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Abstract: Phycomycosis (mucormycosis) was diagnosed in a 17-month old female
gray squirrel. Characteristic fungal organisms were demonstrated in abscesses in the

skin and lungs. The squirrel also had multiple fibromas in the skin from which a
poxvirus was isolated.

INTRODUCTION

Phycomycosis (mucormycosis) refers
to infection with fungi of the genera
Mucor, Rhizopus, and Absidia of the
family Mucoraceae. These fungal species
are ubiquitous in nature and considered
secondary invaders rather than primary
disease agents. � They rarely produce
disease; and, lesions are frequently in.
cidental findings at necropsy, unrelated
to the cause of death.7”6”7 In man,

infection sometimes follows antibiotic
therapy.’�6 Mucormycosis has been
reported in food-producing animals,’
companion and laboratory animal�5”7
as well as marine mammals.”

As far as can be determined, there is
only one record of mucormycosis which
contributed to the demise of a gray

squirrel.’6 The purpose of this paper is to
report the occurrence of mucormycosis
superimposed on multiple fibromas in a
gray squirrel.

CASE HiSTORY

A female gray squirrel acquired locally
as a nestling in August, 1974 was raised

as an indoor pet and released into the
owner’s yard in the fall of 1975. Shortly
after its reappearance a “wart-like”
growth was noticed on the squirrel. Ad-
ditional growths developed soon
thereafter.

The moribund animal was seen by two
of us (VF and ERJ) and clinical inspec-
tion revealed multiple nodules, scratches
and pustules on the skin. A diagnosis of
squirrel fibroma and pustular dermatitis
was made. The animal died the following

day (11 January). The only treatment
given was bathing with a povidone-
iodineu shampoo.

PATHOLOGY

At necropsy, many grayish-white, firm
nodules ranging in size from 0.5-2.5 cm in
diameter were on the skin (Figure 1).
Some of the masses on the feet were
superficially ulcerated, and a few
nodules on the neck (notably on the left
prescapular area) had cheesy exudate.
Internally, the liver was dark and turgid;

two nodules about 2 cm in diameter were
found in the lungs.
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FIGURE 1. Naturally occurring fibromas in a gray squirrel. Left lateral (A), dorsal
(B), and ventral views (C). Arrows point to scabs.
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Tissues, including brain, liver, lungs,
spleen, heart, skeletal muscle, adrenal,
pancreas, and gastro-intestinal tract
were collected in 1O� buffered neutral
formalin solution. Tissues were proc-
essed, sectioned at 6 tim, and stained
routinely with hematoxylin and eosin
(HE). Selected tissues were stained with
Gomori methenemine silver (GMS),
toluidine blue, and Verhoeff-Van Gieson
stains. Histologically, skin sections
stained with HE had acanthosis and
hyperkeratinization, especially over the
cutaneous growths(Figure 2). The epider-
mal lesions generally were associated
with whorls and bundles of proliferating
fibroblasts in the dermis and subcutis.
Occasionally, denudation of the epider-
mis was noted. Edema and ballooning
degeneration of epidermal cells occurred
in the stratum spinosum as well as in
hair follicles and rete pegs deep in the
dermis. Round to oval eosinophilic inclu-
Si()fl bodies were seen within the
cytoplasm of many epidermal cells

(Figure 3). In some cases the affected

epidermis covered abscesses associated
with marked cellulitis and fungal
organisms (Figure 4). The fungi were
characterized by coarse, wide, non-
septate branching hyphae and were most
prominent in necrotic areas and in the
walls and lumina of blood vessels.
Similar organisms were found in the
lungs and were easily demonstrated by
the GMS stain. Focal areas of necrotizing
pneumonia were associated with fungal
hyphae (Figure 5). No substantive tissue

alterations were present in the brain,
liver, spleen, kidneys, heart, pancreas
and gastro-intestinal tract.

MICROBIOLOGY

Bacteriologic cultures of the skin
tumor yielded alpha streptococci.
Pseudomonas maltophila, Escherichza
coli, and Klebsiella pneumonia were
isolated from swabs of caseated masses.
Fungi also grew in culture media but
were discarded.
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FIGURE 2, 3. Photomicrographs of a cutaneous nodule. Fig. 2 (left). Acanthosis of
covering epidermis and proliferation of spindle-shaped fibroblastic cells in the
dermis. HE X 100. Fig. 3(right). Higher magnification of epidermal lesion. Many large
eosinophilic inclusion bodies (arrows) can be seen in the cytoplasm of epidermal cells.
HE x 305.

A 10% suspension of ground cutaneous
nodules containing antibiotics
(penicillin, streptomycin, gentamycin,
and fungizone) was inoculated into
primary squirrel kidney cell cultures. In
the first passage there was a certain
amount of CPE in the culture which
increased considerably on second
passage. On negative staining electron
microscopy of lyzed infected cells, par-
ticles resembling pox virus of ap-

proximately 340 X 270 nm size were

identified (Figure 6).

I)ISCUSSION

The gross and microscopic features of
the cutaneous nodules are similar to
those described in reports of squirrel

fibroma.”2 The only contact this
squirrel had with other squirrels would

have been during the month in the wild.
The area where it had been released is a
sul)urban community (Beltsville,
Maryland) with many mature hardwood
trees and an abundance of gray squirrels.
Subsequently (4 February 1975) a wild
squirrel with multiple fibromas was
found within a quarter mile of the home
of the squirrel in question. Although a
variety of epithelial changes have been
described for squirrel fibroma,” only well-
defined tumors with characteristic
fibromatous changes were observed in
the present case. The findings of intra-
cytoplasmic inclusions and the isolation
of a pox-like virus confirm the poxvirus

origin of the fibromas.
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FIGURE 4. Section thru subcutaneous abscess (A). Note coarse branching hyphae in
necrotic area (B) and in the wall of an arteriole (C). A = HE X 100. B and C = toluidine
blue stain X 305.

Ulcerated squirrel fibromas can
become infected with pathogenic
bacteria or fungi.” Cutaneous mucor-
mycosis has been reported in the gray
squirrel; and, the suggestion has been
made that the fungal infection may have
been superimposed upon some preex-
isting skin lesion such as squirrel
fibroma.” Our case confirms this

possil)ility. The systemic dissemination

of the fungal infection resulting in
necrotizing pneumonia is very likely the
major cause of death of the squirrel.
Reports on predisposing factors for
phycomycosis in animals are

infrequent2”7 while malignant disease,

uncontrolled diabetes mellitus, pro-

longed administration of corticosteroids
or antibiotics, and leukopenia have been

documented as predisposing factors in
man.2”7

The Mucoraceae are ubiquitous fungi
of low virulence. In a 1974 survey of

fungal infections of 180 gray squirrels in
Florida, Mucor sp. was cultured from 50

(9%) of 544 skin scrapings and 53(13%,) of
398 toenails.’’ Only nine (5%) of the
animals tested had skin lesions and
Mucor sp. was isolated from one animal.
Because of the omnipresent nature of
these organisms, fungal cultures were
initially considered contaminants and
were subsequently discarded. The
diagnosis of systemic mucormycosis was
based on the characteristic morphology
of the fungal organisms and the host
tissue reaction in the skin and lungs.”
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FIGURE 5. Section thru lung with severe focal necrotizing pneumonia. HE X 100.

Inset are fungal hyphae. HE X 395.
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FIGURE 6. Electron micrograph of lysed infected cell culture with poxvirus par-
ticles. Negatively stained with PTA. X 35,000.
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Phycomycoses are usually diagnosed fulvin were not effective in four dogs
only on histopathologic examina- affected with phycomycosis.7”4
tion.’6”7 Amphotericin B, the most frequently

Systemic fungal infections are difficult used drug for the treatment of mycotic
to treat. By the time the disease is infections in small animals has not been
recognized, lesions often are too tried in phycomycosis. Early diagnosis
widespread for effective treatment. may enhance the success of treatment

Chemotherapy with potassium iodide, but extremely debilitated animals must

penicillin, streptomycin, and griseo- be given a poor prognosis.’8
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