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Human papillomavirus (HPV) infection is an important etiologic factor in cervical carcinogenesis. Various HPV DNA detection
methods have been evaluated for clinicopathological level. For the specimens with normal cytological finding, discrepancies among
the detection methods were frequently found and adequate interpretation can be difficult. 6,322 clinical specimens were submitted
and evaluated for real-time PCR andHybrid Capture 2 (HC2). 573 positive or “Not Detected but Amplified” (NDBA) specimens by
real-time PCR were additionally tested using genetic analyzer. For the reliability of real-time PCR, 325 retests were performed.
Optimal cut-off cycle threshold (𝐶

𝑇
) value was evaluated also. 78.7% of submitted specimens showed normal or nonspecific

cytological finding. The distributions of HPV types by real-time PCR were not different between positive and NDBA cases. For
positive cases by fragment analysis, concordance rates with real-time PCR and HC2 were 94.2% and 84.2%. In NDBA cases,
fragment analysis and real-time PCR showed identical results in 77.0% and HC2 revealed 27.6% of concordance with fragment
analysis. Optimal cut-off 𝐶

𝑇
value was different for HPV types. NDBA results in real-time PCR should be regarded as equivocal,

not negative. The adjustment of cut-off 𝐶
𝑇
value for HPV types will be helpful for the appropriate result interpretation.

1. Introduction

Persistent infection with one or more carcinogenic types of
humanpapillomavirus (HPV) is an important etiologic factor
in the development of cervical intraepithelial neoplasia and
the progression to cervical cancer [1–3], the third common
cause of cancer mortality in women worldwide [4]. HPV
infection causes virtually all cases of cervical cancer and
a less-defined, smaller fraction of vaginal, vulvar, penile,
and anal cancers. Moreover, cervical infection with high
risk HPV is associated with preterm birth and placental
abnormalities in pregnant women [5]. Cytopathology has
provoked the marked reduction of cervical cancer mortality,
but its sensitivity is actually lower than that of HPV DNA
assays [6]. Based upon this agreement, some researchers
insisted that the screening interval could be extended to 6

years (10 years for women aged 50 and over) in HPV testing
replaced cytology as the primary screening test [7].

Until now, more than 100 HPV types have been identified
and fully sequenced [8]. Approximately 40 HPV types infect
the anogenital tract and fifteenHPV types, 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 68, 73, and 82, are considered as highly
oncogenic (high risk HPV) and HPV types 26, 53, and 66 as
probably oncogenic, while HPV types 6, 11, 40, 42, 43, 44, 54,
61, 70, 72, 81, and CP6108 are classified as viruses with low
oncogenic potential (low risk HPV) [9]. As well as in nearly
all abnormal cytology samples, high risk HPV DNA has
been detected in a high percent of cytological “negative for
intraepithelial lesion ormalignancy (NILM)” samples [10, 11].
In other words, HPV is known to be detectable in virtually all
abnormal cervical samples; how about in NILM samples? So
we evaluated “Not Detected but Amplified (NDBA)” results
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that could be low-copy of high risk HPV DNA and/or cross-
reaction with nonhigh risk HPV types, when using real-time
PCR method compared with the results for other assays.

2. Materials and Methods

2.1. Study Population. From April 2010 to July 2012, 6,322
clinical specimens were submitted for HPV DNA test at
Seoul National University Bundang Hospital. 814 specimens
showing positive andNDBAresults by real-timePCRmethod
were evaluated in this study.

2.2. Papanicolaou (Pap) Tests. All womenwere first subjected
to a conventional cervicovaginal Pap smear. Pap smear
abnormalities were interpreted and classified by using the
2001 Bethesda System [12]. An additional sample for the
detection of HPV DNA was taken from the cervix by using
the sampling kit for the Hybrid Capture 2 (HC2; Qiagen,
Hilden, Germany).

2.3. HPV Detection by Real-Time PCR. TheAbbott RealTime
High Risk HPV test (Abbott, Wiesbaden, Germany) was
performed with the fully automated nucleic acid preparation
instrumentm2000sp (Abbott) and the real-time PCR instru-
ment m2000rt (Abbott) by following the manufacturer’s
instructions as previously described [13]. The assay uses four
channels for the detection of fluorescent signals: one for the
detection of an internal control (136-bp region of human 𝛽-
globin), a second one for the detection of HPV 16, a third
one for the detection of HPV 18, and a fourth one for the
detection of the high risk common 12 HPV types, that is, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68. PCR amplification
of HPV targets was achieved using a modified GP5+/6+
primer mixture consisting of three forward and two reverse
primers.The assay cut-off is set at a fixed cycle threshold (𝐶

𝑇
)

value of 32, which is already established by the manufacturer.
On the interpretation of amplification curve, amplification
above the target 𝐶

𝑇
value refers to new term “Not Detected

but Amplified (NDBA).” For 325 of 814 specimens showing
NDBA or positive results, the specimens were refrigerated at
4∘C. After 2 or 4 days, DNA extraction and real-time PCR
were repeated by the same technologist.

2.4. HR HPV Detection by HC2 Assay. HC2 test was also
performed on the Digene Specimen Transport Medium
(STM; Qiagen, Hilden, Germany) specimen throughout the
study in accordance with the manufacturer’s instructions and
as previously described [14]. Specimens are stored in the STM
tubes at 4∘C until use. The hybridization RNA probes used
were directed against high risk HPV types 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, and 68, as described by themanufacturer.
Samples were classified as high risk HPV DNA positive if the
relative light unit/cut-off (RLU/CO) ratio reading obtained
from the luminometer was 1.0 or greater.

2.5. HPV Detection Using Genetic Analyzer. Using 3130xl
genetic analyzer (Applied Biosystems, Foster, USA), fragment
analysis were performed. To detect the HPV type(s) present
in a sample, the samples showing positive and NDBA results

by real-time PCR were tested additionally and this method
is capable of recognizing 18 different HPV types including 13
high risk (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) and
5 low risk types. DNAwas extracted usingQIAamp viral RNA
kit (Qiagen, Hilden, Germany) and amplified through 40
cycles consisting of 30 sec at 95∘C, 90 sec at 60∘C, and 90 sec
at 72∘C. PCR products were purified with 1𝜇L of shrimp
alkaline phosphatase (SAP) under the condition of 35min at
35∘C followed by 15min at 65∘C. Purified PCR products were
analyzed with GeneMapper software version 4.0 (Applied
Biosystems, Foster, USA).

2.6. Statistical Analysis. Statistical analysis of the data was
performed and included the 2-tailed chi-square test for
comparison of NDBA results and positive results in real-time
PCR. The statistics were calculated using Analyse-it (version
2.30, Analyse-it Software, Ltd., Leeds, UK). Statistical signif-
icance was set at a level of < 0.05.

3. Results

3.1. SpecimenDemographics. Totally, 6,322 clinical specimens
from health promotion center (6,036, 95.5%), the depart-
ment of obstetrics and gynecology (272, 4.3%), and other
departments (14, 0.2%) were submitted at the Department
of Laboratory Medicine, Seoul National University Bundang
Hospital. Through the chart reviews, Pap smear results were
reported as “negative for intraepithelial lesion or malig-
nancy (NILM)” in 4516 (71.4%) specimens, “reactive cellular
change” in 117 (1.9%) specimens, “reactive cellular changes
associated with inflammation (includes typical repair)” in
347 (5.5%) specimens, “high grade squamous intraepithelial
lesion (HSIL)” in 7 (0.1%) specimens, “low grade squamous
intraepithelial lesion (LSIL)” in 26 (0.4%) specimens, “atypi-
cal squamous cells of undetermined significance (ASC-US)”
in 115 (1.8%) specimens, “atrophy” in 251 (3.0%) specimens,
“chronic cervicitis” in 3 (0.1%) specimens, and the descriptive
reports not mentioned above in 749 (11.9%) specimens. In
191 (3.0%) specimens, Pap smear results were not reported or
tests were not performed.

3.2. Concordance among Multiple Methods. Positive or
NDBA results in real-time PCR were shown in 816 (12.9%)
specimens. For 763 (12.1%) specimens, fragment analysis
was performed and high risk HPV types were identified in
582 (9.2%) specimens. Positivity for HC2 was shown in 544
(8.6%) specimens and high risk HPV types for real-time
PCR were identified in 593 (9.4%) specimens. In 479 (7.6%)
specimens, HC2 and real-time PCR revealed concordant
results (positive in HC2 and high risk HPV types in real-time
PCR).

In 593 (9.4%) and 221 (3.5%) out of 6,322 specimens,
positive and NDBA results for high risk HPV types by real-
time PCR were obtained and described with mean 𝐶

𝑇
value

(Table 1). The distribution of high risk HPV type for positive
and NDBA results are not significantly different (𝑝 > 0.05).

In NDBA results by real-time PCR, HC2 shows corre-
spondence rate of 20.4% in HRC, 21.1% in type 16, and 38.1%
in type 18, respectively. For 14mixedHPV type, HC2 revealed



BioMed Research International 3

Table 1: Distribution of high risk HPV types for positive and NDBA results by real-time PCR.

Type 16 Type 18 HRC Type 16 & HRC Type 18 & HRC Types 16 & 18 Total
Positive 55 33 482 12 10 1 593
𝐶
𝑇 Mean 25.1 26.5 25.6 25.0/26.9 25.2/25.4 24.1/23.2

NDBA 19 21 167 9 5 0 221
𝐶
𝑇 Mean 34.6 34.9 34.0 34.6/34.3 35.5/34.0 —

negativity. In positive results by real-time PCR, HC2 revealed
the positivity in 82.0% (HRC), 72.7% (type 16), 66.7% (type
18), and 95.7% (mixed type), respectively (Table 2).

For the results by fragment analysis, real-time PCR shows
the detection rates of 79.7% (type 16), 92% (type 18), 96.4%
(HRC), and 32.5% (mixed type) including NDBA. HC2
detected 57.6% (type 16), 68.0% (type 18), 78.4% (HRC), and
75.0% (mixed type) for types identified by fragmented anal-
ysis (Table 3). Overall, real-time PCR detects correctly 516
(90.1%) of 573 fragments analysis results. On the other hand,
HC2 detects 433 (75.6%) of fragment analysis. For NDBA
results identified as high risk HPV by fragment analysis,
real-time PCR revealed 77.0% (67/87) of concordance rate,
whereas HC2 showed 27.6% (24/87) (Table 4).

3.3. Result Interpretation by Cycle Threshold (𝐶
𝑇
) Changes.

Up to the change of cut-off 𝐶
𝑇
from 31 to 34, sensitivity

and specificity of real-time PCR were described in Table 5.
When drawing ROC decision plot, areas under the ROC
curve (AUCs) were 0.86 for HPV type 16, 0.98 for HPV type
18, and 0.76 for HRC. Optimal cut-off 𝐶

𝑇
values were 35.58

in type 16, 34.01 in type 18, and 31.99 in high risk common
types.

3.4. Repeatability. For evaluation of repeatability, retests were
performed in 325 specimens showing the presence of type 16
HPVDNA, type 18 HPVDNA, or HRCHPVDNA including
NDBA results. For type 16 HPVDNA, retests were done in 53
specimens and amplification curvewas observed in 43 (81.1%)
specimens. As shown in Figure 1, SD difference was 0.873
and upper and lower margins of 95% limits of agreement
were 1.384 and −2.037, respectively. In 43 specimens showing
amplification, 5 retest results showed 𝐶

𝑇
value larger than

32. For 10 specimens, no amplification curve was observed
at repetition, and they showed initial 𝐶

𝑇
value larger than 32.

In case of type 18, retests were performed in 22 specimens
and 15 specimens showed amplification at repetition.No cases
revealed 𝐶

𝑇
value larger than 32 and 7 cases did not show

any amplification at repetition.The initial𝐶
𝑇
values in 7 cases

were larger than 32. In 15 specimens, SD difference was 0.842
and upper and lowermargins of 95% limits of agreementwere
1.558 and −1.744, respectively.

In case of HRCHPVDNA, 265 specimens showed ampli-
fication at repetition and SD of difference was 1.3. The upper
and lower margins of 95% limits of agreement were 2.352 and
−2.744, respectively. In 17 specimens, no amplification was
observed at repetition. For 10 specimens showing initial 𝐶

𝑇

value larger than 32, 3 specimens showed 𝐶
𝑇
value under

32 at repetition. For 18 specimens larger than 32 𝐶
𝑇
value at

repetition, 11 specimens showed initial𝐶
𝑇
value under 32. Ten

of 17 specimens showing no amplification showed 𝐶
𝑇
values

larger than 32 at initial test.

4. Discussion

Differently from other previous evaluation studies, our study
population was mainly limited to the specimens showing the
normal or nonspecific cytological findings (NILM, reactive
cellular change, atrophy, etc.). So, the cytological or patho-
logic finding was not helpful for the prediction of HPV
existence in this study. HPV load and cumulative incidence
of cervical lesion are known to be significantly correlated
[15, 16]. At the view of guideline change, the position of
HPV DNA test moves from the adjunctive test method to
cotest method. Although PCR has been the “gold standard”
technique in HPV diagnostics, the disadvantages of PCR
are its extremely high analytical sensitivity and potential for
contamination, leading to false-positive results [14]. But, as
revealed in NDBA results, real-time PCR results showing
amplification curve above𝐶

𝑇
were needed to be reconsidered

carefully. The accuracy of detection of high risk HPV is
known to be significantly higher with Abbott RealTime
High Risk HPV than HC2 [17]. HC2 technology measures
sensitivity versus defined clinical endpoints (CIN 3+/SCC)
and ensures reporting of positive results only when risk of
disease progression exists. The limit of detection of HC2 is
5,000 copies/mL; it ismuch lowerwhen compared to less than
10 copies of PCR [18].

Also, in results showing specific HPV types by fragment
analysis, real-time PCR shows higher concordance rate than
HC2. Particularly, in specimens showing NDBA, HC2 tends
to reveal negative results much more frequently. Considering
the distributions of HPV types in NDBA and positive results,
the concordance rates between fragment analysis and real-
time PCR, and the results of repeatability tests, NDBA results
should be regarded as equivocal or positive, not as negative.

According to AUC value for the 𝐶
𝑇
change, appropriate

𝐶
𝑇
was different for HPV types. In HRC, 𝐶

𝑇
of 32 is appro-

priate as described by manufacturer, but in types 16 and 18,
𝐶
𝑇
of 33 or 34 will be more suitable.
In 167 results with negative result by HC2 and NDBA by

real-timePCR, 58 (34.7%) resultswere assigned to the specific
high risk HPV types by fragment analysis. Out of 58 results,
52 (89.6%) high risk HPV types were detected by real-time
PCR and fragment analysis. Using HC2 only, false-negative
results can be reported in specimens with low level persistent
infection.The clinical relevance and implications of low level
persistence of HPV are not clearly known, nor is the cause
of low level persistence. In a previous study by Collins et al.,
integration of HPV 16 resulted in a markedly lower viral copy
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Table 3: Result comparison of fragment analysis with real-time PCR and HC2 in positive results with real-time PCR.

Fragment
analysis

Real-time PCR HC2 Total
Type 16 Type 18 HRCa Type 16 & HRC Type 18 & HRC Types 16 & 18 Positive Negative Error

Type 16 39 (84.8%) 0 3 4 0 0 31 (67.4%) 14 1 46
Type 18 0 22 (91.7%) 0 0 2 0 17 (70.8%) 6 1 24
HRC 1 1 375 (98.7%) 1 2 0 331 (87.1%) 48 1 380
Type 16 &
HRC 8 0 12 7 (25.9%) 0 0 22 (81.4%) 5 0 27

Type 18 &
HRC 0 2 1 0 5 (62.5%) 0 7 (87.5%) 1 0 8

Types 16 &
18 0 0 0 0 0 1 1 0 0 1

Total 48 25 391 12 9 1 409 74 3 486
aHigh risk common.

Table 4: Result comparison of fragment analysis with real-time PCR and HC2 in NDBA results with real-time PCR.

Fragment
analysis

Real-time PCR HC2 Total
Type 16 Type 18 HRCa Type 16 & HRC Type 18 & HRC Types 16 & 18 Positive Negative Error

Type 16 8 (61.5%) 1 2 1 1 0 3 (23.1%) 9 1 13
Type 18 0 1 0 0 0 0 0 1 0 1
HRC 6 2 58 (84.1%) 2 1 0 21 (30.4%) 44 4 69
Type 16 &
HRC 0 0 2 0 1 0 0 3 0 3

Type 18 &
HRC 0 1 0 0 0 0 0 1 0 1

Types 16 &
18 0 0 0 0 0 0 0 0 0 0

Total 14 5 62 3 3 0 24 58 5 87
aHigh risk common.

Table 5: Comparison of four cut-off 𝐶
𝑇
values in real-time PCR to fragment analysis for detection of high risk HPV (𝑛 = 763).

HPV type Cut-off 𝐶
𝑇

Number of specimens with results % Sensitivity % Specificity
TPb FPc TNd FNe

16

31 54 2 671 36 60.0 99.7
32 59 2 671 31 65.6 99.7
33 62 2 671 28 68.9 99.7
34 65 6 667 25 72.2 99.1

18

31 31 7 721 4 88.6 99.0
32 32 9 713 3 91.4 98.8
33 33 10 718 2 94.3 98.6
34 33 12 716 2 94.3 98.4

HRCa

31 369 49 218 127 74.4 81.6
32 403 62 205 93 81.3 76.8
33 424 81 186 72 85.5 69.7
34 447 107 160 49 90.1 59.9

aHigh risk common.
bTrue positive.
cFalse positive.
dTrue negative.
eFalse negative.
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Figure 1: Difference plot in real-time PCR results for detection of specific HPV type. (a) Type 16: 43 specimens. (b) Type 18: 15 specimens.
(c) High risk common: 265 specimens.

number per cell [19]. Integration seems to be an important
event in the series of events leading to the development of
cervical cancer [19, 20]. Alternatively, low level persistence
may signify containment of HPV-infected cells by cellular
immunity resulting in a small lesion that may be difficult
to adequately sample by standard methods. Therefore, the
clinical significance of low level persistent infection of HPV
and the appropriate interpretation of low level HPV DNA
existence become more important [21].

5. Conclusions

Other reports specifying NDBA do not exist at our level
of knowledge. But there is a possibility that the NDBA is
expected to be described as “undetected” in the published
papers. According to a retrospective study, there were 14
(2.2%) undetected cases in 635 CIN III cases using HC2 [22].
In addition, as around 50% of ASC-US specimens will be
tested high risk HPV positive, the accurate early detection of
relevant infections by noninvasive and cost-effective tests is
thought to be fundamental [23].

To figure out the accurate infection status of HPV (new
infection, reinfection, or persistent infection), NDBA results

by real-time PCR should not be overlooked and regarded
as equivocal, not negative. Additionally, the adoption of
different cut-off 𝐶

𝑇
value is recommended for each high risk

HPV type. Large-scale research can be needed to be backed
up, as HPV infection may disappear on its own in long-
term follow-up through the actions of the immune system,
may remain just persistent, or contribute to the occurrence
of the cancerous lesions in some patients. Psychosocial
stresses from further work up can be minimized through
the counselling of physicians. Virtually, all cases of cervical
cancer are caused by HPV and no test will be perfect
[24].
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