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Leprosy continues to be a major health
problem in some countries (**). The disease
manifests in a clinical and immunological
spectrum that represents perhaps the most
striking example of a varied cellular im-
mune response pattern to Mycobacterium
leprae in different individuals (*7). At one
end of the spectrum are the tuberculoid
(TT) type of patients who have high cell-
mediated immunity (CMI) and on the other
end are lepromatous patients with no evi-
dence of CMI to M. leprae. Although both
in vivo and in vitro CMI to M. leprae are
lowered in lepromatous leprosy (LL) pa-
tients, their humoral response to M. leprae
remains rather elevated. This CMI unre-
sponsiveness has been found to be specific
to M. leprae (*°).

It may be expected that after the clear-
ance of bacilli following treatment there
could be an upregulation of antigen-specific
CMI responses in borderline leproma-
tous/polar lepromatous (BL/LL) patients.
Available reports on the immune response
of BL/LL patients after long-term and
short-term treatment are equivocal. Some
authors have reported enhancement in both
the skin delayed-type hypersensitivity
(DTH) response and M. leprae-induced
lymphoproliferative responses (**); where-
as others have found a continued suppres-
sion of lymphoproliferation to M. leprae in
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long-term treated, smear-negative (LTTSN)
patients (*°). With regard to the humoral re-
sponse in long-treated patients, a reduced
antibody response to phenolic glycolipid-I
(PGL-I) with no change in the antibody re-
sponse to whole M. leprae has been ob-
served (").

Cytokine level measurements are cur-
rently being used to determine an indi-
vidual’s immune status. In the T helper |
(TH1)-type response, interleukin 2 (IL-2)
and gamma interferon (IFN-y), which are
CMI and DTH mediators, are secreted.
Conversely, in the T helper 2 (Th2)-type re-
sponse, IL-4, IL-10, IL-5, and IL-13, which
help B cells for antibody production, are se-
creted ('%). In some situations no particular
type of T-helper cells are found to be asso-
ciated with LL or TT type of leprosy (' '%),
It also has been noted that in LL patients the
predominant response is of the Th2 type se-
creting IL-4, IL-5, IL-10, while in TT pa-
tients the response is of the TH1 type, se-
creting IL-2 and IFN-y (**). Reports on cy-
tokine response of LTTSN LL patients are
scanty (°).

In the present study, we have investigated
the skin DTH response, lymphocyte trans-
formation (LT) response, antibody re-
sponses to the 35-kDa peptide and PGL-1
of M. leprae in LTTSN lepromatous
(BL/LL) patients. In these patients, the cy-
tokine pattern of peripheral blood mononu-
clear cells (PBMC) in response to M. leprae
stimulation was also seen and compared
with the results obtained from active lepro-
matous patients.

MATERIALS AND METHODS

Patients and blood samples. Nineteen
treated lepromatous patients (individually
detailed in Table 1) who had been released
from treatment for a long time (2-20 years)
and had remained skin-smear negative for
M. leprae were the subjects selected for the
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TABLE 1. Details of smear-negative treated patients.
ST Duration . Duration ol smear
Patient Aiia Se Clinical of Initial Treatment l‘_c",'glh.m negativity (time of
no. £e e h?m? ‘.“ disecase Bl (drugs) "L'u".km becoming negative to
disease - L (yrs.) ol i
(yrs.) assessment) (yrs.)
Tl 63 M LL 20 5+ DDS< — MDT! 13 8
T2 53 F LL 20 3+ DDS + TCT + INH 9 12
T3 69 M LI 11 5+ DDS — MDT 19 4
T4 48 M LL 5 5+ DDS — MDT 8 8
TS5 35 F LL 12 2+ DDS — MDT 7 10
T6 53 M BL 5 NA® MDT 5 R
T7 68 M LL 25 4+ DDS 14 15
T8 37 M LL(R) 1 5+ MDT 4 4
T9 52 M LL 5 NA® MDT 7 6
T10 72 M LL 8 4+ DDS — MDT 20 9
TI1 54 M LL 30 44 MDT 6 14
TI2 48 M LL 1 6+ MDT 6 2
T3 49 F LL 10 4+ MDT 5 4
T4 42 M LL 10 4+ MDT (irregular) 7 5
TI5 46 F LL 3 5+ MDT 6 6
T16 57 M LL 2 3+ DDS — MDT 10 13
T17 35 M LL(R) 5 4+ MDT 7 4
Ti18 30 M LL 8 3+ MDT 3 7
TI19 35 M LL 6 5+ MDT 4 7

“Bl of all cases was determined by Ridley's method (*°) except patients T5 and T16 whose BI was determined

by the method of Dharmendra and Chatterjee (%).
"NA = not available.
“DDS = Dapsone.
YMDT = Multiple drug therapy.

study. These patients had received diamino-
diphenol sulfone (dapsone; DDS) or DDS
followed by multidrug therapy (MDT) for
varying lengths of time (3 to 20 years) until
they became smear negative. All 19 patients
were on follow up. Another 10 lepromatous
patients who were smedr positive (Table 2)
and had recently been initiated on treatment
formed the control group. Patients were
clinically examined and classified accord-
ing to the Ridley-Jopling scale (*”). Blood
samples were taken with and without hep-
arin for PBMC culture and sera, respec-
tively. Sera were stored at —20°C until used.
Lepromin test. The 4-week lepromin
skin reaction was noted using standard Mit-
suda antigen (*). For this, 0.1 ml of antigen
was injected intradermally in the forearm of
patients and the induration was measured
with a standard caliper after 4 weeks.
Antigens. M. leprae soluble antigen
(MLSA) was obtained from IMMLEP-
(WHO) Bank through Dr. M. J. Colston,
National Institute of Medical Research,
London, U.K. Natural disaccharide octyl

bovine serum albumin (ND-O-BSA), a syn-
thetic sugar of PGL-1 M. leprae, was kindly
provided by Dr. Delphi Chatterjee, Col-
orado State University, Fort Collins, Col-
orado, U.S.A. (contract no 1-Al-55262).
Purified protein derivative (PPD) was pro-
cured from the Central Veterinary Labora-
tory, New Haw, Weybridge, Surrey, U.K.
Serum antibody competition test
(SACT). The SACT assay was performed
according to the method of Sinha, et al. (*%).
In brief, 50 pul of MLSA (50 pg/ml) in
sodium carbonate bicarbonate buffer, pH
9.6, was coated onto rows 2-12 of an
ELISA plate (Maxisorp; Nunc, Napierville,
Illinois, U.S.A.) at 4°C overnight. In the
first row only phosphate buffered saline
(PBS) was added. The plate was washed
with PBS Tween (PBS-T) three times
before blocking with 1% bovine serum al-
bumin (BSA) in PBS for 2 hr. Duplicate
wells in rows 3—12 of the plate were incu-
bated with 25 pul of serial dilutions
(1:10-1:1250 in PBS-T) of each serum. The
first row and the E to H wells of row 2 were
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TABLE 2. Details of patients undergoing treatment.

Patient Clinical p i :

s Age Sex form of Duration Initial BI Treatment status*
: disease

Al 30 M LL 16 yrs. 5+ Untreated

A2 42 M LL 10 yrs. 5+ Treated

A3 40 M LL lyr 5+ Treated

A4 30 M BL I yr 3+ Untreated

AS 25 M BL 10 yrs. 3+ Treated

A6 22 M BL-LL 4 yrs. 5+ Treated

A7 40 M LL 2 yrs. 4+ Untreated

A8 38 M LL 7 yrs. 4+ Treated

A9 45 M LL(R) 9 mos. 5+ Untreated

Al0 25 M BB-BL 1 yr. 2+ Untreated

“Patients receiving treatment for more than 3 months were classified as treated; those receiving less than 3
months of treatment were classified as untreated. All patients received MDT.

incubated with 25 ul of PBS BSA, and
wells A to D of row 2 were incubated with
25 ul of a positive serum sample (having

antibody to 35 kDa for 90 min; 25 ul of

1:500 diluted peroxidase conjugated mono-
clonal antibody, MLO4 was added in all
wells followed by incubation at 37°C for 2
hr. After washing the plate three times color
was developed by incubating the plate with
50 ul of o-phenylene diamine (Sigma; 5 mg
tablet dissolved in 10 ml of distilled water)
for 20 min at 37°C. Reaction was stopped
by adding 7% H,SO,, and the optical den-
sity (OD) was read at 492 nm using
anELISA reader (Titertek Multiskan Plus;
Flow Laboratories, Rockville, Maryland,
U.S.A.). The dilution which would cause
50% inhibition of the maximum binding
(100% OD value) of peroxidase-MLO4
(100% value) is referred to as the ID_ titer
of the serum. A serum with an ID_ titer of
>1:5 was regarded as SACT positive.
ELISA for detection of antibody to
ND-O-BSA. The ELISA to detect antibody
to ND-O-BSA was carried out according to
the method described by Sinha, er al. (*°).
Briefly, 100 ul of 4 ug/ml of ND-O-BSA in
sodium carbonate bicarbonate buffer 0.05
M, pH 9.6, was coated onto two alternate
rows of an ELISA plate (Polysorp: Nunc)
for 18 hr at 37°C. Other wells were coated
with coating buffer only. After washing the
plate three times with PBS-T, all wells were
blocked with 200 ul of 1% BSA in PBS for
2 hr at 37°C; 1:300 diluted sera were incu-
bated in duplicate in buffer as well as anti-
gen-coated wells for 2 hr at 37°C. The plate

was washed three times with PBS-T and
anti-human IgM (Sigma) diluted 1:10,000
in PBS-BSA was added to each well. After
incubation for 2 hr at 37°C the plate was
washed three times and the remaining step
(color development, reading) was per-
formed as described in the SACT ELISA.
On the basis of reactivity obtained with
nonleprosy healthy controls, a serum dilu-
tion of 1:300 was taken for all the tested
sera. For each serum the mean OD of the
buffer-coated wells was subtracted from the
mean OD of the antigen-coated wells. The
mean = 2 S.D. (0.056) of the OD values of
healthy controls was taken as the cut-off
value.

PBMC culture. PBMCs were separated
from heparinized blood by Ficoll hypaque
density gradient centrifugation. PBMCs
were washed three times with PRMI 1640
and cell concentration was adjusted to 2 x
10° cells/ml. Cells were cultured in PRMI
1640 with 10% AB serum with and without
MLSA and PPD antigens (2—-6 pg per ml)
for 6 days at 5% CO, at 37°C. For the cy-
tokine assay, supernatants were collected
from antigen and control wells after 48 hr
and 5 days of setting up of culture: 1 uCi of
*H methyl thymidine (Amersham Life Sci-
ences, Arlington, Illinois, U.S.A.) was
added to each well 18 hr before the cultures
were harvested on day 6 onto fiberglass fil-
ters using a Skatron harvester. Incorpora-
tion of *H thymidine into proliferating cells
was measured by a scintillation counter
(LKB Rackbeta).

Cytokine assay. The levels of IL-2 and
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FiG. 1. Antibody responses of LTTSN and active LL/BL to 35-kDa antigen of MLSA. Each bar represents

antibody titer of a single patient. The Y axis shows serum dilution at which the antibody reactivity was seen. Pa-
tients nos. TS5, T10, T14, T15, T16, A5 and A9 were negative for antibody. Antibody could not be measured in the

serum of patient A2. M =LTTSN; # = active LL/BL.

IFN-y were estimated in the supernatants
collected from the PBMC cultures after 48
hr of stimulation with MLSA using Predicta
kits procured from Genzyme, San Carlos,
California, U.S.A.). IL-10 was measured in
the supernatant collected after 5 days by us-
ing Quantikine kits procured from R & D
Systems, Minneapolis, Minnesota, U.S.A.

Statistical analysis. Statistical analysis
was done to compare LTTSN and active
LL/BL patients using Epi-info Computer
Software and Fisher’s exact test.

RESULTS

Lepromin skin DTH response. For the
lepromin response, an induration of <3 mm
was taken as negative, from 3—4 mm as
doubtful and >4 mm as positive. None of
the LTTSN patients or active patients un-
dergoing treatment showed a positive re-

sponse to lepromin 4 weeks after its intra-
dermal inoculation.

Antibody response. The antibody re-
sponse was determined in all patients ex-
cept patient A2. No significant difference in
the antibody response to the 35-kDa antigen
of M. leprae between LTTSN (73.6% anti-
body positivity) and active patients (77.7%
antibody positivity) undergoing treatment
was observed. However, only 31% of
LTTSN patients showed a high titer of
1:250 or more as compared to 66% of un-
treated patients having such titers. The dif-
ference in the antibody level was not signif-
icant (p >0.05) (Fig. 1). While 77.7% of ac-
tive LL patients were positive for IgM
antibody to ND-O-BSA, only 26% of the
LTTSN patients were positive for the same
(p <0.02) (Fig. 2).

Lymphocyte transformation (LT) test.
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FiG. 2. IgM antibody responses of LTTSN and active LL/BL patients to ND-O-BSA. Each bar represents an-

tibody reactivity of a single patient. Optical density of reaction at wavelength 492 nm is shown on the Y axis. An-
tibody could not be measured in the serum of patient A2. B = LTTSN: # = active LL/BL.

The stimulation index (SI) of stimulated
PBMCs was calculated using the formula,
SI = mean cpm of experimental wells/
mean cpm of control wells. Patients show-
ing a SI of >2 were taken as responders.
Only 2 (10.5%) of the 19 LTTSN patients
and 1 of the 10 active patients responded to
MLSA (Tables 3 and 4); whereas 94% of
LTTSN and 90% of active patients were re-
sponsive to PPD. Although some of the
LTTSN patients showed a very high re-
sponse (SI >80) to PPD, there was no dif-
ference in the mean SI between the two
groups (data not shown).

IFN-y assay. The minimum detection
limit of the IFN-y assay was 16 pg. Eight
(42%) of the LTTSN patients produced
IFN-y (>16 pg) after stimulation with M.
leprae (Table 3). One of the patients (T6)
produced a level as high as 1800 pg. Inter-
estingly, patients nos. T1, T3 and T6 pro-
duced high levels of IFN-y but had a low
titer (1:10) of antibody to 35 kDa. On the
other hand, only one active patient pro-
duced IFN-vy in vitro (Table 4). However,
there was no significant difference in the
levels between the LTTSN groups and the
active group of patients (p >0.05).

IL-2 assay. The PBMCs of none of the

active patients produced IL-2 after stimula-
tion with M. leprae (Table 4); whereas 6 of
the 19 (31%) LTTSN patients produced IL-2
upon stimulation (Table 3). Four of these

TABLE 3. Lymphoproliferative response
of PBMC, IFN-v, IL-2 and IL-10 levels in
culture supernatant of LTTSN patients to
MLSA.

Patient LT test IFN-y IL-2 IL-10
no. T (pg/100 ul) (pe/100 pl) (pg/100 pl)
TI 0.69 740 0 80
T2 1.16 740 620 88
T3 0.6 980 1100 90
T4 1.43 115 94 120
T5 0.39 0 45 0
T6 1.24 1800 850 0
TY 0.5 0 0 0
T8 1.88 140 0 0
T9 0.62 37 0 55
TIi0 0.82 45 0 190
Tl 1.4 0 0 55
T2 1.21 0 0 0
TI13 3.19 0 16 118
Ti4 1.62 0 0 70
TI15 1.24 0 0 0
Ti6 0.73 0 0 0
T17 10.8 0 0 65
TI8 1.53 0 0 0
T19 0.85 0 0 360
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TABLE 4. Lymphoproliferative response
of PBMC, IFN-y, IL-2 and IL-10 levels in
culture supernatant of active LL/BL pa-
tients to MLSA.

Patient LT test  IFN-y IL.-2 IL-10
no. (S (pg/100 uly (pg/100 ul) (pg/100 ul)

Al 2.27 0 0 Not done
A2 4.59 0 0 160
A3 1.2 0 0 16
A4 1.7 0 0 180
AS 1.76 0 0 500
A6 0.87 235 0 50
A7 1.6 0 0 120
A8 1.09 0 0 0
AY 1.06 0 0 320
Al0 0.51 0 0 52

patients were those who produced signifi-
cant levels of IFN-y. The p value was nearly
significant (p = 0.057) when the LTTSN
and active groups were compared.

IL.-10 assay. In some of the patients IL-
10 production was seen in the control wells
where no antigen was added. Therefore, the
values shown in Tables 3 and 4 are after the
deduction of the values of control (medium
without antigen) wells from the values of
wells where antigen was added. Eleven of
19 (57.8%) LTTSN patients produced IL-10
in response to MLSA (Table 3); whereas
88% of active patients produced IL-10 (p
>().05) (Table 4).

DISCUSSION

We have assessed the CMI, antibody and
cytokine responses to various antigens in
LTTSN and active smear-positive BL/LL
patients. Anergy to lepromin has been noted
in all LTTSN patients similar to earlier find-
ings (7). This suggests that despite treatment
and a “clinical™ bacterial clearance lasting
several years (mean 7.89 + 4.25) the pa-
tients continue to be anergic to M. leprae.
This may be because of the fact that most of
the cases belonged to the lepromatous pole.
However, a positive Mitsuda response in
some treated lepromatous patients has also
been reported (* **) after over 20 years of
smear negativity (**). In the present study,
in vitro lymphoproliferation to M. leprae
antigen was seen in only 10% of the pa-
tients. Similarly, suppression of prolifera-
tion of PBMC:s in response to M. leprae in
bacillary negative, treated LL patients also
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has been shown by others (*2"). Such a sup-
pression might be due to the presence of
large amounts of M. leprae antigens in the
host even after long-term treatment (')
since this length may be insufficient for
antigen clearance. This is corroborated by
the observation that in some LL patients af-
ter 30 years of treatment M. leprae-induced
lymphoproliferation has been seen (°).

We have noted a significant decline in the
[gM response to PGL-I in LTTSN patients
as have others ("'). Although there was no
difference in the 35-kDa antibody positivity
between LTTSN and untreated patients,
fewer LTTSN patients showed a high titer
(>250) as compared to untreated patients.
Since the majority of our patients had a
high BI initially, presumably they might be
having initial high titers of antibody which
remains a long time after treatment. Roche,
et al. (**) have already reported persistence
of the 35-kDa antibody even after 2 years of
chemotherapy in patients who had an initial
high titer of antibody. The presence of the
35-kDa reactive memory B cell could ex-
plain the persistence of this antibody. More-
over, since the 35-kDa antibody is of the
I1gG type the persistence of the antibody in
the host is longer than the ND-O-BSA anti-
body which is of IgM nature.

It has been reported that IFN-y plays an
important role in the clearance of mycobac-
teria by activation of macrophages (*). IL-
10 is known to negatively regulate Thl
cells and has been shown to inhibit anti-
mycobacterial activity of macrophages in
vitro by overriding the signals delivered by
IFN-y, and this could account for the ability
of mycobacteria to survive intracellularly
('"). In response to M. leprae stimulation,
IFN-v has been shown to downregulate the
release of IL-10 ('?). Monocyte-derived IL-
10 and PGE, have been reported to be asso-
ciated with the absence of Thl cells and in
vitro suppression of the cellular response in
lepromatous leprosy (). LL patients have
been shown to produce low levels of IFN-y
after stimulation of the PBMC with M. lep-
rae (). It also has been suggested that lym-
phocytes of LL patients fail to make IL-2
and that the addition of a crude supernatant
containing IL-2 restored their proliferative
response to specific antigen (°).

We studied IL-2, IFN-y and IL-10 pro-
duction by PBMC of LTTSN BL/LL pa-
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tients to show whether these patients have
regained a Thl-type of response or continue
to show suppression. Our data demon-
strated that PBMC of a small number of
LTTSN patients elicit better IFN-y response
than those of untreated patients. As ex-
pected, these patients also have shown a
rise in IL-2 production. In contrast, none of
the active patients produced IL-2 in vitro.
Further, fewer LTTSN patients were found
to be producing IL-10 as compared to ac-
tive patients. This Thl response seen in
some of the LTTSN patients was not found
to be related to the duration of disease, ini-
tial BI, duration of treatment or length of
smear negativity. Although a similar rise in
IFN-y had been reported earlier (%) in
treated LL patients, we have not come
across any report on increased IL-2 and re-
duced IL-10 production in treated leproma-
tous patients. However, reduction in serum
IL-10 of multibacillary patients and high
levels of IL-2 and IFN-y after both
chemotherapy and chemo-immunotherapy
have been reported (*'°). IL-10 has been
shown to suppress the proliferation of T
cells (*). The low levels of IL-10 produced
by most of the LTTSN patients in our pres-
ent study might be enough to suppress the
proliferation of PBMC. However, we have
noted IL-10 production by two of the
LTTSN patients who also responded to M.
leprae by the LT test, and one of these
patients showed significant production of
IL-2. These variations in cytokine re-
sponses could be easily explained from the
proliferation of bystander cells (ThO) which
are known to produce cytokines of both
types (*'). We have recently noted TGF-f3
production by PBMCs of most of the
LTTSN as well as active BL/LL patients
(data not shown). The suppression thus seen
in the lepromatous patients could as well be
due to TGF- since this cytokine has been
reported to be inhibitory for T-cell activa-
tion in leprosy patients ().

This study gives insight into the immuno-
logical profile of long-treated, bacillary
negative lepromatous patients and suggests
that there is an upregulation of CMI in
some of these lepromatous patients. How-
ever more work on the cytokine profile in
relation to M. leprae is required in the fu-
ture in order to understand the exact mech-
anism of anergy in lepromatous patients.
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SUMMARY

The immune responses of 19 treated lep-
romatous patients who had remained smear
negative for a long period were assessed for
specific cell-mediated immunity (CMI),
anti-Mycobacterium leprae antibodies and
cytokine release in response to challenge
with M. leprae soluble antigen (MLSA). All
of these patients remained anergic to Mit-
suda lepromin. Lymphoproliferation in re-
sponse to M. leprae antigen was noted in
only two patients. Significant reduction in
the phenolic glycolipid I (PGL-I) antibody
response in treated patients with no differ-
ence in the M. leprae 35-kDa antibody re-
sponse was observed when these responses
were compared with those of active lepro-
matous patients. More treated patients pro-
duced interleukin-2 (IL-2) and interferon
gamma (IFN-y) than did active patients. On
the other hand, fewer treated patients pro-
duced IL-10 than did active patients. These
limited findings suggest that the host im-
mune response makes an attempt toward
upregulation of CMI in some treated
LL/BL patients.

RESUMEN

Se midié le respuesta inmunitaria celular y hu-
moral, y la produccion de citocinas en respuesta a un
antigeno soluble de Mycobacterium leprae (MLSA),
en 19 pacientes lepromatosos tratados, que han per-
manecido baciloscopicamente negativos por periodos
prolongados de tiempo. Todos los pacientes per-
manecieron anérgicos en la reaccion de Mitsuda. La
linfoproliferacion en respuesta al antigeno de M. lep-
rae s6lo se observo en dos pacientes. En comparacion
con los pacientes con lepra lepromatosa activa, se ob-
servé una reduccion significativa en los niveles de
anticuerpos anti-glicolipido fendlico I (PGL-I) en los
pacientes tratados, sin diferencia en los niveles de
anticuerpos contra la proteina de 35 kD de M. leprae.
La produccién de interleucina 2 (IL-2) e interferén
gamma (IFNy) fue mds frecuente entre los pacientes
tratados que entre los no tratados. Por otro lado, se
encontré menor produccion de IL-10 en los pacientes
tratados que en los no tratados. Estos resultados
sugieren que los macanismos reguladores del sistema
inmunitario del huésped tienden a mejorar la respuesta
inmune celular en algunos de los pacientes LL/BL
tratados.

RESUME
Les réponses immunitaires de 19 patients Iéproma-
teux auparavant traités, qui sont restés bactério-
scopiquement négatifs pendant une longue durée,
furent évaludes pour I'immunité & médiation cellulaire
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spéeifique (IMC), les anticorps anti-Mycobacterium
leprae et la libération de cytokines secondairement i
'injection d'un antigene soluble de M. leprae
(MLSA). Tous ces patients ont gardés leur état an-
ergique lors du test de Mitsuda & la Iépromine. Une
réaction de blastogenese (lymphoprolifération) en
réponse aux antigénes de M. leprae ne fut enregistrée
que chez 2 patients. Une réduction significative de la
réponse sérique des anticorps dirigés contre le glyco-
lipide phénolique de groupe I (PGL-I) était présente
chez les patients traités, par rapport a celle de patients
souffrant de lepre Iépromateuse active. Cette réduction
significative n'a pas ¢te observée concernant la
réponse sérique en anticorps dirigés contre la protéine
de 35 kDa de M. leprae. Une proportion plus impor-
tante de patients traités que de patients en phase active
de la maladie libéraient de fagon importante de I'inter-
leukine 2 (1L-2) et de I"interféron gamma (IFN-y), tan-
dis qu'une proportion moins importante de patients
traités que de patients en phase active produisaient de
I"[L-10. Ces données, bien que limitées, suggérent une
tentative de réactivation de I'IMC chez certains pa-
tients LL/BL.

Acknowledgment. The authors sincerely acknowl-
edge LEPRA for providing partial assistance through
the supply of certain reagents used in carrying out the
present study. We are thankful to Dr. Anil Gupta and
Mr. V. S. Yadav for statistical assistance. Technical help
rendered by Mr. P. N. Sharma, Mr. M. S. Tomar, Mr. M.
Alam and Mr. K. Kulshreshtra is highly appreciated.

REFERENCES

1. BacH, M. A., WaLLACH, D., FLAGEUL, B., Hok-
FENBACH, A. and CoTTENOT, E. Antibodies to phe-
nolic glycolipid 1 and to whole Mvcobacterium
leprae in leprosy patients; evolution during ther-
apy. Int. J. Lepr. 54 (1986) 256-267.

. Beena, K. R., Zangeer, S. A., GULERIA, L,
MUKHERIEE, R., TALWAR, G. P., MUKHERJEE, A.,
RAMESH, Y. and Misra, R. S. Localized leproma-
tous leprosy and its response to chemo-im-
munotherapy. Int. J. Dermatol. 33 (1994) 64-67.

3. Creg, L A., Smir, W, C. S, Rees, R. J. W. and
BeCK, J. S. The influence of antimycobacterial
chemotherapy on delayed-type hypersensitivity.
Lepr. Rev. 59 (1988) 145-151.

4. DE WAAL MALEFYT, R., HAANEN, J., SpiTs, H.,
RoNcaroLo, M. G., TE VELDE, A., FIGDOR, C.,
Jounson, K., KASTELEIN, R., YssEL, H. and pE
Vries, J. E. Interleukin 10 (IL-10) and viral IL-10
strongly reduce antigen-specific human T cell pro-
liferation by diminishing the antigen-presenting
capacity of monocytes via downregulation of class
I major histocompatibility complex expression. J.
Exp. Med. 174 (1991) 915-924.

5. DHARMENDRA and CHATTERJEE, S. N. Examina-
tion for Mycobacterium leprae. In: Leprosy. Vol. 1.
Dharmendra, ed. Bombay: Kothari Medical
House, 1978, pp. 258-262.

o

International Journal of Leprosy

2001

6. DockreLL, H. M., Young, S. K., Brirton, K.,
BRENNAN, P. J., RIVOIRE, B., WaTERS, M. F. R,
Lucas, S. B.. Suauip, ., Doiki, M., CHianG, T. J.,
Ensan, Q.. McApam, K. P. W. J. and HussaIN, R.
Induction of Th1 cytokine responses by mycobac-
terial antigens in leprosy. Infect. Immun. 64
(1996) 4385-4399.

7. EsQueinazi, D. A., Sampalo, E. P., MOREIRA, A. L.,
GaLLo, M. E. N., ALMEIDA, S. M. R. and SArNO,
E. N. Effect of treatment on immune responsive-
ness in lepromatous leprosy patients. Lepr. Rev.
61 (1990) 251-257.

8. HARBOE, M. The immunology of leprosy. In: Lep-
rosy. Ist edn. Hastings, R. C., ed. New York:
Churchill Livingstone, 1989, pp. 53-87.

9. HAREGEWOIN, A., GobpaL, T., Mustara, A.,
BeLEHU, A. and YAMANEBERHAN, T. T cell condi-
tioned media reverse T cell unresponsiveness in
lepromatous leprosy. Nature 303 (1983) 342-344.

10. Howe, R. C., WonpIiMu, A., DEMISSEE, A. and
FromMEL, D. Functional heterogeneity among
CD4+ T cell clones from blood and skin lesion of
leprosy patients; identification of T cell clones dis-
tinct from ThO, Thl and Th2. Immunology 84
(1995) 585-594.

11. KriEG, R. E. and MEYERS, W. M. Demonstration
of Mycobacterium leprae in tissues from bacterio-
logically negative treated lepromatous leprosy pa-
tients. (Abstract) Int. J. Lepr. 47 (1979) 367.

12. LiBraTY, D. H., AIRAN, L. E., UvEmura, K., JuL-
LIEN, D., SPELLBERG, B., REA, T. H. and MODLIN,
R. L. Interferon-y differentially regulates inter-
leukin-12 and interleukin-10 production in lep-
rosy. J. Clin, Invest. 99 (1997) 336-341.

13. MiSrA, N., MURTAZA, A., WALKER, B., NARAYAN,
N. P. S., Misra, R. S., RamEsH. V., SinGH, S.. CoL-
STON, M. J. and NatH, 1. Cytokine profile of cir-
culating T cells of leprosy patients reflects both in-
discriminate and polarised T-helper subsets: T
helper phenotype is stable and uninfluenced by re-
lated antigens of Mvycobacterium leprae. 1m-
munology 86 (1995) 97-103.

14. MisrA, N., SELVAKUMAR, M., SINGH, S., BHARAD-
wal, M., RAMESH, V., Misra, R. S. and NatH, 1.
Monocyte derived IL-10 and PGE2 are associated
with the absence of Thl cells and in vitro T cell
suppression in lepromatous leprosy. Immunol.
Lett. 48 (1995) 123-128.

15. Mosmann, T. R. and Corrman, R. L. Thl and
Th2 cells: different patterns of lymphokine secre-
tion lead to different functional properties. Ann.
Rev. Immunol. 7 (1989) 145-173.

16. MouBASHER, A., KAMEL, N. A., ZepaN, H. and
RaueeM, D. Cytokines in leprosy. II. Effect of
treatment on serum cytokines in leprosy. Int. J.
Dermatol. 37 (1998) 741-746.

17. MURRAY, P. J., WANG, L., ONUFRYK, C., TEPPER, R.
I. and Young, R. A. T cell-derived IL-10 antago-
nizes macrophages function in mycobacterial in-
fection. J. Immunol. 158 (1997) 315-321.



69, 3

18.

19,

20.

Murtis, T., KRAAKMAN, E. M., CORNELISSE, Y. E.,
HAANEN, J. B. A. G., Spits, H., DEVRIES, R. R. P.
and OTTENHOFF, T. H. M. Analysis of cytokine
production by mycobacterium-reactive T cells;
failure to explain Mycobacterium leprae-specific
nonresponsiveness of peripheral blood T cells
from lepromatous leprosy patients. J. Immunol.
150 (1993) 4641-4651.

MWATHA, J., MORENO, C., SENGUPTA, U., SINHA, S.
and Ivanyl, J. A Comparative evaluation of sero-
logical assays for lepromatous leprosy. Lepr. Rev.
59 (1988) 195-199.

MYRVANG, B., GopAL, T., RIDLEY, D. S., FROLAND,
S. S. and SONG, Y. K. Immune responsiveness to
Mycobacterium leprae and mycobacterial anti-
gens throughout the clinical and histopathological
spectrum of leprosy. Clin. Exp. Immunol. 14
(1973) 541-553.

. NatH, L., CurTis, J., SHARMA, A. K. and TALWAR,

G. P. Circulating T-cell numbers and their mito-
genic potential in leprosy—correlation with my-
cobacterial load. Clin. Exp. Immunol. 29 (1977)
393-400.

. NaTHAN, C. F., MurrAy, H. W., WiEBE, M. E. and

RusIN, B. Y. Identification of interferon-y as the
lymphokine that activates human macrophage
oxidative metabolism and antimicrobial activity. J.
Exp. Med. 158 (1983) 670-689.

. NoGUEIRA, N., KaprLAN, G., LEVY, E., SARNO, E.

N., KUSHNER, P.. GRANELLI-PIPERNO, A., VIEIRA,
L., COLOMER GouLD, V., LEvis, W., STEINMAN, R,
Yir, Y. K. and Coun, Z. A. Defective gamma in-
terferon production in leprosy: reversal with anti-
gen and interleukin 2. J. Exp. Med. 158 (1983)
2165-2170.

. NOORDEEN, S. K. A look at world leprosy. Lepr.

Rev. 62 (1991) 72-86.

. REITAN, L. J., CLoss, O. and BELEHU, A. In vitro

lymphocyte stimulation in patients with leproma-
tous and borderline tuberculoid leprosy: the effect
of dapsone treatment on the response to Mycobac-
terium leprae antigens, tuberculin purified protein
derivative and non-mycobacterial stimulants. Int.
J. Lepr. 50 (1982) 455-467.

Joshi, et al.: Immunological Profile

26.

203

RipLEY, D. S. Bacterial indices. In: Leprosy in
Theory and Practice. Cochrane, R. G., ed. Bristol:
John Wright and Sons Ltd., 1959, pp. 371-372.

27. RibLEY, D. S. and JorLING, W. H. Classification of

30.

31.

leprosy according to immunity; a five-group sys-
tem. Int. J. Lepr. 34 (1966) 255-273.

. Rocug, P. W., Britton, W. J., FalLsus, S. S., NEu-

PANE, K. D. and THEUNENET, W. J. Serological
monitoring of the response to chemotherapy in
leprosy patients. Int. J. Lepr. 61 (1993) 35-43.

. SINHA, S. MCENTEGART, A., GIRDHAR, B. K., BHA-

TIA, A. S. and SENGUPTA, U. Appraisal of two
Mycobacterium leprae-specific serological assays
for monitoring chemotherapy in lepromatous
(LL/BL) leprosy patients. Int. J. Lepr. 57 (1989)
24-32.

TrAO, V. T., HUANG, P. L., THUAN, A. T., ANH, D.
D., TracH, D. D., Rook, G. A. and WRIGHT, E. P.
Changes in cellular response to mycobacterial
antigens and cytokine production patterns in lep-
rosy patients during multiple drug therapy. Im-
munology 94 (1998) 197-206.

VERHAGEN, C. E., vaN DER Pouw KraaN, T. C,,
BUFFLING, A. A., CHAND, M. A., FaBer, W. R,
AARDON, L. A. and Das, P. K. Type 1- and type
2-like lesional skin-derived Mycobacterium lep-
rae-responsive T cell clones are characterized by
coexpression of IFn-y/TNF-a and IL-4/IL-5/IL-
13, respectively. J. Immunol. 160 (1998)
2380-2387.

2. Waters, M. F. R. and RipLEY, D. S. Tuberculoid

relapse in lepromatous leprosy. Lepr. Rev. 61
(1990) 353-365.

. Warers, M. E R, RibLEY, D. S. and Lucas, S. B.

Positive Mitsuda lepromin reactions in long-term-
treated lepromatous leprosy. Lepr. Rev. 61 (1990)
347-352.

. YAMAMURA, M., Uvemura, K., Deans, R. J.,

WeINBERG, K., REa, T. H., BLoom, B. R. and
MobLIN, R. L. Defining protective responses (o
pathogens: cytokine profiles in leprosy lesions.
Science 254 (1991) 277-279.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

