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IR 5 & B T L D BRSO W TRES L 720
] &

(1) %EBI

52 HAR ANk RREIRIRIE 2 Lo ABE 2 4ETiIIC 2 1Y
BEPRIR EFEH SN TOZZABEEL TB Y, HFEFEI LS
NCwihorz, ABEKEOHbALc (UDS) f#iX8.6% TH
DIAED > PO —VARRDRETH 720 7V I — WK
FRED Vo BRRIEZ: Lo “PAERET & 0 B%, #, AHCRIE,
WHEIEA, FEEL, MR EED D > 720 20xx 4F x HMHBE IS
THIRALAE & ST S L) H AR AT B N [ 5790 B A T
AR REE (DT, %BE) 12k E o7z, ABEROM
WXBIC X B0 HIZpI2 (Fig. 1 (), WEHEEK (3
+) Thotze ThVIA—VEERIZ L DIFHREERES L O
X {% & CRP EAFT R S i e &6 B b7z 7z
B, ABEYPNIINHB X HBR R 7 7 A BRI &z
YD B % isepamicin (ISP) TiHHEZ I L, CRP O
% B8 72728 12 H # I\Z INH + ethambutol (EB) 2% 8
L, G# LG 26 H HIZHF B RERE & 258#% L 7272 © RFP
% 2 INH + RFP + EB @ 3 Al #E & % o 720 JERB &
CHERIZH S R iiE 2RO 7 (Fig 1 () 23, 552k
DPERAS 5 A HEFHE L Twize ARBEREOFS% R 3EH]
JEZVEMAS CIZINH & RFP & b IEZMETH 5 7225,
IG5 71 7 H O FEHEZ MEMRAE I TINH & RFP O A
PETH 2 LA M ERZEIRB S CoL &,
EB, pyrazinamide (PZA), streptomycin (SM), kanamycin
(KM), enviomycin (EVM), ethionamide prothionnamide
(TH), paraaminosalicylic acid (PAS), cycloserine (CS),
levofloxacin (LVFX) O 3EHIEZMEMA DR RIETRT
EZMETH o 70 WBHMMGH 2 SIHER A S 5 £
TOHMIZIS3H G H) Tholzo ABEHHTTD
D, REa Y747 Y AERIFCH o720 7 BIERED

(a)

WK% 5588% 5 7 % 20134E 7 H

38kg L MMEFREIARTH - 2720, Piks
KO P - IEINH 200 mg/day, RFP 300 mg/day, EB 500
mg/day &, RFPB X OVEB 2RISR L D b T 0
VYRTHoIze FLRMERTHLZ EHHPEL 2
HE# X ) EB+SM (0.75 g/day) +PZA (1.0 g/day) +LVEX
(375 mg/day) \CTIHEE MG L, 17 HRICIIEEDE
YAl BEB X AR S & Si1cdE Lz (Fig. 1),

(2) ik

B, FEEFREOSHIMALE R B 725
BEBIA 4 B ] BI2E S gk s X 0% AL
BRI H 72 5 EHEIG 5 7 H B S gk s 2
NZENGIREREEE (A 77 A L) THEBBIUY—
{tL, N-7tF V-L-Y A5 A ¥ - KEALF + VU~ L
(NALC-NaOH) {12 & 1) Hi AL # % 47 \», Mycobacteria
growth indicator tube (LT MGIT)/BACTEC MGIT 960 ¥
275 (ARRZ F v - Fq v F 0y VA 10X
DR, I ROV 7 )by 7 THI-CHERE b (R 138
Toemraliatt) (CTHMEREEL, £4 30 =—3 DRI
L 72,  O"MGIT/BACTEC MGIT 960 ¥ A 7 2 % i\
THREAEL 729,

(3) FEBik
O A & k3R

[BACTEC MGIT 960 AST ## 1% W S& A1 ik 52 YA A 3
Vy bYU—=X] (HARZ Y - 74 v F vy U BRR
£4E) (BUF, MGIT#) % M TINH, RFP, EB, B X
O SM x5 2 & O W %175 72,
(2 DNA D

5 mL O MGIT &5 % Fv T 37°CT 1 ~3 AR &
#ATo 724, 05mL% ~ A4 370 AFAREE (R AR
Tepraiatt) <, WOt (530nm) £%0.2127% % £ T#
WREEE 21T o720 DNA DI, illustra bacteria genomic
Prep Mini Spin Kit (GE Healthcare) % W T~ =2 7L

o

Fig.1 (a) Chest radiograph finding on admission to hospital, (b) Chest radiograph finding at 4 months after start of first-line
therapy at MDR-TB diagnosis, (c) Chest radiograph finding at 3 months after start of anti-MDR-TB therapy
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2PV, DNAZIIR L7ze F72, Bpla vy tu—ne L
T, Mycobacterium tuberculosis H3TRv H&DNA % LLF D
FEERIZ W72,

@ARNVTIAE T

7I 4 <=1, DRa (S KA F ¥ NS h7:
GGTTTTGGGTCTGACGAC) & DRb (CCGAGAGGGGA
CGGAAAC) % I\ 720 2 L O DNAA {fi 12 Promega PCR
Master mix (71 X FRALHE) 10 4L, 100uM %7 7 A
Y —02uL & MR, AR20pLIC% 5 X9 ISR RK
TH#E L7z, PCRIZ, 96C 37D TV —F 4 ¥ 7,
96C 143, 55C 143, 12C 3082849 1 7 VHiRE L,
IZ72°C 5 4 BMER BOE % 17 - 720 PCREEWIE, * ~
7L ¥ FAZHEHMAE L 72 Kamerbeek 59 28t L7243 D&
A1) TX 7 LAF Fend 7)) 54 X848, ik,
TNAY T+ AT 78 —XEHRA LT M TEY ik
G, BEZMAIM I, FDIE, ECL Western
Blotting Detection Reagents (GE Healthcare) % T X
T AINVAIZER LT
(O VNTR B3 fHT

7T A= —I%, Al S0 S L7z 359 O VNTR
TIBRENTIZH W SN2 d D&M L72o PCR S I,
Takara EX Taq Hot Start Version (Takara biofl:) % Ji\»T
115720 1 uL ® DNA ¥ |2 Takara EX Taq Hot Start Ver-
sion (5U/gL) 0.1 L, 2.5mM dNTPmix 2 #L, 2x GC buf-
fer I (Takara) 10 uL, 25 M%7 54 < — 05uL %M,
G20 LI B &) ITHE S RUK TR L 720 PCRIZ,
GeneAmp® PCR System 9700 (Applied Biosystems Japan,
Ltd) ZWVWT, 94C 55T Lve—714 ¥ 7%, %4
T 30, 63C 30, 72C 343 T359% 4 7 VIIEL, &%
#1272°C 7 5 M ER KOG 2 17 > 720 PCREWIE, 1.2~
4% T Ha— A )V (E-gel: Invitorogen) TEAKE L
720 BARIKENE D 7 V1L Gel-Doc (Bio-Rad Laboratories,
Inc.) THi# L, ATV 7 b Quantity-One (Bio-Rad Labo-
ratories, Inc.) % FI\> TR VNTR FHIS O 35 Fe ) £ % HE 2
L7
EFAMEEET O > — 7 ¥ AfFHT

RFP O3EA M 2B 53 % E 5T DIRIT I, rpoBiEfs
TAEREEEWNRE Lze 7T 4 <% —1%, Rossau V8
W L 721P-1, IP-2 %\ CrpoB {528 WAk 0 3 —
v AN RGN L 72 (Table 1)

INH O A i PE A B 5§ 2 B8 F O, katG,
inhA, ahpC, inhA promoter, fabGl, furA i {n¥1-%5 54638
Exg e Lz, 794 ~—I%, Ando 5225t L72-129
furA & Cardoso 5 A3t L 72 KatG-5, KatG-4 & KatG-9,
KatG-8 & KatG-13 12 2., M H IZ/ERK L 72 KatG-216247
& KatG-216052D 4 DT 54 v —t v b2 ZhZFhH
W, furd B L WkatGBInFERFIRD ¥ — 7 ¥ AWM
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%41 72 (Table 1), inhA, inhA promoter, fabGl &z ¥
22 BAEIIE, Ando B 2SS L 72 200fabGl, B L Y
inhA+40% VT, ¥ —4 v AN %47 - 72 (Table 1),
ahpC B a1 2 S IE, Cardoso 59 255 L 72 AhpC-
1, AhpC2 % HI\WT, ¥ — 7 ¥ A @M %47 - 72 (Table
1)o PCRIZICHEN ¥ RHSERD S N2 HHIC DWW T,
iBase ™ Power System (Invitorogen) 3 & U, E-gel®Clone
Well Agarose Gels (Invitorogen) & W TEL & 594
ADPCREY D7 VN % Fhi L7214, ¥ — 7 v AfFHT
BiTo 720
®—¥EH% M B X U DNA BHLEE T OfFT

—IEIEL RN G- 2 IR T O, 7/ & Lofr
BT & 5 797736, 909166, 1477596, 1548149, 1692069,
1892017, 2376135, 2532616, 2825581, 4137829 D4l 10
AR L L, DNABEEIZ TG 5851 Off
M, mueT2, mutT4, ogt I % MG L L7z £,
Hanekom 512 & - TH#Hii & 71172 Amplification Refractory
Mutation System (ARMS)- PCRIEZIGH L7275 4 % —
%M\ 72 (Table 1), 1892017 FHIS I & U murT4 FIFIC
BJ L i, Hanekom Wi L7279 4 v —Tlx, #
Bos Y FOBIEARED SN0, BIESHED SN edo
7z (data not shown) 728, MBEIWIEK L2 T T4 ~—
mutT4codon48F2, 1892017SNP6R2 % #l & A 4> & T fl H
L7z (Table 1)o WARMMT T I 4 ~—t v MIED
& 3% PCR Y OIEIRAFED b N7 5 A 1L HF AT & )
FL, BRMBEHH 74 ~—ty MIERH LT 5PCR
FEW) DOBINRATRD H NP B FERA L WE L7z,
@OKHET 7 2k D: (Regions of difference: RD) D f#HT

KBELT 7 A KRB § 2 815 T 0BT,
RD142, RD150, RDI181 #H3d % xF 8¢ & L 720 RD142 #HI%
1, Tsolaki 59 A%#i ik L 72 TB-RD142-F & St FIZEIK L
72RDI142R3 % 7 5 4 < — 2 H 72, RDI50#HE L O°
RDIS1 #H I 1%, < 1 & N Tsolaki & 3 7 L 72 TB-RD
150-F & TB-RD150-R, TB-RDI81-F & TB-RD181-R % 7
F 4 < —IZJH\v 7z (Table 1), RD142 D 45121, 3780
bp [ HEIEASFED SN 7zKE, RD142 (4 @ R&AR L) &H
L, 806 bp (Z¥4IEASEED S 7z, RD142 (— @ R%)
EHE L 72e RDISODBAITIE, 3267 bp (CHIEATED
5 M7z, RDI1SO (+) &% L, 780 bp (2 ATFE D
b7z, RDISO (—) &I L7z, RDIS1IOHAITIL,
1713 bp IZHHEATE®D S 7z, RD181 (4+) &HIsE L,
1002 bplZHEIEAERD 5N 728, RD181 (—) &HIE L7z,
@4/ L OYFEFIE, (NTFHEIR) ~O¥f ABLS (S 6110)
DA

7"F 4 = —1, Plikaytis 57 235 L 72 MDR-6, 3 X
U'Wada 5935 L 72MDR-6rZ& i ] L 72, kg,
302 bp (W MR ATFE D & N 7235 A 12 ancient B & % L,
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1.5 kb I3 IEASFED & 72354 12 modern B & H) 52 L 720
Fo, WHIEIEWRZHET 572010774 3—& L
T Plikaytis 57 25#t 2 L 72 MDR-7, 3 X (*Wada 5973
Hi L2 MDR-Tr 2 f L, 1.5kb ISR TR Sz
WA WRLE 52 L, 280 bp IZHINEA R 5 N7z A12
FEWERLEHE L7z,
OALH BRI B 2 537 7V — TR

—IREL R 2 W27 7V — T TlX, Iwamoto
519 & Filliol 520 D Ji ik & w720 VNTR & w7247
TV — TN L, Wada 5O D FEE AWz, 72, Bl
BTN — TR T B W ARSI (http://onlinelibrary.
wiley.com/doi/10.1111/j.1574-6968.2008.01431.x/full) & 7%
JEBIB MR LIS 5720, 7 UV 707 7 4 )Lk
2, ¥y ¥ CHEER RS, R % Fitch-Margoliash
B THESE L, Tree View 12 X 0 Ak 2 17Ek L 72,

T R T T ra T AT T T T TTT TP T SE
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b R

(1) SeHZE B

MGIT 12 & 2 5 sz B o5 4, £ Al AL RT
D5y EERE 4 ¥ T, INH, RFP, EB, SM D3 X T O
TR L e S, ZHIIEALE O 5 bk 4 kT
1, INH & RFPZSIiYE, EB & SMASESZM: & HE S iz,
(2) ZARYTZ ALV F
FTRTOHERR 8 BRIZ, 43 WHTDAR—=H—H1, 1-34
WorhskeEtt, 35-43 O r M TH -7z (Fig. 2)o

(3) VNTR & BIUSEMT

TRT O 8 Mild, 35 HHIR O SAEE S L7
(Table 2 )0 F 7z, VNTREVEN 2 I\ 7297 7 v —7
M TIE, BIH 77V — 7128 LT\w72 (Fig.3)o

(4) FEHHEREIRT

FU1-1
FU1-2
FU1-3
FU1-4
FU2-1
FU2-2
FU2-3
FU2-4
H20
BCG
H37Rv

12345678 91011121314151617 181920212223 242526272829 3031 323334353637 383940414243

Fig. 2 Hybridization patterns (spoligotypes) from clinical strains of MDR-TB in this study, M.bovis BCG, and
M.tuberculosis H37Rv. A membrane with 43 spacer oligonucleotides was used (vertical lines). The spoligotype of the
clinical strains of MDR-TB corresponds to that of strains from the described Beijing genotype group.

FU1-1~4: before MDR-TB. FU2-1~4: after MDR-TB. H20: negative control. BCG: M.bovis BCG. H37Rv: M.tuberculosis H37Rv.

Table 2  Allele profile of M.tuberculosis H37Rv and clinical strains of MDR-TB in the VNTR loci

covomTt o =) o & 58\0 5‘0 E
e} o~ — < o — ISa) —
S2555SSS885<aoe--0agas3d3a 003328 §
EEEEEEEEEEEEEEEE R R EEEE R E R,
= >555532>2>0mmmo00=2550552550025500 2
on
s .0 3
T OO T~V - AN =N A NMOOVOVITT—OoOWVLOATA—=WNA 17
WBDFTLMMNOARASANTOOCOEN O SO AANATERAAN —= O W0
HUM AV OUVNMOANO =0 X0 —FT AN~ — OO~ N —=0O0NOON I —O 24
ScocS—AdAadAddntToANS AN —=OFTTONNM =0 —Qq N 6T
[ A A s A T Ao A o A A Y A A TR A A o A o A A A A A T e W Y Y A T A A 4
FEEFEEFEEEEEEEEEEEEEEEEEEEEEEEEEBEEEEEE &
222 2222222222222 22222222222222222ZZ
L =l
JATA-VNTR (xb) O o O o O OO O OO0 0O
15-MIRU-VNTR (%c) 00O o O OO0 O o O OO O o O
24-MIRU-VNTR (xc) O000OOOO0OOOOOOOO o O OO0O00O0 o O
Hypervariable loci (+d) O O 0O
Reference strain
Mycobacterium tuberculosis H3TRv 23322613332133432541323243548¢642245 —
Clinical isolates
Susceptible strain (before MDR-TB) 221425163633 42739 713314116 4 43 3 47 8244428 Bl
Resistant strain (after MDR-TB) 221425163633 42739 7133141164 433478244428 BI

#a: VNTR subgroup from Wada et al. (2009); reference 18.
#c: 15, 24-MIRU-VNTR from Supply et al. (2006); reference 27.

#b: JATA-VNTR from Maeda et al. (2008); reference 10.
#d: Hypervariable loci from Iwamoto et al. (2007); reference 28.
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Table 3 Results of DNA sequencing mutations analyzed, Types of sequences designations, Point mutations in indicated putative repair gene, Regions of difference,

and IS6/10 in the NTF region for clinical isolates of MDR-TB used in this study.

1S6110 in the NTF region

Regions of
difference

Point mutations in indicated
putative repair gene

Types of sequences designations

DNA sequencing mutations analyzed

W strains
or
Non-W strains

Ancient type
or
modern type

RD RD RD
142 150

mutT4 ogt 181

mutT2

ST
subgroup

6C8LETY
186678¢
919¢EST
SEI9LET
L10T681
6902691
6v18¥S1
96SLLY1

991606

9ELL6L

inhA
promoter-  ahpC

fabG1-inhA

katG

Reference strain

Non-W strains

Ancient type

+

WT WT

WT

CCCAATAGTC

Mycobacterium tuberculosis H37Rv

Clinical isolates

Non-W strains

Ancient type
Ancient type

+

ST3 WT WT WT

ST3

TCCGATAGGZC
TCCGATAGGZC

Susceptible strain (before MDR-TB)
Resistant strain (after MDR-TB)

Non-W strains

WT WT

WT

S531L

— : no mutation or absence, + : presence, WT: wild type

FEf% 88 B 7 o 20134E 7 H

RFP i (5T D rpoB AU, T PEIL#E 55 BERR 4 ¥
DHRTA R 531D Ser (S) DLeu (L) ~NDEEDPFED
517z (S531L) o T ARG D 2 BlEkE 4 #RiZ, rpoB IS D
BENFRD N5 72 (Table 3) o INHH 1 #E R T O
katG, inhA, ahpC, fabGl, furA, inhA promoter FEISIX, ¥
N T D HERE 8 BT ALTI R OERIBD LNk o
72
(5) —HAEL A, DNABEMBERT, KRBT 7 4K
2%, NTF A~ O3 ABLS

FTRTOGHEE 8 bR, Fl—D /Xy — v ZRL Tz
(Table 3), —MEHELMOFER, STH 7 7V — T C
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Fig. 3 Dendrogram constructed from VNTR typing results
of M.tuberculosis isolates from 84 clinical strains; data from
83 clinical strains are based on previous studies (Wada et al.,
2009; reference 18) and one clinical strain is based on data
obtained in this study (FU). All isolates represent one cluster
(B1). The dendrogram was constructed from a distance matrix
using Fitch-Margoliash analysis according to the VNTR mark-
ers. The Manhattan distance is indicated at the bottom.
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Original Article

EXTENSIVE GENETIC ANALYSIS OF CLINICAL TUBERCULOSIS ISOLATES AND
ANALYSIS OF HOST FACTORS TO EVALUATE RAPID DEVELOPMENT
OF MULTIDRUG RESISTANCE DURING INITIAL TREATMENT

I34Takayuki INAGAKI, >*Taku NAKAGAWA, 3Shinji MAEDA, °Yoshiro MURASE,
®Kazuya ICHIKAWA, '*¥Makoto MORTYAMA, *Kei-ichi UCHIYA, "Tetsuya YAGI,
3Toshiaki NIKAI, and '?Kenji OGAWA

Abstract [Introduction] In this study, we aimed at deter-
mining the cause of resistance to tuberculosis treatment by
performing genetic analyses of bacteria obtained from a patient
who developed multidrug-resistant tuberculosis (MDR-TB)
during the initial course of treatment for tuberculosis.

[Methods] Specimens obtained before and after the devel-
opment of MDR-TB were subjected to spoligotyping, drug-
resistance gene analysis, and variable-number tandem repeat
(VNTR) typing. The patient’s clinical background was also
reviewed.

[Results] After the development of resistance, the bacterial
genome had changed with regard to only 1 mutation: S531L in
the rpoB gene. Spoligotyping revealed that the genotype was
that of the Beijing strain. VNTR typing confirmed all 35 loci.
Review of the patient’s clinical background showed that
diabetes mellitus was present as a complication.

[Discussion] There was no evidence of reinfection or
polyclonal infection. The strain belonged to a sublineage of the
Beijing genotype that is a common precipitating cause of
MDR-TB due to this genotype. The patient had diabetes
mellitus and was thus vulnerable to the development of
resistance. Factors associated with both the host and bacteria,
therefore, contributed to the development of resistance in this

case, which seemed to result in the rapid development of
MDR-TB.

Key words: Multidrug resistant tuberculosis (MDR-TB),
Spoligotyping, Variable-number tandem repeat (VNTR) typ-
ing, Drug-resistance gene, Diabetes mellitus, Beijing genotype
strain
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