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Patients: Evolution During Therapy'
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Antibody production, which does not play
any protective role in leprosy, varies along
the leprosy spectrum as a consequence of
the graded bacillary load from the tuber-
culoid to the lepromatous pole. Since an-
tibodies represent an early sign of antigenic
stimulation, their detection can be used as
a tool for the early diagnosis of subclinical
infection ( 4). Antibody measurement may
also be utilized for the follow up of treat-
ment, as an indirect but hopefully sensitive
evaluation of the bacillary load.

Several antibody assays have been de-
veloped, some of them with the aim of de-
tecting Mycobacterium /eprae-specific an-
tibodies for evolving a reliable diagnostic
test. In the past, whole Al. leprae or partially
purified M. leprae extracts were used as an-
tigens, with prior absorption of the sera to
be tested on various mycobacterial prepa-
rations to eliminate crossreactivity with
other species ( 1 • 9 ). More recently, the dis-
covery of an M. leprae-specific phenolic gly-
colipid (PGL-1), which could be extracted
in large amounts from M. leprae-infected
armadillo tissues, has opened up new per-
spectives in the field of leprosy serology
(2, 3, 5, 7, I9 , .) The other assays which used
whole M. leprae or other mycobacteria and
nonabsorbed sera did not attempt to detect
species-specific antibodies for diagnostic
purposes, but provided a global evaluation
of the amount of antibody production in
relation to bacillary load and disease activ-
i ty (12- 14,18) .
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The aim of the present study was to com-
pare both types of serological assays—M.
leprae-specific and nonspecific—along the
spectrum of the disease and, during the
course of therapy, to measure by an ELISA
assay IgM antibodies directed against the
species-specific PGL-1, since this antigen
has been shown to preferentially elicit IgM
production ( 6), and IgM as well as IgG an-
tibodies directed against whole M. leprae.

High titers of anti-PGL-1 IgM antibodies
and of anti-whole M. leprae IgM and IgG
antibodies were found in untreated lepro-
matous patients, with decreasing titers in
treated patients. IgM antibodies, whether
directed against PGL-1 or whole M. leprae,
declined more rapidly than anti-whole Al.
leprae IgG antibodies (with wide variations
from one patient to another).

Tuberculoid patients displayed a different
antibody pattern with lower titers than le-
promatous patients and a predominant pro-
duction of anti-whole M. leprae IgG anti-
bodies.

MATERIALS AND METHODS
Patients. Eighty-eight leprosy patients

were followed in the Department of Der-
matology, Hôpital Saint-Louis, in Paris.
They were classified along the leprosy spec-
trum according to Ridley-Jopling's criteria
( 17) as polar lepromatous (LL), borderline
lepromatous (BL), borderline tuberculoid
(BT), and polar tuberculoid (TT). Some pa-
tients who were first seen by us when already
treated for several years, and for whom no
initial biopsy was available, were classified
as lepromatous or tuberculoid on the basis
of the clinical, immunological, bacteriolog-
ical and histopathological data obtained at
that time. In most patients, the bacterial
index (BI) was evaluated as described by
Ridley and Hilson ( 16) at the time of serum
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collection on slit smears from the nasal mu-
cosa, both ears, and one or two cutaneous
lesions when present. The mean count from
all sites studied was used for calculation of
the BI.

Our study included a total of 49 lepro-
matous patients. Seven of them had never
been treated when investigated for the first
time. Three patients had suffered a clinical
or bacteriological relapse either due to ir-
regular treatment or acquired resistance to
dapsone (DDS) and were thus also consid-
ered as untreated. Thirty-two lepromatous
patients entered the study when already
treated. Patients treated for less than four
years received from the beginning a poly-
chemotherapy consisting of various com-
binations of drugs, all regimens included
rifampin: rifampin plus ethionamide plus
clofazimine or DDS, or rifampin plus DDS
and clofazimine. Twenty other patients had
been treated for more than four years and
received, at the time of study, either poly-
chemotherapy according to one of the reg-
imens described above, or DDS alone, or
no treatment whatsoever. Except as other-
wise noted, patients were not suffering from
erythema nodosum leprosum (ENL) at the
time of study.

Forty-two tuberculoid patients were also
included in the present study. Eleven of them
had never received treatment at the time of
serum collection. Two patients suffering a
clinical relapse with active lesions after
stopping treatment were also considered as
untreated. Twenty-nine patients entered the
study after having already started treat-
ment. Those treated for less than four years
(nine patients) received polychemotherapy
according to one of the schemes described
above for lepromatous patients. Twenty pa-
tients treated for more than four years were
receiving, at the time of study, either DDS
or sulfadoxine, a long-term-acting sulfon-
amide, or no treatment.

Eighty-five healthy subjects living in Paris,
either blood bank donors or staff members
not exposed to M. leprae, served as con-
trols.

Antigens. Phenolic glycolipid-1 (PGL-1)
of M. leprae, extracted from M. leprae - in
fected armadillo liver ( 7), was a gift from the
World Health Organization. Whole M. lep-
rae suspensions were prepared by N. Rasto-
gi (M. leprae bank, Pasteur Institut) from

M. /eprae-infected armadillo tissues (liver
or lymph node) and were irradiated at 4.5
megarads with a 50Co source before use.

Anti-PGIL-1 antibody assay. The ELISA
method described by Cho, et al. (6) was used
with minor modifications. PGL-1 was dis-
solved in chloroform : methanol (2:1), emul-
sified in ammonium acetate/carbonate buff-
er (pH 8.2) by sonication for 10 sec, and
adjusted to a final concentration of 2 pg/m1
in the same buffer. Fifty ill aliquots of the
PGL-1 suspension were distributed into the
wells of flat-bottomed microtiter plates
(Nunclon, Roskilde, Denmark) and incu-
bated overnight at 37°C in a moist chamber.
The plates were then washed with phos-
phate buffered saline (PBS), and incubated
for 1 hr with PBS containing 5% w/v bovine
scrum albumin (PBS-BSA).

Fifty ptl volumes of sera diluted 1:50 and
1:250 in PBS-BSA were introduced into the
wells for 1 hr at 37°C. After washings, 50
of a 1 ag/m1 solution of peroxidase-labeled
goat anti-human a chain antibodies (Biosys,
Compiegne, France) was added to each well
and further incubated overnight at 4°C in
the dark. The plates were then washed and
reacted with 100 Al of a solution of 0.4 mg/
ml orthophenylethylenediamine dihydro-
chloride (OPD; Sigma Chemical Co., St.
Louis, Missouri, U.S.A.) in citrate phos-
phate buffer (0.15 M, pH 5.0) after which
H2O, solution was added to a final concen-
tration of 0.013%. After 30 min at 37°C, the
reaction was stopped by the addition of 50
jul of 2.5 N H 2 SO4 . Optical densities (OD)
were read at 492 nm. Each serum dilution
was tested in duplicate on PGL-1-coated
plates and on control plates incubated with
carbonate buffer alone. Five reference sera
(four positive lepromatous controls with
various anti-PGL-1 activities and one nor-
mal serum used as a negative control) were
included in each PGL-1-coated or uncoated
plate. For each serum dilution, results
were expressed as AOD = mean OD with
PGL-1 — mean OD without PGL-1. Data
obtained from plates in which the reference
sera gave aberrant results were discarded.

Anti-whole M. leprae antibody assay. IgM
and IgG antibody activities were concur-
rently measured for each serum. M. leprae
were suspended in PBS, briefly sonicated
(10 sec) to disrupt clumps, and diluted with
PBS in order to obtain a suspension giving
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THE TABLE.^leprae antibodies in untreated and long-term-treated leprosy pa-
tients.

^Antibod^assa

^

y^y Serum
dilution

Subjects

Lepromatous patients Tuberculoid patients
Healthy
controls"Untreated >10-year

treated Untreated >10-year
treated

Anti-PG L-1 1:50 1031 ± 199 0 568 ± 127 493 ± 120 209 ± 69 55 ± 26
IgM antibodies (8/10, 80%)' (6/13, 46%) (5/13, 38%) (1/11, 9%)

1:250 1560 ± 155 212 ± 50 178 ± 36 60 ± 23 33 ± 7
(10/10, 100%) (7/13, 54%) (6/13, 46%) (1/11, 9%)

Anti-whole M. leprae 1:250 1717 ± 145 946 ± 91 763 ± 48 608 ± 70 690 ± 29
IgM antibodies (9/10, 90%) (2/13, 15%) (0/13, 0%) (0/11, 0%)

1:1000 1564 ± 141 508 ± 56 470 ± 34 387 ± 41 406 ± 18
(10/10, 100%) (2/13, 15%) (0/13, 0%) (0/11, 0%)

Anti-whole M. leprae 1:250 1420 ± 142 1122 ± 87 953 ± 127 595 ± 110 428 ± 29
IgG antibodies (9/10, 90%) (10/13, 77%) (7/13, 54%)d (1/11, 9%)

1:1000 1560 ± 184 668 ± 102 555 ± 94 243 ± 60 115 ± 17
(10/10, 100%) (10/13, 77%) (6/13, 54%)d (1/11, 9%)

Seventy-one healthy controls were tested for anti-PGL-1 antibodies and 85 were tested for IgG and IgM
anti-whole M. leprae antibodies.

I , Mean ± S.E.M. AOD x 1000.
In parentheses = number of positive sera/number of sera tested and % of sera positive.

d Eight out of 13 patients were found positive when both dilutions were considered.

an OD of 0.5 at 420 nm. These suspensions
containing from 2 x 10 6 to 1 x 10 7 acid-
fast bacilli/m1 were used as the antigen in
an ELISA assay similar to the radioim-
munoassay described by Touw, et al. ( 18 ).
Twenty-five Al volumes of the M. leprae
suspension were distributed into round-
bottomed microtiter plates (Imulon 2; Dy-
natech Laboratories, Alexandria, Virginia,
U.S.A.) and allowed to dry overnight at
37°C. The bacilli were then fixed with glu-
taraldehyde (1% in PBS) for 15 min at room
temperature. The plates were washed with
PBS, and incubated with PBS-BSA for 1 hr
at 37°C. Sera diluted at 1:250 and 1:1000
were added to the plates and kept for 1 hr
at 37°C. The plates were washed and then
incubated overnight at 4°C (in the dark) with
peroxidase-labeled goat anti-human chain
or y chain antibodies (Biosys) diluted to 1
Ag/m1 in PBS-BSA. After rinsing, the plates
were reacted with an OPD solution as de-
scribed above, and the OD values were read
at 492 nm. Each serum dilution was tested
in duplicate on M. leprae-coated plates and
on control plates with no antigen but sim-
ilarly treated with glutaraldehyde. The same
reference sera as those used for the anti-
PGL-1 antibody measurements were tested
on each plate as positive and negative con-

trots. Results were expressed as ZOD =
mean OD with M. leprae — mean OD with
out M. leprae. Data obtained from the plates
in which reference sera gave aberrant results
were discarded.

Statistics. The Student t test was used to
compare the means of the results obtained
from the various groups of subjects. Regres-
sion lines and coefficients of correlation were
calculated according to the least-square
method. A scrum was considered as "pos-
itive" in a given assay when the AOD ex-
ceeded by two standard deviations the mean
of results obtained from normal controls in
the same assay at the same dilution.

RESULTS
Antibody production along the leprosy

spectrum: influence of long-term treatment
(The Table). Only a minor binding activity
to PGL-1 was found in the normal controls;
the same group displayed a higher binding
activity to whole M. leprae, the highest one
being observed among IgM.

As compared to the normal controls, un-
treated lepromatous patients exhibited sig-
nificantly higher antibody levels in all three
assays. No significant decline of DOD was
observed when the highest serum dilution
was compared to the lowest (1:250 and 1:50,



54, 2^Bach, et al.: Antibodies: Evolution During Therapy^259

respectively, for the anti-PGL-1 antibody
assays; 1:1000 and 1:250, respectively, for
both the IgM and IgG anti-whole AI. leprae
antibody assays). Moreover, several sera ac-
tually showed the highest activity with the
highest dilution, which was due to the ele-
vated spontaneous binding activity of the
sera to the uncoated control wells when
tested at the lowest dilution. The group of
untreated lepromatous patients included 5
BL and 5 LL patients with no difference in
the results between the two groups in any
assay (data not shown). Lepromatous pa-
tients who had been treated for more than
ten years displayed lower antibody activity
in all three assays as compared to untreated
cases (p < 0.001). However, 54% of these
patients still exhibited a level of anti-PGL-1
activity which was significantly higher than
normal controls, and as many as 77% of
them were positive for IgG antibodies
against whole Al. leprae. A few patients
(15%) maintained a detectable IgM anti-
body level against the whole bacillus.

Untreated tuberculoid patients (all BT)
also displayed higher anti-PGL-1 antibody
activity than the control group for both se-
rum dilutions tested (p < 0.001), although
the values were lower than those observed
in untreated lepromatous patients. At vari-
ance with the lepromatous patients, the
highest antibody activity was observed with
the lowest serum dilution (most concen-
trated serum) in all but one patient. A total
of 46% of the patients were positive in this
assay.

Anti-whole M. leprae IgG antibodies
could also be detected in tuberculoid pa-
tients. Most of them (11 of 13) showed the
highest OD values with the 1:250 serum
dilution; whereas 2 others paradoxically ex-
hibited higher values with the highest scrum
dilution (1:1000), as did many untreated le-
promatous patients. When the results from
both dilutions were considered, 62% (8 out
of 13) of the untreated tuberculoid patients
were positive in this assay. Conversely, no
IgM activity against whole M. leprae could
be detected in any of these patients. Alto-
gether, the antibody pattern in untreated
tuberculoid patients was found to be very
similar to that of long-term-treated lepro-
matous patients. Among the tuberculoid
patients treated for more than ten years, only
1 of 11 still displayed detectable anti-PGL-1

antibodies; whereas another was positive
for IgG anti-whole M. leprae.

Evolution of anti-PGL-1 and anti-whole
M. leprae antibody titers in lepromatous pa-
tients during therapy. Lepromatous pa-
tients were subgrouped according to the time
elapsed after a treatment regimen was in-
stituted which caused a reduction of the bac-
terial load. Antibody titers were expressed
as the DOD observed with the highest serum
dilution tested. As shown in Figure 1, a sig-
nificant drop of IgM anti-whole Al. leprae
antibodies could already be noted in the
group of patients who were treated for 3 to
11 months (p < 0.02) as compared to un-
treated patients. Patients treated for more
than two years did not show, as a group,
any significant increase of antibody level in
this assay as compared to the control group,
although some individual sera were found
to be positive. A significant decrease of anti-
PGL-1 antibodies (p < 0.001) could also be
observed, as compared to untreated patients
from 12 months after onset of therapy, but
without further decline.

In contrast to the antibody activities mea-
sured by both of these assays, IgG anti-M.
leprae activity decreased very slowly after
treatment had been started. Only those pa-
tients treated for more than two years
showed a significant decrease in antibody
level as compared to untreated patients.

Three patients were tested more than once,
and detailed results from two are presented
below. The third patient was studied at eight
and 12 months after starting treatment, and
during this time showed a small decrease of
anti-PGL-1 antibody levels without signif-
icant change in anti-whole M. leprae anti-
body activities.

Longitudinal study of two lepromatous
patients from the onset of therapy (Fig. 2).
One patient (Dia. . BL) was followed for
five months, and showed initially elevated
antibody activities in all three assays. After
three months of treatment with rifampin,
ethionamide, and clofazimine, a reactional
episode with neuritis and fever occurred
which was not influenced by thalidomide
but regressed under corticotherapy. On the
basis of histopathological data, it was con-
sidered as a mild reversion (reversal reac-
tion). At that time, a profound transient de-
crease of all three antibody activities was
noted. By five months of therapy the patient
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FIG. 1. Effect of treatment on anti-Al. leprae activity in lepromatous patients. A = anti-PGL-1 IgM anti-

bodies; B = anti-whole Af. leprae IgM antibodies; C = anti-whole Af. leprae IgG antibodies; horizontal bars
represent the means of the subgroups of patients; ( ) the 95% confidence upper limit of normal values.

was again clinically stable, with a BI which
had dropped from 5.5 to 3.75, and he ex-
hibited moderately reduced IgM antibody
activities to PGL-1 and whole M. leprae
when compared to pretreatment values. The
level of IgG antibodies to whole M. leprae
was similar to that recorded prior to treat-
ment.

Another patient (Seu.., BL) was followed
for 31 months after starting rifampin,
ethionamide, and DDS therapy. Studied af-
ter 16 months, when suffering an ENL ep-
isode, a marked decrease of both IgG and
IgM antibodies to whole M. leprae was not-
ed, as well a small decrease of anti-PGL-1
antibodies as compared to pretreatment
values. From 16 to 31 months of treatment,
IgM antibody activity to whole M. leprae
remained relatively low and stable. Flue-

tuations of IgG antibodies to whole M. lep-
rae were also noted but without apparent
relation to any clinical event. Interestingly,
a transient decrease of anti-PGL-1 antibod-
ies occurred again, and this was associated
with an ENL reaction.

It must be noted that 5 long-term-treated
patients (2 with lepromatous leprosy and 3
with tuberculoid leprosy), clinically and
bacteriologically stable, were investigated
twice at 2-4-week intervals. None of them
showed variation of antibody activity by
more than 25% in any assay.

Correlation of antibody titers with BI.
Among lepromatous patients who had been
treated for less than four years (Fig. 3), a
weak but significant correlation was noted
between the antibody level (as measured at
the highest serum dilution) and the bacterial
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FIG. 2. Longitudinal follow up of anti-M. leprae antibody levels during therapy. Both patients were treated
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load (as measured by the BI) for all three
antibody assays (IgM anti-PGL-1: r = 0.47,
p < 0.05; IgM anti-whole M. leprae: r =
0.66, p < 0.01; IgG anti-whole M. leprae:
r = 0.54, p < 0.02). Positive correlations
were found between antibody levels mea-
sured by these assays. However, when par-
tial coefficients of correlation were calcu-
lated as a function of the BI, only IgM

anti-PGL- I and IgM anti-whole M. leprae
antibody levels still appeared to be signifi-
cantly (although weakly) correlated (r =
0.465, p < 0.05).

Among lepromatous patients treated for
more than four years (Fig. 4), a correlation
of BI with both IgM anti-PGL-1 (r = 0.71,
p < 0.01) and IgM anti-whole M. leprae
antibody level (r = 0.67,p < 0.01) was not-
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Bacterial index
FIG. 3. Correlation of anti-M. leprae antibody titers to bacterial index (BI) in short-term-treated or untreated

lepromatous patients. Sera were collected from untreated patients or patients treated for less than four years.
Antibody titers are plotted against the Bl. A = anti-PGL-1 IgM antibodies; B = anti-whole M. leprae IgM
antibodies; C = anti-whole M. leprae IgG antibodies; ( ) = the 95% confidence upper limit of normal antibody
titers; (—) = the best fitting regression lines; r = coefficient of correlation.

ed. Conversely, no correlation appeared in
this group between BI and IgG anti-M. lep-
rae antibody activity (r = 0.06).

Evolution of antibody levels in tubercu-
loid patients under therapy. Patients were
subgrouped according to the time elapsed
since onset of treatment, as shown in Figure
5. Results are expressed as DOD recorded
with the lowest serum dilution, except for
the few sera which gave higher values with
the highest dilution, in which case the latter
value was considered. Both untreated and
short-term-treated tuberculoid patients
showed a wide heterogeneity in scrum an-
tibody levels.

As in lepromatous patients, anti-PGL-1
antibody levels tended to decrease rapidly
after treatment, since only 1 out of 6 pa-
tients treated for one to four years still ex-
hibited a detectable antibody activity in this
assay. One patient who had been tested be-
fore treatment showed a decline of anti-
PGL-1 antibodies when tested eight months

later. Three other patients who did not show
elevated antibody activity when tested for
the first time maintained normal values
when studied for the second time.

IgG antibodies to whole M. leprae tended
to decrease more gradually. Only those pa-
tients treated for more than four years had
a significantly lower level of such antibodies
when compared to untreated patients (p <
0.05). However, three patients studied twice
during the first four years of treatment did
exhibit a significant decline; whereas another
patient showed a paradoxical increase of an-
tibody level. No significant increase of IgM
anti-whole M. leprae antibodies could be
detected in any untreated or treated tuber-
culoid patients.

DISCUSSION
Antibodies of the IgM class directed

against PGL-1, a species-specific, cell-wall
associated antigen of M. leprae ( 2), and an-
tibodies of both the IgM and the IgG classes
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FIG. 4. Correlation of anti-M. leprac antibody titers to BI in long-term-treated lepromatous patients. Sera
were collected from patients treated for more than four years. (See legend for Fig. 3.)

directed against whole M. leprae were mea-
sured by an ELISA method in sera from
lepromatous and tuberculoid patients and
normal subjects. Normal subjects who had
no known exposure to AL leprae displayed
very low IgM binding activity to PGL-1, in
accordance with the previously reported ex-
quisite specificity of this antigen with regard
to Al. leprae ( 3 • 6 . 19 ). Conversely, they
showed significant antibody activity to
whole M. leprae, especially of the IgM class,
which might result from a previous expo-
sure to crossreacting mycobacteria; indeed,
BCG vaccination has been compulsory in
France since 1950.

As compared to this group of normal sub-
jects, untreated lepromatous patients exhib-
ited a high level of anti-M. leprae antibodies
in all three assays, which is again in agree-
ment with several previous studies of anti-
PGL-1 antibodies (3 ' 6 ' 19), anti-M. leprae
sonicate antibodies (9 ' 12 ), and anti-whole M.
leprae antibodies ( 18) in lepromatous lep-
rosy. In the follow up of anti-M. leprae an-
tibodies in treated lepromatous patients, we

noted interesting variations in the pattern
of decline of antibody levels according to
the assay considered. A rapid fall of IgM
antibodies directed either to PGL-1 or to
whole AL leprae was observed within a year
after onset of treatment, but noticeable in-
dividual variations were seen. On the other
hand, IgG antibodies to whole Al. leprae
declined more slowly. Moreover, although
antibody levels as measured by all three as-
says were found to correlate to the BI and
to each other, the only significant correla-
tion remaining when this effect of bacillary
load was eliminated was a weak correlation
between anti-PG L-1 and anti-whole M. lep-
rae IgM antibody levels. These data suggest
that, as expected, IgM antibodies against
whole M. leprae include some IgM anti-
bodies directed to PGL-1. In addition, there
appear to be other antibodies directed
against unrelated antigens, probably poly-
saccharides or lipids, which elicit the pro-
duction of antibodies of the IgM class more
than proteins (l 5). Conversely, anti-whole
M. leprae antibodies of the IgG class would
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FIG. 5. Effect of treatment on anti-M. leprae antibody activity in tuberculoid patients. A = anti-PGL-1 IgM

antibodies; B = anti-whole M. leprae IgM antibodies; C = anti-whole M. leprae IgG antibodies. (See legend for
Fig. 1.)

recognize different types of antigens, in-
cluding proteins.

Taken together, these data indicate that
the follow up of anti-PGL-1 IgM antibody
levels during the first years of therapy may
be used as a rapid and sensitive tool for
evaluating treatment efficacy, at least in
nonreactional patients. It is interesting to
note that our group of untreated patients
actually included three relapsing patients
who displayed antibody levels quite similar
to those observed in recently diagnosed pa-
tients, suggesting that anti-PGL-1 antibody
measurement may also help in the early de-
tection of relapse.

A large percentage of lepromatous pa-
tients treated for more than four years still
presented with significant antibody activity
against PGL-1 or whole M. leprae (of the
IgG class only in the latter case). In this

group of patients, whose BI ranged from 0
to 1, anti-PGL-1 antibodies but not anti-
whole M. leprae IgG antibodies were found
to be closely correlated to the BI, suggesting
that anti-PGL-1 antibodies probably rep-
resent a better indication of a persisting M.
leprae infection than IgG antibodies against
the whole bacillus. On the other hand, IgG
anti-whole M. leprae antibodies could rep-
resent a reliable tool for retrospective de-
tection of M. leprae infection in epidemi-
ologic studies. Our data are in close
agreement with those of Touw, et al. (")
who found a rapid decrease of IgM anti-
bodies to whole M. leprae within a year,
with persisting high titers of IgG antibodies,
but contradict those of Melsom, et al. ( 12)
who observed in ten-year-treated lepro-
matous patients a persisting antibody pro-
duction of the IgM class but not of the IgG
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class. It must be noted that Melsom, et al.
used a soluble M. leprae sonicate as antigen;
whereas, Touw, et al. ( 18) and ourselves used
whole M. leprae suspensions, likely to con-
tain a different proportion of cell-wall-as-
sociated versus cytoplasmic antigens.

Tuberculoid patients displayed an anti-
body pattern quite similar to that of long-
term-treated lepromatous patients, that is,
a significant production of IgM anti-PGL-1
antibodies and of IgG anti-whole M. leprae
antibodies (but at a lower level and with a
lower frequency than untreated leproma-
tous patients) without detectable IgM an-
tibodies against whole M. leprae. The
mechanism underlying individual varia-
tions of antibody production in tuberculoid
patients— variations which have been pre-
viously emphasized by other workers ( 18)—
despite their apparent clinical and histo-
pathological homogeneity is poorly under-
stood. The presence of anti-PGL-1 anti-
bodies in some patients may indicate the
existence of a higher bacterial load than in

18,negative patients. Touw, et al. t ) previ-
ously noticed a correlation of anti-whole M.
leprae antibody titers with the number of
active lesions in tuberculoid patients.

It is interesting to note that 4 out of 13
untreated BT patients were found positive
for IgG anti-whole M. leprae antibodies and
not for IgM anti-PGL-1 antibodies; whereas
only 1 patient showed the reverse pattern.
If some of this IgG antibody production is
directed against species-specific antigens, as
has been observed in M. leprae-immunized
mice from which M. leprae-specific IgG se-
creting hybridomas were obtained ( 8, 1 °. "),
the use of such an antigen concurrently with
PGL-1 would then significantly extend the
efficacy of early serological detection of lep-
rosy.

SUMMARY
Sera from 92 patients were tested by the

ELISA method for the presence of IgM an-
tibodies to phenolic glycolipid-1 (PGL-1) of
Mycobacterium leprae, and of both IgM and
IgG antibodies to the whole M. leprae ba-
cillus. All untreated lepromatous patients
exhibited high antibody levels in all three
assays. A sharp decline of IgM antibodies
to PGL-1 and whole M. leprae was ob-
served during the first two years of therapy,

while IgG antibodies to whole M. leprae
showed a progressive decrease only over a
number of years. Low titers of IgM anti-
bodies to PGL-1 and IgG antibodies to
whole Al. leprae could be detected in about
50% and 75% of patients, respectively, after
more than ten years of treatment, with only
15% showing persisting IgM antibodies to
the whole bacillus.

Antibody levels as measured by the three
assays used were correlated with the bac-
terial index in patients treated for less than
four years. In patients treated longer than
four years, only IgM antibodies, whether
directed to PGL-1 or to whole M. leprae,
remained correlated to the bacillary load.
Tuberculoid patients exhibited a different
antibody pattern, showing a lower frequen-
cy (and lower levels) of antibodies of PGL-1
and of IgG antibodies to whole M. leprae
than lepromatous patients, and no detect-
able IgM antibodies to the whole bacillus.
IgG antibodies to whole Al. leprae were
more frequently noted than antibodies to
PGL-1, the latter declining more rapidly
during therapy.

RESUMEN
Se adaptO el método de ELISA Para investigar la

presencia de anticuerpos contra el glicolipido fenOlico
1 (GLF-1) del Mycobacterium leprae y la clase de anti-
cuerpos (IgM o IgG) contra los bacilos integros en el
suero de 92 pacientes con lepra. Todos los pacientes
lepromatosos sin tratamiento tuvicron nivelcs cleva-
dos de anticuerpos en todos los ensayos. Mientras que
los anticuerpos IgM contra el GLF-1 y contra el Al.
leprae integro decayeron bruscamente dentro de los 2
primeros altos de tratamiento, los anticuerpos IgG con-
tra el M. leprae solo disminuyeron progresivamente a
lo largo de varios altos. Despues de más de 10 altos de
tratamiento, el 50% de los pacientes tuvieron titulos
bajos de anticuerpos IgM contra el GLF-1, el 75% de
los pacientes tuvieron niveles bajos de anticuerpos IgG
contra el M. leprae integro, y solo el 15% de los mismos
tuvieron titulos bajos de anticuerpos IgM contra el
bacilo integro.

Los niveles de anticuerpos medidos por los 3 ensayos
correlacionaron con el indite bacteriolOgico en los ca-
sos con menos de 4 altos de tratamiento. En los pa-
cientes con más de 4 altos de tratamiento solo corre-
lacionaron con la carga bacilar, los anticuerpos IgM
contra el GLF-1 o contra el M. leprae integro. A di-
ferencia de los pacientes lepromatosos, los pacientes
tuberculoides tuvieron una menor frecuencia y me-
nores titulos de anticuerpos IgG contra el M. leprae y
contra el GLF-1 y no tuvieron anticuerpos IgM contra
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el bacilo integro. Los anticuerpos IgG contra el M.
leprae integro fueron más frecuentes que los anticuer-
pos contra cl GLF- I y éstos áltimos disminuycron más
rápidamente durante el tratamiento.

RESUME
Des échantillons de serum préleves chez 92 malades

ont etc étudies par la méthode ELISA en vue de mettre
en evidence la presence d'anticorps IgM au pheno gly-
colipide-1 (PGL- I) de Mycobacterium leprae, ainsi que
les anticorps 1gM et IgG dirigés contrc le bacille Al.
leprae complet. Tous les malades lépromateux non
traités témoignaient de taux Cleves d'anticorps pour les
trois épreuves. Une diminution trés prononcée des
anticorps IgM contre PGL-1 et contre Al. leprae complet
a éte observée au cours de deux premieres années du
traitement. Par contre, les anticorps a Al leprae complet
montraient une diminution progressive qui s'étendait
sur plusieurs années. Des titres peu eleves d'anticorps
IgM contre PGL-1 et des anticorps IgG a Af. leprae
complet pouvaient etre decelés chez environ 50% des
malades pour les premiers et 75% chez les seconds
apres plus de dix ans de traitement. D'autre-part, 15%
seulement des malades présentaient des anticorps IgM
persistants contre le bacille entier.

Les taux d'anticorps, tels qu'ils sont mesurés par les
trois épreuves utilisées, étaient en correlation avec l'in-
dice bacteriologique des malades, lorsque que ceux-ci
avaient été traités pendant moins de quatre années.
Chez les malades traités pendant une période dépassant
quatre ans, seuls les anticorps IgM, tant ccux dirigés
contre PGL-1 que ceux dirigés contre Al. leprae complet,
étaient correlés avec la charge bacillaire. Les nialades
tuberculoides ont révélé un profil d'anticorps diff&ent,
a savoir une fréquence plus faible, de meme que des
taux plus faibles, d'anticorps contre PGL-1 ct d'anti-
corps IgG contre Al. leprae complet, que ce n'etait le
cas pour les malades lépromateux. Aucun anticorps
IgM n'a pu etre décelé contre le bacille complet chez
ces malades. On notait plus souvent la presence d'anti-
corps IgG contrc le bacille complet, que d'anticorps
contre PGL-1; ces derniers diminuaient plus rapide-
ment au cours du traitement.
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