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Novel viRuses 
Update on the significance 
of papillomavirus 
infections in cats

Practical relevance:  Prior to 1990 
papillomaviruses (PVs) were not 
recognised to infect or cause disease  
in domestic cats. Since this time, the use 
of histology, immunohistochemistry and, 
more recently, molecular techniques has 
revealed that PVs almost certainly cause feline 
viral plaques and Bowenoid in situ carcinomas, oral 
papillomas and feline sarcoids. In addition, there is 
increasing evidence that PVs play a significant role 
in the development of feline cutaneous squamous 
cell carcinomas, one of the most common skin 
cancers of cats. Recent studies have also revealed 
that most cats are asymptomatically infected with 
PVs. This raises a critical question that is currently 
unanswered: why do only a small proportion of 
infected cats develop disease? In the future it  
may be possible to prevent PV-induced diseases  
by using a vaccine to prevent PV infection. 
Alternatively, novel therapies may be developed  
that prevent PVs from causing clinical disease by 
stimulating the host immune response.  
Clinical challenges: A recognition of the skin 
diseases caused by PVs is important to more 
accurately predict disease progression. 
Unfortunately, there are currently no non-surgical 
treatments that have been proven to be beneficial  
in cats and clinical management of PV-induced  
skin disease in cats can be challenging.  
Global importance: PVs have a worldwide 
distribution and negatively impact feline health  
and welfare globally. 
Audience: This review is aimed at clinicians, 
especially those who regularly treat cats with  
skin disease. The review will also be useful to 
oncologists and researchers who have an interest  
in how cancer develops in cats.   
Evidence base: In producing this update the 
authors have drawn on recently published peer-
reviewed literature.  
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Papillomaviruses 
 
Papillomaviruses (PVs) are small, non-enveloped, icosahedral, double-
stranded DNA viruses. Most animals are infected by PVs and  
hundreds of different PV types are recognised.1 Five different  
Felis catus papillomavirus (FcaPV) types are currently known to infect 
domestic cats including: FcaPV-1, a lambdapapillomavirus; FcaPV-2,  
a dyo thetapapillomavirus; and FcaPV-3, -4 and -5, which probably 
form their own separate PV genus.2 Cats are also dead-end hosts for 
Bos taurus papillomavirus (BPV)-14, a deltapapillomavirus.3  
 
Virus discovery 
✜ PVs were first reported as having a role in feline skin disease in 1990 
when PV virions were observed in a cutaneous plaque.4 The PV present 
within the plaque was fully sequenced and classified as FcaPV-1 in 2002.5  
✜ PVs were first associated with Bowenoid in situ carcinomas (BISCs) 
in 1997 after PV antigens were detected in around half of BISCs by 
immunohistochemistry.6 In 2007, PCR was used to amplify PV DNA 
from 11/18 BISCs, and revealed that the same PV type was present in 
most BISCs.7 This PV type was fully sequenced and classified as  
FcaPV-2 in 2009.8  
✜ FcaPV-3 was amplified from a feline BISC in 2013.9 
✜ FcaPV-4 was amplified in 2014 from an oral swab of a cat that showed 
no clinical lesions attributed to the PV infection.10  
✜ FcaPV-5 was amplified from a viral plaque in 2017.2 This viral plaque 
was unusual because PV infection had resulted in marked hyperplasia 
of the sebaceous glands and evidence of PV infection was visible close 
to the base of the hair follicles.11 
✜ A role for PVs in feline sarcoids was first proposed in 2001.12 
Subsequent studies revealed that all tested feline sarcoids contained the 
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same ‘FeSarPV’ viral sequence,12–14 which was 
determined to be of bovine origin and 
classified as BPV-14 in 2015.3  

While six PV types are currently recognised 
to infect cats, evidence from other species 
suggests that cats are likely to be infected with 
many additional PV types that have yet to be 
recognised. 

Epidemiology 
PVs have co-evolved with their hosts over a 
long time. As the host and virus are in such 
good balance the vast majority of PV infec-
tions in all species are asymptomatic.  

In cats, the majority of the research into the 
epidemiology of PV infections has focused on 
FcaPV-2. Such studies have revealed that 
almost all cats are infected with FcaPV-2.15 
Additionally, FcaPV-2 is detectable in very 
young kittens, suggesting that, like some cuta-
neous human papillomavirus (HPV) types, 
infection occurs around the time of birth.16 
Transplacental infection by FcaPV-2 may also 
be possible.17 While almost all cats are infect-
ed by FcaPV-2, most infections do not induce 
a humoral response and serum antibodies 
against this PV type are only detectable in 
around a quarter of cats.18  

With the important exception of the delta-
papillomaviruses, such as BPV-14, PVs are 
strictly host-specific.19 Therefore, while HPV 
DNA has been amplified from feline sam-
ples,20 sample contamination appears the 
most likely explanation, and current evidence 
suggests that HPVs are unlikely to infect cats 
and feline PVs are unlikely to infect people.  

Feline sarcoids are thought to be caused by 
cross-species infection by BPV-14 and this PV 
has never been detected in any non-sarcoid 
feline sample.13,21 Unsurprisingly, feline sar-
coids are restricted to cats that have contact 
with cattle.  
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Diseases associated with  
papillomaviruses in cats 
 
PVs infect stratified epithelium and the life 
cycle of the virus is intimately associated with 
the progression of cells from the basal to the 
superficial cell layers.22 A fundamental proper-
ty of PVs is that viral replication is dependent 
on stimulating cell division within normally 
post-mitotic keratinocytes. Additionally, the 
greater the increase in keratinocyte cell divi-
sion induced by the virus, the greater the num-
ber of viral particles that will be produced as a 
result of the infection.22 All PVs produce pro-
teins that alter normal cell regulation, and the 
diseases caused by PVs in cats (Table 1) are all 
due to increased cell replication and growth.  

Occasionally in cats, PVs are able to induce 
a rapid, albeit transient, increase in cell  
replication that results in a self-resolving 
hyperplastic papilloma (wart);20 however, 
more frequently, PVs cause more modest cell 
replication that leads to the develop  ment of a 
raised plaque. The increased replication of 
cells within the plaque results in an increased 
rate of DNA mutations in these cells, predis-
posing to neoplastic transformation. Whether 
PVs directly cause DNA mutations in infected 
cells of cats is currently unknown. Unlike the 
human high-risk PVs that are well recognised 
to cause neoplasia by accidental integration 
into the cellular DNA,23 there is currently no 

Most cats are asymptomatically infected by 

papillomaviruses (PVs). This raises a critical 

question that is currently unanswered:  

why do only a small proportion of infected cats 

develop disease?

Disease Associated PV types Strength of 
association

Histological evidence  
of PV infection†

p16CDKN2A protein 
immunostaining expected† 

Viral plaque/Bowenoid in situ carcinoma FcaPV-2, -3, -5 High Yes Yes

Cutaneous squamous cell carcinoma FcaPV-2 Moderate No Yes 

Basal cell carcinoma FcaPV-3 Unknown* Yes Yes 

Oral papilloma FcaPV-1 High Yes Yes

Oral squamous cell carcinoma None Minimal No No 

Feline sarcoid BPV-14 High No No

FcaPV = Felis catus papillomavirus; BPV = Bos taurus papillomavirus 
*Although some basal cell carcinomas (BCCs) are strongly associated with PV infection in cats, the proportion of BCCs that are associated is 
unknown 
†Immunostaining is expected to be present in lesions that are thought to be caused by PVs. For example, not all squamous cell carcinomas contain 
evidence of a PV aetiology, but those putatively caused by PVs will consistently contain p16CDKN2A protein immunostaining  

Table 1

Feline sarcoids 

are restricted 

to cats that 

have contact 

with cattle.

Summary of diseases that have been evaluated for a potential papillomavirus (PV) aetiology in cats
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evidence that FcaPV DNA becomes integrat-
ed. Therefore, it may simply be that the chron-
ically increased cell replication and altered 
cell regulation caused by the PVs predispose 
to the accumulation of spontaneous mutations 
and subsequent neoplastic transformation. 
Additionally, PV infection could act as a co-
factor, potentiating the effect of other carcino-

gens such as ultraviolet (UV) light.24,25    
Most cats are infected by PVs, but PV-

induced disease is rare.15 This suggests that  
a key process in the pathogenesis of these  
diseases is the inability of the host defences  
to inhibit PV replication. Without inhibition  
of replication by the host, the PV is able  
to induce marked epithelial proliferation. If 

A 3-year-old 
castrated male 
domestic shorthair 
cat was presented 
due to the 
development of 
three small raised 
non-ulcerated 
plaques within non-
pigmented skin on 
the right side of the 
muzzle. The lesions 
were initially pink, 
but became darker 
over a period of 
about a week.  
 
Treatment The lesions were treated for 4 weeks with an 
antibacterial and anti-inflammatory ointment without any 
clinical improvement. No treatment was given for the next  
3 weeks. The lesions did not appear to change significantly 
during this time. Antibodies against FIV were detected in a 
blood sample, although the cat was not showing any overt 
evidence of generalised immunosuppression.  
 
Histology A punch biopsy of one lesion was taken and 
examination revealed a well-demarcated focus of moderate 
hyperplasia of the surface epidermis and, to a lesser extent, 
the follicular infundibula. There was no cellular atypia  
or loss of orderly keratinocyte maturation. Keratinocytes  
that contained large amounts of blue-grey cytoplasm were 
prominent within the thickened epidermis. The lesion was 
considered consistent with a viral plaque. As the lesion 
contained histological evidence of PV replication, 
immunohistochemistry to detect PV L1 antigen was 
performed. This revealed the presence of intranuclear 
immunostaining within cells of the stratum corneum overlying 
the hyperplastic epidermis. The presence of FcaPV-2 DNA 
within the lesion was confirmed using JMPF/JMPR primers, 
which are specific for this PV type.28  
 
Follow-up No further treatment was administered. 
The plaques persisted for 12 months without any 
noticeable change in appearance. They then 
spontaneously resolved and no additional PV-
associated skin lesions had developed at the time  
of writing.

 C a s e  n o t e s

Multiple viral plaques (arrows) appearing  
as hairless foci within the non-pigmented 
skin of the right side of the face 

Photomicrograph of a viral plaque. Hyperplasia of the surface epidermis  
and the follicular infundibula is visible. The interface between normal and 
hyperplastic epidermis is clearly defined (arrow). Orderly keratinocyte 
maturation is retained within the plaque. Note the presence of numerous 
cells containing PV-induced expansion of the cytoplasm with blue-grey 
material. Haematoxylin and eosin (H&E). Bar = 70 µm

Photomicrograph of a viral plaque. The use of anti-PV antibodies reveals 
immunostaining within keratinocyte nuclei (arrows) in the superficial layers 
of the epidermis. Streptavidin–biotin–peroxidase complex system  
and Mayer’s hematoxylin. Bar = 40 µm

 
The three images in this ‘Case notes’ discussion were reproduced, with permission, from Munday JS et al, Vet Dermatol 2008; 19: 400 –404.

✜ What this case demonstrates: Not all PV-induced lesions 
progress and some lesions can spontaneously regress without 
treatment. While this cat was infected with FIV, there is no evidence 
to suggest that retrovirus infection influenced the development or 
clinical course of the disease.
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this epithelial proliferation results in the  
development of a clinically visible lesion, the 
infection will progress from an asymptomatic 
to a clinical infection.26 Currently, the mecha-
nisms that might lead to reduced defences are 
poorly understood and cats with seemingly 
normal immune systems can develop PV-
induced disease. While coinfection by feline 
immuno deficiency virus (FIV) has been 
reported in some cases of PV-induced skin 
disease in cats,27 there is currently little evi-
dence for a significant role of either FIV or 
feline leukaemia virus in disease development 
(see ‘Case notes’ on page 411).  

 
Feline viral plaques/Bowenoid in situ 
carcinomas 
While initially thought to be separate disease 
entities, viral plaques and BISCs are probably 
best considered mild and severe forms  
of the same disease process.26,29 These rare 
lesions are pre-cancerous and can progress to 
invasive squamous cell carcinomas (SCCs), 
although the proportion of lesions that remain 
static vs the proportion that progress is cur-
rently unknown.  

Viral plaques/BISCs typically develop on 
cats between the ages of 8 and 14 years.29 They 
most frequently appear around the face, head 
and neck, although they can be found any-
where on the body. Lesions are often multiple 
and pigmented, and can develop within pig-
mented or non-pigmented, haired or non-
haired skin.29 Viral plaques are generally less 
than 1 cm in diameter, slightly raised, hairless 
lesions covered in a thin crust. BISCs are larg-
er and are typically markedly raised ulcerated 
lesions covered by a significant serocellular 
crust or a thick layer of keratin. 

FcaPV-2 is the predominant cause of feline 
viral plaques/BISCs, although FcaPV-3 and 
FcaPV-5 have also been associated with lesion 
development (Table 1).2,30,31 Devon Rex and the 
closely related Sphynx breeds of cat appear to 
develop BISCs at an earlier age than other 
breeds, and the BISCs that develop in these cats 
tend to be highly aggressive and can rapidly 
metastasise (see ‘Case notes’ on page 413).32,33  
 
Cutaneous squamous cell carcinomas  
SCCs are one of the most common skin cancers 
of cats and, while the role of UV light in  
cancer development cannot be disputed,  
there is increasing evidence that FcaPV-2 may  
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also cause SCC development. This evidence 
includes the detection of PV DNA more fre-
quently in SCCs than in non-SCC skin sam-
ples,28,34 the detection and localisation of 
FcaPV-2 RNA within a proportion of SCCs but 
not samples of normal skin,35 and the demon-
stration that FcaPV-2 proteins can influence 
neoplastic transformation of a cell.24,36 In addi-
tion, p16CDKN2A protein (p16) immunostaining 
(see later) is visible in a proportion of SCCs.37,38 

The use of PCR and immunohistochemistry 
allows feline cutaneous SCCs to be subdivid-
ed into PV-positive and PV-negative lesions. 
Current evidence suggests that around 80% of 
SCCs from areas of the body protected from 
UV exposure are caused by PV infection.34  
UV light is a well recognised cofactor in  
PV-induced cutaneous cancers in people.39 It 
appears probable that the same is true for cats 
and current evidence suggests that PVs could 
be the primary cause, or a cofactor in the 
development, of between a quarter and a third 
of all feline cutaneous SCCs.35,36 
 
Basal cell carcinomas 
A potential role of PVs in the development of 
basal cell carcinomas (BCCs), which are rare  
feline skin neoplasms, was first proposed after 
PV-induced cell changes were noted in the epi-
dermis overlying a proportion of neoplasms.40 
More recently, feline BCCs that contain PV-
induced cell changes within the neoplastic 
cells have been reported and both FcaPV-3 and 
a novel feline PV type have been amplified 
from these tumours.41,42 Interest ingly, FcaPV-2 
has not been detected within a BCC. 

Although typically these are single ulcer -
ated raised lesions, a cat with multiple  
cutaneous PV-associated BCCs has been 
reported.42 Currently too few feline cutaneous 
BCCs have been evaluated to determine what 
proportion are associated with PV infection 
and whether, like SCCs, they can be subdivid-
ed into PV-positive and PV-negative lesions. 
 
Oral papillomas 
There are few reports of oral papillomas in 
cats, although the true incidence is unknown 
as these are self-resolving lesions and do not 
cause dysphagia. They typically appear as 
multiple exophytic filiform masses on the ven-
tral surface of the tongue. Histologically they 
contain prominent virally induced changes 
and are thought to be caused by FcaPV-1.43  
 
Oral squamous cell carcinomas  
Oral SCCs are the fourth most common neo-
plasm of cats and an important cause of mortal-
ity. While bacterial toxins released into the 
mouth due to poor dental hygiene are hypothe-
sised to promote cancer development, the cause 
of the high rate of oral SCCs in cats has not been 

Devon Rex and Sphynx cats appear to be 

predisposed to rapidly progressing Bowenoid in 

situ carcinomas and the resultant invasive SCCs 

also demonstrate high metastatic potential.

Current 

evidence 

suggests that 

PVs could be 

the primary 

cause, or a 

cofactor in the 

development, 

of between  

a quarter and  

a third of  

all feline 

cutaneous 

squamous cell 

carcinomas 

(SCCs).
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An 8-year-old spayed female seal point Devon Rex 
cat was presented due to the development  
of approximately 10 crusting, 0.5–1 cm diameter 
lesions that were predominantly on the head. 
 
Histology Three lesions were surgically excised and 
submitted for histological examination. This revealed  
moderate to marked epidermal hyperplasia with extension  
to the follicular infundibula. Crowding of the basal cells  
and moderate atypia of keratinocytes was visible in all  
three sampled lesions. In addition, invasion of the  
basement membrane was visible in one of the lesions.  
None of the lesions contained any PV-induced cell  
changes. Histology of two lesions was consistent with 
advanced BISC, while the other was consistent with an 
invasive SCC.  

Due to the presence of large numbers of lesions, surgical 
excision of the remaining lesions was not considered 
possible and no treatment was given.  
 
Progression Over the next  
8 months the existing lesions 
increased in size and additional 
lesions developed. Examination at  
this time revealed approximately  
30 dark sessile masses that ranged  
in size from 0.5–3 cm in diameter.  
The majority were over the dorsum, 
extending from the head to the tail 
base; smaller numbers of masses 
were also present on the face of the 
cat. The largest mass was within the 
interscapular region and was slightly 
raised and covered by a thick layer  
of dense keratin. At this time the cat 
became depressed and anorexic,  
and was euthanased.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Post-mortem findings Samples of the 
skin masses again revealed a mixture of 
BISCs and invasive SCCs, and PCR using 
specific primers showed the presence of 
FcaPV-2 in 2/4 skin lesions tested. As there 
were no virally induced cell changes, 
immunostaining using anti-PV antibodies  
was not attempted. However, intense p16 
immunostaining was present within the 
neoplastic cells of the lesions that contained 
PV DNA. 

 

 
In addition to the skin masses, multiple pale masses, up  

to 1 cm in diameter, which were particularly numerous within 
the caudal lung lobes, were seen on necropsy examination. 
Histology revealed that these were intravascular SCCs. 
FcaPV-2 DNA was amplified from the metastatic neoplasms 
and the neoplastic cells contained intense p16 
immunostaining. 

 C a s e  n o t e s

Multiple BISCs are visible predominantly over the dorsum 
of the cat. The lesions are variably pigmented and appear 
as a thickened area of skin covered by a keratin crust.  
The largest lesion (arrow) was covered in a thick plate  
of adherent keratin that could easily be removed to reveal 
an underlying sessile hyperaemic area 

Photomicrograph of a BISC. Thickening of the epidermis by a population 
of neoplastic cells is visible. Neoplastic cells are observed extending  
into follicles, but are also present infiltrating the underlying dermis.  
The hyperplastic epidermis is covered by a thick plate of keratin.  
H&E. Bar = 70 µm

Photomicrograph of metastatic foci within the lungs of a cat with multiple 
cutaneous BISCs. The neoplastic cells contain intense nuclear and 
cytoplasmic immunostaining using anti-p16CDKN2A protein (p16) antibodies. 
Multiple emboli containing epithelial cells with p16 immunostaining are 
visible within the pulmonary arteries (arrows). Bar = 40 µm

 
The three images in this ‘Case notes’ discussion were reproduced, with permission, from Munday JS et al, Vet Dermatol 2016; 27: 215–e55.

✜ What this case demonstrates: BISCs 
appear to be more likely to have an aggressive 
clinical course in Devon Rex and Sphynx cats.  
This case illustrates the rapid progression and 
subsequent metastasis of these lesions in a  
Devon Rex. 
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definitively determined.44 Around a quarter of 
human oral SCCs are thought to be caused  
by PV infection.45 However, while PV DNA 
sequences have been detected in a small propor-
tion of feline oral SCCs,31,46 there is currently no 
evidence that PVs cause feline oral SCCs.  
 
Feline sarcoids 
As the causative PV has a bovine definitive 
host, feline sarcoids are restricted to cats with 
outside access in rural areas and appear to be 
most common in cats that live in dairy barns.12 
Fighting is hypothesised to be important in 
allowing the PV entry into the dermis and sar-
coids are more common in male cats.12  

Feline sarcoids typically develop around the 
face, especially the nasal philtrum, although 
they can also develop on the extremities and 
tail. Like equine sarcoids, these are mesen -
chymal neoplasms and histology reveals a 
proliferation of dermal mesenchymal cells 
covered by hyperplastic epithelium. PV DNA 
is present within the proliferating mesen -
chymal cells,14 but as feline sarcoids do not 
support viral replication, they do not contain 
histological evidence of PV infection. Their 
behaviour is similar to equine sarcoids,  
with local invasion and frequent recurrence  

A young adult female domestic 
shorthair cat was observed to 
have a 5 mm diameter cone-
shaped mass growing dorsally 
from the bridge of the nose close 
to the junction with the nasal 
planum.  
 
History The cat had recently been 
adopted after previously living in a  
dairy barn in New York State, USA  
with approximately 20 other cats. An 
intralesional injection of cisplatin had 
been given, but the mass continued  
to grow over the next few weeks.  
 
Diagnosis The mass was surgically 
excised and a presumptive diagnosis of 
feline sarcoid was made by histology. 
As sarcoids do not contain replicating virus, no PV-induced 
cell changes were visible and immunohistochemistry  
using anti-PV antibodies was not attempted. Likewise, 
immunohistochemistry to detect p16 was not performed as 
deltapapillomaviruses cause neoplasia by mechanisms that 
do not increase cell p16. PCR was performed using the 
MY09/11 consensus primers,47 and sequencing of the 
resultant amplicon revealed the presence of BPV-14 DNA. 

PCR using the specific jmpSA-F/-R primers 
also amplified BPV-14 DNA.13 As BPV-14 
does not appear to produce asymptomatic 
infections in cats, its detection confirmed a 
diagnosis of feline sarcoid.  
 
Progression Sarcoid regrowth was 
observed shortly after surgery and 
imiquimod cream was applied to the mass 
every 2 days for 2 weeks. Imiquimod 
treatment did not have any detectable effect 
and the sarcoid continued to grow slowly. 
An additional surgery was performed 12 
months later to debulk the mass. Neoplasm 
recurrence was observed shortly after this 
surgery and euthanasia was performed  
2 months later when the sarcoid began  
to interfere with eating.  

 C a s e  n o t e s

Feline sarcoid visible as a protruding nasal 
mass

 
The image in this ‘Case notes’ discussion was reproduced, with permission, from Munday JS et al, Vet Microbiol 2015; 177: 289–295.

✜ What this case demonstrates: This case illustrates  
the requirement for molecular techniques to make a 
definitive diagnosis of feline sarcoid. In addition, the 
invasive growth of a sarcoid can make complete excision 
difficult, predisposing to local tumour recurrence. No non-
surgical treatments have yet been shown to be beneficial. 

Many SCCs of the pinnae and nasal planum are diagnosed on clinical examina-
tion. However, tissue scraping and cytology is always recommended to confirm 
the diagnosis. Diagnosis of the other skin lesions that have been associated with 
PV infection in cats can be more difficult and requires histological examination 
(see page 415) for confirmation. Distin -
guishing between a viral plaque/BISC 
and an SCC is important, as viral 
plaques/BISCs remain confined within 
the epidermis and so cannot invade or 
metastasise. In contrast, the presence 
of invasion of the epithelial basement 
membrane defines an SCC and such 
neoplasms typically rapidly invade  
surrounding tissue, making complete 
excision more difficult.  

The development of an exophytic 
non-ulcerated mass around the nasal 
philtrum of a cat is suggestive of a 
feline sarcoid. Histology reveals a 
proliferation of fibroblasts and hyperplasia of the overlying epidermis. While 
clinical presentation and histology can strongly support a diagnosis of feline 
sarcoid, the identification of deltapapillomavirus DNA within the lesion using 
molecular techniques is required for definitive diagnosis. 

 C o n f i r m a t i o n  o f  d i a g n o s i s

Distinguishing between 
a viral plaque/BISC and 

an SCC is important,  
as viral plaques/BISCs 
remain confined within 
the epidermis and so 

cannot invade or 

metastasise.

following surgical excision (see ‘Case notes’ 
above), but no metastatic potential. 
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Investigation of a papillomavirus 
aetiology 

 
Histology 
Histology can reveal PV-induced cell changes 
(enlarged keratinocytes with smudged blue-
grey cytoplasm or with a shrunken nucleus 
surrounded by a clear halo [koilocytes]) with-
in some lesions and their presence can be a 
useful diagnostic feature. Such cell changes 
occur as a result of PV replication within a cell 
and are expected to be visible in recently 
developed viral plaques/BISCs, oral papillo-
mas and a proportion of BCCs. Viral replica-
tion does not occur in feline sarcoids or in the 
less well-differentiated cells of an advanced 
BISC or SCC, and PV-induced cell changes are 
not expected to be present in these lesions.   

If histological evidence of PV-induced cell 
changes is not present within a lesion, there 
are other methods available to investigate a 
potential PV aetiology – notably immuno -
histochemistry and molecular techniques. 

 

Immunohistochemistry 
Immunohistochemistry has the advantage of 
being able to be performed at most veterinary 
or human diagnostic laboratories. Options 
available for immunohistochemistry include 
using antibodies to detect either the presence 
of PV L1 protein or increased p16 within the 
cell. The PV L1 protein forms the capsid that 
surrounds the viral particle. This protein is 
targeted because large amounts are produced 
in the process of viral replication. The dis -
advantage of using antibodies against the  
L1 protein is that this protein is only produced 
late in the process of viral replication. 
Therefore, if no viral replication is present, no 
immunostaining will be visible. Viral replica-
tion appears to be rarely present in advanced 
BISCs and in PV-positive SCCs and, in the 
authors’ experience, PV L1 protein immuno -
staining is rarely present in lesions that do not 
contain histologically visible PV-induced cell 
changes. An additional disadvantage of using 
antibodies against the PV L1 protein is that it 
is unknown if the commercially available anti-

bodies, which have generally been created 
using human or bovine PV antigens, are able 
to cross-react with the L1 protein of the differ-
ent FcaPV types. 

Human diagnostic laboratories rarely use 
anti-PV antibodies to determine a PV aetiolo-
gy of a neoplasm. Instead, to differentiate 
between a PV-positive oral SCC and a PV-  
negative oral SCC they will typically use 
immunohistochemistry to detect increased 
cell p16.48 Cancers that are caused by PVs  
consistently contain increased p16 because 
PVs consistently promote cell replication by 
altering pathways that also increase p16.49 

This differentiation is of critical clinical  
importance for human oral SCCs because  
PV-positive neoplasms are more likely to 
respond to treatment and have a more  
favorable prognosis than PV-negative 
cancers.50 In cats, studies have shown good 
correlation between the presence of increased 
p16 within the neoplastic cells and the  
presence of PV DNA or RNA within the  
neoplasm (Figure 1).36,37  

Advantages of using p16 immunostaining 
to determine a PV aetiology in a feline lesion 
include a consistent increase in the protein 
regardless of whether or not the PV is replicat-
ing and the known cross-reactivity of the anti-
human G175-405 p16 clone antibodies to the 
feline p16 protein. However, the specificity of 
this test for a PV aetiology in cats has not  
been definitively shown and it remains possi-
ble that spontaneous mutations within a cell’s 
DNA could also result in increases in p16 that 
are independent of a PV infection.  

Evidence from 

other species 

suggests that 

cats are likely 

to be infected 

with many 

additional  

PV types that 

have yet to be 

recognised.

Figure 1 Feline cutaneous SCC. This neoplasm contained PV DNA and was from an area of  
the body that was protected from solar exposure. Note the consistent intense nuclear and 
cytoplasmic immunostaining against p16CDKN2A protein (p16). Bar = 50 µm

Clinical relevance of determining PV causation 
Determining whether or not a lesion was caused by a PV can have clinical 
relevance. For example, differentiation between a solar-induced actinic  
in situ carcinoma and a viral plaque/BISC is important due to differences 
in the expected disease progression and in the ways that can be used to 
try to prevent the development of additional lesions. Further, studies have 
suggested that PV-positive SCCs may have a less aggressive clinical 
course and a more favourable prognosis than PV-negative SCCs.38 
However, it should be noted that there are currently no specific therapies 
for the treatment of PV infection in cats.
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Molecular techniques 
Molecular tests to detect viral nucleic acids 
such as PCR and in situ hybridisation can also 
be used to investigate a PV aetiology for a 
lesion. The advantage of these techniques is 
that very small quantities of PV DNA or RNA 
can be detected. However, as asymptomatic 
PV infections are so common, simply detect-
ing the presence of a PV within a lesion does 
not prove that the lesion was caused by the 
PV. In addition, these tests are not routinely 
available and are currently restricted to use in 
a research setting. 
 
Treatment approaches 
 
Surgical excision 
There have been few studies evaluating treat-
ment options for PV-induced lesions in cats. 
However, complete surgical excision is sug-
gested for single or small numbers of viral 
plaques/BISCs, SCCs and BCCs. While surgi-
cal excision of a viral plaque/BISC is expected 
to be curative, clients should be advised that 
affected cats are more likely to develop addi-
tional lesions of this type. More aggressive 
treatment is suggested for Devon Rex and 
Sphynx cats due to the observation that BISCs 
can rapidly progress to metastatic SCCs in 
these breeds.32,33 

 
Non-surgical therapies 
Evidence supporting non-surgical therapies 
to treat viral plaques/BISCs is limited. 
However, as these lesions are confined to the 
epidermis, treatment using cryotherapy is 
expected to be successful. In humans, CO2 
laser is considered one of the best treatment 
modalities for genital warts.51 As this modali-
ty was recently used to successfully treat 
numerous large viral plaques on a dog,52 CO2 
laser could be a useful treatment for larger 
lesions in cats. 

Alternatively, imiquimod cream stimulates 
toll-like receptors and locally increases inter-
feron alpha (α) and tumor necrosis factor-α.53 
While initially marketed as a treatment for 
human genital warts, imiquimod does not 
specifically target PV-induced lesions. In 
humans, this treatment has also been used for 
BCCs and actinic lesions, although imiquimod 
is only recommended as a primary treatment 
for pre-neoplastic or neoplastic skin lesions if 
better established therapies are not available.54 

In an uncontrolled study of 12 cats with 
BISCs, imiquimod resulted in partial resolu-
tion of at least one BISC in all 12 cats and com-
plete resolution of at least one BISC in five 
cats.55 However, significant side effects were 
reported including local erythema in five cats 
and systemic toxicity in two cats. While there 
is anecdotal evidence supporting the use of 

imiquimod cream, additional controlled stud-
ies are required to determine the efficacy and 
safety of this treatment. Evidence from human 
studies suggests that imiquimod may be 
equally effective in PV-induced and non- 
PV-induced pre-neoplastic feline lesions, 
although its use should probably be restricted 
to situations where other treatments are 
impractical. 

Photodynamic therapy has also been  
reported to be effective for feline cutaneous  
in situ carcinomas, although whether any  
of the treated lesions were PV induced is 
uncertain.56 

There is no evidence that autologous vac-
cines influence the resolution of an estab-
lished PV-induced lesion in any species and it 
seems unlikely that such vaccines would be 
useful to treat PV-induced lesions in cats.  

Complete excision of a feline sarcoid is 
expected to be curative; however, given the 
common location of these neoplasms, this  
can be difficult and they are prone to local 
recurrence. 

✜ Most cats harbour asymptomatic PV infections. 

✜ It is unknown why a minority of infections result in clinical disease, 
but the development of disease is likely to be due to an inability  
of the host to maintain low levels of PV replication. 

✜ PVs cause viral plaques/BISCs, which can become large and 
multiple, and can progress to SCCs. Surgical excision should  
be curative, but additional lesions are likely. Other unproven 
treatment options include cryotherapy, CO2 laser and imiquimod 
cream.   

✜ PVs may cause a proportion of cutaneous SCCs and BCCs, 
although the role of the virus in neoplastic transformation  
is currently unclear.   

✜ Cross-species infection by a bovine PV causes feline  
sarcoids. These neoplasms can be locally recurrent after  
excision but do not metastasise.   

✜ PVs cause oral papillomas in cats, but there is  
no evidence that PVs cause oral SCCs.  

KEY poiNts

As host factors appear to be important in the development of PV-induced 
disease,26 ensuring cats remain immunocompetent may prevent some 
PV-induced lesions. Vaccination against PVs has been shown to be 
effective at preventing PV-induced cancers in people.57 While such 
vaccines could also be useful in cats, they have to be given prior to first 
exposure to the PV. As cats appear to be infected very early in life, novel 
vaccination strategies may have to be developed. 

While there  

is anecdotal 

evidence 

supporting  

the use of 

imiquimod 

cream, 

additional 

controlled 

studies are 

required to 

determine 

efficacy  

and safety.

409_418_Munday_Papillomavirus_FINAL.qxp_FAB  03/04/2019  14:02  Page 416



 
JFMS CLINICAL PRACTICE  417

REV IEW /  Novel feline viruses: papillomavirus

Conclusions 
 
The role of PVs in the development of disease 
in cats is increasingly being recognised. This 
increased recognition will, in turn, allow  
further subclassification of feline skin diseases 
(eg, into PV-positive or PV-negative SCC), 
which may allow for a more accurate progno-
sis and better targeted therapies. Additionally, 
recognition of the role that PVs 
play in skin disease in cats 
raises the possibility that 
the PV-induced dis-
eases can be prevent-
ed – either by pro-
tective vaccination 
or by enabling the 
host immune sys-
tem to control 
virus replication 
and prevent the 
virus from causing 
clinical disease.  
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