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Abstract

Case summary This report describes a cat with chronic, progressive, non-painful, non-lateralizing multifocal
neurologic clinical signs associated with feline infectious peritonitis (FIP). The cat initially presented as underweight,
despite a good appetite, and a complete blood count showed non-regenerative anemia. Three months later the
cat was returned having developed ataxia and paraparesis, which then progressed over 2 months to tetraparesis,
tail plegia, urinary and fecal incontinence, and titubation. Histologic examination of the tissues with subsequent
immunohistochemistry confirmed FIP-associated meningoencephalomyelitis following necropsy. Molecular analysis
of the coronavirus spike protein within the tissues identified a specific, functionally relevant amino acid change
(R793M), which was only identified in tissues associated with the central nervous system (ie, brain and spinal cord).
Relevance and novel information This case report describes an early presentation of a cat with primarily neurologic
FIP, with molecular characterization of the virus within various tissues.
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Introduction
Feline infectious peritonitis (FIP) is caused by feline
coronavirus (FCoV) and is widely considered to be one
of the most significant infectious diseases to affect the
feline population.'-® It is the most common infectious
disease of the central nervous system (CNS) of cats.*
FCoVs have been reported to exist as two distinct sero-
types: type I (more common) and type II viruses,® each
with distinct biological properties.>¢ Both FCoV sero-
types have distinct ‘biotypes’. These are typically classi-
fied as either feline enteric coronavirus (FECV) or feline
infectious peritonitis virus (FIPV), with the biotypes dif-
fering based on the severity of infection in cats.”*
Infection with FCoV is common, especially in high-
density housing situations such as animal shelters and
breeding facilities.!® The FECV biotype transmits readily
and causes only a mild infection, with transmission

occurring via fecal-oral and possibly other routes.”! If
the viral infection worsens and becomes systemic (typi-
cally infecting macrophages), then the virus is classified
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as the FIPV biotype.® Such viruses are believed to con-
tain an ‘internal mutation” that accounts for the altered
tropism, although the nature of this mutation is not well
understood.!?

Clinical signs associated with the FIPV biotype can be
quite variable and non-specific, and can include fever,
lethargy, anorexia, pica, vomiting and diarrhea.!> These
clinical signs can be present in either the ‘wet’, ‘dry’ or
‘mixed’ presentations.!* The wet form of FIP is character-
ized by an effusion in the abdominal and/or thoracic or
pericardial cavities, and the ‘dry’ form by the presence of
pyogranulomatous lesions. The ‘mixed’ form may pre-
sent with an array of clinical signs. Most commonly, neu-
rologic clinical signs are associated with the ‘dry’ form
but can occur with all presentations and may be the sole
clinical sign observed.!?13

Clinical features of neurologic FIP can include, but are
not limited to, ataxia, head tremors, seizures and/or
paresis.'>1315 Ocular lesions may be present with or
without lesions in the CNS. FIP-associated pathologic
changes to the CNS include meningitis, encephalitis,
ependymitis and choroid plexitis, often with concurrent
vasculitis.!>!3 FIP presenting with predominantly neuro-
logic clinical signs provides a diagnostic challenge and
definitive ante-mortem diagnosis is difficult. MRI has
been identified as a sensitive method of diagnosis in
conjunction with clinical signs and cerebrospinal fluid
analysis results such as elevated protein levels and neu-
trophilic pleocytosis.!® However, such findings are still
not specific to FIP and may be financially prohibitive.
FIP may also be considered a diagnosis of exclusion, fol-
lowing evaluation of clinical signs, history and physical
examination findings and biochemical values.!?13

This case report describes a cat with neurologic FIP
that progressed over several months. The observations
and findings obtained in this case provide support that
FIP can present predominantly in the CNS. When molec-
ular techniques are applied to the virus, a propensity for
certain mutations can be associated with specific clinical
presentations or pathological changes.

Case description
An intact female 8-week-old domestic shorthair cat was
taken into a foster/rescue home and cohabited a house
with approximately nine other cats. The facility had a
periodic history of FIP cases, including two deaths in the
previous 4 months. The cat was co-housed in a large
open sunroom containing seven litterboxes, which were
cleaned once daily. The diet consisted of commercially
available dry and canned food, which was separately
offered in individual dishes. The cat was not rabies vac-
cinated, but had obtained two feline viral rhinotrachei-
tis, calicivirus and panleukopenia vaccinations.

At 14 weeks of age, the cat was presented to a general
practitioner for evaluation of poor weight gain, soft stool

and upper respiratory tract infection. The cat was under-
conditioned and weighed 2.5 Ib (1.1 kg), with a body
condition score (BCS) of 2/5, despite being active, alert
and having a good appetite. Conjunctivitis and a yellow
mucopurulent discharge from the nares were noted, and
the cat had a fever of 102.6°F (39.2°C). A fecal flotation
was performed owing to the soft but formed stool, and
no ova or parasites were detected. A complete blood
count (CBC) and chemistry profile were performed
(Tables 1 and 2). The chemistry profile showed marked
elevations in alkaline phosphatase, alanine transferase
and phosphorus levels. A decrease in creatinine and
albumin was also noted (Table 1), along with mild ane-
mia and monocytosis. Amoxicillin clavulanic acid
(Clavamox drops; Zoetis) 62.5 mg/ml was dispensed
and administered at 15.6 mg (12 mg/kg) PO q12h for 10
days. Blood parameters were re-evaluated at 20 weeks of
age using a less defined panel and values were within
the normal range (Table 1).

At approximately 6 months of age, the cat returned
to the general practitioner for evaluation of pelvic limb
gait abnormalities that had progressed over the previ-
ous 2 weeks. Examination revealed symmetric pulses in
both hindlimbs and the presence of a pain response;
however, less of a response was noted on the right side.
Paresis was observed in the right hindlimb. When the
forelimbs were lifted, the cat was able to walk mini-
mally on the hindlimbs. The cat had severe non-ambu-
latory paraparesis, with more severe deficits on the
right side. No information about spinal reflexes was
available. A CBC and chemistry panel were performed
(Tables 1 and 2). The chemistry panel revealed hypoal-
buminemia, a decrease in the albumin:globulin (A:G)
ratio, low creatinine values and hyperphosphatemia.
The CBC revealed a slight anemia, monocytosis and
thrombocytopenia. Platelet clumping was noted upon
microscopic evaluation. Meloxicam (Metacam oral sus-
pension) was dispensed and a single 0.2 mg dose was
administered orally.

At 8 months of age, the cat was returned to the gen-
eral practitioner due to progression of the paraparesis.
The client noted further deterioration of the pelvic limb
paresis, and now identified ‘stiffness” in the thoracic
limbs. There was no information about the pelvic limb
reflexes; however, the cat had started to have occasional
urinary and fecal incontinence. Appetite seemed normal;
however, the cat remained thin. Physical examination
revealed a temperature of 101.5°F (38.6°C), heart rate of
170 beats per min and respiratory rate of 30 breaths per
min. BCS was 3/9; however, the weight was not noted.
Abdominal palpation revealed a large, easily expressi-
ble urinary bladder. Neurologic examination findings
revealed normal mentation with no involuntary move-
ments such as tremors. The cat was still very ataxic and
ambulatory but now tetraparetic, which was much
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Table 1 Summary of the chemistry profiles performed at 14, 20 and 29 weeks of age

RI = reference interval; BUN = blood urea nitrogen; ALT = alanine transferase; AST = aspartate aminotransferase; ALP = alkaline
phosphatase; GGT = gamma-glutamyl transferase; SDMA = symmetric dimethylarginine

worse in the pelvic limbs. There was no information
about cranial nerve abnormalities, and the eyes and reti-
nas were within normal limits. From a video provided
by the owner (see supplementary material), tail paresis
was identified. The lesion was considered to affect the
CNS and was localized as multifocal. A fecal flotation
and direct smear were evaluated, with no ova or para-
sites seen. Cryptococcus and Toxoplasma antibody titers
were performed and were negative.

The tetra-ataxia and paresis significantly worsened
over the next few months. Additionally, the cat now had
titubation, tail plegia (see video in the supplementary
material) and consistent urinary and fecal incontinence.
Owing to the grave prognosis, the client elected humane
euthanasia, at which time the cat was 10 months (40
weeks) of age. A necropsy was performed at the Animal
Health Diagnostic Center, Cornell University College of
Veterinary Medicine, and this revealed no significant
gross abnormalities outside of mild mesenteric lym-
phadenomegaly. Representative sections of all organs,
including the entire brain and spinal cord, were fixed in
10% neutral buffered formalin from which sections were

cut, stained with hematoxylin and eosin, and analyzed
via light microscopy. Immunohistochemistry for FCoV
was carried out using monoclonal antibody FIPV3-70
(1:1000), AP-Anti-Mouse IgG and Bond Polymer Refine
Red Detection (Leica Microsystems).

Histologic examination revealed lesions typical of
FCoV infection within the CNS. In the spinal cord, the
leptomeninges were diffusely expanded by moderate
numbers of predominantly plasma cells, admixed with
fewer lymphocytes and macrophages, and surrounded
by a moderate amount of edema. The underlying white
matter was multifocally vacuolated with numerous
dilated myelin sheaths, digestion chambers and rare
spheroids (Figure 1a). At the level of the lateral aperture,
the choroid plexus was expanded by large numbers of
plasma cells, lymphocytes and macrophages (Figure 1b).
The ependyma lining the ventricular system was effaced
by a similar inflammatory population, admixed with
fibrin, edema and was also forming thick perivascular
cuffs often disrupting the sub-ependymal parenchyma
(Figure 1c). Immunohistochemistry revealed strong
intracytoplasmic immunoreactivity within macrophages
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Table 2 Summary of the complete blood counts performed at 14 weeks and 29 weeks of age

RI = reference interval; RBCs = red blood cells; MCV = mean cell volume; MCH = mean cell hemoglobin; MCHC = mean cell hemoglobin

concentration; WBCs = white blood cells

associated with the inflammation (Figure 1d). No FIP-
associated lesions were present in other organs. Non-
FCoV comorbid histologic findings were chronic enteritis
with mid-mucosal fibrosis and mesenteric lymphoid
hyperplasia.

Molecular analysis of the viral spike protein was per-
formed at several time points during the study. Fecal
samples were collected at 5 months of age (feces #1) and
at 8 months of age (feces #2). Following euthanasia (at
10 months of age) tissue samples were collected, along
with a fecal sample (feces #3). A central 156 base pair
region of the spike protein gene, including the critical
51/52 activation site of the virus, was PCR amplified
and sequenced as described in Licitra et al,'” with the
following modifications: 25 pl reverse transcription
PCRs were performed with qScript XLT 1-Step RT PCR
kit (Quantbio). PCR conditions were 20 mins at 50°C, 3
mins at 95°C and 40 cycles of 10 s at 95°C, 20 s at 55°C,
40 s at 72°C, then 10 mins at 72°C. PCR products were
purified using Diffinity Rapid Tips (Diffinity Genomics).

PCR and sequencing showed the presence of a type I
FCoV, based on a sequence alignment with reference
genomes. The sequence information obtained from this
cat is shown in Figure 2. The viral sequences from the
CNS (brain and spinal cord) contained specific amino
acid changes compared with other samples (feces, small
intestine, mesenteric lymph node and kidney). The most
notable change was an arginine to methionine (R-M)

substitution at the critical P1 activation position,!” cor-
responding to residue 793. Other changes that corre-
lated with viruses present in the CNS were present in
two other positions: 770 alanine to valine (A-V); and 786
threonine to alanine (T-A).

Discussion
Here we report clinicopathologic findings and molec-
ular analysis of a cat with progressive neurologic clini-
cal signs associated with FIP. The cat initially presented
to the referring veterinarian with respiratory signs
and fever, and with abnormal liver enzyme function
and anemia. At this time FIP was not suspected. These
initial signs resolved but were replaced by progress-
ing neurologic signs, which led ultimately to euthana-
sia and submission to the study for evaluation of FCoV
involvement. Upon euthanasia, FCoV was found in
various tissues in the cat, including the CNS. However,
histologic examination revealed FCoV-associated
pathology only within the CNS, where there was
meningoencephalomyelitis, ependymitis, choroid
plexitis and vasculitis. Histological lesions were com-
patible with a recent report describing meningoen-
cephalitis in four cats with FIP.18

Molecular analysis of the viral spike protein within
the tissues identified a specific, functionally relevant
amino acid change (R793M), which was only identified
in tissues associated with the CNS (ie, brain and spinal
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Figure 1 Feline infectious peritonitis (FIP)-associated meningoencephalomyelitis. (a) Spinal cord. The meninges are expanded
by large numbers of plasma cells, lymphocytes and macrophages (X 200, hematoxylin and eosin). (b) Telencephalon, lateral
ventricle. The choroid plexus is markedly expanded by inflammation, which extends into the surrounding periventricular

tissue (X 20, hematoxylin and eosin). (c) Mesencephalon. The mesencephalic aqueduct is obliterated by inflammation,

which extends in the adjacent tissue (X 200, hematoxylin and eosin). (d) Rhombencephalon, fourth ventricle. Numerous
macrophages have a strong intracytoplasmic positive immunoreactive signal (X 40, FIP virus immunohistochemistry)

660 feces#1 AQAAVINDE IVGAITAINQTDLFEFVNHTQSIK QESVTTYTMPQFYY
660 feces#2 AQAAV INDE IVGAITAINQTDLFEFVNHTQSIK QESVTTYTMPQFYY
660 feces#3 AQAAV INDE IVGAITAINQTDLFEFVNHTQSIK QESVTTYTMPQFYY
660 small intest. AQAAV INDE I VGA I TAINQTDLFEFVNHTQSKK QESVTTYTMPQFYY
660 mes LN AQAAV INDE IVGAITAINQTDLFEFVNHTQSIK QESVTTYTMPQFYY
660 kidney AQAAV INDE IVGAITAINQTDLFEFVNHTQSIK QESVTTYTMPQFYY
660 brain AQAAV INDE IVGMI TAINQTDLFEFVNHRAQSIK QESVTTYTMPQFYY
660 spinal cord AQAAV INDE IVGWI I TAINQTDL FEFVNHEAQSIK QESVTTYTMPQFYY

residue # 758 770 786 809

Figure 2 Molecular analysis of the spike gene. A 156 base pair region of the feline coronavirus (FCoV) spike protein gene is
shown and represented in single amino acid code, with variant residues from the central nervous system sample colored and
amino acid positions noted. The activation site between the S1 and S2 domains (S1/S2) is indicated and boxed. Amino acid
positions are based on that for FCoV RM spike (Genbank accession #ACT10854.1) as a prototype sequence. Sequences were
analyzed using Geneious v. 10.1.2

cord). The R793M mutation in the spike protein S1/52  of the S protein, as seen by Licitra et al,'” and a proposed
cleavage-activation site is a major chemical change from change in the activation properties and entry pathway of
a basic to a hydrophobic residue, and is consistent with  the virus. It is interesting to note that the R793M muta-
an elimination of furin-mediated proteolytic processing tion was not present in other tissues tested in this cat at
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Table 3 Summary of the molecular analysis performed on the viral genome in various samples

*Not determined
fIndividual sequences were terminated in different ways
M = methionine; L = leucine

the time of necropsy but was found in our previous
study (cat ID #08-153990),'” where samples were of neu-
ral origin. While biological confirmation is not available,
we consider that the other changes found in the viral
spike protein from central nervous tissue of this cat
(A770V and T786A) are not related to changes in the acti-
vation properties and entry pathway of the virus, as they
are not in defined functional regions of the spike protein
and are not markedly different in their chemistry.
Interestingly, all samples tested from this cat contained a
distinct leucine residue at position 791 (the P3 position of
the furin cleavage site, typically serine or alanine as
defined in Licitra et al).l” The relevance of this is cur-
rently unclear. Overall, our results provide evidence that
mutation of the viral spike protein is linked to FIP out-
come, specifically in the 51/5S2 cleavage-activation site
(residues 789-794).

Mutations leading to FIP have also been linked to
changes in other areas of the spike gene (position 1058)"
and in the 3c gene.?2! To compare our findings for the
51/52 region to other proposed FIP-linked mutations,
we performed additional sequencing, which is summa-
rized in Table 3. All fecal samples, as well as a kidney
sample, contained methionine (M) at spike position
1058, indicating that an ‘enteric’ form of FCoV? was
present in the cat throughout our study. In contrast,
samples from the brain and spinal cord contained leu-
cine (L) at position 1058, indicating an FIP virus. An
intact 3c gene was found in feces, with the 3c gene in
neural and other tissues truncated and/or deleted
depending on the sample tested.

Conclusions

This case report describes a young cat with neurologic
FIP in which detailed clinical and molecular characteri-
zation of the associated FCoV infection was performed.
While the etiology of FIP remains complex and likely
involves multiple mutations in the viral genome, our

results indicate that a specific mutation of the viral spike
protein can be associated with infection of the CNS,
which may explain the tropism to the CNS as opposed to
other organ systems.
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