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Disseminated aspergillosis in dogs has been associated with Aspergillus terreus or A. deflectus infection. We report a case of dis-
seminated A. versicolor infection presenting as diskospondylitis, osteomyelitis, and pyelonephritis. The diagnosis was made
based on clinical, radiographic, and pathological findings. The etiologic agent was identified by fungal culture and internal tran-
scribed spacer (ITS) ribosomal DNA (rDNA) sequencing. This is the first description of canine aspergillosis caused by A.
versicolor.

CASE REPORT

A 31-kg, 2.5-year-old male castrated German shepherd dog was
examined at the Texas A&M University Veterinary Medicine

Teaching Hospital because of nonambulatory paraparesis, weight
loss, and hyporexia for 3 months. At admission, the dog had a
body temperature of 104.6°F, heart rate of 160 beats/min, respira-
tory rate of 80 breaths/min, and blood pressure of 173/99 mm Hg.
Neurological examination revealed a hyperreflexive patellar reflex
bilaterally. Motor function was absent in the right pelvic limb and
questionable in the left. The patient had marked generalized mus-
cle atrophy. A lateral radiograph of the cranial thorax revealed
lysis and shortening of the first four sternebrae (Fig. 1A). The
second and third sternebrae were most severely affected and had
irregular margins with loss of their end plates. Lateral radiographs
of the thoracic vertebral column showed lysis and shortening of
the 9th (T9) and 10th (T10) thoracic vertebrae with loss of the end
plates and spondylosis deformans ventrally (Fig. 1B). Narrowing
of the intervertebral space, end plate sclerosis, and ventral spon-
dylosis derformans were also found between the seventh and
eighth thoracic vertebrae. The clinical diagnoses were diskospon-
dylitis involving T9-T10, osteomyelitis of the sternum and left
humerus, and T3-L3 myelopathy resulting in nonambulatory
paraparesis. Suspected causes included disseminated aspergillosis,
blastomycosis, coccidioidomycosis, bacterial infection, and neo-
plasia. Due to the poor prognosis, the dog was subsequently eu-
thanized and a complete necropsy was performed.

The major skeletal changes found at postmortem examination
included marked bony proliferation of the cranial end of the ster-
num, extending from the first to the fourth sternebrae, with loss of
the joint space between the second and third sternebrae (Fig. 2A).
A soft gray area of necrotizing osteomyelitis was in the center of
the collapsed and fused sternebrae. In the thoracic vertebral col-
umn, there was loss of the intervertebral disk at T9-T10 with lysis
of the associated vertebral end plates (Fig. 2B). The latter changes
resulted in joint instability, overriding of the vertebral bodies, and
spinal cord compression that was exacerbated with ventroflexion
of the vertebral column. In the kidneys, there was dark red to
purple mottling of the cortical region with dozens of white to tan
areas throughout the cortex and medulla (Fig. 2C). The renal
crests were ulcerated, and the pelvises were dilated and contained
a small amount of cloudy fluid with clumps of fibrin.

Samples of tissue from all major organs were placed in 10%

formalin and processed in a standard manner, and 4-�m sections
were stained with hematoxylin and eosin or Grocott’s methena-
mine silver. Histologically, the affected sternebrae and vertebrae
contained large, locally extensive areas of chronic granulomatous
inflammation that replaced the marrow cavity and resulted in ex-
tensive areas of bone loss (Fig. 2D). Affected areas contained large
numbers of epithelioid macrophages and many Langhans-type
multinucleated giant cells that often surrounded clusters of poorly
discernible septate fungal hyphae and bulbous spore-like struc-
tures (Fig. 2E). Grocott’s methenamine silver-stained sections re-
vealed large numbers of regularly septate fungal hyphae with
5-�m-wide parallel walls; dichotomous branching; bulbous, 10-
�m-diameter terminal conidiophores; and occasional laterally
branching spherical aleuriospores, whose morphology was consis-
tent with Aspergillus spp. (Fig. 2F). Similar areas of granulomatous
inflammation with intralesional fungal hyphae and bulbous struc-
tures were found in the kidney, spleen, and liver and sternal, ver-
tebral, and axillary lymph nodes. Additionally, areas of granulo-
matous and necrotizing vasculitis were found in the kidneys and
peristernal soft tissues.

Sternebral and vertebral swabs taken from affected areas of
bone and a sample of kidney were cultured on Trypticase soy agar
with 5% sheep blood, Sabouraud’s dextrose agar, and potato dex-
trose agars (Remel, Lenexa, KS). After 1 week of incubation at
room temperature, pure fungal growth was obtained. The surface
of the fungal colonies, which had a downy texture, was initially
white but turned to a light tan color after 7 days (Fig. 3A). The
reverse side was yellow to brown. Microscopically, the colonies
had brush-like and radiate conidial heads, ellipsoidal to round
vesicles, biseriate phialides, and spherical conidia in short chains
(Fig. 3B). The morphological characteristics of the fungus were
suggestive of A. versicolor. To confirm the identification, PCR am-
plification was performed on a sample of DNA extracted from the
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fungus to amplify the internal transcribed spacer (ITS) region of
rRNA genes, using primers ITS-1 and ITS-4 (27). A BLAST search
against the GenBank nr database showed 99.8% and 98.7% iden-
tities between the amplicon and the rRNA ITS regions of A. versi-
color and A. sydowii, respectively. The amplicon sequence was then
compared with the ITS sequences of Aspergillus species commonly
associated with canine aspergillosis using the San Diego Super-
computer Center (SDSC) Biology Workbench nucleic acid tools.
The results indicated that the isolate shared 97.3%, 88.8%, 87.2%,
85.9%, and 85.7% identities with A. nidulans, A. deflectus, A. fu-
migatus, A. flavus, and A. terreus, respectively. According to CLSI
interpretive criteria for identification of bacteria and fungi by
DNA target sequencing, the fungal isolate was identified as A.
versicolor (34).

The genus Aspergillus has recently been classified into 8 distinct
subgenera, including Aspergillus, Fumigati, Circumdati, Terrei,
Nidulantes, Ornati, Warcupi, and Candidi (33). These subgenera
are further divided into 22 sections, each of which encompasses a
number of related species (33). Although there are more than 200
known species in the genus, only a small percentage are associated
with infections. Among them, A. fumigatus (subgenus Fumigati,
section Fumigati), A. flavus (subgenus Circumdati, section Flavi),
and A. niger (subgenus Circumdati, section Nigri) are the most
frequently encountered species (13, 17, 33). Others, such as A.
terreus (subgenus Terrei, section Terrei) and A. versicolor (subge-
nus Nidulantes, section Nidulantes), are occasionally isolated
from clinical specimens (3, 29). The disease conditions, ranging
from localized skin infection, nail infection, ocular infection, and
pulmonary disorder to invasive systemic Aspergillus infection
causing diskospondylitis, osteomyelitis, and pyelonephritis, are
collectively referred to as “aspergillosis,” an umbrella term coined
by Hinson, Moon, and Plummer in 1952 (7, 30, 31, 38, 42).

In dogs, the three major forms of aspergillosis are nasal, bron-
chopulmonary, and disseminated infections. The nasal form, fre-
quently accompanied by invasive sinusitis, occurs most com-
monly in medium to large, dolichocephalic or mesaticephalic
breeds (32). The primary etiologic agent is A. fumigatus, followed
by A. flavus and A. niger (39). The clinical signs include sneezing,
unilateral or bilateral nasal discharge, rhinalgia, epistaxis, frontal

sinus osteomyelitis, anorexia, and lethargy (28, 32). In advanced
cases, ulceration of the nares, facial deformity due to paranasal
extension, and ocular involvement may be evident. Radiographs
may show turbinate tissue destruction with large radiolucent
spaces. Fungal plaques in the nasal cavity may be observed by
rhinoscopy (28, 32). Bronchopulmonary aspergillosis is a rare dis-
ease in dogs (1, 40, 44). The causative agents and the breeds being
affected are similar to those seen in the nasal form of aspergillosis
(1, 5, 8, 25). The clinical signs are nonspecific, including depres-
sion, fever, and cough (1, 5, 25). Cytologic evaluation of the bron-
choalveolar lavage fluid often reveals a mixed inflammatory re-
sponse dominated by neutrophils and macrophages but rarely
reveals the presence of fungal elements (5). Chest radiographs can
demonstrate diffuse nodular lesions in the lung. Disseminated
aspergillosis is a relatively infrequent but potentially fatal disease
in dogs. The two most common etiologic agents are A. terreus and
A. deflectus, followed by A. fumigatus, A. niger, and A. flavipes in
order of decreasing frequency (37). Disseminated A. terreus infec-
tion in a dog was first reported in 1978 (45). This was followed by
a description of disseminated A. deflectus infection in 4 dogs in
1986 (20). Additional case reports and case series have provided
useful information regarding the etiology, clinical course, patho-
logical changes, and prognosis pertaining to this disease (12, 14,
22, 24). In some of these cases, aleuriospores were observed in
infected tissues, which led to the hypothesis that the ability of A.
terreus and A. deflectus to produce aleuriospores enhances their
ability to effectively disseminate via hematogenous routes
(12, 20).

The majority of the reported cases of disseminated aspergillosis
in dogs involve young to middle-aged females. A recent study of
systemic aspergillosis in 30 dogs reported a mean age of 4.5 years,
with a range of 2 to 8 years and a female-to-male ratio of approx-
imately 3.1:1 (37). The German shepherd dog is the most com-
monly affected breed; however, other breeds, including the Dal-
matian, English setter, pug, Rhodesian ridgeback, springer
spaniel, and whippet, have occasionally been affected (21, 22, 37).
Comparative studies of serum immunoglobulin concentrations in
healthy dogs indicate that the IgA level in the German shepherd
dog is significantly lower than that in other breeds (11, 18, 43).
This IgA deficiency has been suggested as a possible predisposing
factor for disseminated aspergillosis (11). German shepherd dogs

FIG 1 (A) Lateral radiograph of the thorax. There is lysis of the first four sternebrae and marked shortening of the second and third sternebrae, which have
irregular margins and loss of the end plates (arrow). (B) Lateral radiograph of the thoracic vertebral column. There is end plate lysis of the 9th (T9) and 10th (T10)
thoracic vertebrae that is centered on the intervertebral space (arrow), with spondylosis deformans ventrally. There is also narrowing, end plate sclerosis, and
spondylosis deformans between the seventh (T7) and eighth (T8) vertebrae (arrowhead).
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with disseminated aspergillosis usually have normal complement
activity and increased serum IgG levels. However, Aspergillus-
specific serum antibody can be detected in only 44% to 69% of
infected dogs, depending on the serological test used (10). Some
infected German shepherd dogs have depressed IgM responses or
impaired mitogen-induced lymphocyte transformation (9).
These findings highlight the importance of humoral mucosal im-
munity and cell-mediated immunity in the prevention and clear-
ance of Aspergillus infection (9). In the present case, tests were not
performed to determine the immune status of the dog. A review of

medical records showed no history of specific immunosuppres-
sion; however, this could not rule out any undiagnosed immuno-
deficiency.

Clinical signs of disseminated aspergillosis may develop sud-
denly or slowly over a few months. Clinical presentations of
disseminated aspergillosis may include diskospondylitis, osteo-
myelitis, spinal hyperpathia, vestibular abnormalities, ataxia,
paraparesis, weight loss, anorexia, uveitis, lameness, renal failure,
and respiratory distress (4, 6, 35, 37). Leukocytosis, hyperglobu-
linemia, azotemia, and hypercalcemia are common clinicopatho-

FIG 2 (A) Right sagittal section of sternum; the first sternebra is on the left. The second and third sternebrae are collapsed, and areas of bony proliferation
obscure the joint space. An area of necrotizing osteomyelitis partially separates the two sternebrae (arrow). Bar, 1 cm. (B) Left sagittal section of thoracic
vertebrae; the cranial end is to the right. The intervertebral disk at T9-T10 is missing (arrow). The end plates are eroded, and a wedge-shaped piece of tissue
compresses the spinal cord dorsally. Bar, 1 cm. (C) Sagittal section of left kidney. Small white areas are scattered throughout the cortex and medulla (black arrow).
The pelvis is dilated, and the renal crest is ulcerated. Areas of hemorrhage (white arrow) are visible in the cortex. Bar, 1 cm. (D) Photomicrograph of second
sternebra showing areas of inflammation (�) and surrounding fibrous tissue invading and replacing the marrow cavity. Bar, 250 �m. (E) Higher magnification
of sternebra showing marked granulomatous inflammation with giant cell formation (arrowhead) surrounding septate fungal hyphae and bulbous spore-like
structures (arrow). Bar, 25 �m. (F) Grocott’s methenamine silver-stained section of sternebra taken from same area as previous image, demonstrating prominent
fungal hyphae and terminal conidiophores (arrows). Bar, 25 �m.
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logic features (37). Granulomatous inflammation in multiple or-
gans, including bone, kidney, and spleen, is frequently observed
(4, 6, 21, 35), as it was in the current case. The disease can generally
be diagnosed based on clinical, radiographic, and pathological
findings. Since disseminated mycosis caused by other fungal spe-
cies, including Penicillium spp., may mimic disseminated asper-
gillosis (37), fungal culture is necessary to confirm the clinical
diagnosis and identify the specific organism involved. Treatment
of disseminated aspergillosis is difficult, and the prognosis is usu-
ally unfavorable. Retrospective studies indicate that the disease is
refractory to amphotericin B treatment (37, 45). Long-term treat-
ment of up to 3 years with itraconazole may clear the infection or
prolong the survival time (24). Although the causes of therapeutic
failure are multifactorial, delayed initiation of treatment is cer-
tainly a major reason, as the dogs are usually presented in ad-
vanced stages of the infection. In addition, fungal resistance to
chemotherapeutic agents is another key contributing factor. Anal-
yses of in vitro antifungal susceptibility patterns of various Asper-
gillus isolates suggest that non-A. fumigatus Aspergillus species are
intrinsically resistant to amphotericin B (41).

In the present case, the dog was presented with advanced dis-
ease and a portal of entry for A. versicolor was not identified by
clinical or postmortem examinations. We hypothesized that fun-
gal spores gained entry through inhalation or an open wound that
had healed at the time of examination. Subsequent hematogenous
dissemination was possible because the fungal species did produce
terminal and lateral spores in the infected tissue (Fig. 2F). The
clinical and pathological changes of the present case resembled
those caused by A. terreus and A. deflectus. Due to the severity of
the disease and the poor prognosis, antifungal therapy was not
initiated. Like other species of Aspergillus, A. versicolor is ubiqui-
tous in nature and can be isolated from soil, water, organic matter,
bathrooms, carpets, and mattresses (2, 15, 16). It is commonly
found on water-damaged building material such as wallpaper or
fiberboard insulation. A. versicolor infections in people have been
associated with onychomycosis and pulmonary aspergillosis (19,
29, 30). Mycotoxins produced by A. versicolor such as sterigmato-
cystin have been shown to cause DNA damage in vitro and are
potentially carcinogenic (36). A. versicolor has been implicated in
a case of equine subcutaneous mycetoma and two cases of equine
guttural pouch mycosis (23, 26). The findings from the present
case indicate that A. versicolor should be considered one of the
causative agents of canine disseminated aspergillosis.
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