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Abstract: Objective: To study the Distribution of HPV genotypes in Shanghai women. Design: Cohort study. Setting:
Shanghai First Maternity and Infant Hospital affiliated with Tongji University. Population: Patients those attended
in the cervical disease diagnosis and treatment center of Shanghai First Maternity and Infant Hospital between
January 2011 and December 2014. Methods: HPV GenoArray test kit (HybriBio Ltd) was used to perform HPV ge-
notyping and was also used in DNA amplification and HybriBio’s proprietary flow-through hybridization technique.
Results: In this study, total patients analyzed were 4585. Among 4585 sample the HPV positive patients were 1460
i.e. 31.84% in total. On the basis of pathological report normal were 1358, with inflammation 2441, with low grade
lesion were 399, high grade lesion were 353, CIN were 19 and cervical carcinoma were 15. Among normal HPV
positive were 215 (15.8%), among inflammation HPV positive were 735 (30.11%). HPV positive in low grade lesion
were 353 i.e. 59.77%. In high grade lesion 211 were HPV positive among 272 (68.17%). The percentage of HPV
positive was 73.68% i.e. 14 out of 19 patient in cervical carcinoma in situ. 13 patient out of 15 i.e. 86.67% of Cervi-
cal carcinoma were HPV positive. Among all percentage of HPV positive was high among cervical carcinoma then
cervical carcinoma in situ then high grade lesion in decreasing fashion to low grade lesion and in normal. Highest
prevalence i.e. 22.67% is of HPV 52 subtype and HPV 16 has second highest prevalence with 17.67% among HPV
positive cases. Sensitivity of TCT detection is 71.6%. Specificity of TCT detection is 79.6%. Sensitivity of HPV-DNA
detection is 65.2%. Specificity of HPV-DNA detection is 78.2%. Conclusion: HPV is one of major health concern in
shanghai having high prevalence rate in comparison to other part of china and other part of world. This has impli-
cations for the future cervical cancer burden and the priority to be given to prevent cervical cancer in Shanghai,
especially, given the promising efficacy of prophylactic vaccines against HPV52, 16 and 58. This study also shows
high sensitivity and specificity of TCT and HPV-DNA detection.
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Introduction has been well established [3]. Recent studies
have shown that HPV DNA can be found in

Human papillomavirus (HPV) is the most com- 99.7% of all cervical cancers while most com-

mon sexually transmitted infections among
women worldwide. Cervical pre-malignant le-
sions and cervical carcinoma which is one of
the most common cancers among women
worldwide is associated with Persistent infec-
tion caused by high-risk HPV genotypes (16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and
68). During the sexual life most of the women
are infected with one or more (mixed) HPV gen-
otypes [1]. The HPV infection and cervical can-
cer association is documented widely. The
majority of cervical cancers are the conse-
quence of persistent infection by high risk HPV
genotypes [2]. The association of HPV infection
with cervical cancer and its precursor lesions

mon subtypes of HPV types are 16, 18, 45, and
31. According to the etiologic role in progres-
sion to cervical cancer, HPV subtypes are clas-
sified as high risk includes 15 HPV genotypes,
probable high risk contains three genotypes
(26, 53, and 66), low risk contains 12 geno-
types (such as 6, 11 and others frequently
detected in benign lesions such as condyloma
accuminata) and undetermined risk contains
three genotypes (34, 5, and 83) [4]. The high
risk types HPV-16 and HPV-18 are responsible
for approximately 70% of cervical cancers [5]
worldwide, HPV-16 is present in 45% and HPV-
18 in 16% of cervical lesions. Genotypes 31
and 45 represent for another 10% [6]. Although
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Table 1. HPV Prevalence among Women participating in population-based Cervical screening studies

Study year Location Number (N)  Age Target HPV types  Overall Prevalence
1999 Xiangyuan 1997 35-45 13HR-HPV 18.2
2001-2002 Yangcheng and xiangyuan 8798 35-50 13HR-HPV 23.6
2001-2002  Xiangyuan and yangcheng Shanxi 9683 30-50 13HR-HPV 275
2004 Yangchen 745 15-59 13HR-HPV 16
2004 Xiushui Jiangxi 2432 30-49 13HR-HPV 18.5
2004-2005 Shenyang 685 15-59 HR-HPV&30 LR-HPV 16.8
2004-2005 Yangcheng 662 15-59 HR-HPV&30 LR-HPV 14.8
2004-2005 Shenzhen 1027 15-59 HR-HPV&30 LR-HPV 16.6
1999-2008 Rural Areas And urban areas 29579 15-59 13 HR-HPV 18
2006-2009 Beijing 6185 25-54 13 HR-HPV 9.9
2009 Jiangsu 316 18-25 13 HR-HPV 171

HR-HPV genotypes 16 and 18 causes 70% of
ICC cases and 50% of CIN2-3 according to the
general consensus, HPV-genotype distribution
of high-risk HPV types may vary by age [7] race/
ethnicity [8], which is also linked to socioeco-
nomic status [9] and geographic location [10,
11].

Cancer of the cervix is the third most common
cancer in women worldwide, with an estimated
incidence of 529,000 cases and 274,000
deaths occurring in 2008 [12]. More than 85%
of the cases occur in developing countries such
as China. The “two peak” pattern pertained to
both rural and urban women. The crude HR-HPV
prevalence was seen to peak among urban
women aged 15-24 years (18.7%) and among
women older than 40 years of age (16.0%).
Among rural women, it peaked at age 15-24
years (16.2%) and 35-39 years (18.6%) [13].
This pattern differs from that observed in
women from Western countries, among whom,
HPV prevalence peaked only at their mid-twen-
ties, then steadily decline as age increases
[14]. The first peak in China may be due to the
fact that younger women are more sexually
active and more likely to have multiple part-
ners, especially in urban areas [15]. These find-
ings suggest that HPV vaccination of women
before the completion of national compulsory
education between the ages of 13 and 15
years is likely to contribute to the prevention of
HPV infection and cervical cancer in China.
Reasons for the second peak in Chinese women
are not well understood; viral persistent infec-
tion may be one of the explanations [16] or
reactivation of a latent HPV infection.

Several multi-centre, hospital-/population-bas-
ed studies published over a 12-year period
(2001-2012) including the first population-ba-
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sed HPV study published in China is shown in
Table 1 [17].

Cervical intraepithelial neoplasia (CIN) is a
group of precancerous lesions, which is closely
related to cervical cancer [18]. If women with
high-grade CIN are not treated, they are at very
high risk of acquiring cervical cancer [19].

Material and methods
Ethics statement

This project has been approved by the Scientific
and Ethical Committee of the Shanghai First
Maternity and Infant Hospital affiliated with
Tongji University (permit number: KO8-018). All
of the samples and data were collected with a
written informed consent provided by the
participants.

Study population

Patients those attended in the cervical disease
diagnosis and treatment center of Shanghai
First Maternity and Infant Hospital between
January 2011 and December 2014 were re-
cruited. Patients with pregnancy, known malig-
nancy or immunosuppressive diseases or re-
ceiving immunosuppressive therapy were ex-
cluded from the study. Patients underwent cer-
vical examination, pelvic examination, and cyto-
logical testing with Thin prep cytologic test
(TCT). Suspected case went for colposcopic
examination and Leep biopsy.

Cervical cells were collected with a cytobrush
from ectocervix and endocervix of the uterus of
every woman by cervical scrapings. Smeared
cell slides were prepared from scraping for thin-
prep liquid-based cytology test and the remain-
ing samples were suspended in PBS and stored
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Table 2. Prevalence of HPV

HPV Normal Inflammation Low grade High grade Cerwcall ca.r0|- Cer.wcal subtotal percent-
types lesion lesion noma in situ  carcinoma age
Subtotal 1358 2441 353 399 19 15 4585

HPV+ (%) 215 (15.83) 735(30.11) 211(59.77)
HPV- (%) 1143 (84.17) 1706 (69.89) 142 (40.23)

272 (68.17) 14 (73.68) 13(86.67) 1460 31.84%
127 (31.83) 5(26.32) 2(13.33) 3125 68.15%

P value 9.0808E-22 1.28863E-55 2.48763E-77 2.87833E-07 3.4532E-06
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80

60
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20

Figure 1. HPV prevalence in different cervical pathology.

at -70°C for DNA extraction. The HPV detection
and pathological diagnosis were done sepa-
rately.

HPV genotyping

The HPV GenoArray test kit (HybriBio Ltd) was
used to perform Human papillomavirus geno-
typing. It was used in both DNA amplification
and HybriBio’s proprietary flow-through hybrid-
ization technique. HPV Blot contains 21 types
of genotypes, including 5 low-risk types (6, 11,
42,43, and 44), 14 high-risk types (16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68),
and 2 intermediate-risk types (CP8304 and 53)
common in china people. Absence of HPV DNA
contamination was confirmed by HPV L1 and
an internal control of the human A globin in
each reaction.

Cytology

Thinprep cytologic test (TCT) was performed
with a special cytobrush to collect cervical exfo-
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liated cells. These cells were
stored in the PreservCyt. All
specimens were divided into
negative for intraepithelial le-
sion or malignancy (NILM), at-
ypical squamous cells of unde-
termined significance (ASCUS),
atypical squamous cells-high
grade (ASC-H), low-grade sg-
uamous intraepithelial lesion
(LSIL) and high-grade group
consisted of high-grade squa-
mous intraepithelial lesion
(HSIL) according to the Be-
thesda system.

B HPV Negative
u HPV Positive

Reverse transcription-poly-
merase chain reaction

Cervical exfoliated cells were

collected with an endocervical

cytobrush and stored in nor-

mal saline. Trizol reagent was

used for RNA extraction ac-

cording to the protocol of man-
ufacturer protocol. The concentration of RNA
was detected by SmartSpec plus. RNA was
reverse transcription into cDNA according to
500 ng/ul RNA using PrimeScriptTMRT reagent
Kit (code: DRRO37 s, 100 reactions, TakaRa)
following the manufacturer’s protocol. The PCR
was performed in a 25 ul reaction volume
including 1 ul cDNA, 12.5 ul premix Taq (code:
D331, 500 ul, TakaRa), 0.5 ul primer forward,
0.5 pl primer right and 10.5 pl dH,0. Primer
sequences were as follow: IFN-y: Forward
5-ATGAAATATACAAGTTATATCTTGGCT-3' Rever-
se 5-GCGACAGTTCAGCCATCACTTG-3’ (420 bp)
B-action: Forward 5-ATGGGTCAGAAGGATTCC-
TATGTG-3’ Reverse 5-CTTCATGAGGTGTCAGTC-
AGGTC-3' (434 bp). The amplification condi-
tions: after preheating at 95°C for 2 min, 35
cycles of denaturation at 95°C for 30 sec,
annealing at 55°C for 1 min, extension at 72°C
for 1 min. The PCR products were electropho-
resed on 2% agarose gel and visualized by an
Eagle Eye analyser [20].

Int J Clin Exp Pathol 2015;8(9):11901-11908
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Table 3. Prevalence of HPV subtypes

Low grade

High grade Cervical carci- Cervical

HPV types Normal Inflammation > - L ) Total Percentage
lesion lesion noma in situ carcinoma

Subtotal 1358 2441 353 399 19 15

HPV+HR
16 23(10.70) 102 (13.88) 72(34.12) 42 (15.44) 9(64.29) 10(76.92) 258 17.67%
18 15 (6.98) 46 (6.26) 13 (6.16) 20 (7.35) 0(0) 0(0) 94 6.43%
31 14 (6.51) 56 (7.62) 20(9.48) 16 (5.88) 1(7.14) 0(0) 107 7.32%
33 7 (3.26) 42 (5.71) 19 (9) 19 (6.99) 1(7.14) 1(7.69) 89 6.09
35 4 (1.86) 7 (0.95) 3(1.42) 4 (1.47) 0(0) 0(0) 18 1.23%
39 17 (7.91) 46 (6.26) 7 (3.32) 21 (7.72) 1(7.14) 1(7.69) 93 6.36%
45 2(0.93) 13 (1.77) 2 (0.95) 2 (0.74) 0(0) 1(7.69) 20 1.36%
51 8(3.72) 26 (3.54) 9 (4.27) 14 (5.15) 1(7.14) 1(7.69) 59 4.04%
52 47 (21.86) 157 (21.36) 53(25.12) 74 (27.21) 0(0) 0(0) 331 22.67%
56 8(3.72) 36 (4.9) 3(1.42) 14 (5.15) 1(7.144) 0(0) 62 4.24%
58 32(14.88) 114 (15.51) 50(23.7) 55(20.22) 2 (14.29) 1(7.69) 254 17.39%
59 7 (3.26) 21 (2.86) 7 (3.32) 8(2.94) 0(0) 1(7.69) 44 3.01%
66 8(3.72) 39 (5.31) 7 (3.32) 15 (5.51) 0(0) 2(15.38) 71 4.86%
68 20 (9.30) 43 (5.85) 8(3.79) 18 (6.62) 1(7.14) 0(0) 90 6.16%

HPV+LR
6 12 (5.58) 28 (3.81) 5(2.37) 7(2.57) 0(0) 0(0) 52 3.56%
11 7 (3.26) 16 (2.18) 4(1.9) 11 (4.04) 0(0) 0(0) 38 2.60%
42 1(0.47) 11 (1.5) 1(0.47) 2 (0.74) 0(0) 0(0) 15 1.02%
43 0 (0.00) 1(0.14) 0(0) 0(0) 0(0) 0(0) 1 0.06%
44 7(3.26) 8 (1.09) 1(0.47) 3(1.1) 0(0) 0(0) 19 1.30%

HPV+IR
CP8304 31(14.42) 105(14.29) 14 (6.64) 32(11.76) 0(0) 1(7.69) 183 12.53%
53 30(13.95) 87 (11.84) 11 (5.21) 34 (12.5) 0(0) 0(0) 162 11.09%

HR: high risk, LR: low risk, IR: Intermediate.

Statistical analysis

The data were processed and analyzed with the
SPSS (version 13.0; Tongji University, China).
Statistical analyses were done with binary and
multinomial logistic regression.

Results

Total patient analyzed in this study was 4585.
Among all according to pathological report nor-
mal were 1358, with inflammation 2441, with
low grade lesion were 353, high grade lesion
were 399, CIN were 19 and cervical carcinoma
were 15 shown in Table 2. Among normal HPV
positive were 215 (15.8%), among inflamma-
tion HPV positive were 735 (30.11%). HPV posi-
tive in low grade lesion were 211 (59.77%). In
high grade lesion 272 were HPV positive among
399 i.e. 68.17%. In cervical carcinoma in situ
73.68% patients were HPV positive i.e. 14 out
of 19. 13 patient out of 15 i.e. 86.67% of
Cervical carcinoma were HPV positive. HPV
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prevalence is highest in cervical carcinoma
(Figure 1). 1460 patients were HPV positive
among 4585 sample i.e. 31.84% cases were
HPV positive in total. Among all percentage of
HPV positive was high among cervical carcino-
ma then cervical carcinoma in situ then high
grade lesion in decreasing fashion to low grade
lesion and in normal. There was no significant
difference in between HPV positive and nega-
tive cases in any subtypes (P value > 0.001 in
all subtypes) so it can’t be stated that any of the
lesion described was only due to HPV but it is
one of the main factor associated with cervical
lesion.

We saw HPV subtype positivity in different
cases. It was found that HPV 52 had higher
prevalence than other among normal, inflam-
mation and high grade clinical subtypes, while
HPV 16 had higher prevalence in low grade
lesion (34.12%), CIN (64.29%) and cervical car-
cinoma (76.92%) shown in Table 3. Among low

Int J Clin Exp Pathol 2015;8(9):11901-11908
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Table 4. Age wise distribution of cervical pathology

2+6+0+9)/(1052+1669) =

0.204 i.e. 20.4%; Speci-

Age Normal Inflam- Low grade High grade Cervical carci- Cervical e - -
(years) mation  lesion lesion  noma insitu carcinoma fl'cgyzc;)j; TcT doet7(-:'90é|on_ =
-0. = 0. ie.

<25 60 74 5 15 0 0
2534 546 914 104 168 4 1 79.6%; According to Tab-
) le 7. false negative rate
35-44 362 734 121 100 8 4 of HPV-DNA detection =
45-54 239 429 86 63 5 7 (75+106+3)/(309+200+
55-64 116 230 31 45 1 3 19) = 0.348 i.e. 34.8%;
>65 35 60 6 8 1 0 Sensitivity of HPV-DNA de-
subtotal 1358 2441 353 399 19 15 tection = 1-0.348 = 0.652

Table 5. Age wise distribution of HPV positive

glgles) Subtotal HPV- HPV+ HPV+% va’ljue
<25 165 103 62 37.6%

25.34 1844 1264 580 31.5% 0.303
3544 1396 982 414 29.7% 0.986
4554 868 605 263 30.3% 0.678
5564 446 277 169 37.9% 0.791
> 65 111 76 35 315% 0.214
subtotal 3307 1523

total 4830

risk HPV, HPV 6 and 11 have high prevalence.
While only high risk HPV were present in CIN
and cervical carcinoma which shows higher
chance of association between High risk HPV
and CIN & cervical carcinoma.

If we see the pathological findings (shown in
Table 4) cervical carcinoma is maximum in
45-54 years while cervical carcinoma in situ is
having maximum prevalence in 35-44 years.
High grade lesion is maximum in 25-34 while
low grade lesion is maximum at 35-44 years
and inflammation is maximum at 25-34 years.
Normal population HPV prevalence is maximum
at 25-34 years.

In age wise distribution, it is seen that higher
prevalence among < 25 and 55-64 age group.
This explains the nature of HPV infection which
is common in sexually active women in repro-
ductive age group shown in Table 5.

On comparison of TCT and biopsy results, the
sensitivity of TCT was 76.1% and the specificity
was 79.6% (Table 6); False negative rate of TCT
detection = (58+90+1+1+0+0)/(309+200+19)
= 0.284 i.e.28.4%; Sensitivity of TCT detection
= 1-0.284 = 0.716 i.e.71.6%; False positive ra-
te of TCT detection = (2+8+116+341+9+61+
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i.e. 65.2%; False positive
rate of HPV-DNA detection
= (134+459)/(1052+1669) = 0.218 i.e. 21.8%;
Specificity of HPV-DNA detection = 1-0.218 =
0.782i.e.78.2%.

Discussion

This is one of the largest study done in shang-
hai women for HPV detection and its subtype
distribution. As HPV is the most common infec-
tion transmitted sexually and due to its high
prevalence, its matter of concern for health.
There is lots of program regarding HPV vaccina-
tion for HPV prophylaxis in different part of
world with different types of strain. The study of
HPV prevalence and its subtype distribution will
give clue regarding need of routine vaccination
and the types of the HPV strain to be used in
vaccination.

The estimated crude and adjusted HPV pre-
valence among women with normal cytolo-
gical findings worldwide were 7.2% and 11.7%,
respectively. Sub-Saharan African regions
(24.0%), Latin America and the Caribbean
(16.1%), Eastern Europe (14.2%), and Southe-
astern Asia (14.0%) had the highest prevalence
[21]. While in this study the HPV prevalence
with normal cytological findings is 15.83%
which is slightly higher than the world’s total
prevalence but similar to Latin America, east-
ern Europe and southern Asia but slightly high-
er than the other study in china done in
Shenyang city where it was 13.6% while the
overall HPV prevalence is quite high 31.84% as
compared to 16.8% in Li et al [22] and 22.5% in
Wu D et al [23]. But the total prevalence is
lower than the study done in Beijing which has
53.7% overall prevalence in Ding et al [24].
Overall HPV infection prevalence was 29.1% in
a study done in the shanghai in Zhang et al [25]
which is similar to our study which shows accu-
racy of our study.

Int J Clin Exp Pathol 2015;8(9):11901-11908
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Table 6. Comparison between TCT and biopsy report for patho-

logical findings

B

iopsy results

TCT results Normal Inflammation Low grade High grade Cer.vical
lesion lesion  carcinoma
NILM 923 1219 58 90 1
Inflammation 0 25 0 1 0
AGC 2 8 1 0 0
ASC-US 116 341 63 119 9
LSIL 9 61 34 97 1
ASC-H 2 6 6 1 1
HSIL 0 9 38 1 7
subtotal 1052 1669 200 309 19

Table 7. HPV positivity among biopsy cases

Biopsy results

HPV results Normal Inflammation Low grade High grade Cer.vical
lesion lesion  carcinoma
HPV high risk- 918 1210 75 106 3
HPV high risk+ 134 459 125 203 16
subtotal 1052 1669 200 309 19
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Figure 3. Distribution of HPV subtypes in cervical carcinoma.
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In all world regions, HPV preva-
lence was highest in women
younger than 35 years of age,
decreasing in women of older
age. In Africa, the Americas, and
Europe, a clear second peak of
HPV prevalence was observed in
women aged 45 years or older
[26]. The HPV prevalence in wo-
men 18-20 years old it was 54.4%
(31/57), the highest among all
age groups. After declining rapid-
ly, HPV prevalence stabilized at
about 30.0% in women aged 30
and older in Zhang et al [25]. But
in this study if we see the age
wise distribution, the high preva-
lence is seen in < 25 years i.e.
37.6% while the second peak is
observed in age 55-64 i.e. 37.9%.
HPV incidence associated with
younger age with a high peak of
HPV infection suggests that yo-
unger, single women may have an
increased possibility of encoun-
tering complicated sexual rela-
tionships [27].

In HPV subtypes, we evaluated
14 HR (high-risk) subtypes, 5 LR
(low risk subtypes) and 2 interme-
diate types CP8304 & HPV 53.
HPV 52 is having highest preva-
lence with 22.67% and HPV 16
has second highest prevalence
with 17.67% among HPV positive
cases. But in cervical carcinoma
and carcinoma in situ and low
grade lesion HPV 16 has highest
prevalence of 76.92%, 64.29%
and 34.12% respectively. While
HPV 52 has high prevalence in
normal, inflammation and high
grade lesion with 21%, 21% and
27% respectively. This distribu-
tion shows high carcinogenicity of
HPV 16 and low carcinogenicity of
HPV 52. In high risk type the prev-
alence of HPV subtypes in de-
scending order is 52, 16, 58, 53,
31, 18, 39, 68, 33, 66, 56, 51,
59, 45 and 35 (Figure 2). While
in low risk HPV subtypes in
descending order of prevalence
is CP8304, 6, 11, 44, 42 and 43.

Int J Clin Exp Pathol 2015;8(9):11901-11908
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Similar findings were seen in a study done in
Fujian province china where HPV 52 was the
most prevalent (23.1%) subtypes followed by
HPV 16, 18 and 33 [23]. The HPV subtypes
associated with cervical carcinoma are 16, 33,
39, 45, 51, 59, 66 and CP8304 (Figure 3).
Those associated with CIN are 16, 58, 31, 33,
39, 51, 56 and 68.

We have also analyzed the high sensitivity,
specificity, positive predictive value and nega-
tive predictive value of TCT test but is less if
compared to other study which shows higher
detection rate with value 80.0%, 63.2%, 16.0%,
97.3% respectively [28].

The limitation of our study is this includes only
hospital based survey as we have taken all the
cases visited to the cervical disease diagno-
sis and treatment center of Shanghai First
Maternity and Infant Hospital. The selection
was not random and was not specifically ca-
tegorized.

Conclusion

HPV is one of major health concern in shanghai
having high prevalence rate in comparison to
other part of world and other part of China.
Rapid industrialization, urbanization and rapid
changes in sexual behavior may be the contri-
bution factor for high HPV prevalence. This has
implications for the future cervical cancer bur-
den and the priority to be given to preventing
cervical cancer in Shanghai, especially, given
the promising efficacy of prophylactic vaccines
against HPV 52, 16 and 58. This study also
analyzed high sensitivity, specificity, positive
predictive value and negative predictive value
of TCT and HPV-DNA detection.
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