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clinico-immunohistopathological study of bovine 

papillomatosis in Al Muthanna province/ Iraq 

 

Introduction 

 
Papilloma viruses are small, double-stranded DNA viruses of the 

PAPOVAVIRIDAE family. Some mammals have several distinct papilloma viruses-

humans have about 20; cattle have about 6; dogs 3 and rabbits 2. The virus is 

transmitted by direct contact, fomites and possibly by insects. Papillomas have been 

reported in all domestic animals, birds and fish. Multiple papillomas have skin and 

mucosal surfaces generally are seen in younger animals. Papillomatosis is most 

common in cattle, horses and dogs. Single papillomas are more frequent in older 

animals, but they may not always be caused by viral infection. 

When lesions are multiple they may be sufficiently characteristic to confirm the 

diagnosis; however, there are many simulants of warts and a diffinitive diagnosis 

requires identification of the virus or its cytopathic effects on individual cells. 

In cattle, warts are commonly found on the head, neck shoulders and occasionally 

on the back and abdomen. The extent and duration of the lesions depend on the type 

of virus, area affected, and degree of susceptibility. Warts appear about two months 

after exposure and may last up to a year. Papillomitosis becomes a herd problem 

when a large group of young, susceptible animals become infected. Immunity usually 

develops three-four weeks after initial infection, but papillomitosis occasionally 

recurs, probably due to loss of immunity. 

Although most warts appear as epidermal proliferations they have a kerototic 

surface resembling a cauliflower, some bovine papilloma viruses (bovine papilloma 

types 1 & 2) involve dermal fibroblasts and keratinocytes and appear as papulonodule 

with a warty surface. Such fibro papillomas may involve the venereal regions where 

they can cause pain, disfigurement, infection of the penis of young bulls and dystocia 

when the vaginal mucosa of heifers is affected. 

A form of persistent cutaneous papillomatosis with smaller numbers of papillomas 

may be seen in herds of older cattle. A bovine papilloma virus has been demonstrated 

in bladder tumors associated with braken fern ingestion and in upper GI tract 

papillomas of cattle in Scotland. It is believed that the papillomas virus acts as a co-

carcinogen. When bovine papillomas virus 1 or 2 is injected into the skin of horses, a 

dermal tumor similar to equine sarcoid develops. 

Infections papillomamatosis is a self limiting disease, although the duration of 

warts varies considerably. A variety of treatments have been advocated without 

agreement on efficacy. Surgical removal is recommended if the warts are sufficiently 

objectionable. However, because surgery in the early growing stage of warts may lead 

to recurrence and stimulation of growth, the wart should be removed when near their 

maximum size or when regressing. Affected animals may be isolated from susceptible 

ones, but with the long incubation period, many are likely to have been exposed 

before the problem is recognized. 

Vaccines are of some value as a preventive but are of little value in treating cattle 

that already have lesions. Because warts viruses are species-specific, there is no merit 

in using a vaccine derived from one species in another. 

When the disease is a herd problem, it can be controlled by vaccination with a 

suspension of ground wart tissue in which the virus has been killed with formalin. 
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Autogenous vaccines may be more effective than those commercially available. It 

may be necessary to begin vaccination in calves as early as four – six weeks of age 

with a dose of about 0.4 ml. intradermally given at two sites. The vaccination is 

repeated within four to six weeks and at one year of age. Immunity develops in a few 

weeks but is unrelated to whatever mechanism is involved in spontaneous regression. 

If the animal was exposed to the virus before vaccination, immunity may develop too 

late to prevent warts. A vaccination program must be in effect three to six months 

before its preventive value will be evident. Vaccination should be continued for about 

one year after the wart disappears because the premises may still be contaminated. 

Stalls, stanchions, and other inert materials may be disinfected by fumigating with 

formaldehyde. The regulation of cells undergoing apoptosis is controlled by the bcl-2 

proteins family; it includes both pro- (i.e. Bax, Bak) and antiapoptotic proteins (i.e. 

bcl-2 itself ) triggering or blocking, respectively, the release from mythocondria of 

proteins activating the apoptotic molecular cascade. P53 is a tumor suppressor protein 

that mediates cell cycle arrest, DNA integrity and repairing, apoptosis and senescence 

in response to specific cellular stresses (e.g. various types of DNA damage, hypoxia, 

oncogene deregulation, oxidative damage).  P53 has a significant role in cell cycle 

control, therefore the loss of its suppressive function has been reported for different 

types of human neoplasia and animal tumours, such as BPV induced tumours.  
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Aim of study 
 

Review of literature on bovine papillomatosis in Iraq revealed lack of information 

about its  incidence in Al Muthanna province, and immunohistochemistry behavior . 

Consequently, the aim of the present study was to describe the clinical, 

histopathological aspects of naturally occurring cutaneous papillomatosis in bovine, 

ovine and caprine. In addition,  to these findings, the presence and distribution of 

bovine papilloma virus infection with proliferation cell markers were demonstrated by 

the immunohistochemical methods. 
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Review of literature 

 
Papillomatosis is seen in many animal species and the disease especially created by 

host-spesific papilloma viruses 
3, 20

.  Cutaneous papillomatosis is more common in the 

cattle than other animals 
7, 21, 23, 27

.  In the cattle, six different types of bovine 

papillomavirus BPV) have been recognized (BPV-1 to BPV-6). Bovine papilloma 

may be occurring in all ages 
3, 8, 23, 24

, but it commonly occurs in young animals and 

the tumors regress spontaneously due to the animal's immune response without 

significant scarring 
8, 13, 27

. The spread of the disease is usually via direct contact, 

contaminated food and equipment, castration and injections. Inheritance, nutritional 

and hormonal disorders, sunlight and suppressed immune system may play important 

roles in pathogenesis of disease 
8, 9, 21, 25, 28

. In the 50 years since Cheville and Olson’s 

study, interest in PVs has exploded following the demonstration by zur Hausen et 

al.,129 in 1981 that most human cervical cancers are caused by HPVs. In addition to 

cervical cancer, PVs are now thought to cause a significant proportion of 

oropharyngeal, anal, and penile neoplasms, and PV infection is considered 

responsible for 5% of all human cancers. During the past 50 years, studies of BPV-

associated lesions have been useful in helping to understand the complex relationship 

between HPVs and human cancer. In addition, unlike HPVs, BPVs were found to 

readily transform cells in vitro, and BPV-transformed cells have been valuable in 

determining how PVs cause cancer 
69

. Research using BPVs has made a significant 

contribution to our understanding of PV-induced diseases and to the subsequent 

development of protective HPV vaccines. Herein the biology and the diseases that are 

associated with HPVs and BPVs are reviewed and compared. Current research 

indicates that significant differences exist between HPVs and BPVs (summarized in 

Table 1). However, it is interesting to speculate that, as with the initial BPV studies 50 

years ago, it may subsequently be discovered that HPVs are less different from BPVs 

than is currently recognized. 

 

Table 1. Observations on Bovine Papillomaviruses (BPVs) Made Prior to or in the 

Paper by Cheville and Olson, Published in Veterinary Pathology in 1964, and the 

Subsequently Determined Relevance to Human Papillomavirus (HPV) Biology. 
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The virus 

 

Six BPV types (BPV 1-6) have been characterized associated with different 

histopathological lesions. The different six genotypes have been classified into three 

groups [5]: Xi-papillomaviruses encompassing the pure epitheliotropic BPV-3;BPV-4 

and BPV-6; Deltapapillomaviruses encompassing BPV-1 and BPV-2 associated to 

fibropapillomas (i.e. benign tumors of both epithelium and underlying derma) and 

Epsilon-papillomavirus comprising the BPV-5 whose genome seems to share 

similarities with the formers two BPV groups. The BPV virion is a non-enveloped 

structure of 55-60 nm diameter containing a double-stranded covalentely closed 

circular DNA of approssimatively 8000 nucleotides. Three different regions compose 

the genome: the long control region (LCR) and two regions encoding for early and 

late genes. The LCR is the genome region containing signals for both viral DNA 

replication and transcription. E2 regulates BPV transcription at LCR level. The E2 

sites may be also bound by different cellular transcription factors and the E2 can also 

bind to mitotic chromosomes resulting in efficient distribution of the BPV genome 

into daughter cells (Figure.1). 

 

 
Figure 1. In our 1964 proposal, normal basal keratinocytes (1) were infected with 

bovine papillomavirus (BPV). Infected basal cells then followed 1 of 2 pathways: 

keratinocyte hyperplasia with enhanced keratogenesis and hyperkeratosis (2) or viral 

production with cell swelling, dysfunctional keratogenesis, loss of cytoskeleton, 

swelling, and lysis (3). 

 

BPV gene products 

 

1. E5 

 

The papillomavirus E5 proteins are short hydrophobic polypeptides (from 83 amino-

acid residues in human papillomavirus type 16 (HPV-16) to 42 residues in BPV-4), 

many of which have transforming activity. BPV-1 E5 oncogene encodes for a 44-

amino acid protein that is the major BPV transforming oncoprotein. It is a type II 

transmembrane protein which is expressed in the deep layers of the infected epithelia 
6-8

 and is largely localized to the membranes of the endoplasmic reticulum (ER) and 

Golgi 
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apparatus (GA) of the host cells 
9-10

. BPV E5 is expressed in the cytoplasm of both 

basal and suprabasal transformed epithelial cells with a typical juxtanuclear pattern 

due to its localization in the GA. It may be also expressed in neoplastic cells of 

mesenchymal origin such those of endothelial origin. BPV E5 has no intrinsic 

enzymatic activity and its transformation activity is related to the activation of several 

kinases, from growth factor receptor to cdk cyclins. E5 interacts with the 16-K 

subunit c protein, a component of the vacuolar H+ -ATPase pump 
11

. This proton 

pump acidify the lumen of intracellular compartments, (endosomes, lysosomes, and 

GA) that process growth factors so that E5 binding may result in alteration of this 

processing. Another consequence of E5 mediated impaired acidification is the down-

regulation (both in vivo and in vitro) of the Major Histocompatibility Complex class I 

(MHC-I) expression, representing one of the mechanisms by which the BPV evade 

the immunoresponse by the host 
12

. The mechanism by which BPV-1 E5 induces cell 

transformation lies in its binding to and activation of the cellular β receptor for the 

platelet-derived growth factor (PDGFβ) 
13

. The activation of endogenous PDGFβ 

receptors is characterized by the formation of stable E5-receptor complexes, persistent 

tyrosine phosphorilation of the receptor, its dimerization and cellular transformation. 

This interaction takes place also in naturally occurring urinary bladder cancer 
14

. 

 

2. E6 

The BPV-1 E6 gene of Xi BPV encodes an oncoprotein of 137 amino acids. It binds 

to paxillin blocking its interaction with vinculin and the focal adhesion kinase 
15

. It 

also binds to several others cellular proteins being able to transform cells alone by 

itself. 

3. E7 

The BPV E7 gene encodes a 127 amino-acids zinc binding protein which cooperates 

with E5 and E6 in inducing cell transformation. Once E7 is co-expressed with E5 and 

E6, its transformation capacity increases many folds 
16

, and such co-expression may 

also occur in tumors of mesenchymal origin 
17

. BPV-1 E7 transformation function 

correlates with its binding to a cellular target p-600 
18

. 

4. L1 and L2 

 

The BPV late proteins L1 and L2 are expressed into the more differentiated epithelial 

cells 
7
. The former mediates virus interaction with cellular receptors, the latter induces 

virion assembly by binding to viral DNA. 

 

Natural history of BPV infection 

 

Infection by Delta-PVs leads to transformation of subepithelial fibroblasts followed 

by epithelial acanthosis and then papillomatosis, while infection by Xi-PVs induces 

transformation only of the epithelial component. Virus replication can take place only 

in keratinocytes undergoing terminal differentiation to squamous epithelium, so it is 

seen only in the epithelial component of the tumors and only at certain stages of its 

development. Virus replication has never found in fibroblasts where the BPV genome 

is present in a nonintegrated episomal form 
19

, although BPV viral gene expression 

has been recently found in tumors of mesenchymal origin such those arising from 

blood vessels (haemangioma and haemangiosarcoma) 
17

. Papillomas and 

fibropapillomas may occur in different organs in cattle and different BPV genotypes 

are found. BPV-1, BPV-5 and BPV-6 are associated to papillomas of the teats and 

udders in cows 
20

. This can become a great economic problem once the papillomas 
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spread around the primary tumors and the cows cannot be milked, veals are unable to 

suckle properly and the site may become infected. Epithelia of both prepuce and penis 

may be infected by BPV-1 resulting in fibropapillomas. The tumors can spread along 

the perineum and even up toward the back; they can become necrotic and cause loss 

of reproductive functions. 

 

 BPV-4 and gastrointestinal tumors 

 

In cattle, BPV-4 infects the mucosa of the upper gastrointestinal (GI) tract leading to 

the formation of papillomas and/or fibropapillomas 21. BPV-4 infection and 

associated tumors of the upper GI tract have been found in Brazil, Nasampolai Valley 

of Kenya, the Western Highlands of Scotland and in the South of Italy 
22,23

. Healthy 

cattle normally recover from papillomatosis in approximately one year time through a 

cellmediated immune response 
24

, but some animals may even die due to widespread 

papillomatosis if they are not able to reject the infection. Chronic exposure to 

immunosuppressants leads to the persistence and spreading of the papillomas. 

Commonly, immunosuppression in cattle results from exposure to bracken fern 
25

, but 

may even due to some other factors such as infection with bovine viral diarrhea virus 
26

. The fern induces immunosuppression and the fibropapillomas spread; the animals 

with extensive papillomatosis are at high risk to develop cancer such as squamous cell 

carcinoma. The latent BPV is activated and full malignant transformation depends on 

others mutagens such as quercetin and ptaquiloside that act synergistically with the 

virus in the carcinogenic process, triggering BPV gene expression and leading to the 

development of cancer. The BPV-4 E7 oncoprotein cooperates with quercetin for 

neoplastic transformation, in so doing the ras oncogene is activated, the p53 is 

mutated and the number of the cellular receptors for epidermal 

growth factors is increased 
20

. These transforming events are probably due to bracken 

fern mutagens, but still remain to be established in vivo. It is wothnoting that some 

human GI cancer may have the same etiology: papillomavirus and bracken suggesting 

that similar molecular mechanisms underlying bovine cancer may even occur in 

humans.  

 

 BPV-1/2 and urinary bladder tumors 

 

In cattle, tumours of the urinary bladder are commonly associated with a syndrome 

known as Chronic Enzootic Haematuria due to prolonged ingestion of bracken fern 

with a prevalence as high as 90% in adult animals 
27

. Field cases of urinary bladder 

cancer in cattle occur wherever the bracken-fern is spread. The disease is known to 

occur in continental Europe, Azores Islands, in some regions of Kenya, Brasil, New 

Zealand, India and in China. Human exposure to bracken fern directly or indirectly 

through milk from bracken eating cattle has been linked to human GI cancer 
28

.  The 

involvement of the BPV-1/2 in bladder carcinogenesis has been recognised for a long 

time 
29

 and the relationship among the virus and fern has been experimentally 

reproduced 
30

.The cancer are of both epithelial and mesenchymal origin (mostly 

haemangioma and its malignant counterpart) with different epithelial histological 

variants identified 
31-33

. The epithelial tumors express the urothelium tumor marker 

Uroplakin III 
34,35

.and do not metastatise frequently probably due to the content of 

sialic acid and gangliosides 
36

. The BPV-2 is involved in both epithelial and 

mesenchymal tumors, testifying that the virus is not a pure epitheliotropic agent in its 

natural host 
17

. The virus infects the urinary bladder mucosa inducing an abortive and 
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latent infection with no production of virions. The exposure to immunosuppressants, 

mutagenic and carcinogenic principles from bracken triggers viral gene expression 

leading to cell transformation. In both epithelial and mesenchymal cancers the BPV-2 

E5 oncoprotein is expressed   and is in complex with the activated form of the PDGFβ 

receptor 
14

. Additionally, in urothelial cancers the telomerase activity is upregulated 
37

, the expression of ras oncogene [38] and cyclooxygenase-2 (COX-2) 
39]

 is increased 

and, as already observed in HPV associated cervical cancer, the fragile sites are 

disrupted and the expression of the tumor suppressor fragile histidine tetrads (FHIT) 

is down-regulated 
40

. Lymphocytes from bracken feeding cows harbour BPV DNA 
41

, 

which has been found also into the blood stream 
42,43

 and chromosomal abnormalities 

have been demonstrated 
44

. 

 

 BPV-1/2 and equine sarcoids 

 

The sarcoids are benign tumors of fibroblastic skin origin affecting horses, mules and 

donkeys. They are locally invasive often occurring at sites of previous injury or 

scarring. Clinically, five different types of sarcoids can be distinguished: Occult 

sarcoid: is an hairless circular area of the skin; Verrucous: tumors with wart-like 

appearance; Fibroblastic sarcoids present as a fleshy mass; Nodular sarcoids consist 

of firm masses lying under the skin and mixed sarcoid show a combination of features 

of verrucous, fibroblastic and nodular types 
45

. It is the most common dermatological 

neoplasm reported in horses. The most common sites of appearance is the skin of the 

head, ventral abdomen, legs and the paragenital region 
46

. Despite the failure to isolate 

any papillomavirus from the sarcoids, a large body of evidence strongly support the 

hypothesis that BPV is the etiological agent of this tumour. Both BPV-1 and BPV-2 

have been detected in sarcoid tumours with the BPV-1 being the predominant type 
47-

49
 The BPV exists as episomally 

50
 and its major oncoprotein E5 is expressed, thus 

suggesting the viral genes are expressed 
51,52

. Equine sarcoids is a biologically 

attractive tumor since it is the only known case of natural crossspecies PV infection. 

Moreover, while BPV infection in cattle produce benign lesions that may regress, the 

sarcoids are non-permissive for virus production, locally aggressive and non 

regressing 
46

. Cell cycle regulatory proteins are involved in the pathogenesis of equine 

sarcoids: p53 is stabilised in sarcoid cells being expressed in the nuclei as well as in 

perinuclear region, however its transactivation function is abrogated 
53,54

. Low levels 

of cell proliferation are characteristic of sarcoids with no overexpression neither of 

cyclin A, p27kip1 nor of CDK-2 
54

. The loss of p53 function and the low levels of cell 

proliferation indicate that sarcoid cellular and molecular pathology may not be 

associated with abnormal cell cycle control mechanisms. 

 

Biology of Papillomaviruses 
 

Human PV Biology 

It is currently generally believed that HPV infections are limited to mucocutaneous 

stratified epithelium with the viral life cycle dependent on, and intimately coordinated 

with, epithelial cell replication and differentiation.38,39 Infection starts when the PV 

gains access to a basal cell, probably due to microtrauma.108 The virus is transported 

to the nucleus, and expression of E1 and E2 results in the production of 10 to 

episomal PV copies.66 Basal cell replication maintains the infection; however, 

terminal differentiation and keratinization of an infected cell is required for a 
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productive infection  .Differentiation triggers the production of the PV early proteins, 

which prevent the suprabasal cell from leaving the cell cycle (which would result in 

nuclear degeneration) and instead causes the cell to reenter the S-phase of the cell 

cycle and produce numerous viral copies. This continuation of the cell cycle is 

predominantly driven by the PV E6 and E7 proteins.39 As the infected cell reaches 

the upper epithelium, the PV late genes are expressed and viral assembly occurs close 

to the cell surface. PVs do not cause cell lysis, and viral particles are only released 

after the epithelial cell has been sloughed from the epithelial surface and degraded 
37

.  

 

Bovine PV Biology 

 

The basic biology of most BPV infections is probably quite similar to HPVs with 

microtrauma, resulting in a productive infection of cutaneous or mucosal epithelium. 

An important difference in the delta-BPVs is the predominance of the E5 protein and 

the lesser roles of E6 and E7 proteins in disrupting the cell cycle during a productive 

infection.
12,111

 Another significant difference is the recent observation that BPV-2 is 

able to infect and, as evidenced by L1 protein production, replicate in a wider range of 

tissues, including the transitional epithelium of the bladder103 and the chorionic 

epithelium of the placenta.100 BPV-2 L1 protein production has also been reported in 

circulating lymphocytes, suggesting viral replication in nonepithelial cells.
102

 

Confirmation that lymphocytes allow BPV-2 replication would indicate that the 

coordinated interplay between epithelial maturation and PV gene expression is not 

essential for PV replication and therefore fundamentally change the understanding of 

PV biology. Whether BPV-2 causes lysis of infected lymphocytes or has developed 

other methods to release the viral particles from the infected lymphocytes remains 

unknown. Possibly due to the presence of BPV-2 in lymphocytes, BPV-2 DNA can 

also be detected in a wide range of samples, including peripheral blood,
24,101

 urine, 

semen, and milk.62 In cattle, infection by BPV-2 via blood transfusion has been 

reported, and there is evidence that infection can be passed vertically to calves.
115 

Current evidence suggests that most cattle are infected by BPV-2, and lymphocytes 

may provide a reservoir for infection.
102,115

 DNA of BPV-1 and BPV-4 has also been 

detected in peripheral blood samples from clinically normal cattle or cattle with 

cutaneous papillomas.5 In humans, while some evidence of blood-borne
29

 and 

vertical106 HPV transmission has been reported, neither has been definitively 

demonstrated. Papillomaviruses are thought to be one of the oldest viral families and 

have co-evolved with their hosts over millions of years.98 Therefore, it is not 

surprising that most PV infections in all species occur without the development of 

visible disease. Some PVs cause papillomas. This is thought to be due to greater 

promotion of epithelial cell cycling. In addition, due to their ability to interfere with 

normal cell cycle regulation, infection by some PVs predisposes to the development 

of neoplasia.
68

  

 

Papillomaviruses and Hyperplastic Lesions  

 

A. Hyperplastic Human Diseases Caused by PVs 

 

Hyperplastic lesions that are caused by PV infection in people include papillomas 

(warts), cutaneous plaques, and recurrent respiratory papillomatosis. Cutaneous 

papillomas can be caused by many different PV types, including low-risk alpha-, mu-, 

or nu-PVs while anogenital papillomas are almost exclusively caused by low-risk 
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alpha-PVs, especially HPV-6 and HPV-11.39 Papillomas appear histologically as foci 

of thickened folded epithelium with enlarged keratinocytes that contain shrunken dark 

nuclei surrounded by a clear halo (koilocytes) typically visible. The underlying tissue 

can contain small numbers of inflammatory cells but is often histologically normal.47 

In situ hybridization reveals that viral DNA is present in cells within all layers of the 

epithelium while immunohistochemistry demonstrates that L1 protein is restricted to 

the upper epithelium. Papillomas are self-resolving but persist for over 2 years in 22% 

to 35% of patients.114 Anogenital papillomas have been reported to undergo 

neoplastic transformation;58 however, many anogenital papillomas also contain a 

high-risk PV type,124 suggesting the possibility of de novo development of a 

carcinoma within the epithelium of the papilloma. Neoplastic transformation 

of cutaneous papillomas appears to be extremely rare. Immunosuppression 

predisposes to PV infection and can result in extensive and persistent papilloma 

formation. This is dramatically illustrated in people with epidermodysplasia 

verriciformis, a rare inherited condition in which defects in the transmembrane 

channel-like 6 (TMC6, EVER1) or (TMC8 EVER2) genes prevent an immune 

response against cutaneous PV infection.
88

 Numerous other causes of 

immunosuppression, most notably secondary to organ transplantation, also predispose 

to PV infection.39 Immunosuppression can also result in the development of 

cutaneous plaques.
39

 These are caused by beta-PVs, which are commonly detectable 

on the skin of healthy humans but only result in visible lesions in immunosuppressed 

people.
39

 These plaques are important as, in contrast to cutaneous papillomas caused 

by other PV genera, they can progress to squamous cell carcinomas (SCCs) if 

exposed to UV light.
2
 Recurrent respiratory papillomatosis (RRP) is caused by HPV-6 

or HPV-11 and occurs in both adults and children.
35,55 

In children, the infection is 

thought to occur as the baby passes through the birth canal, and the presence of 

maternal genital warts at parturition is the strongest risk factor for the disease.
112 

The 

presence of numerous large papillomas in the larynx can
 
interfere with airflow, and 

papillomas can recur following excision.
 

However, neoplastic transformation is 

rare.35 Hyperplastic Bovine Diseases Caused by PVs
 
Papillomavirus infection of 

cattle causes mucocutaneous papillomas
 
that develop on the haired skin, tongue, teats, 

penis, and
 
vulva and upper alimentary papillomas that develop in the oral

 
cavity, 

esophagus, and rumen. Virally induced papillomas typically
 
spontaneously resolve 

and so are considered hyperplastic
 
rather than neoplastic.

 

 

Mucocutaneous papillomas 

 

Mucocutaneous papillomas (warts) are common in cattle with papillomas detected in 

around one-third of cattle at slaughter.
61

 They are more common in younger animals, 

and most cattle probably develop warts during their lives. Mucocutaneous papillomas 

have been reported to be caused by 12 BPV types (all except BPV-4), including 

members of the delta, xi, dyoxi, and epsilon-PV genera.
98

 However, a recent study 

revealed 83% of bovine skin papillomas contain 3 or more different BPV types.
109 

In 

addition, BPV DNA can be detected in samples of clinically normal bovine skin
82

 and 

within circulating lymphocytes.5 Therefore, it is currently uncertain which PV types 

actually cause papilloma development and which PV types are detectable in 

papillomas as ‘‘innocent bystanders.’’  Bovine mucocutaneous papillomas include 

squamous papillomas and fibropapillomas. Squamous papillomas have the same 

histological appearance as human papillomas. In contrast, fibropapillomas consist of a 

proliferation of mesenchymal cells covered by hyperplastic epithelium . The 
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mesenchymal cells are most densely packed close to the surface of the 

fibropapilloma.
52 

The cells are plump and lack an orderly arrangement. The overlying 

epithelium may contain koilocytosis as well as large cells with blue-gray cytoplasm . 

While PV DNA is detectable in both the epithelial and mesenchymal cells, viral L1 

protein is present only within the superficial layers of the epidermis. This suggests 

that both cell populations are infected by PVs, but productive PV replication is limited 

to the epithelium.
52

 Fibropapillomas are generally considered to be caused by the 

delta-PVs BPV-1 and BPV-2. Papillomas can be experimentally induced by 

inoculating scarified skin with either BPV-1 or BPV-2.
50,84

 Papillomas develop only 

at the site of inoculation, suggesting that any BPV DNA circulating within 

lymphocytes does not produce additional cutaneous lesions. The overwhelming 

majority of bovine mucocutaneous papillomas spontaneously regress, although this 

can take up to 3 years.
84

 Occasionally, cattle develop widespread persistent 

papillomas that can interfere with vision and predispose to myiasis or bacterial 

infection. Why a small proportion of cattle develop extensive disease is unknown, 

although a defective immune response rather than exposure to a different BPV type is 

suspected. Neoplastic transformation of virally induced mucocutaneous papillomas 

appears to be extremely rare in cattle. 

Vaccination using inactivated virus-containing tissue or purified PV structural 

proteins stimulates the production of virus-neutralizing antibodies and prevents the 

development of experimentally induced papillomas.
50

 It is uncertain whether 

vaccination influences the regression of cutaneous papillomas in cattle. Injecting wart 

tissue harvested from the cow (autologous vaccination) has been widely used, 

although there is little published evidence of efficacy. Injection of BPV-2 L2 proteins 

was reported to accelerate lesion resolution in 3 calves with experimentally induced 

cutaneous papillomas, although no statistical analysis was reported.51 In humans, 

most studies have not detected any therapeutic effect of vaccination after papilloma 

development.
124

 Upper alimentary papillomas. Upper alimentary tract papillomas are 

common in cattle. Rates of disease are dependent on bracken fern exposure, and 20% 

of cattle from geographical areas with bracken fern will have papillomas compared 

with just 4.4% of cattle from areas without this plant.
49,53

 The immunosuppressive 

properties of bracken fern are thought to predispose to papilloma development. 

Papillomas can develop from the caudal oral cavity to the rumen. They often occur in 

linear arrangements or clusters, suggesting that PV infection could develop due to 

epithelial damage caused by swallowing rough herbage. Upper alimentary tract 

papillomas are histologically classified as squamous papillomas or fibropapillomas. 

Squamous papillomas are caused by a productive BPV-4 (a xi-PV) infection and 

appear histologically similar to cutaneous squamous papillomas . 
21

 

 Fibropapillomas are caused by BPV-2 (a delta-PV). They appear similar to 

mucocutaneous fibropapillomas, although they do not contain viral cytopathology in 

the overlying epithelium.
21

 Upper alimentary papillomas do not usually result in 

clinical disease and most spontaneously resolve within a year of development. 

Immunosuppression can result in extensive squamous papilloma formation and, 

rarely, ruminal tympany and weight loss.
26

 As discussed later, the primary importance 

of upper alimentary squamous papillomas is their association with SCCs. There are 

sporadic reports of large fibropapillomas causing obstruction of the ruminal groove 

and subsequent bloat. Squamous papillomas can be experimentally induced by 

inoculation of the mouth with BPV-4. Prior vaccination with BPV-4 structural 

proteins prevents papilloma development.
41

 Similarly to cutaneous papillomas, it is 

currently uncertain whether vaccination influences regression of established upper 
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alimentary papillomas. Although no statistics were reported, vaccination using BPV-4 

proteins was reported to accelerate the regression of experimentally induced 

papillomas in calves.
22 

In contrast, administration of BPV-4 virus-like particles in a 

separate experiment did not significantly influence papilloma resolution.
56

  

 

Papillomaviruses and Epithelial Neoplasia 

 

Human PV-Associated Epithelial Neoplasia  

 

The neoplasms that are most well established to be caused by PVs in people include 

the high-risk (especially HPV-16 and HPV-18) alpha-HPV–induced SCCs of the 

cervix, oral cavity, penis, and anorectum. In addition, beta-PVs have been associated 

with SCCs of the skin, predominantly in immunosuppressed people. PV infection has 

also been suggested as a possible cause of other cancers in people, most notably those 

of the lung and breast, but also including cancer of the bladder120 and esophagus, 
65 

although the role of PVs in these cancers has not been 

defined. The high-risk alpha-HPVs are spread by sexual contact. 

High-risk HPV infections can cause flat inconspicuous lesions but do not cause 

papillomas. In most infections, the PV DNA remains episomal. In these infections, the 

production of viral proteins is well regulated and, after a period of viral replication, 

the infection spontaneously resolves. However, in a small proportion of infections, the 

PV DNA becomes integrated into the cell’s genome. This is a critical event in 

carcinogenesis as integration can result in a marked increase in viral oncoproteins, 

promoting malignant transformation. 
54

 DNA integration is detrimental to the PV as 

this prevents viral replication, and PV late proteins are not present in most HPV-

induced neoplasms. The predominant viral oncoproteins of the HPVs are the E6 and 

E7 proteins.39 The high-risk HPV E6 protein prevents apoptosis by degrading p53, 

prolongs cell life by telomerase activation, and binds to PDZ domains within several 

proteins involved in cell polarity, proliferation, and signaling.
57,80,107

 

The E7 protein of the high-risk HPVs binds and degrades key regulators of cell 

cycling, including retinoblastoma protein  ) pRb), p107, and p130.68 In addition, E7 

protein deregulates the centrosome cycle, predisposing to mistakes in chromosome 

segregation and subsequent DNA mutation during cell division.
68 

The rapidly dividing 

immortal cells quickly accumulate additional mutations, resulting in malignant 

progression.
94 

Most high-risk alpha-HPV–induced SCCs develop in the
 
absence of 

any identifiable cofactors. Of the suggested cofactors
 
for alpha-HPV-induced cancers, 

immunosuppression is the
 
best established.

28
 Immunosuppression probably increases 

the
 
risk of neoplasia by delaying the resolution of the HPV infection

 
and subsequently 

increasing the risk of PV DNA integration.
 
In contrast to the high-risk alpha-HPVs, 

immunosuppression
 
is essential for the development of beta-PV–induced

 
cutaneous 

viral plaques.
88

 These plaques are predisposed to
 
neoplastic transformation; as a 

result, immunosuppressed
 
organ transplant recipients have a 100-fold higher risk of 

cutaneous
 
SCCs than immunocompetent people.

60 
While viral

 
plaques are considered 

preneoplastic, exposure to UV light
 
is required for progression to SCC.88 This 

apparent necessity
 
of UV light for malignant transformation is probably because

 
the 

E6 and E7 proteins of the beta-PVs do not have many of
 
the oncogenic actions of the 

high-risk alpha-HPV oncoproteins 123 beta-PVs have also been suggested to promote 

cutaneous
 
SCC development in immunocompetent people.

1 
However, as beta-PV 

DNA is not consistently detectable in
 
cutaneous SCCs and is often detectable in 

normal skin, it is
 
uncertain whether any causal association exists.

2 
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Bovine PV-Associated Epithelial Neoplasia 

 

In cattle, BPVs have been most strongly associated with neoplasia of the bladder and 

of the upper alimentary tract. The first evidence that BPVs cause bladder neoplasia 

was reported in 1959 when it was shown that regressing tumors of the bladder could 

be induced by wart extracts.86 It was subsequently observed that injecting 

suspensions of bladder tumors into the skin of calves resulted in cutaneous 

papillomas, leading the authors to speculate that BPVs may be an etiological agent or 

a ‘‘passenger virus’’ within the bladder neoplasms.
85

 In 1992, it was reported that 

cattle fed bracken fern consistently develop bladder cancers and that 69% of the 

cancers contained BPV-2 DNA.23 An evaluation of naturally occurring bladder 

tumors revealed that 49% contained BPV-2 DNA, but BPV-2 DNA was detectable in 

only 10% of nonneoplastic bladder samples.23 A later study reported that BPV-2 

DNA was present in 77% of bladder neoplasms and 50% of nonneoplastic samples. 

However, BPV-2 E5 protein was present only in the bladder neoplasms.14 

Subsequently, diffuse immunostaining for BPV-2 E5 and E7 protein has been 

demonstrated in both epithelial and mesenchymal tumors of the bovine bladder.
15,18

 

A significant difference between human PV-induced cervical SCCs and bovine 

bladder tumors is the uncertainty of the precise role of BPV-2 in tumor development. 

The high-risk HPVs almost always cause neoplasia without any identifiable cofactor. 

In contrast, environmental carcinogens, such as ptaquiloside in bracken fern, are 

important cofactors with BPV-2 in the development of bovine bladder neoplasia. This 

is illustrated by the rarity of bladder neoplasia in cattle from geographical areas 

without bracken fern, despite the worldwide distribution of the PV. The necessity of 

bracken fern as a cofactor with BPV-2 makes it difficult to determine the contribution 

of each factor in the process of carcinogenesis. Ingestion of bracken fern has been 

shown to cause bladder cancer in rats,90 presumably in the absence of PV infection. 

Another difference between HPV-induced SCCs and bovine bladder neoplasia is the 

presence of a productive infection within the bovine cancers. In HPV-induced 

cancers, PV DNA integration prevents viral replication but causes overexpression of 

PV oncoproteins. In bovine bladder neoplasms, BPV-2 remains episomal and viral 

replication is present.103 As E5 is expressed during PV replication,10,103 the 

presence of BPV-2 E5 protein within bladder neoplasms must be interpreted with 

care. However, recent evidence of E5 expression diffusely within neoplasms15 and 

E5 protein immunostaining within neoplastic endothelial cells18 (which are not 

known to permit replication) is evidence that E5 expression in at least a proportion of 

neoplasms is not simply due to the presence of viral replication. BPV-2 DNA can be 

detected in up to half of nonneoplastic bovine bladder samples.
14

 The source of this 

infection is uncertain; however, an ascending infection from the skin or a 

hematogenous route is possible. As bracken fern causes immunosuppression, 

hematuria, and cystitis, this could promote both hematogenous spread of BPV-2 to the 

bladder and allow prolonged infection of the bladder by the PV. Therefore, it is 

possible that one of the oncogenic mechanisms of bracken fern is by increasing 

infection of the bladder by BPV-2. However, it is also possible that some bladder 

cancers could contain BPV-2 DNA as an ‘‘innocent bystander’’ due to the more 

permissive environment created by ingestion of bracken fern. The mechanisms by 

which BPV-2 alters cell regulation are different from those seen in HPV-induced 

cervical SCCs. BPV-2 E7 protein cannot bind pRb,76 and the E5 protein is thought to 

be the primary cause of altered cell regulation. Few studies have specifically 

examined BPV-2 E5 protein, but this protein has been shown to bind and activate 



14 
 

plateletderived growth factor–b receptor (PDGF-bR).
17

 In addition, the amino acid 

sequence of BPV-2 E5 protein is identical to that of BPV-1 E5 protein, suggesting 

they are likely to have similar biological functions.
17

 The BPV-1 E5 protein has 

recently been reviewed
125

 and so will be described only briefly. The predominant 

interaction of the protein is with PDGF-bR, resulting in numerous downstream 

signaling effects.
36,95

 In addition, BPV-1 E5 protein binds to vacuolar H -ATPase, 

possibly altering the intraorganelle acidity,
42 

although a recent study did not find 

altered enzyme activity
 
due to this interaction.6 BPV-1 E5 protein also inhibits

 

expression of major histocompatibility complex (MHC) class
 
1 on the cell surface, 

interferes with normal gap junctions,
 
disturbs the actin cytoskeleton, and increases 

motility of
 

transformed cells.
7,122

 The BPV-1 E5 protein can also activate
 

phosphoinositide 3-kinase (PI3-K)
118

 and the tyrosine
 
kinase c-Src.

116
 In contrast, 

HPV-16 E5 protein has not been
 
shown to activate PDGFb-R, PI3-K, or c-Src.117 In 

vitro, BPV-1
 
has been shown to transform a variety of cells, including

 
bovine palate 

cells, multiple mouse cell lines, and equine
 
fibroblasts.

75,122,127
 While BPV-2 has been 

less studied, it has
 
been reported to transform murine cells.40 The observation that 

injection of a wart extract into the
 
bladder causes tumors,86 the presence of BPV-2 in 

a high proportion
 
of bovine bladder cancers,

23
 the more frequent detection

 
of BPV-2 

in bladder cancers than in normal tissues,
23

 the
 
diffuse BPV-2 E5 and E7 protein 

immunostaining present in
 
some bladder cancers,15,18 and the ability of BPV-2 to 

cause
 

cell transformation in vitro
 40

 provide convincing evidence
 

that BPV-2 

contributes to the development of bovine bladder
 
cancer. Current evidence suggests 

that the development of
 

cancer is probably the result of interactions between 

carcinogens
 
in bracken fern such as ptaquiloside, BPV-2, and host

 
factors. However, 

defining the significance of BPV-2 in carcinogenesis
 
is critical to determine if 

preventing infection
 
could prevent cancer. If BPV-2 infection is the predominant

 

factor driving the development of bladder cancer, then preventing
 
BPV-2 infection 

should reduce cancer rates. Alternatively,
 
if environmental carcinogens or host factors 

are the
 
primary factors, then preventing BPV-2 infection may not

 
protect against 

bladder cancer in cattle. In 1967, a formalized
 

wart vaccine did not prevent 

subsequent bracken fern–induced
 
hematuria or bladder neoplasia when administered 

to calves.
89 

However, this study was limited by the development of papillomas
 
at the 

site of vaccine administration (suggesting the
 

virus had not been completely 

inactivated), the possibility that
 
the vaccine did not contain BPV-2, and the possibility 

that some calves were infected by BPV-2 prior to vaccine administration.
 
Determining 

whether preventing BPV-2 infection
 
alters rates of neoplasia in bracken fern–exposed 

cattle may
 
be necessary to definitively determine the extent to which

 
BPV-2 promotes 

the development of bovine bladder cancer.
 
BPV infection is also associated with the 

development
 
of bovine upper alimentary SCCs.  An association

 
between papillomas 

and neoplasia was recognized in African
 
and Brazilian cattle as early as 1955.96 In 

1978, it was
 
observed that papillomas are frequently present in cattle with

 
upper 

alimentary SCCs, that the papillomas and SCCs had a similar distribution, and that 

some SCCs developed from preexisting
 
papillomas that contained histological and 

electron
 
microscopic evidence of PVs.

48
 These observations suggested

 
a role of BPV-

4 in the development of upper alimentary
 
SCCs. However, in contrast to HPV-

induced SCCs, no
 
BPV-4 DNA can be detected in the neoplasms.

25
 In addition,

 

although BPV-4 E5 and E7 proteins are present within upper
 
alimentary papillomas, 

no PV proteins can be detected in
 
upper alimentary SCCs.

4
 As suggested by the ‘‘hit-

and-run’’
 

hypothesis, this could be because BPV-4 infection causes
 

malignant 

transformation and alters the microenvironment, making the virus undetectable.
113

 As 
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with bovine bladder neoplasms, the rates of upper alimentary SCCs in cattle are 

dependent on exposure to bracken fern. In parts of Brazil where this plant is common,
 

upper alimentary tract SCCs are the most common bovine
 
neoplasm.

63
 In contrast, 

upper alimentary SCCs are extremely
 
rare in cattle from geographical locations in 

which this plant
 

is not found. Experimental feeding of bracken fern to cattle
 

consistently resulted both in numerous large papillomas and
 
in SCCs of the upper 

alimentary tract. The development of
 
numerous papillomas is thought to be due to 

immunosuppression
 

caused by bracken fern; immunosuppression induced by
 

azathioprine also results in numerous papillomas.
26 

However,
 
azathioprine did not 

cause SCCs, suggesting that the presence of papillomas does not necessarily result in 

SCC development.
 
Dysregulation of the normal epithelial cell cycle by BPV-4 is

 

primarily mediated by the E7 protein, which, in contrast to BPV-
 
1 and BPV-2 E7 

protein, can bind pRb.76 The BPV-4 E5 protein
 
does not activate PDGF-bR, PI3-K, 

or c-Src125 but does promote
 
cell cycling by upregulation of cyclin A through 

transactivation
 
of a cyclin A promoter44 and reduced p27, possibly due to

 
increased 

cyclin D.81 BPV-4 E5 protein also prevents surface
 
expression of MHC class 1.67 

However, transformed cells
 
expressing BPV-4 E5 and E7 are not immortal and do not

 

cause tumors in nude mice.93 This is thought to be due to an
 
absence of an E6 ORF 

and therefore the transformed cells
 
do not lose p53 function.8 Exposure of BPV-4–

transformed cells to quercetin, a mutagenic component of bracken fern,
 
results in cells 

that are tumorigenic, possibly due to the
 
development of p53 mutations within the cell 

and upregulation
 
of viral protein expression.

92
 This suggests that, compared

 
with a 

noninfected upper alimentary epithelial cell,
 
a BPV-4–infected cell is more likely to 

continue cycling
 

after quercetin-induced DNA damage.
8,32

 Therefore, a
 

BPV-4–

infected cell may be more likely than a non-infected
 
cell to become neoplastic 

subsequent to bracken fern exposure.
 
While there is good evidence from in vitro 

studies that
 
BPV-4 infection predisposes to neoplastic transformation, the

 
absence of 

BPV-4 DNA in bovine upper alimentary SCCs and
 
the requirement of bracken fern 

for neoplasia makes it is hard
 
to determine the precise role of BPV-4 in cancer 

development.
 
While BPV-4 appears likely to be an important cofactor in

 
neoplasia 

development, it cannot be excluded that papillomas
 
and SCCs are both independently 

induced by bracken fern.
 
As with bladder cancer, observing if preventing BPV-4

 

infection decreases rates of upper alimentary tract cancer in
 
cattle may be necessary to 

definitively determine the extent
 
to which BPV-4 promotes cancer development.

 

BPVs have also been suggested to cause bovine ocular
 
SCCs. However, while BPVs 

were detected in a proportion
 
of samples from the eye, there is no evidence that BPVs 

act
 
as cofactors with UV exposure in the development of these

 
neoplasms.

105
 In 

addition, while PVs have been associated
 
with skin cancer in other domestic species,

72 

there is little evidence
 
that BPVs influence the development of cutaneous

 
SCCs in 

cattle. The lack of association between BPVs and
 
skin neoplasia in cattle is especially 

interesting considering
 
their ability to cause mesenchymal skin neoplasia in horses

 
and 

cats.
 

Papillomaviruses and Mesenchymal Neoplasia 

 

There is currently no evidence that HPVs are able to infect, or cause malignant 

transformation of, human mesenchymal cells. In contrast, BPVs have been recognized 

to cause proliferation of equine dermal fibroblasts for over 60 years.
83

 Since these 

initial reports, multiple additional species have been shown to develop cutaneous 

mesenchymal lesions due to natural BPV infection, and mesenchymal neoplasia has 
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been induced in mice and hamsters after experimental inoculation of BPVs.
13,99

 The 

association between BPVs and mesenchymal neoplasia 

is best studied in horses, and as recently reviewed,
77

 evidence suggests that delta-

BPVs contribute to equine sarcoid development. This evidence includes the almost 

universal presence of BPV-1, BPV-2, or, as more recently reported, BPV-13, in 

equine sarcoids.
11,27,64

 Rare reports of epizootics of equine sarcoids also support an 

infectious cause.
79

 Immunohistochemistry can be used to demonstrate BPV-1 E5 and 

E7 proteins within the proliferating fibroblasts of the sarcoids,
16

 and BPV E2, E5, E6, 

and E7 messenger RNA (mRNA) can be consistently amplified from sarcoids.11 

BPV-1 has been shown to transform equine fibroblasts in vitro, resulting in cells that 

proliferate more rapidly, show anchorage-independent growth, have an expanded life 

span, and have abnormal p53 location within the cell.
127

 Interestingly, like the BPV 

DNA in bovine bladder neoplasms, but in contrast to the HPV DNA in human 

cervical cancers, the BPV DNA in the mesenchymal cells of a sarcoid remains 

episomal.3,59 However, no studies to date have examined sarcoids specifically to 

examine integration events within the tumors. While BPVs are involved in the 

etiology of sarcoids, the precise pathogenesis remains uncertain. Inoculation of BPVs 

into the skin of horses results in ‘‘pseudosarcoids’’ that, unlike naturally occurring 

sarcoids, remain small and spontaneously resolve.
46

 In addition, there is evidence that 

a proportion of horses may be asymptomatically infected by BPVs,
10,126

 and a genetic 

susceptibility to sarcoid development has been identified in some horse breeds.
31

 

These observations suggest that sarcoids are not simply due to BPV infection, and 

additional factors, such as proliferation of mesenchymal cells (eg, due to trauma) as 

well as the immune reaction of the host, may be necessary.
31

 BPV-1 virus-like particle 

vaccines have recently been developed 
45

 and may allow a more precise definition of 

the role of BPVs in sarcoid development. The natural history of BPV infection of 

horses is also uncertain. Horses have historically been thought to be infected after 

exposure to cattle and to be dead-end hosts in which no viral replication occurs. 

However, more recent evidence suggests that productive BPV replication may occur 

in the overlying epidermis.
19,77,78

 If BPVs can replicate in both cattle and horses, this 

is in contrast to the HPVs that are thought to be highly species specific. Productive 

BPV infections in horses would suggest that direct contact with cattle is not required 

for sarcoid development and would explain why being in contact with a horse with a 

sarcoid appears to 

predispose to sarcoid development.78,97 Recently, BPVs have been detected in the 

blood of horses both with19 and without 20 sarcoids, suggesting the possibility of 

blood-borne and horizontal transmission. As discussed with bladder cancer, E5 

protein appears to be the major oncoprotein protein of BPV-1 and BPV-2. Other 

BPV-1 proteins that may also be important in sarcoid development include the E6 

protein, which has been found to interact with paxillin, disrupting the actin 

cytoskeleton and possibly influencing the morphology, motility, adhesion, and 

division of the cell.
121

 Interestingly, high-risk, but not low-risk, HPVs have also been 

found to bind to paxillin.121 BPV-1 E6 protein may also promote neoplastic 

transformation by interacting with CBP/p300, possibly influencing p53 function.
128

 

While playing a secondary role, BPV-1 E7 protein may also contribute to 

carcinogenesis by binding to cellular p600 protein and subsequently inhibiting 

detachment-induced apoptosis (anoikis).
34

 Cats, mountain lions, and lions are all 

reported to develop lesions that are histologically similar to equine sarcoids.
70

 The use 

of in situ hybridization reveals PV DNA within the proliferating mesenchymal cells of 

feline sarcoids but not within the overlying hyperplastic epidermis, and no evidence 
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of viral replication is present.
119

 The same PV, designated feline sarcoid-associated 

(FeSar) PV, has been consistently amplified from feline sarcoids.
74

 Evidence that 

FeSarPV is a BPV includes the detection of the virus within bovine papillomas and 

samples of normal bovine skin,
73

 the failure to detect FeSarPV on nonsarcoid skin 

samples from cats,
74

 the association between sarcoid development in lions and feeding 

unskinned bovine carcasses,87 and the higher prevalence of feline sarcoids in cats 

from rural areas.110 Interestingly, the PV that causes feline sarcoids is different from 

BPV-1, BPV-2, or BPV-13. In addition, FeSarPV has not been detected in a sarcoid 

from an equine species. This suggests that BPV-1, BPV-2, and BPV-13 are restricted 

to bovids and equids, and FeSarPV is restricted to bovids and felids. 
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Materials and Methods 
 

Animals and Sample Collection 

 

In this study, a total of  3 cattle, 3 goats and 4 sheep  were presented to Al Muthanna 

Veterinary Hospital with multiple cutaneous lesions that were diagnosed as cutaneous 

papilloma by clinical examination. The BPV lesions  were observed  and localized in 

the head, neck, back muzzle and perineum region. The samples were obtained after 

cleaning the area with water and soap and decontamination with 70% ethanol. 

Segments of warts were removed by parallel incision in the surface of the skin using a 

disposable sterile scalpel and kept in sterile tube  (Figure. 1). 

 

 
Figure. 2: Shows the lesion of papilloma virus in the perineum area located on the 

external genital area. 

 

 Histopathology  

 
For histopathological examinations, gross lesions were recorded and tissue specimens 

were collected from skin lesions, fixed in formaldehide and embedded in paraffin 

wax, sectioned at 5 μm and stained with Lillie Mayer Haematoxylin-Eosin (H&E). 

 

Immunohistochemistry 

  

The sections of the  tissues were dewaxed and rehydrated by routine methods for 

immunohistochemical staining as follows. The streptavidin-biotin-peroxidase 

complex (ABC) technique was performed (Zymed, Histostain Plus Kit, California, 

USA). Antigen retrieval was facilitated by heating in the citrate buffer (pH 6.0). 

Endogenous peroxidase activity in tissue sections was blocked by applying 0.3% 

hydrogen peroxide in 0.01M PBS including 10% methanol and blocked with 5% 

normal goat serum prior to exposure to primary antisera. The presence of 
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papillomavirus was demonstrated by monoclonal mouse antibody BPV-1-1H8 

(Abcam, cat. no: ab2417). 

 

P53 staining 

 

Sections (5 μm) from the samples were labelled immuno-histochemically by the 

streptavidin-biotin-peroxidase complex (ABC) technique for detection of the 

papilloma virus. Serial sections were dewaxed in xylene and hydrated through graded 

alcohols. Endogenous peroxidase activity was blocked with hydrogen peroxide 3% in 

methanol for15 min. The sections were rinsed with phosphate buffered saline (PBS, 

pH 7.2) and subsequently placed into citrate buffer (pH 6.0) in a microwave oven 

(800 W) for 10 min forantigen retrieval. After washing with PBS the sections 

werethen incubated with rabbit anti papilloma virus antibody (Dako Cytomation, 

Glostrup, Denmark) for 30 min. Following brief rinsing with PBS the sections were 

incubated with biotinylated secondary antibody (Histostain®-Plus kit, Cat. No. 

AA85-9043; Invitrogen corp, Camarillo, CA, USA) and Streptavidin HRP 

(Histostain®-Plus kit) each overlaid onto the sections for 10 min at RT. Papilloma 

virus positive cells were visualized using AEC and counterstained with Gill’s 

haematoxylin. Primary antibodies were omitted from negative control sections, which 

were incubated with either TBS or diluted normal serum from the species in which the 

primary antibody was raised. 

 

bcl-2 staining 

 

Sections from the papilloma  lesions and  were  immunostained using a streptavidin-

avidin method (LSAB Kit; Dako). Paraffin sections of 5μm thickness were 

deparaffinized in xylene and 100% ethanol. Endogenous peroxidase activity was 

blocked by 0.3% H202 methanol solution for 20 min. The sections were subjected to 

antigen retrieval with sodium citrate (pH 6.00) by heating in a microwave twice for 5 

min each cycle (at 700W) and allowed to cool for 10 min. Sections were rinsed twice 

for 5 min in phosphate buffer saline (PBS; pH 7.4, 0.1 M). To block non-specific 

bindings protein block serum (Dako) was applied for 15 min. The mouse anti bcl-2 

(NCL-bcl-2-486, Novocastra) primary antibody diluted 1:50 in PBS was applied 

overnight at 40 C in humified chamber. Further, the sections were incubated for 20 

min at RT with the appropriate biotinylated secondary antibody. Following a rinsing 

step in PBS, streptavidin-conjugated to horseradish peroxidase was applied for 20 min 

at RT. Colour development was obtained by treatment with diaminobenzidine (DAB) 

(Dako) for 5 min. Sections were counterstained with Mayer’s haematoxylin. In the 

corresponding negative control section, the primary antibody was either omitted or 

replaced with appropriate normal serum. The slides  were examined with light 

microscope connected to digital camera and photo was captured at various 

magnifications.   
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Results 

 
Clinical presentation  of cases 

  

A total 10  cases of  papilloma exhibited in farm animals 3 cattle, 3 goats and 4 sheep 

( Table. 2) Clinically low to moderate number of warts were observed in head, 

eyelids, ears, neck, brisket, shoulder, thorax, limbs, para-genital area ( testes & 

vagina) and ventral abdomen. Topographic specificity and regional distribution of 

warts as studied revealed dissemination of warts covering antero-dorsal part of the 

body ( Figure. 3, 4,5) .  All these cases were treated by surgical removal of the 

papilloma lesions especially the large one.  These clinical presentation are similar to 

typical clinical presentation of papilloma reported with previous studies in sheep, goat 

and bovine  
5,4,10,12,24, 50

.  

 

Table. 2: shows the clinical presentation of papilloma in animals  

 

No Animals  Papilloma lesions distribution 

1 cow Large lesions on the perineum /vulva and udder, shoulder 

2 cow Large lesions distributed over all the body  

3 calves Large to moderate lesion found on the face , ear, around the 

eyes, lips, brisket, testes 

4 goat Large lesion on perineum/ valva  

5 goat Large lesion on perineum/ valva / around the lip 

6 goat Large fibropapillom found on the lower lips  

7 ewe Lesions found sternum & thigh   

8 ewe Lesions found on shoulder 

9 ewe Lesions found on chest and thigh 

10 ewe Lesions found sternum & thigh and lips 

 

 
Figure. 3: clinical presentation of bovine papilloma on the abdomen 
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Figure. 4: clinical presentation of bovine papilloma on the eyes of cow   

 

 
Figure. 5: clinical presentation of bovine papilloma on the testes 

 

 

 

Histopathologically, varying degrees of hyperplasia of the epidermis with irregular 

papillary projections into the dermis was common and it was seen in all animals. In 

the epidermis moderate to severe acanthosis, mild to severe hyperkeratosis, hydropic 

degeneration of keratinocyts and many koilocytes with variably sized keratohyalin 

granules were present. Also rare presence of intranuclear inclusion bodies were 
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observed only in the basal cells of the epidermis. Dermis showed mild to moderate 

hyperplasia of the connective tissue that consisted of blood vessels, fibroblasts, focal 

hemorrhage and mild infiltration of lymphocytes. The main histopathological features 

are summarized in (Table. 3) (Figure. 6, 7, 8, 9, 10).  A few cell of the basal layer of 

the epidermis was immunostained with BPV-1 (Figure. 12). 

 

Table. 3: Shows the histopathological features in papilloma  

 

 
Figure. 6: shows the histopathological changes of bovine papilloma ( X4, X10, X20, 

X 40) H&E 

 

 
 

Figure. 7. Shows the Fibrous connective tissue features of bovine papilloma  
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Figure. 8: shows the histopathological changes of ovine papilloma ( X4, X10, X20, X 

40) H&E 

 

Immunohistochemistry  
 

Some nuclei in the granular and basal layers of the epidermis revealed 
intense positivity for papilloma virus antigen (Figure. 9, 10). In the stratum 
corneum most of the nuclearremnants exhibited strong positivity. This also 
occurredaround small empty spaces, probably left by disappearingnuclei. In 
some cases, connective tissue of the fibro-papillomas, some mesenchymal 
cells showed weak to intensepositivity in the cytoplasm, sometimes, 
accompanied bypositivity in the nuclei. Occasionally some vascular endo-
thelial cells revealed weak immunolabelling. All skin structureswere negative 
in the slides treated with TBS or normal seruminstead of primary antibody. 
 

 
 

Figure.9: Shows nuclei in the epidermis are positive for papillomavirus antigen IHC. 

X40 
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Figure.10: Shows nuclei in the epidermis are +++ positive for papillomavirus antigen 

IHC. X40 
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Discussion 

 
Bovine papillomatosis is a common viral disease of the skin, manifested as benign 

tumors or warts, caused by bovine papillomavirus (BPV) 
23

. Papillomavirus may 

affect all ages of cattle; however, affected cattle were usually younger than 2 years of 

age 
27

. In this study, cutaneous papillomatosis was detected in animals aged between 

5 months and 5 years. Bovine cutaneous papillomas were detected mainly on the head 

and neck, besides on thorax and in some animals within the other parts of the body 
1, 3, 

4, 11, 15
. In our study  of the lesions were found on the head, chest , perineum area, 

around the eyes and in all body parts in some animals.   

Papillomatosis may become a significant problem for the farm animals when a large 

group of young, susceptible cattle become infected. The percentage of disease may be 

increased approximately up to 20-25% 
29

 .  

In this study, bovine papillomatosis occurred in cow, sheep and goat with variation in 

it spreading on the body. Diagnosis of cutaneous papillomatosis, which is commonly 

observed in cattle, is based on clinical symptoms, histopathological findings and the 

use of an electron microscope 
13

. In this study, papilloma virus infection was 

confirmed by identifying BPV-1 nucleic acid with the PCR technique, clinical and 

immunohistochemical findings as well as histopathological findings. The etiological 

agent for bovine cutaneous fibropapillo-matosis is thought to be BPV-1 and BPV-2 
3,20

.  

Numerous PCR primers are used to identify papilloma viruses. Even though most of 

these primers have been designed using human papilloma viruses, they are also used 

to identify animal papilloma viruses, including bovine papilloma viruses 16-
18,21

. The 

consensus primers FAP59/FAP64 and MY09/MY11 are commonly used to identify 

papilloma viruses in cattle and other animals 
6,14,15,17

.   

The macroscopic and microscopic findings of the tumor that observed in the present 

study was similar to described before 
1, 11,14

. Macroscopically cauliflowerlike shaped 

tumoral masses were observed. The lesions were composed of a generally marked 

hyperkeratosis of the epidermis with irregular papillary projections into the dermis in 

the histopathologic examination.  

Viral inclusion bodies are rarely reported in naturally occurred skin papillomas 
12, 15

. 

Etiology of this disease is connecting to papillomaviruses, and cattle are natural 

carries of the virus 
6, 12, 27

. In this study intranuclear viral inclusion bodies were seen 

in papilloma as demonstrated by previous study (10), specific antigen (BPV-1) in the 

basal cell layer of epidermis.  The level of cellular proliferation in tumor tissue may 

be determined by immunohistochemical techniques. With these methods, nuclear 

antigen associated with cell growth and division, stained and evaluated under the 

microscope 
26

. In our study, bcl-2 reduce in positive samples showed a positive cells. 

This is in accordance with human counterpart, where in head and neck squamous cell 

carcinomas the number of apoptotic cells was noted to be reduced in bcl-2 positive 

tumours when compared to bcl-2 negative tumours 
7
.  

This finding suggests that apoptosis might be regulated by bcl-2 expression also in 

BPV induced fibropapillomas. Bcl-2 upregulation is one of the potential mechanisms 

by which tumour cells escape from p53 mediated apoptosis; functional p53 inhibits 

bcl-2 expression and its anti-apoptotic function, thus altered localization and/or 

expression of p53 may lead to bcl-2 overexpression and exertion of its anti-apoptotic 

activity 
8
. 
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In conclusion, in this study, the present authors described clinical and pathological 

findings of cutaneous papillomatosis in the cattle, sheep and goat. Specific antigen of 

BPV-1 was demonstrated by immunohistochemically in bovine cutaneous 

papillomatosis. The present researchers also decided that the p53 and bcl-2 antibodies 

were very useful markers to detection of cellular proliferation in the bovine cutaneous 

papillomatosis. 
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