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It is well known that experimental infec-
tion of nine-banded armadillos (Da.s . vpus
noveincinctus Linn.) with Al. leprae causes
disseminated leprosy in a variable proportion
of animals dependine, on the size and route of
injection of the inoculum ( 3 ).

The histopathologic and bacteriologic
autopsy findings are similar to those in lepro-
matous human beings but involve a greater
variety of organs which, in addition, carry a
greater bacterial load ( 4 ).

In this paper a retrospective study of liver
lesions was made in seven male and six fe-
male armadillos infected intracutaneously
and simultaneously with 10 7 Al. leprae 1-1
(derived frcim human lepromas) from the
same inoculum, to evaluate the pathogenesis
of the experimental disease.
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MATERIALS AND METHODS
Liver sections of the 13 autopsied armadil-

los, stained with hematoxvlin and eosin and
acid-fast stain, were studied. All 13 armadil-
los were mature wild-caught animals of un-
known age. The autopsies were made within
55 months after experimental infection. Six
of the thirteen armadillos died spontaneous-
ly and seven were sacrificed because they,

appeared to he in terminal condition.
For the purposes of this study the animals

were divided into two groups. In one group
the lesions due to M. leprae were not so ex-
tensive that death could he attributed to the
lesions. In the second group the lepromatoid
lesions were so widespread that it was rea-
sonable to assume that the disease contrib-
uted to the death or the serious illness in
these animals.

RESULTS
Group I. There were seven animals in the

first group, three females and four males.
The period of survival following inoculation
with M. leprae varied from as short a period
as 13 months to 55 months.

The histopathologic appearances of all
seven animals except number 31 had a close
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resemblance. The architecture of the liver
was normal. The liver cells showed no fatty
degeneration or other obvious pathologic
changes. There were scattered infiltrations
of the liver tissue by lymphocytes, a few
plasma cells and macrophages, and in some
there were small focal collections of these
cells (Fig. I). Well marked congestion, most-
ly in the center of the lobule, was seen in
three animals.

FIG. I. Liver tissues showing small focal collec-
tions of round cells, most of which are lympho-
cytes. (H & E, X 200)

Acid-fast stain showed bacilli inside Kupf-
fer cells (Fig. 2) and macrophages. Many of
the liver cells also contained bacilli; in most
there were only a few organisms hut in a few
there were large numbers (Figs. 3. 4).

In animal 3I there was a marked increase
in the inflammatory reaction. Several lobules
were infiltrated by numerous lymphocytes
(Fig. 5). Individual liver cells and small
groups of them were surrounded and infil-
trated by several lymphocytes (Fig. 6). There
were periportal areas of hemorrhagic necro-
sis infiltrated by neutrophil polymorphs.
Acid-fast bacilli were present in many of the
liver cells.

Croup II. There were six animals in Group
II, of these three were females and three
males. The period of survival following inoc-
ulation with M. hprae varied from 17 to 55
months.

FIG. 2. Kul-41er cells containing many acid-fast
organisms. (Acid-fast stain counterstained with
hematoxylin, X 1250.)

FIG. 3. A liver cell containing a small clump of
acid-fast bacilli. (Acid-fast stain counterstained
with hematoxylin, X 1250.)
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:LABIA^I. Period of survival ill Group I.

Armadillo no. Sex

Period of survival
after inoculation

(months) Dead or sacrificed

39 F 13 Found dead
16C F 26 Found sick & sacrificed

31 F 33 Found dying & sacrificed
27 M 36 Found sick & sacrificed
30 M 39 Found dead
43C M 40 Found dead
28 M 55 Found sick & sacrificed

BLE 2. Period of survival in Group II.

Period of survival
after inoculation

Armadillo no. Sex (months) Dead or sacrificed

38 F 17 Found dead
15C M 27 Found dead
29 M 36 Found sick & sacrificed
18 F 37 Found dead
25 F 37 Found sick & sacrificed

5 M 55 Found sick & sacrificed

FIG. 4. Mans liver cells packed with acid-fast
organisms. (Acid-fast stain counterstained with
hematoxylin, X 1250.)

The architecture of the liver was essential-
ly normal in all animals. Many liver cells
were swollen and the cytoplasm of some of
them were pale and granular (Fig. 7). Kupl-
ler cells were prominent throughout the sec-
tion (Fig. 8). Numerous collections of macro-

FIG. 5. Liver lobule infiltrated by large collec-
tions of lymphocytes. (11 & E, X 200)
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tillages infiltrated the liver lobules without
any special site of predilection. "I' he liver
cells surrounding these collections showed
evidence of pressure atrophy. The macro-
phages had a pale granular cytoplasm and
were indistinguishable from sonic of the liver
cells (Fig. 9). Foamy degeneration of macro-
phages and liver cells was also seen (Fig. 10).

The lesions in the animal at 55 months
were obviously more extensive than in the
one at 17 months. However, there was no
Significant difference between the extent of
lesions at 27 months and 55 months. Foamy
change of the affected cells was noticed as
early as 17 months and was well marked at
55 months. In some animals few liver cells
were binucleated and variation in site of the
nuclei was also seen. However, there was n o
nodular regeneration or fibrosis.

Acid-fast stain showed that the macro-
phages, Kupfler cells and the swollen, pale,
granular liver cells were packed with bacilli.

FIG. 6. I ndividual  liver cells and groups of them
are infiltrated by numerous lymphocytes. ( H & E,
X 500)

FIG. 7. liver tissue showing a small group of
cells with pale granular cytoplasm. (H & E, X
500)

FIG. 8. Liver section showing prominent Kupf-
fer cells throughout the tissue. ( H & E, X 200)
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Many of the other liver cells also contained
bacilli but in much smaller numbers.

In three annuals there were focal collec-
tions of neutrophil polymorphs situated in
areas where there Were collections of macro-
phages. Sonic of these were very small and
others were large enough to form micro-
abscesses. In animal 29, there was well
marked vasculitis of several hepatic veins
with deposition of protein in the vessel wall
and infiltration by numerous neutrophil poly-
morphs (Fig. II). In sonic instances there
was destruction of the vessel wall itself (•ig.
12) with extravasation of red blood cells.
Acid-fast stain showed bacilli inside macro-
phages, Kupffer cells and liver cells, but they
were fewer at the sites of microabscesses.

FIG. 9. Liver tissue with extensive areas of
foamy degeneration of liver cells and macro-
phages. (II & E, X 500)

DISCUSSION
Several interesting observations emerge

from this study. All the 13 animals infected
intracutaneouslv with 10 7 M. leprae and ex-
amined at autopsy showed definite evidence
of generalized infection with proliferation of
M. leprae in liver cells.

The reaction of the animals to the infec-
tion varied considerably. The extent of the
disease in the liver did not depend on the
length of time after the infection. Two dis-
tinctive groups were identified; one in which
the infection was less evident and the num-
ber of bacilli in macrophages and in liver
cells was smaller. There was no obvious
change in the liver tissue except for the
round cell infiltration and prominent Kupffer
cells which contained Al. leprae. This picture
remained the same whether the period of
infection was 13 months or 55 months. These
lesions can he compared to indeterminate
leprosy in humans.

In the other group of animals there was
swelling of a number of liver cells which de-
veloped as a pale granular cytoplasm. There
were also increasing numbers of macro-
phages infiltrating the liver tissue. As the
period of infection advanced a significant
portion of the normal liver tissue was re-
placed by bacilli ferous macrophages and
liver cells. Their bacillary content was con-
siderable. Although there was an increase in
the number of cells containing bacilli from
the I 7th month to the 27th month, there was
not much change from the 27th month to the
55th month. Foamy change was seen as early
as 27 months but was well marked at 55
months. Since there was so much difference
in the number of hacilliferous cells in the

FIG. W. Liver cells with acid-fast bacilli show-
ing foamy degeneration. (Acid-fast stain counter-
stained with hematoxylin, X 1250.)
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FIG. II. Vasculitis involving a hepatic vein.
Note the infiltration of the vessel wall from both
sides by neutrophils. (11 & E. X 200)

FIG. 12. Hepatic vein is seen almost completely
destroyed by polymorphs and an adjacent micro-
abscess. (H & E, X 200)

livers of these two groups of animals it is
reasonable to state that one group of animals
was much more susceptible to the leprosy
bacillus than the other group. This confirms
an earlier report by Kirchheimer and San-
chez ( 2 ). The 13 autopsied armadillos be-
longed to a group of 16 animals infected
simultaneously with the same number of M.
leprac and by the same route. Three of these
animals are still alive after more than five
years. One of the survivors has signs of dis-
seminated leprosy and the other two have no
detectable sign of leprosy. Such observations
in other groups of armadillos have been re-
ported by Kirehheimer et al (.'), and are
thought to reflect differences in susceptibili-
ty.

The lesion in the lepromatoid armadillo
liver was initiated in Kupffer cells. Later,
large collections of hacillatcd macrophages
infiltrated the liver lobules. In addition, liver
cells were invaded by the organism and they
developed a pale granular cytoplasm which
became foamy in the late lesions. This pic-
ture is quite different from that seen in hu-
mans where the organism does not invade
the liver cells. In the human liver lesion there
are focal collections of infected macrophages
containing varying numbers of bacilli. These
granulomata never become larger than 1-2
mm in size. Foamy degeneration is a very
prominent change in the cytoplasm of these
macrophages. Perhaps because of the higher
temperature of the liver cells in humans, M.
leprac do not invade and grow in these cells
in man. It should he pointed out here that M.
leprae grow in spermatogonia, the parenchy-
matous cell of the testis in humans where the
temperature is lower than that of the body.
Foamy change of any infected cell which
supports the growth of M. leprae, as pointed
out by l3inford et al (I), depends on the dura-
tion of the infection.

Neutrophil polvmorphs are seen to infil-
trate lepromatous granulomas in erythema
nodosum leprosum (ENI.) in humans and
EN I. lesions have been described in skin,
lymph nodes, nerves, eyes and joints. In
three of the six lepromatoid armadillo liver
lesions studied, there were neutrophils infil-
trating areas of bacillated macrophages and
liver cells, producing microabscesses. In one,
there was well marked vasculitis as de-
scribed in ENI, in humans. Although a pyo-
genic infection may produce infiltration by
polymorphs, the histopathology of the liver
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lesion is what one expects in an Arthus reac-
tion. Therefore, we would like to suggest that
ENT. lesions occur in the lepromatoid arma-
dillo just as in lepromatous humans and the
pathogenesis of the lesions in both could he
the same. It is also interesting to suggest that
the target organ in experimental armadillo
leprosy is the liver as compared to the skin
in human leprosy.

In animal 31, there was hemorrhagic
necrosis of the liver cells and infiltration by
many lymphocytes and some neutrophil
polvmorphs. The lymphocytes are seen to
infiltrate individual or groups of liver cells
which contain M. leprue. This pathologic
reaction could he an attempt on the part of
the body to control the progress of the dis-
ease described as "reversal reaction."

In this study there were six females and
seven males and there were no differences in
the intensity and the extent of the disease
between the two sexes.

It is interesting to note that the period of
survival in both groups of animals, those
with the indeterminate form of the disease
and those with the lepromatoid type of the
disease, was similar. The ages of these ani-
mals at the time of infection were not known.
Although the lepromatoid disease would
certainly have shortened their life span, the
indeterminate lesion may not have. There-
fore, the leprosy of the armadillos may not
he the sole cause of death. It is quite possible
that leprosy in armadillos, as in man, short-
ens life but may not he the primary cause of
death.

SUMMARY

A retrospective study of liver lesions was
made in 13 armadillos infected intracutane-
ouslv with 10 7 M. leprae from the same
irlOCUIUM, to evaluate the pathogenesis of
the experimental disease. Survival times
ranged from 13 to 55 months. In seven arma-
dillos the liver lesions were markedly less
severe than in six of these animals. The ex-
tent of the lesions was unrelated to the dura-
tion of the infection and was interpreted as
reflecting individual differences in resist-
ance. In contrast to man, leprosy bacilli were
found in the liver cells of both groups of ar-
madillos but to a lesser extent in those of the
more resistant armadillos. The latter also
had no obvious changes in the liver tissue
except for round cell infiltration and promi-

nent Kupfler's cells which contained M. lep-
ate. These lesions can he compared to inde-
terminate leprosy in humans.

The lesions in the more susceptible (lep-
romatoid) armadillos were initiated in Kupl-
fer's cells. Later, large collections of hacil-
lated macrophages infiltrated the liver
lobules. The liver cells heavily loaded with
M. leprae developed a pale granular cyto-
plasm which became foamy in the late le-
sions. In three of the leprotnatoid livers,
lesions compatible with erphema tiodosum
/epro.s . um were seen.

RESUMEN
Sc Itizo un estudio retrospectivo de las lesiones

hepaticas en 13 armadillos infectados simultanea-
mente por la via subcuLfnea con 10 7^leprae.
Los tiempos de sobrevida variaron de 13 a 55
meses. Seis armadillos tuvieron lesiones
ticas muy sevcras. El grado de severidad no estu-
vo relacionado con el ticinpo de infecci(in y se
interpreni como el reflejo de las diferencias indi-
viduales en resistencia. En contraste a lo que
secede en el human°, se encontraron bacilos de la
lepra en las cdlulas hemiticas de limbos grupos de
armadillos aunque los hacilos fueron menos fre-
cuentes en los armadillos mas resistentes. Estos
altimos tampoco mostraron cambios ohvios en el
teirdo hepatic() excepto por una infiltracidn de
cdlulas redondas v por la presencia de cdlulas de
Kupfler prominentes infectados con bacilos de la
lepra. Estas lesiones pueden compararse a las de
la lepra indeterminada de los humanos.

Las lesiones en los armadillos im(s susceptibles
(lepromatoides) se iniciaron en las cdlulas de
Kupffer. Despuds, los Icihulos apare-
cieron infiltrados por grandes colecciones de
nmcraagos parasitados. Las cdlulas hepaticas in-
fectadas masivamente con M. leprae, desarrol-
baron un citophisma granular palido el cual se
hizo espumoso en las lesiones tardias. En 3 de los
higados lepromatoides se ohservaron lesiones
semejantes ernema nodoso leprosy.

RIISIJM

En vue d'dvaluer la pathogdnese de la maladie
expdrimentale diet ('armadillo, on a procddd a
tine dtude rdtrospective des ldsions hdpatiques
clue/ 13 armadillos infectds par voie intra-cutande
et simultandment par 10' M. leprae provenant
mane inoculat. Les temps du survie ont varid de
13 a 55 mois. Chez 7 armadillos, les ldsions hdpa-
tiques dtaient !tenement moms prononcdes que
chez les 6 autres. L'dtendue des ldsions n'dtait pas
en relation ztvec la durde de ('infection, cc que l'on
interprets coin le rdsultat de diffdrences indi-
viduelles dans la rdsistance. Contrairement a ce
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que I'on observe chez l'homme, des haeilles de la
li:pre ont (!te trotiv(!s dans les cellules In!paticities
des deux groupes d'armadillos, n u bs cependant
heaucoup mains ahondants chef ceux qui Jtaient
plus ri!sistants. ('e (fernier groupe ne priSentait
Jgalement auctine modilication manileste clans le
tissu lit!patique, si cc West la prJsence dune infil-
tration par cellules arrondies. de mk"..ine clue la
prJsence prtkloininante de cellules de kupfler
contenant M. leprae. Ces IcSions pement titre
comparJes it cc que Ion trouve clans la lipre in-
dc!terininJe chci l'homine.

I.es li(sions observjes chef les armadillos les
plus susceptibles (Ic!promatoides) ont datite clans
les cellules de Kuplter. Plus tard, de larges ras-
semblements de macrophages contenant des ha-
cillcs ont infiltke les lobules Ih1patiques. I.es
cellules hjpatiques remplies de M. leprae prtSen-
taient un cytoplasme granulaire pale, qui est
deventi sputneux clans les li!sions tardives. Vans
trois de ces loies IL'promatoides, on a ohservt!des
ItSions compatibles IIVCC erythema IttOlo.vuth hp-

rastim.
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