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AHATN3 MYTAUNN MUKOBAKTEPUW TYBEPKY/E3A,
OMNMPEAENAOWNX NX TIEKAPCTBEHHYHO
YCTOWNUMBOCTb Y BOJIbHbIX C HEJIEYUEHHbLIM
TYBEPKYJIE3OM JIEI KUX TTPUN PASHOM
BMUY-CTATYCE B CBEPAIJZTOBCKOW OB/NIACTU

B.MAHOB1 C.H. AHOPEEBCKAA2 E. EETAPVNOHOBA2A. N. UBETKOB1 /1. H. HEPHOYCOBA2

‘CBepANOBCKUIA 061aCcTHOW NPOTUBOTYGEpKYNe3HblIii gucnancep, r. EkatepuH6ypr, Poccus

20TBHY «LleHTpanbHblit HUW Ty6epkynesa», MockBa, Poccus

Llenb nccnenoBaHMA: onpefennTb CNekTp MyTauuit MBT, 0TBETCTBEHHbIX 32 YCTONYMBOCTL K NPOTUBOTYGEpPKYNe3HbIM npenapaTam, y 601bHbIX
HeneyeHHbIM Ty6epKynes3om, uMero WM BN Y-no3nTUBHbIA nnm BUY-HeraTuBHbI cTaTyC.

Martepuanbl u MeTOAbl. NccnegoBaHo 165 wtammos MBT oT BUY-N0o3nTUBHLIX M 166 wTaMmMoB MBT oT B Y-HeraTuBHbIX 60bHbIX U3 CBEpA-
noBcKoii 06nactn (FBY3 CO «MpoTuBoTY6epKynesHblit gucnaHcep», r. EkatepuHGypr). OnpefeneHue MyTaLuii B reHax NPoOBOAUAN HA MUKPOUMNAX
«TB-BUOYUNN®» n «TE-BUOYUTN®-2» cornacHo MHCTpyKLum nsrotosnutens (000 «buouun-UMBE», Mocksa).

Pe3ynbTatbl. MokasaHo, 4To 85/165 (51,52%) WTaMMOB, BblAeN€HHbIX OT 60NbHbLIX Ty6epKyne3om ¢ BUY-uHtpekymneii, n 58/166 (34,94%) wrtam-
MOB OT 60NbHbIX TY6EPKYNE€30M, HE aCCOLMMPOBAHHbIM ¢ BUY-uHdekuneit, obnagann MY -reHotunom (p < 0,01). MogaBnstouiee 601bWNHCTBO
MNY-wTtammoB umenu mytauum B 531-m kogoHe rpoB (Ser Leu) n 315-m kogoHe katG (Ser*Thr) (64/85, 75,29% n 38/58, 65,52% COOTBETCTBEHHO
no rpynnam), NpuBoAALLMe K BbICOKOMY YPOBHIO PE3UCTEHTHOCTU K pudamMnuumnHy n nsoHnasugy. Kpome toro, B KaXxAoi rpynne npubnnsntens-
HO B paBHOM COOTHOWeHUN (11/165, 6,67% n 12/166, 7,23% COOTBETCTBEHHO MO rpynnam) BCTpeYyanuchb WTaMMbl, HECYLLWe B TEHOMe MyTauuu,
onpefensiolwne ycTonynBoCcTb K N30HWA3UAY, pUBamMNULUUHY N GTOPXMHONOHAM. [lOCTOBEPHbIX OTANYMIA NO CNeKTPy MyTayuii B reHome MBT,
BblfjefIeHHbIX OT B Y-N03nTUBHbLIX 1 BUY-HeraTuBHbIX 601bHbIX Ty6epKyne3om, He NoKasaHo.

KntoueBble cnoBa: MMKOGaKTepumn Ty6epKynesa, Ty6epkynes, accCoLMNpPoOBaHHbIi ¢ BUY, nekapcTBEHHasA YCTONYNBOCTb, GUONOTUYECKME MUKPOUUTbI,
CNeKTp MyTaLumni

ANALYSIS OF MUTATIONS OF TUBERCULOUS MYCOBACTERIA DEFINING DRUG RESISTANCE
IN HIV POSITIVE AND HIV NEGATIVE TUBERCULOSIS PATIENTS WITHOUT PRIOR HISTORY
OF TREATMENT IN SVERDLOVSK REGION
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Goal ofthe study: to identify profile of mutations oftuberculous mycobacteria responsible for resistance to anti-tuberculosis drugs in HI1V positive
and HIV negative tuberculosis patients without prior history of treatment.

Materials and methods. 165 strains of tuberculous mycobacteria from HIV positive patients and 166 strains of tuberculous mycobacteria from
HIV negative patients were studied in Sverdlovsk Region (TB Dispensary, Yekaterinburg). Mutations in genes were identified using microchips of
TB-BIOCHIP® and TB-BIOCHIP®-2 in compliance with the manufacturer's guidelines (OOO Biochip-IMB, Moscow).

Results. It was observed that 85/165 (51.52%) strains isolated from HIV positive tuberculosis patients and 58/166 (34.94%) strains isolated
from tuberculosis patients not associated with HIV possessed MDR genotype (p < 0.01). The majority of MDR strains had mutations in the
531th codon of rpoB (Ser"Leu) and 315th codon of katG (Ser”Thr) (64/85, 75.29% and 38/58, 65.52% respective the groups), resulting in the
high level of resistance to rifampicin and isoniazid. Each group also had approximately equal ratio (11/165, 6.67% and 12/166, 7.23% respective the
groups) of strains with genomic mutations defining the resistance to isoniazid, rifampicin and fluoruquinolones. No confident difference was found
in mutation patterns of genome of tuberculous mycobacteria isolated from HIV positive and HI1V negative tuberculosis patients.

Key words: tuberculous mycobacteria, HIV associated tuberculosis, drug resistance, biological microchips, mutation pattern

B ocHOBe /eKapCTBEHHOW YCTOWYUBOCTMK OHK-rupasy, kak npasuno, gyrA [10]. Mocneposa-
M. tuberculosis (MBT) Kk npoTuBOTY6epKYNe3HbIM Te/bHOE HaKoMjaeHue MyTauuin B psfe reHoB CAYXUT
npenapatam (MTIM) nexar He CBA3aHHble MEXAY  MPUYUHON BOSHUKHOBEHMWSA MHOXECTBEHHOM/WLINPOKOIA
c060ii CNOHTaHHble XPOMOCOMHble MyTauuu. Tak, /eKapCTBEHHOR ycTonuusoctn (MY /W NY).
YCTOMNUYMBOCTb K pUdhamnumumnHy cBs3aHa C TOYEUHbI- XapakTep MyTaLuii MOXET N0-pasHOMY BAUATb Ha
MW MyTauuaMu B ONpedenieHHOM y4yacTKe reHa rpoB,  ypoBeHb neKapcTBeHHOW ycToiunBocTm MBT. Tak,
Kogupytowero p-cybbveanHuyy PHK-nonnmepasbl, Kk MyTauum B 526-m 1 531-m KofoHax rpoB, kak npasu-
n3oHWasngy - B redax katG, inhA n/wnu ahpC, Ko- 10, NPUBOAAT K BbICOKOMY YPOBHIO PE3UCTEHTOCTU K
OVPYIOLLNX, COOTBETCTBEHHO, KaTanasy-nepokcugasy, pudamMnuumnHy, a cneumpuyeckmne myrtauum B Kogo-
eHoun-Arlb-penykTasy v pegykrasy ankunrugpone-  Hax 511, 516, 518 n 522 - K Hu3komy. NMpu n3yyveHun
pokcuga K PTOPXMHOMNOHAM - B reHax, KOAMPYHLWNUX  yCTOMYMBOCTU K M30HMA3MAY 6bl0 NOKa3aHo, YTO My-
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Tauuun Ha yposHe katG npnMBOAAT K BbICOKOMY YPOBHIO
pe3ncTeHTHOCTK, a inhA n ahpC - kK HU3KOMY [4, 9, 10].

CyluecTByeT runoTesa, COrNacHoO KOTOPOIA y LUTaMMOB
MBT, ycToitumebix K MTI1, CHMKEHA BUPYNEHTHOCTb,
nMoToMy Bbi3BaHHOe MMM 3ab0/ieBaHMe yvalle pa3BuBa-
eTcs y iuy, ¢ UMMYHOAE(ULNTOM, & HE Y UMMYHOKOM-
neTeHTHbIX NuL [8]. 3To cnpaBeA/ivBO, B YHaCTHOCTY, B
OTHOWEeHUN wTammoB MBT, yCTOMUYMBBLIX K PTOPXMHO-
noHam. NMokasaHo, YTO MyTaLuKM B reHax, KOAUPYHOLWUX
OHK-rupasy, oTpuuatenbHo BAMAKOT Ha XXU3HECMNOCO0-
HOCTb M TpaHcmuccuBHOCTb MBT, 3aTpyaHasa pacnpo-
cTpaHeHue LUTY-knoHoB [5]. FToTOMY B OTHOLIEHUY
LY -wTaMMOB MOXeT 6bITb CripaBef/iIMBO YTBEPX-
[eHune, uto BUY-nHpunymnposaHme MOXeT ObITb (haKTO-
pOM puCKa pa3BuTMA YCTONUMBLIX hopM Tybepkynesa.
[loka3aTenbCTBOM 3TOMY MOTYT CNYXWUTb fABa UCCe-
posaHua B FOAP, B pe3ynbtaTe 04HOro M3 KOTOPbIX, B
KwaZulu Natal, 6b110 nokasaHo, 4TO BCe BbIIB/IEHHbIE
B 2005-2006 rr. cnyyau Ty6epkynesa c LUY MBT co-
yeTanucb ¢ BUY-undekumeir, a B gpyrom, npoBejeH-
HOM B nocefieHun Tugela Ferry, npogeMoHCTpMpPOBaHo,
YTO e4WNHCTBEHHLIM CYLEeCTBEHHLIM (PAKTOPOM puUCKa
W NY-Tb asnaetca BUY-ungekuyus [3, 6].

OfHako onucaHbl MyTauuu, NPUBOAALLME K NeKap-
CTBEHHON YCTOWYMBOCTM, KOTOPbIE HE OKa3blBalOT He-
raTMBHOrO BIMAHMUSA Ha 6uonoruyeckue ceoiictea MBT.
B nx uncno exogut myTauus katG 315 (Ser”Thr), aB-
nawouasaca Hambosiee 4acToi MPUYNHOK YCTORYMBO-
CTW K u3oHmnasugy [7], amytauus rpoB 531 (Ser*Leu),
npuBoAsALWas K BoICOKOMY YPOBHIO PE3UCTEHTHOCTU K
pydamMnuunHy, Kak NpaBuIo, ConpsaXeHa c KOMMNeHca-
TOPHbLIMU MYTaUUAMU B APYTUX reHax, KOgUPYHOLLNX
PHK-nonnmepasy, CHUXaKLWMMN BpeaHbIA 3 ekT
anbTepauuu [5].

YunTbiBas oNucaHHoE B INTepaType HEOAHO3HAYHOe
B/INSAHNE KOHKPETHbIX MyTaL il Ha YpOBEHb PE3NCTEHT-
HOCTM M XMU3HecnocobHocTb MBT, npescTaBnanoch ak-
Tya/ibHbIM ONMCaTb CAEKTP MyTaLWUiA, OTBETCTBEHHbIX
3a BO3HWKHOBEHMWE NEKAPCTBEHHON YCTOWYMBOCTU K
0CHOBHbIM [1TI, y MBT, BbigeneHHbix o1 BNY-no-
3UTUBHBIX 60JIbHBIX Ty6epKyne3om, U CpaBHUTbL CO
crnekTpom myTaumnii MBT, BbigeneHHbIX 0T BUY-Hera-
TUBHbIX 60NbHbLIX Ty6epkyne3om. BP® nuaunpytownum
PermoHoM Mo ymcny 60n1bHbIX Ty6epKyne3om, accoum-
MpoBaHHbIM ¢ BUU-nndekuneii, apnsercs Ceepa-
nosckasi 06nacTb: M3 25 578 60/bHbIX TYy6epKy/1e30m
B coyeTaHnn ¢ BNU-nHpekymneir, KOTopble B KOHLE
2014 r. cocTOAIN Ha NPOTUBOTY6GEPKYIE3HOM Yy4eTe
B Pd, 2 702 npoxwusatoT B CBepAn0BCKOI 061acTu
(Bcero no Y®O - 5 112 60nbHbIX) [1, 2]. 3abonesae
MOCTb Ty6epKyne3oM, coueTaHHbIM ¢ BUY-nHpekunei,
B CBepanoBcKoil o6nactu Bospocna ¢ 2013 go 2014 r.
Ha 14,9%: c 20,1 Ha 100 Teic. HaceneHunsa B 2013 1. go
23,1 Ha 100 TbiCc. HaceneHus B 2014 r. [2].

Llenb nccnegoBaHna: onNpesennTb CNeKTp MyTaunii
MBT, 0TBETCTBEHHbIX 32 YCTOWYMBOCTb K MPOTUBOTY
6epKynesHbIM npenapartam, y 60/IbHbIX HEeNeYEHHbIM
Tyb6epKynes3omMm, mMerownm BUYU-N03NTUBHbLIN WK
BWY-HeraTuBHbIl cTaTycC.
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PaboTta nposefeHa Ha wtammax MBT, BblfeneHHbIX
13 [MArHOCTMYECKOro MmaTtepuana (MOKpoTa, MPOMbIBHbIE
BO/bl GPOHXOB U [ip.) paHee He neyeHHbIX 601bHbIX Ty6ep-
Kyne3oMm 3a nepuof c gekabps 2012 r. no Hoabpb 2013 r.,
npoxoamsLuMx o6cnefosaHue n neveHne B NrbY3 CO
«MpoTnBOTY6EPKYNE3HBINA AucnaHcep», I. EkaTepuHbypr.

MccneposaHo 165 wtammos MBT, BblgeneHHbIX OT
165 601bHbIX Ty6epKyne3om B coueTtaHum ¢ BUY-uH-
thekywmein B ctagum CMN[a (rpynnal), n 166 wtammos
MBT o1 166 60/1bHbIX Ty6epKy/ie3oM ¢ oTpuuaTesb-
HeiM BUY-cTatycom (rpynna Il).

Bbigenenne AHK us kynetyp MBT nposogunu ¢ uc-
nofb3oBaHuem Habopa «M-Copb-Ty6» («<CUHTOM»,
Poccus) cornacHo MHCTPYKLUKM nsrotoeutens. Onpe-
[eneHne MyTaumnii B reHax 0CyLecTBAAAN HA MUKPOU M-
nax «Tb-bBNOYUMN®» n «Tb-BNOYUNT®-2» ¢ aHa-
NN30M pe3ynbTatoB rubpugusannmn Ha obopynosaHuu
«Yunpgetektop-01», ncnonb3ys nporpammHoe obecne-
YyeHne Imageware COrnacHoO MHCTPYKLUNM U3roTOBUTE-
na (000 «buounn-MMBE», Mocksa). OnpegeneHbl
MyTauun B reHax, OTBETCTBEHHbIX 38 YCTOWUYMBOCTb K
putamnuuuHy (rpoB), nsoHnasugy (katG, inhA, ahpC)
N PTOpXMHONOHaM (gyrA).

P63yﬂbTaTbIMCCﬂ8AOBaHMH

B pesynbTaTe NpoBefeHHbIX UCCNef0BaHW OT-
MeYeHo, 4To cpeau wtammos MBT rpynnbl | 66110
105/165 (63,64%) wTaMMOB, Y KOTOPbIX BbIfiBNe-
Hbl MyTaLun XOTH 6bl B O4HOM U3 U3YYEHHbIX FE€HOB.
B rpynne Il yncno wramMmoB C MyTaLMAaMU COCTABUO
81/166 (48,80%). Takum 06pa3om, yCTaHOB/EHO, YTO
cpegn MBT, KoTopble 6b11M BbleNeHbl 0T 60/bHbIX C
KOMH(eKLNeRn, LOCTOBEPHO Yallle BbISABAAAN MyTaL UK
B O4HOM W3 FeHOB, ONpPeaenswmnx ycTonunmBocTb K
nTn (p < 0,01).

Mpun n3yyeHUn cnekTpa MyTaunii B reHe rpoB, oTBeT-
CTBEHHbIX 3a YCTONYMBOCTb K puhamnuumnny (tabn. 1),
MoKasaHo, YTo B rpynne | anbTepauuun BbISIBIEHbI
y 87/165, 52,73% wTtammoB MBT, 4TO 4OCTOBEpPHO
(p < 0,01) npesblwano aToT nokasatesb y MBT 605b-
Heix rpynnsl 11 (59/166, 35,54%). MyTauun 3aTparvusa-
v KofoHbl 511, 512, 516, 526, 531 1 533 ©, Kak npasuo,
NMEeNn eAUHUYHbIN xapakTep (85/87, 97,70% B rpynne |,
58/59, 98,31% B rpynne 1), HO B psge cnyyaes Obln My-
Taluumm, 3aTparvearoLLme 4Ba KOLOHa B M3yyaemoli obna-
cTu rpoB (aBa cnyuas B rpynne | noguH - B rpynne I1).

Ualle Bcero BbiaBNAnAN MmyTtauyum B 531-m KOZOHE
reHa rpoB (73/87, 83,91% - rpynna I, 47/59, 79,66% -
rpynna Il), npuyem, Kak npasuio, B 6€1KOBOM Mpo-
LyKTe reHa MmyTauusa npuBoguna K 3aMeHe CepuHa
neiiunHom (71/73, 97,26% - rpynna | v Bce 47 wtam-
MOB ¢ MyTauuamu B 531-m KofoHe rpoB - rpynna I1).
B crnekTpe MyTauuii B reHe rpoB 4OCTOBEPHbIX OTAUUMIA
Mo rpynnamM He BblSABMEHO.

Mpu nccnegoBaHnn anbTepayuii B reHax katG, inhA
n ahpC (tabn. 1) nokasaHo, 4to B rpynne | myTauuu,
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Tabnuua 1. CnekTp MyTauuii B reHax, onpefenstowmnx ycroitumocte MBT K puamnuuunHy, nsoHnasugy n hTopxXmMHON0HaM

Table 1. Mutation pattern in genes defining resistance of tuberculous mycobacteria to isoniazid, rifampicin and fluoruquinolones

eH/KogoH vnn Ne Yucno wrammos, abe. (%)

Mpenapat MyTauun o 3ameHa
HYKNEoTUAHON nosnunn I rpynna (T6 1 BAY-1) Il rpynna (T6)
rpoB 511 Leu”Pro - 2 (3,39)
rpoB 512 Ser-"Thr - 1(1,69)
Asp Tyr 3(3,45) 1(1,69)
rpoB 516
AspVal 1(1,15) 1(1,69)
His"Arg 1(1,15) -
His"Asn 2 (2,30) 3 (5,08)
His™Asp 1(1,15) -
EAMHUYHbIe rpoB 526 .
His"Cys 1(1,15) 1(1,69)
His"Leu 1(1,15) -
His"Tyr 1(1,69
Pugamnumumt y 1@.15) (1,69
Ser*Cys 1(1,15) -
rpoB 531 SerALeu 71 (81,61) 47 (79,66)
Ser-"Trp 1(1,15) -
rpoB 533 Leu”Pro 1(1,15) 1(1,69)
rpoB 511; Leu™Arg;
516 AspATyr 1(1.19) -
rpoB 516; Asp”Gly;
CoyeTaHHble 526 HisAsn - 1(1,69)
rpoB 526; His"Asn;
533 Leu”Pro 1(1,15) -
Bcero 87 (100) 59 (100)
katG 315 Ser-AThr(1) 85 (80,19) 62 (77,50)
katG 315 Ser-AThr(2) 4 (3,77) -
EfnHUYHbIE
inhA 15 CAT 4 (3,77) 4 (5,00)
ahpC 9 GhA - 1(1,25)
katG 315; Ser-"Thr(1);
335 leVal 1(0.94) 1(1.25)
N3oHnasung
katG 315; Ser-"Thr(1);
inhA 15 AT 11 (10,38) 9 (11,25)
CoyeTaHHble ‘ br(1)
atG 315; Ser-"Thr(1);
inhA 8 TG 1(0,94) 2 (2,50)
katG 315; Ser-"Thr(1);
ahpC 10 cAT - 1129
Bcero 106 (100) 80 (100)
gyrA 90 AlaVal 3 3
gyrA 91 Ser~Pro - 1
EfvHWYHbIE Asp™Ala 1 1
DTOPXMHO/OHbI
gyrA 94 Asp"Gly 6 5
Asp Tyr 2 3
Bcero 12 13
Mpumeyanne: Ser*Thr(l) cootBeTcTByeT 3ameHe AGCMACC, Ser*Thr(2) cootBetcTByeT 3ameHe AGCMACA.
OTBETCTBEHHbIE 3a yCTOﬁHMBOCTb K N30HMasnagy, Bbl- npoaykKTe cepnHa TPEOHUHOM. YacToTa BCTpevyaemMoCTu
agnanm B 106/165 (64,24%) cnyuvasx, a B rpynne Il - 3T0ro Bufga anbTepaymii, B TOM YUC/IE B BUAE COYETaHHbIX

B 80/166 (48,19%). PernctpnpoBanu Kak efUHUYHbIE myTaumii, B rpynne | coctasuna 102/106, 96,22%, a B
MyTaLuK, TaK U COYETaHHbIe, 3aTparvBaroLme [Ba reHa, rpynne Il - 75/80, 93,75%. Kpome Toro, no ofHoOMYy pasy
accouunnpoBaHHbIE C PE3UCTEHTHOCTbLIO, UK [iBa KOAO- B KaXAOU rpynne, B coueTaHUu ¢ myTtaumein B 315-m Ko-
Ha OfHOro reHa. [loHe, BCTpeyanacb myTauua B 335-m kofoHe katG.

Kak npasuno, BbifABAAAM MYyTauuu B 315-M KOgoHe MyTauunu B reHe inhA peructpuposanu B 15-m u
reHakatG, npusogsLime K 3aMeHe B KOHEYHOM 6e/IKOBOM pexe B 8-M nonoXxeHuax. Mytauuu B 15-m nonoxe-
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HUK inhA nHorga 6binu eguHUYHbIMK (4/106, 3,77%
n 4/80, 5,00% COOTBETCTBEHHO MO rpynmnam), HO yaLle
BCTpeYa/nCh B COYETaHUU C MyTauuein B 315-m KogoHe
katG (11/106, 10,38% 1 9/80, 11,25% cOOTBETCTBEHHO
no rpynnam). MyTtauus B 8-mM nosioxeHuu inhA 6bina
3apermcTpmpoBaHa TOMbKO B COYETAHMMW C MyTaluei
B 315-mM kopoHe katG B ofiHOM cny4yae B rpynne | n B
[BYX cny4asax 10/ibko B rpynne Il.

MyTauus B reHe ahpC BcTpeTniach TONbKO Yy WTaM-
moB MBT rpynnel Il: BogHOM cnyyae - €00 B 9-M Mo-
NOXXeHUK, B ApYrom - B 10-M NOMOXKEHUMN B COYETAHUM
¢ myTaumeii B 315-m kogoHe katG (Ser~Thr).

MyTauunm B reHe gyrA, npueogswne K BOSHMKHOBe-
HUIO YCTOWYMBOCTU K (DTOPXMHONOHAM, BbISIBNIEHb! B
12/165, 7,27% cnyuvaax s rpynne 1 us 13/166, 7,83% -
B rpynne Il (tabn. 1). MyTauuu peructpuposanunch B
90, 91 1 94-m KoLOHaxX reHa. Yawie BCero perncTpupo-
Banncb myTtaumm B 94-m kogoHe (9/12 n 9/13 cooT-
BETCTBEHHO M0 rpynmnam), Kak npasunio, NpuBoAaLLne
K 3aMeHe B KOHEYHOM MpOLYKTe acnaparmHoBO Kuc-
NOThl rUUUHOM (6/9 1 5/9 COOTBETCTBEHHO).

AHanns3 coyeTaHnMa MyTaumWii B reHax, accouumpo-
BaHHbIX C YCTOWYMBOCTbIO K M30HMA3MAy U pudam-
NUUWHY, nokasan, 4to MJ1Y-reHoTun BbIABMEH Y
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85/165 (51,52%) wTammoB MBT, BbleNneHHbIX OT
60nbHbIX Tpynnbl | ny 58/166 (34,94%) wTammoB
MBT, BblfieNeHHbIX OT 60/bHbIX rpynnbl 11 (Tabn. 2).
MpaKTnyecky BO BCeX cnyyvaax (Kpome OLHOMo WramMmma
n3 rpynnel 11) MJ1Y-reHoTun BKAOYan MyTauuio B
315-m kopoHe katG (Ser”Thr). MNMpuyem ata MyTayus
BCTpeyanacb Kak ofnHouHas (74/85, 87,06% - rpyn-
na |l n 44/58, 75,86% - rpynna Il), Tak 1 B coYeTaHUM
C MyTauuaMn B APYTMUX reHax, acCoLMUpPoBaHHBIX C
YCTOMUMBOCTbLIO K M30HMA3NAY, Kak NpaBnso, B coyeTa-
HUK ¢ myTaumeid B 15-m kogoHe inhA (9/11 - rpynna |
n9/13 - rpynna ll).

B reHe rpoB c HanbonbLeli 4YacTOTOW permcTpupo-
Banucbp mytaummn B 531-m kogoHe (73/85, 85,88% -
rpynna | n 47/58, 81,03% - rpynna Il), B OCHOBHOM
NPUBOAALLME K 3aMEHE B KOHEYHOM MPOAYKTE cepuHa
neiunHom (71/73 v 47/47 coOTBETCTBEHHO MO rpyn-
nam), pexe perucTpuMpoBanucb MyTauuu B KOAOHAX
511, 512, 516, 526, 533.

CambIM YacTbiM MJ1Y-reHoTUNOM B 06eUX rpynmnax
6bi1 rpoB 531 Ser"Leu + katG 315 Ser~Thr (64/85,
75,29% - rpynna | n 38/58, 65,52% - rpynna Il).

Kpome Toro, B KaXgoi rpynne npubAnsnTesbHO B
paBHOM cOOTHOLWeHUn (11/165, 6,67% un 12/166, 7,23%

Tabmvua 2. MyTaumn B reHax katG, inhA, ahpC v rpoB onpegensitowpe yctoitumBocte MBT K M3oHMasmay v pudamnuuuHy (MJ1Y)

Table 2. Mutations in genes of katG, inhA, ahpCand rpoB defining resistance of tuberculous mycobacteria to isoniazid and rifampicin (MDR)

Puamnuunx N3oHnasng Yucno wrtammos, abce. (%)
rpoB Apyrue LeTEPMUHAHTbI YCTOWYMBOCTU K U30HMA3UAY
katG 315 . I rpynna Il rpynna
MyTaLmm KOAOH 3ameHa Ser-"Thr  TeH/KOAOH IAI;I/(;;:i;zKI’IeOTMAHOVI 3aMeHa (TB M BU4-) (T)
511 Leu”~Pro + - - 1(1,72)
512 Ser-~Thr Het inhA 15 CrT - 1(1,72)
AspTyr + - 2 (2,35) 1(1,72)
516 + inhA 15 C T 1(1,18) -
Asp”Val + inhA 15 C T 1(1,18) 1(1,72)
His"Arg + - 1(1,18) -
HishAs + . 2 (2,35) 2 (3,45)
+ inhA 15 CrT - 1(1,72)
526
His"Cys + - 1(1,18) 1(1,72)
EanHnyHble His"Leu + inhA 15 CrT 1(1,18) -
His"Tyr + inhA 15 CAT - 1(1,72)
Ser"Cys + inhA 15 C T 1(1,18) -
Ser~Leu + - 64 (75,29) 38 (65,52)
Ser™Leu + inhA 15 CAT 5 (5,88) 5 (8,62)
531 Ser*Leu + inhA 8 TG 1(1,18) 2 (3,45)
Ser*Leu + katG 335 llerVal 1(1,18) 1(1,72)
Ser™Leu + ahpC 10 CAT - 1(1,72)
SerTrp + - 1(1,18) -
533 Leu”Pro + - 1(1,18) 1(1,72)
. AAra:
mooome - o -
CoueTarHble o Ao + inhA 15 cAT . 1(172)
. SAA -
@ Lewen 1.8 :
Bcero wrammos ¢ MJ/1Y-reHOTUNOM 85 (100) 58 (100)
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COOTBETCTBEHHO MO Fpynnam) BCTpeyanucb LITaMMbl,
HecyLine B reHoMe MyTauum, onpegenstoLine ycToium-
BOCTb K M30HMa3nay, pyudaMmnuumnHy n HTopXMHOMIOHAM
(Tabn. 3). y BCeX 3TWUX LUTAMMOB PerucTpupoBau my-
Tauuto B 315-m KogoHe katG Ser”Thr, cono unu B co-
YyeTaHUU C ApYruMu LeTepMMHAHTaMn YCTOMUYNBOCTH K
M30HMasnay. Takxe y BceX 3TUX LWTaMMOB, KPOMe OIHOr0
13 rpynnel |, BoigBAsaAn mytaumm B 531-M KofoHe rpoB.
BgyrA Jauie Bcero sCcTpeyanmcb mytauum B 94-m KofoHe.

3aKwyeHune

B pesynbTate nccnefoBaHus Mo onpegeneHunto My-
Tauuin B reHome MBT, BbigeneHHbIX 0T BNU-no3u-
TUBHbIX 1 BUU-HeratuBHbIX 601bHbIX TY6EpKyne3om
nerkmx B CBepA/10BCKO 061acTu, NOKa3aHo, YTO OKO-
N0 MOJIOBUHbI MU3YYEHHbIX WTAMMOB, Bbl4eNEHHbIX OT
60nbHbIX Ty6epkyne3oMm ¢ BUY-nHdekumneir, n Tpetb
WwramMoB OT BNY-HeraTuBHbIX 601bHbIX TybepKyne-

Tabnmua 3. MyTtaumm B reHax katG, inhA, ahpC, rpoB n gyrA, onpegenstowue yctoliumsocte MBT K M30HUA3MAY,

prdamMnuumHy 1 GTOPXMHOMIOHAM

Table 3. Mutations in genes of katG, inhA, ahpC, rpoB and gyrA defining resistance of tuberculous mycobacteria to isoniazid, rifampicin and fluoruquinolones

PuamnunymH M3oHnasung P TOPXUHONOHbI Yucno wrammos
1008 Lpyrve feTepMUHaHTbI yrA
p KatG 315 YCTONUYMBOCTU K U30HWA3NAY I rpynna Il rpynna
Ser"Thr reH/KOZOH Wi (TB n B/Y-n) (TB)
KkoAoH sameHa No HYKNeoTUAHON No3nLum samena kodoH sameHa
516 Asp Tyr + - 94 Asp™Ala 1 -
+ - 90 Ala*Val 3 2
+ - 91 Ser-"Pro - 1
+ - Asp"Gly 3 2
94
+ - Asp Tyr 1 3
531 Ser“Leu + katG 335 llerVal 94 Asp”Gly 1
+ inhA 8 TG 94 Asp™Ala - 1
+ 90 Ala*Val - 1
+ inhA 15 CAT Asp~Gly 1 2
94
+ Asp"Tyr 1 -
Bcero ¢ myTtauusaMum B KOMMNAeKce reHos 11 12

30M, o6nagann MJ1Y-reHotTunoM. MNMokKasaTeNbHO, 4YTO
nogasnstouee 60NbWNHCTBO MJTY -lUITAaMMOB UMENN
MyTauunm B 531-m KogoHe rpoB (Ser”-Leu) n 315-M Ko-
[loHe katG (Ser”"Thr), npuBogsaLue, corfnacHo JaHHbIM
NUTepaTypbl, K BBICOKOMY YPOBHIO PE3UCTEHTHOCTU K
pudaMmnuunHy n U30HNa3NLY.

L OoCTOBEpPHBIX OTAMYNIA MO CAEKTPY MyTauuii B
reHome MBET, BblgenieHHbIX 0T BUY-NO3NTUBHBIX U
BWNY-HeraTnBHbIX 60/MbHbIX TY6epKyie3om, He ycTa-
HOBJIEHO, 0AHAaKO 4014 60NbHbIX, Bblgenstowmx MbT
¢ MNTY-reHotunom, 6bina JOCTOBEPHO Bbille B rpynne
60/bHbIX Ty6epKynes3om, coyetarwwumea ¢ BUY-nH-
thekyuein (p < 0,01), 4TO, BO3MOXHO, CBA3AHO C Bbl-
COKOW BEPOSAITHOCTbIO 3apaxeHns ux MJ1Y MBT Ha
HebnarononyyHbIx No Tybepkynesy repputopusax (Kak
Csepfanosckas 06/1acTb).

B naHHOM nccnefoBaHUM OMMCAHO Mano WTamMMOoB
MANY MBT c myTaunamu B gyrA, T. e. UMEKOLWNX KaK
MUHUMYM npe-L /1Y reHoTun, 410 NOKa He NO3BOJIAET
[lenaTb Kakne-To BbIBOAbl 06 0COGEHHOCTAX pacrnpese-
JIeHNA JaHHOro reHoTtuna cpegm BNY-HeratuBHbIX 1

NNTEPATYPA
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BWUY-n03MTUBHbLIX 60/IbHBbIX TY6epkyne3om. OfHaKo,
YUUTbIBasA, 4YTO CYLLECTBEHHLIM (DAaKTOPOM pUCKa pas-
BUTUA Tybepkynesac UMY MBT sasnaetca BUY-nH-
thekuma [3, 6], MOXHO NPeAnoIOXUTb, YTO MO Mepe
neyveHusa tybepkynesac MY MBT pTopXnHONOHAMU
B 0603pMMOM BYAYLLEM BO3MOXHO 3HAUYUTE/IbHOE YBe-
nnyeHune yncna cnyvaes Tybepkynesa c WUAY MBT
UMeHHO cpean BY-No3NTUBHBLIX BOMbHbBIX.

MMonyyeHHble pe3ynbTaTbl JO/MKHbI BbI3biBaTb CEPbE3-
Hble OMaceHuns, NOCKO/bKY B PeroHe yCTaHOB/IEHA Lup-
Kynauns MBT c couyeTaHuem myTauwnii, obecrneynBato-
W MX (PEHOTUNNYECKYIO NEKAPCTBEHHYIO YCTONYNBOCTb
6e3 yulep6a A15 XXU3HECNOCOOHOCTM U TPAHCMUCCUB-
HocTn. Havano ¢opmupoBaHua WY -reHotuna MBT
Ha (POHe BbICOKOW pacnpoCTPaHEeHHOCTU COYeTaHus
Tyb6epkynesa u BUY-nHdpekynm B pernoHe cosgaer
MPeAnoCbIIKN AN HeraTUBHOIO CLeHapusa pasBuTuS
cuTyauuu no Tyb6epkynesy, nockosbKy CrnocobHO npu-
BECTU K HaKomn/eHuto knoHos LY MBT B nonynauun.

KOHNMKT nHTepecoB. ABTOpbI 3aABNAOT 06 OT-
CYTCTBUWM Y HUX KOH(IMKTA NHTEPECOB.
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