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ABSTRACT
Objectives  Human papillomavirus (HPV) infection is 
closely associated with cervical cancer, especially the 
persistent infection of high-risk HPV (HR-HPV) genotypes. 
Therefore, investigating the HPV prevalence, age-specific, 
genotype distribution and the impact of the COVID-19 
pandemic among large populations was essential for HPV 
screening and optimising vaccination.
Design  This was a cross-sectional study.
Methods  A total of 38 056 cervical epithelial cell 
specimens were collected in Weifang city from January 
2018 to December 2022. The study was divided into seven 
age groups based on the age of the participants. HPV 
genotype testing was performed by using a commercial kit 
which is designed for the detection of 23 HPV genotypes.
Result  A total of 8998 women were infected with HPV, 
with an overall positive rate of 23.64% (8998/38 056). 
Single infection of HPV was dominant among different age 
groups, which accounted for 71.33% of total infections. 
The most prevalent genotype was HR-HPV 16 (4.33%), 
followed by 52, 58, 53 and 68. Low-risk HPV (LR-HPV) 42 
exhibited the highest prevalence (2.19%) among six LR-
HPV genotypes, representing a novel finding. There was 
a significant difference in the prevalence across different 
age groups (p<0.01), with the highest prevalence in the 
group under 25 years old. During the 3 year COVID-19 
breakout period, the number of HPV samples received in 
2020, 2021 and 2022 was reduced by 24.03%, 14.79% 
and 24.76%, respectively. In 2018–2022, the annual 
prevalence varied between 21.09% and 25.30%, with a 
decreasing trend, while the prevalence of HR-HPV 39, 56, 
31 and LR-HPV 42 increased.
Conclusion  This study indicates a high-HPV infection 
rate and age-specific distribution characteristics of HPV 
genotype infections, as well as analyses of the impact 
of the COVID-19 outbreak on the HPV prevalence, which 
provides an epidemiological basis for the control and 
prevention of HPV infection in this region.

INTRODUCTION
Human papillomavirus (HPV) is a small 
double-stranded circular DNA virus with 
multiple genotypes.1 More than 200 HPV 
genotypes have been identified by DNA 
data analysis, among which about 40 HPV 
genotypes are involved in reproductive tract 
infection,2 and the infection is widespread in 
the crowd.3 According to the carcinogenic 

potential, these HPV genotypes were divided 
into HR-HPV genotypes and LR-HPV geno-
types.4 The International Agency for Research 
on Cancer (IARC) classified 12 HPV types 
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 
59) in group 1 and 1 HPV type (68) in group 
2A as HR-HPV types. In addition, group 2B 
also includes HPV types 26, 53, 66, 67, 70, 
73 and 82, with limited evidence in humans 
for cervical cancer.5 Up to 70% of cervical 
cancer are caused by HPV 16 and HPV 18, 
with HPV 16 being the most prevalent;6 addi-
tionally, genital skin and mucous membrane 
are frequently affected by LR-HPV genotypes 
such as HPV 6, 11, 40, 42, 43, 44, 54, 55 and so 
on.7 HR-HPV genotypes persistent infection 
is the main cause of cervical cancer,8 which 
is the fourth most common cancer among 
women worldwide,9 and a study reported that 
the rate of HPV infection in cervical cancer 
patients could be as high as 99.7%.10

At present, the HPV vaccine plays a key 
role in reducing the mortality of cervical 
cancer and releasing the burden of HPV 
infection, making a significant contribu-
tion to the prevention of cervical cancer in 
some developing countries.11 There are three 
types of HPV vaccines available in Shandong 
province: the bivalent HPV vaccine contains 
virus-like particles (VLPs) against HR-HPV 
types 16 and 18; the quadrivalent vaccine 
contains VLPs HPV types 6, 11, 16 and 18 and 
the nonavalent HPV vaccine contains VLPs 
against HPV types 6, 11, 16, 18, 31, 33, 45, 52 
and 58. Currently, only the domestic bivalent 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is the first study on the prevalence and distri-
bution of human papillomavirus (HPV) genotypes in 
women in Weifang, China.

	⇒ This study analysed the impact of the COVID-19 
pandemic on HPV prevalence among women.

	⇒ Data for genotypes 81 and 82 were not obtained in 
2018 because these two genotypes were not includ-
ed in the testing kit for this year.
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HPV vaccine is approved by National Medical Products 
Administration (https://www.nmpa.gov.cn/datasearch/​
search-result.html) in China. Therefore, the quadriva-
lent and nonavalent HPV vaccines need to be imported 
completely, which is not only expensive but also the geno-
types that can be prevented may not be wholly consistent 
with the genotypes that Chinese people are susceptible to. 
Meanwhile, due to the differences in climate, age, living 
habits and population distribution, there are regional 
variations in cervical HPV infection rate and genotype 
distribution among women in different regions.12 There-
fore, prevention and control measures for HPV infection 
should be implemented according to their local situation. 
So, a full investigation of the local HPV prevalence and 
genotype distribution is important for developing strate-
gies to prevent and control HPV.

From the beginning of 2020 to the end of 2022, China 
has implemented strict lockdown measures and limited 
physical contact to prevent the spread of COVID-19. 
Although the fact that these measures have proved to be 
efficient for the control of respiratory virus infections, 
the incidence of several sexually transmitted infections, 
such as syphilis, chlamydia and gonorrhoea, has also 
decreased.13 14 Did these measures taken during the 
COVID-19 pandemic have an impact on the prevalence 
of HPV infection? This study statistically analysed HPV 
testing data before and after the COVID-19 epidemic, 
aiming to investigate the 5 years HPV infection character-
istics, including HPV infection rate, infection genotypes, 
age distribution and annual infection, also investigated 
the impact of COVID-19 on the prevalence of HPV during 
the pandemic. Therefore, the results of the analysis of 
HPV 23 genotypes in cervical epithelial cell specimens of 
38 056 women from 2018 to 2022 are as follows.

MATERIALS AND METHODS
Study design
This study was a cross-sectional study. We collected large-
scale cervical epithelial cell specimens from female 
patients who attended the health examination centre 
and gynaecological outpatient clinics in our hospital 
from January 2018 to December 2022. All samples were 
stored at 4°C and then transported to the molecular 
biology laboratory; subsequent HPV genotype testing was 
performed within 24 hours. The number of specimens in 
the area during the study period determined the sample 
size.

Patient and public involvement
The inclusion criteria for the study were as follows: outpa-
tient and inpatient women who were attending first-time 
HPV types testing and were living in the selected Weifang 
area. A total of 38 056 eligible women were included. 
Patients and the public were not further involved in the 
implementation of this study.

HPV genotype testing
Anadas 9850 was used to extract and amplify HPV DNA, 
which was a fully automatic nucleic acid extraction and 

real-time PCR analysis system (Amplly Biotechnology Co., 
Xiamen, China). HPV DNA was extracted by a Magnetic-
based Nucleic Acid Extraction Kit (APL-HSTQ1701) 
(Amplly Biotechnology Co., Xiamen, China). HPV geno-
types were tested by Genotyping Nucleic Acid Detec-
tion Kit (A215420200811) (Amplly Biotechnology Co., 
Xiamen, China). This multiple real-time PCR amplifica-
tion kit could detect 13 HR-HPV genotypes, four possibly 
carcinogenic types and six LR-HPV genotypes via gene 
amplification technology and diversion hybridisation. 
The amplification was performed under the following 
conditions: 38°C predenaturation for 5 min, then 95°C 
denaturation for 2 min, followed by 40 cycles at 95°C for 
10 s, 58°C for 50 s (fluorescence signal collection was set 
at 58°C for 30 s). The lowest limit of detection was 500 
copies/mL, if HPV DNA load is greater than or equal 
to 500 copies/mL, then defined as positive. HPV viral 
DNA extraction, real-time PCR amplification and result 
interpretation were performed according to the manu-
facturer’s instructions. Quality controls of HPV genotype 
testing including external quality assessment (negative 
control and positive control) and internal quality control 
were implemented throughout the study. Internal quality 
control was used to ensure that the cervical epithelial 
cells had been collected.

Statistical analysis
All statistical analyses were performed using Excel 2019 
and SPSS V.25.0 software (IBM Corp., Armonk, NY, USA). 
The distribution of HPV genotype was expressed using 
indicators such as infection rate and prevalence (%). 
The 95% CI was estimated for each calculation to get the 
prevalence of HPV. The difference between prevalence, 
genotype and number of coinfections of HPV in different 
age groups and time groups was evaluated by Pearson’s 
χ2 test. For all statistical analyses, p values were two-sided 
and p<0.05 was considered statistically significant.

Time trend analysis was performed using Joinpoint 
Regression Programme V.5.0.2. The data that were not 
obtained in 2018 were not analysed.

The age of screened participants ranged from 14 to 84 
years old, and the mean age was 40.38±11.67 years. They 
were divided into seven groups, each covering a 10 year 
range: T1 group indicates age <25; T2 group indicates 
25≤age<35; T3 group indicates 35≤age<45; T4 group indi-
cates 45≤age<55; T5 group indicates 55≤age<66; T6 group 
indicates 65≤age<75 and T7 group indicates age≥75.

RESULTS
Overall HPV prevalence and genotype distribution
In this study, a total of 38 056 samples from female partic-
ipants were collected between 2018 and 2022, among 
which 8998 women were screened positive for HPV, with 
an overall HPV infection rate of 23.64% (95% CI, 23.22 
to 24.07, as shown in table 1). Furthermore, among these 
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positive infections, 2580 women were positive for multiple 
infections, including 1758 patients with double infec-
tions, 538 patients with triple infections, 178 patients with 
quadruple infections and 106 patients with more than 
quintuple or sextuple infections. The constituent ratio of 
overall infection, single infection, and multiple infections 
of HPV-positive are shown in figure 1A.

As shown in figure  1B, the most prevalent genotype 
was HPV 16 with the highest infection rate of 4.3% 
(95% CI, 4.12 to 4.53) (1646/38 056). The remaining 
types of high-risk or possibly carcinogenic were listed 
in descending order: HPV 52 (3.93%), 58 (3.02%), 53 
(2.14%), 68 (1.42%), 56 (1.41%), 31 (1.31%), 66 (1.26%), 
51 (1.22%), 39 (1.20%), 33 (1.19%), 18 (1.17%), 59 
(1.16%), 35 (0.52%), 45 (0.40%), 82 (0.37%) and 73 
(0.27%). Furthermore, positive women for HPV 16 occu-
pied 18.29% of 8998 HPV-positive participants, that is, 
the ratio-in-positive for HPV 16 was 18.29% (1646/8998). 
However, among the multiple infection genotypes, HPV 
52 was detected most frequently with infection rate of 
2.47% (939/38 056). In addition, the infection rates of 
common LR-HPV genotypes were in decreasing order: 
HPV 42 (2.19%, 835/38 056), HPV 43 (1.45%, 551/38 
056), HPV 81 (1.17%, 444/38 056), HPV 44 (1.06%, 
405/38 056), HPV 6 (1.01%, 384/38 056) and HPV 11 
(0.67%, 257/38 056).

Distribution characteristics of different age groups
A total of 38 056 female participants of HPV were 
divided into seven age groups according to their ages at 
the time of genotype testing. Both single and multiple 
infection rates of HPV with different age groups are 
shown in figure  2. According to the total infection as 
displayed, there was a significant difference in the 
prevalence across the different age groups (p<0.01). 
The women who were younger than 25 years had the 
highest HPV prevalence 36.74% (697/1897, 95% CI: 
34.57 to 38.91), after then there was a declining trend 
in the middle age groups, but the prevalence of HPV 
in 35≤age<45 and 55≤age<65 age groups was a slight 
increase, respectively (figure  2, line a). Single infec-
tion was the most common infection pattern in all age 
groups (figure  2, line b). The prevalence of multiple 
infections and HR-HPV 16 are shown in line c and line 
d, respectively. As shown in online supplemental table 
S1, the proportion of positives was 53.08% in the group 
under 25 years old, and grew steadily to reach its highest 
in the 35–44 year group (76.06%), and then gradually 
decreased as age increased (except for age group above 
75 years). In terms of multiple infections, double infec-
tions accounted for the largest proportion and peaked 
in two age groups (under 25 years and 55–64 years), with 
23.38% and 23.23%, respectively. It is noteworthy that 
the proportion gradually declines in groups T1, T2 and 
T3 (age<44 years) and starts to increase in groups T4 
and T5 (age from 45 to 64 years) both in double, triple 
and quadruple HPV genotype infections.Ta
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The proportion of HPV genotype in different age groups among 
8998 women
Figure 3A,B reveals the proportion of positives for HPV 
genotypes in different age groups among HPV-positive 
females. In this study, the positives for all HPV geno-
types were mainly concentrated in 25–54 years of age 
and started to greatly fall after 54 years old. We found 
that HPV 16 had the highest proportion in all age groups 
except the ≥45–<55 age group, and the type with the 
highest percentage in the ≥45–<55 age group was HPV 52. 
In addition, most of the types have the highest proportion 

in the ≥25–<35 age group, such as HPV 16, 52, 58, 42, 
68, 31, 51, 59, 33, 42, 43, 6 and 45. It is of interest that 
the proportion of HPV 53, 56, 39, 81 and 73 was highest 
in the ≥45–<55 age group. The LR-HPV genotype with 
the highest proportion was HPV 42 in each age group 
except group T7 (age≥75), of note that HPV 42 showed 
particular trends, including significant increases in the 
≥25–<35 and ≥45–<55 age groups.

Figure 1  Overall HPV prevalence and genotype distribution. (A) Constituent ratio of HPV infection. (B) The prevalence of both 
23 HPV types infection rate in 38 056 women. HPV, human papillomavirus.
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The impact of COVID-19 on HPV infection rate in different 
pandemic years
The annual prevalence of HPV infection from 2018 to 
2022 was 24.17%, 25.30%, 24.60%, 21.09% and 22.72%, 
respectively, which have a significant decrease during the 
second (2021) and third (2022) years of the COVID-19 
pandemic. The HPV infection rate was shown signifi-
cantly different during these 5 years (p<0.001) (table 1). 
The number of HPV samples received in 2020, 2021 and 
2022 reduced by 24.03%, 14.79% and 24.76%, respec-
tively, compared with 2019, the year before the COVID-19 
breakout. Moreover, as shown in table 1, the single and 
double infection rates throughout these 5 years were 
statistically significant (p<0.05), but the prevalence of 
triple, quadruple and others greater than or equal to 
quintuple have no significant difference with the p>0.05. 
In addition, using Joinpoint time trend analysis, the 
annual percentage change (APC) was −3.01 (95% CI: 
−8.90 to −3.26, p=0.218) from 2018 to 2022. The trend 
was not statistically significant in 2018–2022 (figure 4A).

Trends of the prevalence of type-specific HPV infection, and 
the infection across age groups
Trends in the prevalence of type-specific HPV infection 
were assessed by year. The prevalence of HPV 39 (APC, 
14.29; 95% CI: −5.75 to 38.59, p=0.115), HPV 56 (APC, 
7.48; 95% CI: −7.96 to 25.54, p=0.236), HPV 31 (APC, 
3.82; 95% CI: −3.19 to 11.33, p=0.187) and HPV 42 
(APC, 2.45; 95% CI: −9.41 to 15.87, p=0.575) increased 
over 2018–2022 (figure 4B). The prevalence of HPV 16 
(APC, −11.55; 95% CI: −18.81 to −3.74, p<0.05), HPV 18 
(APC, −20.40; 95% CI: −32.41 to −6.25, p<0.05), HPV 6 

(APC, −21.04; 95% CI: −38.76 to 1.81, p=0.059), HPV 33 
(APC, −16.64; 95% CI: −31.57 to 1.50, p=0.06), HPV 11, 
52, 58, 59 and 51 decreased over 2018–2022 (figure 4C). 
Infections with each genotype from 2018 to 2022 are 
summarised in online supplemental table S2 and signif-
icant differences in distribution were seen for HPV types 
16, 52, 53, 68, 56, 66, 39, 33, 18, 73, 43, 6 and 11 during 
this period (p<0.05).

The age distribution of HPV prevalence in 5 years was 
also counted in online supplemental table S3, with age 
groups T2, T3, T4 and T5 displaying significant differ-
ences in annual HPV-positive participants, which ranged 
in age from 25 to 55 (p<0.05). The annual prevalence of 
HPV infection of the <25 years group (APC, 7.51; 95% CI: 
1.96 to 13.35, p<0.05), ≥55–<65 years old group (APC, 
7.0; 95% CI: −5.51 to 21.16, p=0.181) and ≥65–<75 years 
group (APC, 11.67; 95% CI: −4.26 to 30.25, p=0.107) 
increased over 2018–2022 (figure 4D). The annual preva-
lence of HPV infection in the ≥25–<35 years group (APC, 
−9.47; 95% CI: −15.07 to −3.48, p<0.05), ≥35–<45 years 
group (APC, −3.61; 95% CI: −10.30 to 3.57, p=0.202) and 
≥45–<55 years group (APC, −3.61; 95% CI: −10.33 to 3.62, 
p=0.204) decreased over 2018–2022 (figure 4D).

DISCUSSION
This study assessed the overall HPV infection rate, which 
was discovered to be 23.64% (8998/38 056). Notably, 
there were significant variations in the prevalence of HPV 
among different cities in Shandong province, China. For 
instance, in Weihai city,15 the HPV infection prevalence 
was 9.61% among 4601 women who were included in 

Figure 2  Prevalence of HPV infection in different age groups with 95% CI bars. HPV, human papillomavirus.
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the study from April 2007 to March 2010. In Qingdao 
city,16 the HPV infection rate was found to be 32.2% 
(1459/4534) among the enrolled samples during the 
period of November 2011 to October 2014. The preva-
lence of HPV infection in Jinan was found to be 25.3% 
(2651/10 306)17 based on data collected from January to 
December of 2012. Additionally, the overall HPV infec-
tion rate in Shandong province was 28.4% (26 839/94 
489),18 according to HPV analyst data gathered between 
January 2011 and June 2017. In this study, the infection 

rates of several genotypes were significantly different 
from other previous publications with a large sample size 
in Shandong province,15–18 especially for HPV 16, 52, 18 
and 6. These above-mentioned statistical findings were 
obtained between 2007 and 2017, when HPV vaccines 
were not widely available in Shandong province. Since 
HPV vaccines have been available early in some European 
countries, research have shown that these vaccines dramat-
ically reduce HPV infection among young women,19 and 
significantly reduce the incidence of cervical cancer in 

Figure 3  Distribution of HPV genotypes in different age groups among positive females. (A) The proportion of HR-HPV 
genotypes and other possibly carcinogenic types in seven age groups. (B) The proportion of LR-HPV genotypes in seven age 
groups. APC, annual percentage change; HPV, human papillomavirus. HR-HPV, high-risk human papillomavirus; LR-HPV, low-
risk human papillomavirus.
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young women.20 However, in China, the HPV vaccination 
rate is reported to be only about 5.5%, so it is urgent to 
advance the HPV immunisation programme. In addi-
tion, the difference in economic conditions, cultural 
habits, sampling periods and lifestyles may contribute 
to the variable HPV prevalence between different cities 
in China.17 21 22 This study reports the genotype data of 
HPV infection from a large number of females in Weifang 
city for the first time, during the period of 2018 to 2022 
after three HPV vaccines were all listed in China, which 
provides data basis for future studies on the epidemio-
logical characteristics of HPV infection after vaccination 
among the local population in Weifang.

HPV infection, particularly persistent HR-HPV infec-
tion, is a major risk factor for precancerous lesions and 
cervical cancer. HPV 16 and HPV 18 are responsible for 
over 70% of cervical cancers globally.2 According to one 
study that pooled data from nine countries, HPV 16, 18, 
45, 31, 33, 52, 58 and 35 were the most prevalent HPV 
types in patients with cervical disease, whereas types 16, 
18, 45, 31, 6, 58, 35 and 33 were the most common in 
control women (without cervical cancer).2 According to 
the other study, women with normal cytology were most 
likely to be infected with HPV types 16, 18, 31, 58, 52 and 
33.23 In this study, HPV 16 was found to be the most prev-
alent HR-HPV genotype, followed by HPV 52, 58, 53 and 
68. In contrast, HR-HPV 18 was not a common infection 

type in this study, with an infection rate of 1.17%, which is 
in line with the findings of a study conducted in 37 cities 
in China.17 The first three HPV genotypes (16, 52 and 
58) were consistent with previous research of Shandong 
province,18 Human province22 and Hangzhou city,24 but 
in some other Chinese cities, such as Wuhan,25 Jiangsu,26 
Beijing27 and Shanghai,28 the three most common HPV 
genotypes were HPV 52, 16 and 58, indicating that there 
are some differences in the prevalence of HPV genotype 
throughout China. One study suggested that HPV 52 
infections are more common among healthy individuals, 
and HPV 58 has been linked to cervical cancer.29 In this 
study, HR-HPV 52 and 58 were found to be most preva-
lent in the age groups T2, T3 and T4, with ages ranging 
from 25 to 54 years old. On 30 August 2022, the National 
Medical Products Administration in China approved 
expanding the immunisation age for the nonavalent HPV 
vaccine from 16–26 years to 9–45 years. The prevalence of 
52 and 58 types may be somewhat decreased by widening 
the age of vaccination with the nonavalent vaccine. 
Because, vaccine effectiveness will predominantly depend 
on the extent of previous infection and type-specific HPV 
prevalence in the population cohort vaccinated.30

LR-HPVs have been associated with anogenital malig-
nancies.31 Previous studies have reported that 81 or 6 were 
the most common LR-HPV genotypes.17 25 26 28 However, 
this study reveals that LR-HPV 42 has the highest infection 

Figure 4  Trends of prevalence of HPV infection in Weifang from 2018 to 2022. (A) Total prevalence of HPV infection; 
(B) increased HPV genotype; (C) decreased HPV genotype; (D) different age groups HPV infection. *Indicates that the APC is 
significantly different from zero at the alpha=0.05 level (p<0.05). APC, annual percentage change; HPV, human papillomavirus.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 S

ep
tem

b
er 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
5 S

ep
tem

b
er 2023. 

10.1136/b
m

jo
p

en
-2023-073332 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


8 Liu M, et al. BMJ Open 2023;13:e073332. doi:10.1136/bmjopen-2023-073332

Open access�

rate across most age groups, which differs from the prev-
alence of LR-HPV types in other regions of China. As 
shown in online supplemental table S4, this study pres-
ents novel finding that HPV 42 has the highest infection 
rate among LR-HPV, which is being reported for the first 
time. Recent research suggests that HPV 42 recapitulates 
the molecular hallmarks of oncogenic.31 Furthermore, 
a case report has documented cervix seborrheic kerati-
noid lesions associated with HPV 42,32 and a study has 
confirmed the association of HPV 42 with tumour cells of 
digital papillary adenocarcinoma.33 Although HPV 42 is 
one of the most susceptible LR-HPV genotypes in Chinese 
population, there have been limited studies focused on 
the prevalence of HPV 42, which is worthy of attention for 
further attention and investigation.

Numerous domestic and international research reports 
have shown that young women had the highest HPV prev-
alence as the first peak and the second peak occurs in 
older women, which forms a bimodal pattern of HPV 
prevalence among different age groups,34 but the age in 
which the second peak occurs varies.12 17 21 25 28 In addition, 
the ‘two-peak pattern’ is not common in other studies 
in China.16 26 In this study, we found that young women 
under the age of 25 had the highest HPV infection rate 
(36.74%) with a significant peak, which was in line with 
previous studies (33.11% within <21 age group),35 and 
it is lower than overall Shandong province (56% within 
≤20 age group),18 Zhejiang province (51.2% within ≤20 
group),21 perhaps due to the data were collected from 
various locations, ages and times. In addition, although 
there was a slight increase in the prevalence of HPV infec-
tion in the ≥35–<45 and ≥55–<65 age groups, no conclu-
sion can be drawn about a second peak of age-specific 
infection. Young women, who are sexually active after the 
first sexual encounter and unsensitised immune systems 
are at risk for HPV infections. However, HPV infection 
is temporary in most young women and is eliminated 
by the body as their age increases,36 therefore, the HPV 
infection rate gradually declines after the age of 20. But a 
small number of persistent HR-HPV infections can result 
in cervical cancer if the immune system fails to clear the 
virus.37 The slight increase in overall infection rate in 
older women, as well as the increased proportion of older 
women with multiple infections of double, triple or more 
genotypes might reflect an impaired immune response 
caused by hormonal changes at menopause.

The annual prevalence of Weifang fluctuated between 
21.09% and 25.30%, decreasing from 2018 to 2022, with 
a significant decrease in 2021 and 2022. Furthermore, 
the prevalence among age groups 25–34, 35–44 and 
45–54 exhibited an overall decreasing trend from 2018 
to 2022. Notably, the infection rate of HPV genotypes 
16, 52, 53, 68, 18, 33, 64, 44 and 6 also declined in 2021. 
This decline may be attributed to the following reasons: 
first, the continued outbreak of COVID-19 resulted in 
a decrease in patients or epidemic prevention isolation 
measures reducing unnecessary sexual activity. Second, 
the coverage of HPV vaccination in previous years may 

have a protective effect after 2020, particularly among 
middle-aged women. Over the course of 5 years, signif-
icant changes in the prevalence of certain genotypes 
have been observed. While some genotypes have shown 
decreasing infection rates, HPV 56, 39, 31 and 42 have 
exhibited an increasing trend, with a higher infection 
rate in 2022 compared with the previous 4 years. For 
future studies, we will continue to collect data and track 
the trend of HPV prevalence and different genotypes 
over the coming years, which is of great significance for 
the early prevention and treatment of cervical cancer in 
this region.

In summary, this study described the prevalence char-
acteristics of HPV among women in Weifang with a large 
sample size over a 5 year period. There were some limita-
tions. First, we were unable to determine whether these 
patients were vaccinated for HPV. HPV vaccination has a 
significant impact on HPV test results. Second, we have 
only listed the possible reasons for the decrease in HPV 
infection during the pandemic, without detailed research 
studies, then we will consider this in future studies. Third, 
the distribution of HPV infection genotypes cannot be 
correlated with different cervical abnormalities due to 
the lack of cervical cytological or histological findings.

CONCLUSIONS
This study revealed that the overall HPV prevalence was 
high (23.64%) in Weifang city between 2018 and 2022, 
and women aged less than 25 years showed the highest 
HPV prevalence. HPV 16, 52 and 58 were the three most 
common HR-HPV genotypes, which were mainly in accor-
dance with the present situation of HPV prevalence in 
China. Importantly, HPV 42 was first reported to have 
the highest positive rate in LR-HPV types. The data from 
this study may serve as a baseline for further monitoring 
of HPV genotype distribution and will provide guidance 
and increase the accuracy of future local HPV vaccination 
strategies.
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