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Diagnostic Features of Clinical Neurologic
Feline Infectious Peritonitis

Janet E. Foley, Jean-Martin Lapointe, Philip Koblik, Amy Poland, and Niels C. Pedersen

Feline infectious peritonitis (FIP) is a fatal Arthus-type immune response of cats to infection with FIP virus, a mutant of the
ubiquitous feline enteric coronavirus (FECV). The disease may occur systemically or in any single organ system. and primary
neurologic disease is a common subset of such manifestations. We examined 16 domestic cats with clinical neurologic FIP and 8
control cats with nonneurologic FIP, with the intention of identifying the ante- and postmortem diagnostic tests that most contribute
to accurate diagnosis. Of the 16 cats with neurologic FIP, 15 were less than 2 years of age and all 16 originated from large multiple-
cat households. The most useful antemortem indicators of disease were positive anti-coronavirus IgG titer in cerebrospinal fluid,
high serum total protein concentration, and findings on magnetic resonance imaging suggesting periventricular contrast enhance-
ment, ventricular dilatation, and hydrocephalus. Postmortem diagnosis was facilitated by FIP monoclonal antibody staining of
affected tissue and coronavirus-specific polymerase chain reaction. Most cats with neurologic and ocular forms of FIP had patchy,
focal lesions, suggesting that recently developed technologies described in this report may be useful for evaluation of cats with

suspected FIP.
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Feline infectious peritonitis (FIP) is a common and fatal
infectious disease of cats, occurring most frequently
in cats younger than 3 years of age in multiple-cat homes."
The causative agent, FIP virus (FIPV), is a macrophage-
tropic mutant of the ubiquitous feline enteric coronavirus
(FECV).>* Clinical FIP is the result of immune-mediated
host responses to macrophages infected with FIPV, and the
severity of FIP appears to be determined primarily by host
susceptibility and host-specific, often heritable,” immune re-
sponses and secondarily by virus strain. Viral strains vary
in virulence, and the severity of lesions in cats inoculated
with the same strain range from fatal to asymptomatic.®
The classic effusive form of FIP was first identified in
the 1950s and is characterized by a high protein, cellular
abdominal or thoracic effusion and diffuse peritonitis and
pleuritis.” Noneffusive or “dry”” FIP is typified by focal
granulomatous lesions on serosal, pleural, meningeal, epen-
dymal, or uveal membranes, extending to underlying pa-
renchyma along blood vessels. Previous reports® and a re-
view of records at U.C. Davis Veterinary Medical Teaching
Hospital (VMTH) indicate that neurologic clinical manifes-
tations occur in about one quarter to one third of cats with
dry FIP (Foley and Pedersen, unpublished data). Despite
previous reports that most cats with neurologic FIP also
have abdominal lesions,” confirming an antemortem diag-
nosis of neurologic FIP can be very difficult. Serologic ti-
ters do not discriminate between FIPV and FECV infections
because the viruses are antigenically indistinguishable. Sim-
ilarly, polymerase chain reaction (PCR) on serum and feces
cannot discriminate between benign FECV and fatal FIPV
because mutations in several different sites can result in the

From the Center for Companion Animal Health (Foley, Poland,
Pedersen), the Department of Pathology (Lapointe), and the Depart-
ment of Surgerv and Radiology (Koblik), School of Veterinary Medi-
cine, University of California, Davis, CA.

Reprint requests: Junet E. Foley, DVM, PhD, Center for Companion
Animal Health, School of Veterinary Medicine, University of Califor-
nia, Davis, CA 95616, e-mail: jefoley@ucdavis.edu.

Accepted October 21, 1997.

Copyright © 1998 by the American College of Veterinary Internal
Medicine

0891-6640/98/1206-0002/33.00/0

transformation of FECV to FIPV.>+* To date, the diagnosis
of FIP has involved a multifactorial approach of ranking
risk and clinical factors such as age, housing history, total
protein, and serum titer and eliminating other etiologic pos-
sibilities.'"

Recently, new diagnostic methods have been developed,
such as PCR for the detection of coronavirus RNA in tis-
sues and fluids, immunoperoxidase staining for coronavirus
antigen in paraffin-embedded tissues, and magnetic reso-
nance imaging of the brain. We used a multifactorial ap-
proach (PCR, serum titers, clinical examination, magnetic
resonance imaging, postmortem examination results, and
immunohistochemical staining) to the diagnosis of neuro-
logic FIP, both ante- and postmortem.

Methods and Materials
Cats

Twenty-four cats with a tentative diagnosis of FIP and 3 with neu-
rologic presentations not associated with FIP were used in this study,
including 16 cats with clinical neurologic lesions associated with FIP
and 8 cats with FIP but no clinical neurologic disease (2 cats with
naturally occurring effusive FIP. 1 cat with naturally occurring nonef-
fusive FIP, and 5 specific-pathogen-free [SPF] cats with experimentally
induced effusive FIP). All cats with naturally occurring FIP were ob-
tained from cat breeders, the Society for the Prevention of Cruelty to
Animals, and referring veterinarians and were raised and housed in
breeder or owner facilities. The five 5-month-old SPF cats for exper-
imental induction of FIP were bred and housed at the U.C. Davis
Veterinary Retrovirology Laboratory under barrier conditions. The 3
neurologic control cats were patients at the U.C. Davis VMTH. Cat |
was a 6-month old random-bred female stray cat with ataxia, hyper-
metria, and hyperesthesia, and a clinical diagnosis of congenital cer-
ebellar hypoplasia. Cat 2 was a 4-year old intact male domestic long-
hair with presenting clinical signs of ataxia progressing to paralysis of
the pelvic limbs. The cat was antigen positive for feline leukemia virus
(FeLV) in serum and was diagnosed with spinal lymphoma on post-
mortem examination. Cat 3 was a 2-year old intact male dormestic
shorthair with a presenting complaint of seizures. Necropsy revealed
infiltrative lymphoma throughout the cerebrum, cerebellum, and cra-
nial nerves II and III. All other cats in the study were serologically
negative for Fel.V and feline immunodeficiency virus.

Clinical Examination

Upon presentation, cats received complete physical and neurologic
examinations. Complete blood counts were performed by referring vet-
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erinarians for 6/16 cats and for all 3 non-FIP controls. Blood was
obtained by jugular venipuncture, allowed to clot, and centrifuged for
serum protein determination (by Shuco refractometer) and coronavirus
serology. Cats were anesthetized with 10 mg/kg ketamine and 0.5 mg/
kg diazepam IV for cerebrospinal fluids (CSF) sampling. The CSF was
obtained by sterile puncture of the cerebellomedullary cistern. Anti-
feline coronavirus IgG in serum and CSF fluid was determined with
an indirect immunofluorescent antibody (IFA) test using FIPV-UCD1-
infected Felis catus whole fetal (Fcwf)-4 cells as a substrate.!! Sera
and CSF were tested in serial dilutions of phosphate-buffered saline
from 1:25 to 1:6,400.

Inoculation

Five SPF cats received intraperitoneal inoculation of 1-2 mL of
crude centrifuged ascitic fluid containing FIPV-UCD8 passaged in SPF
cats. This strain of FIP has been reported previously to produce ef-
fusive FIP when experimentally inoculated at high dose.'? Cats were
anesthetized with 10 mg/kg ketamine and 0.5 mg/kg diazepam IV
immediately before euthanasia on days 10-20 postinoculation, when
terminally ill with effusive FIP. CSF was obtained by sterile puncture
of the cerebellomedullary cistern, and cats then were euthanized with
an IV overdose of barbiturates.

Diagnostic Imaging

Magnetic resonance imaging (MRI) was performed on 4 cats using
a 0.35 tesla whole body scanner (Toshiba America MRI Inc, South
San Francisco, CA) fitted with a knee coil. Cats were anesthetized
with 10 mg/kg ketamine and 0.5 mg/kg diazepam IV, maintained on
ketamine to effect, and restrained in sternal recumbency. Each study
consisted of a series of transverse slices of the entire brain. Slice thick-
ness was 4 mm with a | mm interslice gap. Matrix size was 256 X
256 with a 16-cm field of view yielding a resolution of 0.625 mm/
pixel. Two excitations were acquired per image. Spin-echo pulse se-
quences were used for all imaging studies. Proton density weighted
images (pulse repetition time [TR] = 2,100 ms, echo time [TE] = 35
ms), T, weighted images (TR = 2,100 ms, TE = 85 ms) and T,
weighted images (TR = 550 ms, TE = 35 ms) were obtained. The T,
sequence was repeated after IV administration of 0.1 mmol/kg gado-
pentetate dimeglumine (Magnevist, Berlex Laboratories, Cedar Knolls,
NJ). Because of equipment failure. T, images were not obtained in 1
cat.

Pathology and Case Definitions

The antemortem diagnosis of FIP was based on objective clinical
criteria,'™'? including a mucinous, yellow-tinged inflammatory exudate
from the abdominal or pleural cavities containing many macrophages
and neutrophils, bilirubinuria or bilirubinemia, increased serum protein
concentration (>8.0 g/dL); characteristic CBC changes including leu-
kocytosis with neutrophilia and lymphopenia, antibiotic unresponsive
or cycling fever: positive CSF FIPV IgG titer (=1:25), icterus, pal-
pable abdominal masses (especially associated with kidneys, liver.
spleen, and mesenteric lymph nodes), neurologic abnormalities, and
anterior uveitis (especially with keratic precipitates). Cats exhibiting
neurologic or ophthalmologic lesions were considered suspect for FIP.
The diagnosis of FIP was confirmed on postmortem examination by
the presence of characteristic gross and histologic lesions and by the
presence of viral RNA within lesions by reverse-transcriptase (RT)
PCR.

After euthanasia, fresh tissues were collected during gross post-
mortem examination, fixed in 10% buffered formalin, embedded in
paraffin, and stained with hematoxylin and eosin (H&E) for histopath-
ologic examination. Representative lesions, ascites, CSE urine, and
fecal samples were stored at —20°C for PCR. Brains were collected
with attached meninges and divided into equal cerebral spheres using
sterile technique. One half was stored in formalin for histopathology,

and the other half was frozen for PCR. Histopathologic examination
was performed on all brains to characterize lesions and confirm FIP.
Histopathologic examination of brains for which MRI was available
also consisted of immunohistochemical staining and spatial mapping
of lesions.

Brains from the 4 cats scanned by MRI were fixed in 10% buffered
formalin for approximately 10 weeks. sliced into 7-10 transverse sec-
tions, embedded in paraffin, cut at 5 (m, and stained with H&E. A
representative section of paraffin-embedded brain from each cat also
was stained for FIPV using a mouse monoclonal anti-FIPV spike an-
tibody (5.2D5, N. Pedersen, U.C. Davis, CA), with a streptavidin—
biotin—horseradish peroxidase system,' and lightly counterstained with
hematoxylin. Suitable negative and positive tissue controls were in-
cluded.

Molecular Techniques

RNA was purified from feces, urine, and CSF using a modified
Boom method of rapid silica extraction.'® Brain tissue, visceral gran-
ulomas from organs, and ascites were purified using the Trizol reagent
protocol (GIBCO BRL, Gaithersburg, MD). Synthesis of complemen-
tary DNA was performed using murine Moloney leukemia virus re-
verse transcriptase (GIBCO), as described by Foley et al.'* Specific
primers ¢202 and 177, which flank a 355 bp fragment from the rela-
tively conserved (ie, FECV and FIPV) 5’ region of the 7b gene of
feline coronaviruses, were used for RT PCR . Amplification of the 7b
PCR fragment was performed with 5 U/sample Hsp 9211 (Promega.
Madison, WI) at 37°C for 1 hour to cut contaminating double-stranded
DNA before PCR, followed by routine PCR with the enzyme Tugq
DNA polymerase.'® A coronavirus-positive sample was characterized
by the presence of 355-bp bands by gel electrophoreses on a 1% aga-
rose gel stained with ethidium bromide. If the source of RNA was a
granulomatous lesion or ascites fluid, the coronavirus was then defined
as FIPV.

Data Maintenance and Analysis

Data were maintained in Excel 5.0 (Microsoft Corp, Redmond, WA)
and analyzed with S-Plus for Windows (StatSci, Seattle, WA) and Epi-
Info 6.02 (Centers for Disease Control, Atlanta, GA). The correlation
of CSF titer with serum titer was performed using Spearman’s ranked
(nonparametric) procedure, with the alternative hypothesis that serum
titer was higher than CSF titer. A standard Pearson’s correlation co-
efficient was obtained for compared linear values. and the one-sided
null hypotheses was rejected at o = .05.

Results
Control Cats

Of the 3 control cats with neurologic disease not due to
FIP, 1 (with congenital cerebellar hypoplasia) had a serum
protein concentration of 6.2 g/dL and no detectable serum
anti-FIPV antibodies. No antibodies to FIPV were detected
in the CSE the total protein in CSF was 20 (ug/dL, and the
CSF was PCR negative. The cat with spinal lymphoma as-
sociated with FeLV had a serum protein concentration of
7.5 g/dL and a serum anti-FIPV IgG of 1:100. The CSF
had a total protein of 45 (ug/dL and no CSF antibodies
detected. Results of PCR on brain and CSF were negative
The serum protein concentration of the cat with infiltrative
non-FeLV-associated lymphoma was 6.2 g/dL and serum
anti-FIPV IgG was 1:400. The CSF had a total protein o
22 pg/dL and no detectable coronavirus antibodies. Brair
and CSF were PCR negative.

All 5 experimentally infected cats developed clinica
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signs of FIP within 14 days of inoculation, including fever,
lethargy, and abdominal effusion. The diagnosis of FIP was
confirmed by PCR on ascites fluid. The median serum titer
at death was 1:25; none of the 5 cats had anti-FIPV anti-
bodies in the CSE The CSF was cytologically normal and
PCR negative. No gross or histologic lesions suggestive of
FIP were detected in brain tissue, and PCR on brain tissue
was negative.

The naturally infected cats with effusive FIP were ap-
proximately 1 year old, with typical histories of weight loss,
lethargy, fever, and secondary chronic upper respiratory in-
fections. Both cats had high protein, yellow-tinged ascitic
fluid; the ascites was PCR positive for both cats. The serum
titers both were 1:1,600, CSF was seronegative, and CSF
was PCR negative for both cats. The third naturally infected
control cat had granulomatous lesions of FIP on the dia-
phragm and pericardium. She was a 3-year-old pregnant
female, with an acute onset of inappetance and lethargy, a
serum FIPV antibody: titer of 1:400, serum total protein of
10.0 g/dL, and undetectable FIPV antibodies and DNA in
CSE Brain tissue was PCR negative for all 3 nonneurologic
FIP cats.

Cats with Neurologic FIP

History, Signalment, and Physical Examination. Of 16
cats with chronic progressive neurologic or ocular disease
associated with FIP, was a 3-year old intact male Havana
Brown, 1 was an 8-year-old neutered male Birman, and the
others were neutered male and female random-bred do-
mestic shorthairs ranging in age from 4 months to 3 years.
Fifteen cats were from multiple-cat households (catteries or
shelter), and 1 cat (16-1) came from a private home with
only 1 other cat but had been obtained from a shelter 1 year
earlier. Problems included poor weight gain or weight loss,
weakness, lethargy, ataxia, dementia, pica, and fever. Two
cats had inappropriate elimination; 1 was incontinent (fecal
and urinary). Compulsive licking (at concrete, carpeting,
and other cats) was a presenting complaint in 3/16 cats.

Fourteen of 16 cats had central nervous system abnor-
malities, 5/16 had predominantly ocular manifestations of
FIP, and 2 of these 5 had no detectable neurologic abnor-
malities. Neurologic abnormalities in 14 cats included hy-
peresthesia (physical and auditory) (7/14 cats), hyperreflex-
ia (6/14), crossed-extensor reflex (1/14), reduced conscious
proprioception on all 4 limbs (8/14), caudal paresis (1/14),
dementia (6/14), and cerebellar-vestibular signs (5/14). Oc-
ular lesions occurred in 5 cats: comprised anterior uveitis
(5/5), keratic precipitates (3/5, predominantly unilateral in
2 cats), flocculent debris in the anterior chamber (1/5), ret-
initis (1/5), and anisocoria (1/5). The retinal lesions con-
sisted of focal tapetal hyporeflectivity associated with gran-
ulomas. No abnormal nystagmus was observed in these 5
cats. Of the 2 cats with predominantly ocular manifestations
of FIP and no other discernible neurologic deficits, 1 had
mild anterior uveitis and keratic precipitates (bilaterally)
and the other had unilateral keratic precipitates and anterior
uveitis, and bilateral retinitis.

Abdominal abnormalities were palpated on 11/16 cats
with neurologic FIP, including enlarged mesenteric lymph
nodes (11/16) and irregular splenic and renal surfaces (5/

15). Five of 15 cats had clinical signs of respiratory tract
infections, including hyperemic conjunctivae, mucopurulent
oculonasal discharge, and vesicular, proliferative faucitis.
Other abnormal physical findings included generalized pe-
ripheral lymphadenopathy (1/15), low weight (13/16), and
dehydration (13/16).

Clinical Pathology. CBCs were performed on 6 cats;
results of 3 of these were within normal limits. Abnormal
CBC findings in the remaining 3 cats were anemia (1 cat),
leukocytosis (3), neutrophilia with left shift (1), neutrophilia
without left shift (1), eosinophilia (1), lymphopenia (2), and
lymphocytosis (1). One cat had numerous Hemobartonella
felis organisms on the periphery of red blood cells. Serum
protein concentrations ranged from 5.8 to 10.2 g/dL with a
mean (+SD) of 8.6 (*x1.2) g/dL (Table 1). Using an upper
limit of normal of 8.0 g/dL, 13/16 cats had abnormally high
serum total protein corncentrations. Serum coronavirus titers
of all 16 cats were positive, ranging from 1:100 to 1:3,200,
with a median of 1:400. Analysis of CSF for proteins,
cells, and antibodies showed increased cellularity (lympho-
cytes and neutrophils) in 2/16 cats and increased protein
(>30 pg/dL) in 4/16. The mean CSF protein concentration
was 97.3 (x2.7) g/dL. Fifteen of 16 cats had CSF titers
>]:25, ranging from 1:25 to 1:1,600, with a median of
1:100. The correlation of CSF titer with serum titer was
not statistically significant (p = 0.277, P = .286). The ratio
of serum protein concentration to CSF protein concentra-
tion ranged from 97 to 510, with a mean of 316 (*136.41),
whereas the ratio of serum titer to CSF titer ranged from 1
to 32, with a mean of 8.5 (=8.7). Serum : CSF titer was not
correlated with serum:CSF protein (t = —1.36, df = 14,
P = .96). Cat 6-109, which had bilateral ocular lesions and
abdominal granulomas, had aqueous humor titers that were
positive at 1:100 in the more severely affected eye and O
in the other eye.

PCR. The presence of FIPV in tissue was confirmed by
PCR in all 16 cats with neurologic or ocular FIP. Seven
were PCR positive in feces (possibly FECV, not FIPV). The
CSF was PCR positive for 5/16 (including the 2 with high
CSF cellularity), and negative for 11/16. Brain tissue was
PCR positive for 10/15 and negative for 5/15. Of the 4 cats
that were scanned by MRI, 2 were PCR positive for brain
and CSF and 2 were PCR negative for brain and CSE The
aqueous humor of cats with ocular lesions was PCR neg-
ative for all samples.

Magnetic Resonance Imaging. Ventricular dilatation
was identified in 3 of the 4 cats examined. Areas of peri-
ventricular contrast enhancement were identified in each of
the 3 cats in which contrast-enhanced studies were per-
formed. The distribution of contrast enhancement varied
and appeared to be related to the degree of ventricular dil-
atation. In cat 6-60, with the least ventricular dilatation,
contrast enhancement was limited to the area around the
3rd ventricle. In cat 16-1, with moderate ventricular dila-
tation, contrast enhancement was present around the 3rd
and 4th ventricles. In cat 6-49, with severe ventricular dil-
atation, contrast enhancement was present around the lat-
eral, 3rd and 4th ventricles (Fig 1). The MRI findings were
interpreted as being consistent with ependymitis and sec-
ondary obstructive hydrocephalus. Discrete parenchymal
lesions were not identified in any of the cats.



418 Foley et al

Table 1. Clinical and molecular findings on cats with neurologic FIF.

Protein
Serum CSF Titer PCR

Cat No. (g/dL) (w/dL) Serum : CSF Serum CSF Serum : CSF CSF Brain Fecal
6-34 8.8 20 440 1:1,600 0 o0 Neg. Neg. Neg.
6-38 9.6 30 320 1:100 1:25 4 Neg. Neg. N/A
6-42 9.2 36 255.6 1:3.,200 1:25 12 Neg. Neg. Pos.
6-43 8.4 26 323 1:400 1:25 16 Neg. Pos. Pos.
6-44 10.2 20 510 1:100 1:25 4 Neg. Neg. Neg.
6-47 5.8 20 290 1:1.600 1:100 16 Neg. Pos. Neg.
6-48 9.0 30 300 1:400 1:100 4 Pos. Pos. Neg.
6-49 8.8 1.120 7.86 1:400 1:25 16 Pos. Pos. Pos.
6-51 10.2 30 340 1:3,200 1:100 32 Pos. Pos. N/A
6-60 9.7 20 485 1:400 1:400 1 Neg. Neg. Pos.
6-62 8.6 30 287 1:100 1:25 4 Neg. N/A Pos.
6-72 6.8 70 97 1:3,200 1:1,600 2 Neg. Pos. Neg.
6-109 8.2 25 328 1:400 1:100 4 Neg. Pos. Neg.
8-33 9.4 20 470 1:400 1:100 4 Neg. Pos. Neg.
15-al 8.2 20 410 1:100 1:100 | Pos. Pos. Neg.
6-1 7.6 40 190 1:1,600 1:100 16 Pos. Pos. Pos.

N/A. not applicable.

Fig 1. Tl weighted images at 2 different levels of the brain of cat 6-49 before (A, B) and after (C, D) administration of intravenous gadopentetate
dimeglumine. The ventricular system is markedly enlarged and there is evidence of periventricular enhancement at the margins around the lateral
and 3rd ventricles (arrows).
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Table 2. Gross pathologic changes in cats with neurologic FIP.

Cat CNS Lesions Other Lesions
6-34 NGL Mild hepatict lesions
6-38 Anterior uveitis, hemorrhagic meninges Renal,* hepatic,* diaphragmatic granulomas
6-42 NGL Mesenteric lymphadenopathy*
6-43 NGL (but tissue was PCR positive) NGL
6-44 Mild swollen cerebellum, brain stem® NGL
6-47 NGL Mesenteric lymphadenopathy*
6-48 NGL Mes. lymphadenopathy,* renal granulomas
6-49 Severe hydrocephalus/keratic precipitates Generalized, omental miliary granulomas®
6-51 Anterior uveitis, hemorrhagic meninges severe abdominal granulomas, abdominal effu-

sion®

6-60 NGL Mild renal lesions, mes. lymphadenopathy*
6-62 Keratic precipitates, anterior uveitis Extensive diffuse granulomas, renal granulomas*
6-72 Mild swollen meninges Renal, pericardial lesions, lymphadenopathy*
6-109 Thickened, hemorrhagic meninges, keratic precipitates, retinitis Mes. lymphadenopathy, renal granulomas
8-33 NGL NGL, kidney PCR positive
15-1a Hemorrhagic meninges, pontine-cerebellar adhesions, cerebellar granulomas,* NGL

brain stem edema
16-1 NGL#

NGL

NGL, no gross lesions; mes. lymphadenopathy, mesenteric lymph nodes.

2 Site of PCR-positive lesions.

Pathology. Gross pathologic findings included typical
abdominal lesions of FIP in 12/16 cats (Table 2). Gross
lesions ranged from mild (eg, 1 small granuloma on the
renal capsular surface) to severe, generalized miliary gran-
ulomatous lesions distorting renal surfaces, disseminated
throughout the omentum and gastrointestinal serosa, and
invading splenic and hepatic parenchyma. Twelve of 16
cats had enlarged mesenteric lymph nodes. Four cats had
grossly visible diaphragmatic and pericardial granulomas.
Ocular lesions observed on physical examination were con-
firmed on postmortem examination. Central nervous system
lesions, when grossly apparent, were limited almost exclu-
sively to thickening and opacification of meninges, partic-
ularly on the ventral surface of the brain.

Histopathologic examination confirmed the typical gran-
ulomatous lesion of FIP in all tissues for which gross le-
sions were visible. In addition, distinct histologic lesions

were detected in the brains of 15/16 cats with neurologic
disease, including the 4 cats that were scanned by MRI
(Figs 2, 3). In cat 6-34, no gross or histologic lesions of
FIP were detected in brain or spinal cord, although they
were observed in the liver and mesenteric lymph nodes.
Lesions in the brains of the other cats with FIP consisted
of meningitis, ependymitis or periventriculitis, and choro-
iditis of varying severity. Lymphocytes and macrophages
were the predominant cell types. In some sites, the infiltrate
contained abundant plasma cells, whereas in others it was
mostly pyogranulomatous. In the meninges, the inflamma-
tory cells had a predominantly perivascular distribution,
forming cuffs around arteries (periarteritis) and infiltrating
the wall of veins and venules (phlebitis). Pathologic eval-
uation of the spatial distribution of brain lesions of the 4
cats that had MRI indicated that the degree of meningeal
infiltration increased towards the ventral and caudal regions

Fig 2. Cerebrum of cat 6-49, showing distention of lateral ventricle
(asterisk) (which contained proteinaceous exudate), disruption of the
ependyma by a lymphohistiocytic infiltrate (arrow), and mononuclear
perivascular cuffing (arrowhead). Hematoxylin and eosin. Bar = 160

pm.

Fig 3. Midbrain of cat 6-49, showing effacement of the ventricular
ependyma and lumen by histiolymphocytic infiltrate and proteinaceous
exudate (arrow) and perivascular to diffuse lymphoplasmacytic peri-
ventricular infiltrate (arrowhead). Hematoxylin and eosin. Bar = 160

.
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Fig 4. Cerebrum of cat 6-49, showing macrophages (arrowheads)
and a lymphocyte (arrow) with diffuse cytoplasmic staining for FIPV
antigen. Immunoperoxidase stain with hematoxylin counterstain. Bar
= 25 pm.

of the brain and was most severe at the base of the cere-
bellum and the brain stem, including the medulla oblongata.
In a few sites, there was moderate extension of the inflam-
mation into the superficial neuropil and into cranial nerve
roots.

Ependymitis was present in all cats that were scanned by
MRI but was very mild in one cat (6-62). The 4th ventricle
was the most consistently affected (4/4), and the lateral ven-
tricles were the least affected (1/4). The lesions ranged from
a mild ependymal infiltration to complete effacement of the
ependymal lining by a thick histiocytic and lymphocytic
infiltrate, periventricular vasculitis, exudation of a cell- and
protein-rich fluid, and periventricular reactive astrocytosis.
The cat with the most severe and diffuse ventriculitis (6-
49) also had moderate hydrocephalus. Choroiditis was most
severe in the choroid plexus of the 4th ventricle, especially
in the areas dorsolateral to the medulla, where the architec-
ture often was effaced by dense infiltration with lympho-
cytes, plasma cells, and histiocytes.

All 4 of these cats had cells with positive immunohis-
tochemical staining for FIPV (Fig 4). These cells were
mostly large macrophages, but rare small lymphocytic cells
also were positive. The cells had granular or diffuse cyto-
plasmic staining; their nuclei did not stain. Positive cells
were numerous in some areas of intense ependymitis and
choroiditis; very few were found within the meningeal in-
filtrates. No staining was observed in vascular basement
membranes or in cells of the neuropil.

Discussion

Neurologic FIP is a relatively common clinical entity that
is difficult to diagnose antemortem. Approximately 35% of
the referred cases of FIP we have seen in the last 2 years
had predominately neurologic lesions (Foley and Pedersen,
unpublished observations). The cats in the present study
had presenting complaints, signalments, and histories con-
sistent with but not specific for FIP, including age distri-
bution less than 2 years of age,''° originations from mul-
tiple-cat homes,' and clinical signs of fever, weight loss,
and lethargy.”'”'* The neurologic signs observed in the
present study consisted largely of paresis, hyperesthesia,
seizures, ataxia, and personality changes, as have been de-

scribed previously.®!*° Valuable antemortem results were
obtained from CSF titer, CSF PCR, and MRI, and post-
mortem diagnoses were facilitated by brain and abdominal
lesion PCR and immunohistochemical staining of brains.

Fifteen of 16 cats with presenting complaints of neuro-
logic or ocular disease and a diagnosis of FIP had positive
CSF anti-FIFV titers, whereas none of the 8 control cats
had anti-FIPV antibodies in CSE suggesting that virus did
not at any time cross the blood-brain barrier in the control
cases. Unfortunately, the experimentally infected cats may
have been a poor model for naturally occurring effusive
FIP, as reflected by the peracute clinical course of disease
and low serum titers. The 1 cat that was antibody negative
in the CSF (cat 6-34) did have antemortem neurologic im-
pairments, including abnormal reflexes and ataxia, in ad-
dition to weight loss, anorexia, and fever. Histopathology
and PCR on mesenteric lymph nodes and hepatic granulo-
mas confirmed FIP. Most assays for neurologic FIP on this
cat however were negative, including CSF titer, brain and
CSF PCR, and histopathology of the brain and spinal cord.
The neurologic disease in this cat may have had causes
other than FIF, despite the positive finding of FIP in the
abdomen.

Titers of CSF of the other 15 neurologically impaired
cats ranged from 1:25 to 1: 1,600, suggesting that adequate
serologic evaluation of CSF necessitates performing IFA
testing at much lower dilutions than is routinely performed
in some laboratories. The titer in CSF was not statistically
correlated with serum titer and the ratio of the serum titer
to the CSF titer was not correlated with serum : CSF protein
ratio. If passive leakage of protein from serum into the CSF
were invoked to explain the presence of anti-FIPV antibod-
ies, it would be expected that the total protein : anti-FIPV
IgG ratios would be similar in both serum and CSE In
contrast, CSF IgG titers tended to be proportionally much
higher than serum titers, which suggests that anti-FIPV IgG
may have been produced in the tissues of the brain in re-
sponse to local replicating virus.

The cellularity and protein concentrations in CSF were
variable among cats in the present study. Using a high nor-
mal concentration of CSF protein of 30 (ug/dL, 4/16 cats
had abnormally high CSF protein, but only one of these
cats had a marked increase in protein concentration, 1,120
(mg/dL. Similarly, cell counts and differentials in the CSF
of these cats were abnormal in only 2/16 cats, and when
cell counts were high, cells mostly consisted of lympho-
cytes and neutrophils. Cats with severe neurologic FIP may
have high CSF protein concentration and cellularity,”'® but
some authors have described modest increases in CSF neu-
trophil counts and protein concentration, particularly if le-
sions are focal.?’ The PCR on CSF detected only 31% of
cats with neurologic FIP. The relatively low sensitivity
could be explained by the low CSF cellularity on most cats
and the paucity of virus detected histologically.

Magnetic resonance imaging was a useful adjunct diag-
nostic procedure, predominantly disclosing hydrocephalus
and ependymitis in affected cats. The apparent severity of
lesions on MRI fit better with the extent of pathologic
changes seen on postmortem examination than with the se-
verity of clinical disease. For example, MRI findings in cat
161 were described as moderate, whereas clinically the cat
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was incontinent, unresponsive, and recumbent, with very
abnormal reflexes. It is likely that this cat had more exten-
sive lesions at least in some foci throughout the spinal cord,
in addition to the brain. Ventricular dilatation was evident
on MRI in 3/4 cats. Contrast enhancement with gadopen-
tetate dimeglumine revealed subtle periventricular inflam-
matory lesions of FIP. Abnormalities that were detected on
MRI, such as hydrocephalus and peri-ventricular contrast
enhancement, corresponded well with histologic lesions.
Some histologic lesions (eg, meningitis) also were present
in the cat without MRI abnormalities. This finding would
appear to limit the usefulness of MRI to cases with ad-
vanced ventricular involvement. The lesions detected on
MRI confirmed the superficial and ventricular nature of le-
sions but were not specific for FIP.

Postmortem examination of cats clarified the interpreta-
tion of the results obtained antemortem. Gross pathologic
examination of the brain and meninges of many cats with
neurologic FIP did not disclose obvious lesions, with the
exception of hydrocephalus, whereas histopathology
showed microscopic superficial granulomas, as previously
described.>> Meningitis was more severe on the ventrocau-
dal surfaces of the brain, which has not been previously
reported. The histopathologic changes in the cats of the
current study were consistent with earlier descriptions of
cerebral FIP lesions: lesions were generally superficial, of-
ten oriented around ventricles,***-2* and often accompanied
by hydrocephalus.'®?'-2*2% Previously characterized neuro-
logic FIP lesions were pyogranulomatous or lymphoyo-
granulomatous.'®2'-%* In contrast, the neutrophilic compo-
nent in the lesions in cats of this study was less marked
than the macrophage component and usually was limited to
areas with the most severe inflammation.

Immunohistochemistry for FIPV provided unequivocal
staining of infected cells. The mouse monoclonal antibody
5.2D5 recognizes the N protein of both FIPV and FECV;
these viruses are antigenically indistinguishable in this pro-
tein.>?**” A possible exception is the serotype II feline co-
ronaviruses, which appear to be more genetically related to
canine coronaviruses than to other feline coronaviruses.?
However, the definition of an FIPV biotype is pathologic,
not genetic. The FIP viruses are macrophage tropic, can
survive and replicate in macrophages, and can instigate an
Arthus type immune-mediated reaction resulting in fatali-
ty®25-3, Thus, any feline coronavirus detected within brain
tissue lesions is by definition FIPV. Positive FIPV staining
was detected mostly in macrophages in intensely inflamed
areas of the ependyma and choroid plexus. Macrophages
free within the ventricular lumen often were strongly pos-
itive, suggesting that immunohistochemical staining of cells
from CSF samples may provide valuable antemortem di-
agnostic information. However, the utility of this procedure
would be limited to those cases with cellular CSE A pre-
vious report of immunohistochemical staining using cat as-
cites-derived polyclonal anti-FIPV and BALB/c mouse-de-
rived anti-transmissible gastroenteritis virus monoclonal an-
tibodies described only 1 cat with positive staining in
monocytes in blood vessels in the choroid plexus.*' Positive
staining of a few lymphocytes in the present study was an
unexpected finding.

All FIPV-infected cats (neurologic and control) were

PCR positive in at least 1 tissue, whereas only 67% of cats
with apparent neurologic FIP were PCR positive in brain
tissue. The most likely explanation for this was the patchy
distribution of virus in the brains, as shown on immuno-
histochemical staining. PCR sensitivity could be increased
by sampling brain tissue from multiple sites and pooling,
but this approach is impractical if brain tissue must also be
preserved for histopathology. Nested PCR for herpesvirus
DNA in the CSF of patients with neurologic disease de-
tected only 62% of cases of cytomegalovirus-associated en-
cephalopathy.”> However, PCR to detect herpes simplex vi-
rus DNA in CSF of experimentally inoculated mice was
very sensitive.** Clumped small foci with low virus load in
the brain could account for the discrepancy in sensitivity
of PCR on brain compared with PCR on abdominal tissues.
Abdominal tissues can usually be correctly identified post-
mortem as containing virus by the presence of gross lesions,
whereas brain tissue usually must be sampled blindly, be-
cause gross lesions often are inapparent. Histopathologic
examination revealed extensive granulomatous inflamma-
tion in some FIP-affected brains, even though monoclonal
antibody staining failed to demonstrate much virus in these
lesions. These results agree with findings in murine coro-
navirus strain JHM, which produces demyelinating lesions
in infected mice.* Immunocompetent C57BL/6 mice
cleared virus from the brain but developed severe paralysis
and demyelination. In contrast, SCID mice had persistent
viral loads but no neurologic impairment or detectable le-
sions, suggesting an immune-mediated pathogenesis similar
to that of FIP. T-lymphocytes (CD4* and CD8*) were re-
quired for viral clearance, whereas B cells and other cells
participated in demyelination.

Numerous other infectious, neoplastic, and immunologic
diseases can produce meningitis, encephalitis, and neuro-
logic lesions in cats, although none are as frequent in oc-
currence as FIP® Some of the more common infectious
causes include feline leukemia, feline immunodeficiency vi-
rus infection,* rabies,* pseudorabies,’” canine distemper,*®
and Toxoplasma gondii.*®* Rare diagnoses include para-
myxovirus-like disease,*® borna-virus-induced nonsuppura-
tive meningoencephalomyelitis,*'** Neospora caninum,*
Sarcocystis spp.,* fungal infections,” and feline spongiform
encephalopathy.* Postmortem differentiation of FIPV in-
fection from other infectious causes of meningitis and en-
cephalitis is based upon the presence of vascular and su-
perficially oriented microgranulomas. The immunohisto-
chemical stain described in the present study was useful for
cases requiring additional confirmation. Antemortem FIP
diagnosis was facilitated by CSF serology, PCR, and MRI.

In conclusion, we have demonstrated the utility of MRI,
PCR, and serology in the diagnosis of neurologic FIP. Many
cats in this study had focal, relatively small amounts of
virus in brain tissue, despite sometimes extensive histo-
pathological changes. Additional research should be direct-
ed at understanding the feline immunologic response to
FIPV. Results of such studies will clarify the nature of both
viral and host adaptations. Such information also will con-
tribute to our ability to diagnose and potentially treat other
immunologically based neurologic diseases.
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