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ABSTRACT

Background: Bovine papillomatosis is a type of proliferative tumor disease of skin and
mucosae caused by bovine papillomavirus (BPV). As a transboundary and emerging disease
in cattle, it poses a potential threat to the dairy industry.

Objectives: The aim of this study is to detect and clarify the genetic diversity of BPV
circulating in dairy cows in Xinjiang, China.

Methods: 122 papilloma skin lesions from 8 intensive dairy farms located in different regions
of Xinjiang, China were detected by polymerase chain reaction. The genetic evolution
relationships of various types of BPVs were analyzed by examining this phylogenetic tree.
Results: Ten genotypes of BPV (BPV1, BPV2, BPV3, BPV6, BPV7, BPVS, BPV10, BPV11, BPVI3,
and BPV14) were detected and identified in dairy cows. These were the first reported detections
of BPV13 and BPV14 in Xinjiang, Mixed infections were detected, and there were geographical
differences in the distribution of the BPV genotypes. Notably, the BPV infection rate among
young cattle (< I-year-old) developed from the same supply of frozen sperm was higher than
that of the other young cows naturally raised under the same environmental conditions.
Conclusions: Genotyping based on the L1 gene of BPV showed that BPVs circulating in
Xinjiang China displayed substantial genetic diversity. This study provided valuable data at
the molecular epidemiology level, which is conducive to developing deep insights into the
genetic diversity and pathogenic characteristics of BPVs in dairy cows.
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INTRODUCTION

Bovine papillomatosis (BP) is a chronic proliferative skin disease caused by bovine
papillomavirus (BPV) [1], which results in cutaneous neoplastic lesions and reductions in
animal constitution within the cattle industry [2]. As one of the transboundary and emerging
diseases in cattle, BP circulates in many countries [3-8]. However, to date, there is no
effective vaccine to prevent the occurrence of BP [2].

1/10

ssaiduljwx §sp Aq pejesousn


https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0002-1190-0114
https://orcid.org/0000-0002-1190-0114
https://orcid.org/0000-0002-7329-6661
https://orcid.org/0000-0002-7329-6661
https://orcid.org/0000-0001-8597-5998
https://orcid.org/0000-0001-8597-5998
https://orcid.org/0000-0003-2332-8466
https://orcid.org/0000-0003-2332-8466
https://orcid.org/0000-0002-9416-1774
https://orcid.org/0000-0002-9416-1774
https://orcid.org/0000-0002-4223-8557
https://orcid.org/0000-0002-4223-8557
https://orcid.org/0000-0002-1190-0114
https://orcid.org/0000-0002-7329-6661
https://orcid.org/0000-0001-8597-5998
https://orcid.org/0000-0003-2332-8466
https://orcid.org/0000-0002-9416-1774
https://orcid.org/0000-0002-4223-8557
https://orcid.org/0000-0001-8678-4165
https://orcid.org/0000-0003-4980-4213
https://orcid.org/0000-0002-9777-2298
https://orcid.org/0000-0001-5302-6851
https://orcid.org/0000-0001-5210-4379
http://crossmark.crossref.org/dialog/?doi=10.4142/jvs.2021.22.e50&domain=pdf&date_stamp=2021-06-03

Molecular detection and genetic diversity of bovine papillomavirus

¢

Yanfang Li
https://orcid.org/0000-0001-8678-4165
Zhiyuan Li
https://orcid.org/0000-0003-4980-4213
Zhihao He
https://orcid.org/0000-0002-9777-2298
Xuepeng Cai
https://orcid.org/0000-0001-5302-6851
Jun Qiao
https://orcid.org/0000-0001-5210-4379

Funding

This work was supported by National Key
Research and Development Program (No.
2016YFDO500900), Young and middle-
aged leading science and technology

innovation talents plan of Xinjiang Corps (No.

2016BCO0T) and International Science and
Technology Cooperation Program of China
(N0.2014DFR31310).

Conflict of Interest
The authors declare no conflicts of interest.

Author Contributions

Conceptualization: Meng Q, Ning C, Wang L;
Data curation: Zhang X; Formal analysis: Lian
K; Funding acquisition: Qiao J; Investigation:
Li'Y, Li Z, He Z; Methodology: Wang L, Ren

Y, Li J; Project administration: Qiao J, Xiao
C; Resources: Ren Y, Qiao J; Software: Xiao
C; Supervision: Qiao J; Validation: Wang L;
Visualization: Li Z; Writing - original draft:
Meng Q, Ning C, Wang L; Writing - review &
editing: Cai X, Qiao J.

https://vetsci.org

Journal of
Veterinary Science )

As a non-enveloped double-stranded DNA virus, BPV is a member of the Papillomaviridae
family that commonly infects epithelial cells of bovine skin, mucous membranes, and other
tissues [2,9]. The genome DNA of BPV is about 7800 bp, and the virus capsid is mainly
composed of L protein [10]. So far, at least 27 genotypes of BPVs (BPV1-27) have been identified
and subsequently classified into the following genera: Deltapapillomavirus genus (BPV1, BPV2,
BPV13, and BPV14), Xipapillomavirus genus (BPV3, BPV4, BPV6, BPV9, BPV10, BPV11, BPV12,
BPV15, BPV17, and BPV20), Epsilonpapillomavirus genus (BPVS and BPV8), Dyokappapapillomavirus
genus (BPV16, BPV18, and BPV22), Dyoxipapillomavirus (BPV7) and unclassified genera (BPV19,
BPV21, and BPV27) [8,1117]. Furthermore, some unclassified papillomaviruses have been
subsequently reported [13,15,18,19]. Recently, a novel type, designated as BPV28, from Japan
was identified and characterized [17] and classified in the Xipapillomavirus genus.

Xinjiang is one of five major cattle-farming areas in China. The dairy cattle inventory in
Xinjiang province amounts to 2.8 million, BPV-like infections frequently occur in dairy cattle;
however, to date, infection status and the genotypes of BPVs in dairy cows in Xinjiang, China
remain unclear. Hence, this study aims to identify and characterize the genotypes of BPVs
circulating in intensive dairy farms in Xinjiang, China. The results provide new insights

into the molecular characteristics of BPVs, which will be conducive to studies into the
pathogenicity of BPVs and the development of an effective vaccine to prevent this disease and
its related cutaneous and mucosal tumors in dairy cows.

MATERIALS AND METHODS

Collection of clinical samples

During 2015-2019, a total of 122 clinical samples of Holstein cows with BP-like symptoms
were collected from 8 intensive dairy farms located in 5 major cattle-farming areas of Xinjiang
province, China (Supplementary Fig. 1), including the Changji (18 cases), Shihezi (22 cases),
Tacheng (37 cases), Yili (29 cases), and Aksu (16 cases) areas. The skin samples were collected
from several parts of dairy cow bodies, including face, neck, shoulder, back, and nipple. All
efforts were made to minimize animal stress. Dairy information on age, sex, pathologically
damaged sites, and papillomatosis size was also recorded (Supplementary Table 1). The
obtained papilloma lesion samples were stored at ~80°C freezer.

Design of primers

The degenerate primers FAPS9-FAPG4 (FAPS9, 5'-TAACWGTIGGICAYCCWTATT-3' and
FAPG4, 5'-CCWATATCWVHCATITCICCATC-3') were designed as described in the study
by Forslund et al. [20]. The primers were used for polymerase chain reaction (PCR)
amplification of viral DNA from the skin samples.

Molecular detection

Briefly, 100 mg of each collected papilloma skin lesion sample were removed using a sterile
knife and placed in a tissue grinder. After adding 1 mL of physiological saline, the sample
was ground. The homogenate was centrifuged at 3,000 r/min for 1 min, and then 200 pL of
supernatant was collected. Total DNA was isolated from the supernatant using a MiniBEST
Viral DNA Extraction Kit (TaKaRa Bio, Japan) according to the manufacturer's instructions.
The extracted DNA was used as a PCR template. The PCR was carried out using a Bio-Rad
C1000 Touch 850W Thermal Cycler (Bio-Rad, USA). The PCR reaction mix included 21 uL
of water, 1 uL (0.2 umol/L) of each FAPS9-FAPG64 primer, 25 uL of 2x Premix Ex Taq (TaKaRa
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Bio), and 2 uL of DNA template. The PCR sequence conditions were as follows: 95°C for 5
min followed by 30 cycles of 40 sec at 94°C, 40 sec at 64°C, and 1 min at 72°C, and a final 10
min at 72°C. The PCR products were separated on 2% agarose gel by electrophoresis, and the
gels were stained with ethidium bromide (Takara Bio). Gels were then visualized under UV
light and photographed. The DNA bands were recovered using an agarose gel DNA fragment
recovery kit (Promega, USA) according to the manufacturer's instructions. The purified DNA
fragment was then cloned into pMD19-T (Takara Bio) for sequencing.

Sequencing and comparison of L1 gene DNA sequences

Positive clones that had been screened and verified by PCR and restriction enzyme digestion
as correct were randomly chosen to conduct DNA sequencing. When the DNA sequences of
at least three clones were completely identical, they were recognized as the original sequence.
Using both Clustal W (https://www.genome.jp/tools-bin/clustalw) and DNAMAN software
(versions: 6.0; Lynnon Corporation, Canada), these DNA sequences were compared to L1
gene sequences of BPV1-28 that were downloaded from GenBank (https://www.ncbi.nlm.nih.
gov/), and sequence identities were calculated. According to the nucleotide sequence identity
of a relatively conserved region of the L1 gene, the different types of BPV share a genetic
identity of more than 10%; differences between 2% and 10% identity define a subtype, while
avariant is defined when the difference is < 2% [9,11,21]. Furthermore, relationship details
for the detected BPV genotypes associated with age, sex, pathologically damaged sites, and
papillomatosis size were also analyzed.

Phylogenetic analysis based on the BPV L1 gene

The gene sequences of various genotypes of BPVs detected in this study, and those of BPVs
1-28 are presented in Supplementary Table 1. A phylogenetic tree was constructed by using
the neighbor-joining method included in MEGA 5 software [22]. The bootstrap repeat was
1,000. The genetic evolution relationships of various BPV types were analyzed by examining
this phylogenetic tree.

Statistical analysis of data

The data were analyzed using SAS software (version 9.1; SAS Institute, Inc., USA). The
detection rates of the different BPV types were compared using the y

2 test. A value of p < 0.05 was considered statistically significant, while a p < 0.01 was
considered extremely significant.

Ethics statement
The experiments were carried out in accordance with the guidelines issued by the Ethical
Committee of Shihezi University (No. SHZUA2015-120).

RESULTS

Papilloma in nipple samples had flat, round, and lobed shapes, while papilloma was nodular
and cauliflower-like in head and neck samples (Fig. 1). Among the 5 major cattle-farming
areas, the overall BPV detection rate was 100% in the samples collected from Changji (18
cases), Shihezi (22 cases), Tacheng (37 cases), Yili (29 cases), and Aksu (16 cases).

Among 122 samples from dairy cows with BP-like clinical symptoms, all were positive based
on broad-spectrum PCR detection of papillomaviruses. Based on the sequencing results and
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Fig. 1. Morphological characteristics of skin and nipple samples in dairy cows infected by bovine papillomavirus.
Papilloma nodules (white arrow) were located in neck (A), lower jaw (B), face (C), and nipple (D).

according to the classification standard for papillomaviruses, 10 genotypes were identified
(Fig. 2). The partial sequences of the L1 genes from ten BPV epidemic strains have been
submitted to GenBank (accession numbers: BPVI-XJ05, MT974519; BPV2-X]J18, MT974518;
BPV3-XJ21, MT974517; BPV6-XJ38, MT974516; BPV7-XJ42, MT974515; BPV8-XJ76, MT974514;
BPV10-XJ91, MT974513; BPV11-XJ102, MT974512; BPV13-XJ29, MT974511; BPV14-XJ82,
MT974510) (Supplementary Table 2).
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Fig. 2. Detection of BPV infection in young cattle (< 1-year-old) from a dairy farm located in Tacheng, Xinjiang province.
BPV, bovine papillomavirus.
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The detection rates of the different BPV types were significantly different. Among the 122
dairy cow samples, 98 (80.33%) were infected by BPV2; 77 (63.11%, 77/122) were infected

by BPV1; 39 (31.97%, 39/122) were infected by BPV8; 27 (22.13%, 27/122) were infected by
BPV3; 21 (17.21%, 21/122) were infected by BPV7; 16 (13.11%, 16/122) were infected by BPVG6;

6 (4.92%, 6/122) were infected by BPV11; 5 (4.10%, 5/122) were infected by BPV10; 3 (2.46%,
3/122) were infected by BPV13; 1 (0.82%, 1/122) was infected by BPV14 (Fig. 2, Supplementary
Table 1). These were the first reported detections of BPV13 and BPV14 in Xinjiang. The results
indicate that BPV2 and BPV1 are the predominant genotypes circulating in dairy cows in
Xinjiang province, China.

As shown in Table 1, there were some geographical differences in the distribution of BPV
genotypes. Among them, BPV10, BPV11, and BPV1 14 were uniquely detected in Tacheng,
Changji, and Shihezi, respectively, while BPV1, BPV2, and BPV3 were the most widely distributed
in Xinjiang province (Table 1). Notably, molecular detection results confirmed that BPV13 and
BPV14 were present in Xinjiang, China, and mixed infections of different BPV genotypes were
common in dairy cows (Supplementary Table 1), accounting for 98.08% (116/122) of all samples.
By contrast, the BPV detection rate in young cattle (< I-year-old) developed from the same supply
of frozen sperm (43.75%, 21/48) was significantly higher (p < 0.05) than that of young cattle
naturally reproduced (14.29%, 6/42) at the same dairy farm located in Tacheng environment
(Fig. 3, Supplementary Table 3).

When compared with those of the reference strains, the L1 genes of Xinjiang strains BPV1-
XJO5, BPV2-X]18, BPV3-X]21, BPV6-X]38, BPV7-X]J42, BPV8-X]J76, BPV10-X]91, BPV11-X]J102,
BPV13-XJ29, and BPV14-XJ82 shared 95.2-100% identities with reference strains (BPV1,
NC_001522; BPV2, KC256805; BPV3, AJ620207; BPV6, AJ620208; BPV7, NC_007612; BPVS,

Table 1. Distribution of BPV types detected in 122 clinical skin samples from dairy cows

Feature Number of papilloma lesions BPV genotype
Area
vili 29 (23.77) 1,2,3,7,and 8
Tacheng 37 (30.33) 1,2,6,7 8,10, and 1
Changji 18 (14.75) 1,2,3,7,8,and 13
Shihezi 22 (18.03) 1,2,3,6,7 8,and 14
Aksu 16 (13.11) 1,2,3,6,7 and 8
Age
>1-year-old 37 (30.33) 1,2,3,6,7 8,10, 11,13, and 14
<1-year-old 85 (69.67) 1,2,3,6,7,and 8
Sex
Female 109 (89.34) 1,2,3,6,78,10,11,13, and 14
Male 13 (10.66) 1,2,3,6,7 and 8
Lesion location
Neck 47 (38.53) 1,2,6,7 8,10, 11,13, and 14
Face 28 (22.95) 1,2,3,7,810,11, and 13
Shoulder 26 (21.31) 1,2,3,and 8
Back 14 (11.48) 1,2,3,6,and 8
Nipple 5(4.10) 3,7 and 8
Other sites 2 (1.63)" 2,3,and 7
Papilloma size
Large (25 cm) 12 (9.84) 1,2,3,and 8
Medium (2-5 cm) 21 (17.21) 1,2,3,6,78,10,11,13, and 14
Small (< 2 cm) 89 (72.95) 1,2,3,7,8,10,11,13, and 14

Values are presented as number (%).
BPV, bovine papillomavirus.
*The asterisk indicates a significant difference.
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Fig. 3. Detection rates of BPVs in young cattle (< 1-year-old) reproduced via artificial fertilization and natural
reproduction in a dairy farm. Group N: Natural reproduction; Group A: Artificial fertilization.

BPV, bovine papillomavirus.
*The asterisk indicates a significant difference.

DQO098913; BPV10, AB331651; BPV11, AB543507; BPV13, JQ798171; BPV14, KR868228,
respectively), indicating the presence of obvious genetic diversity.

The phylogenetic tree based on L1 gene of BPVs revealed that BPV1-XJO5, BPV2-XJ18, BPV13-
XJ29, and BPV14-X]J82 were members of the Deltapapillomavirus genus, while BPV3-XJ21,
BPV6-XJ38, BPV10-XJ91, and BPV11-XJ102 were classified as members of the Xipapillomavirus
genus. BPV8-XJ76 was a representative of the Epsilonpapillomavirus genus, whereas BPV7-X]J42
was a Dyoxipapillomavirus genus member (Fig. 4). Based on genetic distances, BPV13-XJ29
was shown to be closely related to the BPVBR-UEL4 strain, while BPV14-XJ82 had a close
relationship with the BPV/UFPEO4BR strain.

DISCUSSION

The L1 protein is not only a major component of the BPV capsid but also a major protective
antigen for inducing the release of neutralizing antibodies, and it is prone to mutation under
immune system pressure [22-24]. At present, 28 types of BPVs have been identified based on
the nucleotide sequence differences of the L1 gene [1,17,25]. However, the predominant types
of BPVs vary among the different geographic regions of the world [12,26]. Ogawa et al. [21]
investigated 122 samples of bovine tumor skin and normal healthy skin and detected 11 BPV
types (BAPV1-10 and BAPV11my 41). Lunardi et al. [12] identified BPVs 6-10 and 2 unreported
putative papillomavirus types (BPV/BR-UELG and BPV/BR-UEL7 40) in teat lesions from
cattle farms in Brazil. In this study, we detected 10 genotypes of BPVs, including BPV1, BPV2,
BPV3, BPVG6, BPV7, BPV10, BPV11, BPV11, BPV13, and BPV14 in dairy cattle from intensive
dairy farms in Xinjiang, China. The distribution of the BPV genotypes varied within the
geographical regions of Xinjiang.

The relationship between the genetic diversity of BPVs and their pathogenicity remains
unclear [27]. Therefore, the pathogenesis and immunity of different genotypes of BPVs
should be further explored in the future.

It is reported that BPV can infect cattle through various routes [2,28], among which direct

contact is commonly considered responsible for transmission [1]. It was reported that viral
DNA could be detected in milk, blood, urine, semen, and spermatozoa of BPV-infected

https://doi.org/10.4142/jvs.2021.22.e50 6/10
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Fig. 4. Phylogenetic analysis of the different BPV genera based on partial sequences of the BPV L1 gene. The
phylogenetic tree was constructed using the neighbor-joining method within MEGA 6.0 software. The numbers
at the internal nodes represent the bootstrap support values determined in 1,000 replications. The GenBank
accession numbers of the reference BPVs are shown in the tree. The black dot represents the epidemic strains of
BPVs identified in this study.

BPV, bovine papillomavirus.

animals, implying that lymphocytes, seminal fluid, and spermatozoa may have potential roles
in BPV transmission [29]. In our study, it is worth noting that the BPV infection rate among
young cattle (< 1-year-old) developed from the same supply of frozen sperms was significantly
higher than that of other young cattle naturally raised in the same environment. This high
infection rate may be closely related to the extensive use of frozen sperm to reproduce
Holstein cows in Xinjiang, China, implying that artificial insemination with frozen semen
may be an important route of BPV transmission in dairy cows.

To date, at least 27 BPV genotypes have been identified and characterized [13,18,19]; however,
numerous putative and new genotypes of BPVs have already been detected in dairy cows [16].
Yamashita-Kawanishi et al. [17] identified and characterized a novel BPV (named BPV28)

in a facial cutaneous papilloma lesion on Holstein dairy cattle in Japan. Herein, we report

the first occurrence of BPV13 and BPV14 in Xinjiang, China. Mixed infections with different
BPV genotypes were common in the same papillomatosis sample, indicating the widespread
presence of genetic diversity. This study provides valuable epidemiological data for BPV in
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Xinjiang, China, and elucidates the genetic diversity and pathogenic characteristics of BPVs
in dairy cattle.

ACKNOWLEDGMENTS

We thank the field staff who provided the samples for this study.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
General information on BPV types detected in 122 clinical skin samples from dairy cows

Click here to view

Supplementary Table 2
GenBank accession information for nucleotide sequences of the BPV L1 gene

Click here to view

Supplementary Table 3
Detection of BPV infection in young cattle (< 1-year-old) from a dairy farm located in Tacheng

Click here to view

Supplementary Fig. 1
Geographic distribution 0f 122 clinical skin samples infected by bovine papillomaviruses of
dairy cows in Xinjiang province, China.

Click here to view

REFERENCES

1. Bocaneti F, Altamura G, Corteggio A, Velescu E, Roperto F, Borzacchiello G. Bovine papillomavirus: new
insights into an old disease. Transbound Emerg Dis. 2016;63(1):14-23.
PUBMED | CROSSREF

2. Daudt C, Da Silva FRC, Lunardi M, Alves CBDT, Weber MN, Cibulski SP, et al. Papillomaviruses in
ruminants: an update. Transbound Emerg Dis. 2018;65(5):1381-1395.
PUBMED | CROSSREF

3. Tomitay, Literak I, Ogawa T, Jin Z, Shirasawa H. Complete genomes and phylogenetic positions of bovine
papillomavirus type 8 and a variant type from a European bison. Virus Genes. 2007;35(2):243-249.
PUBMED | CROSSREF

4. Silva MA, De Albuquerque BM, Pontes NE, Coutinho LC, Leitdo MC, Reis MC, et al. Detection and
expression of bovine papillomavirus in blood of healthy and papillomatosis-affected cattle. Genet Mol
Res. 2013;12(3):3150-3156.
PUBMED | CROSSREF

5. Batista MV, Silva MA, Pontes NE, Reis MC, Corteggio A, Castro RS, et al. Molecular epidemiology
of bovine papillomatosis and the identification of a putative new virus type in Brazilian cattle. Vet J.
2013;197(2):368-373.
PUBMED | CROSSREF

https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e50 8/10


https://vetsci.org/DownloadSupplMaterial.php?id=10.4142/jvs.2021.22.e50&fn=jvs-22-e50-s001.xls
https://vetsci.org/DownloadSupplMaterial.php?id=10.4142/jvs.2021.22.e50&fn=jvs-22-e50-s002.xls
https://vetsci.org/DownloadSupplMaterial.php?id=10.4142/jvs.2021.22.e50&fn=jvs-22-e50-s003.xls
https://vetsci.org/DownloadSupplMaterial.php?id=10.4142/jvs.2021.22.e50&fn=jvs-22-e50-s004.ppt
http://www.ncbi.nlm.nih.gov/pubmed/24661978
https://doi.org/10.1111/tbed.12222
http://www.ncbi.nlm.nih.gov/pubmed/29603890
https://doi.org/10.1111/tbed.12868
http://www.ncbi.nlm.nih.gov/pubmed/17265141
https://doi.org/10.1007/s11262-006-0055-y
http://www.ncbi.nlm.nih.gov/pubmed/23479176
https://doi.org/10.4238/2013.February.28.31
http://www.ncbi.nlm.nih.gov/pubmed/23489845
https://doi.org/10.1016/j.tvjl.2013.01.019

Journal of (

Molecular detection and genetic diversity of bovine papillomavirus Veterinary Science V)

https://vetsci.org

He Z, Meng Q, Qiao J, Peng Y, Xie K, Liu Y, et al. Mixed nipple infections caused by variant of BPV3 and a
putative new subtype of BPV in cattle. Transbound Emerg Dis. 2016;63(1):e140-e143.
PUBMED | CROSSREF

7. Hamad MA, Al-Shammari AM, Odisho SM, Yaseen NY. Molecular epidemiology of bovine papillomatosis
and identification of three genotypes in Central Iraq. Intervirology. 2017;60(4):156-164.
PUBMED | CROSSREF
8. ZhuW, Yuan D, Norimine J, Gao N, Fan S, Du Y, et al. Teat papillomatosis in dairy herds: first detection of
bovine papillomavirus type 10 in China. J Vet Med Sci. 2019;81(7):1063-1066.
PUBMED | CROSSREF
9. de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H. Classification of papillomaviruses.
Virology. 2004;324(1):17-27.
PUBMED | CROSSREF
10. Shimakura H, Dong J, Zhu W, Chambers JK, Uchida K, Kiriki K, et al. Full genome analysis of bovine
papillomavirus type 1 derived from a calf with severe cutaneous multiple papillomatosis. ] Vet Med Sci.
2018;80(11):1691-1695.
PUBMED | CROSSREF
11. Bernard HU, Burk RD, Chen Z, van Doorslaer K, zur Hausen H, de Villiers EM. Classification of
papillomaviruses (PVs) based on 189 PV types and proposal of taxonomic amendments. Virology.
2010;401(1):70-79.
PUBMED | CROSSREF
12. Lunardi M, de Camargo Tozato C, Alfieri AF, de Alcantara BK, Vilas-Boas LA, Otonel RA, et al. Genetic
diversity of bovine papillomavirus types, including two putative new types, in teat warts from dairy cattle
herds. Arch Virol. 2016;161(6):1569-1577.
PUBMED | CROSSREF
13. Bauermann FV, Joshi LR, Mohr KA, Kutish GF, Meier P, Chase C, et al. A novel bovine papillomavirus type
in the genus Dyokappapapillomavirus. Arch Virol. 2017;162(10):3225-3228.
PUBMED | CROSSREF
14. MundayJS, Thomson N, Dunowska M, Knight CG, Laurie RE, Hills S. Genomic characterisation of the
feline sarcoid-associated papillomavirus and proposed classification as Bos taurus papillomavirus type
14. Vet Microbiol. 2015;177(3-4):289-295.
PUBMED | CROSSREF
15. Daudt C, da Silva FRC, Cibulski SP, Streck AF, Laurie RE, Munday JS, et al. Bovine papillomavirus 24: a novel
member of the genus Xipapillomavirus detected in the Amazon region. Arch Virol. 2019;164(2):637-641.
PUBMED | CROSSREF
16. Crespo SEI, Lunardi M, Otonel RAA, Headley SA, Alfieri AF, Alfieri AA. Genetic characterization of a
putative new type of bovine papillomavirus in the Xipapillomavirus 1 species in a Brazilian dairy herd.
Virus Genes. 2019;55(5):682-687.
PUBMED | CROSSREF
17.  Yamashita-Kawanishi N, Tsuzuki M, Kasuya F, Chang HW, Haga T. Genomic characterization of a novel
bovine papillomavirus type 28. Virus Genes. 2020;56(5):594-599.
PUBMED | CROSSREF
18. daSilva FR, Cibulski SP, Daudt C, Weber MN, Guimaries LL, Streck AF, et al. Novel bovine papillomavirus
type discovered by rolling-circle amplification coupled with next-generation sequencing. PLoS One.
2016;11(9):e0162345.
PUBMED | CROSSREF
19. daSilva FR, Daudt C, Cibulski SP, Weber MN, Varela AP, Mayer FQ, et al. Genome characterization of a
bovine papillomavirus type 5 from cattle in the Amazon region, Brazil. Virus Genes. 2017;53(1):130-133.
PUBMED | CROSSREF
20. Forslund O, Antonsson A, Nordin P, Stenquist B, Géran Hansson B. A broad range of human
papillomavirus types detected with a general PCR method suitable for analysis of cutaneous tumours and
normal skin. ] Gen Virol. 1999;80(Pt 9):2437-2443.
PUBMED | CROSSREF
21. Ogawa T, Tomita Y, Okada M, Shinozaki K, Kubonoya H, Kaiho I, et al. Broad-spectrum detection of
papillomaviruses in bovine teat papillomas and healthy teat skin. ] Gen Virol. 2004;85(Pt 8):2191-2197.
PUBMED | CROSSREF
22. TamuraK, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. MEGAS: molecular evolutionary genetics
analysis using maximum likelihood, evolutionary distance, and maximum parsimony methods. Mol Biol
Evol. 2011;28(10):2731-2739.
PUBMED | CROSSREF
https://doi.org/10.4142/jvs.2021.22.e50 9/10


http://www.ncbi.nlm.nih.gov/pubmed/24894388
https://doi.org/10.1111/tbed.12238
http://www.ncbi.nlm.nih.gov/pubmed/29428951
https://doi.org/10.1159/000486594
http://www.ncbi.nlm.nih.gov/pubmed/31130584
https://doi.org/10.1292/jvms.18-0449
http://www.ncbi.nlm.nih.gov/pubmed/15183049
https://doi.org/10.1016/j.virol.2004.03.033
http://www.ncbi.nlm.nih.gov/pubmed/30210094
https://doi.org/10.1292/jvms.18-0289
http://www.ncbi.nlm.nih.gov/pubmed/20206957
https://doi.org/10.1016/j.virol.2010.02.002
http://www.ncbi.nlm.nih.gov/pubmed/26997614
https://doi.org/10.1007/s00705-016-2820-0
http://www.ncbi.nlm.nih.gov/pubmed/28616671
https://doi.org/10.1007/s00705-017-3443-9
http://www.ncbi.nlm.nih.gov/pubmed/25840470
https://doi.org/10.1016/j.vetmic.2015.03.019
http://www.ncbi.nlm.nih.gov/pubmed/30417199
https://doi.org/10.1007/s00705-018-4092-3
http://www.ncbi.nlm.nih.gov/pubmed/31377921
https://doi.org/10.1007/s11262-019-01694-8
http://www.ncbi.nlm.nih.gov/pubmed/32638284
https://doi.org/10.1007/s11262-020-01779-9
http://www.ncbi.nlm.nih.gov/pubmed/27606703
https://doi.org/10.1371/journal.pone.0162345
http://www.ncbi.nlm.nih.gov/pubmed/27817150
https://doi.org/10.1007/s11262-016-1406-y
http://www.ncbi.nlm.nih.gov/pubmed/10501499
https://doi.org/10.1099/0022-1317-80-9-2437
http://www.ncbi.nlm.nih.gov/pubmed/15269358
https://doi.org/10.1099/vir.0.80086-0
http://www.ncbi.nlm.nih.gov/pubmed/21546353
https://doi.org/10.1093/molbev/msr121

Journal of (
Molecular detection and genetic diversity of bovine papillomavirus Veterinary Science JV)

23. Watanabe S, Shibahara T, Andoh K, Hatama S, Mase M. Production of immunogenic recombinant L1
protein of bovine papillomavirus type 9 causing teat papillomatosis. Arch Virol. 2020;165(6):1441-1444.
PUBMED | CROSSREF

24. SaviniF, Gallina L, Alberti A, Miiller M, Scagliarini A. Bovine papillomavirus type 7 in Italy: complete
genomes and sequence variants. Virus Genes. 2016a;52(2):253-260.

PUBMED | CROSSREF

25. Van Doorslaer K, Chen Z, Bernard HU, Chan PK, DeSalle R, Dillner J, et al. ICTV virus taxonomy profle:
papillomaviridae. ] Gen Virol. 2018;99(8):989-990.
PUBMED | CROSSREF

26. Savini F, Mancini S, Gallina L, Donati G, Casa G, Peli A, et al. Bovine papillomatosis: first detection of
bovine papillomavirus types 6, 7, 8, 10 and 12 in Italian cattle herds. Vet ]. 2016b;210:82-84.
PUBMED | CROSSREF

27. Hatama S, Nishida T, Kadota K, Uchida I, Kanno T. Bovine papillomavirus type 9 induces epithelial
papillomas on the teat skin of heifers. Vet Microbiol. 2009;136(3-4):347-351.
PUBMED | CROSSREF

28. Roperto S, Russo V, De Falco F, Taulescu M, Roperto F. Congenital papillomavirus infection in cattle:
evidence for transplacental transmission. Vet Microbiol. 2019;230:95-100.
PUBMED | CROSSREF

29. Lindsey CL, Almeida ME, Vicari CF, Carvalho C, Yaguiu A, Freitas AC, et al. Bovine papillomavirus DNA
in milk, blood, urine, semen, and spermatozoa of bovine papillomavirus-infected animals. Genet Mol
Res. 2009;8(1):310-318.

PUBMED | CROSSREF

https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e50 10/10


http://www.ncbi.nlm.nih.gov/pubmed/32239294
https://doi.org/10.1007/s00705-020-04612-8
http://www.ncbi.nlm.nih.gov/pubmed/26837892
https://doi.org/10.1007/s11262-016-1298-x
http://www.ncbi.nlm.nih.gov/pubmed/29927370
https://doi.org/10.1099/jgv.0.001105
http://www.ncbi.nlm.nih.gov/pubmed/26965086
https://doi.org/10.1016/j.tvjl.2016.02.003
http://www.ncbi.nlm.nih.gov/pubmed/19095383
https://doi.org/10.1016/j.vetmic.2008.11.003
http://www.ncbi.nlm.nih.gov/pubmed/30827412
https://doi.org/10.1016/j.vetmic.2019.01.019
http://www.ncbi.nlm.nih.gov/pubmed/19291880
https://doi.org/10.4238/vol8-1gmr573

	Molecular detection and genetic diversity of bovine papillomavirus in dairy cows in Xinjiang, China
	INTRODUCTION
	MATERIALS AND METHODS
	Design of primers
	Molecular detection
	Sequencing and comparison of L1 gene DNA sequences
	Phylogenetic analysis based on the BPV L1 gene
	Statistical analysis of data
	Ethics statement

	RESULTS
	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3
	Supplementary Fig. 1

	REFERENCES


