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EDITORIAL

Editorial opinions expressed are those of the writers.

The Chemotherapy of Leprosy. Part 1*

Worldwide use of the two multidrug reg-
imens recommended by the World Health
Organization (WHO) for the treatment of
paucibacillary and multibacillary patients!
has unequivocally demonstrated that they
are currently the drug treatments of choice.
Although THELEP (the Subcommittee on
Clinical Trials of the Chemotherapy of Lep-
rosy Scientific Working Group of the
UNDP/World Bank/WHO Special Pro-
gramme for Research and Training in Trop-
ical Diseases) have recently initiated studies
to explore potential ways of strengthening
multidrug treatment, the results of these tri-
als will not be available for at least 5 years.
It is therefore an appropriate time to review
the chemotherapy of leprosy. The historical
developments that led to the introduction
of multidrug treatment are described first,

* We are fortunate to have the opportunity of pub-
lishing this authoritative review of the chemotherapy
of leprosy by Dr. Gordon Ellard. Due to space con-
straints, it will appear in two parts, the first part in this
issue and the second part in the March 1991 issue—
RCH.

' WHO Study Group. Chemotherapy of leprosy for
control programmes. Geneva: World Health Organi-
zation, 1982. Tech. Rep. Ser. 675.
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together with a consideration of the anti-
bacterial activity and pharmacology of the
three most important antileprosy drugs—
dapsone, rifampin and clofazimine—and
methods to measure their concentrations.
The problems posed to the treatment and
control of leprosy by the selection and spread
of dapsone-resistant strains of Mycobacte-
rium leprae, by the phenomenon of drug-
susceptible persisting bacilli (‘“persisters”),
and by widespread deficiencies in patient
compliance will then be considered. Finally,
after a discussion of the rationale for mul-
tidrug treatment with combinations of dap-
sone, rifampin, and clofazimine, the char-
acteristics of other potential antileprosy
drugs are reviewed, and suggestions are
made as to how they might be used to
strengthen multidrug therapy in the future.

Leprosy control. Leprosy is still one of
the major diseases afflicting the inhabitants
of Asia and Africa. Throughout the world
there are probably about 11 million cases? 3

2 Lopez-Bravo, L. L’évolution de I’éndemie 1épreuse
dans le monde. Acta Leprol. 101 (1986) 129-139.

3 World Health Organization. 4 Guide to Leprosy
Control. 2nd ed. Geneva: World Health Organization,
1988.
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TABLE 1. Important advances and reverses in the clinical treatment of leprosy.

Sulfones— Dapsone—Monotherapy

1943  Faget, et al.® Activity of Promin
1949  Lowe and Smith®  First use of oral dapsone
1964  Pettit and Rees'*
1974  Waters, et al.®'
ment
1975 Pearson, et al.*®
1977  Pearson, et al.*?
1979  Pearson, et al.**
1986  Waters, et al.>°

First cases of mouse foot-pad-proven dapsone resistance
Demonstration of drug-susceptible persisters after 10 years of dapsone treat-

First 100 cases of proven dapsone resistance

First demonstration of primary dapsone resistance

Incidence of secondary dapsone resistance in Ethiopia, 3% per annum
Relapse rate after long-term dapsone monotherapy only about 1% per annum

and prior to the introduction of multidrug
treatment, their numbers were not decreas-
ing to any significant extent. About one third
have significant deformities. It is clear that
for at least the next decade all hopes of con-
trolling the disease must depend on im-
proved case finding and treatment. As in
the case of tuberculosis,* * it is likely that
the effective treatment of infectious, highly
bacilliferous patients is a far more efficient
method of controlling the spread of the two
diseases than mass vaccination. Thus, as in
tuberculosis where smear-positive cases are
very uncommon in children, multibacillary
cases less than 15 years old are very rarely
encountered in leprosy.>’ As a conse-
quence, even vaccination at birth with a
vaccine that protects for 10-15 years will
not significantly reduce the pool of trans-
mitted infection. By contrast, treatment with
rifampin-containing regimens almost cer-
tainly leads to a dramatic reduction in in-
fectiousness within a few days.

This review focuses almost exclusively on
the treatment of multibacillary patients,
even though they form only a minority of
all leprosy cases, firstly because such pa-
tients constitute the major source of trans-
mission of the disease and secondly, be-
cause their huge bacterial populations have

4 Sutherland, I. The epidemiology of tuberculosis—
is prevention better than cure? Bull. Int. Union Tuberc.
56 (1981) 127-134.

5 Sutherland, I. Research into the control of tuber-
culosis and leprosy in the community. Br. Med. Bull.
44 (1988) 665-678.

¢ Dominguez, V. M., Garbajosa, P. G., Gyi, M. M,
Tamondong, C. T., Sundaresan, T., Bechelli, L. M.,
Lwin, K., Sansarricq, H., Walter, J. and Noussitou, F.
M. Epidemiological information on leprosy in the Sin-
gu area of Upper Burma. Bull. WHO 58 (1980) 81—
89.

” Ponnighaus, J. M., Fine, P. E. M., Maine, N., Bliss,

the potential for allowing the selection of
drug-resistant strains that could eventually
undermine the efficacy of available treat-
ment and thus seriously impair hopes of
controlling the disease.

Historical advances in the
chemotherapy of leprosy

1943-1969: Dapsone and clofazimine;
bacterial and morphological indices; the
mouse foot-pad technique. Some of the most
important advances and reverses in the che-
motherapy of leprosy are summarized in
Tables 1 and 2. Important advances in the
experimental chemotherapy of leprosy in the
mouse foot pad and in monitoring thera-
peutic progress in multibacillary patients are
set out in Tables 3 and 4, respectively.

The first conclusive evidence of the ac-
tivity of a drug in the clinical treatment of
leprosy was the report in 1943 of Faget and
his colleagues from Carville in the U.S.A.
on Promin, a disubstituted derivative of
dapsone (DDS).? Previously, dapsone had
been shown to be active against M. tuber-
culosis both in vitro and in vivo, and a num-
ber of disubstituted derivatives had then
been synthesized for clinical use which were
better tolerated when given on a gram scale
than dapsone. However, over the next de-
cade, evidence was obtained in both exper-
imental animals and man that the activity
of the disubstituted sulfones was probably
due to their breakdown to dapsone in the
body. This provided the rationale for the
first clinical use of oral dapsone in the treat-
ment of leprosy by Lowe and Smith working

L., Kalambo, M. and Ponnighaus, I. The Lepra Eval-
uation Project (LEP), an epidemiological study of lep-
rosy in northern Malawi. II: Prevalence rates. Lepr.
Rev. 59 (1988) 97-112.

8 Faget, G. H., Pogge, R. C., Johansen, F. A., Dinan,
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TABLE 2. Important advances and reverses in the treatment of lepromatous leprosy.

Clofazimine monotherapy

Anti-inflammatory action of clofazimine
Efficacy of clofazimine in treatment of dapsone-resistant leprosy
Demonstration of persisters after up to 6 years of treatment

Rifampin monotherapy

Bactericidal activity of rifampin

Marked bactericidal activity with 1 week’s rifampin treatment
Marked bactericidal activity of single doses of rifampin

First case of rifampin-resistant leprosy

Persisters demonstrated after 5 years’ treatment with rifampin

Combined treatment

Suggested use of combined rifampin plus acedapsone
Recommended multidrug regimens for treatment of both multibacillary

and paucibacillary patients

1965 Browne'

1966  Pettit and Rees'®

1977  Waters*?

1970 Rees, et al.?’

1972  Shepard, et al.?®

1974  Shepard, et al.*°

1976  Jacobson and Hastings*’

1976  Rees, et al.*!

1971 Shepard, et al.??

1982 WHO Study Group'

1984  Jopling, et al.¥’

1987 UNDP/World Bank/ WHO
Special Programme for cillary patients
Research and Training in
Tropical Diseases®'

1988 THELEP Clinical Trials

Subcommittee??

Curative effect of rifampin-containing regimen in the Malta trial
Initial success of WHO Study Group regimen for treatment of multiba-

Failure of combinations of drugs to eliminate persisters

in Nigeria in 1949.° The marked clinical
response of patients to this well-tolerated
and cheap drug was hailed as a miracle and
over the next decade dapsone treatment was
introduced throughout the world. Treat-
ment with dapsone alone seemed to be high-
ly successful in contrast to the experience
in the first monotherapy trials in pulmonary
tuberculosis, when after an initial favorable
response to streptomycin or isoniazid treat-
ment, patients relapsed through the selec-
tion of drug-resistant mutant strains.

It was soon appreciated that in order to
compare the therapeutic activity of different
drug regimens it was essential to monitor
therapeutic progress quantitatively, and that
the most promising approach would be to
measure the rate of disappearance of leprosy
bacilli from skin lesions during treatment.
These endeavors culminated in the devel-
opment of the ““bacterial index”’ (BI) by Rid-
ley in 1964'° for quantifying M. leprae in
skin smears on a logarithmic scale. How-

J. F., Prejean, B. M. and Eccles, C. G. The Promin
treatment of leprosy; a progress report. Public Health
Rep. 58 (1943) 1729-1741.

° Lowe, J. and Smith, M. The chemotherapy of lep-
rosy in Nigeria. Int. J. Lepr. 17 (1949) 181-195.

10 Ridley, D. S. Bacterial indices. In: Leprosy in The-
ory and Practice. 2nd ed. Cochrane, R. G. and Davey,
T. F., eds. Bristol: John Wright, 1964, p. 620.

ever, it gradually became clear that the re-
moval of dead leprosy bacilli from the tis-
sues of lepromatous patients was a very slow
process, and that a more sensitive and rapid
method of assessing therapeutic response
would be to estimate the rate of decline in
the proportion of solid-staining, morpho-
logically intact and therefore presumably
viable, bacilli as described by Waters and
Rees!! in 1962.

The key discovery, which was to revo-
lutionize the chemotherapy of leprosy, was
that of Shepard in 1960.'> He showed that
the inoculation of small numbers (5000-
10,000) of M. leprae from the skin lesions
or nasal washings of untreated lepromatous
patients into the foot pads of normal mice
was followed by limited multiplication to a
ceiling of about 10 bacilli within a period
of about 6 months. The mouse foot-pad
model was soon employed to show that the
activity of an established antileprosy drug,
such as dapsone, in preventing the multi-
plication of M. leprae could readily be dem-
onstrated experimentally!? and, by the same

' Waters, M. F. R. and Rees, R. J. W. Changes in
the morphology of Mycobacterium leprae in patients
under treatment. Int. J. Lepr. 30 (1962) 266-277.

12 Shepard, C. C. The experimental disease that fol-
lows the injection of human leprosy bacilli into foot-
pads of mice. J. Exp. Med. 112 (1960) 445-454.

13 Shepard, C. C. and Chang, Y. T. Effect of several
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TABLE 3. Important advances in the experimental chemotherapy of leprosy in the mouse

foot pad.

1960 Shepard'? Multiplication of M. leprae in mouse foot pad

1965 Shepard and McRae'* Mean generation time of M. /eprae in mouse foot pad about 12 days, only

solidly staining bacilli are viable

Kinetic method for differentiating between bacteriostatic and bacteriopaus-

Activity of widely spaced injections of diacetyl-dapsone (acedapsone) in

Marked bactericidal activity of two consecutive days’ rifampin treatment

1967 Shepard??

al/bactericidal activity
1967 Shepard®?

mouse foot pad
1970 Rees, et al.?’ Bactericidal activity of rifampin
1971 Shepard, et al.?®
1975 Peters, et al.’? MIC of dapsone against M. leprae
1978 Colston, et al.*s Proportional bactericidal test

TABLE 4. Important advances in monitoring therapeutic progress in lepromatous (mul-

tibacillary) leprosy.

Histopathological/immunological classification of leprosy spectrum

1962  Waters and Rees'! Use of morphological index
1964  Ridley' Definition of bacterial index
1966  Ridley and Jopling>°

1968  Shepard, et al.*

Use of mouse foot pad to monitor loss of viability of M. leprae from skin

biopsies during treatment

token, that the potential activity of other
previously unproven compounds could be
explored.

By 1964, Pettit and Rees!* had used the
mouse foot-pad model to demonstrate the
existence of dapsone-resistant strains of M.
leprae, although they estimated that the first
three patients who had relapsed with such
strains had been selected from a total pop-
ulation of about 5000 and that the vast ma-
jority appeared to have been successfully
treated with dapsone monotherapy. This
study incidentally provided the first proof
of chronic poor compliance with oral dap-
sone treatment since Pettit and Rees iden-
tified four patients with drug-susceptible or-
ganisms who had appeared not to respond
to many years of supposedly well-super-
vised treatment, but who responded
promptly when dapsone was given by in-
jection.

In 1965, Shepard and McRae!’ confirmed

anti-leprosy drugs on multiplication of human leprosy
bacilli in footpads of mice. Proc. Soc. Exp. Biol. Med.
109 (1962) 636-638.

!4 Pettit, J. H. and Rees, R. J. W. Sulphone resistance
in leprosy; an experimental and clinical study. Lancet
2 (1964) 673-674.

's Shepard, C. C. and McRae, D. H. Mycobacterium
leprae in mice: minimal infectious dose, relationship
between staining quality and infectivity, and effect of
cortisone. J. Bacteriol. 89 (1965) 365-372.

that only solid-staining bacilli were viable,
and estimated the mean generation time of
M. leprae in the mouse foot pad to be about
12 days, a finding subsequently confirmed
by other workers.!¢ !7 Clofazimine was first
used to treat patients with proven dapsone-
resistant leprosy by Pettit and Rees in
1966,'® therapeutic response being mea-
sured by the fall in the morphological index
(MI). In the previous year, Browne!® noticed
that in addition to its direct antibacterial
action, clofazimine had significant anti-in-
flammatory action. This was to prove of
considerable value for the treatment of er-
ythema nodosum leprosum (ENL, or type
2 reactions).

'¢ Levy, L. Studies of the mouse footpad technique
for cultivation of Mycobacterium leprae. 3. Doubling
time during logarithmic multiplication. Lepr. Rev. 47
(1976) 103-106.

7 Levy, L. and Peters, J. H. Some characteristics of
the action of dapsone on multiplication of Mycobac-
terium leprae in the mouse. Lepr. Rev. 48 (1977) 237-
245.

'8 Pettit, J. H. and Rees, R. J. W. Studies on sulfone
resistance in leprosy. 2. Treatment with a rimino-
phenazine derivative (B.663). Int. J. Lepr. 34 (1966)
391-397.

1 Browne, S. G. B 663; possible anti-inflammatory
action in lepromatous leprosy. Lepr. Rev. 36 (1965)
9-11.
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In 1966, Ridley and Jopling?® described
a five-point histological/immunological
classification of leprosy which was to be-
come the key determinant in selecting pa-
tients for controlled clinical trials and in
understanding the immunology of leprosy.
In the same year, Rees?! obtained enhanced
multiplication of M. leprae in thymecto-
mized/irradiated mice, demonstrating that
in the mouse, as in man, the major deter-
minant limiting bacterial multiplication was
the extent of cell-mediated immunity.

In the following year, Shepard?? described
his “kinetic”” method in which drugs were
administered for a limited period (usually
about 60 days) during the logarithmic phase
of growth, to determine whether they pos-
sessed solely bacteriostatic or bacteriopaus-
al/bactericidal activity, characteristics that
were soon recognized as being of enormous
clinical relevance. In the same year,
Shepard?? demonstrated that widely spaced
injections of a slow-release dapsone for-
mulation (diacetyl-dapsone, acedapsone)
prevented the multiplication of M. leprae
in the mouse foot pad. This provided the
rationale for delivering dapsone in an in-
termittent and fully supervisable fashion for
treatment and prophylaxis.

In 1968, Shepard and his colleagues?*
showed that the clinical efficacy could be
most sensitively estimated from the loss of
viability of M. leprae revealed by inocula-
tion into the mouse foot pad. Not only was
viability lost much more rapidly than mor-
phological integrity, but a loss of viability
of up to 99% could be monitored in this
way, as compared with a loss of about 90%
using the MI procedure. Where necessary,

20 Ridley, D. S. and Jopling, W. H. Classification of
leprosy according to immunity; a five-group system.
Int. J. Lepr. 34 (1966) 255-273.

2! Rees, R. J. W. Enhanced susceptibility of thy-
mectomized and irradiated mice to infection with My-
cobacterium leprae. Nature 211 (1966) 657—-658.

22 Shepard, C. C. A kinetic method for the study of
activity of drugs against Mycobacterium leprae in mice.
Int. J. Lepr. 35 (1967) 429-435.

23 Shepard, C. C. Activity of repository sulfones
against Mycobacterium leprae in mice. Proc. Soc. Exp.
Biol. Med. 124 (1967) 430-433.

24 Shepard, C. C., Levy, L. and Fasal, P. The death
of Mycobacterium leprae during treatment with 4,4'-
diaminodiphenylsulfone (DDS). Am. J. Trop. Med.
Hyg. 17 (1968) 769-775.
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biopsy specimens on wet ice can be flown
to laboratories thousands of miles away
without significant deleterious effects on
bacterial viability.?* (For a review of the
application of the mouse foot-pad tech-
nique to controlled clinical trials in multi-
bacillary leprosy see Levy.2%)

The 1970s: Rifampin; dapsone and rifam-
pin resistance; persisters. The activity of
rifampin against M. leprae was first dem-
onstrated by Rees and his colleagues in
1970%7 in the mouse foot pad. Their results
encouraged them to launch a pilot trial in
six patients in whom the MI fell consider-
ably more rapidly than with dapsone treat-
ment. The rapidity of rifampin’s bactericid-
al activity was confirmed in one of the
patients by determining the speed with
which leprosy bacilli recovered from biop-
sies lost their infectivity for normal mice.
In the following year, Shepard and his
colleagues?® demonstrated the marked bac-
tericidal activity of rifampin when fed to
mice for 2 days at a dietary concentration
of 0.03% to give blood levels which could
readily be attained in man. When discussing
their findings, they prophetically suggested
the possibility of preventing the emergence
of drug-resistant strains of M. leprae by us-
ing a combination of fully supervised, large
oral doses of rifampin and 225 mg injec-
tions of acedapsone given once every 75
days.

25 Baras, M. and Levy, L. Effect of shipment on skin-
biopsy specimens to a distant laboratory on viability
of Mycobacterium leprae. Int. J. Lepr. 56 (1988) 115-
118.

26 Levy, L. Application of the mouse foot-pad tech-
nique in immunologically normal mice in support of
clinical drug trials, and a review of earlier clinical drug
trials in lepromatous leprosy. Int. J. Lepr. 55 Suppl.
(1987) 823-829.

27 Rees, R. J. W., Pearson, J. M. H. and Waters, M.
F. R. Experimental and clinical studies on rifampicin
in the treatment of leprosy. Br. Med. J. 1 (1970) 89—
92.

28 Shepard, C. C., Walker, L. L., Van Landingham,
R. M. and Redus, M. Kinetic testing of drugs against
Mpycobacterium leprae in mice; activity of cephalori-
dine, rifampin, streptovaricin, and viomycin. Am. J.
Trop. Med. Hyg. 20 (1971) 616-620.
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The spectacular bactericidal activity of ri-
fampin was confirmed in the following
year,?> when Shepard and his colleagues
demonstrated the apparent sterilizing activ-
ity of one or two doses of 25 mg/kg or 40
mg/kg of rifampin against M. leprae infec-
tions in the mouse foot pad, and the com-
plete loss of infectivity of inocula from the
first five lepromatous patients after 7 days
of daily treatment with 600 mg of rifampin.
Further studies in two groups of 14 patients
confirmed these remarkable findings; infec-
tivity to mice was lost in every case within
3-7 days of starting daily treatment with
600 mg of rifampin (the time of the first
biopsy) or after a single 1500 mg dose of
the drug.*°

However, in the same year, Waters and
his colleagues described a very disquieting
phenomenon,?! namely, the isolation of
persisting, viable, drug-susceptible bacilli
from 7 of 12 lepromatous patients who ap-
peared to have been successfully treated for
10 years with dapsone monotherapy. They
therefore concluded that the achievement
of smear negativity (BI = 0) was no indi-
cation that patients had been cured, and that
the practice of giving dapsone for life to
multibacillary patients should be contin-
ued.

Since the original demonstration of the
activity of dapsone in preventing the mul-
tiplication of M. leprae in the mouse foot
pad by Shepard and Chang in 1962,!3 work-
ers had been steadily ““titrating down” dap-
sone’s dosage to determine its minimal ef-
fective dose and, hence, from concomitant
blood-level estimations, its minimal inhib-
itory concentration (MIC) against M. lep-

2% Shepard, C. C., Levy, L. and Fasal, P. Rapid bac-
tericidal effect of rifampin on Mycobacterium leprae.
Am. J. Trop. Med. Hyg. 21 (1972) 446-449.

30 Shepard, C. C., Levy, L. and Fasal, P. Further
experience with the rapid bactericidal effect of rifampin
on Mycobacterium leprae. Am. J. Trop. Med. Hyg. 23
(1974) 1120-1124.

3! Waters, M. F. R., Rees, R. J. W., McDougall, A.
C. and Weddell, A. G. M. Ten years of dapsone in
lepromatous leprosy: clinical, bacteriological and his-
tological assessment and the finding of viable leprosy
bacilli. Lepr. Rev. 45 (1974) 288-298.
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rae.?> 32736 Its MIC against M. leprae was
finally shown in both the mouse and rat to
be about 2—-3 ng/ml.37: 38

In 1975, only just over a decade after the
discovery of the first cases of dapsone re-
sistance from Sungei Buloh in Malaysia,
Pearson and his colleagues®® reported that
100 cases with proven dapsone-resistant
leprosy had been identified at the center.
Dapsone resistance occurred, as an average,
about 16 years after starting treatment (range
5-24 years), and was favored by initial
treatment with low dapsone dosages. The
majority of dapsone-resistant strains of M.
leprae showed high-grade resistance, being
capable of multiplying in mice fed 0.01%
dapsone in the diet. Dapsone resistance was
only seen among lepromatous patients, and
about two thirds of the patients had initially
become smear negative prior to relapsing
with dapsone-resistant leprosy. Often pa-
tients had characteristic new active, asym-
metric lesions together with old healed le-
sions in other parts of the body.

32 Shepard, C. C. and Chang, Y. T. Activity of an-
tituberculosis drugs against Mycobacterium leprae;,
studies with experimental infection in mouse footpads.
Int. J. Lepr. 32 (1964) 260-271.

33 Shepard, C. C., McRae, D. H. and Habas, J. A.
Sensitivity of Mycobacterium leprae to low levels of
4,4'-diaminodiphenyl sulfone. Proc. Soc. Exp. Biol.
Med. 122 (1966) 893-896.

34 Shepard, C. C., Levy, L. and Fasal, P. The sen-
sitivity to dapsone (DDS) of Mycobacterium leprae from
patients with and without previous treatment. Am. J.
Trop. Med. Hyg. 18 (1969) 258-263.

33 Ellard, G. A., Gammon, P. T., Rees, R. J. W. and
Waters, M. F. R. Studies on the determination of the
minimal inhibitory concentration of 4,4'-diamino-di-
phenyl-sulphone (Dapsone, DDS) against Mycobacte-
rium leprae. Lepr. Rev. 42 (1971) 101-117.

36 Ozawa, T., Shepard, C. C. and Karat, A. B. A.
Application of spectrophotofluorometric procedures to
some problems in Mycobacterium leprae infections in
mice and man treated with dapsone (DDS), diacetyl-
DDS (DADDS) and di-formyl-DDS (DFD). Am. J.
Trop. Med. Hyg. 20 (1971) 274-281.

37 Peters, J. H., Gordon, G. R., Murray, J. F., Field-
steel, A. H. and Levy, L. Minimal inhibitory concen-
trations of dapsone for Mycobacterium leprae in rats.
Antimicrob. Agents Chemother. 8 (1975) 551-557.

3 Levy, L. and Peters, J. H. Susceptibility of My-
cobacterium leprae to dapsone as a determinant of pa-
tient response to acedapsone. Antimicrob. Agents
Chemother. 9 (1976) 102-112.

3 Pearson, J. M. H., Rees, R. J. W. and Waters, M.
F. R. Sulphone resistance in leprosy; a review of one
hundred proven clinical cases. Lancet 2 (1975) 69-72.
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In the following year, there were two oth-
er disturbing publications: Jacobson and
Hastings*° reported the first case of proven
rifampin-resistant leprosy in a patient from
Carville in the U.S.A. who had initially re-
lapsed with dapsone-resistant leprosy after
prolonged dapsone monotherapy and had
then been treated with rifampin monothera-
py. Rees, et al.*' and Waters*? described the
finding of drug-sensitive persisters after up
to 5 years of rifampin-containing treatment.
The fact that rifampin, with its spectacular
bactericidal activity, was no more capable
of eliminating persisters than dapsone
prompted Rees and his colleagues to con-
clude their paper by asking whether patients
with lepromatous leprosy could ever be
cured by chemotherapy alone.

In 1977, Pearson, et al.*® found the first
cases of primary dapsone resistance among
previously untreated lepromatous patients
in Ethiopia. Within another 2 years,** the
spread of dapsone resistance in Ethiopia had
been so rapid, with an incidence of acquired
(secondary) resistance of about 3% per an-
num and a prevalence of primary resistance
of about 50%, that it seemed likely to jeop-
ardize the possibility of controlling leprosy
with dapsone alone.

In 1978, Colston and his colleagues de-
scribed their proportional bactericidal test
method for establishing in the mouse foot
pad whether or not compounds displayed
bactericidal activity against M. leprae.*> This
was a major advance since, because of the
very limited ability of lepromatous patients

40 Jacobson, R. R. and Hastings, R. C. Rifampicin-
resistant leprosy. Lancet 2 (1976) 1304-1305.

41 Rees, R. J. W., Waters, M. F. R., Pearson, J. M.
H., Helmy, H. S. and Laing, A. B. G. Long-term treat-
ment of dapsone-resistant leprosy with rifampicin:
clinical and bacteriological studies. Int. J. Lepr. 44
(1976) 159-169.

42 Waters, M. F. R. The diagnosis and management
of dapsone-resistant leprosy. Lepr. Rev. 48 (1977) 95—
105.

43 Pearson, J. M. H., Haile, G. S. and Rees, R. J. W.
Primary dapsone-resistant leprosy. Lepr. Rev. 48 (1977)
129-132.

44 Pearson, J. M. H., Haile, G. S., Barnetson, R. St.
C. and Rees, R. J. W. Dapsone-resistant leprosy in
Ethiopia. Lepr. Rev. 50 (1979) 183-199.

45 Colston, M. J., Hilson, G. R. F. and Banerjee, D.
K. The ‘“‘proportional bactericidal test;”” a method for
assessing bactericidal activity of drugs against Myco-
bacterium leprae in mice. Lepr. Rev. 49 (1978) 7-15.
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to kill resident leprosy bacilli, bactericidal
drugs may be essential for successful che-
motherapy.

The 1980s: Multiple drug therapy. In
1981, in response to the increasing evidence
of the failure of dapsone monotherapy in-
dicated by the increasing incidence rates of
primary and secondary dapsone resistance,
the World Health Organization convened a
special meeting to consider what the most
appropriate response might be. The out-
come of the meeting was the recommen-
dation that multibacillary patients should
be treated to smear negativity with the triple
combination of daily self-administered
dapsone and clofazimine supplemented by
monthly supervised doses of rifampin and
clofazimine.! It was also recommended that
paucibacillary patients should be treated for
6 months with daily dapsone plus monthly
rifampin.

The possibility that the failure of rifam-
pin to eliminate persisters did not neces-
sarily imply that lepromatous patients must
be treated for life was first suggested by the
so-called ““Malta trial.” This study had been
initiated by Freerksen and his colleagues
many years earlier,*® when some 80 lepro-
matous patients previously treated for many
years with dapsone monotherapy were pre-
scribed daily rifampin plus dapsone plus
prothionamide plus isoniazid for about 2
years. Since isoniazid is thought to be with-
out significant antileprosy activity, it was
unlikely that such a regimen would be able
to eliminate persisting M. leprae. Never-
theless no relapses were encountered during
a period of over 10 years after stopping
treatment.*’-4° Further encouraging evi-
dence that the treatment of lepromatous pa-
tients might be terminated without risking
unacceptable relapse rates came in 1986,

46 Freerksen, E., Rosenfeld, M., Bonnici, E., Depas-

quale, G. and Kruger-Thiemer, M. Combined therapy
in leprosy, background and findings. Chemotherapy 24
(1978) 187-201.

47 Jopling, W. H., Ridley, M., Bonnici, E. and De-
pasquale, G. A follow-up investigation of the Malta
Project. Lepr. Rev. 55 (1984) 247-253.

48 Jopling, W. H. A report on two follow-up inves-
tigations of the Malta-Project. Lepr. Rev. 57 Suppl.
(1986) 47-52.

4 Leiker, D. L. First assessment of the Malta Lep-
rosy Eradication Project. Lepr. Rev. 57 Suppl. (1986)
42-46.
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when Waters, et al.>° described a study from
Sungei Buloh in Malaysia in which the treat-
ment of over 300 patients had been ter-
minated after some 20 years of supervised
dapsone therapy. Over the following 8 years
the relapse rate was only about 1% per an-
num.

Even more encouraging were the first re-
sults from the two THELEP field trials being
carried out in South India,*!: 32 in which not
a single relapse had been encountered among
over 2000 multibacillary patients during the
first 4 years after stopping treatment with
the WHO Study Group regimen. When
taken with the most recent report from the
THELEP Clinical Trials Subcommittee,’?
which demonstrated that combinations of
rifampin plus dapsone and either clofazi-
mine or prothionamide were unable to
eradicate persisters, it could be concluded
that the threat posed by persisters may be
much less than had been previously sup-
posed.

Antibacterial activity, determination and
pharmacology of the most important
antileprosy drugs

Dapsone (DDS). The results obtained
using both the kinetic and proportional bac-
tericidal test methods showed that dietary
concentrations of about 0.01% dapsone,
which give blood and tissue drug levels sim-
ilar to those encountered when treating pa-
tients with 50— 100 mg of the drug each day,
result in pronounced bactericidal activity in
experimental infections in both the mouse
and rat. By contrast, dietary concentrations
of 0.0001% or less are purely bacteriostat-

50 Waters, M. F. R., Rees, R. J. W, Laing, A. B. G,
Fah, K. K., Meade, T. W., Parikshak, N. and North,
W. R. S. The rate of relapse in lepromatous leprosy
following completion of twenty years of supervised sul-
phone therapy. Lepr. Rev. 57 (1986) 101-1009.

st UNDP/World Bank/WHO Special Programme for
Research and Training in Tropical Diseases. Tropical
disease research: a global partnership. Eighth pro-
gramme report. Maurice, J. and Pearce, A. M., eds.
Geneva: World Health Organization, 1987.

52 UNDP/World Bank/WHO Special Programme for
Research and Training in Tropical Diseases. Tropical
diseases: progress in international research, 1987-1988.
Ninth programme report. Geneva: World Health Or-
ganization, 1989, pp. 97-99.

33 THELEP Subcommittee on Clinical Trials of the
Chemotherapy of Leprosy Scientific Working Group
of the UNDP/World Bank/WHO Special Programme
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ic.17:22.45.54-59 Qimilar activities are found
in man. Thus the rates of elimination of
viable M. leprae when patients are treated
with injections of diacetyldapsone (acedap-
sone) releasing about 2.4 mg dapsone into
the circulation each day?¢ are considerably
less than when standard daily doses of 50—
100 mg dapsone are given.®0-62

Dapsone plasma concentrations can
readily be determined by specific and
sensitive fluorimetric methods®* ¢* or high-

for Research and Training in Tropical Diseases. Per-
sisting Mycobacterium leprae among THELEP trial pa-
tients in Bamako and Chingleput. Lepr. Rev. 58 (1987)
325-337.

4 Shepard, C. C. Further experience with the kinetic
method for the study of drugs against Mycobacterium
leprae in mice; activities of DDS, DFD, ethionamide,
capreomycin, and PAM 1392. Int. J. Lepr. 37 (1969)
389-397.

5 Shepard, C. C. Combinations of drugs against My-
cobacterium leprae studied in mice. Int. J. Lepr. 40
(1972) 33-39.

¢ Levy, L., Ng, H., Evans, M. J. and Krahenbuhl,
J. L. Susceptibility of thymectomized and irradiated
mice to challenge with several organisms and the effect
of dapsone on infection with Mycobacterium leprae.
Infect. Immun. 11 (1975) 1122-1132.

57 Fieldsteel, A. H. and Levy, L. Dapsone chemo-
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natally thymectomized Lewis rat. Am. J. Trop. Med.
Hyg. 25 (1976) 854-859.

8 Levy, L. Bactericidal action of dapsone against
Mycobacterium leprae in mice. Antimicrob. Agents
Chemother. 9 (1976) 614-617.

9 Pattyn, S. R., Portaels, F., Van Loo, G. and Van
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protionamide and dapsone against Mycobacterium lep-
rae and some other mycobacteria. Arzneimittelforsch-
ung 31 (1981) 2155-2157.
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¢! Russell, D. A., Shepard, C. C., McRae, D. H.,
Scott, G. C. and Vincin, D. R. Acedapsone (DADDS)
treatment of leprosy patients in the Karimui of Papua
New Guinea; status at six years. Am. J. Trop. Med.
Hyg. 24 (1975) 485-495.

62 Shepard, C. C. A brief review of experiences with
short-term clinical trials monitored by mouse foot-pad
inoculation. Lepr. Rev. 52 (1981) 299-308.

63 Glazko, A. J., Dill, W. A., Montalbo, R. G. and
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pressure liquid chromatography with ultra-
violet absorption or fluorescence detec-
tion.% %6 The most sensitive procedures are
capable of measuring dapsone concentra-
tions of down to about 0.1 ng/m].¢7 ¢8

The pharmacokinetics of dapsone have
recently been reviewed.®® Dapsone is rap-
idly and completely absorbed in man.”® The
only metabolite demonstrated in the plasma
is monoacetyldapsone, and the acetylation
of dapsone occurs polymorphically in a
fashion similar to that shown by sulfameth-
azine and isoniazid.”' Slow and rapid acety-
lators can be readily distinguished accord-
ing to the ratios of acetylated to free drug
in the plasma. However, it is not possible
to establish whether monoacetyldapsone has
intrinsic antileprosy activity because it is
rapidly deacetylated in the mouse.” Dap-
sone is eliminated relatively slowly in man,
with a half-life averaging a little over 24
hours. Although dapsone half-lives in pa-
tients and healthy volunteers may vary from
about 15 to 50 hours, they are not related
to their acetylator phenotype because mon-

5 Jenner, P. J. The determination of antimycobac-
terial drugs in body fluids by high-performance liquid
chromatography. In: Progress in Medical Microbiology.
Reeves, D. and Ullman, U., eds. Stuttgart: Fischer,
1984, Vol. 2, pp. 153-164.

¢ Pieters, F. A. J. M., Vincken, B. J. and Zuidema,
J. Dapsone and monoacetyldapsone determined in se-
rum and saliva by a sensitive high-performance liquid
chromatographic method with a single extraction step.
J. Chromatogr. 422 (1987) 322-327.

7 Peters, J. H., Murray, J. F., Gordon, G. R. and
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oacetyldapsone is reconverted to dapsone
by deacetylation.63 67.72-79

During daily treatment with 100 mg dap-
sone, plasma and tissue concentrations
probably range from about 1 to 2 ug/ml,
some 500-fold in excess of its MIC against
M. leprae. Because resistance to dapsone is
a step-wise phenomenon, it is understand-
able that treatment with dapsone mono-
therapy was successful for so long and that
full-grade dapsone resistance only emerged
after many years of such therapy.° It is also
readily understandable that the emergence
of dapsone resistance is unrelated to the pa-
tients’ acetylator phenotypes or dapsone
half-lives.?? 7¢- 81.82 The rate of elimination
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of dapsone is increased by daily rifampin
treatments,’® probably by induction of
N-hydroxylation.?3 8¢ However, since this
is of no therapeutic consequence, it provides
no grounds for modifying the recommended
dapsone dosage (100 mg per day). The ex-
cellent acceptability of dapsone is one of its
most important attributes. Laboratory and
epidemiological evidence supports the con-
clusion that neither dapsone nor its human
metabolites are carcinogenic,?* %5 and that
higher doses of dapsone actually aid rather
than aggravate, as had been formerly sup-
posed, the control of reactions in patients
with borderline disease.®¢ The mechanism
of action of dapsone against M. leprae has
been established by the elegant studies of
Seydel and his colleagues. Dapsone dis-
played a very high affinity for the pteroate
synthetase of M. leprae,®” but no analog was
formed. Since the enzyme from a dapsone-
resistant strain was fully susceptible to in-
hibition by dapsone, it is possible that re-
sistance might be occurring through greatly
augmented production of the synthe-
tase.%8 89
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Rifampin. The remarkable bactericidal
action of rifampin against M. leprae de-
scribed above has been confirmed by other
workers in the mouse,** °°-%3 rat,%* and in
man.’> Levy, et al.®® investigated the bac-
tericidal effects of single doses of rifampin
in lepromatous patients by mouse foot-pad
inoculation and found only suggestive evi-
dence that doses of 1200-1500 mg might
be slightly more bactericidal than doses of
600-900 mg (p = 0.05).

Absorption of rifampin is generally ex-
cellent, although some studies have sug-
gested that it may be impaired if rifampin
is not taken on an empty stomach.’’ Its rate
of elimination is dependent on dose size,
and repeated daily dosage leads to induction
of metabolism and more rapid clearance
from the body. Single oral doses of 600 mg
are eliminated with a half-life of about 3—
4 hours. A number of high-pressure liquid
chromatographic methods have been de-
scribed for its determination,®® and serum
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pers 7 (1988) 239-276.
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(1972) 251-261.
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concentrations can also be readily estimated
using a microbiological plate diffusion assay
with Staphylococcus aureus.®®

When given at a daily dose of 600 mg, as
in the treatment of tuberculosis, rifampin is
excellently tolerated.®® '°°© Once-weekly
treatment with larger doses (300-1200 mg),
however, resulted in immunologically based
toxicity, especially the so-called “flu” syn-
drome.!°! Fortunately, when monthly doses
of 600 or 1200 mg, or pairs of 600 mg doses
given on consecutive days every month,
were used for the treatment of leprosy, they
were excellently tolerated.>!- 52 102-106

Clofazimine. The following observations
suggested that supervised intermittent clo-
fazimine treatment might be clinically ef-
fective: clofazimine’s very low minimal ef-
fective dose (0.0001%) against M. leprae in
the mouse,'?’ its activity when given in the
diet for 2 days every month,!°8 its bacterio-
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101 Aquinas, M., Allan, W. G. L., Horsfall, P. A. L.,
Jenkins, P. K., Hung-Yan, W., Girling, D., Tall, R. and
Fox, W. Adverse reactions to daily and intermittent
rifampicin regimens for pulmonary tuberculosis in Hong
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pausal or bactericidal activity when tested
by the kinetic method,*> '%° together with
its marked tissue accumulation and slow
elimination from both mouse and
man.32 '10-117 It was also shown to have un-
equivocal bactericidal activity in the mouse
when tested by the proportional bactericidal
test method.*3- '8

The efficacy of daily treatment with 300
mg clofazimine, demonstrated by studies of
the fall of the MI, '8 ''° was confirmed by a
mouse foot-pad inoculation study in which
patients were treated with daily doses of
100-200 mg of the drug.!'?° Since the rate
of loss of viability of M. leprae was faster
than when patients were treated with
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acedapsone®® (a fully effective bacteriostatic
drug), it is apparent that clofazimine also
displays bactericidal activity in man. Treat-
ment with 600 mg doses of clofazimine giv-
en on 2 consecutive days once very month
was shown to be bacteriologically effica-
cious, although the rate of killing of M. lep-
rae was slower than when the same total
dose was given thrice or once weekly.'?!

The activity of daily treatment with 300
mg of the drug in controlling ENL was con-
firmed by Hastings and Trautman'?? and
Helmy, et al.'?3 Light-skinned patients
sometimes find the skin pigmentation
caused by clofazimine unacceptable, espe-
cially if large doses are used.'!®* However,
lower doses (50-100 mg per day) are gen-
erally well tolerated'?* and are also accom-
panied by a significant reduction in the fre-
quency of ENL.

Sensitive and specific high-pressure lig-
uid and thin-layer chromatographic meth-
ods have been described for its determi-
nation in plasma by Lanyi and Dubois''®
and Peters, et al.,'?> while its metabolism
has been studied by Feng, et al.''> The es-
sential insolubility of clofazimine in water
and the recovery of a large portion of the
drug in the feces, apparently in an unme-
tabolized form, strongly suggest that its ab-
sorption from the gut is incomplete,!!! 12
and it is highly likely that the proportion of
the dose absorbed decreases as the individ-
ual dose size is increased.

Other extensively investigated antimy-
cobacterial drugs. The activity of the two
thioamides, ethionamide and prothionam-
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ide against M. leprae in the mouse foot pad
and their pharmacokinetics in the mouse
and in man are extremely similar. Dietary
doses of 0.01% inhibit multiplication in the
mouse foot pad,'?”- 26 their MIC is about
0.05 pg/ml, and both possess marked bac-
tericidal activity when tested by the kinetic
and proportional bactericidal test meth-
Ods.45' 54, 55,59, 118, 126-128 Their bactericidal
activity was abolished when they were given
on a once-weekly basis,!?° suggesting that
their clinical efficacy could be threatened by
poor patient compliance. The antileprosy
activity of their sulfoxide metabolites is
probably similar to that of the parent
thioamides.'3° Both thioamides are excel-
lently absorbed in man, and they are then
rapidly eliminated from the body with a
half-life of about 2 hours.'*! Prior to the
THELERP trial currently being carried out in
Cebu in The Philippines, to compare the
bactericidal activities of ethionamide and
prothionamide, there is only a single report
of their therapeutic activity in man having
been assessed by mouse foot-pad inocula-
tion.®? Three patients had been treated with
250 mg ethionamide three times a day, and
there was a rapid loss in bacterial viability,
suggesting that in man, as in the mouse, the
thioamides are probably more rapidly bac-
tericidal than dapsone. The two thioamides
can be determined in the plasma by high-
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Both thioamides were used for the treat-
ment of pulmonary tuberculosis prior to the
introduction of rifampin. Gastrointestinal
side effects were common, although pro-
thionamide appeared to be better tolerat-
ed.!** However, the daily dosages used (500—
1000 mg) were higher than those (250-375
mg) recommended for leprosy treatment.'
Little is known about the acceptability of
the thioamides when given at these lower
dosages, although recent reports concerning
their hepatotoxicity when combined with
rifampin!35-13% and gastrointestinal side
effects!'3? give cause for concern.

Thiacetazone is a weak bacteriostatic drug
whose antileprosy activity in the mouse foot
pad is virtually abolished when it is given
once a week.!? 140 Although thiacetazone
has a relatively long half-life in man, it was
estimated that plasma and tissue concen-
trations would decline to subinhibitory lev-
els within about 3 days after discontinuing
treatment, making it an unsuitable drug for
self-administration.!4!-!43 [soniazid has been
used fairly extensively in some parts of the
world for the treatment of leprosy in a com-
mercially available combined formulation
with dapsone and prothionamide.*¢ Al-
though its routine use should be discour-
aged, since isoniazid is without significant
antileprosy activity,?2 55 such a formulation
could be of value when given in a more
restricted way for monitoring prothionam-
ide compliance.!3?

—Gordon A. Ellard, Ph.D.

National Institute for Medical Research
The Ridgeway, Mill Hill
London NW7 14A, England
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