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INTRODUCTION

Sheep are currently recognised to be infected by four
different Ovis aries papillomavirus (OaPV) types. Both
0aPV1 and OaPV2 were fully sequenced and deposited
into GenBank by Australian researchers. While DNA se-
guences from both PV types have been detected in the
blood of clinically normal sheep,' neither PV type has
been associated with disease in this species. OaPV3
has been associated with cutaneous squamous cell
carcinomas in sheep, while OaPV4 was detected in an
ovine scrotal fibropapilloma.2 Although not associated
with any ovine disease, OaPV1 and OaPV2 DNA has
been detected in bladder neoplasms in cattle,® and
0aPV2 was reported to be the likely cause of an equine
sarcoid-like mass in the mouth of a pig.*

Viral papillomas (warts) develop as a result of PV-
induced epidermal hyperplasia. The hyperplasia is ad-
vantageous for the PV as it allows rapid PV replication
and the production of numerous infectious viral parti-
cles.® In most species, the hyperplasia is restricted to
the epidermis. However, ruminant Deltapapillomavirus
types can result in hyperplasia of both the epidermis and
the underlying connective tissue resulting in a fibropapil-
loma. Cutaneous fibropapillomas have been recognised
in sheep for 50years, yet there are only three previ-
ous reports in which molecular techniques were used
to investigate the causative PV ’[ype.zf"7 Surprisingly,
a different PV type was detected in each report with
0aPV4,2 bovine papillomavirus (BPV) type 2° and BPV1’
all reported as possible causes of ovine fibropapillomas.

Hanna J. Klobukowska?

| Karen Nicholson®

Seven of 60 Perendale sheep within a flock developed single or multiple exo-
phytic masses on their distal hind limbs. A mass was excised from one sheep
and histological evaluation revealed epidermal and mesenchymal prolifera-
tion, papillomavirus-induced keratinocyte changes and marked keratohyalin
clumping. Ovis aries papillomavirus type 2 DNA sequences were amplified
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In the present report, OaPV2 DNA sequences were
amplified from an ovine skin fibropapilloma, and it is
suggested that OaPV2 may be the fourth PV type asso-
ciated with cutaneous fibropapillomas in sheep.

CASE REPORT

Seven of 60 Perendale sheep, at 14 months of age, de-
veloped 1-2cm diameter, exophytic and circumscribed
cutaneous masses on the cranial surfaces of their hind
limbs, located approximately 5¢cm proximal to the cor-
onet. Single masses were present in five sheep with
two developing either two or three lesions. The sheep
had been shorn 10 weeks earlier. None of the affected
animals showed other evidence of clinical disease such
as lameness or visible loss of body condition.

On clinical examination, the lesions were hard and
grey-to-brown with a roughened surface which vari-
ably had multiple small villous-like projections. The sur-
rounding skin was not reddened, and the lesions were
not painful. Sheep of a similar age on the same farm
had developed severe crusting lesions on the feet that
had caused production losses 1year previously. Owing
to concern that the current masses could be the same
disease process, a mass from one sheep was surgically
excised, fixed in formalin and submitted for histological
examination.

Histological examination revealed a well-defined
1.5cm diameter proliferative lesion. At the periphery, the
epidermis was thickened with numerous thin rete pegs
extending into underlying expanded bland fibrous tissue
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(Figure 1a). Within more central areas, the thickened epi-
dermis was arranged in broad filiform projections sup-
ported by a thick core of bland fibrous stroma (Figure 1b).
The thickened epidermis throughout the mass was cov-
ered by increased quantities of eosinophilic keratin. Su-
perficial keratinocytes had markedly expanded clear to

FIGURE 1 Cutaneous fibropapilloma from the distal limb of

a 14-month-old Perendale sheep. (a) The periphery of the mass
is a typical fibropapilloma with hyperplastic epidermis forming
rete pegs that extend into underlying bland fibrous tissue. (b)
Central parts of the fibropapilloma consist of filiform projections
of hyperplastic epidermis supported by a core of fibrovascular
tissue. Marked clumping of keratohyalin granules is visible even
at low magnification. (c) The filiform projections contain a central
core of bland fibrous tissue with dilated blood vessels covered by
hyperplastic epidermis. Keratinocytes within the epidermis are
enlarged with basophilic slightly granular cytoplasm. There is marked
clumping of keratohyalin granules within the stratum granulosum.
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slightly basophilic cytoplasm and keratohyalin clumping
was marked throughout the lesion (Figure 1c). Aggre-
gates of lymphocytes were present multifocally within
the fibrous stroma extending into the overlying epidermis.

Histological findings were consistent with a PV-
induced fibropapilloma, and total DNA was extracted
from a sample of the formalin-fixed paraffin-embedded
tissue block. The MY09/11 and CP4/5 consensus PCR
primers as well as primers specific for BPV1 and BPV2
were used to amplify PV DNA.*® DNA extracted from
a bovine fibropapilloma that contained BPV1 was used
as a positive control for the MY09/11, CP4/5 and BPV1-
specific primers, while DNA extracted from an equine
sarcoid that contained BPV2 was used as a control
for the BPV2-specific primers. No template DNA was
added to the negative controls. DNA was amplified
from the ovine fibropapilloma by both sets of consen-
sus primers, and not by the primers specific for BPV1
or BPV2. The DNA sequences amplified by the consen-
sus primers were compared to other sequences using
the BLasT tool in the GenBank database. The 376bp
sequence amplified by the MY09/11 primers was
identical to the reference OaPV2 sequence (GenBank
U83595.1) while the 360bp sequence amplified by the
CP4/5 primers was 99.4% similar to OaPV2.

All lesions resolved spontaneously over the follow-
ing month and no additional lesions had developed in
these sheep at the time of writing.

DISCUSSION

The fibropapilloma in the present case contained his-
tological evidence of PV infection and OaPV2 DNA se-
quences. While this does not prove that OaPV2 caused
the lesion, the consistent amplification of OaPV2 by
both consensus PCR primer sets suggests that this PV
type was the most likely cause. As neither BPV1 nor
BPV2 DNA was amplified by the specific primers, in-
volvement of these PV types is unlikely.

0aPV2 is classified within the Deltapapillomavirus
genus. As PVs within this genus typically cause fi-
bropapillomas in their host species,® this provides ad-
ditional support for a role of OaPV2 in fibropapilloma
development in these sheep. Some ruminant Delta-
papillomavirus types also are able to cause mesenchy-
mal neoplasia in nonhost species. Evidence from the
present and previous studies suggests that OaPV2, like
other PVs in this genus, may cause fibropapilloma in
sheep and mesenchymal neoplasia in pigs.*

Four studies have now used molecular techniques to
investigate the aetiology of ovine fibropapillomas with
four Deltapapillomavirus types—QaPV2, OaPV4, BPV1
and BPV2—identified as possible causes.>®’ Hyper-
plastic lesions develop as a consequence of PV infection
when the PV rapidly replicates and markedly increases
cell replication. However, PVs typically are only able to
rapidly replicate (and therefore cause hyperplastic lesions)
in their own, or closely related, host species. Therefore,
while OaPV2 and OaPV4 would be predicted to cause
ovine fibropapillomas, sheep and cattle are not evolution-
arily or genetically closely related,® and BPVs would not
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be expected to be able to induce a hyperplastic lesion in a
sheep. Itis interesting that both reports of BPV-associated
ovine fibropapillomas were described in sheep that are
likely to have been exposed to bracken fern. Bracken
fern contains immunosuppressive compounds, and it is
possible that immunosuppression allowed BPVs to rap-
idly replicate, and so cause fibropapillomas, in a nonhost
species. Alternatively, studies of papillomas in other spe-
cies have shown that co-infections by multiple PV types
are common.'® Such co-infections can make it difficult to
determine which PV was causative and which was pres-
ent incidentally within a lesion. Co-infections can be dif-
ficult to detect without using specific PCR primers, and
the use of specific PCR primers in future studies of ovine
fibropapillomas may allow clarification of the causes of
these lesions including potential geographical variability
in the causative PV types.

A viral fibropapilloma was confirmed histologically in
only one animal, yet the development of clinically similar
lesions in around 10% of the sheep suggests that multi-
ple animals developed fibropapillomas in this flock. Pap-
illomas develop when immunologically naive animals are
exposed to a PV through microabrasions of the skin.® The
young age of the sheep in the present report is consis-
tent with none of these animals having being previously
exposed to OaPV2. The cause of the possible outbreak in
this flock is uncertain. However, skin abrasions caused by
the recent shearing may have contributed to infection of
multiple animals. The apparent outbreak also could have
been promoted if OaPV2 had been transmitted between
sheep by contaminated shearing equipment.

Compared to papillomas from cattle, horses or dogs,
few ovine fibropapillomas have been evaluated histolog-
ically or using molecular techniques. This is probably a
consequence of few farmers seeking veterinary atten-
tion for sheep with localised, nonpainful skin lesions that
do not interfere with production. Additionally, farmers
may recognise these lesions as spontaneously resolving
warts. In the present case, veterinary advice was only
sought as a result of the development of skin lesions in
animals of similar age in the previous year. The previous
lesions had interfered with production. While the possi-
bility of the previous lesions also being papillomas can-
not be excluded, other disease processes appear more
likely owing to the severity of the disease.

As is observed with viral papillomas in other species,®
all of the clinically observed lesions spontaneously re-
solved within 2months of being observed. The presence
of lymphocytic inflammation in the fibropapilloma that
was examined histologically is consistent with sponta-
neous resolution already occurring in this lesion.

The most prominent histological feature of the presently
described fibropapilloma was the marked keratohyalin
clumping. Interestingly, this was not reported as a feature
of the fibropapillomas associated with OaPV4, BPV1 or
BPV2.287 Additionally, the filiform appearance created
by the hyperplastic epidermis and fibrous cores has not
been reported previously. Although the role of OaPV2 in
lesion development remains uncertain, evidence from the
present case could suggest that fibropapillomas caused
by OaPV2 may show characteristic histological features
compared to other causes of ovine fibropapillomas.
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Résumé

Sept des 60 moutons Perendale d'un troupeau ont développé des masses exophytiques uniques ou multiples sur
leurs membres postérieurs distaux. Une masse a été excisée sur un mouton et I'évaluation histologique a révélé
une prolifération épidermique et mésenchymateuse, des modifications kératinocytaires induites par le papilloma-
virus et une agglutination marquée de kératohyaline. Les séquences d'ADN du papillomavirus Ovis aries de type 2
ont été amplifiées par PCR.

Zusammenfassung

Sieben von 60 Perendale Schafen in einer Herde entwickelten einzelne oder multiple exophytische Massen auf ihren
distalen hinteren Extremitaten. Eine Umfangsvermehrung eines Schafes wurde chirurgisch entfernt und eine his-
tologisch Evaluierung zeigte epidermale und mesenchymale Proliferation, Papillomavirus-induzierte Keratinozyten
Veranderungen und deutliche Keratohyalinklumpung. Es wurden Ovis aries Papillomavirus Typ 2 DNA Sequenzen
mittels PCR amplifiziert.

L33

RLYF=ILEBOEYD OBN60EDSE7TEOERIBMIC, BRI LIS REASEEEBBIREL L 1BHOEY
THhSEBEEREL. EBFNIMET 2L A, LEBLUVBERMROEBE. NEO—NVIMILALCIDTZF/

HANOZEL, BEETSNETVBRIBEN RO SNz, Ovis aries papillomavirus type 20 DNABLHIA'PCRZET
BiEgEhi,

Resumo

Sete de 60 ovelhas Perendale de um rebanho desenvolveram massas exofiticas na porcéo distal dos seus mem-
bros posteriores. Uma massa foi removida de uma ovelha e a avaliagdo histopatolégica revelou proliferacdo mes-
enquimal e epidérmica, alteragdes queratinociticas induzidas por papilomavirus e aglomeragao queratohialina.
Sequéncias de papilomavirus Ovis aries tipo 2 foram amplificadas utilizando PCR.

Resumen

Siete de 60 ovejas Perendale dentro de un rebano desarrollaron masas exofiticas Unicas o multiples en sus extremi-
dades traseras distales. Se extirpd una masa de una oveja y la evaluacién histolégica reveld proliferacion epidérmica
y mesenquimal, cambios de queratinocitos inducidos por el virus del papiloma y marcada acumulacién de querato-
hialina. Mediante PCR se amplificaron secuencias de DNA del virus del papiloma Ovis aries tipo 2.
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