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Abstract

Pseudocowpox, a Parapoxvirus, causes a typical delicate infection of the mamma and teats of cows. 
Infection of sex organ organs has not been reported before in bulls. during this report, pseudocowpox virus 
(PCPV) was known from one amongst 2 1-year-old Angus bulls (Bos taurus) with red rashes and hickey 
lesions on the surface of the erectile organ. immunization of bovine turbinate cells or primary bovine gonad 
cells with the swab of the hickey lesions made CPE characteristic of animal virus infection. Parapoxvirus-
like particles were determined by EM in microorganism pellets of the tissue culture isolate. to verify the 
virus, selected 14V10296 to isolate, was a Parapoxvirus, microorganism DNA of the 14V10296 isolate 
was examined by PCR with pan Parapoxvirus primer sets that might amplify the B2L cistron of all four 
Parapoxviruses. The expected B2L amplicons of the 14V10296 isolate showed ninety-nine similarity to 
B2L of PCPV strain F00.120R. To more ensure the isolated virus is PCPV, PCR primers specific for Orf 
tube epithelium protein cistron and IL-10 and PCPV U DNA glycosidase (UDG) and IL-10, severally, were 
wont to amplify the microorganism DNA of the 14V10296 isolate. only if PCR primers specific to PCPV 
UDG and IL-10 were used, expected product were amplified from microorganism DNA of the 14V10296 
isolate, severally. phyletic analysis suggests the 14V10296 isolate is closely associated with PCPV strain 
F00.120R, Associate in Nursing isolate from Greenland caribou. These results from tissue culture, EM, PCR 
amplification, and DNA sequence analysis counsel that the bulls were infected by a PCPV that is closely 
associated with PCPV strain F00.120R.
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INTRUDUCTION 

Pseudocowpox virus causes a standard, gentle infection 
of the mamma and teats of cows. This virus is widespread 
worldwide. Pseudocowpox virus (PCPV) could be 
a member of genus Parapoxvirus within the family 
Poxviridae, which has bovine standard inflammation 
virus (BPSV), contagious ecthyma virus (Orf) in sheep 
and goats, and Parapoxvirus of Cervus elaphus [1]. These 
Parapoxviruses disagree morphologically from different 
poxviruses of different genera. Lesions from Parapoxvirus 
infections ordinarily begin as little, red papules on the 
teats or mamma and square measure followed speedily 
by scabbing or by the formation of little vesicles [2,3]. 
Infection of PCPV is self-limiting and ordinarily resolves 
in regarding two weeks; but some lesions could persist 
for many months, giving the affected teats a rough feel 
and look and a lot of scabs could type. The infection 

spreads slowly throughout milking herds and a variable 
share of cows show lesions at any one time. oxen could 
become re-infected in ulterior lactations. Infection of 
PCPV is generally related to the mamma and teats [4]. 
Infection of sex organ tissue has not been reported in 
oxen. This study describes a PCPV, 14V10296 isolate that 
was isolated from a bull with failure to breed.

MATERIALS AND METHODS

Two 1-year previous Angus bulls were purchased from 
a pure-bred stock breeder in ID. They were ranch raised, 
weaned and finished in allotments of 100-400 people. 
once exposed to cows, each bull exhibited problem with 
movement. They did not breed within the spring of 2014 
and were examined at chain of mountains giant Animal 
Clinic in Spanish Fork, UT. animal virus like lesions were 
seen on the prepuce and erectile organ of bulls as red 
rashes (Figure 1A-1C), papules, and vesicles. A preputial 
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swab from one bull and preputial scraping from another 
bull were collected and sent to the OR State University 
Veterinary Diagnostic laboratory for virus isolation.

Tissue Culture and Virus Isolation

Bovine Turbinate cells (BT cells) and first bovine gonad 
cells (Testis cells), generated from newborn bovine 
testicles, were maintained in DMEM supplemented 
with ten nothing gamma-irradiated vertebrate bovine 
body fluid (Atlas Biological opposition, CO). The sample 
preparations were filtered initial in zero.45 forty-five 
syringe filter so inoculated to ninetieth convergent 
monolayer of BT cells or gonad cells. before absorption all 
cells were pretreated with 1X DEAE-Dextran (2.5 μg/ml). 
The inoculate was absorbable on cells for one hour, then 
the cells were rinsed doubly in PBS and maintained in 
DMEM supplemented with five-hitter gamma-irradiated 
vertebrate bovine body fluid (Atlas Biological opposition, 
CO), antibiotic drug (100 U/ml) and antibiotic drug (100 
μg/ml) (Sigma-Aldrich, Inc., St. Louis, MO) and incubated 
at 37°C.

Electron Research

The isolated virus was propagated in gonad cells 
maintained in DMEM supplemented with five-hitter 
vertebrate bovine body fluid and antibiotics as delineate 
on top of. Virus was harvested once quite ninetieth of 
the cells showed CPE. The infected flasks were subjected 
to at least one freeze– thaw cycle. The media harvested 
from infected gonad cells was cleared of cells and cell 
trash by action at fifteen00 revolutions per minute for 
15 min in an exceedingly clinical centrifuge. The virions 
were then centrifuged in an exceedingly Beckman Model 

L8-70 ultracentrifuge at twenty-nine,000 revolutions 
per minute for one h in an exceedingly 52 TI Rotor. Virus 
particles pelleted by centrifugation were adsorbable on 
formvar-coated carbon-stabilized copper grids. Briefly, 
ten of sublimate virus particles were mixed with ten of 
twenty-two PTA (pH vi.9) in water, then a tiny low drop 
was placed directly upon the shape power unit coated 
carbon-stabilized copper grid. The grid was then blotted 
dry with Whatman paper and allowed to air dry. pictures 
were obtained with a FEI Titan 80-200 TEM microscope.

Primers and PCR Amplification

A set of primers, pan-parapoxvirus primer one (PPP-1) 
and PPP-4 were designated as reported antecedently 
[5], that relies on the foremost envelope supermolecule 
(B2L) factor of Orf virus strain NZ2 (Accession No. 
DQ184476). A semi-nested primer PPP3 was conjointly 
used as antecedently reported [5]. Primers Orf-EGF-F204 
and Orf-EGF-R204 specific for Orf virus tube-shaped 
structure epithelium protein factor (EGF) and primers 
Orf-IL-10F151 and Orf-IL-10R151 specific for Orf virus 
vIL-10 were designated supported Orf virus strain OV-
SA00 (Accession No. AY386264). Primers PCP-UDGF227 
and PCP-UDGR227 specific for PCPV U DNA glycosylase 
(UDG) and primers PCP-IL-10F356 and PCP-IL-
10R356 specific for PCPV vIL-10 were supported PCPV 
DNA sequences out there from NCBI (Accession No. 
JQ728421.1). Sequences of primers mentioned on top of 
are enclosed.

PCR amplification with specific primers for detection of 
infectious agent DNA from tissue culture was performed 
as follows: a 25-μl resolution consisting of two.5 five 10× 
amplification buffer (Lucigen), 0.5 μM MgSO4, 1.0 zero 

Figure 1: Pseudocowpox virus infected bull with lesions on the on the surface of the penis. A: Cutaneous lesions on the prepuce of bull 
A. B: Lesions and vesicles on the penis of bull A. C: Red rash lesion on the penis of bull B.
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dNTPs at ten metric linear unit every, 0.4 four primers 
(forward and reverse), 1.0 U Econo Taq DNA enzyme 
(Lucigen), and 0.5–1 μg total tissue DNA. The mixture 
was subjected to 94°C for two min, and thirty cycles of 
94°C for thirty s, 50°C for forty five s, and 72°C for forty 
five s, followed by a 5-min elongation reaction at 72°C 
when the ultimate cycle. 10 small liters of every PCR 
sample was analyzed in an exceedingly one.5% agarose 
gel in TAE buffer (40 metric linear unit Tris-OH, twenty 
metric linear unit carboxylic acid, pH 7.8) so pictured 
by actinic radiation illumination when staining with 
ethidium bromide (1 μg/ml). Commercially out there one 
computer memory unit and ladder (Life Technologies) 
served as size markers.

DNA Sequencing

Sequences were determined by direct Sanger sequencing 
of PCR product when purification with a Charge Switch 
PCR Clean-Up kit (Invitrogen). All sequencing was 
administrated by the middle for factor analysis and Bio 
computing (CGRB) at OR State University. The CGRB used 
Associate in Nursing ABI Prism®3730 Genetic analyser 
with an enormous Dye® killer v. 3.1 Cycle Sequencing Kit, 
using ABI Prism®3730 knowledge assortment software 
package v. 3.0 and ABI Prism® DNA Sequencing Analysis 
and biological process analysis of the DNA sequences 
were administrated victimization Geneious software 
package.

RESULTS

Virus Isolates

Following infection of the BT cells or testicle cells with 
the preputial lesion swab from one in every of the bulls, 
CPE was ascertained at 1-4 days post-infection and was 
characterised by enlarged living substance, rounding, 
and cell detachment. The initial virus cultures were then 
passed once more in BT cell and testicle cells. Similar CPE 
was ascertained in each BT and testicle cells following 
infection of the initial culture supernatant. The isolate of 
the virus was selected 14V10296 isolate. No virus was 
isolated from the scraping sample from the opposite bull.

Electron Research

To determine the morphology of the virus, virions from 
the cell culture were pelleted by centrifugation, subjected 
to negative staining and examined by transmission 
microscopy. As shown in Figure a pair of, virions from 
tissue culture have distinctive pinecone morphology. The 

infectious agent particle includes a long axis of regarding 
260 nm on the average and a brief axis of regarding 
a hundred and fifty nm. The surface of the particle has 
AN array of tubule-like structures in an exceedingly 
zigzag-cross manner on the surface of the particle. The 
morphology of the virions of the bull isolate is analogous 
to different familiar Parapoxvirus virions [6,7].

Viral Desoxyribonucleic Acid Amplification with 
PCR

Viral desoxyribonucleic acid extracted from the infected 
tissue cultures was initial examined by pan-parapoxvirus 
primers PPP-1 and PPP-4 or PPP-3 and PPP-4. As shown 
in (Figure 2), a 594 bp product and a 235 bp product, at 
the expected sizes, were amplified, severally, from the 
whole desoxyribonucleic acid extract of cells infected 
with second passage of the isolate (Figures 1-5) likewise 
like the primary passage of the isolate (Figure 6) 
victimisation each pairs of pan-parapoxvirus primers. 
once primers specific for Orf virus -EGF or -IL-10 were 
used, no specific merchandise were amplified (Figure 
7). once PCR primers specific for PCPV UDG or IL-10 
were used, expected merchandise were amplified from 
total desoxyribonucleic acid isolated from each passage 
(Figure 4). As shown in (Figure 4), a 227 bp product was 
created victimisation primers PCP-UDGF227 and PCP-
UDGR227, a 356 bp product was created victimisation 
PCP-IL10F356 and PCP-IL10R356.

Figure 2: Electron micrographs of pseudocowpox virions 
isolated from lesion swab. Scale bar = 200 nm.
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DNA Sequence Analysis and Molecular Evolution

DNA sequence analysis of the PCR product amplified by 
primers PPP-1 and PPP-4 discovered that the sequence 
of 14V10296 B2L (530 bp) (Gen Bank accession No. 
KM277584) is 100 percent, ninety nine and 97-98% 
homologous to B2L desoxyribonucleic acid sequence of 
PCPV strain 00/03, PCPV F00. 120R and different PCPV 
major envelope macromolecule (B2L) genes, severally. 
The B2L desoxyribonucleic acid sequence of the isolate 

Figure 3: Detection of PCPV DNA using PCR with pan-
Parapoxvirus primers and orf specific primers. Lane 1-3: PCR 
amplification of viral DNA with primers PPP-1 and PPP-4; 
Lanes 4-6: PCR amplification of viral DNA with primers PPP-
3 and PPP-4; Lanes 7-9: PCR amplification of viral DNA with 
primers Orf-EGF-F204 and Orf-EGF-R204 specific for Orf 
vascular endothelial growth factor gene (EGF); Lanes 10-12: 
PCR amplification of viral DNA with primers Orf-IL-10F151 and 
Orf-IL-10R151 specific for vIL-10. Lanes 1, 4, 7, and 10: 0.5 μg 
of total DNA extracted from tissue culture infected with the 
second passage of the 14V10296 isolate, Lanes 2, 5, 8, and 11: 
1.0 μg of total DNA extracted from tissue culture infected with 
the second passage of the 14V10296 isolate. Lanes 3, 6, 9, and 
12: 1.5 μg of total DNA extracted from tissue culture infected 
with the first passage of the 14V10296 isolate.

Figure 4: Detection of PCPV DNA by PCR using PCPV specific 
primers. Lane 1-3: PCR amplification of viral DNA with primers 
PCP-UDGF227 and PCP-UDGR227 specific for PCPV-UDG; 
Lane 4-6: PCR amplification of viral DNA with primers PCP-
IL-10F356 and PCP-IL-10R356 specific for PCPVvIL- 10. Lanes 
1 and 4: 0.5 μg of Viral DNA extracted from tissue culture 
infected with the 14V10296 isolates, Lanes 2 and 5: 1.0 μg 
of Viral DNA extracted from tissue culture infected with the 
14V10296 isolate. Lanes 3 and 6: Viral DNA extracted from 
lesion scrapes.

Figure 5: Phylogenetic analysis of UDG DNA sequences from 
selected parapoxviruses. The tree was rooted with a BPSV BV-
AR02 (AY386265), and the 14V10296 isolate UDG DNA sequence 
at 181bp was compared to 180 bp of selected parapoxviruses 
including BPSV BV-AR02, PCPV camels, PCPV VR634, PCPV 
F00.120R, Molluscum contagiosum virus (MCV) subtype 1, 
squirrel pox virus, and Orf viruses including ORF NZ2, ORF B029, 
ORF OVIA82, ORF D1701 and ORF OV-SA00. The bootstrap 
values are designated at branching nodes. The branch labels are 
the genetic distance (nucleotide substitutions per site).

Figure 6: Phylogenetic analysis of IL-10 DNA sequences from 
selected PCPV viruses. The tree was rooted with the IL-10 of 
cattle (Bos taurus) (EU276074), and the 14V10296 isolate IL-10 
DNA sequence (329 bp) (GenBank accession No. KM277583) 
was compared to selected parapoxviruses including 
PCPVF00.120R, PCPV-Camel, BPSV Ank, BPSV BV-AR02, Seal 
parapoxvirus, ORF NZ2, ORF BH01, ORF OR-SA00, ORF D170 
and ORF OV-IA82. The bootstrap values are designated at 
branching nodes. The branch labels are the genetic distance 
(nucleotide substitutions per site).
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has regarding ninety fifth similarity to Orf virus B2L 
factor (Gen Bank accession: KF837136).

To determine the connection of the 14V10296 isolate 
to different members of the Parapoxvirus genus, the 
nucleotide desoxyribonucleic acid glycosidase (UDG) 
factor sequence amplified by PCR was sequenced and 
examined. A 181 bp sequence was obtained from the PCR 
product amplified from the whole desoxyribonucleic acid 
extracts from cells infected with the primary passage 
of 14V10296 isolate. The UDG desoxyribonucleic acid 
sequence of the 14V10296 isolate has ninety-eight 
similarity to PCPV strain VR634 and F00.120R, ninety-
six to Orf virus, ninety-four to PCPV from camels, and 
ninety-one to BPSV strain BV-AR02. Phylogenetically, the 
14V10296 isolate is nearer to strain F00.120R (Figure 
5). It branched far from Orf virus-UDG equally as PCPV-
F00.120R. though the desoxyribonucleic acid sequence 
of PCPV UDG was solely ninety-six just like Orf virus UDG, 
no organic compound committal to writing distinction in 
UDG macromolecule was ascertained between PCPV and 
Orf virus.

The infectious agent encoded IL-10 is usually 
nonheritable from their host throughout co-evolution. to 
work out the 14V10296 isolate’s relationship to different 
PCPV viruses, the infectious agent IL-10 PCR product 
amplified by primers PCP-IL10F356 and PCP-IL-10R356 
was sequenced and obtained a 329 bp sequence (Gen 
Bank accession No. KM277583). examination to different 
Parapoxvirus sequences, the vIL-10 of the 14V10296 
isolate is additionally found to be nearest to PCPV-

F00.120R, that was isolated from Rangifer tarandus in 
European nation between 1999 and a pair of000. The 
vIL-10 desoxyribonucleic acid of the 14V10296 isolate 
has solely seventy-three.6% to seventy-six similarity to it 
of Orf virus and BPSV, severally. In agreement with UGD 
desoxyribonucleic acid sequence analysis, the vIL-10 of 
14V10296 isolate is additionally closely associated with 
PCPV-F00.120R.

DISCUSSION

In this report, a pseudocowpox virus (PCPV) was isolated 
from venereal tissues of 1 of 2 bulls that didn’t breed 
within the spring. 2 bulls were examined at chain massive 
Animal Clinic in Spanish Fork, UT and were found to 
possess animal virus-like lesions on the member. A 
preputial swab was collected from one bull; however, 
the opposite bull wouldn’t tolerate being swabbed and 
solely a superficial scraping was obtained. A PCPV was 
isolated from the swab from one bull, however, no virus 
was isolated from the scraping sample of the second 
affected bull. it’s doable that the scraping sample failed 
to contain infected material and thus PCPV didn’t be 
isolated. though PCPV may be a common, gentle infection 
of the mamma and teats of cows, infection of the venereal 
tissue of bovine has not been reportable. this is often 
the primary report that PCPV infects the genital system 
which can cause new cautionary measures regarding the 
transmission and unfold of PCPV infections in breeding 
herds.

Pseudocowpox viral infection is distributed worldwide 
and principally affects milking cows [8]. The virus 

Figure 7: DNA sequence alignments of PCR product amplified with primers specific for uracil DNA glycosylase (UDG). Lane 1: 14V10296 
isolate; lane 2: PCPV F00.120R (GQ329669); lane 3: PCPV VR634 (GQ329670); lane 4: PCPV camels (JQ728422).
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is typically introduced to herds through infected 
animals and disseminates slowly among the animals. 
Transmission inside herds happens by direct and indirect 
contact. Indirect routes embody calf suckling of multiple 
cows, flies, milking instrumentality, inadequate milking/
management procedures [9,10]. Most PCPV infections 
are related to skin infections on the teats, udder, and foot 
in bovine, camels, Greenland caribou and cats [11-13] 
or skin infections of human hands. additionally, PCPV 
infection is completely different from BPSV infection 
therein BPSV infects bovine of all ages, and lesions are 
typically seen on the muzzles of calves and fewer oft on 
the udders and teats of cows. Pseudocowpox virus may 
also infect humans and causes painful localized skin 
infections unremarkably referred to as milker’s nodules. 
The protecting immunity to Parapoxvirus infection 
in a person is usually short, despite the induction of 
a immunity and therefore the animal will get infected 
fairly presently once ill from illness, as incontestible 
by Orf virus that repeatedly infects its host. Since PCPV 
infection is common in milking herds, cautions ought 
to be created to stop cross-contamination to breeding 
herds. Subclinical infection is bound animals could lead to 
clinical illness in breeding herds. additionally, if a bull fails 
to breed, PCPV infection ought to currently be thought 
about as a medical diagnosis. the primary documented 
report of pseudocowpox viral infection is from 1963 in 
tissue culture from bovine skin and oral lesions typical 
of pseudocowpox. The supply of the 14V10296 isolate 
might return from animals inside the first herd with a 
gentle infection of PCPV.

PCPV nucleotide deoxyribonucleic acid glycosylase 
(UDG) factor encodes a 232 aminoalkanoic acid 
macromolecule and encompasses a UDG-like superfamily 
domain. The macromolecule is vital in deoxyribonucleic 
acid replication, recombination and repair. This UDG 
factor appears to be preserved inside parpapoxviruses. 
though deoxyribonucleic acid sequences between 
completely different parpapoxviruses was found to be 
ninety-one to ninety-eight identical, no aminoalkanoic 
acid writing distinction was found between Orf virus and 
PCPV or BPSV and PCPV. this implies the UDG should be 
functionally necessary and preserved. deoxyribonucleic 
acid sequence analysis unconcealed that the UDG 
deoxyribonucleic acid sequence of the 14V10296 
isolate is nearer to PCPV-F00.120R isolate, which was 
isolated from Finnish Greenland caribou. F00.120R was 
related to pustular rub or in Greenland caribou between 

1999 and 2000. The Greenland caribou isolate contains 
homologs to all or any renowned Orf virus genes. it’s 
attention-grabbing to search out this PCPV of 14V10296 
isolate from Gem State is closely associated with a 
Greenland caribou isolate from Suomi therein they each 
are characterized by a non-conventional distribution of 
lesions.

CONCLUSION

Many viruses have evolved strategies to deregulate the 
host immune system. They are able to acquire a cellular 
gene independently and evolve with their host. Many 
viruses were reported to encode functional orthologues 
of cellular IL-10, called virus IL-10s (vIL-10s). To date, 
vIL-10 orthologues have been reported for 12 members 
of the family Herpesviridae, two members of the family 
Alloherpesviridae, and seven members of the family 
Poxviridae. PCPV of Poxviridae also encodes a vIL-10 
gene. Based on the 329 bp sequence of the 14V10296 
vIL-10, it only has about 74% homology to Orf vIL-10 
and 76% homology to BPSV vIL-10, which suggests 
they evolved differently and acquired the gene from 
different hosts. Therefore, PCR primers specific for Orf 
vIL-10 failed to amplify PCPV vIL-10. The vIL-10 DNA 
sequence analysis revealed that the PCPV 14V10296 
bull isolate is different from the PCPV camel isolate. In 
agreement with UDG DNA sequence analysis, the vIL-10 
of 14V10296isolate is 98.1% homologous to that of PCPV 
of strain F00.120R. Therefore, the 14V10296 isolate may 
come from a virus that is closely related to the PCPV of 
reindeer.
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