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The lepromatous forms of leprosy are
characterized by an important mycobacteri-
al load, by a low specific cellular immune
response, and by a high production of spe-
cific antibodies which do not seem to have
any protective role ( 2 . ' 8 ).

Serology has been used for disease diag-
nosis as well as for monitoring response to
treatment of lepromatous leprosy. Most of
the serological assays have involved the use
of phenolic glycolipid-I (PGL-I) or its syn-
thetic glycoconjugates, whole Mycobacteri-
um leprae sonicates, the 35-kDa or the
36-kDa protein antigens of Al. leprac
(3-7, U). 15, 16, 19, 21, 22) .

An alternative approach has been based
on the utilization of M. boris or Al. tuber-
culosis antigens since Al. leprac has many
antigens in common with these two species.
These antigens include the secreted and fi-
broncctin-binding antigen 85 complex ( 1 ' 6 )
consisting of three proteins: 85A (32 kDa),
8513 (30 kDa) and 85C (33 kDa) ( 25 ). Re-
cently, high IgG antibody levels against
component 85A and especially against com-
ponent 85B of this complex were described
in lepromatous leprosy ( 12-' 3 .' 7 - 23 ).

The aim of the present study was to com-
pare in lepromatous leprosy, during a 2-year
course of multidrug therapy, the evolution
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of IgM antibody reactivity against PGL-I
(ELISA) and of IgG humoral response
against the 85A and 8513 components of the
BCG 85 complex separated by isoelectric
focusing. PGL-I antigen was also quantified
in the serum during this treatment.

MATERIALS AND METHODS
Patients. Nine patients with polar lep-

romatous leprosy (B to J) and two with bor-
derline lepromatous leprosy (A and K) were
diagnosed in French Polynesia and classi-
fied according to the Ridley-Jopling ( 16 )

classification following histopathological
analysis of biopsy specimens. The number
of acid-fast bacilli (AFB) per mg of skin
tissue was determined by homogenization
of the samples (Prof. J. Grosset, HOpital
Pitiê-SalpCtri&re, Paris, France).

Sera from the patients were collected on
admission and sequentially during the 2-year
period of therapy and were stored at —20°C
until use.

Since 1982, a multidrug therapy has been
implemented in French Polynesia. For mul-
tibacillary patients, it consists of a daily ad-
ministration for 24 months of dapsone
(DDS; 100 mg) and rifampin (10 mg/kg)
with a daily supplement of 100 mg of clo-
fazimine during the first 12 months and 5
mg/kg of prothionamide also during the first
2 months. In this regimen, rifampin was
given daily instead of monthly as recom-
mended by the World Health Organization
(WHO).

Eight patients adequately followed their
treatment; three patients did not. Patient G
stopped his treatment after 17 months; pa-
tient H, after 12 months, interrupted his
therapy for 10 months and was again treated
for 6 months; patient J stopped chemo-
therapy after 6 months because of devel-
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opment of hepatitis B. After 2 months of
interruption, rifampin was given monthly.
The occurrence of erythema nodosum lep-
rosum (ENL) was noted in five patients (A,
C, D, F and I) during multidrug therapy.

Isoelectric focusing and Western blot
analysis. To separate the three components
of antigen 85, vertical nondenaturing isoe-
lectric focusing (IEF) was performed in a
2.5 to 6.5 pH gradient as previously de-
scribed (12, 23, 24s .) The proteins were next
electrophoretically transferred onto nitro-
cellulose sheets (0.2 gni; I3io-Rad Labora-
tories, Richmond, California, U.S.A.). The
nitrocellulose strips were incubated over-
night with serial twofold dilutions of sera
diluted in TBS-0.05% Tween (TBS-T),
washed in TBS-T and incubated for another
4 hr with antihuman IgG, IgA or IgM per-
oxidase-conjugated rabbit immunoglobu-
lins (Dakopatts, Glostrup, Denmark) dilut-
ed 1/500. After rinsing in TBS-T, staining
was performed by the addition of peroxi-
dase substrate (Bio-Rad) containing alpha-
chloronaphthol in the presence of hydrogen
peroxide.

The reactivity of the sera against the an-
tigen 85 complex was tested twice. Positive
and negative control sera were included in
each run.

The degree of staining of each of the an-
tigen 85 components was quantified using
a video densitometer (Model 620; Bio-Rad)
and integrated reflectance values, expressed
in color yield units, were determined for
each peak ( 12 ). The titer of each tested serum
was defined as the reciprocal of the highest
dilution giving a reflectance value higher
than 0.1.

Taking as the cut-off level a titer of 100
when measuring the reactivity against the
85B component, the specificity calculated
in a control group of 153 healthy subjects
was 99.3%. For antigen 85A, a titer of 200
led to a 98% specificity. These healthy sub-
jects were from leprosy-endemic areas and
included contacts of leprosy patients.

Anti-PGL-I IgM by ELISA. IgM anti-
PG L-I antibodies were quantitated by
ELISA as previously described ( 3 ). Briefly,
the antigen used was the semi-synthetic nat-
ural trisaccharide 3-p-hydroxy-phenylpro-
pionate (NTP) coupled to bovine serum al-
bumin (Lot XI-66-860717; Fuji, Nara,
Japan) ("). Nonspecific binding of the sera

was measured on control wells not coated
with antigen, and all of the sera were tested
in duplicate. After washing, specific IgM was
detected by goat antihuman IgM peroxi-
dase conjugate (BIOSYS, Compiegne,
France). The reaction was developed when
the chromogenic substrate orthophenyl-
ethylene-diamine (OPD; Sigma Chemical
Co., St. Louis, Missouri, U.S.A.) was added
with H 2 0, solution at 0.013% final concen-
tration. Automatic optical density (OD)
readings and calculations were performed
by a micro-ELISA reader (Titertek; Flow
Laboratories, Helsinki, Finland). The re-
sults are expressed as the difference in OD
between the antigen-coated and control
wells. The cut-off level of the test, deter-
mined on 396 healthy Polynesian blood do-
nors, was OD = 0.200 (mean OD + 2 S.D.)
at a 1/250 dilution of the sera. The serum
titer was calculated from the reciprocal of
the highest dilution giving an OD higher
than 0.200.

Semiquantitative PGL-I detection by
DOT-ELISA. The PGL-I was extracted
from 500 /11 of lyophilized serum and quan-
titated by DOT-ELISA according to a pro-
tocol already described ( 3 ). Each series of
extractions included a control made of nor-
mal serum spiked with a known amount of
PGL-I (the reference PGL-I and anti-PGL-I
hyperimmune rabbit serum were kindly
supplied by Prof. P. J. Brennan, Colorado
State University, Fort Collins, Colorado,
U. S.A.). 4-Chloronaphthol 0.05% contain-
ing H70, 0.009% was used as substrate. A
positive result appears as a blue-purple dot
after 20 min at 37°C. The last concentration
or dilution giving a positive result was not-
ed, and serial dilutions of purified PGL-1
were used as standards. The results were
expressed in nanograms of PGL-I per ml of
serum. As little as 6 ng of PGL-I/ml could
be detected in this assay (3 ), but sera were
considered positive at a cut-off of 12 ng/ml,
resulting in 100% specificity as determined
on sera from 85 Polynesian blood donors.

Statistical analysis. Since the sample size
was small, nonparametric statistical meth-
ods were used to analyze the results ( 20 ).

RESULTS
IgG antibodies directed against antigens

85A and 85B and IgM antibodies against
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THE TABLE. Antibodies and PGL - I in lepromatous leprosy patients under multidrug
therapy.

Patient
(AFI3/mg)

Date of
sampling

(mo.)

AG PGL-I
(ng/ml)

Anti-PGL-1
IgM

Anti-85A
IgG

Anti-85B
IgG

A 0 2,000 64,000 3,200 3,200
6 31 16,000 3,200 6,400

( 3 x^10') 12 12 16,000 1,600 3,200
24 0 16,000 1,600 1,600

B 0 1,800 32,000 400 6,400
7 0 16,000 400 6,400

(3 x^10") 13 12 16,000 400 3,200
27 0 8,000 200 3,200

C 0 1,250 64,000 1,600 6,400
8 50 32,000 400 3,200

(3 x^10') 12 25 16,000 < 100 1,600
26 0 8,000 < 100 400

D 0 250 4,000 3,200 6,400
4 25 4,000 800 800

(5 x 101 12 12 1,000 800 800
25 0 500 400 400

E 0 1,024 4,000 1,600 3,200
6 600 2,000 1,600 1,600

(4 x^10") 13 100 2,000 400 400
26 0 250 200 200

F 0 1,250 4,000 100 1,600
6 50 2,000 100 800

(2 x^10') 12 0 2,000 100 400
21 0 500 100 < 100

G 0 4,000 2,000 100 3,200
8 62 1,000 100 400

(2 x^10") 14 250 1,000 200 400
31 62 500 100 200

H 0 2,500 64,000 100 1,600
6 100 32,000 100 1,600

(7 x^10') 12 12 32,000 100 800
27 0 32,000 100 400

1 0 480 2,000 100 100
5 0 500 100 < 100

(2 x^10') 18 0 250 100 < 100
25 0 250 < 100 < 100

J 0 2,500 2,000 200 400
8 25 2,000 200 400

(4 x^10') 16 50 1,000 200 400
23 25 250 200 400

K 0 120 4,000 < 1 00 < 100
5 0 1,000 < 100 < 100

(1^x^10 4 ) 18 0 500 100 < 100
25 0 500 < 100 < 100

PGL-I are shown in The Table. Taking as
the cut-off value a titer of 200 for the anti-
85A IgG response, 6 of 11 patients had a
positive value before treatment. For anti-
853 IgG antibodies, a cut-off value for pos-
itivity was set at 100 and 10 of 11 patients
were found to be positive. When testing the
IgM anti-PGL-I response (cut-off antibody
titer of 250), 11 of 1 1 patients were positive.

Antibody levels decreased during treat-
ment (mean fourfold decrease for anti-85B
IgG and anti-PGL-I IgM, mean twofold de-
crease for the anti-85A IgG) but remained
higher in most of the patients than the cut-
off values at the end of the treatment: re-
spectively, in 4 of the 6 patients positive for
anti-85A IgG at onset of chemotherapy, in
8 of the 10 for anti-85B IgG, and in 11 of
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the 11 for anti-PGL-I IgM. IgA antibodies
directed against antigen 85A or 85B were
too low to be quantified. High IgM re-
sponses directed against the 85A and the
85B components were demonstrated in only
four patients, and these responses were not
affected by the treatment. Since a high IgG-
specific response was measured in the same
four patients, we conclude that IgM studies
did not augment the sensitivity of our test.

Circulating PGL-I antigen was found in
all of the patients at the beginning of treat-
ment. PGL-I levels decreased sharply dur-
ing treatment and in 9 of 11 patients cir-
culating PGL-I had become undetectable at
the end of 2 years of treatment. After 2 years,
persistent circulating PGL-I (> 12 ng/ml)
was still detected in sera from two patients
who were not compliant with their therapy
(patients G and J).

Circulating PGL-I and antibody titers
were significantly different before and at the
end of therapy as determined using the Wil-
coxon test: circulating PGL-I, p < 0.01; IgM
anti-PGL-I, p < 0.01; IgG anti-85A, p <
0.05; IgG anti-85B, p < 0.01.

There was no significant correlation be-
tween circulating PGL-I and IgG anti-85A
or -85B (Ag PGL-I/IgG anti-85A, r' = 0.17,
p = 0.6; Ag PGL-I/IgG, r' = 0.14, p = 0.7)
or between IgM anti-PGL-I and IgG anti-
85A or -85B (IgM anti-PGL-I/IgG anti-85A,
r' = 0.16, p = 0.6; IgM anti-PGL-I/IgG anti-
85B, r = 0.47, p = 0.14) as determined by
Spearman's correlation coefficient.

DISCUSSION
Many authors, including us, have previ-

ously investigated the serologic monitoring
of lepromatous leprosy patients during che-
motherapy (3. 5, 6, 10, 15, 16, 19, 21, 22 ) . IgM an-
tibodies against PGL-I have generally been
found to be the most reliable parameter.

In this study, we have compared the hu-
moral response against the 85A and 85B
antigens of Al. boris BCG and a synthetic
analog of PGL-I (NTP) during a 2-year mul-
tidrug therapy of 11 lepromatous leprosy
patients. The treatment comprised daily ad-
ministration of rifampin. Circulating PGL-I
antigen was also monitored in these pa-
tients. At the beginning of therapy, signifi-
cant antibody levels to PGL-I, 85A and 85B
could be detected in 11 of 11, 6 of 11 and
10 of 11 patients, respectively. Antibody

titers decreased significantly after 2 years of
treatment for the three antigens used.

Although diminished after 2 years, anti-
PGL-I titers remained higher in this study
than those observed in the control group of
396 healthy blood donors.

A longer follow up of our patients would
probably have shown further reduction of
their antibody titers down to negativity ( 5 ' 6 )

but, on the other hand, it must be noted
that persistently elevated titers of IgM anti-
PGL-I were previously described after 5
years of chemotherapy ( 6 ). Confirming pre-
vious findings ( 5  ' 5 ), no differences were ob-
served in the pattern of decrease in antibody
in patients with ENL as compared to the
other lepromatous patients' reactions.

IgG antibodies directed against the 85B
component of the BCG antigen 85 complex
have recently been shown to be associated
with the active forms of tuberculosis
(17, 23. 24 ) and with the lepromatous forms
of leprosy (12• 13, 17, 23 ). Antigen 85B seems
to be secreted more abundantly by the vir-
ulent Al. boris and AI. tuberculosis strains
(") than the attenuated AI. boris BCG strain,
and probably shares B-cell epitopes with the
85B antigen of Al. leprae. An 84.5% ho-
mology between the Al. leprae and Al. boris
BCG antigen 85B mature proteins was re-
cently reported (9 ).

In this study, 10 of 11 patients showed
significantly elevated IgG antibody titers di-
rected against the 85B component at the
onset of treatment. The only patient [patient
K (BL)] who had no IgG antibodies against
the 85B component was found to have the
lowest number of AFB/mg in his biopsy ma-
terial. In tuberculosis patients anti-85B an-
tibody levels evolve in parallel with disease
activity and decrease at the end of therapy
(23 ). We observed a similar phenomenon in
the present study when following lepro-
matous leprosy patients. The mean fourfold
decrease of anti-85B titer was comparable
to the one observed for anti-PGL-I IgM an-
tibodies.

Circulating PGL-I antigen was present in
all sera at the beginning of therapy, and de-
creased to detection limits or completely
disappeared in 7 of 11 patients after 1 year
of treatment. After 2 years of therapy, only
two patients demonstrated a substantial level
of free PGL-I (patients G and J). Interest-
ingly, these two patients had interrupted
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their medication. High PGL-I antigen con-
centration at the beginning of treatment was
usually associated with slower antigen de-
crease.

In conclusion, the follow-up study of these
11 patients who evolved favorably under
multidrug therapy showed a significant de-
crease of IgG antibody levels directed against
the antigen 85B from M. bovis BCG similar
to the decrease in IgM anti-PGL-I antibod-
ies. Although antibody detection tests are
easier to perform, circulating PG L-I antigen
detection remains the most appropriate tool
for monitoring lepromatous leprosy under
multidrug therapy.

SUMMARY
IgG antibodies against antigens 85A and

85B from Mycobacterium bovis BCG, IgM
antibodies against phenolic glycolipid-I
(PGL-I) and circulating PGL-I antigen were
measured in the serum of 11 patients with
lepromatous leprosy receiving multidrug
therapy (MDT). Before treatment, 6 pa-
tients were reactive to antigen 85A, 10 pa-
tients to antigen 85B, and 11 patients to
PGL-I; circulating PGL-I was detected in
the sera of all of them. After 2 years of MDT
PGL-I antigen could no longer be detected
in all of the patients, except for two who
were not compliant with treatment. IgG an-
tibodies directed against the 85A and 85B
antigens and IgM antibodies against the
PGL-I antigen also decreased significantly
during treatment but more slowly. The de-
termination of circulating PGL-I antigen re-
mains the most appropriate tool for mon-
itoring lepromatous leprosy under MDT.

RESUMEN
Se midieron los niveles de anticuerpos IgG contra

los antigenos 85A y 85B del .Ifycobacteriuni bolls BCG,
los niveles de anticuerpos IgM contra el glicolipido
fenOlico (GLF-I), y los niveles de GLF-I circulante, en
cl suero de II pacientes con lepra lepromatosa tratados
con poliquimioterapia (PQT). Ames del tratamicnto,
6 pacientes fueron reactivos con el antigen° 85A, 10
pacientes con el antigeno 8513, y 11 pacientes con el
GLF-I. En todos los pacientes se encontrO GLF-I cir-
culante. Despues de 2 afios de tratamicnto con PQT
ya no se encontrO GLF-I en el suero de ninguno de los
pacientes, except() en dos casos que no fueron cons-
tantes en su tratamiento. Los anticuerpos IgG dirigidos
contra los antigenos 85A y 85B y los anticuerpos IgM
contra el GLF-I, tambiên disminuyeron significativa-
mente durante el tratamiento pero lo hicieron Inds len-

tamente. La determinaciOn del GLF-I circulante es la
forma mas apropiada para seguir la cvoluciOn de la
enfermedad en los pacientes lepromatosos en trata-
miento con PQT.

RESUME
Les anticorps IgG vis-a-vis des antigenes 85A et 85B

du BCG a base de Mycobacterium boils, les anticorps
IgM vis-a-vis du glycolipide phenolique-1 (PGL-I) et
l'antigene PGL-I circulant ont etc mesures dans le se-
rum de I 1 patients attcints do lepre lepromateuse re-
cevant tine polychimiotherapie (PCT). Avant traite-
ment, 6 patients reagissaient A l'antigene 85A, 10
patients a l'antigene 8513, et 1 I patients au PGL-I: du
PGL-I circulant a etc detect& dans le serum de chacun
d'eux. Apres deux ans de PCT, l'antigene PGL-I ne
pouvait plus etre detectê chez les patients, A l'exception
de deux, qui ne suivaient pas leur traitement regulie-
rernent. Les anticorps IgG diriges contre les antigenes
85A et 8513 et les anticorps IgM diriges contre l'anti-
gene PGL-I ont aussi diminue progressivement en cours
de traitement, mais plus lentement. La determination
de l'antigene PGL-I circulant reste l'outil le plus ap-
proprie pour la surveillance de la lepre lepromateuse
traitée par PCT.
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