
Brief communications

Pathobiological relationships between Mycobacterium leprae *
and its primitive host
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Abstract

Newborn snakes were injected with 102-104 live or
heated Mycobacterium leprae. Death occurred in 5-6
weeks. On autopsy, the snakes injected with live
microorganisms showed pathological changes and
numerous acid-fast bacteria werefound in some organs.
Material was also transferred from an experimentally
infected snake to a group of normal newborn snakes,
causing their death in 3 weeks. Extracts in phosphate-
buffered saline, prepared from the tissues of infected
snakes, were found to react with anti-M. leprae and
anti-M. lepraemurium rabbit antisera. No immuno-
diffusion reactions were elicited by extracts from the
organs of control snakes.

Our hypothesis that M. leprae evolved as a cellular
parasite at an early stage of evolution (possibly
before the reptilian era), and that its pathobiological
properties were modified during the long period of
interaction with the evolving species, has previously
been tested in caymans and yellow-rat snakes (4, 5).
From our viewpoint, the experiments on leprosy in
armadillos carried out by Kirchheimer & Storrs (2)
and Storrs (6) have lent considerable support to
this postulate.
We now report on the findings from a large series

of experiments carried out in different species of
snake and designed to investigate further the patho-
biological interactions between M. leprae and its
host.

Materials and methods
A total of 120 snakes: 90 yellow rat snakes (Elaphe

quadrivitta), 15 black racers (Coluber constrictor),
and 15 king snakes (Elaphe sp.), hatched from eggs
in this laboratory, were used for the experiments
when they were 3-4 days old.
The inocula used in the study were as follows:
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(1) A homogenate made from the spleen and liver
of a woman who had suffered from lepromatous
leprosy for 30 years and had remained without
treatment for the 10 years preceding her death,
because of nonresponse to sulfones. The injection
doses for different groups of snakes corresponded
to 104, 103, and 102 of solidly stained M. leprae, the
identity of which had been determined as reported
earlier (4).

(2) The same homogenate as in (1), preheated at
100°C for 30 min.

(3) Cytoplasm from the same, but unheated,
homogenate, which was subjected for 10 min to
ultrasonic treatment at 20 kHz in the Raytheon
Magnetoconstrictive Oscillator and passed through a
membrane filter of 0.45 nm porosity.

(4) An unheated or preheated homogenate made
from a normal human spleen and liver.

(5) An unheated homogenate made from the
spleen, liver, and brain of a racer snake that had been
experimentally infected with M. leprae and contained
numerous acid-fast bacilli in the organs.

All the homogenates were made by suspending the
tissues in a 0.1% tetracycline hydrochloride solution
in sterile phosphate-buffered saline (PBS), pH 7.2,
and stirring them, on crushed ice, in the sterile cap of
a Sorvall Omnimixer for 2 min.
Twenty snakes were used for each homogenate

except (1) and (4), for each of which thirty snakes
were used. Each snake was injected subcutaneously
with 0.1 ml of the appropriate suspension at a site
near the middle of the body. The snakes were
observed for 4 months unless death occurred earlier.
At autopsy, histological sections or smears made
from the spleen, liver, brain, muscles, and sub-
cutaneous tissue were stained by Fite's method (1)
or the Ziehl-Neelsen method as appropriate and
examined by microscope at magnifications of 600 x
and 900 x.
For the immunological tests, extracts from snake

spleen and liver were made as follows: the organs
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were suspended in PBS (5 mg wet weight per ml),
kept on crushed ice, and homogenized for 1-2 min in
a Sorval Omnimixer. The homogenates were sub-
jected to ultrasonic treatment for 5 min at 20 kHz in
a Biosonik III and centrifuged at 5 000 g for 10 min.
The supernatant fluid was then collected.
The supernatant fluids were examined against two

anti-M. leprae and two anti-M. lepraemurium rabbit
antisera, and normal rabbit sera (as a control), by
means of the cellulose-acetate immunodiffusion pro-
cedures described elsewhere (3).

Results
All the snakes injected with the unheated materials

containing solidly stained M. leprae showed signs of
disease, such as emaciation and loss of reaction to
the environment, in 2-3 weeks. In about 20% of
snakes injected with doses of 102 and 103 live leprosy
bacilli, the cornea became opaque and pustules
developed close to the injection site. Those injected
with doses of 102, 103, and 104 died in 5-6 weeks.
Snakes injected with the live material obtained from
a racer snake that died following an injection of 104
leprosy bacilli died in 2.5-3 weeks. In contrast, those
injected with the homogenates of normal human
organs and those that had received the filtered
cytoplasm survived the observation period and no
pathological changes were observed on autopsy.
On autopsy of the infected snakes, easily discern-

ible lesions in the spleen or the liver were rarely
observed, but the spleen was invariably enlarged to
double its normal size and-like the liver-had a
much softer consistency than those organs had in the
control animals. Lymph nodes of the omentum were
visibly enlarged in the infected animals, whereas no
visible lymph nodes were detected in the control
snakes. The skin lesions found were brittle, 5-8 mm
wide, and contained a soft, yellow-grey material.

Microscopic examination of the smears made from
skin lesions and internal organs of snakes injected
with live M. leprae revealed the presence of between 5
and 100 solidly stained, acid-fast, cylindrical bacteria
per field, arranged in globi, bundles, or small groups
of 2 or 3 organisms. These microorganisms were
found mainly between cells, whereas acid-fast bodies
ranging in shape from round to oval, as well as acid-
fast club-shaped bodies, were frequently seen in
mononuclear or polynuclear cells. These micro-
organisms were particularly abundant in the spleen,
lymph nodes, and skin lesions, but they were also
observed in the brain, liver, and muscles. The

average numbers of acid-fast bacilli found in the
spleen and in the lymph nodes were 105 and 106,
respectively. Virchow's and fuchsinophilic cells
were frequently detected in the tissue sections.
Homogenates prepared from the tissues of infected

snakes and from the original material used to infect
the snakes yielded no growth on Lbwenstein-Jensen
medium, blood or dextrose agar, dextrose growth
medium, thioglycollate medium, or Kwapinski's (3)
inositol-pyruvate medium, with incubation at 37°C
and 33°C. When injected by the intraperitoneal or
intramuscular route into white mice and guinea-pigs,
these materials produced no signs of infection.

Microscopic examination of smears made from
various internal organs and from the skin of the
control snakes revealed no acid-fast microorganisms.
PBS extracts made from the tissues of snakes that

showed visible signs of the leprotic infection and
contained acid-fast microorganisms were found to
react with the anti-M. leprae and anti-M. lepraemu-
rium rabbit antisera, forming two precipitation bands
on the cellulose acetate membrane. No immunodiffu-
sion reactions were produced by the extracts from
the organs of control snakes.

Conclusions and discussion
The data presented in this paper suggest that acid-

fast microorganisms multiplied in newborn snakes of
three different species and that it had been possible to
transfer leprotic infection from an infected human
being to snakes and from an infected snake to other
snakes. The susceptibility of newborn snakes to
M. leprae and the relatively rapid progress of the
infection in these animals make newborn snakes a
suitable live medium for M. leprae.
We propose to use newborn snakes (and possibly

snake tissue cultures) for the experimental diagnosis
of leprosy and for testing drugs against leprosy.
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