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Current advances in the leprosy research activities
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Due to the advent of multi-drug therapy (MDT) recommended by the WHO, for the treatment of leprosy, pres-
ently, leprosy is regarded as a "curable disease". The number of new cases in Japan is relatively very low, due to
which the disease is likely to be neglected, but on scientific grounds, there is a necessity to perform in depth studies.
Leprosy caused by M. leprae is still unclear on various aspects including transmission, immunology, nerve damage

etc. Here we introduce the recent advances in the field of basic leprosy research.
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T AT E T WQ-3345% & O
WQ-34020%i 5 WV IRTETE

‘'R B

[ 7 g FE R SRR /N v b Y IRAR R v 8 —

(44 1 200446108 5 H. BT | 200411 A 15H)

£—T—R:7utuF)uy, SHGHAEE. Buddemeyerik, T AR

FHET VA TF ) 0 WQ-33455 & UWQ-34020%i 5 WEIEEE % BuddemeyeriE & X — K= 7 A EHE
BETHE L7, BuddemeyerE Tk, RFP>WQ-3402>sparfloxacin (SPFX) >gatifloxacin (GFLX)
>WQ%%>hwﬂmmm®ﬁT\WQMW@%%W%ﬁﬁHQWX%E¥7WﬁD%/DV¢%@T&0
72h%, WQ-334513GFLX & D §5h o 7o M., X— F< v AREETIIWQ-3345 L WQ-340213 {1 b
20mg/ ket 5T L WE MO R &M £ R ICEH E o 7% %512, BuddemeyeriE T O WRITEHED
Bh o 72 WQ-3402%50mg/ kgl E L TX— FY 7 A RHEETHRE Lo 2Ah, 20mg/kglk 5 DEE &
FIRE A2 ] % SO 7B E o 720 LA EOBHR X ) WQ-340213. Buddemeyeri® TIXi#EV in vitro
HOWEERETTLON, X— ¥y ARYETOIN vivolil b WEIEEIXSPEX D F U R TIEE

LL%DZENHELDPITR T2

LIS

NV R VHEOBER. % #lOF H OB &

(multidrug therapy, MDT) OERIZ & ) HIRZE
BET LA ShBHAIR0AAZBATY
B0, NV VEROBRE. NV R Y RIAHEE
2 THLAWETE y B FHEETIEDELE
WIBENE A ET 52, AR OREM
1 B OB AME LT\ b, rifampicin (RFP) i
PELZR LRFP & AR EHERAII 7 VAT X/
OYORT, EHREAETHDofloxacin

(OFLX) 0. in vitro, in vivol&YEZ§5< ¥ &
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b P S W TEN % #Osparfloxacin (SPFX)
408 43, S KHMERD L. T BN
HOVWEHERZEFLOOATEZIGTD 726
fluoro-8-methoxy quinolone, gatifloxacin” #
(GFLX) I3, i, kg © ORED AR
BEHMRTREREE LTHREINT WA,
WQ-33451L 12 37T/ EE, WQ-
340210 13, TRAICAFNT I 2 F, 1EIC5-T 3
-2, 4-VI7NFu 72 VEEREBEALLHR
ThFuF s uy Ty LBRERTY T LB
BHIBL-HBEGEEEAT S L E BT,
ciprofloxacinfif ¥ methicillinfif P53 7 1 7 BREIC
LEN-EEEERTER & L CEARETH
S (WAL B V5 s = = w VD) it A =N
SPFX >CPFX>LVFX>GFLX >WQ-3402,WQ-
3345DJET, WQ-3402& WQ-334513 % / V) v B
D YMICCH: A EAT A Z L THRBHETERL
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THRETH B0 2, EHIMEALOB L F 721338
B, BITEREEWE. WBEAMOERICHIBT S
D, WEELE  BEFORZE X D BOHTEEYE
REOFE T VAT E ) 0L WQ- 3402 & WQ-3345
DPL S WEEME # BuddemeyeriEs ¥ 2 X— P
7 A R THRE L7z

M ETE

1) MEE

WQ-3402 : 1- (5-amino-2, 4-difluorophenyl)

-6-fluoro-8-methyl-7-methylamino-4-oxo-1, 4-
dihydroquinoline-3-carboxylic acid ethanolamine
salt (EKEE) . WQ-3345 : 7-amino-1- (5-
amino-2, 4-difluorophenyl) -6-fluoro-8-methyl-4-
0x0-1, 4-dihydroquinoline-3-carboxylic acid etha-
nolamine salt (ExAHEE) . SPFX (KHARHR
#*) . GFLX (HF#HEE) | levofloxacin

(LVFX, W5 15, KRESHSLEEKD

it % ZF1F 72, rifampicin (RFP) 3. HlR&
(FEHEE) % Hwi,

Buddemeyeri:3 4 (2 HW /- EEWQ-3402,
WQ-3345, GFLX, LVFX, SPFX130.2N-NaQH T,
RFPlddimethyl sulfoxide Ci&#E#%. phosphate
buffered saline (PBS) (pH 7.0) TREEEMS
80,20, 05 0125 ug/mll7% b X HFHEL 72,

A= Py ARBEEICHCW-ERNL, £E1T
13SPFXIZ10 mg/kg, WQ-3345i% 10, 20mg/kg,
WQ-3402 1310, 20mg /kg . FEE% 2 TIISPFX it
10 mg/kg, WQ-34021% 30, 40, 50 mg/kgll %
£90.001% Tween80&EPBS (pH70) THEL
726

2) EREORBY

Mycobacterium leprae (Thai 53%k) % £
Ny AEOX—¥F<v X (BALB/c-nu/nu. M,
584, BHARZLT) OmMBRENELIRE. 3
%I — FH#, 70%T% /7 — )V TiHELPBS (pH
7.0) THEH, EEAA L ZOBECLVER
&, 0.05% bV 7Y (RKEE) TRE, 1%
KERALF DU 7 A (RAREE) CTUEBERR
89 7z, Shepardi:® CTH#EIEH%. PBS (pH
70) T2x108/mUIFHRL 72,
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3) B ,

X—F<o X (BALB/c-nu/nu. M, 5384)
. BERZ LT HLEAL, BT A4V L—
7 (EEMFELEHRASH) P TRELLYY X
AT EREFHMBE AMERYE) THE L.

4) M5 VWEEEORE

Buddemeyeri® : 4 mlA T A5 4 7 VHIZTHIZ
B 500 ul. H5WHE (2x108/ml) 100 1. FEH)

(RAFIREESO, 2.0, 05,0125 4 g /ml) 300 1% 40
ZEKBET S COTIFANLTVNDF ¥y T
g D, 2COIRERAT AREEIH T 4 HRERE
B, UCoOV 3 F VB (57mCi/mmol) 100 x4

(1uC) ZMzREH. BUOF v v 72B 0
DI2HFGANATNVE, NaOHE LV v F L —4T
BB Rr IR L7 AR B AN TS AF v 234
TWVIZANF v v TEEIMD D, BIT32C 0

Table 1. In vitro anti-M. leprae activities of various fluoroquinolones

measured by Buddemeyer method

Drugs u ghml x * o (cpm) Inhibition(%)b-
Control 40,193 %748 »
WQ-3345 8.0 7,599 %633 81.1
2.0 18,582:+983 53.8
0.5 27,243+254 32,2
0125 | 32,355%+634 195
WQ-3402 8.0 5,443%57 86.5
2.0 11,474 772 715
0.5 23,041£211 42.7
0125 | 26,942+705 33.0
IVFX 8.0° 14,050+633 65.0
' 2.0 21,081:£ 406 477
0.5 30,637+ 804 23.8
0125 | 33,176=1,494 17.5
SPFX 8.0 8,750 158 78.2
2.0 12,403+327 69.1
05 22,175+438 448
0.125 | 30,580%440 23.9
GFLX 8.0 11,611,383 7.1
2.0 15,295+519 1.9
0.5 925,888797 35.6
0125 | 29,979%640 25.4
RFP 8.0 9,055+ 231 5
2.0 10,585+ 562 73.7
0.5 11,699 647 70.9
0125 | 21,861+508 456

a. Date are given as the meanstandard deviation of
triplicate samples.
b. [(specimen of control group{c)-that of a drug group)/c] x 100 (%)
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#2CT HEREL L, BELMCOEZ
Ky vFL—yarvhvry—TllEL, WQ-
3345 WQ-340208t 65 WHETEMZLVFX, GFLX,
SPFX, RFP & 8RR L 720
< ARE CLIEIOLOX—FTY AR

(BALB/c-nu/nu, ¥, 58%, BARZ LT) O
BRSO WE (2x103%/ml) D0.05mi% HEE L
700 HEMEEE0E D H152HM93HME. AT vV
AHF—F IV TEHZBEHERRORS L7
BE%S r Aollr BXT4E, 2 L4 BN
OLVEBREL, 1 RS OFHEHE
KD, BEAOT S VEHEEL KD,

w R
BuddemeyeriEN#HEREZ R 1ITR L7

&R 4 g/ mITOH S VEHEIZRFP >
WQ-3402>SPFX >GFLX >WQ-3345 >LVFX T,

i 1010 o e e i

10°

Average AFBs Per Footpads

108 p-——-=——--~--mTmeoo oo oo T
107 b---------— o m oo e
é\é‘ t
E
106 1 1 1 ;
8 9 10 11
Months after Inoculation
[ ~o=Control ~(F=SPFX 10mg/kg  =trWQ3345 10mg/ke

—£=WQ3345 20mg/kg  ~=—WQ3402 10me/kg =0—~WQ3402 20mg/ke

Fig. 1. Nude mice were infected with M. Jeprae, strain Thai-
53, by inoculating 1x107 bacilli into each of hind foot-
pads, followed by oral treatment with WQ-3402, WQ-
3345 or SPFX, given once a day, 5 times weekly,
between days 60 to 152 postinfection at a daily dose
of 10 or 20 mg/kg. At 8,9,10 and 11 months after in-
oculation, the mice were killed and the number of
AFBs in the 4 hind footpads of 2 mice was counted
according to the method of Shepard.
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WQ-3402i2 7 VA u ¥ ) o v Hfk b iV SPFX %
BV L WRTESZ DAY WQ-33451
GFLX & D §gho 7z,

R— vy ZARPEFEOHREEZH L - 2L
770 FEBEOSPFXIZ10 mg/kgTX— FI V7 AR
BEI O & W O3E5E & SE I L7248, WQ-3345
X WQ-34021320mg/kg T b A& il % R 3128
Fo/m (EERIL) o

Buddemeyeri: THL O WREIH D B\ WQ-3402
1. 30, 40, 50mg/kg ¥ CHE L7 0AEE&WHIT
Hotz (EE2) o

z %

MDT (DDSB663RFP) (ZH 5TV 53A]
ARE, BSOS WHEEREROFEAIL, <7
05 4 ¥ Tlidclarithromycin, 7 b F% A4 7 ¥
% Tliminocycline, 74 u¥x /0 ryRTHE
SPFX. GFLX. LVFX. OFLX% &C, R THE
HTEERIVEV, FLOVWEHFEEOTHV

1010

100

108

Average AFBs Per Footpads

107 T T L LR E R P R .
106 i I 4
8 9 10 11
Months after Inoculation
~0=Control ~=SPFX 10mg/kg o= WQ3402 30mg/ke

—=tr=WQ3402 40mg/kg == WQ3402 50mg/kg

Fig. 2. Antibacterial activity at high doses of WQ-3402 against
M. leprae inoculated into footpads of nude mice. In-
oculation of M. /eprae and counting of AFBs were
performed according to the methods shown in the
legend to Figure 1.
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ONIE, REPEZMHTF ) 2R TH b,
R HIEH 5 WIEEESR L, HFE R L ORI
HoLkhwrvtux o roREIRD LT
Who

PR 7 VA TF ) 0 WQ3MSDHL SV EEY:
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SPFXRUGFLX X O & o 72, WQ34021%,
BuddemeyeriE T3, 7t uaF o ryhEHo
SPFX & D WHLO WEIEEZ # o TWwizas,
X — F2 X RHEFEIFS0 mg/kg T b AL
T, SPFXRGFLX L OFEVWE W FRIIE -

NZEVIFIRD DWVRIC & D SRR E
EREIRENDEUERFETHL 2 00, M
R DS CRIFREBBITE. IS
ABITEDOE WS SPEXIL, in vivolE THEWILS
WHEEZRT EEZIONL, & 5ITWQ-3402

(Tv2=2.7h)" 1, SPFX (Dogs, per os, T12=8.0h)
¥ 2GFLX (T12=6.2h) 2 & M~ AP 2558
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In vitro and in vivo activities of newly synthesized
fluoroquinolnes WQ-3345 and WQ-3402 against
Mycobacterium leprae
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Activities of newly synthesized fluoroquinolnes WQ-3345 and WQ-3402 against M.leprae were measured by
using the Buddemeyer method. The % inhibition of the examined drugs for M. leprae was in the order of RFP >
WQ-3402 > SPFX >GFLX >WQ-3345>1LVFX. The anti-M. leprae activity of WQ-3402 was found to be stron-
gest in these five fluoroquinolones when examined by this method, and the activity of WQ-3345 was weaker than
that of GFLX.

The anti-M.leprae activities of WQ-3345 and WQ-3402 were measured by a mouse footpad method using nude
mice. The inhibitory effects on the growth of M. leprae inoculated into the footpads were found to be incomplete
after orally administered with WQ-3345 or WQ-3402 respectively at dosages of 10 and 20 mg/kg, and the incom-

plete inhibition was again found even at a dosage of 30, 40 or 50 mg/kg in the latter.
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Abstract

The genotypes of Mycobacterium leprae isolates originating from Mexico, Peru and Paraguay were analysed for the polymor-
phism of short tandem repeats in the rpoT gene. The genotype with four copies of the six-base tandem repeats in the rpoT gene
was prominently predominant in Mexico. but the genotype of all isolates from Peru and Paraguay contained three copies of the
six-buse tandem repeats. These obvious different distributions might reflect the spread of leprosy by the diflerent strains of M. leprae
harboured by the various human races that moved to the American continent, as has been demonstrated in other infectious diseases.
© 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Genotyping of causative agents of infectious diseases
is essential for epidemiological analysis of transmission.
Until recently, it was believed that there is no genomic
diversity among Mycobacterium leprue isolates, a useful
feature for the analysis of leprosy transmission. How-
ever, in 2000, two independent studies reported some
genomic polymorphisms suitable for genotyping of M.
leprae [1,2). Since then other polymorphic genomic re-

* Corresponding author. Tel.: +81 42 391 8211; fax: +81 42 394
9092.
E-mail address: matsuoka@nih.gojp (M. Matsuoka).

gions which might be applicable for genotyping have
been also revealed [3]. One of them is the different copy
number of six-base tandem repeats in the rpoT gene of
M. leprae [1]. Specifically, M. leprae isolates can be di-
vided into two sub-genotypes based on the polymor-
phism in the rpoT gene, which contains either four or
three copies of a six-base tandem repeat. Our previous
study showed the prominent distribution of the geno-
type with four copies of the six-base tandem repeats in
the rpoT gene in the East Asia, Korea and the main is-
land of Japan [1]. For some infectious diseases, the dis-
tribution of microorganisms with specific genotype in
specific geographical areas has been noticed to corre-
spond with the worldwide movement of human races

0378-1097/522.00 © 2005 Federation of European Microbiological Socicties. Published by Elsevier B.V. All rights reserved.
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[4-8]. Studies of the genomic similarity of microorgan-
isms, other than M. /eprae, suggest that disease strains
were distributed in Korea and the main island of Japan
by one of the Mongoloid groups that migrated into
these areas [6.9 -11]. Our data with M. leprae [1] substan-
tiated this observation.

Intrigued with this. it was of interest to determine the
genotypes of M. leprae rpoT gene that exist in the Amer-
ican continent. Because of the complicated history of
invasion. conquest and migration, the American conti-
nent consists of multiple races. The genotypes ol M. lep-
rae rpoT gene distributed in Latin American countries
are investigated in this study.

2. Materials and methods

2.1. Source of M. leprae isolutes and preparation of
genomic DNA

A total of 72 M. leprue isolates were used in the pres-
ent study. Twenty-seven samples from Mexico, 25 sam-
ples from Peru and 20 samples from Paraguay were

examined. In Mexico, 2 samples from Sinaloa State, .

I5 samples from Jalisco State and 10 samples from
Guanajuato State were collected. Samples from Peru
and Paraguay were collected randomly from patients
throughout the countries. Almost all of the patients
were Mestizo. Twenty-four samples originated from
Philippines were also included in the analysis (kindly
supplied by Dr. A. Abraham, Dr. Jose N. Rodriguez
Memorial Hospital, Philippines). Samples were collected
from multibacillary cases [12], since paucibacillary spec-
imens gave poor PCR products in the preliminary study,
as reported by others [13]. Furthermore, leprosy disease
types are defined by host immune response rather than
causative strains. Slit-skin smear specimens were col-
lected from the skin lesion of patient in the same manner
as the routine slit-skin smear test for Bacterial Index
examination. The sample on the disposable surgical
blade was soaked in 70% ethanol and kept at a room
temperature until use. The bacilli were removed from
the blade and collected as a pellet by centrifugation at
10,000g for 20 min and then washed with phosphate-
buffered saline. Template was prepared by treatment
with lysis buffer as mentioned elsewhere [13].

2.2, tpoT genotyping by PCR and electrophoresis

PCR was carried out using a G mixture of FailSafe
PCR System (EPICENTRE, Madison, WI, USA) in a
50l volume of reaction mixture. Primers A (5'-
ATGCCGAACCGGACCTCGACGTTGA-3') and B
(5-TCGTCTTCGAGGTCGTCGAGA-3") (GenBank
Accession No. AB019194) were used for amplification
to span the 91 or 97-bp fragment containing the target

M. Matsuoka et al 1 FEMS Microhiology Letters 243 (20035 311-313

region with three copies of the six-base tandem repeals
or four copies of the six-base tandem repeats in the rpoT
gene [1]. For comparing the differences of the repeats in
the rpoT gene, 91- or 97-bp products were separated by
electrophoresis in 2 4% Meta Phore™ agarose gel (FMC
Bioproducts. Rockland, ME. USA) using TBE (Tris/Bo-
rate/EDTA, pH 8.0) bufler at 50 V.

2.3. Sequencing

The numbers of six-base repeats were confirmed by
direct sequencing. DNA samples for sequencing were
recovered by MinElute Gel Extraction Kit (QIAGEN,
GmbH, Germany) after electrophoresis of PCR prod-
ucts in 1.2% Seakem GTG agarose gel (Cambrex Bio
Science Rockland Inc., Rockland, ME, USA). Samples
were sequenced as described previously [14].

2.4. Genotyping of TTC repeats

Templates prepared for the rpoT genotyping were
also analysed TTC repeats [2]. The target region was
amplified and sequenced as described previously [14].

2.5. Confirmation of M. leprae

To identify of M. leprae, the groEL gene was ampli-
fied by PCR from the template samples using the
method of Plikaytis et al. [15].

2.6. Ethical upproval

Informed consent was obtained [rom all subjects, and
the study was approved by the institutional ethics com-
mittee of National Institute of Infectious Diseases,
Japan. Bacillary samples of slit-skin smears were col-
lected when informed consent was obtained.

3. Results

3.1. Geographic distribution of M. leprae with different
rpoT genotypes

PCR products of different sizes, 91- or 97-bp, were
obtained according to the number of six-base tandem re-
peats in the rpoT gene (Fig. 1). Sequencing revealed that
there were three copies of the six-base tandem repeats in
the 91-bp PCR products and four copies in the 97-bp
PCR products, respectively. No other rpoT genotype
was detected. Of 27 samples from Mexico, only two
samples from Jalisco state harboured three copies of
the six-base tandem repeats. Both samples from Sinaloa
state, 13 samples from Jalisco state and 10 samples from
Guanajuato state revealed a genotype with four copies
of the six-base tandem repeats. In contrast, all samples
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Fig. 1. The rpoT gene polymorphism in M. leprae obtained from
Mexico, Peru and Paraguay. PCR products were resolved on a 4%
Meta Phore agarose gel. Samples were: lane 1, the DNA size marker of
100 bp; lane 2, M. leprae with 3-copy of 6-bp tandem repeats; lane 3,
M. leprae with four copies of the 6-bp tandem repeats; lane 4, isolate
from Sinaloa state in Mexico; lane 3, isolate from Guanajuato state in
Mexico: lane 6, isolate from Jalisco state in Mexico; lane 7, isolate
from Peru; lane 8, isolate from Peru; lane 9, isolate from Peru; lane 10,
isolate from Paraguay; lane 11, isolate from Paraguay.

from Peru, Paraguay and the Phillipines showed three
copies of the six-base tandem repeats (Table 1).

3.2. Frequency of each TTC genotype

The copy number of TTC repeats varied from 9 to 13
copies (Table 2). No biased distribution of some specific
TTC repeat genotypes was recognized in these three
countries. The 10-copy TTC genotype was the most fre-
quent in all three countries.

3.3. Verification of bacterial materials

All samples examined showed the 364-bp PCR prod-
ucts of the groEL gene and indicated that samples con-
tained M. leprae.

4. Discussion

The first stage of our study showed a prominent
biased distribution of M. leprae with four copies of the
six-base tandem repeats in the rpoT gene in the main is-
land of Japan and Korea. The predominance of three
copies of the same repeats in Okinawa, the island off
the southern end of Japan, was associated with human
migration [1]. It has been a very influential hypothesis
that modern Japanese are derived from a base of Jomon
ancestry compounded with later Yayoi immigrants who
had migrated to Japan through the Korean Peninsula
[16]. Additional data to support the hypothesis that
M. leprae was spread by one of the Mongoloid lineage
which migrated to Japan through the Korean Peninsula

Table 2

Frequency (%) of TTC genotypes in each country

No. of repeats Country
Mexico Peru Paraguay

9 5 10

10 57 35 36

11 24 22 24

12 3 35 20

13 3 8 5

14 3 5

18 5

Total 100% 100% 100%
(27 cases) (25 cases) (20 cases)

include the similarity of genetic marker of Korean and
Japanese [17]; low seroprevalent frequency of HTLV-1
carriers in Koreans and Japanese [18]; and the resem-
blance between isolates from Korea and Japan on
genotypes of JC virus, Mycobacterium tuberculosis, Hel-
icobacter pylori and Hepatitis B virus [6,7,9-11].

In this study, the geographical distribution of M. lep-
rae discriminated by rpoT gene polymorphism was com-
pared in some Latin American countries. The most
noticeable finding of this study was that even although
all of the isolates from Peru and Paraguay harboured
three copies of the six-base tandem repeats of M. leprae
rpoT gene, in Mexico, was a predominance of bacilli
with four copies of the repeats.

Genotyping of microorganisms distributed through-
out the American continent and Asia has proved the
concordant spread of some infectious diseases with
the migration of human races [4-8]. It must be of inter-
est to pursue whether there were any correlations
between the genotypes of M. leprae rpoT gene distribu-
tion in the American continent and the spread of
leprosy with the intercontinental movement of human
races in the past because there have been reports that
the movement of leprosy patients initiated the transmis-
sion of M. leprae [19]. Notably, the genotype of four
copies of the six-base tandem repeats of the M. leprae
rpoT gene was typically dominant in Mexico whilst in
all isolates from Peru and Paraguay there were only
three copies. According to a random analysis of M. lep-
rae rpoT gene on an isolate from armadillo in the USA,
three isolates from Brazil and an isolate from Haiti,
it was supposed that M. leprae with three copies of
the six-base tandem repeats existed on the American

g:xt::xebér of each rpoT genotype isolated in the three Latin American countries

rpoT Genotype Mexico ] Peru Paraguay
Sinaloa state Guanajuato state Jalisco state

4-copy 2 10 13

3-copy 2 25 20
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continent [1]. For this reason, the predominance of four
copies of the six-base tandem repeats in Mexico was
unexpected. These limited data might indicate that lep-
rosy was introduced into Mexico and other countries in
different ways, for example, from different human races
such as from Africa by slaves, from Asia by different
groups of Mongoloid people and from Europe coun-
tries by Caucasians. Such ideas have been explored in
the context of other infectious diseases [4,5,8,20]. How-
ever, more samples from more other related countries
would help to develop a more comprehensive correla-
tion between the genotype of M. leprae and the history
of introduction of leprosy to Latin American countries.
This would with no doubt contribute to the study of
anthropology and archaeology.

It is generally said that leprosy was introduced to
Mexico from the Philippines during the Spanish colonial
era. Until now, the preliminary study of all 24 isolates
from the Philippines has shown three copies of the six-
base tandem repeats, which does not support this view.
More isolates of M. leprae from Mexico and other coun-
tries around Mexico for genotyping are required to re-
solve this point.

Polymorphism of TTC repeats exhibited a wide range
of variation; however, the variation of samples from
Peru was relatively limited, and there was no biased dis-
tribution of some specific genotypes in any countries.
The bacilli with 10 copies of TTC repeats were detected
most frequently and this was same with our previous re-
sults obtained in Indonesia [14].

"Genotypes of M. leprae that are particularly distrib-
uted in some specific areas, other than three or four cop-
ies of six base tandem repeats in the rpoT gene, might
facilitate the epidemiological and anthropological anal-
ysis of the origin and spread of leprosy. Unfortunately,
even though microsatellite and minisatellite nucleotide
sequences with polymorphism have been used for geno-
typing [3], none of them showed such biased geograph-
ical distribution as rpoT genotyping in our preliminary
study (data ware not shown). Other short tandem re-
peats with polymorphism that are valuable for genotyp-
ing are under investigation for epidemiological analysis
of leprosy transmission and the worldwide spread in
the past.
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A recent advance in molecular typing for tracing the transmission of leprosy is the discovery of short tandem
repeats (STRs) in Mycobacterium leprae. To substantiate polymorphic loci from STR as promising candidates
for molecular typing tools in leprosy epidemiology, 44 STR loci including 33 microsatellites and 11 minisat-
ellites were investigated among 27 laboratory strains by sequencing PCR products. Not all STRs were
necessarily polymorphic. Thirty-two out of the 44 loci were polymorphic. Nine polymorphic loci were suitable
for identifying genotypes according to the discriminatory capacity, stability, and reproducibility. All the strains
were classified into independent genotypes by the selected nine loci. Three multicase households were subjected
to molecular typing. M. leprae obtained from household cases showed identical copy numbers by TTC triplet
alone, but the isolates from one family contact case were divided into different genotypes by adding eight other
polymorphic loci. The combination of information from multiple loci allows increasing levels of discrimination
and it is likely that the generation and documentation of data will result in the choice of a potential molecular

typing tool for leprosy epidemiology.

Mpycobacterium leprae is an obligate intracellular parasite
with tropism for macrophages and Schwann cells and the only
species of mycobacteria to infect peripheral nerves (19). It
causes leprosy, a chronic granutomatous infection of the skin
and peripheral nerves with characteristic deformities and dis-
ability (1). It is generally accepted today that the worldwide
implementation of standardized multidrug therapy for leprosy
has decreased the number of registered leprosy cases from a
peak of 10 to 15 million to a current total of less than 1 million.
However, the annual confirmed new cases remain at 500,000 to
700,000. This continuing number suggests that effective multi-
drug therapy fails to disrupt the chain of leprosy transmission
(26).

Even though leprosy is one of the oldest recorded diseases,
the source for M. leprae, the portal of its exit/entry, and the
mode of transmission are still under investigation. Some re-
gard human beings as a host for the bacteria, while others are
still considering more possibilities. It was proposed that the
nasal mucosa are the exit/entry pathway of M. leprae (9, 17, 18).
In light of the transmission mode, human-to-human direct
contact was first generally accepted (6, 16), with time as air-
borne (23), as vector-borne (14, 25) and as vehicle-borne (3,
12) routes from evidence that has been obtained. All the
‘progress in leprosy epidemiology was helpful in understanding
the chain of transmission, yet at the same time was overwhelm-
ing.

In the past few years, studies focusing on leprosy transmis-
sion by molecular genotyping have shed new light on it (8, 10,

* Corresponding author. Mailing address: Leprosy Research Center,
National Institute of Infectious Diseases, 4-2-1, Aobacho, Higashimu-
rayama-shi, Tokyo 189-0002, Japan. Phone: 81-42-391-8211. Fax: 81-
42.394-9092. E-mail: matsuoka@nih.go.jp.

11, 22, 24, 27, 28). The most recent one was the report from
Groathouse et al. (8). By in silico analysis, 44 promising poly-
morphic short tandem repeat (STR) sites, including both 33
microsatellite loci (repeat units of 1 to 5 bp) and 11 minisat-
ellite (repeat units of >5 bp) were selected from the M.
leprae TN genome sequence. Variable-number tandem re-
peats (VNTRs) at 9 of 11 STR loci from four clinical isolates
of M. leprae were found. Clearly, it is urgent to accumulate
extensive data for developing powerful typing tools to tracking
the transmission of leprosy to finally reach a world free of
leprosy.

In this study, we identified 32 polymorphic loci throughout
the 44 STRs in a batch of 27 laboratory strains by sequencing
and demonstrating the applicability and feasibility of nine po-
tential loci acting as genetic markers to discriminate different
M. leprae strains.

MATERIALS AND METHODS

M. leprae strains. A panel of 27 laboratory strains of M. leprae was subjected
for genetic analysis. Strains were maintained by inoculation into nude mice
footpads annually in our laboratory. All the strains used in this study were
recovered from multibacillary cases. Excluding Thai-33, Thai-311 and Thai-237
were from Thailand, Indonesia-1 was from Indonesia, and Korca 3-2 was {rom
Korea, and the others were from Japan.

All paticnts were from geographically distinct regions. Four strains, Thai-33,
Kyoto-1, Zensho-4, and Korea3-2. and 17 samples. namely, the fourth gencration
of Thai-53 (Thai-53 4th), Thai-53 7th, Thai-53 lith, Kyoto-1 3rd. Kyoto-t Sth.
Kyoto-1 7th. Kyoto-1 8th, Zensho-4 (biopsy specimen), Zensho-4 1st, Zensho-4
2nd, Zensho-4 3rd, Zensho-4 4th, Korca3-2 (biopsy specimen). Korca3-2 Ist.
Korea3-2 2nd, Korea3-2 3rd. and Korea3-2 4th (Table 6) were employed for the
stability testing of loci. Partially purificd bacterial materials were prepared from
the inoculated footpads by deferential centrifuging and suspension in a phos-
phate buffered saline at concentration of 10°7%/ml.

Primer selection. Primer scts for the amplification regions of DNA containing
the STR sites were referred to the study of Groathouse et al. (8). The sequences
of primer pairs were listed (Table 1).
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TABLE 1. Primers used in this study”
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Primer

Sequence (5’ to 3')

Repeat unit
(bp)

Locus

Amplicon
size (bp)

Accession no.”

RP1-1
RP1-2
RP1-3
RP1-4
RP1-5
RP1-6
RP1-7
RP1-8
RP1-9
RP1-10
RP1-11
RP1-12
RP2-1
RP2-2
RP2-3
RP2-4
RP2-5
RP2-6
RP2-7
RP2-8
RP2-9
RP2-10
RP2-11
RP2-12
RP2-13
RP3-1
RP3-2
RP3-3
RP3-4
RP3-5
RP3-6
RP3-7

RP5-1

ATA ACC AAC CGT TTC GCT GC
GCA GAT TGC ACC CTG CAG TA
ATG ATC CCG GTG TGA GCT CG
TCT CTG CAG CCC ACA CCC TG
AAG AAC GTA CAA TCA CC
AGC GAC CAC CCA CTA GCA TC
TTG TGC TGG TCT CGT AGG CG
TGC CGA CCT CGG TCT GCT TC
CGG ATA TAA TTA ACCTTC GG
GTT GCG GGT CTA CIT GGT TG
GGG CGA TGC CGC CTIT CGA AC
CAG ACC CGG AAA CAG GAT AC
AAT CCA AGC TGA TCG GCC AG
TGC CCT GCA ATG TGC CGA TG
GCG CACTCT GTT AAT GAT GC
ACA CCG ACA ACC GGT TAC CG
TGG CCA TCG TGG TGC TGT TC
CAA CCT CGG CGG ACG CAT AC
TCG AGT TTT GGA CGG CACCG
AGT GCT TGT GCG GTC CAC AC
ACT TCG GCG ACT GCG GTA AC
GGT CAC TGG GCG TTG TGG TC
GAA CTG GCC GGG TTA AAA GG
TGC GCC TTC ACT GTG AAA TG
CAG GTC TTC GCG CCA ATT CT
CCC GCG ACT CCC TGG CTIT GC
GTG TTA CGC GGA ACC AGG CA
CCA TCT GTT GGT ACT ACT GA
GAT GCG ACT ATC ACT CGC AC
GCT GGT TTC CTT CTA GTC CC
GCC TGG TGC CCG GAC AAT GC
ACT GAT CTC GCC GGC GCT GT
CAA CAG ATC GGT CGG AGA GG
CTG GGT AGC CAT CTG GCT GC
GAC CCG GTT GCT TCA TGT AT
GTA AGT TAC AAA CAA GCT GT
CGG AAA GTG TTG TGG TCG AC
CCA AAC ACT TAG TCC ACT AA
TAA TTT TCT TAA AGA TAG AG
TGT GAT CTT TGC ACT GTC GT
ATG AGC CGT AAG GAA TTA AC
ATG CTG CCA CTC ATT AGA GG
CTG AGT AGA CCA GTC GAC AG
ATC GCG GAG CAA CAATITCT
TTG GCG CTT CTG ATA TGG CT
GGC GAG CCC GTC TGG CTC GA
TTA GCA GGA CGA TTG TAC AG
ACC CGG AAT TCC TCC AAG
CCG ACT CGC CGA AGC GAA AC
CCG CGT TAG CAT AGG CAAT
GTC ACG GCG CCG GGA ACG CA
CCG ATT CTG CTG GGC TGC TG
TCA CCA TCG ACG CTC CGG GT
TCG GCC TGG TTG TCT GCCTT
CGT GAC AAT TCC TGG CAC AT
CGA GAA GTG TAC CAC CAT CC
GGC CAA ACG GTC AGGTTG TT
ACA TCG AAT CGC TGT TGT AC
GTA CGC CAA GGA CCG TGA CT
GGT TGT TGA TGT TGG TGG TG
ACG CTG CGG TTT CGC AGC CT
AAT ATG CAT GCC GGT GGT
GGA CCT AAA CCATCCCGTTT
CTA CAG GGG GCA CTIT AGC
GAA GTT GAA TTC TTA TTG CC
GCG GAG GGC ATC ACA CAG AA

1

1

1

(T)B(A)6
(TY6(NYT(T)8
(A)9
(G)9
(C)9
(G)10a
(G)10b
(G)11
(G)12
(C)16(G)8
(C)20
(G)22
(CG)6
(AC)8a
(AC)8b
(AC)9
(CA)6
(TA)
(TA)9
(TA)10
(TA)I3
(AT)10
(AT15)
(AT)17
(TA)18
(ACC)5
(GGT)5
(AGT)5a
(AGT)5b
(ACT)5
(GTA)9
(AGA)20

(CACCG)3

108
149
145
150
131
128
137
136
119
152
159
176
140
124
140
140
160
143
189
139
158
150
164
160
119
150
161
143
149
120
148
168

130

ML0258-ML0259
MLO415/—
ML 1196-ML1197
M1.0823/+

ML.2238/—
ML0266/+
MLO350/—
ML1126/—
ML0946/+
ML1647-ML1648
MLO0237-ML0238
MLO164/+
ML2472/--
ML1285/—
ML1824-ML1825
MLI1227-ML1228
ML2106-ML2107
ML2676-M1.2677
ML2375-ML2376
MLI450-ML1451
ML0235-ML0236
ML2476-ML2477
ML0798-ML0799
MI2183/—
MLO830/~
ML1645/—
MIL2159-ML2160
ML1073/—
ML1118/—
ML2236/+
ML2172-ML2173
MIL2344-ML2345

MI.2158-ML2159
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TABLE 1—Continued

Primer Sequence (5’ to 3") Rep(et?;)umt Locus ?irznepl(lgg; Accession no.?

RP6-1 AAG CGT CGA TAC AAA GGC ACC GT 6 6-3a 91 ML1022/~
AGT AGC TTC GCCATC CTC GGT TT

RP6-2 GTT TGT CAA CAT TGG CAG GT 6 6-3b 148 ML1918/—
CTG GAA CCG CGT GGC CCA CT

RP6-3 CTA CTT GCG CGC CAC CGC CA 6 6-7 191 ML1565/+
CCG TCG CCA GGT TTT GCA GA B

RP7-1 CTG GGG CGC GCT CAA TCG CT 7 7-3 160 ML0213/+
CGG GTT CGG GTG TAA CGA CA

RP10-1 GTA CGC CAC CAG GAC AACTC 10 10-4 203 ML0970/+
TGG CGG GCG TGC AGC CAA AC

RP12-1 AGT AGC TTC CAT CCC CTC AT 12 12-5 180 ML1182
GCG ACG AAA GCA TTT ACG GC

RP15-1 GCT GAG GTT AGG CGC CGA TC 15 15-3 195 MIL2454-ML2455
TCG GCA GAG TCC TGG CCA TC

RP18-1 GCT ATG GGC AGC CTG GGT AT 18 18-8 330 MIL1334/+
AGC CGG TTA CCA AGA TGG CA

RP21-1 TGT TGA AAT TTG GCG GCC AT 21 21-3 179° MLO058/—
TGC AAG GAG TGC TCA GCT AT

RP23-1 CAG TCG CCC GGA TAC TGT TA 23 23-3 190 MI.2469-M1.2470
TAA ATC CGC TCC CAA ATCTT

RP27-1 GTG CTG TGC CTG CCG TT 27 27-5 270 MI0568/+

TCC CCA AAG CCG CCG AAT CC

a Primers were designed to amplify STRs reported by Groathouse et al. (8).

b Protein coding genes are in bold type. Intergenic regions are in italic type. Pseudogenes are underlined.

Slit-skin smears from multicase household. Eleven slit skin smears were
collected as the same manner as that for Bacterial Index examination from
leprosy patients in a total of three households. Among them, five smears from
five patients in household I; four smears from two patients in household 11,
sample 6 from the left earlobe and sample 7 from the right earlobe within a single
individual; sample 8 from the earlobe and sample 9 from the back in another
individual; and two smears from two patients in household III (Table 7).

Preparation of M. leprae DNA from strains and slit skin smears and sequenc-
ing analysis. M. leprae templates from both strains and slit-skin smears were
prepared by treatment with lysis buffer at 60°C overnight as described previously
(13). PCR amplification of STR sites as well as sequencing analysis was per-
formed under the same condition as described elsewhere using the listed primer
pairs (10, 11, 12, 13). Briefly, target loci were amplified using a G mixture and a
FailSafe PCR system (EPICENTRE, Madison, Wis.). DNA samples for se-
quencing were recovered with a MinElute gel extraction kit (QIAGEN GmbH,
Hilden, Germany) after electrophoresis of PCR products. Samples were se-
quenced with a BigDye terminator cycle sequencing FS Ready Reaction kit
(Perkin-Elmer Applied Biosystems, Norwalk, Conn.) and an ABI Prism 310
genetic analyzer (Perkin-Elmer). The nucleotide sequences obtained were ana-
lyzed using DNASIS software (Hitachi Software Engineering, Yokohama, Ja-
pan).

Multiplication of M. leprae strains in nude mice footpad. Inoculums of each
strain were prepared from BALB/c-nu/mu nude mice which were inoculated with
isolates of the third to fifth generations about 8 to 10 months before by Naka-
mura’s method as described previously (15). Five-week-old male nude mice were
injected with the inoculums containing 10* bacilli/0.05 ml of Hanks’ balanced salt
solution. Bacillary number in the footpads of six nude mice at 10, 20, 30, 40, and
50 weeks growth were examined by Shepard’s method (21).

Ethical approval. Informed consent was obtained from all subjects, and the
study was approved by the institutional ethics committee of National Institute of
Infectious Diseases, Tokyo, Japan. Bacillary samples of nasal mucus and slit skin
smears were collected when informed consent was obtained. Animal experiments
were conducted under the approval of the institutional animal experiment com-
mittee.

RESULTS

Allelic diversity of 33 microsatellite loci in M. leprae strains.
In the 27 M. leprae strains, 8 out of 33 selected microsatellite
loci showed the same copy number of allele whereas the other

25 loci, (A)9, (G)9, (C)9, (G)10a, (G)10b, (G)11, (G)12,
(C)16(G)8, (C)20, (G)22, (AC)8a, (AC)8b, (AC)9, (CA)S,
(TA)8, (TA)9, (TA)10, (TA)13, (AT)10, (AT)15, (AT)7,
(TA)18, (GGT)5, (GTA)9, and (AGA)20, presented at least
two types of allele. All locus identifications are from Groat-
house et al. (8) to maintain integrity. This result validated the
comments from Groathouse group on the polymorphic (C)20,
(AT)17, (TA)8, (GTA)9, and (AGA)20 and no diversity of
(CG)6, albeit (AC)9 was also examined for considerable poly-
morphism here which was predicted as nonpolymorphic loci by
them. However, the last repeat unit of some results was not
easily defined for unknown reasons (Table 2).

Allelic diversity of eleven minisatellite loci in M. leprae
strains. Throughout the 27 M. leprae strains, four out of 11
selected minisatellite loci showed no diversity while the other
seven loci, 6-3a, 6-7, 12-5, 18-8, 21-3, 23-3, and 27-5, exhibited
variable characteristics, which also verified Groathouse et al.
(8) reports on the polymorphism of loci 6-7, 12-5, 18-8, 21-3,
and 27-5 (Table 3).

Variations of allelic diversity at STR loci in M. leprae
strains. Forty-four selected STR loci consisted of nine protein
coding genes, 19 intergenic regions, and 16 pseudogenes. Poly-
morphism was revealed in six among nine (67%) protein cod-
ing genes, 16 out of 19 (84%) intergenic genes, and 10 of 16
(63%) pseudogenes. Almost all of the STR loci located in
intergenic regions or in pseudogenes and were unlikely in-
volved in biological functions. Overall, thirty-two out of 44
STR loci were polymorphic and 12 loci were invariable that
might be of limited value as epidemiological markers. The
variations were between 2 and 11 alleles (Table 4). Notably, at
locus (CA)6, isolate Thai-237 differed from the other 26 strains
by one repeat unit (Table 2). Similarly, at locus 23-3, isolate
Hoshizuka-1 alone, and at locus 27-5, isolate Airaku-2 alone
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TABLE 2. Allelic diversity of microsatellite loci in M. leprac strains

Copy no. of repeat element(s) at locus®:

Strain
(T)B(A)6 (TY(NYI(T)8 (A (G)9 (C)9 (G)i0a (G)10b (G)11 (G)I2 (C)6(G)8 (C)20 (G)22 (CG)6 (AC)8a (AC)8b (AC)9 (CA)6
Zensho-2 §&6 6&7&8 8 9 10 10 10 13+ 9 16t &7 161 17% 6 7 8 7 6
Airaku-2 8&6 06&7&8 8 9 10 9 9 13 147 121 &8 9 14% 6 9 6 8 6
Airaku-3 8&6 6&7&8 8 9 10 9 11 11 10 161 & 8 131 1871 6 10 6 8 6
Ryukyu-2 8&6 6&7&8 8 9 12 7 9 14 11 10 & 8 8 167 6 12 7 8 6
Zensho-9 8&6 6&T7&8 8 9 9 9 11 13 10 16t & 8 8 191 6 9 7 8 6
Gushiken 8§&6 6&7&8 9 9 10 12 11 10 9 147 & 8 9 16F 6 11 7 7 6
Thai-53 8§&6 6&7T&8 9 9 10 12 11 10 9 147 & 8 9 17+ 6 11 7 7 6
Thai-311 8&6 6&7&8 8 10 10 9 11 10 9 167 & 8 131 167 6 9 6 8 6
Amami-1 8&6 6&7&8 8 9 .9 8 9 11 9 17t & 8 8 127 6 8 7 8 6
Indonesia-1 8& 6 6&7&8 9 9 13t 11 9 14 9 18T & 8 127 9 6 11 7 9 6
Thai-237 8&6 o6&T7&8 9 9 9 9 11 9 9 147 & 8 9 137 6 9 7 7 7
Zensho-12 8&6 6&7&8 9 9 9 10 9 11 9 12&7 10 147 6 10 7 10 6
Hoshizuka-1 8& 6 6&7&8 8 9 127 9 10 13 9 10 & 7 10 14% 6 8 8 7 6
Hoshizuka-5 8& 6 6&7&8 8 10 12 9 10 13 11 147 &7 17t  13% 6 10 8 7 6
Tzumi 8&6 6&7T&8 8 9 10 137 11 11 9 17t &7 9 171 6 11 8 7 6
Kanazawa 8&6 6&7&8 8 9 10 9 13F 14+ 9 167 &7 11 137 6 6 8 7 6
Keifu-4 §&6 6&7&8 8 9 11 9 10 11 9 14+ &7 167 12F 6 8 10 7 6
Kitazato 8&6 6&7&8 8 9 9 13+ 12 131 10 15t &7 157 147 6 9 7 7 6
Zensho-4 8&6 6&7&8 8 9 10 11 12 11 9 177 &7 141 147 6 8 8 7 6
Kusatsu-3 8&6 6&7&8 8 9 10 12 10 10 127 187 &7 131 12} 6 9 8 8 6
Kyoto-2 8&6 6&7&8 8 9 11 11 9 13 10 19+ &7 10 157 6 6 8 7 6
Oku-4 §&6 6&7&8 8 9 9 10 137 14 9 10 & 8 15y 147 6 9 8 7 6
Zensho-5 §&6 6&7&8 8 9 12 11 11 13 11 161 &7 137 147 6 10 8 7 6
Kusatsu-6 §&6 6&7&8 8 9 10 10 12 10 10 17t &7 147 167F 6 9 8 7 6
Korea3-2 8&6 06&7&8 8 9 1 11 137 12 9 127 &7 9 18+ 6 7 8 7 6
Hoshizuka-4 8& 6 6&7&8 8 9 10 10 11 13 9 197 &7 10 10 6 8 8 7 6
Kyoto-1 8&6 6&7&8 8 9 1 10 12 13 9 137 &8 11 18+ 6 7 8 7 6

o

“ 1, difficult to read the sequence across the junction of stretch of repeat.

had one copy difference allele (Table 3). Additionally, at locus
12-5, a five-copy-repeat unit was obtained from M. leprae TN,
but all of the strains in this study showed three- and four-copy-
repeat units instead of the five-copy-repeat unit (Table 3).

Comparison among the loci fall within protein coding genes
with two variations. Locus 6-3a is in the /poT gene coding
RNA polymerase sigma factor in M. leprae contained two vari-
ations, three- and four-copy alleles (2, 13). Twelve strains,
Zensho-2 to Zensho-12, harbored the three-copy allele
whereas 15 strains, Hoshizuka-1 to Kyoto-1, had a four-copy
allele in the rpoT gene (Table 3). Geographic distribution of
cach genotype of M. leprae rpoT revealed the distinguished
distribution in several countries in the world (13, 10). Intrigu-
ingly, we compared the copy numbers of the other two protein
coding genes 12-5 and 18-8 having two alleles with the strains
carrying three-copy and four-copy rpoT that were closely asso-
ciated with geographic distributions and no correlation was
exploited.

Discriminatory capacity, stability, and reproducibility of
nine potential polymorphic loci detected among serial passage
strains by nude mice. Nine polymorphic microsatellite loci,
(AC)9, (AC)8b, (AC)8a, (TA)10, (AT)17, (AT)15 (GTA)9,
(TA)18, and (AGA)20 (also named TTC) were selected for
discriminatory capacity analysis. All 27 strains were divided
into two groups, three-copy rpoT and four-copy rpoT, based on
the rpoT polymorphism. By adding the conjunction of 9 loci,
they were distinguished from each other (Table 5). Then sta-
bility and reproducibility testing was carried out among them
through serial passage strains by nude mice owing to the nature
of susceptibility of replication slippage of microsatellite (28).

One generation designated approximately 1 year, these strains
have been in passage for 4 to 11 years. Not only the identical
profile of allele was shared among the different generations of
the strains at each locus, but also the copy number of repeats
was in agreement with that in the repeated experiment of the
same strains, which ensured these polymorphic microsatellite
loci were highly stable and reproducible (Tables 1 and 6). The
stability of TTCwas done previously (11)]. It was the rationale
for these nine polymorphic microsatellite loci to be a signifi-
cant source of informative markers for the identification and
discrimination of M. leprae strains.

Application of polymorphic microsatellite loci for multicase
households. Based on the condition of leprosy patients living in
same household and possessing the identical TTC pattern,
eleven smears from three household were chosen (Table 7).
Five bacterial materials from household 1 shared identical 13-
copy of TTC repeat were also subjected to loci (AC)8a,
(AC)8b, (AC)9, (TA)10, (AT)15, (AT)17, (TA)18, and
(GTA)9 and presented the identical copy number of 12, 7, 10,
10, 13, 15, 14, and 9, respectively. In household I which had 12
copies of the TTC repeat, four smears at the above loci showed
equal repeats of 10, 7, 9, 10, 13, 13, 11, and 11. There was an
exact match by copy number at each locus between samples 6
and 7 as well as samples 8 and 9 within one individual. In
household III, two smears harboring eight copies of the TTC
repeat, the copy number of loci (AC)8a, (AC)8b, (AC)9,
(TA)10, (AT)15 and (TA)18 was 10, 7, 9, 8, 16, and 15. re-
spectively. Strikingly, at locus (AT)17, a difference of 9 and 10
copies and a mismatch of 11 and 12 copies at locus (GTA)9
were found in these two smears, respectively.
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TABLE 2—Continued

Copy no. of repeat element(s) at Jocus®:

(TA) (TA)I0 (TA)I3t (AT)I0 (AT15) (A7 (TA)8 (ACO)S (GGT)S (AGT)Sa (AGT)Sb (ACT)S (GTA)9 (AGAR0 ~(CACCG)3
8 14 23 9 14 15 15 5 4 5 5 5 14 9 3
12 7 19 7 15 14 17 5 4 5 5 5 10 13 3
10 7 21 7 18 13 17 5 4 5 5 5 11 13 3
6 10 22 7 19+ 13 13 5 4 5 5 5 8 14 3
7 13 15 7 21 16 12 5 4 5 5 5 11 14 3
8 11 23 8 13 13 20 5 5 5 5 5 11 14 3
9 11 23 8 13 13 21 5 5 5 5 5 11 14 3
12 7 19 7 14 11 19 5 4 5 5 5 9 25 3
6 10 24 8 17 10 15 5 4 5 5 5 9 15 3
8 10 19 9 14 13 10 5 5 5 5 5 9 15 3
9 11 18 9 11 15 10 5 5 5 5 5 9 16 3
107 12 22 9 16 18 16 5 6 5 5 5 9 11 3
9 15 15 8 21% 14 13 5 4 5 5 5 15 9 9
14 13 19 8 15 14 12 5 4 5 5 5 15 9 3
8 127 16 8 13 13 167 5 4 5 5 5 11 9 3
9 14 19 8 17 13 11 5 4 5 5 5 12 10 3
7 11 19 9 21% 15 19 5 4 5 5 5 13 10 3
14+ 13 18 8 12 12 14 5 4 5 5 5 16 10 3
8 10 17 9 20 13 15 5 4 5 5 5 13 10 3
10 9 24 8 13 12 17 5 4 5 5 5 16 11 3
14 16 18 9 18 15 14 5 4 5 5 5 16 11 3
10 13 19 9 14 15 12 5 4 5 5 5 13 11 3
8 121 18 8 14 14 14 5 4 5 5 5 18 11 3
12 16 19 8 18 12 17 5 4 5 5 5 16 16 3
11 15 20 8 17 14 15 5 4 5 5 5 14 13 3
10 12+ 20 8 20t 14 17 5 4 5 5 5 13 12 3
12 12 23 9 15 12 16 5 4 5 5 5 15 9 3

TABLE 3. Allelic diversity of minisatellite loci in M. leprae strains

Strain

No. of copies at locus:

6-3a 6-3b 67 7-3 10-4 12-5 15-3 18-8 21-3 23-3 275

Zensho-2
Airaku-2
Airaku-3
Ryukyu-2
Zensho-9
Gushiken
Thai-53
Thai-311
Amami-1
Indonesia-1
Thai-237
Zensho-12
Hoshizuka-1
Hoshizuka-5
Izumi
Kanazawa
Keifu-4
Kitazato
Zensho-4
Kusatsu-3
Kyoto-2
Oku-4
Zensho-5
Kusatsu-6
Korea3-2
Hoshizuka-4
Kyoto-1
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Linkage between the growth rate of M. leprae in nude mice
footpad and allelic diversity. Shepard et al. (20) reported the
hereditary fast-slow growth difference among M. leprae strains
in conventional mouse footpads, which was also observed in
nude mice footpads in our laboratory. However, in this study,
the growth curve of M. leprae in nude mice footpads gave no
difference between strains with three-copy rpoT (Zensho-2,
Airaku-3, and Thai-53) and those with four-copy rpoT (Izumi
and Zensho-4) except Kyoto-2, which revealed the copy num-
ber of rpoT was irrelevant to the fastidious growth. In addition,
no correlation was found between the VNTR of the other
protein coding genes and M. leprae growth.

DISCUSSION

Poor understanding of leprosy transmission has hindered us
from eradicating the disease even though M. leprae was iden-
tified as the pathogen as early as 1873 by Hansen (19). The
unusual biological traits of being especially slow growing as
well as the inability to culture M. leprae in vitro have partially
accounted for the setbacks of detailed studies on leprosy. How-
ever, the determination of the complete M. leprae TN genome
sequence (4) is a breakthrough for leprosy research, which has
served as a public domain used by the Groathouse study group
for the screening of potential VNTR for molecular typing (8).
Tandem repeats are usually classified among satellites (span-
ning megabases of DNA, associated with heterochromatin),
minisatellites (repeat units in the range from 6 to 100 bp,
spanning hundreds of base pairs) and microsatellites (repeat
units in the range from 1 to 5 bp, spanning a few tens of
nucleotides) (5, 7). Both microsatellite and minisatellite loci
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TABLE 4. Variation of allelic diversity at STR loci in M. leprae strains®
No. Locus No. of repeats and range No. Locus No. of repeats and range No. Locus No. of repeats and range
1 (T)8(A)6 No variation 16 (AC)Y* 7,8,9, 10 31 (GTA)9* 8,9, 10, 11, 12, 13, 14,
15, 16, 18
2 (M6(N)7(TY8 No variation 17 (CA)6 6,7 32 (AGA)20* 9,10, 11, 12, 13, 14,
15,16, 25
3 (A)9 8,9 18 (TA)8 6,7,8,9,10 33  (CACCG)3 No variation
4 (G)9 9, 10 19  (TA)9 6,7,8,9,10, 11, 12, 14 34 6-3a 3,4
5 (C)9 9, 10, 11, 12 20 (TA)10* 7,9, 10, 11, 12, 13, 14, 35 6-3b No variation
15, 16
6 G)10a 7, 8,9, 10, 12, 13 21 (TA)13 15, 16, 17, 18, 19, 20, 21, 36 67 5,6,7,8,9,10
. 22,23, 24
7 (G)l0b 9, 10, 11, 12, 13, 22 (AT)10 7,89, 10, 12, 14 37 73 No variation
8 Gl 10, 11, 12, 13, 14 23 (AT15)* 13, 14, 15, 16, 17, 18, 19, 38 104 No variation
20, 21
9 (G)12 9,10, 11, 12, 14 24 (ATI17* 10, 11, 12, 13, 14, 15, 16, 39  12-5 3,4
18
10 (C)16(G)8 7,8 & 10, 12, 13, 14, 15, 25  (TAM8* 11,12, 13, 14,15, 16, 17, 40 15-3 No variation
16, 17, 18, 19 19 )
11 (C)20 8,9, 10, 11, 12, 13, 14, 26 ACC)5  No variation 41 18-8 7,8
15, 14, 15, 16
12 (G)22 9, 10, 12, 13, 14, 15, 16, 271 (GGT)5s 4,5,6 42  21-3 1,2,3
17, 18, 19
13 (CG)6 No variation 28 (AGT)5a No variation 43 233 2,3
14  (AC)8a* 6,7,8,9 10, 11, 12 29 (AGT)5b No variation 44  27-5 3,5
15 (AC)8b* 6,7, 8, 10, 30 (ACT)S No variation

@ Protein coding genes are in bold type. Pseudogenes are underlined. Intragenic genes are in standard type. *, selected loci as the combined one for genotyping.

have been selected for this study to substantiate the polymor-
phic loci as promising candidates used as the molecular typing

tools for leprosy epidemiology.

In order to generate comprehensive and reliable data, a

battery of 27 laboratory strains was used to develop PCR
systems to amplify 44 STR target loci and the PCR products

were sequenced. Unexpectedly, the results disclosed that not

TABLE 5. Discriminatory capacity of polymorphic microsatellite loci®

all the STR loci were polymorphic. Some of the loci were with

No. of repeats

Strain
6-3a (AC)9 (AC)8b (AC)8a (TA)10 (AT)17 (ATH15 (GTA)9 (TA)18 (ﬁrG”[él‘)éO
Gushiken 3 7 7 11 11 13 13 11 20 14
Thai-53 3 7 7 11 11 13 13 11 21 14
Thai-237 3 7 7 9 11 15 11 9 10 16
Zensho-2 3 7 8 7 14 15 14 14 15 9
Thai-311 3 8 6 9 7 11 14 9 19 25
Airaku-2 3 8 6 9 7 14 15 10 17 13
Airaku-3 3 8 6 10 7 13 18 11 17 13
Amami-1 3 8 7 8 10 10 17 9 15 15
Zensho-9 3 8 7 9 13 16 21 11 12 14
Ryukyu-2 3 8 7 12 10 13 19 8 13 14
Indonesia-1 3 9 7 11 10 13 14 9 10 15
Zensho-12 3 10 7 10 12 18 16 9 16 11
Kitazato 4 7 7 9 13 12 12 16 14 10
Kanazawa 4 7 8 6 14 13 17 12 11 10
Kyoto-2 4 7 8 6 16 15 18 16 14 11
Kyoto-1 4 7 8 7 12 12 15 15 16 9
Korea3-2 4 7 8 7 15 14 17 14 15 13
Zensho-4 4 7 8 8 10 13 20 13 15 10
Hoshizuka-4 4 7 8 8 12 14 20 13 17 12
Hoshizuka-1 4 7 8 8 15 14 21 15 13 9
Oku-4 4 7 8 9 13 15 14 13 12 11
Kusatsu-6 4 7 8 9 16 12 18 16 17 16
Zensho-5 4 7 8 10 12 14 14 18 14 11
Hoshizuka-5 4 7 8 10 13 14 15 15 12 9
Izumi 4 7 8 11 12 13 13 11 16 9
Keifu-4 4 7 10 8 11 15 21 13 19 10
Kusatsu-3 4 8 8 9 9 12 13 16 17 11

“ Strains with identical rpoT genotypes were discriminated by the combination of STRs with polymorphism. All isolates were divided into independent genotypes.
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