Genotype patterns and prevalence of human papilloma
virus in non-vaccinated women in Zunyi, China
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Objectives: To determine the patterns and prevalence of
human papilloma virus (HPV) genotypes in people who
are not vaccinated with HPV vaccines in Zunyi.

Methods: We retrospectively collected all HPV testing
results in 3,393 patients at the Third Affiliated Hospital
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in Zunyi Medical University, Zunyi, China between
January 2014 and December 2016. The prevalence of
HPV genotypes based on different stages of cervical
lesions and age groups was analyzed. The clinical data
of 347 HPV-positive inpatients were also retrospectively
collected, and difference in the age at first sexual
encounter, smoking, pregnancy, and abortion status were
compared.

Results: A total of 511 patients were infected with HPVs,
with an overall positive rate of 15.1% (511/3,393). The
most prevalent HPV genotypes were HPV-16 with
prevalence rates of 24.9%, HPV-68 with 17.6%, HPV-52
with 16.2%, and HPV-58 with 14.3%. High prevalence
of HPV-16 and HPV-68 in inpatients with pre-cancer
and cancer lesions was one of the predominant findings.
The coverage rates against cervical pre-cancer and cancer
lesions for the 2 HPV vaccines, Cervarix was 35.4% and
Gardasil 9 was 57%. Smoking and multiple pregnancy
were more common in inpatients with HPV-16 and
HPV-68 infection than those with other genotypes.

Conclusions: Human papilloma virus-16 and HPV-68
are the 2 most prevalent and high-risk HPV genotypes
in non-vaccinated women in Zunyi, which may serve as
a guide for HPV management in Zunyi, China.

Saudi Med ] 2018; Vol. 39 (6): 572-578
doi:10.15537/smj.2018.6.22132

From the Department of Laboratory Medicine (Zhao, Wu, Tong, Lin, Zha,
Yue, Zhang), and from the Department of Gynaecology and Obstetrics
(Liu), The Third Affiliated Hospital of Zunyi Medical University, Zunyi,
China.

Received 22nd January 2018. Accepted 17th May 2018.

Address correspondence and  reprint request to: Dr. Kaifeng W,
Department of Laboratory Medicine, The Third Affiliated Hospital of
Zunyi Medical University (The First Peoples Hospital of Zunyi), Zunyi,
China. E-mail: kiphoonwu@126.com

ORCID ID: orcid.org/0000-0002-8340-8866

NG
OPEN ACCESS


ORCID ID: orcid.org/0000-0002-8340-8866

Prevalence of HPV genotypes ... Zhao et al

ervical cancer (CC) is a common malignancy in

women, with a continuously increasing incidence.'
In 2012, approximately 445,000 new cases were
diagnosed, and >270,000 women died of CC every
year.” Cervical cancer has been recognized as a human
papillomavirus  (HPV)-related disease. Pre-cancer
lesions, including cervical atypical hyperplasia, cervical
intraepithelial neoplasia (CIN), and in situ cervical
carcinoma, are also HPV-related events and are
commonly caused by persistent infections with HPVs.
Human papillomavirus is a spherical, double-stranded,
and closed-loop DNA virus belonging to the genus
A of the vacuolar virus of papilloma, with a genome
length of 7.2-8.0 kb. More than 200 genotypes have
been reported; among them, >30 kinds were associated
with genital tract disease, and more than 20 kinds
were tumor-related. Without fully considering the
genetic background of the population, HPV has been
grouped into high-risk HPV (HR-HPV) and low-risk
HPV (LR-HPV) genotypes. Human papillomavirus-16
and HPV-18 were recognized as the most common
HR-HPV genotypes worldwide, which were responsible
for approximately 70% of CC cases.” The following
prevalent HPVs were genotypes HPV-31, HPV-45, and
HPV-52, which collectively accounted for the remaining
30% of cases.>* In China, HPV-16, HPV-18, HPV-52,
and HPV-58 were the most common genotypes in
women;” however, the genotypes and prevalence of HPV
may vary geographically.® So far, the epidemiologic
data on HPV prevalence have not been reported in
Zunyi, China. In addition, despite the availability of
prophylactic HPV vaccine, Cervarix, in China since
2016,7 residents in Zunyi doubted its effectiveness
and significance. This situation and people’s concerns
highlight the importance to estimate the genotypes and
prevalence of HPV in this region. Therefore, we collected
all HPV testing data in patients who visited the Third
Affiliated Hospital in Zunyi Medical University, Zunyi,
China between January 2014 and December 2016.

Disclosure. Authors have no conflict of interests, and
the work was not supported or funded by any drug
company. This study was supported by research grants
from Innovation talent team of science and technology
jointly provided by Zunyi City and the first people’s
hospital of Zunyi (No. 17, 2015), the special fund for
science and technology cooperation between Guizhou
Province and Zunyi City (No. 38, 2015), and Projects
of the National Natural Science Foundation of China

(81760475).

The genotypes and prevalence of HPVs were analyzed,
and the difference in prevalence among inpatients with
HPV carrier and cervical pre-cancer and cancer lesions
were compared. Coverage rates for HPV vaccines,
Cervarix and Gardasil 9, were determined in inpatients
with cervical pre-cancer and cancer lesions. The results
presented here provide baseline information on HPV
prevalence and genotype patterns, which will serve as a
guide in using these vaccines in this region

Methods. All procedures performed in this study
involving human participants were approved by the
Ethics Committee of the Third Afhliated Hospital
in Zunyi Medical University (Reference number:
2017-10) and in accordance with the 1964 Helsinki
Declaration on ethical standards. All patients signed a
written consent regarding the use of their samples and
basic information when they were hospitalized.

Population and specimen collection. A total of 3,393
women, including 2,441 outpatients and 952 inpatients,
were tested for HPV at the Third Affiliated Hospital
in Zunyi Medical University (a teaching hospital with
2,500 beds), from January 2014 to December 2016,
and the results were retrospectively analyzed. A total of
550 women who visited the hospital for normal physical
examination and voluntarily chose to have HPV testing
were grouped as outpatients. Others were outpatients
suspected with cervical ectopic columnar epithelium
and were screened for HPV. Specimen collection and
shipping were strictly performed according to the
instructions provided by the manufacturer of HPV
analysis kits and the Ministry of Health in China.
Briefly, cervical secretions were collected by trained
doctors and stored at 2-8°C before DNA extraction
no more than 3 days. Cervical secretion was the only
source of sample for laboratory use.

Human  papillomavirus-DNA  extraction and
real-time polymerase chain reaction (rtPCR). Sample
preparation was carried out in biosafety level 2 facilities.
Viral DNA was extracted from cervical secretion
samples with the help of a commercial kit (provided
by Shanghai Z] Bio-Tech Co., Ltd., Shanghai, China).
The HPV genotyping real-time PCR kit (Shanghai
Z] Bio-Tech Co., Ltd., Shanghai, China) was used to
detect HPV genotypes, including HPV-16, HPV-18,
HPV-31, HPV-33, HPV-35, HPV-39, HPV-45,
HPV-51, HPV-52, HPV-56, HPV-58, HPV-59, and
HPV-68. The amplification was performed using
SLAN qPCR analyzer (Shanghai Hongshi Medical
Technology Co.,LTD). All procedures including DNA
extraction, PCR amplification, and result analysis
were performed according to the manufacturer’s
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instructions. The pre-cancer and cancer lesions were
diagnosed based on histological examination. The data
regarding the grading of CIN 1-3 and invasive CC were
diagnosed according to the World Health Organization
classification guidelines.® Clinical data were obtained
from the medical record system with the permission of
the Ethics Committee at the Third Affiliated Hospital
in Zunyi Medical University.

Statistical analyses. All categorical variables were
compared using Chi-square tests and were reported
as frequencies and percentages. The quantitative data
were analyzed using Kruskal-Wallis H test. All data
analyses were compared using SPSS version 19.0 (SPSS,
Chicago, IL, USA). All statistical tests were 2-sided, and
p-value of <0.05 was considered statistically significant.

Results. A total of 3,393 patients were tested for
HPV infection in Zunyi City, Guizhou Province,
China, from January 2014 to December 2016. Among
them, 15.1% (511/3,393) were infected with HPVs,
and the remaining 2,882 cases were negative for HPV
infection. Among the HPV-positive cases, 67.9%
(347/511) were inpatients, and 22.79% (79/347) of
them were diagnosed with CIN grades 1 to 3 or CC. As
shown in Figure 1, both the number of cases and positive
rates of HPV infection in Zunyi City are continuously
increasing since 2014.

Overall genotype and distribution of HPVs in
Zunyi. Figure 2 shows the number and percentage of all
13 HPV genotypes in 511 HPV-positive cases.

Table 1 shows the genotype distribution and number
of cases with HPV infection in the 347 inpatient HPV-
positive women. Among all the identified genotypes,
HPV-16, HPV-52, and HPV-68 were the 3 most

140 127

prevalent genotypes, followed by HPV-58, HPV-59,
HPV-18, HPV-56, HPV-51, HPV-39, HPV-35,
HPV-33, HPV-31, and HPV-45. All patients with
CC were also found to be simultaneously infected
with multiple HPV genotypes (7/7), and HPV-16
and HPV-68 were simultaneously found in 5 out of 7
patients with CC. To compare the prevalence of HPV
between carriers and patients with cervical lesions, we
combined the patients with CIN 1-3 or CC into one
group. Human papillomavirus-16 (p<0.001), HPV-68
(»=0.0006), and multiple-type infection (p<0.001) were
significantly more prevalent in inpatients with cervical
lesions than HPV carriers, suggesting that infection
with these genotypes is a high-risk factor for the
development of pre-cancer lesions or CC.

A total of 13 HPV genotypes, including HPV-16,
HPV-18, HPV-51, HPV-33, HPV-39, HPV-68,
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Figure 1 - Annual number and percentage of HPV-positive cases in
Zunyi City, China. Figures in brackets refer to percentage of
cases relative to the total number of tests in the corresponding
years.
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Figure 2 - The prevalence of Human papilloma virus (HPV) genotypes in Zunyi, China, from January 2014 to

December 2016.
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HPV-35, HPV-31, HPV-45, HPV-56, HPV-58,
HPV-59, and HPV-52, were determined using
real-time PCR. The number and percentage of each
HPV genotype were calculated.

Coverage estimation of HPV wvaccines. Since the
introduction of HPV vaccine, Cervarix, in China in
2016, we were interested in its coverage against HPV
infection in inpatients with cervical pre-cancer and
cancer lesions in Zunyi City” We found that only
35.4% of HPV genotypes were covered by Cervarix.
Since genotypes 6 and 11 were not analyzed in this
study, the coverage estimation for Gardasil would be
biased and was therefore not calculated. Gardasil 9
is another protective HPV vaccine that covers most
HPV genotypes, including HPV-6, HPV-11, HPV-16,
HPV-18, HPV-31, HPV-33, HPV-45, HPV-52,
HPV-58, and its coverage was therefore estimated. This
vaccine could cover 57% of the genotypes found in
inpatients with cervical pre-cancer and cancer lesions
in Zunyi City.

Overall genotype and distribution of HPVs in Zunyi.
Table 2 shows the distribution of HPV genotypes in
single- and multiple-type infections in 347 inpatient
HPV-positive women. The 4 most common genotypes
in multiple-type infection were HPV-68, HPV-16,
HPV-52, and HPV-18. In addition, HPV-68, HPV-16,
HPV-52, HPV-18, HPV-59, HPV-51, HPV-33,
HPV-39, and HPV-45 were significantly more prevalent
in inpatients with multiple-type HPV infection than
those with single-type HPV infection.

Table 3 shows the prevalence of HPVs in inpatients
grouped based on ages.® The prevalence of HPV-18 was
found to be significantly higher in the age group of <35
years than the other 2 age groups (p<0.001), whereas
HPV-59 was more prevalent in patients aged 35-46 years
(»=0.03). Compared to younger age groups, HPV-56
was more prevalent in participants aged >46 years.
Differences in the prevalence of other HPV genotypes
were insignificant among different age groups.

Table 2 - Distribution of human papilloma virus (HPV) genotypes in
inpatients with single- and multiple-type infections.

Genotypes Multiple-type Single-type infection ~ P-value*
infection

Total n (%)  Total n (%)

cases cases
HPV-68 85 40 (47.1) 262 17 (6.5) <0.001
HPV-16 85 38 (44.7) 2062 48 (18.3) <0.001
HPV-52 85 21 (24.7) 262 38 (14.5) 0.03
HPV-18 85 17 (20.0) 262 23 (8.8) 0.005
HPV-59 85 16 (18.8) 262 25 (9.5) 0.02
HPV-58 85 15 (17.6) 262 30 (11.5) 0.139
HPV-51 85 10 (11.8) 262 12 4.6 0018
HPV-33 85 10 (11.8) 262 10 (3.8) 0.006
HPV-56 85 10 (11.8) 262 20 (7.6) 024
HPV-39 85 9 (10.6) 262 12 (4.6) 0.044
HPV-35 85 8  (94) 262 13 (5.00 0.135
HPV-45 85 8 (94) 2062 4 (1.5) <0.001
HPV-31 85 4  (47) 2062 10 (3.8) 0.717

*p-values for the prevalence differences between the 2 groups were
determined with the Chi-square test.

Table 1 - Distribution of human papilloma virus (HPV) genotypes in inpatients according to histopathology.

Genotypes  Total HPV-positve HPV-positive carrier ~ CIN1 CIN2 CIN3 CC P-value®
(n=347) (n=268) (n=40) (n=20) (n=12) (n=7)
HPV-16 86 (24.8) 46 (17.2) 11 (27.5) 13 (65.0) 10 (83.3) 6 (85.7) <0.001
HPV-52 59 (17.0) 49 (18.3) 6 (15.0) 1 (5.0) 2 (16.7) 1(14.3) 0.172
HPV-68 57 (16.4) 36 (13.4) 7 (17.5) 3 (15.0) 6 (50.0) 5(71.4) 0.006
HPV-58 45 (13.0) 34 (12.7) 9 (22.5) 1 (5.0) 1 (8.3) 0 (0) 0.849
HPV-59 41 (11.8) 31 (11.6) 3 (7.5) 4(20.0) 1 (8.3) 2 (28.6) 0.8
HPV-18 40 (11.5) 27 (10.1) 6 (15.0) 2 (10.0) 3 (25.0) 2 (28.6) 0.121
HPV-56 30 (8.6) 26 (9.7) 3 (7.5 0(0) 0 (0) 1(14.3) 0.257
HPV-51 22 (6.3) 19 (7.1) 2 (5.0 1 (5.0) 0 (0) 0 (0) 0.431
HPV-39 21 (6.1) 16 (6.0) 5(12.5) 0 (0) 0 (0) 0 (0) 0.793
HPV-35 21 (6.1) 18 (6.7) 0 (0) 2(10.0) 0 (0) 1(14.3) 0.43
HPV-33 19 (5.5) 13 (4.9) 4 (10.0) 2 (10.0) 0 (0) 1 (14.3) 0.159
HPV-31 14 (4.0) 12 (4.5) 1 (2.5) 0 (0) 1 (8.3) 0 (0) 0.745
HPV-45 12 (3.5) 9 (3.4) 1 (2.5) 0 (0) 1 (8.3) 1 (14.3) 0.74
Multiple-type 85 (24.5) 52 (19.4) 11 (27.5) 6(30.0) 9 (75.0) 7 (100) <0.001
infection

* comparison of the frequencies between HPV-positive carriers and patients with abnormal histology. CIN 1, 2, and 3 refer to cervical
intraepithelial neoplasia grades 1, 2, and 3, respectively. CC - cervical cancer. The rows in beige represent genotypes covered by Cervarix.
The rows in beige and gray represent genotypes covered by Gardasil 9. The rows in white represent the genotypes that were not covered by

current licensed HPV vaccines.
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The median age of all study participants was 39
(range, 15-86) years, and the median age for HPV+
population was 41 (range, 17-78) years. Table 4 shows
the demographic and clinical features of inpatients
infected with HPV-16, HPV-18, HPV-52, HPV-68,
and other genotypes. According to our data, infection
with HPV18 was preferentially detected in persons
younger than 35 years whereas HPV-16 infection rates
increased with age (Table 3 & Table 4, median age of
infection, 32.5 versus 43 years, p=0.004). Compared
to other HPVs, HPV-16, and HPV-68 were more

Zhao et al

prevalent in participants who smoke (p=0.006 and
=0.029). In addition, most of the inpatients infected
with HPV-16 and HPV-68 had higher number of
pregnancies compared to other participants (p<0.05).
Differences in the age during the first sexual encounter
and abortion were insignificant among groups.

Discussion. Human papilloma virus infection
remains a common public health problem in China
affecting a large number of women.” Several studies
have reported the prevalence of HPV genotypes in

Table 3 - The number of cases and HPV prevalence in inpatients according to ages.

Genotype HPV-positive cases in inpatients (N=347) P-value*

Total <35 years 35 - 46 years >46 years

cases (n=119) (n=115) (n=113)
HPV-16 86 (24.8) 22 (18.5) 30 (26.1) 34 (30.1) 0.103
HPV-52 59 (17.0) 18 (15.1) 24 (20.9) 17 (15.0) 0.329
HPV-68 57 (16.4) 19 (16.0) 18 (15.7) 8 (8.8) 0.179
HPV-58 45 (13.0) 18 (15.1) 9 (7.8) 18 (15.9) 0.152
HPV-59 41 (11.8) 8 (6.7) 20 (17.4) 13 (11.5) 0.03
HPV-18 40 (11.5) 24 (20.2) 5 (4.3) 11 (9.7) <0.001
HPV-56 30 (8.6) 6 (5.0 8 (7.0 16 (14.2) 0.035
HPV-51 22 (6.3) 6 (5.0) 4 (3.5) 12 (10.6) 0.07
HPV-39 21 (6.1) 10 (8.4) 4 (3.5) 7 (6.2) 0.297
HPV-35 21 (6.1) 6 (5.0 9 (7.8 6 (5.3) 0.54
HPV-33 19 (5.5) 6 (5.0 6 (5.2) 8 (7.1) 0.732
HPV-31 14 (4.0) 6 (5.0) 4 (3.5) 4 (3.5) 0.683
HPV-45 12 (3.5) 5 (4.2) 6 (5.2) 1 (0.9 0.151
Single-type infection 262 (75.5) 91 (76.5) 92 (80.0) 79 (69.9) 0.167
Multiple-type infection 85 (24.5) 28 (23.5) 23 (20.0) 34 (30.1) 0.226

Values are expressed as number and percentage (%)
*P-values for the prevalence differences between the groups were determined with the chi-square test.

Table 4 - Demographic and clinical features of inpatients infected with different human papilloma virus (HPVs).

Demographic and clinical features ~ HPV-16 HPV-18 HPV-52 HPV-68  Other HPV  P-value
(n=86) (n=40) (n=59) (n=57) (n=149)
Median age (years) 43 32.5 40 40 43 0.041
Range (years) 33-50.5 25-47 33-48.5 31-51 31-50
Ethnic, n (%) 0.635
Han 70 (81.4) 34 (85.0) 52 (88.1) 51 (89.5) 130 (87.2)
Others 16 (18.6) 6 (15.0) 7 (11.9) 6 (10.5) 19 (12.8)
Age during first sexual encounter 22 21 21 21 22 0.148
Median age (range) (20-23) (20-22) (20-22) (20-22) (20-23)
Smoking, n (%) 0.029
Yes 12 (14.0) 3 (7.5 2 (3.4) 7 (12.3) 6 (4.0
No 74 (86.0) 37 (92.5) 57 (96.6) 50 (87.7) 143 (96.0)
Pregnancy, n (%) <0.001
Single 9 (10.5) 9225  12(203) 12(2L1) 54 (36.2)
Multiple 70 (81.4) 29 (72.5) 41 (69.5) 44 (77.2) 68 (45.6)
Abortion, n (%) 0.476
Yes 55 (64.0) 19 (47.5) 36 (61.0) 34 (59.6) 93 (62.4)
No 31 (36.0) 21 (52.5) 23 (39.0) 23 (40.4) 56 (37.6)

P-values for the differences between the groups were determined with the chi-square test (for ethnic, smoking, pregnancy
and abortion) or Kruskal-Wallis H test (for age and age during first sexual encounter).
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patients with cervical lesions in cities or provinces in
China.'™" The present findings provide information on
HPV prevalence and genotype distributions in Zunyi
City, Guizhou Province, China.

The overall HPV prevalence rate in Zunyi was
15.1%, which is similar to the previously reported
rates of 13.3-18.4% in other cities or provinces in
China'*'">!¢ The prevalence of HPV in this study.was
lower than those reported in other regions, such as Japan
(31.7%)," Iran (45.4%),'® and Africa (22.1%)," but
higher than those in Vietnam (9.5%),%° Europe (8.1%),
and North America (11.3%)."” Differences in the
prevalence might partially be attributed to differences
in the sample population, socioeconomic environment,
and lifestyle. In Zunyi region, the number of cases
and prevalence rates of HPV infection continuously
increased from 2014 to 2016, which may partly be
explained by the improvement in economy, a change in
lifestyle, and the availability of HPV screening in some
parts of this region.

HPV-16, HPV-18, HPV-52, and HPV-58 have
been widely known as the major prevalent genotypes in
most regions,” and HPV-68 was rarely ranked among
the top five. However, in this study, HPV-68 was ranked
the second most prevalent genotype in Zunyi, China.
In addition, HPV-68, HPV-16, and HPV-52 were the
top 3 genotypes found in inpatients with multiple-type
HPV infection in Zunyi (Table 2), whereas HPV-16,
HPV-52, and HPV-58 were the top 3 genotypes found
in multiple-type infection in Yunnan and Guangdong
provinces, China;'**' HPV-16, HPV-31,and HPV-58in
Cyprus;** and HPV-16, HPV-45, and HPV-6 in Iran."®
Through careful examination of the HPV genotypes in
cervical lesions, HPV-16 and HPV-68 were the top 2
most prevalent genotypes in population with CINs and
CC, and their incidences increased as the severity of
lesions increased (Table 1). In this study, the number of
CC cases was small; however, all of them were confirmed
to have multiple infections, and five were co-infected
with genotypes HPV-68, and HPV-16. Therefore, this
finding confirmed that HPV-16 and HPV-68 were the
major genotypes contributing to CINs and CC in this
region. This evidence further support the concept that
co-infection with multiple HPV genotypes may have an
have additive effect in cervical carcinogenesis.****

Age has been associated with the prevalence of
HPV genotypes."” In this study, HPV-18 appeared to
be more prevalent in persons younger than 35 years,
whereas HPV-59, HPV-56, and HPV-51 were more
prevalent in persons aged >46 years. Nevertheless, its
cause remains unclear. Another important finding was
the frequent occurrence of CC in persons aged >46

years. This may partially be attributed to the poor
eradication ability of HPV virus in old people. In
addition, HPV infection was also found to be associated
with smoking, confirming the previous evidence that
smoking is a risk factor for CC development.® Another
important risk factor was pregnancy, and women
with multiple pregnancies tended to be infected with
high-risk genotypes of HPV-16 and HPV-68 (Table 4).
Therefore, we may conclude that age, smoking history,
and pregnancy may be important determinants for
infection with high-risk HPV genotypes.

Based on our literature review, this is the first report
to evaluate the prevalence and distribution of HPV
genotypes in non-vaccinated women from Zunyi, China.
Cervarix was introduced in China in 2016, but only
includes genotypes HPV-16 and HPV-18. Based on our
finding, this vaccine only covers a limited percentage
of HPV genotypes (35.4%) circulating in this region,
and does not cover the high-risk HPV-68. Thus, a novel
HPV vaccine including high-risk genotypes should be
introduced in this region.

This study has some limitations. First, only a limited
number of high-risk HPV genotypes were detected,
which may influence the estimation of HPV prevalence.
Second, genotypes 6 and 11 were not determined,
which affected the estimation of the coverage rate for
Gardasil 9. Third, only a small proportion of cases from
other ethnic groups were enrolled, which may affect in
some degree the generalizability of the findings. Finally,
the number of inpatients was small; therefore, more
participants are necessary to make a precise conclusion.

In conclusion, this study shows that HPV-16,
HPV-52, HPV-68, and HPV-58 are the most prevalent
genotypes in non-vaccinated women in Zunyi, China,
and HPV-16 and HPV-68 are the main genotypes
associated with cervical pre-cancer and cancer lesions;
these genotypes are suggested to be included in a novel
HPV vaccine.
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