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Multiple drug therapy (MDT) has been
recommended by the World Health Orga-
nization (WHO) during the last decades for
the treatment of leprosy and has been very
effective. One of the difficulties in treatment
is to find a satisfactory quantitative mea-
surement of a patient's progress toward a
successful outcome. Currently used meth-
ods of assessing response to drug therapy
are still subjective: clinical observation and
bacterial index (BI). Many studies have re-
ported the changes in antibody levels of pa-
tients to Mycobacterium leprae sonicated
antigens and specific antigens, including the
phenolic glycolipid (PGL-I) and the specific
disaccharide (ND-O-BSA), during MDT
(I, 7, 13, 14) but long-term studies on the
changes in cell-mediated responses have not
been reported.

In this study, a group of leprosy patients
in Hanoi, Vietnam, was followed from the
time of diagnosis throughout the period of
MDT to monitor clinical, bacteriological
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and immunological parameters at regular
intervals. Our aim was to document the im-
munological status before and during MDT
for up to 3 years, and to find out whether a
change in clinical presentation due to MDT
was associated with immunological changes,
in particular in cell-mediated immunity.
Immunoglobulin levels, specific antibodies,
skin-test responses and in vitro proliferative
responses to mitogens and to antigens were
measured at regular intervals to gain an
overall picture of the immune status of the
patients before, during and after MDT.

MATERIALS AND METHODS
Patients

The patient group consisted of 25 newly
diagnosed, untreated patients with different
types of leprosy, classified on clinical and
bacterial grounds according to the Ridley-
Jopling scale ( 17 ). They were all from the
area around Hanoi in the northern part of
Vietnam (detailed information on the pa-
tients is summarized in The Table).

Control blood was usually taken from stu-
dents of the Medical Faculty of Hanoi Uni-
versity and, occasionally, from laboratory
workers.

Blood collection
Ten ml of blood was collected before

treatment (To) and at regular intervals of 3
to 6 months for serological and cellular im-
munological tests. At the same time, the
patients were examined clinically and bac-
teriologically (bacterial index; BI) and skin
tests were done.

Treatment
The two regimens recommended by the

WHO Study Group (25 ) were used for treat-
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ment of paucibacillary (PB) and multiba-
cillary (MB) leprosy ( 24 ):

Regimen I for PB leprosy: Rifampin 600
mg once monthly for 6 months (supervised)
plus dapsone 100 mg (1-2 mg/kg body
weight) daily (self-administered) for 6
months.

Regimen II for MB leprosy: Rifampin 600
mg once monthly (supervised); 50 mg of
clofazimine daily and 300 mg once monthly
(supervised) and 50 mg of dapsone daily
(self-administered). The duration of treat-
ment was at least 2 years and was continued,
whenever possible, until smears became
negative.

Immunological tests
Serological assays. Total immunoglob-

ulin levels were determined in a standard
Mancini test, using class-specific precipi-
tating antisera to IgG, IgM and IgA (Central
Laboratory of the Blood Transfusion Ser-
vice, Amsterdam, The Netherlands).

Specific IgM antibodies of M. leprae were
assayed in an ELISA using a semi-synthetic
disaccharide antigen coupled to bovine se-
rum albumin (BSA) (ND-O-BSA, kindly
provided by WHO from the TDR/IMMLEP
Programme) according to the WHO pro-
tocol ( 6 ), briefly as follows: U-bottom Im-
mulon II plates (Dynatech Laboratories, Al-
exandria, Virginia, U.S.A) were coated with
ND-O-BSA or BSA alone (0.1 mg/ml in car-
bonate-bicarbonate buffer, pH 9.6) for 18
hr at 37°C. After washing with phosphate
buffered saline (PBS) containing 0.05%
Tween 20 (PBST), and blocking with BSA
(5% in PBS, pH 7.2) for 1 hr at 37°C, the
test serum was added, diluted 1/300 in PBST
+ 10% normal goat serum. Anti-human IgM
conjugated with horseradish peroxidase
(Cappel, Organon Teknika, West Chester,
Pennsylvania, U.S.A.; diluted 1:2000) was
used to detect bound antibodies, followed
by the addition of TMB-substrate [Sigma
Chemical Co., St. Louis, Missouri, U.S.A.;
12 mg of 3,3'-5,5'-tetramethylbenzidine
(TMB) in 5 ml of ethanol added to 15 ml
of 0.1 M citrate/phosphate buffer, pH 5.0;
H70, added to a final concentration of
0.015%] and reading of optical density (OD)
at 450 nm. The specific IgM antibody level
was expressed as the OD value in ND-O-
BSA wells after subtracting the OD value
in parallel wells containing only BSA.

For comparison with the ND-O-BSA-
ELISA results, a particle agglutination test
measuring antibodies to PGL-I of M. leprae
was also done, according to the protocol
supplied by the manufacturers of the kit
(Fujirebio Inc., Tokyo, Japan).

Cellular immunity
Skin testing. A panel of four mycobac-

terial antigens (new tuberculins) prepared
from Al. tuberculosis (tuberculin), Al. leprae
(leprosin A), M. vaccae and M. scrofula-
ceuni were used as skin-test reagents; they
were prepared by the Mycobacteria Labo-
ratory of the National Institute of Hygiene
and Epidemiology, Hanoi, according to a
standard protocol ("). For skin testing, 0.2
mg (0.1 ml) of each antigen was injected
intradermally into the volar surfaces of the
forearms. Each person was tested with four
antigens, two on each arm. Reactions were
read at 72 hr by measuring the longitudinal
and transverse diameters of induration in
mm. A diameter of induration of 2 mm or
more was considered positive.

In vitro lymphocyte stimulation test
(LST). In vitro responsiveness of periph-
eral blood lymphocytes to mitogens and an-
tigens was measured by the 3 H-thymidine
incorporation method, as previously de-
scribed (22 ). Briefly, mononuclear cells iso-
lated by centrifugation over Ficoll-Hypaquc
were seeded into wells of round-bottom mi-
crotiter plates (Greiner, Germany) at 5 or
7.5 x 10 4 cells/well in Iscove's medium
(GIBCO, Grand Island, New York, U.S.A.)
supplemented with 10% inactivated human
AB serum (HS). To these was added 50 Al
of antigen on day 0 or, on day 3, mitogen,
diluted in Iscove's medium + human se-
rum. All cultures were set up in triplicate.
The results are expressed as counts per min-
ute (cpm) ± standard deviation (S.D.) or in
some cases as a stimulation index (SI), i.e.,
the ratio of the mean counts in treated cul-
tures to that in untreated control cultures.

In some cases, cytokine-rich supernatants
were added to cultures; they were prepared
from control cultures of lymphocytes from
healthy donors in medium containing 10
pg/m1 PHA, harvested at 48 hr.

The significance of differences and the re-
lations between results at different times or
from different groups were tested with the
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FIG. I. Total immunoglobulin levels of leprosy
patients on MDT. The Mancini technique was used to
measure total immunoglobulin levels, shown in mg/
ml, averages (± standard deviation, S.D.) of all pa-
tients at different time points during treatment. ■ =
IgG: = IgM;M= IgA.

FIG. 2. Levels of antibodies to ND-O-BSA and
changes in 131 in MB patients on MDT. The average
BI (--A--) for the MB patients is shown along with the
average antibody levels (± S.D.) in the ND-O-BSA
ELISA for both MB (—+—) and PB (-A-) patients.

Wilcoxon rank sum test and Spearman's
rank correlation.

RESULTS
Changes in mean total immunoglobulin
levels of leprosy patients during MDT

The mean immunoglobulin level in the
sera of leprosy patients during treatment was
compared with that of normal individuals
(Figure 1). Although the variation among
individuals was great, in all patients total
IgG declined significantly between T o and
24 months (p < 0.001) to a level compa-
rable with the mean value of IgG of healthy
controls. The total IgM level remained high-
er than the mean value for normal individ-
uals throughout the whole period (p <
0.002). No significant differences were found
in IgA levels between the leprosy patients
and the healthy controls.

IgM specific antibodies to
ND-O-BSA and BI

The presence of IgM antibody to the di-
saccharide antigen specific for M. leprae
(ND) is often considered to be an indication
of the presence of bacteria in the patient.
The changes in mean IgM antibody levels
to ND-O-BSA in paucibacillary (PB) and
multibacillary (MB) leprosy patient groups
were compared with the changes in BI. As
can be seen in Figure 2, the average BI de-
creased gradually in MB patients after 2 years
(p < 0.02). During the same period, there
was no decrease of IgM antibody levels
against ND in the MB group, which were

higher than in PB patients. A decrease in
the level of IgM antibodies to ND could be
detected in the PB group after 1 year of
treatment (p < 0.01).

Comparison of detection of
M. leprae-specific IgM antibodies by
ELISA and a particle agglutination test

Although the ELISA is the most com-
monly used test for antibodies to the surface
antigens of M. leprae, other tests are avail-
able. We compared the results of the ELISA
described above with those of a commer-
cially available particle agglutination test.
The correlation between the values for IgM-
specific antibodies to the sugar terminals
measured by ELISA and IgM-specific an-
tibodies to PGL-I measured by the particle
agglutination test was good (Spearman's r
= 0.59, p < 0.001).

Skin-test responsiveness in MB patients
The local cellular responses of leprosy pa-

tients to mycobacterial antigens were mea-
sured by skin testing at intervals during the
treatment period. The results for the MB
patients are shown in Figure 3. It can be
seen that the percentage of skin-test re-
sponders to the tuberculin derived from AI.
scrofulaceum rose to 40% during the first 6
months in MB cases, but declined again to
the original level of 10%-15% by 12 months.
Responses to Al. leprae, tuberculin, and the
M. raccae antigen also increased but to a
lower level in the first 6 months. All reac-
tions decreased and remained at the same
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FIG. 3. Skin-test responsiveness to inycobacterial
antigens in MB patients on MDT. Reactions were read
at 72 hr by measuring the longitudinal and transverse
diameters of induration in min; a diameter of indu-
ration of 2 min or more was considered positive. Bars
represent the percentage of responders among those
tested at each time point to each of tour skin-test anti-
gens. Total number of patients tested at each point var-
ied between IS and 25.^S.E.M. for each patient
group is shown. W. = tuberculin; E2= leprosin A;^=
M. vaccae;0 =^scrolnlaccum.

low level throughout the remaining period
of treatment. The range of reactivity (as-
sessed by the mean diameter of induration)
was not the same for all antigens. Reactions
were strongest to scrofulin (T o , 7.5 ± 3.5
mm; T6 , 5 ± 2.5 mm), then to vaccin and
tuberculin (T o , 5.3 ± 0.6 mm; T 6 , 4-5 ± 3
mm), while those to leprosin were just above
the minimum of 2 (up to 2.7 mm).

In vitro lymphoproliferative
response to mitogens

When the in vitro proliferative responses
to mitogens were compared between PB and
MB groups, no significant differences were
found. The data were therefore pooled for
presentation in Figure 4. The changes in
response during the treatment period were
similar for the three mitogens tested, phy-
tohemagglutinin A (PHA), concanavalin A
(ConA) and pokeweed mitogen (PWM).
They were all low in the beginning (p <
0.01) but reached control levels during the
first 2 years. PHA and ConA responses de-
creased again 3 years after initiation of treat-
ment (p < 0.01), but this decrease was not
observed for PWM response.

In vitro lymphoproliferative responses to
M. leprae sonicated antigens

Although great individual variations were
encountered, the mean in vitro response to

0^10^20^30^40

TAAE (mCNTHS)

FIG. 4. In vitro proliferative response to mitogens
during MDT. The average of responses by all patients
to three mitogens is shown: A = response to PHA, B
= response to ConA, C = response to PHA. Horizontal
line = average response of healthy controls.

sonicated whole Al. leprae antigen increased
from the starting level by 18 months in both
PB and MB patient groups (p < 0.01); for
the MB group, the responses decreased again
after that time point (Fig. 5).

Reactions during treatment and
cell-mediated immune responses
during reactions

Several of the patients in the study suf-
fered reactions during MDT: ENL occurred
in 6 of 8 LL/LLs cases, while reversal re-
actions were observed in 5 of 16 borderline
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FIG. 5. In vitro proliferative response to sonicated
M. leprae antigen during MDT, showing the responses
of PB (— + —) patients and MB patients with (MB+)
( A ) or without (MB) ( 0 ) reactions
during treatment expressed as stimulation index (SI).

patients; one LLs patient had both ENL and
reversal reaction (RR) (The Table). The ear-
liest point at which RR was noted was 3
months after treatment (2/5); the others were
between 3 and 9 months. One patient had
several episodes, while others had very long
episodes. ENL reactions appeared at the be-
ginning of treatment (2/6) or at 6 months
(3/6). They lasted as little as 1 month (2/6)
or much longer, up to 27 months (3/6). Half
of the patients with reactions had only one
episode; the others had two or three epi-
sodes.

In some cases, blood samples for culture
were taken from patients undergoing reac-
tions. When the percentage of positive re-
sponders in the lymphocyte stimulation test
(LST) against M. leprae sonicates in such
patients was compared, 27.8% had positive
responses (SI > 2) during ENL and 80%
during RR. In comparison, there were 36.7%
positive responders among patients who did
not develop reactions. In Figure 6, the
changes in response to sonicated M. leprae
antigens of three patients who had reactions
are shown. In the BB patient during an RR
episode the response to M. leprae increased
(p < 0.001); this increase could be amplified
further with the addition of cytokine-rich
supernatants (Fig. 6A). The LLs patient had
during the course of his disease two types
of reactions, ENL and RR (Fig. 6B). Similar
to the BB patient, his response increased
during ENL but decreased again during a
subsequent episode of RR. The third patient
shown had subpolar LL, with ENL over a

01
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FIG. 6. Cell-mediated immune response and re-
actions during MDT. Response to sonicated M. leprae
antigen is shown for three patients who had reactions
during treatment: A = BB patient with a reversal re-
action at the time points 3, 9, and 12 months; B = LLs
patient with ENL during 0-12 months and RR at 15
months; C = LLs patient with ENL from 0-24 months.
Responses are shown as cpm at different time points
in the presence (+sup) (^A^ ) or absence (—sup)
(— + —) of added cytokine-rich supernatant.

long period (24 months); in this case the
changes were less pronounced than in the
other two cases (Fig. 6C).

DISCUSSION
Multiple drug therapy has long been

known to give satisfying rates of clinical,
bacteriological and histopathological im-
provement in leprosy patients. In this study,
different parameters of immunological sta-
tus, especially cell-mediated immunity, be-
fore and during MDT were followed up to
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No.^Sex

1
2
3
4
5
6

1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

10
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THE TABLE.^Description of patients.

1994

A eg Leprosy
type BI To(^y Reaction"

(mo.)
Treatmentc

regimen

Paucibacillary group
32 TT 0 I
19 BT 0 RR (6) 1
55 BT 0 1
37 BT 0 1
59 BT 0 I
27 BT 0 I

Multibacillary group without reactions
59 BT 2 II
15 BB 1 II
33 BB 4 II
57 BB 4 II
12 BB 4 ll
17 BL 4 11
34 I3L 4 II
31 LL 6 II
45 LL 4 11

Multibacillary group with reactions
45 BB 2 RR (6-18) II
43 BB 3 RR (3, 6) II
37 BB 2 RR (3, 9, 12) II
27 BL 3 RR (6) 11
21 LLs 5 ENL (0-24) II
19 LLs 5 ENL (6, 18-24) II
30 LLs 4 ENL (0-12), RR (15) II
24 LL 6 ENL (6-33) 11
39 LL 6 ENL (12) 11
45 LL 5 ENL (6) II

• BI (To) = Bacterial index at time of diagnosis.
Reaction = Either reversal reaction (RR) or erythema nodosum leprosum reaction (ENL) was observed and

the time of diagnosis recorded (month after initial diagnosis of leprosy).
Treatment regimens were: I = Rifampin 600 mg once monthly for 6 months plus dapsone 100 mg (1-2 mg/

kg body weight) daily, for 6 months; II = Rifampin 600 mg once monthly, 50 mg clofazimine 300 mg once
monthly and 50 mg dapsone daily for at least 2 years and/or until smears became negative.

find out whether a clinical and bacteriolog-
ical improvement by MDT would be ac-
companied by a change in immunological
responses. A variety of techniques was used
to measure immunoglobulin levels and spe-
cific antibody levels in the patients' sera over
the course of 2 years of treatment. A chronic
elevated level of total IgM was noted during
at least the first 2 years of treatment. An-
tibody levels to ND-O-BSA in MB patients
were high at the beginning of treatment,
compared with PB patients, and did not
change, while the BI decreased during the
period of study. These results are in agree-
ment with those reported by Lyons, et al.,
Melsom, et al. and Truman, et al. (12, 13, 23) ,

but are different from what was found by
Moudgil, et al. ( 15 ) and Roche, et a!. ( 18 ).

The persistence of high levels of these an-

tibodies might be explained by the enor-
mous load of antigen present in MB cases,
which might be expected to take many years
to clear. The test to detect antibody to ND-
O-BSA was specific for IgM; there is a pos-
sibility that patients began to produce IgG
antibodies which could either replace IgM
antibodies or compete with them in the
ELISA, resulting in an apparent decrease in
IgM antibodies to ND-O-BSA. The de-
crease in total IgG levels observed might be
explained by the suppression of responses
by Al. leprae antigens later in the treatment
period.

The correlation between the ND-O-BSA
ELISA and the particle agglutination tests,
the former measuring IgM antibodies to
sugar terminal residues of PGL-I and the
latter measuring antibodies to PGL-I as a
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whole, was in accordance with the previ-
ously reported high specificity for leprosy
patients (2,3 ). We did not observe any in-
crease in these immunoglobulins during
ENL, as was reported by Cruickshank and
Ellis and by Melsom, et al. ( 5 ' 13 ).

Skin-test response to leprosin A has been
reported to be negative in cases of lepro-
matous (LL,BL) leprosy ( 20). In our study,
the response to leprosin A among those pa-
tients changed over time during treatment.
There was a relation between skin-test re-
sponsiveness and the in vitro lymphopro-
liferative responses in MB patients during
MDT. Those patients who had a high SI
when exposed to antigen in vitro were pos-
itive with skin testing. There were, however,
more patients who developed positive re-
sponses to M. leprae antigen in vitro by the
end of 1 year of MDT than became positive
in skin testing. This could be explained if a
positive skin test at 72 hr is a local response
to the soluble extrabacillary antigens of M.
leprae ( 8 ). Such antigens would be only a
part of the whole M. leprae sonicate antigen
pool used to challenge the cells in the pa-
tient's blood in vitro. Serotaxonomic studies
on AI. leprae and Al. vaccae have shown
them to be similar in that both contain large
amounts of common mycobacterial antigen
(2 '). The changes observed in local skin re-
sponses to these antigens could be due to
differences in responses to the group-spe-
cific antigens.

A few observations could be made on the
cellular-immune response of patients un-
dergoing reactions during treatment. Gen-
erally, responses decreased during ENL and
increased during RR. Many studies have
indicated that alterations occur in the cel-
lular-immune responses during type 1 re-
actions, which often result in improvement
within the clinical spectrum ( 10 ). Recent
studies have also referred to a contribution
made by cellular immunity to ENL ( 15 ), as
opposed to earlier ideas which attributed a
significant role to the presence of pathogenic
immune complexes in ENL ( 18). In our study,
the occurrence of reactions (ENL and RR)
could be accompanied by changes in cellular
responses. In RR, there was an increase in
one case and a decrease in the other; the
increase was in an upgrading RR. During
an ENL episode of one patient, an increase
then a decrease in cellular response could

be seen. The results of this study would sug-
gest that cellular-immune responses in vitro
did not directly reflect any one state of re-
action during treatment.

In conclusion, follow up of a series of lep-
rosy patients during months to years of MDT
confirmed or demonstrated the following:
An exact relation between disease activity
and IgM antibody levels was not clearly seen
for MB patients; anti-Al. leprae antibody
levels fall with therapy at variable rates
(1' 4 •

 7 ). Changes in in vitro cell-mediated im-
munity and in vivo skin-test responses
seemed more directly related to the bacte-
rial load, and might reflect the improve-
ments of bacteriological and clinical param-
eters during MDT.

SUMMARY
A long-term survey of leprosy patients of

all clinical types, starting at the time of di-
agnosis, was carried out to monitor clinical,
bacteriological and immunological param-
eters at regular intervals during multiple drug
therapy (MDT). The patients were assigned
to two groups for treatment following WHO
guidelines: paucibacillary (PB) and multi-
bacillary (MB). Immunoglobulin levels,
specific antibodies, skin-test responses to
different soluble mycobacterial antigens
(new tuberculins), and in vitro proliferative
responses to mitogens and to antigens were
measured during treatment, as were clinical
changes, the bacterial index, and clinical
improvement. No exact relations between
disease activity and IgM antibody levels,
both IgM immunoglobulin and specific IgM
antibody to a species-specific antigen (ND-
0-BSA), could be seen for MB patients.
Changes in in vitro cell-mediated immunity
and skin-test response seemed to be more
directly related to the bacterial load and
could reflect the improvement of bacterio-
logical and clinical parameters during MDT.

RESUMEN
Sc invcstigaron las caracteristicas clinicas, bacterio-

lOgicas e inmunológicas de pacientes con lepra pauci-
bacilar o multibacilar en tratamicnto con poliquimio-
terapia. El estudio se biro a intervalos regulares durante
un period() prolongado de tiempo y las mediciones
incluyeron los niveles de inmunoglobulinas y de anti-
cucrpos especificos, las respuestas dérmicas a diferen-
tes antigenos micobacterianos solubles (nuevas tuber-
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culinas), las respuestas linfoproliferativas inducidas in
vitro con antigcnos y mitOgenos, asi como los cambios
clinicos, el indice bacteriológico, y la mejoria clinica.
En los pacientes multibacilares no se observaron re-
laciones exactas entre la actividad de la enfermedad y
los niveles de anticuerpos IgM contra el antigeno cs-
pecifico ND-O-BSA. Los cambios en la inmunidad
celular demostrada in vitro y la respuestas intrader-
micas estuvieron rclacionados con la carga bacteriana
y pudieron rellejar la mejoria en los parametros bac-
teriolOgico y clinico durante la poliquimioterapia.

RESUME
On a realise une etude 3 long terme de malades de

la lepre de tous les types cliniques, débutant au moment
du diagnostic, afin de surveiller des paramètres cli-
niques, bactériologiques et immunologiques a inter-
valles réguliers au cours de la polychimiothérapie (PCT).
Les patients ont été répartis en deux groupes pour le
traitemcnt, scion les recommendations de l'OMS: pau-
cibacillaires (PB) et multibacillaires (MB). Les taux
d'immunoglobulines, les anticorps spécifiques, les re-
ponses aux tests cutanes a difrerents antigenes myco-
bactériens solubles (nouvelles tuberculines), ainsi que
les réponses prolireratives in vitro a des mitogenes et
antigenes ont été mesures durant le traitement, tout
comme les modifications clinques, l'indice bactérien et
l'amélioration clinique. On n'a pas observe pour les
patients MB de relation precise entre l'activité de la
maladie et les taux d'anticorps IgM, d'immunoglo-
bulines IgM et d'anticorps 1gM specifiques a un anti-
gene spécifique d'espece (ND-O-BSA). Les change-
ments dans l'immunité cellulaire in vitro et dans la
reponse au test cutané semblaient etre plus directement
lies a la charge bactérienne et pourraient refleter l'ame-
lioration des parametres bactériologiques et cliniques
durant la PCT.
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