHEHHBIM U OTIUCATE/TbHBIM SIBJISIETCSI
nucbaianc Meskay BeIpaboTkoit APK u aHTHOKCH-
IAHTHOM CIIOCOOHOCTHIO KJIETOK, YTO IIPU U3OBITKE
A®DK 1noTeHIIa bHO MOKET OBPEKIATh KJIETKU U
paspyuars Tkanu [30].
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3a nocsieHIEe HECKOJIBKO JIeT ObLJIO IIPOBEIEHO
60JIb1110€ KOJIMYeCTBO UCCJIeJOBAaHUM, ONMChIBAIO-
IIUX OKUCJIUTEIbHBIN CTpecC y HallueHTOB C CeTCH-
COM, C AOKasarejbCcTBamMu nponykuuu A®PK, cea-
3aHHOTO C 3TUM I[OBPEXJEHUSA U HCTOLICHUA
AHTHUOKCUJAHTOB [31] 1 OoIIMCaHO MHOI'O 3KCIIEpHU-
MEHTaJIbHBIX I/ICCJIeILOBaHI/Iﬁ OTHOCUTEJIbHO Bapu-
dHTOB UCIIOJIb30BaHUA CYRIITUHATOB IIPU PA3JIMYHBIX
KPUTUYECKUX COCTOSTHUAX, COIIPOBOKIAOIIUXCA
pa3BUTHEM TKAHEBOU TUIIOKCUH [32-34].

B 50-e rozp! MpoLIOro CTOJIeTHA UCII0Ib30Ba-
HHe CYKIJMHATOB ObLJIO COCPEOTOYeHO Ha CUTya-
[UAX, KacaIOIINXCA MCKJIIOYNTEbHO TKaHEBOU T'i-
MMOKCUM B YCJIOBHUSX Pas3jUYHOUN marosorum [35],
MIPOTEKAIOIIEN C OCTPOH IbIXaTeTbHOI HEeJJOCTAaTOU-
HOCTU: IPU OpOHXUATBHOM acTMe [36, 37], TAXKREIBIX
oTpaBJieHUsIX [38], Ipu psifie BoCOATUTEILHBIX U HEeH-
pofiereHepaTuBHBIX IIporieccax [39].

3amuTtHble apdeKTsl NHPY3UU AHTAPHOUN KuUC-
JIOTBI IIPU 9KCIIEPUMEHTATHLHOUN 9HIOTOKCEMUY OBLITI
IIPOAEMOHCTPUPOBAHKI emé B 90-X romax IpoILIoro
BeKa [34] 1 HEOTHOKPATHO ITOATBEPSKIAJINCh B IIOCJIE-
JOYIOIINX uccaenoBanusax (32, 33]. HepaBHue nccie-
noBanue S. P. Chapela u coasr. [40] emié pa3 HaIsAHO
[IOKA3aJI0, CHW)KAET JI IIapeHTepaIbHOE BBEEHUe
CYKIIMHATa CUCTeMHYI0 BbIpaboTky ADK? Kpric c re-
PEBSIBKOY U MYHKIHMEN CJIeTON KUIIIKUA UCIIOJIb30-
BaJI1 B KQ4eCTBE MOJEJIA CEelCUca U pa3jesuaId Ha
4 rpynmsel: KOHTPOJIbHAA TCpyIIla, CYKIUHaATHas
rpymma, KoTopas Iojydajla CyKIHMHAT IlapeHTe-
paIbHO; FPYIIIA CEIICUCA; U IPYIIIA ;JKUBOTHBIX C CEell-
CHCOM, KOTOPBIM BBOJWJIU ITAPEHTEPAJIBHO CYKIIUHAT.
Cucremnble AOK nsMmepsanu KOJIUYECTBEHHO Yepes
24 4 mocJae npouenypbl. Kpwicel, nmoaseprinecs
OyHKIIUU CJIeIIon KUIIIKY, IIOoJIydaBIIvEe CyKRIIMHAT,
HMeJIN MeHbIIIe KOJIMYECTBO CUCTEMHBIX ADK, uem
KPBICHI, He noJryyasiiue (pu p=0,007) [40]. Bce yka-
3aHHBIE UCCJIEI0BAHNUA TOATBEPsKAAIOT, YTO IIPU Cell-
CUCe aKTUBHOCTh 3JIEKTPOH-TPAHCIIOPTHOU IeNU U
MUTOXOHIPpHAJ/JIbHOE OIbIXaHn€ CHUMEHBI, O 4EéM CBU-
JleTeJIbCTBYIOT OoJiee HU3KHE YPOBHU NOTpebIeHNs
KHUCJIOpOAA U CHIYKeHUe YPOBHA ATD 11 COOTHOLIIEHUS
ATD/AJIP [41]. T1o Bcelt BUAMMOCTH, TIPU CEIICHUCE B
MUTOXOHOPUAX )j[GﬁCTBYIOT dHaJOIr'n4YHbI€ MeXa-
HHU3MBbI, 3aBUCAIIIAIE OT I‘JIy6I/IHbI " TAMECTU I'uIio-
KCHUH, TaK KaK HECKOJIBKO UCCJIeIOBaHUN ITOKa3aIn
HU3KYI0 aKTUBHOCTb B 3JIEKTPOH-TPAHCIOPTHOU
Leny KkoMIuiekca IV B Tpom6o1inTax naieHToB C Cell-
cucoM [42], B To BpeMs Kak D. Brealey u coasr. [43]
IoKa3aJ/u 0oJsiee HU3KYIO aKTUBHOCTD B KOMILJIEKCe |,
Ho B KomIuiekcax I, IIT u IV He 6b1710 HUKaKOH pas-
HUIBL Bce BBIIECKa3aHHOE YKA3bIBAeT HA IIPUPOJ-
HYIO OpPUT'MHAJIbHOCTD 1] KOMILIeKCa, II03BOJIAIOIIEro
MIPOSIBJIATH KOMIIEHCATOPHBIN XapaKTep B YCJIOBUAX
TKAHEBOU TUTIIOKCUU ITPU CETICUCE. ITO TOBOPUT O TOM,
YTO HapylLIaeTCsa YTUIU3alusa KUCI0POa, HO He J0-
CTaBKa; COCTOsIHME, Ha3bIBaeMoOe ITUTONAaTUYeCKON
rurokcueit [44]. B aTom KOHTeKCTe Hy»KHO OTMETUTh
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1 (haKT, YTO CYKIIMHAT SIBJIAETCSA BBICOKOAKKYMYJIH-
pPOBaHHBIM MeTabOJUTOM B Makpodarax B OTBET Ha
CTUMYJIANUIO unononucaxapugamu (JIIIC) [45].
Hapy1ieHne criyiaHXHUYeCKOro KpOBOTOKaA € pas-
BUTHEM HILIEMUU U TUNONEP(Y3UN B YCIOBUSIX CeIl-
Crca WY pa3BUTHA JII060T0 KPUTHUECKOTO COCTOSTHUSA
SIBJISIETCSI TIOCTOSTHHOM MPOOJIEMOT, IPUBOASAIIEN K
TpOo(UIECKUM pacCTPOICTBAM KUIIIEUHOMN CTEHKU U C
YIPO30¥ TpaHC/IaKAINY KUIIIEYHOH (PJIOPBI B CUCTEM-
HBI{ KPOBOTOK. B JaHHOM KOHTEKCTE WHTEPECHBI U
MIEPCIIEKTUBHBI 9KCIIEPUMEHTAIbHBIE MCCJIEIOBAHMS
X. Li 1 coaBr. [46], Toe cyKIMHAT yory4iraa MopgoJio-
THIO KUIIIEYHVKA Y CHIKAJ IPOHUIIAEMOCTD SIIUTEJIHST
KHUIIIeYHNKA. ABTOPBI OTMEYAIOT, YTO CYKIIMHAT CIO-
CcOOCTBYeT MOAIePKAHUIO 11eJIOCTHOCTH KUIIIEYHOTO
3IINTEJINsA, BOCCTAHOBJIEHUIO U FOMEOCTa3y KUIlley-
Huka. CyKIIMHAT akTUBHUPOBAJI HECKOJIBKO ITPOBOCTIa-
JINTEJTBHBIX ¥ TPOTUBOBOCIIAIUTEBHBIX IUTOKUHOB,
AKTHBUPOBAJ BPOKAEHHBIN UMMYHHUTET U YCUIUBAIT
MMMYHHYIO (DYHKIIIO KMIIIEYHUKA, TEM CAaMbIM 3aIIH-
II1AJI II€JIOCTHOCTD SIIMTEJINSI TOHKOM KUIIIKU [46].
Y4uThIBasi MHOTO(YHKIIMOHATBLHOE 3HAYEHHE
KHCJIOPO/ia 71 BCeX KJIETOUYHBIX CTPYKTYP, MOSKHO
MIPeAToI0KUTD, YTO U KJIETKHU, obecreuynBalomine
[IPOLIECCHI TEMOCTA3a, B YACTHOCTHA TPOMOOIIUTHI,
HMeIolIrie B CBOEH CTPYKType MUTOXOHIPUH, OyAyT
aHaJIOTMYHO obecrieuynBaTh paboTy COOCTBEHHOM [bI-
xaTeJbHOU 1enu. OCOO0eHHOCThIO TPOMOOIINTA SIB-
JISIETCSI er0 CIOCOOHOCTh K aKTUBAIIUU — OBICTPOMY
1, KaK IpaBmJIo, HeoOpaTUMOMY Iepexoy B HOBOe
cocrosiHre. CTUMYJIOM aKTUBAIIMU MOYKET CJTY>KUTh
MIPaKTUYECKU JII000Ee BO3MYILIEHNE OKPYsKAIOMIeH
CpeJbl, BIUIOTH /IO IPOCTOT0 MeXaHM4eCKOro Halpsi-
sKeHHsI, HO Jallle BCero CTUMYJIOM SIBJI€TCA T'HII0-
Kcuyeckas cpefia. HecMOTps Ha TO 4YTO OCHOBHBIMU
(prsnosIOrnYecKUMU aKTUBATOpPaMU TPOMOOIUTOB
CYMTAIOTCA KOJIIareH (IJIaBHBIN 0e/IOK BHEKJIETOY-
HOT'0 MaTpuKca), TPOMOUH (OCHOBHOH 0OeJIOK IIas-
MEHHOU cUCTeMBbI CBEpPThIBaHUsI), A/IP (ameHo3uH-
nudgocdar, TOABIASAOMANCA U3 PaspyHIeHHBIX
KJIETOK COCY/ia UJIU CEKPEeTHPYeMbIi caMUMU TPOM-
6onuTaMu) U TpoMOOKCcaH A2 (BTOPUYHBIN aKTHBa-
TOpP, CUHTE3UPyeMbIii U BbIOpachiBaeMblil TpOMOO-
ATAMH;  €ro  JIONOJIHUTeJbHass  (PYHKIUS
3aKJ/II0YaeTCs B CTUMY/IAIMN Ba30KOHCTPUKIINN),
BBINIOJIHEHNE TpoMbOouTaMu cBoel (husnoJiornye-
CKOH (DyHKITMH BO3MOSKHO JIUIIB IIPH YCJIOBUU 00ec-
IeYyeHus KJIETOK JOCTaTOYHBIM KOJIMYECTBOM 9HEP-
I'H, 3a BBIPaOOTKY KOTOPOI OTBEYaloT COOCTBEHHBIE
MHTOXOHJApPHUHU. TpOoMOOIHUTEI MMEOT pelIamlee
3HaYeHue JJI apTeprualbHOro TpoM003a, KOTOPbIH
JIeKUT B OCHOBE He TOJIbKO MH(papKTa MHUOKapaa u
WHCYJIBTa, HO U MUKPOTpoM0030B ipu COVID-19, Tak
Ha3bIBAEMOT0 MUKPOCOCYANCTOTO TPOMOOBOCIIAIH-
TesbHOrO cuHapoma (MicroCLOTS), npuBoasmiero k
0OCTPYKIMHU COCYIOB JIETKUX [47]. AKTUBUPOBAHHbBIE
TPOMOOIIUTHI, HE3ABUCUMO OT IPUPOIBI X CTUMY-
JISIOUY, MTHUOAUPYIOT 9HEPTOEMKHE IIPOIIECCHI, KO-
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TOpBIe NOA/Iep;KUBAIOT 0Opa3oBaHue Tpomba, ajan-
TUPYACH K MIOTEHIIMA/JIbHBIM He6JIaI‘OHpI/IHTHI>IM II0-
CJIEJICTBUSIM T'MIIOKCUH U HeJJOCTaTKa MUTaTe/IbHbIX
BelecTB. Kak u Jiio6ble KJIETKU, OTPeOIA0Ie
KHCJIOPOJ, CTUMYJIMPOBaHHbIe TPOMOOIIUTEI Ilepe-
KJIIOYAIOT CBOM 9HepTreTHYecKUil MeTaboIu3M Ha
a3pOOHBIN NIMKOJIN3 IIYTEM MOAY/IAIINYN (PEPMEHTOB
Ha KJIIOUEBBIX KOHTPOJIBHBIX TOYKaxX MeTaboarn3Ma
rmoko3bl. P P Kulkarni u coast. [48] o6Hapyskumy,
YTO a9POOHBIH TTTMKOJIN3, B CBOIO OUEpPEeNb, YCKOPSIET
IIOTOK 4epes3 MeHTo30dochaTHbIil IyTh U MOJAEp-
SKUBaeT aKTUBAIIMI0O TPOMOOIIUTOB, YTO ITO3BOJISIET
HCII0JIB30BaTh IIpenapaThl CyKIIMHATOB /IS peryJis-
1Y 9HeproobecieueHnsI TPOMOOIIUTOB.

CiiegoBaresibHO, obparHass MeTaboUYeCKast
amanTanus TPOMOOIIUTOB MOYKET OBITh 3 (PeKTUB-
HOM, ec/li BHYTPUBEHHOE BBeJleHUe MeTaboJinue-
CKHX MOAYJIATOPOB (CyKIIMHATa) 3HAYUTEJIbHO 3a-
Jlep>KUT 00pa3oBaHUe U POCT TPOMOOB B apTeprojiax
1 KallWljagpax, TeM caMbIM 3aMeJJIUT U BpeMeHHO
WHTepBaJI A MOJIHOM OKKJIIO3UM COCYIOB. B maH-
HOM KOHTEKCTEe YMECTHO IIPUBECTHU pe3yJIbTaThl UC-
caenosanus M. C. CuMyTuc u coasT. [49], rie aBTOpPBI
IIOKa3ajau Ha HeOOJIBHIION IpyIme MalueHTOB C
COVID-19, 4To manyeHTsl, I0JIy4yaBIIde CyKIMHAT
He TOJIBKO ObICTpee OTBevyasIl Ha IPOBOUMYIO aH-
TUKOAryJIgHTHYIO Tepaluio, 4YTO BbIpaskajaock B 00-
Jiee OTUYETIMBOUM NWMHAMUKE IOKa3aresel Koaryso-
rpaMmsl (mpupoct AUTB, coxpaHeHue HOIYJIALNNA
TPOMOOIIUTOB, CHUKEHIE KOHIIEHTpanuu D-aume-
poB U (pubpUHOTEHA), HO IIPYU ITOM OTMEYAJIN 3HAUU-
MoOe CHI)KeHMe 4acTOThl TPOMO0IMOOINYECKUX CO-
ObITUIl B TeueHWe 28 CyT JiedeHUs, a TaKKe
COKpalleHue Cpokos jgedeHnsa B OPUT.

B konTekcre COVID-19 1 1o/105KUTETBHBIX 3(h-
(¢exTOB HUCNOJB30BAaHUS CYKIMHATOB B OTeue-
cTBeHHOU mpakTuke [50], cienyeT eré pas obOpa-
TUTh BHHUMaHWE Ha HaJAu4yue B CTPYKType
CYKIIMHATAETUAPOreHassl sKeJIe3HBIX KJIacTepOB,
obecreynBaloINX CBsI3bIBaHNE CBOOOIHBIX NOHOB
skejie3a. ITOT apdeKT obecreunBaeT HE TOIBKO
QHTHMOKCHUAAHTHYIO 3aIIUTy, HO U KOHKYPEHIIUIO
¢depmenTa u Bupyca 3a sxese3o [51]. [To Bceli Bugu-
MOCTH, BUPYJIeHTHOCTb SARS-CoV-2 n1psiMo cBsA3aHa
C ero 3aBUCHUMOCTBIO OT 3KeJjie3a, YTO B IMPUHIUIIE
XapaKTepHO He TOJIBKO JJIs BUPYCOB, HO U AJ1s 0aK-
Tepuii, r(puOOB 1 MHOTHX ITapA3UTOB, TIOCKOJIBKY JKe-
JIe30 y4acTByeT BO MHOTHX OMOJIOTMYECKUX IIpoIiec-
cax, Briwouasa cuared JJHK/PHK u renepanuio AT,
II09TOMY BUPYCHI HY3K/IAIOTCA B JKeJie3e JIJIs1 CBOeH
pemIMKaIuy B KJIeTKax-xo3seBax. JlocTraTouHble
BHYTPUKJIETOUHbIE YPOBHU sKeJjie3a Mo/ AepsKUBAIOT
penIuKaluio KOpoHaBUpyca, ToTAa Kak JedUuIuT
sKeJjIe3a, HallpOTUB MOAPBIBAET MPOIIECC ero PerIiu-
KaIlu¥, MPensTCTBYA BHUPYCHOHN TPaHCKPUIIUH,
TPaHCJAINU, COOPKe U 9K301IUTO3Y [52]. Ho OKa3wI-
BaeTCsl, 9K30T€HHBIN CyKIIMHAT MOYKET YMEHbIIATh
CTelleHb pelIMKauuy BUpycoB [53]. CyknuHar He
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UHTUOUPYeT ceKpelyio MeAnuaTopoB BOCIaleHus,
WHAYIIMPOBAHHYIO BUPYCOM, HO 6/IOKUPYeT pa3MHO-
JKEeHHE BUpYyCa rpuimna B 31IIUTE/JTUAIbHBIX RJIETKax
JIETKUX. ABTOPBI HaOJII0JJa/Il 3aMeTHOe CHUKeHNe
BUPYCHOH Harpy3Ku IIpy JieUeHN ! CYKIIMHATOM B OT-
JEJIbBHBIX 3IIUTEJMHNAJIbHBIX KJAE€TKaX AbIXaTeJIbHBIX
myTel yesoBeKa [53] 1 3HaUUTEJIbHOE YMEHbIIIeHNe
WHIYIMPOBAHHOTO BUPYCOM YTOJIIIEHUA ajlbBeo-
JIIPHOM CTEHKH, THaJIMHOBON MeMOpaHbl U HEKpo3a
IUTENUuA y MI:IHIEfI, nmoJiydyaBIInUX CyKIUHAT, 1O
CpaBHEHUIO C KOHTPOJIbHBIMU I/IHq)I/IIII/IpOBaHHbIMI/I
SKUBOTHBIMU. HakoHeI, MbIIIY, HHPUITMPOBAaHHBIE
BupycoM LD;,, Haya/au TepATh Maccy yepes 5 THel
II0CJI€ 3apaKeHNA U B KOHEeYHOM utore 40% ymepJin.
Mpbl11y, 1oJy4aBlie CyKIIMHAT, He TePsJId B Macce
u Bce BBUKUIU. OTKPBITHE, YTO CYKITUHAT 3 dek-
TUBHO HapyHiaeT MUKJI pEIJIMKaluu Ir'puIlia, oT-
KpbIBaeT HOBBIEe BO3MOSKHOCTHU JJIS YJIyUYIIEHUs
JieueH!s1 He TOJIbKO TPUIINIO3HOM MHeBMOHUU [53],
HO 1 SARS-CoV-2, 4T0 C yCcrexoM IoATBEPANIIN OTe-
4eCTBEHHBIE aBTOPHI [54-57].

B npyrom ncciaegoBaHuU MeTaboIN3M CyKITU-
HaTa OlleHNBAJIU B aJIbBEOJIIPHO-3MUTEINATBHOM
C IIOMOIIIBIO MacC-CIIEKTPOMETPHH, a TaKXKe OKUC-
JIUTEJIBHO-BOCCTAHOBHUTEJIbHBIX I/IBMepeHI/IIL/'I nu
OIIEHKM OCTPOTO MOBPEKIEHUS JIETKUX. Y MBIIIEH,
WHAYIUPOBAHHBIX MEXaHUUYECKON BEHTUJSAIUEH,
CHMKAJIaCh aKTUBHOCTD CYKITMHATAEr U IporeHasbl
U YBEJIMYUBAJIOCH COflepsKaHue CYKIIMHATa B aJlb-
BEOJISIPHO-3MUTENINATBHOM CJI0€. [n Vitro CyKIIuHaT
yMeHbIIIaJl BOCIajleHue 3MUTe/Us BO BpeMs pac-
TsoKeHUs1. MBIIIU C CYKIIMHATOM BBIABUJIN YMEHb-
[IeHre BOCIIAJIEHUsI JIETKUX, yIydlienne GyHKITUN
aTbBeOJISIPHOTO 6apbepa u ociabJjeHne TUCTOJIO-
TUYECKUX MTOBPEKIEHNN [58].

I'unorepMus, Kak HEeKUI 9KBUBAJIEHT JII000TO
KPUTUYECKOI'0 COCTOSIHUSA SABJISAETCSA MPOTUIIOKCHU-
YeCKUM KOMIIOHEHTOM, KaK IOCJIeJHUHN ajieMeHT
3aIIUTHI OT rUnoKcuU. OKa3bIBaeTCsA, YTO CyKIU-
HaT KOHTPOJIMPYeT aKTUBAI[UIO TepMOreHes3a Ku-
pOBOI TKaHU, a PapPMaAKOJIOTUUECKOE TTOBBIIIIEHNE
LUPKYIUPYIONIEro CyKIIMHAaTa CTUMYJINUPYET Tep-
MoreHe3 KOPUYHEBOH KMPOBOH TKaHbIO, YTO B
CBOIO OouYepejab, CTUMYJHUPYET He TOJBKO HalEX-
HYIO 3alllUTy OT TUIIOTEPMUHU, HO U OT OKUPEHUHA,
BBI3BAHHOTIO ,III/IeTOIL/'I, " yjIiyqyaiaeT TOJIE€EPaHTHOCTD
K mroko3e [59]. CykmuHAT U3 BHEKJIETOYHOU
cpenbl OBICTPO MeTaboIN3UPYETCsI KOPUUYHEBBIMU
agunonuTaMu, U AJd aKTUBAUU TepMOreHe3a
TpebyeTcs ero oKuc/AeHue CyKIIMHAT/IeruJporeta-
3oii. E. L. Mills u coaBr. [59] mokasasu MeXaHU3M,
IIOCPEe/ICTBOM KOTOPOTO ONOCPE0BAHHOE CYKIIH-
HaTJeruporeHas3oil oKMUcIeHrne CyKIIMHaTa NHHU-
nuupyer BoipadboTky AOK u cTuMysiupyeT TepMo-
TeéHHOe€e JbIXaHHue, Toraga Kak I/IHFI/I6I/Ip0BaHI/Ie
CYKIUHATAEruApOoreHassl, HalIpOTUB, IOJABJIAET
TepMoreHes. Psig oTedyecTBEHHBIX paboT TOATBEP-
SKIAeT yKa3aHHBIN dakT [60-62]. OTH pe3yabTraThl
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pacCKpbIBAIOT HeO)KHILaHHbIIZ MeXaHUu3M KOHTPOJIA
3a TepMOTeHe30M C UCII0/Ib30BaHUEM CYKIIMHATa
B KadyeCcTBe TepMOTeHHOU MOJIEKYJIbI CHCTEMHOIO
NPUPOTHOTO MPOUCXOMKIEHUS.

Bb110 mOKa3aHo, 4TO IIPU MOJIEJIMPOBAHUN TUO-
MEeHTaJI0BON KOMBI Y KPbBIC n3yvaJau BJIUAHUE CYy-
KIIMHAaTa HaTPUs U/ WU BHEIIHEro COrpeBaHus A1
nojJepskaHusl HOpPMaJbHOH TeMIepaTyphl TeJsa
(M30TepMIYECKUN peskrM) Ha ra3000MeH, cofiepsKa-
HUe ra30B B KPOBH, KUCJIOTHO-II[EJIOYHOMN CTaTyC U
BBI)KMBAEMOCTb. BbIXKMBAaeEMOCTb npu OTCyTCTBUU
Tepanuu cocraBusa 42%, Ipu U30JIMPOBAHHOM IIPU-
MeHEeHUH! U30TePMUYECKOr0 pesKIMa NI CyKITHAT-
HO# Tepanuu — 50%; Ipu UX KOMOMHUPOBAHHOM
IIpUMEHEeHUHU Pe3Ko Bo3pocia 10 92%. CykuuHar
yBeJIMUMBaJI apTepUOBEHO3HBINH IpanueHT pO,,
yMeHbIa1 geduiut 6ydhepHbIX OCHOBAaHUMN, IOBbI-
1aJ KoHIeHTpanuio 6ukapbonara. [Ipu usorepmu-
yecKkoM pesknMe HakolieHrne CO, B KPOBU YMeEHb-
I1aJI0Ch, ero IKCKpeIus yBeJnynBaaacsk, pH kpoBu
npubaMsKkaacsa K HOpMaJbHBIM 3HadeHusAM. Co-
BMECTHOE€ IMPpUMEHEHNUE oboux TEPpaleBTUICCKRUX
CpeJICTB yBesnuuBaJso norpedsenue O, u ycuiu-
BaJIO UX IOJIOKUTEJbHOE BJAUSHNUE Ha KUCJOTHO-
I1eJIOYHON cTaTyc [63].

uka Kpebca mpencraBJsieT co00# He TOTBKO ce-
PHIO0 XUMHUYECKUX PeaKIiii, NCI0JIb3yeMbIX B a9p0o0-
HBIX OpTraHU3Max OJId BI)Ipa6OTKI/I 9HEpruu, HO B
3HAUUTETbHOMN CTEeTIeH! YYacTBYeT B PETyIAINN UM-
MYHHBIX peakiuii [64]. Cpeau Bcex MeTabOJIMTOB
LMKJIa CYKIIMHAT 3aHUMaeT BeAyIIyIo POJb B pery-
JIATUN KJIETOYHOIO MMMYHUTETA IIPU KJIETOYHOM
cTpecce, YTO II03BOJIsIET pacCMaTpUBaTh CYKIIUHAT,
Kak MeTa0OJUYECKUN CUTHAJI, PETYIUPYIONIUH J10-
KaJIbHBIN CTpecc, MOBpeskAeHre TKaHel 1 UMMYHO-
JIOTUYECKYIO OMaCHOCTh IyTéM MMMYHOMeTaboJIu-
YEeCKOro IiepenporpamMMmupoBaHus. VMMyHHas
aKTHUBaIMA CBs3aHa C NIMKOJIM30M, IIOCKOJIBKY Me-
TabOJIMYECKUH «ITepeKJIIouaTesIb» BaskeH IS BbIKU-
BaHUA UMMYHHBIX KJIETOK B O4arax BOCIlaJIEHUs, e
YPOBeHb KUCJIOpo/ia HU3KUi [65]. B aToMm mporecce
HIF-1la 1o curaasy oT CyKIHara I103BOJIsSIET KJIeT-
KaM aJanTupoBaThCA K Cpejie C HUSKUM CojiepsKa-
HHEeM KHCJIOPOJia B KauecTBe KJII0YEBOTr0 JaTuyuKa
Kkucsopona. KpoMe Bcero CykIHaT sABJIsIeTCS BBICO-
KOAKKyMYJIMPOBaHHBIM MeTa00JIMTOM B Makpodarax
B OTBET Ha CTUMYJISINIO JIUIIOJIMCaXapuaaMu. ITo
MOKeT YKa3bIBaTh Ha POJIb BHYTPUKJIETOUHOTO CYK-
IourHara B I/IHI‘I/I6I/IpOBaHI/II/I BOCIIa/JIMTEJILHBIX pEaK-
LU, TTOCKOJIBKY, KaK OMMCAHO, akKTUBHOCTb SDH u3-
MeHseTCs B IPOBOCHAIUTEIbHBIX MaKpodarax, 4ro
IIPUBOJIUT K HAKOILJIEHUIO CYKI[MHATa U K 10303aBU-
CMMOMY MHT'HOUPOBAHUIO MeINAaTOPOB BOCTIaJI€HUA
IL-6, TNF-a u NO [66].
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OB30PbI

3akJjgoueHue

C y4éTOM JaHHBIX, IPeCTaBJIEeHHBIX B 0030pe,
MO>KHO KOHCTaTUPOBAaTh, YTO KOMILJIEKC CYKI[MHAT U
CYKIMHATAETHIPOTeHa3a SIBJISIOTCS IEHTPATbHBIM
3BEHOM ITnKJa KpeOca 1 rn1aBHOM CTPYKTYypOH aHTH -
TUIIOKCUYECKOTO aHCaMOJIsI BceX KJIeTOK OpraHu3Ma.

VIMeHHO 3TOMY KOMILJIEKCY IOpy4YeHOo obec-
IeyeHue peryasanuu padoThl IbIXaTeJbHON IIenu
MUTOXOHJIpUH, TaK Kak BHYTPUKJIETOUHBIHN aHepre-
THUYEeCKUH cTaTyc MOYKeT paboTaTh TOJBKO Yepe3
BBICBOOOK/IeHUE CyKI[MHATa U OKHUCJIEHHE ero CyK-
[IMHATEeTUPOTEeHA30H, BEIIOTHSIONINX AHTHOKCH-
JaHTHYIO 3alIUTy IyTEM CBsI3bIBAHUS U30BITKA
HMOHOB jKeJjie3a.

ITO COIVIACOBBIBAET 9BOJIIOIIMOHHO CO3JJaHHYIO
[IPUPOY CYKIMHATA KaK BHYTPHUKJIETOYHOTO MeTa-
6oJiuTa C paCHIMPAIOIIUMCA CIIMCKOM BJIMSHUA Ha
O0JIBIIMHCTBO (PU3MOJIOTUUECKUX ITPOIECCOB SKU3-
HeobecIieueHus1, BKJIIOUasi pacxoji 9HepIUH, Bocrae-
HU€e ¥ PeHUH-aHTMOTeH3WHOBYIO CHCTEMY M CUHTE3
KaTeXoJIAMUHOB, UYTO B CJIy4asax (pU3n0oJIoruyecKkoi
TUIOKCUH UJTU BHYTPUKJIETOUHOTO IIOIKUCIEHNS OY-
JIyT BKJIIOUATHCA B KauecTBe 00111ero MexaHu3Ma JJ1s
VHUNAPOBAaHMsI aBTOHOMHBIX PEKAMOB PEery/IsIIun
aZanTanyy K TUIIOKCUY, CHUPKEHUIO PETIMKAIIAY BH-
PYCOB, peryJsIiui TepMoreHesa M reMocTasa, Kuc-
JIOTHO-OCHOBHOTO COCTOSIHUS 1 OOMeHa 3JIeKTPOJIH-
TOB, COCYAMCTOrO TOHyca M TpodUKU TKaHeH
KUIIEYHIKA.

CyKIOHMHAT CTaJ KJII0YEeBBIM UTPOKOM B aKTHBa-
nuu Makpogaros, kak Merabojandeckuil mepe-
KJII04are/ib, KOTOPBIN BayKeH [IJIsI BBLDKUBAHUS UM-
MYHHBIX KJIETOK B OYarax BOCIaJIeHUs], ITle YPOBEHb
KHCJIOpO/ia HU3KUY, 1, 00JIee TOro, CyKI[MHAT ITOKa-
3aJI J0303aBUCUMO€E WHTHONPOBAHUE MeIUaTOPOB
Bocnajienus IL-6, TNF-a u NO, uyTo MOsKeT cBuje-
TEJHLCTBOBATH O POJIM BHYTPHUKJIETOYHOTO CYKIIFTHATA
B UHTUOMPOBAHUY BOCHATUTEIHHBIX PEAKITUH.

Jllobad KIWHWYECKas CUTyalus, JUKTYIOIas
HCIO0JIb30BAHUE TeX WU WHBIX JIEKapCTBEHHBIX
CPEACTB, I0/KHA OMUPATHCSI, KPOME OIIBITa, MHTYH-
[[U¥ U JOKa3aTeJbHON MEIUIIUHBI, Ha TaHHbIE 9KC-
IepUMEHTAIBHBIX (DyHIaMEHTATbHBIX UCCAEN0Ba-
HUN, OTMaxHYTbCH OT KOTOPBIX, ObIBAeT MPOCTO
HeJb35d. BO3MOKHOCTh 9KCTPANOJUPOBAHUSA JaH-
HBIX 9KCIIEPYMEHTA Ha TAI[UEHTOB, He TOJHKHA OBITh
npo0JieMoH, TaKk KaKk paccMaTpuBaeMbIl BapuaHT
pPOJIV CYKIIMHATA W CYKI[MHATIErUpOTeHa3bl OI1-
paeTtcst Ha 00IIe0nOJOTHYECKUY (DeHOMEH THIIO-
KCHUM, KaK TUIIOBOI'0 ITAaTOJIOIMYECKOro IIpoliecca,
OIMHAKOBOTO JIJIs1 JIIOOOTO OPTraHu3Ma, MOTPEDJISIIO-
II[eT0 KUCJIOPO]I.
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K Bonpocy o CKpyHHHTe ¥ NIPO(PHIAKTHKE XPOHUYECKAX
U ONMOPTYHUCTUUYECKUX UH(PEKIMI1 B pEBMaTOJIOTHH

*b. C. BEJIOB, I. 1. TPUTHEBA, E. C. APOHOBA, H. B. MYPABBEBA

OTBHY «HayuHo-HccIeJoBaTeIbCKAN HHCTUTYT peBMaroJioruu uM. B. A. HacoroBoii, Mockea, Poccus

On the Issue of Screening and Prevention of Chronic
and Opportunistic Infections in Rheumatology

*BORIS S. BELOV, GALINA I. GRIDNEVA, EVGENIA S. ARONOVA, NATALIA V. MURAVYEVA

V. A. Nasonova Research Institute of Rheumatology, Moscow, Russia

Pe3ome

IIpo6eMa KOMOPOUAHBIX HH(EKIHIT B pEBMATOJIOTHH IIO-TIPEKHEMY COXPaHsIeT CBOIO aKTyaJbHOCTh. Ha (poHe nmmy-
HOCYIIPECCUBHOI/MMMYHOMOIYJIHPYIONIEl Tepaniuyi MMMYHOBOCIIATUTEIbHBIX peBMaTHYeCKHX 3a0oJieBanuii (IBP3)
JIOCTAaTOYHO YaCTO Pa3BHBAIOTCSA XPOHUYECKHE U ONNOPTYHHCcTHYecKHe nH(pekinu (XON). HexoTopshie U3 aTux HHpeEK-
LM MOKHO NPEJOTBPATHTH IIPH BHINOJTHEHUH CBOEBPEMEHHBIX ITPOLEYP CKPHHUHTA U MPodHIaKTHYECKUX Mep. [pymn-
noii akcnepToB EBpomneiickoro anbsiHca peBMarosioruyeckux accoruanuii (EULAR) OATOTOBJIEHBI pEKOMEHAAINH,
MOCBSIIEHHBIE IPOIelypaM CKPHHUHTA U MepaM Npo(HIaKTHKH HanOoJIee yacTo Becrpeyaromuxcsi XOU (Ty0epkyiés,
XpOHUYECKHe BUPyCHbIe renaTuTsl B u C, nH( ek, BhI3BaHHbIE BUPycOM HMMYyHoOAecdunuTa yesoseka u Herpes zoster,
IHEBMOLMCTHAsA THEBMOHUS) B pamkax IBP3. B HacTosi11Ieli cTaThe IpeICcTaBIeHbI OCHOBHBIE MOJIOKEHH A YKa3aHHOTO
nokymeHTa. [loquépKuBaeTcss HE00X0JUMOCTH IEPHOANYECKOr0 IEPECMOTPAa CKPUHHHTOBBIX U PEBEHTUBHBIX MPOILe-
JIyp 10 Mepe HaKOMJIeHU I HOBBIX HayYHbIX JaHHBIX.

Knroueevie croea: ummyHosocnaiumenvHole peemamuieckie 3a001e6anusy; KomopouoHvle ungexuuu; mybepkynés, ze-
namum B, zcenamum C, eupyc ummyHnodelpunyuma ueioeeka, NHe6 MOULCINHASL NHE6MOHUSL; CKPUHUHZ; NPOPUNAKMUKA;
perxomeHOauuu
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XPOHUYECKUX U ONIOPTYHUCTUYECKUX UH(MEKINI B peBMATOJIOrUU. ARmubuomuku u xumuomep. 2023; 68: 1-2: 69-76.
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Abstract

The problem of comorbid infections in rheumatology still remains relevant. Against the background of immunosuppres-
sive/immunomodulatory therapy of immuno-inflammatory rheumatic diseases (IIRD), chronic and opportunistic infec-
tions (COI) often develop. Some of these infections can be prevented by performing timely screening procedures and
preventive measures. A group of experts from the European Alliance of Rheumatology Associations (EULAR) has prepared
recommendations on screening procedures and prevention measures for the most common COI (tuberculosis, chronic
viral hepatitis B and C, infections caused by the human immunodeficiency virus and Herpes zoster, pneumocystis pneu-
monia) within the framework of the IIRD. This article presents the main provisions of this document. The need for periodic
review of screening and preventive procedures is emphasized as new scientific data are accumulated.
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BBenenue

Ha cerogHAIIHUI N1eHb JOKa3aHa CYIECTBYIO-
1as TeCHasg CBA3b MEXJYy MMMYHOBOCIAIUTEIh-
HBIMU peBMaTudeckumu 3adosieBanuamu (MBP3) u
BO3HMKHOBEHMEM KOMOpOUAHBIX nHpernuit (KI).
ITpu4KHBI 3TOr0 pa3HOOOPA3HbI U BKJIYAIOT B ce0s1

JesKaiye B ocHoBe VIBP3 MexaHu3Mbl, KOTOpbIE IIPU-
BOJIST K IUCPETYIISIINA MMMYHHOM CHCTEMBI, & TAKKE
HeskeJlaTesIbHble 3((EeKThI TPUMeHsAeMbIX METOI0B
sedenus. K cBs3aHbl co 3HAUUTEILHOU MOPOUI-
HOCTBIO ¥ CMEPTHOCTBIO cpequ 601bHBIX FIBP3 1 co-
NIPSIPKEHBI C CYIIECTBEHHBIMU 3aTpaTaMy IS 31pa-
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Tabruuya 1. OcHOBOMOIATAIOIIHE MPUHIANBI CKPHHUHTA ¥ TpoduaakTuku XOU y B3pocibx 60apHEIX IBP3
Table 1. The basic principles of screening and prevention of COI in adult patients with IIRD

¢ Prick XOU citeryeT yIUTHIBATh, TIEPUOINYECKY [TePeOIleHNBaTh U 00CY>KAaTh CO BCEMU MTalllieHTaMHt
¢ IBP3 no navaJsia sieuenusd cbIIBII, TBIIBII, I'MBII, umMmyHopenpeccanTamu u/wunu I'K.

¢ BaskHOE 3HaYEHME UMEET COTPYAHUYECTBO PEBMATOJIOIOB U JPYTUX CIIEIIUAINCTOB,

BKJIIOYas NH(EKIINOHUCTOB, TACTPOIHTEPOJIOTOB, FeraToI0T0B U Iy IbMOHOJIOTOB.

e [Ipy NpUHATHUM pelleHus 0 CKPUHUHTe U npodunaxktuke XOU cienyeT y4UTbIBaTh
MHIUBHUAyalIbHBIE PAKTOPBI PUCKA U IEPUOJUIECKU X IIepeoIeHNBaTh.

e CiieiyeT yYUThIBaTh HAIMOHAJIbHBIE PYKOBOJICTBA U PEKOMEHIAINH, a TAKKe JpyTrue paKkTopkI,
Kacaolrecs 9HJeMIYeCKIX MH(DEKIINOHHbIX 3a00/1eBaHUil Ha ypOBHE CTPAHbI MJIU PEeTHOHa.

IIpumeuanue. 31ech U najee B Tekcre: [MIBI1 — reHHO-UH)KeHepHbIe OMoI0THYeckre npenaparsl; THIIBIT — TapreTHble
6a3ucHble IPOTUBOBOCIATUTEIbHBIE Ipenaparsl; cBIIBII — craHgapTHBIE 6a3UCHBIE IPOTUBOBOCIAJIUTE/IbHBIE TIpe-

naparbl; 'K — IIOKOKOPTHKOUIBI.

Note. Here and further in the text: TIBIT — genetically engineered biological drugs; TBITBIT — targeted basic anti-inflam-
matory drugs; cBIIBIT — standard basic anti-inflammatory drugs ; 'K — glucocorticoids.

Tabruuya 2. PekoMeHJalyy 10 CKPUHUHTY U NpodmiiakTuke XOU y B3pocJibix 00abHbIx HBP3
Table 2. Recommendations for screening and prevention of COI in adult patients with IIRD

e CKpUHUHT Ha JIaTeHTHBIN TyOepKyIé3 (TB) pekoMeHyeTcs ImaruenTam 10 Havasta jedenust [VIBIT wim TBIIBII.
¢ CKpUHMHTI TaKsKe CjeayeT IPOBOAUTH Y NAIMEHTOB C [IOBBIIIEHHBIM PUCKOM JIaTeHTHOTO TB mo Havasna npuéma
cBIIBII, ummyHopaenpeccanToB u/uu 'K (B 3aBUCUMOCTHU OT J03BI U IPOJOJISKUTETbHOCTH).

* CKpUHUHT Ha JIaTeHTHBIN TB q0/keH TPOBOAUTHCS B COOTBETCTBUH C HAIIMOHAIbHBIMU

1/WJIU MesKAYHAPOAHBIMU PEKOMEHAAIMSAMY 1 OOBIYHO BKJIIOYATh peHTreHOrpaduIio IpyaHON KJIETKU

Y aHaJIM3 Ha BBICBOOOKIEHNEe raMMa-UHTep(EPOHa, a He TyOEPKYJIMHOBYIO KOXKHYIO IIPOOY, Tie 3TO BOSMOSKHO.

¢ BB10Op ¥ CpOKHU Tepamnu JlaTeHTHOTO TB T0/IKHBI ONTpeieIAThCA HallMOHATbHBIMU

¥/7JIA MesRAYHAPOTHBIME pekoMeHganussMu. Oco6oe BHIMAaHUE CIeAyeT YAeInThb

B3aMMOJIeHICTBUIO C TpenapaTaMu, OOBITHO UCIO0JIb3yeMbIMH A1 JedeHns 1IBP3.

* Bce nmanueHTsl, KOTOpbIM IIaHupyeTcs Jedenue ¢/ TBIIBII, MBI, ummyHonenpeccantamu u I'K (B 3aBUcUMOCTH
OT J103BI ¥ IPOJOJKUATEIBHOCTH), JOJKHBI OBITh 00C/IeJ0BaHbl Ha TpeIMeT XpPOHUYECKOI0 BUPYCHOTO renarura B.
o CKpUHUHT Ha XpOHUYeCKUI BUPYCHBIN Tenarut C caeayeT IPOBOAUTS y MAllMeHTOB 0 Havasa npuéma c/ThIIBII,
I'BII, nmmyHozpenpeccanToB 1 'K (B 3aBUCAMOCTH OT J03bI U IPOJOJIKUATEIBHOCTH). CKDUHUHT PEeKOMEHTyeTCsT
TanyieHTaM C MOBBIIIIeHHBIMY YPOBHAMH aJJaHMHAMUHOTpaHcdepass! (AnT) uirw ¢ N3BEeCTHBIME (paKTOpaMu PHUCKA.

e CKpUHUHT Ha BUPYC UMMyHOIepuInTa 4yeaoBeka (BUUY) pekomenayercs riepen HadHauenuem I'MBII,
U ero cjiefiyeT paccMOTpeTh nepen Jeuernrem c/ThIIBII, uMMyHozenpeccaHTaMu

u 'K (B 3aBUCUMOCTH OT O3Bl U HpO,Z[OJ'[?KI/ITeJ'[bHOCTI/I).

* Bce nanuenTsl, HaunHamomue jgedenue ¢/ ThIIBII, MBI, nmmyHonenpeccantamu u/uim 'K

(B 3aBUCHMOCTH OT 1035l ¥ IPOAOJIKUTEIBHOCTH), He UMeIolle UMMYHUTeTa K BUPYCY BETPSIHOM OCIIbI
(Varicella zoster virus — VZV), 10/KHBI OBITE IPONH(MOPMUPOBAHBI 0 TPO(UIAKTHKE ITOC/TIe KOHTAKTa ¢ VZV.
e [IpodunakTUKy THEeBMOIUCTHOI MHeBMoHUU (I1I1H) caemyeT paccMaTpuBarh y nanueHToB ¢ VIBP3,

Y KOTOPBIX IPUMEHSIOTCA BbICOKUeE 103bI 'K, 0cOOE€HHO B cOYeTaHUU C UMMYyHOeIIpecCaHTaMH1

1 B 3aBUCHUMOCTH OT COOTHOIIIEHUA PHUCKA U I10JIb3bI.

BOOXpaHEHMA U3-3a HEOOXOIMMOCTH Ha3HaYeH s J10-
IIOJTHUTEJILHOI0 JIEUEHUsI U TocnuTanusanuu. Kpome
TOTO, IIPpU BO3HUKHOBeHNU KU akTUBHYIO Tepamnunio
VBP3 B GOJBIIUHCTBE CJIyYaeB MPUXOIUTCS Bpe-
MEHHO IIPeKpalarb, YTO MOKET IIPUBECTH K YTAXKE-
JIEHUIO TeYeHUs1 OCHOBHOTO 3a00JIeBaHus.

B KoHTEKCTE UMMYHOCYIPECCUBHON/UMMYHO-
Monynupymomeit Tepanuu MIBP3 nocrarouHo yacTto
pa3BUBAIOTCA XPOHUYECKUE U ONIIOPTYHUCTUYECKUE
nadernuu (XOW). EquHoaynrHo mpusHaHo, 4To He-
KOTOPBIE 13 9TUX MH(PEKIUH MOYKHO ITPeIOTBPATUTh
IIPY BBIIIOJIHEHUY CBOEBPEMEHHBIX TPOLIEAYP CKPU-
HUHTa U nTpoduiakTuyeckux Mep. OgHaKO 10 pAy
IIPUYUH, BK/IIOYas Fe03NuaeMU0JIOTHYeCKUe Pa3Jiu-
4uAa MEXJYy CTpaHaMU/peruoHaMu, COOTBETCTBYIO-
e peKOMEeHIAIuu JTU00 OTCYTCTBYIOT, JIMOO «pas-
Opocanbl Mo Bcell auteparype». Takum obpasom,
CYIIECTBYET NOTPEOHOCTD B COMTOCTABJIEHUN TAaHHBIX
0 pasanuHbiX MIBP3 n cxemax jieyeHus1, KOTOpbIe
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MOKHO OBILJIO ObI MCIIOJIL30BATh B KAUYECTBE €OUHON
TOYKY OTCUETA B PYTUHHOHN KJIMHIYECKOU IIPAKTHKE.

B cBsA3u ¢ aTuM, rpynnoi akcneptoB EBpomneii-
CKOT0 aJIbgHCa PEBMAaTOJIOTMYECKUX aCCOLMaIi
(EULAR) Ob171 BBITIOJTHEH CCTEMAaTUYeCKU 0630 JIH-
Teparypsl [1] 1 Ha ero OCHOBE MOATOTOBJIEHBI PEKO-
MEHIAINH, IIOCBAIIEHHBIE IIPOoLeAypaM CKpUHUHIA 1
MepaMm IpoduIakTUKU HanboJsiee 4acTo BCTpeyvalo-
myxcsa XOU B pamkax FIBP3 [2]. B T0 »xe Bpemsi aBTOPbI
IIPU3HAIOT, YTO CO3/IaHNe eIMHOr0 PYKOBOJICTBA I10
CKPUHUHTY U TpodustakTrke XOU ABJIsA€TCA CI0MKHOM
3ayiavelt 13-3a pa3/INuuil B pernoHe IPOKUBAHUS,
tunie VIBP3 1 cBI3aHHOM C HUM PUCKeE, TTOJTyIaeMOil
[IPOTUBOPEBMATUYECKO TEPAITNY, ¥ PYTHX (paKTOpax,
KOTOpBbIE CO3/IAI0T JOIOJHUTENbHBIE TPOOJIEMBI, B
YaCTHOCTH, BO3PACT 1 COITYyTCTBYIOIME 3a00/IeBaHUS.

B Tab1. 1-2 mpeacTaBaeHbI 0CHOBOIIOJIATAIOIIHE
NOPUHIUIIBI 1 PEKOMEH Al 110 CKPUHHUHTY U IIPO-
punaxture XOU.
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Tyoepkynés (TB)

[To maHHBIM peKOMeHAAIHH a0COTIOTHOTO OO0JIh-
HIMHCTBA HAllMOHAJIbHBIX U MEYKIYHAapOJIHBIX pEB-
MaToJIOTUYeCKUX acCCOMaIii, CKDUHUHT Ha JIaTeHT-
HBIH TyOepKyJ1€3 nepes; HauaaoM jgeueHusd THIIBII u
I'MBII siBsisieTcst 00s13aTesIbHBIM. B psifie pyKOBOICTB
IpejIoJaraeTcs IpoBefeHne CKpUHUHTA Y 00JIb-
HBIX, Noyyaomux 'K B 1ose > 15 Mr/cyT B 9KBUBa-
JIEHTE I10 IIPEJHU30JIOHY B Te4YeHHe Ilepuoja Bpe-
MEHH, COoCTaBJIAgLINero > 4 Hen [3-5]. Kpome Toro,
cJIelyeT paCCMOTPETh BO3MOKHOCTh CKPUHUHTA JI0
HayaJsia npuéma 'K y manueHToB, KOTOpble UMEIOT
COMYTCTBYIOITME (haKTOPHI PUCKA, B YaCTHOCTH 3J10-
yrnorpe0OJieHre aJIkoroJsieM, KypeHue, IPosKUBaHUe C
JionbMu, 0osibHBIMU TH, mposkuBaHue B 9HIEMIY-
HBIX peruoHax u apyrue. CKkpuHUHT Ha TB Britoyaer
B ce0A peHTTeHOrpadUIo OPraHoB I'PyITHON KJIETKHY,
TyOEpPKYINHOBYIO KOKHYIO TTpo0y (TKIT) u/wim nu-
arHOCTHUYeCKUe TeCThbl, OCHOBAaHHBIE Ha BHICBOOOK-
nenuu T- mumdonuTamu in vitrounteppepona-y (In-
terferon-gamma release assay — IGRA). [Ipu Betbope
JAArHOCTUYECKUX METOJ0B CjaefyeT UMeTh B BULY,
4TO IIpeabayinast BakiuuHanusa BCG vaiie faét j1ox-
HOIIOJIOKUTeJIbHBIE pesdyiabraTbl TKII, B To BpeMs
Kak JieueHne ['K (majxke B HU3KMX J103aX) MOSKET I0-
BJIeYb 3a CO00M MoJTyueHne JI0YKHOOTPHUIIaTe/IbHbIX
JTaHHbIX. PeaysbraTel TecToB IGRA B MeHbIIeil cre-
neHu 3aBucAr ot Jiedyenusa I'K, I'MIBI1 nian umMmyHo-
JeripeccaHTaMu (TabJr. 3).

OTedecTBEHHBIMU aBTOPAMU IIPOBEJEHO UCCJIe-
JloBaHMe 1o (hOPMUPOBAHUIO IPYIII BEICOKOTO PHCKa
passutus TB — G0JIbHBIX, IPUHUMAIOIINX UHIUOU-
topbl PHO- (6ostee 800 uesioBek). Cornacue pes3yiib-
TaTOB MeYKy BHYTPUKOKHOM ITpo6oii ¢ /lnackuHTe-
crom u TectoM QuantiFERON-TB Gold okasajnoch
xopormuM (k=0,62), a B3aUMOCBsI3b JOCTOBEPHOU IO
TouHOMy Kputepuio dPumepa (p=0,037). Boidoop
Meskay npo6oit ¢ lmackuurectom miam QuantiFE-
RON-TB Gold gomkeH mpoBOIUTHCS C YIETOM UX J0-
CTYITHOCTY ¥ HAJTUYUS MIPOTUBOIIOKA3aHUM [22].

Taxsxke HE0OXOIUMO TOTYEPKHYTh, uTO B Poccuii-
cKroit Pefeparuiu B CBSA3U C JOCTATOYHO BBHICOKOMH Be-
POSITHOCTBIO KOHTAKTa O0JIbHBIX, ToJty4atoriux MBI,
c ucrouyHukamu TB-uHdeKrnny, HeBO3MOYKHO OIpaHU-
YUTHCH, 110 IPUMepy OOJIBIINHCTBA cTpaH EBporsl,
TOJIbKO CKPUHUHIOM Itepe] HayajioM npuéma I'BIL
Ha ¢one neuenus I'MBII 607bHBIE TOKHBI pery-
JISIpHO (He peske 1 pasa B 6 Mec.) MPOXOIUTH 06CIIeT0-
BaHUA I UCKJIIOYEHUs Pa3BUTUsA aKTUBHOIO 1B n
OTIEHKU JUHAMUKU COCTOSTHUSA JiaTeHTHOH TB-undek-
nuu. [Ipu atom HaOJlofgeHue 3a 00JBHBIMU CO CTO-
POHBI (pTU3UATPA CIIe/IyeT MPOHOJIKATh e1l1é B TeueHne
6 Mmec. rtocJie 3aBepiienus repanuu I'VIBIT [22].

[Ipu nnpoBegeHN IPEBEHTUBHOIO MPOTUBOTY-
O6epKy/IE3HOTO JeUeH s cile/lyeT yYUThIBaTh B3aUMO-
JleficTBrE MesK Iy ITperiapaTaMy, NCI0JIb3yeMbIMU JIJIs
aeuyenus VIBP3 u siarentHoro Th. B wactHOCTH, PN
OJJHOBPEMEHHOM JICYCHUU U30HUA3UIOM U TAKUMU
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IIperiaparaMy, Kak MeToTpeKcar 1 jJedayHOMu, He-
006XOAUM MOHUTOPUHT (DYHKIIMOHAJBHBIX IIPOO
neduenu [23, 24]. CoBMeCcTHOE IPUMeHeHUE ¢ prudam-
MUITMHOM MOYKeT HOBJIMATh Ha (hapMaKOKMHETHUKY
TBIIBITu I'K [25, 26]. [inTeIbHOCTh IIPOBEIEHNS IIpe-
BEHTUBHOTO TIPOTHUBOTYOEPKY/IE3HOTO JiedeHUd
JIOJIPKHA COCTABJISAITD, 10 MEHBITIEN Mepe, 12 Hef.

Bupycusiii renatut B (BI'B)

¥V Bcex nanueHTOB ¢ IBP3 no HavaJsa jieueHus
JIOJPKeH OBbITh BBITIOJIHEH CKPUHUHI B OTHOIIIEHUU
MH(EKINY, BEI3BaHHON BUpycoM renartuta B (Hep-
atitis B virus — HBV), c onpeneneHueM I0BEpXHOCT-
HOT0 «aBCTpauiickoro» anturena (HBsAg), anturen
K AilepHOMY aHTUreHy (aHTu-HBC) n anTuTes K mno-
BEpPXHOCTHOMY aHTHUreHy (aHTU-HBs).9T0 Heobxo-
JUMO U151 OLleHKH pucka HBV-peaktusanuu (HBV-p),
II0J] KOTOPOY MOHUMAIOT NOsABJIEeHNe/HapacTaHue
JHK BI'B s kouBepcuio u3 HBsAg-orpuriareibHOM
B HBsAg-nonoskutesibHyio ¢popmy [27]. YcTaHOB-
JieHo, 4To HocuTesiu HBsAg nMeror 6oJiee BBICOKUI
puck HBV-p npu neuenuu I'IBII u gpyrumu ummy-
HOCYIIpeCcCOpaMy, B CBA3U C 4YeM MM IIOKa3aHO Ha-
3Ha4YeHHe IPOTUBOBUPYCHOU NMPOopUIaKTUIECKOU
Tepanuu (Tabu. 4).

ITo gaHHBIM HaOJIIOIATEeILHBIX MCCJIETOBAHNM,
JIJIsI TAITMEeHTOB C pa3pemnBiieiicss HBV-ungekueit
(HBsAg-, antu-HBc+) yacrora HBV-p nnipu Haznaue-
HUM aHTUPEBMaTU4YeCKOU Tepaluy HUYKe U COCTaB-
Jset ot 0 7o 9% [35, 40—43]. 9TuM nanueHTaM IIoKa-
3aH PeryJIsIpHBIN (Kaskable 3—6 Mec.) MOHUTOPUHT
YPOBHA TpaHCaMHHAa3 U BUPYyCHOU Harpysku. [Ipe-
BEHTHUBHAasA POTUBOBUPYCHAA Tepamnusi, 0COOEHHO
IIPA BBICOKON HCXOAHOU BUPYCHOH HArpysKe,
JIoJI’KHA OBITH Hayara 3a 1-2 HeJl. 10 MHUIIAALUK M-
MYHOCYIIPECCUBHOIO JieueHus [44]. Ecau orcpouka
HayaJa JIeYeHUs1 HMMYHOCYIIpecCoOpaMu He Mpej-
CTaBJIsAETCS BO3MOYKHOM, aHTHBUPYCHBIE IIPerapaThl
JIOJDKHBI OBITh Ha3HAaUYeHbI KaKk MOYKHO cKopee. Bo
BpeMs Tepanuy HeoOXOJUM perysipHbI MOHUTO-
PUHT YPOBHSA BUPEMUHU U aKTUBHOCTY TPAHCAMHUHA3
Kaskable 4-12 Hes. Y 60JIbHBIX € JiJarTeHTHOM HBV-1H-
(exnueit npu jieuennu PTM pexkoMeHiyeTcs: MOHU-
TOPHUHT YpoBHel aHTH-HBS, T. K. CHI)KeHNe UX KOH-
LEeHTPalUu WIN UCYE3HOBEHUE SIBJISICTCSA IEePBBIM
IIpeJBEeCTHUKOM ITosABJIeHns1 HBSAg 1 peakTuBanuu
HBV [45,46]. lcxonsa U3 UMEIIIUXCA B JIUTEparype
JIAaHHBIX O CPOKax IpeKpalieHuss NpopuIakTUKU
npepJsiaraeTcsi MPOJOJIKUTH MPOpUIAKTHIECKOe
Jle4eHUe B TeYeHe, Kak MUHUMYM, 6-12 Mec. rmocye
OKOHYaHUS IPOTUBOPEBMATUYECKOM Tepanuu (pu
Jeyenuu PTM — Bmi1oth 1o 18 mec.) [47, 48].

I'enatur C

B psge ucciaenoBaHuil IOKa3aHo, YTO peaKTUBa-
1y renarura C Ipu aHTUPEBMAaTHYeCKOH Tepanuu
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Tabauya 3. PakTOpPEI, BJAKAIONIHAE HAa 3()(DEKTHBHOCTh CKPHHHHIOBBIX TECTOB HA TYOEPKYJIE3
Table 3. Factors affecting the effectiveness of screening tests for tuberculosis

A.TKII
ABtop [oMOHorpachuueckuit  Uucio 3adoseBaHHE Acconmanus ¢ TKII
MCTOYHUK] 0OJIBHBIX BIYK 'K cBIIBII
Q. Ruan u coasr. [6] 1940 VBP3 JIIT, OIII 1,64 JIO; OI1I 0,45 —
(95% 111 1,06 2,53) (95% 111 0,30 0,69)
O. Reitblat u coasr. [7] 65 PA — Her Her
S. Agarwal u coasr. [8] 250 PA — JIO (cpenHAA Her
nosal: 6,4), (p=0,002)
E. C. Hsia u coasr. [9] 2303 B3C JIIT (p<0,0002 — —
110 CPaBHEHUIO
cIGRA)
M. Klein u coasr. [10] 305 BP3 — JIO, (p=0,0172) JIO (BmecTe
cT'K) (p=0,0003)
E. Belard u coasr. [11] 248 1BP32 — JIO, (p=0,018) —
B. Soborg u coasr. [12] 302 B3C — JIO, OP 0,4 —
(95% 111 0,1 1,0),
(p=0,04)
M. N. Tamborenea u coasT. [13] 105 PA — JIO (cpenssist go3a: —
6 mr/nenn), OIII 0,72
(95% 1111 0,55 0,95),
p=0,021
D.Vassilopoulos u coasr. [14] 70 NBP3 JIIT (p=0,01) JIO (cpenusist mo3a: —
6,8 m1) (p=0,04).
M. Arias-Guillen u coasr. [15] 393 B3C — — JITT (MTX)
OII12,15 (95% 11
ot 1,05 o 4,44)
T. Maeda u coasr. [16] 97 PA JITI (14/19) — —
G. Sargin u coasr. [17] 109 B3C — Her —
K. Lee u coasr. [18] 81 PA Her Her HEeT
B.IGRA
Agrtop [omOnnorpauveckust  Yucio 3aboseBaHme Accomnanus c IGRA
HCTOYHHK] 00JIBHBIX
Q. Ruan u coasr.[6] 1940 MBP3 Hert (I'K, cBIIBII)
M. Arias-Guillen u coasr.[15] 393 B3C Her (MT)
T. Maeda u coasrt.[16] 97 PA Her (T'K, cpeguss nosa: 5,7 mr, MT)
D. Vassilopoulos u coaBr.[19] 155 BP3 JIO, I'K, cpennsist ;o3a 6,8 mr,
(O111=0,31, 95% 111 0,1 0,96; p=0,04)
O. Shovman u coasr. [20] 35 PA Her (I'K, cpennsas nosa: 8,3 mr, MT)
G. Matulis u coasr. [21] 142 IBP3 Het (I'K, cBIIBII)

IIpumeuanwue. JII1 — soskHONOMOKUTENbHAS; JIO — noskHOOTpUIIaTeTbHAS; B3C — BocnanuTebHBbIE 3a00/1€BaHUA
cycraBoB; PA — peBmaTounnsiii apTput; MT — MeTtoTpekcaT; OP — oTHOCUTe IbHBIIN pUcK; OIl — oTHOIIIeHue IaHCOB.
! — cyrouHas no3a I'K B 9KBUBasIeHTE 110 IPETHNU30JIOHY; 2 — 93/248 60JIbHBIX UMEJIHN BOCITAINTEIbHOE 3a00JIeBaHIe

KUIIIEeYHWKA.

Note. JIIT — false positive; JIO — false negative; B3C — inflammatory diseases of the joints; PA — rheumatoid arthritis;
MT — methotrexate; OP — relative risk; OIIl — odds ratio. ! — daily dose of glucocorticoids in the equivalent of prednisone;

2—93/248 patients had inflammatory bowel disease.

(mpeumytiectserHo ' MIBII) neficTBUTETEHO TPOUCXO-
JIUT, HO y HEOOJIBIIIOTo uncya 00JabHBIX [49-53]. Of-
HAaKO 3TU HCCIe/JOBaHUA ObLIN OITyOJIMKOBAHBI JIO IITH-
POKOI'0 BHEJIPEHUA B IPAKTUKY IIpeIapaToB IPSIMOTo
IIPOTUBOBUPYCHOTO JAEMCTBUSA. YUUTHIBAsI OOIIIECTBEH-
HYIO 3HQYUMOCTB ITP00JIEMbI, KOMUTETOM 3KCIIEPTOB
EULAR nipefytaraercs nposefeHre CKpUHUHTA, BKIIIO-
YaKoIIero UCCjIeJOBAaHNe Ha HA/IMYUe aHTUTEJI K BU-
pycy renarura C (Hepatitis C virus — HCV), a npu ux
0oOHapysKeHUN — OIpejiesieHre BUPYCHOM HarpysKku

72

(PHK HCV) y Bcex 6oapabIX BP3 mepen nauagom
neuenusi. [leppoouepentoe obcnenoBanue vHa HCV-
MH(PEKITAIO0 PEKOMEH/IYeTCs MallieHTaM C COITyTCTBYIO-
muUME (paKTOpaMu pUCKa (HarlpuMep, yrorpedsaeHne
HApPKOTUKOB BHYTPUBEHHO) WJIU ITPU ITOBBIIIIEHUH JIa-
OopaTopHBIX ITOKa3aTe el (DYHKIMU [Te9eHH, [JTaBHBIM
o6pasom, AnT. IIpu BeIABJIEHUN BUPYCHOM Harpy3ku
(PHK HCV) 60sbHBIE TOKHBI OBITH HAMIPABJIEHBI K
TernaroJIory Uiau NHQPEKINOHUCTY JJIsT TPOBEIEHUST
MIPOTUBOBUPYCHOTO JIEYEHUSI.
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Tabauua 4. Yacrora HBV-p y 60sbHbIx UBP3 — HOCHTe 1€l HBSAZ
Table 4. The frequency of HBV-p in patients with HBsAg — carriers of IIRD

OB30PbI

Asrtop [ouOaHorpacdnueckuit Yucao 3aboJsieBaHme Tepanusa IIpodunakruka, PeaxkTuBanus,

HCTOYHHK] 00JIBHBIX n (%) n (%)

Y. Q. Mo u coasr. [28] 36 PA APII Jla 18 (50) 7 (38,89)
Her 18 (50) 6 (33,3)

T. Matsuzaki u coasr. [29] 20 PA APII 0 4 (20)

J. Tan u coasT. [30] 27 PA cBIIBII 0 2123 (8,7)

U. Kalyoncu u coasr. [31] 76 B3C APIT Ha41 (54) 5(12,2)
Hert 33 (43,4) 8 (24,2)

M-H. Chen u coasr. [32] 55 CKB NmMmyHO- 0 30 (54,5)

CyIIpecCOpbI

U. Kalyoncu u coasr. [33] 11 BP3 APIT 11 (100) 0

H. Ming-Xu u coasT. [34] 17 PA Jledrynomug, HI 5(31,3)

A. R. Giardina u coasT. [35] 4 B3C nd®HO-a 4 (100) 0

S. Zingarelli u coasr. [36] 23 BP3 nd®HO-« a7 (30,4) 1(14,3)
Hert 16(69,6) 12 (75)

J-L. Lan u coasr. [37] 18 PA nd®HO-a Jla 10 (55,6) 0
Her 8 (44,4) 5 (62,5)

D. Vassilopoulos u coagr. [38] 14 B3C nd®HO-« 14 (100) 1(7,1)

L. E Chen u coasr. [39] 7 PA Toumauaymad Ia 2 (28,6) 0
Het 5 (71,4) 3 (60)

IIpumeuanme. APTI — aaTupeBmaTudeckne npenapatbl; CKB — cucremHas kpacHas Bosryanka; uUPHO-o — uHrnom-

TOpHI (haKTOpa HEKPO3a OMYXOJIU-A.

Note. APIT— antirheumatic drugs; CKB — systemic lupus erythematosus; udéHO-a — tumor necrosis factor inhibitors-alpha.

Bupyc ummyHoaedunura
yeJsioBeka (BHY)

YuuThIBasi 00MIECTBEHHYIO 3HAYUMOCTD ITPO-
0J1eMbI ¥ KOHCTAaTUPYS OTCYTCTBHUE HANEKHBIX JaH-
HBIX 0 0€30I1aCHOCTH NIpUMEHEHUA ITPOTUBOPEBMaA-
TUYECKUX CpejcTB y OosapHbIXx BMY, komurer
9KCIIEPTOB CUUTAET I1eJ1eCO00pa3HbIM MPOBEIEHNE
CKPUHUHTA HA JAHHYIO HH(EKIINIO TTepe]] Ha4aIoM
JTII0001 aHTUPEeBMATUYECKON Tepaiy, KaK 9TO IIpe/I-
JIaraeTcsi B peKOMEeHJalUAX 1151 KOHKpeTHbIX IBP3
NJIX B UHCTPYRIOUAX 10 IPUMEHEHUIO OTAEJ/JIbHBIX
rnpenaparos.

HakarnmBaembIii OIIBIT JEMOHCTPUPYET, UTO JIJIsT
neyenuss IBP3 y BUU-mo0kUTEeTbHBIX 00JIBHBIX
HE00X0AUMO COOJII0IeHNEe CJIENYIONINX YCIOBUM:
MIPOJOJIPKEHNE AaHTUPETPOBUPYCHON Tepammu; HU3-
Kasi BUpycHas Harpyska (<60 000 komuii/mJ1); mocTa-
TOYHOE KoandecTBo CD4+ T-rieTor (>200/mi1) [54].

Herpes zoster (VZV)

[Ipusnasas, 4TO Ha CTaTyC UMMyHUTeTa K VZV
MOTYT BJIMATh pas3jnuyHble (PaKTOPbI, B TOM YUCIE
HallMOHAJIbHbIEe HOPMATUBHBIE AKTHI, JOCTYI K Te-
CTAPOBAHUIO, a TAKKe IIPEIIIeCTBYIOASA BAKIINHA-
uus uiau nHQpEKIYs B anamHe3e, akcnepTbl EULAR
CO4JIN Herlesecoo0pasHbIM (POpMYyIUPOBATH KOH-
KpeTHbIE PEKOMEHJALUY I10 3TOMY BoIlpocy. OHaKo
pabouas rpymnma oTcTauBaeT Ba)KHOCTh yCTaHOBJIE-
HUA cTaryca UMMyHHUTeTa K VZV Ha 0CHOBe ITofIpo0-
HOI'0 aHa/IM3a MEeJULIHUHCKOro anamHesa. C yaérom
paHee onmyOJMKOBaHHBIX MHeHUH [55, 56], jouiia,
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HUeHTU(UIIMPOBaHHbIe KaKk He nMerolue VZV-um-
MYHHUTeTa WU UMeIoIie COMHUTe/IbHbIE JaHHbIE B
9TOM OTHOIIIEHWH, JOJOKHBI OBITH 3apaHee IPO-
MH(GOPMHUPOBAHBKI O 11eJ1ec006pa3HOCTH NPOopUIaAK-
TUKU U TPEBEHTUBHBIX Mep I10Cc/Ie KOHTAKTa C O0JIb-
HBIM BeTPSHOM OCIIOM MJIM OMTOSICHIBAIOIIVNM JIMIIIAeM,
B COOTBETCTBUM C JIOKAJBbHBIMU PEKOMEHIAIUIMU.

ITHeBMOIIMCTHAA
nmHeBMOHUuA (I111n)

IIpodunakruka I1ITH B 0CHOBHOM H3y4asach y
nanuenToB ¢ MBP3, nmonyyasmux I'K. Xota MuHu-
MaJibHasl 103a U NIPOAOJIKUTEJIbHOCTD JieueHus ['K
HE OIIpEeNeJieHbl, TaHHbI€ CBUAETEJbCTBYIOT O TOM,
4yro mnpodMIAKTAKA IIOKasaHa IIpU  J03ax
>15-30 Mr/cyT B 9KBUBAJIEHTE 110 IIPEAHUS0JIOHY B
TeueHue >2—-4 Hep. (TadJL. 5).

ITo MHEHUIO psAaa aBTOPOB, HE BbI3SbIBAET COMHE-
HUI HeobxonuMocThb npoduiakTuku I111H y 6001b-
HBIX I'PAaHy/JIEMATO30M C IIOJIMAHTUUTOM Ha IPOTA-
SKEHUU WHAYKIIMOHHOU Tepanuu nuKJIogochanom
nu putykcumabowm [62, 63]. B pekomeHganusx, mom-
rOTOBJIEHHBIX aKkcnepTaMu rpynnsl ISMIR (Italian
group for the Study and Management of Infections in
patients with Rheumatic diseases), ormedaercsi, 9To
npodumnaktuka 1118 mokasana Bcem 60JbHBIM PA ¢
KoJsimuecTBOM CD4+ Ki1eTOK < 200/MKJI MJIA C YUCJIOM
JUM@OIUTOB < 500/MKJI € 00sI3aTeTbHBIM TIIATEJIh-
HBbIM MOHUTOPUPOBAaHUEM HEKEJIATEIbHBIX ABJIEHUH
(Hs). Kpome Toro, 6o1bHBIE PA, nMetotnue 3 u 6os1ee
¢akTOpOB puCcKa (BO3pacT cTapiie 65 JIET; YMCI0
JauM@o1uToB > 500/MKJ, HO < 1500/MKJT; JIeueHne
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Tabruuya 5. Ipocpunaxtuka INITH TPHMETONIPHMOM—CYJIb(haMeTOKCa30JI0M y MAIEeHTOB, moTyJaBmux 'K
Table 5. Prevention of pneumocystis pneumonia with trimethoprim-sulfamethoxazole in patients treated with glu-

cocorticoids
AgTOp [OMOIMOTpPa- Yuciao Cxema IIpodunakruka n (%) PeayiabraT npoduaakTUKH
¢uueckmii ICTOYHHUK] 0OIBHBIX npuema I'K
J. W. Park u coasr. [57] 1092 >30 Mr/geHb 262 (24,0) CHu)KeHue
B TedyeHUe >4 He,. 3abosaeBaemoctu I1I1H
OP=0,07 (95% /11 0,01-0,53), p=0,01
N. Honda u coasr. [58] 437 >50 Mr/geHb 376 (86,0) CHU>KeHne
3aboJsieBaemocru I1ITn
OP=0 (95% /111 0,00-0,38), p=0,003
J. W. Park u coasr. [59] 735 >15 mr u <30 Mr 45 (6,1) CHIXeHMe 3a00JIeBaeMOCTH
B T€YEHUE >4 Hell. [1I1H B rpyI1ie BBICOKOIO prucKa'
OP=0,2 (95% /11 0,001-2,3)
J. Ogawa u coasr. [60] 124 >30 Mr/geHb 46 (37,1) ddderTrBHA y NallUEHTOB
C BBICOKUM puckoM, p=0,039
P. Vananuvat u coasr. [61] 132 >20 Mr IpeJHU30JI0Ha 59 (44,7) Cumkenue 3aboseBaemoctu [111H,
B TedyeHue >2 Hell. p=0,038.
IIpuMeuanue. | — rpymnnsl BBICOKOTO pUCKa: MyJsibc-Tepanus 'K u/uau mumdonenHus.

Note. ' — high-risk groups: pulse therapy of GC and/or lymphopenia.

nMMyHogenpeccanramu u/unu I'K > 3 mec.; npume-
nenue I'BI1 B anamMHe3e; COMTyTCTBYIOIINE 3a00J1e-
BaHWA JIETKUX; CHYKEHUE COJEeP>KAHUS CbIBOPOTOY-
HOoro anbpbymuHa mwin I1gG), 3acaysKUBamOT 0cOOOT0
BHUMAaHMs U PACCMaTPUBAIOTCA B KayeCTBE KaH/U-
JIaTOB /1A NepBUYHOH npodunaktuku I1I1H B uH-
JUBUAYaJIbLHOM IOpsaKe [64].

HauboJsiee yacTo nmpumeHsieMast cxema Ipodu-
gakTtuku [1[TH — npuém TpumeTonpuma/ cymbgame-
Tokcasosa (TMII-CMK) 480 mr/cyt niu 960 mr Tpu
pasa B HeJieJsTi0. AJIsTepHaTUBHBIMU ITPpOUIaKTHYe-
CKUMH IIpernaparamu fABJISIOTCS aTOBAKBOH, IAIICOH
WJIU IIeHTaMunH. HecMoTps Ha onpeieIéHHbIe pas-
HoOIJIacuA [65], OHU, ITI0-BUAVMOMY, UMEIOT OJJMHAKO-
By10 appextuBHOCTH ¢ TMIT-CMK [66, 67], ojHAKO HX
IIpUMeHeHNe OrpaHNYeHO TaKUMU (pakTopamu, Kak
CTOMMOCTB MJIN ITOTPeOHOCTD B TOCIUTAIN3AINH [68].

3arJueHue

Kak moguépkuBaet pabouas rpynma EULAR,
IpeJcTaBJ/IEeHHbIe PEKOMEH ALy CJIeAyeT paccMar-
puBaTh 4€peE3 NPU3My HAlTMOHAJIBHBIX PYKOBO/ICTB,
VUUTBHIBAIOIUX PETUOHATbHBIE (PAKTOPHI PUCKA,
0COOEHHOCTH TeyeHUs, JUarHOCTUKHU, Tepanuu 1
npodunakturu XOU. [Tpu aTom abCoOTIOTHO OIIpaB-
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