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Objective: Human papillomavirus (HPV) infection is the risk factor for cervical cancer.
Consequently, HPV DNA testing is an essential method for cervical cancer screening. Yet,
data on the prevalence and genotype distribution of HPV and cervical cytological among
women in northern Jiangsu Province of China are very limited.

Materials and Methods: A total of 36,500 women were enrolled at the Department of
Pathology of Jinhu County People’s Hospital between January 1, 2016 and December 31,
2019. HPV genotypes was performed using YanengBio® Human Papillomavirus Genotyping
Kit. Thin liquid cytology tests (TCT) were conducted, based on cytology conditions set by
Bethesda in 2001.

Results: The overall prevalence of HPV infection was 28.95%; it was age-dependent; the
number of infections was highest in the 40-49 age group. Six thousand three hundred eighty-
two women (16.87%) were found to have a pure high-risk HPV infection, while 918 women
(2.43%) were found to have a pure low-risk HPV infection. The 6 most predominant genotypes
were HPV 52, 58, 16, 53, 56, and 33. Moreover, 8923 women (45.09%) were affected by
ASCUS, 4531 (22.90%) by LSIL, 3726 (18.83%) by ASC-H, and 2610 (13.19%) by HSIL.
Conclusion: This study revealed a high burden of HPV infection among women in northern
Jiangsu Province of China and identified the distribution of the prevalent top 6 HPV
genotypes in this area, which can be used as a useful reference for future work.
Keywords: human papillomavirus, prevalence and genotype distribution, infection, cervical
cancer, northern Jiangsu Province

Introduction

Cervical cancer (CC) is the second most deadly disease among women in the world
and is the leading cause of death from cancer.! In 2018, there were 570,000 new
diseases and 311,000 deaths worldwide.? Viral infections contribute to 15-20% of
all cancers, and several viruses play an important role in the multifaceted develop-
ment of malignant cancers. Over the past two decades, several viruses have been
shown to play an important role in the development of human cancer. Oncogenic
viruses can facilitate different stages of carcinogenesis and are human papilloma-
virus (HPV), a virus that contributes to cancer statistics.” HPV is a sexually
transmitted virus that contains high-risk HPV DNA in 99.7% of uterine cancers."
Within 12-25 months of infection, 90% of HPV infections are eliminated or
inactive. However, high-risk strains of HPV infection continue to increase the
risk of developing uterine cancer.’
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Human papillomavirus is the most common sexually
transmitted pathogen affecting men and women. New epi-
demiological evidence has revealed that the virus is clo-
sely related to cervical cancer, penile cancer, vulvar
cancer, and anal canal cancer.®® HPV is a small-scale
DNA virus that has a dual-strand DNA genome of about
8 KB in circumference and is grouped according to the
DNA sequence of their genes. HPVs have less than 90%
resemblance to other nucleotide levels.”'° More than 150
genotypes of HPV have been identified by DNA sequen-
cing and were stratified according to oncogenic risk.
Seventeen genotypes are clearly linked to the development
of adenocarcinoma and squamous cell carcinoma of the
cervix and therefore were ranked as high-risk HPV: —16,
—-18, =31, =33, —35, -39, —45, —51, =52, —53,56, —58,
—59, —66,-68, —73, and —82. Following six genotypes are
considered as low risk HPV: —6, —11, —42, —43, —81,
—83.!" In China, the HPV infection rate varied. It was
28.4% in northeast China, 20.16% in south China and
14.2% in northwest China.'*"'* But there is currently no
relevant research in Jiangsu. So we conduct the following
research.

In the current study, on January 1, 2016, and
December 31, 2019, we identified and genetically deter-
mined the HPV infection in women attending the pathol-
ogy department of Jinhu Prefecture Hospital. The aim of
this study was to assess the prevalence and genetic spread
of HPV and uterine cytology among women in Jiangsu
Province in northern China.

Materials and Methods

Study Design and Patient Recruitment
Over recent years, the Jiangsu Provincial Government has
conducted various cervical cancer screening projects for
women living in the province. Samples were taken from
all women at the gynecology department of Jinhu County
People’s Hospital, after which the specimens were sent to
the pathology department for processing. Participants who
met the following criteria were included: permanent resi-
dents in northern Jiangsu Province; aged 15-89; not preg-
nant; did not receive vaccination against HPV; did not
undergo hysterectomy; without a history of cervical sur-
gery, and did not undergo pelvic radiation therapy. The
time between January 1, 2016 and December 31, 2019. All
participants included in the study gave their written
informed consent. This study was approved by the Jinhu
County People’s Hospital ethics committee.

Cervical Specimen Collection and HPV
DNA Extraction

Samples of the uterine test-based uterus were collected
from the collected cells. Cell samples from the uterus
were taken as part of a routine examination by
a gynecologist. Two extracellular samples were collected
independently for a fluid-based cytological diagnosis and
HPV DNA gene processing assay, respectively. The sol-
vent slides were prepared by liquid-based cytology.
Disease-level cytological classifications were performed
according to the Bethesda 2001 criteria (TBS2001)'° H),
internal epithelial lesion of low-grade scoliosis (L-SIL),
and high-grade scoliosis internal epithelial damage
(H-SIL). Cells isolated for HPV DNA extraction are stored
in the vehicle. Samples were placed in a protective solu-
tion of the cell and stored at 2-8 C C until HPV DNA
extraction and gene processing. The HPV genetic test of
the specimens was completed within a week.

Detection and Genotyping of HPV

The HPV genes were determined using the YanengBio®
Human Papillomavirus Genotyping Kit (Shenzhen:
YanengBio, Inc., China) on the instructions of the HPV gene
manufacturer. Among the identified HPV species, there are 17
high-risk species (HPV-16, HPV-18, HPV-31, HPV-33, HPV-
35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-53, HPV-56,
HPV-58, HPV-59, HPV-66, HPV-68, HPV-73, and HPV-82)
and six low-risk species (HPV-6, HPV-11, HPV-42, HPV) —43,
HPV-81, HPV-83). Based on data provided by the YanengBio®
Genotyping  Kit  (Shenzhen:
YanengBio, Inc., China), the sensitivity and accuracy of this
test was at least 1.0 X 103/mL and 98% higher than the HPV
load for each sample. Sincerely.

Human Papillomavirus

Statistical Analysis

SPSS 22.0 statistical software was used to process the
data, and the measurement data is shown as a standard +
standard deviation. Calculation data were expressed as
a percentage (%). Herpes simplex HPV types were scien-
tifically stabilized, and HPV type world trends were cal-
culated by Student’s #-test. P<0.05 is
statistically significant.

considered

Results

Participants and HPV Positivity and Age
A total of 37,826 women who accepted HPV DNA testing
at the Department of Pathology of Jinhu County People’s
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Hospital between January 1, 2016 and December 31, 2019
were enrolled in the study. One thousand three hundred
twenty-six women were excluded due to the lack of age-
related information. Finally, a total of 36,500 participants
were included in the analysis Figure 1. Here, we have
determined the age distribution of the HPV virus in
Jiangsu Province in northeastern China. As shown in
Table 1 and Figure 2, HPV infections often occur between
the ages of 4049, 50-59, and 30-39 years, accounting for
more than 70% of all positive cases. In addition, with
a prevalence of 9.66%, women between the ages of 40—
49 emerged as the highest risk population for HPV.
However, the effectiveness of the HPV strain varied at
Combined HPV infection has
increased in women aged 4049 and decreased in women

different age levels.
50 and older. Comparing HPV status among different age
groups revealed a statistically significant difference (P
< 0.05).

Prevalence of HPV Infection

During this period, 10,950 women (28.95%) contracted
HPV. 8633 (22.8%) women, 1258 (3.33%) women LR,
1059 (2.80%) women HR and LR HPV were infected
with HR. Meanwhile, 7.37% and 2.28% of women had

Table | Distribution of HPV Infection in Different Age Groups

Age n Normal | Percentage P value for
(Year) (%) Trend
15-19 60 1007 0.16 0.000
20-29 1365 2922 3.60 0.013
30-39 1760 4430 4.65 0.012
4049 3655 7960 9.66 0.002
50-59 2016 4370 5.33 0.011
60-69 1092 2704 2.89 0.114
270 1002 2157 2.69 0.043
Total 10,950 | 25,550 28.95
double and multiple HPV infections, respectively

(Table 2).

HPV Genotype Distribution

In the present study, we identified twenty-three different
HPYV subtypes. HPV 52, 58, 16, 53, 56 and 33 were the six
most predominant subtypes, with proportions of 20.93%,
14.43%, 12.63%, 9.67%, 7.91% and 6.08%, respectively.
Other genotypes that ranked top ten were HPV 18, 81, 53,
33, 31, 51 and 39, with corresponding proportions of
6.01%, 5.45%, 5.10%, 4.94%, 3.80%, 3.69% and 3.28%,
respectively (Table 3 and Figure 3). To be noted, HPV81
was the only LR subtype with a relatively high infection

37826 women participants between
January 1,2016 and December

31,2019

exclusion
not aged receive undergo pelvic
Pregnant il .
15-89 vaccination  radiation therpy
36500 participants
Figure | The flow-chart of exclusion criteria.
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Figure 2 HPV infection rates by age.
rate among women. Double or multiple HPV infections PDijscussion

were common, especially among the HR subtypes like
HPV 52, 16, and 56.

Prevalence of HPV Types Stratified by the

Cervical Cytological Result

In this study, 45.09%, 18.83%, 22.90% and 13.19% of
HPV infected women had cytological results of ASCUS,
ASCH, L-SIL and H-SIL, respectively (Table 4 and
Figure 4). HPV 16 and 52 were responsible for 6885
cytological defects in the uterus. In particular, HPV16
had the highest frequency among all classes, with
ASCUS, ASC-H, LSIL, and HSIL having the highest
frequencies of 20.93%, 12.63%, 6.99%, and 2.62%,
respectively, while HPV52 was the second most common.
HPV16 had the highest frequency among high-risk HPVs,
followed by ASCUS, ASC-H, LSIL, and HSIL at 3.35%,
1.92%, 0.54%, and 0.06%, respectively.

Table 2 Prevalence of HPV Infection in Study Participants from
Northeastern Jiangsu Province of China

Single Double Multiple Total
Negative 36,500(96.49%)
Positive 7300(19.30%) | 2786(7.37%) | 864(2.28%) | 10,950(28.95%)
LR only 918(2.43%) 251(0.66%) 89(0.24%) 1258(3.33%)
HR only 6382(16.87%) | 1673(4.42%) | 578(1.53%) | 8633(22.8%)
HR and LR 862(2.29%) 197(0.52%) | 1059(2.80%)

Abbreviations: HR, high-risk; LR, low-risk.

To the best of our knowledge, this is the first large-scale
study on prevalence and genotype distribution of HPV
among women in northeastern Jiangsu Province of
China. As HPV is the most common sexually transmitted
infection with very high prevalence, it has become a major
health concern. There are lots of programs regarding HPV
vaccination for HPV prophylaxis in a different part of the
world with different types of strains. The study on HPV
prevalence and its subtype distribution may provide rele-
vant information needed for routine vaccination and the
types of HPV strains to be used in vaccination. The pre-
valence of crude oil and refined HPV among women with
average cytological findings worldwide ranges from
11.70% to 7.20%. The highest prevalence was in sub-
Saharan Africa (24.00%), Latin America and the
Caribbean (16.10%), Eastern Europe (14.20%) and
Southeast Asia (14.00%).'®'” HPV was found to be posi-
tive. Our study found that 28.95% of women who under-
went cervical cancer screening in Jinhu province in
northern China had an HPV diagnosis in the uterus.
Previous studies found that 29.10% of Shanghai’s
population'® had Beijing,'” 53.70% and three cities in
Xi’an (Suzhou, Nanjing and Suzhou) (26.92%).° Our
results showed lower results compared to the three cities
in Jiangsu Province (Suzhou, Nanjing and Suzhou), com-
pared to Shanghai and Beijing, and showed differences in
the region. HPV infection can occur at any age, and the
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Table 3 Genotypes of the HPV Infection in Study Participants from Northeastern Jiangsu Province of China

HPV Type Single Double Multiple Total

LR-HPV
6(0.06%) 162(1.64%) 22(0.22%) 6(0.06%) 190(1.92%)
11(0.11%) 96(0.97%) 79(0.80%) 25(0.25%) 200(2.02%)
42(0.42%) 173(1.75%) 34(0.34%) 14(0.14%) 221(2.23%)
43(0.43%) 108(1.09%) 53(0.54%) 8(0.08%) 169(1.71%)
81(0.82%) 267(2.70%) 37(0.37%) 27(0.27%) 331(3.35%)
83(0.84%) 112(1.13%) 26(0.26%) 9(0.09%) 147(1.49%)

HR-HPV
16(0.16%) 691(6.99%) 379(3.83%) 179(1.81%) 1249(12.63%)
18(0.18%) 215(2.17%) 43(0.43%) 1(0.01%) 259(2.62%)
31(0.31%) 149(1.51%) 24(0.24%) 0(0.00%) 173(1.75%)
33(0.33%) 480(4.85%) 79(0.80%) 42(0.42%) 601(6.08%)
35(0.35%) 124(1.25%) 22(0.22%) 19(0.19%) 165(1.67%)
39(0.39%) 73(0.74%) 14(0.14%) 2(0.02%) 89(0.90%)
45(0.45%) 53(0.54%) 18(0.18%) 9(0.09%) 80(0.81%)
51(0.52%) 183(1.85%) 25(0.25%) 10(0.10%) 218(2.20%)
52(0.53%) 1621(16.39%) 337(3.41%) 112(1.13%) 2070(20.93%)
53(0.54%) 687(6.95%) 226(2.28%) 43(0.43%) 956(9.67%)
56(0.57%) 584(5.90%) 183(1.85%) 15(0.15%) 782(7.91%)
58(0.59%) 1049(10.61%) 257(2.60%) 121(1.22%) 1427(14.43%)
59(0.60%) 84(0.85%) 9(0.09%) 8(0.08%) 101(1.02%)
66(0.67%) 42(0.42%) 11(0.11%) 10(0.10%) 63(0.64%)
68(0.69%) 109(1.10%) 10(0.10%) 3(0.03%) 122(1.23%)
73(0.74%) 181(1.83%) 16(0.16%) 4(0.04%) 201(2.03%)
82(0.83%) 57(0.58%) 20(0.20%) 0(0.00%) 77(0.78%)

infection is related to age. In the present study, the positive
rate among patients aged 20-69 years showed a rising
trend. The positive rate of high-risk HPV infection in
patients aged 4049 years was as high as 9.66%, and the

18.00%
16.00%
14.00%
12.00%
10.00%
8.00%
6.00%
4.00%
2.00%
0.00%

Figure 3 HR-HPV infection rates by genotypes.

M Single

HR-HPV

Double ® Multiple

Bn_._1
16 18 31 33 35 39 45 51 52 53 56 58 59 66 68 73 82

positive rate among patients aged >70 years significantly
decreased. This may be due to the low autoimmunity and
hormone levels in the 60—69 years age group, which leads

to the poor ability of the cervix to resist HPV infection.
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Table 4 HPV Genotype Distribution in Different Cytological Result

HPV Type | LSIL (4531) No. (22.90%) | ASCUS (8923) No. (45.09%) | ASC-H (3726) No. (18.83%) | HSIL (2610) No. (13.19%)

LR
6 173(1.75%) 37(0.37%) 221(2.23%) 8(0.08%)
I 53(0.54%) 331(3.35%) 190(1.92%) 6(0.06%)
42 147(1.49%) 27(0.27%) 14(0.14%) 96(0.97%)
43 25(0.25%) 108(1.09%) 26(0.26%) 34(0.34%)
8l 169(1.71%) 162(1.64%) 112(1.13%) 79(0.80%)
83 267(2.70%) 200(2.02%) 9(0.09%) 22(0.22%)

HR
16 691(6.99%) 2070(20.93%) 1249(12.63%) 259(2.62%)
8 10(0.10%) 43(0.43%) 9(0.09%) 80(0.81%)
3 584(5.90%) 101(1.02%) 1(0.01%) 0(0.00%)
33 956(9.67%) 337(3.41%) 121(1.22%) 22(0.22%)
35 181(1.83%) 379(3.83%) 149(1.51%) 3(0.03%)
39 42(0.42%) 110.11%) 18(0.18%) 173(1.75%)
45 25(0.25%) 782(7.91%) 4(0.04%) 183(1.85%)
51 226(2.28%) 63(0.64%) 2(0.02%) 79(0.80%)
52 215(2.17%) 1621(16.39%) 601(6.08%) 179(1.81%)
53 218(2.20%) 1427(14.43%) 257(2.60%) 112(1.13%)
56 165(1.67%) 14(0.14%) 43(0.43%) 183(1.85%)
58 77(0.78%) 19(0.19% 480(4.85%) 687(6.95%)
59 84(0.85%) 1049(10.61%) 122(1.23%) 53(0.54%)
66 73(0.74%) 20(0.20%) 16(0.16%) 42(0.42%)
68 10(0.10%) 9(0.09%) 57(0.58%) 0(0.00%)
73 16(0.16%) 24(0.24%) 15(0.15%) 109(1.10%)
82 124(1.25%) 89(0.90%) 10(0.10%) 201(2.03%)

Cervical epithelium in patients>70 years of age tends to
atrophy, and sexual life is significantly reduced, which
may explain the significant decrease in the HPV positive
rate in this age group.

Analysis of different subtypes of high-risk HPV infec-
tion revealed that HPV types 16, 18, 58, 33, 52, 31, 45,
and 59 are the eight major high-risk HPV subtypes of
cervical cancer in China.?! Among them, HPV 16 is the
most important subtype of infection with the strongest
In the
Western Kazakhstan, the prevalence of HPV was found

carcinogenicity. second study conducted in
to be 25%, and the most common HPV genotypes were
HPV-16 (26.40%), HPV- 31 (10.10%), HPV-51 (9.40%),
HPV-52 (9%), and HPV-6 (7.90%).%* The major subtypes
resulting in high-risk HPV infection types in Jinhu area
were 52, 58, 16, 53, 56, and 33, which was not consistent
with previous reports on different subtype infection rates
across most regions of China. HPV16, together with HPV
18, is known to be responsible for approximately 70% of
cervical cancer cases worldwide.”® The prevalence of
HPV18, ranging between 1.80% and 16.30%, has been

reported in other studies.>* Furthermore, HPV-52 was the
highest type reported in Thai women, which is commonly
found in Asians.”> Our results revealed that the first type
was 52, which was similar to the Thai study and Zhoupu
District, Shanghai City, China.?® But inconsistent with
other studies. The majority of women in this study were
middle-aged and elderly, which may explain the observed
differences.

In the present study, a single infection was most com-
monly found among women (19.30%), while the multiple
infections were the rarest (2.28%). Although multiple
infections are less frequent than single infections, multiple
HPV infections can double the risk of cervical lesions.
Previous studies have shown that high-risk HPV multiple
infections can increase the incidence of cervical cancer by
31.8 times and single infections by 19.9 times.”’
Accordingly, the diagnosis and treatment of patients with
multiple infections and high-risk HPV are particularly
crucial for the early detection and early treatment of cer-
vical cancer. A previous study reported an increasing trend
in the overall prevalence of HPV infection in parallel with
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16 18 31

Figure 4 HR-HPV genotype distribution in different cytological result.

an increase in the degree of cervical cytological abnorm-
alities. Guan et al*® reported an overall HPV prevalence of
84% and 85% in H-SIL cases in Europe and globally,
respectively. Our results were lower compared to these,
which may be explained with a more liberal view on sex,
a higher number of sexual partners, or by geographical,
environmental, and climate conditions. At the same time,
our research also found that HPV16 and HPVS52 have the
highest curative effects in ASCUS, ASC-H, LSIL, and
HSIL, which should be paid attention to. If the cytology
test is negative and there are HPV16 and HPV52 infec-
tions, relevant treatment must be carried out. Various vac-
cines are currently in use, such as 2-V vaccine, 4-V
vaccine, and 9-V vaccine. Developed countries generally
inject 9-V vaccine due to economic reasons, while devel-
oping countries generally rarely inject vaccines. Through
our research, We suggest that at least 2-V vaccine injection
should be promoted nationwide to reduce or prevent the
occurrence of cervical cancer.

Conclusion

This was an early study on cervical cancer and precancerous
lesions in the Jinhu area of northern Jiangsu, which may
provide useful references for disease identification and early
treatment. Understanding the different subtypes of HPV
infection and the characteristics of infection across different
age groups in the Jinhu area, as well as clarifying the regional
differences of HPV infection, are particularly important for

33 35 39 45 51

ASCUS m ASC-H m HSIL

52 53 56 58 59 66 68 73 82

the health of women in the Jinhu area of northern Jiangsu.
This article also has some limitations. This article is a single-
center study, which cannot reflect the HPV prevalence in the
entire Jiangsu area, and the sample size is small.

Ethical Approval

All studies were done in compliance with the regulations
and guidelines of Jinhu County People’s Hospital institu-
tional and conducted according to the Helsinki and the
IACUC guidelines. Informed consent was obtained from
all individual participants included in the study. Patients
under the age of 18 have signed an informed consent form
with themselves and their parents, and have been informed
of the relevant circumstances. They are all voluntary.
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