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Immunology of human leprosy—current status

INDIRA NATH
Department of Pathology, All India Institute of Medical Sciences,
New Delhi-110029, India

It gives me great pleasure to contribute to a volume honouring Dr RJW Rees. Just
over a decade ago, as a Nuffield Fellow, I first met him in an art gallery, at a party
hosted by the British Society of Immunology. Over the years, like many others, I
worked with him and learned a great deal about leprosy as well as human values.
His ability to cross national borders and interact with leprosy workers of diverse
interests and motivations has been invaluable in developing constructive group
activity. His immediate response to a frantic call for reagents/chemicals has made
our personal research work possible. My colleagues and I wish him many years of
continued productive work in leprosy.

Introduction

In the last decade leprosy has proved to be an intriguing challenge to
immunologists. Though absolute proof regarding the non-variability in the
pathogenicity of Mycobacterium leprae is not available, it is generally conceded
that the spectrum of clinical types seen in leprosy is due to variation in host
immunity. Prolonged and sustained antigenic stimulation with leprosy bacillus
leads to a complex array of immunological responses. The end result is reflected
as a wide spectrum of immunopathological aberrations. Both humoral and
cellular responses are elicited and immune-complexes have been seen in the
circulation of leprosy patients. Since M. leprae is located intracellularly,
cell-mediated responses may be more important for its elimination. Effective
immunity and high resistance appear to be linked to T-cell functions. The
mechanisms responsible for the non-responsiveness, particularly of the antigen-
specific type, are being gradually unravelled. In recent years progress has been
made in relation to HLA-linked genes, cells mediating suppression, antigenic
components of M. leprae and possible tools for the diagnosis of subclinical
infection.
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Ridley & Jopling' introduced a classification of clinical leprosy based on the
concept that it was a five-point spectral disease. Tuberculoid individuals of polar
(TT) and borderline (BT) type have paucibacillary, localized self-limiting disease
whereas the patients with lepromatous leprosy (polar LL and borderline BL)
have disseminated multibacillary disease which requires long-term chemo-
therapy. The borderline forms of this disease (BT, BB and BL) are unstable in
their immunological responsiveness and prone to reactions. Most of the studies
described in this review have used the above classification. The present review is
limited to the progress made in the last 5 years in the understanding of the
immunological aspects of leprosy. The reader is referred to earlier excellent
reviews for investigations prior to this time,>? and other articles in this volume
pertaining to reactions and immunoprophylaxis.

Nature of the causative organism

SPECIES-SPECIFIC ANTIGENS OF Mycobacterium leprae

The identity of species-specific antigens of M. leprae with biological activity has
received impetus since the availability of infected armadillo tissues, containing
abundant bacilli. Comparison of armadillo and human-derived M. leprae showed
similarity in delayed hypersensitivity tests* and in lymphocyte transformation
tests in leprosy patients.> The immunogenicity and heat stability of the
armadillo-derived bacilli was also established.® That some antigens were lost due
to treatment with alkali and pronase during purification of bacilli from liver tissue
led to the adaptation of improved procedures.”® In most studies the biological
relevance of these antigens has been established by demonstrating the presence of
antibodies directed against these components in leprosy sera.

Earlier studies® using indirect immunofluorescence have been confirmed® and
indicated that antibodies recognizing M. leprae specific antigens were present in
patients across the leprosy spectrum. A search for protein antigens with sensitive
techniques has revealed both cross-reacting and species-specific components in
M. leprae. Lepromatous sera as well as hyperimmune sera from immunized
rabbits showed 7 distinct bands which cross-reacted with other mycobacteria.!'1?
Subsequently it was shown that antigen 7, which was equivalent to antigen 60 of
BCG, was recognized by the patients’ sera. Moreover, acetone-killed M. leprae
from the armadillo tissues was shown to have a protein antigen which was
resistant to heat and pronase treatment.!! The application of hybridoma
technology is expected to produce monoclonal antibodies which may be helpful
in dissecting the various antigenic components of M. leprae. Gillis & Buchanan'3
reported the production of 11 monoclonal antibodies which reacted against M.
leprae and 18 other mycobacteria as assessed by ELISA and immunofluorescence
techniques. Of these, two seemed to be specific for M. leprae. Other workers using
SDS-PAGE fractionation of armadillo-derived M. leprae antigen and then
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reacting them with antibodies in lepromatous sera, detected two specific antigenic
bands of 33 KD and 12 KD."

As early as 1970 it had been reported that lepromatous patients had
antibodies which reacted with phospholipids (namely, mannophosphoinositides)
of M. tuberculosis."> Recently, attention has been drawn to the presence of M.
leprae specific lipid antigens with biological activity. Lipids of bacterial origin
were shown to be present in the lesional skin of leprosy patients.'®!7 A
species-specific lipid antigen in infected armadillo tissues has been reported.'® It
has been chemically characterized to be related to phenolic mycoside A. The
distinctiveness, uniqueness and species-specificity of this phenolic glycolipid lies
in the trisaccharide appendage. The only other closely related component would
seem to be the mycoside A from M. kansasii, though it shows some differences in
the oligosaccharide composition and mobility on thin-layer chromatography.
This lipid antigen is present in large amounts in the infected armadillo tissues (2-2
mg/g dry weight of liver with 9 x 10'® AFB/g). It can be obtained even after the
bacilli have been removed, suggesting that it may be responsible for the
electron-transparent ‘foam’ surrounding the organisms in the tissues. That it is
immunogenic has been indicated by the presence of antibodies recognizing
phenolic glycolipid in 809, of leprosy patients.!*?! This antigen may serve as a
unique marker to identify subclinical leprosy, though its biological relevance in
the host immune response to the bacillus requires further investigation.

An implication that some antigenic components of M. leprae may selectively
induce delayed-type hypersensitivity skin reactions has been suggested.?? An
anionic component of electrophoresed Dharmendra antigen, when injected
intradermally in tuberculoid patients, produced delayed-type skin tests with a
lympho-mononuclear infiltrate. The corresponding cationic component showed
an early skin reaction with a predominant polymorphonuclear infiltration.

Immune responses in patients with leprosy

Both humoral and cell-mediated responses appear to be elicited by the pathogen
in the human host. A decade of investigations has indicated that high resistance
with concontaminant elimination of the organism as exemplified in tuberculoid
leprosy is associated with good T-cell functions. The multibacillary low-resistant
form of lepromatous leprosy is associated with enhanced humoral and reduced
cellular responses. Moreover, it has been suggested that other environmental
mycobacteria may modulate the immunological responses of the host to
Mycobacterium leprae infection. Studies by Stanford et al. have drawn attention
to the concept that protection induced by BCG as well as leprosy types may be
related to the species of mycobacteria present in a given area to which the
population is first exposed.?* 24
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(a) ANTIBODY RESPONSES IN LEPROSY

Serum immunoglobulins, particularly of IgG class and other mycobacterial
antibodies, had been consistently found to be raised in lepromatous leprosy
individuals. Using sensitive, crossed immuno-electrophoresis (CIE), radioim-
munoassays (RIA) and immunofluorescence, recent studies have indicated that
M. leprae specific antibodies are seen throughout the leprosy spectrum, though
the proportion of positive cases and the titres were highest at the lepromatous
pole. Using a sensitive radioimmunoassay where M. leprae specific antibodies
with titres of 10° could be measured in a lepromatous serum pool, Harboe et al.
reported that 61 of 62 polar lepromatous, all of 24 borderline sera and 20 of 48
tuberculoid were positive. On the other hand, 38 sera from control tuberculin-
positive individuals from a leprosy non-endemic region were negative.” In
subsequent studies, the same group has identified antibodies to antigen 7 of M.
leprae to be of significance and present in the sera of leprosy patients.!? Using
purified preparation of this antigen it was shown that the antibodies were directed
against determinants other than arabinogalactan and arabinomannan in 12 out
of 14 lepromatous leprosy sera.?® Antibodies against antigen 7 appeared to be
good markers of intrauterine infection in leprosy.? By means of solid phase
RIA,”? it was possible to identify the class specificity of M. leprae specific
antibodies. High IgG anti-M. leprae antibody levels were detected in lepromatous
leprosy. In tuberculoid leprosy they varied from negative to strongly positive in
patients with active lesions. High levels of IgM anti-M. leprae antibodies were
also found in lepromatous patients, which showed a marked fall in titres in the
first year of treatment. It was further shown that as a result of intrauterine
infection 30 and 509 of cord sera of children born to BL/LL mothers had IgA and
IgM anti-M. leprae antibodies respectively. Babies born to tuberculoid mothers
did not show specific antibodies. Interestingly, a few months after birth, children
from both groups of mothers had similar levels of species-specific IgA and IgM,
but reduced levels of IgG antibodies.?

The presence of anti-lipid antibodies has also been reported in untreated
patients from Thailand. 9/9 LL, 2/2 BL, 5/10 BT and 7/8 TT patients were found
to have significant levels of antibodies to the specific phenolic glycolipid antigen.
The titre of antibodies was highest in the lepromatous group (10-8 +4-6) as
compared to the tuberculoid patients (2:241:9).2!

Antibodies have been demonstrated not only in the blood of patients, but
have also been shown to be locally synthesized in the lesional skin in vitro. IgG as
well as M. leprae specific antibodies have been shown to be synthesized in the skin
biopsies from lepromatous patients but not in tuberculoid individuals.3® 3!

In addition to the development of mycobacterial antibodies, the disease
appears to elicit autoantibocies. Anti-Ig, anti-nuclear and anti-thyroid anti-
bodies have been reported in niany lepromatous patients.? However, in one study
no differences were noted in the incidence of autoantibodies in the control and
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patient population of California.’? Circulating antibodies to connective tissue
microfibrils appear to be also present in lepromatous sera.?

(b) CELL-MEDIATED IMMUNE RESPONSES

It is now well established that T-cell mediated responses provide effective
immunity in leprosy. These responses are found to be intact in tuberculoid
leprosy and show a graded reduction towards the lepromatous pole. A general
impairment of T-cell functions has been reported in some lepromatous patients
and refuted in others.*3* However, there is universal agreement that patients of
polar lepromatous leprosy show long lasting anergy to specific antigens as judged
by in vivo skin tests and in vitro lymphocyte functions. Details of earlier studies
have been extensively reviewed elsewhere.??

In recent years it has been suggested that the lymphocyte transformation test
(LTT), considered to be an in vitro correlate of cell-mediated immunity, may be
measuring hypersensitivity rather than the resistance status of the patients.?> 3¢
LTT in babies has been reported to be depressed by plasma factors from leprosy
mothers?’ and in individuals receiving DDS (dapsone 4’,4’-diaminodiphenyl
sulphone).® An interesting study has indicated that a natural killer cell activity
was depressed during erythema nodosum leprosum though not altered in the
stable form of the disease.®

Diagnosis of subclinical infection

Apart from indicating the status of humoral immunity, Mycobacterium leprae
specific antibodies could be used for the early detection of subclinical infection in
the community, obviating the operational problems inherent in large-scale
delayed hypersensitivity and T-cell function tests. Most of the antibody detecting
systems employed in the above studies could be utilized for this purpose. Where
possible, lepromin testing could be combined with antibody assays to evaluate
high risk groups.

Abe et al®® and Bharadwaj et al.,*' using indirect immunofluorescence,
showed that healthy contacts of leprosy patients had detectable M. leprae specific
antibodies. In addition, the latter compared antibody and lepromin reactions and
found that 529/ of individuals with positive serology showed negative lepromin
reactions and may thus constitute a high risk group. A similar study using ELISA
to estimate antibodies and skin tests with various antigens investigated the
relationship of these parameters to protective immunity in an Iranian popula-
tion.*

Studies using crossed immunoelectrophoresis,'> '? radioimmunoassay,? solid
phase radioimmunoassay,”’> ELISA for mycobacterial and phenolic glycolipid
antigens?!' have been developed with a view to detecting early infection. Results on
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follow-up studies are awaited to evaluate the relative merits of the presently
available systems.

Mechanisms for unresponsiveness in leprosy

The mechanisms underlying the depression of host immune responses in leprosy
have yet to be elucidated. Recent studies in this field have investigated the role of
(a) suppressor T cells, (b) adherent cells, and (¢c) HLA-linked genetic factors.

(a) ROLE OF SUPPRESSOR T CELLS

Since the demonstration of a subpopulation of murine T cells which exert
immune regulation by suppressing immune responses,* an avalanche of
publications is available on the role of these cells in the normal and diseased
states. Investigators working independently and concurrently in Ethiopia, India
and the USA have investigated the role of suppressor cells in human leprosy.
Bjune,** working on a well-defined population in Ethiopia, showed that
Mycrobacterium leprae antigens in general suppressed the in vitro PHA responses
of all leprosy patients and healthy contacts.

Mehra et al.,* using patients from the USA, showed that the addition of
Dharmendra antigen-suppressed Con A induced lymphocyte transformation
selectively in lepromatous and not in tuberculoid patients or healthy individuals.
They further showed that this suppression was due to the classical suppressor T
cells bearing TH2 44 and T8 + phenotypic markers.#’ Using the fluorescent cell
sorter, they were able to show that these cells functionally suppressed the
mitogenic responses of allogeneic lymphocytes from healthy individuals. These
workers implied that suppressor T cells were responsible for the lack of cellular
immune responses in lepromatous leprosy. However, these studies did not clearly
define the treatment status, and the ethnic nature of the patients studied. These
factors are important if immune regulation is being studied at a given point of
time during chronic infection.

Nath et al. studied untreated patients from a hyperendemic and a low endemic
area of India and used four different methodologies for suppressor cell activity.
Care was taken to ensure HLA compatibility in cell mixture studies. Concanava-
lin A-induced suppressor cell activity was found to strongly and selectively
suppress autologous mitogenic responses of tuberculoid patients but not that of
lepromatous leprosy individuals.® M. leprae antigen suppressed Con A stimu-
lated lymphocyte transformation in the majority of tuberculoid, but only in a few
lepromatous patients. Many of the latter as well as healthy contacts showed
enhanced responses. These differential effects were observed on day 4 of culture.
If the cultures were prolonged to 6 days the results confirmed the findings of
Bjune** in that suppression was uniformly noted in all individuals.* Moreover,
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enumeration of T cells with Fc receptors for IgG—thought to represent a
suppressor T-cell subset’>—showed normal values in tuberculoid and reduction
in lepromatous patients.’! These studies, therefore, would indicate that suppres-
sor T-cell activity was generated during infection with M. leprae in individuals
with high resistance and capable of strong cellular immune reactions. They may
serve to inhibit reactions and unwanted antibody formation. Suppressor cells
have been reported to frequently develop during a strong immune response.> The
lack of suppressor T-cell activity in lepromatous leprosy may explain the
excessive production of antibodies and autoantibodies, a situation analogous to
systemic lupus erythematosus where suppressor cells have been found to be
reduced. The above results were definitively confirmed in further studies on
siblings of leprosy families. Using HLA-D matched lymphocyte-lymphocyte
co-cultures, it was shown that tuberculoid leprosy individuals had natural
suppressor lymphocytes that inhibited antigen and mitogen responses of HLA
identical siblings. Lepromatous individuals lacked such cells in the circulation.?
Though the preferential migration of suppressor cells away from the blood to
other sites cannot be ruled out, the paucity of absolute numbers of cells with
phenotypic T8 markers in lepromatous lesions would suggest that the skin is not a
major site.>

A lack of suppressor T cells in lepromatous leprosy has also been reported
from Ethiopia.® There was a gradual development of M. leprae-induced
suppressor activity in healthy individuals exposed to subclinical infection,
implying an association of suppressor cell activity with resistance to leprosy
infection.> Bullock et al. also studied patients resident in the USA and found that
T8+ (suppressor/cytotoxic) cells from lepromatous donors when co-cultured
with normal B cells failed to suppress the response to pokeweed mitogen. They
also postulated a loss of regulatory function by T8+ suppressor T cells in
lepromatous patients.’®® Studies in Carville, USA, also indicate that suppressor
cell activity is associated with tuberculoid and not lepromatous individuals.¥’
Moreover, armadillos with disseminated disease lack suppressor activity whereas
those resistant to repeated reinfection possessed suppressor T-cell function (EJ
Shannon, personal communication). Functional studies have been more valuable
in elucidating this phenomenon than studies on phenotypic markers for
functional subsets of T cells. The numbers of T3+ (pan T cells), T4+
(helper/inducer) and T8 + (suppressor/cytotoxic) cells seem to be the same in all
leprosy types® (and personal observations). As indicated elsewhere these markers
were of value in the study of lesions.

Thus it would seem that most of the studies on defined populations of leprosy
patients show that suppressor T-cell activity is generated during strong
cell-mediated immune responses in high-resistant individuals as part of the
natural course of M. leprae infection. The lack of this activity is commonly
observed in disseminated leprosy, indicating that suppressor T cells may be
helpful in inhibiting unwanted antibody production and allergic reactions.
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(b) ROLE OF ADHERENT CELLS/MACROPHAGES

M. leprae reside within cells of the mononuclear phagocyte series and lead to
granulomatous reaction in the host. The earlier claim,* that macrophages from
lepromatous individuals have an inherent defective killing capacity has been
refuted by others.® ¢ The methodology used in these studies may not have been
sensitive enough to assess M. leprae viability/multiplication.

Using allogeneic macrophage-lymphocyte cell combinations, Hirschberg
drew attention to defective macrophage function in lepromatous patients which
inhibited M. leprae-stimulated lymphocyte transformation.®? Nath et al., using
HLA-D identical co-cultures, confirmed these findings. In addition, they showed
that lepromatous lymphocytes when combined with tuberculoid macrophages
responded to M. leprae antigens, indicating thereby the presence of antigen-reac-
tive T cells in lepromatous leprosy.’* Additional studies from our laboratory have
confirmed the above and indicate that antigen processing by lepromatous
macrophages is capable of inducing M. leprae lymphocyte transformation in
HLA-compatible tuberculoid individuals. In addition, we have evidence to show
that adherent cells in the peripheral blood of lepromatous individuals with
macrophage characteristics exert suppressive effects on antigen-induced lympho-
cyte transformation of tuberculoid patients and healthy contacts.®® This suppres-
sion appears to be mediated by soluble factors from macrophages.

Studies from another group in India indicate that lepromatous macrophages
show receptor, biochemical and functional alterations after phagocytosis of
viable but not killed M. leprae. Protein synthesis as assessed by 3H-leucine uptake
has been shown to be selectively defective in the macrophages from lepromatous
patients.% Such macrophages show a reduction in the density of Fc receptors on
exposure to M. leprae and not to other mycobacteria.®> Lysates from these
macrophages reduced the protein synthesis of normal macrophages and inhibited
lymphocyte transformation.

The recent studies refuting a macrophage defect® are not necessarily in con-
flict with the above results since our experience has shown that the concentration
of macrophages required to constitute in vitro responses may vary from
individual to individual and dose-related assays are required in these studies.

The above data taken together suggests that macrophages may negatively
modulate in vitro lymphocyte responses and may contribute to the non-responsi-
veness seen in lepromatous leprosy. It is not possible as yet to comment on
whether this defect is inherent, HLA-linked, or secondary to the disease.
However, a macrophage defect alone may not explain the specific antigen-related
unresponsiveness, unless mediated through specific T cells.

(C) THE ROLE OF HLA

Following the observations that the resistance of mice to certain antigen/virus
was controlled by genes linked to the histocompatibility genes, intensive efforts
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are in progress to find a causal relationship between HLA and human disease.
The diverse clinical types in leprosy related to the varied host responses to M.
leprae would suggest an association of leprosy with genes linked to immune
responsiveness. However, a number of population studies carried out in various
ethnic groups seeking an association with HLA-A, -B and -C antigens have not
provided a clear-cut pattern in leprosy.®”-7

Using the argument that susceptibility to leprosy may be HLA linked but not
necessarily identical to the HLA-A and -B alleles, De Vries et al. studied siblings
and parents of multicase families in the Surinam population and thereby
observed a haplotype association with leprosy. Though no association was found
with a particular HLA-A-B-C antigen or haplotype, yet siblings affected with
tuberculoid leprosy shared a parental haplotype with a higher frequency than
expected.” These results were confirmed in another ethnic population of Wardha,
India.” Similar association was also observed in tuberculoid siblings of 75
families of South India where neither parent was diseased.”

HLA-D is thought to be the human equivalent for the murine immune
response genes (Ir). Studies on HLA-D-related (DR) antigens in the Wardha area
showed that siblings affected with tuberculoid leprosy inherited DRW?2 signifi-
cantly more often than was expected. The frequency of DRW6 on the other hand
was much less. These findings suggested that susceptibility and resistant genes for
tuberculoid leprosy was linked to DRW2 and DRW6 respectively.” 77 However,
no such association with DR2 could be found when non-familial sporadic
tuberculoid leprosy patients were compared with a well-matched normal control
population.” This apparent discrepancy was due to the fact that the control
population of that area had a high frequency of DR2. It is possible that the high
prevalence of tuberculoid leprosy seen in this area may be linked to the high
frequency of DR2 in the general population. A similar though less marked
increase in frequency of DR2 was reported in Mexican borderline tuberculoid
patients.” On the other hand, in the Japanese studies, both tuberculoid and
lepromatous patients showed a higher frequency of DR2.3% [t is interesting to note
that in the Negroid—Caucasoid population of Surinam, HLA-DR3 was asso-
ciated with tuberculoid leprosy and seemed to be protective against the
low-resistant and unstable forms of leprosy.®

The Ethiopian studies examining the influence of HLA-D in M. leprae-
induced lymphoproliferative assays do not support the concept of an HLA-
linked, specific unresponsiveness in leprosy.? Nevertheless, it is possible that
HLA-linked genes may play a role in determining the type of leprosy by
regulating mechanisms of host responsiveness to M. leprae infection. The success
of a leprosy vaccine may be dependent on further elucidation of this association.

In situ characterization of cellular infiltrates in dermal lesions

Membrane receptors present on lymphocytes and cells of the mononuclear
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phagocytes, as well as lysosomal enzymes, are useful markers for the identifica-
tion of functional subsets of cells in cryostat sections of leprosy lesions. Ridley et
al. reported that epithelioid cells of tuberculoid leprosy had C3 receptors and
macrophages in lepromatous lesions lacked C3 but possessed receptors for the Fc
fragment of IgG, suggesting thereby that Fc receptors were lost on epithelioid
cells.®? More recently, using haemoadsorption with AET-treated sheep erythro-
cytes, Gupta et al. found that the predominant lymphocyte in the leprosy
granulomas was the T cell. There was a graded reduction in the number of T cells
from tuberculoid to the lepromatous lesions. These workers did not find any
differences in the density of Fc and C3 receptors on mononuclear phagocyte series
across the leprosy spectrum.® Working independently, the same group®* and
others® 8 confirmed the T-cell nature of the lymphocytes by means of
monoclonal antibodies to phenotypic markers of T cells and their subsets using
indirect immunofluorescence and immunoenzymatic techniques. Moreover, it
would appear that the proportion of T4+ (helper/inducer) to T8 + (suppressor/
cytotoxic) T cells was higher in tuberculoid lesions and varied from high to low in
borderline and subpolar lepromatous leprosy.’*3 The few lymphocytes seen in
polar lepromatous lesions were T8 + . It is difficult to give a biological significance
to the presence of T8+ cells in view of the paucity of absolute numbers of such
lymphocytes in the lepromatous lesions. It was interesting to note that typical
granulomas of tuberculoid leprosy had T8 + cells were arranged in a concentric
manner in the mantle whereas T4+ cells were seen both in the mantle as well as
scattered amongst the epithelioid cells.’*# All three studies showed DR /Ia-like
antigens on the lymphocytes and macrophages indicating the presence of
activated T cells and macrophages. Some epithelioid cells appeared to lack these
antigens.** Ridley, using formalin fixed tissues which may destroy these antigens,
reported contradictory results showing a selective absence of Ia-like antigens on
macrophages of lepromatous lesions.?” It would thus appear that activated T cells
are the predominant lymphocytes in leprosy granulomas and are reduced in
number from tuberculoid to lepromatous pole. B cells are infrequent in these
lesions,®® (personal observations). The distinction between epithelioid cells and
macrophages could not be determined fully by the surface markers used in the
above studies.

Immunomodulation of host responses

With a view to improving the anergic state of lepromatous patients, several
approaches at modulating immune responses have been undertaken.

Transfer factor therapy has been shown to produce temporary improvement
in the form of positive skin tests and reversal reactions.? Injection of
leucocytes®® and thymus grafts®* had similar effects. It would appear that the
injections of mycobacteria and particularly of BCG alone or with M. leprae are
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effective in converting to skin positivity, producing reversal reactions and causing
clearance of bacilli. In recent years good results have been reported by repeated
injections of BCG with M. leprae.®>%® Positive skin tests and leucocyte migration
inhibition have been reported in lepromin-negative patients injected with a
saprophytic mycobacterium.’’ A cultivable bacillus from leprosy skin grown in
conditioned medium called ICRC bacillus has been shown to be immunogenic in
mice and produce positive skin tests with bacterial clearance.”® Evaluation of the
effectiveness and duration of immunomodulation in these studies is awaited.
However, it is clear that partial restoration of some T-cell functions is possible by
injection of armadillo-derived M. leprae and other mycobacteria. Their role in
immunoprophylaxis will be discussed elsewhere in this volume.
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