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Major protein and glycoprotein antigens
of Mycobacteriunm bovis/M. tuberculosis
have crossreactive counterparts in AI. leprae
( 8 ). Consequently, it has been difficult to
identify mycobacterial protein antigens giving riso to a disease-specific antibody response. It has recently been demonstrated
that sera from patients with lepromatous
Leprosy react preferentially with certain protein antigens of M. bovis, M. tuberculosis
and Al. leprae ( 29 ). A crude M. leprae sonicate used for antibody detection in enzymelinked antibody assays (ELISAs) has not
attained the required specificity for a diagnostic test. The monoclonal antibody (mAb)
technology initiated a search for speciesspecific epitopes rather than species-specific
proteins, but it was not until the discovery
of the glycolipids that specific assays could
be developed. Immunochemical studies
showed that mycobacterial species contain
glycolipid antigens at the cell surface ( 4 ). A
glycolipid antigen called phenolic glycolipid-I (PGL-I) was purified from AI. leprae
( 14 ). The IgM response to this antigen was
found to have a high specificity and high
sensitivity for the diagnosis of lepromatous
leprosy (0.96) but a lower sensitivity for the
diagnosis of tuberculoid leprosy (0.62) ( 4 ).
The terminal sugars of PGL-I were recognized as the immunodominant species-specific determinants, and have been syntheReceived for publication on 30 March 1993; accepted for publication in revised form on 18 August
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sized and attached to bovine serum albumin
to achieve immunological activity in antibody assays ( 6 ' 7 ). A glucoconjugate was developed for the PGL ELISA ( 6 ). The sensitivity and specificity was similar to those
achieved with the native glycolipid. The
PGL-I ELISA is considered the best choice
for comparison with new assays.
A number of genes of A1. leprae have been
cloned, and a number of recombinant proteins picked out using mABs ( 31 ). The 18kDa protein is of special interest because
mABs raised against it crossreact with very
few other mycobacterial pathogens ( 26 ). The
18-kDa antigen has been expressed in both
Escherichia coli and a yeast vector (22 . 3 ). This
has made pure 1 8-kDa antigen available in
large quantities for evaluation of its diagnostic potential in antibody assays.
There is a well-documented similarity in
antigen composition between AI. leprae and
AI. tuberculosis/M. bovis ( 13 ). This implies
that the immune response to BCG proteins
may be relevant for leprosy. The BCG 30to-32-kDa protein doublet corresponds to
the antigen 85 complex in the crossed immunoelectrophoresis reference system for
BCG ( 8 ) and M. tuberculosis ( 27 ). This complex consists of three closely related components, termed 85A, 85B and 85C, which
are encoded by individual genes ( 30 ). They
are actively secreted by M. tuberculosis and
M. bovis during culture ( 28 ) and probably by
M. leprae as well ( 18 ). Recent studies have
demonstrated that leprosy and tuberculosis
patients have antibodies to those crossreactive immunodominant proteins ( 19 ). The
85B antigen was found to provide the best
distinction between lepromatous and tuberculoid leprosy patients, and the response
among patients with active tuberculosis was
higher than for those with inactive forms of
the disease ( 19 ),
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The aim of the present study was to evaluate the diagnostic potential ofrecombinant
18-kDa antigen of M. leprae, BCG antigen
85B and PGL-I in ELISA performed on sera
from patients with leprosy or tuberculosis.
MATERIALS AND METHODS
Sera

Sera were collected from 47 leprosy patients (20 from Nepal and 27 from Ethiopia)
classified according to the Ridley-Jopling
scale (22). The classifications of the leprosy
patients were performed at the Armauer
Hansen Research Institute in Ethiopia and
in the Anandaban Leprosy Hospital in Nepal as lepromatous leprosy (LL) = 27, borderline tuberculoid leprosy (BT) = 20, and
10 household contacts (HC) to leprosy patients (from Nepal). Sera were also collected
from 28 Swedish patients with tuberculosis
(TB; in ages from 5 to 94 years, 21-culture
positive; in the culture-negative group were
children cach with a typical picture of
pulmonary tuberculosis and a culture-positive mother and 5 adults with a strong clinicai suspicion of tuberculosis plus strong
positive PPD or close TB contacts) and 50
normal controls (NC; from Sweden, 20 sera
from adult blood donors and 30 sera from
children).
Antigens
18 kDa. A recombinant plasmid (pML3)

with an 18-kDa gene was used to transform
the E. coli strain DH5 to provide expression
of the M. leprae 18-kDa protein. After cultivation of the E. coli, lysis was performed
by using 8 M urea. The 18-kDa protein was
purified to homogeneity by precipitation and
high pressure liquid chromatography (2).
85B. The BCG antigen 85B was purified
from M. bovis BCG Copenhagen culture fluid as described elsewhere (14). The purity of
the antigen was controlled by using sensitive
crossed immunoelectrophoresis. Only one
une corresponding to the 85B antigen was
observed by using antibodies to the 85 complex in the top gel.
PGL-I. The terminal sugar of PGL-I, as
a synthetic trisaccharide covalently coupled
to bovine serum albumin (BSA), was kindly
provided by Dr. P. J. Brennan (Colorado
State University, Fort Collins, Colorado,
U.S.A.).
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ELISA

Nunc Immunolone plates were used in ali
ELISAs (Nunc, Copenhagen, Denmark).
PGL-I ELISA. For detection of IgM antibodies against the PGL-I antigen, the plates
were coated with 10 gg/well of the synthetic
trisaccharide of the PGL-I coupled to BSA.
Coating was performed at 37°C overnight.
After washing three times with phosphatebuffered saline (PBS) containing 0.1% Tween
20 (PBS-T), 100 121 of 10% normal goat serum was added for blocking, and the plates
were incubated for 1 hr at room temperature. After subsequent washing, 50 IA test
serum was added at a dilution of 1/500 followed by incubation at 37°C for 1 hr. After
washing three times with PBS-T 50 iii peroxidase-labeled goat antihuman IgM was
added at a dilution of 1/1000 (Dakopatt).
After incubation for 1 hr at 37°C and washing five times, the substrate ortho-phenyldiamine (OPD) was added (50 gl, 0.66 mg/
ml), and the reaction was stoppcd by adding
2.5 N H7SO4 after 17 min. Optical density
(OD) was measured using an ELISA reader
with a 492 nm filter.
18-kDa ELISA. The ELISA plates were
coated with the 18-kDa antigen in bicarbonate buffer (pH = 9.6) at a concentration
of 1 gg/well. After incubation overnight at
4°C the plates were washed three times with
PBS-T. The plates were then blocked by 1%
BSA at 37°C for 1 hr. After washing three
times, test sera were added at a dilution of
1/200 in PBS-T, followed by another incubation for 1 hr at 37°C, and then washed
three times again. The secondary antibody,
biotinylated anti-human IgG (Sigma) diluted 1/500 in PBS-T, was absorbed for 1 hr
at room temperature, and the plates were
washed three times as before. Streptavidine
biotin horseradish peroxidase conjugate
(Sigma), diluted 1/1000 in PBS, was allowed
to react for 1 hr at 37°C, and the wells were
washed five times with PBS. The color was
developed by using OPD. The reaction was
stopped after 4 min by adding 2.5 N H2504
and the absorbance was read in an automated ELISA reader at 492 nm.
BCG 85B ELISA. The BCG 85B antigen
was dissolved in carbonate buffer, pH 9.6,
applied to the plate at a concentration of
0.5 gg/well, and incubated for 48 hr at 4°C
in a moist chamber. The plate was then
,
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washed three times with PBS-T and blocked
by 0.05% BSA in PBS-T at 37°C for 30 min.
After washing three times, 100 µl test serum
diluted 1/50 in PBS-T was added, and the
plate was incubated for 30 min at 37°C.
Washing was repeated and 100 pl/well of
peroxidase-conjugated goat antihuman IgG
at a dilution of 1/1000 was applied. Incubation in 37°C for 30 min was followed by
washing five times and 50 µl/well of 0.66
mg/ml OPD was allowed to react for 4 min.
The reaction was stopped by adding 50 µl
2.5 N H,SO 4 , and the absorbance was read
in an automated ELISA reader at 492 nm.
Sera from ali groups of patients/controls
were, for each antigen, randomly placed on
the ELISA plates.
The cut-off value for each of the three
ELISAs was calculated from the absorbance
values from the healthy controls by adding
2 standard deviations to the mean value (X
+ 2 x S.D.).
Statistical analysis
Differences in mean optical density (OD)
in the various groups were measured by the
Student's t test. Differences in the proportion of seropositives were teste(' by the chisquared test. Differences in OD values in
different groups were analyzed with Wilcoxon's signed rank test.
RESULTS
The OD values for the different sera as
analyzed with the three different assays are
demonstrated in Figure 1. The OD values
for LL sera had a wide range from low to
high levels in the PGL-I ELISA and the 85B
ELISA, while the OD values for the 18-kDa
ELISA were scattered around the cut-off
levei with only a few sera at high OD levels.
For BT sera, the OD values for the PGL-I
assay were Glose to the cut-off point except
for two sera with high absorbance. The OD
values of the healthy controls are also shown
in Figure 1.
A comparison of the results from the
three different serum groups are presented
in Figure 2 as the mean OD values with
one standard deviation. There are significant differences between the OD results
from the 18-kDa assay for healthy donors
and BT (p < 0.001) and LL (p < 0.001)
patients. This was also the case in the 85B

assay for BT patients (p < 0.001) and LL
patients (p < 0.001). As seen in Figure 2
there is also a marked difference in the mean
OD for lepromatous leprosy and tuberculoid leprosy sera in the PGL-I ELISA. To a
lesser extent this was also the case for the
85B and 18-kDa assays. The PGL-I ELISA
and 85B ELISA gave mean ODs on the same
levels as TB and BT sera, while there was
a difference between these serum groups in
the 18-kDa ELISA.
The relation of the number of seropositives in the three assays used on the different
leprosy groups is seen in Figure 3. As seen
in this figure, from a group of lepromatous
leprosy sera 26 of 27 (96%) were positive
for two antigens, and of these, 17 of 27 sera
(63%) were positive for ali three antigens.
The corresponding figures for sera from tuberculoid leprosy patients are 18 of 20 (95%)
and 9 of 20 (45%), respectively. For LL sera,
the PGL-I and 85B ELISAs picked up more
positives than did the 18-kDa ELISA.
Among the 20 BT sera 19 were positive in
the 85B ELISA and only 1 of them in the
85B ELISA alone, while 15 of 20 also were
positive in the 18-kDa ELISA and 12 of 20
were also positive in the PGL-I ELISA.
For TB patients, the relation of the sera
negative in the three assays is presented in
Figure 4. Eight TB sera were positive in the
18-kDa ELISA, while 19 of 28 were negative in ali three assays and 27 of 28 were
negative in both the PGL-I ELISA and the
85B ELISA.
The sensitivity and specificity for each
assay are presented in Table 1. Results from
the three different ELISAs on TB sera have
been used for the calculation of the specificity since tuberculosis is a risk group for
serological crossreactions. One of the 10
family contacts of leprosy patients had positive serology in the PGL-I ELISA. The serum had a high OD value and was also positive in the two other assays. The 18-kDa
ELISA was positive in 7 of 10 and the 85B
ELISA in 7 of 10. Five of these positives
were positive in both the 18-kDa and the
85B ELISA.
The treatment status was uncertain for a
majority of the leprosy patients. However,
in 24 patients we had valid information on
this point (Table 2). Ten patients (9 LL and
1 BT) had been treated for more than 6
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FIG. 1. Optical density results for the four different serum groups, lepromatous leprosy (A), tuberculoid
leprosy (B), tuberculosis (C) and healthy controls (D) analyzed with three different ELISAs based on the antigens
PGL-I, 18-kDa leprosy protein, 85B M. bons protein, (— — —) Cut-off values for each assay.
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months and 14 patients (6 LL and 8 BT)
for less than 6 months. The OD values from
the three assays were compared for the two
treatment groups and no statistically significant differences were found (Wilcoxon's
signed-rank test). The OD values from the
three assays for the LL patients were compared for the two treatment groups and a
statistically significant difference was found
for the PGL-I assay (p = 0.028) but not in
the two other assays.
DISCUSSION
The 18-kDa antigen was chosen for this
evaluation due to reports that the murine
mAb L-5 which recognized the 18-kDa protein was specific for AI. leprae. If immunogenic in leprosy patients, the 18-kDa protein would have potential as an antigen in
a diagnostic test for AI. leprae antibodies.
No clinical evaluation of this antigen had
yet been reported when the analyses in the
present study were performed. A recent report, however, by Roche, et al. (23) describes
the antibody response to 18 kDa in sera
from patients with leprosy or tuberculosis.
They describe 44% seropositives among
multibacillary (MB) patients, but very few
among paucibacillary (PB) patients. However, 47% of the patients with tuberculosis
had an antibody response to the 18-kDa
antigen. In the present study the corresponding figures are 70% for MB patients,
75% for PB patients, and 29% for patients
with tuberculosis. The explanation for these
differences is not obvious, but might be due
to the different classification of PB patients,
different control groups, and calculation of
the cut-off value. If this value, in the present
study, is set at three S.D. over mean OD
for the control group, the figures would
change to 57% positives for lepromatous
leprosy, 39% for tuberculoid leprosy and
10% for tuberculosis.
Different frequencies of tuberculosis or
BCG vaccination in the studied leprosy
groups also may have influenced the results.
In this study we found, as did Roche, et al.,
an unexpectedly high crossreactivity to 18
kDa by antibodies in sera from TB patients.
Previous studies had reported the 18-kDa
protein to be specific for Al. leprae (5). Recent data, however, indicate that the 18kDa protein may share epitopes with other
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mycobacterial species ('°). Polyclonal antisera raised against recombinant M. leprae
18 kDa protein showed crossreactivity with
sonicated AI. tuberculosis. A T-cell proliferative response to the 18-kDa protein also
has been observed in 70% of BCG-vaccinated British blood donors (9).
In vivo experiments have indicated that
mycobacterial proteins secreted during culture may be of importance in the immune
response to mycobacterial infection. Since
cultures of M. leprae could not be studied
-
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FIG. 3. Relation of positive ELISA results in the three different assays for sera from patients with tuberculoid
leprosy (BT) and lepromatous leprosy (LL).

in vitro, the well-known similarity in antigen
composition to M. bons BCG has been
demonstrated to be relevant in the study of
the immune response to M. leprae ( 19 ). These
antigens, with molecular masses of 28 kDa
and 30-33 kDa, also are detected from sonicated extracts of slow-growing M. marinunz, M. kansasi and M. tuberculosis, suggesting a broad distribution of these antigens
within the genus. Pessolani, et al. ( 20 ) reported in 1989 a serologic response to these
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FIG. 4. Relation of negative results in the three assays based on the antigens PGL-I, 1 8-kDa leprosy protein and 85B !tf. bons protein on sera from patients
with tuberculosis is shown within the circles; number
of sera with positive results are shown outside circles.

antigens in sera from patients with lepromatous leprosy but not from patients with
tuberculoid leprosy or tuberculosis, nor in
sera from healthy persons previously BCG
vaccinated. The 28-30-kDa doublet protein has been identified as components of
the BCG 85 complex ( 8 • 28 • 29 ), also known
as fibronectin-binding proteins ('). In a 1991
study Pessolani, et al. (") suggested that the
secreted protein with a molecular mass of
28 kDa might be the corresponding B-component of the BCG 85 complex. The M.
leprae homolog of the 85B antigen has recently been cloned ('s) and has also been
demonstrated in the tissue of leprosy patients (' 2 ).
The A component of the BCG 85 complex has been identified as a 32-kDa protein
corresponding to the P30 component in the
TABLE 1. Sensitivity in percent for ELISAs based on the three antigens PGL-I, 85B
and 18 kDa as analy:ed on sera from patients with leproniatous (LL) or tuberculoid
(BT) leprosy. Specificity in percent is calculated fronz the results of the three assays
on tuberculosis (TB) sera.
ELISA
PGL-I
85B
18 kDa

Sensitivity

Spccificity

LL sera

BT sera

TB sera

96
93
70

60
95
75

100
96
71
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TABLE 2. Leprosy classification, therapy and duration, and OD values for the 85B, 18
kDa and PGL - I assays in 24 patients.
Leprosy

Therapy, duration"

0D 85B

OD 18 kDa

OD PGL-I

LL
BT
LL
LL
LL
BT
LL
BT
BT
BT
BT
LL
LL
111
LL
LL
LL
I3T
BT
LL
LL
LL
LL
LL

MDT, 1m
Not treated
Not treated
MDT, 14m
DDS, 18m; MDT, 7m
MDT, 4m
DDS, 2y
DDS, 1m
DDS, 3w
DDS, 3w
DDS, 6w
DDS, 8y; MDT, 2m
MDT, 5m
DDS, lw
DDS, 3w
DDS, 16y
DDS, >2y
DDS, 3w
Not treated
MDT, 1 y
DDS, >2y; MDT, 6w
Not treated
Not treated
DDS, 13y; MDT, ly

1632
747
1284
1578
798
1048
836
553
840
751
820
1687
1737
755
1034
1084
1462
439
631
1723
1167
1318
156
490

193
267
398
164
711
459
143
186
147
163
236
1032
192
121
733
143
186
75
145
218
115
131
291
220

744
97
2000
553
1068
84
50
194
122
556
40
439
88
2000
128
61
8
92
1924
132
568
179

" w = week; m = month; y = year.

28-to-30-kDa doublet. This antigen has been
shown to be immunodominant when antibodies were evaluated in active pulmonary
tuberculosis (24). In a recent comparison (")
using an ELISA, significantly higher antibody leveis were found to 85B than to 85A
in sera from patients with lepromatous leprosy. Only low antibody titers were found
in sera from patients with tuberculoid leprosy or tuberculosis. In the present study
the percent positives were 93% for lepromatous leprosy, 95% for tuberculoid leprosy and 4% for tuberculosis.
Since other mycobacterial infections are
theoretically the main risk groups for crossreactions in a leprosy diagnostic test, the low
reactivity in the TB sera is surprising. To
some extent this could be explained by high
age and low disease activity in these patients
except that young patients with more active
tuberculosis also had low reactivity. This is
in contrast to previous studies whcre high
numbers of patients with tuberculosis had
antibodies to the 85 complex (17,25). As for
the 18-kDa assay, we noted a high number
of positives for tuberculoid leprosy patients.
This could be due to some misclassification

of PB patients. Speaking against this explanation are the PGL-I ELISA results of this
group which, in frequency of seropositives,
are on the same levei as has been reported
from other studies (4). In PB leprosy patients
the clinicai diagnosis is more difficult than
in MB patients, and previous studies have
demonstrated that the greatest diagnostic
potential for a serologic assay lies in the
diagnosis of PB leprosy, although the sensitivity of the assay is much higher in the
MB disease (17). With an ELISA-inhibition
test based on the competition between serum antibodies and a monoclonal antibody
against the 36-kDa leprosy protein, Klatser,
et al. (6) reported a sensitivity of 91% for
PB patients. These results, as with the 85B
ELISA results from the present study, are
promising but need further investigation on
a larger group of clinically well-defined PB
patients.
In the present study a significant difference in antibody leveis to PGL-I was observed between long-treated and short- or
not treated lepromatous patients. A corresponding difference could not be observed
for the 85B and 18-kDa antigens. Drowart,
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et ai. (") recently reported decreasing levels
ofantibodies against the 85B and the PGL-I
antigens during trcatment, but in several
cases high antibody levels were still seen
after more than 2 years.
In the present study the 18-kDa ELISA
did not give sufficient sensitivity or specificity fora diagnostic assay. The 8513 ELISA
was found to be comparable with the PGL-I
ELISA on sera from lepromatous leprosy
patients but more sensitive on sera from
patients with borderline tuberculoid leprosy.
SUMMARY
Two enzyme-linked immunosorbent assays (ELISAs) for the detection of leprosy
antibodies were developed. These assays
were based on the recombinant 18-kDa protein of Mycobacterium leprae and the 85B
antigen of M. bonis. Sera from leprosy and
tuberculosis patients were analyzed, and a
phenolic glycolipid-I (PGL-I) ELISA was
used as a reference test. The 18-kDa ELISA
reached a sensitivity of 70% on lepromatous
leprosy sera. The corresponding results for
the 85B and the PGL-I ELISAs were 93%
and 96%, respectively. The sensitivity on
tuberculoid leprosy sera was 72% for the 18kDa antigen, 95% for the 85B antigen, and
60% for the PGL-I antigen. The 18-kDa antigen ELISA was found to have crossreactivity to sera from patients with tuberculosis, while the 85B and PGL-I assays had
high specificity.

RESUME
On a développé deux tests immuno-enzymatiques
(ELISA) pour la détection des anticorps vis-à-vis de la
lepre. Ces tests sont basés sur la protéine de 18 kDa
de .tmvcobac teriam leprae et I'antigbne 8513 de M. bons.
Des serums de patients léprcux et tuberculeux ont été
analysés, et un ELISA basé sur le glycolipide
phénolique-I (GLP-I) a été utilisé comme test de référence. L'ELISA de 18-kDa a atteint une sensibilité
de 70% sur des serums lépromateux. Les résultats correspondants pour les ELISA 8513 et GLI'-I étaicnt respectivement de 93% et 96%. La sensibilité vis-à-vis de
serums de lèpre tuberculoide étiat de 72% pour l'antigène de 18-kDa, 95% pour I'antigéne 8513, et 60% pour
I'antigène GLP-1. On a trouvé pour l'ELISA basé sur
l'antigéne 18-kDa une réactivité croisée vis-à-vis des
serums de patients tuberculeux, alors que les ELISA
85B et GLP-I avaient une spécificité élevée.
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