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Abstract

Background: The aim of this paper was to conduct a baseline survey of HPV infection in unvaccinated women in
Xinjiang Uyghur Autonomous Region before the mass use of HPV vaccine.

Methods: Between 2008 and 2018, the HPV genotype detected by a PCR-based hybridization gene chip assay of
37,722 women who were from Gynecology Department and Health Management Center of the First Affiliated
Hospital of Xinjiang Medical University were tested HPV genotype by a PCR-based hybridization gene chip assay. All
statistical analysis methods were performed with this statistical software including Python version 3.6.1, R Software
3.5.1 and Excel 2011.

Results: The total positive rate for HPV was 14.02%, the most prevalent genotypes were HPV 16 (3.79%), HPV 52
(2.47%), HPV 58 (1.76%), HPV 53 (1.35%) and HPV 31 (0.72%). The single infection (11.34%) and high-risk HPV
(HR-HPV) infection (9.72%) was the main prevalence of HPV. Age-specific HPV distribution was presented as a
bimodal curve, while the youngest age group (≤25 years) presented the highest HPV infection rate (20.78%), which
was followed by a second peak for the 36–40 age group. According to the ethnic stratification, the HPV infection
prevalence ranging from the high to low was: Mongol (16.36%), Hui (15.15%), Kazak (14.47%), Han (14.43%), Other
(14.37%), Uygher (10.96%). From 2009 to 2013, the HPV infection rate fluctuated but did not changed much. It
peaked in 2014 and then fell significantly, reached the bottom point in 2017 and rose slightly in 2018. In 2015, the
infection rate of HPVl6 and 52 in the population was almost the same (both 3.40%) the infection rate of HPV52 type
(3.31%) was higher than that of HPVl6 type (2.18%) and became the dominant type in 2016.

Conclusions: We present data regarding the prevalence and type distribution of HPV infection, which could serve
as the valuable reference to guide nationwide cervical cancer screening. These baseline data enable the estimates
of maximum HPV vaccine impact across time and provide critical reference measurements which are important to
the assess of clinical benefits and potential harms in HPV vaccination and the increase in non-vaccine HPV types.
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Background
Cervical cancer (CC) is the fourth most common can-
cer in women worldwide. Every year, approximately
570,000 new cases and 310,000 deaths of CC are re-
ported around the world, 85% of which have taken
place in developing countries [1]. As the most
populous developing country, China faces serious bur-
den of cervical cancer. According to the latest cancer
statistics from the national cancer center, there were
98,900 new cases of cervical cancer in China in 2015,
with an incidence rate of 6.25%, up 0.21 percentage
points from 6.04% in 2014. There were 30,500 deaths
with a mortality rate of 3.96%. The cervical cancer in-
cidence rate of different regions in China from high
to low was: the central, the western and the eastern
region. The mortality rate in the western region is
slightly higher than that in the central region, and the
eastern region is the lowest, which is related to the
low prevalence of cervical cancer screening and high
HPV infection rate in less developed regions. Xinjiang is
located in the northwest of China, the incidence of cer-
vical cancer has been at a high level. Screening results
have indicated that the incidence and mortality rate of
cervical cancer are 459–590/100,000 and 17.78/100,000,
respectively, for women who live in Xinjiang [2]. These
numbers are obviously higher than those reported for
other ethnic groups.
Human papillomavirus (HPV) infection is the most

common sexually transmitted viral infection world-
wide, with approximately 75% of sexually active men
and women exposed to HPV during their lives [3].
HPV is an etiologic factor for the malignant lesions
of cervix, vagina, vulva, and penis, and genital warts
[4]. According to a report of the International HPV
Reference Center, the HPV family is made up of 202
different genotypes [5]. Among the 202 patients,
about 40 are found in the female genital tract [6]
and could be divided. According to their ability to
produce malignancy, they were classified as high-risk
types (HR-HPV), which might lead to carcinogenic
progression of lesions (e.g. HPV 16 and 18) [7], and
low-risk types (LR-HPV) (e.g. HPV 6 and 11), in
which the high grade cervical lesions (HSIL) were
rarely found, but produced the majority of genital
warts [8, 9].
The discovery that the persistent HR-HPV infec-

tion causes cervical cancer and the HPV is a neces-
sary cause of cervical cancer [10, 11] has changed
the global strategy for cervical cancer prevention in
the twenty-first century. Because of the accumulated
knowledge of the causal relationship between HPV
infection and CC over the past three decades, the
detection of the viral DNA became an attractive ap-
proach to identify women at risk for developing CC

[12, 13]. HPV DNA testing is widely used around
the world as one of the main methods for secondary
prevention of cervical cancer. Primary prevention
could be achieved by injecting HPV preventive vac-
cine. With the development of research, it has been
found that prophylactic HPV vaccination could effectively
prevent the occurrence of precancerous lesions and cer-
vical cancer. Estimation of pre-immunization prevalence
of HPV and distribution of HPV types are the funda-
mental to understand the subsequent impact of HPV
vaccination. A growing number of studies have been
investigated into the prevalence and genotype distri-
bution of HPV in many geographical regions and the
results vary considerably [14–17]. Knowledge on the
distribution of individual HPV types in different geo-
graphical areas is essential for the optimization of
cervical cancer preventive strategies such as vaccin-
ation and HPV-DNA primary screening [18].
Cervical cancer vaccines have been available in

more than 130 countries and regions around the
world over the past decades and are widely vacci-
nated among females. Based on good clinical protec-
tion and safety data from HPV vaccines, the world
health organization (WHO) has also issued recom-
mendations to encourage the use of HPV vaccines in
the appropriate population to reduce the incidence
of cervical cancer. Data released by the National
Bureau of Statistics of China showed that the total
population of the mainland was 1.375 billion at the
end of 2015, among which the female population
was 670,480,000(48.76%), the proportion of women
aged 0–45 was about 84.02%, suggesting that a large
number of women were at an age appropriate for
HPV vaccination. The first approved HPV vaccine
was officially launched on July 31, 2017 in China. At
present, only a small number of females of the right
age have been vaccinated against HPV-related dis-
ease in China, especially in Xinjiang. Up to now,
there was no large sample study on the genotype
prevalence of HPV in Xinjiang. The aim of this
paper was to conduct a baseline survey of HPV in-
fection in women in Xinjiang before the mass use of
HPV vaccine. It would lay a foundation for the ob-
servation of the efficacy of HPV vaccine and HPV
genotype change after vaccination in the future.

Methods
Study participants and setting
A total of 37,722 females aged 13–89 years were
enrolled in this study from November 2008 to July
2018. All participants were from Gynecology Depart-
ment and Health Management Center of the First
Affiliated Hospital of Xinjiang Medical University.
The patients visited the hospital for various reasons,
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including physical examination, infertility, vaginitis,
cervicitis, undiagnosed abdominal pain, genital warts
and cervical intraepithelial neoplasia. Clinical data
were collected from the participants, and a molecu-
lar survey of HPVs was conducted. All the women
enrolled in this study had sexual life history, and the
study excluded those who were pregnant at the time
of enrollment, who had been vaccinated against
HPV, who had undergone hysterectomy, who suf-
fered from cervical cancer and received radiation
and chemotherapy, and who had undergone colpos-
copy in the 24 months prior to the enrollment. All
participants were told to refrain from sexual activity
and avoid washing the genitals for 48 h before sam-
ple collection. Eligible women were included in the
study after signing an informed consent form.
Quality control of HPV genotyping and data input

procedures were implemented throughout the study,
which was conducted in accordance with the Good
Epidemiological Practice Guidelines and the Princi-
ples of the Declaration of Helsinki and was approved
by First Affiliated Hospital of Xinjiang Medical Uni-
versity ethics committee. Quality control of HPV
genotyping included sample quality requirements,
test quality requirements, test report entry and issu-
ance, and molecular diagnostic item analysis per-
formance standards. The sample container was a
disposable HPV collection tube. When receiving the
sample, there was a clear identification and the
uniqueness of identification was ensured. The sample
for secondary testing could be traced back to the
original sample, and the label on the sample was
consistent with the label on the application form.
Samples were rejected under the following circum-
stances: if the application form was filled with il-
legible handwriting or there was doubt, the sample
storage solution was less than 1 ml, and the volume
of the sample transferred to the secondary catheter
was less than 1 ml. The original sample, nucleic acid
extractive and/or nucleic acid amplification products
stored in − 80 °C refrigerator, were used for recheck.
Test Quality included External Quality Assessment
(EQA) and Internal Quality Control (IQC). HPV test
in our hospital participated in the quality evaluation
system of the clinical test center of the national
health and family planning commission, and all of
them were qualified. Qualified laboratory staff oper-
ate were in strict accordance with standard operating
procedures, and weakly positive and negative quality
control products were randomly placed among clin-
ical samples for each test to monitor the accuracy of
the experiment. Laboratory staff recorded the experi-
ment process in detail, analyzed the quality control
results, if the results were out of control, the reasons

for the control would be judged, the corrective mea-
sures would be taken, and then the corrective results
would be evaluated. The person in charge of the la-
boratory should regularly supervise the results of in-
ternal quality control. When the experimental data
were input, double check was used. The original ex-
perimental records were retained for each experi-
ment. For the failed experiment and unsatisfactory
results, the reasons were analyzed and the recheck
was conducted. Molecular diagnostic item analysis
performance standards: After equipment fault repair,
analysis system comparison: 5 samples, covering the
test interval, at least 4 samples measurement results
bias<±7.5%. Retention sample retest criteria: accord-
ing to the stability requirements of the project, the
longest duration samples were selected, with 5 sam-
ples covering the test interval and at least 4 samples
with the test result bias<±7.5%. Test criteria for
inter-batch difference of reagent: 5 samples tested
with old batch number, covering measurement inter-
val (including negative, critical, low, medium and
high values), and at least 4 samples with test result
bias<±7.5%.

Sample collection and management
After the cervix uteri were fully exposed with the aid
of a vaginal speculum, a specially designed cervical
brush (known as a cytobrush) gently scoured the cer-
vix uteri through clockwise 5 rotations to obtain the
cervical secretions and cells needed for further test-
ing. The samples were placed in a cell preservation
solution and stored at 2–8 °C until HPV DNA extrac-
tion and genotyping could be performed. The HPV
genotype testing of the samples was completed within
a week.
The transfer of samples is the responsibility of the

nursing staff, the hospital is equipped with a portable
thermostat to facilitate the transfer of special speci-
mens, HPV typing test samples belong to this kind of
special specimens.Our process was that the clinician
taked the samples and placed the samples in the re-
frigerator of the department (2–8 °C), and then the
nurse placed the samples in a portable thermostat (2–
8 °C), finally the samples were put in the laboratory
refrigerator. Since 2008, our hospital began to carry
out HPV typing detection. This study retrospectively
analyzed all patient data in the existing database that
were complete and available.

HPV DNA extraction, PCR amplification and genotyping
This part of methodology has been elaborated in my
previous articles [19] and will not be repeated here.
DNA was extracted by magnetic bead method, and
the negative and positive quality control products
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were extracted throughout the whole process. After
the extraction was completed, the concentration and
purity of nucleic acid were tested by ultraviolet spec-
trophotometer. Quality control in genotyping detec-
tion, on the one hand, negative and positive quality
control was added, on the other hand, the microarray
for detecting the chip contained five QC.BC.PC.NC.IC
quality control points.

Statistical analysis
Analyses were done with Python (version 3.6.1), R
Software (version 3.5.1) and Excel (version 2011).
Descriptive statistical analysis was performed on the
distribution of HPV genotypes using indicators such
as frequency and prevalence. Chi square testing was
used to test for the differences in HPV prevalence
between simple infection and multiple infection in
different age groups, time groups, and ethnic groups.
Chi square tests were also conducted to test for dif-
ferences in HPV prevalence among HR HPV infec-
tion, LR HPV infection and Mixed HPV infection in
different age groups, time groups, and ethnic groups.

Result
Prevalence and genotype distribution of HPV
Through nearly a decade of surveillance, a total of
37,722 objects’ samples were collected and detected
by HPV genotype. The genotype test showed 5287
samples were HPV positive, so the overall prevalence
of HPV in the study population was 14.02% for all
types.
The details of genotypes distribution of HR-HPV and

LR-HPV were shown in Table 1 and Fig. 1, the most
common 10 genotypes of HPV infection were as follows:
HPV 16 (1462, 3.79%), HPV 52 (953, 2.47%), HPV 58
(680, 1.76%), HPV 53 (520, 1.35%), HPV 31 (276, 0.72%),
HPV 39 (264, 0.69%), HPV 33 (254, 0.66%), HPV 81
(253, 0.66%), HPV 18 (249, 0.65%), and HPV 66 (249,
0.65%). Notably, HPV 16 was the most common geno-
types among all the patients. Besides, HPV 16, 52, 58
were the top three prevalent genotypes among HR-
HPV and HPV 81, 6, 11 were the top three prevalent
genotypes among LR-HPV.

Prevalence of single and multiple HPV infection
As shown in Table 2, single infection (4278 cases,
11.34%) was the most common form among the in-
fected cases while multiple infections (1009 cases,
2.67%) were the rare form. Moreover, among multiple
infections, the prevalence of HPV decreased signifi-
cantly as the number of infected genotypes increased,
with 841 (2.18%) patients of double infection, 97
(0.25%) patients of triple infection, 58 (0.15%) patients
of quadruple infection, 6 (0.02%) patients of quintet

infection, and 7 (0.02%) patients of sextuple infection.
The main prevalence was HR-HPV infection, while the
pure HR-HPV infections (including single and multiple
HR-HPV infection) were 3668 (9.72%) cases, the pure
LR-HPV infections (including single and multiple LR-
HPV infection) were 1239 (3.28%) cases, and the mixed
infections (including HR-HPV and LR-HPV mixed in-
fection) were 360 (0.95%) cases.

Prevalence of HPV grouped by age
Overall, 37,722 women (age 13–89 years) were included in
this study. All the participants were divided into eight
groups ranging from ≤25 years, 26–30 years, 31–35 years,
36–40 years, 41–45 years, 46–50 years, 51–55 years, and ≥
56 years. Among the eight age groups, there were signifi-
cant differences in the distribution of pure HR, pure LR
and mixed HPV infection (P < 0.05), while there were no
statistical differences in the distribution of single and mul-
tiple infections (P > 0.05), relevant data could be seen in
the Table 5.
Age-specific HPV distribution presented as either a bi-

modal curve, the first peak appeared in women aged ≤25
years (20.78%), however, the HPV prevalence dropped
drastically after the first peak, maintained a plateau for 10

Table 1 Frequency and prevalence of genotype of HPV among
women

Genotype Frequency Prevalence

16 1462 3.79%

18 249 0.65%

26 10 0.03%

31 276 0.72%

33 254 0.66%

35 115 0.30%

39 264 0.69%

45 71 0.18%

51 235 0.61%

52 953 2.47%

53 520 1.35%

56 192 0.50%

58 680 1.76%

59 185 0.48%

66 249 0.65%

68 193 0.50%

73 4 0.01%

82 11 0.03%

6 230 0.60%

11 151 0.39%

70 3 0.01%

81 253 0.66%
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years before reaching the second peak (15.45%) at 36–40
age group, then followed by a moderately decline, finally
reached the bottom at ≥56 age group (11.52%) (Fig. 2a).
After stratification by age, single HPV infection was still
dominant in all age groups, and the change trend was
consistent with the overall trend. The multiple infection
form was less than single infection, the peak of multiple
HPV infection occurred in women aged ≤25 years, and
then remained very low level stably at all ages without
significant fluctuations (Fig. 2b). Figure 2c indicated the
distribution and change trend of pure high-risk and pure
low-risk HPV types and mixed HPV types by age. Pure
high-risk HPV infection still took up the majority, and its
variation trend was similar to that of the overall and single
HPV infection. The difference was that between the ages
of 31 and 35, pure high-risk HPV infection was the second
peak while pure low-risk HPV infection hit a trough.
The lowest point of pure high-risk HPV infection was
found at ≥56 age group while pure low-risk infection
increased slightly. The mixed infection rate was lower
in all age group and the highest rate was still in the
population aged ≤25 years. Figure 2d revealed the
prevalence and variation tendency of the four major
HPV genotypes (16, 52, 58, 53) among different age
groups in this study. The prevalence of HPV 16 was
much higher than that of HPV 52, 58 and 53 in every
age group, and they all had a similar trend before 40

years old. The first peak appeared at ≤25 age group,
then gradually decreased, and the second peak ap-
peared at 36–40 age group. The first peak of HPV16
was lower than the second peak, on the contrary, the
first peak of remaining three types was higher than
the second peak. In the 40–50 age group, HPV16, 52,
58 infection rates gradually decreased, reached the
lowest point at the 51–55 age group, and then mar-
ginally increased. HPV53 infections, by contrast, rose
slowly after age 40, reached another peak in the 51–
55 years, followed by a gradually declined.

The distribution of HPV genotypes in different
nationalities
Xinjiang was a multi-ethnic region with 47 ethnic com-
positions and was mainly inhabited by Han, Uygur, Ka-
zak, Hui, Mongol, Kirgiz, Xibe, Tajik, Uzbek, Manchu,
Daur, Tatar, Russia and so on. Xinjiang was one of
China’s five ethnic autonomous regions. Due to the lim-
ited population of other ethnic groups, the distribution
differences of HPV positive rate among different ethnic
groups were listed separately among the five major eth-
nic groups of Han, Uygur, Kazak, Hui, and Mongol,
while other ethnic groups were merged into one data for
analysis. The differences of HPV prevalence among na-
tionalities were shown in Tables 3, 5, 6 and Fig. 3.
Among the six nationalities groups, there were signifi-
cant differences in the distribution of pure HR, pure LR
and mixed HPV infection (P < 0.05), while there were no
statistical differences in the distribution of single and
multiple infections (P > 0.05) (Table 5).
Most of the screening population was Han, the preva-

lence of HPV infection ranged from high to low was:
Mongol, Hui, Kazak, Han, Other, Uygher (Fig. 3a). All
ethnic groups were dominated by single infection, of
which Mongol’s single infection was still the highest, and
the rate of multiple infections in other group was higher

Table 2 Prevalence of single and multiple HPV infection

Genotype Frequency Prevalence

Single 4278 11.10%

Double 841 2.18%

Triple 97 0.25%

Quadruple 58 0.15%

Quintet 6 0.02%

Sextuple 7 0.02%

Fig. 1 Prevalence and genotype distribution of HPV (HR-HPV and LR-HPV)
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a

b

c

d

Fig. 2 Prevalence of HPV grouped by age: (a) prevalence of all HPVs infection in each age group; (b) prevalence of single and multiple infection
of HPV in each age group; (c) prevalence of high-risk (HR), low-risk (LR), and mixed HPV infection in each age group; (d) prevalence of HPV 16, 52,
53, and 58 in each age group
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than that of the remaining ethnic groups (Fig. 3b). Pure
HR-HPV infection was higher than pure LR and mixed
HPV infection in all ethnic groups (Fig. 3c). HPV16 had
the highest infection rate among all ethnic groups, while
in other groups HPV52 infection had the highest rate.
Compared with other ethnic groups, Kazak had the
highest HPV16 infection rate and the lowest HPV53
infection rate (Fig. 3d).

Prevalence of HPV grouped by year
The total data of this study ranged from November 1,
2008 to July 31, 2018. As there were only 2 months
of data in 2008, we got rid of that data when the an-
nual changes of HPV prevalence was analyzed. In
2018, we collected data for 8 months, so we analyzed
this part of the data to summary the results. The
relevant data were shown in Tables 4, 5 and 6 and
Fig. 4. Significant differences were found among dif-
ferent years’ groups in terms of simple and multiple
infection (P < 0.05), pure HR, LR, and mixed HPV
infection (P < 0.05) (Table 5).
From 2009 to 2013, the HPV infection rate fluctu-

ated but did not change much. It peaked in 2014 and
then fell significantly, reached the bottom point in
2017 and rose slightly in 2018 (Fig. 4a). In 10 years,
the single infection was higher than multiple infec-
tion, and the change trend of single infection was the
same as the overall change trend. Multiple infection
gradually increased from 2009 to 2013 and reached a
peak, and then gradually decreased (Fig. 4b). Pure HR
infection dominated in 10 years. Except 2009, the
change trend was similar to the overall change trend.
Pure LR and mixed infection did not change signifi-
cantly with time (Fig. 4c). The variation trend of
several typical genotypes of HPV was similar to the
overall variation trend (Fig. 4d).

Discussion
Xinjiang is located in the northwest of China, the eco-
nomic underdevelopment, cervical cancer burden is
higher than that of economic developed areas of China, so
primary prevention of cervical cancer in Xinjiang is par-
ticularly important. If the vaccination could effectively

reduce the incidence of HSIL and cervical cancer, it
would not only benefit women’s health, but also save
a lot of medical expenses for the country. Research in
the prevalence and genotypes distribution of HPV in
different areas and periods is very important for cer-
vical cancer screening and the evaluation of the effi-
cacy of HPV vaccines for females. In the last 20 years,
major efforts have been made worldwide to generate
epidemiological data on cervical HPV-DNA. And our
research is one of the largest studies in China for
HPV detection and the first large sample study con-
ducted in Xinjiang.
Due to differences in regions, populations and HPV

DNA testing methods, the reported results of global
HPV distribution varies from study to study. Globally,
the region with the highest HPV infection rate is Sub-
Saharan Africa (24.0%), Eastern Europe (21.4%), Latin
America (16.1%), and Southeastern Asia (14%) succes-
sively [20]. It was reported that the overall prevalence
of HR-HPV varied from 9.9–27.5% in China. In our
study, the women’s overall prevalence of HPV was
14.02%, which was lower than the average global level,
higher than that of many other cities or areas in
China, such as Beijing, Guangdong and Shandong
[21–23], and lower than that of Shanghai, Tianjin and
Chongqing [24, 25]. Currently, researchers speculated
that the variable HPV prevalence in China occurred
because of the large Chinese population and its terri-
tories [26]. Meanwhile, the level of economic develop-
ment and population migration also led to HPV
distribution differences among regions. As mentioned
above, Beijing, as the political, cultural and economic
center of China, has good medical conditions and the
lowest HPV infection rate. The economic development
level of Shanghai was also very high, but because of a
large number of foreign population, the city was
expanding, the population composition was complex,
which led to the highest HPV infection rate. Although
there were regional differences in HPV infection rates,
they were all dominated by high-risk HPV infections.
In our study, compared with pure LR and mixed HPV in-
fection, the overall prevalence of pure HR-HPV occupied
the dominant position. After stratification by age, nation-
ality and year respectively, the tendency of HR-HPV was
still higher, which was consistent with the results of above
study (Table 5 and Figs. 2, 3, and 4).
In this research, HPV 16 (3.79%), 52 (2.47%), 58 (1.76%),

53 (1.35%), and 31 (0.72%) were the five most common
HPV genotypes among females while HPV 16, 52, 58, 33,
18 were regarded as the most prevalent genotypes in
China [27]. Nevertheless, different cities might show di-
versity with respect to HPV genotypes among females:
HPV 16, 58, 33 were the top three HPV genotypes in
Beijing, and HPV 16, 53, 52 were the top three HPV

Table 3 The distribution of HPV genotypes in different
nationalities

Nationality Number of patients Frequency Prevalence

Han 29,178 4211 14.43%

Uygher 5080 557 10.96%

Kazak 1092 158 14.47%

Hui 1360 206 15.15%

Mongol 483 79 16.36%

Other 529 76 14.37%
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Fig. 3 Prevalence of HPV grouped by nationality: a prevalence of all HPVs infection in each nationality group; b prevalence of single and multiple
infection of HPV in each nationality group; c prevalence of high-risk (HR), low-risk (LR), and mixed HPV infection in each nationality group; d
prevalence of HPV 16, 52, 53, and 58 in each nationality group
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genotypes in northern Xinjiang [28]. Zhao et al. [29]
reported that HPV52 infections were more common
among healthy individuals, whereas HPV58 were
linked to cervical cancer. HPV 53 was nonvaccine
genotype and now recognized as one of the four
“emergent” genotypes, with a possible role in onco-
genesis [30]. Based on the above data, we could
summarize the following points: ① HPV 16 was the
most prevalent genotype of women in this study,
which was consistent with many other domestic and
abroad researches; ②HPV18, apart from HPV16, was
also important for cervical carcinogenesis. However,
in our present study, it was the ninth most common
genotype, and the infection rate was only 0.65%; ③
Although both HPV 52 and 58 were all common
among Asian populations, the significance of the two
genotypes remained unknown, which needed further
investigation. ④ The prevalence of human papillo-
mavirus 53 (HPV 53) in Xinjiang was relatively
prominent, ranked the fourth among the five major
genotypes in this region. These findings indicated
that in addition to HPV16, 18, 52, 58, the HPV vac-
cine of HPV53 genotype should also be included in
Xinjiang. Current screening strategies use HPV16 or
18 positivity as indicators for further colposcopy and
cervical biopsy. Nonetheless, whether this practice is
applicable to China and Xinjiang remains to be po-
tential studied.
Information on the distribution of HPV infection

at different ages was critical for the design of age-
specific prophylactic HPV vaccines. Regarding the
HPV prevalence in different age groups, there were
similarities and differences in scholars’ research.
What many studies had in common was that the
first peak appeared at a younger age group (just after
beginning sexual relations). In some regions, a mod-
est second peak was observed at age >40 years or
>45 years or >55 years or >60 years. In some regions,
this second peak was not observed. To sum up, age-

specific HPV distribution presented as either a bi-
modal curve (including the “U” curve) or a unimodal
distribution skewed to the left [20, 22, 26]. In devel-
oped countries and economically developed areas of
developing countries, the distribution of age-specific
HPV was dominated by the “U” curve. In this study,
age-specific HPV distribution presented as a bimodal
curve. The first peak of HPV infection occurred in
≤25 age group (20.78%). However, the second peak
emerged in 36–40 age group (15.45%), which was
younger than the data provided in the Bruni study.
And the HPV infection rate gradually declined in>40
age groups, which was different from many devel-
oped countries in Europe and America and some cit-
ies in China, but the same as some Asian countries.
Young females were sensitive to HPV soon after the
beginning of sexual activity because of immature im-
mune protection, nevertheless, most cases of HPV
infection were usually temporary and would be
cleared rapidly [31]. In this study, we didn’t observe
an increase trend in HPV infection rate in perimeno-
pause or postmenopausal women, which was mainly
caused by the following three factors. First, cervical
cancer screening coverage was insufficient, and many
women in this age group didn’t accept screening.
Second, in this age group of the awareness of
women health was weakly, they thought that they
did not need cervical cancer screening after meno-
pause. Third, many premenopausal and postmeno-
pausal women had less frequent sexual activity due
to cultural differences. Althoff et al. [32] suggested
that the reasons for the second peak of HPV preva-
lence with age might also be related to body mass
index, ethnicity, sexual behavior, HPV type and vari-
ants, host susceptibility and individual screening
practices, nonetheless, the exact mechanisms for the
increase in HPV prevalence still remained unclear
and needed further analysis.
International correlation between the prevalence of

HR-HPV infection in the general population and its
cervical cancer burden has been proven [33]. It is
widely believed that the regions with high HPV
prevalence were the ones with the highest cervical
cancer incidences, and the regions with lower preva-
lence had the lowest incidences. However, we found
the opposite result in our study, the incidence of
cervical cancer in Uygur women in Xinjiang was high
[2], but compared with other ethnic groups in
Xinjiang, the uygur ethnic group had the lowest HPV
infection rate(8.90%). Some studies from India were
similar to this study. Eastern Europe was the oppos-
ite, which had a high HPV prevalence (21.4%) but a
relatively low incidence. Scholars reported [34] that Dai
women HPV infection rate (9.9%) was low because of

Table 4 Prevalence of HPV grouped by year

Year Number of patients Prevalence

2009 1974 407(20.62%)

2010 2322 576(24.81%)

2011 1952 416(21.31%)

2012 2352 557(23.68%)

2013 1712 421(24.59%)

2014 1483 442(29.80%)

2015 3106 558(17.97%)

2016 6657 810(12.17%)

2017 10,693 530(4.96%)

2018 5366 535(9.97%)
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good living environment and health conditions, in con-
trast, the majority of individuals in the other ethnic popu-
lation (for example, HPV infection rate of Tibetan women
was 27.4%) were illiterate, with a high fertility rate, they
mainly worked in agricultural farming, and lived in remote
mountainous areas with poor sanitary conditions. Unlike
this condition in our study, although many uygur pa-
tients had the similar living and health conditions as Ti-
betans, they had a lower rate of HPV infection. These
differences fully demonstrated that the occurrence of cer-
vical cancer was not only related to HPV infection, but
also closely related to genetic susceptibility.

In this study, from 2009 to 2014, the HPV infection rate
maintained at a high level (20.62% in 2009) and reached
peak in 2014 (29.80%), which might be attributed to the
change of cervical cancer screening strategy. In 2011 [35],
the recommended screening strategies were cytology and
cotesting (cytology in combination with HPV testing).
HPV testing was a method for further stratification of
women with cytological abnormalities. Therefore,
more females were being tested for HPV, leading to
an increase in HPV infection rate. HPV-positive rate
showed a downward trend from 2014 to 2017 (from
29.80% in 2014 to 4.96% in 2017). Similarly, single,

Table 5 Comparison of single and multiple infection, HR and LR HPV infection grouped by age, nationality and year

Total Single Multiple Pure-HR Pure-LR Mixed

Age

≤ 25 1790 276 (15.42%) 96 (5.36%) 258 (14.41%) 82 (4.58%) 32 (1.79%)

26–30 4917 571 (11.61%) 129 (2.62%) 475 (9.66%) 180 (3.66%) 45 (0.92%)

31–35 5877 665 (11.32%) 153 (2.60%) 674 (11.47%) 90 (1.53%) 54 (0.92%)

36–40 6342 795 (12.54%) 185 (2.92%) 631 (9.95%) 270 (4.26%) 79 (1.25%)

41–45 7042 808 (11.47%) 172 (2.44%) 659 (9.36%) 260 (3.69%) 61 (0.87%)

46–50 5418 558 (10.30%) 130 (2.40%) 458 (8.45%) 175 (3.23%) 35(0.65%)

51–55 3159 306 (9.69%) 77 (2.44%) 272 (8.61%) 82 (2.60%) 29 (0.92%)

≥ 56 3177 299 (9.41%) 67 (2.11%) 241 (7.59%) 100 (3.15%) 25 (0.79%)

χ2 1.9433 93.3811

P-value 0.1633 <0.0001

Nation

Other 529 55 (10.40%) 21 (3.97%) 64 (12.11%) 6 (1.13%) 6 (1.13%)

Han 29,178 3404 (11.67%) 807 (2.77%) 3931 (13.47%) 118 (0.40%) 162 (0.56%)

Hui 1360 173 (12.72%) 33 (2.43%) 192 (14.12%) 11 (0.81%) 3 (0.22%)

Kazak 1092 127 (11.63%) 31 (2.84%) 143 (13.10%) 10 (0.92%) 5 (0.46%)

Mongol 483 67 (13.87%) 12 (2.48%) 73 (15.11%) 4 (0.83%) 2 (0.41%)

Uygher 5080 452 (8.90%) 105 (2.07%) 516 (10.16%) 31 (0.61%) 10 (0.20%)

χ2 5.6903 37.043

P-value 0.3375 <0.0001

Year

2009 1974 324 (16.41%) 84 (4.26%) 83 (4.20%) 33 (1.67%) 12 (0.61%)

2010 2322 447 (19.25%) 129 (5.56%) 494 (21.27%) 41 (1.76%) 41 (1.76%)

2011 1952 329 (16.85%) 87 (4.46%) 346 (17.73%) 44 (2.25%) 26 (1.33%)

2012 2352 385 (16.37%) 172 (7.31%) 470 (19.98%) 61 (2.59%) 26 (1.11%)

2013 1712 221 (12.91%) 200 (11.68%) 367 (21.44%) 39 (2.28%) 15 (0.88%)

2014 1483 375 (25.29%) 67 (4.52%) 389 (26.23%) 43 (2.90%) 10 (0.67%)

2015 3106 490 (15.78%) 68 (2.19%) 499 (16.07%) 41 (1.32%) 18 (0.58%)

2016 6657 725 (10.89%) 85 (1.28%) 758 (11.39%) 44 (0.66%) 8 (0.12%)

2017 10,693 476 (4.45%) 54 (0.51%) 486 (4.55%) 38 (0.36%) 6 (0.06%)

2018 5366 501 (9.34%) 34 (0.63%) 490 (9.13%) 30 (0.56%) 10 (0.19%)

χ2 426.35 160.84

P-value 0.000 <0.0001
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multiple, HR-HPV and several major genotypes infec-
tion (16, 52, 58, 53) were in line with the downward
trend. The same phenomenon was observed in the
studies of Zeng, Z. et al. [36] and Chen X. et al [37]
The decline in prevalence might because of the fol-
lowing reasons: (1) With the increasing attention to
cervical cancer, the approval for launch of precancer-
ous lesions and HPV vaccine in China in 2017, more
and more females (for example, women who didn’t pay
attention to screening for cervical cancer previously,
women who had negative cervical cytology results,
women who had vaccination intentions, and women
who were asymptomatic) attended HPV screening,
which resulted in that the prevalence of HPV tended to
be natural infection rate. (2) Some HPV-positive
women were tested for HPV over the next few years,
which turned negative, possibly due to immune system
clearance and local physical treatment and conization.

The results of this study showed that HPVl6 and 52
were common infection genotypes in Chinese popula-
tion, which was consistent with the results of most
cross-sectional studies in China [27–29]. However,
further studies also found that the infection rate of
HPV16 gradually decreased during the screening
period, and HPV52 became the main infection type,
showing that the infection rate of HPVl6 was up to
8.04% in the total population in 2011, which was
much higher than common types such as HPV52
(2.41%) and 58 (3.22%). In 2015, the infection rate of
HPVl6 and 52 in the population was almost the same
(both 3.40%), while the HPV52 type (3.31%) was
higher than HPVl6 type (2.18%) and became the
dominant type in 2016. The similar results appeared
in the study of Qiao Youlin et al. [38]. Our study also
indicated that the infection rate of HPV16 and 52 in-
creased suddenly after 56 years old. This was another
characteristic change accompanied by HPVl6 and 52
dominance type transformation, suggesting that both
genotypes might have common influencing factors.
The major strengths of this study were the large

number of patients, in addition, the study was a dec-
ade long, so we could see a yearly trend of HPV in-
fection in Xinjiang. However, several limitations
should be acknowledged. First, the data of HPV infec-
tion were not further confirmed with cytopathology
and histopathology, resulting in the effectiveness of
HPV screening could not be accurately assessed. Es-
pecially, we didn’t have any additional information
from the women testing that the HR-HPV was posi-
tive but the liquid-based cytology was negative, hin-
dering a more comprehensive evaluation of the role
what HPV testing played in screening in this popula-
tion. Furthermore, a follow-up study should be done
to track changes in genotype, cervical pathology and
cytology as there was a close relationship between
cervical carcinoma and long-term persistent HR-HPV
infections. Finally, the results relied on samples re-
ferred to our laboratory for diagnostic purposes.
Thus, these data cannot be considered nationally rep-
resentative because the Xinjiang women included in
the study might not be a representative sample of all
the China women living in the country.

Conclusions
In conclusion, the most significant findings in this
survey consisting 37,722 samples in Xinjiang Province
are as follows: (1) the prevalence of HPV infection
showed variations by age, nationality and year. (2)
HPV 16, 52, 58, 53, 31 were always the major geno-
types, although the rank varied according to the age,
nationality and year; particular attention should be
paid to the high prevalence of non-vaccine genotypes

Table 6 Frequency and prevalence (%) of representatives of
HPV grouped by age, nationality and year

HPV16 HPV52 HPV53 HPV58

Age

≤ 25 78 (4.36%) 59 (3.30%) 32 (1.79) 41 (2.29%)

26–30 182 (3.70%) 130 (2.64%) 61 (1.24%) 74 (1.50%)

31–35 227 (3.86%) 136 (2.31%) 65 (1.11%) 114 (1.94%)

36–40 313 (4.94%) 185 (2.92%) 98 (1.55%) 135 (2.13%)

41–45 283 (4.02%) 184 (2.61%) 92 (1.31%) 120 (1.70%)

46–50 178 (3.29%) 124 (2.29%) 81 (1.50%) 93 (1.72%)

51–55 88 (2.79%) 61 (1.93%) 56 (1.77%) 45 (1.42%)

≥ 56 113 (3.56%) 74 (2.33%) 35 (1.10%) 58 (1.83%)

Nation

Other 17 (3.21%) 19 (3.59%) 2 (0.38%) 15 (2.84%)

Han 1107 (3.79%) 808 (2.77%) 413 (1.42%) 565 (1.94%)

Hui 58 (4.26%) 42 (3.09%) 19 (1.40%) 32 (2.35%)

Kazak 63 (5.77%) 8 (0.73%) 18 (1.65%) 17 (1.56%)

Mongol 22(4.55%) 14(2.90%) 8(1.66%) 6 (1.24%)

Uygher 195(3.84%) 62(1.22%) 60(1.18%) 45 (0.89%)

Year

2009 140 (7.09%) 55 (2.79%) 35 (1.77%) 59 (2.99%)

2010 191 (8.23%) 76 (3.27%) 80 (3.45%) 84 (3.62%)

2011 157 (8.04%) 47 (2.41%) 32 (1.64%) 63 (3.22%)

2012 195 (8.29%) 98 (4.17%) 61 (2.59%) 78 (3.32%)

2013 167 (9.75%) 106 (6.19%) 71 (4.15%) 88 (5.14%)

2014 119 (8.02%) 68 (4.59%) 35 (2.36%) 59 (3.98%)

2015 108 (3.48%) 106 (3.41%) 42 (1.35%) 51 (1.64%)

2016 145 (2.18%) 221 (3.31%) 87 (1.31%) 64 (0.96%)

2017 103 (0.96%) 94 (0.88%) 36 (0.34%) 65 (0.61%)

2018 120 (2.24%) 80 (1.49%) 40 (0.74%) 62 (1.16%)
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Fig. 4 Prevalence of HPV grouped by year: (a) prevalence of all HPVs infection in each year group; (b) prevalence of single and multiple infection
of HPV in each year group; (c) prevalence of high-risk (HR), low-risk (LR), and mixed HPV infection in each year group; (d) prevalence of HPV 16,
52, 53, and 58 in each year group
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(e.g. HPV53). (3) Although the prevalence of HPV
had decreased in recent years, the HR-HPV infection
and the changes of the main infection type cannot be
ignored (for example, the infection rate of HPV52
was close to HPV16’s and even higher than that of
HPV16). Our results would provide guidance for pri-
mary screening and vaccination program for cervical
cancer.
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