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Lipoarabinomannan (LAM) is a crossre-
active polysaccharide antigen present in as-
sociation with the cell vali of Mvcobac-
teriam leprae and M. tubereulosis C). It ap-
pears as a broad diffuse band with a
molecular weight of 30-35 kDa on poly-
acrylamide gel electrophoresis (PAGE). II
lias many B-cell epitopes^and induces
both IgM and IgG types of antibodies
Further, ia vitu) studies have contirmed the
suppressive effect of LAM on cell-medi-
ated immunity against M. leprae

In leprosy, humoral imnnine response to
LAM has been studied by many authors (12.

14. '5). In addition, monitoring of IgG anti-
LAM antibodies has been reported during
chemotherapy 13. '''). Roche, et al.
have reported the persistence of IgG anti-
LAM antibodies following treatment, while
a variable decline in the levei of antibody
with therapy was observed by Gelber, et ai.
(5). These differences in antibody leveis
may possibly be due to the variation in spe-
citic IgG subclass response. Further, al-
though the antibody leveis against LAM
have been measured in erythema nodosum
leprosum I(ENL), type 2 reactionl and rever-
sal reaction (type 1), not much information is
available on the levei of IgG subclasses ex-
cept the report of Dhandayuthapani, et al. (4).

Since IgG subclasses have some pathogenic
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signiticance in many diseases, it needs fur-
ther analysis in leprosy. In the present
study, we have analyzed the IgG subclass
responses to LAM in the sera of active lep-
rosy patients, patients following effective
chemotherapy (inactive cases ) and in pa-
tients undergoing type 1 (reversa!) and type
2 (ENL) reactions.

MATERIAIS AND METHODS
Sera were collected from blood samples

(5 ml each) drawn by antecubital venipunc-
ture from 44 borderline lepromatous
(BL)/lepromatous (LL) and 62 borderline
tuberculoid (BT)/tuberculoid (TT) active
leprosy patients, 18 lepromatous patients
suffering from ENL reactions, and 15 pa-
tients with reversal reactions attending the
outpatient department of the Central
JALMA Institute for Leprosy, Agra, lndia.
They were diagnosed clinically and
bacteriologically, and were divided imo a
five-group spectrum approved by the Indian
Association of Leprologists ('"). The BL/
LL patients were clinically active and bac-
teriologically positive. They were receiving
multidruQ therapy (MDT) varying from
1 month to 18 months. A few of the pa-
tients, about (10%), had not received any
MDT. The BT/TT patients had raised, ery-
thematous lesions with intiltration and well-
defined margins. Some of these cases had
thick cutaneous nerves near the lesions.
They were mostly untreated with less than 3
months of treatment. Patients in reaction
were given steroid therapy after collection
of the blood samples.

Sera were also obtained from 39 inactive
cases of BL/LL and 37 inactive cases of
BT/TT leprosy. The "inactive" cases were
previously active cases who had become in-
active with treatment. A few of them had
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received dapsone monotherapy for 5 to 15
years; others had the recommended MDT
for their disease status. These cases were
free from clinicai symptoms and were neg-
ative for acid-fast bacilli (AFB) in their skin
smears. They had been reieased from treat-
ment for from 3 to 10 years.

Serum sampies from 17 healthy individ-
uais xvho were contacts of leprosy patients
were inciuded as controls (HC).

Only those patients and healthy contacts
who had given their consent were included
in this study.

Antigens. Lipoarabinomannan (Ara-
LAM ) from rapid-growing mycobacteria
species was obtained from Dr. P. J. Bren-
nan, Colorado State University, Fort
Collins, Colorado, U.S.A. (N1H contract
no. 1-A1-05074).

Monoclonal antibodies. Mouse mono-
cional antibodies to human IgG1 (Clone HP
6001), IszG2 (Cione HP 6014), IgG3 (Cione
HP 6050) and Isy.G4 (Cione 6025) were ob-
tained from Sigma Chem leal Company, St.
Louis, Missouri, U.S.A.

ELISA. ELISA plates (Nunc, Roskilde,
Denmark) were coated with 100 pl of LAM
(5 p./mi) in 0.05 M bicarbonate buffer, pH
9.6, at 37°C overnight. The plates were
washed three times in phosphate buffered
saline (PBS) and then blocked with 1%
bovine serum aibumin (BSA) in PBS for I
hr. After washing, three times with PBS-
Tween (0.17o) the-sera (100 pl, 100-fold di-
lution) were added in duplicate to the
plates. The piates were incubated at 37°C
for 2 hr and then washed three times with
PBS-Tween; 100 pl of mouse anti-human
IgGI, IgG2, IgG3 and IgG4 monoclonal
antibodies were added to the piates, and
they incubated at 37°C for 90 min. The
monocional antibody to IgG1 was used at a
1:3000-fold dilution wherezis other mono-
cionals were used at a 1:5000-fold dilution.
The piates were then washed three times
and 100 pi of peroxidase conjugated goat
anti-mouse IgG (1:10,000) (Sigma) was
added to each well. The piates were then in-
cubated at 37°C for 90 min. After washing,
OPD substrate (ortho-phenyiene diamine
dihydrochioride containing H,0,) was
added to deveiop color. The rea-ction was
stopped after 30 min with 5 N H,SO4 and
the optical density (OD) was meãsured at
492 nm in an ELISA reader (Titertek Mui-

tiskan; Flow laboratories, Rockville, Mary-
land, U.S.A.).

The dilution of serum was determined
from the standard curve drawn by taking
the OD values of the pooled sera of BL/LL,
BT/TT patients and heaithy contacts tested
in a serial dilution. The OD values of the di-
lution used in this study (1:100) were read
in the linear part of the standard curve. Sera
from heaithy contacts were included aiong
with test samples in every ELISA. The
mean OD + 3 S.D. of healthy contacts was
used as the cut-off point to determine the
positivity for each subciass.

Statistical analysis. Data were analyzed
using Student's t test and the chi-squared
test.

RESULTS
The leveis of the IgG subciass antibod-

ies to LAM have been anaiyzed in active
BL/LL and TT/BT leprosy patients and in
patients with reactions (Table 1). The
mean antibody levei of IgG2 obtained in
active TT/BT patients was signiiicantly
higher compared to the healthy contacts (p
<0.01). In ali healthy contacts, the values
for the IgG subclasses were within the cut-
off point. IgG2 antibodies were found to
be at a higher levei in all groups of pa-
tients. The mean antibody leveis of IgG
IgG2 and IgG3 were significantly higher
(p <0.01 for each subciass) in active
BL/LL patients than those obtained in ac-
tive TT/BT patients. The IgG3 response
was found to be at a lower levei than the
IgGi and IgG2 antibody responses. In ali
groups of p'ãtients the mean antibody levei
and seropositivity for IgG4 antibodies
were found to be low. The positivity vai-
ues for IgGi (48%), Ig,G2 (66%) and IgG3
(39%) in BL/LL pa-tients were signiti-
cantly higher than the IgGi (16%), IgG2
(39%) and IgG3 (11%) positivity values
for the TT/BT patients (Tabie 2).

Further, the IgG subciass responses itt in-
active cases (BL/LL, and BT/TT, after suc-
cessful chemotherapy) were determined
(Tabie 1). Even with disease inactivity and
bacterial negativity, I() out of 39 (26%) of
Lhe BL/LL cases were positive for IgGi an-
tibodies; whereas 21 out of 44 active
BL/LL patients (48%) were positive for the
same antibody (Tabie 2). Similarly, 17 out
of 39 inactive BL/LL patients (44%) were
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TAiwk 1. IgG subclass l('vels (mean ± S.D.) to LAM iii the sena of active and inactive
cases of leprosx and leprosy cases with reactions (ENL and reversal reactions).

IIC.'
BULL'

ENI,d RR`
Aclive

(N = 62)
Inactive
IN = 37)

Aclive
(N = 44)

Inaclive
(N = 39)

s'ub-
classes

(N= 1 7 ) (N = 18) =l5)

IgG1 0.02 + 0.01 0.025 ± 0.027 0.017 ± 0.013 0.074 ± 0.074 0.035 ± 0.034' 0.04 ± 0.04 0.15 ± 0.48'
Ig(i2 0.07 ± 0.02 0.15 ± 0.13 0.148 ± 0.131 0.25 ± 0.143 + 0.12' 0.23 ± 0.20 0.34 + 0.34'
leG3 0.018 ± 0.01 0.023 ± 0.022 0.014 ± 0.01 0.044 ± 0.043 0.013 ± 0.011' 0.023 ± 0.02' 0.04 ± 0.08
1-g(i4 0.027 ± 0.01 0.031 ± 0.023 0.02 ± 0.02 0.033 ± 0.026 0.018 ± 0.016 0.034 ± 0.028 0.02 ± 0.03

11(' = Ilealthy
TT/IIT = Tuberculoid and borderline tuberculoid leprosy.

' BULI. = Borderline lepromatotts and lepromatous leprosy.
1N1, =1:rytherna nodo,tint leprostim.
RR = Iteversal reactions.

' Signilicantly^compare(' to corresponding healthy contacts.
Signilicantly IlIi2hCr compare(' to corresponding active 13111'1' group.
Signilicantiv lower compare(' to corresponding active BULL group.

' Signi lower compare(' to corresponding active 131.11.1, group.
' Signilicantlyliielier compare(' to active "1-11111' grou!).
Signilicantlyhiiiher compare(' to active '11711.1. group.

positive for IgG2 antibodies. In the corre-
sponding active group, 29 out of 44 patients
(66%) were fflund positive. Only 5% (2 out
of 39) of the inactive group were IgG3-
seropositive in comparison to 390/e (17 out
of 44) in the active group of BL/LL patients.

However, following chemotherapy, a
significam fali (p <0.01) in ali subclass lev-
eis, except for IgG4, was observed in BL/LL
patients. On the other hand, no significam
changes in the mean antibody leveis or in the
values of seropositivity were observed in
BT/TT patients after chemotherapy.

There was a significant reduction in the
IgG3 levei in ENL cases when compared
with active BL/LL patients (p <0.05). In pa-
tients undergoing type 1 reaction, the leveis
of IgG1 (p <0.002) and lgG2 (p <0.05) sub-
classes were found to be higher than in the
active TT/BT group. The seropositivity for
the IgG I subclass was significantly higher
in patients with type 2 (ENL) reaction (p
<0.04) as compared to type I (RR) reaction.

DISCUSSION
In the present study, we have used a

crossreactive carbohydrate antigen, LAM,
to demonstrate IgG subclass response in ac-
tive TT/BT and BL/LL patients, in inactive
cases after successful chemotherapy, and in
patients undergoing reactional episodes.
The mean levei and seropositivity value of
IgG1 were observed to be significantly

higher in active BL/LL patients than in ac-
tive TT/BT patients. A similar enhancement
of the IgG I levei to LAM in lepromatous
patients was reported by Dhandayuthapani,
ef a/. (4).

The (incline, that the IgG2 subclass
against LAM 'as predominant in ali
groups and remained at a higher levei dur-
ing leprosy infection is in agreement with
the report of Dhandayuthapani, et al. (4)• An
augmented IgG2 response is a generalized
feature of bacterial infections (o), and it
been estztblished that the IgG2 response is
mostly induced against carbohydrate epi-
topes (2)• LAM has beco reported to be pre-
sented by the CD1b molecule to o43 T-cell
receptor-bearing lymphocytes. T cells acti-
vated by LAM produced gamma interferon
(IFN-y) and were cytolytic (21)• In the pres-
ent study, LAM would have induced an ele-
vated IgG2 response in both the BT/TT and
BL/LL groups of patients.

On the whole, IgG3 antibody leveis were
found to be low compared to the leveis of
IgG1 and IgG2. The mean leveis and
seropositivity values for IgG 1 IgG2 and
IgG3 were significantly higher in BL/LL
patients compared to TT/BT patients. In our
previous study, we have demonstrated the
IgG I and IgG3 enhancement in BL/LL pa-
tients compared to BT/TT patients to whole
M. leprae sonicated antigens Since
LAM is one of the major immunogens of
whole sonicated antigens of M. leprae, the
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TABLE 2. Percentage aí seropositivity for IgG subclasses to LAM in active and inac-
tive cases of leprosv and leprosv cases with reaction.

IgG sub- 11C
BT/TT

BULL ENL'' RR'
Active Inactive Active bitu:tiveclasses' (17) (N= 18) (N= 15)

(N = 62) (N = 37) (N = 44) (N = 39)

IgGl (0) 16(10) 8(3) 48(21) 26(10)' 39(7) 6(1)
IgG2 (0) 39(24) 38(14) 66(29)' 44(17)d 61(11) 46(7)
IgG3 (0) 11(7) 3(1) 39(17) 5(2)' 11(2)`• 13(2)
10_14 (0) 7(4) 5(2) 11(5) 8(3) 11(2) 6(1)

'Cut off for IgG1 0.05; IgG2 0.15; IgG3 0.05; IgG4 0.06.
bNumbers in parentheses are positive individuais.

higher com pared to corresponding active TT/IIT group.
dSiguilicantly lower compared to active BULL group.
Sig,nilicantly lower compared to corresponding active BULL g,roup.

results obtained with both preparations
were similar. The levei of IgG4 tintibodies
was found to be low and similar in both
groups of patients.

In this study, we have ais° determined
Lhe leveis of the IgG subclasses in inactive
cases of leprosy following adequate
chemotherapy. Although a significam fall in
ali IgG subclasses, except IgG4, was ob-
served in the group of BL/LL patients after
the disease became inactive with therapy,
persisting leveis of IgG1 (26%) and IgG2
(44%) subclasses could be detected in the
sera of inactive cases (Table 2). The mean
antibody levei and seropositivity rate of
IgG3 were found to be iow in inactive
cases. An earlier study reported the decline
in IgG antibody levei to LAM after 4 years
of therapy (6). In another study, however, an
increase in IgG anti-LAM antibody leveis
following treatment in a group of Nepali
patients was reported Although no
changes in the mean antibody levei or in the
seropositivity rate were observed in the
BT/TT patients after chemotherapy, a high
levei of IgG2 along with a higher seroposi-
tivity rate were observed in inactives cases.

The persistence of IgG1 and IgG2 anti-
bodies in the sera of inactive (cured) pa-
tients may be due to the presence of LAM
somewhere in the tissue(s). II is known that
drug-sensitive M. leprae can persist for
many years after effective chemotherapy
(I8) and, therefore, can stimulate antibody
production (24). Although the inactive cases
in the present study were free from live or
dead bacilli as revealed from the skin
smears (from tive sites), the possibility of
any "persisters" remaining in internai struc-
tures cannot be ruled out (15). II is also pos-

sible that (Inc to the slow degradable nature
of M. leprae LAM might remain in tissues
for a long time, even after bacterial clear-
ance. Further, LAM being a common anti-
gen among bacterial species, other bacterial
infections may lead to an anamnestic anti-
body response in the host. However, this
possibility probably can be ruled out be-
cause none of the healthy contacts in the
present study was seropositive for these two
subclasses.

In our earlier observations, we have
noted the persistence of IgG1 and IgG2 an-
tibodies to whole M. leprae sonicated anti-
gens in inactive cases of BL/LL leprosy (3).
In the present study we have also observed
the persistence of these two IgG subclasses
to LAM in inactive cases of leprosy. Con-
trary to the above, in a recent study by Fu-
jieda, et id. (6) in vitro cultue could not
demonstrate the production of IgG2 from
IgD + B cells (i.e., B cells having IgD re-
ceptor) in the presence of LAM and CD1b-
restricted T cells from leprosy lesions. This
discrepancy may be doe to the difference in
the experimental setup because in the pres-
ent study the response has been measured in
an iii vivo situation in patient sem.

Regarding antibody levei in reactions,
Miller, et al. ('') have reported that the oc-
currence of ENL reaction had no significam
effect ou the total levei of IgG antibody.
However, they could observe a significant
triphasic pattern with an inalai fali of anti-
body preceding the clinicai development of
the reversa' reaction, followed by a sharp
rise coincidem with the appearance of
symptoms of a type 1 reaction and, finally,
a second decline occurring several weeks to
months after the ousei of reaction. In con-



426^ International Journal of Leprosr^ 1999

trast, Roche, al. have observe(' 110 effect
011 IgG anti-LAM leveis durini2, reactional
episodes (1')• A decreased leverof IgM an-
tibody to pure glycolipid and no change to a
crude soluble antigen of M. 'clave in pa-
tients with ENL reaction have been re-
ported (1)• On the olhei hand, lower leveis
of IgG subclasses were observed in our
study in lepromatous patients with ENL re-
actions compared to active BL/LL patients.
A significam fali in the IgG3 levei and a
lower seropositivity value for the IgG3 sub-
class could be seen in patients with ENL re-
actions compared to the active BL/LL
group. This supports our earlier observation
(`). IgG3 antibody perhaps may be primar-
ily deposited as immune complexes in tis-
sues, which might account for a fali in the
IgG3 levei in serum. But Dhandayuthapani,
et al. have different observations; they have
found a relatively higher levei of IgG4 anti-
body a)2ainst sonicated extract and a de-
creased-IgG1 antibody levei to LAM in pa-
tients with ENL reactions (4)•

Possibly our report is the first to analyze
the IgG antibody response in a subclass
levei to LAM in patients with reversa' reac-
tions. Since most of the TT/BT patients suf-
fer from reversa' reactions, we have com-
pared the IgG subclasses in TT/BT patients
with and without reactions.

Higher leveis of IgG1 and IgG2 were ob-
served in patients with type 1 reactions
compared to those of active TT/BT pa-
tients. Miller, et al. also had observed a
sharp rise in the total levei of IgG during a
type 1 reactional episode (15). A reversa' re-
action seems to be associated with a sudden
increase in cell-mediated immunity against
M leprae antigens (17)• Enhancement of
IgG1 in patients with reversa' reaction
could be explained by a heightened cell-
mediated immunity which would have in-
duced production of more IFN-y in re-
sponse to LAM by activated otí3 T cells.
Following the increases in IFN-y leveis,
raised leveis of IgGI and IgG3 are common
features of viral infections ("). However, in
the present study the rise in the IgG2 sub-
class levei was a prominent feature and fur-
ther contradicted the in vitro finding of Fu-
jieda, et al. (5).

II will be of interest to further character-
ize the antigen responsible for evoking the

IgG1 ind IgG2 responses in inactive cases
of leprosy by localizing LAM in the tissues.
Further, the levei of IgG3 in lepromatous
patients and the IgG1 and IgG2 subclasses
in TT/BT patients would be worth studying
in trying to predict the occurrence of type 2
and type I reactions. respectively.

SUMMARY
IgG subclasses against lipoarabinoman-

nan of mycobacteria were analyzed in the
sera of leprosy patients. Patients with active
leprosy ltuberculoid and lepromatous, pa-
tients undergoing erythema nodosum lepro-
sum (ENL) and reversa' reactions1 and in-
active cases (tuberculoid and lepromatous
who were cured after chemotherapy) were
included in this study. Active lepromatous
patients had higher leveis of IgG sub-
classes, except IgG4, compared to active tu-
berculoid patients. Some of the inactive
cases (lepromatous patients cured after
chemotherapy) were positive for the IgGl,
Ig.G2 and IgG3 subclasses. However, their
leveis are lower than active lepromatous
cases. Ou the other hand, no difference in
Lhe subclass leveis between the active and
inactive tuberculoid groups could be ob-
served. While a significant fall in the levei
of IgG3 in ENL was observed as compared
to lepromatous leprosy without ENL, higher
leveis of IgG1 and IgG2 were found in pa-
tients with reversa' reactions compared to
their active counterparts without reactions.

RESUMEN
Se anal izaron las subelases de IgG contra lipoarabino-
manana de micobacterias en los sueros de pacientes
con lepra. En ei estudio se incluyeron pacientes con
lepra activa (tuberculoides y lepromatosos, pacientes
coo eritema nodoso leproso. ENI., y pacientes con
reacc itin reversa) asi como casos inactivos (tubercu-
loides, los pacientes lepromatosos activos tuvieron los
niveles más altos de todas las subclases, excepto IgG4.
Algunos de los casos inactivos (lepromatosos curados
con PQT) fueron positivos para las subclases IgG
IgG2 e IgG3. Sin embargo, sus niveles fueron menores
que los de los casos lepromatosos activos. Por oiro
lado, no se observaron diferencias en los niveles de las
subclases entre los grupos tuberculoides activo e inac-
tivo. Amigue se observó una carda significativa en el
nivel de IgG3 en los cases con ENL (comparados coo
los casos sin ENL), los niveles de IgG I e Ig02 fueron
mayores en los casos activos coo reacciones reversas
que en los casos siri reacción.
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RÉSUMÉ
Les sous-classes d'IgG dirigés contre le lipo-ara-

bino-mannane ele mycobactérie furent anal ysés à partir
de sérunis de patients hanséniens. Les patients présen-
tant une lepre active Ituberculoide et lépromateuse, pa-
tients souffrant d'érytheme noueux lépreux (ENL) et
de réactions réverses] et eles individus avec une lèpre
inactive (tubereedoides et lépr)mateux qui ont été
guéris par Ia chinnothérapie) ont été inchu dans cette
étutle. Les patients qui présentaient une lèpre léproma-
teuse active avaient des niveziux plus élevés ele sous-
classes d'IgG, à l'exception des IgG4, que les patients
tuberculoídes. Certains cas inactifs (patients léproma-
teux guéris après chimiothérapie) étaient positifs pour
les sous-classes 1g01. IgG2 et 1.)..C13. Cependant, leur
niveaux étaient plus bus que chez les cas de lepre
lépromateuse active. Eu revanche, tI n'a pas été oh-
servé ele différences de niveaux de sous-classes entre
les groupes de lèpre tuberculoide active et inactive.
Tandis qu'une baisse signilicative du niveau d'IgG3
fut observée chez les patients atteints d' ENE, comparé
aux cas de leme lépromateuse sans ENI., eles niveaux
plus élevés de IgG1 et IgG2 étaient présents chez les
patients souffrant ele réactions réverses, comparés à
leurs homologues actifs sans réactions.
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