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DNA-based human papillomavirus (HPV) assays show high sensitivity but poor specificity in detecting
high-grade cervical lesions. Assays detecting mRNA of the oncoproteins E6 and E7 show higher specificity
but lack either detection of all high-risk HPV genotypes or the capacity to specify the detected genotypes.
Therefore, a real-time PCR assay detecting type-specific E6/E7 mRNA was developed and the clinical
performance evaluated. A total of 210 cervical LBC (liquid-based cytology) samples from 204 women were
analyzed for HPV DNA and mRNA with the in-house real-time PCR as well as PreTect HPV-Proofer. The
sensitivity of real-time PCR mRNA detection to identify histologically confirmed CIN2� (cervical intra-
epithelial neoplasia, grade 2 or higher) was 0.91, compared to 0.95 for DNA analysis. The specificity was
0.68 compared to 0.38, and the positive predictive value (PPV) was higher for mRNA (0.67 versus 0.52)
without any loss in negative predictive value (NPV). The sensitivity of the real-time PCR mRNA test was
somewhat higher than that for PreTect HPV-Proofer (0.83 versus 0.75) in analyses for the same genotypes.
The specificities were similar (0.76 versus 0.77). In analyses for mRNA of the eight most common
genotypes in cervical cancer (HPV16, -18, -31, -33, -35, -45, -52, and -58), the sensitivity of detection of
CIN2� lesions was 0.87 and the specificity 0.74, with a PPV of 0.70. In conclusion, real-time PCR for
detection of HPV E6/E7 mRNA transcripts can be a sensitive and specific tool in screening and investi-
gation of cervical neoplasia. The composition of HPV types in mRNA testing needs to be further inves-
tigated to optimize sensitivity and specificity.

Cervical cancer is closely associated with infection of human
papillomaviruses (HPV), but only a small proportion of these
infections cause cancer. There are at least 12 oncogenic geno-
types (HPV16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, and
-59) associated with a high risk of cervical cancer (HR-HPV
genotypes) and a number of genotypes that probably also have
oncogenic properties (18). The viral proteins E6 and E7 are
considered to be responsible for transformation of the infected
epithelial cell, as well as the maintenance of the malignant
phenotype. The proteins can affect many cellular proteins, such
as the tumor suppressor proteins pRB and p53 (reviewed by
Ghittoni et al. [11] and McLaughlin-Drubin and Munger [16])
in a manner that leads to extension of the cellular life span
(including resistance to apoptosis), DNA synthesis, genomic
instability, and interference with antiviral and antitumor im-
mune responses. The mechanisms that determine whether an
HPV infection will be cleared by the immune system or be-
come persistent and cause transformation are not well under-
stood. However, integration of the viral genome into the cel-
lular genome seems to be an important event. Usually, the viral
gene coding for E2, a regulator of E6/E7 transcription, is lost
during integration. Thus, integration typically leads to overex-
pression of E6/E7, which may facilitate tumor progression (19).

Moreover, common fragile sites are frequently targeted for
viral integration, possibly causing genomic instability (25).

There are numerous commercial tests available for HR-
HPV DNA detection but only a few based on detection of
oncogenic mRNA. DNA detection tests are highly sensitive for
detection of high-grade cervical intraepithelial neoplasia
(CIN) and have been shown to be a valuable tool in triage of
atypical squamous cells of uncertain significance (ASCUS) and
follow-up after treatment (5). Furthermore, the use of HPV
DNA tests in primary screening have been shown in several
studies to be more sensitive than conventional cytology in
detecting cervical cancer and severe precancerous lesions and
may serve to prolong the screening interval (1, 7, 17). However,
the specificities of HPV DNA tests for identification of cervical
neoplasia are lower than those for cytology, especially among
younger women (24). Therefore, HPV-positive women need to
be triaged before referral for further investigations, such as
colposcopy, but the preferable triage is yet to be established.
Cytology could be an alternative, as well as detection of HPV
E6/E7 mRNA or cellular tumor markers such as p16 (4). One
commercially available mRNA test is the PreTect HPV-
Proofer (NorChip, Klokkarstua, Norway), also called
NucliSENS EasyQ (bioMérieux, Marcy l’Etoile, France), which
detects mRNA of the five most common HPV types, HPV16,
-18, -31, -33, and -45, based on the nucleic acid sequence-based
amplification (NASBA) technique. The specificity of the test is
higher than that of DNA tests (21, 24), but the sensitivity is
lower, and mainly due to the fact that it does not detect all
HR-HPV types, it can never be as sensitive as a DNA test. The
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other commercially available mRNA test for HPV is Aptima
(Gen-Probe, San Diego, CA), which detects mRNA of 12
HR-HPV types as well as mRNA of HPV66 and HPV68, based
on transcription-mediated amplification (TMA). However,
Aptima does not specify the individual HPV types detected.
The test has a sensitivity similar to that of a DNA test, but with
higher specificity for detection of dysplasia (8, 20, 24). PreTect
HPV-Proofer is more specific than Aptima. The reason for the
higher sensitivity and lower specificity of Aptima than PreTect
HPV-Proofer could be that Aptima detects mRNA of more
genotypes, some more common in low-grade lesions. However,
Aptima also detects HPV DNA, even though it is more sensi-
tive for mRNA (10). Similarly, there have been reports that the
NASBA technique can detect DNA (3, 22), causing false-
positive results.

We previously developed a real-time PCR test based on
amplification of E6/E7 DNA of 12 HR-HPV and 2 LR-HPV
genotypes (15). The performance of the method has been
validated by showing agreement with a linear array assay
(Roche) (15) and by exhibiting 100% proficiency in the WHO
LabNet proficiency panel study in 2009 (9). We have adapted
this assay to detect only mRNA by adding a DNase-digesting
step and a reverse transcription step. In this study, we evalu-
ated the clinical performance of this type-specific HPV mRNA
test and correlated the results with the HPV DNA analysis
(using the same primers and probes) and the mRNA test
PreTect HPV-Proofer.

MATERIALS AND METHODS

Samples. Liquid-based cytology (LBC) samples were collected in PreservCyt
medium (Cytyc, Marlborough, MA) from 204 women who were undergoing
gynecological screening (n � 51, including 26 who were pregnant) or had been
admitted to a referral center for investigation because of abnormalities in cer-
vical cytology (n � 153, including 25 who were pregnant). The ages of the women
ranged between 21 and 79 years, with median and mean ages of 32 and 34 years,
respectively. Five of the women provided two or three samples, resulting in 210
samples. All women received information of the study design and provided
written consent. Approval was obtained from the local ethics committee. Neo-
plasias were evaluated by colposcopy-directed biopsies and/or total excisional
biopsies (conization) and subsequent histological examination. An expert pathol-
ogist re-evaluated all histological samples. If the second diagnosis differed from
the original diagnosis by more than one level of severity, the pathologist con-
firmed the diagnosis with another pathologist.

DNA and RNA extraction. DNA or total nucleic acid (NA) was extracted using
a MagNA Pure LC instrument (Roche). For DNA analysis, 250 to 500 �l of the
LBC sample was used for extraction with the DNA I protocol. For mRNA
analysis, 3 to 5 ml of the sample was briefly centrifuged and pelleted cells were
resuspended in 1 ml of RLT lysis buffer (Qiagen, Hilden, Germany) for extrac-
tion with the total-NA large-volume protocol. To ensure the quality of mRNA,
the LBC samples were not allowed a storage period longer than 30 days before
resuspension in lysis buffer and total-NA extraction. After lysis treatment, some
samples were stored at �70°C before extraction. Prior to analysis, extracted NAs
were stored at �70°C.

Real-time PCR. The TaqMan real-time PCR assay targets 12 high-risk
(HPV16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59) and two low-risk (HPV6
and -11) types using E6/E7 region primers and probes in a duplex format (15).
Detection of the human �-globin gene serves as a control for sample sufficiency.
Briefly, 10 �l of extracted DNA was added to 25 �l universal PCR master mix
(Roche Diagnostics, Branchburg, NJ) with 0.3 �M primers and 0.2 �M probes,
supplemented with nuclease-free water to a final volume of 40 �l. After uracil
DNA glycosylase activation at 50°C for 2 min and initial denaturation at 95°C for
10 min, the PCR for DNA detection was run for 45 cycles (15 s at 95°C, 60 s at
58°C) on an ABI 7300 instrument (Applied Biosystems, Carlsbad, CA). The
threshold cycle (CT) value for each reaction was recorded (a low CT value
indicates a large amount of target). Only samples yielding a CT value for �-globin
below 36 were included in analysis. The modified method used for HPV mRNA

detection included a DNase digestion step, using an Ambion Turbo DNA-free
kit (Applied Biosystems). Ten microliters of the DNase-treated sample was
added to a one-step RT-PCR master mix containing 1 �l ribonuclease inhibitor
(RNase Out) and 1 �l SuperScript (all from Invitrogen, Carlsbad, CA), supple-
mented with nuclease-free water to a final reaction volume of 50 �l, including 0.3
�M primers and 0.2 �M probes. The PCR program was identical to that for
DNA except for an initiating step of reverse transcription at 48°C for 30 min. To
ascertain that no remaining HPV DNA was present, the DNase-treated samples
were also run with the DNA detection protocol, i.e., without the RT step. mRNA
detection was accepted only if the corresponding DNA was not detected or was
detected with a CT value more than 10 cycles above the CT value for mRNA. The
E6/E7 gene is transcribed into one full-length mRNA transcript coding for both
proteins but is also spliced to an E7-encoding transcript (HPV16 is the only
genotype transcribed into two spliced transcripts as well as a full-length one)
(23). Our real-time PCR detects all transcripts, both full-length and spliced,
except for genotypes 33, 52, 58, and 59, for which only the full-length transcripts
are detected. For HPV16, the shorter of the two spliced transcripts is not
detected.

PreTect HPV-Proofer. Detection of E6/E7 mRNA of genotypes 16, 18, 31, 33,
and 45 was performed using the PreTect HPV-Proofer kit according to the
manufacturer’s guidelines. Briefly, the analysis is based on the NASBA technique
with isothermal amplification of mRNA in a duplex format, measured in real
time. Five microliters of total-NA extract was added to 10 �l of a master mix with
primers, molecular beacon probes, and KCl. After incubation for 2 min at 65°C
and 2 min at 41°C, 5 �l of enzyme was added and spun down before amplification
at 41°C. Analysis of the cellular U1A transcript was included in the test to
determine the validity of the results.

Statistics. The sensitivity, specificity, positive predictive value, and negative
predictive value of each test algorithm were calculated with histologically con-
firmed CIN2� as the gold standard, but calculations were also made for CIN3�.
Calculations of 95% confidence intervals (95% CI) were based on the normal
approximation to the binomial distribution as suggested by Harper and Reeves
(12).

RESULTS

Cytological and histological diagnoses. For 155 (74%) of
the 210 LBC samples, histological evaluations from biopsies
and/or total excised specimens taken at the same time were
available (Table 1). For 53 samples with benign cytology (51
of them from women in screening) and two samples with
ASCUS in cytology, no histological data were available. The
histological diagnosis “benign” (n � 32) includes inflamma-
tion (n � 11), metaplasia (n � 2), ulcus (n � 1), and HPV
infection without signs of CIN (n � 5). The diagnosis
“CIN3” (n � 31) includes adenocarcinoma in situ (n � 3).
Histological data were available for 50 cytologically benign
samples, showing CIN1 or worse in 24 cases (48%), includ-
ing six cases of CIN3 and four cases of cancer. These 24

TABLE 1. Cytological and histological diagnoses of
210 LBC samples

Diagnosis
No. of samples (%) �median patient age, yrs�

Cytology (n � 210) Histology (n � 155)a

Benign 106 (50) �31� 34 (22) �32�
ASCUS 37 (18) �30�
ASC-H 2 (1.0) �31�
Glandular dysplasia 3 (1.4) �30� 1 (0.6) �46�
CIN1 15 (7.1) �31� 33 (21) �31�
CIN2 11 (5.2) �29� 28 (18) �29�
CIN3 19 (9.0) �35� 31 (20) �31�
Adenocarcinoma 3 (1.4) �47� 7 (4.5) �39�
Squamous cell carcinoma 14 (6.7) �46� 21 (14) �47�

a Histology was not done on 55 samples from patients with a median age of 31
years.

VOL. 49, 2011 TYPE-SPECIFIC HPV E6/E7 mRNA DETECTION 3795



represent 16% of the women in this study undergoing in-
vestigation for dysplasia, mostly due to earlier atypical cy-
tology. Overall, histological examination tended to upgrade
the cytological diagnoses to a more severe grade of dyspla-
sia.

HPV DNA and mRNA type distribution. Type-specific rates
of detection of HPV DNA and mRNA according to histology
are shown in Fig. 1 (one sample with glandular dysplasia was
included in the CIN1 group). HPV16 was the most prevalent
type in the 87 samples histologically classified as CIN2� (45
[52%]), followed by HPV18 (18 [21%]), HPV31 (17 [20%]),
HPV33 (13 [15%]), HPV52 (12 [14%]), HPV39 (6 [7%]), and
HPV45, HPV51, and HPV56 (5 [6%]). The five most common
HPV types in the 28 samples with cancer were HPV16,
HPV18, HPV33, HPV45, and HPV31, in that order.

For analysis of HPV mRNA, the picture was similar. The
most common genotype in CIN2� samples expressing E6/E7
mRNA was HPV16 (41 [47%]), followed by HPV18 (16
[18%]), HPV31 (15 [17%]), HPV33 (8 [9%]), HPV52 (7 [8%])
and HPV45 (5 [6%]). Consequently, 40% of HPV56 infections,
33% of HPV39 infections, and 0% of HPV59 infections in
CIN2� lesions showed expression of E6/E7 mRNA, in com-
parison to HPV45 (100%), HPV35 (100%), HPV16 (91%),
HPV18 (89%), and HPV31 (88%) infections. In 24% (28/118)
of mRNA-positive samples (68% of them CIN2�), mRNAs of
multiple genotypes were present. The samples expressing
mRNAs of two or more genotypes represent 22% of all CIN2�
samples.

In four CIN3� samples (three cancers), no HR-HPV
mRNA could be found. In two of these samples (both cancers),
HR-HPV DNA was undetectable. (The samples tested positive
for HPV68 or HPV70, respectively, with other methods). The
two DNA-positive CIN3� samples with undetectable mRNA
were from two single infections with HPV16 or HPV33, re-
spectively.

Of 34 samples with benign histology, 24 (71%) were HPV
positive and 12 (35%) expressed E6/E7 mRNA. However, all
these women had a history of dysplasia. In a screening cohort
of 51 women (median age, 31) with benign cytology (no his-
tology available), the prevalence of HPV infection was 43%
(22 positive), and 9.8% (5) showed expression of E6/E7
mRNA.

Overall, there was good agreement between DNA and
mRNA testing, and of all 258 HPV types detected, 118 were
identified by both DNA and mRNA testing (46%). As ex-
pected, the DNA analysis had a higher detection rate and
identified 140 HPV types that were not detected by mRNA
testing. Conversely, mRNA was detected in 5 samples in which
the same genotype was not detected by the DNA assay.

Sensitivity, specificity, PPV, and NPV. The sensitivity, spec-
ificity, positive predictive value (PPV) and negative predictive
value (NPV) of the HPV DNA assay, the HPV mRNA assay,
and the PreTect HPV-Proofer assay for detecting CIN3� and
CIN2� lesions were calculated. Furthermore, calculations
were made for the two in-house tests (DNA and mRNA) when
only the five HPV types most common in cervical cancer
(HPV16, -18, -31, -33, and -45 [2]), which are the five geno-
types in the PreTect HPV-Proofer assay, were included. How-
ever, recent data suggest that in different parts of the world,
the most common HPV types in cervical cancer may vary (6,
14). HPV16 and -18 are the most common worldwide, and with
a few exceptions, the most common genotypes after HPV16
and -18 are HPV31, -33, -35, -45, -52, and -58, in varying order.
We therefore calculated sensitivity, specificity, PPV, and NPV
for these eight genotypes as well. Since it was not possible to
differentiate between low and moderate grades of neoplasia in
glandular cells, one sample with glandular neoplasia that did
not reach the level of adenocarcinoma in situ was included as
a CIN1 sample in the calculations tabulated in Table 2. The
sensitivity and specificity results are illustrated in Fig. 2.

FIG. 1. Type-specific detection of HPV DNA and mRNA, distributed by histology. Each HPV type in a multiple infection is counted, which
may result in a cumulative percentage of more than 100. ADC, adenocarcinoma; SCC, squamous cervical carcinoma.
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DISCUSSION

This study aimed to evaluate the clinical performance of a
real-time PCR assay that detects mRNA transcripts coding for
the oncogenic proteins E6 and E7 of 12 high-risk and 2 low-risk
HPV types, using the primers and probes described previously
for HPV DNA. For 210 LBC samples with various grades of
cervical neoplasia, there was good agreement between HPV
mRNA and HPV DNA results, although the detection rate was
higher with the DNA assay, as expected.

Our assay for mRNA detection, which includes a step that
verifies that the mRNA signal is not due to detection of DNA,
had a sensitivity of detection of CIN2� and CIN3� that was
only slightly lower than for DNA detection (0.91 versus 0.95
and 0.93 versus 0.97, respectively), but the NPV for the mRNA
was not lower than that of the DNA test. Importantly, the
specificity was higher for mRNA than for DNA detection (0.68
versus 0.38 for CIN2� lesions and 0.58 versus 0.32 for CIN3�
lesions). These results are in agreement with the study by
Szarewski et al., in which several HPV DNA and mRNA tests
were compared (24). The sensitivity and specificity of the Pre-
Tect HPV-Proofer assay (detecting five HR-HPV) for CIN2�
were 0.74 and 0.73 in their study, compared with 0.75 and 0.77
in our evaluation.

When our assay for mRNA typing was compared with the
PreTect HPV-Proofer assay, the sensitivity of real-time PCR
was somewhat higher (0.83 versus 0.75 for CIN2� lesions and
0.86 versus 0.81 for CIN3� lesions, when the same five geno-
types were tested for). This may reflect a higher analytical
sensitivity of real-time PCR than NASBA (because samples
negative by PreTect HPV-Proofer but positive by real-time

PCR in general contained small amounts of virus, as indicated
by high CT values [data not shown]). The genotype most com-
monly detected by real-time PCR but not PreTect HPV-
Proofer was HPV31, and this is in agreement with calculations
of analytical sensitivity of the NucliSENS EasyQ assay (based
on the same platform as PreTect HPV-Proofer) showing that
the sensitivity of detection of HPV31 mRNA is 10 to 100 times
lower than that of the other types (13). Moreover, our in-house
real-time PCR detects not only full-length mRNA but also
spliced mRNA transcripts of most genotypes, in contrast to
PreTect HPV-Proofer (13), which may increase the sensitivity
of the real-time PCR assay. A high analytical sensitivity might
confer a risk of detecting small amounts of HPV mRNA not
significant for disease, but the CIN2� specificity of the real-
time PCR was equal to that for PreTect HPV-Proofer in anal-
yses for the same genotypes.

There have been suggestions that the high specificity of
PreTect HPV-Proofer is mainly due to the fact that it analyzes
the five most common genotypes and that a DNA test analyz-
ing these five genotypes might be just as specific (3). However,
this speculation is contradicted by our data, since specificity
calculated for these five genotypes was higher for both CIN2�
and CIN3� lesions in the mRNA than the DNA version of our
real-time PCR (0.74 versus 0.57 and 0.64 versus 0.50, respec-
tively), suggesting that presence of E6/E7 transcripts is impor-
tant for disease. The high specificity by mRNA testing was
illustrated by the finding that in a screening cohort of 51
women (median age, 31) with normal cytology (but with no
histology available), HPV mRNA was detected in 9.8% and
HPV DNA in 43%. The PPV of detection of both CIN2� and

TABLE 2. Sensitivity, specificity, PPV, and NPV of different test algorithms for the detection of histologically confirmed
CIN3� or CIN2� lesions

Test and lesion typea Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

HPV DNA
CIN3� 0.97 (0.92–1.00) 0.32 (0.25–0.40) 0.36 (0.28–0.43) 0.96 (0.91–1.00)
CIN2� 0.95 (0.91–1.00) 0.38 (0.30–0.47) 0.52 (0.44–0.60) 0.92 (0.85–1.00)

HPV DNA 8 gt
CIN3� 0.95 (0.89–1.00) 0.43 (0.35–0.51) 0.39 (0.31–0.47) 0.96 (0.91–1.00)
CIN2� 0.92 (0.86–0.98) 0.50 (0.41–0.58) 0.56 (0.48–0.64) 0.90 (0.82–0.97)

HPV DNA 5 gt
CIN3� 0.88 (0.80–0.96) 0.50 (0.42–0.58) 0.41 (0.32–0.49) 0.91 (0.85–0.98)
CIN2� 0.86 (0.79–0.93) 0.57 (0.48–0.66) 0.59 (0.50–0.67) 0.85 (0.78–0.93)

HPV mRNA
CIN3� 0.93 (0.87–1.00) 0.58 (0.50–0.66) 0.47 (0.38–0.56) 0.96 (0.91–1.00)
CIN2� 0.91 (0.85–0.97) 0.68 (0.60–0.77) 0.67 (0.58–0.75) 0.91 (0.86–0.97)

HPV mRNA 8 gt
CIN3� 0.90 (0.82–0.98) 0.64 (0.56–0.71) 0.49 (0.40–0.59) 0.94 (0.90–0.99)
CIN2� 0.87 (0.80–0.94) 0.74 (0.66–0.82) 0.70 (0.62–0.79) 0.89 (0.83–0.95)

HPV mRNA 5 gt
CIN3� 0.86 (0.78–0.95) 0.67 (0.59–0.74) 0.50 (0.41–0.60) 0.93 (0.88–0.98)
CIN2� 0.83 (0.75–0.91) 0.76 (0.69–0.84) 0.71 (0.62–0.80) 0.86 (0.80–0.93)

PreTect HPV Proofer
CIN3� 0.81 (0.71–0.91) 0.70 (0.63–0.77) 0.51 (0.41–0.62) 0.91 (0.85–0.96)
CIN2� 0.75 (0.66–0.84) 0.77 (0.70–0.85) 0.70 (0.61–0.79) 0.81 (0.74–0.88)

a 8 gt, eight HPV genotypes (HPV16, -18, -31, -33, -35, -45, -52, and -58); 5 gt, five HPV genotypes (HPV16, -18, -31, -33, and -45).
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CIN3� was therefore higher for mRNA detection than for
DNA detection (0.67 versus 0.52 and 0.47 versus 0.36, respec-
tively), suggesting that mRNA testing may be a useful tool not
only in triage but also in primary screening of cervical neopla-
sias. One should bear in mind that not all CIN2� lesions will
progress to cancer, and a hypothetical perfect test identifying
only truly precancerous lesions would rate poorly with regard
to sensitivity when CIN2� in histology is used as the gold
standard (as in this and most other studies).

The five most common genotypes present in CIN2� and
CIN3� lesions were HPV16, -18, -31, -33, and -52 (in that
order). In LBC samples from our patients with cancer, how-
ever, the five most common genotypes were HPV16, -18, -33,
-45, and -31. This may reflect that the oncogenic properties of

the genotypes vary. This idea was supported by the observation
that some genotypes expressed E6/E7 mRNA more often than
others. The eight genotypes most prone to express mRNA in
CIN2� lesions were, in descending order, HPV45, -35, -16,
-18, -31, -33, -51, -52, and -58, the same genotypes (except for
HPV51) most commonly found in cervical cancer worldwide
(6, 14). The association of these eight genotypes with cancers
may be a consequence of their potential to express oncogenic
mRNA. Our finding encourages further and larger studies
comparing mRNA and DNA detection rates for different HPV
types.

We specifically evaluated the performance of the real-time
PCR detection of mRNA for only the above-mentioned eight
genotypes, which are most commonly observed in cancer. With

FIG. 2. Clinical sensitivity and specificity (with 95% confidence intervals) of the different test algorithms for detection of CIN3� lesions (A) and
CIN2� lesions (B).
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this limitation, the sensitivity of the assay was somewhat higher
than that of the assay for five genotypes, but the specificity did
not substantially decrease and the PPV remained constant,
suggesting that these eight types might constitute a good bal-
ance between sensitivity and specificity. This was also relevant
for HPV DNA testing, since analyzing eight rather than all
genotypes resulted in a significant increase in specificity at the
expense of only a small amount of sensitivity, but without
decreasing the high NPV.

Our data suggest that mRNA testing with real-time PCR
may be a useful tool in investigation of as well as in primary
screening for cervical neoplasias, and it might be worthwhile to
consider which genotypes to include in further investigations to
optimize sensitivity and specificity, especially in a postvaccine
era, when it may be necessary to reconsider HPV testing strat-
egies.
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