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Summary  Sixty skin biopsies taken from positive tuberculoid and borderline—
tuberculoid late lepromin reaction were studied using histological techniques.
The distribution of mycobacterial antigen and nerves was demonstrated using
immunochemical methods.

A total of 557 nerve bundles was observed in 51 biopsies; 9 were devoid of
nerves in the sections examined; 475 nerve bundles showed some relationship to
the inflammatory infiltrate (85%); perineuritis being seen in 144 (30%) and
endoneuritis in 5 (0-9%).

Mycobacterial antigens inside the granuloma were detected in 59 of the 60
biopsies (98%). Only one specimen, showing a strong tuberculoid reaction, failed
to show these antigens. On the contrary, mycobacterial antigen was absent in
almost all nerves. Small deposits were detected in the perineurium of one nerve
with perineuritis, and inside a Schwann cell of another, the latter belonging to a
previously multibacillary patient.

The neurotropic tendency of the granuloma does not seem to be stimulated
by the presence of mycobacterial antigens inside the nerves, as normally these
antigens do not penetrate them. The hypothesis of some antigenic fraction of the
neural tissue which cross-reacts with Mycobacterium leprae antigens, thus
eliciting a perineural or near-perineural inflammatory reaction is put forward,
but needs further investigation.

During the last 70 years, the lepromin test has been widely used throughout the world to
assess the immune status of leprosy patients and their contacts. The type of lepromin
developed by Mitsuda in 1919," is still used today.

The positive Mitsuda test, or late or delayed lepromin reaction, consists of a nodular
induration of the skin, of varied size, at the site of the dermal inoculation of the
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substance, reaching its maximum size between the third and fourth weeks after the
injection, slowly involuting afterwards, sometimes leaving an atrophic scar. Ulceration
can occur in strongly positive reactions. Its presence is regarded as an indicator of
resistance of the host to M. leprae infection,’™> being the result of a delayed hyper-
sensitivity reaction to the injected antigen.®~®

The inoculated antigens can be of human origin, obtained both by the Mitsuda or by
the Dharmendra method from human lepromata, or of animal origin, obtained from
armadillos experimentally infected with M. leprae.

Histologically, the classical positive Mitsuda reaction consists of a dense grouping of
epithelioid cells, with multinucleated giant cells and lymphocytes, thus forming a typical
tuberculoid structure, similar to that encountered in TT or BT cases of leprosy. The size
and type of cells in the granuloma can be variable according to the spectral concept of
leprosy.5!418

The histopathology of the lepromin reaction has been extensively studie
Some authors note the preference for the inflammatory cells to be arranged around
blood vessels and skin appendages, without referring specifically to nerves.”'® Nerve
involvement in lepromin reaction received specific attention in five papers, the authors of
these stressing the frequency of neural involvement in the biopsies.”!%!%1920

Mistry et al.® have raised the question of why infiltration should be seen specifically
around dermal nerves. Desikan er al.” suggest that nerve tissue could be in some way
associated with the immunological process of the lepromin reaction, possibly having
some role in delayed hypersensitivity reactions, particularly in view of the special
predilection of M. leprae for nerves.?' Serial'® states that neuritis in lepromin reactions
is ‘undoubtedly’ caused by very specific ‘endotoxic’ substances released by M. leprae,
with an affinity for the peripheral sensory nerves.

Cutaneous nerves can be more easily identified in sections by using immunoperox-
idase technique with S-100 protein as a Schwann cell marker, as the inflammatory
infiltrate in leprosy can make this identification difficult in routine stains.?? M. leprae
antigens can also be clearly demonstrated in histological sections by the peroxidase—
antiperoxidase (PAP) immunoenzyme technique using rabbit anti-Mycobacterium bovis
(BCG) as the primary antibody, as most of M. leprae antigens cross-react with
BCG 2324

In this report we quantify and classify cutaneous nerve damage in positive Mitsuda
tests and locate the antigen in the tissue, in an attempt to explain the mechanism of the
neural involvement frequently observed in the histology of granulomatous lepromin
tests.

d.91113,16

Materials and methods

Sixty positive lepromin test human biopsies were studied. In 50 cases, human-derived
lepromin (lepromin H) and in 10, armadillo-derived (lepromin A) had been used. Five-
micron-thick sections were cut, left to dry in an oven at 56°C, dewaxed in xylene, passed
through graded alcohols and into water. Haematoxylin and eosin, Ziehl-Nielssen and
Wade—Fite stains were used for classification of the type of granuloma'® and for
demonstration of M. leprae at the site of inoculation.
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IMMUNOPEROXIDASE METHODS

The Avidine—Biotin—Complex (ABC) method of immunoperoxidase using anti-S-100
protein antibody was used in the study as a marker for Schwann cells to detect nerves in
sections, according to the method of Hsu ef a/.>* Normal goat serum at 1:2000 was used
as a negative control, and normal nerve sections stained for S-100 protein as positive
controls. To detect mycobacterial antigens in the tissues, a peroxidase antiperoxidase
(PAP) method was used, following the method of Sternberger et al.,”> using antiBCG
antibodies.

UCHL; (T cells) and CDys (leukocyte common antigen) methods were used to
confirm penetration of inflammatory cells into the nerves, in four selected cases of
endoneuritis.

CLASSIFICATION OF NERVES

Nerves were classified according to their histological alterations and location in the
granuloma.

Perineuritis was considered present if inflammatory cells penetrated the perineurium
or were present in perineural spaces (Figure 1); endoneuritis, only if inflammatory cells
were present inside the nerve, at times with nerve destruction (Figure 2 and 3). Nerves
were classified as related to granuloma, when surrounded or tangentially touched by the
granuloma (Figure 4), and normal distant nerves, when distant and not related to the
granuloma.

The size and type of the granulomatous reaction, the number of giant cells, the
absence or presence of lymphocytes around or inside the granuloma, as well as the
presence of caseating necrosis, or ulceration, were the parameters used together to
classify the histological lepromin response as tuberculoid or as one of the variety of
positive borderline cases.'®!8

Figure 1. Perineuritis. Inflammatory cells in perineural spaces (arrow) (S-100 x 1000).
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Figure 2. Endoneuritis. CDys+ inflammatory cells inside the nerve (large arrow). Small arrows delimitate
nerves. (CDys x 400).

The Bacterial Index (BI) of Ridley26 was used to quantify the number of acid-fast
bacilli (AFB) present in Wade—Fite stains. The quantity of antigen present in the tissues,
detected by the antiBCG method was measured on a scale graded from 0 to 3+.

Results

Dermal nerves were present in 51 of the 60 specimens (85%); 557 nerves were identified

Figure 3. Endoneuritis with nerve destruction. S-100-positive Schwann cells (black granules) delimitate the
nerve bundle disrupted by inflammatory cells. (S-100 x400).
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Figure 4. Dermal granuloma surrounding an uninvolved nerve (arrow) (S-100 x400).

in the sections. Of these, 169 (30%) showed perineuritis and only 5 (0-9%) presented
endoneuritis; 86 unaffected nerves were found inside the granulomas (15%) and 161
(29%) at the periphery of the granulomas; 54 nerves (10%), although related to the
granulomas, were difficult to classify due to artifacts or to blurring of their perineural
areas. Considering together all types of nerves, affected or related to the granulomas, the
total count was 475 (85%). Normal distant nerves not related to the granulomatous
reaction accounted for only 82 (15%) of the total (Table 1).

In perineuritis and endoneuritis the penetrating cells were basically lymphocytes
(UCHL,+ and CDys+). No granulomas were observed inside the nerves.

Acid-fast bacilli (AFB) were identified in 53% of the biopsies. When present, the
granular or fragmented bacilli were found isolated or in small clumps inside the
macrophages or more infrequently, isolated between collagen bundles. They formed
groups or large clumps in areas of the necrosis and even more intensely in those of
suppuration. No AFB were found in dermal nerves.

AntiBCG stain was very sensitive to detect mycobacterial antigen, being positive in
98% of the biopsies, and negative in only one case, a strongly positive lepromin reaction
of a tuberculoid patient. The antigen could be detected within macrophages, in multi-
nucleated giant cells, in necrotic areas and even between collagen bundles, with varied
intensity. The antigen reached the neighbouring area of the nerves, without normally
penetrating the perineural areas. Five hundred and fifty-five nerves (97%) did not show
any mycobacterial antigen. Only two nerves with perineuritis showed 14+ deposit of
antigen. In one nerve the antigen was located in the inflamed perineurium. In the other,
obtained from a BL case having undergone long-term treatment, a small deposit of
BCG-positive material was present within a Schwann cell (Figure 5).

In all cases of endoneuritis we were not able to demonstrate any antigen inside the
nerves.

Sometimes nerves were difficult to identify in the PAP/BCG sections, making
impossible the precise counting and the distance between them and the antigen deposits.
Very frequently, however, especially in 1+ and in some 2+ deposits, we could see nerves
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Table 1. Type of nerve involvement and its position regarding the granuloma. Only 15% of all nerves were
unaffected and not related to the granuloma.

NERVE INVOLVEMENT IN MITSUDA REACTION

TYPE OF NERVE INVOLVEMENT

ENDONEURITIS
6 1%

RELATED TO GRANULOMA
247 44%

NORMAL DISTANT
82 16%

DIFFICULT(GRANULOMA)
54 10%

n=5567

Figure 5. BCG-positive material within a Schwann cell (arrow) (BCG x1000).
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Figure 6. Low power micrograph of a lepromin reaction showing preference of the inflammatory infiltrate to
concentrate around nerve bundles and blood vessels (right bottom corner), far from the granuloma produced
by the antigen (left). (BCG x100).

surrounded by the inflammatory infiltrate, at times distant from the brown granules of
the antigens and from the granuloma produced by these antigens (Figure 6).

Blood vessels were also seen within the infiltrate, normally at the side of a nerve
bundle.

Discussion

Biingeler & Fernandez'? were the first to report the frequency of altered nerves in the
granuloma of the Mitsuda reaction. Serial,'® studying 56 biopsies of lepromin reactions,
encountered nerve alterations in 44 cases (78%), described as consisting of infiltration of
the epineural connective tissue, infiltration of the epineurium and partial, sometimes
total, endoneuritis of some areas in the fine nerves. Desikan er al.” described a tendency
for the lymphocytes to cluster around nerve twigs in TT and BT cases, as soon as 24
hours after lepromin inoculation. In the 39 of their 77 cases in which nerves could be
seen, exsudate cells were found to surround them, without actually infiltrating or
destroying them.

Mistry er al.,’® also in a sequential study of lepromin in 5 patients, detected no
changes in most of the dermal nerves, but nevertheless found some of them to be
surrounded by infiltrate. In one tuberculoid and in two borderline patients they found
minimal perineural cell activity on 10th/21st post-injection days of Dharmendra
lepromin. They were not able to demonstrate mycobacterial antigens in the sections
on the 21st day with BCG and PAP method.

In our study, 85% of nerves showed some degree of contact with the granuloma, or
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involvement by the granuloma. Involvement was much greater than that expected by
chance, as measured by the frequency of involved nerves versus that expected (on the
basis of areas of the slides having nerves and areas of the slides having inflammation). Of
all nerves, only 15% were not in contact with the inflammatory infiltrate.

This makes quite likely the existence of some sort of relationship between the neural
tissue and the immunological response to the lepromin, as suggested by Desikan et al’
The absence of intraneural antigen in practically all cases and the low incidence of
endoneuritis (less than 1% of all nerves) observed in our study, makes it very unlikely
that the hypothesis of nerve damage in lepromin reaction was caused by a selective
predilection of the inactivated bacillus and its antigens for a dermal nerve, or some
‘affinity’ for Schwann cells, as described in the actual disease.>*!?7:28

On the other hand, the finding of 85% of nerves being closely related to the
inflammatory infiltrate, with 30% presenting perineuritis, suggests that a relationship
between the granuloma and the perineural area could exist.

Positive lepromin-like reactions have been obtained in the past by injecting normal
skin extracts in humans,’®*! and also tuberculoid granulomas were demonstrated in
rabbits inoculated with an extract of peripheral nerves, devoid of any mycobacterial
antigen.

That lepromin-like reactions can be produced by skin and nerve extracts supports the
hypothesis of some antigenic similarity between M. leprae and peripheral nerves, with
possible cross-reactivity of antigens. This hypothetical possibility certainly needs further
research for confirmation.

Ghaswala et al.** has demonstrated identical binding of serum antibodies in leprosy
patients and in normals, to a sonicate of normal human peripheral nerves. In vitro,
Benjamins et al. > observed cross-reactivity of sera from leprosy patients between a 35-
kDa neural antigen and a synthetic analogue of the terminal dissacharide portion of
phenolic glycolipid-I. Naafs er al.*®> showed that anti-M. leprae monoclonal antibodies
cross-react with dermal antigenic determinants. Some of these determinants may be
associated with small nerve fibres, as was observed using MoAb F116-21, which cross-
reacted with the peripheral axons.

The absence of mycobacterial antigen within the nerves is strong evidence that nerve
involvement in lepromin reaction is not caused by direct action of the inoculated
substance. The finding of BCG-reactive deposits in one case, without producing
endoneuritis, could perhaps be explained by the fact that, to be recognized and to
produce local inflammation, bacterial antigen has first to be externalized by Schwann
cell destruction,?’ and in this particular case the stained antigen was placed inside an
apparently intact Schwann cell cytoplasm. Moreover, as that particular patient was a
previously multibacillary case, this antigen could be a residual of his former multi-
bacillary period, and not the lepromin antigen.

Further studies should be done for a better understanding of the significance of the
neurotrophic tendency of the granuloma in lepromin reaction, which appears to be
caused not by the simple presence of the antigen in the nerves (as suggested by Serial'? )
nor by simple chance, as there is a clear preference for the infiltrate to locate around
nerve structures in more than 85% of all detectable dermal nerves, even distant from the
antigen deposits.

The type and intensity of the histological reaction to the Mitsuda antigen has been
graded by several authors,»'”? mirroring the clinical spectrum of the disease.®!®!8



Immunohistochemical study of cutaneous neuritis in positive lepromin reactions 285

There is a general agreement that the absence of scarcity of bacilli in the sections of the
positive cases is important to measure the resistance of the patient to the disease or to M.
leprae. The higher sensitivity of BCG in demonstrating the presence of M. leprae or its
antigens, in comparison with bacillary stainings like the Wade—Fite method, is well
demonstrated in our study, as BCG-reactive deposits were found in 98% of cases,
compared with only 53% of AFB detection. Therefore, the anti-BCG method could be
of much more value in classifying the cases, when associated with spectral histological
criteria of lepromin reaction. The clearance of the antigen in the tissue could evaluate,
with more accuracy, the capability of the host to respond to mycobacterial stimulus, and
thus to measure its resistance, especially in weak reactors or in clinically doubtful
Mitsuda reactions.

This study reinforces the hypothesis of the existence of an antigenic link between M.
leprae and peripheral neural tissue,” which could explain the neurotropic tendency of the
granuloma in the Mitsuda reaction and the Mitsuda-like granulomas produced experi-
mentally with normal tissue antigens. If the possibility of an antigenic link is confirmed
in the future, the positivity of lepromin reaction should be re-evaluated, as the size of the
granuloma could result from a reaction to antigens other than that of M. leprae, thus
complicating its interpretation as a measurement of the host response to M. leprae and,
consequently, providing a theoretical basis to question its validity when used to
characterize the epidemiology of leprosy.
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