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EDITORIALS
Editorial opinions expressed arc those of the writers.

Significance of Antibody Studies in Leprosy and
Experimental Models of the Disease'

Infection with Mycobacterium leprac in-
duces a complex immune response of the
host involving both cellular immune reac-
tions and antibody production.

Since M. Ieprae is an obligate intracel-
lular parasite, cell-mediated immune reac-
tions have been considered to be of main
importance in the defense against the
infection", and antibodies have generally not
been considered to be of importance in this
regard. This view has been widely held for
many years. The immune response is, how-
ever, far more diversified than previously
realized. The classic view now needs to be
analyzed in more detail based on the new
information on T cell subsets and the oc-
currence of various cell-mediated immune

' The Armauer Hansen Research Institute (AHRI)
in Addis Ababa, Ethiopia, has organized an annual
Armauer Hansen Memorial Lecture. The major objec-
tives of this annual lecture are a) to bring new research
ideas in the immunology of leprosy to AHRI, b) to
motivate on-going research, and c) to attract new im-
munologists into leprosy research by bringing external
investigators to AHRI. The JOURNAL is honored to
publish this guest editorial by Professor Morten Har-
boe based on the first annual Armauer Hansen Me-
morial Lecture given by him on 12 February 1982.

World Health Organization. Cell mediated immu-
nity and resistance to infection. WHO Tech. Rep. Ser.
No. 519 (1973).

reactions which may have entirely different
effects on the infection.

The reaction of mycobacterial antigens
with sensitized T cells resulting in the lib-
eration of various lymphokines and mac-
rophage activation is considered to be the
main mechanism for defense against my-
cobacterial infection". T helper cells are
mainly responsible for the release of mac-
rophage activating lymphokines'. How-
ever, stimulation of other T cells with the
induction of suppressor mechanisms may
directly favor bacterial growth. An imbal-
ance favoring 1' suppressor cell activity is
a major current hypothesis to explain the
lack of resistance in multibacillary forms of
leprosy"." ,

" Youmans, G. P. Nature of the specific acquired
immune response in tuberculosis. In: Tuberculosis.
Philadelphia: Saunders, 1979, pp. 285-301.

1 Fox, R. A., MacSween, J. M. and Kajaraman, K.
Macrophage migration stimulation factor. Scand. J.
Immunol. 14 (1981)  327-334.

' Mehra, V., Mason, L. H., Fields, J. and Bloom,
B. R. Lepromin-induced suppressor cells in patients
with leprosy. J. Immunol. 123 (1979) 1813-1817.

" Mehra, V., Mason, L. H., Rothman, W., Rein-
herz, E., Schlossman, S. F. and Bloom, B. R. Delin-
eation of a human T cell subset responsible for lep-
romin-induced suppression in leprosy patients. J.
Immunol. 125 (1980) 1183-1188.

Stoner, G. L. Hypothesis: Do phases of immu-
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Why are antibodies of interest, and why
should we study them?

We can use them as probes to learn and
try to understand what goes on during the
disease. We have to study antibodies to
learn whether there is an interaction be-
tween the humoral and cellular immune re-
sponses in which aberrant antibody pro-
duction may lead to decreased cellular
immune response and decreased resis-
tance. Another main question is: Do anti-
bodies arise after infection and prior to the
development of clinical symptoms? If this
is the case, we can study the epidemiology
of leprosy infection and not just the epide-
miology of the disease and its complica-
tions, as has mainly been the case until to-
day. Finally, antibodies are an essential tool
for studying the immunogenic structure of
M. leprac.

A thorough knowledge of the immuno-
genic structure of M. leprae is required for
further development and understanding of
immunological tests and immunological as-
pects of the disease process in leprosy.

After the introduction of the armadillo
model', M. leprae became available in much
greater amounts than in the pre-armadillo
era. This made detailed studies of the im-
munogenic structure of M. leprae possible.

In the pre-armadillo era, a few M. /eprae
antigens were demonstrated. These were a
polysaccharide antigen"' '", the beta and
delta antigens of the Gothenburg group",
and the "nodule extract protein, — the NEPR
antigen of Abe, et al '. Recent findings

nosuppression during a Mycobacterium leprac infec-
tion determine the leprosy spectrum? Lepr. Rev. 52
(1981) 1-10.

Kirchheimer, W. F. and Storrs, E. E. Attempts to
establish the armadillo (Dirsypus no•emcinctus, [inn.)
as a model for the study of leprosy. I. Report of lep-
romatoid leprosy in an experimentally infected arma-
dillo. Int. J. Lepr. 39 (1971) 693-702.

" Estrada-Parra, S., Calder:On-Manes, S., Salazar-
Mallen, M. and Amezcua, N1.-E. Isolation of a group-
specific polysaccharide from tissues infected with My-
cobacterium leprae. Int. J. Lepr. 34 (1966) 294-297.

'" Estrada-Parra, S. Immunochemical identification
of a defined antigen of ,Ilycobacterium leprae. Infect.
Immun. 5 (1972) 258-259.

" Navalkar, R. G. Immunologic analysis of Myco-
bacterium leprac antigens by means of diffusion-in-gel
methods. Int. J. Lepr. 39 (1971) 105-112.

' 2 Abe, M. Studies on the antigenic specificity of
Mycobacterium leprae. I. Demonstration of soluble

by Closs (unpublished observations) indi-
cate strongly that the latter antigen is not a
constituent of M. leprae itself but an anti-
gen of host origin induced by the granulo-
matous process.

After armadillo-grown M. leprae became
available, we studied the antigenic compo-
sition of M. leprae by crossed immunoelec-
trophoresis (CIE), using sonicates of puri-
fied Al. leprae for immunization and testing
and rabbit antisera as the antibody reagent
in the top gel. CIE is a potent technique for
precise identification of immunogenic com-
ponents of ,11. Ieprae which induce forma-
tion of precipitating antibodies after im-
munization of rabbits. Initially, seven
distinct antigenic components of M. h'prac
were identified and numbered'. All of' them
are involved in the induction of a humoral
immune response in leprosy, although the
specificity varies in individual patients. An-
tibodies against M. /eprae antigen 2, 5 and
7 are most frequently formed".

Components No. 2, 5 and 7 are particu-
larly strong immunogens during the devel-
opment of systemic M. Ieprae infection in
the armadillo'' and after immunization of
rabbits with ultrasonicated purified M. lep-
rae. The pattern with only seven lines in
CIE was markedly different from the pat-
tern obtained with antisera against other
mycobacteria produced both in our lab-
orator y1•1• 16.17 and in other laborato-

antigens in leprosy nodules by immunodiffusion. Int.
J. Lepr. 38 (1970) 113-125.

Abe, NI., Minagawa, F., Yoshino, Y. and Oka-
mura, K. Studies on the antigenic specificity of My-
cobacterium leprac. II. Purification and immunologi-
cal characterization of the soluble antigen in leprosy
nodules. Int. J. Lepr. 41) (1972) 107-117.

" Harboe, Ni., Closs, O., I3jorvatn, B., Kronvall,
G. and Axelsen, N. H. Antibody response in rabbits
to immunization with Mycobacterium leprac. Infect.
lmmun. 18 (1977) 792-805.

Harboe, NI., Closs, 0., Rees, R. J. W. and Walsh,
G. P. Formation of antibody against Mycobacterium
/eprae antigen 7 in armadillos. J. Med. Microbiol. 11
(1978) 525-535.

l" Closs, 0., Harboe, M. and Wassum, A. M. Cross-
reactions between mycobacteria. I. Crossed immu-
noelectrophoresis of soluble antigens of Mycobacte-
rium lepraemuriton and comparison with BCG. Scand.
J. Immunol. 4 Suppl. 2 (1975) 173-185.

' 7 Closs, 0., Harboe, M., Axelsen, N. H., Bunch-
Christensen, K. and Magnusson, M. The antigens of
Mycobacterium boas . , strain BCG, studied by crossed
immunoelectrophoresis: a reference system. Scand. J.
Immunol. 12 (1980) 249-263.
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ries'"' '". By the use of concentrated antigen
for immunization and testing, more than 20
distinct antigenic components were later
demonstrated in M. leprae -". This implies
that we can study the immunogenic struc-
ture and the immune response to M. leprae
at almost the same level as the response to
other mycobacteria. CIE systems produc-
ing more than 20 precipitate lines with M.
/eprae are, however, very expensive with
regard to reagents, and difficult to estab-
lish. Due to the limited availability of re-
agents, we have not been able to do the
number of experiments needed with this
system. The use of polyacrylamide gel elec-
trophoresis with and without SDS com-
bined with "immunoblotting" is currently
being explored for its value in extending the
information obtainable by conventional
crossed immunoelectrophoresis.

Various terms have been used in this field
during the last decade: M. /eprae specific
component, M. leprae specific antigen, and
M. leprae specific antigenic determinant.
There is an obvious need for precise defi-
nitions of terms. By the terms M. /eprae
specific component and M. leprae specific
antigen, we mean a component which is
present in M. leprae but not in other my-
cobacterial species='. As far as we know,
no M. /eprae specific component has yet
been demonstrated. On a component which
is present in M. /eprae and crossreacts with
other mycobacteria, there may be some an-
tigenic determinants which are specific for
M. leprae, as initially demonstrated by
Kronvall, et al. 22 . Based on the principle of
absorption, assays may be developed for

1 ' Wright, G. L., Jr. and Roberts, D. B. Two-di-
mensional immunoelectrophoresis of mycobacterial
antigens. Comparison with a reference system. Amer.
Rev. Resp. Dis. 109 (1974) 306-310.

1" Kronvall, G., Bjune, G., Stanford, J., Menzel, S.
and Samuel, D. Mycobacterial antigens in antibody
responses of leprosy patients. Int. J. Lepr. 43 (1975)
299-306.

2" Closs, 0., Mshanzi, R. N. and Harboe, M. Anti-
genic analysis of Mycobacterium leprae. Scand. J. Im-
munol. 9 (1979) 297-302.

21 Harboe, M. and Closs, 0, Immunological aspects
of leprosy. In: Immunology 80. Fougereau, M. and
Dausset, J., eds. New York: Academic Press, 1980,
pp. 1231-1243.

" Kronvall, G., Stanford, J. L. and Walsh, G. P.
Studies of mycobacterial antigens, with special refer-
ence to Mycobacterium leprae. Infect. Immun. 13
(1976) 1132-1138.

the demonstration of antibodies against M.
leprae specific determinants irrespective of
their occurrence on crossreacting compo-
nents23. 21.

 25.

For the demonstration and quantification
of antibodies against a crossreacting com-
ponent of M. leprae, a radioimmunoassay
for antibodies against M. leprae antigen 7
was developed'' based on prior experience
with the radioimmunoassay of antibodies
against I3CG antigen 6027 ' 29 . M. /eprae an-
tigen 7 may be labeled with iodine quite se-
lectively. It is localized in the cell wall of
M. /eprae and crossreacts extensively with
similar antigens in other mycobacterial
species, e.g., with BCG antigen 60' 4 and
antigen 38 of M. lepraenutrium". Other
properties related to our selection of this
antigen for study is that humoral immune
responses in leprosy are very frequently di-
rected against this component'', and it is
closely related to the main precipitating
component of tuberculin PPD' 7 . Later ex-
periments have shown that preparations in
which essentially only antigen 7 can be
demonstrated by CIE have a strong stimu-
lating capacity in the lymphocyte stimula-
tion test with cells from patients with tuber-
culoid leprosy; whereas it fails to stimulate
lymphocytes from lepromatous leprosy
patients"" •:;". Antibodies against M. leprae

2" Abe, M., lzumi, S., Saito, T. and Mathur, S. K.
Early serodiagnosis of leprosy by indirect immunoflu-
orescence. Lepr. India 48 (1976) 272-276.

2-1 Abe, M., Minagawa, F., Yoshino, Y., Ozawa, T.,
Saikawa, K. and Saito, T. Fluorescent leprosy anti-
body absorption (FLA-ABS) test for detecting sub-
clinical infection with Mycobacterium leprae. Int. J.
Lepr. 48 (1980) 109-119.

• Harboe, NI., Closs, 0., Bjune, G., Kronvall, G.
and Axelsen, N. H. Mycobacterium leprae specific
antibodies detected by radioimmunoassay. Scand. J.
I mmunol. 7 ( 1978) 111-120.

• Melsom, R., Naafs, B., Harboe, M. and Closs,
0. Antibody activity against Mycobacterium leprae
antigen 7 during the first year of DDS treatment in
lepromatous (BL-LL) leprosy. Lepr. Rev. 49 (1978)
17-29.

27 Harboe, M., Closs, 0., Svindahl, K. and Deverill,
J. Production and assay of antibodies against one an-
tigenic component of Mycobacterium boils BCG. In-
fect. Immun. 16 (1977) 662-672.

• Harboe, M., Closs, 0., Bjorvatn, B. and Bjune,
G. Antibodies against BCG antigen 60 in mycobacte-
rial infection. Br. Med. J. 2 (1977) 430-433.

2" Closs, 0. and Reitan, L. J. In vitro lymphocyte
stimulation using a purified antigen of Mycobacterium
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antigen 7 react with different determinants
on this micromolecule, some being of poly-
saccharide nature and others of non-poly-
saccharide nature'.

By definition, an increased concentration
of anti-M. leprac 7 antibodies is not specific
for leprosy, but is also expected to occur
in other mycobacterial infections. Antibody
assays involving crossreacting components
may, however, be particularly sensitive for
detecting mycobacterial infection'. In sev-
eral instances tests of this sort may be par-
ticularly valuable in epidemiological and
field studies. Other tests for antibodies
against M. leprac antigens which do not
claim specificity have also been developed,
e.g., by using labeled protein A as an in-
dicator of antibody bindine, and immu-
noglobulin class specific assays for antibod-
ies against ultrasonicated M. leprac bacilli
using radiolabeled anti-IgG, anti-IgA or anti-
IgM antibodies as indicators"'•"', or in cor-
responding ELISA techniques.

The first generation assays for antibodies
against M. /eprae-specific antigenic deter-
minants were based on radioimmunoassay'
or immunolluorescence 2". 24 , employing ab-
sorption with other mycobacteria to re-
move antibodies against crossreactive de-
terminants. The application of this type of
absorption in model experiments indicates
that a major part of the antibodies in lep-

leprae and tuberculin PPD. Lepr. Rev. 52 Stipp!. (1981)
251-262.

"" Closs, 0., Reitan, L. J., Negassi, K., Harboe, M.
and Belehu, A. In vitro stimulation of lymphocytes in
leprosy patients, healthy contacts of leprosy patients,
and subjects not exposed to leprosy. Comparison of
an antigen fraction prepared from Mycobacterium lep-
rae and tuberculin purified protein derivative. Scand.
J. lmmunol. 16 (1982) (in press).

"' Harboe, M., Closs, 0., Reitan, L. J. and Draper.
1'. Demonstration of antibodies reacting with different
determinants on Mycobacterium leprae antigen 7. Int.
J. Lepr. 49 (1981) 147-158.

"' Harboe, NI. Radioimmunoassay and other sero-
logic tests and their application in epidemiological work.
Lepr. Rev. 52 Suppl. (1981) 275-288.

33 Touw, J. (personal communication).
Melsom, R., Harboe, NI., Duncan, M. E. and

Bergsvik, H. IgA and IgM antibodies towards Al. lep-
rue in cord sera and in patients with leprosy: An in -

dicator of intrauterine infection in leprosy. Scand. J.
Immunol. 14 (1981) 343-352.

Melsom, R., Harboe, M. and Duncan, M. E. IgA,
IgM and IgG anti-M. leprae antibodies in babies of
leprosy mothers during the first 2 years of life. Clin.
Exp. Immunol. 49 (1982) (in press).

romatous leprosy sera are directed against
determinants which are highly specific for
M. leprae'. Assays for antibodies of this
kind would be very important to obtain se-
rological evidence of infection, provided
that the test shows a sufficient and entirely
reproducible specificity. In applications of
our original radioimmunoassay for M. lep-
rae-specific antibodies in field studies, we
have encountered some difficulties, and ab-
sorption with other mycobacteria in addi-
tion to BCG is necessary to obtain com-
plete specificity for M. leprae. The
mycobacteria to be used for absorption may
vary in different populations, depending on
the occurrence of other mycobacterial
species in the area tested. Similar difficul-
ties in obtaining sufficient specificity have
been encountered in the immunofluores-
cent test of Abe, et td.'"'.

The highly variable course after infection
with leprae indicates that antibody stud-
ies may be valuable to characterize impor-
tant immunological features of the disease
and the subclinical stage. After exposure to

/eprae, some individuals control the in-
fection to such an extent that there will be
no visible lesions. This is denoted "sub-
clinical infection.'' The factors responsible
for the induction of this course are partly
of an immunological nature but, to a great
extent, they are unknown. If the proportion
of individuals with this course after infec-
tion could be increased, it would be an im-
portant factor in reducing the extent of dis-
ease in the population. Improvement in
socio-economic conditions, hygiene, and
nutrition all contribute to enlarge the num-
ber of individuals in this group.

Some individuals develop a few lesions
which heal spontaneously. Most of these
are clinically diagnosed as "indeterminate
leprosy. — Improved methods for a more
precise diagnosis of indeterminate leprosy
are essential in order to provide more reli-
able information on the frequency of this
form of the disease and its clinical conse-
quences, spontaneous healing, or progres-
sion to persisting disease.

" Gillis, T. P., Abe, M., Bullock, W. E., Rojas-
Espinosa, 0., Garcia-Ortigoza, E., Draper, P., Kirch-
heimer, W. F. and Buchanan, 'F. NI. Comparison of 22
species of mycobacteria by innnunodiffusion against
an absorbed reference leprosy serum. Int. J. Lepr. 49
(1981) 287-293.
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Persisting disease is classified as a spec-
trum between two polar forms'. Tubercu-
loid (TT) leprosy is characterized by a few
lesions containing few bacilli, development
of cell-mediated immune reactions, and rel-
atively high resistance. In polar leproma-
tous ( LL) leprosy uninhibited bacterial
growth eventually results in lesions con-
taining vast amounts of bacilli which rep-
resent an enormous antigenic load. The
immune system must be intensely stimulat-
ed, but on the effector side the response is
virtually only by production of antibodies.
There is no cellular immunity against M.
leprae, and this specific immunodeficiency
is probably directly responsible for this par-
ticular clinical course. It is also responsible
for the high risk of relapse after stopping
drug treatment. Various mechanisms have
been proposed for this specific immuno-
deficiency"'•' 1", and a major current
view is that increased suppressor cell activ-
ity is responsible for the lack of develop-
ment of efficient cell-mediated immu-
nity'.". '. There is a great need for further
work to characterize the specificity and the
basic nature of the cellular immunodeficien-
cy in lepromatous leprosy. It is not ade-
quately established whether increased sup-
pressor cell activity is a primary or a
secondary phenomenon, and it is entirely
possible that different mechanisms may be
responsible for the development of this im-
munodeficiency.

Few data are available on the site of pro-
duction of anti-M. leprae antibodies in lep-
romatous leprosy. By in vitro culture of
biopsies of local skin lesions from patients

" 7 Ridley, D. S. and Jopling, W. H. Classification of
leprosy according to immunity. A five-group system.
Int. J. Lepr. 34 (1966) 255-273.

Godal, T., Myklestad, B., Samuel, D. R. and
Myrvang, B. Characterization of the cellular immune
defect in lepromatous leprosy: A specific lack of cir-
culating Mycobacterium /eprae-reactive lymphocytes.
Clin. Exp. Immunol. 9 (1971) 821-831.

"' Godal. T., Myrvang, B., Friiland  S S Shoa, J.
and Melaku, G. Evidence that the mechanism of im-
munological tolerance ("central failure — ) is operative
in the lack of host resistance in lepromatous leprosy.
Scand. J. Immunol. 1 (1972) 311-321.

1 ') Hirschberg, H. The role of macrophages in the
lymphoproliferative responses to Mycobacterium lep-
roe in vitro. Clin. Exp. Immunol. 34 (1978) 46-51.

-" Stoner, G. L. Importance of the neural predilec-
tion of Mycobacterium leprae in leprosy. Lancet 2
(1979) 994-996.

with lepromatous leprosy in media contain-
ing radioactive amino acids, it has been
shown that anti-mycobacterial antibodies
are produced locally in skin lesions with
different specificities in individual patients'".
It has also been demonstrated that antibod-
ies are produced locally, not only in skin
lesions but also at other locations, e.g., in
the nasal mucosa, in the larynx, and in
lymph nodes . ". Antibodies are thus pro-
duced locally in various sites where leprosy
bacilli probably provide a local stimulus for
antibody synthesis. It is indeed striking that
the specificity of the immune response may
vary from one location to another, e.g.,
from the skin to the mucous membrane of
the nose, in individuals with such an enor-
mous load of bacillary antigen affecting the
immune system''. Several investigators
have shown that the median antibody con-
centration is higher in lepromatous than in
tuberculoid leprosy'''. This is to be ex-
pected if it is the number of bacilli, that is
the antigenic load, which mainly deter-
mines the antibody concentration. What we
think may he even more striking is the wide
variation in antibody concentration in pa-
tients with a similar clinical classification''
which has been demonstrated in patients
towards both the lepromatous and the tu-
berculoid end of' the clinical spectrum of
leprosy. The reason for this wide variation
in antibody activity is not known, and is
important to delineate. We have found that
patients with relapsing borderline tubercu-
loid (BT) leprosy tend to have higher anti-
M. leprae antibody activity than patients
with early forms of BT leprosy''. This might
be expected from an immunological point
of view: repeated liberation of antigen dur-
ing relapse is expected to be a particularly
strong stimulus for the immune system.

12 Lai A Fat, R. F. M., Chan Pin Jin, J., van Furth,
R. and Harboe, M. In vitro synthesis of anti-myco-
bacterial antibodies in biopsies from skin lesions of
leprosy patients. Infect. Immun. 27 (1980) 297-301.

Lai A Fat, R. F. M. and Harboe, M. (unpublished
observations).

•41 Yoder, L., Naafs, B, Harboe, M. and Bjune, G.
Antibody activity against Mycobacterium leprae an-
tigen 7 in leprosy: Studies on variation in antibody
content throughout the spectrum and on the effect of
DDS treatment and relapse in 13T leprosy. Lepr. Rev.
SO (1979) 113-121.

Touw Langendijk, E. J. M., Warndorff, T. and
Harboe, NI. (unpublished observations).
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The wide variation in antibody activity in
patients with a similar clinical classification
makes it imperative to study experimental
models to see whether antibodies can be a
reliable indicator of infection in individual
patients. Evidence on this point was sought
through studies of armadillos inoculated
with M. leprae. The anti-M. leprae 7 anti-
body activity was assayed in serial samples
from individual armadillos, and the findings
in the antibody assay were correlated with
various criteria for the development of sys-
temic mycobacterial infection. The animals
were regularly examined for nodules at the
inoculation site and elsewhere, and for acid-
fast bacilli in their blood (bully coat), ear
clip preparations, and nasal washings. The
data have not been fully analyzed but have
been published in part'''.

Some animals showed completely flat
curves with no signs of antibody formation:
other animals showed an initial flat plateau
followed by a marked increase in antibody
concentration. There was a close correla-
tion between positive findings in the anti-
body assay and the development of system-
ic mycobacterial infection after inoculation:
among 35 inoculated armadillos, 25 devel-
oped signs of systemic infection: 24 of these
were positive, and I was negative in the
antibody assay. Nine out of the ten animals
which did not develop signs of systemic in-
fection were negative in the antibody assay.
In one animal with a false-positive result,
the antibody assay became positive 24
months after inoculation, which is later than
in all but one of the animals that developed
clinically detectable systemic infection.

A crucial question is: Does the antibody
activity increase significantly before the an-
imal shows definite clinical signs of dis-
ease?

A nodule at the inoculation site was usu-
ally the first sign of mycobacterial infection
in these intravenously inoculated animals.
This often occurred slightly before the an-
tibody assay became positive. The devel-
opment of a nodule at the inoculation site
has certain distinctive features, and is quite
different from other signs of systemic in-
fection. A positive result in the antibody
assay was thus obtained before the appear-
ance of nodules at other sites. A positive
antibody assay was also obtained earlier
than the other criteria of systemic myco-

bacterial infection which became positive
in the following order: acid-fast bacilli in
peripheral blood, acid-fast bacilli in ear
clips, and acid-fast bacilli in nasal wash-
ings. Increasing anti-M. leprae antibody ac-
tivity is thus an early indicator of infection
in the armadillo. It should be borne in mind,
and it may be an essential point, that the
histological features of the lesions in the ar-
madillo correspond closely to lepromatous
and not to tuberculoid leprosy in man. The
relevance of these findings for diagnosing
infection before the development of clinical
signs may thus apply particularly for dis-
ease towards the lepromatous end of the
leprosy spectrum.

Assays for anti-M. leprae antibodies in
the various immunoglobulin classes have
also provided interesting results which need
careful consideration and further work. IgG
anti-M. /eprac antibody activity is low in
healthy controls and in patients with inde-
terminate leprosy, with a higher median
value in borderline tuberculoid leprosy, and
a markedly higher median value in lep-
romatous leprosy. Also, in this system,
there is marked variation in antibody activ-
ity in individual patients with similar clini-
cal classification. In the assay for IgM anti-
Al. /eprac antibodies, it was found that the
antibody activity was higher in the indeter-
minate leprosy group than in the control
group'. Contrary to earlier statements, this
indicates that the immune system has in-
deed already been triggered in indetermi-
nate leprosy and that the assays for IgM
anti-M. leprac antibodies may provide ad-
ditional information related to the diagnosis
of this condition. Further studies are need-
ed, however, to substantiate this finding.

In studies of intrauterine infection, it is
well known that antibodies of various im-
munoglobulin classes are of different diag-
nostic value due to the transfer of maternal
IgG across the placenta and the lack of
transfer of IgA and IgM. The presence of
IgA or IgM antibodies in cord sent is there-
fore an important indicator of intrauterine
infection. Melsom, et al. found IgM and IgA

Melsom, R., Harboe, M., Myrvang, 13., Godal.
and Belehu, A. Immunoglobulin class specific anti-
bodies to M. /eprue in leprosy patients, including the
indeterminate group and healthy contacts as a step in
the development of methods for sero-diagnosis of lep-
rosy. Clin. Exp. Immunol. (in press).
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anti-A/. /eprae antibodies in cord serum from
30% to 50% of the babies of mothers who
had active lepromatous leprosy during
pregnancy: whereas such antibodies were
not found in babies of mothers with tuber-
culoid leprosy or nonleprosy controls"'. The
activity in the assays for IgA and 1gM anti-
A/. /aprae antibodies increased early after
birth; the concentration of 1gM anti-M. hp-
rue antibodies between two months and four
months of age being higher in babies of
mothers with bacilliferous leprosy than in
babies of mothers with paucibacillary 131
leprosy"". These findings indicate a transfer
of ,11. leprue antigen or live A/. /eproe ba-
cilli with the stimulation of the immune sys-
tem in utero and early after birth. The con-
sequence of this early stimulation of the
immune system should be established by
careful clinical and immunological follow-
up studies.

The relationship between mycobacterial
antigen content in the body and stimulation
of the immune system is also evident from
studies of antibody activity during treat-
ment. In lepromatous leprosy, dapsone
(DDS) treatment is associated with a grad-
ual decrease in antibody activity as detect-
ed in several types of assays 2 "• 27 . The me-
dian decrease in antibody activity during
approximately three years of treatment
corresponds to the difference in median
antibody activity between untreated lep-
romatous and tuberculoid leprosy". In
tuberculoid leprosy, the course may be dif-
ferent. Studying groups of patients with
BT leprosy treated for various periods of
time, Yoder, et al. initially demonstrated
that the median antibody activity decreased
during the first three years of DDS treat-
ment, and that suspected or clinically
proved relapse was associated with re-
newed synthesis and increased anti-M. lep-
rae 7 antibody activity". Studies of serial
samples from individual patients have later
indicated that in some patients there is
a gradual decline in antibody activity,
usually associated with clinical improve-
ment. In other patients, the antibody ac-
tivity does not decrease, and this tends

17 Melsom, R., Harboe, M. and Naafs, B. Class spe-
cific anti-M, leprue antibody assay in lepromatous
(BL- LL) leprosy patients during the first 2-4 years of
DDS treatment. Int. J. Lepr. 50 (1982) 271-281.

to be associated with lack of clinical im-
provement. In patients with newly diag-
nosed I3T leprosy treated with DDS, there
is often an initial rapid increase in anti-M.
/cprae antibody activity followed later by a
decrease correlated with clinical improve-
ment. This indicates that treatment may in-
duce the liberation of mycobacterial anti-
gens which strongly stimulate the immune
system, resulting in increased antibody
synthesis'''. Similar findings have been made
in tuberculosis"'.

Antibodies are considered responsible for
erythema nodosum leprosum ( EN L). In
lepromatous patients we have an ample re-
lease of antigens from the bacillus and usu-
ally a high concentration of anti-mycobac-
terial antibodies in the blood and tissue fluid.
The formation of antigen-antibody com-
plexes is thus expected to occur, which may
initiate complement activation and local in-
flammatory reactions. In the medical liter-
ature ENL is one of the classical examples
of an immune complex disease. This view
is not so firmly established as generally
thought. After the first paper showing im-
mune complexes at the site of ENL
lesions"", there was a striking lack of addi-
tional papers confirming and extending this
observation. So, it is apparently very diffi-
cult to demonstrate mycobacterial antigens
and immune complexes at the site of early
lesions of a disease which nevertheless has
been presumed to be a classical example of
an immune complex disease. There is an
obvious need to look at ENL with a free
mind, exploring other mechanisms for in-
ducing or contributing to the tissue damage
and vasculitis so characteristic of this con-
dition. Recent investigations have revealed
an imbalance of immune regulatory mech-
anisms in patients with ENL with the ratio
between T helper and T suppressor cells
rising markedly during"' and even preced-

-'" Dahle, J., Warndorff, T., Tom Langendijk, E. J.
M. and Harbor, M. (unpublished observations).

1 " Kaplan, M. H. and Chase, M. W. Antibodies to
mycobacteria in human tuberculosis. I. Development
of antibodies before and after antimicrobial therapy.
J. Infect. Dis. 142 (1980) 825-834.

'" Wemambu, S. N. C., Turk, J. L., Waters, M. F.
R. and Rees, R. J. W. Erythema nodosum leprosum:
A clinical manifestation of the Arthus phenomenon.
Lancet 2 (1969) 933-935.

'' Bach, M.-A., Wallach, D., Chatenoud, L. and
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ing52 attacks of ENL. Recent immanohisto-
logical studies of skin biopsies from pa-
tients with lepromatous leprosy with and
without ENL• showed that the presence of
acute local vasculitis and inflammatory in-
filtrates did not correlate with the presence
or absence of immunoglobulin or comple-
ment deposits in early ENL lesions. Im-
mune complex deposits may, therefore, not
be an essential feature of early ENL le-
sions, and such complexes may be second-
ary rather than primary in ENL.

Finally, I will present a personal view on
further work with antibodies in leprosy and
corresponding experimental models. How
are we going to study antibodies in the fu-
ture and what are the challenges and the
possibilities in this area?

We are, of course, in the fascinating be-
ginning of work with monoclonal anti-M.
hp/we antibodies produced by the hybri-
doma technique. Monoclonal antibodies
produced by this technique are exquisitely
specific and, by definition, each antibody
that we are able to produce will be directed
against one antigenic determinant present
on the surface or inside M. hp/we. One
problem with the technique is that it is dif-
ficult to predict what type of determinant
we will be able to produce antibodies
against. At present, at least five major lab-
oratories are involved in experiments on
producing monoclonal antibodies against M.
leprae. International collaboration with ex-
change of reagents is needed for optimal
use of this technique, and the specificity of
the antibodies produced in different labo-
ratories needs to be compared and defined
with regard to reactivity with defined com-
ponents of the bacillus.

How useful will these antibodies be? If
they are directed against determinants spe-
cific for M. leprae, they will become the
reagents of choice for identification of acid-
fast bacilli as M. leprae. If we are lucky
and the determinants are sufficiently im-
munogenic during natural infection, we can

Cottenot, F. 'I'-cell subsets analysed by monoclonal
antibodies in leprosy patients. Excerpta Medica Inter-
national Congress Series 574 (1981) 273-275.

" Mshana, R. N. (personal communication).
3" Mshana, R. N., Humber, D. P., Belehu, A. and

Harboe, NE Immunological studies of skin biopsies
from patients with lepromatous leprosy. J. Clin. Im-
munol. (accepted for publication).

demonstrate by inhibition assays antibodies
of the same specificity in the sera of single
individuals after infection resulting in sig-
nificant bacterial multiplication, but hope-
fully before they develop clinical symp-
toms. This would be a great advance and,
combined with studies of M. hprae-specific
cell-mediated immune reactions, we would
be in an entirely different situation in lep-
rosy epidemiology. We would no longer
study only the epidemiology of the disease
but also the epidemiology of M. leprae in-
fection, and be able to study the factors of
importance for the transition from infection
to disease.

There is a great need for further work on
experimental models. Various models are
valuable for various purposes, and mon-
keys are of great current interest. Some
monkey species are naturally susceptible to
leprosy and develop systemic infection af-
ter inoculation with M. /eprae 5t . The im-
mune system of monkeys is probably more
similar to man than the immune system of
the armadillo. The mouse is obviously an
animal of great importance in some aspects
of leprosy research, but in others it is dif-
ficult to evaluate its significance: the main
point being that M. /eprac is not a natural
pathogen of the mouse. The study of pro-
tective immunity and methods to increase
resistance needs work in a species in which
M. leprae is a natural pathogen in order to
define the conditions required for increas-
ing in a specific way the ability to resist the
infection. In this area M. /eprae-susceptible
monkeys would appear to be particularly
useful, and antibody assays a suitable tool
for following the development of M. leprae
infection in the animals under different ex-
perimental conditions.

IgA anti-M. leprae antibodies and their
significance need to be further explored. The
gut associated immune system appears to
be an immune system partly of its own in
humans and in experimental animals. It il-
lustrates more than probably anything else
the importance of cell traffic in the immune
system and its remarkable functional ad-
aptation. Local antigen stimulation in the
gastrointestinal tract leads to local produc-

'" Walsh, G. P., Meyers, W. M., Binford, C. H.,
Gerone, I'. J., Wolf, R. H. and Leininger, J. R. Lep-
rosy—a zoonosis. Lepr. Rev. 52 Stipp'. (1981) 77-83.
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Lion of IgA antibodies that are of main im-
portance for local defense against infection
in the gut. Cells involved in the develop-
ment of local IgA antibody production in
the gut mucosa not only do their job there,
but some of these cells move from the gut
to the mammary glands so that maternal an-
tibodies of the same specificity may be
transferred through the milk to the off-
spring to protect its gastrointestinal tract.
This defense mechanism has been demon-
strated to be active against several toxins
of gastrointestinal bacteria, e.g., cholera

IgA anti-NI. /eprae antibodies have
been demonstrated in larger amounts in milk
samples from mothers with lepromatous
leprosy than in milk samples from nonlep-
rosy patients from the same area'. We have
to study those antibodies further to learn
more about them and whether they are an
important indicator of gastrointestinal ex-
posure to Al. Ieprae.

There is a great need for further com-
bined studies of antibodies and cell-mediat-
ed immunity, not only at the level of M.
/cprae component 7, which is the only com-
ponent that has been studied specifically in
this regard through collaboration between
the Armauer Hansen Research Institute and
our laboratory in Oslo 2"'"", but also for oth-
er defined components of the bacillus. It
remains a possibility that antibodies and
cell-mediated immunity may interact and
influence each other in a way that is of fun-
damental importance in leprosy. Aberrant
antibody production may be of importance
for the induction of deficient cell-mediated
immunity, and thus for the development of
multibacillary disease. We do not know. We
need to know.

Prevention of leprosy—this is certainly
what we are aiming at and working to de-

" Svennerholm, A.-M., Holmgren, J., Hanson, L.
A., Linblad. B. S., Quereshi, F. and Rahimtoola, R.
J. Boosting of secretory IgA antibody responses in
man by parenteral cholera vaccination. Scand. J. Im-
munol. 6 (19771 134—l349.

'" Melsom, R. (unpublished observations).

velop efficient methods for. A main ap-
proach to this problem is the development
of a leprosy vaccine which is the major
priority of the WHO Immunology of Lep-
rosy Programme. Further work toward the
development of an antileprosy vaccine is
certainly very important. There are, how-
ever, other approaches that should he ex-
plored, and the current state of knowledge
indicates that we should keep a multifaceted
approach in our work to attain better meth-
ods for leprosy control. The individuals with
deficient cell-mediated immunity are the
most important ones in many aspects. They
are the patients with the most bacilli, and
they are mainly responsible for the bacil-
lary load in the population and thus for the
spread of the disease. Early diagnosis, be-
fore they have spread a lot of bacilli, cannot
he made by tests for cell-mediated immune
reactions because this is what they lack.
Therefore, we are left with the study of an-
tibodies to try to provide the tool for early
detection of this form of the infection. We
do not yet know if we can provide antibody
assays for reliable identification of single in-
dividuals at this stage. If they can be de-
tected early, and if' they can be effectively
treated by intensive combined chemother-
apy courses, we should concentrate our ef-
forts on these key individuals, and we may
have a new and another efficient way of
preventing the spread of the disease.

So, in the beginning of the 1980s, I think
that antibody studies in leprosy are not on
the way out. Although antibodies are not
considered to be of direct importance for
resistance against the infection, they still
provide us with a challenge to develop
another logical way to combat the leprosy
problem.

—Morten Harboe, M.D., Ph.D.
Prol'eSSOr of IMIMMOIOgy

Institute for Experimental Medical
Research

Ulle•aal
Oslo I, Norway
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