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Fig. Comparison of the relative ratio of cluster formation
rate by the JATA-VNTR systems in each district. The relative
ratio was expressed as a standard at cluster formation rate of
the IS6110 RFLP analysis.

Table The criteria for selection of the VNTR analysis systems

Analytical instrument

Purposes of VNTR analysis

Agarose gel DNA sequencer Confirmation Population Databases
electro- or Capillary of epidemi- based-analyses of TB
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Fig. 1 Minimum spanning tree of EHEC O157 (VT1&2)
based on the data of IS-printing

Fig.2 Minimum spanning tree of EHEC 0157 (VT2)
based on the data of IS-printing

Fig. 3 PFGE patterns of EHEC O157 (VT 1&VT?2) strains belonging to the largest node of

minimum spanning tree showed in Fig. 1
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(From local surveys to global surveillance)

HE B e T e aA PR

U &I

B FIRAIIR IR % &, O#{=TF IR0 FAT
FLEORME - 3, @EZRB OIS A - Hhis i
HIET B AN OB S R ORI, 21T, O
DWRIZ & 2 BAHESH O E (ERIERORER L) 12
GHETED, TNETOWNENS, HMERBEITHRL &
BREICIEBOBERFEEISFIELTBY, ZO54C
Huse e AFEIAFEDSRED SN D 2 &Y, T VT Hl
BWCIZAL AR L W) BIEREPEEELTB Y, &
i, ZoBERFE TG LR EmIcH B 2 &,
WHE & I 5 B PR T o KRB 2 42 [ Be 361 58 =
2—F =7 MEFLIZ1990FERITR T 5722 &2, T/,
BT DYENCB VTS MR EFFIEILS streptomycin
(SM) THEDFERE R EDSILHPRIZE L T b 2 &R L
DS T 5 72,

RN FEOE - SRR, O TIEFIIIEIE 2 0m
Wa77a—F, 34bb, FFEORKDEIEH % B
3% 37077 70 —F (micro-epidemiological study)
PO RHILD BV IE 7T — L LAV THA LT B
BE O ALIREE - B ERE L, HEAL L Tof
- HEEEENOEEF L VI BIEILHHT L L 09
~ 27 U7 7u—F (macro-epidemiological study) F T
B HN—F L AN R IZI - 72F5E~NE R L Tw
%o ZITIE, MBHERTENTFEEZMHL, WEH
A BERRICET 2RI OMA AT H L L HIT, 58
DA TN D IO W TR %,

BRESFRZENTHAINS
EEFRBIFENE

(1) W OSLIRE (divergence) & BIx%M (phy-
logeny) Df#MT
(D Large sequence polymorphisms (LSPs) : %/ A fH 1%
DORBI /K% PCRIC X D 113 %, Region of difference
(RD) & LT, SAMFEENERZ IR L D % HIBAHAK
FIZBWTEEHE SN TW A9, RDOHIIZ, unique
event polymorphisms (UEP), %&b H#Efbdi® LT 1
MOBDONLA XY PTHDHI LD, KlZRHI
NG R TBIEF = LTCHHATH %,
@—35HZ% R (Single nucleotide polymorphisms, SNPs) :
A=y 7 (A) EIES, —HEOER (MZRER) 1TX

S>THELZZZHTH %o KBIZDRENDFUERE (5 5\
F5bHE) (2T v ¥ DITHE LB — A R 2 R
W95 2ET, BERREHET S, MZHTIZIINE
TIZZ O SNPs AVREE ST H ) RBMANTIIHH S
TWwaY, —IEELMEZ RN 2 FEE, V7 IVE 4 A
PCRYX ¥ — 7 v —ZHw e &L &S h
Twb,

@5 FHIH~DIF ABLY (Insertion sequence, IS) DAF
T SR AL AR Tl NTF IO 1S6110 DFf A IS
L0, #HEH (S6110% b 727\) EHEA (1S6110 %
HY D) 0B EINEY,

ODAR—=H—F1)T¥% {7 (Spoligotyping) : %
ALZ7 P E=TF (DR)IZHRINTZ 1 ~43DAR—H—
A OAMEIC L WV RikE A Y 735 HETH5H, 1
RHABTORBRHIHERO T -y BEHENTEDY,
spoligotyping @78 % — 12 X ), FE L5 IEHRE (clade)
ZRETE Do T4, BYEPRRIL D720 OB IR+
HE LTRSS NS, bAED XS b Bk 52
ME LT % Ml Tld 2 o BRI I3k <, RitkL
NV TOBARFEUNENT I A T E v
(2) BIHEFMI D720 O T3

(D RFLP (IS6110 Restriction fragment length polymor-
phism) : 7/ A FIZT v ¥ ZIHA S NI ARS] (IS)
61I0%FHF U NA TN I L= a VETHRINT 5. B
WENTNY FOREUZT /& PSR L 72 1S6110 D
WA, NvFRoOGTRIET /5 L TOIS6110 DAFAENL
B % WL 725 DT, IS6110 DL ALIE &\ ) 1HHICIE
DWTHKROBEETRN ZENT 5, Wk A7
REINICEN 2T TH B2, 5T, £7O DNA ()
LpgPhb) PRETHY, T2, BIEMHME TR 23
B EV)REDD 5

@ K AEBL Y % B AN (Variable numbers of tandem
repeats, VNTR) : 7/ & FIZAEFET A 501 bp D IERLH
2=y LBV ELESNO I —HERRLEZ L
WXV F A Y 7T %, PCREFI LN D720
A O DNA THITT& %5, THETIZ, $HD
VNTR D HE ENTEY), ZOER - flAGHLEIC
LRSS AL TR R 29, BITRRRT TS
WFERTEDLLEDIEET — & X— X OWSEIHR 7 Fik
Thbo
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BB R B D R ER RIS

Soolingen 5T V7 THHES N LB DL L 23
F B TR ARSI E 2 R, ZOBETHIC
JE 3 B & AT AL EIRE (Beijing genotype strain) & %4
T 727, dbniipRIE, Mo ERM E T, Oy
EHDBENRTN S, OFAE & BEME S, OF
W - AREZDIEREI LR TV, @ BCGHAIZ L 560
DB EZFIC WEOIEMEL RSN TEB Y2,
DEFHEMEATRIB SN T WD, BAE, R0 GLK
A dh D, WERITORBHIO—> & LTHEEINT
W5, HFCTHEE S N AR OK 3 EIA 2 OMIZRM
WKET &b TBY, PTh, FE, 2NV MiEEE
RIHY HEHE T OMIZEIE, FEIZL HIMERZ O SIE 12
KECHEEBL TV, DYPEOEKSBERDOIZZT~8
EIAZ OBZRHIIE LTV D (Table)o

A EIRRN T O BAZ R B 2 F%8121%, LSP
(RD 105, RD207, RD181, RD150, RD142) % 7=
Tsolaki 5 D15 % 13 U@, SNPs, DNA 55 B i =
TOER, 1S6110DTFALR Y, £ OWEsH5,
5 DBIZT~— A WU T, ENTH I
LR R W O BRI D W TRz L 259,
HOE O LI I BB O BAZRFAEIIRAE L TB
D, ThENDPERAERLEPOEELZLDTHS
ZEWa o7 (Fig)o BIREWZ &12, FAMETIX
NTF BB 1S6110 DI A % 528 % A (modern type)
O EEIEREIRCOIIK LT, bAETIE, #6i2, #HE
BOGHERIE L, ZORREDEL> TWwD Z P
IS N7 (Table)e &0 &9 0T HEALRIEATRAE L
TAEM R ARSI, ChETIEHEROZVWDLDTH
D, WSO L FIHEKAFITER EN 2D DTH D &
WBREND, 5%, 59, LHYEEOBIZREIES
LCV200EMHL T L LT, Bizdekirii~
DFDVPOFEENDELDEER D,

Table Ratio of Beijing strains to all clinical isolates and
their distribution based on the ancient/modern classification

Countries/Region Beijing (%) Ancient (%)  Modern (%)
Japan all 73.8 81.7 18.3
Chiba Pref. 80.4 - -
Osaka City 80.4 - -
Kobe City 78.5 = -
Okayama Pref. 72.5 - -
Okinawa Pref. 71.3 - -
China (Beijing) 93 5 95
Hong Kong 70 14 86
Taiwan 52 4 96
Vietnam 54 25 75
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BIEFRBEHICH LI REERR DOEZ IR

PRSI AR AE 3 2 b 5 Bt % T 38 R A T o0 e 0
L, FNENONBBIEIC L VS E T 5 ERTOR
BWERMSE 2RI, KRHERMOERIREZ L
FRAZ R DR F NI 2 HEZE L 720

[Fi] — Hh 3 T4 72 AR k2 Pk ik 188 Ak & 6 T 14 i 1%
WOTHR (9 HATHRITE L HIIPEAS N O bRt B A%
WEREZ B L2 2 A, HERICHENS 2 #
=%# (B1, BS) »°%#] (BLHA) WEEHRECHE
WCIBUEE SR Z L AR ENT20 SR - WL H
T PEAS B B F CRHEZ I T % Bl, BSOWj#{z
F#lE, BETEROBHICHLTERETHD, HdHW
i, BIETERZREI LT Wi EL AL 2
DHMOEIDOREEETH LD E b S,

FEAFE TR — P OERMELZ KL 25, HR
OB O WL BEEN R R THREIC LA L
7eDITR LT, MO EEFZE TH 5 B3 ILHIC
FAEF R THBE G HIE L7210, FreRl 3 g
24 - BHRICBWTHAEI L ) ER TV 2 L DOIIFRHR
HENRHL, DFY, EFEGAREELDTIERI LR
FTVBERBE DWV) T EWNTE B, EFERFED
A7 7777 —& L TCOHBID, DIEOHEFIEIC
LVl HEEL, BROBEZFDOITA T AT A NVITMA
THMOERA S L, FHFERII LT - R fak
T T 2EE2 B O THERTIE L 5, $72, SiFE
J& & EAERTOBENMEDEVWES X L RO —
DL LT, BCGHEMOWEEL O RE IN D, ¥EWD
BIZRAADENE BCGIZL 57 7 F VR Fo B,
SHOMFEMELE W b,

RD207 deletion<

Other lineages
B5

RD181 deletion»
s}
S
=3 B3
E ogt
?. mutT4—> /
A T/B2
IS insertion in the NTF 4
mutT?2

' B4

Fig. Phylogenetic tree of Beijing genotype M. tuberculosis
strains based on SNPs specific to the lineage. Arrowheads
show putative times at which the corresponding genetic events
occurred.
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SROBRED FRFWR

B AR T 5 2 TOMERR L L T,
DOUEORKER LA EROBEZREHLHHAL, 35
12, FMIERHOBAIEHEZIRT 5 2 LA TE,
S, INOOEFNREEE Lo TRELZMIT 52
LT, BIEOMBAR~NDOT L =27 AV —, T&bb,
WARDPEIZIE U7 KA EBTE 5D EE LT
Who £, 4 0BIRRICELT, 7/ A
TA RN BLEICZ>TLATHA)e TNETO
S FEFRZEIIE S T & 7ol s TR ik,
Wy, 7/ A ORGSR ERE BT Y- & T
%, gene-based typing (geno-typing) TH 0V, ¥/ AT A
FZEHmAIRTE 5D D TIE RV Geno-typing based
molecular epidemiology 2* 547"/ A% %5 & L7z Genome-
typing based molecular epidemiology 2% &3 % Z & T,
MMRETEIES O 22 MEEZERTL b0 bhb, &
77 BRI HED  WARILIE 2 40 T2 L NV CTHET T
Ev) Ok, BIERE CTIEEWREICT Ehhot L
PL%S, SHOXKMARY =7 =12k 52 Hiff
FEHOAL = FIE, ZOHMIPTIEIETRTND
CLETRESEL,

¥ & B

WE10FER Y 13D 72 2 KB 5 TR O R,
IR G O & RGO E % B L7280
BFEFMFEOR R ST, FEE GERWN) oL - R
wAsE, BRI, BRNSREORHZ &%
HHIZAE Y F 7 LTWwb, TNHAE VT Lzkks
LWPGEHIEAS S D BRI E HT, FOREIHERIC
RO Z BT, MR L W FIEARII R B PR AN
F 0, LR, B, BENEOLBB L
o TW5h,
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4. DFRZHEROERKCH

KEET IS - 7 LV ¥ — L v & —BRIigess A B

FBZIRIZ B\ ORI ORGSR E SR W C L 52 D
WFERo TVDDIRHADFETH L. MH LS AL
B HIFHRE A BN S 5 2 & id, SHBUET & ME
THDHNRZORIIITEHRE S R LME L RMEZET S
ETREND G TEFNT OEBRIGHIC B W TR
WOHIHOESIHREE 2> TBY, 1990481213 Inser-
tion sequence 6110 restriction fragment length polymorphism
(IS6110 RFLP) AS#EA% T 20 2N I IS S 7z,
1S6110 RFLP ASHUL T dd - 7RI, AN O BIs o 1%
SWRERICHZAT) S DL o7 ZOBEGHD
J2 & % 5l 9 % 72812 Polymerase chain reaction (PCR) 2%
RAZZWNISH SN T %o RIS HERL I 7012 AT
DIFEIZHBWTH PCROFI S, FFIZ20004E12A D
PCR % Ji\» 7z Variable numbers of tandems repeats (VNTR)
DEHZED, TORFS %5 FICHBEORSITLD
DFIEFRTIIL A EIN S L) 1% o7

VNTR % 1/l & L 72 PCR % ] L 7 A% TR 40 12 27
AT 2 FIH9 % 2 L2 X ) 4 X TERAEI L TH -
TRRGTR 3 T2 RAT b B IWTEANTRIRIG I § % 2 & 5]
HBIZR o CT& 72 ZOEBEIRT,

GER) 1) WEHED 5 DOEE VNTR ¥ 1 ¥ ¥ 7 DEF F R
To BEZIGROT M, &, £, BEATY BRI TR
WD D o 720 L, FEHEMRIRSZ M EAER I Cstreptomycin
fif Pk, isoniazid (INH) I EREA MO IEG L7z & v
) T DRI LTz, BIRIEAET IC CERIN ISR
& ZAF T 7228, 2003 4FE MR ICERFEEA LB L -0
T, KREFFSZMEEE - 7 LIV F— Rt v 7 — 12/
ol MEERo7-01%, PEOFESWB EE UK
WZE > THIEL INHIHETH B D089 1 Th - 72
W), WEIRBIKETEAR &, WAL PCR b aYET
Holzns, B AoBEE SR (1+), #8HE PCR
BBtk & 7 o 7o BH BRSO B H: VNTR IEAT O
KRS L 720 T OFER, VNTR 2SS — Vi3H, &
BHROREBERE L RBENIRESH S 0L %o
720 #91 Jtk, DED D ORI OWRBERZEHER O K
FAVHIE, B, BEBEFAMROEZM Y- ThHoH T
&, % 5 WNITIS6110 RFLP /8% — V2Tl Bl & | U3
5= ThHDHIEDVMERTE,

CREBI 2] I 68m Y Mo AR BT AED 1 o

RN &S DR TR ZIPIR R - 7 LIV F —BE#
+t > % — 12T isoniazid, rifampin, ethambutol, pyrazinamide
D 4 FIERAC AL 2 FdG. 6 7 IS TIRITHRT L
7oo L L7RDSOREBMFE T 3 71 R DALRIRHIZTE 2
WHL, TR OMESRD b, Larbgkit
BH BRI TH o 720 2 O BE TP LR IR
FI AR B E & SN L T2 T, R
£ 0 b LA AL DS R P& G35 b L7z HIIEn
P BAETT O AEA% WMk O VNTR ARS8 & 4 [ ERIL 0 15 35 1%
K VNTRAG R A KT 5 L &< H—Tho72Z L%
HIZIZH B L 72 0 TEREZ RSB R RO WRPEFRIR &
R, WEORKIFHRI THEAE L2 MG L 72,
#9 1 BB TR RSB R R THh L 2 L
DHERAT & 720

ko X512, HEEPENEE L EREOD B BE
B3, FEWE LRI L 72 R (289 A & 1 38 VNTR AT % 17
9 T LI XD Bl & BN D B S TE A AEH THIBT
T X, %12 multi-drug resistant tuberculosis (MDR-TB) #E
T B X2 extensively drug resistant tuberculosis (XDR-TB)
HRBELEMEOD LA, bbb EBEEL TV
HERPERL-o2, WMEBEZ2EMEOD 2
MDR-/XDR-TB 23 &40 L 72 0 B O HWTICHEHTH
%o MDR-/XDR-TB &4\ & % ZE95 AVHI I L a3l 126 i
THILIZLD, SRR REN CZENTE b,

FIRRLZ, NEERIZIEEDT DI, Vo 7z AR R HER &
PEAL U 72 BB DSTRHER L 72 RIS TRHE R AR IS O A5 1% B 25T
PEW L7238, WEH#ARIK L7204, MDR-/XDR-TB @
AR TR TR AR Z 5 720, E - F -fkE D2
YEIFR—=Ta X DEEETH o 7200 KR
HIZTE, PO ABERDRIMETE, EREHIKIC
SN THIENTE A,

VNTR DFERIIEME T — 5 % DT, FHHIT VNTR 7 —
FR—AFRWETHILENTE, HEHEEEPCRD L
B REGMEMAAR Z BT 35 2 & 12 X 0 £ A5
VNTR/X%Y — Y OUBAE ) TNV 5 4 ATERT LI LH
T&ELDT, B AREEFNRFIEAENS,
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ADVANCES IN MOLECULAR EPIDEMIOLOGY OF TUBERCULOSIS
OPEN THE DOOR TO THE NEXT STAGE

Chairpersons: 'Tomoshige MATSUMOTO and >Tomotada IWAMOTO

Abstract Before the availability of high-resolution geno-
typing tools in 1990s, there was a prevailing dogma of little
genomic sequence diversity in Mycobacterium tuberculosis.
Due to the low levels of genetic variation, it was assumed that
M. tuberculosis exhibit very little phenotypic variation in
immunologic and virulence factors. The fingerprinting method
based on restriction fragment length polymorphisms (RFLP)
of IS6110 insertion sequences had unveiled the underestima-
tion of the sequence variation in M. tuberculosis and the impor-
tance of strain-to-strain variation for understanding patho-
genesis, immune mechanisms, bacterial evolution, and host
adaptation. This method became a gold standard for strain
differentiation in the molecular epidemiological study. It had
lead to a profusion of studies in molecular epidemiology such
as the detection of unsuspected transmission, the estimation of
the extent of recent transmission, the identification of labora-
tory cross-contamination, the identification of outbreaks, and
distinction between reinfection and relapse. This, in 1990s, is
the opening of the molecular epidemiology of tuberculosis.
After the completion of genome project of the M. tuberculo-
sis laboratory strain H37Rv, some of the clinical isolates were
completely sequenced. This prompted the in silico genome
comparison and identified various genomic markers which
can give a unifying framework for both epidemiology and
evolutionary analysis of M. tuberculosis population. Of them,
variable numbers of tandem repeats (VNTR) was found as
the most promising PCR-based method which can provide
adequate discrimination of M. tuberculosis strains in many
cases, including the estimation of M. tuberculosis transmission
and the identification of genetic lineages. PCR-based VNTR
analysis is easy, rapid, and highly specific and can generate
portable digit-based data, unlike the analog information
obtained from IS6//0 RFLP which is labor intensive. In this
regards, investigators can easily compare the genotypic data
of independent studies between different laboratories. With
the advantages, VNTR surpassed IS6//0 RFLP and became
the first line genotyping method in molecular epidemiology.
One of the most attractive potentials on this method is its
applicability for establishment of the database of M. fubercu-
losis genotype which covers not only local area but also
world wide scale. This would open the door to “in silico
epidemiology” which brings a breakthrough on the current TB
control program. The optimization and standardization of the
combination of VNTR loci for strain genotyping is the only
but hard issue for the development of global database system.
Road to the global Mtb genotype database is hard, but we
believe, “Yes, We Can!”. Another attractive potential of

VNTR is its use for phylogenetic analysis, although more
intensive research on this with using comprehensive marker
sets, such as large sequence polymorphisms and single-
nucleotide polymorphisms are required.

Again, with the advantages of VNTR analysis, i.e., easy,
rapid, specific, and digit-based data, VNTR became the first
line method in molecular epidemiology. Molecular epidemi-
ology of tuberculosis is expanding its research field from the
investigation of TB transmission to more basic science such
as evolution and phylogeographic distribution.

In this symposium, we have invited four opinion leaders in
molecular epidemiology of TB in Japan who are talking about
each title as followed.

1. Establishment of the standard VNTR analysis systems
for Tuberculosis (TB) and preparation of databases for TB
genotyping : Shinji MAEDA and Yoshiro MURASE (Depart-
ment of Mycobacterium Reference and Research, Research
Institute of Tuberculosis, JATA)

We have already reported the JATA (12)-VNTR system for
TB genotyping in Japan. However, by comparison of cluster
formation rate, the discrimination power of JATA (12)-VNTR
was lower than that of IS67/7/0 RFLP analysis. Therefore, we
improved the JATA (12)-VNTR system for developing dis-
crimination power. By addition of 3 loci (ETR-A, VNTR-
1982 and VNTR-2163 a) to JATA (12)-VNTR, we established
new JATA (15)-VNTR. We found that the discrimination
power of JATA (15)-VNTR was almost the same as that of
RFLP analysis.

2. Molecular epidemiology of Mycobacterium tuberculosis
reviewed by molecular epidemiology of other pathogenic
bacteria: Eiji YOKOYAMA (Division of Bacteriology, Chiba
Prefectural Institute of Public Health)

Molecular epidemiology of M. tuberculosis should be pro-
gressed to two goals. First is the short-term goal that intends
to elucidate the unapparent route of transmission of the organ-
ism. Second is the long-term goal that intends to ascertain the
phylogeny of the organism. The combination of VNTR loci
should be changed according to the goals of molecular epide-

miology of the organism.

3. Progress of the research in molecular epidemiology of
Mycobacterium tuberculosis: Tomotada IWAMOTO (Depart-
ment of Microbiology, Kobe Institute of Health)

In the past decade, molecular epidemiology of tuberculosis

brought significant insights into the transmission of tuberculo-
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sis, genetic diversity of M. tuberculosis, population structure
and geographical distribution of M. tuberculosis, etc. In the
advanced stage of the molecular epidemiological study, we
expect to change the current geno-typing based molecular
epidemiology to whole genome-typing based molecular epide-
miology on the basis of the rapid innovation of next-generation

sequencing technology.

4. Clinical application of molecular epidemiology of tubercu-
losis : Tomoshige MATSUMOTO (Department of Clinical
Research and Development, Osaka Prefectural Medical Center
for Respiratory and Allergic Diseases)

The molecular epidemiology can be applied in clinical
practice. We showed some examples about usefulness of the
clinical application of molecular epidemiology, especially
using variable number of tandem repeats (VNTR) analysis.
One example we showed : using VNTR, we can know whether
two tuberculosis bacilli which developed from the patients,
who have close contact, are the same or not in a few days;
Especially, when one patient suffers from multidrug-resistant
(MDR) strain of or extensively drug resistant (XDR) of
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tuberculosis, we can easily know whether the other suffers
from MDR/XDR tuberculosis or not. The other example we
showed: we can know relapse, reinfection, or laboratory con-
tamination by using VNTR in a few days when a patient shows
bacteriological relapse during the treatment. By introducing
VNTR to clinical practice, we can diminish days of inappro-
priate hospitalization. Because VNTR data are numerical, we
can easily construct VNTR database, compare data, and survey
emergence of MDR/XDR-tuberculosis.

Key words: Mycobacterium tuberculosis, Molecular epidemi-
ology, Genotyping, VNTR, RFLP, Database
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