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GenoType® MTBDR plus 12 & % 26 Hii V54 i 7] &2
(2B RS

g MR UKER IR 'R RE Il i
VEA B Wil #ie YT R

EE : (HM] Line Probe Assay ®—Hf T % GenoType® MTBDR plus (Hain Lifescience, Germany) O,
RFP 35 & O INH ORI A8 % 574l L 720 OFE]) BRREES AT PEA %W (MDR-TB) 44%k&, RFP
BLUOPINHIZEZ M TH HFBH 6T Z RS L L, GenoType® MTBDR plus 12 & % RFP 3B X I'INH ©
i PERR HHRE 2 BeE L 720 £ 72, rpoB X Rifampicin Resistance Deter-mining Region (RRDR) 81bp, katG
1Z codon 315 AP 322bp, inhA 3 inhA promoter % £ s 248bp 3 & UFinhA ORF 379bp D {xT-FHIK % 7
AV7 M= T VAL, BREMN L7z 1%/NIEHIC X 2 EREEKZ M % SRl & U7,
(#5#) GenoType® MTBDR plus |2 & % RFP B X U'INH O it PR K 1k, 2 ZFN97.7%8 X O
65.9%CTdH - 720 FEEIC, FREIZZNZN100%, —HFIX99.1% & 86.5% Td - 726 REPIZDOWTI,
GenoType® MTBDR plus T rpoB DZERZ M L7z 438D 9 b 42kk (97.7%) TY—2 TV ADFER &
—3 L 720 INH TIZ, GenoType® MTBDR plus |~ T katG MUT1 (S315T1) ZE¥24 ¥k (54.5%), & inhA
MUT1 (C15T) Z5 5% (11.4%) 2 & /z28, ¥ — 27 T ¥ A Tld GenoType® MTBDR plus THi
L 72 24 ¥R DN D karG 22 548k 2 Bk (4.5%) % B L 720 GenoType® MTBDR plus @ {5128 B hg i o J&%
JE1X, RFPTIZY— 27 2V A LHETH Y, INHTIR Y =27 TV AL ) RRE 55 O0OHFESE I RD
o720 (%) GenoType® MTBDR plus \3 A T INH i D& EEATE 5 b D, RFP TIdiilH 0 HH]
&R & S ORGEEDSHERR S N7ze MAERIRERI A 6 R & 720, SR ERA% O RIS W &
BYEFHICHRTH B L EZ DNz,

F ——X ! Line Probe Assay, Rifampicin, Isoniazid, Z#IMERAER, rpoB, katG, inhA
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Reverse Hybridization Assay (Line Probe Assay: LPA) 75—
WA R LNV THRATREE 2o T, BILH
ARCTRBEN OB 5 LPAIEY =/ A5 T — “Rif TB (=
7a) H Y, T rpoB DEEFH S REPIiFEZ H w3
bo TFANZIZD 5 —DDLPA T3 % GenoType® MTBDR
(Hain Lifescience, Germany) %% { FIHENTHBY, rpoB
B & VkatG D5 A 5 RFP & INH O 1 % [ I 12 M 3
%75, INH O PER =25 REP O PERHIZE L ) 455 T
W7z9, BT inhA promoter D2 R % 3B L 72 Geno
Type® MTBDR plus (Hain Lifescience, Germany) % INH i
oMtz m L322 HTHIE S, ZHIHME-GE
(Multi-drug resistant Mycobacterium tuberculosis: MDR-TB)
DOMHE L FZWHPHIFFTE B, 4lnl, BRI SEH) &2 Pk
4+ & GenoType® MTBDR plus i, 8 & N rpoB, katG, inhA
DEFHDNA ¥ — 7 T ¥ AR X BRI 3 & g
L, GenoType® MTBDR plus < & % RFP & INH (2[5 2 it
DM T % B L 720

MR EFE

L UEATN LS

2002 4F- BE I F M S N7 R AR IR EZE I Ak 23 12 & B it
P 4 IR T % S 7172 MDR-TB 44 ¥k &, RFP B
LU INHIZEZETH MW eThRE R e L, |
RPN X B AR R 1 %/ NI 2 VT,
R RA R E 2007 1298 o THEMi L 7290 INHIZ 0.2 pg/ml
PR & L7,

Wit 86 W7 20114 7 H

GenoType® MTBDR plus

GenoType® MTBDR plus 12 & % I & (&8 FH S B 12 5
> TITo 70 9, MR DNA % ISOPLANT (= v
RyI—V) THL, € F UV E#RTIA~v—L X7
L F K% & & PNM (Primer Nucleotide Mix) % fifj L
T, rpoB, katG, inhA promoter #3% % multiplex PCR |2 X
DR L 720 RICA MY v 7 RICHEMbs 2% 70
— 7 LPCREMEZHHOWEER A ~F 2 X—% — (Twin
Cubator: Hain Lifescience, Germany) % fii > CT45C T/
ATVFA RXEE T, Tu—TI3EAERM 25 R M D
0, BRI rpoB 8 FEHH, katG 1 TS, inhA promoter 2
T, 2SR rpoB 4 HiHH, katG 2 T, inhA promoter
AT TR I N TWwA (Fig)o N7V v FEEKL
e 7a—=TIOWTHAEEZIT, A M) v T EoO%
L7z KDY — 212 X Y rpoB, katG, inhA pro-
moter DZFEIA T (EROFH) ZHEL .
rpoB, katG B & U inhA DIFILEHFHT

rpoB FRIE D BAIE 2 D\ T id Williams 5 D J5 9, karG
B L O inhA FHIE O B E 12 D W Tl Morlock 5 O J5 #: 7
IZHEHL L 720 § 72 b rpoB @ Rifampicin Resistance Deter-
mining Region (RRDR) % %¢r305bp, katG P codon 315 %
13 X A72322bp, ¥ 512 inhA 3 inhA promoter % & 5 248
bp 3 & U'inhA ORF 810bp @ 9 ¥ 379bp % Table 11278 L
7275 4 < — %MV PCRIZTHIE L 720 rpoB i3 DNA ¥
¥ 7IVICPCR IR L 75 4 ~— 25 pmol 1 2 & % 50
ulE L, 94°C 5 534 94°C 308, 60°C 30%p, 72°C 90

Fig. Hibridization patterns observed with GenoType® MTBDR plus assay.
Typical patterns for MDR-TB were obtained: lane 1, 3=rpoB S531L and inhA C-15T; lane
2,4,5=rpoB S531L; lane 6 =rpoB D516V ; lane 7=rpoB D516V and katG S315T1
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Table 1 Oligonucleotide primers used in PCR and direct sequencing

Target gene Primer name Nucleotide sequence (5'-3')

rpoB TbRif-1 CAG ACG TTG ATC AAC ATC CG
TbRif-2 TAC GGC GTT TCG ATG AAC

katG KatG-1 TGG CCG CGG CGG TCG ACATT
KatG-2 CCA GCA GGG CTC TTC GTC AG

inhA ORF inhA-1 CCT CGC TGC CCA GAA AGG GA
inhA-2 ATC CCC CGG TTT CCT CCG GT

inhA promoter inhA-3 AGG TCG CCG GGG TGG TCA GC
inhA-4 AGC GCCTTG GCC ATC GAA GCA

BoHdA4 7z 40m#DEL72C 105 MRk 4CE L
720 katG, inhA B X 1NinhA promoter |Z DNA H >~ 7 )L IZ
PCRHARIE L 7I 4~ — 75pmol Mz E&mE25ul L L,
95C 5 23 95°C 308, 60°C 308, 72°C 30 D4 A
7 V&350 KL 72°C 5 itk 4 C& L7z. PCR
#E W) % MagExtractor™ (MR #E) THFE L, BigDye®
Terminator Cycle Sequencing Ready Reaction Kit (Applied
Biosystems) B & UF ABI3137 automatic sequencer (Applied
Biosystems) (240, WIRIZHEH LT 74~ —I12TE
NENFAVI V=020 P v T FELT V=7
IV A DFFFTIZ1Z Genetyx-WIN ver. 5.2 (GENETYX Co.,
Japan) ZfEH L7z,

= R

(REP &2 P V2 B3 % GenoType® MTBDR plus & & — 7
IV A D)

RFP J& % P 6 #% 1 67 F& (2 2 W T GenoType® MTBDR
plus DRI 7 0 — 7133 _RCE%TH Y, H4
BRI 70— 7133 RCTHEECRFPIEZE L g s
7oo T72, MU6TMD rpoBY — 27 TV AFTRTERZ
RO /> 720 MDR-TB 44D 9 B GenoType® MTBDR
plus DEEMMM A 70— 7 TR T & 722813398
(88.6%) THY, BAMBIH T O —7 0 1 DD LAk
BTHEILICLHZEROMIND G5 & 438k (977
%) HRFPIHPEEHIEE NIz rpoBY — 27 TV A TER
D72 b D343 (97.7%) TH Y, RFPIHFEM
13 GenoType® MTBDR plus & ¥ — 27 TV A TIEFA%ETH -
725 GenoType® MTBDR plus DR H 71— 7T
Mt L7z & @13 MUT3 (S513L) %314k (70.5%), MUTI
(D516V) 255 #% (11.4%), MUT2B (H526D) 252 #k (4.5
%), MUT2A (H526Y) & MUT2B (H526D) DT/ %5k
HTHo 7D 1B 23%) THDH, MUTL (D516V) 12
Wt CTdh o 72 1 BkliZrmpoBD ¥ — 27 = ¥ A TIED516A D
BRTH o 7275 LML GenoType® MTBDR plus &
rpoB Y — 27 TV ADFERIT L 2o ZERARIE 70
— 7ML X OWARMNE 70— 7 TR 5 7k

X, WT1 (505-509) F&tk 14k (2.3%), WT2 (510-513)
Btk 1 ¥k (23%), WT2, WI3B L OWT4D 3 7 u—7
MRk (510-519) 28k (4.5%) TH Y, mpoBY —2 T~
AFZENZN506-508 DR, L511P & S512G, L511P &
S516G D% L % F8.8 GenoType® MTBDR plus D # e & —
#H L72o MDR-TB® 9 % 1 #kIZ24>T GenoType® MTBDR
plus TERMBMA 70— 7, FARREH 7 a—
7 &P TRFP DM & 2 Y, rpoBY — 27 TV A
T3 RRDRICERITFED 5N h -7z (Table 2)

(INH &% M \2 B9 % GenoType® MTBDRplus & ¥ — 2
IV ADHE)

INH J&% 2 P 5 4% 1 67 ¥k 12 2 v T GenoType® MTBDR
plus DERFMMMA 70 — 713Xt cd by, BE
Bl 70— 7139 RCHMECTINHEZ O R ETH - 720
% 7z katG, inhA promoter, inhA ORF®D ¥ — 27 T ¥ ATl
1 ¥R D & inhA ORF O S94A DR % 58D 7205, Z DD
66 RIFE R Z D o7,

MDR-TB 44 % ® 9 % GenoType® MTBDR plus O 7% FL 7
M 70— 7Btk Td o 72298 (65.9%) 75 INH i
&I E 720 GenoType® MTBDR plus @ 28 ¥ K # i H
78— 7 id katG MUT1 (S315T1) FatkEAT24 ¥k (54.5%),
inhA MUT1 (CI5T) BEPEDS S #k (11.4%) TH - 720 %
FAVRIH 70 — 7 katG MUT2 (S315T2), inhA MUT2
(A16G), MUT3A (T8C) B X U'MUT3B (T8A) A3kt
ol hroTze F72, katG & inhA DL A H
7a— 70 B % Bk, BRI T o —T
DWEETHE DRI DEROBMIE o7
UK L C, katG, inhA promoter, inhA ORFD ¥ — 27 T~
ATERZBDIMRIT3HR (70.5%) TH o720 katG ¥ —
XY ATERZHD L DIXS3I5TH 244k (545%),
G285C A5 1 ¥k (2.3%), Y337CH* 1 ¥k (23%) TH - 72
inhA > — 7 T A TERZRD 2 DL inhA promoter
C-15T255 8k (11.4%) TH Y, TP 5 1 ¥kidinhA ORF
TI7TIOZE R FIFICFRD SN ize 72, MDR-TB 44 £k D
I 5 1 BRI katG D YEIEDY GenoType® MTBDR plus 35 K U
Y=L ADWTNTHRD LN LD o7z (Table 2)o
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GenoType® MTBDR plus CHith L 7z katG, inhA promoter @
BRIV — T T ADORERE —F LT,

(GenoType® MTBDRplus & DNA ¥ — 7 TV A DFEEED
)

RFP 3 X OV INHIZH 9 5 J& B2, 95, —FE % Table
3R L7z RFPIESZPEICBIL T GenoType® MTBDR plus
EDNAY =7 TV ZAQKEIXFRETH - 70 INHIE
Z Y2 DV Tid GenoType® MTBDR plus 7S DNA ¥ — 7 T

KEt% HE867& 57 5 20114E 7 A

DFALVY b= TV A E B HEEAESTRDS
N o720 HALIALT O GenoType® MTBDR plus @ &
fili 1%, REP T4 o 82 1 I B 5 95.5%~100%, INH it 14
M R A 81.8%~93.1% & fitis ST W 599 ~10, o
s & S OFER LY IR T 5 &, RFPIEZEOZWIREE

XFEETH 2755, INHIFEDIKEDL > Tz rpoB D
RRDR IR BT 2 IR F AL 97.7% IR 5N T
By, IhFToHEOWD LR TH > 720 GenoType®

VAW L TR, —HERTRRE 200, #HEH
HEAZ %257 (Chi-square test: P=0.64) o

MTBDR plus {32 B H 70 — 78 £ OB AR H
M7ua—=7%Mw5b ERRDROLRZ I XTHIHNTE 5
T2ORFPDIRENBIFTH o2 2 5D, INHIE:
D FE 72T karG S315T & inhA C-15TA3 & L BN T

W5 INHIFERED 9 B katG S315T +inhA C-15T D45
D LEIAE, T =0y SHIR O SR B L7
Hillemann 5% O TlX89.3% TH V), [ARIZ Causse HY
1% 82.8%, Brossier 5213 84.2% & Wi L TWwWb, TN

Z =

GenoType® MTBDR plus DFiEEIZ 2T, MDR-TB & Ji&
ZVERERE 2 TR L 720 4 M ORETld GenoType®
MTBDR plus ® RFP B & ' INH DJEE 1321 97.7% &
65.9%, —F#I1399.1% & 86.5% TH V), rpoB, katG, inhA

Table 2 GenoType® MTBDR plus in comparison with DNA sequencing for
detection of RFP and INH resistance in 44 MDR-TB isolates

GenoType® MTBDR plus DNA sequencing No. (%) of
Probes Mutations analyzed Mutations analyzed isolates
rpoB
MUT1 D516V D511P, D516A 1(23)
D516V 4 (9.1
MUT2A H526Y 0(C0
MUT2B H526D H526D 2 (45)
MUT3 S531L S531L 31 (70.5)
MUT2A, MUT2B H526Y, H526D H526Y, H526D 1(23)
Missing WT1 505-509 506-508 deletion 1(23)
Missing WT2 510-513 L511P, S512G 1(23)
Missing WT2, WT3, WT4 510-519 L511P, S516G 2 (45
None None 1(23)
katG
MUTI1 S315T1 S315T 24 (54.5)
MUT2 S315T2 0C0
None G285C 1(23)
Y337C 1(23)
None 17 (38.6)
No amplification No amplification 1(23)
inhA
MUTI1 CI5T C-15T, T171 5 (11.4)
MUT2 A16G 0C0
MUT3A T8C 0C0
MUT3B T8A 00
None None 39 (88.6)

Table 3 Performances of GenoType® MTBDR plus and DNA sequencing

RFP INH
GenoType® DNA GenoType® DNA
MTBDRplus  sequencing MTBDRplus  sequencing
Sensitivity (%) 97.7 97.7 65.9 70.5
Specificity (%) 100 100 100 98.5

Efficiency (%) 99.1 99.1 86.5 87.4
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LT, 7 Y7 Mg iRk Tl Huang 519 2869.2%, Park
LIA672%, HARTIZMIIISWA359.7%, FilEE 519 73
47.9% LS LT %, S L7 INHEF M (HA&
N HERR) O katG S315T+inhA C-15TDEIEET VT
WK TOME LEFMBETH Y (65.9%), ZNHDMHEE
R BT 5 X 9 %EF SN TV 5 GenoType® MTBDR plus
@ INH DJEEDPRWER & Z 2 S5z,

F U &I IS OERGRE N5 — 27 v A%
B INH P12 B L C GenoType® MTBDR plus & [Al F2 5 @
REELAIRE B olze 2HRIZBVWTY =7 TV AWPT
D AT RE R AR AFRD SNI2H, AELMEM T %
{, ZOFEBOBMBEDATIINNEGR E LS o INH i
PZWERBETH D 2 EAVRENT, BERESAHA
EWN OIS NAZINHHENSZERICBY TH 2R
fabGl, furA, furA-katG operon DS % Wi L THB Do,
INODEREZRINT B2 & TREZWRF LRSS 2
EAIREE N TV 5,

A0l DORET A S GenoType® MTBDR plus 7 REP i P AR
HEIZ+0Td b L% 2 5N 575, INHIFEM G
R+ L BbNiz, T D728 GenoType® MTBDR
plus T BE % katG B £ inhA DEER LA O JH N T
HPEE 22 o> TV DA, INHEEZER & %> CHES R
%o Bt > T, GenoType® MTBDR plus T INH J& 52 1 o
5E & T o T2 A S Bk & T 7o R R SR K A
EUTEBTRETH L, L2LEYFS, RIFITBWT
RFP it 74  80% L. 1. 2SMDR-TB T & ) 7, GenoType®
MTBDRplus % FEJii 35 Z & 12 & O [6) 1 0 8 7 52 A3
WHETH B, O LI & 0 SHNMEEAERER & Ok
TEBEHIF U SN T SN2 WHENE % o KR I © &
LEEZON, THITBREEE LoFinE Bbihs,

GenoType® MTBDR plus i3 DNA i i}, DNA #4iiE, /4
TVFAX—T gy, BIETEROBME TER 6 REH
TRTTE D, ZHILMEE OHHEZ M L LIS 5
EHOEB R BRI R 2T E 5, Slbivbh
VR R 53 Bk 2 F CORGE 2 AT o 7228, B3RBYE O BR
Bk (R E) 2L EHWRETH B BARIR,
BWHMAE, [[5E, GenoType® MTBDR plus |2 & % HH| &%
P2 1~2 HTITH e TEREMRAE L LTHA
ThbdbEEZLND,

i 3

AR OREH A L 7Rk, 513 WAL AR A IR
ik X A PERAL R B — XA IS TPER SN R %
B L L7co MRAREMTZE R &I L TR L b
JEd
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Original Article

EVALUATION OF GenoType® MTBDRpius FOR THE DETECTION OF
MULTI-DRUG-RESISTANT MYCOBACTERIUM TUBERCULOSIS STRAINS

'Kinuyo CHIKAMATSU, 'Kazue MIZUNO, 'Akio AONO, 'Hiroyuki YAMADA,
Tetsuhiro SUGAMOTO, *Hiroyuki NISHIYAMA, and 'Satoshi MITARAI

Abstract [Objective] To evaluate GenoType® MTBDRplus
(Hain Lifescience, Germany) for its capacity to detect the
resistance of rifampicin (RFP) and isoniazid (INH).

[Method] A total of 44 confirmed multi-drug resistant
(MDR) and 67 susceptible M.tuberculosis strains were tested
for susceptibility to RFP and INH by GenoType®MTBDR
plus. The core 81bp region of the rpoB gene and the 322bp
region of the katG gene and the inhA gene (248bp of which
included the promoter and the ORF of the 379bp inhA) were
directly sequenced for both MDR-TB and susceptible M.
tuberculosis strains, and the mutations were confirmed.
Susceptibility was tested by standard proportion method with
1% Ogawa medium.

[Results] The sensitivities of GenoType® MTBDRplus for
RFP and INH resistance were 97.7% and 65.9 %, respectively.
The specificity for RFP and INH was 100%. The sensitivity
of GenoType® MTBDRplus was almost equivalent to the
sequencing method for RFP, but that for INH was slightly
inferior to the sequencing without significant difference. Geno
Type® MTBDRplus detected 97.7% of the mutations of rpoB
compared with the direct sequencing. It also detected 24 katG
MUT1 (S315T1) (54.5%) and 5 inhA MUT1 (C15T) mutations
(11.4%), while the direct sequencing detected an additional 2

(4.5%) katG mutants.

[Discussion] The accuracy of GenoType®MTBDRplus for
the detection of RFP resistance was confirmed to be compa-
rable to that of DST using conventional culture-based methods,
while it was less accurate for detection of INH resistance.
GenoType® MTBDRplus is useful for early diagnosis and
infection control for MDR-TB because it has a short turn-
around time of approximately 6 hours.

Key words: Line probe assay, Rifampicin, Isoniazid, Multi-
drug-resistant Mycobacterium tuberculosis, rpoB, katG, inhA
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