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FIGURE

DIAGNOSTIC CHALLENGE
An 18-month-old, 1.24-kg male castrated ferret was
presented to the University of Illinois Veterinary Teach-
ing Hospital (Urbana, IL USA) for a 4-week history of
lethargy, inappetance, possible straining to urinate/def-
ecate, and swelling with erythema of the gingiva adja-
cent to the left maxillary canine. A leukocytosis and
hyperglobulinemia were also noted by the referring vet-
erinarian 1 week before presentation.

The patient was quiet, inquisitive, and alert on initial
presentation, but became notably depressed soon there-
after. Body condition score was an estimated 3 out of 5.
The patient was painful on manipulation of the mouth,

likely because of the gingival swelling and erythema. Thoracic auscultation revealed a sinus arrhythmia
and mild end-inspiratory wheeze with possible mild expiratory ef-
fort. Temperature, heart rate, and respiratory rate were 98.6°F, 250
beats/min, and 42 breaths/min, respectively. Abdominal palpation
revealed an enlarged spleen and pain on caudal abdominal manip-
ulation. No other abnormalities were detected on physical exami-
nation. Based on the history and physical examination findings, the
ferret was admitted for additional diagnostic testing and therapy.

The ferret was anesthetized via facemask with 5% isoflurane (Iso-
Flo; Abbott Laboratories, North Chicago, IL USA) and oxygen (1
L/min). Once the animal was induced, it was maintained at 1.5%
isoflurane and 1 L/min oxygen. A blood sample (2 mL) was col-
lected from the cranial vena cavae and submitted for a complete
blood count (CBC) and plasma biochemistry testing. Whole-body
survey radiographs (Eklin EDR6 Clinical Digital Radiography Sys-
tem; Eklin Medical Systems, Inc., Santa Clara, CA USA) (Figs. 1 and
2) were also taken while the animal was anesthetized.

The CBC and plasma biochemistry analysis revealed the following
abnormalities: normocytic normochromic anemia (hematocrit
24.9%; reference: 36-48); mild leukocytosis (white blood cell count
10.1 � 103/�L; reference: 4.3-10.7) with a left shift (6% bands;
reference: 0%); mild elevation in blood urea nitrogen (37 mg/dL;
reference: 18-32); mild hypoalbuminemia (2 g/dL; reference: 2.5-
4.0); and persistent hyperglobulinemia (7.1 g/dL; reference: 2.0-
4.2).1

At this time, evaluate the history, physical examination findings, CBC
and plasma biochemistry results, and Figures 1 and 2. Formulate a list of
differential diagnoses, additional diagnostic tests, and treatment plan
before proceeding.

1. Right lateral whole-body radiograph.

FIGURE 2. Ventrodorsal whole-body
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DIAGNOSIS

Initial diagnostic imaging of the ferret included
whole-body right lateral and ventrodorsal view
radiographs. Radiographs revealed widening of
the cranial mediastinum due to a soft tissue

FIGURE 4. Ventrodorsal whole-body radiograph. Note
the soft tissue opaque mass effect occupying the width of
the cranial thoracic cavity along midline (between ar-

FIGURE 3. Right lateral whole-body radiograph. Note t
resulting in dorsal tracheal displacement and caudodo
rounded splenic tail can be seen lining the caudoventra
prows).
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paque mass resulting in dorsal tracheal devia-
ion (Figs. 3 and 4). Left cranial lung field alveo-
ar pulmonary changes were also noted resulting
n border effacement with the adjacent margin of
he cardiac silhouette. The spleen showed evi-
ence of marked enlargement with rounded pe-
ipheral margins (Fig. 3). Hepatic margins were
lso rounded in appearance. Given the noted
epatosplenomegaly in the face of a concurrent
ranial mediastinal mass, lymphoma was consid-
red the most likely differential with cranial me-
iastinal lymph node or thymic involvement;
hymoma was considered an alternative differen-
ial diagnosis. Left cranial lung field changes were
onsidered to be most likely secondary due to
telectasis given sedation at the time of image
cquisition.

Radiographic assessment was immediately fol-
owed by combined abdominal and limited tho-
acic ultrasound. A microconvex curvilinear array
ransducer (3-9 MHz) and linear array transducer
4-13 MHz) were used for routine B-mode imag-
ng (MyLab70 XVG; Esaote, Indianapolis, IN
SA). Abdominal ultrasound revealed hepato-

plenomegaly consistent with the radiographic
ndings. Jejunal lymphadenopathy was also
oted in addition to a small volume of perito-
eal free fluid. Limited thoracic ultrasound re-
ealed both sternal lymphadenopathy and a large
ypoechoic cranial mediastinal mass; the caudal

imit of which was intimately associated with the
ranial margin of the cardiac silhouette. Upon
olor Doppler interrogation, this mass was con-
idered to be moderately vascularized. Ultra-
ound-guided fine-needle aspiration of the cra-
ial mediastinal mass and an enlarged jejunal

ymph node were performed; the former revealed
ells consistent with lymphoid tissue and the lat-
er was cytologically inconclusive.

After the ultrasound examination, initial sup-

soft tissue opaque mass (*) in the cranioventral thorax
displacement of the cardiac silhouette. An enlarged,

dominal cavity (arrow).
he
rsal
ortive care was instituted, including furosemide
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(2 mg/kg intramuscularly every 12 hours, Salix;
Intervet, Inc., Millsboro, DE USA), enrofloxacin
(5 mg/kg orally every 12 hours, Baytril; Bayer,
Shawnee Mission, KS USA), meloxicam (0.3
mg/kg orally every 24 hours, Boehringer Ingel-
heim, St. Joseph, MO USA), Carnivore Care (45
mL orally every 24 hours, Oxbow, Inc., Murdock,
NE USA), Lactated Ringer’s solution (24 mL sub-
cutaneously every 8 hours, Abbott Laboratories),
and butorphanol (0.08 mg/kg subcutaneously
every 12 hours, Torbugesic; Ft. Dodge Animal
Health, Ft. Dodge, IA USA).

Given the high suspicion for neoplasia in the
absence of a definitive diagnosis, thoracic com-
puted tomography (CT) was pursued the fol-
lowing day in an attempt to better characterize
the origin/extent of the cranial mediastinal
mass using a 16-slice helical CT scanner (Light-
Speed; GE Healthcare, Milwaukee, WI USA).
The ferret was anesthetized as previously de-
scribed for the procedure. Primary transverse
CT acquisition parameters included a 2.5-mm-
slice thickness with 1.25-mm overlap, pitch of
0.938:1, 0.8-second rotation time, 100 kV, and
100 mA. Subsequent multiplanar reformatting
was performed to obtain images with a 0.625-
mm-slice thickness. After survey thoracic CT,
2-mL/kg (600-mg/kg) nonionic iodinated con-
trast medium (Omnipaque 300 iohexol injec-
tion; GE Healthcare, Princeton, NJ USA) was
administered intraosseously as a bolus and
postcontrast images were obtained. CT evalua-
tion revealed a large, cystic heterogeneously
contrast-enhancing, soft tissue–attenuating cra-
nial mediastinal mass extending from the tho-
racic inlet to the cranial aspect of the heart and

gittal plane CT reconstruction of the thorax displayed
e window post-administration of contrast medium.
ate association of the cranial mediastinal mass lesion
r thoracic vasculature (arrow). An enlarged, rounded
node can be seen dorsal to the level of the second
from the left to right thoracic wall. This mass t
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ompletely encircled the brachycephalic trunk
nd partially encircled the cranial vena cava.
he mass measured an estimated 18 mm in
eight � 27 mm in width � 31 mm in length.
omplete alveolarization of the left and right
ranial lung lobes with partial alveolar disease
n the right middle lung lobe was also noted.

mild amount of pleural-free fluid was identi-
ed in addition to sternal lymphadenopathy.
hymoma and thymic lymphoma remained the
ost likely differentials for the cranial medias-

inal mass. Sternal lymphadenopathy was con-
idered either metastatic or alternatively a normal
ariant. Pulmonary changes were still considered to
e most likely secondary to atelectasis with possible
oncurrent edema.

A sagittal plane reconstruction is provided and
hown in a venous phase (Fig. 5), highlighting
he size and extent of the mass including the in-
imate integration of the mass with the major
ranial thoracic vasculature and cranial margin of
he cardiac silhouette. Sternal lymph node en-
argement is also clearly seen in Figure 5. Post-
ontrast reformatted images are also displayed
n a 3D-volume–rendered image displayed with
isible voxel values ranging from 107 to 549
Fig. 6). The vascularized portion of the mass
an be seen immediately cranial to the cardiac
ilhouette.

Percutaneous ultrasound-guided core biopsy
18 g) of the cranial mediastinal mass was at-
empted with the patient under isoflurane an-
sthesia after CT evaluation. After acquisition
f 2 biopsy samples, the patient rapidly de-
ompensated and went into respiratory and
ardiac arrest. Cardiopulmonary resuscitation
as attempted; however, it was ultimately
nsuccessful.
Necropsy and histopathology were ultimately

ursued, revealing severe, multisystemic, granulo-
atous mediastinitis, pneumonia, myocarditis

right auricle), hepatitis and lymphadenitis (sub-
umbar and mesenteric lymph nodes) consisting
f densely cellular, coalescing aggregates of epi-
helioid and foamy macrophages with inter-
persed lymphocytes, plasma cells and neutro-
hils (Fig. 7). Presence of intralesional ferret
oronavirus was confirmed by immunohisto-
hemistry (Fig. 8) with an antibody specific for
erret coronavirus (Custom Monoclonals Interna-
ional; West Sacramento, CA USA). There was
lso evidence of pulmonary atelectasis secondary
FIGURE 5. Sa
in a soft tissu
Note the intim
with the majo
sternal lymph
o hemothorax.
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DISCUSSION

Cranial mediastinal mass lesions in the domestic
ferret have been previously reported, most com-
monly in the context of lymphoma or thymic
lymphoma.2-5 Thymoma has also been reported
in the adult ferret.6 Given the possibility of mul-
ticentric disease, especially in the case of lym-
phoma, concurrent hepatosplenomegaly is not
an unexpected finding, which was the case in the
ferret described in this article. For this reason,
multicentric lymphoma was considered the top
differential diagnosis.

Infectious pyogranulomatous mediastinitis was
recently reported for the first time in a case series
including 3 domestic ferrets with Pseudomonas
luteola infection. The clinical presentation was
similar to that seen in this case with reported
respiratory distress (all 3 cases) and evidence of
hyperglobulinemia (1 case).7 In a separate case
series, cryptococcosis was reported as a possible
infectious cause of mediastinal lymphadenopa-

FIGURE 6. Dorsal plane 3D-volume–rendering CT ob-
tained in the same postcontrast phase as in Figure 5. The
sternebrae have been cropped to permit visualization of
the ventral surface of the cardiac silhouette and cranial
mediastinal mass. The cranial mediastinal mass is dis-
played in a bluish hue; note the marked tortuous vascu-
lature embedded within the mass and intimate associa-
tion of the mass with the adjacent cardiac silhouette and
thoracic aorta.
thy.8 The case presented in this article is the first a
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eport of infectious pyogranulomatous mediasti-
itis being associated with ferret coronavirus.
The veterinary literature is extremely limited
ith respect to coronavirus infection in the do-
estic ferret. One of the earliest reports of coro-

avirus infection in ferrets described coronavirus-
ssociated epizootic catarrhal enteritis. In that
etrospective study, domestic ferrets with a clini-
al history of diarrhea and a lack of a definitive
tiology, in addition to one or more of the fol-
owing microscopic lesions: vacuolar degenera-
ion and necrosis of villus enterocytes; villous
trophy, fusion, and blunting; and lymphoplas-
acytic enteritis characterized by a subjective

ncrease in number of intraepithelial lympho-
ytes, were evaluated. A total of 119 cases met
he inclusion criteria that determined a definitive
iagnosis. Coronavirus particles were identified

n feces and jejunal enterocytes by use of trans-
ission electron microscopy. Immunohistochem-

cal staining of jejunal sections also revealed
oronavirus antigens that were not detected in
ealthy ferrets or in ferrets with other gastrointes-

inal diseases.9 In a later study using consensus
olymerase chain reaction assays for the genus
oronavirus, followed by genomic sequencing and
hylogenetic analyses, a separate group provided
he first molecular evidence that the virus associ-
ted with epizootic catarrhal enteritis in ferrets
as, in fact, a new coronavirus tentatively desig-
ated as “ferret enteric coronavirus.”10

IGURE 7. Histologic section of cranial mediastinum
ith multisystemic coronavirus infection (ferret FIP). Cr

inum is infiltrated by densely cellular, coalescing aggrega
ioid and foamy macrophages with interspersed lympho
ells, and neutrophils (granulomatous mediastinitis).
from a ferret
anial medias-
tes of epithe-
cytes, plasma
Hematoxylin
nd eosin stain.
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Although uncomplicated epizootic catarrhal
enteritis is considered to be self-limiting or treat-
able with supportive care and characterized by
having high morbidity and low mortality rates,
the multisystemic granulomatous coronavirus-
associated disease identified in our case is charac-
terized by a much more severe phenotype resem-
bling feline infectious peritonitis (FIP), which is
similarly caused by a feline coronavirus.

In cats, FIP is characterized by a fibrinous to
granulomatous serositis with protein-rich effu-
sions and multisystemic granulomatous inflam-
matory lesions. FIP-like antigen in ferrets has
been described postmortem with lymph nodes
and mesentery showing the greatest frequency
and severity of multifocal granulomatous lesions,
the majority of cases of which demonstrated im-
munohistological evidence of feline coronavi-
rus.11 Clinicopathologic features of a systemic
coronavirus-associated disease resembling FIP in
the domestic ferret were described shortly there-
after. Twenty-three ferrets diagnosed with
systemic pyogranulomatous inflammation resem-
bling FIP were enrolled in a case series. The aver-
age age at the time of diagnosis was 11 months,
with progressive disease identified in all cases.
Nonspecific clinical signs including anorexia,
weight loss, diarrhea, and large palpable intraab-
dominal masses were common clinical findings,
whereas neurological deficits, vomiting, and dys-
pnea were reported with less frequency. Hyper-

istologic section of cranial mediastinum from a ferret
temic coronavirus infection (ferret FIP). Intralesional
e positively labeled by immunohistochemistry with an
ific for ferret coronavirus (Custom Monoclonals Inter-
in-biotin complex method, hematoxylin counterstain.
globulinemia was documented in 9 ferrets, mild h
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onregenerative anemia in 11 ferrets, and throm-
ocytopenia in 3 ferrets. Mesenteric adipose tis-
ue and lymph nodes, liver, kidney, spleen, and
ung were all reported sites of grossly visible pyo-
ranulomatous lesions. Immunohistochemically,
ll cases were positive for coronavirus antigen.12

here were no reports of mediastinal or cardiac
nvolvement. Diffuse granulomatous inflamma-
ion on serosal surfaces was identified in the
eart of a single case in a separate study.13

In an attempt to improve antemortem diagnosis
f systemic coronavirus infection in the domestic
erret, the radiographic and ultrasonographic find-
ngs in affected patients were later described. In all
atients undergoing abdominal radiography, mod-
rate to severe loss of the lumbar musculature was
oted. Decreased peritoneal and retroperitoneal
erosal detail, gas distension of the gastrointestinal
ract, mid-abdominal soft tissue opaque masses,
enomegaly, and splenomegaly were also reported
o a variable degree. Ultrasonographic findings in-
luded peritoneal effusion, hyperechoic mesentery,
esenteric lymphadenopathy, ill-defined mixed

choic mass lesions, renomegaly, and pyelectasia.
he authors concluded that imaging signs of perito-
itis, mesenteric lymphadenopathy, and soft tissue
bdominal masses are highly suspicious for sys-
emic coronavirus infection. Hepatic and splenic
hanges were reportedly inconclusive.14 This case
eport describes the first case of systemic coronavi-
us infection in a ferret with the development of a
pace-occupying cranial mediastinal mass; high-
ighting the importance of thoracic imaging in pa-
ients presenting with nonspecific clinical signs and
aboratory changes that are suggestive of chronic
nflammatory disease. Although lymphoma and
hymoma remain the most commonly reported
tiologies for development of cranial mediastinal
ass lesions in young ferrets, infectious diseases,

ncluding coronavirus, should be considered; espe-
ially in the face of inconclusive cytological results.
his is also the first report of contrast-enhanced
horacic CT characterization of a cranial mediasti-
al mass in the domestic ferret. Advanced imaging
roved to be beneficial in more accurately charac-
erizing the origin and vascularity of the primary

ass lesion and permitted for more sensitive as-
essment of concurrent pulmonary lesions.

Currently there is no reported cure for ferrets
fflicted with systemic coronavirus infection;
ost patients reportedly die or are humanely

uthanized because of advanced multisystemic
isease. However, survival of several months’ du-
ation up to more than 3 years (in a single case)
FIGURE 8. H
with multisys
coronavirus ar
antibody spec
as been described, so attempted therapy may
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prove beneficial. Reported therapeutic strategies,
most commonly those used in cats, include im-
munosuppressive therapy (prednisolone most
commonly), immunomodulatory therapy, vascu-
litis therapy, and treatment of clinical disease
(e.g., anti-emetics, gastro-protectants, antibiotic
therapy, and nutritional support).15

This case was submitted by Miriam M. Shana-
man, VMD, Mark A. Mitchell, DVM, MS, PhD,
Dip. ECZM (Herpetology), Samantha Haskins,
DVM, Ken Welle, DVM, Dip. ABVP (Avian),
Zoltan Demeter, DVM, PhD, Shih-Hsuan Hsiao,
DVM, PhD, Sandra Murrell-Ritter, DVM, and
Robert T. O’Brien, DVM, MS, Dip. ACVR, from
the University of Illinois, College of Veterinary
Medicine, Urbana, IL 61802 USA, and All Crea-
tures Animal Hospital, Urbana, IL 61801.

© 2012 Published by Elsevier Inc.
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