
Observational Study Medicine®

OPEN
Characteristics of carcino
genic HPV genotypes in
North China Plain and the association with
cervical lesions
Lihua Liu, MDa, Dexue Wang, MDa, Haixin Dong, MDa, Chengqiang Jin, MDa, Liqing Jiang, MDa,
Hui Song, MDa, Chao Jin, MDa, Tong Wang, MDa, Cuiming Shi, MDa, Linqing Yang, MDb,
Yunfei Wang, MD, PhDb,∗

Abstract
Human papillomavirus (HPV) infection is a crucial health problem and caused substantial malignancy diseases among female
worldwide. We aim to investigate the distribution of HPV subtype and the status of cervical cancer and precancerous lesions caused
by HPV infection in North China Plain population. A total of 61,870 samples of outpatients and inpatients from January 2015 to May
2017 at the Affiliated Hospital of Jining Medical University were collected. All of the samples were tested by rapid flow-through
hybridization HPV genotyping. Approximately 17,280 of the cases tested positive for HPV, indicating an infection rate of 27.9%.
Approximately 7009 cases were compared to the results of cytological diagnosis. The top five HPV genotypes were HPV-16 (4.5%),
HPV-52 (2.9%), HPV-58 (2.8%), HPV-53 (1.9%), and HPV-81 (1.9%). The youngest age group (age<20 years) showed the highest
infection rate (59.9%), and then decreased with age. As the degree of cervical lesions worsened gradually, the rate of high-risk HPV
infection increased, such as 24.3% (322/1324) in the Cervicitis, 31.30% (560/1785) in the CINI, 54.1% (568/1050) in the CINII, 80.1%
(693/865) in the CIN III, and 99.5% (428/430) in the cervical cancer group. These findings were significantly different from the 9.7%
(155/1555) observed in the normal medical examination group (P < .05). This is the first study to demonstrate the characteristics of
HPV and the association with cervical lesions in North China Plain population.

Abbreviations: CIN = cervical intraepithelial neoplasia, HPV = human papillomavirus, HR = high risk, TCT = liquid-based
cytology.
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1. Introduction The number of new cervical cancer cases continuously increases,
Recent analyses of the global burden of cancer among women
have indicated that cervical cancer ranks second to breast cancer.
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although this tumor is one of the most preventable malignancies
of all relevant human cancers. The genesis of cervical cancer
depends essentially on an infection of the uterine cervix with
human papillomavirus (HPV) that needs to persist for many years
and decades.[1] Currently, the most common method for cervical
cancer screening is HPV DNA detection, and combined with
liquid-based cytology (TCT) to significantly improve the
detection rate of cervical lesions, improves the diagnostic
accuracy and reducing the cervix cancer morbidity and
mortality.[2] Studies have shown that HPV vaccines can
significantly reduce the infection rate of the corresponding type
of virus in the genital area. However, HPV vaccines can only
produce the corresponding HPV antibody and cannot produce
cross-protection against other types of HPV infection. In this
study, we analyzed the HR-HPV genotyping results of 61,870
samples from 2015 to 2017, to investigate the prevalence of HR-
HPV types regarding age, and to survey HR-HPV related cervical
lesions. Therefore, the study of HPV infection characteristics and
its subtype distribution in different regions may facilitate in the
development of more efficacious HPV vaccines.
2. Materials and methods

2.1. General Information

A total of 61,870 samples of patients with suspected HPV
infections from January 2015 to May 2017 at the Affiliated
Hospital of Jining Medical University were collected and
subjected to HPV genotyping by rapid flow-through hybridiza-
tion. The age of the patients ranged from 18 to 76 years, with an
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Table 1

The Prevalence of HPV genetypes of 61,870 people among
outpatient or inpatient.

HPV subtype N %

6 846 1.40%
11 584 0.90%
16 2773 4.50%
18 782 1.30%
31 670 1.10%
33 664 1.10%
35 180 0.30%
39 1129 1.80%
42 40 0.10%
43 55 0.10%
44 131 0.20%
45 126 0.20%
51 1138 1.80%
52 1816 2.90%
53 1196 1.90%
56 504 0.80%
58 1710 2.80%
59 318 0.50%
66 767 1.20%
68 688 1.10%
81 1163 1.90%

%, the cumulative HPV types distribution were counted regardless of the status of single, double or
multiple infections.
HPV=human papillomavirus
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average of (38.23±6.42) years. Women had a history of having a
sexual life, non-pregnancy, no history of pelvic radiation therapy,
and chemotherapy. The reasons for seeking medical advice
included routine gynecological examination and routine gyneco-
logical examination, abnormal vaginal discharge, sexual inter-
course, or contact vaginal irregular bleeding. Among these cases,
7009 cases were examined by ThinPrep cytology test (TCT)
simultaneously. TCT examination results were abnormal
(ASCUS and above) and further classified by histopathology,
including 1324 cases of cervical chronic inflammation group,
1785 cases of cervical intraepithelial neoplasia (CIN) group I,
1,050 cases of CINII group, 865 cases of CINIII group, and 430
cases of cervical cancer.

2.2. Instruments and reagents

A gene chip detection system based on rapid flow-through
hybridization of nucleic acid molecules for detection of 21 HPVs
was provided by Kaipu Biochemical Company in Chaozhou,
Guangdong, China.

2.3. Methods
2.3.1. HPV DNA extraction. The 0.5mL of a cell preservation
solution of cervical cells was centrifuged at 14,000rpm for 1
minute, the supernatant was discarded, and DNA was extracted
using a DNA extraction kit and in a biological safety cabinet. All
of the samples were processed aseptically. After the extraction,
1mL of the sample was used for PCR amplification.

2.3.2. PCR amplification.HPV universal primers were used for
PCR amplification, and the primer sequence was labeled with
biotin at the 5’ end, then the PCR products were also labeled with
biotin. The 23.25mL PCR-MIX, 0.75mLTaq enzyme, and 1mL of
the DNA template were blended. At the same time, negative and
positive controls were set up to control false positives or false
negatives caused by operation. The PCR conditions of the ABI
2720 amplifier were as follows: UNG (Uracil DNA Glycosylase)
enzymewas treated at 20°C for 10minutes, pre-denatured at 95°C
for 9minutes, denatured at 95°C for 20 seconds, annealed at 55°C
for 30 seconds, extended at 72°C for 30 seconds for 40 cycles, and
then extended at 72°C for 5minutes. The distribution of HPV
typing hybridization membrane probe was used to detect the 21
HPV subtypes, which accounted for 95%of the HPV infections in
theChinesepopulation, amongwhich the13high-risk subtypesare
HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68; the 5
low-risk subtypes are HPV 6, 11, 42, 43, and 44; and 3 common
subtypes of Chinese population are HPV53, 66, and CP8304.

2.3.3. Flow-through hybridization. According to the manufac-
turer’s instruction, before conduction hybridization, the PCR
products were denatured at 95°C for 5minutes and then placed in
a frozen water bath for more than 2minutes. The hybrids were
detected by the addition of streptavidin-horse-radish peroxidase
conjugate which bound to the biotinylated PCR products and
incubated at 25°C for 3.5 minutes. After 4 times washing, the
substrate NBT/BICP (nitroblue tetrozolium and 5-bromo-4-
chloro-3-indoylphosphate) was added at 37°C for 5 minutes,
followed by 4 times washing. The final results could be detected
under direct visualization.

2.3.4. Assessment of results. By visual assessment or using
Cap’s special result analysis software, the positive point is a
clearly visible blue-violet dot. According to the HPV classification
map of the film strip, the HPV virus type is determined as the
2

positive point. The biotin control point reflects the enzyme and
the color reaction solution should be positive in the detection, and
the internal control point (IC) is the quality control template
DNA probe. If there is no inhibitory factor in the amplification
reaction system, then the IC spot appears.

2.3.5. Statistical analysis. Data processing was performed
using the SPSS 18.0 software. Any differences in prevalence, odds
ratio (OR), together with 95% confidence interval (CI), were
assessed by Chi-squared tests. All statistical tests were two-sided,
P< .05 was considered statistically significant.

3. Results

3.1. The overall prevalence of HPV infections

The statistical results show that (Table 1) the 21 subtypes of HPV
gene of the Affiliated Hospital of Jining Medical University were
as follows: 16, 52, 58, 53, CP8304, 39, 51, 6, 11, 18, 66, 31, 33,
68, 56, 59, 35, 45, 44, 42, and 43. Among these, there were 15
high-risk genotypes, 6 low-risk genotypes, and 3 common
genotypes in Chinese population (53, 66, CP8304). The overall
HPV prevalence was 27.9% (17,280/61,870) among Jining
outpatient or inpatient person aged 18 to 76 years from 2015 to
2017. The top 5 HPV genotypes were HPV-16 (4.5%), HPV-52
(2.9%), HPV-58 (2.8%), HPV-53 (1.9%), and HPV-81 (1.9%).
The top 4 are high-risk genotypes, whichwere alsoHPV high-risk
genotypes that cause a high incidence of cervical cancer. Since
HPV is a sexually transmitted disease, not only women need to
prevent HPV infection, but also men need timely examination
and treatment to avoid cross infection and cancer.

3.2. Correlation analysis of HPV infection status and age

Based on the results of HPV and TCT analyses of female patients,
the infection rate of HPV is related to age. The positive rates of



Table 2

HPV infection in different age groups.

Age (yr) Total cases Positive cases Infection rate (%)

<20 1912 1146 59.9
∗

21–30 7145 2555 35.8
31–40 24280 7263 29.9
41–50 19700 4900 24.9
51–60 6946 1162 16.7
>60 1887 254 13.5

HPV=human papillomavirus
∗
Infection rate of people aged <20 years was significantly higher than other groups.

Figure 1. The age-specific prevalence of HPV infection among the whole
population in North China Plain. HPV=human papillomavirus.
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infection varied among age groups. Our results showed that
subjects aged <20 years had the highest risk of HPV infection,
followed by the 21- to 30-year-old group, which was also higher
than other age groups (Table 2 and Fig. 1). Only one 5-month-old
infant was found to be infected with HPV-16 39 58 (not included
in the data of this study), and the cause was related to the
mother’s infection with HPV. Comparison of the results of the 31
Table 3

The HPV infection status in different cervical lesions.

Normal Cervicitis CI

HPV-DNA (�) 1400 1002 12
HPV-DNA (+) 155 322 56
Total cases 1555 1324 17
Positive rate (%) 9.7 24.3 31

HPV=human papillomavirus.

Table 4

The infection rates of the top four HPV high-risk genotypes in differe

HPV type Normal (n=1555) Cervicitis (n=1324

HPV-16 0 (0) 126 (9.5%)
HPV-52 59 (3.8%) 236 (17.8%)
HPV-58 42 (2.7%) 216 (16.3%)
HPV-53 36 (2.3%) 176 (13.3%)

HPV=human papillomavirus.
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to 50 year age group with other age groups indicated a x2=4.308
(P= .044<.05), and the difference was statistically significant.

3.3. Correlation analysis of HPV infection status and
cervical lesions

In this study, we divided into 6 groups according to the results of
cytology histopathology, such as normal, cervicitis, CIN (I, II,
and III) and cervical cancer. The data showed that the positive
rate of HPV significantly differed among these groups (Table 3).
With the increase of cervical lesions, HPV positive rate is higher,
indicating that high-risk HPV infection more likely leads to
cervical precancerous lesions and cervical cancer. The detection
rate of HPV infection in cervicitis group (24.3%) was higher than
that in normal group (9.7%), so cervical inflammation may be
associated with cervical HPV infection and intraepithelial
neoplasia. The infection rate of HPV-DNA (+) genotype in
cervical cancer group was 99.5%, which was significantly higher
than that the other groups. Therefore, the risk of HPV infection
could be predicted according to the type of HPV infection. The
positive rate was significantly different from that of the normal
group (x2=32.35, P< .005).
3.4. The 4 most frequent HR-HPV genotypes and cervical
lesions

The 4 most common high-risk genotypes of cervical cancer at the
Affiliated Hospital of Jining Medical University were HPV-16,
HPV-52, HPV-58, and HPV-53 and there were significant
differences among the four genotypes (P< .05) (Table 4). HPV-
16 showed the highest infection rate (62.6%), which was
significantly correlated with the severity of cervical cancer
(P< .005).
3.5. Correlation between multiple infection and cervical
lesions

Multiple infections of HPV were detected by modified flow-
through hybridization in different groups of patients: single
infection rate was 17.9%, double infection rate was 6.9%, triple
N I CIN II CIN III Cervical cancer

25 482 172 2
0 568 693 428
85 1050 865 430
.3 54.1 80.1 99.5

nt cervical lesions.

) Cervical cancer (n=430) Total (n=3309

269 (62.6%) 395 (11.9%)
37 (8.6%) 332 (10.3%)
35 (8.1%) 293 (8.6%)
28 (6.5%) 240 (2%)
)

http://www.md-journal.com


Table 5

Comparison of multiple HPV infection cases in different groups.

Normal Cervicitis Cervical cancer Total

HPV type n=1555 n=1324 n=430 n=3309

Single infection 105 (6.8%) 281 (21.2%) 207 (48.2%) 593 (17.9%)
Double infection 50 (3.2%) 30 (2.3%) 154 (35.8%) 234 (6.9%)
Triple infection 0 (0) 11 (0.8%) 50 (11.6%) 66 (2.0%)
Tetrad infection 0 (0) 0 (0) 18 (4.2%) 18 (0.5%)

HPV=human papillomavirus.
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infection rate was 2.0%, and quadruple infection rate was 0.5%.
There was a significant difference in the infection rate among the
3 groups (x2=26.75, P< .05). The infection rate of cervical
cancer group (35.8%) was significantly higher than that of the
inflammation group (2.3%). There was a significant difference
between the 2 groups (P< .05) (Table 5), suggesting that cervical
cancer may have more HPV double infections.
4. Discussion

Cervical cancer is a common gynecological genital tract
malignancy, the incidence of which is second only to breast
cancer and is the only gynecological malignancy with a clear
etiology. The incidence of cervical cancer is mainly related to the
persistent infection of high-risk HPV. In recent years, the
incidence of cervical cancer has rapidly increased.[3] HPV
infection is the main cause of cervical cancer and its precancerous
lesions. Therefore, HPV typing can be used as a screening tool for
cervical cancer. HPV is a double-stranded circular DNA of
various subtypes. Based on its relationship with cervical cancer,
HPV can be divided into high-risk type and low-risk type, among
which high-risk types include 16, 18, 31, 33, 35, 39, 45, 51, 52,
58, 59, and 68. The low-risk types include 6, 11, 42, 43, and 44,
while types 53, 66, and CP8304 are common subtypes in China.
In this study, 61,870 outpatient and inpatient samples of Jining
were tested for HPV typing. The results showed that the HPV
infection rate was 27.9% (17,280/61,870), which was consistent
with the research results.[4] However, some women with
autoimmunity increased within 8 to 10 months of HPV infection
can be automatically cleared, and some patients with persistent
infection. This study compared 7009 cases with cytological
diagnosis results. The results showed that 5454 patients had
abnormal cytology. The positive rate of HPV in patients with
normal cytology was significantly lower than that in patients with
chronic inflammation, CIN and cervical cancer. The statistical
data of this study showed that the positive rate of HPV in cervical
cancer patients was obvious. Higher than chronic inflammation
(or) normal patients, and with the increase of cervical lesions, the
positive rate of HPV detection increases, so HPV is closely related
to the occurrence and development of cervical cancer. Especially
in patients with CINII, CINIII or cervical cancer, the infection
rate of HPV was as high as 54.1%, 80.1%, and 99.5%,
respectively, which confirmed the correlation between the
severity of HPV infection and the degree of cervical lesion.[5]

This study showed that the HPV infection rate in the cervical
cancer group was significantly higher than that in the inflamma-
tion group and/or the normal group, andwas also associatedwith
the genotype of infection (Table 1). The distribution of HPV
subtypes and the positive rates of each subtype were found in
Affiliated Hospital of Jining Medical University. The most
4

common 5 genotypes were 16 (4.5%), 52 (2.9%), 58 (2.8%), 53
(1.9%), and CP8304 (1.9%). The highest infection rate of HPV-
16 was the subtype most closely related to the severity of cervical
cancer lesions, and the infection types and their proportions are
different in different regions. While Xiayan et al[6] reported
HPV52, HPV16, HPV53, HPV58, and HPV51 in Shanghai,
China. Jing et al.[7] reported HPV-16, HPV-52, HPV-58, HPV-
18, and HPV-6 in the Pearl River Delta region of Guangdong
province, which was basically the same types as those reported in
this study, but CP8304 infection was not reported in Sanya and
Nanchong. The CP8304 infection in Jining occupies the top 5,
which is quite different from other areas and may be related to
regional differences. In addition, the results of the 2015 survey in
Beijing and Shanghai showed that HPV58 and HPV52 were the
highest HPV subtypes, even higher than HPV-16 and HPV-18.[8]

Therefore, different regions have various types of infection and
their respective proportions. The distribution of the 4 common
subtypes in this region is shown in Table 3. The data show that
HPV-16 (62.6%), which has the highest infection rate, is
significantly associated with the severity of cervical cancer.
According to the design of the common types of screening in this
area, this plays an important role in the prevention and treatment
of cervical cancer. This study found that HPV infection in cervical
lesions involved double and multiple infections. With an increase
in HPV typing site infections, the severity of cervical cancer
gradually increases. Table 4 statistically analyzed the number of
HPV multiple infections in different groups. Among the 430
patients with cervical cancer, 207 (48.2%) had single infection,
154 (35.8%) had double infection, 50 (11.6%) had triple
infection, and 18 (4.2%) had quadruple infection. The risk and
severity of cervical cancer can be predicted based on the HPV
genotype of infection or the presence or absence of double or
more infections to determine the treatment options after
screening. If the most common high-risk genotype such as
HPV-16 is detected, then the risk of cervical cancer is higher in
those with more than two infections. In addition, genotyping of
HPV is of great significance in judging the type and treatment of
diseases, and provides basic data for the development of HPV
vaccine. Therefore, clinical HPV genotype plays an important
role in early prevention, early detection, and early treatment of
cervical cancer.
A large number of epidemiological data show that high-risk

HPV infection is a necessary condition for the pathogenesis of
cervical cancer and precancerous lesions,[9] and studies have
reported that HPV infection is the cause of cervical cancer.[10]

Detection of HPV-DNA typing can screen women with cervical
cancer or precancerous lesions, as well as women at potential
risk. Therefore, HPV-DNA typing detection as a screening
method for female precancerous lesions, combined with cervical
cytology detection is more diagnostic value for the clinic. This
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study investigated cervical cytology and HPV-DNA-typing-
positive patients, cytology-negative, and high-risk HPV-positive
patients. The incidence of cervical cancer is as high as 99.5%, and
the risk of the latter is relatively high. In recent years, more and
more attention has been paid to HPV as a screening method for
cervical cancer in developed countries such as European and
American. A large number of studies have proposed that HPV
typing test is more advantageous than cytological test in screening
cervical cancer.[11] In this study, 3700 cases of cervical CINI-
CINIII lesions, with the level increases, the infection rate also
increases, 31.3%, 54.1%, and 80.1% respectively. Among the
430 patients with cervical cancer diagnosed, only 2 cases
generated negative HPV-DNA typing results, the false negative
rate was 0.46% (2/430), and the infection rate was 99.5%. There
were several reasons for HPV-DNA genotyping to be false
negative:
1.
 severe lesions such as micro-bias adenocarcinoma, gastric, and
intestinal cancer, and renal tubular carcinoma and clear cell
carcinoma[12] were undetectable due to severe cervical lesions
and severe tissue damage;
2.
 there are unknown HPV-DNA subtypes; and

3.
 unsatisfactory material extraction, low HPV titers and copy

number, and limited detection methods; and 2 false negative
samples in this study.

The clinical cases were all high-risk patients with HPV
infection. The reason for the analysis may be drug inhibition.
Therefore, it is recommended to retake the specimen after
stopping the drug. The results were positive after the repeated
collection of specimens.
The results of this study showed that the infection rate of HPV

was the highest in women under 20 years of age. With the
increase in age, the infection rate of HPV gradually decreased.
Consistent with Dickson et al, HPV infection rate decreased
significantly with age.[13] Some studies have shown that the age
distribution of HPV infection in Chinese women is characterized
by “double peaks”: the first peak is “17 to 24 years old” and the
second peak is “40 to 44 years old”. However, here had some
difference. The high rate of HPV infection in young women in
China may be related to the early age of first sexual activity, an
excessive number of sexual partners, and low immune function or
immunodeficiency.[14] The second peak in this area did not
appear, which may be related to Confucianism in adult, the
couple was more specific to each other and the number of sexual
activity be reduced, etc. Therefore, more attention should be paid
to the high incidence of HPV infection in young women. HPV
vaccination for women aged 13 to 15 may help prevent HPV
infection and cervical cancer in China, especially the 9vHPV
vaccine. Because of the results of the study had told us that the
high HPV infection types in this area were so different from other
regions.
The results of this study indicate that HPV typing is more

sensitive than TCT in cervical disease screening. HPV typing is
higher than TCT detection rate, but the operation is more
complicated, and there are a small number of false negative cases.
Therefore, HPV typing test combined with pathological cytology
examination is an important means of screening for cervical
cancer.
In summary, high-risk HPV infection is the main outpatient

and inpatients at the Affiliated Hospital of Jining Medical
University, among which HPV-16 is the most common, followed
by 52 and 58. In the Jining area, CP8304 infection accounted for
5

the top five, which was quite different from other areas. In this
study, HPV16, 52, and 58 are common subtypes, which are
closely related to cervical lesions, of which HPV-16 is the most
common.With the severity of cervical lesions, the infection rate is
on the rise. This study identified the major subtypes of HPV in the
region and its relationship with the extent of cervical lesions. At
the same time, the detection and screening of the above threeHPV
genotypes should be strengthened to provide favorable evidence
for the screening and prevention of cervical lesions in this area.
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