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In this cross-sectional study, clinical performances of the hybrid capture 2 assay using an automated
instrument (i.e., rapid capture system) (hc2-RCS) and the high-risk human papillomavirus GP5�/6� PCR-
enzyme immunoassay (EIA) test were compared using cervical scrape specimens from 8,132 women that
participated in a population-based screening trial. The hc2-RCS test scored significantly more samples positive
(6.8%) than the GP5�/6� PCR-EIA (4.8%) (P < 0.0005). This could be attributed largely to a higher positivity
rate by the hc2-RCS test for women with cytologically normal, borderline, or mild dyskaryosis. A receiver
operator characteristics analysis of the semiquantitative hc2-RCS results in relation to different cytology
categories revealed that these differences are owing to differences in assay thresholds. For women classified as
having moderate dyskaryosis or worse who also had underlying histologically confirmed cervical intraepithelial
neoplasia grade 3 or cervical cancer (>CIN3), the hc2-RCS scored 97% (31/32) of samples positive, versus 91%
(29/32) by GP5�/6� PCR-EIA. However, this difference was not significant (P � 0.25). After increasing the
hc2-RCS cutoff from 1.0 to 2.0 relative light units/cutoff value of the HPV16 calibrator (RLU/CO), no additional
CIN3 lesions were missed by hc2-RCS, but the number of test-positive women with normal, borderline, or mild
dyskaryosis was significantly decreased (P < 0.0005). However, at this RLU/CO, the difference in test positivity
between hc2-RCS and the GP5�/6� PCR-EIA was still significant (P � 0.02). The use of an RLU/CO value of
3.0 revealed no significant difference between hc2-RCS and GP5�/6� PCR-EIA results, and equal numbers of
smears classified as >CIN3 (i.e., 29/32) were detected by both methods. In summary, both assays perform very
well for the detection of >CIN3 in a population-based cervical screening setting. However, adjustment of the
hc2-RCS threshold to an RLU/CO value of 2.0 or 3.0 seems to produce an improved balance between the
clinical sensitivity and specificity for >CIN3 in population-based cervical screening.

Nowadays, the role of a persistent infection with high-risk
human papillomavirus (hrHPV) in the development of cervical
cancer is undisputed (2, 18, 29). As a result, multiple studies
have investigated the value of adding an hrHPV DNA test to
the classical Pap smear to improve the efficacy of cervical
cancer screening programs, the triage of women with ambigu-
ous or borderline cervical smears, and the monitoring of
women after treatment for high-grade cervical intraepithelial
neoplasia (CIN) (5, 10, 30, 31).

However, only a limited number of assays that detect DNA
of hrHPV types as a pool have proven to be of clinical value in
longitudinal studies involving large cohorts of women. One of
these involves the commercially available, FDA-approved hy-
brid capture 2 (hc2) test. This assay is based on the hybridiza-
tion of target DNA with a cocktail of full-length RNA probes
of 13 hrHPV types, which has an analytical sensitivity of about
450,000 human papillomavirus (HPV) copies per cervical
scrape suspension (26). Digene recently introduced a rapid
capture system (RCS) allowing high-throughput hc2 testing for
population screening in an automated format. The hc2-RCS is
a programmable 96-well microplate processor that integrates

liquid handling, plate handling, incubation, shaking, and wash-
ing via software specifically designed to run the hc2 assay.

Another clinically validated hrHPV detection assay involves
the hrHPV GP5�/6� PCR-EIA, which tests for 14 hrHPV
types in one assay in which PCR products are ultimately hy-
bridized to a mixture of specific oligonucleotides. The appli-
cation of the GP5�/6� PCR-EIA assay on crude extracts has
an analytical sensitivity which is estimated to be in the range of
about 1,000 HPV copies per cervical scrape, with variations of
about 10-fold, depending on the HPV type (24, 27). This assay
has the advantage that direct genotyping is possible on the
hrHPV-specific PCR products by reverse line blot analysis
(27). Both hc2 and GP5�/6� PCR show good to excellent
interlaboratory reproducibility (8, 14). Despite their good clin-
ical performances in terms of sensitivity and specificity in de-
tecting cervical intraepithelial neoplasia grade 3 lesions or cer-
vical cancer (�CIN3) (5, 17, 20–22), the two methods have not
been directly compared in large population-based studies. This
is of particular importance, since there is now compelling ev-
idence that there exists a differential risk posed by the different
hrHPV types for cervical cancer (1, 4, 15). These findings ask
for HPV typing as a follow-up test to distinguish those hrHPV-
positive women that would benefit from more aggressive man-
agement on the basis of the HPV type present. Therefore,
when hrHPV testing would be implemented in screening pro-
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grams, the advantages of the hc2-RCS (i.e., high-throughput
and automated handling) and GP5�/6 PCR (i.e., easy geno-
typing) assays could be combined in a combination test in
which hc2-RCS is applied first and then GP5�/6� PCR geno-
typing as a reflex test on hc2-RCS-positive samples.

This cross-sectional study involved a two-way comparison of
the hc2-RCS and GP5�/6� PCR hrHPV test on cervical
scrapings in relation to the cytological results and histological
outcome, the latter for women referred for colposcopy because
of a cytology reading of moderate dyskaryosis or worse. To that
end, cervical scrape specimens from 8,132 women that partic-
ipated in an extension of a population-based screening (i.e.,
POBASCAM [5]) trial were analyzed by both methods. To
ultimately explain discrepant test results between hc2-RCS and
GP5�/6� PCR, a further comprehensive analysis was per-
formed involving possible PCR inhibition and viral parame-
ters, such as viral type distribution and viral load.

Although the hc2-RCS test showed an overall higher posi-
tivity rate than the GP5�/6� PCR-EIA, particularly cervical
scrape specimens classified as normal, borderline, or mild dys-
karyosis, adjustment of the hc2 cutoff point resulted in similar
positivity rates for both methods. These results suggest that the
clinical performances (i.e., clinical sensitivity and specificity for
�CIN3) of both methods can be compatible, which is of impor-
tance when viral typing by GP5�/6� PCR is envisaged as a
follow-up test for hc2-RCS-positive women.

MATERIALS AND METHODS

Study population, collection of cervical samples, and cervical cytology. The
study, initiated as an extension of the POBASCAM (population-based cervical
screening trial Amsterdam) (5), started in April 2003, and the intake finished in
April 2004. Women were recruited from the national screening program via the 242
general practitioners participating in the POBASCAM trial (5). POBASCAM was
initiated to compare the efficacy of hrHPV testing in conjunction with cytology to
that of sole classical cytology. The two-armed trial was carried out within the
setting of the regular Dutch nationwide cervical screening program, in which
women between 30 and 60 years old are invited with screening intervals of 5
years. Further details about POBASCAM have been described previously (5).
Informed consent was obtained from all participating women. For this study, we
collected scrape specimens from 10,051 women participating in an extension of
the POBASCAM trial. We excluded women who had a history of abnormal
cytology or CIN disease within the preceding 2 years. As a consequence, of the
10,051 women recruited, 8,132 were ultimately enrolled.

Cervical smears were taken using a Cervex brush or a cytobrush. After a
conventional smear was made for cytological examination, the brush was placed
in a vial containing 5 ml universal collection medium (UCM) (Digene Corpora-
tion) for hrHPV testing. Upon arrival in the testing laboratory, cervical samples
were concentrated to 1 ml UCM by centrifugation of vials for 10 min at 4,000 �
g, and 4 ml UCM supernatant was discarded. The pellet was resuspended in 1 ml
UCM and stored at �80°C until use.

Cytomorphological analysis was performed according to the CISOE-A classi-
fication, which can be translated easily to the Bethesda 2001 classification (3).
Briefly, smears were classified as inadequate, normal, borderline dyskaryosis,
mild dyskaryosis, moderate dyskaryosis, severe dyskaryosis, suspected of carci-
noma in situ, or suspected of invasive cancer. In the Bethesda classification, 2001
borderline/mild dyskaryosis equals ASC-US/ASC-H/LSIL, and moderate and
severe dyskaryosis and suspected of carcinoma in situ are equal to high-grade
squamous intraepithelial lesion (3, 25).

Women with cervical smears classified as moderate dyskaryosis or worse (high-
grade squamous intraepithelial lesion according to the Bethesda classification)
were immediately referred to the gynecologist for colposcopy-directed biopsy,
and histological data for these women were used in this study. Biopsies were
histologically classified as no CIN, CIN 1, 2, or 3, or cervical carcinoma. Histo-
logical follow-up data were retrieved from the Nationwide Pathology register.

Hc2-RCS. Hc2 was performed using the High-Risk HPV DNA test executed
on the RCS. This test detects 13 hrHPV types (i.e., HPV16, -18, -31, -33, -35, -39,

-45, -51, -52, -56, -58, -59, and -68). For hc2-RCS testing, 500 �l of UCM sample
was mixed with 75 �l of guanidine-hydrochloride (8 M) and 250 �l denaturation
reagent with indicator dye, briefly shaken, and denaturated for 45 min at 65°C.
The samples were further processed on the RCS according to the recommenda-
tions of the manufacturer (Digene Corporation). Ultimately, of each dena-
turated sample, 75 �l was used for testing. Samples with relative light unit per
cutoff value (RLU/CO) of �1 were initially scored hc2 positive.

HPV PCR testing. Sample material was prepared for GP5�/6� PCR testing as
follows: 150 �l UCM sample material was centrifuged for 10 min at 4,000 � g,
and the pellet was resuspended in 1 ml Tris-HCl (pH 8.0). DNA was released
after “freezing and boiling” of this 1-ml sample, and subsequently, 10 �l of this
sample material was used as input in the PCR. The GP5�/6� PCR and subse-
quent EIA readout system using a probe cocktail of 14 h-HPV types (i.e.,
HPV16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66, and -68) were
performed essentially as described previously (27). The cutoff value of the
GP5�/6� PCR-EIA was calculated as three times the average EIA value of four
negative blanks that are included in each PCR run. Reverse line blot was used to
genotype HPV-positive samples, which can detect up to 27 additional HPV types
besides the above-mentioned 14 hrHPV types (27).

Type-specific HPV E7 PCR was performed as described previously (29) for the
following types: HPV16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66,
and -68.

HPV 16 DNA load assessment. Quantification of HPV16 type-specific DNA
load and the amount of cells in a scrape sample was performed by real-time PCR
using the LightCycler instrument (13, 23). Viral load assessment was performed
on a subset of samples that were GP5�/6� PCR positive for HPV16 that
revealed either a hc2-RCS negative (n � 11) or hc2-RCS positive (n � 12) test
result.

Statistics. For comparison of the positivity rates of hc2-RCS and GP5�/6�
PCR and their relation to cytologic and histologic parameters, the McNemar test
was used. The agreement was determined using the kappa value. To determine
whether differences in performance of hc2-RCS and GP5�/6� PCR can be
attributed to assay threshold differences, the receiver operator characteristics
curve (i.e., ROC curve) was computed for the semiquantitative hc2-RCS using
moderate dyskaryosis or worse as the outcome measure. All HPV16 load values
obtained by real-time PCR were log normalized. For baseline parameters, we
computed median and range to describe the variety in the measurements. One-
way analysis-of-variance (ANOVA) analysis was used to compare the mean
HPV16 and �-globin loads between the hc2-negative and the hc2-positive
groups. P values of 0.05 or less were considered statistically significant. All
analyses were performed using SPSS 11.5 software.

RESULTS

Hc2-RCS and GP5�/6� PCR test results in relation to
cytology. A total of 8,132 cervical scrape specimens were ana-
lyzed by two hrHPV detection methods, i.e., hc2-RCS and
GP5�/6� PCR-EIA. The hc2-RCS test scored 555 (6.8%)
samples positive overall, whereas the GP5�/6� PCR assay
revealed positivity for 393 (4.8%) samples (Table 1). The two
tests gave concordant test results for 358 positive and 7,542
negative samples, with a good overall level of agreement
(kappa � 0.74). A total of 232 samples had discrepant test
results between hc2-RCS and the GP5�/6� PCR assay. The
number of hc2-RCS positive but GP5�/6� PCR-negative sam-
ples (n � 197) was significantly higher than the number of

TABLE 1. GP5�/6� PCR and hc2-RCS test results

hc2-RCS
assay
result

No. of specimens tested
by GP5�/6� PCR Total no. of

specimens
Positive Negative

Positive 358 197 555
Negative 35 7,542 7,577

Total 393 7,739 8,132
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hc2-RCS negative, GP5�/6� PCR-positive samples (n � 35;
McNemar P � 0.0005).

To compare the clinical value of the hc2-RCS and GP5�/6�
PCR assays, their results were first related to the cytomor-
phologic findings. The 8,132 smears comprised 95 (1.2%) sam-
ples classified as inadequate, 7,841 (96.4%) as normal, 116
(1.4%) as borderline dyskaryosis, 20 (0.2%) as mild dyskaryo-
sis, 28 (0.3%) as moderate dyskaryosis, 22 (0.3%) as severe
dyskaryosis, and 10 (0.1%) suspected of carcinoma in situ. For
further analysis, the adequate smears were categorized into
two groups, i.e., normal, borderline, or mild dyskaryosis and
moderate dyskaryosis or worse. Hc2-RCS and GP5�/6� PCR
test results in relation to these cytologic categories are given in
Table 2. Only in women with normal, borderline, or mild dys-
karyosis, the hc2-RCS positivity rate was significantly higher
than that of the GP5�/6� PCR (McNemar, normal, border-
line, or mild dyskaryosis, P � 0.0005; moderate dyskaryosis or
worse, P � 0.38). The semiquantitative nature of the hc2-RCS
assay allowed further exploration of whether these differences
in performance of the hc2-RCS and GP5�/6� PCR tests can
be explained by differences in assay thresholds. Therefore, the

hc2-RCS RLU/CO values were used to plot positivity rates for
moderate dyskaryosis or worse and negativity rates for normal,
borderline, or mild dyskaryosis in an ROC curve, and these
rates were compared to that of the GP5�/6� PCR (Fig. 1). An
increase of the hc2-RCS threshold to 3.2 RLU/CO resulted in
positivity and negativity rates similar to those of the GP5�/6�
PCR. This value did not differ meaningfully when different
cytological categories (i.e., normal cytology versus borderline
dyskaryosis or worse and normal or borderline dyskaryosis
versus mild dyskaryosis or worse) were used for ROC analysis
(data not shown).

Hc2-RCS and GP5�/6� PCR test results in relation to
histology. In this cross-sectional study, histologic data could be
collected only from women with moderate dyskaryosis or
worse, since these women were directly referred for colpos-
copy. Data from colposcopy-directed biopsy were available
from 48 women, 46 of whom had an underlying CIN lesion.
The latter comprised 1 CIN1 lesion, 13 CIN2 lesions, and 32
CIN3 lesions. The mean time interval between cytological di-
agnosis and biopsy was 2.1 months (range, 0 to 8 months).
GP5�/6� PCR-EIA and hc2-RCS positivity rates in relation
to histology are summarized in Table 3. Hc2-RCS scored 31 of
32 �CIN3 cases positive and GP5�/6� PCR two fewer cases,
resulting in sensitivities for �CIN3 of 97% (95% confidence
interval, 93.8 to 100%) and 91% (95% confidence interval, 85.1
to 95.8), respectively. However, this difference was not statis-
tically significant (P � 0.25).

When the hc2-RCS threshold value was arbitrarily increased
to 2.0 RLU/CO, the number of positive scrape specimens for
women with �CIN3 remained the same as at 1.0 RLU/CO,

FIG. 1. ROC curve for hc2-RCS using the cytology threshold of
moderate dyskaryosis or worse. Positivity rates of hc2-RCS for smears
representing moderate dyskaryosis or worse were plotted versus “1 �
negativity rate” of the hc2-RCS test for normal, borderline, or mild
dyskaryosis for increasing threshold values of the hc2-RCS test. The
area under the curve was 0.976. The “x” indicates the hc2-RCS thresh-
old value of 1.0 RLU/CO. The “o” marks the point for the GP5�/6�
PCR-EIA positivity and negativity values (i.e., 88.3% and 95.8%, re-
spectively), which equals an hc2-RCS threshold value of 3.2 RLU/CO.

TABLE 2. GP5�/6� PCR and hc2-RCS results in relation to cytology

Cytology result

No. of specimensa

Total no. of
specimens P valueb

Positive by GP and
hc2-RCS

Negative by GP and
hc2-RCS

Positive by GP but negative
by hc2-RCS

Negative by GP by positive
by hc2-RCS

Normal, borderline, or
mild dyskaryosis

301 7,453 33 190 7,977 �0.0005

Moderate dyskaryosis
or worse

52 3 1 4 60 0.38

Total 353 7,456 34 194 8,037 �0.0005

a GP, GP5�/6� PCR.
b McNemar statistics.

TABLE 3. GP5�/6� PCR and hc2-RCS results in
relation to histologya

Intake (nb)
No. (%) of

GP5�/6� PCR-positive
specimens

No. (%) of
hc2-RCS-positive

specimens
P valuec

No CIN (2) 1 (50) 1 (50) —d

CIN 1 (1) 1 (100) 1 (100) —
CIN 2 (13) 12 (92) 12 (92) 1.00
CIN 3 (32) 29 (91) 31 (97) 0.25

Total (48) 43 (90) 45 (94) 0.73

a Mean time between cytology and biopsy: 2.1 months (range, 0 to 8 months).
b n, number of samples.
c McNemar.
d —, no discrepant cases; not possible to determine P value.
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whereas a significant reduction in test positivity was obtained
for women with normal, borderline, or mild dyskaryosis (i.e.,
4.7% versus 6.3% at 1.0 RLU/CO; McNemar P � 0.0005)
(Table 4). Nevertheless, at an RLU/CO value of 2.0, hc2-RCS
positivity among women with normal, borderline, or mild dys-
karyosis was still significantly higher than that with GP5�/6�
PCR (McNemar, P � 0.02). With use of an RLU/CO value of
3.0, the hc2-RCS positivity rate for women with normal, bor-
derline, or mild dyskaryosis was no longer significantly differ-
ent from that of the GP5�/6� PCR (4.2% versus 4.3%; Mc-
Nemar P � 0.76), while both tests scored the same number of
women with �CIN3 positive.

Analysis of hc2-RCS positive, GP5�/6� PCR-negative sam-
ples. It is unlikely that the extra positivity scored by hc2-RCS
with smears read as normal, borderline, or mild dyskaryosis is
owing to low copy numbers of hrHPV that fall below the
detection limit of the PCR assay, since the analytical sensitivity
of the GP5�/6� PCR is higher than that of hc2-RCS. To
support this notion, we determined the HPV16 load by real-
time PCR for 23 samples harboring a single HPV16 infection
as determined by GP5�/6� PCR followed by reverse line blot
genotyping. One subset of these samples had tested negative
with the hc2-RCS test (n � 11), and the other subset had tested
positive with the hc2-RCS test (n � 12). Indeed, the HPV16
DNA load in the hc2-RCS negative group (median, 1.0 � 105;
range, 1.3 � 104 to 1.5 � 106 copies/scrape specimen) was
significantly lower (ANOVA, P � 0.0005) than the HPV16
load in the hc2-RCS positive group (median, 4.9 � 106; range,
1.0 � 106 to 8.7 � 107 copies/scrape specimen). These numbers
were not influenced after stratification for cytology.

To further explain the occurrence of hc2-RCS-positive,
GP5�/6� PCR-negative cases, we addressed the influence of
other potential possibilities: (i) false-negative GP5�/6� PCR
result owing to (a) inadequate crude samples for PCR due to
the presence of PCR inhibitors or (b) viral integration events
disrupting the GP5�/6� PCR primer binding region in L1; (ii)
false-positive hc2-RCS results owing to cross-reactivity of the
hc2-RCS with other HPV types.

In order to address the first possibility, all 197 GP5�/6�
PCR-EIA negative, hc2-RCS-positive samples were retested
by �-globin PCR. Only 11 (5.6%) of these samples tested
negative and therefore can be considered invalid for PCR. Of
the three CIN3 cases that tested negative by GP5�/6� PCR,
one case, which was also negative by hc2-RCS, was inadequate
for PCR testing on the crude extract due to inhibition of the
PCR. This sample, however, revealed HPV16 positivity by
GP5�/6� PCR after DNA extraction.

To determine possible integration of the HPV genome in
the GP5�/6� primer region, type-specific E7 PCR was per-
formed on the crude extracts of the other two GP5�/6� PCR-
negative �CIN3 cases that were hc2-RCS positive. Both tested
positive by E7 PCR and are likely to contain integrated virus
with disrupted L1. These included one case containing HPV16
and one case with HPV18.

Of the remaining 186 samples that were �-globin PCR pos-
itive, the GP5�/6� PCR was repeated, and PCR products
were subjected to overall HPV typing by reverse line blotting
to determine the level of cross-reactivity of the hc2-RCS test.
A total of 35 (17.8%) samples were found to contain HPV
types not present in the hc2-RCS probe (Table 5). Most of
these cases fell in the category of normal cytology. The level of
cross-reactivity of GP5�/6� PCR could not be determined in
this study, since hc2-RCS is unable to determine the HPV
genotype of an infection.

Analysis of GP5�/6� PCR-positive, hc2-RCS-negative sam-
ples. Of the 35 GP5�/6� PCR-positive, hc2-RCS-negative
samples, 32 (91%) harbored an HPV type that is present in the
hc2-RCS probe (Table 6). HPV types that were most often
missed by hc2-RCS were HPV16, HPV45, HPV56, and
HPV31. Most of these cases (28/32) were cytologically normal
or borderline dyskaryotic.

In the 23 samples used for HPV 16 load analysis by real-time
PCR (as detailed above), we also determined the amount of
cells per scrape by �-globin gene real-time PCR. Interestingly,
the amount of cells per scrape in the hc2-RCS positive smears
(median, 4.0 � 106; range, 2.8 � 105 to 2.3 � 107 cells/scrape)
was significantly higher than that found in the hc2-RCS nega-
tive group (median, 1.2 � 106; range, 1.5 � 105 to 8.6 � 106

cells/scrape; ANOVA, P � 0.04). The smaller amount of DNA

TABLE 4. Positivity rates of GP5�/6� PCR and hc2-RCS at
different RLU/CO thresholds in relation to cytology and

histologically confirmed �CIN3

Assay

No. (%) of specimens from women with a:

Normal,
borderline,

or mild
dyskaryosis

Moderate
dyskaryosis

or worse
�CIN3

GP5�/6� PCR-EIA 340 (4.3) 54 (90) 29 (91)
Hc2-RCS

RLU/CO 1.0 499 (6.3)b 56 (93)e 31 (97)e

RLU/CO 2.0 371 (4.7)c 56 (93)e 31 (97)e

RLU/CO 3.0 333 (4.2)d 54 (90)e 29 (91)e

a For normal, borderline, or mild dyskaryosis, n � 7,977; for moderate dys-
karyosis or worse, n � 60; for �CIN3, n � 32.

b P � 0.0005 compared to positivity rate of GP5�/6� PCR (McNemar).
c P � 0.02 compared to positivity rate of GP5�/6� PCR (McNemar); P �

0.0005 compared to positivity rate at RLU/CO 1.0 (McNemar).
d No significant difference in positivity rate compared to that of GP5�/6�

PCR (McNemar, P � 0.76); P � 0.0005 compared to positivity rate at RLU/CO
1.0 (McNemar).

e No significant difference in positivity rate compared to that of GP5�/6�
PCR (McNemar).

TABLE 5. Potential cross-reactivities of the hc2-RCS probe
with other HPV types

HPV type(s) No. of specimens
containing type

30.................................................................................................... 3
42.................................................................................................... 3
53.................................................................................................... 6
53, 67 ............................................................................................. 1
54, 70, 81, LRa.............................................................................. 1
67.................................................................................................... 6
70.................................................................................................... 7
70, 39 ............................................................................................. 1
72.................................................................................................... 1
82.................................................................................................... 5
LRa................................................................................................. 1

Total...............................................................................................35

a LR, low-risk HPV, not further specified.
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in these smears may have contributed to the negative test
results of the hc2-RCS. However, clinical follow-up data need
to be gathered before conclusions can be made as to what
extent these cases reflect clinically relevant infections.

DISCUSSION

In this study we compared the performances of the hc2-RCS
test and the hrHPV GP5�/6� PCR-EIA in relation to cyto-
logic and histologic parameters of women participating in a
population-based screening trial. The overall agreement be-
tween both tests was good and was comparable to that found
by Kulmala et al. (2004) between the manual hc2 and
GP5�/6� PCR assays (i.e., kappa 0.67) (16).

Differences in performances of hc2-RCS and GP5�/6�
PCR could mainly be explained by differences in assay thresh-
olds. Still, the higher positivity rate of the hc2-RCS at an
RLU/CO value of 1.0 compared to that of the GP5�/6� PCR
in our study is somewhat surprising, given the lower analytical
sensitivity of the hc2 assay. The latter was supported by higher
viral load values in HPV16 PCR-positive samples that were
also hc2/RCS positive than in those that were hc2-RCS nega-
tive. However, we collected evidence that part of the hc2-RCS
positivity in GP5�/6� PCR-negative samples can be attrib-
uted to some cross-reactivity of the hc2-RCS assay with HPV
types that are not covered by the probes of the hc2-RCS test.
Similar results have been obtained in other studies (6, 12). A
much smaller proportion of hc2-RCS-positive/GP5�/6� PCR-
negative samples could be explained by PCR failures due to
PCR inhibitors in the crude extracts, while the presence of
integrated viral DNA with a disrupted GP5�/6� region is
likely to be a rare event that only occasionally may occur in
high-grade lesions. A major part of hc2-RCS-positive/
GP5�/6� PCR-negative test results, which mainly involved
scrapings from women with normal, borderline, or mild dys-
karyosis and weakly positive hc2/RCS values, is likely to reflect
a certain level of background noise when the hc2-RCS assay is
applied at an RLU/CO value of 1.0. However, our data indi-
cate that a more optimal signal-to-noise ratio of the hc2-RCS
method can be obtained by adjusting the threshold of this assay
to levels at which the results of this test better match those of
GP5�/6� PCR. Moreover, since an interlaboratory reproduc-

ibility evaluation by Castle et al. (2004) revealed that the re-
producibility of an hc2-positive test is lowest for women with
normal cytology, particularly those with RLU/CO values be-
tween 1 and 3, adjustment of the hc2 thresholds is likely to also
increase the reproducibility of the assay (8).

Our results seem to contradict the findings of Kulmala et al.
(2004), who detected a higher positivity rate with GP5�/6�
PCR than with the manual hc2 assay (i.e., 33.8% and 27.9%,
respectively). This difference may be explained by the fact that
their study population generally involved younger women dis-
playing a much higher HPV prevalence rate that may have
masked the potential hc2 noise. On the other hand, the overall
hc2-RCS positivity rate (i.e., 6.8%) in our study is in the same
range as that obtained with the manual hc2 in the HART study
(i.e., 7.6%), which involved women of a population-based
screening cohort with a similar age distribution (10).

In this study a threshold of 2.0 RLU/CO for the hc2-RCS
test would result in an increased clinical specificity for women
with �CIN3, while no additional lesions �CIN3 were missed.
Therefore, in case the hc2 is used as a primary screening tool,
we, like others (7, 10), feel that the assay threshold easily can
be increased to 2.0 RLU/CO, since this would result in a higher
specificity, thereby minimizing the unnecessary follow-up of
women with transient infection. Alternatively, when genotyp-
ing by GP5�/6� PCR is envisaged as a reflex test for hc2-
RCS-positive women without cytological abnormalities, adap-
tation of the hc2-RCS cutoff is less crucial, since in that
scenario, the cutoff of the GP5�/6� PCR assay would be
decisive for further management. Still, it should be realized
that definitive figures about clinical sensitivity and specificity
for �CIN3 (24) and consequently the clinically most informa-
tive RLU/CO threshold can be calculated only when all fol-
low-up information on women with normal, borderline, or mild
dyskaryosis has been gathered.

Conversely, Ordi et al. (19) advocated the use of 1.0 RLU/
CO, since their data showed that increasing the cutoff level
would not lead to an increase in specificity. However, the
women in their study were selected on the basis of cytological
abnormality (ASC-US or worse). For such a high-risk popula-
tion, specificity is rather low regardless of which cutoff level is
used. We even feel that in case the hc2-RCS cutoff is increased
to 2.0 or 3.0 RLU/CO, the clinical specificity of hrHPV testing
for �CIN3 still needs improvement, since a substantial num-
ber of women that score hc2 positive at these cutoff values do
not have or develop �CIN3. This may be achieved by further
stratifying HPV-positive women by genotyping (4), viral load
assessment (11, 28) and/or analysis of the presence of E6/E7
mRNA (9).

Most importantly, when sensitivity and specificity to detect
lesions �CIN3 are considered equally important aspects of
overall accuracy, both assays studied herein are similarly accu-
rate, provided that the hc2-RCS cutoff is slightly adapted. For
primary and secondary screening, this opens possibilities for a
combination test of hc2-RCS and GP5�/6� PCR, in which the
hc2-RCS test, being easy and robust and therefore an ideal tool
for application in large screening programs, is used first and
the GP5�/6� PCR as a reflex test (i.e., testing only of hc2-
RCS-positive samples) for genotyping of hc2-RCS-positive
women. The latter assay requires special skills and a more
stringent infrastructure to reduce PCR-related contamination

TABLE 6. Distribution of HPV types in GP5�/6� PCR-positive
but hc2-RCS-negative cases

HPV
type(s)

No. of
specimens

containing type

16...................................................................................................... 8
16, 31 ............................................................................................... 1
18...................................................................................................... 2
31...................................................................................................... 4
33...................................................................................................... 2
35...................................................................................................... 1
45...................................................................................................... 7
52...................................................................................................... 1
56...................................................................................................... 4
56, 66, 73 ......................................................................................... 1
58...................................................................................................... 1

Total.................................................................................................32
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risks and therefore preferably should be performed in well-
equipped, specialized centers.

ACKNOWLEDGMENTS

We thank the contributing members of the POBASCAM study
group, other than the authors, for excellent technical assistance: R. van
Andel, P. van Diemen, N. Fransen-Daalmeijer, A. Groothuismink, M.
Lettink, R. Pol, S. van Schaick, and M. Verkuijten (Unit Molecular
Pathology, VU Medical Center Amsterdam).

Furthermore, we gratefully acknowledge the work of the 242 general
practitioners and their assistants, the cytotechnologists and adminis-
trators from the four regional laboratories (i.e., Spaarne Ziekenhuis,
Heemstede; Stichting PA Laboratorium Kennemerland, Haarlem; and
Leiden Cytology and Pathology Laboratory, Leiden), and the cytotech-
nologists and molecular technicians of the pathology department of
VU University Medical Center, Medial Haarlem, the District Health
Authority Amstelveen, and PALGA for their work and support in this
study.

Finally, we thank Susan Keese of Digene Corporation for making
UCM, hc2 kits, and the rapid capture system available to us.

REFERENCES

1. Berkhof, J., N. W. Bulkmans, M. C. Bleeker, S. Bulk, P. J. Snijders, F. J.
Voorhorst, and C. J. Meijer. 2006. Human papillomavirus type-specific 18-
month risk of high-grade cervical intraepithelial neoplasia in women with a
normal or borderline/mildly dyskaryotic smear. Cancer Epidemiol. Biomark-
ers Prev. 15:1268–1273.

2. Bosch, F. X., A. Lorincz, N. Munoz, C. J. Meijer, and K. V. Shah. 2002. The
causal relation between human papillomavirus and cervical cancer. J. Clin.
Pathol. 55:244–265.

3. Bulk, S., F. J. van Kemenade, L. Rozendaal, and C. J. Meijer. 2004. The
Dutch CISOE-A framework for cytology reporting increases efficacy of
screening upon standardisation since 1996. J. Clin. Pathol. 57:388–393.

4. Bulkmans, N. W., M. C. Bleeker, J. Berkhof, F. J. Voorhorst, P. J. Snijders,
and C. J. Meijer. 2005. Prevalence of types 16 and 33 is increased in high-risk
human papillomavirus positive women with cervical intraepithelial neoplasia
grade 2 or worse. Int. J. Cancer 117:177–181.

5. Bulkmans, N. W., L. Rozendaal, P. J. Snijders, F. J. Voorhorst, A. J. Boeke,
G. R. Zandwijken, F. J. van Kemenade, R. H. Verheijen, K. Groningen, M. E.
Boon, H. J. Keuning, M. van Ballegooijen, A. J. van den Brule, and C. J.
Meijer. 2004. POBASCAM, a population-based randomized controlled trial
for implementation of high-risk HPV testing in cervical screening: design,
methods and baseline data of 44,102 women. Int. J. Cancer 110:94–101.

6. Castle, P. E., M. Schiffman, R. D. Burk, S. Wacholder, A. Hildesheim, R.
Herrero, M. C. Bratti, M. E. Sherman, and A. Lorincz. 2002. Restricted
cross-reactivity of hybrid capture 2 with nononcogenic human papillomavirus
types. Cancer Epidemiol. Biomarkers Prev. 11:1394–1399.

7. Castle, P. E., M. Schiffman, and C. M. Wheeler. 2004. Hybrid capture 2 viral
load and the 2-year cumulative risk of cervical intraepithelial neoplasia grade
3 or cancer. Am. J. Obstet. Gynecol. 191:1590–1597.

8. Castle, P. E., C. M. Wheeler, D. Solomon, M. Schiffman, and C. L. Peyton.
2004. Interlaboratory reliability of Hybrid Capture 2. Am. J. Clin. Pathol.
122:238–245.

9. Cuschieri, K. S., G. Beattie, S. Hassan, K. Robertson, and H. Cubie. 2005.
Assessment of human papillomavirus mRNA detection over time in cervical
specimens collected in liquid based cytology medium. J. Virol. Methods
124:211–215.

10. Cuzick, J., A. Szarewski, H. Cubie, G. Hulman, H. Kitchener, D. Luesley, E.
McGoogan, U. Menon, G. Terry, R. Edwards, C. Brooks, M. Desai, C. Gie,
L. Ho, I. Jacobs, C. Pickles, and P. Sasieni. 2003. Management of women
who test positive for high-risk types of human papillomavirus: the HART
study. Lancet 362:1871–1876.

11. Dalstein, V., D. Riethmuller, J. L. Pretet, C. K. Le Bail, J. L. Sautiere, J. P.
Carbillet, B. Kantelip, J. P. Schaal, and C. Mougin. 2003. Persistence and
load of high-risk HPV are predictors for development of high-grade cervical
lesions: a longitudinal French cohort study. Int. J. Cancer 106:396–403.

12. Herrero, R., A. Hildesheim, C. Bratti, M. E. Sherman, M. Hutchinson, J.
Morales, I. Balmaceda, M. D. Greenberg, M. Alfaro, R. D. Burk, S.
Wacholder, M. Plummer, and M. Schiffman. 2000. Population-based study
of human papillomavirus infection and cervical neoplasia in rural Costa
Rica. J. Natl. Cancer Inst. 92:464–474.

13. Hesselink, A. T., A. J. van den Brule, Z. M. Groothuismink, M. Molano, J.
Berkhof, C. J. Meijer, and P. J. Snijders. 2005. Comparison of three different

PCR methods for quantifying human papillomavirus type 16 DNA in cervical
scrape specimens. J. Clin. Microbiol. 43:4868–4871.

14. Jacobs, M. V., P. J. Snijders, F. J. Voorhorst, J. Dillner, O. Forslund, B.
Johansson, D. M. von Knebel, C. J. Meijer, T. Meyer, I. Nindl, H. Pfister, E.
Stockfleth, A. Strand, G. Wadell, and J. M. Walboomers. 1999. Reliable high
risk HPV DNA testing by polymerase chain reaction: an intermethod and
intramethod comparison. J. Clin. Pathol. 52:498–503.

15. Khan, M. J., P. E. Castle, A. T. Lorincz, S. Wacholder, M. Sherman, D. R.
Scott, B. B. Rush, A. G. Glass, and M. Schiffman. 2005. The elevated 10-year
risk of cervical precancer and cancer in women with human papillomavirus
(HPV) type 16 or 18 and the possible utility of type-specific HPV testing in
clinical practice. J. Natl. Cancer Inst. 97:1072–1079.

16. Kulmala, S. M., S. Syrjanen, I. Shabalova, N. Petrovichev, V. Kozachenko,
J. Podistov, O. Ivanchenko, S. Zakharenko, R. Nerovjna, L. Kljukina, M.
Branovskaja, V. Grunberga, A. Juschenko, P. Tosi, R. Santopietro, and K.
Syrjanen. 2004. Human papillomavirus testing with the Hybrid Capture 2
assay and PCR as screening tools. J. Clin. Microbiol. 42:2470–2475.

17. Lorincz, A. T., and R. M. Richart. 2003. Human papillomavirus DNA testing
as an adjunct to cytology in cervical screening programs. Arch. Pathol. Lab.
Med. 127:959–968.

18. Munoz, N., F. X. Bosch, S. de Sanjose, R. Herrero, X. Castellsague, K. V.
Shah, P. J. Snijders, and C. J. Meijer. 2003. Epidemiologic classification of
human papillomavirus types associated with cervical cancer. N. Engl. J. Med.
348:518–527.

19. Ordi, J., I. Alonso, A. Torne, R. Esteve, E. Sierra, E. Campo, and L. M.
Puig-Tintore. 2005. Human papillomavirus load in Hybrid Capture II assay:
does increasing the cutoff improve the test? Gynecol. Oncol. 99:313–319.

20. Petry, K. U., S. Menton, M. Menton, F. Loenen-Frosch, G. H. de Carvalho,
B. Holz, B. Schopp, S. Garbrecht-Buettner, P. Davies, G. Boehmer, A. E. van
den, and T. Iftner. 2003. Inclusion of HPV testing in routine cervical cancer
screening for women above 29 years in Germany: results for 8466 patients.
Br. J. Cancer 88:1570–1577.

21. Rozendaal, L., J. Westerga, J. C. van der Linden, J. M. Walboomers, F. J.
Voorhorst, E. K. Risse, M. E. Boon, and C. J. Meijer. 2000. PCR based high
risk HPV testing is superior to neural network based screening for predicting
incident CIN III in women with normal cytology and borderline changes.
J. Clin. Pathol. 53:606–611.

22. Sherman, M. E., A. T. Lorincz, D. R. Scott, S. Wacholder, P. E. Castle, A. G.
Glass, I. Mielzynska-Lohnas, B. B. Rush, and M. Schiffman. 2003. Baseline
cytology, human papillomavirus testing, and risk for cervical neoplasia: a
10-year cohort analysis. J. Natl. Cancer Inst. 95:46–52.

23. Snijders, P. J., C. J. Hogewoning, A. T. Hesselink, J. Berkhof, F. J. Voor-
horst, M. C. Bleeker, and C. J. Meijer. 2006. Determination of viral load
thresholds in cervical scrapings to rule out CIN 3 in HPV 16, 18, 31 and
33-positive women with normal cytology. Int. J. Cancer 119:1102–1107.

24. Snijders, P. J., A. J. van den Brule, and C. J. Meijer. 2003. The clinical
relevance of human papillomavirus testing: relationship between analytical
and clinical sensitivity. J. Pathol. 201:1–6.

25. Solomon, D., D. Davey, R. Kurman, A. Moriarty, D. O’Connor, M. Prey, S.
Raab, M. Sherman, D. Wilbur, T. Wright, Jr., and N. Young. 2002. The 2001
Bethesda System: terminology for reporting results of cervical cytology.
JAMA 287:2114–2119.

26. Terry, G., L. Ho, P. Londesborough, J. Cuzick, I. Mielzynska-Lohnas, and A.
Lorincz. 2001. Detection of high-risk HPV types by the hybrid capture 2 test.
J. Med. Virol. 65:155–162.

27. van den Brule, A. J., R. Pol, N. Fransen-Daalmeijer, L. M. Schouls, C. J.
Meijer, and P. J. Snijders. 2002. GP5�/6� PCR followed by reverse line blot
analysis enables rapid and high-throughput identification of human papillo-
mavirus genotypes. J. Clin. Microbiol. 40:779–787.

28. van Duin, M., P. J. Snijders, H. F. Schrijnemakers, F. J. Voorhorst, L.
Rozendaal, M. A. Nobbenhuis, A. J. van den Brule, R. H. Verheijen, T. J.
Helmerhorst, and C. J. Meijer. 2002. Human papillomavirus 16 load in
normal and abnormal cervical scrapes: an indicator of CIN II/III and viral
clearance. Int.J. Cancer 98:590–595.

29. Walboomers, J. M., M. V. Jacobs, M. M. Manos, F. X. Bosch, J. A. Kummer,
K. V. Shah, P. J. Snijders, J. Peto, C. J. Meijer, and N. Munoz. 1999. Human
papillomavirus is a necessary cause of invasive cervical cancer worldwide.
J. Pathol. 189:12–19.

30. Zielinski, G. D., A. G. Bais, T. J. Helmerhorst, R. H. Verheijen, F. A. de
Schipper, P. J. Snijders, F. J. Voorhorst, F. J. van Kemenade, L. Rozendaal,
and C. J. Meijer. 2004. HPV testing and monitoring of women after treat-
ment of CIN 3: review of the literature and meta-analysis. Obstet. Gynecol.
Surv. 59:543–553.

31. Zielinski, G. D., P. J. Snijders, L. Rozendaal, F. J. Voorhorst, A. P. Runsink,
F. A. de Schipper, and C. J. Meijer. 2001. High-risk HPV testing in women
with borderline and mild dyskaryosis: long-term follow-up data and clinical
relevance. J. Pathol. 195:300–306.

VOL. 44, 2006 COMPARISON OF hc2 ASSAY and GP5�/6� PCR METHOD 3685


