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Urinary bladder tumours in cattle are caused by chronic ingestion of bracken fern and BPV-1/2 infection.
The objective of the present study was to assess if BPV-2 was present in urinary bladder lesions from cat-
tle with chronic enzootic haematuria (CEH) from the Azores archipelago (Portugal), in order to gain fur-
ther information regarding the epidemiologic distribution of this virus. Samples were analysed using PCR
specific primers for BPV-2 DNA and an immunohistochemistry for BPV E5 oncoprotein detection. We
found a 28% incidence rate of BPV-2 DNA in different types of tumours and cystitis cases (13 out of 46
samples). Tested positive samples for PCR were also positive for the viral E5 oncoprotein; protein immu-
nolabeling was mainly detected within the cytoplasm of urothelial cells, displaying a juxtanuclear distri-
bution. This is the first report of BPV-2 detection in urinary bladder tumours associated with CEH in cattle
from the Azores archipelago.

� 2010 Elsevier Ltd. All rights reserved.
Bovine papillomavirus type 2 (BPV-2) is a Deltapapillomavirus,
with a non-enveloped icosahedral structure and a double-stranded
covalently closed circular DNA, with a genome of approximately
8000 base pairs (Campo, 2006). In cattle, urinary bladder carcino-
genesis is multifactorial caused by a synergetic mechanism be-
tween BPV-1/2 infection and chronic ingestion of bracken fern
(genus Pteridium) (Campo, 2006; Campo et al., 1992). The casual
association of BPV-2 and urinary bladder tumours has been re-
ported worldwide in cattle from Italy, Scotland, Romania, and
Brazil (Balcos et al., 2008; Borzacchiello et al., 2003; Campo
et al., 1992; Wosiacki et al., 2006). Urinary bladder tumours are en-
demic in the Azores archipelago (Carvalho et al., 2006; Pinto et al.,
2003) however, association with BPV(s) infection has not been re-
ported to date. The E5 is the major BPV-1/2 oncoprotein and has
been found to be expressed in bovine BPV-associated urinary blad-
der and gastrointestinal tumours, suggesting its participation in
carcinogenesis (Bohl et al., 2001; Borzacchiello et al., 2003). The
aim of this study was to investigate the presence of BPV-2 infection
in urinary bladder tumours from cattle with chronic enzootic hae-
maturia (CEH) bred in the Azores archipelago.

A total of forty-two female cows aged between 3.5 and
12 years-old were included in this study. Animals were bred at
different farms located in São Miguel Island at the Azores archi-
pelago (Portugal). Cattle livestock at the Azores often grazes in
ll rights reserved.
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endes).
pastures and landscapes where bracken fern (Pteridium aquili-
num) is abundant (Illas et al., 2005; Silva, 2001). At the slaugh-
terhouse cows were euthanized, bled and after the urinary
bladder examined for the presence of macroscopic lesions. From
each cow one to two samples of the urinary bladder were col-
lected for further investigation. Four cows had duplicate samples
from multifocal urinary bladder lesions (a total of 46 lesions
were included) (Table 1). Tissues were fixed by immersion in
10% neutral-buffered formalin and routinely processed and
stained with haematoxylin and eosin (HE) for histological exam-
ination. PCR was used to screen 46 urinary bladder samples for
BPV-2 DNA. Extraction was done from 20 lm of formalin-fixed
paraffin-embedded samples using the DNeasy Tissue Kit (Qia-
gen�) and a previously standardized methodology (Roperto
et al., 2008). BPV-2 specific primers for the E5 region were used
for amplification in a total of 200–300 ng of purified DNA per
PCR reaction (Roperto et al., 2008). To evaluate the adequacy
of the DNA, a control PCR for bovine b-actin sequence was per-
formed using previously published primers (Colitti et al., 2004).
For each PCR reaction, a blank sample consisting of the reaction
mixture without DNA, from a normal cow urothelium, and a po-
sitive sample consisting of BPV-2 clone DNA were included as
negative and positive controls, respectively. Further, E5 BPV
oncoprotein expression was assessed in twelve PCR positive
samples by an immunohistochemistry (no more tissue was avail-
able to screen one of the two cystitis cases). Briefly, tissue sec-
tions were stained using a polyclonal sheep anti-E5 antibody
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Table 1
Cow pool with lesions distribution and PCR results for BPV-2 DNA detection per cow.

Cow n� PCR BPV-2 Histopathology

CW1a Neg UC + P
CW2 + S
CW3 Neg UC
CW4 + S
CW5a + UC + H
CW6 Neg P
CW7 Neg UC
CW8 Neg UC
CW9a + MCH + MCH
CW10 + Cy
CW11 Neg UC
CW12 + Cy
CW13 Neg P
CW14 Neg UC
CW15 Neg P
CW16 Neg UC
CW17 Neg UC
CW18 Neg P
CW19 Neg UC
CW20 Neg P
CW21 Neg UC
CW22 Neg P
CW23 Neg UC
CW24 + UC
CW25a + UC + H
CW26 + UC
CW27 Neg H
CW28 Neg UC
CW29 Neg UC
CW30 Neg UC
CW31 Neg UC
CW32 Neg UC
CW33 + UC
CW34 Neg H
CW35 Neg UC
CW36 Neg UC
CW37 Neg S
CW38 Neg UC
CW39 + UC
CW40 Neg MCH
CW41 Neg UC
CW42 Neg UC

UC, urothelial carcinoma; P, papilloma; S, sarcoma; H, haemangioma; MCH, mixed
carcinoma and haemangioma).

a Cows with duplicate samples.
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(gift from M.S. Campo, Institute of Comparative Medicine, Glas-
gow) (Borzacchiello et al., 2007) by the streptavidin–biotin
(LSAB) immunohistochemical method as previously described
(Balcos et al., 2008; Borzacchiello et al., 2007). As negative con-
trols, a section of normal bovine urinary bladder mucosa, nega-
tive for BPV-2 DNA detection by PCR, was used (see Fig. 2a);
further the primary antibody was replaced in all tested sections
by an irrelevant antibody (see Fig. 2b).

After histologic evaluation urinary bladder lesions were classi-
fied as follows: urothelial carcinomas (58.7%), papillomas (15.2%),
Table 2
Histological classification of urinary bladder lesions and detection of BPV-2 DNA.

Urinary bladder lesions

Urothelial carcinoma (UC)
Haemangioma (H)
Sarcoma (S)
Mixed haemangioma and carcinoma (MCH)
Papilloma (P)
Cystitis (Cy)

Total

a Four cows had duplicate tumour samples, corresponding: cow 1 (UC + P); cow 2 (UC
haemangiomas (8.7%); sarcomas (6.5%), cystitis (4.3%), and mixed
urothelial carcinoma and haemangiomas tumours (6.5%) (Table 2).
A total of 13 urinary bladder samples (28.2%), corresponding to dif-
ferent animals, were positive for BPV-2 DNA detection (Tables 1
and 2). BPV-2 DNA was found associated with carcinomas
(46.1%), haemangiomas (15.3%), mixed carcinoma and haemangio-
mas tumours (7.6%), sarcomas (15.3%) and cystitis (15.3%) (Table 2).
E5 expression was immunohistochemically detected in all tested
tumours and in the cystitis tested case. Immunolabeling was found
both diffusely and/or discontinuously distributed in low to moder-
ate amounts in the urothelium of carcinomas and in mesenchymal
tumours. In urothelial carcinomas the amount of stained cells was
higher in the suprabasal cell layer (Fig. 1a). Immunoreaction was
intracytoplasmic, often with a juxtanuclear distribution (Fig. 1b).
In dysplastic and apparently normal urothelium the amounts of
E5 immunoreaction were low. In haemangioma’s mesenchymal
and endothelial cells positive labeling was scarce).

BPV-1/2 association with urinary bladder tumours in cows with
CEH has been reported from most geographic areas where this dis-
ease is present. We now report for the first time the occurrence of
BPV-2 in urinary bladder tumours from cattle grazed in the Azores
archipelago (Portugal). Our results further support the casual rela-
tionship between urinary bladder carcinogenesis and BPV-1/2
infection and corroborates the wide spread of this virus. We de-
tected BPV-2 using both PCR, with specific primers for BPV-2
DNA, and an immunohistochemistry for detection of the E5 viral
oncoprotein in tissue sections. Both the viral DNA and protein
expression were detected, which confirmed BPV-2 infection of
the urinary bladder. BPV-2 infection prevalence was 28.2% in dif-
ferent types of urinary bladder lesions. We found two cystitis, cor-
responding to two cows, positive for BPV-2 DNA detection, which
is intriguing; BPV has been found present in sarcoma’s inflamma-
tory lesions in horses (Yuan et al., 2007a,b), however further re-
search is necessary to clarify the relationship between BPV
infection and inflammation. Urinary bladder tumours are endemic
in the Azores, accounting for an important economic impact,
mainly because favorable climacteric conditions for bracken fern
proliferation exist in this geographic area and cattle often graze
in pastures and landscapes where bracken is present and abundant
(Carvalho et al., 2006; Illas et al., 2005; Pinto et al., 2003; Silva,
2001). The rate of BPV-2 detection we found was lower than what
we expected, since in other reports detection rates varied from 46%
to 77%. It is possible there exists geographic variations in the prev-
alence of BPV infection, however another possible explanation may
be the variation in tumour collection methodology, since formalde-
hyde causes DNA denaturation and the lowest rates of detection
are mostly detected in studies using tumours stored in formalde-
hyde. Our results respect to the E5 oncoprotein expression were
in agreement with other reports (Balcos et al., 2008; Bohl et al.,
2001; Borzacchiello et al., 2003).

In conclusion, this study demonstrates BPV-2 infection in uri-
nary bladder tumours and inflammatory lesions in cattle with
CEH from the Azores archipelago.
Number/rate BPV-2 DNA positive

27 (58.72%) 6 (46.1%)
4 (8.7%) 2 (15.3%)
3 (6.5%) 2 (15.3%)
3 (6.5%) 1 (7.6%)
7 (15.2%) 0 (0%)
2 (4.3%) 2 (15.3%)

46 (100%)a 13 (100%)

+ H); cow 3 (MCH + MCH); cow 4 (C + H).



Fig. 2. Immunohistochemistry for detection of E5 oncoprotein. IHC negative controls. (a) Normal cow urothelium negative for BPV-2 detection by PCR (original magnification
100�). (b) An urothelial carcinoma negative for BPV-2 DNA detection and without E5 oncoprotein expression (original magnification 200�).

Fig. 1. Immunohistochemistry for detection of E5 oncoprotein in BPV-2 positive urothelial carcinomas. (a) Expression of E5 protein in an urothelial carcinoma (original
magnification 200�). Note that E5 is mainly detected in the suprabasal layer of the urothelium (arrowheads). (b) Expression of E5 in an urothelial carcinoma (original
magnification 400�). Note E5 expression displaying a cytoplasmatic juxtanuclear distribution (arrowheads). Note also the internal negative control for urothelium, since
many basal cells are not stained for E5 protein (arrows).
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