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Overwhelming evidence that cell-mediated immune reactions provide
the basis for an effective protective response to infection by Mycobacterinm
leprae, together with rapid technological advances in the evaluation of
T-lymphocyte reactivity, have led to important advances in our
understanding  of cell-mediated activity in leprosy. Circulating anti-
mycobacterial antibodies, in contrast, do not play a direct role in
protection, and their measurement has not been useful for diagnostic ot
prognostic purposes. The role of antibody-mediated hypersensitivity
phenomena, such as erythema nodosum leprosum appears to be well
established, but these phenomena are normally managed at the clinical
level. Antibody- or immune complex-mediated modulation of cell-
mediated responses has not been clearly established i vivo. With relatively
few exceptions, leprologists and investigators have not concerned
themselves with antibody responses in leprosy during the last decade.

Perhaps four factors have been fundamental in stimulating a
renewed Interest in the evaluation of anti-mycobactetial antibody
activity in leprosy:

1. The isolation and characterization of phenolic glycolipid 1 and the
demonstration of its bighly specific serological reactivity by Patrick Brennan
and his colleagues [1]. This fundamental contribution has provided the
basis for the development of specific tests which are not handicapped
by the extensive cross reactivity with environmental mycobacteria
which has characterized anti-mycobacterial serology.

2. The widespread application of engyme-linked immunosorbent
(ELISA) technigues for antibody measurement. These techniques are
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highly sensitive, employ stable reagents and a minimum of
sophisticated equipment, and are readily adapted to the study of large
numbers of small serum samples. ELISA procedures are particularly
suited for use in those areas of the world with endemic leprosy, where
resources are often severely limited.

3. The development of hybridoma technology and its application to leprosy.
The production of antibodies specific for simple antigenic molecules
and individual epitopes on complex molecules offers the possibility of
detecting a specific antigen-antibody reaction within a complex system
by suitable inhibition tests, isolating single antigens or detecting their
presence in tissues, and elucidating possible mechanisms of antibody-
mediated immunomodulation, among others. These types of study are
still in quite early stages in leprosy, but several M. /eprae-specific
epitopes and antigenic molecules can be identified by the monoclonal
antibodies produced by Buchanan [2], Ivanyi [3] and Bloom.
Monoclonal antibodies have of course been used with great success in
characterizing the cell-mediated response in leprosy, both iz vitro and at
the level of organization and functional activity in the granuloma.

4. Renewed interest and new approaches to leprosy control, stimulated by
the activities of the Special Program for Research and Training in
Tropical Diseases of the UNDP/World Bank/WHO as well as
independent centers. Leprosy control still depends on early detection of
clinical disease and effective treatment. Field trials in prophylactic
vaccination are being initiated in several areas which may introduce
fundamental modifications in the strategy of leprosy control, and the
determination of anti-mycobacterial antibodies may play an important
role in this strategy.

The availability of suitable immunological tools for serological
study allows the definition of very clear areas of interest for the
application of these studies. These areas can be divided into studies in
clinical leprosy and in subclinical infection, immuno-epidemiology and
related fields.

Studies in clinical leprosy with more traditional approaches as well
as newer applications permit several fundamental generalizations.
Anti-mycobacterial levels appear to depend rather closely upon the
bacterial load; specific as well as cross-reacting antibodies are present in
relatively low titers at the tuberculoid end of the clinical spectrum of
leprosy and increase across the spectrum, reaching maximum levels in
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lepromatous  leprosy. Within each clinical category there is,
nevertheless, considerable individual variation. No clear qualitative
differences have as yet been demonstrated in different clinical forms of
leprosy; it has not been possible to ascribe possible /7 wvivo antibody-
mediated immunoregulatory functions to antibodies of a particulax
specificity., Interestingly enough, Mehra has demonstrated that
monoclonal antibodies to phenolic glycolipid 1 (PGL-I) block the
suppressor activity induced by this antigen i witro[4]; to my
knowledge, the relevance of this mechanism iz »zivo has not been
evaluated, though the information to do so would be readily available.

We have determined levels of IgG and IgM antibody to PGI-I in
serum samples from lepromatous and borderline lepromatous patients
who showed significant histopathological changes, including reversal
reactions and shifts toward more resistant forms of leprosy by the
Ridley-Jopling criteria, and patients who did not show such changes.
As shown in Tables 1T and 2, we could not demonstrate any relation
between the initial levels of antibody of either class and the subsequent
response to immunotherapy. Antibody levels did not show dramatic
changes in a period of two years after the initiation of immunotherapy,
though many decreased.

Antibody titers decrease after chemotherapy; studies by Melsom
and collaborators [5] report the most rapid decrease in the IgG class of
antibodies, while our studies [6] as well as those of Brennan’s group [7]
show a more rapid decrease in antibodies of the IgM class to glycolipid
as well as to a complex soluble extract which contains PGL-I (Figs 1
and 2). Yoder ez a/. [8] have reported an increase in antibody titers
prior to relapse in borderline tuberculoid leprosy. All of these studies
taken together indicate that serological studies may provide a useful
approach to the evaluation of chemo- and immunotherapy in clinical
leprosy, to the early detection of relapse or drug resistance, and to the
possible detection of persisting viable organisms. All of these studies
are of relatively long duration and require close collaboration between
clinical and laboratory personnel. It would appear to be of great
interest to include the storage of an initial serum sample from new
cases of leprosy as part of the routine procedure in different areas of
the world, since regional differences may be important and the
necessary technology should be quite readily available.

The use of serological tests may be of even greater interest and
potential importance in aspects of leprosy control related to early
detection of disease, including subclinical infection, immuno-
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TasLE 1

Titer of IgM and IgG antibodies to phenolic glycolipid I in the sera of patients
who showed histopathological changes after M. leprae-BCG immunotherapy.

Patient 1M 1eC
Inirial Twao years Initial Two years
AMM 16000 8000 1000 2000
SG 8000 8000 4000 500
PV 8000 2000 2000 500
UM 8000 2000 1000 1000
EP 8000 2000 1000 500
AH 8000 2000 <250 <250
DC 4600 4000 1000 500
RE 4000 4000 1000 500
AJO 4000 1000 250 500
JIG 2000 2000 1000 500
SD 1000 4000 500 500
j[® 1000 100G 250 250
HG 1000 1000 < 250 <250
LP 500 360 1600 250
JHM <250 <250 500 500
LR <250 <256 500 250

& Reciprocal of the highest dilution giving an OID > .02 at 405 nm.

TABLE 2

Titer of IgM and IgG antibodies to phenolic glycolipid I in the sera of patients
who did not show histopathological changes after immunotherapy.

. IgM IgG
Patient
initial Two years Initial Two years

Jy 16000 16000 8000 2000
TC 16000 4000 500 250
GN 8000 1000 500 500
RV 2000 1000 1000 250
JLR 1600 1000 <250 <250

TR 500 250 <250 <250
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Fig. 1. Antibody levels to soluble extract of M. Lepras in active and inactive lepromatous
leprosy.
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. 2. Individual antibody responses to M. feprae soluble extract in active and inactive L.
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epidemiological studies and immunoprophylaxis. Progressive forms of
leprosy with an average incubation period of several years may be the
source of new infections in the community during a period when there
is no clinical evidence of disease. The availability of a specific
serological test for detecting infection by M. /feprae may offer the only
possibility for detection of potentially progressive disease during the
incubation period, since cell-mediated reactivity to M. leprae is absent,
Buchanan [9] has recently reported four cases of clinical leprosy (2 1'T,
1 BT and 1 LL) in the follow-up of a group of 1096 household contacts
from Sri Lanka; the contact who subsequently developed LI had
exceptionally high levels of antibody to PGL-I. We have detected
strong serological reactivity to PGL-I and to a complex antigenic
extract of M. leprae in partially overlapping groups of about 3% of a
group of 302 household and non-household contacts who gave
negative skin tests to a soluble antigen of M. /eprae (Figs. 3 and 4) [10].
Since these individuals are incorporated into an immunoprophylaxis
trial and have been vaccinated, there is some question whether clinical
disease will occur even if they now have subclinical infection. About
18% of the skin-test negative contacts with ELISA indices greater than
4 did not respond to vaccination, while the overall percentage of
non-response was less than 3%. These results indicate that a small
group of contacts possess immunological peculiatities similar to those
observed in lepromatous leprosy—high anti-mycobacterial antibody
titers together with negligible cell-mediated reactivity to M. leprae. The
study of T-cell suppressor activity of the type described by Mehra and
colleagues {4] will be of particular interest in this group.

There is some doubt whether the PGL-I system is ideal for
detecting early infection by M. leprae. The concept of “original
mycobacterial sin” [11] would suggest that the earliest antibody
response to infection by M. /eprae might be to common antigens shared
with environmental mycobacteria; a specific antibody response may
develop much more slowly. Additionally, glycolipids are not
particularly strong antigens. The development of an approptiate
inhibition test with monoclonal antibodies to a M. leprae-specific
proteic epitope might offer 2 more sensitive tool for detecting early
infection. Until the nature of the eatly response has been more cleatly
defined, there would appear to be justification for measuring both
~ specific and non-specific anti-mycobacterial antibody, in conjunction
with skin testing and, in selected individuals, ## »ifro studies of
cell-mediated responses in contacts.
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Fic. 3. Antibody levels in SA-negative and SA-positive contacts, measured by microELISA
with soluble antigen from M. feprae.
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Fic. 4. Antibody levels to PGL-1 in healthy contacts.
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Bloom has suggested that the measurement of anti-PGL-I may
offer useful information during the course of vaccine evaluation, since
the M. leprae preparation being used (as well as BCG) would not be
expected to stimulate the formation of these antibodies. If they were to
appear during the course of follow-up, that would suggest the presence
of active infection by M. /eprae (and vaccine failure). The obvious
corollary is that diminution or disappearance of anti-PGL-I antibodies
in the vaccinated group but not in the controls would cleatly suggest
that vaccination possesses a therapeutic effect in subclinical infection.

In the relatively near future, serological tests could be used in
leprosy to: (1) monitor the course of clinical infection and evaluate the
response to chemo- and immunotherapy; (2) detect multibacillary
infection during its subclinical stage. Combined studies of cell-
mediated reactivity and serological activity may permit the definition of
a susceptible population among apparently healthy individuals and
contribute to the evaluation of immunoprophylactic procedures. All of
these possibilities could contribute in one way or another to more
successful programs of leprosy control.



IMMUNOLOGY, EPIDEMIOLOGY AND SOUIAL ASPLECTS OF LEPROSY 29

REFERENCES

[1] Hunrir S, W., Fupwara T, and Brunnan P.§. Structure and antigenicity of the major
specific glycolipid antigen of Mycobacterism leprae. |, Biol. Chem. 257, 15072-15078 (1982).

{2] Guias T.P. and Bucnanan T. M, Production and partial characterization of monoclonal
antibodies to Mycobacterinm leprae. Infect. Immun. 37, 172-178 (1982).

[31 Ivanyr J., Sinpa 8., Asron R., Cussie D, Kien M, and Sencuera U, Definition of
species-specific and cross-reactive antigenic determinants of Mycobacterinm leprae using
monoclonal antibodies, Clin, Exp. lmmunol. 52, 528-536 (1983).

[4] Muora V., Brinnan P ], Rava E., Convir J. and Broom B, R, Lymphocyte suppression
in leprosy induced by unique M, Jeprae glycolipid. Nature 308, 194-196 (1984).

[5] Meursom R., Harsos M. and Naars B. Class-specific anti- Mycobacterinm leprae antibody
assay in lepromatous leprosy (BL-LL) patients during the first two to four years of DS
treatment. Int. J. Lepr. 50, 271-281 (1982),

[6} Urmen M., Convir J. and Cinrino M. Studies of antibodies in leprosy and healthy
contacts by enzymatic immunoassay. In Sympaosinm on Immnnetherapy and Imninnaproplylaxis
of Leprasy, 34-50, Sasakawa Memorial Health Foundation, Tokyo, Japan (1983).

[71 Cho S-N., Yawacigara DL, Husrur S.W., Guser R.H. and  Baennan P J.
Serological specificity of phenolic glycolipid 1 from Mycobacteriem Jeprae and use in
serodiagnosis of leprosy. Infect. Immus. 47, 1077-1083 (1983). ‘

(8] Yoour L., Naars B, Harson M. and Bjunk G. Antibody activity against Mycobacterinem
leprae antigen 7 in leprosy: studies on variation in aatibody content throughout the
spectrum and on the cffect of DDS treatment and relapse in BT leprosy. Lepr, Rev. 50,
113-121 (1979).

[9] Dissanavaks S, Youns D.B., Kuanonkar S R, Murr R.A. and Bucanan T.M,
Evaluation of the sigaificance of antibodies to phenolic glycolipid of M, feprae in leprosy
patients and their contacts. Abs. 1140, X1I Internat. Lepr. Cong., New Delhi, India
(1984).

[10] Urricn M., Cownvrr ] and Cinrino M. Antibody to soluble antigen of M, /eprae and
phenolic glycolipid I in patients with leprosy and contacts, Abs. 11746, X11 Intern. Lepr.
Cong., New Delhi, India {1984).

[11] Apranams E. W, Original mycobacterial sin. Tubercle 57, 316-321 (1970).





