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Abstract

Introduction: Human papilloma virus (HPV) is a well-known causative pathogen of cervical cancer. The distribution of HPV prevalence and genotypes
differ between regions. This study aimed to detect the prevalence of high-risk HPV (hrHPV) and genotype distribution among patients with cervical
cytology.

Materials and Methods: A total of 1,571 women aged 17-91 years who presented to the department of Gynecology and Obstetrics Outpatient
Clinic of our hospital, between January 1, 2017, and July 30, 2019, were included. Samples were collected for cytology and transported to the
Medical Microbiology Laboratory for HPV deoxyribonucleic acid (DNA) test. Cervical specimens were investigated for the presence of hrHPV and
genotyping of HPV using a commercial kit (Nuclear Laser Medicine S.r.l., Milano, Italy) by real-time polymerase chain reaction. Simultaneously,
cytological examination was performed using conventional (Papanicolaou) method and interpreted according to the Bethesda system. Data were
analyzed using the Statistical Package for the Social Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL, USA).

Results: Of the 1,571 women with a mean age of 39.98 (+10.17) years, HPV DNA was negative in 972 (61.9%) patients, while 599 (38.1%) patients
were positive for hrHPV. No significant difference was found between age groups in terms of HPV positivity (p=0.18). The most common hrHPV types
detected were HPV16 (28.5%), HPV68 (18.7%), HPV51 (15.5%), HPV39 (15.4%), and HPV31 (13.4%), in descending order. Single HPV infections were
found in 61.4% (368/599), while infections with multiple HPV genotypes were detected in 38.6% (231/599) of all cases.

Conclusion: This study indicated that HPV infection is more prevalent than expected among women living in the central part of Turkey. Additionally,
the high prevalence of non-vaccinable genotypes should be considered a regional difference, and the use of this knowledge for guidance in the
selection and development prophylactic vaccines may lead to successful broader prevention.
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Giris: Human papilloma virlis (HPV), servikal kanser gelisimi acisindan iyi bilinen bir etken patojendir. Human papilloma virls prevalansi ve
genotiplerinin dagilimi bélgeler arasi degiskenlik g6stermektedir. Bu calismanin amaci, servikal sitolojisi olan hastalarda yiiksek riskli HPV (YR-HPV)
prevelansini ve genotip dagihmini tespit etmektir.

Gerec ve Yontem: 1 Ocak 2017-30 Temmuz 2019 tarihleri arasinda hastanemizin Kadin Hastaliklari ve Dogum Poliklinigi'ne basvuran 17-91 yaslari
arasinda toplam 1.571 kadin dahil edildi. Servikal sitoloji icin numuneler toplandi ve HPV deoksiribontikleik asit (DNA) testi icin Tibbi Mikrobiyoloji
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Laboratuvari'na gonderildi. Servikal numuneler YR-HPV varligi ve genotiplendirilmesi icin gercek zamanli polimeraz zincir reaksiyonu ile ticari bir
kit (Nuclear Laser Medicine S.r.l., Milano, italya) kullanilarak arastirildi. Es zamanli olarak sitolojik inceleme, geleneksel (Papanicolaou) yéntem
kullanilarak yapildi ve Bethesda sistemine gore yorumlandi. Veriler Statistical Package for the Social Sciences (SPSS) siirtim 22.0 (SPSS Inc, Chicago,
IL, ABD) kullanilarak analiz edildi.

Bulgular: Calismaya ortalama yasi 39,98 (+10,17) olan 1.571 kadin hasta dahil edildi. Hastalarin 972'sinde (%61,9) HPV DNA negatif iken; 599
(%38,1) hastada YR-HPV pozitif olarak bulundu. Yas gruplari arasinda HPV pozitifligi acisindan anlamh fark bulunmadi (p=0,18). Tespit edilen en
yaygin YR-HPV tipleri azalan sira ile HPV16 (%028,5), HPV68 (%18,7), HPV51 (%15,5), HPV39 (%15,4) ve HPV31 (%13,4) idi. Tiim pozitif sonuglarin
%61,4'tinde (368/599) tek tip HPV genotipi ile enfeksiyon tespit edilirken; %38,6'sinda (231/599) multipl enfeksiyon saptand.

Sonug: Bu calismada Tiirkiye'nin merkezi kisminda yer alan bir bolgedeki kadinlarda HPV prevalansi beklenenden daha yiiksek olarak saptandi. Ek
olarak, bu calismada asi disi genotiplerin yiiksek prevalansi bélgesel bir farklilik olarak diistintilmelidir. Bu bilgilerin profilatik asilarin seciminde ve

gelistiriimesinde rehberlik amaciyla kullaniimasi daha genis bir koruma saglayabilir.

Anahtar Kelimeler: HPV, tarama, asi, kanser

Introduction

Cervical cancer is one of the most common cancer considered
as the major cause of cancer-related death among women
worldwide™. Currently, persistent infection with carcinogenic
human papilloma virus (HPV) genotypes is the main etiologic
agent for cervical cancer”. Women are at higher risk for
HPV-related cancers. However, men with high-risk behaviors
(unprotected sexual intercourse, men who have sex with men,
multiple sexual partners etc) are dramatically at a higher
risk for developing HPV-associated cancers, particularly anal
cancer®, Recent studies have also reported on the role of
HPV-related carcinogenesis in oropharyngeal, head, and neck
cancers?. Human papilloma viruses are a diverse group of
small, non-enveloped, double-stranded deoxyribonucleic acid
(DNA) viruses that tend to show an exclusive tropism, affecting
mucosal and cutaneous squamous epithelial., Although
HPV infection is the most common sexually transmitted viral
disease, it is frequently reversed by defense of the host immune
systemf. Approximately, 90% of women with HPV infection
were determined to have viral clearance by a competent cell-
mediated immune response. Although the duration of infection
may vary according to HPV types, the average time to clearance
is 6-18 months®. To date, more than 200 HPV genotypes have
been identified. However, only 40 of them are associated with
the anogenital tract. These types are divided into high- and low-
risk types based on their oncogenic potential. High-risk HPV
(hrHPV) types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59
have been observed in 99% of cervical cancer cases’®”. HPV16
is the most common type related to carcinogenesis, followed by
HPV18. Therefore, available prophylactic HPV vaccines include
the two common oncogenic types, which are responsible for
nearly 70% all cervical cancer cases globally®®”. Although
HPV vaccines indicate a significant clinical development in
cancer prevention, various additional considerations need to
be improved to optimize vaccine efficiency. The high cost of
these vaccines limit their widespread implementation in low-
resource countries®. Moreover, these vaccines do not cover all
oncogenic HPV typesl®. Because of the limitations related to

HPV vaccines, cervical cancer screening tests are still significant
for short-term cancer prevention strategies.

Owing to the successful implementation of national HPV-
based screening programs, which have already became an
indispensable part of cancer prevention policies, cervical
cancer incidence has been decreasing gradually. The screening
of precancerous lesions and cervical cancer was initiated
through single Papanicolaou (Pap) smear test, which has high
false-negative results. Human papilloma virus DNA testing was
incorporated into cytology tests, and co-testing with Pap smear
and hrHPV typing demonstrated a higher success ratiol™®™,

This study aimed to investigate the prevalence of hrHPV DNA
and the association of cervical cytology with HPV genotypes in
women who presented to our hospital.

Materials and Methods

This study analyzed the HPV status and cervical cytology test
results of 1,571 patients who presented to the department of
Gynecology and Obstetrics Outpatient Clinic at our hospital,
between January 1, 2017, and July 30, 2019. Patients' data
were obtained from the hospital electronic record. The study
was apporoved by the Research Ethics Committee of Necmettin
Erbakan University, Konya, Turkey (decision protocol number:
2020/2914, dated: November 20 2020). Because this was a
retrospective laboratory record-based study, informed consent
was not received.

Cervical swab samples were collected in women suspected
with HPV infection and sent to the Department of Molecular
Laboratory of Medical Microbiology to perform molecular
test for HPV DNA detection and genotyping assays. After
processing of samples, DNA was extracted using a magnetic
bead technology (EZ1 Virus Mini Kit v.2.0, Germany). Real-time
polymerase chain reaction (PCR) was performed using the HPV
Genotype 14 Real-Time Quant Kits (Nuclear Laser Medicine
S.r.l., Milano, Italy) for detection and genotyping of HPV types
(HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68)
on the Rotor-Gene Q 5plex HRM instrument (Qiagen, Hilden,
Germany). The human beta globin gene was used as an internal
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control for material sufficiency, purification, and amplification.
Cervical smear samples were taken simultaneously in majority
of the patients (1316/1571). Conventionally prepared Pap
smears were evaluated by the pathologist. Results were reported
according to the Bethesda system nomenclature as follows:
atypical squamous cells (ASCUS), atypical glandular cells (AGC),
low-grade squamous intraepithelial lesion (LSIL), and high-
grade squamous intraepithelial lesion (HSIL).

Statistical Analysis

In this study, cases were divided into groups according to the
HPV test result, presence of single or multiple infections, and
all HPV types. Cases were divided into the following age groups:
<25, 25-34, 35-44, 45-54, 55-64, and =65 years. In addition,
cases were allocated into two age groups: <35 years and >35
years.

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL, USA). The
results of HPV, HPV types, and cervical smears were analyzed
as frequency and percentage. Age data were presented as
meanztstandard deviation. Categorical variables were compared
using the chi-square test or Fisher's exact test, and p<0.05 was
considered significant.

This study included 1,571 women with a mean age of 39.98
(+10.17) (range, 17-91) years. Human papilloma virus DNA
positivity was detected in 38.1% (599/1571) of all patients.
According to the HPV test results, the average age of the patients
was 39.8 (+10.4) years in the HPV DNA positive group and 40.07
(+10.03) in the negative group. Concurrently, histopathological
examinations were performed in 1,316 samples, in which were
78 (5.9%) of them had epithelial cellular abnormality. While
the median age of women who have any abnormality in the
histopathological analysis was 45.37 (+12.26) years, the average
age of patients with normal cytology was 39.97 (+9.67) years.

When divided into five groups by age, HPV positivity rate was
highest in patients aged >65 years with 50%. In addition,
majority of HPV-positive results were recorded in women aged
35-44 years (235/599) (Table 1). Therefore, the differences in the
age distribution of the study population were also taken into

account. Human papilloma virus prevalence was standardized
by applying age-specific prevalence estimates. No significant
difference was found between age groups in terms of HPV
positivity by chi-square test (p=0.18). Similarly, with respect to
HPV positivity, no significant difference was found in women
aged <35 years and >35 years (p=0.4). The distribution of HPV
genotypes according to age <35 years and >35 years is shown
in Table 2.

The most commonly detected hrHPV genotypes among positive
cases were HPV16 (28.5%), HPV68 (18.7%), HPV51 (15.50%),
HPV39 (15.4%), and HPV31 (13.4%). HPV18 was detected in
7.9% of the positive cases. Single HPV infections were found
in 61.4% (368/599) of hrHPV-positive cases. Multiple HPV
infections were detected in 38.6% of all patients with hrHPV
(Figure 1, Table 2). In 3.5% of cases with multiple infections,
HPV16 and HPV18, which have high oncogenic potential, have
been detected together.

In the cytological examination, cellular abnormality was
detected in 5.9% (78/1316) of samples. Cytology tests of 255
study patients were not performed. A total of 1238 (94.1%)
samples were assessed as normal (negative), 65 (4.9%) as ASCUS,
4 (0.3%) as LSIL, and 3 (0.23%) as HSIL. Human papilloma virus
DNA was found in 782 (59.4%) women with normal cytology
(Table 3). As regards HPV genotype distribution according to
cervical cytology, HPV16 was the most common genotype in
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Figure 1. Overall high-risk human papilloma virus genotype
patterns indicating the prevalence of single and multiple
infections

HPV: Human papilloma virus

Table 1. Distribution of HPV prevalence in the 5-year age group

<25 25-34 35-44 45-54 55-64 >=65 Total

n (%) n (%) n (%) n (%) n (%) n (%) n (%)
HPV test negative 56 (62.9) 247 (60.1) 351 (59.9) 230 (67.6) 78 (62.4) 10 (50) 972 (61.9)
HPV test positive 33 (37.1) 164 (39.9) 235 (40.1) 110 (32.4) 47 (37.6) 10 (50) 599 (38.1)
Total (p=0.18) 89 411 586 340 125 20 1571

HPV: Human papilloma virus
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cases with and without cytological abnormality (Table 3). In
addition, the most common HPV genotype in H-SIL was HPV
16, which was detected in 100% (3/3) of cases. Our cytology

test results were normal in 126 (73.7%) of 171 patients with

HPV16, in 20 (42.5%) of the 47 patients with HPV18, and in 7
(87.5%) of 8 multiple infections with HPV16 and HPV18. Human
papilloma virus DNA test was negative in one patient with LSIL

cervical lesion.

Table 2. Distribution of human papilloma virus genotypes according to age <35 and >35 years

HPV genotype <35 years >35 years Total
HPV16 23 63 86
HPV18 5 6 n
HPV16 + HPV18 1 1

HPV16 + HPV18 + other type* 2 4 6
HPV16 + other type 28 49 77
HPV18 + other type n 17 28
Multiple infections with more than one HPV other types 39 79 18
HPV31 10 27 37
HPV33 1 0 1
HPV35 3 1" 14
HPV39 16 20 36
HPV45 7 13 20
HPV51 12 30 42
HPV52 4 14 18
HPV56 5 15 20
HPV58 3 6 9
HPV59 4 6 10
HPV66 4 8 12
HPV68 19 33 52
HPV negative 303 669 972
Total 500 1071 1571

*Other type: infection with high-risk HPV type except HPV16 and HPV18.

HPV: Human papilloma virus

Table 3. Human papilloma virus (HPV) distribution across various cervical cytological statuses. The most common HPV types were

included in the different cytological lesion

HPV negative HPV positive Total  Most common types among HPV-positive cases
Normal 782 456 1238 HPV16, HPV68, HPV51, and HPV39
ASCUS 35 30 65 HPV18 and HPV16
AGC 1 2 3 HPV18 and multiple infection with other types
ASC-H 0 1 1 HPV31
LSIL 1 3 4 HPV52, multiple infection with other types
HSIL 0 3 3 HPV16, multiple infection with HPV16, HPV51, and HPV66
CINII* 0 1 1 Multiple infection with HPV16 and HPV35
CIS* 0 1 1 Multiple infection with HPV16 and HPV51
No cytology 153 102 255 HPV16, HPV68, and HPV31
Total 972 599 1571

ASCUS: Atypical squamous cell of undetermined significant, AGC: Atypical glandular cells, ASC-H: atypical squamous cells-cannot exclude high-grade squamous intraepithelial lesion, LSIL:
Low squamousintraepithelial lesion, HSIL: High squamousintraepithelial lesion, CINIII: High-grade squamous intraepithelial neoplasia, CIS: Carcinoma in situ, HPV: Human papilloma virus

*Colposcopy result, ‘Biopsy result
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The present study demostrated that HPV infection is more
common than expected among women living in the central
part of Turkey. 1571 women with a mean age of 39.98 (+10.17)
years were included in this study. Although 599 (38.1%) patients
were positive for hrHPV, HPV DNA was negative in 972 (61.9%)
patients. Besides, no significant difference was found between
age groups in terms of HPV positivity (p=0.18). The most
common hrHPV types determined were HPV16 (28.5%), HPV68
(18.7%), HPV51 (15.5%), HPV39 (15.4%), and HPV31 (13.4%),
in descending order. Single HPV infections were detected in
61.4% (368/599), while infections with multiple HPV genotypes
were found in 38.6% (231/599) of all cases. The detected high
prevalence of non vaccinable genotypes was found considerable.

Cervical cancer remains a significant public health problem,
representing the fourth common cause of cancer incidence and
mortality in women globally!"'?. Since the progression time of
cervical intraepithelial neoplasia to cervical cancer is slightly
extended and as the precancerous lesions can be detected and
treated efficiently, cervical cancer is a preventable disease!'.
New information has provided future perspective for primary
and secondary preventions!'*', After the application of cervical
cytology (Pap smear) test as a cancer screening program, the
incidence of cervical cancer has decreased in resource-rich
countries. However, the implementation has some limitations!.
Recurrent testing is required to reach an acceptable sensitivity
because of the moderate sensitivity (50-70%) of the single Pap
test!™6171 Low reproducibility owing to its subjective property
is another limitation of Pap smear test!'>'®. In recent years, HPV
DNA detection and genotyping tests have become increasingly
recommended in understanding the role of HPV in cervical
cancer development. Previous studies have also shown that 25-
50% of cases that are negative in the Pap smear test can be
detected by the HPV DNA test!'®,

The prevalence of HPV and genotype distribution varied
according to regional and sociocultural differences, selection
of the study group, and quality of samplesl'®'. Studies from
Turkey have reported hrHPV prevalence of 2.4-47.70p!'6.18-21,
According to Turkey's nationwide HPV screening program, the
prevalence of HPV was 3.50%0%2,

In the present study, 38.1% (599/1571) of the patients were
positive for hrHPV, which was higher than the rate reported
by majority of other studies from Turkey!'-?2, Variations among
research results depend not only on geographical differences
but also on the characteristics of the study group (hospital-
based or community screening), usage of more sensitive HPV
detection methods, and Pap smear findings?°?, The high HPV
prevalence in our study can be explained as follows: This study

was designed as hospital-based research and real-time PCR,
which is a very sensitive method, was used. In support of our
findings, results of previous assays indicated that real-time PCR
shows higher clinical sensitivity and specificity than Hybrid
Capture 22024,

In many studies, a higher HPV prevalence was detected in
women aged <35 years; some of them were found to have
newly acquired infection, or reactive latent infection was highly
prevalent in the older population®. According to an extensive
cross-sectional study including sexually active women from
the general population of 15 areas in 4 continents, particularly
in the some of all areas (Netherlands, Argentina, and Mexico),
hrHPV positivity rate is significantly higher in women aged <35
years??. In Turkey, Hasberk et al.’”! reported that the rate of HPV
DNA detection was higher in women aged <30 years. Conversely,
in another study in Turkey, Altun et al.’® presented that the
prevalence of HPV DNA was significantly higher in women aged
>30 vyears. In this study, patients were divided into five age
groups, and no significant difference was found between age
groups in terms of HPV positivity (p=0.18). Additionally, with
respect to HPV positivity, no significant statistical difference was
found between women aged <35 years and >35 years (p=0.4).

The worldwide distribution and prevalence of specific HPV
genotypes demonstrate variation according to regional
differences. For example, according to a study from China
detecting HPV prevalence in 51,345 women, the most common
hrHPV genotypes were HPV52 (5.05%), HPV16 (4.76%), and
HPV58 (2.93%)2. In the same study, HPV18 was the sixth
most common type. Several previous studies from China have
demonstrated that HPV16 is the most common type related to
all grades of cytological abnormalities, similar to results reported
from Western countries. The same data indicated that HPV52
and HPV58 are considerably common in Chinese women and
approximately more common than HPV18, which is inconsistent
with the results reported from Western countries®3, In the
present study, the most common hrHPV types were HPV16
(28.5%), HPV68 (18.7%), HPV51 (15.5%), HPV39 (15.4%), and
HPV31 (13.4%), in descending order. Similar to results of the
present study, worldwide data indicated that HPV16 was the
most prevalent genotype in women with/without cytological
abnormality. Besides, infection with HPV18 (7.9%) was more
rarely found in our study, similar to a study in Madrid with
HPV18 prevalence of 8%!U®. Interestingly, HPV68 was the
second most common HPV type detected in the present study,
which is different from results of other studies in Turkey and in
other countries!'8222529 However, similar to our results, some
recent studies have reported increasing prevalence of HPV68 in
Korean and Chinese women?®3"l. Thus, more studies are needed
to clarify the roles of non-vaccinable oncogenic genotypes
(HPV68) in cervical cancer pathogenesis and regional variability

5
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of their prevalence in terms of efficacy and cost-effectiveness
for vaccines'32,

In this study, as shown in Table 3, over a half (59.4%) of HPV-
positive samples were found in women with normal cytology.
Although this ratio is lower in some parts of Europe and Turkey,
a study from China showed similar (59.97%) results®?. This
high HPV positivity in cases with normal cytology might be
due to early-onset infection with no significant morphological
alternation. Patients with HPV infection/negative cytology
results continue to have an increased CINIII risk, even when
the repeat HPV test is negative®.. Therefore, the recommended
screening triage should be performed accurately to provide
better clinical management of women with HPV infection/
negative cytology finding.

In the present study, the abnormal cytology rate was 5.9%
(78/1316). This rate was lower than that reported in other studies
reported from Turkey!"®23. The possible reason is undocumented
cytology test results of 255 of 1571 patients. Owing to the
retrospective study design, incomplete follow-up in women
with HPV/negative cytology results or inadequate colposcopy
referral might induce a low abnormal cytology rate.

HPV genotypes can vary depending on the cytologic diagnostic
category. In the normal cytology samples from our study, HPV16
was the most common type (29.2%), followed by HPV6S8, 51,
and 39. However, in the ASCUS group, HPV18 was the most
common high-risk genotype (9.2%), followed by HPV16 (7.7%).
Akyar et al.l'® reported that HPV16 was the most common high-
risk genotype (10.2%), followed by HPV18 (6.1%), in cases with
normal cytology. Similar to our results, Park et al.*" found a
high prevalence of HPV68 (7.7%) in the normal cytology group,
followed by HPV58 (7.3%) and HPV16 (6.3%). Additionally, HPV
DNA was detected in cases with AGC, LSIL, HSIL, CINIII, and CIS,
which accounted for 66% 75%, 100%, 100%, and 100% of the
cases, respectively. HPV16 was also the most common type in
women with HSIL, CINIII, and CIS.

Owing to the retrospective study design, it was not possible
to obtain cytology test findings of some patients. Besides, our
results may not exactly indicate general population data because
of the limited number of patients, methodological differences,
and hospital-based study setting. For this purpose, a greater
number of comprehensive, population-based prospective
studies are needed.

This study indicated that HPV infection is more prevalent than
expected among women in Turkey. Additionally, HPV68, which
is not included in vaccine strains, was the second most common
type in this study. As regards vaccination programs, the high
prevalence of non-vaccinable genotypes in this study should

be considered as a result of regional difference, and using this
knowledge for guidance in vaccine selection and development
may help in the implementation of primary prevention against
cervical cancer.
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