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In the absence of primary prevention, the
carly diagnosis and efficient treatment .of
leprosy continue to be the basis of all leprosy
control programs ('?). The effect of antilep-
rosy treatment is monitored by periodic as-
sessment of the degree of bacillary load (M-
cobacterium leprae) in the patient’s skin as
determined by smear microscopy and the
bacterial index (BI) ('7). In special situa-
tions, assessment of bacterial viability by
its ability to multiply is made by using mouse
foot pad inoculation studies (*?). These same
methods are also applied to detect failure
of a treatment resulting from such cases as
bacterial persistence, drug resistance, and
relapse (°). However, both methods have
their limitations. Skin-smear examination
and BI determinations are prone to sam-
pling errors. Further, they do not give an
idea about the quantum of infection in dif-
ferent areas of the skin and in other tissues
of the body, such as the nerves (*7). The
mouse foot pad inoculation studies require
animal house facilities and expertise. More-
over, the normal mouse does not allow the
growth of small numbers of viable M. leprae
present in a large pool of dead bacilli (°). In
view of these constraints, several attempts
are currently being made to develop alter-
native techniques for monitoring active in-
fection in leprosy patients (*+ % 13.15.21),

Assays for M. leprae-specific antibodies
(2) in relation to the BI have also been used
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for monitoring treatment on the basis that
antibody titers would reflect the antigen load
in the whole body and, therefore, could serve
as a good indicator of regressing, sustaining,
or progressing infection in patients. In the
present study, we have applied serological
assays for M. leprae-specific antibodies to
the 35-kDa protein (**2°) and phenolic gly-
colipid-1 (PGL-I) (>?) antigens in a com-
parative manner. Previous studies in this
direction have focused attention on the lat-
ter assay (for anti-PGL-I antibodies) using
small-sized samples, mixing patients of dif-
ferent types of leprosy together, and testing
under varying experimental conditions
(- ' 12), Presently, we have confined our in-
vestigations to lepromatous patients, since
they require more judicious and prolonged
treatment compared to tuberculoid pa-
tients. The adaptation of the serum anti-
body competition (for 35-kDa protein an-
tigen) test (SACT) as an enzyme-linked
immunosorbent (ELISA) procedure instead
of a radioimmunoassay (RIA) is also de-
scribed.

MATERIALS AND METHODS

Study subjects. One hundred-twenty-five
patients with lepromatous (LL) or border-
line lepromatous (BL) leprosy ('¥) attending
the clinics of the Central JALMA Institute
for Leprosy, Agra, India, were included in
the study. Seventeen were untreated and 108
were receiving dapsone monotherapy or
multidrug therapy (MDT) (dapsone, clofa-
zimine, rifampin) for periods up to 200
months, as obtained from case records. Most
of the patients on MDT had received dap-
sone monotherapy in the beginning. Sera
obtained from 62 healthy subjects (Indian
and European) and 20 pulmonary tuber-
culosis patients served as controls for stan-
dardization of the serological tests.
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Bacterial index (BI). Four slit-skin smears
prepared from each patient (from both ear-
lobes and at least two active sites, generally
on the arm and back) were used for deter-
mination of the average BI, according to
Ridley’s logarithmic scale ('7).

ELISA for anti-PGL-I disaccharide
(PGDS) antibodies. The method described
by Cho, et al. (*>?) was followed with minor
modifications. Briefly, ELISA plates (Im-
munoplate II; Nunc, Denmark) were coated
(50 ul/well, 37°C, overnight, in humidity)
with either carbonate buffer (pH 9.5) or
1:10,000 dilution (in carbonate buffer) of
phenolic glycolipid-I disaccharide-bovine
serum albumin (PGDS-BSA) conjugate
(kindly supplied by Dr. Delphi Chatterjee,
Department of Microbiology, Colorado
State University, Colorado, U.S.A.; pre-
pared and lyophilized at a ratio of 100 ug
PGDS to 450 ug BSA per 0.5 ml). The plates
were washed with phosphate buffered saline
(pH 7.4) containing 0.05% Tween 20 (PBST)
and blocked (100 ul/well, 2 hr, 37°C) with
1% BSA in PBST (BSA-PBST). Serum di-
lutions (1:300 in BSA-PBST) were incubat-
ed in triplicate wells (50 ul/well, 60 min,
37°C) coated with either buffer or antigen.
After washing with PBST, the plates were
incubated ( 50 ul/well, 60 min, 37°C) with
1:1000 diluted (in BSA-PBST) peroxidase-
labeled anti-human IgM or anti-human IgG
antibody (Cappel). Color was developed by
incubating the plates with O-phenylene-
diamine (Sigma) substrate solution (50 wul/
well, 20 min, 37°C). After stopping the re-
action with 7% H,SO, (50 ul/well), the op-
tical densities (ODs) were read at 492 nm
using an ELISA reader (Titretek Multiskan
Plus, Flow Laboratories). For each serum,
the mean OD of the buffer-coated wells was
subtracted from the mean OD of the anti-
gen-coated wells.

On the basis of the results obtained with
nonleprosy controls (mean + 2 S.D.), a se-
rum (at 1:300 dilution) was regarded as
PGDS-ELISA positive if it showed an OD
of > 0.20 for IgM- and > 0.15 for IgG-type
antibodies. A pooled LL serum was tested
every time the PGDS-ELISA was done to
assess the extent of interassay variation. In
the final analysis (after six separate assays),
it showed an OD of 1.13 + 0.13 (mean =+
S.D.) for IgM and 0.05 # 0.05 for IgG an-
tibodies.
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Serum antibody competition test (SACT).
Initially, a SACT was performed using the
inhibition RIA procedure which has already
been described (**2%). Later, it was success-
fully converted to an inhibition ELISA. Op-
timal assay conditions and the results ob-
tained were identical to those of SACT-RIA
(*°). Briefly, each ELISA plate (Immuno-
plate I or II; Nunc, Denmark) was coated
with cither PBS (50 ul/well in the first row,
4°C, overnight, in a humid box) or soluble
antigen (50 ug protein/ml in phosphate-
buffered saline (PBS), 50 ul/well, in rows 2-
12) of M. leprae (armadillo derived, a kind
gift from IMMLEP, supplied by Dr. R. J.
W. Rees, Clinical Research Center, Harrow,
Middlesex, U.K.). The antigen was collect-
ed (for repeated use), and the plates were
washed twice with PBST before blocking
with 1% BSA in PBST (100 ul/well, 2 hr,
room temperature). Duplicate wells in rows
3-12 (antigen coated) of a plate were incu-
bated (60 min, 37°C) with serial dilutions
(1:5 to 1:10,000 or more in BSA-PBST) of
cach serum (25 ul/well). The first row (PBS
coated) and second row (antigen coated) were
incubated with BSA-PBST (25 ul/well) alone
(instead of serum dilutions) so as to yield
0% (reagent blank) and 100% (maximum)
bindings (in terms of OD), respectively. The
plate was further incubated (2 hr, 37°C) after
adding 1:500 dilution (in BSA-PBST, 25 ul/
well) of peroxidase-conjugated monoclonal
antibody, MLO4 (kindly supplied by Dr. J.
Ivanyi, MRC Tuberculosis and Related In-
fections Unit, Hammersmith Hospital,
London, U.K.) in all wells. The remaining
steps (washing, color development, reading)
were the same as for the PGDS-ELISA de-
scribed above.

The mean 0% (reagent blank) OD was
subtracted from each of the test OD values.
The OD for 100% (maximum) binding var-
ied from plate to plate and day to day (range
0.7 to 1.0; median 0.8). Probably the re-
peated use of coating antigen was mainly
responsible for the variation. Relative per-
cent bindings were calculated using 100%
OD value for that plate only and plotted
against the corresponding dilutions of a se-
rum (*°). The dilution which would cause
50% inhibition of the maximum binding
(100% OD value) of peroxidase-MLO4
(100% OD value) is referred to as the 1Dy,
titer of a serum.
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TABLE 1. Serology results with nonleprosy controls.
PGDS-ELISA SACT
Type No. IgM 1gG (1D, titer)
(mean OD + S.D.)
Healthy European 30 0.02 + 0.03 0.02 = 0.04 <5
Healthy Indian 32 0.07 + 0.06 0.05 + 0.06 <5
Tuberculosis Indian 20 0.08 + 0.06 0.06 + 0.04 <5
Cumulative* 82 0.06 = 0.06 0.04 + 0.05 <5

* For Indian controls only (B + C): 0.08 + 0.06 for IgM- and 0.05 + 0.05 for IgG-type anti-PGDS antibodies.

On the basis of results obtained with non-
leprosy controls in this study and in the pre-
vious studies (**-2%), a serum with an 1Dy,
titer of > 5 (> 1:5) was regarded as SACT
positive. The reference LL serum pool,
tested on six occasions, showed an 1D, val-
ue (mean *= S.D.) of 804 + 100.

Statistical analysis. Analysis was done by
computer using the BMDP statistical pack-
ages (BMDP Statistical Software, Inc., Los
Angeles, California, U.S.A.; 1987 program
version).

RESULTS

Serological assays. The assay results with
healthy controls and tuberculosis patients
are shown in Table 1. For PGDS-ELISA,
the mean OD = 2 S.D. (95% confidence
limits) of Indian controls only was regarded
as the cut-off point (0.20 for IgM and 0.15
for IgG antibodies; Table 1). None of the
control sera tested for SACT in this study
(Table 1) and in the previous studies (*3-2%)
was able to show an ID;, titer of = 5 (1:5,
the tested minimum dilution). Thus, any
serum with an IDs, value of > 5 (>-1:5)
was regarded as SACT positive.

TABLE 2. Comparative evaluation of
PGDS-ELISA (IgM) and SACT in 125 lep-
romatus or borderline lepromatous patients

PGDS-ELISA
(IgM) results
SACT results —— Total
Posi- Nega-
tive tive
Positive 103 20 123
Negative 0 2 2
Total 103 22 125

The predominant antibody response to
PGDS was of the IgM type (compared to
the IgG type of response). Of the 125 lep-
romatous patients studied, the PGDS-
ELISA (for IgM class antibodies) was found
positive in 103 patients (82.4%). On the
other hand, the SACT gave positive results
in 123 patients (98.4%). As may be seen
from Table 2, none of the patients positive
for PGDS-ELISA was negative for SACT,
while 20 of the 123 patients positive for
SACT gave negative results by PGDS-
ELISA. Thus, the SACT was found to be
the more sensitive (d = 16%, S.E. = 3.58,
p < 0.001) of the two assays.

A correlation was sought between the
PGDS-ELISA and SACT (Fig. 1). Although
there were patients showing high SACT ti-
ters and low IgM levels (and vice versa), a
moderately positive and statistically signif-
icant correlation was noted between the re-
sults of the two assays (r = 0.463, p < 0.001).

Duration of treatment and BI. For any
specific duration of treatment, the average
BI of these patients showed a wide range
(Fig. 2). A few patients had attained skin-
smear negativity as early as 18 months after
treatment; a few others have remained pos-
itive even after 10 years of treatment. How-
ever, a moderate but significant negative
correlation (r = —0.458; p < 0.001) was
observed between the BI and the duration
of treatment in this group of patients.

Duration of treatment and antibody levels.
As with the BI, wide variations were also
seen in levels of both the assays (SACT and
PGDS-ELISA) for IgM antibodies in un-
treated and treated patients (Fig. 3). Al-
though all of the untreated patients (treat-
ment duration = 0) were positive for both
assays, some of the treated patients even-
tually showed negativity, particularly for
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Fig. 1. Correlation between PGDS-ELISA and
SACT values in 125 LL/BL patients. Optical densities
(OD,,.) for IgM antibodies are represented on “x™ axis
and *y” axis indicates natural logarithms (log.10 =
2.30259, log.100 = 4.60517, and so on) of ID;, values.
Numbers denote the number of identical results. Upper
limits of PGDS-ELISA and SACT values in nonleprosy
controls are indicated, respectively, by vertical and
horizontal dotted lines. Regression line (y-y) is also
drawn.

anti-PGDS antibodies. A weak but signifi-
cant negative correlation (r = —0.31, p <
0.001) was observed between duration of
treatment and anti-PGDS antibody, but not
between duration of treatment and SACT.
BI and antibody levels. Individual anti-
body levels varied widely for any value of
the BI, including when the BI was zero (Fig.
4). Nevertheless, a moderately positive sig-
nificant correlation was noted between the
BI and the SACT titers (r = 0.458, p <
0.001) as well as between the BI and PGDS
antibody (IgM) levels (r = 0.43, p < 0.001).
It will be seen (Fig. 4) that about 10% of
patients with a positive BI (up to 4.75) were
negative by PGDS-ELISA (OD = 0.2);
whereas only one (1%) Bl-positive case (BI
= 1.5) was negative for SACT (IDs, < 5).
Analysis of discordance between the two
tests. Individual data on the 20 patients who
were positive for SACT (IDs, > 5) but neg-
ative for PGDS-ELISA (IgM, OD = 0.2)
are compiled in Table 3. Apparently the type
of leprosy (LL or BL), the duration of treat-
ment (1 to 200 months), or the drugs ad-
ministered (dapsone alone or MDT) were
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not responsible for this discordance. Twelve
(60%) of the discordant sera were obtained
from Bl-positive patients (BI range 0.25 to
4.75). These data once again suggest the
greater sensitivity of the SACT. However,
the SACT results in this group of patients
were only slightly to moderately positive
(IDs, range 8 to 1000), considering that the
upper limit of IDs, titers in this study was
98,000. Interestingly, 3 of these 20 patients
showed positivity of the IgG type of anti-
PGDS antibodies despite being negative for
the IgM type of corresponding antibodies.

Role of anti-PGDS antibody (IgG). The
assay for this type of antibody was not useful
in the assessment of treatment since even a
majority of the untreated patients (with high
BI) showed negativity for this assay. No sig-
nificant correlations were seen between an-
tibody levels and the BI or duration of treat-
ment (Fig. 5).

DISCUSSION

It is generally hoped that treatment fail-
ures (bacillary persistence, drug resistance,
and relapse) commonly encountered during
dapsone monotherapy (7) will be minimized
with the advent of MDT for leprosy (3%).
However, bacillary resistance to each of the
drugs used for the combinations has been
observed, and the problem could be further
aggravated by irregular treatment (7-!°),
Thus, a need has been felt to monitor the
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drug trials carefully with the help of new,
more sensitive tools. This need is greatest
in patients who are primarily resistant to
one of the drugs (°).

The present study was aimed at assessing
the value of two of the M. leprae-specific
serological assays, SACT and PG-ELISA, as
a tool for monitoring chemotherapy in lep-
rosy patients. The present and previous data
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(1-3. 11, 12, 14, 20, 23-25) have rcpcatcdly indicat-
ed that both of the serological assays are M.
leprae specific with respect to the practiced
criteria for seropositivity. The phenomenon
of steric hindrance (apparent inhibition of
binding of specific antibody due to the bind-
ing of other antibodies at adjacent antigenic
sites) might be operational in the case of
SACT, but only to the extent that all of the
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TABLE 3. Data on patients showing discordant PGDS-ELISA-negative, SACT-positive
results.
Treatment
S. no Type duration Drug regimens Average PGDS-ELISA® SACT
- 1o BI (IgM, OD,,,) (ID,,)°
(mos.)

1 BL 190 DDS, MDT® 2 0.13 140

2 BL 6 DDS, MDT 3.25 0.13 27

3 LL 62 DDS, MDT 0.25 0.01 43

4 BL 1 MDT 0 0.19 42

5 LL 74 DDS, MDT 0.25 0.03 145

6 LL 200 DDS, MDT 0 0.10 160

7 LL 108 DDS 0 0.10 400

8 LL 45 DDS, MDT 1 0.20 270

9 BL 6 MDT 4.5 0.20 190

10 LL 36 MDT 0 0.20¢ 340
11 LL 120 DDS 0 0.10 160
12 LL 24 MDT 3 0.20¢ 100
13 BL 48 DDS 0 0 1000
14 LL 28 MDT 4.5 0.18 18
15 BL 25 MDT 0 0.03 60
16 LL 36 MDT 2.75 0.20 700
17 LL 15 MDT 4.75 0.11 160
18 LL 60 DDS, MDT 1.5 0.10 125
19 LL 18 MDT 2 0.06 15
20 LL 60 DDS 0 0 8

* An OD of > 0.2 was regarded as positive.
" An IDy, of > 5 (> 1:5) was regarded as positive.
¢ Irregular treatment.

¢ Initially dapsone (DDS) alone, later switched to MDT (dapsone, rifampin and clofazimine).
< Positive for IgG-type anti-PGDS antibodies; OD = 0.51, 0.22, and 0.22, respectively.

nonleprosy control sera (present study and
23-25) as well as nearly 50% of the tubercu-
loid leprosy sera (*°) show an IDj, titer of
< 5 (considered as assay negative). On the
other hand, as apparent from the present
data, the upper limit of the 1D, titer for a
SACT-positive serum could be as high as
98,000.

The sensitivity of the SACT assay ap-
peared to be greater than the PGDS-ELISA,
considering that none of the PGDS-ELISA-
positive patients were negative for SACT;
whereas 20 (16%) of SACT-positive pa-
tients (12 of whom had a positive BI as well)
were negative for the PGDS-ELISA (IgM).
An analysis of the data on leprosy type, du-
ration, kind of treatment, and BI did not
reveal the reason for this discordance.
Nevertheless, a moderately positive and
statistically significant correlation was not-
ed between the results of the two assays.

Despite a moderately negative correla-
tion between the BI and duration of treat-
ment, the scatter of the BI values in patients
who were either untreated or treated for spe-
cific durations indicates wide individual

variations within a class of leprosy patients.
This heterogeneity, also evident from the
antibody levels, should be an important
consideration while analyzing the data. The
pattern of antibody scatter did not vary even
when patients receiving either dapsone alone
or polychemotherapy were grouped apart
(data not shown).

A slightly better correlation was observed
between the BI and the levels of either of
the antibodies. Such a correlation has been
observed by some investigators using the
PG-ELISA ('') but not by others ('* 2¢),
Many skin-smear-positive patients (BI up
to 4.75) receiving treatment showed nega-
tivity for the PGDS-ELISA (OD = 0.2) but
not for the SACT (IDs, < 5), which once
again indicates that the SACT was the more
sensitive of the two assays (?%). It has been
proposed to terminate treatment in leprosy
patients much before the attainment of skin-
smear negativity for acid-fast bacilli, con-
sidering that the remaining ‘“dead” bacilli
would be eliminated by the immune system
of the host (%). It would be interesting to
know whether the patients with positive Bls
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but negative (or low) antibody levels are
harboring dead bacilli or, in other words,
whether these assays can differentiate be-
tween bacterial persistence and antigenic
persistence.

Other reasons for the observed scatter in
antibody levels at any specific positive BI
value could be: a) M. leprae residing in the
deeper tissues of the body might contribute
to an enhanced antigenic load, which is
overlooked by estimating the BI alone, in
some patients ('¢-27). This view could ex-
plain the fact that many patients showed
raised antibody levels even at zero BI. Such
hidden foci of infection persisting in the body
are considered to be responsible for drug
resistance and relapses (). Thus, it would
be important to monitor the patients who
show high antibody levels despite a low or
zero BI after stopping treatment. Their fol-
low-up would also help in establishing that
the treatment could safely be stopped in pa-
tients showing a low BI as well as low an-
tibody levels. b) Individual differences in
the B-cell response to antigens might also
be responsible for the observed scatter of
antibody levels at a particular BI value. Bet-
ter understanding of this and other aspects
would require studying each patient longi-
tudinally. Such attempts have been made,
although with limitations, by some workers

(l. 14).

One of our previous studies (using a
smaller sample size) had indicated that levels
of the IgG class of anti-PGL-I antibodies
might increase with a decrease in the anti-
genic load following treatment (*?). In the
present study also, 3 out of 20 PGDS-ELISA
(IgM) negative patients were positive for IgG
class antibodies (Table 3). However, when
all of the results were analyzed together, we
did not observe any correlation between IgG
and the BI or duration of treatment. This
observation is in agreement with a recent
report ('?).

SUMMARY

Two of the Mycobacterium leprae-specif-
ic assays—a serum antibody competition
(for an epitope on 35-kDa protein) test
(SACT) and an enzyme-linked immuno-
sorbent assay (ELISA) for the disaccharide
epitope of phenolic glycolipid-I (PGDS)—
were comparatively evaluated as tools for
monitoring chemotherapy in 125 lepro-
matous leprosy (LL/BL) patients. An ad-
aptation of the SACT from a radioimmu-
noassay (RIA) to an ELISA procedure is
also described. A moderate but statistically
significant correlation was observed be-
tween the assays, although SACT appeared
to be the more sensitive of the two. Levels
of antibodies correlated better with the bac-
terial index (BI) than with the duration of
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treatment. However, wide individual vari-
ations in antibody levels (for a specific du-
ration of treatment or BI) were seen in treat-
ed as well as untreated patients. Anti-PGDS
antibody response of the IgG type was poor-
er than that of the IgM type and, appar-
ently, it did not have a bearing on either
treatment duration or the BI. Further stud-
ics will be needed to clarify whether the
treated patients shqwing a negative (or low)
BI and high antibody levels were harboring
hidden foci of active infection, and whether
treatment could safely be terminated in pa-
tients showing low values for both BI and
antibody.

RESUMEN

Se evaluaron en forma comparativa dos ensayos es-
pecificos para Mycobacterium leprae con el fin de uti-
lizarlos en el seguimiento de 125 pacientes leproma-
tosos (LL/BL) sujetos a quimioterapia. Los ensayos
fueron la prueba de competencia del anticuerpo sérico
(por un epitope sobre la proteina 35-kDa) (SACT) y
un inmunoensayo enzimatico (ELISA) para el epitope
disacarido del glicolipido fendlico-I (PGDS). También
se describe una adaptaciéon de un radioinmunoensayo
para SACT a un procedimento de ELISA. Se observo
una correlacion moderada pero estadisticamente sig-
nificativa entre los ensayos, aunque SACT pareci6 ser
¢l mas sensible. Los niveles de anticuerpos correlacio-
naron mejor con el indice bacteriano (BI) que con la
duracién del tratamiento. Sin embargo, se observaron
amplias variaciones individuales en los niveles de anti-
cuerpo en los sujetos tratados y en los no tratados (a
duracion de tratamiento o Bl especificos). La respuesta
en anticuerpo anti-PGDS de la clase IgG fue mas pobre
que la respuesta del tipo IgM vy, aparentemente, esto
fue independiente del tiempo de tratamiento o del BI.
Se requiere mas trabajo para aclarar si los pacientes
tratados con un BI negativo (o bajo) y altos niveles de
anticuerpo, son portadores de focos ocultos de infec-
cion activa, y si el tratamiento puede terminarse con
seguridad en los pacientes que muestran valores bajos
tanto del BI como de anticuerpos.

RESUME

Chez 125 malades atteints de lépre lépromateuse
(LL/BL), on a procédé a une évaluation comparative
de deux épreuves spécifiques pour Mycobacterium lep-
rae, a savoir une épreuve de compétition spécifique des
anticorps pour un épitope situé sur la protéine 35-kDa
(SACT), et une épreuve ELISA dirigée contre I'épitope
disaccharide de I'antigéne phéno-glycolipidique-I
(PGDS). Cette ¢tude a été menée en vue de comparer
la valeur de ces épreuves pour la surveillance de la
chimiothérapie. On décrit également 'adaptation de
I’épreuve SACT a partir d’un essai radio-immunolo-
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gique (RIA) pour la transformer en une procédure ELI-
SA. Une corrélation modérée mais statistiquement si-
gnificative a été observée entre ces épreuves, encore
que I'épreuve SACT apparaisce étre la plus sensible
des deux. Les taux d’anticorps présentaient une meil-
leure corrélation avec I'index bactériologique (BI) qu’a-
vee la durée du traitement. Néanmoins on a constaté
de grandes variations individuelles dans les taux d’anti-
corps (ceci pour une durée spécifique du traitement ou
un index bactériologique donn¢), tant chez les malades
traités que chez ceux qui ne I'étaient pas. La réponse
en anticorps anti-PGDS du type IgG était plus faible
que celle constatée pour les anticorps de type IgM.
Apparemment, ces réponses n’étaient pas en relation
avec la durée du traitement ou I'index bactériologique.
Des études complémentaires sont requises en vue de
savoir si les malades traités qui présentent a la fois un
index bactériologique négatif ou faible et des taux élevés
d’anticorps, sont porteurs de foyers cachés d’infection
active, et si le traitement peut étre terming sans risques
chez les malades qui présentent a la fois des valeurs
basses pour I'index bactériologique et pour les anti-
corps.
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