Lepr. Rev. (1975) 46, 39-49

Leproma of the Mouse Foot
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Leproma of the foot in six T 900r CBA mice produced by local injection with
Myco. leprae is reported in this paper. Organisms numbering 10* multiplied to the
order of 10% in 10 to 12 months. The original inoculum of Myco. leprae was
obtained from a lepromatous patient and the bacilli were first passaged through a
group of T 900r Swiss albino mice and later were subcultured three times
successively in T 900r CBA mice. One or more of the animals used in each of the
subcultures developed erythematous swelling of both inoculated hind feet which on
microscopic examination showed typical lepromatous nodules. None of the other
23 strains of bacilli studied from different lepromatous patients showed this
reaction. It is possible that this particular strain of Myco. leprae had undergone
certain variations producing lesions characteristic of lepromatous leprosy.

Introduction

A limited multiplication of Myco. leprae in the footpads of mice was first
reported by Shepard in 1960 (Shepard, 1960). Since then it has been shown by
several workers that if 5000 to 10,000 lepra bacilli are injected into the footpads
of mice, they will multiply 50 to 100 times in about 6 to 8 months. (Rees, 1964;
Job, 1970; Levy et al., 1970). It was also found that larger inoculum failed to give
enhanced yields (Rees, 1964). If the same number of organisms are injected into
immunologically suppressed mice, a marked enhancement of the growth with a
yield ranging from 10,000 to 100,000 times the original number occurred (Rees,
1966; 1967; Shepard and Congdon, 1968; Gaugas, 1967; Job et al, 1974).
Histopathological lesions characteristic of lepromatous leprosy has also been
described by Rees and his associates in thymectomized irradiated (T 900r) mice
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(Rees et al, 1967 Rees and Weddell, 1968; Rees and Weddell, 1970). Rees has
also reported swelling of the hind footpads resembling lepromatous nodules in 5%
of all T 900r mice at risk (Rees, 1971). However no other worker has confirmed
the finding of nodular swelling in similarly experimented animals. In this paper we
record our finding of nodular leproma of the feet in 6 T 900r CBA mice.

Material and Methods

Experiments using T 900r mice belonging to both CBA and Swiss albino strains
for culturing Myco. leprae have been going on in our laboratory for over S years
and the finding of enhanced growth of Myco. leprae in these animals in 7
experiments have been reported clsewhere (Job e7 «l., 1974). In this experiment
Myco. leprae obtained from a lepromatous patient with a morphological index
(M.1.) of 2% were injected into both the hind footpads of T 900r Swiss albino
mice. The organisms isolated from these Swiss albino mice were subcultured in
the footpads of T 900r CBA mice successively 3 times. The results of our
experience with this strain of Myco. leprae carried through 3 successive
generations of T 900r CBA mice is being reported in this paper.

The method used for preparing the inoculum from the tissue of the
lepromatous patient, for harvesting the footpads of mice, and for counting the
organisms, closely followed that described by Rees in 1964. Both the hind
footpads of all the mice were injected with an inoculum containing 10?
organisms. They were kept in an airconditioned laboratory with a constant
environmental temperature of 20-22°C. At the end of 6, 8, 10 and 12 months,
one or two of the mice were sacrificed and the tissue from one tfoot was processed
for counting the number of organisms present, and the other foot was amputated,
fixed in formalin for 72 h, cut transversely into 3 pieces, decalcified and
processed for paraffin sections. Haematoxylin and eosin stain, and acid fast stain
were done on S5 um thick sections obtained from all the blocks for histo-
pathological study.

Four of the 6 mice which developed leproma of the feet were autopsied and
the internal organs such as lung, liver, kidney, spleen, lymph nodes and heart were
examined both grossly and microscopically, using the same histopathological
techniques as described above.

Results

Of the 13, T 900r CBA mice infected with Myco. leprae obtained from T 900r
Swiss albino mice, 6 died before 6 months, and only 7 were available for study.
Of these, 3 developed erythematous and nodular swelling of both the hind feet
resembling human lepromatous nodules (Fig. 1). There was no evidence of
external ulceration and the nodules were not warmer than the normal skin of the
mice. Smears obtained from them showed numerous macrophages filled with acid
fast organisms. The swelling of the feet developed gradually and was noticeable as
early as the eighth month. One animal was sacrificed and studied at the tenth
month and the other two by the twelfth month. The bacillary counts from one
footpad of each of these animals were S x 10°; 1 x 10° and 3 x 10°.

The strain of Myco. leprae obtained from one of these mouse lepromas was
subcultured into 10 T 900r CBA mice. Of these, 5 died within 6 months, and S
were available for study. One among them developed swelling and nodularity of
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Fig. 1. Photograph of the hind footpad of T 900r CBA mice 10 months after injection with
10" Myco. leprae.

the hind feet at the eighth month and was sacrificed at the end of the tenth
month giving a yield of 1.4 x 10°.

The Myco leprae obtained from one of the mice from the previous group were
further subcultured for the third time into 15 T 900r CBA mice. Ten of them
died within 6 months, and of the remaining 5, two developed swelling and
nodularity of both hind feet beginning from the tenth month and were harvested
at the end of the twelfth month giving a yield of 1 x 10° and 3 x 10° organisms.
The organisms isolated from this experiment were also subcultured for the fourth
time into a group of T 900r CBA mice and the results of this study are awaited.

Microscopic examination of the feet was most interesting. The appearances
were almost identical in all the specimens examined from 6 different animals. The
lepromatous granuloma involved all the tissues of the foot, namely. the skin, its
appendages, subcutaneous fat, tendon, muscle and bone (Fig. 2). The epidermis
was atrophic and flattened. The subcutaneous tissue was packed with large
macrophages, most of which had a foamy cytoplasm, but some had a granular
pink cytoplasm. These macrophage collections were separated from the epidermis
by a clear area (Fig. 3), but in focal areas the inflammatory cells reached up to the
epidermis (Fig. 4). There were also a few scattered plasma cells and lymphocytes.
No polymorphonuclear leucocytes were seen. The striated muscle bundles and
tendon tissues were infiltrated and destroyed by the macrophage granuloma
(Fig. 5). In some areas the striated muscle fibres were completely replaced by
macrophages. The nerves and their perineurium looked normal although
surrounded by macrophages (Fig. 6). However, in one instance the nerve was
infiltrated by foamy macrophages (Fig. 7). The bones of the foot and bone
marrow also showed .dnfiltration by macrophages (Fig. 8). Acid fast stain showed
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Fig. 2. Low power photomicrograph to show the ‘‘leproma” beneath the flat epidermis
infiltrating muscle, tendon (T) and bone (B). Note the small cutaneous nerve bundles (N)
surrounded by macrophages. (H & E x 50.)

macrophages packed with Myco. leprae (Fig.9) in the subcutaneous tissue,
tendon, bone and bone marrow. Bacilli were also present in large numbers inside
striated muscle cells, but only very rarely inside nerve bundles. The nerve bundle
infiltrated with foamy macrophages contained a large number of acid fast bacilli
(Fig. 10).

In one animal the macrophage granuloma was, in focal areas, densely infiltrated
by lymphocytes (Fig. 11) and Myco. leprae were considerably reduced in number
at these sites.

Four of the 6 animals which developed leproma, 2 at the tenth month and 2 at
the twelfth month were autopsied, and lung, liver, spleen, kidney, heart and
lymph nodes were examined both grossly and microscopically. Gross examination
did not reveal any abnormality in any of the organs. On microscopic examination
acid fast bacilli were seen in Kupffer cells of the liver and in reticulo-endothelial
cells lining the sinusoids of spleen. No granuloma was present in any of the organs
in all the animals examined.



Fig. 3. Microscopic picture of the leproma of the mouse footpad. Note the flattened
epidermis, beneath which was seen a clear area separating large collection of foamy
macrophages. (H & E x 130.)

Fig. 4. In focal areas of the lepromatous lesion, the macrophage collections reach up to the
epidermis. (H & E x 500.)
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Fig. 5. Foamy macrophages infiltrate the striated muscle cells some of which also underwent
foamy change due to the presence of intracellular bacilli (H & E x 500.)

Fig. 6. Apparently normal cutaneous nerve bundles were surrounded by foamy macrophages.
(H & E x 500.)
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Fig. 7. One nerve bundle was infiltrated with macrophages. Atrophic muscle cells were also
seen in the photomicrograph. (H & E x 500.)
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Fig. 8. Bones in the mouse foot were infiltrated with collections of foamy macrophages.
Note the normal marrow in the lower part of the photomicrograph. (H & E.x 500.)
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Fig. 10. The intraneural foam cells also contained numerous bacilli. Note the numerous
normal axons around the foam cells. (A. F. x 1300.)
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Fig. 11. In one mouse in focal areas of the leproma there were collections of lymphocytes
infiltrating the foamy macrophages. (H & E x 330.)

Discussion

The development of swelling and nodularity of the footpads of T 900r mice
resembling human lepromatous leprosy seems to be an exception rather than the
rule. Rees er al. (1968) refer in their paper to some animals among the many
T 900r CBA mice they studied, which developed swelling of the footpads, and
also describe in detail the histopathological picture in one. In most of the animals
there was no obvious change at all in the infected foot. In our experiments
conducted with T 900r mice using organisms obtained from 23 different patients
with lepromatous leprosy this is the only strain of Myco. leprae in which
nodularity of the feet of the animals was noticed. Six of the 17 animals available
for study showed leproma of the feet. The procedure of thymectomy, irradiation
and bone marrow replacement was exactly the same in all experimental animals,
was done by one well trained technician, using the same equipment, and therefore
less likely to have any appreciable variation. The CBA mice are being inbred in
our own laboratory. Variability in their immunological status, though possible, is
also not very likely. Further we have found this strain of Myco. leprae
consistently giving rise to nodular swellings in 3 successive subcultures in T 900r
CBA mice. Therefore one might suggest that this particular strain of organisms
proliferated more rapidly than the others. If that be the case, should it not
produce nodular granulomatous swelling in all the 17 mice inoculated with this
organism? Instead, only 6/17 mice injected with this strain of the bacilli
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developed the swelling. Whether the swelling and nodularity of the feet and
proliferation of the 10* organisms to 10° in a period of 10 to 12 months are due
to a change in the immunological status of the experimented animals, or whether
they are due to a variation in the nature of the organism used in the infection, is
not clear, although judging from our experience in this study the latter is more
likely.

The animals could not be followed up for a period longer than 12 months
because most of them developed a tapeworm infestation and died soon after 12
months. Myco. leprae in small numbers were seen in Kupffer cells in liver and
reticulo-endothelial cells of the spleen in animals sacrificed at the end of 10 and
12 months showing that dissemination of the bacilli through the blood stream of
various internal organs occurred within 10 months after a local infection in a
T 900r CBA mouse. However, granuloma formation in the internal organs was not
observed. Therefore it is reasonable to infer that the dissemination of the
organism in the blood stream could not have taken place much earlier.

The organisms were found in abundance in macrophages, and equally so in the
muscle cells. We may state that this strain of Myco. leprae would grow freely not
only in macrophages but in striated muscle cells also. The bacillary invasion and
proliferation of striated muscles of the feet of T 900r mice was far more than
what was seen in our previous study using normal mice (Job, 1970). This finding
is in agreement with the observation of Rees and Weddell in 1968. Many of the
striated muscle cells in the feet of these animals were colonized by bacilli and
were destroyed. It is very likely that if these animals survived for a longer period,
paralysis of the foot due to destruction of muscle tissue could be observed.

Most of the cutaneous nerves examined did not show invasion by inflammatory
cells in haematoxylin eosin section. The granuloma only surrounded the nerve
bundles (Fig. 6). Intraneural bacilli were very scanty. Shepard (1968) did not find
nerve invasion in the early months of Myco. leprae infection in T 900r mice.
However, in one cutaneous nerve of a mouse foot there was infiltration of the
nerve bundle by foamy macrophages (Fig. 7). Bacilli were present in large
numbers in intraneural macrophages (Fig. 10) as seen in nerves of lepromatous
leprosy patients. It is interesting to point out that the nerve invasion was seen as
early as 10 months after inoculation of Myco. leprae.

The lepromatous tissue in all animals had infiltrated bone and bone marrow
(Fig. 8). Bone trabeculae also had been destroyed. These lesions are well known in
small bones of the fingers in lepromatous leprosy patients (Job, 1963). Further,
the lesion in the mouse skin showed flattened epithelium and a band of foamy
macrophages containing Myco. leprae separated by a clear area from epithelium
(Fig. 3). Cutaneous nerves were surrounded by bacilliferous macrophages (Fig. 6).
All these resembled exactly the skin lesions of human lepromatous leprosy.

If lepromatous granuloma such as described here could be produced con-
sistently in most of the T 900r mice in all experiments within 8 to 10 months, we
would have here a good animal model to study lepromatous leprosy. But since it
is a rare phenomenon its use is limited. However, we intend to study this
particular strain of Myco. leprae further and will report later on any further
developments in its pattern of behaviour.
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