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ABSTRACT: A wild muskrat (Ondatra zibethicus) found moribund in Illinois (USA) had minimal meningitis and pleuritis, probably of bacterial origin. There were large, basophilic, intranuclear inclusion bodies within scattered enterocytes. The inclusions were microscopically
typical of those produced by adenoviruses, and
ultrastructurally were intranuclear paracrystalline arrays of virus particles with characteristics
of adenoviruses. The significance of the adenovirus infection in this muskrat is unknown.
Key words: Adenovirus, electron microscopy, muskrat, Ondatra zibethicus, viral inclusion bodies.

In October, 1999, a muskrat (Ondatra
zibethicus) was found alive, but obviously
ill, by a trapper in the Johnson-Sauk Trail
State Park (418199N, 898539W) of the Alba
township (Henry County, Illinois, USA).
The animal subsequently died, was frozen,
submitted to the Illinois Department of
Natural Resources (Springfield, Illinois,
USA) and, in turn, submitted to the Animal Disease Laboratory (Galesburg, Illinois, USA) for necropsy. No other animals
were found dead or ill near the area, nor
was there evidence of associated environmental problems (water pollution, fish
kills, etc.).
The animal was allowed to thaw and was
then necropsied. It was thin. The lungs
and heart were dark red. Fine strands of
fibrin were evident on the capsular surface
of the liver.
Bacteria (Staphylococcus sp.) were isolated from the lung and pooled liver, kidney, and spleen. Special bacteriologic procedures for Listeria monocytogenes
(Sneath, 1986) and Francisella tularensis
(Murray, 1995) failed to demonstrate those
organisms. Cysts of Giardia sp. were demonstrated in intestinal contents by immunofluorescence (Merifluor Cryptosporidium/Giardia, Meridian Diagnostics, Inc.,
Cincinnati, Ohio, USA).

Brain, heart, lung, liver, kidney, small intestine, trachea, esophagus, thyroid gland,
and skeletal muscle were fixed in 10%
neutral-buffered formalin and processed
and sectioned routinely (Carson, 1997) for
histology. Microscopically, freezing artifacts were mild to moderate. The brain
had minimal to mild scattered infiltrates of
predominately mononuclear inflammatory
cells in the meninges and as perivascular
cuffs in the superficial neuropil. Lungs had
fibrin with stringy basophilic material on
the pleura with mild accompanying subpleural infiltrates of lymphocytes, histiocytes and a few neutrophils.
In small intestine, scattered enterocytes
contained large, homogeneous basophilic
intranuclear inclusion bodies (Fig. 1). In
affected nuclei, chromatin was displaced
to the periphery of the nucleus and replaced by smudged, basophilic material.
There was little indication of necrosis or
inflammation in the intestine, although autolysis hampered interpretation.
Portions of formalin-fixed small intestine were placed in modified Karnovsky’s
solution (Norwell et al., 1972) and then
transferred to 1% osmium tetroxide in 0.1
M sodium cacodylate. The tissues were
then embedded in 50:50 Spurr’s/epon resin (Ted Pella, Redding, California, USA).
Thin sections were cut, stained with toluidine blue O stain (Fisher Scientific Company, Fair Lawn, New Jersey) and examined microscopically for the presence of
inclusion bodies. Suitable blocks were sectioned at 70–90 nm, mounted on copper
grids, stained with uranyl acetate and lead
citrate, and examined using a Zeiss 10C
electron microscope (Carl Zeiss, Oberkocken, Germany). Ultrastructurally, the
intranuclear inclusions were composed of
paracrystalline arrays of non-enveloped,
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FIGURE 2. Electron micrograph of jejunal epithelial cell of muskrat. Chromatin is clumped at the margin of the nucleus. Several irregular paracrystalline
arrays of virus particles are evident. Bar 5 2 mm.
Inset is a high magnification of virus particles. Bar 5
300 mm.

FIGURE 1. Photomicrograph of small intestine of
muskrat. Adenovirus inclusion bodies (arrows) are
present in the nuclei of enterocytes. H&E stain. Bar
5 10 mm.

icosahedral virus particles, 60–80 nm in diameter (Fig. 2) consistent with the morphology of adenoviruses (Fenner et al.,
1993).
Immunohistochemistry was performed
to determine if the muskrat adenovirus
was antigenically related to the deer adenovirus, which has been demonstrated to
be antigenically related to, but distinct
from, bovine adenovirus types 5 and 7. Immunohistochemistry using polyclonal antiserum to bovine adenovirus type 5
(American BioResearch, Seymour, Tennessee, USA), performed as previously described (Woods et al., 1999), did not stain
the intranuclear inclusions in the enterocytes.
Adenoviruses cause disease in a wide
range of animal species. Some are capable
of causing epidemics of high mortality.
More commonly, adenoviruses cause spo-

radic diseases limited to neonates or immunologically compromised individuals.
There are few reports of adenovirus infections in small mammals. An adenovirus
was recovered from the blood of a whitefooted deer mouse (Peromyscus maniculatus) in California (Reeves et al., 1967).
Adenoviral inclusions were seen in kidneys
of seven of 13 Franklin’s ground squirrels
(Spermophilus franklini) during routine
pathologic studies associated with a predator control program in Canada (Durham
et al., 1988). The adenovirus was identified
by transmission electron microscopy and
then isolated from the kidney. No gross or
microscopic pathologic changes were evident in the affected animals (Durham et
al., 1988). An adenovirus was the apparent
cause of an epizootic in which 12 of 15
captive infant tree shrews (Tupaia glis)
died. In this case, necrosis of the alimentary tract, liver, and nasal cavity were associated with the presence of inclusion
bodies (Schoeb and DaRif, 1984). Adenovirus antibodies have been detected in
the sera of brush-tailed possums (Trichosurus vulpecula) in New Zealand (Rice et
al., 1991). A raccoon (Procyon lotor) from
Oregon with adenovirus infection accompanied by fungal (Candida sp.) and bacterial (Listeria monocytogenes) infections
has been reported recently (Hamir et al.,
2000).
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No references of adenovirus infection in
muskrats were found. There was no evidence of inflammation or necrosis associated with the presence of the viral inclusions in this muskrat, suggesting this adenovirus may be a non- or minimally pathogenic infection in that species. Pathologic
and laboratory findings indicated the likelihood of a bacterial cause for the illness
and death of the muskrat. It is possible
that the bacterial infection was debilitating
and resulted in increased susceptibility to
adenoviral infection.
The authors thank R. W. Nordhausen
for his assistance in preparing specimens
for electron microscopy.
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