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Human Papillomavirus Distribution among Women in Western Shandong
Province, East China using Reverse Blot Hybridization Assay
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Cervical cancer is the third most common cancer in women worldwide and there is a significant association between
human papillomavirus (HPV) infection and cervical cancer. Certain HPV groups, labeled high-risk (HR) HPV groups, are
strongly associated with malignancies of the human cervix. HPV prevalence and genotype distribution were analyzed
using the REBA HPV-ID® (YD Diagnostics, Yongin, Korea) assay based on the reverse blot hybridization assay (REBA)
with a total of 324 liquid-based cytology samples from women in Western Shandong Province, East China and results
were compared with cytological diagnosis. Most of the HPV genotypes that were detected in high-grade cervical lesions
were HR-HPV genotypes such as HPV 16, 18, 33, 53, and 58. The prevalence of these HR-HPV genotypes increased in
high-grade cervical lesions. However, from low- to high-grade cervical lesions, the ability to detect LR-HPV genotypes
decreased. Additionally, in general, the single HPV genotype infection rate increases in proportion to the severity of the
lesion. The study findings suggest that a currently available preventive vaccine against HPV 16 and 18 may have limited
effectiveness for prevention of all HPV infection in this province. Finally, based on these findings, these data could guide
national or regional vaccination programs in the Western Shandong Province of East China to substantially reduce the
burden of cervical lesions.
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Cervical cancer is the third most common cancer in
women worldwide (Ferlay et al., 2010). There are 75,500
new cases and 34,000 deaths annually in developing coun-
tries such as China (Zhao et al., 2012) (Dunne et al., 2007).
Recent studies estimated that there is a significant association
between human papillomavirus (HPV) infection and cervical

cancer and precancerous lesions of the cervix (Bosch et al.,
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2003). More than 100 HPV genotypes have been identified,
and certain HPV groups, such as high-risk (HR) HPV groups,
have been strongly associated with malignancies of the
human cervix. HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59 and 68 are well-known carcinogenic HR-HPV geno-
types and HPV 26, 30, 34, 53, 66, 67, 69, 70, 73, 82, 85 and
97 are also considered to be carcinogenic HPV genotypes
(Agarossi et al., 2009) (Bouvard et al., 2009).

However, HPV prevalence and genotype distribution in
invasive cervical and precancerous lesions vary, depending
on the country and province. For instance, previous studies
reported that HPV 16, 18, 33, 45, and 31 were the most
prevalent HPV genotypes in the world; HPV 16, 18, 33, 31,
45 in Europe; HPV 16, 18, 31, 33, and 45 were the most
common HPV genotypes in North America; HPV 16, 18,
33, 45, and 35 were the most prevalent HPV genotypes in
Africa. However, in Asia, the most prevalent HPV genotypes
were HPV 16, 18, 58, 33, and 52. The HPV genotype-
distribution between Asia and other continents differs (Bosch
et al., 2008). In addition, many previous studies have in-
vestigated the HPV prevalence and genotype distribution
in Asian countries. In the Korea, the most common HPV
genotypes were HPV 16, 18, 33, 53, 56, and 58 (Kim et al.,
2012a). Meanwhile, HPV 16, 18, 33, 52, and 58 are the most
prevalent HPV genotypes in Beijing (Ding et al., 2014).
Many studies show a difference even within Asia.

This is the first study reporting the distribution of HPV
genotypes in Shandong, China. In this study, the REBA
HPV-ID" assay (YD diagnostics, Yongin, Korea), which is
a reverse blot hybridization-based assay (REBA) was
employed to reveal the distribution of 15 HR-HPV geno-
types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59,
66, and 68) and 10 low-risk (LR) HPV genotypes (HPV 6,
11, 42, 43, 44, 70, 72, 81, 84, and 87). This approach was
used to detect HPV genotypes in uterine cervical liquid-
based cytology samples from a total of 324 Eastern Chinese

Women.

MATERIALS AND METHODS
Patients and clinical samples

A total of 324 liquid-based cytology samples were

collected at Liaocheng People's Hospital in China between
January 2013 and December 2013 (approval no. 2011-0038).
Liaocheng People's Hospital is located in the western region
of Shandong Province and is a comprehensive tertiary health
care hospital. It has 3500 inpatient beds and 20 clinical
cytopathologists. By drawing a random sample from a larger
population, the sample is representative of the larger group

and less likely to be subject to bias.
Cytological diagnosis

Liquid-based cytology slides (Pap smears) were evaluated
according to the 2001 Bethesda System designed by cyto-
pathologists and pathologists. Cytological cases of benign
(within normal limit, reactive change due to inflammation,
fungal infection, and atrophy), atypical squamous cells of
undetermined significance (ASC-US), atypical squamous
cells - cannot exclude HSIL (ASC-H), low-grade squamous
intraepithelial lesion (LSIL), HSIL, and SCC were included.
The remaining fluid samples were stored at 4°C after

cytology slide preparation and before DNA extraction.
DNA extraction

DNA extraction was performed using the HPV DNA
Extraction Solution (M&D, Wonju, Korea), according to the
manufacturer's recommendations. Briefly, remaining clinical
samples were collected in 50-mL tubes and vortexed for
about 1 min. The volume was adjusted to 40 ml with PBS
(pH 7.2) and centrifuged at 2,000 g at 4°C for 30 min. The
supernatant was discarded and 300~500 upL of sterile
distilled water (DW) was added to the pellet, vortexed,
transferred to a 1.5-mL Eppendorf tube, and then centri-
fuged at 17,590 g, 4C for 5 min. The supernatant was
discarded. DNA extraction solution (100 uL) was added to
the pellet, vortexed for 1 min, and incubated at 56 °C for 15
min with intermittent tube tapping. After incubation, samples
were boiled for 10 min on a boiling water bath and centri-
fuged at 17,590 g for 3 min (257C), and then the super-
natant (3 to 5 pL) was used as a template for PCR.

HPV genotyping using PCR-reverse blot hybridization
assay (PCR-REBA)

REBA HPV-ID" test (YD Diagnostic, Yongin, Korea)

-70 -



Table 1. Cytological diagnosis in different age groups

Cytological Normal ASC-US LSIL ASC-H HSIL ScC Total
diagnosis n="79) (n=96) n=59) n=19) n=67) n=4) (n=324)
Median age 42 455 36 44 44 56.5 43
Age (years) Number (%)  Number (%)  Number (%)  Number (%) Number (%)  Number (%) Number (%)
20~29 15 (19.0) 10 (10.4) 16 (27.1) 1(5.3) 8(11.9) 0(0) 50 (15.4)
30~39 17 (21.5) 15 (15.6) 16 (27.1) 3(15.8) 13 (19.4) 0(0) 64 (19.8)
40~49 23(29.1) 28(29.2) 14 (23.7) 8(42.1) 24 (35.8) 0(0) 97 (29.9)
50~59 17 (21.5) 27 (28.1) 8(13.6) 6(31.6) 16 (23.9) 3(75.0) 77 (23.8)
60~69 5(6.3) 12 (12.5) 4(6.8) 1(5.3) 5(7.5) 1(25.0) 28 (8.6)
70~79 2(2.5) 4(4.2) 1(1.7) 0(0) 1(1.5) 0(0) 8(2.5)
80~89 0(0) 0(0) 0(0) 0 (0) 0(0) 0 (0) 0(0)

ASC-US, atypical squamous cells of undetermined significance; LSIL, low grade squamous intraepithelial lesion; ASC-H, atypical
squamous cells - cannot exclude HSIL; HSIL, high grade squamous intraepithelial lesion; SCC, squamous cell carcinoma

based on PCR-REBA was performed for HPV genotyping.14
This genotyping method required nested PCR to amplify the
target regions including MY11 and MY9, and GP5 and GP6
with two pairs of primer. After PCR amplification, hybridi-
zation and washing processes were performed according to
the manufacturer's instructions. In brief, the PCR products
with biotin were denatured at 25°C for 5 min in denaturation
solution and diluted in 970 uL of hybridization solution on
the REBA membrane strip in the provided blotting tray.
Denatured single-stranded PCR products were hybridized
to the probes on a strip at 50°C for 30 min. The strips were
then washed twice with gentle shaking in 1 mL of washing
solution for 10 min at 50 C, incubated at 25°C with 1:2,000
diluted streptavidin-alkaline phosphatase (AP) conjugate
(Roche Diagnostics, Mannheim, Germany) in conjugate
diluents solution (CDS) for 30 min, and finally washed
twice with 1 mL CDS at room temperature for 1 min. The
colorimetric hybridization signals were visualized by addition
of a 1:50 dilution of AP-mediated staining solution, NBT/
BCIP (Roche Diagnostics) and incubation until color change
was detected. Finally, the band pattern was read and in-

terpreted.

RESULTS
Cytological diagnosis

Three hundred and twenty-four sample specimens were

classified into six categories by cytological criteria: 4 (1.2%)
SCC, 67 (20.7%) HSIL, 19 (5.9%) ASC-H, 59 (18.2%)
LSIL, 96 (29.6%) ASC-US, and 79 (24.4%) normal (Table
1). Overall, patients in their 40s had the highest percentage
of HPV.

HPV prevalence and high risk HPV prevalence according
to cytological grade

The overall HPV prevalence among 324 cytological grade
samples was 259 cases (79.9%). The HPV prevalence was
4 cases (100%) for 4 SCC samples, 62 cases (92.5%) for
67 HSIL, 18 cases (94.7%) for 19 ASC-H, 55 cases (93.2%)
for 59 LSIL, 79 cases (82.3%) for 96 ASC-US, and 41 cases
(51.9%) for 79 normal. High risk (HR) HPV prevalence
among all cytological grade samples was 162 cases (50.5%)
and 4 cases (100%) for 4 SCC samples, 58 cases (86.6%)
for 67 HSIL, 17 cases (89.5%) for 19 ASC-H, 39 cases
(66.1%) for 59 LSIL, 33 cases (34.4%) for 96 ASC-US, and
11 cases (13.9%) for 79 normal (Table 2).

HPV single infection and multiple infection patterns

using REBA assay

Among a total of 324 cervical liquid cytological samples,
135 cases (41.7%) were infected with a single HPV geno-
type, 33 cases (10.2%) were infected with multiple HPV
genotypes (infected with more than two HPV genotypes),
91 cases (28.1%) were infected with other HPV genotypes,
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Table 2. Positive HPV rates by cytological results

Normal ASC-US LSIL ASC-H HSIL SCC Total
. . . n=179) (n=96) n=59) n=19) n=67) n=4) (n=324)
Cytological diagnosis
Number Number Number Number Number Number Number
(%) (%) (%) (%) (%) (%)
HPV positive 41(51.9) 79 (82.3) 55(93.2) 18 (94.7) 62 (92.5) 4 (100.0) 259 (79.9)
HR-HPV 11(13.9) 33(344) 39 (66.1) 17 (89.5) 58 (86.6) 4 (100.0) 162 (50.5)
LR-HPV 1(1.3) 2.1 234 1(5.3) 0(0) 0(0) 6(1.9)
Other HPV 29 (36.7) 44 (45.8) 14 (23.7) 0(0) 4(6.0) 0(0) 91 (28.1)
HPV negative 38 (48.1) 17 (17.7) 4(6.8) 1(5.3) 5(7.5) 0(0.0) 65 (20.1)

ASC-US, atypical squamous cells of undetermined significance; LSIL, low grade squamous intraepithelial lesion, ASC-H, atypical

squamous cells - cannot exclude HSIL; HSIL, high grade squamous intraepithelial lesion; SCC, squamous cell carcinoma

Table 3. Multiplicity of HPV infection according to cytological diagnosis

Normal ASC-US LSIL ASH-H HSIL SCC Total
) ) ) n=79) (n=96) n=59) n=19) n=67) (n=4) (n=324)
Cytological diagnosis
Number Number Number Number Number Number Number
(o) (%) (%) (o) (o) (o) (%)
Single infection 10 (12.7) 27 (28.1) 29 (49.2) 14 (73.7) 52(77.6) 3(75.0) 135 (41.7)
HR- HPV 9(11.4) 24 (25.0) 27 (45.8) 13 (68.4) 52(77.6) 3(75.0) 128 (39.5)
LR-HPV 1(1.3) 3@3.0) 2(34) 1(5.3) 0(0) 0(0) 722)
Multiple infection 2(2.5) 8(8.3) 12 (20.3) 4(21.1) 6 (9.0) 1(25.0) 33(10.2)
HR-HPV 0(0) 5(5.2) 7(11.9) 2(10.5) 6(9.0) 0(0) 20(6.2)
LR-HPV 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
HR- & LR-HPV mixed infection 2(2.5) 3@3.0) 5(8.5) 2(10.5) 0(0) 1 (25.0) 13 (4.0)
Other HPV genotypes 29 (36.7) 44 (45.8) 14 (23.7) 0(0) 4(6.0) 0(0) 91 (28.1)
Negative 38(48.1) 17 (17.7) 4(6.8) 1(5.3) 5(7.5) 0(0) 65 (20.1)

ASC-US, atypical squamous cells of undetermined significance; LSIL, low grade squamous intraepithelial lesion; ASC-H, atypical squamous cells -

cannot exclude HSIL; HSIL, high grade squamous intraepithelial lesion; SCC, squamous cell carcinoma

and 65 cases (20.1%) were HPV negative (Table 3).
Among 135 single HPV genotype infection cases, 128
cases (39.5%) were infected with HR-HPV genotypes and
7 cases (2.2%) were infected with LR-HPV genotypes.
Among 33 multiple HPV genotype infection cases, 20 cases
(6.2%) were infected with HR-HPV genotypes and 13 cases
(4.0%) were infected with both HR- and LR-HPV genotypes
(HR- and LR-HPV genotype mixed infection) (Table 3).
Among 4 SCC cytological samples, 3 cases (75.0%)
were infected with a single HR-HPV genotype and 1 case
involved a HR- and LR-HPV genotype mixed infection.
Among 67 HSIL cytological samples, 52 cases (77.6%)

were single HR-HPV genotype infections, 6 cases (9.0%)
were multiple HR-HPV genotype infections, 4 cases (6.0%)
were other HPV genotype infections, and 5 cases (7.5%)
were HPV negatives. Among 19 ASC-H cytological samples,
13 cases (68.4%) were single HR-HPV genotype infections,
2 cases (10.5%) were multiple HR-HPV genotype infections,
2 cases (10.5%) were HR- and LR-HPV genotype mixed
infections, 1 case (5.3%) was single LR-HPV, and 1 case
(5.3%) was HPV negative. Among 59 LSIL cytological
samples, 27 cases (45.8%) were single HR-HPV genotype
infections, 7 cases (11.9%) were multiple HR-HPV geno-
type infections, 5 cases (8.5%) were HR- and LR-HPV
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Table 4. HPV genotype distribution according to cytological results

HPV Normal ASC-US LSIL ASC-H H-SIL SCC Total
Subtype (%0) (o) (o) (%) (%) (%) (%)
16 3(21.4) 11 (24.4) 9(17.0) 9(4.5) 41 (64.1) 2 (40.0) 75(37.3)
18 5(35.7) 5(11.1) 5094) 1(5.0) 1(1.6) 1(20.0) 18 (9.0)
31 12.2) 1(0.5)
33 2(4.4) 1(1.9) 1(5.0) 6(94) 10 (5.0)
35 1(7.1) 2(4.4) 1(1.9) 3(15.0) 1(1.6) 8 (4.0
39 2(4.4) 2(3.8) 4(2.0)
45 2(3.8) 1(1.6) 3(L.5)
High risk 51 2(3.8) 2(1.0)
52 1(7.1) 1(2.2) 2(3.8) 2(3.1) 6(3.0)
53 7 (15.6) 8(15.1) 1(5.0) 347 1 (20.0) 20(10.0)
56 1(2.2) 2(3.8) 347 6(3.0)
58 4(8.9) 4(7.5) 2(10.0) 5(7.8) 15(7.5)
66 1(7.1) 3(6.7) 5094) 1(1.6) 10 (5.0)
69 1(1.9) 1(0.5)
73 2(3.8) 2(1.0)
6 1(1.9) 1(5.0) 2(1.0)
11 2(14.3) 12.2) 1(1.9) 1(5.0) 5(2.5)
. 40 1(2.2) 1(1.9) 2(1.0)
Low risk
43 1(2.2) 1(0.5)
54 1(7.1) 3(6.7) 3(5.7) 1(5.0) 1(20.0) 9(4.5)
84 1(1.9) 1(0.5)
Total 14 45 53 20 64 5 201

ASC-US, atypical squamous cells of undetermined significance; LSIL, low grade squamous intraepithelial lesion; ASC-H, atypical

squamous cells - cannot exclude HSIL; HSIL, high grade squamous intraepithelial lesion; SCC, squamous cell carcinoma

genotype mixed infections, 2 cases (3.4%) were single LR-
HPYV, 14 cases (23.7%) were other HPV genotype infections,
and 4 cases (6.8%) were HPV negative. Among 59 ASC-
US cytological samples, 24 cases (25.0%) were single HR-
HPV genotype infections, 5 cases (5.2%) were multiple
HR-HPV genotype infections, 3 cases (3.1%) were HR- and
LR-HPV genotype mixed infections, 3 cases (3.1%) were
single LR-HPV, 44 cases (45.8%) were other HPV geno-
type infections, and 17 cases (17.7%) were HPV negative.
Among 79 normal cytological samples, 9 cases (11.4%)
were single HR-HPV genotype infections, 2 cases (2.5%)
were HR- and LR-HPV genotype mixed infections, 1 case
(1.3%) was a single LR-HPV, 29 cases (36.7%) were other
HPYV genotype infections, and 38 cases (48.1%) were HPV
negative (Table 3).

HPV genotype distribution according to cytological

results

The distribution of these HPV genotypes varied with
cytological diagnosis is shown (Table 4). Among the total
of 201 infections, HPV 16 (37.3%), HPV 53 (10.0%), HPV
18 (9.0%), HPV 58 (7.5%), HPV 33 and 66 (5.0%), HPV
54 (4.5%), HPV 35 (4.0%) HPV 11 (2.5%), HPV 39 (2.0%)
and HPV 45 (1.5%) and HPV 31, HPV 51, HPV 69, HPV
73, HPV 6, HPV 40, HPV 43, HPV 84 (below 1.0%) were
detected in REBA assay. Among the 5 infections of SCC
samples, HPV 16 (40.0%), HPV 18 (20.0%), HPV 53
(20.0%), HPV 54 (20.0%) were detected. Among the 64
infections of HSIL samples, HPV 16 (64.1%), HPV 33
(9.4%), HPV 58 (7.8%), HPV 53 and 56 (4.7% each), HPV

-73 -



100

Fig. 1. Prevalence of fifteen HR-HPVs
among HSIL and SCC samples (n=69).
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52 (3.1%), HPV 18, 35, 45, and 66 (1.6% each) were
detected. Among the 14 infections of Normal samples,
HPV18 (35.7%), HPV 16 (21.4%), HPV 11 (14.3%), HPV
35, HPV 52, HPV 66, HPV 54 (7.1% each) were detected
(Table 4).

HPYV genotype distribution in high grade cervical lesion

The distribution of these HPV genotypes varied in high
grade cervical lesion, HSIL and SCC. Among the total of
69 HSIL and SCC samples, HPV 16 (62.3%), HPV 33
(8.7%), HPV 58 (7.3%), HPV 53 (5.8%), HPV 56 (4.4%),
HPV 18 and HPV 52 (2.9%), HPV 35, HPV 54, HPV 45
and HPV 66 (1.5% each) were detected in REBA assay

(Fig. 1).
DISCUSSION

HPV DNA testing (The REBA HPV-ID" assay) is used
to analyze HPV prevalence and genotype distribution. The
overall HPV infection rate in the samples was 100% (4/4),
92.5% (62/67), 94.7% (18/19), 93.2% (55/59), 82.3% (79/
86) and 51.9% (41/79) in SCC, HSIL, ASC-H, LSIL, ASC-
US, and normal cytology samples, respectively (Table 2).
The nearer the normal group, the higher HPV positive rate;
however, HPV was detected in more than half the indi-
viduals in the normal group (51%). These data are con-

cordant with our previous report that assessed HPV in the

58 (7.3%), HPV 53 (5.8%), HPV 56
(4.4%), HPV 18 and HPV 52 (2.9%),
HPV 35, HPV 54, HPV 45 and HPV 66
(1.5% each) were detected by REBA.

Korea (Kim et al., 2012b). Additionally, the positivity of
HR-HPYV infection in the normal group was analyzed and
was found to be 13.9% (Table 2). Other studies have shown
similar the positivity of HR-HPV infection in a normal
group was 16.8%, 27.3% and 31.7%, respectively (Ding et
al., 2014) (Liu et al., 2014) (Sun et al., 2014). The rate of
HR-HPV infection increased remarkably in proportion to
the severity of the lesion. Among 13.9% of positive HR-
HPV infection cases in normal samples, HPV 16 was the
most predominant genotype, followed by HPV 11, HPV 35,
HPV 52, HPV 54, and HPV 66.

HR- & LR-HPV mixed infection cases were 13 cases
and mostly infected with HR-HPV genotypes such as HPV
16, HPV 18, HPV 33, HPV 35, HPV 53, and HPV 84 (Table
3). LR single infection rarely appeared, and its types (HPV
6, HPV 11, HPV 40, HPV 43, and HPV 54) are commonly
associated with genital warts. In comparison, the HPV-
positive rate of SCC & HSIL & ASC-H (93.3%) was
relatively higher than that of ASC-US & LSIL (86.4%).
Most HPV genotypes detected in SCC & HSIL were HR-
HPV genotypes such as HPV 16, HPV 33, HPV 58, HPV
53, HPV 35, and HPV 18 (Table 4). Prevalence of these
HR-HPV genotypes was increased in SCC & HSIL. From
LSIL to SCC, however, the detection rate of LR-HPV
genotypes decreased. The overall prevalence of HR-HPV
infection was 45.7% (148/324) in all cytological samples,
while the overall prevalence of LR-HPV infection and HR-
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& LR-HPV multiple infection cases were 2.2% (7/324)
and 4.0% (13/324), respectively (Table 3). The single HPV
genotype infection rate increased in proportion to severity
of lesion, which was found in another study (Okadome et
al,, 2014).

In order of decreasing HPV genotype prevalence, the
most common HPV genotypes in SCC, HSIL and ASC-H
were HPV 16, HPV 33, HPV 58, HPV 53, HPV 35, HPV
18, HPV 56, HPV 52, HPV 54, HPV 45, HPV 66, HPV 6,
and HPV 11 (Table 4). HPV 16 had a high prevalence of
58.4% among women with SCC, HSIL and ASC-H in the
Western Shandong Province, East China. HPV 33, HPV 58,
HPV 53, and HPV 35 represented 84.3% of SCC, HSIL
and ASC-H. Cervical lesions in close proximity to cancer
such as SCC, HSIL and ASC-H can be accounted for by 13
HPV genotypes. This result suggests that the preventive
vaccine needs to include more than two HPV genotypes
(HPV 16 and 18). Other meta-analysis studies widely support
this result (Bao et al., 2008).

HPV 16, HPV 53, HPV 18, HPV 58, HPV 33, and HPV
66 were the most prevalent HPV genotypes in infected
women, but the distribution of these HPV genotypes varied
with cytological diagnosis (Table 4). Among women with
high-grade intraepithelial neoplasia, HPV 16 is still the
most prevalent genotype worldwide, but greater geographic
variability has been observed for other HPV genotypes. For
instance, HPV 31 and HPV 33 get the second and third rank
as most prevalent HPVs in Africa and Europe, respectively.
On the contrary, HPV 58 and HPV 52 are the second and
third most common HPV genotypes found in Asia (Bosch
et al., 2008). HPV 53 ranked interestingly in both women
with normal cytology and moderate and severe dysplasia
group (SCC, HSIL, and ASC-H). HPV 53 is usually detected
with normal cytology in each continent (Bosch et al., 2008)
and also the third most common genital type of HPV among
women in the United States (Hu et al., 2011). However it is
not detected with HSIL and SCC in the most countries
(Bosch et al., 2008).

In conclusion, the findings of this study suggest that a
preventive vaccine against HPV 16 and HPV 18 is not
optimal for populations in Eastern China. If a preventive
vaccine included HPV 53 and HPV 58, the vaccine efficacy

could be increased in this province, based on the results of
this study. These data may provide guidance for national or
regional vaccination programs in this province to reduce
substantially the burden of cervical lesions and HPV in-

fections.
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