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DNA - DNA hybridization #, PCR &% & TEOD
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B BH (£MH)
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l \ y t y ﬁ Hansen’s disease

1. \vEVE

Bt /vt i Hansen's disease (lepro-
sy) BHEBEO—ETH % b LW E Mycobacteri-
um leprae (& 2EMRBEET, ELFECER
CERBMETH B, SVLEIIHT 2EL ADHIE
MRIBEEDEBVIZ L o TRRIEENA OIS, 18
EIEND &, BERLBREE FROEES)
PBT LMD L, BRRBEED L o 2R
Wik E A, BEEML, ER>»SB S,
Zzap L ERE N, BETHREL EOREN L
Sz, 512, HERTRERHREAOLHRE
b 1996 £ T (5T PEEL, RBR -
ER DR VLRI,

FAEFEL LT Tow,, T REVAVLRT
=723, BAERRR - ERE2HRTZELT o
WER S WRIGZEDEM AR EER L,
BAE - 55 - Hansen WOEEETH % 5 WH
C OEBRIZEELTHRY, Lal, SWEOE
BFRITRUEFR SN DT, EROTTROER
DBHRFEINTW3,

S>VHEOBIEIRE (HARERM: 12~13 H),
BEEAXBTEERICHEBTDY, ENREDLY
THRwEEZNTWS, LiehoT, REER
BET, RROEMIIBHRTHS. %72, 5VH
DEEBEHZ 7 =/ — )VEEE (phenolic
glycolipid-1: PGL-1) & RW#HEDY 27
Schwann #ifaRE O T 3 =¥ 2 L OFEMEIH
Wz, FEHEOBRENR 5

FEwARE LBEET 2 RBRPROBEIE, RERED
T TRVWASBHICKE, BRI VWEEZRA
T35 (HERSBEE tEbhTwd, BEC
EERPE2 ZRFELTIE, BLXADSVEIIN
T3 RENLHEERERED I, AREEDRE
B, BERE, XEREZ LORE - HEWEF
BRUOGNTWS, LiedloT, BENSOFEEE

- Bz

TICREHHEZEL, BREYTC—E%K2 2
EbE,

Hansen S50/ | Hansen & ClBE 7, 5
AR, HREML, ERESRTR K OTESLE T 2
BRI RV, BEEEEEbDTES, SExi
RYEASh, BRSREFEELYED S, 6‘13%@%&
BEFOFERLTOR TV S, 5WEIX Schwann s
5o bR RENE VY, —EORE L EREEL T
EERRIRIR E LT &<, BRLVELDTENTHE,

BEY HEAFHEERREERAEET, &
BENIZEALTH S, KEYDEE RGNS
WRHL, SBREOET U EFHCHEET 2
EEzZoNE, —F, EHAEAOFHEE I
EYABETHY, Hansen BEEDSWENE,
7Y7 OEX DHEENL,

B, HROFREZEITY7, 7790, &

K EORBELEZH LW, FERF 40 HF AR
BERENTWS,
EERD R TOFH AR Hansen HEE IIKE
BHZTWS, Ll, HRCEEESEEROCER
140 FAOFREENERIN TV S, BETE A
% BEERRER FECERT 3R A,

BEEREER [ MIEEBERHI L, BYIKVE
B, FMEEREER ¥ OEFTEER, www
L, THREBNHER»ITZVES, |
&) LxwERR ET, T2, n/ﬁ%)?%THEOJ% }:
gl « KEOEERIANBMNEhE ZLBFv.

sECcREE (B), NESEERE FEE
R EREL. BEEOZWES, MEEES (EH
BOAMER KE), HEBEY Eh > Hansen i@
REMCANRESRITY. DEOHRE, ARzl
TREEOBRLETFHOME T TH B, BN
Do WEOK, KBOWRYR, MEEE,
RE, SRS, REESH R & CERERS
BERLLNED, ThRSVEICHT 2ERD.
GREEOETHY, FRELTHEshE B
D). FEVHIO IR, To%s By LRER
HE» TTH, &< KisLzw LLE, thod
ki BE: (BT &, BB#, BLE) wiHES
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Nt FREORE

BrrYA hhA

REMR

WHO 948 S HE (paucibacillary PB),If ZHEE! (multibacitlary : MB)-
Ridley-Jopling%# | (1) TT — ? ~— LL
BT BB BL
BEEX X 718%E fats | B
5VHE PEURR LEW E25
BB DE B
BEEOR%H ERFERHNE AN
BEOER BE (BRIATE), HESEARE W (BB, B, &5
BEOFRE S, |E ¥R, F# ‘
BEEBOMBESE BRI, B, BER) |SE/EER
7= 3 BETIRL ESHORERE BB AT TOHSWEOIFE
B L BYPBICH)IES
5 VR
mREIRAE
[5 v B R Hix

type1 H1 b1

P IL- - hA
IL-4. IL-10 |

T 7 7~ SRR -

I________L____/_g,_itﬁér e

B EEMmRENEE

NEARTTE (PB)
Bl SWEICH U THOBEER O 2 5 3 /15, SM
DEFRE, RENOARIEEZINLTL 3,

&2

1% (Ridley-Jopling 4738). %7z, TTHZ &
BRETOLVEERRHE LS WOT, 2EE
(paucibacillary : PB), LLEZ Fiz s WE 2K
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Genotypic analysis of Mycobacterium leprae isolates from
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The genotype of single-nucleotide polymorphism type 3, CTC, at positions 14676,
164275, and 2935685, along with four copies of 6 bp repeats in the rpoT gene, was
predominant for isolates originating in the Japanese mainland. Type 1, CGA, type
2, CTA, and type 3 were detected from Korea, Indonesia, and Myanmar. No

isolates with four copies of 6bp were detected from Myanmar, Okinawa, and
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Introduction

Leprosy is a chronic disease caused by infection with
Mycobacterium leprae. One difficulty in studying the mode
of transmission of leprosy is the small amount of variation
in bacterial genomic DNA. No genotyping tool was available
until two variable number tandem repeats (VNTRs) were
detected in 2000 (Matsuoka et al., 2000; Shin et al., 2000),
followed by the discovery of short tandem repeats (STRs),
also with the potential for genotyping (Groathouse et al.,
2004; Zhang et al., 2005). STRs with polymorphisms used
for community-based epidemiological analysis showed the
existence of variable strains in areas with a high prevalence
of leprosy (Matsuoka et al., 2004; Zhang et al., 2005). In
addition, VNTRs in the rpoT gene, with a small range of
divergence of three copies of 6 base pair (bp) tandem repeats
to four copies of 6 bp tandem repeats (three-copy type, four-
copy type), proved valuable for the analysis of the global
transmission of leprosy (Matsuoka et al., 2005). One pro-
minent finding was the predominance of the four-copy type
in eastern Asian countries such as Korea and mainland
Japan (Matsuoka et al., 2000). Genotyping by single-nucleo-

@ 2006 Federation of European Microbiological Societies
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Japanese Brazilian patients. Type 4, TTC, with three copies of 6 bp, was detected
only from Japanese Brazilians. The results indicate that infection occurred in Brazil
and the disease developed later in Japan.

tide polymorphisms (SNPs) was also discovered to be useful
for analysis of the global spread of leprosy (Monat et al.,
2005). The purpose of this study was to compare SNPs,
along with VNTR genotypes in the rpoT gene of M. leprae
isolates from Asian countries, in order to understand the
transmission of M. leprae in this region.

Materials and methods

Source of M. leprae and preparation of
template DNA

A total of 155 M. leprae isolates were submitted for analysis
of SNPs and VNTRs. Samples in Japan consisted of three
groups: 35 samples from the mainland, 11 samples from
Okinawa, the islands at the southern end of Japan, and nine
samples from Japanese Brazilian patients. The sex and age of
the Japanese Brazilian patients were as follows: male, 17
years; male, 23; male, 28; male, 31; male, 32; male, 32; male,
33; female, 53; and male, 59. The 31-year-old male arrived in
Japan 6 months before developing symptoms, which was 12
months before diagnosis. The 59-year-old male lived in

1
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Japan for 5 years before manifesting symptoms 6 months
before diagnosis. The histories of the other patients are
unknown, but it is supposed that they also grew up in Brazil,
similar to the two described cases, and came to Japan on
work visas. Other samples included 36 samples from Korea,
29 samples from Myanmar, and 35 samples from Indonesia.
Bacterial samples from Indonesia and Myanmar, and for
some of the Japanese samples and all of the Japanese
Brazilian samples, were obtained as slit-skin smear speci-
mens. Samples on the blade were soaked in 70% ethanol and
kept at room temperature until DNA templates were pre-
pared according to methods described previously (Matsuoka
et al., 2005). All of the Korean samples were from biopsies,
and the extracted DNA from each sample was sent to Japan,
where a DNA template was prepared as described previously
{(Matsuoka et al., 2000). Mycobacterium leprae isolates were
prepared from 29 of the Japanese samples, maintained by
serial passage in nude mice, and DNA templates were
prepared using the protocol described above for the biopsy
samples. In the strains maintained by serial passage in nude
mice, the stability of SNPs and the copy numbers of the six-
base tandem repeats in the rpoT gene were determined by
examining five of the isolates. The passage levels examined
ranged from biopsy to the 12th in vivo passage.

SNP genotype analysis

Nucleotides at positions 14676, 164275, and 2935685 in M.
leprae genomic DNA, in which SNPs were found {Cole et al.,
2001; Monat et al., 2005), were determined by direct PCR/
DNA sequencing. PCR was carried out using the G PreMix
in the FailSafe PCR Systemn (EPICENTRE, Madison, WI) in
a 50 uL volume of reaction mixture. The primers used for
PCR were as follows: forward primer for 14676, 5'-TGAACA
GTCTCGTAACCGTG-3'; reverse primer for 14676, 5'-TGA
ATAAAGTGGTAATAAAC-3'; forward primer for 164275,
5'-GCGGCTTCATGGCTCGTCAC-3'; reverse primer for
164275, 5'-GTCGGGGGTAGTAGTCTTCC-3'; forward pri-
mer for 2935685, 5'-TGGTGTCGGTCTCCCATCCAG-3';
reverse primer for 2935685, 5'-CACCCTGATAACCTCCG
AC-3'. PCR fragments were purified and sequenced accord-
ing to the same protocol as described elsewhere (Matsuoka
et al., 2004; Zhang et al., 2005).

rpoT genotyping by PCR and electrophoresis

Copy numbers of 6 bp tandem repeats in the rpoT gene were
identified by the agarose gel electrophoresis method de-
scribed previously (Matsuoka et al., 2000, 2005). Primers A
(5'-ATGCCGAACCGGACCTCGACGTTGA-3') and B (5'-
TCGTCTTCGAGGTCGTCGAGA) (GenBank Accession No.
AB019194) were used for amplification of the target region
containing the 91 or 97 bp fragment with either three copies
of the six-base tandem repeats or four copies of the six-base
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tandem repeats. PCR products were separated in a 4% Meta
Phore agarose gel (FMC Bioproducts, Rockland, ME). The
results were also confirmed by sequencing (Matsuoka et al.,
2004; Zhang et al., 2005).

Ethical approval

Informed consent was obtained from all subjects, and the
study was approved by the institutional ethics committee of
the National Institute of Infectious Diseases, Japan. Bacterial
samples were collected after informed consent was obtained.

Results

Distribution of variant SNP M. leprae genotypes

The SNP variants detected were the same genotypes as
identified previously (Monat et al, 2005): SNP type 1,
CGA; SNP type 2, CTA; SNP type 3, CTC; SNP type 4,
TTC; at positions 14676, 164275, and 2935685 (Table 1).
SNP type 1 was predominant in Myanmar and SNP type 3
was predominant in mainland Japan. Of the 11 isolates from
Okinawa prefecture, four were SNP type 1; however, there
were no SNP type 1 isolates detected in mainland Japan. In
addition, type 4 was detected only in Japanese Brazilian
patients.

Geographic distribution of M. leprae with
different rpoT genotypes

PCR products from the rpoT gene with 91 or 97bp were
identified from the three-copy type or the four-copy type,
respectively (Fig. 1), similar to previous results (Matsuoka
et al., 2000, 2005). Sequencing of products revealed three
copies or four copies of a 6bp nucleotide sequence,
GACATC. No four-copy type was detected in samples from
Okinawa, Myanmar, or from Japanese Brazilian patients
(Table 1). Mycobacterium leprae containing the four-copy
type was overwhelmingly predominant in mainland Japan
and Korea.

Stability of SNP and rpoT genotypes after serial
passage in nude mice

Both SNPs and copy numbers of the 6 bp tandem repeats in
the rpoT gene were maintained stably without any changes
during passage of the five strains examined, as shown in
Table 2.

Discussion

Mycobacterium leprae isolates with genotypes containing
three copies of 6bp tandem repeats (three-copy type) or
four copies of 6 bp tandem repeats (four-copy type) in the
rpoT gene have been shown in previous studies to have a
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