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CHEMOTHERAPY OF LEPROSY FOR
CONTROL PROGRAMMES

Report of a WHO Study Group

A WHO Study Group on Chemotherapy of Leprosy for Control
Programmes met in Geneva from 12 to 16 October 1981. The ob-
jectives of the meeting were:

(1) to review information collected since 1976 (the year when
the WHO Expert Committee on Leprosy last met) on the problems
related to chemotherapy and chemotherapeutic regimens of leprosy;

(2) to recommend, for use in leprosy control programmes, ap-
propriate multidrug regimens for multibacillary cases including new,
treated, and drug-resistant cases, whether clinically suspected or
proved;

(3) to recommend regimens for paucibacillary cases; and

(4) to identify further research needs in the clinical and opera-
tional aspects of chemotherapy of leprosy.

The meeting was opened by Dr A. Zahra, Director, Division of
Communicable Diseases, on behalf of the Director-General. He noted
that leprosy control programmes were at an important cross-road in
the containment of leprosy, particularly in the context of attaining
the objective of health for all by the year 2000. There had recently
been a revival of interest in leprosy control and a definite commitment
had been made by governments, through resolutions they had adopted
in the World Health Assembly, to contain this ancient scourge.

While progress had been made in expanding leprosy control pro-
grammes, the twin constraints of dapsone resistance and bacterial
persistence were causing serious operational problems and a feeling
of uncertainty regarding the future of leprosy control programmes.
There was therefore an urgent and imperative need for recommen-
dations on globally applicable therapeutic regimens based on research
efforts from all over the world and on the operational and logistic
constraints in the field.



_~ INTRODUCFION

In its fifth report the WHO Expert Committee on Leprosy that
met in 1976 emphasized the need to prevent the much feared devel-
opment of drug resistance, and, in view of this, recommended that all
active cases of multibacillary leprosy (LL, BL and BB in the Ridley-
Jopling classification), whether previously untreated or relapsed,
should be treated with at least two effective antileprosy drugs (I).
However, relatively few countries and individual centres have intro-
duced multidrug therapy as a routine practice in their leprosy control
programmes. Furthermore, there has been considerable uncertainty
with regard to the selection of appropriate drug regimens for combined
chemotherapy, on-the grounds-of both efflcacy and operatxonal fea-
sibility. This is evidenced by-the many and various multldrug reglmens
recommended since. 1976. :

‘Welcoming the steady progress made by the Scientific Worklng
Group on the Immunology of Leprosy (IMMLEP)' in-its.long-term
objective -of developing a leprosy vaccine of proved effectiveness;
the Study Group considered that the classical strategy -of leprosy
control, based on early detection and effective chemotherapy,.is likely
to remain unchanged for many years. The Study Group reviewed the
problem of dapsone resistance (both secondary and primary) which
has now become acute. It also reviewed the problem of resistance to
other. antileprosy -drugs-and the -operational -~ problems that have
hindered the 1mplementat10n of combined chemotherapy. -

After reviewing the small number of bactericidal drugs . avallable
~ for the treatment of leprosy, the Study Group proposed certain multi-

drug regimens to treat the different groups of multibacillary -patients,

and a further combined regimen designed for the short-term: chemo-
therapy . of pauc1ba0111ary patients. In addition, the Study Group
recommended ways - of overcoming the -operational problems that
‘might impede the ‘practical apphcatlon of the proposed reglmens “in
: leprosy control programmes

1The activities of the Scientific Working Group on the Immunology of Leprosy
are carried out in the framework of the UNDP/World Bank/WHO Special Programme
for Research and Training in Tropical Diseases.

8



1. THE PROBLEM

1.1 Dapsone resistance

Resistance of Mycobacterium leprae to dapsone should be suspected
when a patient fails to improve or deteriorates during supervised
treatment with the drug. Dapsone resistance may be confirmed by
inoculating mice with M. leprae recovered from the patient and then
treating the mice with dapsone to determine whether the drug is
capable of preventing multiplication of the organisms. When the drug
does not prevent multiplication of M. leprae in the mice the inoculated
strain of M. leprae is said to have proved resistance to dapsone.

Until the mid-1970s virtually all strains of M. leprae isolated in
mice from previously untreated patients were inhibited from multi-
plying by the administration of 0.1 mg of dapsone per 100 g of food
in the diet (0.0001 g%). Strains of M. leprae capable of multiplying
in mice to which dapsone has been administered in this or a greater
concentration are defined as “resistant”. Strains inhibited from
multiplying by the administration of 0.1 mg of dapsone per 100 g diet
are said to be fully susceptible. Strains capable of multiplying in mice
administered 0.1 mg per 100 g, but inhibited by 1 mg per 100 g
(0.001 g%) are said to exhibit a low degree of resistance. Strains
multiplying in mice administered 1 mg per 100 g, but inhibited from
multiplying when given 10 mg/100 g (0.01 g%) are said to show
an intermediate degree of resistance; and strains that multiply in
mice administered dapsone in a concentration of 10 mg per 100 g in
the diet are said to be fully resistant. Administration to mice of 10 mg
of dapsone per 100 g of diet yields a dapsone concentration of about
1 ug per ml in the plasma, roughly equal to that found in the plasma
of humans administered 100 mg of dapsone.

The presence of fully-resistant M. leprae may be suspected when
patients relapse during treatment with dapsone in supervised daily
doses of 100 mg. The presence of M. leprae of a low degree of resis-
tance does not imply that dapsone therapy is of no use in these
patients. On the contrary, such patients may respond well to treat-
ment with dapsone, 100 mg daily. However, they are very likely to
relapse in time with fully-resistant M. leprae if only dapsone mono-
therapy is continued.



1.2 Secondary dapsone resistance

Treatment of leprosy with sulfones was introduced in 1943. Although
sulfone resistance was suspected in the 1950s, resistance to dapsone
per se was first proved in the mouse footpad in 1964 (2). In 1966,
Pettit et al. (3) estimated that the prevalence of dapsone resistance
among 5000 cases at risk in Sungei Buloh Leprosarium in Malaysia
was about 1 per 1000. Since in this study the authors employed only
large concentrations of dapsone in the mouse diet, the prevalence
rate of 1 per 1000 was probably an underestimate of the true pre-
valence of resistance. In a later study Pearson (4), using lower con-
centrations of dapsone in the mouse diet, found the prevalence rate
in the same centre to be 2 per 1000, with an incidence rate of about
0.1% per year. At this rate of incidence, dapsone resistance did not
appear to be an important problem.

Subsequently, in 1973, the prevalence of secondary dapsone
resistance among the same patients was estimated to be about 25
per 1000, with an incidence of about 0.3% per year for patients who
had received full-dosage dapsone therapy from the beginning of
treatment (5). A second group of patients, who had received sola-
sulfone as initial treatment in a dosage equivalent to about 10 mg of
dapsone daily and were subsequently changed to dapsone, showed a
prevalence of dapsone resistance of about 75 per 1000, with an
incidence of about 0.8 % per year, confirming that lower-dosage dapsone
therapy had predisposed the patients to the subsequent development
of dapsone resistance. . -

In 1975, the same centre reported 100 patients with proved dap-
sone resistance (6); by 1980, the number of footpad-proved. cases
at the centre had risen to 166. In 1981, it was estimated that the
prevalence of dapsone resistance for all of Malaysia was as high as
10% of all surviving treated multibacillary cases." Since many of the
older, well-treated inpatients had by now died from natural causes,
this figure must reflect an increased incidence as well as a continuing
prevalence. ' ' , '

‘Pearson and his colleagues reported an even more disturbing
situation in Ethiopia (7, 8). Among 1500 multibacillary patients at
risk in the Addis Ababa area, 295 were known to have relapsed.
Fifty-one of 53 strains of M. leprae tested in mice were found to be

! Final report of the Regional Working Group on Drug Policy and Operational
Research in the Leprosy Programme. Unpublished document ICP/BVM/005 issued
by the WHO Regional Office for the Western Pacific, Manila, 1981.
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dapsone-resistant, yielding an estimated prevalence of about 190 per
1000. During each year of the study (1973-77), about 50 new cases
of relapse were seen with prima facie evidence of dapsone-resistant
leprosy, yielding an incidence of about 3% per year. Countrywide
studies yielded prevalence estimates of 100 per 1000 in Costa Rica
(9), and of 37 per 1000 in Israel (10).

This was the situation at the time when the WHO Expert Com-
mittee on Leprosy met in 1976. During the five years since then
secondary resistance to dapsone has been reported from many other
countries. Dapsone resistance was proved in the mouse footpad in
India by Taylor et al. in 1976 (II), in an area that had enjoyed
well-delivered dapsone monotherapy since 1963. A well-planned
survey of the prevalence of dapsone resistance in that area began in
1978, with assistance from the Scientific Working Group on the
Chemotherapy of Leprosy' (THELEP). According to that survey, in
India 1580 multibacillary patients who began dapsone monotherapy
at least five years earlier were considered at risk. Balraj et al. (12),
on the basis of interim data, had reported a prevalence of about 23
per 1000 in the same area. More recent data from that study indicate
that the prevalence of secondary dapsone resistance in the area is
much higher: probably about 70 per 1000 (M. Christian, unpublished
data). In an adjacent area of South India another THELEP-supported
prevalence survey is in progress, and preliminary data indicate a
prevalence of about 20 per 1000 (P. N. Neelan, unpublished data).

Surveys of the prevalence of secondary dapsone resistance among
smaller populations of multibacillary patients have yielded the follow-
ing results: Jiangsu Province, China, 51 per 1000 (Z3); Shanghai,
China, 35-40 per 1000 (Ji Baohong, unpublished data); Burundi,
about 50 per 1000 (S.R. Pattyn, unpublished data), and Mali, also
about 50 per 1000 (I4). In addition, sporadic instances of secondary
dapsone resistance proved in the mouse footpad have been reported
from Australia,” Guadeloupe (I5), Jamaica,”> Malawi,> Marti-
nique (15), Morocco (I6), Nigeria,> Philippines,® Senegal (I17),
Sierra Leone,? Singapore,®> Thailand,”> United Republic of Tanza-
nia,> Upper Volta (I8), USA (I9), and Zambia.> A number of

! The activities of the Scientific Working Group on the Chemotherapy of Leprosy
are carried out in the framework of the UNDP/World Bank/WHO Special Programme
for Research and Training in Tropical Diseases.

2 Unpublished data from R. J. W. Rees.

3Unpublished data from R. S. Guinto.
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cases have also been reported from the Netherlands among 1mm1grants
from Indonesia and Suriname.’

Wherever dapsone resistance has been sought among treated and
relapsed patients with lepromatous leprosy (LL) or. borderline
lepromatous leprosy (BL), it has been found. -The number of
countries with dapsone resistance is now probably over 25, and the
prevalence is steadily increasing. Therefore, urgent action must be
taken to prevent the further development -of dapsone resistance;
otherwise leprosy control methods developed- over the last 30. years
may be rendered completely ineffectual.

Low-dosage dapsone therapy and irregular treatment appear to
predispose leprosy patients to the subsequent development of dapsone
resistance. - (Dapsone resistance also occurs in patients receiving
regular treatment, but probably with a much lower prevalence.) The
full effect of a decade and a half of low-dosage dapsone therapy
‘given in a number of countries up.to 1976 has still to be seen. Since
the regularity of treatment appears to influence the prevalence, it
would follow that patients in poorly- managed leprosy. control pro-
grammes are more likely to develop dapsone resistance than those in
well managed programmes. Furthermore, the personnel of the former
will be the least well trained and the least able to dlagnose dapsone
resistance. :

1. 3 Prlmary dapsone resrstance

When LL and BL patlents relapse with secondary dapsone resis-
~ tance, they can infect their contacts with dapsone-resistant M. leprae,
and. those who subsequently develop clinical leprosy will suffer- from
primary dapsone resistance. It follows that primary dapsone resistance
can occur in any type of-leprosy. Among nonlepromatous patients
there is no immediate clinical or bacteriological way-of differentiating
dapsone-resistant leprosy from previously untreated dapsone-sensitive.
leprosy. However, in lepromatous leprosy primary resistance may be
_recognized by mouse inoculation. -
~ . At'the time of the meeting of the Expert Commlttee on Leprosy
in 1976, proved primary dapsone resistance had not yet been reported
although prima facie cases had been detected in Colombia and in the
Pacific island of Ponape (20, 21). However, the Expert Commlttee
d1d warn of its probable emergence (1).

! Unpublished data from D. L. Leiker.
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Shortly afterwards, Pearson et al. (22) reported that 5 of 8 ran-
domly selected, newly diagnosed cases of lepromatous leprosy in
Ethiopia were found to be infected with dapsone-resistant strains of
M. leprae. Subsequently, it was found that 5 of 14 patients from the
Addis Ababa area and 11 of 15 from other parts ‘of Ethiopia were
suffering from primary. resistance (8). The high proportion of primary
resistant cases found in this study initially came as a surprise. However,
since only about half the active infectious cases of lepromatous
leprosy in Addis Ababa at the time of the study were untreated (and
were presumably transmitting susceptible M. leprae), the other half,
comprising those who had relapsed after dapsone therapy and now
probably had dapsone-resistant leprosy, it might have been predicted
that about half the new cases would show primary dapsone resistance.

Primary dapsone resistance has also been reported from the USA
(18 of 93 patients admitted to the National Hansen’s Disease Center
at Carville, LA, with multibacillary leprosy between 1971 and 1979),*
India (1 of 3 patients tested) (23), the Philippines (2 of 55 patients
tested) (24), and Malaysia (6 of 22 patients tested) (A.B.G. Laing,
unpublished data). In most of the above countries the majority of
strains of M. leprae showed a low degree of dapsone resistance,
whereas among those from Malaysia the majority were fully resistant,
probably reflecting the fact that most secondary dapsone-resistant
strains in that country were fully resistant.

In a THELEP controlled clinical drug trial in South Indla 6 of
40 previously untreated lepromatous patients serially admitted to the
trial were found to have dapsone-resistant M. leprae; 5 strains showed
a low degree of resistance and 1 an intermediate degree. '

In another THELEP trial in Mali, strains of M. leprae isolated
from 11 of 30 serially admitted patients were found to be dapsone-
resistant: 7 showed a low degree of resistance, 3 showed intermediate
resistance, and 1 was fully resistant. It should be noted that the first
proved case of secondary dapsone resistance was detected in Mali
in 1978 (25), the year in which the trial began. Therefore, if in a
leprosy control programme secondary dapsone resistance has not been
detected, or has been detected only recently, it should not automat-
ically be assumed that primary resistance has not yet arisen.

* Final repért of the Regional Working Group on Drug Policy and 'Operatzohal
Research in the Leprosy Programme. Unpublished document ICP/BVM/005 issued
by the WHO Regional Office for the Western Pacific. Manila, 1981.
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It must be assumed that primary-dapsone resistance occurs in at
least as high a proportion of tuberculoid as of lepromatous patients,
although tuberculoid patients cannot be surveyed using the mouse-
footpad technique because they do not harbour a bacterial population
sufficient to infect the mouse. Indeed, since the prevalence of secon-
dary dapsone resistance is steadily rising and the incubation period of
tuberculoid leprosy is believed to be shorter by several years than
that of lepromatous leprosy, it is possible that primary dapsone
resistance is currently occurring in a higher proportion of new tuber-
culoid than of new lepromatous patients. Unless the possibility of
primary dapsone resistance is kept constantly in mind when diagnosing
and treating tuberculoid patients and their source of infection is
checked whenever possible, those suffering from primary resistance
may undergo serious deterioration with new skin lesions and increasing
nerve damage, or they may even downgrade to lepromatous leprosy
before such a diagnosis is considered (26).

1.4 Secondary resistance to other bactericidal antileprosy drugs

1.4.1 Rifampicin

In general, rifampicin has been used for limited periods in the
initial intensive phase of multidrug treatment of newly-diagnosed
cases of multibacillary leprosy. It is, however, being increasingly used
in the long-term treatment of proved dapsone-resistant lepromatous
patients, since it was first employed for this purpose in Malaysia and
the USA (Carville, LA) more than a decade ago. In both centres,
the initial patients received rifampicin monotherapy. None of the
Malaysian patients has so far developed resistance. However, in Car-
ville, 1 of 8 patients who were treated with 600 mg rifampicin daily
relapsed clinically after 43 months, and 1 of 8 who were treated with
300 mg rifampicin daily relapsed after 45 months of treatment. In
both cases M. leprae strains were subsequently shown to be rifampicin-
resistant in the mouse footpad (16, 27). ’

1.4.2 Clofazimine

Despite the widespread use of clofazimine, both to treat erythema
nodosum leprosum (ENL) and to treat dapsone-resistant patients,
no proved case of clofazimine resistance has as yet been reported.
This suggests that the pattern of clofazimine resistance may be found
to resemble that of resistance to high-dose, regularly taken dapsone.
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1.4.3 Ethionamide and protionarmide

Prima facie ethionamide resistance was suspected by Rollier &
Rollier (28), who noted relapse in 7 of 102 patients treated with
500 mg ethionamide daily as monotherapy. Strains of M. leprae were
isolated from 6 of those 7 patients, and 5 of 6 strains were found to be
ethionamide-resistant in the mouse footpad (29). Four of the resistant
strains were from patients who had relapsed after more than 5 years
of treatment. Two strains were tested for cross-resistance to protion-
amide, thioacetazone, and thiambutosine, and were found to be
resistant (30).

1.5 Persistence of M. leprae

Although approximately 99.9 % of leprosy bacilli are killed in about
3—4 months by dapsone (in the dosage of 50-100 mg daily) and
clofazimine, and within 3—7 days by rifampicin administered in single
doses of 600—1500 mg, it has been known from the earliest days of
the chemotherapy of leprosy that multibacillary patients can relapse
if they stop the treatment. ,

In 1974, small numbers of persisting viable leprosy bacilli were
detected in 7 of 12 patients treated for 10—12 years with dapsone
(31). The three strains of M. leprae which were successfully pas-
saged were all fully susceptible to dapsone. Subsequently, small
numbers of viable, drug-susceptible M. leprae have been isolated
from patients treated with rifampicin (as monotherapy, or combined
with thiambutosine) for 5 years (32), and with clofazimine as mono-
therapy for 10 years (R.J. W. Rees, unpublished data). These
viable, fully drug-susceptible M. leprae that are able to survive for
many years in the patient, despite the presence of bactericidal con-
centrations of an antileprosy .drug, are called “persisters”. It is
postulated that persisters are physiologically dormant bacilli and can
thus escape the action of antileprosy drugs.

It is not yet known for certain how long persisters may survive in
patients remaining on regular monotherapy. In a study of 362 lep-
romatous and borderline (LL and BL) inpatients treated for 18.5-22
years up to 1970 with supervised dapsone monotherapy in Malaysia,”

Y Third annual report of the Special Programme for Research and Training in
Tropical Diseases. -Geneva, World Health Organization, 1979 (unpublished WHO
document TDR/AR(3)/79.7).
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it was found that 25 patients (8.8 %) relapsed over the next 8-9 years,
giving an annual relapse rate of about-1%. This 'study shows that in a
small proportion of patients well treated with dapsone monotherapy,
persisters may survive for as long as 20 years. - )

Experience in the treatment of tuberculosis indicates the 1mpor-
tance of using drugs with specific sterilizing activity if . the timé
required for cure is to be significantly shortened. Unfortunately, so
far no drug alone appears to be capable of eliminating persisting
M. leprae. The possibility that combinations of anti- -leprosy drugs
may be able to eliminate such persisting organisms and thus signifi-
cantly reduce the required duration of treatment is currently under
investigation in THELEP controlled clinical trials.

In a trial in Malta combined chemotherapy with rifampicin, dapsone,
protionamide and isoniazid was administered for a period of 18-24
months to a group of more than 200 patients (33); more than 80 of
the lepromatous patients were assessed by Leiker (unpublished data)
after 4/, years of follow-up subsequent to cessation: of therapy Only
~ one had poss1b1y relapsed

1.6 Difficulties in lmplementmg the therapy recommended in the
fifth report of the WHO Expert Commlttee on Leprosy

The Study Group believed that there were -several reasons that
contributed to the failure of leprosy control programmes to imple-
ment the regimens recommended by the WHO Expeirt Committee.on
Leprosy in its fifth report (1). These are d1scussed ‘in the sectlons
below. - - E

1.6.1 Failure to perceive the urgency of the sttuatton

- The shortcomings of ‘dapsone- monotherapy do not appear to have
been fully understood, particularly with respect to the threat posed
by dapsone resistance. It appears to have been assumed that, provided
dapsone was administered in-full dosage (1-2 mg/kg body weight)
and efforts were made to ensure regularity of:treatment, the threat
of dapsone resistance would be contained, or at least its emergence
very significantly delayed in both paucibacillary and multibacillary
patients. Such a view naturally precludes the possibility of the early
emergence of primary resistance.
Furthermore, there appears to have been insufficient recogmtlon
- of the fact that unsupervised, self-administered chemotherapy simply

16



could not be enforced for the long periods of time commonly ad-
vocated for the treatment of leprosy. Many control programme con-
tinued to have high drop-out rates. A number of investigations have
indicated that even the patients who collect the drugs regularly from
leprosy clinics do not necessarily ingest them.

It has remained the practice in some control programmes to inter-
rupt dapsone therapy during lepra reactions, because of the belief
that dapsone exacerbates the reactions. This practice increases the
risk of the subsequent emergence of dapsone resistance.

Another factor operating against good patient compliance with
the prescribed treatment was that treatment was often continued
indefinitely because of the fear of relapse, even in cases meeting the
criteria for stopping the treatment. The very large number of patients
remaining under treatment put unnecessary pressure on leprosy
clinics and consequently acted to the detriment of the quality of
treatment. This situation further contributed to poor compliance.

1:6.2 Need for revision of control programmes

In addition to the failure to sense the urgency of the situation with
regard to dapsone resistance, there was frequently reluctance in
control programmes to undertake the basic revisions needed to. carry
out fully the recommendations of the WHO Expert Committee on
Leprosy (). o

Combined chemotherapy with more potent, somewhat more toxic,
and more expensive drugs requires much closer supervision than
does dapsone monotherapy. The potential burden of supervision of
combined chemotherapy, even for limited periods, appears frequently
to have presented insurmountable problems to many control pro-
grammes. Moreover, the additional activities could not readily be in-
corporated into the existing control programmes, which were already
stretched to the limit in terms of finance and manpower. The major
policy changes that were delayed concern:

(1) the retraining of personnel for the management of patients on
combined chemotherapy; -

(2) the reassignment of tasks and priorities of treatment activities,
including educating patients on their disease and its treatment; and

(3) the comparison of the cost-effectiveness of effective combined
chemotherapy for a limited period with expensive drugs, on the one
hand, with the much less effective monotherapy for a long period of
time with inexpensive drugs, on the other. ]
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1.6.3 Uncertainty with regard to the combined chemotherapy regimens
recommended in the fifth report of the WHO Expert Committee
on Leprosy (1) S

Although the recommendation of combined chemotherapy regimens
was based on sound scientific knowledge, clinical experience of
combined therapy with rifampicin and clofazimine in combination
with dapsone was too limited to allow of decisions on optimum regi-
mens for different forms of leprosy. Furthermore, there was fear of
toxicity and other complications associated with such therapy, which
are particularly difficult to deal with under field conditions. '

1.7 The present situation

During the five years that have elapsed since the publication of
the fifth report of the WHO Expert Committee on Leprosy, the need
to adopt combined chemotherapy has become even more urgent.
When the Expert Committee met in 1976, primary resistance had not
yet been demonstrated; hence, combined chemotherapy for pauci-
bacillary cases was not considered at that time. Now, however,
primary dapsone resistance is threatening to undermine the efforts
being made to control leprosy. The widespread prevalence of dapsone
resistance (both primary and secondary) now precludes the recom-
mendation of dapsone plus one additional drug-for multibacillary
patients, since this is likely to give rise to multiple drug resistance.

Further delays in implementing well-planned and well-executed
programmes of combined chemotherapy could result in a catastrophic
situation, with a further increase in the prevalence of dapsone resist-
ance and the development of multidrug resistance.

2. DRUGS FOR MULTIDRUG REGIMENS'

The important properties of the drugs available for chemotherapy
of leprosy are listed in Table 1. (Isoniazid is not listed, because it has
been shown to be ineffective against M. leprae in mice (34).) The
table shows, for each drug, its minimal inhibitory concentration
(MIC) for M. leprae, the usually recommended dosage, and the ratio
of the peak serum concentration of the drug in man, following a
single dose, to its MIC. It also shows the length of time, following a
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Table 1. Drugs available for chemotherapy of leprosy

Drug Minimal Dosage Ratio of Number of Bactericidal
inhibitory {mg) peak days during activity
concentration serum which peak
(MIC) concen-  serum con-
(ug/ml) tration to centration
MIC?  exceeds MICP
Rifampicin 0.3 600 30 1 high
Dapsone 0.003 100 500 10 low
Acedapsone 0.003¢ 225 15 200 none
Ethionamide 0.05 375 60 1 intermediate
Protionamide 0.05 375 40 1 intermediate
Clofazimine 50-100 low
Thioacetazone 0.2 150 8 2 none
Sulfamethoxy-
pyridazine® 30 1000 3 3 none
Thiambutosinef 0.5 1500 1 <1 none

2 Ratio of peak serum concentration in man, after a single dose, to MIC determined in the mouse.
Serum concentrations in man after a single dose.
CAcedapsone is inactive against M. jeprae but is converted to dapsone — the figures for MIC and peak
serum concentration refer to the values for dapsone.
(Because of uneven tissue distribution, estimate of the MIC is not possible.
€Cross-resistant with dapsone.
! Manufacture discontinued.

single dose, during which the serum concentration exceeds the MIC;
this time is a function of both the ratio of peak serum concentration
to MIC and the rate at which the drug disappears from the blood.
Finally, the table presents an estimate of the degree of bactericidal
activity of each drug.

Using figures in Table 1 as an example, after a single 100-mg
dose of dapsone, which disappears from the blood very slowly (half-
life = 27 hours) and which yields a peak serum concentration 500
times the MIC, the serum concentration of the drug will remain higher
than its MIC for 10 days. Such a drug will inhibit the multiplication
of fully susceptible M. leprae, even when it is administered at long
intervals. In contrast to dapsone, thiambutosine (a bacteriostatic
drug) has a very short half-life and its peak serum concentration does
not exceed its MIC. (For a bacteriostatic drug to inhibit continuously
the multiplication of M. leprae, it is necessary to administer the drug
in a dosage that will maintain its concentration in the blood above its
MIC.) Thiambutosine, therefore, is not suitable for multidrug ther-
apy. Acedapsone, thioacetazone and sulfamethoxypyridazine (to-
gether with other long-acting sulfonamides) are also only bacterio-
static—i.e., they only inhibit the multiplication of the organisms, but
do not kill them. Such drugs might be considered if life-long treat-
ment of leprosy patients could be contemplated. Since this is not ad-
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visable, only bactericidal drugs should be considered as candidates
for multidrug regimens which are to be administered only for limited
periods of time. The remaining four bactericidal drugs (ethlonamlde
and protionamide are considered together) are discussed in more
detail below.

2.1 Dapsone

Dapsone is cheap, and virtually without toxicity in the dosages,
used. Employed in a dosage of 100 mg daily or its equivalent, the
drug has been shown to be weakly bactericidal against M. leprae,
both in the mouse and in man. Such a dosage results in peak serum
levels that exceed the MIC of dapsone agalnst M. leprae by.a factor of
about 500. So large a therapeutic margin is quite exceptional and is of
great importance; such high levels of the drug will inhibit the multi-
plication of mutants of M. leprae with low or even moderate degrees
of dapsone resistance. The maximum dosage of the drug should be
used from the start and should not be reduced during lepra reactions.

2.2 leamplcm

Rifampicin' is -an expenswe drug It is relatlvely nontoxic when
administered daily. When it is' administered intermittently, however,
toxic syndromes may be encountered. The toxicity of intermittently-

- administered rifampicin depends both on dosage (toxic effects being
more frequent with large doses) and on the interval between doses
(toxic effects: being more frequent at weekly than 4t sherter inter-

-vals). No toxic effects have been reported in the case of monthly
-administration-(35). . T

- -Single-doses of 20 mg per- kg of body welght or more in mice, and
doses of 10 mg/kg or greater in man are rapidly bactericidal for
M. leprae, although prolonged treatment with a daily dose of 600.mg

-has beenshown not to eradicate the large bacterial populations-in
:lepromatous patients (32). It has been shown that daily administration
of 600 mg rifampicin is no more effective than monthly administration
‘of 600 mg on each of two consecutive days.- Because of its expense
and the risks of- tox1c1ty accompanying intermittent administration -at
certain. intervals; administration -of: rifampicin -should be fully super-
vised. R1famp101n-re51stant strains of M. leprae have been isolated
from two patients whose-lepromatous leprosy relapsed after approxi-
mately 4 years of treatment with rifampicin as monotherapy (6, 27).
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2.3 Clofazimine

Clofazimine is also an expensive drug. It is virtually free of toxicity
when administered in dosages not greater than 100 mg daily, but its
use is accompanied by side-effects including red-purple coloration
of skin lesions and darkening of areas of skin exposed to sunlight,
which some patients find objectionable. The drug is weakly bactericidal
against M. leprae, both in the mouse and in man. Clofazimine is most
active when administered thrice-weekly or daily, but can be admin-
istered at monthly intervals also, thus permitting supervision of
dosage. No instances of clofazimine resistance have yet been proved
by mouse inoculation. '

2.4 Ethionamidé and protionamide

Ethionamide and protionamide are virtually interchangeable and
give cross-resistance with each other. These drugs are both more
expensive and more toxic than dapsone. In mice, the drugs are bac-
tericidal for M. leprae. In man, their rate of killing of M. leprae has
only been studied in a few lepromatous patients; the drugs probably
kill M. leprae faster than full-dosage dapsone, but more slowly than
rifampicin. Experimental studies in mice suggest that the bactericidal
activity of ethionamide/protionamide would be severely compromised
if the drugs were taken intermittently. However, these two drugs
remain the only alternatives to clofazimine in patients requiring triple
drug therapy who will not accept clofazimine.

3. RECOMMENDED CHEMOTHERAPEUTIC REGIMENS

3.1 Treatment of multibacillary leprosy

Multibacillary leprosy includes both lepromatous (L) and border-
line (B) leprosy in the Madrid classification (36) and LL, BL, and
BB leprosy in the Ridley & Jopling classification (36, 37).

There are two objectives of chemotherapy of multibacillary leprosy:
(1) to interrupt the transmission of the infection in the community;
and (2) to cure the patient. Combined chemotherapy has the ad-
ditional objective of preventing the emergence of drug-resistant
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strains of M. leprae and thereby preventing the spread of such strains

in the community.

Up to now the chemotherapy of leprosy has relied almost entlrely
on dapsone monotherapy This has led to a dangerous epidemiological
situation with increasing numbers of patients relapsing with dapsone-
resistant leprosy, and the spread of the resistant strains among their
contacts. This jeopardizes the whole strategy of leprosy control.

The only way to prevent the spread of dapsone-resistant leprosy
is to use multiple drug therapy. It is well known that the simultaneous
administration of several different antibacterial drugs may prevent
the selection of drug-resistant mutants. The patients most at risk of
developing drug resistance are multibacillary patients. The proposed
multidrug regimen is designed for the treatment of all categories of
multibacillary patients including:

—freshly diagnosed, previously untreated patrents

—patients who have responded satrsfactorrly to previous dapsone
monotherapy;

—patients who have not responded satlsfactorrly to prev1ous dapsone
monotherapy; -

—patients who have relapsed while on_ dapsone monotherapy or
after its cessation. )
Since combined therapy can prevent or cure drug resistance in all

patients, whether or not they are infected with dapsone-resistant
M. leprae, there is no justification whatever for attempting to diagnose
dapsone-resistant leprosy by means of a period of supervised dapsone
monotherapy. Even in situations in which mouse-footpad testing can
be accomplished, treatment with combined therapy should be started
immediately after biopsy, without waiting for the result of mouse-
footpad inoculation.

3.1.1 Drugs

A review of the efficacies of the available antileprosy drugs indi-
cates that only 4 drugs can be recommended for combined chemo-
therapy—namely, rifampicin, dapsone, clofazimine, and ethionamide/
protionamide®. Since new lepromatous leprosy patients may have
primary dapsone resistance, and patients previously -treated with

" *Either drug (ethionamide or profionamide) may be used.
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dapsone monotherapy who have previously responded well to treat-
ment may harbour dapsone-resistant M. leprae, and since dapsone
plus only one additional drug can increase the risk of multiple
resistance, it is recommended that at least two additional drugs
should be combined with dapsone. Also, one of the two additional
drugs should always be rifampicin because of its great potency.

3.1.2 Dosages

Rifampicin can be given at a dosage of 600 mg daily or monthly
(but see below) for patients weighing over 35 kg and 450 mg for
those weighing less. Dapsone should be given at a dose of 1-2 mg/kg
body weight. It must be given daily. Clofazimine should be given at
a dose of 50 or 100 mg daily; larger doses may be given at longer
intervals. Ethionamide or protionamide should be given at a dose of
5-10 mg/kg body weight regardless of the dosage interval.

3.1.3 Duration of treatment

Combined treatment should be given until the size of the bacillary
population has been reduced to such an extent that resistant mutants
are no longer present. Since the exact time required to achieve this
is not known, it is recommended that combined therapy be given for
at least two years and be continued, wherever possible, up to smear
negativity.

3.1.4 Rhythm

In order to facilitate supervision and to maximize the duration of
combined chemotherapy with a given supply of drugs, it is most
advantageous to give rifampicin intermittently. Since there is no
evidence to indicate that the efficacy of monthly treatment with
rifampicin is inferior to that of daily treatment with the drug, and
because of the dangers of unsupervised use of this very costly, much
sought-after, and potentially toxic drug, it is recommended that a
single supervised dose of rifampicin be given once every month.
Although it may be useful, there is no evidence that an initial period
of daily rifampicin treatment is necessary. Evidence indicates that
clofazimine may also be effective when given on a monthly basis.
However, significant. added benefit may be anticipated by supple-
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menting supeersed monthly - doses of clofazimine - with daily self-
administered treatment with the same drug, particularly for patients
with dapsone-resistant leprosy; the dangers of unsupervised clofazimine
treatment are.very much smaller than those of unsupervrsed treatment
with rifampicin. : :

3.1.5 Recommended standard regimen for multibacillary leprosy’

Rifampicin 600 mg once-monthly, supervised
Dapsone - 100 mg daily, self-administered ]
Clofazimine 300 mg once-monthly, supervised, and

50 mg dally, self-admlmstered

The standard regimen. may be supplemented by the addltlon of
monthly supervised doses of 500 mg ethionamide/protionamide, but
studies are required ‘to assess the potential contribution of such an
addition to the efficacy of the regimen. Every effort should be made
to persuade patients to agree to treatment with clofazimine, since
the acceptability of the only alternative drugs available, ethionamide
and protionamide, has yet to be established. Where clofazimine is
totally unacceptable. owing-to-the coloration of skin lesions- that it
causes, its replacement by 250—375 mg self—admlmstered daily doses
of ethlonamlde/protlonamlde should be considered.

If a multlbacﬂlary leprosy patient-also has active pulmonary tuber-
culosis, this regimen alone will not be sufficient because of the risk
of the patlent developing rifampicin-resistant Mycobacterzum tuber-
culosis. It is recommended that such patients should be given ap-
propriate chemotherapy for active pulmonary tuberculosis in addition
to this regimen.

3.2 TreatmentVof—pauc-ibacillary leprosy

Paumbacﬂlary leprosy includes indeterminate (I) and tuberculoid
(T) leprosy in the Madrid classﬂlcatlon (36), and I, TT, and BT
leprosy in the R1d1ey & Jopling classification (36, 37), whether diag-
nosed cllmcally or hlstopathologlcally, with bacterlologlcal index of
<2 accordmg to the R1dley scale at any site.

-1 Dosages should-be adjusted to the weight of the patient, as described on p. 23.
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A large number of paucibacillary patients with single lesions heal
spontaneously. Nevertheless, all paucibacillary patients should be
treated because it is impossible to distinguish those who will heal
spontaneously from those who will not. Furthermore, unless properly
treated, those who do not heal spontaneously will develop nerve
lesions, and some may even progress to multibacillary forms of the
disease. '

3.2.1 Rationale

Since in paucibacillary leprosy the maximum bacterial load is about
108 organisms—much lower than that in multibacillary leprosy—the
problem of drug-resistant mutants arising as a result of treatment is
insignificant. Any persisters remaining are likely to be contained by
the adequate cell-mediated immunity this type of patient possesses.
Hence, as has already been shown, short-course chemotherapy. of
paucibacillary patients is feasible with the potent and rapidly bac-
tericidal drug, rifampicin (38, 39).!

Other reasons for recommending short-course chemotherapy
with rifampicin for paucibacillary patients are:

—the ineffectiveness of dapsone monotherapy in the face of increasing
incidence of primary dapsone resistance;

—_the need for providing short-course effective treatment to a
majority of patients in view of the fact that many patients do not
come for regular treatment when it is of long duration;

—the need for increasing the cost-effectiveness of the treatment and
for simultaneously easing the burden of the disease on the indi-
vidual patient; and

—the need for saving working time of the personnel, thereby enabling
them to devote more time to the treatment of multibacillary pa-
tients and to other activities in the control programme.

Since patients with paucibacillary leprosy are usually not expected
to harbour rifampicin-resistant M. leprae, monotherapy with rifampicin
should theoretically be satisfactory. However, in order to avoid the
risk of rifampicin resistance in patients who are wrongly diagnosed as
paucibacillary, the Study Group recommended combined chemo-
therapy with rifampicin and dapsone for all paucibacillary patients.

1 Report of the third meeting of the Scientific Working Group on the Chemotherapy
of Leprosy, Geneva, 20-22 October 1980 (unpublished WHO document TDR/
THELEP-SWG(3)/80.3) .
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3.2.2 Recommended standard regimen for paucibacillary leprosy

The following standard regimen is recommended:!

Rifampicin 600 mg once a month for 6 months plus dapsone
100 mg (1-2 mg/kg body weight) daily for 6 months:.

The administration of rifampicin should invariably be fully super-
vised. Dapsone may be given unsupervised. If treatment is interrupted
the regimen should be recommenced where it was left off to complete

the full course.
The regimen has still to be fully evaluated in terms of relapse

rates on large numbers of patients. If relapse is diagnosed, the
treatment regimen should be restarted. Should reversal reactions
occur during the course of chemotherapy, the regimen should not be
interrupted.

It is frequently difficult to distinguish between relapses and reversal

reactions. Reversal reactions usually occur in tuberculoid leprosy
within a few weeks or months of commencing effective antileprosy
treatment. They may, however, rarely be seen 6—24 months after
starting treatment in BT leprosy. Relapses normally occur at least
several months and usually one or more years after stopping effective
treatment. Histological examination is often, but not invariably, of
help in the differential diagnosis between relapse and reversal reac-
tions. , ] S . o '
If a paucibacillary leprosy patient also has active pulmonary tuber-
culosis, this regimen alone will not be sufficient because of the risk
of the patient developing rifampicin-resistant M. tuberculosis. It is
recommended that such patients should be given appropriate chemo-
therapy for active pulmonary tuberculosis in addition to this regimen.

3.2.3 Priorities

Short-course chemotherapy of paucibacillary leprosy should. be
introduced in the following order of priority:

(1) to all newly diagnosed paucibacillary patients;

(2) to all dapsone-treated paucibacillary patients who relapse;
and, finally, ]

(3) to paucibacillary patients who are currently on treatment
with dapsone monotherapy and who have not yet completed two
years of treatment.

! Dosages should be adjusted to the weight of the patient, as described on p. 23.
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4. OPERATIONAL ASPECIS

The present strategy for the control of leprosy, based on early
detection and effective chemotherapy in order to interrupt the chain
of transmission of the disease in the community and to avoid per-
manent disabilities, remains unchanged. With the introduction of
more potent drug combinations for the treatment of both multi-
bacillary and paucibacillary patients, case detection, treatment delivery,
and case holding become more critical for the success of leprosy
control programmes.

4.1 Case detection

Case-detection activities will have to be intensified in all areas in
which treatment facilities are available. The Study Group recom-
mended that appropriate and cost-effective methods should be em-
ployed in case detection.

4.2 Laboratory facilities

4.2.1 Bacteriological examination

With the introduction of multidrug regimens the organization of
an efficient service for bacteriological examination of skin smears
becomes very important. The bacteriological index (BI) remains the
most practical bacteriological examination for use in the field. Never-
theless, it will still be necessary to ensure the uniformity and reliability
of the examinations. In order to attain a satisfactory level of pro-
ficiency in all aspects of the examination procedure, retraining of
staff will usually be essential. Provision of suitable laboratory equip-
ment, such as microscopes and reagents, and recruitment and training
of laboratory staff will be necessary in countries where facilities for
bacteriological examination do not exist. A system of quality control
by random checking of smear results and continuous supervision will
have to be introduced. This can be done, for example, by establishing
regional reference laboratories.

4.2.2 Referral facilities for mouse-footpad studies

Efforts should be directed towards developing referral laboratories
equipped for undertaking mouse-footpad studies in endemic countries
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where such facilities do not yet exist. The existing laboratories in
other hyperendemic- countries should be strengthened in order to
monitor effectively and evaluate the occurrence of M. leprae resistance
to dapsone and- other drugs belng used in the proposed multldrug
regimens. o : R

4 2 3 Other laboratory faczlmes

Essential laboratory facilities should be available for the screening
of patients where clinical examination indicates the need for such
investigations before starting chemotherapy. Certain special investi-
gations may also be necessary should toxic manifestations or side-
effects occur. The entire resources of the public health laboratories
at the intermediate level -and peripheral laboratory services should
be made available to meet the demands when such situations arise.
A harmonious working relationship and a close liaison between the
staff of the leprosy control programme and that of the laboratory
services within the existing infrastructure is vital for the success of
leprosy control programmes.

4.3 Drug dellvery

The- recommended reglmens requrre that the monthly doses of
r1famplcln and clofazimine in ‘multibacillary leprosy and rifampicin
alone in paucibacillary leprosy be-administered under direct super-
vision: a leprosy Worker should be present when the patlent ingests
the drug. :

The convenience of the patrent is the key to the success of inter-
mittent multidrug therapy. The drug delivery system must be made
flexible enough to ensure regularity of treatment. Clinic sites must be
conveniently located-and where necessary the full resources of the
primary health care delivery system must be mobilized to meet the

“demands. In certain countries where the magnitude of the problem
is vast and communications- are difficult, it may be necessary to
devise new treatment delivery systems different from the conventional
medical network. Complementary systems of drug delivery through
‘community health workers, schoolteachers, village headmen,. etc. in
the community may become necessary in special situations. Continuity,
regularity, and completion of chemotherapy are the keys to the suc-
cess of the proposed multidrug regimens.
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There should be an efficient system of defaulter retrieval which
should include home visits to the patients. Leprosy patients should
have access to the nearest hospital, whether general or specialized,
for the treatment of complications and side-effects of drugs. The
patient should be monitored for side-effects periodically and should
be seen by medical officers at specified intervals. o

4.4 Medical care

Comprehensive medical care for leprosy patients, provision of
simple physiotherapeutic measures to minimize deformities, and
referral facilities for corrective surgery and rehabilitation should be
integral components of the control strategy.

4.5 Records and follow-up

A suitable, simple system of collecting, recording and transmitting
data' is indispensable (40). Such a system will assist greatly in- as-
sessing the impact of the new regimens recommended. An effective
mechanism should also be developed for the surveillance of both
multibacillary and paucibacillary patients after chemotherapy has
been discontinued.

4.6 Health education

Acceptance of the new concept of multidrug therapy by health
professionals and patients will be critical for its successful implemen-
tation. Community participation at all levels will have to be ensured.
In view of this it will be essential to promote health education using
all available resources, including the mass media.

4.7 Equipment and drugs

Before the commencement of the programme an adequate supply
of drugs and equipment must have been made to the peripheral level.
A system to ensure a continuous supply of drugs and equipment
should also have been established. The provision and maintenance of
vehicles will be essential to ensure the easy mobility of workers and
supervisors. ' : '

The Study Group suggested that the WHO Expert Committee .on
Essential Drugs consider the inclusion of ethionamide and protion-
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amide in its model list of essential drugs and the transfer of rifampicin
and clofazimine in that list from the category of complementary
drugs to the main list (47). - "

4.8 Manpower and financial resources

Manpower and financial resources must be mobilized in countries
where the infrastructure to implement leprosy control programmes is
inadequate. '

4.9 Planning and evaluation

Since the implementation of multidrug therapy will require more
complex mechanisms for drug delivery and follow-up of patients,
leprosy control activities should be reorganized in accordance with
the new technical and logistic needs.

Proper planning and precise project formulation with intermediate
objectives and operational targets will be necessary. One crucial
consideration in project formulation is the need to provide adequate
training to all categories of personnel involved in the programme.

Evaluation should be built into the project at the time of project
formulation. Progress should be continuously measured in relation to
successive targets. Periodic assessment by independent teams should
be encouraged.

4.10 Training

With the introduction of multidrug regimens, training and retrain-
ing of all categories of staff, including those working in the primary
“health care delivery system, must be undertaken. The training must
be planned and organized so that each type of personnel is prepared
to perform clearly defined tasks within the overall context of the
programme. Training of medical students and organization of refresher
courses for physicians on the newly recommended chemotherapy
should also be encouraged. o .

A working manual should be prepared for the guidance of all
personnel engaged - in the programme. The manual should give in
simple language detailed instructions regarding drug combinations,
treatment delivery, and possible side-effects that may arise. The
chain of referral and appropriate action to be initiated should be
precisely indicated. S :
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5. RESEARCH NEEDS

In the course of developing the recommended multidrug regimens
for the treatment of paucibacillary and multibacillary leprosy patients,
the Study Group recognized the need for further laboratory, clinical,
and operational research. A particularly useful study in this regard
would be an investigation into the effectiveness of the recommended
regimens under varying operational conditions. Other needs will be
met by the ongoing or planned research sponsored by THELEP.

Important knowledge was found to be lacking with respect to both
clofazimine and ethionamide/protionamide. The optimal dose of
clofazimine for intermittent (monthly) administration is not known
with certainty. The proportion of the dose absorbed from the gastro-
intestinal tract may decrease as the size of the dose is increased.
Therefore, there may be a limit to the dose beyond which greatly
increasing the quantity administered of this expensive drug may yield
only a small increase in the quantity absorbed. Insufficient work has
been done on the relationship between drug-dosage and rate of
pigmentation on the one hand and ultimate intensity of pigmentation
on the other. There may well be an optimal dosage which is active
against M. leprae in man and which causes only minimum pigmenta-
tion. The smallest dose of clofazimine that is effective when the drug
is administered monthly is not yet known. When it is administered in
a dosage of 600 mg on 2 consecutive days every month the drug
exerts measurable bactericidal effects. Additional studies should be
carried out on the efficacy of smaller monthly doses of clofazimine.
The minimum effective daily dose should also be established. Finally,
studies of the compliance of dark-skinned patients with self-adminis-
tered clofazimine, in reduced but effective dosage, and of the ac-
ceptability of clofazimine in such dosages to light-skinned patients
should be undertaken.

Auvailable data suggest that, in mice, ethionamide and protionamide
are not bactericidal when administered less frequently than three
times weekly. These drugs do not lend themselves to administration
by the patient, because of toxicity and expense. Moreover, they may
lose their antimicrobial potency if administered intermittently. There
is insufficient information on the bacteriostatic activity of these drugs
against M. leprae when they are administered intermittently to mice.
The minimum frequency of administration that exerts a measurable
bacteriostatic effect is yet to be determined. At present, the daily dos-
age of ethionamide/protionamide is based on the dosage found to be
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effective in the treatment. of pulmonary -tuberculosis, and on the
suggestion, based on the results of studies in M. leprae-infected mice,
that M. leprae.is more susceptible ‘to these drugs than is-M. tuber-
culosis. Thus, these drugs are-new generally prescribed for the- treat-
ment of leprosy in a-daily dosage of 500 mg; a dosage that is not
universally well tolerated: Considerations of cost -aside, self-adminis-
tration of a poorly tolerated drug may:lead to failure of compliance,
not only with the drug in question, but with-the -entire therapeutic
regimen.- It is important to learn, therefore, whether these drugs are
-effective when administered-in smaller. daily doses. Also, studies of
the complianice of ‘patients with - self-administered ethionamide/
protionamide as a function of dosage should be carried out.

Several opportunities for the development of new drugs were
recognized . by the -Study Group.: A formulation of dapsone. or a
derivative of dapsone that, on monthly administration, would provide
bactericidal concentrations-of dapsone. in the tissues, without risk of
toxicity, is desirable. Also, the armamentarium of drugs that exert
bactericidal. effects against M. leprae is quite limited, and there is
only a small number of drugs available for use in multidrug regimens.
The development of - additional” drugs that are bactericidal against
M. leprae, and that act by mechanisms distinct from those by Wthh
the already avallable drugs act, is much to. be des1red
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