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Abstract The aim of the present study was to assess the
possible etiologic role of human papillomavirus (HPV),
human herpes virus (HHV) and the human polyoma virus
families (BKV and JCV) in the tumourigenesis of bladder
cancer. Thirty biopsy specimens from patients with different
grades and stages of bladder cancer, who underwent tran-
surethral bladder cancer resection, and 30 normal bladder
mucosa specimens were analysed using polymerase chain
reaction (PCR) for the detection of the above three virus
family members. The presence of HPV was determined in
all specimens with nested PCR and real-time quantitative
PCR. All cancerous specimens, including the control group,
were found to be negative both by PCR and real-time
qPCR for the presence of HPV DNA, whilst all samples
examined by PCR tested negative for the presence of
HSV-1,2 Varicella zoster virus and HSV-7 DNA. Cytomeg-
alovirus, HHV-6 and HHV-8 exhibited similar incidence in
sample positivity in both cancerous and healthy tissues.
EBV showed a higher prevalence in bladder cancer speci-
mens compared to healthy tissue (p00.048), whilst BKV
and JCV were detected only in tumour samples. The

presence of EBV in a significant proportion of bladder
tumours indicates the etiological role of this virus in cancer
tumourigenesis.
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Abbreviations
HPV Human papillomavirus
HHV Human herpes virus
HPyV Human polyoma virus
VZV Varicella zoster virus
CMV Cytomegalovirus
EBV Epstein–Barr virus
HSV Herpes simplex virus
HHV Human herpes virus
PCR Polymerase chain reaction
RT qPCR Real-time quantitative polymerase

chain reaction
TCC Transitional cell carcinoma
SCC Squamous cell carcinoma
NPC Nasopharyngeal carcinoma

Background

Vesical neoplasms account for nearly 2 % of all cancers and
are the second most common malignancies of the genitouri-
nary tract. Males are affected twice as often as females.
More than 90 % of these tumours are transitional cell carci-
nomas (TCCs), whilst the remaining 10 % are squamous cell
carcinomas (SCCs) or adenocarcinomas [1]. Most TCCs
(over 80 %) do not invade the bladder wall at the time of
diagnosis. The etiology of TCC remains unknown, although
there is strong association with chronic cigarette smoking
and exposure to chemicals prevalent in dye, rubber, leather,
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paint and other industrial components [2]. Common use of
artificial sweeteners such as cyclamates and saccharin has
also been implicated.

Human papillomavirus (HPV) is a small double-stranded
DNA virus that comprise a family of more than 130 geno-
types [3]. HPV has been implicated in several human can-
cers, particularly in tumours of the cervix, the anogenital
region, the skin, as well as the head and neck. It has been
strongly suggested that HPV could also play a role in the
human urinary bladder tumourigenesis since HPV causes
condylomata acuminata [4] and urothelial malignancies
have been reported in association with extensive urethral
and bladder condylomata [5, 6].

The herpes virus superfamily contains eight different
types of viruses, and many of them have already been
detected in human TCC specimens [7]. Herpes simplex
virus (HSV-1, HSV-2) can potentially infect any site of the
body, but infections of the skin, genital, oral mucosa, eyes,
anus, rectum and the central nervous system are more com-
mon. It has been suggested that HSV-1 has the ability to
transform cells in vitro, possibly creating an oncogenic
potential in vivo [8], whilst HSV-2 had been suggested as
a possible cofactor in the development of cancer of the
uterine cervix [9, 10]. Varicella zoster virus (VZV or HHV-
3) is responsible for skin lesions and manifestations of the
central nervous system. Epstein–Barr virus (EBVor HHV-4)
is associated with a great number of malignancies including
Burkitt’s lymphoma, undifferentiated NPC, B cell lympho-
ma in immunodeficient patients and Hodgkin’s disease.
EBV has been found to replicate in the cervical epithelium,
and genomic sequences have been detected in cervical bi-
opsies from patients with invasive carcinoma, thus suggest-
ing the possible role of EBV in genital carcinoma [11, 12].
EBV DNA has also been detected in the urethra of men with
gonorrhea, raising questions concerning the spread of this
virus to the urogenital tract [13]. Human cytomegalovirus
(CMV or HHV-5) causes mononucleosis-like disease, neo-
natal disease, systemic infection in immunocompromised
patients and central nervous system disease, and it has been
associated with nephrogenic adenoma [14]. Human herpes
virus type 6 (HHV-6) has been detected in a series of
patients with bladder cancer in the Mediterranean [15].
Human herpes virus type 8 (HHV-8), also known as Kapo-
si’s sarcoma-associated herpes virus, mainly infects immu-
nodepressed patients [16].

Human polyoma virus (HPyV) is a small, non-enveloped,
double-stranded DNA virus. BK polyoma virus (BKV) and
JC polyoma virus (JCV) infections occur in childhood, and
BKV’s role in urothelial carcinoma has been suggested in
immunocompetent individuals [17, 18].

The aim of the present study was to assess the possible
etiologic role of HPV, EBV, CMV, VZV, HSV, human
herpes virus (HHV-6–8) and human polyoma viruses

(BKV and JCV) in bladder cancer. We suggest that a deeper
understanding of viral infection in bladder cancer may lead
to targeted diagnostic procedures and possibly new thera-
peutic methods.

Materials and methods

Study population

A total of 30 bladder carcinomas were obtained from
patients diagnosed with primary urothelial cancer who un-
derwent surgical transurethral resection at the Department of
Urology, Asklipeiion General Hospital, Voula, Athens,
Greece, between May 2006 and January 2007. Twenty-
four (80 %) of the tumours were firstly diagnosed at the
time of the resection, whereas six (20 %) of them were
recurrent primary carcinomas. Each tumour sample was
matched to a non-cancerous specimen derived from normal
adjacent bladder tissue. Following surgical resection, all
tissue samples were snap-frozen in liquid nitrogen and
stored at −80 °C until DNA extraction. The median age at
surgical resection was 75.5 years (range, 44–86 years). All
tumour specimens were histopathologically examined using
haematoxylin and eosin-stained slides in order to determine
the tumour stage and grade. Tumour grade was determined
according to the 1973 WHO and the 2004 WHO/Interna-
tional Society of Urological Pathology classifications. Tu-
mour stage was assessed according to the 2002 American
Joint Committee on Cancer staging system. Normal adjacent
tissue samples had no contaminating tumour cells, as con-
firmed by histopathologic examination. The clinicopatho-
logical parameters of the study population are listed in
Table 1. The Bioethics Committee of the Medical School
of the University of Crete approved the current study pro-
tocol. Written informed consent was obtained from all the
patients or their relatives.

DNA extraction

Tissue specimens were transferred to sterile DNase/RNase-
free Eppendorf tubes, where 400 μl lysis buffer (buffer AL,
cat. no. 19075, Qiagen®) and Proteinase K to a final con-
centration of 50–100 μg/ml were added. Samples were
incubated for 2–4 days at 60 °C until tissues were lysed.
Proteinase K (20 mg) was added to the samples every 8 h.
DNA isolation was performed using the standard phenol/
chloroform protocol, followed by precipitation with abso-
lute ethanol, washing with 70 % ethanol and resuspension in
50 μl sterile bidistilled water. DNA quantification and de-
termination of DNA purity were assessed by measuring its
260-nm absorbance and its 260:280-nm absorbance ratio,
respectively, on a UV spectrophotometer. DNA samples
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were stored at −20 °C until polymerase chain reaction
(PCR) amplification.

PCR amplification reactions

Both tumour and normal samples were examined for the
presence of HPV, HSV-1, HSV-2, CMV, EBV, VZV, HHV-
6, HHV-7, HHV-8 and human polyoma viruses BKV and
JCV DNA by PCR using the respective set of primers. The
primer sequences used have been described previously
[19–22] and are listed in Table 2. All samples were
examined with the amplification of a 110-bp region of
the b2-globuline gene, which served as the housekeep-
ing gene in order to assess the presence of amplifiable
DNA in all samples. The first-round PCR products from
the EBV and HHV-6 reactions were used as templates
for nested PCR using an additional set of inner primers
(Table 2). The PCR conditions for human papilloma
viruses, herpes viruses and β2m, as previously de-
scribed [20], are shown in Table 2. Extreme care was
taken during the process of DNA extraction and PCR

amplification to avoid potential contaminations, whilst a
negative control was always included in each reaction.

To ensure that our PCR assay was sensitive enough to
detect relatively low levels of viral DNA, as described
elsewhere [23], a serial dilution assay was employed. Ten
microlitres of PCR, real-time qPCR and restriction fragment
length polymorphism analysis products was electrophoresed
on agarose gels stained with ethidium bromide (agarose
concentration varying from 2 to 3 %, depending on the
PCR product size) and photographed on a UV light
transilluminator.

Real-time quantitative polymerase chain reaction

Real-time quantitative polymerase chain reactions (qPCR)
for the detection of HPV DNA were performed in a final
volume of 20 μl containing 1 μl DNA from tumour and
normal samples, 2× KAPA™ SYBR® FAST qPCR Kit
Master Mix (containing MgCl2 at a final concentration of
2.5 mM and Rox passive reference dye; Kapa Biosystems,
Boston, MA) and 200 nM of each primer (GP5+/GP6+).
After the initial denaturation at 95 °C for 3 min, product
amplification was performed for 40 cycles comprising
denaturation at 95 °C for 3 s, annealing at 45 °C for
20 s and elongation at 72 °C for 10 s, followed by a
melt curve analysis in which the temperature was in-
creased from 60 to 95 °C at a linear rate of 0.2 °C/s.
Fluorescent data were collected both during annealing
and extension, with two measurements at the annealing
step and one measurement at the extension step, and at
all times during the melt curve analysis. Real-time
qPCR experiments were performed on the Mx3000P
real-time qPCR thermocycler using the software
version 4.01 (Stratagene, La Jolla, CA).

The analytical sensitivity and specificity of all the assays
(PCR, nested-PCR, RT qPCR) as well as the linear dynamic
range of detection have been previously described [23].

Statistical analysis

The results were analysed through standard statistical meth-
ods applied in case–control studies. The correlation of each
of the studied characteristics with viral infection was eval-
uated using Pearson’s χ2 analysis or Fisher’s exact test,
where indicated (expected frequencies, <5). Numerical val-
ues were expressed as the mean ± SEM, and the differ-
ences between means were compared by the two-tailed,
unpaired Student’s t test. Probability values (p values)
<0.05 were considered statistically significant. The anal-
yses were performed using SPSS software, version 11.5
(SPSS. Chicago, IL).

Table 1 Clinicopatho-
logical parameters of the
study population

aTo chemicals, paints,
pesticides, petroleum,
ink, etc.

Bladder cancer
(%)

Cases, n 30

Age, mean ± SD
(years)

72.2±10.6

Gender

Male 27 (90.0)

Female 3 (10.0)

Stage

pTa-pT1 18 (60.0)

pT2-pT3 12 (40.0)

Grade (WHO 1973)

II 10 (33.3)

III 20 (66.7)

Tumour type

Papillary 23 (76.7)

Non-papillary 7 (23.3)

Recurrence

Primary 24 (80.0)

Recurrent 6 (20.0)

Smoking habits

Current smokers 18 (60.0)

Former smokers 8 (26.7)

Non-smokers 4 (13.3)

Occupational
exposurea

Yes 19 (63.3)

No 11 (36.7)
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Results

Human papillomavirus DNA was detected neither in
tumour nor in normal samples by PCR using the
GP5+/GP6+ primers. Following PCR analysis as well
as further validation by real-time qPCR analysis
(primer sequences shown in Table 2), all samples were
examined for the presence of HPV DNA; no tumour or
normal sample was found to be positive (Electronic
supplementary material (ESM) Additional File 1). More-
over, all tumour and normal specimens were examined
for the presence of herpes and polyoma virus DNAs by
PCR using the respective set of primers for each virus
(Table 2).

Cytomegalovirus DNA was detected in 22 tumour
samples (73.3 %) and 23 normal samples (76.7 %; Figs. 1
and 2). EBV DNA was detected in 15 (50.0 %) tumour
samples versus 4 (13.3 %) normal samples (p00.0048;
Figs. 1 and 2). HHV-6 was detected in 11 tumour

samples (36.7 %) and 11 normal samples (36.7 %;
Fig. 1). Paired samples were highest for CMV DNA
presence (17 pairs) followed by HHV-6 DNA presence
(three pairs) and EBV DNA presence (one pair), with
statistical significance for CMV versus HHV-6-positive
pairs (p00.0003) as well as for CMV versus EBV-
positive pairs (p<0.0001; Table 3).

HHV-8 DNAwas detected in one tumour sample (3.3 %)
and two normal samples (6.7 %; Fig. 2). Four tumour
samples (13.3 %) were positive for HPyV DNA (Fig. 1).
Seven samples (11.7 %) were negative for all viruses in-
cluded in the study, four of which were tumour samples
(13.3 %) and three of which were normal samples (10.0 %).
No sample pair was found positive for HSV-1, HSV-2, VZV,
HHV-7, HHV-8 and HPyV (ESM Additional File 2). One
sample pair (3.3 %) was negative for all viruses included in
the study. The cumulative results of the PCR analyses for
both tumour and normal samples are demonstrated in
Tables 3 and 4.

Table 2 Primer sequences,
annealing temperatures and PCR
product lengths

Virus Sequence (5′–3′) Annealing Tm (°C) PCR product (bp)

HPV TTGTTACTGTGGTAGATAC 43×10 150
CTTATACTAAATGTCAAATAAAAAG 40×30

HSV-1,2 CAGTACGGCCCCGAGTTCGTGA 64 478

TTGTAGTGGGCGTGGTAGATG

CMV GTCACCAAGGCCACGACGTT 57 167
TCTGCCAGGACATCTTTCTC

EBV Outer primers

AGCACCCCCACATATCTCTTCTT 65 197
CGAGTCATCTACGGGGACACGGA

Inner primers

GGAGAAGGTCTTCTCGGCCTC 69 102
TTCAGAGAGCGAGACCCTGC

VZV TTGTAGTGGGCGTGGTAGATG 60 267
ATGTCCGTACAACATCAACT

HHV-6 Outer primers

GACAATCACATGCCTGGATAATG 58 178
TGTAAGCGTGTGGTAATGGACTAA

Inner primers

GTTAAATTGATAGTACTTACGTG 53 70
ATCAAAATATAAAGAGCACAGCA

HHV-7 GGAAATAGGATCTTTTCAAATTC 59 122
GTTACTTTCAAAAATGTTTGTCCC

HHV-8 Outer primers

ACTACGACAACCCTCAAAATAG 45 319
AGTAGAATATCATCCTGTGCG

Inner primers

TCGCATGGAGGACCTAGTCAATAA 55 116
GGTTGTAGTCATTCTCGTCCAGGG

HPyV AGTGGATGGGCAGCCTATGTA 60 97
TCATATCTGGGTCCCCTGGA

β2-m TCCAACATCAACATCTTGGT 55 102
TCCCCCAAATTCTAAGCAGA

74 Tumor Biol. (2013) 34:71–79

Author's personal copy



The simultaneous presence of two or more viruses was
detected in 29 samples (48.3 %), 17 of which were tumour
samples (56.7 %) and 11 of which were normal samples
(36.7 %). The DNAs of two, three or four viruses were
detected in 20 (33.3 %), 7 (11.7 %) and 4 (3.3 %) samples,
respectively. CMV and HHV-6 co-infection was most pre-
dominant in this study (detected in two tumour and seven
normal samples), followed by CMV and EBV co-infection
(five tumour and two normal samples; Table 3).

Discussion

The incidence of bladder cancer has highly increased during
the last decades, whilst the possible role of the viruses has
already been examined with some positive results. Bladder
cancer incidence rates in Greece have not been officially
submitted to the WHO database. The present study contains
only 10 % females, which is in accordance with the only
study to date, representing the local frequencies for the

Fig. 1 Detection of CMV,
EBV, HHV-6 and polyoma vi-
rus DNA using PCR. Samples
1, 3, 5, 7, 9 (tumour) and 2, 4, 6,
8, 10 (healthy specimens)

Fig. 2 Graphical representation
of CMV and EBV DNA
presence in bladder tissue and
healthy specimens
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disease [24]. To the best of our knowledge, there is no
referred examination combining the herpes virus, HPV and
HPyV virus families in bladder cancer with the use of PCR.

Our study was designed to investigate the potential role
of DNAviruses HHVand HPyV in urinary bladder cancer. It
is of interest that nearly 50 % of the samples were infected
by more than one virus. EBV is a human DNA virus already
linked to a range of human tumours, whilst CMVand HSV-
2 have been demonstrated to display an oncogenic potential
in vitro and have been proposed as cofactors for the devel-
opment of cervical cancer [25]. There are no reports
concerning the prevalence of HHV and HPyV genomes in
bladder neoplasms. In the present study, CMV DNA was
detected in the majority of tumour and normal samples,
without any positive correlation of infection and carcino-
genesis, as was the case for HHV-6 DNA presence. It is very
likely that CMVand HHV-6 infections do not play a critical
role in the development and progression of urinary bladder
cancer. Notably, CMV infection of both the tumour and
healthy sites of the urinary bladder showed a higher preva-
lence than HHV-6 paired positivity, suggesting a tropism of
CMV for the urothelium that has not yet been reported.
Meanwhile, EBV DNA presence was abundant in tumour
samples compared to normal tissue, with statistical signifi-
cance (p00.0048). This finding could promote the hypoth-
esis that EBV, already an etiopathological factor in human
cancer, may be involved in the initial cancerous stimuli or in
the progression of tumourigenesis in bladder cancer. It has
already been suggested that EBV DNA presence in urothe-
lial carcinoma positively correlates with poor differentiation
status in a study that provided similar EBV DNA presence
to ours [26].

A small yet notable percentage of samples examined
(10 %) contained CMV and HHV-6 (6.7 %) and CMV and
EBV (3.3 %) sequences, raising the possibility of a syner-
gism between these viruses in urinary bladder carcinogene-
sis. Such synergism has already been suggested in other
human tumours, as in epithelial malignancies of the anogen-
ital tract. In particular, CMVand a HSV-2 have already been
implicated in the etiology of human cancer mainly in

cervical carcinoma, where their presence was found together
with high-risk HPV sequences by different groups [27].

The remaining human herpes virus (HSV-1, HSV-2,
VZV, HHV-7, HHV-8) DNA presence or absence analysis
did not reveal evidence regarding their involvement in hu-
man bladder carcinogenesis, although co-infection with oth-
er DNA viruses may facilitate genetic alterations that
promote malignant phenotypes.

BKV and JCV infection accounted for four tumour sam-
ples in this study, suggesting the possible implication of
these HPyV in bladder tumourigenesis. However, recent
research [28] shows that HPyV infection prevalence in
TCC is similar to controls, whilst another study disproved
the causality of BKV DNA presence in most TCC of the
bladder [29]. HPyV involvement in TCC may be elucidated
by gender and smoking criteria. In our study, all positive
BKV and JCV samples came from males, and the majority
(75 %) had a positive smoking history. Moreover, the
viruses’ detection in only tumour-derived samples only
suggests that bladder cancer cells are susceptible to polyoma
infections compared to healthy cells of the bladder [30],
whilst the role of polyoma viruses in bladder cancer remains
to be elucidated.

The present study did not detect a correlation between the
presence of HPV DNA and bladder cancer using PCR and
also the sensitive technique real-time qPCR, with the same
general primers for HPV (GP5+/GP6+). It is the first time
that real-time qPCR is used for detecting HPV DNA in
patients with bladder cancer. Previous studies of normal and
neoplastic tissues of the bladder for the presence of HPVDNA
using paraffin-embedded specimens and in vitro gene ampli-
fication by PCR showed that the urinary bladder in both
genders is another site where infection with the common
genital tract HPVmay carry a risk ofmalignant transformation
[31]. A similar study [32] analyzing patients with TCC using
PCR and probes for 6, 11, 16, 18 and 31 HPV DNA detected
HPV DNA in all tumours. Despite these findings, a previous
study using PCR techniques showed that human papilloma-
virus infection is rare in TCC of the bladder [33], whilst
another study using in situ hybridization indicated that high-

Table 3 Cumulative results of
the detection of human papillo-
ma, herpes and polyoma viruses
in tumour and normal bladder
specimens

Virus Tumour samples (%) Normal samples (%) Paired samples (%) Total virus presence (%)

HPV 0/30 (0.0) 0/30 (0.0) 0/30 (0.0) 0/60 (0.0)

CMV 22/30 (73.3) 23/30 (76.7) 17/30 (56.7) 45/60 (75)

EBV 15/30 (50.0) 4/30 (13.3) 1/30 (3.3) 19/60 (31.7)

HSV 0/30 (0.0) 0/30 (0.0) 0/30 (0.0) 0/60 (0.0)

VZV 0/30 (0.0) 0/30 (0.0) 0/30 (0.0) 0/60 (0.0)

HHV-6 11/30 (36.7) 11/30 (36.7) 3/30 (10.0) 22/60 (36.7)

HHV-7 0/30 (0.0) 0/30 (0.0) 0/30 (0.0) 0/60 (0.0)

HHV-8 1/30 (3.3) 2/30 (6.7) 0/30 (0.0) 3/60 (5.0)

HPyV 4/30 (13.3) 0/30 (0.0) 0/30 (0.0) 4/60 (6.7)
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Table 4 Results of the detection of human papilloma, herpes and polyoma viruses in tumour and normal bladder specimens

Patient no. HPV PCR HPV qPCR CMV EBV VZV HSV-1,2 HHV-6 HHV-7 HHV-8 BKV, JCV

1 tumour − − + + − − − − − −

1 control − − + + − − − − − −

2 tumour − − + + − − + − − −

2 control − − + − − − − − − −

3 tumour − − + + − − + − − −

3 control − − + − − − − − − −

4 tumour − − + + − − − − − +

4 control − − − − − − − − − −

5 tumour − − + + − − − − − −

5 control − − − − − − − − − −

6 tumour − − − − − − − − + −

6 control − − − − − − − − − −

7 tumour − − + + − − − − − −

7 control − − + − − − − − − −

8 tumour − − − − − − − − − −

8 control − − + − − − − − − −

9 tumour − − − − − − + − − −

9 control − − + − − − − − − −

10 tumour − − + − − − + − − +

10 control − − + − − − + − − −

11 tumour − − − − − − − − − −

11 control − − + − − − + − − −

12 tumour − − − + − − + − − −

12 control − − − − − − + − − −

13 tumour − − + − − − − − − −

13 control − − + − − − + − − −

14 tumour − − − − − − − − − −

14 control − − + + − − − − − −

15 tumour − − − + − − − − − −

15 control − − + − − − + − − −

16 tumour − − + − − − − − − −

16 control − − + + − − + − − −

17 tumour − − − + − − − − − −

17 control − − + − − − − − − −

18 tumour − − + − − − − − − −

18 control − − + − − − + − − −

19 tumour − − + + − − + − − −

19 control − − + − − − − − + −

20 tumour − − + + − − − − − −

20 control − − + − − − + − − −

21 tumour − − + − − − − − − −

21 control − − + − − − − − − −

22 tumour − − + − − − − − − −

22 control − − + − − − − − − −

23 tumour − − + − − − + − − −

23 control − − + − − − − − − −

24 tumour − − + − − − − − − −

24 control − − + − − − − − − −

25 tumour − − + − − − − − − +
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risk HPV is likely to be a causative agent of some low-grade
bladder carcinomas that develop in younger patients [34]. A
recent meta-analysis suggests that infection of high-risk HPV
types, especially HPV-16, may play a role in bladder carcino-
genesis, whilst the authors suggest a moderate geographic
variation in HPV prevalence [35]. In this meta-analysis, no
Greek study was used, which could answer for the fact that our
study deviates from this suggestion, taking into account the
different genetic backgrounds, environmental risk factors, and
other ethnic and cultural differences. A very recent study in
urinary bladder in squamous cell carcinoma, supporting our
results, suggests that HPV does not play a role in the devel-
opment of SCC of the urinary bladder or urothelial carcinoma
with squamous differentiation [36]. Moreover, in a series of
Tunisian patients, an association between HPV and bladder
cancer was proven by the detection of HPV DNA in patients
with anogenital cancer, but not in patients with bladder cancer
[37]. These results are in accordance with the results of the
present study. Interestingly, an Egyptian study [38] showed a
significant association of HPV-16, HPV-18, and HPV-52 with
bladder cancer, suggesting the hypothesis of a viral synergistic
action in bladder carcinogenesis. In addition, such HPV types
were associated with TCC tumours of grade 2 stage III, with
schistosomal infection and recurrence tendency [38]. It is of
note that HPV DNA presence in bladder washes has been
positively related to the severity of the clinical outcomes of
bladder cancer [39]; however, this pilot study’s suggestion
does not take in to account the incorporation of the HPV
genome, which was the aim of our study. Thus, the authors
feel that any comparison between the two would lack value.

A possible correlation between infection with HPV and
the development of TCC of the bladder is therefore not
unreasonable; that HPV infection of the bladder occurs is
certainly true, as condylomata, which are characteristic of
HPV infection, have been reported in the bladder. There
may be a geographical variation in the incidence of HPV
infection of the urinary tract, although evidence for this is

lacking. A hypothetical protective factor could be the Med-
iterranean diet, which is rich in antioxidative nutrients (a
diet followed by Greek individuals), in contrast with the
Egyptian diet deriving from a Middle Eastern cultural back-
ground. This must be proven in the future with other clinical
studies.

Conclusion

The absence of HPV DNA in all bladder samples provides
evidence that HPV may not be associated with bladder
cancer pathogenesis in the Greek population. CMV and
HHV-6 showed a similar incidence in both bladder cancer
and bladder healthy urothelium, which suggests a tissue-
specific sensitivity for these viruses. The presence of EBV
in a significant proportion of bladder tumours indicates an
etiological role of this virus in cancer tumourigenesis.

Competing interests The authors declare they have no competing
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