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Table 1 Distribution of ESAT-6 and CFP-10 among mycobacterial species

Species with ESAT-6/CFP-10

Species without ESAT-6/CFP-10

Tuberculosis complex
M .tuberculosis
M.africanum
M.bovis

Environmental strains
M. kansasii
M.marinum
M szulgai
M flavescens
M. gastri

M.leprae

BCG substrains
Gothenburg
Moreau
Tice
Tokyo
Danish
Glaxo
Montreal
Pasteur

Environmental strains
M.avium
M.intracellulare
etc.

Step 1: Stimulation of whole

Step 2: Measurement of IFN- y

blood with Mtb antigens.
°
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Fig. 1 QFT-2G test procedure

production by ELISA.
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The procedure is composed of two steps. In the first step, each reagent (negative control,
ESAT-6, CFP-10, and positive control) is added to whole blood taken in the presence of
Heparin, and blood is cultured for 16 to 24 hours at 37°C. In the second step, plasma is
harvested on the next day, and the IFN- y produced is measured by ELISA.
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CFP-10 CFP-10
Tb patients Low risk for Tb

Fig. 2 Dot plot of individual responses to ESAT-6 and CFP-10 for Tb patients and lowrisk
subjects. Individual responses to ESAT-6 (the left lane), CFP-10 (the middle lane), and the
highest response to either ESAT-6 or CFP-10 (the right lane) in each group are shown.

Table 2 Specificity and sensitivity in each cut-off value

Cut-off CFP-10 ESAT-6 CFP-10 and ESAT-6

(IFN-y Specificity ~ Sensitivity Specificity  Sensitivity Specificity ~ Sensitivity

[U/ml) (%) (%) (%) (%) (%) (%)
0.05 92.5 814 94.8 94.9 89.4 97.5
0.10 94.4 77.1 96.2 90.7 92.0 95.8
0.15 95.8 72.9 97.6 88.1 93.9 93.2
0.20 96.7 71.2 99.1 86.4 96.2 91.5
0.25 97.2 67.8 99.1 84.7 96.7 91.5
0.30 97.7 66.9 99.1 83.1 97.2 89.8
0.35 98.6 65.3 99.5 81.4 98.1 89.0
0.40 98.6 61.9 99.5 79.7 98.1 88.1
0.45 98.6 60.2 100.0 78.8 98.6 86.4
0.50 99.1 60.2 100.0 75.4 99.1 83.9

Specificities and sensitivities at every 0.05 IU/m/ of IFN- y are shown in the left column (CFP-10
alone), the middle column (ESAT-6 alone), and the right column (the highest response in either
antigen).
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CHARACTERISTICS OF A DIAGNOSTIC METHOD OF TUBERCULOSIS INFECTION
BASED ON WHOLE BLOOD INTERFERON-y ASSAY

Nobuyuki HARADA

Abstract It is assumed that about 10% of individuals
infected with M. tuberculosis (Mtb) develop tuberculosis
(Tb), and the remaining 90% suppress contain Mtb through
their immune systems, but have a latent tuberculosis infection
(LTBI). To effectively control Tb, it is essential to detect
individuals with LTBI in a Tb outbreak and provide chemo-
prophylaxis for them.

Until recently, the tuberculin skin test (TST) has been the
only diagnostic method for LTBI. However, the specificity of
TST is low, because the purified protein derivative (PPD)
used for TST contains numerous Mtb antigens that are almost
identical to BCG antigens or similar to non-tuberculous myco-
bacterium (NTM) antigens. For this reason, TST may produce
positive results in BCG-vaccinated individuals or NTM-
infected individuals without Mtb infection. Therefore, it is
very difficult to diagnose LTBI in Japan, where BCG vaccina-
tion is widely administered. In addition to this, TST has other
defects, such as technical variations for injecting PPD or
measuring the TST response, the necessity of a return visit
to the doctor to measure the TST response 2 days after PPD
injection, and the booster effect through reinjection of PPD.

More recently, a new diagnostic method that can overcome
these defects in TST, QuantiFERON®TB-2G (QFT-2G), has
been developed. In QFT-2G, two Mtb-specific antigens,
ESAT-6 and CFP-10, are used to stimulate whole blood, and
based on produced interferon-y (IFN-y), Mtb infection is
diagnosed. Since ESAT-6 and CFP-10 are absent from all M.
bovis BCG substrains and most of NTM including M. avium,
M.intracellulare, but are present in tuberculosis complex (M.
tuberculosis, M.bovis, M. africanum) and only a few strains
of NTM, QFT-2G is not affected by prior BCG vaccination
nor most of NTM infections. Moreover, as measurement of
IFN- y can be carried out by machines on the next day follow-
ing the blood draw, more objective results are obtained more
quickly than with TST. It is not necessary to consider the
booster effect in QFT-2G as PPD is not injected, nor to revisit
the doctor. Thus, QFT-2G overcomes the defects of TST
described here.

From a clinical trial of QFT-2G in which the subjects were
smear-positive, untreated Tb patients and BCG-vaccinated
healthy individuals, it has been demonstrated that the
specificity and sensitivity of QFT-2G are 98.1% and 89.0%,

respectively, and QFT-2G is an excellent diagnostic method.
Furthermore, many contact investigations have shown that
QFT-2G detects not only active Tb but also LTBIL Several
data indicate that frequency of contact with Tb patients
correlates well with QFT-2G positive rates in contact investi-
gations. The validity and usefulness of diagnosing LTBI by
QFT-2G have been suggested in other countries.

In many contact investigations, it has been shown that most
contacts who had been diagnosed as LTBI based on TST
results were QFT-2G negative, suggesting that as a result,
many unnecessary chemoprophylaxes were indicated. On the
contrary, many QFT-2G positives were identified in those
who were diagnosed to be uninfected with Mtb based on TST.
Therefore, as the wide spread of QFT-2G testing in contact
investigations would prevent unnecessary chemoprophylaxes
and detect true infected individuals more accurately, we hope
that more effective Tb control could be performed.

Although QFT-2G is an excellent diagnostic method, it is
still new, and some questions remain to be answered. For
example, the period of converting QFT-2G positive after Mtb
infection, alteration of long-term QFT-2G responses after
Mitb infection, and the effects of treatment for Tb or LTBI are
not fully understood. The behavior of QFT-2G in infants or
children is not understood either. Especially in infants, the
problem of the blood volume required for the QFT-2G test is
the major issue. We are working on these issues to provide
more appropriate directions for QFT-2G users, and hope that
we can contribute to Tb control.

Key words: Diagnosis of tuberculosis infection, Tuberculin
skin test, QuantiFERON®TB-2G, Latent tuberculosis infec-
tion, Contact investigation

Immunology Division, Mycobacterium Reference Center,
Research Institute of Tuberculosis, Japan Anti-Tuberculosis
Association (JATA)
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RECHS IR o TE 7o Ferrari 51, Mycobacterium
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DEFD—2T, ZOKRIIBERIFBRESEDKCE
BRCTIREEZRFZRE L THRETAZLERTOIOTH
b, ThUPSMZ, BEREGTHFEI NI EEERET
ELTCEYay 25 R DO—FETH 5 a-crystallin® R
nitrate reductase” & 5% X Eis®, KatG»% MDP1'9 72 &
AN ERFRREICESETIRTLE LTHESR
TBY, BAN—Y Ry = LTHETH2DIZIIHE
MR A N =X ADHTwBERDbIS,

BEPHRELE
(1) PO SB SIS

M. tuberculosis

Expression of anti-
oxidant gene

(J Exp Med. 1997 ;
186 : 1885-96.)

IFN y, TNF «
LPS, bacteria
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27077 —YVOREBIANDOEE, »5VIEEKE
BEHO<T IO 77—V OERLIE, FEEICHT S
MBS 75 TR, RENRELEOFEIIBNT
YEETH L, B, v7 07 7— VB RMBICEE
4 % Toll-like receptor (TLR) %%, BM#EIIL EDHD<
ra7r—VOEMLICEERREER/IZLTWAE T L
PBHLMIC oo SDTLRZ 7 IV —FFDH b,
TLR2 EHABE O E ELME ) REEERTTH 5 )
K7 ¥ <>+ >~ (lipoarabinomannan, LAM), 7 # A
TrFINAL IV NNV Y FH B VIS
soluble tuberculosis factor %>, 19kDa ') K% /37 % Zi&
FTHIERTENTWS, T2, HEAMBEEARRIL
TLR4Z & DB Eh, REWTA MM VEEDPFE
ENhb, 512, TLROIIME DNA X R L, HBE
BEBOEERECEOFEIEELRELRTHO
LEZONB, —F, MEEOBRVKEEKE L BCGD
LAMIZZOEMICY vy ) — ZABREMNEMLTBY
(Man-LAM), FEERIEBEO LAM L IHEENICRL
VD, v 7u77—VOEMLEFTEL LV EARSN
Twd, SHICEE, BEREICEREL-v 7077 -
AT HEP =V RICHEA Z L THOMBAEMEAIF S h
BT ENBREINTVS, LAIL, REEOHEGEITH
BOTRMN—V ZZ2HHT2BFE2ET LI LIREN
THEY, ThIEKEI 707 7 —YRHTNN—T R
F— L LTERTHLDIEERAN=ZXLAD—DLE
Z oD,

HEEZAERL, BHftLi~ro7r—Yi3r =
HAVEEEL, BRERBH~NORERMBLZBET S
(Fig. 2o ¥7-, RFICBRE~IZ 077 —UPEET S

Inhibition of acidification

(Nature 1980 ; 286 : 79-81.)
Inhibition of proton-ATPase

(Science 1994 ; 263 : 678-81.)
Removal of superoxide
(Infect Immun. 1991 ; 59 : 1755-61.)

Inhibition of phagolysosome fusion (3, 4)—|

Fig.1 Mechanism of intracellular survival of M. tuberculosis

CR: complement receptor, MR : mannose receptor, SR : scavenger receptor,
SP-AR: surfactant protein A receptor, TACO: tryptophane-aspartate containing coat protein
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M. tuberculosis
%
macrophage

CD8*,
perforin  double negative

Contribution of CTL by the
production of IFN-y and the
cytotoxicity to the infected

Microbicidal activity
of granulysin

ranulysin
j CD1 \

CTL
IFN-y production
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CD1-restricted antigen presentation
(non-proteinaceous components)

Fig.2 Schematic mechanism of protective immunity against M. tuberculosis

BAL I A4 YD) B, INF-a. IL-1, IL-12R° IL-18 id
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DWHEZIFT 5 L3S, NKMREH B\ idy s BITH
fad oD IEN- y BAE X FET 2BEEH o TV 5, B
HEENIZIFN- y i INF-¢ ERIZw 707 7 - VR ESE
L, BEEROFEEICHEVNOEAZFELTEEL
REEBRBELET S, Fo5E, IFN-y PO —
7P V-BERIER LT AL T IR T -V O
HEZBOTVWE I EMWREN, EHEED TS,
O L) TR A EMHBEKE TIX, BRER
ACELE SN ENA VRRERETA AL Uiy
77—, NKAIFER y o B THEM 2 REERALICE D,
Fho2EMILL, ZORREESNIIFN-y &5
ez u7y—Y0ERLEFEL T, HFEMBEHRE
ALY B ETOHM, EOWHEER/NMBIHZ T2,
(2) BBEAEORE
EEEEZERL-IZ2U0 77— VR DCAELET S
IL-12%° IL-18, &5\ iZ NKMIKER y 0 B THIRR IR O
IFN- y i&, o« BB THIRRD TH MB~DH L2 R A EE

BHA ML VT, 27 EHALTIFN- y EAREHR
TAHRBREEE TH MR 2 FES 5, TH oL
e BERITHIRLIE, MEB LU IL-18DOREHE T TKE
DIFN- y 2 BAET 5. ZD/2, BREFHHEZHE) « pHRT
MR T AL~ 707 7 —VORBERIRENICS
5, BREREICHS TS THIRREL LTIE, class TR
¥ CD4* TH, MR2IEA2 Y Tid 2 <, class I#3RH CD8*
T— THIRR D FAEFICEEIND, BREREICLYFE
S5 CDSTHIRIEZ, CD4*THIME & F#k [FN- y 2 EA
THLERC, SEOHZARL TREROKTLAY
ra7r—YREMPRESE LR RMBEBREL,
FLlBREIh T 3ERLr 707 7 —VICH 2 038
EEDEV) BETRENHICEET5EERAONDY,
F/z, CD8* ¥ 7 — THIfRE, BREREMREZEET
LHILTARNOREEREAT LI LA TE, MRERNP
\Z& ¥ 15 perforin & granulysin2SZ DB A H = X A
WS T EHRESNTVEY, 51T, 137
E UL A @ LAM, phosphatidylinositol mannoside, glucose
monomycolate R isoprenoid glycolipids % & @ ¥& g B B 7
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LPRoTWES, Thoh M T2 CDIMEYE THI
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EZONBA, Ihd THRIEEOBMAEEICED
BEREZMREIC LT 5,

FbUIC
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PROTECTIVE IMMUNITY AGAINST MYCOBACTERIUM TUBERCULOSIS

Ikuo KAWAMURA

Abstract Mycobacterium tuberculosis (MTB) is a facultative
intracellular pathogen with which over a billion people have
been infected and 3 million people die annually. The bacte-
rium induces vigorous immune responses, yet evades host
immunity, persisting within phagosomes of the infected
macrophages. Thus, it is necessary to delineate that the
virulence-related intracellular survival mechanism and the
host immune responses to eradicate M. tuberculosis on the
molecular basis. In this regard, recent findings clearly
indicated that Toll-like receptors (TLRs) play an essential role
in the recognition of MTB components by macrophages and
dendritic cells, resulting in not only activation of innate
immunity but also development of antigen-specific adaptive
immunity. It has been also reported that induction of early
death of the infected cells may be one of the strategy of host
defense against MTB because macrophages go into apoptosis
upon infection with MTB, resulting in suppression of the
intracellular replication. Furthermore, recent report has shown
that autophagy is induced by IFN-y and suppress intracellular
survival of mycobacteria, suggesting that activation of auto-
phagy pathway is required to overcome phagosome maturation
arrest induced by MTB. In addition, it is known that IFN-y

plays an important role in protection. The cytokine that is
produced from NK cells and dendritic cells at the early period
of infection strongly induces not only macrophage activation
but also development of antigen-specific IFN-y -producing
CD4*T cells. Since antigen-specific CD8* T cells and
CDI-restricted T cells are also reported to contribute to the
protective immunity, cooperation of these T cells is essential
for the host resistance. In this paper, I am going to summarize
the recent progress of the understanding of protective immu-
nity against MTB.

Key words: Mycobacterium tuberculosis, Macrophages,
Toll-like receptor, T cells, Apoptosis, Autophagy, IFN-y
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Table Cluster code and number of strains

Cluster No. of Cluster No. of Cluster No. of Cluster No. of Cluster No. of
code strains code strains code strains code strains code strains
3a 5 43T 3 73da 4 84 7 126 20
8 4 46 12 73f 3 85 10 126e 4
8a 3 48 7 73h 4 85a 7 128 4
8aa 14 50 10 73k 4 85aa 3 131 12
9 5 50aa 3 730 5 94 3 142 3
10a 3 52 3 75 3 108 7 151 3
12 6 52b 3 77 3 108a 5 157 4
18 5 S55a 3 78 3 110 3 167 3
20 3 63 3 79 3 111 3 169 4
24 17 65 22 79a 5 112a 7 170 3
27 3 66 3 80 4 116 5 173 3
27a 3 67 3 80a 4 118 3
32 4 73 20 80aa 6 121 5
33 9 73a 3 80aT 4 122 6
33e 4 73d 13 82 5 123 4

Except for the clusters which consist of 2 strains, the clusters composed of three or more strains were
shown in this table.

R ERMER 250 100
RS- BRSEOKREMTHI LI 5 B2 A
<, AEUE B RBARTESHEORELTET 25 '
BRERMEONTVS (Fig. 2)o =ML 19967 5 2003 g g
4% 100 bt
FETOIEMIIDL o THENIC2BIZEREB S E g
FREHET, EEHAECLIPDST, 3L ALOH E 50 3
THENREThHo 1o FMAHIL, VRTBERE o
BB DD 5D 5 10RO/NE E THEVHBEIC KA LI P - R (NG
Q r'LQ EN] SN VAN
Tz Mi—, EHEMBEIE IR o220, Rk Range of age
NTORERTHS 3PIDATH o7z TRTDODBET
FBETHRELTR, BESGENEED, 5008 Fig.1 Number of analyzed strains and percentage of
FEABINCEBE LS EAHBENS 2 EThor clustered cases by age group
2%y, COBKRIBRIINELBXATHRITL T
A B
12 11 Il Male, 36 years old
10 M Male (source of infection), 33 years old
2 \*O0—0O
8 8 4 Male, 59 years old: At Ist and 2nd time medical
‘é examination was negative. However, at 3rd time
s 6 examination (2 years later), smear was positive.
8 4 "v. Female, 40 years old (RFLP analysis was not done.)
g 4 3 A 2 years old, preventive medication
z 2 2 A Infant, preventive medication
1 1 _ \ | . | . |
o 0 M 1% 1997 1998 1999 year

0 L
1996 1997 1998 1999 2000 2001 2002 2003 W smear positive, male @ smear positive, female

Year [OOsmear negative, male Asmear negative, child

Fig.2 Presumed route of TB infection in cluster code 65. (Possibility of existing the endemic type of M. ruberculosis)

Number of patients infected with the code 65 strain (A). The only example that epidemiologic connection became clear
was family infection case (B).
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2, AFEFICIAGKERREBBIICHRETES X
AT B ENLETHD, TOLDIIE, IO
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ERFET S VNTREIZY 7 P LTW L LENH S,

# 33

AL, BETFHARBEMAFERS> FREE 70
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. 2004 ; 51 : 45-57.
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¥4, 2006 ; 81 : 321-328.

6) Supply P, Mazars E, Lesjean S, et al.: Variable human
minisatellite-like regions in the Mycobacterium tuberculosis
genome. Mol Microbiol. 2000 ; 36 : 762-771.
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FPFEPENFEOREBICLD, BEEIIBWVT
IS6110-RFLP A8 MBITFR & L THIZEN TV %,
fh, PYEEMEICBVWTRRET 2&IZTHEAR
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RFLP & %\ 3 IS90I-RFLP A H W H R TWwd, LA L,
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F— 5 HBOMBESlEHE SR, L b EEFEARY)
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TRZOEIP+FCRETE TRV, ThHREE
HWIDDLLT, BREORSOERFIHEY A - THEDIE
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Repeat (ZEIFIRIME, (BOSFTELER]| LOERY?D
2%, BRIZE]2HVE) Lvwy, ZoWKREE-
7= Variable Numbers of Tandem Repeats (VNTR) 512 (F
721X MLVA (Multi-Loci VNTR Analysis)) A% & LT
V3% (Fig. 1o

BEESIOHSIRE & S RHIIRE

W BIZEEY DS ) L DNA DT ERBLE I
LBFBETHREINDETT I MY FOEFAH=X
A5 L, 20K ELEFEMF EE bpTHo 72
DT, N T T dEMENTz, HFIRBEEMNOY
A0, 1~13bpHVDBIDETAL 270554 b
5L SSR, 10~100bp% I =HF 54 bERBIENT
WBH, BRERY A ADEREILZVEI)ITHEY): 2D
) BRANS, BEREO L) REMEBIIBVTIE
ELWEEbDI TV, BENENLD, BEF
DY =7 TV ABDBRERIZBVT, BEEEWIZLEE
FHEBICHEET A EFHELI;ICRY, 7470
V7 POFREKROEIMCLY, HEIMEE L
(Fig. 2)o MEFIRBEDOBEBDOBTHRIZL o TE DY K
LB R 72 5 iU £ RS A SR (VNTREIR) &
HiZhTvb, & VNTREIRIZMIVICE(T 5 LE X
LNTEY, TEDEIKE L, HEFEROEI S IT
&, BABNIEL 2B LNEZLNDA, TR MK
T+ =RV RAEEZIBRPLETH S,

VNTREIBEBISE DTN
MEEBEIIBWTIE, KBILT4 7V —7D VNTRE

BB RRY
7947~ b
{2 & 5PCR

[ wsis | o |
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o
1 L
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200 [
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Fig.1 Variable Numbers of Tandem Repeats B 5 DB E (it L £E EX)
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BOMAOFTNA VNTREFIEDORRIZEBRL TV 5,
ETR : Shaw 513 katGBIZF (4 V=7 ¥V FigHiL) @
ERIZH B 750p DMFIRBIC T E—FDE R 6 FELE
HHIEEHREL, F 7 Frothingham 5 i3 #£E ¥ % 10
bpt ZRDSop ARBEHEM L 2o THISEIRET 5
MPTRIZBWTREIZ L BERAERDIT, EH1C
Frothingham 51X, N &6 XEMEHRICMA T, I A3 K
158,45 450p L E, 90% LA EDOMFEME, KELE200bp
DD &G THRIIEFEBERE Lz, TORREEN
ZRT6WETDOEIR & IFIEN 5 VNTRERZHE L
EHICI3AFD ETROFEDBRL T /2Y,

MIRU : Supply & (X E D 2 R4 HIHR OB FEDE
BT, senX3-regX3 L BT SN RMDEHDO 20D
BIEFHEICHIIKENFEL, ChIBRBETEEE2RT

M #81% %115 20064118

T EBDIF EHIZZORMEM L AFARDOEVE
WA E HRVICA VT EET A & % A2,
Mycobacterial Interspersed Repetitive Unit (MIRU) & % i
7o 12480 (@FHE10 4T PHRETSEBERT L
s LY

QUB : Skuce 5B & U'Roring 5137/ A7y 7
DWebBEF—ECRADT =27 VREB L UHFIK
B M E 7 0 5 A (Tandem Repeat Finder Program
(TRFP)) 2 BV TK¥BICHEK T 5 QUBL AT 2
VNTR S % i L7207 (B 11 7.

Mtub : Vergnaud 5 3 EHOEREHROES /7 A1FH
BERENZ RS, TOERE TRFPICTHREERNIC
BEFL, BRETHEETAZEICLY), Mub& & IT72
VNTR BB % HE L72° 87 7P (Fig.3)o

o5 M. lepraeTN
razudxy bETEH M.tpr C1551 M.;pla(r)atb
M.tb H37Rv M.bovis
e A G A A
1
| i | | : i i | ! —-IS6110-RFLP
50f---- T e T SR ey SRRy SRR e | (136100 & RFLP & Mycobacteri*)
| | : : | i ; | -B-Spoligotyping )
B 40F---- S S S S S 4 ____i__ - (Spoligotyping & Mycobacteri*)
- i : : : ' : ! | -AVNTR
3 30_____%____11 _____ i _____ E__ _:_____;___ _i__ __i - i ([VNTR or MIRU] & Mycobacteri*)
s EEENVarsya '
= | ) | | | I | '
# 20p---- TTTTTATTT A 72N i i !
| | ¢ [Spoligo] /I[MIRU& ; : '
[ g2 _|-typing | /! A
10 IS9OOJI IS6]IO' 7 )’P*E ;VNTR' T § :
T o R
0 4 | 1 1 1 1 1 !
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RRER

Fig.2 f#ATFEF O DOHERE (The National Library of Medicine's PubMed database)
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Fig.3 ETR, MIRU, QUB & X Uf Mub D% VNTR SHB O E
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Z D & )2 VNTREROBE 1L BLASTD & 9 %%
BWRF L TRFPD & 9 RMBEN (&) REDO2DODF
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DRRIZ B THEFI R EHEE 2 R 5 RS D 5 TR
B BHVIRREIZE ) HEFIEEE Ko L FRIIRHTE R
VW, BEBEFEHRD L VELEY ) 2BEROEMB IV
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TN TER LI oTWwAE (32 FI54 b F—%
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3 5% bbb it The Institute of Genome Research
(TIGR) D M.avium¥k 104D 7/ A 70T =7 MZ XY
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AWwT, BERAORFIREL OMFAERRICTEMZ
BIRLe EHRI—FWF/7a7ad=z7 bl
BIZX D16 FTO VNTIREBRZFE L 2o BEFEH
BHOBSNE X CHEKTOEBY 2 KRET$ 5 VNTRHF
RERET LD, TIGROKRY ¥—IlkboT,
PCR7 9 4 < — 1§ % 2B L7 (http://ss.niah.affrc.go.jp/
publication/kenpo/2002/109-4.pdf) '%s Z L & W4T L T
MACOMEMSRBHREOT IV IO T 7 { VORE
& 5 VNTR BB DBEFEBROFF 2 EHEL TV 5,

VNTROBEE SRIA DX L

WHPIRBC BT B REEMOBERDOA S = AL E LT
BFEH DAY, [EBELTHET 2 ERRESEREFC
FThTERTAHZLICLY, Slippage2 £ L, TOHED
BHEOKER, FHOEEREL RIS %2 K
BEA L UTHIIENERT 5] EFVERBEEFT
REINTVAEY, EB, #HBE HRvRICB W THE
EN7235 AFD VNTR SEIBDBEG % in silico AT LT A
% L HEF REBAAERER Y ETDHORHL AT, 1
EAEDTEBE D SRV BRLETH o7z, LEEF L
& BRI VNTR BB M B O REE ML O - TH
AWMBEHSOEHEREICRENMEEE D> T Wb, 2
2L, BERFILANVTRET S L, TXTH100% D
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FEEZE D o 2 RERMOBRYEL TERL, 851,
BCG # % H37Rv k12 B> T i3 MIRU-4 D S O % 12 D
5 55bp DEERHMAI AR E L, BRSBERTS B —F
YMCZOERMABENRESh TS, £z,
ETR-F 2 55bp & 77bp ® 2 D MEFI B 5] AL A —HE
BLTHBETIEENAONS, BEEFILNLVTOT
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SFREHZE LTI BCGIZ BT 5 12 # BT D MIRU ®
BT TIX304E M T MIRUA4 O A RO EAL D T E &
N, BEEOBKKCTOME T 1 ~2FHIZLAY
2L, HRLLERERT MIRU26TO | fHOH
BhEsh, ZDE{L)T1S6110-RFLP & M TH 5
ZEbHEShTNEY,
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WERBEORERDOLE % FIH L7 VNTREBIZ &
AW PCRLEBARKB CTENTRETH ), —HRORE
FTOEREZZ W, FELRFFRFNBNETS
b MBEOSH TIIHZEBE, SPBAPEE o728,
P IADY—7 Iy AERHFFIHCENIMOBETD
SRTTEETH 529, VNTR R 51 0 H A7 1 b 85 fY Bl
BThrh, —EREEEZRDZLZOTF— 529 &k
XT5fEBREED-TBY, UEHKEEENFEETDH
Bo fhi— L7 CREK %KD, H— LB TREL
TAHIEIWLLY, HEREOTF— 5 ORBRLT—FX—2
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AT AHIEDPVBEER->TETVD, SHITRIE
KOBBES>FRETOEKRD S Y, BULRAEE L72R
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N—R & RN 2 MAGDLELZ EICEY, BEH,
DR EFHENICEET A LRI N S,
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S FIEZ AN OBRIKIS A
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Sh, BETRIEEE W HITETH S, 1S6110% 7
O—7¢ LEBEY ) 203y 7ay MEFRTH S
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{, SOIHERHEICRMPEP2E L) BEEEH -
fev~9, EERBS I B\ TS AT B2 5 FIEFBTIE R,
BHET, WHREN, HEREOBRE L Z L RDLN
bo T ThhbIPBRIGHICER L-EERES 1 €
¥ %1% Variable Numbers of Tandem Repeats (VNTR) ##
WTHEHIN ZOFEEZHCEBEREAE LTEY
YERIY LTI,

o HRIFIZHIT 5 NERMEER, SRR RS D BE W
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O IEIEN L DERH VNTR S [ ¥V 7

© BEfMIE A I % 35 D JEHI T MEAE AL O BB
ZIRHT 5o
VNTR & ?
HBRERIZTNICD 5 S B RERTIEROED D DR
AEDEERUTHL, £hZ2hoBEBICATHEO KIEET]
HHBEPILo THBELIAE VT HHETHY,

EINHRERNBIZORICEATH S, BTE, 62
O RIEEF B % A\ THHT$ % Exact Tandem Repeats
(ETR)-VNTR® & 1200 R 1E BL ) # 3R % F » % Myco-
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BREINTWA, ZDHH, ETR & MIRU i& 2 HIBAH
HBETHbD, BN TIERBERTHTLRBEIFEON
2LVIHENDH LD, bhbhOREETIRAR, B
2, RRCTRBEBEEZRERTETISTRERL, 7
TERFEORBDPH DD D Lz nhdi L EIR
BLUMIRUD 165 IRELEE L2 168REHNT
VNTRIEHT 2 iV 5 &, f#{REE Tl 1S6110 RFLP 12X %
LEHD00HmBIERL kB, T2RETIE, ETR,
MIRU S 4 12 /i 2 T QUB, MubE B A3 5 & S ho,
ETR, MIRU, QUBHBD I b EDOREHM O AED
RERAVLELIVERCIAE L I TEBEDNEGHRDOE
BIZhkoTWwh,

ER~DISHICBIT S VNTR DF K

ERBEH BT UNTRBEHZHE LT,

SPCRY = V#4275 LBRRBEELD Y, &
FEWZEORBI H T HBMEIZITZ 5

o HETH D

o HHMAE W
OFIVEINT— I LOTHREOLE, 2oWilExn
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SR AEREEE O VWNTRBN 2179 &2 7R 5 —
BE LTV ARBEREND L. SO L XY SHMIERE
BRBERORBOAZOTRERKL TSI LD
Mol oT, SHIZHRDOEBDAZE 5T BEFIE
CHHEORRZTRERZ SRV, £DODITH VNIR
X B EHIM AR R EROERBOBENLET
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BRBS B2 ERYE
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D, DFEFENPEREHTES L) RoTE
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DERERFICS AR EE L BEMED S 5 BEMN
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EVERYEE LK, VNTRICX DVBEEEEZ AV
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ZEHMES 5 LATE D,
®VNTRIZ L % ¥ 4 ¥V V@RI BF2OTHRE, BF

EDOHBREPES TH 5,

M. aviumfENZALE> T
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ISR E O EIC D 5 FEZMT O RIS
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L4, BRBKEEI X, BHEEYEPCROEHT
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ERATFETHLILYETELTHA ), HERLHE
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4. BRMRITRTORFEET —FDER

HEHREREFETMEDR S5 HAE
wWETREN ML Ei, HF EF, WLk BE
EEXREELE BH TF

U &I

HHETOTBEHEEIC BT 5K E & TR B T
(5 FE%RAN) OFBIX, L LT, EHERS T
DREBEGBEORZNTEHLENE LTEASRTE
oo —H, #9VF, kELREORKBEEERTIE, FH
Wd 5\ IZHIRA TO 25 BEvkICBEF RGN 2 £
L, 2OKREZBEERYATFACRY)ANSLZ LT,
== D27 55— o OEBRETFRHZ
BBE L, BELZFHARPLHREZHEEL TS, bHE
BWTH, BEESTFRZWNHERTZME 42 026 (EH
BRger &) ICHEAT AR TIIRL, HIRTHHL-E
BHRENRE LTERT LI LT, a) Tl EEmEE
% - BREBEEORR, b) i, AOLRCRHET
B EO8E, o BENE TS S A0 R EICHE
L, MERREED7OITZILTE) ETLHEXNEA
W )oDohb, £/, BRINETIE, PCREIEICEDKF
% C% %, Variable Numbers of Tandem Repeats (VNTR)
EORESND?, R RETR IR OREL - 7F—
Y EBOME - 7— 5 ORBRMERYE - HEF— X
—ABENEHTRELE Y, DFEZNEN 75 OF
AW, 5%, $TETEOMBREETTOL LD LM
Hahs,

AT T, FRISEE L ) EREBRS FEEY —
NA G A%RBL, TREKEERROBE - K&
Pl LTERTHRE ML Y FHEBRZECHHELTE
T2 Fio, BIEEOERETH S IS6110 RFLPEDIZ 5
MESZHRRTLIFEE LTHEEN TV S VNTRE
DAY %R L, Kobe VNTR Database % #5$ 5 &
LB, ZOEHEIZOWTRELTE .

TO—=NIVL NIV TH BP9 B OISR

ARY) TH 4 €Y7 UNTREER, BITGERSTY
INVFEREND 720, F— BT OBBRSPEA4 ADE
BHBRIC L 2B DIEO DX 2 HERTE S, LIdo
T, BRETOF— s TRHyBEH LR, HRBEETD
T—=F N—ZXDEEPEATVEYY, 2t FRHEEE
P—NA TV ANOEFEINIE N Z B,

bhvbhik, FR15 6FEED2EBIChoT2
R (AMEERL Y ¥ —, NHOEEFLHE) &

DIRE L7, AIETEEIAEGEEHRK234%kE A
WT, AEY T L ¥ T B XU 12-loci MIRU VNTR
(I2MIRU) 2L, BRE7D—NNWF—FRX—2
LB L7, B, AEITIZBWTIE, Institut Pasteurde
Guadelope ® Dr. Sola D 11 % 1%, & 4 R F E D SIT-
VIT 1 Database (spoligo international typing— MIRU VNTR
international typing database) Z FIfH L7z B oh/=&ER
ZUTICELD S,

(I)ARYTH 472X 2348k 1808 (77%)
MIE7 7 I —HRICHES W, BT VTH#E, o
T ERBEIC, METHIZBVTHIERSTELBEF
BRTHhorZ bdnhol,. MAT CHBES N Ib
(180%k) # 12 MIRU AT IZ X BN D BERR L LB L 72 &
5, BEEICRBENS 2 00BN BIZFROAE
EXFBELh LR, —FHiX, HRHICEELTW558
ZFBMTHY MIRUZ T 7 7 4 )V, 223325173533),
1804k 348k (19%) KT OMIRUZ T 7 7 L V&KL
oo b9 —HiE, HRMICIZ B2 EEFR (MIRU
7u7 74N, 221325173533) TH Y, 24% (13%) »*
ZOBREBEFRICB L, EEROBEEREICH M5
TORETHLH, LVFEMIRETHL, HRABKT
GELTWEY 47BN FETDH 5V iZHERERN)
TEEL TS5 4 7P/ FLLRETH B0, b
ETOREKOEEELZ2 %) X TRAREVAR WL
5

(I LB DOREBE 2k & LT, KBk (T3-Osaka
B) HREIZBVTD 64k (2.6%) RIBEh 70X EBk
T’ BERBREOTVKRERHIR CORTH]ROELE
ERRTHLDTHY, 5%, THROVMEALZBRZ A
B7F— RX—ZXOBEITLY T3-Osakabh’z E DB H#
BRATROGEIBELPIC 2D LRSS,
(M) 74VEYBIUNTAHETEREICRESR
% Manilatk2S 3 BRI S h iz, OB TS8R L 1k
MIRUZ7T7 74 VIR EL BRoTBY, 749
PEDBRDEVIET 4 VE U AOERZICL25LA
HBDOTRENEZ HND, T 3 BRiX IS6110 RFLP /%
F—=Yb—HLTwBIERL, 5%, KBEFROL
B L TRTSER L 2TNELR 20w 0L EBH
ns,
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Kobe VNTR Database 1§

BRRRETRNENORARL 7— ¥ BHOBHRL-
B EROEEEOHR - ik 07— BifEL H
ML LT, VNTR7— % ZETL E%ERETFRB 7 —
¥ R—ZADOBEERET L7z BEHICLLABIShTY
% 12 MIRUIZED L VNTRETI, bAEO &L cde
RAEDERICEE L T A HIBIC BV T E D58
ZLAETTAIE0MONATWEYY, METHA R
KEBWTHEBROBERMNBLNTEY (Table 1), VNTR
CEOLEBRABETFEF— IR ADEEIIBNT
X, FicHE s SBE OB VNTR locus DEN
ERET HLEYD .

bhbhid, MIRU-VNTR TO L EERER LD 720128
7% VNTR locust v D #5FE T 572912, 180 DL
EHkEELAROME T S EKRE AT, 27HRO
VNTR D % # 1 % 5% L 720 27583 VNTR O iR,
12 MIRU loci ?, ETR 4loci (A, B, C, F)®, QUB 8 loci
(11a, 11b, 26, 1451, 1895, 3232, 4156¢c) 7%, Z Ot
@ VNTR 3 loci (1955, 3820, 4120)2 T & 5, 12 MIRU

Table 1 Discriminatory power by different typing methods

No. of patterns disriminated by :

Cluster

; MIRU 186110
stze 12-locus RFLP KVT KCT
2 19 18 14 10
3 10 5 9 10
4 2 2 2 1
5 4 1 2 0
6 2 0 0 0
7 1 0 0 0
8 0 0 1 0
24 1 0 0 0
34 1 0 0 0
Unique 58 167 150 177
HDI 0.963 0.998 0.996 0.998

A% #81% 5118 2006411 A

i3, MIRU 26 5% b B S RM LR L7 (SREHERK
{1 v ¥y 7 APCI=0.571)o —%, MIRU26 & ) W
SEIMERT locus 9 IR THED SNz THH IR
REERUEEROBVIRICERT A ERDEBY L%
% ; VNTR 4120 (PCI=0.918), QUB 3232 (PCI=0.906),
VNTR 3820 (PCI=0.860), QUB 11b (PCI=0.831),
QUB 11a (PCI=0.794), QUB 26 (PCI=0.780), QUB
4156¢ (PCI=0.690), QUB 3336 (PCI=0.664), VNTR
1955 (PCI=0.582) o IS6110 RFLP TDFER & DB N6,
I2MIRUIZZ NS 9B VNTREZ MR A2 & T, [
—ra— v HOEE, Thbb, RELP/YY — Y DEE
—F L FAEOBBENE LN D T L5 H o7z (Table
Do %7, EXFMMEROREL LERNRIZT 720
AR E R REL LA AEDEELT, 12MIRUIK
SRIVED FAL 4 ~9RLD6 loci A - MAEHE LT
fiL7& 25, RELPEMZ 5 A% — (#85%LL LD
A LARVOBGEIEONRD I EMFRENT, BE
DI EHL, RLBVIHELRTHEAAGDLETHS
MIRU+VNTR 9 locilZ & 5 7 5 A ¥ — % Kobe Clone
Sharing Type (KCT), MIRU+VNTR 6 lociiZ & 57 7 A
& — % Kobe VNTR Sharing Type (KVT) & L T7— % X—
AERTHIET, EENEEELBIRET S (RA—
7 u— Y HREOEE) LRV TDZ 5 A Y — T (KCT
75RF =) X AERBRYEHEREL, BEDOBRRIZLD
WY EEDLEBELNVTOY 5 A Y —fFF (KVTZ 5
A Y =) IC L BEBEEIKR - BREFXDOBEH~DOFIH
HARE L 72 B L HIWF L, Kobe VNTR Database & 5 L
72 (Table 2) o

BIZTFRGIEATEE S THEFICERT A 04720 C
X, F—7u—rHEEEREMOEKREXHTE0+5
HABEEZ DO LICNAT, A—2a—rHEkKkZR
— Ry - ELTHREBTE 2 BENREREZ DI LR
HRELRITNERS2WO™E, bhbhid, BHEIER
BESAILDMBEMNICHEEL 72338 X UERREG6

Table 2 Example of Kobe VNTR Database

Patients’ information A

(ID no., address, age, sex) MIRU VNTR 1 cluIs<te1:r no. VNIR 2 cluIs(tS;r no.
221328173533 864763 989
221328173533 973334 866
221328173533 973775 6 589
221328173533 973775 6 78A 3
221328173533 973775 6 78A 3
221328173533 973775 6 78A 3

Order of MIRU loci: 2, 4, 10, 16, 20, 23, 24, 26, 27, 31, 39, 40
Order of VNTR 1: QUB 11a, QUB 11b, VNTR 1955, QUB 3336, QUB 4052, QUB 4156
Order of VNTR 2: QUB 3232, VNTR 3820, VNTR 4120
The MIRU-VNTR profiles consists of digits (when nine or less repeats were detected at a particular locus)
and letters; the letter A represents 10 repeats, the letter B represents 11 repeats, and so on.
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BREDOLN 2ol UEDOKERIE, KVTEKCTE D
12, TOBEHEERIZISGIIORFLPLAETHEZ &
ERLTBY, REFRETCEATETHLILELON
%

KOBE VNTR Database ®;&F

BEOSFREY—ARL 5 R2EY, BRTH T,
EEBERoBVIRIX (RER, #RX, RHAKX)
BIUEERTKVI/KCT Y 5 A7 —HRENEL o
TBY, ThoHDHED 5 VIZEER TREDIEA Y A
BATHLIENRBEENT, T2, 2BHICAIY S
A7 —HHRED Z IRERLPHEMERERLTBY, &
BORBERRIUVP L VABELZREICERL TS0
Zz bbb, VNTREDRHEME - 7— s HHOMES L
WM EEN L 2T EREL LT, AT
TREAWERKE= YY) V7Y XFAORBEICH ) #
ATWD, BEHETOZ7SLDOHEEL) X2 LR
LBRENAYRY - FA I —) R ERLRE) -
Btk (SR HE&ELE, large cluster TEBRR, £FREE
Btk &) 2t LT, ZOHBE%Z VNTREFB L O
VNTR Database I2 X W BEBE=5 ) v ¥ $THZ LT, #
BREBEBEOKFLEZ LI ETEIDTH L. BER
Hw i) RERT, SITRETH 2R, X OICERE
BOEEFFEDLI LT, NMURAZBROHMEE R
EHz, WENDHEEREDDLZ LB E LTV,
HIED L T A, VNTR Database BED/2HD/Ny 7 75
YV RF—5 GBEOFBERD VNTRT— %) 2EfHEL
D0, REMIGEALTCWAERRETH 575, BERNRK
X227 925 —FBRFBRHICKREBENSE 2 E, ZOR
RidgcIckho0H 5, 5HK1F, BERE WKL
—BIETRNF— BT O AL 7 NVETELNPEDFEL
LT, VPN AL DTEDF-ERERNOEHFEZ B L
7z\vve F72, VNTREDD 5 —2DFETH 5, HiikH
F= I EREORBEEN, LT, &0 IRRAI SR
DFBAZELEDTHWELVEEZ TS,

705

¥ & 8

TRIC X 2R ETOSTFEEZTF - OERIE, B
(EFEN R MEL DN D BERKOR ML HEHI
T B EV)RENZFA»S, HIBATOTXTD
SUHRERRE LA TEETF— 2 BET— 5 LS
EHETHIET, XVREHCHEMERREEOEREL D
BYPEZEHLTHHRICEALIEVZ S, BRIZFES
BT FEIZOVWTD, AFETRLA VNTREZERT
5 LT, IS6II0RFLPASEE L T & 7-BE (FHEAE
M, Hh - -BEEETS, KEOT— Y EBRIEE, fb
MREDF— s EBRBEICZLY) WBETELH0LR
bbb, BEHTEARETEEL, BEIOERET
DWREARIIEE L, /2, ZORKED10%2BET
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Chairpersons : 'Tetsuya TAKASHIMA and 2Tomotada IWAMOTO

Abstract Molecular epidemiology of tuberculosis (TB) is a
science to study TB transmission dynamics and to enhance
our understanding of the epidemiology of TB by utilizing
molecular typing methods as an adjunct to classical epidemio-
logical approach. Before the era of molecular epidemiology,
it was quite difficult to ascertain the source of the infections
since M. tuberculosis is spread by air-borne droplets of respira-
tory secretions expelled by an infectious person to a suscepti-
ble host and it can remain latent as an asymptomatic infection
for years. Now a day, our understanding of TB transmission
dynamics has been refined by genotyping of M. tuberculosis
strains.

The methods of molecular epidemiology, especially IS6110
RFLP of M.tuberculosis, were first introduced to outbreak
investigations and then gradually been expanded its applica-
tion to population-based study in Japan. IS6110 RFLP is
obviously a powerful tool for strain differentiation of M.
tuberculosis but its labor-intensiveness limits the achievable
throughput and makes it less useful for long-term prospective
studies. Recently, apart from 1S67/70 RFLP, DNA amplifica-
tion-based method, i.e., variable number of tandem repeats
(VNTR) has appeared as a substitute for or adjunct to the
IS6110 RFLP.

In this symposium, we have invited four opinion leaders in
molecular epidemiology of TB from different fields: Myco-
bacterium reference center, basic science, clinical practice,
and public health practice. We, as the chairpersons of this
symposium, hope that this symposium would trigger the

development of molecular epidemiological network of TB in
Japan.

1. Achievement and problem of molecular epidemiologic
study with IS67/0-RFLP analyses of tuberculosis in Okinawa:
Shinji MAEDA (Mycobacterium Reference Center, The
Research Institute of Tuberculosis, Japan Anti-Tuberculosis
Association)

The long-term RFLP analyses of tuberculosis in Okinawa
showed that endemic M. tuberculosis might be present. This
is one of the achievements of our project study. On the other
hand, for more effective examination of contact persons,
information of molecular epidemiology should be used
actively. Therefore because the analysis report needs to be
sent back quickly, the PCR-based VNTR method should
substitute for the RELP analysis.

2. Basic knowledge and application of Variable Numbers of
Tandem Repeats : Kei NISHIMORI (Department of epidemio-
logy, National Institute of Animal Health)

Genomic loci of Variable Numbers of Tandem Repeats
(VNTR loci) in Mycobacterium tuberculosis complex and
Mycobacterium avium, the history of analysis of VNTR loci,
the hypothetical mechanisms of increase or decrease of
number of repeats, the structures of the loci, and the necessity
of standardizing the VNTR typing were introduced.

3. Clinical application of VNTR: Tomoshige MATSUMOTO,
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and Hiromi ANO (Department of Clinical Research and
Development, Osaka Prefectural Hospital Organization Osaka
Prefectural Medical Center for Respiratory and Allergic
Diseases)

Tuberculosis genotyping was first introduced to outbreak
investigations and population-based studies. The advent of
Variable Numbers of Tandem Repeats (VNTR) can be applied
to clinical fields of not only Mycobacterium tuberculosis but
also of Mycobacterium avium. In Osaka Prefectural Medical
Center for Respiratory and Allergic Diseases, clinical applica-
tion of VNTR was first introduced in Japan to determine
whether Mycobacterium tuberculosis or avium disease was
caused by reactivation or reinfection when relapsed. We
showed some examples about usefulness of the clinical
application of VNTR.

4. Molecular epidemiology of tuberculosis to improve TB
prevention and control activities : Tomotada IWAMOTO
(Department of microbiology, Kobe Institute of Health), Riyo
FUJIYAMA, Noriko TANAKA, Yasuto KAWAKAMI (Kobe
City Public Health Center), Chika SHIRAI (Hyogo-ku Health
and Welfare Department, Kobe)

M. tuberculosis isolates in Kobe have been characterized as:
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a) Beijing family strains are highly prevalent (77%), b) two
major MIRU profiles in Beijing family were found, one is
globally pandemic genotype and the other is locally prevalent
strains, ¢) six strains belonged to T3-Osaka family, and d)
Manila family strains made cluster consisting of 3 strains.
Kobe VNTR Database which consists of 12-loci MIRU and
9 additional VNTR loci has been developed. The basis for
the selection of these supplemental 9 VNTR loci and the
application of VNTR database in TB control program were
introduced.

Key words: Molecular epidemiology of tuberculosis, IS6110
RFLP, VNTR
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