
IN1ERNALIONAL JOURNAL OF LEPROSY
^ volume 50. Number 2

Printed in the U.S.A.

Tissue Response to Lepromin, an Index of
Susceptibility of the Armadillo to M. leprae

Infection—a Preliminary Report'
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The late lepromin reaction, named after
the Japanese leprologist Kensuke Mitsuda
(s), when positive, consists of a nodular in-
filtration at the site of the injection of killed
Mycobacterium leprac. Histologically, there
is a characteristic tuberculoid granuloma
composed of collections of epithelioid cells.
Langhans' giant cells and lymphocytes (").
Such a reaction indicates the presence of
delayed hypersensitivity to the antigen (")
and means that the patient can mount a cell-
mediated immune response to Al. leprae (1").

In a negative reaction instead of an epithe-
lioid cell response, there is a histiocytic or

12,13a fibroblastic reaction (1. 10. %) In a more
recent study it has been shown that the his-
tologically evaluated lepromin reaction gives
a fairly good assessment of the immunolog-
ical status of the patient and that there is
great similarity between the histological re-
action of the lepromin test and the histo-
pathological appearance of the skin lesion
(''). Dharmendra and Chattedee, in testing
the prognostic value of lepromin, arrived at
the conclusion that "those with a negative
reaction are more likely both to develop the
disease and to get it in the more serious
form.—(2)

In this preliminary report, a retrospective
study of the histopathological appearance
of the lepromin reaction of the armadillo in
relation to its response to an infecting dose
of Al. leprae is recorded.

MATERIALS AND METHODS
In one experiment, 14 armadillos were

skin tested using lepromin prepared from
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human material. M. leprae (3.8 x 107) sus-
pended in 0.2 ml of saline were injected in-
tradermally and the site was identified by
tattooing India ink around the spot. The re-
action site was biopsied with a 6 mm sterile
biopsy punch after 28 days. The specimens
were fixed in 10% formalin; processed for
paraffin sections; cut at 5 pc thickness;
stained with acid-fast stain for Al. leprac
and hematoxylin and eosin stain, and stud-
ied. The inoculation of 1 x 107 viable Al.
Icprac was carried out intracutaneously in
3 animals 10 to 18 days after the lepromin
test; in 4, on the day of the test and in 7,
one to five months before the test. The an-
imals were followed up for the development
of disseminated leprosy for a period vary-
ing from 13 months to 104 months. Six of the
animals were found dead and eight were
sacrificed.

RESULTS
The lepromin reaction

Three different types of tissue response
to heat-killed Al. /eprae were recorded:
7Lepromatous lepromin reaction. The skin

showed no changes in the epidermis. The
inflammatory reaction was confined mostly
to the dermis and its extension to the sub-
cutaneous tissue was rare. The cellular re-
action was minimal and occupied less than
20() of the area of the sections. It was com-
posed almost entirely of small collections
of macrophages with round to oval nuclei
and abundant cytoplasm with marked vac-
uolation giving rise to a foamy appearance
(Fig. 1). These collections of inflammatory
cells were scattered in the (fermis and
seemed to extend along the tissue spaces
between collagen bundles. Very occasional
lymphocytes were present. Acid-fast stain
showed that the foamy macrophages were
packed with granular acid-fast organisms
(Fig. 2).

This histopathological reaction is similar
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FIG. I. A small collection of foamy macrophages
in the dermis in a lepromatous lepromin reaction
(11 E x750).

to that seen in lepromatous leprosy patients
and can be considered as a lepromatous
lepromin reaction. Eleven of the 14 arma-
dillos showed this type of reaction. •

Borderline lepromin reaction. The skin bi-
opsy showed no lesions in the epidermis.
In the dermis there were large collections
of inflammatory cells occupying approxi-
mately 50% of the area of the section. The
cells were mostly histiocytes with oval to
round nuclei. The cytoplasm of many of the
cells was vacuolated (Fig. 3). However, in
some areas there was a significant number

of lymphocytes (Fig. 4). The histiocytes at
these sites had a uniformly pink-staining
cytoplasm and much less vacuolation. Acid-
fast stain showed large clumps of bacilli in
the vacuolated cytoplasm of the histiocytes
(Fig. 5). The areas with lymphocytes
showed fewer bacilli (Fig. 6). This histo-
pathological appearance was consistent with
that of a borderline lepromin reaction. Only
one armadillo had this type of reaction.

Tuberculoid lepromin reaction. The skin
biopsy showed a normal epidermis. The
dermis showed large collections of epithe-
lioid cells with oval to round vesicular nu-
clei and abundant, uniformly pink-staining
cytoplasm. Diffusely scattered lympho-
cytes and several Langhans' type of giant
cells were seen (Fig. 7). Over 50% of the
area of the section was occupied by the
granuloma. Only an occasional intracellular
bacillus was seen after prolonged search in
the section stained for acid-fast organisms.
This histopathological picture is that of a
tuberculoid lepromin reaction. Two arma-
dillos showed this type of reaction.

Results of challenge with viable M. leprae.

Of the I I armadillos with lepromatous
lepromin reactions, 10 developed dissemi-
nated leprosy within a period varying from
13 to 66 months. The one which did not
develop leprosy was alive at 102 months
after inoculation. The only animal which had
a borderline lepromin reaction was lepro-
min tested on the day of inoculation and it
developed disseminated leprosy by 55
months after inoculation.

Of the I I susceptible armadillos, 4 had
the lepromin test done on the date of in-
oculation, I was tested 18 days before in-
oculation, and the other 6 at varying pe-

THE TABLE. Relationships among the time of lepromin testing, the type of response
and the susceptibility or resistance of the armadillos to the disease.

Time of lepromin
testing"

Lepromin reaction^No. of armadillos
Total

Tuberculoid Borderline Lepromatous^Resistant Susceptible

10 to 18 days before 0 2 3
At the time of inoculation 0 3 0 4 4
I to 5 months after 0 6 6 7

Totals 2 II 3 II 14

In relation to the inoculation of viable M. leprae.
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FIG. 2. The macrophages in a lepromatous lepro-

min reaction are seen packed with acid-fast bacilli (acid-
fast stain x 1250).

Hods from one month to five months after
inoculation with the infecting dose of viable
Al. /eprae.

Both armadillos which had the tubercu-

1710114,

Ftc. 5. The macrophages in a borderline lepromin

reaction showing a large number of acid-fast bacilli
filling their cytoplasm (acid-fast stain x 1250).

Fm. 6. The macrophages in a borderline lepromin

reaction in the area of lymphocytic infiltration. Only

a few of the cells contain acid-fast bacilli (acid-fast
stain x 1250).

loid lepromin reaction had not developed
disease after having been followed for 104
months. One was lepromin tested ten days
before and the other three months after the
infective dose of Al. /(Trae was given. The
only armadillo with a lepromatous lepromin
reaction which did not develop disseminat-
ed leprosy was lepromin tested ten days be-
fore the infective dose was given and was
followed up for 102 months. Autopsies of
these three resistant animals did not show
any lesion suggestive of leprosy.

DISCUSSION
Kirchheimer and Storrs ( 3 • 1 ) first dem-

onstrated that nine-banded armadillos are
highly susceptible to Al. /eprae. In a recent
paper, Kirchheimer reported that only 2 of
14 armadillos have not developed leprosy
four years after having received an intra-
venous dose of 2 x 10' Al. leprac ('). Al-
though a small percentage of animals are
resistant, the large majority of them are
highly susceptible. However, it would be
useful if the susceptible ones can be iden-
tified and differentiated from the resistant
animals.

It is interesting to find in this study that
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FIG, 3. A large number of macrophages in the der-
mis with vacuolated cytoplasm in a borderline lepro-
mm reaction (H & E x750),

FIG. 7. A collection of epithclioid cells mixed with
lymphocYtes and several Langhan' type of giant cells
are seen in a tuherculoid lepronii n reaction. (II & E
x300(.

FIG. 4. A collection of macrophages in the dermis
infiltrated with numerous lymphocytes in a borderline
I CiiOft1 in reaction 1 H & E x 7501

the tissue response to killed M. leprae fol-
lows the same pattern in its histopatholog-
ical appearance in armadillos as that ol' the
human. A large tuberculoid granulonia with
an abundant accumulation of epithelioid
cells, Langhans' type of giant cells at the
site of inoculation, and with almost com-
plete clearance of M. /eprae is character-
istic ol' the reaction in the resistant or tu-
herculoid part ol' the spectrum of the disease.
Small foam-cell foci in the mid- and deeper
dermis with the cells packed with granular
and beaded acid-fast organisms, which pei-
sist even aI'ter tour weeks, are typical of
lepromatous leprosy.

In the present study, 10 of the II arma-
dillos which developed disseminated lep-
rosy within I to 5½ years after inoculation
with M. leprac showed a lepromatous lep-
10mm reaction. Two otti ot' the three ar-
madillos that were resistant had a tuber-
culoid I eprorn iii reaction. Al though the
numbers are small, the data suggest that by
using the lepromin test.it should be possible
to dit't'crentiate the susceptible from the re-
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sistant armadillos with a fair degree of ac-
curacy. Further studies using a larger num-
ber of animals should be undertaken to
confirm this impression.

Another very important fact emerges from
this study. Only about 5.8% of those human
contacts intimately associated with infec-
tive patients develop the disease ("). In
comparison, 86f , of armadillos infected
subcutaneously with 10' M. leprae develop
lepromatous leprosy. Armadillos, no doubt,
are highly susceptible to leprosy. However,
14% of them develop a tuberculoid reaction
to lepromin and are highly resistant to the
disease. There have been many attempts to
develop an effective vaccine for leprosy and
now some potential vaccines are available.
Those contacts of leprosy patients who need
this protection are those who are most vul-
nerable, and are the potentially leproma-
tous leprosy patients: Armadillos may be
useful as experimental models for studying
the efficacy of these vaccines. If these prep-
arations can convert a lepromin negative
armadillo to a lepromin positive one, the
first step in demonstrating the efficacy of
the vaccine will have been made. If the an-
imals thus converted can he challenged with
an adequate dose of M. leprae and found
to resist the infection, the vaccine will have
succeeded as a potential candidate for hu-
man trial. Kirchheimer, ci al. (') have pre-
viously shown that armadillos which re-
spond after vaccination (heat-killed M.
leprae suspended in Freund's incomplete
adjuvant) with positive lepromin reactions,
delayed-type hypersensitivity skin reac-
tions and lymphocyte-blast transformation
to M. leprae antigens, do not develop dis-
seminated leprosy following infection.

However, there is another point of view
which needs to be mentioned here. Kirch-
heimer and Sanchez ( 7) have shown that
about 80% of armadillos are susceptible to
infection with even as few as 10 3 M. leprae.
Thus, in contrast to human beings, most
armadillos are susceptible to leprosy.
Therefore, caution must be exercised in
concluding that a vaccine which is effective
against leprosy in armadillos would also be
effective in man. The susceptibility of human
beings to leprosy is not a species char-
acteristic such as it appears to be in nine-
banded armadillos. In humans this suscep-
tibility might result from a specific defect

which affects only a few persons and might
not be corrigible by vaccination. Further
well-planned studies will be necessary to
resolve these questions.

SUMMARY
In this preliminary report the histopath-

ological appearance of the lepromin reac-
tion in armadillos was correlated with their
response to infection with M. leprae. Three
different types of lepromin response were
described, namely the lepromatous, the
borderline, and the tuberculoid lepromin
reactions. It was found that 10 out of the
11 animals with a lepromatous lepromin re-
action and the one animal with a borderline
lepromin reaction developed disseminated
disease. The two with a tuberculoid lepro-
min reaction and one of the 11 with a lep-
romatous lepromin reaction failed to devel-
op leprosy. It is suggested that by using the
lepromin response it is possible to assess,
to a great extent, the susceptibility of ar-
madillos to infection by M. leprae. The pros
and cons of using the armadillo as an animal
model for a vaccine trial are briefly dis-
cussed.

RESUMEN
En este informe preliminar, se correlaciona la apari-

end a histopatokigica de la reaccitin a la lepromina en
los armadillos con so respuesta a la infecciOn con el

.11. leprae. Se descrihen tres tipos diferentes de res-
puesta a la lepromina: lepromatosa, intermedia (bor-

derline), y tabercoloide. Diez de los once animales con

Una reacciOn lepromatosa a la lepromina, y el tinico

animal con reacciOn del tip() intermedio a la misnm,
desarrollaron unit enfermedad diseminada. Los dos

animales con una reaccicin del tip() tobercoloide y uno

de los once con reacci6n lepromatosa no desarrollaron
lepra. Se sugiere que valorando la respuesta a Ia le-

promina es posible establecer, con gran seguridad, Ia
susceptibilidad de los armadillos a la infecciOn por el

M. 'clime. Tambien se discuten brevemente los pros

y los contras del use del armadillo como modelo aM-
mal para el estudio de vacunas contra Ia lepra.

RESUME
Dans ce rapport praminaire, on etudie Ia correla-

tion entre les aspects histopathologiques de Ia reaction

a la lepromine chez le team', avec Ia reponse de ces
animaux a ('infection par M. leprae. Trois types dif-

ferents de reponse a la lepromine sons decries, a savoir
les reactions lepromateuse, dimorphe, et tuberculoide.

On a observe que dix des onze animaux presentant
tine reaction lepromateuse it la lepromine. de meme
qu'un animal avec une reaction a la lepromine de type
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dimorphe, ont developpe une maladie disseminee. Les
deux animaux presentant une reaction a la lepromine
de type tuberculoide, ainsi qu'un des onze animaux
avec tine reaction a la lepromine de type lepromateux,
Wont pas developpe la lepre. On suggere des lors que
l'utilisation de la reponse a la lepromine rend possible
d'estimer, dans une grande mesure, la susceptibilite
des tatous t 'infection par M. /eprae. Les avantages
et les desavantages do tatou comme modele animal
pour tin essai de vaccin sont discutes brievement.
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