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TWO CASES OF SYSTEMIC CORONAVIRUS-
ASSOCIATED DISEASE RESEMBLING
FELINE INFECTIOUS PERITONITIS IN
DOMESTIC FERRETS IN JAPAN

Jin Shigemoto, Yukinori Muraoka, Annabel G. Wise, Matti Kiupel, Roger K. Maes, and Shidow Torisu

Abstract

A systemic disease of domestic ferrets characterized by pyogranulomatous inflammation was first
recognized in Europe and the United States in 2002. The disease closely resembled feline infectious
peritonitis and subsequently has been shown to be associated with ferret systemic coronavirus (FRSCV). A
definitive laboratory diagnosis of this disease is typically based on a combination of immunohistochem-
istry (IHC) and reverse-transcriptase polymerase chain reaction tests to detect FRSCV in granulomatous
lesions. In 2010, this feline infectious peritonitis-like disease was first identified in a laboratory ferret in
Japan, and laboratory confirmation of the clinical diagnosis was limited to IHC. This report describes
2 cases of systemic coronavirus-associated disease in ferrets presented to Japanese veterinary hospitals.
Both presented with pyogranulomatous inflammation in the abdominal cavity, and both cases tested
positive for coronavirus antigen by IHC. In 1 case, for which unfixed tissues were available, FRSCV RNA
was detected by reverse-transcriptase polymerase chain reaction in the affected tissues. Copyright 2014
Published by Elsevier Inc.
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eline infectious peritonitis (FIP) is a fatal, multisystemic, immune-mediated disease of cats

caused by a feline coronavirus mutant, generally considered to arise spontaneously from

subclinical low-pathogenic or nonpathogenic feline enteric coronavirus.' Recently, another

hypothesis was presented,” which states that genetically distinct avirulent and virulent forms

of feline coronavirus cocirculate in natural cat populations. In ferrets, epizootic catarrhal
enteritis, caused by the ferret enteric coronavirus (FRECV), is widely recognized.”* More recently, a new
ferret systemic coronavirus (FRSCV)-associated ferret disease, closely resembling the granulomatous or
dry form of FIP, was reported in the United States, Europe, and ]apan.5 7 Although it is unknown whether
FRSCV and FRECYV are genetically distinct coronaviruses of ferrets, 3 geographically distinct systemic ferret
coronavirus strains were found to share a conserved spike (S) gene genotype that was distinguishable
from that of 3 independent enteric coronavirus strains.”® Based on this finding, 2 S gene genotype-specific
reverse-transcriptase polymerase chain reaction (RT-PCR) assays had been developed that can potentially
differentiate FRSCV from FRECV.® The authors were recently involved with 2 ferret cases that were
presented to private veterinary practices with clinical signs consistent with FIP-like disease. All
confirmatory testing by immunohistochemistry (IHC) and RT-PCR was conducted at the Diagnostic
Center for Population and Animal Health at Michigan State University (Lansing, MI USA) using the
previously described methods.”*®
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CASE 1

A 15-month-old castrated male domestic ferret
weighing 840 g was admitted to the Ouji Pet Clinic
(Tokyo, Japan) for evaluation of significant weight
loss. The ferret also exhibited alopecia in the tail
region, anorexia, ataxia, and paresis of all 4 limbs.
Blood glucose concentration was within reference
ranges (78 mg/dL, reference limits: 69 to 139 mg/
dL). During an ultrasonographic examination of
the abdominal cavity, a mass (10 mm in diameter)
was identified. Enrofloxacin (5 mg/kg orally, twice
a day, Baytril; Bayer HealthCare, Manheim,
Germany), prednisolone (1 mg/kg POq 12 h)
(Predonine Tablets 5 mg, Shionogi & Co., Ltd.,
Osaka, Japan), and B-complex vitamins were
prescribed. An improvement in the ferret's appetite
was observed during the 12-week course of
treatment. The ferret died 135 days after the initial
visit. At necropsy, white nodules, ranging from 5 to
10 mm in diameter and dispersed over the serosal
surface of all lung lobes, were detected.
Enlargement of the adrenal glands and
granulomatous lesions around the enlarged
mesenteric lymph node were also present. There
were no remarkable gross changes in the brain.
Histopathologically, multifocal granulomatous
inflammatory lesions, consisting of macrophages,
neutrophils, and lymphocytes, were observed in
the lung, adrenal gland, intestinal

tract (Fig. 1), mesenteric lymph node, and
meninges of the brain. Immunohistochemical
analyses of tissues were performed using the
antialphacoronavirus monoclonal antibody,
FCV3-70a, as previously described.””
Immunohistochemical staining demonstrated the
presence of coronavirus antigens in the mesentery.
RT-PCR testing was not performed because unfixed
tissues were not available. The formalin-fixed tissue
samples for this case had undergone overfixation
(>48 hours in formalin) and were no longer
suitable for RT-PCR testing. Mycobacteriosis was
not observed with Ziehl-Neelsen or Periodic acid-
Schiff stains.

CASE 2

A 20-month-old spayed female ferret, weighing
540 g, was presented for evaluation of significant
weight loss and anorexia. A physical examination
revealed the presence of an abdominal mass,
which was 30 mm in diameter. Abnormal results
from the complete blood count and plasma
biochemistry panel indicated leukocytosis (14,900
per uL, reference limits: 3500 to 7000 per pL),
hyperglycemia (221 mg/dL, reference limits: 69 to

139 mg/dL), elevated aspartate amino transferase
(323 U/L, reference limits: 38 to 89 U/L),
hyperproteinemia (12.0 g/dL, reference limits:

5.1 to 7.8 g/dL), and hyperglobulinemia (60.2%,
A/G = 0.28). Aleutian disease (AD) virus (ADV)-
specific antibody titers were negative. An
abdominal ultrasonography examination revealed
a hypoechoic abdominal mass measuring 33.2 x
19.4 mm?, with significant blood flow. An
ultrasound-guided fine-needle aspiration biopsy of
the mass was collected. The results revealed
pyogranulomatous inflammation, consisting of
macrophages, neutrophils, and lymphocytes. On
day 1, enrofloxacin (5 mg/kg, orally, twice a day)
and prednisolone (1 mg/kg, orally, once a day)
were prescribed. No improvement was noted, and
an exploratory laparotomy was performed on day
7. Granulomatous lesions of the intestinal tract,
mesentery, mesenteric lymph node, spleen, and
retroperitoneum were found. Histopathologically,
multifocal granulomatous inflammatory lesions
consisting of macrophages, neutrophils, and
lymphocytes were observed in the mesentery and
greater omentum. Mycobacteriosis was not
detected with Ziehl-Neelsen or Periodic acid-Schiff
stains. After surgery, prednisolone was increased to
2 mg/kg by mouth once a day and enrofloxacin
increased to 10 mg/kg by mouth once a day. On
day 24, the ferret showed an improved appetite,
and an abdominal ultrasonography examination
revealed a reduced abdominal mass, now 22.2 x
12.0 mm”. On day 50, the mass could not be
detected by palpation. Although the animal’s
overall condition continued to decline 150 days

systemic coronavirus infection. Note multifocal granulomatous
inflammation consisting of macrophages, neutrophils, and
lymphocytes. Bar = 300 pm. H&E stain. H&E, hematoxylin
and eosin.
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lymphocytes, indicative of lymphoma. The
intestinal tract and brain did not reveal any
evidence of lymphoma. RT-PCR testing using
FRSCV genotype-specific primers® was performed
on unfixed tissue samples. FRSCV RNA was
detected in the intestinal tract, mesentery, and
brain (Fig. 4). The samples were also tested by the
FRECV genotype-specific RT-PCR assay® and were
found to have positive results (Fig. 5). Hence, the
ferret coronavirus detected from case 2 bears the S
gene genotype consistent with that of a systemic
pathotype observed in a previous study.®

PR~

FIGURE 2. Gross necropsy of a ferret with FRSCV infection.
Note lung lobes with white nodules ranging from 5 to 10 mm
in diameter dispersed over serosal surface.

DISCUSSION

FRSCV-associated disease has mostly been reported
in ferrets <18 months of age.” Clinical signs are

following the initial presentation, the patient
continued to have a good appetite. However, 428
days following the initial presentation, the ferret
died from severe respiratory distress. At necropsy,
there were no granulomatous lesions around the
mesenteric lymph node. White nodules were found
to be dispersed over the serosal surfaces of all lung
lobes (Fig. 2), and diffuse white lesions were also
found on the serosal surfaces of the spleen, liver,
kidney, intestine, and within the meninges.
Histologically, these lesions were characterized by
multifocal pyogranulomatous perivasculitis

(Fig. 3). THC revealed the presence of coronavirus
antigen in the intestinal tract (Fig. 4), lungs, and
brain. Histopathologically, the architecture of the
mesenteric lymph node, spleen, and kidneys was
replaced by diffuse infiltration of malignant

£

nonspecific, including diarrhea, weight loss,
anorexia, and vomiting. Signs of central nervous
system disease include ataxia and tremors. On
abdominal palpation, the presence of large
abdominal masses is a common finding. Typical
hematologic signs include nonregenerative
anemia, hyperglobulinemia, hypoalbuminemia,
and thrombocytopenia. Serum protein
electrophoresis shows a polyclonal
gammopathy.”'? Biochemical changes are variable
and reflect damage to abdominal organs. Serum
chemistry abnormalities include elevated serum
lipase, elevated blood urea nitrogen, elevated
serum alanine transferase, elevated alkaline
phosphatase, and elevated serum gamma-glutamyl
transferase.”'”'" The 2 cases presented in this
report involved a 15- and a 20-month-old ferret.
Both showed weight loss, anorexia, and had
palpable abdominal masses. Case 1 presented with
ataxia. Case 2 had leukocytosis, hyperglycemia,
elevated serum alanine transferase,
hyperproteinemia, and hypergammaglobulinemia.
Gross lesions observed in ferrets with FRSCV
infection closely resemble those described in cats
with the dry form of FIP. The most commonly
observed gross lesion consists of multifocal to
coalescing white to tan irregular nodules or
plaques dispersed over serosal surfaces of the
mesentery, mesenteric lymph node, liver, kidney,
spleen, and lung.”"'° Histologic lesions are
characterized by severe FIP-like pyogranulomatous
inflammation and are most commonly observed in
the mesentery and along the peritoneal surface.”'’
In the cases presented here, granulomatous

inflammation was detected histologically in the
lung, adrenal gland, intestinal tract, mesenteric
lymph node, and meninges of the brain in case 1,
and in the lung, spleen, liver, kidney, intestine,

FIGURE 3. Lung of a ferret with confirmed FRSCV infection.
Note multifocal pyogranulomatous inflammation consisting
of macrophages, neutrophils, and lymphocytes. Bar=800 pm.
H&E stain. H&E, hematoxylin and eosin.
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mesentery, greater omentum, and meninges of the
brain in case 2. IHC and RT-PCR are the tests of
choice to demonstrate the presence of coronavirus
antigen and RNA, respectively, in affected tissues.
Coronavirus antigens were detected in the mesentery
of case 1 and in the intestinal tract, lung, and brain
of case 2. In case 2, FRSCV RNA was detected in
unfixed tissue RNA extracts of the intestinal tract,
mesentery, and brain by RT-PCR. This is the first case
of FRSCV-associated disease in Japan confirmed by
RT-PCR testing. Efficient detection of FRSCV by RT-
PCR depends on the quality of RNA extracted from
the samples. It is known that fixation of tissues in
formalin results in RNA damage that compromises
the efficiency of reverse transcription.'” Therefore, it
is best to collect unfixed tissue samples if RT-PCR is
to be used for confirmatory diagnosis. Moreover, it is
also important to note that even fresh tissue needs to
be handled appropriately to preserve the RNA. This
can be accomplished by placing the tissue in
RNAlater (Life Technologies, Foster City, CA USA) or
by snap freezing in liquid nitrogen. Antemortem
diagnosis of FRSCV-associated disease may be
difficult, as laparotomy and biopsy can be risky in
compromised patients.

The differential diagnosis for polyclonal
gammopathy in domestic ferrets includes AD.”"'"
AD is caused by a parvovirus and affects a ferret’s
immune system. Multiple organs are damaged by
antigen/antibody complexes, lymphocytes, and
plasmacytes, leading to clinical signs (e.g.,
anorexia, weight loss, and abdominal masses). AD
exhibits a similar pathophysiology to that of
FRSCV-associated disease.”'"'” Blood testing
reveals hypergammaglobulinemia and elevated
serum ADV antibody titers. Case 2 was negative for
ADV-specific antibodies. The ADV-specific
antibody test could not be performed for case 1.
AD cases in which viral antibody titers did not
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FIGURE 4. Small intestine of a ferret with confirmed FRSCV
infection. Note pyogranulomatous peritonitis and positive
labeling of macrophages (red) with antibody directed against
alphacoronavirus antigen. Alkaline phosphatase red chromo-
gen, hematoxylin counterstain, Bar = 200 pm.
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become elevated have been reported.'* To better
differentiate FRSCV-associated disease from AD,
histopathological examination may be required.
Currently, no cure exists for FRSCV infection;
most animals die of the disease or are humanely
euthanized. Nonetheless, some ferrets have
survived for several months to more than a year
after diagnosis with supportive care.”'? FRSCV-
associated disease is immune mediated. Treatment,
therefore, is aimed at suppressing the immune
system, thus abating the excessive inflammatory
response. In addition, supportive care is required
to improve the ferret’s quality of life.'” For the
ferret described in case 2, FRSCV-associated disease
improved over time and at necropsy; the
granulomatous inflammation around the
mesenteric lymph node had cleared. It is possible
that the high-dose prednisolone treatment had a
positive clinical effect on the FRSCV-associated

7 8 9 10 1 12

157 bp

FIGURE 5. FRSCV RT-PCR. Lanes: (1) 100 bp DNA ladder; (2) small intestine; (3) mesentery; (4) brain; (5) negative
extraction control; (6) small intestine; (7) mesentery; (8) brain; (9) negative extraction control; (10 and 11) FRSCV-

positive RNA; and (12) negative template control (water).
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disease. Concurrent lymphoma may have
contributed to death in this case. In case 1,
prednisolone may have resulted in an improved
appetite. A recent review on FRSCV-associated
disease recommends the use of prednisolone for
potent immunosuppressive and anti-inflammatory
effects, which may help stimulate the ferret’s
appetite and ameliorate clinical disease signs."’

Ferrets exhibiting the clinical disease signs
described in this report are relatively common case
presentations to veterinary clinics located in Japan.
Many cases of suspected mycobacteriosis or AD
could have actually been systemic coronavirus
infections. In fact, FRSCV-associated disease may
have already been present and widespread in the
country before official recognition.
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