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Antigens ofMycobacterium leprae in the cerebrospinal fluid of leprosy patients:
detection by monoclonal-antibody-based sandwich immunoradiometric assay

and avidin/biotin immunoblotting
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SUMMARY

Mycobacterium leprae antigens could be detected in the cerebrospinal fluid (CSF) of patients with
leprosy, using a monoclonal-antibody-based sandwich immunoradiometric assay (SIRMA). Anti-
gens of 12 kD, 35 kD and 30-40 kD were detected using ML06, ML04, and ML34 monoclonal
antibodies, respectively. The 30-40-kD polysaccharide antigen, although present in larger amounts
in M. leprae than the 12-kD and 35-kD protein antigens, was found in the CSF of comparatively
fewer subjects. The antigen capture assay has been found sensitive to the level ofnanograms. Avidin-
biotin-based immunoblotting using pooled leprosy sera detected a larger number of antigens than
using anti-M. leprae antisera raised in rabbits. The immunoblotting of CSF samples revealed about
three antigens in the region of 100-160 kD and three more in the region of 45-60 kD as probed by
leprosy sera. This study has for the first time revealed the presence ofM. leprae antigens in the CSF of
leprosy patients and the probable involvement of the central nervous system in leprosy.
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INTRODUCTION

Leprosy is a chronic infectious disease caused by M. leprae. The
pathogen affects primarily nerves and skin, and at times causes
deformity. Unlike any other mycobacteria, M. leprae has been
shown to have selective affinity to nerve cells (Mukherjee &
Antia, 1985). M. keprae could also be detected in axons of
peripheral nerves in patients with lepromatous leprosy and in
mice with leprosy (Boddingius, 1974). Presence of M. leprae
antigen has also been detected in nerve biopsy of leprosy
patients (Mshana et al., 1983). Although leprosy is primarily a
disease ofnerves, a very high amount ofantigenic load is noticed
in the blood of patients with severe forms of leprosy (Drutz,
Chen & Lu, 1972), yet nothing is known about the involvement
of central nervous system in this disease. Under normal
conditions the blood-brain barrier (BBB) plays a vital role,
which allows the flow of only essential nutrients and excludes
IgG or IgM antibodies (Griffin & Giffels, 1982). However, the
brain barrier mechanisms are of physicochemical nature and are
liable to be damaged or altered in certain pathological con-
ditions (Vaidya, Badacha & Raizada, 1983). In most of the
chronic infections BBB has been reported to be damaged
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(Quagliarello, Long & Scheld, 1986). Among the mycobacterial
infections, M. tuberculosis antigen has been detected in the
cerebrospinal fluid (CSF) of patients with tuberculous menin-
gitis (TBM) (Chandramukhi et al., 1985; Kadival et al., 1987;
Daniel & Debanne, 1987) indicating the involvement of central
nervous system (CNS) in the diseased individuals.

In inflammatory diseases, antigen from the circulation is
reported to enter the CSF (Kadurugamua, Hengstler & Zak,
1989). In experimental situation, it has been demonstrated that
serum proteins have an influx into the CSF (Frydan, Link &
Norrby, 1978; Laskin & Griffin, 1987; Quagliarello et al., 1986).
In leprosy, inflammation is quite common in reactions, and
millions of bacilli are found in the blood and tissues (Drutz et al.,
1972). It is probable that the bacilli or their products may cross
the BBB of the host. If such a mechanism is present in leprosy, it
may lead to the pathological changes in this primary disease of
nerves. In experimental situations, M. leprae has been shown to
cross the BBB in thymectomized, irradiated mice (Vaidya et al.,
1970) and M. lepraemurium in the infection in ordinary mice
(Vaidya & Rees, 1975). In both situations the presence of the
bacilli could be detected in sections of brain. Such a study is not
plausible in human subjects. However, by taking the CSF
sample from leprosy patients the probable presence ofM. leprae
or M. leprae products can be studied.

The present study was undertaken to detect the presence of
M. leprae antigens in the CSF of leprosy patients, by using
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monoclonal antibody (MoAb) based sensitive immunoassays
and immunoblotting.

SUBJECTS AND METHODS

Subjects
Thirty-four patients with active lepromatous leprosy admitted
to the Central JALMA Institute for Leprosy, Agra, India, were
selected for the study. Clinical classification of the disease was
done according to Ridley & Jopling (1966). CSF was obtained
aseptically from these subjects by lumbar puncture and stored at
- 70'C. Fourteen samples ofCSF from subjects with tuberculo-
sis meningitis (TBM) were procured from the National Institute
of Mental Health and Neurosciences (NIMHANS), Bangalore.
CSF from 10 subjects admitted at S.N. Medical College, Agra,
for complications other than microbial infection (accident and
operation cases), served as controls in the study.

Monoclonal antibodies (MoAbs)
The MoAbs ML06, ML04 and ML34 which bind to epitopes on
12 kD, 35 kD (proteins) and 30-40 kD (polysaccharide) soluble
components ofM. leprae, respectively (Ivanyi et al., 1983), were
labelled with '25INa (Barc, Bombay, India), by the iodogen
method (Fraker & Speck, 1978).

M. leprae antigen
Armadillo-derived, purified cell-free extract ofM. leprae soluble
antigen (Draper & Rees, 1975) was procured from the IMMLEP
(WHO) bank, London, UK.

Sandwich immunoradiometric assay (SIRMA)
This assay was done as described elsewhere (Patil et al., 1990). In
this solid-phase antigen capture assay, antibody molecules are
coated on a solid phase and the antigen from the test sample is
captured by the adhered antibody molecule. Another antibody
molecule which is radiolabelled is used for probing the captured
antigen. The principle in this assay is that the antigen should
have at least two sites to combine with two antibody molecules.

Flexible microtitre plates (U.96, Dynatech) were coated with
50 gl/well of any of the MoAbs by overnight incubation at 40C
in a moist chamber. Unbound antibody was removed, wells
were dried by patting the plates on tissue paper. Free binding
sites of the wells were blocked with 100 MI of 2% bovine serum
albumin (BSA) in phosphate-buffered saline (PBS) for 2 h at
room temperature. Excess BSA was removed and wells were
dried. Test samples (50 p1 ofCSF) were applied in triplicates and
plates were incubated for 2 h at 370C in a moist chamber. Plates
were then washed with PBS and 50 y1 of corresponding 1251-
labelled MoAb were added to each well. The plates were
incubated again for two hours, washed three times with PBS,
dried and radioactive counts of each well were counted in a
gamma counter (N.E. 1600, N.E., Edinburgh, UK).

CSF samples giving counts above the mean+ 2 s.d. of CSF
from controls were taken as positive for the antigen.

Antigen standard curve
Standard samples with known concentrations of antigens were
prepared by incorporation of M. leprae antigen in the pooled
CSF sample ofcontrol subjects. These samples were subjected to
SIRMA using each MoAb and thus standard curves were
constructed.

Anti-M. leprae antibodies
Anti-M. leprae antibodies in CSF against an antigenic compo-
nent on 35-kD molecule was detected using MoAb ML04 by
immunoradiometric antibody competition assay by the method
of Hewitt et al. (1982).

SDS-PAGE and immunoblotting
SDS-PAGE was carried out according to Laemmli (1970) with
some modifications: 12% homogeneous gels were used for
electrophoresis in a continuous buffer system. The CSF samples
were prepared by mixing with equal volumes of sample buffer
consisting of 5 ml of 10% SDS, 2 5 ml of0 5 M Tris (pH 6 8), 5 ml
distilled water, 2 5 ml of glycerol, 5 mg of di-thiothreitol and 0-2
ml of 5% bromophenol blue. The samples were heated in a
water-bath at 100°C for 2 min and were used for electrophoresis
after cooling. Twenty microlitres each of these CSF samples
(CSF and sample buffer) and molecular weight markers (Phar-
macia, Uppsala, Sweden) were subjected to electrophoresis at a
constant current using Pharmacia PAGE apparatus. Visualiza-
tion of proteins was done by staining the gel with PAGE blue
(BDH, Poole, UK) followed by destaining in a mixture of 25%
methanol and 7% acetic acid, and the gel was restained by silver
staining (Wray et al., 1981).

Immunoblotting was done according to Towbin, Staehlin &
Gordon (1979) using Pharmacia electroblotting apparatus. CSF
samples from leprosy and TBM subjects were blotted onto
nitrocellulose paper and were allowed to react with lepromatous
leprosy sera or with anti-M. leprae antibodies raised in rabbits,
and enzyme reaction was performed by the avidin-biotin
technique (Guesdon, Ternyck & Avrameas, 1979) using
4-chloronapthol substrate.

RESULTS

The M. leprae antigens of 12 kD, 35 kD and 30-40 kD were
captured by using MLO6, ML04 and ML34 MoAbs, res-
pectively. Standard curves constructed for 35-kD and 30-40-kD
antigens could work in a dose-dependent manner (Fig. la, b).
However, a standard curve could not be constructed for the 12-
kD antigen. This could be because of the presence of a single
epitope recognizing ML06 antibody on the 12-kD molecule
(Patil et al., 1990).

The 12-kD antigen
Twenty-four of the 34 (71 %) subjects with leprosy and six of 14
(43%) subjects with TBM were found positive for the 12-kD
antigen (Table 1). None of the 10 CSF samples from controls
was found positive for the antigen (Fig. 2a). The cut-off point,
calculated by the meean+ 2 s.d. counts shown by CSF samples
obtained from controls was about 170 ct/min. The sensitivity of
the assay could not be calculated because of the lack of dose-
dependent behaviour of this antigen. However, the highest ct/
min, 410, was recorded in a CSF sample of a subject with TBM.

The 35-kD antigen
Thirty of the 34 (90%) subjects with leprosy and 10 of the 14
(71%) subjects with TBM were found positive for the 35-kD
antigen (Table 1). None ofthe 10 CSF samples from the controls
was found positive by the assay (Fig. 2b). The cut-off point
calculated for this antigen was about 176 ct/min. The assay was
sensitive to the level of 48 ng. The highest level of antigen
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Fig. 1. Standard curve constructed by incorporating soluble M. keprae antigen in pooled control CSF. (a) Standard curve for 35-kD
antigen of M. leprae. The sensitivity level of the assay calculated on the basis of CPM is 44 ng; (b) standard curve for 30-40-kD
polysaccharide M. leprae antigen. The sensitivity level of the assay is 28 ng as calculated on the basis of ct/min.

Table 1. Analysis of antigen positivity for 12-kD, 35-kD and 30-40-kD components of M.
leprae in the CSF of subjects with leprosy, tuberculous meningitis (TBM) and controls as seen

by monoclonal-antibody-Sandwich immunoradiometric assay

Antigen positivity (%) Number positive for (%)

All the three Any of the None of the
Subjects 12 kD 35 kD 30-40 kD antigens antigens antigens

Leprosy (n=34) 24 (71) 30 (88) 14 (41) 13 (38) 31 (91) 3 (9)
TBM (n= 14) 6 (43) 10 (71) 2 (14) 2 (14) 10 (71) 4 (29)
Controls (n= 10) 0 (0) 0 (0) 1 (10) 0 (0) 1 (10) 9 (90)
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Fig. 2. Presence of M. leprae antigens in the CSF, detected by SIRMA: (a) 12-kD M. Ieprae protein antigen in CSF samples. Antigen
concentration against the ct/min could not be calculated for this antigen molecule with single epitope; (b) 35-kD M. leprae protein
antigen in CSF samples. ---, Cut-off point; (c) 30-40-kD M. leprae polysaccharide antigen in CSF samples. - - -, Cut-off point.
C, controls (n = 10); LL, lepromatous leprosy (n = 34); TBM, tuberculous meningitis (n = 14).

(3-2 pg/ml) could be recorded in the CSF sample of a subject
with TBM.

The 30-40-kD antigen
CSF samples from 14 of the 34 (41 %) subjects with leprosy and
two of the 14 (14%) subjects with TBM were found positive for
the 30-40-kD polysaccharide antigen (Table 1). One of the CSF
samples from the control group also showed antigen positivity
by the assay (Fig. 2c). The sensitivity ofthe assay was to the level
of 30 ng. The highest level of antigen (1-2 Mig/ml) was recorded in
a CSF sample of a subject with leprosy.

The three tested antigens together could be detected in about
38% of leprosy patients; any one of the three antigens could be
detected in 91% ofthe subjects and about 9% of the subjects did
not show antigen positivity for any of the above three tested
antigens (Table 1). A significant correlation was observed
P<0-001, r=0-934 in the 12-kD protein antigen positivity
detected by M. leprae-specific MoAb ML06 and 35-kD protein
antigen positivity detected by quasi-specific MoAb ML04
(Fig. 3a). However, the correlation was insignificant when the
12-kD and 35-kD antigen positivities were compared with the
positivity of 30-40-kD mycobacterial cross-reactive polysac-
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Fig. 4. SDS-PAGE pattern ofCSF samples. (a) PAGE blue staining of
gel; (b) silver staining. Lanes 1 and 7, high and low molecular weight
markers, respectively; lanes 2, 3 and 4, CSF samples from leprosy
subjects; lanes 5 and 6, CSF samples from TBM subjects.
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Fig. 5. Immunoblotting ofCSF samples: Probing of M. leprae antigens
using (a) anti-M. leprae antibodies raised in rabbit; and (b) using high
titered pooled leprosy sera. Lanes 1, antibody-negative pooled CSF
sample from leprosy patients; lanes 2, antibody positive pooled CSF
sample from leprosy patients; lanes 3, pooled CSF sample from TBM
subjects.

charide antigen (P>0-05, r=0-124, and P=0-05, r=0-338,
respectively) (Fig. 3b, c).

The ct/min observed in detection of 12-kD, 35-kD and 30-
40-kD antigens when correlated with the highest level ofantigen
(highest ct/min of the three tested antigens) showed significant
correlation with 12-kD antigen (P< 0-001, r= 0 564) and highly
significant correlation with the 35-kD antigen (P<0-001,
r= 0-934) (Fig. 3d, e). However, the ct/min observed for the 30-

40-kD antigen did not correlate well (P> 0 005, r = 0-454) with
the highest level of antigen (Fig. 3f).

SDS-PAGE and immunoblotting
PAGE patterns ofCSF samples from subjects with leprosy and
TBM revealed three to six bands by PAGE blue (Fig. 4a) and by
silver staining (Fig. 4b). The antigenic nature of these bands was
revealed by avidin-biotin immunoblotting.

Using rabbit anti-M. keprae antibody, an antigenic band in
the region of 120-160 kD, one band in the region of 90 kD and
two bands in the region of40-48 kD could be detected in an anti-
35-kD antibody-negative CSF sample of a leprosy subject
(Fig. 5a). In an anti-35-kD antibody-positive leprosy CSF
sample, two antigenic bands in the region of 40-44 kD were
noticed. However, in the CSF sample ofaTBM subject one faint
antigenic band in the region of 40-48 kD and one faint broad
antigenic band in the region of 50-70 kD could be detected.

Using high-titre pooled leprosy sera, antigens of 120-160
kD, 100 kD and four weak antigens in the range of 45-60 kD
could be seen in an anti-35-kD antibody-negative pooled CSF
sample (Fig. Sb). The anti-35-kD antibody-positive CSF sample
from subjects with leprosy showed a thick antigenic band in the
region of 78-120 kD and another thick antigenic band in the
region of 60-75 kD. The antigenic band of 78-120 kD was also
shared by the CSF sample from a TBM subject who was
negative for anti-35-kD antibody. A weak antigen in the region
of 36 kD was shared by both anti-35-kD antibody-positive and
antibody-negative CSF samples of leprosy patients and TBM
patients.

DISCUSSION

In the present study CSF samples have been screened for the
M. leprae antigens to find out whether these antigens get
sequestered in the CNS. In experimental situations, the BBB is
reported to be impaired in animals with M. keprae infection-
(Vaidya et al., 1970). Such a condition has also been reported to
occur in other diseases like chronic trypanosomal infection
(Waitumbi, Sayer & Gould, 1986), acute and chronic AIDS
(Shaw, Harper & Hahn, 1985; Goudsmit, Paul & Lange, 1986),
and in TBM (Chandramukhi et al., 1985; Kadival et al., 1987;
Daniel & Debanne, 1987). In diseases such as AIDS, HIV is
selectively sequestered in the brain tissue through a special
transport system (Shaw et al., 1985). As the presence ofacid-fast
bacilli could not be determined in the CSF of leprosy patients, it
is not clear whether such a mechanism exists in leprosy. An
earlier study has also failed to detect acid-fast bacilli in the CSF
of leprosy patients (Vaidya et al., 1970). However, here we
detected for the first time M. leprae antigen in the CSF ofleprosy
patients. Small peptides normally do not cross the BBB, unless
there is a specific transport system for them (Pardridge, 1983). In
diseases such as Down's syndrome (Glenner, Henry & Fujihara,
1981) and Alzheimer's disease (Shirahama, Skinner & Wester-
mark, 1982) abnormal proteins seem to be transported selecti-
vely through the BBB. In leprosy further studies are warranted
to understand whether the M. leprae antigens in CSF of leprosy
patients are transported selectively through the BBB or whether
this occurs due to an impairment of the BBB. However, the role
of the acquired presence of M. leprae antigen in CSF of leprosy
patients is not clear.
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Our MoAb-based sandwich immunoradiometric antigen
capture assay is highly sensitive and could detect the M. leprae
antigens to the level of nanograms. This assay works in a dose-
dependent manner for 35-kD protein antigen and 30-40-kD
polysaccharide antigen in the construction of standard curve.
Polysaccharide antigens by nature are expected to contain
repetitive antigenic epitopes which enable the sandwich assay to
work. The 35-kD protein antigen also seems to contain at least
two antigenic epitopes and hence behaves in a dose-dependent
manner in the standard curve. In an earlier study this protein
antigen was shown to have an unusual precipitable property by
MoAb ML04 as seen by crossed immunoelectrophoresis (Har-
boe & Ivanyi 1987). However, a standard curve could not be
constructed for the 12-kD antigen by the sandwich antigen
capture assay. This may be because of the presence of single
antigenic epitope-reacting MoAb ML06 (Patil et al., 1990).
However, the 12-kD antigen from the CSF of leprosy patients
could be detected by the sandwich antigen capture assay,
suggesting the differences between in vivo-processed antigen and
armadillo-derived M. keprae sonicated antigen with regard to
the distribution of antigenic epitopes.

The 12-kD component of M. leprae, which is a weak
immunogen (Patil et al., 1990), could be detected in about 70%
of CSF samples from subjects with leprosy, and the 35-kD
antigenic component, which is a strong immunogen (Ivanyi et
al., 1983), could be detected in about 90% of the samples. This
antigen (35 kD) could be detected in almost all the CSF samples
showing positivity for any of the three tested antigens. The 30-
40-kD polysaccharide antigen, which is a weak immunogen
especially in tuberculoid leprosy (Mwatha et al., 1988; Patil et
al., 1990), could be detected in only about 40% of the leprosy
subjects. This polysaccharide antigen is notably in higher
quantities in M. teprae than the two other studied antigens
(Ivanyi, Morris & Keen, 1985).

Statistical analysis of the presence of M. teprae antigens of
varied molecular weight was performed to see whether the size
of the antigen molecules affected the passing of the antigens
through the BBB. However, it was found that it was mainly the
nature of antigen, as opposed to its size that was responsible for
the phenomenon. Antigens of protein nature seem to traverse
more often through the BBB than the polysaccharide antigen. A
positive correlation was also observed for the presence of mixed
protein antigens in the CSF. However, with polysaccharide
antigen the correlation with other antigens was insignificant.
Therefore, it seems that protein antigens pass through the BBB
preferentially.

Leprosy and tuberculosis are chronic diseases caused by
related mycobacterial species that share almost common ende-
mic regions in the world (Bothamley et al., 1987). In India, in
various leprosy endemic regions, the endemic population of
tuberculosis are likely to be exposed to leprosy infection and vice
versa (Fine, 1984). The present finding of M. leprae-specific
antigen in CSF ofTBM patients is probably due to concomit-
tant infection with M. leprae. In a similar study, the presence of
antibodies to specific component of M. tuberculosis has also
been shown in the serum of leprosy patients (Bothamley et al.,
1987). However, in the present study none of the TBM patients
had symptoms of leprosy.

Two of the CSF samples from TBM subjects were found
positive for all the three tested antigens, including the M. leprae-
specific one. They also possessed specific antibodies such as

antibodies against the immunodominant 35-kD component, as
detected by a MoAb-antibody-based inhibition assay (data not
shown).

Immunoblotting studies could also reveal the presence of
M. leprae antigens in the CSF of subjects with leprosy. Using
pooled lepromatous leprosy sera, higher numbers of antigens
could be detected in the CSF than when using anti-M. keprae
antibodies raised in rabbits. The reactivity to the 36-kD antigen
could be detected using only leprosy sera. This antigen is also
seen in CSF of subjects with TBM. It appears that the high
molecular weight antigen present in antibody-negative CSF
samples disintegrates into smaller components once it evokes an
antibody response.
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