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ABSTRACT. Papillomavirus infection in bovines is associated with
cutaneous papillomatosis on the hide, udders and other epithelial
tissues, as well as in oral respiratory, alimentary and urinary tract
mucosa. Bovine papillomavirus (BPV) is also considered the etio-
logical agent of esophageal tumors and the malignant bladder tu-
mors that characterize the clinical condition associated with chronic
enzootic hematuria. After infective viral DNA was found in cattle
blood and BPV1, 2 and 4 DNA in cattle reproductive and embryonic
tissues, we looked for and found BPV DNA in blood, milk, urine,
seminal fluid, and spermatozoa of BPV-infected animals. Periph-
eral blood lymphocyte cultures from BPV-infected animals had high
rates of chromosome aberrations, including radial rearrangements

Genetics and Molecular Research 8 (1): 310-318 (2009) ©FUNPEC-RP www.funpecrp.com.br



BPV DNA in body tissues and fluids 311

that signal oncogenic potential and viral interaction with telomeric
regions. The finding of BPV DNA in body fluids and tissues other
than the epithelium demonstrates co-infection of other tissues or
cell types by papillomavirus and shows the potential role of lym-
phocytes, seminal fluid and spermatozoa in BPV transmission. Our
findings reinforce a peremptory need for prophylactic and therapeu-
tic instruments to curtail this disease in bovine livestock.
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INTRODUCTION

Enhancing cofactors have been associated with papillomatosis in cattle (Moura et
al., 1988; Jackson et al., 1993; Stocco dos Santos et al., 1998). However, the virus itself
is now considered the main etiological carcinogenic agent that produces esophagic or
urinary tract tumors in bovines. It provokes chronic enzootic hematuria and/or esophagic
distress, caused by bovine papillomavirus (BPV)-produced lesions, which result in high
morbidity, characterized by wasting and, at advanced stages, untimely mortality (Borzac-
chiello and Roperto, 2008). The carcinogenic potential of papillomavirus is related to the
arrest of the p53 cell cycle checkpoint. Viral-host cell chromatin interactions possibly
are initiated by modification of histone conformation (Borzacchiello and Roperto, 2008),
leading to viral DNA integration into host genome and/or chromosome rearrangements,
most specifically those related to interaction with chromosome telomeric regions. These
events are believed to be among the cellular alterations that build up to oncogenetic trans-
formation (Borzacchiello and Roperto, 2008).

Bovine papillomavirus, as is known for other mammal-infecting papilloma vi-
ruses, is believed to selectively infect epithelial tissues, completing its biological cycle
in the upper layers of the stratified epithelium (Campo, 2003), with expression of onco-
genic proteins, as well the L1 and L2 capsid-forming proteins (Campo, 2003). Until now,
the transmission mechanisms that have been implicated include direct frictional epithe-
lial contact between infected individuals and contact with contaminated dairy fixtures
(Campo, 2003). However, the finding that BPV infections and associated tumors can be
transmitted by urinary bladder hemangiomatous lesion suspensions (Olson et al., 1959,
1965) and that blood from infected animals can transmit BPV2 infections to other animals
and to their offspring (Stocco dos Santos et al., 1998) raises questions about the virus life
cycle in peripheral blood and possible modes of vertical and horizontal transmission.

Recently, BPV2 and BPV4 DNA were identified in embryonic tissues as well as
in female reproductive tissues taken from infected cows, demonstrating viral presence in
tissues other than cutaneous epithelium (Yaguiu et al., 2006, 2008). Based on these initial
observations, we decided to examine bovine blood, milk, urine, semen, and wart samples
for BPV2 and BPV4 DNA.
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MATERIAL AND METHODS
Donor selection
Thirty-four cattle, exhibiting papillomatosis, respiratory distress and/or enzootic he-

maturia were randomly selected for sample collection from five heavily afflicted herds in the
southeastern region (Vale do Paraiba) of the State of Sdo Paulo, Brazil (Table 1).

Tablel. Donor animal profiles and tissue samples for bovine papillomavirus analysis.

Number Sex Age Clinical signs Samples
of donors (years)
14 Female 2-3 P Milk
2 Female 4 E,C Milk/urine
2 Female 3 H,C Milk/urine/blood
3 Female 2-4 C Milk/wart
3 Male 3-4 C Seminal fluid
12 Male 4-6 - Semen
1 Male 2 days - Blood
5 Female 1-5 H,E, C Blood
2 Female 2-3 H,E, C Blood/urine
2 Female 2-4 P Blood/wart
3 Female 1-3 Cc* Wart

*One of the animals displayed a vaginal tumor. C = cutaneous papillomatosis; E = esophageal papillomatosis; H
= enzootic hematuria; P = papillomatosis.

Tissue and body fluid samples

Milk, seminal fluid, urine, blood, and wart samples were collected from cattle pertain-
ing to herds from small dairy-producing properties. The herds, ranging from 40 to 60 cattle,
were BPV infested. Twelve frozen semen samples acquired from an artificial insemination
commercial facility were also analyzed for BPV DNA.

Sample collection

Sterilized disposable gloves and instruments were used and changed at every step, and
careful aseptic procedures were adopted to minimize sample contamination risks. Cutaneous
wart samples were collected as transverse slices, made with disposable scalpels, after thorough
cleansing of the cutaneous area with an iodine/alcohol antiseptic solution. The slices were im-
mediately stored in sterile chilled sample flasks. Later, the samples were dissected to remove the
vestiges of outer epithelial layer blood from the wart tissues. Urine samples were drained directly
to sterile flasks from urinary bladders using sterile catheters. Milk and colostrum samples were
collected directly into disposable sterile flasks after udder cleansing with antiseptic solution.
Semen samples were collected directly to disposable sterile flasks after cleansing of the entire
genital region. The 12 frozen semen samples were acquired from an artificial insemination com-
mercial facility that had stored them for four years preceding analysis. The semen and seminal
fluid donor animals were not available for the collection of other body fluid or tissue samples.
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Sample cytological analysis

Milk, urine, semen, and seminal fluid samples were examined for lymphocytes, epi-
thelial cells and spermatozoa. Cytological entities in frozen semen were characterized in 3%
Giemsa solution-stained slides prepared from re-suspended and re-centrifuged (2 x 10 min /
13,000 rpm) pellets.

DNA extraction, amplification and sequencing

For the detection of BPV, 300 ng DNA, isolated from the samples, was am-
plified by polymerase chain reaction (PCR) using primers specific to BPV1 (forward:
5’-ggagcgectgctaactatagga-3° and reverse: 5’-atctgttgtttgggtggtgac-3), BPV2 (forward:
5’-gttataccacccaaagaagaccct-3’ and reverse: 5’-ctggttgcaacagctctctttcetc-3’) and BPV4
(forward: 5’-gctgaccttccagtcttaat-3” and reverse: 5’-cagtttcaatctcctettca-3). These primers are
complementary to the L2 and L1 regions of BPV1 and BPV2, and to the E7 region of BPV4
genes, respectively. The expected product sizes were 301, 164, and 170 bp. The amplicons
were resolved either by 12.5% SDS-PAGE and visualized by silver staining (Phast system;
Pharmacia Biotech) or 1% ethidium-bromide-stained agarose gel. The frozen semen samples
were also resolved on 1% agarose gel. The sensitivity of PCR was estimated to be between 10
and 102 DNA copies per reaction. Standard procedures were used to avoid contamination.

Cycle sequencing of amplified DNA

Amplification products with 150 ng DNA were selected for the cycling reactions
(Amersham RPN 2438) for BPV1, BPV2, and BPV4 and performed with labeling at the 5’
end with fluorescein and run on an ALF automatic DNA sequencer (Pharmacia - Biotech).

In situ hybridization

Before in situ hybridization, the semen samples were prepared in 2 mmol/L di-
thiothreitol to obtain decondensed sperm heads on histological slides. /n situ hybridiza-
tion was done using biotin-labeled PCR products as probes. The probes, which were la-
beled using the GenPoint kit (Dako, Carpinteria, USA), were prepared from PCR products
obtained from amplification of the cloned viral genome and from PCR products obtained
from the samples. The negative controls were prepared using PCR products of genes not
detected in amplifications of our samples.

RESULTS
Milk, semen and urine cytological analysis

Milk, urine and semen samples (Figure 1A) had high lymphocyte and epithelial-like
cell counts, as well as signs of cell debris. While the frozen semen samples had the expected

density of spermatozoa, the seminal fluid samples collected from strongly affected bulls were
azoospermic.
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Figure 1. A. Giemsa-stained smear prepared from a frozen semen sample showing lymphocyte and epithelium-like
cell debris (light arrows) and a spermatozoon (heavy arrow). B-D. /n situ hybridization labeling of spermatozoids
(arrows) with a probe for the L1 region of the bovine papillomavirus 2 gene.

BPV DNA identification in tissues and body fluids

Gene amplification by PCR with selective primer pairs directed to the L1, L2, and E7
regions of the BPV types was performed on total DNA extracted from tissue and body fluid
samples from the BPV-infected cattle. Eighteen of the 21 milk samples had both BPV4 and
BPV2 DNA, two had only BPV4 DNA and one sample had no BPV DNA. BPV1 was not
detected in any of the milk samples (Table 2). Among the six urine samples, three showed am-
plification products corresponding to BPV2 and BPV4 DNA, two urine samples to one viral
type and one to neither viral type. The 12 semen samples showed BPV2 DNA, but not BPV1
or BPV4 DNA. On the other hand, the three seminal fluid samples carried both BPV1 and
BPV2 DNA. Eighty percent of the peripheral blood samples were found to carry BPV1 DNA,
while 90% of the samples carried both BPV2 and BPV4 DNA. All eight wart tissue samples
were found to have BPV1, BPV2 and BPV4 DNA (Table 2). Figure 2 shows examples of
amplification products of BPV viral types in milk, semen, seminal fluid, urine, and blood
of diseased animals. The amplified DNA products were cycle-sequenced and the nucleotide
sequences were compared to published sequences of BPV types for identity confirmation.
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Homology of the identified DNA sequences was from 95 to 99% of respective BPV1, 2 and 4
haplotypes (Genebank). /n situ hybridization of BPV2-positive semen samples using a biotin-
labeled BPV2 DNA amplicon probe revealed intense staining in spermatozoa heads (Figure
1B, C, and D).

Table 2. Identification of bovine papillomavirus types in body fluids and tissues of infected animals.

Samples Virus type

Tissue/fluid N BPV1 BPV2 BPV4
Milk 21 0 18 20
Frozen semen 12 0 12 0
Seminal fluid 3 3 3 0
Urine 6 - 4 3
Blood 12 10 11 11
Wart 8 8 8 8
Total 62 21 56 42

B L 1 2345 67 89101112

Figure 2. Amplification products of bovine papillomavirus (BPV) gene sequences from bovine milk (m), semen (s),
seminal fluid (sf), urine (u), blood (b), and warts (w). The amplified DNA sequences correspond to the L2, L1 or E7
gene regions of BPV1, BPV2 or BPV4, respectively. A. BPV1 (301 bp), BPV2 (164 bp) and BPV4 (170 bp) DNA
amplification products from wart (lanes 1, 3, 5) and blood samples (lanes 2, 4, 6), respectively; BPV1 and BPV2 in
seminal fluid samples (lanes 7, 8); BPV2 amplification products in semen (lanes 9, 10). Ethidium bromide-stained
1% agarose gel. B. BPV4 and BPV2 in blood (lanes 1, 2, 5, 6), milk (lanes 3, 7, 8) or urine samples (lanes 4, 9, 10)
samples, respectively; BPV2 and BPV 4 positive controls (lanes 11, 12). Silver-stained 12.5% SDS-PAGE gel. L =
100-bp ladder molecular weight markers.
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DISCUSSION

Through gene amplification, we identified various BPV types in body fluids and tis-
sues. The identity of these viruses was confirmed by homology of the amplified DNA products
to published genome sequences of haplotype BPV DNA sequences. The detection of BPV1,
2 and 4 in milk, urine, seminal fluid, and sperm cells demonstrates that these viruses can be
transmitted by various mechanisms other than physical contact of epithelia or contact with
contaminated instruments. Suckling and sexual intercourse are the main means of direct body
fluid exchange among cattle and the finding of BPV both in milk and seminal fluid indicate
two important mechanisms of viral transmission. Additionally, the finding of BPV2 DNA in
frozen semen samples obtained from an artificial insemination facility highlights the potential
dissemination of papillomavirus-related diseases via artificial insemination. Contamination of
pastures by urine-born papillomavirus may also be an important means of BPV transmission
to cattle or equines. Equine sarcoidosis in horses is associated with BPV type 1 and 2 infec-
tions (Yuan et al., 2008; Brandt et al., 2008; Bogaert et al., 2008).

Bovine papillomavirus 2 has been previously described in peripheral blood (Stocco
dos Santos et al., 1998; Wosiacki et al., 2005) and the high titer of BPV2 DNA that we found in
lymphocytes confirms earlier predictions (Campo et al., 1994; Stocco dos Santos et al., 1993,
1998) and agrees with recent reports (Brandt et al., 2008) that lymphocytes can harbor papil-
lomavirus and are latent sites of viral infection. In the other fluids, including milk, urine, and
seminal fluid, papillomavirus may be in lymphocytes or exfoliated epithelial cells. Both were
found in higher than usual numbers in BPV-infected animals. Peripheral blood mononuclear
cells, related to inflammatory events in mammary glands, have been found in milk from ani-
mals infected with various different pathogens (Riollet et al., 2000; Leitner et al., 2000). Our
findings of BPV DNA in peripheral blood lymphocytes demonstrate host immune system and
virus interactions. Lymphocytes may not only provide latent sites of infection, but also may
act as potential vectors of BPV dissemination both within and between animals.

It has been proposed that papillomavirus DNA is from fragments of viral break-
down products rather than functional viral genomes. However, the fact that BPV infec-
tion can be transmitted to recipient animals inoculated with blood from BPV2-infected
cows (Stocco dos Santos et al., 1998) demonstrates competent BPV genome in peripheral
blood. Additionally, naked DNA fragments would not be expected to survive whole-blood
DNAse or macrophageactivity.

We need to consider the infectivity potential of BPV-contaminated milk, urine, semen,
and sperm cells. Given that intra-muscularly injected lymphocyte-born BPV (Stocco dos San-
tos et al., 1998) and keratinocytes on contaminated instruments in contact with healthy epider-
mis (Jarrett, 1985) can transmit infection, it is clear that milk, urine and semen from infected
animals can be BPV vectors. The detection of BPV2 DNA in spermatozoa adds a new dimen-
sion to what we know about viral transmission mechanisms. Infected spermatozoa could result
in embryonic infection on conception, characterizing vertical transmission. The three heavily
infected bulls from which seminal fluid was gathered were clinically azoospermic, suggesting
that BPV directly affects sperm production by infecting gonad germ cells. Supporting the hy-
pothesis of vertical papillomavirus transmission, BPV2 DNA was found in the blood of new-
born calves, including those delivered by cesarean procedures. Intrauterine BPV transmission
occurs, if not at conception, at some time during embryonic or fetal development.
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We found tissues and/or body fluids of individual animals to be infected by more
than one viral type. Providing that the animals were not simultaneously infected by mul-
tiple viral types, this finding demonstrates that BPV infection by one virus type offers little
or no protection against subsequent infection with other BPV types. We can now challenge
the prevailing concept that papillomaviruses are exclusively epitheliotropic, as we found
BPV DNA in most of the tissue types that we investigated. Along with epithelial cells,
BPV viruses have been found in peripheral blood lymphocytes, urinary bladder neoplasic
and vascular tissues (Campo et al., 1992; Wosiacki et al., 2005), as well as in spermatozoa
and female reproductive tissues (Carvalho et al., 2003; Yaguiu et al., 2008). Lymphocytes
are potential latency sites (Campo et al., 1994; Stocco dos Santos et al., 1993, 1998) for
papillomavirus that can actively disseminate infective papilloma viral DNA within an or-
ganism to reach different tissues or act as carriers of the virus in body fluids, such as milk
and semen. We recently found expression of BPV2 L1 capsid protein in lymphocyte cells
(data not shown), implying that the biological cycle of the papillomavirus is completed in
these cells. Given the ubiquity of multiple BPV types in body tissues and fluids and the
multiplicity of vertical and horizontal transmission mechanisms that have been unveiled,
sanitary and prophylactic measures against BPV transmission should include screening of
semen banks and effective vaccination with polyvalent prophylactic and therapeutic vac-
cines.
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