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Background: Persistent human papillomavirus (HPV) infection remains a key risk factor for cervical cancer. HPV-based primary screening is widely recommended in clinical guidelines, and further longitudinal studies are needed to optimize strategies for detecting high-grade cervical lesions compared to cytology.

Methods: From November 2015 to December 2023, 31,942 participants were included in the real-world observational study. Among those, 4,219 participants underwent at least two rounds of HPV tests, and 397 completed three rounds of HPV tests. All participants were tested for high-risk types of HPV 16/18/31/33/35/39/45/51/52/56/58/59/66/68 (hrHPV) and low-risk types of HPV6/11 genotyping. Some participants also received cytology or colposcopy with pathology.

Results: In the cross-sectional cohort, the prevalence of hrHPV and all HPV subtypes was 6.6% (2,108/31,942) and 6.8% (2,177/31,942), respectively. The three top hrHPV genotypes were HPV52 (1.9%), HPV58 (0.9%), and HPV16 (0.9%). Age distributions showed two peaks at 45–49 and 60–65 years. For the primary screening cohort, the hrHPV prevalence rate increased from 4.8% in 2015–2017 to 7.0% in 2020–2020 and finally reached 7.2% in 2023. For the longitudinal cohort study, the hrHPV prevalence rates in the repeated population (3.9, 5.3, and 6.0%) were lower than the primary hrHPV screening rates (6.6%), which indicated that repeated screening might decrease the prevalence rate. Methodologically, the hrHPV (89.5%) and the screening group of 16 subtypes (92.3%) demonstrated superior sensitivity than the cytology group (54.4%). Moreover, the longitudinal study indicated that the persistent hrHPV subgroup had a significantly higher (p = 0.04) incidence of high-grade squamous intraepithelial lesions and more histology progression events (7/17 vs. 0/5) than the reinfection group.

Conclusion: The study indicates a rising high-risk HPV prevalence in Dongguan, with repeated screening reducing this trend. The findings support HPV-based primary screening and might guide HPV vaccination and cervical cancer prevention in South China.
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Introduction

According to the Global Cancer Observatory (GLOBOCAN) 2020 estimates, there were approximately 604,127 new cervical cancer cases and 341,831 deaths globally (1). The annual report of the China Cancer Registry indicated that both the incidence and mortality rates of cervical cancer increased in China in 2020, with an incidence rate of 11.35 and a mortality rate of 3.42 per 100,000 women (2). Further socioeconomic analysis indicates that as the human development index (HDI) increases, the incidence rates of cervical cancer tend to decrease (3). Additionally, various risk factors such as human papillomavirus (HPV) have also been associated with cervical cancer, especially the high-risk HPV (hrHPV) strains (4). There are more than 200 types of HPV, and approximately 14 hrHPV (HPV 16/18/31/33/35/39/45/51/52/56/58/59/66/68) strains are considered high risk for cervical cancer (4, 5).

The European Research Organization on Genital Infection and Neoplasia (EUROGIN) has recommended HPV testing as a primary screening approach for cervical cancer (6). The Addressing the Need for Advanced HPV Diagnostics (ATHENA) study, the largest prospective clinical study in the United States, assesses the use of HPV testing as the primary screening method for cervical cancer in women aged 25 years and older, which includes testing for hrHPV (14 pooled types) and genotyping for HPV 16 and HPV 18 (5, 7). Moreover, the American Society for Colposcopy and Cervical Pathology (ASCCP) guidelines also suggest that primary HPV testing screening should be considered as an alternative to the current cytology-based cervical cancer screening methods (8).

The HPV for cervical cancer (HPV FOCAL) trial reveals that multiple rounds of cytology missed more participants with cervical intraepithelial neoplasia grade 2 or higher (CIN2+) than HPV-based screening (9). The ATHENA study also confirms that primary HPV testing screening is safer and more effective than primary cytology-based screening (5, 7). In a real-world comparison conducted in Denmark, HPV-based screening demonstrated a 90% increase in the detection of cervical intraepithelial neoplasia grade 3 or higher (CIN3+) (10). Additionally, a cross-sectional study involving 11,064 Chinese women found that HPV-based screening with type 16/18 genotyping is more suitable for China due to a lack of cytologists in the country (11).

To address the high burden of cervical cancer in China, this longitude observational study aimed to evaluate the effectiveness of HPV testing with 14 high-risk genotyping and HPV6/11 types, alongside the ThinPrep cytologic test and colposcopy at the baseline or after repeat screening within 9 years. The goal was to provide evidence for the efficacy of repeated HPV-based screening in addressing the cervical cancer burden.



Materials and methods


Patients’ inclusion/exclusion criteria and relevant clinical data

A total of 31,942 women aged from 34 to 65 years old (y.o.) were finally enrolled in this observational real-world cervical cancer screening trial from November 2015 to December 2023. It is noteworthy that all of the data including the HPV test results and clinical information were collected in February 2024. Due to the policy support, all the clinical samples were collected by the clinician in the Dongguan Maternal and Child Health Care Hospital. Moreover, in this real-world single-center setting, the primary inclusion criteria included women aged between 34 and 65 years with a history of sexual activity. Those individuals with a history of hysterectomy or being pregnant or menstruating at the time of recruitment were excluded. Women of childbearing age must have adopted reliable contraceptive measures or have undergone a pregnancy test within 7 days before enrollment. The Dongguan Maternal and Child Health Care Hospital in Guangdong Province, China, was the candidate screening locale. Women who underwent the HPV test would receive the ThinPrep cytologic test and colposcopy examination based on individual preferences. Patients with cervical lesions were able to select the treatment options based on their actual clinical condition and personal preference. In our study, patients with cervical lesions were treated with physical therapy and excisional treatment. All collected clinical data at baseline and follow-up phases including screening date, patient age, HPV test results, cytology result, and pathology results are shown in Supplementary Table S1. Among those, the SeqHPV assay (BGI Shenzhen, PRC) on clinician-collected cervical samples was used for screening, and the detailed operating procedures were also shown in a previous publication (12).



Study design

The screening was conducted for three cycles from November 2015 to December 2023. However, the screening was temporarily stopped from 2018 to 2019 due to the shortage of medical resources and the outbreak of the Coronavirus disease 2019 (COVID-19) pandemic. The whole period was divided into three cycles: 2015–2017, 2020–2022, and 2023, with approximately 10,000 participants in each cycle. The timeline for the inclusion of the primary screening is shown in Figure 1. The study was conducted in two phases: a baseline (cross-sectional) phase and a 9-year follow-up (longitudinal) phase. For the baseline phase (cross-sectional phase), participating women were selected for primary screening as the baseline. For the follow-up phase (9-year longitudinal follow-up), women were scheduled for further second or third follow-up examinations from November 2015 to December 2023. It is noteworthy that all of the data including the HPV test results and clinical information were collected in February 2024.
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FIGURE 1
 Timeline for the inclusion of the primary and repeated screening from 2015 to 2023.




Statistical analysis

The prevalence of 14 hrHPV types (HPV 16/18/31/33/35/39/45/51/52/56/58/59/66/68) and all 16 HPV subtypes (14 hrHPV types plus low-risk types of HPV6/11) was indicated by positivity rates. The HPV infection and hrHPV infection in this study were defined as positive for all 16 HPV subtypes or 14 hrHPV subtypes, respectively. Abnormal rates of cytology and histology were calculated based on all participants with cytology and pathology testing results. The effectiveness of detecting abnormal histology was assessed by using the sensitivity and specificity between the three strategy groups (HPV, hrHPV, and cytology). All data were analyzed by SPSS 19.0 software or GraphPad Prism 9 software. A p-value of less than 0.05 (two-sided) was considered statistically significant.




Results


Clinical data and HPV prevalence among all eligible women

From November 2015 to December 2023, 31,942 women with a median age of 41 y.o. [aged 34–65 years, interquartile range (IQR): 37–46 years] were finally included in this trial. The detailed information of the clinical data is shown in Table 1. Most populations were within the 34–39 y.o. (41.9%) and 40–49 y.o. (41.8%) subgroups. For the 50–59 y.o. and 60–65 y.o. subgroups, the percentages were 14.1 and 2.2%, respectively. The overall positivity rate for the 16 HPV subtypes was 6.8%, with 2,177 out of 31,942 individuals testing positive. For hrHPV types, the positivity rate was slightly lower at 6.6% (2,108/31,942). In Table 2, the HPV prevalence results within different age groups presented two peaks, namely, a higher (45–49 y.o.) and a lower one (60–65 y.o.) both for the hrHPV and the HPV of 16 subtypes.



TABLE 1 Clinical data for all eligible women.
[image: Table1]



TABLE 2 HPV prevalence was identified using the BGI HPV test.
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In Table 1, both the cytology and pathological tests were also performed for the included cohorts. In all, 11,745 individuals with ThinPrep cytologic test results and 1,523 participants with pathological biopsy results were recorded. From the cytological and pathological statuses, the recorded patients showed an abnormal cytology rate of 8.8% (1,029/11,745) and an abnormal histology rate of 46.7% (712/1,523).



Human papillomavirus prevalence, cytology, and pathological status In three cycles of primary screening

The participants for primary HPV screening were 6,360, 16,762, and 8,820 within three cycles of 2015–2017, 2020–2022, and 2023, respectively (Figure 1; Table 3). A relatively small proportion with 29.8% (1,896 /6,360), 23.9% (4,003 /16,762), and 33.3% (2,936 /8,820) of individuals took repeated screening during the 1st, 2nd, and 3rd rounds, respectively. Moreover, in Table 3, both the HPV and hrHPV-positive rates gradually increased over time. For hrHPV types, the prevalence increased from 4.8% in 2015–2017 to 7.0% in 2020–2022 and finally increased to 7.2% in 2023. Similarly, the prevalence of 16 types of HPV increased from 5.1% in 2015–2017 to 7.1% in 2020–2022 and finally increased to 7.4% in 2023. In Table 4, the number of participants undergoing primary cytology screening was 6,360, 1,053, and 4,332 within three cycles of 2015–2017, 2020–2022, and 2023, respectively. The abnormal cytology rates were not gradually increased over time, with 5.5% in 2015–2017, 36.0% in 2020–2022, and 6.9% in 2023, which might be affected by the low population compared to HPV cohorts during COVID-19 (2020–2022). In Table 5, the number of patients with histology results was 324, 782, and 417 within three cycles of 2015–2017, 2020–2022, and 2023, respectively. For the pathology cohorts, the trends were similar to HPV cohorts, with the positive histological rates gradually increasing from 31.5% in 2015–2017 to 49.0% in 2020–2022 and finally increasing to 55.4% in 2023.



TABLE 3 HPV prevalence within the screening year.
[image: Table3]



TABLE 4 Cytology results within the screening year.
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TABLE 5 Pathological results within the screening year.
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Human papillomavirus infection risk, cytology, and pathological results within three rounds of repeated screening

Except for the primary screening cohorts, 4,219 patients participated in at least two rounds of screening and were further analyzed as repeated screening subgroups (Table 6). In general, 4,219 individuals received two cycles and 397 individuals received three cycles of HPV screening. The prevalence of HPV in repeated subgroups demonstrated a trend similar to that observed in the primary screening cohort, with both HPV and hrHPV positivity rates exhibiting a gradual increase over time (Table 1; Figure 2A). For hrHPV, the positivity increased from 3.9% in the 1st screening to 5.3% in the 2nd screening and finally increased to 6.0% in the 3rd screening; for 16 types of HPV, the prevalence was also increased from 4.0 to 5.6% and finally increased to 6.2% for the 1st, 2nd, and 3rd rounds of screening, respectively. Interestingly, in Figure 2A, compared to primary screening cohorts, we observed that the hrHPV prevalence was slightly lower in repeated populations during the whole study. In addition, we also compared the hrHPV prevalence and cytologic abnormality in different age groups, as shown in Figure 2B. The results showed that the rate of cytology abnormalities was higher than hrHPV positivity in all age groups. Moreover, the two peaks for cytology abnormalities occurred at 60–65 y.o., with the lowest rate at 45–49 y.o., which was the same pattern observed with hrHPV. The study also compared the proportion of women referred for the ThinPrep cytologic test and colposcopy between HPV-based and cytology-based screening methods. We pooled the patients with histology results and compared the methodology of three screening strategies (HPV, hrHPV, and cytology), as shown in Figure 2C. The methodology analysis showed that the sensitivity for HPV (in blue), hrHPV (in yellow), and cytology (in green) strategies was 92.3, 89.5, and 54.4%, respectively. The specificity for HPV, hrHPV, and cytology cohorts was 18.9, 20.7, and 65.1%, respectively.



TABLE 6 HPV infection risk, cytology, and pathological results within three rounds of repeated screening.
[image: Table6]
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FIGURE 2
 The HPV prevalence, cytology, and pathological results in the primary and repeated screening cohorts. (A) Prevalence of hrHPV positivity for all populations and repeated populations within three cycles of screening; (B) Prevalence of hrHPV positivity and cytology abnormality in different age groups; (C) Sensitivity and specificity of HPV (in blue), hrHPV (in yellow), cytology (in green) strategies to detect pathology abnormities; (D) The number of normal/abnormal histology patients for HSIL subtypes in persistent hrHPV infection versus reinfection groups within 1st and 2nd rounds of repeated screening. (E) The follow-up of increased histology events in persistent hrHPV infection and reinfection groups during screening. HSIL: high-grade squamous intraepithelial lesion. y.o., years old. *p < 0.05.


Persistent type-specific HPV infection was defined as the detection of the same hrHPV type at baseline and the follow-up study (13). In our study, 60 individuals had positive hrHPV results within two cycles of screening, 83.3% (50/60) of the hrHPV-positive individuals presented with the same hrHPV subtype and were identified as persistent hrHPV infection within a screening interval of more than 3 years. The remaining 16.7% (10/60) of the reinfection group had a 28.6% (2/7) histology-positive rate in the 1st screening round, and this percentage decreased to 0% (0/6) in the 2nd screening round. For the persistent hrHPV infection subgroup, the histology-positive rate increased from 38.7% (12/31) to 52.6% (10/19), especially for the percentage of the high-grade squamous intraepithelial lesion (HSIL) percentage group, and this percentage significantly increased (p = 0.04) from 3.2% (1/31) to 21.1% (4/19), as shown in Figure 2D. According to the real-world hrHPV and histology data, the increased histology events only occurred (5/14) in the persistent infection group during a follow-up of more than 2000 days, and no events (0/5) occurred in the reinfection group (Figure 2E). More attention should be paid to the persistent hrHPV infection subgroup.




Discussion

The prevalence of 14 hrHPVs and low-risk HPV types 6 and11 was analyzed in 31,942 Chinese women. Here, in our study, the prevalence of hrHPV was 6.6%, which was lower than the 12.6% hrHPV positivity rate reported in the ATHENA trial (5), as well as the 18.63% hrHPV prevalence documented in a separate study conducted in Guangzhou (14). This might be due to our limited inclusion criteria for participants of 34–65 y.o. in only one center. Moreover, we included individuals with a median age of 41 y.o. (IQR: 37–46), which was higher than these two studies. Actually, in our cohort, the hrHPV positivity of 6.6% was similar to another study with an overall HPV infection prevalence of 7.3% in the Guangdong province (15), which was lower than most other regions of China.

The prevalence of cytologic abnormalities was 8.8% in our study, which was higher than both the ATHENA study of 7.1% (5) and one multicenter randomized study of 5.9% with ASC-US+ (16). The elevated percentage observed may be influenced by the real-world data, which indicates that 93.2% (2029 out of 2,177) of HPV-positive patients underwent cytological examinations, in contrast to only 33.1% (9,860 out of 29,765) of HPV-negative individuals. Moreover, this phenomenon was more obvious in the subgroup with pathology results, in which 60.4% (1,315/2177) of HPV-positive and 0.7% (208/29765) of HPV-negative patients underwent pathology examination. The examination data were very low, especially during 2020–2022, which might be affected by both the COVID-19 pandemic and the shortage of medical resources. This data also reflected the real-world data that only the HPV-positive individuals would have further examinations. Moreover, due to the policy support (17), all participants underwent concurrent HPV and cytology tests during 2015–2017. There was a notable decline in the number of individuals receiving cytology tests during 2020–2022, which could be attributed to alterations in policy and the impact of the COVID-19 pandemic.

A previous study on Guangdong province has reported two peaks of HPV infection in the population of less than 25 y.o. (8.2%) and more than 50 y.o. (9.6%) (15). Another study in Guangzhou shows that two peaks were aged <21 and 46–50 years (14). A cross-sectional study presents two peaks: a higher (14–19 y.o.) and a lower one (30–34 y.o.) (18). In our cross-sectional cohort group, we only enrolled primary screening participants aged between 34 and 65 years, which might miss some crucial populations. Notably, we observed two age distribution peaks within the age ranges of 45–49 and 60–64 years, which was similar to previous reports of ages older than 46 years (14, 15). This pattern might be attributed to geographical variations, as our cohort was exclusively drawn from patients at a single hospital in Dongguan. It was also important to highlight that the representation at the extreme ends of our age spectrum was minimal, with only 1 patient aged 34 years and 3 patients aged 65 years. Such low numbers at these points were insufficient for statistical analysis to draw reliable conclusions. Moreover, the peaks for cytologic abnormalities were at 45–49 and 60–64 y.o., which was the same as the phenomenon in the hrHPV group, confirming the real-world data of both hrHPV and the cytology procedure.

Our longitude cohort study had a follow-up of approximately 9 years for a repeated population of 4,219 participants. The hrHPV prevalence was also increased in this repeated screening subgroup over time. While compared to the primary screening cohort, the total percentage was lower than the average percentage of 6.6% hrHPV prevalence rate. One study shows that the negative conversion rate of hrHPV increased to 68.9% within half a year and increased most rapidly within the first 2 years after treatment (19). Another study shows that all subtypes of HPV-negative rates were 81.81, 85.71, and 90.91% at 6, 12, and 24 months, respectively (20). Factors such as age, HPV type, sexual behavior, and initial treatment can affect HPV clearance, yet most HPV-infected women typically remove the virus within 6 to 12 months (21). In our cohort, our hrHPV-negative rate was only 45.8% (50/76) between primary screening and the second screening rounds, which might be affected by our long follow-up of more than 3 years. Additionally, the histology-positive rate significantly increased from 38.7 to 52.6% in the persistent hrHPV infection group, especially for the percentage of HSIL, which significantly increased from 3.2 to 21.1%. The recent longitudinal study, including a multicenter cohort study, has demonstrated the reliable efficacy of a real-time polymerase chain reaction (PCR)-based assay in cervical screening (22). This assay differentiates between HPV16 and HPV18 and 12 other hrHPV types among 9,829 eligible women, with a follow-up of 3 years (22). Another 3-year longitudinal study of 10,186 women reveals that infections with hrHPV types other than HPV 16/18 are responsible for a large number of CIN2 and CIN3+ cases (23). In our study, we conducted a 9-year follow-up involving larger populations. Additionally, by utilizing next-generation sequencing (NGS) techniques, we achieved a high-throughput analysis of 16 specific HPV subtypes.

As this is a retrospective real-world study, certain limitations are inherent, including the use of specific inclusion and exclusion criteria. Patients could choose the treatment options based on their actual clinical condition and willingness. This approach slightly differs from that of the ATHENA study, which indicated that patients did not have prearranged plans for further HPV treatment (5). In our real-world cohort, patients with cervical lesions had physical therapy or excisional treatment. Figure 1 shows the number of participants screened during each cycle, with re-screening based on individual willingness. Consequently, a relatively small proportion of individuals of 29.8, 23.9, and 33.3% underwent repeated screening during the 1st, 2nd, and 3rd rounds, respectively. The slight decrease in participation during the second round from 2020 to 2022 might have been influenced by the COVID-19 pandemic. There is no definitive treatment for HPV infection to date; emerging immunotherapeutic approaches, such as toll-like receptor agonists, therapeutic HPV vaccines, and immune checkpoint inhibitors are under investigation (24). The routine treatment could not guarantee HPV clearance. Other studies on the gene polymorphisms of toll-like receptors and cyclooxygenase-2 in relation to cervical cancer risk hold promise for advancing our understanding of predictive biomarkers, which could significantly enhance the risk stratification for hrHPV (25, 26). Further studies could explore future predictive biomarker development, as well as the pathological outcomes and treatment responses associated with these HPV subtypes, monitored over the course of the follow-up period.

A recent study focusing on primary cervical cancer screening in Latin America has shown that the sensitivity of CIN3+ using cytology and HPV tests was 48.5 and 98.1%, respectively (27). The results were similar to our subgroup with histology results; we concluded that the sensitivity was very high in both the hrHPV screening group (89.5%) and the 16 subtypes group (92.3%) compared to the cytology group (54.4%). The specificities observed in our three groups were notably lower than the reported 96.5% for cytology and 88.7% for HPV testing (27), with our figures being 20.7% for the hrHPV group, 18.9% for the 16 HPV subtypes group, and 65.1% for the cytology group. This discrepancy may be due to the high proportion of HPV-positive individuals in our study cohort, where 93.2 and 60.4% of HPV-positive patients underwent cytological and pathological examinations, respectively, compared to only 33.1 and 0.7% of HPV-negative individuals. In our study, the rapid and low-cost isothermal amplification HPV assay (12), which is priced at half the cost of the ThinPrep cytologic test, could also be recommended because of its high sensitivity and high-throughput characteristics. The findings from this study have the potential to guide future HPV immunization strategies and the development of policies aimed at preventing cervical cancer in Dongguan.



Conclusion

In this real-world study for hrHPV screening among 31,942 Chinese women, the prevalence of hrHPV was 6.6% in the cross-sectional cohort. We also observed two age distribution peaks within the age ranges of 45–49 and 60–64 years. For the longitude cohort study, a repeated population of 4,219 participants with a follow-up of nearly 9 years was investigated. The hrHPV prevalence was decreased in the repeated screening cohort than in the primary screening cohort. It is noteworthy that within the cohort subjected to repeated screening, the subgroup with persistent hrHPV infections exhibited a higher HSIL-positive rate and more histological progression events than the hrHPV reinfection subgroups. Furthermore, the sensitivity of the hrHPV screening group (89.5%) and the 16 subtypes group (92.3%) surpassed that of the cytology group (54.4%). Despite the HPV test having a lower specificity and higher cost compared to cytology, the HPV test should also be considered due to its superior sensitivity and high-throughput capability.



Data availability statement

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



Ethics statement

This study was approved by the Ethics Committee of Dongguan Maternal and Child Health Care Hospital (Ethics approval number: Dongguan Maternal and Child Health Care Hospital-2022-103) and the BGI Genomics (grant no. BGI-IRB 24029). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

HZ: Data curation, Formal analysis, Funding acquisition, Writing – original draft, Writing – review & editing. WP: Data curation, Formal analysis, Writing – original draft, Writing – review & editing. BC: Data curation, Formal analysis, Writing – original draft, Writing – review & editing. JG: Data curation, Validation, Writing – original draft, Writing – review & editing. YL: Data curation, Writing – original draft, Writing – review & editing. GS: Data curation, Writing – original draft, Writing – review & editing. XH: Data curation, Writing – original draft, Writing – review & editing. HY: Data curation, Writing – original draft, Writing – review & editing. HG: Data curation, Writing – original draft, Writing – review & editing. LZ: Data curation, Writing – original draft, Writing – review & editing. ZL: Data curation, Writing – original draft, Writing – review & editing. PZ: Data curation, Supervision, Writing – original draft, Writing – review & editing. SZ: Data curation, Supervision, Writing – original draft, Writing – review & editing. LT: Data curation, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Dongguan Science and Technology of Social Development Program (grant no. 20231800905062).



Acknowledgments

The authors thank all patients who participated in this study and their families.



Conflict of interest

Author BC was employed by company BGI Genomics.

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



Publisher’s note

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



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1409030/full#supplementary-material



References

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

 2. Wang, L
. Accelerating cervical Cancer prevention and control in China to achieve cervical Cancer elimination strategy objectives. China CDC Wkly. (2022) 4:1067–9. doi: 10.46234/ccdcw2022.215 

 3. Singh, D, Vignat, J, Lorenzoni, V, Eslahi, M, Ginsburg, O, Lauby-Secretan, B , et al. Global estimates of incidence and mortality of cervical cancer in 2020: a baseline analysis of the WHO global cervical Cancer elimination initiative. Lancet Glob Health. (2023) 11:e197–206. doi: 10.1016/S2214-109X(22)00501-0 

 4. Burd, EM
. Human papillomavirus and cervical cancer. Clin Microbiol Rev. (2003) 16:1–17. doi: 10.1128/CMR.16.1.1-17.2003 

 5. Wright, TC, Stoler, MH, Behrens, CM, Apple, R, Derion, T, and Wright, TL. The ATHENA human papillomavirus study: design, methods, and baseline results. Am J Obstet Gynecol. (2012) 206:46.e1–46.e11. doi: 10.1016/j.ajog.2011.07.024


 6. Franceschi, S, Cuzick, J, Herrero, R, Dillner, J, and Wheeler, CM. EUROGIN 2008 roadmap on cervical cancer prevention. Int J Cancer. (2009) 125:2246–55. doi: 10.1002/ijc.24634 

 7. Stoler, MH, Wright, TC, Sharma, A, Apple, R, Gutekunst, K, and Wright, TL. High-risk human papillomavirus testing in women with ASC-US cytology: results from the athena HPV study. Am J Clin Pathol. (2011) 135:468–75. doi: 10.1309/AJCPZ5JY6FCVNMOT


 8. Huh, WK, Ault, KA, Chelmow, D, Davey, DD, Goulart, RA, Garcia, FAR , et al. Use of primary high-risk human papillomavirus testing for cervical cancer screening: interim clinical guidance. Obstet Gynecol. (2015) 125:330–7. doi: 10.1097/AOG.0000000000000669


 9. Gottschlich, A, Gondara, L, Smith, LW, Cook, D, Martin, RE, Lee, M , et al. Human papillomavirus-based screening at extended intervals missed fewer cervical precancers than cytology in the HPV for cervical Cancer (HPV FOCAL) trial. Int J Cancer. (2022) 151:897–905. doi: 10.1002/ijc.34039 

 10. Thomsen, LT, Kjær, SK, Munk, C, Ørnskov, D, and Waldstrøm, M. Benefits and potential harms of human papillomavirus (HPV)-based cervical cancer screening: a real-world comparison of HPV testing versus cytology. Acta Obstet Gynecol Scand. (2021) 100:394–402. doi: 10.1111/aogs.14121 

 11. Wu, Q, Zhao, X, Fu, Y, Wang, X, Zhang, X, Tian, X , et al. A cross-sectional study on HPV testing with type 16/18 genotyping for cervical cancer screening in 11,064 Chinese women. Cancer Med. (2017) 6:1091–101. doi: 10.1002/cam4.1060


 12. Chan, AHY, Ngu, SF, Lau, LSK, Tsun, OKL, Ngan, HYS, Cheung, ANY , et al. Evaluation of an isothermal amplification HPV assay on self-collected vaginal samples as compared to clinician-collected cervical samples. Diagnostics. (2023) 13:297. doi: 10.3390/diagnostics13213297 

 13. Sammarco, ML, Del Riccio, I, Tamburro, M, Grasso, GM, and Ripabelli, G. Type-specific persistence and associated risk factors of human papillomavirus infections in women living in Central Italy. Eur J Obstet Gynecol Reprod Biol. (2013) 168:222–6. doi: 10.1016/j.ejogrb.2013.01.012 

 14. Yang, X, Li, Y, Tang, Y, Li, Z, Wang, S, Luo, X , et al. Cervical HPV infection in Guangzhou, China: an epidemiological study of 198,111 women from 2015 to 2021. Emerg. Microbes Infect. (2023) 12:6009. doi: 10.1080/22221751.2023.2176009


 15. Jing, L, Zhong, X, Zhong, Z, Huang, W, Liu, Y, Yang, G , et al. Prevalence of human papillomavirus infection in Guangdong province, China: a population-based survey of 78,355 women. Sex Transm Dis. (2014) 41:732–8. doi: 10.1097/OLQ.0000000000000201


 16. Zhang, J, Zhao, Y, Dai, Y, Dang, L, Ma, L, Yang, C , et al. Effectiveness of high-risk human papillomavirus testing for cervical Cancer screening in China: a multicenter, open-label, randomized clinical trial. JAMA Oncol. (2021) 7:263–70. doi: 10.1001/jamaoncol.2020.6575


 17. Yan, H, Wang, Q, and Qiao, Y. Cervical cancer prevention in China: where are we now, and what’s next? Cancer Biol Med. (2024) 21:1–5. doi: 10.20892/j.issn.2095-3941.2023.0432 

 18. Argyri, E, Papaspyridakos, S, Tsimplaki, E, Michala, L, Myriokefalitaki, E, Papassideri, I , et al. A cross sectional study of HPV type prevalence according to age and cytology. BMC Infect Dis. (2013) 13:2–9. doi: 10.1186/1471-2334-13-53


 19. Song, D, Kong, W, Zhang, TQ, Jiao, SM, Chen, J, Han, C , et al. The negative conversion of high-risk human papillomavirus and its performance in surveillance of cervical cancer after treatment: a retrospective study. Arch Gynecol Obstet. (2017) 295:197–203. doi: 10.1007/s00404-016-4197-4 

 20. Lu, J, Han, S, Li, Y, Na, J, and Wang, J. A study on the correlation between the prognosis of HPV infection and lesion recurrence after cervical conization. Front Microbiol. (2023) 14:14(October). doi: 10.3389/fmicb.2023.1266254


 21. Rositch, AF, Koshiol, J, Hudgens, MG, Razzaghi, H, Backes, DM, Pimenta, JM , et al. Patterns of persistent genital human papillomavirus infection among women worldwide: a literature review and meta-analysis. Int J Cancer. (2013) 133:1271–85. doi: 10.1002/ijc.27828 

 22. Yin, J, Zhang, S, Li, Z, Li, Y, Wang, H, Zhang, X , et al. Impact of high-performance HPV testing to improve cervical cancer screening in China: A prospective population-based multicenter cohort study. Clin Microbiol Infect. (2024) 1:7832. doi: 10.1016/j.cmi.2024.03.035


 23. Song, F, Du, H, Xiao, A, Wang, C, Huang, X, Liu, Z , et al. Type-specific distribution of cervical hrHPV infection and the association with cytological and histological results in a large population-based cervical cancer screening program: baseline and 3-year longitudinal data. J Cancer. (2020) 11:6157–67. doi: 10.7150/jca.48357 

 24. Zou, K, Huang, Y, and Li, Z. Prevention and treatment of human papillomavirus in men benefits both men and women. Front Cell Infect Microbiol. (2022) 12:1–7. doi: 10.3389/fcimb.2022.1077651


 25. Pandey, S, Mittal, RD, Srivastava, M, Srivastava, K, and Mittal, B. Cyclooxygenase-2 gene polymorphisms and risk of cervical cancer in a north Indian population. Int J Gynecol Cancer. (2010) 20:625–30. doi: 10.1111/IGC.0b013e3181c63f79 

 26. Pandey, S, Mittal, RD, Srivastava, M, Srivastava, K, Singh, S, Srivastava, S , et al. Impact of toll-like receptors [TLR] 2 (−196 to −174 del) and TLR 4 (Asp299Gly, Thr399Ile) in cervical cancer susceptibility in north Indian women. Gynecol Oncol. (2009) 114:501–5. doi: 10.1016/j.ygyno.2009.05.032


 27. Ramírez, AT, Valls, J, Baena, A, Rojas, FD, Ramírez, K, Álvarez, R , et al. Performance of cervical cytology and HPV testing for primary cervical cancer screening in Latin America: an analysis within the ESTAMPA study. Lancet Reg Health Am. (2023) 26:100593–11. doi: 10.1016/j.lana.2023.100593



Copyright
 © 2024 Zhong, Pan, Chen, Gu, Liang, Sun, Huang, Yuan, Guo, Zhong, Li, Zhou, Zeng and Tang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		A real-world, cross-sectional, and longitudinal study on high-risk human papillomavirus genotype distribution in 31,942 women in Dongguan, China



		Introduction



		Materials and methods



		Patients’ inclusion/exclusion criteria and relevant clinical data



		Study design



		Statistical analysis









		Results



		Clinical data and HPV prevalence among all eligible women



		Human papillomavirus prevalence, cytology, and pathological status In three cycles of primary screening



		Human papillomavirus infection risk, cytology, and pathological results within three rounds of repeated screening









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

A real-world, cross-sectional, and
longitudinal study on high-risk
human papillomavirus genotype
distribution in 31,942 women in
Dongguan, China












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-12-1409030-t003.jpg
HPV positive, n (%)

Screening year

2015-2017
2020-2022
2023

HPV, human papillomavirus.

Total, n HPV hrHPV
6360 323 (5.1%) 308 (4.8%)
16,762 1198 (7.1%) 1,166 (7.0%)
8820 656 (7.4%) 634(7.2%)





OPS/images/fpubh-12-1409030-t004.jpg
Thinprep cytologic test

Screening Total, n NILM ASC-US  ASC-H LSIL HSIL scc AGC, favor
year neoplastic
2015-2017 6360 6011 264 15 51 12 3 4 0
2020-2022 1,053 674 202 2 115 39 0 0 1
2023 4332 4031 208 1 53 23 0 4 2

AGC, atypical glandular cells; ASC-US, atypical squamous cells o uncertain significance; ASC-H, atypical squamous cells, cannot rule out HSIL; HSIL, high-grade squamous intraepithelial
lesion; LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesions or malignancies; SCC, squamous cell carcinoma.





OPS/images/fpubh-12-1409030-t001.jpg
Characteristics

Agey
Mean:SD 426467
34-39, n (%) 13,373 (41.9%)
40-49, n (%) 13,362 (41.8%)
50-59, n (%) 4,514 (14.1%)
60-65, 1 (%) 693 (22%)

HPV prevalence results

HPV52 614.(19%)
HPV58 290 (0.9%)
HPV16 282 (0.9%)

hrHPV positive, 1 (%) 2,108 (6.6%)
HPV positive, 1 (%) 2,177 (68%)

Thinprep cytologic test 11,745
NILM 10716
ASC-US 674
ASCH 48
1SIL 219
HSIL 7
sce 3
AGC 8
AGC, favor neoplastic 3

Pathological biopsy 1523
Cervicitis 811
LSIL 496
HSIL 198
AIS 3
Carcinoma 15

AGC, atypical glandular cells; AIS, adenocarcinoma in situ; ASC-US, atypical squamous cell
of uncertain significances ASC-H, atypical squamous cels, cannot rule out HSIL; HPV:
human papillomavirus; hrHPV; high-risk human papillomavirus; HSIL, high-grade
squamous intraepitheliallesion; LSIL low-grade squamous intracpithelia lesion; NILM,
negative for intracpithelial lesions or malignancies; SCC, squamous cell carcinoma; D,
standard deviation.






OPS/images/fpubh-12-1409030-t002.jpg
Age group, y

Total, n

HPV positive, n (%)

HPV

hrHPV

34-39

40-44
45-49
50-54
55-59
60-65

HPV, human papillomavirus.

13373
8,441
4921
2836
1678
693

878 (6.6%)
593 (7.0%)
353 (7.2%)
172(6.1%)
122(7.3%)

59(8.5%)

844 (6.3%)
577 (68%)
343 (7.0%)
166 (5.9%)
119 (7.1%)

59 (8.5%)





OPS/images/fpubh-12-1409030-t005.jpg
Pathological biopsy, n (%)

Screening year Total, n Cervicitis HSIL AIS Carcinoma
2015-2017 324 2 55 37 0 10
2020-2022 782 399 275 102 3 3
2023 a7 190 166 59 0 2

AIS, adenocarcinoma in situ; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion.





OPS/images/fpubh-12-1409030-t006.jpg
HPV positive, n

(%)
Screening Total,n  HPV hrHPV  NILM ASC-
round us
15t (15-17) 1,896 76(40%) 73 (3.9%) 1,800 80
2nd (20-22) 4003 | 223(56%)  212(5.3%) 127 42
3rd (23) 2936 182(62%) | 175 (6.0%) 1513 77

ASC-H

3

Thinprepcytologic test

LSIL HSIL 5EE]

9 1 0
2 4 0
13 2 1

AGC,
favor
neoplastic

Cervicitis

55
90

72

Pathological biopsy

LSIL HSIL

14 8
64 15
52 6

Carcinoma

AGC, atypical glandular cells; ASC-US, atypical squamous ells of uncertain significance; ASC-H, atypical squamous cells, cannot rule out HSIL HPY: human papillomavirus; hrHPY: high-risk human papillomavirus; HSIL, high-grade squamous intraepithelillesion;
LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesions or malignancies; SCC, squamous cell carcinoma,





OPS/images/fpubh-12-1409030-g001.jpg
A baseline (cross-sectional) phase

31,942 women aged 34-65
years old were included

4,219 women underwent
repeated screening

I

I

From 2015 to 2017,
6,360 enrolled women had HPV tests;
6,360 had cytologic tests;
324 had pathology tests

From 2015 to 2017,
1,896 enrolled women had HPV tests;
1,896 had cytologic tests;
78 had pathology tests

[

[

From 2020 to 2022,
16,762 enrolled women had HPV tests;
1,053 had cytologic tests;
782 had pathology tests

From 2020 to 2022,
4,003 enrolled women had HPV tests;
200 had cytologic tests;
169 had pathology tests

[

[

In 2023,
8,820 enrolled women had HPV tests;
4,332 had cytologic tests;
417 had pathology tests

In 2023,
2,936 enrolled women had HPV tests;
1,609 had cytologic tests;
130 had pathology tests

I

I

A total of 31,942 eligible women were enrolled for primary screening, among whom 4,219

underwent at least two rounds of HPV tests, and 397 completed three

aseyd (Jeuipnyibuoj) dn-moj|o} Jesk-g v





OPS/images/fpubh-12-1409030-g002.jpg
Sensitivty (5)

8 70 72 140
7
N s 120
H 48 ) 5
Fad 53 £ 100
- 3
3 g
23 = —e=Al population & 80
g 59 —e—hrHPY positvity
iz —Repeated 60
1 population —e—cytology
e abnormaity
° 5 Z 339 4044 4549 5054 5559 6065
& ©o) o) (o) (o) (o) (vo)
Screening cycle
D E
11008
o £ 10]
5 o 3 10
B 5 — &
oo |22 S = CenitsrtsiL § ~- Reinfection group
€ 5 ~— Persistent infection group
o008 207, fn - s £ 0sq
s 5 2
2008 & g
s H - g P=0.27, HR:0.26, 95%CI: 0.03-2.03
6008 sean i 2 50l
s £ 0 w0 1000 130 2000 2500
idon Number at risk Days.
0on  200n  400n  G00n  Goon 10008

Specificity (5)

Reinfection| 5 5 5 5 5
Persistent (14 14 12 9 9





