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Since phenolic glycolipid (PGL-I), a My-
cobacterium leprae-specific antigen, was
isolated and characterized (13, 14

)
, it has been

widely used for serological testing in lep-
rosy. Various studies suggest that antibodies
to PGL-I are mainly of the IgM class and
are more likely detectable in sera from lep-
romatous patients (2 • 9 ' 19.2̀ 0). There also have
been efforts to detect the antigen itself, in
serum (7, 21, 22 ,) and in urine ( 15) for the di-
agnosis of leprosy.

Besides disease diagnosis, PGL-I-based
serology has been considered useful for
monitoring the response of patients to che-
motherapy. During the early stage of de-
velopment, Cho, et al. (9) showed signifi-
cantly reduced anti-PGL-I reactivity among
lepromatous patients treated more than 2
years, and demonstrated elevated antibody
levels among relapsed patients (6), pointing
to PGL-I as a useful tool for monitoring
relapsed patients. Since then, Douglas, et al.
( 10) and Levis, et al. ( 16) also have reported
reduced anti-PGL-I reactivity in patients
following chemotherapy.

Recognition of the value of the PGL-I
assay for the antigen in monitoring the ef-
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fectiveness of chemotherapy arose from re-
ports that the levels of the antigen in sera
declined rapidly after the onset of chemo-
therapy and were no longer detectable after
2 to 6 months of effective treatment (7.22 ).

However, most of the information thus far
has been obtained from cross-sectional
studies and not from the same patients fol-
lowed sequentially after the initiation of
chemotherapy. There was also no infor-
mation on the proportion of new or relapsed
patients with circulating PGL-I antigen or
the effect of various drug regimens on the
levels of circulating antigen and antibodies
in new and relapsed patients.

In an effort to resolve questions concern-
ing the relationship between circulating an-
tigens and antibodies and its clinical signif-
icance, a sequential study was conducted
with leprosy patients during the course of
drug trials at the Leonard Wood Memorial
Center for Leprosy Research in Cebu, The
Philippines.

MATERIALS AND METHODS
Serum specimens. Serum and blood

specimens were taken serially from patients
on drug regimens at the time of clinical ob-
servation and bacteriological examination
during and after chemotherapy. Specimens
were obtained from patients who were par-
ticipants in two major drug trials: one was
the "Rifampin Trial" conducted in 1971-
1976 in which new lepromatous patients
were divided into three groups and given
dapsone, rifampin, or both. The other one
was the "Joint Chemotherapy Trial" con-
ducted in 1979-1986 in which new or re-
lapsed lepromatous patients were given
combination therapy. Only patients whose
first serum sample was obtained within 2
months of initiating chemotherapy were
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chosen for this study because PGL-I antigen
may disappear rapidly from the circulation
after treatment (7,22 ). The results obtained
from the patients in the two trials were an-
alyzed separately to permit comparison of
each drug regimen.

Detection of antibodies to PGL-I. An en-
zyme-linked immunosorbent assay (ELISA)
described by Voller, et al. ( 17) was employed
with minor modification as reported pre-
viously (8,9). However, instead of the native
glycolipid, the semi-synthetic neoglycopro-
tein 0-(3,6-di-O-methy1-(3-D-glucopyrano-
syl)-(1-4)-(2,3-di-O-methyl-0-L-rhamno-
pyranosyl) - (1 9) - oxynonanoyl - bovine
serum albumin (natural disaccharide-octyl-
BSA; ND-O-BSA) ( 5 ) was used. Briefly, 50
Al of diluted ND-O-BSA (20 ng sugar/ml)
in carbonate buffer, pH 9.6, was added to
the wells of U-bottom microtiter plates (Dy-
natech Laboratories, Inc., Alexandria, Vir-
ginia, U.S.A.), and incubated overnight at
37°C in a moist chamber. The wells were
then washed with phosphate buffered saline
(PBS) solution, pH 7.4, containing 0.05%
Tween 20 (PBST), and blocked by the ad-
dition of 100 pl of PBST-0.05% bovine se-
rum albumin (BSA) at 37°C for 1 hr. After
emptying the wells, 50 pl of serum diluted
1:300 in PBST-5% normal goat serum (NGS)
(Gibco Laboratories, Grand Island, New
York, U.S.A.) was added to the wells which
were incubated at 37°C for 90 min. After
washing the wells, 50 pl of affinity-purified
peroxidase-conjugated goat anti-human IgM
(Behring Diagnostics, Inc., San Diego, Cal-
ifornia, U.S.A.) diluted 1:5000 in PBST-5%
NGS was added, and incubation was con-
tinued at 37°C for 1 hr. After another wash-
ing, 50 pl of substrate solution, H 20„-o-
phenylenediamine, was added to the wells
which were incubated at room temperature
for about 15 min. The reaction was then
stopped with 50 pl of 2.5 N H,SO 4 and the
absorbance was read at 490 nm.

Each test was performed in triplicate, and
the mean absorbance of wells with BSA only
was subtracted from those of wells with ND-
0-BSA. The criteria for the seropositivity
was determined by adding 2 S.D. to the mean
absorbance of controls, and the absorbance
^ 0.200 was considered seropositive as re-
ported previously ( 8).

Detection of PGL-I antigen in serum spec-
imens. Our procedure for detection of

PGL-I antigen in the scrum specimens is a
modification of that described previously ( 7)
and is faster (8 ). In order to facilitate ex-
traction of total lipids from serum speci-
mens, a single 100 pl specimen was added
to a filter paper disc (1/2 inch in diameter)
(Schleicher & Schuell, Inc., Keene, New
Hampshire, U.S.A.) and dried completely.
Lipids were then extracted using 2-3 ml of
CHCI 3 :CH 2OH (2:1) solution and dried un-
der N,. Serum lipids were dissolved in
CHC13 and applied to a Pasteur pipette
packed with florisil, 60-100 mesh (Sigma
Chemical Co., St. Louis, Missouri, U.S.A.)
and eluted with CHC1 3 , followed by 5%
CH -PH in CHCI i . The lipid fraction eluted
with 5% CH 2OH was saved and dried under
N„ and examined for the presence of PGL-I.

The dot-ELISA described by Hawkes, et
al. ( 12) was employed with minor modifi-
cation as reported previously ( 7 ' 8 ). The pu-
rified lipid was dissolved in 100 pl of hexane
and a 5 pl portion was applied to a Tuffryn
(polysulfone) membrane (HT-200) (Gel-
man Sciences, Inc., Ann Arbor, Michigan,
U.S.A.) as originally used by Young, et al.
( 21 ). High-titer rabbit anti-PGL-I antise-
rum, prepared as described ( 7 ), was used
as the primary antibody, and peroxidase-
conjugated goat anti-rabbit IgG (Cooper
Biomedical, Inc., Malvin, Pennsylvania,
U.S.A.) was used as the secondary antibody.
For color development, 4-chloro- 1 -naph-
thol (Biorad Laboratories, Inc., Richmond,
California, U.S.A.) was used, and the results
were read visually.

Statistics. The chi-squared test was used
to compare the prevalence of anti-PGL-I
IgM antibodies and PGL-I antigen between
groups of leprosy patients.

RESULTS
Serum specimens obtained from groups

of lepromatous leprosy patients, either be-
fore or within 2 months of the initiation of
chemotherapy, were examined for the pres-
ence of PGL-I antigen and IgM antibodies
to PGL-I. As shown in Table 1, PGL-I was
detected in 41 (93.2%) of 44 new lepro-
matous patients in the first trial and in 23
(96.0%) of 24 new lepromatous patients in
the second trial, respectively. Overall, 64
(94.1%) of 68 new lepromatous patients, un-
treated or treated less than 2 months, had
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circulating PGL-I detectable by the assay
used in this study. The average bacterial
index (BI) ± S.D. were 4.8 ± 0.4 (range
3.5-5.8) for the patients in the first trial and
4.6 ± 0.5 (range 3.2-5.3) in the second trial.

Among relapsed lepromatous patients,
PGL-I was detectable in 26 (78.8%) of 33
patients in the second trial and the mean BI
± S.D. was 4.5 ± 0.6 (range 3.0-5.3) for
the patients. Although a significant number
of relapsed patients had circulating PGL-I,
the antigen was detected more frequently in
new patients than in the relapsed lepro-
matous patients (p < 0.05, chi-squared test).
On the other hand, virtually all of the new
and relapsed patients showed a high IgM
antibody response to PGL - I, and there was
no significant difference in the average ab-
sorbance between the two patient groups.

When the serial serum specimens from
the lepromatous patients given various drug
regimens were examined for the presence of
PGL-I antigen and anti-PGL-I IgM anti-
bodies, there was a steady decrease in anti-
PGL-I reactivity following chemotherapy
from the initial mean absorbance of about
1.400 to about 0.700 in 2 years and to about
0.450 in 5 years (Table 2). The BI also de-
clined gradually from the value of 4.6 to 2.8
in 2 years and to 0.8 in 5 years. There were
no significant differences in mean absor-
bances among patients treated with different
drug regimens (Table 2). Figure 1 shows the
average percentage of residual absorbance
compared to the initial level following che-
motherapy with various drug regimens. In
general, anti-PGL-I reactivity declined by
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FIG. 1. Percent (mean ± S.D.) residual anti-PGL-I
antibody reactivity in ELISA among leprosy patients
2 and 5 years after initiation of chemotherapy with
various drug regimens compared to initial antibody
reactivity. DADDS = discetyldapsone.

about 50% at 2 years and by about 70% at
5 years after chemotherapy was initiated,
regardless of the drug regimen. None of the
serum specimens obtained from the pa-
tients treated for more than 18 months had
detectable PGL-I antigen in serum by the
assay employed in this study, indicating
again that the PGL-I antigen disappears
much more rapidly than anti-PGL-I IgM
antibodies (').

When anti-PGL-I reactivity was com-
pared to the BI in patients following che-
motherapy, both parameters declined as the
observation period increased. However,
there were a few aberrant cases in which the
BI and anti-PGL-I reactivity remained high
5 years after chemotherapy was initiated
(Fig. 2). In the other patients, anti-PGL-I
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TABLE 1. Prevalence of PGL-I antigen and antibodies in sera from new and relapsed
lepromatous patients.

Subjects No.
assayed

131 PGL-I antigen' Anti-PGL-I antibody''

Mean ± S.D.
(range)

No. No. % Mean OD ± S.D.

Lepromatous, untreated
Trial 1 (1971-1976) 44 4.8 ± 0.4 41 93.2% 44 100% 1.473 ± 0.458

(3.5-5.8)
Trial II (1979-1986) 24 4.6 ± 0.5 23 96.0% 24 100% 1.359 ± 0.526

(3.2-5.3)

Lepromatous, relapsed
Trial II (1979-1986) 33 4.5 ± 0.6 26 78.8°h 33 100% 1.260 ± 0.505

(3.0-5.3)

Antigen positive determined in dot-ELISA visually.
b Criteria for seropositivity: A490^0.200.
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Year after starting chemotherapy

FIG. 2. Changes in anti-PGL-I scroreactivity and
bacterial index (BI) in leprosy patients following che-
motherapy. (0) and (A) = anti-PGL-I IgM antibody
levels; (•) and (A) = bacterial indices.

IgM antibodies declined significantly but the
BI was stable, at about 2.0, 5 years after
starting chemotherapy.

DISCUSSION
Serodiagnostic tools have long been

sought for the effective control of leprosy.
However, the lack of a specific antigen was
a major obstacle to developing specific
serodiagnostic tests for this disease. The iso-
lation of PGL-I, an M. /eprae-specific an-
tigen (13, 14),) has thus provided an unprec-
edented opportunity for developing
serodiagnostic tools and for understanding
the pathogenesis of leprosy. Soon after the
isolation of PGL-I, methods for the detec-
tion of antibodies to the antigen were de-
veloped and used extensively for the eval-
uation of the antigen in serodiagnosis and
in monitoring the efficacy of treatment
(1-4, 9, 10, 16, 19)) Recent detection of PGL-I
antigen from serum and urine has also
provided valuable information for under-
standing the disease process (3, 7, 8, 15, 22) .

Continuing our efforts to understand the dy-
namics of PGL-I antigen and antibody lev-
els during chemotherapy, this study was ini-
tiated to examine the sera from lepromatous
patients under various chemotherapy trials.

As expected, most lepromatous patients
untreated or treated for less than 2 months
had detectable PGL-I antigen in their sera.
This was consistent with the previous re-
ports by Young, et al. ( 22) and Cho, et al.

TABLE 2. Anti-PGL-I reactivity (OD) in lepromatous patients following chemotherapy
with various drug regimens.

Duration after initiation of chemotherapy

Subjects Drug regimens' No.
assayed 0 2 yr 5 yr

Mean ± S.D. Mean ± S.D. Mean ± S.D.

Lepromatous,
untreated

DADDS
Rifampin

16
11

1.334
1.428

± 0.417
± 0.437

0.630
0.839

± 0.466
± 0.576

0.497
0.474

± 0.330
± 0.226

DADDS +
rifampin

11 1.425 ± 0.353 0.693 ± 0.384 0.470 ± 0.292

Multi-drugs I 24 1.359 ± 0.526 0.701 ± 0.411 0.463 ± 0.341

Lepromatous,
relapsed

Multi-drugs II 25 1.248 ± 0.530 0.644 ± 0.333 0.428 ± 0.343

Bacterial index 87 4.6 ± 0.5 2.8 ± 1.2 0.8 ± 0.9

DADDS = diacetyldapsone, 225 mg/77 days for 24 weeks. Rifampin = 600 mg/day for 24 weeks. Multi-
drugs I = rifampin (1200 mg single initial dose), clofazimine (100 mg 3 times per week for 24 weeks), dapsone
(100 mg daily for 5 years). Multi-drugs II = rifampin (600 mg daily for 1 month), clofazimine (100 mg 3 times
a week for 24 weeks).
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( 7). Of particular interest was that more than
75% of the relapsed lepromatous patients
with dapsone-resistant M. leprae had de-
tectable PGL-I antigen in their sera. It should
be mentioned, however, that most of the
lepromatous patients in this study had high
BIs, averaging 4.5 to 4.8 (range 3.0-5.8).
Therefore, the use of PGL-I antigen detec-
tion for serodiagnosis remains to be eval-
uated in studies involving patients with a
broader range of bacterial indices.

Monitoring the response of leprosy pa-
tients to chemotherapy has been one of the
important applications of the PGL-I-based
serological test. Although multiple drug
therapy (MDT) has reduced the risk of clin-
ical relapse, there is ample reason for mon-
itoring patients after chemotherapy because
of the the uncertainty of patient compliance
during MDT (") and partly because of the
possible emergence of multiple-drug resis-
tance (' 8). From cross-sectional studies, it
was known that inactive lepromatous pa-
tients treated for long periods had lower anti-
PGL-I IgM antibodies compared to untreat-
ed patients or to those treated for relatively
short periods 10). However, in the present
study, the same patients were followed for
up to 5 years, and the serial samples were
examined for the anti-PGL-I IgM anti-
bodies.

This study shows that anti-PGL-I reac-
tivity declined by about 50% in 2 years re-
gardless of drug regimen, and approximate-
ly 30% of the initial reactivity remained 5
years after chemotherapy was initiated.
From this study, therefore, one can expect
a reduced but significant IgM antibody level
in patients for a period under chemother-
apy. Since a decrease in anti-PGL-I reactiv-
ity correlates well with the lowering of the
BI, the PGL-I-based serological test can also
be used as an alternate tool for monitoring
the effectiveness of chemotherapy.

In this study, none of the serum speci-
mens obtained more than 18 months after
the start of chemotherapy had detectable
PGL-I; thus, the detection of PGL-I may be
useful for monitoring patients only in the
early stage of chemotherapy. This finding
was consistent with reports that PGL-I rap-
idly disappeared from the circulation as ear-
ly as 2 months after chemotherapy was
started ( 7 . 22). However, the significance of

the early disappearance of PGL-I from cir-
culation as it relates to the pathogenesis of
M. leprae infection and the viability of the
organisms has yet to be determined.

For clues to understanding the relation-
ship between the PGL-I antigenemia and
the viability of M. leprae, it was of interest
to note in this study that there were no dif-
ferences among the various regimens in the
clearance of PGL-I antigen and in the de-
crease of anti-PGL-I IgM antibodies. In an-
other study, clofazimine was also reported
to be effective in reducing anti-PGL-I reac-
tivity ( 10).) Considering that dapsone and
clofazimine are bacteriostatic and rifampin
is bactericidal, any one of these drugs or
drug combinations can successfully halt the
metabolic process of M. leprae and hence
the production of PGL-I antigen. Therefore,
one can envision the reduction of existing
PGL-I in circulation and in tissues, and with
less antigen, a slow reduction of anti-PGL-I
IgM antibodies. Although it is not yet pos-
sible to determine whether the early dis-
appearance of PGL-I antigen reflects the
rapid killing of M. leprae, one can at least
be sure that drug(s) given a patient halt(s)
the metabolism as early as 2 weeks after
chemotherapy (').

In summary, lepromatous patients who
have relapsed because of drug-resistant M.
leprae had PGL-I antigen and abundant anti-
PGL-I IgM antibodies in their sera at levels
comparable to new lepromatous cases. Con-
sidering the rapid disappearance of the
PGL-I antigen and the steady decrease in
anti-PGL-I reactivity following chemother-
apy, the PGL-I-based serology may be use-
ful for monitoring the effectiveness of che-
motherapy, both at the early and late stages,
in leprosy patients whose initial sera contain
a significant level of PGL-I antigen or an-
tibodies. Further prospective studies, how-
ever, are desirable to evaluate fully whether
or not the PGL-I-based serology will pro-
vide useful information for the early detec-
tion of new and relapsed lepromatous lep-
rosy cases.

SUMMARY
Since phenolic glycolipid-I (PGL-I) is an

unequivocal marker of Mycobacterium lep-
rae, the antigen has been a good candidate
for the serodiagnosis and monitoring the ef-
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festiveness of leprosy chemotherapy. As an
effort to define the kinetics of the PGL-I
antigen and its antibodies in leprosy pa-
tients, this study was initiated to examine
the serum specimens obtained serially from
lepromatous patients under chemotherapy
trials. PGL-I was detectable in 64 (94.1%)
of 68 new lepromatous (bacterial index, BI
= 3.2 to 5.8) and in 26 (78.8%) of 33 re-
lapsed lepromatous patients (BI = 3.0 to
5.3). Meanwhile, virtually all of the new and
relapsed patients were strongly seropositive
to PGL-I. PGL-I was not detectable in any
of the patients about 18 months after che-
motherapy was initiated; however, anti-
PGL-I reactivity declined by 50% at 2 years
and by about 70% at 5 years after chemo-
therapy regardless of the drug regimens un-
der study. Considering the rapid disappear-
ance of the PGL-I antigen and steady
decrease in anti-PGL-I IgM antibodies fol-
lowing chemotherapy, the PGL-I-based se-
rology may be useful for monitoring the ef-
fectiveness of treatment, at both the early
and late stages, in leprosy patients whose
initial sera contain a significant level of
PGL-I antigen or antibodies.

RESUMEN
Puesto que el glicolipido fenOlico-1 (PGL-I) es un

marcador inequivoco del Mycobacterium leprae, este

antigeno ha sido un material adecuado para el scro-

diagnOstico de la lepra y para el seguimiento de la

efectividad de la quimioterapia antileprosa. Con al in-
tenciOn de definir la cinetica del PGL-I y de sus anti-

cuerpos en los pacientes con lepra, se iniciO un estudio
en el cual se examinaron las muestras de suero obte-

nidas en forma seriada de pacientes lepromatosos bajo

tratamiento. E I PGL-I fue detectable en 64 (94.1%) de
68 casos lepromatosos nuevos (indice bacteriano, 113,

de 3.2-5.8) y en 26 (78.8%) de 33 pacientes lepro-
matosos recurrentes (IB = 3.0-5.3). PrActicamente to-

dos los casos nuevos y recurrentes fueron fuertemente
seropositivos para PGL-I. El PGL-I no fue detectable

en ninguno de los pacientes a los 18 meses de iniciado

el tratamiento; sin embargo, la reactividad anti-PGL-I
disminuyO un 50% a los 2 afios y un 70% a los 5 afios

despuês de la quimioterapia, y est° fue independiente

del esquema de tratamiento. Considerando la rdpida
desapariciOn del antigeno PGL-I y Ia disminuciOn

gradual de los anticuerpos IgM anti-PGL-I consecuen-

tes a la quimioterapia, la serologia basada en el PGL-I
puede ser util en el seguimiento de la efectividad del
tratamiento Canto en las etapas tempranas como en las

tardias, sobre todo en aquellos pacientes cuyos sueros

iniciales contienen niveles significantes de antigeno
PGL-I o de anticuerpos.

RESUME
Puisque le glycolipide phenolique-I (PGL-I) est un

marqucur specifique du Mycobacterium leprae, cet
antigens a etc un candidat valable pour le diagnostic
scrologique et la surveillance de l'ellicacite de la

chimiotherapie de la lepre. Dans un effort pour delinir

Ia cinetique de l'antigene PGL-I et de ses anticorps

chez les malades de le lepre, cette etude a etc entreprise

pour examiner les echantillons de serum obtenus en

serie chez des patients lepromateux participant a des
essais therapeutiques. PGL-1 a etc detecte parmi 64

(94, 1%) de 68 nouveaux lepromateux (indice bacte-
riologique IB de 3, 2 a 5, 8) et 26 (78, 8%) de 33 cas
de rechute lepromateuse (IB de 3,0 A 5, 3). De male,

pratiquement tous les nouveaux cas et les rechutes
etaient fortement seropositifs vis-a-vis du PGL-I. Le

PGL-1 ne put etre detecte chez aucun des malades en-

viron 18 mois apres le debut de la chimiotherapie;
cependant la reactivite vis-a-vis du PGL-1 a diminue

de 50% apres 2 ans et d'environ 70% apres 5 ans de
chimiotherapie, quel que soil le regime therapeutique

etudie. Considerant la disparition rapids de l'antigene

PGL-I et la diminution reguliere des anticorps IgM
anti-PGL-I apres la miss sous traitement, Ia serolgie

vis-a-vis du PGL-I pourrait etre utile pour suivre l'ef-
ficacite du traitement, aussi bien au debut que par la

suite, chez des malades de la lepre dont le serum initial

contient des taux significatifs d'antigenes PGL-I ou
d'anticorps.
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