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Table 1. Frequency of each single-nucleotide polymorphism (SNP) and rpoT Mycobacterium leprae genotype in Asian countries

SNPs rpoT type

Crigin Type 1* Tpe 2t Type 3 Type 4% 3 copy™ 4 copy!
Japan Mainland 2(C3:0,C4:2) 33(C3:2,C4:31) 2 33
Japan Okinawa 4*%(C3:4,C4:0)" 7(C3:7,C4:0) 11

Japanese Brazilian 7(C3:7,C4:0) 2 (C3:2,C4:0) 9

Korea 15(C3:4,C4:11) 4(C3:0,C4:4) 17 (C3:0,C4:17) 4 32
indonesia 12(C3:10,C4:2) 7(C3:6,C4:1) 16 (C3:14,C4:2) 30 5
Myanmar 26 (C3:26,C4:0) 1(C3:1,C4:10) 2(C3:2,C4:0) 29

*CGA at positions 14676, 164275, and 2935685.

TCTA at positions 14676, 164275, and 2935685.

CTC at positions 14676, 164275, and 2935685.

$TTC at positions 14676, 164275, and 2935685.

IThree copies of 6 bp tandem repeats in the rpoT gene.

IFour copies of 6 bp tandem repeats in the rpoT gene.

**Bold type numbers are number of isolates with specific genotype.

™C3 and C4 are rpoT, three-copy or four-copy genotypes, respectively. Numbers represent numbers of isolates of each SNP type.

(@)

<4— 4 copies of 6 bp
<4~ 3 copies of 6 bp

<4 4 copies of 6 bp
<¢— 3 copies of 6 bp

1 2 3 4 5 6

Fig. 1. Electrophoresis of 91 or 97 bp PCR products from three copies of
6 bp tandem repeats or four copies of 6 bp tandem repeats in the rpoT
gene: {a) samples from patients in mainland Japan; (b) samples from
patients in Myanmar. Lane 3: 91 bp control for three copies; lane 4: 97 bp
control for four copies.

localized geographic distribution (Matsuoka et al., 2000,
2005). One of the prominent findings was predominance of
the four-copy type in the eastern Asian countries of Korea
and mainland Japan. SNP genotyping of M. leprae has also
been demonstrated to have a characteristic worldwide geo-
graphic distribution and can be used to trace the worldwide
dissemination of leprosy (Monat et 4l., 2005). Of interest is
whether there is a coincident biased distribution of specific
SNP genotypes along with the prominent distribution of
the four-copy type of the rpoT gene in Japan and Korea.
More specific determination of M. leprae SNP genotypes in
Asian countries, especially in Japan and Korea, is therefore
important.

© 2006 Federation of European Microbiological Societies
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Table 2. Stability of single-nucleotide polymorphism (SNP) and rpoT
genotype among strains subjected to serial passage in nude mice

Strain and Genotype

generation Nucleotide™ SNP type Copy number®
Thai-53 3rd CGA 1 3
Thai-53 4th CGA 1 3
Thai-53 7th CGA 1 3
Thai-53 11th CGA 1 3
Thai-53 12th CGA 1 3
Kusa-6 Biopsy CTC 2 4
Kusa-6 1st CTC 2 4
Kusa-6 2nd CTC 2 4
Kusa-6 3rd CTC 2 4
Kusa-6 4th CTC 2 4
Kyo-1 3rd CTC 2 4
Kyo-1 5th CTC 2 4
Kyo-1 7th CTC 2 4
Kyo-1 8th CTC 2 4
Zen-4 1st CTC 2 4
Zen-4 2nd CTC 2 4
Zen-4 3rd CTC 2 4
Zen-4 4th CTC 2 4
Zen-9 Biopsy CTC 2 3
Zen-9 1st CTC 2 3
Zen-9 2nd CTC 2 3
Zen-9 3rd CTC 2 3

*Nucleotide at positions 14676, 164275, and 2935685.
*Copy number of 6 bp tandem repeats in the rpoT gene.

The different rpoT genotypes identified in mainland
Japan and Okinawa were also seen in a previous study
(Matsuoka ef al., 2000), and different SNP genotypes were
also seen in this study between the two regions (Table 1).
SNP type 1 was not detected in isolates from the mainland,
but there were four type 1 strains in isolates from Okinawa.
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These results suggest that the leprosy bacilli were distributed
in Japan by different ethnic groups in a migration pattern
similar to that shown for other infectious diseases (Ishida &
Hinuma, 1986; Hanihara, 1991; Sugimoto et al., 1997; Turan
& Abe, 2004). The dual structure model is generally accepted
as the history of how the present Japanese population was
established (Hanihara, 1991). According to that theory, one
ethnic group migrated into Japan from Southeast Asia about
30000 years ago, and another population arrived in Japan
via the Korean peninsula from 2800 to 1700 years ago. The
group arriving later expanded its territory in mainland
Japan. The Japanese currently living in mainland Japan are
thought to be descendants of the intermixture of the two
ethnic groups. On the other hand, the lineage of Okinawans
derives from the first migrating ethnic group, with no
subsequent intermixture with the group arriving later. There
is a high incidence of human T lymphotropic virus type 1
carriers in Okinawa, but a low prevalence is noticed in
mainland Japan (Ishida & Hinuma, 1986). The genotypes of
microorganisms such as JC polyoma virus and hepatitis B
virus also show variation between the two areas (Sugimoto
et al., 1997; Turan & Abe, 2004). These findings provide
evidence that leprosy was introduced by different ethnic
races inhabiting each region in Japan. Almost all the isolates
in mainland Japan were SNP type 3 with the four-copy type
VNTR, which indicates that the M. leprae in this area
developed from very few clones.

A striking finding of this study is the detection of two
strains of SNP type 4 in isolates from the Japanese Brazilian
patients. These strains were not detected in Japanese
patients or in patients from the other Asian countries in this
study. In addition, a previous study found that two strains of
14 isolates in Brazil were SNP type 2 (Monat et al., 2005).
A TJapanese work visa is easily obtained for Brazilians of
Japanese descent. Currently, over 200000 Japanese Brazi-
lians live in Japan, and approximately 50% of the recent
leprosy cases diagnosed in Japan were diagnosed in that
population (Study Group for New Cases in Japan, 2005).
The patients lived in Brazil during their childhood, and had
not been living for a long period of time in Japan. The
results of this study substantially support the hypothesis that
these patients were infected in Brazil and developed the
disease later in Japan. The seven patients with SNP type 3
along with three-copy type VNTR isolates also support the
hypothesis that they were infected in Brazil, because the
prevalence of this genotype in mainland Japan is very low,
and this genotype has been previously identified with high
frequency in Brazilian patients (Monat et al., 2005).

Both SNPs and variation in the rpoT gene were main-
tained stably in isolates passaged for many generations
in nude mice. Thus, genotyping by examining a combina-
tion of two types of genetic polymorphisms that have a
small range of variation is a robust and useful tool for the
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detailed epidemiological analysis of the global movement of
leprosy.

Two hypotheses for the origin of leprosy were formulated
from the previous study of SNPs (Monat et al., 2005). The
population of SNP type 3 increases with distance from India
like ripples in a pond. Logically, the SNP type 2 isolate could
be derived from progenitor type 1 by a single-nucleotide
mutation, followed by SNP type 3 and 4 derivatives. The
data presented in the current study support this hypothesis
by demonstrating a predominance of SNP type 3 strain in
mainland Japan, Okinawa, Korea, and Indonesia. These
ideas support the previous hypothesis for the origin of
leprosy (Monat et al., 2005), and suggest that the ancient
origins of leprosy were in the Indian subcontinent (Browne,
1985).

Because many new cases have been detected from Japa-
nese Brazilians, public advisories for early diagnosis of
leprosy were issued to clinicians and the Japanese Brazilian
communities. The results in this study indicate that Japanese
Brazilians are already infected when they arrive in Japan.
Therefore, intensive monitoring to detect the early signs of
leprosy should be conducted. This policy should apply to
other countries that accept immigrants from regions with a
high prevalence of leprosy. Awareness of global transmission
of leprosy by immigrant populations is vital to effective
global control of leprosy.
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Figure 1. Effects of the temperature and incubation time on the extrac-
tion of ATP from Mycobacterium leprae Thai 53. ATP con-
tent was measured by bioluminescent assay and expressed
as relative light units (RLU).
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Figure 2. The influence of mixing the bacterial suspension on the bacterial viabil-
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Figure 3.

ity. The bacterial suspension of M. leprae Thai 53 was mixed at maxi-
mum speed of a Vortex mixer for five seconds before inoculating it into
culture media. 0.2ml of bacterial suspension was inoculated into 1.8ml
of Middlebrook 7H9 broth and cultured at 32 °C. After inoculation, 0.1m!
of bacterial suspension was coliected on days 0,7, 10 and 14 and RLU
was measured.
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The influence of sonication of the bacterial suspension on the bacterial
viability. The bacterial suspension of M. leprae Thai 53 was sonicated
at 38kHz using ultrasonic cleaner UC-1 type (lkedarika Co.) for 0-180
seconds before inoculation. ATP was exiracted from 0.1ml of suspen-
sion and RLU was measured.
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Figure 4. Influence of pH of the culture medium on M. leprae viability. 0.2 ml of M.
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Figure 5. influence of freezing on the viability of the bacilli. The HBSS suspension
of fresh M. leprae Thai 53 (2X 102 bacilli/ml) was stored at 4 C over-
night. The rest of the bacterial suspension was frozen at -80 'C, and
thawed on the next day for comparison of activity. 0.2ml of the suspen-
sion was inoculated into 1.8mi of Middlebrook 7H9 broth and ATP was
extracted on days 0, 7, 10 and 14 of culture and RLU values were mea-
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leprae Thai 53 (2X 102 bacilli/ml) suspension, which was stored at -80
C, was inoculated into 1.8 ml of Middlebrook 7H9 broth whose pH was
adjusted 10 6.5, 7.0 and 7.5 and cultured at32 C.On days 0, 3,5, 7,
10 and 14, 0.1ml of the culture was collected and RLU values were
measured after ATP extraction.
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Table 1. The influence of HBSS for pre treatment of the bacilli.

ATP standard Measured value (RLU)
solution Preliminary Control Dilution factor of HBSS by Middlebrook 7H9 broth
concentration treatment (M.7H9 broth) 0 1/5 1/10 1/20 1/100
2x10°M - 33200 28527 29340 32150 34122 31343
2x10°M + 9 1364 12 10 11 9
0 + 6 5 5 6 4 5

Table 2. Negative control ATP value obtained using uninoculated nude mouse foot pad.

Preliminary treatment ATP extraction

for 30 minutes at 22°C for 5 minutes at 60°C Measured value (RLU)
- + 1791
+ - 16
+ + 59

Table 3. Correlation between ATP and Buddemeyer methods for the measurement of antileprosy activity using M. leprae
Thai 53 strain.

Inhibition (9%)*

Concentration by ATP method on day : by Buddemeyer method on day :
Drug (Le/ml) 7 10 14 4 7 10
Control 0 0 0 0 0 0 0
RFP 2 20.8 914 93.3 61.4 69.7 75.8
0.5 10.0 84.9 92.5 57.6 66.5 72.0
0.125 255 84.3 92.9 4.7 494 55.1
CLF 8 95.4 96.1 93.7 99.8 99.8 99.9
2 579 85.0 92.1 30.3 51.5 61.9
0.5 8.2 14.8 27 4.8 10.5 16.0
OFLX 8 12.5 48.7 79.5 44.8 43.7 52.9
2 0.0 13.6 54.1 21.6 16.6 27.5
0.5 0.0 0.0 42.3 6.0 94 16.8
CAM 2 36.2 89.3 93.1 54.6 65.5 72.9
0.5 184 83.7 92.7 555 63.0 70.1
0.125 0.7 65.1 924 22.0 35.8 94.4

*[(control group(c) - drug treated group)/c]X 100 (%)
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Table 4. Reproducibility of ATP method and Buddemeyer method for the measurement of antileprosy bacillus activity.

Inhibition (%)*

Concentration on day 10th by ATP method on day 7th by Buddemeyer method

Drug (ug/ml) Ist 2nd 3rd  Average ist 2nd 3rd  Average
RFP 2.0 59.0 68.0 914 72.8 69.7 69.6 - 7238 70.7
0.5 58.0 66.0 84.9 69.6 66.5 61.8 714 66.6
0.125 60.0 67.0 84.3 70.4 494 36.1 56.1 472
CLF 2.0 52.0 67.0 85.0 68.0 515 99.9 67.0 72.8
0.5 20.0 19.0 14.8 17.9 10.5 57.5 325 335
0.125 0 ND” ND ND 9.9 17.6 13.9 13.8
OFLX 8.0 60.0 51.0 48.7 53.2 ND 43.7 49.7 46.7
2.0 0 26.0 13.6 13.2 ND 16.6 25.8 21.2
0.5 0 11.0 0 37 ND 94 15.9 12.7
CAM 2.0 ND 72.0 89.3 80.7 65.5 69.8 ND 67.7
0.5 ND 67.0 83.7 75.4 63.0 53.2 ND 58.1
0.125 ND 67.0 65.1 66.1 35.8 27.2 ND 31.5

*[(control group(c) - drug treated group)/c] X 100 (%)
*not determined
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Basic evaluation for new antimicrobial susceptibility testing
of Mycobacterium leprae
by bioluminescence assay (ATP method)

Toshio YAMAZAKI*, Masaichi GIDOH, Masanori MATSUOKA

Leprosy Research Center, National Institute of Infectious Diseases
[Received: 2 Nov, 2005 / Accepted: 10 May, 2006]

Key words : Mycobacterium leprae, drug susceptibility test, adenosine triphosphate (ATP),
bioluminescence assay, Buddemeyer method

Antimicrobial susceptibility testing of Mycobacterium leprae by non-radioactive bioluminescence assay was
developed. Optimization of the assay conditions such as temperature and time for ATP extraction, bacteria dose,
preparation of bacteria suspension and pH of culture medium was carried out using M. leprae Thai 53 strain. Samples
of bacterial suspension of M. leprae were first treated with filamentous cell treatment reagent at room temp‘erature
for 30 minutes and ATP was extracted from the leprosy bacilli by heating at 60 degrees for five minutes. Luciferin
luciferase was added to the extract after cooling to room temperature followed by measurement of relative light units
(RLU) of each sample using a luminometer. The concentrations of the drugs used for the evaluation of antimicrobial
activities of rifampin (RFP), clofazimine (CLF), ofloxacin (OFLX) and clarithromycin (CAM) were 0.125, 0.50,
2.0 and 8.0ug/ml respectively. Middlebrook 7H9 broth medium was used (pH6.6) as the basal medium and the
bacilli were cultivated at 32°C for 0-14 days. ATP was extracted from 0.1ml of culture suspension and inhibition of
the luminescent activity was calculated. The results were compared to that obtained by radio-active CO: detection
system, Buddemeyer method which is commonly used for measuring anti-M. leprae activity.

There was a good correlation between the results obtained by ATP method on the tenth day of culture and the
results obtained by Buddemeyer method on the seventh day of culture. ATP method may be useful for the determi-
nation of drug susceptibility of M. leprae.

*Corresponding author :

Leprosy Research Center, National Institute of Infectious Diseases,
4-2-1, Aoba-cho, Higashimurayama-shi, 189-0002 Tokyo, Japan.
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Table 2 PCR application for leprosy diagnosis

1. DNA isolation from appropriate samples
a. Skin biopsy
b. Peripheral blood

¢. Paraffin embedded sample

2. PCR

NucleoSpin tissue kit (MACHERY-NAGEL)
NucleoSpin Blood QuickPure (MACHERY-NAGEL)
DEXPAT (TAKARA BIO)

a. Method by Sugita et al. (Eur. J. Dermatol 6 : 423-426, 1996)

b. Method by Donoghue et al. (J. Med. Microbiol 50 : 177-182, 2001)

3. Agarose gel electrophoresis to determine the size of amplified DNA
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Table 3 Method and Primers for PCR

a. Method by Sugita et al. (Eur. J. Dermatol 6 . 423-426, 1996)
Target HSP70 (dnaK) gene of M. leprae

Primer pair

(2004-2031) 5TACCGACATTTCCGCGATAAAGTCGGCAS’
(2161-2140) 5CGTCAACCACATCGTCAGTAGA3
Size of the target band 158bp

b. Method by Donoghue et al. (J. Med. Microbiol 50 . 177-182, 2001)
Nested PCR

Target RLEPS3 sequence of M. leprae
Two primer pairs
Outer primer pair (490-509) 5TGCATGTCATGGCCTTGAGGS
(618-599) 5’CACCGATACCAGCGGCAGAAY

Inner primer pair (505-522) 5TGAGGTGTCGGCGTGGTCS’

(603-586) 5CAGAAATGGRGCAAGGGASZ
Size of the target band 9%bp

Table 4 Check points for PCR

1. Ladder marker bands; The condition of the agarose gel electrophoresis
II. Positive controls;  The condition of the PCR

Il. Negative controls; The occurrences of contaminations

V. Human B-actin; The condition of DNA isolation and quality of DNA

Satisfactory results with all four points, then find out the target band.
Negative or Positive

&5 PCRIREDIEE

REEEyg") B2t RN 1) PCREEERLURMEBEIFRE L HOICDL
INT T4 F(25) 61.3% 76.0% THRES L %2 (2000EEH 52005 E % T)
RiEEBIRAQ21) 77.8% 95.2%  2) B (sensitivity) :BHPOBILEL
ARILTY AR 3) R (specilicity) @ FBEPORBILEIE
M ®(30) 40.0% g867% 4 - ARRBL T THRERER
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Current practice of genetic diagnosis for Mycobacterium leprae

Norihisa ISHII*", Kazue NAKANAGA, Masanori MATSUOKA, Koichi SUZUKI
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Laboratory tests necessary for the diagnosis of leprosy have not been well introduced in general hospitals and
clinical laboratories. Therefore, several tests have been performed in Leprosy Research Center, National Institute of
Infectious Diseases since July, 1997, as a part of administrative examinations (tests done by request of Ministry of

-Health, Labour and Welfare). These examinations include histopathology, serum antibody titers (anti-PGL-I anti-
body), PCR test and bioactivity of anti-bacterial agents.
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Drugs Resg:::xbie Mutation(s) i scr;llgi eo(fs) Reference(s)
Dapson folP1 Thr53Ala 13 8-10 -
. Thr53Arg 1 8

Thr53lle ; 2 10
Thr53Ala + Pro55Leu 4 8, 11
Pro55Arg 5 10-12
Pro55Leu 9 8-10, 13
Pro55Ser 2 7,12

Rifampicin rpoB Gly401Ser + His420Asp 1 14
GIn407Val 1 14
Phe408/Met409:LeuPhe insertion 1 15
Asp410Asn 1 15
Asp410Tyr 1 13
Asp410Asn + Leud27Pro 1 8
Ser416Cys 1 16
His420Asp 1 15
His420Tyr 11 8

" Ser425Leu 34 6- 8, 12, 14-18

Ser425Phe ! 14
Ser425Trp 2 12,15
Serd425Met + Leuq427Val 1 8

Ofloxacin gyrA Gly89Cys 2 8,9
Ala91Val 9 5,7,8,12,15
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