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Lepromin is a peculiar intradermal diag-
nostic agent. It is one of the few in clinical
use composed of whole organisms. It does
not detect the presence or absence of the
disease for which it is used. In fact, it
induces positive reactions only in a “class”
of leprosy patients, characteristically those
with the tuberculoid type of the disease,
while it fails to elicit responses in patients
with the lepromatous type. This dichotomy
is usually explained on the basis that the
former are immunologically reactive, pre-
sumably to Mycobacterium leprae, while
the latter are not; i.e., they are “anergic.”
This viewpoint is bolstered by the fact that
bacilli are sparse in tuberculoid lesions,
whereas lepromatous lesions teem with
them. -

An especially puzzling aspect of leprom-
in reactivity is the response of many appar-
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ently normal persons to it. One might
ascribe this to a widespread prevalence of
subclinical disease, but this seems improba-
ble because such reactions occur in parts of
the world where clinical leprosy is almost
nonexistent (1 1%). Another suggestion is
that lepromin may show cross reactivity in
persons who have been sensitized by My-
cobacterium tuberculosis, and indeed, vac-
cination with BCG may convert negative
lepromin reactors to positivity (%4 711),
This is also an insufficient explanation,
since many reactors to lepromin show a
negative tuberculin test.

The present study was intended to find
whether sensitivity to lepromin may be
induced by species of mycobacteria other
than M. leprae or M. tuberculosis. For this
purpose an animal (guinea-pig) system
was used. These results also clarified to
some extent the role of the bacillary versus
the dermal component of lepromin in the
sensitivity to this complex “antigen.”

MATERIALS AND METHODS

Lepromin. A purified bacillary suspen-
sion was obtained by enzymatic digestion
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of ground, epidermis-free lepromata.® For
the skin test we used 0.1 ml. of a suspen-
sion containing 1.42 x 10* bacilli per ml., as
determined by a” modification of Hanks’
method (7). When tested in lepromatous
and tuberculoid patients, in BCG-vacci-
nated persons and in contacts of cases of
leprosy, it behaved like the usual crude
lepromin.

Dermis suspension. This was made from
ground normal human dermis. Its prepara-
tion and initial weight/volume relationship
were identical to those used for lepromin.
Dilutions were used as indicated.

Diluent. Phosphate-buffered saline, pH
74, was used, with 0.5 per cent w/v of
phenol and 0.05 per cent v/v of Tween 80.

Animals. Albino random-bred guinea-
pigs, with an initial weight of 350 to 550
gm. were used.

Microorganisms. Candida albicans from
stock was grown in rotary culture in Sa-
bouraud’s fluid medium at room tempera-
ture for 48 hours, yielding the yeast phase.
The organisms were harvested by centrifu-
gation and then processed as described for
the various mycobacteria. The mycobac-
teria used were M, kansasii, M, phlei, M.
butyricum, BCG, and the Battey bacillus.
These were grown on Trudeau or Loewen-
stein-Jensen solid media at 37°C until lux-
uriant growth was obtained. They were
dislodged from the agar, washed twice
with 0.05 per cent Tween 80 in water,
heated at 80°C for 30 minutes, and washed
twice more with Tween-water. Wet
weights were determined by filtering sus-
pensions through preweighed millipore
filters of 0.45x average pore diameter, and
reweighing the filters. The weight of
Tween-water retained was estimated by
using this liquid alone in a preweighed
filter. The bacilli were resuspended in an
appropriate volume of diluent and kept
frozen until used. Acid-fast staining and
cultures in appropriate media were carried
out to assure the exclusive presence of
killed mycobacteria. In the case of Candi-

* Lepromatous  tissue  kindly  supplied by Dr.
Jacinto Convit, Medical Chief, Division de Derma-
tologia Sanitaria, Ministerio de Sanidad y Asistencia
Social, Caracas, Venezuela.
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da. wet mounts showed only veast-like or-
ganisms, and inoculation ol  Sabouraud
slants resulted in no growth,

Old Tuberculin (OT) was purchased
from Wyeth Laboratories, and Freund's in-
complete adjuvant from Difco Laborato-
rics,

With these reagents and organisms two
experiments were performed. In the first,
groups of five animals were used. The first
group received 0.2 ml of 1:1 diluent in
incomplete Freund's adjuvant in each of
the four foot pads and subcutaneously in
the neck, for a total of 1 ml. The other five
groups each received one of the mycobac-
teria, 1 mgm. emulsified in incomplete
Freund’s adjuvant in each injection site for
a total of 5 mgm. of bacilli. Five weeks
later the animals were tested intradermally
with 0.1 ml. of each of the following:
lepromin, lepromin 1:10, dermis suspen.
sion, dermis suspension 1:10, and OT 1:10.
Reactions were read at 4 hours and at 1, 2,
5, 10, 16, and 21 days after injection. After
the last reading, skin sites were biopsied
and specimens were fixed in buffered
formalin, pH 7.4, and stained with hema-
toxylin-eosin, Giemsa, Ziehl-Neelsen, and
methyl  green  pyronin  (modified for
formalin fixation (1*).

In the second experiment, six groups of
five animals each were nsed. The first
group had no treatment; the second re-
ceived diluent in Freund’s incomplete ad-
juvant in the four foot pads; the third
received a total of 4 mgm. wet weight of
Candida albicans in adjuvant and divided
among the four foot pads. The remaining
three groups received, respectively, M.
kansasii, M. butyricum, and BCG, 4 mgm.
wet weight per animal divided among the
four foot pads. After five weeks the animals
were tested with lepromin, lepromin 1:10,
dermis suspension, and dermis suspension
1:10. The reactions were read at the same
time intervals as in the first experiment,
and here also skin sites were biopsied and
specimens stained as described.

RESULTS

Experiment I. Table 1 and Figure 1 show
that all the groups sensitized with myco-
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I71c. 1. Reactions to full strength lepromin. Direct readings (Experiment 1), Values
shown for the different groups are the arithmetic means of millimeters of induration.

bacteria gave stronger inflammatory re-
sponses to lepromin than did the controls.
The difference was manifest at five days,
but was most marked by ten days and
later. This was not a nonspecific response to
an inflammatory stimulus, since the reac-
tions to the dermis suspension were, if
anything, less marked in the sensitized ani-
mals than in controls.

In Figure 1, the reactions to full strength
lepromin show a peak at 24 to 48 hours, a
depression at five days, and then a higher
plateau beginning at ten days and sloping
gently upward or downward depending on
the sensitizing mycobacterium. In contrast,
the readings in the control animals contin-
ued downward after the initial higher
levels. Figure 2 shows “corrected” readings,
i.e., the differences between lepromin and
dermis suspensions both at full strength.
These values tended to increase as the

experiment progressed, in contrast to those .

in the unsensitized controls. Similar results
were seen when, to stress the element of
specificity, “corrected” readings  were
1)10t$_(2_d for lepromin, 1:10, minus dermis
suspension full strength. This curve was
biphasic with a low point at five days and
increasing values thereafter. It appeared

also that there were differences in intensity
of response to lepromin induced by the
mycobacteria used, with M. kansasii>
BCG> M. phlei> Battey bacillus> M.
butyricum. The difference between the last
two was very small.

The large sensitizing doses of mycobac-
teria used produced considerable local
inflammation, and there was appreciable loss
of weight and some mortality from pneu-
monia (Table 1). Beta hemolytic strepto-
cocci were isolated from the lungs and
pleural fluids of these animals, but no acid-
fast bacilli were found. While most of the
animals in the M. butyricum group sur-
vived, their general state was poor, and
their reactions to the dermis suspension
were the lowest of all the groups. Their
reactions to OT were also much smaller
than those observed in the other experi-
mental groups, and it might be questioned
whether the poor response to lepromin af-
ter M. butyricum sensitization was due to
lack of cross reactivity or to nonspecific
lowering of capacity of response.

The histologic study of skin sites at 21
days correlated well with gross observa-
tions. In the lepromin site, normal animals
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I, 2. Reactions to full strength lepromin. Corrected readings (Experiment 1),

Values shown are the arithmetic means of the difference between millimeters of indura-
tion at the lepromin site and the site injected with dermis suspension.

showed only a slight inflammatory
infiltrate, with some histiocytes and some
large fusiform cells dispersed in the dermis.
Bacilli were present, free or inside the
fusiform cells. The sites injected with der-
mis suspension were practically normal ex-
cept for some increase in the number of
fibroblasts and very slight capillary dilata-
tion. In the sensitized animals the reaction
to dermis suspension was similar to that
seen in the controls, while the sites injected
with lepromin ran the gamut of inflamma-
tory reaction from a modefate granuloma-
tous infiltrate in the deep dermis and sub-
cutaneous tissue, to a tuberculoid granulo-
ma with epithelioid islands and giant cells,
to necrosis with an intense inflammatory
infiltrate, granulomatous in nature but
heavily contaminated with polymorphonu-
clears around the necrotic focus formed by
pale, ghost-like histiocytes filled with
ingested bacilli. In many instances in the
lepromin sites of sensitized animals, small
islands of plasma cells were seen. In gener-
al, the intensity of the infiltrate paralleled
the magnitude of the gross changes.
Experiment II. The animals in this ex-
periment were isolated from the rest of the

colony and given Sulfaquinoxaline per os
for 10 days at the beginning of the experi-
ment, and again whenever it was required.
Ulcers of the foot pads were treated with
hydrogen peroxide and a topical antibiotic
ointment (Neo-Polycin). The general con-
dition of the animals was much better than
in the first experiment, and no deaths oc-
curred.

Readings in the sites injected with le-
promin and dermis suspension are shown in
Table 2; lepromin reactions are recorded in
Figure 3. Again the animals sensitized with
mycobacteria showed higher readings than
did the three control groups. These reac-
tions did not show the djp at five days seen
in the first experiments; there was a fall at
24-48 hours, and then a slow rise that
reached its maximum at 10 days and re-
mained high thereafter. The control groups
showed a progressive decrease of the reac-
tions which approached zero. The correct-
ed readings (Fig. 4) emphasize the differ-
ences  between  sensitized and  control
groups.

The reactions in this experiment were
larger than those in Experiment I, particu-
larly in the M. butyricum group. However,
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Fic. 3. Reactions to full strength lepromin. Direct readings (Experiment I1). (See

legend, Fig. 1)
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Fic. 4. Reactions to full strength lepromin. Corrected readings (Experiment IT).

(See legend, Fig. 2)
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Fic. 6. Dermis suspension in an
animal sensitized with M. butyri-
cum. (The tissue is practically nor-
mal, with some increase of fibro-
blasts.) Hematoxylin-eosin, ap-
proximately 40X,

1. 5. Lepromin reaction in an
animal sensitized with incomplete
adjuvant alone; deep dermis and
subcutaneons tissue. (Note lack of
granulomatous  inflammatory  infil-
trate.) Hematoxvlin-eosin, approx-
imately 40X,

1965
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Fig. 7. Lepromin in an animal
sensitized with M. butyricum; su-
perficial level. (While the infiltrate
is not massive, as in the deep der-
mis, there is a marked monocytic
infiltrate.) Hematoxylin-eosin, ap-
proximately 40X.

this still showed the smallest reactions of
any experimental group, although they
were significantly higher (t test) than those
in the control groups (P <0.001 at 5, 10, 16
and 21 days). The results in all control
groups were similar.

Histologic  examination of test sites
(Figs. 5-10) showed results comparable to
those of the first experiment except that the
granulomatous inflammatory infiltrate was
heavy in all cases, starting deep in the
subcutaneous tissue just above the muscu-
lar layer and extending into the superficial
dermis.

DISCUSSION

In the guinea-pig there is cross reactivity
between lepromin and various mycobac-
teria, as measured by the intradermal test.

This cross reactivity depends upon the -

bacillary component of lepromin, and
- manifests itself by a granulomatous re-
sponse that resembles accelerated tubercle
formation. These results were not unex-
pected; Larson et al. (%" 1) and Ribi et
al. ('*) have shown that mycobacterial

Goiliman-Yahr et al.: Cross Reactivity of Lepromin

cell walls may induce sensitivity to them-
selves and to the cell walls of a wide range
of other mycobacteria, whereas sensitivity
to protoplasmic fractions is more restricted
in range and tends to parallel what is seen
with purified tuberculins. The inflammato-
ry response produced by protoplasmic con-
stituents is of the tuberculin type, while the
sensitivity to cell walls is more apparent in
the formation of a granuloma. In the hu-
man population of certain regions of the
United States infestation with M. kansasii
and other mycobacteria is prevalent (2 %-
"); vet this cannot always be detected by
the use of purified “M. tuberculosis tuber-
culin”; “purified tuberculins” prepared from
cultures of appropriate mycobacteria are
required. Since the lepromin test employs
whole bacilli, positive granulomatous re-
sponses may occur whenever sensitization
to any of a variety of other mycobacteria is
present, and it is perfectly possible that a
person with a negative test to “M. tubercu-
losis tuberculin® may nonetheless have
been sensitized by other mycobacteria, and
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Itc. 8. Same as Figure 7, higher magmhcntmn. (Note the t_\'pu:ul monocytic mor-
phology of the cells, some of which are fused.) Hematoxylin-eosin, approximately
200X,
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Fic. 9. Lepromin in an animal sensitized with M. kansasii; around a zone of necrosis.
(Marked granulomatous infiltrate in which a giant cell is shown.) Hematoxylin-eosin,
approximately 40X,
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F1c. 10. Lepromin in an animal sensitized with M. kansasii, deep dermis. (Massive
and solid granulomatous infiltrate, formed mainly by fused histiocytes.) Hematoxylin-

eosin, approximately 40X.

could show a positive reaction to lepromin.
Thus, the exposure of different populations
to various mycobacteria may explain in
part the differences in lepromin reactivity
among different geographic groups.
Interesting recent studies ('") in
guinea-pigs show that different mycobac-
teria can produce resistance to experimen-
tal tuberculosis, and that, while BCG is
best for this purpose, other organisms, e.g.,
M. kansasii, are quite effective. In this
experimental system, acquired resistance
was found to have a ceiling, and combine-
immunizing ‘nfections were additive only
up to that ceiling; i.e., in an animal immu-
nized by M. kansasii, additional immuniza-
tion with BCG provided very little extra
protection. Whether an analogous situation
exists in respect to the protective effect of
BCG in leprosy is an interesting question.
The fact that a mycobacterium may induce

a sensitivity that can be detected by cross’

reactivity with lepromin does not necessari-
ly mean that this mycobacterium is able to
induce resistance to leprosy. But it may,
and it is possible that the resistance-
inducing capacity of the mycobacteria prev-
alent in various regions may help to ex-

plain geographic differences in incidence
and clinical forms of leprosy as well as the
observed value of BCG or other mycobac-
terial vaccinations.

We would suggest that field studies with
tuberculin in connection with. leprosy be
preceded by studies of mycobacterial ecol-
ogy by the use of specific tuberculins. Such
stndies might explain the observed inci-
dence of lepromin positivity, and might
also throw light on the putative immune
status of a population,

SUMMARY

Groups of guinea-pigs were injected with
different mycobacteria and Candida albi-
cans emulsified in incomplete Freund’s ad-
juvant, as well as with this adjuvant alone.

The animals sensitized to mycobacteria
reacted to the intradermal injection of a
purified lepromin with the formation of
granulomata. This was a specific phenom-
enon, since no increased reaction to a
suspension of human dermis was observed,
and only animals that had received myco-
bacteria reacted in this fashion,
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The chosen mycobacteria were represent-
ative of a wide spectrum within the genus
and included potentially  pathogenic and
saprophytic species.

These results suggest that the positivity
of the Mitsuda test in persons free of con-
tact with leprosy and of infestation with
Mycobacterium tuberculosis may be due to
contact with any of a variety of mycobac-
teria. The interest of the possible relation
between mycobacterial ecology and the
prevalence of positive lepromin reactions
and’ of leprosy and its clinical forms is
emphasized.

RESUMEN

Grupos de cobayos fueron inyectados con
diferentes micobacterias v Candida albicans
emulsificada en un medio incompleto y com-
plementario de Freund, como también con este
medio complementario solo.

Los animales sensibilizados a las micobac-
terias reaccionaron a la inyeccién intradérmica
de lepromina purificada con la formacion de
granulomas. Este fué un fenémeno especifico,
pues no se observd aumento en la reaccion a
una suspension de piel humana, y solo los
animales que recibieron micobacterias reac-
cionaron de esta manera.

Las micobacterias escogidas fueron repre-
sentativas de una gran variedad dentro del
genus e incluyd especies potencialmente pato-
genas y saprofitas.

Estos resultados sugieren que la positividad
del test de Mitsuda en personas libres de con-
tacto con lepra v de infeccion con M. tubercu-
losis puede ser debido al contacto con cual-
quier otro tipo de variedad de micobacterias.
Se hace notar el interés de una posible relacion
entre ecologia micobacteriana y la prevalencia
de reacciones de lepromina postivas como
también de lepra y de sus formas clinicas.

RESUME

Des groupes de cobayes ont été injectés,
soit avec différentes mycobactéries et avec
Candida albicans, ces préparations ayant été
émulsifiées dans de Tadjuvant incomplet de
IFreund, soit avec cet adjuvant seul.

Les animaux sensibilisés aux mycobactéries
ont réagi a linjection intradermique d'une
lépromine purifiée, par la formation de granu-
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lomes. Ceci constituait un phénoméne spécifi-
que, car aucune augmentation de la réaction
n'a ¢té¢ observée avee une suspension de derme
humain, et seuls les animaux auxquels des
mycobactéries avaient ¢été administrées, ont
réagi de cette manicre.

Les mycobactéries sélectionnées étaient rep-
résentatives d'un large spectre dans ce genre,
et comprenaient des espéces potentiellement
pathogénes et des especes saprophytes.

Ces résultats suggerent que la positivité de
I'éprenve de Mitsuda  chez des personnes
nayant pas eu de contact avec la leépre, et
n'étant pas non plus infectées par M. tubereu-
losis, peut étre due au contact avee n'importe
laquelle parmi de nombreuses mycobactéries.
On souligne l'intérét d'une relation possible
entre l'écologie mycobactérienne et la préva-
lence des réactions positives & la lépromine,
de la lépre et de ses différentes formes clini-
ques.
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