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Introduction

Cervical infection with human papillomavirus (HPV) is the 
main risk factor for the development of cervical intraepithelial 
lesions and cancer. Although most HPV infections disappear 
within one year, persistent infection in women can develop 
into cervical cancer. Furthermore, infection with specific high-
risk HPV types has been associated with HPV persistence and 
progression to cervical cancer [1,2]. Therefore, HPV typing is 
clinically valuable and important for evaluating the possibility 
of cervical carcinogenesis [3,4]. 
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Objective
The aim of this study was to describe the principle of the Cheil HPV DNA Chip assay and evaluate its accuracy. In order to 
quantify the human papillomavirus (HPV) load and identify HPV genotypes simultaneously, this assay combined the two 
methods: SYBR Green quantitative real-time polymerase chain reaction (PCR) and DNA microarray. 

Methods
We designed novel consensus primer sets that target the conserved region of the HPV L1 gene for quantifying and detecting 
a broad range of HPV types by quantitative real-time PCR. Subsequently, using the PCR products, DNA microarray was 
performed with 36 HPV type-specific probes. To validate this method, direct sequencing and correlation analysis among HPV 
genotype, viral load, and cytological abnormality was performed by Cohen’s kappa values, two-sided McNemar chi-square 
test, Kruskal-Wallis test, and odds ratios.

Results
The kappa value of the Cheil HPV DNA Chip was 0.963 (95% confidence interval, 0.919 to 0.98), which was 
significantly higher than the value of 0.527 (95% confidence interval, 0.447 to 0.59) obtained using a conventional 
HPV DNA Chip. HPV16 (χ2=62.28, P<0.01), HPV33 (χ2=7.18, P<0.01), and HPV58 (χ2=9.52, P<0.01), which are classified 
as high-risk HPVs, were detected at significant levels in samples with high-grade lesions. And viral loads tended to be 
higher in groups with high odds ratios. 

Conclusion
The Cheil HPV DNA Chip is an effective diagnostic assay for simultaneously detecting HPV genotypes and loads in 
cervical samples.
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In addition, several studies have reported that progression 
to cervical cancer is associated with various other factors, in-
cluding HPV viral load [5-7], HPV integration [8,9], coinfection 
with multiple HPV types [10,11], and epigenetic modifications 
of HPV DNA and host DNA [12,13]. High viral load, in particu-
lar, is associated with not only HPV persistence, but also high-
grade, progressive cervical lesions [14,15]. Evaluation of both 
viral load and HPV type in cervical cancer screening is thought 
to be helpful for prediction of HPV persistence and cervical 
carcinogenesis, and for proper management of women who 
have HPV infections. Furthermore, evaluation of HPV type 
is important for monitoring the impact of the vaccines that 
protect against a limited number of genotypes [16-18]. For 
therapeutic vaccines under development, HPV typing will be 
important to determine the elimination of a specific virus type 
[19]. 

In this study, we have described a new HPV diagnostic assay, 
the Cheil HPV DNA Chip, which makes it possible to quantify 
and identify HPV types at the same time using quantitative re-
al-time (qRT) polymerase chain reaction (PCR) and microarray 
analyses. Moreover, we compared the accuracy of the Cheil 
HPV DNA Chip with that of conventional diagnostic kits.

Materials and methods 

1. Study population
Among the women who visited the gynecologic oncology 
center at Cheil General Hospital and Women’s Healthcare 
Center between November 2009 and October 2011, 470 
Korean women consented to participate in this study. This 
research was approved by the institution’s ethics committee 
(institutional review board no. CGH-IRB-2009-56). The mean 
age of the participants was 39.1 years (standard deviation [SD], 
9.6], with a range of 17 to 77 years. 

For HPV tests and Papanicolaou smear, cervical swabs were 
obtained from all 470 participants. The first cervical swab was 
obtained using Rovers Cervex-Brush and SurePath preservative 
fluid (BD TriPath, Burlington, NC, USA) for the Papanicolaou 
smear, HPV DNA chip tests, and HPV sequencing analysis. The 
second swab was obtained using the DNAPap Cervical Sam-
pler (Qiagen, Gaithersburg, MD, USA) to perform the Hybrid 
Capture II test (HC II). Cervical cytology of all participants was 
classified as normal (n=30), atypical squamous cells of unde-
termined significance (ASC-US, n=192), atypical squamous 

cells-cannot exclude high-grade squamous intraepithelial le-
sion (ASC-H, n=47), low-grade squamous intraepithelial lesion 
(LSIL, n=93), high-grade squamous intraepithelial lesion (HSIL, 
n=93), and cancer (n=15).

2. Isolation of DNA 
Five milliliter of the liquid-based cervical sample was used for 
cervical cytology. The other 5 mL of the liquid-based cervical 
specimen was stored at 4°C before isolation of DNA. DNA 
was isolated using a DNeasy Blood and Tissue Kit (Qiagen, 
Valencia, CA, USA), according to the manufacturer’s instruc-
tions, in 100 μL of elution buffer (Qiagen) and was stored at 
-20°C.

3. Cheil HPV DNA Chip assay
The Cheil HPV DNA Chip method for quantification and ge-
notyping of HPV was based on SYBR Green I qRT-PCR and a 
microarray assay. In the qRT-PCR step, we prepared genomic 
DNA from clinical samples and serially diluted positive con-
trols at concentrations ranging from 1×106 to 1×102 copies 
to generate a standard curve (y=-3.507x+40.87, r2=0.99) 
(Supplemental Fig. 1). All templates were amplified with 
GPM7 F, GPM7 F2, and GPM7 R primers for quantification 
of HPV copy numbers. In addition, qRT-PCR for human beta 
globin was performed with HBB-F/R primers for normalization 
of HPV copy numbers in each sample. Melting temperature 
values were used to discriminate primer dimers (formed at a 
melting temperature of approximately 70°C) from target PCR 
products that appear at an approximate melting temperature 
of 78°C to 86°C. In the microarray assay step, we used prod-
ucts generated from the qRT-PCR step directly for genotyping 
on a DNA chip slide, the Cheil HPV DNA Chip, that was spot-
ted with sequence specific probes for high-risk HPV, low-risk 
HPV, and human beta globin as a control.

In more detail, novel consensus primers (GPM7 F, GPM7 F2, 
and GPM7 R) were designed for the broad detection of HPV 
types. The nucleotide sequences (5’-3’) of GPM7 F, GPM7 F2, 
and GPM7 R were AGTGGTCATCCWTTWTTWAATAAATTK-
GATGA, AGTGGCCATCCWTTDTWKAATAGGYWKGATGA, 
and Cy5-CCAWAGCCWGTATCWACCATRTCACCATC, re-
spectively (W: A or T; K: G or T; D: A, G or T; Y: C or T; R: A or 
G). These primers targeted the conserved L1 region located 
upstream of MY09/11. Two forward primers were adopted to 
overcome the HPV type-dependent PCR efficiency, and Cy5 
was used as a label for the reverse primer for identification of 
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HPV types on the Cheil HPV DNA Chip. 
The SYBR Green qRT-PCR reaction for detection and quanti-

fication of HPV was performed with 4 pmol of forward prim-
ers, 8 pmol of Cy5-labeled reverse primer, 10 μL of 2× SYBR 
Green I Master Mix (Roche Diagnostics, Mannheim, Germa-
ny), 0.5 units of uracil DNA glycosylase (UDG; New England 
Biolabs, Ipswich, MA, USA) to prevent cross contamination, 
and 2 μL of sample DNA or positive control. A SYBR Green 
qRT-PCR reaction for human beta globin was used as an inter-
nal control, and the normalization factor was almost identical 
to that of HPV. The nucleotide sequences (5’-3’) of the HBB-F/
R primer set for amplifying human beta globin were TCTGTC-
CACTCCTGATGCTG and Cy5-TCAAGCGTCCCATAGACTCA, 
respectively. SYBR Green qRT-PCR was performed at 37°C 
for 10 minutes for the UDG reaction, which was followed by 
incubation at 95°C for 10 minutes and followed by 45 cycles 
of 95°C for 10 seconds, 55° C for 10 seconds, and 72°C for 
10 seconds. Fluorescence was detected during the extension 
time and melting analysis was performed at temperatures be-
tween 65°C and 95°C.

Each product from the SYBR Green qRT-PCR of HPV and 
human beta globin (5 μL) was denatured in a tube at 95°C 
for 10 minutes and immediately transferred to an ice-ethanol 
bath. The mixture containing qRT-PCR products and hybrid-
ization buffer (5× saline-sodium citrate [SSC], 0.2% sodium 
dodecyl sulfate) was slowly injected into the hole of the cover 
slip on the Cheil HPV DNA Chip. The hybridization was per-
formed at 60°C for 20 minutes under high humidity. After 
hybridization, the slides were washed with washing solution 
(1× SSC, 0.1% sodium dodecyl sulfate) three times and rinsed 
with 1× SSC three times. 

After the slides were dried, HPV types were identified us-
ing a chip scanner (NimbleGene MS 200, Tecan, Salzburg, 
Austria) and analyzed with GenePix Pro 6.0 software (Axon 
Instruments, Union, CA, USA). The samples were analyzed for 
the presence of high-risk HPV types (16, 18, 31, 33, 35, 39, 
45, 51, 52, 53, 56, 58, 59, 66, 67, 68a, 68b, 69, and 82) and 
low-risk HPV types (6, 11, 30, 32, 40, 42, 43, 44, 54, 55, 62, 
70, 72, 81, 84, 90, and 91).

All the materials and procedures used for this kit were ap-
proved by the Ministry of Food and Drug Safety in Korea 
(no.14-2715).

4. Conventional HPV DNA Chip assay
A conventional HPV DNA chip method was performed with 

the GG HPV DNA Genotyping Chip Kit (Goodgene, Seoul, 
Korea) according to the manufacturer’s protocol. After the 
PCR reaction using 5 μL of DNA sample, 10 μL of HPV prod-
uct and 5 μL of human beta globin product were denatured 
in tubes at 95°C for 3 minutes and immediately transferred 
to ice. A mixture containing PCR products and 65 μL of hy-
bridization buffer was injected onto the HPV DNA chip and 
allowed to hybridize with probes at 48°C for 30 minutes. Af-
ter hybridization, DNA chip slides were washed with washing 
buffers I and II, and dried with a spin dryer. The HPV DNA chip 
was visualized a chip scanner and analyzed using GenePix Pro 
6.0 software. The samples were analyzed for the presence of 
high-risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 
58, 59, 66, 68, and 69) and low-risk HPV types (6, 11, 34, 40, 
42, 43, and 44).

All the materials and procedures used for this kit were ap-
proved by the Ministry of Food and Drug Safety in Korea. 

5. HC II assay 
HPV DNA titer was measured with the HC II High-Risk HPV 
DNA Test Kit (Qiagen, Gaithersburg, MD, USA) according to 
the manufacturer’s protocol. The cutoff value (CO) was 1 pg/
mL, which is equivalent to 5,000 copies of HPV type 16 per 
assay. Samples were classified as HPV DNA-positive if the rela-
tive light unit (RLU) reading obtained from the luminometer 
was equal to or greater than the mean value of the positive 
controls provided by the manufacturer. The samples were 
analyzed for the presence of high-risk HPV types (16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58, 59, and 68).

6. HPV type-specific PCR and sequencing analysis
HPV type-specific PCR was performed with type-specific prim-
ers that were selected based on results from both the Cheil 
HPV DNA Chip and the GG HPV DNA Genotyping Chip Kit 
for all samples. For example, when HPV 16 was detected by 
both kits, HPV 16-specific primers were used for PCR. If HPV 
16 was detected by one kit and HPV 18 was detected by the 
other kit, HPV 16- and HPV 18-specific primers were both 
used for HPV type-specific PCR. Type specific primers are tar-
geted to the L1 regions of high-risk HPV types (16, 18, 31, 
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68a, 68b, 69, 
and 82) and low-risk HPV types (6, 11, 30, 32, 40, 42, 43, 44, 
54, 55, 62, 70, 72, 81, 84, 90, and 91) (Supplemental Table 1).      

The purified PCR products were subjected to sequencing 
using the ABI PRISM BigDye Terminator Cycle Sequencing Kit 
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(Applied Biosystems, Foster City, CA, USA) to confirm the HPV 
genotype. The sequencing analyses were performed using an 
ABI PRISM 3100 Genetic Analyzer (Applied Biosystems).

7. Construction of a positive control plasmid
Coding sequences for the L1 region of HPV16 (1,401 bp) de-
rived from CaSki cells and human beta globin (193 bp) were 
inserted into the same vector (pGEM T Easy Vector, Promega, 
Madison, WI, USA). Serially diluted positive controls at con-
centrations of 5×105, 5×104, 5×103, 5×102, and 5×101 copies/
μL were used to generate a standard curve for qRT-PCR.

8. Statistical analyses
Cohen’s kappa values with 95% confidence intervals (CIs) 
were calculated to evaluate the agreement between the re-
sults of sequencing and the HPV DNA Chip assays or HC II. 
As HC II does not provide typing results, and the detectable 
HPV types differed among the samples tested, the assays 
were compared at the level of each detectable HPV type, 
with positive versus negative detection evaluated accord-
ing to the sample (Table 1). The two-sided McNemar chi-
square test was used to determine the correlation between 
high-risk HPV and disease severity (Table 2). P-values from 
Kruskal-Wallis test with Scheffe using ranks were used as 
a post hoc study for viral load and RLU/CO among the dif-
ferent cytological categories (Fig. 1). Odds ratios (ORs) with 
95% CI were used to assess the risk of abnormal cytology, 
especially for LSIL/HSIL/cancer, at a given viral load and RLU/
CO (Table 3). 

Results 	

1.	� Comparative analyses of the Cheil HPV DNA Chip 
and conventional HPV diagnostic tests

We compared the Cheil HPV DNA Chip with the GG HPV 
DNA Genotyping Chip using 470 genital samples. HPV type-
specific PCR and sequencing analysis was used as a reference 
test to compare the assays by kappa statistical analysis. 

Kappa values less than 0.2 or over 0.81 represented “slight” 
or “almost perfect” agreement, respectively. In addition, val-
ues of 0.21 to 0.4, 0.41 to 0.6, and 0.61 to 0.8 represented 
“fair”, “moderate”, and “substantial” agreement, respec-
tively [20]. The agreement between the reference test and the 
Cheil HPV DNA Chip method was 98.5% (k=0.963; 95% CI, 
0.919 to 0.98), whereas 77.9% (k=0.527; 95% CI, 0.447 to 
0.59) agreement was shown between the reference test and 
the GG HPV DNA Chip method (Table 1).  

2. Qualitative analysis with the Cheil HPV DNA Chip 
We performed a qualitative analysis of HPV DNA genotypes 
using the Cheil HPV DNA Chip on 470 genital samples and 
found 339 (72.13%) women with HPV infection and 131 
(27.87%) women without infection. HPV DNA genotyping 
identified 63 (13.40%) women with HPV 16, 26 (5.53%) with 
HPV 52, 22 (4.68%) with HPV 58, 16 (3.4%) with HPV 51, 
and 16 (3.4%) with HPV 56. Multiple types of HPV infection 
were detected in 44 (10.0%) women (Table 2). There was a 
higher occurrence of high-risk HPV types in cervical samples 
with greater disease severity (chi-square=23.396, P<0.01). 
High-risk HPV was detected more frequently in samples with 
high-grade lesions than in those with low-grade lesions: 30% 

Table 1. Comparative analysis of HPV detection results by the Cheil HPV DNA Chip and the other HPV diagnostic test

Results of indicated test Positive Negative Total Agreement (%) Kappa value (95% CI)

SS vs. Cheil

Positive 335 (71.3) 2 (0.4) 337 (71.7) 98.5 0.963 (0.919–0.98)

Negative 5 (1.1) 128 (27.2) 133 (28.3)

Total 340 (72.3) 130 (27.7) 470 (100)

SS vs. GG

Positive 250 (53.2) 82 (17.4) 332 (70.6) 77.9 0.527 (0.447–0.59)

Negative 22 (4.7) 116 (24.7) 138 (29.4)

Total 272 (57.9) 198 (42.1) 470 (100) 　 　

Values are presented as number (%).
HPV, human papillomavirus; CI, confidence interval; SS, HPV type-specific polymerase chain reaction and sequencing analysis; Cheil, Cheil HPV 
DNA Chip; GG, GG HPV DNA Genotyping Chip.
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Table 2. Qualitative analysis using the Cheil HPV DNA Chip

　
HPV type 

No. of samples (%)
　χ2 (P-value)

Normal ASC-US/ ASC-H LSIL HSIL Cancer

HPV16 (63, 13.4)* 1 (3.3) 18 (7.5) 5 (5.4) 30 (32.3) 9 (60.0) 62.28 (<0.01a))

HPV18 (14, 2.98)* 2 (6.7) 5 (2.1) 1 (1.1) 2 (2.2) 4 (26.7) 　

HPV30 (3, 0.64) - 2 (0.8) 1 (1.1) 　- - -

HPV31 (15, 3.19)* - 7 (2.9) 2 (2.2) 6 (6.5) - -

HPV33 (8, 1.7)* - 2 (0.8) 1 (1.1) 4 (4.3) 1 (6.7) 7.18 (<0.01 a))

HPV35 (10, 2.13)* - 6 (2.5) 2 (2.2) 2 (2.2) - -

HPV39 (10, 2.13)* 1 (3.3) 8 (3.3) 1 (1.1) - - -

HPV40 (1, 0.21) - - - 1 (1.1) - -

HPV42 (4, 0.85) - 4 (1.7) - - - -

HPV43 (3, 0.64) - 3 (1.3) - - - -

HPV44 (2, 0.43) - 2 (0.8) - - - -

HPV45 (6, 1.28)* 1 (3.3) 1 (0.4) 2 (2.2) 2 (2.2) - -

HPV51 (16, 3.4)* 1 (3.3) 4 (1.7) 5 (5.4) 6 (6.5) - -

HPV52 (26, 5.53)* - 12 (5.0) 7 (7.5) 7 (7.5) - -

HPV53 (11, 2.34)* 1 (3.3) 3 (1.3) 7 (7.5) - - -

HPV54 (4, 0.85) - 4 (1.7) 　- - - -

HPV55 (1, 0.21) - - 1 (1.1) - - -

HPV56 (16, 3.4)* 1 (3.3) 5 (2.1) 9 (9.7) 1 (1.1) - -

HPV58 (22, 4.68)* 1 (3.3) 7 (2.9) 3 (3.2) 10 (10.8) 1 (6.7) 9.52 (<0.01 a))

HPV59 (1, 0.21)* - 1 (0.4) - - - -

HPV62 (4, 0.85) - 4 (1.7) - - - -

HPV66 (4, 0.85)* - 2 (0.8) 2 (2.2) - - -

HPV67 (2, 0.43)* - 2 (0.8) - - - -

HPV68 (12, 2.55)* - 6 (2.5) 2 (2.2) 2 (2.2) - -

HPV69 (1, 0.21)* - - 1 (1.1) - - -

HPV70 (9, 1.91) - 6 (2.5) 3 (3.2) - - -

HPV72 (1, 0.21) - 1 (0.4) - - - -

HPV81 (4, 0.85) - 2 (0.8) 2 (2.2) - - -

HPV82 (2, 0.43)* - 2 (0.8) - - - -

HPV84 (5, 1.06) - 2 (0.8) 3 (3.2) - - -

HPV90 (5, 1.06) - 4 (1.7) 1 (1.1) - - -

HPV91 (4, 0.85) - 3 (1.3) 1 (1.1) - - -

Others (4, 0.85) - 3 (1.3) 1 (1.1) - - -

Multiple (46, 9.79) 2 (6.7) 17 (7.1) 18 (19.4) 11 (11.8) - -

Negative (131, 27.87) 19 (63.3) 91 (38.1) 12 (12.9) 9 (9.7) - -

Total (470, 100) 30 (100) 239 (100) 93 (100) 93 (100) 15 (100) -

Values are presented as number (%); The HPV genotypes of the samples, including multiple genotype-infected and non-infected samples,  
were arranged according to the cytology results; *indicates high-risk HPVs.
HPV, human papillomavirus; ASC-US, atypical squamous cells of undetermined significance; ASC-H, atypical squamous cells-cannot exclude 
high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion.
a)Indicates P<0.01 by chi-square test and blanks indicate P>0.05. 
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in normal, 38.1% in ASC-US/ASC-H, 53.8% in LSIL, 77.4% in 
HSIL, and 100% in cancer. 

Furthermore, the results for HPV 16 (chi-square=62.28, 
P<0.01), HPV 33 (chi-square=7.18, P<0.01), and HPV 58 (chi-
square=9.52, P<0.01) were significantly different with respect 
to disease severity.

3. Quantitative analysis by cytologic categories 
We quantified HPV copies in all 470 samples by SYBR Green 
qRT-PCR and normalized the number of viral copies per cervi-
cal cell. Viral loads determined by the Cheil HPV DNA Chip 
show significant differences among the overall cytological 
categories (P<0.001, by Kruskal-Wallis test). The average viral 
load was 1.49 (SD, 4.86) in normal, 8.47 (SD, 43.47) in ASC-
US/ASC-H, 83.65 (SD, 276.14) in LSIL, 97.04 (SD, 393.61) in 

Table 3. Association between human papillomavirus load and LSIL/HSIL/cancer

VL (copies/cell) & RLU/CO Total (n) Women with LSIL/HSIL/cancer (n) Odds ratio (95% CI)

Cheil <0.1 210 55 1 (reference group)

0.1 to <1 87 43 2.75 (1.64–4.64)

1 to <10 93 45 2.64 (1.56–4.99)

10 to <100 48 32 5.64 (2.87–11.06)

100≤ VL 32 26 12.21 (4.77–31.25)

HC II <1 169 30 1 (reference group)

1 to <10 61 27 3.68 (1.94–6.99)

10 to <100 97 55 6.07 (3.46–10.65)

100 to <1,000 104 58 5.84 (3.36–10.15)

1,000≤ RLU/CO 39 31 17.95 (7.51–42.93)

LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; VL, viral loads; RLU, relative light unit; CO, 
cut-off; CI, confidence interval; HC II, Hybrid Capture II test.

A  B

Fig. 1. Validation of quantitative analysis. Comparison of (A) viral load and (B) relative light unit/cutoff value. Circles indicate the average 
of measured values in each group, and bars indicate the standard deviation. ASC-US, atypical squamous cells of undetermined signifi-
cance; ASC-H, atypical squamous cells-cannot exclude high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithe-
lial lesion; HSIL, high-grade squamous intraepithelial lesion; RLU, relative light unit; CO, cut-off.
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HSIL, and 91.30 (SD, 179.26) in cancer (Fig. 1A). The RLU/CO 
determined by HC II also showed an increasing trend with the 
cytological categories (P<0.001, by Kruskal-Wallis test). The 
average viral load was 90.38 (SD, 252.46) in normal, 127.02 
(SD, 353.36) in ASC-US/ASC-H, 475.34 (SD, 984.23) in LSIL, 
402.82 (SD, 702.54) in HSIL, and 520.54 (SD, 686.98) in 
cancer (Fig. 1B). For further analysis, a significant mean dif-
ference was shown between ASC-US/ASC-H and LSIL in both 
viral load (P<0.001) and RLU/CO (P<0.001). This suggests that 
the viral load and RLU/CO have a trend of increasing in range 
from ASC-US/ASC-H to LSIL. However, there were no statisti-
cally significant differences between LSIL, HSIL, and cancer 
(P>0.05 in post hoc test). 

To evaluate the possible relationship between viral load and 
the cytological categories, ORs were calculated for five groups 
of viral loads (0 to <0.1, 0.1 to <1, 1 to <10, 10 to <100, and 
≥100) and RLU/CO values (0 to <1, 1 to <10, 10 to <100, 100 
to <1,000, and ≥1,000). There was a significant association 
between LSIL/HSIL/cancer and viral loads above 0.1 copies/cell 
(OR, 2.75; 95% CI, 1.64 to 4.64) and RLU/CO above 1.0 pg/
mL. The OR was greatest in infections with viral loads above 
100 copies/cell (OR, 12.21; 95% CI, 4.77 to 31.25).     

Discussion

Various methods have been used for HPV detection. Among 
these, the HC II assay is a convenient, semi-quantitative signal 
amplification method. However, the HC II system has limita-
tions in analyzing HPV genotype because it employs hetero-
geneous probes in a single reaction that does not distinguish 
between the genotypes hybridized. Target amplification meth-
ods such as PCR are flexible and sensitive, and qRT-PCR is an 
advanced technique that allows quantification of the copy 
number of the gene of interest. DNA microarrays are most 
often applied to gene expression profiling and mutational 
analyses. Because a microarray can include many probes with 
various sequences, microarray analysis can accomplish multi-
ple genetic tests in parallel. Therefore, microarrays are suitable 
for identifying the HPV type from among the approximately 
100 distinguishing genetic variations.

In this study, we adopted two key advantages from the 
various available methods: the ability to quantify viral load by 
qRT-PCR and the capacity for high-throughput screening of 
genotypes by the Cheil HPV DNA Chip microarray. Although 

the commonly used consensus primers, MY09/10, GP5+/
GP6+, PGMY, and SPF10, target highly conserved regions of 
HPV L1 and are thus used for the detection of a broad range 
of HPV types, some studies have shown that sensitivity of 
PCR with these primers varies with HPV type [21,22]. In ad-
dition, these consensus primers can give discordant results 
when applied to coinfected samples [21,22] because they do 
not precisely match the target sequence for all HPV types. A 
similar problem occurred when we adopted GPM7 F as our 
only forward primer in the SYBR Green qRT-PCR. Specifically, 
this primer was not sufficiently sensitive for the detection of 
HPV types 39, 40, 68, and 84. To achieve greater efficiency 
in the detection of all types of HPV, we determined that two 
forward primers, GPM7 F and GPM7 F2 (data not shown). 
It is believed that equivalent PCR efficiency is important for 
obtaining reproducible results in the qRT-PCR and genotyping 
stages. Therefore, our method can be expected to be more 
reliable than other methods. As shown in the comparison 
analysis in Table 1, the kappa values (k=0.963; 95% CI, 0.919 
to 0.98) demonstrate that our method was superior to the 
GG HPV DNA Chip (k=0.527; 95% CI, 0.447 to 0.59).

In the HPV DNA genotyping of clinical samples using the 
Cheil HPV DNA Chip (Table 2), HPV 16 was the most preva-
lent type, and HPV 52 and 58 also showed a high frequency 
in this study. HPV 16 is the most reliable predictor of persis-
tent HPV infection [1], and HPV 52 and HPV 58 are dominant 
genotypes in Korean women [23]. This study shows the over-
all prevalence of HPV was 72.13%. This rate is higher than 
that found by other studies [24-26], because participants of 
this study were referred to the gynecologic oncology center 
from local clinics due to abnormal cytology or HPV infec-
tion. In addition, high-risk HPV types, 16, 33 and 58, were 
detected at significant levels among samples from high-grade 
disease lesions. 

Our study also assessed high viral loads as a risk factor for 
abnormal cytology. ORs for LSIL/HSIL/cancer were higher with 
high viral loads (Table 3). This is consistent with the results in 
Fig. 1 that shows that higher-grade lesion groups have higher 
viral loads. However, the CIs tended to be broad for the viral 
load, suggesting that more samples need to be analyzed to 
verify the tendency of increasing ORs. 

Although the small sample size in this study was a limita-
tion, we could validate this method by determining correla-
tions among HPV type, viral load, and disease severity in cyto-
logical categories.
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In conclusion, the Cheil HPV DNA Chip is an effective diag-
nostic method to simultaneously detect HPV genotype and 
viral load in cervical samples. Our future research will clarify 
the relationship between viral loads of specific HPV genotypes 
and progression of cervical intraepithelial lesions. 

Conflict of interest

No potential conflict of interest relevant to this article was 
reported.

Acknowledgments

This work was supported by the Korean Healthcare Technol-
ogy R&D Project, Ministry of Health & Welfare, Republic of 
Korea (A10206510111250100). 

Supplementary material

Supplementary materials for this article are available at the 
Obstetrics & Gynecology Science online.

References

  1.	Dalstein V, Riethmuller D, Pretet JL, Le Bail Carval K, Sau-
tiere JL, Carbillet JP, et al. Persistence and load of high-
risk HPV are predictors for development of high-grade 
cervical lesions: a longitudinal French cohort study. Int J 
Cancer 2003;106:396-403. 

  2.	Schlecht NF, Kulaga S, Robitaille J, Ferreira S, Santos M, 
Miyamura RA, et al. Persistent human papillomavirus in-
fection as a predictor of cervical intraepithelial neoplasia. 
JAMA 2001;286:3106-14.

  3.	Lorincz AT, Reid R, Jenson AB, Greenberg MD, Lancaster 
W, Kurman RJ. Human papillomavirus infection of the 
cervix: relative risk associations of 15 common anogeni-
tal types. Obstet Gynecol 1992;79:328-37.

  4.	Walboomers JM, Jacobs MV, Manos MM, Bosch FX, 
Kummer JA, Shah KV, et al. Human papillomavirus is a 
necessary cause of invasive cervical cancer worldwide. J 
Pathol 1999;189:12-9. 

  5.	Heard I, Tassie JM, Schmitz V, Mandelbrot L, Kazatchkine 
MD, Orth G. Increased risk of cervical disease among 
human immunodeficiency virus-infected women with 
severe immunosuppression and high human papilloma-
virus load. Obstet Gynecol 2000;96:403-9. 

  6.	Lai HC, Peng MY, Nieh S, Yu CP, Chang CC, Lin YW, et 
al. Differential viral loads of human papillomavirus 16 
and 58 infections in the spectrum of cervical carcinogen-
esis. Int J Gynecol Cancer 2006;16:730-5.

  7.	Roberts I, Ng G, Foster N, Stanley M, Herdman MT, Pett 
MR, et al. Critical evaluation of HPV16 gene copy num-
ber quantification by SYBR green PCR. BMC Biotechnol 
2008;8:57. 

  8.	Ramanakumar AV, Goncalves O, Richardson H, Tellier P, 
Ferenczy A, Coutlee F, et al. Human papillomavirus (HPV) 
types 16, 18, 31, 45 DNA loads and HPV-16 integration 
in persistent and transient infections in young women. 
BMC Infect Dis 2010;10:326. 

  9.	Arias-Pulido H, Peyton CL, Joste NE, Vargas H, Wheeler 
CM. Human papillomavirus type 16 integration in cervi-
cal carcinoma in situ and in invasive cervical cancer. J 
Clin Microbiol 2006;44:1755-62. 

10. 	Vaccarella S, Franceschi S, Snijders PJ, Herrero R, Meijer 
CJ, Plummer M, et al. Concurrent infection with multiple 
human papillomavirus types: pooled analysis of the IARC 
HPV Prevalence Surveys. Cancer Epidemiol Biomarkers 
Prev 2010;19:503-10.

11. 	Schmitt M, Depuydt C, Benoy I, Bogers J, Antoine J, Ar-
byn M, et al. Multiple human papillomavirus infections 
with high viral loads are associated with cervical lesions 
but do not differentiate grades of cervical abnormalities. 
J Clin Microbiol 2013;51:1458-64.

12. 	e-Castro Arce J, Gockel-Krzikalla E, Rosl F. Retinoic acid 
receptor beta silences human papillomavirus-18 onco-
gene expression by induction of de novo methylation 
and heterochromatinization of the viral control region. J 
Biol Chem 2007;282:28520-9.

13. 	Carbone M, Klein G, Gruber J, Wong M. Modern cri-
teria to establish human cancer etiology. Cancer Res 
2004;64:5518-24.

14. 	Santos AL, Derchain SF, Martins MR, Sarian LO, Mar-
tinez EZ, Syrjanen KJ. Human papillomavirus viral load 
in predicting high-grade CIN in women with cervical 
smears showing only atypical squamous cells or low-
grade squamous intraepithelial lesion. Sao Paulo Med J 



www.ogscience.org 497

Hyun Hee Seo, et al.  Quantification and genotyping of HPV

2003;121:238-43. 
15. 	Broccolo F, Chiari S, Piana A, Castiglia P, Dell’Anna T, 

Garcia-Parra R, et al. Prevalence and viral load of onco-
genic human papillomavirus types associated with cervi-
cal carcinoma in a population of North Italy. J Med Virol 
2009;81:278-87.

16. 	Murall CL, Bauch CT, Day T. Could the human papillo-
mavirus vaccines drive virulence evolution? Proc Biol Sci 
2015;282:20141069.

17. 	Elfstrom KM, Dillner J, Arnheim-Dahlstrom L. Organiza-
tion and quality of HPV vaccination programs in Europe. 
Vaccine 2015;33:1673-81.

18. 	Kumar RV, Bhasker S. Potential opportunities to reduce 
cervical cancer by addressing risk factors other than HPV. 
J Gynecol Oncol 2013;24:295-7.

19. 	Kim TJ, Jin HT, Hur SY, Yang HG, Seo YB, Hong SR, et al. 
Clearance of persistent HPV infection and cervical lesion 
by therapeutic DNA vaccine in CIN3 patients. Nat Com-
mun 2014;5:5317. 

20. 	Fleiss JL. Statistical methods for rates and proportions. 
2nd ed. New York (NY): John Wiley and Sons; 1981.

21.	Cai YP, Yang Y, Zhu BL, Li Y, Xia XY, Zhang RF, et al. 
Comparison of human papillomavirus detection and ge-
notyping with four different prime sets by PCR-sequenc-

ing. Biomed Environ Sci 2013;26:40-7.
22. Husnjak K, Grce M, Magdic L, Pavelic K. Comparison 

of five different polymerase chain reaction methods for 
detection of human papillomavirus in cervical cell speci-
mens. J Virol Methods 2000;88:125-34. 

23. Bae JH, Lee SJ, Kim CJ, Hur SY, Park YG, Lee WC, et al. 
Human papillomavirus (HPV) type distribution in Ko-
rean women: a meta-analysis. J Microbiol Biotechnol 
2008;18:788-94. 

24. Hariri S, Unger ER, Sternberg M, Dunne EF, Swan D, Pa-
tel S, et al. Prevalence of genital human papillomavirus 
among females in the United States, the National Health 
And Nutrition Examination Survey, 2003-2006. J Infect 
Dis 2011;204:566-73.

25. Hwang HS, Park M, Lee SY, Kwon KH, Pang MG. Distri-
bution and prevalence of human papillomavirus geno-
types in routine pap smear of 2,470 korean women 
determined by DNA chip. Cancer Epidemiol Biomarkers 
Prev 2004;13:2153-6.

26. An HJ, Cho NH, Lee SY, Kim IH, Lee C, Kim SJ, et al. Cor-
relation of cervical carcinoma and precancerous lesions 
with human papillomavirus (HPV) genotypes detected 
with the HPV DNA chip microarray method. Cancer 
2003;97:1672-80.


