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Abstract

Background: Bovine papillomatosis (BP) is considered the most common health problem in large cattle farms.

Aim: This study attempts to confirm clinically suspected BP in cattle by polymerase chain reaction (PCR) assay,
histopathology, immunohistochemistry (IHC), and genotyping analysis of local isolates.

Methods: According to morphological appearance and lesion features, a cross sectional study of 54 clinically
diagnosed BP cattle was assigned to this current investigation from May to August (2021) in Al-Kut district (Wasit
Province, Iraq) private veterinary clinics using purposive sampling technique based on set criteria. The cattle were
diagnosed clinically, and the tissues were collected and some fixed in 10% neutral buffered formalin and other stored
frozen and examined by histopathological technique, IHC, and PCR assays.

Results: Using PCR assay, all cattle were positive for the BPV L] gene. According to detect the L/ gene, analysis of
the phylogenetic tree showed that local BPV cattle isolates were closely related to the NCBI-BLAST BPV type-1 and
type-2 of the Polish equine isolate (KF284133.1) and BPV Brazilian Bostaurus isolate (MH187961.1), respectively.
Histological detection showed there were acanthosis, hyperkeratosis, epidermal thickening, severe infiltration of
mononuclear cells, massive hemorrhage, dermal fibroplasias, multifocal spongiosis, moderate neovascularization,
moderate to severe elongation of the retention ridge towards the dermis, parakeratosis, rings of calcification, and
necrosis with nuclear pyknosis of some spinosum cells. Immunohistochemical findings of tumor necrosis factor-alpha,
epidermal growth factor receptor and Fascin showed a significant variation in values of immunoreaction in the dermis
and epidermis. These results ranged from negative (0) to mild positive (+1) to moderate positive (+2) reactions.
Conclusion: The study provided essential molecular and genotyping data to improve our knowledge by emphasizing
the crucial of IHC as an elegant diagnostic method to detect cellular alterations.
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Introduction susceptible to infection due to the direct and indirect

Bovine papillomatosis (BP) is a common skin-specific virus-spreading behavior (Ugochukwu et al., 2019).

disease of cattle that is promoted by a paraphyletic
group of circular double-stranded DNA viruses,
bovine papillomaviruses (BPV). The latter belongs
to the Papillomaviridae family which represents the
oldest and widest family of viruses (Abouelkhair and
Kennedy, 2022). There are several distinct BPVs in
cattle that are classified based on their site and type of
lesion including BPV-1 (Mathewos ef al., 2021), BPV-
2 (Mathewos et al., 2021), BPV-3 (Pfister et al., 1979),
BPV-4 (Campo et al., 1980), BPV-5 (Campo et al.,
1981), BPV6 (Jarrett et al., 1984) and BPV-7 (Ogawa
etal., 2007).

The information of transmission method of BP
between animals is limited due to unclear transmission
mechanism (Pang et al., 2019). However, the animal
populations in restricted spaces are more vulnerable and

The possible mechanisms of transmission are vertical
spreading, arthropod vectors, and direct skin contact
(Roperto et al., 2019; Ata et al., 2021). The method of
BPV spreads through the blood is attracting attention to
extensively study the possible methods of transmission
which can occur via non-epithelium tissues (Savini
et al., 2019) and fluids (Meng et al., 2021). In adults,
BPVs are unable to penetrate the host skin; thus,
minimum abrasions in the skin are required to initiate
the infection. Exposure of skin lesions to BPV leads to
the initiation of infection followed by transformation
and proliferation of infected epithelium’s basal cells,
which develop into benign papilloma or fibropapilloma
(Mathewos et al., 2021). In the field, there are different
types of papillomatosis. Cutaneous papilloma is the
most prevalent type among cattle and displays distinct
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morphologies, such as the atypical filiform and typical
pedunculate (cauliffower) forms that present the
verrucous aspect (Constable ef al., 2017; Daudt et al.,
2018).

Although the clinical diagnosis of BP is usually
performed when alterations are well characterized in
the epidermis, histology and immunohistochemistry
(IHC) for stained papilloma tissues can allow an
identification of epidermal pathogenic alterations
and reveal viral proteins, respectively (Russo et al.,
2020; Hassanien et al., 2021). Molecular techniques,
in particular polymerase chain reaction (PCR), are
important and essential diagnostic tools that are usually
applied to confirm infection through the detection
of specific DNA of BPV (Emin ef al., 2022). Due to
the validity and accuracy of PCR test, applying this
method can lead to exploring valuable insights into the
characteristics of genomic data (Kiselev et al., 2020;
Kubacki et al., 2021).

Worldwide, the disease is undoubtedly one of the most
widely studied due to its significant effects on the
veterinary sector. In Iraq, available data remain limited
and need to be elucidated because the prevalence of
disease has still developed greatly in the last 10 years
(Hamad et al., 2017; Mansour et al., 2019; Al-Salihi
et al., 2020). Therefore, the current study aimed to
confirm clinically suspected BP cattle by using PCR
assays, histology, and IHC, with genotyping of local
isolates to be documented in the National Center for
Biotechnology Information (NCBI).

Materials and Methods

Study animals, design, and topography

A gross sectional study was performed using 54 cattle
arrived at the private veterinary clinics in Al-Kut district
(Wasit province, Iraq) from May to August (2021). The
topography of the current study is including all regions
around Al-Kut district in addition to Al-Kut center. The
animals were diagnosed clinically to be infected with
papillomatosis based on morphological appearance and
features of lesions. The set criteria that allowed only
the cattle with obvious lesions and clinically diagnosed
to employ in this study using purposive sampling
technique.

Sample collection

After injection of lidocaine 5% (Cat No.# NO1BB02,
ADVANZ, UK) around each lesion, surgical removal of
papillomas using a scalpel was performed under aseptic
conditions. The collected samples of each animal were
divided into two parts; one was kept into a plastic
container containing 10% neutral buffered formalin for
histology/IHC examination, while the second part was
kept into a plastic tube and kept frozen for molecular
examination.

Molecular genotyping

According to protocol (B) of G-spin™, DNAs were
extracted from tissue samples using the total DNA
Extraction Kit (Cat.No.#IBT-QMS-GT1704, Intron

Biotechnology, South Korea). The DNA purity and
concentration were measured using a Nanodrop
system (Thermo-Scientific, UK). Targeting the
conserved region of BPV L/ gene (nt 7250 to 3225)
with GenBank access number (KF284133.1), one
set of primers was designed to amplify the region
[F (5"-CAGTGTCTATCGGGGCCAAA-3") and R
(5"-AATTCAAGAGGAGGGCAAGGC-3)] with
53.8°C annealing temperature, manufactured by
Scientific Researcher Co. (Iraq). The PCR Premix Kit
(Cat No.# 162770, Bioneer, South Korea) was used
to prepare the mastermix with forwards and reverse
gene sat a 20 pl final volume. PCR reaction was
performed in thermocycler (Bio-Rad, USA) under
the following conditions of: 1 cycle predenaturation
(95°C/5 minutes), 35 cycles of denaturation (95°C/30
seconds), annealing (58°C/30 seconds) and extension
(72°C/1 minute), and 1 cycle final extension (72°C/5
minutes). The electrophoresis of agarose-gel (1.5%)
stained with Ethidium bromide was applied for the
resulting PCR products, and then examined under
a UV-transilluminator (Wised, South Korea). The
samples were considered positive at 409 bp.

For genotyping, six positive PCR products were sent
to the Macrogen Company (Seoul, South Korea) to be
sequenced by the modified Sanger method. Fasta data
of DNA sequences were subjected to MEGA software
and the UPGMA program for phylogenetic tree analysis
and multiple sequence alignment analysis. Finally, all
the analyzed local isolates were named and documented
in NCBI GenBank to obtain specific access numbers.
Histology

Following formalin fixation, tissues were exposed to
ascending grades of ethanol for dehydration, followed
by xylene for clearing, and exposure to paraffin for
infiltration, embedding, and blocking. The block was
sectioned using the Ultra-Thin Semiautomatic Rotary
microtome (MRS3500, Histo-line, Italy) at a thickness
of 4-5 um and mounted on a slide. All prepared slides
were stained with the hematoxylin and eosin (Cat. No.#
ab245880, Abcam, India), and examined by a trinocular
light microscope (MELJL, Japan) at X10 and X40.

IHC

Envision FLEX IHC kits (Cat. No.# 126522-001,
Dako, Denmark) were used to detect tumor necrosis
factor-alpha (TNF-a), epidermal growth factor receptor
(EGFR), and Fascin. Following the manufacturers’
instructions, paraffin-embedded tissues were mounted
on positively charged glass, deparaffinized by xylene,
rinsed with distilled water and TBS, incubated with
antigen retrieval solution at 60°C and then incubated
in a water bath at 97°C for 25 minutes. The tissues
were flooded with peroxidase block solution for 10
minutes and then with the anti- (TNF-0, EGFR and
FASCIN) primary and secondary antibodies, followed
by incubation with freshly prepared chromogen for
10 minutes. Then, the tissues were exposed to a
counter stain (Mayer’s hematoxylin) for 3 minutes.
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After dehydration with three ascending ethanol
concentrations, the slides were immersed in xylene,
mounted with DPX, covered with cover slips and
examined under a light microscope at x10 and x40. The
results of IHC were classified based on their reactions
as negative (—), mild positive (+1), moderate positive
(+2), and strong positive (+3).

Statistical analysis

The obtained data was documented and managed
using excel sheet (Microsoft excel, 2016). One-way
analysis of variance was applied to analyze the IHC
data by using GraphPad Prism (version 6.0.1) Software
(GraphPad Software Inc., USA). The differences at p
< 0.05 were considered significant among their values.
Ethical approval

The current study was approved by the Scientific
Committees of both Colleges of Veterinary Medicine
and Dentistry at the University of Wasit (Wasit
Province, Iraq) as the work is under their guidelines.

Results

PCR identification and phylogenic tree recording
Molecular assessment by conventional PCR of all
clinically suspected BP lesions (Fig. 1) revealed that

all the studied cattle (n = 54) were positive for the BPV
L1 gene (Fig. 2). Analysis of the phylogenetic tree
according to derive the L/ gene alignments identified
that the local BPV cattle isolates; Deltapapillomavirus
4 isolate Cattle-No. 1, Deltapapillomavirus 4 isolate
Cattle-No. 3 and Deltapapillomavirus 4 isolate Cattle-
No. 4 were closely related with NCBI-BLAST BPV
type-1 (KF284133.1). Local BPV cattle isolates
Bostaurus papillomavirus 2 isolate Cattle-No. 2,
Bostaurus papillomavirus 2 isolate Cattle-No. 5,
and Bostaurus papillomavirus 2 isolate Cattle-No. 6
were closely related with NCBI-BLAST BPV type-
2 (MH187961.1) (Illustrations 1-6). NCBI-BLAST
homology sequence analysis recorded a highly identity
of the local Deltapapillomavirus 4 isolate Cattle-No.
1, No. 3 and No. 4 with the GenBank-NCBI BPV
Polish equine isolate (KF284133.1) with 99.22%,
100% and 99.47% identity, respectively. However, the
local Bostaurus papillomavirus 2 isolate Cattle-No. 2,
No. 5 and No. 6 were more identical to the GenBank-
NCBI BPV Brazilian Bostaurus isolate (MH187961.1)
with 100%, 99.55% and 99.66% identity, respectively
(Table 1, Fig. 3).

1500bp
1000bp

409bp

Fig. 2. PCR expression of the BPV L1 gene in agarose gel electrophoresis. M: ladder marker (1,500-100 bp); lanes 1-6:

representative positive PCR samples at 409 bp.
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280 10000 10000 0
350  Deltapapiiomavirus 4 07.0a2. Tukey bovine  Skine 10000  100.00 0

6,147  Deltapapilomavirus 4 2018 China cattle 9972 10000 1
536  Deltapapiiomavirus 4 25-Apr2 . Incha cattie; sex:. single d 972 100.00 1
539  Deitapapiiomavirus 4 2016.08_. Japan Bos Tau . anal pa 9972 10000 1
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6,147  Deitapapliomavicus 4 2017 Chena. cow 9072 10000 1
6,146 4 Jan-2018  Turkey Bos tau. sarcond-]. 99.72 100.00 1
6,147  Deitapapiiomavirus 4 2014-06... Japan Bos taurus papilioma 90.72 100.00 1
6,147  Deitapapilomavirus 4 Sep-2012 USA Equus fo.. sarcoid 0.2 100.00 1
8,146 Deltapapliomavirus 4 2016 China cattle cutaneo. 90.72 100.00 1
6147  Deltapapiiomavirus 4 2016 China cattie cutaneo. 9972 100.00 1
6,147 irus 4 26-Jun-2.. China: .. dairycow cutaneo. .72 100.00 1
381  Deltapapilomavirus 4 02-Sep-.. Iraq cattie siin wart 99.72 100.00 1
308 rus 4 24-Jun-2.. Poland Bos taurus slon 972 100.00 1
360  Deltapapilomavirus 4 30-Jun-2.. Turkey bavine Shin 972 100 00 1
362 Deitapapiiomavirus 4 30-Jun-2. . Turkey boving Sian $a72 100.00 1
360  Deltapapllomanirus 4 26-Feb-.. Turkey bavine Teat 99.72 100.00 1
360  Deltapapilomawvirus 4 11-Nov-.. Brazd Bos taurus w9 100.00 1
303 irus 4 08-Nov-.. Brazd 972 100.00 1
404  Deitapapiiomavirus 4 15-May-., Poland oquine oquine . 972 100,00 1
6,147  Bovine papilomavirus 201907  Japan Equus c.. sarcoid 9972 100.00 1
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8147  Deltapapiiomavirus 4 20190 Japan Equusc. equines 9972 10000 1
1907  Deltapapifomavirus 4 Japan:.. Equusc. oquinos. 9072 100.00 1
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6,142  Deitapapifomavirus 4 Switzed.. Equusc 9.18 9.17 3
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6.142  Deltapapilomavirus 4 Switzerl. Equus ¢ 99.18 99.17 E)
6,142 rus 4 Switzerl.. Equusc 99.18 0017 3
6,142  Deitapapiiomavirus 4 Switzed.. Equus ¢ 0018 9017 3
6,142 Deltapapiiomavirus 4 Switzerl.. Equusc. 99.16 0017 3
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6,142  Deitapapiiomavirus 4 Switzerl.. Equusc 99.18 0017 3
6,142  Deitapapliomavirus 4 Switzed.. Equus 99.16 0917 3
6,142  Deltapapilomavirus 4 Switzer. . Equus %9.18 9017 3
6,142 Dettapapliomavirus 4 Switzerl.. Equus 99.16 90.17 3
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401 rus 4 Ap-2010  Croata cattio udder 98,33 100.00 6
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264  Deltapapliomavirus 4 14-Sep-.. Turkey.. catie shon 10000 6444 0
301  Delapapliomavirus 4 1102 Inda buMalo mucosal 9957 6528 1
264 rus 4 03-0ct-2.. Turkey: catte skin 100.00 e4.47 0
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301  Deltapapiiomavirus 4 26-Jan-2.. Incea buffslo  warttssue  99.15 6528 2
264  Deltapapliomavirus 4 Turkey: .. cattie skin 99.13 8417 2

Hlustration 1. NCBI multiple sequence alignment for local isolate 1 (MW658347.1).

Histological determination

Histological investigation of papilloma under light
microscopy showed mature finger-like projection
papillae with grown rete pegs expressed in the stratum
corneum of the skin epidermis (Fig. 4A). Thickening
of the epidermis due to diffuse hyperplasia in stratum
spinosum layer (acanthosis) with hyperkeratosis was
observed (Fig. 4B). Furthermore, severe infiltration

of mononuclear cells (MNCs) mainly macrophages,
lymphocytes and fibroblasts, was observed in epidermis
and dermis with massive hemorrhage in the epidermal
layer in addition to dermal fibroplasias (Fig. 4C).
Moreover, multifocal spongiosis and hyperkeratosis
(Fig. 4D), with moderate neovascularization and
fibroplasias due to fibrous connective proliferation
(Fig. 4E), were observed. In addition, there was marked

.
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MT674583.1 () 35 W I 1
307081711 (+) 5790 Sl Il 1 1
EU203540.1 (*) i I e 1
MF741676.1 (+) 5701 SESESINEEEE i I 1
MNOT7322.1
MTB74571.1 I
HEB03838 1 ]
MT874575.1
KFO38579.1 I rm
KY746722.1 n
MNOTZA21.1 n
MK347523.1 n
MK396096.1 -m
LC426023.1 n
MK173052.1 m
MG263871.1 n
MH197482.1 n
LC333380.1 m
KY886226 1 n
MF435017.1 n
MF435916.1 1 n
KX§07623.1 1 i
KY0862041.1 n

504402 ]
KF284141.1 1 m
LC540684 1 [N ]
LC549683.1 1 n
JX048509.1 (IR n
JX046505 1 I ]
LC510397 1 w
LC510391.1 m
LC510386.1 n
LC510385.1 Il
LC510381.1 n
LC510380.1 ]
LC510379.1 ]
LC510378.1 n
LC510377 1 n
ABE28705.1 m
J02045.1 o I n ]
X02346.1 Hyinl e 1 ] I
U13843.1 III [HIRL] Il
MNOT7319.1 RN} 1
KXB24577.1 lll llll 1 ]
MNOT7320.1 1 i
LC510382.1 mi
MT385853 1 1
MWO018708 1 1§l mi
MWO18707.1 I i IIII 1 1]
MT682133.1 i = mi
MT450820.1 i L]

100 120 140 160 180 100 220 MO 20 280 X0 W0 I

End Organism | Date Country | Host |Source  [identity | Coverage |Mismatches
253 10000 10000 []
355 taurus papiiomanis CostaR . horse 100.00 100.00 0
522  Bos taurus papilomavir.  2016.06., Japan Bos Tau . vuival 10000 10000 0
522  Bos wurus papfiomaww... 2016-02. Japan Bos Tau.. vuival 100.00 100 .00 0
377 Bos taurus papllomavir_ 2012 Japan Japane 10000 100.00 0
369 lomavirus Turkey bovine sion 100.00 100.00 0
6,131  Bos taurus pap@iomanir. 100.00 100.00 0
522  Bos wurus papiioma.. 100.00 100.00 0
378  Bos taurus papliomavir.. 19-Sep-.. China: cow sarcod 100.00 100.00 0
378  Bos taurus papilomavir..  27-Sep-.. China Bos taurus sarcoid 100.00 100.00 0
378  Bos taurus papllomavir...  05-Oct-2.. China: Equus ..  sarcod 100.00 100.00 0
6,129 Bos taurus papfiomawr. 06-Jul-2.. China: oW cutaneo. 10000 100 00 0
s taurus papliomavr...  06-Jul-2.. China: .. ocow sarcod 100.00 100.00 0
522 Bos Wurus papiiomair. 2011 Spain Bostau.. heada. 100.00 100.00 0
387  Bos Wurus papflomavir. ur-...  Poland equine equine . 100.00 100.00 0
6,131  Bos taurus papillomavir.. May-2012 Chna dairy cow  cutaneo. 100.00 100,00 0
354 Bovine papdiomavirus 2017 Turkey bovine... skin 100.00 100.00 0
522  Bos taurus papiiomanir Sep-2012 China COW 100.00 100.00 0
1,896  Bos Wurus papdiomavic 2016-06,. Japan Bos taurus fibropa 100.00 100.00 0
1,896  Bos taurus papllomavir...  2016-06... Japan Bos tavrus fibroma. 100.00 100.00 0
1,896 Bos turus papliomans, 2009 Japan Bos taurus nodule 100 00 10000 0
1,896  Bos taurus papilomavir Japan Bos taurus papibo 100.00 100.00 0
6,132  Bos taurus papflomanir. 2018-10... Japan Equusc.. equines. 100.00 100.00 0
8,131  Bos taurus papllomawvir,. 201809 Japan Equusc.  equines. 10000 10000 0
6,120 Bos taurus papllomair. 2017-02... Japan Equusc.. equine s. 100.00 100.00 0
37T Bos taurus papllomavir.  Apr-2016 CostaR . Bos taurus 10000 10000 )
2046  Bos taurus papllomavir. 10000 100.00 [']
378  Bos taurus papllomawvir... 21-Jan-2.. China: .. Bos taurus sarcod 02 100.00 1
349  Bos wrus papilomavir..  26-Feb-..  Turkey Ston 100.00 98.30 0
6,122  Bos taurus papillomair... 90.43 100.00 2
354 papdlomanarus 2017 Tutkey  cate (b skin 99.15 10000 3
381  Bos taurus papdiomavir. Brazi Bos taurus g ] 98.30 1
342 Bos taurus papllomavie..  20-Apr.2. Turkey  bovine  Skin 100.00 96,88 0
342 papdlomae 14.Feb... Brazd Bos taurus 100.00 9688 [
341 Bos Waurus papdiomair 13-Dec-... Brazi Bos taurus 100.00 96.60 0
6,041  Bos taurus papilomavir, Brazi Bos taurus papito 98.58 10000 5
6,132  Bos taurus papllomavir 20-Dec-.. Brazi Bos taurus fibropa. 98.58 100.00 -]
376 Bos taurus papiiomavir 08-Nov-.. Brazd horse 98 58 100.00 5
387  Bos tsurus papiiomavic Brazi Bos taurus 9858 100.00 5
204  Bos taurus papiiomawy. Brazid Bos taurus 100.00 8329 0
267  Bos taurus papiliomavir ., Brazd Bos taurus 100.00 7584 0
267  Bos taurus papillomair Brazi Bos taurus 99.25 7564 2
6,142 Bos taurus papllomavir. 2017 China cattle 80,83 9972 34
6,142  Bos taurus papilomanir.. 89.83 00.72 34
6,135  Bos aurus papllomaver . 01Jun2  Brazd Bos taurus papilio 8983 0972 34
376 taurus papliomavir...  08-Nov... Brazd horse 8983 90.72 34
6,142  Bos Waurus papliomavir...  20-Apr-2 . China yellow cutaneo. 8983 072 34

Bos taurus papilomanir.. Brazi horse equine s. 89.83 00.72 34
387  Bos taurus papilomavy Brazd Bos taurus 89.83 .72 34
387  Bos taurus papiiomavic Brazi Bos taurus 8083 0972 34
387  Bos turus papdlomavir Brazd Bos taurus 8983 072 34
6,142 Bos taurus papilomanr. Brazi Bos taurus cutaneo. 8983 90.72 34
381  Bovine papilomavirus Brazi 8083 9072 34
6053  Bos taurus papiliomavi Brazd bovine  papilic 8955 %972 3s
389 apapiiomavirus sp. 2013 Ialy Rupicap. 100.00 65,72 0
234 Bos turus papiliomas. Brazd Bos taurus 98.72 66.29 3
301 tapapilomavirus 4 12-Jan- . Indalu heider cu 9714 6941 7
219 Bos taurus Brazd Bos taurus 100.00 82 0

Deltapapilomavirus 4 Aug-2013 Chmna oW 8897 100.00 48
8,130 rus 4 Apr-2016  Morecco  Bos taurus  skon lesion 28661 99.43 47
522  Deltapapilomavirus sp. 2018 Italy Capra i 8640 100.00 48
6,130 Deltapapiiomavirus & 2018 Chna cattie 86.40 100.00 48
519  Detapapliomavirus 4 25-Apr-2.. Inda cattle; sex. single d 86.40 100.00 48
522  Deltapapilomavirus & 2016.08.. Japan Bos Tou . anal pa 8640 10000 48
480  Deitspapiiomavirus 4 Incia cattie; sex.. CULANeOUS. 8640  100.00 48
6,130  Deitapapiiomavirus 4 2017 China. . cow 8640 10000 P
6,120 Deltapapilomavirus 4 Jan-2018  Turkey Bos tau...  sarcoid-l 8840 100.00 48
6,130 rus 4 2014-06.., Japan Bos taurus papiioma 86.40 100.00 48
6,130  Deltapapiiomavirus 4 Sep-2012 USA Equusfe.. sarcod 8840  100.00 48
6,120 Deltapapiiomavirus 4 2016 ‘China cattle cutanso. 86.40 100.00 48
6130  Deitapapiliomavirus 4 2016 China  catle cutaneo 8640 10000 48
6,130 Deltapapilomavirus 4 26-Jun-2.. China: dairy cow  cutaneo. 86.40 100,00 48
384  Deltapapiiomavirus 4 02-Sep-.. Iraq skin wart 8640 10000 48
381 Deltapapiiomavirus 4 24-Jun-2.. Poland Bos taurus skon 86.40 100.00 48
387  Deltapapliomavirus 4 1 Poland equne equine s. 86.40 100.00 48
6,130 Bovine papilomavirus 201907 Japan Equusc.  sarcod 86.40 100.00 48
6,130  Bovine papilomavirus 201907  Japan Equus c.. sarcod 88.40 100.00 48
384  Deitapapdiomavirus 4 Sep-2002 Crostia  caltie skin 8640 10000 48
384 rus 4 May-2007 Croatia  cattle shon 86.40 100.00 48
1,890 Deltapapiiomavirus 4 201806, Japan Bos taurus papilio. 86.40 100.00 48
1,880  Deitapapiiomanirus 4 201606, Japan Bos taurus fibroma. 86.40 100.00 48
1800 Deitapapiiomavirus 4 Japan: Bos taurus papilio 8640 100.00 48
6,130 Deitapapiiomavirus 4 20180 Japan Equusc.. equines. 86.40 100.00 48
1,690 Deltapapilomavirus 4 Japan Equusc.. equines. 86.40 100.00 48
1890  Deltapapilomavirus 4 Japan . Equusc.. equines. 8840 10000 8
8,130 rus 4 2017-10.. Japan .. Equusc.. equines. 86.40 100.00 48
6,130 Deltapapiiomavirus 4 2017.07... Japan Equusc.. equines. 86.40 10000 48
6,130 Deltapapiiomavirus 4 2017-10., Japan Equusc.. equines. 88 .40 100.00 48
6,130 Deltapapiiomavirus 4 Japan'H.. Bostaurus myoperi. 86.40 100 00 48
2293  Deltapapilomavirus 4 Bos taurus 8640 10000 a8
6.120 Deltapapliomavirus 4 86.40 100.00 48
3,608  umidentified cloning vector 86.40 100.00 48
521  Deltapapilomavirus sp 2018 Iaty Rupicap 8638 w2 48
349  Deltapapilomavirus 4 03-Oct:2 . Turkey bovine Skane 8653 98 87 47
522  Deltapapiiomavirus sp. 2018 Italy Capra i 88.12 100.00 49
1,800 Deltapapiiomavicus 4 Japan: . Equusc.. equines. 8512 100.00 49
377  Deltapapiomavicus 4 Aprzﬂ'lﬂ CostaR.. Bos laurus 86.12 100.00 49
300 Deitapapiiomavicus sp. Egypt cattle skin 85.12 100.00 40
300  Delapapiiomanirus sp. :-mo Egypt cattie skin 8812 100.00 49
381  Bovine papdiomavirus 2018 Italy Bos taurus 88.12 100.00 49
6,040 inos 4 201872019 Egypt equine 8612 10000 49

Ilustration 2. NCBI multiple sequence alignment for local isolate 2 (MW658348.1).

acanthosis with moderate elongation of the retention
ridge towards the dermis that showed dense fibrous
tissue with infiltration of inflammatory cells (Fig. 4F).
Hyperkeratosis, parakeratosis, severe eclongation of
the retention ridge towards the dermis and signs of
calcification observed on the epidermal surface (Fig.
4G). Finally, necrosis in the epidermal layer, mainly
in basal cells with nuclear pyknosis of some spinosum
cells, was observed (Fig. 4H).

Immunohistochemical detection

In the present study, the expression of TNF-0, EGFR
and FASCIN markers was targeted using IHC. The
results of the immunoreactions interestingly displayed
significant variation among the examined skin layers
(dermis and epidermis), which ranged from negative
(0) to mild positive (+1) to moderate positive (+2)
reactions (Figs. 5-7).
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Saquance ID ‘Stan Alignment
1 40 60 80 100 120 40 1O 180 200 220 240 200 280 W0 |0
2 - 1
MK347523 1 H 5,786
LC426023.1 (¢) 178
MG263871.1 (o) 5786
MH1974821  (s) 5785
LCI3M01  (s) 5786
KY880226.1  (s) 5786
MFA35017.1 (o) 5785
MF435016.1  (s) 5788
KX007623.1  (s) 5786
KYB82041.1 (s) 20

LCS549604 1 (*) 5786
LC549663.1 (+) 5786
JX046509.1 (e) 40
JXO40505.1  (s) 40
LCS10907.1 (o) 1,548
LC510391.1 (s) 1546
LCS10388.1 (o) 1548
LCS10385 1 (+) 5788
LCS103811  (s) 1,546
LCS10380.1  (a) 1,546
LCS10379.1  (s) 5786
LC510378.1 {+) 5788
LCS10377 1 (+) 5786
AB6267051  (s) 5786
J02045.1 () 19040
X02348.1 (+) 5785
U13843 1 (¢} 3265
JIXO46507.1 4 M
KX924581.1 (#) 1
MNO77321.1 (4) 178 1

KX024580 1 ) 1

KX924570.1 (+y 8 1

KX924578.1 0 1

MK396006,1 () 175

MK1730521  (s) 136

MF045480 1 (») 5786 1 I
KCS952442 (o) %2 1
KF938570.1 (o) 54 0 1
JX046508.1 (+) 40 1
M 1 (#) 33 1
KUT368261 (o) 1 I

L.
8

%
&

I
MFI842881 (o) 5784 1
MF384201.1  (s) 5784 1
MF384200.1  (s) 5784 1
MF3842881  (s) 5774 I I
MF384287.1 (o) 5784 1
MF384284 1 () SI74 I !
MF3842851  (s) 5784 1
MF3842841  (a) 5784 1
MF3842831  (s) 5784 1
MF)842821  (s) 5784 I
MFI84280.1  (s) 5774 1 1
MF384279.1  (s) 5784 I
MFI34278.1  (s) 5784 1
MF3842771  (s) 5784 1
MF384276.1 (o) 5784 I
MF384275.1 (+) 5784 I
MT674573.1 (o) 55 ]
JX046521.1 (s) 40 1 I | 1 ]
JX878980.1 (+) 5774 1 I
KUT28460.1 (o) 1
KUT728470.1 () 1 I
JX046518.1 (s} 40 1 1 1 1
KUT284621 (o) 1 ]
KU728487.1 () 1 1
KUT28486.1 (¢)) 1 I m
LT837986.1 (s) 65
KF1148551  (s) 65
HGO182651 (s} 65
EF1515301  (s) 30
MHS543316.1  (s) 65 1
KY372395.1 (¢) 31
KY3723031  (s) 31
KY372380.1 (#) 31
KY372386.1 () 3t
KF148690.1 () 85 1
KY3723011 () 31 |
KY372300.1 (o) 31 1
KF055288.1 () 65 1
KY372304.1 (o) 34 1 1

End Organism Date Country | Host Source Identity | Coverage |Mismatches
382 100.00 100.00 [}
6,147  Deltspapliomavirus 4 2018 China cattle 10000 100.00 0
539 irus 4 201608 Japan Bos Tau.. analpa 10000 100,00 0
6,147  Deltapapiomavirus 4 207 Chena: cow 100.00 100.00 (]
6,146 rus 4 Jan-2018  Turkey Bos tau sarcoid-l... 100.00 100.00 o
6,147  Deltapapiiomavirus 4 2014-08... Japan Bos taurus papiloma 100.00 100.00 [}
6,147 Deltapapliomavirus 4 Sep-2012 USA Equus fe... sarcod 100.00 100 00 [}
6,146 Deitapapiiomavirus 4 2018 China cattle cutaneo. 100.00 100.00 (]
6,147  Deitapapliomavirus 4 2018 China cattle cutaneo... 100.00 100.00 L]
6,147  Deltapapliomavirus 4 26-Jun-2.. China dairy cow  cutaneo. 100.00 100.00 (]
381  Deitapapliomavirus 4 02-Sep-... Iraq cattle skin wart 100.00 100.00 [}
398 Deitapapiiomavirus 4 24-Jun-2 . Poland Bos taurus skin 100.00 100.00 [}
366 rus 4 30-Jun-2.. Turkey bovine Slon 100,00 100.00 0
362  Deitapapiiomavirus 4 30-Jun-2... Turkey bovine Sian 100.00 100.00 0
404 nus 4 1 ... Poland  equine equine 5. 100.00 100.00 o
6,147  Bovine papiliomavirus 201907  Japan. Equus c.. sarcoid 100.00 100,00 (]
6,147 Bovine papiliomavirus 201907  Japan Equusc.. sarcod 100.00 100.00 o
401 tapapliomavirus 4 Sep-2002 Croatia cattle skin 10000 100.00 (1]
401 Deltapapiiomavirus 4 May-2007 Croata cattle skin 10000 100.00 [
1907  Deltapapliomavirus 4 2018-06.. Japan Bos tavrus papito 100.00 100,00 0
1,907  Deltapapiiomavirus 4 2016-06.. Japan Bos taurus fibroma. 100.00 100.00 (]
1,907 | Deltapapliomavirus 4 Japan Bos taurus papibo 100.00 100,00 [}
6,147 inus 4 20100 Japan Equusc. equines. 100.00 100.00 (1]
1807 Deltapapiiomavirus 4 Japan Equusc. equines 10000 10000 0
1,807  Deitapapiiomavirus 4 Japan Equusc.. equines. 100.00 100.00 0
6147  Deltapapliomavirus 4 2017.10. Japan Equusc. equines 10000 10000 0
6,147  Deltapapilomavirus 4 201707 Japan Equusc. equines 100.00 100.00 ]
6,147 Deltapapliomavirus 4 2017-10... Japan Equusc.. equines. 100.00 100 00 L]
8,147 rus 4 Japan'H.. Bos taurus myopei 100.00 100.00 [}
2310  Deltapapiiomavirus 4 Bos taurus 100.00 100.00 [}
8,146 Deitapapliomavirus 4 10000  100.00 0
3626  unidentsied cloning vector 100.00 10000 0
401  Deltapapiiomavirus 4 May-2005 Croatia cattle. skin 100.00 9972 o
360  Deltapapliomavirus 4 26-Feb-... Turkey bovine Teat 100.00 99.45 0
539 s sp. 2018 Italy Capra | 99.72 100.00 1
530 Deltapapliomavirus sp. 2018 Taly Rupicap. %72 10000 1
6,148  Deltapapiiomavirus 4 2015 Chena cattle cutanea 9072 100.00 1
6,147  Deltapapiiomavirus 4 Apr-2018  Morocco  Bos taurus skin lesion 90,72 100,00 1
365  Deltapapilomavirus 4 1 Turkey bovine Teat 90.72 99.72 1
366  Deiapapilomavirus 4 03-Feb-. Turkey bovine Teat 9072 99.72 1
380  Deltapapilomavirus 4 07-0ct.2 . Tukey  bovine  Skine 99.72 9945 1
S36  Deltapapilomavirus 4 25-Apr-2... Inda cattle; sex.. single d 99.45 100.00 2
497  Deltapapilomavirus 4 29-May... India cattle, sex s 9945 100,00 2
6,147  Deitapapiiomavirus 4 90.45 100.00 2
303 Deitapapiiomavirus 4 08-Nov._ Brazd horse 9045 10000 2
415 Deltapapiiomavirus 4 Aug-2013 China cow 90.45 100.00 2
401  Deitapapiiomavirus 4 May-2005 Croata cattle skin 9045 100.00 2
304 4 Apr-2016 CostaR.. Bos taurus 99.45 100.00 2
360  Deltapapiiomavirus 4 11-Nov-.. Brazd Bos taurus 9944 89.45 2
407  Deltspspllomavirus sp. 2020 Egypt skin 917 10000 3
6,144 rus 4 Apr-2016  Itaty Bos taurus 99.16 990.17 3
6,144  Dellapapiiomavirus 4 ved K. Equus 0890 10000 4
382  Deitapapliomavirus 4 02-Sep-.. Iraq cattle skin wart 98.00 100.00 4
366  Deltapapiiomavirus 4 03-0ct-2 . Turkey bovine Skne 98.90 100 00 4
366  Deltapapliomavirus 4 03-0ct-2 . Turkey bovine Shane 88.00 100.00 4
404  Deitapapliomavirus 4 26-May-... Poland ‘equine equine §. 98.90 100.00 4
401 Deltapapiiomavirus 4 Mar-2006 Croata cattle shn 98.90 100.00 4
1,907 rus 4 Japan: Equsc. equines. 98.90 100.00 4
407 s sp. 2019 Egypt cattle skin 98.90 100.00 4
398  Bovine papliomavirus 20 Bos taurus 98.90 100.00 4
8,057 rus 4 201872019 Egypt ‘equine 98.00 100.00 4
Deitapapliomavirus sp. 2018 Italy Capra | 98.89 9017 4

6,142 Deitapapliomavirus 4 Switzer... Bos taurus 9889 9017 4
8,142  Deitapapilomavirus 4 Switzed. Bos taurus 9889 99.17 4
6,142  Deitapapiiomavirus 4 ... Bos taurus 08.69 09.17 4
6,135 Deltapapliomavirus 4 Unted K Equus 9862 10000 s
6.142 Deltapapiiomavirus 4 Switzer.. Equusc. 98.89 99.17 4
6,135 nus 4 Switzed... Equusc 98.62 10000 5
6142 Deltapapliomavirus 4 Switzerl . Equus c 98,89 917 'y
6,142  Deltapaptiomavirus 4 Switzer.. Equusc 8889 9017 4
6,142 Deltapapliomavirus 4 Swizerd . Equus ¢ 0880 0017 4
6,142  Deitapapiiomavirus 4 Switzerl Equusc.. 08.89 9017 4
6,135 Deitapapliomavirus 4 Switzer . Equus c 9862 10000 s
6,142  Deitapapliomavirus 4 Switzer., Equusc 9889 99.17 4
6,142 4 Switzer Equus 8889 917 4
6,142  Deltapapiiomavirus 4 Switzerl Equus 98.89 %7 4
8,142 s 4 Switzed... Equus 98.89 9017 4
6,142 Deitapapiiomavirus 4 United K. Equus 9889 9917 )
418 rus 4 Brazd Bos taurus 98.62 100.00 5
401 Deltspapiiomavirus 4 Apr-2010 Croata  cattle udder 98 62 100,00 5
8,135 rus 4 Jun-2006 United K. Equusc. sarcod 98.62 100.00 5
344 Deltapapliomavirus 4 08-0ct-2... Braxi Bos taurus 100.00 95.03 0
334 rus 4 08-Oct-2 . Brazi Bos taurus. 9 9503 1
401  Deitapapilomavirus 4 Apr-2010 Croatia  cattle udder 98.07 100.00 7
344  Deitapapilomavirus 4 08-Oct-2.. Brazi Bos taurus. 99.42 9503 2
Deltapapliomavirus 4 11-Nov.... Brazi Bos taurus 99.33 8260 2

208  Deltapapliomavirus 4 16-Dec-.. Brazi Bos taurus 9832 8232 5
301 Deltapapiiomavirus 4 100.00 8547 0
301 Deltapapiiomavirus 4 15-Mar-... India mule nasal cav 100,00 a5.47 ]
301 Deitapapilomavirus 4 IndiaBa  Bos laurus skin tum 100,00 8547 0
268  Deltapapiomavirus 4 Incea 10000 6547 0
301  Deltapapilomavirus 4 21-Aug-.. Egypt N.. cattle skin lésc 9958 6547 1
264 Deltapapiiomavirus 4 0d-Nov-.. Turkey cattle skin 100.00 6464 ]
264  Deitapapliomavirus 4 Od-Nov-.. Turkey cattle skin 100.00 6464 []
264  Deltapapliomavirus 4 01.Feb-.. Turkey... catile sk 100.00 6464 0
264 Deltapaptiomavirus 4 14-Sep- Turkey: cattle shin 100.00 6464 0
301  Deitapapliomavirus 4 11-0c1-2 . India butaio mucossl 99 58 8547 1
264  Deitapapilomavirus 4 27-Sep-... Turkey. cattle shin 9957 6464 1
284  Deltapapiiomavirus 4 03-0ct-2.. Turkey cattle skin 9957 6464 1
301 Deltapapilomavirus 4 26-Jan-2.. Inda buffalo wart bssue 99.16 547 2
264 Deitapapliomavirus 4 08-Mar... Turkey. .. cattle skin $9.13 8381 2

Illustration 3. NCBI multiple sequence alignment for local isolate 3 (MW658349.1).

Discussion

BP is a highly prevalent skin disease of cattle in many
countries worldwide including Iraq. However, the
global distribution of other types of BPVs still needs to
be established. The molecular detection in the current
study revealed that all clinically suspected cattle
were diagnosed with BV; while genotyping analysis

confirmed that the local isolates were closely related to
Type 1 and Type 2 BPV. In India, a specific molecular
study was performed on normal and BP skin lesions in
cattle. The results identified that the normal and BP skin
lesions were infected with diagnosed type 1 and 2 BPV,
which suggested a wide distribution of the virus that
caused a high incidence of the disease (Pangty ef al.,
2010). Several studies conducted on cattle in the same
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Saquence ID | Stan Alignment
1 9 w0 0 100 120 140 150 180 200 220 240 280 200 300 A0 360
PN A Bk AR e el s el vl s ol v
Query 33713 (s) 1
MK34T5231  (s) 5788
LC426023 1 {s) 180
MG263871.1  (s) 5788
MHI074821  (s) 5787
LC333380.1 () 5788
KY886226.1 (s) 5788
MFA3S017.1  (4) 5787
MF4359161  (s) 5788
KX907623.1 (v) 5788
KY862041.1 (s) 22
KX594402 1 5y 3
KXG24584 1 " T
KX924582 1 ) 3
KX024581.1 (*) 1
KF284141.1 () 45
LCS549684.1 (s) 5788
LC549683.1 (+) 5788
JX046509.1 () 42
JX046507.1 () 42
IX048505.1 () 42
LC510397.1 (+) 1548
LC510301.1 () 1548
LC510388.1 () 1548
LC510385.1 (+) 5788
LC510381.1 (+) 1548
LC510380.1 {+) 1548
LC510379.1 (+) 5788
LC510378.1 (+) 5768
LC510377.1 (+) 5768
ABB26705.1 (+) 5788
J02045.1 (0 1951
X02346.1 (+) S.787
U13843.1 (+) 3267
MNOTTI211 () 180 1
MNOTTII0.1  (+) 180
MF435918.1 (+) 5789 I
KY746722.1 (+) 5788 1
KX924580.1 () & 1
KXG24570.1 ) 7 I
KX924578.1 *) 1
MK396096,1 ) n
MK1730521  (s) 138 i
MFO45480.1  (4) 5768 L) I
KUT38826.1 () 1 1 I
KCS052442  (s) 34 1 I
KF938579.1 (¢) S0 Wi 1
JX046508 1 (9 42 1 1
() 3 1 I
MWOIB708.1  (s) 48 1 |
MG9774941  (+) 5768 ] L}
MF3842801  (s) 5785 1 L
KYB62040.1 (0) 23 1 u
KX024577 1 ) T e 1 i
KX024576.1 (*) 1 1 i
KF284133.1 () 45 I L]
JX046506 1 (+) 42 1 u
LC510382.1 (+) 1548 1 ]
MWOIBTOTY ) 48 ) 1 1
MT6821331 (o) 30 1 |
MT4508201  (4) 5608 || N} 1
MNOT7320.1 {+) 180 I n
MFI842041  (4) 5786 1 u
MF3842911  (4) 5786 1 'l
MF3842001  (s) 5786 1 u
MF3842881  (s) 5776 1 1 u
MF384287.1  (+) 5788 1 i
MF3842861  (4) 5776 1 1 L
MF3842851  (+) 5788 1 |
MF3842841  (4) 5788 1 un
MF3842831  (4) 5788 1 o
MF384262.1 (+) 5786 I L]
MF384280.1 (+) 5776 I 1 L
MF384270.1  (s) 5788 1 u
MF384278.1 (+) 5768 I |
MF3842771  (4) 5788 1 o
MF384276.1 (+) 5786 1 L]
MF3842751  (+) 5786 1 u
MTE745731 (o) 57 1) (] I
JX046521.1 (#) 42 1 (I | I 1
JXB78960.1 (+) 5778 1 1 u
KU728469.1 ) 1
KU728470.1 () 1 1
JX046518.1 () 42 1 1 | I u
KU728462.1 ¢y 1 1 1
KU728467.1 ) 1 I 1
KU728466.1 0 1 o I
LT837968.1 ) 67
KF1148551 () &7
HGO182851 () 67
EF151530.1 (+) 32
MHS43316.1  (s) 67 1
KY372385.1 () 3
KY372393.1 () 3
KY372380.1 (+) 33
KY372386.1 () 33
KF148690.1 (+) 67 I
KY372360.1 () M
KY372391.1 B 1
KF055288.1 () 67 1
KY372304.1 (S I I

End Organism Date Country | Host Source  |identity | Coverage Mismatches
360 10000 10000 []
6,147  Deltapapliomavirus 4 2018 China cattle 10000 100.00 0
539 rus 4 201608 Japan Bos Teu . analpa 10000  100.00 0
6,147  Deltapapfiomanirus 4 2017 Chuna: cow 100.00 100.00 0
6,146 irus 4 Jan-2018  Turkey Bos tau. sarcod-| 100.00 100.00 0
6,147  Deltapapiiomavirus 4 2014-06... Japan Bos taurus papilioma 100.00 100.00 0
6,147  Deitapapilomanicus 4 Sep-2012 USA Equus fe... sarcad 100.00 100.00 0
6,146 Deltapapiiomavirus 4 2016 China cattie cutaneo. 100.00 100.00 0
6,147  Deitapapiiomavirus 4 2016 China cattie cutaneo 100.00 100.00 0
6,147  Deltapapilomavirus 4 28-Jun-2.. China dairy cow  cutaneo. 100.00 100.00 0
381  Deltapapliomavirus 4 02-Sep-.. Iraq cattie skin wart 100.00 100.00 0
398 Deitapapiiomavirus 4 24-Jun-2.. Poland Bos taurus skn 100.00 100.00 0
366 rus 4 30-Jun-2.. Turkey bavine Shan 100.00 100.00 0
362  Deitapapilomavirus 4 30-Jun-2.. Turkey bovine Skin 100.00 100.00 0
360 rus 4 26-Fob-.. Turkey bovine Teat 100.00 100.00 0
404 tapapdiomawirus 4 15-May-... Poland equne oquIng . 100.00 100.00 0
6,147 Bovine papdlomavirus 201907  Japan. Equusc.. sarcad 100,00 100.00 0
6,147  Bovine papillomavirus 201907  Japan Equusc.. sarcod 100.00 100.00 0
401 Deltapapilomavirus 4 Sep-2002 Croatia cattie slon 100.00 100.00 0
401 Delapapiiomavirus 4 May-. roatia  catie skin 10000 10000 ]
201 Deltapapifomavirus 4 May-2007 Croata  cattie skin 10000 10000 0
1,907  Deitapapllomavirus 4 201806, Japan Bos taurus papilio. 100,00 100.00 0
1,807 rus 4 201606, Japan Bos taurus fibroma. 100.00 100.00 0
1907 Deltapapilomavirus 4 Japan Bos taurus papilic 10000 10000 0
6,147  Deitapapiiomavirus 4 20190, Japan Equusc.. equine s. 100.00 100.00 0
1,907  Deltapapiiomavirus 4 Japan Equusc.. equines. 100.00 100 00 0
1,907  Deltapapilomavirus 4 Japan: .. Equusc. equines. 100.00 100.00 ]
6147  Deltapapilomavirus 4 201710 Japan Equusc.  equine s 10000 10000 0
6,147 rus 4 201707... Japan Equusc.. equines. 100.00 100.00 0
6,147  Deltapapilomanirus 4 201710, Japan... Equusc.. equines. 100.00 100.00 0
6,147  Deltapapiiomawvirus 4 JapanH.. Bos taurus myoperi 100.00 100.00 0
2310 Deltapapiiomavirus 4 Bos taurus 100.00 100.00 0
6,146 Deltapapilomanirus 4 100.00 100.00 0
3626 umdentfied cloning vector 100.00 100.00 0
530  Deitspapilomavirus 2018 Italy Capra i 0972 100.00 1
539 Deltapapiiomavirus sp 2018 ftaly Rupicap [ hrd 100.00 1
6,148 Deltapapilomavirus 4 2015 Chena cattie cutaneo. 072 100.00 1
6,147  Deltapapilomavirus 4 Apr-2018  Moroceo  Bos taurus sion lesion 9972 10000 1
365  Deltapapdlomavicus 4 10-May-... Turkey bovine Teat 99.72 100.00 1
366  Deitapapilomanirus 4 03-Feb-. Turkey bovine Teat 8972 100.00 1
350  Deltapapiiomavirus 4 07-Oct.2.. Tukey  bovine  Skine 09.72 10000 1
536 Deltapapiiomavirus 4 25-Apr2.. Inda cattle, sex.. single d... 0944 10000 2
497  Deltapapiiomavirus 4 29-May. . India cattle; sex. cutansous. 9944 10000 2
6,147 Deitapapiiomavirus 4 0944 100.00 2
360  Deltapapiiomavirus 4 11Nov... Brazi Bos taurus 0944 100,00 2
303 Deltspapliomavirus 4 08-Nov-.. Brazd horse 0044 10000 2
415 Deltapapiiomavicus 4 Aug-2013 China cow 9944 10000 2
401 4 May-2005 Croatia catte skin 8944 100.00 2
304 Deltapapiiomavirus 4 Apr-2016 CostaR.. Bos taurus 9044 100 00 2
407  Deitapapilomavirus sp. 2020 Egypt skin 9917 100.00 3
6,144 rus 4 Apr-2016  Italy Bos taurus 99.16 90.17 3
6,144 Deitapapiiomavirus 4 Urwted K. Equus 98 89 10000 4
382  Deitapapiiomavirus 4 02-Sep-.. Iraq cattle skin wart 0880 100,00 4
388 Deltapapliomavirus 4 03-0ct-2 Tukey  bovine  Skine 9889 10000 4
366  Deltapapilomavirus 4 03-Oct-2 .. Turkey bovine Shane 9880 100.00 4
404  Detapapliomanirus 4 26-May-.. Poland equine equIne 8. 98.89 100.00 4
401 Deitapapilomavirus 4 Mar-2006 Croata cattie skon 98,80 100.00 4
1,907 irus 4 Japan Equusc.. equines. 08.80 100.00 4
407 rus $p. 2019 Egypt cattle skon 98,80 100.00 4
308  Bovine papliomavirus 204 Italy Bos taurus 0889 100.00 4
6,057 tapapiiomavirus. 4 201872010 Egypt  equine 0880  100.00 4
538  Deltapapiiomavirus sp. 2018 Italy Capra | %888 99.17 4
6,142 Deltapapliomavirus 4 Switzerl..  Bos taurus 98,88 90.17 4
6,142  Deltapapilomavicus 4 Switzerl.. Bos taurus 9888 9917 4
6,142  Deitapapiiomavirus 4 ... Bos taurus 0888 09.17 4
8135  Deitapapilomavirus & Ursted K Equus 8861 10000 s
6,142 Deltapapilomavirus 4 Switzer.. Equusc. 98.88 9917 4
6,135 rus 4 Switzed.. Equus ¢ 8861 100 00 5
8,142  Deltapapllomavirus 4 Switzerl.. Equusc 9888 99.17 4
6,142  Deltapapliomavicus 4 Switzed.. Equusc. 98.88 90147 4
6,142  Deitapapiiomavirus 4 Switzed. . Equus ¢ 0888 90.17 4
6,142  Deltapapilomavirus 4 Switzerl... Equusc. 08.88 .17 4
6.135  Deltapapilomavirus 4 Switzer.. Equus ¢ 9861 10000 s
6,142  Deitapapliomavirus 4 Switzerl.. Equusc 9888 9017 4
6,142 4 Switzerl... Equus 9888 99.17 4
6,142  Deltapapilomavirus 4 Switzed..  Equus 9888 917 4
6,142  Deltapapiiomavirus 4 Switzerl... Equus 98.88 9917 4
6,142 Deltapapiiomavirus 4 United K. Equus 9888 99.17 4
418 Deltapapliomavirus 4 Brazi Bos taurus 9861 100,00 s
401 Deltapapiiomavirus 4 Apr-2010 Crostia  calte udder 9861 10000 5
8,135 rus 4 Jun-2008 United K. Equusc. sarcod ©8.61 100.00 5
344 Dehapapiiomanirus 4 08-Oct-2.. Brazd Bos taurus 100.00 95.56 o
344 rus 4 08-Oct-2 . Brazd Bos tayrus. 8971 9558 1
401 Deltapapilomavirus 4 Apr-2010 Croatia  cattie udder 98,06 100.00 7
344 Deltapapilomavirus 4 08.0ct:2 . Brazd Bos taurus 9942 9556 2
200  Deltapapliomavirus 4 11-Nov.... Brazd Bos taurus 99.33 8306 2
208  Deltapapliomavirus 4 16-Dec-.. Brazi Bos taurus 9632 8278 5
301 Deftapapiiomavirus 4 100.00 6528 0
301 Deltapapiiomavirus 4 15Mar... India mule nasal cav. 100.00 6528 ]
301  Deitapapiiomavirus 4 IndaBa_ Bos taurus skin tum 100.00 8528 0
266  Deltapapliomavirus 4 Incia 100.00 6528 0
301 Deltapapilomanrus & 21.Aug-.. Egypt N catile skin lesi 0957 6528 1
264  Deltapapiiomavirus 4 04-Nov-... Turkey: cattle skin 100.00 6444 0
264  Deltapapllomanirus 4 Od-Nov.. . Turkey. cattie skin 100.00 6444 0
264 Deltapapliomavirus 4 01.Feb-.. Turkey.. cattie skn 100.00 64.44 0
264 Deltapapliomanirus 4 14.-Sep-.. Turkey:. catie shon 100.00 64.44 0
301 Deltapapiiomavirus 4 102 India buffalo  mucosal 99.57 6528 1
264  Deapapifomanirus 4 03-Oct-2.. Turkey. cattle skin 100.00 e4.47 0
284 Deltapapiiomavinus 4 21-Sep-.. Turkey cattle skin 9957 8444 1
301  Deltapapilomavirus 4 26-Jan-2.. Incka buffalo warnt bisue 9915 8528 2
264  Deltapapliomavirus 4 .. Turkey: .  cattle skin 99.13 8417 2

Ilustration 4. NCBI multiple sequence alignment for local isolate 4 (MW658350.1).

field showed various spreading of papillomaviruses
(PVs) in cattle with clear symptoms and asymptomatic
cattle. These results suggested that the cattle without
symptoms have a crucial role in spreading the disease,
as the virus is endemic (Ataseven et al., 2016; Wassilew,
2018; Kwok et al., 2020).

PCR assays, which are important and successful
diagnostic methods, have high specificity and sensitivity

for detecting agents and pathogens (MacLachlan et
al., 2017; Dorttas and Dagalp, 2020). The conserved
region of the L1 gene of PV was used in this study to
detect BPVs by PCR (Melo et al., 2014; Ataseven et
al., 2016). PVs are classically used in the classification
and construction of phylogenetic trees according to
biological and medical characterization and sequence
alignment of L1 nucleotides (Bocaneti et al., 2016).
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NCBI Multple Sequence Alignment Viewer, Version 1200
Sequence ID | Stant Alignment
1

W @ o

XU 100 120 140 160 180 00 M M0 MO 280 W0

Query S0027  (s) 1
MN303951 1 {.; 3
LCA260221 (o) 170
LCA2602110  (5) 170

MHS802731  (s) 25
KY7818141 (o) 17
MFOS54001 (o) 5,779

KX113620.1  (+) 170

KMASS0S1.1  (4) 8777
KMASS0491 (o) 23
KF171068.1 (+) 170
KF2B41531 (4)

LC510304 1 (+) 1544
LC5103021 (o) 1,544
LC510387.1 (+) 1544
LC510386.1 (4) 1544
LC510384.1 (+) 5780
LCS103831  (4) 5779
LC510376.1 (+) 51717
MT38S8541  (4) 25
X01768.1 {+) 1604
KP768481.1 (3) 26 1
KX0246021 (o) 3
M20219.1 (+) Si70 (|
MT181841.1 ) 2 1 I I
MT674580.1 (*) 35 1
KX§24601.1 () 1
KU7434701 (&) 1
KU72B4731 (o) 1
MH1B79811  (+) 5680 1 1
KUB74833.1 (+) S.780 1 1
KC505245 2 (+) 24 1 ]
MTB745790.1 (o) 35 1 1
MTB745771 (o) 1
MT674576.1 (o) 1
MT874574.1 @1
MGB1B4751  (+) 5760 il m ]
MF3272741  (s) 5780 i) mn I
KUS510390 1 (+) 5783 Sy 11} 1
KC505246.2 (s) 24 I ] e 1
KM2584432 (o) 5790 il i 1
KC763355.1 (+) 196 ey i 1
MT6745881 (o) 35 Sl 1 I
MT674584.1 (o) 35 i 1 1
MT6745831 (o) 35  fjml Il |
QT8I (s) 5790 Sl 1l !
EU203540.1 (*) 1 1 1
MF781676.1  (a) 5701 il n I I
MNOTTI22Y  (4)
MTE74571.1 () 1 I
HEB03638.1 () 7 1 ]
MT874575.1 (*) 1
KFO38S79.1  (s) 46 Sl mIbe m
KY746722.1 ]
MNOTZA21.1 n
MK347523.1 n
368006.1 -m
LC426023.1 n
MK173052.1 n
MG263871 1 ]
MH107482.1 m
LC333380.1 ]
KY886226.1 n
MF435017.1 n
MF435016.1 mn
KX907623.1 ]
KYB62041.1 n
KX504402 1 n
KF284141.1 n
LC540664.1 n
LCS49683.1 m
JX046509. 1 n
JX046505 1 n
LC510397 1 w
LC510391.1 | n I
LC510386.1 | n I
LC510385.1 I n 1
LC510381.1 I n I
LC510380.1 ni ] I
LC510370.1 mpn 1 ] I
LC510378.1 | n I
LC510377.1 I [ERITHTRIE I 1
AB626705 1 | ] lll: m 1
J02045.1 | 1R 1
X02348 1 I T I
U13843.1 | [ERITHTRE I
MND77319.1 | !
KX024577.1 I 10w i
MNOT7320.1 I R TITIRN 1
LCS510382.1 1 1
MT385853.1 I i
MW018708.1 I FURTHTRY 1
MWOIBTOT1  (4) I (SIS R TTHTR 1
MT682133.1 *) | RRTTHIRY 1
MT450820.1 () 5688 CHERECHI I (BB UR TR I

End Organism Date Country | Host |Source  |identity | Coverage |Mismatches
283 10000 10000 []
355  Bos taurus papdlomair CostaR . horse 100.00 100.00 0
522  Bos taurus papiiomavir...  2016-06... Japan Bos Tau.. wulval . 100.00 100.00 0
522  Bos wurus papflomaww... 201602 Japan Bos Tau.. vulval 100.00 100 .00 0
377  Bos taurus papliomair... 2012 Japan Japane.. 100.00 100.00 0

Bovine papilomavirus Turkey bovine sion 100.00 100.00 0

6,131  Bos taurus papllomanir. 100.00 100.00 0
522  Bos Wurus papliomay.. 100.00 100.00 0
378 Bos Wurus papliomavir.  19-Sep- . China cow sarcod 10000  100.00 0
378  Bos taurus papiiomavir..  27-Sep-.. China Bos taurus sarcod 100.00 100.00 0
378  Bos Wurus papliomavir...  05-0at-2.. China: Equus sarcod 100.00 100.00 0
6,120  Bos bwrus papflomavir..  06-Jul-2 . China: wow cutaneo 100.00 100.00 (]
s taurus papiiomanis 06-Jul-2.. China: oW sarcod 100.00 100.00 0
522 Bos urus papilomavir 2011 Span Bostau.. heada. 100.00 100.00 0
387  Bos urus papllomavir. 06-Jun-... Poland oquine oequing s 100.00 10000 0
6,131  Bos taurus papilomavic..  May-2012 Chna dairy cow  cutaneo. 100,00 100 00 0
Bovine papd 2017 Turkey bovine. shon 10000 100.00 0

522  Bos taurus papiiomavir Sep-2012 China COW 10000 100.00 0
1,896  Bos urus papliomavir 201606 Japan Bos taurus fibropa 100.00 100.00 0
1,896  Bos taurus papllomavir.. 201606 Japan Bos tavrus fibroma. 100.00 100.00 0
1,896  Bos turus papiliomavir . 2009 Japan Bos taurus nodule 10000 10000 (]
1896  Bos taurus papilomair.. Japan Bos taurus papiio 10000 10000 0
6,132 Bos taurus papdlomanir. 2018-10.., Japan Equusc. equines. 100.00 100.00 0
8,131  Bos taurus papilomavir..  2018-09.. Japan Equusc. equines. 100.00 100.00 0
6,120  Bos taurus papllomavir...  2017-02.. Japan Equusc.. equines. 100.00 100.00 (]
37T Bos taurus papllomavir.  Apr-2018 CostaR . Bos taurus 10000 10000 0
2046  Bos taurus papllomavir. 10000 100.00 0
378 taurus. 21Jan2 . China: Bos taurus sarcod 99.72 10000 1
349  Bos taurus Fob-.. Turkey Sion 100.00 98.30 0
6,122  Bos taurus papiiomavis 9043 100.00 2
354 Bovine papilomavirus 2017 Turkey catte (b.. skin 99.15 100.00 3
381  Bos taurus papdiomanir. Brazi Bos taurus e hg ] 98.30 1
342  Bos urus popilomavir., 20-Apr2. Tukey  bovine  Skin 10000 9688 0
42 poplomavie.. 14-Feb... Brazd  Bos taums 10000 9688 0
341 Bos Waurus papdiomavir 13-Dec-... Brazd Bos taurus 100.00 96 60 0
6,041  Bos taurus papllomavir,, Brazd Bos taurus papilio. 98.58 100.00 5
6,132  Bos taurus papllomavir 20-Dec-.. Brazi Bos taurus fibropa. 9858 100.00 5
376 Bos taurus papiiomavir 08-Nov-.. Brazd horse 9858 100.00 5
387  Bos taurus papillomanir Brazd Bos taurus 98 .58 100.00 5
204 Bos taurus papiiomaie. Brazi Bos taurus 100.00 8329 0
267  Bos Wurus papliomavy... Brazi Bos taurus 100.00 7564 0
267  Bos taurus papilomavir Beazi Bos taurus 99.25 7584 2
6,142 Bos taurus papillomanir 2017 China cattie 8983 072 34
6,142  Bos taurus papilomanir.. 8983 00.72 34
6135  Bos urus papllomaver . 01-Jun-2  Brazd Bos taurus papiio 8983 0972 34
376 taurus papliomavir...  08-Nov-.. Brazd horse 8083 00.72 34
6,142  Bos Wurus papliomavie.. 20-Apr-2_ China yellow . cutaneo. 8083 9972 34
548  Bos taurus papilomanir.. Brazi horse equine s. 89.83 90.72 34
387  Bos taurus papiiomanis Brazi Bos taurus 8983 0972 34
387  Bos wurus papilomanir.. Brazd Bos tavrus 89.83 00.72 34
387  Bos urus papliomais Brazi Bos taurus @983 072 34
6,142 papiiomani. Brazi Bos taurus cutaneo 89, 00.72 34
1 Bovine papliomavirus Brazi 8083 w72 34
6053  Bos taurus papiliomavi Brazd bovine  papilic 8955 0072 3s
380 apapiiomavicus sp. 2013 Italy Rupicap. 100.00 6572 0
234 Bos Wurus paplioma) Brazd Bos taurus 9872 6629 3
301 tapapiiomavirus 4 124an-. Indalu heiter cu o7 14 6941 7
219 Bos taurus papdiomair Brazd Bos taurus 100.00 82.04 0
398 Deltapapiiomavirus 4 Aug-2013 China cow 8697  100.00 48
6,130  Deitapapiiomavirus 4 Apr-2016  Morocco  Bos taurus skin lesion 8661 99.43 a7
§22  Deltapapllomavirus sp. 2018 ltaly Caprai 8640  100.00 48
6,130  Deltapapiiomavirus 4 2018 Chna cattie 86.40 100.00 48
519 rus 4 25-Apr-2.. Inda cattle; sex. single d 86.40 100.00 48
522 4 2016-08.. Japan Bos Tau . anal pa 8640 100,00 48
480  Deitapapliomavirus 4 Incia cattie; sex.. culaneous 8640  100.00 48
6,130  Deitapapiiomavirus 4 2017 China: . ocow 8640 10000 48
6,120 Deltapapiiomavirus 4 Jan-2018  Turkey Bos tau...  sarcoid-l 86.40 100.00 48
6130 s 4 201406 Japan Bos taurus papiioma 8640 10000 48
8,130  Deltapapiiomavirus 4 Sep-2012 USA Equus fo.. sarcoxd 86.40 100.00 48
6,120  Deltapapiiomavicus 4 2016 China cattle cutanso. 86.40 100.00 48
6,130  Deltapapliomavirus 4 2016 China catte cutaneo. 86.40 100.00 48
6,130 Deltapapilomavirus 4 26-Jun-2.. China: dairy cow  cutaneo. 86.40 100,00 48
384  Deltapapiiomavirus 4 02-Sep-.. lraq skin wart 8640 10000 48
381 Deltapapiiomavirus 4 24-Jun-2.. Poland Bos tavrus slon 86.40 100.00 48
387  Deltapapilomawvirus 4 1 Poland equne equine s. 86.40 100.00 48
6,130 Bovine papdiomavirus 201907  Japan Equusc. sarcod 86.40 100.00 48
6,130  Bovine papdlomavirus 201907  Japan Equus c.. sarcod 86.40 100.00 48
384  Deltapapiiomavirus 4 Sep-2002 Croatia  catile skin 86.40 100.00 48
384  Deltapapilomavirus 4 May-2007 Croatia  cattle shon 86.40 100.00 48
1,890  Deltapapiiomavinss 4 201806 Japan Bos taurus papilio. 8640 10000 48
1,880 Deltapapiiomavirus 4 2016-06... Japan Bos taurus fibroma.. 8640 10000 48
1,800 Deltapapiiomavirus 4 Japan Bos taurus papilio 8640 100.00 48
6,130  Deitapapilomavirus 4 20190.. Japan Equusc.. equines. 86.40 100.00 48
1,690 Deltapapilomavirus 4 Japan Equusc.. equines. 8640 100,00 48
1890 Deitapapilomavirus 4 Japan Equusc. equines 8640 10000 a8
6,130 irus 4 2017-10.. Japan:.. Equusc.. equines. 86.40 100.00 48
6.130  Deltapapiiomavirus 4 201707 Japan Equusc. equine s 8640 10000 a8
6,130 Deftapapiiomavirus 4 2017-10.. Japan .. Equusc.. equines. 86 40 100.00 48
6,130 rus 4 Japan'H.. Bos taurus myoperi 86.40 10000 48
Deitapapiiomavirus 4 Bos taurus 86.40 100.00 48

6,120 Deltapapliomavirus 4 86.40 100.00 48
3,600 umidentified cloning vector 86.40 100.00 48
521  Deltapapiiomavirus sp. 2018 Italy Rupicap. 8536 072 48
349  Deitapapiiomavirus 4 03-0ct-2 . Turkey bavine Skne 8653 98 87 a7
522  Deltapapiiomavirus sp. 2018 Italy Capra i 88.12 100.00 49
1,690  Deltapapiiomavicus 4 Japan Equus c.. equine s 8612 10000 49
377 Deitapapliomavirus 4 Apc-2016  CostaR.. Bos taurus 8612 100.00 49
300  Deitapapiiomavirus sp. 2020 Egypt cattie skin 86.12 100.00 40
300  Deltapapiiomavirus sp. 2019 Egypt cattle skn 8812 100,00 49
381  Bovine papdiomavirus. 2018 I Bos taurus 8612 100.00 49
6.040 Deltapapiiomavirus 4 20182019 Egypt equne 88.12 100.00 49

Hlustration 5. NCBI multiple sequence alignment for local isolate 5 (MW658351.1).

Our genotyping findings showed that the local isolates
were closely related to Type 1 and Type 2 BPV, which
is in line with the results of several worldwide studies
(Pangty et al., 2010; Bam et al., 2013; Grindatto et al.,
2015). Other studies reported that BPV- 1 and BPV2
have the ability to infect buffaloes, as well as other
species, such as equines inducing fibropapillomas and
fibroplastic tumors (Silvestre et al., 2009). In this study,

although Type 2 BPV was detected genotypically in
some local isolates, no one of these infected animals
showed bladder cancer clinical signs, such as enzootic
hematuria. This could be due to a lack of Pteridium
aquilinum bracken fernsin in the fields of the study
animals.

Histological analysis of stained papillomas indicated
the presence of tissue changes suggesting cytopathic

T
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Sequence ID | Stant Alignment
1 40 €60 80 100 120 140 160 180 200 220 MO MO 280 X0 383
VST 00 el B oo el wetile 1 e iy Tl s WO i

4125 s 1
MNI0I9511 (s) 3
LC426022.1 (¢) 170
LCA426021.1 (v) 170
MHS89273.1 () 25
KY781814.1 )y 17
MFOIS400.1  (4) 5779
KX113620.1 ) 170
KXO08608.1 () 26
KPB638231 () 28
KPE63621.1 {*)
KN458081.1  (a) 5777
KM455049.1 () 23
KF171088.1 (#) 170
KF284153.1 (*)
KCB78306.1  (+) 5779
MT178284.1 (&) 2
KC256805.1 () 10
LC510304 1 (+) 1544
LC510392.1 (0) 1544
LC510387.1 (+) 1544
LC510386.1 (o) 1544
LC510384.1 (+) 5780
LC510383.1 (+) 5779
LC510376.1 (v) 5777
MT38S8541 () 25
X01768.1 {+) 1604
KP768481.1 (3} 26 1
KX0246021 (o) 3
M20219.1 (+) 5770 ==
MT181841.1 ) 2 1 I I
MT674580.1 (¢ 35 1
KXG24601.1 IO
KU7434701 (5) 1
KUZ2B4731 (o) 1
MH1B79811  (4) 5680 1 1
KUB74833.1 (+) S.780 1 I
KC5052452  (s) 24 1 1
MTB74570.1 (o) 35 1 1
MTB745771 (3) 1
MTB74576.1 (o) 1
MT874574.1 @1
MGBIBAT5.1 (o) 5790 bl FUHTTHTY | I
MF327274.1 (#) 5700 FPEEREprTcn [UHINE] 1 |
KUS18390 1 (+) S.783 SlERn [T TN | !
KC505246.2 (s) 24 e "II T 1 |
KM2584432 (o) 5790 b il I FLTTaTe 1 !
KC763355.1 (+) 1986 =i I mry i 1 1
MT6745881 (o) 35 Il e e | |
MT674584.1 (o) 35  mllmiifiges il (TR TR I !
MT6745831 (o) 35 by !Il WHITHTH] | !
JQTe8171.1 (+) 5790 Sy I 1 ] 1
EU203540.1 () J I 11 o (1] e 1 1
MF741676.1 (s} 5701 SRR RUHURTR] I 1 I
MN9T7322.4
MT674571.1 1 ¢ I
HEB03638.1 1
MT74575.1
KF938579.1 1 =' I
KY746722.1 1
MNOTZA21.1 TN
MK347523.1 R

368006.1 1
LC426023.1 HEwmn
MK173052.1 T nnm
MG263871 1 i
MH107482.1 10
LC333380.1 L
KYB86226.1
MF435017.1
MF435016.1 I
KX907623.1 I
KY862041.1 Il
KX504402 1
KF284141.1
LC540664.1
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End Organism Date Country | Host |Source  |identity | Coverage |Mismatches
283 10000 10000 [
355  Bos taurus papdlomair CostaR . horse 100.00 100.00 0
522  Bos twurus papiiomavir... 201606, Japan Bos Tau.. wulval . 100.00 100.00 0
522  Bos wurus papflomaww... 2016-02. Japan Bos Tau.. vuval 100,00 100 .00 0
377  Bos taurus papliomanir... 2012 Japan Japane.. 100.00 100.00 0

Bovine papilomavirus Turkey bovine skon 100.00 100.00 0

6,131  Bos taurus papllomair. 100.00 100.00 0
Bos turus papiioma... 100.00 100.00 0

378 Bos urus papliomavir.  19-Sep- . China cow sarcod 10000  100.00 0
378  Bos taurus papiiomavir..  27-Sep-.. China Bos taurus sarcod 100.00 100.00 0
378  Bos Wurus papliomavir...  05-Oct-2.. China: Equus sarcod 100.00 100.00 0
6,129  Bos bwrus papliomavir..  06-Jul-2 . China: wow cutaneo 100.00 100.00 0
s taurus papiiomanis 06-Jul2.. China: oW sarcod 100.00 100.00 0
522 Bos urus papilomavir 2011 Span Bostau.. heada. 100.00 100.00 0
387  Bos urus papllomavir. 06-Jun-... Poland oqune oequing s 100.00 10000 0
6,131  Bos turus papilomavic..  May-2012 Chna dairy cow  cutaneo. 100,00 100 00 0
Bovine papd 2017 Turkey bovine. shon 10000 100.00 0

522  Bos taurus papiiomavir Sep-2012 China COW 100.00 100.00 0
1,896  Bos urus papllomavir 201606 Japan Bos taurus fibropa 100.00 100.00 0
1,896  Bos turus papllomavir... 201606 Japan Bos tavrus fibroma. 100.00 100.00 0
1,896  Bos taurus papiiomavir. Japan Bos taurus nodule 10000 100.00 0
1896  Bos taurus papilomair.. Japan Bos taurus papiio 10000 10000 0
6,132 Bos taurus papdlomanir. 2018-10... Japan Equusc. equines. 100.00 100.00 0
8,131  Bos taurus papilomavir..  2018-09.. Japan Equusc. equines. 100.00 100.00 0
6,120  Bos taurus papllomavir...  2017-02.. Japan Equusc.. equines. 100.00 100.00 (]
37T Bos taurus papllomavir.  Apr-2018 CostaR . Bos taurus 10000 10000 )
2046  Bos taurus papllomavir. 10000 100.00 0
378 taurus. 21Jan2 . China: Bos taurus sarcod 99.72 10000 1
349  Bos taurus Fob-.. Turkey Sion 100.00 98.30 0
6,122 Bos taurus papiiomavis 9043 100.00 2
354 Bovine papilomavirus 2017 Turkey catte (b.. skin 99.15 100.00 3
381  Bos taurus papdiomanir. Brazi Bos taurus 9.7 98.30 1
342  Bos urus papilomavir., 20-Apr2. Tukey  bovine  Skin 10000 9688 0
42 popllomavie... 14-Feb.. Brazd  Bos taumus 10000 9688 (]
341 Bos Waurus papdiomavir 13-Dec-... Brazd Bos taurus 100.00 96 60 0
6,041  Bos taurus papllomavir, Brazi Bos taurus papilio 9858 10000 5
6,132  Bos taurus papllomavir 20-Dec-.. Brazi Bos taurus fibropa 98.58 100.00 5
376 Bos taurus papdlomavir.  08-Nov. . Brazi horse 9858 10000 5
387  Bos taurus papillomanir Brazd Bos taurus 98 58 100.00 5
204 Bos taurus papiiomane. Brazi Bos taurus 100.00 8329 0
267  Bos wurus papiiomavy... Brazd Bos taurus 100.00 7564 0
267 Bos taurus papilomavir Beazi Bos taurus 99.25 7584 2
6,142 Bos taurus papillomavir 2017 China cattie 8983 .72 34
6,142 Bos taurus papilomanir.. 8083 00.72 34
6135  Bos Wurus papliomawer . 01-Jun-2  Brazd Bos taurus papilio 8983 0972 34
376 taurus papliomavir...  08-Nov-.. Brazd horse 8083 90.72 34
6,142  Bos Wurus papliomavie.. 20-Apr-2 _ China yellow . cutaneo. 8083 9972 34
548  Bos taurus papillomanir.. Brazi horse equine s. 89.83 90.72 34
387  Bos taurus papiiomanis Brazd Bos taurus 8983 0972 34
387  Bos taurus papiliomavir... Brazd Bos taurus 89.83 00.72 34
387  Bos urus papdlomar Brazi Bos taurus @983 072 34
6,142 Bos papilomai. Brazi Bos taurus cutaneo 89, 00.72 e
1 Bovine papliomavirus Brazi 8083 w72 34
6053  Bos taurus papiliomavi Brazd bovine  papilic 8955 0072 3s
380 apapiiomavicus sp. 2013 Italy Rupicap. 100.00 6572 0
234 Bos urus papilioma) Brazd Bos taurus 9872 6629 3
301 tapapiiomavirus & 124an-.. Indalu heiter cu o7 14 6941 7
219 Bos taurus papdiomair Brazd Bos taurus 100.00 8204 0
398 Deltapapilomavirus 4 Aug-2013 Chma  cow 8697  100.00 48
6,130  Desitapapiiomavirus 4 Apr-2016  Morecco  Bos taurus skin lesion 8661 9943 a7
§22 Delapapiiomavi;us sp. 2018 Mtaly Coprai 8640 10000 8
6,130  Deltapapiiomavirus 4 2018 Chna cattie 86.40 100.00 48
519 rus 4 25-Apr-2.. Inda cattle; sex. single d 86.40 100.00 48
522 rus 4 2016-08.. Japan Bos Tau . anal pa 8640 100,00 48
480  Deitspapiiomavirus 4 India cattie; sex.. cuLaneous. 8640  100.00 48
8,130  Deitapapiiomavirus 4 2017 China: . cow 8640 10000 48
6,120 Deltapapiiomavirus 4 Jan-2018  Turkey Bos tau...  sarcokd-l 86.40 100.00 48
6130 s 4 201406 Japan Bos taurus papiioma 8640 10000 48
8,130 Deltapapiiomavirus 4 Sep-2012 USA Equus fo.. sarcoxd 86.40 100.00 48
6,120  Deltapapiiomavirus 4 2016 China cattle CUtaneo. 86.40 100.00 48
6,130  Deltapapliomavirus 4 2016 China catte cutaneo. 86.40 100.00 48
6,130  Deltapapilomavicus 4 26-Jun-2.. China: dairy cow  cutaneo. 86,40 100,00 48
384  Deltapapiiomavirus 4 02-Sep-.. lraq skin wart 8640 10000 48
381 Deltapapiiomavirus 4 24-Jun-2.. Poland Bos tavrus slon 86.40 100.00 48
387  Deltapapilomawvirus 4 1 Poland equne equine s. 86.40 100.00 48
6,130 Bovine papiiomavirus 201907 Japan Equusc. sarcod 86.40 100.00 48
6,130  Bovine papdlomavirus 201907  Japan Equus c.. sarcod 86.40 100.00 48
384  Deltapapiiomavirus 4 Sep-2002 Croatia  cattle skin 86.40 100.00 48
384  Deltapapilomavirus 4 May-2007 Croatia  cattle shn 86.40 100.00 48
1,890  Deltapapiiomavinus 4 201806 Japan Bos taurus papilio. 8640 10000 48
1,880 Deltapapiiomavirus 4 2016-06... Japan Bos taurus fibroma.. 8640 10000 48
1,880  Deltapapiiomavinus 4 Japan Bos taurus papilio 8640 10000 48
6,130  Deitapapilomavirus 4 20190  Japan Equusc.. equines. 86.40 100.00 48
1,690 Deltapapilomavirus 4 Japan Equusc.. equines. 8640 100.00 48
1890 Deitapapilomavirus 4 Japan Equusc. equines 8640 10000 a8
6,130 irus 4 2017-10.. Japan:.. Equusc.. equines. 86.40 100.00 48
6.130 Deltapapiiomavirus 4 201707 Japan Equusc. equine s 8640 10000 a8
6,130 Deftapapiiomavirus 4 2017-10.. Japan .. Equusc.. equines. 8640 100.00 48
6,130 rus 4 Japan'H.. Bos taurus myoperi 86.40 10000 48
Deltapapiiomavirus 4 Bos taurus 86.40 100,00 48

6.120 Delapapliomavirus 4 86.40 100.00 48
3,600 umdentified cloning vector 86.40 100.00 48
521  Deltapapiiomavirus sp. 2018 Italy Rupicap. 8536 072 48
349  Detapapiiomavirus 4 03-Oct-2 . Turkey bavine Skone 8653 98 87 a7
522  Deltapapiiomavirus sp. 2018 Italy Capra i 88.12 100.00 49
1,690  Deltapapiiomavicus 4 Japan Equus c.. equines 8612 10000 49
377 Deitapapliomavirus 4 Ape-2016  CostaR.. Bos taurus 8612 100.00 49
300  Deitapapiiomavirus sp. 2020 Egypt cattie skin 86.12 100.00 40
300  Deltapapiiomavirus sp. 2019 Egypt cattle skn 8812 100,00 49
381  Bovine papdiomavirus. 2018 I Bos taurus 8612 100.00 49
6.040 Deltapapiiomavirus 4 20182019 Egypt equne 86.12 100.00 40

Ilustration 6. NCBI multiple sequence alignment for local isolate 6 (MW658352.1).

action of BP. Acanthosis was the most microscopic skin
alteration observed in stained biopsies, which might
be due to the mitogenic role of BPVs. Araldi et al.
(2015) determined that the epithelium and connective
tissues are directly affected by BPV, and chromosomal
alterations and DNA breaks were seen incomet assay,
suggesting cellular hyperactivity of the virus. However,
Ozsoy et al. (2011) identified epidermal hyperplasia

and dermal irregular papillary projection to various
degrees in animals infected with BP. Grindatto et al.
(2015) demonstrated that there were no connections
between the involved viral types and histopathological
findings.

In the current study, mild to moderate positive
immunoreactions were observed in the tissues
assigned to specific immunohistochemical staining.
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Table 1. Identity (%) sequencing between local BPV isolates and NCBI-BLAST BPV isolates based on NCBI-BLAST homology.

Local BPV isolate BPV NCBI BLAST isolate
Name Access no. Type Access no. Source-host, country Identity (%)
Deltapapillomavirus 4 isolate MW658347.1 Type 1 KF284133.1 Sarcoid, Equine, Poland 99.22
Cattle-No. 1
Bostaurus papillomavirus 2 MW658348.1 Type 2 MH187961.1 Papilloma, 100

isolate Cattle-No.2 Tl sy, vl

Deltapapillomavirus 4 isolate MW658349.1 Type 1 KF284133.1 Sarcoid, Equine, Poland 100
Cattle-No. 3

Deltapapillomavirus 4 isolate MW658350.1 Type 1 KF284133.1 Sarcoid, Equine, Poland 99.47
Cattle-No. 4

Bostaurus papillomavirus 2 MW658351.1 Type 2 MH187961.1 Papilloma, 99.55

isolate Cattle-No. 5 Bos taurus, Brazil

Bostaurus papillomavirus 2 MW658352.1 Type 2 MH187961.1 Papilloma, 99.66

isolate Cattle-No. 6 Bos taurus, Brazil

A. BPV Cattle No.6

= A. BPV Cattle No.2

A BPV Cattle No.5

45 MH187961.1 BPV type.2

KF284133.1 BPV type.1

A BPV Cattle No.1

100

| A BPVCattle No.3

BPV Cattle No.4

DQ098913.1 BPV type.8

AB845589.1 BPV type.6

X05817.1 BPV type.4

o KF017607.1 BPV type.10

AF486184.1 BPV type.3

il 1 1 Il ]
T T T T 1

0.40 0.30 020 010 0.00

Fig. 3. Analysis of phylogenetic tree according to the L1 gene in local BPV isolates. A UPGMA tree in MEGA (version 6.0) was
applied. The local BPV isolates exhibited a close relationship to NCBI-BLAST isolates in terms of total genetic changes (0.4%—
0.10%).
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Fig. 4. Histopathological changes in skin lesions infected with BP. (A): Mature finger like projection papillae with rete pegs
which grown in the stratum corneum in the epidermis of skin (x400); (B): Thickening of epidermis due to diffuse hyperplasia in
the stratum spinosum layer (Black dual arrow) with hyperkeratosis (Blue dual arrow) (x100); (C): Severe infiltration of MNCs
in epidermis and dermis of skin (Black dual arrow) with massive hemorrhage in epidermal layer (Blue dual arrow) in addition to
dermal fibroplasia (x100); (D): Multifocal spongiosis (Black arrow) with hyperkeratosis (Blue dual arrow), (x200); (E): Dermis
with moderate neovascularization (Black arrow) and fibroplasia due to fibrous connective proliferation (Blue arrow), (x200); (F):
Marked acanthosis (Yellow dual arrow) with moderate elongation of retention ridge towards dermis (Blue dual arrow) and rings
of calcification observed in epidermal surface (Black arrow), (x100); (G): Hyperkeratosis, parakeratosis, severe elongation of
retention ridge towards dermis, acanthosis (Blue dual arrow) and infiltration of inflammatory cells (Yellow arrow), (x200); (H):
Necrotic finding in epidermal layer mainly in basal cells (Black arrow) with nuclear pyknosis of some spinosum cells (Blue arrow),

e

(x400). All sections were stained with H&E, and the images represent all study animals.

El-Mandrawy and Alam (2018) identified that infected
cells were more susceptible to TNF stimulation by
releasing various cytokines and inducing inflammation
in various tissues at the viral stage of the disease. Basbug
et al. (2016) suggested that high levels of TNF-a may
be involved in the assessment of the clinical course of
the disease. Goodman et al. (2011) determined that the
combination of TNF and recombinant vaccine based
on virus protein rapidly reduced infection; however,
the overall picture obtained during anti-TNF treatment
of infected animals is unclear and may reveal some
differences. It has been suggested that the convenient
support for TNF antiviral effects comes from the fact

that the family of viruses contains a variety of factors
that regulate TNF-related activities. Many poxviruses
encode soluble versions of TNF receptors and, more
importantly, disrupt the viral TNFR gene in a virus,
leading to a reduction in virus virulence (Kerr et al.,
2015; Alvarez-de Miranda et al., 2021).

Growth factors are crucial for the growth, development
and homeostasis of almost all organisms and are
required for tissue specialization, apoptosis, cell
survival and viability, and fate determination (Mukai
et al., 2018; Koons and Mikos, 2019). Growth factor
receptors transmit extracellular signals by activating
intracellular messengers or by transporting the receptors
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Fig. 5. Expression of INF-a in BP skin lesions using [HC with Mayer’s hematoxylin. (A): 0 (x100); (B): +1 (x400); (C): +2

(x200); (D): +2 (x400) reactions.

Fig. 6. Expression of EGFR in BP skin lesions using IHC with Mayer’s hematoxylin. (A): 0 (x100); (B): +1 (x200); (C): +1 (x400);

(D): +2 (%200) reactions.

directly to the nucleus (Liu et al., 2020). EGFR is a
specific factor receptor of transmembrane proteins that
share structural and functional similarities (Nagano et
al., 2018). Although, EGFR is a key indicator involved
in predicting the diseases and their prognostic value,
however, the EGFR-IHC role is still unclear. Several
studies have reported that reduced signals of EGFR
and other tyrosine kinase receptors are associated with

disease, while increased activity is associated with the
development of various tumors (Lian et al., 2019; Xia
et al.,2020; Hong et al., 2022). Suppression of binding
sites of EGFR signaling at the level of extracellular
receptor or tyrosine kinase intracellular activity may
inhibit EGFR expression networks and thus improve
patient outcomes (Kitamura ef al., 2020; Wingert et al.,
2021). Several authors have suggested that the increased
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expression of EGFR has negative impacts (Kwon et al.,
2018; Hashmi et al., 2019; London and Gallo, 2020),
while others maintain the opposite (Pidugu et al., 2019;
Feng et al., 2020; Lamtha et al., 2022). However, meta-
analysis data summarizing the results of various studies
show that exposure to EGFR is not an independent
predictor of survival in various diseases (Yang ef al.,
2019; Nastaty et al., 2020; Atef et al., 2021).

Fascin represents a family of active binding proteins
that are localized in stress fibers and throughout the
proliferation of various cells, such as myoblasts and
glioma cells (Ogunlade et al., 2020). This protein is
unique to muscle and cell types, such as glial cells,
neurons, antigen-presenting dendritic cells, and
endothelial cells (Zhang et al., 2022). This observation
suggested that Fascin plays a role in cell movement or
interaction with other cell types (Chung ef al., 2022).

Conclusion

Interestingly, the BPVs exhibited a cytopathic role
that interacted with cellular structure and function and
promoted cytological and histomorphological changes;
however, the number of available studies remains
low. Thus, the current study highlights the interesting
essential data that provide insight into mechanisms to
acknowledge the possible oncogenesis and pathogenesis
of BPV. Furthermore, the study emphasized that IHC is
a specific crucial diagnostic tool that provides precise
detection of the cellular and intracellular distribution of
viral and antigenic proteins using specific antibodies.
Moreover, targeting other PV types in cattle and other
animal species, disease prevalence, animal breeding
biosafety evaluation and fundamental vaccine roles and
production are of great interest.

Fig. 7. Expression of Fascin in BP skin lesions using IHC with Mayer’s hematoxylin. (A): 0 (x400); (B): +1 (x100); (C): +1 (x400);
(D): +2 (x400) reactions.
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