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1. Introduction
Infections caused by certain viruses have a role in the 
pathogenesis of some cancers in humans (1). Cervical 
cancer is among the most important causes of cancer-
related death among women worldwide; 500,000 cases 
occur annually with a mortality rate of 50%. A strong 
causal relationship has been established between infection 
with human papillomavirus (HPV) and cervical cancer, 
with an estimated 99.7% prevalence of HPV in patients 
with cervical cancer (2,3). The prevalence of HPV 
infection is 2%–44% worldwide, and there are differences 
in prevalence between different societies (4). Generally, 
HPV infection prevalence is high among young women 
and becomes lower with age (5). Approximately 15 
oncogenic HPV genotypes are generally accepted to be the 
cause of all cervical cancer (6). Cytological examination 
results also have great importance in HPV infections. In 
a multicenter study in Turkey involving 33 collaborating 
healthcare centers, cervical epithelial abnormalities were 
detected in 1.8% of samples, and the prevalence rates of 
atypical squamous cells of undetermined significance, 

atypical squamous cells of high significance, low-
grade squamous intraepithelial lesions, and high-grade 
squamous intraepithelial lesions were 1.07%, 0.07%, 
0.3%, and 0.17%, respectively (5). These rates are lower 
than those reported in Europe and North America, which 
may be due to sociocultural differences and the lack of a 
national screening program in Turkey (5). Although the 
conventional Papanicolaou (Pap) test complements HPV 
DNA testing, some data suggest that a single baseline HPV 
DNA test is more sensitive than a single conventional Pap 
test (7–10). HPV are typed according to their L1 capsid 
gene sequence differences (11). More than 150 HPV types 
known to occur have been categorized (12). Most of the 
HPV infections (80%) are temporary and are generally 
cleared by the immune system, without any clinical signs, 
within 6–12 months (5). Persistence of a high-risk infection 
is a risk factor for the development of cervical cancer (13). 
The intermediate types generally infect the skin or genital 
region (11,14). Benign condylomata are not precursors of 
malignant carcinomas (15). The high-risk group includes 
types 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 68, 73, 
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and 82; the intermediate group includes types 26 and 66; 
and the low-risk group includes types 6, 11, 40, 42, 43, 44, 
54, 61, 70, 72, 81, and 83 (11,14). 

Because HPV genotype information is useful clinically 
for follow-up and prognosis, the detection of oncogenic 
HPV genotypes is generally proposed (16). Because HPV 
16 causes approximately 50%–60% of all cervical cancers 
and HPV 18 causes 15%–20%, they should be determined 
in women infected with oncogenic HPV to identify those 
at greater risk of developing cervical cancer (6,17–22). The 
prevalence of HPV infection and high-risk HPV types 
varies among different populations. The HPV test is not 
used for cervical cancer screening in Turkey, and there is 
limited information about HPV prevalence and the preva-
lence of HPV genotypes. Few data are available regarding 
HPV prevalence in Turkey, which is 2%–6% in the female 
population (23–26). The frequency of HPV DNA positiv-
ity according to age group was striking; those between 17 
and 30 years showed a prevalence of 38%, and this rate 
lowered to 5.1% in the over-55-year-old female population 
in Turkey (27).

The aim of this study was to evaluate the prevalence 
of HPV infection in women between 15 and 68 years of 
age in categorized age groups in Turkey to determine the 
prevalence of particular HPV genotypes and to examine 
whether there was a correlation between molecular and 
cytological results. 

2. Materials and methods
2.1. Study design
In this study cervical samples were collected according 
to liquid-based cytology technology. In this method, the 
cervical cells are immersed in a conserving liquid before 
being fixed on the slide, which prevents desiccation and 
reduces the quantity of obscuring material (28). A total 
of 35,685 liquid-based samples collected from women 
attending the gynecological outpatient clinics of 6 hospitals 
for regular gynecological monitoring between 2007 
and 2010 were analyzed. The samples collected between 
2007 and 2010 from 1014 patients who were positive 
cytologically and who had a family history of cervical 
cancer were included in this retrospective analysis. The 
women were between 15 and 68 years of age. A nested 
multiplex PCR assay using GP5/GP6 primers was used. 
No personal information of the patients was included in 
the study; therefore, informed consent was not needed. 
Our university’s ethics committee approved this study (no. 
2010/84; 22.07.2010). 
2.2. Sample preparation
The samples were prepared using liquid-based cytology 
techniques (ThinPrep; Cytyc Corporation, Boxborough, 
MA, USA) and the Liqui-PREPT system (LGM 
International Inc., Melbourne, FL, USA), and the slides 

were stained with Pap. The Bethesda System (TBS) 2001 
was used for cytological classification (29). The following 
terminology was used in this study: “cytologically 
negative” was used in place of “negative for intraepithelial 
lesion or malignancy”. “Cytologically positive” was used 
for “squamous cell abnormalities”, including “atypical 
squamous cells of undetermined significance”, atypical 
squamous cells, cannot exclude “high-grade squamous 
intraepithelial lesion”; “low-grade squamous intraepithelial 
lesion”; and “high-grade squamous intraepithelial lesion”. 
After the preparation of standard slides, residual samples 
were placed in tubes with 0.9% saline, stored at –20 °C, and 
delivered to the molecular microbiology laboratory. 
2.3. HPV DNA detection and genotyping
Detection and genotyping of HPV was performed using 
PCR and DNA sequence analysis with a sequence analyzer, 
which is a fluorescence-based capillary electrophoresis 
system. 
2.3.1. DNA preparation
Liquid-based cervical samples (5 mL) were collected in 
Falcon tubes. They were centrifuged at 4500 rpm for 5 
min. The 200-µL pellet was added to a 1.5-mL tube and 
extracted by QIAamp DNA Mini Kit (QIAGEN, Hilden, 
Germany) according to the manufacturer’s instructions. 
2.3.2. PCR procedures
PCR cycles were performed in a final volume of 50 μL. 
Each PCR mixture contained 50 mM KCl, 10 mM Tris-
HCl (pH 8.5), 6 mM MgCl2, a 200 μM concentration of 
each dNTP, 5 U (instead of 7–10 U) of AmpliTaq Gold 
DNA polymerase (PE Applied Biosystems, Weiterstadt, 
Germany), 50 pmol of primers MY09 and MY11, 5 pmol of 
primer HMBB01, and 5 pmol of primers PC04 and GH20 
for the simultaneous amplification of a 248-bp product of 
the human β-globin housekeeping gene. Amplifications 
were performed with AmpliTaq Gold activation. PCR 
cycles with primers GP5+ and GP6+ were performed 
as described in the original publication with 2 minor 
modifications, which are indicated parenthetically below 
(10). To increase the sensitivity of HPV detection, nested 
PCR cycles were performed using MY09-MY11 as outer 
and GP5+-GP6+ as inner primers. Two microliters of the 
MY09-MY11 PCR product was used as a template for the 
nested PCR amplification with GP5+-GP6+ primers. Two 
microliters of the PCR product served as a template for 
the nested PCR cycles. Ten microliters of the amplification 
products were analyzed by electrophoresis on 2% agarose 
gels and SYBR green nucleic acid gel stain. 
2.3.3. Sequencing of PCR products
PCR products were sequenced by the MegaBACE 750 
(Leipzig, Germany) using 5 pmol of either forward or back 
primers.

The primers used in this study are listed in Table 1 (30).
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3. Results 
Of 1014 examined samples, cytological diagnosis was 
negative in 459 (45.3%), atypical squamous cells of unde-
termined significance were found in 369 (36.4%), atypical 
squamous cells of high significance in 3 (0.3%), low-grade 
squamous intraepithelial lesions in 170 (16.8%), and high-
grade squamous intraepithelial lesions in 13 (1.3%). A to-
tal of 706/1014 (69.6%) samples were HPV DNA-positive 
and were typed by DNA sequencing. The prevalence and 
distribution of HPV types according to cytological diag-
nostic categories are given in Table 2.	

The most common types of HPV detected were 16, 6, 
18, 31, 66, 56, 53, 81, 45, and 62 with prevalences of 14.2%, 
8.8%, 5.5%, 4.5%, 3.8%, 3.3%, 2.6%, 2.3%, 2.2%, and 2.1%, 
respectively.

High-risk HPV types were detected in 484 (47.7%) 
samples, and the 5 most common ones were HPV 16 
(14%), 18 (5.5%), 31 (4.5%), 56 (3.3%), and 53 (2.6%). 

A total of 181 samples contained low-risk HPV types; 
the 5 most common ones were HPV 6 (8.8%), 81 (2.3%), 
11 (1.7%), 90 (1.0%), and 83 (0.9%). Finally, 38 samples 
were classified into the intermediate risk group, and there 
was only 1 type detected in this group, type 66 (3.8%). 

HPV DNA was detected in 63.0% of cytologically 
negative and 75.1% of cytologically positive samples. 

 To demonstrate the discrepancy between cytologically 
negative and positive groups, the McNemar paired 
proportion test was used. The difference between the 
459 cytologically negative and 555 cytologically positive 
samples was 17.6% (95% confidence interval, 13.7%–
21.2%), and it was statistically significant (P < 0.0001). 
HPV DNA type analysis according to cytologic diagnostic 
category is given in Table 3. 

The prevalence of high-risk HPV types according to 
age was also examined in this study. Of the 484 detected 
HPV cases of any type, 57% were in women aged 25–34 
years and 31% were in women 35–44 years old. 

The types of high-risk HPV found in the 25–34 age 
group was, in order of prevalence, types 16, 18, 31, 56, 53, 

45, 58, 62, 59, 67, 51, 35, 73, 39, 33, 68, 82, 52, and 86. 
The types of high-risk HPV in the 35–44 age group was, in 
order of prevalence, types 16, 18, 31, 56, 51, 53, 59, 62, 52, 
45, 58, 67, 73, 39, 33, 35, and 68. The prevalence of high-
risk types according to age is shown in Table 4. 

4. Discussion
While HPV screening is not routinely practiced in 
Turkey, the findings of this study do not reflect HPV 
screening results in Turkey, but rather show the results 
of a selected risk group (patients with positive cytology, 
family history, and physician order) that underwent HPV 
testing. In this study 2 methods were used in combination: 
cytological examination and HPV DNA detection by PCR, 
followed by DNA sequence analysis. The main cytological 
classification was performed according to TBS 2001. In 
total, 1014 samples were examined, of which 170 (16.8%) 
were both cytologically and HPV DNA PCR-negative. Of 
459 cytologically negative and 555 cytologically positive 
samples, 289 (63.0%) and 417 (75.1%) were HPV DNA-
positive, respectively. HPV positivity was most common in 
the high-risk group (47.7%), followed by the low (17.9%), 
and intermediate (3.8%) risk groups, according to HPV 
type classification. Of the 1014 samples evaluated in this 
study, 484 were infected with HPV. The 3 most common 
HPV types detected were types 16 and 18 (high risk group) 
and type 6 (low risk group). 

The most prevalent high-risk HPV types were 16 
(14.2%), 18 (5.5%), 31 (4.5%), 56 (3.3%), 53 (2.6%), 45 
(2.2%), 62 (2.1%), 58 (2.0%), 59 (1.8%), 67 (1.6%), 51 
(1.6%), 35 (1.2%), 73 (1.2%), 52 (1.1%), 33 (0.9%), 39 
(0.9%), 68 (0.7%), 82 (0.4%), and 86 (0.2%). 

In another study in Turkey in which the presence of 
HPV-DNA was analyzed, 356 cervical smear samples were 
examined by 2 different methods, MY09/11 consensus 
real-time polymerase chain reaction (RT-PCR) and type-
specific RT-PCR. Frequencies of detection of high-risk 
HPV types in the HPV-positive samples were as follows: 
HPV-16, 32 (33.7%); HPV-52, 12 (12.6%); HPV-58, 11 

Table 1. Primers used in the study.

Type Primers 

Outer primers MY09 and MY11 primer cocktail is used [28]

Inner and sequence primers 
GP5+        5ʹ-TTT GTT ACT GTG GTA GAT ACT AC-3ʹ

GP6+        5ʹ-GAA AAA TAA ACT GTA AAT CAT ATT C-3ʹ

Human β-globin housekeeping gene (248-bp)
HMBB01  5ʹ-GCG ACC CAA TGC AAA TTG GT-3ʹ
PC04         5ʹ-GAA GAG CCA AGG ACA GGT AC-3ʹ
GH20        5ʹ-CAA CTT CAT CCA CGT TCA CC-3ʹ 
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Table 2. The prevalence and distribution of HPV according to risk group in different cytological diagnostic categories.

  Cytologically
negative ASC-US ASC-H LSIL HSIL Total

HPV type (high-risk)            
Type 16 47 48 1 41 7 144 (14.2%)
Type 31 16 20  - 10  - 46 (4.5%)
Type 18 28 17  - 10 1 56 (5.5%)
Type 56 16 7  - 10  - 33 (3.3%)
Type 51 1 5  - 10  - 16 (1.6%)
Type 53 6 12  - 8  - 26 (2.6%)
Type 52 4 3  - 3 1 11 (1.1%)
Type 45 7 11  - 4  - 22 (2.2%)
Type 62 9 7  - 5  - 21 (2.1%)
Type 58 6 8  - 5 1 20 (2.0%)
Type 59 9 5  - 4  - 18 (1.8%)
Type 67 6 6  - 4  - 16 (1.6%)
Type 35 5 6  - 1  - 12 (1.2%)
Type 73 7 3  - 1 1 12 (1.2%)
Type 33 2 4  - 3  - 9 (0.9%)
Type 39 3 4  - 2  - 9 (0.9%)
Type 68 5 2  -  -  - 7 (0.7%)
Type 82 1 2  -  - 1 4 (0.4%)
Type 86 1 1  -  -  - 2 (0.2%)
Total sum of HPV type (high-risk) 179 (17.7%) 171 (16.9%) 1 (0.1%) 121 (11.9%) 12 (1.2%) 484 (47.7%)
Total sum of HPV type
(intermediate-risk): type 66 13 (1.3%) 9 (0.9%)  - 16 (1.6%)  - 38 (3.8%)

HPV type (low-risk)            
Type 6 48 27  - 13  - 88 (8.8%)
Type 81 12 8  - 3  - 23 (2.3%)
Type 11 10 4  - 2 1 17 (1.7%)
Type 90 5 3  - 2  - 10 (1.0%)
Type 83 3 5  - 1  - 9 (0.9%)
Type 84 2 5  - 1  - 8 (0.8%)
Type 54 5 3  -  -  - 8 (0.8%)
Type 61 3 2  -  -  - 5 (0.5%)
Type 43 3    - 1  - 4 (0.4%)
Type 87 2    - 1  - 3 (0.3%)
Type 55 1 1  -  -  - 2 (0.2%)
Type 74 2    -  -  - 2 (0.2%)
Type 91   1  -  -  - 1 (0.1%)
Type 40 1  -  -  -  - 1 (0.1%)
Total sum of HPV type (low-risk) 97 (9.6%) 59 (5.8%) 0 24 (2.4%) 1 (0.1%) 181 (17.9%)

HPV-positive (undetermined-type)  - 3 (0.3%)  -  -  - 3 (0.3%)

Total sum of HPV-positive patients 289 (28.5%) 242 (23.9%) 1 (0.1%) 161 (15.9%) 13 (1.3%) 706 (69.6%)

Total sum of HPV-negative patients 170 (16.8%) 127 (12.5%) 2 (0.2%) 9 (0.9%) 0 308 (30.4%)

Total 459 (45.3%) 369 (36.4%) 3 (0.3%) 170 (16.8%) 13 (1.3%) 1014

ASC-US: atypical squamous cells of undetermined significance, HSIL: high-grade squamous intraepithelial lesion, ASC-H: atypical squamous 
cells of high significance, LSIL: low-grade squamous intraepithelial lesion, HSIL: high-grade squamous intraepithelial lesion. 
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(11.6%); HPV-18, 7 (7.4%); HPV-31, 7 (7.4%); HPV-35, 
7 (7.4%); HPV-68, 6 (6.3%); HPV-33, 4 (4.2%); HPV-82, 
4 (4.2%); HPV-39, 3 (3.2%); and HPV-45, 2 (2.1%) (31). 
In this study, types 52 and 58 are more prevalent than type 
18, which is different from the results of our study and 
the studies we compared our study with. This may be due 
to the different methods used, lower quantity of patients 
analyzed, and the period of analysis. 

The prevalence of specific HPV types worldwide 
shows variation according to geographical differences. 
For example, in East Asia the most common HPV types in 
invasive cervical cancer were types 16, 18, 52, and 54, with 
prevalences of 57.1%, 17%, 11.4%, and 8.5%, respectively 
(32). In addition, according to a study in China, the 
most common and persistent high-risk HPV types were 
16 (18.21%), 58 (13.2%), 18 (8.66%), 52 (7.06%), and 33 

Table 3. HPV DNA type analysis according to cytologic diagnostic category. 

HPV DNA type analysis
Cytologic diagnostic category

Negative Positive Total 

Negative 170 138 308

Positive 289 417 706

Table 4. The prevalence of high-risk types according to age.

Type (high-risk)
Age

15–24 years 25–34 years 35–44 years 45–54 years 55–68 years Total

16 8 84 46 5 1 144 (29.8%)

18 9 32 13 2 0 56 (11.6%)

31 4 27 13 1 1 46 (9.5%)

56 1 18 11 3 0 33 (6.8%)

53 0 15 8 3 0 26 (5.4%)

45 0 15 6 1 0 22 (4.5%)

62 0 11 7 3 0 21 (4.3%)

58 2 12 6 0 0 20 (4.1%)

59 0 10 8  0 0  18 (3.7%)

51 0 7 9 0 0 16 (3.3%)

67 1 8 5 2 0 16 (3.3%)

35 2 7 3 0 0 12 (2.5%)

73 0 7 5 0 0 12 (2.5%)

52 1 3 7 0 0 11 (2.3%)

39 0 5 4 0 0 9 (1.9%)

33 0 5 4 0 0 9 (1.9%)

68 0 5 2 0 0 7 (1.4%)

82 0 4 0 0 0 4 (0.8%)

86 0 2 0 0 0 2 (0.4%)

Total 28 (5.8%) 277 (57.2%) 157 (32.4%) 20 (4.1%)  2 (0.4%) 484
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(6.78%). Their results showed that 45.6% of women were 
infected with HPV in China (33).

Additionally, HPV infection in Spain was detected in 
43.2% of women between 15 and 75 years (34). 

In Italy, it was determined that 35.9% of women between 
the ages of 15 and 54 were HPV-positive (35). In Turkey, 
the HPV infection rate is 2%–6%. As in this study, global 
results demonstrated that HPV 16 was the most prevalent 
infection (28%), whereas HPV 18 was found more rarely 
(34). For example, in Venezuela HPV 16 was the most 
common type (60%), followed by HPV 18 (20%), HPV 
6 (10%), and HPV 58 (10%) (36). With the exception of 
East Africa, China, Japan, and Taiwan, HPV 16 is the most 
prevalent type in all parts of the world (34). Interestingly, 
HPV type 18 is detected at the same frequency all over 
the world. In the Chinese study mentioned above, type 
18 (8.6%) was detected most frequently after type 16 (33). 
Type 18 was detected at a rate of 8% in the Madrid study 
mentioned above (34). In Turkey, according to our study, 
type 18 was detected at a rate of 5.5%. In our study, type 
31 was the third most common genotype (4.5%), which 
was similar to rates determined in a previous Italian study 
(35). On the contrary, in China this type was detected in 
less than 6% of HPV infections, and type 58 (13.2%) was 
the second most frequent type (33). However, in our study 
type 58 was detected at a rate of 2.0% in contrast to the 
commonly detected types; certain HPV types are more 
frequently observed in some parts of the world than in 
others. HPV type 35 is detected at a rate of 1.2% in our 
study, but, interestingly, it is not even mentioned in the 
studies from other Mediterranean regions, such as Madrid 
or North Sardinia (34,35). In some parts of Italy and 
Spain, HPV type 53 was the second most common type; 
however, as in this study, in Mediterranean countries such 
as Turkey and Greece, it is not as common (2.6%) (33,35). 
In this study, as shown in Table 2, nearly a third (30%) of 
HPV-positive samples were found in patients with normal 
cytology. Although this rate is lower in some parts of 
Europe, a study from Madrid showed similar results (34). 

This high prevalence of HPV in women with normal 
cytology might originate from women who had abnormal 
Pap tests attending a specialized gynecology unit for 
cervical pathology. Alternatively, such cytologically 
negative but HPV DNA-positive samples may indicate 
early-phase infection with no significant morphological 
change.

Detected HPV genotypes can be different according 
to cytologic diagnostic category. In normal cytology 
samples from our study, HPV 16 was the most common 
high-risk genotype (10.2%), followed by HPV 18 (6.1%). 
However, in atypical squamous cells of undetermined 
significance, although HPV type 16 was still the most 
common high-risk genotype (13.0%), type 31 was the 

second most common type, and type 18 was the third most 
common genotype (4.6%). In the high-grade squamous 
intraepithelial lesion category the most frequent type was 
type 16 (54%), followed by 18, 52, 58, and 73 (7.7%). In 
this group, type 16 was again the most common high-risk 
genotype. These results are different than the results found 
in Spain, another country in the Mediterranean region 
(34). In normal cytology samples in Spain, although HPV 
16 was the most common high-risk genotype (21%), type 
53 was the second (16%) most common type. In atypical 
squamous cells of undetermined significance, although 
HPV type 16 was still the most common high-risk 
genotype (30%), type 53 was the second most common 
type, and type 31 was the third most common genotype 
(11.3%). In the high-grade squamous intraepithelial lesion 
category the most frequent type was 16 (50.6%) followed 
by 52 (13.9%), 31 (11.4%), and 33 (10.1%). In this group, 
type 16 was again the most common high-risk genotype. 

As shown in Table 3, of the 555 samples that were 
positive cytologically, 138 (24.9%) were HPV DNA-
negative and 417 (75.1%) were positive for HPV DNA. 
This distribution may indicate early-phase infection, at 
which point no morphological change has occurred.

The HPV types were similar in the 25–34 and 35–44 age 
groups. In another study in Turkey, HPV DNA positivity 
was detected in 38% of the female population between 
17 and 30 years and in 5.1% of women over 55 years old 
(28). HPV-positive women were commonly found to 
be sexually active and of childbearing age. As is shown 
in Table 4, in the early age group (15–24), as well as the 
25–34 and 35–44 age groups, type 18 was the second most 
frequently detected type. However, in the 45–54 age group 
it was the fifth most frequent type. Thus, its frequency 
decreased with age. Another interesting aspect of HPV 
type 18 is that its presence was significantly associated 
with adenocarcinoma and lymphatic metastasis (P < 0.05). 
Furthermore, HPV 18 persistence was associated with a 
cervical cancer prognosis (P < 0.0001) (33). 

Recently, multiple HPV infections have been examined 
because with the development of HPV vaccines that do 
not cover all genotypes the distribution of infection with 
types not covered by vaccines could be impacted; the 
elimination of one HPV type could affect the natural 
history of the remaining genotypes. Therefore, obtaining a 
solid knowledge of genotype HPV distribution is becoming 
increasingly critical (34). As expected, a proportion of the 
patients in this study probably had multiple infections. It 
was not possible to detect more than one infecting agent 
based on the methods used in this study. HPV DNA-
positive patients were typed according to their DNA 
sequences. Therefore, only the most prevalent type was 
likely reported. The HPV prevalence data in this study 
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differed from other study results in Turkey, as well as results 
from other countries, likely because our patients were 
referred by their gynecologists due to suspicion of HPV 
infection upon physical examination. However, the HPV 
types we report here are generally similar to the worldwide 
distribution, although a few different types, such as 66, 
56, and 53, were common in samples from this study. 
The McNemar paired proportion test results of this study 
indicated that the 2 methods used differed significantly (P 
< 0.0001), suggesting that they are complementary. This 
result supports the use of our protocol, suggesting that the 
combined use of cytological and molecular typing methods 
yields a more precise result. The conventional Pap smear is 
the most effective cervical cancer-screening test, and PCR 
is a sensitive method for detecting and genotyping HPV 
DNA in normal and abnormal ThinPrep samples. This 
technique is extremely useful for routine investigation and 
facilitates better patient clinical management. Combining 

molecular testing with morphology analysis for cervical 
screening increased the sensitivity and reliability of HPV 
detection and typing.

The importance of treatment and prophylaxis for HPV 
can clearly be recognized when the 493,000 new cases of 
cervical cancer and 274,000 deaths per year are taken into 
consideration. The main strategy should be to develop 
prophylactic and therapeutic vaccines (37).

In conclusion, this study confirmed the high prevalence 
of HPV infection in Turkey and highlighted regional 
differences according to risk genotypes. Moreover, this 
study provides an important database for future research 
studies due to its wide patient spectrum. 

Acknowledgements
We thank Nadi Bakırcı (Acıbadem University, Faculty of 
Medicine, Department of Public Health) for his help with 
statistical analysis. 

References

1.	 Kiki I, Gündoğdu M, Polat F, Gündoğdu C. Detection of hu-
man papillomavirus infection in esophageal carcinomas by the 
histopathological method and polymerase chain reaction tech-
nique. Turk J Med Sci 2002; 32: 223–230.

2. 	 Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer 
JA, Shah KV, Snijders PJ, Peto J, Meijer CJ, Munoz N. Human 
papillomavirus is a necessary cause of invasive cervical cancer 
worldwide. J Pathol 1999; 189: 12–19.  

3. 	 World Health Organization. Bulletin of the World Health Or-
ganization (BLT) 84: 145–150. 2006. Available at http://www.
who.int/bulletin/volumes/84/2.

4. 	 Burkhart CG, Burkhart CN. If papillomavirus found univer-
sally in epidermal tissues, what does that mean if a PCR pap 
test is positive? Open Dermatol J 2009; 3: 52–53.

5. 	 Turkish Cervical Cancer and Cervical Cytology Research 
Group. Prevalence of cervical cytological abnormalities in Tur-
key. Int J Gynaecol Obstet 2009; 106: 206–209. 

6. 	 Castle PE, Gravitt PE, Solomon D, Wheeler CM, Schiffman M. 
Comparison of linear array and line blot assay for detection 
of human papillomavirus and diagnosis of cervical precancer 
and cancer in the atypical squamous cell of undetermined sig-
nificance and low-grade squamous intraepithelial lesion triage 
study. J Clin Microbiol 2008; 46: 109–117. 

7. 	 Cuzick J, Szarewski A, Cubie H, Hulman G, Kitchener H, Lu-
esley D, McGoogan E, Menon U, Terry G, Edwards R et al. 
Management of women who test positive for high- risk types 
of human papillomavirus: the HART study. Lancet 2003; 362: 
1871–1876. 

8. 	 Ferreccio C, Bratti MC, Sherman ME, Herrero R, Wacholder S, 
Hildesheim A, Burk RD, Hutchinson M, Alfaro M, Greenberg 
MD et al. A comparison of single and combined visual, cyto-
logic; and virologic tests as screening strategies in a region at 
high risk of cervical cancer. Cancer Epidemol Biomarkers Prev 
2003; 12: 815–823. 

9. 	 Sherman ME, Lorincz AT, Scott DR, Wacholder S, Castle PE, 
Glass AG, Mielzynska-Lohnas I, Rush BB, Schiffman M. Base-
line cytology, human papillomavirus testing, and risk for cer-
vical neoplasia: a 10-year cohort analysis. J Natl Cancer Inst 
2003; 95: 46–52. 

10. 	 Cuzick J, Clavel C, Petry KU, Meijer CJ, Hoyer H, Ratnam S, 
Szarewski A, Birembaut P, Kulasingam S, Sasieni P et al. Over-
view of the European and North American studies on HPV 
testing in primary cervical cancer screening. Int J Cancer 2006; 
119: 1095–1101.  

11. 	 Murray PR, Baron EJ, Jorgensen JH, Landry ML, Pfaller MA. 
Manual of Clinical Microbiology. 1st ed. Washington DC, 
USA: ASM Press; 2007. 

12. 	 Centers for Disease Control and Prevention. Division of STD 
Prevention. Prevention of genital HPV infection and sequelae: 
report of an external consultants’ meeting. Atlanta, GA, USA: 
CDC; updated 4 2012. 1999. Available at http://www.cdc.gov/
fmo/topic/budget%20information/appropriations_budget_
form_pdf/fy2012_cdc_cj_final.pdf.

13. 	 Plummer M, Schiffman M, Castle PE, Maucort-Boulch D, 
Wheeler CM; ALTS Group. A 2-year prospective study of human 
papillomavirus persistence among women with a cytological 
diagnosis of atypical squamous cells of undetermined 
significance or low-grade squamous intraepithelial lesion. J 
Infect Dis 2007; 195: 1582–1589. 

14. 	 World Health Organization International Agency for Research 
on Cancer. Monographs on the Evaluation of Carcinogenic 
Risks to Humans: A Review of Human Carcinogens. Lyon, 
France: International Agency for Research on Cancer Working 
Group; 2011. 

15.	 Norkin LC. Virology: Molecular Biology and Pathogenesis. 
Washington DC, USA: ASM Press, 2010.



970

AKYAR et al. / Turk J Med Sci

16. 	 Parkin DM, Bray F. The burden of HPV related cancers. 
Vaccine 2006; 24: S11–S25.

17. 	 Castle PE, Solomon D, Schiffman M, Wheeler CM. Human 
papillomavirus type 16 infections and 2-year absolute risk of 
cervical precancer in women with equivocal or mild cytologic 
abnormalities. J Natl Cancer Inst 2005; 97: 1066–1071.

18. 	 Khan MJ, Castle PE, Lorincz AT, Wacholder S, Sherman M, 
Scott DR, Rush BB, Glass AG, Schiffman M. The elevated 
10-year risk of cervical precancer and cancer in women with 
human papillomavirus (HPV) type 16 or 18 and the possible 
utility of type-specific HPV testing in clinical practice. J Natl 
Cancer Inst 2005; 97: 1072–1079.

19. 	 Berkhof J, Bulkmans NW, Bleeker MC, Bulk S, Snijders PJ, 
Voorhorst FJ, Meijer CJ. Human papillomavirus type-specific 
18-month risk of high-grade cervical intraepithelial neopla-
sia in women with a normal or borderline/mildly dyskaryotic 
smear. Cancer Epidemiol Biomarkers Prev 2006; 15: 1268–
1273.

20.	 Bulk S, Berkhof J, Bulkmans NW, Zielinski GD, Rozendaal L, 
van Kemenade FJ, Snijders PJ, Meijer CJ. Preferential risk of 
HPV16 for squamous cell carcinoma and of HPV18 for ad-
enocarcinoma of the cervix compared to women with normal 
cytology in the Netherlands. Br J Cancer 2006; 94: 171–175. 

21. 	 Wheeler CM, Hunt WC, Schiffman M, Castle PE. Human pap-
illomavirus genotypes and the cumulative 2-year risk of cervi-
cal precancer. J Infect Dis 2006; 194: 1291–1299.

22. 	 Naucler P, Ryd W, Törnberg S, Strand A, Wadell G, Hansson 
BG, Rylander E, Dillner J. HPV type-specific risks of high-
grade CIN during 4 years of follow-up: a population-based 
prospective study. Br J Cancer 2007; 97: 129–132.

23. 	 Seçkin S, Aksoy F, Yıldırım M. Servikal smearlerde HPV in-
feksiyonu görülme insidansı. Ankara Numune Eğitim ve 
Araştırma Hastanesi Tıp Dergisi 1996; 36: 101–103 (article in 
Turkish).

24. 	 Safi Z, Demirezen S, Beksaç MS. İnsan papilloma virusunun 
(IPV) polimeraz zincir reaksiyonu tekniği ile servikal ve vaji-
nal akıntı örneklerinde saptanması. Klinik Bilimler & Doktor 
2002; 8: 112–114 (article in Turkish).

25. 	 Tuncer ZS, Basaran M, Ustaçelebi S, Kuzey GM. High risk hu-
man papillomavirus (HPV) infection determined by hybrid 
capture II assay in a Turkish university hospital outpatient 
clinic. MN-Gorm 2006; 129–134 (article in Turkish).

26. 	 İnal MM, Köse S, Yıldırım Y, Özdemir Y, Töz E, Ertopçu K et 
al. The relationship between human papillomavirus infection 
and cervical intraepithelial neoplasia in Turkish women. Int J 
Gynecol Cancer 2007; 17: 1266–1270. 

27. 	 Koyuncu E. Taksim Eğitim ve Araştırma Hastanesi, Kadın 
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