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F A TPEITOWT L MACHEEE 5 & ORI BERE 70 2 AV T MATR-VNTR i C W #8571
fRNT %247 > 720 = DBEISI245-RFLPH: & MIRU-VNTR & % -8 CTIr\, ZORRSEERIEES % ik L 72

ZORER, EHRETI % WK T& 2 HGDI % Al L7z & 2 5, 1S1245-RFLP #:7%0.960, MIRU-VNTR
$%0.949, MATR-VNTR #:750.990 & 7% ), MATR-VNTR EDS T bEN BT 21 ¥V 7ETH H T
EDSEEH E NIz (2) M. avium DEETF-HIFFEIZOWT @ b E DO ERE D EEM. avium MHS b D 8@ in T
i ABLH) (IS) OMEl % 1T > 72. F 3 Heat shock protein 65 % i\ > TS IMRD AN 2 1T > 72 & T A M. avium
O AL 9 X T M. avium subsp. hominissuis & FE S 7z, S HIZIS901 DA OF M7z &
ZHHT0% DEDRA LT W e RBISI0N FIZIEGA S 5 MiAE M. avium subsp. avium & WAL M. avium
subsp. silvaticum DSRA T 5 & EN, T HIZRCKTIZ e PHKROGEIRIZISOI 212 A ERALTW
W ENREEINTBY, 202 XDV EOERTEEM. aviumDKERIFHTH D LE 2 bz,
B HIZZDOIS901 % FEMIZ N L 72 & 2 A M. avium subsp. avium 2304 3 5 18901 & FLBE U IR 75 Bk
WIS D60 H NIl R B RS D 5 2 EDGh o720 T OFBIFABRSNLISMavs & 5% Sz,

(3) MAC ® CAMIHE# {5 7122 W T 0 CAM O FEA &z P iklk & AN IC S35 @ T OB R
(DNAD ¥ —7 ¥ ZRHTIZ & ) 23S-rRNA D B X A ¥ VAEIRICH 5 2058 F H & 2059 7% H D2 R 2 i)
EDHBIEIZ O WTHE L7ze & HICEIETFEROMBED —>TdH %5 ARMS-PCR i % Fi v Tl
IZCAMIEAL D HMEZ MM T 2 2 AT 2% %L, TOHERAMEORE %217 - 720 BAIRZMEREBEO
MR LD, EORSHERR 253 bR, RSV (2278 LIMEWETE Q6tk) o2 BEICh T, =7
RN DOFERD S, BAESIRA K Z R 28 RIE TR THAERTH - 720 —F, WEETIE26
R 24 R RIUCTH o 720 2 BRIZIESZ TR L IRAE L T072720, RO A% 5HER R L 212108
RBIATER S NIz TS ORGRD & FHNES 1 RER & AR F O FIIIHBA R0 b h
720 F72, ARMS-PCREZMEH L7236 OBR T2 RMITEREEX84.6% (22/26), KM 100% (28/
28) TH o 7o EAME T L72 B RIZ 4 ¥R RCTHEFER L BRIOBAETH o2 L E 2 Sz,

DR oS, ARMS-PCRIEZH WA Z L2 XY, HHRE MR X Y BN SR O A #2570 5
TR, BEURHEHEROREL TV A AL REICHRHTEL I LR INTZ, (4) M.
intracellulare \2 %3 5 VNTR W ORI IZDOWT i NAF A v 7+ T 4 7 AENIZTE Y M
intracellulare ® VNTR % Bi%E L Z OF A2 MG L7zo 37, TREROMIE 122007 412 FICAH
N7z M. intracellulare ATCC13950 D #5177 L 15t % 2|2 Tandem Repeat Finder (TRF) ¥V 7 h 7 =
THERWT T o720 TOHEITED 16D TR#FZ R L7z, D 165k % v Thii MACE H1 R 14
PR TARRD VNTR 5HTF 47 5 720 Z D FLHGDI 2 0.988 & JEH BN 2 BHRENRE D D 5 2 & HUR
ENTze F 7z, RIMPEREE R E HV 72 VNTR SR O 222 O MG T, 14EFIZB W THRE 4
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Mycobacterium avium complex (MAC) O {zxT-WI3E %
IG5 & o DT IR o B2 B 5o P 4 48 X
D AT B M MACIERF A L, € OHiZIdigRA
HEAT LIFRAAEE 2 ) S0 THRLET S L) r— 2R
LREET 5 &9 1270 T &7z B MACHE X Ii# 1%
TRIIE &\ ) ALE DT Th o 7225, EBIEH S 2 2%k
ITRBO R REREF DL, REM 2 HHED
ROEERTEEEYE L W) FIRZ M b 072, TDZDHAR
P LBR TOWBBEEICE T 2582 7, Tk 17
AL HIOF IR D BRIR A R ORGSR ERREICHR L
720 LA LIEKHICBURIGHOMRA 2 E L B I2E - 70
ZOZAZIFEERNTFOER e MEIE IR 1Tb
TW7z73, BRISHTE 20 78CRIZG S Tn o
720 WEMEZRIESF T — 2 1355, I 20 4EH ThHAENS
BT BIIMACIEIZZHIZHIN L T2 &) FIRAHYH <,
HARICART 2 MACH I MRS 240 5 2O H
HRTDPHFEHETZOTERZVRLEEE) LI ICh>Tw
720 T TR LB THVONE X125 T
& 72 VNTR (Variable Numbers of Tandem Repeats) %51l f#
M % BEIR 558 M. avium (IS H L, YFEORHERTH 5
IS1245-RFLP (Insertion Sequencel245-Restriction fragment
length polymorphism) Tk & KL AW D 5 A4 7
EFRRIREIZ B3 2 BT D RET 2 BItR 3 5 12 F 5 720

Mycobacterium avium DBZF 21 E> Ji%

Mycobacterium avium® ¥ 4 ¥ > 7%, 1995412 Guerrero
5T & o TH & N7z 1S1245-RELP BRI T 1 A5 A e
EYELTHOONTE 2 L L ZOMMTEEIXISI245 %
AL TR VEKRIFET 5 2 LR, MR & RIS
YAV B3 E B F ARG L AT
THIOARERTTETHY, 7 2 KT 5% ik

HFEBFRICIEIARNE TH o 72e ZHITH LbAETIX
2003 4E 12 T4 #% 55 Y Mycobacterium avium tandem repeat
(MATR) 3% v 72 VNTR BUBIENTE 2 58K L3 T
ICHRE 2 EI TR L Cnize 22 THRINSORREESD
AMATR & VT MRIRGHERIISH L2 L 25 Bt
TAEEAMR BN, 722007 412 1& Thibault 5 25 Myco-
bacterium Interspersed Repetitive Units (MIRU) -VNTR %!l
fRITEEREL, COFAMIHE SNz, 22T Thh
bt 3 O ORBIFRNTEZ L, EOHERESHON
RICHM RO EME L7z 2B VNTIR &1E, Heffk
WZBAES 5 10~100bp D I =95 5 4 + IR %2 H
BHALE L, ZOMBHALAKE L CBN 2 # s T-5H%
ThHbo ZONHFEOREFE LTIEPCRER kL LTw
L7-DMETHE L, PEOWKTITZ 572D ED
BWIHREH CTOERIFN B TRETH L L, SHIZT
VENF—=% L LTHR B0, MikBEolkiEd BT
HBHIEHRENFFSENS, 72, MIRU-VNTR (£ Tandem
Repeat Finder Program |2 & 2 #8MEMMEICL D 8 HFTD
VNTR A E SN2 DIx L, MATR-VNTR 13458
T4 @ Tandem Repeat & OAFEPEARFERIZ L V) 16 77 FT D VNTR
IR ENT2d DT, VNTRHT O FEHUIZE D S 7
W2, VNTREIEOME HEAKE Rl o T b, BiIR
G HEM. avium TORRIZEF L 2 S 3 D0 J5:021S1245-RFLP
& MATR-VNTR Z flABDEIZ 4 DD 5 — L IZBIT S
M % 17 », Hunter-Gaston discriminatory index (HGDI)
ZHWTRERE NGO % 1T 5 720 £ DR Table 1
WZRT & B D 3 DDRGIEN O TlE MATR-VNTR
AYHGDI=0.990 & ik b EN T\ 7z, F 72 T NIT1S1245-
RFLP % #lA G b 5 L HGDI=0.999 & 2 1) X b T
BRI D EA B Z & AHERR S 7285, BUIRTIZMATR-
VNTR CHAHRTH B EE 2 SN2

Table 1 Discriminatory index of VNTR and IS7/245-RFLP typing of M. avium clinical isolates

1S1245-RFLP plus

Typing method 1S7245-RFLP MATR-VNTR MIRU-VNTR MATR-VNTR
No. of different patterns 53 56 27 68

No. of clusters 4 8 16 2

No. of clustered isolates 21 22 59 4

No. of unique isolates 49 48 11 66
HGDI 0.960 0.990 0.949 0.999

HGDI: Hunter-Gaston discriminatory index



Genetic Research about MAC/K. Ogawa

MATR-VNTR 251 &4k B8 AR G B OB R

Jifi M. avium BEGRE S REXGE RS TH D, HIVIHE D
TEVEM. avium EGHE IRGIE RV E L EZ DN TV D,
7275 DY S HIVORE L A ERTH 5 2
EWGI o TWb, & 2 THi M. avium [EGE B4 H 2k
PR, HIV BHHREB X O°7 & BRERIC D W T VNTR fif
M xAT o720 T ORER, Bkl R 7% 5 il M. avium &
e BH Rk E 7 5 HRVRIZ R % % 7 T A 5 — 2Tk
L7zo E72, HIVEZHREKO—EIZ 7 & Bk L [ T
7 AT —MIZAYHEEEZR L7z, PLEoZ &2 5%
eI X D MOBBPHES RV Z EAVRIE S iz, L
L 2255 B B2 BT Bl M. avium EEGEAE 104 5E 6] % K 52
& L7ZERIRGBERR L BRIR T — 2 B L OFRRZEEO L o
ARG T4 TRWZETIE, WELZEFERAMAEESNRT
W BLEIZ DWW T A 47 0] H AW 82 23 540
B X OHE AN AR T ARIITBTHERL
720 WOREEOTR S RIS &% k372912
FESICWAWALRMENS OMENLETH S LE 2
b7z,

i MAC fEEB & b 5 ERPR 738k U 7= Mycobacterium
avium O EETFEVIFE

M. avium \IBUTE 4 DO 5 SN, BICEET 5
% A 7 & M. avium subsp. avium 3B X U M. avium subsp.
silvaticum, R EZEGET 5 ¥ 4 71 M. avium subsp.
paratuberculosis, & b7 F YT B ¥ A TIIM. avium
subsp. hominissuis T & %o Wil Pt 52 )7 1 1% Heat shock
protein 65 gene D ¥ — 4 ¥ AfFEHTO (LT hsp 65 fRHT) 72
SN D7/ & FAAFAE L, W O AL FEA L,
RIEEICBE G5 5 & iy ST B EE il ARG (B
TISHHNT) &2 TR Sha -1, ZZ THiMAC
SE B ZWEIR D O 7Bk S 72 M. avium 818K, HIV BaEEE
DM B 558 S N7z M. avium 338k, 7% HE M. avium
3RO W T hsp6SfANT B L CISHENT 21T o720 £
hsp 65 FENT TIX 3 RTOBEAY subsp. hominissuis T > 725
RIZPCRIEZ M OIS 2470728 25, BIEHS
A TOHM L2 RA LR e S Tw7218901 A3 MAC
i HRIR D 75%, HIV HISRFRD 45% (2B S o7z,
SN DRFFE D1 2 W EWRTII0~8% % E, 1TLA
ERE LW ERREEIN TS, T42bEHARTH
B X 172 subsp. hominissuis BRIZRICR ORI 70 WL %
boTwd E#Hz bz, 18901 DIHIZPCR % v
TAT o 72720, PRSI OWIEL BR& L, EERY O
WMEBET 20T — 7 v AR Z IR 120 DR E,
BS54 T DIS901 L He-x, 60 7 T D Hi A48 5
% RO IEH ML 95% TH > 720 TN XD By
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Yes £ TDIS901 L FHDIS EHFEL, HFHMISELTD
BEkxaATo72L T A, ISMav6 & a5 7219, 18901 1%
BT 2WEEICES LTwb L oHiE®D L H 57
B, ISMav6 H3 & M9 % 9 5P B 3 % 1T B B
HbHEEZIFAMIEERG L2 2 A, WAEMRIEY
L7zB%, b MUEMBOA v 5 —7 20 vy Z5hiHE T
%5 287 & 3— F¥ 55T ¢fp29 D Shine-Dalgarno it
FHCHA SN TV Z LG ho7z®, Thbh, Kif
EF DGR ICIFA SNS Z LI L ) BT
He Wi 2 TREME2H Y, & b ORIEHIED S OB
BT K BB RS E Z bz, D DR
By &2 L Cidyl &6t & in vivo B X Win vitro TORGE
iToTwh,
BABREENTWS 4 HOBEMSHEICBENT, B bR
T F &G B M. avium subsp. hominissuis 32412 [F] U
FETLIVORE W) BEEDEDH 5. Hii MACE IZR5E
&Gy, 77 3L R TH D AR AN 2 B, 2008
4E1Z Turenne H 12 X % hsp65 . E 072 10F DN A F —
Y » 7@ {n+ % M\ 72 Multilocus sequence typing (MLST)
TOM. avium BFED ZRB RN OEDD Z A5 L, 4D
DOHFED 9 B subsp. hominissuis 7215 2358 72 5545 % 78
LTWwWb, Fig \IRT T & &7 LN &2 HIV &
GeILWERR T DH 5 M. avium 104 & D ILb IWHRHT L 72 i
MACHERR T3 % M. avium HN135 21 2 % & 2 D DFRIE
Wi A4 FISEWIEIZH D S L3005k 2D 2HRICH
I e MENTO—EFIZ89% (RFEEXKTFT—¥) T
HY, CORPLLELHMEIIFTVHENEEZOND,
¥ 72 MATR-VNTR 512 BT 5 BT X L oA i B4R % &
TH IO 2RI DBENALEICH B Z LRSI L
ESICTHLEIRYGET 2 7 % 5 O HRk & M. avium 104
WERILZ A5 —LIZH DI 0D, ITNHLHT L
5 subsp. hominissuis \FREFEEGT 5 5 4 7 LIHALE
YT B 54 T TIRIPIOHRE L % 2 72135 ARG Tl
LuhkEZ NI,

MAC O Clarithromycin (CAM) 4 & IEF
TURRHEORE

MACHEZ 51T % FA1YT6 I & Clarithromycin (CAM)
rEULLHIHHRETH D, £OHTCAMIZME—MIC
T DPMEHCTELF—FT v r2THb, CAMIFE
I MACHE DRI 2 AL 2 P T 2 F BT L LT
HETHY, WEOF L BN 2 2 & IdERDY
WCAHERTH 52, % Z Thli MACHE 2 & O i IR 438 MAC
BRICH L, CAMIEIZBE G- 95 & S35 23S-IRNA K A
AV VHEBOBETERE -7 Y AL, 70 A
3 v 7 NTM % Ji 72 CAM SEAI B 58k & oD
WTHRENS B & 3612, CAMIIF AL o A 4 % 3 L
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95 Ji#: T & 5 Amplification Refractory Mutation System
(ARMS) -PCR &% FIWV 7RG 217 - 720 3 CAMICHT
9 5 ERH s M AR ER 1, HIV ETE e b B M. aviem R
S BERR 33 8k, HIV BB MACSE B 38 M. avium [ 55 8E
PR 1348k, HIV BRI MAC HE H12K M. intracellulare BiR 53
MERR 86 B D FF 253 BRIZH L THiAT L 720 Z DGR MIC 8
pg/mL Al O &S VERR AT 227 8k, MIC 8 pg/mL LL_E it
PERRDS 26 RT3 o 720 KIZ23S-IRNA F X 4 ¥ VD

KEA% HE867& 52 5 20114FE 2 A

R o ¥ =4 ¥ AENT O CAM i PR K EE 14 24/26 T
92.3%, F7-BpER EERMPRIET 57— A A RH
ENT VR THE2526TI62% I LRI D, e BERR
J£ 13 28/28 C 100%, ARMS-PCR i f#AT T D CAMi P
R 22/26 T84.6%, AT — A AR E T 5 &
25/26 T96.2% & ¥ — 4 ¥ AMRAT D Yifr b el U R4 &
otz T BYFRIEIX28/28 T100% TH o7z TNHD
MRS, i MACE B 2K 0 [ R 5B MACHRIZ BT 5

CAM D ZEAN K & CAMIF S E T O & BT I3 iR WA
BAMEASH D, 1T & A XD CAMIN M MAC H O Tif V%7
W OBETERICE)FHTRETH L LEZ SN,

v —r v ARHE B X UV ARMS-PCR EERAT 13 CAM i MRk
26k & CAM B VERE 227 MR v s & A 2R L 72
28 FRDEF SARITH L THAT L 720 £ D #5H % Table 212

MAP W MAA

MAPNMAP
MAP T MAP MAARNMAA
MAP NOA  MAS
MAA MAS

Fig. Splits graph of the phylogenetic relationship among the M. avium subspecies genotypes. The vertices are labeled
with each subspecies. The graph was generated from the concatenated sequences of the ten gene loci (8064 bp).

The scale bar represents a 10% difference in nucleotide sequences.

MAP: M. avium subsp. paratuberculosis

MAA: M. avium subsp. avium

MAS : M. avium subsp. silvaticum

MAH: M. avium subsp. hominissuis

HN135: isolated from HIV negative patient with pulmonary infection

M. avium 104 : isolated from HIV positive patient with disseminated infection

Table 2 Comparison of the results from sequence analysis and
ARMS-PCR with an in vitro susceptibility test

CAM-sensitive CAM-resistant

in vitro susceptibility test n=28 n=26
S WT 28 1
ag;llu z'.fe MT 0 24
Yt WT-+MT 0 1
WT 28 1
ARMSPCR iy ; 2
WT-+MT 0 3

CAM: Clarithromycin  WT: CAM wild type MT: CAM mutant type
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51, AR 2R TIIME LIC O WIRZ R & it
T OFA TR AN B U SEA P (5 7 2 > TS
L2 LICEDESITHRETE DR RIE S 7z, R
FFEIC & 0 ¥ — 4 » ZfEHT & ) & ARMS-PCR %% Al v
H5ZLTELIELLDRAERZHINTE S Z L DTHET
HbHEEZONT, % BIRIEE O MATR-VNTR fi##i T
IZFE—HTHSHZ EDPRERI N2,

Mycobacterium intracellulare \Z % (T % Multi
Locus VNTR Analysis (MLVA%) DBI%E &
Z DFEAMORE

Mycobacterium intracellulare /3 i MACE O 2 [K 1§ O —
DTH BN, M avium \ZHARGFEFHIITIZEA LS
ENTWZo7z®, £ 2T M.intracellulare ® VNTR %I
BIRNTEZ N A V7 53T 4 7 AFRICE DRFEL,
ZOH RO %17 > 720 £ 3 VNTR HIBOME TH
% 7%, 2007 4 12 A 12 & B & 172 M. intracellulare ATCC
13950 D@ An T 7/ A Nt & #£ 12 Tandem Repeat Finder
(TRE) ¥ 7 b = 7 & v TH - 720 BZ5M1E, D2
FELEO#E Y & LA Z b2, @ VNTREIRDOZ bkl 2
T — ABRIKETIAT LR W X D ITR/AMED L
A X% 50~65bp &3 %, (3 Tandem repeat [ DA [P %
90% L EET D, & Lo TORNE, BHHARERTH -7
TR & BIEATF S N7 20 o 72 3R & BRAL L Table 31278
T 16 E IR L 720 KA MACJE 5 HI SR Wbk 74 #k
xHV, S ELER L 72 16 58S X 2 Wbk RE ) &
i L720 T OFER, R TIE 74 17D 7 Z
A5 — %@ A9 HDEES 5 4 7120 8ES L, HGDIIZ
LR ES120988 L EN-L D TH o720 BB
$€ 2k 47 B M T\ 72 Heat shock protein 65-PCR Restriction

65

enzyme analysis (PRA#:) (2 X A0 TIlE 748k 5 X TH
M. intracellulare type 1 T V), 4 W BIFE) 2 @2
hrorze S HICKRMPFREH 14 BIH KRR3I3k Z TV
C D16 FIRDLZENEZ ATz ZORER, 14EBIZB W
THedR 4 41 16 O VNTR RIS LALE §RETH - 720
F 72 LIEBITIE D 5 2%, M.intracellulare EGHEFIIZ R L
BT WIERAME L, 2O 1 AERICHFYRRN L 72 bk
DOVNTREN #7728 2 A, FHERRIROBIZTXT
Fl—DbDTHLH I LAMERINZe L EMLVAERZ 1
HCls (M T &, BBEA R <, PRAEICH AR
ARV EDDTENTWSE Z EPFHEI N, 72
B R UL TH - 122 &0 ORI Z DR
HAFRAF L 72 WIC & B NIRTEFAA, BIOWIC X 554k
EFHEGEPOHEICEHATH S EE 2 iz,

bW

B R FWF 283 MAC HE 1K M. avium Rk D &7 ) A
FENTIC X 0 BRSNS I 72 geavk & BT % & %
A OB F 72 E I b BEHE i BE 2 EIF SR 12 T ISMave
in cfp29 PRAMRDSERIR I e RBICBIE L TV A 2 L2 |/
HBL22oH ), VRIS MRS S5
WHEMEASH B L E 2 T d, RMICIZEMINT L EE
HTFOMTTOERNZ KA S, HFLOEFREZHET 5
LI D IIMACED wRE HIE L 72\,

AWFZENE, PUAREEA, SRS WA, WlAEseE,
RRsE AT B, WINdhsEA, BLaksG:, FTR-E—EA,
“YREREZI LD, £ ORFEFEFOBRRIC
E0BONIHETHY, CogEBMEY LEEgHL L

Table 3 VNTR allelic distribution in M. intracellulare clinical isolates

No. of isolates with the specified TR allele

Allelic

Locus

0 1 2 3 4 5 6 Total ~ diversity
VNTR-1 5 52 14 3 74 0.46
VNTR-2 3 43 18 8 2 74 0.58
VNTR-3 7 62 5 74 0.27
VNTR-4 32 9 13 20 74 0.69
VNTR-5 14 2 55 3 74 0.40
VNTR-6 20 35 16 3 74 0.65
VNTR-7 20 38 15 1 74 0.62
VNTR-8 35 37 2 74 0.52
VNTR-9 2 1 71 74 0.07
VNTR-10 1 44 3 1 20 5 74 0.56
VNTR-11 1 34 36 2 1 74 0.54
VNTR-12 60 14 74 0.30
VNTR-13 3 1 33 37 74 0.54
VNTR-14 1 65 8 74 0.21
VNTR-15 38 31 5 74 0.55
VNTR-16 4 70 74 0.09
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GENETIC RESEARCH ABOUT MYCOBACTERIUM AVIUM COMPLEX

Kenji OGAWA

Abstract A variable-number tandem-repeat (VNTR) typing
method using the Mycobacterium avium tandem repeat
(MATR) loci (MATR-VNTR) is employed in Japan for
epidemiological studies using clinical isolates of M.avium. In
this study, the usefulness of this MATR-VNTR typing method
was compared with that of the IS/245-restriction fragment
length polymorphism (IS/245-RFLP) typing method and a
mycobacterial interspersed repetitive-unit (MIRU)-VNTR
typing method reported previously (Boschiroli, C. Hubbans,
P.Overduin, K. Stevenson, M.C. Gutierrez, P.Supply, and F.
Biet, Clin Microbiol.) Seventy clinical isolates identified as M.
avium from human immunodeficiency virus-negative patients
with MAC infections were used. MATR-VNTR typing using
15 loci distinguished 56 patterns of different allele profiles,
yielding a Hunter-Gaston discriminatory index (HGDI) of
0.990. However, 1S/245-RFLP and MIRU-VNTR typing
yielded HGDIs of 0.960 and 0.949, respectively, indicating
that MATR-VNTR has an excellent discriminatory power
compared with MIRU-VNTR and IS7245-RFLP typing. More-
over, concomitant use of the MATR-VNTR method and
IS7245-RFLP typing increased the HGDI to 0.999. MATR-
VNTR typing is inexpensive and easy to perform and could
thus be useful in establishing a digital multifacility database
that will greatly contribute to the clarification of the transmis-
sion route and pathophysiology of M. avium infections.
Mycobacterium avium (n=81) from patients with pulmonary
infections who were HIV-negative and isolates (n=233) from
HIV-positive patients were subjected to genetic analysis by
PCR detection of three M. avium-specific insertion sequences
(IS901, 1S1245 and IS1311) and nucleotide sequencing of the
heat-shock protein 65 (hsp65) gene. All clinical isolates were
identified as ‘M. avium subspecies hominissuis’ by sequence
analysis of Asp65. Compared with clinical isolates of M. avium
reported elsewhere, 1S/245 was found less frequently in
Japanese isolates (96/114 isolates, 84%) and 1S90/ was
detected more frequently (76/114 isolates, 67%). One isolate
was found to lack IS7/371, which has not been reported previ-
ously for ‘M. avium subsp. hominissuis.” Nucleotide sequence
analysis of the PCR products for IS907 revealed that all clinical
isolates had the same new insertion sequence, designated
ISMav6, which had 60 point mutation compared with the
nucleotide sequence of the original IS901. These results suggest

that ‘M. avium subsp. hominissuis’ with ISMav6 is prevalent in

Japan. ISMav6 may have implications for the virulence of M.
avium and contribute to an increase of M. avium infections in
this country.

Clarithromycin (CAM) is the key drug in the various
treatment regimens of Mycobacterium avium complex (MAC)
diseases and the only drug for which drug susceptibility has
been shown to correlate with a clinical response in these
diseases. A point mutation at position 2058 or 2059 of the 23S
rRNA gene has been reported to occur in high-level CAM-
resistant isolates. This study examined a correlation between
the results from a drug susceptibility test and the mutation of
genes involved in drug resistance in MAC. Furthermore, we
adapted a rapid detection method using amplification refractory
mutation system (ARMS)-PCR to identify a mutation in 23S
rRNA gene in MAC isolates. Using MICs of CAM, drug
susceptibility was tested for 253 clinically-isolated MAC
strains. Of these, 28 CAM-sensitive strains and 26 CAM-
resistant strains were analysed by sequence analysis and
ARMS-PCR. The drug susceptibility test showed that a bimodal
distribution was associated with 227 CAM-sensitive strains
and 26 CAM-resistant strains. Sequence analysis revealed that
all 28 CAM-sensitive strains tested were wild type, whereas 24
of the 26 CAM-resistant strains were mutant type. The
sensitivity of the sequence and ARMS-PCR analyses were
92.3% and 84.6%, respectively, and specificity of both was
100%. We found a correlation between drug susceptibility
testing and the mutation of drug-resistant genes in this study.
ARMS-PCR allowed rapid determination of CAM resistance,
even when samples consisted of the mixed type of CAM-
sensitive and CAM-resistant strains.

MAC is divided into Mycobacterium avium, and the
less-epidemiologically studied Mycobacterium intracellulare.
Genetic typing for M. intracellulare using variable number of
tandem repeats (VNTR) has not yet been developed. The aim
of this study was to identify VNTR loci in the genome of
M. intracellulare and apply them as an epidemiological tool to
clinical isolates. Here, we identified 25 VNTR loci on the M.
intracellulare genome, which 16 showed variations among
clinical isolates in the number of tandem repeat motifs. Among
the 74 M.intracellulare isolates, 49 genotypes were distin-
guished using the 16 VNTR loci, resulting in a Hunter-Gaston
discriminatory index of 0.988. Moreover, all 16 VNTR loci

were stable in different sets of isolates recovered within time



68

intervals ranging from 2 to 1551 days from 14 separate patients.
These results indicate that for use as epidemiological markers
of M.intracellulare, the loci in this VNTR assay highly
discriminating and stable over time.

Key words: MAC, VNTR, HGDI, IS901, ISMav6, Clarithro-
mycin resistance gene, ARMS-PCR, MLVA
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