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Summary
Cervical cancer is a common in women worldwide. Human papilloma virus (HPV), which is known to be a direct cause of cervical

cancer, differs in its infection rate and genotype by country, geography, race, genetic factors, and immune status. No previously reported
studies have reported the HPV prevalence and genotype distributions of Korean-Chinese women living in China. This study examined
the prevalence and genotype distribution of HPV among Korean-Chinese women to find similarities and differences compared to Han-
Chinese women and Korean women. We also evaluated the effectiveness of a genotyping test compared with liquid-based cytology
(LBC) as a screening test. We performed LBC and HPV genotyping tests on 2099 women living in the Yanbian region. The mean age of
the 2099 subjects was 42.5 years (18-82). The largest ethnic groups were Han-Chinese (78%), Korean-Chinese (20.2%), Man-Chinese
(0.8%), Jang-Chinese (0.04%), and Myo-Chinese (0.04%). Of the Korean-Chinese women, 34.4% tested positive for HPV; the most
prevalent subtypes were 52, 58, 16, 53, and 33, which was clearly different from those of Han-Chinese women and other Koreans. The
results of LBC showed a false negative rate of 62.4% compared with the results of HPV genotyping tests. This shows that a cervical
cancer screening system utilizing HPV genotyping or a combined method is more effective. According to the HPV profile, only the
Gardasil 9 vaccine can cover the HPV subtypes prevalent in Korean-Chinese women in the Yanbian region. This paper is the first report
on HPV epidemiology among Korean-Chinese women in China.
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Introduction

Uterine cervical cancer is a common malignant tumor
in women worldwide and it is one of the leading causes
of death from cancer [1]. Infection with human papilloma
virus (HPV) is the main cause of invasive cervical cancer or
progenitor lesions, which are observed in 90% of patients
with cervical cancer [2]. Infection with HPV increases the
risk of future epithelial lesions even if there is no histolog-
ical change in the cervix. The link between HPV infection
and cervical cancer has been reported in many studies [3-
8]. Thus far, more than 100 genotypes of HPV have been
described, of which about 40 cause infections in the gen-
itals [9, 10]. HPV is divided into high-risk and low-risk
groups according to how the virus affects progression to
malignant tumors. High-risk HPV strains (16, 18, 31, 33,
35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, etc.) are strongly
associated with cancer [9-14]. In particular, high-risk HPV
subtypes such as HPV 16, 18, and 31 have been shown to
have biochemical properties that can cause invasive cervi-
cal cancer [15-17]. Low-risk HPV genotypes such as HPV
6, 11, 42, and 43 are associated with benign lesions such as
condyloma andwarts [9, 10]. Theworldwide distribution of
HPV genotypes is very regional [18, 19]. HPV infection is
affected by geographic location, race, immunological sta-
tus, and genetic factors [20-22]. In molecular analyses of
women without cytological abnormalities, HPV infection

rates were higher in less developed countries (15.5%) than
in more developed countries (10.0%), and in older women
compared to young women [18]. In most cases, HPV 16
and 18 are the most common genotypes associated with in-
vasive epithelial cell carcinoma, followed by HPV 45, 31,
and 33. In Asian women, however, HPV 58 and 52 are
more common than HPV 45, 31, and 33 [23, 24]. There
are two methods of HPV detection that are widely used
in the clinic, namely mixed capture technology and poly-
merase chain reaction (PCR). Currently, Chinese medical
institutions use the 23 HPV Genotyping Real-time PCR
Kit (Hybribio, HBRT-23) for the diagnosis of individuals
and to collect information regarding large-scale HPV trends
and distribution. It is an approved fluorescence-based PCR
technology, which tests for 23 HPV subtypes (16, 18, 31,
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 6, 11, 42, 43,
44, 81, 73, 82, and 23). The two most common vaccines
that have been developed to prevent HPV subtypes that can
cause cervical cancer are Gardasil (Merck, Sharp & Dohme
Corp., New Jersey, US) and Cervarix (GlaxoSmithKline
Biologicals s.a., Rixensart, Belgium) [25]. The Cervarix
2 HPV vaccine is used to prevent infection by HPV 16 and
18. The Gardasil 4 vaccine can prevent infection by HPV
6, 11, 16 and 18, and the Gardasil 9 vaccine can prevent
infection by HPV 6, 11, 16, 18, 31, 33, 45, 52, and 58 [26].

In this study, the molecular genotype results were com-
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pared to the liquid-based cytology (LBC) screening results
of Korean-Chinese women living in the Yanbian Korean
Autonomous Region, Jilin Province, China. Our aim was
to determine the most appropriate vaccine for HPV preven-
tion in this area.

Patients and Methods
Patients

The current study included 2099 patients who visited
the Department of Obstetrics and Gynecology at Yanbian
Maternal and Child Health Care Hospital in Jilin Province,
China, from April 2018 to November 2018. The experi-
mental plan was conducted with the approval of the Institu-
tional Ethics Committee of Kangwon National University
and the experiments were conducted in China.
Liquid-based cytology and HPV genotype tests

All 2099 specimens underwent cervical fluid cytology
E-prep 1000 (Jilin Shiye Medical Technology Co. Ltd.,
China) and HPV DNA Test (Hybribio Limited, Chauzou,
China) at the same time. Tissue sampling and slide prepa-
ration was performed according to the protocol provided
with the E-Prep 1000 Test. The prepared slides were first
assessed by a pathologist and then reassessed by another
pathologist. All abnormal readings were reassessed, and
the diagnosis was confirmed by three pathologists work-
ing together. Cytological diagnosis was performed using
the 2014 Bethesda system and samples were categorized as
follows: low-grade squamous intraepithelial lesion (LSIL),
high-grade squamous intraepithelial lesion (HSIL), atypi-
cal squamous cells of undetermined significance (ASCUS),
atypical squamous cells, cannot exclude HSIL (ASC-H),
squamous cell carcinoma (SCC), or adenocarcinoma (AC).

HPV genotyping was performed using a 23 HPV Geno-
typing Real-Time PCR Kit (Hybribio, HBRT-23, Hong
Kong). This test can detect 15 high-risk HPVs (16, 18, 31,
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68) and 8 low-risk
HPVs (6, 11, 42, 43, 44, 81, 73, 82), allowing analysis of a
total of 23HPVgenotypes. After processing the sample, the
extracted DNA was combined with the primer-containing
real-time PCR master mix provided in the 23 HPV Geno-
typing Real-time PCRKit, and PCRwas performed accord-
ing to the protocol provided by the manufacturer for gene
amplification. If the Ct value of the globulin internal control
was below 40 cycles, the Ct value of the other sequences
was not clear and was interpreted as negative. When the
sample Ct value was 40-45 cycles, the sample was evalu-
ated again. If the Ct value of the second test result was less
than 40, the sample was considered to be positive for HPV,
otherwise it was interpreted as negative. If the Ct values of
the sample were not checked, the results were considered
invalid and samples were retaken (Table 1).
Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
software (SPSS for Windows version 12.0, Chicago, IL,
USA) was used for statistical analyses.

Results

Patient characteristics
The mean age of the 2099 subjects was 42.5 years, with

the youngest subject at 18 years old and the oldest at 82.
When grouped by age, the 40-49 years’ age group was the
largest at 33.2% (697/2099), followed by 30-39 years at
31.3% (658/2099), 50-59 years at 19.5% (409/2099), 20-29
years at 10.1% (213/2099), 60-69 years at 4.8% (101/2099),
over 70 years old at 0.9% (18/2099), and under 20 years
old at 0.14% (3/2099) (Table 2). The largest ethnic group
was Han-Chinese, who comprised 78% of the study popula-
tion (1656/2099), while Korean-Chinese comprised 20.2%
(424/2099), Man-Chinese, 0.8% (17/2099), Jang-Chinese,
0.04% (1/2099), and Myo-Chinese, 0.04% (1/2099) (Table
3).

Liquid-based cytology test results
The LBC test was conducted according to the 2014

Bethesda system. When cytological results were calculated
as a proportion of the study population and grouped accord-
ing to age, the abnormal cell frequency was 4.3% in the 30-
39 years’ group (88/2099), 3.9% in the 40-49 years’ group
(83/2099), 3.4% in the 50-59 years group (72/2099), 2.1%
in the 20-29 years group (40/2099), 1.3% in the 60-69 years
group (27/2099), and 0.3% in the over 70 years old group
(6/2099). Among them, the rankings of medium or higher-
grade by age were 1% in the 40s (21/2099), 0.88% in the
30s (18/2099), 0.7% in the 50s (14/2099), 0.4% in the 20s
and 60s (8/2099), and 0.08% in the 70s (2/2099). Find-
ings within the normal range were observed in 1783 women
(85%), which included normal limits, atrophy, and reac-
tive cellular changes associated with inflammation. Of the
316women (15%)who exhibited abnormal findings, 10.1%
(213/2099) were diagnosed with ASCUS, 2.1% (44/2099)
with ASC-H, 1.5% (32/2099) with LSIL, 1.1% (23/2099)
with HSIL, 0.14% (3/2099) with SCC, and 0.04% (1/2099)
with AC (Table 2). As a result of cross-analysis to exam-
ine differences in test results according to the age group,
the chi-squared statistic was 33.673 (p-value = 0.001). It
can be said that there is a significant difference in the test
results depending on the age group (p < 0.05). The cy-
tological results of the Korean-Chinese group showed that
83.7% were diagnosed as normal (355/424) and 16.3%
were abnormal (69/424). Of the abnormal cytology re-
sults, 11.8% were diagnosed as ASCUS (50/424), 2.1%
as ASC-H (9/424), 1.2% as LSIL (5/424), 0.9% as HSIL
(4/424), and 0.2% as SCC (1/424). Of the Han-Chinese
test results, 85.4% (1414/1656) were normal and 14.6%
(242/1656) were abnormal. Among the abnormal cytol-
ogy results, 9.6% were diagnosed as ASCUS (159/1656),
2.1% as ASC-H (34/1656), 1.6% as LSIL (27/1656), 1.1%
as HSIL (19/1656), 0.1% as SCC (2/1656), and 0.1% as
AC (1/1656). The Man-, Jang-, and Myo-Chinese groups
did not yield statistically significant results due to the small
number of patients in each group (Table 3). As a result of
cross-analysis to examine the difference in test results ac-
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Table 1. — Interpretation protocol of real-time PCR results for human papilloma virus genotyping.

PCR reaction tube (HPV subtypes) FAM Ct ≤
40

HEX Ct ≤
40

ROX Ct ≤
40

CY5 Ct ≤ 40

PCR Mix 1 (16/18/31/33) 16 18 31 33
PCR Mix 2 (35/39/45/51) 35 39 45 51
PCR Mix 3 (52/56/58/59) 52 56 58 59
PCR Mix 4 (66/68/6/11) 66 68 6 11
PCR Mix 5 (42/43/44/53) 42 43 44 53
PCR Mix 6 (81/73/82/IC) 81 73 82 globulin

Table 2. — Age distribution and result of liquid-based cytological examination.

Age Cytology diagnosis (No/%) Total

(year) Normal ASCUS LSIL ASC-H HSIL SCC AC (No/%)

< 20 3 (0.14) 0 0 0 0 0 0 3 (0.14)
20-29 173 (8.2) 27 (1.3) 5 (0.4) 6 (0.3) 2 (0.1) 0 0 213 (10.1)
30-39 570 (27.2) 58 (2.8) 12 (0.6) 14 (0.7) 3 (0.14) 1 (0.04) 0 658 (31.3)
40-49 614 (29.3) 56 (2.7) 6 (0.3) 13 (0.6) 8 (0.4) 0 0 697 (33.2)
50-59 337 (16.1) 50 (2.4) 8 (0.4) 7 (0.3) 5 (0.4) 1 (0.04) 1 (0.04) 409 (19.5)
60-69 74 (3.5) 18 (0.9) 1 (0.04) 4 (0.2) 4 (0.2) 0 0 101 (4.8)
≥ 70 12 (0.6) 4 (0.2) 0 0 1 (0.04) 1 (0.04) 0 18 (0.9)
Total (No/%) 1783 (84.9) 213 (10.1) 32 (1.5) 44 (2.1) 23 (1.1) 3 (0.14) 1 (0.04) 2099 (100)

No: Number of patients; ASCUS: atypical squamous cells of undetermined significance; LSIL: low-grade squamous in-
traepithelial lesion; ASC-H: atypical squamous cells, cannot exclude HSIL; HSIL: high-grade squamous intraepithelial
lesion; SCC: squamous cell carcinoma; AC: adenocarcinoma.

Table 3. — Ethnic distribution of liquid-based cytological result.

Cytology Ethnic classification Total

diagnosis Han-Chinese Korean-Chinese Man-Chinese Jang-Chinese Myo-Chinese (No/%)

Normal 1414 (67.3) 355 (17.0) 13 (0.6) 1 (0.04) 0 1783 (85)
ASCUS 159 (7.6) 50 (2.4) 3 (0.14) 0 1 (0.04) 213 (10.1)
LSIL 27 (1.3) 5 (0.2) 0 0 0 32 (1.5)
ASC-H 34 (1.6) 9 (0.4) 1 (0.04) 0 0 44 (2.1)
HSIL 19 (0.9) 4 (0.2) 0 0 0 23 (1.1)
SCC 2 (0.1) 1 (0.04) 0 0 0 3 (0.14)
AC 1 (0.04) 0 0 0 0 1 (0.04)
Total 1656 (78.0) 424 (20.2) 17 (0.8) 1 (0.04) 1 (0.04) 2099 (100)(No/%)

No: Number of patients; ASCUS: atypical squamous cells of undetermined significance; LSIL: low-grade squamous in-
traepithelial lesion; ASC-H: atypical squamous cells, cannot exclude HSIL; HSIL: high-grade squamous intraepithelial
lesion; SCC: squamous cell carcinoma; AC: adenocarcinoma.

cording to ethnic group, Fisher’s exact test was used. The
test statistic value was 5.802 (p-value = 0.468), so it cannot
be said that there is a difference in test results according to
ethnic group (p > 0.05).

HPV genotyping test results
Of the 2099 patients in the study population, 32%

(671/2099) had one or more positive HPV results. Among
those who tested positive, 57.7% (387/671) were high-risk
single infections, 15.8% (106/671) were combined high-

and low-risk infections, 14.9% (100/671) were high-risk
multiple infections, 9.9% (67/671) were low-risk single in-
fections, and 1.6% (11/671) were low-risk multiple infec-
tions (Table 4). When the positive HPV results were as-
sessed by age, the group with the highest infection rate was
30-39 years with 31.6% (212/671), followed by 40-49 years
with 28.2% (189/671), 50-59 years with 18.9% (127/671),
20-29 years with 12.8% (86/671), 60-69 years with 7.0%
(47/671), and over 70 years with 1.5% (10/671) (Table
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Table 4. — Overall correlation of cytology with human papilloma virus molecular result.

Cytology No/% HPV (+) HPV infection pattern

Diagnosis H-S H-M H&L-M L-S L-M

Total 2099 (100) 671 (32) 387 (18.4) 100 (4.7) 106 (5.1) 67 (3.2) 11 (0.5)
Normal 1783 (85) 419 (20) 253 (12.1) 49 (2.3) 58 (2.8) 52 (2.5) 7 (0.3)
Abnormal 316 (15) 252 (12) 134 (6.3) 51 (2.4) 48 (2.3) 15 (0.7) 4 (0.2)

No: Number of patients; H-S: High-risk single infection, H-M: High-risk multiple infection, H&L-M: High-risk & Low-risk
infection, L-S: Low-risk single infection, L-M: Low-risk multiple infection.

Table 5. — Age distribution of human papilloma virus infection and cytological abnormality.

Cytology diagnosis
HPV fluorescence genotyping

Cytological abnormal Cytological normal
(No = 316) (No = 1783)

Age (No/%) HPV negative HPV positive HPV negative HPV positive
Total 2099 (100) 64 (3.0) 252 (11.9) 1364 (65.0) 419 (20.2)
< 20 3(0.1) 0 0 3 (0.1) 0
20-29 213(10.1) 8 (0.4) 32 (1.5) 119 (5.7) 54 (2.6)
30-39 658 (31.3) 12 (0.6) 76 (3.6) 434 (20.7) 136 (6.5)
40-49 697 (33.2) 19 (0.9) 64 (3.0) 489 (23.3) 125 (6.0)
50-59 409 (19.5) 20 (0.9) 52 (2.5) 262 (12.5) 75 (3.6)
60-69 101 (4.8) 3 (0.1) 24 (1.1) 51 (2.4) 23 (1.1)
≥ 70 18 (0.9) 2 (0.1) 4 (0.2) 6 (0.3) 6 (0.2)

No: Number of patients.

5). The HPV-positive rate in Korean-Chinese women was
34.4% (146/424), which is slightly higher than the over-
all positive rate of 32% (671/2099) and the rate of 31%
(514/1656) in Han-Chinese women. The Myo- and Jang-
Chinese total positive rates were 100% (1/1) for each group
and theMan-Chinese positive rate was 52.9% (9/17). There
was only one Jang-Chinese woman and one Myo-Chinese
woman, so statistically significant results could not be ob-
tained for these groups (Table 6). The most common HPV
genotypes found in the Korean-Chinese group were HPV
52, 58, 16, 53, and 33, which differed from those in the
Han-Chinese group, where the most common were 16, 52,
58, 53 and 81 (Table 7). As a result of cross-analysis of
HPV types 16, 18, 6, and 11 in the Han-Chinese (n = 151),
Korean-Chinese (n = 28), and Man-Chinese (n = 3), cells
with a frequency less than 5 are more than 20% of the to-
tal cells. Therefore, Fisher’s exact test was used. The test
statistic value was 9.603 (p-value = 0.096), so it cannot be
said that there is a significant difference between the Chi-
nese, Korean-Chinese, and Man-Chinese groups for HPV
types 16, 18, 6, and 11 at the 0.05 significance level.

Comparison of cervical cytology with diagnostics
and HPV molecular test results

In 1783 patients (85%) who were diagnosed as normal
by the LBC test, 419 (20%) patients were confirmed to
have an HPV infection according to Pap smear cytology.
Of these 671 HPV-positive samples, 23.5% were diagnosed

as ASCUS (158/671), 5.5% as ASC-H (37/671), 4.6% as
LSIL (31/671), 3.3% as HSIL (22/671), 0.45% as SCC
(3/671), and 0.15% as AC (1/671). Of the 316 patients who
showed abnormalities according to the LBC cytological di-
agnosis, 64 (3.1%) cases of HPV infection were not iden-
tified. When compared to the diagnoses by DNA testing,
Pap smear cytology showed that 37.5% were true positives
(252/671), 95.5% were true negatives (1364/1428), 4.5%
were false positives (64/1428), and 62.4% were false neg-
atives (419/671). The five most common genotypes in pa-
tients with abnormal cytological findings were HPV 16, 52,
58, 56, and 53, sequentially. The five most common geno-
types in patients with normal cytological findings were se-
quentially HPV 52, 16, 58, 53, 81. Overall, the five most
common HPV genotypes were sequentially 16, 52, 58, 53,
56 (Table 8-10).

Discussion

HPV is a DNA virus that is an important pathogen as-
sociated with cervical cancer. Persistent HPV infections,
especially of high-risk genotypes, play an important role
in the progression of progenitor lesions to invasive cancer
[2]. The virus can be present in cells while the cytologi-
cal transformation is not yet apparent, but the cytological
test is still being performed as the screening test for cervi-
cal cancer. We show that the overall positive rate of HPV
infection diagnosed by DNA testing was 32% (671/2099)
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Table 6. — Ethnic difference of human papilloma virus prevalence and cytological abnormality.

Cytology diagnosis
HPV Genotyping

Cytological abnormal Cytological normal
(n = 316) (n = 1783)

Race (No/%) HPV negative HPV positive HPV negative HPV positive
Total 2099 (100) 64 (3.1) 252 (12.0) 1364 (65.0) 419 (20.0)
Han-Chinese 1656 (78.9) 47 (2.2) 195 (9.3) 1095 (52.2) 319(15.1)
Korean- Chinese 424 (20.2) 16 (0.8) 53 (2.5) 262 (12.5) 93(4.4)
Man-Chinese 17 (0.8) 1 (0.04) 3 (0.1) 7 (0.3) 6 (0.3)
Jang-Chinese 1 (0.04) 0 0 0 1 (0.04)
Myo-Chinese 1 (0.04) 0 1 (0.04) 0 0

No: Number of patients.

Table 7. — Ethnic differences in human papilloma virus subtype distribution.

HPV type Ethnic classification (No/%) Total (No/%)
Han-Chinese Korean-Chinese Man-Chinese Jang-Chinese Myo-Chinese

High-cisk 16 112 (11.0) 17 (1.6) 2 (0.2) 0 0 131 (12.8)
18 15(1.4) 6 (0.6) 1 (0.1) 0 0 22 (2.1)
31 31 (3.0) 8 (0.8) 2 (0.2) 0 0 41 (4.0)
33 25 (2.4) 14 (1.3) 0 0 1 (0.1) 40 (3.8)
35 14 (1.3) 4 (0.4) 0 0 0 18 (1.7)
39 27 (2.6) 10 (1.0) 1 (0.1) 0 1 (0.1) 39 (3.8)
45 7 (0.7) 4 (0.4) 1 (0.1) 0 0 12 (1.2)
51 38 (3.7) 12 (1.2) 1 (0.1) 0 0 51 (5.0)
52 82 (7.9) 43 (4.1) 1 (0.1) 0 0 126 (12.1)
53 54 (5.2) 16 (1.5) 0 1 (0.1) 0 71 (6.8)
56 39 (3.8) 13 (1.3) 0 0 0 52 (5.1)
58 79 (7.6) 18 (1.7) 0 0 1 (0.1) 98 (9.4)
59 29 (2.8) 4 (0.4) 0 0 0 33 (3.2)
66 39 (3.8) 6 (0.6) 0 0 0 45 (4.4)
68 30 (2.9) 10 (1.0) 0 0 0 40 (3.9)

Low-cisk 6 12 (1.2) 5 (0.5) 0 0 0 17 (1.7)
11 12 (1.2) 0 0 0 0 12 (1.2)
42 38 (3.7) 13 (1.3) 0 0 0 51 (5.0)
43 22 (2.1) 9 (0.9) 0 0 0 31 (3.0)
44 26 (2.5) 10 (1.0) 0 0 0 36 (3.6)
81 41 (4.0) 8 (0.8) 1 (0.1) 0 0 50 (4.9)
73 9 (0.9) 4 (0.4) 0 0 0 13 (1.3)
82 9 (0.9) 1 (0.1) 0 0 0 10 (1.0)

Total 790 (76.0) 235 (22.6) 10 (1.0) 1 (0.1) 3 (0.3) 1039 (100)

No: Number of patients.

in Korean-Chinese women. This is higher than the global
positive rate, which ranges from 1.4–25.6% [18]. Abnor-
mal cytological diagnosis (ASCUS, LSIL, HSIL, SCC, AC)
was seen in 15.2% of the study population (316/2099),
and high-risk single infection comprised 6.3% (134/2099),
which was higher than the rate of high-risk multiple infec-
tion at 2.4% (51/2099). In this study, HPV high-risk sin-
gle infections were more frequently seen in HSIL and SCC
than higher-grade multiple infections, which is in contrast
to the fact that complex infections can cause persistent in-

fections [27]. This result confirms the limitation of low
sensitivity, although the cervical cytology technique used
previously was successful in screening for cervical cancer.
Therefore, the results of our study suggest that the HPV
molecular test should be used alongside the LBC test. In
this experiment, among the positive cases in the molecular
test, 20% of cases showed cytological negativity. Results
obtained from women in various regions of China and Ko-
rea were similarly shown to be 51.9% (41/79) HPV-positive
in Shandong, China; 33.6% HPV-positive in Seoul, Ko-
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Table 8. — Correlation of liquid-based cytology with human papilloma virus diagnosis.

Cytology diagnosis HPV fluorescence Genotyping (No/%) Total

HPV - HPV+ (No/%)

Normal 1364 (65) 419 (20) 1783 (85)
ASCUS 55 (2.6) 158 (7.5) 213 (10.1)
LSIL 1 (0.04) 31 (1.5) 32 (1.5)
ASC-H 7 (0.3) 37 (1.8) 44 (2.1)
HSIL 1 (0.04) 22 (1.04) 23 (1.1)
SCC 3 (0.14) 3 (0.14)
AC 1 (0.04) 1 (0.04)
Total (No/%) 1428 (68) 671 (32) 2099 (100)

No: Number of patients; ASCUS: atypical squamous cells of undetermined significance; LSIL: low-grade squamous in-
traepithelial lesion; ASC-H: atypical squamous cells, cannot exclude HSIL; HSIL: high-grade squamous intraepithelial
lesion; SCC: squamous cell carcinoma; AC: adenocarcinoma.

Table 9. — Correlation of human papilloma virus genotype with cytological result.

HPV type Normal cytology Abnormal cytology Abnormal cytology (No/%) Total (No/%)
(No/%) (No/%) ASCUS ASC-H LSIL HSIL SCC AC

High-
risk

16 71 (6.8) 60 (5.8) 20 (2.0) 18 (1.7) 5 (0.5) 13 (1.2) 3(0.3) 1 (0.1) 131 (12.6)

18 16 (1.5) 6 (0.6) 4 (0.4) 1 (0.1) 1 (0.1) 22 (2.1)
31 24 (2.3) 17 (1.6) 8 (0.8) 6 (0.6) 3 (0.3) 41 (3.9)
33 19 (1.8) 21 (2.0) 14 (1.3) 3 (0.3) 1 (0.1) 3 (0.3) 40 (3.8)
35 10 (0.1) 8 (0.8) 6 (0.6) 1 (0.1) 1 (0.1) 18 (1.7)
39 18 (1.7) 21 (2.0) 18 (1.7) 1 (0.1) 2 (0.2) 39 (3.8)
45 11 (1.1) 1 (0.1) 1 (0.1) 12 (1.2)
51 27 (2.6) 24 (2.3) 14 (1.3) 6 (0.6) 2 (0.2) 2 (0.2) 51 (4.9)
52 77 (7.4) 49 (4.7) 35 (3.4) 8 (0.8) 4 (0.4) 2 (0.2) 126 (12.1)
53 46 (4.4) 25 (2.4) 15 (1.4) 7 (0.7) 2 (0.2) 1 (0.1) 71 (6.8)
56 23 (2.2) 29 (2.8) 21 (2.0) 6 (0.6) 2 (0.2) 52 (5.0)
58 54 (5.2) 44 (4.2) 30 (2.9) 6 (0.6) 4 (0.4) 4 (0.4) 98 (9.4)
59 25 (2.5) 8 (0.8) 5 (0.5) 1 (0.1) 2 (0.2) 33(3.2)
66 23 (2.2) 22 (2.1) 15 (1.4) 1 (0.1) 5 (0.5) 1 (0.1) 45 (4.3)
68 23 (2.2) 17 (1.6) 13 (1.3) 1 (0.1) 2 (0.2) 1 (0.1) 40 (3.8)

Low-
risk

6 9 (0.9) 8 (0.8) 4 (0.4) 2 (0.2) 1 (0.1) 1 (0.1) 17 (1.6)

11 4 (0.4) 8 (0.8) 7 (0.7) 1 (0.1) 12 (1.2)
42 30 (2.9) 21 (2.0) 12 (1.2) 3 (0.3) 4 (0.4) 1 (0.1) 1 (0.1) 51 (4.9)
43 25 (2.4) 6 (0.6) 5 (0.5) 1 (0.1) 31 (3.0)
44 23 (2.2) 13 (1.3) 10 (1.0) 1 (0.1) 2 (0.2) 36 (3.5)
81 35 (3.4) 15 (1.4) 11 (1.1) 1 (0.1) 3 (0.3) 50 (4.8)
73 8 (0.8) 5 (0.5) 2 (0.2) 2 (0.2) 1 (0.1) 13 (1.3)
82 6 (0.6) 4 (0.4) 1 (0.1) 1 (0.1) 2 (0.2) 10 (1.0)

Total 607 (58.4) 432 (41.6) 270 (26.1) 54 (5.2) 64 (6.2) 37 (3.6) 3 (0.3) 4 (0.4) 1039 (100)
No: Number of patients; ASCUS: atypical squamous cells of undetermined significance; LSIL: low-grade squamous in-
traepithelial lesion; ASC-H: atypical squamous cells, cannot exclude HSIL; HSIL: high-grade squamous intraepithelial
lesion; SCC: squamous cell carcinoma; AC: adenocarcinoma.

rea; 33.9% (116/180) HPV-positive in Ghangwon, Korea;
8.5% (70/821) HPV-positive in Busan, Korea; and 15.8%
(309/1960) HPV-positive inDaejeon andDaegu, Korea [23,
28-31]. Moreover, the high false-negative rate (62.4%) of

LBC clearly shows the importance of combining the HPV
genotyping test with LBC. Our data indicate that the cer-
vical cancer screening system in Yanbian, China also re-
quires a combination of cytological and HPV molecular
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Table 10. — Predictive value of liquid-based cytology examination.

HPV molecular test result No (%) Total

Positive Negative

Cytology Result Positive 252 (12) 64 (3) 316 (15)
Negative 419 (20) 1364 (65) 1783 (85)

Total 671 (32) 1428 (68) 2099 (100)

No: Number of patients.

tests. In 2012, the American Cancer Society Screening
Guidelines recommended that a combination of cytology
and HPV DNA testing is the first choice for the prevention
and early detection of cervical cancer [32].

In this study, the HPV-positive rate of Korean-Chinese
women was shown to be 34.4% (146/424), which is slightly
higher than the 31% (514/1656) in Han-Chinese women.
This is about three times higher than the HPV-positive rate
of 10.3% (90/870) in Busan, Korea [28], and higher than
the overall positive rate of 26.6% (629/2368) in Daejeon
and Daegu, Korea [23]. These reported results show HPV
epidemiological diversity in infection rate and genotype by
country, geography, race, genetic factors, and immune sta-
tus. The diversity in infection rates can be explained in
terms of vaccines or hygiene. Women in Yanbian, China
carrying one or more HPV infections accounted for 32.3%
of the study population. This result is similar to the 31%
of combined infections in US women [33] but much higher
than the 19% in Korean women in Busan [28]. Age-based
analyses can predict the onset of cervical cancer in high-risk
groups and can help to determine the best age for focused
screening projects [34]. In this study, the HPV-positive rate
of Korean-Chinese women was the highest among those
aged 30-39 years, followed by 40-49 years, 50-59 years,
20-29 years, and 60 years old. The age groups with the
highest HPV-positive rates for Han-Chinese women were
the 40s, 50s, 30s, under 30, and 60s [34], while for Mex-
ican women, it was the 20s, 30s, 60s, 50s, and 40s [35].
In the US, the HPV prevalence is approximately 40% for
women in the 20-29-year age group, with a gradual decline
in older women [36].

HPVhas 120 genetic subtypes, of which 16 (HPV16, 18,
31, 33, 35, 39, 45, 51, 52, 53, 54, 56, 58, 59, 66, and 68)
have been described as high-risk. In particular, HPV 16 is
known to be the world’s most prevalent high-risk genotype.
The next most common is HPV 18, but HPV 58 is often re-
ported in Asia [19]. Among women living in the Yanbian
Autonomous Region of Jilin Province in China, the five
most common HPV genotypes were 16, 52, 58, 53, and 56.
Within this population, the most prevalent HPV genotypes
in Korean-Chinese women were 52, 58, 16, 53, and 33 (in
descending order), whereas in the Han-Chinese women, the
HPV genotypes were 16, 52, 58, 53, and 81. For compari-
son, women living in Seoul have been diagnosed with HPV
genotypes 53, 52, 58, 16, and 68 [30], those in the Gangwon
region with genotypes 16, 53, 58, 56, and 70 [31], those in

the Busan region with genotypes 70, 16, and 33 [28], and
those in Taiwan and Japan with genotypes 52, 16, 51, 35,
and 18 [18]. In China, the most prevalent HPV genotypes
among the Shandong Han-Chinese were 16, 53, 18, 58, and
33 [29], while in 37 Chinese cities, the HPV genotypes 16,
52, 58, 59, and 39 were the most common [37]. The dif-
ference in subtypes of HPV infection by region or race can
be explained in connection with the degree of openness of
sexual partners. These data, together with our own, show
that the HPV genotypes in infected women differed by race
and region, and indicate that the choice of vaccine should
therefore depend on the genotype of HPV infections in that
area.

There are two types of HPV vaccine, Cervarix and Gar-
dasil [25]. The Cervarix 2-valent vaccine is a suspension
for intramuscular injection containing purified viral L1 pro-
tein for HPV 16 and 18. It is available in 1- or 2-dose vials
or prefilled syringes, and is produced using a baculovirus
expression system in Trichoplusia ni cells. Gardasil is pro-
duced as either a 4-valent or 9-valent HPV vaccine. The 4-
valent HPV vaccine is a suspension for intramuscular injec-
tion containing purified viral L1 protein for HPV 6, 11, 16,
and 18, and is available in 1-dose vials or prefilled syringes.
The vaccine is produced using a yeast substrate and includes
amorphous aluminum hydroxyphosphate sulfate as an adju-
vant. The 9-valent HPV vaccine is a suspension for intra-
muscular injection containing purified viral L1 protein for
9 HPV genotypes (6, 11, 16, 18, 31, 33, 45, 52, and 58) [25,
26]. Given that the results of our study show that HPV 52,
58, 16, 53, and 33 were the most highly prevalent subtypes
in Korean-Chinese women living in Yanbian, it is antici-
pated that the Gardasil 9-valent HPV vaccine may be more
useful in the prevention of cervical lesions in these women.

In summary, the HPV infection status of Korean-
Chinese women living in the Yanbian Korean Autonomous
Region of Jilin Province in China differed from that of other
races and regions in terms of infection rate and genotype.
In addition, screening for HPV by LBC alone did not ef-
fectively diagnose HPV infection. The current study has
yielded epidemiological data on the prevalence and distri-
bution of HPV in this area, which may be used in select-
ing appropriate vaccines and designing prevention plans.
More research about why the genotype of HPV among
Korean-Chinese women differs from the Koreans or Han-
Chinese women in the same region is needed. The results of
this study will be an important contribution toward vaccine
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planning and cervical cancer prevention projects in Jilin
Province, China.
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