New Findings on the Mode of Entry of
Mycobacterium leprae in Nude Mice

To THE EDITOR:

In a study reported by us earlier, nude
mice in groups of 10 were exposed to My-
cobacterium leprae by subcutaneous injec-
tion, and topically on the mucosa of the
nose, lungs, mouth, stomach, and broken
and unbroken skin. Leprosy infection was
transmitted only to those animals exposed
topically through the nasal mucosa or to
those animals injected with M. leprae sub-
cutaneously (!). These findings were later
confirmed by Lancaster (%).

It is well known that in humans M. leprae
has a special predilection for the cooler
regions of the body with a temperature of
30°C to 35°C. M. leprae are routinely grown
in the foot pads of mice, and this is thought
to be because the temperature of the foot
pad is around 30°C at an ambient temper-
ature of 20°C-25°C (7). It was realized that
in our earlier experiment M. leprae were
introduced into the skin of the flanks of the
mice, an area with a temperature higher than
that of the feet. It is possible that the infec-
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Fic. 1. Nude mouse with a well-formed nodular
swelling on the dorsum of the right hind foot.

tion failed to take because of the higher tem-
perature at the site of infection. Therefore,
in our present study it was planned to in-
troduce the organism on the skin of the feet
of mice, a site which may be more suited
for the growth of M. leprae.

Five female athymic nude (nu/nu) mice
approximately 6 weeks old, housed in a
laminar flow environment at a temperature
of 25°C-27°C and humidity of 55%, were
used for the experiment. The animals were
fed with autoclaved laboratory rodent chow
(Tek-Lab (HSD), Madison, Wisconsin,
U.S.A)) fortified with vitamins and auto-
claved water. Sterilized bedding was used
and changed once weekly. Details of the an-
imal husbandry procedures have been de-
scribed earlier (?).

The animals were anesthetized with 60
mg/kg body weight of sodium pentobarbital
intraperitoneally, and the dorsal aspects of
both feet were abraded using a sterile corn-
callus file covering an area of about 0.5 cm?,
taking care not to draw blood. Twenty ul
containing a total of 3.5 x 108® freshly har-
vested nude-mouse-derived M. leprae was
applied to the abraded areas of the dorsum
of both feet as follows: The first 10 ul of the
suspension was applied and was allowed to
dry using an air draft from a hair dryer.
Then the other 10 ul was added and the area
was- again dried. This was followed by an
application of 2% aqueous gelatin on the
abraded skin. After recovering from anes-
thesia, the animals were released into a cage
and observed for signs of infection.

One animal was sacrificed at 9 months.
Both feet were harvested for M. leprae and
were found negative. No histopathological
studies were done with the tissues of this
animal. Two animals were found dead at
19 and 20 months. Their tissues were de-
composed and were unsuitable for study. In
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FiG.2. Photomicrograph ofa cross-section through
the foot. Note large lepromatous nodule composed of
foamy macrophages confined to the dorsum of the foot
(H&E x15).

the other two animals, swelling of the dor-
sum of the left foot in one and the right foot
in the other gradually developed. The swell-
ing became pronounced and nodular at 22
months (Fig. 1). The animals were obvi-
ously lethargic and were sacrificed. A piece
from each of the swollen feet of the two
animals was taken and was used for bac-
terial counts. They were autopsied; tissues
were removed from various organs, were
immediately fixed in 10% buffered For-
malin, and were processed for paraffin sec-
tions. Five um sections were cut and stained
with hematoxylin and eosin and a modified
Fite-Faraco stain for M. leprae (3).

The nodular swellings measured approx-
imately 0.7 x 0.4 x 0.3 cm in the right foot
of animal no. 1 (Fig. 1) and 0.6 x 0.4 x
0.3 cm in the left foot of animal no. 2. The
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FiG. 3. Photomicrograph of a nerve in the lepro-

matous granuloma showing macrophages and Schwann
cells containing M. leprae (Acid-fast stain® x 260).
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second animal also had small nodules mea-
suring 0.3 cm in diameter in both ears. The
animals otherwise had a normal appear-
ance. The bacterial count done from a piece
of the nodule removed from the foot of an-
imal no. 1 was 2.8 X 10'° per gram of tissue;
from animal no. 2, 3.07 x 10'° per gram of
tissue.

A cross-section at the middle of the right
hind foot of animal no. 1 showed infiltration
by numerous macrophages, many of which
had a foamy cytoplasm (Fig. 2). There were
few lymphocytes and plasma cells. The ten-
dons of the dorsal foot were surrounded,
infiltrated, and partly destroyed by the mac-
rophages. A few nerves present showed
perineural and intraneural inflammation and
foamy degeneration of Schwann cells (Fig.
3). Acid-fast stain showed clumps of acid-
fast bacilli (AFB) inside macrophages,
Schwann cells, and endothelial cells. It was
interesting to note that although the gran-
uloma was limited by the bone, tongues of
inflammatory cells were seen to extend into
the tissue between the bones. Most of the
inflammatory tissue was confined to the
dorsum of the foot above the level of the
bony structures. The cross-section of the left
hind foot pad of animal no. 2 showed a
similar histopathological picture. The right
inguinal node in animal no. 1 and the left
inguinal node in animal no. 2 were invaded
by collections of macrophages which re-
placed the germinal centers. Their cyto-
plasm was foamy and contained many AFB.
The left inguinal node in animal no..l and
the right inguinal node in animal no. 2 had
scattered macrophages containing AFB.

The ears of both animals showed scat-
tered focal collections of macrophages con-
taining AFB in the subepithelial tissue and
around the cartilage infiltrating the peri-
chondral tissue. The liver in both animals
showed a few intracellular acid-fast organ-
isms in scattered Kupffer cells. The spleen
in animal no. 1 and the lungs in animal no.
2 showed scattered macrophages containing
AFB. All other organs, such as the front
paws, the skin of the back and abdomen,
tail, eyelids, nose, heart, adrenals, kidneys,
ovaries, uterus, stomach, small and large
intestines, showed no significant lesion.

Two exhaustive and careful reviews of the
literature on the mode of transmission of
human leprosy have clearly shown that the
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most likely sites of entry are the skin and
nasal mucosa (*-¢).

In this study, convincing evidence is pre-
sented to show that in 2 of the 5 nude mice
in which M. leprae were introduced through
the abraded dorsal skin of the foot, a local-
ized granuloma was produced at the site of
entry. It was accompanied by infiltration of
the inguinal lymph nodes by macrophages
containing AFB followed by a generalized
spread of the infection to the liver, spleen,
ear, and lymph nodes. In our earlier study
in which M. leprae were introduced into the
nose, lungs, mouth, stomach, intact and
abraded skin at the flanks, the infection took
place only through the nasal mucosa. Lan-
caster later confirmed our findings on the
entry of M. leprae through nasal mucosa but
suggested that there might be a previous
disease or damage to the nasal mucosa to
facilitate the invasion by M. leprae (*). Our
studies have shown that the nasal mucosa
and the dorsal skin of the foot of the nude
mice, both with a temperature around 30°C,
are the sites through which M. leprae have
entered and eventually established gener-
alized disease.

If athymic mice are a valid model of im-
munologically naive or M. leprae antigen-
specific immunoincompetent humans, then
it is reasonable to conclude that the two
common sites of entry of M. leprae are the
abraded skin, especially at the cooler sites
of the body, and the nasal mucosa.
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