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para-aminosalicylate ~ 8.8% (14/160)%t+amikacin% 88.1% (141/160)%¢rifabutin
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Abstract

Purpose: Taiwan CDC implemented a DOTS-plus program for the management
of multiple-drug resistant tuberculosis (MDR-TB) patients in May 2007. All
MDR-TB patients cared in the program had to be confirmed by Taiwan-CDC.
To establish an accurate and timely diagnosis and surveillance program, MDR
Mycobacterium tuberculosis isolates were sent to the reference laboratory of
mycobacteriology for confirmation and drug susceptibility testing (DST).
Methods: An algorithm for MDR-TB rechecking, including strain identification,
DST confirmation was established. From January to October 2009, a total of 310
isolates of patients intended to enroll in the program were analyzed. The DST
methods applied in this study were liquid (BACTEC™ MGIT™ 960 SIRE and
PZA Kits) and agar proportion methods. In addition, a DST proficiency testing
was conducted to evaluate the quality of DST services in 36 clinical TB
laboratories.

Results: (1) Of the 224 MDR-TB cases, 199 (88.8%) were MDR cases, 13
(5.8%) non-MDR and 12 (5.4%) nontuberculous mycobacteria or other
pathogens infected cases. The turnaround time for MDR confirmation was 6
days (range 1-21 days). Weekends and holidays were not excluded. (2) There
were 36 laboratories participated DST Proficiency test in 2009. In 2009, the
mean accuracy in detecting resistance to INH was 99.7% and to RMP 99.5%,
EMB 97.2%, and that to SM to 97.5%. Overall, there were 4 (11.1%)
laboratories did not fullfilled the competent criteria for all four drugs. (3) The
drug resitance survey demonstrated that the combined first-line anti-TB drug
resistance rates of 199 MDR M. tuberculosis isolates were: 100% for isoniazid,
100% for rifampin, 50.8% for ethambutol, 48.7% for streptomycin. Of the 151
isolates tested for pyrazinamide, 29.1% were resistant. Of the 160 MDR isolates,

combined second-line anti-TB drug resistance rates were 26.3% for ofloxacin,



16.9% for kanamycin, 8.1% for capreomycin, 50.6% for ethionamide, 12.5% for
para-aminosalicylate and 88.1% for rifabutin. Furthermore, 8.8% (14/160) were
extensively drug-resistant TB.

Conclusions and suggestions: Resistance to anti-TB drugs is a serious concern
in this preliminary survey. A strengthened strategy for MDR TB management

has to be instigated more thoroughly to improve the treatment outcome.

Key Words: multiple-drug resistance, tuberculosis, laboratory surveillance
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FEfEE 7 2] 3 B A4 4 47 (PCR-RFLP) % 16S rRNA Z_&
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(2) 7 1% LB AR S (drug susceptibility testing, DST) > /% 48 %
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McFarland 0.5 i 5 pe@l1:5 % 1:504 1 Fire
2.1.3 BlFE 2 5
2131 BAFHIOTRREEZEE XA EA S
growth control, SM at 1.0 ug/ml, SM at 6.0 ug/ml,

INH at 0.1 pug/ml, INH at 0.4 ug/ml, RMP at 1.0 pg/ml,
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BAF 05 ml L5 HFRERY P ERERE Z
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MGIT960 17 37CHEEEE -
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2.27H10 2 7HI1 3§ 73 T 45 ;2 DST 4§ 5k 5 = & 1 185k
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(PAS) 8.0 pg/ml, Ethionamide (EA) 10.0 pg/ml,

Capreomycin (CAP) 10 ug/m, Kanamycin (KM) 6.0 pg/ml

% Amikacin (AK), Rifabutin 0.5 pg/ml -
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MGIT™ 960 FF 35 2 4 B 5 |4 385 o iv 4 P15 & 428 25 INH
2 RMP=95%:EMB 2 SM=90%- i; 4 PlhiF & &% 73t & - o
INH 2 RMP» & /% T34 5 99.7%% 99.5%  INH 2 RMP # 1
22 F i 95% & Fo iR R EMB 2 SM It /i T 35 2 i 97.2%
£91meMBaSM§¢12ﬁ}1%34;%%@%%%&%;y
B 32 R(86%) 4 BES Y LT & T 0 AR RREER S
BERIER S Do ekt B RFRRTLE O 2

'\‘:*'
SRR S R

2. CMEFPIRELRRAARPBIEF AR FITNHRTE 2 F&F

=

=3

[0S

MEL BB RRLEGFHRT A PBTFH- 53R

» EA eh- R EL > i d i 63.7%% 81.7% o B s PlFE

m»

RMEFSQL %Y oF - REBF RIS T 442 2oty

o]

» MDR FHh &5k %

23 2009 £ 10 * » == 224 La o2 MDR B &3z > & 3
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88.8%(199/224)7% 3% % MDR - MDR B % 2. - RE ¥ hif & (3

primary % secondary)3# {2 % 5 ¢ 99.5% (198/199)%F INH ~ 98.5%
(196/199)%+ RMP ~ 50.8% (101/199)%+ EMB -~ 48.7%(97/199)%t SM -

$t b5 151 £ MDR % chp Bk = = pyrazinamide (PZA):# 5% »29.1%
(44/151) &y %2 - 5 160 & MDR B % 2 5 = - REFEFREMFT
A 47 0 26.3% (42/160)¥ OFX ~ 16.9% (27/160)% KM ~ 8.1%
(13/160)%t CAP ~ 50.6% (81/160)¥+ EA ~ 12.5% (20/160)%+ PAS ~ 8.8%
(14/160)%+ AM % 88.1% (141/160)%t rifabutin £ &+ - £ 3 8.8%
(14/160)Z_XDR-TB i % -

s k&R E-i# TB 2 INH/RMP 4% |4 # %
FRhiefTh 2% 91 Bkt 27 Z Lo h B R 48 #2375 44
Eo LinkBRY > 1Y 1;.’}\i” relapse it % # 66.7% (32/48) ; #7% B
9o 00 LK 5 8 25% (11/44) - GenoType A 37 % % &7 (%
) 16 (16.7%) % % % MDR-TB ~ 50 (55%)% % 5 TB e & 2%
MDR-TB 5 & 1 Fdk 5 % k23 > Rk ek 232> 29 4
14 (60.9%) 2 f i3 2|3F 5 FtE F BT 68 2 > 29 4 11 (16.2%)

=

I WHHF 0 WD R (T snesitivity ) o F T (T R

!‘h—

!

“;E\

/

BE 6L EaEAKRDST %% > - RHEF i 100% -

7 ~PETTS & #~+#H 2
HEL QRPN EREFSP R DR g 2Apg M
FHApM AT AREFHFEFEFR o Pw o BE R FLEREP
MDR-TB s & ¥R & ¥ RAEMN © S F > Fra- F 2 FFR - ¥
2o FlhF2NERRE Y EARDER G K3 S B 52
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WFF 3 opmenig PR o B A7 § - & (Preserving Effective Tuberculosis
Treatment Study - f§ & PETTS) - %3+ % &4 & J} 2 2 % (WHO) %
2 WA R FI 2 Fp ¢ o (CDO)A ¥ £ - BR% & (759 MDR-TB /»
KRR E o b 2% PETTS 3* & P w2 § &2 S ap h
9 B R % € A I (Estonia) ~ £ % & I7 (Latvia) ~ #%.& (Peru) ~
(Philippines) ~ # 5% (Russia) ~ % 2%(South Africa) ~ # & (South Korea) »
% 4% (Taiwan) ~ *fl‘x ®](Thailand) -

#£3 2009 & 10 ® 31 p 2 > 2 g%k 66 & o & MDR PRE B [}
TeRBp 5 P F 2000~ FR 06 FFT 0 1306~ F P8
B2 B A8 plok M 11 62 § 1255 o 3755% MDR B % & 35 (50%)
2R sR xR 3L L(50%) o TRk O H R 2 2K #(baseline) & & ¥
1 43¢ gi(follow-up)s: & B L Ftk#F H ek @ o A PETTS 3+ & R A ¢
#efie & 5% MDR s fdpsl > %0 a 20 2: MDR B % - R Rd B
P EFAE T RPEB R B R SR A EPH BB R . P e g
6B x=in 2BE>= > Hbpir pued i B
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T~ 3

" The Global MDR-TB & XDR-TB Response Plan 2007-2008 ;575 &
3 % [ Strengthen laboratory services for adequate and timely diagnosis of
MDR-TB and XDR-TB -+ 4581 4 5 £ B T F S 5 4o 8 IRIF g 2
7oz dkAmk2Z B ;s 02 MDR-TB & XDR-TB i % eP-i# RIF ip|3#
WE- 2 - REH DST JRi+2 H 58 5 24+ WHO BRI %4 9% 3 &
o Fpt o APrF R A R R P DOTS-plus 7z X # > TB 4p ¥
e S F IR A o

(—) E2REUF T TR FIRE TR TR ST
MDR-TB & XDR-TB " - 41 TB { Fl§t 832> 7 & F 5% 3 05

@#FEY 2 i DST 5% miqliof o At d & 2 2 P 47 & 4z > 3% 2008

% 2009 # > & 42 MDR-TB 2 NTM g % & % 14.2%% 7.4% > 3"
S B FRHFIRE DGR IL o GNARY TR hz 4 SRR 2 < kg
DST#F £ P U4 PERWIRAFTHRFE* WL SRS F ARA 1
i TB Bz @2 o Ra > WHO 4 &7 2 A F 3% 2 o
A 2008 2 2009 #3305 T4 oIp L o R AR E 74% ~ 78.1%% ik B %
74.6% ~ 79.9% 7 A rgit > MEFBRBITLFHR R FED T o Aol
F]tk 86.7% ~ 88.1%% 1% i % 85.8% ~ 88.8% ¥ B M ARFEIL o SFHL > - * &
AL R R ARIRELAFIRFR S SR ¥V - 2 0 L8P > ok
G RAEN A A SR o WU BB AT R IELS ] 0 A HE
&-%F INH -

(=) FFEHR% 5P

WHO " Guidelines for the programatic management of drug resistance
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tuberculosis (DR-TB) ; (18) &% 2 % } »c4y#] DR-TB % #£¢ » DR-TB

—\

i 4 sk 82 DOTS 2 ##msﬁél L hFULRES - BT
E rFE % timely # B DR-TB B % > Xt ¢ 773 SFm
(quality-assured) 2 ‘m 735 % 2 DST o F]y* » ai?"%ﬁ% o3 R PR 2k B
o ivE g LHF N TB P53 % *Ffﬁuxe‘. B m,ﬂ%‘rDST, 2B g k3w
3o s sto ;CR%%EFF;% %45 DST 4 it FIE* Err ik ¢ DS g R
EoFF o ARFHEN2008ET T 4p 2t TRABGKKE K%K
W RyEE TP R R ERP TB @%iﬁ&ﬂ:‘gﬂﬁ * B
B pAwPpAR S %I =T 2009 F KA Y AT I HRZ
ABF o T ARE P RSk 4 EM ZEPIER P o 203 36 A &
% #/7 M. tuberculosis DSTe 3+ % Z e & F % % ¢ 22 NTP it
SPomksk L ko B E DST i 4 3ok o 3 S HRE SR
B E P ERZAHRE S BHRTAEFETLATHE - VRE R
A TRERREZEIC T AR EEAEE - TR EGRTRE
FEERE R EF T2 PRI FnguEEd] ) Hr Ry
W2 T FLEIFBHEARS o

A

2008 £ S4B N A AT LI AF > 2 EF B L L BAEE A
% 2009 # 7 %5 RSk & RARE T BB 2009 £ 5% Ao CINH 2
RMP» I fek T304 4 99.7%% 99.5%  INH 2 RMP § 1 %2 2 7 &
95%& $.4£% ; @ EMB 2 SM 1 % 3% 97.2%% 97.5% » EMB
2SMEF 272 1 7 AE 00%E RARE - 5 32 (86%)7F %% 448
Bk & 02009 & wmi%Hchy FALE T 12 R INH &:iE 100%¢ » 2
P AFEY 2 RRMP AR 100%7 G 1 R A FH Y w2 1 RG
Pic et EMB A & A2 RS FE Y w0 7§ 10 jAE 100%
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SM $ 12 fkiE 100%°2008 # #7% ¥ % % INH 2 RMP 2 #cip|:# & £
TREF T E 99.6%% 99.9% ; F W EMB 2 SM It Fr sk Tio L i
92.2%% 98.1% 2008 # ‘m%#cdp FALE T 13 FINH & 100%7
F2RGFEY 2 FRMP 2iE 100%7 0 F 1 75 FF Y« H INH
AR 100% o BER > B AAFE Y R RRAR ST  f SR AT
BB o BHEG K 2009 # Pl S S5 02008 # EMB 2 SM £
75 5 7(14.3%)% 1 FhiE 90% & F 152> 2 12wt 2007 # &4 & ¥ 22007
'EMB 2. DST» & %812 30 37 222 $(73.3%)* & ¥ ;SM 2. DST>
8 FL26.7%) A &+ o FH T VREBRI W E A sc o pt b iRgpaAe A
B FOREE T 0 2005 # 15378 37 TB B R 2 ok ¥ 5 F 5 722% 0 @
£ioRk TB B R isf+ s 5 5 53.7% » 384 h 57 fF27 DST % %
’ﬁ EET Ao bt 2 MBRIGRRE T B L TR B R R o
}%d pRES TR ERET%E DST S 2o B ERBY 2
o3 TBRRISRT ML F wEAE e o

() MDR Btk & 1= 285 5% %
d WA s ez d o 2 d DST FA @4 BHATE L0

B MDR-TB 5 &A@ ML 1Tindn 5 Bed > 4oifin PP IL o BT o
MDR-TB %} - 5% EMB #1% & 50.8%% PZA i 29.1%> @ % SM &
A8.7% » kL indp sl B e F B Pop i Y dp > 4 INH 2 RMP 42
o MDRTB 5 & £ s K > & > v % H 7 *
TBN+FQN+PZA+EMB+SM % > 6 ® * - # ¥ #H p| *
TBN+FQN+PZA+EMB 12-18  * - 2 £ » % INH 2 RMP #p% 2
EMB/PZA/SM #L % » Rl % @@ % % f& - R E . 435 B v ¥

TBN+PAS/CS+FQN+KM/AMK %2 PZA/EMB # * Jﬂz 6B FY
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Rl * TBN+PAS/CS+FQN 2 PZA/EMB ¥ * 4 12-18 & 7 % 7 = &
BPpier o @S g 3L FELR o 585 40% MDR-TB 5

@ g2 cEMB A K R ¥ 2 drEA 0 T LB 2
A 24 o PZA E = [#(sterilizing) it # > ¥R VR F o 4o 2 @ ¥ PZA >
e X BB PZA o DST P e FP X PN | A 2 4 BRI A
BARDPEREDZ > Fltw AW RAEF &R TG 0 d < MDR-TB B 4ip
P BV B4 FEe o ‘—’5’)3@??%55 £ 1% & 775 outcome » 1 i
I AR M SR R kP o

B i Rdn sl ki * 4487 »o- RFF 5% MDR-TB> & [ %7
R REHEFFA, 5 126.3%% OFX~ 16.9%% KM ~ 50.6%%t EA -
12.5%%F PAS » 82X > OFX 4= 5 &2 2008 & 25.3%4p % ° iz £t 2007

2. 44%1% - 2008 & EA i 5 21.3% > & A3t 5 & ehE Pl o 130
2009 # B 4nft % CAP iaf MDR-TB i & > ¢ A 4 8.1% Film § o
o FEEE T RIEEEFFF IR 14 2 XDR-TB B % o 7~ 3 & By 2 £_7]
F B AT R o 4 & ¢ oo (patient-centered) 2 is ¥ o Fid B P
ToREELE R ek % MDR ¥ 5% & 578 DOTS-plus »x & >
*% % MDR-TB & XDR-TB % #

(2 )Fihk He B8 -k % B M R R
% » 2009 & 10 * ﬁ.?}‘%, AIONE B e

Rl

fmfgxfaﬁ =T
K TpkPFETA3IREE > BH kM2 GenoType il 3 4F
27 i MDREZHFL > mifekicgg 1 (1) 2 RFEFTHE
PRAZE L B E; (2) 20 2 kAW GenoType &
- (3) Bl ERELESPIRARE LT REML -
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(1 )PETTS 3+ %

VEREFORAIPNF L IE LREVRERIERFLBPORLE
AARFRLE o MEFIRERY F ) PBLORBRHERY
P A R%E - EDch RS> 15 FEVIRLTBIHEEFK
g cBAE RS EIERARRFIE D CRESITR R VR A
SPRAE AR B AR BOR o B G N AR Ope & R APk R i
T RFERic R A FF o X3 §RFFF R FEm (3§
HEF o P ERERG T - F @& R o in BRI e ETRE T
Fodo F BB AR EFRE T PR EISRERY A2 RER
e e Bl o gRA-g g A TR 7 AEA4T o Jpd PETTS 34 3%
1487 T 0L ¢ 4 DOTS-plus 8 %6 = 0 » 3R 23 5 &

FERPORFRREM L KL g B BRI
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1. MDR-TB & XDR-TB § % % # % & 4§ 2|

FEPER2 P 3% L RETRE FHRRELE S RS FET
0 A B g d o e N ECRAPEE N o R RS T
B B A sk o BT RF IR TR ERTT FHRERS K

@i pLE s A A B> £ H L MDR-TB & XDR-TB £ % ° i3k £
Y2 ¥ B iAo 5 Hp 2 'Lf[]ia 2 M. tuberculosis e 4 25 5 4% 55
%%%ﬁiﬁi%ﬁ#?’iﬂﬁEAFEVm_p%ﬁﬁoﬁﬂ
PR IEALE T FRAME > WA T NTM g 4 a2 d 2t
MDR-TB | %> @ 5 4 ¥ 11 F seipf 2 2 fFd 12 o

o B A T P $A e A TB B % 2 R TRk AR R
BN R ek 0 3T AT ENREEL c RFMG TR EE
2009 & 10 * 5 F & ¢ 2 F 375§ + t§# B DR-TB & MDR-TB
DRI o ZRAR I TRA T R FET L 0K &5 i DR-TB &
MDR-TB i % 12 B-:# 25 %72 )% 8 055 -

3. B MR S A FE T

FERE - EARRE PR e+ etk RS2 FH
BER G FHREN - RFRESZ P DREERY EEF
SERGEE S APREM ARE G ST il pk 2T
ERL R FAFEHR ST TBRRE 2 g =6 ki

DST &1 » % F 654 W40 407 FRe o 4 51l 3K -
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R B YR R R P

(<) ¥%

(1)

2)

3)

£ 3 2009 £ 10 * 224 Z:i#4F5% 2 5 02 MDR-TB B % ¢ &40 5 ¢
F KR E B AR EATEEILTS 0 MDR ik 199 %(88.8%) ~ 2= MDR it 13
2(5.8%)% NTM & # & g5 ib 12 £(5.4%) 5 ¥ 1 FtRficins - 3
£ 310 A bREE A E AAES&% - 27 MDR i 273 $£(88.1%) ~ 2t
MDR it 14 k(4.5%)% NTM & H i i ik 23 $K(7.4%) (% - ) ° 3F
24 EEart b (#\#E“,f fREp ) MDR FthA F 48 5% L3597 3 6 (4 F
12D)* p (7 P )R =22 MDR R Z SAF|E 7271355 5 107
T, EEUBLNESS AR ZIEN38 X - ¥ b NTM Fl i
F vt 2 v 22 (PCR-RFLP %2 AT 5 7] A7) F 00 5 2 3 F4f
(species) > Flpt 73 & X p #T =5 9.6 % o

2009 & DST Lr‘%fﬁ TFEEG 30 RFHRE St BlHRESE
7+ »isoniazid i F£ % 7 99.7%- rifampin % 99.5%ethambutol 3 97.2%
% streptomycin 3 97.5% ; ¥ 22 32 3(88.9%) & A H % ©

£3 2009 & 10 * » == 224 L5 0 MDR B % dgs% > = 3 88.8%
(199/224)F£ 3% % MDR ° MDR 1% % 2. — 4 % 4» cr28% & (% primary %
secondary)FZ 4 &% L ¢ 100% (199/199)%F INH ~ 100% (199/199)
¥ RMP -~ 50.8% (101/199)% EMB ~ 48.7%(97/199)% SM & 3 %
foptebs 5 151 & MDR i % shjFth =% = pyrazinamide 3% >29.1%
(44/151) & % o5 160 - MDR B % 2 5 R - RESF REPLF
FF O A 47 0 26.3% (42/160) ¥+ ofloxacin ~ 16.9% (27/160) %+
kanamycin ~ 8.1% (13/160) ¥+ capreomycin ~ 50.6% (81/160) ¥t
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(4) P mERTR e R L e8deE GenoType®MTBDRplus 3
FETC TR TEE%ET 00 220 0k > £42 91 2Rk -
I L HR R e R S i iE 0 3 66 2(72.5%)F 42 2] 5 TB o
HP 16 £(17.6%)¥ 47 %] 5 MDR ;

(5) “*JL = PETTS ®*% & £ T2 —_‘J-é T%ngi’rb E3RS TB;_HW *# 2008 &
22009 & 10 ®* 20 p ot % 66 &+ & jxx ¥ 2 MDR-TB ;],%,m °

(5) 2k

I %% WHO 2&fe ¢ &g 2 B2 25 B 5 24+ wRFH
BRI TRE R EY L A% & & 2 DR-TB & MDR-TB # %
VLER BRTE IR SR o

2. DST 38 & = o ’K,f/s*&gsw%% ol BT - SR E R S
AR W EFRRAAFRMARETEY SR H L 2
PR I o

3. Jf?f‘@fa“%%k'fii JB /fFT-'ﬁ g ?P];’[?I‘v}—#ﬁ;lj R %_Z ¥ [f;" B %55" F»zi
@ 3% (transmission) ¥ B A 3415 U B EH- 2 - MEHLE2 A

/:', °

4 BRREEE T By A4 CE 2 BARRE > X2 ERETREFTER
f—?_;—,_';_a 41 E %:Q &3?@%‘52 )xl‘gﬁjﬁilgﬁ? o
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BEEZ
(patient intake)

!

MDR-TB /% # 18 it 8%
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48 FRY ¢ E
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{

[ty w27 % |
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#.— 2009 # MDR Mycobacteriun tuberculosis 1k % & % 4 45

e (B %)

s teEk 2 B SLEST
P (B %)

)t #(310)
MDR-TB
#£ MDR-TB
NTM*
B omR

B % #(224)
MDR-TB
2~ MDR-TB
NTM
B 5 R

242 (78.1)

45 (14.5)
19 (6.1)
4(1.3)

179 (79.9)
33(14.7)
11 (4.9)

1(0.4)

273 (88.1)
14 (4.5)
19 (7.4)
4(1.3)

199 (88.8)
13 (5.8)
11 (4.9)

1(0.4)

* nontuberculous mycobacteria
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32 2009 & P EES R £ PR%G 4 REE S

(a) ISONIAZID
No. of labs with results in the range of Average
100%  95-99% 90-94% 80-89%  <80% score
SENSITIVITY 36 0 0 0 0 100%
SPECIFICITY 34 0 1 1 0 99.3%
RESISTANT PREDICTIVE VALUE 34 0 2 0 0 99.5%
SUSCEPTIBLE PREDICTIVE VALUE 36 0 0 0 0 100%
REPRODUCIBILITY 35 0 1 0 0 99.7%
ACCURACY 34 1 1 0 0 99.7%
(b) RIFAMPICIN
No. of labs with results in the range of Average
100%  95-99% 90-94% 80-89%  <80% score
SENSITIVITY 35 0 0 1 0 99.7%
SPECIFICITY 34 0 1 1 0 99.2%
RESISTANT PREDICTIVE VALUE 34 1 1 0 0 99.6%
SUSCEPTIBLE PREDICTIVE VALUE 35 0 0 1 0 99.5%
REPRODUCIBILITY 34 0 2 0 0 99.4%
ACCURACY 33 1 2 0 0 99.5%
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(¢) ETHAMBUTOL

No. of labs with results in the range of Average
100%  95-99% 90-94% 80-89%  <80% score
SENSITIVITY 27 0 3 4 2 94.6%
SPECIFICITY 34 0 1 1 0 99.5%
RESISTANT PREDICTIVE VALUE 34 0 1 1 0 99.4%
SUSCEPTIBLE PREDICTIVE VALUE 27 0 3 5 1 95.5%
REPRODUCIBILITY 29 0 5 2 0 97.5%
ACCURACY 26 2 6 1 1 97.2%
(d) STREPTOMYCIN
No. of labs with results in the range of Average
100%  95-99% 90-94% 80-89%  <80% score
SENSITIVITY 27 0 4 4 1 97.4%
SPECIFICITY 29 0 4 3 0 97.7%
RESISTANT PREDICTIVE VALUE 29 0 7 0 0 98.4%
SUSCEPTIBLE PREDICTIVE VALUE 27 0 4 4 1 96.1%
REPRODUCIBILITY 29 0 6 1 0 97.8%
ACCURACY 22 5 8 1 0 97.5%
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= RTWARRHEERRSE AT

AFB

Smear MDR Non-MDR | Indeterminate Total
Positive 0 4 3 7
Negative 4 5 14 (60.9%) 23
Scanty 2 1 2 5
1+ 2 7 4 13
2+ 4 11 1 16
3+ 1 9 1 11
4+ 3 13 0 16
Total 16 (17.6%) | 50 (55%) 25 (27.5%) 91
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b

e
B3 B h

i

)

TR AL RERFLSPREE QRER el G BE AP EREATITAZ 2
AR
P
A 472008 # 17 32009 & 4 7 EpopE AR EEFIL AN S EREL PR

A PSR E - B A -t AL T s B

A

BRSO E- AR PR AR DR B REAT T HEL

|
3
N,

68 tRFEL % F £4E 2 B Atk (MDR-TB) > i&- % f[* & & 10 " (» A7

PP F- REH 51 i # Rl 2 Genotype"MTBDRS|» & 12 FLd L 5 %5 4 12 4

FTH G

LIEFR

1. ¥ fluoroquinolone a7 55 % 5 FLE ¥ 3t gyrA 2 A % % 5 R % F 1T 93% i codon
90-94 H B FH 4+ RE o

2. 19 k3 - AR E P E%k S S FLE X L Aminoglycosides 1% ¥ TR B & 5
X% F 18%E rrs1401 =83 4 AIG R % -

3. Genotype"MTBDRS| i3 = %1 % $» Fi A 7] Fluoroquinolone % #» 1§ jp| a7
B % 61.8% » Aminoglycosides % 4=  BlaT g B 5 542% > ¥ 5 - RE H
Ethambutol i B|acs & 5 44.9% -

Bz T

hEEEE I ST R REFFRELAT R R e ERESP R

EA R 0 G - T B IR FEARRRAE o

B 4237 © second-line drug ~ GenoType*MTBDRsI ~ sequence ~ tuberculosis



Abstract

Multiple-drug resistance (MDR) was defined as Mycobacterium tuberculosis isolates resistant
to at least isoniazid and rifampin. Global surveillance of drug resistance tuberculosis (TB)
revealed that there was an emerging concern of MDR TB patients infected with M.
tuberculosis strains. Furthermore, MDR M. tuberculosis causes patients with high rates of
treatment failure and death, the severity of the disease poses a public health concern. The new
GenoType Mycobacterium tuberculosis drug resistance second line (MTBDRSl) assay (Hain
Lifescience, Nehren, Germany) was tested on 68 clinical isolates to detect resistance to
fluoroquinolones, injectable drugs (kanamycin, capreomycin or amikacin), and ethambutol

in Multiple-drug resistance (MDR) Mycobacterium tuberculosis strains. Those strains
harboring fluoroquinolone, amikacin/capreomycin, or ethambutol resistance and partly fully
susceptible strains were comparatively analyzed with the new MTBDRSI assay, by DNA
sequencing, and by conventional drug susceptibility testing in solid media. Fluoroquinolone
resistance was detected in 42 (61.8%) of 60 resistance strains, Aminoglycosides resistance
was detected in 13 (54.2%) of 24 resistance strains, and ethambutol resistance was detected in
22(44.9%) of 49 resistant strains. In combination with a molecular test for detection of
rifampin and isoniazid resistance, the potential for the detection of extensively resistant

tuberculosis within 1 to 2 days can be postulated.
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FERER SR fﬁsmx@ﬂi‘a% AL 2R RBPHEPISL T2 E R PAD 20 INH
2 RIFEERhy - REF > T3 ¥ 342 B2 BPop b sting s 5 £—<
AL F LS PR LR Ppic R A RCPER 1R 2 - > F A RFMDRFIR T > %
PR H R AT G DR E G IRE P RS B Iop b K30 £ A S R F g
S AR SHBIIREFIEY S B FPERIRE - FF ST A BRER
FPiEE oA TR AR A o b ARE R B LB B A < o 2 R CDC >t 2007
# 42005 # 2 £ 2 SPm LT 7.8%% INH#E - % INH 2 RIF % § #8200 65 12
%L 1Y) 2tk &) 22 Moore & 4 >t 1997 & 4-4F 1993-1996 & » % é—f*)l%i ¥ 5 1.6%% INH
2 RIF %3 8z ap g™ [2]-

dARERA ALY REPALB R S FHERE T ReFE
AEF S G REREPARGERR- 1 L [3) ed P BEE R ARE S R
mF 710 2 4 EEREREKRES > TN ERD RWEFREL T RKEI Y4 0
s [45) e F % 2 £ AP w H RIF & INH 48412 1 f# > 4o~ Rifampcin
FLE A F] rpoB 2 81-bp”Core-region” TR %% » 7 A28 95% % RIF A 2 %2 Fih>

P REBEEEAAFIRE [6); R INH 2 % AL 72 2 ghir g 5 ~ it katG 315

coden % # R % A 4 % INH FoZ 2\ &) 4 >+ 50-9596[6,7,8); inhAr 2 2 % % 4 4 4 INH
FLEE 2 v ) £ 3 20-3596 [6,8,9); ¢t “h > oxyR-ahpC % 2 % % 2 2 % INH $28 2 1L 5 /4
¥ 10-15% [6,9,10] » e gt A Fl2 % 3L ¥ 7 @5 katG 315 coden 2. R % [11] - 1345 5%
¥R A7 0 INH % 27 b if katG ~ inhAr ~ inhA ~ oxyR-ahpC 4 &g ¥ 4p R [12] -

P A s A#H D I BRI ARE A kR £ 4 rpoB AFIFEF
& it 328 ' (INNO-LiPA Rif; Innogenetics N.V., Ghent, Belgium) ~ 2 %+ rpoB £ katG 7 7]
2_ 8 &1t 38 2 (Genotype MTBDR; Hain Lifescience GmbH, Nehren, Germany) & 3™

e [4,13,14,15,16]) - #7— %2 28] %2 (Genotype®MTBDRplus) f“ﬁ‘f katG 2 7]



vk 2z L F] (inhAr) 2 73830 0 SRR L A LW RIS INH B A Flin gk [17] - #4433 £
FIFEAPHr F EREE P Ak (MDR-TB) 246 th @ A7 2 A FIREHPF 2 4
A4 > # 45 e Genotype®MTBDRplus #4322 T_F 5 % 38 (7 5 [ Fiadid 2k 1 g
3% o 4 7 Genotype®MTBDRplus # ;g MDR-TB 2. # 55 % ¥ i 76.8% » I pE{]* 3 &
] 5 B PCR & # (rpoB516 ~rpoB526 »rpoB531 ~katG315 ~inhAr-15) #7i& > 2_ in-house
multiplex PCR z_ % gx % i 70.39¢ » % 4% rpoB - katG ~ inhAr ~ inhA ~ oxyR-ahpC %
AFREF A > HRP2Z AF B2 5 MDR-TB 2 #md gy » i 91.1% « o A4
FlR % HEF A B 5 rpoB531/katG315 ik 249 0 B =t B 5 rpoB531/inhAr-15 it 14.% -
RHBLABELF > FRIVHZRBFLE ARG L6 284 F g2 £ 8
(hot-spot) » 4 &| =3t rpoB ~ oxyR-ahpC #@ AL F] F » 3t E2-F {58 » ¢ 44 F ik A7)
KPR EPFRH F BiFE%k 0 & & HRE 2 2 in-house multiplex PCR - 5 #p #-1¢ 1§ i
MDR-TB z_ # fx % i% 80-859¢ > Fr pFi¢ i ;o] MDR-TB 2_ = & * #§gT "% o

AERVRY OGFEEY JERBFOPR Y - A FREATE A EA
PEIIE - R BEL A RELRE (Ek XDR-TB) 2 £ F1 5 7|i& 7 4 17 >
HPRLUETAEFET > P HF AL AER £ 3P 74 E 2 in-house multiplex
PCRFEY "R ERAFL -  H- oA BREAFRA > H - S3FE 0w 2
+ R EATEF (2009 £ 10 7 )ri— WIS F- RERE2 4 4 RPIER 2 g e

PALBIF AL P (XDR-TB) Tk 5+ of 5

E'} <
AN
b
s
(‘-\\
i
i
A
<
)
=
—
ve)
—

¥ B ¥t fluoroquinolone % 3~ %2 ix — 44| (capreomycin ~ kanamycin ~ amikacin ) 3= 5 1%

4% XDR-TB - fluoroquinolone 2 & 4| 5 £ gyrase s & i&m Frd|: pad4z i >2 2 =

(supercoiling ) = CIP ( Ciprofloxacin) % OFX (Ofloxacin) % fluoroquinolone & i & 3

Al * % > Hooper DC [18])] % « ipd B gyrA p 2. 40 § FApAE B B2 fluoroquinolone #
£ % R Ap M & 47 MIC = 4pg/mL # CIP ( Ciprofloxacin ) 1% g #AF¥ > & codons 90~ 91 ~

94 & # missense R % > A A AR FIRATE L R % o & codon 89 & # missense R

1

< 4 4 & M.smegmatis #¢ ofloxacin ##k > f & M. tuberculosis % &AM A= 7 - § 5 2

Ak



gyrA # 4 % % A 4 ¥ fluoroquinolone o 2_ b ] 4 3t 42-8507 o 3+ = A E4-H|IN A >
Taniguchi % 4+ [19] # 3 M. smegmatis 45 213 # % 16SIRNA A %] (rrs) % 1389 i gk
#2 A—>G R ¥ > & kanamycin $#% 3 M 5 & % 1473 =2 4 GoA & GHT R ¥&
Viomycin #2 4p i - 3 & = M. tuberculosis & 7| 2 i= 8L 4 > 16STRNA & F1(rrs) % 1400
* 8L o Suzuki % 4 [20] 7 & 47 rrs X F|p} 300 bp & 7 o 4p 3% 43 $R ¥ kanamycin %
ZEtkF 29tk (67%) % 1400~ 1401 ~ 1483 2 X% > H P {5 26 tk (90%) &
rrs & F1% 1400 =203 4 A—G R %> X5 4 17 77 $h¥ kanamycin 57 FiA>T 2L =20
ERRF A o arrs AT % 1483 8 g 4 GT 2% » "fkﬁf kanamycin v # 5 B b >
7= 22 Capreomycin v Viomycin $L# 4p B - £ R A Ifia |2 3p ¢ Maus C.E % £ [21]
7 gL tlyA (Rv1694) 4 4748 IRt % 644 = 8L3E » — £ transposon ¢ ¥+ Capreomycin A
4 FE o TP A2 A ?fgﬂﬁi #-r2 gyrA ~rrs 2 OtlyA A FRE 7 - MdRE A
Fla 73 BB R Y B EATE P [ 58 2 Genotype® MTBDRSI

[22] A 45 8 5 12 -



R
2% 5
98 & & —

l.

BFHFOT &2 (FHED o
REELFRS - MIRE AL FIA 47 o 0 2L A FIR B B8 FRinE 2 B o

#H 2

- ~FFF K 1 12008-2009 & £ 430 $& M. tuberculosis F A 47k & o H o F7 =
% fluoroquinolone % = - Aminoglycoside 4-#] (capreomycin ~ kanamycin -
amikacin) 2. $i# L F] o o
ARG FAdcE - " MDRBEM « BAE LB PR IAFRFAR: L REF
HMEERFTHREIRETELFFHRTA T2 FQRERES AT -

S g R

(1) B FHELmR

BPAARERERARET SR ERE L EFEERELEA N7 24
(TR BAGHESR o
(1-1)~ 16S rRNA ~ IS6110 TP % & et & F i
F 32 %41 * M. tubercuosis 2= 16S rRNA -~ IS6110 } 4 2 & 73k 3+

- EslTE o 41" PCR 2 5 P HRPERELG M
tubercuosis complex & — M5 5| & o ¥ bt - RF KR SPEIE
#- (probe) £ M. tubercuosis complex & — 4 /5 5] 2 + it 3 3
BEREAPEFR ML TERLFREF R -

# 7 PCR #25¢ :

# 2 B P
1. Enzyme Activation 50 °C 24 48
2. Denature 95°C 104 48
3. Denature 95°C 15%)
4. Extension 60 C 14 48
# 3.3 % 4.5k £ 47 50




Fllath Pl % SRR RSP EE > MEF S TR AR
THETH FRAEE AN SAKRMNEFREFRY F B
Z7 4 # B %A A 47 (PCR-RFLP) 2 16S IRNA %A F % Aol
HRABAT -

(1-2)~ Répesd gy F REE %>
J 3 L A1 & 44 F B F 065 kD heat shock protein (hsp65)

P

| * £ % A1~ 47 (PCR-RFLP)

MR & pFi 45 F & (polymerase chain reaction, PCR) = ;%3 &
A8 Y hspbb §7fik & £1 (439 bp) £ #-pt Pk B L R
B2 R FAAT P H S BPRESE T AAT L KT ERER
PR S B T e I e o FE

P kA URERO0S5 LA 1 Rt r £ 400 L
IXTE éh2mL fcBdgs § ¢ o 2icB B 95C 2 F 1 gL 5 4~
o PRI FRAREFT &K -

Fefl PCR & » H - ti82 PCRZ § 11 T e !

el 8 (uh)

£Fk 4.7
Tb11l 31+ (1.6 pmole/uL) 5.0
Tb12 51+ (1.6 pmole/uL) 5.0
25 mM dNTP 0.2
25 mM MgCl, 2.5
7 7 MgCl, 2. 10X ¥ b7z 2.5
DNA % & p= 0.1
&1 5.0
B S 25ul

PUPEFE M $EPR 22 % M. tuberculosis H37Rv strain DNA » jE & 100



ng/uL > P~ 1 ulL 4e 4 pl & Fk 5 S8R 22~ Sul & Fk -
4 7 PCR #2534

# 2 B R P
1. Enzyme Activation 96 C 10~ 48
2. Denature 96 C 14 48
3. Annealing 58 °C 14 48
4. Extension 72°C 24 4

#F2.3 H FA R £ A7 30

5. Final extension 72 °C 64 4i

6. Store for o/n 16 °C oo

FR2EZIE »BEFTALSIT > MAETPCRF RBESIHZ PR
(439bp) it &z o 2 {5 B~ PCR A& 47 i& {7 BStEIl ~ Haelll 2 f& ' 14| f+
e R GNFIEE S iR H - M2 IR R ik T RS

= WA (ub)
£ Fk 5
10X 2317 % 3
*47% BStEIL (10 U/uL) # Haelll (10 U/ul) 2
PCR # 4 20
BRI S 30pul

# BStEII2 F 53 52760 °C 1.5/ PF; § Haelll 2 & 5§ £+ 37°C
15[ B o LI B2 B0 49 PR T AR F A o 8

& % 2 %] 2 ¥ *thttp://app.chuv.ch/prasite/index.htmli& 7 Ffhtk & -

(1-3) 16S rRNA Z_&
Ja 72 %41 * M. tubercuosis 2. 16S IRNA F & 2 B 7303 — 25l + 5

( 16S-27F, 5S’AGAGTTTGATCCTGGCTC g 16S-907R,

10



5’CCGTCAATTCCTTTGAGT ) > 41* PCR = ;%453 5 880 bp % E =

AR e
PCR #% 5%

# 2 B PF R
1. Enzyme Activation 96 C 104 48
2. Denature 96 °C 45%)
3. Annealing 53°C 1~ 48
4. Extension 72°C 1.5%4 48

#H F2.3 % F4E R € 4730

5. Final extension 72 °C 64 48
6. Store for o/n 16 C 0

FRZzZais &FT kA NFET PCRF Lg% 2 m 2 5 B
)& F& e £ 14 16S-27F 2 16S-519R, 5’GTATTACCGCGGCTGC it 7 %
EEEE
FERL BT -

(2) RBFFZPABRFLFL 19

FERL 5 S P E L AR R Y - SU4R® fluoroquinolone 5
4 2 i LT gyrA i 7 4 370 I BT 4544 453 (capreomycin ~ kanamycin
amikacin )37 £ F]rrs % tlyA & Flig 7 £ $7051 F B 7|40 1gyrAF GAT GAC
AGA CAC GAC GTT GC > gyrAR AGC ATC TCC ATC GCCAAC G rrsF TTA
AAA GCC GGT CTC AGT TC - rrsR TAC GCC CCA CCA GTT GGG GC ;
tlyALF GTA GGA ACG CAA TGA CCA TCG > tlyA2R GCC AAC GAG ATG
AAC GAC AG ; tlyA3F CCG TGG TGA CCG ACA GTG > tlyAdR TGT GGA
CGA CCAGCAGAAC-

(3) ~ Genotype®MTBDR sl # ]

BRI %Al % = RFE (4o fluoroquinolone % 4-#| * %

11



Aminoglycoside/cyclic peptides ) z_ gyrA ~ rrs & HuF 3 5|2 % = 8L ¥
B2 RIS HE e R R ATI S S R PR P
e g2 LARARY o I R AR F R PRA
o BEARBK Y 2 PRATRFART > £ AR B g
TALE L RS R RREILCAIRG 2 68 1k 5 LR BT
(MDR-TB) 2 ftkiific % # %t & > 4ph PCR e & % F Jiif it 4o
fefil PCR % » H - # 4 2 PCR % § 1 ¥ e :

A WA (ub)
£ Fk 4.7
PNM 31+ 35.0
25 mM dNTP 0.2
25 mM MgCl, 2.5
% 7 MgChL 2 10X % e 2.5
DNA % & f# 0.1
te 18 5.0
BRGS0 puL
PCR #% ;%
7 2F BR P
L. 95 °C 54 48
2. 95 C 304
3. 58°C 25 48
2.1 % B30 £ AT 10
4 95 C 25%)
5. 53°C 40%)
6. 70 °C 40F)
AT A 6. Tk £ AF 20

12



7.

70 C

84 48

&. Store for o/n

16 C

(4) Genotype®RMTBDR sl 57 1.2 =5

#, 17 Genotype®MTBDR sl #& Bl {é » T fe & AR FI TR By > >0 {H &
B oo R A R Rl A L B P E R

WFEFRBREREL A

(XDR-TB) z 57 & °

13




.
A

L3
(=) F-RRFATFIPRIA A

# - % 396 %% FHRiE (7 Fluoroquinolone #f % 4+ 2_ yi % &L %] gyrA »
F5 0 U AFE L RRIE LR N £ 90 HRE SRR RS SR L E
178 54 1k(56.2%)3t gyrA A B FR R e H P NEF N R 2R
% codon 94 GAC/GGC > it 20 $.(20.8%) » # =t % codon 94 GAC/AAC > it 8 t&
(8.3%): 4 * codon 94 GAC/TAC % codon 90 GCG/GTG 7 3 & 7 $4(7.3%)% #
B A SARERSE LFE D A TAEBE S REY 0 1 i1 50 $(93%)

# 2 % ocodon 90-94 FIF R o 277 1T 42 $h(43.8%) 4 ‘p%‘]"%%éi 1L gyrA TR
BT o ¥ - BRHT A 300 RILE LR BT L AR 2 Ftk 0 279 $k(93%)

TRHEEBELRHEE - K0 KT 21 BRO%ET TR S S FES T -

ko £ H 5 84k gyrAcodon 94 GAC/GGC 2 4 %2 % > L Eard % frlT 5 &

¥ 12 317 R P FtRaE 7 448 (Capreomycin ~ Kanamycin ~ Amikacin) 4%
FEAF L {Tdcd = » R oA BATFIIrs EtlyA» N BB S REIREL Y A
B FF o REFRIFPEFRERS 1 - BEFRRESIREN G
Aminoglycosides #u# 5 54 k0 2 ¢ 19 $K(35.2%)* rrs &2 tlyA T A B 5B R R
Rirgho B 3 1845 rrs 1401 =28 4 A/G 2% > - k5 tlyA codon
80 GCG/GTG %% ; ft§ 35 tk(64.8%) % i I F| fh F1 B 7+ % o I .5 % 4p
AOOQYrA TR RS 0 263 thB ¥ BAGESR S TR FBR 0 B ¢ 251 $R(72.2%) 2R
REBERRKH-R L0 RBFRIAFFLIRS L B 5 5

Arrs1401 =B A/G 2% ¥ THREA YA BB o

(= ) Genotype®MTBDR sl sz 142 3=

68 HRAEW EE TG TR ¥ - MEFRHARL F ERELPH
(MDR-TB) » # 4 ## & % 2 47404 = > 4 k5 ¥ Fluoroquinolone #§ 2 » % 4+
| ( Capreomycin ~ Kanamycin ~ Amikacin ) 4 > 578 Fk - i}ug‘g R
% 60 $(88.2%)3f *F % Fluoroquinolone % % 4~ #L# » 24 4(35.2%)%f *F 4+
Kanamycin #% > 12 $.(17.6%)%F *t ¥ Capreomycin 3% > 16 $A(23.5%)%F *F 4

14



Amikacin #1% > 49 $.(72.1%)%F ¢t ¥+ Ethambutol 1% o 257 3 4188 77 BI3F 68
PR BF $ 204k 5 XDR-TB « #7F 68 $% Fj#k 1 Genotype®MTBDR sl i&
% (Bl- ) $5%2 I pPFERYG TV REBEHFELSE -
Genotype®MTBDR sl 335 ¢ 7 2@ » F PFiEA+ 2 ¥ 2 MTBC-specific %
Amplification-specific 351 Ff& & ¢
1% Genotype®MTBDR sl &2 gyrA 2k #] €_& # i#| Fluoroquinolone # 1~ % %

dedom o 68 R FRY  BHREEF R 5 AR Fk 0 3 HRET F - RE
% » 27 243" Genotype®MTBDR sl 2 gyrA % & % % 392 5 o » ¥
Genotype®MTBDR sl 322 4| W] 22 % _F v £ > ¥ — k Genotype® MTBDR sl & 7+
mix pattern (wild type ¥ mutation F F¥ 3 %) > Genotype® MTBDR sl 2| Z_% Fo
oo KA A H BT A0 S wild type o ¥t 60 tRILE kY 0 42 $4(61.8%) 5
Genotype®MTBDR sl 2] z_5 #% - 18 $.(38.2%).5 Genotype®MTBDR sl 21 z_
SATR 0 F] AR =X 4 47 B8 7 4 Fluoroquinolone # 4+ > Genotype® MTBDR sl
WORIATR B 5 61.8% ° 3t 42 $k& Genotype®MTBDR sl 2] 5 & ¢ > [ $17] 4
% gyrA AWT3MUT3A+MUT3B » %5 % % & 11 3 D94A > D94N 2t D94Y 2
FBEZ] > ErirE A ES NI DN B 7| > DY4A B AR A SR o 247
Genotype®MTBDR sl 322 2 % » & % I mFZ 4] %] & gyrA AWT3MUT3C
(15/42,35.7%) > w ISHRE 7|25 T3 2 240k > 2P 245 wild type > 11
tk % codon 94 GAC/GGC > ¥ 2 k4 ®u] 2 GAC/TAC 2 GAC/GCC; # =t ¥ 4
2 FmEA WP 5 gyrA AWT3 (5/42,11.9%) % gyrA AWT3,MUT3B (4/42,
9.5%) ° #* Genotype®MTBDR sl &) #2k 3+ 2 — ' % %4 f 45 4~ (MUT3D)*
BRI FAF IR VAR FRP > MUT3B 247 45k 7 783 D94N %
D94Y & &5 71 > B3R T SR TR 5 DI4AN ‘]?‘]'"T#\F 7 F &2 F B> MUT3B
B2 ¥ G SEHREFRAE IS S S DAY fra iz 1 ar? MUT3B i 7 F J& »
NI gyrA AWT3 B % » e B ixsh s B4 2] 7 8% - ko 2 TA %4
22 Genotype® MTBDR sl 2 # 7 — R eIk % o 5 k.45 Genotype® MTBDR sl 2] z_
5 LER T L omix pattern 0 W le BF i A4RE 2 ATR Fth o B ¢ 1 R ATR Atk
%3 MUT3C #u#  1 th 5 50R Btk 4 e MUTL 4852 5 5 SR Btk % 2 MUTI
22 MUT3C 4% » ¥ 1 $&7] 5 AT Atk &2 MUT3A &2 MUT3C FLEE o

15



# I 5 41* Genotype®MTBDR sl £ rrs 3k ¥] Z_A # #| Aminoglycosides %
Pl %68 tRIREFIRY » 44 $R25 48] (Capreomycin » Kanamycin ~ Amikacin )
Fiaskz H405 AR ko £ ¢ 39 AT & Genotype®MTBDR sl 2 % 4 &
S- %455 wildtype e f SHEFRHLEFEAT - K> B 44
Genotype®MTBDR sl 2 % % rrs AWT, MUTI & Z_ & % % (1401 A/G)4p I » ¥
1 tx Genotype®MTBDR sl % % 5 rrs AWT & 2 & % % 1402 C/T 77 - 1k <24 &
BAR% R RERAKRY > ZAEFREF LS T 0 5% Kanamycin % -

H ¢ 124k ¥ & Capreomycin & # 3% > 16 $A ¥ ¥2 Amikacin 2 2 3% > 3 &%
A Il RO 2REFFET 6 W1 AE %5 7k - Amikacin
L 3o ¢ g Kanamycin % 3% 24 34 % F#R ¥ 0 13 $& Genotype® MTBDR

sl ¥z G4 11 A2 Ee B RE > WRFTRE R S 542% ° #75 R Y
2 MUTI %% > £ 5 1 k41 3% mix pattern (T 5T &2 3% Fik & 7)) 0 3% 3] %)
PRI iER® MUT2 > A IR rrs 1484 G/T R % - 3k 5 rrs AWT, MUT1
TR %% 5 wild type ©

49 tk EMB #2572 % 3% ¥ &2 Genotype®MTBDR sl 2] z4p F 5 22 &>
WORACR B L 44.9% (4 2 )e od IR W] L embB AWTI, MUTIB % 14
$4(14/22,63.6%) > H ¢ 13tk 2 5 % % - 1k 5 codon 306 ATG/GTG > ¥ 1 &

TR S%R 5 wildtypee H R FE A% 5 F 6k 5 embB AWTI1(6/22, 27.3%) >
TR EZEE5 A S 38315 codon 306 ATG/CTG 2 tk % codon 306 ATG/ATC >
1 $k 5 codon 306 ATG/ATT » }* 6 thin FRPi R R T AR5 - HFRRF
&5 Tt @R e embB AWTL ,T*u Genotype®MTBDR sl #73k 3+ % 85 e 45
G470 W2 3k E embB AWTIL, MUTIA (2/22, 9.1%) » 27 k55
Genotype®MTBDR sl #| % wild type 2 2% Fjth? » 1 RSG5 2 A % % & codon 319
TAT/GAT > H 4 26 k4% Ftk Genotype®MTBDR sl & = A 32 % wild type < 19
WEATE % AR Ftk? 0 5tk Genotype®MTBDR sl #| 2 % 42 » i H ¢ 3
& % embB AWTI1, MUTIB * Z_& % % % codon 306 ATG/GTG > H 42 & %
embB AWTI1 » 2 & 1 k% codon 306 ATG/ATC » ¥ 1 #k % codon 306
ATG/CTG - ¥ 7 1 YREAT L 5T Fth > T/ % % 5 codon 319 TAT/GAT » F]pt
= BERe PV A LB R R R A R R R R E RN -

16



LRI =
£ 2 BT 2008 £ T L& U 2 # line probe e Rl A MDR-TB 2
-2 1w R f PatRl s EREFEREPHLF S EHAER T > HAIN #75 B 2
Genotype"MTBDRplus 8225 i+ % & & » {2 F]ecit 7 % - & Genotype® MTBDR 4-44
INH $o% o ] katG B — & %]t B2 v » B 4r 7 InhAr (oBRH 4c 80 1 52 28
Hillemann D [17] % 4 43 1 % = #3## % (% Genotype°MTBDRplus) % MDR Ejt i
] INH L8300 » R - R84 306 R - R RBAPET S5 87 [23] %
A R RS INHE - fiF @ 5 o inhAr kT T R e 65 th (32.8%6) il
b > & g d Wik katG ERPFZ 107tk (54.1% )0 T L 2 B R § L REF HK
2 B TR T2 5 R
41 * line probe ¥ B|H & * >> MDR-TB }+ » % W/G5% ¢ H#F 7 @B N ik &
TG PAs FHF AR B A B R I RA S PR A Tl A A R e
(Genotype®MTBDR sl)e »+ 4 & 10 # & 43020 A F 3 > % - (33 EH 3R 2 (2009 & 6 7))
Bt o ¥ipl s - s &AL 52 % > Fluoroquinolone % 4 i jplaT g & 2 90.6% -
Aminoglycosides % 1 1 placR & 5 84.8% > ¥ % — X% $ Ethambutol ¢ P|aT &

69.2% -

\

A glr 68 k5 EIE R FIR(MDR-TB):E (735 > %% & Hillemann D.% X
[22) #p# > Pl aTR B 4ri# < » Fluoroquinolone % 4 M plac g B 5 61.8% °
Aminoglycosides % 1 W BlaTR B 5 542% > ¥ % - 5% $ Ethambutol ¢ P|aT &
44.9% o

< IFFL;}F] 314 Fluoroquinolone 4 & m % > § 70%3% 90% FHR*T gyrA % i €A 4
2 R% [2425) Flet Rl F - MGRE L )2 A 2 2] e (Genotype®MTBDR sl)#-

#] Fluoroquinolone % F= fk %] i+ 8L2% 23 gyrA % 3 codon 85 I codon 96 Hillemann D.
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FIGURE 1. Representative patterns obtained by GenoType MTBDRs| test for isolates.
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TABLE 1. Analysis gyrA sequencing result in 396 M. tuberculosis strains

OFX DST Resistant OFX DST Susceptible

gyrA mutation Number (%) Number (%)
codon86 CCG/CCA 0(0) 1(0.3)
codon88 GGC/TGC 3(3.1) 1(0.3)
codon89 GAC/AAC 1(1.0) 0(0)
codon90 GCG/GTG 7(7.3) 4(1.3)
codon90 GCG/GTG ,
1(1.0) 0(0)
codon94 GAC/GCC
codon90 GCG/GTG ,
0(0) 1(0.3)
codon94 GAC/GGC
codon91 TCG/CCG 1(1.0) 1(0.3)
codon94 GAC/TAC 7(7.3) 1(0.3)
codon94 GAC/AAC 8(8.3) 2(0.7)
codon94 GAC/GCC 6(6.3) 2(0.7)
codon94 GAC/GCC 20(20.8) 8(2.7)
WT 42(43.8) 279(93)
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TABLE 2. Analysis rrs and tlyA sequencing result in 317 M. tuberculosis isolates.

Sequencing result DST result No (%) of strains

rrs 1401 A/G KM'CAP'AM’ 7(2.2)

WT KM'CAP'AM' 7(2.2)

rrs 1401 A/G KM'CAP'AM® 7(2.2)

WT KM'CAP’'AM® 19(6.0)

WT KM'CAP'AM® 7(2.2)

rrs 1401 A/G KM'CAP*'AM" 4(1.3)

tlyA codon 80 GCG/GTG KM'CAP’'AM" 1(0.3)
WT KM'CAP*'AM" 4(1.3)

WT KM*CAP'AM® 6(1.9)

WT KMCAP'AM" 2(0.6)

rrs 1401 A/G KM’CAP’AM® 5(1.6)

tlyA codon 166 GCG/GTG KMCAP'AM® 4(1.3)
tlyA codon 98 GAA/GTA KM’CAP’AM® 1(0.3)
tlyA codon 80 GCG/GTG KM’CAPAM® 1(0.3)
tlyA codon 78~79 insert TTCGCG KM’CAP’AM® 1(0.3)
WT KM’CAPAM® 251(79.2)
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TABLE 3. Resistance patterns of 68 MDR-TB strains tested with the GenoType MTBDRSsI®

No. of strains OFL KM CAP AM EMB
6 R R R R R
3 R R R R S
1 R R R S R
5 R R S S R
3 R R S R R
1 R R S R S
1 R R S S S

30 R S S S R
10 R S S S S
2 S R R R R
1 S R S R R
1 S R S S S
1 S S S S R
3 S S S S S

R, resistant; S, susceptible; The strains with bold marked are classified as XDR.
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TABLE 4. GenoType MTBDRSI test results for the detection of FLQ

MTBDRsI pattern MTBDRSI result Sequencing result DST result No (%) of strains
gyrA AWT3, MUT3A FLQ' codon94 GAC/GCC OFL' 3(4.4)
gyrA AWT3, MUT3A+MUT3B FLQ' codon94 GAC/AAC OFL' 1(1.5)
gyrA AWT3, MUT3B FLQ' codon94 GAC/AAC OFL' 4(5.9)
gyrA AWT3, MUT3C FLQ' WT OFL' 2(2.9)
gyrA AWT3, MUT3C FLQ' codon94 GAC/GGC OFL' 11(16.2)
gyrA AWT3, MUT3C FLQ' codon94 GAC/TAC OFL' 1(1.5)
gyrA AWT3, MUT3C FLQ' codon94 GAC/GCC OFL' 1(1.5)
gyrA AWT3 FLQ' codon94 GAC/TAC OFL' 5(7.4)
gyrA AWT2AWT3, MUTI+MUT3A FLQ' codon90 GCG/GTG, codon94 GAC/GCC OFL' 1(1.5)
gyrA AWTIAWT2 FLQ' codon89 GAC/AAC OFL' 1(1.5)
gyrA AWT2, MUT1 FLQ' codon90 GCG/GTG OFL' 2(2.9)
gyrA AWT2, MUT1 FLQ' WT OFL' 2(2.9)
gyrA AWTI1 FLQ' codon88 GGC/TGC OFL' 1(1.5)
gyrA AWTI FLQ' WT OFL' 2(2.9)
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gyrA WT, MUT3C

gyrA WT, MUT1

gyrA WT, MUT1+MUT3C
gyrA WT, MUT1+MUT3C
gyrA WT, MUT3A+MUT3C
gyrA WT

gyrAWT

gyrA AWT3, MUT3C

gyrA WT, MUT3C

gyrA WT

FLQ'
FLQ'
FLQ'
FLQ'
FLQ'
FLQ®
FLQ®
FLQ'
FLQ'

FLQ®

WT

codon94 GAC/TAC

codon90 GCG/GTG

WT

WT

WT

codon94 GAC/GGC

codon94 GAC/GGC

WT

WT

OFL'
OFL’
OFL'
OFL'
OFL'
OFL'
OFL'
OFL*
OFL*

OFL*

1(1.5)
1(1.5)
1(1.5)
1(1.5)
1(1.5)

17(25.0)
1(1.5)
2(2.9)
1(1.5)

5(7.4)
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TABLE 5. GenoType MTBDRSl test results for the detection of Aminoglycosides

MTBDRSI pattern MTBDRSI result  Sequencing result ~ DST result No (%) of strains

rrs AWT, MUTI AG/CP' 1401 A/G KM'CAP'AM' 6(8.8)
rrs WT AG/CP* WT KM'CAP'AM" 3(4.4)

rrs AWT, MUTI AG/CP' WT KM'CAP'AM" 2(2.9)
rrs WT AG/CP* WT KM'CAP'AM® 6(8.8)

rrs WT , MUTI AG/CP' 1401 A/G KM'CAP AM® 1(1.5)
rrs AWT, MUTI AG/CP' 1401 A/G KM'CAP'AM' 3(4.4)
rrs WT AG/CP* WT KM'CAP AM" 1(1.5)

rrs AWT, MUTI AG/CP' WT KM'CAP'AM' 1(1.5)
rrs WT AG/CP* WT KM'CAP'AM® 1(1.5)

rrs AWT, MUTI AG/CP' 1401 A/G KM*CAP' AM® 4(5.9)
rrs AWT AG/CP' 1402 C/T KM*CAP'AM® 1(1.5)

rrs WT AG/CP* WT KM’CAPAM’® 39(57.4)
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TABLE 6. GenoType MTBDRsl test results for the detection of Ethambutol.

MTBDRSI pattern  MTBDRSI result ~ Sequencing result ~ DST result No (%) of strains

embB AWTI1, MUTI1B EMB' codon 306 ATG/GTG  EMB' 13(19.1)
embB AWTI1, MUTI1A EMB' codon 306 ATG/ATA  EMB' 2(2.9)
embB AWT]I EMB' codon 306 ATG/CTG  EMB' 3(4.4)
embB AWTI EMB' codon 306 ATG/ATC ~ EMB' 2(2.9)
embB AWTI1 EMB' codon 306 ATG/ATT EMB' 1(1.5)
embB WT1, MUTI1B EMB' WT EMB' 1(1.5)
WT EMB?® WT EMB' 26(38.2)

WT EMB" codon 319 TAT/GAT ~ EMB' 1(1.5)

WT EMB?® WT EMB?® 13(19.1)

WT EMB" codon 319 TAT/GAT ~ EMB® 1(1.5)

embB AWTI1, MUTI1B EMB' codon 306 ATG/GTG EMB® 3(4.4)
embB AWT! EMB' codon 306 ATG/ATC ~ EMB" 1(1.5)

embB AWTI EMB' codon 306 ATG/CTG  EMB® 1(1.5)

34



3+ % %% ¢ DOH98-DC-2025

Rl FampEtlial - ~ERE LT R

PERARAIERLSPRT R I RRS T RE S U S

TR D BPRAREFRPHATIRE T BT R

R TR L AR R R
PRI EF

Pake L 4F A DB do

SR RN E

HEFYPHF 98EF1 2 1p31I98FI12% 31F

X AP HELEELL > IR L FLFAREA AL LK



Jui

(%)

[
P E R (4)
N ( 8)
C g (1)
~ BE5 (16)
2t (18)
N T (21)
CFEEEAY SR MR (22)
SR (23)
B~ %
Bl - - furA codon 61 wild type (Gac) %# mutation (Cac) & &
B 7] (27)

F -~ INH 8 {4p B AT cnpudf (LA F1 R 5] 2 45 7 7 2



primers (28)
% = ~ rpoB codon 176 = BL% % A 5 (30)
% = ~ INH 2 4 4p i furA ~ ndh ~ kasA & 715 7| & 45 (31)
% w ~ INH 2 4 4p i mabA ~ efpA L 71 5 7] & 47 (32)
% 7 ~INH =2 4 4p & iniB ~ iniA ~ iniC &£ %15 7| 4 45 (33)

# 7 ~ Synonymous X % (2 H e e "Rk i A e %) AL
IR A INH AR A2 R % Bk (34)



7 &

By B 435 96 £ 5 7 3 5 2 MDREP: Fthig sk %% > £ ¥rpoB -
katG ~ inhA ~ inhAr ~ oxyR-ahpC+i# & Fl 2 B 5% % B F i 91.1% (+3+
F-) Bon vy 8.9%2Z MDRE R A & F1%* 1 b 3% 4n bl chfk F] R %

BIFMDRE-E ¥ S » % & FEATREKE S f L e 50 0 A A
4 (7 H 8 2 RIF INHFE 4p B A& F12 4 47 0 8 4% 45 3] 22 MDRAp B 2 37
PR B T R B TS A3 AFITR R T2 ARTAT] ) U
% MDR%A + 45 % 2 e o #5245 4 325 & » MDRRR L B Ff I 3 < i

12 (1) Atk i RIFFESR S % % 2 Fik 2 rpoB core-regionfk
5 7R % %% 10 $ki& (7rpoB codon 176 =B % %4 47> ¥ B~ 31 4k 5
RIFFCR M F IR (700 4 47 © (2) Btk 5 INHE ard s 2 % FulE 2 Btk
iz katG ~ inhA ~ inhAr ~ oxyR-ahpC L ] & 71| & R % 2 & 60 t& > i& {7 furA ~
ndh ~ kasA ~ mabA -~ efpA ~ Rv0340 -~ iniB ~ iniA ~ iniC % 22 INH$=% |4 4p il
2 ARFR 2247 0 §EP 19 R 5 INHATR M Atk 7§40 47 o

A BZFHR (1) £ 10 kA rpoB core-region T_& % % wild type » #ARIF# 57 3
FEFDFRRY 0 5 T (70.0%) % 2 codon 176 Val->Phe R % ; #X 31 t&
RIFEMRZ TR AR T RRE Q) AL &30 R3] 14 B2 INHfF
MF Meni-gh, 2 %iniB codon 222 12-bp deletion ~ mabA start codon
#-15base C>T% -17base G>Te #F £ ¢ » He 11 BREE 5 37947
RFEB3) AT I3 BATOR ¥ 2 (iniA codon 481 ~kasA codon
6 ~ efpA codon 73) ¥ kasA codon 312 F 4 EAI2 Manilla shared type 19 £
%)% 2 SNPs » @ 22 INHFLE 12 & B -



B2 2ZREAE 1% rpoB codon 176 % furA ~ ndh ~ kasA ~ mabA ~ efpA ~

iNIB~iNIA~INICE 8 BATFIN14 B R %2297 % 3 MDRA & i #2_
449%ATRE B o RGP = % 0 T B - I i B sx S SNPs Bk 5L
¥R 2 probes ! fr FF R 5 B R B gL B 3% 5 MDRA + 4f % 9%
oo B4 ATEPRIF A INHILE M Ap B AL FIR B 2R > /2 ¥ g % SR

£ #iF 1+ (multidrug resistance, MDR) %12 Ftk » $572 F1 7 i if Fac ks

=

AN

SH TG 2 LR %MEAﬁiﬁﬁmwﬁé@%Tﬁkiﬁ?
Bro A LA RET ML RE B ERAEE L £ o

B4 @ £ 815 A - rpoB codon 176 ~ furA ~ ndh ~ kasA ~ mabA -
efpA ~ iniBAC ~ EAI2 Manilla shared type 19 £ #]7]



Abstract
Purpose

According to the confirmation results of MDR M. tuberculosis isolates
collected from May, 2007, the accuracy in detection MDR was 91.1% base on
DNA sequencing, including rpoB core-region, katG, inhA, inhAr, and
oxyR-ahpC genes. It meant that 8.9% of MDR isolates had to be confirmed by
drug susceptible test (DST). The objective of this study is to identify new
mutation sites of other RIF and INH resistant-associated genes to elevate the
accuracy of DNA sequencing. Therefore, the MDR patients can be transferred

to caring systems and accept appropriate treatment as soon as possible.
Materials and Methods

1. Ten MDR M. tuberculosis isolates which were RIF resistant confirmed by
DST but harboring no mutation on rpoB core-region were selected to be
sequenced of rpoB codon 176. Thirty-one RIF susceptible isolates were
analyzed concordantly.

2. Sixty MDR M. tuberculosis isolates which were INH resistant confirmed
by DST but harboring no mutation on katG, inhA, inhAr, and oxyR-ahpC
genes were selected to be sequenced of furA, ndh, kasA, mabA, efpA,
Rv0340, iniB, iniA, and iniC genes. Nineteen INH susceptible isolates

were analyzed concordantly.
Results

1. Of ten MDR M. tuberculosis isolates which were RIF resistant confirmed
by DST but harboring no mutation on rpoB core-region, seven had

mutation on rpoB codon 176 Val to Phe. This mutation were not identified



2. Fourteen mutation sites were identified among new sequenced INH
resistant-associated genes in INH resistant isolates. Besides iniB codon
222 12-bp deletion, mabA -15 base upstream of the start codon C—T, and

-17 base upstream of the start codon G—T, the rest twelve mutation sites
were new identified in this study.

3. As kasA codon 312 were published as specific mutation in EAI2_ _Mallina
shared type 19 genotype isolates, three new mutation sites, iniA codon 481,
kasA codon 6, and efpA codon 73, were recognized as SNPs of
EAI2 manilla shared type 19 genotype but not associated with INH

resistance in this study.
Conclusions and Suggestions

Based on the sequence analyses of new RIF and INH resistant-associated
genes, we found rpoB codon 176 and fourteen mutation sites in
INH-associated genes can be identified in RIF and INH resistant isolates,
respectively, and about 4.49% accuracy can be elevated in confirmation of
MDR isolates by rapid molecular diagnosis. These results can be applied in
high throughput system to detect these mutation sites simultaneously. The
results in this study showed that using additional mutation sites associated
with RIF and INH resistant-assocaited genes can identify MDR isolates
without waiting for DST results. Therefore, the MDR patients can be
transferred to caring systems and accept appropriate treatment as soon as
possible. In addition, the results in this study can be as reference in

development of rapid molecular diagnosis kit.

Key Words: multidrug-resistant Mycobacterium tuberculosis, rpoB codon 176,
furA, ndh, kasA, mabA, efpA, iniBAC, EAI2 Manilla shared type 19 genotype
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5 &5 i f £ 4% (multidrug resistance, MDR) %+ itk - f1*
B2y A B 2. AL 7] (rpoB -~ katG ~ inhA ~ inhAr ~ oxyR-ahpC) = £ % 5 =
2 ¥ P 2 17 MDR 2 Fiih o SRR EATR R TR 2 LR PR - 935
96 £ 5 1 1 2 2 MDR Fth4f % % % » £-%F rpoB - katG -~ inhA ~ inhAr ~
oxyR-ahpC L # A ¥ A S % B 2 91.1% (35 - ) 7 77 8.9%
2. MDR Ftk A e I 0 F 2 dp i el F] R 3 (7 MDR B3 e 5%
IR R FREARERE R AR A WA HEFE s RIF &
INH #2 4p B 2L F12 4 49 0 #F a0 45 2127 MDR 4p B 2 3704 JL 12 R %
Bk EL AT A TR P R RNA T iR MDR 2 3 4% 2
Bres > 2 A 5 8 > MDR R IR T3 it 5 inf ©

MDR 2. % 2 X "k % - ®Z$H rifampin (RIF) % isoniazid
(INH) # # $o& 4 o ¢ oo RIF % {4+ 3 & &7 rpoB £ 7] 81-bp”Core-region”
ARSI Mo P B3P 2 B X R A6H S ERFLP A
2 30 BRATR B AREF A7 $ RIF B - 3% > 7 %P1 405 & -
£ 974% - X & F & 47 rpoB & F] =2 (codon 406-572) B 7| e 45 A
F]2_ Core-region ¥ 3#* (codon 507-533) B¥ » 75 04 FRAF RAFIR
%o L BAEKSE RS RIF % o 13452 [ﬁ%ﬁ“ﬁ"q‘ rpoB # #] Core-region
T ehieiTy o Bartfai Z £ 4 [1)] # 3R RIF £acd % 2 % on
Ft-** codon 176 & # % % (Val>Phe) ; Heep M ¥ * [2] *# R 1 t&
RIF #4573 % & #E;AE?—‘F‘T %+ codon 146 2 # X % (Val—>Phe) » & 7 3 4« rpoB
codon 176 = BER F e P& £ &3 f1* rpoB A %)~ 47 & # 2 RIF



RE R b o

ip ¥t o INH £ 20 (5% 841905 47 52 0 & INH % [24p B 2 2L 7]
AR S o 7 AT o INH L2 EariEsk MIC k& B & K7 i &2 7
foend @ L FIR %5 B INH £ 4 4 prodrug> © 7 5d %% Fj2 KatG
-0 FE 1Y 4 & oxygenated % organic AF3LAk (radicals) & 0 &gk A
#z k& mycolic acid ~ carbonhydrates ~ lipids & DNA #* #A # % targets 35 =

AMEL o ikd LRI F i o ¢ ¢ & INHradicals # 5d 2%

Rl

¥R te B2 & = fatty acid synthase type II system (FAS II) ¥ #7% 2 NAD
A5 5 INH-NAD adduct - & F2 %7 mycolic acid 74 = [3] - inhA & F1 &
F InhA (enoyl-ACP reductase) 7= %22 FAS Il system > F]* inhA & %12 %
%4 Y IhA D FH i k4 BRAKINHRE RS L [45] %
gtz b B pE g 4 B ot oxyR-ahpC intergenic region 7% %+ ¥ INH 4o

¥ [6,7,8) F1t & INH #2537 % 1 & 444 katG ~ inhA ~ inhAr ~
OXyR-ahpC A FIR & 7 4 47 o

d > INH 4 5% jphf 2 L 7|8 5 > 22 7 Bor “f 1 & 2_ katG ~ InhA ~
inhAr »oxyR-ahpC A F1 R % 4 47 ¢+ » & 7 #&<0t &) & furA ~ ndh ~ kasA -
mabA ~ efpA ~ Rv0340 ~ iniBAC (iniB, iniA, iniC) operon % # %] % % 22 INH
g5 B [9,10,11,12]) Zahrt TC % 4 12 Mycobacterium smegmatis :& {7
3 FurA 5 katG £ ¥]2_ negative regulator [13] - Pym AS % £ 7=
HF P F2 FurA 7 3 & katG & Flehd 31 [14) - Fpt da sk furA & 740

REFT i ¢ KatG en& ME B> &m 3R INH #% - & ndh NADH
dehydrogenase) 2k Fld#& M 4p M F= 3 B ot > ndh A TR %2 £ 4] BCG
strain 22 INH % 5 B> 1 & £ %] 5 ndh A F1R % € 1 = Ndh I & 127 i<



i# = NADH ssaff > i@ & 5 InhA & NAD % & 2 ﬁi"’z > Frd]

INH-NAD adduct 2} = » i&m ¥ 5= INH 3# 4 ehg 4 [15)-# 3 g+ INH
FL# 21 Atk ndh & %] R268H % % [9])- kasA A F]#7 & 2 B-ketoacyl
ACP synthase #-v i -KasA 7 %22 "2 k= mycolic acid & = [16] - mabA
A Fliz3t inhA 2 F 255 2 inhA fp 2 ®WiE 2 39 F MabA i wre
mycolic acid & = #7% 2. ¥ % [17]- efpA A Fle w@lig - efflux Fv F
EfpA > 32 A Flz e =22 % INH L8 5 B > B2 0 841% 3 F 5
[18]) - Rv0340 £ #]i=>* iniBAC operon }+ * > iniBAC operon # % iniB -

iNiA ~iniC = i 7 %] > IniA £ 7 £ acyl carrier proteins (ACPs » %2 FASII

system) % & 2. phosphopantetheine attachment site motif IniC B £ IniA 3

34%4p 1 tE [19,20] - #7 7 &8¢ & INH o2 “ﬁ-ﬁv}%’ﬁ mabA ~ kasA -~ efpA -
Rv0340 ~ iniB ~ iniA ~ iniC A F]4F T =B R % & INH 5t chpEth® R
A 8% [10,12]) -

AR 96 £ 50 1 5 AR A% MDR FtR Y &:E L (1)

RIF #5735 5 % 5 #L& {2 (e rpoB core-region £ ¥1& % % 4 > i& {7 rpoB

codon 176 = BE% %4 47  (2) INH Eaciask % 5 @it 4 > w2 3 A7

T_F (7 katG ~inhA ~ inhAr ~ oxyR-ahpC) + % IR % 2 Ftki& {7 furA

ndh ~ kasA ~ mabA -~ efpA ~ Rv0340 ~ iniBAC (iniB, iniA, iniC) operon # 7] %

S| 247 o e PEFEAR PR RIF &% INH acpR 1+ pﬂ#ﬁ«iﬁ SRR < A LR P L 1o
R 2R INH 4% 22 4p B {2 o

10



O et
L Es TR b

FHPr e E 96 FES T A2 ERB PR ETEHK T E 2 MDR &
PRtk ® (1) Atk s RIF £5x#% % %% 2 Fth @ rpoB
core-region 7 F1 & 7| & R %"ﬁ 10 $ki& {7 rpoB codon 176 i+ B % % A&
170 ¥EP 31 th i RIF st pthe v 447 © (2) Ftx = INH
BRTESR % % FLE 2 Atk e katG ~ inhA ~inhAr ~ oxyR-ahpC % F1 5 7|

E:

LR %2 Atk 60 th 0 27 furA ~ ndh ~ kasA ~ mabA ~ efpA ~ Rv0340 -
iniB ~ iniA ~iniC A F1 5 7]~ 45 » ¥ B~ 19 $A 5 INH 5t 14 FtR:iE (7
VRS AT

2. FrenfEE A F1 A A A 47

(1) 313F &g 2+

{19 Heep M % 4 2 fr [2] & % 351 3 Tbl76-f
(5'-CTTCTCCGGGTCGATGTCGTTG-3") 3 Tb176-r
(5'-CGCGCTTGTCGACGTCAAACTC-3") it 7 rpoB codon 176 i+ Bk %
B4 -

1 * FastPCR #c48 [21]) > 4-4%F furA ~ ndh ~ kasA ~ mabA ~ efpA -
Rv0340 ~ iniB ~ iniA ~ iniC A Fl&X 51 F s REeéEprad &) F &

(Polymerase chain reaction, PCR) % Z_ & & * (% - )
(2) R &p*id 4 ¥ & (Polymerase chain reaction, PCR)

el PCR % » &-4+31 5 % Tb176 2 ¥ — %42 PCR % 5 11 T fie

11



A M (ub)
& Fk 7.7
F#513 (1.6 uM) 5.0
R #3513 (1.6 uM) 5.0
25 mM dNTP 0.2
25 mM Mg(Cl, 2.5
% 7 MgCl, 2. 10X % =i 2.5
DNA % & fs (5U/uL) 0.1
te 18 2.0
A 25.0

fic @ PCR ;% > 4431 3 # furA ~ ndh-1 ~ ndh-2 ~ Rv0340 ~ kasA-1 ~
mabA-1 ~ mabA-2 ~ efpA-1 ~ efpA-2 ~ iniA-2 ~ iniC-1 2. ¥ - %8 2. PCR

e g T ﬁa" :

=l 8 (ub)
A FR 15.7
F #3513 (10 uM) 1.0
R=3l5+ (10 uM) 1.0
25 mM dNTP 0.2
25 mM MgC(Cl, 2.5
? 7 MgCl, 2. 10X e 2.5

12



DNA % £ fF (5U/uL) 0.1

e 18 2.0

e 25.0

fe 4l PCR ;% » #4451 3 % kasA-2 ~ iniB-1 ~ iniB-2 ~ iniA-1 ~ iniC-2
2 H - %2 PCRZZ T !

| 4 (ub)
£ Ak 14.45
F:4513 (10 uM) 1.0
R {31+ (10 uM) 1.0
25 mM dNTP 0.2
25 mM Mg(Cl, 2.5
7 5 MgClL 2 10X % = 2.5
DMSO 1.25
DNA % & f# (5U/uL) 0.1
Lr] 2.0
EX T 25.0

PCR 425% (315 4 Tb176) :

% 5 2R ==
1 96 C 104 48

13



2 96 C 1~ 48

3 60 C 14 48

4 72 °C 2% 48
H 2T AV R £ AF 32

5 72°C LK

6 16 C o0

PCR #2.37% (31 + %t furA >~ ndh-1 >~ ndh-2 ~ kasA-1 ~ kasA-2 ~ mabA-1 ~
mabA-2 ~ efpA-1 ~ efpA-2 ~ Rv0340 ~ iniB-1 ~ iniB-2 ~ iniA-1 ~ iniA-2 ~
niC-1 ~ niC-2) :

# 2 ) P
I 95 °C 104 4
2 95 °C 30
3 62 °C 30
4 72°C 144

%23 AUETRE 4730

5 72°C P : A

6 16 'C 0

p NCBI 2T § H37Rv %% Fjtk (NC_000962) 2 rpoB
furA ~ ndh ~ kasA ~ mabA -~ efpA ~ Rv0340 ~ iniB ~ iniA ~ iniC % & %] &

7 3 R-AR T A R+ 2 B 7] * Sequencher (Gene Codes Corporation,

14



=y s L V] »4572 H
USA) - MEGA4 #ic#8 [22] & H37Rv %% FHREF - HER L A

TR BT -
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1.

%

N

it

RIF 472 |+ 4p & rpoB codon 176 2k % % 4 7

% 10 $& & rpoB core-region Z_& % % wild type> X RIF %47 5 1%
E’ﬂﬁﬁ% 3 7 (70.0%) % 2 codon 176 Val>Phe % % : X 31 & RIF
ZAT L ACR AR 2 rpoB core-region A % wild type >+ rpoB codon

176 7 A% 2 X% o %ok - 97

. INH =% 4 4p B furA ~ ndh ~ kasA ~ mabA -~ efpA ~ Rv0340 ~ iniB -~ iniA -

INiC 2 1 & 71| & 47

60 $x INH #Z57% % 2 #7% > v katG ~ inhA ~ inhAr ~ oxyR-ahpC £
FlZ R %% & wild type Ptk FIR 1 (1) A furA B3 4459 > 1 &
codon 40 Thr—Pro ~ 1 $k codon 61 Asp—His (¥2 wild type /& & 5 )5 (2)
A ndh % 7% 477 >4 4k codon 68 lle—>Thr; (3) 7 kasA & 7|4 47¢ »2
t& codon 253 His—>Tyr ; (4) - masA & 7|4 47 ¢ > 2 & start codon
-15 base C—>T ~ 1 & start codon + #%-17 base G—>T ~ 1 #k codon 74
Ala—Thr~ 1 $k codon 196 Glu—Lys; (5) % efpA 5 7|4 45 ¢ > 1 & codon
47 Pro—His; (6) # iniB % 7|4 457 >3 $& codon 222 3 12-bp deletion
X ¢ % codon 216 gtT—gtC (Val>Val) ; (7) & iniA B 74 47¢ > 1k
codon 19 Lys—Asn ~ 1 & codon 84 Ser—Arg ~ 1 t& codon 634 Arg—Pro ;
RI9RINH At Atk T A4 AT 8y A 2 R (2=~
%2 ~ % 3T)e a1 k7 furAcodon 61 Asp—His % % shFIRZ & Fl1 4 47
PO IR B 5 mutation ¥ wild type 2 £ (Bl- ) BT EAE R P A
e FI kOSSR TR Z G S ARk o RV0340

16



AFE 7477 o 2 INHE M HkA L %% o Synonymous % % (1%
e bR p X)) & AWM A INH SR Atk R¥ g
Pt o FP AR % BT 60 tR R katG ~ inhA ~ inhAr ~ oxyR-ahpC z_
B %% wild type s %% INH %47 5 fad cnith® - 3 18 $ (30.0%) % 7
ST A TR R B T A B 19 0 INH AR 2 EjHk 0 AT 2
P RIT 14 B INH @25 B enizg, H ¢ “,/TT iniB codon 222 12-bp
deletion ~ mabA start codon + #-15 base C—>T % -17 base G>T & % %

o Bl B R AR TR B
. ¥ spoligotype East-African-Indian (EAI) A 14|73 M 2. % % =2k

A 60K INH Za7d % Z B4 2 194K INH v % 2 5tp (£
F PRI 7 iniA ~ kasA ~ efpA A F] A 7| A 47 P 3R 0 iniA codon 481
His—>GIn ~ kasA codon 6 acC—acT (Thr—Thr) ~ kasA codon 312
Gly—Ser ~ efpA codon 73 Ile—>Thr % 1Rt e $e AR o 1 th INH # 5%
SELIPEEZ 2R INH 4085 LR EEAKR - Sy EHEFRS. 3K
spoligotype & #]4] # = EAI2 Manilla shared type 19 (ST 19): iz I+ & EAI
family s/ EAIl_SOM pF#A R & 2+ SNPse {335 &% 3 kasA codon 312
Gly—Ser = EAI2 manilla ST 19 2 ¥ %3 f& % 4]+ (single nucleotide
polymorphism, SNP) [23]) FI ¥ HH 2T B 3 BATHRE 2%
(iniA codon 481 ~ kasA codon 6 ~ efpA codon 73) 27 kasA codon 312 F /4
EAI2 Manilla ST 19 # #]3]2. SNPs » @ 22 INH o [+ & M -

17



AT %R 0 & 10 kR rpoB core-region T_F 4 % wild type » &
RIF #ac %y ehth® » § 7tk (70.0%) % 2 codon 176 Val—-Phe %
¥ o F M3 #73 2.6%2 MDR Ftk A it 11 rpoB core-region z F1 R % )
RIF #’u;%—g 2 E o Bit#eF 1.82%F 1% rpoB codon 176 H-id 4F ¥ %
MDR - # 60 $k INH #5753 % 5 #% > 2 katG ~ inhA ~ inhAr ~ oxyR-ahpC
AF T A% L wildtype chp e ? B IR 14 B & INH 125 M i gL
DR A 18tk (30.0%, 18/60) Ftk® o ® gt B A 230 INH AR 1 ik
oo g ud £5 8.9%2 MDR Ftk A i 14 katG ~ inhA ~ inhAr ~ oxyR-ahpC
A TR %% 4 INH #‘@%i‘*i b -3 2.67%7F F1* furA-~ndh~kasA -
mabA ~ efpA ~ iniB~infA~iniC & 8 BA T 14 B R F - BLPF 452 2
MDR - & M %1% 234 QR ATenR Y897 %3 MDR »

T BoiE T A49%ETR B o

AFE T (T A 76060 $& INH 5 2% & katG ~inhA~inhAr ~ oxyR-ahpC
# 7] 5 wild type F#, ¥ > Beijing i 36 $& ~ Haarlem 3 @ 6 & ~ T i 5 $& ~
U it 2 tk ~ EAI it 2 $& (1 $8 5 EAI2 Manilla shared type 19 > 1 & %
EAIl SOM) ~ LAM ik 2 $& ~ CAS it 1 #& ~ undesignated it 6 tk o XT3
4 B /6> EAI2 Manilla ST 19 £ ]3] 59 SNPs » ® & L3t EAIl_SOM
Atk o “,/TT kasA codon 312 Gly—Ser & & % % *t » H &5 37% .2 A 717
F3 SNPs e ig» RLAEFIREMLAFIRFEL 7> FELLF L
M A T 8k B B M & M s e katG codon 463 % gyrA codon
95 [24]-

% INH % 1 A 514 47 ¢ B 18 $A &  furA ~ ndh ~ kasA ~ mabA -

18



efpA ~ iniB ~ iniA ~ iniC % % = 2L F k¢ - Beijing i 10 & ~ Haarlem 3 @ 2
-T2 ~U B 1 $& ~ EAL & 1 tk ~ undesignated it 2 $k o H ¢ 1 &
Beijing 4] FF p¥ £ 5 furA codon 61 2 mabA codon 74 enR % ; ¥ ¢ 2 &
Beijing 4] B Fe ¥ £ % iniB codon 222 12-bp deletion % kasA codon 253 %

145~ k@ & iniB ~ iniA ~ iniC 7 & 285 % £ 22 EMB 485 B
¢ 3% IniB codon 47 ~ iniA codon 308 % codon 501 ~ iniC codon 248 % codon
351 [25]) ¢ igdt =B A IR & k3t 4 & (A7 5 060 $h INH FLf {4 FHk
oo ¥R ERALE 3 AR L BRID]INIB ~ iniA ~ iniC R %2 FR ‘73 TR
£ iniB codon 222 12-bp deletion cHF#h# EMB » 4% ¢t>5 14k E 5 iniC
codon 457 R ¥ hFth EMB #5c% % L 4% > 2 4% L EMB 5t Atk o
iniB codon 222 12-bp deletion 7 @ +r&¥ INH $i% 5 B chR % > F] "f 1 +&
2 iniC codon 457 % %7 INH &M ap (47 8- Hrris > H 44
iNiIBAC operon % e 4 BATR ¥ -8k INHRE L F M o A k¥ £
‘v INH e thpphom 4726 11 % B BLA FI R % S RFsu®r INH hip B

l}io

Ry AE2 A% > J]* 3701 B RIF B 4p M 2 % =22 14
B INH L8 Ap b R % =87 # 10% 2+ F & % # @SBk
%% HMDR 5 4 ¢ 2 449%-i 45 2] 5 MDR > * .70 % 3

$EBAEREREROF AP G 25 LT AT PR E

!
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(2)

MDR - 7 #& & i& » MDR BIfjd& = = fEeipfy o 1P 3 LR
XAERZEFT I0HQOE)VEF A4 2 ARAHE 2900~ (&9
B grm E Y30 1B nEkE K 2 FAGRRER WK
RIF o Jf")ﬁﬁﬁ }P‘a&ﬁéépﬁ TE G FAREE R ST BT

Fe #-41)* Pig § v SNPs P % B3k 3+ 4 2 probes 14 e B i
Bl BREE { THEE MDR A3 Fskamed 2 KA A o

EHRRP LT HRETOEETERY Q2T REFHEPRD
e B iRk ek B B gl A Rt &/ o

PR A E 2 % F A S AR MR A Bl Dl iRl et
# 2 MDR &+ 4f S e » ® 4 £ ) CDC % % _Dr. Tomas
Shinnick # 77 » A F]R % =20 B|¥ MDR 2 & &7 T R4 §
® 0 Pl S P ek T MDR o/ A e g 4R Rt E e
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i 2~ 7 ek % > 41 * rpoB codon 176 % furA ~ ndh ~ kasA ~ mabA -
efpA~INIB~iNIA~INICE B BAFIH 14 BREEEENTHS MDR » 3
Mok X 4.49% TR B o1 R %o T - B B F 2 SNPs

Rk BLK ¥ 2. probes " e pE R S B R % 2L ¥ 3 3 MDR &
FAF R AT o [ R URAT T S S I A TR A F13) 2 SNPs T ik
BREN ERM R B d 302 INH R E M Ap i 03 %] € F 522 EMB
FEMAPM A FIEAF 0 Tl s R o Rttt dp 96 # 5
TARERB R RIS TR 2 MDR BV ERY 0 R R F @ R
%% 4F ¥ 5 MDR 2 [k 11 Beijing A F131 & 5 [26]° &4 § ¢ INH
= #1# v katG ~ inhA ~ inhAr ~ oxyR-ahpC A 1% % wild type hpFtk®
Beijing 2] i 36 & » H ¢ 3 10 & (27.8%, 10/36) ¥ te &=y @ f|* f7en
AFRGEIES N ke AP T FRINHIREARR 14 BRE 22 F

30 4 A2 PO BT T LT P R R AT ORARA TG B A

7 A i INH %40 B 12 R % B o

12 %Mam % > B4 AT RIF & INH #2149 B AL )R % 22k
ol o T g S it £4® Y (multidrug resistance, MDR) % +% F
Jf%’ffﬁf@ﬂﬁﬁ AR BATE R H|RATR 2 LR FR OB A RS 2~ MDR
REBBIHLIFE oK 2T 35TV R EEDEFEBETE 2 4

&
9

o
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- ‘%‘L%ég/gﬁ;ﬂ*é&%ﬁﬂfgiigi

AFE AR 2% 5% RIF 3% 4p B rpoB codon 176 = 8:% INH <
#Z4p B furA ~ ndh ~ kasA ~ mabA - efpA ~ iniB ~ iniA ~ iniC % 8 & & F)h
14 BRE2LMEP > B MDR A 3 Poit 82 449%5R B o« i RiEi7
MDR 4 + it FEZET 40 > s A 172 Rh R B Hie FI R R ATl
EH G L AR ’rﬁElw),% C# % i~ MDR REE®IF 2 5§ in
Fo e PR * i g 2 SNPs 0 0R] ik L3R 3 41 & 2 probes 14 e B i R
PBREEIHS MDR A FAFHRILT o AT S E T AL PHEY

qur’q:k F}‘ffll Eﬂ )—} 7 4/ o
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=~ INH 48 1 4p B A7 1 4k 514 514 49 1€ * 2 primers

Primer . Size

Gene Locus tag name Primer sequence (bp)

furA Rv1909¢  furA-F 5'-CTCATCGGAACATACGAAGGCT-3' 700
furA-R 5-ATTTCATATGACCCACGACGGGAC-3'

ndh Rv1854c  ndh-1F 5'-GCACGCTGTGGTGTGGCTGATGAC-3' 906
ndh-1R 5'-CGGAGTCCTTGACGGTGATGCCGT-3'
ndh-2F 5'-CCGGCACATCGACTCGACCAA-3 888
ndh-2R 5'-GCATTCACCGACGCCATCGACG-3'

kasA Rv2245 kasA-1F  5-GGTGACGTTGTCGCCTACATCC-3' 884
kasA-1R  5'-CGTCTCGATGAGCATCAGCGCA-3'
kasA-2F  5'-CGTCAGATCGTGATGGGCGAC-3' 854
kasA-2R  5'-GCGATGCCGGTGACGACTACGTA-3'

mabA Rv1483 mabA-1F  5-GCAATTGCGCGGTCAGTTCCA-3' 674
mabA-1R  5'-CGACCGAATTTGTTGCGCTGC-3'
mabA-2F  5-GCTGTTTGGCGTCGAATGTGAC-3' 685
mabA-2R  5'-TACCCGTGCGATGTGAAACGCGAT-3'

efpA Rv2846¢c  efpA-1F  5-AACAGACGTTGCGGGCCACCCT-3' 1019
efpA-1R  5-CGCTCCACGATGACAAACGCGAC-3'
efpA-2F  5-GCCTTCTCGATCGGTCCTGAA-3' 952
efpA-2R 5-GGTGCGCAAGAACAACTCGGACAT-3'

Rv0340 Rv0340 Rv0340-F 5-TAATGCGGCCATCCCCTAACG-3' 797
Rv0340-R 5-ATCGACGCTATGGATTCCGCCT-3'

iniB Rv0341 iniB-1F 5'-GCCGATCCCGATAGGTGTTTGG-3' 981
iniB-1R  5-GCATAGCAGCGCCGTTCAAGG-3'
niB-2F 5'-CGCTAGCCAGATCGGTGTCTC-3' 837
iniB-2R  5-GCTCGTTTACGCCTCAGATCACG-3'

iniA Rv0342 iniA-1F 5S'-TCGGTGTTTGACGTCGGTCACGAG-3' 891
miA-1R  5-CAGATGTGCTGCATTGGCATTGAC-3'
iniA-2F 5'-CGATGCCGTCTTGGTGGTCAG-3' 800
miA-2R 5-CGAAGTCGGTGCCCATGACGTG-3'
iniA-3F 5-TGTGACCCGACTGCGCATTGG-3' 835
miA-3R 5-CGGTCCAGCTGGCAAAAAACGTCG-3'

iniC Rv0343 niC-1F 5'-CGGAAACCGAGCGGGACAATCG-3' 890
iniC-1R1  5-TCAGCGCAAGAAGTCCGGATACC-3'
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Primer . Size
Gene Locus tag Primer sequence
name (bp)

niC-2F 5'-CTCAAACAGATCGGTGGGCTGGT-3' 1009
iniC-2R 5'-GCTCGAAAACATGTTCCACCCGGT-3'
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# = ~rpoB codon 176 2L % % A 47

rpoB core  DST result rpoB codon 176
Val—->Phe 7
R 10
wild type 3
wild type
Val—-Phe 0
S 31
wild type 31
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% = ~INH =22 P 4p B furA ~ ndh ~ kasA £ 7| & 71 4~ 45

furA ndh kasA
) kaJEG’ DST codon 40 codon 61 codon 68 codon 253
inhA, InhAr, result
oxyR-ahpC Acg—Ccg Gac—Cac aTc—aCc Cac—Tac
Thr—Pro Asp—His [le—>Thr His—>Tyr
mutation 1 1* 4 2
R 60 wild type 59 57 55 56
wild type NA 0 2 1 2
mutation 0 0 0 0
S 19
wild type 19 19 19 19

*: mutation and wild type mixed pattern
NA: not available
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Z o ~ INH #2 |4 49 B8 mabA -~ efpA & 715 51 4 47

mabA efpA
) kaJEG’ DST -15 ups” -17 UPS” codon 74 codon 196 codon 47
inhA, InhAr, result
oxyR-ahpC CsT GsT Geg—Acg  Gag—Aag cCc—cAc
Ala—Thr Glu—Lys Pro—TyHis
mutation 2 1 1 1 1
R 60 wild type 58 59 59 59 56
NA 0 0 0 0 3
wild type
mutation 0 0 0 0 0
S 19 wildtype 19 19 19 19 18
NA 0 0 0 0 1

*: nucleotide position (base pairs) upstream of the start codon
NA: not available

32



# 7 ~ INH & 4 B iniB ~ iniA ~ iniC 2 71 & 7] 4 4%

iniB iniA iniC
) kaJEG’ DST codon 222 codon 19 codon 84 codon 634 codon 457
inhA, InhAr, result
oxyR-ahpC 12-bp aaG—aaC  agT—agG  c¢Gg—cCg Cac—Tac
deletion Lys—Asn Ser—>Arg Arg—Pro His—>Tyr
mutation 3 1 1 1 1
R 60  wild type 51 56 56 59 59
wild type NA 6 3 3 0 1
mutation 0 0 0 0 0
S 19
wild type 19 19 19 19 19

NA: not available
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# # ~ Synonymous R % (e il pice®) f L ENRAINHRE AR RE

Codon with synonymous

Codon with

No. of isolates

#

Cene substitutions (SSNPs) Sul?s (;r;—lsg(l)l;)qn?ll?qlgiqu) urs INH resistant ~ INH susceptible
furA 28 Gtc—>Atc (Asp—lle) 0 1
mabA 203 ctG—ctA (Leu) 5 0

211 gtC—gtT (Val) 1 0

-170~-161 bp deletion 0 1

241 ggC—oggT (Gly) 0 1

efpA 237 aaG—aaA (Lys) 1 0
347 atC—atT (Ile) 1 0

Rv0340 97 caA—caG (Gln) 0 2
iniB 367 gtC—gtT (Val) 1 0
INIA 126 ccC—ccA (Pro) 1 0
178 ggT—>ggC (Gly) 2 0

640 gcG—gcA (Ala) 0 1

iniC 1 Gtg—>Atg (Met) 0 1
22 ccG—ccA (Pro) 1 1

*: nucleotide position (base pairs) upstream of the start codon
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