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Bacteriological Correlates of Antibody Responses'
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Recent developments in the serology of
leprosy raise the question of the operational
value of serological measurements in the
diagnosis and management of the leprosy
patient. Species-specific serological re-
sponses have been demonstrated to the cap-
sular phenolic glycolipid (PGL-I) ( 3), and to
a range of peptide epitopes specific to My-
cobacterium leprae. These include the 35-
kDa ( 23), 36-kDa ( 15), and the 18-kDa ( 6)
proteins of M. leprae. In addition, common
mycobacterial carbohydrate antigens, such
as lipoarabinomannan (LAM) ( 17) and phos-
phatidyl inositol mannoside (PIM) (Four-
nie, et al., 1990, unpublished), stimulate a
strong B-cell response in leprosy patients.
The antibody levels to both species-specific
epitopes and common mycobacterial anti-
gens are higher in lepromatous patients and
fall toward the tuberculoid pole of the spec-
trum. In general, the initial studies with these
antigens have included mixed groups of
treated and untreated patients (1.3.7.15_19).
Since anti-M. leprae antibody levels fall with
therapy at a variable rate (I. 5, 22‘ ,) the exact
relation between disease activity and anti-
body level has not always been clear ( 17).

We have therefore studied the serological
responses of 100 previously untreated mul-
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tibacillary (MB) patients diagnosed under
field conditions to examine the role of an-
tibody measurement in this clinical setting.
Our aims were: a) to examine the differential
responses to one protein and two carbo-
hydrate antigens; b) to compare the sero-
logical responses to the three antigens with
clinical parameters in MB patients; and c)
to determine whether antibody levels can
supplement or even replace the bacterial in-
dex (BI) as a measure of bacterial load.

MATERIALS AND METHODS
Patients. The patient group consisted of

100 self-referred, previously untreated pa-
tients with midborderline (BB), borderline
lepromatous (BL), or polar lepromatous (LL)
leprosy diagnosed on clinical findings ac-
cording to the Ridley-Jopling classification
(20) in three leprosy clinics in Nepal. The
clinical diagnosis was considered the major
factor in assignment to chemotherapy, and
this group is referred to as multibacillary
(MB) despite the negative skin smears in 10
patients. Previous therapy was assessed by
careful interview, and patients with any fea-
tures or suspicion of past therapy were ex-
cluded. From data collected prospectively,
the duration of disease was estimated by the
length of the history before presentation and
the cumulative disability index (DI) on a
scale of 0 to 18, which was the sum of the
changes in the four limbs and both eyes,
each ranked on a scale of 0 to 3.

The clinical extent of disease was assessed
by the number of skin patches, the presence
of diffuse infiltration of the skin and/or nod-
ules, and the number of involved nerves as
evidenced by unequivocal enlargement of
the nerve trunk or established nerve-func-
tion loss in the distribution of the nerve.
The mean BI was calculated from slit-skin
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smears at four sites, including one clinical
lesion, using the logarithmic scale from 1+—
6+ (20). Serum samples were collected and
stored in 0.01% sodium azide at —20°C un-
til testing. Control sera from healthy Nepali
medical and nursing students were kindly
provided by Mr. B. Pokherel, Institute of
Medicine, Kathmandu.

Serological assays. IgM anti-phenolic
glycolipid (PGL-I) antibodies were mea-
sured by an enzyme-linked immunosorbent
assay (ELISA) using the glycoconjugate di-
saccharide bovine serum albumin (dBSA,
provided by the IMMLEP program of the
World Health Organization) ( 3 ' 12 ). Briefly,
the wells of a Cooke microtiter tray (Dy-
natech, Alexandria, Virginia, U.S.A.) were
coated with 100 pl dBSA 250 ng/ml in 0.05
M sodium carbonate buffer, pH 9.6; blocked
with 200 pl of 1.0% BSA and incubated with
100 pl patient sera diluted 1:300 in 10%
normal goat serum (NGS) in phosphate
buffered saline (PBS). After washing with
PBS 0.05% Tween 20 (PBST), 100 pl goat
anti-human IgM-peroxidase conjugate
(Cappel, West Chester, Pennsylvania,
U.S.A.) diluted 1:4000 in 10% NGS/PBS
was added before washing and incubating
with 100 pl 0.4 g/1 0-phenylenediamine
(Sigma Chemical Co., St. Louis, Missouri,
U.S.A.) in 0.05 M citrate phosphate buffer,
pH 5.0, containing 0.006% hydrogen per-
oxide. The reaction was stopped at 20 min
by the addition of 100 pl of 2.5 M sulfuric
acid, and the plate was read with a Multi-
skan ELISA reader (Flow Labs, Irvine, Scot-
land). Samples with an absorbance at 492
nm greater than 0.199 (the mean absor-
bance plus three standard deviations [S.D.]
of 91 healthy Nepali control subjects) were
considered positive. Known positive and
negative control sera were included on each
tray. The variation between assays was less
than 10%.

IgG anti-LAM antibodies were measured
by ELISA using M. tuberculosis LAM as
antigen (kindly supplied by Dr. P. J. Bren-
nan) at a concentration of 1 pg/m1 and pa-
tient sera at 1:1000 dilution ( 16). Samples
with an absorbance at 492 nm greater than
0.419 (mean plus three S.D. of 100 controls)
were considered positive.

Antibodies to the M. /eprae-specific 35-
kDa protein were detected by a monoclonal
(ML-04) inhibition ELISA (22

•
 23 , .) Round-

bottom microtiter plates (Nunc, Kamstrup,
Denmark) were coated with 50 pl of M. lep-
rae sonicate, 10 pg/ml (supplied by
IMMLEP), blocked with 3.0% BSA/PBS
w/v, and incubated with 25 pl serum diluted
1:10, 1:100, 1:1000, 1:10,000 in 1.0% BSA/
PBST for 1 hr. Then 25 pl ML-04-peroxi-
dase conjugate (kindly supplied by Dr. J.
Ivanyi) diluted 1:400 in 1% BSA/PBST was
added for 2 hr. The tray was washed and
0-phenylenediamine substrate was added
for 30 min. Positive control wells were in-
cubated with conjugate without inhibiting
sera. The dilution of the sera causing 50%
inhibition of the binding of ML-04 to the
M. lepraesonicate (1D50) was calculated and
titers greater than 10 were considered pos-
itive. All of the 56 control sera tested were
negative.

The significance of differences in the se-
ropositivity rates between patient groups was
tested with the Chi-squared statistic using
Yates' correction. The coefficients of cor-
relation among the three assays and be-
tween each assay and the BI in individual
patients were determined by Pearson's cor-
relation coefficient. The differences in the
distribution of absorbances, titers, or BI
values between groups were tested by the
Mann-Whitney U test; when more than two
groups were compared, by the Kruskal-
Wallis test.

RESULTS
There were 73 male and 27 female pa-

tients with an age distribution from 10 to
73 years. Ten were classified clinically to
have BB leprosy, 45 BL, and 45 LL leprosy.
For the combined group of MB patients,
89% had IgM anti-PGL-I antibodies, 89%
anti-35-kDa antibodies, and 67% IgG anti-
LAM antibodies. There were no differences
in the seropositivity rates between males
and females. The differences in positivity
rates and mean antibody levels for the three
different classifications of MB disease are
illustrated in Table 1. The rises in antibody
levels from the BB to LL patient groups
were significant for each assay. When the
responses to the two M. /eprae-specific ep-
itopes were considered together, 90% of BB
patients, 89% of BL patients, 100% of LL
patients, and 94% of the whole MB group
were positive to the PGL-I and/or 35-kDa
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TABLE 1. Serological responses to three mycobacterial antigens and the BI in 100
untreated MB leprosy patients.

No.
Seropositive (mean absorbance/titer/BB'

PGL-I 35-kDa LAM BP'

Patients
BB 10 90% 60% 70% 70%

(0.765) (18.5) (0.785) (1.58)
BL 45 80% 87% 47% 91%

(0.797) (138) (0.701) (2.9)
LL 45 98% 98% 87% 91%

(1.209)C (1129)d (1.257)d (4.2)d
MB 100 89% 89% 67% 90%

(0.897) (290) (0.959) (3.35)
Smear-neg.

MB 10 70% 60% 60% 0%
(0.413)C (37.8)' (0.88)

Controls 100 1% 0% 2% 0%
(0.048) (<10) (0.09)

Arithmetic mean of absorbance (A 492 nm) for anti-PGL-I and anti-LAM antibodies and geometric mean
titer causing ID50 for anti-35-kDa antibodies.

b Percentage of patients skin-smear positive and mean BI in each group.
Significant increase in absorbances from BB to LL groups (p < 0.01).

d Significant increase in absorbances, titers and BI from BB to LL groups (p < 0.001).
Mean absorbance/titer significantly lower than smear-positive MB patients (p < 0.05).

antigens. Ninety percent were skin-smear
positive, and there was a significant rise in
the mean BI from the BB to the LL patient
groups (Table 1). When the 10 smear-neg-
ative patients were analyzed separately, there
was no statistically significant difference in
the proportion seropositive for any of the
three antigens. There was, however, a lower
level of IgM anti-PGL-I (p < 0.05) and 35-
kDa antibodies (p < 0.05) in the smear-
negative MB patients compared to those who
were smear positive.

Correlations between antibody assays
MB patients who had detectable anti-35-

kDa antibodies were more likely to have
IgM anti-PGL-I antibodies (x 2 = 19.2, p <
0.001) than to have IgG anti-LAM anti-
bodies (x 2 = 3.81, not significant). However,
the overlap between the M. leprae -specific
antibody responses was not complete. Of
the 94 MB patients with antibodies to the
35-kDa antigen and PGL-I, 10 (10.6%) had
antibodies to only one of the AI. leprae-
specific antigens (Fig. 1A). About one third
(26 out of 89) of the anti-35-kDa positive
patients were IgG anti-LAM negative (Fig.
1B), and a similar proportion (24 out of 89,
26%) of IgM anti-PGL-I positive patients
were also anti-LAM negative (Fig. 1C).

A comparison of the antibody levels in
the three assays showed a moderate corre-
lation between the anti-35-kDa and IgM
anti-PGL-I antibodies (Fig. 1A; r = 0.346,
p < 0.001) and anti-35-kDa and IgG anti-
LAM antibodies (Fig. 1B; r = 0.334, p <
0.001). However, there was no correlation
between IgM anti-PGL-I and IgG anti-LAM
antibody levels (Fig. 1C; r = 0.052, not
significant).

Comparison with clinical parameters
Duration of disease before presentation.

Half the patients had disease for 1 year or
less before presentation. There were trends
for the proportions of patients seropositive
to the PGL-I, 35-kDa, and LAM antigens
to increase with more longstanding disease
and a parallel increase in the mean absor-
bance or titer (Table 2), but this was statis-
tically significant only for the anti-35-kDa
antibodies.

MB patients with established disability at
the time of presentation were more likely
to be IgM anti-PGL-I positive (95% vs 78%),
anti-35-kDa positive (90% vs 86%), and IgG
anti-LAM positive (71% vs 59%) than those
without disability, but these differences were
not significant. There was an increase in the
proportion of MB patients seropositive to



58, 3^Roche, et al.: Serology in Multibacillary Leprosy^483

PGL-I, and a slight increase in the mean^104
A
^ ••^ :•• ••

IgM anti-PGL-I value with increasing dis-^ •
ability. The mean BI did not vary with the•^' ••^•^.
period of untreated disease or with the dis-^.^..^•^:.^. ••
ability index (Table 2).^ 3^•^ •

• ..^Clinical extent of disease. When patients^10^. ^• •^ .without skin infiltration were examined,^• . • •^ :
. 

there was a progressive rise in the propor-^ ••• •^•^•^•.•tion of patients seropositive for each assay^.^ •^.
0^2^•^ • • •I

0and in the levels of antibodies as the number^io-^• • •
of patches increased. However, these^-^.^•^•
changes did not reach statistical signifi-^ .
cance, except for the IgG anti-LAM anti-^:.^••
bodies (Table 3). A higher proportion of-

^

)-^patients with skin infiltration were positive^( 1
io
0 :.., i. .^• •^•

to any of the three antigens tested compared^1 ' " ilo ' " ' 2(:)
to patients without infiltration. Mean values l̂o.1 .^•^•

^

-,^....^..^.:
for the IgM anti-PGL-I and the anti-35-kDa^B^1 
antibodies and the BI were significantly^• ^. •
higher in patients with infiltration.^'. ••^• •^

1

•^

•
When the antibody response was corn- 3

^ with nerve involvement (Table 4),^10
3^. .

.

there was an increase in seropositivity with^.^•^•^• 1
• .

increasing numbers of involved nerves, al-^fi).,^• . i.,^
.

^

. ,^.though the changes in antibody levels were^o^.. • • •^..^•^.
variable. The anti-35-kDa and the IgG anti-^1O2^.•••^•

LAM antibody levels were significantly^. ^ ••

^

.^.
higher in patients with more nerves clini-^ •
cally involved. There was a rise in the mean^.^• .
BI with an increase in the number of patches^ .
and nerves and with the presence of infil- io ^

^

cio :••••^••
tration (Tables 3 and 4). i^, ,^„ — ,

•1.0^ 2.0

Comparison with BI^ c 
2.0-^

I^
...^•^...: • •^-^• • .

^The levels of antibodies to the three an-^E.
tigens were compared with the BI in indi-^:,

•^

•

• 

•
vidual patients (Fig. 2). There was a mod-^4•

^

,^.
erately strong correlation between antibody^5..• • •
level and BI for the 35-kDa (r = 0.553, p^-.2^• .^ .
< 0.001) (Fig. 2A) and the PGL-I antigens 2 • • •

(r = 0.34, p < 0.001) (Fig. 2B). The corre- It, Fo-___ ,.._:________________—■
lation was weaker for the IgG anti-LAM .! • , . •
antibodies and the BI (r = 0.199, p < 0.05) .^••. .^•^. •^.^.
(Fig. 2C). When the patients were grouped^(..g,
according to BI levels (Table 5), the pro-^-^--,-^-,.^. 
gressive and significant rise in the mean level^.^•^.^•• .^•of IgM anti-PGL-I and anti-35-kDa anti-^. •^ •^z,^•

^

,^•^•bodies with increasing BI was apparent. The^••: 5 ^t!o changes in IgG anti-LAM antibody levels^ A 492 nm
1- 1^2'o

were not significant. All patients with a BI
FIG. 1. Correlation of antibody levels in individualgreater than 2.0+ were seropositive to one multibacillary leprosy patients. A = IgM anti-PGL-I

of the two M. frprae-specific antigens. In (A 492 nm) and anti-35-kDa antibodies (ID50); B =
all, 8 out of 90 smear -positive MB patients IgG anti-LAM (A 492 nm) and anti-35-kDa antibodies
had no detectable IgM anti - PGL - I antibod - (ID50); C = IgM anti-PGL-I (A 492 nm) and IgG anti-
ies, and 7 out of 90 had no anti-35-kDa LAM antibodies (A 492 nm).
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TABLE 2. Relationship between length of untreated disease in MB leprosy patients and
antibody response to three antigens and the BI.

Period of
untreated

disease (yrs)
No. patients % Seropositive/BI positive' (mean absorbance/titer/BI)

PGL- I 35-kDa LAM 131
< 1 49 84% 84% 63% 90%

(0.835) (136) (0.883) (3.18)
2-3 25 92% 92% 60% 88%

(1 .1 I 4) (538) (1.02) (3.35)
>3 26 96% 96% 81% 92%

(1.122) (669)b (1.046) (3.56)

Sec footnote a in Table 1.
b Significant increases in the titer with increasing period of untreated disease (p < 0.05).

antibodies. When the two assays were com-
bined, only 3 out of 90 smear-positive MB
patients were seronegative. The sensitivity
of the IgM anti-PGL-I antibody positivity
for detecting smear-positive MB disease was
91%; that of the anti-35-kDa assay, 92%
and that of the IgG anti-LAM assay, 68%.
The sensitivity of skin smears in detecting
MB disease in this group of 100 MB patients
was 90%; the sensitivity for each of the two
M. /eprae-specific antibody assays was 89%.

DISCUSSION
The practical value of serological mea-

surements in the control of leprosy has yet
to be determined. Initial enthusiasm for the
use of M. leprae -specific antibody responses
in the serodiagnosis of leprosy has been
tempered by negative studies in areas of pre-
dominantly paucibacillary leprosy (") and
the recognition that highly specific assays
are required to avoid false-positive diag-
nosis ( 10). The role of seroepidemiology in
those areas in which multibacillary disease
predominates or in the contacts of MB pa-

tients is the subject of continuing investi-
gation ( 25). In this study, however, we have
addressed the operational value of antibody
measurements in patient assessment and, in
particular, the contribution of serology
compared to the BI. In particular we wanted
to examine the relative contributions that
skin smears and serological results add to
the clinical assessment. Therefore, we have
included the 10 smear-negative patients who
were considered clinically to be multibacil-
lary. This is important, since the vast ma-
jority of field programs have no access to
histological diagnosis and if classification is
based on a skin smear alone, which is as-
sociated with false negatives in the field, the
patient may receive inadequate therapy. In-
terestingly, this small group of smear-neg-
ative patients had higher rates of seroposi-
tivity and higher levels of antibodies than
did patients assigned to the borderline tu-
berculoid category ( 21 ), suggesting that they
were not simply paucibacillary patients
misclassified.

Both the carbohydrate and peptide M.

TABLE 3. Relationship between number of skin patches (in absence of skin infiltration)
in MB leprosy patients and antibody responses to three antigens and the BI.

No. skin patches No.
Seropositive/BI positive' (mean absorbance/titer/BI)

patients
PGL-I 35-kDa LAM BI

1-10 8 50% 75% 12% 75%
(0.57) (47) (0.335) (1.84)

10-20 10 70% 80% 60% 90%
(0.704) (85) (0.61) (2.28)

>20 14 92% 92% 7 1% 85%
(0.92) (149) (1.082)b (2.77)

' See footnote a in Table 1.
b Differences in the proportions of patients seropositive or 131 positive were not statistically significant; increases

in absorbance with increasing number of skin patches were significant (p < 0.05).
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leprae-specific assays detected 89% of MB
patients. Although it has often been implied
that all "lepromatous" patients are serolog-
ically positive, not all patients are positive
to all antigens. In the case of the IgM anti-
PGL-I assay, occasional false "negatives"
may be due to the presence of anti-BSA

index (131) in individual multibacillary leprosy patients.
A = Correlation between anti-35-kDa antibodies (1D50)
and 131 (r = 0.553, p < 0.001); B = Correlation between
IgM anti-PGL-I (A 492 nm) and 131 (r = 0.34, p <
0.001); C = Correlation between IgG anti-LAM (A 492
nm) and 131 (r = 0.199, p < 0.05).

antibodies which cause reaction on the con-
trol plate. In this study, all negative samples
were also negative when retested with a dif-
ferent blocking solution (milk powder) ( 8 ).

Therefore, a small proportion of MB pa-
tients did not respond to the serologically
dominant terminal disaccharide present on
the neoconjugate ( 4 . 7). In other studies with
native PGL-I or various neoconjugates, the
proportion of responsive MB patients has
been 91% (4), 88%-96% (7. 12 )

, and 89% (24).

The response to the M. leprae-specific
epitope on the 35-kDa protein showed the
greatest gradation in seropositivity and an-
tibody titer from BB to LL patients (Table
1). The 89% positivity rate for this group of
MB patients is slightly less than the 98%
positivity originally reported by Sinha and
coworkers ( 23 ). We have previously shown
that 33% of Nepali paucibacillary (PB) lep-
rosy patients had anti-35-kDa antibodies,
compared to 20% with IgM anti-PGL-I or
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TABLE 4. Relationship between number of nerves involved in MB leprosy patients and
antibody response to three antigens and the BI.

No. nerves No.
Seropositive/BI positive' (mean absorbance/titer/BI)

patients
PGL-I 35-kDa LAM BI

^ 4 20 75% 80% 35% 85%
(1.69) (74) (0.498) (2.4)

5-6 25 92% 84% 68% 88%
(1.13) (225) (0.985) (3.34)

7-8 25 92% 100% 88% 88%
(1.037) (445) (1.36) (3.23)

>8 30 93% 90% 70% 97%
(0.895) (630)" (0.914)' (4.05)"

See footnote a in Table I.
b Significant increases in the titers and 131 with increasing number of involved nerves (p < 0.05).
Significant increase in absorbance with increasing number of involved nerves (p < 0.01).

anti-LAM antibodies ( 2 '). The combination
of anti-35-kDa and IgM anti-PGL-I assays
detected all LL patients and 94% of the MB
patient group (Fig. 1), with a moderate cor-
relation between the anti-35-kDa and IgM
anti-PGL-I antibody levels in individual
patients. A similar correlation had been
demonstrated in a group of mainly treated
lepromatous patients ( 19 . 22 ).

This concordance between AI. leprae - spe-

cific assays contrasted with the weaker cor-
relation between seropositivity to LAM and
the 35-kDa protein (Fig. 1 B) and with the
lack of correlation between the anti-PGL-I
and anti-LAM antibodies (Fig. 1 C). We had
included LAM as an antigen because of its
strong B-cell immunogenicity ( 13) and the
possibility that it may detect nonresponders
to the other antigens. It was, however, as-
sociated with the most variable of the re-

TABLE 5. Relations-hip between bacterial index in MB leprosy patients and the antibody
response to three antigens.

Bacterial index No.
Seropositive/BI positive'

(mean absorbance/titer/BI)
patients

PGL-I 35-kDa LAM PGL-I and/or
35-kDa

Negative 10 70% 60% 60% 70%
(0.413) (37.8) (0.88)

:51+ 10 70% 70% 70% 80%
(0.789) (28.9) (0.614)

1-2+ 13 77% 92% 53% 92%
(0.49) (70) (0.808)

2-3+ 10 100% 80% 80% 100%
(0.916) (169) (1.175)

3-4+ 23 96% 96% 52% 100%
(1.246)b (430) (0.859)

4-5+ 21 100% 100% 76% 100%
(1.4)" (1429)b (1.1)

5-6+ 13 92% 100% 84% 100%
(0.951)' (1985)b (1.23)

See footnote a in Table 1.
b Significant differences in the distribution of absorbances and titers with increasing BI in these groups compared

to the BI-negative group (Mann-Whitney, p < 0.01).
Significant increase in distribution of absorbance with increasing BI in this group compared to the BI-negative

group (Mann-Whitney, p < 0.05).
The increases in absorbances or titers over the range of BI were significant for the IgM anti-PGL-I (p < 0.001)

and the anti-35-kDa antibodies (p < 0.001) by Kruskal-Wallis analysis.



58, 3^Roche, et al.: Serology in Multibacillary Leprosy^487

sponses in untreated MB patients. The LAM
antigen employed, although derived from
Al. tuberculosis, is very similar if not iden-
tical to the cell-wall-associated LAM in Al.
leprae ( 13). Exposure to environmental my-
cobacteria and M. tuberculosis- in Nepal may
have resulted in a higher level of back-
ground antibody to LAM in our control sub-
jects and in more variable responses in the
leprosy patients. Nevertheless, there was still
a significant gradation in mean anti-LAM
antibody levels from BB to LL patients (Ta-
ble 1).

MB leprosy patients have systemic infec-
tion involving many sites, not all of which
may be clinically apparent. We were inter-
ested, however, in determining if the extent
of their apparent disease, regardless of the
exact classification, correlated with their an-
tibody responses. Patients with more exten-
sive disease, as evidenced by a higher num-
ber of skin patches (Table 3), by the presence
of skin infiltration or by more involved
nerves (Table 4), tended to have a higher
proportion of seropositivity and to have
higher antibody levels, particularly to the
35-kDa and LAM antigens (Tables 3 and
4). This suggests that increasing antibody
responses mirror an increase in the load of
disease in the skin and nerves. Using the
same clinical groupings, there were parallel
increases in the mean BI with increasing
skin and nerve involvement (Tables 4-6),
confirming the relationship between bacil-
lary load and apparent clinical disease. Thus,
the increases in antibody levels were an in-
direct measure of the bacillary load.

When the BI and antibody levels were
directly compared in individual patients, the
strongest correlation was between the BI and
anti-35-kDa antibody (r = 0.553, Fig. 2A)
followed by the BI and IgM anti-PGL-I an-
tibodies (r = 0.34, Fig. 2B). When the pa-
tients were divided into groups on the basis
of their BI, the significant rises in IgM anti-
PGL-I levels and in anti-35-kDa titers with
increasing BI also were apparent (Table 5).
These data are supported by a comparative
study between laboratories which showed
that the BI and IgM anti-PGL-I antibody
levels were significantly related, with cor-
relation coefficients ranging from 0.390 to
0.525 ( 18). This correlation was less marked
if patients with erythema nodosum lepro-
sum (ENL) were included since the IgM anti-

PGL-I level appeared to fall with acute ENL
( 17). In a group of mainly treated patients,
the anti-35-kDa antibody titer also corre-
lated with the BI (r = 0.458) ( 22).

The changes in antibody levels with du-
ration of disease, as estimated by the length
of untreated disease or the disability index,
were less marked. There were also no
changes in the mean BI between the cate-
gories examined (Table 2). This contrasted
with our findings in a series of 154 PB pa-
tients (tuberculoid and borderline tubercu-
loid leprosy) which showed a significant rise
in antibody levels to carbohydrate and pep-
tide antigens with increasing disability (21).

This may have been due to the observed
relationship between antibody levels and the
number of nerves involved in tuberculoid
disease. Disability was related to the nerves
involved and thus to the antibody levels.
Therefore, in paucibacillary disease the
strongest correlates of antibody response
were the number of nerves involved and the
subsequent disability. In multibacillary dis-
ease, these effects were obscured by the
strong response in the majority of patients
and the relationship with measurable ba-
cillary load.

The practical application of these studies
is whether antibody estimations comple-
ment the BI as a routine measure. The poor
quality of skin smears in peripheral labo-
ratories ( 14) and the difficulties in using the
BI measurements in control programs (2)

have been highlighted recently, and the
question raised as to whether M. leprae-
specific antibodies offer an alternative ('°).
Important factors to be considered in this
are the sensitivity of the antibody measure-
ments in detecting smear-positive patients,
the correlation between the BI on skin-smear
and antibody levels in individual patients,
and the changes in antibody levels with time.
This study does not address the latter issue,
which requires longitudinal follow-up stud-
ies on cohorts of initially untreated patients
to support the findings of cross-sectional
studies of patients treated for variable pe-
riods of time (I, 6, 16 ).) In this comparative
study, we were able to examine the relative
sensitivities of antibody assays and BI in
MB patients. The IgM anti-PGL-I assay had
a sensitivity of 91% for recognizing smear-
positive patients; the sensitivity of the anti-
35-kDa assay was 92%. This compared to
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the sensitivity of anti-LAM assays of 68%.
Therefore, the Al. leprae-specific assays have
similar sensitivities for detecting smear-
positive MB patients as well as for detecting
all MB patients (89% for each; Table 1). If
the sensitivity of the skin smear itself is ex-
amined using the clinical diagnosis of BB,
BL or LL disease as the benchmark, 10 of
100 patients were negative, giving a sensi-
tivity of 90%. Interestingly, three of these
smear-negative MB patients were thought
clinically to have infiltrated lepromatous
disease, and although the 131 was reportedly
negative in each patient, the three antibody
assays were positive in each patient. This
highlights the practical finding that in the
field the BI itself is not always a reliable
index of apparent lepromatous disease. This
discrepancy may he due to an error in the
taking or reading of the skin smear, or may
be due to misclassification because the pa-
tient had BB or BL leprosy rather than LL
disease and skin smears had not been taken
from correct sites. However, the point is
that in an operational sense under field con-
ditions, the BI was negative in 10% of MB
patients and had a similar sensitivity for
detecting clinical MB disease as did the M.
leprae-specific antibody assays. When an-
tibody assays and the smears were used to-
gether, the sensitivity for the detection of
clinically diagnosed MB disease was 97%
for the BI/IgM anti-PGL-I combination
and 96% for the BI/35-kDa combination
(Table 5).

In conclusion, the levels of AI. leprae -spe-
cific antibodies and BI parallel the clinical
extent of disease in MB patients. There is a
moderate correlation between the anti-35-
kDa and IgM anti-PGL-I levels and the BI
in individual patients, and the combination
of antibody levels and the BI increases the
sensitivity of detection of MB disease. Our
current assessment is that M. leprae-specific
antibody levels do not replace but comple-
ment the BI in the clinical setting. Whether
falls in M. leprae-specific antibodies will
parallel the fall in the BI and clinical im-
provement in a predictable and clinically
applicable fashion during multidrug therapy
( 24) will await the results of further pro-
spective studies. The recently documented
fall in the IgM anti-PGL-I antibody levels
during clofazimine therapy for dapsone-re-

sistant leprosy suggests that this may be the
case (9).

SUMMARY
The antibody responses of 100 previously

untreated multibacillary (MB) leprosy pa-
tients to one protein and two carbohydrate
antigens were examined: 94% of the patients
had Mycobacterium leprae-specific anti-
bodies; 89% directed to the species-specific
epitope on phenolic glycolipid (PGL-I), 89%
against the specific epitope on the 35-kDa
protein, and 94% against one or both of the
two. By contrast, 67% of the patients had
anti-lipoarabinomannan (LAM) antibod-
ies. There were trends for the seropositivity
rate and the antibody level to rise with the
increasing extent of the disease and as pa-
tients moved to the polar lepromatous end
of the spectrum. The bacillary load, as mea-
sured by the bacterial index, was moder-
ately correlated with the IgM anti-PGL-I
and the anti-35-kDa antibody levels and, to
a lesser extent, with the IgG antibodies di-
rected at the common mycobacterial car-
bohydrate LAM. The sensitivity of the IgM
anti-PGL-I antibodies for detecting smear-
positive MB disease was 91%; that for the
anti-35-kDa antibodies was 92%.

RESUMEN
Se examin° la rcspuesta en anticuerpos de 100 pa-

cientes con lepra multibacilar (MB) en contra de un
antigen° protéico y 2 carbohidratos del Mycobacterium
leprac: 94% de los pacientes tuvicron anticuerpos es-
pecificos contra el Al. leprae; 89% dii igidos contra el
epitope especifico de la especie en el glicolipido fenOlico
1 (PGL- l), 89% contra el epitope cspecifico sobre la
proteina de 35 kDa, y 94% contra uno de ellos o contra
ambos. En contrasts, el 67% de los pacientes tuvieron
anticuerpos anti-lipoarabinomanana (LAM). La fre-
cuencia de seropositividad y los niveles de anticuerpos
tendieron a aumcntar conforme aumentaba el grado
de la enfermedad y conforme ésta se acercaba al ex-
tremo lepromatoso del espectro. La carga bacilar, me-
dida por el indice bacteriano, correlacion6 modera-
damente con los niveles de anticuerpos IgM anti-PGL-
1 y anti-35 kDa, y en menor grado con los niveles de
anticuerpos IgG anti-LAM. La sensibilidad de los anti-
cuerpos IgM anti-PGL-1 para detectar la enfermedad
MB fuc del 91 %, la sensibilidad de los anticuerpos anti-
35 kDa fuc del 92%.

RÉSUMÉ
Les réponses en anticorps pour deux hydrates de

carbons et pour une proteins antigeniques ont été étu-
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diées chez 100 malades atteints de lepre multibacillaire
(MB) et non traités. Des anticorps spécifiques pour
Mycobacterium leprae ont été relevés chez 94% des
malades; 89% présentaient des anticorps dirigés contre
l'épitope, specifique d'espece, de l'antigéne phénogly-
colipidique (PGL-I), 89% révélaient des anticorps contre
l'épitope spécifique situé sur la proteine 35-kDa, et 94%
contre l'un et l'autre de ces deux épitopes. Par contre,
6 7 % des malades révélaient la presence d'anticorps
anti-lipoarabinomannan (LAM). On a relevé une ten-
dance a une elevation du taux de seropositivité et des
taux d'anticorps correspondant a l'étendue de la ma-
ladle, et ceci d'autant plus que le type clinique présenté
par les malades se rapprochait du pole lépromateux du
spectre. La charge bacillaire, telle qu'elle a pu etre me-
surée par l'index bactériologique, présentait une cer-
taine correlation avec les taux d'anticorps IgM anti-
PGL-I et anti-35-kDa, et dans une moindre mesure,
avec les taux d'anticorps IgG dirigés contre ('hydrate
de carbone LAM commun aux mycobactéries. La sen-
sibilité des anticorps IgM anti-PGL-I pour détecter une
lepre multibacillaire a frottis positif était de 91%; cette
sensibilite était de 92% pour les anticorps anti-35-kDa.
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