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Oncology

Equine Penile Squamous Cell Carcinomas
Are Associated With the Presence of Equine
Papillomavirus Type 2 DNA Sequences

C. G. Knight1, J. S. Munday1, J. Peters2, and M. Dunowska1

Abstract
Forty cases of equine penile disease were screened with polymerase chain reaction for the presence of papillomaviral DNA. Cases
consisted of 20 squamous cell carcinomas (average age of horse, 23.9 years) and 20 non–squamous cell carcinoma diseases
(average age of horse, 13.3 years). All horses but one originated from the Northeastern United States. Breeds were not
recorded. As based on MY09/MY11 consensus primers, DNA sequences from equine papillomavirus type 2 were amplified
from 9 of 20 horses (45%) with penile squamous cell carcinoma and only 1 of 20 horses (5%) with non–squamous cell
carcinoma penile disease. Equine papillomavirus type 2 DNA was the only papillomaviral DNA amplified from any of the 40
horses. Tissues from the 10 horses in which papillomaviral DNA was detected by polymerase chain reaction were also
screened with in situ hybridization and immunohistochemistry. The presence of papillomavirus was demonstrated in a subset
of these by in situ hybridization (6 of 10) and immunohistochemistry (1 of 10). This report describes a possible association
between equine penile squamous cell carcinomas and equine papillomavirus type 2. This study is also the first report of
equine papillomavirus type 2 infection in North American horses.
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Squamous cell carcinomas (SCCs) constitute approximately

18% of all equine cutaneous neoplasms.23 Of these, 45% are

reported to involve the male external genitalia,22 and SCCs are

the most common neoplasm in this location.24 Equine penile

SCCs (PSCCs) commonly recur after treatment, and the

long-term prognosis is poor.5,12 Whereas ultraviolet light is

an accepted cause of SCC in sun-exposed skin in some species,

ultraviolet overexposure may be a less likely cause of equine

PSCCs because of the ventral location of the male genitalia.

Although equine PSCCs have been associated with chronic

inflammation and smegma accumulation, the role of these fac-

tors in neoplasm development is unclear.8,25

Approximately 5% of all human cancers and 50% of human

PSCCs are caused by papillomavirus (PV) infection.2,16 The

aim of this study is to investigate whether equine PSCCs are

also associated with PV infection. The rate of detection of PVs

in equine PSCCs is compared with the rate of detection in non-

SCC equine penile lesions. If PVs are detected more frequently

in PSCC than non-SCC lesions, this will provide evidence of a

possible association between equine PSCC and PV infection.

Materials and Methods

Cases of equine penile disease were located by searching the

archives of the Department of Biomedical Sciences, Cornell

University, College of Veterinary Medicine, Ithaca, New York.

Histologic diagnoses were confirmed for this study by one of

the authors (J.P.). Ages were recorded, where available. Stan-

dard tests for normality were conducted using SAS 9.1. Differ-

entiation between samples from geldings and stallions was not

possible, because this information was not recorded.

For polymerase chain reaction (PCR), DNA was extracted

from formalin-fixed paraffin-embedded tissues. Briefly,

10-mm sections were deparaffinized with xylene and then

washed twice with ethanol. DNA was extracted with a DNeasy

Blood & Tissue Kit (Qiagen GmbH, Hilden, Germany) accord-

ing to manufacturer’s instructions. Two primer sets were used

to amplify PV DNA from the samples by PCR. Both primer

sets amplify conserved regions of the PV L1 gene.6,9 The pri-

mer set MY09/MY11 detects mucosal-adapted PVs, whereas
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the primer set FAP59/FAP64 detects cutaneous-adapted

PVs.6,9 Both primer sets have been shown to detect PVs from

a variety of animal species.1 Amplification conditions for both

primer sets were as previously published.14 All PCR reactions

were carried out in duplicate. DNA extracted from a bovine

cutaneous fibropapilloma was used as a positive control,

whereas template DNA was not included in the negative con-

trols. Differences in PV detection rates were analyzed with

Fisher exact test on a w2 model, as performed with SPSS 15.0.

Amplicons were purified (Qiaex II 150 Gel Extraction Kit,

Qiagen GmbH) and subjected to automatic dye-terminator

cycle sequencing with BigDye Terminator 3.1 Ready Reaction

Cycle Sequencing Kit and with an ABI3730 Genetic Analyzer

(Applied Biosystems Inc, Foster City, CA). Results were com-

pared with known sequences from GenBank (http://

www.ncbi.nlm.nih.gov/Genbank/) using the basic local align-

ment search tool (BLAST; http://blast.ncbi.nlm.nih.gov/

Blast.cgi).

In situ hybridization (ISH) for PV was performed using the

Discovery automated slide-processing system (Ventana Medi-

cal Systems Inc, Tucson, AZ). The slides received pretreatment

through mild cell conditioning using the citrate buffer–based

RiboCC reagent (Ventana Medical Systems Inc) and enzyme

pretreatment with Protease 3 for 12 minutes (Ventana Medical

Systems Inc) as programmed. The sections were then incubated

for hybridization with a generic antisense probe for PVs at

200 ng per slide for 1 hour at 37�C after a denaturing step for

4 minutes at 95�C (technique courtesy of Dr Matti Kiupel, of

Michigan State University’s Department of Pathobiology and

Diagnostic Investigation). Three stringency wash steps using

0.5� Ribo-Wash (Ventana Medical Systems Inc; equivalent

to 0.5� saline sodium citrate) for 4 minutes at 42�C were fol-

lowed by incubation of anti-rabbit anti-digoxigenin antibody

(Sigma, St Louis, MO) for 32 minutes at 42�C. After streptavi-
din–alkaline phosphatase conjugate UMap anti-Rb AP (Ventana

Medical Systems Inc) incubation for 16 minutes at 42�C, the sig-
nal was automatically detected with the BlueMap NBT/BCIP

substrate kit (Ventana Medical Systems Inc) for 2 hours at

42�C. Finally, the sections were counterstained with the nuclear

fast red–equivalent reagent Red Stain II (Ventana Medical

Systems Inc) for 4 minutes before coverslipping.

Immunohistochemical (IHC) labeling was performed with

an antibody that detects human PVs 1, 6, 11, 16, 18, and 31

(Lifespan Biosciences, Seattle, WA ). Briefly, IHC staining

was performed with an automated staining system (Bench-

mark, Ventana Medical Systems Inc) that incorporated a com-

mercial detection system (Enhanced V-Red Detection Kit,

Ventana Medical Systems Inc). Antigen retrieval was achieved

by incubating slides in a high-pH antigen retrieval solution

(CC2 Std, Ventana Medical Systems Inc, Tucson, AZ) for 60

minutes. The primary antibody was applied at a concentration

of 1:100 for 32 minutes. Sections were counterstained with

hematoxylin. Positive control specimens included tissues

known to be infected with canine PV. For negative control spe-

cimens, the primary antibody was replaced with Tris-buffer sal-

ine (Dako, Carpinteria, CA).

Results

Forty cases of equine penile disease were identified. These

included 20 PSCCs and 20 cases of non-SCC penile disease

(Table 1). The ages were available for 18 of 20 horses from the

PSCC group and 14 of 20 horses from the non-SCC group. The

average age of horses in the SCC group (23.9 years) was signif-

icantly higher than the average age of horses in the non-SCC

group (13.3 years; P < .001). Age data for both groups followed

a normal distribution. All horses in the study originated from

the Northeastern United States with the exception of one,

which was from Virginia.

As based on MY09/MY11 primers, PV DNA was amplified

from 9 of 20 PSCCs. The PV DNA sequenced from all 9 was

98% to 100% similar to equine PV type 2 (EcPV-2; GenBank

accession No. EU503122). The mismatching of small numbers

of bases within the sequences is likely the result of errors in the

sequencing process rather than evidence of multiple PV types.

Based on MY09/MY11 primers, PV DNA was amplified from

only 1 of 20 horses with non-SCC penile disease. The PV DNA

amplified from this single case, a lesion of chronic ulcerative

and granulomatous balanoposthitis, was 99% similar to

EcPV-2 (GenBank accession No. EU503122). PV DNA was

also amplified from the bovine fibropapilloma control accord-

ing to MY09/MY11 primers. As based on the FAP59/FAP64

primer set, PV DNA was amplified from only the bovine cuta-

neous fibropapilloma control, suggesting that these primers

have low affinity for EcPV-2.

PV DNA was detected significantly more frequently in

lesions of equine PSCC than in lesions of non-SCC penile dis-

ease (P < .05). Because horses with PSCC in this study were

significantly older than those with non-SCC disease, it was

considered possible that older horses are more frequently

infected by PVs. However, the average age of horses in which

PV was detected (22.4 years) was compared with the average

age of horses in which PV was not detected (17.9 years), and

there was no significant difference (P ¼ .1470).

As based on ISH, PV DNA was detected in 6 of the 10

samples in which PV DNA had been detected by PCR. In

these cases, PV DNA was detected in the nuclei of scattered

neoplastic epithelial cells within lesions but not in adjacent,

histologically normal tissue (Fig. 1). As based on IHC, PV

antigen was detected in only 1 of the 10 samples in which

PV DNA had been detected by PCR. In this case, antigen

was detected in the nucleus of scattered neoplastic epithelial

cells but not in adjacent, histologically normal tissue

(Fig. 2).

Discussion

In this study PV DNA was detected by PCR significantly more

frequently in equine PSCCs than in non-SCC penile diseases.

In all 9 cases of PSCC in which PV DNA was detected,

sequences from EcPV-2 were amplified. This report describes

a possible association between PSCCs and EcPV-2, and is the

first report of EcPV-2 infection in North American horses.
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EcPV-2 is distinct from EcPV-1, which causes self-limiting

cutaneous papillomas in young horses.19 EcPV-1 has never

been demonstrated in equine genital lesions, even those in

which PV was visible immunohistochemically.15 EcPV-2,

the complete genome of which was characterized in 2008

(GenBank accession No. EU503122), is classified as a

Dyoiotapapillomavirus, the only member of this genus.3

In contrast, EcPV-1 belongs in the genus Zetapapillomavirus,

and human PV 16, strongly associated with human penile can-

cer, is an Alphapapillomavirus.2,7

In humans, approximately half of PSCCs are associated with

PV infection. For certain histologic subtypes, PV DNA can be

identified in close to 100% of PSCCs.2,4,20 In horses, reports of

an association between PVs and PSCCs are limited to the pres-

ent study and a single conference presentation.21

The significantly higher rate of detection of EcPV-2 in

PSCCs in the current study suggests an association between

this PV and equine genital neoplasia. However, given that PVs

can asymptomatically infect skin, it is not possible to determine

whether the PV is the cause of neoplasia in this study or simply

an ‘‘innocent bystander.’’13 To prove that EcPV-2 causes

equine PSCCs, further work is needed to investigate an onco-

genic mechanism of the PV. Additionally, determining the inci-

dence of EcPV-2 in horses and the mechanism of transmission

may provide additional information on the relationship of this

PV to equine PSCCs.

In addition to papillomas and invasive SCCs, a well-

recognized lesion on the genitalia of old horses is the ‘‘precan-

cerous plaque.’’ Precancerous plaques cannot be grossly distin-

guished from papillomas or SCCs and, because they frequently

progress to invasive SCC, they are considered premalig-

nant.5,10,12 Histologically, they consist of a dysplastic and

hyperplastic epithelium, with or without koilocytes, overlying

an intact basement membrane.26 In a recent study, DNA of

an unspecified PV was amplified by PCR from 10 of 10 penile

and vulvar plaques.26 These findings, along with the frequent

detection of EcPV-2 in PSCCs in the current study, raise the

possibility that the unspecified PV in precancerous plaques

may be EcPV-2. In the current study, EcPV-2 DNA was ampli-

fied from 1 of 20 lesions of non-SCC disease. It is possible that

this lesion, from a 14-year-old horse diagnosed with ‘‘chronic

ulcerative and granulomatous balanoposthitis,’’ may have repre-

sented an early lesion of SCC, suggesting that PCR detection of

EcPV-2 is warranted in cases of equine penile disease lacking a

definitive diagnosis.

Interestingly, a 2007 study amplified a novel PV DNA

sequence from 3 equine genital papillomas.19 It is possible that

the 2007 study actually amplified EcPV-2 DNA but could not

classify it, because the EcPV-2 sequence was not added to

GenBank until 2008. EcPV-2 sequences have recently been

amplified from equine penile papillomas (C. G. Knight et al,

unpublished data).

Several nonviral causes of equine PSCCs have been pro-

posed. Because of the reported higher incidence of PSCCs in

horses with lightly pigmented genital skin, ultraviolet radiation

exposure has been suggested to promote neoplasm develop-

ment.5,11 However, darkly pigmented horses also develop

PSCCs.5,11 The accumulation of preputial smegma has been

suggested as promoting equine PSCCs. While early studies

reported that smegmawas carcinogenic,18 this finding is not uni-

versally accepted.25 A possible role of smegma in development

of equine PSCC was supported by the observation that geldings

Table 1. Study Horses: Ages, Original Diagnoses, and EcPV-2
Amplification

Horsea Age, Years Diagnosis

1 19 PSCC
2 30 PSCC
3 22 PSCC
4 38 PSCC
5 20 PSCC
6 20 PSCC
7 21 PSCC
8 20 PSCC
9 20 PSCC
10 29 PSCC
11 20 PSCC
12 25 PSCC
13 30 PSCC
14 10 PSCC
15 28 PSCC
16 Unknown PSCC
17 22 PSCC
18 27 PSCC
19 30 PSCC
20 Unknown PSCC
21 14 Chronic ulcerative and

granulomatous
balanoposthitis

22 4 Granulation / ulceration
23 Unknown Chronic balanitis
24 0.0274 (10 days) Lymphocytic and

granulomatous posthitis
25 Unknown Inflammatory polyp
26 16 Inflammatory polyp
27 17 Eosinophilic granuloma
28 Unknown Eosinophilic granuloma
29 13 Eosinophilic dermatitis with

lymphoid hyperplasia
30 17 Ductal apocrine adenoma
31 14 Focal neutrophilic vasculitis
32 ‘‘Old’’ Melanoma
33 14 Melanoma
34 Unknown Amelanotic melanoma
35 25 Undifferentiated sarcoma /

amelanotic melanoma
36 18 Lymphosarcoma
37 12 Lymphosarcoma
38 14 Mastocytoma
39 ‘‘Mature’’ Tricholemmoma
40b 8 Habronemiasis

EcPV-2¼Equine papillomavirus type 2; PSCC¼ penile squamous cell carcinoma.
a Horse Nos. 1–9 and 21: EcPV-2 DNA amplified.
b Horse originating from Virginia. All others originated from the Northeastern
United States.
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develop PSCC more frequently than do stallions, which tend to

accumulate less smegma.5,8 This observation is not supported by

all studies.10,12 In humans, chronic inflammation is associated

with PSCC development.4 Histologically, equine PSCCs often

contain infiltrates of chronic inflammatory cells, but these are

thought to be a response to the tumor, rather than a cause.17

In the current study, tissues from the 10 horses in which PV

DNA was detected by PCR were also screened using ISH and

IHC. The presence of PV was demonstrated in a subset of these

by ISH (6 of 10) and IHC (1 of 10), which suggests that PCR is

a more sensitive test for the presence of EcPV-2 than either ISH

or IHC; it also suggests that the virus is present in low quanti-

ties. In contrast to PCR or ISH, IHC detects structural capsid

antigens and demonstrates these when replicating PV is pres-

ent. Lack of detection of viral antigen by IHC in 9 of 10 horses

in which PV DNA was amplified by PCR may indicate that

there was no replicating PV or that the amount of antigen was

reduced by prolonged formalin fixation.

In conclusion, the current study detected PV DNA by PCR

significantly more frequently in equine PSCCs than in non-

SCC lesions of the penis. The only PV amplified was EcPV-2.

Although this study suggests that EcPV-2 is associated with a

proportion of equine PSCCs, additional experiments are

required to determine whether EcPV-2 is a cause of neoplasia.
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Abstract

A 9-year-old gelding presented with approximately

100 papillomas that covered about 75% of the distal

penis. Biopsy was performed, and histology showed

evidence of viral cytopathic change and koilocytosis.

Polymerase chain reaction using DNA extracted

from biopsied tissue amplified equine papillomavirus

type 2 (EcPV-2) DNA sequences. Sixteen months

later, the horse was re-examined and the appearance

of the papillomas was unchanged. Equine papillo-

mavirus type 2 DNA sequences were again amplified

from both biopsied tissue and swabs of the penis.

Papillomavirus was localized to the lesions by

immunohistochemistry and in situ hybridization. An

examination 2 years after the initial presentation

revealed no detectable change in the appearance of

the penis. The large number of papillomas and their

failure to regress over an extended period support

a clinical classification of papillomatosis. To the

authors’ knowledge, this is the first report of papillo-

matosis of the equine penis. This novel clinical mani-

festation suggests that persistent EcPV-2 infection is

possible in horses. As there is evidence that EcPV-2

may promote development of equine penile squa-

mous cell carcinoma, understanding the natural his-

tory of EcPV-2 infections may be important in

preventing equine penile neoplasia.

Accepted 8 April 2011

Introduction

A gelding from New Zealand presented with numerous

nonresolving papillomas that covered the majority of the

distal penis. Polymerase chain reaction (PCR), immuno-

histochemistry (IHC) and in situ hybridization (ISH) were

used to demonstrate equine papillomavirus type 2

(EcPV-2) DNA and antigen in lesions from this horse.

While recent studies have demonstrated an association

between EcPV-2 and squamous cell carcinomas (SCCs)1–3

and equine genital papillomas,2,3 to the authors’ knowl-

edge, this clinical manifestation of EcPV-2 infection has

not been previously reported. Additionally, this is the first

time that repeated sampling has shown that horses can

remain persistently infected with EcPV-2. Owing to the

extensive involvement of the penis in this case, the term

equine penile papillomatosis is proposed.

Case report

A 9-year-old standardbred cross gelding presented with a

several-month history of excessive preputial debris and

infrequent protrusion of the penis from the sheath. The

horse was sedated routinely and the penis exteriorized.

Extending distally from the preputial ring, both the free

part of the penis and the glans penis were covered by

approximately 100 discrete to confluent, raised, smooth-

surfaced, broad-based masses up to 2 cm in diameter

(Figure 1). These were largest and most numerous proxi-

mally, leaving no normal skin between masses, but were

discrete and smaller distally. Ulceration was not present.

Multifocally, masses produced hard, keratinized horns up

to 1.5 cm in length.

Biopsy of three representative masses on the penis

was performed under local anaesthesia. Samples were

processed routinely for histological examination. All three

masses consisted of well-demarcated areas of epidermal

hyperplasia and hyperkeratosis, with retention of orderly

keratinocyte maturation and no penetration of the under-

lying basement membrane (Figure 2a). Keratinocytes of

the stratum granulosum frequently contained giant kera-

tohyalin granules and increased amounts of wispy

grey-blue cytoplasm, consistent with viral cytopathic

change. The nuclei of these cells were pale and vesicular

and occasionally contained eosinophilic intranuclear

bodies consistent with viral inclusions (Figure 2b). Deeper

within the epidermis, numerous keratinocytes had dark,

condensed nuclei surrounded by a clear cytoplasmic halo

(koilocytosis; Figure 2b).

Polymerase chain reaction was used to amplify papillo-

mavirus (PV) DNA from formalin-fixed, paraffin-embedded

penile tissues. Papillomavirus DNA sequences were

amplified from all penile samples using the MY09 ⁄MY11

consensus primer set, which detects mucosal-adapted

PVs in a variety of animal species.4 No PV DNA sequences
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were amplified from penile biopsy samples using the

FAP59 ⁄FAP64 consensus primer set, which detects

cutaneous-adapted PVs.5 Both DNA extraction and

PCR were performed according to previously published

methods.1,6

Amplified PV DNA was sequenced and results were

compared with known sequences from GenBank.1 Papil-

lomavirus DNA from the penile biopsy samples was iden-

tical to EcPV-2 (GenBank accession number EU50312).

The horse was re-examined 16 months later. The penis

was examined as before. No evidence of ulceration was

observed, and comparison with photographs taken

16 months earlier showed neither progression nor regres-

sion of lesions (Figure 1).

Prior to biopsy, swabs from the surface of the affected

penis were collected to assess a less invasive method

than biopsy for diagnosing EcPV-2 infection. The tip of a

sterile cotton-tipped swab was moistened in sterile saline

and drawn back and forth 15 times over an affected area

of approximately 5 cm · 5 cm according to a previously

published method.7 The swab tip was then placed into

500 lL of sterile saline in an Eppendorf tube and frozen at

)20�C until used. To extract DNA from frozen swabs, the

Eppendorf tube containing 500 lL thawed saline and the

swab tip was vortexed for 15 s. The swab tip was then

discarded. The tube and fluid were centrifuged at 5900 g

for 3 min and the supernatant was aspirated and dis-

carded. The residual tissue pellet was resuspended in

200 lL of sterile saline. DNA was extracted from the

swab suspension using a DNeasy blood and tissue kit

(Qiagen GmbH, Hilden, Germany) according to the manu-

facturer’s instructions.

After swabbing, three representative papillomas were

chosen for biopsy. Biopsy samples were then taken in

the same way as 16 months earlier, with one exception:

prior to each biopsy, scotch tape was used to remove sur-

face debris, as previously described.7

Histologically, all three masses were similar to those

taken 16 months earlier. Polymerase chain reaction using

the MY09 ⁄MY11 primer set amplified PV DNA

sequences from DNA extracted from biopsy tissues and

swabs. The PV DNA from all samples was between 98

and 100% similar to EcPV-2 (GenBank accession number

EU50312).

Immunohistochemistry was performed as previously

described1 and demonstrated PV antigen within the

nuclei of several hypertrophied keratinocytes, predomi-

nantly those of the stratum granulosum (Figure 2c).

Papillomaviral DNA was also visualized within hyper-

trophied keratinocytes using ISH. The PV DNA appeared

confined to the enlarged cells and was not detected

within keratinocytes in the deeper layers of the epider-

mis (Figure 2d). Papillomaviral ISH was performed by

Matti Kiupel.

Examination of the horse 8 months after the second

set of samples was taken did not reveal regression or pro-

gression of penile papillomas.

Discussion

In the horse described in this report, numerous papillo-

mas covered more than three-quarters of the free part of

the penis and glans. This was considered consistent with

the clinical classification of penile papillomatosis.8 To the

authors’ knowledge, genital papillomatosis has not been

described previously in horses. Equine papillomavirus

type 2 DNA was consistently amplified from penile

biopsy samples at different time points. This is the first

time that EcPV-2 has been detected within repeated sam-

ples from the same horse taken over an extended time

period, suggesting that this PV is able to infect some

horses persistently.

Equine papillomavirus type 2 DNA has previously been

associated with equine genital papillomas;2,3 however,

the horse described in this report appears to have devel-

oped a novel clinical manifestation of EcPV-2 infection.

The large number and lack of either resolution or progres-

sion of lesions over more than 2 years is unusual. Equine

genital papillomas are typically described as solitary and

progressive,9,10 although one text mentions that some

remain static for many years.9

In the present case, IHC and ISH were used to demon-

strate PV antigen and DNA, respectively, within the nuclei

of epithelial cells in papillomas but not in adjacent, histo-

logically normal epithelium. The localization of PV antigen

and DNA to the lesion is important, as EcPV-2 DNA has

previously been amplified by PCR from samples of clini-

cally normal equine epithelium,3 suggesting that asymp-

tomatic infection by this virus is possible. To the authors’

knowledge, ISH has not previously been used to localize

the presence of PV DNA within an equine papilloma.

Equine papillomavirus type 2 is classified as a Dyoiota-

papillomavirus, the only member of this genus.11 Little is

known about the transmission, prevalence or behaviour

of EcPV-2. It is unknown why some EcPV-2 infections

remain asymptomatic, while others are associated with

the development of genital lesions.

Figure 1. Penis of horse with penile papillomatosis. Photographs

are taken 16 months apart and demonstrate lack of either ulceration

or lesion progression. The haemorrhage in the right-hand photograph

is due to biopsy. Multifocally, keratinized horns protrude up to 1.5 cm

from the skin surface (arrowhead). Abbreviations: FPP, free part of

the penis; GP, glans penis; PF, preputial fold; PO, preputial orifice;

and PR, preputial ring.
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Evidence suggests that PVs may be a significant cause

of SCCs in humans and domestic mammals.12 Equine

genital papillomas have been reported to progress to

SCCs,10,13 and EcPV-2 has recently been associated with

the development of equine penile SCCs.1–3 In the present

case, despite persistent PV infection and the presence of

numerous papillomas, there was no evidence of progres-

sion to SCC within a 2 year period. This suggests that

factors other than PV infection and the presence of papil-

lomas are needed for genital SCC development in horses.

This may be important when considering treatment

options for nonresolving equine genital papillomas.

The proximal extent of the papillomatosis in the present

horse was sharply demarcated by the preputial ring. The

preputial ring is unique to equids and is distinct from the

preputial orifice, which is present in all male domestic

mammals (Figure 3). In the retracted equine penis, the

skin proximal to the preputial ring is in constant, intimate

contact with the skin distal to the ring and, presumably,

each is exposed to any infectious agent carried by the

other. Therefore, the restriction of the papillomatosis to

the skin distal to the ring suggests that EcPV-2 has a spe-

cific tropism for the free part and glans of the penis. It

also suggests that skin proximal to the preputial ring may

have different properties to more distal skin of the penis,

despite there being no gross or histological difference.

On a practical level, it suggests that swabbing the prepu-

tial orifice of a retracted equine penis may be of limited

value in the diagnosis of EcPV-2 infection, and that the

glans and free part of the penis may need to be exterior-

ized for swabbing if false negatives are to be avoided.

The differential diagnosis for proliferative diseases of

the equine penis resembling papillomatosis includes

SCC, fibropapilloma and sarcoids. These diseases were

ruled out by gross and histological appearance and by

the absence of disease progression. Squamous cell

carcinoma would be expected to progress and become

invasive over a 2-year period, causing ulceration and

desmoplastic thickening of the penis.14 These were not

present in the present case, and lesions remained static.

Neither fibropapillomas of the penis, which may grossly

resemble the present case,15 nor sarcoids have histologi-

cal features consistent with those of the present horse. In

addition, the presence of PVwasdemonstrated by IHC and

(a) (b)

(c) (d)

Figure 2. (a) Photomicrograph of equine penile papilloma. Well-demarcated focus of epidermal hyperplasia. The junction of normal and hyperplas-

tic epidermis is sharply defined (arrow). The basement membrane is intact, and keratinocyte maturation is orderly. Haematoxylin & eosin. Scale

bar represents 200 lm. (b) Photomicrograph of equine penile papilloma. Keratinocytes within the stratum spinosum and stratum granulosum con-

tain evidence of viral effects, including expanded, pale cytoplasm with giant keratohyalin granules (arrows), koilocytosis (asterisks) and occasional

intranuclear inclusions (arrowhead). Haematoxylin & eosin. Scale bar represents 30 lm. (c) Photomicrograph of equine penile papilloma. Immuno-

histochemistry demonstrates papillomaviral antigen within the nuclei of several hypertrophic keratinocytes (arrows). Mouse monoclonal antibody

raised against sodium dodecyl sulfate-disrupted bovine PV type 1 that detects multiple papillomavirus types. Haematoxylin counterstain. Scale bar

represents 60 lm. (d) Photomicrograph of equine penile papilloma. In situ hybridization demonstrates papillomaviral DNA within the nuclei of

several hypertrophic keratinocytes (arrows). Hybridization with a generic antisense probe for papillomaviruses. Red Stain II counterstain. Scale bar

represents 60 lm.

ª 2011 The Authors. Veterinary Dermatology

572 ª 2011 ESVD and ACVD, Veterinary Dermatology, 22, 570–574.

Knight et al.



ISH in the epithelium in the present case, whereas PVs are

typically located in subepithelial fibroblasts in sarcoids.

In conclusion, this report describes a case of penile

papillomatosis in a gelding. Unusual features include the

extent and sharply demarcated anatomical distribution

of lesions, the lack of progression or regression of

lesions, and the consistent amplification of EcPV-2 DNA

sequences from biopsy samples and swabs over a

16 month period. A PV aetiology was supported by visual-

ization of PV antigen and DNA within lesions, but not in

surrounding skin. Therefore, penile papillomatosis

appears to represent a new clinical manifestation in the

disease spectrum associated with EcPV-2 infection. The

results suggest that persistent infection with EcPV-2 is

possible. While EcPV-2 has been associated with the

development of equine penile SCCs, observations from

the present case suggest that factors in addition to the

presence of papillomas and EcPV-2 are needed for neo-

plastic transformation. As more is learned about this

virus, and its role in equine genital lesions becomes

clearer, improvements in therapy or prognosis may

become possible.
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Résumé Un hongre de 9 ans est présenté avec approximativement 100 papillomes qui couvrent près de

75% de l’extrémité distale du pénis. Des biopsies ont été réalisées et l’examen histopathologique a révélé

la présence de modifications cytopathiques virales et de la koı̈locytose. Une PCR sur ADN tissulaire des

biopsies a permis l’amplification de séquences d’ADN du papillomavirus équin de type 2 (EcPV-2). Seize

mois plus tard, le cheval était réexaminé et l’apparence des papillomes était inchangée. Les séquences

d’ADN de EcPV-2 ont été de nouveau amplifiées à partir des deux biopsies tissulaires et des écouvillons

péniens. Un examen immunohistochimique et une hybridation in situ ont localisé le papillomavirus dans les

lésions. Un examen deux ans après la présentation initiale n’a révélé aucun changement dans l’apparence

du pénis. Le grand nombre de papillomes et l’absence de régression sur une longue période supporte la

Figure 3. Anatomy of the normal equine penis for comparison with

Figure 1. Note that the preputial ring is the junction between the pre-

putial fold and the free part of the penis. Abbreviations: FPP, free part

of the penis; GP, glans penis; PF, preputial fold; PO, preputial orifice;

and PR, preputial ring. Image courtesy of Cornell University College

of Veterinary Medicine.
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classification clinique de papillomatose. A la connaissance des auteurs, ceci est le premier rapport de

papillomatose pénienne chez le cheval. Cette nouvelle manifestation clinique suggère qu’une infection à

EcPV-2 persistante est possible chez le cheval. Il existe des éléments pour prouver que le EcPV-2 peut

entrainer le développement de carcinomes épidermoı̈des péniens chez le cheval. Ainsi, comprendre l’évo-

lution naturelle des infections à EcPV-2 pourrait être important dans la prévention des tumeurs péniennes

du cheval.

Resumen Un semental de 9 años de edad se presentó con aproximadamente 100 papilomas que

cubrı́an alrededor del 75% del pene distal. Se obtuvo una biopsia y la histologı́a demostró coilocitosis y

otros cambios asociados con infección viral. La reacción de PCR utilizando DNA extraı́do de tejido lesional

amplificó secuencias del virus papiloma equino tipo 2 ( EcPV-2). Dieciséis meses después el caballo fue

reexaminado y el aspecto de los papilomas permaneció sin cambios. Las secuencias de DNA EcPV-2

fueron nuevamente amplificadas en el tejido de biopsia y de hisopos del pene. Se localizó papilomavirus en

las lesiones mediante inmunohistoquı́mica e hibridación in situ. Un examen 2 años después de la presenta-

ción inicial no reveló ningún cambio detectable en el aspecto del pene. El número tan grande de papilomas

y la ausencia de regresión espontanea en un perı́odo tan largo de tiempo sugiere una denominación clinica

de papilomatosis. A nuestro entender este es el primer informe del papilomatosis del pene equino. Esta

novedosa manifestación clı́nica sugiere que la infección persistente con EcPV-2 es posible en caballos.

Como hay evidencia de que EcPV-2 puede promover el desarrollo de carcinoma de escamosas del pene en

equinos, entender la historia natural de las infecciones por EcPV-2 puede ser importante en la prevención

de neoplasia del pene en equinos.

Zusammenfassung Ein 9-Jahre alter Wallach wurde mit ungefähr 100 Papillomen, die etwa 75% des

distalen Penis bedeckten, vorgestellt. Eine Biopsie wurde durchgeführt und die histologische Untersu-

chung zeigte das Auftreten einer zytopathischen Veränderung sowie Koilozytose. Eine Polymeraseketten-

reaktion mit DNA aus biopsiertem Gewebe amplifizierte DNA Sequenzen des equinen Papillomavirus Typ

2 (EcPV-2). Sechzehn Monate später wurde das Pferd wieder untersucht und das Erscheinungsbild der

Papillome war unverändert. EcPV-2 DNA Sequenzen wurden wiederum aus Biopsien wie auch aus Tup-

fern, die vom Penis entnommen worden waren, amplifiziert. Papillomavirus wurde in den Lokalisationen

mittels Immunhistochemie und in situ Hybridisierung nachgewiesen. Zwei Jahre nach der Erstpräsentation

zeigte eine neuerliche Untersuchung keine erkennbare Veränderung im Aussehen des Penis. Die große

Anzahl an Papillomen und die Tatsache, dass sie sich über einen langen Zeitraum nicht zurückbildeten, bek-

räftigt die klinische Klassifizierung als Papillomatose. Nach dem besten Wissen der Autoren handelt es sich

hierbei um den ersten Bericht einer Papillomatose des Pferdepenis. Diese neue klinische Manifestation

weist auf die Möglichkeit persistierender EcPV-2 Infektionen bei Pferden hin. Da es Beweise gibt, dass

EcPV-2 die Entstehung von Plattenepithelkarzinomen am Penis des Pferdes begünstigt, könnte das Wis-

sen über den natürlichen Krankheitsverlauf von EcPV-2 Infektionen bei der Verhinderung von Neoplasien

am Penis des Pferdes wichtig sein.
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Short communication

Comparison of the levels of Equus caballus papillomavirus type
2 (EcPV-2) DNA in equine squamous cell carcinomas and
non-cancerous tissues using quantitative PCR

Cameron G. Knight a,*, Magda Dunowska a, John S. Munday a,
Jeanine Peters-Kennedy b, Brielle V. Rosa a

a Institute of Veterinary, Animal & Biomedical Sciences, Massey University, Palmerston North 4474, New Zealand
bDepartment of Biomedical Sciences, College of Veterinary Medicine, Ithaca 14853, NY, USA

1. Introduction

Squamous cell carcinomas (SCCs) are the most common
neoplasm of the equine penis (van den Top et al., 2008).
Penile SCCs may recur after treatment and the long-term
prognosis can be poor (Howarth et al., 1991). Although

equine penile SCCs have been previously associated with
ultraviolet light exposure, chronic inflammation and
smegma accumulation, the role of these factors in
neoplasm development remains unclear (Elce, 2009).

An association between Equus caballus papillomavirus
type 2 (EcPV-2) infection and equine penile SCCs has been
recently suggested by several authors based on detection
of EcPV-2 in SCC tissues (Bogaert et al., 2012; Knight et al.,
2011; Lange et al., 2012; Scase et al., 2010). Two of these
studies, in addition, investigated the presence of EcPV-2
DNA in tissues from penile lesions other than SCC or its
precursor lesions (Knight et al., 2011; Lange et al., 2012). To
date, however, there have been just two investigations into
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A B S T R A C T

Equus caballus papillomavirus type 2 (EcPV-2) infection has been associated with equine

genital squamous cell carcinomas (SCCs). However, quantitative PCR (qPCR) has not been

performed to determine viral copy numbers within these lesions. Additionally, the

frequency with which EcPV-2 can be detected in other common sites of equine SCC

development remains uncertain. The aim of this study was to develop a qPCR assay to

estimate the viral load in a variety of equine tissue samples. These included 40 SCC lesions,

19 penile non-SCC or precursor disease lesions, and 222 tissues without observable lesions

from SCC-prone sites on clinically normal horses. EcPV-2 DNA was present significantly

more frequently, and in higher copy numbers, in equine penile SCC lesions than in either

healthy penile mucosa or non-SCC penile lesions. This supports the hypothesis that EcPV-2

is involved in development of penile SCCs and suggests that penile EcPV-2 infection is rare

in the absence of SCCs. Samples of normal vulval mucosa rarely contained EcPV-2 DNA and

none of the nictitating membrane samples contained EcPV-2 DNA, indicating that

asymptomatic EcPV-2 infection is uncommon at these sites. EcPV-2 DNA was detected in a

proportion of both SCCs and normal samples from the oral cavity or pharynx, although

there were no significant differences in the rate of infection or viral copy number between

the SCCs and the normal mucosal samples. As such, the role of EcPV-2 in development of

SCCs in this location remains to be established
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the prevalence of EcPV-2 infection in clinically normal
horses (Bogaert et al., 2012; Sykora et al., 2012).
Furthermore, all studies to date have used conventional
PCR to detect EcPV-2. As this does not allow quantification
of PV DNA, it is currently unknown whether SCCs and non-
SCC tissues contain different copy numbers of EcPV-2.

The first aim of this study was to screen a large number
of penile samples to compare the EcPV-2 infection rates
and levels of EcPV-2 DNA in clinically normal and diseased
horses in order to further investigate a causative associa-
tion between EcPV-2 infection and development of penile
SCCs. The second aim of this study was to screen a large
number of normal and neoplastic equine oral or phar-
yngeal tissues for EcPV-2 DNA. In humans, up to one third
of oropharyngeal SCCs are thought to be caused by PV
infection (Kreimer et al., 2005). The final aim of this study
was to screen a large number of vulval mucosal samples
and nictitating membranes from healthy horses for EcPV-
2. Horses frequently develop SCCs of the vulva and eye or
its adnexa. Although these SCCs are thought to be
associated with ultraviolet (UV) light exposure (Giuliano,
2010; McCue, 1998), a non-EcPV-2 PV has been detected in
a proportion of ocular SCCs (Kim et al., 2009). In the current
study, qPCR was used to determine the levels of EcPV-2
DNA in a series of clinically normal vulval mucosal samples
and nictitating membranes.

2. Materials and methods

2.1. Samples

Samples for this study were collected from two sources.
Firstly, 222 fresh tissue samples were collected using
sterile technique from 75 clinically normal horses that
were slaughtered on one day at an abattoir in southern
New Zealand. Samples were collected as follows: penile
mucosa (n = 32) was sampled at the junction of the glans
penis and the free part of the penis; vulval mucosa (n = 40)
was sampled from the vulvovestibular floor lateral to the
clitoral fossa; pharyngeal mucosa (n = 75) was sampled at
the aryepiglottic fold; nictitating membranes (n = 75) were
exteriorized and excised. Samples were placed into
individual, labeled plastic bags on ice. Bags were shipped
to the laboratory overnight on ice and transferred to �80 8C
freezer for storage before DNA extraction. The ages of
horses were estimated by examining eruption and wear of
incisor teeth according to a previously published method
(Davis, 1988). The age of one horse could not be estimated.
Of the 74 horses whose ages were estimated, 32 were less
than 5 years of age, 16 were 6–10 years old, 14 were 11–15
years old, 10 were 16–20 years old and 2 were over 21
years old.

Secondly, 60 formalin-fixed, paraffin-embedded (FFPE)
tissue samples from diseased horses were obtained by
searching the archives of the Department of Biomedical
Sciences at the College of Veterinary Medicine, Cornell
University, Ithaca, NY, USA. The following samples were
collected: penile SCCs (n = 20), oral or pharyngeal SCCs
(n = 20), and penile non-SCC lesions (n = 20). Oral or
pharyngeal SCC samples did not include any samples from
anatomic locations that could have been exposed to UV

light (i.e., haired skin and mucocutaneous junctions were
excluded). Penile non-SCC lesions included 4 samples of
granulomatous balanoposthitis, 4 melanomas, 3 eosino-
philic granulomas, 2 inflammatory polyps, 2 lymphomas,
and single samples of habronemiasis, vasculitis, mast cell
tumor, tricholemmoma, and apocrine adenoma. Penile
non-SCC lesions did not include sarcoids or precursor
lesions of SCC, such as papillomas and precancerous
plaques. The age of each horse was determined from
patient records. The horses with penile SCCs had a mean
age of 23.9 years, while the horses with oral or pharyngeal
SCCs had a mean age of 19.2 years. The mean age of horses
with non-SCC penile lesions was 13.3 years.

2.2. DNA extraction and quantification

Total DNA was extracted from fresh and FFPE tissues
using a commercially available extraction kit according to
the manufacturer’s instructions (Roche High Pure PCR
Template Preparation Kit). For fresh tissues the ‘‘Isolation
of Nucleic Acids from Mammalian Tissues’’ protocol was
followed and 1 mm3 of tissue used. For FFPE tissues the
‘‘Isolation of Nucleic Acids from Formalin-Fixed Paraffin-
Embedded Tissues’’ protocol was followed and two 10 mm
thick block sections used. The quantity and quality of
extracted DNA were assessed using a Nanodrop spectro-
photometer (Thermo Scientific). The presence of amplifi-
able DNA was confirmed in each sample by qPCR with
equine beta actin primers, using a previously described
method (Bogaert et al., 2006). Samples testing negative for
beta actin were excluded from the analysis.

2.3. Generation of template for standard curve experiments

Forward MD.L1(B).F (GCGGTGTCGAGGTGTCACGG)
and reverse MD.L1(A).R (AGCGATCCACTTGGCGTGGC)
primers were designed to amplify a larger (591 bp)
fragment of the EcPV-2 L1 gene containing the sequence
targeted by qPCR. The sample from which this 591 bp
fragment was amplified was an equine SCC lesion shown
previously to be EcPV-2 positive. The PCR was performed
using HOT FIREPol Blend Master Mix (Solis BioDyne), a
final concentration of 0.4 mM of each primer and 0.5 mL
of template DNA in a total volume of 10 mL. The cycling
conditions consisted of a 10 min denaturation step
followed by 40 cycles of denaturation (95 8C for 20 s),
annealing (65 8C for 20 s) and elongation (72 8C for 60 s),
with a final extension step (72 8C for 10 min). The
identity of the PCR products was confirmed by sequen-
cing of a gel-purified (Qiaex II 150 Gel Extraction
Kit, Qiagen) amplicon. A stock solution containing
109 copies/mL of the gel-purified amplicon was prepared,
which was used for all subsequent standard curve
experiments.

2.4. Quantitative PCR assay

Quantitative PCR assays were run using an Eco real time
instrument (Illumina Inc., San Diego, CA, USA). The qPCR
was designed to amplify a 118 bp fragment of the EcPV-2
L1 gene. Each qPCR reaction was performed using
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AccuMeltTMHRM SuperMix (Quanta Biosciences, Gaithers-
burg, Maryland, USA), a final concentration of 0.5 mM of
each primer (MD.L1(B).F: GCGGTGTCGAGGTGTCACGG and
MD.L1(B).R): CGCTCCCCTGCAGCTTCCTG) and 2 mL of
template DNA in a total volume of 10 mL. The cycling
conditions consisted of a 15 min denaturation step
followed by 45 cycles of denaturation (95 8C for 2 s),
annealing (65 8C for 5 s) and elongation (72 8C for 25 s). The
cycling was followed by a melting step from 55 8C to 95 8C.
The viral copies per mL of template DNA were calculated
from quantification cycle (Cq) values using either Eco
(single run) or EcoStudy (multiple runs) software (Illumina
Inc.) based on the standard curve generated from serial
dilutions (108–100 copies/mL) of a stock solution contain-
ing a known concentration of a 591 bp fragment of the
EcPV-2 L1 gene. Values lower than 1 copy/mL were
extrapolated. Automatic threshold detection settings were
used. Samples were considered positive if the amplifica-
tion curve crossed the threshold, and there was a
corresponding melting peak between 85.3 8C and 85.6 8C.
The copy number values were then normalized to the
amount of template DNA added to each reaction volume
and expressed as viral copies per nanogram of template
DNA.

All standards and samples were run in duplicate, unless
specified otherwise. A non-template control (water) was
included in each run. For analysis of samples from multiple
runs, the master standard curve was used within the
EcoStudy software. One standard (106 copies/mL) was
designated as a plate control and included on each
contributing plate. Plates that showed a Cq variation
between a master standard and a control standard of �0.5
were considered valid.

2.5. Quantitative PCR assay validation

Validation was performed by determination of the
analytical sensitivity, linearity, precision and reproduci-
bility of the assay. The sensitivity of the assay was
determined by testing serial dilutions of a stock solution
containing a known concentration of a 591 bp sequence of
the EcPV-2 L1 gene. Linearity was assessed based on the

analysis of the standard curves (calculated reaction
efficiency and R2 values) generated from the same
standards. Precision was evaluated by calculating intra-
assay variability based on distribution of Cq values for 5
replicates of each standard in a single PCR run. Reprodu-
cibility was evaluated by calculating inter-assay variability
by comparison of the Cq values obtained for the same
standards in 3 separate PCR runs. The intra- and inter-
assay variability was expressed as coefficient of variation
(CV), which was calculated by dividing the Cq value of each
replicate of the standard by the mean Cq value for that
standard.

2.6. Statistical analysis

Data were analyzed in SAS 9.2. Fisher’s exact test was
used to compare the frequency of detection of EcPV-2 in
tissues with and without SCC. Differences in mean viral
load were compared using the Wilcoxon–Mann–Whitney
test. Differences were considered statistically significant if
p < 0.05.

3. Results and discussion

3.1. Performance of the qPCR assay

The qPCR assay was able to detect the equivalent of 1
copy of EcPV-2 genomic DNA, indicating good analytical
sensitivity. A single melting peak between 85.3 8C and
85.6 8C was observed in all runs (Fig. 1). The assay was
linear within the tested range from 1 to 108 target copies/
mL, with an efficiency of 99.6% and R2 of 0.994, calculated
based on 3 separate runs. The intra-assay CV values ranged
from 0.4% to 3.3%, indicating high precision of the assay.
The inter-assay CV values ranged from 0.4% to 2.9%,
indicating high reproducibility.

This study describes a sensitive qPCR assay for the
detection and quantification of EcPV-2 DNA in tissues. To
the authors’ knowledge this is the first quantitative, rather
than qualitative, description of EcPV-2 in neoplastic and
non-neoplastic tissues from horses. Quantitative PCR was
considered superior to conventional PCR in this study for

Fig. 1. Amplification curves (A), the corresponding standard curve (B) and melting peaks obtained (C) in a run to determine intra-assay variability of a qPCR

test to detect EcPV-2. Standards consisted of a serially diluted stock solution containing a known concentration of a 591 bp sequence of the EcPV-2 L1 gene

from an equine SCC lesion shown previously to be EcPV-2 positive. The assay shown in this figure had an efficiency of 94.45% and an R2 of 0.999.
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two reasons. Firstly, because viral DNA load may be
regarded as a surrogate marker of viral replication
(Weissenborn et al., 2010), qPCR provides an indication
of the biologic behavior of EcPV-2 within a lesion.
Secondly, contamination of samples can be problematic
when using highly sensitive PCR assays. Such contamina-
tion is likely to result in consistent, low levels of viral DNA
present within the samples. While conventional PCR will
record all such samples as positive, the use of qPCR allows
the amount of PV DNA within each group to be compared.

3.2. Testing of the samples

The results of EcPV-2 qPCR are shown in Table 1. One
sample, a penile non-SCC lesion, tested negative by beta-
actin qPCR and was excluded from the analysis. Overall,
EcPV-2 DNA sequences were detected in 27 of 281 (9.6%)
samples including 19 of 40 (47.5%) SCC lesions, 3 of 19
(15.8%) non-SCC lesions and 5 of 222 (2.3%) mucosal
samples taken from clinically normal horses. The copy
number of EcPV-2 ranged from 0.01 to 308.01 per ng
template DNA. The mean viral load within the 19 SCCs that
contained EcPV-2 DNA was 49.18 copies/ng template DNA.
This was significantly higher than the mean viral load
detected in the 8 EcPV-2-positive non-SCC samples
(2.29 copies/ng template DNA; p = 0.0006).

EcPV-2 DNA sequences were amplified from 21 of 71
(29.6%) penile samples. Sequences were detected signifi-
cantly more frequently in penile SCCs than in penile tissues
without SCC (p < 0.0001). EcPV-2 DNA was not detected
significantly more frequently in penile non-SCC disease
lesions than in clinically normal penile mucosa (p = 0.36).
This is in agreement with two earlier studies, in which
EcPV-2 DNA sequences were detected by PCR significantly
more frequently in penile SCC lesions than in non-SCC
lesions (Knight et al., 2011; Lange et al., 2012). A novel
finding in the current study was the viral load was
significantly higher (mean 55.79 copies/ng template DNA)
in penile SCC lesions than in the 5 samples of normal or
non-SCC penile lesions that contained EcPV-2 DNA (mean
3.66 copies/ng template DNA; p = 0.01). While this does
not prove that EcPV-2 causes SCC, it is one of the criteria
currently considered necessary for establishing microbial
disease causation (Fredericks and Relman, 1996), and

provides additional support for a link between EcPV-2
infection and development of equine penile SCCs.

When penile SCCs were excluded, there was no
significant difference in viral copy number between
EcPV-2-positive diseased penises and EcPV-2-positive
clinically normal penises. This suggests that equine penile
diseases other than SCC are not associated with an
increased EcPV-2 load. Since many non-SCC penile
diseases result in increased epithelial cell replication
due to ulceration and repair, this suggests that the higher
viral loads seen in SCCs are not simply a result of increased
epithelial cell division, but that EcPV-2 has a different
biologic behavior in SCCs.

Up to one third of human oropharyngeal cancers are
associated with human PV infection (Kreimer et al., 2005).
To date, no primary equine oral or pharyngeal SCCs have
been investigated for the presence of PV DNA, although
EcPV-2 DNA has been reported in two cases of SCC that
metastasized to the mouth or pharynx (Bogaert et al.,
2012; Kainzbauer et al., 2012). In the current study, EcPV-2
was detected within 5 of 95 samples of oral or pharyngeal
mucosa, confirming that the virus can infect these
epithelial surfaces. However, EcPV-2 was not detected
significantly more frequently in SCCs from the oral cavity
or pharynx (3/20 samples) than in non-SCC controls (2/75
samples). In addition, the mean viral load within the 3 SCCs
(13.92 EcPV-2 copies/ng template DNA) was not signifi-
cantly higher than the viral load detected in the normal
pharyngeal mucosal samples (0.02 EcPV-2 copies/ng tem-
plate DNA; p = 0.2). These data, therefore, do not support
the hypothesis of a causative link between EcPV-2
infection and development of SCC in oral and pharyngeal
regions. However, our results are based on a very small
sample size. Hence, a potential role of EcPV-2 in devel-
opment of oral or pharyngeal SCC cannot be fully excluded
and needs to be further investigated.

To the authors’ knowledge this study is the first to
investigate EcPV-2 infection rates in tissues from a large
number of healthy horses. Overall, EcPV-2 was detected in
only 5 of 222 tissue samples from 75 clinically healthy
horses, suggesting that EcPV-2 only rarely infects horses.
These results are similar to those of an earlier study, in
which EcPV-2 DNA was detected in just 5 of 124 swabs
from the genitalia and conjunctiva of healthy horses

Table 1

Summary of results of qPCR evaluation of equine tissues for the presence of Equus caballus papillomavirus type 2 (EcPV-2) DNA sequences.

Tissue Total samples Samples containing

EcPV-2 DNA (%)

Mean EcPV-2 copy number/ng

template DNA (range)

Penis

Non-lesional mucosa 32 2 (6.3) 7.40 (0.32–14.65)

Non-SCC lesiona 19 3 (15.8) 1.10 (0.03–3.17)

SCCa 20 16 (80.0)b 55.79 (0.55–308.01)b

Oral cavity or pharynx

Non-lesional mucosa 75 2 (2.7) 0.02 (0.01–0.02)

SCCa 20 3 (15.0) 13.92 (1.51–24.08)

Vulva

Non-lesional mucosa 40 1 (2.5) 0.006

Nictitating membrane

Non-lesional mucosa 75 0 (0) NA
a DNA was extracted from formalin-fixed paraffin-embedded tissues.
b Penile SCCs contained EcPV-2 DNA significantly more frequently and at significantly higher copy numbers than non-SCC penile samples (p < 0.05).

C.G. Knight et al. / Veterinary Microbiology 166 (2013) 257–262260



(Sykora et al., 2012). In other species, many PVs are
ubiquitous and detectable in a high proportion of clinically
normal animals, making it difficult to determine their role
in disease development (Lange et al., 2011; Munday and
Witham, 2010). The infrequent detection of EcPV-2 in
healthy horses in this study, in conjunction with its
frequent detection in SCCs, suggests that EcPV-2 is a
pathogenic virus rather than one of the many types of
commensal PVs that infect human and animal epithelia
(Antonsson and Hansson, 2002). It should be noted,
however, that the clinically normal horses sampled in
this study were from a restricted geographic location (the
South Island of New Zealand) and many of these horses
were younger than horses that typically develop SCCs.

In humans, vulval SCCs are also associated with PV
infection (Fox and Wells, 2003). In horses, a similar
association is plausible, given the association between
equine penile SCC and EcPV-2 infection. To date, the
number of equine vulvovaginal SCCs or precursor lesions
studied is small, but EcPV-2 DNA was detected in 4 of 5
vulval SCCs in one study (Scase et al., 2010), and in 2 of 2
vulvovaginal neoplasms (one SCC and one vaginal
intraepithelial neoplasia) in another (Bogaert et al.,
2012). In the current study, very low levels of EcPV-2
DNA were detected in only 1 of 40 samples of vulval/
vestibular mucosa from healthy mares, indicating that
this virus is not a common, commensal inhabitant of
healthy female genitalia. This is in agreement with two
earlier studies that reported EcPV-2 DNA in 2 of 51 vulval
swabs (Sykora et al., 2012) and in 0 of 20 vulval swabs
(Bogaert et al., 2012) from normal mares. Since EcPV-2
infection is uncommon in the vulva of normal mares, its
detection in vulval SCCs would make a causative associa-
tion more likely.

SCCs of the eye and its adnexa are well recognized in
horses and believed to be associated with ultraviolet light
exposure (Giuliano, 2010). While a novel, non-EcPV-2 PV
was detected in these tumors (Kim et al., 2009), there is
little evidence to date that EcPV-2 is involved in devel-
opment of SCCs in this location. EcPV-2 has only been
reported once in an equine ocular SCC (Kainzbauer et al.,
2012; Sykora et al., 2012). Another study reported
detection of EcPV-2 in 0 of 12 ocular SCCs (Scase et al.,
2010). It should be noted that EcPV-2 DNA sequences were
initially reported in 9 of 9 equine ocular SCCs in another
study, but this was later retracted (Vanderstraeten et al.,
2011). In the current study EcPV-2 DNA was not detected
in any of 75 nictitating membranes from clinically normal
horses, suggesting that infection by EcPV-2 is rare at this
location. This is in agreement with another study, in which
EcPV-2 DNA was detected in just 1 of 30 ocular swabs from
healthy horses (Sykora et al., 2012). The role, if any, of
EcPV-2 in SCC of the nictitating membrane should be
further investigated using a large number of SCC lesions
from this site.

4. Conclusions

In conclusion, the results of this study showed that
EcPV-2 was present significantly more frequently, and in
higher copy numbers, in equine penile SCC lesions than in

either healthy penile mucosa or in non-SCC penile
lesions. Healthy penile mucosa, or mucosa from penile
tissues affected by diseases other than SCC, rarely
harbored EcPV-2. These findings support the hypothesis
that EcPV-2 is etiologically involved in the development
of equine penile SCCs. In addition, the results of this study
provide the first evidence that EcPV-2 can infect clinically
normal pharyngeal mucosa and show that EcPV-2 may be
detected in a proportion of oral or pharyngeal SCCs. EcPV-
2 DNA was not detected in any of a large number of
healthy nictitating membranes, and was detected only
rarely in normal equine vulval mucosa, suggesting that
asymptomatic EcPV-2 infection is uncommon at these
sites. This study is the first to screen large numbers of
healthy equine tissues for EcPV-2 or to use quantitative
PCR to assess and to compare viral load in neoplastic and
non-neoplastic tissues. As evidence accumulates that PVs
are associated with neoplasia in domestic animals
(Munday and Kiupel, 2010), the results of this study
should provide useful information for future investiga-
tion into the role of EcPV-2 in the development of equine
neoplasia.
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