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Abstract

Objective: To understand the changes of high-risk human papillomaviruses (HR-HPV) infection and detection of cervical high-grade squamous intraepithelial lesion or higher (HSIL+) from  2012 to 2021. 
Design: Retrospective observational study.

Setting: A tertiary hospital in northwest China.
Population: Women aged >25 years who underwent primary HR-HPV testing and referred for colposcopy biopsy from January 2012 to December 2021.  
Methods: The trends of HR-HPV infection and detection of HSIL+ were described and analyzed. All participants were divided into four groups with 25-35, 36-45, 46-55, and >55 years, respectively.
Main outcome measures: HR-HPV infection was screened out by HPV examination. Cervical cancer and HSIL were confirmed in biopsies. 

Results: Our data indicated that the HR-HPV infection rate showed a general decreasing trend  (APC = -7.34%, 95%CI: -11.38% ~ -3.13%) from 2012 to 2021. Population with the highest infection rate of HR-HPV was over 55 years group. On the contrary, the detection rates of cervical 

HSIL+ showed an increasing trend (APC=15.30%, 95%CI: 9.64% - 21.25% ). However, the detection rate of cervical cancer showed a downward trend (APC = -12.65%, 95%CI: -17.68% - -7.32%). Unsurprisingly, the detection rate of cervical lesions in population over 55 years was the highest among different groups. The common HR-HPV subtypes were HPV52 (20.96%), HPV16 (16.70%), HPV58 (13.95%), HPV56 (13.04%) and HPV51 (12.31%). 

Conclusions: Our data suggested that proactive prevention and screening measures helped to decrease HR-HPV infection rates and decrease detection rate of cervical cancer past ten years and should be further advocated in other areas.
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Tweetable abstract: This was retrospective analysis of women over 25 years old who underwent HPV testing in the Karamay central hospital from January 2012 to December 2021. Our data indicated that the HR-HPV infection rate showed a general decreasing trend. The detection rates of cervical HSIL+ and LSIL+ showed an increasing trend. However, the proportion of cervical cancer in cervical lesions showed a downward trend. Both infection rate of HR-HPV and the detection rate of cervical lesions were the highest in the over 55 years group. The common HR-HPV subtypes with high infection rate were HPV52, HPV16 , HPV58, HPV56 and HPV51.
1  INTRODUCTION 
Cervical cancer is a common malignancy that threatens global women's health. According to a recent epidemiology study, 604,000 new cervical cancer patients and 342,000 deaths were identified worldwide in 2020 including 109,741 new cases and 59,060 deaths in China.1 It has been well established that high-risk human papillomaviruses (HR-HPV) infection is one of the main causes for cervical cancer as well as cervical precancerous lesions. 2,3,4 HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68 are known to be related to the occurrence of cervical cancer. 5-6 Previous studies suggest that differences of the infection rate and popular HR-HPV subtypes exist in different regions of the world. 7-10 Both cervical low-grade squamous intraepithelial lesion (LSIL) and high-grade squamous intraepithelial lesion (HSIL) are precancerous lesions that can progress into cervical cancer. The long disease course progressing from asymptomatic HPV infection to cervical precancerous lesions, and eventually into cervical cancer has been well identified. 11 Therefore, early identification of HR-HPV infection, LSIL and HSIL are important to prevent the development of cervical cancer. 12-13 HR-HPV testing method has achieved significant improvement in efficacy and reliability, which has become one of the primary screening methods for cervical cancer. 14 To decrease the incidence of cervical cancer, it has been suggested that at least 70% of women aged 35- 45 years should be screened for cervical cancer HR-HPV infection.15 As increasing number of people started to receive regular cervical cancer screening, the incidences of cervical HR-HPV infection and associated cervical lesions including LSIL, HSIL and cervical cancer have also changed. Therefore, updated epidemiology study is needed to describe the incidence of HR-HPV infection and cervical lesions in regional areas. This study aimed to described the changes of HR-HPV infection and cervical lesions detection from 2012 to 2021, to provide future directions for the effective implementation of cervical cancer prevention. 

2  MATERIALS AND METHODS 

2.1  Study subjects

From January 2012 to December 2021, women over 25 years old who received either organized or opportunistic cervical cancer screening in the Karamay central hospital were retrospectively analyzed in this study. Our data showed that the number of women who received cervical HR-HPV testing in 2012-2021 were 8391, 7106, 5842, 9895, 9153, 7528, 7864, 8119, 10048 and 11483, respectively. All screened participants were divided into four age groups: 25-35 years (n=18015, 21.09%), 36-45 years (n=35077, 41.06%), 46-55 years (n=29948, 35.06%), and >55 years (n=2389, 2.80%). The cervical lesions (LSIL, HSIL and cervical cancer) were identified by cervical biopsy under colposcopy in HR-HPV positive participants. This study was approved by the ethics committee of the Karamay central hospital.
2.2  HR-HPV testing  

Vaginal scrubbing, vaginal medication, and sexual life were prohibited within 72 hours before the sampling. Cervical exfoliated cells were collected into ThinPrep preservation solution for HR-HPV testing. From 2012 to 2015, the HC2 (Qiagen, Germany) was used for quantitative detection of HPV DNA which had been replaced by the Cobas 4800 (Roche, USA) HPV DNA test kit since then. The detection kit was designed to identify 14 carcinogenic HR-HPV genotypes: HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68. HPV16 and HPV18 were highlighted and the rest were marked as others. Since 2019 to 2021, 1641 cases of HR-HPV positive women were randomly selected, and HPV genotyping (HEAS, China) kit was also used to detect 28 HPV subtypes, including 15 HR-HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 82. Testing was accomplished following manufacture’s instruction. HPV testing laboratories and personnel were properly trained and qualified.

2.3  Identification of cervical lesions

Women with HR-HPV infection who need further diagnosis received colposcopy. Colposcopy was performed by specially trained colposcopy doctors following standard protocol. Specially, 3% ~ 5% acetic acid solution and Lugo iodine solution were used to evaluate the suspected cervical lesion area, and multipoint biopsies were collected and sent for pathology examination. The pathology results were classified into normal or inflammatory cervix (NILM), LSIL, HSIL and cervical cancer by pathologists based on the WHO classification of female reproductive organ Oncology (2014 Edition). In this study, LSIL+ lesions included LSIL, HSIL and cervical cancer, while HSIL+ lesions included HSIL and cervical cancer.

2.4  Statistics
The database was established by Excel (version 2013) and analyses were conducted by the Joinpoint Regression Program software (version 4.9.0.1) provided by the National Institute of the United States. Descriptive statistical analysis was performed to describe the different age groups of HR-HPV testing and the distribution of HR-HPV genotypes using indicators such as frequency and rate. The trend analyses of HR-HPV infection rate and cervical lesion detection rate were carried out by using the Joinpoint Regression Program software. The results were expressed in annual percentage change (APC) and 95% confidence intervals (95% CIs). The existing node represented the junction point of upward trend and downward trend where APC > 0 indicated upward trend, and APC < 0 referred to downward trend. P < 0.05 was considered statistically significant. Application R4.0.3 was used to draw compound line chart, stacked bar chart and histogram.

3  RESULTS 

3.1  HR-HPV infection rate
The overall infection rate of cervical HR-HPV was 15.26% (13036), and the annual infection rates were 16.40%(1376), 20.81%(1479), 25.20%(1472), 19.71%(1950), 13.80%(1263), 13.42%(1010), 12.98%(1021), 12.86%(1044), 11.47%(1153) and 11.04%(1268), respectively. Two stages were identified in the trend including an upward trend from 2012 to 2014 (APC = 12.55%, 95%CI: -21.96% - 62.30%), when annual change was not statistically significant (P > 0.05), and a downward trend from 2014 to 2021 (APC = -10.49%, 95%CI: -14.75% - -6.01%) when the annual change was statistically significant (P < 0.05). From 2012 to 2021, The overall infection rate of HR-HPV showed a downward trend (APC = -7.34%, 95%CI: -11.38% - -3.13%，P < 0.05). (Table 1, Figure 1). 

3.2  Changes of cervical lesions

The detection rates of cervical cancer, HSIL+ and LSIL+ from 2012 to 2021 were shown in Table 1. From 2012 to 2021, the detection rate of HSIL+ increased from 2.47% to 12.30%, and the detection rate of LSIL+ increased from 3.92% to 24.37%. The results of time trend analysis showed that the detection rates of cervical HSIL+ and LSIL+ showed an upward trend from 2012 to 2021 (APC = 15.30%, 95%CI: 9.64% - 21.25%; APC = 19.36%, 95%CI: 13.31% - 25.74% P < 0.05). However, the proportion of cervical cancer in cervical lesions decreased from 20.37% to 3.88% gradually over the past few years following a downward trend (APC = -12.65%, 95%CI: -17.68% - -7.32% P < 0.05 ). (Table 1, Figure 1). 

3.3  HR-HPV infections in different age groups

Our data showed that more individuals in the 36-45 years old group and 46-55 years old group received HR-HPV testing compared to individuals in the > 55 years old group (Figure 2). 

Meantime, the HR-HPV infection rate was the highest among women over 55 years old, followed by women with 25-35 years old. Similar to the general population, the HR- HPV infection rate increased in each age group from 2012 to 2014, with APC of 22.52% ( 95%CI: -16.25% - 79.25%), 12.55% ( 95%CI: -26.99% - 73.49%), 7.27% ( 95%CI: -29.11% - 62.34%), and 5.55% ( 95%CI: -36.02% - 74.13%), respectively. However, no significant differences were identified in annual change trend (P > 0.05). From 2014 to 2021, the infection rate showed a downward trend, with APC of -9.67% ( 95%CI: -13.25% - -5.59% ), -11.63% ( 95%CI: -17.54% - -5.30%), -11.03% ( 95%CI: -15.55% - -6.27% ), and -13.03% ( 95%CI: -16.41% - -9.52%), respectively, and the difference of annual change trend was statistically significant (P < 0.05) ( Figure 3).   
3.4  Changes of cervical lesions in different age groups

The detection rates of HSIL+ and LSIL+ were not consistent in different age groups from 2012 to 2021. The annual detection rates of LSIL+ and HSIL+ were the highest among women in the over 55 years group and no obvious trend from 2012 to 2021 was identified (APC of 2.35%, 95%CI: -9.86% - 16.21% and 8.73%, 95%CI: -2.90% - 21.75%, P > 0.05). The detection rates of HSIL+ in other three groups were similar and showed an upward trend from 2012 to 2021, with APC of 19.74% ( 95%CI: 13.47% - 26.34% ), 13.28% ( 95%CI: 5.67% - 21.45% ), 15.13% ( 95%CI: 3.28% - 28.34% ), respectively with statistically significant annual change (P < 0.05). (Figure 3).
The detection rates of LSIL+ in other three groups also were similar and showed an upward trend from 2012 to 2021, with APC of 20.16% ( 95%CI: 14.11% - 26.53%); 18.59% ( 95%CI: 9.83% - 28.06% ), and 20.35% ( 95%CI:11.71% - 29.66% ), respectively with statistically significant annual change (P < 0.05). (Figure 3).
3.5  Occurrence of HR-HPV subtypes

The study examined 1641 cases of HR-HPV infection with specific typing from 2019 to 2021. Single infection (1316, 80.20%) was the most common infection type in general population and in all specific age groups while multiple infections (325, 19.80%) also occurred. The most common 10 subtypes of HPV infection were as follows: HPV52(n=344, 20.96%), HPV16(n=274, 16.70%), HPV58(n=229, 13.95%), HPV56(n=214, 13.04%), HPV51(n=202, 12.31%), HPV66(n=129, 7.86%), HPV39(n=114, 6.95%), HPV18(n=88, 5.36%), HPV68(n=77, 4.69%), HPV31(n=72, 4.39%). Notably, HPV 52, 16, 58 were the most common identified subtypes in this area along with HPV 56 and 51.(Figure 4).

4  DISCUSSION 

4.1  Main findings

This study provides evidence the HR-HPV infection rate showed a downward trend, while the detection rate of HSIL+ and LSIL+ showed an upward trend among women from 2012 to 2021. Especially, the proportion of cervical cancer in cervical lesions showed a downward trend. Both HR-HPV infection rate and detection rate of cervical lesions were the highest among women over 55 years old. The common HR-HPV infection subtypes were HPV52, HPV16, HPV58, HPV56 and HPV51.

4.2  Interpretation  
Cervical cancer is the fourth most common cancer among women globally and hundreds of thousand new patients are diagnosed each year and also a considerable burden in China. 16 HPV vaccination and cervical cancer screening are available in most regions, and the awareness has been increasing over past few years due to proactive promotion from both physicians and public media. The cervical HPV infection rate varies considerably in different regions of China.17-21 The difference may be associated with study design, population composition, and geographic region. 22 According to our study, the characteristics of HR-HPV infection has also been changing. The overall HR-HPV infection rate showed a downward trend. The overall HR-HPV infection rate was 15.26% in our study which was slightly higher than the 14.02% reported by Wang Jing from 2009 to 2018, 23 which may be related to the different time period of our study. The infection rate of HR-HPV in 2015 was 19.71% in this study, which was similar to the 19.0% reported by Peking University in 2015.24 The total infection rate of HR-HPV was 13.5% in Xi'an from 2018 to 2020,25 which was higher than this study. This study showed that the HPV infection rate decreased significantly in 2015 and continued to decline from 2016 to 2021. This might be explained by the fact that the HPV vaccination was first initiated in 2015 in the Karamay City and further promoted in 2016. The significant decreased incidence of HR-HPV infection afterwards indicating that the initiation and promotion of HPV vaccination are successful in this region.

  Previous studies indicated that the infection rate of HPV varies by age, 26 which is higher in younger women and women aged 45 years or older. 27-28 However, many recent reports suggested that the cervical HR-HPV infection rate is higher in women aged 50 or older. 29-31 In this study, that incidence of HR-HPV infection was the highest in women over 55 years old, followed by women in the 25-35 years range which was similar to a previous study. 25,29,30,32 It was interesting that even though the infection rate was the highest, the testing rate of HR-HPV in this group was the lowest. The relatively low screening rate could be explained by the many women with advanced age did not come to see doctors until when they presented with clinical symptoms such as vaginal bleeding or abnormal vaginal secretion. Therefore, it is necessary to promote the awareness and necessity of HR-HPV screening in elderly women.

  Cervical cancer has a long preclinical phase that can last decades without presenting any symptoms. Effective screening is valid measure to detect precancerous lesions before it progresses to invasive cancer. Research demonstrated that HPV testing has superior sensitivity for detecting HSIL+ disease compared to cytology testing. 33 In this study, the initial referral reason for colposcopy was cytological abnormalities, followed by identification of high-risk HPV16, 18 and continuous HR-HPV positivity. This study showed that the detection rate of HSIL+ increased while the rate of cervical cancer decreased over past ten years. These trends showed that we successfully identified more patients in the preclinical phase compared to the past. The highest detection rate of cervical LSIL+ and HSIL+ in this study was also women over 55 years group. In addition, this study showed that the detection rate of LSIL+ and HSIL+ displayed upward trend in the age groups of 25-35, 36-45 and 46-55 over past few years. Fortunately, no significant upward trend was identified in women over 55 years old in our study. 

  Many studies show that cervical HR-HPV was dominated by single infection. 25,29,31,34 In this study, 1316 cases (80.20%) were single HR-HPV infections, and 325 cases (19.80%) were multiple HR-HPV infections, which was in accordance with other studies. 23,31,35 It has been controversial whether multiple HR-HPV infection is more likely to develop into cervical precancerous lesions and cervical cancer. 36-37 This study was not powered to examine this question and will be addressed in future studies. The distribution of HR-HPV subtypes varies in different regions and countries. 38-39 The most common HR-HPV subtypes worldwide are HPV16,18, 31, 52, and 58, 40 and the most common HR-HPV subtypes in Asian are HPV 16, 52, 58, 18, and 56. 41-42 The distribution also varies within China. 29,31,37,43 The most common HR-HPV subtypes in Xinjiang reported by Wang Jing in 2019 were HPV 16, 52, 58, 53 and 31. 23 The most common five subtypes of HR-HPV infection in this study were HPV 52, 16, 58, 56 and 51. However, whether these differences with any clinical meaning has not been well examined. But the result of this study can provide reference for regional proper HPV vaccination.

4.3  Strengths and Limitations

The main strengths of this study is that it is a ten-year retrospective observational study with relatively complete data. Additionally, this study provides valuable information that could be used for comparing the effect which have undergone a similar cervical cancer screening. This study shows the achievements in prevention of cervical cancer and the parts that need to be strengthened.
  We acknowledge some limitations of this study. In this study, a large portion of participants were lost during the follow-up therefore which might not accurately reflect the cervical lesions caused by persistent HR-HPV infection. In addition, the subtype of HR-HPV infection was not detected in a large portion of participants due to limitation of testing methods. Furthermore, even though we observed a decline of HR-HPV infection rate after the implication of HPV vaccination in the Karamay City, we did not collect vaccination data in our cohort therefore lacked the power to examine the association between these two events. 
5  CONCLUSION

This study showed that the cervical HR-HPV infection rate decreased from 2012 to 2021. Although the detection rate of cervical lesions showed an upward trend, the rate of cervical cancer displayed a downward trend which indicated that the current preventive measures and screening methods effectively protected women at risk. However, more efforts should be paid to increase the awareness of HPV screening in women over 55 years old. Despite the global outbreak of the COVID-19, the number of cervical HPV testing did not decrease in 2020 and 2021, and the HR-HPV infection rate and cervical cancer detection rate also continued to decline. Our findings indicate that the COVID-19 pandemic has no significant impact on cervical cancer screening in this region. The common HR-HPV subtypes in this region were HPV52, 16, 58, 56, and 51 which shed light upon future direction of cervical screening and vaccination in this region. 
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