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Abstract

The limping syndrome is occasionally reported during acute feline calicivirus (FCV) infections or as consequence of vaccina-
tion. In this retrospective study, three clinical cases of lameness in household cats naturally infected by FCV were described
and phylogeny of the virus were investigated by analysing the hypervariable E region of the ORF2 viral gene. Cats were
diagnosed with polyarthritis and FCV RNA or antigens were detected in symptomatic joints. One cat, euthanized for ethical
reasons, underwent a complete post-mortem examination and was subjected to histopathological and immunohistochemi-
cal investigations. No phylogenetic subgrouping were evident for the sequenced FCV. Histopathology of the euthanized cat
revealed diffuse fibrinous synovitis and osteoarthritis eight months after the onset of lameness and the first detection of FCV
RNA, supporting the hypothesis of a persistent infection. FCV was demonstrated by immunohistochemistry in synoviocytes
and fibroblasts of the synovial membranes. This study provides new data on the occurrence of polyarthritis in FCV-infected
cats, demonstrates by immunohistochemistry the presence of FCV in the synovial membranes of a cat with persistent
polyarthritis and supports the absence of correlation between limping syndrome and phylogenetic subgrouping of viruses.
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Introduction

Feline calicivirus (FCV, family Caliciviridae, genus Vesi-
virus) is usually responsible for acute or subacute clinical
signs in cats involving the upper respiratory tract with pres-
ence of lingual or oral ulcerations (Caringella et al. 2019;
Radford et al. 2007). Several other clinical presentations
were reported in FCV-infected cats including virulent sys-
temic disease (Battilani et al. 2013) and feline chronic gin-
givostomatitis (Thomas et al. 2017). Limping syndrome is
the less investigated clinical form associated to FCV infec-
tion. It is characterized by polyarthritis, fever and lame-
ness, associated or not with upper respiratory tract disease
(URTD). Between the 80 s and 90 s some studies reported
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cases of limping syndrome during acute FCV infections or
as consequence of vaccination (Dawson et al. 1993; Levy
and Marsh 1992; Pedersen et al. 1983). Experimental infec-
tions of specific pathogen-free (SPF) cats with FCV strains
isolated from cats showing limping syndrome or vaccine
strains showed controversial identification of the virus in
the affected joints. Pedersen and collaborators (1983) repro-
duced lameness by inoculating the virus oro-nasally but no
virus or viral antigens were detected in the joints. Bennet
and collaborators (1989) reported the presence of viral anti-
gens in the joints of cats experimentally infected both with
field and vaccine strains but no animals showed lameness.
Differently, Dawson and collaborators (1994) isolated the
virus from both normal and affected joints of SPF cats natu-
ral exposed to a field FCV strain or inoculated intra-articu-
larly with a vaccine strain. The virus was also isolated in a
newly vaccinated household kitten from an affected joint that
showed severe mononuclear inflammation in the synovial
fluid (Levy and Marsh 1992).

Although Pedersen (1992) suggested that lameness
should be considered a typical, but underestimated, presen-
tation of FCV infection, currently no data are available on
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the actual occurrence of polyarthritis in FCV-infected cats.
In this study, clinical cases of polyarthritis in household cats
naturally infected by FCV were described and phylogeny of
the FCV identified were investigated.

Materials and methods

This was a retrospective study carried out at the Veterinary
University Hospital (VUH) of the Department of Veterinary
Medical Sciences, University of Bologna. Cats referred to
the VUH in 2017-2019 reporting lameness were included
in the study if polyarthritis was diagnosed and FCV RNA or
antigens were detected in symptomatic joints. Polyarthritis
was diagnosed in cats that showed systemic signs of inflam-
mation (lethargy, anorexia and fever) and reluctance to walk
associated with at least two swollen and painful joints (Lem-
etayer and Taylor 2014). The diagnosis was confirmed by
synovial fluid cytology compatible with suppurative inflam-
mation in two or more joints (Lemetayer and Taylor 2014),
see Online Resource 1. No cats were sampled exclusively for
the purposes of this study. Only samples taken for diagnostic
purposes following owner’s consent were used. All analyses
were carried out at the time of cats’ care at the VUH on
fresh non-stored biological samples, with the exception of
viral genome sequencing and immunohistochemistry (IHC)
which were carried out at the time of the study on RNA
extracts stored at -80 °C and organ samples stored in paraf-
fin blocks, respectively. Signalment data, vaccination status
and clinicopathological findings of each cat included in the
study were retrieved from medical records.

The presence of FCV RNA was investigated in synovial
fluid samples (taken from two or more symptomatic joints)
and also in conjunctival, oropharyngeal and nasal pooled
swabs. Arthrocentesis was performed following the indi-
cations of Lemetayer and Taylor (2014). Viral RNA was
extracted from synovial fluid (pooled samples) and from
swabs, using the QIAamp Viral RNA Mini Kit (Qiagen, Ger-
many). FCV RNA detection was carried out at the time of
extraction using a SYBR Green real-time reverse transcrip-
tion PCR (RT-qPCR) assay (Helps et al. 2002), as reported
in Online Resource 2. The reactions were carried out using
the EXPRESS One-Step SYBR GreenER Kit (Thermo
Fisher Scientific, USA) and the StepOnePlus Real-Time
PCR System (Thermo Fisher Scientific, USA). Serial tenfold
dilutions of a plasmid (pCR4 plasmid, Life Technologies,
USA) containing from 1x 10° to 1 x 107 copies of the target
sequence for microliter were used as external standards for
the construction of the standard curve. Melting experiments
were carried out with a continuous increment from 60 to
95 °C and the specific melting temperature (Tm) was about
81 °C. The limit of detection (LOD) of the assay, assessed by
testing serial tenfold dilutions of the recombinant plasmid,
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was 1 copy of target amplicon/uL. The RNA samples and
standards were tested in duplicate. A no template control
underwent analysis simultaneously. The specimens were
considered positive if the amplification fluorescence curve
increased exponentially, the Tm was specific and the mean
of the target copy number obtained from the replicates was
greater than the LOD.

The 3’ fragment of the ORF2, containing the hypervari-
able E region, was amplified from identified FCV using
the primers FW4 (CCTGATGGTTGGCCAGACAC) and
FR4 (GTACCCTTTGCTCAAGAATTTTGT) previously
reported (Battilani et al. 2013), see Online Resource3.
Reverse transcription and amplification were carried out
using the SuperScript IV VILO MasterMix (Thermo Fisher
Scientific, USA) and the Phusion Hot Start II High-Fidelity
DNA Polymerase (Thermo Fisher Scientific, USA), respec-
tively. Amplicons of the expected size (about 950 nucleo-
tides, from nucleotide 6562 to nucleotide 7509 of the FCV
strain F9 M86379) were sequenced by Sanger method using
both forward and reverse primers. The nucleotide sequences
obtained were assembled and aligned with 65 FCV refer-
ence sequences (Online Resource4) using Clustal W and
translated into amino acid sequences using BioEdit 7.2.5.
(Hall 1999). Phylogenetic relationships were evaluated using
MEGAI11 version 11.0.10 (Tamura et al. 2021).

A cat euthanized for ethical reasons underwent a complete
post-mortem examination within 24 h of death and relevant
organs, including synovial membranes, were collected and
fixed in 10% buffered formalin, embedded in paraffin, sec-
tioned at four-um and stained with haematoxylin and eosin
for histopathological investigations. The synovial mem-
branes sampled were also immunohistochemically labeled
using a mouse monoclonal antibody anti-FCV capsid protein
(clone CV8-1A) provided by Custom Monoclonals Interna-
tional (West Sacramento, USA), see Online Resource5. As
THC positive control, a formalin fixed and paraffin embedded
cell pellet obtained from a PCR confirmed FCV-infected
cell culture was used. Negative controls were obtained by
replacing the primary antibody with a non-reacting poly-
clonal antibody. Synovial fluid was also sampled during
necropsy and directly tested (without storage at -80 °C) for
the presence of FCV RNA by RT-qPCR.

Results

Three cats showing clinical and clinicopathological signs
supportive of polyarthritis were included in the study. Clin-
icopathological findings are reported in Online Resource®6,
the three cats had leucocytosis, neutrophilia and increased
serum amyloid A. FCV RNA was detected only in the syno-
vial fluid (pooled samples from left carpus and right knee)
with a quantity of 1.3 10? copies of target amplicon/uL of
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extract (copies/uL) for Catl (ID: 1101/2017), both in syno-
vial fluid (pooled samples from left carpus, left and right
elbows and left knee) and swabs for Cat2 (ID: 1466/2017)
with a quantity of 5.8 x 10* copies/uL and 9.7 x 10* copies/
uL respectively and only in swab samples with a quantity of
7.6x 10" copies/uL for Cat3 (ID: 1072/2018). In Cat3, FCV
was demonstrated by IHC in the synovial membranes. The
three cats were domestic short-hair neutered males from the
province of Bologna and lived indoors with outdoor access.
Catl was nine-year-old and showed clinical signs of pol-
yarthritis with generalized lymphoadenopathy but no fever.
Cat2 was 11-month-old and showed clinical manifestation
of polyarthritis associated to prosencephalic signs. Cat3 was
seven-year-old and was affected by polyarthritis associated
to chronic dermatopathy (hyperkeratosis, desquamation and
diffuse folliculitis); the cat had recurrent lameness for eight
months from the first detection of FCV RNA in oropharyn-
geal swab in 2018 and was euthanized in 2019, despite medi-
cal treatment, for ethical reasons. The three cats had no signs
of upper respiratory tract disease. Cat2 and Cat3 were regu-
larly vaccinated against feline panleukopenia virus, feline
herpesvirus and FCV infections, whereas, for Catl1 this data
was not available.

A fragment of 873 nucleotides of FCV genome, contain-
ing the last 717 nucleotides of the ORF2, was sequenced
from the two different biological matrices of Cat2: pooled
synovial fluids (MT062980) and pooled swabs (MT062981).
For the other two cats, no specific PCR product was obtained
from the amplification of the ORF2 gene and consequently
no viral nucleotide sequences were obtained. The two nucle-
otide sequences were identical and showed a nucleotide
identity ranging from 68.4% to 77.5% with all the reference
sequences analysed. Phylogeny did not allow to cluster the
FCV sequences on geographical, temporal or clinical basis
(Fig. 1).

Post-mortem examination of Cat3 revealed moderate pal-
lor of skin and mucous membranes, and the joints (right
and left carpus and right and left tarsus) showed diffuse
thickening and synovial proliferation, oedema and multifo-
cal haemorrhages with an excess of synovial fluid. The liver
was diffusely moderately congested. No other significant
gross abnormalities were observed in the other organs except
of the dermatopathy. Histopathology showed moderate to
severe (depending on the joint examined), sub-acute, dif-
fuse fibrinous synovitis with moderate to severe folding and
hyperplasia of the synovial membranes. Viable and degen-
erate neutrophils and macrophages were also detected in
all the examined joints in variable distribution depending
on the joint examined associated, in two of the examined
locations, to small areas of coagulative necrosis (Table 1
and Fig. 2). A focally extensive area of osteoarthritis was
also observed in the left stifle. The remaining organs only
showed variable degree of congestion more severely evident

in the lung with scattered thrombosed small to medium cali-
bre pulmonary vessels. IHC demonstrated FCV antigen in
the cytoplasm of synoviocytes lining and constituting the
intimal layer and less frequently in scattered fibroblasts in
the sub-intimal layer of all the synovial membranes tested
with different degree of positive immunostaining (Table 1
and Fig. 2). Synovial fluid samples obtained at post-mortem
examination tested negative to FCV RNA.

Discussion

In this study, the detection of FCV RNA or antigens in
symptomatic joints is strongly indicative of the pres-
ence of polyarthritis in FCV-infected cats. The three cats
included in this study had synovial fluid cytology consist-
ent with suppurative inflammation (> 1000 nucleated cells/
mL with > 10% of neutrophils, Lemetayer and Taylor 2014)
and showed haematological and serum chemistry findings
indicative of inflammation, consistent with polyarthritis. To
the authors' knowledge, only one previous study reported
partial clinicopathological findings of an FCV-infected
kitten with arthritis (Levy and Marsh 1992) which, unlike
the cats included in this study, exhibited leukopenia with
a mild left shift and toxic neutrophils, probably resulting
from acute viremia or recent vaccination. The detection of
FCV antigens in the synovial membranes of a cat (Cat3)
showing severe polyarthritis and lameness, without detection
of viral RNA in the synovial fluid, supports the hypothesis
that FCV can be found as immune-complex aggregates in
the joints of infected cats (Bennett et al. 1989) or act as a
trigger of immune-mediated response involving the joints as
reported for other aetiologies (Lemetayer and Taylor 2014).
Since the synovial fluid of this cat was tested for FCV RNA
immediately after sampling (without undergoing freezing
and thawing), the negative result obtained cannot be related
to the viral RNA degradation. Rather, it can be assumed that
in Cat3 the virus (and its RNA) was harboured in a compart-
ment not directly accessible by arthrocentesis. Furthermore,
the synovial membranes of Cat3 were analysed eight months
after the onset of lameness and the first detection of FCV
RNA in the upper respiratory tract, suggesting a persistent
infection, frequently reported for FCV (Coyne et al. 2006;
Wardley 1976). This finding is also in contrast to a transient
lameness with possible recover after few days from clinical
onset (Pedersen et al. 1983).

The hypervariable E region of the ORF2 gene, was
sequenced for one FCV identified in this study. For the
other two cats, it was not possible to obtain FCV genome
sequences, possibly as a consequence of the low amount
of viral RNA detected in the samples tested. No phyloge-
netic subgrouping were evident for the FCV identified in
Cat2 as previously reported (Glenn et al. 1999; Hou et al.
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Fig. 1 Unrooted phylogenetic
tree constructed with nucleo-
tide sequences generated in

this study and FCV reference
sequences available from
GenBank (Online Resource4).
The tree was constructed on the
nucleotide alignment of the 3’
fragment of ORF2, comprised
between nucleotides 6604 and
7329 of the reference strain F9
M86379. The best-fit model

of nucleotide substitution was
determined using the Find Best
DNA/Protein Model function
implemented in MEGA 11.
Generalised time reversible
model with gamma distribu-
tion and invariant sites resulted
optimal for the sequence

data. Phylogenetic trees were
constructed using Maximum
Likelihood method and boot-
strap values were determined
by 1000 replicates to assess the
confidence level of each branch
pattern. Bootstrap values greater
than 80% are indicated on the
respective branches. Identifica-
tion of the sequences undergoes
the following nomenclature:
strain, country (AU: Australia,
CA: Canada, CN: China, DE:
Germany, IT: Italy, JP: Japan,
KR: South Korea, NZ: New
Zeeland, UK: United Kingdom,
US: United States of America),
collection date (or date of
database submission), GenBank
accession number and host spe-
cies other than the cat. In bold:
nucleotide sequence generated
in this study. Highlighted in
grey: vaccine reference strains.
Framed: reference strains identi-
fied in cats showing lameness
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Tal?le 1 Main his.topathological L carpus R carpus L knee R knee L tarsus R tarsus
lesions and associated scoring
at different locations including Synovial hyperplasia +++ ++ + + + 4+ +
immunolabel score for FCV -
. . Fibrin +++ ++ + + +++ +
antigen obtained by means of )
immunohistochemistry (THC) in Inflammation +++ + + + +++ +
Cat3 (lab ID: 1072/2018) Necrosis + - - - + -
IHC ++++ ++ ++ + ++ ++
Histopathological score: —=no lesions; + =minimal; + + =mild; + + + =moder-

ate; + + + + =severe; + + + + + =complete loss of structure

IHC score (distribution of FCV antigen,

as determined by immunohistochemistry): —=nega-

tive; + =occasional presence of immunolabelled cells;+ + =small number of cells;+ + + =moder-
ate; + + + + =numerous; + + + + + = widespread immunolabelling

IHC immunohistochemistry; L left; R right

Fig. 2 Joints of Cat3 (lab ID:
1072/2018). a Histology of

left carpus showing moderate
diffuse hyperplasia of synovio-
cytes constituting the intimal
layer, fibrin deposition (arrow)
and inflammatory infiltrates.
Scale bar =500 um. Haema-
toxylin and eosin. b Histology
of left tarsus showing numerous
viable and degenerate neutro-
phils admixed with fibrin. Scale
bar=300 um. Haematoxylin
and eosin. ¢ Hyperplastic syn-
oviocytes in the intimal layer in
the left carpus showing positive
cytoplasmic immunostain-

ing for FCV antigens. Scale
bar=>500 pm. Immunohisto-
chemistry (IHC). d Left tarsus,
positive cytoplasmic immu-
nostaining for FCV antigens
mainly observed in synovio-
cytes of the intimal layer and
less frequently in scattered
fibroblasts in the subintimal
layer. Scale bar=50 um. IHC

2016; Radford et al. 1997). The viral nucleotide sequences
obtained from both synovial fluid and swabs samples of this
cat were identical, therefore a coinfection with two viruses
with different tissue tropism is excluded. The low nucleotide
identity detected among the virus sequenced and all the ref-
erence sequences analysed is in accordance with the current
literature (Pesavento et al. 2008). Indeed, numerous stud-
ies reported high genetic distance between epidemiologi-
cally unrelated FCV, regardless of the clinical presentation
in infected cats (Coyne et al. 2012; Glenn et al. 1999; Hou
et al. 2016; Radford et al. 1997). Although at least two cats
included in this study were regularly vaccinated against FCV
infection and lameness was reported in kittens after the first
vaccination (Dawson et al. 1993), no evidence was found
that FCV vaccine strains contributed to the pathology as the

FCV sequences obtained from Cat2 revealed no genetic rela-
tionship with the vaccine strains included in the phylogenetic
tree. Further studies are warranted to confirm association of
polyarthritis with FCV vaccination.

There are some limitations in this study. A small number
of cats was included, so prospective studies, with a larger
number of cats and stringent inclusion criteria, would be
needed to accurately assess the frequency of polyarthritis in
FCV-infected cats. Furthermore, the detection of FCV RNA
in synovial fluid samples, even if strongly indicative, does
not prove the cause-effect relationship between the infec-
tion and the onset of polyarthritis, therefore the presence of
other concomitant and undiagnosed causes of polyarthritis,
however unlikely, cannot be ruled out with absolute certainty
in the two cats not subjected to IHC.
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In conclusion, this study provides new data on the occur-
rence of polyarthritis in FCV-infected cats, demonstrates by
IHC the presence of FCV in the synovial membranes of a
cat with persistent polyarthritis and supports the absence
of correlation between limping syndrome and phylogenetic
subgrouping of viruses.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11259-022-09933-4.
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