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Isolation and Identification of a Substance from
Serum of Leprosy Patients
To THE EDITOR:
Sera from healthy persons and leprosy patients (5320 sera) who had various forms of
the disease were examined using the reaction of Rubino 1-6 ). Sera from some patients which gave a positive reaction were
selected and submitted to fractionation on
a Sephadex column. A fraction containing
agglutination activity for sheep erythrocytes
was isolated. This activity was evident only
after the fractionation procedure. The active fraction was immediately concentrated
and lyophilized. In order to observe a positive reaction of agglutination, it was necessary to use recently prepared erythrocytes.
The isolated substance had a molecular
weight of 76 kDa ('), an isoelectric point 8
of 5.70, and has high activity in causing the
agglutination of sheep erythrocytes. The
chemical structure is being determined 9 ).
—E. Garcia Lima
(

(

)

(

REFERENCES
RUBINO, M. C. Nueva reaction serologica de la
lepra. Rev. Med. Urug. 29 (1926) 143-155.
2. RUBINO, M. C. Nuevas reacciones serologicas de
la lepra. Rev. Soc. Argent. Biol. 2 (1926)407-416.
3. RUBINO, M. C. Nouvelle reaction serologique dans
la 1Cpre. Rev. Med. Urug. 32 (1929) 85-116.
4. RUBINO, M. C. Sero-diagnostique de la lepre par
l'agglutino-sedimentation des globules de mouton
formoles. Ann. Immunol. 47 (1931) 147-172.
5. RUBINO, M. C. Ueber die antihaemolytischen Eingenschaften des Menschen serums. Zentralbl. Bakteriol. 120 (1931) 145-150.
6. RUBINO, M. C. Untersuchungen zur Verwendung
Formol-fixierter Hammelblutkoerperchen in der
Serodiagnostik. Zentralbl. Bakteriol. 120 (1931) 378384.
7. TANFORD, C., KAWAHARA, K. and LAPANJE, S. Proteins as random coils. I. Intrinsic viscosities and
sedimentation coefficients in concentrated guanidine hydrochloride. J. Am. Chem. Soc. 89 (1967)
729-736.
8. VESTERBERGER, 0. Isoelectric focusing of proteins
in polyacrylamide gels. Biochem. Biophys. Acta 257

Associate Professor
of Immunology

(1972) 11-19.
9. WEBER, K. and OSBORN, M. The reliability of mo-

—C. J. Laura
Associate Professor
of Biochemistry
Faculdade de Medicina
de Ribeirao Preto
Universidade de Sao Paulo
14.049 Ribeirao Preto, S.P., Brasil

lecular weight determinations by dodecyl sulfatepolyacrylamide gel electrophoresis. J. Biol. Chem.

244 (1969) 4400-4412.

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 Mycobacterium leprae by subcutaneous injection, 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 subcutaneously ('). These findings were later
confirmed by Lancaster 4 ).
(

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 temperature of 20°C-25°C ('). 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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FIG. 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 temFIG. 2. Photomicrograph of a cross-section through
perature at the site of infection. Therefore, the foot. Note large lepromatous nodule composed of
in our present study it was planned to in- foamy macrophages confined to the dorsum of the foot
troduce the organism on the skin of the feet (H&E x 15).
of mice, a site which may be more suited
for the growth of M. leprae.
Five female athymic nude (nu/nu) mice the other two animals, swelling of the dorapproximately 6 weeks old, housed in a sum of the left foot in one and the right foot
laminar flow environment at a temperature in the other gradually developed. The swellof 25°C-27°C and humidity of 55%, were ing became pronounced and nodular at 22
used for the experiment. The animals were months (Fig. 1). The animals were obvifed with autoclaved laboratory rodent chow ously lethargic and were sacrificed. A piece
(Tek-Lab (HSD), Madison, Wisconsin, from each of the swollen feet of the two
U.S.A.) fortified with vitamins and auto- animals was taken and was used for bacclaved water. Sterilized bedding was used terial counts. They were autopsied; tissues
and changed once weekly. Details of the an- were removed from various organs, were
imal husbandry procedures have been de- immediately fixed in 10% buffered Formalin, and were processed for paraffin secscribed earlier ( 2 ).
The animals were anesthetized with 60 tions. Five pm sections were cut and stained
mg/kg body weight of sodium pentobarbital with hematoxylin and eosin and a modified
intraperitoneally, and the dorsal aspects of Fite-Faraco stain for M. leprae 3 ).
The nodular swellings measured approxboth feet were abraded using a sterile corncallus file covering an area of about 0.5 cm 2 , imately 0.7 x 0.4 x 0.3 cm in the right foot
taking care not to draw blood. Twenty pl of animal no. 1 (Fig. 1) and 0.6 x 0.4 x
containing a total of 3.5 x 10 8 freshly har- 0.3 cm in the left foot of animal no. 2. The
vested nude-mouse-derived M. leprae was
applied to the abraded areas of the dorsum
•
•^a:;
of both feet as follows: The first 10 pl of the
suspension was applied and was allowed to
& • II ^&^p• :CA
P.■
dry using an air draft from a hair dryer.
••—
•
µl
Then
the
other
10
was
added
and
the
area
^4ris^• was again dried. This was followed by an
tr^4 G^4.4te, (P, _
application of 2% aqueous gelatin on the
abraded skin. After recovering from anesthesia, the animals were released into a cage *-‘r^
4^%.,^'
#^and observed for signs of infection.
One animal was sacrificed at 9 months.
dog,w,e5^a
Both feet were harvested for M. leprae and
....-- • • ,*-^t,
ob. .v0 •
were found negative. No histopathological Z-7,7^■ 4^
T^AIX?
11,
\^studies were done with the tissues of this
animal. Two animals were found dead at
FIG. 3. Photomicrograph of a nerve in the lepro19 and 20 months. Their tissues were de- matous granuloma showing macrophages and Schwann
composed and were unsuitable for study. In cells containing Af. leprae (Acid-fast stain' x 260).
(
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second animal also had small nodules measuring 0.3 cm in diameter in both ears. The
animals otherwise had a normal appearance. The bacterial count done from a piece
of the nodule removed from the foot of animal 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 tendons of the dorsal foot were surrounded,
infiltrated, and partly destroyed by the macrophages. A few nerves present showed
perineural and intraneural inflammation and
foamy degeneration of Schwann cells (Fig.
3). Acid-fast stain showed clumps of acidfast bacilli (AFB) inside macrophages,
Schwann cells, and endothelial cells. It was
interesting to note that although the granuloma 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 replaced the germinal centers. Their cytoplasm was foamy and contained many AFB.
The left inguinal node in animal no. •1 and
the right inguinal node in animal no. 2 had
scattered macrophages containing AFB.
The ears of both animals showed scattered focal collections of macrophages containing AFB in the subepithelial tissue and
around the cartilage infiltrating the perichondral tissue. The liver in both animals
showed a few intracellular acid-fast organisms 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 ( 5 . 6 ).
In this study, convincing evidence is presented 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 localized 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 Al. 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. Lancaster 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 ( 4 ). 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 Al. leprae have
entered and eventually established generalized disease.
If athymic mice are a valid model of immunologically naive or M. leprae antigenspecific 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.
—Charles K. Job, M.D., F.R.C.Path.,
F.A.M.S.
Sumir K. Chehl, B.S.
Robert C. Hastings, M.D., Ph.D.
Laboratory Research Branch
GWL Hansen's Disease Center
Carville, Louisiana 70721, U.S.A.
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