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Despite the fact that the combined drug
regimens recommended by the WHO Study
Group ( 31 ) in the fali of 1981 for leprosy
control programs have demonstrated their
effectiveness, research in the therapy of lep-
rosy is still needed. As already emphasized
at the Orlando Congress (`') operacional and
health system research should be conducted
to improve delivery of drugs, compliance of
patients and medicai staff to the full imple-
mentation of the prescribed drug regimens
and to assess their long-term results. In ad-
dition to these basic needs, the control pro-
grams would benefit from simplification
and shortening of the presently available
drug regimens in order to make them easily
dispensed and observed by the general
health services. A means by which such an
objective can be reached is to take advan-
tage of the newly discovered drugs active
against Mycobacterium leprae for develop-
ing drug regimens with bactericidal activi-
ties more powerful than those of the stan-
dard regimens. That objective appears
within arm's reach.

Discovery of new drugs active against
M. leprae. After the combined drug regi-
mens were recommended by the WHO
Study Group, screening of antileprosy
drugs, conducted amost exclusively in
the mouse foot pad model of M. leprae in-
fection ( 28), continued. Since the mid-
1980s, the bactericidal activities of the
new fluoroquinolones, pefloxacin and
ofloxacin (5. 10. 12. 25. 27) a new macrolide,
clarithromycin (4 . 17), and a cycline, minocy-
cline (6 . 17) have been demonstrated. AII of
these drugs were able to apparently cure the
limited experimental leprosy infection in the
mouse model after only a single month of
therapy. Compared to dapsone and clofaz-
imine, the bactericidal activities of the new
drugs were thus considerable. Only rifampin

was more powerful than the new drugs
against M. leprae in the mouse model ( 2").

Because of their experimental activities,
the new drugs were tested in humans with
multibacillary (MB) leprosy, the only lep-
rosy patients in whom the microbial load is
large enough to pernlit a precise assessment
of the antimicrobial activity of a drug. As
shown in Table 1, the new fluoroquinolones
were killing more than 99.99% of the viable
M. leprae after only 4 weeks of therapy,
confirming the findings in the mouse model
(II. 18 . '4). Since ofloxacin given at a daily
dose of 400 mg was as potent as pefloxacin
given at a daily dose of 800 mg, the former
drug was considered more suitable as an an-
tileprosy drug than the latter. In addition,
the combination of ofloxacin with dapsone
and clofazimine was neither antagonistic
nor additive, indicating that the overall bac-
tericidal effect was that of the most potent
compound, opening a door to an effective
new three-drug regimen for patients with
rifampin-resistant M. leprae. Almost simi-
lar bactericidal activities were demon-
strated (Table 2) with n)inocycline ( 7.' 4) and
clarithromycin ( 14 ).

Fully supervisable, monthly adminis-
tered regimen. Because of the powerful
bactericidal activities against M. leprae of
ofloxacin and clarithromycin given daily
for only a month, the prospect of devel-
oping fully monthly administered drug reg-
imens became a reality. Because the role
of the drugs combined with rifampin was
mainly to preveni the selection of a
rifampin-resistant nurtant, the next step was
to assess the bactericidal activities of a
single dose of the new drugs given alone or
in combination (5 . 15 . 2 '). In the mouse model,
a single pulse of the combination minocy-
cline-clarithromycin was killing 96% of vi-
able M. /ep rae; whcreas a single pulse of
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TABLE 1 Bactericidal activities of daily pefíoxacin and ofloxacin against M. leprae in
Inumais (Adzopé triuls).

Trial's author (rel . ) Drug regimen Killing activity

>99%
(in 2 months)

99.99%
(in 4 weeks)

>99.99%
(in 4 weeks)

N' Deli, et al., 1990 ('')

Grosset, et al., 1990 (")

Ji, et al., 1994 ( 1 H)

Pclloxacin 800

Pefloxacin 800
versus

Ofloxacin 400
Ofloxacin 400

versus
Ofloxacin 800

versus
Oflo 400 + DDS + CLO

the three-drug combination minocycline-
clarithromycin-ofloxacin was killine 98.4 0/c
of viable M. leprne, a bactericidal effect
Glose to the 99.5% killing effect of . a single
dose of rifampin ('"' "). The addition of the
three drugs to rifampin neither increased
the bactericidal activity of rifampin nor an-
tagonized it. It was concluded that the com-
bination of a single pulse of minocycline-
clarithromycin-ofloxacin with rifampin
would kill rifampin-resistant mutants as
well as rifampin-susceptible M. leprae. As a
result, the bactericidal activity of a single
dose minocycline-clarithromycin-ofloxacin
was tested in patients with MB leprosy in
comparison with a single pulse of rifampin
alone and 1 month standard multidrug ther-
apy (MDT) (one dose rifampin plus daily
dapsone and clofazimine for 4 weeks). The
antibacterial effect of the three-drug combi-
nation was similar to that observed in the
mouse model, but 45% of the patients expe-
rienced gastro-intestinal side effects related
to the use of clarithromycin (' 5). Although
there were no abnormal hepatic and renal
function tests, the side effects were suffi-
cient to preclude the routine use of clarith-
romycin in the field.

Experiments were, therefore, focused
on the assessment of the bactericidal ac-
tivity against M. leprae of the combina-
tion ofloxacin-minocycline in the mouse
model, both drugs being given at dosages

equipotent in the mouse to the dosages used
in man ( 26). The killing activity of a single
pulse ofloxacin-minocycline against M. lep-
rae was 50%-60% compared with the 96%
killing of single-pulse rifampin alone, and
the 96.8% killing of the three-drug combi-
nation rifampin-ofloxacin-minocycline ( 21 ).
In humans, a single pulse of the combina-
tion ofloxacin 400 mg + minocycline 100
mg was killing 68% to 98% of viable M.
leprae, and a single pulse of the three-drug
combination rifampin 600 mg + ofloxacin
400 mg + minocycline 100 mg was kilhng
more than 99% of viable M. leprae ( 21 ).

Such impressive results led to the clinicai
assessment in the field of the three drugs
given as a single-dose combination known
as ROM (rifampin-ofloxacin-minocycline)
for the therapy of single-lesion paucibacil-
lary (PB) leprosy (29). The trial was con-
ducted as a double-blind, control, clinicai
trial among 1483 patients from September
1994 to July 1995, the control regimen be-
ing the standard 6-month WHO regimen
with daily 100 mg dapsone and 6 monthly
doses of 600 mg rifampin. The efficacy as-
sessment was on clinicai grounds and was
performed 1 year after completion of the
trial. As shown in Table 3, 99.1% of the pa-
tients exhibited clinicai improvement in
both arms of the trial. However, those pa-
tients with marked clinicai improvement
were slightly but significantly more fre-

TABLE 2. Bactericida) activities ol . daily 100 ing minocycline in MB leprosy patients.

No. patients with M. lepras infective in coice after

Study's author Total patients mo. 2 mos. 3 mos.

Gelber. 1993 ( 7 ) 8 5/8 2/8 0/8
Ji, el al..^1993 ('') 11 1/11 0/II 0/II
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Clinica) ROM WHO
improvement (N=697) (N=684)

None 0.9% 0.9%
Any 99.1%" 99.1%'
Marked 51.8%h 57.3%h

= I.
h p = 0.04

TABLE 3. Response to single-dose ROM TABLE 4. Bactericida( activity again.vt M.
in the single-lesion nrultic•e ater fria). (' 9) leprae qf a single-dose moxifloxacin and ri-

fapentine in the mouse.

quent in the standard 6-month WHO arm.
Considering the operational advantage of a
single-pulse ROM over the 6-month stan-
dard therapy, the Seventh Report of the
WHO Expert Committee on Leprosy ( 30)
recommended in 1997 the use of single-
dose ROM for the treatment of patients
with single-lesion PB leprosy.

Recent progress toward a much more
effective drug regimen. In the last few
years, two antimicrobial drugs, namely,
moxifloxacin and rifapentine, have been
identified or re-identified ( 13 ) as having
highly promising antimycobacterial activi-
ties ("' "). Moxifloxacin is a fluoro-
quinolone, whose activity against M. tuber-
culosis is similar to or slightly better than
that of sparfloxacin (tt), and is, therefore,
much more powerful than ofloxacin and
even its levogyre constituant, levofloxacin.
For example, in the mouse model on a
weight to weight basis, 50 mg/kg spar-
floxacin or moxifloxacin were more power-
ful than 300 mg/kg ofloxacin ( 23 ) against M.
tuherculosis. In addition, in the same model
50 mg/kg moxifloxacin were as powerful as
25 mg/kg isoniazid. Moxifloxacin has no
reported phototoxicity, perhaps because its
molecule contains only a single fluorine
atom and not two as that of sparfloxacin. In
humans, the daily dose of moxifloxacin is
400 mg for adults. Of course, there is cross-
resistance between moxifloxacin and other
fl uoroquinolones.

The second drug, rifapentine, is a long
lasting rifamycin derivative, the serum half-
life of which is three times longer than that
of the parent compound rifampin ("). The
minimal inhibitory concentration (MiC) of
rifapentine against M. tuberculosis is simi-
lar or one dilution inferior to that of ri-
fampin. Since there is cross-resistance be-
tween rifapentine and other rifamycin de-

Regimen" % Viablc

% Nl. leprae
killed by
treatment

llntreated control 21.82
OFLO 8.69 60 2hh
MOXI I.73 92.1"
OFLO + MINO 5.48 74.9"
MOXI + MINO 1.38 93.7"
RMP 1.73 92.1"
RPT 0.09 99.6""
RMP + OFLO + MINO 1.09 95.0"

RPT+ MOXI + MINO 0.02 99 . 9d,

OFLO = Otloxacin 150 mg/kg; MOXI = moxi-
floxacin 150 mg/kg; RMP = rifampin 10 mg/kg; RPT
= rifapentine IO mg/kg; MINO = minocycline 25
mg/kg.

h p <0.002. 'p <0.05. `'p <0.001. `p <0.001

rivatives, the advantage of rifapentine over
rifampin lies only in its pharmacokinetic
properties. In mice infected with M. tuber-
c•ulos•is (l) and in tuberculosis patients, once
weekly rifapentine is only marginally less
active than daily rifampin, hoth drugs being
given at the same dosage of 10 mg/kg.

Because of the potential benefit to substi-
tute rifapentine (P) for rifampin (R) and
moxifloxacin (Mx) for ofloxacin (0) in the
single-dose ROM combination, the bacteri-
cida) activities of P and Mx were measured
in the mouse foot-pad model of leprosy ( 3 ).
Precisely using the proportional bactericid-
ai test ( 2 ), the bactericida' activities of P
alone and Mx alone, of the combinations
Mx-minocycline (M) and PMxM were
compared with those of R alone and O
alone, and those of OM and ROM, all drug
regimens being given as single-dose ther-
apy. The results (Table 4) were surprisingly
promising: a) a single dose of 10 mg/kg P
killed 20 times more M. leprae than a single
dose of 10 mg/kg R: b) a single dose of 150
mg/kg Mx, equipotent to 400 mg in man,
killed 5 times more M. leprae than 150
mg/kg O, and as much as 10 mg/kg R; c) a
single dose of the three-drug combination
PMxM killed 50 times more M. leprae than
a single dose of ROM. Heretofore, no ri-
fampin-containing multidrug regimen had
been found to be more bactericida) than ri-
fampin alone, either in the mouse model ('")
or in man ( 21 ), presumably because the ac-
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10.

tivities of ali accompanying drugs were rel-
atively weak conlpared to that of rifampin.
Since the combination PMxM was more
bactericidai than I:PT alone (p <0.05), mie
mav concludc that the addition of NUM en-
hanced the activity of P, probably because
of the rather powerful bactericidal activity
of Mx.

To confim the promising bactericidal ac-
tivities against M. leprae of P and Mx in hu-
maus and. more importantly, to promote the
developmcnt of the combination PM xM as
a potentially much more active suhstitute
for ROM, a short-term clinicai trial of
sinale-dose PMxM single-dose ROM is be-
ing conducted among patients with lepro-
matous leprosy.

SUMMARY
During the last 15 years, new drugs active

against M_rcobacterimn leprae have been
identified. AII of them belong to the fluoro-
yuinolone, cycline and macrolide fam-
ilies. In the mouse model and in humans,
minocycline, ofloxacin, and clarithromycin
have demonstrated, individually or in com-
bination, antileprosy activities much supe-
rior to those of the standard dru;gs dapsone
and clofazimine. In humans, a sinale dose
of the combination ofloxacin 400 mg +
minocycline 100 mg was able to kill 68% to
98% of viable M. leprae and a single dose
of ROM, a three-drug combination of ri-
fampin 600 mg + olloxacin 400 mio +
minocycline 100 mg, was killing more t h an
99% of viable M. leprae. As a result of a
double-blind, control, clinica! trial, the Sev-
enth Report of the WHO Expert Committee
on Leprosy recommended in 1997 the use
of single-dose ROM for the treatment of pa-
tients with sinale-lesion paucibaci1lary lep-
rosy. Recently moxifloxacin, a new Huoro-
quinolone, and rifapentine, a long-lastime
rifamycin derivalive, have demonstrated in
the mouse model highly promising an-
tileprosy activities, justifying their assess-
ment in humans.

REFERENCES
CHAPUIS, L. JI. 13.. liem FOT-PERNOr, C., O'BRInN.
R. J., RAvtcl.IoNF:, M. C. and GRossEr. J. H. Pre-
ventivo therapy of luherculosis with rifapentine in
immunocompetent and rude coice. Ant J. Respir.
Cri. Cave Med. 150 (1994) 1355-1362.

2. Col.sToN, M. J.. HusoN, G. R. F. and BANERJEE.
D. K. lhe " proportional hactericidal test , a
melhod for assessing hactericidal activity of drugs
against Mve obue teriuur lepra(' in miee. Lepr. Rev.
49(1978)7-15.

3. CONSIGNY, S.. 13F:NTOUCIIA. A., BoNNAIOus, P.,
GRosslïr, J. and .II. 13. 13aetericidal activities of
1-1MR 3647, nwxilloxacin, and ri lapentine against
Mvrobarternun lepra(' in miee. Ant inticroh.
Agents Chenuother. 44 (2000) 2 919--2921.

4. FRANZ_BLAU, S. G. and HAS't'INGS, R. C. /o ritm
and in vivo activities 01 macrolides against Mveo-
boclerioni leprae. Antimicrob. Agents Chen xxhe'.
34 (1990) 229-231.

5. FR,w/Blsu, S. G. and Wllrrl•:, K. E. Comparative
in vin.() activities of 20 Iluoroyuinolones against
Mvrobaeleriuuc leprae. Antimicrob. Agents
Chemother. 32 ( 1988) 1758-1762.

6. GI,LBER, R. H. Aclivity of minocycline in Mveo-
barlerium /eprue-infected^Infect. Dis. 186
(1987) 236-239.

7. Gra.nns. R. H. Aetivity of minocycline and aniino-
alycosides for M•cobueteriuut leprae. Int. J. Lepr.
61 (1993) 314-315.

8. GELBER, R. H.. MURRAY, L. P.. SIu, P.. TSANG, M.
and REA, T. H. Fflicacy of minocycline in single
dose and at 100 mg twice daily for Iepromatous
leprosy. Int. J. Lepr. 62 (1994) 568-573.

9. GRosst:T, .1. Progress in the ehemothcrapy of lep-
rosy. Int. J. Lepr. 62 (1994) 268-277.
Gt ossET, J. H., Gut.LPS-LAURAS. C. C., PIRAM, E.
G. and 131:0tu4o, C. Activity of olloxacin against
ill .veobacterium /eprue in the mouse. Int. J. Lepr.
56 0988) 259-264.

I I. GROSSET, J. H.. JI. B.. GuI:LPA-LsuRas. C. C..
PI:RANI, E. G. and N Dl:l.t. L. Clinica) iria! of pe-
tIoxacin and olloxacin in the ireatment of . lepro-
matous leprosy. Int. J. Lepr. 58 ( 1990) 281- 2 95.

12. GuI:I.PS-1..AuRAs. C. C.. PERANI, E. G., Gucont, A.
M. and GROSSET, J. H. Activities of pelloxacin and
ciprolloxacin against ilfirohurteric un lepra(' in the
mouse.  Int. J. Lepr. 55 (1987) 70-77.

13. Jt. 13.. CHEN, J., Lu, X.. WANG. S., Ni. G., Hou, Y..
Znou, D. and TANG. Q. Antimicrohial activities of
two newer ansamycins. R-76-I and DL 473. Int..I.
Lepr. 54 (1986) 563-577.

1.4. JI. B.. JAVIïr, P.. PERANI, E. G.. BOBIN, P. and
GROSSET, J. H. Powerful hactericidal activities of
clarithromycin and minocycline against Myeabae-
(erirun leprae in lepromatous leprosy. J. Infecl.
Dis. 168 (19931188-190.

15. JI. B.. JANU:r, P., PERANI, E. G., Sow, S., Lu,NII:uzo,
C., PI :I'INON, C. and GRossvr, J. H. Bactericida!
activity of single dose of clarithromycin pitu
minocycline. with or without ofloxacin. against
Mcobíu ierium /ep rue in patients. Antimicrob.
Agents Chcmother. 40 (1996) 2137-2141.

16. .11.13., LouNts, N.. Mssi.o. C'.. 'IlumFor-Pt,RNOT,
BoNNSFous. P. and GRossi.r. J. In rilrn and in

vivo activities of nwxilloxacin anel clinalloxacin



S18^ htternational JOUrnal of Leproso^ 2001

against Mvcobacterium tuberculosis. Antimicrob.
Agents Chemother. 42 (1998) 2066-2069.

17. JI, B., PERANI, E. G. and GROSSET, J. H. Effective-
ness of clarithromycin and minocycline alone or
in combination against gruo/meteriam /eprae in
mice. Antimicrob. Agents Chemother. 35 (1991)
579-581.

18. J1, B., PERANI, E. G.. PETINON, C.. N'Dta_I, L. and
GROSSET, J. H. Clinica) trials of ofloxacin alone
and in combination with dapsone plus clofazimine
for treatment of lepromatous leprosy. Antimicrob.
Agents Chemother. 38 (1994) 662-667.

19. Ji, B., PERANI, E. G., PETINON, C. and GROSSET, J.
Bactericidal activities of single or multiple doses
of various combinations of new antileprosy drugs
and/or rifampin against M. )eprae in mice. Int. J.
Lepr. 60 (1992) 556-561.

20. Ji, B., PERANI, E. G., PI:TINON, C. and GROSSET, J.
Bactericidal activities of combinations of new
drugs against Mvcobacterium /eprae in nude mice.

Antimicrob. Agents Chemother. 40 (1996) 393-399.

21. J1, B., Sow, S., PERANI, E. G., LIENHART, C.,

DIDEROT, V. and GROSSET. J. Bactericidal activity
of a single-dose combination of ofloxacin plus
minocycline, with or without rifampin, against
Mvcobacterimn /eprae in mice and in lepromatous
patients. Antimicrob. Agents Chemother. 42
(1998) 1115-1120.

22. J1, B., TRUFFOT-PERNOT, C., LACROIX, C, RAV-

IGLIONE, M. C., O'BRIEN, R. J., OLLIARO, P.,
ROSCIGNO, G. and GROSSET. J. Effectiveness of ri-
fampin. rifabutin and rifapentine for preventive
therapy of tuberculosis in mice Am. Rev. Respir.
Dis. 148 (1993) 1541-1546.

23. J1, B., TRUFFOT-PERNOT, C. and GROSSET, J. In

vitro and in vivo activities of sparfloxacin (AT-

4140) against Mvcobacterium tuberculosis. 72
(1991) 181-186.

24. N'DEI.I, L., GUELPA-LAURAS, C. C., PERANI, E. G.
and GRossET, J. H. Effectiveness of pefloxacin in
the treatment of lepromatous leprosy. Int. J. Lepr.
58 ( 1990) 12-18.

25. PA TYN, S. R. Activity of ofloxacin and pefloxacin
against Mvcobacterium /eprae in mice. Antimi-
crob. Agents Chemother. 31 (1987) 671-672.

26. RowLAND, M. and TOZER, T. N. Clinica/ Pharma-
cokinetics, Concepts and Applications. Philadel-
phia: Lea & Febriger, 1980.

27. SAITO, H., TOMIOKA, H. and NAGASHIMA, K. ln
vitro and in vivo activities of ofloxacin against
coime/criam /eprae infection induced in mice. Int.
J. Lepr. 54) 1986) 560-562.

28. SHEPARD, C. C. The experimental disease that foI-
lows the injection of human leprosy bacilli isto foot-
pads of mice. J. Exp. Med. 112 (1960) 445-454.

29. SINGLE-LEsloN MULTTCENTRE TRIAL GROUP. Efti-
cacy of single dose multiclrug therapy for the treat-
ment cif single-lesion paucibacillary leprosy. In-
dian J. Lepr. 69 (1997) 121-129.

30. W HO EXPERT COMMITTEE ON LEPROSY. Seventh re-
port. Geneva: World Health Organization. 1998.
Tech. Rep. Ser. 874.

31. WHO STUDY GROUP. Chemotherapy of leprosy for
control programs. Geneva: World Health Organi-
zation, 1982. Tech. Rep. Ser. 675.

32. XIONG, J., J1, B., PERANI, E. G. PETINON, C. and
GROSSET, J. Further study of the effectiveness of
single doses of clarithromycin and minocycline
against Mvcobacterium /eprae in mice. Int. J.
Lepr. 62 (1994) 37-42.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

