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It is well known that the use of multidrug
treatment (MDT) has considerably short-
ened the duration of treatment of leprosy.
However even after 2 years of continuous,
standard, currently used MDT, bacilli ferous
borderline lepromatous/lepromatous (BL/
LL) cases continue to be smear positive and,
also, about 9% to 16% of these cases harbor
viable bacilli ( 17.28 3"). It has now been ob-
served that an alarming proportion of these
bacilliferous cases who had stopped treat-
ment at 2 years relapsed after 8 to 10 years
of follow up [ 2 and Workshop on Chemo-
therapy of Leprosy: 14 International Lep-
rosy Congress, Orlando. Int. J. Lepr. 61
Suppl. (1993) 729-730]. In these cases, the
dead bacillary skeleton persists for a long
period leading to immunological compli-
cations such as recurrent lepra reactions. The
problem of persistence of dead as well as
live bacilli is considered to be due to a par-
tial or complete lack of cell-mediated im-
mune response in lepromatous cases ( 3 ). At-
tempts are being made to alter this anergy
by using different immunomodulators, in-
cluding mycobacteria such as BCG (13.14)
and a rapidly growing mycobacterium, My-
cobacterium w (13, 31, 32, 34 ) . Immunotherapy
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may be considered as an alternative ap-
proach to achieve faster killing of viable ba-
cilli and clearance of dead bacilli from the
body. We had earlier observed promising
initial trends of the use of immunotherapy
( 13 ). In this communication, we report the
results of a long-term follow up (4-5 years)
of combined MDT and immunotherapy
with BCG or killed Mycobacterium w in un-
treated bacilliferous BL/LL cases.

PATIENTS AND METHODS
Untreated or less than 3-month treated

BL/LL patients with a bacterial index (BI)
of 4+ to 6+ on the Ridley scale between
the ages of 15 to 60 years were included in
the study. The patients were clinically ex-
amined in detail and a history of previous
drug intake was taken. Patients who had
suffered from or were having active tuber-
culosis, hypertension, diabetes mellitus, or
mental illnesses were excluded from the
study. The clinical details of the patients
included in the study were recorded on a
chart; clinical scoring was done by the meth-
od of Iyer, et al. ( 1 "). Smears were taken from
four sites and an average BI was calculated
on Ridley's scale ( 24 ).

Thirty-six patients were selected and se-
rially allotted to three treatment groups. All
of the patients received modified World
Health Organization (WHO) MDT com-
posed of rifampin 600 mg once a month
supervised, clofazimine 50 mg daily, and
dapsone 100 mg daily unsupervised until
the attainment of smear negativity ( 15 ). In
addition, the first group (Group I) received
BCG (Guindy; 0.1 mg per dose), Group II
received Mycobacterium w (supplied by the
National Institute of Immunology, New
Delhi) in a dose of 2 x 10 8 killed bacilli per
dose, the third group (Group III) was ad-
ministered distilled water 0.1 ml intrader-
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TABLE 1. Clinical and bacteriological comparability of the patients in the three regimens
before starting therapy.

No. patients Avg. CS' Mean BI Growth in mice ATP results

MDT -1- BCG 12 (7) 17 4.89 5/7 7/7
MDT + Mycobacterium it' 12(10) 17 4.75 7/10 10/10
MDT + Dw (control) 12 (8) 16 4.64 7/8 8/8

CS = Clinical score.
b Figures within parentheses are numbers available for follow up.

mally (i.d.) as a placebo control every 6
months until the attainment of smear neg-
ativity.

Before starting treatment skin biopsies
were taken from each patient and subjected
to histopathological examination ( 2 ' , 25 ),
mouse foot pad inoculation ( 7 ), and bacil-
lary ATP estimation ( 17 ). The allocated vac-
cine was given to each patient after every 6
months, and induration as well as side ef-
fects, if any, were noted after 4 weeks. The
size of the nodule was measured, a biopsy
was taken from both a local (site of vacci-
nation, forearm) and distant site (area far
away from vaccination site, back) and sub-
jected to each of the above tests. The biopsy
for histopathology was processed by stan-
dard procedures (23 - 25 ). A piece of biopsy
was homogenized, bacilli (0.03-m1 suspen-
sion containing up to 10 4 bacilli) was in-
oculated into a batch of six randomly bred
BALB/C mice. Harvests were done at
1-month intervals after 6 months by the
method described by Desikan and Venka-
taramanaih ( 7 ), and a 10-fold increase was
taken as positive growth ( 18). Another piece
of the biopsy was processed for bacillary
ATP estimation as per methods described
earlier, and the ATP content was calculated
as pg/10 6 bacilli ( 17 ).

All clinical, histological and bacteriolog-
ical parameters were assessed every 6
months, 4 weeks after each vaccination. The
laboratory parameters were all assessed in
a single blind manner.

RESULTS
The clinical scores, BI, viability by mouse

foot pad, and ATP estimations were ana-
lyzed and compared at the start of treat-
ment. It was observed that the patients in
the three groups were comparable by all of
these parameters (Table I). Twenty-five of
these 36 patients (7 in MDT + BCG, 10 in
MDT + Mycobacterium it', and 8 in MDT

control groups) were available for follow up
for up to 2 years. One patient in the MDT
+ BCG group dropped out after 28 months.

Histopathologically, all of these patients
were of BL/LL types with innumerable ba-
cilli, minimal lymphocytes and no epithe-
lioid granuloma or giant cells. The histo-
pathological picture in almost all of the cases
was of the LL type showing macrophage
granuloma. One case in the BCG treatment
group and one in the Mycobacterium it ,

treatment group showed the presence of a
good number of lymphocytes and probably
belonged either to the LLs or BL group ( 23 ).
The detailed observations of histological
changes after immunotherapy have been
published elsewhere ( 23 ).

The observations regarding clinical and
bacteriological
(viability and BI) progress are summarized
below.

MDT + BCG (Group I)
The mean clinical score of the patients in

this group was 17; the BI was 4.89. In the
pretreatment biopsy specimens 5/7 patients
had growth in the mouse foot pad (Table

TABLE 2. Mouse foot pad viability results
of MDT controls and immunotherapy
groups.

MDT + I3CG
Group I

MDT +
.1/J•cobac-
terun 0

Group 11

MDT +
placebo

Group III
(7)' (10)' ( 8 )'

At start of
treatment

6 mos.
5b
lb

71,
lb

7''
lb

12 mos. None None lb
18 mos. None None lb
24 mos. None None None
30 mos. NI NI

Total number of cases.
" Numbers indicate positives.

NI = Not inoculated.
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TABLE 3. Results of ATP positivity in the
MDT and inununotherapy groups.

BCG +
MDT
(7)'

MDT +
illycobac-
terium w

(10)'

MDT +
placebo

(8)'

  

Dis-
Local^tal

Dis-
Local^tal

Dis-
Local^tal

Pretreatment 7 10 8
4 wks. 7 7 10 10 8 8
6 mos. 3 4 N" 3 3 3

12 mos. N N N N 2 2
18 mos. N N N N 2 2
24 mos. N N N N 1 I
30 mos. N N N N N N
36 mos. N N N N N N

Figures in the parentheses indicate total cases.
N = None.

2), and all of the patients had high levels of
bacillary ATP (mean ± S.E.M. = 126.24 ±
33.66 pg/10'; Table 4).

All of the patients showed a positive re-
action to vaccination at the local site. The
redness and induration was more than 10
mm in diameter and in three patients there
was ulceration. No systemic adverse effects
of vaccination were observed. At 4 weeks
after the first vaccination, the BI remained
unchanged. Although there was a drastic re-
duction in the ATP values, all of the patients
had a significant amount of bacillary ATP

at both local (mean ± S.E.M.= 6.52 ± 1.55
pg/10') and distal (8.86 ± 2.07 pg/10') sites;
Tables 3 and 4).

At 6 months (after the second vaccina-
tion), the nodules started to regress and the
mean clinical score fell to 12. There was no
appreciable fall in the BI (mean BI = 4.7).
All of the patients had a local reaction to
vaccination in the form of induration and
ulceration. However, no systemic adverse
reactions were observed. Growth in the
mouse foot pad was seen in 2/7 patients. In
the bacillary ATP estimations, significant
levels were detected in 3/7 at the local site
(mean ± S.E.M.= 0.11 ± 0.05 pg/10") and
4/7 (mean ± S.E.M. = 1.41 ± 0.75 pg/10"
bacilli) at the distal site (Table 4).

After the third vaccination (12 months),
the mean clinical score was 7 and the av-
erage BI was 4.07. There was induration at
the local site of vaccination in all of the
patients. Three patients had a moderate er-
ythema nodosum leprosum (ENL) reaction
up to this period, and one had neuritis which
was easily controlled. There was no growth
in the mouse foot pad and no ATP was
detectable in the bacilli isolated from the
local as well as the distal sites (Tables 2 and
3).

The patients exhibited good progress at
18 months with a mean BI reaching 2.75
(Table 6) and no viable bacilli detectable by

TABLE 4. Bacillary ATP contents' (mean ± S.E.M. and ranges) of patients in three
treatment groups.

BCG + MDT
(7 )"

MDT + Mycobacterium w
(10)"

MDT + placebo
(8 )'

Local Distal Local Distal Local Distal

Pretreatment 126.24 ± 33.66
(11.83-386.24)

118.61 ± 43.56
(16.21-437.28)

116.24 ± 28.56
(12.52-348.14)

4 wks. 6.52 ± 1.55' 8.86 ± 2.07 2.43 ± 0.78' 6.37 ± 1.86 8.25 ± 2.26' 8.09 ± 2.41
(0.36-12.53) (0.11 ± 16.62) (0-8.67) (1.38-17.82) (0.28-22.12) (0.34-26.21)

6 mos. 0.11 ± 0.05 1.41 ± 0.75 NM" 0.27 ± 0.18 0.94 ± 0.53 1.06 ± 0.52
(0-0.26) (0-4.48) (0-1.78) (0-4.12) (0-3.4)

12 mos. NM NM NM NM 0.12 ± 0.08 0.09 ± 0.06
(0-0.68) (0-0.49)

18 mos. NM NM NM NM 0.060 ± 0.039 0.063 ± 0.041
(0-0.224) (0-0.262)

24 mos. NM NM NM NM 0.029 ± 0.029 0.027 ± 0.027
(0-0.178) (0-0.162)

30 mos. NM NM NM NM NM NM
36 mos. NM NM NM NM NM NM

pg/10' bacilli.
h Figures in parentheses indicate total cases.
p Value between MDT + BCG and MDT + Mycobacterium w = 0.04; between MDT + Mycobacterium w

and MDT placebo = 0.03.
NM = not measurable, negative.
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TABLE 5. Incidence of lepra reaction in
MDT and immunotherapy groups.

Group 11
Group 1^Group III

Mycobac -
BCG^Placebo

teriunz w

Pretreatment
6 mos.

12 mos.^3 (I)'
^

3 (I)b
^

2 (2).'
24 mos.^2

^
3

30 mos.^ 2
36 mos.
42 mos.

Neuritis (within parentheses).
Upgrading (within parentheses).

mouse foot pad and ATP estimation (Tables
2 and 3).

By 2 years of treatment, the patients had
received five vaccinations; the average clin-
ical score was 2 and the mean BI was 1.36
(Table 6). All patients continued to have a
positive local response to vaccination. In
two patients there were ENL reactions which
subsided with treatment (Table 5). The bac-
illary count in the biopsies was too low to
be inoculated into a mouse foot pad. No
ATP was detectable in the bacilli purified
from either the local or distal site.

By 21/2 years, the mean BI was 0.17 and
two patients had become skin-smear nega-
tive (Table 6). One patient who was clini-
cally and bacteriologically progressing well,
as were others in the group, dropped out

after 28 months and has not reported back.
All of the patients had shrivelling of skin
and, therefore, the clinical scores could not
be graded further. Because of very low bac-
illary counts, mouse foot pad inoculation
was not possible. No bacillary ATP was de-
tected from local or distal sites.

At the end of 3 years, the mean BI was
0.08 and four patients had become smear
negative; others had occasional bacilli at
some sites. There was no detectable bacil-
lary ATP and mouse foot pad inoculation
could not be done because of very low bac-
illary counts.

It is noteworthy that all of the patients
available for follow up became negative by
42 months. None of these patients had any
signs of activity or reactions during the fol-
low up of 6-12 months, and they continue
to be smear negative.

MDT + Mycobacterium w (Group II)
The average pretreatment clinical score

in the patients in Group II was 17 and the
mean BI was 4.75. Seven out of 10 patients
showed growth in the mouse foot pad (Table
2), and all 10 patients had high levels of
bacillary ATP (mean ± S.E.M. = 118.61 ±
43.56 pg/10 6 in their biopsies; Tables 3 and
4).

Four weeks after the first vaccination, in-
duration and redness at the local site was
recorded in 5/10 patients. None of the pa-

TABLE 6. Results of assessment of BI (mean ± S.E.M.) after various intervals in control
and immunotherapy groups."

MDT + BCG
(Group I)

MDT + Mycobacterium w
(Group II)

MDT + placebo
(Group III)

Mean BI Smear
negative

Mean BI Smear
negative Mean BI Smear

negative

Start of
treatment 4.89 ± 0.21 None 4.75 ± 0.12 None 4.64 ± 0.14 None

6 mos. 4.70 ± 0.18 None 4.09 ± 0.17 None 4.47 ± 0.15 None
12 mos. 4.07 ± 0.16 None 3.38 ± 0.17 None 4.00 ± 0.21 None
18 mos. 2.75 ± 0.11 None 2.16 ± 0.18 None 3.28 ± 0.30 None
24 mos. 1.36 ± 0.22 None 0.80 ± 0.17 2.88 ± 0.26 None
30 mos. 0.17 ± 0.05 2 0.13 ± 0.04 4 2.28 ± 0.27 None
36 mos. 0.08 ± 0.05 4 0 10 1.66 ± 0.33
42 mos. 0 6 0 10 1.07 ± 0.25
48 mos. 0 6 0 10 0.45 ± 0.16 1
52 mos. 0 6 0 10 0.15 ± 0.05 3

P Values = At 12 mos: Group 1 vs Group II = < 0.02; Group II vs Group III = < 0.05 and Group I vs
Group III = 0.8. At 18 mos: Group 1 vs Group II = 0.02; Group II vs Group III = 0.003 and Group I vs Group
III = 0.14. At 24 mos: Group 1 vs Group II = 0.06; Group II vs Group III = < 0.0001 and Group I vs Group
III = < 0.001. At 30 mos: Group I vs Group 11 = 0.55; Group II vs Group III = < 0.0001 and Group I vs
Group III = < 0.0001. At 36 mos: Group 1 vs Group II = 0.17; Group II vs Group III = 0.001 and Group I
vs Group III = 0.001.
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tients had any systemic reaction. There was
no change in the BI or clinical scores during
this period. All 10 patients had significant
bacillary ATP levels at distal sites; whereas
marked reduction in bacillary ATP in two
cases at the local site was observed. Overall,
there was marked reduction in ATP levels
with levels of 2.43 ± 0.78 pg/10 6 at local
and 6.37 ± 1.86 pg/10 6 at distal sites (Table
4).

After the second vaccination (6 months),
there was erythema and induration at the
vaccination site in all patients. However,
there was no systemic adverse reaction.
Lepromatous nodules had started to regress
and the mean clinical score was 12; the av-
erage BI was 4.09. Growth in mouse foot
pads from two biopsies was observed; the
others did not show any growth. No ATP
was detectable in biopsies from the local
site; measurable levels (mean ± S.E.M.
0.27 ± 0.18 pg/10 6 ) from the distal site were
present in 3/10 cases (Tables 3 and 4).

One year after starting therapy (after third
injection), the average clinical score was 6
and the mean BI was 3.38 (Table 6). All of
the patients showed a positive local re-
sponse to vaccination. Three patients had
ENL reaction, and in one of them there was
upgrading of lesions with ulnar neuritis
which was easily controlled with steroids
(Table 5). There was no growth in mouse
foot pads, and no detectable ATP levels in
the bacilli from local as well as distal sites
from any of the cases.

At 18 months, none of the patients had
viable bacilli in biopsies either by ATP es-
timation or mouse foot pad. The mean BI
was 2.16 (Table 6).

Two years after initiating therapy and af-
ter having received five vaccinations, the
average clinical score was 2 and the mean
BI was 0.8. One patient had become smear
negative, and two patients had mild ENL
reaction in the intervening period (Table 5).
Bacillary counts from the specimens were
too low to be inoculated into mouse foot
pads. No bacillary ATP was detectable in
any of the specimens from either ofthe sites.

At 21/2 years, the patients' skin showed
shrivelling and could not be graded further.
The mean BI was 0.13 and four patients had
become smear negative. The six patients
who were smear positive showed only oc-
casional bacilli in some fields. None of the

patients had any reactions. The bacillary
counts were too low for mouse foot pad
inoculation. ATP was not detectable from
any of the specimens from both local as well
as distal sites.

All of these patients in therapy Group II
became smear negative by 3 years and con-
tinued to be negative in 12 months of follow
up. There have not been any incidences of
reaction and/or relapse during this period.

MDT + distilled water placebo (Group III)
The average pretreatment clinical score

was 16 and the BI was 4.64 in Group III.
None of the patients had a previous history
of lepra reactions. There was growth in 7/8
patients and high bacillary ATP levels (mean
± S.E.M. = 116.24 ± 28.56 pg/10 6 ) were
present in all specimens (Tables 2, 3 and 4).

Four weeks after the first placebo injec-
tion, there were no changes in the clinical
scores or Bls. There were no local or sys-
temic reactions. Although there was marked
reduction, significant levels of ATP were
present in all specimens from the local (mean
± S.E.M. = 8.25 ± 2.26 pg/10 6 ) and distal
(mean ± S.E.M. = 8.09 ± 2.41 pg/10 6 ) sites.

At 6 months (4 weeks after the second
injection), the average clinical score was 12,
the mean 131 was 4.47. Again, there were no
local/systemic reactions to the injection; one
patient had ENL which was controlled by
antireaction treatment. Growth in mouse
foot pads from biopsies of two cases was
observed at this time. Further, significant
ATP levels were detected in three patients
from the local (mean ± S.E.M.= 0.94 ±
0.53 pg/10 6 ) and distal (mean ± S.E.M. =
1.06 ± 0.52 pg/10 6) sites (Tables 3 and 4).

After 1 year of therapy, there were no
local responses to the placebo injection. Two
patients had ENL with neuritis which was
managed with antireaction treatment; the
nodules and plaques were regressing; the
mean clinical score was 9, and the mean BI
was 4.0 (Table 6). There was growth in the
mouse foot pad in one patient (Table 2).
However, significant ATP levels were ob-
served in two patients at both the local (mean
± S.E.M. = 0.12 ± 0.08 pg/10 6 ) and distal
(0.09 ± 0.06 pg/10 6 ) sites (Table 4).

There was growth in the mouse foot pad
in one patient at 18 months (Table 2). ATP
was measurable in two patients at 18
months, locally (mean ± S.E.M. = 0.060 ±
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0.039 pg/10 6 ) and distally (mean ± S.E.M.
= 0.063 ± 0.041 pg/10 6 ). The bacillary ATP
was still detectable in one patient (local 0.224
pg/10 6 , distal 0.262 pg/10 6 ) at 24 months.
By 2 years, the nodules and plaques had
shrivelled, and the average clinical score was
2. The mean BI at this time was 2.88. ENL
reaction and neuritis occurred in three pa-
tients during this period.

By 21/2 years of therapy, patients had im-
proved clinically and clinical scores could
not be graded further. The mean BI was
2.28. None of the patients had become smear
negative. Two of the patients had ENL which
was controlled with treatment (Table 5). No
growth in the mouse foot pad was observed.
All of the specimens were negative for ATI'.

After 3 years of treatment, the average BI
was 1.66 (Table 6). One patient had ENL
which was easily controlled by antireaction
treatment, and one patient had become
smear negative up to this period. The bac-
illary counts had decreased further and were
too low to be inoculated into mouse foot
pads. No ATP was detectable in the bacilli
harvested from the tissue biopsies.

By 31/2 years of therapy, the patients had
improved further, and there were no inci-
dences of lepra reactions during this period.
The mean BI was 1.07. No patient became
negative during this period. Bacillary ATP
was not detectable in any of the specimens
and, because of very low counts, mouse foot
pad inoculation could not be done.

The patients continued to improve at 4
years of therapy. The mean BI was 0.45. No
other patients became smear negative. No
ATP was detected from bacilli isolated from
tissue biopsies from both local and distal
sites, and the bacillary count was too low
to be inoculated into mice. By 41/2 years of
therapy, the mean BI was 0.15, smears had
only occasional bacilli, three patients be-
came smear negative, and none of the pa-
tients had any reaction.

DISCUSSION
The use of present day MDT, composed

of rifampin, clofazimine and dapsone, has
considerably shortened the duration of
treatment in bacilliferous cases to 3-6 years
from the life-long treatment advocated in
the dapsone monotherapy era. However,
further shortening of the duration to 2 years
in these bacilliferous patients has been re-

ported to have problems with persisters
(17, 28, 30 , ,) fairly high relapse rates [2 and
Workshop on Chemotherapy of Leprosy, 14
International Leprosy Congress, Orlando.
Int. J. Lepr. 61 Suppl. (1993) 729-730], and
a large debris of dead bacilli. The incapa-
bility to handle these residual problems is
perhaps due to a total or partial lack of ef-
fective cell-mediated immunity. There have
been reports in the literature which show
that this unresponsiveness may be altered
by various immunological approaches
(1, 4, 5, 14, 20, 26, 29, 32, 3;) The present pilot trial
was planned to investigate the combined
immunotherapeutic effect of BCG and My-
cobacterium its along with MDT in previ-
ously untreated multibacillary patients. Af-
ter a detailed clinical examination, the pa-
tients were serially allocated to three groups.
The patients in the three groups were com-
parable in all parameters. More than two
thirds (70%) of the patients were available
for follow up for 2 years or more. It was
observed that the patients who were regular
are also comparable clinically and bacteri-
ologically with the patients who dropped
out of the trial. The mean values for these
parameters were: Clinical scores (16.4 vs
17.0), BI (4.88 vs 4.56), ATP (all positive
in both groups), mouse foot pad positivity
rates (75% vs 54%) in regular cases vs drop-
outs, respectively. Thus, the patients who
are available for follow up are representa-
tive, and the results arc meaningful.

Acceptability and incidence of reaction
In this study it was observed that both

BCG and Mycobacterium It , were well tol-
erated. Clinically, the patients in both im-
munotherapy groups and the MDT controls
showed good progress. While there were
marginally better responses in the immu-
notherapy groups, this was not significant.
Unlike some of earlier reports ( 32 ' 34 ), there
was not much difference in the clinical scores
in the three treatment groups. Such varia-
tion is, perhaps, due to the subjective nature
of these parameters and the inability to grade
minor differences.

Except for local erythema and ulceration
at the site ofinoculation, there were no other
local or systemic adverse effects from either
of the vaccines.

In this study, the immunomodulation did
not give rise to an increase in the total ENL
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or reversal reactions with BCG or Myco-
bacterium w. As such, the total episodes of
ENL reaction and neuritis did not increase
with the addition of immunotherapy (Table
5). Rather, ENL reaction continued to occur
up to 3 years in patients on MDT alone
compared to 2 years for patients on im-
munotherapy with MDT. The severity of
reactions also was not more in patients on
immunotherapy. Milder and less frequent
reactional (ENL) episodes in patients treat-
ed with immunotherapy with Mycobacte-
rium w (33), M. vaccae (29) and live BCG
+ killed M. leprae (4) have been reported
by others also.

Reversal reactions in cases on immuno-
therapy with Mycobacterium w (12), ICRC
(6), and interleukin 2 (") have been re-
ported. Except for one case with an upgrad-
ing reaction in the Mycobacterium Iv group,
there were no reversal reactions in the cases
investigated in our study. The difference in
the results of Kar, et al. ( 12 ) and our study
could be due to the selection of cases (all
LL except for two LLs/BL in the present
study), dose (5 x 10 8 vs 2 x 10 8 in the
present study), and frequency of vaccina-
tion (6 months in the present study com-
pared to 3 months in the study of Kar, et
al.). Our observations as well as reported
findings by others show that the addition of
immunotherapy does not increase the in-
cidence of type 1 and type 2 reactions in
BL/LL cases.

Histological upgrading
Both of the agents used in this study arc

known immunomodulators. The immu-
nomodulatory potential of BCG alone or in
combination for leprosy has been reported
by Fernandez (9), Katoch, et al. ( 14) and
Convit, et al. ( 5 ). Along with killed M. lep-
rae, BCG has been reported to induce lep-
romin positivity, histological upgrading and,
also, accelerated bacterial clearance (5 ' 21 ' 27 ).

Mycobacterium w has been reported to in-
duce similar changes (12, 22, 32, 34‘ .) In the
present series of cases, both BCG and My-
cobacterium w induced histological changes
at local as well distal sites ( 23). It was ob-
served that a majority of the cases on im-
munotherapy showed increased lympho-
cytic infiltration (both at local and distant
sites), and some cases showed epithelioid
cells as well. Lymphocytic infiltration was

slightly more vigorous in those vaccinated
with Mycobacterium iv. Such changes were
not seen in the patients treated with MDT
alone. It was also observed that the granu-
loma fraction reduced much faster in pa-
tients in the immunotherapy groups as com-
pared to those on MDT alone. Our obser-
vations on the histopathological upgrading
induced by Mycobacterium w and other re-
ported observations are similar ( 32 ' 34 ). Sim-
ilar changes also have been reported with
the ICRC bacillus ( 6 ), Al. vaccae ( 2') and
cytokines, such as gamma interferon ( 2") and
interleukin 2 ( 1 '). These histological features
provide evidence that immunotherapy can
positively upgrade immunity in the so-called
anergic form of leprosy.

Effect on viability
There have not been any reports on as-

sessment of viability after immunotherapy.
The present study provides some insight into
the potential microbicidal effect of immu-
notherapy by using conventional mouse foot
pad inoculation ( 18 ) and highly sensitive
bacillary ATP estimation of Al. leprae (")
recovered from tissue biopsies.

Mouse foot pad results. In all three treat-
ment groups, there was a progressive decline
in positive growth in the mouse foot pads.
By 1 year or more after starting therapy,
there was no growth in the mouse foot pads
from tissue biopsies in either of the im-
munotherapy groups. In comparison, in pa-
tients on MDT + distilled water (controls),
growth was observed in one patient from
tissue inoculated after 1 year, and this per-
sisted up to 18 months. The trends of pos-
itivity rates in the MDT group are like those
reported in the THELEP and other studies
wherein 9%-15% persister rates were re-
ported by different MDT regimens using
thymectomized-irradiated ( 30) and normal
mice ( 28 ).

Bacillary ATP measurements. It is
known that the normal mouse foot pad
method is not a very sensitive method when
a few viable bacilli remain in a large pool
of dead bacilli, which is the usual case after
a few months of treatment with MDT ( 19 ).
Using the highly sensitive ATP estimation
as an additional measure of viable bacilli,
the effect of treatment can be assessed more
clearly and also quantitatively (8 16. 17 ). Pre-
treatment bacillary ATP levels were corn-
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FIG. I. Fall in the bacterial index (Ridley scale) in
three treatment groups (MDT + BCG = •; MDT +
Mycobacterium w = +; MDT + placebo = *).

parable in all of our treatment groups and
were in the same range as reported earlier
by us and others ( 16 ' 17 ). Significant reduc-
tion in the bacillary ATP biomass also oc-
curred as early as 4 weeks with MDT alone
(93%) but was more marked in those pa-
tients who received MDT + immunother-
apy with either BCG (93%-94.8%) or My-
cobacterium w (94.7%-98.0%). The fall in
the bacillary ATP content was more at the
local site compared to the distant site (Table
4). This difference was significant even at 4
weeks in the case of Mycobacterium w at the
local site (p = 0.05, Mycobacterium It' vs
BCG and Mycobacterium It' vs MDT). This
effect was more pronounced at 6 months
when no ATP could be detected at the local
site of vaccination in the MDT + Myco-
bacterium iv group. By 12 months (after the
third vaccination), no bacillary ATP was
measurable in patients receiving MDT +
BCG and MDT + Mycobacterium iv, but
low levels of bacillary ATP were present in
2/8 cases in the MDT control group and
continued to be measurable even at 18 and
24 months (Tables 3 and 4). In an earlier
study, bacillary ATP also was detectable in
16% of bacilliferous BL/LL cases treated
with the same regimen at the end of 2 years
( 17 ).

In our study both vaccines, appear to help
in achieving more rapid killing of viable
bacilli, as seen by mouse foot pad and bac-
illary ATP estimations; this effect appears
to be more with Mycobacterium iv com-
pared to BCG.

Effect on bacillary clearance
While the BI at the start of therapy was

comparable in the three therapy groups, the
trends in the fall of the BI were different

FIG. 2. Proportion of cases (%) achieving smear
negativity in three treatment groups (MDT + BCG =
■; MDT + Mycobacterium w = El; MDT + placebo
= ^).

afterward (Tables 1 and 6, Figs. 1 and 2).
In the MDT + BCG group (Group I), the
fall in BI was significantly more (p <0.001)
by 24 months compared to the controls
(Group III) (Table 6). Thereafter, the fall in
BI was very rapid and by 31/2 years all of the
patients had become smear negative. At 2'/2
years Group I patients achieved approxi-
mately a similar mean BI and percentage of
smear negativity as was achieved by Group
III patients in about 41/2 years of therapy ( 15

and present study). Convit, et al. (4 ) (using
a mixture of Al. leprae + BCG) and we
(using BCG alone") also have observed ac-
celerated bacterial clearance.

In Group II patients (Mycobacterium w
used as immunotherapeutic agent), it was
observed that the fall in BI was accelerated
quite early. At 1 year, the BI had declined
by 1.4 log; this was statistically significant
compared to Group III MDT controls (p
<0.05) and also Group I MDT + BCG (p
<0.02). Thereafter the fall in BI was very
rapid, and one patient became smear neg-
ative by 2 years of therapy. Compared with
BCG groups, the fall in BI was significantly
more in the Mycobacterium w-treated group
at 12 (p <0.02), 18 (p <0.05), and 24 (p
=0.05) months. All patients had become
smear negative by 3 years. The observations
of Talwar, et al. ( 32 ), Zaheer, et al. ( 34 ) and
Mukherjee, et al. ( 22), regarding the bacte-
riological clearance, are similar and indicate
the benefit of the addition of immunother-
apy with Mycobacterium iv. Enhanced bac-
terial clearance also has been reported with
recombinant interleukin 2 ("), gamma in-
terferon (20, 24 , ,) and the ICRC bacillus (').
Thus, several agents with a potential im-
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munotherapeutic role in the treatment of
leprosy are now on the horizon.

The present study, therefore, shows that
combined immunotherapy (with either BCG
or Mycobacterium w) and chemotherapy is
well tolerated, does not increase the inci-
dence of reactions, and helps in the faster
killing of viable bacilli and clearing of dead
bacilli in untreated bacilliferous BL/LL pa-
tients. Taken together with histological
findings reported earlier ( 23 ), the observa-
tions of our present study suggest a clear
potential immunotherapeutic role for My-
cobacterium w and BCG. In our study My-
cobacterium it has exhibited better histo-
logical (immunological upgrading) and bac-
teriological (killing as well as clearance) re-
sponses. However, such evaluation needs to
be carried out in a larger number of cases.

SUMMARY
Thirty-six, untreated borderline lepro-

matous/lepromatous (BL/LL) leprosy pa-
tients with an initial bacterial index (BI) of
4+ to 6+ were serially allocated to three
treatment groups. Group I patients received
a slightly modified WHO regimen (rifampin
once a month, clofazimine and dapsone dai-
ly) and BCG intradermally (i.d.) (0.1 mg/
per dose). Group II patients were admin-
istered the same MDT and Mycobacterium
w (2 x 10 8 ) killed bacilli/dose i.d., and
Group III received the same MDT with 0.1
ml of distilled water i.d. Vaccination was
repeated every 6 months. Biopsies were
taken from the local site of vaccination and
from a distant site, i.e., the back. The prog-
ress was monitored periodically by clinical,
histopathological and bacterial (BI, mouse
foot pad, ATP) parameters. Twenty-five pa-
tients had completed a follow up of more
than 2 years. These included: 7 in Group I,
10 in Group II, and 8 in Group III. One
patient of the MDT + BCG group who was
progressing well dropped out after 28
months. In cases on combined chemother-
apy and immunotherapy, no viable bacilli
were demonstrable by mouse foot pad and
ATP measurement after 6 months (at 12
months or afterward). However, in come of
the control cases on MDT alone, viable ba-
cilli could be detected even up to 18 months
(by mouse foot pad) and 2 years (by ATP
estimation). With 36 months of treatment,
the mean BI decreased from 4.64+ to 1.66+

in the group on MDT alone (controls), 4.9+
to 0.08+ in the MDT + BCG group, and
4.75+ to 0 in the MDT + Mycobacterium
w group. Compared with the MDT and
MDT + BCG groups, the fall in the BI was
significantly more in the MDT + Myco-
bacterium w group at 12, 18, and 24 months.
While all of the cases in the Alycobacterium
w groups became smear negative by 36
months, it took 42 months for all of the
BCG group to achieve negativity. Immu-
notherapy appears to have a significant ef-
fect on the killing and clearance of bacilli
and should be considered as an adjunct to
chemotherapy, especially in bacilliferous
lepromatous cases.
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RESUMEN
Treinta y seis pacientes con lepra lepromatosa sub-

polar/polar (13L/LL) con un indict bacteriano initial
(BI) de 4 a 6+, se distribuyeron en 3 grupos. Los pa-
cientes del grupo 1 recibicron el esquema de trata-
miento recomendado por la OMS ligeramente modi-
ficado (rifampina una vez at mes, clofazimina y dap-
sona diariarnente) y I3CG intradermico (0.1 mg/dosis).
Los pacientes del grupo II recibicron ademas de la
PQT/OMS, 2 x 10' Mycobacterium it muertos (i.d.).
Los pacientes del grupo 11 recibieron la PQT/OMS mas
0.1 ml de agua (i.d.). La vacunaciOn se repitiO cada 6
meses. Despuês se tomaron biopsias del sitio local de
vacunaciOn y de un sitio distante, p. ejm., Ia espalda.
El progreso de Ia enfermedad se valor() periodicamente
por los criterion clinic(), histopatolOgico, y bacterio1O-
gico (III, almohadilla plantar del rattan y ATP). Vein-
ticinco pacientes habian ya completado un tiempo
seguimiento de mas de 2 anus (7 del grupo I, 10 del
grupo II, y 8 del grupo Ill). Un paciente del grupo PQT
+ I3CG clue iba evolucionado Bien, desert() despuês de
28 meses de seguimiento. Los casos clue recibicron Ia
PQT combinada con inmunoterapia no mostraron ba-
cilos viables por las têcnicas de Ia almohadilla plantar
y del ATP despuês de 6 meses del tratamicnto y per-
manecieron sin bacilos despuês de 12 meses de segui-
miento. Sin embargo, en algunos de los casos control
sujetos solo a la PQT/OMS, se pudieron detectar ba-
cilos viables incluso a los 18 (almohadilla plantar del
ration) y a los 24 meses (ATP) del seguimiento. Con 36
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meses de tratamiento, el 131 promcdio disminuyO
4.64+ a 1.66+ en el grupo PQT/OMS (controles), de
4.9+ a 0.08+ en el grupo I'QT + BCG, y 4.75-1- a
0 en el grupo PQT + Mycobacterium w. Comparado
con los grupos PQT y PQT + 13CG, el grupo PQT/
Mycobacterium w mostrO una significante caida en su
131 a los 12, 18 y 24 meses. Mientras que en el grupo
PQT/Mycobacterium todos los casos fueron baci-
loscOpicamente negativos a los 36 meses, en el grupo
PQT/13CG todos los casos alcanzaron la negatividad
solo hasta los 42 meses. La inmunoterapia parece teller
un efecto significativo sobre la muerte y eliminaciOn
de los bacilos y deberia considerarse como un suple-
mento de la PQT sobre todo en los casos multibaci-
lares.

RESUME
Trente-six patients presentant une lepre borderline

lepromateuse/ lepromateuse (13L/LL) non traitée avec
un indite bacterien initial (III) de 4 a 6 + ont etc
repartis en trois groupes de traitement. Les patients du
groupe I ont un rece un regime OMS legerement mo-
difie (rifampicine une ibis par mois, clofazimine et
dapsone tous Its jours) et Ic 13CG en intradermique
(i.d.) (0.1 nig par dose). Les patients du groupe II ont
recu la nierne PCT et du Mycobacterium w (2 x 10'
bacilles tuts par dose i.d.), et les patients du groupe III
Ia meme PCT avec 0.1 nil d'cau distillcc i.d. La vac-
cination fut repetee tous les six mois. Des biopsies
furent prises a partir du site local de vaccination et
d'un site plus distant, dans le dos. L'êvolution fut sur-
veillee regulierement sur base du parametres cliniques,
histopathologiques et bacteriens (113, coussinet plan-
taire de souris, ATP). Vingt-cinq patients ont
un suive de plus de deux ans. Its se repartissaient comme
suit: 7 dans Ic groupe I, 10 dans Ic groupe II, et 8 dans
le groupe III. Un patient du groupe PCT + BCG qui
evoluait favorablement sortit de letude apres 28 mois.
Pour les cas de chimiotherapie combinees, aucun ha-
cille viable ne put etre demontre, dans Ic coussinet
plantaire de souris apres 6 mois et par des mesures
d'ATP (a 12 mois ou par Ia suite). Cependant, pour
certains des temoins sous PCT seule, des bacilles viables
purent etre detectes jusqu'a 18 mois (par coussinet
plantaire) et deux ans (par mesure d'ATP). Apres 36
mois de traitement,1'113 passa de 4.64 + a 1.66 + dans
Ic groupe sous PCT seule (temoins), de 4.9 + a 0.08
+ dans le groupe PCT 4 13CG, et de 4.75 + a 0 dans
le groupe PCT + Mycobacterium w. C'omparee a cells
des groupes PCT seule et PCT + 13(.13, Ia chute de 1'113
emit significativement plus prononcee dans Ic groups
PCT 4- 'Mycobacterium w aux douzieme, dixhuitieme
et vingt-quatrieme mois. Alors que tous les cas
groupe Mycobacterium w avaient leurs frottis negatifs
au trente-sixieme mois, it fallut 42 mois pour que tous
les patients du groupe BCG ne soient negatils. L'im-
munotherapie semble avoir un effet significatif sur Ia
destruction et ('elimination des bacilles, particuliere-
merit dans les cas lepromateux riches en bacilles.
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