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The discovery of rifampicin in the late sixties together with the increasing
prevalence of dapsone resistance were decisive factors in questioning the value of
the traditional dapsone monotherapy for the treatment of leprosy. As rifampicin
demonstrated a strong bactericidal activity against Mycobacterium leprae, it
became an obligatory component of the treatment of leprosy during the decade
1970-1980, at least when its cost was not prohibitive. Then it was progressively
understood that leprosy, a mycobacterial disease with a large bacillary popula-
tion like tuberculosis, had to be treated like tuberculosis with a combination of
drugs.'* Actually to be a success, chemotherapy for leprosy as well as for
tuberculosis should be capable of preventing the selection of drug-resistant
organisms (mutants) and killing as many as possible of the drug-sensitive
organisms.> When the selection of drug-resistant mutants is prevented, no failures
during chemotherapy and no relapses after stopping chemotherapy due to
acquired drug resistance will occur. When all or nearly all drug-sensitive
organisms are killed, no relapse or a limited number of relapses with sensitive
organisms will occur after stopping chemotherapy.

The aim of this paper is to summarize what is known about the microbial
population present in multibacillary cases of leprosy and the response of these
microbial populations to the drugs administered during the course of chemo-
therapy. Finally a series of leads for future research in chemotherapy of leprosy
will be proposed.

1 The microbial population in multibacillary leprosy

It is assumed® that the maximum number of acid-fast bacilli (AFB) in the majority
of multibacillary cases of leprosy is not more than 10'!,i.e. 11 decimal logarithms
(log) AFB. This assumption fits well with the calculations made from the number
of AFB in the biopsies taken from multibacillary cases of leprosy. As shown in
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Table 1, among 320 biopsies received in our laboratory for mouse inoculation
from January 1980 to December 1985, 75% contained between 5 and 7 log AFB
per mg of tissue, that is 8—10 log per gram, which means approximately 10—-12 log
bacilli per patient. Among the total 11 log AFB that are present before the start of
chemotherapy as few as 1-5% are capable of growing in the footpad of mice and
thus are considered viable. Therefore, the mean size of the viable bacillary
population of a patient with multibacillary leprosy may be estimated to be about
9 log.

From the chemotherapeutic point of view the viable bacillary population is
composed of various subpopulations, a large one of drug-sensitive organisms and
small populations of drug-resistant organisms, each of them consisting of
mutants resistant to one definite drug. By analogy with what is known about M.
tuberculosis’ "% and only by analogy because no direct evidence is available for the
time being about M. leprae, one may estimate the mean proportion of resistant
mutants within a wild strain of M. leprae to be 10~7 (—7 log) for rifampicin
(RMP) and —6logfor dapsone (DDS), clofazimine (CLO) or a thionamide (TH),
ethionamide (ETH), or prothionamide (PTH). Thus besides the 9 log subpopula-
tion of organisms sensitive to all drugs, there should be a small subpopulation of 2
log RMP-resistant mutants and several subpopulations of 3 log DDS, CLO and
TH resistant mutants (Figure 1).

The outcome of the different subpopulations differs according to the type of
chemotherapy prescribed. If monotherapy (for example dapsone or rifampicin
alone) is prescribed to treat a lepromatous patient the drug-sensitive organisms
will be progressively eliminated whereas the subpopulation of mutants resistant
to the prescribed drug will survive, be selected and be responsible for late relapses
with drug-resistant organisms. If multidrug therapy is prescribed, there will be no
survival and therefore no selection of drug-resistant mutants because each drug
will be active against the mutants resistant to the other drugs. However, to
ascertain that no drug-resistant mutants will be selected multidrug therapy
should be given until all drug-resistant mutants present at the start of treatment
are killed. Moreover, as new drug-resistant mutants can arise from the 9 log
sensitive subpopulation, multidrug therapy should be given until this subpopula-
tion is reduced below 6 log, a level under which the probability for a new drug-
resistant mutant to occur is extremely low. In summary, to prevent the selection
of drug-resistant mutants (in other words, to prevent acquired drug resistance),
multidrug therapy should be given as long as drug-resistant mutants present at
the start of therapy are not killed and as long as the size of the sensitive bacillary
population is not strongly reduced. These are the two objectives of the initial
phase of multidrug therapy (Figure 1), the duration of which is still unknown as
we will see later on.

Then it remains to take care of the relatively limited number of sensitive
organisms that have survived the initial phase of chemotherapy. At this stage
there is no longer a risk of selecting drug-resistant mutants, thus combined
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Figure 1. The outcome of M. leprae subpopulations during multidrug chemotherapy of
multibacillary leprosy. (RMP, rifampicin; DDS, dapsone; CLO, clofazimine; TH, thionamide).

chemotherapy is no longer required. Drug therapy should be used to kill the
remaining organisms, or at least to keep them in a dormant state so that the
clearing mechanisms of the host can eliminate them progressively. If multidrug
therapy is given at this stage it is because the combination of drugs has
demonstrated (or is thought to have) a synergisticactivity against M. leprae. One
important question concerning the secondary phase of chemotherapy is to know
how long this secondary phase should be continued? The evident answer is until a
period of time such that there will be no relapse at all or an acceptable proportion
of relapses (< 5%) after stopping treatment.

Therefore, it is important to examine successively what is known about the
initial phase and the secondary phase of chemotherapy and in which directions
the future investigations in leprosy chemotherapy should go.
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2 The initial phase of chemotherapy for leprosy

At present, a number of data''"!* are available about the initial phase of
chemotherapy for leprosy with rifampicin. First of all it was dcmonstrated that
biopsies taken from patients having received a single dose of 600 mg rifampicin
failed usually to give growth of M. leprae in the footpad of mice, whereas it took
3—-6 months of daily treatment to obtain the same results with either dapsone
alone, or clofazimine or ethionamide.'>'® The extremely rapid initial killing of M.
leprae by rifampicin has been measured in the recent Bamako—Chingleput study'®
carried out within the THELEP activities. After three months of chemotherapy
with either daily 600 mg rifampicin, 100 mg dapsone and 100 mg clofazimine or
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Figure 2. Known and unknown data on the outcome of M. leprae subpopulations under combined
chemotherapy with rifampicin.
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weekly 600 mg rifampicin plus daily dapsone and clofazimine or daily dapsone
supplemented by an initial single dose of 1500 mg rifampicin, the proportion of
AFB capable of multiplying in the hind footpad of thymectomized-irradiated
(TR) mice was in the range of —7 log. Because the proportion of AFB that were
able to grow in mice were not different among patients in the 3rd month of
chemotherapy who received daily 600 mg rifampicin and patients who received
only a single initial dose of 1500 mg rifampicin, one is led to assume that the initial
killing resulted mainly from the first dose of rifampicin. If 1% of the 11-log AFB
present at the start of treatment were viable, then a few days after the start of
chemotherapy rifampicin should have killed 5 log of the rifampicin sensitive M.
leprae. These include not only the majority of the largest subpopulation of fully
sensitive bacilli but also all of the two 3-log subpopulations of dapsone- and
clofazimine-resistant mutants which are by definition susceptible to rifampicin.

After the initial dose of rifampicin the only surviving organisms should be
about 4 log rifampicin-sensitive bacilli and the 2 log rifampicin-resistant mutants
that were already present before beginning treatment. The first population of 4
log rifampicin-sensitive bacilli is too limited to give rise to drug-resistant mutants.
Therefore, when multibacillary cases of leprosy are treated with rifampicin the
only risk of acquired resistance comes from the subpopulation of 2 log
rifampicin-resistant mutants. These have to be eliminated by the drug(s) given in
combination. In theory only, a single drug should be capable of eradicating these
2 log rifampicin-resistant mutants, for example dapsone or clofazimine. But in
practice it is safer to give two drugs for the following reasons: (i) the high
prevalence of primary and acquired dapsone resistance; (ii) the noncompliance of
patients to take the prescribed drugs and of physicians to prescribe the

Table 1. Number of acid-fast bacilli in
biopsies received in Paris between 1980
and 1985 from multibacillary cases of

leprosy

Biopsies
Logc AFB
permg N° Y%
less than 3 34 10-6
3to4 5 1-5
4toS 38 11-9
Sto6 125 39-1
6to7 117 366
7and more 1 0-3

Total 320 100
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recommended regimens; and (iii) the relatively low killing activity of drugs other
than rifampicin. Although the first two reasons are of utmost importance we are
not going to concentrate on them. It is enough to say that it is not safe to rely
entirely on dapsone alone to kill the RMP resistant mutants, especially in
previously dapsone treated patients. Rather, dapsone should be given with
another drug, either a thionamide or clofazimine, or both. In field practice many
people are now reluctant to use a thionamide at least in some areas because of its
liver toxicity, especially in combination with rifampicin.?>-?3> Thus one should
mainly rely upon the combination dapsone—clofazimine to get rid of the RMP-
resistant mutants.

One can wonder whether all of the above reasoning is based upon theoretical
speculation or realistic assumptions. Actually, if we consider (Table 2) the results
of drug sensitivity testing of M. leprae isolated in our laboratory between 1980
and 1984 it is clear that the risk of drug resistance is a reality. Biopsies of 69
patients mainly from Caribbean Islands (Martinique, Guadeloupe), Paris
(France) and New Caledonia who had been previously treated for years with a
single drug (some patients had been treated successively by dapsone alone and
after a first relapse by rifampicin alone) yielded in 35 cases strains fully resistant to
dapsone and in 13 cases strains resistant to rifampicin. Although these strains
came from places where an intensive use of antileprosy drugs took place and were
not representative worldwide, they demonstrate, with numerous other
studies,’*? the reality of the drug-resistance threat. Other data which could be
important for the future of leprosy control are the incidence of primary dapsone
resistance. Among the 70 strains of M. leprae isolated from untreated patients 47
were resistant to dapsone, the majority of them of low level dapsone resistance.
Although such a low level dapsone resistance is of limited clinical significance it
may be considered as a first step towards a higher and more significant dapsone
resistance.

Table 2. Drug resistance of M. leprae isolated in Paris from 1980 to 84

Susceptibility to dapsone Susceptibility to
Strains of M. leprae resistant* to rifampicint
isolated from N8 w0 0004 0-001 0-01 S R
Previously treated
patients 60 7 6 21 35 56 13
Untreated
patients 70 23 34 7 6 70 0

* % dapsone in the diet
T 10 mg/kg once a week
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As far as we know at present one might and one should rely upon the
combination dapsone—clofazimine to get rid of the RMP-resistant mutants. Then
one should prescribe this combination as long as all rifampicin-resistant mutants
have not been eliminated. But we do not know exactly how long the treatment
with the combination dapsone—clofazimine should last to kill the 2-log popula-
tion of rifampicin resistant mutants. We do know from numerous studies'”-'® that
AFB from previously untreated patients who are treated with dapsone or
clofazimine alone fail to grow in the normal mouse after 3—6 months of treatment
and that the addition of clofazimine to dapsone increases the effectiveness of
treatment. If we are optimistic we mightexpect the same thing to occurin patients
treated with the combination rifampicin, dapsone and clofazimine, and the initial
phase of chemotherapy to be capable of eliminating all drug-resistant mutants
within 6 months. However if we are pessimistic we might expect rifampicin to
induce a generalized state of persistence among all viable organisms that have not
been killed by the initial dose of the drug. If the organisms are rendered
unresponsive to rifampicin because of their metabolic inactivity they should be
similarly unresponsive to the other drugs. Thus the rifampicin-resistant mutants
are likely to respond badly to the combination dapsone--clofazimine. In this event
the combination dapsone—clofazimine would take longer than 6 months and
perhaps the whole course of chemotherapy to get rid of the RMP resistant
mutants. It is, therefore, a priority to determine with precision the length of time
required by the combination dapsone—clofazimine to obtain a 2—3 log decrease in
the RMP-resistant population. This period should thus be the length of time of
the initial phase of chemotherapy. As long as we do not have this information,
and in order to remain on the safe side, it is highly recommended to give the
combination dapsone—clofazimine during the whole course of chemotherapy.

3 The secondary phase of chemotherapy

The initial phase of chemotherapy having eliminated all drug-resistant mutants
and reduced the size of the viable drug-sensitive population to 4 log bacilli, the
secondary phase is responsible for the elimination of the remaining bacilli. But in
the Bamako—Chingleput study to which reference was made above,!” the
proportion of AFB capable of multiplyingin mice remained constant during the 2
years of treatment, indicating that chemotherapy was, after the initial rapid
killing of M. leprae apparently ineffective against the remaining M. leprae. These
M. leprae were not drug-resistant organisms selected by the chemotherapy
because the few bacilli that grew in the footpad of mice were normally sensitive to
rifampicin and other drugs. They behaved as true persisters, that is organisms
unresponsive to the drugs to which they are fully susceptible.?®?” Such persisters
have also been observed in leprosy after long-term dapsone therapy and in many
other infectious diseases including tuberculosis.?®30
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Faced with the apparent unresponsiveness of M. leprae persisters to
chemotherapy, the obvious question is whether or not we should try to get rid of
the 4-log persisters because they are potentially responsible for relapses after
stopping treatment. In other words should chemotherapy be continued or
stopped after all drug-resistant mutants have been killed? At a time when we do
not know how long it takes to kill all drug-resistant mutants, we are still more
ignorant about the optimal length of the continuation phase of chemotherapy.
However one tentative answer to the question of the length of the continuation
phase can be brought by the results of the Bamako—Chingleput study. In this
study, the load of AFB in the serial skin smears decreased by 0-62 log per year.
Because the proportion of persisters among AFB remained constant (—7 log)
during the 2 years of the study, it is possible to infer that the clearing of persisters
was parallel to the clearing of the AFB in the skin smears and was also of 0-62 log
per year. If thatis right it is possible to calculate the length of time needed to clear
4-log persisters. This length of time is 4 divided by 0-62, that is 6-45 years or more
simply 7 years for multibacillary cases of leprosy with maximum bacterial load,
that is more or less the time needed to reach skin smear negativity. For
multibacillary cases of leprosy with lower bacterial load, the length of chemo-
therapy would depend upon the initial load of AFB and the speed of its decrease
under chemotherapy. For the previously treated patients with already negative or
poorly positive skin smears, the optimal length of combined chemotherapy could
well be still shorter.

To validate this reasoning, it is interesting to compare the calculated length of
time needed for the chemotherapy of leprosy with rifampicin to get rid of
persisters with the known length of time needed for the short-course chemo-
therapy of tuberculosis to be fully effective (to prevent relapses in almost 100% of
the cases). Four-drug chemotherapy of tuberculosis with isoniazid, rifampicin,
pyrazinamide and streptomycin (or ethambutol) should last 6 months to be
followed by an acceptable relapse rate. Let us consider that the mean division
timeis about one dayfor M. tuberculosis (actually 20 hr) and about 14 daysfor M.
leprae (actually between 12 and 20 days), i.e. 14 times longer. If the clearing of
persisters under chemotherapy is related to the division time of the mycobacterial
species, then one may calculate from the time needed to eliminate persisters under
short-course chemotherapy of tuberculosis that the length of time needed to
eliminate persisters under multidrug chemotherapy of leprosy is 6
months x 14 =84 months or 7 years! This figure fits surprisingly well with the
figure estimated from the Bamako—Chingleput study.

Finally it should be emphasized that the preceding reasoning is purely
speculative and perhaps far too pessimistic. Because standard regimens of
combined chemotherapy have been introduced very recently, nobody knows
exactly the importance of the threat represented by the M. leprae that persist
despite combined chemotherapy with rifampicin or even whether these persisters
are actually threatening the future of multibacillary patients after stopping
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treatment. Only carefully-designed long-term studies in the next 10 years will
provide answers to the questions concerning the optimal length of chemotherapy
for leprosy.

4 Future research in chemotherapy of leprosy

In the last decade tremendous advances were made in the chemotherapy of
leprosy. At present it is generally agreed that: (i) rifampicin should as far as
possible be a component of all antileprosy regimens; (ii) rifampicin should be
combined with at least one and preferably two active drugs to prevent the
selection of rifampicin-resistant mutants; and (iii) due to the high killing activity
of rifampicin, the treatment of even the most severe lepromatous cases of leprosy
does not need to be lifelong. Although there is ample indirect evidence that
multidrug therapy of leprosy with rifampicin is necessary and will improve to a
large extent the results of chemotherapy for leprosy control programmes, it should
be realized that direct evidence will be obtained only in the range of the next 10
years. An obvious reason for this delay is the long division time of M. leprae
(about 14 days) which seems also to be responsible for the slow evolution of the
disease and for the slow motion of all events in leprosy. Another reason which is
not always wellunderstood is the limited precision of the tools (skin smear, mouse
inoculation, phenolic glycolipid serology) available to assess success and failures
in the chemotherapy of leprosy. Improvement in the sensitivity of the available
tools and discovery of new tools to assess the response of patients to
chemotherapy are therefore needed.

A number of questions, that deserve perhaps to be thought about, may be
raised about the response of M. leprae to chemotherapy. For example one can
wonder whether the rapid initial killing of M. leprae by rifampicin is due to the
poor viability of the microbial cells at the beginning of treatment or to the special
susceptibility of the target of rifampicin, the RNA polymerase of M. leprae. It is
striking that one single dose of 1500 mg rifampicin combined with daily dapsone
is capable of killing 5 log M. leprae in a few days whereas it takes at least 2 months
of daily treatment with the combination of three bactericidal drugs, namely
rifampicin, isoniazid and pyrazinamide, to kill 5 log M. tuberculosis.”> If the M.
leprae RNA polymerase was actually different from that of M. tuberculosis and
other bacteria®! that would explain why the effectiveness of rifampicin against all
of the bacterial species except M. leprae decreases when the interval between each
individual 10 mg/kg dose increases.>?

Another striking finding of the Bamako—Chingleput study is the apparent
unresponsiveness of M. leprae to rifampicin during treatment after the initial
dramatic response. This secondary unresponsiveness might well be the result of
some special interaction between the host macrophage and M. leprae or of the
chemical structure of M. leprae RNA polymerase or both. If the first hypothesis
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was right, then it should perhaps be possible to improve the response of M. leprae
persisters to rifampicin by combining immunotherapy and chemotherapy. Such
an hypothesis is certainly worth testing experimentally and clinically. If the
second hypothesis was right, then the identification of the M. leprae RNA
polymerase could be of utmost importance to understand the mechanisms of
action of rifampicin against M. leprae and to improve the effectiveness of
multidrug therapy.

Among other directions for future research, the relationship between the
presence of persisters and the risk of relapse after stopping treatment is certainly
one that deserves high priority. M. leprae persisters have been isolated after a long
course of dapsone monotherapy?’ as they have been isolated after a long course of
multidrug therapy.?®?’3* But we do not know whether the size of the persisters
population is similar after dapsone monotherapy and after multidrug therapy.
Similarly, we do not know whether there is a relation between the size of the
persisters population, the risk of relapse and the length of time that elapses
between the end of chemotherapy and the relapse. To answer these questions
experimental and clinical investigations are certainly needed. But it should be
recognized that they will be difficult and costly to perform.

It should be recalled that at present only four drugs, namely rifampicin, the
thionamides, dapsone and clofazimine, are active against M. leprae and only
rifampicin has a strong bactericidal activity. Therefore chemotherapy of leprosy
needs new compounds with a bactericidal activity to back up rifampicin and to
overcome the increasing prevalence of dapsone resistance.”> Among new
compounds active against M. leprae only the new fluoroquinolones appear
promising.3* Their activities in the mouse and even in man are still under study
but the initial results are favourable. Finally one can hope that fundamental
research involving all new tools used in molecular biology will permit us not only
an understanding of the mechanisms of action of the already known antileprosy
drugs, and to improve their use, but also to discover new leads.
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