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Fig. 1 Various groups with identical IS6/10 banding patterns by
DNA fingerprinting of epidemiologically related M. tuberculosis
from six outbreaks. Groups 1, 4 and 5, outbreaks in the office;
groups 2 and 3, the outbreaks in the school; group 6, familial in-
fection; lane 14, M. tuberculosis H37Rv, respectively. M, marker
at left indicate sizes of lambda HindIll.
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Fig.2 Outbreak of 18 M. tuberculosis isolates from case patients at
a nursing home for the elderly in N prefecture, Japan. Molecular size
of fingerprinting patterns were shown at left site by lambda Hind1l .
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Fig.3 Laboratory cross-contamination at F hospi-
tal. A, index case; B, C, D, and E, patients whose
culture yield M. tuberculosis in the absence of signs
or symptoms of tuberculosis and who subsequently
have good clinical outcomes without therapy. Mo-
lecular size of fingerprinting patterns were shown at
left site by lambda Hind]ll.
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Fig. 4 A part of RFLP analysis of M. tuberculosis in Okinawa prefecture between
1996 and 2001. Clu: Number of the cluster. Molecular size of fingerprinting patterns
were shown at left site by lambda Hind1ll.
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Table 1 Clustering rates according to age groups,
Okinawa prefecture, 1996 and 2001.

Age Clustered cases (%) Unique cases Total
0-9 - - -
10-19 4 (57) 3 7
2029 20 (43) 27 47
30-39 19 (37) 33 52
40-49 38 (42) 53 91
50-59 40 (47) 45 85
60-69 47 (36) 83 130
=70 71 (34) 139 210
Unknown 3 (14) 19 22
Total 242 (38) 402 644

Chi-square value for slope=2.56 (p>0.05)
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Fig.5 Specific RFLP patterns of epidemiologically unrelated M. tuberculosis among various countries.
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EVEETH D, METFIHATIUT IO — NV R EE D

747

SO " S HITHERILTE L), BEICH T V¥ T
H L7z M bovis 12 & 5 R ERE O B IS GFH, 2
RA VHATH IR ARE L 72 B T O S HITE Mbovis
12 & 2 BEPR G O BYLEEIRCRI A S hTn b,

dnad-dnaN TR 28 B % FH W72 MB0T & F 7o AT IR
DR D —1TH Do dnad-dnaN 25806 FEM 70 &
EFHORHHEETH 5 2 & S Sz, TN Fig.
6 DT & { Al, Bl, B2, Cl, C2 #ffiL % PCR TF N ZF N
BLC, ZOMIZH D IS6110 W OF M TEEFE %
WETHHET, WHIZOWTEHEMICHRIT SN, 20
#EH, W HRIL A1 (3.36Kbp), Bl (1.96 Kbp), B2 (1.14
Kbp), Cl (2.25Kbp), C2 (6.46 Kbp) #HIHIZ 1S6110 D&
ZFWR % 5 DAY 5 B CIhEEET R R L —
HLTWDLZEMPMBEN®, H5AILTEMDOAL
5P OBETINCDOWT D IS6110 TR, 710V
¥ — LNy FOEEER PCR % O ILEFHI A & M7 0T
BETH b,

Z ZCHRD B, WRROEHIKZ A RE (IS
611012 & % RFLP 5347 C W AR & A — IS /8% — » % {74
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Table 2 Distribution of a specific spoligotypes among isolates of M. tuberculosis from various countries.

o ‘ Spoligotypes
Origin Total
Spt-1 (B.F) Spt-2 Spt-3 Spt-4 Spt-5 M. bovis other

Okinawa 216 (71.3) 15( 5.0) - 9( 3.0 - 2(0.7 61 (20.1) 303
Korea 7 (63.7) 3(272) 1(0.9) - - - - 11
Nepal 13 (20.6) 1( 1.6) 11(17.5) 23 (37.7) - - 15 (26.3) 63
Bangladesh 2 (28.6) - - 3 (42.8) — - 2 (28.6) 7
India 1(1L.1) 1(11.1) 6 (66.7) - - 1(11.1) — 9
SriLanka 1 (20) - - - - 1 (20) 3(6) 5
Malaysia 27 (30.7) 6( 6.8) - 27 (30.7) - 4(46) 24(273) 88
Myanmar 21 (29.2) 1( 1.3) - 16 (22.2) - 1(14) 33 (45.8) 72
Indonesia 4 (44.4) 2(222) 1(11.1) - - - 2(22.2) 9
Thailand 3(11.5) - - 14 (53.8) o 1(39 8(30.8) 26
Philippines 2 (14.3) - - - 12 (85.7) - - 14
Solomon - 17 ( 27.0) - 1(1.6) - 1(1.6) 44(69.9) 63
Yemen 1(53) 10 ( 52.6) 6 (31.6) - - - 2 (10.5) 19
Bolivia - 16 (100 ) - - — - - 16

Spt., spoligotype (), percentage B.F, Beijing family
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Fig. 6 Physical map of the dnad-dnaN region of M. tuberculosis containing the
IS6110. Arrows indicate the bands corresponding to the IS6110 insertions 5 chro-

mosomal regions.

Patient. No

Fig.7 Stability of RFLP patterns by M. tuberculosis clinical isolates from identical
patterns. Lanes show RFLP patterns from paired isolates separated by 3 days to 90

days taken from a part of patients.
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WM TN Lok R, IS6110 DREMILFIE 1324
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B L72%, EHOBHRICBVWT3~4ET1IDDNY
FIcZ LS RS N722s, D 3~44F L) B, &

Yep 5FIH T TORERFLED S AT, EFHIERO
HOEkE B DHEMRERIL, LERFIEE L2 DI
+4>T& V) 186110 % F\>72 DNA fingerprinting D A4 1%
BOBEFIERE T 2EAUEEIRTHHDOTH
B, LAL, Bl ) I €=y FERE
F % B3 hot-spots FEIH 2 FRAF S NIEH IR M D it
T2 EDHLNTED, spoligotyping <2 Bl D AHALF
DI BB DBIETFI— I —COFHHPLEL SN2,

6. M. bovis BCG &E#ERZE DR
INE CTEETE, BERISARERETHEHAINS
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BCG 7 7 F » @ BCG Tokyo i, 1S6110 |2 & 5 RFLP
S THDBCG T 7 F > # T3 5 Pasteur, Glaxo, Tice
HBVIEEIE M bovis BFEMRE B Y, BMod 5 2
ANV FERTY, 20720 BCG & EKE OERNIL IS
6110 DHTITON, fAILAREEITE L Rb o728, &

(Kb)
23.0~
9.6- 1
6.4-

44~

0.6—

Fig. 8 DNA fingerprinting of M. bovis BCG-like
clinical isolates. Lane 1, isolate from a bladder can-
cer patients with BCG Tokyo instillation therapy:
Lane 2, isolate from a abscesses of skin on the chest
after BCG Tokyo vaccination; Lane 3, isolate from
sputum specimen; Lane 4, M. bovis BCG Tokyo.
Molecular size maker at left side of lambda HInd1l .
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£, BCG Tokyo FRIZEEEL L 72 #5 % B #k % BCG Tokyo #k
DIS DERMPEREND LI 10k o7, BICHKE
DYge, 7 A0 — ABRIKENRE O HIREEE K O BCG
LR L /285 — 2 TS5Kbp fEIC 1 RN K
RETHLO0HY, 7oy MEICEROEES
HELEHOZERIZLIN 74V —CEELHEVI L1 D
LEEZLN, FORONYFBELEL L b2 0
HOTEEZET L,

Fig. 8 IZBWT, L'— 2 113 BCGZEEK, L —> 2, 3
I, L— Y 4138 % D BCG KD 1S6110/5% — >
Th5b,

DX ZREIIT 5 EDOVE DL LT MPTR
B DHb. INIHEBEROY ) LRCHEET 5
Major polymorphic tandem repeat @ 300 bp ®—#} % PCR
THNETRR, Banl THALL, 740 — A ESIKEI CHIH O
DTTEEWES S, TOHEIC L) HELEE O MPTR
IR PCR EY DR SR LR % /RT Sequevar D LONG,
MED-G, MED-C 3 & UF SHORT & I:iEN 5 4 DD ¥ A
TIZ3BITE, HFIC LONG (PCR FEW) 343 bp) (351
& M bovis IR 51, MED-G (PCR £ 328 bp) |34
B & M bovis DT65FH DRI G THLDITKL,
MED-C (PCR EEH 328 bp) 13 M. bovis BCG D %4 7657% H
ACIZEHRL Tb, F72, SHORT (PCR ) 313 bp)
& M. africanum THH SN 5%, #EEHE & M bovis BCG
2HANT 720D XY FEER FTiEIERERTIREICLD
FEMT 24T 2L TH A9 (Fig. 9A) o —7, spoligotyping
T3 M bovis & BCG D B AS39-43 D A~ —+— % K1
LTn2 LD bR & OEFIATEETH S (Fig. 9B),

A. Differentiation between M. tuberculosis and M. bovis BCG by Major Polymorphic
Tandem Repeat (MPTR) method (J Clin Microbiol. 1995; 33: 840-844)

M. tuberculosis ;161" GGCACCGGCA ACATCGGC

(LONG) Rhkkkkkkkk dokkkkskksk
BCG 181" GGCACCGGCA ACATCGGC
(MED-C)

B. Spoligotyping (J Clin Microbiol. 1997; 35: 907-917)

CGGCAACACC GGCAGCGGCA ACCTGGGCCT CGGCAACCTC
Fhkkkkkkk kkkkkkbkk kkkkibkkkk sokikokokkkk

CGGCAACACC GGCAGCGGCA ACCTGGGCCT CGGCAACCTC

specimen
BCG Tokyo
H37Rv

Fig. 9 Evidence of differentiation between M. truberculosis and M. bovis BCG Tokyo by using MPTR and
Spoligotyping methods. MPTR was performed with sequencing analysis after Big-dye terminator by ABI
377. Spoligotyping was examined with hybridization by denatured biotinylated PCR products, and detection
used streptoavindin conjugated peroxidase and ECL (substrat of peroxidase, Amasham Pharmacia biotech).
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The 77th Annual Meeting Special Lecture

MOLECULAR EPIDEMIOLOGY OF MYCOBACTERIUM TUBERCULOSIS:
ITS ACCOMPLISHMENT AND FUTURE PERSPECTIVE

Mitsuyoshi TAKAHASHI

Abstract In the traditional study of tuberculosis epide-
miology, information about social contact of persons and
patient’s illness history used to be an only relevant basis for
elucidating transmission of tuberculosis infection. Therefore,
it was very difficult to give a clear conclusion of whether
isolates from different patients derived from a common source
of infection or not. Recently, the subspecies typing of M.
tuberculosis strains has become possible, based on the visuali-
zation of multiple loci of an insertion sequence (IS6110) that
is a relatively stable gene fragment existing in a specific
region of the genome. The variability of the number of copies
and locations of this IS6110 in a genome is the basis that
enables this technique to be used for the above purpose,
which is a unique tool applicable to the analysis of M. tuber-
culosis. Generally, this technique, i.e., restriction fragment
length polymorphism (RFLP) analysis, depends on the diver-
sity of pattern of any polymorphic marker found in a genome
of a strain. Among various markers so far developed and
examined, IS6770 has been proved most appropriate for the
purpose of typing strains of M. tuberculosis complex,
especially in such circumstances as in Japan where isolated
strains’ RFLP patterns are similar each with others so that

finer subtyping is needed.

In this lecture, I would like to review the following topics
based on the world literature of molecular epidemiology and
the findings of our own that we have achieved during 1992
through 2001 in our Institute; 1) typing of the isolates for the
identification of the infection source, 2) pathogenesis of
tuberculosis under low incidence situation, 3) predominance
of certain genotypes endemic in an area, 4) cross-contamina-
tion of isolates in the laboratory, 5) the stability of IS6110
patterns, 6) phylogeny of M. tuberculosis complex, and 7)
differentiation between M. tuberculosis and M. bovis BCG.
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