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A number of attempts have been made
to infect animals with Mycobacterium lep-
rae (). Large numbers of leprosy bacilli from
infected animals would be particularly use-
ful for ongoing studies of the antigenicity of
the bacillus and for the further development
of antileprosy vaccines for high-risk con-
tacts or for immunological stimulation of
patients who already have the disease (°).
Following the initial demonstration that M.
leprae would multiply in the foot pads of
mice by Shepard ('*''), Kirchheimer and
Storrs (7 '* %) produced disseminated lep-
rosy in nine-banded armadillos (Dasypus
novemcinctus). Convit, et al. (***) then
showed that the Venezuelan armadillo (D.
sabanicola) was susceptible, and Storrs, et
al. (**) showed that the seven-banded ar-
madillo (D. Aybridus) was also susceptible.

In our laboratory, we have inoculated
several different species of the family Dasy-
podidae with M. leprae, namely, Chaeto-
phractus villosus, Zaedus pichi, D. no-
vemcinctus, and D. hybridus. We have been
able to reproduce leprosy only in the last
two species. The present report summarizes
our experience in the experimental repro-
duction of leprosy in four D. hybridus. This
animal has a number of interesting char-
acteristics, including the fact that it readily
breeds in captivity in contrast to the nine-
banded armadillo.

MATERIALS AND METHODS

The four seven-banded armadillos (D.
hybridus) were captured in the province of
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Buenos Aires in the central part of Argen-
tina. This area corresponds to the vast plains
in Argentina called the Pampas, an area
which is not endemic for leprosy. Two of
the armadillos were males and two were fe-
males. The animals were initially main-
tained in our breeding colony. Two years
after capture, the 2 females produced litters
of 9 and 6 offspring, all of which survived.

The four animals were then transferred
to, and maintained in, dog cages (70 X
50 x 50 cm) for experimental inoculation
with M. leprae. They were fed a high-pro-
tein diet consisting of cat food, milk, boiled
vegetables, and meat. It was our impression
that the D. hybridus survive better if they
are given meat in their diets, while D. nov-
emcinctus apparently do not require sup-
plemental meat in their diets.

M. leprae were obtained from biopsies
from untreated lepromatous patients, and
suspensions were prepared to have a con-
centration of 1 x 10% acid-fast bacilli/ml.
Techniques used for counting bacilli and for
the preparation of the inocula were as de-
scribed elsewhere (> '2). The acid-fast stain
used was the Ziehl-Neelsen technique as
routinely utilized in the Leprosy Branch of
the Centers for Disease Control, Atlanta,
Georgia, U.S.A.

Following inoculation, the animals were
monitored for signs of infection with M.
leprae by a) the presence of acid-fast bacilli
(AFB) in smears from the earlobe, nasal mu-
cus, and peripheral blood, b) enlarged lymph
nodes, ¢) histopathologic examinations of
earlobe biopsies, and d) clinical behavior of
the animal, e.g., feeding habits, reflexes, and
weight loss.

When AFB were detected in the animals,
they were identified as M. leprae by the cri-
teria suggested by the World Health Orga-
nization ('®), namely, a) failure to grow in
mycobacterial culture media (Lowenstein-
Jensen and Stonebrick), b) extraction of acid-
fastness with pyridine (%), c¢) characteristic
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Fic. 1.

Armadillo DH43. The skin shows a histio-
cytic granuloma (H&E x300).

multiplication in the foot pads of mice (' ''),
and d) characteristic histopathologic fea-
tures.

RESULTS

A male armadillo, designated DH43, re-
ceived 1.61 x 108 M. leprae intravenously
in October 1981. In September 1982, AFB
were detected in peripheral blood and ear
smears. One month later, enlarged lymph
nodes were noted in the abdominal wall,
and the animal was sacrificed. A total of 426
days (14.2 months) elapsed between inoc-
ulation and sacrifice. Histopathologic stud-
ies demonstrated AFB in skin (Fig. 1), pe-
ripheral nerves (Fig. 2), liver, spleen, lymph
nodes, lungs, striated muscle (Fig. 3), tongue,
and meninges (Fig. 4), but not in the kidney,
esophagus, heart, or testicles. The pyridine
test was positive for M. leprae on the AFB
obtained at autopsy. The bacilli did not grow
on mycobacterial culture media after 90 days
of incubation. The mouse foot pad test was
not performed. The concentrations of AFB
were 2.55 x 10%g of liver and 3.02 x 10%g
of spleen.

A female armadillo, designated DH76,

FiG. 2. Armadillo DH43 showing a peripheral nerve
granuloma (H&E x125).

which had delivered a litter of 9 offspring
during captivity, received an identical in-
oculum of M. leprae as that received by the
male animal DH43, 1.e., 1.61 x 108% bacilli,
in October 1981. In November 1982, DH76
showed AFB in blood and ear smears and
had enlarged lymph nodes. In December
1984, the animal was sacrificed because of
weight loss, refusal to eat, and ulcers on both
hind legs. Histopathologic studies showed
AFB in skin, liver, spleen, peripheral nerves,
lymph nodes, lung, striated muscle, and the
tongue but not in the uterus, kidney, brain,
esophagus, heart or ovaries. The pyridine
test was positive for M. leprae, and myco-
bacterial culture media inoculated with AFB
from the liver, spleen, lymph nodes, ear,
and peripheral blood showed no growth.
Portions of liver, spleen, and lymph nodes
from this animal were sent to Dr. Arvind
Dhople at the Florida Institute of Technol-
ogy, Melbourne, Florida, U.S.A. In that lab-
oratory the pyridine test was positive for M.
leprae. Lowenstein-Jensen, Middlebrook,
and Dubos media inoculated with AFB from
these tissues showed no growth. AFB (6 X
10°%) were inoculated into the foot pads of
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FiG. 3.

Armadillo DH43, striated muscle showing
areas of necrosis with abundant AFB (Zichl-Neelsen
x 500).

mice, and the mice were sacrificed 4%
months after inoculation. With bacilli from
the liver, 0.77 x 10° AFB/foot pad were
harvested. With AFB from the spleen,
1.09 x 10°/foot pad were harvested, and
from lymph node material, 1.1 x 10°/foot
pad were harvested.

The concentrations of AFB from DH76
were 7.58 X 10%/g of liver, 4.4 x 10°/g of
spleen, and 6.9 x 10%/g of lymph node.

The other female armadillo, designated
DH94, received 2.31 x 10% M. leprae in-
travenously in July 1981. AFB were found
in peripheral blood smears in June 1982 and
in nasal mucus in July 1982. In September
1982, the animal was sacrificed because of
difficulty with feeding, weight loss, lethargy,
and leg ulceration. The time between in-
oculation and sacrifice was 443 days (14.8
months).

Histopathologic studies of tissues ob-
tained at autopsy in this animal showed AFB
in the spleen (small amounts), peripheral
nerves, lungs, lymph nodes, and liver but
not in the heart, muscle, kidney, or uterus.

AFB from this animal were positive for

FiG. 4. Armadillo DH43, meningeal nodular gran-
uloma (H&E x125).

M. leprae by the pyridine test and did not
grow on mycobacterial culture media.
Mouse foot pad tests were not performed.
The concentrations of AFBwere 1.6 x 10%/g
of liver, 8.6 x 107/g of spleen, and 9 X
10%/g of lymph node.

The other male armadillo, designated
DH146, received the same inoculum as
DH43, namely, 1.61 x 10% bacilli, intra-
venously in October 1981. AFB were found
in smears of peripheral blood and in ear
clips in November 1982. In December 1982,
ulcers appeared on the legs. In January 1983,
the animal ceased feeding, became lethar-
gic, and was sacrificed. The time from in-
oculation to sacrifice was 462 days (15.4
months).

Histopathologic studies of tissues ob-
tained at autopsy showed AFB in the ear,
liver, spleen, lymph nodes, lungs, striated
muscle, and testicles, but not in the brain,
esophagus, kidney or heart. In this animal,
severe necrosis of striated muscle was seen.
All lesions showed a histopathologic picture
similar to that seen in lepromatous leprosy
patients, but much more severe. The his-
tiocytes were observed to have two mor-
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phologic features, either vacuolated or
“rough-glass’ cytoplasm.

AFB from this animal were positive for
M. leprae by the pyridine test and showed
no growth on mycobacterial culture media.
The mouse foot pad test was not performed.
The concentrations of AFB were 8.75 X
10%/g of liver, 6.57 x 10%/g of spleen, and
1.2 x 10/g of lymph node.

DISCUSSION

We believe that the AFB found in these
four D. hybridus were M. leprae because they
met the criteria for identification of M. lep-
rae as suggested by WHO (*¢). Although the
mouse foot pad technique was performed
only with the material from the animal des-
ignated DH76, DH43 and DH 146 received
bacilli from the same inoculum as DH76.
The pyridine test was positive for M. leprae
with bacilli from all four of the animals, and
tissues from each of the sacrificed animals
showed typical histopathologic features of
lepromatous leprosy.

The seven-banded armadillo has a num-
ber of advantages in comparison to the nine-
banded armadillo. It easily adapts to life in
captivity, although it appears to be very sen-
sitive to any change in food composition
and temperature. The seven-banded ar-
madillo reproduces once a year, providing
litters of 5-9 animals. The offspring are
much easier to handle than animals ob-
tained directly from the wild. The infection
with M. leprae appears earlier in D. hybri-
dus (14.6 months on the average) than in
D. novemcinctus (24.1 months on the av-
erage) in our hands.

At this time, several other D. hybridus,
most of them bred in captivity, are showing
signs of disseminated leprosy.

SUMMARY

Four autochthonous seven-banded ar-
madillos (Dasypus hybridus) from Argen-
tina which developed disseminated leprosy
are reported. The average time from inoc-
ulation to death was 14.6 months. Acid-fast
bacilli (AFB) were found in the skin, nerves,
spleen, lymph nodes, lungs, meninges, and
striated muscle. Several tests were used to
prove that the AFB found in the infected
animals were Mycobacterium leprae: a) fail-
ure to grow in standard culture media for
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mycobacteria, b) extraction of acid-fastness
with the pyridine test, c) patterns of growth
in the mouse foot pad, and d) histopathol-
ogic features.

RESUMEN

Se reportaron 4 casos de armadillos de 7 bandas
(Dasypus hybridus) autdéctonos de Argentina que de-
sarrollaron lepra lepromatosa diseminada. El tiempo
promedio desde la inoculacion a su muerte fue de 14.6
meses. Se encontraron bacilos acido resistentes en la
picl, los nervios, ¢l bazo, los ganglios linfaticos, los
pulmones, las meninges, y el musculo estriado. Se hi-
cieron varias prucbas para demostrar que los bacilos
fueron Mycobacterium leprae: a) incapacidad de cre-
cimiento en medios para micobacterias convenciona-
les, b) extraccion de la acido resistencia con piridina,
¢) patrén de crecimiento en el cojinete plantar del ra-
16n, y d) hallazgos histopatologicos.

RESUME

On relate la dissémination de la I¢pre chez 4 tatous
autochtones a sept bandes (Dasypus hybridus)
d’Argentine. La période moyenne entre I'inoculation
et la mort a été de 14, 6 mois. On a récolté des bacilles
acido-résistants dans la peau, les nerfs, la rate, les gan-
glions lymphatiques, les poumons, les méninges et les
muscles striés. On a eu recours a plusieurs épreuves
pour confirmer le fait que les bacilles acido-résistants
récoltés chez les animaux infectés étaient bien Myco-
bacterium leprae. Les critéres ont consisté en a) I’ab-
sence de croissance dans milieux de culture standards
pour des mycobactéries, b) I’extraction de I’acido-ré-
sistance par I'épreuve a la pyridine, ¢) les profils de
croissance dans le coussinet plantaire de la souris, et
d) les caractéristiques histo-pathologiques.
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