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mycobacteria) ® H VI 72 & 150 THEBL S Tw 20,
v MO LTI R & B3 5 13 30 M AR B
T, WRGRE, KR - WM GAE B & OV g
ELREERITEING,

PR IR Gs, FRISHBENIE, HER L v 2 iEE R
HEOEWHPL L LeAIlL ), RETAREFERICEEN
LAEBWE WA LTI T A L0 s, [REREEHGEZIC
B s GG ROMN G E LTHERERWFERE E LTHHN

70 YROE, MEFBA, B - BERA L S OE
ZMRAL, B THIERE L &35 5. BHRMRAIL, B
RN AR TEE I 25, AT OPRRE OF # %
AHIHERT 2 2 LD TE, PFREOHIR, HREHO
B, JBEERE QKNI CUHEOBETH 5, LA
L, MBI TESR, W2 S5 WO 5B L R
PRIRRIZ & 0 ¥ 0, FFIC Mycobacterium tuberculosis com-
plex (MTC) & NTM D#bid Z2 850X, PR H 0B &
M T ORGSR EIFFITRUTH %0 £72, NTMOH

RS ERER A RN v 5 — IR - IR, 2R
BN R B AL R, 2\ & LA A R L S B A
SR A

M O, RIS ERR SRR v 5 — I SE
- PFEULER R, T 969-3492 i Uk S A T SRONT A3 i
[H21-2 (E-mail: kazuniizuma@yahoo.co.jp)
(Received 8 Nov. 2013/ Accepted 27 Jan. 2014)



556

HEFE & NTMJE & L COHEFERD 5 L 00D %
RKENTETVD,

By sy =D by 7 AE L — BB 4 >
ALIRAT R I BY R 9 HT 12 (Matrix-Assisted Laser Desorp-
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2. MRETE

(1) X%

2001 4E DLFR, BLARERRAL T2 © OAKIEIC X ) MR
FERIIC CHRAT S 72 MTC 158 Bk, NTM 228k, Wb & 1§
SERS A BRI ST BE A © D 43 H-NTM 15 Bk % iR 55
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MTC 108k (WIIFE L UK 2w CBUTFE~E
IO SVEHii, FEERAAHE (488 638) I2X 58V
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2 AT %o G pellet & 300 gl DHBATE /K % A7 tube
WCTHRE QOMBREY Ry 71 7)) L, 900 gl K
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SV 17K DMEARRETH o 720 7272, MTCOH T v
FUTNRY =V DNRZXISV (T2 1) 200 1T, M.
bovis & 2 MDSAE BNz NTM 378k (M. avium 218k, M.
intracellulare 6 ¥k, M.kansasii 1%, M.gordonae 6 ¥k, M.
Sfortuitum 1 Bk, M.chelonae 1 ¥k, M.heckeshornense 1 k)
B L T, FE %2358 (94.6%) TH - 7205,
BT PEEASV 2.0 EZ/RL7ze —E LB o72 28k
1, M.avium 1 i3 1.7 KD R EARE, D9 1 #kASDDH
<A a7 7 ) T O T M.nonchromogenicum & [7) 5 X
MTRRDI M. avium & )€ STz,

GEF RO H B & Br b i 2 & % 3]

MTC [i] @ AT DR H § - B B IRAE H IS X 51
i) (Fig. 1, 2) T, B#E% I HUNOKEI L ToH

score value
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2.2 —
21 4%
2 )
19 éi'
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1.6 ; ,

Initial inspection
technique

Current inspection
technique

Fig. 1 Comparison of the Mycobacterium inspection tech-
nique analyzed by MALDI-TOF MS.

M : MTC (5 strains) within 3 days after culture in MGIT tubes.
@ : MTC (5 strains) stored for six weeks after incubations.

557

BERRDIZ 9 DSSVAEIAR D DA A A S iz, Btk
WAFH IS X 5 SVOZE LD, ¥k 3 HUNO/k L b
LCE#EG4ALE 6 BRI SHRTA D L, TSV
03D T A RO HNTz0 B % w72 ORI
I Lol T, FEOEWIEZDH S H DD, Fig. 1
FEBEECOVWTOHIRELTEY, BIFTHo70, F
72, NTM O [ H & MGITO B D@ 2 L B R A b
<V F V7 SVOMRMBIEIIZEDNA LN R T,

QLR E Y — 2787 — )

SLAER R (M.bovis BCG (L) H&, ¥ (H37Rv)
¥R, M.avium (JATAS1-01) #%, M.intracellulare (JATAS52-
01) Bk, M.kansasii (KK21-01) ¥&, M.gordonae (JATA33-
01) %) D AANXY PIVE—27 3% — (Fig. 3) &7~
o M.bovis BCG (HR() #Rk &R (H37Rv) HRO Y —
7 8% — B TW A2, 11400 (m/z), 5700 (m/z)
LD =27 5% % 10, 7 (m/z) DEVBHASN TV
bo YAANRZ I VIZT M.bovis BCG (1) #riZMTC
LR SN2, KRERGHT — 7 X—= ZAND M. tubercu-
losis & LT, ARZ bV F 785 — SV TP
HEOECEE? SEICER (Fig. 4) Sz, HWIHE

score value
2.5
24 B
2.3
2.2 1
2.1 A
2 4
1.9 1
1.8 1
1.7
1.6

T 1
Strains stored for 4—6 weeks
after incubations

Strains within 3 days
after culture

Fig.2 Comparison of the mycobacterial mass spectral score
value analyzed by culture and stored days.

M : MTC (5 srains) stored for 6 weeks after incubations in MGIT tubes.
@ : MTC (3 strains) stored for 4 weeks after incubations.

Table Clinical isolates identified by MALDI-TOF MS

Identifi-

Best matched pattern score value

p Not*

cation .70~ 180~ 190~ 200~ 210~ 220~ 230~ 240~
M . tuberculosis complex 158 157 1 3 4 17 27 40 45 21
M.avium 21 19 2 2 1(D) 64 54 4(2) 1
M.intracellulare 6 6 2 1 2 1(1)
M. kansasii 1 1 1
M.gordonae 6 6 2(2) 1 1(1) 2(1)
M. fortuitum 1 1 1(1)
M.chelonae 1 1 1
M. heckeshornense 1 1 1

*: not reliable identification

(' ): Numbers of clinical isolates proliferated onto the solid culture (3% Ogawa medium)
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Rank 1 2.144

et

Mycobacterium tuberculosis LDW 08L LDW b

Rank 2 2.038

Mpycobacterium tuberculosis LDW 03L LDW b

Rank 3 1.999

B i\ A GG S R

Mpycobacterium bovis spp bovis DSM 43990DSM[BCGT] b

Rank 4 1.964

Mpycobacterium tuberculosis LDW 10M LDW b
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Rank 5 1.910

jq....,“r..ﬁr. - I,.T.

Mycobacterium tuberculosis LDW 0SMLDW b

Rank 6 1.893

Mycobacterium tuberculosis LDW 09M LDW b

Rank 7 1.863

pbas g R

Mycobacterium tuberculosis LDW 14LDW b

Rank 8 1.817

Mycobacterium tuberculosis LDW 06M LDW b

Fig. 4 Matched pattern rank and score value of M.bovis BCG (Tokyo strain)
Rank of reference mycobacteria strains used to create a MALDI-TOF MS database for the identification of mycobacteria.

LTIV 7 1 D244 ERA NI YF VY TSVERLIZD
& M. tuberculosis (7°— % ~X— X CLDW 08L LDW b),
RIZ2.038DEH Y K F V7SV EIRLIZDH M. tuber-
culosis (7 — % ~X— Z TLDW 03L LDW b) T»H - 72,
J ¥ 73D 8V1.999 T M.bovis (7°— % X — A TDSM
43990 DSM[BCGT] b) &< v F ¥ 785 — > %Rk L7z,
57 4~8Td, SVIZ1.910~1.817 &£ 20K Tld H
LIST — 7 X— A ND M.tuberculosis £ < v F >~ 7 LT
W7z,

NTM @ M.gordonae (JATA33-01) ¥k % B\ 72 361
PeE BRI AR PV DY — 288 — v 2 A D L,
FNFNOREOEEM R — 2 87— =K L Tw
720 LML, WEIRS8EM.gordonae ¥ 6 ¥ (Fig. 5) O ¥
&, REFHROY — 2 "y — v LR LT, 10617, 11304
(m/z) FHETIE4 (m/z) DNOERBEMILTH - 7275,
4700~7900 (m/z) P TIXZNZENDOE =287 — >
W2 2~3KRHIEAD 2 (m/z) IN7EAY, Zoftid10 (m/z)
D EOBMILORE 233 57z,

4. £ =&

MALDI ® f 7§ & 92 14t 12 Tanaka 53 % Karas 5412 &

S TEEGH DA F bk KK SN TE T, MALDI-
TOF MS DAY OIS 1& Claydon 5912 & - Tk
ALNIZL ENT VD, MEOEERERE G TH S 5
YSZEE, HRERONS0% E D, —RISHE I
200725 6,000ffi L bbb EbDOTELELG S THE L
THELTWA Z RS, N7 7Y THOLH5HEIC
BUILBERSELTEICHVWLNTWE =D Th %,
MALDI-TOF MS &, N7 571 7HD & ¥ 37 B2 H
LCOZDF@MNRPRIEICI, E—r 8y — DR
DIAARY FIVDINT — 2 L= LTWBDOPIBEAL
YR ER D, MY RV OREE, R E R B
(m/z) 23 L, #2000Da (¥ ) ~20 kDa® 51
WOFMPAZ AN L Cnb, MIREOEWICE Y 2 L7245
R ARZ MUY — 2 fgit e LCTHiADO TV TY
A0 F RS AT 2 % R U CRkBI R & ASi] fE &
hbo F72, YAARYZ MVOBECTHYETES 729012
i, N7 ) 7 O¥EE AL, MALDI-TOF MS Ol & 5
BT HLEREDNHY, TOREVICLIY) =T8S
— UNDEERARALNDLIY L SN D, PLEEW, FFIH
KMREoa1Z, WTFETIIRELE ToBEyKIC
LB WM DOL S HEY) A7 2 Eo, By )
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— VRLBRIE D75 G & PV i L IC X % pellet DIRA DA &
Nz BATTE RSB 1 |, N fbiiozsy ) —)u
WELIZES, NELBROT Y ) — V% 800 ul & T KK
BRLT, Bzt Leelrmol, bhvbholl
FFRETEYAARY NVOR Y F VIR Y — 2 SVD
MBS 20570 <, WBME LR S, Bl X 25
BHhweEbhady, BEEORMLAHEIZL YD SVIH
WCHEDRD SNz LBV z012i13458, Bz
L COFMREILELEbN D,

MALDI-TOF MS # il W= WM O FE L, 77— X—
AHNOBEI EDTAARY NVDIRY — =T 7
Thbo MELZVEKE (FH) &, AR PV/Xy—
YRy F VT OREEERIAT HDIMBEOT VT X
LA MEAaTiesh )77V Y A5475)—1ldh
BHIEMERFEDO Y — 7 /3% — 05 250 ppm LN IZ A AR LS
B TNDE =287 — U BHRLNNITHEML N,
250 ppm EL_F. 600 ppm LNIZ A o> TWIIEE L X)L TD
MMV E LTRAa TSR, Z05 OMWHE BT
LEUEOESZ2SVELTWS), SVARWIEIZY v
F U THEARFREN D, SVH2.0L EH L, Wil
LAV CREHEENE L, 17 20KTIZE L XV TO
—F LHErs B0,

F 72, MR oS IE, EBMR G5B (International
Code of Nomenclature of Bacteria: ICNB) 2 X o THE X
NTW5, MEZSET 25D RN RIEMIIHRTDH S
B, SEEOBR/NEMIIRE L SNTWwE2Z L2 FE
THLE, Ry FUIINE =Y SVE20U LB EF
WCERHIZBLARETHAB, L2L, bIvbhoOKR
¥k ME (Table) T3 MTC 158D 9 1504k, NTM
37D D H17T¥EA52.0 L EC, MTC T 7 ¥k, NTM T 18
RS 1L7T~20 KM DSV EZRL Tz, THHSV20K
WONTMDIZ LA ENT—F R=ZANDOY v F ¥ 73
= OEWT bR (17K 727 % T, [
—WHE —F LTz, SV LT~2.0KDIE L X
VOHETH, NTMOYA, FRRIIIZRAE L ~v & [
ELHEBIL T LI WERDND, WTFRIZLTH Y —
V= F V7 SVAEA 1.7 DS AURERIR I 15k )
HY LMD,

bbb, Saleeb 5, Shitikov 5 & [{4:IZ MALDI-
TOF MS % Fi T, JLHERFK 6 &, MTC & NTM % &b
ToERR AR 1958k D 9 B 192k 235 Z L 8T
&7z0 PCRiLER EOHEFRP: LI LTMTC & LT I157#
(99.4%), NTM & L T 354k (94.6%) DI % — B % A
72%%, [ CREORRBE TOMEHE L o 720

RICHEHERFR DO < A AT VT, M.bovis BCG (H
) BREABEE (H37Rv) #RO Y — 27 %85 — » OFME
VA, EREMILTHAS & 11400 (m/z), 5700 (m/z)
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fFIEDOE =27 234 % 10, 7 (mfz) DFEND A BN TW
b0 COZLIIHARRHETHLZ L HEIRLTWEMN
M.bovis & M.tuberculosis D KM AT 28 % — ¥ Tl
DNA/DNA MRS = W EAE & LT, MTC & LT
RENLZERS, BRRTTOHMIZEEETH L L
bbb, NTM D M.avium (JATAS51-01) ¥k, M.intracellu-
lare (JATA52-01) ¥k, M.kansasii (KK21-01) ¥k& Zh 2
NRIE LR R A X7 " VDY — 288 — U %
bE, TNETNOWBORHMW LY -7 Xy — 2 & —5

LTwW/zo LA L, ERIEEM. gordonae 6 ¥ (4t >~ %
— 20k, Wh LRGSR IE N BE 4 £k T3k IZ DDH
BCRE) O¥fy, M.gordonae (JATA33-01) ¥Rk ¥ —2
Ny = LT, 10617, 11304 (m/z) FHETIEA %D
ARPE AT VAT, 4700~7900 (m/z) #iFACTlEZEhEh
DY =788 — 122~ 3 Bt OB A b 5 FE
JETIF & A EPRIZNL RN Z R L7z,

NNV AT 4 — )V RESIKENE (PFGE), hsp65 PRAR
16S IRNABIE ¥ — 7 TV A2 X B2 L Tw
%A%, M.gordonae DEAZNZIE D BSHI SN T WS 2
LSRR SEEED < A AT N VIZ S BIPE F JHEX
o, MR ZRE LW A RESEH L, Sk
1, [ LW BEEOBSBHRIN TV D DT, K
W7 — DGR ASNTLREIZFTE S, XD
W ) WHEFEDORE A B 5720121, 77— X—
A (W77 VYATATT)—) OmLEOREICHED
ST BERDbNS,

RAANT TV T OKRMO XN DWW TIE, Hettick
LWIEARY MY — Y ORERE—7OFELD b,
A OYER/REM O R RORENICLE DL
LCTWwa, 7, EAMEHOENICONTS, g-57
5 DR S VNN B RIETOHREDA STV S 1910,
L% L, Welker 5! X MALDI-TOF MS ® H 1% 3 & fifi L
NWVORIETH > T, LNV TOHMNIZHETH S &
LTWw3, IhrboifE s LT, PEGE/N Y — Vil
£ 16S IRNAEE Y — 27 T v A L AE0FM 255N
TwdZewpndh, UKL XV TORENT— 5
N—2ZADFTFEIZLVHRL XV TORIESPEFTE S L,
F72, FETZWHOREEAI L) B - B0
FVRHDIZRD S DI EVIRIEINS,

Bl &) 2 7 # 1 L 72 R e o wBATFE:T
DOFGETIE SV DM A 1Z B 7o 7275, Fighoft
FHEIC X 2 SVIETO0.3DCF A% & M7z, AL M
JUBEIL, 8% 9 HA 528 HANDORM TR E MK E
KThor~ v VLA E O ELEREEMT 579
LENBIEDD, AMRIZBITB YY) A E— X%
oA any 7)) THETIR Y oS 7 o B eas B
20, SVOKTFATFR SN S 25, KT ORI A
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BICHBIT 20089 2IESHOMGTRETL D 5,
MALDI-TOF MS %%, KEEEBIE D TldZ <, FE#F
OREVERLHRAETM O 1A 5, TR, B R
FEEMA L NIZPEEE OFEICK LT, FEOYWRT
FICE D REICATE LT A L mReL 2 0, YU A
7OBET I cagemtrssIotibhi, %
72, Y TOVIHERD SRR TOFTERERH b 4D 180
G HR905 & RIEICHEMiT A LB TE, MAT
MALDI-TOF MS #: I3 BB R 0 L i LC, a v %
IA—Ya vyoMEIYRL, LV EeEmErE L, R
OE~NBER T 4 — VN 708 TEDL X HITRY, K2
A MEDBENS L) IZHh->TET

MALDI-TOF MS 13, # & idvoTH ¥ v 7Vl
B ooz s Sh, BErfElezulzs
T\ WAREE ML MGIT® 12 351 B M R EE 1 E B itk & 72 -
72 B 15 T 105~10° cfu/m! (BD BBL™MMGIT™® 0 {543} 3¢
#FID) LE3ND FHELIREBRETL 3 HUAT
ODERGN 2 L TWDHZ LS R EIZ105~10° cfu/ml &
HEM N2 25, I/RILKEORE ) b L TH B L
WEhz, 5%, YRETF—FIR=ZADOLEEEAER
%55 5 BRIR 73 BERR C DR TRV O 1T REVE, RS
N727—Z 1T X 2 Hiis R S o Btk s d & LC
WfEsh s,
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IDENTIFICATION OF MYCOBACTERIA BY MATRIX-ASSISTED LASER
DESORPTION-IONIZATION TIME-OF-FLIGHT MASS SPECTROMETRY

— Using Reference Strains and Clinical Isolates of Mycobacterium —
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Abstract [Purpose and Methods] Matrix-assisted laser de-
sorption-ionization time-of-flight mass spectrometry (MALDI-
TOF MS) method is being played an important role for the
inspection of clinical microorganism as a rapid and the price
reduction. Mass spectra obtained by measuring become points
of identification whether the peak pattern match any species
mass spectral pattern.

We currently use MALDI-TOF MS for rapid and accurate
diagnosis of inactivated reference and clinical isolates of
Mycobacterium because of the improved pretreatment tech-
niques compared with former inspection methods that pose
a higher risk of infection to the operator. The identification
matching rate of score value (SV) peak pattern spectra was
compared with that of conventional methods such as strain
diffusion/amplification. Also, cultures were examined after a
fixed number of days.

Compared with the initial inspection technique, the pre-
treatment stage of current MALDI-TOF MS inspection
techniques can improve the analysis of inactivated acid-fast
bacteria that are often used as inspection criteria strains of
clinical isolates. Next, we compared the concordance rate for
identification between MALDI-TOF MS and conventional
methods such as diffusion/amplification by comparison of
peak pattern spectra and evaluated SV spectra to identify dif-
ferences in the culture media after the retention period.

[Results and Discussion] In examination of 158 strains of
clinical isolated Mycobacterium tuberculosis complex (MTC),
the identification coincidence rate in the genus level in a
matching pattern was 99.4%, when the species level was
included 94.9%. About 37 strains of nontuberculous myco-
bacteria (NTM), the identification coincidence rate in the genus
level was 94.6%.

M.bovis BCG (Tokyo strain) in the reference strain was
judged by the matching pattern to be MTC, and it suggested
that they are M.tuberculosis and affinity species with high
DNA homology.

Nontuberculous mycobacterial M.gordonae strain JATA
33-01 shared peak pattern spectra, excluding the isolates, with

each clinically isolated strain. However, the mass spectra of

six M.gordonae clinical isolates suggested polymorphisms
with similar mass-to-charge ratios compared with those of
the reference strains. The peak pattern spectra of the clinical
isolates and reference strains, excluding the NTM M. gordonae
strain JATA33-01, were consistent with the peak pattern cha-
racteristics of each isolate. However, a comparison between
the peak patterns of the reference strains and those of the six
clinically isolated M.gordonae strains revealed a similar mass-
to-charge ratio, which may indicate few polymorphisms.

The SV spectrum of the improved inspection technique
showed no fidelity, but it was acceptable after days of culture
as indicated by the decrease in SV (0.3 degree). Also, the
reproducibility of this method was good, but no difference was
observed from the SV of the improved inspection technique,
which decreased by approximately 0.3 because of the number
of days of culture storage. In addition, expansion of the data-
base and dissemination of regional specificity by genotype
analysis of clinical isolates was relevant to the accumulated
data, as expected.

In future studies, the relevance and regional specificity of
clinical isolates by genotype analysis can be determined by

stacking the solid media and database penetration.

Key words: Matrix-assisted laser desorption-ionization time-
of-flight mass spectrometry (MALDI-TOF MS), Clinical
isolates of Mycobacterium, Reference strains, Database
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