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Abstract 

 

The goal of this study was to investigate the presence of bovine papillomavirus type 2 (BPV-2) genomic DNA 

using polymerase chain reaction (PCR) assays, in the urinary bladder of cattle with bovine enzootic hematuria (BEH), in the 

neoplastic and non-neoplastic lesions in Espírito Santo, Brazil. Thus, 46 bladders with gross BEH lesions were collected 

from adult cattle at slaughterhouses. The samples were divided into two portions: one for use in histopathological analysis 

and the other one for PCR. Microscopic analysis showed that 56.52% of the bladders presented neoplastic lesions, of which 

50% were benign, 23.08% were malignant and 26.92% presented both types of neoplasms. The remaining 43.48% of the 

bladders did not show any neoplasms. Presence of BPV-2 was confirmed in 43.48% of the bladders: 65% of these were 

found in neoplastic lesions and 35% in non-neoplastic lesions. Among the neoplastic lesions, detection of BPV-2 was more 

frequent in benign lesions (53.84%), followed by malignant lesions (23.08%) and by those presenting both benign and 

malignant lesions (23.08%). These results confirm the presence of BPV-2 in both neoplastic and non-neoplastic conditions 

in urinary bladders of cattle with enzootic hematuria from the studied geographic area. 
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Introduction 

 

Bovine enzootic hematuria (BEH) is a chronic 

disease associated with poisoning by Pteridium sp. This is 

the only plant that has been confirmed to be a natural cause 

of cancer in animals. Such occurrences are due to the 

carcinogenic and mutagenic agents that this plant contains, 

which lead to neoplasm formation. Clinically, BEH causes 

intermittent hematuria and death due to anemia (20). 

In Brazil, plants of the genus Pteridium has been 

responsible for losses in cattle rearing in regions where this 

plant is widespread (6,7). Moreover, in areas of BEH 

occurrence, such as in the states of Espírito Santo and Rio 

de Janeiro, the resulting economic losses are significant (8, 

17). The association between bovine papillomavirus type 2 

(BPV-2), ingestion of bracken fern and bladder tumors in 

cattle has already been documented (3,7,9,11). Jarrett et al. 

(7) also suggested that Pteririum sp. might have an 

immunosuppressive effect, thus contributing to tumor 

development. 

BPVs are small viruses with double-stranded 

DNA (12) that are associated with neoplasm formation on 

the skin, teats, penis and bladder. They infect basal cells, 

which leads to formation of tumor lesions that are 

generally benign, with a tendency to regress in 

immunocompetent animals due to a cell-mediated immune 
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response (3). Although bladder tumors in cattle are rare, 

with a prevalence of 0.01 to 0.1% (18), prolonged 

ingestion of bracken fern increases the prevalence of 

neoplasms in up to 80% of the adult animals (2,3). 

Considering the economic importance of BEH 

(20), especially in dairy cows and in different geographical 

regions worldwide (2,8), studies that contribute towards 

defining the etiology of neoplastic and non-neoplastic 

lesions are necessary and of great importance (21). On this 

basis, the objective of the present study was to investigate 

the presence of BPV-2, using PCR assays, in neoplasms 

and non-neoplastic lesions of the urinary bladder of 

animals with BEH. 

 

Material and Methods 

 

Sample collection and anatomical-pathological 

characterization of the urinary bladders 

 

Forty-six bladders presenting macroscopic lesions 

were collected at a slaughterhouse, in the state of Espírito 

Santo (Brazil), from adult cattle coming from farms with 

occurrences of Pteridium sp. or BEH. The urinary bladders 

were identified according to their origin, individually 

placed in plastic bags and then into cool boxes containing 

ice, for transportation to the Animal Pathology Section of 

the Federal University of Espírito Santo (UFES). Urine 

was collected in sterile tubes for confirmation of macro- or 

microhematuria, in accordance with the method of Falbo et 

al. (5). 

Each bladder was divided into four quadrants (A, 

B, C e D), which corresponded to the cranial (A and B) 

and caudal (C e D) portions of the bladder, and segments 

containing gross lesions in each quadrant were collected. 

Each fragment was divided into two portions: one for 

histopathological analysis and the other one for PCR. A 

total of 184 samples were obtained for each evaluation 

technique. The samples were histologically processed by 

means of the routine method of paraffin embedment. The 

overall evaluation of morphological alterations and 

classification of the lesions as neoplastic or non-neoplastic 

was done in accordance with the methodology described 

by Peixoto et al. (11).  

 

Polymerase chain reaction (PCR) 

 

Extraction of total DNA was performed form all 

46 urinary bladder samples in accordance with the 

CTAB/proteinase K method described by Sambrook et al. 

(15), modified as described below. DNA samples were 

suspended using 30 µL of TE/RNase (10 mM of Tris-HCl, 

pH 7.5; 1 mM of EDTA; and 40 µg/mL of RNase, pH 8.0), 

in a water bath at 70°C for 60 minutes. DNA quantification 

was carried out using a spectrophotometer (Femto, 700 

Plus), at the wavelength λ = 260 nm. 

Specific primers, as described by Wosiacki et al. 

(21), were used to amplify a fragment of the L1 gene of 

BPV-2. The nucleotide sequences were 5’-

ATTCTAAAGGAGGACACG-3’ (forward) and 5’-

TGTTCCCAAAGTGTCTG-3’ (reverse), and this pair of  

primers was used to amplify a 386-bp DNA fragment of 

the gene L1. 

PCR was performed in a reaction mixture of 50 

µL, containing 200 ng of total DNA in 1 Taq buffer/KCl, 2 

mM of MgCl2, 25 µM of each primer (Bioneer Inc, 

Alameda, CA, USA), 10 µM of dNTP and 1 U of Taq 

DNA polymerase (recombinant, Fermentas). The 

amplifications were done in a thermocycler (TC-3000 

Barloworld Scientific Techne) programmed for 40 cycles, 

in which each cycle was composed of an initial step of 

denaturation at 94°C for 3 min, followed by 1 min at 94°C, 

1 min at 48°C for primer annealing, 1 min for extension at 

72°C and a final extension at 72°C for 7 min. 

 The reagent purity control (no DNA template) 

was used to test for the presence of a nonspecific reaction. 

The amplification products were analyzed by means of gel 

electrophoresis in a 1.5% (w/v) agarose gel stained with 

ethidium bromide (0.5 µL/mL). The images were viewed 

and recorded using a photo documentation system (L-PIX 

HE Loccus Biotecnologia). Normal bladder samples 

without micro or macroscopic injury were used as the 

negative control for viral DNA amplification. These were 

collected at a slaughterhouse in a BEH non-endemic area, 

under the same conditions. 

 

Statistical analysis 

 

The data were organized using the SAS statistical 

software package, version 8 (Statistical Analysis System; 

SAS Institute Inc., Cary, NC, USA: SAS Institute Inc., 

2000), and were presented using descriptive statistics 

(absolute and percentage distributions) and analytical 

statistics. Associations among variables were estimated by 

means of Spearman’s correlation. The chi-square and 

Fisher’s exact tests were used to assess the significance of 

the proportions. Fisher’s exact test was used when the 

expected frequencies of each cell in the cross tabulation 

were less than five. The tests were performed at a 

significance level of 0.05. 

 

Results 

 

Epidemiologic data 

 

The 46 urinary bladders evaluated in this study 

were obtained from cattle from various regions of the 

states of Espírito Santo (ES) and Minas Gerais (MG): 50% 

(23/46) from the municipality of Guaçuí, ES; 19.56% 

(9/46) from Muniz Freire, ES; 13.04% (6/46) from Alegre, 

ES; 4.35% (2/46) from Afonso Cláudio, ES; and 4.35% 

(2/46) from Mutum, MG. 
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Clinical parameters and histopathological evaluation  

 

Urine analysis revealed macrohematuria in 50% 

(23/46) and microhematuria in 50% (23/46) of the 

samples. Microscopic evaluation of the bladders showed 

that 56.52% (26/46) presented some kind of neoplastic 

lesion. Of these, 50% (13/26) were benign (mainly 

hemangiomas and myxomas), 23.08% (6/26) were 

malignant (urothelial carcinoma, carcinoma in situ, 

adenocarcinoma and hemangiossarcoma) and  26.92% 

(7/26) presented benign and malignant neoplasms in the 

same sample. In 43.48% (20/46) of the urinary bladders, 

no neoplasms were detected. However, inflammatory, 

vascular, metaplastic and/or dysplastic lesions were 

observed. 

The analysis of the presence of neoplasms per 

quadrant revealed 51 lesions among the 184 fragments 

obtained and, of these, 3.8% (7/184) were located in 

quadrant A, 4.34% (8/184) in quadrant B, 9.24% (17/184) 

in quadrant C and 10.33% (19/184) in quadrant D. There 

was no significant difference in the presence of neoplasms 

per quadrant.  

 

Evaluation by PCR 

 

PCR evaluation of BVP-2 enabled detection of the 

viral DNA in 43.48% (20/46) of the bladders. The viral 

DNA was found in neoplastic lesions in 65% (13/20) of the 

positive samples, and in non-neoplastic lesions in 35% 

(7/20). There was no significant difference regarding to 

viral DNA detection between the analyzed bladder with or 

without neoplasms (P >0.3767, Fisher’s exact tests). In the 

neoplastic lesion group, it was found that BPV-2 DNA was 

most commonly present in benign lesions alone (53.84%; 

7/13), followed by presence in malignant lesions alone 

(23.08%; 3/13) and in samples presenting both benign and 

malignant lesions (23.08%; 3/13). Analysis of viral DNA 

presence in the bladders per quadrant, in all 184 fragments, 

showed that 4.9% (9/184) were detected in quadrant A; 

4.34% (8/184) in quadrant B; 3.8% (7/184) in quadrant C; 

and 3.8% (7/184) in quadrant D. There was no significant 

difference in detection of BVP-2 DNA in relation to the 

location per quadrant in the bladders.  

 

Discussion 

 

The origin of cattle with bladder lesions utilized 

in this study was mostly from endemic areas for BEH and 

had high infestation with Pteridium sp. (17). In the 

municipalities of Mutum (MG) and Afonso Claudio (ES), 

the presence of BEH and contamination of pastures with 

bracken fern had previously been described by Silva et al. 

(16).  

The microhematuria data collected in the present 

study were similar to those obtained by Falbo et al. (5). 

These data point out to the importance of carrying out 

urinalysis tests on animals living in areas endemic for 

BEH, since macroscopic observation of blood in the urine 

is not always possible. Oliveira (10) reported that there 

was a high correlation between macrohematuria and the 

presence of vascular tumors, considering also the 

occurrence of microhematuria in some cases. Silva et al. 

(16) reported that both macrohematuria and 

microhematuria could be present or absent with gross 

bladder lesions and histological changes could neoplastic 

or non-neoplastic conditions. 

This study revealed that most of the bladders 

evaluated had neoplastic lesions, the varying histogenesis 

in neoplastic processes of bladder lesions of cattle with 

BEH, epithelial or mesenchymal of origin, benign or 

malignant, were also observed by other authors (7,11,20). 

The presence of non-neoplastic bladder changes reinforces 

that the histopathological findings in cattle with BEH is 

variable (5,11,19). 

The BVP-2 evaluation showed that viral DNA 

was present in 43.48% of the bladders, thus suggesting the 

relationship between the viruses and fern bracken 

ingestion, with clinical hematuria, as previously described 

by Campo et al. (3), Borzacchiello et al. (2), and Wosiacki 

et al. (22). Although the absence of viral DNA was 

observed in 56.52% in this study, Wosiacki et al (22) 

reported that false negative results may occur due to the 

presence of inhibitors of the PCR reaction. When the 

benign lesions persist and progress to malignant lesions, 

the viral DNA is usually integrated into the host cell 

genome, and there is only one viral DNA copy for each 

host cell. The integration of papillomavirus DNA is 

considered an important step in tumour progression (3). It 

is believed that the absence of viral DNA in samples may 

also be the result of DNA modifications within the 

amplified region or primer binding site. 

In non-neoplastic lesions, BPV-2 was confirmed 

in 35% of the samples. Somvanshi et al. (19) found this in 

68% of the bladder sample and Resende et al. (13) found a 

positive viral DNA in 15.3%. Considering that, so far, no 

relationship has been found between the presence of viral 

DNA and a particular tumor type, the presence of different 

histological characteristics may be related to other factors 

in urinary bladders with BEH (1). There is a need to clarify 

the relationship between infections with BPV-2 and non-

neoplastic changes. The mucosa of the urinary bladder is 

not considered to be a target organ for virus proliferation 

(3). However, it has been reported that BPV-2 can persist 

in a latent form in a variety of tissues (4,14). Moreover, 

when animals are immunosuppressed or the epithelium is 

damaged, the virus is activated, possibly through 

production of cytokines, which stimulate cell proliferation 

and induce expression of the viral genes, thereby leading to 

tumor formation (2,3).  
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Conclusion 

 

This study demonstrated that BPV-2 genomic 

DNA was present in urinary bladders of cattle with BEH, 

from the studied geographic area. 
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