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Abstract

Feline calicivirus (FCV) is widespread in multi-cat environments and typically causes acute
upper respiratory tract disease (URTD). FCV also causes outbreaks of virulent systemic
disease (VSD), mainly in adults, with multiple organ involvement. In this study, an FCV-
VSD infection was described in a less-one-month-old Maine Coon kitten originating from
a cattery where an outbreak of FCV-URTD had previously been reported. After sponta-
neous death, post-mortem examination as well as histopathological, immunohistochemical,
bacteriological and virological investigations were carried out. Pathological findings were
consistent with severe pneumonia and cutaneous oedema of the footpads. No concomitant
bacterial infection was detected. FCV RNA was detected in several organs and the highest
amount of viral RNA was observed in the lung sample, in which the presence of the FCV
antigen was confirmed by immunohistochemistry. With the same immunohistochemical
technique, the IBA-1 antibody detected sparse alveolar macrophages, the main viral target
cell and pulmonary replication site. The nucleotide sequences of the viral ORF2 gene
amplified from all positive tissues were identical with each other and phylogeny confirms
that highly virulent FCV strains are not distinguishable from FCV-URTD phenotypes. Our
findings reinforce the hypothesis that VSD outbreaks can occur even in small populations,
due to the high genetic variability of FCV.

Keywords: cat; immunohistochemistry; Italy; lung; Maine Coon; phylogeny; viral
diversity; virome

1. Introduction

Feline calicivirus (FCV) is a non-enveloped RNA virus, classified in the genus Vesivirus,
family Caliciviridae, which is host specific for the Felidae family [1]. It is widely diffuse in
multi-cat environments, such as shelters and catteries, and the prevalence is proportional
to the number of cats living in these environments [2—4]. In fact, due to its resistance to
common disinfectants and its ability to survive up to 30 days on dry surfaces [5], FCV can
be transmitted through indirect as well as direct contact [6].

After the infection, FCV replicates primarily in the oropharynx and then, through a
transient viraemia the virus, can spread to many other tissues [4]. In most cases, FCV is
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shed approximately 30 days after infection. However, few cats, referred to as asymptomatic
carriers, may continue to shed the virus beyond this period—potentially for life [1,7]. This
continuous viral shedding represents a great epidemiological significance to susceptible
animals, since some of these carriers shed high quantities of viral RNA [8,9]. Clinical
signs can be various since different strains of FCV were reported to differ in tropism and
virulence. In cats, FCV is a common cause of acute upper respiratory tract disease (URTD)
characterised by fever, oculonasal discharge, sneezing and oral ulcerations [1]. However,
FCV infection was reported even in association with feline chronic gingivostomatitis [10],
limping syndrome [11] and signs of enteritis [12]. Some FCV strains are highly virulent and
may cause clinically distinct outbreaks of virulent systemic disease (FCV-VSD), especially
in adults, with a high mortality rate. In FCV-VSD, multi-organ involvement is reported,
with vasculitis, cutaneous oedema, multifocal ulceration of the skin and footpads, jaundice
and pneumonia [13-15]. Due to FCVs genomic plasticity, vaccination does not prevent the
diffusion of the virus or the emergence of highly virulent strains [16,17]. Therefore, both
vaccinated and unvaccinated animals can become infected carriers and can show severe
clinical signs [18,19]. VSD outbreaks usually occur after the introduction in the environment
of new animals [16], but they can occur also as a result of genetic drift or recombination
events related to the variability of the viral RNA genome [3,13]. For this reason, VSD
diagnosis is difficult and is mainly pursued by evaluating the clinical presentation, spread
and persistence of the virus in the environment and the detection of the same virus in
different tissues [16,20].

In this study, the first FCV-VSD infection in a less-one-month-old kitten with footpad
oedema and pneumonia was described; genetic characterisation of FCV identified in
different biological matrices and tissues was carried out to explore the virome and evaluate
viral diversity.

2. Materials and Methods

On 4 January 2024, a 20-days-old female Maine Coon kitten (Lab ID: 24 /2024) was
presented to the Veterinary Teaching Hospital (VTH) of the University of Bologna (Italy),
reporting severe dyspnoea and swollen footpads. The kitten was part of a litter of four
kittens (two females and two males) and came from an Italian Maine Coon cattery in
the province of Bologna (Emilia Romagna region, Italy), in which a previous suspected
outbreak of FCV-URTD infection was recorded. The mother was regularly vaccinated. At
the time of the kitten’s presentation, the mother and the sister did not show clinical signs.
Additionally, the two male kittens showed both swollen footpads and cutaneous lesions in
limbs, and one showed oral ulcers. After five days, the two brothers recovered, while the
sister developed severe and fatal pneumonia.

After the spontaneous death of the kitten (the same day of the presentation, 4 January
2024), a complete post-mortem examination was carried out within 24 h. Sections of the
lung, upper respiratory tract (including trachea and larynx), spleen, liver, heart, kidney,
brain, bone marrow, right forelimb, left forelimb, right hind limb and left hind limb, along
with conjunctival and oropharyngeal swab samples, were collected. For pathological
analyses, tissue samples were fixed in 10% buffered formalin, embedded in paraffin,
sectioned at 4 um and stained with haematoxylin and eosin (HE). Giemsa staining (Histo-
Line laboratories, Milan, Italy) to detect mast cells was performed on the footpad’s sections.

All the tissues underwent immunohistochemistry by using mouse monoclonal anti-
Calicivirus antibody [FCV1-43] (American Research Products, ARP, Inc.™, supplied by
Antibodies.com, Waltham, MA, USA); sections of the lungs were also stained with goat
polyclonal AIF-1/Ibal antibody NB100-1028 (Novus Biologicals, Bio-Techne SRL, Milan,
Italy) to detect alveolar macrophages, the viral target cells undergoing diffuse alveolar
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damage [21]. Briefly, the main passages for both antibodies were the following: endogenous
peroxidase inhibition with 3% H;O, in methanol; unmasking with citrate solution pH6 with
microwave oven at 750 W; preincubation with Bovine Serum PBS 3% BSA 0.25 Tween 20 and
with rabbit serum in 20% PBS, respectively; overnight incubation with primary antibody
diluted 1:500 with BSA (FCV) and 1:2000 in goat blocking solution (Iba-1); revelation system
consisted of biotinylated secondary anti-mouse antibody, chromogen DAB solution kit and
Harris and Papanicolaou Haematoxylin counterstain (Histo-Line laboratories, Pantigliate,
Milan, Italy), respectively. As positive controls, for FCV, a formalin fixed and paraffin
embedded positive tissue of FCV 1072/2018 was used [11]; for Iba-1, a section of canine
cutaneous histiocytoma was included. Negative controls, consisting of the omission of
primary antibody and replacement with a non-reacting antibody with irrelevant specificity,
were also run.

For bacteriological analysis, lung, upper respiratory tract and limb samples were
stored at +4 °C for 24 h and were subsequently cultured by streaking on selective (Mac-
Conkey agar) and not selective (blood agar, Cled agar and Columbia agar) media at
37 °C in anaerobiosis and aerobiosis conditions. After 24-48 h of incubation, colonies
from plates that presented adequate growth were evaluated morphologically and the
identification at species level of each isolate was assessed using the matrix-assisted laser
desorption—ionisation time-of-flight mass spectrometry method (MALDI-TOF MS) using
Bruker Daltonics MBT SMART equipment (Bruker Daltonics, Bremen, Germany), following
manufacturer’s instructions and considering a species-level identification when the ID score
was >2 (green—high accuracy). If four or more different types of colonies were detected,
the growth was considered as non-specific polymicrobism and not further evaluated.

For virological investigations, all tissue and swab samples were stored at —80 °C un-
til analysis and viral RNA was extracted using the RNeasy Mini kit (Qiagen, Hilden,
Germany) and the QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany), respec-
tively. The RNA extracted was stored at —80 °C until investigation. The presence of
FCV in viral RNA was detected using a specific SYBR Green real-time qPCR (qPCR) as-
say with primers qFCVf (5'-TAA TTC GGT GTT TGA TTT GGC CTG GGC T-3') and a
qFCVr (5'-CAT ATG CGG CTC TGA TGG CTT GAA ACT G-3') amplifying a fragment of
83 nucleotides (nts) of the ORF1 region [22]. The Power SYBR Green RNA-to-CT 1-Step kit
(Life Technologies, Carlsbad, CA, USA) was used in a total volume of 20 uL, following the
manufacturer’s instructions. Serial 10-fold dilutions of a plasmid (pCR4 plasmid, TOPO
TA Cloning Kit, Life Technologies, USA) containing one copy of the target sequence were
used as external standards for the construction of a standard curve. The melting exper-
iment for the evaluation of the specificity of each reaction was performed after the last
extension step by a continuous increment from 60 °C to 95 °C. Specific melting temperature
was about 81 °C and the limit of detection (LOD) of the assay was one copy of target
amplicon/puL of RNA extract (copies/uL). For the FCV identified, reverse transcription was
carried out using the SuperScript IV VILO MasterMix (Thermo Fisher Scientific, Waltham,
MA, USA) and the 3’ fragment of the ORF2, containing the hypervariable E region, was
amplified and sequenced, as previously reported by Balboni and colleagues [11]. Briefly,
primers FW4 (5'-CCT GAT GGT TGG CCA GAC AC-3') and FR4 (5'-GTA CCC TTT GCT
CAA GAA TTT TGT-3') [20] and a Phusion Hot Start IT High-Fidelity DNA Polymerase
kit (Thermo Fisher Scientific, Waltham, MA, USA) were used to produce amplicons of
about 950 nts in length. The amplicons obtained were sequenced by the Sanger method
using both forward and reverse primers and the generated nucleotide sequences were
assembled, translated into amino acid sequences and aligned with 89 reference sequences
from the GenBank database (https://www.ncbi.nlm.nih.gov/genbank/, accessed on
27 November 2024) using the ClustalW method implemented in BioEdit software
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version 7.2.5 (Tom Hall, Ibis Biosciences, Carlsbad, CA, USA). The assembled FCV se-
quences were analysed with the BLAST web interface (https://blast.ncbi.nlm.nih.gov/
Blast.cgi, accessed on 27 November 2024) and phylogeny was carried out using MEGA
version 11.0.10 [23]. A Maximum Likelihood phylogenetic tree of the 3’ fragment of ORF2
of the FCV sequenced in this study and the reference sequences obtained in the GenBank
database were constructed using the General Time Reversible model with gamma distribu-
tion and invariable sites. One thousand replicates of bootstrap analysis were performed to
evaluate the robustness of the phylogenetic tree. Given the clinical signs and pathologic
lesions, a possible feline leukaemia virus (FeLV) infection was also considered as a causative
agent of immunosuppression and a spleen sample was tested for the presence of FeLV
DNA using a specific SYBR Green qPCR assay, as reported by Gallina and colleagues [24].

3. Results

Post-mortem examination on kitten 24/2024 revealed severe oedema of the footpads
(Figure 1a) and intensely and diffusely reddened lungs with an elastic texture. Gross find-
ings in the other organs were unremarkable. Histopathological analysis confirmed diffuse
cutaneous oedema in the sections of the footpads (Figure 1b) associated with minimal
perivascular dermatitis, which was characterised by the presence of mast cells transmigrat-
ing from the vessel walls to the oedematous extracellular matrix (Figure 1c). In the lungs,
severe interstitial pneumonia with diffuse alveolar damage and alveolar “desquamation” of
macrophages (Figure 2a), multifocal areas of acute haemorrhages and mild fibrin exudation
were present. Immunohistochemistry with the anti-FCV antibody labelled the antigen in
the cytoplasm of interstitial and alveolar macrophages in the pulmonary tissue (Figure 2b).
Sparse macrophages displayed immunoreactivity to the IBA-1 antibody (Figure 2c).

From bacterial isolation, non-specific polymicrobial growth was detected. All samples
tested positive to FCV RNA, except bone marrow and conjunctival swab samples, with an
overall median quantity of 4 x 10% copies/uL (range 6 x 10°-9 x 10°) (Table 1). The spleen
sample tested negative for FeLV DNA.

Table 1. Samples tested for FCV RNA with respective quantities.

Sample Target RNA Quantity * Ct

Lung 9 x 10° 18

Right forelimb 3 x 102 31
Left forelimb 5 x 103 26
Right hind limb 2 x 10% 31
Left hind limb 2 x 102 31
Spleen 9 x 107 29

Liver 5% 102 30

Upper respiratory system 3 x 10? 30
Heart 1x10° 28
Kidney 5 x 10! 33

Brain 6 x 10° 36

Bone marrow negative -
Oropharyngeal swab 3 x 10% 24
Conjunctival swab negative -

Ct: mean threshold cycle. * Mean quantity expressed in copy of target amplicon/uL of RNA extract (copies/uL).

A fragment of 844 nts of the FCV genome, containing the last 717 nts of ORF2 was
sequenced from all the samples that tested positive. The obtained nucleotide sequences
were identical to each other and showed an identity < 84.5% with FCV sequences available
in the GenBank database and ranged from 82.8% to 70.8% with all the reference sequences
analysed in this study. The phylogenetic tree did not show clusterisation based on a clinical,
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geographical and temporal basis (Figure 3), but the sequences obtained in this study were
closer to a FCV strain identified in a cat with lameness syndrome (GenBank ID: MT062979)

from Italy.
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Figure 1. (a) Kitten, whole body. Oedematous footpads (better shown in the inset). (b) Histology,
footpad. Marked, diffuse cutaneous oedema, mainly located in the dermis and the subcutaneous
tissue HE. (c) Sparse metachromatic mast cells (arrows) passing from the vessel lumen to the vessel
wall towards the extracellular matrix, Giemsa.

Figure 2. Lung, histology and immunohistochemistry. (a) Severe, diffuse interstitial pneumonia (HE).
(b) Antibody anti-FCV displaying multifocal, cytoplasmic immunoreactivity of rare macrophages.
(c) Sparse IBA-1 immunoreactive alveolar macrophages.
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FCV UTCVM-NH1 cat US 1993 AY 560113
FCV 20879 cat US 1996 JX519211
FCV 213/95 dog IT 1995 AF283778
FCV FCV21 cat US 1993 KJ021044
FCV CFI/68 cat US 1960 U13992
FCV CFI/68 cat US 1990 M32819
FCV FCV-131 US 2003 DQ910787
FCV FCV-Georgie cat US 2006 DQ910791
FCV VS-FCV Ari cat US 1998 DQ910794
FCV 3786 cat US 1996 JX519209
FCV 21223 cat US 1995 JX519212
FCV KS109 cat DE 1995 X99446
FCV Cranleigh cat UK 2003 AY 299541
99 FCV F9 vaccine UK 1958 M86379
FCV UTCVM-NH2 cat USA 1998 AY 560114
FCV KCD cat NZ 1957 L09719
FCV KS8 cat DE 1994 X99449

FCV 21749 cat US 1996 JX519213
FCV 5789 cat US 1996 JX519210
FCV 1874 cat US 1996 JX519214
FCV Urbana cat US 1968 JN210884
FCV Urbana cat US 2000 NC001481
FCV TIG-1 tiger CN 2014 KU373057
99 FCV FCV-U2 cat US 2001 AY053460
99 FCV KS20 cat DE 1994 X99447
FCV FCV-V66/97 cat DE 1998 AJ009721
FCV KS40 cat DE 1995 X99448
FCV 12Q087-5 cat KR 2012 KJ572401
FCV 12Q087-1 cat KR 2012 KJ572400
FCV USDA cat US 2005 AY560118
FCV FCV2024 vaccine DE 2002 AF479590
FCV FCV-Deuce cat US 2004 DQ910789
FCV A4 cat UK 1973 AF109468
FCV NADC cat US 1983 L09718
FCV JOK63 cat UK 1985 AF 109466
FCV LS012 cat UK 1985 AF 109467
(FCV 1466/2017 cat IT 2017 MT062981
FCV F4 cat JP 1971 D31836
FCV F4 cat JP 1991 D90357
FCV UTCVM-NH3 cat US 2000 AY 560115
FCV FCV-127 cat US 2004 DQ910786
FCV FCV-U1 cat USA 2001 AF357010
[FCV 2280 cat DE 1982 X99445
99 © FCV TFHLJ-8tiger CN 2013 KJ944377
%8 FCV WZ-1 cat CN 2016 KX371573
FCV XH cat CN 2015 KX371572
FCV 121 cat KR 2017 MG214685
FCV UTCVM-H2 cat US 2002 AY 560117
FCV FCV/DD/2006/GE cat DE 2006 DQ424892

FCV V83A cat AU 1970 AF031876

FCV V77 cat AU 1975 AF038126
FCV U/QLD10/Ging cat AU 2017 MW880762

FCV V274 cheetah AU 1989 AF031877
FCV V276 cheetah AU 1989 AF032106

FCV 2412024 cat|T 2024 PV867316-PV867327

FCV 266 cat CH 2013 KU747065
FCV CH-JL4 cat CN 2015 KT206207

FCV GZ-VSD cat CN 2022 OQ784671
FCV FCV-796 cat US 2004 DQ910788

FCV FCV-5 cat US 2001 DQ910790
|_|_— |FCV/F85 cat UK 1990 AF109465
FCV LSO015 cat UK 1985 AF 109464

86

99 FCV CH-JL2 cat CN 2013 KJ495729
FCV CH-JL3 cat CN 2013 KJ495730
FCV GX01-13 cat CN 2013 KT970059
FCV E1/V2/NSWS5/Bella cat AU 2015 MW880758
FCV I/V2/NSW9/SnowOwl cat AU 2015 MW880759
FCV ACT9/Smitty cat AU 2018 MW880770
FCV 5 cat CH 2013 KU747015
FCV E1/V1/NSW5/Bella cat AU 2015 MW880757
FCV UTCVM-H1 cat US 1999 AY 560116
FCV 182cvs5A cat AU 1980 AF031875
s [ FCV FCV-GeorgeWalder cat US 2002 DQ910792
L FCV FCV-Jengo cat US 2002 DQ910793
FCV FCV-Kaos cat US 2002 DQ910795
FCV 4b cat FR 2007 EU202915
FCV 5a cat FR 2007 EU202916
FCV 1 cat FR 2007 EU202911
FCV 2 cat FR 2007 EU202912
69 = FCV 3cat FR 2007 EU202913
l— FCV ym3/2001/JP cat JP 2001 KJ551382
FCV HB-S4 cat CN 2004 KT267162
FCV Gon/2003/JP cat JP 2003 KJ551380
FCV SH cheetah CN 2002 KP987265
FCV GD cheetah CN 2004 GU214989
FCV FB-NJ-13 cat CN 2013 KM111557
98 FCV CH-JL1 cat CN 2013 KJ495728

99

0.10

Figure 3. Phylogenetic tree constructed with FCV nucleotide sequences generated in this study
and reference sequences available from GenBank of the 3’ fragment of ORF2. Phylogenetic trees
were constructed using the Maximum Likelihood method and the General Time Reversible (GTR)
model. Bootstrap values calculated on 1000 replicates and >60% are indicated on the respective
branches. In bold and highlighted in black: one nucleotide sequence representative of all the FCV
sequences generated in this study (GenBank ID: PV867316-PV867327). Framed: vaccine reference
strains. Highlighted in light grey: reference strains identified in cats showing virulent systemic
syndrome. Highlighted in dark grey: reference strains identified in cats showing lameness.
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4. Discussion

FCV is a highly contagious virus for cats, which represents one of the main health
problems in shelters and catteries [1,2]. In most cases, cats show mild clinical signs, mostly
related to the upper respiratory tract [25], but due to mutations or recombination events
between strains, more serious diseases may develop [20,26,27]. FCV-VSD infection is
usually reported in adult cats living in multi-cat environments [13,28] and occasionally in
household cats [16,27]. A higher mortality rate was reported in adults (up to 79%) than
in young subjects [4,13,16,29]. The pathogenesis of this condition is still obscure and an
immune-mediated contribution is probably involved in adult subjects, while kittens may
be less predisposed to severe clinical forms due to a more rapid adaptation of the immune
response. In particular, some authors, with an anti-FCV monoclonal antibody, documented
the presence of the antigen within affected endothelial and epithelial cells, including the
skin and lungs, suggesting a mechanism for lesion development that is at least partly
immune-mediated [30].

In this study, the first case of a lethal FCV-VSD infection in a less-one-month-old kitten
was reported. Clinical signs, including dyspnoea and footpad oedema, were commonly
associated with the FCV-VSD infection, as well as rapid disease progression [4,6,31]. In
the literature, oedema was reported in association with the FCV-VSD infection, mainly
of the head and limbs [32]. In the present case, the oedema was limited to the skin-
subcutaneous tissues of the footpads and distal limbs and constituted the unique external
gross finding. Giemsa staining on the footpad’s histological sections, as an indication
of mast cells migrating from the lumina to the vessel walls towards the extracellular
matrix, was added to the routine HE. Mast cells are elements which actively contribute to
oedematous fluid generation. This is in agreement with Foley and colleagues [30], who
stated that in the skin of FCV-VSD-infected cats, the three most altered cytokines were
MIP-1a, IL-10, and TNF-a and that IL-10 stimulates mast cells. In the current case, the
histological findings of the lungs were similar to those previously described, and they refer
to virus-induced, diffuse alveolar damage occurring in natural caliciviral infections [21].
These authors discovered that FCV infects and replicates in alveolar macrophages and, to
a lesser extent, in type Il pneumocytes. They were able to state that, even if infrequent,
lung involvement is an important feature of FCV. In these rare cases, alveolar macrophages
are the main viral target cell and pulmonary replication site, and their infection associated
with desquamation and activation and eventually death by apoptosis [21]. In our case,
macrophages were labelled with the Ibal antibody, a marker similar to the CD18 employed
on frozen sections by Monne Rodriguez et al. [21].

Molecular investigation revealed the presence of FCV RNA in all samples tested
except for bone marrow and conjunctival swab samples. In particular, the highest amount
of viral RNA was observed in the lung sample (9 x 10° copies/uL), which showed the
most severe lesions, where it was possible to confirm the presence of the viral antigen by
immunohistochemistry. The detection of viral RNA in tissues not typically targeted by
FCV supports the hypothesis that the identified virus spread systemically and suggests an
infection with a highly virulent viral phenotype. In fact, differently from FCV-URTD viruses,
which appear to remain largely confined to the oropharyngeal tract and sporadically
extend to the lower respiratory tract [32-34], FCV-VSD strains exhibit a great propensity to
disseminate in different tissues [35,36].

Viral sequences obtained from all the positive samples were identical to each other,
confirming the presence of the same virus in several organs and excluding a possible
co-infection between different viral strains. Similar findings were observed by Reynold
and colleagues [37], who reported the presence of the same FCV from different tested
tissues of two cats affected by VSD. Conversely, Battilani and colleagues [20] reported
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the presence of viruses genetically and phylogenetically different from each other in the
same cat. These opposing findings confirm that FCV has high genetic plasticity, showing
significant evolutionary dynamics both within individual hosts and animal populations
under favourable circumstances [14,17,38]. Furthermore, the sequences analysed in this
study showed an identity of < 84.5% with reference FCV strains, confirming the high
genetic variability of this virus [15,38,39]. Conversely, higher nucleotide identity values
have typically been found between viruses circulating within the same colony where FCV
is endemic [39].

Bacteriological investigation did not reveal any concomitant bacterial infection. Al-
though worsening of clinical conditions is often associated with secondary bacterial infec-
tions [40], in this study we can confirm that only FCV was responsible for the rapid disease
progression and fatal outcome.

To date, no specific genetic markers that allow for us to distinguish highly virulent
strains from common strains have been identified. Consequently, in line with previous
studies, in the present case, the phylogenetic tree did not reveal any clustering based
on a clinical, geographical and temporal basis [11,41]. In particular, Bordicchia and col-
leagues [14] identified different FCV-VSD strains from three outbreaks in Australia, which
did not cluster phylogenetically with any other FCV-VSD strains previously sequenced.
Even Reynolds and colleagues [37] reported no correlation among viruses identified from
one outbreak in France with other highly virulent strains. Only viruses which share im-
mediate temporal or spatial links clustered closely [14]. In fact, in the current study, the
obtained FCV sequences were genetically closer to a viral strain detected seven years
earlier (2017) in a cat with lameness syndrome from the same veterinary hospital (Gen-
Bank ID: MT062979) [11], confirming the absence of correlations between clinical forms
and phylogeny.

The diagnosis of VSD is challenging, and several authors emphasise that the clinical
signs alone are insufficient to draw conclusions. A comprehensive diagnostic approach is
required, including assessment of viral dissemination and persistence in the environment,
as well as the detection of the same viral strain in multiple tissues [4,16,20,31]. The analyses
carried out in the present study support the hypothesis that the kitten, despite its young
age, was infected with a highly virulent virus. According to the clinical history, the kitten
originated from a Maine Coon cattery where a previous outbreak of FCV-URTD was
reported. Although this information was based only on the observation of clinical signs,
without confirmation through molecular diagnostic testing, it is possible to suppose that
the infected animals may have recovered clinically but subsequently became asymptomatic
carriers. In this way, FCV may never have been eliminated from the population, allowing it
to gradually accumulate mutations with the emergence of a virulent strain [17]. Pre-existing
immunity from vaccination or maternally derived antibodies can reduce or eliminate the
onset of clinical signs, but it does not prevent infection [1,7,17]. Furthermore, current
vaccine formulations offer limited protection against highly virulent FCV strains, and, as
a result, infected animals may still develop severe clinical conditions [16,29,42]. In the
present case, although the mother was regularly vaccinated, the possibility that she acted
as an asymptomatic carrier and thus contributed to the infection of the entire litter cannot
be excluded. The main limitation of this study was the impossibility of conducting more
in-depth diagnostic investigations on the rest of the litter and the mother, which would
have allowed for an assessment of the epidemiological situation of the cattery. However,
the clinical history of the cattery and the clinical signs observed in the two male kittens
during the first clinical examination, along with the rapid onset of disease in the sister [29],
support the hypothesis that an FCV-VSD strain was circulating in the litter.
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The pathogenesis of FCV-VSD infection remains incompletely understood, highlight-
ing the need for ongoing studies to further elucidate its mechanisms and to monitor its
epidemiological evolution.

5. Conclusions

This study reports the first lethal case of an FCV-VSD infection in a less-one-month-old
kitten presenting with severe dyspnoea and swollen footpads. The analyses performed
confirm that the severe clinical condition and subsequent death were caused by a highly
virulent FCV and support the absence of correlation with other FCV-VSD strains on a
clinical, geographical and temporal basis. Clinical history and laboratory findings reinforce
the hypothesis that FCV-VSD outbreaks can occur even in small populations, as a result
of the high genetic variability of the virus. However, the pathogenesis of the FCV-VSD
infection is still unknown and further investigations are needed.
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