
www.ogscience.org 235

Original Article
Obstet Gynecol Sci 2018;61(2):235-241
https://doi.org/10.5468/ogs.2018.61.2.235
pISSN 2287-8572 · eISSN 2287-8580

Introduction

Numerous human papillomavirus (HPV) genotyping test have 
been introduced to the market, based on the evidence of 
high-risk HPV genotypes as the primary risk for the develop-
ment and progression from mild/moderate precancerous 
lesion to malignancy [1,2], ranging from between 10% and 
15% for HPV 16/18 to less than 3% for all other high-risk 
HPV types combined [3,4]. The HPV DNA chip test (MyHPV 
chip; Biomedlab Co., Seoul, Korea), commercial HPV DNA 
genotyping tool has been used in Korea and other Asian 
countries [5-7] after approval of the Korean Food and Drug 
Administration and been shown to perform well in a preva-
lence and comparison study of HPV DNA [7-9].

However, a number of previous comparison studies re-
ported inferior sensitivity of HPV DNA chip test, compared to 
other HPV tests [10-12]. In additions, our previous study on 
type-specific HPV prevalence using HPV DNA chip test (MyHPV 

chip; Biomedlab Co.) revealed that the proportion of women 
testing positive for HPV-other type, that is, a positive band on 
gel electrophoresis but negative hybridized signal for 19 types 
of HPV, is somewhat high, ranging from 20% to 30% among 
those that tested positive for all HPVs [13]. Even in abnormal 
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cervical cytology, i.e., atypical squamous cells of undeter-
mined significance (ASCUS), the proportion of HPV-other 
type on DNA chip remains higher than 25% [13]. HPV DNA 
chip may often have limitation in addressing further surveil-
lance in almost one fourth of women who attend screening 
programs although in 2012, American society for Colposcopy 
and Cervical Pathology (ASCCP) updated guideline for the 
management of abnormal cervical cancer screening tests and 
cancer precursors [14] based on the study of Katki et al. [15] 
suggesting ‘similar management strategies for similar levels of 
risk.’

Therefore,  we conducted this prospective study to identify 
specific HPV genotypes from HPV-other type samples on an 
HPV DNA chip using direct sequencing and hopefully to eluci-
date the clinical meaning of HPV-other type.

Materials and methods

1. Study samples
This prospective study was conducted during routine health 
check-ups at Seoul National Hospital Healthcare System, 
Gangnam Center to determine clinical significance of HPV-
other type on HPV DNA chip by identifying specific HPV geno-
types of HPV-other type with direct sequencing. Of 13,600 
women who underwent cervical cytology and HPV testing 
using an HPV DNA chip as part of a routine gynecological ex-
amination from July 2012 to February 2013, we prospectively 
collected a total of 351 cervicovaginal samples, for which HPV 
DNA sequencing was performed; 180 consecutive samples 
with results of HPV-other type to identify their specific HPV 
types, and 171 random samples (29 of HPV-low-risk and 142 
of HPV-high-risk) to further validate the genotyping obtained 
from the HPV DNA chip, irrespective of the results of their 
cervical cytology (Fig. 1). The clinical samples used for this 
study were alcohol-preserved, liquid-based, cervical cytology 
specimens (LBC, BD Surepath; Becton, Dickinson and Com-
pany, Franklin Lakes, NJ, USA), which were submitted by 3 
gynecologists in our center as part of routine gynecologic ex-
aminations.

After material was taken from each sample for routine cer-
vical cytology and HPV genotype testing on the DNA chip, 
approximately 1 mL of the cell suspensions was placed in a 
1.5 mL Eppendorf tube, blind-coded with a case number, 
and transferred to the laboratory at MacroGene Co. Ltd. 

(Seoul, Korea) for HPV polymerase chain reaction (PCR)/DNA 
sequencing. Written informed consent was obtained from all 
participants. This cross-sectional prospective study was ap-
proved by the Institutional Review Board of Seoul National 
University Hospital (IRB-No. H-1205-070-410).

2. HPV DNA chip
For the HPV genotyping, we used the MyHPV chip kit (AGBIO 
Diagnostics Co., Seoul, Korea), a commercially available HPV 
DNA chip, PCR-based microarray system containing 19 type-
specific probes for 11 types of high-risk HPV (types 16, 18, 
31, 33, 35, 39, 45, 51, 52, 56, and 58) and 8 types of low-
risk HPV (types 6, 11, 34, 40, 42, 43, 44, and 54) accord-
ing to the manufacturer’s instructions [5]. Briefly, the target 
HPV DNA was amplified using the PCR and the primers (for 
HPV and β-globin) and conditions provided by the AGBIO 
Diagnostics Co. The amplified DNA was then labeled with a 
single dye, indocardocyanine-dUTP (MEM Life Science Prod-
ucts, Inc., Boston, MA, USA). The PCR product size of the 
HPV DNA was 150 base pairs (bp) on the gel electrophoresis. 
Next, the PCR product was hybridized onto the chip. Hybrid-
ization was performed at 43℃ for 90 minutes; the product 
was then washed with 3×saline-sodium phosphate-ethylene-
diamine tetraacetic acid (SSPE) for 5 minutes and with 1× 
SSPE for 5 minutes before drying at room temperature. The 

Health check-up

(n=13,600)

Enrollment (n=351)
180 HPV-other type
142 HPV-high risk
29 HPV-low risk

Negative band on electrophoresis
(n=115)

Sequencing failure
(n=21)

Proceed sequencing (n=236)

130 HPV-other type
90 HPV-high risk
16 HPV-low risk

Results of sequencing (n=215)

119 HPV-other type
82 HPV-high risk
14 HPV-low risk

Fig. 1. Eligible study samples. 
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hybridized signals were visualized using a DNA chip scanner 
(Scanarray lite; GSI Lumonics, Ottawa, Canada). Samples that 
showed a positive band of 150 bp on the gel electrophoresis 
of the HPV-PCR but a negative hybridized signal on the DNA 
chip scanner were designated (meaning “negative for 11 
high-risk HPV and 8 low-risk HPV types but positive for other 
HPV types”) HPV-other type samples [16]. A lack of visual-
ized spots and samples that were negative for the 150 bp 
HPV-specific band using gel electrophoresis were considered 
“HPV-negative.”

3. HPV sequencing
Genotyping results were confirmed by direct sequencing, as 
previously described [17]. Direct sequencing was performed 
by an outside laboratory (MacroGene Co. Ltd.) using a uni-
versal HPV primer set (MY 09/11, GP 05/06, KM 38/29) that 
detects a wide range of HPV types. The primed PCR product 
of each sample was added to the sequencing reaction mix-
ture, and sequencing was performed bi-directionally using the 
BigDye3 terminator cycle sequencing kit (PE Applied Biosys-
tems, Foster City, CA, USA) and an ABI PRISM 310 Genomic 
Analyzer (PE Applied Biosystems) at a dispensing pressure of 
600 mbar with 8-ms open times and 65-s cycle times. The 
sequencing procedure was carried out by stepwise elongation 
of the primer strand upon cyclic dispensation of the various 
deoxynucleotide triphosphates (Amersham Pharmacia Bio-
tech, Piscataway, NJ, USA). A charge coupled device camera 
detected the light output caused by nucleotide incorporation, 
and the data was obtained in a graphic format. In samples 
with multiple infections that were identified by the 2 HPV 
genotyping assays, type-specific primers were used to obtain 
specific PCR products, which were analyzed again by direct 
sequencing.

4. Statistical analysis
For descriptive statistics, HPV types were categorized into 3 
groups according to their carcinogenic potential; 12 high-risk 
types (HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 
and 59), probably high-risk type (HPV types 68)/possibly high-
risk types (HPV types 26, 53, 66, 67, 70, 73, and 82), and 
low-risk types (non-oncogenic; HPV types 6, 11, and other 
beta/gamma types, such as HPV types 40, 42, 54, 55, 61, 62, 
64, 69, 71, 72, 81, 82 subtype IS39, 83, 84, and 89 [formerly 
CP6108]) [18]. To analyze the MyHPV chip results, however, 
‘high-risk’ was confined to the 11 high-risk HPV types (HPV 

types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, and 58) which 
can be detected by HPV DNA chip, and HPV patients with 
single or multiple infection that tested positive for 11 high-risk 
HPV genotypes were categorized as HPV-high-risk. In cases of 
multiple infections, subjects were dominantly classified based 
on the HPV types associated with a higher risk of developing 
invasive cancer.

We describe specific types of HPV-other types on HPV DNA 
chip according to 3 those HPV categories (Table 1). Then, the 
genotypes obtained using the HPV DNA chip were compared 
with those obtained using HPV DNA sequencing. In cases of 
multiple infection, when the type obtained using HPV DNA 
sequencing was one of the types obtained using the HPV 
DNA chip test, we considered the type obtained using the 
DNA chip test ‘concordant’ with the sequencing type. The 
concordance rates of the MyHPV chip and the sequencing 
results were evaluated using the kappa coefficient with 95% 
confidence intervals and their uneven distribution evaluated 

Table 1. Sequencing results of human papillomavirus (HPV)-other 
type on DNA chip 

HPV (n=119) Type
No. of subjects 

(%)

High-risk 18 4 (3.4)

33 3 (2.5)

35 1 (0.8)

59 1 (0.8)

Subtotal 9

Probable/possibly high-risk 53 8 (6.7)

66 11 (9.2)

70 11 (9.2)

Subtotal 30

Low-risk 6 2 (1.7)

61 8 (6.7)

62 16 (13.4)

71 3 (2.5)

72 5 (4.2)

81 23 (19.3)

83 8 (6.7)

84 9 (7.6)

89 3 (2.5)

90 1 (0.8)

102 2 (1.7)

Subtotal 80
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with McNemar’s test. Kappa-values are interpreted as follows: 
0–0.20 were considered slight, 0.21–0.40 as fair, 0.41–0.60 
as moderate, 0.61–0.80 as substantial, and 0.81–1.00 as al-
most perfect agreement.

Statistical analyses were performed using SPSS 22.0 (SPSS 
Inc., Chicago, IL, USA).

Result

Of the 351 cervical swab samples obtained from 351 indi-
viduals (mean age 49.0; range 23.3–76.3), 89.7% (315/351) 
had negative for intraepithelial cells or malignancy (NILM) in 
cervical cytology, followed by 17 of ASCUS, 15 of low-grade 
squamous intraepithelial lesion, and 4 atypical squamous 
cells cannot exclude high grade lesion/high-grade squamous 
intraepithelial lesion. Only 20 cases had available histology by 
colposcopy-guided biopsy of uterine cervix for their abnormal 
cervical cytology (data not shown).

Eligible study samples are shown in Fig. 1. DNA sequenc-
ing detected specific HPV types in a total of 236 samples, 
excluding 115 samples that showed no detectable bands on 
electrophoresis. Additionally excluding 21 cases of sequenc-
ing failure, a total of 215 samples were directly sequenced: 
14 HPV-low-risk samples, 82 HPV-high-risk samples, and 119 
HPV-other type samples.

Sequencing results of 119 HPV-other type samples were 
shown in Table 1. HPV 81 (19.3%), HPV 62 (13.4%), HPV 66 
(9.2%), and HPV 70 (9.2%) were frequently detected. One 
hundred nine samples (91.6%) out of 119 were positive for 
HPV genotypes that were not included in the HPV DNA chip 
test. Nine samples (7.6%) were proven to be high-risk HPV 
types comprising HPV 18 (n=4), HPV 33 (n=3), HPV 35 (n=1), 
and HPV 59 (n=1). Restricted to HPV types that are included 
with 19-probe DNA chip, 8 out of 119 samples turned out to 
be high-risk HPV undetected by DNA chip. Including types 26, 
53, 66, and 68 among the probable or possible high-risk HPV 

types, almost one fourth (23.5%, 28/119) of the HPV-other 
type samples were considered as potential high-risk HPV types 
and the most commonly identified HPV type was HPV 66 
(9.2%), followed by HPV 53 (6.7%) and HPV 18 (3.4%).

 Among 171 samples positive for either high-risk or low-
risk HPV types, 82 of HPV-high-risk and 14 of HPV-low-risk 
were finally proceeded with sequencing (Fig. 1). There were 
64 samples with a single HPV genotype and 32 with mul-
tiple HPV genotypes. Of all those 96 samples, 76.0% was 
concordant between HPV DNA chip and sequencing with 23 
samples showing discordant results (Table 2). Among 82 sam-
ples positive for high-risk HPV on HPV DNA chip, 21 samples 
(25.6%) were positive for low-risk HPV on sequencing with 
the discordance rate of 19.2% and 52.0% for single and 
multiple high-risk HPV infection, respectively. Eight (23.5%) 
out of 34 samples positive for HPV 16/18 on HPV DNA chip 
were positive for HPV types other than HPV 16 or 18 by se-
quencing with the discordance rate of 12.0% and 55.5% for 
single and multiple HPV 16/18 infection, respectively (data not 
shown). The concordance rate for the detection of HPV 16/18 
between the two tests was 86.5% with a kappa-value of 0.69, 
which was higher than the corresponding value for the detec-
tion of all high-risk HPV of 76.0% (Table 2).

Discussion

With the exception of the HPV types included in 24 probes 
but not included in 19 probes of the HPV DNA chip (i.e., 
HPV 53, 66, and HPV 68, which mainly belong to probable/
possible high-risk HPV types), the majority of the HPV types 
sequenced from HPV-other type samples in present study 
were identical to those detected in two studies of Choi et 
al. [9]; mainly HPV 81, 61, 62, and 84. It is still of concern 
that 7.6% of HPV-other type samples were positive for high-
risk HPV, and HPV 18 was most frequently detected high-risk 
genotype. Our previous study on type-specific prevalence of 

Table 2. Concordance rate for human papillomavirus detection between MyHPV chip and DNA sequencing

HPV Test Positive Negative
Overall agreement 

(%, accuracy)
Kappa coefficient

HPV 16, 18
MyHPV Chip 34 62

86.5 (78.0–92.6) 0.69 (0.53–0.84)
Sequencing 25 71

High-risk HPV
MyHPV Chip 82 14

76.0 (66.3–84.2) 0.38 (0.17–0.60)
Sequencing 63 33
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HPV using HPV DNA chip reported that overall positive rate of 
HPV-other type on DNA chip was as high as 28% of all HPV-
positive samples which accounted for 25% of women with 
HPV-positive ASCUS [13].

Many comparison studies have reported that HPV DNA chip 
test is less sensitive than the other HPV DNA tests in detecting 
cervical intraepithelial neoplasia (CIN) 2+ or CIN3+ [10-12]. A 
number of previous studies that compared the ability of differ-
ent primer sets to detect HPV DNA in clinical materials [19,20] 
demonstrated each primer set had different PCR efficiency 
to each HPV genotype and different types of HPV could be 
preferentially amplified depending on the primer used within 
the chip [21]. Therefore, nested PCR method using consen-
sus primer set that HPV DNA chip utilize in detecting HPV 
genotypes might cause difference of sensitivity for specific 
HPV genotype, thereby implicating that HPV DNA chip may 
be incapable of detecting specific HPV genotypes [11]. The 
poor clinical and analytic performance of HPV DNA chip may 
be attributable to less sensitive detection of high-risk HPV 
genotypes and need to be improved since HPV genotyping 
test should be able to detect high-risk HPV, in particular, HPV 
16 or 18, given that HPV 16/18 accounts for more than 70% 
of cervical cancer and the ASCCP guideline recommend HPV 
16/18 genotyping triage for colposcopy referral in women 30 
years or older with normal cytology and positive high-risk HPV 
results in co-testing [14].

 The HPV DNA chip from other studies exhibits wide range 
of concordance rates from 61.5% and 91.1%, compared 
with DNA sequencing [9,11]. In our study, the concordance 
for overall high-risk HPV was slight, 76.0% (73/96) with 
kappa-value of 0.38, whereas 86.5% was concordant for 
HPV 16/18 with a kappa-value of 0.69. The similarities in DNA 
sequence between the type-specific probes attached within 
DNA chip may lead to ‘cross-reactivity,’ contributing to discor-
dance. There was a clear tendency toward higher discordance 
for the detection of multiple HPV types, similar to other stud-
ies [22,23]. A global proficiency study of HPV genotyping 
tests by Eklund et al. [23] also reported that HPV tests have 
a tendency toward lower sensitivity in multiple HPV infection 
than in single HPV infection and the detection of high-risk 
HPV types other than HPV 16/18 by many HPV genotyping 
tests showed less sensitivity, compared to that of HPV 16/18.

Another possibility is that the sensitivity of HPV detection 
method is dependent on the threshold value of viral load/viral 
concentration present in the sample [24] and ‘negative’ result 

on the test does not guarantee the absence of HPV DNA in 
the sample, but may imply that the level is below a defined 
threshold value based on the clinical characteristics of the test 
[25]. As 90% of our study samples are negative intraepithelial 
lesion or malignancy (NILM) in cervical cytology, high drop-out 
rate of HPV-other types samples for sequencing may inevita-
bly result from negative band on electrophoresis and proceed-
ing failure of sequencing.

There are several limitations in our study. We had no com-
parison of sequencing results of HPV-other type samples 
according to the severity of cervical cytology and histologic 
grade. In additions, the MyHPV chip probe used in our study 
tests only for 19 HPV types including only 11 high-risk HPV 
types, unlike the 24-probe DNA chip; therefore, some high-
risk or probable high-risk HPV types (i.e., HPV 59 and 68) 
were inevitably undetected. Another limitation is too small 
study sample size to achieve the statistical power of 80% 
and type I error of 0.05, for which considering 10% of drop-
out rate, samples size should be at least 510 cases to be 
recruited. Final sequencing results were obtained from 215 
eligible samples and consequently, the study power reached 
only 66% for comparing HPV high-risk samples between 
both tests. Nonetheless, the main purpose of this study is 
but to identify the specific HPV type from HPV-other type 
samples and to verify the reliability of HPV DNA chip by ana-
lyzing the correlation between DNA chip and sequencing, 
not to compare the clinical performance of HPV DNA chip 
with sequencing.

As far as we know, among the available published data of 
sequencing for HPV-other type, this study is the largest study 
attempting to identify the specific HPV genotypes from the 
HPV-other type samples. Based on our results, HPV-other type 
on DNA chip test may be postulated to have certain possibility 
of high-risk HPV, i.e., HPV 18, and therefore, the clinical sig-
nificance of HPV-other type remains to be investigated in the 
context of its association to cervical disease.
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