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Abstract. Background: Several types of human papilloma virus
(HPV) have been associated with increased risk for epithelial
malignancies. In light of a recently available vaccine that
protects against persistent infection by certain HPV types (6, 11,
16, 18) and resulting neoplasias, the prevalence of HPV types
was investigated in a cohort of people with a suspected viral
infection. Patients and Methods: The studied material consisted
of genital or oral scrapings obtained from 263 consecutively
referred Greeks (aged 18-64 years) with a clinical indication of
HPV infection. DNA samples isolated from scrapings were tested
by PCR, using consensus primers for at least 50 HPV types. In
cases of detected viral DNA sequence, HPV typing was
performed by restriction analysis using 4 enzymes and confirmed
by DNA sequencing. Results: 215/263 (81.7% ) of the samples
were HPV-positive. HPV types associated with high risk for
neoplasias were detected in 91/215 (42.3% ), intermediate risk
types in 64/215 (29.8% ) and low-risk types in 60/215 (27.9% )
of the positive samples. A total of 85/215 (39.5% ) were positive
for one of the vaccine-related types. Furthermore, types 16 and
18 comprised about the same proportion of the high-risk types
detected in this study (35/91, 38.5% ). Conclusion: The observed
high prevalence rate of high-risk types underlines the importance
of testing individuals with an indication of a possible HPV
infection. In addition, there is a need for prevention strategies,
such as the annual Pap smear screening of women, as well as
wider use of HPV molecular screening and vaccines targeted at
common HPV types.
Accumulating epidemiological evidence supports a strong
association between human papillomavirus (HPV) and
neoplastic lesions in epithelial tissue of the genital tract, anus
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and the oral region (1-3). Furthermore, HPV infection is
more prevalent and more persistent in women than men (3).
Specific types of the virus have been considered as the most
significant etiological factor in cervical cancer, which is the
second most common cause of cancer-related death in
women worldwide and the first in developing countries (13). Clinical indications for HPV testing include the presence
of condylomata acuminata and pre-cancerous lesions
referred as squamous intraepithelial lesions (SIL) in the
genital tract and oral region (2, 4, 5). HPV types which are
associated with anogenital cancer have also been detected in
oral and oropharyngeal squamous cell carcinoma (OSCC),
suggesting a possible sexual transmission of HPV based on
epidemiological and molecular means (5, 6).
There are over 70 different HPV types, classified into three
categories according to their transforming properties and risk
for cancer induction. High-risk types, such as HPV 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 66, have been
frequently detected in cervical cancer, while HPV types 16,
18 and 31 have also been detected in oral squamous cell
carcinomas (1-5, 7, 8). Low-risk types HPV 6, 11, 34, 40, 42,
43 and 44 have been usually related to benign lesions, such as
condyloma acuminata, while the intermediate risk types HPV
32, 49, 53, 54, 55, 57 61, 64, 67 and 69 have frequently been
detected in low- and high-grade SIL (2, 4, 7, 8).
The high frequency of HPV presence in dysplastic or
neoplastic lesions and its oncogenic potential necessitates
detection and typing of the virus, which have important
prognostic and therapeutic implications. HPV typing
provides clinicians with valuable information in the decisionmaking process for the best available treatment, which
ranges from chemotherapy (using imiquimod 5% as an
effective treatment in reducing the viral load), to
cryotherapy, laser therapy, electrosurgery and surgery for
removal of larger lesions which have not responded to other
methods of treatment (9, 10).
Until recently, the best strategy for prevention of HPVrelated neoplasias included viral DNA testing and typing
in individuals with a clinical indication of HPV infection.
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The development of vaccines targeted at rather common
HPV types is a relatively new prophylactic measure that
promises better prevention by immunization of young girls
and boys before the onset of sexual activity (11).
Nevertheless, the currently available vaccines protect
against persistent infection by a few HPV types only (6,
11, 16 and 18).
Epidemiological studies regarding the distribution of HPV
types in various populations are imperative in order to
estimate the protective efficiency of these vaccines in any
given population. Interestingly, although there are dozens of
reports regarding the prevalence of HPV types in patients
with cancer, very few studies so far have assessed their
prevalence in the general population or in individuals at risk.
In light of the need to collect data on populations at risk, we
report here the findings of a viral detection and typing
investigation in a cohort of 263 Greeks with a clinical
indication of HPV infection.

Patients and Methods

Study group. In this study, 263 Greeks of upper and middle
socioeconomic status, who resided in the metropolitan area of
Athens, participated after informed consent. They included 250
women aged 18-64 years (median age 32 years) and 13 men aged
27-60 years (median age 43 years). The women were referred
because of abnormal Pap test with or without clinical lesions
(N=183, 73.2% ), clinically observed lesions in the vagina only
(N=56, 22.4% ), or clinically observed lesions in the oral cavity
(N=11, 4.4% ). The men had lesions in the oral cavity (N=7,
53.8% ) and condylomata on the penis (N=6, 46.2% ). Collection of
genital and oral specimens was performed by experienced
specialists: a gynecologist and an oromaxillofacial surgeon.

Molecular analysis. Total DNA was extracted from genital or oral
scrapings using the NucleoSpin™ Tissue DNA isolation kit
(Macherey-Nagel, Germany), following the protocol supplied by the
manufacturer. Isolated DNA samples were used for a polymerase
chain reaction (PCR), using the consensus primers MY09/MY11
located at the L1 open reading frame of several HPV types, as
described elsewhere (12). A positive control (HPV type 16 DNA)
and a negative control (blank sample) were used in each DNA
amplification attempt and the PCR products were visualized in an
agarose gel containing ethidium bromide. In case of amplified HPV
DNA fragment, viral typing was performed by restriction fragment
length polymorphism (RFLP) analysis, after digesting the
amplification products, separately, with the restriction enzymes
DdeI, HaeIII, HinfI and RsaI, according to the manufacturer’s
instructions (Takara, Bio Inc. Kyoto, Japan). The digested products
were analyzed by 4% Metaphor agarose gel electrophoresis and the
HPV types were determined according to previously published
restriction patterns (13). The accuracy of HPV typing was also
examined by DNA sequencing of several samples using the same
primers. All nucleotide sequences were sought in GenBank and each
one was considered a match if it was found to have more than 85%
nucleotide similarity to a known HPV type sequence, as previously
suggested (14).
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Figure 1. Electrophoretic patterns of HPV type 59 (left) and 6 (right).
A 100 bp ladder was used as molecular weight marker.

Results

The molecular investigation of DNA samples from 263
individuals revealed that 215 of these were positive for the
presence of HPV (81.7% ) and 48 were negative (18.3% ).
The use of three restriction enzymes (DdeI, HaeIII, HinfI)
was sufficient for typing of one third of the HPV-positive
samples (69/215, 32.1% ), while for the remaining samples,
additional digestion with RsaI was necessary (Figure 1).
DNA sequencing confirmed the HPV typing with a sequence
similarity of 93-98% (Figure 2). High-risk types were
detected in 42.3% of the HPV-positive individuals (91/215),
while intermediate and low-risk types were found in 29.8%
and 27.9% , respectively (Table I).
Among the high-risk types, the most frequent were HPV
16, 31 and 33 (14.4% , 6.1% , 5.6% respectively, Table I).
The most frequent intermediate-risk types included HPV 53
and 64 (12.6% and 4.7% respectively), while the most
common low-risk types were 6 and 11 (16.8% and 6.5%
respectively, Table Ι).
In the 197 genital region lesions that were positive for HPV,
the most frequently observed types included the high-risk 16, 31
and 33 (11.7% , 5.6% , and 5.6% of the genital samples,
respectively), the intermediate-risk 53 and 64 (12.7% and 5.1% ,
respectively), as well as the low-risk types 6 and 11 (18.3% and
7.1% , respectively). On the other hand, all 18 examined oral
cases were HPV-positive and the detected viral types included
high-risk types 16 (N=8, 44.4% ), 18 (N=5, 27.8% ), 31 (N=2,
11.1% ) and intermediate-risk type 53 (N=2, 11.1% ).
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Interestingly, 85/215 (39.5% ) samples were positive for
one of the vaccine-related types 6, 11, 16 and 18.
Furthermore, 16 and 18 comprised about the same proportion
of the high-risk types that were detected in this study (35/91,
38.5% ).

Discussion

The rate of HPV detection and type distribution in samples
of individuals of Greek origin, referred because of a possible
HPV infection, were analyzed in this study. The impressively
high percentage of HPV-positive samples (81.7% ) was
probably due to the fact that the samples were selected and
sent for molecular investigation by experienced specialists
due to clinical or cytological signs of epithelial dysplasia,
which is often an HPV-related lesion. Additionally, the
collection of samples was performed by the same clinicians
in order to standardize the procedure and reach the highest
concordance of findings with possible viral infection.
High-risk types were detected in about 40% of the
positive samples followed by about 30% of intermediateand 30% low-risk types. Most frequent HPV types were
high-risk 16, 31 and 33, intermediate-risk 53 and 64, while
the most common among low-risk types were 6 and 11. The
five most frequent types observed in genital lesions included
6, 53, 16, 11 and 31. These findings, concerning a group of
upper and middle class individuals with a spectrum of
indications for a possible HPV infection, somewhat differ in
prevalence of some types in comparison to earlier reports of
Greek patients with highly aggressive and rapidly
progressive cancer. According to those studies, HPV 16 was
the predominate type (36% ) followed by HPV 18 (12% ),
HPV 33 (6% ), 31 (6% ) and 51 (4% ) (15-17). Finally,
mixed HPV infections were previously reported to be at a
very low frequency in high-grade SIL and carcinomas; in
accordance with this, the present study revealed only single
infections (16).
Studies in other populations, using molecular
methodology that allows detection of a broad spectrum of
HPV genotypes, report a variation in the relative prevalence
rates of HPV types, depending on geographic regions.
Specifically, in Germany and Sweden, HPV 16 and 31 seem
to be the dominant types, followed by types 6, 58, 61, 53, 42
and 51 at lower frequencies (5, 18). The study in Germany
suggests a complex distribution of HPV types as well as the
detection of uncommon types 34, 53, 66, 73, 82, and 83 in
significant rates (18). In Italy, correspondingly, HPV types
16 and 18 predominate and the frequency rate increases with
the severity of genital lesions (19). In the United States,
high-risk type 16 was found in 47% of high-grade SIL and
cancer, while types 18, 45, 56 were found at high rates in
invasive carcinomas (9). On the other hand, HPV 31, 33, 35
and 51 were found mostly in high-grade SIL but with lower

frequency in cancer (9). In Japan, HPV types 16, 31, 33, 39
51, 52 and 56 were most frequently detected in high-grade
SIL in contrast to types 18, 30, 43 and 54 which were
identified in low-grade SIL (18).
Compared to the aforementioned studies, our findings differ
on the low prevalence rate of HPV 18. This could be attributed
to the fact that our specimens were obtained from middle and
upper socioeconomic population group, mainly with abnormal
Pap tests or low-grade genital abnormalities, compared to the
individuals of the studies mentioned above, who had serious
clinicopathological findings such as high-grade SIL and
invasive cancer (5, 8, 9, 15, 16). In addition, most of the above
studies tested for fewer HPV types within the high- and lowrisk groups, while the methodology used in the present study
is capable of identifing a broader spectrum of HPV types. In
accordance with this notion, a German study of 2,916
cytological samples screened for many HPV types reported
that the most frequent high-risk types were 16 and 31, which
our findings are in agreement with (16).
This study revealed the prevalence of viral types
associated with high risk for cancer in almost half of the
cases referred because of a possible HPV infection.
Therefore, in order to reduce the burden of genital or oral
cancer, prevention strategies are needed which should be
targeted to both women and men. Women should be
encouraged to undergo annual Pap smear screening, and to
control cofactors such as cigarette smoking or other viral
infections like herpes virus simplex 2 (20, 21). Men should
be encouraged to use condoms (22, 23). Furthermore,
specialists should make better use of available molecular
technology for HPV detection and typing because their
cancer predictive value is important for accurate decisionmaking in treating epithelial lesions. Finally, the availability
and wide use of HPV vaccines targeted at common HPV
genotypes, based on knowledge of the epidemiological
distribution of viral types in different populations, may prove
to be highly effective (11, 24). This hopeful notion is
underlined by the present study in a Greek population in
which the high-risk viral types associated with the currently
available vaccine were detected in about 40% of the total
samples with HPV high risk-types.
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