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Assessment of antibody levels in leprosy
has several important applications, even
though their role in terms of pathogenesis
or protection is not defined. Potentially they
are useful as indicators of contact with in-
fection, subclinical infection, or overt clin-
ical disease. Antibodies could therefore pro-
vide a useful tool for both the prevalence
of contact with the disease and of clinical
discase itself.

Antibodies to crude or partially purified
leprosy antigens have shown a low level of
specificity (¢ '?). However, some of the puri-
fied antigens such as the phenolic glyco-
lipid-I (PGL-I) have shown greater promise
in terms of specificity (*'%). With the ap-
plication of gene-cloning techniques, highly
purified antigens are becoming more and
more available (*'). Most of the antibody
assays have utilized radioactive ('%), flu-
orescent ('), or enzyme-tagged probes (?) to
detect antibodies for all isotypes ('-2). Of
these, the enzyme-tagged probes have be-
come the most popular due to their sim-
plicity, ease of handling, and the potential
for field application. A major limitation of
these assays is their semiquantitative na-
ture, making it difficult to evaluate the dif-
ferences in populations as reported by dif-
ferent studies. Quantitative antibody assays
utilizing similar standards could overcome
this limitation and may provide greater in-
sights into disease pathogenesis, protection,
and incidence among individuals as well as
among different populations.

Therefore, the aim of the present study
was to establish a quantitative enzyme-
linked immunosorbent assay (ELISA) which
was optimized in terms of antigen coating
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and incubation times. High-titer reference
pools were established and, finally, perfor-
mance characteristics were established for
determining different isotypes. Using our
quantitative ELISA we were able to deter-
mine IgM and IgG antibodies to both My-
cobacterium leprae soluble sonicate antigen
(batch CD60) and synthetic disaccharide
antigen coupled to bovine serum albumin
(D-BSA) which is the immunogenic epitope
of the PGL-I (®).

Both isotypes could be quantitated in a
highly specific and reproducible manner as
shown by inhibition with soluble antigen
and by intra- and inter-assay coefficient of
variation. The lepromatous group showed
10- to 100-fold higher IgM and IgG anti-
bodies to soluble sonicate antigen as com-
pared to the control group. The tuberculoid
group, on the other hand, showed low to
undetectable levels of IgM antibodies but
high levels of IgG antibodies, overlapping
to a certain extent with the lepromatous
group. This system can now be modified for
an array of antigens as well as for different
isotypes and subclasses.

MATERIALS AND METHODS

Patient material. Forty-six untreated pa-
tients with histologically confirmed leprosy
were studied. The study group included 25
lepromatous (BL/LL) and 21 tuberculoid
(BT/TT) patients. The control group con-
sisted of endemic healthy adults with no
family history of leprosy. Five to ten ml of
blood was collected in venoject tubes. Sam-
ples were kept at room temperature for 1-
2 hr and then at 4°C overnight before cen-
trifugation in order to separate the serum.
The sera were stored at —70°C in 0.8 ml
aliquots until used.

Antigen. Both the armadillo-derived M.
leprae-soluble sonicate antigen (batch CD60)
and the synthetic disaccharide-BSA conju-
gated (D-BSA) (batch 10) were kindly pro-
vided by Dr. R. J. W. Rees, National In-
stitute for Medical Research, London. The
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antigens were also aliquoted and stored at
—70°C until used.

Reagents. Bovine serum albumin (BSA)
and the horseradish peroxidase (HRP) con-
jugated anti-human IgG and anti-human
IgM (lot numbers 15F-8955 and 124F-8810,
respectively) were purchased from Sigma,
Poole, U.K. The substrate used was ortho-
phenylenediamine (OPD) (Sigma; lot num-
ber 54F-5003). Tween 20 was obtained from
BDH Chemicals Ltd., Poole, U.K.

ELISA. Flat-bottom polystyrene plates
(Flow Labs, Herts, U.K.) were used
throughout the study. Briefly, 0.1 ml of the
antigen was coated at 2 ug/ml in carbonate
buffer (0.05 M, pH 9.6). The plates were
washed three times with saline (0.15 M)
containing 0.05% Tween 20. The remaining
available sites were blocked with 0.2 ml of
5% BSA in 0.02 M phosphate buffered sa-
line (PBS), pH 7.4, for 2 hr at 37°C. The
plates were then washed and incubated for
a further 2 hr at 37°C with 0.1 ml/well of
appropriate dilutions of test sera in 2% BSA
in PBS containing 0.05% Tween as the dilu-
ent. Reference sera were run at 9 twofold
dilutions starting at 1/200 in duplicate. Test
sera were run at six dilutions starting at either
1/500 for lepromatous sera or 1/50 for tu-
berculoid and control sera. The plates were
then incubated with HRP-conjugated probes
(anti-IgG or anti-IgM) at the manufacturers’
recommended concentrations. The sub-
strates used were OPD, prepared fresh im-
mediately prior to use by adding 10 mg/ml
OPD in absolute alcohol and 6% H,O, to
citrate buffer, pH 5, to give a final concen-
tration of 0.1 mg/ml OPD and 0.003% H,0,.
The reaction was stopped after 30 min with
4 M H,SO,, and the plates were read for
optical density (OD) at 490 nm.

Inhibition of IgM and IgG antibodies with
soluble antigen. To assess the specificity of
IgM and IgG binding, soluble antigen was
used as the inhibitor. Equivalent volumes
of varying amounts of soluble antigen were
pre-incubated with the sera at 37°C for 2 hr.
Both reference and test sera were run at a
single dilution representing the midpoint of
the binding curve. These dilutions were 6400
for IgG reference serum and 3200 for IgM
reference serum. Individual test sera ranged
between 1600-3200. Identical serum dilu-
tions with and without antigen incubation
were used in the optimized ELISA de-
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scribed above. The only modification was
that the plates were coated with 1 ug/ml of
antigen. The plates were washed and de-
veloped in an identical fashion. Percent in-
hibition was calculated from net OD using
the following equation:

OD without antigen —
OD with antigen

- : x 100.
OD without antigen
Statistics. Antibody levels in the differ-
ent groups were compared by unpaired ¢
tests and for different isotypes by paired ¢
tests.

RESULTS
Reference sera pools

A reference serum pool was prepared us-
ing equal volumes of nine untreated lep-
romatous sera containing high titers of IgG
and IgM antibodies. These sera were se-
lected after screening them at two dilutions
(100 and 1000) using a standard ELISA
methodology (). The minimum OD of in-
dividual sera at 1/1000 dilution was 0.6 for
IgG and 0.4 for IgM pools. Leprosy-nega-
tive sera were similarly scanned at 1/50. A
reference negative pool was prepared with
nine sera giving less than 0.05 OD. These
reference sera were then utilized for opti-
mizing different assay parameters as well as
for developing dose-response relationships.

Optimization of ELISA

Antigen concentration. To ensure anti-
gen excess conditions, which is critical when
developing a dose-response relationship us-
ing reference sera, the plates were coated
with varying amounts (0.5, 1.0, 2.0 and 4.0
ug/ml) of soluble sonicate antigen CD60 in
carbonate buffer, pH 9.6. The dose-re-
sponse relationship is shown in Figure 1.
The reference negative sera were run si-
multaneously and appropriate background
readings were deducted. As is seen in Figure
1, even at an extremely high antibody con-
centration (1/200) no additional binding was
observed by increasing the amount of an-
tigen beyond 2 ug/ml. This pattern was con-
sistent with both IgM (Panel A) and IgG
(Panel B). We have, therefore, used 2 pg/ml
of antigen to coat the plates for all further
testing.
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Serum binding. The effects of tempera-
ture and time on the antibody binding were
also tested. Three different incubations (2
hr at 37°C, 4 hr at 37°C, and 4 hr at 37°C
followed by refrigeration overnight)* were
used to develop the binding curve with ref-
erence pools (Fig. 2). Surprisingly, very little
additional binding was observed after 37°C
for 2 hr. In fact, in the case of IgM antibody
a slight decrease was observed. There was
no effect on the sensitivity or the working
range of the curve. The working range was
approximately | log for both IgM and IgG
antibody. Therefore, 2 hr at 37°C was se-
lected as the optimal time and temperature.

Standardization of reference pool

Full titration curves starting at 1/200 were
developed for the reference sera using the
optimal conditions indicated by previous
tests. The titer was expressed as the highest
dilution of serum resulting in an OD twice
above the background binding obtained with
the negative control serum pool at 1/200.
The reciprocal of the titer was assigned as
arbitrary units of activity in the serum. The
units established in this fashion for IgG anti-

M. leprae in reference serum was 51, 200
and for IgM, 6400. Subsequently, activity
curves were generated with a minimum of
seven values, and the results were expressed
as OD obtained at different concentrations
expressed as units for both IgG and IgM
antibodies as shown in Figure 3. Individual
test sera were read in the linear range of the
curve for assignment of unit activity. To
assess the specificity and reproducibility of
antibody binding in our assay system ad-
ditional quality control studies were carried
out to determine the calibration value of the
reference pool.

Quality control studies

Specificity studies. Binding of both IgG
and IgM to solid-phase antigen in the pres-
ence and absence of soluble antigen as an
inhibitor was studied with the reference pool
as well as for four individual sera to deter-
mine the inherent specificity of the assay
system (Fig. 4). Eighty to 100% of IgM and
IgG antibody binding could be inhibited
with soluble antigen, indicating a high de-
gree of specificity within the system. Gen-
erally, a two- to threefold higher concentra-
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tion was required for IgG to achieve the
same level of inhibition as IgM, which may
or may not indicate affinity differences.
Intra- and inter-assay variation. Exper-
iments were performed to evaluate the re-
producibility and the precision of both the
IgM and IgG anti-CD60 ELISA. The intra-

assay coefficient of variation (CV) was 2.4%
(N = 5) for IgM anti-CD60 and 1.6% (N =
5) for IgG anti-CD60 (Table 1). The signal-
to-noise ratio was approximately 10-fold for
both IgG and IgM reference curves at the
highest concentration, and the linear work-
ing range was over one log dilution (Fig. 5
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independent assays obtained is indicated.
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A and B). Both parameters were, therefore,
within acceptable limits. Inter-assay varia-
tion for three different sera (with low, me-
dium and high antibody levels) run in three
assays run independently are shown in Ta-
ble 2. The inter-assay variation for each of
the three sera for both IgM and IgG was less
than 12%. Slightly less inter-assay variation
was noted for sera with high levels of an-
tibody than for sera with low levels of an-
tibody, as expected due to interference with
high concentrations of other serum factors.

Quantitative assessment of IgG and
IgM antibody

Quantitative assessment of IgM and IgG
antibodies was carried out in 46 sera using
the reference pools as the calibrators. The
distribution of IgM and IgG anti-CD60 ex-
pressed as units/ml is shown in Figure 5.

The two polar ends of the spectrum, LL/BL
and BT/TT, were analyzed. Highly signifi-
cant differences were observed between the
LL/BL group and the control sera for the
two isotypes (p < 0.001 for IgM, p < 0.05
for IgG). In contrast, the tuberculoid group
showed low to undetectable levels of IgM
which were not significantly different from
the control group. This was not the case for
the IgG isotype. Not only was the IgG level
significantly higher than the control group
(p < 0.05) but a much greater overlap was
also seen with the lepromatous group (Fig.
5), suggesting a defective T-cell regulation
of IgM antibodies in the lepromatous group
but not in the tuberculoid group. There was
also a suggestion of a bimodal distribution
of IgM within the lepromatous group; the
implication of such a distribution is not
presently clear.

TABLE 1. Inter-dilutional coefficient of variation (CV).

IgM
(assigned units = 6,400)

1gG
(assigned units = 51,200)

Units/ml = S.E.

Units/ml = S.E.

Dilution (N =5) Dilution (N =5)
1/400 6,400 = 0 1/1600 49,920 + 1376
1/800 6,400 = 248 1/3200 48,640 = 1197
1/1600 6,122 = 412 1/6400 51,200 = 404
1/3200 6,419 = 19 1/12,800 53,504 = 1999
1/6400 6,528 = 96 1/25,600 51,712 + 1881
% CV 2.4 % CV 1.6
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This assay was further modified to assess
IgM levels to a purified antigen, D-BSA,
which is the immunodominant determinant
epitope of the PGL-I, a major component
of the cell wall of M. leprae. Figure 6 shows
the distribution of IgM to D-BSA. The pat-
tern is identical to the one seen for the sol-
uble sonicate antigen. There was no detect-
able level of IgG to D-BSA.

DISCUSSION

ELISAs have been established to detect
antibodies to M. leprae antigens (* % '9). Most
of these assays express antibody activity in
terms of optical density (OD) readings. A
positive serum control is used, but often
only in order to monitor the reaction. Re-
sults are generally not related to any partic-
ular reference value, which makes inter-as-
say comparisons difficult. In some reports,
however, the OD reading is related to a par-
ticular reference serum (), the value being
expressed as a percent of reference activity.
Most of these studies utilize an optical den-
sity cut off using control sera which may be
nonendemic sera (°) or endemic sera (7), re-
sulting in varying levels of assay sensitivity
and making inter-laboratory comparisons
difficult. Finally, in these assays all sera, in-
cluding reference sera, are run at a single
dilution. Although point readings have the
definite advantage of allowing mass screen-
ing of sera for sero-epidemiological studies,
they usually do not take into account the
activity curve, with increasing chances of
sera being read in the nonlinear range, thus
not indicating true differences among in-
dividual sera.

Quantitation is essential to allow the as-
sessment of change in antibody levels over
a period of time, for example, in contacts
or, as in the case of patients with treatment
or during reactions, to relate serological re-
sponses with cellular activity and make pos-
sible a comparison of the patients’ responses
to individual M. leprae antigens. Once ref-
erence sera with assigned units become
available, as has been done for other im-
munoglobulin systems by the World Health
Organization ('#), meaningful comparisons
would then become possible among various
study populations and groups. Further-
more, in other systems it has also been pos-
sible eventually to convert the units on a
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TABLE 2. Inter-assay variation.
Exp.1 Exp.2 Exp.3 +SE ¥
] .2 3 *SE oy
IgM anti-CD60
1 8,800 9,120 9,600 +232 4.4
2 1,730 1,680 2,080 =125 119
3 480 420 NT* +30 9.3
IgG anti-CD60
1 14,880 13,300 13,760 =790 5.8
2 6,400 6,525 6,400 =41 1.1
3 3,760 2,950 3,510 %239 12

2 CV = coeflicient of variation.
*NT = not tested.

weight-per-volume basis such as the IgE an-
tibody units, and this may also be possible
for this system in the future.

It was considered essential to optimize
the assay in terms of antigen and serum
binding conditions. Antigen excess is need-
ed to achieve maximum binding of any sin-
gle 1sotype and to reduce competition with
different isotypes directed to the same an-
tigen, especially when using M. leprae-sol-
uble sonicate antigens. An antigen excess
and optimal antibody incubation condi-
tions would also eliminate variation due to
affinity differences by ensuring maximal an-
tibody binding.

In a number of studies, BSA-coated wells
are used as controls for nonspecific antibody
binding, particularly in the case of IgM (* '%).
A more rigorous test to assess the specificity
of antibody binding is to utilize inhibition
assays using soluble antigen. Our results
clearly demonstrate the high degree of spec-
ificity of binding for both isotypes. It was
also interesting to note that generally a much
higher concentration of soluble antigen was
required to achieve 80% inhibition for IgG
(10 ug/ml) as opposed to IgM (4 ug/ml).
This may indicate either a greater diversity
of antigens being recognized by the IgG sys-
tem which may be represented in the soluble
sonicate antigen at varying levels, or it may
be due to a greater proportion of high-affin-
ity antibodies which are more difficult to
inhibit by soluble antigen. Secondly, the
level of inhibition also varied within indi-
vidual sera (Fig. 4). This is in keeping with
the observation that the affinity of the an-
tibodies may vary among individuals. Fur-
thermore, antigen load also affects antibody
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affinity over time, even within individuals
(""). An optimized ELISA such as the one
described in this study would allow one to
address these issues in greater depth.

The distribution of antibody levels is in
general agreement with the results from pre-
vious studies with different M. leprae an-
tigens (> 2 '), The patterns of IgM antibody
levels were identical for both the soluble
sonicate antigen and D-BSA. This is sur-
prising in view of the fact that the soluble
sonicate antigen contains very little of the
PGL-I which is solubilized and removed
during the processing of the M. leprae for
sonication ('°).

IgG antibodies to D-BSA antigen in the
majority of the sera were below the range
of detection in the present ELISA, sup-
porting earlier observations with the PGL-I
where the antibody response has been shown
to be primarily an IgM response (*°).

IgM antibodies to D-BSA are most likely
to be indicative of the antigenic/bacterial
load since it is not only a surface antigen
but also the immunodominant epitope of
the cell wall (*?). The ease of handling and
solubility of D-BSA in contrast to the PGL-I
make it a particularly attractive antigen for
use in an ELISA. Preliminary quantitation
of IgM anti-D-BSA and the correlation with
the bacterial index in untreated patients has
shown promise in terms of early detection
of bacterial multiplication (manuscript in
preparation). These observations have the
potential of being extended for use in mon-
itoring the leprosy control program in Pa-
kistan.

SUMMARY

Quantitative enzyme-linked immunosor-
bent assays (ELISAs) were established to
measure IgM and IgG antibody levels to
soluble Mycobacterium leprae sonicate
(CD60) and to the synthetic disaccharide
antigen based on the phenolic glycolipid-I
antigen of M. leprae coupled to bovine se-
rum albumin in 46 leprosy patients. Sepa-
rate reference pools for IgM and IgG anti-
body were established. The reciprocal of the
antibody titer was expressed as the number
of arbitrary units in the reference pools
which was subsequently used as the cali-
brator for assessment of units in individual
test sera. The dose-response relationship for
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both IgM and IgG was highly specific and
reproducible for both isotypes, as indicated
by the intra- and inter-assay cocfficients of
variation. The distribution of antibody
levels are in general agreement with the re-
sults from previous studies against different
M. leprae antigens. The lepromatous group
showed 10- to 100-fold higher IgM anti-
bodies to both the soluble sonicate antigen
and the disaccharide as compared to the
control group. Very low to undetectable
levels of IgM antibodies were observed in
the tuberculoid group of leprosy patients.
IgG antibodies, on the other hand, were not
only present but showed considerable over-
lap with the lepromatous patient group.

Optimized ELISAs, such as the one de-
scribed in this study, would allow one to
address issues such as antibody changes with
treatment, antigen clearance, and correla-
tion with other immune parameters asso-
ciated with disease pathogenesis and pro-
tection.

RESUMEN

Se desarrollaron ensayos inmunoenzimaticos (ELI-
SAs) para medir los niveles de anticuerpos IgM e IgG
contra un sonicado soluble de Mycobacterium leprae
(CD60) y contra el disacarido antigénico del glicolipido
fendlico-1 acoplado a albimina sérica bovina en 46
pacientes con lepra. Se prepararon mezclas de referen-
cia para anticuerpos IgM e IgG. El valor reciproco del
titulo de anticuerpo se expresdé como el nimero de
unidades arbitrarias en las mezclas de referencia y pos-
teriormente se utilizé como calibrador para establecer
las unidades en los sueros problema individuales. Como
lo indicaron los coeficientes de variacion intra- ¢ inter-
ensayo, la relacion dosis-respuesta para IgG ¢ IgM fue
altamente especifica y reproducible. La distribucion de
los niveles de anticuerpo estuvo de acuerdo con re-
sultados previos usando diferentes antigenos del M.
leprae. El grupo lepromatoso mostro de 10 a 100 veces
mads anticuerpos IgM contra el antigeno sonicado so-
luble y contra el disacarido, que el grupo control. En
los pacientes tuberculoides los niveles de anticuerpo
IgM fueron muy bajos o no detectables pero los anti-
cuerpos IgG, ademas de que estuvieron presentes, mos-
traron considerable sobreposicion con el grupo de pa-
cientes lepromatosos.

Los ELISAs optimizados, tales como los descritos
en este trabajo, permiten estudiar los cambios en los
niveles de anticuerpos durante el tratamiento, la eli-
minacion de antigeno, y hacer correlaciones entre estos
parametros y otros asociados a la patogénesis y a la
proteccion.
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RESUME

Chez 46 malades, on a cu recours a des épreuves
ELISA pour mesurer les taux d’anticorps IgM et IgG
a la fraction soluble du sonicat (CD60) et a I'antigéne
synthétique disaccharidique basé sur I'antigéne phé-
noglyco-lipidique-I de M. leprae couplé a I'albumine
sérique de boeuf. On a établi des épreuves de référence
séparées pour mesurer les taux d’anticorps IgM et IgG.
La réciproque du taux d’anticorps a ¢été exprimée en
nombres d’unités arbitraires définies dans des groupes
d’épreuves, nombres qui ont été reportés ensuite pour
calibrer I’évaluation des unités dans les épreuves sé-
riques individuelles. La relation entre la dose et la ré-
ponse tant pour les IgM que pour les IgG ¢tait hau-
tement spécifique et reproductible pour les deux
isotypes, ainsi qu'en témoignaient les coefficients de
variation pour une méme épreuve et entre épreuves
différentes. La distribution des taux d’anticorps cor-
respond en général avec les résultats obtenus lors
d’études précédentes avec des antigénes de M. leprae.
Lorsqu’on le comparait au groupe témoin, le groupe
de malades 1épromateux révélait des taux d’anticorps
IgM 10 a 100 fois plus élevés tant contre I'antigéne du
sonicat soluble que contre I’antigéne disaccharidique.
Des taux trés faibles ou méme indécelables d’anticorps
IgM ont été observés dans le groupe de malades testés.
Par ailleurs, les anticorps IgG étaient non seulement
présents, mais encore pouvaient recouvrir dans une
mesure considérable les taux observés chez les malades
Iépromateux.

Des épreuves ELISA améliorées, telles que celles dé-
crites dans cette ¢tude, permettent d'explorer des pro-
bleémes tels que les modifications d’anticorps au cours
du traitement, I’élimination des antigénes, et la cor-
rélation avec d’autres paramétres immunologiques et
qui sont associés a la pathogenése de la maladie et au
pouvoir protecteur.
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