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Abstract
Background Persistent infection with high-risk human papillomavirus (HR-HPV) plays a key role in the onset of 
cervical cancer. This study was designed to examine the epidemiological trends and genotype distribution of HPV 
from 2014 to 2023 in the plateau region of Southwest China.

Methods The findings could offer valuable insights for clinical screening of cervical cancer and the formulation of 
HPV vaccination policies. This retrospective study analyzed 66,000 women who received HPV-DNA testing at the First 
People’s Hospital of Qujing, Yunnan, China, between 2014 and 2023. The cohort consisted of 33,512 outpatients, 3,816 
inpatients, and 28,672 individuals undergoing health examinations. Cervical cells were collected for DNA extraction, 
and PCR amplification along with Luminex xMAP technology were used to detect 27 HPV genotypes. The data 
analysis was conducted using GraphPad Prism and IBM SPSS Statistics 27 software.

Results The overall HPV infection rate at the First People’s Hospital of Qujing declined from 24.92% in 2014 to 16.29% 
in 2023, averaging 16.02%. Specific infection rates were 18.50% among outpatients, 12.97% among inpatients, and 
13.53% for health examination attendees. The predominant high-risk HPV genotypes identified were HPV52 (2.61%), 
HPV16 (2.06%), HPV58 (1.81%), HPV53 (1.55%), and HPV39 (1.09%). Meanwhile, the most frequent low-risk HPV 
genotypes were HPV6 (1.30%), HPV61 (1.21%), and HPV11 (0.85%). In HPV-positive cases, the distribution of single, 
double, triple, and quadruple or more infections were 79.90%, 15.17%, 3.59%, and 1.33%, respectively. The proportions 
of pure LR-HPV, pure HR-HPV, and mixed infections were 22.16%, 67.82%, and 10.02%, respectively. Age-specific 
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Introduction
Human papillomaviruses (HPVs) are non-enveloped, 
double-stranded, circular DNA viruses, 8  kb in size, 
that infect basal keratinocytes of mucosal and cutane-
ous epithelia. The HPV genome consists of an upstream 
regulatory region (URR), a non-coding region (NCR), 
and eight open reading frames (ORFs) that encode major 
proteins. According to their approximate time of expres-
sion during the viral life cycle, the ORFs are termed 
early transcription regions (E6, E7, E1, E2, E4, and E5), 
late transcription regions (L2 and L1), and long control 
regions (LCRs) [1, 2]. Sustained expression of E6 and E7 
is the most important and necessary mechanism under-
lying the development of cervical cancer. The proteins 
encoded by the E6 and E7 regions promote uncontrolled 
cellular proliferation as they inactivate the tumor sup-
pressor proteins p53 and pRB, respectively [3]. Different 
pathways are affected by HPV, including the PI3K/Akt, 
Wnt/β-catenin, ERK/MAPK, and JAK/STAT pathways, 
associated with signaling by active molecules such as 
MEK (pMEK), ERK (pERK), and Akt (pAkt). The abnor-
mal activation of these pathways leads eventually to the 
development of cancer [1]. E5 is an auxiliary oncogene, 
while E1 (helicase) and E2 (DNA-binding protein) are 
core viral proteins involved in the replication and main-
tenance of the genome. E4 assists with genome ampli-
fication and viral release and is one of the most highly 
expressed ORFs, involved in viral spread through keratin 
filaments. L1 and L2 are, respectively, the main and sec-
ondary structural proteins of the viral icosahedral capsid. 
Prophylactic HPV vaccines target the HPV major cap-
sid L1 proteins that self-organize into empty capsid-like 
structures, termed virus-like particles (VLPs) [3]. As L1 is 
generally the most conserved ORF, its sequence is used, 
on the one hand, to identify HPV types. On the other 
hand, it also contains five highly variable fragments, each 
of about 10–30 codons, that encode the outward-facing 
ring. These rings contain the epitopes recognized by the 

neutralizing antibodies, which are necessary for the vac-
cine to induce immunity [4]. Thus, the genetic differences 
used to define different L1 types correspond to antigenic 
differences and may reflect natural selection for immune 
escape. The L1 protein can self-assemble into VLPs even 
without the assistance of L2; while these multiprotein 
structures can mimic the organization and conformation 
of authentic native viruses, they lack the viral genome, 
potentially yielding safer and cheaper vaccine candidates 
and forming the molecular basis for the development of 
vaccines against different HPV genotypes [5].

Prior studies have indicated that most sexually active 
individuals will contract at least one genital HPV infec-
tion during their lifetime [6]. So far, approximately 450 
HPV genotypes have been isolated and sequenced [7]. 
The World Health Organization (WHO) classifies HPV 
types based on their cancer risk, labeling HPV 16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58, and 59 as Group 1 carcino-
gens (carcinogenic to humans), HPV 68 as a Group 2 A 
carcinogen (probably carcinogenic to humans), and HPV 
types 26, 30, 34, 53, 66, 67, 69, 70, 73, 82, 85, 97, and types 
5, 8 (in epidermodysplasia verruciformis patients) as 
Group 2B carcinogens (possibly carcinogenic to humans) 
[8]. HPV types are also divided into low-risk (LR-HPV) 
and high-risk (HR-HPV) categories, based on their 
potential to cause either benign or malignant lesions [9]. 
LR-HPV types such as 6, 11, 40, 42, 43, 44, 55, 61, and 
81 typically cause benign growths on anal, perianal, and 
genital mucosa, known as Condyloma acuminatum (CA). 
Conversely, persistent infection with HR-HPV is the pri-
mary cause of cervical cancer [10], which ranks as the 
fourth most common cancer among women worldwide, 
with 97.7% of patients with cervical cancer being HPV-
positive [11]. Additionally, HR-HPV infection is also 
linked to other cancers, including those of the head and 
neck, anus, oropharynx, vagina, vulva, and penis [12].

Numerous studies have shown significant differences 
in HPV infection rates and genotype distribution across 

analysis revealed a bimodal distribution of HPV infection, with the infection rate rapidly decreasing from 44.02% in the 
≤ 19 age group to 19.55% in the 20–29 age group and 13.84% in the 30–39 age group, followed by a gradual increase 
to 14.64% in the 40–49 age group, 16.65% in the 50–59 age group, and 22.98% in the ≥ 60 age group. The coverage 
rates of the three available vaccines are all below 50%. The results of this study indicated a declining trend in HPV 
prevalence in the plateau region of Southwest China over the period from 2014 to 2023, especially in the reduction of 
genotypes targeted by vaccines.

Conclusion There were significant variations in the genotypes prevalent among different age groups, years, and 
patient sources within the same region. The underwhelming vaccination rates emphasize the critical need for 
developing either a multivalent vaccine or a personalized vaccine that targets the HPV genotypes common in the 
Chinese population. Furthermore, vaccinating adolescents to curb HPV infection and ensuring regular cervical cancer 
screenings for postmenopausal women are crucial steps.
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various countries, regions, ethnic groups, and age cate-
gories. The specific age-related patterns of infection are 
still debated, with rates in China varying between 8.16% 
and 37.62% [13–19]. Vaccination against HPV and cer-
vical cancer screening are universally acknowledged as 
the most effective, economical, and impactful strate-
gies for preventing cervical cancer [20, 21]. Currently, 
three types of HPV vaccines are available on the market 
in China: HPV 2-Valent (Types 16, 18) Vaccine, HPV 
4-Valent (Types HPV 6, 11, 16, 18) Vaccine, and HPV 
9-Valent (Types HPV 6, 11, 16, 18, 31, 33, 45, 52, 58) Vac-
cine. However, these vaccines were developed primarily 
based on the epidemiological data from Western coun-
tries, which may not completely align with the needs of 
the Chinese population [22, 23]. However, regrettably, 
due to factors such as lack of awareness, limited avail-
ability, concerns about potential side effects, and high 
costs, the cumulative coverage of HPV vaccination in the 
female population between the ages of 9 and 45 years in 
China was 6.21% at the end of 2022, far below the WHO 
target of 90%. Fortunately, initiatives such as China’s 
“Healthy China 2030” plan and the WHO “Global Strat-
egy to Accelerate the Elimination of Cervical Cancer” 
[24], are bringing increased attention to HPV vaccination 
and cervical cancer screening. While HPV vaccination is 
not yet part of China’s national immunization program, 
the government supports pilot projects in selected areas. 
Wealthier provinces like Guangdong and Jiangsu are 
leading the way by offering free HPV vaccinations to eli-
gible girls and providing free HPV-DNA and Thin-Cyto-
logic Test (TCT) screening for eligible women.

Yunnan Province, situated in the Southwestern pla-
teau of China and neighboring countries like Myanmar, 
Vietnam, Laos, Thailand, and Cambodia, is known for 
its high altitude, less developed economy, and the coex-
istence of diverse ethnic groups. The region possesses 
an intricate cultural background, ethnic customs, and 
genetic diversity. Currently, there is a lack of long-term 
large-scale studies on HPV infection among women in 
this region. Through a retrospective study, our objec-
tive was to assess HPV infection data among women in 
this region over the past decade. This study also sought 
to understand the characteristics of HPV prevalence in 
this region, analyze changes following the introduction 
of vaccines, and establish baseline data for future com-
parisons after enhancing screening efforts and expanding 
HPV vaccination. Additionally, it aimed to provide scien-
tific evidence for clinical cervical cancer screening, HPV 
vaccine implementation, and research and development 
strategies, thereby advancing the goals outlined in the 
“Healthy China 2030” plan and WHO “Global Strategy to 
Accelerate the Elimination of Cervical Cancer”.

Materials and methods
Study population
This study analyzed data from 66,000 female patients who 
visited the First People’s Hospital of Qujing between Jan-
uary 2014 and October 2023. The participants included 
28,672 healthy individuals undergoing routine physical 
examinations, 33,512 patients from gynecological and 
dermato-venereological outpatient clinics, and 3,816 
inpatients from various hospital departments, primarily 
gynecology, along with those from opportunistic screen-
ings in other departments. The reasons for undergoing 
HPV testing varied and included gynecological exams, 
menstrual disorders, vaginitis, cervicitis, urethritis, pel-
vic inflammatory disease, pelvic and ovarian cysts, cervi-
cal polyps, irregular vaginal bleeding, infertility, retained 
miscarriage, unexplained abdominal pain, undiagnosed 
genital warts, cervical intraepithelial neoplasia, and other 
opportunistic screenings. Patients were advised to refrain 
from sexual activity as well as genital washing at least 
48 h before sampling, and to schedule their tests outside 
of their menstrual periods. Since 2014, our hospital has 
initiated the 27-type HPV-DNA genotyping test. This 
retrospective study analyzed all complete and available 
patient data in the existing database.

Cervical specimen collection and management
Gynecologists used a speculum to access the cervix, 
cleaned the cervical secretions with a cotton swab, 
and then inserted a cervical brush (manufactured by 
Jiangsu Jianyou Medical Technology Co., Ltd., SuXieZ-
huN20182660365) into the cervical canal. The brush was 
rotated clockwise for 4–5 turns to ensure thorough col-
lection of cervical cells. After collection, the brush was 
gently removed and placed into a collection tube filled 
with cell preservation solution. At the mouth of the tube, 
the cervical brush was broken off at the handle’s crease, 
leaving the brush head inside the tube. The cap was 
then securely tightened, the patient’s identification was 
attached, and the sample was transported to the labora-
tory at room temperature within 4 h. The samples were 
stored at -20  °C and processed for HPV testing within 
one week.

HPV DNA extraction, PCR amplification and genotyping
The HPV DNA genotyping test kit which includes DNA 
extraction reagents, nucleic acid amplification reagents, 
and hybridization reagents was purchased from Shanghai 
Tellgen Biotech Co., Ltd. (Registration No. 20173404697 
with China Food and Drug Administration).

DNA extraction reagents were used to extract DNA 
from cervical exfoliated cells. Initially, the collection 
tube containing the cervical brush head was vigorously 
shaken to release the exfoliated cells from the brush. 1 
mL of eluent is transferred to a 1.5 mL centrifuge tube, 
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centrifuged at 13,000 rpm for 5 min, and the supernatant 
was discarded. The cell pellet was then treated with 200 
µL of nucleic acid releasing agent, thoroughly mixed, and 
incubated at 100  °C for 15 min in a metal bath. Follow-
ing another centrifugation at 13,000  rpm for 5  min, the 
supernatant, which now contained the DNA template, 
was ready for the next step of DNA amplification.

The DNA amplification system consisted of 20.8  µl, 
including 10.0  µl of pre-mixed PCR mix (containing 
dATP, dTTP, dCTP, dGTP, and MgCl2 in Tris-HCl buf-
fer), 5.0 µl of primer mix (containing multiple primers), 
0.8  µl of polymerase, and 5  µl of DNA template. The 
DNA amplification conditions used were as following: 
first stage: 95  °C for 5 min, 1 cycle; second stage: 95  °C 
for 30 s, 58 °C for 30 s, 72 °C for 30 s, 5 cycles; third stage: 
95  °C for 30  s, 55  °C for 30  s, 72  °C for 30  s, 35 cycles; 
fourth stage: 72 °C for 3 min, 1 cycle. Gene amplification 
was performed using an Eppendorf Mastercycler Gradi-
ent instrument.

According to the kit instructions, 27 HPV genotypes 
were detected, including 17 h-HPV genotypes (HPV 16, 
18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, and 
82) and 10 LR-HPV genotypes (HPV 6, 11, 40, 42, 43, 44, 
55, 61, 81, and 83). During hybridization, 22 µl of mixed 
microsphere hybridization solution and 3  µl of HPV 
DNA amplification product were added to each hybrid-
ization well, sequentially mixed, and sealed. Denaturation 
was performed at 95 °C for 5 min, followed by hybridiza-
tion at 48 °C for 30 min, and further incubation at 48 °C 
for 15 min. Streptavidin-phycoerythrin (75 µl) was then 
added to each well, followed by resealing and continued 
incubation at 48  °C for 15  min. HPV genotyping was 
analyzed using the Luminex 200 multiplex flow cytom-
eter. The limit of detection (LOD) for HPV DNA is 100 
copies/test. Negative quality control (sterile water) and 
positive quality control (containing cloned HPV16 and 
HPV18 genomic plasmid DNA fragments) were used as 
independent templates for PCR amplification, hybridiza-
tion, and genotyping processes. Quality control of HPV 
genotyping included both internal quality control and 
external quality assessment.

Statistical analysis
The data analysis was conducted using GraphPad Prism 
and IBM SPSS Statistics 27 software. Frequency and 
prevalence rates (n(%)) were used as indicators to per-
form statistical analysis on the distribution of HPV 
genotypes. The chi-square test was utilized to compare 
infection rates among various groups and assess differ-
ences in vaccine coverage rates across different types. 
Binomial distribution analysis was employed to deter-
mine the 95% confidence interval (95% CI). Statisti-
cal significance was denoted by two-tailed P < 0.05. In 

instances where the expected value was ≤ 5 or the P-value 
approached 0.05, Fisher’s exact test was applied.

Results
The overall prevalence of HPV infection among 66,000 
women
This study conducted HPV-DNA testing on 66,000 
women from the Southwest plateau region of China 
spanning the years 2014 to 2023. The ages of the par-
ticipants ranged from 14 to 87 years, with a mean 
age of (40.21 ± 10.93) years. A total of 10,574 cases of 
HPV-positive infections were detected, resulting in an 
overall infection rate of 16.02% (Fig.  1A). Among the 
positive cases, they were classified based on the num-
ber of infecting genotypes: single infection accounted 
for 79.90% (8449/10,574), double infection for 15.17% 
(1604/10,574), triple infection for 3.59% (380/10,574), 
and four or more infections for 1.33% (141/10,574) 
(Fig.  1B). According to the risk of infecting genotypes, 
they were categorized as follows: pure LR-HPV infec-
tion at 22.16% (2343/10,574), pure HR-HPV infection 
at 67.82% (7171/10,574), and Mixed LR-and HR-HPV 
infection at 10.02% (1060/10,574) (Fig. 1C). The highest 
infection rates among HR-HPV genotypes were observed 
for HPV52 (2.61%), followed by HPV16 (2.06%), HPV58 
(1.81%), HPV53 (1.55%), HPV39 (1.09%), HPV56 (0.85%), 
HPV59 (0.80%), HPV18 (0.74%), HPV51 (0.74%), and 
HPV66 (0.54%). As for LR-HPV genotypes, the top 5 with 
the highest infection rates were HPV6 (1.30%), HPV61 
(1.21%), HPV11 (0.85%), HPV81 (0.68%), and HPV43 
(0.53%) (Fig. 1D; Table 1, and Fig. 2A).

Age specificity of HPV infection
Among patients undergoing HPV testing, the 30–39 
age group and the 40–49 age group exhibited the high-
est proportions, constituting 32.83% and 30.74% respec-
tively. Following closely were the 20–29 age group and 
the 50–59 age group, representing 16.01% and 15.83% 
respectively. The lowest proportions were observed in 
the ≥ 60 age group and the ≤ 19 age group, accounting for 
merely 3.83% and 0.75% respectively (Table 2). The age-
specific pattern of HPV infection displayed a “bimodal” 
distribution, with the peak declining notably from 44.02% 
(217/493) in the ≤ 19 age group to 19.55% (2066/10,568) 
in the 20–29 age group, and further decreasing to the low-
est point in the 30–39 age group at 13.84% (3000/21,671). 
Subsequently, it gradually rose to 14.64% (2970/20,290) 
in the 40–49 age group, 16.65% (1740/10,450) in the 
50–59 age group, and 22.98% (581/2,528) in the ≥ 60 
age group (Fig. 1E; Table 1). Moreover, significant varia-
tions were observed among different age groups in the 
top 5 HPV genotypes with the highest infection rates. 
While the ≤ 19 age group exhibited the highest infection 
rate, it was primarily dominated by LR-HPV, with HPV6 
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Fig. 1 The overall prevalence of HPV infection among 66000 women
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(13.18%) and HPV11 (10.75%) being the most prevalent. 
The most common HR-HPV infections were HPV59 
(4.87%), HPV52 (4.67%), and HPV16 (4.06%). In all other 
age groups, HPV52 and HPV16 were the predominant 
genotypes. The details regarding genotype infections in 
each age group can be found in (Table 1; Fig. 2D).

The distribution of single and multiple infections
In the study, the proportion of patients with multiple 
infections decreased as the number of infecting geno-
types increased. Specifically, the rates of single, double, 
triple, quadruple, and higher-order infections were 12.80% 
(8449/66000), 2.43% (1604/66000), 0.58% (380/66000), and 
0.21% (141/66000) respectively (Table  2). Single infection 
of each genotype was dominant, followed by co-infection 
with other genotypes (Figs. 1D and 2B). Additionally, among 
HPV-positive individuals, both younger and older age 
groups showed a higher propensity for multiple infections, 
while the middle-aged group tended to experience single 
infections more frequently (Fig. 1F).

The distribution of HR-HPV and LR-HPV infections
Among all patients, the LR-HPV infection rate stood at 
5.16% (3403/66000), whereas that of HR-HPV was 12.47% 
(8231/66000). Specifically, the rate of pure LR-HPV infec-
tion was 3.55% (2343/66000), and pure HR-HPV infection 
was at 10.87% (7171/66000). The rate of mixed LR-and 
HR-HPV infection was 1.61% (1060/66000) (Table 2). Fur-
thermore, among HPV-positive individuals, the proportion 
of HR-HPV infection increased with age overall. Specifi-
cally, in the age group ≤ 19 years, it was the lowest at 57.60% 
(125/217), while in the age group ≥ 60 years, it was the high-
est at 86.23% (501/581). Thus, among HPV-positive individ-
uals, younger individuals were more susceptible to LR-HPV 
infection, while older individuals were more prone to HR-
HPV infection (Fig. 1G).

The prevalence of HPV in the patients from different 
sources
In this study, the outpatient HPV infection rate was recorded 
at 18.50% (6199/33512), surpassing that of inpatients at 
12.97% (495/3816) and individuals undergoing physical 
examinations at 13.53% (3880/28672) (Table  3). The top 

Table 1 Distribution of HPV genotypes in different age groups [n(%)]
HPV genotypes ≤ 19

(N = 493)
20–29
(N = 10568)

30–39
(N = 21671)

40–49
(N = 20290)

50–59
(N = 10450)

≥ 60
(N = 2528)

Total (N = 66000) x2 / F P Value
Pos No. % (95%CI)

HR-HPV
HPV-52 23(4.67) 327(3.09) 495(2.28) 498(2.45) 273(2.61) 106(4.19) 1722 2.61(2.49–2.73) 53.868 < 0.001
HPV-16 20(4.06) 307(2.90) 372(1.72) 342(1.69) 206(1.97) 113(4.47) 1360 2.06(1.95–2.17) 147.048 < 0.001
HPV-58 14(2.84) 194(1.84) 360(1.66) 308(1.52) 222(2.12) 98(3.88) 1196 1.81(1.71–1.91) 81.88 < 0.001
HPV-53 12(2.43) 153(1.45) 278(1.28) 333(1.64) 192(1.84) 58(2.29) 1026 1.55(1.46–1.64) 29.23 < 0.001
HPV-39 11(2.23) 150(1.42) 210(0.97) 207(1.02) 108(1.03) 36(1.42) 722 1.09(1.01–1.17) 23.281 < 0.001
HPV-56 11(2.23) 103(0.97) 130(0.60) 138(0.68) 117(1.12) 59(2.33) 558 0.85(0.78–0.92) 111.778 < 0.001
HPV-59 24(4.87) 119(1.13) 135(0.62) 141(0.69) 86(0.82) 23(0.91) 528 0.80(0.73–0.87) 128.803 < 0.001
HPV-18 16(3.25) 116(1.10) 132(0.61) 132(0.65) 71(0.68) 22(0.87) 489 0.74(0.67–0.81) 68.821 < 0.001
HPV-51 7(1.42) 110(1.04) 162(0.75) 120(0.59) 63(0.60) 26(1.03) 488 0.74(0.67–0.81) 27.803 < 0.001
HPV-66 9(1.83) 63(0.60) 110(0.51) 78(0.38) 79(0.76) 20(0.79) 359 0.54(0.48–0.60) 37.114 < 0.001
HPV-33 5(1.01) 46(0.44) 88(0.41) 85(0.42) 65(0.62) 31(1.23) 320 0.48(0.43–0.53) 40.892 < 0.001
HPV-68 3(0.61) 54(0.51) 82(0.38) 82(0.40) 62(0.59) 19(0.75) 302 0.46(0.41–0.51) 14.188 0.014
HPV-31 2(0.41) 24(0.23) 43(0.20) 45(0.22) 35(0.33) 11(0.44) 160 0.24(0.20–0.28) 10.392 0.067
HPV-35 2(0.41) 34(0.32) 45(0.21) 39(0.19) 31(0.03) 9(0.36) 160 0.24(0.20–0.28) 9.110 0.105
HPV-82 7(1.42) 35(0.33) 48(0.22) 34(0.17) 18(0.17) 9(0.36) 151 0.23(0.19–0.27) 42.133 < 0.001
HPV-45 3(0.61) 24(0.23) 21(0.10) 30(0.15) 24(0.23) 9(0.36) 111 0.17(0.14–0.20) 21.802 < 0.001
HPV-26 1(0.20) 2(0.02) 1(0.00) 2(0.01) 1(0.01) 1(0.04) 8 0.01(0.00-0.02) 10.381 0.039
LR-HPV
HPV-6 65(13.18) 271(2.56) 188(0.87) 212(1.04) 84(0.80) 37(1.46) 857 1.30(1.21–1.39) 366.437 < 0.001
HPV-61 18(3.65) 123(1.16) 210(0.97) 241(1.19) 154(1.47) 50(1.98) 796 1.21(1.13–1.29) 54.088 < 0.001
HPV-11 53(10.75) 181(1.71) 134(0.62) 120(0.59) 61(0.58) 15(0.59) 564 0.85(0.78–0.92) 703.637 < 0.001
HPV-81 6(1.22) 81(0.77) 120(0.55) 110(0.54) 114(1.09) 18(0.71) 449 0.68(0.62–0.74) 40.264 < 0.001
HPV-43 16(3.25) 96(0.91) 87(0.40) 89(0.44) 47(0.45) 12(0.47) 347 0.53(0.47–0.59) 109.937 < 0.001
HPV-55 7(1.42) 48(0.45) 89(0.41) 87(0.43) 60(0.57) 20(0.79) 311 0.47(0.42–0.52) 19.876 0.001
HPV-44 3(0.61) 37(0.35) 72(0.33) 89(0.44) 49(0.47) 12(0.47) 262 0.40(0.35–0.45) 6.086 0.298
HPV-83 2(0.41) 3(0.03) 15(0.07) 18(0.09) 18(0.17) 6(0.24) 62 0.09(0.07–0.11) 22.045 < 0.001
HPV-42 1(0.20) 13(0.12) 10(0.05) 17(0.08) 16(0.15) 0(0.00) 57 0.09(0.07–0.11) 14.386 0.010
HPV-40 4(0.81) 15(0.14) 11(0.05) 6(0.03) 3(0.03) 0(0.00) 39 0.06(0.04–0.08) 31.133 < 0.001
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five HPV genotypes with the highest infection rates among 
inpatients were HPV16 (3.17%), HPV52 (1.73%), HPV58 
(1.62%), HPV53 (1.00%), and HPV61 (0.89%). Among out-
patients, the top five HPV genotypes with the highest 

infection rates were HPV52 (2.66%), HPV16 (2.65%), HPV6 
(2.17%), HPV58 (2.06%), and HPV53 (1.47%). For individu-
als subjected to physical examinations, the top five HPV 
genotypes with the highest infection rates were HPV52 

Table 2 Age-specific distribution of HPV infection [n(%)]
HPV Genotypes ≤ 19 20–29 30–39 40–49 50–59 ≥ 60 Total *

Sample size# 493(0.75) 10,568(16.01) 21,671(32.83) 20,290(30.74) 10,450(15.83) 2528(3.83) 66,000(100.00)
HPV infection 217(44.02) 2066(19.55) 3000(13.84) 2970(14.64) 1740(16.65) 581(22.98) 10,574(16.02)
Number of co-infections
Single Genotype 140(28.40) 1576(14.91) 2478(11.43) 2473(12.19) 1373(13.14) 409(16.18) 8449(12.80)
Double Genotypes 42(8.52) 360(3.41) 422(1.95) 395(1.95) 261(2.50) 124(4.91) 1604(2.43)
Triple Genotypes 23(4.67) 94(0.89) 76(0.35) 78(0.38) 72(0.69) 37(1.46) 380(0.58)
≥ Quadruple Genotypes 12(2.43) 36(0.34) 24(0.11) 24(0.12) 34(0.33) 11(0.44) 141(0.21)
HPV Genotypes
LR-HPV 149(30.22) 770(7.28) 869(4.01) 916(4.51) 546(5.22) 153(6.05) 3403(5.16)
HR-HPV 125(25.35) 1544(14.61) 2357(10.88) 2311(11.39) 1393(13.33) 501(19.82) 8231(12.47)
Pure LR-HPV 92(18.66) 522(4.96) 643(2.97) 659(3.25) 347(3.32) 80(3.16) 2343(3.55)
Pure HR-HPV 68(13.79) 1296(12.26) 2131(9.83) 2054(10.12) 1194(11.43) 428(16.93) 7171(10.87)
Mixed LR-and HR-HPV 57(11.56) 248(2.35) 226(1.04) 257(1.27) 199(1.90) 73(2.89) 1060(1.61)
# The sample size and proportion in different age groups; * The overall infection rates of HPV in different groups, N = 66,000

Fig. 2 The distribution of 27 HPV genotypes in different grouping modes
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(2.67%), HPV53 (1.72%), HPV58 (1.55%), HPV16 (1.22%), 
and HPV61 (1.14%) (Fig. 2C). Notably, the HPV16 positiv-
ity rate among inpatients was 2.60 times higher than that 
among individuals undergoing physical examinations, while 
the positivity rates of HPV6 and HPV11 among outpatients 
were 6.38 times and 4.25 times higher, respectively, than 
those among individuals undergoing physical examinations.

The prevalence of total and major HPV genotypes from 
2014 to 2023
Between 2014 and 2023, spanning a decade, the preva-
lence of HPV demonstrated an overall declining trajec-
tory. The highest prevalence occurred in 2016 at 25.40% 
(651/2563), while the lowest was observed in 2022 at 
10.32% (1269/12297) (Fig.  3A). The prevalence of the 
nine HPV genotypes covered by the HPV 9-valent vac-
cine exhibited declines, particularly noticeable in HPV6, 
11, 16, and 18 (Fig.  3B-C-D-E), while the prevalence of 
HPV31, 33, and 45 remained consistently low (Fig.  3F-
G-H). Over the decade, HPV52 prevalence increased 
from the fourth position in 2014 to the top spot in 2018, 
maintaining this position until 2023 (Fig.  3I). HPV58 
prevalence remained relatively stable overall, except for 
lower rates observed in 2019 at 1.11% (133/11966) and in 
2022 at 1.08% (133/12297) (Fig. 3J). However, it is note-
worthy that HPV53 and HPV61 currently exhibit high 
prevalence rates but lack corresponding vaccines. Unlike 
the nine genotypes covered by the vaccine, HPV53 and 
HPV61 did not demonstrate a decreasing trend in preva-
lence between 2014 and 2023; instead, they displayed an 
upward trend (Fig. 3K-L). Specifically, the prevalence of 
HPV53 increased from 0.87% (26/2982) in 2014 to 1.87% 
(168/8965) in 2023, indicating a 2.15-fold increase, with 
its infection rate ranking second among individuals 
undergoing physical examinations (Fig.  2C). Addition-
ally, it is also worth highlighting that during the COVID-
19 pandemic period from 2020 to 2022, the prevalence 
of all HPV genotypes showed a continuous downward 
trend.

Evaluation of the effectiveness of three human 
papillomavirus vaccines
In this study, the effectiveness of the three HPV vaccines 
was evaluated under two scenarios. In one scenario, all 
infected HPV genotypes were encompassed by the vac-
cine, resulting in coverage rates of 12.37% for the bivalent 
vaccine, 21.98% for the quadrivalent vaccine, and 46.82% 
for the nonavalent vaccine. In the other scenario, where 
at least one of the infected HPV genotypes was covered 
by the vaccine, the coverage rates were 17.20% for the 
bivalent vaccine, 26.35% for the quadrivalent vaccine, and 
47.57% for the nonavalent vaccine (Table  4). The study 
found statistically significant differences in effectiveness 
among the three vaccines (P < 0.05).

Discussion
According to the 2020 WHO global assessment data on 
cervical cancer incidence and mortality, China ranks 
second globally in both the incidence and mortality of 
cervical cancer, following only India [25]. The availabil-
ity of data on HPV prevalence is essential for informing 
effective HPV vaccination strategies and cervical cancer 
screening programs. This research offers insights into 
HPV infection rates and the distribution of its geno-
types among women in the southwestern plateau region 
of China from 2014 to 2023. With the largest sample size 
and the longest study period to date, this research used 
consistent detection methods and included a compre-
hensive analysis across outpatient, inpatient, and routine 
physical examination settings in this area. The findings 
provide robust evidence for understanding HPV epi-
demiology in the region and could potentially influence 
future vaccination campaigns, screening programs, and 
public health policies to better address the burden of cer-
vical cancer in this specific region of China.

Global distribution of HPV varies due to regional dif-
ferences, population demographics, and the methods 
used for HPV DNA detection. The highest rates of HPV 
infection globally are seen in young women, with South 

Table 3 The HPV infection of inpatients, outpatients and physical examination population in different age groups [n(%)]
Age 
group
(years)

Inpatients
(N = 3816)

Outpatients
(N = 33512)

Examination populations 
(N = 28672)

Total
(N = 66000)

x2 P 
Value

No.* %(95%CI)# No. %(95%CI) No. %(95%CI) No. %(95%CI)
≤ 19 10 41.67(21.95–61.39) 207 44.14(39.64–48.62) NA NA 217 44.02(39.64–48.40) 0.057 0.837
20–29 66 14.63(11.37–17.89) 1740 21.74(19.80-23.68) 260 12.30(8.30-16.29) 2066 19.55(17.84–21.26) 101.842 < 0.001
30–39 89 12.70(10.24–15.16) 1698 16.01(14.27–17.75) 1213 11.71(9.90-13.52) 3000 13.84(12.60-15.08) 82.082 < 0.001
40–49 152 10.13(8.60-11.66) 1517 16.15(14.30–18.00) 1301 13.84(11.96–15.72) 2970 14.64(13.37–15.91) 46.411 < 0.001
50–59 109 13.10(10.81–15.39) 770 18.76(13.55–18.75) 861 15.61(13.19–18.03) 1740 16.65(14.90–18.40) 25.002 < 0.001
≥ 60 69 22.48(17.81–27.15) 267 28.56(23.14–33.98) 245 19.05(14.13–23.97) 581 22.98(19.56–26.40) 27.682 < 0.001
Total 495 12.97(11.90-14.04) 6199 18.50(17.53–19.47) 3880 13.53(12.45–14.61) 10,574 16.02(15.32–16.72) 310.539 < 0.001
x2 53.995 401.144 86.947 584.394
P Value < 0.001 < 0.001 < 0.001 < 0.001
*The positive numbers in different age groups; #The positive rate and 95% confidence interval in different age groups; NA: Not Available
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America (Brazil) reporting 54.6%, North America (Mex-
ico) at 54.17%, and the United States at 40%. Addition-
ally, sub-Saharan Africa has an infection rate of 24.0%, 
and Asia (China) reports a rate of 19.12%. [15, 26–29]. 
In this study, the overall HPV positivity rate was 16.02%, 
consistent with the reported overall HPV infection rate 
in China (15.54%) [30]. Similar findings include 14.02% 
in Xinjiang [17], 15.13% in Xiamen [31], 17.35% in Wen-
zhou [32], 18.10% in Guangxi [33], and 18.71% in Chen 
Zhou [34]. However, the HPV infection rate in this study 

was lower than in Liaocheng, Shandong, at 22.13% [35], 
Weifang at 23.64% [19], Beijing at 24.14% [36], and Inner 
Mongolia (Ordos) at 23.36% [37], but higher than 8.16% 
in Shannan City, Tibet Autonomous Region [13]. Varia-
tions in HPV prevalence can be attributed to differences 
in geographic locations, economic conditions, and detec-
tion methods used. In comparison to other findings from 
Yunnan Province, the prevalence rates from this study 
are generally lower than the 27.4% observed among the 
Tibetan population in northwestern Yunnan [16] and 

Table 4 Proportion of women who infected with HPV types included in 2v-, 4v- or 9v-HPV vaccine in Plateau region of southwest 
China in Qujing area [n(%)]
Vaccine types: HPV genotypes all infected HPV types included in 2v-, 4v- or 

9v-HPV vaccine(N = 10574)
at least one of the 
infected HPV types in-
cluded in 2v-, 4v- or 9v-
HPV vaccine(N = 10574)

HPV 2-Valent (Types 16, 18)Vaccine 1308(12.37) 1819(17.20)
HPV 4-Valent (Types 6, 11, 16, 18)Vaccine 2324(21.98) 2786(26.35)
HPV 9-Valent (Types 6, 11, 16, 18, 31, 33, 45, 52, 58)Vaccine 4951(46.82) 5030(47.57)
x2 3386.937 2426.929
P Value P < 0.001 P < 0.001

Fig. 3 Between 2014 and 2023, the prevalence of HPV 9-Valent vaccine-targeted genotypes (Types 6, 11, 16, 18, 31, 33, 45, 52, 58) and three other HPV 
genotypes (Types 53, 39, 61) with high infection rates but not covered by any of the vaccines
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22.03% in Kunming [38], but higher than 11.9% among 
the Naxi population in northwestern Yunnan [16] and 
9.88% among the Dai population in southern Yunnan 
[39]. However, in the same region of Qujing, the HR-
HPV prevalence was reported as 8.32% in 2012 [40], 
which was significantly lower than the HR-HPV preva-
lence of 12.47% in this study [40]. These discrepancies in 
results could be due to the earlier study detecting fewer 
HPV genotypes, as well as variations in the study peri-
ods, populations studied, and the sensitivity of detection 
methods employed. Some of the domestic research find-
ings published from 2021 to 2024 have been summarized 
in Table 5.

The relationship between single and multiple HPV 
infections and their impact on cervical cancer risk is a 
critical area of study. For instance, few prior studies have 
indicated that multiple HPV infections might exhibit a 
synergistic effect among different HPV genotypes, poten-
tially complicating immune clearance mechanisms. This 
complexity could lead to a higher probability of persis-
tent HPV infections, subsequently elevating the risk for 
cervical cytological abnormalities and the development 
of cervical cancer [23, 41, 42]. Conversely, other reports 
suggests that there may be competition or equilibrium 
among various HPV subtypes, which could result in a 
greater risk of cervical cancer in cases of single infec-
tions compared to multiple infections. For example, it 
has been observed that the incidence of cervical intraepi-
thelial neoplasia grades 2–3 (CIN2-3) and cervical squa-
mous cell carcinoma (SCC) is higher in patients with a 
sole HPV 16 infection (62.2%) than in those with mul-
tiple HPV genotype infections (52.4%) [43, 44]. Addi-
tionally, another study found that 91.8% of HPV-positive 
tumors harbored a single viral type, whereas 7% exhib-
ited multiple viral types [45]. Multiple infections were 
more frequently noted in younger and older age groups, 
whereas single infections predominated in the middle-
aged cohort. Thus, further evidence is required to ascer-
tain whether multiple HPV infections contribute to an 
increased risk of cervical cancer. However, understand-
ing the dynamics of multiple HPV infections is essential 
for the development of the next generation of multivalent 
HPV vaccines.

In this study, the age-specific pattern of HPV infec-
tion was characterized by a “bimodal” distribution 
(Fig. 1E), with peaks observed in younger and older age 
groups. Similar age distribution patterns have been 
reported in Tibet and Xiamen [13, 31]. In contrast, Xin-
jiang showed two infection peaks among those aged ≤ 25 
years and 36–40 years [17], whereas in Jilin, the peaks 
were observed in individuals aged ≤ 24 years and 55–59 
years, with rates declining after 60 [12]. Further analy-
sis revealed that different HPV genotypes predomi-
nantly infect individuals in different age groups (Table 2; 

Fig. 2D). For example, in the ≤ 19-year-old group, where 
infection rates are highest, low-risk HPV types (LR-
HPV), particularly HPV6 and 11, predominate. However, 
the highest rates of high-risk HPV (HR-HPV) infections, 
notably HPV59 and 52, occur in this group as well. In 
contrast, HPV52 and 16 are the most prevalent among 
women in all other age groups, with women aged ≥ 60 
years experiencing not only high infection rates but also 
a tendency towards multiple infections primarily involv-
ing HR-HPV. Several factors contribute to these patterns. 
Younger women, who often have more frequent sexual 
activity and unstable sexual partnerships prior to full 
immune system development, lack adequate protection 
partly due to insufficient sexual health education [46]. 
Additionally, immature cervixes may not produce suf-
ficient cervical mucus, increasing the risk of HPV infec-
tion [47]. However, infections in younger individuals, 
particularly LR-HPV, tend to be transient as the immune 
system matures. In contrast, older women are more vul-
nerable to persistent or reactivated HPV infections due 
to hormonal and immune changes post-menopause, with 
HR-HPV types evading immune surveillance over time. 
This increase in infection rates among older women 
poses a significant risk for the development of cervical 
cancer [48]. Therefore, adolescent vaccination to reduce 
HPV infections and regular cervical cancer screening for 
postmenopausal women are crucial strategies.

Differences in the predominant circulating HPV 
genotypes have been reported across various regions 
(Table 5). In this study, the most common HR-HPV gen-
otypes were HPV52, 16, 58, 53, and 39, while the most 
common LR-HPV genotypes were HPV6, 61, and 11. 
Between 2014 and 2023, there was a marked reduction in 
the prevalence of HPV6, 11, 16, and 18, all of which are 
targeted by the 9-valent vaccine (HPV 9-Valent (Types 
6, 11, 16, 18, 31, 33, 45, 52, 58) Vaccine-targeted geno-
types) (Fig.  3B-C-D-E). This decrease could be linked 
to the earlier and broader availability, more affordable 
pricing, and increased access to bivalent and quadriva-
lent vaccines. HPV16 is not only highly oncogenic but 
also universally susceptible across all populations, with 
reports indicating that 49.8% of cervical adenocarci-
noma patients are infected with HPV16 [49]. Conse-
quently, managing HPV16 infections should be a high 
priority, necessitating prompt and consistent treatment 
and monitoring strategies. Although HPV18 also exhib-
its high oncogenicity, with reports indicating that 45.3% 
of cervical adenocarcinoma patients are infected with 
HPV18 [49], its prevalence in this study was relatively 
low, ranking only eleventh. Additionally, international 
studies have identified HPV31, 33, and 45 as the next 
most frequent genotypes in cancer cases after HPV16 
and 18 [45, 49]. Although the prevalence of HPV31, 33, 
and 45 is lower in the Chinese population [31, 32], there 
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is a need for further evidence on the cost-effectiveness of 
developing domestic vaccines targeting these genotypes. 
Reports within China indicate that, in addition to HPV16 
and 18, HPV52 and 58 are significant carcinogenic fac-
tors responsible for inducing intraepithelial neoplasia 
[50]. These two genotypes, HPV52 and 58, are currently 
the most prevalent high-risk HPV (HR-HPV) genotypes. 
This prominence is likely due to the delayed availability, 
higher cost, and lower vaccination rates of the 9-valent 
vaccine, as well as potential influences from the immune 
clearance mechanisms of these genotypes, making them 
particularly noteworthy. Furthermore, HPV53, which 
ranks second in infection rates among those undergoing 
physical examinations, is associated with slower disease 
progression, and single HPV53 infections are considered 
less pathogenic [51]. Currently, HPV53, 39, and 61 main-
tain relatively high infection rates in the Chinese popu-
lation but do not have targeted vaccines, highlighting a 
clear direction for the development of domestically pro-
duced vaccines.

According to the publicly available China CDC Weekly 
data, the cumulative vaccination rates for the first, sec-
ond, and third doses of the HPV vaccine among women 
aged 9–45 years in China were 10.15, 8.69, and 6.21%, 
respectively, at the end of 2022. Specifically, the three-
dose vaccination rates were 0.31, 2.21, 8.34, 9.39, 7.68, 
7.88, and 5.37% in the age groups 9–14, 15–19, 20–24, 
25–29, 30–34, 35–39, and 40–45 years, respectively 
[52]. Therefore, it is speculated that the trends of vac-
cine coverage and HPV prevalence are opposed. While 
the vaccination rate was low in the younger age groups 
(≤ 19 years), the HPV prevalence was high. In contrast, 
the prevalence of HPV infection was relatively high in 
the middle groups (20–39 years old) accompanied by a 
higher vaccination rate, with high prevalence in the older 
groups without vaccination. In Yunnan, while there were 
no data on vaccinations before 2018, the three-dose vac-
cination rates were 0.08, 0.41, 1.03, and 3.66% for the 
years between 2019 and 2022, with an accumulated vac-
cination rate of only 5.18% [52]. Unfortunately, the pres-
ent study was retrospective in design and we were thus 
unable to collect data on the distribution of HPV geno-
types and antibody titers in vaccinated and unvaccinated 
patients; this will be the focus of our future studies. How-
ever, relevant research shows that HPV vaccination gen-
erates high and prolonged antibody titers, represented 
mostly by IgG antibodies against the respective HPV L1 
proteins. Notably, HPV vaccination has been found to 
produce 10 to 100-fold higher titers of L1-specific neu-
tralizing antibodies compared to natural infection, thus 
preventing viral infection and subsequently the develop-
ment of premalignant dysplasias [3].

Research has shown that HPV vaccines can prevent 
up to 82.5% (for bivalent vaccine) and up to 95.3% (for 

nonavalent vaccine) of HPV-positive cervical adenocar-
cinomas [45]. However, in this study, the coverage rates 
of all three HPV vaccines were below 50%, suggesting 
that the current vaccines may not fully meet the needs 
of this group. In line with the “Healthy China 2030” plan 
and the World Health Organization’s global objective to 
eliminate cervical cancer, it is critical for China, where 
cervical cancer incidence and mortality rates are among 
the highest globally to advance domestic vaccine produc-
tion and develop HPV vaccines that are tailored to the 
epidemiological trends of its population. One innovative 
approach could be the development of monovalent HPV 
vaccines for each prevalent genotype, allowing individu-
als to select a vaccine combination that aligns with their 
financial capacity, age, ethnicity, regional epidemiological 
nuances, and other personal factors, thus personalizing 
the vaccination process. Such a strategy could enhance 
patient satisfaction, meet diverse needs more effectively, 
and reduce prevention costs, presenting a promising ave-
nue for the future.

Although this study provides valuable insights into 
HPV infection rates and genotype distribution in the 
southwestern plateau region of China, it also has sev-
eral notable limitations. First, the study relies solely on 
the results from single HPV-DNA detections, which do 
not account for the dynamics of ongoing infections in 
patients. Second, the absence of integration with patho-
logical findings limits our understanding of how different 
HPV genotypes correlate with specific cervical abnor-
malities. Third, due to the retrospective nature of the 
study, information on the number and distribution of 
HPV genotypes in vaccinated and unvaccinated patients 
could not be obtained. Furthermore, critical sociodemo-
graphic information such as the patients’ educational lev-
els, economic status, occupations, cultural backgrounds, 
ethnicity, parity, and number of sexual partners was not 
collected. This omission restricts our ability to fully eval-
uate how these factors might influence HPV infection 
rates. Hence, future research could not only address the 
various limitations of the current study but also signifi-
cantly contribute to the global efforts in preventing and 
managing HPV-related diseases. For instance, conducting 
longitudinal studies to track individuals over time could 
enhance our understanding of the persistence of HPV 
infections and their evolution from infection to cervical 
abnormalities and cancer. Additionally, integrating HPV 
genotype information with pathological findings from 
cervical screenings could help clarify the relationship 
between specific HPV genotypes and the development of 
cervical lesions or cancer. Considering the variety of HPV 
genotypes detected, it would also be beneficial to develop 
and evaluate new multivalent or personalized vaccines 
tailored to cover the most prevalent and high-risk types 
specific to the region. In addition, analysis of the HPV 
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infection rate and differences in genotype distribution 
between vaccinated and unvaccinated patients would be 
helpful in evaluating the preventive value of the vaccine. 
Furthermore, collecting and thoroughly analyzing demo-
graphic and behavioral data, such as education level, eco-
nomic status, cultural background, ethnicity, and sexual 
history, could provide insights into the socio-economic 
and cultural factors that influence HPV prevalence and 
vaccine acceptance, thereby facilitating targeted public 
health measures.
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