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Abstract

Aim  Human Papillomaviruses (HPVs) are double-stranded DNA viruses belonging to the Papillomaviridae family. There is ample evidence demonstrating the association of Human
Papillomavirus (HPV) with cervical carcinoma. This study aimed to investigate the presence of HPV DNA in cervical swab samples and determine the HPV genotypes in positive
samples.

Material and  The three-year results of cervical swab samples sent to the Medical Microbiology Laboratory of Afyonkarahisar Health Sciences University Faculty of Medicine Hospital for screening

Method  for HPV DNA presence between January 1, 2020, and December 31, 2022, were retrospectively evaluated in this study. HPV genotyping was performed using the cobas 4800 (cobas®

x480) fully automated system (Roche Diagnostics, Indianapolis, USA) for extraction, and the samples were analyzed using the Real-time PCR (cobas® z 480) system following the
manufacturer's instructions.

Results  HPV-DNA was detected in 415 out of a total of 4960 patients (8.4%), while 4545 (91.6%) tested negative. Evaluation of HPV positivity revealed that the highest positivity rates were
observed in HR-HPV at 68%, HPV 16 at 17.3%, and HPV 16 combined with HR-HPV at 8.2%. HPV-DNA positivity was highest at 38% in the 35-44 age group, while it was lowest at
3.4% in patients under 25 years old.

Conclusion  'The aim of our study is to contribute to the data of our region and our country by determining the HPV incidence and common subtypes in our region, and to collect data that can

guide vaccine studies. Thus, vaccination programs, alongside screening programs, will serve to restrict the spread of infection in at-risk populations and prevent HPV-related cancers.
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Ozet
Amag  Human Papilloma viriisler ¢ift zincirli DNA yapisinda olup papillomaviriis ailesindendirler. Human Papilloma Viriis (HPV)'iin servikal karsinomla baglantili oldugunu gosteren birok kanit bulunmak-
tadir. Bu ¢alismada servikal siiriintii rneklerinde HPV-DNA varligi aragtirilmis ve pozitif bulunan orneklerin HPV. iplerinin sap amagl
Geregve  Bu calismada 1 Ocak 2020 ile 31 Aralik 2022 tarihleri arasinda Afyonkarahisar Saglik Bilimleri Universitesi Tip Fakiiltesi Hastanesi Trbbi Mikrobiyoloji Lab tna HPV-DNA varlig

Yontem  amactyla gonderilen servikal siiriintii rneklerine it ii yillik sonuglar retrospektif olarak degerlendirilmistir. HPV genotiplendirmesi icin ekstraksiyon islemi cobas 4800 (cobas® x480) (Roche Diagnostics,

Indianapolis, ABD) tam otomatize cihaz: ile yapilmis ve numuneler Real-time PCR (cobas® z 480) sistemi kullanilarak iiretici firma direktifleri dogrultusunda calisilmugtr.

Bulgular ~ HPV-DNA, incelenen toplam 4960 hastanin 415’inde (%8.4) pozitif, 4545'inde (%91.6) ise negatif saptanmstir. HPV pozitifligi acisindan degerlendirildiginde en yiiksek pozitifligin sirasiyla %68 ora-
ninda HR-HPV, %17,3 oraninda HPV 16 ve %8,2 oraninda HPV 16 ve HR-HPV birlikte pozitifligi oldugu goriilmiistiir. HPV-DNA pozitifligi en fazla %38 ile 35-44 yas grubunda goriiliirken, en az %3,4
ile 25 yas altt hasta grubunda bulunmusgtur.

Sonug  Calismanuzin amaci, bolgemizdeki HPV goriilme sikligr ve yaygin alt tiplerinin belirlenmesi ile bolge ve iilkemiz verilerine katk: saglamak, ayrica asi calismalarina yol gosterebilecek verilerin top-
lanmastdr. Tarama programlart ile birlikte yiiriitiilecek olan ast programlari, risk altindaki bu popiilasyonda enfeksiyonun yayilmast icin simirlayict olacak ve HPV ile iliskili kanserlerin dnlenmesini
I dir. T lart ile birlik lecek ol It k altindaki b I d k: 1 I lacak le iliskili ke (L It
saglayabilecektir.
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INTRODUCTION
Human papillomavirus (HPV) is a small, double-strand-
ed DNA virus capable of replicating in skin and mucosal
epithelial cells. Its genome, consisting of double-stranded
circular DNA of approximately 8 kb, encodes oncoproteins
(E1, E2, E4, E5, E6, E7) involved in virus replication and
cell transformation, as well as late proteins (L1, L2) form-
ing the capsid structure.! HPV oncoproteins play a signifi-
cant role in tumor formation in cervical cancer (CC). Hu-
moral immune response against the major capsid protein
(L1) is generated during HPV infection, which is consid-

ered an indicator of past or current infection.?

Additionally, integration of the HPV genome into the host
cell results in overexpression of E6 and E7 oncoproteins,
which play a role in the transformation and progression
of cervical and other HPV-related cancers.” Due to its ge-
nome structure and tropism for human epithelial tissues,
there are more than 200 HPV genotypes classified into five
different genera (alpha, beta, gamma, Mu, and Nu) based

on their life cycles and infection causes.*

When assessing oncogenic risks, HPV types are catego-
rized into low, intermediate, and high-risk groups. HPV
6, 11, 42, 43, and 44 are classified as low-risk, causing be-
nign cervical lesions and condylomas without malignancy.
The intermediate-risk group includes HPV 31, 33, 35, 51,
and 52, which are implicated in malignant transformation,
although this remains to be conclusively established.” The
high-risk (HR-HPV) group primarily consists of HPV 16,
18, 45, and 56, which trigger neoplastic transformations.
Moreover, 15 HPV types within the alpha genus, including
HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73,
and 82, are classified as ‘HR’ types, possessing oncogenic
properties and causing anogenital cancers. HPV 16 is re-
sponsible for approximately 55% of cervical cancer cases,

while HPV 18 accounts for 15% of cancer cases.’

HR-HPYV infection is particularly common in sexually ac-

tive young women, but most infections are transient and

self-limiting, often showing no clinical symptoms. Howev-
er, approximately 10% of women have HR-HPV infection
and are at risk for CC and its precursors. HPV infection
has been reported to increase the risk of high-grade squa-
mous intraepithelial lesion (HSIL) by 250 times.” Hence,
HPV infections become highly significant. It is still unclear
which genotypes are most likely to emerge in HPV infec-
tions. Age is considered a significant factor associated with
HPYV infection, but the relationship between age and per-
sistent HPV infection is still debatable. Examining specific
genotypes of HPV infection is crucial for reducing HSIL
and guiding the prevention and treatment of CC. In this
study, we aimed to determine the prevalence of HPV in-
fection and identify HPV genotypes in women attending
our hospital to optimize prevention strategies for CC and

provide references for the development of HPV vaccines.

MATERIALS and METHODS
The study was approved by the Ethics Board of the Faculty
of Medicine of Afyonkarahisar Health Sciences University
(Decision no. 447-2023/10).

This study included cervical brush samples obtained from
women aged 18 and over who attended the gynecology
and obstetrics outpatient clinic at Afyonkarahisar Health
Sciences University Faculty of Medicine Hospital for the
purpose of screening for the presence of HPV-DNA be-
tween January 1 and December 31, 2022. Samples sent in
BD SurePath solution (BD Company, Sparks, Maryland,
USA) were stored in a refrigerator at +4°C until the day
of analysis. HPV genotyping was performed using the
cobas 4800 (cobas® x480) automated system (Roche Diag-
nostics, Indianapolis, USA), and samples were processed
according to the manufacturer’s instructions using the
Real-time PCR (cobas® z 480) system. Qualitative results
were reported separately for oncogenic HPV types HPV16
and HPV18, while for other HR-HPV types (including
HPV31, 33, 39, 45, 51, 56, 58, 59, 66, and 68), genotypic
discrimination was not performed and reported.

Statistical Analysis
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Statistical analyses were conducted using IBM SPSS Sta-
tistics 23 (SPSS Inc., Chicago, USA) software. Values with
a normal distribution were analyzed using the independ-
ent samples t-test method. Fisher’s exact test was used for
comparisons of categorical variables between groups. Data
were presented as percentages (%), means, standard devi-
ations (), and numbers (n), and a p-value of <0.05 was

considered statistically significant.

RESULTS

Of the total 4960 patients whose HPV DNA was investi-
gated, 415 (8.4%) were found to be positive, while 4545
(91.6%) were negative. The mean age of the women includ-
ed in the study was 42.6 + 9.7 years (range: 18-86 years).
The mean age of those with HPV DNA positive results
across all age groups was 40.9 + 10.8 years (range: 18-76
years), while the mean age of those with negative results
was 42 £ 9.6 years (range: 20-75 years). When the samples
with positive HPV DNA were examined according to their
genotypes, it was observed that the highest positivity rates
were 68% for HR-HPV, 17.3% for HPV 16, and 8.2% for
HPV 16 + HR-HPYV, respectively (Table 1).

Table 1. Distribution of HPV Genotypes in HPV DNA Positive
Samples
HPV Genotypes HPV DNA Positive
n %
Type 16 72 17.3
Type 16 + HR-HPV 34 8.2
Type 16 + Type 18 5 1.2
Type 16 + Type 18 + HR-HPV 2 0.5
Type 18 9 2.2
Type 18 + HR-HPV 11 2.6
HR-HPV 282 68
Total 415 100

To determine differences in age distribution, samples were
divided into separate age groups: under 25 years old, 25-34,
35-44, 45-54, and 55 years and older. HPV prevalence was
calculated according to age. The frequency distribution of
HPV genotypes in age groups was generally observed to
be HR-HPV, HPV16, and HPV18, along with HR-HPV
positivity. Significant differences in mean ages for HPV
genotypes were not detected among the five different age
groups (p>0.05). The highest HPV-DNA positivity rate ac-
cording to age groups was found in the 35-44 age group
(38%), followed by the 45-54 (22.7%) and 25-34 (21.4%)
age groups (Table 2).

Table 2. Distribution of HPV Genotypes by Age Groups n (%)

HPYV Genotypes Under 25 years 25-34 years 35-44 years 45-54 years 55 years and older
Type 16 3(0,7) 16 (3.,9) 26 (6,3) 13 (3,1) 14 (3,4)

Type 16 + HR-HPV 1(0,2) 3(0,7) 13 (3,1) 11(2,7) 6(1,4)

Type 16 + Type 18 0 (0,0) 1(0,2) 2(0,5) 1(0,2) 1(0,2)
EYIEE{IE?\:— Type 18+ 0(0,0) 1(02) 0(0,0) 0(0,0) 1(02)

Type 18 0(0,0) 4(1) 3(0,7) 2(0,5) 0(0,0)

Type 18 + HR-HPV 3(0,7) 4 (1) 3(0,7) 0(0,0) 1(0,2)
HR-HPV 7(1,7) 60 (14,5) 111 (26,7) 67 (16,1) 37(8,9)
Total n (%) 14 (3,4) 89 (21,4) 158 (38) 94 (22,7) 60 (14,5)
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The highest number of tests belonged to the year 2022,
with 2305 samples, followed by 1849 samples in 2021 and
806 samples in 2020. The positivity rates for the years 2020,
2021, and 2022 were found to be 9.4%, 8.4%, and 7.9%, re-
spectively. The positivity rate between years was examined
and 2020 was found to be statistically significant compared
to other years. (p<0.05) (Table 3).

ous lesions and HPV infection. The combined use of both
methods is referred to as “co-testing”!' The World Health
Organization, the American College of Obstetricians and
Gynecologists (ACOG), and the American Cancer Soci-
ety (ACS) recommend screening tests every three years
for women aged 21-65, with more frequent screening
recommended for immunocompromised women.'? Effec-

tive cervical screening requires scaling surveillance-based

Table 3. HPV genotype rates by years n (%)
Type 16 +

Year Positive Type 16 ?—Iyll:—el;l?\; T]):)I’J;elf 8+ T]:IYY:ILGS};E ‘; Type 18 ’II:IYII:—CI;SJ HR-HPV
2020 76 (18,3) 16 (3,9) 5(1,2) 0(0,0) 0(0,0) 2(0,5) 1(0,2) 52(12,5)
2021 155 (37,3) 26 (6,3) 13 (3,1) 3(0,7) 0(0,0) 6 (1,5) 6(1,5) 101 (24,3)
2022 184 (44,4) 30 (7,2) 16 (3,9) 2(0,5) 2(0,5) 1(0,2) 4(1) 129 (31,1)
Total 415 72 (17,3) 34(8,2) 5(1,2) 2(0,5) 9(2,2) 11 (2,7) 282 (68)
*p<0.05 was considered statistically significant

DISCUSSION
HPYV is the most common sexually transmitted viral infec-
tion worldwide, affecting both women and men. Approx-
imately 85% of women and 95% of sexually active men
become infected with HPV at some point in their lives.
Nearly all sexually active individuals become infected
with HPV within the first few years of sexual activity, with
almost half of them being infected with HR-HPV types.
HPV is responsible for nearly all cervical cancers and
plays a significant role in various non-cervical cancers, in-
cluding anal (90%), vaginal (75%), oropharyngeal (70%),
vulvar (69%), and penile (63%) cancers. While more than
50% of the morbidity and mortality of vaginal and penile
cancer cases occur in Asia, vulvar cancer is more pre-
dominant in Europe.® On the other hand, cervical cancer,
with an estimated 604,127 new cases and 341,831 deaths
in 2020, became the second most common cancer type
among individuals aged 15 to 44 worldwide.” Regions such
as India, Eastern Europe, Latin America, and sub-Saharan

Africa have the highest rates of infection.'

In screening, in addition to searching for HPV-DNA, Pap

smear tests are also used for the detection of precancer-

programs, population-based screening studies, and sur-
vey-based methods to support elimination strategies, as
well as encouraging women to participate in screening

programs and ensuring regular screenings.

The frequency of HPV varies globally, with higher rates
observed in developing regions. Approximately 90% of
deaths related to cervical cancer occur in low- and mid-
dle-income countries. Studies compiled from women
known to be cytologically healthy have shown HPV prev-
alence to be around 24% in sub-Saharan Africa, 33.6% in
East Africa, and even higher in Latin America.’ The high-
est prevalence of HPV among women is observed in Asian
regions, particularly in East Asia (China) and South Cen-
tral Asia (India), where nearly half of the women (57.7%
and 44.7%, respectively) are carriers. In South Africa,
42.2% of women have been identified as HPV carriers.
When average values are examined, HPV infection rates
are higher in developing regions (42.2%) compared to de-

veloped regions (22.6%)."

Studies have shown that HPV infection varies significantly

across different regions. The prevalence of persistent HR-
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HPYV infection has been reported as 36.1% in the United
States'* and between 26.9% to 38.8% in Europe.'®

In a study conducted by Pedroza-Gonzalez et al. in Mexi-
co, they evaluated the association between HPV infection
with high-risk viruses and the likelihood of developing
cervical cancer, finding a 72.9% association. In this study,
the prevalence of HPV infection was determined to be
74.4%, with the most dominant HR-HPV types reported
as 18 (13.95%), 31 (10.85%), and 16 (9.3%).® A study in
Denmark reported a prevalence of 31.4%,"” while in Korea,
it was 12.4%."® According to a meta-analysis from 2013,
the global prevalence was estimated to be 43%, whereas a
study conducted in 2023 reported a prevalence of 29.4%."
When examining studies conducted in our country,
Giiltekin M., et al. found an HPV-DNA rate of 4.36%,
while Yerlikaya et al. reported a slightly lower rate of 4.9%,
compared to our study.*** On the other hand, Peker BO.,
et al. reported a higher HPV-DNA presence rate of 18.6%,
Alacam S, et al. found a rate of 36.3%, and Yakut S., et al.
reported a rate of 18.4%, indicating higher rates compared
to our study.***** In our study, cervical samples were eval-
uated for the molecular detection of HPV, and the over-
all HPV infection rate was found to be 8.4% among the
analyzed patients. When compared to other studies, the
frequency reported in our research was found to be lower
than both the global prevalence of 29.4% and the rate in
developing regions (42.2%). These results are thought to
be explained by the relatively closed nature of our country
and especially the Afyon region, higher rates of monoga-
mous relationships, and a later age of sexual debut. These
findings shed light on the epidemiological profile of HPV
infection in our region and emphasize the importance of
understanding regional variations in HPV prevalence for

effective public health interventions.

The distribution of HPV genotypes varies significantly
among different geographical regions and ethnic groups.
In a study by Liang HY., et al., HPV 16 was found to be the
most commonly observed genotype, followed by HPV 58,

52,18, 33,31, 59, 39, 68, and 45.25 Liu J., et al. reported in
2020 that HPV 58 and 53 were the most persistent geno-
types, followed by HPV 52, 16, and 39. Meanwhile, Zhao
M., et al. detected an HPV prevalence of 29.4% in their
study, with the most prevalent genotypes being HPV 16
(35%), HPV 52 (28.2%), HPV 58 (27.1%), HPV 18 (26%),
HPV 33 (24.4%), HPV 31 (23.4%), HPV 59 (21.9%), HPV
39 (19.5%), HPV 68 (16.6%), and HPV 45 (15.1%).” In a
study conducted by Zhang J., et al., the HPV prevalence
in China was reported as 84.4%, highlighting variations in
the distribution of HPV types among different regions.”
Other studies conducted in China have also reported a
high prevalence of HPV 52 among women aged 15 to 94
in different regions.” Conversely, in Sweden, lower preva-
lences of HPV 52 and HPV 58 were found. The prevalence
of HPV 45, belonging to the HR-HPV group, was relatively
high in European countries, particularly in Sweden, where
it was found to be 7%.%° A global study reported an HPV
45 prevalence of 11.6%.*' However, the prevalence of HPV
45 is lower in Asia, with rates as low as 0.5% in China*? and
2.2% in India.*® In a study conducted in Sub-Saharan Afri-
ca, the detected genotypes were classified in order of prev-
alence as follows: HPV 16 (18%), HPV 35 (10.1%), HPV
52 (10%), HPV 18 (9.7%), HPV 45 (6.8%), HPV 51 (6.6%),
HPV 58 (6.4%), HPV 56 (6.20%), HPV 33 (6.1%), HPV
31 (5.9%), HPV 39 (4.2%), HPV 68 (4%), HPV 59 (3.4%),
HPV 66 (2.2%), HPV 62 (0.3%), and HPV 61 (0.1%).** In
our study, when the samples with positive HPV DNA were
examined according to genotypes, it was observed that the
highest positivity rates were 68% for HR-HPV, 17.3% for
HPV 16, and 8.2% for HPV 16+HR-HPYV, respectively.

Epidemiological studies have shown that the main HPV
types causing cancer are primarily HPV 16, 18, 31, 33, 35,
39,45, 51, 52, 56, 58, and 59. Despite the fact that these re-
sults represent crucial considerations for HPV vaccination,
current vaccines do not fully cover all genotypes associated
with HPV-related diseases, even though they prevent most
HPYV infections.*>** Molina-Pineda et al.”” reported a prev-

alence of 11.5% for HPV 59 in cervical cancer patients,
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and HPV 59 has been identified in the top five genotypes
of HPV infection in various regions worldwide, including
Ghana, China, and Switzerland.” Additionally, although
HPV 51, HPV 53, HPV 56, and HPV 68 are known to be
associated with cervical intraepithelial neoplasia 1 (CIN 1)
at a rate of 31% and with cervical intraepithelial neoplasia
2 (CIN 2) at a rate of 26%, HPV 68, which is among the 14
HPV genotypes not covered by the 9-valent vaccine, has
an infection prevalence of 9.3%.38 Schlecht et al. found a
high prevalence of HPV 68 in unvaccinated individuals in
their 2021 study.* The importance of studies investigating
HPV genotype distributions becomes evident in this con-

text.

In a study conducted in Turkey in 2019, HPV 16 was re-
ported to be present in 36.9% of cases, while HPV 18 was
found in 13.9% of cases.* In the study by Aydogan S., et al.,
the highest positivity was observed in HPV 16 at 41.8%,
followed by HPV 51 at 12.7%. HPV 18 was detected in
11.8% of cases.* Yakut S., et al. found HPV 16 positivity in
4.5% of women with HPV positivity, HPV 18 positivity in
1.8%, and positivity for the other 12 HR-HPV genotypes at
a rate of 12.1%.** Similarly, in a study conducted in Turkey
in 2022, HPV 16 was found in 3.3% of cases, HPV 18 in
0.7%, and HR-HPV in 11.9%, with a positivity rate of 2.5%
for multiple HPV types.” In a large-scale study conducted
in Turkey in 2020, which included over 4 million patients,
HPYV type 16 was the most commonly detected type across
all age groups and geographical regions, followed by types
51,31, 52, 56,and 18.° In our study, HPV DNA genotyping
was performed on the patients included in our research.
The most frequently detected HR-HPV group was found
in 68% of cases, followed by HPV 16 at 17.3% and HPV
18 at 8.2% (Table 1). The occurrence of three types of HR-
HPV in two patients (0.5%) was observed, while the rate
of patients with two types of HPV together was 12%. Our
findings are generally consistent with the data from Tur-
key and globally, although there are significant variations
in HPV types both within our country and internationally.

The relationship between age and HPV infection remains

controversial in studies conducted to date. Some studies
have reported that a lower age is associated with an in-
creased risk of infection.*” Tounkara E, et al. reported that
patients under 30 years old and over 50 years old have a
higher likelihood of experiencing persistent HPV infec-
tion, emphasizing the need to pay particular attention to
these age groups during follow-up. This study highlight-
ed the widespread prevalence of HR-HPVs in individuals
aged 18 to 30, making them particularly vulnerable to de-

veloping cervical cancer at the population level.*

Studies have reported variations in the relationship be-
tween HPV prevalence and age. It has been observed that
prevalence is high among individuals aged 20-24, de-
creases in middle-aged groups, and then increases again
in women over 35.* In our study, HPV prevalence was
highest in the 35-44 age group at 38%, while it was 21.4%
and 22.7% in the 25-34 and 45-54 age groups, respectively
(Table 2). HPV prevalence in the middle age group was
found to be higher compared to the literature. This may be
attributed to the fact that in our country and region, the

sexually active life occurs at older ages.

In their study, Wheeler BS., et al. frequently found HPV 16
and 18 in the group aged 30 and above.* Salazar KL, et al.
reported a high frequency of multiple HPV genotype in-
fections.46 In our study, the most common HR-HPV gen-
otypes were detected in all age groups, particularly HPV
16 and HPV 16 with HR-HPV positivity predominated
in the group aged 30 and above. Multiple HPV infections
such as HPV 16 with HR-HPV were more commonly ob-
served in the 35-44 age group.

Cervical cancer screenings have been significantly dis-
rupted worldwide and in our country due to the COV-
ID-19 pandemic. In our study, a notable decrease in the
number of tests was observed for the year 2020 compared
to the following years, and it was noted that the number
of patients with HPV DNA positivity increased over the
years. The highest HPV DNA positivity rate was observed
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in 2022, reaching 44.4%. Upon examining the data for all
years, it was found that besides HR-HPV types, HPV 16
(17.3%) and HPV 16 with HR-HPV co-positivity (8.2%)

followed in frequency.

CONCLUSION
Special attention is required for the mortality and mor-
bidity caused by HPV infection and its associated cervical
cancer. Primarily, screening for early detection of cancer,
uninterrupted implementation of vaccination programs,
and the application of effective treatment protocols are
crucial. These three fundamental aspects are part of the
comprehensive surveillance program strategies at national
or local levels by the World Health Organization to reduce
cervical cancer due to public health concerns. The goal of
the strategy is to achieve targets by 2030, especially in low
and low-middle-income countries. This includes screen-
ing 70% of adults at the age of 35, repeating screening at
the age of 45, and ensuring that 90% of girls are fully vac-
cinated with HPV vaccine by the age of 15.” Studies have
shown that vaccines are highly effective in preventing pre-
cancerous lesions and invasive cancer infections caused by
HPYV infections.” Particularly in developing countries, the
high mortality and prevalence rates of cervical cancer have

reached alarming levels.

High rates of HPV-DNA have been detected in almost
every age group included in our study. Vaccination pro-
grams, along with screening programs, will serve as a
constraint against the spread of infection in this at-risk
population, potentially preventing HPV-related cancers. It
is believed that nationwide HPV DNA screening studies
and vaccination programs targeting HPV infections will
be highly effective in reducing the prevalence of cervical

cancer.
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