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SPONTANEOUS RENAL DISEASE IN
LOUISIANA ARMADILLOS (Dasypus novemcinctus)m

B. P. STUART,E�1 W. A. CROWELL,� W. V. ADAMS and J. C. CARLISLE

Abstract: Renal lesions were present in 34 (68%) of 50 armadillos (Dasypu.s;

novemcinctus) collected for a survey of the prevalence of leptospires in Louisiana
wildlife. The renal lesions were not associated with elevations in the renal function
tests of blood urea nitrogen or serum creatinine or with consistent serologic or
cultural evidence of leptospires.

INTRODUCTION

The armadillo (Dasypus novemcinc-

tus) is becoming an important model for
biomedical research in organ culture
systems (Amborski, R. L., pers. comm.),
genetic studies’ and as a model for lep-
rosy.6’9 This interest, and the paucity of
literature on morphologic studies on this
species, prompted the present retrospec-
tive investigation of renal disease in the
armadillo. The animals were collected
in a prior survey for leptospires in
Louisiana wildlife.7

MATERIALS AND METHODS

The method of capturing armadillos
in Louisiana has been described.’ Sera
were collected for serologic evaluation
and stored at -10 C for 10-16 years.
Kidneys and urine were cultured for
leptospires8 and samples of each kidney
were placed in bottles containing 10%
formalin. These bottles were labeled,
sealed in paraffin and stored at ambient
temperature (for 10-16 years). Kidneys
from 50 of 226 animals of all ages ori-
ginally captured were randomly selected
for morphologic evaluation. Multiple

slices of each kidney were sectioned to
insure evaluation of cortex, medulla,
and pelvis and were processed by stan-
dard histological techniques. Tissue sec-
tions of 5 zm thickness were stained
with hematoxylin and eosin and exa-
mined by light microscopy. Selected
sections were stained by the following
techniques: Von Kossa for calcium salts;
Periodic acid-Schiff for mucopoly-
saccharides, Warthin-Starry for spiro-
chetes; Ziehl-Neelsen and Fite-Faraco
for acid fast organisms.

Morphologic alterations in the renal
interstitium, renal corpuscles, renal tu-
bules, pelvis and vasculature were sub-
jectively graded as follows: Zero, no
lesion; 1+, mild focal lesion; 2+, mul-
tifocal or moderate lesion; 3 +, focal dis-
seminated or extensive lesion.

Stored sera were thawed and blood
urea nitrogen (BUN) and serum crea-
tinine (SC) determinations made utiliz-
ing either single�4l or automated chemis-
try� technique. These tests and results
of serum agglutination reactions and
culture attempts for leptospires were
compared with the histologic renal chan-
ges.
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RESULTS AND DISCUSSION

Morphologic changes of varied sever-
ity and type were present in 34 (68%)
of the kidneys examined (Table 1). The
most prominent and consistent lesion
was multifocal to focal disseminated
nonsuppurative interstitial nephritis
(Figs. I and 2). This lesion, present in
32 (64%) animals and largely limited
to the renal cortices, was characterized
by interstitial infiltration of mononuclear
cells, principally lymphocytes and plasma
cells. Connective tissue proliferation or
scarring was often moderate to exten-
sive. Periglomerular sclerosis or connec-

tive tissue thickening of Bowman’s cap-
sule paralleled the interstitial fibrosis.
Fourteen (28%) animals had mild to
moderate periglomerular sclerosis. Von
Kossa-positive mineral debris occasionally
was seen within the thickened Bowman’s
capsule. Renal tubular degeneration, pre-
sent in 14 (28%) animals, accompanied
areas of moderate to extensive intersti-
tial cellular infiltrate and scarring. This
degeneration was characterized by tubu-
lar dilation with flattened epithelium,
occasional cellular cast formation and
compensatory hyperplasia and hyper-
trophy. Mild lymphocytic infiltration
within the submucosa of the renal pelvis
was present in 5 (10%) animals. Multi-
focal mineral deposits were present with-
in the medullary interstitium in 7 (14%)
animals. Chronic perirenal fibrosis and
proliferative endarteritis were observed
in 2 (4%) animals. Microorganisms
were not demonstrated within the renal
lesions by specialized histologic stains.

BUN and SC values were not signifi-
cantly different (p < .05, F and T tests)
for animals with or without renal lesions
(Table 2). The BUN determinations
with the urograph procedure gave nota-

bly higher values than those determined
by automated methods. Variables such
as air conditions in the room, including
tobacco smoke, affect the urograph strip
more than the automated methods, and
probably account for the differences.
The values for BUN and SC are com-
parable to or lower than published data

from captured’#{176} or colony reared’ arma-
dillos. The normal BUN and SC values
emphasize the subclinical nature of the
renal lesions. Renal disease may not be
clinically apparent until approximately
66% to 75% of the nephrons are de-
stroyed, resulting in azotemia.5

The etiology of this naturally occur-
ring interstitial nephritis in the arma-
dillo is unknown. Leptospires (L. pomo-

na, L. seniot) were isolated from 2 ani-
mals, one with no renal lesions, the
other with mild focal lymphocytic inter-
stitial infiltrates. Positive titers to a var-
iety of serotypes shown in Table 3 were
present in 19 (38%) armadillos in this
survey. Only 2 (6%) animals with inter-
stitial nephritis had agglutination titres
of 100 or greater. Positive titers at these
levels indicate previous exposure to the
organism with immunoconversion. Ac-
tive infection with associated morpho-
logic renal lesions is not implied. In a
study of 497 armadillos in Argentina,
bataviae serogroup was isolated from
5.4%, with a 23% serologic reactor
rate to several other serotypes.’

The renal lesions in armadillos in this
survey are primarily of cortical distri-
bution, suggesting hematogenous rather
than ascending route of entry for an
etiologic agent. This nongranulomatous
inflammatory response in these kidneys
was not accompanied by an eosinophilic
infiltrate, nor was there evidence of
parasitic debris. A mild lymphocytic in-
filtrate in the renal pelvis in 5 (10%)
animals was not associated with disrup-
tion of the pelvic epithelium.

Armadillos have received attention in
the field of leprosy research.9” The ani-
mal is reported to have an intact im-
mune system capable of mobilizing a
cellular response to injury.6 Macrophages
containing acid-fast organisms have been
described in the leprosy-like disease oc-
curring naturally in armadillos, but there
was no mention of renal involvement.”
A lymphocytic response was prominent
within the kidneys in the present study.
However, there was minimal histiocytic
response. Acid-fast organisms were not
observed.
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FIGURE 2. Focus of moderate to marked nonsuppurative interstitial nephritis. Note cellular

infiltrate, destruction of renal tubules and thickened Bowman’s capsule. PAS x 160.

FIGURE 1. Moderate interstitial fibrosis and lymphocytic inflammatory cell infiltration. Note

thickening of Bowman’s capsule of the renal corpuscle. H & E x 160.
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TABLE 1. Distribution of renal lesions in 50 Armadillos (Dasypus novemcinctus).

Lesions Interstitium
Renal

Tubules
Renal
Pelvis

Renal
Corpuscles

Focal Miner-
alization Other

None

Mild 1+

Moderate 2+

Marked 3+

l2’(6)�

9(11)

4 (4)

0(4)

20(16)

5 (7)

0 (2)

0 (0)

23(22)

2 (3)

0 (0)

0 (0)

20(16)

5 (7)

0 (2)

0 (0)

22(21)

2 (4)

1 (0)

0 (0)

23(25)

1 (0)

1 (0)

0 (0)

Percentage

Lesions M (F)

52 (76) 20(36) 8(12) 20(36) 12(16) 8 (0)

Total

Percentages

(M and F)

64 28 10 28 14 4

O Male

Female

TABLE 2. Blood Urea Nitrogen (BUN) and Serum Creatinine (SC) determinations in Armadillos

(Dasypus novemcinctus).

Sex BUN SC Nephritis

M 13 1.0 0
F 35* qns 0

M 6 0.7 0

F 13 0.9 0

M 25* 0.4 0

F 6 0.7 0

F 11 0.2 3+

F 25* qns 2+

M 14 0.7 2+

F 24 0.5 2+

F 17 0.7 2+

F 15 0.5 3+

Urograph, Warner Chilcoti

T ABLE 3. Leptospira Serotypes in 50 Armadillos ( Dasypus novemcinctus).

C S
.� .5

C � .�

V � a .“ .� E o
� .C- �

a ‘� C a
�C. ..‘; 055 O’� .� .. S �, a a

V � . . . . . .

t�-�-$ �Z cia. �.i �.i � �.i �.i �

None 18 12 6 1 1 1 3 1 1 1

Mild 19 11 8 1 1 2 2 1 1 2 1

Moderate 9 5 4 1 2 1 1

Marked 4 3 1 1 1
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The renal tubular basement mem- valence 34 (68%) of mild to marked
brane’s interstitium, Bowman’s capsule nonsuppurative interstitial nephritis in
and glomerular mesangium appear more the armadillo, should be considered
prominent in the unaffected armadillo when utilizing this animal for biomedi-
kidneys than in the common livestock cal research.
and pet species. This, and the high pre-
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