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The Chemotherapy of Leprosy. Part 2*

Drug resistance
The phenomenon of drug resistance in

leprosy has been comprehensively reviewed
by Ji.' 43 In his review Ji summarized evi-
dence of the increasing prevalence of both
secondary (acquired) and primary resis-
tance to dapsone as a result of the use of
dapsone monotherapy as standard treat-
ment for over 30 years since its introdtfction
in the early 1950s, and for the selection of
strains of Mycobacterium leprae resistant to
rifampin and the thioamides when these
were also used as monotherapy for treating
lepromatous patients. Most secondary dap-
sone-resistant strains display high-grade
dapsone resistance, multiplying in mice fed
0.01% dapsone in the diet; whereas most
primary-resistant strains currently possess
low-grade resistance being inhibited by
0.001% but not 0.0001% dietary dapsone.
Ji also outlined the probable bacteriological
basis for the selection of such resistant strains
from the small numbers of mutants likely
to be initially present in the large bacterial
populations harbored by previously un-
treated lepromatous patients, and described

* 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 has appeared in two parts, the first part in
the December 1990 issue and the second part in this
issue.— RCH

methods for determining the susceptibility
of strains of Al. leprae to dapsone and ri-
fampin using the mouse-foot-pad model.

Since there have been no authenticated
reports of clofazimine-resistant strains of Al.
leprae,I 44 it appears that resistance to this
drug is less common than resistence to the
other established antileprosy drugs. Further
evidence of the exquisite dapsone suscep-
tibility of all strains of M. leprae isolated
prior to 1977 has been published by Shep-
ard, et al. 145 Other points worthy of mention
are the stability of dapsone resistance in
dapsone-resistant strains of M. leprae both
in the mouse and in man,34,40, 42, 146 and the
contrast between the step-wise resistance of
M. leprae to dapsone and the apparent sin-
gle-step resistance to other antileprosy drugs,
such as rifampin, ethionamide, prothion-
amide, thiacetazone and thiambuto-
sine.8", 143, 147-149 Further evidence for the
ubiquity of primary dapsone resistance has
come from THELEP' 5° and Chen, et al.'s'

144 Levy, L. Clofazimine-resistant Af. leprac. Int. J.
Lepr. 54 (1986) 137 - 140.

'" Shepard, C. C., Rees, R. J. W., Levy, L., Pattyn,
S. R., Ji, B. and Dela Cruz, E. C. Susceptibility of
strains of Mycobacterium leprac isolated prior to 1977
from patients with previously untreated lepromatous
leprosy. Int. J. Lepr. 54 (1986) 11 - 15.

146 Guclpa-Lauras, C.-C., Grosset, J.-H., Constant-
Desportes, M. and Brucker, G. Nine cases of rifampin-
resistant leprosy. Int. J. Lepr. 52 (1984) 101-102.
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Testing of combinations of drugs in the
mouse foot pad

When Shepard, c/ a/. 28 first suggested pre-
venting the selection of drug-resistant strains
of AI. leprae during chemotherapy by giving
combinations of drugs, they pointed out the
importance of first testing the combinations
of drugs against Al. leprae in the mouse to
discover whether they could antagonize each
other's activity. Such studies were carried
out in the mouse, using both the kinetic and
proportional bactericidal test methods, and
showed that the bactericidal activities of ri-
fampin, dapsone, clofazimine, ethionamide
and prothionamide were not antagonized
when they were given in a variety of com-
binations. 55 ' 109' 127, 129 Similar studies car-
ried out in the neonatally thymectomized
Lewis rat showed that the bactericidal ac-
tivity of rifampin was undiminished when
it was given in combination with low dos-
ages of dapsone, 94• 152 thus providing exper-
imental evidence for the potential thera-
peutic efficacy of combined regimens of
supervised intermittent oral rifampin and
injectable acedapsone.

Drug compliance
Studies of the regularity of dapsone in-

gestion have been reviewed by Ellard 153 and
Huikeshoven. 154 Although it is self-evident

' 47 Waters, M. F. R., Pearson, J. M. H. and Rees, R.
J. W. Drug-resistant leprosy: A comparison between
proven dapsone and proven thiambutosine resistance.
Int. J. Lepr. 44 (1976) 152-153.

148 Hastings, R. C. and Jacobson, R. R. Rifampin-
resistant leprosy. Health Coop. Papers 1 (1981) 47-
54.

19 Guelpa-Lauras, C.-C., Cartel, J.-L., Constant-
Desportes, M., Milian, J., Bobin, P., Guidi, C., Bruck-
er, G., Flageul, B., Guillaume, J. C., Pichet, C., Remey,
J. C. and Grosset, J.-H. Primary and secondary dap-
sone resistance to M. leprae in Martinique, Guade-
loupe, New Caledonia, Tahiti, Senegal and Paris be-
tween 1980 and 1985. Int. J. Lepr. 55 (1987) 672-679.

151) THELEP: Subcommittee on Clinical Trials of the
Chemotherapy of Leprosy Scientific Working Group
of the UNDP/World Bank/WHO Special Programme
for Research and Training in Tropical Diseases. Pri-
mary dapsone resistance in Bamako and Chingleput:
final report. Lepr. Rev. 58 (1987) 209-218.

1 ' 1 Chen, J. K., Wang, S. Y., Hou, Y. H., Ni, G. X.,
Zhang, J. L. and Tang, Q. G. Primary dapsone resis-
tance in China. Lepr. Rev. 60 (1989) 263-266.

' Fieldsteel, A. H. and Levy, L. Single dose rifam-
pin treatment of Mycobacterium /eprac-infected neo-
natally thymectomized Lewis rats. Int. J. Lepr. 44 (1976)
546-547.

that patients cannot expect to respond sat-
isfactorily if they fail to take their allocated
treatment, it is surprising how few physi-
cians are aware of the importance of poor
compliance—the major cause of treatment
failure in tuberculosis' 55' 1 56 and, in all prob-
ability, in leprosy, too. Although all patients
treated with the WHO Study Group regi-
mens will show highly satisfactory clinical
and bacteriological improvement in the
short term due to the ingestion of super-
vised monthly rifampin doses, if they fail
to self-administer their daily dapsone and
clofazimine treatment, they inevitably run
serious risk of ultimately relapsing with ri-
fampin-resistant leprosy.

The most satisfactory method for moni-
toring dapsone ingestion is the quantitative
urinary dapsone/creatinine (D/C) ratio pro-
cedure in which the concentrations of dap-
sone, plus its diazotizable metabolites, and
of creatinine are measured using simple col-
orimetric methods. 157 ' ' 58 It is important to
allow for the effects of diuresis by ratioing
to creatinine 159 because of the slow rate of
elimination of dapsone and its metabolites
from the body (half-life about 1 day). Thus,
if this is not done and a purely qualitative
procedure used, the excretion of natural di-
azotizable compounds in normal urine may
result in concentrated samples from non-
compliant patients being classified as pos-
itive, whereas dilute samples from compli-
ant patients may be erroneously read as
negative.

Ellard, G. A. Drug compliance in the treatment
of leprosy. Lepr. Rev. 52 (1981) 201-213.

154 Huikeshoven, H. Patient compliance with dap-
sone administration in leprosy. Int. J. Lepr. 49 (1981)

1 " Fox, W. Self-administration of medicaments: a
review of published work and a study of the problems.
Bull. Int. Union Tuberc. 32 (1962) 307-331.

Fox, W. Compliance of patients and physicians:
experience and lessons from tuberculosis—I. and II.
Br. Med. J. 287 (1983) 33-35 and 101-105.

' 57 Ellard, G. A., Gammon, P. T. and Harris, J. M.
The application of urine tests to monitor the regularity
of dapsone self-administration. Lepr. Rev. 45 (1974)
224-234.

'" Ellard, G. A., Gammon, P. T., Helmy, H. S. and
Rees, R. J. W. Urine tests to monitor the self-admin-
istration of dapsone by leprosy patients. Am. J. Trop.
Med. Hyg. 23 (1974) 464-470.

15" Ellard, G. A. Profile of urinary dapsone/creati-
nine ratios after oral dosage with dapsone. Lepr. Rev.
51 (1980) 229-236.
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An approximate estimate of the propor-
tion of dapsone doses being ingested can be
obtained by comparing the mean D/C ratios
of test urine samples with those from pa-
tients receiving their standard daily dap-
sone treatment (100 mg) under supervision.
Individual D/C ratios of less than 30 usually
indicate that sonic scheduled daily dapsone
doses have not been ingested, while appar-
ent D/C ratios of less than 10 suggest that
no dose of dapsone has been taken for at
least 4 days. Such studies have often shown
that only about half of the dapsone tablets
handed out to leprosy patients are actually
ingested, and that more than a quarter of
all patients self-administer their medication
very irregularly.

Simple urine tests are not available for
monitoring the self-medication of clofazim-
ine, ethionamide or prothionamide. How-
ever, studies of their compliance have been
undertaken using special formulations con-
taining minute amounts of isoniazid added
to drug-containing capsules or tablets to act
as an innocuous marker, or the commer-
cially available combined dapsone plus pro-
thionamide plus isoniazid formulation (Is-
oprodian). 139,160,161 Drug ingestion could
then be assessed by simple colorimetric
methods for the isoniazid metabolites ison-
icotinic acid and acetylisoniazid.

These studies showed that the compli-
ance of lepromatous patients being treated
with the WHO Study Group regimen in the
THELEP Field Trial at Karigiri in South
India was exceptionally good. Thus, over
75% of the daily dapsone and clofazimine
doses were ingested. There was a marked
correlation in the taking of the two drugs,
with the result that the patients at greatest
risk of developing rifampin resistance be-
cause of poor dapsone compliance were the
very ones least likely to take their daily clo-
fazimine treatment. In the study of Isopro-
dian ingestion carried out at Hyderabad in
India, compliance was much poorer; only
about half of the prescribed tablets were in-
gested. Although enormous variations in in-
dividual patient compliance were demon-
strated, there was a continuous range of
compliance and patients could not be sim-
ply grouped into good and poor compliers.
It was concluded that only about 40% of the
patients ingested therapeutically adequate

amounts of their treatment as a result of
gastro-intestinal side effects and poor com-
pliance, and that if prothionamide is to be
used as an alternative to clofazimine in the
MDT of lepromatous leprosy, its compli-
ance should be monitored using a suitable
isoniazid-marked formulation.

"Bubble" or "calendar" packs 162-164 have
recently been produced commercially for the
administration of the WHO Study Group
recommended regimens. It is hoped that in
addition to simplifying treatment delivery
and helping to protect the patients' monthly
stocks of drugs from dirt and dampness,
they may encourage patient compliance and
discourage the potential pilfering of rifam-
pin.

Persisters
Persisters are viable, drug-susceptible,

leprosy bacilli that can be recovered from
lepromatous patients after many years of
apparently successful treatment with dap-
sone, 3 ' rifampin or rifampin plus thiam-
butosine, 41 ' 165 or clofazimine. 42

The most comprehensive information re-
garding persisters comes from the recent
THELEP controlled clinical trials in Ba-
mako and Chingleput, 53 which showed that
persisters could not be eliminated over a
2-year period by combined regimens of ei-
ther dapsone plus rifampin, dapsone plus

' 6" Stanley, J. N. A., Pearson, J. M. H. and Ellard,
G. A. Ethionamide, prothionamide and thiacetazonc
self-administration; Studies of patient compliance us-
ing isoniazid-marked formulations. Lepr. Rev. 57
(1986) 9-18.

' 6 ' Ellard, G. A., Pannikar, V. K., Jesudasan, K. and
Christian, M. Clofazimine and dapsone compliance.
Lepr. Rev. 59 (1988) 201-213.

Winsley, B. E., McDougall, A. C. and Brown, K.
E. Chemotherapy of leprosy: "bubble" or "calendar"
packs for the administration of rifampin, dapsone, clo-
fazimine, or prothionamide/ethionamide. Int. J. Lepr.
51 (1983) 592-594.

164 Georgiev, G. D. and Kielstrup, R. W. Blister cal-
endar packs for the implementation of multiple drug
therapy in DANI DA-assisted leprosy control projects
in India. Lepr. Rev. 58 (1987) 249-255.

164 Georgiev, G. D. and McDougall, A. C. Blister
calendar packs—potential for improvement in the sup-
ply and utilization of multiple drug therapy in leprosy
control programs. Int. J. Lepr. 56 (1988) 603-610.

' 65 Waters, M. F. R., Rees, R. J. W., Pearson, J. M.
H., Laing, A. B. G., Helmy, H. S. and Gelber, R. H.
Rifampicin for lepromatous leprosy: nine years' ex-
perience. Br. Med. J. 1 (1978) 133-136.
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rifampin plus clofazimine, or dapsone plus
rifampin plus prothionamide. These studies
also demonstrated that during the first 2
years the proportions of persisting Al. leprae
were typically of the order of 1 in 10 6 .

Since inocula of greater than 10 6 Al. lep-
rae fail to multiply in normal mice, persis-
ters are best detected at these earlier times
by inoculating either 10 5 bacilli into thy-
mectomized/irradiated (TR) mice, 53 . 166 or
10 6 M. leprae into neonatally thymecto-
mized Lewis rats. 167 • 168 Model experiments
involving the inoculation of mixtures con-
taining very small proportions of viable ba-
cilli suggested that the nude mouse might
be more efficient than the TR mouse in de-
tecting very small proportions of viable or-
ganisms,' 69 • 17" and that it may also be pos-
sible to detect persisters using normal mice
by employing an initial inoculum of up to
10 7 M. leprae and then passaging into ad-
ditional mice after a further 6 or 12
months. 171 However, neither of these mod-
els has yet been reported to have been em-
ployed in persister studies.

It seems probable that persisting Al. lep-
rae are not killed by any of the antileprosy
drugs or their combinations so far tested, or
by the limited bactericidal host mechanisms
that operate in lepromatous patients, so that
the initial persister populations of the order
of 104 , revealed during the first 2 years of

166 Rees, R. J. W. Animal models in leprosy. Br.
Med. Bull. 44 (1988) 650-664.

167 Fieldsteel, A. H. and Levy, L. Neonatally thy-
mectomized Lewis rats infected with Mycobacterium
leprae: response to primary infection, secondary chal-
lenge, and large inocula. Infect. Immun. 14 (1976) 736-
741.

168 Gelber, R. H., Humphres, R. C. and Fieldsteel,
A. H. Superiority of the neonatally thymectomized
Lewis rat (NTLR) to monitor a clinical trial in lepro-
matous leprosy of two regimens of rifampin and dap-
sone. Int. J. Lcpr. 54 (1986) 273-283.

' 69 Colston, M. J. and Kohsaka, K. The nude mouse
in studies of leprosy. In: The Nude Mouse in Experi-
mental and Clinical Research. New York: Academic
Press, 1982, vol. 2, pp. 247-266.

170 Lancaster, R. D., Nilson, G. R. F., McDougall,
A. C. and Colston, M. J. Mycobacterium leprae infec-
tion in nude mice: bacteriological and histological re-
sponses to primary infection and large inocula. Infect.
Immun. 39 (1983) 865-872.

171 Fieldsteel, A. H. and Colston, M. J. The intact
mouse as a host for the detection of small numbers of
viable Al. leprae in the presence of large numbers of
heat-killed Al. leprae. Int. J. Lepr. 49 (1981) 499-500.

rifampin-containing treatment, may sur-
vive almost indefinitely. Drug-susceptible
nonpersisters are extremely rapidly killed
by rifampin, 3()• 172 and the dead organisms
then slowly removed by the body. Bacterial
indices typically fall by 0.62-0.85 units a
year, 24 • 53 equivalent to the removal of 7 5%—
85% of the dead organisms each year, with
faster rates among patients with borderline
lepromatous leprosy. 95 As the dead organ-
isms are cleared, the proportion of persist-
ing Al. leprae steadily increases.

Although the phenomenon of bacterial
persistence is not limited to leprosy, 173 • 174

it is clear that there may well be fundamen-
tal differences in the nature and origin of
persisters in different diseases. Thus, per-
sisting tubercle bacilli are susceptible to kill-
ing by rifampin and pyrazinamide and lead
to relapse if they are not eliminated;' 75

whereas persisting Al. leprae appear to be
totally insusceptible to drug action and to
date seem unlikely to lead to relapse after
cessation of treatment.

It was previously noted that leprosy ba-
cilli from special sites, such as nerves, dartos
muscle and striated muscle, tend to retain
their solidly staining characteristics during
continued treatment considerably longer
than the initially more-numerous bacilli in
the skin.' 76 As a consequence, it was from
such supposedly protected sites, where it was
believed that the bacilli might be less liable
to attack by the normal defense mechanisms
of the body or by drugs and so could pref-
erentially multiply, that many of the biop-
sies were taken from which persisters were
subsequently isolated. 31 . ' 65 ' 177

' 7= Grosset, J. Recent developments in the field of
multidrug therapy and future research in chemother-
apy of leprosy. Lcpr. Rev. 57 Suppl. (1986) 223-234.

' 73 Toman, K. Bacterial persistence in leprosy. Int.
J. Lepr. 49 (1981) 205-217.

' 74 Grosset, J., Guelpa-Lauras, C.-C., Lecoeur, H.
and Truffot-Pernot, C. Microbial persistence in my-
cobacterial infections. Health Coop. Papers 1 (1983)
41-49.

' 75 Mitchison, D. A. The action of antituberculosis
drugs in short-course chemotherapy. Tubercle 68 (1988)
219-225.

176 Pearson, J. M. H., Rees, R. J. W. and Weddell,
A. G. M. Mycobacterium leprae in the striated muscle
of patients with leprosy. Lepr. Rev. 41 (1970) 155-
166.
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These investigations showed, however,
that viable persisting Al. leprae could be as
readily isolated from the skin as from these
supposedly special sites. In retrospect, the
rarity of persisters (of the order of 1 in 10 6

in the original population) suggests that the
bacilli seen microscopically at these sites
were probably drug-killed bacilli whose
fragmentation had been retarded as the re-
sult of protection in their particular intra-
cellular locations.

It should be noted that "persisting (ap-
parently) viable bacilli" (as judged by their
staining properties) were encountered among
5 of 28 multibacillary patients, who had been
treated with acedapsone for 5 years in a study
in Karimui in Papua New Guinea," which
had apparently been uncovered by the faster
removal of dead organisms. That these or-
ganisms were not "classical" persisters is
indicated by their relatively large numbers
and the fact that they disappeared after a
course of rifampin treatment. 17" Presum-
ably, they arose as a result of the lack of
bactericidal activity of the low concentra-
tions of dapsone generated by acedapsone
and the extremely limited cell-mediated im-
munity of lepromatous patients.

In view of the apparent impossibility of
eliminating persisters with combinations of
any of the known antileprosy drugs," it
would seem logical to conclude that in any
formal sense lepromatous leprosy cannot be
cured. However, the results of the studies
in Malta and Sungei Buloh, when termi-
nation of treatment was followed by very
low relapse rates, 48 • 50 indicate that persist-
ers pose less of a threat than was formerly
supposed, since all of the patients in these
two studies would have been expected to
harbor persisters when their treatment was
stopped. The current lack of relapses among
multibacillary patients treated to smear
negativity with the WHO Study Group
regimen 51 • 52 is even more encouraging.

r" Gelber, R. H., Waters, M. F. R., Pearson, J. M.
H., Rees, R. J. W. and McDougall, A. C. Dapsone alone
compared with dapsone plus rifampicin in short-term
therapy of lepromatous leprosy. Lepr. Rev. 48 (1977)
223-229.

'" Russell, D. A., Worth, R. M., Scott, G. C., Vincin,
D. R., Jano, B., Fasal, P. and Shepard, C. C. Experience
with acedapsone (DADDS) in the therapeutic trial in
New Guinea and the chemoprophylactic trial in Mi-
cronesia. Int. J. Lcpr. 44 (1976) 170-176.

It is clear that the selective survival of
persisters does not stem from their being
located in sites not reached by antileprosy
drugs. Thus, experimental studies have
shown that dapsone and rifampin readily
penetrate into the peripheral nerves of the
mouse, rat, dog, sheep, and rhesus monkey,
as well as into other tissues, and into mouse
and rabbit macrophages. 32 • `' 7,17 `'-184 Fur-
thermore, Peters and his colleagues"' were
able to directly demonstrate the penetration
of dapsonc into human peripheral nerve.

The excellent absorption of both dapsone
and rifampin 7 • 97 and their extensive reab-
sorption from the kidney are entirely in ac-
cord with rapid diffusion across virtually all
cellular membranes, which is to be expected
from their lipophilicity and lack of charge
at body pH. Furthermore, dapsone's long
half-life (a little over a day), and the fact
that standard daily dosages give peak serum
concentrations that exceed its estimated
minimal inhibitory concentration (MIC)
against M. leprae by about 500-fold, implies
that bactericidal concentrations of the drug
have a virtually infinite time to diffuse
throughout the whole body.

The penetration of rifampin through cell
membranes is probably slower than that of
dapsone, as suggested by its slow penetra-
tion into the cerebrospinal fluid. 97 ' 185 It also

17 ' Francis, J. The distribution of sulfone in the tis-
sues of various animals. J. Comp. Pathol. 63 (1953)
1-6.

' 8" Allen, B. W., Ellard, G. A., Gammon, P. T., King,
R. C., McDougall, A. C., Rees, R. J. W. and Weddell,
A. G. M. The penetration of dapsone, rifampicin, iso-
niazid and pyrazinamide into peripheral nerves. Br. J.
Pharmacol. 55 (1975) 151-155.

'"' McDougall, A. C., Rose, J. A. and Grahame-
Smith, D. G. Penetration of C"-labelled rifampicin
into primate peripheral nerve. Experientia 31 (1975)
1068-1069.

'" Peters, J. H., Murray, J. F., Gordon, G. R., Gel-
ber, R. H., Levy, L., Lang, A. B. G. and Waters, M.
F. R. Tissue levels of dapsone in mice, rats and man.
Int. J. Lepr. 44 (1976) 545-546.

1 " Johnson, J. D., Hand, W. L., Francis, J. B., King-
Thompson, N. and Corwin, R. W. Antibiotic uptake
by alveolar macrophages. J. Lab. Clin. Med. 95 (1980)
429-439.

Acocella, G., Carlone, N. A., Cuffini, A. M. and
Cavallo, G. The penetration of rifampicin, pyrazin-
amide, and pyrazinoic acid into mouse macrophages.
Am. Rev. Respir. Dis. 132 (1985) 1268-1273.

183 Woo, J., Humphries, M., Chan, K., O'Mahony,
G. and Tcoh, R. Cerebrospinal fluid and serum levels
of pyrazinamide and rifampicin in patients with tu-
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has a considerably shorter half-life (about 2
hours). Intracellular concentrations of ri-
fampin may, therefore, be significantly low-
er than the extracellular levels. However,
20-mg doses of rifampin, which give serum
concentrations of less than a two-hun-
dredths of those achieved with standard 600
mg doses,'" still display significant bacte-
ricidal activity againsi Al. leprae.' 02 This
must, therefore, imply that there is no site
in the body where leprosy bacilli could es-
cape being exposed to potentially bacteri-
cidal concentrations of rifampin when stan-
dard 600 mg doses are ingested. The extreme
lipophilicity and long half-life of clofazim-
ine similarly indicate that potentially bac-
tericidal concentrations of this drug must
also permeate every microscopic nook and
cranny in the body.

Such conclusions are in accord with the
classical experimental studies of persisters
in tuberculosis or staphylococcal infections
when it was convincingly demonstrated that
lack of bacterial killing did not occur be-
cause of poor drug penetration."' It there-
fore seems likely that persisters survive in
the face of potentially bactericidal drug con-
centrations because they are essentially
physiologically dormant organisms. The
persister state may be induced in vitro by
the exhaustion of nutrients in the growth
medium and may occur in vitro and in vivo
as a result of reduced oxygen tension or re-
duced pH.

The recent THELEP Bamako and Chin-
gleput trials have shown that in leproma-
tous leprosy persisters comprise only about
1 in 10 6 of the total bacterial population and
that they are randomly distributed through-
out the body. 53 How the metabolism and
multiplication of such a minute fraction of
the viable bacillary population might be vir-
tually permanently switched off is a mys-
tery, since it is clear that such persisters sur-

berculous meningitis. Curr. Therap. Res. 42 (1987) 235-
242.

'" Dickinson, J. M., Mitchison, D. A., Lees, S. K.,
Ong, Y. Y., O'Mahony, M. G., Girling, J. D. and Nunn,
A. J. Serum rifampicin concentration related to dose
size and to the incidence of the "flu" syndrome during
intermittent rifampicin administration. J. Antimicrob.
Chemother. 3 (1977) 445-452.

' 87 McDermott, W. Microbial persistence. Yale J.
Biol. Med. 30 (1957) 257-291.

vive periods of up to at least two decades
of potentially highly effective treatment.

Rationale for introduction of MDT and its
initial performance

The evidence presented above indicates
that in multibacillary patients there are es-
sentially three populations of leprosy bacil-
li: a) fully drug-susceptible organisms; b)
small, independent populations of drug-re-
sistant mutants; and c) a small population
of inherently drug-susceptible, nonmulti-
plying bacilli (persisters) that are not elim-
inated by treatment with dapsone, rifampin
or clofazimine. In the face of the mounting
epidemic of dapsone resistance caused by
the former universal use of dapsone mono-
therapy, it was clearly essential that the
treatment for multibacillary patients be
changed to a combination of at least two
potent drugs, as had proved so successful in
combating the problem of drug resistance
in the chemotherapy of tuberculosis.' 75 . 188

The efficacy of M DT rests on the fact that
if combinations of drugs with different tar-
gets of action are used, then bacilli resistant
to one drug will be susceptible to the other
and vice versa. If previously untreated mul-
tibacillary patients were initially infected
with drug-susceptible M. leprae, it is most
unlikely that they will harbor any bacilli
with double-drug resistance since the chanc-
es of this occurring are almost certainly less
than 1 in 10' 2 , a number which was thought
to be greater than the total population of
viable leprosy bacilli in even the most florid
lepromatous patient. 189 Recent evidence"'--
has in fact shown that the total population
of viable M. leprae in untreated multiba-
ciliary patients is almost always less than
10". Hence, treatment with two fully potent
drugs should be entirely effective.

The clinical and bacteriological evidence
presented above strongly suggests that the
three most active antileprosy drugs are dap-
sone, rifampin and clofazimine. Hence, in

'"" Girling, D. J. The chemotherapy of tuberculosis.
In: The Biology of the Mycobacteria. rot. 3: Clinical
Aspects of Mycobacterial Disease. Ratledge, C., Stan-
ford, J. and Grange, J. M., eds. New York: Academic
Press, 1989, pp. 285-323.

Shepard, C. C. Recent developments in the che-
motherapy and chemoprophylaxis of leprosy. Leprolo-
gia (Argon.) 19 (1974) 230-236.
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view of the increasing prevalence of dap-
sone-resistant strains, it was clear that a
combination of rifampin plus clofazimine
should be employed. However, since most
primary-resistant strains of M. leprae only
displayed low-grade dapsone resistance, it
was concluded that such a combination
would be considerably strengthened by the
addition of dapsone. The WHO Study
Group' therefore recommended that mul-
tibacillary patients should be treated with
supervised monthly doses of rifampin (600
mg) and clofazimine (300 mg), together with
daily doses of dapsone (100 mg) and clo-
fazimine (50 mg) for self-administration.

In view of the spectacular bactericidal ac-
tivity of single doses of rifampin, 29 ' 30 it is
likely that within a few months such treat-
ment will wipe out the entire population of
drug-susceptible (nonpersister) bacilli, to-
gether with the much smaller populations
of mutants resistant to either dapsone or
clofazimine. The key role of the largely self-
administered dapsone and clofazimine
components is, therefore, to gradually elim-
inate the small population of rifampin-re-
sistant leprosy bacilli expected to be present
at the start of treatment which could well
number fewer than a thousand bacilli. In
view of the much more modest bactericidal
activities of dapsone and clofazimine, it was
therefore recommended that MDT should
be continued for at least 2 years, and pref-
erably to smear negativity. (For a more de-
tailed discussion of the rationale for MDT,
see Ellard, 4° Levy,'" and Grosset. 12 )

Because the maximal bacterial load in
paucibacillary patients is only about 10 6 , the
risks of treatment leading to the selection
of drug-resistant mutants are enormously
reduced and, in the great majority of cases,
the administration of a single effective an-
tileprosy drug would probably be sufficient.
However, because of the increasing num-
bers of new paucibacillary patients who are
likely to be infected with dapsone-resistant
strains of M. leprae, it was recommended
that all paucibacillary patients should be
treated for just 6 months with supervised
monthly doses of 600 mg rifampin plus dai-
ly self-administered dapsone (100 mg).

"" Levy, L. The Kellersberger Memorial Lecture,
1984. Chemotherapy of leprosy—a tool for leprosy
control. Ethiop. Med. J. 23 (1985) 31-42.

Dapsone was included to minimize the risk
of rifampin resistance in multibacillary pa-
tients who might have been erroneously di-
agnosed as paucibacillary.

The WHO Study Group originally de-
fined paucibacillary patients as those with
indeterminate (I), tuberculoid (TT), or bor-
derline tuberculoid (BT) leprosy in the clas-
sification scheme of Ridley and Jopling, 2°
whose bacterial index (BI) on Ridley's scale'°
was less than 2 at any site. However, as an
additional safeguard, it is now recommend-
ed that all smear-positive indeterminate or
tuberculoid patients should be treated as if
they were multibacillary.

The evidence presented above concerning
the antileprosy activities of dapsone, rifam-
pin and clofazimine indicates that i f the three
drugs are delivered regularly to multibacil-
lary patients, as recommended, and then
regularly ingested, no patient, irrespective
of past treatment history, should relapse
during treatment as a result of the emer-
gence of drug-resistant M. leprae. It was also
believed that any relapses that might occur
after stopping treatment, for example, as a
result of the eventual multiplication of sur-
viving persisters, would occur with fully
susceptible organisms. This should, there-
fore, enable relapsed patients to be success-
fully retreated with the same regimen, as is
the case among pulmonary tuberculosis pa-
tients who relapse after completing nor-
mally effective short-course chemotherapy.
It was hoped that relapse rates after ter-
minating treatment would be less than 1%
per annum.

Not only have these expectations been
fulfilled, they have been considerably sur-
passed. Among the 2 million patients who
have been started on the WHO-recom-
mended regimens, drug acceptability has
been excellent. Clofazimine has been well
tolerated, even among light-skinned pa-
tients, and it has hardly ever been necessary
to consider replacing it with an alternative
third drug such as ethionamide or prothion-
amide. There has also been a high level of
patient satisfaction with their clinical re-
sponse, which occurs considerably faster
than used to with dapsone monotherapy.
Furthermore, there has been a significant
reduction in the frequency and severity of
erythema nodosum leprosum (ENL) (type
2) reactions among multibacillary patients,
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probably because of the inclusion of clofh-
zimine in the regimen. On the operational
side, there has been a marked improvement
in patient attendance rates, an increase in
the detection of new cases through volun-
tary reporting, better motivation among
health workers, and greater community
support resulting from the recognition of the
effectiveness of MDT. (For further details
concerning the implementation of multi-
drug treatment see Ellard.' 9 ')

Relapse rates have been negligible. Thus,
in the two THELEP-supported field trials
carried out in Karigiri and Polombakkam
in South India, not a single relapse has oc-
curred among the 2000 multibacillary pa-
tients whose treatment has been terminated
for at least 4 years after achieving smear
negativity. Similarly in a THELEP-sup-
ported trial among 457 paucibacillary pa-
tients in Malawi, only six showed signs of
relapse during a 3-4 year follow-up period. 52

Chemoprophylaxis
Noordeen' 92 has reviewed the chemopro-

phylactic studies that have been conducted
in India and Micronesia, using either oral
dapsone or acedapsone injections. Although
oral dapsone showed moderate protection,
it can hardly be recommended for mass che-
moprophylactic use in view of the difficul-
ties of persuading actual patients to take the
drug regularly and the fact that most new
leprosy cases do not arise among household
contacts of known patients. 193 Acedapsone
injections given at intervals of approxi-
mately 3 months appeared in the past to be
an almost ideal method of chemoprophy-
laxis. 194 Such injections were given for 3
years to almost all of the 1600 people living
in three remote villages on the Pacific atoll
of Pingelap by Russell and his colleagues
from 1967— 1970.' 78 ' 195 Although there were

'°' Ellard, G. A. Chemotherapy of leprosy. Br. Med.
Bull. 44 (1988) 775-790.

l92 Noordeen, S. K. Chemoprophylaxis. Health Coop.
Papers 1 (1982) 173-180.

19 ' Fine, P. E. M. Leprosy; the epidemiology of a
slow bacterium. Epidemiol. Rev. 4 (1982) 161-188.

1 " Shepard, C. C., Tolentino, J. G. and McRae, D.
H. The therapeutic effect of 4, 4'-diacetyldiamino-di-
phenylsulfone (DADDS) in leprosy. Am. J. Trop. Med.
Hyg. 17 (1968) 192-291.

Russell, D. A., Worth, R. M., Jano, B., Fasal, P.
and Shepard, C. C. Acedapsone in the prevention of
leprosy: field trial in three high prevalence villages of

no new cases during the 3-year campaign,
new cases occurred after 1973, including
some among children born after 1968, dem-
onstrating that transmission of the disease
was still occurring, perhaps from relapses
among the original index cases. In the face
of mounting primary resistance to dap-
sone,' 43 it must be assumed that the che-
moprophylactic efficacy of acedapsone is
likely to be substantially impaired. As a
consequence, current chemoprophylaxis
trials are investigating the potential efficacy
of single doses of 25 mg/kg rifampin in elim-
inating subclinical leprosy infections that
might otherwise eventually progress to ac-
tive disease.

Promising new drugs: the fluorinated
quinolones

The only other major class of drugs with
proven activity in the treatment of lepro-
matous leprosy are the fluoroquinolones.
The fluorinated quinolones inhibit bacterial
gyrase and have a wide spectrum of anti-
bacterial activity.'" They are most active
against gram-negative organisms, but also
display significant antimycobacterial activ-
ity. The most active antimycobacterial
quinolones in vitro were ciprofloxacin and
ofloxacin.' 97-199 Experimental studies in the
mouse foot pad have shown that ciproflox-
acin, pefloxacin, and ofloxacin possess an-
tileprosy activity. 200 -202 However, of these

Micronesia. Am. J. Trop. Med. Hyg. 28 (1979) 559-
563.

Paton, J. H. and Reeves, D. S. Fluoroquinolone
antibiotics. Microbiology, pharmacokinetics and clin-
ical use. Drugs 36 (1988) 193-228 (258 refs.).

192 Fenton, C. H. and Cynamon, M. H. Comparative
in vitro activities of ciprofloxacin and other 4-quino-
lones against .Mycobacterium tuberculosis and Myco-
bacterium intracellulare. Antimicrob. Agents Chemo-
ther. 29 (1986) 386-388.

Heifets, L. B. and Lindholm-Levy, P. J. 13acte-
riostatic and bactericidal activity of ciprofloxacin and
ofloxacin against Mycobacterium tuberculosis and My-
cobacterium avium complex. Tubercle 68 (1987) 267-
276.

Leysen, D. C., Haemers, A. and Pattyn, S. R.
Mycobacteria and the new quinolones. Antimicrob.
Agents Chemother. 33 (1989) 1-5.

Guelpa-Lauras, C.-C., Perani, E. G., Giroir, A.
M. and Grosset, J.-H. Activities of pefloxacin and cip-
rofloxacin against ,Slycobacteriunz leprae in the mouse.
Int. J. Lepr. 55 (1987) 70-77.

21 ' Pattyn, S. R. Activity of ofloxacin and pefloxacin
against Mycobacterium leprae in mice. Antimicrob.
Agents Chemother. 31 (1987) 671-672.
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three quinolones, ciprofloxacin is the least
active against M. leprae, only displaying
bacteriostatic activity at a daily dosage of
150 mg/kg because of poor absorption in
the mouse. 20" Since ciprofloxacin is also in-
completely absorbed and rapidly eliminat-
ed (half-life about 4 hours) in man, 2°3, 204 it
clearly has no potential clinical future for
the treatment of leprosy.

By contrast, all of the other quinolones
studied appear to be excellently absorbed
both in the mouse and in man. In the mouse,
they are rapidly eliminated with a half-life
of between 1.5 and 2 hours, but in man their
half-lives range from about 6 hours for
ofloxacin 205-207 to 11 hours for pefloxacin
and fleroxacin. 2" As a consequence, it was
anticipated that these quinolones will be far
more active in man on a mg/kg basis than
in the mouse. 209 This has already been shown
to be the case. Thus, whereas daily doses of
150 mg/kg and thrice weekly doses 300 mg/
kg pefloxacin had to be given to achieve
significant bactericidal activity in the
mouse, 2m• 201 marked bactericidal activity
of the drug was demonstrated in a pilot trial
when 10 lepromatous patients were treated

2" 2 Grosset, J.-H., Guelpa-Lauras, C.-C., Perani, E.
G. and Beoletto, C. Activity of ofloxacin against My-
cobacterium leprae in the mouse. Int. J. Lepr. 56 (1988)
259-264.

20 ' Wingendcr, W., Graefe, K. H., Gau, W., Forster,
D., Becrmann, D. and Schacht, P. Pharmacokinctics
of ciprofloxacin after oral and intravenous adminis-
tration to healthy volunteers. Eur. J. Clin. Microbiol.
3 (1984) 355-359.

204 Drusano, G. L, Standiford, H. C., Plaisance, K.,
Forrest, A., Leslie, J. and Caldwell, J. Absolute oral
bioavailability of ciprofloxacin. Antimicrob. Agents
Chemother. 30 (1986) 440-446.

2" 5 Wise, R., Lister, D., McNulty, C. A. M., Griggs,
D. and Andrews, J. M. The comparative pharmocoki-
netics of five quinolones. J. Antimicrob. Chemother.
18 Suppl. D (1986) 71-81.

20, Monk, J. P. and Campoli-Richards, D. M. Of-
loxacin: a review of its antibacterial activity, phar-
mocokinetic properties and therapeutic use. Drugs 33
(1987) 346-391.

207 Lode, H., Hoffken, G., Prinzing, C., Glatzel, P.,
Wiley, R., Olschewski, P., Sievers, B., Reimnitz, D.,
Borner, K. and Koeppe, P. Comparative pharmacoki-
netics of new quinolones. Drugs 34 Suppl. 1 (1987) 21-
25.

208 De Lepeliere, I., Van Hecken, A., Verbesselt, R.,
Tjandra-Maga, T. B. and De Schepper, P. J. Compar-
ative oral pharmacokinetics of fleroxacin and peflox-
acin. J. Antimicrob. Chemother. 22 (1988) 197-202.

' 09 Grosset, J. H. Pharmacokinetics of drug screen-
ing. Int. J. Lepr. 55 Suppl. (1987) 852-856.

with 400 mg pefloxacin twice daily and
within 4 months inocula were incapable of
infecting either normal or nude mice. 210

Ofloxacin displayed considerably greater
antileprosy activity in the mouse foot pad,
daily doses of 150 mg/kg being extremely
bactericidal. 201• 202.211 Its antileprosy activ-
ity in man is currently being investigated in
a pilot trial in which treatment is started
with a single loading dose of 800 mg, fol-
lowed by 56 days' daily treatment with 400
mg of the drug starting from the 8th day to
assess the extent of bactericidal activity of
both single and multiple doses of the
drug. 52. 210, 212 Such daily doses have already
been given to several million European pa-
tients, for periods averaging about a week,
to treat other bacterial infections and have
been found to be excellently tolerated. 20 ' , 213

Future research
To my mind, future potential research can

be broadly divided into two complementary
categories: a) research aimed at strength-
ening the currently recommended treat-
ment for multibacillary patients, and b) op-
erational research aimed at improving case
finding, case holding and treatment deliv-
ery.

Improving patient compliance. The only
important inherent weakness of the regimen
appears to be its vulnerability to poor pa-
tient compliance. Thus, if patients fail to
ingest a substantial proportion of their pre-
scribed daily dapsone and clofazimine treat-
ment, in reality their treatment will tend to
become a monthly treatment with 600 mg
rifampin and 300 mg clofazimine. The ri-
fampin component will still ensure the rapid
elimination of the drug-susceptible popu-

210 Grosset, J., Guelpa-Lauras, C.-C., N'Deli, L. and
Perani, E. Pefloxacin and ofloxacin in lepromatous lep-
rosy at Adzope (Ivory Coast): II. Biological results.
(Abstract) Health Coop. Papers 9 (1988) 69.

2 " Guelpa-Lauras, C.-C., Perani, E. G., Beoletto, C.
and Grosset, J.-H. Pefloxacin and ofloxacin activities
against AI. leprae in the mouse. (Abstract) Helath Coop.
Papers 9 (1988) 70.

2 ) 2 N'Dehli, L., Guelpa-Lauras, C.-C. and Grosset,
J. Pefloxacin or ofloxacin in lepromatous leprosy at
Adzope (Ivory Coast): I. Clinical results. (Abstract)
Health Coop. Papers 9 (1988) 74.

2 " Jungst, G. and Mohr, R. Overview of postmar-
keting experience with ofloxacin in Germany. J. An-
timicrob. Chemother. 22 Suppl. (1988) 167-175.
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lation and any small populations of dap-
sone- or clofazimine-resistant organisms,
and an associated rapid amelioration in the
patients' symptoms. However, the rate of
elimination of the key population of rifam-
pin-resistant mutants will almost certainly
be greatly slowed down, since previous tri-
als of clofazimine monotherapy showed re-
duced activity even when 600 mg doses of
clofazimine were given on two consecutive
days at monthly intervals.' 22 Furthermore,
if patients also fail to come regularly for
their supervised monthly treatment, the
therapeutic contribution of occasionally su-
pervised 300 mg clofazimine doses would
be negligible and the patients would, in re-
ality, be receiving rifampin monotherapy.
However, recent evidence indicates that
even when multibacillary patients are es-
sentially treated with rifampin monother-
apy, it will take many years (median dura-
tion 9 years) before they will relapse
clinically and bacteriologically with rifam-
pin-resistant leprosy. 214

Thus, even in the best control schemes,
unless regular efforts are made to check pa-
tient compliance, no one is likely to appre-
ciate the potential disaster that irregular drug
taking could lead to, since its consequences
are unlikely to be apparent for at least a
decade. No one has yet been able to dem-
onstrate how to radically improve patient
compliance, whether it be in the treatment
of leprosy or any other medical condition.
However, I am impressed by the consis-
tently high compliance of patients at the
Schieffelin Leprosy Research and Training
Centre at Karigiri in South India,' 61 where
the first THELEP field trial was launched,
and the fact that the staff routinely collect
urine samples from their patients to test by
the dapsone/creatinine ratio method and
then inform the patients if these tests in-
dicate irregular drug ingestion.

Clearly, one cannot overemphasize the
importance of trying to improve patient
compliance and, since there is likely to be
a high correlation between the taking of clo-

2" Grosset, J.-H., Guelpa-Lauras, C.-C., Bobin, P.,
Brucker, G., Cartel, J.-L., Constant-Desportes, M., Fla-
geul, B., Frederic, M., Guilaume, J. C. and Millan, J.
Study of 39 documented relapses of multibacillary lep-
rosy after treatment with rifampin. Int. J. Lepr. 57
(1989) 607-614.

fazimine and dapsone,"' urine testing for
dapsone with one of the variety of simple
methods available should be both infor-
mative and valuable. At the simplest level,
a deliberate attempt should be made to re-
cord skin pigmentation due to clofazimine,
since chronic failure to self-administer the
drug is likely to be revealed by a lack of skin
pigmentation which should usually be ap-
parent within 2-3 months.

Hopefully, delivering treatment in bubble
or calendar packs may also aid patient com-
pliance,'" and a study is currently being
mounted in Thailand to discover if this is,
indeed, the case. Even a small improvement
in patient compliance would completely off-
set the increased costs of delivering the drugs
in this way, especially since at the dosages
employed clofazimine is the most expensive
component of the triple-drug regimen. 215 ' 216

However, it should be emphasized that
however expensive drugs might be, their cost
is never more than a tiny fraction of that
required to finance the treatment services
needed to identify patients and regularly de-
liver chemotherapy to them until they can
be released from control.

Patient compliance might also be im-
proved by delivering a substantial propor-
tion of the recommended dapsone dose as
a slow-release formulation. Promising, well-
tolerated, slow-release dapsone formula-
tions have been developed in The Nether-
lands for monthly intra-adipose injection
and have shown satisfactory blood levels in
both volunteers and patients. 217• 218 How-

ever, potential commercial development of
the formulation has probably been impeded
by fears surrounding the use of needles, and
the risk of transmitting AIDS if their effi-
cient sterilization could not be assured un-
der field conditions.

215 Rees, R. J. W. An appraisal of medical research
in the treatment and control of leprosy. J. R. Soc. Arts
130 (1982) 186-196.

21 ' Rees, R. J. W. Chemotherapy of leprosy for con-
trol programmes: scientific basis and practical appli-
cation. Lepr. Rev. 54 (1983) 81-88.

217 Pieters, F. A. J. M., Zuidema, J. and Merkus, F.
W. H. M. Sustained release properties of an intra-adi-
posely administered dapsone depot injection. Int. J.
Lepr. 54 (1986) 383-388.

2 " Pieters, F. A. J. M., Woonink, F. and Zuidema,
J. A field trial among leprosy patients in Nigeria with
depot injections of dapsone and monoacetyldapsone.
Int. J. Lepr. 56 (1988) 10-20.
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Discovering potential new antileprosy
drugs. Formerly, those involved in re-
search into the treatment of leprosy were
extremely conscious of the limitations im-
posed by our inability to cultivate M. leprae
in vitro, and the consequent need to test
compounds for potential antileprosy activ-
ity using gram amounts in the time-con-
suming mouse foot pad system. Such rea-
sons readily explained why research into the
chemotherapy of leprosy had for so many
years lagged behind that in tuberculo-
SiS.219' 220

With the astonishing bactericidal activity
of single doses of rifampin and the great
promise of the fluoroquinolones, the situ-
ation has radically changed and the need for
discovering other classes of potential anti-
leprosy drugs seems less pressing. Never-
theless, Hastings and Franzblau 22 ' have re-
cently described a number of essentially in
vitro methods for testing the potential in-
hibitory activities of compounds directly
against suspensions of leprosy bacilli, while
Colston and Lamb 222 have pointed to some
of the potential contributions that molec-
ular biology could make to the chemother-
apy of leprosy. Thus, enzymes that are pro-
spective targets of drug activity might be
cloned from M. leprae into appropriate cul-
tivable organisms, which could then gen-
erate sufficient amounts of enzyme for test-
ing numerous candidate drugs in vitro.
Perhaps one of the most suitable enzymes
for initially cloning in this way would be
dihydrofolate reductase, not only because
of its anticipated small size, but also because
of the likelihood that inhibitors of the en-
zyme could act synergistically with dap-
sone.`'"

Strengthening MDT with fluoroquino-
lones. Ofloxacin clearly has the potential
to significantly strengthen the WHO Study
Group regimen for multibacillary patients.

2 " Ellard, G. A. The treatment of tuberculosis and
leprosy. Lepr. Rev. 46 (1975) 149-155.

220 Mitchison, D. A., Ellard, G. A. and Grosset, J.
New antibacterial drugs for the treatment of myco-
bacterial disease in man. Br. Med. Bull. 44 (1988) 757-
774.

221 Hastings, R. C. and Franzblau, S. G. Chemo-
therapy of leprosy. Ann. Rev. Pharmacol. Toxicol. 28
(1988) 231-245.

222 Colston, M. J. and Lamb, F. I. Molecular biology
of the mycobacteria. Lepr. Rev. 60 (1989) 89-93.

Its bactericidal activity when given alone to
previously untreated multibacillary pa-
tients is manifestly more rapid than that of
either dapsone or clofazimine. 107 Thus, it
could be added to the triple dapsone/ri lam-
pin/clofazimine combination to increase the
rate of elimination of the initial population
of rifampin-resistant mutants. This would
make the regimen far less vulnerable to poor
patient compliance, and thereby greatly re-
duce the chances of patients eventually re-
lapsing with rifampin-resistant leprosy.
Furthermore, its efficacy might be such that
it could greatly increase the robustness of
the regimen (making it essentially "com-
pliance proof"), while at the same time sig-
nificantly reducing the overall duration of
required treatment. Alternatively, it might
be used in place of clofazimine.

The two key questions, therefore, that
have to be asked are: firstly, how best should
it be given and, secondly, how much oflox-
acin treatment needs to be added to give a
convincingly robust regimen? Preliminary
evidence presented by Grosset, at the XIII
International Leprosy Congress in The
Hague in 1988, suggests that significant bac-
tericidal activity was not achieved by a sin-
gle 800 mg dose of the drug, and therefore
indicates that the most effective way of giv-
ing an ofloxacin supplement would be for
an initial period of daily treatment rather
than as monthly supervised doses.

THELEP is currently using two ap-
proaches to attempt to discover how best
to use ofloxacin: a) pilot short-term trials
using ofloxacin as monotherapy to previ-
ously untreated lepromatous patients to dis-
cover the rates at which viable Al. leprae
are killed, by inoculating appropriate dilu-
tions of homogenized biopsies into both
normal and athymic mice. 62, 223, 224 The sen-
sitivity of this approach is such as to be able
to follow the killing of some 99.9% to 99.99%
of the initial viable population (a "3 or 4

THELEP: Subcommittee on Clinical Trials of the
Chemotherapy of Leprosy Scientific Working Group
of the UNDP/World Bank/WHO Special Programme
for Research and Training in Tropical Diseases. THE-
LEP controlled clinical trials in lepromatous leprosy.
Lepr. Rev. 54 (1983) 167-176.

224 Grosset, J. and Ji, B. Controlled clinical trials for
evaluation of antimicrobial activity against Al leprae.
Int. J. Lepr. 57 (1989) 529-531.
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log kill"). Thus, assuming that the tiny pop-
ulations of rifampin-resistant mutants are
eliminated in essentially the same fashion
as the huge populations of drug-susceptible
bacilli, one can hope to discover how much
ofloxacin treatment might be required to
eliminate a population of a few thousand
rifampin-resistant mutants. b) THELEP is
also trying to obtain direct evidence of of-
loxacin's potential contribution to MDT by
comparing ofloxacin-containing regimens
with the standard WHO Study Group reg-
imen in their ability to permanently cure
patients. However, such studies inevitably
require huge numbers of patients and many
years of follow-up, especially since there has
yet not been a single relapse among the 2000
patients treated in the two THELEP field
trials with the WHO Study Group regimen
6 years after their treatment was discontin-
ued."' 225

With the rapid advances in molecular bi-
ology, particularly those associated with the
discovery of the polymerase chain reaction
(PCR), 226 one wonders whether such tech-
niques could be applied to help monitor ei-
ther bacterial killing or relapse. Already two
groups have shown how the PCR can be
used to specifically detect extremely small
numbers of leprosy bacilli. 227, 228 However,
to try to detect minute proportions of viable
M. leprae among a background of dead ba-
cilli would appear to be an order of mag-
nitude more difficult. Furthermore, the "rate
determining step" in trials assessing relapse
rates is not the time it takes to demonstrate
the reappearance of viable M. leprae using
the mouse foot pad technique, but the time
one has to wait for the relapses to appear—
which can be anything up to at least 11
years. 2 ' 4

75 Noordeen, S. K. A look at world leprosy. Clayton
Memorial Lecture, London, 10 January 1990.

22" Saiki, R. K., Scharf, S., Faloona, F., Mullis, K.
B., Horn, G. T., Erlich, H. A. and Arnheim, N. En-
zymatic amplification of [3-globin genomic sequences
and restriction site analysis for diagnosis of sickle cell
anemia. Science 239 (1985) 1350-1354.

'' Hartskeerl, R. A., de Wit, M. Y. and Klatser, P.
R. Polymerase chain reaction for the detection of My-
cobacterium leprae. J. Gen. Microbiol. 135 (1989) 2357-
2364.

2" Woods, S. A. and Cole, S. T. A rapid method for
the detection of potentially viable Mycobacterium lep-
rae in human biopsies: a novel application of PCR.
FEMS Microbiol. Lett. 65 (1989) 305-310.

Operational research. In their highly
pertinent editorial concerning priorities in
leprosy control, McDougall and Georgiev 229

aptly commented on how an examination
of the abstracts of the papers presented at
the XIII International Leprosy Congress at
The Hague in 1988 revealed that most con-
tributions were on immunology, molecular
biology, or closely related topics; that ex-
tremely few dealt directly with operational
aspects of leprosy control and that fewer still
were of high quality, despite the fact leprosy
is a disease for which effective treatment is
available. The introduction of MDT has ne-
cessitated a major change in the whole tech-
nology of leprosy contro1. 23" Its implemen-
tation depends on reliably assessing the
bacteriological status of the patients. How-
ever, the quality of the taking and staining
of skin smears is generally unsatisfactory,
since they arc often carried out in small, ill-
equipped, peripheral laboratories by per-
sonnel who have been inadequately trained
and are without regular supervision. As a
consequence, paucibacillary patients may
be misclassified and unnecessarily treated
for 2 years or more with three drugs, while,
much more seriously, misclassification of
multibacillary patients can result in their
being given grossly inadequate treat-
ment. 231, 232 Georgiev and McDougall there-
fore recommended the centralization oflab-
oratory services and the classification of the
majority of paucibacillary patients on pure-
ly clinical grounds. They also emphasize the
importance of treating all multibacillary pa-
tients for a minimum of 2 years, and suggest
that this could be done without routine re-
course to skin smears.

In many countries, leprosy control pro-
grams are essentially "vertical," and suffer
from important limitations. Thus, their

229 McDougall, A. C. and Georgiev, G. D. Priorities
in leprosy control. Lepr. Rev. 60 (1989) 1-7.

Becx-131eumink, M. Operational aspects of mul-
tidrug therapy. Int. J. Lepr. 57 (1989) 540-551.

23 ' Georgiev, G. D. and McDougall, A. C. The bac-
teriological examination of slit-skin smears in leprosy
control programmes using multiple drug therapy: a plea
for radical changes in current operational methodol-
ogy. Indian J. Lepr. 59 (1987) 373-385.
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population coverage is generally rather re-
stricted, since they are only really practical
in highly endemic areas with leprosy prey-
alences of the order of 5 per thousand or
more. They often have inadequate contact
with the community and are heavily de-
pendent on voluntary agencies. Such ver-
tical programs may also increase the stigma
attached to the disease, both in the com-
munity and among health personnel.

Once the great majority of paucibacillary
patients in highly endemic areas have been
released from control, staff freed from ver-
tical programs can either be retrained as
general community health workers or trans-
ferred to help initiate MDT in areas of lower
endemicity. In areas with a leprosy preva-
lence of 1 per thousand or less, most villages
will have so few leprosy patients that deliv-
ering monthly supervised treatment by a
vertical service would be completely im-
practicable. In such circumstances, the in-
tegration of leprosy into primary health care
services is the only feasible method of de-
livering MDT.

However, for such an approach to be suc-
cessful, certain preconditions must first be
met: good training, systematic supervision,
and effective referral possibilities for diag-
nosis and attending to complications. 233

=" Rijleveld, I. In reality: a medical anthrorilogist's
reservations about the viability of leprosy control with-
in primary health care. Lepr. Rev. 53 (1982) 181-192.

There is clearly an urgent need for oper-
ational studies being undertaken to find the
most effective methods of delivering MDT
in a variety of geographical and socioeco-
nomic environments.'" One of the diffi-
culties always envisaged in embarking on
such studies has been that of objectively
assessing the efficacy of case finding, case
holding, and treatment delivery. Clearly, this
cannot be achieved by trying to assess its
final outcome—therapeutic progress on a
community scale. However, an alternate,
more direct approach should be considered,
namely, to assess by testing urine samples
collected by surprise home visits to a ran-
dom selection of all registered patients, the
actual efficiency of treatment services in de-
livering chemotherapy to their patients and
in persuading them to ingest them regularly.

—Gordon A. Ellard, Ph.D.
National Institute for Medical Research
The Ridgeway, Mill Hill
London NW7 JAil, England
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