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Abstract

Cervical cancer, mostly progressing from cervical intraepithelial neoplasia, is a major cause of morbidity
and mortality in Chinese women. This is largely due to high prevalence of high-risk human papillomaviruses
(hr-HPVs) in the population. The prevalence of hr-HPV DNA in women and in cervical lesions women ranged
from 9.9% to 17.% and from 50.5% to 70.9% in different regions of China, respectively. The most common
genotypes somewhat differ between regions throughout the country and from those in many other countries.
This may be a challenge to cervical cancer screening and prevention in China. Combined detection of particular
HPYV genotypes should be recommended in all geographical regions in China and greater attention must be paid
to specific hr-HPV types during cervical cancer screening and follow-up of cervical lesions. Besides, vaccination
for prevention of cervical cancer by particular HPV genotypes, has not been introduced to China so far. Updated
knowledge on prevalent HPV genotypes should be provided to public health organizations to help with the
development of more effective HPV vaccines, which can protect Chinese women against HPV types prevalent

in local China and thus have a substantial impact on the cervical cancer burden.
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Introduction

Cervical cancer is the second most prevalent
malignancy in women worldwide and there were up to
nearly 528,000 new cases and about 266,000 deaths in
2012 (International Agency for Research on Cancer,
2014). In developing countries, including China, it’s the
second most common cause of cancer-related mortality
among women (Jemal et al., 2011). Cervical cancer is
mostly progressed from cervical intraepithelial neoplasia
(CIN). The morbidity of CIN and cervical cancer, which
are referred to as cervical lesions, was about 5.8% t0 6.5%
in China (Li et al., 2010; Zhao et al., 2012).

The central cause of cervical lesions is clearly verified
to be human papillomavirus (HPV) infection, especially
high-risk HPV (hr-HPV), by epidemiological studies.
HPV DNA can be identified in almost all (99.7%) cases of
cervical cancer in studies from 22 countries (Walboomers
et al., 1999) and the most prevalent HPV genotypes are
HPV16 and 18 worldwide (Clifford et al., 2003; Smith et
al.,2007; Sanjose et al., 2010). However, it’s likely to be
somewhat different in China according to certain newly
done studies (Hou et al., 2012; Wang et al., 2013; Zhang
et al.,2013; Ding et al., 2014; Jing et al., 2014). Besides,
vaccine, preventing cervical cancer from particular HPV
genotypes, has not been introduced to China so far.

Hence, it’s necessary to get more updated knowledge
on the distribution characteristics of hr-HPV genotypes
among cervical lesions women in China and this will
have profound guiding significance in cervical cancer
prevention.

Burden of cervical lesions in China

China is a developing country located in eastern Asia,
with the land area of about 9.6 million square kilometers
and the population of as many as one quarter of that of the
world. The burden of cervical lesions is disproportionately
high in developing countries. In China, the incidence of
cervical cancer is high, with about 132,300 new cases each
year (Kim et al., 2009). And the prevalence of cervical
lesions ranged from 2.5% to 5.9%, according to some
latest cervical cancer screening surveys from different
provinces (Zhang et al., 2008; Zhao et al., 2009; Li et
al., 2010; Zhang et al., 2013). All these suggest cervical
lesions is an important reproductive health problem in
China. And in a pooled analysis of 17 population-based
studies, the morbidity of cervical lesions was up to about
6.5% and the age-standardized prevalence was 3.1%
for cervical intraepithelial neoplasia grade 1 (CIN1),
1.3% for CIN2, 1.2% for CIN3+ (Zhao et al., 2012).
They indirectly proved that the cervical cancer burden in
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China is under-reported and documented the inadequacy
of current cervical cancer screening in China. Hence, the
exact number of women suffering from cervical lesions is
likely to be a little higher than that found by these studies.

Prevalence of hr-HPV in cervical lesions
among Chinese women

Epidemiological studies have clearly verified that
the central cause of cervical lesions is HPV infection,
especially hr-HPV, which is considered to be oncogenicity.
HPYV can be identified in almost all(99.7%) cases of
cervical cancer in studies from 22 countries (Walboomers
etal., 1999). Hr-HPV DNA was positive in about 90% of
high-grade cervical lesions in US (Wright et al., 2012).
Some Chinese cervical cancer screening studies found
that the positive rate of hr-HPV infection among women
ranged from 9.9% to 16.97% (Li et al., 2010; Ye et al.,
2010; Chen et al., 2013; Mai et al., 2014) and were even
as high as 33.2% in women with high-risk factors (Zhang
etal.,2008). The prevalence of hr-HPV in cervical lesions
were reported to be 50.5% to 70.9% in cervical lesion
cases (Zhang et al.,2008; Li et al., 2010). And the positive
rate of hr-HPV in CIN1 and CIN2+ ranged from 40.3%
to 68.8%, from 72.3% to 88.6%, respectively (Zhang et
al., 2008; Li et al., 2010; Liu et al., 2010). As high as
94.1% of the prevalence in cervical cancer were reported
(Zhang et al., 2008). In our recent multicenter study in
China, in which 2207 CIN2+ patients were enrolled, hr-
HPV positive rate in CIN 1 and CIN 2+ were 78.20% and
92.80%, respectively. However, the manuscript of this
study is just being submitted.

As China covers a large area, with 5,200 kilometers
from eastern border to western and 5,500 kilometers
from south to north, the prevalence of hr-HPV may vary
between geographic locations. Keith W.K. LO compared
the heterogeneity of HPV prevalence in cervical cancer
specimens collected from 5 parts of China and it suggested
no significant difference between regions (Lo et al.,2002).
However, more than twelve years have passed since
their assessment, a new analysis should be carried out to
estimate the heterogeneity of hr-HPV prevalence between
different locations according to the latest studies. Besides,
just as confirmed, HPV prevalence highly depends on
the detection method and the prevalence was previously
underestimated (Lo et al., 2002; Li et al., 2008). What’s
more, bias would arise in terms of overestimating the
prevalence of hr-HPV infection if local researcher selected
patients on the basis of CIN grade (e.g. hr-HPV DNA is
more prevalent in CIN3 than in CIN2). With or without
significant difference in the prevalence of hr-HPV between
regions, these studies all provided high prevalence of hr-
HPV in cervical lesions.

Most prevalent hr-HPV genotypes in cervical
lesions in China

According to many population-based cervical cancer
screening studies from different country of the world,
HPV16 was the most prevalent types in cervical lesions
(Kjeretal.,2008; Onuki et al., 2009; Sjoeborg et al.,2010;
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Hou et al., 2012; Wright et al., 2012). In Copenhagen,
Denmark, HPV16, 31, and 33, in order of decreasing
prevalence, were the most prevalent types in CIN3 (Kjer
et al., 2008). In its nearby country Norway, HPV16 was
also followed by HPV31 and 33 among CIN2+ cases
(Sjoeborg et al., 2010). While in Japan, to the east of
China, HPV52 and 58, following HPV 16, were the most
prevalent types in CIN2-3 (Onuki et al., 2009). It seems
that the most prevalent hr-HPV types in cervical lesions
vary between geographic locations. And there did be
variation when ranking of individual hr-HPV types, except
HPV16 and 18, across countries (Sanjose et al., 2010;
LiNetal., 2011). We eagerly want to know the detailed
prevalent HPV types in China and select studies carried
out lately, in which cervical lesions were confirmed by
pathology not based on exfoliative cervical cells but
samples obtained through biopsy or surgery, gold criteria
for diagnosis of cervical lesions. However, there were not
many such studies in China.

In a study carried out more than ten years ago,
HPV16 and 18 were the most prevalent genotypes in
cervical cancer (Lo et al., 2002). In the latest studies,
the most prevalent hr-HPV sub-types in cervical lesions,
including cervical cancer, varied somewhat between
different locations and even between different studies in
a same region. In Beijing, a single center study, with 341
cervical lesion cases, reported that HPV16, 58, 66, 18
and 33 were most common hr-HPV in CIN1, and HPV 16,
33,58, 52 and 31 were most prevalence in CIN2+ (Hou
et al., 2012). Another single-center study, with 1,082
patients, found that the most common hr-HPV genotypes
in cervical lesions and cervical cancer were HPV 16, 52,
58,33, 18 and HPV16,33, 18,52, 58, respectively (Ding
et al., 2014). A multiple-center study in Beijing showed
that HPV 16, 58, 33, 56, and 31 were the most frequent
genotypes in cervical lesions (Li et al., 2010). In another
east part of China, a study showed that the most common
genotypes were HPV16,58,33,52 and 66 in CIN patients
(Wang et al., 2013). In southwestern China, HPV16, 58,
18,52 and 33were the most prevalent genotypes in cervical
cancer (Li et al., 2011).

It’s noted from these results that HPV 18, 31, 33, 52,
58, 56 and 66 were prevalent types, as well as HPV 16,
among women with cervical lesions in China. And the
specific prevalent type, except HPV16 and 58, in different
studies or between different provinces varies somehow.
Additional, HPV58, 52 types were more prevalent in
China than other regions throughout the world. This
coincides with the finding of a meta-analysis conducted
by Chan PKS who reported that HPV52 and 58 shared a
higher prevalence and attribution among CIN in Eastern
Asia (Chanetal.,2014). Besides, Zhang R observed some
differences in the type distribution of urban verses rural
areas, who described like this: the prevalence of HPV58
in urban areas was more than double that in rural areas,
and HPV59 was the sixth most prevalent type in urban
areas, but not even in the top ten most prevalent types in
rural areas (Zhang et al., 2013). In China, rural population
accounts for a large proportion and the ratio of rural
population to urban differs between provinces. This may
be an important reason for the difference when ranking
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the most common HPYV types between different provinces.
And this indicates the importance of stratified sampling in
the study. What’s more, as mentioned before, bias would
also arise in terms of overestimating the prevalence of
particular sub-type if local researcher selected patients
on the basis of CIN grade. More accurate result can be
obtained only when researchers analyze the positive rate
in each detailing disease grade and histologic type should
be taken into consideration. (e.g. CIN1, CIN2, CIN3,
squamous cervical cancer (SCC) and adenocarcinoma
of cervix (ACC)). Lastly, the answer to the question that
does the prevalence of particular HPV genotype differ
between geographic locations nowadays needs to be
confirmed in high-quality analysis or multicenter study
throughout the country.

Just as known, the most common HPV types vary
between different grade of cervical lesions or histologic
type and individual HPV type shared a particular
prevalence and attribution among different grade of
cervical lesions or histologic type. In cervical cancer,
HPV18 is more prevalent than in low grade cervical
lesions among Chinese women (Wu et al., 2009; Zhao
et al., 2009; Ding et al., 2014), which coincides with the
result of a multicenter US cervical cancer screening trial
(Wright et al., 2012). And some researchers verified that
HPV 18 was more prevalent in ACC than in SCC (Clifford
et al., 2003; Smith et al., 2007) and implied that HPV 18
genotyping could be useful in identifying adenocarcinoma
in situ (Wright et al., 2012). The predominant roles of
HPV18, along with HPV 16, in invasive carcinomas were
confirmed. Besides, HPV 18 has been shown to be a more
rapid transition to malignancy (Burger et al., 1996) and
a poorer prognosis of cancer patients (Hildesheim et al.,
1999; Schwartz et al., 2001), compared to HPV16.

In all, combined detection of particular HPV genotypes
should be recommended to corresponding geographical
regions in China, according to above studies. But it’s
convenient to detect all hr-HPV in one same sample at
the same time nowadays and it won’t cost much more.
So genotyping of nearly all hr-HPV types when testing
is widely used. And during cervical cancer screening and
follow-up of cervical lesions in China, greater attention
must be paid to specific hr-HPV genotypes, e.g. HPV58
and 52, compared to many other countries.

Risk factors of cervical lesions in China

The essential cause of cervical caner is clearly verified
to be hr-HPV persistent infection. During the progression
from CIN to cervical cancer, there are a series of four
steps - HPV transmission, viral persistence, progression
of a clone of persistently infected cells to precancer, and
invasion. Any factors boost the progression of above steps
may be risk factors of cervical lesions. And there are a
number of risk factors that predispose women to acquiring
hr-HPVs (Schiffman et al., 2007). The factors include
marital status, multiple sexual partners, more number
of husband’s sexual partners, no condom use, early age
of first intercourse, early age at first pregnancy (Chou
1991; Zhao et al., 2009; Li et al., 2010). In Changdong
Li’s research, high education levels, usage of oral steroid
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contraceptives, smoking, poor genital hygiene, columnar
ectopy, infected with other sexually transmitted pathogens
such as trichomonas vaginitis or herpes simplex virus
were considered to be risk factors (Li et al., 2010). And
Jing Ye’s findings are inconsistent with theirs in smoking,
reproductive history and condom use (Ye et al., 2010).
However, a latest large prospective study confirmed
the role of tobacco smoking as an important risk factor
for both CIN3 and invasive cervical cancer (Roura et
al., 2014). Another study provided some evidence that
conscientious condom use promoted by health education
programs could reduce the risk of cervical cancer at the
population level (Shepherd et al.,2011). In addition, there
are other co-factors such as immunodeficiency and host
genetic factors which are also important for progression
of cervical cancer (Moore et al., 2012).

HPYV vaccination and challenges in China

So far, two kinds of prophylactic HPV vaccines has
been developed to prevent cervical cancer, including
Cervarix® HPV vaccines (preventing mainly HPV16 and
18) and quadrivalent Gardasil® HPV vaccines (active
against HPV 6, 11, 16 and 18) (Kawana et al., 2009).
Gardasil was originally licensed for prevent against
premalignant genital lesions and cervical cancer causally
related to certain oncogenic HPV types. Being effective
and efficacious in preventing cervical cancer, they are
licensed and available in most countries worldwide but
the mainland China. It’s eagerly hoped that HPV vaccines
can be available in China soon. However, there is likely to
be several challenges during their introduction to China.

The two vaccines above only target HPV6, 11, 16,
and 18. So it seems that the vaccines won’t be effective
in preventing against other oncogenic hr-HPV sub-types
which are also prevalent in mainland China. According
to the studies mentioned above, hr-HPV58, 52,31, 33,56
and 66 were also detected in a substantial proportion of
cervical lesions women (Li et al., 2010; Li et al., 2011;
Hou et al., 2012; Wang et al., 2013; Ding et al., 2014).
Women infected with such hr-HPV types may not be
protected from developing cervical lesions by the current
two vaccines. And the same challenge came about in some
other countries such as Denmark, Japan, Cameroun and
Zambia, where non-16 and 18 subtypes were prevalent
(Sahasrabuddhe et al.,2007; Kjer et al., 2008; Desruisseau
et al., 2009; Onuki et al., 2009). The challenge therefore
presents the urgency of developing HPV vaccines for
particular genotypes prevalent in these countries. And
there may not be a long way before effective prophylactic
vaccines are available in the mainland China. A new
nanovalent vaccine, protecting against HPV6, 11, 16, 18,
31, 33,45,52 and 58, is in clinical trials now (Drolet et
al., 2014). And it will be more useful in China and other
countries where some non-16 and 18 sub-types were
prevalent.

What’s more, the targeting group for HPV vaccination
is needing defined. Girls, before the onset of sexual
activities, should be targeted for HPV vaccination,
generally (Agosti et al., 2007). And now, universal
vaccination (vaccinating both men and women) is
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recommended in several countries, since abundant
evidence is emerging of its effectiveness in preventing
HPV-related conditions in men. However, the results of
cost-effectiveness of universal HPV vaccination have been
mixed and much work is needed in the future (Marsh et al.,
2014). Another challenge to HPV vaccination in China is
the prohibitive cost. In China, a developing country, there
were more than 1.3 billion people totally, of which about
half are women. If more girls and women are to be reached,
the government or donor funding may have to subsidize a
large number of vaccines, which will do cost a lot.

Although with some challenges, the prevention
and control of cervical lesions, a preventable disease,
through screening and HPV vaccination should be a
national priority to make sure that more women are under
protection against doubtless causal agents.
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