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Background: Human papillomavirus (HPV) is linked to various cancers in males and
females. The prevalence and genotype distribution of HPV vary depending on geographical
region and the immunity provided by vaccines. Investigation of HPV epidemiology is of
great meaning for the development of prevention programs.

Methods: From January 2017 to September 2019, using PCR-reverse dot blot hybridisation,
we determined the HPV subtypes in 2801 patients 17-89 years old at the sexually transmitted
diseases (STD) clinic of Tianjin Medical University General Hospital.

Results: The HPV infection rate was 50.79% in males and 50.64% in females. The most common
HPV genotype in males and females was HPV6 (30.15% and 30.43%), followed by HPV16
(18.76% and 20.65%) and HPV11 (14.61% and 15.67%). Infection with a single HPV subtype
predominated in both males and females, and the rate in males was higher than in females. By
contrast, the rate of high-risk HPV (hrHPV) and low-risk HPV (IrHPV) mixed infection in females
was higher than in males. Most HPV-positive patients were 20-39 years of age. The prevalence of
infection with only hrHPV differed among the age groups; the peak age was 50 to 59 years.
Conclusion: The HPV prevalence was higher among the STD clinic outpatients than the
general population. Therefore, a large-scale survey of high-risk populations is needed. It is
anticipated that HPV vaccines, regular education and physical examinations may have
a significant impact on the prevention of HPV-related diseases in high-risk groups.
Keywords: human papillomavirus, prevalence, genotyping, HPV vaccination

Introduction
Human papillomavirus (HPV) is a small, double-stranded DNA virus that replicates
within skin and mucosal epithelial cells, and HPV is mainly transmitted via sexual
contact."” The International Human Papillomavirus Reference Center recognises 227
HPV subtypes of 52 species [www.hpvcenter.se, accessed on 2020-03-05]. The two most
common low-risk (I)HPV subtypes are HPV6 and HPV 11, which cause genital warts and
intraepithelial neoplasia. Persistent infection of hrHPV can lead to carcinogenesis, and
more than half of HPV-related cancers are caused by HPV16 and 18. The quadrivalent
HPV vaccine covers the four most common HPV types (HPV6, 11, 16, and 18).>
HPV imposes an enormous burden on the global healthcare system. Annually,
630,000 cancer cases (4.5% of all cancer cases) can be attributed to HPV, of which

83.0% are cervical cancer. Several million females die from cervical cancer each year,
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and head-and-neck, anal, penile, vaginal, and vulvar cancers
also have high mortality rates.” Furthermore, the aetiology
of > 80% of cases of cervical cancer is HPV infection.” In
addition, the incidence of HPV-associated anogenital and
oropharyngeal cancers in males has increased, and HPV
infection may be associated with prostate cancer.®” And
males can transmit HPV to females through sexual contact,
therefore, HPV infection in males warrants greater attention.
It is estimated in 2018 that 106,430 women in China are
diagnosed with cervical cancer each year, accounting for
about 19.71% of the global total, of which 47,739 women
die of cervical cancer each year. The incidence of cervical
cancer compared with other cancers ranks sixth among
women in china and third among women between the ages
of 15 and 44.'° Since 2006, the approval of HPV vaccine is
a promising step towards the global eradication of cervical
cancer initiated by the World Health Organization (WHO)."'
The primary target group for HPV vaccination is females
9-14 years old and those who have yet to engage in sexual
recommended by the WHO in 2017.
Epidemiological data on HPV infection in males are sparse,

activity, as

and HPV vaccination is not recommended for males in most
countries.'* As of January 2020, 104 countries have incorpo-
rated HPV vaccination into their national immunization pro-
grammes (NIP)."* In China, universal cervical cancer
screening begin in 2009, and the HPV wvaccine is not
approved until 2016. However, Italy has provided free vac-
cines to all 11-year-old girls since 2008, and the Italian
Society of Colposcopy and Cervico-Vaginal Pathology
(SICPCV) is now committed to supporting vaccination pro-
grammes for children and adolescents, which is very mean-
ingful in reducing the incidence of cervical, vaginal and
vulvar lesions. In addition, Some developed countries have
initiated gender-neutral immunization programs.'*'> These
measures in developed countries have played an important
catalytic role in the popularization of HPV vaccine in devel-
oping countries. The (CFDA) of the China Food and Drug
Administration approved the first HPV vaccine Cervarix
(bivalent HPV) in 2016. The other two prophylactic vac-
cines, Gardasil (quadrivalent HPV) and Gardasil 9 (nonava-
lent HPV), as well as Cecolin, the the first domestic HPV
vaccine, were subsequently approved in Chinese mainland.
But these vaccines are expensive and the supply is limited.
These vaccines are mainly purchased by women between the
ages of 18 and 45, while girls between the ages of 9 and 14
are still largely unvaccinated.'®'® At present, HPV vaccine
has not been included in the NIP in China, and people can
only be vaccinated at their own expense. Coupled with the

lack of vaccination awareness, knowledge and the high price
of HPV vaccine, HPV vaccination coverage is low. A survey
in 2019 shows that less than 3% of women on Chinese
mainland have been vaccinated.'*

HPYV is one of the most common STDs worldwide, and
most sexually active males and females are exposed to it
during their lifetime.'® STD clinics enable the collection of
HPYV epidemiological data. The prevalence and genotype
distribution of HPV in China differ geographically.zo
Tianjin is a major city in northern China, but there are
no HPV epidemiological data on high-risk groups in
Tianjin. We investigated the HPV prevalence and subtype
distribution among STD outpatients at Tianjin Medical
University General Hospital.

Materials and Methods

Study Population

From January 2017 to September 2019, 2801 outpatients at
the STD clinic of Tianjin Medical University General
Hospital were enrolled. Patients were included if they met
one of the following criteria: (1) engaged in sexual practices
that may lead to transmission; (2) had a current or recent
STD; and (3) had a history of STD or had sexual intercourse
with an unstable partner without a condom in the prior 6
months. Exclude those who had been tested positive for
HPV in STD clinic of Tianjin Medical University General
Hospital between January 2017 and September 2019.

Specimen Collection

The samples were collected by physicians in the STD clinic
of Tianjin Medical University General Hospital. Sampling
was performed as follows: (1) males—the skin and mucous
membrane of the urethral orifice, glans, coronal sulcus, and
distal prepuce was scraped several times using male swabs;
(2) females—the physician fully exposed the cervix using
a vaginal speculum, removed excessive secretions, and used
a cervical brush to rotate the cervical orifice three to five
times, and placed the brush head in cell preservation solu-
tion. Samples were tested on the day of collection whenever
possible. If not tested immediately, samples were stored at
4°C and tested within 1 week.

Detection and Typing of HPV

HPV (23 subtypes) genotyping kits (PCR-reverse dot blot
hybridisation) were provided by Yaneng BIOscience
(Shenzhen) Co., Ltd. The tests were conducted by trained
technicians according to the manufacturer’s instructions.
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The following 23 HPV subtypes were detected: IrtHPVO,
11, 42, 43, 81, and 83 and high-risk (hr) HPV16, 18, 3L,
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82.

Statistical Analysis

The data were entered into a Microsoft Excel file and sub-
jected to statistical analysis using SPSS software (version 25;
IBM). Numerical data are expressed as rates (%), stratified
by age and gender, and were analysed by »” test. A value of
P < 0.05 was considered indicative of statistical significance.

Results
Overall Epidemiology of HPV

The study population consisted of 1711 males of average
age 34.73 + 9.52 years (range, 17-89 years) and 1090
females of average age 32.19 + 8.71 years (range, 17—68
years). Among them, 1421 (50.73%) subjects were HPV
positive, comprising 869 males and 552 females. The rates
of HPV infection were 50.79% and 50.64% in male and
female subjects, respectively. The HPV infection rate in
females was similar to that in males (> = 0.006, P > 0.05).

Genotype Distribution

All 23 HPV genotypes were detected. Among males the
rates of infection with HPV6 and HPV16 were 30.15%
and 18.76%, respectively, followed by HPVI1I (14.61%),
HPV42 (12.31%), HPV51 (11.05%), and HPVS52
(11.05%). HPV6 and HPV 16 also predominated in females,
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accounting for 30.43% and 20.65%, respectively, followed
by HPV11 (16.67%), HPV52 (14.86%), HPV58 (11.23%)),
and HPV42 (10.69%). There were significant differences in
the HPV18 (3.57% vs 5.98%), 52 (11.05% vs 14.86%), 56
(6.56% vs 10.33%), and 73 (1.27% vs 2.72%) infection rates
between males and females (all P < 0.05). There was no
significant difference in the rate of infection with other HPV
subtypes between males and females (Figure 1, Table 1).

Single and Multiple HPV Infections
The overall rates of infection with single and multiple
HPV subtypes were 28.17% (482/1711) and 22.62%
(387/1711) in males and 24.86% (271/1090) and 25.78%
(281/1090) in females, respectively. The rate of infection
with a single HPV subtype was 55.47% (482/869) and
49.09% (271/552) in males and females, respectively (x>
= 5.502, P < 0.05). The rate of infection with two HPV
subtypes was 24.97% (217/869) and 24.46% (135/552) in
males and females, respectively, and that of infection with
three HPV subtypes was 11.85% (103/869) and 13.04%
(72/552), respectively (> = 0.048, 0.433, P > 0.05). The
rate of infection with more than three subtypes was 7.71%
(67/869) and 13.41% (74/552) in males and females,
respectively (y* = 12.253, P < 0.05). A 44-year-old male
was infected with 12 HPV subtypes (HPV6, 11, 42, 81, 16,
33, 39, 51, 56, 58, 66, and 68) (Figure 2, Table 2).
Among the 753 patients infected with a single HPV
subtype, 357 cases were IrHPV and 396 were hrHPV (* =
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Figure | Comparison of 1421 cases of male and female patients with HPV genotype distributions.
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Table | HPV Genotype Distribution of 1421 Patients

HPYV Genotype Total Positive Cases Male Female 7 P
(n=1421) (%) (n=869) (%) (n=552) (%)
IrHPV
HPV6 430 (30.23%) 262 (30.15%) 168 (30.43%) 0.013 >0.05
HPVI I 219 (15.41%) 127 (14.61%) 92 (16.67%) 1.091 >0.05
HPV42 166 (11.68%) 107 (12.31%) 59 (10.69%) 0.864 >0.05
HPV43 104 (7.32%) 67 (7.71%) 37 (6.70%) 0.505 >0.05
HPV8I 138 (9.71%) 81 (9.32%) 57 (10.33%) 0.389 >0.05
HPV83 16 (1.13%) 10 (1.15%) 6 (1.09%) 0.012 >0.05
hrHPV
HPVI6 277 (19.49%) 163 (18.76%) 114 (20.65%) 0.772 >0.05
HPVI8 64 (4.5%) 31 (3.57%) 33 (5.98%) 4.562 <0.05
HPV3I 29 (2.04%) 13 (1.5%) 16 (2.90%) 3.322 >0.05
HPV33 60 (4.22%) 30 (3.45%) 30 (5.43%) 3.281 >0.05
HPV35 46 (3.24%) 28 (3.22%) 18 (3.26%) 0.002 >0.05
HPV39 53 (3.73%) 37 (4.26%) 16 (2.90%) 1.737 >0.05
HPV45 31 (2.18%) 15 (1.73%) 16 (2.90%) 2.174 >0.05
HPV5I 148 (10.42%) 96 (11.05%) 52 (9.42%) 0.958 >0.05
HPV52 178 (12.53%) 96 (11.05%) 82 (14.86%) 4.467 <0.05
HPV53 131 (9.22%) 74 (8.52%) 57 (10.33%) 1.322 >0.05
HPV56 114 (8.02%) 57 (6.56%) 57 (10.33%) 6.491 <0.05
HPV58 133 (9.36%) 71 (8.17%) 62 (11.23%) 3.730 >0.05
HPV59 115 (8.09%) 65 (7.48%) 50 (9.06%) 1.130 >0.05
HPV66 98 (6.90%) 59 (6.79%) 39 (7.07%) 0.040 >0.05
HPV68 92 (6.47%) 58 (6.67%) 34 (6.16%) 0.148 >0.05
HPV73 26 (1.83%) I (1.27%) 15 (2.72%) 3.960 <0.05
HPV82 16 (1.13%) 8 (0.92%) 8 (1.45%) 0.847 >0.05
Single genotype 753 (52.99%) 482 (55.47%) 271 (49.09%) 5.502 <0.05
With only one IrHPV 357 (25.12%) 230 (26.47%) 132 (23.91%) 1.160 >0.05
With only one hrHPV 396 (27.87%) 252 (29.00%) 139 (25.18%) 2.467 >0.05
Multiple types 668 (47.01%) 387 (44.53%) 281 (50.90%) 5.502 <0.05
With multiple IrHPV 50 (3.52%) 35 (4.03%) 15 (2.72%) 1.707 >0.05
With multiple hrHPV 162 (11.40%) 94 (10.82%) 68 (12.32%) 0.754 >0.05
With both hrHPV and IrHPV 456 (32.09%) 258 (29.69%) 198 (35.87%) 5917 <0.05

2.020, P > 0.05). The rate of infection was 3.52% (50/
1421) for multiple IrHPV, 11.40% (162/1421) for multiple
hrHPV, and 32.09% (456/1421) for mixed IrHPV and
hrHPV (P < 0.01). The rate of mixed hrHPV and IrtHPV
infection was significantly higher in females (198/552,
35.87%) than in males (258/869, 29.69%) (x* = 5.917,
P < 0.05) (Table 1).

Prevalence of HPV According to Age
The subjects were classified into six age groups (< 20, 20-29,
30-39, 4049, 50-59, and > 60 years). The range prevalence

of HPV was 40.00-58.33% (x* = 5.986, P > 0.05). Male and
female patients with HPV infection in the 20-39-year-old
group accounted for 74.57% and 80.98%, respectively, of the
total. In the < 20-, 50-59-, and > 60-year-old groups, the rate
of HPV infection was < 7%. The rate of hrHPV infection was
highest in the 50-59-year-old group (29.41%) (;* = 12.558,
P < 0.05). The < 20-year-old group had the lowest rate of
hrHPV infection. There was no significant difference in the
IrHPV infection rate (x* = 6.700, P > 0.05) or the hrHPV and
IrtHPV mixed infection rate (> = 5.890, P > 0.05) among the
six age groups (Figure 3, Table 3).
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Figure 2 Constituent ratio of single or multiple genotypes in male and female patients.

Discussion

Most prior studies focused on HPV infection among
females in the general population; few evaluated the epi-
demiology of HPV infection in males and females in high-
risk groups. This is the first epidemiological survey of
HPYV infection in a high-risk group in Tianjin, China.

The overall HPV infection rate in females was 50.64%,
higher than that in Tianjin Province (14.71%) and Xinjiang
Province (14.02%);>"* this might be because those stu-
dies involved only females. In addition, it was higher than
the rate of HPV in Sichuan Province (24.1%) among
hospitalised female patients tested for HPV.>> Guangzhou
Kingmed Diagnostics is the largest independent laboratory
in China. This laboratory performed HPV genotyping of

Table 2 The Distribution of Single or Multiple Genotypes in
Male and Female Patients

Subtype Total Male Female
(n=869) (%) (n=552) (%)
Single 753 482 (55.47%) 271 (49.09%)
Double 352 217 (24.97%) 135 (24.46%)
Triple 175 103 (11.85%) 72 (13.04%)
Quadruple 72 37 (4.26%) 35 (6.34%)
Five-fold 36 12 (1.38%) 24 (4.35%)
Six-fold 16 8 (0.92%) 8 (1.45%)
Seven-fold 7 3 (0.35%) 4 (0.72%)
Eight-fold 4 2 (0.23%) 2 (0.36%)
Nine-fold 5 4 (0.46%) | (0.18%)
Twelve-fold | | (0.12%) 0 (0.00%)

51,345 cervical samples from 364 hospitals, clinics, and
physical examination centres in Guangdong (55%) and
other provinces (45%). The total HPV infection rate was
26.0%,>* lower than in this work. The HPV infection rate
of males was 50.79%, similar to that among male patients
at an STD clinic in Beijing (44.44%).%> The HPV infection
rates among healthy males in the United States (Tampa,
Florida), Brazil (Sao Paulo), and Mexico (Curnahuaca)
were reportedly 32.5-34.5%,%° lower than in this study.
Therefore, STD outpatients are at high risk of HPV infec-
tion because of their greater exposure to STDs.

In this study, HPV6 (30.23%) and HPV11 (15.41%)
were the two most common IrHPV subtypes, and the two
most common hrHPV subtypes were HPV16 (19.49%) and
HPV52 (12.53%). The most commonly detected genotypes
were identical in males and females. Among females, the
main subtypes of HPV were HPV16, 58, 18, and 66 in
Tianjin;21 HPV16, 58, 52, and 56 in Sichuan Province;>’
and HPV16, 52, 58, and 53 in Xinjiang Province.?? The
main HPV genotypes among females were HPV16, 6, 58,
and 11.** The main genotypes among married females in
Zhejiang and Shanxi Provinces were HPV52, 58, 16, and
33 and HPV16, 58, 52, and 33, respectively.”*~° HPV16,
HPVS58, HPV52, HPV33 and HPV31 were the most com-
mon genotypes in the subpopulation of CIN2/3 patients in
china.*® Some studies have shown that HPV-16, HPV-33,
HPV18, HPV31 and HPV45 were the most common gen-
otypes in Italian CIN3 patients.>' > HPV6, 11, 31, and 16/
18 were the major genotypes among males at an STD
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Figure 3 Comparison of the age distribution of HPV infection in male and female patients.

clinic in Beijing.25 In Urban Chengdu, Xi’an, Taiyuan, and
Shenzhen, the main genotypes among men-who-have-sex-
with-men were HPV6, 18, 16, and 11.**3° HPV6, 11, 52,
and 16 were the four most common HPV subtypes among
patients with genital warts in Urban Xi’an.’® Therefore,
the distribution of HPV genotypes differs among Chinese
regions and populations and so epidemiological surveys of
HPV are needed. Although the most common HPV sub-
types in high-risk populations varied geographically,
HPV6, 11, and 16 were consistently among the most
common subtypes. The nine-valent HPV vaccine
(Gardasil 9) (HPV6, 11, 16, 18, 31, 33, 45, 52, and 58)
covers the main genotypes in high-risk groups, but in
China is approved only for females 16-26 years old.
Infection with a single HPV subtype predominated in both
sexes. The single infection rate in females was lower than that
in males. The rate of infection with multiple HPV subtypes in
females was 25.78%, higher than that in Tianjin, Sichuan, and
(7.72%,  21.0%, 19.08%,
respectively).”'>* Multiple infections accounted for 46.60%

Xinjiang  Provinces and

of male patients with HPV infection at STD clinics in

Beijing,” similar to our finding (44.53%). The above results
suggest that the rate of infection with multiple HPV subtypes
in high-risk populations is higher than that in the general
population. Infection with a single HPV subtype increases
the risk of cervical cancer in females 19.9-fold, compared to
31.8-fold for multiple subtypes.>’ Also, cervical infection with
multiple HPV subtypes increases the risk of new cervical HPV
infection.*® The above findings suggest that females at high
risk are more likely to be infected with multiple HPV sub-
types, increasing their risk of cervical cancer.

Most patients with HPV infection were 20-39 years
old, indicating that sexually active individuals are the main
targets of HPV. Medical workers carry out regular educa-
tion and physical examinations for HPV-related diseases
for the purpose of preventing and detecting HPV infection
in high-risk groups.

Our data provide insight into the epidemiology of HPV in
a high-risk population in Tianjin. However, this study had
several limitations. First, the population was limited to those
predisposed to HPV infection attending an STD clinic,
which is only part of the population at high risk of HPV

Table 3 The Age-Specific Prevalence of High-Risk, Low-Risk and Mixed HPV Infection

Age Total HPV (+) N (%) IrHPV N (%) hrHPV N (%) IrHPV and hrHPV N (%)
<20 30 12 (40.00) 1 (3.33) 3 (10.00) 8 (26.67)

20~29 1002 511 (51.00) 152 (15.17) 182 (18.16) 177 (17.66)

30~39 1165 584 (50.13) 177 (15.19) 236 (20.26) 171 (14.68)

40~49 420 207 (49.29) 57 (13.57) 80 (19.05) 70 (16.67)

50~59 136 79 (58.09) 16 (11.76) 40 (29.41) 23 (16.91)

260 48 28 (58.33) 9 (18.75) 12 (25.00) 7 (14.58)

Total 2801 1421 (50.73) 412 (14.71) 553 (19.74) 456 (16.28)
1988 https: International Journal of General Medicine 2021:14
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infection. Second, the subjects were at high risk of HPV
infection, and so the findings cannot be extended to the
general population. Third, we did not collect data on other
relevant factors—such as age at first sexual intercourse,
education, smoking, and immune status—which could have
shed further light on the epidemiology of HPV infection.

Conclusions

In conclusion, the rate of HPV infection among STD out-
patients in Tianjin was high, indicating a considerable bur-
den of HPV infection in high-risk groups. The Gardasil 9
vaccine may be useful for the high-risk population in
Tianjin but is not approved for males in China. Our results
will inform efforts to develop HPV prevention programs
and facilitate the early detection of HPV-related diseases.
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