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Objective: Human papillomavirus (HPV) infection is currently the main cause of
cervical cancer and precancerous lesions in women. The aim of this study was to
investigate the epidemiological characteristics of HPV genotypes among women
in Yueyang city and to provide a basis for the prevention and treatment of cervical
cancer in this city.

Methods: A cross-sectional study was conducted on 125,604 women who had
received treatment from eight hospitals in Yueyang city from September 2019 to
September 2022. Analysis of the prevalence of HPV in patients.

Results: The prevalence of HPV was 20.5% (95%Cl: 20.2-20.7%), of which
the high-risk type (HR-HPV) accounted for 17.5% (95%Cl: 17.3-17.7%) and the
low-risk type (LR-HPV) accounted for 5.0% (95%Cl: 4.9-5.1%). Among the HR-
HPV subtypes, the top five in prevalence, from the highest to the lowest, were
HPV52 (5.1%), HPV16(2.7%), HPV58 (2.6%), HPV53 (2.4%), and HPV51 (1.7%). The
main LR-HPV infection types were HPV81 (2,676 cases, OR =2.1%; 95%ClI, 2.0-
2.1%). Among the infected patients, 19,203 cases (OR =74.3%; 95%Cl, 73.8-
74.9%) had a single subtype, 4,673 cases (OR =18.1%; 95%Cl, 17.6-18.6%) had
two subtypes, and 1957 cases (OR =7.6%; 95%Cl, 7.3-7.9%) had three or more
subtypes. HPV prevalence is highest among women <25years, 55-64 years
and > 65 years of age.

Conclusion: The prevalence of HPV in women in Yueyang city was 20.5%, with
HR-HPV being dominant. As women aged <25years, 55-64 years, and > 65 years
are at a relatively higher risk, more attention should be paid to them for prevention
and control of HPV infections.
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Introduction

Cervical cancer is one of the most common cancers in women. In
2020, 604,127 new cases and 341,831 deaths from cervical cancer were
reported worldwide (1). In China, 109,741 new cases and 59,060
deaths from cervical cancer were reported in 2020 (2); therefore,
cervical cancer remains a serious health threat to women in China.
Human papillomavirus (HPV) is a circular, non-enveloped
deoxyribonucleic acid (DNA) virus that can cause various lesions on
the skin and mucous membranes. HPV infection is a common
sexually transmitted disease (3), and approximately 75% of sexually
active people become infected with this virus (4). Although most HPV
infections are short-lived and do not seriously cause disease, some of
these infections that last for several years may have a high potential to
lead to malignancies (5). Persistent high-risk HPV (HR-HPV)
infection is a critical step in cervical carcinogenesis (6, 7). Cervical
cancer can be prevented, detected, and treated early. As such, early
prevention has become the focus of cervical cancer prevention. At
present, three types of vaccines have been licensed internationally for
HPYV infections. Vaccination has been effective in preventing cervical
cancer in developed countries. However, only a minority of women in
China have been vaccinated (8). Many studies suggest that the
prevalence and genotype distribution of HPV vary by climate, region,
ethnicity, and country (9, 10). Determining the distribution of HPV
genotypes in Yueyang city will aid in cervical screening and
vaccination and provide a scientific basis for the prevention and
treatment of cervical cancer in the city.

Therefore, this study aimed to investigate the epidemiological
characteristics of HPV genotypes in women from Yueyang city.

Materials and methods
Research subjects

In this cross-sectional study, participants were 125,604 women
who underwent HPV typing tests at eight hospitals in Yueyang city
from September 2019 to September 2022 (Yueyang People’s Hospital,
Yueyang Central Hospital, Miluo People’s Hospital, Huarong County
People’s Hospital, Pingjiang County People’s Hospital, Pingjiang
County Maternal and Child Health Hospital, Yueyang County People’s
Hospital, and Linxiang People’s Hospital). The age range of the
participants was from 11 to 97years, the average age is
43.42+11.078years old. The sampling criteria were as follows:
non-menstrual period, no sexual activity within 24h, no vaginal
medication within 3days, no vaginal irrigation, and no prior
application of acetic acid or iodine solution. This study was approved
by the ethics committee of the hospitals mentioned above.

This study focused on HPV infection prevalence as the main
research index, which is known to be 15.5% based on the results of
similar published literature (11). Using the following formula, a=0.05
(two-sided test) was selected, the allowable error &=+0.22%,
Z1-a/2=1.96, and p=15.5%, n= (Z1- a/25)2p(1-p) calculated with
HPYV infection prevalence yields 103,958 cases to be investigated.
Considering that the rate of lost visits is 10 to 20%, the study included
a total of 125,604 people, which can ensure the accuracy and scientific
validity of the results of the study.
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HPV testing

The HPV genotyping test kits applied by Yueyang People’s
Hospital, Yueyang Central Hospital, Miluo People’s Hospital, Miluo
Maternal and Child Health Hospital were provided by 21 HPV
GenoArray Diagnostic Kit (HBGA-21PKG) (Hybribio, China,
Guangdong), the HPV test kits applied by Pingjiang People’s Hospital,
Pingjiang Maternal and Child Health Hospital, Hualong People’s
Hospital were provided by 23 HPV Genotyping Panel kit from
(CFDA: 20193401918) (Yanengbio, China, Shenzhen), and the HPV
test kits applied by Linxiang People’s Hospital were provided by 26
HPV Genotyping Panel kit from (CFDA: 20173404697) (TELLGEN
Life Science, China, Shanghai). The sensitivity and specificity of these
kits were higher than 95% compared to FDA approved kit.

In this study, 21 HPV genotypes were detected: 15 HR-HPV
genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, and 68)
and 6 LR-HPV genotypes (6, 11, 42, 43, 44, and 81). Testing for the
different HPV genotypes was conducted to identify the distribution
and genotype of HR-HPV and low-risk HPV (LR-HPV) subtypes.
Positive and negative controls were used for each test, and the test kit
instructions were strictly followed.

Statistical analysis

SPSS Statistics 23.0 software was used for data analysis. Categorical
variables were expressed as frequencies (proportions). Categorical
variables were compared using Chi-square or Fisher’s exact probability
tests. Pairwise comparison between groups was performed using the
Bonferroni method, adjusting for the level of p-values. p-values <0.05
(two-sided) were considered statistically significant.

Results

Prevalence of HPV detection and subtype
distribution

In this study, 125,604 women from eight hospitals in Yueyang city
met the selection criteria (Figure 1). The age of the participants was
from 11 to 97years, and the average age was 43.42+11.078 years.
Among these participants, 25,714 showed positive results for HPV,
and the prevalence of HPV detection was 20.5% (95%CI: 20.2-20.7%).
Overall, 21,946 HR-HPV cases were noted, and the prevalence of
HR-HPV and LR-HPV was 17.5% (95%CI: 17.3-17.7%) and 5.0%
(95%CI: 4.9-5.1%), respectively.

Infection and distribution characteristics of
different HPV genotypes

The top five subtypes of HR-HPV detected in order of prevalence
(from the highest to the lowest) were as follows: HPV 52 (6,413 cases,
OR=5.1%; 95%CI, 5.0-5.2%), HPV 16 (3,410 cases, OR=2.7%;
95%CI, 2.6-2.8%), HPV 58 (3,208 cases, OR=2.6%; 95%CI,
2.5-2.6%), HPV 53 (3,004 cases, OR =2.4%; 95%ClI, 2.3-2.5%), and
HPV 51 (2,093 cases, OR=1.7%; 95%CI, 1.6-1.7%). The top three
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Females from eight hospitals in Yueyang City who
accepted the HPV genotyping(n=139,876)

10,652 cases not meeting
inclusion criteria.

Females with unique HPV
genotying results(n=129,224)

Repeat visit females (duplicated
HPYV genotyping) (n=3,620)

Eligible females for
analysis(n=125,604)

|

Yueyang Yueyang Central Miluo People’s Huarong County Pingjiang County Pingjiang County Yueyang County Linxiang People’s
People’s Hospital Hospital Hospital People’s Hospital People’s Hospital || Maternal and Child || People’s Hospital Hospital
Hospital (n=28,777) (n=32,439) (n=20,842) (n=15,369) Health (n=4,660) (n=3,207)
(n=9,014) Hospital(n=11,296)
FIGURE 1

Study population.

subtypes of LR-HPV (from the highest to the lowest) were as follows: ~ TABLE 1 Single and multiple type infection rates different HPV subtypes
HPV 81 (2,576 cases, OR=2.1%; 95%CI, 2.0-2.1%), HPV 42 (1,303  in Yueyang.
cases, OR=1.0%; 95%CI, 1.0-1.1%), and HPV 43 (978 cases,

95%Cl Single- Multiple-

OR=0.8%; 95%CI, 0.7-0.8%) (Table 1; Figure 2). Single subtype HPV Positive, for type type
infections were the most common and accounted for 19,293 cases or subtype n (%) positive infection, infection,
15.3% (95%CI: 15.2-15.6%) of the group. Dual subtype infections (%) n (%) n (%)
accounted for 4,673 cases or 3.7% (95%CI: 3.6-3.8%). Multiple HPV52 6,413 (5.11) 4.98-523 4,054 (3.23) 2,359 (1.88)
infections (>3) accounted for 1,957 cases or 1.6% (95%CI, 1.5-1.6%) HPV16 3,410 271) 2.63-2.80 2,049 (1.63) 1,361 (1.08)
(p<0.001, Table 2).
HPV58 3208 (2.55) | 247-2.64 1,824 (1.45) 1,384 (1.10)
HPV53 3,004 (2.39) | 2.31-2.48 1,626 (1.29) 1,378 (1.10)
HPV infections in women across different HPV81 2576(205) | 197-213  1343(L07)  1233(0.98)
age groups HPV51 2,093 (1.67) | 1.60-1.74 1,044 (0.83) 1,049 (0.84)
HPV68 1,645(131) | 125-137 826 (0.66) 819 (0.65)
Table 3 shows the prevalence of HPV infections in different age
groups. Of the 125,604 testing samples, they were classified into six HPV33 L37(L1) | L05-117 746 (0.59) 651 (052)
age groups as follows: <25 years, 25-34 years, 35-44 years, 45-54 years, HPV39 1,334(1.06) = 1.01-1.12 694 (0.55) 640 (0.51)
55-64years, and > 65 years. The >65-year-old group had the highest HPV42 1,303 (1.04) 0.98-1.09 623 (0.50) 680 (0.54)
prevalence of 32.3% (95%CI: 30.9-33.6%) (p <0.001). HPVS6 1210 (0.56) 091-1.02 579 (0.46) 631 (0.50)
There were two peaks in HPV prevalence. The first peak was for
women aged <25 (OR=26.7%; 95%CI, 25.2-28.2%) and the second HPV18 L177(0.94) 0-88-0.99 624 (050) 553 (0.44)
was for women aged 55 and over (OR =29.9%; 95%ClI, 29.2-30.5%) HPV43 978 (0.78) 0.73-0.83 450 (0.36) 528 (0.42)
(Bonferroni correction, p<0.001) (Table 3, Figure 3). Any HPV HPV66 915 (0.73) 0.68-0.78 437 (0.35) 478 (0.38)
infections and HR-HPV infections also exhibited these two peaks in HPV59 895 (0.71) 0.67-0.76 415 (0.33) 480 (0.38)
the same age groups (Bonferroni correction, p <0.001, respectively) I §15 (0.65) 0.600.69 591 (031) 126(034)
(Table 3, Figure 3B), same trend for double HPV infection, and
multiple HPV infection groups (Figure 3C). These two HPV HPV6 840 (0.67) 0.62-0.71 399 (0.32) 441(035)
prevalence peaks were also observed in the prevalence of HPV52, HPV44 569 (0.45) 0.42-0.49 371(0.30) 198 (0.16)
HPV16, and HPV58 infection (Bonferroni correction, p<0.001, HPV35 502 (0.40) 0.36-0.43 208 (0.17) 294 (0.23)
respectively) (Table 3, Figure 34). HPV11 451 (0.36) 0.33-0.39 216 (0.17) 235(0.19)
However, when we compared the prevalence of LR-HPV infection,
single HPV infection, HPV53 and HPV81 infection in different age HPVAS 360 (029 026-0.32 162(0.13) 198 (0.16)
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FIGURE 2

Distribution of HPV genotypes among samples: (A) prevalence of
High-Risk (HR) HPV among samples: (B) prevalence of Low -Risk (LR)
HPV among samples.

TABLE 2 Prevalence of single and multiple HPV infection (N = 25,833).

Hevinfection | cases | Prevalence %
1 HPV subtype® 19,203 15.29
2 HPV subtype 4,673 3.72
3 HPV subtype 1,364 1.09
4 HPV subtype 401 0.32
5 HPV subtype 119 0.09
6 HPV subtype 41 0.03
7 HPV subtype 20 0.02
8 HPV subtype 7 0.01
9 HPV subtype 5 0.004

“Higher prevalence of single than multiple HPV infections. p<0.001.

groups, the second peak in the group aged 55-64 (Table 3, Figure 3)
(Bonferroni correction, p <0.001, respectively).

Among the 21 HPV subtypes, the prevalence of HPV 52 subtype
was the highest in all the age groups in addition to the >65years old
group, with the prevalence of 8.4%(95%Cl: 7.6-9.2%) (p <0.001). Of
the six LR-HPV subtypes, HPV 81 had the highest prevalence
(p<0.001). The subtype prevalence differed for each age group. For the
two age groups with larger sample sizes, namely the 35-44-year-old
group (n=34,346) and the 45-54-year-old group (n=41,748), the top
five subtypes were HPV 52, HPV 16, HPV 58, HPV 53, and HPV 81
and HPV 52, HPV 53, HPV 16, HPV 58, and HPV 81, respectively.
For the <25-year-old group (n=3,343), which had the fewest number
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of cases, the top five subtypes were HPV 52, HPV 16, HPV 51, HPV
58, and HPV 81 (Table 3; Figure 3A).

Discussion

The primary objective of this study was to investigate the
prevalence and genotype distribution of HPV infections in Yueyang
city. The results of this study showed that the total HPV the
prevalence in this region was 20.47%, which was higher than that
reported in previous studies in other parts of China, such as Huzhou
(15.5%), Tianjin (14.71%), Xinjiang (14.0%), and Shanghai (17.92
and 18.98%) (8, 11-14). However, the HPV prevalence in Yueyang
was lower than that in Shandong (28.4%), Changsha (26.5%),
Chongging (26.2%), and Beijing (21.06%) (14-17). This indicates that
the HPV prevalence differ according to regions. In the present study,
the prevalence of HR-HPV was 17.47%, which was higher than that
of LR-HPV (4.97%). This indicates that the Yueyang region is
dominated by HR-HPV infection, an observation that is consistent
with the findings of most previous studies in China (17-20).
Persistent HR-HPV infection can cause cervical abnormalities and
lead to cervical cancer (21, 22). Therefore, there is an urgent need to
enhance HPV infection screening and genotype monitoring in
Yueyang city.

Epidemiological studies have shown that the five most common
genotypes worldwide are HPV 16, HPV 18, HPV 52, HPV 31, and
HPV 58 (23) and that the most common genotypes in Asia are HPV
16, HPV 52, HPV 58, HPV 18, and HPV 56 (24). The present study
showed that HPV 52 (5.11%), HPV 16 (2.71%), HPV 58 (2.55%), HPV
53 (2.39%), and HPV 81 (2.05%) are the dominant subtypes in
Yueyang, which are the same as those reported by Yurong Zhu in
Huzhou (11), but different from those dominant in Zhejiang (52, 58,
16, 51), Xinjiang A(16, 52, 58, 53, 31), and Shanghai (16, 58, 52, 51,
54) (8, 14, 25). This means that the prevalence of different HPV
subtypes differs depending on the region, socioeconomic levels,
resource availability, and ethnicity.

In the present study, the most common HPV genotype was HPV
52. This finding is the same as that in Beijing, Jiangsu, Zhejiang, and
Guangdong (17, 25-27). Many studies have also concluded that HPV
16 is the most common genotype, as seen in Xinjiang, Tianjin,
Shanghai, and Shandong (8, 12, 14, 28). That said, bivalent vaccines,
which can prevent HPV 16 and HPV 18 infections, and quadrivalent
vaccines, which can prevent HPV 6, HPV 11, HPV 16, and HPV 18
infections, do not prevent HPV 52 and HPV 58 infections. Currently,
only 9-valent vaccines can prevent HPV 52, HPV 16, and HPV 58
infections, which have high prevalence in Yueyang, as well as prevent
HPV 6, HPV 11, HPV 18, HPV 31, HPV 33, and HPV 45 infections.
However, women who have received 9-valent vaccinations are a
minority in Yueyang. Therefore, it is critical to enhance efforts in
increasing vaccination rates among women in Yueyang. In addition,
the present study found that HPV 53 and HPV 81 are relatively more
prevalent in Yueyang. These two subtypes are not covered by the
9-valent vaccines; therefore, more research is required to determine
whether it is necessary to develop and distribute vaccines in Yueyang
to target HPV 53 and 81 specifically.

Numerous studies have shown that HPV infection is significantly
age-specific, The data in the present study supports previous findings
of a bimodal distribution of the HPV prevalence in China (11, 19,
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TABLE 3 Prevalence of HPV infection by age group (N = 125,604).

Prevalence of HPV infection (n/%)

HPV genotype <25 25-34 35-44 45-54 55-64 >65 p value®
(n=3,343) (n=27695) (n=34,346) (n=41748) (n=13,863) (n=4,609)

Any HPV Infection® 892 (26.68) 4,735 (17.10) 6,055 (17.63) 8,519 (20.41) 4,025 (29.03) 1,488 (32.28) <0.001

High-risk HPV

Any high-risk HPV® 583 (17.44) 4,068 (14.69) 5,176 (15.07) 7,235 (17.33) 3,520 (25.39) 1,364 (29.59) <0.001
52 194 (5.80) 1,285 (4.64) 1,499 (4.36) 2,075 (4.97) 1,019 (7.35) 389 (8.44) <0.001
16" 170 (5.09) 683 (2.47) 742 (2.16) 1,041 (2.49) 524 (3.78) 275 (5.97) <0.001
58 93 (2.78) 576 (2.08) 666 (1.94) 1,039 (2.49) 582 (4.20) 276 (5.99) <0.001
53 80 (2.39) 475 (1.72) 643 (1.87) 1,051 (2.52) 556 (4.01) 207 (4.49) <0.001
51 96 (2.87) 430 (1.55) 471 (1.37) 633 (1.52) 331 (2.39) 145 (3.15) -
68 51 (1.53) 297 (1.07) 381 (1.11) 524 (1.26) 292 (2.11) 111 (2.41) -
33 62 (1.85) 201 (0.73) 288 (0.84) 425 (1.02) 277 (2.00) 151 (3.28) -
39 45 (1.35) 251 (0.91) 319 (0.93) 402 (0.96) 202 (1.46) 105 (2.28) -
56 51 (1.53) 203 (0.73) 224 (0.65) 392 (0.94) 248 (1.79) 106 (2.30) -
18 48 (1.44) 221(0.80) 290 (0.84) 365 (0.87) 186 (1.34) 73 (1.58) -
66 39(1.17) 160 (0.58) 213 (0.62) 281 (0.67) 164 (1.18) 66 (1.43) -
59 49 (1.47) 182 (0.66) 192 (0.56) 257 (0.62) 151 (1.09) 68 (1.48) -
31 27 (0.81) 142 (0.51) 183 (0.53) 235 (0.56) 151 (1.09) 87 (1.89) -
35 14 (0.42) 84 (0.30) 105 (0.31) 156 (0.37) 103 (0.74) 44(0.95) -
45 17 (0.51) 60 (0.22) 64 (0.19) 133 (0.32) 58 (0.42) 30 (0.65) -

Low-risk HPV

Any low-risk HPV® 269 (8.05) 1,060 (3.83) 1,318 (3.84) 2,118 (5.07) 1,099 (7.93) 382 (8.29) <0.001
81® 87 (2.60) 383 (1.38) 538 (1.57) 935 (2.24) 495 (3.57) 149 (3.23) <0.001
42 55 (1.65) 222 (0.80) 246 (0.72) 404 (0.97) 261 (1.88) 125 (2.71) -
43 55 (1.65) 169 (0.61) 196 (0.57) 355 (0.85) 152 (1.10) 59 (1.28) -
6 58 (1.73) 181 (0.65) 186 (0.54) 223(0.53) 133 (0.96) 55 (1.19) -
44 9(0.27) 81 (0.29) 148 (0.43) 208 (0.50) 92 (0.66) 32 (0.69) -
11 50 (1.50) 89 (0.32) 86 (0.25) 134 (0.32) 70 (0.50) 25 (0.54) -
1 HPV infection® 599 (17.92) 3,659 (13.21) 4,834 (14.07) 6,470 (15.50) 2,654 (19.14) 867 (18.81) -
2 HPV infection® 183 (5.47) 816 (2.95) 926 (2.70) 1,510 (3.62) 902 (6.15) 337 (7.31) -
Multiple HPV infection® 110 (3.29) 260 (0.94) 295 (0.86) 539 (1.29) 469 (3.38) 284 (6.16) -

*Overall differences in the prevalence of HPV infection between age groups were analyzed using the Chi-square test.
"Pairwise comparisons of HPV prevalence in different age groups were performed using the Bonferroni correction.

A c
Top 5 HPV genotypes infection High and low risk HPYV infection Single or multiple HPV infection
-~ 1PV 52 & 20+ ~@~ 1 lIPV infection
S e ; T 3se -8~ Any HPV Inftction = - 2HIVinfection
E 8 : :::: :: % e - Any hig’r-risk mv § = Multiple ITPV infection
= = N =& Auy luw-1isk HPY 15}
b5 7 ~%- [PV 53 T £ 15
< . —— PV 8] € 254 E
= & £ -
- 5 - 20 = 104
& a
g 47 T 154 g
= D <
: 34 3 104 b 5
£ 2 g v 5
) < -_
= 14 ] 1 ‘\_‘——-—"/‘—_‘ g
E 0 T T T T T | E O 2 0 1 T T T T T
i R s & e = S 3 8 o 4 F B v 2 &
P 4,’? i g.)‘) 7 [id ,»t.;’b .g-)? o & 4 [ 5‘))? & Z
Age groups(years) Age groups(years) Age groups(years)
FIGURE 3
Prevalence and of HPV grouped by age: (A) Prevalence and of HPV 52,26,58,53 and 81 in each age group: (B) prevalence of High-Risk (HR), Low -Risk
(LR), and HPV infection in each age group; (C) Prevalence and single and multiple infection of HPV in each age group.
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29-31), as our results showed incidence peaks for women aged <25
and > 55 years. The incidence peak for young women aged <25years
could perhaps be attributed to their insufficient understanding of sex
and their immature immune systems. For women aged >55 years, they
may have been affected by physiological and immune disorders during
menopausal transition. Therefore, we recommend enhancing HPV
vaccination programs and lowering the age of cervical cancer
screening for young women in Yueyang.

This study has some limitations. First, since the screening samples
were taken from various hospitals, we cannot rule out operational
mistakes and errors in the results. Second, the sample also included
patients who actively sought HPV testing because they were experiencing
symptoms, which may have led to higher rates of HPV infection. Finally,
because not all women had the opportunity to undergo free cervical
cancer screening, data from women with a lower socioeconomic status
and cervical cancer awareness would have been left out from the study.
Hence, such data could not be deemed as fully representative of the
women in Yueyang. We recommend that enhancing efforts to promote
and increase cervical cancer screening and to make free screenings
available to more women should be continued, which will increase the
quantity and comprehensiveness of data for future research.

In conclusion, the data from this multi-center study have shown
that the HPV prevalence of women in Yueyang was 20.47%. HR-HPV
was the dominant subtype, and the five most common genotypes were
HPV 52, HPV 16, HPV 58, HPV 53, and HPV 81. Based on age
groups, incidence peaks were observed for women aged <25 years,
55-64years, and > 65 years. We believe that this study will provide
significant value to future cervical cancer screening and HPV vaccine
development strategies in Yueyang.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

This study scheme was reviewed and approved by the Ethics
Committee of Yueyang People’s Hospital, approval number: 2019003.
The patients/participants provided their written informed consent to

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/caac.21660

2. The International Agency for Research on Cancer (2020). Latest global cancer data:
Cancer burden rises to 19.3 million new cases and 10.0 million cancer deaths in.
Available at: https://www.iarc.who.int/news-events/latest-global-cancer-data-cancer-
burden-rises-to-19-3-million-new-cases-and-10-0-million-cancer-deaths-in-2020/

3. Xing B, Guo J, Sheng Y, Wu G, Zhao Y. Human papillomavirus-negative cervical
cancer: a comprehensive review. Front Oncol. (2020) 10:606335. doi: 10.3389/
fonc.2020.606335

4. Trottier H, Franco EL. Human papillomavirus and cervical cancer: burden of illness
and basis for prevention. Am ] Manag Care. (2006) 12:5462-72.

5. Kamal M, Lameiras S, Deloger M, Morel A, Vacher S, Lecerf C, et al. Human
papilloma virus (HPV) integration signature in cervical cancer: identification of

Frontiers in Public Health

10.3389/fpubh.2023.1210253

participate in this study. The research was conducted ethically in
accordance with the World Medical Association Declaration
of Helsinki.

Author contributions

YG and XZ conceived and designed the study and took
responsibility for the content of the manuscript. JH and MZ analyzed
the data, took responsibility for the accuracy of the data analysis, and
wrote the first draft of the manuscript. YG and XZ reviewed the paper.
CL, BX, YL, LW, LZ, ML, and ZZ were responsible for clinical data
collection. All authors contributed to the article and approved the
submitted version.

Funding

The work was supported by the Health Commission of Hunan
Province (number: 20201355).

Acknowledgments

The authors express their gratitude to the hospital pathologists
for their clinical work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

MACROD?2 gene as HPV hot spot integration site. Br ] Cancer. (2021) 124:777-85. doi:
10.1038/s41416-020-01153-4

6. Tranberg M, Jensen JS, Bech BH, Andersen B. Urine collection in cervical cancer
screening — analytical comparison of two HPV DNA assays. BMC Infect Dis. (2020)
20:926. doi: 10.1186/s12879-020-05663-7

7. Crosbie EJ, Einstein MH, Franceschi S, Kitchener HC. Human papillomavirus and
cervical cancer. Lancet. (2013) 382:889-99. doi: 10.1016/S0140-6736(13)60022-7

8. Wang ], Tang D, Wang K, Wang J, Zhang Z, Chen Y, et al. HPV genotype
prevalence and distribution during 2009-2018 in Xinjiang, China: baseline surveys
prior to mass HPV vaccination. BMC Womens Health. (2019) 19:90. doi: 10.1186/
$12905-019-0785-3

9. Grunberg MG, Chan M, Adhin MR. Distinctive distribution of HPV genotypes in
cervical cancers in multi-ethnic Suriname: implications for prevention and vaccination.
Epidemiol Infect. (2017) 145:245-53. doi: 10.1017/50950268816002132

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1210253
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3322/caac.21660
https://www.iarc.who.int/news-events/latest-global-cancer-data-cancer-burden-rises-to-19-3-million-new-cases-and-10-0-million-cancer-deaths-in-2020/
https://www.iarc.who.int/news-events/latest-global-cancer-data-cancer-burden-rises-to-19-3-million-new-cases-and-10-0-million-cancer-deaths-in-2020/
https://doi.org/10.3389/fonc.2020.606335
https://doi.org/10.3389/fonc.2020.606335
https://doi.org/10.1038/s41416-020-01153-4
https://doi.org/10.1186/s12879-020-05663-7
https://doi.org/10.1016/S0140-6736(13)60022-7
https://doi.org/10.1186/s12905-019-0785-3
https://doi.org/10.1186/s12905-019-0785-3
https://doi.org/10.1017/S0950268816002132

Hou et al.

10. Fonseca AJ, Taeko D, Chaves TA, Amorim LD, Murari RS, Miranda AE, et al. HPV
infection and cervical screening in socially isolated indigenous women inhabitants of
the Amazonian rainforest. PLoS One. (2015) 10:e0133635. doi: 10.1371/journal.
pone.0133635

11.Zhu Y, Qian E Zou W, Wu X, Liu C, Shen G, et al. Prevalence and genotype
distribution of human papillomavirus infection in Huzhou City, eastern China,
2018-2019. Trans R Soc Trop Med Hyg. (2021) 115:30-7. doi: 10.1093/trstmh/traa077

12. Chen X, Wallin KL, Duan M, Gharizadeh B, Zheng B, Qu P. Prevalence and
genotype distribution of cervical human papillomavirus (HPV) among women in urban
Tianjin. China ] Med Virol. (2015) 87:1966-72. doi: 10.1002/jmv.24248

13.Li H, Li P, Huang L, Sun L, Ren H, Li P. Prevalence characteristics of cervical
human papillomavirus (HPV) infection in the Zhoupu District, Shanghai City, China.
Virol J. (2020) 17:84. doi: 10.1186/s12985-020-01352-8

14. Zhang C, Zhang C, Huang J, Wu Z, Mei X, Shi W. Prevalence and genotype
distribution of human papillomavirus among females in the suburb of Shanghai. China.
J Med Virol. (2018) 90:157-64. doi: 10.1002/jmv.24899

15. Xiao SS, Fan JL, He SL, Li YR, Wang LY, Yu KN, et al. Analysis of human
papillomavirus infection in 16,320 patients from a Gynecology Clinic in Central South
China. ] Low Genit Tract Dis. (2016) 20:327-31. doi: 10.1097/LGT.0000000000000243

16. Tang Y, Zheng L, Yang S, Li B, Su H, Zhang LP. Epidemiology and genotype
distribution of human papillomavirus (HPV) in Southwest China: a cross-sectional five
years study in non-vaccinated women. Virol J. (2017) 14:84. doi: 10.1186/
512985-017-0751-3

17.Ma L, Lei J, Ma L, Cong X, Wang N, Yang H, et al. Characteristics of women
infected with human papillomavirus in a tertiary hospital in Beijing China, 2014-2018.
BMC Infect Dis. (2019) 19:670. doi: 10.1186/s12879-019-4313-8

18.Lu JE Shen GR, Li Q Chen X, Ma CE Zhu TH. Genotype distribution
characteristics of multiple human papillomavirus in women from the Taihu River basin,
on the coast of eastern China. BMC Infect Dis. (2017) 17:226. doi: 10.1186/
s12879-017-2328-6

19. Xu HH, Lin A, Chen YH, Dong SS, Shi WW, Yu JZ, et al. Prevalence characteristics
of cervical human papillomavirus (HPV) genotypes in the Taizhou area, China: a cross-
sectional study of 37 967 women from the general population. BM] Open. (2017)
7:¢014135. doi: 10.1136/bmjopen-2016-014135

20. Yang J, Wang W, Wang Z, Wang Z, Wang Y, Wang J, et al. Prevalence, genotype
distribution and risk factors of cervical HPV infection in Yangqu, China: a population-

Frontiers in Public Health

07

10.3389/fpubh.2023.1210253

based survey of 10086 women. Hum Vaccin Immunother. (2020) 16:1645-52. doi:
10.1080/21645515.2019.1689743

21. Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, et al. A review of
human carcinogens—part B: biological agents. Lancet Oncol. (2009) 10:321-2. doi:
10.1016/S1470-2045(09)70096-8

22. de Sanjose S, Quint WG, Alemany L, Geraets DT, Klaustermeier JE, Lloveras B,
et al. Human papillomavirus genotype attribution in invasive cervical cancer: a
retrospective cross-sectional worldwide study. Lancet Oncol. (2010) 11:1048-56. doi:
10.1016/S1470-2045(10)70230-8

23. Bruni L, Diaz M, Castellsague X, Ferrer E, Bosch FX, de Sanjose S. Cervical human
papillomavirus prevalence in 5 continents: meta-analysis of 1 million women with
normal cytological findings. J Infect Dis. (2010) 202:1789-99. doi: 10.1086/657321

24. Crow JM. HPV: the global burden. Nature. (2012) 488:52-3. doi: 10.1038/488S2a

25.Yan X, Shen L, Xiao Y, Wang Q, Li F, Qian Y. Prevalence, characteristics, and
distribution of HPV genotypes in women from Zhejiang Province, 2016-2020. Virol J.
(2021) 18:208. doi: 10.1186/s12985-021-01676-z

26. Zhao FH, Zhu FC, Chen W, Li J, Hu YM, Hong Y, et al. Baseline prevalence and
type distribution of human papillomavirus in healthy Chinese women aged 18-25 years
enrolled in a clinical trial. Int ] Cancer. (2014) 135:2604-11. doi: 10.1002/ijc.28896

27.Luo G, Sun X, Li M, Liu T, Hu G, He Y, et al. Cervical human papillomavirus
among women in Guangdong, China 2008-2017: implication for screening and
vaccination. ] Med Virol. (2019) 91:1856-65. doi: 10.1002/jmv.25520

28. Jiang L, Tian X, Peng D, Zhang L, Xie E Bi C, et al. HPV prevalence and genotype
distribution among women in Shandong Province, China: analysis of 94,489 HPV
genotyping results from Shandong's largest independent pathology laboratory. PLoS
One. (2019) 14:€0210311. doi: 10.1371/journal.pone.0210311

29.Ye ], Cheng X, Chen X, Ye F, Lu W, Xie X. Prevalence and risk profile of cervical
human papillomavirus infection in Zhejiang Province, Southeast China: a population-
based study. Virol J. (2010) 7:66. doi: 10.1186/1743-422X-7-66

30.Gu Y, Ma C, Zou J, Zhu Y, Yang R, Xu Y, et al. Prevalence characteristics of high-
risk human papillomaviruses in women living in Shanghai with cervical precancerous
lesions and cancer. Oncotarget. (2016) 7:24656-63. doi: 10.18632/oncotarget.
8262

31.Wang Y, Meng Y, Li W, Zhang X, Deng Z, Hu M, et al. Prevalence and
characteristics of hrHPV infection among 414,540 women: a Multicenter study in
central and eastern China. J Cancer. (2019) 10:1902-8. doi: 10.7150/jca.30157

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1210253
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0133635
https://doi.org/10.1371/journal.pone.0133635
https://doi.org/10.1093/trstmh/traa077
https://doi.org/10.1002/jmv.24248
https://doi.org/10.1186/s12985-020-01352-8
https://doi.org/10.1002/jmv.24899
https://doi.org/10.1097/LGT.0000000000000243
https://doi.org/10.1186/s12985-017-0751-3
https://doi.org/10.1186/s12985-017-0751-3
https://doi.org/10.1186/s12879-019-4313-8
https://doi.org/10.1186/s12879-017-2328-6
https://doi.org/10.1186/s12879-017-2328-6
https://doi.org/10.1136/bmjopen-2016-014135
https://doi.org/10.1080/21645515.2019.1689743
https://doi.org/10.1016/S1470-2045(09)70096-8
https://doi.org/10.1016/S1470-2045(10)70230-8
https://doi.org/10.1086/657321
https://doi.org/10.1038/488S2a
https://doi.org/10.1186/s12985-021-01676-z
https://doi.org/10.1002/ijc.28896
https://doi.org/10.1002/jmv.25520
https://doi.org/10.1371/journal.pone.0210311
https://doi.org/10.1186/1743-422X-7-66
https://doi.org/10.18632/oncotarget.8262
https://doi.org/10.18632/oncotarget.8262
https://doi.org/10.7150/jca.30157

	Cervical HPV infection in Yueyang, China: a cross-sectional study of 125,604 women from 2019 to 2022
	Introduction
	Materials and methods
	Research subjects
	HPV testing
	Statistical analysis

	Results
	Prevalence of HPV detection and subtype distribution
	Infection and distribution characteristics of different HPV genotypes
	HPV infections in women across different age groups

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

