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Cypbearuiin Ynacena: Cypbed 6BUMH Hb YPhIYHIAH CIPTHHISX OOTOMIKTOM, HX3BUISH
TCHOTHII 3AT3pA3T OOIOBY KOPOHABHPYCHIH XamaBapsiH mapaa (COVID-19) 6yroy 2022
NGS OHBI Oaifaaap HAT YYCTITYTIH XaJaIBapT 6BUHO6C YYIIITIH HAC OapaiaThiH
OM3HI xoépayraapt OwumracIdp Oaiina'. ApBaH IKWIHHH JaBTaMOKTairaap
TOCBIPIAKIIT TOJOPXOH OHYYJAJ SUIacaH OMTHHT JAXHH CIPTIK, Aapaa YCHIH TCHOMBIH

JAPaauIbIH MIMHYKHIT3AT TYHIBTI3CHISP TYYHUR X3B HIMHEXK, TApXBap 3YH,
SMAHI TICBIPKUIT, OMIHIH X3B IMHHK TYVHHH XOTOM3YHT Xapax 00I0MK
Oypmex oM. 30pmiaro: OCTeBPHITH CaHI Xaaragariak OyH CYpbeITHIH
OMTHMHH X3B IIUHK, XYBUJIOAP, SMIH/T TICB3PKIUITHHH TYYX3H LAT Xy TalAaHbI
XaHJIATa, XOAMeI3YHT Cyamax Apra, aprasiiai OpraMK UHTIITHH
madopartopun CyypmwicaH cygamraansr apraap XOCYT-uitn Cypbesruiitn
JaBNax 7a00paTOPHITH 6CTeBPHUIH caHx xaaranarmaxk Oy# 2010, 2020 oHsr
OHOIIMITOOHBI 30pHATOop saracaH HUUT 1000 rapyit omrooc 200 oMruir
SHIHITH caHaMmcapryl TYyBpuitH apraap (simple random sampling) COHrox
GridION; Oxford Nanopore Technologies ([ONT], Oxford, UK) ammrian
OYP3H reHOMBIH 1apaana TOITOOX Japaa YEUIHH TEXHOJOTHHH IIIHKHAIT33T
xuim33. FastQ mamanmuita 6aas3er OoH yiICkiH MUKOOAKTCPHIH HATICHH
caH pyy OpyymDK, AyH mumxkuiar3sr TBprofiler, MTBseq, Iqtree ver-
sion 1.6.12, EPI2me mporpamMmaap X3B IHMHEX, 37 X3B IIHHX, M3HI
TICBIPKUITHIHH TCHHWH MYyTAall, TICBIPKHUITHHH OAlIIBIT TOJOPXOHICOH.
Yp aym: Cypamraann COHTOTACOH CYPBEITHMHH OMIHHH 66.5% Hb
Ynaan6aatap xoteH 8 (8/9) myypraac corroracoH 6om 33.5% ue 16 (16/21)
aiiMraac TYyB3pmaracsH OaitHa. Cyaanaraaraap AnracaH CYpseITHITH OMTHITH
83.9% (95% WU 78.7-89.1) Hp X3B mMHK 2 OYIOY OpUHH YeuitH baykuH x3B
mEK, 16.1% (95% WU 10.9-21.3) ub X3B mmHxk 4 Oyioy EBpo-AMepHK X3B
IIWHX WI3PCIH OaiiHa. X606 niH XYH aMaac SIracaH OMTHHIT XOTTOH Xapblyy1axaa bakuH X3B NIMHKUIHH 33719X XYBb
Oara 33par eHaep, EBpo-AMEepHK X3B IIHHKAWH TapXajiT 0ara Oaiiraa 601081 XOT, X6AO6THITH XOOPOHI0X X3B IMHHKHHH
TapXaiTaa CTATHCTHK a4 X0I00T0 OyXuit anraa axuriaracanryd (p=0.485). B3»kuH X3B IHHKAHH TOTOP 36BX6H X3B
muHK 2.2.1 Oyroy “OpunH yenitn” ba»xuH x38 mutk (100%) mmpesn 0o EBpo-AMEPHKUIH X3B IMHHXHUNHH 37T X3B
K 4 (0.5%), 4.5(1%), 4.1.2.1 6yroy Haarlem (3%), Jlarur Amepuk Meaureppenmita (LAM, 7.5%), mainly T (3.5%),
S type (0.5%) Tyc Tyc TomopxoiinoracoH OatiHa. X3B mumk 2 Hb 2010 ong 80% Oatican 601 2020 oHx 86% 6ok Oara
33par ecceH OaitHa. 2010 (72.16%-87.84%) 6om0H 2020 (79.20-92.80%) OHBI HTT3X HHTEPBANYY A JABXIAK Oaliraa Hb 1ar
XyTaIlaaHaac XamaapaiTail CypbeITHHH MHKOOAKTCPHHH X3B IIMHKUITH TapXanTaJ M3I3TASXYHI[ 66pUIeNT rapaaryir
xapyy ok OattHa. CypheaTHitH 3CPAT SM3HI TICBIPKHITHHT TCHHIH X3B IMTHHKY3P TOAOPOXOHICOH TYyHT33p baykuH X3B
IOUHK Hb 3M3HI T3CBIPTAU CYPBEITAHU (OJIOH 3MA3HA TAICBIPTIH, LOOH 3M3HJ TICBIPTAU, HAT SMOHI TICBIPTIH Cypbed)
OBUTOHYYI3/ 30HXWIOH TAPXCaH TOAMHUTYH, MAII OJIOH 3M3HI TICBIPTIH cypbearuitH ypbpaan 100% yycracan Oatina.
Men Haarlem x3B mmmkuita 701op 33% O3TC, LAM x3B mumxwite xyag O9TC 13.3%, meeH sM3HT TICBIPTIH 6.6%
HOT 3M3HJ TICBIPTIH CypheaTait 13.3%, Mainly T x3B nmroxuiite xysx 42.8% Hb HIT 3M3HI T3CBIPT3H Oatie. Jyrmaar:
MOHTOJ YJICBIH XYH aMBIH AYHI HA3BXTIH OPUMI 3PraaT3a OyH CYphe3THiiH OMTHHH X3B IIWHKHWH TapXanTazx mar
XYTanaaHAAC XaMaapaiaTail M3A3TIAXYHII 66pIeNT rapaaryil, Xappuanryi TorTBOpToH Oatitna. CYpheITHitH 3MUMIT33H
HIBTPYY/DK OYH IIHH3 SM3HA TICBIPKUITHHT HOXIOIAYYISTY TCHUIH My Tallyl HIP33TYH OaiiHa.

-67 - Vol.21, Nel, (85) 2025



Opoam wuncunednuii e2yynan

Yumema: Cypbes 6BUMH Hb YPbAUHIAH CIPTHHAIIX
OOJTOMKTOH, MX3BUWIFH JArIPA3T OONTOBY KOPOHABHPYCHIH
xamasapsiH gapaa (COVID-19) 6yroy 2022 onsl Oatinmaap
HIT YYCIATYT3H XajgBapT ©BYHOeC VYIAIT3H Hac
GapanTbiH x0€pAayraapt OuuuracIdp Oaiina'.

XYHO Cyphed OBUHMH YYCI3IY Hb CYPHEITHHH
mukoOakrepuitH  Oypmda  (MTBC) ©Oereen Oycaxm
OakTeprail Xapellyyjaxax yIaMINJIbIH OJOH sH3 Oaiiman
Oarartaii opranmsmbia Oymar rom'. 1998 ong IMacrepwuiin
uHCTHTYTHIH Ctroaptr Koyn 6omon Harmcsn Bant Viacemn
CaHrep TOBHIH XaMT OIIOH CYPbEITHIH MHKOOAKTCPHIH
naboparopuitn nmasnaraa H37Rv omruitH aHXHBI OYypIH
TCHOMBIH JAPAAJLIBIT XIBIYYIDKIY,

Jomxwid  maxwHn M.tuberculosis-IH TEHOMBIH
OYp3H [apaautelH JaH HYKJICOTHABIH HOIAMOP(U3MI
CYYPWIAH YAAMIUTBIH X3B IOHEKHHT JOJOOH OYISIT
xypaarmar Oa cmommroradmuHr (spacer oligonucleotide
type), MHUKOOAKTCPHIH 3aBCPBIH XYBBCAH [JABTArAAX
HIDkuiH mumkmary (MIRU), IS6110 ¢parmenTuitn
ypreiH  mommMopm3MbH - muKHIr?  (RFLP)  33par
IMWHKAT?? amuriagar OaiicaH 0a CYYIHHH SKITYYI3T
Oypau rerombiH gapaamieir (WGS) ammriax 6oacon™”,
OHAXYY 7a00paTOpHilH IMHHXKWIT33TI3P X33H I11araac
X3I3H OJpPHUHMH JOTOP acap HX XAMXKIIHUU ereraauir
raprax 0a YYHHIT 3M3HI TICBIPKIITHAT HOXIIOITYY AT
TCHUITH MyTAUWHT IOTHOOpP Hb WIPYYIIX, M.tubercu-
losis 6ypmn (MTBC) 33par OpraHu3MBIH ©BEPMEI]
OMOT, TOPOI 3VHIMHT TOTOPXOMIOX, TYYX3H M3I3313I1/
TCHOTUITMHT XapbLyyJaX, XaJIBapblH [TASITHHH 35X
YYPXa#r TOAOPXOIIOX, XaiaBap TAPXCAH 3aMBIT TOITOOX,
33pra’p YAHAPBIH OHAep TYBIOMHA JOYH IIHHXHITI
XHAX3A amurnak Oaitaa’®. YyHME HIMOH aaui, OJIOH
AMIHT TACBIPTIH cypbed (OITC) 60I0H MAII OJTOH SM3HA
T3cBIpTHH cyphearuitH (MOITC) oMruiiH OHOIIHITOOH T
M tuberculosis TCHOMBIH Japaajiaac  OJDK  aBCaH
MOIOJUTHIAT UX39X9H ammrnagar’. Vitma ogooruita M. fu-
berculosis KOMIUTEKCHUIHH TOPOI 3YIIMIH 33713X XYBb, X3B
IIMHKUHH TapXaldThlH XaHAJAra, SMAHA TICBIPKUITHHH
Galiman, TICBIPKHAT YYCr»K Oy TCHHHH MyTalMiT
TOOOPXOHIK, M. tuberculosis X3B IMHHXHAWH TapXajThIl
Oycax Oyc HyTar, yJIC OpHYVATAH XapblyyJIaH CyIIax
mmaapaaaratai OanHa.
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3opuire: CypbesTwilH OMTHHH X3B INHHX, XyBHIOAp,
SM3H TICBIPKIITHHH TYYXSH IIAr XyTalaaHbl XaHAJIAra,
XOJI6I3YHUT Cyaaax

Apra, apraunan: OprovK UHITAATIH  1madoparopun
cyypuicaH cyganraansl apraap XOCY T-uita Cypbearuitn
JMaBIAX TA0OPATOPHUIH ©CTeBPHHH CaHA XaaraTarIakx
Gatican 2010, 2020 OHBI OHOIIMITOOHBI 30PHITOOP
saracad Hudt 1000 rapyit omrooc 200 OMIHHr 3HTHHH
caHamcapryii TyyBpmitH apraap (simple random sam-
pling) coHrox OYyp3IH TCHOMBIH Japaajal TOTTOOX Japaa
YeHHH TEXHOIOTMHH IMHHKIITIAT XUHI33. COHIOrAcoH
OCToBpUIT OWOIOTHHH arOyIryd KaOWMHETHIH JOTOP
XaJIBAPBIH COPTHIUIAIT, XAHAITHIH A3IIIMHANT OapUMTIaH
[JMLCPHH, AacTaparuH 3CB3JT IIIOTAMHHAT aryyJicaH
eHAreH cyypsrail Jlensmreitn MeHCEHHH XaTyy THKIIAT
OpYHMHJ CTAaHAAPT AXKUJIATAAHBI 3aaBPHIH JATYY COHITIK,
37 X3MA A0JI00 XOHOT OYP YPTaJNTHIT MAITAXK, 3 AaXb J0JI00
XOHOTOOC HAHTHHH YPrajJThIH YP AYHT TIMIITIRK 3XICIH
66ree1 THKIINT OPUHBI TaJAPTyYYA XYY pai, TaHAyy miaprain
OHTOT3H, TITII OUII HPMATTIH KOIOH yprax 0a yT KOJOHBI
VPranTeil CTAaHAAPT AKWILIATAaHbl 3aaBPBIT OAPHMTIAH
OYTHIC3H. [ C€HOMBIH [apaasax TOTTOOX IIHHKHJIT3IT
XOCYT-uitn Cypeesruitn maBmaraa jgadoparopun Oat
06X, XAMI epTerT i HaHO HYX3HZ cyypuicaH JHX-witn
Japaaursir TOTTo0m0T X3parcan 6o1ox GridlON; Oxford
Nanopore Technologies ([ONT], Oxford, UK) ammurian
ryHIpTracsH. Qubit xanvokurd 6otor Nanodrop mammmH (ds
DNA, enmep mpapasr) Qubit xsmkura O6omor Nanodrop
TOXOOPOMKHIH X3MIKHITHHH MPOTOKOAbH garyy JAHX
aryymamkair x3mokcdH. JHX amrax OOIOH TCHOMBIH
Japaanal  TOTTOOX  MIMHKMIATI3HHH — TYHURTIOIHHH
JApaayulblH  Jaryy MmEkmmIsr  xuds  (Gypar  1).
Cyprearuiia mpo(aix M3I33IIHHH CAHT YKATCAACAH IMIH]
TACBIPKUITHHH Mapkepyya (ahpC, embA, embB, embC,
embR, ethA, ethR, gid, gyrA, gyrB, inh4, kasA, katG, pncA,
rpoB, rpoC, rpsA, rpsL, rrs 2ox mom), FastQ Mam3mmitH
6aas3eir On0H VICBIH MUKOOAKTCPHITH HATACIH CAH Pyy
opyymK, ayH mumkmir3sr TBprofiler, MTBseq, Iqtree
version 1.6.12, EPI2me version 5.1.10 mporpammaap x3s
IOUHK, 34 X3B IOUH)K, SM3HJ T3CBIPKUITHHH I€HHUH
MyTall, TICBIPKUITHIHH Oaigan, MHKOOAKTEPHIHH yIMBIH
rapraxazn Tyc Tyc ammriuacas. (3ypar 1)
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Cymamraansl axbH EC3yHH acyyman: CyganraaHsl apra
apraunameir XOCY T-uitH DpaMuiia 30BA6IHHH Xypaaap
X3I3MLYYIDK, cymanraar xuix 3esmeepiauir ALY YUC-
niin Cynanraans! EC3yHH XSHANTBIH XOPOOHBI 2022 OHBI
03-p capsra 25-ub1 oapuita Ne2022/3-03 (33) TOOT XypIabH
IOHIABIPI3P aBCaH.

Yp aym: OHIXYYy CYZANraaHel XYP3dHI COHTOTACOH
cypsearuiita omruiH 71% (142) Hp X0THIH 0YC33C, 3-13%
Hb TOB, 3YYH, XaHrai, OapyyH OYyc33C COHTOTACOH 0a
69% HP OHOIMITOOHBI 30PHITO0P HPCIH COPBILOOC
sracad omor 6aiiB (Xycuarr 1). Cyganraann XxaMparacaH
(COHTOTACOH) CYPBEITHITH OMTHIH 66.5% Hb Y 1aanbaatap
XOThIH 8 (8/9) ayyprasc conroracoH 6ox 33.5% e 16
(16/21) adimraac Tyc Tyc OatiB (XycHarT 1).

Xycmrt 1. COHrorIcoH cypsedruiin OMruiin 0ruoo,
MHHAKIITHANR 30puaro (0ycsp)

Byc Tes 3yyH Xanrai Xot Bapyyn Huiir

2010 12 15 1 71 1 100
On

2020 8 10 6 71 5 100

OHOIIMIT00 14 15 7 97 6 139
3opuiro

O xsHaIT* 6 10 45 61
Huitr 20 25 7 142 6 200

Cymanraaraap siaracaH CYpPBCITHHH OMTHITH
83.9% (95% U 78.7-89.1) Hb X3B UK 2 OVIOY OpUHMH
yeuitn bawkuH X3B mmwk, 16.1% (95% WA 10.9-21.3)

Tainoap: * smuuness xaHanm

Hb X3B UK 4 Oyioy EBpo-AMEpHK X3B IIMHX HIIPCIH
Oaitaa (XycHIIT 2).

Xycmarr 2. CypsesrniiH MEKOOAKTEPHITH TCHUITH X3B MINHK

Huiit Xort Xeo106 p-yrIra
X0B IMHHK 7
N=199, % (95 CI) N=141, % (95 CI) N=38, % (95 CI) (xur’)
Bosxmm 167 [(83.9%,78.7-89.1)] 115 [81.5%(75.4-87.6)] 52 [89.6%,(82.2-97.0)] 0.485
EBpo-Amepux 32 [16.1%(10.9-21.3)] 26 [18.4%(12.3-24.6)] 6[10.3%,(2.9-17.9)]

XeaeeruiiH XyH aMaac sUIracaH OMIHHMI XOTTOM
xappuyynaxaa b3ykuH X3B MMHKAHH 33713X XyBb Oara
33p3r eHmep, EBpo-AMEpHK X3B IIHHKHITH Tapxair
Oara Oaliraa OONOBY XOT, X6JO6THHH XOOPOHIOX X3B
IWHKAHH TAPXANT CTATHCTHK a4 X0I00TI0 OYXHUH suraa
axkuraaracadryi (p=0.485).

Atimraac mwmnpcyH  omruitH  85% (57/67)-n
Bawkun (2.2.1) wmpesH 601 Ayyprasc sSracaH OMIHHH
82.7%(110/133)-x b33:kuH X3B IMHHK WI3PCIH OalHA.

b32:kuH X3B MUHKHIH JOTOP 36BXOH X3B IIHHK

o rrgdnly T L
kT
o LAM

w Haarlen

5y

2.2.1 oyroy “opunn yewiH b3¥kuH X3B mmHxk (100%)
wi3pcIH 001 EBpo-AMEpHUKHMITH X3B INHHKHIH T3 X3B
ok 4 (0.5%), 4.5(1%), 4.1.2.1 6yroy Haarlem (3%),
Jlarma Amepuk Memuteppenniin (LAM, 7.5%), mainly
T (3.5%), S type (0.5%) Tyc TyC TOTOPXOMIOTACOH.
Jopaoross, ['oBecyMO3p, HopHoz, Camurs, Japxan-Yyo,
OpxoH, Tes, bagr-Onruii aiiMraac suracaH oMorT EBpo-
aMEpPHKHUHH X3B INHHK WISPCIH Oonm Oycax 8 aiimraac
36BX6H b33)KUH X3B IIMHKXUHH OMOT HI3PC3H Oaiis (3ypar
2).

3ypar 2. Cypseadrniin MukodakTepuiin xa8 mumxk (aiimraap)

Cynamraang YnaanOaatap XOTHIH 8 JyYprHHH
©BUTOHO6C JIracaH OMOI COHIOIACOH Oereen UMHIAATHi,
CyxOaarap IyYprHHH CYPBE3IT3H ©BUTOHOOC SIIracaH

- 69 -

Mmukobakrepuita oMort 100% X3B MUK 2 WI3PCIH 001
Oycax ayypsrT X3B mmEK 2 00710H 4 midpciH OatiHa

(3ypar 3).
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3ypar 3. Cypsearniin MUKOGAKTEPHITH XIB IINHK (IYYpPradp)

XoB mmmxk 2 #HH 2010 oHm 80% Oatican Oon
2020 omx 86% Oomwk Oara 33p3r ecceH OaitHa. 2010
(72.16%-87.84%) ©Gomon 2020 (79.20-92.80%) oHBI
HTT3X MHTEPBANYYA JABXIAXK Oaliraa Hb Iar XyramaaHaac

XaMaapaaTal CypbeITHITH MUKOOAKTCPHHH X3B IMHHKUITH
TapXanaraa M3I3TAXYHI[ 66pWIeNT TapaaryWr Xapyyink
Gaitaa (XycHarT 3).

Xycnarr 3. Cypbesrniin MUKOOAKTEPHITH XIB IMINHIK, 0HOOP

2010 2020
X5B MINHK P y1ra
% (95 CI) % (95 CD)
X5B IIUHX 2 80 [80%, (72.16-87.84)] 86 [86%,( 79.2-92.80)] 0258
X5B mmHX 4 19 [19%, (11.31-26.69)] 14 [14%, (4.87-17.13)] 0.113

X5 mumk 4 v 2010 oHm 19% 6atican Oon
2020 oux 11% 6ok Gyypcan OOIOBY 3HIXYY 66PTLIONT
Hb CTAaTHCTHK a4 Xxoadormonry# (p=0.113) baitna. 2010
6omor 2020 OHBI XOOPOHIBIH YIAM3YHH X3B HIMHXK
TyC OYpHWITH TapXanTeIl XapbLyyJaxaJ CTAaTHCTHKHHH
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XYBBI M3IPTASXYHI sumraa Oaiixryd OaifHa (XycHSIT
3). CypbesruitH OMIBIH (DHIO-TCHCTHKHHH 3yparia
IIUHKUIATIS XUUX34 9 JKIKUT KJIACTEp Q’KUIJIArACaH
bereen Oyx kmacrep bomxmu x3B mmmx (100%)-1
xapesanargax oaiis. (3ypar 4)
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Sypar 4. Cypsesruiin MUK00AKTEPHiTH
duno-renernkuiin 3yparsiaji
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Cynamraang conroracoH 2010 oHbBI cyphesrHiiH
MukoOakrepuitn omruitn 44% Hb MdapIr, 56% HB
T3CBIPTHH, 2020 OHOOC COHTOTACOH OMIHIH 65% M3ApaT,
35% Hb T3CBIPTIH Oa XOTHIH XYH aMaac sUITacaH OMTHHH

51.4% TtacBapTan, 48.6% HB M3APST, XOAOOTHHH XYH
amaac surracas oMruiH 69% wazapar, 31% Hb TICBIPTIH
TACBIPTIH oMorT Oaitmaa (XycHarT 4).

Xycemrt 4. Cypbesrniin 3¢par TICBIPKIITHITH X2103p,
OH, CYYPBITHJI, ITHZKAJITIHAN 30PHIToop

an Xot Xon00 Inns XSIHAJIT
ITC Tepea 2010 2020
N % N % N % N % N % N %
Mbapar 44 44 65 65 69 48.6 40 69.0 91 65.5 18 29.5
Taceaprait 56 56 35 35 73 514 18 31.0 48 345 43 70.5
Hres 16 16 21 21 31 21.8 6 10.3 28 20.1 14.8
R res 2 2 2 14 0.0 0.0 2 33
MDR 22 22 7 7 19 13.4 10 17.2 10 72 19 31.1
preXDR 11 11 11 7.7 0.0 0.0 11 18.0
Sres 4 4 7 7 9 6.3 2 34 10 72 1 1.6
E res 1 1 1 0.7 0 0.0 0.0 1 1.6
Huiir 100 100 100 100 142 100 58 100 139 100 61 100
Huiit % 50 50 71 29.0 69.5 30.5
Cypeearuiin  3cpar  SM3HA  TicBIpkmrruiir  Haarlem x38 mmmkuite gotop 33% OOTC, LAM x3B

TCHUHH X3B MIMHXK33D Taprak A39pX XYCHIIT 5-7
XapyyJaas. YYHI3C y39X34 B33KHH X3B IIHHK Hb SMIH[
TACBIPTIU CYPHEITIHU (OJIOH SIMIHJ TICBIPTIHU, LIOOH 3MIH
TACBIPTAH, HAT OMOBHA TACBIPTAH CYphed) OBUTOHYYAIT
30HXUJIOH TAPXCaH TOAMITYH, MAIll OJIOH SM3H] TICB3PTIHU
cypseoruitn  yppaam  100% yycracam OaitHa. Men

mkuite ayes O9TC 13.3%, meeH 3M3HI TICBIPTIH
6.6% HOT SMBPHI TACBIPTIH cypeeardnt 13.3%, Mainly
T x3 nmmkuiie ayag 42.8% Hb HAT 3M3HA TICBIPTIH
Oaiie. wa> »Myyn Oomox bemakymwmH, acmamanmz,
MPOTCOMAHU, IHUKIOCEPHH 3M3H TICBIPKIIIT WIP3ITYH
100% maapar 6aiiB (XYCHAIT 5).

Xycmart S. Cypbesrniin 3¢par IMIHA TICBIPIKHIT, TEHIHH XIB MIHHKIIP

T v Ay v e o
Huitr 90 79 0 2 5 3 1
PreXDR 11 11
OIIOH BM3H]T T3CBIPTIH 29 25 0 2 2 0 0

HR 4 3 1
HRS 2 1 1
HRES 9 8 1
HREZS 14 13 1
1TeeH 5MBHJ THCBIPTHH 22, 21 0 0 1 0 0
HS 19 18 1
HES 2 2
HSFQ
Hbr smen TacB3p it 28 22 0 0 2 3 1
R 2
H 15 12 2 1
S 10 9 1
E 1 1

XammmveR: DHIXYY cydanraa Hb MOHTOI yJICKIH XYH aMbIH
OYHI WAIBXTAH OpUm, 3prar3a OyH CYpbeITHHH OMOTT
TCHOMBIH OYP3H Japaajial TOTTOOX NIHHYKHITIT 66pHIHH
1a00paTOPH XHILK TYHIBTIICIH AaHXHBI CYIANTaa FOM.
Monron yiacag AATacaH CYPbEITHHH OMOIT
ragaan O0JIOH JOTOOIBIH CYATAaUHATal XaMTPaH LIe6HTYH

= 7] =

cymanraanyyn xwmuraciH OatiHa. Tyxaitbam: Dick van
Soolingen’napet RFLP apraap 20 omort 1992 oHA
xuicIH cymanaraa, H.HapaurOar waps 242 omort 2004-
2005 oHx xuicaH'®, Bysuxummr HapsiH 2009 OHI SM3HI
THCBIPTIIt 46 omort xuicaH!, Krilova Hapsm 2008-2009
oHbI 120 OMOTT XHHCHH cymanraa'?, ©msmibKapraa HapblH
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Opoam wuncunednuii e2yynan

2012 OHBI 3M3HA T3CBIPTIHU CYPHEITHITH 67 OMOIT XHICIH
cyaanraa”, Svetlana Zhdanova sapsia 2015 oHx 291 omorT
XHHC3H cymanraa, 2014-2015 onx xuiic3H “MOHTOIT YICHH
XYH aMbIH JyHAAX CYPBEIMIH TApXaUThIH CyJAnraa’ -Hbl
X6J06ruiH XYH amaac anracad 100 OMOIT XHICIH MOJICKY JI-
MUACMHOJIOTHIHH CyJainraa Xuibk Oaik3d'. XapuH 3H3
ymaaruitn cymanraaraap 2010 6omon 2020 OHYYABIH
CJUI-n OHOIMITOO, 3MYMAr33 XSIHAITBIH 30PHITOOP
HPYYJIC3H MIMHKHITIOHINC ANTACAH CYPBEITHHH OMTHHT
caHamcapryii TYYBpPHHH apraap COHIOK XaMpyyJCaH.
DHIXYY CyJanraaraap SuracaH CypbearnitH oMruits 83.9%
(95% WU 78.7-89.1) up x3B mHHK 2 OYIOy OpYHH YCHHH
Ba»xun x38 mmrk, 16.1% (95% WU 10.9-21.3) v X3B
muHXK 4 Oyroy EBpo-AMeprk X3B IMHXK WI3PCIH OalHa.
XeneerniiH XyH aMblH AyHAAAC SUITACAH OMTHUT XOTTOH
xappuyynaxan b3ykuH X3B IMMHXHHH 33713X XyBb Oara
33par eHAep, EBpo-AMepuK X3B IIMHXKHHH Tapxair Oara
Oaiiraa 6070BY XOT, X6J66THIHH XOOPOHIOX X3B IIHHKUHH
TapXajaT ad Xomoormon OYXWH sUraa aKHTJIATACAHTYH
(p=0.485).

X5 mumk 2 Hb 2010 oHm 80% OGatican 6o
2020 oux 86% 0ok Oara 33par ecceH OalHA. XapHH
2010 (72.16%-87.84%) 6omon 2020 (79.20-92.80%) oHBI
X0OpOHIOX 10 >KMAMHH XyTranaaHbl UTTOX HHTECPBANLYYA
JaBxXmax Oaliraa HP Iar XyramaaHaac XamMaapaiarai
CYPbEITHiiH OMIHHH X3B IIMHKUHH XYBbJ MAA3TAIXYHIL
66PWIeNT TapaaryWr xapyymk Oafima. [3c3H Xommid
v MOHTON YJICHIH XYH aMbIH IYHJ HWA3BXTIH OpHmI,
Ipranr3a OyHd CYphEITHHH HIHTHIHH OMOTT XHHCOH X317
X3PH Ccygamraaraap baskuH X3B mHHK 58-75%-midr
333/DK OalcaH 00 CYYIHHH JKHIYYA3/ 3HD X3B IIHHKUHH
TapxanT Oara 33p3r HIMATARX XaHAjIararai 0ainHa.

bunnuil cyganraaHa XOTBIH XYH aMmaac sIracaH
cyppesruitH MuKoOakTepuitH omruiH 51.4% M3HZI
TICBIpTIH, 48.6% HB MIAPIT, X6AeermiH XYH aMaac
sracan omruiiH  69% wmaapar, 31% HB  TICBIPTOHH
Oatican. Heree Tamaap 3M3HI TICBIPKUJITHHH TapXamir
eHnep Oariraa Hp XOCYT-mitn CJUUI-n wunpyyncsH
HX3HX TOXHMOIZOJI Hb 3M3HI TICBIPKHIT TOXOPXOHUIOX
30PUITO0P MPIAT TYJI 3MIHI TICB3PTIH OMTYY I COHTOTAOX
Oomonok eHmep roM. M3oHma3naaa TacB3pTai omruiH 90%,
pudammumuHg TICBIPTIH omruitH 86.0% 3ramOyToNn
TICBIPTIH oMruiH 95%, CTPENTOMHIMHI T3ICBIPTIH
oMmruiiH 93% Hb 36BX6H braxkwH X3B mmmxk Oaliraa Hb
TYC X3B INWH)XUHH 3M3HJ TICBIPXKHAT 6HASP 000X Hb
axwuraaraax 0aiaa. /133pX 3M3HI TICBIPTIH CYPHEITHHH
Gaiinan Hb OOTHHO XyTalaaH I 3M3H] TICB3PSKIUIIT YYCTII3T
B33KuH X3B MIMHKHHH HAT OHILIOITOH XOIOO0OTOH Oaiik
60m0x roM. CYYTHITH KHIYYASA CYPhEITHHH SMUMITI3H
IIMHA3P X3PIrIsK Oy H aMyya 60mox Oeaaxy muHbl Rv0678,
muaHe3omuAbH v/ 6omon rplC, kmodazammHbl Rv067S,
MPOTHOHAMHUA, SM3H TACBIPKUITHHH T€HHHH MyTALHHT
TOIOPXOHIOX0M MyTal HWAP3IITYH OYIOY TICBIPKIIT
uap3Iryd Oafima. buaHmit cyganmraann  xamparacaH
omruitH xyramaa He 2010 Oomon 2020 omyym Oereen
TyXalH 3MUIT 3H3 Y CYPbEITHIHH SMUYHITIOHI X3PATI3K
3XIT33rYH OaticaHTall X01000T0H Oaiizk 000X FOM. DHAIIC
Y3BAJI CYPBEATHHH 3MUMII3IH/ X3P3TINK OyH IMYYAHHH
TACBIPKUITHAT MOJICKYJIOHOJIOTH OOJIOH  VJIAMMKIIAIT
apraap TOOOPXOHIDK Oaifraa X aui 1 TAAITHT OMTHITH X3B
IHAHK, Y JAM3YHH XapUIIaH XaMaapast, A3TI3ITHHT 6aTaax,
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SMAHI TAICBIPKHITHHT HIT 33p3r, OOTHHO XyTamaaHzg
TONOPXOMIAOT TCHOMBIH OYP3H [Japaajal TOTTOOX
IMHEKATISHAR apTHIT JABIIATAA TYBIIMHI HIBTPYYISH
OKWUTOK 66pHitH Jadoparopun XHHX 00JI0MXK OYpPACIH
Hb CYPBEITHUH TyCIAM:K YHTUHIT33HI TapcaH TOMOOXOH
JOBILTYYIUITH HAT O0IOXKIT Xapyy ok OaiHa.

JAyrmsar: MOHron yiaChIH XYH aMbIH AYHO HA3BXT3H
OPHHUT 3pranT3a OYH CYPBEITHHH OMIHITH X3B IIHHKHHH
TapXaaTaa Lar XyragaaHaac xaMaapairaid M3I3radXyHil
©6pWIENT Tapaaryil, XapbIAHTYH TOTTBOPTOH OaiHa.
CypbearuiiH 3MYMIT33HI HIBTPYYDK OVH INWHD 3M3HL
TACBIPKUITHHT HOXLOIAYYI3Y FCHUIHH My TALIH HIP33TYH
OaifHa.

Tamapxam: CyaanraaHbsl XKW CAHXYYTHHH JI3MIKIAT
Y3YYACOH Opyyal Md3HAMHH saM, [7100ams CaHTHHH
JOX,Cypsearuita TOCO, TCXHUKUUH JI3MOKIIAT
Y3YyacsH Smousl CyphesTHHH 3padM MIHHKHITIIHAN
XYp33a3HTHitH MHUKOOAKTepH CyUIaNbIH axoa, XanasapT
OBYHH CY/IJTATBIH YHIICHHH TOB 33Par Oaliryyuiara O0I0H
XaMTpaH AKUUIACAH CYJANTaaHbl 0ar XamT OJOHI T'YH
Tajgapxan WIBPXUHIbE.
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The results of genotype and drug resistance analysis
of M. tuberculosis strains circulating in Mongolia,
compared over a 10-year interval
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Background: Tuberculosis (TB) is a preventable and usually curable disease. Yet in 2022, TB was the world’s second
leading cause of death from a single infectious agent, after coronavirus disease (COVID-19)1.

Aim: By reviving strains isolated at specific years over a 10-year interval and performing next-generation sequencing,
we can analyze their strain genotype, epidemiology, drug resistance, and dynamicsTherefore, this study was conducted
to examine the historical trends and dynamics of strain genotype, variants, and drug resistance of tuberculosis preserved
in the culture bank.

Materials and Methods: Using a retrospective, laboratory-based research approach, 200 strains were randomly select-
ed from over 1,000 diagnostic isolates preserved in the NTRL culture collection from 2010 and 2020. Whole-genome
sequencing (WGS) was performed using GridION from Oxford Nanopore Technologies (ONT, Oxford, UK) to analyze
these strains. The FastQ file was submitted to the International Mycobacterial Database. Strain genotypes, subtypes, gene
mutations of drug resistance, and resistance profiles were identified using TBprofiler, MTBseq, IQ-Tree (version 1.6.12),
and EPI2me software.

Results: Of the tuberculosis strains selected for the study, 66.5% were from eight out of nine districts of Ulaanbaatar,
while 33.5% were sampled from 16 out of 21 provinces. Out of the strains analyzed, 83.9% (95% CI 78.7-89.1) belonged
to lineage 2 or the Beijing genotype, while 16.1% (95% CI 10.9-21.3) were lineage-4 or Euro-American genotype. While
the proportion of Beijing lincage strains was slightly higher and the Euro-American lineage strains slightly lower in rural
populations compared to urban populations, the difference in strain distribution between urban and rural arecas was not
statistically significant (p=0.485). Among the Beijing lincage strains, only the modern Beijing sublineage (100%) was
identified. In contrast, the Euro-American lineage exhibited various sublineages: 4 (0.5%), 4.5 (1%), 4.1.2.1 (Haarlem,
3%), Latin American-Mediterrancan (LAM, 7.5%), mainly T (3.5%), and S type (0.5%). Notably, the proportion of Lin-
eage 2 strains increased from 80% in 2010 to 86% in 2020.

The overlap of the confidence intervals for 2010 (72.16%—87.84%) and 2020 (79.20%—-92.80%) indicates that there has
been no significant change in the distribution of Mycobacterium tuberculosis lineages over time. The study revealed that
among the selected Mycobacterium tuberculosis strains, resistance rates to first-line anti-tuberculosis drugs were as fol-
lows: isoniazid (39%), rifampicin (21%), ethambutol (19%), and streptomycin (34%). Genotypic analysis indicated that
the Beijing lineage was predominantly associated with drug-resistant tuberculosis cases, including multidrug-resistant
(MDR), poly-drug-resistant, and mono-drug-resistant TB. Notably, the Beijing lineage accounted for 100% of pre-exten-
sively drug-resistant (pre-XDR) TB cases. Within the Haarlem lineage, 33% were MDR-TB.

In the Latin American-Mediterranean (LAM) lineage, 13.3% were MDR-TB, 6.6% were poly-drug-resistant, and 13.3%
were mono-drug-resistant. Among the mainly T lineage, 42.8% exhibited mono-drug resistance. These findings suggest
that the distribution of M. tuberculosis lincages in the Mongolian population has remained relatively stable over time,
with no significant temporal changes.

Conclusion: The distribution of M. tuberculosis genotypes circulating among the population of Mongolia has remained
relatively stable over time, with no significant time-dependent changes. Additionally, no mutations associated with resis-
tance to newly introduced anti-TB drugs were detected.

Keywords: M.tuberculosis, Genotyping, NGS, Prevalence
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