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Abstract

Objective In China, Cervical cancer is one of the common malignant tumors in females, and high-risk human
papillomavirus (HR-HPV) infection is one of its main causative factors. However, human papillomavirus (HPV) infection
rates may vary significantly among patients of different ages and HPV subtypes. This study aims to provide insights
into developing cervical cancer screening strategies and selecting HPV vaccine antigen targets in the area.

Methods A retrospective analysis was conducted on the HPV testing results of 47,423 women from January 2017
to April 2023 at the Clinical Laboratory of the Eighth People’s Hospital in Shanghai. HPV DNA genotyping was
performed using real-time quantitative polymerase chain reaction (PCR) in the molecular laboratory. Statistical
analysis was carried out using GraphPad Prism 8.0.1 software. Binomial distribution analysis was used to calculate the
95% confidence intervals (95% Cl), and the chi-square test was employed to compare categorical variables among
different age groups, with a p-value of less than 0.05 indicating statistical significance.

Results Among the 47,423 cervical HPV DNA test results, the overall infection rate was 18.9%, with single infections
accounting for 13.93%, dual infections for 3.47%, and multiple infections for 1.5%. The age-specific prevalence of HPV
infection exhibited a“U"-shaped curve, with the highest infection rates observed in the age groups under 30 and
between 50 and 59 years. The five most common HR-HPV subtypes in Xuhui District were types 16, 39, 51, 52, 56, and
58 (accounting for 10.3%, 7%, 8%, 20.3%, 6%, and 12%, respectively), with type 52 showing the highest infection rate.
The prevalence of moderate/severe HPV infection rates in the HPV 59, HPV 33, and HPV 35 gene subtypes increased
over time, highlighting the importance of monitoring these subtypes.

Conclusion This study identified the primary HR-HPV genotypes prevalent among females in Xuhui District,
Shanghai, and explored correlations between age, genotype, and HPV infection rates. While the findings provide
a basis for recommending HPV screening for younger and older age groups, further studies integrating clinical
outcomes such as cytological and pathological results are necessary to substantiate these conclusions and refine
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screening strategies. Due to variations in HPV trends globally and regional differences in genotypes, epidemiological
analysis of HPV can accurately and visually reflect the distribution of specific HPV genotypes in a particular area,
thereby aiding in the development of regional cervical cancer screening strategies and the selection of HPV vaccine

antigen targets.

Keywords Human papillomavirus, Age, Genetic typing, Female, Infection rate

Introduction
Cervical cancer is the fourth most common cancer in
females globally and the fourth leading cause of cancer-
related deaths among females. In China, it ranks as the
tenth leading cause of cancer-related deaths [1]. Data
from 2020 indicated 110,000 new cases and 59,000
deaths, showing a noticeable upward trend, with one out
of every 20,000 individuals succumbing to cervical can-
cer [2]. According to the latest global cancer burden data
released by the International Agency for Research on
Cancer of the World Health Organization in 2020, there
were approximately 110,000 new cases of cervical cancer
and 60,000 deaths in China in 2020. Epidemiological data
show that 99.7% of cervical cancer patients are found to
have persistent infections of high-risk human papillo-
mavirus (HR-HPV), confirming a clear causal relation-
ship between human papillomavirus (HPV) infection and
cervical cancer, making HPV infection a primary caus-
ative factor of cervical cancer [3]. By global data from the
World Health Organization, HPV-16 and HPV-18 are
the most common HR-HPV types causing cervical can-
cer [4]. However, there are significant differences in the
prevalence and distribution of HPV infections and sub-
types among different geographic regions and ethnicities.
The likelihood of HPV-induced tumors is typically low,
as most HPV infections are transient and self-limiting,
spontaneously cleared by the host’s immune system with-
out clinical intervention. Persistent HPV infections are
important risk factors for cervical cancer and precan-
cerous lesions [5]. However, it may take several decades
for persistent HR-HPV subtypes to progress to cervical
cancer [6]. In the majority of sexually active populations,
HR-HPV infections are common, and a minority of infec-
tions may lead to high-grade precancerous lesions and
subsequently develop into cervical cancer. Therefore,
early and regular screening for HPV infections is crucial
for cervical cancer prevention [7]. Despite several cervi-
cal cancer screening programs in the general population
in China, many areas, particularly rural regions, do not
have access to regular screening. As a result, the burden
of Cervical screening remains heavy in China, and due to
the lack of comprehensive national cancer registration,
the incidence of cervical cancer is significantly underes-
timated [8].

HPV infection is considered a primary cause of cervi-
cal cancer [9], with approximately 40 subtypes of the over
200 identified HPV types known to infect the genital area

[10]. Among these, 13 to 15 h-HPV types are considered
to be oncogenic. Globally, HPV types 16 and 18 account
for over 70% of cervical cancer cases [11], while the other
six types (HPV 31, 33, 35, 45, 52, and 58) make up 20%.
However, the pathogenicity of specific HPV types for
Cervical diseases varies across different regions and envi-
ronments, possibly due to geographical differences in the
type-specific prevalence of HPV among different popu-
lations [12]. For instance, the prevalence of HPV 16 and
18 in cervical cancer patients and healthy females in East
Asia is relatively lower compared to global rates.

In addition, studies have found that the prevalence of
high-risk HPV (HR-HPV) increases with age and shows
a significant upward trend with the severity of cervi-
cal lesions. HPV16 and HPV52 are the most common
types in this region [13]. The incidence of multiple infec-
tions rises during early adulthood and then declines with
increasing age, with significant differences in the distri-
bution of the 15 common HPV genotypes between mul-
tiple and single infections [14]. Although various HPV
vaccines are currently undergoing clinical trials, the
development of future vaccines will need to incorporate
more antigen types to enhance efficacy and coverage [15].
Therefore, conducting detailed studies on HPV infection
in developed areas like Shanghai can provide valuable ref-
erences for nationwide vaccination strategies and screen-
ing programs. This study aims to analyze HPV infections
among 47,423 women to identify high-risk subtypes and
infection patterns, providing scientific evidence for opti-
mizing regional screening and vaccination strategies.

Materials and methods

Study population

This study collected cervical HPV-DNA data from 47,423
women who visited the Shanghai Eighth People’s Hos-
pital from November 2017 to April 2023. These women
underwent HPV-DNA testing at the hospital’s laboratory.
Participants were divided into five age groups based on
differences in HPV infection rates observed in epidemio-
logical studies, with the selected age ranges correspond-
ing to reproductive and postmenopausal stages: Group 1
(G1) <30 years, Group 2 (G2) 30-39 years, Group 3 (G3)
40-49 vyears, Group 4 (G4) 50-59 years, and Group 5
(G5) 260 years [14]. The reasons for hospital visits var-
ied, including routine gynecological examinations, vagi-
nal infections, and gynecological tumors, among others.
All females participating in this study had to meet the
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following criteria: (1) a history of sexual activity and
(2) no sexual intercourse or vaginal medication use in
the past 72 h. Exclusion criteria included females diag-
nosed with Cervical cancer, pregnant women, individu-
als lacking key information such as age, those who had
undergone cervical excision procedures or had autoim-
mune diseases, and patients who had received cervical
physical and hormonal treatments within the previous 10
months. The specific procedure is outlined in Figure SI.
This study has been approved by the Ethics Committee
of the Shanghai Eighth People’s Hospital (Approval No.
2023-061-21).

Specimen collection

The cervical sample collection procedure involves using
a sterile cervical brush. The brush is gently inserted into
the cervical canal until reaching the posterior fornix of
the cervix to ensure full contact of the brush head with
the inner walls of the cervical canal and the external
os of the cervix. The cervical brush is then rotated 360
degrees clockwise at the cervical canal and external os
to gently brush the cells, ensuring an adequate collection
of cervical epithelial cells. This process is repeated twice
to improve the completeness of cell collection. After col-
lection, the samples are immediately transferred to 2
milliliters of cell preservation solution to preserve the
integrity of the samples and the stability of cellular DNA.
All samples are stored at 2—8 °C for no more than 7 days
to minimize cell degradation and DNA damage, ensur-
ing the accuracy of subsequent HPV-DNA detection and
analysis.

HPV genotyping detection

DNA extraction and typing qualitative detection were
performed using the HPV Genotyping Nucleic Acid
Detection Kit (Fluorescence PCR method) from Shang-
hai Zhijiang Biotechnology Co., Ltd. This test kit is
designed to detect 15 h-HPV genotypes (HPV 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 66, 82) in cervical
exfoliated cells. The basic principle involves using specific
primers and fluorescent probes for different HPV geno-
types, applying polymerase chain reaction (PCR) com-
bined with Tagman technology to qualitatively detect
specific nucleic acid segments. The basic steps are: first,
HPV DNA is isolated and extracted. After enzymatic
digestion of cervical cells, HPV is adsorbed to magnetic
glass beads, and the released DNA is washed and puri-
fied using the QIAGEN QIAcube automated nucleic acid
extraction system. After DNA extraction, 4 pL are taken
as the PCR reaction template for PCR amplification. The
amplification reagent is prepared by mixing 0.4 pL of
DNA polymerase and 36 puL of PCR mixture. The DNA
template of each individual is amplified using the SLAN-
9600 S thermal cycler, with PCR cycling conditions of
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94 °C for 2 min, 93 °C for 10 s, and 62 °C for 30 s, for a
total of 40 cycles. If the channel Ct value is <38 and the
amplification curve shows a typical S shape, the gene
result corresponding to that curve is considered positive.
Internal quality control measures, including the detec-
tion of the single-copy conserved gene MNBH as a ref-
erence gene, are implemented during testing to ensure
accurate quantification of HPV content in the sample and
to prevent false negative results. The MNBH gene serves
as the internal control, ensuring the integrity and accu-
racy of the DNA amplification and genetic typing pro-
cess. All experiments undergo quality control, including
DNA amplification and genetic typing, with positive and
negative controls set in the PCR detection.

The reference gene chosen is the single-copy conserved
gene MNBH in human cells. If the reference gene detec-
tion is negative and the HPV detection is also negative,
resampling for testing is required. The MNBH gene con-
tains only one copy per cell, meaning 1 MNBH gene=~1
cell. The amount of cervical epithelial cell counting
needed for the sample is determined to be 10,000 cells,
equivalent to 10,000 copies of the MNBH gene (deter-
mined by plasmid calibration with a detection Ct value
of 28), to normalize the Ct values of HPV genotypes and
ensure consistent interpretation of sample detection
results at the same cell counting level. Based on the viral
load of HPV, the infection levels are classified as mild,
moderate, and severe. The classification criteria are as
follows: Mild infection: 102-10* copies/10* cells, Moder-
ate infection: 10°-10” copies/10* cells, and Severe infec-
tion (>107 copies/10* cells ) [16, 17]. All experimental
procedures are conducted according to the instructions
in the kit.

Statistical analysis

All statistical analyses in this study were performed using
GraphPad Prism 8.0.1 software. The analyses involved
independent evaluations of HPV infection rates, geno-
type distribution, and single, dual, and multiple HPV
infections (defined as infection with one, two, or mul-
tiple HPV genotypes). Comparisons of HPV infection
rates for single and multiple HPV genotypes in differ-
ent groups were conducted using binomial distribution
analysis to calculate the 95% confidence intervals (95%
CI). Two-tailed p-values less than 0.05 were considered
statistically significant. The analysis calculated the HPV
infection rates and their respective 95% CI between dif-
ferent groups. The chi-square test was used to compare
categorical variables for comparisons between different
age groups, and differences were considered statistically
significant when the p-value was less than 0.05.
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Results

Overall HPV infection status

Through a retrospective analysis of HPV testing results
from January 2017 to April 2023, it was found that the
infection rate of HR-HPV was 18.40% (8962/47423). A
total of 15 h-HPV subtypes were detected in this study
(Fig. 1A), with HPV 52 at 5.4%, HPV 58 at 3.1%, HPV 16
at 2.7%, HPV 51 at 2%, HPV 39 at 1.7%, HPV 56 at 1.6%,
HPV 66 at 1.4%, HPV 68 at 1.3%, and HPV 59 at 1.2%.
Notably, HPV 18 ranks tenth, which differs from previous
studies. Earlier research indicated that HPV 18 is the sec-
ond most common type causing cervical cancer, account-
ing for 65% of all cases [18]. In double infection cases,
the most common combinations were HPV 52 + 58, fol-
lowed by HPV 52+16 and HPV 58+16 (Fig. 1B). The
results indicate that HPV 52 has the highest infection
rate in Shanghai and tends to be co-infected with other
subtypes.

HR-HPV infection status among different age groups

The HPV test results were divided into five age groups,
and the infection rate for each group was calculated
(Fig. 2). The results showed that HPV infection rates
ranged from 15.1 to 24.94%, in the following order from
lowest to highest: Group 3 (G3) (14.73%), Group 2 (G2)
(16.97%), Group 5 (G5) (17.71%), Group 4 (G4) (18.01%),
and Group 1 (G1) (24.94%), with Group 1 (G1) showing
the highest infection rate. The differences in HPV infec-
tion rates among the age groups were statistically signifi-
cant (P<0.05). A peak in HPV infection was observed in
women under 30 years old, with higher infection rates
also found in the 50-59 and =260 age groups. Further-
more, significant differences in the infection rates of 13
high-risk HPV subtypes (HPV 16, 18, 31, 39, 45, 51, 52,
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56, 58, 59, 66, and 82) were observed among the different
age groups (Table 1).

Overall distribution of single, double, and multiple HPV
infections

In this study, a single high-risk HPV infection was the
most common, accounting for 73.7% of all positive cases.
Dual infections comprised 18.4%, while multiple infec-
tions accounted for 7.9% (Table 2). When high-risk
HPV infections were categorized by age, Group 1 (G1)
(<30 years) had the highest rate of single HPV infec-
tion (16.62%), followed by Group 4 (G4) (50-59 years)
(14.39%), Group 2 (G2) (30-39 years) (13.59%), Group
5 (G5) (=60 years) (12.74%), and Group 3 (G3) (40-49
years) (12.21%). The highest dual infection rate was also
observed in Group 1 (G1) (<30 years) (5.91%), with the
lowest rate in Group 3 (G3) (2.3%). Among multiple
infections, Group 1 (G1) (<30 years) again showed the
highest infection rate (3.3%). Similar to single infections,
Group 1 (G1) (<30 years) demonstrated the highest rate
of multiple infections (Table 2). The five most common
high-risk HPV genotypes, HPV 52, HPV 58, HPV 16,
HPV 51, and HPV 39, were prevalent across single, dual,
and multiple infections (Table 3).

Proportion of patients with different infection severity and
distribution of HPV genotypes

Based on the severity of infection, this study catego-
rized patients into mild, moderate, and severe infection
groups. Mild infections were the most common, account-
ing for 67.5% of all positive cases, moderate infections
comprised 31.3%, and severe infections accounted for
1.1% (Fig. 3A). In mild infections, HPV 52, HPV 58, HPV
16, HPV 51, and HPV 39 were predominant, whereas
moderate infections were primarily associated with HPV
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Fig. 1 Retrospective analysis of HPV subtypes and infection rates among 47,423 women in Shanghai. Note: (A) Proportion of patients infected with
15 h-HPV subtypes among the 47,423 women. (B) Top 10 subtype combinations in cases of dual infections
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Fig. 2 HPV Infection Rates among Women in Five Age Groups (< 30 years, 30-39 years, 40-49 years, 50-59 years, and > 60 years)

Table 1 Infection status of 13 subtypes of HR-HPV in different age groups

=60

HPV hypotype <30 30-39 40-49 50-59 =60 x? P Gamma
(n=10254) (n=13682) (n=11495) (n=6629) (n=5363 value
hpv82 93(0.91%) 50(0.37%) 26(0.23%) 4(0.21%) 10(0.19%) 57.238 <0.001 0421
hpv68 183(1.78%) 165(1.21%) 109(0.95%) 99(1.49%) 76(1.42%) 3.066 0.080 0.065
hpv66 235(2.29%) 157(1.15%) 137(1.19%) 69(1.04%) 75(1.4%) 26.608 <0.001 0.161
hpv59 241(2.35%) 158(1.15%) 86(0.75%) 50(0.75%) 36(0.67%) 108.810 <0.001 0338
hpv58 450(4.39%) 383(2.80%) 237(2.06% 226(3.41%) 2(3 39%) 12216 <0.001 0.085
hpv56 248(2.42%) 170(1.24%) 123(1.07%) 101(1.52%) 14(2.13%) 3.908 0.048 0.078
hpv52 749(7.30%) 649(4.74%) 480(4.18%) 350(5.28%) 14(5.85%) 18.242 <0.001 0.078
hpv51 348(3.39%) 256(1.87%) 153(1.33%) 90(1.36%) 99(1 .85%) 71725 <0.001 0.223
hpv45 71(0.69%) 49(0.36%) 35(0.3%) 12(0.18%) 18(0.34%) 20.034 <0.001 0.259
hpv39 275(2.68% 208(1.52%) 146(1.27%) 102(1.54%) 84(1.57%) 30428 <0.001 0.156
hpv35 84(0 82%) 72(0.53%) 59(0.51%) 58(0.87%) 45(0.84%) 0.853 0.356 -0.022
hpv33 15(1.12%) 112(0.82%) 89(0.77%) 59(0.89%) 62(1.16%) 0.021 0.884 0.019
hpv31 161(1.57%) 95(0.69%) 77(0.67%) 42(0.63%) 49(0.91%) 23.507 <0.001 0.192
hpv18 205(2.00%) 161(1.18%) 78(0.68%) 89(1.34%) 32(0.6%) 52.286 <0.001 0.233
hpv16 471(4.59%) 288(2.10%) 227(1.97%) 153(2.31%) 151(2.82%) 49461 <0.001 0.164
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Table 2 The prevalence of single, double, and multiple HPV subtypes at different ages
HPV G1 (<30 years) G2 (30-39 years) G3 (40-49 years) G4 (50-59 years) G5(=60 years) Total Pvalue
infection (n=10254) (n=13682) (n=11495) (n=6629) (n=5363)
HPV 2651 2393 1736 1218 964 8962 <0007
(25.85%) (17.49%) (15.10%) (18.37%) (17.98%) (100%)
Single HPV 1704 1860 1404 954 683 6605 <0001
(16.62%) (13.59%) (12.21%) (14.39%) (12.74%) (73.7%)
Double HPV 606 397 264 202 178 1647 <0.001
(5.91%) (2.90%) (2.30%) (3.05%) (3.32%) (18.37%)
Multiple HPY 341 136 68 62 103 710 <0001
(3.33%) (0.99%) (0.59%) (0.94%) (1.92%) (7.9%)
Note: G1=Group 1, G2=Group 2, G3=Group 3, G4=Group4, G5=Group 5
Table 3 The distribution proportion of different HPV subtypes in single, double, and multiple HPV infections
HPV subtype Single infection Double infections Multiple infections
Positive no 95%Cl Positive no 95%Cl Positive no 95%Cl
hpv_16 720 1.52(1.41-1.63) 341 0.72(0.64-0.8) 235 0.5(0.43-0.56)
hpv_18 282 059(0 53-0.66) 158 0.33(0.28-0.39) 127 0.27(0.22-0.31)
hpv_31 211 0.44(0.39-0.5) 110 0.23(0.19-0.28) 103 0.22(0.18-0.26)
hpv_33 212 045(0.39-0.51) 136 0.29(0.24-0.33) 90 0.19(0.15-0.23)
hpv_35 152 0.32(0.27-0.37) 106 0.22(0.18-0.27) 61 0.13(0.1-0.16)
hpv_39 416 0.88(0.79-0.96) 223 0.47(0.41-0.53) 178 0.38(0.32-0.43)
hpv_45 74 0.16(0.12— 019) 59 OA12(OO9 0.16) 52 0.11(0.08-0.14)
hpv_51 467 0.98(0.9-1.07) 272 0.57(0.51-0.64) 212 0.45(0.39-0.51)
hpv_52 1634 345(3.28- 361) 556 1.17(1.08-1.27) 357 0.75(0.68-0.83)
hpv_56 350 0.74(0.66-0.82) 209 OA44(O.387O,5) 198 0.42(0.36-0.48)
hpv_58 852 1.8(1.68-1.92) 380 0.8(0.72-0.88) 248 0.52(0.46-0.59)
hpv_59 268 0.57(0.5-0.63) 175 0.37(0.31-042) 132 0.28(0.23-0.33)
hpv_66 347 0.73(0.66-0.81) 177 0.37(0.32-0.43) 154 0.32(0.27-0.38)
hpv_68 319 0.67(0.6-0.75) 188 0.4(0.34-0.45) 127 0.27(0.22-0.31)
hpv_82 76 0.16(0.12-0.2) 49 0.1(0.07-0.13) 69 0.15(0.11-0.18)
hpv_6+11 247 0.52(0.46-0.59) 168 0.35(0.3-0.41) 155 0.33(0.28-0.38)
52, HPV 58, HPV 16, HPV 51, and HPV 66. Severe infec- Discussion

tions were mainly linked to HPV 58, HPV 16, HPV 51,
HPV 66, and HPV 18 (Fig. 3B).

Relationship between different HPV genotype infections
and the proportion of mild, moderate, severe infections,
and age

To better understand the relationship between different
HPV genotypes and age, we compared the proportions
of mild, moderate, and severe infections over five years
(2017-2022) for different HPV genotypes. The results
indicate that, with increasing time, the proportions of
moderate infections compared to mild infections for
HPV 82, HPV 68, HPV 66, and HPV 59 (Fig. 4). Further
analysis of the proportions of moderate/severe infections
revealed an increasing trend in the infection rates of HPV
59, HPV 33, and HPV 35 over time (Fig. 5A). Regard-
ing the relationship between HPV genotypes and age,
patients with moderate to severe HPV 59 infections were
younger compared to those with mild infections, while
HPV 33 and HPV 35 did not show a clear age-related
trend (Fig. 5B).

In China, due to insufficient vaccine coverage and inad-
equate HPV screening, especially in rural and underde-
veloped areas, the prevalence of cervical diseases remains
relatively high [19-21]. The prevalence and genotype dis-
tribution of HPV vary in different regions and living envi-
ronments [22-24]. Understanding the prevalence and
genotype distribution of HPV in Shanghai is crucial for
developing prevention measures and strategies to elimi-
nate cervical cancer [25].

In this retrospective analysis, the overall positivity rate
of HR-HPV was 18.4%. Similar studies in other Chinese
cities have reported comparable HPV infection rates.
However, the HPV infection rate in this analysis was
higher than that of Uyghur women in Xinjiang (9.15%)
[26], but lower than that of women in Shaanxi Prov-
ince (30.21%) [27], Beijing (21.0%) [28] and Chongqing
(19.9%) [29]. These variations suggest that differences in
geographical conditions and economic development may
lead to variations in HPV infection rates. Studies have
shown that in Shanghai, China, the age-specific preva-
lence of HPV infection exhibits two peaks—one in the
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Fig. 3 Proportion of HPV infections and distribution of HPV genotypes among patients with different infection severities (mild, moderate, and severe).
Note: (A) Proportion of HPV infections among patients with different infection severities (mild, moderate, and severe). (B) Distribution of different HPV
genotypes among patients with different infection severities (mild, moderate, and severe)

age group over 55 years and another in the group under
25 years [30]. This finding is highly consistent with the
conclusions of our study, which also revealed that HPV
infection rates typically follow an age-specific pattern,
with a peak observed among women under 30 years. The
higher prevalence in younger women may be attributed
to more frequent sexual activity and having multiple sex-
ual partners. However, it is worth noting that although
young women are more susceptible to HPV infection,
their immune systems can generally clear transient infec-
tions, reducing the risk of cervical lesions [31]. Factors
influencing the natural clearance of HR-HPV include
smoking history, contraceptive methods, pregnancy,
childbirth, age at first sexual intercourse, number of
sexual partners, immune status, viral load, age, and HPV
genotype [32].

It is noteworthy that the study found a second peak in
HPV infection rates among women aged 50-59 and 60
and above. This phenomenon may be explained by the
long latency period of HPV infection and the reactivation
of the virus under conditions of immune system decline
(such as menopause or aging) [33, 34]. Therefore, efforts
to prevent cervical cancer should consider the age-spe-
cific nature of HPV infection, emphasizing the impor-
tance of HPV vaccination for adolescents and regular
cervical cancer screening for women aged 30 and above.

Analysis of single, double, and multiple HPV infec-
tions shows that single infections are the most com-
mon, accounting for the majority of cases. The study
also emphasizes the importance of studying the impact
of multiple infections on cervical cancer risk, as mul-
tiple infections may persist longer and confer stronger
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Fig. 4 Changes in the proportion of infection severities (Mild, Moderate, or Severe) among patients with different HPV denotypes from 2017 to 2022

resistance to self-immunity. However, some studies sug-
gest that single HPV infections may lead to a higher risk
of cervical cancer due to competition or balance between
various HPV subtypes. In this study, the prevalence of
single HPV infections was higher than that of double and
multiple infections. It is worth noting that HPV52 and its
related subtypes were prominent in all infection catego-
ries, highlighting the clinical significance of HPV52 in the
region.

Compared to other regions of mainland China, there
are differences in the distribution of HPV genotypes
[35-37]. Studies have shown that the most common
HPV genotypes in Jinshan District, Shanghai, are HPV52,
HPV16, HPV58, HPV51, HPV53, and HPV68 [38]. This
finding aligns closely with the results of our study, which
identified HPV51, HPV39, HPV16, HPV52, HPV56,
and HPV58 as the most prevalent high-risk genotypes
in Xuhui District. Furthermore, analysis of moderate to
severe infections indicates an increasing trend in HPV59,
HPV33, and HPV35, emphasizing the importance of
monitoring these subtypes. The study highlights the
need for future vaccine development to consider regional
variations in HPV genotype distribution to potentially

enhance prevention strategies. However, it acknowl-
edges that vaccine efficacy data specific to these regional
genotypes are currently limited, necessitating further
research.

The clinical value of this study lies in its potential con-
tribution to refining cervical cancer prevention and
screening strategies, particularly in urban populations.
However, its retrospective nature and lack of inclusion
of socioeconomic or behavioral factors necessitate cau-
tious interpretation of its broader applicability. By ana-
lyzing the HPV infection rate and genotype distribution
in Shanghai, we can more accurately identify groups
needing additional attention, especially the peak groups
of age-specific infections. For example, promoting HPV
vaccination and regular screening for cervical cancer for
women under 30 and above 50 can effectively reduce the
incidence of cervical cancer. Additionally, the study high-
lights the potential link between multiple HPV infections
and the risk of cervical lesions, providing valuable clues
for future clinical interventions.

However, This study has notable limitations. Firstly, its
retrospective design and reliance on hospital-based data
may introduce selection bias and affect generalizability
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(B) Relationship between HPV 59, HPV 33, HPV 35 genotypes and age

to the broader population. Additionally, the exclusion of
socioeconomic, lifestyle, and behavioral factors from the
analysis limits the ability to assess their influence on HPV
prevalence. Furthermore, the absence of cytological and
pathological follow-up data restricts the study’s ability to
correlate HPV infections with clinical outcomes, which
are critical for validating the significance of identified
trends.

Future research prospects should include more exten-
sive and in-depth studies to fill existing knowledge gaps.
For example, future studies could consider incorporat-
ing a wider range of geographic and population groups
to more comprehensively assess the epidemiological
characteristics of HPV infections. Additionally, studies

should consider using prospective designs to reduce data
collection biases and enhance the accuracy and reliabil-
ity of research results. Furthermore, there should be an
increase in research on the natural history of HPV infec-
tions, particularly in exploring the mechanisms of viral
clearance and the development process of cervical cancer.
Finally, considering the development of HPV vaccines,
monitoring and studying newly emerging HPV genotypes
and genotypes not covered by existing vaccine coverage
is crucial, as this will facilitate future vaccine updates and
strategy adjustments.
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Conclusion

This study identified HPV 52, 58, 16, and 51 as the main
HR-HPV genotypes among females in Xuhui District,
Shanghai (Fig. 6). Notably, HPV 59, 33, and 35 demon-
strated an increasing trend in moderate to severe infec-
tions, with HPV 59 having a higher tendency in younger
age groups and a higher likelihood of co-infection with
other types. These findings offer preliminary insights
for guiding cervical cancer screening and HPV vaccine
strategies in the region. However, the absence of clinical
outcome validation and consideration of behavioral and
demographic factors underscores the need for further
comprehensive research to fully understand HPV epide-
miology and its implications for public health interven-
tions. However, the study has limitations and further
research incorporating cytological and pathological
results is needed for a comprehensive understanding.
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