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Prevalence and genotype distribution of HPV
infections among women in Chengdu,China
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Abstract

Background Human papilloma virus (HPV) infection among female is the cause of cervical cancer and genital warts.
In China, the HPV vaccination rate and the target population screening rate among females are low, and the aims of
this study on the genotype distribution and prevalence of HPV infection were to provide more targeted strategies for
the prevention and treatment of cervical cancer and HPV-related diseases.

Methods Polymerase chain reaction-reverse dot blot (PCR-RDB) was adopted for HPV genotyping test, the
prevalence and 23 genotypes distribution of HPV infections among 181,705 women in Chengdu from 2013 to 2020
were analysed.

Results The overall prevalence rate of HPV infection among 181,705 cases was 23.28%, the prevalence of HR-HPV at
the age group < 20 years, 60-69 years and > 70 years were higher than the overall prevalence.The prevalence of HPV
showed a bimodal U-shaped curve with age; the first and second peak common occurred among females < 20 years
old (42.97%) and 60-69 years old (37.56%), respectively.The top five genotypes of HPV infection among females in
Chengdu were HPV52/16/58/81/53. Single infection (73.26%) was the main HPV infection pattern, followed by double
infection (19.17%) and multiple infection (7.57%), the infection rate of HPV showed a gradual declined as the patterns
of HPV coinfections increased, low-risk and high-risk coinfection was higher in low-risk HPV infection (43.68%) and
lower in high-risk HPV infection (13.59%). The prevalence of genotypes —6 and —81 infection was the second highest
at the age group of 20 and 40-59, respectively, while the prevalence of HPV16 was the highest at the age group of
>70 among 23 genotypes among the 181,705 women.

Conclusions The prevalence of HPV infections among women in Chengdu is higher than domestic certain
developed citys, among the five vaccines available, nonavalent vaccine is more suitable for Chengdu females.

For young females prioritizing vaccination is essential in the current context.Double screening for HPV DNA is
important in middle-aged women (30-49 years), and screening should not be lacking in older women (> 65
years). Additionally,for patients with genital warts, it is necessary to screen for high-risk HPV infection and provide
appropriate management and treatment. Given the limitations of this study, future HPV research should aim to
achieve full coverage of the target population, and our studies should also include cellular or pathological data of
HPV-positive cases, vaccination rates, and various lifestyle details.
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Introduction

Human papillomaviruses (HPVs) are non-enveloped,
double-stranded circular DNA viruses of 8 kb in size that
are primarily transmitted through having vaginal, anal,
or oral sex with someone who has the virus, even if they
don’t have signs or symptoms, and which cause epithelial
hyperplasia of the skin and other diseases (cervical can-
cer, oropharyngeal cancers, anal cancer, precancers and
genital warts) [1]. HPVs belong to the Papovaviridae fam-
ily and humans are the sole host. The HPVs that infect
the mucosal epithelium are defined as Alphapapilloma-
viruses [2]. To date, more than 200 types of HPV have
been identified, more than 40 of which infect the geni-
tal area. Based on their carcinogenicity, mucosal alpha-
HPV is classified as high-risk HPV and low-risk HPV
(HR-HPV and LR-HPV). HR-HPV is closely related to
the development of malignant carcinomas, and LR-HPV
mainly causes benign warts. 15 HPV types were classi-
fied as HR-HPVs (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 68, 73, and 82), 12 HPV types were classified as LR-
HPVs (6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81, and CP6108)
[3]. Based on HPV activities, HPV genome is classified
into three regions: the long control region (LCR) or the
non-coding upstream regulatory region (URR), the late
(L) region, and the early (E) region,among them the E
region encodes six early regulatory proteins (E1, E2, E4,
E5, E6, and E7) and the L region encodes structural pro-
teins (L1 and L2), which have different functions that E1
and E2 modulate transcription and replication, E5, E6,
and E7 modulate the transformation process andL1 and
L2 compose the viral icosahedral capsid [4]. HPV infec-
tions are very common, acquisition of new partners and
having had more than 1 sexual partner were strong deter-
minants of new infections [5]. However, most HPV infec-
tions are transient, with automatic clearance of 60% and
more than 90% at one and two years [6], moreover, only
a small minority of persistent oncogenic HPV infection
progress to cervical intraepithelial neoplasia (CIN), pre-
cancerous lesions, and cancer. One of the mechanisms
HPV causes cancer is that the virus prevents cell cycle
arrest and apoptosis,the virus E6 and E7 oncoproteins
inactivate the tumor suppressor proteins p53 and pRB,
respectively, resulting in uncontrolled cell proliferation
and the transfer of their genetic material into the nucleus
of the target cell another is the integration of HPV DNA
into the host genome [7, 8]. Approximately 98.7% of cer-
vical cancers are attributable to HR-HPV [9]. HPV 16 and
HPV18 are responsible for approximately 71% of cervical
cancer cases [10].

According to the Global Cancer Statistics in 2020 [11],
cervical cancer is the fourth most frequently diagnosed
cancer and the fourth leading cause of cancer death in
global women, with an estimated 604,000 new cases and
342,000 deaths worldwide. Cervical cancer is a major
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public health problem that threatens the lives of women
worldwide, and the vast majority of cervical cancers are
found in countries such as Sub-Saharan Africa, Melane-
sia, South America and Southeast Asia. Nearly 70% of the
global burden of cervical cancer occurs in less developed
countries. Currently, the elimination of cervical cancer is
a major public health issue worldwide. As a developing
country with the larger population in the world, China
bears a serious burden of cervical cancer. According to
the latest statistics from the ICO/IARC HPV Information
Centre in 2023 [12], China experiences approximately
109,741 new cases and 59,060 deaths related to cervical
cancer annually.

LR-HPV primarily causes genital warts and recur-
rent respiratory papillomatosi, 90% of which are caused
by noncarcinogenic LR-HPV 6 or/and 11, and which
are estimated to affect 1% of sexually active adults aged
between 15 and 49 [13]. Although genital warts are
benign, they can cause discomfort and affect mental
health, even with liquid nitrogen cryotherapy or freeze
the probe, they cannot be eradicated due to HPV infec-
tion can lead to recurrence under external stimulation,
which poses considerable challenges for treatment.

The most effective approach for controlling cervical
cancer and genital warts is prioritizing HPV vaccination.
There are three types of HPV vaccines, bivalent (16, 18),
quadrivalent (6, 11, 16, 18) and nonavalent vaccine (6,
11, 16, 18, 31, 33, 45, 52, and 58), all of which have been
proven to have good efficacy, longer-lasting protective
effectiveness and benefits [14—16]. A study of HPV vac-
cination in 179 countries [17] noted that vaccination of a
cohort of 58 million 12-year-old girls prevented 690 000
cases of cervical cancer and 420 000 deaths during their
lifetime. In the United States [18] HPV infections have
dropped 71% among teen girls and 61% among young
adult women. Due to various factors, the HPV vaccine
was introduced to Chinese females a decade after their
global counterparts. Currently, the China Food and Drug
Administration (CFDA) has approved a total of five vac-
cines to be marketed in mainland China, including three
vaccines that are available internationally (Cervarix®2,
Gardasil®4, Gardasil®9) and two locally produced biva-
lent vaccines (16, 18) (Cecolin®approved in 2019 and ik
# Heapproved in 2022). Owing to economic constraints,
the HPV vaccine is only promoted as a national second-
ary vaccine. Nationally, HPV vaccine coverage is less than
0.05% among eligible women ages 9-45, and women ages
9-14 account for less than 5% of the vaccinated popula-
tion [19].

Regular cervical cancer screening is another strategy to
prevent cervical cancer. To eliminate cervical cancer in
women globally, WHO [20] calls for that 70% of women
are screened with a high-performance test by 35 years of
age and again by 45 years of age by 2030. HPV Test is the
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most sensitive among all the screening tests available till
date,among women who test negative on an HPV test,
rescreening should be done after a minimum interval of
five years [21], therefore,if resources permit, a validated
HPV testing for oncogenic HPV types should be the
first choice test. In China, the screening rate of women
aged 35-44 in 2018-2019 was 43.4% [22], which was
lower than the 70% screening rate target proposed by the
WHO, moreover, HPV DNA screening of the target pop-
ulation is very limited, and most of them are organized by
institutions in hospitals.

In view of the high incidence of cervical cancer in Chi-
nese women, the delayed vaccination and low vaccination
rate, and the low screening rate of the target population,
and the existing literature lacks large-scale epidemiologi-
cal studies specifically focusing on the western region of
China, and this study was based on the substantial data-
set of 181,705 cases of female HPV screening in a large
women’s and children’s specialized hospital in Chengdu,
and the data came from one central institution and three
branches, covering almost the entire urban and suburban
areas of Chengdu, which had certain representability of
female HPV infection in Chengdu, and the objective of
this study were to provide more targeted strategies for
the prevention, treatment and elimination of cervical
cancer and HPV-related diseases. In this study, we con-
ducted a comprehensive and in-depth exploration of the
patterns of HPV infection using real-world data, specifi-
cally addressing three aspects: age-specific HPV infec-
tion, type-specific and year-specific HPV infection. The
content of this study is thorough and holds significant
implications for guiding clinical practice.

Materials and methods

Subjects

The methodology of this research was a retrospective
study covering the period from June 2013 to Septem-
ber 2020, and the subjects were the patients who came
from Chengdu Women’s and Children’s Central Hospi-
tal (CWCCH) for HPV screening motivated by a vari-
ety of reasons, including physical examination, patient
requests, diagnostic needs prescribed by doctors and
opportunistic screening by doctors. Specific reasons
included health examinations, abnormal vaginal bleed-
ing, lower genital tract inflammation, genital warts, infer-
tility, unknown lower abdominal pain, gynaecological
tumours, and urethritis. Inclusion criteria consisted of a
history of sexual activity, absence from menstruation and
pregnancy, while exclusion criteria included women with
no history of sexual activity, menstruating and pregnant
women, women who had undergone uterine surgery. For
the multiple cases, we only counted the results of the first
screening. A total of 16,100 cases were excluded from the
study. Finally, a total of 181,705 females were included
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in this retrospective study conducted at CWCCH. The
mean age was 34.06+7.8 years (ranging from 1 to 91
years),categorized into age groups<20, 20-29, 30-39,
40-49, 50-59, 60—69 and >70. This study was approved
by the Medical Ethics Committee of Chengdu Women’s
and Children’s Central Hospital, and all methods were
performed in accordance with the relevant guidelines
and regulations.

Specimen collection

A gynaecologist wipes cervical secretions with a cotton
swab before sampling, places the cervical brush head on
the cervix and rotates the brush head clockwise 5 times
to obtain a sufficient amount of cervical epithelial cells.
Then, the cervical brush head is placed into the sample
tube marked with the patient’s name, the cap is tightened,
and the sample is quickly sent for examination.

DNA extraction and HPV genotyping

DNA extraction and HPV genotyping were performed
using an HPV genotyping kit for 23 Types (Shenzhen
Yaneng Bio-Tech Co., Ltd.) by PCR-RDB which was a
cost-effective and beneficial cervical cancer primary
screening for hospital-based opportunistic screening
[23]. The kit detected 23 types of HPV: HPV6, 11, 42,
43, 16, 18, 31,33, 35, 39, 45, 51, 52, 53,56, 58, 59, 66, 68,
73,81,82,83. The process involved three steps: HPV-DNA
extraction, PCR amplification and HPV-DNA hybridiza-
tion. The Haema9600 (Zhuhai XZ Bio-Tech Co., Ltd.) was
used for gene amplification. The amplification param-
eters were set as follows: @50 “C for 15 min; @95 “C for
10 min; ®40 cycles were performed at 94 C for 30 s, 42
C for 90 s and 72 C for 30 s; and @ 72°C for 5 min. The
YN-H16 (Shenzhen GL Bio-Tech Co., Ltd.) was used for
DNA hybridization. After color rendering, positive detec-
tion results were indicated by clear blue dots, a blue spot
in one gene locus is a single infection, and and multiple
blue spots were mixed infection or multiple infectiona.
To ensure the reliability of each HPV test result, there
is an IC (internal control) site on each patient’s hybrid
membrane, with one positive control (HPV16 positive)
and one negative control set up during each trial. In this
study, in order to exclude the interference of reproduc-
tive pathogens other than HPV (CT, MH, TV, TP, SPY,
HSH-2, etc.) on HPV detection results, specific reagents
were added during DNA extraction, amplification, and
hybridization to ensure that there was no cross-reaction.
The testing doctor strictly follows the HPV interpretation
rules to issue the patient’s HPV test results.

Statistical analysis

Microsoft’s Excel 2021 was used to count and analyse the
data, the chi-square test was used to compare the sample
rate between the groups, SPSS 26 (SPSS Inc., Chicago, IL,
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USA) was used to calculate chi-square data, P values and
95% confdence interval (95% CI), and two-sided P values
of less than 0.05 were considered statistically significant.

Results

Overall HPV infection prevalence

The study involved 23 HPV genotypes (17 HR -HPV
and 6 LR- HPV) in 181,705 female cases in Chengdu
from 2013 to 2020, and the overall HPV infection posi-
tive rate was 23.28% (42,297 positive cases) (Tables 1
and 2). Among 42,297 positive cases,the single infec-
tion rate was 17.05% (30,985/181,705), and the multiple
infection rate was 6.23% (11,312/181,705), consequently,
the single infection was the main pattern of HPV infec-
tion among women, and in multiple infections of 11,312
women, the prevalence of HR-HPV and HR-HPV coin-
fection, HR-HPV and LR-HPV coinfection, and LR-
HPV and LR-HPYV coinfection was 3.37% (6130 positive
cases), 2.69% (4892 positive cases) and 0.16% (290 posi-
tive cases), respectively, therefore, the coinfection of
HR-HPV and HR-HPV was the highest, followed by the
coinfection of HR-HPV and LR-HPYV, and the coinfec-
tion of LR-HPVand LR-HPV was the lowest (Table 1).
Among which the positive rates of HR- HPV only infec-
tion cases, LR-HPV only infection cases and HR -and LR-
mixed HPV infection cases were 17.11% (31,098 positive
cases), 3.47% (6307 positive cases) and 2.69% (4892 posi-
tive cases), respectively (Table 2), and it can be seen from
this that the HPV infection types of positive cases were
mainly HR- HPV only. The positive rate of 23 genotypes
was 32.05% (58,233 positive genotypes), among which

HPV6 _ 094%
Hrvyy [

mrv3: I o5
HPV11 _ 0.57%
mpvss [ 050%

mrvss [ 032

uev7s i 017

arvs2 [l o0.16%

orvss [l 015%

0% 1% 2% 3%

Page 4 of 14

the positive rate of HR-HPV was 25.38% (46,112 posi-
tive) and the positive rate of LR-HPV was 6.67%(12,121
positive) (Tables 3 and 4). The 17 high-risk types were
HPV-52,-16,-58,-53,-51,-68, -56, -59,-18,-33,- 66,-39,-31,-
35,-45,-73 and —82 in order, in which the top 5 genotypes
were HPV-52,-16,-58,-53 and —51, with positive rates of
5.27%, 3.18%, 2.76%, 2.33% and 2.03%, respectively. The
six low- risk types were HPV —81,-42, -43, -6, -11 and
—83 in order,with positive rates of 2.55%, 1.25%, 1.21%,
0.94%,0.57% and 0.15%, respectively (Fig. 1; Tables 3 and
4).

Year-specific prevalence of HPV infection

In HR-HPV infections among 181,705 females from 2013
to 2020, the top five genotypes were common HPV-52,-
16,-58,-53 and —51 in order, whereas LR-HPV infec-
tions were common HPV-81,-42,-43,-6,-11 and -83
in order (Table 3). With the increase in the patterns of
multiple infections, the prevalence of multiple infections
decreased gradually, and this trend was observed almost
every year and in almost every age group from 2013 to
2020 (Tables 1, 2 and 4; Figs. 3B and 4). The age distribu-
tion curves from 2013 to 2020 all showed U-shaped, and
the first peak (<20 years) was the highest, but the second
peak (40-49 years in 2013-2014, 60—69 years in 2015—
2020) was slightly lower (Table 2; Figs. 2 and 3). From
2013 to 2020, the prevalence of the single LR-HPV, HR-
HPV and HR-HPV coinfection, HR-HPV and LR-HPV
coinfection, infection pattern of single, double, triple,
quad, five were significantly different (p<0.05) (Table 1).

Group

% HR
® LR

4% 5% 6%

Prevalence(%)

Fig. 1 The prevalence and genotype distribution of HPV(HR-HPV and LR-HPV) infections among females from 2013 to 2020
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and -83 in order (Fig. 1). However, there were some dif-
ferences in the prevalence rates among genotypes with
year, infection pattern and age group. in 2013 and in 2020
the prevalences of the top five HR-HPV genotypes were
HPV-52, -16, -58, -33, -53 and HPV-52, -58, -16, -53, -51,
respectively, and in 2013-2015, in single infections and
multiple infections the prevalence of 6 LR-HPV geno-
types were HPV-81, -43, -42, -6, -11, and —83 in order
(Tables 3 and 4), and at the age group <20 years the prev-
alence of HPV6 ranked the second (7.95%), whereas at
the age groups 40—49 years and 50-59 years the preva-
lences of HPV-81 and —16 were tied for the second high-
est, and the prevalence rates of these two age groups were
2.81% and 3.75%, respectively, and at the age group=70
years, HPV16 (9.42%) and HPV52 (2.90%) ranked first
and fifth, respectively (Fig. 2). From 2013 to 2020, the
prevalence of HPV-52, -16, -58, -53, -51, -68, -56, -59,
-66, -39, -31, -45, -82, -81, -42, -43 and —83 were signifi-
cantly different (p<0.05) (Table 3).

From 2013 to 2020, the prevalences of 23 HPV infec-
tions decreased as HPV infection patterns increased each
year,among 42,297 HPV positive women in Chengdu, the
prevalences of the HPV infection patterns about single,
double, triple, quad, five and =six were 17.05%, 4.46%,
1.24%, 0.36%, 0.11% and 0.06%, respectively (Tables 1, 2
and 4; Fig. 4). Among 42,297 HPV positive females, the
positive rates of HR-HPV only, LR-HPV only, HR- and
LR-HPV mixed infection were 73.52% (31,098/42,297),
14.91% (6307/42,297) and 11.57% (4892/42,297), respec-
tively. Among 35,990 HR -HPV infection women, the
positive rate of mixed HR-and LR-HPV infection was
13.59% (4892/35,990), and among 11,199 LR-HPV infec-
tion women, the positive rate of LR- and HR-HPV mixed
infection was 43.68% (4892/11,199), therefore, the posi-
tive rates of HR-and LR-HPV mixed infection in the
LR-HPYV infection was higher than that of the HR-HPV
infection (Tables 1 and 2).

From Table 5, it can be observed that the total propor-
tion of the top 1 to 10 genotypes in combined infections
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5 with the other 22 genotypes ranges from 69.54 to 76.41%.
o S 5 g % The top 1 to 10 genotypes were typically also among the
- top 10 genotypes of the 23 genotypes. Among the top 1 to
% n § E 10 genotypes, LR-HPV infection rate was lower, approxi-
< S o & 0m mately ranging from 13.74 to 27.26%. Therefore, in mul-
g tiple infections, HR-HPV multiple infections dominate
g - (Table 5).
< T = _ = . .
] s & 35 < Discussion
g x > g This study analyzed the prevalence and genotype distri-
g bution of HPV infection among women in Chengdu who
Q = came to CWCCH for gynecological examination and
i S § health examination.The data from five continents [24]
s s 2 z_ N showed HPV prevalences were remarkable differences,
S ®x =28 = not only between regions but also between countries
& and among studies within the same region,and the esti-
S . mated global HPV prevalence was 11.7%,and Sub-Saha-
% L § ran Africa (24.0%), Eastern Europe (21.4%), and Latin
s i g @) % America (16.1%) showed the highest prevalences,and the
S 2 2 § E most common HPV types found among 215,568 women
= with normal cytological findings worldwide were HPV
S types 16, 18, 52, 31, 58, 39, 51, and 56, and HPV-6 was the
2 § most frequent low-risk type in the Americas [24]. In this
\v':', g & = g study, the HPV infection rate in Chengdu was 23.28%,
g % % g 2 which was within the scope of 37 cities [25] (18.42-
iy N e 31.94%) in China, but it was significantly higher than
E those of domestic developed citys Shanghai [26] (18.81%)
4 ES and Guangzhou [27] (18.71%), and very similar to that
g g I = % of Zhejiang [28] (22.3%). This study revealed that the
= §5 % S ; HPYV infection rate among females was relatively high in
N N = ~ Chengdu, it is an urgent to strengthen the HPV vaccina-
g tion and standardize the high coverage of HPV screening
§‘ - to reduce the incidence of cervical cancer among wowen
u S &5 = :{« in Chengdu.
n e ¢ 3 3 In this study, the top five genotypes (HPV52, 16, 58,
Q = ¥ 2 8 81, and 53) were different from those of in Shanghai
3 [26] (HPV 52,16,58,53 and 61), Guangzhou [27] (HPV
3 N 52,16,58,53 and 81), Zhejiang [28] (HPV 52, 58, CP8304,
i s § 16 and 51) and 37 cities [25] (HPV16, 52, 6, 58 and 11).
§‘ 3 § g % It was evident that HPV-52, -16, and —58 exhibit higher
b 5 ¥ 3 3 infection rates among women in Chengdu and many cit-
= ies in China [25-28], and HPV-52 and —58 also demon-
E & strate high infection rates in Asia [24]. The differences of
g =~ = E the top five genotypes reflect regional differences in HPV
g % % = g genotypes, which are related to local health awareness,
N © A 3N economic level, and health habits. When developing vac-
_ ‘ | R cines suitable for different geographical regions, regional
5 8T % g 3 = & - variations in the distribution of certain HPV types should
SIZZEI LB 2 § N be taken into account [3]. The HPV genotype distribution
'% sUWSS 8o SS mm in this study may provide guidance for the development
Sld o8y I . E and adoption of vaccines. The more HPV genotypes anti-
ml€28% 2 & 83 i i i i
" gens a vaccine contains, the stronger its protective effect
% S 4 = against diseases related to HPV genotypes. Currently,
EIEZ g e = © p four vaccines containing HPV-52, and HPV-58 have been
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Table 4 Prevalence of single, double, and multiple HPV infections of 23 genotypes

HPV Single infection Double infections Multiple infections Total infection
genotype Positiveno  %(95%Cl) Positive no  %(95%Cl) Positive no  %(95%Cl) Positive no  %(95%Cl)
HR-HPV
52 5849 3.22(3.14-3. 30) 2443 34(1.29-1.40) 1288 71(0.67-0.75) 9580 5.27(5.17-5.38)
16 3295 1.81(1.75-1.87) 1539 085(0 80-0.89) 949 052(049—0.56) 5783 3.18(3.10-3.26)
58 2834 1.56(1.50-1.62) 1324 0.73(0.69-0.77) 856 047(044-050) 5014 2.76(2.68-2.83)
53 2262 1.24(1.19-1.30) 1210 0.67(0.63-0.70) 764 042(0.39-045) 4236 2.33(2.26-2.40)
51 1933 1.06(1.02-1.11) 1053 0.58(0.54-061) 710 0.39(0.36-042) 3696 2.03(1.97-2.10)
68 1342 0.74(0.70-0. 78) 706 0.39(0.36-0.42) 468 0.26(0.23-0.28) 2516 1.38(1.33-1.44)
56 1194 0.66(0.62-0.69) 672 0.37(0.34-0.40) 537 0.30(0.27-0.32) 2403 1.32(1.27-1.37)
59 1073 0.59(0.56-0.63) 704 0.39(0.36-042) 507 0.28(0.25-0.30) 2284 1.26(1.21-1.31)
18 1176 0.65(0.61-0.68) 596 0.33(0.30-0.35) 441 024(0 22-027) 2213 1.22(1.17-1.27)
33 891 0.49(0.46-0.52) 554 0.30(0.28-0.33) 385 21(0.19-0.23) 1830 1.01(0.96-1 05)
66 843 0.46(0.43-0.50) 521 0.29(0.26-0.31) 405 0. 22(0 20-0.24) 1769 0.97(0.93-1.02)
39 777 0.43(0.40-0.46) 487 0. 27(0 24-0.29) 343 0.19(0.17-0.21) 1607 0.88(0.84-0.93)
31 559 0.31(0.28-0.33) 322 18(0.16-0.20) 230 0.13(0.11-0.14) 1111 0.61(0.58-0.65)
35 393 0.22(0.19-0.24) 282 16(0.14-0.17) 230 0.13(0.11-0.14) 905 0.50(0.47-0.53)
45 288 0.16(0.14-0.18) 169 0. 09(0 08-0.11) 121 0.07(0.05-0.08) 578 0.32(0.29-0.34)
73 121 0.07(0.05-0.08) 103 0.06(0.05-0.07) 81 0.04(0.03-0.05) 305 0.17(0.15-0.19)
82 138 0.08(0.06-0.09) 67 0.04(0.03-0.05) 77 0.04(0.03-0.05) 282 0.16(0.14-0.17)
Total 24,968 13.74(13.58-13.90) 12,752 7.02(6.90-7.14) 8392 4.62(4.52-4.71) 46,112 25.38(25.18-25.58)
LR-HPV
81 2462 1.35(1.30-1.41) 1313 0.72(0.68-0.76) 854 047(0.44-0.50) 4629 2.55(2.48-2.62)
42 1042 0.57(0.54-0. 61) 706 0.39(0.36-042) 523 0.29(0.26-0.31) 2271 1.25(1.20-1.30)
43 1073 0.59(0.56-0.63) 608 0.33(0.31-0.36) 524 0.29(0.26-0.31) 2205 1.21(1.16-1.26)
6 776 0.43(0.40-0.46) 488 0. 27( 24-0.29) 443 0.24(0.22-0.27) 1707 0.94(0.90-0. 98)
1 541 0.30(0.27-0.32) 272 15(0.13-0.17) 221 0.12(0.11-0.14) 1034 0.57(0.53-0.60)
83 123 0.07(0.06-0.08) 79 0. 04(0 03-0.05) 73 0.04(0.03-0.05) 275 0.15(0.13-0.17)
Total 6017 3.31(3.23-3.39) 3466 1.91(1.84-197) 2638 1.45(1.10-1.51) 12,121 6.67(6.56-6.79)
A B

5 100% 5 100%

g :

g 8% g 8%

a (-8

60% | | | I
40%
20% ‘

0%

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

HPV genotypes

u Single HR = Double HR Multiple HR

-~ 11

40%

20%

0%

81H 42H 43H 6H 11H 83H
HPV genotypes
m Single LR = Double LR Multiple LR

Fig. 4 The genotype distribution of single HPV, double HPV and multiple HPV infections among female from 2013 to 2020. A HR-HPV. B LR-HPV

developed and undergone clinical trials in China (quad-
rivalent, hexavalent, nonavalent, and quadrivalent), with
Shanghai Biotech Co., Ltd's nonavalent vaccine entering
Phase III clinical trials [19]. The existing nonavalent HPV
vaccine prevents infections and diseases related to HPV-
31, 33, 45, 52, and 58 in susceptible populations, and
induces antibody responses against HPV-6, 11, 16, and 18

[29]. Considering that in the Chengdu region, the non-
avalent HPV vaccine can prevent diseases caused by the
first three HPV genotypes (52, 16, 58), it is far superior
to the quadrivalent HPV vaccine, which only protects
against genotypes 16, 18, 6, and 11. Therefore, among the
currently available vaccines, the nonavalent HPV vaccine
is more suitable for women in Chengdu.
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w o |9 sSTgsaaNag In this study, the prevalences of HPV infections among
g o N wmn N N — N . . . . .
2% R0 0 muwmwmo o wnm o m females all showed a bimodal U-shaped distribution with
o O = N SN NN Q) &)
T ¥ N o oSS o =
< “26 232 85338288 age. The first peak occurred at ages group <20 years
- | —
(42.97%), decreased sharply after the first peak, and
‘.Z? 2 FTTTTTg maintained a plateau at middle age (20-59 years), the
5 N — < O N O ¥
s2 ESES2E2EES8ER -
°2 I S A S S S e A second peak common appeared at 60—69 years grou
‘“OA N O O n O O O 1N O O D .
o *¥ R — N 1" O M — F 1 < N ® .007%), ,
5 DRI HERRI 37.56%), followed by a moderately decline, and reached
- T N AN N NN - = = = —
p year groups =70 (25.72%). In fact,
h oI OmMBa e D HPV infection rates are highest in young women and a
_ oo oo OO0 . .
= PRI EFTT®EED smaller second peak in older people, which were com-
S § fdaiagdaszazasa mon in Shanghai [26] (<24 years,55—-64 years), Guang-
Z L ITIIITIIIIIII g years, y ) g
I _ zhou [27] (<21 years, > 60 years) and Zhejiang [28] (<20
O O M 1N O 0 O ~ ~ = ~—~ . . . .
QXL R YA OS Y Qo years, 61-70 years). The age distribution of cervical HPV
o 3 8888 LTR2EY infection showed a bimodal curve in half of five conti-
238 T EEEFEEEFEEEEESE nental regions, with a first peak at younger ages (just after
S sexual debut), a lower prevalence plateau at middle ages,
<t O© O O ¥ O o O
e oado oo oo . and a variable rebound at older ages (=45 years) [24]. The
m 0 B AN MO N @m0 =3 fi ! 92 . I
® g o 2IIOIITITLY G rst peak among young women (<20 years) is generally
O O O o o0 A o oo A o oo . . PR . .
zL ITITITIITIITII 3 attributed to higher levels of sexual activity with multi-
s aaGS 3 ple partners and low viral immunity [30]. However, most
S O N DOV T OO O = z . . . .
— A8 oo Ss=2<= g & HPYV infections in young women that are accompanied by
n O M O »m A & © 0 N ™ & c . . B .
~ g L YLIILLYL YYD g simultaneous epithelial dysplasia undergo spontaneous
=] e H . R . P
olZ = TTTITITIITIITITIII g clearance under immunological surveillance within 1-2
(o] [} .
< meCcANCcaR®mE® £ years [6, 31-32], and only a small percentage of persis-
) N — 0 O N S N — 0 S N . . .
ol = DYoo oo oo § tent infections that cannot be cleared progress to cervi-
SR 222223222029 o cal cancer after 10 to 20 years. In order to prevent young
) S . . . .
sl=z= e women from continuing HPV infection and progress-
] . . . . . .
o CgRgeTTRTQESR £ ing into cervical cancer, HPV vaccination is a very cost-
T ¥ £ )
Sl = T2 SsTS5S = effectiveness for women beforer sexual debut,because
n w m mn wmwmwmnm w;mwn wm wn wn . . . . .
o E; 8 § § % CE § § CE % § § % % the earlier the HPV vaccine is vaccinated, the higher the
QT £ antibody titer, and the better the protective effect [33].
= S N R O I The protection rate of bivalent, quadrivalent and non-
(] N N NN AN AN — e e (=} . . . .
o = R R R avalent vaccines against HPV16/18 induced cervical
2% 8 LLLY YYD Qe Qg2 : Sheli ;
o|le @ Aaaaaacaaaaaaals intraepithelial neoplasia grade 2 or worse could reach
c|2 98 > o
O - I © X X T T ©T T T T T 5 * 9 0 . .
g e 98.0%~100.0%, and the quadrivalent vaccine can also
= o T I I S R t 90-100% of genital wart d by HPVé6/11
— ¥ OF ©O 0 O N O K N A 5 preven 0 OI genita arts cause Yy ,
[oX vwooanddo oo o | € . .
Sl AR R IR and the nonavalent vaccine not only has a pre-prevention
vl s 8 > > > > > > > > > > > o . . . . .
- SO - effect that is not inferior to the quadrivalent vaccine,
= 2 = IIIIIIIIIIIEg . .
2 g £ because it can also prevent about 97% of high-grade pre-
N o m o aN O »n = e . .
3 PIT33 888> REE cancerous lesions and cancers of the cervix, vulva and
L —_ Lo oo dd o oo o o|e o .
IR AR sLe et vagina caused by HPV31/33/45/52/58, moreover HPV
£/3 8 o A - vaccination has a strong group effect or indirect protec-
|z e ITIITIITIIIITIES g group p
o £ % tion against unvaccinated females [29, 34—38]. A national
: "cPSESREERCS S t-center epidemiological survey [39] shows that th
gl _ cohoB2IBE8RasE multi-center epidemiological survey [39] shows that the
S|~ 8 ShbbbbboooQ|E 2 first sexual intercourse of young women in China gener-
o 5 > .
g/ 28 ITITIITITITITITZEE % ally occurs at the age of 17, thus Chinese scholars [39]
ko] - & £ recommended that the junior middle school girls (13 to
ol Bg 5 5 he prefi f inati h
Vet 2 = o 15 years) be the preferred groups for vaccination,and the
g8 g s o . .
2|EE g M2CeSIS R SEE Chinese government has adopted the recommendation,
N O o n N 0 O O O — 00 . .
gFoo B momda =SSN - 208 and the next step will be to make the HPV vaccine free
I3 . . .
é s s for 13—15 year junior middle school students.
v c . . .
n é’: =3 In this studythe reason why HPV infection rates
23 2R B3 0 8B83F 25 8 remain low in middle age (30-49 years) may be due
R 5 Edaacaaaaacs|ekE : : :
el & ITITITITIIIIT T« to increased autoimmune function and stable sexual
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partners in marriage. Considering that the prevalence of
CIN high-grade lesions is highest at the age group 30-49
years, and screening and treatment of HPV-related
high-grade lesions at this age group is very important
to reduce the incidence and mortality of cervical can-
cer, hence the WHO [20] calls for women to be screened
twice for HPV (once before age 35 and again before age
45), with 70% coverage. Twice in a life time screening
between 30 and 49 years can be highly protective and is
very cost-effective (With one or two screening strategies
for HPV testing, the lifetime risk of cancer was reduced
by about 25 to 36%, with a life cost of less than $500 per
year). In particular, screening of women aged 30 to 49
years is focused on full coverage rather than the number
of lifetime screenings [40].

For the second minor peak of infection, the higher
rate of infection in old women (60-69 years) may be
due to immune disorders during the menopausal transi-
tion, inability to clear and suppress the virus effectively,
as well as the persistence of the virus or the reactivation
of latent HPV [41]. In older women (60-69 years) HPV
screening and cytological tests are also necessary due to
a small peak of infection, and screening should be con-
tinued over 65 years old among women who have never
been screened in the past 10 years. For women over
65 years old, we should note that the prevalence rate
for those aged>70 (23.91%) was higher than the over-
all prevalence rate (23.28%). This could be attributed
to the fact that women at this age group usually do not
visit hospitals unless they have HPV-related lesions such
as genital warts or cervical lesions, or unless they are
actively screened for HPV infection due to a diagnosis by
a doctor.

In terms of the infection patterns,as the multiplicity of
HPV infections increases, the infection rate decreases
from 2013 to 2020. HPV single infection (73.26%) of
females was the dominant pattern, followed by double
infection (19.17%). Regarding the causes of multiple
infections, some scholars [42] have proposed that it is
determined by the immune mechanism. The potential
impact of multiple infections on cervical cancer risk
remains debatable [42-45], with one side arguing that
women with multiple infections were at significantly
higher risk of cervical disease than women with single
infections, but multiple infections followed an indepen-
dent process leading to disease [42]. The risk of cervical
cancer was 31.8 times higher with multiple infection and
19.9 times higher with single HPV type [43]. Multiple
HPV infection was an important risk factor for CIN>2
[44]. The other side [45] pointed out that there was no
correlation between multiple infection and the severity of
the lesion, but only he HPV subtype infected. In either
case, HPV multiple infections are more serious than no
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infection, suggesting the importance of vaccines and
screening.

Among 42,297 HPV positive women, HR- and LR- HPV
coinfections accounted for 13.59% and 43.68% in HR-
HPV infections and in LR-HPV infections,respectively.
Thus, it means that 13.59-43.68% of patients with genital
warts are infected with HR- and LR-HPV coinfections,
therefore, patients with genital warts may have HR-HPV
lesions, and when treating genitals, it is necessary to
screen for HR-HPV infection and conduct appropriately
treatment. As can be seen from Fig. 3, infection rates
of HPV6 and HPV81 ranked second at the age <20 and
40-59 groups, respectively, and the incidence of genital
warts may be greater at this age, which is worth noting.
HPV16 ranked first at the age group =70 years old, which
may be related to the low clearance rate of infection at
this age group.

The study has several limitations. First of all, this study
is a hospital-based survey, and the population is limited,
including a part of gynecological patients and a part of
physical examination women, which does not cover the
whole female population in Chengdu, so it cannot repre-
sent the general population of Chengdu. Second, it lacks
cellular or pathological data from positive cases, making
comparative statistics infeasible. Third, women’s vaccina-
tion rates were not considered, so the specific impact of
the vaccine on HPV infection rates could not be calcu-
lated. Fourth, the lack of information on lifestyle habits,
reproductive history, socioeconomic status, and sexual
behavior makes it difficult to provide practical guidance
on the prevention of HPV infection.

Conclusions

In conclusion, The prevalence of HPV infection among
women in Chengdu is higher than domestic certain
developed citys.The top 5 genotypes of HPV infection
among females in Chengdu were HPV52, 16, 58, 81 and
53, therefore,among the five vaccines currently avail-
able, the nine-valent HPV vaccine was more suitable for
Chengdu women. Age-specific HPV infection showed a
U-shaped bimodal pattern, with two peaks at age<20 and
60-69. Considering the first peak (<20 years), HPV vac-
cination should be prioritized among junior high school
girls (13 ~15 years old), and despite a plateau at middle
age (2059 years), screening and treatment of HPV-asso-
ciated high-grade lesions at the age group 30-49 would
be important, a second peak occured in older women
(60-69 years), and HPV screening and cytology tests
should not be lacking. For patients with genital warts, it
is necessary to screen for high-risk HPV infection and
provide appropriate management and treatment. Given
the limitations of this study, future HPV research should
aim to achieve full coverage of the target population, and
our studies should also include cellular or pathological
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data of HPV-positive cases, vaccination rates, and vari-
ous lifestyle details.
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