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Abstract

Papillomaviruses (PVs) cause disease in humans, dogs, cats, and horses. While there are some
differences, many aspects of the pathogenesis, presentation and treatment of these diseases are
similar between the four species. In this review, the PV-induced diseases of humans are compared
to the similar diseases that develop in the companion animal species. By comparing with the
human diseases, it is possible to make assumptions about some of the less common and less
well-studied diseases in the veterinary species. In the first part of this review, the PV lifecycle

is discussed along with the classification of PVs and the immune response to PV infection.

The hyperplastic diseases caused by PVs are then discussed including PV-induced cutaneous,
anogenital and oral warts within the four species.
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Introduction

Warts have been described in people since the time of the ancient Greeks (Karamanou

et al., 2010). While a viral etiology of warts was proven in 1907 (Ciuffo, 1907), human
papillomaviruses (HPVs) were considered of low importance until the recognition by zur
Hausen (1976) that they also caused cervical cancer. Since then, there has been intense
research on the mechanisms of infection, how PVs cause disease, and potential ways to
prevent and treat infection. Additionally, a number of rarer syndromes in people are now
recognized to be caused by PV infection.
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There are also historical records of warts in animals with the Caliph of Baghdad describing
equine warts in the 9th century. However, the number and variety of lesions recognized to
be caused by PVs in dogs, cats and horses has expanded greatly in the last 25 years. As
more has been learnt about the PV-induced diseases of the companion animal species, it has
become clear that there are many similarities between the diseases caused by PVs in humans
and those caused by PVs in dogs, cats, and horses. The purpose of this review is to compare
the pathogenesis, clinical presentation, and clinical management of PV-induced diseases of
humans to those of dogs, cats, and horses. These diseases are divided into hyperplastic
diseases, which typically spontaneously resolve, and pre-neoplastic and neoplastic diseases
in which spontaneous resolution is not expected. Part 1 of the review includes a discussion
of the life cycle, classification, and immune response to PVs as well as the hyperplastic
diseases caused by PV infection. Part 2 of this review discusses the pre-neoplastic and
neoplastic diseases associated with PVs in humans, dogs, cats, and horses as well as a

brief discussion on the potential use of vaccines to prevent PV-induced diseases within the
companion animal species.

Papillomaviral life cycle

Papillomaviruses (PVs) are double-stranded circular DNA viruses. Their genome contains
five or six early (E) genes and two late (L) genes (Fig. 1). The PV life cycle is coordinated
with the division and maturation of cells within stratified epithelium (Graham, 2017;
McBride, 2022). A PV infection is initiated after viral particles come into contact with

the basal cells of the epithelium following microtrauma (Doorbar, 2005). Once the PV

has gained entry to a basal cell, the PV E1 and E2 genes are expressed and additional

viral copies are produced (Ozbun, 2002). As the basal cells replicate, the daughter cells
contain PV DNA allowing the PV infection to persist (McBride, 2013). However, the
production of infectious viral particles is only possible when an infected basal cell
terminally differentiates and moves into the suprabasilar layer of the epithelium (Klumpp
and Laimins, 1999; McBride, 2022). Here, the PV E6 and E7 proteins prevent normal

loss of the nuclear machinery and stimulate replication of the infected epithelial cells
(Doorbar et al., 2012). The continued replication of infected epithelial cells allows robust
viral genome amplification and results in cells that contain multiple viral copies. As the
infected cells approach the surface of the epithelium, expression of the PV L1 and L2 capsid
proteins allows the virion to be assembled. Epithelial cells slough normally, releasing the
viral particles into the environment (Graham, 2017). With the exception of the ruminant
Deltapapillomaviruses, PVs are highly species-specific with most individual species infected
by multiple PV types (Antonsson and Hansson, 2002; Bernard et al., 2010; Doorbar et al.,
2012).

Classification of papillomavirus types

Taxonomic classification of PVs is done using the highly conserved L1 open reading
frame (ORF). Two PVs are classified as different types when they share less than 90%
similarity in the L1 ORF. PVs are also classified into genera whereby PVs within the same
genus share greater than 60% similarity in the L1 ORF (Bernard et al., 2010). Currently
the online database within the Papillomavirus Episteme? contains around 450 individual
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HPV types within the Alphapapillomavirus, Betapapillomavirus, Gammapapillomavirus,
Mupapillomavirus or Nupapillomavirus genera (McBride, 2022). In dogs there are

23 Canis familiaris papillomavirus (CPV) types within the Lambdapapillomavirus,
Taupapillomavirus and Chipapillomavirus genera. The episteme contains 6 Felis catus
papillomavirus (FcaPV) types within the Lambadapapillomavirus, Dyothetapapillomavirus
and 7aupapiflomavirus genera and 9 Equulis caballus papillomavirus (EcPV) types
contained within the Zetapapillomavirus, Dyoiotapapillomavirus, and Dyorhopapillomavirus
genera. Classification of PV types within genera is important as PV types within the same
genus often infect the same, or closely related, host species and often also have a similar
clinical presentation (Bernard et al., 2010). For example, the Betapapillomaviruses all infect
people and typically remain asymptomatic while the Chipapillomaviruses infect dogs and
cause viral plaques.

In addition to their genome-based taxonomic classification, PVs can also be broadly
classified into those that cause hyperplastic papillomas (warts) and those that typically
infect without causing clinical lesions (McBride, 2022). PVs that cause warts are transmitted
between animals either directly or via fomites with most infections happening in young
adults. When an animal is infected by one of these PV types, the PV stimulates rapid
replication of epithelial cells resulting in marked epithelial hyperplasia and a visible wart
(Doorbar et al., 2012; Munday et al., 2011). The ability to cause such marked epithelial
hyperplasia results in the production of massive numbers of viral particles. However,

warts typically also stimulate a strong immune reaction that inhibits viral replication and
results in spontaneous lesion resolution (Lane et al., 2017). While warts are the most
common clinical manifestation of PV infection, infection by the majority of human PV
types does not typically cause visible lesions (Antonsson et al., 2003a; Antonsson et al.,
2000; Doorbar, 2005). These PVs stimulate slow replication of the epithelium resulting

in minimal hyperplasia and only small numbers of infective viral particles (Egawa and
Doorbar, 2017; Munday et al., 2017). Infection by these types is often acquired during,

or soon after birth (Antonsson et al., 2003b). Infection can be life-long and cutaneous PV
infections are ubiquitous in people (Antonsson et al., 2000; Forslund et al., 1999). The
development of visible lesions due to infection by these PV types is indicative of immune
dysfunction (Orth et al., 1978). While there are fewer studies investigating asymptomatic PV
infection of dogs, cats and horses, asymptomatic infection by PVs has been detected in all
three species suggesting PV infection is likely also ubiquitous within the companion animal
species (Antonsson and Hansson, 2002; Bogaert et al., 2008; Knight et al., 2013; Lange et
al., 2011; Munday and Witham, 2010).

In humans, PVs are also subdivided into those that are sexually transmitted and those that
are not. No PVs are established to be sexually transmitted in dogs, cats, or horses. HPVs can
also be subdivided into mucosal and cutaneous types (de Villiers et al., 2004). Some PVs

of companion animals similarly show a tropism for either haired skin (for example EcPV1)
or mucosal surfaces (for example EcPV2). However, some canine and feline PV types have
less strict tissue trophism, with CPV1, FcaPV2, FcaPV3, and FcaPV4 being detected both

Isee: Papillomavirus Episteme. https://pave.niaid.nih.gov/#home (accessed 1 March 2022)
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on haired skin and in the oral cavity (Altamura et al., 2020; Lange et al., 2019; Lange et
al., 2011; Munday and Thomson, 2021). Finally, HPVs are also subdivided into low-risk
types, that are either asymptomatic or cause self-resolving warts, and high-risk types, that
can cause neoplasia (Doorbar et al., 2012). Similarly, some canine, feline and equine PV
types have only been detected in hyperplastic lesions while other PV types are frequently
detected in neoplasms.

Immune response to papillomavirus infection

There are two components of the immune response to PV infection. Firstly, a cell-mediated
immune response detects and attacks infected cells with the aim of clearing the infection
from the body (Nicholls et al., 2001; Stanley, 2006). The cell-mediated immune response

is responsible for the resolution of PV-induced warts and, as the time of onset of the
cell-mediated immune response is variable, the time taken for wart resolution also shows
individual variability (Franco et al., 1999; Sancak et al., 2015). Secondly, a humoral immune
response also develops after infection by a PV (Ghim et al., 2000). The development of
serum antibodies does not influence resolution of the PV infection but prevents subsequent
infection by the PV type (Ghim et al., 2000).

Non-genital cutaneous warts

Humans

Cutaneous warts in people are most commonly caused by members of the
Alphapapillomavirus (HPV2 and 27), Mupapillomavirus (HPV1) or Gammapapillomavirus
(HPV4) genera (Sterling, 2016). Cutaneous warts are most common in children and
adolescents and it is estimated that up to 20% of 5 to 16 year-old children have warts at

any time (Larsson and Liden, 1980; van Haalen et al., 2009). The high rates of infection

in children are due a combination of factors including immune naivety, exposure to high
numbers of viral particles from other children with warts, and activities that promote
microtrauma such as walking around swimming pool changing rooms with bare feet.

Human cutaneous warts are subdivided into plantar warts and common warts (Bruggink et
al., 2010). Plantar warts develop on the sole of the feet and can result in significant pain and
difficulty walking. Common warts most frequently develop on the hands and are generally
only significant for cosmetic reasons.

Sixty-five percent of cutaneous warts spontaneously resolve within 2 years and 95% resolve
within 4 years (Massing and Epstein, 1963; Williams et al., 1993). Warts very rarely persist
and progress to involve large areas of the body. These are referred to as ‘recalcitrant warts’
with ‘tree man syndrome’ developing if these recalcitrant warts become covered in a thick
layer of keratin (Uitto et al., 2021). Most cases of recalcitrant warts are due to an inability
to produce or stimulate CD4+ (T-helper) lymphocytes, preventing a normal cell-mediated
immune response against PV infection (Beziat et al., 2021). The immune deficiency can
result in increased susceptibility to a wide range of pathogens or be specific to cutaneous
HPV infections (Beziat et al., 2021).
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Histology of a human cutaneous wart reveals hyperplasia of all layers of the epidermis.
The thickened epidermis can become folded resulting in filiform projections supported by
a connective tissue stalk. Cells with dark irregularly shrunken nuclei surrounded by a clear
halo (koilocytes) are often visible in the granular cell layer. Clumped keratohyalin granules
can be visible and, depending on the causative PV type, other PV-induced cellular changes
can be visible within the more superficial layers of the warts (Sterling, 2016). Warts are
covered by variable degrees of hyperkeratosis.

Due to the expected spontaneous resolution and the potential pain associated with treatment,
many common warts are not treated. If treatment is required, localised destruction of the
infected hyperplastic cells using either cryotherapy or salicylic acid is considered most
effective, although recurrence is possible (Bruggink et al., 2010; Kwok et al., 2012). As
plantar warts are covered by the thick layer of keratin that covers the sole of the foot, neither
cryotherapy nor topical treatments are beneficial. Surgical excision or local destruction

is typically used for recalcitrant warts that interfere with normal function. However, no
consistently curative treatments have been identified, presumably as the underlying immune
dysfunction cannot be resolved. Progression from a cutaneous wart to a squamous cell
carcinoma (SCC) is extremely rare (Egawa and Doorbar, 2017).

Cutaneous warts are the second most common skin tumor of dogs under one year of age
(Kim et al., 2022). They are most often caused by CPV2 (a 7aupapillomavirus) and less
commonly by CPV1 (a Lambdapapillomavirus that is also referred to as canine oral PV)
with co-infections by both CPV types also detected (Chang et al., 2020; Lange et al., 2019;
Orlandi et al., 2021; Sundberg et al., 1994). Canine cutaneous warts are rarely caused by
CPVE6 (also a Lambdapapillomavirus) (Lange et al., 2009). Warts most commonly occur on
the feet due to trauma caused by walking (Fig. 2) and around the face and ears presumably
secondary to self-trauma (Gould et al., 2021; Gross et al., 2005; Munday et al., 2010;
Munday et al., 2017). There is rarely a history of contact with an affected dog, suggesting
indirect exposure from the environment is most likely. As in humans, warts that develop on
the feet can result in lameness (Gould et al., 2021) while those elsewhere on the body are
generally well tolerated.

The vast majority of canine cutaneous warts spontaneously regress. Most regress within 3
months, although dogs can have warts for as long as two years before resolution (Gould
et al., 2021; Munday et al., 2020b). There are rare reports of CPV1-induced cutaneous
warts progressing to SCC (Thaiwong et al., 2018). Additionally, multiple dogs that were
being used to evaluate a treatment for severe combined immune deficiency within a
research colony developed CPV2-induced warts that persisted and rapidly progressed to
SCC (Goldschmidt et al., 2006). However, as in humans, most evidence suggests it is
extremely rare for a canine cutaneous wart to progress to a SCC.

Histologically, lesions can be subdivided into exophytic warts in which the thickened
epidermis folds out from the surface of the skin and endophytic warts in which the
thickened epidermis folds inwards forming a cup-shaped structure (Goldschmidt et al.,
2018). Currently there is no evidence that either subtype is more frequently associated with
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a particular CPV type or demonstrates a different clinical behaviour. Some exophytic warts
can become covered by large quantities of keratin and these are referred to as viral cutaneous
horns (Falk et al., 2017). Canine cutaneous warts generally contain large numbers of cells
with expanded basophilic cytoplasm (Fig. 3). Koilocytosis and intranuclear eosinophilic
inclusions are usually visible (Goldschmidt et al., 2018; Gross et al., 2005).

As in humans, most canine cutaneous warts are not treated as lesions self-resolve and do not
cause discomfort. Warts were successfully treated using cryotherapy in two dogs, although
proving the benefit of a particular treatment is difficult as warts spontaneously resolve after a
variable length of time (Richman et al., 2017). Treatment of cutaneous warts is discussed in
more detail with canine oral warts.

There are only three reports of cutaneous warts in cats. Warts were small and solitary in

all cases (Carpenter et al., 1992; Munday et al., 2007). Two warts developed on the nasal
planum while the other was on the eyelid. One wart contained a novel PV sequence that was
most closely related to, but distinct from, the 6 currently recognized FcaPV types (Munday
and Julian, 2022).

Skin warts are very common in horses with most caused by EcPV1 (Ghim et al., 2004).

As in other species they are most common on the distal limbs and face of younger horses,
likely due to trauma allowing infection of an immunologically naive animal (Baker and
Leyland, 1975; Junge et al., 1984; Sundberg et al., 1977; Fig. 4). Warts typically appear

as multiple (up to 100), small exophytic masses covered in dark grey keratin. They do not
usually cause discomfort and resolve spontaneously, usually within three months (Cook and
Olson, 1951; Hamada et al., 1990). In addition to EcPV1, a novel unclassified PV type was
amplified from one of two large warts that developed close to the fetlock of a horse. Both
warts resolved after 14 weeks (Munday et al., 2020a).

Recently, ECPV8 has been recognised as an uncommon cause of equine cutaneous warts
(Linder et al., 2018; Peters-Kennedy et al., 2019). In contrast to warts caused by EcPV1,

the EcPV8-associated warts were extensive and covered a significant proportion of the body;,
especially involving the ventrum, inguinal and axillary regions. Additionally, warts due to
EcPV8 were more persistent and only resolved spontaneously in one of four horses reported
with this disease. Furthermore, evidence of progression to SCC was seen in some warts. The
rarity of ECPV8 as a cause of warts in horses and the subsequent persistence of these warts
suggests immune deficiency could be important in disease development.

Warts due to ECPV1 show typical features of an exophytic wart. However, the ECPV8-
induced lesions are more variable with some showing features of a typical exophytic wart
and others showing features more suggestive of a viral plaque (Linder et al., 2018; Peters-
Kennedy et al., 2019).
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Anogenital cutaneous warts

Humans

Dogs

Anogenital warts are most often caused by the Alphapapillomaviruses HPV6 and HPV11
(Egawa and Doorbar, 2017). Infection is mainly by sexual contact and warts are most
common in 16 to 24 year-olds (Oriel, 1971). Anogenital warts are highly contagious with
transmission rates of up to 88% reported (Sedlacek et al., 1986), presumably due to the
likelihood of developing microtrauma in the comparatively thin skin of the anogenital
regions during sex (Sterling, 2016). Infections can remain latent for up to eight months prior
to wart development (Oriel, 1971). Rarely, anogenital warts can develop in younger children
and these are thought to follow activation of a latent infection that was acquired during birth
(Padel et al., 1990). As anogenital warts are prevented by multivalent HPV vaccines, they
are becoming rare in countries with widespread vaccination programs (Flagg and Torrone,
2018).

Anogenital warts generally remain small and over 90% spontaneously resolve within

two years. However, most patients want more rapid wart resolution and anogenital warts

are treated more frequently than common warts. Destruction of the infected cells using
cryotherapy is frequently used and is effective (Karagounis and Pomeranz, 2021). Topical
application of imiquimod cream is also commonly used to treat human anogenital warts.
Imiquimod is an immune-response modifier that induces the production of proinflammatory
cytokines, including IFN-a, TNF-a, IL-6, and IL-8, and promotes a T-cell cytotoxic reaction
against the infected epithelial cells of the wart (Hanna et al., 2016; Miller et al., 1999).
While imiquimod was initially licenced for the treatment of genital warts, it does not have

a specific activity against PVs and is now used to treat a variety of superficial skin lesions
regardless of their cause (Hanna et al., 2016). Other, less commonly, used topical treatments
include podophyllotoxin, sinecatechins, cidofovir and trichloroacetic acid. Surgical excision
or laser ablation can be used for larger lesions (Karagounis and Pomeranz, 2021; Lacey

et al., 2013). Multivalent HPV vaccines are currently not recommended to treat anogenital
warts (Karagounis and Pomeranz, 2021). While vaccines were reported to initiate wart
resolution in some individual cases (Lee et al., 2011), vaccination did not result in any
significant benefit in a study of 500 patients with anogenital warts (Gilson et al., 2020).
There are rare reports of persistent anogenital warts. Additionally, progression of a wart to
neoplasia has been reported, although this may be because the wart contained both low-risk
and high-risk HPV types (Lacey et al., 2006).

Histology of a human anogenital wart reveals marked epithelial thickening and folding, but
typically little increase in the surface keratin. Koilocytosis, or other signs of viral infection,
are only variably visible within the lesions (Sterling, 2016).

Although cutaneous warts can develop in the anogenital areas of dogs, these are caused
by the same PV types and probably have the same clinical behavior as warts that develop
in other areas of the body (Lange et al., 2019). None of the CPV types are thought to be
sexually transmitted.

Vet J. Author manuscript; available in PMC 2024 October 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Munday et al.

Cat.

Horses

Page 8

Papillomas involving the anogenital regions of cats have not been reported.

Most equine genital warts are thought to be caused by EcPV2 (Scase et al., 2010).

They appear as single or numerous (up to many hundreds) raised plaques or exophytic
cauliflower-like masses (Torres and Koch, 2013). Warts can be covered by a thick layer of
keratin resulting in a hard grey-brown rough surface (Fig. 5). In males they may develop
anywhere on the external genitalia but are more common on the free part of the penis

and glans than the preputial skin or preputial fold. Warts typically involve the vulval lips,
vestibular walls and clitoris of mares (Torres and Koch, 2013). Anal warts have not been
reported in horses. Penile papillomatosis describes a condition in which the free part and
glans of the penis are covered by innumerable coalescing warts (Knight et al., 2011).

As discussed with equine genital SCCs in the second part of this review, the method of
transmission of ECPV2 is currently unknown, but sexual transmission appears unlikely to
be the primary mechanism of spread. How frequently horses develop warts of the penis and
vulva is also uncertain. SCCs of the penis were reported to be more common than warts in a
series of equine penile lesions submitted for histology (van den Top et al., 2008). However,
it is probable that a genital wart is less likely to be surgically excised and submitted for
histopathology than a SCC.

It is currently unknown what proportion of equine genital warts spontaneously regress or
how long this takes. However, in the only published longitudinal study of equine genital
warts, regression was not observed in a horse with penile papillomatosis that was observed
for two years (Knight et al., 2011). Additionally, while human genital warts almost never
progress to SCC, progression from a vulval wart to a SCC has been reported in a horse
(Smith et al., 2009), and two of the authors of the present review have observed progression
of equine penile warts to invasive SCC. Currently it appears that, compared to cutaneous
and genital in humans and companion animals, EcPV2-induced equine genital warts are less
likely to spontaneously regress and much more likely to progress to neoplasia. Therefore, it
is probable that in the future equine genital warts will be reclassified from a hyperplastic to
a pre-neoplastic lesion. There are no reports of specific treatments for equine genital warts
although cryotherapy or topical treatments that cause wart destruction have been suggested
(Brinsko, 1998; Torres and Koch, 2013).

Histology of an equine genital wart reveals mildly to moderately hyperplastic epithelium
(Ramsauer et al., 2019). The thickened epithelium can be arranged in folds supported by

a fibrous core or remain unfolded as a thickened plaque (Fig. 6). Enlarged cells with a
nucleus surrounded by a clear halo (koilocytes) and depigmentation are usually visible. Cells
with cytoplasm that is expanded by wispy material and clumped keratohyalin granules are
variable present (Ramsauer et al., 2019).
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Oral warts

Humans

Oral warts are rare in people. In younger children they are caused by the same PV types that
cause cutaneous warts due to autoinoculation from sucking affected fingers (Betz, 2019).
Oral warts in adults are thought to be sexually transmitted and are caused by the same HPV
types that cause anogenital warts (Betz, 2019). As with cutaneous and anogenital warts,
spontaneous resolution of these oral warts is expected, although treatment using excisional
biopsy, laser ablation or cryotherapy is often used with only rare lesion recurrence (Pringle,
2014).

Multiple non-resolving papillomas that are most numerous at the junction between
respiratory columnar and stratified squamous epithelium characterise the disease recurrent
respiratory papillomatosis (RRP) (Derkay and Wiatrak, 2008). RRP is subdivided into
juvenile onset (around 7 years) and adult onset (around 35 years) forms of the disease
(Lindeberg and Elbrgnd, 1990). The papillomas are caused by the same HPVs that cause
anogenital warts, but it is thought that both juvenile and adult onset RRP is caused by
activation of latent HPV infections that are acquired at birth (Taliercio et al., 2015). As
with recalcitrant cutaneous warts, the underlying cause of RRP is an inability to mount an
appropriate immune response against the PV infection. In some patients, the papillomas
become so large they significantly impact the ability of the patient to talk or even breathe
(Derkay and Wiatrak, 2008). Papillomas may also undergo malignant transformation,
although this appears to be rare.

Surgery is the predominant treatment for RRP with some children requiring multiple
resections each year to preserve airway patency and vocal fold function (Derkay and
Wiatrak, 2008). Adjunct therapy is not curative but may be used to try to extend the

length of time between surgeries. Currently, treatment using monoclonal antibodies to

block vascular epidermal growth factor or intralesional cidofovir is favoured (Benedict and
Derkay, 2021; Hock et al. 2022). As with other non-regressing warts, little progress has been
made in triggering an immune response against the papillomas.

Histologically the papillomas contain moderately hyperplastic epithelium with an increased
mitotic rate and crowding of cells in the basal layer. The thickened epidermis forms multiple
papillary projections supported by a fibrous core. PV-induced cellular changes are minimal
within the lesions (Derkay and Wiatrak, 2008).

Dogs
Canine oral papillomatosis presents as multiple exophytic smooth or cauliflower-like warts
involving the lips and mouth (Fig. 7). Similarly to canine cutaneous warts, these are
particularly common in young dogs (Oguzoglu et al., 2017). Due to the pioneering work
of M’Fadyean and Hobday (1898) these were recognized to be caused by an infectious agent
over 100 years ago. These same researchers also recognized that oral warts spontaneously
regressed and that these dogs were subsequently protected from the development of
additional warts. The majority of canine oral warts are caused by CPV1, although there
are rare reports of oral papillomas associated with other CPV types (Delius et al., 1994;
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Lange et al., 2012; Lange and Favrot, 2011; Nicholls et al., 1999; Oguzoglu et al., 2017).
Few studies have investigated the epidemiology of natural infection by CPV1. There are rare
reports of outbreaks of canine oral papillomatosis suggesting transmission between dogs is
possible (Lane et al., 2017; Yhee et al., 2010) and there is anecdotal evidence that dogs

that attend day-care facilities may be at increased risk of papilloma development. However,
for many dogs there is no history of contact with an affected dog suggesting indirect
transfer through the environment. It appears likely that behaviours such as stick chewing
would favour transmission, especially as this behaviour can damage the oral epithelium.
Dogs can be asymptomatically infected by CPV1, potentially providing a reservoir for
infection (Lange et al., 2011). Most dogs do not show any systemic signs of disease although
occasionally warts can interfere with normal eating or breathing (Nicholls et al., 1999).

The overwhelming majority of canine oral warts spontaneously regress. Regression typically
occurs within 4 to 8 weeks, although can take up to 12 months (Sancak et al., 2015; Yhee
et al., 2010). Very rarely dogs can continue to develop additional warts that increase in

size over an extended (>1 year) period (Fig. 8). These warts have been reported to spread
from the oral cavity to the haired skin (Nicholls et al., 1999) or progress to SCC (Regalado
Ibarra et al., 2018). No treatments have been successful and dogs that present with florid
progressive warts are typically euthanatized due to the disease. Evidence from humans
with recalcitrant cutaneous warts suggest that dogs probably have an underlying immune
dysfunction that prevents the development of a cell-mediated immune response. In addition
to the small number of dogs reported with florid persistent oral papillomatosis, evidence

of progression to neoplasia was observed in around 3% of canine oral warts submitted to

a diagnostic laboratory (Thaiwong et al., 2018). However, as veterinarians do not routinely
excise and submit oral warts from dogs for diagnostic examination, it is likely that the oral
warts included in this study had unusual clinical features. Therefore, progression of oral
warts in dogs in the general population is expected to be much less common.

As oral warts typically cause little apparent discomfort and resolve spontaneously, most
dogs are not treated. However, if warts become large enough to interfere with eating or
breathing, they can be surgically excised or cryotherapy can be used to cause necrosis of the
infected cells (Richman et al., 2017). However, recurrence is possible in the absence of an
immune response against the PV. Crushing warts has been suggested as beneficial, although
this is not supported by any controlled clinical studies. Numerous systemic therapies have
been suggested to trigger an immune response against the oral warts and hasten spontaneous
resolution. In a prospective, randomized, double-blinded placebo-controlled study of dogs
with both oral and cutaneous warts, azithromycin treatment had a significant benefit with
warts regressing in 10 of 10 treated, but only 1 of 7 untreated, dogs within 7 weeks (Yagci
et al., 2008). While these results could suggest azithromycin triggered wart resolution, the
more surprising finding was the lack of spontaneous regression of warts in untreated dogs.
Indeed, in previous studies of untreated dogs, complete wart regression was reported in 7

of 7 dogs in around 3 weeks, 40 of 40 dogs within 8 weeks, and 11 of 16 dogs within 12
weeks (Sancak et al., 2015; Suzich et al., 1995; Yhee et al., 2010). Therefore, the apparent
beneficial effect of azithromycin appeared mainly to be due to the chance selection of 6
dogs into the control group that had unusually long-lasting warts. Azithromycin has been
used without success in multiple subsequent cases of canine warts (Regalado Ibarra et al.,
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2018). It is also interesting to note that the basis of using this antibiotic to treat canine

warts was because it had been shown to be useful to treat a ‘papillomatous’ skin disease in
humans. However, the human skin disease was not caused by PV infection (Bernstein, 2009)
and azithromycin is not used to treat PV-induced diseases in humans. Cimetidine has been
reported to be an effective treatment for human warts in some studies (Das et al., 2018) and
there are anecdotal reports of use for canine warts. However, efficacy remains controversial
in humans with several larger studies reporting no significant differences in efficacy between
cimetidine and placebo (Rogers et al., 1999; Yilmaz et al., 1996). Other potential treatments
for canine oral warts have generally been described in individual dogs. These include
vaccination against CPV1, systemic retinoids, interferon-alpha2 as well as naturally derived
treatments (Kuntsi-Vaattovaara et al., 2003; Nicholls et al., 1999). While warts resolved
shortly after treatment in some dogs, oral warts are known to spontaneously resolve after

a variable length of time. Therefore, without inclusion of multiple dogs and appropriate
controls, it is impossible to conclude whether a treatment was beneficial or simply given
coincidentally at the same time as spontaneous resolution. For a medical treatment to cause
resolution of canine warts it would presumably have to trigger a cell-mediated immune
response. Despite intense research, such a treatment has not been identified for warts in
humans. Therefore, the evidence supporting these proposed treatments for canine warts
should be interpreted with caution.

Histology of a canine oral wart reveals a typical exophytic lesion comprising thickened,
folded epithelium. Prominent PV-induced cellular changes consisting of cells with
cytoplasm distended by blue-grey wispy material, koilocytosis, and intranuclear viral
inclusions are typically visible.

Oral warts have been rarely reported in cats. These are thought to be caused by FcaPV1 and
develop in clusters on the underside of the tongue (Munday et al., 2015; Sundberg et al.,
2000). They are presumed to resolve spontaneous although no cat with oral warts has been
followed in a longitudinal study.

There is a single report of an EcPV2-induced laryngeal wart in a horse (Hibi et al., 2019).
The wart was continuous with a SCC and the thickening of the epithelium could have been
secondary to the neoplasm. Alternatively, it is possible that EcCPV2 causes, as in the genital
mucosa, oral warts in horses that are less likely to spontaneously resolve and more likely to
progress to neoplasia than oral warts in other species.

Conclusions

Young children, dogs and horses all commonly develop cutaneous warts due to similar
predisposing factors. The overwhelming majority of cutaneous non-genital warts in all
species are expected to spontaneously resolve. This occurs after a variable amount of time
that can be as long as 2 years in dogs and over 4 years in people. One exception is equine
cutaneous warts caused by EcPV8. These appear much less likely to resolve spontaneously
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and these warts can also progress to neoplasia. Whether this is due to the specific PV type
or due to an underlying immune dysfunction is currently unknown. While both humans
and horses develop genital warts, there are significant differences between the two entities.
Unlike human genital warts that are sexually transmitted, the method of transmission of the
causative equine PV is currently unknown. Additionally, equine genital warts appear much
less likely to spontaneously resolve and much more likely to progress to neoplasia than
human genital warts. Although reported in humans, cats, and horses, oral warts are only
common in dogs. The majority of canine oral warts are expected to spontaneously resolve
after a variable length of time. However, a small minority persist and continue to develop
over an extended time. Currently, there are no consistently effective treatments for these
dogs and a poor prognosis is currently recommended when warts develop and persist over
a 12-month period. While there has been intense research on ways to hasten the resolution
of human warts, therapies used today are based on destruction of the wart itself with little
progress made on therapies that attempt to trigger the immune system to attack cells infected
by PVs. People very rarely develop progressive and persistent recalcitrant warts and these
people usually have T-cell defects preventing a normal cell-mediated immune response.
Due to the underlying immune defect, no consistent curative treatment has been identified
for these patients. Only small numbers of dogs with a >1 year history of progressive and
persistent warts have been reported. It is likely these dogs were also unable to mount an
effective immune response against the PV infection and, as often in humans, no treatment
was curative.
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Figure 1.
Schematic genomic organization of Felis catus papillomavirus type 5 showing the circular

arrangement of the papillomaviral DNA and the organization of the 5 early (E) and 2 late (L)
open reading frames.
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Figure 2.
Cutaneous wart, dog. The wart appears as an exophytic vegetative mass on the toe of this

dog. The frond-like appearance of the surface is due to the folding of the epidermis caused
by papillomavirus-induced epidermal hyperplasia (Image courtesy of Dr Scott Martin).
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folded epidermis

contain marked papillomaviral-induced cellular changes. These include cells with cytoplasm

that is expanded by large quantities of amorphous basophilic material and cells that have a
dark nucleus with an irregular nuclear membrane surrounded by a clear cytoplasmic halo

Cutaneous wart, dog. A high proportion of cells within the thickened
(koilocytes; arrows). Scale bar = 30pm. Haematoxylin and eosin.

Figure 3.
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Figure 4.
Cutaneous warts, horse. The warts appear as multiple small exophytic lesions on the muzzle

of this young horse. These warts resolved spontaneously and did not appear to cause
discomfort (Image courtesy of Dr Emma Gordon).
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Figureb.
Penile papillomatosis, horse. The penis is covered by numerous warts and plaques. Some of

the warts are covered in a thick layer of keratin that has resulted in a ‘horn-like’ appearance.
These warts were stable for around two years. Progression to squamous cell carcinoma then
occurred necessitating euthanasia of the horse (Image courtesy of Dr Richard Malik).
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Figure®6.
Penile wart, horse. The epithelium is markedly thickened throughout the section. However,

an area of folding has resulted in an exophytic papillomatous mass that is covered by
increased quantities of keratin. PCR amplified Equulis caballus papillomavirus type 2 DNA
from the lesion. Scale bar = 0.5mm. Haematoxylin and eosin.
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Figure 7.
Oral warts, dog. The warts are exophytic and either appear smooth or have a more

roughened surface. The warts in this dog remained small and, as expected for the vast
majority of cases, resolved spontaneously (Image courtesy of Dr Anne Quain).
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Figure8.
Oral warts, dog. The warts in this dog were first observed over a year ago and have

continued to grow since this time. Additionally, new warts are continuing to develop in
the mouth of this dog. Warts recurred after surgical excision. This dog most likely has
an immune disorder that prevents the development of a normal cell-mediated response to
papillomavirus infection (Image courtesy of Dr Margherita Gracis).
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