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Abstract

Background and aim Data on type-specific human papillomavirus (HPV) are needed to investigate HPV-based screening tests
and HPV vaccines. However, Chinese relevant data are insufficient. Therefore, this meta-analysis aimed to summarize and
demonstrate the prevalence and distribution of HPV genotypes in cervical intraepithelial neoplasia (CIN) and compensate
for the shortage of HPV vaccines in China.

Methods The Medline, Embase, and the Cochrane Library databases, as well as references cited in the selected studies,
were systematically searched for studies investigating the prevalence and distribution of HPV genotypes between January
2000 and April 2019 in China.

Results A total of 8 studies were identified, which comprised 2950 patients with CIN1 and 5393 with CIN2/3. The overall
HPV infection rate was 84.37%. The HPV infection rate was significantly higher in the CIN2/3 group (87.00%) than in the
CIN1 group (79.56%) (¥*=80.095, P <0.001). The most common HPV types in CIN1 in order of decreasing prevalence
were as follows: HPV52 (20.31%), HPV16 (16.81%), HPV58 (14.44%), HPV 18 (6.44%), and HPV53 (5.76%). However, in
the CIN2/3 group, HPV16 (45.69%) was the predominant type, followed by HPV58 (15.50%), HPV52 (11.74%), HPV33
(9.35%), and HPV31 (4.34%).

Conclusions This study suggested that HPV16, HPV52, and HPV58 were the top three types of CIN in China. The findings
might provide a reference for future HPV-based cervical cancer screening tests, treatment of HPV infection, and application
of HPV vaccines in China.
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Introduction increase the risk of CIN progression to cervical cancer [4].

Thus, cervical cancer has become the only gynecological

Of the 570,000 new patients of cervical cancer reported
worldwide in 2018, more than 310,000 patients died [1]. The
International Agency for Research on Cancer combined 22
countries to implement a large-scale epidemiological study in
1999. Human papillomavirus (HPV) was identified in 99.7%
of patients with cervical cancer [2]. A significant discovery by
Hausen indicated that persistent infection of high-risk human
papillomavirus (HR-HPV) would result in cervical lesions [3].
Cervical intraepithelial neoplasia (CIN) is a preinvasive form
of cervical cancer. Persistent HPV infection may significantly
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malignant tumor with clear etiology in the world.

The genome of HPV comprises a double-strand circular
DNA of 8000 base pairs. More than 100 types of HPVs have
been identified so far. They are divided into two categories:
HR-HPYV and low-risk HPV (LR-HPV). Furthermore, 80%
of women are infected with HPV in their lifetime; how-
ever, around 90% of infections disappear [5]. It is generally
accepted that HPV 16 is the major high-risk genotype in the
world, while HPV52 and HPV58 are common in Asia [6].
The prevalence of HPV genotype is associated with distinct
races, regions, and customs [7, 8].

At present, the use of HPV vaccines is one of the most
important ways to refrain from HPV infection [9]. However,
the existing HPV vaccines have been prepared based on the
epidemiologic characterization of HPV infection in Western
countries. Hence, the development and application of HPV
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vaccines in China face extraordinary challenges. Therefore,
this meta-analysis was performed to summarize and demon-
strate the prevalence and distribution of HPV genotypes in CIN
and compensate for the shortage of HPV vaccines in China.

Materials and methods
Study selection

The Medline, Embase, and the Cochrane Library databases,
as well as references cited in the selected studies, were sys-
tematically searched for studies investigating the prevalence
and distribution of HPV genotypes between January 2000
and April 2019 in China. The key search items included
“cervical intraepithelial neoplasia,” “human papillomavi-
rus,” “polymerase chain reaction,” “epidemiology,” “geno-
type,” “China,” “female,” and so forth. The meta-analysis
was restricted to studies published between January 2000

and April 2019. The analysis had no language restrictions.

EEINT3

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) research related
to opportunistic screening in hospitals, (2) CIN1, CIN2, and
CIN3 diagnosed by cervical histopathology, (3) each tar-
geted study contained a minimum of 20 CIN cases, (4) HPV-
DNA detected by polymerase chain reaction (PCR), and (5)
at least 10 identified HPV types. The exclusion criteria were
as follows: (1) no pathological result found, (2) the grouping
included cervical cancer, and (3) the requisite information
could not be accessed.

Data abstraction

The data from all the studies were collected and checked
simultaneously by the researchers. The main extracted infor-
mation included the first author name, reference, research
location, HPV-DNA source, PCR primers, sample capacity,
and HPV prevalence (see Table 4 in “Appendix”).

Statistical analysis

The rate and the confidence interval (CI) of more than 95%
were used for the correlation analysis. The statistical analy-
sis used the CI and heterogeneity test combined with the rate
of logit transformation. Review Manager 5.3 was used for
the meta-analysis of the correlation between HPV infection
and cervical lesions. When P was > 0.05 and I* was < 50%,
the fixed-effects model was used. When P was < 0.05 and
I? was > 50%, statistical heterogeneity was observed. The
source of heterogeneity was analyzed and eliminated. If het-
erogeneity still existed, the meta-analysis was carried out
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using the random-effects model. The potential source of bias
was assessed by drawing funnel plots.

Results

A total of 79 potentially related studies were identified by
screening Medline, Embase, and the Cochrane Library. Of
these, 10 studies presented duplicate reports and 40 had
nothing to do with the epidemiological characteristics of
HPV. Ultimately, nine studies were included in the meta-
analysis after full-text screening [10-18]. The literature
screening process is shown in Fig. 1.

A meta-analysis of total HPV infection rates was car-
ried out in the CIN2/3 and CIN1 groups. The random-
effects model was used because of significant heterogeneity
(P=97%, P<0.00001). Unfortunately, an obvious bias was
found. Subsequently, the infection rate of the most representa-
tive HPV16 was explored in the meta-analysis of CIN2/3 and
CIN1 groups. As a result, a moderate heterogeneity (P =51%,
P=0.04) was noted, and the bias decreased significantly.

Subsequently, the risk of bias was assessed one by one,
and the risk of bias and the bias summary among the included
studies are shown in Fig. 2. The selected studies were cohort
or case—control studies. None of them referred to the princi-
ple of randomness. A high risk of bias was observed only in
the study by Li in 2018 [14], which was, therefore, examined
again in detail. The study showed that the samples in Yunnan
province were divided into Han ethnic and non-Han ethnic
groups. Also, a small difference was found in the prevalence
of HPV between the two groups. However, in other studies,
the participants did not belong to the areas, where ethnic
minorities gathered; most of them were of Han nationality.
Consequently, the study by Li was excluded. The HPV 16
infection rate was compared between the CIN2/3 and CIN1
groups in the finally selected eight studies. No heterogeneity
(P=0%, P=0.43) or apparent bias was found (Fig. 3).

The selected studies summarized the distribution of
HPV genotypes in 8343 patients with CIN. The overall
HPV infection rate was 84.37%. The prevalence of HPV
genotypes is shown in Table 1: HPV16 (34.56-36.61%),
HPV58 (14.36-15.90%), HPV52 (14.01-15.53%), HPV33
(7.32-8.48%), HPV18 (4.32-5.24%), HPV53 (3.87-4.74%),
HPV31 (3.86-4.73%), HPV51 (3.08-3.87%), HPV39
(2.90-3.67%), and HPV81 (2.39-3.10%) (Fig. 4a).

The samples included 2950 patients with CIN1 and 5393
with CIN2/3. The HPV infection rate was significantly
higher in the CIN2/3 group (87.00%) than in the CIN1 group
(79.56%) ()(2=80.095 and P <0.001). In the CIN1 group,
HPV52 (20.31%), HPV16 (16.81%), HPV58 (14.44%),
HPV18 (6.44%), and HPV53 (5.76%) were the most com-
mon types. Yet, in the CIN2/3 group, HPV16 (45.69%),
HPV58 (15.50%), HPV52 (11.74%), HPV33 (9.35%), and
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Fig. 1 Flow diagram for the identification of studies for meta-analysis

HPV31 (4.34%) were the most common types. The infection
rate of each type was dramatically different between the two
groups (Table 2; Fig. 4b).

Five out of eight studies reported HPV infection rates of
single and multiple types. Four studies were further grouped
pathologically. The single HPV infection rate was higher
in the CIN2/3 group than in the CIN1 group (y>=26.444,
P<0.001). However, no obvious difference was found in the
multiple HPV infection rate between the two groups (Table 3).

Discussion

This study systematically reviewed eight published studies
on the distribution of HPV genotype in China, controlled
the heterogeneity of these studies, and improved the accu-
racy of HPV genotype description for Chinese women with
CIN. According to the study by Li, the HR-HPV infection
rate in the CIN1 group was 59.5% (95% CI 52.7-66.4) [7],
which was lower than the values obtained in the present
study (67.72%). Taking into account More than 20 high-risk
and low-risk HPV genotypes, the total HPV infection rate
was found to be higher in the present study compared with
other studies. In 2018, a Chinese study reported that the
HPV infection rate in the CIN2/3 group was 79.9-87.6%
[19], consistent with the result of the present meta-analysis.

HPV16 has the highest incidence of cervical cancer,
while the distribution of other types varies regionally in dif-
ferent countries [20]. Some meta-analyses demonstrated the
association of HPV16 and HPV18 with invasive cervical
cancer globally, including Asia [21, 22]. However, in China,
the most common HPV types in order of decreasing preva-
lence were as follows: HPV16, HPV58, HPVS52, HPV 18,
and HPV33 [7]. The order in the present meta-analysis was
as follows: HPV16, HPV58, HPV52, HPV33, and HPV18.
A European study found that the three top HPV genotypes
in the CIN2/3 group were HPV16 (48.1%), HPV31 (13.9%),
and HPV33 (9.9%) [23]. In the present meta-analysis,
HPV16 was still the most common type among women
with CIN2/3, followed by HPV58 and HPV52. Hence, the
distribution of HPV genotypes varied in different regions
and cervical lesions, indicating that the application of HPV
vaccines should adapt to local conditions. A large-scale
epidemiological survey of HPV in 51,345 women in China
showed that HPV52, HPV 16, and HPV18 were the 3 most
common types [24]. In the present meta-analysis, the top five
genotypes with the highest infection rate in the CIN1 group
were HPV52, HPV16, HPV58, HPV 18, and HPV53. The top
two HPV types were identical to those in the aforementioned
survey. Previous studies on HPV genotypes of 1387 women
with CIN2/3 in Shanxi province showed that the most
prevalent types were HPV16 (59.3%), HPV58 (14.4%), and

@ Springer



1332

Archives of Gynecology and Obstetrics (2020) 302:1329-1337

A

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50%

75%  100%

B Low risk of bias

E] Unclear risk of bias

B Hioh risk of bias

010ZXTN

‘

@O OO B S | oTnune
© 006 00
® 0 o6 66 . wmn
e OO S S :|0twn
06 e 6 e ¢ szahu
0 0O B @ |nurma

066 66 : 107 MEue 0
. . . . . . & | 8102 AHfiLEM
000000

Random scquence generation (cclection bias)

Allneatinn cnneRrAalmMent (SeIectinn tias)

Dlinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection biag)
Incurnplele vulcurme dala (allrilivn Dias)

Seclective reporting {reporting bias)

Other bias

Fig.2 a Risk of bias for the included studies, and b risk-of-bias summary for the included studies

A CIN273 CIN1 0dds Ratio 0Odds Ratio B o sewsom :
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI :
Gu,Y 2016 75 170 34 179 54% 3.37(2.08,5.45) S b
Hong,D 2008 146 345 14 105 35% 477(2.61,8.71) — L 0
LiKM 2017 1029 2295 174 1098 38.0% 4.32(3.60,5.18) - :
LiY 2008 48 130 16 99  3.0% 3.04 [1.60,5.78] —— o p
LiuX 2010 316 517 62 180 10.0% 2.99(2.10,4.27) —— 9 i
Sun,PM 2017 234 519 63 395 123% 4.33(3.14,5.96) - o
Wang, HY 2018 546 1178 117 751 241% 4.68(3.73,5.88) - s ° io
Zhang,Y 2018 70 239 16 143 36% 3.29(1.82,5.93) == o
Total (95% Cl) 5393 2950 100.0% 4.12[3.68,4.61] ¢ i
Total events 2464 496 :
Heterogeneity: Tau®= 0.00; Chi*= 7.01, df = 7 (P = 0.43); F= 0% o ’05 5 2=0 : &
Test for overall effect: Z= 24.70 (P < 0.00001) . Favours [CIN2/3] Favours [CIN1] 05 s v + - 3 %

Fig. 3 a Forest plot depiction of HPV-16 infection rates and odds ratios compared between the CIN2/3 and CIN1 groups (eight studies), and b
funnel plot for the assessment of publication bias regarding the relationship between HPV and cervical lesions (eight studies)

HPV33 (10.0%) [25]. In the present meta-analysis, HPV 16,
HPV58, HPV52, HPV33, and HPV31 were the most com-
mon types in the CIN2/3 group. The results were consistent
with previous findings.

Therefore, it was concluded that the main types of HPV
infection in the CIN1 and CIN2/3 groups were different. Fur-
thermore, the infection rate of each genotype was markedly
diverse for cervical lesions of different degrees. It was con-
firmed again that the most common HPV genotypes among

@ Springer

Chinese women were different from those in non-Asian coun-
tries. According to the “2012 Updated Consensus Guidelines
for the Management of Abnormal Cervical Cancer Screening
Tests and Cancer Precursors,” HPV16- or HPV18-infected
women were supposed to first undergo colposcopy despite
negative results on cytologic evaluation [26]. However, in
the present study, HPV52 and HPV58 were far more common
than HPV 18, especially in women with CIN2/3, indicating
that colposcopy was needed for women with normal results
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Table 1 Prevalence of HPV genotypes in cervical lesion. (n=8343)

HPV genotype N Infection rate (%) 95% CI
Overall 7039 84.37 83.59-85.15
HR-HPV

16 2960 35.48 34.56-36.61
52 1232 14.77 14.01-15.53
58 1262 15.13 14.36-15.90
18 399 478 4.32-5.24
53 359 4.30 3.87-4.74
68 164 1.97 1.67-2.26
33 659 7.90 7.32-8.48
39 274 3.28 2.90-3.67
51 290 3.48 3.08-3.87
56 219 2.62 2.28-2.97
45 73 0.87 0.68-1.07
81 229 2.74 2.39-3.10
35 109 1.31 1.06-1.55
66 214 2.57 2.23-2.90
LR-HPV

6 132 1.58 1.31-1.85
31 358 4.29 3.86-4.73
43 148 1.77 1.49-2.06
44 24 0.29 0.17-0.40
59 131 1.57 1.30-1.84
11 164 1.97 1.67-2.26
42 74 0.89 0.69-1.09
55 69 0.83 0.63-1.02
61 64 0.77 0.58-0.95
Other 141 1.69 1.41-1.97

HR-HPV high-risk human papillomavirus, LR-HPV low risk human
papillomavirus

on cytologic evaluation but with HPV52 or HPVS58 infection.
Hence, it is important for China to improve the strategy of
cervical cancer screening and treatment.

The safety and efficacy of HPV vaccines have been con-
firmed [27]. At present, three kinds of HPV vaccines are
available: Cervarix, Gardasil, and Gardasil 9. The Cervarix
vaccine prevents mainly the infection caused by HPV16 and

infection rate ( %)

PRIPIPDIPP PSSR OPPIPPS e
o

PV genotype 0

HPV18. The Gardasil vaccine is used primarily for resisting
HPV6, HPV11, HPV16, and HPV18. The Gardasil 9 vaccine
affects HPV6, HPV11, HPV16, HPV18, HPV31, HPV33,
HPV45, HPV52, and HPVS58. The distribution of HPV types
in China includes HPV 16, HPV58, HPV52, HPV33, HPV 18,
HPV53, HPV31, HPV51, HPV39, and HPV8I (in order of
decreasing prevalence). Cervarix and Gardasil have limited
functions, with no effects on HPV52, HPV58, and HPV33.
Gardasil 9 offers sufficient protection against HPV infection.
The HPV53 infection rate is 3.87-4.74%, ranking sixth for
CIN in China. The CIN1 infection rate ranks fifth. However,
universal HPV vaccines are useless against HPV53. There-
fore, the development of new vaccines to prevent HPV infec-
tion based on the prevalence and distribution characteristics
of HPV genotypes in China is of great significance.

The types of HPV infection are diverse depending on the
difference in the susceptibility of different individuals. Sev-
eral studies showed that a single HPV infection was domi-
nant, while multiple HPV infections were prevalent in large
populations [28, 29]. Researchers have different opinions on
the relationship between multiple HPV infections and cervi-
cal lesions. A study showed that multiple HPV infections
were a common phenomenon and did not increase the risk
of progression of CIN. In addition, they might cause more
effective immune responses due to competition, reducing
the incidence of high-grade CIN [30]. Other studies sug-
gested that multiple HPV infections had a synergistic effect
on the development of cervical cancer [31]. Compared
with single HPV infection, patients with CIN1 having mul-
tiple HPV infections had a higher risk of developing into
CIN2 +[32, 33]. Zhao argued that the HPV infection rate
increased with the increase in the CIN grade ()(2 =62.875,
22.113, P<0.001) [34]. In the present study, the single HPV
infection rate was remarkably higher in the CIN2/3 group
than in the CIN1 group, while the multiple HPV infection
rate was slightly higher in the CIN2/3 group than in the
CIN1 group. Another study showed that a persistent HPV
infection, mainly caused by polytypic HPV and HR-HPV
[35], was an important factor in the development of CIN
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Fig.4 a Distribution of HPV genotypes in 8343 samples, and b distribution of HPV genotypes in different pathological groups
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Table2 HPV genotypes distribution in different degree of cervical
lesion (n=8343)

HPV genotype CIN1 CIN2/3 Ve P
(n=2950) (n=5393)
N (%) N (%)

it 2347 (79.56) 4692 (87.00) 80.095 < 0.001
HR-HPV

16 496 (16.81) 2464 (45.69) 694.563 < 0.001
52 599 (20.31) 633 (11.74) 111213 < 0.001
58 426 (14.44) 836 (15.50) 1.672 0.196
18 190 (6.44) 209 (3.88) 27.557 < 0.001
53 170 (5.76) 189 (3.51) 23.614 < 0.001
68 86 (2.92) 78 (1.45) 21.352 < 0.001
33 155 (5.25) 504 (9.35) 43.874 < 0.001
39 143 (4.85) 131 (2.43) 35.112 < 0.001
51 158 (5.36) 132 (2.45) 48.073 < 0.001
56 127 (4.31) 92 (1.71) 50.400 < 0.001
45 24 (0.81) 49 (0.91) 0.199 0.656
81 98 (3.32) 131 (2.43) 5.696 0.017
35 50 (1.69) 59 (1.09) 5.340 0.021
66 115 (3.90) 99 (1.84) 32460 < 0.001
LR-HPV

6 62 (2.10) 70 (1.30) 7911 0.005
31 124 (4.20) 234 (4.34) 0.085 0.770
43 84 (2.85) 64 (1.19) 30.183 < 0.001
44 11 (0.37) 13 (0.24) 1.155 0.282
59 69 (2.34) 62 (1.15) 17.453 < 0.001
11 78 (2.64) 86 (1.59) 10.897 0.001
42 38 (1.29) 36 (0.67) 8.274 0.004
55 45 (1.53) 24 (0.45) 27.138 < 0.001
61 28 (0.95) 36 (0.67) 1.987 0.159
Other 40 (1.36) 101 (1.87) 3.066 0.080

HR-HPV high-risk human papillomavirus, LR-HPV low risk human
papillomavirus, CIN cervical intraepithelial neoplasia

Table 3 Comparison between single and multiple HPV infections in
cervical lesions of different degrees, n (%)

Total? CIN1® CIN2/3® P

N 5368 742 1233

HPV (%) 4137 454 881 22.287 <0.001
(77.07) (61.19) (71.45)

Single (%) 3051 296 643 27.905 <0.001
(56.84) (39.89) (52.15)

Multiple 1086 158 238 1.146  0.284

(%) (20.23) (21.29) (19.30)

*Indicates an additional study besides b

[36]. Therefore, exploring multiple HPV infections offers
a reference for the development of effective HPV vaccines.

The present study had several limitations. First, HPV
results were influenced by the DNA source and detection
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techniques. Second, despite the detailed description of
type-specific HPV, the analysis of multiple HPV infections
was simple. The influence of co-infection with different
genotypes on CIN was of great significance. Third, it was
meaningful to group cases by region or ethnicity. Last but
not least, the study was limited to the investigation of CIN
and lacked data on healthy people and patients with cervical
cancer. Therefore, more detailed investigations are needed
in the future.

In conclusion, the distribution of papillomavirus geno-
types in China basically resembles that in other parts of the
world. HPV16, HPV52, and HPV58 are the most common
types of CIN in China. At present, the universal HPV Gar-
dasil 9 vaccine is effective against most of the HPV types
worldwide. However, the existing HPV vaccines do not play
any role against HPV53, which has a high prevalence rate.
This study provided a reference for future HPV-based cervi-
cal cancer screening tests, treatment of HPV infection, and
application of HPV vaccines in China.
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