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A Mycobacterium leprae Isolate Resistant to Dapsone,
Rifampin, Ofloxacin and Sparfloxacin'

Masanori Matsuoka, Yoshiko Kashiwabara, and Masako Namisato?

Since dapsone (DDS) was introduced for
leprosy treatment, many effective an-
tileprosy drugs have been added to develop
an effective multidrug therapy (MDT) for
leprosy. Prior to MDT for leprosy, clinically
suspected DDS-resistant cases were re-
ported (*?). After identifying DDS-resistant
strains of Mycobacterium leprae by the
mouse foot pad method in 1964 ('*), many
primary or secondary drug-resistant cases
have been reported not only for DDS but
also for other drugs (**'*). Along with an
increasing incidence of primary DDS resis-
tance in some leprosy-endemic areas (%), M.
leprae isolates with resistance to multiple
drugs have been reported (> '*). Because
drug-resistant M. leprae have been identi-
fied among a significant number of relapse
cases (°), it is important to consider that
some cases not improving with treatment
may harbor drug-resistant M. leprae. In this
report we used the mouse foot pad method
to examine the susceptibility to antileprosy
drugs of an M. leprae strain isolated from a
patient who maintained a high bacterial in-
dex (BI) for over 15 years.

MATERIALS AND METHODS

A biopsy specimen was obtained from a
51-year-old Japanese male first admitted to
the National Leprosarium in 1963. The pa-
tient was treated with DDS monotherapy
for 20 years at a dosage of 50 mg/day. Ri-
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fampin was added in 1982, and ofloxacin
was also prescribed from 1993. His BI de-
creased to 1+ in 1979 but clinical disease
recurred and the Bl increased and continued
between 5+ and 6+ after 1990. When he
visited one of the authors in 1997, his clini-
cal condition was aggravated and relapse
occurred again. Resistance to antileprosy
drugs was suspected since the patient’s con-
dition was not improving and because of
the extended period of treatment with vari-
ous antibiotics. Therefore, a biopsy sample
was obtained from a new lepromatous le-
sion on the neck, and the bacteria were
tested for susceptibility to antileprosy drugs.

The tissue specimen was processed to re-
cover M. leprae by Nakamura’s method
with a slight modification ('?). Briefly, the
tissue was minced and homogenized with
Hanks’ balanced salt solution (HBSS) con-
taining 0.05% Tween 80. The homogenate
was centrifuged at 150 x g for 10 min, and
the supernatant of the sample homogenate
was treated with 0.05% trypsin at 37°C for
60 min. The suspension was centrifuged at
4000 x g for 20 min, and the sediment was
resuspended in HBSS followed by treat-
ment with 1% sodium hydroxide at 37°C
for 15 min. The treated material was
washed and resuspended in HBSS at the de-
sired bacillary concentration.

Initial isolation of the bacilli was con-
ducted by injecting nude mice since the vi-
ability of the bacilli in the sample treated
with antileprosy drugs was uncertain. A
bacillary suspension containing 1.0 x 10°in
0.05 ml was injected into the hind foot pads
of BALB/c-nu/nu mice. Drug susceptibility
tests were conducted with the bacilli re-
covered from the nude mice foot pads
showing bacillary multiplication. Nude
mouse-grown M. leprae (5 x 10? bacilli)
were injected into each hind foot pad of in-
bred BALB/c mice; 54 mice were divided
into 9 groups. The control group was fed
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THE TABLE.  Bacillary growth in the foot pads of mice administered antileprosy drugs.
Drug Bacillary number/foot pad
Control 7.6x 100 4.0x10° 1.0 x 10° 1.3 % 10° 1.2 x 10¢
Dapsone 0.01% 8.2x10° 1.6 x 10° 3.8x10° 6.1 x 10° 3.8x10° 1.2 x 103
Dapsone 0.001% 44x10*  6.6x10° 1.1 x10* 1.7 % 10° 3.0x10° 24 x10°
Dapsone 0.0001% 78x10° 42x10° 1.5x 10° 3.5x10° 3.9%x10° 7.1 x 10°
Rifampin 8.6 x 10° 34x10° 7.7 % 10° 7.0x10° 24x10° 3.7 %10
Sparfloxacin 9.8 x 10° 1.3x10° 4.6 x10° 1.9 x 10° 23x10° 1.3x10°
Ofloxacin 1.2x10° 5.6 x 10° 6.4 x 10° 3.2x10° 22x10° 5.7x10°
Clarithromycin — - — — — -
Clofazimine - — — — — —
— = Less than 3.7 x 10Yfoot pad, minimal detectable bacillary number.
standard pellet mouse chow MB 6E (Fun- DISCUSSION

abashi Nojyo, Japan). Eight experimental
groups received diets mixed with DDS in
concentrations of 0.0001%, 0.001% and
0.01% w/w of diet (' '°), rifampin in
concentration 0.01% ('®), ofloxacin in con-
centration 0.15% ('°), sparfloxacin in
concentration 0.02% ('), clarithromycin in
concentration 0.03% (* '), and clofazimine
in concentration 0.001% ('®). The concen-
tration of rifampin was increased above the
usual concentration (0.003%) since a pre-
liminary study had shown rifampin at
0.003% did not completely inhibit the
growth of bacilli in foot pads. Harvesting
organisms from the foot pads was done 30
weeks after inoculation. Bacillary number
in each foot pad was enumerated individu-
ally according to standard techniques ('7).

RESULTS

The results of the present study are given
in The Table. Multiplication of M. leprae
occurred in the foot pads of mice treated
with DDS at 0.0001%, 0.001% and 0.01%,
rifampin, ofloxacin and sparfloxacin. No
bacillary growth was observed in the foot
pads of mice fed the diets containing clar-
ithromycin and clofazimine. The bacillary
numbers in foot pads of three mice fed the
chow containing 0.001% DDS were low
and may be the result of technical error be-
cause bacillary growth in the mice fed the
0.01% DDS concentration was sufficient.
The bacillary growth results of the control
drug-susceptible isolate was completely
suppressed by dietary administration of all
drugs tested. These results showed that the
patient isolate was resistant to DDS, ri-
fampin, ofloxacin and sparfloxacin but sus-
ceptible to clarithromycin and clofazimine.

This is the third case of M. leprae resis-
tant to multiple drugs. The first case of mul-
tidrug resistance to dapsone, rifampin and
clofazimine in M. leprae was reported in
1996 ('*) and the second case, resistant to
dapsone, rifampin and ofloxacin, was re-
ported in 1997 (). The case presented in
this report responded initially to DDS, with
resistance appearing approximately 17
years after DDS monotherapy. The results
suggest that the resistance to DDS is sec-
ondary resistance. The bacilli were also
considered to be secondary rifampin resis-
tant since the BI decreased from 6+ to 4+
after 5 years of treatment with rifampin. It
seemed that DDS and rifampin, which were
taken irregularly and at dosages lower than
recommended, could have led to step-wise
selection of the bacilli resistant to DDS and
rifampin. There was almost no decrease in
the BI after adding ofloxacin to the patient’s
treatment regimen. This suggested that the
bacilli had already acquired resistance to
quinolones before the administration of
ofloxacin, although it has not been estab-
lished whether the patient had received
quinolone treatment at an earlier time.

Mutations of genes conferring resistance
to DDS ('), rifampin ('), quinolones (')
and macrolides (*'*) have been reported.
Specific mutations in folP (Ile 53 for Thr),
rpoB (Leu 425 for Ser) and gyrA (Val 91 for
Ala) have been shown but specific muta-
tions have not been detected in 23S rRNA
gene of this isolate (submitted). These mu-
tations were concordant with the results of
susceptibility testing in mouse foot pads.
Because of accumulating evidence support-
ing the association of specific mutations
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and drug resistance, it seems reasonable to
begin to exploit this information for the de-
velopment of simple, diagnostic methods
capable of determining drug resistance to
these antileprosy drugs.

Early detection of drug-resistant bacilli
among patients who are not improving clin-
ically and better treatment with combina-
tions of effective drugs must be considered
to prevent further occurrence of resistance
to current and new drugs for leprosy. An in-
crease of leprosy cases with primary resis-
tance to more than two drugs is a matter of
concern and may threaten current strategies
to control leprosy.

SUMMARY

Mycobacterium leprae were isolated
from a Japanese patient, and susceptibility
to antileprosy drugs was examined by the
mouse foot pad method. The isolate was
susceptible to clofazimine and clarithro-
mycin, and resistant to dapsone, rifampin,
ofloxacin and sparfloxacin. Mutations were
identified in the genes associated with resis-
tance to these drugs. The risk of the emer-
gence of leprosy with multidrug resistance
is emphasized.

RESUMEN

Se aislo Mycobacterium leprae, de un paciente
japonés. La susceptibilidad del aislado a las drogas an-
tileprosas se estudio utilizando el modelo de la almo-
hadilla plantar del ratén. El aislado fue susceptible a
clofazimina y claritromicina, y resistente a dapsona, ri-
fampina, ofloxacina y esparfloxacina. Se identificaron
mutaciones en los genes asociados con la resistencia a
estas drogas. Se subraya el riesgo de la emergencia de
cepas multi-drogoresistentes.

RESUME

Mycobacterium leprae fut isolé d’un patient japon-
ais et la susceptibilité aux médicaments anti-lépreux
furent évaluée en utilisant la méthode de la plante des
pattes de souris. L’isolat était susceptible a la clofaz-
imine et la clarithromycine, et résistante a la dapsone,
la rifampicine, I’orofloxacine et la sparffoxacine. Des
mutations furent identifies parmi les genes associés
aux résistances a ces antibiotiques. Le risque de 1'ap-
parition de Iepres polychimio-résistantes est souligné.
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