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Hexp uccremoBanusi: ompeneanTh Bumbl U pactnpoctpanenHocts mytanuit JHK MBT, accommmpoBanHbIx ¢ jlekapcTBEHHON
YCTONYUBOCTBIO K pUDaMIMIINHY, H30HUA3U/LY, 9TaMOYTOTy, (PTOPXMHOJOHAM U MHBEKIIMOHHBIM TIpenapaTaM y 60abHbx MJIY TH

B ApPXaHTeJbCKOU 00/1acTH.

Marepuassi u MeToabl. B ApxaHrenbckoil 06acT BceM OOJbHBIM [IJIs1 TECTUPOBAHUS JIEKAPCTBEHHON YyBCTBUTENbHOCTH
BoInoaHsAanch MI'M u dpenorununyeckne metonsl. B 2010-2017 rr. B Apxanreabckoil ob6mactu OBIIO 3apErMCTPUPOBAHO
1064 cayuyast nepsoro snusona MJIY TBh. Bcero 3a ykasauubiii nepuos 6u110 3apeructpuposano 1340 cayuaes MJIY TB,
B TOM yncJye 276 crydaeB ¢ moBTOpHBIM anu3oaoM MJIY. Myranuu, acconnnpoBaHHble ¢ YCTOWYUBOCTHIO K pUGAMIUIINHY
(ren rpoB) n wzonnasuny (reust inhA, katG), soisisaaun metogqom Genotype MTBDRplus (Hain Lifescince); myraiuu,
aCCOIMUPOBaHHbBIE C YCTONUUBOCTHIO K PTOPXUHOJIOHAM (TeH gyrA), UHBEKIIMOHHBIM HpenaparaM (2ex 17s) u 3TaMOyTOIy
(ren embB), BoisiBasiiu MmeTogoMm GenoType MTBDRs/ (Hain Lifescince) B cooTBeTCTBHM ¢ PEKOMEHAIMAMU TIPOU3BOIHU -

TeJA.

Pe3yaprartbl. 32 2010-2017 rr. cpean 1064 manmenTos ¢ Buepsbie BeisiBIeHHBIM MJLY Tb myrammuun MBT, acconmuupoBannbie
C YCTOMYMBOCTHIO K pubaMIMIUHY ¥ U30HUA3MLY OJHOBPEMEHHO, Obliu o6HapyskeHbl B 922/1064 (87%) ciydyasx, JONOTHE-
tesnbHO y 2/1064 desioBex Gbuin 0GHAPYKEHBI MyTallUU TOJIbKO K uzonuasuay. Merox GenoType MTBDRs! 6bu1 BbitiosiHeH
y 1196/1340 (89%) nanuentos ¢ MJIY TB. [Ipeobaagatonieii myTaiueii B rere rpoB Gbiia mytanus S531L (86,6%), BTopoii
u TpeTheil o yactore 6putH MyTaimun D316V (5,3%) u L511P (2,6 %) coorBeTcTBeHHO. Peske 0CTaIbHBIX BCTPEYATIHUCH MY-
tanuu B KogoHe 526. Bo Bcex cayuasx MJIY TD 6buin o6Hapyskensl Mmytaiuu B ree katG, koropbie B 85 (9,2%) ciyyasx
COYETAIUCH C MyTalUusAMU B reHe inhA. ToJbKO B IBYX CJIydasix IPUCYTCTBOBAJIM U30JIMPOBaHHbIe MyTaluu B rexe inhA. Ilpe-
obtapatoneit Mmytaiueii cpeau 13051108 MBT, acconmupoBaHHOM ¢ yCTORUNBOCTBIO K MU30HUA3KLY, ObL1a B TeHe katG S315T1
(98,8%), B rene inhA — C15T. B namem ucciegoBanny MyTaiyn B refe gyrA npucyrcrsosanu B 13,6% (163/1196; AU 95%
11,7-15,7%) cay4daes, B rene embB — B 49,7% (594/1196; 1N 95% 46,8-52,5%), B rene rrs — B 7,1% (85/1196; 1N 95%
5,7-8,7%). Cpezu Bcex MCCIIE0BAHHBIX U30JISATOB ¢ YCTOWYUBOCTBIO K (DTOPXMHOJIOHAM HauboJiee 4acTo B reHe gyrA BeTpe-
vanach myrtamus D94G (79/163; 48,5%), BkJtouast ciiydau 6e3 BbllIaJeHUs «IUKOTOo Tuiia». B 19% caydyaes npucyrcTBoBasia
myTtanusg A9OV. Mytanus S91P Bersisiaena y 11,7% usomnaros. Mytanun D94N u D94A Berpeuasucs B 9,2% u 7,4% ciayya-
SIX COOTBETCTBEHHO. B 3 ciy4asix ofiHOBpeMeHHO NPUCYTCTBOBAJIU [[B€ MyTalMU. Y BCEX U30JISITOB B HAIIEM MCCJIEOBAHIH
B reHe 77s Oblid 0OHAPYKEHbI MyTAIMK, ACCOLUUPOBAHHbIE C BBICOKMM YPOBHEM YCTOWUMBOCTU K UHBEKIIMOHHBIM MIperapa-
taMm (A1401G u G1484T). B reme 7rs gatie Apyrux Bctpedanach myTtarus 175 A1401G (81/85; 95,3%), Bitowast ciayvan ofi-
HOBPEMEHHOTO BbISIBJIEHUS] «MYTaHTHBIX IP0O6»> U P06 «AMKOro Tuia>. B 4,7% ciayuasx obHapyxkusasach myrtauus G1484T.
B Apxanresnbckoit obaacru B 81,5% (95% U 78,1-84,5%) cayuaeB myranuii B reie embB 6biiu mytaiuu M306V, B 18,5%
(95% I 15,5-21,9%) — M3061.
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ABSTRACT

Ty6epKynés u 60s1e3HU NIETKUX
Tom 103, Ne 1, 2025

Monitoring of Mutations Associated with Drug Resistance
of Mycobacterium tuberculosis
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The objective: to determine the types and prevalence of Mycobacterium tuberculosis DNA mutations associated with resistance to
rifampicin, isoniazid, ethambutol, fluoroquinolones and injectable drugs in MDR TB patients in Arkhangelsk Oblast.

Subjects and Methods. In Arkhangelsk Oblast, all patients underwent examination by molecular genetic testing and
phenotypic methods for drug susceptibility. In 2010-2017 in Arkhangelsk Oblast, 1064 new MDR TB cases were registered.
A total of 1340 cases of MDR TB were registered during this period, including 276 cases with recurrent MDR. Mutations
associated with resistance to rifampicin (7poB gene) and isoniazid (inhA, katG genes) were identified by Genotype MTBDRplus
(Hain Lifescince); mutations associated with resistance to fluoroquinolones (gyrA gene), injectable drugs (rrs gene) and
ethambutol (emB gene) were identified using GenoType MTBDRs/ (Hain Lifescince) in accordance with the manufacturer's
recommendations.

Results. In 2010-2017 among 1064 new MDR TB cases, Mycobacterium tuberculosis mutations associated with simultaneous
resistance to rifampicin and isoniazid were detected in 922/1064 (87%) cases; mutations associated with monoresistance to
isoniazid were found in 2/1064 people. 1196,/1340 (89%) MDR TB cases underwent examination with GenoType MTBDRsl.
The predominant mutation in the 7poB gene was the S531L mutation (86.6%), the second and third most frequent mutations
were D516V (5.3%) and L511P (2.6%), respectively. Mutations in codon 526 were less frequent than the others. In all MDR
TB cases, mutations in the katG gene were detected, which were combined with mutations in the inkhA gene in 85 (9.2%) cases.
Only two cases had isolated mutations in the inhA gene. The predominant mutation among M. tuberculosis isolates associated
with resistance to isoniazid was S315T1 (98.8%) in the katG gene, and C15T in the inhA gene. According to the results of our
study, mutations in the gyrA gene were present in 13.6% (163/1196; 95% CI 11.7—15.7%) of cases, in the embB gene — in 49.7%
(594/1196;95% CI 46.8—-52.5%), in the 7rs gene — in 7.1% (85/1196; C1 95% 5.7—8.7%). Among all studied isolates with resistance
to fluoroquinolones, the most common mutation in the gyrA gene was D94G (79/163; 48.5%), including cases without wild-type
dropout. The A90V mutation was present in 19% of cases. The S91P mutation was detected in 11.7% of isolates. The D94N
and D94A mutations occurred in 9.2% and 7.4% of cases, respectively. In 3 cases, two mutations were present simultaneously.
All isolates in our study had mutations in the 77s gene associated with high levels of resistance to injectable drugs (A1401G
and G1484T). In the rrs gene, the rrs A1401G mutation was most common (81/85; 95.3%), including cases of simultaneous
detection of “mutant samples” and “wild type” samples. In 4.7% of cases, the G1484T mutation was detected. In Arkhangelsk
Oblast, 81.5% (95% CI 78.1% to 84.5%) of mutations in the embB gene were M306V mutations and 18.5% (95% CI 15.5% to
21.9%) were M306I mutations.
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Beenenue ast (MJ1Y) TB causumiocs ¢ 50 Toic. B 2015 10 31 Thic.

B 2022 1., 9TO COCTABUIIO 7,5% OT 00ITIEro urcsia GOTbHBIX

Cornacuo manusiM BO3, B Poccuiickoit Mepepatiuu Th ¢ MJIY B mupe B 2022 . MJIY Tb B Poccuiickoit

B 2022 r. ry6epkysie3oM (TH) 3a6oenu 56 Toic. wenoBek,  Demeparuu B 2022 1. cpeidl HOBBIX CIY9IA€B COCTABUIT
3abosieBaemMocTh coctaBuia 39 Ha 100 Toic. yesoBek [19]. 37%, cpeau paree morydaBInux jgederne — 68%.

B Poccuiickoit @epepanuu 4nucyio OOJIbHBIX ¢ MHOKE- B Hacrosiiee Bpemst yeroirunsoctb M. tuberculosis

CTBEHHOIT JIEKAPCTBEHHO#T yCTOunBOCTHIO0 Bo30yauTe-  (MBT) K 0CHOBHBIM IPOTUBOTYOEPKYIE3HBIM TPeTa-
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patam niepBoro psaga (ITTIT), Takum kak pudamMmuiime
Y N30HMA3W]I, MOJKHO OTIPEZIENIATh MOJIEKY IS PHO-TeHe-
tryeckumu Metogamu (MI'M) [11]. MI'M nosBosstior
BBIIBUTH MyTaruu B reHax M BT, accoriumpoBantbie
¢ JiekapcTBeHHOW ycToiunBocThio [2, 10]. Ilouck
myTtaruit MBT, acconunpoBaHHBIX € JleKapCTBEeH-
HOW YCTOWYMBOCTHIO, OCTAETCS BAKHBIM U CJIOKHBIM
BornpocoMm ¢rusuarpuu [16]. IIpu atom, mo naaHBIM
ncciefoBaresiell, ypoBeHb yCTOMINBOCTHU K OIpefe-
JIEHHOMY TIperapary, T.e. 3HadeHne MUHUMaJIbHON
uHrubupyiouieii kounenrpanuun (MUK), moxker ot-
audatbed y MBT ¢ pagHbiMu MyTarmmusaMu, acCcoIun-
POBaHHBIMHU C YCTOMYNBOCTBIO K IAaHHOMY Iperapary,
a HaJTM9¥e MyTallii MOKET COITPOBOKAATHCS MU HE
COTMIPOBOXATHCS JIEKAPCTBEHHON YCTOWUMBOCTHIO,
omnpeznensgeMoil GeHOTUNMNIECKUMHU MeTojgaMu [6].
Pazmuynpie nccienoBanusd, B TOM YHCJE TPOBEIEH-
Hoe The CRyPTIC Consortium, BbIsBUIN GOJIBIIOE
KOJIMYECTBO MyTAIINH € pasandHbIMu ypoBaAMr MUK
ITTTI, Bruouast pucdammui [ 15]. Kputnaeckne KoH-
nentparuu I TII a1 denoTnnuIecknx MeTOIOB Te-
CTUPOBAHUS JIeKapPCTBEHHON UyBCcTBUTENbHOCTH MBT
peryJisipHo nepecmarpuBatores. Tak, Harpumep, Gbiia
nsmenena MUK g pudammunmna mpu TecTupoBa-
nuu MetogioM Bactec MGIT ¢ 1 mr/n 1o 0,5 mr/ it st
YMEHBINEHUS YNCIIa PacXoxaennii peayasratoB MI'M
u penorunmyeckux Tectos [20]. B 2021 r. BO3 6bi1
onybimkoBas karajior mytanuiit MBT, acconuuposan-
HBIX C JIEKapCTBEHHOU ycTOWYMBOCTHIO [ 18], BTOpOE
uzganue Boiao B 2023 . [17]. B nanubix myGanka-
Uax npezacTaBiaera nHdopmarudg o myTtanuax JHK
MBT un accoruupoBanubix ¢ HUMHK ypoBHAx MUK, n,
COOTBETCTBEHHO, OTIPe/IeIEHbI YPOBHU JIEKAPCTBEHHOHN
YCTOMUYUBOCTU B 3aBUCUMOCTHU OT MyTaluid. Takum 00-
pa3oM, TIpeCTaBAgeT UHTEPEC PETUCTPAINA U yUeT
pesyasratoB MI'M He TosbKO B hopMaTe HATHIHS UITH
OTCYTCTBWS MYTAINii, aCCOIIMIPOBAHHBIX C YCTONYN-
BocTblo K [ITTI, Ho 1 peructpaiius Buia BbIABICHHBIX
MyTaIui.

Ilesnb nccaeqoBanusd

OnpenenTh BUIABI ¥ PACIPOCTPAaHEHHOCTh MyTa-
muii JIHK MDBT, acconunpoBanHbIX ¢ JeKapCTBEH-
HOI YCTOMYNUBOCTHIO K pUDAMITUIINHY, U30HUABHLY,
aTaMOyTOJIy, GTOPXMHOJIOHAM U UHBEKIIMOHHBIM
npenapaTamMm B ApXaHreJIbCKoit 0061acT y GOJbHBIX
MJIY Thb.

MaTepI/IaJIbI N ME€TO/Ibl

B ApxaHrenbckoit 06acT BceM GOJBHBIM JIJIsT
TECTUPOBAHUS JIEKAPCTBEHHON YYBCTBUTEJBHOCTH
BeIOJHAINCE MI'M n dheHoTUNIMUECKTIE METO/BI.
B 2010-2017 rr. B o6acTu GbLIO 3aperuCcTpUpOBa-
Ho 1064 carygas mepsoro ammzona MJIY Tb. Bcero
3a yKasaHHBIN TTeprojt ObLI0 3aperucTprpoBano 1340
caydaeB MJIY Tb, B Tom uncse 276 ciayyaes c mo-
BTOpHbBIM a1u3010M MJLY. [1s1g BbigBICHUS MyTaIlUi,
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acCOIMUPOBAHHBIX C YCTONIMBOCTHIO K M30HUA3ULY
1 pudaMIUIUHY, B KCCIeJoBaHne ObLIM BKIIOYEHbI
MaIUeHThl ¢ BIepBble BbigBaeHHbIM MJIY Tb. [lna
aHajn3a MyTallli, aCCOMMUPOBAHHBIX C YCTONINBO-
CTBIO K (DTOPXUHOJIOHAM, UHBEKITMOHHBIM TIperapaTam
u 3TaMOyTOJY, B UCC/Ie[JoBaHIe ObLIN BKJIIOYEHBI BCE
cayyau MJIY Tb.

Myranuu, accolMMpoOBaHHBIE C YCTOHUYUBOCTHIO
K pudamnununy (reH 7poB) n uzonunasumry (reusl inhA,
katG), soisBasin MetogoM Genotype MTBD Rplus
(Hain Lifescince); myraiuu, acconuupoBaHHbIe
C YCTOHYMBOCTBHIO K (hTOPXUHOJOHAM (TeH gyrA), NHb-
eKIMOHHBIM TIpenapataM (TeH 77s) u aTambyTony (reH
embB), BoigBasau MeronoM GenoType MTBDRs!/
(Hain Lifescince) coriacHo MHCTPYKIIUSAM TIPOU3BO-
nurens. Jlanasie MmeTonsl ucnob3yior JJHK-cTpumnb
C 30HIAMU, KOTOPBIE COOTBETCTBYIOT TIPOOAM «THKOTO
tuna» (wild types) u «MyTaHTHBIM» TIPOGAM J1JIs1 BBISIB-
genusg mytanuii /IHK MDBT, acconmuupoBanusix c Je-
KapCTBEHHO# yCTOMIMBOCTDIO. [IpOObI «AMKOTO THIIA»
0XBaTBIBAIOT YyYACTKU YCTOMUUBOCTH UCCIIEYEMBIX r'e-
HOB, @ «<MyTaHTHbBIE» TIPOOBI OTPEAEIISIOT BU/] MY TAI[HIA.
[Ipu nasmmuum jekapcTBeHHOU ycToriunBocT MBT
Ha /IHK-crpurie orcyTcTBOBAM CUTHA XOTsI OBl B OJI-
HOU 1Tpo6e «IMKOTO TUIIa» U IMPUCYTCTBOBAJ CUTHA
«MYTaHTHOI» ITPOOBI, YTO TIO3BOJISIIO OTIPEIETUTD BUJL
MyTal[MU COIJIACHO MHCTPYKUMU. [Ipu 5TOM B HEKOTO-
PBIX CIyYasX 0TMeYaJoCh OTHOBPEMEHHOE OTCYTCTBHUE
CHIHaJIa B TIPOGAX <«[MKOrO TUIIa» U B «MyTaHTHBIX»>
pobax, 4To TakKe YKa3blBaJIO Ha yCTOWYUBOCTD K CO-
otBetcTByIonemy IITII, onnako y ornenbubix MBT
3TO He IT03BOJISLIIO OIIPe/le/IMTh BUJL My Talluu. B peaknx
CJIyyasx PerucTpUpPOBAJIOCh OJTHOBPEMEHHOE IIPUCYT-
CTBUE TIPOO «JIMKOTO> TUIIA U «MYTaHTHBIX> TIPO6, UTO
MOTJIO OBITH OOBSICHEHO B TOM YHUCJIE OTHOBPEMEHHBIM
IIPUCYTCTBUEM KaK YCTOWYMBBIX, TAaK U UYBCTBUTEJIb-
HbeIXx MBT.

Pesysbrarnt

3a22010-2017 rr. cpenu 1064 naimeHTOB C BIIepBbie
BoIsiBJieHHBIM MJIY Tb myranuu MBT, accoruupo-
BaHHBIE C YCTONYMBOCTDHIO K pUDaMIUIIUIHY U U30HU-
asujy OJHOBPEMEHHO, ObLIN 0OHapysKeHbl B 922 /1064
(87%) cnyuasix, nonoanutensto y 2/1064 maiueHToB
6bH 06HapyKeHbl MyTaiuu MBT ToIbKO K M30HMA-
3uy. B ocTanbHbIX cydasix ObLIH BBITOJHEHDI (heHO-
tunudeckre Meroabl win MJIY TB 6bu1 3apeructpu-
POBaH KJIMHUYECKY ITPU OTCYTCTBUY pe3yssratoB TJIY.
Beero 3a ykazaHHBIH 11epro/1 ObLIO 3aPErUCTPUPOBAHO
1340 cryyaeB MJIY TDB, B ToM 4ucJie ¢ TOBTOPHBIM
anusonoM MJIY y 276 manuenToB. Meton GenoType
MTBDRSs/ 6b11 Boitiosien y 1196 /1340 (89%) nanu-
entoB ¢ MJIY Th.

BrisiBnennsle myTanuu B re"e rpoB MDBT, acco-
IMUUPOBAHHBIE C YCTOWYUBOCTBIO K PUDaAMIUIIUHY,
npezcrasiensl B Tabu. 1. IIpeobianarorieii Mmytareit
B IaHHOM reHe Oblia mytarmst S531L (86,6%; 95% /I
84,2% — 88,7%), peske OCTATBHBIX BCTPEYAIUCH MyTa-
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Ta6auya 1. Myranuu B rene rpoB MBT cpenu ciyyaes MJIY Th

Table 1. Mutations in the rpoB gene of Mycobacterium tuberculosis among MDR TB cases

ropb!

SR 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | [ O° | % Cpe'flt:'n";y“aes 95% [N (%)
BbInonHEHO UccnepoBaHui 152 140 132 117 100 108 106 67 922
S531L 137 115 118 101 91 92 83 61 798 86,6% 84,2-88,7
D516V 10 12 3 6 3 4 9 2 49 5,3% 3,9-6,9
L511P 2 6 0 3 3 6 4 0 24 2,6% 1,7-3,9
$531Q/S531W/L533P* 0 1 4 2 0 3 2 0 12 1,3% 0,7-2,2
D516Y/del515* 0 1 3 0 2 3 2 0 11 1,2% 0,6-2,1
H526* 0 3 1 1 0 0 0 4 9 1,0% 0,5-1,8
H526Y 1 1 0 1 0 0 2 0 5 0,5% 0,2-1,3
OtcyTcTByeT WT3* 0 2 1 0 0 2 0 5 0,5% 0,2-1,3
H526D 1 0 1 1 1 0 0 0 4 0,4% 0,1-1,1
Orteyrereyior npoGel WT2, WT3 0 1 0 0 0 0 2 0 3 0,3% 0,1-0,9
nWT4
Q513L/Q513P/del514-516* 1 0 0 1 0,1% 0-0,6
OtcyTcTBytOT NPo6bl WT2 n WT7* 0 1 0 0 1 0,1% -0,6

* Bud mymauuii ne onpedenen Coziacho UHCmpyKuuu npouzsooumenst (00HOBPEMEHHO OMCYMCMBOBANU CUZHATbL <OUKO20 MUNA>

U <Mymanmuoix> npod)

*Mutation type not determined according to manufacturer’s instructions (wild-type and mutant samples were missing signals simultaneously)

Ta6auya 2. Mytauumu B renax katG v inhA MBT cpenu ciyyaes MJIY Th

Table 2. Mutations in the katG and inhA gene of Mycobacterium tuberculosis among MDR TB cases

Topap!
l'eH Myrauus 2010 2011 2012 2013 T 2014 2015 2016 2017 troro % 95% AU (%)
BbinonHeHo uccnepoBaHui 152 142 132 117 100 108 106 67 924
S315T1 152 140 131 117 100 108 106 66 920 99,6% 98,9-99,9

katG S315T2 0 0 1 0 0 0 0 1 2 0,2% 0,03-0,8

C15T 13 17 5 9 10 12 13 3 82 8,9% 7,1-10,9
inhA T8C 1 1 0 0 0 0 1 0 0,3% 0,1-0,9

T8A 0 1 0 0 1 0 0 0 2 0,2% 0,03-0,8

Taoauua 3. Myrauuu B rene GyrA MBT cpenu ciyyaes MJIY Th
Table 3. Mutations in the GyrA gene of Mycobacterium tuberculosis among MDR TB cases
CBefeHna 0 MyTaumsax Foas! WToro 1196 95% AN (%)
2010 2011 2012 2013 2014 2015 2016 2017

HeT myTauui 157 152 139 132 119 121 120 66 1006/1196 84,1% 81,9-86,1
MyTaumm 20 21 20 27 20 28 17 10 163/1196 13,6% 11,7-15,7
D94G 8 8 10 15 6 9 10 2 68/163 41,7% 34,1-49,7
A90V 5 6 5 3 3 4 3 2 31/163 19,0% 13,3-25,9
S91P 2 4 1 0 3 3 3 3 19/163 11,7% 7,2-17,6
D94N 1 0 3 5 4 2 0 0 15/163 9,2% 5,2-14,7
D94A 2 2 0 2 4 0 2 12/163 7,4% 3,9-12,5
D94G* 0 0 0 2 4 3 1 0 10/163 6,1% 2,9-10,9
92-97** 1 0 1 0 3 0 0 5/163 3,1% 1-7
A90V+D94N 1 1 0 0 0 0 0 0 2/163 1,2% 0,2-4,4
D94N+D94G 0 0 0 0 0 0 1 1/163 0,6% 0-3,4
Eﬁ:g’: I‘ﬁ;:‘:ﬁ%@”ﬁm{“;;i o8 5 7 3 1 3 4 2 2 27/1196 2,3% 1,5-3.3

* O0nospemenioe npucymemeue npod <OuK0z0» Muna u <Mymanmuolxs npod
**Bud mymayuii e onpedeien coziacho UHCMPYKuuY npouseooumens. (00HOBPEMEHHO OMCYMCMEOBANU CUZHATLL <OUKO20 MUNA>

U <MYMAHMHBIX> NPOO)

*Simultaneous presence of wild-type and mutant samples
**Mutation type not determined according to manufacturer's instructions (wild-type and mutant samples were missing signals simultaneously)
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Taonuua 4. Myrauuu rena rrs MBT cpenu ciyyaes MJIY Th

Table 4. Mutations the rrs gene of Mycobacterium tuberculosis among MDR TB cases

roap! Wtoro
CBefeHu1s 0 MyTaumax 95% AU (%)
2010 2011 2012 2013 2014 2015 2016 2017 abe. %

HeT myTaumi 157 153 143 147 128 136 126 72 1062/1196 88,8% 86,9-90,5
MyTaumm 9 15 16 10 10 12 9 4 85/1196 71% 5,7-8,7
A1401G 7 12 16 9 11 9 2 74/85 87,1% 78-93,4
A1401G* 1 1 0 1 1 0 2 7/85 8,2% 3,4-16,2
G1484T 1 2 0 0 0 0 0 4/85 4,7% 1,3-11,6
PesyneTar He oueHnTb a-sacna- | g 12 3 3 5 4 2 49/1196 4,1% 3,1-5,4
6bIx curHanos AHK-cTpunos

* O0nospemennoe npucymemsue npod <«OuK0z0»> Muna u <Mymanmmslxs npoo

*Simultaneous presence of wild-type and mutant samples

Ta6auua 5. Mytauuu B rene embB MBT cpenu ciyuaes MJIY Th

Table 5. Mutations in the embB gene of Mycobacterium tuberculosis among MDR TB cases

lopb! WToro
CsefeHuns 0 MyTaumsax 95% U (%)
2010 2011 2012 2013 2014 2015 2016 2017 abe. %

HeT myTauui 74 79 74 73 71 71 74 40 556/1196 46,5% 43,6-49,4
MyTaumm 97 90 84 81 67 76 62 37 594/1196 49,7% 46,8-52,5
M306V 73 67 71 67 55 65 48 30 476/594 80,1% 76,7-83,3
M3061" 18 20 8 13 10 8 13 2 92/594 15,5% 12,7-18,7
M306I? 6 2 2 1 1 2 0 4 18/594 3,0% 1,8-4,8
M306V* 0 1 3 0 1 1 1 1 8/594 1,4% 0,5-2,6
Pe3synkTar He OLeH!Tb U3-3a g
cnaBbix curHanos JAHK-cTpunos 11 11 4 6 4 6 3 1 46/1196 3,8% 2,8-5,1

* Odnospemennoe npucymemeue npod <OuK020» Muna u <Mymanmuvlxs> npoo

! 3amena ocnosanus ATG—>ATA
2 3amena ocnosanuss ATG>ATC/ATT
*Simultaneous presence of wild-type and mutant samples
" Base change ATG-ATA
2 Base change ATG—>ATC/ATT

uu B KogoHe 526 (1,9%; 95% AU 1,2-3,1%), a Takke
HeoIipe/esIeHHblEe MYyTallu, KOTla OJHOBPEMEHHO OT-
CYTCTBOBaJI CUTHAJIbI «/IMKOTO TUIIa» U «MYTaHTHbBIX»
poo.

Mytammuu MBT, acconumpoBarHbie ¢ yCTONINUBO-
CTBIO K MI30HUA3MLY, ITpeicTaBieHbl B Tab1. 2. Bo Becex
caydasx MJTY TB 6bimi 06HApYKEHbI My TAIIH B TEHE
katG, xoropsie B 85 (9,2%; 95% 1IN 7,4—11,3%) cay-
JasiX COYETATNCh ¢ MyTarusiMu B reHe inhA. Toabko
B IBYX CJIy4adX IMPUCYTCTBOBAJIN N30JIUPOBAHHbIE MY -
Taluu B reHe inhA.

[Tpeobaagaromieit mytarueil cpeau u3oastoB MBT,
ACCOTMMPOBAHHON C YCTOMYMBOCTHIO K M30HUA3ULY,
ooita S315T1 B rene katG (99,6%; 95% 1N 98,9—
99,9%), Brenie inhA — C15T (8,9%;95% 11 7,1-10,9%).
Cpenu Bcex UCCIEI0BAHHBIX U30JISITOB € YCTOMUNBO-
CTBIO K (DTOPXMHOJIOHAM HAMOOJIee 4acTo B TeHe gyrA
BcTpevaack myTanus DIAG (79/163; 48,5%, 95% IV
40,6—56,4%), BKITIOYast cIydan OHOBPEMEHHOTO TIPH-

CYTCTBUSI TTPO0 «IMKOTO» THIIA ¥ «MYTaHTHBIX> MTPOO
(tabu. 3). B 19% ciy4aeB nmpucyTcTBOBAIA MYy TaI[Us
A9OV. Myrarus S91P seistBinenay 19/163 (11,7%; 95%
[N 7,2—17,6%) uzonsitoB. Myranuu D94N u D94A
BcTpevasich B 15/163 cayuaes (9,2%; 95% /I 5,2 —
14,7%)n 7,4% (95% AU 3,9—-12,5%) caydastx COOTBET-
cTBeHHO. B 3 cryyasx omHOBpeMeHHO TPUCYTCTBOBAN
JTBE MYTaIiH.

B rene rrs warie Apyrux BCTpedagach MyTallus
A1401G (81/85;95,3%; 95% /111 88,4—98,7%). B 4/85
(4,7%;95% 11 1,3—11,6%) ciryyasx oOHapyKuBaach
myranust G1484T (1abu. 4).

Cpenn Bcex MyTranuii B reme embB, acconumpo-
BaHHBIX C JICKAPCTBEHHOU YCTOHYMBOCTBIO K 3TaM-
6yToay, mpeobianaiomeit 6p1a MmyTtanusas M306V,
BcTpeuaBmiasics B 484 /594 cayuasx (81,5%; 95% AN
78,1-84,5%) (taba. 5). B 110/594 (18,5%; 95% AU
15,5-21,9%) caydasgx mMpUCYTCTBOBaJa MyTalus
M3061.

49



Ty6epKynés u 60s1e3HU NIETKUX
Tom 103, Ne 1, 2025

O6cyxknenne

N3BectHo, uTO ypoBeHb ycToiumBoctu MBT
K [ITII MmokeT BappbUpOBaTh B 3aBUCUMOCTHU OT BUA
mytanuii 8 ITHK MBT [15, 17, 20]. Ou MmoxeT ObITH
HU3KWM, YMEPEHHBIM M BBICOKUM IIPU BO3PaCTaHUM
MUK [8]. B cBoto ouyepenpb, HaTU4INEe MYTaIllli, ac-
COIMUPOBAHHBIX ¢ HU3KUM ypoBHeM MUK, moxer
MIPUBOJIUTH K PacX0oxaeHusIM pe3yasratoB MI'M u de-
notunmyecknx TJIY. [{nsa nexotopsix IITII (n30nn-
a3u, MOKCU(JIOKCAIITH ) CYIIECTBYET BO3MOKHOCTD
MIPUMEHEHNS B MTOBBIIIEHHBIX TO3UPOBKAX MTPU HAJN-
YUW TaHHBIX MyTanni [12].

MyTamun, acconuupoBaHHbIE C YCTONYNBOCTHIO
K pudaMnuIyny, 4aiie BCero PacioaraioTcs B Tak
Ha3bIBAEMOM <«pETruoHe, ONPeAeAIoNNM yCTOM-
4BOCTh K pudammuimay» (rifampicin resistance
determining region, RRDR), npu 3TOM He HCKJIIO-
yaeTcs KJAMHWYECKasd 3HAYNMOCTh MyTalllii, HaxXo-
JNAMWXCS 32 TIpefielaMu TaHHOTO PerroHa, a Takke
B pyrux renax (rpoA, rpoC, rpoZ, Rv2752c) [15,
17]. HexoTopsie MyTainu, acCOUMPOBAHHbBIE C Jie-
KapCTBEHHON yCTOMYMBOCTHIO K PUPaMIUIINHY, HE
BKJTIOYEHBI B UCIIOJIb3yeMbI€ TECT CHCTEMBI [5], 4TO
MOXET NMPUBOANTH K pacupoctpanenuio Tb c je-
KapcTBeHHON ycToMunBOCThIO [13]. BO3 BBIZEeHBI
MYTAIlMH B TeHE 7poB ¢ MOrpaHNYHbIMYI 3HAYECHUSAMU
MUK (L430P (L511P), D435Y (D516Y), H445L
(H526L), H445N (H526N), L452P (L533P), H445S
(H526S), 1491F (1572F) — uymeparust no H37Rv
u E. coli), npn Hamm4mm KOTOPHIX OTMEYAIOTCSA HU3-
kue ypoau MUK [17, 20]. [Ipu o6HapyxeHuu apy-
rux myTaruii, Hanpumep, S531L u D316V, MUK
pudamMIuIMHA TP KOTOPBIX MOKET ObITh 10 Mr/1
u 6oJiee, ypOBEHD JIEKAPCTBEHHOW PE3UCTEHTHOCTH
cuanTaeTcd BLICOKUM. [1o maHHBIM TUTEpaTyphl, CaMOH
pacnpocTpaHeHHOU MyTalueil reHa rpoB aBadeTcs
S531L [15]. Hymepamnus KomoHOB TeHa 7poB B moKy-
MeHTax BO3 oTandaeTcss oT HyMepamuu, KOTopas
WCITOTb3YEeTCA BO MHOTUX TECT-CUCTEMAX BBISIBICHUS
myraruii (manpumep, Genotype MTBDRplus, Am-
wuty6 MJIY-PB). [l 0603HaueHNsT KOTOHOB TeHa
rpoB ncroab3yeTca HyMepalys KOZOHOB 110 MTaMMYy
M. tuberculosis H37Rv, B oT/imune OT 4acTO UCIIOJIb-
syemoit mymepaiuu 1o E. coli [7]. Kak npasuto, aist
GOJTBIIMHCTBA KOJIOHOB 7p0B B IByX cCHCTEMax pa3Hu-
1a coctasigeT 81 map-ocHoOBaHWI, HATPUMeEP, KOJAOH
531 B cucreme nymepaiuu 1o E. coli cooTBeTcTBYeET
Kozony 450 B cucteMe HyMepaluu 1o mrammy M.
tuberculosis H37Rv. Ml B HacTosIIEN TTyGIUKAIIIH
NPUBOIMM HYMEPAINIO KOJOHOB 110 E. coli.

B Hamiem uccseioBanuu B reHe rpoB mpeobaiaia
myTaiuss MBT S531L (86,6%; 95% I 84,2—88,7%),
YTO COOTBETCTBYET JIAHHBIM U3 IPYTUX pernonos Poc-
cun [3, 4]. Bropoii u tperbeil 1o yactore OBLIN My-
rarun D516V (5,3%; 95% I 3,9-6,9%) u L511P
(2,6%; 95% N 1,7-3,9%) coorBercTBeHHo. Heob-
XOJIUMO OT/IEJIbHO BBIACTUTH CJydar 0OHAPYKEHUs
myTtarun L511P, koTopas XxapakTepusyeTcss HU3KIM
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YPOBHEM yCTOMYMBOCTHU K pudpamiuiinny. [1o ganHbiM
pasnmunbix nccaenosannii, MUK npu ganuo# myrta-
I[UU MOKET ObITh HUZKe KPUTUUECKON KOHIEHTPaIuy
B cucteMe Bactec MGIT maxe ¢ yudeToM CHUKEHUS
KoHIeHTpanuu 10 0,5 MT/JI, 4TO MOKET IIPUBOAUTD
K pa3auumsaM B pesyabratax MI'M u denoTunmue-
ckoro Metoza [20].

MyTraiuu, acCollMupoBaHHbIe C BO3MOXKHOU YCTOM-
YHUBOCTBIO K M30HMA3UIY, BO3HUKAIOT B reHax katG,
fabG1-inhA, inhA, oxyR-ahpC, ahpC, kasA, ndh, nat,
mshA u fabG, npu 9TOM 4Yaile BCETO BBIABJISIOT MY-
taiuu B reHax katG u inhA [20]. TTo manusim BO3,
Bce MyTanuu rena katG B monoxenun S315, cpean
KOTOPBIX 4Yaiie Bcero Bcrpevaercss mytanust S3157T,
ACCOIMMPOBAHBI C BBICOKUM YPOBHEM YCTONYMBOCTH
Kk n3onunasuny, npu atom MUK Bapeupyet ot 3 1o 10
mr/m, [15].

B Apxanresnbckoii obactu B rere katG B mona-
BJISTIOTIEM OOJIBITUHCTBE CJIy4YaeB BCTpedyasach My-
ranus S315T1 (99,6%; 95% /11 98,9-99,9%), uto
COOTBETCTBYET OOIIEPOCCUITICKUM ToKasaTessaM [ 3, 4].
¥ 9,4% (95% 1N 7,6—11,5%) MBT c ycroitunBocThio
K M30HMA3UIy B ApXaHTeNbCKOW 00JIaCTH BBISIBJIE-
HBbI MyTaIlMu B TeHe inhA, OlHaKO JaHHas MYyTallus
B OOJIBIITUHCTBE CJAYYAEB COYETATACH C MyTAIMAMU
B TeHe katG, 9TO MOBBINIAET YPOBEHD YCTONIHUBOCTH
Kk nsonnasumy [20], a Takxke MoKeT OBITh JOIOJJHI-
TEeJIHHBIM MapKePOM YCTOWUMBOCTH K 3THOHAMULY
[14]. Cpenu Bcex 6ombHbIXx ¢ MJIY Th B Hamiewm uc-
CJIe[OBAaHUU MYTallUU B TeHEe gyrA MPUCYTCTBOBA-
au B 13,6% (163/1196; I 95% 11,7-15,7%) ciy-
yaeB, B reHe embB — B 49,7% (594/1196; 1N 95%
46,8-52,5%),Brene rrs — B 7,1% (85/1196; 11 95%
5,7-8,7%). Ilo nanubpim BO3, myTaruu B rete gyrA
G88C, D94N, D94G, D94H u D94Y acconmupoBaHbl
C BBICOKMM YPOBHEM YCTOMYMBOCTH K (DTOXMHOJIOHAM,
MPU 3TOM BCE OCTAJIbHBIE MYTAINU ACCOIUUPOBAHBI
C HU3KUM YPOBHEM JIEKAPCTBEHHON YCTONYMBOCTHU
K 9TOH rpyie npemapartos [17].

Cpenu Bcex ucciaenoBanubix MBT ¢ myranus-
MU B TeHe gyrA B ApxaHresbckoii obsactu B 58,9%
(95% 1N 50,9-66,5%) cayuaes Bcrpevanuch MBT
C MYTallUsIMU, aCCOIIUUPOBAHHBIMUA C BBICOKUM
ypoBHeM ycroiiunBoctu (D94G u D94N). B 38%
(95% 11 30,6—45,9%) ormevanuch mytanuu A90V,
S91P u D94A, acconmnmpoBaHHble ¢ HU3KUM yPOB-
HeM ycToiunBocTi K propxunoonam. B 3,1% (95%
I 1-7%) caydyaeB ofHOBPEMEHHO OTCYTCTBOBA-
JIW CUTHAJIBI «[HKOTO THIa» U «MYTaHTHBIX» MPOO
B TeHe gyrA, 4TO He MO3BOJIMJIO ONPEAETUTh BUJL
MYTaIUU.

MyTanuu B reHax #rs u eis Bcrpedatorcd y MBT,
ycToitunBbiX K nHbeKIIMoHHbIM IITII. ITpu onpenesne-
HUM YCTOMUMBOCTHU K UHbeKIIMOHHBIM [ITII myTanun
rera 1rs A1401G, G1484T u C1402T xapakTepusyior-
CsI BBICOKUM YPOBHEM JIEKAPCTBEHHOM YCTOMUNBOCTHU
K KaHAMUIUHY U KarpeoMuiuny, mpu atom C1402T
XapaKTepu3yeTcs HU3KUM yPOBHEM YCTOHYMBOCTHU
K amuKkaruny [16].
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Y Bcex MBT B Hartiem nccietoBaHuu B reHe 77 ObLIN
0OHApYIKEHBI MyTAIlllU, aCCOMUUPOBAHHBIE C BBICO-
KUM YPOBHEM yCTONYMBOCTH K MHbeKIMOHHBIM [TTII
(A1401G u G1484T). MyTanus, accOIMupoBaHHAL C
HU3KUM YPOBHEM YCTOHUNBOCTU K aMUKAITUHY, TIPU CO-
XPaHEHHOM BBICOKOM YPOBHE K KaHAMUIIMHY U Kampe-
omununy (C1402T), kotopast MoKeT ObITH BBISIBJIEHA
HCITIOJIb30BAHHOI TECT-CUCTEMOM, He ObliTa 0OHApYsKeHa.
B ApxaHresbckoil 00J1acT He UCKJII0YAeTCs TPUCYT-
crBue MBT ¢ myTaiusiMu B TeHe eis, JaHHBIN TeH ObLT
B JajbHeieM 100aBaeH B 0OHOBJIEHHBIA BapUAHT
tect-cucteMbl GenoType MTBDRs/ [9]. B karasore
BO3 mpusoasarcs 13 myraruii B rere embB, acconu-
MPOBAHHBIX ¢ YCTONYMBOCTBHIO K 3TAaMOYTOJIY, OTHAKO
YYBCTBUTEIHHOCTh W CHEIUMDUUYHOCTD OTPEIeTeHNs
JIEKAPCTBEHHOI YyBCTBUTETBHOCTU OTHOCUTEIbHO HU3-
Kast. B cBsi3u ¢ atum atamMOyTOs OBLI B TaibHENTIIEM
uckJsoveH us recr-cucrembl GenoType MTBDRs/ [9].
B Apxanresnbckoit obmactu B 81,5% (95% AN 78,1—
84,5%) cayuaes B rerie embB 6o myTaim M306V,
B 18,5% (95% JIN 15,5-21,9%) — M3061. [lannbie my-
TaIlUM Yalle BCETo BCTPEUAIOTC TPU (DEHOTUTTIECKOH
ycroitunBocTH K atambyroay [1, 17].

3akaouenue

B Apxanreibckoit 061acTu GOIBIIMHCTBO BBISIBJICH-
ueix mytanuit IHK MBT acconmmpoBans! ¢ BbIcO-
KUM YPOBHEM JIEKAPCTBEHHOHN YCTOMYMBOCTH, OJTHAKO
BCTPEYaINCh MyTAIlUN C HU3KUM YPOBHEM yCTONYNBO-
CTH, HaTpUMep, K pudaMInInHy U (HTOPXUHOJTOHAM.
[TpencrasisieT uHTEPEC OLIEHKA BO3MOKHOCTHU UCIIOJIb-
3oBanus IITII B BBICOKMX 103MPOBKAX MPH HATHIUN
MYTaIWi, aCCONMIPOBAHHBIX C PA3JIMYHBIMHA YPOBHSI-
MU JIEKaPCTBEHHON yCTOMYMBOCTH. MOHUTOPUHT pas-
JuanblX BugoB MyTaruii JJHK MBT HEeOOXO/IUM JIJIs
MIPaBUJIBLHOM MHTEPIIPETAIINH PE3yIBTaTOB TECTHPOBA-
HIS JIEKAPCTBEHHBIN YyBCTBUTEILHOCTA MOJIEKYJISP-
HO-TEHETUIECKUMU 1 (DEeHOTUTTNYECKIMHU METOIAMM.
Honomnurensno cuexkrp myrauuit MbT, accounupo-
BaHHBIX C JIEKAPCTBEHHOHN YCTOWIMBOCTHIO, MOKET OT-
JIMYATHCA B 3aBUCUMOCTH OT TEPPUTOPUHN IUPKY AN
MPBT, noatomy, HecmoTpst Ha Hammune Kataigora BO3,
M3y4YeHre PEerHOHATBHBIX 0COOEHHOCTEN MYTaI[OH-
noro npodusg MBT u ero cBg3p ¢ peroTHTIIECKOM
YCTOHYMBOCTHIO MMeeT BAXKHOE SMUEMUOJIOTHIECKOE
U KJIMHIYECKOoe 3HaueHHe.

KoHDIUKT nHTEPECOB. ABTOPBI 3asIBJISAIOT 00 OTCYTCTBUM Y HUX KOH(DJIUKTA MHTEPECOB.
Conflict of interest. The authors declare there is no conflict of interest.

JIUTEPATYPA

AnanknHa 10.C., Jlapnonosa E.E., Cmupnosa T.I., Anexcees f.J1., YepHo-
ycosa JI.H., Bragumupckuit M.A. VIsyueHue crieKTpa 1 4aCTOTbI BCTpeya-
eMocTu MyTarii reHa embB MukoGaKkTepuit Ty6epKYIe3HOTO KOMIITEKCa,
ACCOLMMPYEMBIX € YCTONYMBOCTDIO K 3TaMOyTOY, METOOM IMOMMMepPa3-
HOJI IIeIIHOI peakumy B peanbHoM Bpemenn // Tybepkynes n 6omesHn
nerkux. — 2017. - T. 95, Ne 11. — P. 27-35. https://doi.org/10.21292/2075-1
230-2017-95-11-27-35

Bypmucrposa M.A., Camoiinosa A.T., Tionbkosa T.E., Bauues 3.B.,
banmacanann I.C., BacunbeBa J.A. JlekapcTBeHHas yCTOMNYMBOCTD
M. tuberculosis (ucTopuyeckme acIIeKTbI, COBPEMEHHBII1 ypOBEeHb 3HaHMI1) //
Ty6epkynes u 6omesun merkux. — 2020. — T. 98, Ne 1. — C. 54-61. http://
doi.org/10.21292/2075-1230-2020-98-1-54-61

Basosaa A.A., JKypasnes B.10., Mokpoycos V.B., Orren T.®., [TaBnoBa
E.IL, Kpumeswua B.B. n ap. Xapaxrepucruka mrammos Mycobacterium
tuberculosis, nupkynupyromux B IIckosckoit obmactu // XKypnan mukpo-
6107I0r NI, FMUAEMUOTIOTUN 1 UMMYHOOMOmoruu. — 2011. - Ne. 6. — C. 27-31.

JTaBpenuyk JI.C., Munoruna T.B., Baxpymesa [I.B., Ckopusakos C.H.
JlekapcTBeHHasA yCTOYMBOCTD KIMHMYECKUX U30NMATOB Mycobacterium
tuberculosis, BbIJielleHHbIX U3 PE3eKTaTOB KOCTHOII TKaHM MAL[IEHTOB C TY-
6epxymesHbIMu coHAuUANTamy // Knuuudeckas MUKpOOUOTIOTHS M aHTH-
MuKpoOHast xumuorepamust. — 2023. - T. 25. - Ne. 4. — C. 421-427.

Masypuna E.A., Ymuenesa T.B., Tony6esa JI.A., JlaBpenuyk JI.C., Baxpy-
mesa JI.B., Bacunbesa V. A. TeneTndeckue leTepMUHAHTBI YCTONYNBOCTU
MBT x pudpamMnuimHy, He BKITIOUEHHbIE B COCTaB OT€YeCTBEHHBIX MOJIe-
KyNAPHO-TeHeTU4eCKuX TecT-cucteM // Tybepkynes u 601e3HM TETKUX. —
2023. - T. 101, Ne 3. - C. 69-77. https://doi.org/10.58838/2075-1230-2023-
101-3-69-77

Abubakar I., Zignol M., Falzon D,, et al. Drug-resistant tuberculosis: time
for visionary political leadership // Lancet Infect. Dis. - 2013. - Vol. 13,
Ne 6. - P. 529-535.

Andre E., Goeminne L., Cabibbe A., Beckert P., Kabamba Mukadi B., et
al. Consensus numbering system for the rifampicin resistance-associated
rpoB gene mutations in pathogenic mycobacteria //Clinical Microbiology
and Infection. - 2017. - Vol. 23, Ne. 3. - P. 167-172.

51

REFERENCES

Alyapkina Yu.S., Larionova E.E., Smirnova T.G., Alekseev Ya.l.,
Chernousova L.N., Vladimirskiy M.A. Investigation of ranges
and frequency of mutations in the embB gene in Mycobacterium
tuberculosis associated with resistance to ethambutol using real time
polymerase chain reaction. Tuberculosis and Lung Diseases, 2017,
vol. 95, no. 11, pp. 27-35. (In Russ.) https://doi.org/10.21292/2075-1
230-2017-95-11-27-35

Burmistrova I.A., Samoylova A.G., Tyulkova T.E., Vaniev E.V., Balasanyants
G.S., Vasilyeva L. A. Drug resistance of M. tuberculosis (historical aspects,
current level of knowledge). Tuberculosis and Lung Diseases, 2020, vol. 98,
no. 1, pp. 54-61. (In Russ.) http://doi.org/10.21292/2075-1230-2020-98-1-
54-61

Vyazovaya A.A., Zhuravlev V.Yu., Mokrousov L.V., Otten T.F.,, Pavlova
E.P, Krishevich V.V. et al. Characteristics of Mycobacterium tuberculosis
strains circulating in Pskov Region. Journal Mikrobiologii, Epidemiologii i
Immunobiologii, 2011, no. 6, pp. 27-31. (In Russ.)

Lavrenchuk L.S., Minogina T.V., Vakhrusheva D.V., Skornyakov S.N.
Antimicrobial resistance of Mycobacterium tuberculosis clinical isolates
from patients with tuberculous spondylitis. Clinical Microbiology
and Antimicrobial Chemotherapy, 2023, vol. 25, no. 4, pp. 421-427.
(In Russ.)

Mazurina E.A., Umpeleva T.V., Golubeva L.A., Lavrenchuk L.S.,
Vakhrusheva D.V,, Vasilyeva I.A. Genetic determinants of rifampicin
resistance of Mycobacterium tuberculosis not included in the Russian
molecular genetic test systems. Tuberculosis and Lung Diseases, 2023, vol. 101,
no. 3, pp. 69-77. (In Russ.) https://doi.org/10.58838/2075-1230-2023-
101-3-69-77

Abubakar I., Zignol M., Falzon D. et al. Drug-resistant tuberculosis: time
for visionary political leadership. Lancet Infect.Dis., 2013, vol. 13, no. 6,
pp. 529-535.

Andre E., Goeminne L., Cabibbe A., Beckert P., Kabamba Mukadi B. et
al. Consensus numbering system for the rifampicin resistance-associated
rpoB gene mutations in pathogenic mycobacteria. Clinical Microbiology and
Infection, 2017, vol. 23, no. 3, pp. 167-172.



Ty6epKynés u 60s1e3HU NIETKUX
Tom 103, Ne 1, 2025

19.

20.

Chiang C.Y., Centis R., Migliori G.B. Drug-resistant tuberculosis: past,
present, future // Respirology. - 2010. - Vol. 15, Ne 3. — P. 413-432.

Gardee Y., Dreyer A.W., Koornhof H.J., et al. Evaluation of the GenoType
MTBDR sl version 2.0 assay for second-line drug resistance detection of
Mycobacterium tuberculosis isolates in South Africa // Journal of clinical
microbiology. - 2017. - Vol. 55, Ne. 3. - P. 791-800.

Gygli S.M., Borrell S., Trauner A., Gagneux S. Antimicrobial resistance in
Mycobacterium tuberculosis: mechanistic and evolutionary perspectives //
FEMS Microbiol Rev. - 2017. - Vol. 1, Ne 41. - P. 354-373.

Lagutkin D., Panova A., Vinokurov A., Gracheva A., Samoilova A., Vasilyeva
1. Genome-Wide study of drug resistant Mycobacterium tuberculosis and its
intra-host evolution during treatment // Microorganisms. — 2022. - Vol. 10,
Ne. 7. - P. 1440.

. Maitre T., Baulard A., Aubry A., Veziris N. Optimizing the use of current

antituberculosis drugs to overcome drug resistance in Mycobacterium
tuberculosis // Infectious Diseases Now. — 2024. - Vol. 54, Ne 1. —
P. 104807.

Makhado N.A., Beckert P,, Niemann S., et al. Outbreak of multidrug-resistant
tuberculosis in South Africa undetected by WHO-endorsed commercial
tests: an observational study // Lancet Infect. Dis. — 2018. - Vol. 18, Ne 12. -
P. 1350-59. https://doi.org/10.1016/ $1473-3099(18)30496-1

Malinga L., Brand J., Jansen van Rensburg C., et al. Investigation of
isoniazid and ethionamide cross-resistance by whole genome sequencing
and association with poor treatment outcomes of multidrug-resistant
tuberculosis patients in South Africa // The International Journal of
Mycobacteriology. — 2016. — Vol. 5. - Ne 1. - P. $36-S37.

. The CRyPTIC Consortium. Quantitative measurement of antibiotic

resistance in Mycobacterium tuberculosis reveals genetic determinants
of resistance and susceptibility in a target gene approach // Nat.
Commun. - 2024. - Vol. 15, Ne 1. - P. 1-13. https://doi.org/10.1038/
541467-023-44325-5

. WHO. The use of next-generation sequencing technologies for the

detection of mutations associated with drug resistance in Mycobacterium
tuberculosis complex: technical guide, 2018. Available at: https://www.who.
int/publications/i/item/ [Accessed Oct 01, 2024].

. WHO. Catalogue of mutations in Mycobacterium tuberculosis complex and

their association with drug resistance, second edition, 2023. https://www.
who.int/publications/i/item/ [Accessed Oct 01, 2024].

. WHO. Catalogue of mutations in Mycobacterium tuberculosis complex

and their association with drug resistance, 2021. https://www.who.
int/publications/i/item/ [Accessed Oct 01, 2024].

WHO. Global tuberculosis report, 2023. https://www.who.int/publications/i/
item/ [Accessed Oct 01, 2024].

WHO. Technical report on critical concentrations for drug susceptibility
testing of isoniazid and the rifamycins (rifampicin, rifabutin and
rifapentine), 2021. https://www.who.int/publications/i/item/ [Accessed
Oct 01, 2024].

NHOOPMAIINA Ob ABTOPAX:

OI'BY «Hauuonanvnotii MeOUUUHCKUT UCCe008AMENbCKUU
yenmp GmuUONYIoMOHOL0ZUU U UHDEKUUOHHBIX O0Le3Hel>
M3 PO

127473, Mockea, yai. /locmoesckozo, 0. 4, k. 2

Ten.+7(495) 631-15-15

Enucees Ilnamon Heanoeuu

K. M. ., sedyuguii nayunoii compyonux

1abopamopuy MUKpoGUOO2ULL, BUPYCOOZUL

U MOLEKYIAPHO-OUOIOZULECKUX METOD08 UCCLe008aANUSL,
douenm xagedpvl pmusuonyivmononoeuu @rb0Y BO
«Cesepnuiii 20cydapcmeenivlil MeOUUUHCKUT YHUBEPCUMen >
E-mail: pediatrics@yandex.ru

52

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chiang C.Y,, Centis R., Migliori G.B. Drug-resistant tuberculosis: past, present,
future. Respirology, 2010, vol. 15, no. 3, pp. 413-432.

Gardee Y., Dreyer A.W., Koornhof H.J. et al. Evaluation of the GenoType
MTBDR sl version 2.0 assay for second-line drug resistance detection of
Mycobacterium tuberculosis isolates in South Africa. Journal of Clinical
Microbiology, 2017, vol. 55, no. 3, pp. 791-800.

Gygli S.M., Borrell S., Trauner A., Gagneux S. Antimicrobial resistance in
Mycobacterium tuberculosis: mechanistic and evolutionary perspectives.
FEMS Microbiol Rev., 2017, vol. 1, no. 41, pp. 354-373.

Lagutkin D., Panova A., Vinokurov A., Gracheva A., Samoilova A., Vasilyeva
1. Genome-Wide study of drug resistant Mycobacterium tuberculosis and its
intra-host evolution during treatment. Microorganisms, 2022, vol. 10, no. 7,
pp. 1440.

Maitre T., Baulard A., Aubry A., Veziris N. Optimizing the use of
current antituberculosis drugs to overcome drug resistance in
Mycobacterium tuberculosis. Infectious Diseases Now, 2024, vol. 54,
no. 1, pp. 104807.

Makhado N.A., Beckert P, Niemann S. et al. Outbreak of multidrug-resistant
tuberculosis in South Africa undetected by WHO-endorsed commercial tests:
an observational study. Lancet Infect. Dis., 2018, vol. 18, no. 12, pp. 1350-59.
https://doi.org/10.1016/ S1473-3099(18)30496-1

Malinga L., Brand J., Jansen van Rensburg C. et al. Investigation of isoniazid
and ethionamide cross-resistance by whole genome sequencing and
association with poor treatment outcomes of multidrug-resistant tuberculosis
patients in South Africa. The International Journal of Mycobacteriology, 2016,
vol. 5, no. 1, pp. S36-S37.

The CRyPTIC Consortium. Quantitative measurement of antibiotic
resistance in Mycobacterium tuberculosis reveals genetic determinants
of resistance and susceptibility in a target gene approach. Nat.
Commun., 2024, vol. 15, no. 1, pp. 1-13. https://doi.org/10.1038/
541467-023-44325-5

WHO, The use of next-generation sequencing technologies for the detection
of mutations associated with drug resistance in Mycobacterium tuberculosis
complex: technical guide, 2018. Available: https://www.who.int/publications/i/
item/ Accessed October 01, 2024

WHO, Catalogue of mutations in Mycobacterium tuberculosis complex and
their association with drug resistance, second edition, 2023. Https://www.
who.int/publications/i/item/ Accessed October 01, 2024

WHO. Catalogue of mutations in Mycobacterium tuberculosis complex
and their association with drug resistance, 2021. https://www.who.
int/publications/i/item/ Accessed October 01, 2024

WHO, Global tuberculosis report, 2023. https://www.who.int/publications/i/
item/ Accessed October 01, 2024

WHO. Technical report on critical concentrations for drug susceptibility
testing of isoniazid and the rifamycins (rifampicin, rifabutin and
rifapentine), 2021. https://www.who.int/publications/i/item/ Accessed
October 01, 2024

INFORMATION ABOUT AUTHORS:

National Medical Research Center

of Phthisiopulmonology and Infectious Diseases,
Russian Ministry of Health

4 Build. 2 Dostoevsky St., Moscow, 127473
Phone: +7 (495) 631-15-15

Platon I. Eliseev

Candidate of Medical Sciences, Leading Researcher

of Scientific Laboratory of Microbiology,

Virology and Molecular Biological Research Methods,
Associate Professor of Phthisiopulmonology Department,
Northern State Medical University

Email: pediatrics@yandex.ru



Tuberculosis and Lung Diseases
Vol. 103, No. 1, 2025

Baiipaxosa Anexcanopa JIvéosna

K. M. 1., nayunwui compyonux aa6opamopuu Muxpoouoiozuu,
BUPYCONO2UU U MOTCKYLIPHO-OUOLOZUUCCKUX MEMOD08
uccaedosanus

E-mail: alexandrabl@mail .ru

@IBOY BO «Cesepnulii 20cydapcmeenHoiii
MeOUYUHCKUT YHUBEepCUmem>

163069, 2. Apxanzenvck, npocnexm Tpouyxuii, 0. 51
Ten.: + 7 (8182) 66-05-64

3opuna Buxmopus Bukxmopoena
Accucmenm xaghedpot hmusuonyibMoHoL02UU
E-mail: vikakuklina@yandex.ru

TIanoacanan Tamvana Anopeesna
Accucmenm xaghedpot hmusuonyibMonoI02UuU
E-mail: t.deryagina2018@yandex.ru

Mapoanoviues Anopeii Onezosuu

Yuen-xoppencnondenm PAH, 0. m. 1., npogpeccop,
3asedyrouuil Kaghedpoil YmusuonyieMoHoI0ZUN, YU
HayuHoLid COMPYOHUK 0eNnapmamenma HayuHvlx UcCcie008aHui
DIAOY BO «Cesepuviii (Apxmuueckuil) (pedepanvitolii
ynusepcumem umenu M.B. Jlomonocosas

E-mail: maryandysheo@mail.ru

TI'BY3 AO «Apxanzenvckuii 001acmHOU KIUHUYECKULL
npomusomybepKyiesnvli Qucnancep»
163002, 2. Apxanzenvck, np. Hoszopoockuil, 0. 28

Bananuee Ipuzopuii Anopeeeun
K. m. n., cneyuanucm

E-mail: limenda@mail.ru

[Moctymmma 29.05.2024

53

Aleksandra L. Bayrakova

Candidate of Medical Sciences, Researcher of Scientific
Laboratory of Microbiology, Virology and Molecular
Biological Research Methods

Email: alexandrabl@mail.ru

Northern State Medical University,
51 Troitsky Ave., Arkhangelsk, 163069
Phone: + 7 (8182) 66-05-64

Viktoria V. Zorina

Assistant of Phthisiopulmonology
Department

Email: vikakuklina@yandex.ru

Tatiana A. Gandzhalyan
Assistant of Phthisiopulmonology Department
Email: t.deryagina2018@yandex.ru

Andrey 0. Maryandyshev

Correspondent Member of RAS,

Doctor of Medical Sciences, Professor,

Head of Phthisiopulmonology Department,
Leading Researcher of Research Department,
Northern (Arctic) Federal University

Email: maryandyshev@mail .ru

Arkhangelsk Regional Clinical TB Dispensary
28 Novgorodsky Ave., Arkhangelsk, 163002

Grigory A. Balantsev
Candidate of Technical Sciences,
Specialist

Email: limenda@mail ru

Submitted as of 29.05.2024



