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INTRODUCTION

The incidence of cervical cancer varies between countries and 
is associated with the implementation of cervical cancer screen-
ing programs.1 In Korea, because of increased use of organized 
screening programs, the incidence of cervical cancer decreased 
during the period of 1999 to 2012; however, it is still the seventh 
most common cancer among women. In contrast, cervical 
cancer is still increasing in young and older adult patients.2 In 
2015, an estimated 3100 patients were newly diagnosed with 
cervical cancer, and it was the third most common cancer in 
reproductive-aged women in Korea.2-4 Human papilloma virus 
(HPV) is an important oncogenic factor for cervical cancer. 
Persistent infection with high-risk (HR) HPV causes progres-
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Purpose: This study aimed to evaluate the performance of the PANArray human papilloma virus (HPV) test, a PCR-based DNA 
microarray assay, in detecting HPV from patient samples and its concordance with the cobas 4800 HPV and Hybrid Capture 2 
(HC2) tests.
Materials and Methods: The PANArray HPV, cobas 4800 HPV, and HC2 tests were performed on 504 cervical swab samples from 
patients with atypical cells of undetermined significance at five hospitals. The samples that were interpreted as ‘HPV-other’ type 
positive in the PANArray HPV test were confirmed by direct sequencing. 
Results: The concordance rates were 80.8% between the cobas 4800 HPV and PANArray HPV tests [κ=0.59, 95% confidence interval 
(CI) 0.52−0.66] and 80.2% (κ=0.6, 95% CI 0.55−0.68) between the HC2 and PANArray HPV tests. Among the 62 patients negative 
on PANArray HPV (defined as the absence of high risk HPV), but positive on both cobas 4800 HPV and HC2 tests, 42 (67.7%) test-
ed positive for ‘HPV-other’ types on the PANArray HPV test, and 31 (50.0%) had gray zone results [relative light unit/control (RLU/
CO), 1.4−9.25] in the HC2 test. Of the patients deemed positive by the PANArray HPV test, 43 tested positive for high-risk (HR) 
HPV in cobas 4800 HPV and HC 2 tests. Among them, 58.2% showed HR HPV, including HPV 16, by direct sequencing, of which 
25% had gray results.
Conclusion: Results classified as ‘HPV-other’ type by the PANArray HPV test, or gray zone results by HC2 (RLU/CO ratio level 
1−10) should be carefully interpreted using comprehensive clinical information.
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sion of precancerous lesions to invasive cancer.5,6

Among cervical cancer screening tests, the Papanicolaou 
test has contributed to a 75% decrease in the incidence of cervi-
cal cancer and reduced cervical cancer associated mortality.7 
However, it has some limitations: 1) it has low sensitivity and 
reproducibility, 2) it has low coverage and poor patient com-
pliance, and 3) its results are subjectively interpreted.8,9 Co-
testing with the Papanicolaou and HPV tests is used to detect 
cervical cancer early according to the 2012 American Cancer 
Society screening guidelines.9

Currently, more than 100 HPV genotypes have been identi-
fied and classified according to their oncogenic potential as 
HR HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 67, 68, 
69, and 82), low-risk (LR) HPV (6, 11, 40, 42, 43, 44, 54, 55, 62, 
70, 72, 81, 87, 90, and 91), and intermediate-risk HPV.6,10 Four 
HPV tests, Hybrid Capture 2 (HC2; Qiagen Inc., Valencia, CA, 
USA), cobas 4800 HPV (Roche, Pleasanton, CA, USA), Cervista 
HPV (Hologic Inc., Marlborough, MA, USA), and Aptima HPV 
(Hologic Inc., San Diego, CA, USA), have been approved by 
the US Food and Drug Administration.7,10-12

The cobas 4800 HPV test performs DNA extraction, PCR am-
plification, and real time detection in an automated fashion. It 
can distinguish HPV 16/18 from other HR HPVs.13 The HC2 test 
is a reliable, signal amplification hybridization assay. It can de-
tect viral load and determine the presence of a clinically signifi-
cant HPV infection. This assay detects 13 HR HPV genotypes; 
however, it cannot determine the genotype or distinguish be-
tween single and multiple infections.14,15 The PANArray HPV 
test (PANArrayTM HPV Genotyping Chip; Panagene Co., Seoul, 
Korea) uses PCR amplification of the HPV L1 gene that in-
cludes DNA bases for each genotype. This amplified PCR prod-
uct is hybridized to each DNA probe for determination of HPV 
infection and genotypes. This assay can distinguish 19 HR 
HPV genotypes (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 
59, 66, 68, 69, 70, and 73) from 13 LR HPV genotypes (6, 11, 32, 
34, 40, 42, 43, 44, 54, 55, 62, 81, and 83).

The aims of this study were to evaluate the performance of 
PANArray HPV test, a PCR-based DNA microarray assay, in 
detecting HPV infection in patients with atypical squamous 
cells of undetermined significance (ASCUS) cytology, in com-
parison to the cobas 4800 HPV and HC2 assays, and to assess 
any discordance between the assays.

MATERIALS AND METHODS 

Patients and cervical samples
We reviewed medical records of study subjects, including cer-
vical cytology and results of HPV tests. A total of 504 cervical 
swab specimens were collected from women with ASCUS cy-
tology, between June 2012 and June 2014, from five hospitals 
(Seoul St. Mary’s Hospital, Cheil General Hospital, Korea Uni-
versity Guro Hospital, Asan Medical Center, and Samsung 

Medical Center). This study protocol was approved by the In-
stitutional Review Boards of each participating hospital (Seou 
St. Mary’s hospital KC12DIMI0107, Cheil General Hospital 
CGH20120303, Korea University Guro Hospital KMC120017, 
Asan Medical Center AMC2012-0703, and Samsung Medical 
Center SMC12-0104). This study included patients aged 20−49 
years with ASCUS cytology. We excluded patients with the fol-
lowing: 1) in pregnancy, 2) who had undergone cervical sur-
gery, including conization, within the last year, and 3) who 
had undergone a hysterectomy. All specimens were collected 
with a cytobrush or cytobroom, and placed in ThinPrep Pre-
servCyt solution (Hologic Inc., Marlborough, MA, USA).

Cobas 4800 HPV test
The cobas 4800 HPV test features fully automated sample prep-
aration combined with real-time PCR technology and software 
that integrates the two components. The test is designed to 
extract, amplify, and detect a broad spectrum of HR HPV gen-
otypes, as well as the human cellular globin gene. One-millili-
ter aliquots of PreservCyt fluid were transferred to 13-mL bar-
coded tubes provided by the manufacturer. The cobas 4800 
HPV test was performed according to the manufacturer’s pro-
tocol. DNA extraction was carried out using the automated co-
bas x 480 instrument, and real-time PCR amplification of HR 
HPV and β-globin DNA was performed using the cobas z 480 
instrument. PCR amplification and detection occurred in a 
single tube, where 4 different reporter dyes track different tar-
gets (HPV 16; HPV 18; HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 
66, and 68; and β-globin to provide a control for cell adequacy 
in the multiplex reaction).

HC2 test
Four milliliters of each PreservCyt specimen was tested by 
HC2 according to the manufacturer’s protocol. We used a pro-
tocol for converting the liquid cytology sample to a specimen 
transport mediumTM equivalent. The converted specimens 
were denatured at 65°C for 45 minutes and hybridized under 
high-stringency conditions with a mixture of RNA probes that 
detect 13 different oncogenic HPV genotypes: 16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59, and 68. The resultant DNA-RNA hy-
brids were captured on the surface of the microtiter plate wells 
coated with anti-DNA-RNA hybrid antibody. The immobi-
lized hybrids were then incubated with alkaline phosphatase-
conjugated anti-hybrid monoclonal antibody, and the light 
intensity was measured with a luminometer. All specimens with 
a relative light unit/control (RLU/CO) ratio of ≥1.0 were con-
sidered positive. The RLU/CO ratio range of 1−10 was consid-
ered a gray zone.

PANArray HPV Genotyping Chip test and direct 
sequencing
For HPV DNA genotyping, the PANArray HPV Genotyping 
Chip was used according to the manufacturer’s protocol. One 
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PCR mix contained 5 μL of target DNA, 3 μL of PCR primer No. 
1, and 17 μL of reaction mixture No. 1 supplied by the manu-
facturer (containing Taq DNA polymerase, PCR buffer, and de-
oxynucleoside triphosphate mixture) for a total volume of 25 μL. 
A second PCR mix contained 5 μL of the same target DNA, 3 μL 
of PCR primer No. 2, and 17 μL of reaction mixture No. 2. All 
tubes were incubated for 15 minutes at 94°C before the PCR 
was started. A primary step consisting of 10 cycles of 30 seconds 
at 94°C, 30 seconds at 60°C, and 30 seconds at 72°C, followed 
by a second step consisting of 40 cycles of 30 seconds at 94°C, 
1 minute at 47°C, and 30 seconds at 72°C. The PCR products 
were electrophoresed in a 2% agarose gel to confirm success-
ful amplification of the PCR product. A mixture of hybridiza-
tion buffer No. 1 and No. 2 (70 μL) was mixed with 5 μL of PCR 
product No. 1 and 5 μL of PCR product No. 2, and then applied 
to the PANArray chip and incubated for 1 hour at 50°C. After 
washing, array images were scanned and taken using a fluores-
cent scanner (GenePix 4000B; Axon Instruments, Union City, 
CA, USA). Clearly visualized double-positive spots for a spe-
cific HPV type were considered HPV-positive for that geno-
type. Samples negative in chip scanning but positive for the 
150-bp HPV specific band using gel electrophoresis were in-
terpreted as negative for 19 HR HPV and 13 LR HPV test types, 
but ‘HPV-other type’ positive. Lack of visualized spots and neg-
ativity for the 150-bp HPV-specific band using gel electropho-
resis was considered ‘HPV’ negative. The samples that were 
interpreted as ‘HPV-other’ type positive in the PANArray HPV 
test were confirmed by direct sequencing. Direct sequencing 
was performed using a type specific HPV primer set that de-
tects a wide range of HPV types. A total of 89 cases were ana-
lyzed by direct sequencing; of which 5 (7.6%) did not provide 
the type and two (3.0%) did not include HPV DNA.  

Statistical analysis
The concordance rates (CRs) between results of the three HPV 
tests were evaluated using kappa coefficient (κ) with 95% con-
fidence intervals (CI) by McNemar’s test using SPSS ver. 22.0 
(IBM Corp., Armonk, NY, USA). Patients positive for single or 
multiple HR genotypes with or without LR HPV or ‘HPV-other’ 
type positivity were categorized as HR HPV-positive. Patients 

with samples negative for HPV 16/18 but positive for other HR 
HPV types with or without LR HPV or ‘HPV-other’ type positiv-
ity were categorized as non-16/18 HR HPV positive. Patients 
with samples positive for LR HPV or ‘HPV-other’ type, or those 
that were ‘HPV-negative’ were categorized as HR HPV-negative. 

RESULTS

A total of 504 women were enrolled in the study. Their mean 
age was 38.5 years old, ranging from 20 to 49 years of age. 
Among the 504 patients, 230 (45.6%), 271 (53.8%), and 177 
(35.1%) were positive for HR HPV in the cobas 4800 HPV, HC2, 
and Panagene PANArray tests, respectively. For HPV 16, 42 
(8.3%) and 35 (6.9%) patients were positive in the cobas 4800 
HPV and PANArray HPV tests, respectively. For HPV 18, 19 
(3.8%) and 14 (2.8%) patients were positive in the cobas 4800 
HPV and PANArray HPV tests, respectively. For non-16/18 HR 
HPV genotypes, 169 (33.5%) and 127 (25.2%) patients were 
positive in the cobas 4800 HPV and PANArray HPV tests, re-
spectively. In the PANArray HPV test, 29 (5.8%) and 89 (17.65%) 
patients were LR HPV and ‘HPV other’ type positive, respec-
tively. Among these patients, 12 (2.4%) were positive for 16 and 
other HR HPV infection in PANArray, two (0.4%) were positive 
for HPV 18 and other HR in PANArray. Twenty four (0.8%) were 
positive for other type HPV and LR HPV in PANArray, whereas 
14 (2.8%) were positive for 16 and other HR in cobas 4800 HPV 
test and seven (1.4%) were positive for 18 and other HR HPV 
in cobas 4800 HPV test. 

The CRs were 80.8% (κ=0.59, 95% CI, 0.52−0.66) between 
results of the cobas 4800 HPV and PANArray HPV tests and 
80.2% (κ=0.6, 95% CI 0.55−0.68) between those of the HC2 
and PANArray HPV tests for HR HPV genotypes (Table 1). For 
the detection of HPV 16, the CR between the results of cobas 
4800 HPV and PANArray HPV tests was 98.2% (κ=0.87, 95% CI 
0.79−0.96), while for the detection of HPV 18 the CR was 99.0% 
(κ=0.84, 95% CI 0.71−0.98) between these two assays (Table 2).

Twenty patients (4.0%) were negative in the cobas 4800 HPV 
test only. Of these patients, 10 (50%) were infected with HPV 
genotypes 43, 53, 54, and 70 by the PANAarray HPV test, which 

Table 1. CRs between the Results of Cobas 4800 HPV and HC2 Tests with the PANArray HPV Test in Patients with ASCUS Cytology

PANArray HPV test
CR (%) κ coefficient 95% CI

HR HPV* negative HR HPV positive Total
Cobas 4800 HPV test

Negative 252   22 274
Positive   75 155 230 80.8 0.59 0.52−0.66

HC2
Negative 230     3 233
Positive   97 174 271 80.2 0.60 0.55−0.68

HPV, human papilloma virus; HC2, Hybrid Capture 2; CI, confidence interval; HR, high-risk; ASCUS, atypical squamous cells of undetermined significance; CR, concor-
dance rate. 
*HR HPV included positivity for single or multiple high risk HPV genotypes with or without positivity for low-risk HPV or ‘HPV-other type’.
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are not included in the cobas 4800 HPV test. Among the re-
maining 10 (50%) patients, eight were HPV 68-positive and 
two were HPV 58-positive by the PANArray HPV test (Table 3). 
One patient (0.2%) tested negative in the HC2 test only; this 
patient showed HPV 18 positivity in both the cobas 4800 HPV 
and Panagene PANArray tests. Sixty-two patients (12.3%) were 
negative in the PANArray HPV test, but positive in both the 
cobas 4800 HPV and HC2 tests. Of these patients, 42 (67.7%) 
showed positivity for ‘HPV-other’ type in the PANArray HPV test 
and 31 (50.0%) had results that fell within the gray zone (RLU/
CO≤10) in the HC2 test. Patients negative for HR HPV only in 
the PANArray HPV test included 5 patients with HPV 16 or 18 
positive results in the cobas 4800 HPV test; all of them were 
positive by HC2 but their results fell within the gray zone (RLU/
CO ratio, 1.4−9.25) (Table 4).

Thirteen patients (2.6%) tested positive in the cobas 4800 
HPV test only. Of these patients, three were HPV 16 positive, 
one was HPV 18 positive, and nine were non-16/18 HR HPV 
positive. Thirty-five patients (6.9%) were deemed positive only 
by HC2. Among them, 23 (65.7%) had results that fell within 
the gray zone (1–10 RLU/CO). Two patients (0.4%) tested pos-
itive in the PANArray HPV test; all these patients were infected 
with HPV 69, which is not detected by either the cobas 4800 
HPV or the HC2 test.

Eighty-nine samples showing other-type positivity in the 
PANArray HPV test were confirmed by direct sequencing. Three 
samples (3.4%) had no HPV DNA and seven samples (7.9%) 
did not provide definite results. Table 5 summarizes the results 
of direct sequencing which showed other-type positivity in 
PANArray HPV test, HC2, cobas 4800 HPV tests. In 43 samples 

Table 2. CRs between the PANArray HPV and Cobas 4800 HPV Tests for HPV 16 and HPV 18 in Patients with ASCUS Cytology

PANArray HPV test Cobas 4800 HPV test Total CR (%) κ coefficient 95% CI
HPV 16 (-) HPV 16 (+)

HPV 16 (-) 461   8 469 98.2 0.87 0.79−0.96
HPV 16 (+)     1 34   35

HPV 18 (-) HPV 18 (+)
HPV 18 (-) 485   5 490 99.0 0.84 0.71−0.98
HPV 18 (+)     0 14   14

HPV, human papilloma virus; CI, confidence interval; ASCUS, atypical squamous cells of undetermined significance; CR, concordance rate.

Table 3. Cases Deemed Negative for HPV in the Cobas 4800 HPV Test but Positive in the PANArray HPV and HC2 Tests, in Patients with ASCUS Cytology

Panagen PANArray HC2 HC2 RLU/CO (range) Cobas 4800 HPV test N (n=20)
53 (+)     2.26−306.12 (-) 3
70 (+)     2.27−47.34 (-) 4

70, 43 (+)   46.7 (-) 1
70, 54 (+) 306.12 (-) 1
53, 54 (+) 127.22 (-) 1

68 (+)     4.31−319.19 (-) 8
58 (+) 205.69−1268.58 (-) 2

HPV, human papilloma virus; HC2, Hybrid Capture 2; ASCUS, atypical squamous cells of undetermined significance; RLU/CO, relative light unit/control. 

Table 4. Cases Deemed Negative for HR HPV in the PANArray HPV Test but Positive in the Cobas 4800 HPV and HC2 Tests in Patients with ASCUS 
Cytology

Panagen PANArray HC2 HC2 RLU/CO (range) Cobas 4800 HPV test N (n=62)
81 (+)   1.62* 16   1

Other (+)   1.43−9.25* 16 or 18   4
(-) (+)   1.15−9.38* Other HR 11
(-) (+) 13.81−410.12 Other HR   4
55 (+)   4.15−5.18* Other HR   2
62 (+)   299.5 Other HR   1
81 (+) 1583.64 Other HR   1

Other (+)   1.65−7.64* Other HR 13
Other (+) 10.57−159.61 Other HR 25

HPV, human papilloma virus; HC2, Hybrid Capture 2; RLU/CO, relative light unit/control; HR, high risk; ASCUS, atypical squamous cells of undetermined signifi-
cance; other, negative for 19 high risk HPV and 13 low risk HPV but positive for ‘HPV-other type’ in the PANArray HPV test; other HR, positive for HPV geno-
types-31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68 in the cobas 4800 HPV test.
*In the gray zone (HC2 RLU/CO ratio, 1−10).
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(48.3%), HR HPV infection was confirmed by the HC2 and co-
bas 4800 HPV tests. Among them, genotype could not be de-
cided six samples; eight were positive for genotypes 89, 71, 61, 

Table 5. Results of Direct Sequencing in Patients That Were ‘HPV Other-
Positive’ in the PANArray

HC2 HC2 RLU/CO
Cobas 4800 HPV 

test
Sequencing

(+) 1.4 16 16
(+) 1.6 Other HR 70
(+) 1.7 18 54
(+) 3.1 Other HR 58
(+) 3.7 Other HR 83
(+) 3.9 16 16
(+) 4.8 Other HR 89
(+) 922.8 Other HR 54
(+) 23.8 Other HR 53
(+) 499.4 Other HR 53
(+) 508.8 Other HR 71
(+) 589.4 Other HR 66
(+) 610.0 Other HR 52
(+) 919.4 Other HR 59
(+) 1410.6 Other HR 56
(+) 159.6 Other HR 56
(+) 205.1 Other HR 52
(+) 264.9 Other HR 58
(+) 158.2 Other HR 31
(+) 6.5 Other HR Cannot be decided
(+) 4.9 Other HR Cannot be decided
(+) 3.6 Other HR Cannot be decided
(+) 5.0 Other HR   6
(+) 5.2 Other HR 84
(+) 6.7 Other HR 61
(+) 7.5 Other HR 68
(+) 7.6 Other HR 66
(+) 3.9 Other HR 33
(+) 9.2 16 16
(+) 6.7 Other HR 61
(+) 22.2 Other HR 52
(+) 37.8 Other HR 52
(+) 45.2 Other HR 68
(+) 53.0 Other HR 31
(+) 56.0 Other HR 61
(+) 112.0 Other HR 52
(+) 120.7 Other HR 52
(+) 148.6 Other HR 72
(+) 231.2 Other HR 84
(+) 419.2 Other HR 52
(+) 10.6 Other HR Cannot be decided
(+) 149.1 Other HR Cannot be decided
(+) 831.9 Other HR DNA not detected

HPV, human papilloma virus; HC2, Hybrid Capture 2; RLU/CO, relative light 
unit/control; HR, high risk.

84, and 72, for which the PANArray HPV cannot detect. Four 
samples were positive for LR HPV 6, 54, and 83. Twenty five 
samples were positive for HR HPV 16, 31, 33, 52, 53, 58, 59, 66, 
68, and 70. Of these samples, eight (32%) fell within the gray 
zone (1–10 RLU/CO). All samples positive for HPV 16 by di-
rect sequencing also showed HPV 16 in the cobas 4800 HPV 
test and were positive in the HC2 test. In addition, they had 
the gray results (1.7−9.2 RLU/CO). 

DISCUSSION

Persistent infection with HR HPV is an important cause of the 
progression of precancerous lesions to invasive cancer. Com-
pared to infection with non-16/18 HR HPVs, HPV 16/18 infec-
tion increases the risk of high-grade cervical lesions.12,16 Accord-
ingly, previous studies have focused on detecting HPV genotypes 
16/18.7,12,14,17 However, non-16/18 HR HPV genotypes can be fur-
ther categorized by risk stratification. According to HPV 9G 
DNA chip results, the odds ratios for worse than or equal to 
high grade squamous intraepithelial lesions (≥HSIL) of pa-
tients infected with HPV 16/18, HPV 31/33/35/45/52/58, and 
HPV 39/51/56/ 59/66/68, compared with HR HPV negative, 
were 18.1, 11.9, and 2.4, respectively.18

In the present study, the positivity rates of HR HPV infection 
in women with ASCUS cytology using cobas 4800 HPV, HC2, 
and PANArray HPV tests were 53.8%, 45.6%, and 35.1%, re-
spectively. Overall, the positivity rate of the PANArray HPV 
test was lower than that of the cobas 4800 HPV and HC2 tests. 
However, the positivity rate for the detection of HPV 16 and 18 
were similar between the cobas 4800 HPV and PANArray HPV 
tests (8.3% vs. 6.9% for HPV 16, 3.8% vs. 2.8% for HPV 18). 
Among healthy Korean women, the prevalences of HPV 16 and 
18 have been reported as 4.5% and 1.8%, respectively.19 More-
over, among Korean women with ASCUS or low grade squa-
mous intraepithelial lesion cytology, the prevalences of HPV 
16 and 18 have been reported as 12.3% and 6.0%, respectively.6

The HPV DNA chip test is widely used in clinical practice and 
for research, especially in Asian countries. The reasons for this 
are as follows: 1) the HPV DNA chip and HC2 test have similar 
sensitivity and specificity for predicting ≥HSIL, and 2) it allows 
for genotyping. In previous studies, the CRs between the re-
sults of HPV DNA chip and DNA sequencing were reported to 
be 61.5–91.1%, which is probably due to different viral detec-
tion thresholds and cross reactivity.20-22 

The CR between the results of cobas 4800 HPV and PANAr-
ray HPV tests was 80.8%, while the CR between results of the 
HC2 and the PANArray HPV tests was 80.2% for HR HPVs, 
which is relatively high. When we analyzed the discrepant cas-
es, 20 patients (4.0%) tested negative in the cobas 4800 HPV 
test only. Of these patients, 10 (50%) were infected with HPV 
genotypes 43, 53, 54, and 70 by the PANArray HPV test, which 
are not included in the cobas 4800 HPV or HC2 assays. Among 
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the remaining 10 (50%) patients, eight tested as HPV 68-posi-
tive and two as HPV 58-positive by the PANArray HPV test, 
and nine were not within the gray zone (16−1265.6 RLU/CO) in 
HC2 (Table 3). One patient tested negative only in the HC2 test; 
this patient tested positive for HPV 18 in both the cobas 4800 
HPV and PANArray HPV tests. With respect to the PANArray 
HPV results, the HR HPV positivity rate (35.1%) was lower 
than that of the cobas 4800 HPV (53.8%) or HC2 (45.6%) tests, 
and the LR HPV and ‘HPV-other type’ positivity rates were 
5.8% and 17.65%, respectively. In PANArray HPV tests, positiv-
ity for ‘HPV-other type’ is indicated by no clearly visualized 
double-positive spots for 19 HR HPVs and 13 LR HPVs, but 
the presence of a 150-bp HPV specific band detected using 
gel electrophoresis. Among the 89 (17.65%) patients deemed 
‘HPV-other type’ positive by PANArray HPV test, 62 patients 
(69.7%) tested as positive in both the cobas 4800 HPV and HC2 
tests. This result suggests that the Panagene PANArray test 
might fail to detect a portion of HR HPVs during the hybridiza-
tion process and that HPV-other type positive results in the 
PANArray HPV test should be carefully interpreted. Moreover, 
among these 89 (17.65%) HPV-other type positive patients, 31 
(50.0%) had gray zone results (RLU/CO≤10) in the HC2 test. 
Patients who tested negative for HR HPV only in the PANAr-
ray HPV test included five patients who tested positive for 
HPV 16 or 18 infection in the cobas 4800 HPV test: all of them 
were positive by HC2, but the results fell within the gray zone 
(RLU/CO ratio, 1.4−9.25) (Table 4). This result suggests that 
the PANArray HPV test did not show consistent results in cases 
near the diagnostic threshold. 

It has been reported that in the HC2 test, samples with weak-
ly positive values (between 1.0 and 10.0 RLU/CO) do not show 
consistent results, especially near the diagnostic threshold.22,23 
Specifically, PreserveCyt samples, like those used in our study, 
require a pre-analytical manual conversion process in order 
to perform the HC2 and may test as pseudo positives since re-
sidual traces of undenatured DNA can generate results that 
fall within a gray zone with low (1−2.5) RLU/CO ratios.24,25 The 
discrepancies in results might result from contaminations, 
which can occur: 1) during transfer of the samples to the mi-
crotiter plate after hybridization for subsequent hybrid cap-
ture, followed by agitation; 2) during inversion of the plate to 
empty the wells, and then reversion for addition of the detec-
tion reagent; or 3) during washing after addition of the detec-
tion reagent and before the addition of the reagent for signal 
generation.23 In the same context, our study showed that among 
35 patients (6.9%) with positive results only by HC2, 23 (65.7%) 
had gray zone results (1−10 RLU/CO).

Of 89 patients who showed ‘HPV-other type’ positivity, 25 
were positive for HR HPV in direct sequencing, the cobas 
4800 HPV test, and the HC2 test (Table 5). According to the 
American Society for Colposcopy and Cervical Pathology guide-
lines, colposcopy is recommended for women with ASCUS 
cytology who are positive for HPV genotype and those with 

normal cytology who are positive for HPV16/18.26 For this rea-
son, many clinicians do not consider patients with LR or other-
type HPV infection as important. In our study, however, wom-
en who were other-type had HR HPV infection (38.2%) and 
high viral load.

The results of this study are subject to some limitations. First, 
since this study compared the results of the aforementioned 
three HPV tests, it could not provide data on the predictors of 
clinical outcomes. A second limitation is the small sample size 
used in the study. However, in the present study, we presented 
the CRs of the results of PANArray HPV test with two well-
known HPV tests and demonstrated why ‘HPV-other type’ pos-
itive results should be carefully interpreted. 

In conclusion, the CRs between the results of PANArray HPV 
test and both the cobas 4800 HPV and HC2 tests were rela-
tively high, especially for the detection of HPV 16 and 18. The 
results deemed ‘HPV-other type’ positive by the PANArray 
HPV test, as well as HC2 gray zone results (RLU/CO ratio level 
1−10), need careful interpretation using comprehensive clini-
cal information. In these cases, short term follow up is man-
datory, and HPV tests other than PANArray HPV test are rec-
ommended. 

ORCID

Eun Young Ki https://orcid.org/0000-0003-1189-3310
Ahwon Lee https://orcid.org/0000-0002-2523-9531
Jong Sup Park https://orcid.org/0000-0003-4086-4885

REFERENCES

1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Esti-
mates of worldwide burden of cancer in 2008: GLOBOCAN 2008. 
Int J Cancer 2010;127:2893-917.

2. Jung KW, Won YJ, Kong HJ, Oh CM, Cho H, Lee DH, et al. Cancer 
statistics in Korea: incidence, mortality, survival, and prevalence 
in 2012. Cancer Res Treat 2015;47:127-41.

3. Jung KW, Won YJ, Oh CM, Kong HJ, Cho H, Lee DH, et al. Predic-
tion of cancer incidence and mortality in Korea, 2015. Cancer Res 
Treat 2015;47:142-8.

4. Seol HJ, Ki KD, Lee JM. Epidemiologic characteristics of cervical 
cancer in Korean women. J Gynecol Oncol 2014;25:70-4. 

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

6. So KA, Kim MJ, Lee KH, Lee IH, Kim MK, Lee YK, et al. The im-
pact of high-risk HPV genotypes other than HPV 16/18 on the 
natural course of abnormal cervical cytology: a Korean HPV Co-
hort Study. Cancer Res Treat 2016;48:1313-20.

7. Ki EY, Kim HE, Choi YJ, Park JS, Kang CS, Lee A. Comparison of 
the Cobas 4800 HPV test and the Seeplex HPV4A ACE with the 
hybrid capture 2 test. Int J Med Sci 2013;10:119-23.

8. Agorastos T, Chatzistamatiou K, Katsamagkas T, Koliopoulos G, 
Daponte A, Constantinidis T, et al. Primary screening for cervical 
cancer based on high-risk human papillomavirus (HPV) detection 
and HPV 16 and HPV 18 genotyping, in comparison to cytology. 
PLoS One 2015;10:e0119755. 

9. Saslow D, Solomon D, Lawson HW, Killackey M, Kulasingam SL, 



668

Comparison of the HPV Tests in ASCUS

https://doi.org/10.3349/ymj.2018.59.5.662

Cain J, et al. American Cancer Society, American Society for Col-
poscopy and Cervical Pathology, and American Society for Clini-
cal Pathology screening guidelines for the prevention and early 
detection of cervical cancer. Am J Clin Pathol 2012;137:516-42. 

10. Castle PE, Sadorra M, Lau T, Aldrich C, Garcia FA, Kornegay J. 
Evaluation of a prototype real-time PCR assay for carcinogenic 
human papillomavirus (HPV) detection and simultaneous HPV 
genotype 16 (HPV16) and HPV18 genotyping. J Clin Microbiol 
2009;47:3344-7.

11. Kovacic MB, Castle PE, Herrero R, Schiffman M, Sherman ME, 
Wacholder S, et al. Relationships of human papillomavirus type, 
qualitative viral load, and age with cytologic abnormality. Cancer 
Res 2006;66:10112-9.

12. Min KJ, So KA, Lee J, Hong HR, Hong JH, Lee JK, et al. Compari-
son of the Seeplex HPV4A ACE and the Cervista HPV assays for 
the detection of HPV in hybrid capture 2 positive media. J Gyne-
col Oncol 2012;23:5-10. 

13. Wong AA, Fuller J, Pabbaraju K, Wong S, Zahariadis G. Compari-
son of the hybrid capture 2 and cobas 4800 tests for detection of 
high-risk human papillomavirus in specimens collected in Pre-
servCyt medium. J Clin Microbiol 2012;50:25-9.

14. Castle PE, Stoler MH, Wright TC Jr, Sharma A, Wright TL, Behrens 
CM. Performance of carcinogenic human papillomavirus (HPV) 
testing and HPV16 or HPV18 genotyping for cervical cancer 
screening of women aged 25 years and older: a subanalysis of the 
ATHENA study. Lancet Oncol 2011;12:880-90. 

15. Lindemann ML, Dominguez MJ, de Antonio JC, Sandri MT, Tricca 
A, Sideri M, et al. Analytical comparison of the cobas HPV Test with 
Hybrid Capture 2 for the detection of high-risk HPV genotypes. J 
Mol Diagn 2012;14:65-70. 

16. Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, Wacholder S. 
Human papillomavirus and cervical cancer. Lancet 2007;370:890-
907.

17. Yeo MK, Lee A, Hur SY, Park JS. Clinical significance of an HPV 
DNA chip test with emphasis on HPV-16 and/or HPV-18 detec-

tion in Korean gynecological patients. J Pathol Transl Med 2016; 
50:294-9.

18. Sung YE, Ki EY, Lee YS, Hur SY, Lee A, Park JS. Can human papil-
lomavirus (HPV) genotyping classify non-16/18 high-risk HPV 
infection by risk stratification? J Gynecol Oncol 2016;27:e56.

19. So KA, Hong JH, Lee JK. Human papillomavirus prevalence and 
type distribution among 968 women in South Korea. J Cancer Prev 
2016;21:104-9. 

20. Stoler MH, Wright TC Jr, Sharma A, Apple R, Gutekunst K, Wright 
TL; ATHENA HPV Study Group. High-risk human papillomavirus 
testing in women with ASC-US cytology: results from the ATHE-
NA HPV study. Am J Clin Pathol 2011;135:468-75. 

21. Park Y, Lee E, Choi J, Jeong S, Kim HS. Comparison of the Abbott 
RealTime High-Risk Human Papillomavirus (HPV), Roche Cobas 
HPV, and Hybrid Capture 2 assays to direct sequencing and geno-
typing of HPV DNA. J Clin Microbiol 2012;50:2359-65.

22. Federschneider JM, Yuan L, Brodsky J, Breslin G, Betensky RA, 
Crum CP. The borderline or weakly positive Hybrid Capture II HPV 
test: a statistical and comparative (PCR) analysis. Am J Obstet Gy-
necol 2004;191:757-61.

23. Ordi J, Alonso I, Torné A, Esteve R, Sierra E, Campo E, et al. Hu-
man papillomavirus load in Hybrid Capture II assay: does increas-
ing the cutoff improve the test? Gynecol Oncol 2005;99:313-9. 

24. Peyton CL, Schiffman M, Lörincz AT, Hunt WC, Mielzynska I, 
Bratti C, et al. Comparison of PCR- and hybrid capture-based hu-
man papillomavirus detection systems using multiple cervical 
specimen collection strategies. J Clin Microbiol 1998;36:3248-54.

25. Carozzi FM, Del Mistro A, Confortini M, Sani C, Puliti D, Trevisan R, 
et al. Reproducibility of HPV DNA testing by hybrid capture 2 in a 
screening setting. Am J Clin Pathol 2005;124:716-21.

26. Massad LS, Einstein MH, Huh WK, Katki HA, Kinney WK, Schiff-
man M, et al. 2012 updated consensus guidelines for the manage-
ment of abnormal cervical cancer screening tests and cancer pre-
cursors. Obstet Gynecol 2013;121:829-46. 


