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Multidrug therapy (MDT) has been ad-
vocated in all cases of multibacillary leprosy
for severa' reasons. Firstly, the problems of
primary and secondary drug resistance could
be prevented. Secondly, by using a combi-
nation of drugs with different enodes of ac-
tion, Alvcobacteriunt lcprae are attacked at
different stages of their life cycle and thus
could be more effectively killed. Thirdly, in
cases who have already become dapsone re-
sistant, only a combination of drugs would
be advisable. A World Health Organization
(WHO) Study Group has recommended a
multidrug regimen ( 17) for 2 years or longer
for multibacillary patients. Different work-
ers in leprosy have also tried different mul-
tidrug regimens and have advocated treat-
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ment for varying durations for achieving the
most elTective bacterial kill and for mini-
mizing relapses. There have been only a few
reports of long-term follow-up of the efrects
of multidrug trcatment on highly bacillifer-
ous leprosy patients or of detailed studies
on the results of MDT regimens ( 3 . 6 . ". ").

We have earlier reported (`') the prelimi-
nary results of a 2-year follow-up of highly
bacillated multibacillary patients on a mod-
ified WHO regimen. The present study now
reports the results of those cases who have
been followed up for 4 years. The regimen
used was the same as the WHO regimen
except that no monthly supervised loading
doses, i.e., 300 mg of clofazimine, were giv-
en and clofazimine was administered 100
mg on alternate days.

PATIENTS AND METHODS
Fifty-six untreated borderline leproma-

tous (BL) and lepromatous (LL) patients be-
tween the ages of 18 and 45 years who at-
tended the outpatient department of the
Central JALMA Institute for Leprosy and
who had a bacterial index (BI) of 4 to 6+
(Ridley scale ' 4) were the subjects of this
study. All but three of these patients were
males. The regimen used in the present study
is: rifampin 600 mg once a month, super-
vised; clofazimine 100 mg on alternate days,
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unsupervised; and dapsone 100 mg daily,
unsupervised. Treatment was continucd
until smears became negative.

I3efore starting treatment, these paticnts
had becn examined in detail and the fìnd-
ings wcre carefully recorded on a body chart
along with the clinicai score ( 5 ). Smears were
taken from four different skin sitos and the
131 (") and morphological índex (MI) ("')
were calculated. Nasal smears were also tak-
en from ali of the patients. In a few patients,
a biopsy was performed for histopathology.
Thc lepromin test had been done in a ma-
jority of the patients. Bacillemia was as-
sesscd by the hcmolytic method (") and was
estimated every 6 months up to 3 years.

Skin biopsies were done for ali these pa-
tients, for inoculation finto the foot pads of
mice, at the beginning oftrcatment and then
every 6 months. The biopsy specimen was
minced with scissors, homogenized, and
suspended in Hanks' baianced salt solution,
carrying out ali procedures aseptically at low
temperature over ice. After allowing the
suspensions to stand for 3 min, the super-
natant Iluid was collected and the bacterial
enumeration was carricd out as described
by D'Arcy Hart and Rees ('). A batch of six
randomly bred Rockefeller mice were in-
oculated finto cach hind foot pad with a 0.03
ml suspension containing up to 10 4 bacilli.
The inoculated mice were housed at 25°C
in an air conditioned room. One mouse was
harvested every month beginning 6 months
after inoculation by the method described
by Desikan and Venkataramanaiah ( 2 ), and
the bacilli were counted. The percentage of
viable persisters being low in the long-treat-
ed cases, even a 10-fold increase in the har-
vest count was taken as true multiplication
for ali these studies.

Patients were examined every month or,
in some cases, every 2 months. They were
carefully examined at each visa and their
clinicai progress was noted. At the end of
every 6 months of therapy, bacillemia was
estimated, their clinicai score rcassessed, and
a skin biopsy obtained for animal inocula-
tion. Smcar examinations were repeated
from the same sites as the original ones and
their BI and MI were recorded. ATP mea-
surements were made from the skin-biopsy
specimens at 24 months, 36 months, and
38-45 months after initiation of MDT by
the method of Katoch, cot al. (`').

RESUI :I'S
The average BI at the start of therapy was

4.45; the average MI was 1.66% (range 1%—
9%). The MI fell rapidly in the initial 6
months of therapy. At 6 months the MI was
1% in only one patient; in ali the others, it
was zero. After 6 months of MDT, only one
patient was positive for acid-fast bacilli
(AFB) in a nasal smear as compared to 20
at the start oftherapy. The fali in the average
131 was very gradual in the first year of ther-
apy. It fell by 0.67 at the end of 1 year;
thereaftcr the fali in BI was greater. Part of
these results have been published eisewhere
(6').

The Table shows the details of the average
BI at difTcrent periods after starting MDT
and also the number of patients who be-
came smear negative at difTerent time in-
tervals. It can be seen that the BI fell from
the iniciai 4.45 to 0.66 at 48 months, and 3
out of 56 (5.3%), 18 out of 53 (33.9%), and
10 out of 24 (41.7%) became smear negative
after 36 months, 42 months, and 48 months
of therapy, respectively.

The clinicai scores were calculated by the
method described by Iycr, ei al. ( 5 ). The
average clinicai score was 16 at the start of
therapy. Clinicai regression of lesions was
most rapid in the first year of therapy. Ali
nodules and plaques regressed in ali of the
patients in the inicial 12 months. The av-
erage clinicai score was 7 at the end of 1
year. Subsequently, the infiltration and
thickening of skin regressed more gradualiy.
There was loss of skin clasticity and residual
thickening of the skin persisted even after
the smears had become negative.

Ten patients were in erythema nodosum
leprosum (ENL) reaction before the start of
MDT. During the MDT period, there was
no increase in the incidence of reactions. In
the few patients who did deveiop ENL and/
or neuritis during therapy, the reaction was
of mild-to-moderate severity and was easily
controlled by steroids and injections of so-
dium antimony gluconate. Only one patient
had a severo pustulating ENL reaction re-
quiring thalidomide for its control. Specific
treatment for leprosy was not stopped dur-
ing reaction in any of the cases.

I3acillemia was estimated by the hemo-
lysis method at six monthly intervals in ali
of the patients. At the start of therapy, 28
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THE TABLE.^Bacteriological status of ilu'
patients.

Duration
of

treatment
(mos.)

No. paticnts
who

complcted
follow up

Average
BI

No. patients
who becamc

smear negativa

0 56 4.45 Nona
6 56 4.25 Nona

12 56 3.78 Nonc
18 56 3.72 Nona
24 56 2.56 Nona
30 56 1.78 Nona
36 56 1.30 3 (5.3%)
42 56 1.12 18 (33.9%)
48 24 0.66 10 (41.7%)

of the 53 patients showed bacillemia. Ba-
cillemia was observed in 11 patients even
after 2 years of therapy, but after 30 months
of treatment bacilli could not be demon-
strated in the blood of any of the patients.
These results have been reported earlier ( 6 ).

Bacilli from ali of the patients were in-
oculated isto the foot pads of normal micc
at the start of therapy, and multiplication
was observed in 54 out of 56. At the end of
6 months of thcrapy, bacilli from only one
patient showed multiplication in the mouse
foot pad and thereafter no multiplication in
the mouse foot pad was seen in any of the
biopsies. After 24 months of therapy, mouse
foot-pad inoculation could not be done in
many cases because the bacillary counts had
become very low.

Skin biopsies were obtained from the pa-
tients after 2 and 3 years of MDT, and the
ATP content was estimated by the method
of Katoch, et al. ( 7). After 2 years of MDT,
5 out of 32 patients (16%) had appreciable
ATP leveis in the bacilli purified from their
tissue biopsies; at 3 years, 1 out of 20 pa-
tients (5%) still had detectable ATP leveis
in their bacillary suspensions. Detectable
ATP leveis were not observed in 13 patients
who had compieted 38 to 45 months of
treatment and were still skin-smear posi-
tive.

DISCUSSION
The advent of MDT has raised the popes

for cure of leprosy patients with a limited
duration of treatment. In our study, we have
used a regimen which is not very different
from the regimen advocated by the WHO
Study Group ( 17). In this present regimen

BI at one^BI at two^BI at three years
year of^years of^of therapy
therapy^therapy

FIG. 1. Result of average BI in different regimens
at start of therapy and 1, 2, and 3 years. E A = present
regimen (modified WHO); ;;; T = combined results of
ali fìve THELEP regimens ( 15); ;;;G = results of study
of Ganapati, et al. ('); ■ C = rifampin-containing reg-
imen of Thomas, et al. ("'); © D = nonrifampin reg-
imen of Thomas, et al. ( 1 ').

only the supervised monthly loading dose
of 300 mg of clofazimine was not given and
clofazimine was administered 100 mg on
alternate days. For practical purposes, this
regimen is comparable to that recommend-
ed by the WHO Study Group. The Indian
Association of Leprologists (IAL) has ad-
vocated continuous rifampin administra-
tion for the first 21 days of treatment
followed by the same WHO regimen. Ther-
apcutically, this IAL regimen does not soem
to offer any distinct advantage over the
WHO regimen ( 3). The THELEP trials of
WHO included tive different regimens of
which two consisted of MDT for 3 months
only followed by daily dapsone, and one
regimen consisted only of a single dose of
rifampin followed by daily dapsone thera-
py. THELEP has combined the results of
ali of these Eive regimens and reports the
results collectively. However, we have at-
tempted a comparison of those results with
ours (Fig. 1).

Bacterial índex. In the present study, the
mean BI fell gradually from an initial av-
erage of 4.45. At the end of 2 years it was
still 2.56. It was 1.3 and 0.66 at the end of
3 and 4 years, respectively. The mean BI at
the start of therapy in the THELEP trials
( 15) was 4.8 for Bamako subjects and 4.3 for
subjects from Chingleput. The THELEP re-
port gives the combined results of ali the
regimens in both of these places. The mean
BI has been reported to be 4.42, 3.98, and
3.67, respectively, at 3 months, 12 months,
and 24 months after starting therapy. Thus,
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A^ PI^ P2

Durabon m months —_
FIG. 2. Fall in 131 of present continuous regimen

and two limited-duration regimens of Pattyn, et at.
after 4 years of therapy. A = WI10 modified regimen

reported in this paper; P1 = regímen A of Pattyn, et
at. (") consisting of rifampin 600 mg twicc a weck x
6 months + DDS 100 mg daily x I year; P2 = regimen

13 of Pattyn, et ai. (") consisting of rifampin 600 mg

twice a wcek x 6 months 4 prothionamide 500 mg

daily x 6 months + DDS 100 mg daily x 1 year.

this BI was one log higher than our results
obtained after 2 years of MDT. Ganapati,
et al. ( 3) have tried both the WHO advo-
cated regimen and the IAL regimen in un-
treated, highly bacillated, multibacillary pa-
tients. Since the IAL regimen did not offer
any distinct advantage, they have combined
the results of both regimens and reported
an average 131 of 1.67 at the end of 3 years
of MDT, which is similar to our results.
Thomas, et al. ( 1 ei) reported on two MDT
regimens: one containing rifampin, isoni-
azid, clofazimine, and dapsone in which ri-
fampin and isoniazid are given for the first
3 months followed by clofazimine and dap-
sone, and the other being a nonrifampin
regimen consisting of clofazimine and dap-
sone only. By 3 years of therapy, the average
BI was 1.72 and 1.56, respectively, for the
rifampin and nonrifampin regimens. So it
appears that under an effective MDT regi-
men the mean BI falis slowly bua steadily
to around 1.5 by 3 years of therapy, irre-
spective of minor diferences in the regi-
mens (Fig. 1).

Achievement of negativity. The WHO
Study Group has advocated stopping MDT
in multibacillary cases when the skin smears
become negative or after 2 years, whichever
is lazer. When untreated, highly bacillifer-
ous BL/LL cases were studied, it was ob-
served that none of the cases became neg-
ative by 2 years of MDT ( 3 . 6 . 15 .' 6 ). There

are a few reports C. 12 ) indicating that smear
negativity was attained in a significant pro-
portion within 2 years of MDT. These re-
ports, however, relate to patients who had
an average BI of less than 3 at the time of
starting MDT.

By 3 years of continuous MDT, none of
the patients studied by Thomas, et al. ( 16)
became smear negative. Ganapati, cot al. ( 3 )

reported that 25 out of 90 patients (28%)
became negative in their study in the same
duration. In the present study 3/56 patients
(5.3%) became negative after 3 years, 18/56
(33.9%) after 31/2 years, and 10/24 (41.7%)
after 4 years of MDT. These results show
that the highly bacillated untreated group
of 13L/LL patients start to become negative
by 3 years of MDT bua it will probably take
5 to 6 years for the entire group to become
negative.

Pattyn, et al. (") have reported their re-
sults in highly bacillated cases with two lim-
ited-duration regimens (1 year of treatment
followed by a placebo). Since duration of
therapy is an important factor intluencing
patient compliance, it wi1I be interesting to
compare our results with those of Pattyn, et
al., although their trial includes a relatively
small number of patients. The initial BIs in
their two regimens (P1 and P2) at the time
of starting treatment were 4.5 and 4.3, re-
spectively, and compare with ours (details
in Fig. 2). After 1 year, i.e., at the time of
stopping treatment, the average BI had not
fallen, being 4.6 and 4.0, respectively. At
the end of 3 years, the average 131 in regimen
P 1 was 4.1, nearly the same as the original
value (4.5), and none of the patients had
become negative. In regimen P2 of Pattyn,
et al. the mean BI had fallen from 4.3 to
3.1 in 3 years, but none of the patients had
become negative. By 4 years of follow up,
only 1 out of 29 (3%) patients had become
negative and the average BI was 2.7. In con-
trast, in our study with treatment continued,
41.7% of the patients had become smear
negative and the average BI was only 0.66
at 4 years. This suggests that continued
treatment results in a much steeper fali in
131 (Fig. 2), and the attainment ofskin-smear
negativity is also much faster.

Viability. With MDT a largo proportion
of the bacilli are killed very rapidly in the
initial stages. Inoculation of skin biopsies
finto the normal mouse foot pad shows that
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infectivity to normal mice is lost very rap-
idly, and by the first 6 months of therapy,
there was multiplication in only 1 out of 54
biopsies inoculated. Subsequently, there was
no multiplication in the mouse foot pad. In
the THELEP trials in Chingleput and 13a-
mako (") where thymectomized-irradiated
(TR) mice were used, persisting Ill. leprae
were detected in about 9% of the cases after
2 years of MDT. When there are very few
viable organisms in a relatively large pop-
ulation of dead bacilli, the normal mouse
foot pad model is not suitable for demon-
strating the presence of those few viable ba-
cilli (`o). This situation occurs within a few
months of MDT when there is no multi-
plication in the normal mouse foot-pad
model but the presence of persisters can be
demonstrated by TR mice even after 2 years
of MDT, as in the THELEP study ( 15 ) and
as reported in neonatally thymectomized
rats by Gelber, et al. ( 4 ).

To detect the small number of viable or-
ganisms, we processed the tissue-biopsy
specimens for ATP estimation by a method
which can detect even small numbers ofcol-
ony-forming units of cultivable mycobac-
teria ( 7). It was observed that by 2 years of
MDT, 16% of our patients showed appre-
ciable ATP leveis in the bacilli purified from
their tissue biopsies. This figure fell to 5%
with continuation of treatment for another
year, i.e., at 3 years. Significantly, no de-
tectable ATP leveis were present in the puri-
fied bacilli from cases who had completed
38-45 months of treatment (manuscript in
preparation). It may be mentioned here that
when ATP estimations are made in untreat-
ed patients, the bacilli from their tissues have
viable populations in ali (100%) and the
leveis fali with MDT (manuscript in prep-
aration). Thus, both the THELEP studies
and the present ATP studies show that, even
after 2 years of therapy, at least about 10%
to 15% of the patients continue to show the
presence of viable bacilli. The persistent ab-
sence of bacillemia when patients are under
continued therapy suggests that there prob-
ably are no foci left from which bacilli are
being liberated finto the bloodstream. This
appears likely because values of viability
indicators, such as the MI, mouse foot pad
results, and ATP estimations, also progres-
sively decline. With the present knowledge,
ali ofthese findings suggest that in the highly

bacillated BL/LL cases it would be advis-
able to continue treatment beyond 2 years
until the achievement of smear negativity.

SUMMARY
A regímen consisting of 600 mg of rifam-

pin once a month, 100 mg of clofazimine
on alternate days, and 100 nig of dapsone
daily was used in 56 untrealed, highly ba-
cillated borderline lepromatous/leproma-
tous (BL/LL) patients with an average bac-
terial índex (BI) of 4.45. Treatment was
continued until skin-smear negativity. After
2 years of therapy, nono of the patients had
become smcar negative and the average BI
was 2.56. There was no growth on inocu-
lation of skin-tissue biopsies in the normal
mouse foot pad after 6 months of therapy.
Bacillemia was still detectable in 11/50 pa-
tients, and significant ATP leveis wcre de-
tected in Alrcobacterium leprae from skin-
tissue biopsies in 16% of the cases. After 3
years of therapy, three patients had become
smear negative. The average BI was 1.30.
None of the paticnts had detectable bacil-
lemia, and 5% of the cases showed detect-
able ATP leveis in Al. leprae from tissue
biopsies. After 4 years of therapy, 41.7% of
the patients had become smear negative. The
average BI was 0.66, and no ATP was de-
tected in any of the purified bacillary sus-
pensions. The fali in BI was accelerated, and
more patients on continued treatment be-
came negative earlicr compared to those
having treatment for a limited duration, as
reported by others.

RESUMEN
Se usó un esquema de tratamiento consistente en

600 mg de rifunpina una vez al mes, 100 mg de clo-
fizimina cada torcer dia, y 100 mg de dapsona diarios,
en 56 pacientes altamente bacilífcros (índice bacterio-
lógico, I.B. de 4.45) sin tratamiento. Se intentó con-
tinuar el tratamiento hasta negativizar los extendidos
de piei poro después de 2 anos de terapia, ninguno de
los pacientes Ilegó a ser negativo y el 1.13. promedio rue
de 2.56. Sin embargo, citando se inocularon los coji-
netes plantares de ratones normales con material de
las biopsias de piei obtenidas después de 6 meses de
terapia, no hubo crecimiento bacilar. La bacteremia
fue aún detectable en 11 de 50 pacientes y en el 16%
de los casos se detectaron niveles elevados de ATP en
los ,tfrcobacteriunt leprae dei tejido de las biopsias de
piei. Después de 3 mios de terapia, los extendidos de
piei de 3 pacientes se tornaron negativos para bacilos.
El I.13. promedio fue de 1.30. Ninguno de los pacientes
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tuvo bacilemia detectablc y cl 5% de los casos tuvo
niveles medibles de ATP en los .11. lepraedc los tejidos
de las biopsias. Después de 4 anos de terapia, cl 41.7%
de los pacientes fueron negativos para bacilos. El I.B.
fue de 0.66 y no se detectó ATP en ninguna de las
suspensiones dc bacilos purificados. Comparando los
resultados dcl presente estudio dc tratamiento conti-
nuo con los reportados por otros de tratamiento li-
mitado, se observa que la caída en el I.B. fue acelerada
y más pacientes se tornaron bacteriológicamente ne-
gativos en forma más temprana.

RESUME
Chez 56 malades atteints dc lèpre lépromateuse di-

morphc ou de lepre lépromateuse (11L/LL), hautement
bacilli fere, ayant un Index Bactériologique (13I) de 4,45,
on a utilisé une posologie consistam en l'administra-
tion cie 600 mg dc rifampicine une fois par mois, de
100 mg de clofiziminc tous les deux jours, et de 100
mg de dapsone quotidiennement. Le traitement a été
poursuivijusqu'à ce que les frottis deviennent négatifs.
Après deux années de traitement, aucun dos malades
ne présentait des frottis négatifs, et l'Index Bactério-
logique moyen était de 2,56. On n'a pas constate dc
croissance des bacilles après inoculation de biopsies
cutanées dans le coussinet plantaire de la souris nor-
male, après 6 mois de traitement. Chez I l malades sur
50, on pouvait encore déceler une bacillémie, et des
niveaux significatifs d'ATP ont été décelés dans 16%
des cas chez des Mi'cobac U'rirou leprae recueillis à par-
tir dc biopsies cutanées. Après 3 ans de thérapie, trois
malades présentaicnt des frottis négatifs. L'Index Bac-
tériologique moycn était de 1,30. Aucun des malades
n'avait alors de bacillémie décelable, et 5% des cas
montrait dcs niveaux décelables d'ATP dans .1/. leprae
provenant de biopsies de tissu. Après 4 ans de traite-
ment, 41,7°/u des malades étaient devenus négatifs.
L'Index Bactériologique moyen était de 0,66, et l'ATP
n'a été mis en évidence dans aucune des suspensions
purifiées de bacille. La chute dc l'index Bactériologique
était accélérée; contrairement à ce qui a été rapporté
par d'autres auteurs, la proportion de malades deve-
nant négatifs plus précocement était supérieure à ce
qui est constaté après un traitement de durée limitéc.
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