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Abstract 

Background:  The infection rate of human papillomavirus (HPV) is high in the coastal regions of China. However, the 
infection rate among high-risk genotypes of women in Putian City is unknown. Therefore, this study aimed to analyse 
the epidemiology of high-risk HPV infection among women in Putian and provide a reference for the diagnosis, treat-
ment and vaccination of cervical cancer in this region.

Methods:  The data used were obtained from the Chinese government’s public health program (“Cervical and Breast 
Cancer Screening Project”). A total of 40,693 female cervical cell exfoliation samples screened for high-risk HPV at the 
Affiliated Hospital of Putian University from July 2020 to December 2021 were enrolled. DNA was extracted using 
a fully automatic extractor. Then, 14 high-risk genotypes of HPV were detected by polymerase chain reaction. The 
characteristics of HPV infection, distribution of high-risk genotypes, infection types and thinprep cytologic test (TCT) 
classification at different age groups were analysed.

Results:  Among the 40,693 samples, 3899 were infected with HPV, with an infection rate of 9.6%. Accordingly, HPV 
infection rates gradually increased with age, and statistically significant differences were observed among age groups 
(χ2 = 74.03, P < 0.01). The infection rates of high-risk HPV52, HPV58 and HPV16 were in the top three and increased 
with age. Single infection was dominant (84.7%), followed by double infections (12.7%). The cervical cytology of 3899 
HPV-positive people can be classified into negative for intraepithelial lesion and malignancy (NILM, 88.0%), atypical 
squamous cells of undetermined significance (ASC-US, 6.6%), atypical squamous cells—cannot exclude high-grade 
squamous intraepithelial lesion (ASC-H, 1.4%), low-grade squamous intraepithelial lesion (LSIL, 3.2%) and high-grade 
squamous intraepithelial lesion (HSIL, 0.8%). HPV16 infection rate increased with increasing severity of cervical cytol-
ogy (χ2trend = 43.64, P < 0.01), whereas the infection rates of HPV52 (χ2trend = 13.89, P < 0.01) and HPV58 (χ2trend = 13.50, 
P < 0.01) showed opposite trends.

Conclusion:  The infection rate of female HPV high-risk screening in this region was 9.6% and mainly involved single 
infections. In addition, HPV16, HPV52 and HPV58 were closely related to the severity of cervical cytology. Effective 
screening, vaccination and education are needed. The 9-valent vaccine will be effective in reducing cervical pre-inva-
sive disease. It would also be reasonable to state that the rising trend in HPV infection and high grade cytology with 
age emphasises the need to target older women with screening. Vaccination of younger women (aged ≤ 25) will lay 
the foundation for better cancer outcomes in the future.
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Introduction
Cervical cancer ranks fourth among malignant tumours 
in women worldwide. The prevalence rate is increas-
ing annually and has affected young people. In 2018, the 
World Health Organization (WHO) launched a call to 
accelerate the elimination of cervical cancer as a global 
public health problem. In recent years, regional differ-
ences have been observed in cervical cancer screening. 
Specifically, the screening coverage, testing methods and 
post-screening management differ among high-, mid-
dle- and low-income countries. This situation reflects 
complex factors related to the economic strength of the 
government, organised population-based programs, 
monitoring and quality assurance measures and female 
participation rates [1–3]. In 2009, China launched a 
national public health program to curb cervical cancer 
[4]. In comparison with high-income countries, cervi-
cal cancer prevention in China remains unsatisfactory. 
Adequate diagnosis, follow-up and management of posi-
tive results are needed for a more effective screening [2]. 
The Chinese government’s current efforts to implement 
an organised population-based screening program and 
reasonable post-screening management will lead to more 
positive results [5, 6].

Human papillomavirus (HPV) is a double-stranded 
DNA virus (without an envelope) of the papillomavirusi-
dae [7]. It is highly contagious and can infect the human 
epidermis and mucous membrane, leading to cervical 
intraepithelial lesions and cervical cancer [8]. In terms 
of pathogenicity, HPV viruses can be classified as high- 
or low-risk types. The high-risk type is closely related to 
various cervical intraepithelial neoplasias, cervical can-
cers and other malignant lesions [9]. By contrast, the low-
risk type is mainly involved in multiple benign lesions of 
the external genital tract [10].

Cervical cancer screening methods include conven-
tional cytology, liquid-based cytology, visual inspection 
with acetic acid, nucleic acid testing and cytology based 
on Romanovsky-Giemsa staining. However, HPV nucleic 
acid testing, especially high-risk HPV, has shown greater 
advantages in improving the detection rate of cervi-
cal intraepithelial neoplasia (CIN) 2+ and reducing the 
incidence of cervical cancer [11–13]. High-risk HPV is 
closely related to cervical cancer. Approximately 70% of 
cervical cancer and pre-cancerous lesions are associated 
with HPV16 and HPV18 [14]. However, the predominant 
HPV genotypes may result in different outcomes at dif-
ferent stages of the disease [15, 16]. HPV52 and HPV16 
are dominant in CIN1, while HPV16 and HPV58 are 

found in CIN2/3 [17]. Cervical cancer has been linked to 
persistent infection with high-risk HPV [18, 19]. There-
fore, regular HPV detection is a critical measure to pre-
vent and treat HPV-related diseases. If HPV16 or HPV18 
infection is detected, colposcopy is also required to 
obtain accurate diagnostic information [20, 21].

The epidemiological characteristics of cervical can-
cer vary remarkably across different geographical loca-
tions. Approximately 90% of the world’s cervical cancer 
occurs in countries without effective HPV screening 
and vaccination [22]. However, formal screening pro-
grams have benefited many countries, and cancer preva-
lence and mortality have decreased by more than half in 
the past 30 years [22, 23]. Therefore, organised cervical 
cytology, pre-invasive disease treatment and vaccina-
tion are key measures to reduce the incidence of cervi-
cal cancer. High-priced HPV vaccines can protect against 
more HPV subtypes. However, due to limitations such as 
price and quantity, the optimal vaccination time should 
not be missed by blindly pursuing high-priced vaccines. 
Vaccine distribution should be effectively and rationally 
distributed according to HPV epidemiological charac-
teristics in different regions. Information from (regular, 
large) HPV screening is needed to corroborate with the 
epidemiological results. However, limited studies have 
reported the characteristics of HPV infection in Putian 
City, Fujian Province in the past decade. Investigating 
the epidemiology of HPV in this region is of great help in 
choosing vaccines effectively. In this study, the results of 
large-scale female HPV high-risk infection screening in 
Putian City in the past 2 years were collected to explore 
the status of high-risk HPV infection and the distribution 
of genotypes in this region. Ultimately, this study aimed 
to provide a practical reference for the epidemiology, 
diagnosis, treatment and vaccination of cervical cancer in 
this region.

Materials and methods
Study population
The data for this study were obtained from the Chinese 
government’s public health program (“Cervical and 
Breast Cancer Screening Project”), under which regu-
lar tests are conducted every year. The present survey 
was conducted in Putian City, Fujian province. A total 
of 40,693 females who were screened for high-risk HPV 
at the Affiliated Hospital of Putian University from July 
2020 to December 2021 were enrolled. The age range was 
30–70 years (50.1 ± 7.9). The inclusion criteria are as fol-
lows: no history of hysterectomy or cervical surgery, no 
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severe endocrine or autoimmune diseases, abstinence 
before the examination, no vaginal administration and 
non-pregnancy. The exclusion criteria are as follows: 
incomplete information, history of cervical conization 
and hysterectomy, history of cervical treatment in the 
last 3  months, acute reproductive tract inflammation, 
elimination of secondary re-examination data and exclu-
sion of common gynaecological diseases (e.g., cervi-
cal cancer, ovarian cancer and uterine leiomyoma). All 
tests were performed with the informed consent of the 
enrolled women. This study was approved by the Ethics 
Committee of the Affiliated Hospital of Putian University 
(202224).

Specimen collection and HPV genotyping
Cervical samples were obtained from women by using 
a cytobrush according to the instructions, and the 
samples were used for genomic DNA extraction. The 
samples of cervical exfoliated cells were thoroughly vor-
texed and mixed. Then, 350  µl of liquid was absorbed 
into the nucleic acid extraction reagent. HPV DNA was 
extracted using a nucleic acid extractor. DNA (5 µl) was 
mixed well with amplification reagent (20 µl). After cap-
ping the amplification tube and quick centrifugation, the 
PCR amplification reaction was carried out via real-time 
fluorescence quantitative PCR. All procedures were per-
formed strictly according to the kit’s instructions.

ThinPrep cytologic test (TCT)
Specimens that were positive for HPV genotyping were 
directly used for TCT. Two experienced cytopathologists 
independently diagnosed the liquid cytology specimens. 
A third cell pathologist reviewed the sample when the 
diagnosis of the two cytopathologists differed. According 
to Bethesda’s system, cytological results were classified 
into negative for intraepithelial lesion and malignancy 
(NILM), atypical squamous cells of undetermined sig-
nificance (ASC-US), atypical squamous cells—can-
not exclude high-grade squamous intraepithelial lesion 
(ASC-H), low-grade squamous intraepithelial lesion 
(LSIL) and high-grade squamous intraepithelial lesion 
(HSIL) [24].

Statistical analysis
Data were analysed using GraphPad Prism 7.0 software. 
An interval of 95% confidence (95% CI) was calculated 
for HPV prevalence. The χ2 test was applied to compare 
the infection rate of different age groups and the infec-
tion rate of high-risk genotypes according to additional 
TCT classifications. Differences were considered statisti-
cally significant if the difference was P < 0.05.

Results
Characteristics of HPV infection in general and specific age 
groups
In this study, 40,693 cases were analysed. A total of 3899 
cases were HPV positive, and the overall HPV infection 
rate was 9.6% (95% confidence interval [CI] 9.3–9.9%, 
Table 1). According to the age group, they were divided 
into four groups, namely, 30–39, 40–49, 50–59 and 
60–70 years, and the majority of people were aged 50–59 
and 40–49 years. Notably, the HPV infection rate in the 
four groups increased gradually with increasing age, and 
the lowest value was recorded at the age of 30–39 (8.2%, 
95% CI 7.5–9.0%), while the highest value was recorded 
at the age of 60–70 (12.3%, 95% CI 11.4–13.2%). The 
infection rates of the 50–59 year age group (10.0%, 95% 
CI 9.5–10.4%) and 60–70 year age group (12.3%, 95% CI 
11.4–13.2%) were higher than the overall infection rate 
(9.6%, 95% CI 9.3–9.9%). The difference in HPV infection 
rates among different age groups was statistically signifi-
cant (χ2 = 74.03, P < 0.01; Table 1).

This study summarised the infection situation of 14 
high-risk genotypes of HPV in four age groups (Table 2). 
The infection rates of HPV16, HPV18, HPV33, HPV52 
and HPV58 were in the top five in the total and different 
groups. These groups include HPV52 (4.1%, 95% CI 3.9–
4.3%), HPV58 (1.8%, 95% CI 1.7–2.0%), HPV16 (1.2%, 
95% CI 1.1–1.3%), HPV18 (0.7%, 95% CI 0.7–0.8%) and 
HPV33 (0.7%, 95% CI 0.6–0.8%). Moreover, the infec-
tion rates of the first three HPV genotypes increased with 
increasing age (Fig. 1). The five high-risk types with the 
lowest overall infection rates were HPV68 (0.3%, 95% 
CI 0.2–0.3%), HPV66 (0.3%, 95% CI 0.2–0.3%), HPV31 
(0.2%, 95% CI 0.1–0.2%), HPV35 (0.2%, 95% CI 0.1–0.2%) 
and HPV45 (0.1%, 95 CI 0.1–0.1%). This finding indicates 

Table 1  Distribution of HPV infection among age groups in 40,693 women

Age group (y) Sample size Positive no. Prevalence (%) 95% CI χ2 (P)

30–39 5219 429 8.2 7.5–9.0 74.03 (< 0.01)

40–49 13,370 1147 8.6 8.1–9.1

50–59 16,940 1687 10.0 9.5–10.4

60–70 5164 636 12.3 11.4–13.2

Total no. 40,693 3899 9.6 9.3–9.9
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the characteristics of the infection rate of the high-risk 
type of HPV in this region.

Distribution of HPV infection types in age groups 
and high‑risk genotypes
The four types of HPV infections included single, dou-
ble, triple and ≥ quadruple infection. The results showed 
(Table 3) that single infection accounted for the highest 
proportion among the four age groups, and the overall 
single infection rate reached 84.7% (95% CI 83.6–85.9%). 
This group was followed by double infections. The over-
all infection rate was 12.7% (95% CI 11.7–13.7%). Inter-
estingly, the single infection rate was the highest in the 
40–49 year age group (88.5%, 95% CI 86.6–90.3%), and 
the multiple infection rates were the lowest (double 
10.5%, triple 1.0%, ≥ quadruple 0.1%). However, par-
ticipants aged 60–70 years showed the opposite trend, 
in which the single infection rate was the lowest (78.6%, 
95% CI 75.4–81.8%). Multiple infection rates (double 
15.9%, triple 4.4%, ≥ quadruple 1.1%) were the highest, 
indicating that different mechanisms of HPV infection 
were involved in these two age groups of women.

This paper attempted to explore the distribution of 
infection types of different high-risk genotypes of HPV. 
The results (Table 4) showed that a single infection type 
was still dominant, followed by double infection. In 
single, double, and triple infections, the top three were 
HPV52, HPV58 and HPV16. In ≥ quadruple infections, 
the genotypes were HPV52, HPV56 and HPV59. Gen-
erally, HPV52 was the primary type of HPV infection.

Cervical cytological status of age groups and high‑risk 
genotypes
The cervical cytological status of 3899 HPV-positive 
people was analysed, mainly involved NILM (88.0%), 
in which ASC-US, ASC-H, LSIL and HSIL accounted 
for 6.6%, 1.4%, 3.2% and 0.8%, respectively (Table 5). In 
NILM, the 40–49 year age group had the highest rate 
(88%), while the 60–70 year age group had the lowest 
rate (85.8%). The 60–70 year age group (8.3%) had the 
highest rate in ASC-US, and the 50–59 year age group 
accounted for the most in ASC-H. In LSIL and HSIL, 
the 50–59 and 60–70 year age group showed high pro-
portion (Table 5). The results indicate that after the age 
of 40, the risk of cervical carcinogenesis in HPV-posi-
tive people might gradually increase.

The relationship between high-risk genotypes and 
TCT results in HPV-positive people was also analysed 
(Table 6). The top five genotypes in NILM and ASC-US 
were HPV52, HPV58, HPV16, HPV18 and HPV33. The 
descending genotypes of ASC-H were HPV58, HPV52, 
HPV16, HPV33 and HPV18. The descending geno-
types of LSIL were HPV52, HPV58, HPV16, HPV18 
and HPV39. HSIL included HPV16, HPV58, HPV52, 
HPV51 and HPV33. In the case of abnormal TCT, the 
infection rate of HPV16 increased with increasing 
severity of cervical cytology (χ2trend = 43.64, P < 0.01), 
while the infection rates of HPV52 (χ2trend = 13.89, 
P < 0.01) and HPV58 (χ2trend = 13.50, P < 0.01) showed 
the opposite trend (Fig. 2).

Fig. 1  The HPV prevalence distribution in age groups for the five 
highest-risk types

Table 3  Distribution of different infection categories in age groups

Age group (y) Positive no Single infection Double infections Triple infections ≥ Quadruple infections

Positive no. (%) 95% CI Positive no. (%) 95% CI Positive no. (%) 95% CI Positive no. (%) 95% CI

30–39 429 372 (86.7) 83.5–90.0 48 (11.2) 8.2–14.2 8 (1.9) 0.6–3.1 1 (0.2) 0.0–0.7

40–49 1147 1015 (88.5) 86.6–90.3 120 (10.5) 8.7–12.2 11 (1.0) 0.4–1.5 1 (0.1) 0.0–0.3

50–59 1687 1417 (84.0) 82.2–85.7 226 (13.4) 11.8–15.0 39 (2.3) 1.6–3.0 5 (0.3) 0.0–0.6

60–70 636 500 (78.6) 75.4–81.8 101 (15.9) 13.0–18.7 28 (4.4) 2.8–6.0 7 (1.1) 0.3–1.9

Total no 3899 3304 (84.7) 83.6–85.9 495 (12.7) 11.7–13.7 86 (2.2) 1.7–2.7 14 (0.4) 0.2–0.5
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Table 4  Distribution of 14 high-risk HPV types in different infection categories

HPV type Single infection Double infections Triple infections ≥ Quadruple infections

Positive no. (%) 95% CI Positive no. (%) 95% CI Positive no. (%) 95% CI Positive no. (%) 95% CI

16 333 (0.8) 0.7–0.9 113 (0.3) 0.2–0.3 35 (0.1) 0.1–0.1 2 (0.0) 0.0–0.0

18 196 (0.5) 0.4–0.5 86 (0.2) 0.2–0.3 17 (0.0) 0.0–0.1 3 (0.0) 0.0–0.0

31 48 (0.1) 0.1–0.2 18 (0.0) 0.0–0.1 6 (0.0) 0.0–0.0 1 (0.0) 0.0–0.0

33 179 (0.4) 0.4–0.5 97 (0.2) 0.2–0.3 16 (0.0) 0.0–0.1 3 (0.0) 0.0–0.0

35 34 (0.1) 0.1–0.1 17 (0.0) 0.0–0.1 9 (0.0) 0.0–0.0 5 (0.0) 0.0–0.0

39 148 (0.4) 0.3–0.4 48 (0.1) 0.1–0.2 11 (0.0) 0.0–0.0 4 (0.0) 0.0–0.0

45 25 (0.1) 0.0–0.1 6 (0.0) 0.0–0.0 2 (0.0) 0.0–0.0 2 (0.0) 0.0–0.0

51 124 (0.3) 0.3–0.4 35 (0.1) 0.1–0.1 20 (0.0) 0.0–0.1 4 (0.0) 0.0–0.0

52 1357 (3.3) 3.2–3.5 252 (0.6) 0.5–0.7 54 (0.1) 0.1–0.2 11 (0.0) 0.0–0.0

56 124 (0.3) 0.3–0.4 47 (0.1) 0.1–0.1 22 (0.1) 0.0–0.1 11 (0.0) 0.0–0.0

58 510 (1.3) 1.1–1.4 190 (0.5) 0.4–0.5 45 (0.1) 0.1–0.1 3 (0.0) 0.0–0.0

59 76 (0.2) 0.1–0.2 30 (0.1) 0.0–0.1 9 (0.0) 0.0–0.0 8 (0.0) 0.0–0.0

66 73 (0.2) 0.1–0.2 23 (0.1) 0.0–0.1 7 (0.0) 0.0–0.0 6 (0.0) 0.0–0.0

68 77 (0.2) 0.1–0.2 28 (0.01) 0.0–0.1 5 (0.0) 0.0–0.0 2 (0.0) 0.0–0.0

Table 5  Distribution of TCT results in HPV-positive specimens by age group

Age group (y) Positive no NILM ASC-US ASC-H LSIL HSIL
Positive no. (%) Positive no. (%) Positive no. (%) Positive no. (%) Positive no. (%)

30–39 429 376 (87.6) 30 (7.0) 6 (1.4) 17 (4.0) 0 (0.0)

40–49 1147 1018 (88.8) 71 (6.2) 13 (1.1) 36 (3.1) 9 (0.8)

50–59 1687 1490 (88.3) 105 (6.2) 27 (1.6) 48 (2.8) 17 (1.0)

60–70 636 546 (85.8) 53 (8.3) 9 (1.4) 23 (3.6) 5 (0.8)

Total no 3899 3430 (88.0) 259 (6.6) 55 (1.4) 124 (3.2) 31 (0.8)

Table 6  The relationship between high-risk genotypes and TCT results in HPV-positive specimens

Bold indicates a statistically significant

HPV type NILM (n = 3430) ASC-US (n = 259) ASC-H (n = 55) LSIL (n = 124) HSIL (n = 31) χ2 (P) χ2trend (P)
Positive no. (%) Positive no. (%) Positive no. (%) Positive no. (%) Positive no. (%)

16 389 (11.3) 43 (16.6) 12 (21.8) 21 (16.9) 18 (58.1) 74.16 (< 0.01) 43.64 (< 0.01)
18 263 (7.7) 19 (7.3) 5 (9.1) 14 (11.3) 1 (3.2) 3.30 (0.51) 0.47 (0.49)

31 59 (1.7) 9 (3.5) 2 (3.6) 3 (2.4) 0 (0.0) 5.78 (0.22) 0.97 (0.33)

33 259 (7.6) 18 (6.9) 6 (10.9) 10 (8.1) 2 (6.5) 1.12 (0.89) 0.05 (0.82)

35 56 (1.6) 4 (1.5) 1 (1.8) 3 (2.4) 1 (3.2) 0.94 (0.92) 0.67 (0.41)

39 184 (5.4) 13 (5.0) 2 (3.6) 11 (8.9) 1 (3.2) 3.62 (0.46) 0.53 (0.47)

45 31 (0.9) 3 (1.2) 0 (0.0) 1 (0.8) 0 (0.0) 0.99 (0.91) 0.18 (0.67)

51 154 (4.5) 15 (5.8) 2 (3.6) 9 (7.3) 3 (9.7) 4.70 (0.32) 3.56 (0.06)

52 1500 (43.7) 109 (42.1) 17 (30.9) 44 (35.5) 4 (12.9) 18.43 (< 0.01) 13.89 (< 0.01)
56 186 (5.4) 9 (3.5) 0 (0.0) 8 (6.5) 1 (3.2) 5.52 (0.24) 0.72 (0.39)

58 625 (18.2) 63 (24.3) 21 (38.2) 32 (25.8) 7 (22.6) 23.01 (< 0.01) 13.50 (< 0.01)
59 107 (3.1) 8 (3.1) 1 (1.8) 7 (5.6) 0 (0.0) 3.87 (0.42) 0.24 (0.63)

66 95 (2.8) 8 (3.1) 1 (1.8) 5 (4.0) 0 (0.0) 1.87 (0.76) 0.01 (0.91)

68 103 (3.0) 7 (2.7) 0 (0.0) 2 (1.6) 0 (0.0) 3.48 (0.48) 2.65 (0.10)



Page 7 of 9Chen et al. BMC Infectious Diseases          (2022) 22:893 	

Discussion
Malignant tumours of the female reproductive tract are 
prevalent in developing countries [25]. Since the intro-
duction of cervical cancer screening in China in 2009, 
the incidence and mortality of cervical cancer in Chinese 
women have decreased. However, the prevention and 
treatment of cervical cancer in China has not obtained 
promising results, and cervical cancer has become preva-
lent in young people [26, 27]. Globally, young women 
(< 25 years of age) are prone to peak HPV infection 
rates, whereas a second peak in older women has been 
observed in regions such as China, East Africa and Latin 
America [28–30]. A second peak in invasive cancers used 
to be seen (in the UK) in the early 1990s, but this has 
largely disappeared as screening has detected and treated 
much of the CIN in younger women. There was still a 
small rise in 60–70 year old women [31]. HPV infection 
plays an essential role in the development and occurrence 
of cervical cancer. However, the HPV infection rate varies 
among different countries and regions [32], which may be 
related to the geographical location, living environment 
and living habits of the resident population [33, 34].

This study was a large-scale HPV screening study 
among women in the region, and the results were closely 
related to the unique research population. Results showed 
that the overall HPV infection rate in the regular screen-
ing population was 9.6%, which was significantly lower 
than the HPV infection rate in women who visited the 
gynaecology department of hospitals [35, 36]. Although 
the hospital (gynaecology) patients were a selected group 
and were therefore likely to have a higher overall rate of 
HPV positive testing, the trends with age were the same 
in both the general population and the hospital popula-
tion [33, 37, 38]. These conditions may be related to the 
lack of detection and treatment of HPV infection and 
precancer at an earlier age. Associations were observed 

among HPV infection and education, smoking, social 
behaviours and rurality [24, 39]. In the present study, the 
infection rate of high-risk HPV in women was also con-
sistent with this characteristic. The infection rate people 
aged 50–70 years was higher than the overall infection 
rate, suggesting that middle-aged and older women had 
a high risk of HPV infection. The infection rates of high-
risk HPV52, HPV58 and HPV16 increased with age, and 
HPV52 was the genotype with the highest infection rate, 
consistent with Taiwan and southern China [38, 40] but 
different from the United States [41]. The infection rate 
of HPV16 only ranked third in the present study.

Notably, the 60–70 year age group had the highest HPV 
infection rate, and compared with the previous groups, 
the single infection rate was the lowest, while the multi-
ple infection rates were the highest. This condition may 
be related to decreased body immunity and the reac-
tivation of menopausal latent HPV [42, 43]. Multiple 
infections in 60–70 group might represent more than 
one episode of infection as well as a multiple infection. 
Women in this group are likely to show persistent HPV 
infection [25, 44] and have a high risk of cervical cancer. 
Therefore, it comprehensive and regular cervical screen-
ing should be strengthened for HPV-positive middle-
aged and older women [22, 44, 45].

This study also deeply analysed the relationship 
between cervical cytology and HPV infection. The results 
showed that with the increase in age group, the risk of 
malignant transformation of cervical cells (≥ ASC-US) in 
HPV-positive people gradually increased, thus confirm-
ing the high risk of cervical cancer in middle-aged and 
older women. Interestingly, the proportion of high-risk 
genotypes differed in different stages of cervical cyto-
logical abnormalities. For example, HPV16 ranked first 
in HSIL and only ranked third in non-HSIL. The HPV52 
phenotype was opposite to that of HPV16. HPV16, 
HPV52 and HPV58 were the top three types of CIN in 
China [17]. This study suggested that the infection rates 
of HPV16, HPV52 and HPV58 were closely related to the 
severity of cervical cytology, which was consistent with 
previous views [17]. The results of this study have specific 
auxiliary reference value for clinicians to evaluate the 
progression of cervical cancer.

This study retrospectively analysed the characteris-
tics of high-risk HPV infection, genotype distribution 
and cervical cytology in 40,693 women in Putian, but 
this study has some shortcomings. First, the data were 
derived from the screening results in the past 2 years, and 
long-term dynamic observations are lacking. Moreover, 
considering the limited sample size, the results might not 
accurately reflect the epidemiological characteristics of 
HPV in the whole region. Therefore, in a follow-up study, 
the sample size will be expanded, and the monitoring 

Fig. 2  The HPV prevalence distribution in TCT classification for the 
five highest-risk types
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time will be extended. Second, the HPV detection kit 
could detect 14 high-risk genotypes. Although it con-
tained the standard typing of the Asian population, not 
enough types of typing were used, and a risk of missed 
detection was involved. Third, the women included in 
this study were aged 30–70. However, a few investiga-
tions have focused on HPV infection in people under 30 
years old, especially those under 20 years old, which is 
not conducive to the epidemiological study of HPV in the 
whole female population.

Conclusion
In summary, regional HPV screening was conducted to 
provide valuable clinical guidance for cervical cancer 
prevention and vaccine selection in this region. Vaccina-
tion can effectively prevent HPV infection. It is also an 
effective first-class measure [22, 46]. Bivalent, tetrava-
lent and nine-valent vaccines are available in the mar-
ket, and different kinds of HPV vaccines target different 
HPV genotypes. The results of the present study show 
that women in Putian could choose a wide range of nine-
valent vaccines when vaccinated with the HPV vaccine, 
which could prevent infection effectively. In addition, 
HPV infection tends to occur in younger patients. Health 
departments and medical institutions need to increase 
scientific publicity about HPV to make women aware of 
HPV and avoid infection immediately. At the same time, 
regular and effective screening of HPV-positive middle-
aged and older women needs to be focused on to reduce 
cancer risk.

Abbreviations
HPV: Human papillomavirus; CI: Confidence interval; TCT​: ThinPrep cytological 
test; NILM: Negative for intraepithelial lesion and malignancy; ASC-US: Atypical 
squamous cells of undetermined significance; LSIL: Low-grade squamous 
intraepithelial lesion; ASC-H: Atypical squamous cells—cannot exclude high-
grade squamous intraepithelial lesion; HSIL: High-grade squamous intraepi-
thelial lesion; CIN: Cervical intraepithelial neoplasia; CC: Cervical cancer.

Acknowledgements
We thank the medical stall of the Department of Laboratory Medicine of the 
Affiliated Hospital of Putian University for help in this study.

Author contributions
ZC and LY conceived the study, and they took charge of its supervision. ZC, 
HL, ZC, and JL performed the experiments. ZC, LC, and JZ performed the data 
analysis. ZC wrote the manuscript. Review of the manuscript and discussion of 
results were conducted by HL, ZC, LC, and LY. All authors read and approved 
the final manuscript.

Funding
This study was supported by the National Natural Science Foundation of 
China (No. 82103469), the Education Research Project for Young and Middle-
aged Teachers of Fujian Provincial Department of Education (JAT210401) and 
the On-campus project of Putian University (2021039).

Availability of data and materials
The datasets used or analysed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All procedures in studies involving human participants were performed in 
accordance with ethical standards and approved by the Ethics Committee of 
the Affiliated Hospital of Putian University (No. 202224). Ethics Committee of 
the Affiliated Hospital of Putian University granted an exemption from requir-
ing informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 The Affiliated Hospital of Putian University, Putian University, No.999 
Dongzhen East Road, Licheng District, Putian, Fujian, China. 2 Key Laboratory 
of Medical Microecology, Putian University, Fujian Province University, No.1133 
Xueyuan Middle Street, Chengxiang District, Putian, Fujian, China. 3 Center 
Blood Station, No.138 Guanglin Street, Dongzhen West Road, Chengxiang 
District, Putian, Fujian, China. 

Received: 26 June 2022   Accepted: 23 November 2022

References
	1.	 Zhao S, Huang L, Basu P, Domingo E, Supakarapongkul W, Ling W, 

Ocviyanti D, Rezhake R, Qiao Y, Tay E, et al. Cervical cancer burden, 
status of implementation and challenges of cervical cancer screening in 
Association of Southeast Asian Nations (ASEAN) countries. Cancer Lett. 
2022;525:22–32.

	2.	 Bruni L, Serrano B, Roura E, Alemany L, Cowan M, Herrero R, Poljak M, 
Murillo R, Broutet N, Riley L, et al. Cervical cancer screening programmes 
and age-specific coverage estimates for 202 countries and territo-
ries worldwide: a review and synthetic analysis. Lancet Glob health. 
2022;10(8):e1115–27.

	3.	 Maver P, Poljak M. Primary HPV-based cervical cancer screening in Europe: 
implementation status, challenges, and future plans. Clin Microbiol Infect. 
2020;26(5):579–83.

	4.	 Wen C. China’s plans to curb cervical cancer. Lancet Oncol. 
2005;6(3):139–41.

	5.	 Zhao Y, Bao H, Ma L, Song B, Di J, Wang L, Gao Y, Ren W, Wang S, Wang H, 
et al. Real-world effectiveness of primary screening with high-risk human 
papillomavirus testing in the cervical cancer screening programme in 
China: a nationwide, population-based study. BMC Med. 2021;19(1):164.

	6.	 Dong B, Zou H, Mao X, Su Y, Gao H, Xie F, Lv Y, Chen Y, Kang Y, Xue 
H, et al. Effect of introducing human papillomavirus genotyping 
into real-world screening on cervical cancer screening in China: a 
retrospective population-based cohort study. Ther Adv Med Oncol. 
2021;13:17588359211010940.

	7.	 Shanmugasundaram S, You J. Targeting persistent human papillomavirus 
infection. Viruses. 2017;9(8):229.

	8.	 Bacaj P, Burch D. Human papillomavirus infection of the skin. Arch Pathol 
Lab Med. 2018;142(6):700–5.

	9.	 Obeid DA, Almatrrouk SA, Khayat HH, Al-Muammer TA, Tulbah AM, 
Albadawi IA, Al-Ahdal MN, Alhamlan FS. Human papillomavirus type 16 
and 18 viral loads as predictors associated with abnormal cervical cytol-
ogy among women in Saudi Arabia. Heliyon. 2020;6(2):e03473.

	10.	 Clifford GM, Tully S, Franceschi S. Carcinogenicity of human papillomavi-
rus (HPV) types in HIV-Positive women: a meta-analysis from HPV infec-
tion to cervical cancer. Clin Infect Dis. 2017;64(9):1228–35.

	11.	 Bouvard V, Wentzensen N, Mackie A, Berkhof J, Brotherton J, Giorgi-Rossi 
P, Kupets R, Smith R, Arrossi S, Bendahhou K, et al. The IARC perspective 
on cervical cancer screening. N Engl J Med. 2021;385(20):1908–18.

	12.	 Zhang J, Zhao Y, Dai Y, Dang L, Ma L, Yang C, Li Y, Kong L, Wei L, Zhang S, 
et al. Effectiveness of high-risk human papillomavirus testing for cervical 



Page 9 of 9Chen et al. BMC Infectious Diseases          (2022) 22:893 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

cancer screening in China: a multicenter, open-label, randomized clinical 
trial. JAMA Oncol. 2021;7(2):263–70.

	13.	 Dong B, Zou H, Mao X, Su Y, Gao H, Xie F, Lv Y, Chen Y, Kang Y, Xue 
H, et al. Effect of introducing human papillomavirus genotyping 
into real-world screening on cervical cancer screening in China: a 
retrospective population-based cohort study. Ther Adv Med Oncol. 
2021;13:17588359211010940.

	14.	 Szymonowicz KA, Chen J. Biological and clinical aspects of HPV-related 
cancers. Cancer Biol Med. 2020;17(4):864–78.

	15.	 Smith JS, Lindsay L, Hoots B, Keys J, Franceschi S, Winer R, Clifford GM. 
Human papillomavirus type distribution in invasive cervical cancer 
and high-grade cervical lesions: a meta-analysis update. Int J Cancer. 
2007;121(3):621–32.

	16.	 Verrier F, Le Coeur S, Delory T. Cervical human papillomavirus infection 
(HPV) and high oncogenic risk genotypes among women living with HIV 
in Asia: a meta-analysis. J Clin Med. 2021;10(9):1911.

	17.	 Zhang J, Cheng K, Wang Z. Prevalence and distribution of human papil-
lomavirus genotypes in cervical intraepithelial neoplasia in China: a meta-
analysis. Arch Gynecol Obstet. 2020;302(6):1329–37.

	18.	 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(1):84.

	19.	 Kombe Kombe AJ, Li B, Zahid A, Mengist HM, Bounda GA, Zhou Y, Jin T. 
Epidemiology and burden of human papillomavirus and related diseases, 
molecular pathogenesis, and vaccine evaluation. Front Public Health. 
2020;8:552028.

	20.	 Song F, Du H, Wang C, Huang X, Wu R. The effectiveness of HPV16 and 
HPV18 genotyping and cytology with different thresholds for the triage 
of human papillomavirus-based screening on self-collected samples. 
PLoS ONE. 2020;15(6):e0234518.

	21.	 Wentzensen N, Schiffman M, Palmer T, Arbyn M. Triage of HPV positive 
women in cervical cancer screening. J Clin Virol. 2016;76(Suppl 1):49-s55.

	22.	 Cohen PA, Jhingran A, Oaknin A, Denny L. Cervical cancer. Lancet (Lond, 
Engl). 2019;393(10167):169–82.

	23.	 Roeske L. A new era in cervical cancer prevention. Aust J Gen Pract. 
2018;47(7):405.

	24.	 Song L, Lyu Y, Ding L, Li X, Gao W, Wang M, Hao M, Wang Z, Wang J. 
Prevalence and genotype distribution of high-risk human papillomavirus 
infection in women with abnormal cervical cytology: a population-based 
study in Shanxi Province, China. Cancer Manag Res. 2020;12:12583–91.

	25.	 Yoshida H, Shiraishi K, Kato T. Molecular pathology of human papilloma 
virus-negative cervical cancers. Cancers (Basel). 2021;13(24):6351.

	26.	 Chan CK, Aimagambetova G, Ukybassova T, Kongrtay K, Azizan A. 
Human papillomavirus infection and cervical cancer: epidemiology, 
screening, and vaccination-review of current perspectives. J Oncol. 
2019;2019:3257939.

	27.	 Wu C, Zhu X, Kang Y, Cao Y, Lu P, Zhou W, Zhou H, Zhang Y, Song Y. Epi-
demiology of Humanpapilloma virus infection among women in Fujian, 
China. BMC Public Health. 2017;18(1):95.

	28.	 Bruni L, Diaz M, Castellsagué X, Ferrer E, Bosch FX, de Sanjosé S. Cervi-
cal human papillomavirus prevalence in 5 continents: meta-analysis 
of 1 million women with normal cytological findings. J Infect Dis. 
2010;202(12):1789–99.

	29.	 Bao HL, Jin C, Wang S, Song Y, Xu ZY, Yan XJ, Li LM, Ning Y, Wang HJ. Preva-
lence of cervicovaginal human papillomavirus infection and genotypes 
in the pre-vaccine era in China: a nationwide population-based study. J 
Infect. 2021;82(4):75–83.

	30.	 Bao H, Ma L, Zhao Y, Song B, Di J, Wang L, Gao Y, Ren W, Wang S, Wu J, 
et al. Age-specific effectiveness of primary human papillomavirus screen-
ing versus cytology in a cervical cancer screening program: a nationwide 
cross-sectional study. Cancer Commun (Lond, Engl). 2022;42(3):191–204.

	31.	 UK. CR. Cervical cancer incidence statistics. https://​www.​cance​rrese​
archuk.​org/​health-​profe​ssion​al/​cancer-​stati​stics/​stati​stics-​by-​cancer-​
type/​cervi​cal-​cancer/​incid​ence#​headi​ng-​One. Accessed 4 Oct 2021.

	32.	 de Martel C, Plummer M, Vignat J, Franceschi S. Worldwide burden of 
cancer attributable to HPV by site, country and HPV type. Int J Cancer. 
2017;141(4):664–70.

	33.	 Li K, Li Q, Song L, Wang D, Yin R. The distribution and prevalence 
of human papillomavirus in women in mainland China. Cancer. 
2019;125(7):1030–7.

	34.	 Guan P, Howell-Jones R, Li N, Bruni L, de Sanjosé S, Franceschi S, 
Clifford GM. Human papillomavirus types in 115,789 HPV-positive 
women: a meta-analysis from cervical infection to cancer. Int J Cancer. 
2012;131(10):2349–59.

	35.	 Wang X, Song Y, Wei X, Wang G, Sun R, Wang M, Zhao L. Prevalence 
and distribution of human papillomavirus genotypes among women 
attending gynecology clinics in northern Henan Province of China. Virol J. 
2022;19(1):6.

	36.	 Zhang C, Cheng W, Liu Q, Guan Q, Zhang Q. Distribution of human papil-
lomavirus infection: a population-based study of cervical samples from 
Jiangsu Province. Virol J. 2019;16(1):67.

	37.	 Zhu Y, Qian F, Zou W, Wu X, Liu C, Shen G, Lai S, Yang S. Prevalence and 
genotype distribution of human papillomavirus infection in Huzhou City, 
eastern China, 2018–2019. Trans R Soc Trop Med Hyg. 2021;115(1):30–7.

	38.	 Luo LP, He P, Liu QT, Jiang YH, Zhang YN, Li QZ, Li Q, Li ST, Yang F, Ling 
H, et al. Prevalence and genotype distribution of HPV infection among 
214,715 women from Southern China, 2012–2018: baseline measures 
prior to mass HPV vaccination. BMC Infect Dis. 2021;21(1):328.

	39.	 Baloch Z, Yasmeen N, Li Y, Ma K, Wu X, Yang SH, Xia X. Prevalence and 
risk factors for human papillomavirus infection among Chinese ethnic 
women in southern of Yunnan, China. Braz J Infect Dis. 2017;21(3):325–32.

	40.	 de Sanjosé S, Diaz M, Castellsagué X, Clifford G, Bruni L, Muñoz N, Bosch 
FX. Worldwide prevalence and genotype distribution of cervical human 
papillomavirus DNA in women with normal cytology: a meta-analysis. 
Lancet Infect Dis. 2007;7(7):453–9.

	41.	 Quinlan JD. Human papillomavirus: screening, testing, and prevention. 
Am Fam Physician. 2021;104(2):152–9.

	42.	 Brotherton JM, Hawkes D, Sultana F, Malloy MJ, Machalek DA, Smith MA, 
Garland SM, Saville M. Age-specific HPV prevalence among 116,052 
women in Australia’s renewed cervical screening program: a new tool for 
monitoring vaccine impact. Vaccine. 2019;37(3):412–6.

	43.	 Althoff KN, Paul P, Burke AE, Viscidi R, Sangaramoorthy M, Gravitt PE. Cor-
relates of cervicovaginal human papillomavirus detection in perimeno-
pausal women. J Womens Health (Larchmt). 2009;18(9):1341–6.

	44.	 Arbyn M, Weiderpass E, Bruni L, de Sanjosé S, Saraiya M, Ferlay J, Bray F. 
Estimates of incidence and mortality of cervical cancer in 2018: a world-
wide analysis. Lancet Glob Health. 2020;8(2):e191-203.

	45.	 Ronco G, Dillner J, Elfström KM, Tunesi S, Snijders PJ, Arbyn M, Kitch-
ener H, Segnan N, Gilham C, Giorgi-Rossi P, et al. Efficacy of HPV-based 
screening for prevention of invasive cervical cancer: follow-up of four 
European randomised controlled trials. Lancet (London England). 
2014;383(9916):524–32.

	46.	 Mikamo H, Yamagishi Y, Murata S, Yokokawa R, Han SR, Wakana A, Sawata 
M, Tanaka Y. Efficacy, safety, and immunogenicity of a quadrivalent HPV 
vaccine in Japanese men: a randomized, phase 3, placebo-controlled 
study. Vaccine. 2019;37(12):1651–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer/incidence#heading-One
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer/incidence#heading-One
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer/incidence#heading-One

	Epidemiological study of HPV infection in 40,693 women in Putian: a population study based on screening for high-risk HPV infection
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study population
	Specimen collection and HPV genotyping
	ThinPrep cytologic test (TCT)
	Statistical analysis

	Results
	Characteristics of HPV infection in general and specific age groups
	Distribution of HPV infection types in age groups and high-risk genotypes
	Cervical cytological status of age groups and high-risk genotypes

	Discussion
	Conclusion
	Acknowledgements
	References


