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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 IS6170 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
phoresis electrophoresis ological link of TB genotyping genotyping
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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 O157 (VT2)
based on the data of IS-printing

o BE XNy

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)
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%o ZITIE, WMBHERTRNFEEZMIL, WSEH
AL BIRRICBT 2 RFTOAMAZHNTH L L b, 5%
DAEREW G FIEEWFE D F IO W TR %,

BRED?FRFENCHIRAEIN S
EEFRBIFEA

(1) #HBEWDSLIREE (divergence) & EAZFRAt (phy-
logeny) DfEMT

(D Large sequence polymorphisms (LSPs) © 7"/ A FHI%
DRBUE /K% PCRIC X D 1813 %6 Region of difference
(RD) & LT, AMIELEMHEREZIRL 9 B HIRAHE
WIZBWTEHHE SN TWAY RDO I, unique
event polymorphisms (UEP), &b H#fbdi® LT 1
RYBDOLNLANRY N THDE I WD, KHlRHME
NG R TBIET~— D E L TAHAHTH %,

@—15HZ% A (Single nucleotide polymorphisms, SNPs) :
Azy T (R) LA, —HIEOERR (RZERER) 12X

STHELLHTH LD, KBIZRHANDHFIERE (B 5\
FER) 125 ¥ F2RE Lo AR R
9228 T, BERARERNET S, MZEHTIZIINE
TIZZ { D SNPs AEE SN T B Y RHMATIIHH S
T, —HEEREBLT2FHE, VT84 A
PCRR ¥V =7 v =% Wi ke &L HEsn
Twh,

@58 FHIH~DIF ABLY (Insertion sequence, IS) DAF
T R H AL R EIRR T NTE I 1S6110 DFif ALZ
X, #HER (1S6110% b 7=7\y) LHHFA (1S6110%
HT5) IHEEhbsy,

@ANR—H—F1) TH (¥ (Spoligotyping) : ¥
ALV 27 PJE—F DR IZHRFENTZ 1 ~43DAR—H—
R OFHEIC L YV ERE S A 0 735 8:CThH b, it
BB CORBE RO T — 5 BEREINTBY
spoligotyping @78 % — 2 X 0, FE L 5IE#E (clade)
RRFETE Do T04, BRYGHGMIL D720 DR R TR
He LCRgE s Nz, bAEO X 9 btk G e
EL TV B TIEZOER RIS, Wkl
NV T DOBAZTFRIFUFEHT IR T & 2w,

(2) BY-EGHBIE D7D DO F ik

(D RFLP (IS6110 Restriction fragment length polymor-
phism) : 7/ A FI2F ¥ ¥ ATHRA SR AR (1S)
6110 %Y FUNA TNV F AL ¥ = g VETHRIET 5, B
WMENTNY FORIEST /) & FIZHAE L 72 1S6110 D
BE, NYFOGTRIZT ) A LETOIS6110 DFEFEN
B2 L7230 DT, I1S6110 DFL &G & v ) IEHIC I
DOTHKROBIE TN 2 8T 5. Wk L EL 7
BEINCENFETH B 55, G, 5O DNA (K
Lug Pl ) UEETH Y, F7z, BIEAEME TR 252
B ENIREDD D

@ BB K % B E T (Variable numbers of tandem
repeats, VNTR) : %7/ & _FAZHEAET 5 81+ bp DIEILE
=y FE LAY BELESN O —HERHRLZ &
LYW Z Ay 7S5, PCREFI L BTED 720
DV EOHH DNA TN CTE %, 2hETIZ, 2D
VNTRE S HE SN TB Y, TOER - MAaGhbEll
LD AV TR R 20, TGRS TY
NVFEIRTE B 7ZOIRE T — 7 N— 2 ORI AR 7 Tk
Thb,
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B R B D AR RIF D s

Soolingen 5T T 7 THHES N LB DL 23
B BETRE2RTIE2EL, ZOBETRIC
B3 A% AW AL HUEIRE (Beijing genotype strain) & 44
T 727, dbstipRIE, Mo ERR E T, QY
BN HBEN TS, OFANE & B E -, OF
W - ARZDIEEI LRV, @ BCGHAEIZ & 55y
DB EZFIC WEONIEHREL RSN TEB Y2,
DEFHEMEARIBEN T WD, HAE, R GLK
EIAcdh Y, WERITOREEHIO—>E LTHEEINT
W5, HFCTHEE S N A RERE OF 3 EIAZ OMIZRMR
WKWETAEwbhTBY, PTh, FE, 2NV MiEEE
RIHY HEHE T OMIZEIE, FEIZL HITPERZ O SIE 12
KESCHEBL TV, DYFEDHKRGEEOFEIZT~S
HIHZ OBERIIE LT D (Table)o

LI RIRR N C O & A5 R 2 B 5 A 8121, LSP
(RD 105, RD207, RD181, RD150, RD142) % {7z
Tsolaki 5 D i %13 U %, SNPs, DNA 515 B & (=
TOER, 1S6110DTFALR Y, £ OHErsH 5, h
5 DBIZT~— A WU T, ENTH I
LA BREAL T O WNEB RS LN D W TRz E 2 AY,
HDE O LR I BB O BALRFAEICIRE L TH
D, ThENDPERAERLEBOEERELZLDOTH S
e o7 (Fig)o BBREWZ &12, FAMETIX
NTF #UB 2 1S6110 DI A % 528 % A (modern type)
O EEILEIRCOIR LT, bAETIE, #i2, #HE
BOGHIEIE L, ZORREIFETL> Tnbd I P
B S 7z (Table) o = O & 9 &4 THEIL R DFRAE L
TAEM R RS, ChETIEHEROLZVDLDOTH
D, ORI L FIEKAFITTBEEN DD TH S &
WBRINL, 5%, 5, LHYWERHEOBIZRHIES
LCWLO0EMBHL T L LT, Bzt~
DFERPY)PEOLNLEDIDEEZ b,

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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EIRRHEHICH I REERR DR Z IR

FRAE M P AR AE 5 2 A mURURS A T s R T o F 9
L, ENFNOMBBEIC X DR LT 2 BERTOH
BB 2RI, KRR OEFME L L
BB R OPEL N 2 5 L 72

[i] — H 3 T4 72 A SEHN &S VR 188 R & £ It 12k A %
WoTHR (9 HATHRITBL AT PEAZIE) Db R BLAS A%
WHERMEZ LR L2 2 A, HERICEENS 23
%% (B1, B5) 73%#] (BLH]) WM& ERCHEE
WHBUHEZE SR W Z LR EN720 SR - ML H
it P Al A% B S M TR B IS 39 % BI, BS Ol =
H#lE, BETEROBHICHLTERETHD, HdHW
i, BIETERZEI LT Wi LA b 2 8
DBMEPDOREEAET L DL b S,

HEAFE TR — POEMELZ KL 25, HR
B OB O WL BUEEN L FE R THREIC LA L
oozt LT, AR AEEE Th 5 B3 IIHIC
FHAEH I CHBUEE G ZISIRD Lz, PR3y
24 - BWRICBWTHAET L ) BTV 2 L DOIITRHR
HENRHL N, DFY, EFEGAREELDTIERI LR
FTVBERHTE DV ZENTE B, EHEEFEEDY
A7 7777 —E LTOHBMDS, DHIEOHFEFIEIC
Ll wnI)HEL, BROBEZFDTA T AT A NVITMA
THHMOERDS b, HEFITH L TG - BmofEm
PEICH T2 EEL B S TUHEMLK LS. /2, BiFE
J& & EAER TORNNLEDREWEF X LR —
D& LT, BCGHEMOWERELE b RE I N5, #EHD
BIZRHEDENE BCGIZL 57 7 F YRR Bk,
SHOMFEREL VW Z 5,

RD207 deletion<

Other lineages
B5

RD181 deletion »
ool
5
=3 B3
E ogt
,5:3. mutT4— /
e T/B2
IS insertion in the NTF 4
mutT2

' 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

AR WAL EARR IS 35 2N E TONZERE L LC,
DUE ORI EROBERBEHELHBHAL, S5
12, FMIZRMOBAIFEE LIRS 5 2 LATET,
S, INOOEFNEHRE Lo THRELZMRIT 5 2
ET, BEEOHBMNENDOT L= ANV —, Thbb,
WHROBEMEIIS U2 Ry EHTEL 5D LELT
Who TDROICIE, e OBERMICELT, 7/ A
T A RGN EIlR>TLATHAI) TNETOD
PRI S T & 728 R RV Tk,
Wy, 7/ A ORGSR EREBETF Y- LT
%, gene-based typing (geno-typing) TH Y, ¥/ AT A
FZEHmARMETE 5D D TIE RV Geno-typing based
molecular epidemiology 2> 547/ A% k5L L7z Genome-
typing based molecular epidemiology IZ 5 &3 % Z & T,
FEMWMIZEIE S DR 2L Z T b0 LbNs, &
7 BIEHICEED WKL & 50 B L XV THEATT
5HEVIH) DI, BOERTE TIEEEWRECT IR o7 L
PL%D, GHOXKMRY =7 4 =12k b2 Hiff
EHOAE—FIE, ZOHMIDPTSEIETTRTINS
LETEIEL,

¥ & B

WF04ER D 1272 2 R W 5 T2 O R,
ARG ORI & R Ged g O E & B L 72k 3o
STEFMEORLE ST, WA GEERE) oL - R
mIEA, RHERAIIE, BENEHRIEOBHEZ &%
FHHIZAE Y7 LTwbhb, ThHAY Y47 L-kkA
LWPGEHINAS S DR B RIEE R, ZFOREIHRERNIC
FEND L LT, BB &) FEARIC 3 2 PR AR
0, TR, W, HRNEORBH L
ZHoTW5,
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4. DFRZHEROERKCH

KBTI - 7 LV ¥ — L v & — BRI A B

FAZRBHRZ B\ TR OB IHAEE D RN Z L 3T D
WFE o T2 DIEHADOEIETH S, AL 5 A%
MR 2 BN S 2 5 Z L1, SHBUGET &M
TH 2V TDMINNIGHRE SR DA LR 2 ET 5
ETPHEIND, 3 FEFN ORIRIEHIZ B W T bk
HOBMOBEISEE > TEYD, 19904E121% Inser-
tion sequence 6170 restriction fragment length polymorphism
(IS6110 RFLP) 2SH5A% W 70 AT LIS T & 727,
IS6110 RELP ASHULNT & o 7 WpfRIE, A5 O B0l 1%
SWRICIHRICHZ1T) S LD o720 T OGO
B E % 5lk9 % 72912 Polymerase chain reaction (PCR) 2%
FMBEZENISH ST 5o FIRRIC R IR 20 T2 AT
DIFFIZBWTH PCRAFIH S, FFIZ20004£ 12 A0
PCR % Ffl\» 7z Variable numbers of tandems repeats (VNTR)
DEYHZED, TORBE %5 FICHIEORSITED
T IRFENTIL K SN D X ) 12k o7z,

VNTR % HLh & L 72 PCR & I U 72 A% 40 192 27
AT 2 FIHT % 2 L2 & ) 4 X TEAEN 2L Th -
P2AE R 3 TR b BT NERIRIE 9 % 2 & 3]
RIS o T& e TOEBIZRT,

GEB 1) W05 O VNTR 7 1 ¥ ¥ 7 OFER %R
Fo BEZI6GEOF I, &, £, BEATY B TR
RSB > 720 L, FEDSRARIESZ 1 EXERIZ Tstreptomycin
fif 7%, isoniazid (INH) @ RFIBOFITEG L7z & v
) T EHHL Tz WIRIGIRERT IS TR
& ZAF T 7225, 2003 4FE TR ISR FEEA LB L7220
T, KEFFZIFEES - 7 LIV F — R+t v & — 2RI
ol MEELR 720X, VEOKEEAWH & F UK
WX > THRIEL INHIHETH D0 E ) TH o720
W), WERRBIKBETEAH &, WAL IN PCR b B&ET
Hol2h, BMAOIERE®E (1+), #i% W PCR
BBtk & 7 o 7o BH B WA D S EEH: VNTR AT O
FORAVHIB L 720 € OKER, VNTR/SY — VI3, B
BHROREBRER L — LR BENEBEFIHS L 7o
7oo 91 Ak, DED S O ORI RER O #
R, B, BBLE RO Y - THDH T
L, 75 OIZIS6110 RELP /8% — Y IZ T & [/ U /S
T —2ThhbIEDMRTE,

(REBI 2] AT 68 Mo FEER B AMED 1 o
GRSV DFAZN TR ZIFIER - 7 LV F —EHE
+t >~ % — 12T isoniazid, rifampin, ethambutol, pyrazinamide
D 4 FIEEREALFHRE 2 G, 6 7 BT THRIEHR T L
7oo L LRDSHATBIMIEE T 3 1 DS RIRIZHE
WL, A TERICEMEE OSSR S, L bWk
FEREEIRDBGETH o 720 Z O BF 1T L HE G %
FIM AR B & N B L T 72T, INREFRR
QU 2. I RER ST ARL AP S CAENE iR = oF g W) I E1)i I
5 BHAB T O 45 A% WMk VNTR RS F & 4 [ $REL 0 1 52 1%
PVNTRFG R KT 5 L& H—Tho/2Z L
HAZIZHIB L 72 0 TR & AR Wbk O N PEFRIR &
EZ, WE ORI THEERHE LR 2 B L7,
#) 1 71 B REERA IS TR R BRIk TH 5 2 &
PHERTE 72,

Flo X9, MR RS L EWEO D 5 BE
A%, FE0E LR L 72 IR ISR A & I8 VNTR AT % 1T
9 LA XD B & B DD B B HEH TR
T&, J§IC multi-drug resistant tuberculosis (MDR-TB) #k
T4 J 3% % extensively drug resistant tuberculosis (XDR-TB)
P LB O 25612, &b LEPLTwiz
HWERPER L2, WEBEZ2EMBEOD S
MDR-/XDR-TB 28 &G3e 5895 L 72 02 G 2 D HBHZ A HTH
%o MDR-/XDR-TB J&G:1Z & % FH AV H B LA s 2 ke
THIEILED, SOLLBERRE T ENTE %,

FIREC, NERRICHBEBEATTDI, Vol AR RHEEE
PAL U 7= BB DS BRI L 72 IR L TR0 PG IR O A% T 25 7
PEW L7236, R L 729 %>, MDR-/XDR-TB ®
SRR AT Z o 720 H, 7z REED o
VI IAR—Ta VIZXYERBETH o 720 DK KR
HIZTE, ARERABERSEEETE, EHEEHIRIC
SN THIENTE D,

VNTR D#RAI AT — 5 % DT, HHIT VNTR 7 —
FR—AFWETDLIENTE, BEEMEEPCRD L
B FGMEMRARZ T3 5 2 L 12 & D LA R
VNTR/3% — OB EZ ) TV A ATEHRT LI LA
TELH0DT, Bl 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 IS61710 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 IS6/7/0 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.tubercu-
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 IS67/0 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
Mpycobacterium 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

!0saka Prefectural Hospital Organization Osaka Prefectural
Medical Center for Respiratory and Allergic Diseases, 2Kobe
Institute of Health

Correspondence to : Tomotada Iwamoto, Department of
Microbiology, Kobe Institute of Health, 4—6, Minatojima-
nakamachi, Chuo-ku, Kobe-shi, Hyogo 650—0046 Japan.
(E-mail: tomotada_iwamoto(@office.city.kobe.lg.jp)



