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Abstract

Currently, bovine papillomavirus types are divided into five genera, namely, Deltapapillomavirus, Epsilonpapillomavirus,
Xipapillomavirus, Dyoxipapillomavirus, and Dyokappapapillomavirus. In the recent decades, the characterization of numer-
ous putative and novel bovine papillomavirus types from cattle in several geographic regions, has revealed the occurrence
of a high viral diversity. In this study, we describe the identification and characterization of a putative new bovine papil-
lomavirus type within species Xipapillomavirus 1 of Xipapillomavirus genus. The detection of the viral types identified in
the skin warts was obtained by polymerase chain reaction assays targeting the L1 gene, followed by direct sequencing of the
generated amplicons. The partial L1 sequences revealed that bovine papillomavirus types 6, 10, and 11, the putative new
bovine papillomavirus type designated BPV/CHI-SW2, and an unreported putative new bovine papillomavirus type (named
BPV/BR-UELO0S) were associated with cutaneous papillomatosis in the cows from the dairy herd investigated. Phylogenetic
reconstruction based on the L1 gene revealed that the BPV/BR-UELOS isolate clustered with other bovine papillomaviruses
classified in the Xipapillomavirus genus, being closely related to representatives of the species Xipapillomavirus 1. Investi-
gations focusing on the molecular epidemiology of bovine papillomaviruses related to clinical outcomes in cattle are of fun-
damental importance to determine the actual genetic diversity and prevalent viral types to be included in vaccines for cattle.
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Edited by Takeshi Noda. Introduction

Sarah Elizabeth 1zzo Crespo and Michele Lunardi have

contributed equally to the development of this paper. Papillomaviruses (PVs) are small, nonenveloped oncovi-

ruses containing a genome represented by a circular double-
stranded DNA molecule that varies from 5748 to 8607 bp in
length [1]. In cattle, bovine papillomaviruses (BPVs) may
result in subclinical infections, benign cutaneous lesions
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commonly known as warts, and benign or malignant prolif-
erations of the mucosal lining of the upper digestive tract or
urinary bladder of cattle fed with braken fern [2—4].

PVs are classified in Papillomaviridae family that com-
prises subfamilies Firstpapillomavirinae and Secondpapil-
lomavirinae which include more than 50 genera and 130
viral species [1]. BPV types are divided into at least five
well-established known genera, where BPVs 1, 2, 13, and
14 are grouped in Deltapapillomavirus genus; BPVs 5 and
8 are classified in Epsilonpapillomavirus genus; BPVs 3,
4,6,9, 10, 11, 12, 15, 17, 20, and 23 belong to Xipapillo-
mavirus genus; BPV 7 is the only member that represents
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Dyoxipapillomavirus genus, while BPVs 16 and 22 are
representatives of Dyokappapapillomavirus genus [5-9].
In addition, fully characterized BPV types 18, 19, and 21
remain in yet undefined genera [7, 9].

Several molecular strategies have allowed the genotyping
of BPVs associated with diverse clinical outcomes in cat-
tle. The PCR identification using type-specific primers is
normally performed [2, 10]. Alternatively, PCR assays with
degenerate primers which target highly conserved regions of
L1 gene of PVs in general are also frequently used to study
viral diversity related to cattle with cutaneous papillomatosis
[11-13]. With this method, viral types are predominantly
defined by direct sequencing of the obtained amplicons [4,
14-16]. However, genotyping is also done in association
with the observation of distinct digestion profiles by RFLP
technique [17, 18].

In the recent decades, the identification and characteriza-
tion of numerous putative and novel BPV types from beef
and dairy cattle in several geographic regions worldwide,
including cattle herds from Brazil, have observed the occur-
rence of a high viral diversity, primarily associated with ani-
mals presenting skin warts [4, 7, 13, 15, 16, 19].

In this study, we describe the identification and charac-
terization of a putative new BPV type within species Xipap-
illomavirus 1 of Xipapillomavirus genus.

Materials and methods
Lesion samples and histopathologic evaluation

Five skin warts were individually and surgically removed
from distinct anatomic locations of three (A—C) adult dairy
cows with cutaneous papillomatosis. These animals were
from a cattle herd in the state of Parana, Southern Brazil
(Table 1). All efforts were made to minimize animal suf-
fering including local anesthesia. The procedures involving
animals used during this investigation were approved by the
Ethics Committee for Animal Experimentation of the Uni-
versidade Estadual de Londrina, Brazil, under protocol no.
5730.2016.83.

Sections of the collected skin warts were fixed by immer-
sion in 10% buffered formalin solution and routinely pro-
cessed for histopathologic evaluation while part of the speci-
mens were maintained at — 80 °C until used in molecular
analysis.

Papilloma fragments were ground in phosphate-buffered
solution (PBS) pH 7.2, and suspensions (10-20% w/v) were
centrifuged at 3000xg for 5 min. Aliquots of 250 pL from
the supernatants were treated with lysis buffer (10 mM Tris,
1 mM EDTA, 0.5% Nonidet P40, 1% SDS, and 0.2 mg/mL
of proteinase K) (Invitrogen, Carlsbad, USA). After vigor-
ous homogenization, samples were incubated at 56 °C for
30 min.

Nucleic acid purification

For nucleic acid extraction, a combination of the phenol/
chloroform/isoamyl alcohol and silica/guanidine isothiocy-
anate methods was performed [20]. Purified DNA was eluted
in 50 uL of ultrapure sterile water and maintained at —20 °C
until further use in the PCR assays. Aliquots of ultrapure
sterile water were included as negative controls in all DNA
extraction procedures.

PCR amplification and sequencing of partial L1 gene
fragment

To detect the BPV types present in all skin warts evalu-
ated during this study, the modified PCR assay [21], using
the primer pair FAP59 (forward: 5'-TAACWGTIGGICAY
CCWTATT-3") and FAP64 (reverse: 5'-CCWATATCWVH-
CATITCICCATC-3"), which amplifies a partial fragment of
approximately 480 bp of L1 gene of PV in general [12],
was used. Aliquots from the PCR-amplified products were
analyzed by electrophoresis in a 2% agarose gel stained
with ethidium bromide (0.5 mg/mL) and examined under
UV light.

Amplicons representing the partial fragments of the L1
gene (FAP products) were excised from agarose gels and
purified by means of PureLink Quick Gel Extraction kit
(Invitrogen, Carlsbad, USA). Direct sequencing was then
done using the BigDye Terminator v.3.1 Cycle Sequencing

Table 1 Characteristics of the

. Cow#  Breed Age (years) Sample  Anatomic location  Viral type GenBank
cows and lesions evaluated Accession
for the presence of bovine No.
papillomavirus

A Jersey 5 SCO01 Back BPV10 MH729199
SCO02 Neck BPV11 MH729200
B Jersey 6 SCO03 Udder BPV6 MH729201
SC04 Teat BPV/CHI-SW2 MH729202
C Holstein 4 SCO05 Thigh BPV/BR-UEL0O8  MH729203

@ Springer



684

Virus Genes (2019) 55:682-687

Kit (Applied Biosystems, Carlsbad, USA), with the primers
FAP59 and FAP64, in a 3500 Genetic Analyzer (Applied
Biosystems, Carlsbad, USA), according to the manufactur-
er’s instructions. When the nucleotide (nt) sequence gener-
ated for a DNA sample presented identities lower than 90%
with other PV sequences deposited on GenBank database,
the DNA sample was subjected to PCR amplification of the
entire length of L1 gene.

PCR amplification of the complete L1 gene

To amplify the whole extension of the L1 gene of PV DNA
detected in the skin wart of cow C, a PCR assay using
primers that anneal to the initial (forward: 5'-GGGCCA
TGGATGTCATACTGGCTACCAAGTTC-3") and final
(reverse: 5'-GGGGGTCGACTTATGCATTTTTCCGCC
TAC-3") regions of BPV6 L1 gene was used. These primers
were originally selected from the BPV6 genome to amplify
the full-length of the L1 gene of BPV6 initially intended to
express and purify this protein but are being used for the first
time in molecular identification.

The PCR assays were prepared by adding 5 pL of purified
DNA and a mix containing 1 uM of each primer, 100 uM of
each ANTP (Invitrogen, Carlsbad, USA), 2.5 U of Platinum
Tag DNA polymerase (Invitrogen, Carlsbad, USA), 5 uL
of 10x PCR buffer (20 mM Tris HCI pH 8.4 and 50 mM
KCl), 1.5 mM of MgCl,, and ultrapure sterile water to a
final volume of 50 uL. Amplification was performed under
the following conditions: 94 °C for 10 min followed by 40
cycles of 1 min at 94 °C, 1 min at 56 °C, 1 min at 72 °C, and
a final step of 7 min at 72 °C.

The amplicon obtained, representing the entire L1 gene
and with the expected length of approximately 1500 bp, was
purified by using a PureLink Quick Gel Extraction Kit (Inv-
itrogen, Carlsbad, USA). Molecular cloning using the TOPO
TA Cloning Kit for Sequencing (Invitrogen, Carlsbad, USA)
was performed according to the manufacturer’s instructions.
Inserts from three selected clones were then sequenced in
both directions using the T7 and T3 primers.

Phylogenetic analysis

The quality analysis of chromatogram readings generated
was examined with the Phred application. The sequences
were accepted if the base quality was > 20. The consensus
sequences were determined using CAP3 software, and the
derived sequences were then compared with all sequences in
the GenBank database using the BLASTn program.
Pairwise and multiple sequence alignments at the nt and
amino acid (aa) levels and sequence similarities were cal-
culated using ClustalW in MEGA v5 software [22]. The L1
nt sequences derived from 24 fully sequenced BPV types
were included in the phylogenetic analysis. Phylogenetic
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trees were reconstructed from the alignment of complete
L1 nt sequences using the Maximum Likelihood method
with the General Time Reversible model using MEGA v5
software. There were a total of 1327 positions in the final
dataset. Bootstrap support values were determined for 1000
replications.

The partial nt sequences of L1 gene, as well as the com-
plete nt sequence of L1 gene of the putative new BPV type
identified and characterized in this study, referred to as BPV/
BR-UELOS, are deposited in GenBank under the accession
numbers MH729199, MH729200, MH729201, MH729202,
and MH729203 (Table 1).

Results

The skin warts evaluated were true papillomas, while his-
topathology revealed a benign neoplastic cutaneous growth
formed by the severe proliferation of epithelial cells (Fig. 1).
Within the papilloma, there were severe orthokeratotic
hyperkeratosis of the stratum cornea, moderate ballooning
degeneration, and hyperplasia of epithelial cells of the stra-
tum spinosum. In addition, there were reduced mitotic activ-
ity and apoptosis, and several epithelial cells of the stratum
spinosum had enlarged, condensed nuclei.

Partial fragments of the L1 gene of BPV were success-
fully amplified by the PCR assay using the FAP59/64 primer
pair from all DNA samples purified from the skin warts eval-
uated, generating PCR products with the expected length of
approximately 480 bp. All negative controls included in the
PCR assays were not amplified.

Direct sequencing of the FAP amplicons obtained from
the skin warts revealed that the cows from this dairy herd
were infected by several types of BPV, including fully char-
acterized BPV types, a previously identified putative new
BPV type, and an unreported putative new BPV type. BPV
genomic sequences amplified from two skin warts collected
from cow A had similarities in the partial L1 fragment of
100 and 99% with BPV types 10 and 11, respectively. Cow
B was infected by BPV strains sharing 98% identity with
a previously described putative new BPV type (designated
BPV/CHI-SW2) and 99% identity with BPV6. However, an
unreported putative new BPV type (BPV/BR-UELOS) was
identified in the skin wart from cow C (Table 1).

Comparison of the partial L1 fragment of BPV/BR-
UELOS, obtained with the FAP PCR assay, revealed elevated
nt sequence similarity (72%) with the nt sequence of BPV6.
When the complete nt sequence of the L.1 gene of BPV/
BR-UELOS (1521 nt) was used in the comparative analysis,
75.8% of similarity was shared with L1 gene of BPV23, hav-
ing identities that varied between 60.4 and 75% with other
representatives of the Xipapillomavirus genus.
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Fig. 1 Histopathologic features of cutaneous bovine papilloma
infected with putative new BPV type BPV/BR-UELOS; there is pro-
liferation of epithelial cells at the stratum spinosum with varying
degrees of ballooning degeneration (a). Several epithelial cells have
enlarged, condensed nuclei, and some are apoptotic (b). Hematoxylin
and eosin stain; Bar, a 200 um, b 50 um

Phylogenetic reconstruction, based on the nt sequences
of L1 gene of the previously fully sequenced BPV types,
revealed that the BPV/BR-UELOS isolate clustered with
BPVs classified in the Xipapillomavirus genus, being closely
related to representatives of the species Xipapillomavirus 1
(Fig. 2).

Discussion

In this study, the evaluation of papillomaviral DNA identi-
fied in five skin warts by PCR assays followed by sequence
analysis revealed five distinct BPV types associated with
warts from three dairy cows belonging to the same cattle
herd. A putative new BPV type, previously unreported and
referred herein as BPV/BR-UELO0S, was identified from a
skin wart excised from the thigh of one of these cows. In

Fig.2 Molecular phylogenetic analysis between bovine papilloma-
virus types based on complete L1 gene nucleotide sequences. The
evolutionary history was inferred by means of the Maximum Like-
lihood method based on the General Time Reversible model. Num-
bers at internal nodes represent the bootstrap support values (percent-
ages) determined for 1000 replications (values less than 60 are not
shown). The tree is drawn to scale, with branch lengths measured in
the number of substitutions per site. The analysis involved 26 nucleo-
tide sequences. All positions containing gaps and missing data were
eliminated. The putative new BPV type identified in this study is
represented by a black circle symbol. The five well-established gen-
era where BPV types are classified as well as the six corresponding
viral species are shown: Xipapillomavirus 1, 2, 3 (Xipapillomavirus
genus), Dyoxipapillomavirus 1 (Dyoxipapillomavirus genus), Epsi-
lonpapillomavirus 1 (Epsilonpapillomavirus genus), Deltapapillo-
mavirus 4 (Deltapapillomavirus genus). BPV types that remain with
undefined classification are demonstrated with asterisks

addition, three previously characterized viral types, BPVs
6, 10, and 11, and the putative new BPV type BPV/CHI-
SW2, initially described in a cattle herd from China and
most closely related with BPV3 [23], were also identified.

In our study, two of the three cows evaluated had two
different skin warts as confirmed by BPV DNA detection.
Direct sequencing of the FAP amplicons showed the occur-
rence of multiple infections in skin warts from diverse ana-
tomic sites in these animals. The occurrence of multiple
infections in cattle with papillomatosis was also identified
in other studies [17, 19, 24].

In addition, since five BPV types were identified from the
five skin warts evaluated, this finding indicates the occur-
rence of a high diversity of viral types associated with cuta-
neous papillomatosis in this cattle herd. Similar results of
an elevated diversity in viral genotypes infecting cattle with
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skin warts from individual cattle herds were described in
Japan [13], Italy [25], and in cattle from the Northern [15],
Northeastern [10], and Southern [16] regions of Brazil.

Since the L1 gene is considered the most conserved
among PV genes, the nt sequence has been used for identi-
fication and classification of new PVs. The criteria for PV
systematics determine that a strain is considered as a new
PV type if the L1 gene nt sequence differs by more than 10%
when compared to the closest known PV type. Furthermore,
PVs that share between 60 and 70% nt similarity in the L1
OREF are considered as distinct species, while PVs of differ-
ent genera share less than 60% nt sequence identity in the
L1 gene. Consequently, when the nt sequence used for the
comparison represents a partial fragment of L1 ORF, the
strain is designated as a putative new viral type [26].

In our investigation, the phylogenetic reconstruction dem-
onstrated that the newly described putative BPV type BPV/
BR-UELDOS clustered with other viral types previously clas-
sified in the Xipapillomavirus genus that is known to group
most of BPV types identified in cutaneous papillomatosis
from cattle herds [9]. Our findings suggest that the phyloge-
netic position for this new isolate is in species Xipapilloma-
virus 1 of Xipapillomavirus genus. Since BPV types 6 and
23 were the closest known PV types for putative novel BPV
(BPV/BR-UELOS) and the identities shared in the complete
L1 gene nt sequence were 75 and 75.8%, BPV/BR-UELOS
should be considered as a new BPV type classified in this
viral species, where BPVs 3,4, 6,9, 10, 11, and 15 are other
representatives classified [9].

When compared with all well-defined genera where
BPV types are classified, the Xipapillomavirus genus has
the higher number of known fully characterized BPV types
(BPVs 3,4,6,9, 10, 11, 12, 15, 17, 20, and 23) [6, 9].
Curiously, all BPV types identified from the skin warts in
cows evaluated during this study were classified within the
Xipapillomavirus genus. It is worthy to mention that most
putative new BPV types characterized by sequencing of the
partial fragments of the L1 gene from skin warts of cattle
with papillomatosis were classified within the Xipapilloma-
virus genus [4, 14, 15, 17, 23].

The use of degenerate primers targeting the L1 gene fol-
lowed by direct sequencing of the obtained amplicons has
been considered an useful tool to identify new BPV types
classified in diverse PV genera as well as viral diversity
associated with cutaneous papillomatosis in cattle [4, 12,
14-17, 27]. Herein, the strategy using the FAP primers,
which was originally designed to amplify HPV types with
tropism to skin [12] and subsequently used to amplify PV
DNA from many animal species [27], enabled the identifi-
cation of three previously characterized BPV types, a puta-
tive previously described new BPV type, and an unreported
putative new BPV type. In other surveys that used the same
primer pair to amplify the partial L1 gene sequences of BPV

@ Springer

types from skin warts of cattle, a broad range of viral types
classified in all known BPV genera were successfully identi-
fied [4, 14, 15, 17, 18].

In Brazil, throughout the utilization of PCR assays with
degenerate or specific primers targeting the L1 gene, a high
genetic diversity in viral types was associated with cases
of cutaneous papillomatosis in both beef and dairy cattle
herds from various geographic regions. In the Northeastern
region, BPVs 1-10, a BPV11 subtype, and putative new
BPV types were detected [10, 19]. BPVs 1,2, 6,7, 8,9, and
10, as well as six putative new BPV types were identified
with use of FAP PCR assay in the South [4, 16, 28], culmi-
nating in the characterization of BPV13 complete genome
[5]. In addition, four putative new BPV types infecting dairy
cattle maintained at the Amazon biome within the Northern
region of Brazil, and classified in three distinct genera, were
identified [15]. Moreover, by randomly primed rolling circle
amplification (RCA) followed by next-generation sequenc-
ing (NGS), six new BPV types, named BPVs 16, 17, 18,
19, 20, 21, that were coinfecting a bovine from the North-
ern region of Brazil, were fully characterized from a single
skin wart [7]. In addition, the complete genome sequence
of BPV23 was identified by the same strategy in cattle with
papillomatosis from the state of Acre, Northern Brazil [6].

Currently, 23 distinct BPV types are recognized via
characterization of their entire genomes [9]. Differently,
the recognition of more than 200 HPV types, detected in
association with benign and malignant lesions from the skin
and mucosa membranes, suggests that studies performed in
humans have been more extensive compared to those done
in this animal species (https://pave.niaid.nih.gov/#home).
Therefore, additional investigations focusing on the molec-
ular epidemiology of BPVs related to clinical outcomes in
cattle are of great importance to reveal the actual genetic
diversity and prevalent viral types, so that studies relating
to the development of adequate vaccines based on viral pro-
teins of most commonly detected BPV types are considered
for use in cattle.
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