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Eg: (BH) INHOBNREHILERE (MIC) 24 ERERICDH 2 HEEOEAHELEEFERD
HEABRET 5, R EFIE) 20004 1 A~ 20054 5 A8 #BH & 72 o 72 INH-MIC H ERE IR
(MIC 1~ 2 pg/ml) D& 47HFRE, RLMATERISER L7 MIC 025 ug/m DV F DREZ MR 31 kB
FUMCAugmiB LORBEE4RERRE Lo MICRIZIBHMERGFRE (TRZI v 7
MTB-1, HEEE), EHFMEEEFORBIZDNAYA 207 L A& (OligoAmay™, HiE®) %A
Wite (EER) BREWEIZT T wild type T, HERZRE & WEREC 7 EEO NHHERIETFER
HED SN2 HERGREIRDD b, inhABERBRAD LH-15FD CH 5 TANDEHRIF 23Kk
(48.9%), -8 BDTH S A~NDEBEN 28 (43%), katG 1778F D GH* 5 ANDEHRH 6 #k (12.8%)
CEDOLN, 5123k (64%) 1 katG 1778 F D GHH ANDBRE katG IRFED TR H GNDE
WMECEICbo T, (FE®) bhvbhid, KROHECE, HERERIHLHBKED 7N
INHitEBEFERE Db, TOXELUEN nA RHFBROBIZTFERTHLILEALNIC LD
-7 —X : #KHE, MIC, DNAYA{ 7u7 L4, INHRE{LEEFER

B )

Yz TIE 2000 b FREBLBREIRE VIlRE- T, &
HEEARZERBRI/NIEEEERALTE 2225, &
D BRELRFEZEIE LT, 2003E2» 5R/NEFHIER
B MIC) IEEA2AZ ) —=VvZFAMELTRAL
720 MICHIEETIRM EICHE 2 3HERERT
bo-diKkE, SSMNIEFEEEZRACTERELTY
5, LA L, Isoniazid (INH) ® MIC2¥] B REBITH
HEHRIE, DEERETEEED LIRZHEHES
h, —EBLERENEOhEV, 22 Thhbhik, #
ERERICH 5 HHEO NHRERETFRAKRTEEHS
ML &) ERAT

x¢ 3
20004E 1 A5 520054 5 ADHIC LR CTHREBALE

B2y, ERCTSL2EEBEH/BLIILNFTEL
INH-MICH| B RE B D1 pg/ml W B 38k &, 2pg/ml
TR O tkEMNRE Lz SHHSRHMATERISE
H L 72 MIC 0.06 ug/ml ~ 0.25 ug/ml D EZHERI 31 ¥k &,
4 pg/ml PA E OTHHEH 41 bk % LB RBE & L C INHWHE
BEFEROBEZRF L2, 28, B OB LA
DNA # BIZFRBNI AT 5 Z L2V TR YRR
REBROERBEBT, do»LOXFLTEEEZRD
RAEEZHE T 5,

V] &

(1) EHBEZHRER

MICHIZEIZIX, MEBREAFEICESTORAIV Y
MTB-1 (BERE) 2FEH L, FAAHFIRK
McFarland # 1 1% 0 B 8 8 L % S0 FH 3G 12 210 I N
R, BREREETL — MTE200ul 5 ER, 3BE

05 3 AT BUE A K BRAT I8 B A KR Y I IR ds - 7 LV
F-EREY 5 —
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S%CO &M TTTHHERL-BIRFOAELHE
L7zo /MIEBERIFEKERERSHICEL, OD=02
WCHRELZ-HBRERE 10EARLLb0%, EHER
ZUHH R (BREE) [C100u#EE L. 38K
T4BEEEE, FHEERBO 0= - REH
IVZnboEELHEL

(2) INHIHHEREZFEROKRE

MFEBICREL-EZE201mm A I AE—-XT
BRELM%, 72/ 20u7+VAETY /2%
WL 2O 2% 10ngmliCRHELLDDOEY
7 W& LT, OligoArray™ (HiE#s ) DfEHHBAEFICEL
TPCR, "M TU¥FL4E—Vay, RERETERL
Too BEBLAARY PEHBRHZEL, FEHOARF ¥
F—EHAVTTF - 2RE L. NHEZERSRIZ
H37Rv kA & Hiil L7z DNA 2 F\vw 72,

= e

(1) MEBRAFRECL 2 INH-MICH A L, /M
REEIZ X 5 INH IR
20024E 1 A~ 20054E12 A @ 4 £ ICEHRZ AR
ZEM L7 13658, MIC0.03 ug/ml DB I EHFED0.6
%, 0.06ug/mlix26.3%, 0.125ug/mlit48.6%, 0.25 ug/ml

i E81% #1275 20064612

1% 3.0%, 0.5ug/mli1.8%, 1pg/mlit4.0%, 2pg/mlid
2.1%, 4pg/mlix4.0%, 8pug/mliE3.7%, 16 ug/mlid1.5%,
2 ugmi P E1344% % ED TV KIS, SEMHRE
L7 1198 MICH 5 & /NI EDKE R Z Table 112
F U720 ANILERE 1 pg/ml O MICRIEETH FX
T4 pg/mi B EOREFEBICHH LTz MNIELRE
02ug/ml DB MIC 1 ~ 4pg/ml 2575 L, HRAER 1
pg/ml (F %18 1.68 ug/ml) T MICH E R ZE B (1 ~2
pgml) B HOICHH LT —F, DIILEE
02 pg/ml CTREMOHEIZ, HREKEHWERTRLED
MIC DB % U DICEH LT 5 201X —#& D MICH AR
L3RR 2EmERL, MIC0.06ug/ml & 0.125 pg/mliZ
8 LT MIC 1 pg/ml & 2 pg/ml DEIE DR Mo 7257
HERL TN,

(2) INHRHEREFER% b OBKRO MICHH

A E O T, wild type M 7 BEORETER
BEDHOLR, EHICIALNBETFERY ZEICLOH
BAS 5 IR 7z (Table 2)o wild type DB F I
MIC 0.06 ~ 2 ug/mliZ 534 L, 0.06 ~ 0.25pg/mi% /R L
7=31 B Bk 318k (100%), 1pg/mi? 384K+ 114k (28.9
%), 2ug/ml®D 9 kA 2 Hk (22.2%) [CRD LN —F,
inhA BIZFEERBE D E#H-15%F (inhA-15) O CHH

Table 1 The Distribution of MIC detected by BrothMIC MTB-1 and category
interpretation by proportion test method on egg-based Ogawa media

Interpretation MIC pg/mi

Ogawa media 0.06 0.125 025 1 2 4 8 16 32 32<
Susceptible 10 20 1 24 1 0 0 0 0 0
0.2 resistant 0 0 0 14 8 3 0 0 0 0
1.0 resistant 0 0 0 0 0 9 13 7 3 6
Total isolates 10 20 1 38 9 12 13 7 3 6

Table 2 The Distribution of MIC of the INH resistance-conferring mutations

detected by OligoArray ™

Gene

MIC yg/ml

Nucleotide no. 0.06 0125 0.
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Wild type 10 20
inhA-15 C/T

inhA-8 T/A

katG1778 G/A

katG982 T/G

katG419 G/A

katG944 G/A

karG944 G/C

katG 1778 G/A+katG982 T/G
katG 1778 G/A+inhA-15 C/T
katG944 G/C+katG1778 G/A
katG 944 G/C+inhA-15 C/T
katG944 G/C+inhA-8 T/A
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T~DBEEFERIZ, 1ug/miD38FkH 18k (47.4%),
2ug/ml D 9 BR 5 %k (55.6%), 4y gml D 128 H 2 £k
(16.7%), 16 ug/mi D 7 ¥k 1 ¥k (14.3%) 2RO iz
72, katGO4AFED G b CANDOBRIZFERIZT T
MIC 4 pg/mi BL E DB IC 5 LTz, ZOREF
BHRALEMTH OB, MIC4ug/ml D 120RH 5 #k
(41.7%), 8 pug/ml® 134k 115k (84.6%), 16 ug/miD 7
B 3Bk (42.9%), 32pg/mi® 3Rk 14k (33.3%), 32
pg/mll LD 6B 18k (167%) THolo S HIC
inhA-150 CH 5 TNDBRIZF B & katG 944 FED G
5 CADBRIZTFER % HE D DOWHEAS, MIC 32 ug/mi D
3k 18R (33.3%) & 32 ug/mi LA E O 6 Bk 2 #k (33.3%)
RO LN, nhASDTH SA~NDEEZFEIR L
katGOMAFED GH b CNDBIZTFEBRZ T L OE
A%, MIC 16 xg/ml D 7 ¥k 1 %k (14.3%) (3o b7z,
(3) MNERERZETINHREBEZFEREEL
Tk

SEOKE T, MIESERRZER O P I INHF
HEIZTERZETAEBRIED SN2DT, TOFHM
% Table 317K U720 MIC 1 pg/mi T/ B EEME %
RLUBEkIZ2%ED Y, 09 b D18k (75.0%) A
INH I BEFEREZE LTV, ThODBRIZTER
DI 5118 (61.1%) B inhA-15D CH S TADEEFE
¥, 7 (38.9%) D katG 1778 D G b AND BT E
BThol, T2, 2HMUECHERBETEREZDOR
BEDS 114k (61.1%) ICFR® B iz,
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LETIE, BRARAEZEORA 7Y —=V T TR}
ELTMICHIEEZRALTHOIENEB L. £
DEDOEHRDHK 6% 75 INH-MICH EREBERL, »
BRI X 2 BHRE (INH 0.2 ug/ml D EEHEME) Tid—
FLLBERIIBON P72, SRERIbADIIEE, Zhb
MICH ZEREBBOE L FLICEZEL, DNARA A 7 1
TUAEEBEWTYEZERIBICB T 2 EZE O INHE
HRETFORERREAE L. ZOBR, MIC0.25
pgmI T OB, T wild type THo 720 —F, H
EREIBTH HHEHETIE, MIC 1 pg/ml D 36.8%, MIC2
pg/ml D 88.9% A/NINILEE 02 ugmlHETH Y, Th
5 OBEMBRD T EILL LT S A0 INH HBIZFER IR
DOENT. BIZinhA 15O CH L TNDBRIZFERIE
MIC 1 pg/mi D 47.4%, 2pug/mlD556% = BH SN, =
DEEFERS NHE EREBHOWMEAICKELH
ELTWwWA I eI RENTIZ, —F, katGI44 D G5 C
ANDBIZFEERD, 4ug/mlERD41.7%, 8pg/mit
HEH D84.6%, 16pg/mlifEHE ND429%ICE D H R,
MIC 4 pg/ml B E OB OWHEALICHBEE LTS
HEINRENTZ, T2, inhAREEBRL kaGRIZTE
Bk ZEIZH DO 4RI T T MIC 16 pg/ml BL E O
BECRZDOON, CThOOREFERE ZEICHOEK
3 INH S B2 #B T 50 TR0 e ) BLEi»
LOEWEIIO L —F L7,

RIZ, SEHMEREICE B SN katG 944 BI5F

Table 3 Characteristics of 18 Mycobacterium tuberculosis strains that have nucleic
acid mutation in inhA regulatory region or katG gene and that be interpreted as
susceptible by proportion test method on egg-based Ogawa media

No. MIC INH rfesistant Other.drugs resistant
(png/mi) mutation mutation
1. 1 inhA -15 C/T rspL 134 A/G
2. 1 inhA -15 C/T rspL 134 A/G
3. 1 inhA -15 C/T rspL 134 A/G
4. 1 inhA -15 C/T rspL 134 A/G
5. 1 inhA -15 C/T rspL 134 A/G+rrs 505 C/T
6. 1 inhA -15 C/T rspL 134 A/G+rrs 505 C/T
7. 1 inhA -15 C/T rspL 134 A/G+rrs 505 C/T
8. 1 inhA -15 C/T
9. 1 inhA -15C/T
10. 1 inhA -15 C/T
11. 1 inhA -15 C/T
12. 1 katG 1778 G/A
13. 1 katG 1778 G/A
14. 1 katG 1778 G/A rpoB 234 C/G—+rrs 537 A/C+rrs 1423 A/G
15. 1 katG 1778 G/A rpoB 234 C/T
16. 1 katG 1778 G/A+katG 982 T/G  rpoB 234 C/T
17. 1 katG 1778 G/A+katG 982 T/G  rpoB 234 C/T
18. 1 katG 1778 G/A+ karG 982 T/G




712

BROBERIIOWT, HIEO®ME & BT L7z,
INHHHEZE D S B T hkarG 944 D G5 CADEMR,
TabbaFy35D Sl T CERL-#DED S
HAE, Hass 59D 770 A2t h 6807 INHRHEH
124 %k @ 64%, van Soolingen 59D+ F ¥ ¥ @ INHH ¥
B 278 Bk D 53%, Mokrousov 59D 11 ¥ 7 T £ » INH
it 7% B 204 Bk D 94%, Cardoso 57D 7 5 ¥ )V @ INHiF
HHEITHED 62%, Lavender 5¥D 4 —Z b5 ) 7D INH
WHE2HED65% L HE SN TS, RFETIE, @
LORFBAPLRD-EHRBEOREYNDH Y, INHE
HHETHRD D B 108k (15%) A katG 944 D G 7> & C\D
BREAL TV, Thid, ENEOBREICETHR
NEVEIETH S, —F, SEARRTED SN -HEKT
X, INH-MIC 4 pg/ml LA E DR 41 WA F 218k (51.2
%) D katG 44D GHhH CANDBBREEFE LTV, 20D
BRITENEICHE L TRVEETE 2L, KRcBw
TH INHIREEOPIZIE katGI44 D GH B CADEM
ZL20b0DL NI EPHBH L. ZORIETEREAE
TAHEKIE, INHEE2 D HL205, HEBEOVF
FIF—CEELMERL, BWERTIIRZERERRKD
BEEERLIZEVI)BEND H29, £F, SHIEHE
BEOEHRBREEFAISEANTRESNATE ) ID),
¥ 72 4B T D RELP AT IC BV T H SHIM % I3 &KZ
HEELIZIASEDY SR —FHREERLTVEY, %
HRHEEZOEE D ZORIZTFERE b OEKRIFBRSEE
B Tw AT EdIEL OND, SHOBEELT, &
ZFEMCE BRI FSAF— 2R LT BHEKIC, &
O INHREBEZFERE D ODERI S A ELZHRE
L7znweZEXTw5,

BB, SEMRE LZL119E/KRD D B 184 (15.1
%) 2, MICH)E R R (1 g/ml) T/HJIHEFE (0.2
pgml) TREZHELRL, NHERBEFERZLO
BHAEZD Ohz, TRTO INHRERIZFERIE
BENC BT AWML ERT 5 LIXB O 2V, ZOKR
6, BITO/MNNLEE0.2pg/ml O FH T INHFEF O
BN E 20, NHIFHREFERZ O OHEKTAE
& RIS Tz

4 E OKETHZ OligoArray ™MIZ# > TV 2 BIZFERIC
BohTHY, 2hUSHIL INHFEICHEET % &1E
FERISHBENDOENTVWD, ThW X, FHIHE
ELZINHHHBEZTFERORARIIER L) ESL
RELOLATWEEEZOLNS, $/, MICHIEETIX
1~ 2BEDBNIIBREHEAATH Y, MILEREDLSH
HHECRREEIE WEE 2 BREHE LB ET ST
BEXEDD, SEFREFRCI—RE—ETH5, 28, §
FEEE I L2 BRI ERO MICHA B L T
ERBBIHIBEOEENEL, Z0720 inhATRHIR

&% #581% 5125 20065128

BOBEFEEOLEDAEANERIVEVWEELZON
5o EROMEBREFIMAERTT 500, —EH
MROLERICOVTRET ALENH S, L2L, &
B LASEOKREND, YHBBROKKEIIBIT S
INH-MIC 1 ~ 2 pg/mi D T ¥ AL 213 inhA-15D C 5 T
~DBEFERS, INH-MIC 4 pg/mi Ph EORHELICIX
katG 944 D G5 CADEBERAIKE LG LTWEEE
DL NI R o7,

F & ¥

@OMIC 0.25 pg/ml A T O B Z M B 13§ X T wild type T
Holo

@MIC 1 pg/m! D ¥ & R B IRE D 47.4%, MIC 2 pug/mi D
) ERDIRE D 55.6% (2 inhA-15D CH 5 TNDRIE
FEBRIBDONI

GMIC 4 pg/ml LA £ DR D 92.7% A3 & 5D katG &
EFER% LD, 512%IC katG 944D G b CNDE
BWHRRD LNz,

| 33
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RESISTANCE-CONFERRING MUTATIONS OF MYCOBACTERIUM TUBERCULOSIS
STRAINS WITH LOW LEVEL RESISTANCE TO ISONIAZID

Hiromi ANO, Tomoshige MATSUMOTO, Takayuki NAGAI, Yoshitaka TAMURA,
Hiroko YOSHIDA, Kunimitsu KAWAHARA, Isamu TAKAMATSU, Izuo TSUYUGUCHI,
and Tetsuya TAKASHIMA

Abstract [Objective] We investigated the prevalence of
isoniazid (INH) resistance-conferring mutations in the INH-
indeterminate Mycobacterium tuberculosis (MTB) strains.

[Materials and Methods] We initially selected a sample of
47 clinical isolates of MTB from patients, who visited the
Osaka Prefectural Medical Center for Respiratory and
Allergic Diseases from 2000 to 2005. Strains resistant to the
concentration of 1~ 2 ug/ml were defined as “indeterminate” .
INH resistance-conferring mutations were determined by
DNA microarray.

[Results] Of 47 INH-indeterminate strains, only 13 (27.7%)
were found to have no resistance mutations, 23 (48.9%) had
mutation within the inhA regulatory region at -15 C to T, and
2 (4.3%) had mutation within the inhA regulatory region at -8
T to A, 6 (12.8%) had mutation within the karG gene at 1778
G to A, and 3 (6.4%) had mutations within the katG gene

both at 1778 G to A and at 982 T to G.

[Conclusions] We showed that the majority of INH-
indeterminate strains have resistance-conferring mutations,
which were mainly detected within the inhA regulatory region.

Key words: Mycobacterium tuberculosis, Minimal inhibitory
concentration, DNA microarray, INH resistance-conferring
mutation
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