
pISSN  1598-298X / eISSN  2384-0749
J Vet Clin 33(6) : 346-350 (2016)
http://dx.doi.org/10.17555/jvc.2016.12.33.6.346

346

PCR-based Detection of Bovine Papillomavirus DNA from

the Cutaneous Papillomas and Surrounding

Environments in the Korean Native Cattle, Hanwoo

Sang-Hyun Han, Yong-Sang Park*, Jong-Pil Seo* and Tae-Young Kang*1

Educational Science Research Institute, Jeju National University, Jeju 63243, Korea

*Department of Veterinary Medicine, College of Veterinary Medicine, Jeju National University, Jeju 63243, Korea

(Received: May 17, 2016 / Accepted: August 17, 2016)

Abstract : Two 1-year old calves of Korean Native cattle (Hanwoo) presented cutaneous papillomas on the face and
neck. Type 2 bovine papillomavirus (BPV-2) was identified in the cutaneous papillomas based on BPV-specific PCR
and subsequent DNA sequencing analysis results. Using DNA samples extracted from two affected calves and unaffected
animals reared in the same stable, BPV-2 was not only detected in the cutaneous papillomas of affected animals based
on BPV-specific PCR analysis, but also detected in normal skins, hairs, and their environments based on nested PCR
analysis. BPV-2 was also detected in DNA samples isolated from animals and environments of that distinct stable
with affected calves. However, no BPV-2 was detected in the drinking water of both stables (infected and unaffected).
These findings concluded that BPV-2 was transmitted by direct or indirect contact, not by drinking water. This is
the first report to show molecular evidence of BPV-2 infection. Rapid and precise molecular identification can be
used to screen BPV-2 in cattle farms to understand the biological roles of BPV in animal diseases.
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Introduction

Papillomaviruses (PVs) are double-stranded DNA viruses

belonging to family Papillomaviridae. They infect mammals,

birds, and reptiles (1,4,5). These viruses have been associ-

ated with the development of lesions in the epithelium and

various carcinogenic processes in humans and other animals

including cattle, yaks, water buffaloes, and horses (4,7,9,26,

31). Up to date, thirteen types of bovine papilloma virus

(BPV) have been classified into the following three genera

based on their genetic and biological features: Deltapapillo-

mavirus (BPV-1, -2, and -13), Epsilonpapillomavirus (BPV-5

and -8), and Xipapillomavirus (BPV-3, -4, -6, -9, -10, -11,

and -12) with an unassigned group (BPV-7) (16,20,24). BPV

infections are common in cattle. Approximately 50% of cat-

tle are estimated to carry BPV-induced lesions or wart in the

UK (8) while over 60% of Holstein cattle in Korea are esti-

mated to have BPV-induced lesions (2,3).

Among those BPV infections, BPV-1 and -2 cause hyper-

proliferative lesions such as fibropapillomas (warts) of para-

genital areas and the skin, benign fibroplasias, and urinary

bladder cancer in cattle, causing significant economic losses

(9,16,17,26). BPV-2 infection is also considered as an etio-

logical agent of enzootic bovine haematuria (EBH) of urinary

bladder neoplastic disease in the presence of ptaquiloside of

bracken fern (Pteridium aquilinum), an environmental car-

cinogen (11,15,23,25).

Previous reports have described BPV infection in lesions

of teat warts using immunohistochemistry and electron

microscopy in Holstein and Hanwoo collected in South

Korea without classifying the BPV types (2,3). This study

used polymerase chain reaction (PCR)-based methods to detect

and identify BPV infection in the cutaneous papillomas and

their surrounding environments in Hanwoo.

Materials and Methods

Animals and DNA isolation

Two healthy Hanwoo calves (1-year old) presented cutane-

ous papillomas on their face and neck in March 2015. They

were freely released in a same stable in a cattle farm in Jeju

Island, South Korea. Tissue samples of fibropapillomas were

excised from the lesions of two affected calves. Swab sam-

ples were prepared using 3 × 3 cm2 cotton from the skin of

face and hairs of ventral part of each individual and the envi-

ronment (feed tub, drinking water, and stable wall) accord-

ing to the procedure of Bogaert et al. (6). Drinking water was

freshly collected from tap water and immediately frozen at

−80oC until analysis. Animal swabs and environmental swabs

were divided into two groups (Group-1 and Group-2) de-

pending on whether they had direct contact with the calves

affected by bovine papilloma (BP). Group-1 (n = 60) was for

samples that had direct contact with affected calves within

the same. Group-2 (n = 48) was for samples that had no direct

contact with the affected calves. They were collected in the

same farm but different stables. Both groups included all

cows and calves in each stable. Group-1 and Group-2 ani-
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mals were separated for three months before sample collec-

tion. Total DNA was extracted from tissues and environmental

swabs using DNeasy Blood and Tissue Kit (Qiagen, USA).

PCR and nested PCR analysis

To detect the presence or absence of BPV, PCR was used.

BPV type-specific primer sets were designed using Primer3

program (http://bioinfo.ut.ee/primer3-0.4.0/) after multiple

alignments to select genus-specific primer sequences among

genome sequences of Deltapapillomaviruses (BPV-1, BPV-2,

and BPV-13) previously deposited at the National Center for

Biotechnology Information (NCBI) database. In addition,

primer pair (BPVE5F and BPVE5R) designed by Chambers

et al. (12) were used for BPV-specific PCR to amplify E5

ORF fragment of Deltapapillomavirus specific region. BPVf

and BPVr primers designed by Bogaert et al. (6) were also

used for nested PCR analysis. Primers used in PCR and

nested PCR are summarized in Table 1. PCR was performed

in 20 µl reaction volume containing approximately 50 ng of

DNA, 10 pmole of each primer, and 2 units of Taq DNA

polymerase (GenetBio, South Korea). PCR were performed

with the following conditions: initial heating at 95oC for 2

min, 35 cycles of denaturation at 94oC for 20 s, annealing at

60oC for 20 s, and extension at 72oC for 60 s, followed by a

final step of extension at 72oC for 10 min. For screening

BPV-1/-2/-13 in environmental samples, BPVf and BPVr

designed by Bogaert et al. (6) were used for nested PCR. The

nested PCR was carried out with different primer set (BPVf

and BPVr) and 65oC annealing temperature. PCR products

were purified using Agarose Gel Extraction Kit (Roche, Ger-

many) and directly sequenced with bidirectional inner primers

using ET-dye Terminator DNA Sequencing Kit (Amersham

Biotechnologies, USA). 

Data analysis

Similarity search was carried out to compare the newly

determined BPV sequences with those previously reported in

NCBI database using BLAST program (http://blast.ncbi.nlm.

nih.gov/Blast.cgi). The frequencies of positive BPV DNA

samples between different groups were compared using Stu-

dent’s t-test SPSS ver. 19.0 (IBM Inc.). p < 0.05 was consid-

ered as statistically significant. 

Results and Discussion

DNA samples (n = 11) of cutaneous papilloma from two

calves showed 601-bp E5 ORF band of BPV using BPV-1/-

2/-13 specific primers in primary PCR (Fig 1a). All sequences

obtained from this study shared high identities (over 99%)

with those of BPV-2. Therefore, we defined these sequences

collected from cutaneous papillomas of the two calves as

BPV-2. In this farm, DNA samples from clinically normal

animals and their surrounding environments also yielded

247-bp BPV-2 based on nested PCR (Fig 1b) and subse-

quent DNA sequencing analysis. We concluded that BPV-2

was the causative agent for cutaneous papilloma develop-

ment in this farm. Other BPVs including BPV-1 and BPV-13

belonging to the same Deltapapillomavirus were not detected.

For two different stables in the same farm, we tried to

Table 1. Primers used in PCR and nested PCR analysis for detection of BPV-2

Target BPV Primer name Primer sequence Reference

BPV-1, -2, -13 BPV1-2F 5'-TTTTAGAGATCGCCCAGACG-3' This study

BPV1-2R 5'-CTTGCCTTTGACTTGGTGAT-3'

BPV-1 BPV1sF 5'-GCCCACGGAAGATCCTGAAG-3' This study

BPV1sR 5'-AGGTGTTCTGAGGTAGCAGTCTA-3'

BPV-2 BPV2sF 5'-CGTAACCTGCCTCAAACTG-3' This study

BPV2sR 5'-ATGACTTGGGGAGCAAGGC-3'

BPV-13 BPV13sF 5'-AGAAGCTTTCCTACAAGTG-3' This study

BPV13sR 5'-ATTTGTGGCTGATGCTCTTCTTG-3'

BPV-1,-2, -13 BPVE5F 5'-GCTACGAGAACTGCACCACC-3' Chambers et al. (2003)

BPVE5R 5'-TGGACATGTGCCCGCTTGC-3'

BPV-2

 in nested PCR

BPVf 5'-CAAAGGCAAGACTTTCTGAAACAT-3' Bogaert et al. (2005)

BPVr 5'-AGACCTGTACAGGAGCACTCAA-3'

Fig 1. Detection of BPV DNA from papilloma and surrounding

environments. a, PCR detection for BPV (601-bp PCR products)

from DNA samples isolated from papillomas. b, nested PCR

detection for BPV-2 (247-bp PCR products) from DNA samples

prepared from normal skins and hairs as well as environmental

swabs. P, papilloma; S, skin; H, hair; DW, drinking water; FT,

feed tub; SW, stable wall; NC, negative control. (+) and (-) indicate

the positive and negative for BPV. M is 1-kb plus DNA ladder.
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detect BPV DNA using PCR-based analyses. BPV was

detected in DNA samples isolated from normal skins, hairs,

and environmental swabs except drinking water (Table 2).

The skin and hair DNA samples in Group-1 showed 28.3%

and 23.3% detection rates of BPV-2, respectively. However,

the skin and hair DNA samples in Group-2 showed 22.9%

and 10.4% detection rates of BPV-2, respectively. The pres-

ence of BPV-2 DNA in hairs was significantly (p < 0.05) dif-

ferent between Group-1 and Group-2. For surrounding

environmental DNA samples, BPV-2 DNA was detected in

both groups, indicating that the surrounding environments

might have been contaminated by BPV particles. However,

DNA samples of drinking water did not show BPV DNA in

either group. Because drinking water was collected freshly

from tap water, we concluded that the virus was not intro-

duced from the water source at that time. Group-1 showed

higher (p < 0.05) levels of BPV-2 DNA than Group-2, sug-

gesting that these virus particles could be easily released to

the environment from papilloma affected animals. It is also

possible that BPV-2 DNA found in Group-2 might have

derived from Group-1 by human activities during manage-

ment or through cross contamination during migratory time

during outside grazing. In this farm, there are three different

stables. However, cattle graze in the same grassland every

summer, which can introduce direct contact to each other. In

addition, BPV-2 has been detected from sarcoids, normal

skin, and surrounding environments of horse farms (6,7).

Two types of BPV-1 and BPV-2 have been detected in several

groups of horses and surrounding environments. However,

the locations of BPV found and the expression levels of

BPVs were significantly different, corresponding to group-

ing conditions by contact opportunity with affected animals

(6,7). They also found the presence of BPV-positive animals

and environments that were strictly isolated without direct

contacting pathogen-harboring animals. These results indicate

that animals and their body parts might have more chances of

viral transmission when they are near the BPV affected

calves via direct or indirect contact than those far away from

the affected calves. The occurrence of horizontal transmis-

sion of BPV-2 has been described in healthy cattle from an

inoculating experiment with peripheral blood from EBH ani-

mals (30). On the other hand, the presence of viral DNA in a

stable without papilloma affected animal indicates that viral

latency is also possible (6,10,23). In animals and humans, it

has been suggested that peripheral blood mononuclear cells

may serve as the source of papillomavirus of the epithelial

cells as well as simultaneous viral infections in cancer and

healthy tissues of the same animals, thus suggesting a hae-

matogenous virus spread (7,21,23,25). 

The presence of BPV has been reported using immunohis-

tochemical (IHC) and electron microscopic (EM) analyses in

the teats of Holstein and Hanwoo in South Korea (3), and the

detection rates of papilloma lesions by direct observation

were 60.8% in Holstein and 7.4% in Hanwoo, respectively.

Whereas the detection rates of BPV in the teats of Holstein

cows was 41.9% in EM, 26.3% in IHC, but 71.4% in PCR

assays, and twenty-two BPV sequences classified into three

groups in nucleotide similarities corresponding to Deltapapil-

lomavirus (BPV-1 and -2), Epsilonpapillomavirus (BPV-5),

and Xipapillomavirus (BPV-3, -4 and -6) (2). However, we

only identified BPV-2 in this study. Differences in BPV types

detected between previous reports and the present study

might be due to difference in survey sites. The previous

reports used samples from Korean Peninsula. However, this

study was carried out by only using samples from Jeju

Island. Four types of BPVs (-1, -2, -3, and -9) were described

from 71 lesions of cows and a donkey (16), and nine types of

BPV except BPV-2, -5, -11, and -13 in cattle herds in Emilia

Romagna region in Italy (27). Locations of animal farms,

cattle breeds, and genetic influence are associated with the

distribution pattern of BPV types (13,14,19,22,28,29). For

example, Holstein cattle have higher prevalence (60.8%) of

papillomas in teats than Hanwoo (7.4%) in South Korea

(2,3). In addition, BPV-1 has been reported to be the main

viral type causing papilloma-like lesions in Italy (16). How-

ever, BPV-6 and BPV-8 are the main ones in Japan (18) and

Germany (28), respectively. These results suggest that BPV

distribution is affected by type-specificity according to genetic

background of the cattle population, such as disease suscepti-

bility and environmental conditions. From the results of the

present study we just identified BPV-2 in a single cattle farm

in Jeju Island. For more clear understanding distribution of

BPV types, it should be necessary to examine broad samples

from cattle and horse farms in this island. Whether co-pastur-

Table 2. PCR and nested PCR detection of BPV-2 DNA in cattle and surrounding environments

DNA sample
Group-1 (n = 60) Group-2 (n = 48)

p-value Significance
No. of test No. of positive Frequency No. of test No. of positive Frequency

Animal Papilloma1 11 11 1.000 - - - - -

Normal skin2 60 17 0.283 48 11 0.229 0.199 n.s.

Hairs3 60 14 0.233 48 5 0.104 0.014 *

Surroundings Feed tub 8 2 0.250 8 1 0.125 0.554 n.s.

Drinking 

water
8 0 0.000 8 0 0.000 - -

Stable wall 8 1 0.125 8 0 0.000 0.351 n.s.

Note: different letters in the same row are significantly different at 5% significance thresholds. n.s. indicates not significant. 1, DNA samples
of papilloma were isolated from two affected calves. 2 and 3, DNA samples of normal skin and hairs were prepared using the swabs from
each individual in Group-1 and Group-2.



PCR-based Detection of Bovine Papillomavirus DNA in Korean Native Cattle, Hanwoo 349

ing with other species such as horses that are well known as

hosts for BPV-1 and BPV-2 would affect BPV distribution

merits further study. 

In this study, we applied PCR-based methods to detect

BPV from bovine cutaneous papillomas, normal body parts,

and surrounding environments. We clearly detected BPV-2

infection in papilloma lesions. The presence of viral DNAs

was also found in normal body parts and surrounding envi-

ronments. Such rapid and precise molecular detection might

result in proper management plan and disease control on

farms. Further research is needed to reveal the genetic char-

acterization of BPVs from different regions of South Korea,

including the surrounding islands and their associations with

viral pathogenesis in livestock animals.
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