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To prevent cervical cancer, human papillomavirus (HPV) bivalent and quadrivalent vaccinations are common, but
there is a need for a vaccination system based on the high-risk human papillomavirus (HR-HPV) genotype that differs
by region. This study aimed to investigate the prevalence of HPV and the distribution of HR-HPV genotypes in 2,014
women who were not vaccinated against HPV. In this study, HPV DNA testing was performed on 2,014 women not
vaccinated against HPV and who visited the Busan Obstetrics and Gynecology Department from September 2020 to
July 2021. In addition, liquid-based cytology (LBC) test was performed on 493 cases of HR- HPV genotype infection
confirmed by HPV DNA test. The prevalence of HPV among women in Busan was positive in 609 (30.2%) out of 2,014
cases. Among the 609 HPV-positive cases, HR-HPV infection accounted for 493 cases (81.0%), which is a high proportion.
Of the total 493 HR-HPV infection cases, liquid-based cytology (LBC) was within normal limits (WNL) in 266 cases
(54.0%), atypical squamous cells of undetermined significance (ASCUS) in 97 cases (19.7%), low-grade squamous
intraepithelial lesion (LGSIL) in 88 cases (17.8%), and high-grade squamous intraepithelial lesion (HGSIL) in 42 cases
(8.5%). Single HR-HPV 52 and 16 accounted for the highest and second highest infection rates, respectively. The high
infection rate among women aged 18~39 underscores the need for continuous monitoring. In addition, when there were
abnormal findings in the cervical epithelium, HPV 52 was the most common, while in the case of HGSIL, HPV 16 was
the most common. The HR-HPV genotypes related to cervical cancer should be continuously collected and monitored

for use in health policies, including local and national vaccinations.
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INTRODUCTION

Cervical cancer, caused by human papillomavirus (HPV)
infection, is the third most common cancer among women
worldwide (Muiloz et al., 2003), Notably, the incidence of
cervical cancer in Korea is declining (Hong et al., 2021). But

given that the rates of HPV infection and cervical cancer

among young women in their 20s and 30s are increasing,
these topics merit special attention (Sabol et al., 2017; Aro
etal., 2019; Hong et al., 2021).

HPV is a highly contagious pathogen that infects the skin
or genital mucosa and causes genital warts, precancerous
lesions, and cervical cancer (Krashias et al., 2017). High
risk (HR)-HPV genotypes have high carcinogenicity that

transforms infected cells into cancer, with HPV 16 and 18 as
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the representative high-risk groups, for which prophylactic
vaccines are being commercialized (Martins et al., 2016;
Ma et al., 2019). In addition to HPV types 16 and 18, HPV-
31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 70
have been classified as high-risk genotypes (Burd, 2003).
The distribution of HPV genotypes has been reported to

vary between regions and countries (de Sanjos¢ et al., 2007).

Although the infection rates of HPV 16 and 18 are high in
South America and Europe, it has been reported that the
infection rates of HPV 16 and 18 genotypes are relatively
low in cervical cancer patients in East Asia In Korea, the
infection rates of HPV 52 and 58 are higher in women in
their 30s and 40s than HPV 16 and 18 (Park et al., 2019).
To fundamentally prevent cervical cancer, it is necessary to
establish a medical health policy that entails inoculating a
customized vaccine by identifying the HPV genotype pre-
valent in each region and country.

For HPV vaccines worldwide, Cervarix's (GlaxoSmith-
Kline Biologicals, Brentford, UK) bivalent and Gardasil's
(Merck Sharp & Dohme Co., Kenilworth, NJ, USA) quad-
rivalent vaccines are mainly used; in Korea, free inoculation
of these two vaccines is included in the national screening
system (Kim et al., 2018). Recently, it was expected that
HR-HPV 31, 33, 45, 52, and 58 genotypes would be added
due to Gardasil's 9-valent vaccine development (Printz, 2015;
Topazian et al., 2018), which would enhance the preventive
power (Paz-Zulueta et al., 2018; Kind et al., 2020). The HPV
9-valent vaccine is reportedly more effective in reducing
high-grade lesions in the cervix than the 4-valent vaccine
(Paz-Zulueta et al., 2018). However, the vaccination rate is
not high due to the high vaccine cost that individuals must
bear. According to research, there is a cross-protection ability
against different HPV genotypes, but the results of studies
on the cross-protection ability of vaccines remain insufficient
(Malagén et al., 2012; Min et al., 2016). Therefore, if a con-
tinuous analysis of HPV prevalence and genotype according
to region and country is conducted, vaccine development
and vaccination systems suitable for various situations can
be established as needed.

This study attempted to secure basic data for cervical
cancer prevention by analyzing the HPV prevalence and

HR-HPV genotype distribution in women who were not

vaccinated with HPV in Busan, Korea.

MATERIALS AND METHODS
Study subjects

In this study, HPV DNA testing was performed on
2,014 women not vaccinated against HPV and who visited
the Busan Obstetrics and Gynecology Department from
September 2020 to July 2021. The age of the subjects ranged
from 20 to 82 years, with an average age of 39.5 years. In
addition, liquid-based cytology (LBC) test was performed
on 493 cases of HR-HPV genotype infection confirmed by
HPV DNA test. Cytological results were diagnosed by a
pathologist and classified according to The Bethesda System
(TBS). The TBS classification system classified within nor-
mal limits (WNL), atypical squamous cells of undetermined
significance (ASCUS), low-grade squamous intraepithelial
lesion (LGSIL), high-grade squamous intraepithelial lesion
(HGSIL), and squamous cell carcinoma (SCC). This study
was conducted after obtaining approval from the Bioethics
Committee of the Catholic University of Busan (CUPIRB
2020-01-011).

HPV DNA detection

Cervical decidual epithelial cells were collected, and DNA
was extracted using a QIAamp DNA kit (QIAGEN Inc.,
Chatsworth, CA, USA). First, 20 uL proteinase K was added
to a 1.5 mL e-tube with a 200 pL sample. Next, 200 puL
buffer AL was added, mixed for 15s, and incubated for
10 min. Then, 200 pL ethanol (96~100%) was added to
the sample and mixed for 15s. Thereafter, the mixture was
transferred to a 2 mL collection tube and centrifuged at
6,000 x g for 1 min. Through the washing step, pure DNA
was extracted.

HPV genotyping was performed by liquid bead microarray
(LBMA) using the Omniplex-HPV kit (geneMatrix Inc.,
Seongnam, South Korea) according to the manufacturer's
instructions. Omniplex-HPV kit is a kit that can detect a
total of 40 types of HPV; 19 types in the high-risk group
(HPV-16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59,
66, 68, 69, 73, 82) and 21 types in the low-risk group
(HPV-6, 11, 30, 32, 40, 42, 43, 44, 54, 55, 61, 62, 67, 70,
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71, 72, 74, 81, 83, 84, 87). For single-closed tube nested
PCR, a total of 25 pL of reaction solution was used by
mixing 20 puL of Mastermic mixture and 5 pL of extracted
DNA. For PCR amplification, using a thermal cycler (Bio-
Rad Lab., Hercules, Ca, USA) at 50°C for 2 min and at
95C for 15 min, after two denaturation steps, 95C for
30 sec, 55°C for 30 sec and 72C for 60 sec, after the pre-
amplification process by performing the second reaction
cycle 10 times, the reaction cycle was performed 50 times
at 95°C for 30 sec, 40°C for 60 sec and 70°C for 30 sec to
amplify and react at 72°C for 10 min. For the hybridization
reaction, 45 pL of the solution mixture I kit provided by
the manufacturer was dispensed, 5 pL of the PCR product
was added, reacted at 95°C for 5 min and 53°C for 1 h, and
then the supernatant was removed. Next, 90 pL of Solution
mixture II was dispensed and reacted at 53°C for 5 min, and
then the supernatant was removed. Finally, 80 pL of OPV-
Buffer 3 solution was added, and the mean fluorescence
intensity (MFI) values of 40 HPV genotypes were checked
using the MAGPIX" system (Luminex Corp., Austin, TX,
USA). Results were interpreted as HPV genotype positive
when the MFI value was 100 or higher.

Liquid based cytology (LBC) test

The cervical decidual epithelial cells of the women were
collected and placed in a cell prep vial, a liquid cytometry
container, and fixed for more than 30 min. Afterward, the
cell prep vial where the cell fixation was completed was
attached (Biodyne, Seoul, South Korea), and a suction tube
in the vial was used to aggregate the cells by attaching the

slide to the blowing membrane. A uniform sample slide was

prepared as a monolayer without overlapping between cells.

After fixing the prepared slides in 95% ethyl alcohol for
30 min, Pap staining was performed in automatic staining
equipment (Autostainer XL, Leica, Wetzlar, Germany). After
staining with hematoxylin for 2 min, it was washed with

water, decolorized with 0.5% HCL, washed with water, and

then stained with OG-6 and EA-50 solutions for 1 min each.

The slides were manufactured through dehydration, clearing,

and mounting processes.

RESULTS

HPV prevalence and single HR-HPV genotype distri-

bution in 2,014 female patients

The prevalence of HPV among women in Busan was
positive in 609 cases (30.2%) and negative in 1,405 cases
(69.8%) out of 2,014 cases. For the distribution of HPV
infection genotypes, out of 609 cases, single LR-HPV was
positive in 102 cases (16.7%), single HR-HPV was positive

Table 1. HPV prevalence and single HR-HPV genotype distri-
bution in 2,014 female patients

Infection Cases
N=2,014 (%)
HPV Negative 1,405 (69.8)
HPV Positive 609 (30.2)
Single LR-HPV 102 (16.7)
Multiple HPV 237 (38.9)
LR+ LR 14 (5.9)
LR + HR 138 (58.2)
HR + HR 85(35.9)
Single HR-HPV 270 (44.3)
HPV-16 33(12.2)
HPV-18 11 4.1)
HPV-26 2(0.7)
HPV-31 9(3.3)
HPV-33 4(L.5)
HPV-35 6(2.2)
HPV-39 21(7.8)
HPV-45 6(2.2)
HPV-51 21(7.8)
HPV-52 57 (21.1)
HPV-53 20(7.4)
HPV-56 13 (4.8)
HPV-58 15(5.6)
HPV-59 4(L.5)
HPV-66 16 (5.9)
HPV-67 1(0.4)
HPV-68 5(1.9)
HPV-70 23 (8.5)
HPV-73 1(0.4)
HPV-82 2(0.7)
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Table 2. Analysis of cytological results according to 493 HR-HPV genotypes

Cytological results
Infection Cases Normal ASCUS LGSIL HGSIL
N=493 N=266 N=97 N=88 N=42
Single HR-HPV 270 145 54 41 30
HPV-16 33 16 4 1 12
HPV-18 11 5 1 1 4
HPV-26 2 2 - - -
HPV-31 3 2 1 3
HPV-33 4 - 3 1 -
HPV-35 6 1 5 - -
HPV-39 21 16 1 4 -
HPV-45 6 4 2 - -
HPV-51 21 10 6 4
HPV-52 57 30 11 10 6
HPV-53 20 13 4 3 -
HPV-56 13 1 3 8 1
HPV-58 15 7 3 3 2
HPV-59 4 3 1 - -
HPV-66 16 12 1 3 -
HPV-67 1 - - -
HPV-68 5 4 - - 1
HPV-70 23 16 6 1 -
HPV-73 1 - 1 - -
HPV-82 2 1 - 1 -
Multiple HR-HPV
LR +HR 138 75 30 28
HR + HR 85 46 13 19 7

in 270 cases (44.3%), and multiple HPV was positive in
237 cases (38.9%). For the distribution of multiple HPV
infections, LR + LR multiple HPV infections accounted for
5.9% (14/237), LR + HR multiple HPV infections for 58.2%
(138 /237), and HR + HR multiple HPV infections for
35.9% (85/270) (Table 1). This means that out of 609 HPV-
positive cases, HR-HPV infection accounted for 493 (81.0%),
which is a high proportion.

For the genotypes of single HPV infections, HPV 52 was
the most common with 21.1% (57/270), followed by HPV
16 with 12.2% (33/270). In addition, HPV 70 accounted for
8.5% (23/270), HPV 51 and 39 for 7.8% (21/270), and HPV
53 for 7.4% (20/270).

Analysis of cytological results according to 493 HR-
HPYV infection

LBC results were analyzed for 493 cases positive for
HR-HPV infection. Of the 493 HR-HPV infection cases,
LBC was WNL in 266 cases (54.0%), ASCUS in 97 cases
(19.7%), LGSIL in 88 cases (17.8%), and HGSIL in 42 cases
(8.5%) (Table 2).

Out of 266 cases diagnosed as WNL in LBC, single HR-
HPV infection was found in 145 cases (54.5%), LR + HR
multiple HPV infections in 75 cases (28.2%), and HR +
HR multiple HPV infections in 46 cases (17.3%). Out of
97 cases diagnosed as ASCUS in LBC, single HR-HPV
infection was found in 54 cases (55.7%), LR + HR multiple
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Table 3. Analysis of the prevalence of seven types of HR-HPV according to age distribution

HR-HPV

Age Cases
16 18 31 33 45 52 58
20~29 68 14 5 10 - 5 23 11
30~39 108 14 16 13 3 2 42 18
40~49 60 15 7 2 3 22 7
50~59 46 12 2 3 2 2 19 6
60~69 22 3 2 - 8 2
>70 6 2 - 1 2 - - 1
Total 310 63 28 37 11 12 114 45

HPV infections in 30 cases (30.9%), and HR + HR multiple
HPV infections in 13 cases (13.4%). Out of 88 cases diag-
nosed as LGSIL in LBC, single HR-HPV infection was
found in 41 cases (46.6%), LR + HR multiple HPV infec-
tions in 28 cases (31.8%), and HR + HR multiple HPV
infections in 19 cases (21.6%). Out of 42 cases diagnosed
as HGSIL in LBC, single HR-HPV infection was found in
30 cases (71.4%), LR + HR multiple HPV infections in five
cases (11.9%), and HR + HR multiple HPV infections in
seven cases (16.7%).

For the distribution of single HR-HPV genotypes in cases
of cervical intraepithelial abnormality (ASCUS + LGSIL +
HGSIL) in LBC, HPV 52 was the most common with 21.6%
(27/125), followed by HPV 16 with 13.6% (17/125) and
HPV 56 with 9.6% (12/125). For the distribution of single
HR-HPV genotypes in the case of HGSIL in LBC, HPV
16 was the highest with 40.0% (12/30), followed by HPV
52 with 20.0% (6/30), and HPV 18 with 13.3% (4/30).

Analysis of the prevalence of seven types of HR-HPV

according to age distribution

Table 3 examines the age distribution of seven-valent
HR-HPV genotypes among single and multiple HR-HPV
infections. As can be seen, 108 cases (34.8%) between the
ages of 30 and 39 accounted for the highest number out of
310 cases, followed by 68 cases (21.9%) among those aged
20~29, 60 cases (19.4%) among those aged 40~49, 46 cases
(14.8%) among those aged 50~59, 22 cases (7.1%) among
those aged 60~69, and six cases (1.9%) among those over

70 years.

Examining the seven types of HR-HPV genotypes accord-
ing to age distribution, out of 310 cases, HPV 52 was the
most common with 114 cases (36.8%), followed by HPV 16
with 63 cases (20.3%), HPV 58 with 45 cases (14.5%), HPV
31 with 37 cases (11.9%), HPV 18 with 28 cases (9.0%),
HPV 45 with 12 cases (3.9%), and HPV 11 with 33 cases
(3.5%).

DISCUSSION

In Korea, HPV is known as the main cause of cervical
cancer, so HPV vaccination is administered as a national
mandatory free vaccination for women under the age of 12
(Kim et al., 2018). In addition, policy efforts are being ex-
erted to actively prevent cervical cancer by lowering the
national screening age for cervical cytology, which was
previously conducted for those aged 20 to 30 years (Won et
al., 2020). Although the mortality rate due to cervical cancer
has significantly declined due to these efforts (Tran et al.,
2020), the prevalence of HPV is still reportedly high among
young women (Sabol et al., 2017; Aro et al., 2019; Hong et
al., 2021), Therefore, research for monitoring the potential
risk of cervical cancer due to HR-HPV is steadily increasing.
A meta-analysis with data from 65 studies from 14 high-
income countries published in 2019 found that 5~8 years
after HPV vaccination, the prevalence of HR-HPV decreased
by 83% for women 13~19 years old and 66% for women
20~24 years old. In addition, among women who were
screened for cervical cancer 5 to 9 years after vaccination,

CIN2+ was significantly reduced by 51% at the age of
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15~19 and by 31% at the age of 20~24 (Drolet et al., 2019).
In this study, the overall prevalence of HPV among women
not vaccinated against HPV was 30.2% (609/2,014), and the
prevalence of HR-HPV reached as high as 81.0% (493/609).

Although it has been reported that HPV genotypes differ
between regions and countries (de Sanjosé¢ et al., 2007), the
prevalence of HPV 16 and 18 are the highest among women
worldwide (Clifford et al., 2005). Therefore, in Korea, biva-
lent and quadrivalent vaccines including HPV 16 and 18
are designated as mandatory national vaccinations. However,
since it has been reported that the frequencies of infection
with HPV 52 and 58 are high in Asia (de Sanjos¢ et al.,
2007; Long et al., 2018), selecting vaccines for national
vaccination has elicited interest. In this study, the single
HR-HPV infection rate was 21.1% (57/270) for HPV 52,
higher than 12.2% (33/270) for HPV 16 (Table 1). In the
analysis of the HR-HPV infection rate according to age,
HPV 52 accounted for 36.8% (114/310), which was higher
than that of HPV 16, which was 20.3% (63/310). Recently,
9-valent vaccines, including HPV 6, 11, 16, 18, 31, 33, 45,
52, and 58, have been released, thus expanding the range
of prevention. They have been reported to be particularly
effective in preventing HPV in adult women (Printz, 2015;
Topazian et al., 2018). In another study, five HPV genotypes
not included in the quadrivalent vaccine were significantly
associated with high-grade lesions in the cervix, except for
HPV 16 and 18, which explains the positive effect of 9-
valent vaccination (Paz-Zulueta et al., 2018). Therefore,
the adoption of a 9-valent vaccine containing HPV 52 as a
vaccine for mandatory national vaccinations should be con-
sidered.

The cumulative infection rate of HPV reaches about 50%
within several years of starting sexual activity (Castle, 2004),
and it is reported that the prevalence of HPV decreases
with increasing age (Walboomers et al., 1999; Hong et al.,
2021). This is interpreted as a high prevalence of HPV in
sexually active young women, and monitoring for HR-
HPV infection is the most effective way to prevent cervical
cancer. In this study, the HR-HPV infection rate for women
aged 20 to 39 was high at 56.8% (176/310). In particular,
HPV 52 accounted for 36.9% (65/176), HPV 58 for 16.5%
(29/176), and HPV 16 for 15.9% (28/176), underscoring that

these are high-risk genotypes that require follow-up.

Most cases of HPV infection are asymptomatic and are
known to be cured naturally through an immune response
within a few years (Cubie, 2013). However, since the natural
antibody response to HPV is slow and the antibody titer is
low (WHO, 2014), it has been suggested that if HR-HPV
infection persists, it may be a factor in the development of
cervical neoplasia (Myers et al., 2000). Not all HPV infec-
tions cause cervical cancer, so the analysis and follow-up
of HR-HPV infection, which are related to the development
of intracervical tumors, are more important. HPV 16 should
be allocated particular attention because it reportedly has
the highest infection rate in cervical cancer (Sasagawa et
al., 2001). In this study, 227 cases (46.0%) showed intra-
epithelial abnormalities among 493 HR-HPV cases. In the
single HR-HPV infection rate, HPV 52 accounted for the
highest infection rate, while in HGSIL, single HPV 16 was
the highest at 40% (12/30), indicating their association with
cancer.

In conclusion, the prevalence of HPV among women in
Busan, Korea who did not receive HPV vaccine was 30.2%
(609/2,014), and the HR-HPYV infection rate was as high as
81.0% (493/609). Single HR-HPV type 52 and type 16
showed the highest infection rate in that order, and the high
infection rate among young women aged 18~39 suggests
the need for continuous monitoring. In addition, in the
cytological results, when there were abnormal findings of
cervical epithelium, HPV type 52 was the most common,
and when there were high-grade intraepithelial abnormalities,
HPV type 16 was more common. It is thought that the HR-
HPV genotypes related to cervical cancer should be con-
tinuously collected and followed for use in health policies,

including local and national vaccination.
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