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ABSTRACT

Case history and clinical findings: An approximately 10-year-old, castrated male domestic
short-haired cat developed swelling and ulceration of the second digit of the right front
paw. Radiographs revealed a spherical soft tissue swelling with irregular distal margins that
contained multiple lacy mineral opacities. The digit was amputated and submitted for
histology. No recurrence has been observed 7 months after amputation.

Pathological and molecular findings: Histology revealed a moderately well-circumscribed
proliferation of well-differentiated squamous cells arranged in trabeculae and nests.
Numerous thin spicules of osseous metaplasia were visible throughout the neoplasm.
Around 70% of the neoplastic cells contained papillomavirus-induced cell changes including
large amphophilic cytoplasmic bodies and cells with shrunken nuclei surrounded by a clear
halo. Intense p16“°N?A protein immunostaining was visible within the neoplastic cells,
suggesting papillomavirus-induced changes in cell regulation. A DNA sequence from a
putative novel Taupapillomavirus type was amplified from the neoplasm.

Diagnosis: Osteoinductive squamous cell carcinoma associated with a putative novel
papillomavirus type.

Clinical relevance: The findings in this case increase the number of papillomavirus types
known to infect cats, and the squamous cell carcinoma had histological features that have
not been previously reported. The neoplasm was not as invasive as is typical for a squamous
cell carcinoma and excision appeared curative. This is the first report of an osteoinductive
squamous cell carcinoma of the skin of cats and the neoplasm had a unique radiographic
appearance.
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Introduction similarity and PV of the same type having > 90% simi-
larity (Bernard et al. 2010). Seven Felis catus papilloma-

Papillomaviruses (PV) are small circular double-stranded virus (FcaPV) types had been fully sequenced. Of these,

DNA viruses that, with rare exceptions, infect epithelium
and are highly host-specific (Bernard et al. 2010). As part
of the viral replication process, PV produce proteins that
increase cell replication. A marked increase in epithelial
cell replication can result in a hyperplastic viral papil-
loma (wart) (Munday et al. 2022a). Alternatively, the
increased cell replication can predispose to the develop-
ment of neoplasia. Domestic cats rarely develop viral
warts (Munday et al. 2022¢); however, there is increasing
evidence that PV may be an important cause of feline
skin cancer (Munday et al. 2022b).

Papillomaviruses are classified based on the
sequence of the highly conserved ORF L1 with PV
within the same genus sharing>60% nucleotide

FcaPV1 is classified within the Lambdapapillomavirus
genus (Tachezy et al. 2002), FcaPV2 is classified
within the Dyothetapapillomavirus genus (Lange et al.
2009), while FcaPV types 3-7 are all classified within
the Taupapillomavirus genus (Munday et al. 2023).
FcaPV types 2, 3, and 4 have all been detected in mul-
tiple pre-neoplastic or neoplastic skin lesions in cats,
while there are only rare reports describing neoplasms
containing FcaPV5, FcaPV6 and FcaPV7 (Munday et al.
2022b). Compared to the number of PV types ident-
ified from humans and dogs (Munday et al. 2022a),
relatively few feline PV types have been identified.
This suggests it is likely that additional FcaPV types
remain to be identified.
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Here, we report a case involving a cat that developed
a markedly swollen digit. Histology revealed a squa-
mous cell carcinoma (SCC) with unique histological fea-
tures including numerous PV-induced cell changes and
osseous metaplasia. A DNA sequence from a putative
novel PV type was amplified from the SCC.

Case history

A castrated male domestic short-haired cat presented
with swelling and ulceration of the second digit of
the right front paw. The cat was a stray that was fed
by multiple people in the neighbourhood and was
estimated to be around 10 years old. The swelling
had first been observed 3 weeks previously with the
digit slowly becoming larger and more ulcerated
during this time.

Clinical findings
Initial clinical and radiographical findings

The cat was bright, alert, and responsive on examin-
ation and was not pyrexic. The affected digit was
4cm in diameter and compressing the adjacent
third digit. Multiple areas of hair loss and a central
area of ulceration were visible, although the claw
remained intact (Figure 1). The digit was firm, malo-
dorous, and was judged to be painful when touched.
Radiographs showed a spherical soft tissue swelling
that had irregular distal margins and was traversed
by multiple lacy mineral opacities (Figure 2). Due to
superimposition of this mineral, it was not possible
to conclusively determine whether osteolysis of the
distal phalanx was present. In-house testing of a
blood sample revealed a PCV of 17.4% (reference
range 29.7-44.5%). Infection by retroviruses was
investigated using a Witness feline leukaemia virus
antigen-feline immunodeficiency virus (FIV) antibody
test (Zoetis NZ, Auckland, NZ). This revealed

Figure 1. Squamous cell carcinoma from the digit of a cat. The
digit is markedly swollen and ulcerated.
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antibodies against FIV. As the cat was a stray, it
was thought unlikely to have been vaccinated
against FIV and the antibodies were interpreted as
evidence of FIV infection.

A bacterial infection of the digit was considered
most likely, although neoplasia or fungal infection
were other differentials that were considered. Both to
achieve a cure, but also to definitively identify the
cause of the swelling, the digit was routinely ampu-
tated at the level of the metacarpophalangeal joint
and submitted to IDEXX Laboratories (Palmerston
North, NZ) for histology. The skin was closed in a cruci-
ate pattern and the wound healed uneventfully over
the following 2 weeks. Post-operative pain relief
included transmucosal buprenorphine (Buprelieve;
Jurox NZ Ltd., Auckland, NZ) at 0.02 mg/kg up to
every 8 hours when required in the first 2 days follow-
ing surgery, and 0.05 mg/kg meloxicam (Metacam;
Boehringer Ingelheim NZ Ltd., Manukau City, NZ)
orally, once every 24 hours for 8 days.

Pathological findings

The amputated digit was fixed in 10% neutral buffered
formalin, processed routinely for histology, and stained

Figure 2. Radiograph of the digit of a cat revealing swelling of
the digit by a mass that contained numerous lacy opacities
and was later shown to be a squamous cell carcinoma. Miner-
alisation within the neoplasm prevented critical assessment of
the distal phalanx for osteolysis.
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with H&E. Examination revealed a proliferation of cells
arranged within broad trabeculae and nests that were
separated by a small amount of fibrous tissue. The cells
on the periphery of the trabeculae were small, cuboi-
dal, and dark, while the cells towards the centre were
larger, more angular and contained large quantities
of eosinophilic cytoplasm. Eosinophilic acellular
keratin arranged in concentric layers (keratin pearls)
was visible in the centre of some larger trabeculae.
The neoplastic cells were a moderately pleomorphic
population of polygonal cells with well-defined cell
borders. Nuclei were generally central and most con-
tained indistinct nucleoli. Three mitotic figures were
visible in 2.37 mm? (10 contiguous, non-overlapping
high-powered fields). Around 70% of the neoplastic
cells had features suggestive of infection with PV
including the presence of distinct amphophilic cyto-
plasmic bodies that variably surrounded the nucleus
(Figure 3a), cytoplasm distended by granular lightly
basophilic material, enlarged nuclei with marginated
chromatin, or dark shrunken nuclei surrounded by a
clear cytoplasmic halo (koilocytosis). Another promi-
nent feature within the mass was the presence of
numerous slender spicules of variably mineralised
bone (Figure 3b). Due to the presence of the bone spi-
cules between neoplastic cells, including superficially
within the SCC, this was interpreted as osseous meta-
plasia rather than as osteolysis of the distal phalanx.
Examination of the surface of the neoplasm revealed
a well-defined transition from normal to neoplastic
epidermis. The neoplasm was surrounded by increased
fibrous tissue containing numerous lymphocytes and
plasma cells and nests of neoplastic cells were only
rarely visible infiltrating into surrounding tissue.

To evaluate the mass for potentially PV-induced
changes in cell regulation, immunostaining using
anti-p16“PN?A (p16) antibodies was performed as pre-
viously described (Munday et al. 2011a). A viral plaque
that contained FcaPV2 DNA was used as a positive
control while the primary antibody was omitted from
the negative control. Intense nuclear and cytoplasmic
immunostaining was present in around 90% of the
neoplastic cells (Figure 3c). Examination of superficial
aspects of the SCC revealed a clear demarcation
between neoplastic epidermis that showed intense
immunostaining and the surrounding normal-appear-
ing epidermis which showed no immunostaining.

Molecular investigation

A sample of the SCC was excised from the formalin-
fixed paraffin-embedded tissue block using a clean
scalpel. This allowed DNA to only be taken from the
mass and not the surrounding non-neoplastic epider-
mis. Total DNA was extracted using a NucleoSpin
DNA FFPE XS kit (Macherey-Nagel GmbH, Duren,
Germany) according to manufacturer’s instructions

Figure 3. Photomicrographs of a section of squamous cell car-
cinoma from the digit of a cat. (a) Papillomavirus-induced cell
changes are prominent including the presence of large
amphophilic cytoplasmic bodies that often surround the
nucleus (arrows) and cells with shrunken nuclei surrounded
by a halo of clear cytoplasm (arrowheads) (H&E; bar=
25 um). (b) Well-differentiated squamous epithelial cells are
arranged within trabeculae and nests (asterisks) and areas of
osseous metaplasia are prominent surrounding the neoplastic
cell trabeculae (arrows) (H&E; bar=0.2 mm). (c) Neoplastic
cells contain intense nuclear and cytoplasmic p16°PKN
protein immunostaining (arrowheads) with osseous metapla-
sia visible adjacent to the neoplastic cells (arrows) (haema-
toxylin counterstain; bar = 60 pym).

and the MY09/11 consensus primers were used to
amplify papillomaviral DNA as previously described
(Munday et al. 2020). DNA extracted from a viral



plaque that contained FcaPV3 was used as the positive
control while no template DNA was added to the nega-
tive control.

Papillomaviral DNA was amplified from the digit
SCC and positive control, but not from the negative
control. The DNA amplified from the SCC was
sequenced and compared to other sequences stored
in GenBank using the BLAST tool (https://blast.ncbi.
nim.nih.gov/Blast.cgi). The 334-bp partial ORF L1
sequence that was amplified from the digit SCC had
the greatest similarity to the Taupapillomavirus FcaPV
types, with 74% similarity to FcaPV6, 72.4% similarity
to FcaPV7, and 65% similarity to FcaPV3. When com-
pared to PV types in other genera, the sequence was
56% similar to FcaPV1 and 54.7% similar to FcaPV2.
The partial sequence was deposited in GenBank
under accession number OR137574. Specific PCR
primers were used to determine whether dual infec-
tion with FcaPV2, FcaPV3, FcaPV4, or FcaPV7 was
present within the mass (Munday et al. 2007, 2011b,
2023). While these primers amplified DNA from posi-
tive control samples, they did not amplify PV DNA
from the presently described digit SCC.

Diagnosis

The final diagnosis was a SCC with marked PV-induced
cell changes and intense p16 immunostaining. The
amplification of papillomaviral DNA suggested a poss-
ible viral aetiology.

To investigate possible metastatic spread, chest
radiographs and aspirates of the prescapular lymph
node were performed 2 weeks after the digit had
been amputated. Neither revealed evidence of metas-
tases. Additionally, there was no evidence of recur-
rence when the cat was re-examined 6 months after
the mass had been surgically excised. No regional lym-
phadenopathy was present, and the cat appeared
otherwise healthy.

Discussion

The SCC in the present case contained DNA sequences
from a putative novel PV type. While it is not possible
to definitively classify a PV without the entire ORF L1
sequence (Bernard et al. 2010), comparison of the
partial sequence amplified from the SCC to other
FcaPV types suggests the novel PV is most likely to
be classified within the Taupapillomavirus genus.

As PV often asymptomatically infect skin (Antons-
son and Hansson 2002; Thomson et al. 2015), detecting
papillomaviral DNA within a lesion does not prove
causality. In the present case, the marked PV-induced
cell changes showed that the PV had infected the neo-
plastic cells and this infection had altered normal cell
replication and differentiation. However, it cannot be
determined that this altered cell regulation influenced

NEW ZEALAND VETERINARY JOURNAL 115

neoplastic transformation and it remains possible that
the PV infection was incidental to the development of
the cancer in this case.

While infection by multiple PV types can be
detected in some lesions (Munday et al. 2009), no
other PV types were detected in the SCC by either con-
sensus or specific PCR primers. This suggests that the
PV-induced changes were due to the putative novel
PV type. However, the possibility that an additional
undetected PV type was also present in the SCC
cannot be definitively excluded.

Immunostaining to detect p16 protein is used in
human pathology to differentiate between oral SCC
caused by PV infection and those caused by other
factors (EI-Naggar and Westra 2012). Increased immu-
nostaining to detect p16 is indicative of a papilloma-
viral aetiology because the human high risk PV types
consistently degrade retinoblastoma protein (pRb)
which, in turn, increases cell p16 (Dyson et al. 1989;
Parry et al. 1995). Similarly in cats, loss of pRb and
increased p16 has been associated with the presence
of papillomaviral DNA and RNA within skin SCC
(Munday et al. 2011a; Munday and Aberdein 2012). In
the present case, the increased p16 immunostaining
provides evidence that the PV infection altered cell
pathways known to be important in neoplasm devel-
opment. Therefore, the p16 immunostaining supports
a role of the putative novel PV type in the develop-
ment of the SCC.

Papillomavirus-induced cell changes have been pre-
viously described in feline neoplasms associated with
PV infection and each FcaPV type results in character-
istic changes within the neoplastic cells (Munday and
Thomson 2021). An unusual feature in the present
SCC was the presence of cell changes in around 70%
of the neoplastic cells. This contrasts with most pre-
viously described neoplasms in which cell changes
were visible in less than 5% of neoplastic cells.
Additionally, compared to the cytoplasmic bodies
seen in association with infection by the other feline
Taupapillomavirus types (Munday et al. 2017, 2018),
the bodies in the SCC in the current case were larger,
including some that surrounded the nucleus. While
the unusual frequency and appearance of the cell
changes visible in the digit SCC may be consistent
with them being caused by the novel PV type,
additional SCC that contain DNA from the putative
novel PV type must be examined.

Neoplasia of the digits is uncommon in cats, with
metastases from pulmonary adenocarcinoma compris-
ing most of the neoplasms at this site (van der Linde-
Sipman and van den Ingh 2000). Due to the predomi-
nance of digital masses in cats developing as metas-
tases from a primary pulmonary adenocarcinoma,
chest radiographs should be taken to exclude metas-
tases prior to excising a digit mass from a cat. In the
present case, radiographs were not performed prior
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to amputation as the mass was suspected to be due to
bacterial infection. Furthermore, a large single mass on
the digit of a cat is less likely to represent metastatic
disease than the presence of masses on multiple
digits. In the present case, an underlying pulmonary
carcinoma was later excluded by the absence of signifi-
cant findings in a thoracic radiograph that was taken
after the digit had been excised. Fungal infections
can also result in digital masses and retaining unfixed
tissue for possible fungal culture is also advised
when assessing digital masses in cats. Although SCC
of the nail bed epithelium have been reported in
cats (van der Linde-Sipman and van den Ingh 2000),
the retention of the claw of the affected digit makes
this less likely.

The digit SCC contained numerous elongated spi-
cules of bone that resulted in a lacy radiographic
appearance. The new bone was arranged surrounding
the neoplastic cells, consistent with the neoplastic cells
producing an osteoinductive protein. Osseus metapla-
sia is frequently seen in some adenocarcinomas, for
example canine mammary gland adenocarcinoma
(Saad et al. 2017). It has also been previously reported
in a subset of feline oral SCC (Martin et al. 2011).
However, to the authors’ knowledge, osseous metapla-
sia has not previously been reported in a feline
cutaneous SCC. This feature of the SCC is worth
noting because the unusual radiographic appearance
could be misinterpreted. Whether or not the osseous
metaplasia was due to the presence of the PV cannot
be determined.

Squamous cell carcinomas are typically highly inva-
sive neoplasms. Therefore, the absence of numerous
nests of neoplastic cells infiltrating tissues away from
the main neoplasm mass was unexpected. In both
humans and cats, SCC caused by PV infection have a
less aggressive clinical behaviour than SCC caused by
other factors (Munday et al. 2013; Karpathiou et al.
2016). Therefore, if the SCC were caused by the putative
novel PV, this could explain the lack of the expected
high degree of invasiveness and the apparent surgical
cure that was achieved in this case. Feline cutaneous
SCC have been reported to infrequently develop metas-
tases (Lino et al. 2019) and no evidence of metastases
was detected in the present case.

The papillomaviral DNA sequence amplified from
the digit SCC has not been previously reported. This
could suggest that cats are only rarely infected by
the putative novel PV type. However, previous
studies show most FcaPV infections are asymptomatic
(Thomson et al. 2015). Therefore, it remains possible
that infection by the novel PV type is common, but
this PV type is a rare cause of disease in cats. Although
the pathogenesis of papillomaviral disease in cats is
poorly understood, host factors are considered likely
to be important in the development of disease
(Munday et al. 2022b). The cat in the current case

was infected by FIV, and it is possible that this infection
could have disrupted host defences and therefore
allowed the PV to cause clinical disease. However,
whether FIV causes clinically relevant immunosuppres-
sion in cats in New Zealand is uncertain (Westman et al.
2022) and FIV infection was not associated with
increased PV infection in a study of New Zealand cats
(Munday and Witham 2010). Furthermore, the
present cat has not showed any evidence of immuno-
suppression after excision of the digit. Therefore, the
role of FIV, if any, in the PV infection is uncertain.

In conclusion, this is the first report of a novel puta-
tive PV type. This PV was amplified from a SCC that
showed unusual clinical and histological features
including unique PV-induced cell changes and osseus
metaplasia. While it cannot be determined that the
PV caused the cancer, the cell changes and intense
p16 immunostaining is consistent with the PV disrupt-
ing normal cell regulation.

Disclosure statement

No potential conflict of interest was reported by the
authors.

ORCID

JS Munday 2 http://orcid.org/0000-0002-4769-5247

References

Antonsson A, Hansson BG. Healthy skin of many animal
species harbors papillomaviruses which are closely
related to their human counterparts. Journal of Virology
76, 12537-42, 2002. https://doi.org/10.1128/JV1.76.24.
12537-12542.2002

Bernard HU, Burk RD, Chen Z, van Doorslaer K, Hausen H,
de Villiers EM. Classification of papillomaviruses (PVs)
based on 189 PV types and proposal of taxonomic amend-
ments. Virology 401, 70-9, 2010. https://doi.org/10.1016/j.
virol.2010.02.002

Dyson N, Howley PM, Munger K, Harlow E. The human
papilloma virus-16 E7 oncoprotein is able to bind to the
retinoblastoma gene product. Science 243, 934-7, 1989.
https://doi.org/10.1126/science.2537532

El-Naggar AK, Westra WH. P16 expression as a surrogate
marker for HPV-related oropharyngeal carcinoma: a guide
for interpretative relevance and consistency. Head & Neck
34, 459-61, 2012. https://doi.org/10.1002/hed.21974

Karpathiou G, Monaya A, Forest F, Froudarakis M,
Casteillo F, Marc Dumollard J, Prades JM, Peoc’h M.
P16 and p53 expression status in head and neck squa-
mous cell carcinoma: a correlation with histological, histo-
prognostic and clinical parameters. Pathology 48, 341-8,
2016. https://doi.org/10.1016/j.pathol.2016.01.005

Lange CE, Tobler K, Markau T, Alhaidari Z, Bornand V,
Stockli R, Trussel M, Ackermann M, Favrot C.
Sequence and classification of FAPV2, a papillomavirus iso-
lated from feline bowenoid in situ carcinomas. Veterinary
Microbiology 137, 60-5, 2009. https://doi.org/10.1016/j.
vetmic.2009.01.002


http://orcid.org/0000-0002-4769-5247
https://doi.org/10.1128/JVI.76.24.12537-12542.2002
https://doi.org/10.1128/JVI.76.24.12537-12542.2002
https://doi.org/10.1016/j.virol.2010.02.002
https://doi.org/10.1016/j.virol.2010.02.002
https://doi.org/10.1126/science.2537532
https://doi.org/10.1002/hed.21974
https://doi.org/10.1016/j.pathol.2016.01.005
https://doi.org/10.1016/j.vetmic.2009.01.002
https://doi.org/10.1016/j.vetmic.2009.01.002

Lino M, Lanore D, Lajoinie M, Jimenez A, Crouzet F,
Queiroga FL. Prognostic factors for cats with squamous cell
carcinoma of the nasal planum following high-dose rate
brachytherapy. Journal of Feline Medicine and Surgery 21,
1157-64, 2019. https://doi.org/10.1177/1098612X18822409

Martin CK, Tannehill-Gregg SH, Wolfe TD, Rosol TJ. Bone-
invasive oral squamous cell carcinoma in cats. Veterinary
Pathology 48, 302-12, 2011. https://doi.org/10.1177/
0300985810384414

Munday JS, Aberdein D. Loss of retinoblastoma protein, but
not p53, is associated with the presence of papillomaviral
DNA in feline viral plaques, bowenoid in situ carcinomas,
and squamous cell carcinomas. Veterinary Pathology 49,
538-45, 2012. https://doi.org/10.1177/0300985811419534

Munday JS, Thomson NA. Papillomaviruses in domestic cats.
Viruses 13, 1664, 2021. https://doi.org/10.3390/v13081664

Munday JS, Witham Al. Frequent detection of papilloma-
virus DNA in clinically normal skin of cats infected and
noninfected with feline immunodeficiency virus.
Veterinary Dermatology 21, 307-10, 2010. https://doi.org/
10.1111/j.1365-3164.2009.00811.x

Munday JS, Kiupel M, French AF, Howe L, Squires RA.
Detection of papillomaviral sequences in feline bowenoid
in situ carcinoma using consensus primers. Veterinary
Dermatology 18, 241-5, 2007. https://doi.org/10.1111/j.
1365-3164.2007.00600.x

Munday JS, Dunowska M, De Grey S. Detection of two
different papillomaviruses within a feline cutaneous squa-
mous cell carcinoma: case report and review of the litera-
ture. New Zealand Veterinary Journal 57, 248-51, 2009.
https://doi.org/10.1080/00480169.2009.36911

Munday JS, French AF, Peters-Kennedy J, Orbell GM,
Gwynne K. Increased p16CDKN2A protein within feline
cutaneous viral plaques, bowenoid in situ carcinomas,
and a subset of invasive squamous cell carcinomas.
Veterinary Pathology 48, 460-5, 2011a. https://doi.org/10.
1177/0300985810374844

Munday JS, Gibson I, French AF. Papillomaviral DNA and
increased p16CDKN2A protein are frequently present
within feline cutaneous squamous cell carcinomas in ultra-
violet-protected skin. Veterinary Dermatology 22, 360-6,
2011b. https://doi.org/10.1111/j.1365-3164.2011.00958.x

Munday JS, French AF, Gibson IR, Knight CG. The presence
of p16 CDKN2A protein immunostaining within feline
nasal planum squamous cell carcinomas is associated
with an increased survival time and the presence of papil-
lomaviral DNA. Veterinary Pathology 50, 269-73, 2013.
https://doi.org/10.1177/0300985812452582

Munday JS, Dittmer KE, Thomson NA, Hills SF, Laurie RE.
Genomic characterisation of Felis catus papillomavirus
type 5 with proposed classification within a new papillo-
mavirus genus. Veterinary Microbiology 207, 50-5, 2017.
https://doi.org/10.1016/j.vetmic.2017.05.032  https://doi.
org/10.1080/00480169.2017.1313146

Munday JS, Thomson NA, Henderson G, Fairley R, Orbell
GM. Identification of Felis catus papillomavirus 3 in skin

NEW ZEALAND VETERINARY JOURNAL 117

neoplasms from four cats. Journal of Veterinary
Diagnostic Investigation 30, 324-8, 2018. https://doi.org/
10.1177/1040638717750852

Munday JS, Hardcastle MR, Sim M. Detection of a putative
novel papillomavirus type within a large exophytic papil-
loma on the fetlock of a horse. Pathogens 9, 2020.
https://doi.org/10.3390/pathogens9100816

Munday JS, Knight CG, Luff JA. Papillomaviral skin diseases
of humans, dogs, cats and horses: a comparative review.
Part 1: papillomavirus biology and hyperplastic lesions.
Veterinary Journal 288, 105897, 2022a. https://doi.org/10.
1016/j.tvjl.2022.105897

Munday JS, Knight CG, Luff JA. Papillomaviral skin diseases
of humans, dogs, cats and horses: a comparative review.
Part 2: pre-neoplastic and neoplastic diseases. Veterinary
Journal 288, 105898, 2022b. https://doi.org/10.1016/j.tvjl.
2022.105898

Munday JS, Wong AK, Julian AF. Cutaneous papilloma
associated with a novel papillomavirus sequence in a cat.
Journal of Veterinary Diagnostic Investigation 34, 902-4,
2022c. https://doi.org/10.1177/10406387221107152

Munday JS, Gedye K, Knox MA, Pfeffer H, Lin X. Genetic
characterisation of Felis catus papillomavirus type 7, a
rare infection of cats that may be associated with skin
cancer. Veterinary Microbiology 284, 109813, 2023.
https://doi.org/10.1016/j.vetmic.2023.109813

Parry D, Bates S, Mann DJ, Peters G. Lack of cyclin D-Cdk
complexes in Rb-negative cells correlates with high
levels of p16INK4/MTS1 tumour suppressor gene
product. The EMBO Journal 14, 503-11, 1995. https://doi.
org/10.1002/j.1460-2075.1995.tb07026.x

Saad ES, Milley KM, Al-Khan AA, Nimmo JS, Bacci B,
Tayebi M, Day MJ, Richardson SJ, Danks JA. Canine
mixed mammary tumour as a model for human breast
cancer with osseous metaplasia. Journal of Comparative
Pathology 156, 352-65, 2017. https://doi.org/10.1016/j.
jcpa.2017.03.005

Tachezy R, Duson G, Rector A, Jenson AB, Sundberg JP,
Van Ranst M. Cloning and genomic characterization of
Felis domesticus papillomavirus type 1. Virology 301, 313-
21, 2002. https://doi.org/10.1006/viro.2002.1566

Thomson NA, Dunowska M, Munday JS. The use of quan-
titative PCR to detect Felis catus papillomavirus type 2
DNA from a high proportion of queens and their kittens.
Veterinary Microbiology 175, 211-7, 2015. https://doi.org/
10.1016/j.vetmic.2014.11.028

van der Linde-Sipman JS, van den Ingh TS. Primary and
metastatic carcinomas in the digits of cats. Veterinary
Quarterly 22, 141-5, 2000. https://doi.org/10.1080/
01652176.2000.9695043

Westman ME, Coggins SJ, van Dorsselaer M, Norris JM,
Squires RA, Thompson M, Malik R. Feline immunodefi-
ciency virus (FIV) infection in domestic pet cats in
Australia and New Zealand: guidelines for diagnosis, pre-
vention and management. Australian Veterinary Journal
100, 345-59, 2022. https://doi.org/10.1111/avj.13166


https://doi.org/10.1177/1098612X18822409
https://doi.org/10.1177/0300985810384414
https://doi.org/10.1177/0300985810384414
https://doi.org/10.1177/0300985811419534
https://doi.org/10.3390/v13081664
https://doi.org/10.1111/j.1365-3164.2009.00811.x
https://doi.org/10.1111/j.1365-3164.2009.00811.x
https://doi.org/10.1111/j.1365-3164.2007.00600.x
https://doi.org/10.1111/j.1365-3164.2007.00600.x
https://doi.org/10.1080/00480169.2009.36911
https://doi.org/10.1177/0300985810374844
https://doi.org/10.1177/0300985810374844
https://doi.org/10.1111/j.1365-3164.2011.00958.x
https://doi.org/10.1177/0300985812452582
https://doi.org/10.1016/j.vetmic.2017.05.032
https://doi.org/10.1080/00480169.2017.1313146
https://doi.org/10.1080/00480169.2017.1313146
https://doi.org/10.1177/1040638717750852
https://doi.org/10.1177/1040638717750852
https://doi.org/10.3390/pathogens9100816
https://doi.org/10.1016/j.tvjl.2022.105897
https://doi.org/10.1016/j.tvjl.2022.105897
https://doi.org/10.1016/j.tvjl.2022.105898
https://doi.org/10.1016/j.tvjl.2022.105898
https://doi.org/10.1177/10406387221107152
https://doi.org/10.1016/j.vetmic.2023.109813
https://doi.org/10.1002/j.1460-2075.1995.tb07026.x
https://doi.org/10.1002/j.1460-2075.1995.tb07026.x
https://doi.org/10.1016/j.jcpa.2017.03.005
https://doi.org/10.1016/j.jcpa.2017.03.005
https://doi.org/10.1006/viro.2002.1566
https://doi.org/10.1016/j.vetmic.2014.11.028
https://doi.org/10.1016/j.vetmic.2014.11.028
https://doi.org/10.1080/01652176.2000.9695043
https://doi.org/10.1080/01652176.2000.9695043
https://doi.org/10.1111/avj.13166

	Abstract
	Introduction
	Case history
	Clinical findings
	Initial clinical and radiographical findings
	Pathological findings
	Molecular investigation

	Diagnosis
	Discussion
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


