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Human papillomavirus (HPV) E6/E7 mRNA has been proposed as a more specific marker for cervical
dysplasia and cancer than HPV DNA. This study evaluated the RNA specificity of nucleic acid sequence-based
amplification (NASBA)-based HPV detection using HPV DNA plasmids (HPV type 16 [HPV16], HPV18,
HPV31, HPV33, and HPV45) and nucleic acid extracts of several cell lines, which were systematically subjected
to enzymatic treatments with DNase and RNase. HPV plasmid dilutions (106 to 100 copies/�l) and nucleic acid
extracts (total DNA, RNA-free DNA, total RNA, and DNA-free RNA) of unfixed and fixed (PreServCyt and
SurePath) HaCaT, HeLa, and CaSki cells were tested with the NucliSENS EasyQ HPV test. The RNA-free DNA
extracts of HeLa and CaSki cells could be amplified by HPV18 and -16 NASBA, respectively. Fixation of the
cells did not influence NASBA. All HPV plasmids could be detected with NASBA. Based on the plasmid dilution
series, a lower detection limit of 5 � 103 HPV DNA copies could be determined. Our study identified viral
double-stranded DNA as a possible target for NASBA-based HPV detection. The differences in diagnostic
accuracy between the NASBA-based tests and conventional HPV DNA detection assays seem to be attributable
not to the more specific amplification of viral mRNA but to the limited type range and the lower analytical
sensitivity for HPV DNA.

The causal relationship between a persistent infection with
high-risk human papillomavirus (HR-HPV) and cervical can-
cer has resulted in the development of HPV detection systems
(4, 5). The use of HPV DNA detection has been suggested for
primary screening (26, 30), the triage of equivocal Pap smears
(1, 3), and the follow-up of patients after treatment for high-
grade cervical intraepithelial neoplasia (CIN2�) (2, 27, 41).
Primary screening with Hybrid Capture 2 (HC2) (Qiagen,
Hilden, Germany) generally detects more than 90% of all
CIN2� and is 25% (95% confidence interval [CI], 15 to 36%)
relatively more sensitive than cytology at a cutoff of atypical
squamous cells of undetermined significance (ASCUS) (or of
low-grade squamous intraepithelial lesions [LSIL] if ASCUS is
unavailable). However, because of the high prevalence of tran-
sient, asymptomatic infections, viral DNA detection has a
lower specificity for CIN2� than cytology, especially in young
women (11). When HPV DNA testing is used as a primary
screening test, additional, more specific tests should be used to
minimize patient anxiety, overreferral for colposcopy and
treatment, and increased costs.

In productive HPV infections, which appear cytologically as
LSIL and histologically as CIN1, the expression of the viral E6
and E7 oncogenes is tightly regulated, with high-level expres-
sion only in suprabasal postmitotic cells (21, 33). On the other

hand, in high-grade CIN and cancer, E6 and E7 are expressed
throughout the thickness of the cervical epithelium. Therefore,
E6/E7 mRNA has been proposed as a more specific marker for
cervical dysplasia and cancer than HPV DNA (15). Multiplex
nucleic acid sequence-based amplification (NASBA) assays,
which utilize molecular beacon probes for the real-time detec-
tion and typing of E6/E7 mRNA from HPV type 16 (HPV16),
HPV18, HPV31, HPV33 and HPV45, are commercially avail-
able (PreTect HPV-Proofer [NorChip AS, Klokkarstua, Nor-
way] and NucliSENS EasyQ [bioMérieux, Marcy l’Etoile,
France]). In theory, the isothermal (41°C) NASBA technology
only amplifies single stranded nucleic acids (NA) or RNA
equivalents, even in a background of double-stranded DNA
(dsDNA) (12). However, unexpected dsDNA amplification by
NASBA has been reported, which demonstrates the necessity
of verifying the origin of a NASBA signal when specific RNA
detection is the objective (29).

Our group, among others, reported that RNA extracted
from cervical cells fixed in BD SurePath (BD Diagnostics,
Burlington, NC) liquid-based cytology (LBC) medium using
standard extraction techniques is of insufficient quality for real-
time reverse transcription-PCR (RT-PCR) applications (16,
28). However, in our laboratory SurePath-fixed samples tested
HPV positive with the NucliSENS EasyQ test. The poor re-
covery and quality of RNA from these samples, as experimen-
tally established by spectrophotometry and use of the Agilent
2100 Bioanalyser (Agilent Technologies, Santa Clara, CA),
suggested that RNA did not function as a template in the
NASBA reaction.

Several studies established an association between HPV
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RNA detection and the severity of cervical lesions (19, 25, 31,
32) and assessed the analytical and clinical performance of
commercial HPV RNA detection assays (6, 7, 10, 17, 18, 20,
22–24, 35, 36). In comparison to HPV DNA tests, NASBA-
based HPV detection showed better results in terms of speci-
ficity for high-grade cervical lesions, while its sensitivity was
lower. Currently, it is difficult to know whether the differences
in diagnostic accuracy are a result of the more specific detec-
tion of RNA or whether they are due to the larger type detec-
tion range and high analytical sensitivity of the HPV DNA
tests. To elucidate this issue, experimental confirmation that
RNA is the sole target of HPV NASBA is required.

In this study, HPV DNA plasmids and NA extracts of several
cell lines, which were systematically subjected to enzymatic
treatments with DNase and RNase, were used to assess
whether the NucliSENS EasyQ HPV v1.0 test amplifies DNA.

MATERIALS AND METHODS

Plasmids. DNA plasmids containing the HPV16 or -18 genome were pur-
chased (Clonit, Milan, Italy), and DNA plasmids containing the HPV31 (pT713),
-33 (pBR322), and -45 (pGEM4) genomes were kindly supplied by A. Lorincz
(Qiagen, Gaithersburg, MD), G. Orth (Institut Pasteur, Paris, France), and
E.-M. de Villiers (DKFZ, Heidelberg, Germany).

Tenfold dilution series of HPV plasmids for HPV16, -18, -31, -33, and -45 were
made, ranging from 1 � 106 to 1 � 100 copies/�l, to assess the lower detection
limit of the NucliSENS EasyQ HPV test. Each plasmid dilution was tested by
real-time quantitative type-specific PCR as described previously (14) to confirm
the presence of the expected amount of the appropriate plasmid.

To assess the influence of the T7 promoter, which was present in the HPV31
and -45 plasmids, an HPV45 plasmid without the T7 promoter was constructed.
Simultaneously, 1 �g of the original HPV45 plasmid (HPV45 genome cloned in
pGEM4) and 1 �g of pBR322 cloning plasmid (Fermentas GmbH, St. Leon-Rot,
Germany) were digested with HindIII restriction enzyme (Fermentas) in a 20-�l
volume for 30 min at 37°C. The digested products were analyzed by gel electro-
phoresis (0.8% [wt/vol] agarose in Tris-acetate-EDTA buffer) and visualized with
GelRed (Biotium, Hayward, CA). The desired products (7.8 kb for HPV45 and
4.3 kb for pBR322) were excised from the agarose gel and purified with the
QIAquick gel extraction kit (Qiagen) according to the manufacturer’s instruc-
tions. The HPV45 genome (56 ng) and the pBR322 vector (64 ng) were ligated
using Ready-To-Go T4 DNA ligase (GE Healthcare Life sciences, Waukesha,
WI) in a 20-�l volume for 45 min at 16°C. Next, 5 �l of the ligated vector/insert
DNA solution was transformed into competent Escherichia coli GT116. After
overnight incubation at 37°C, nine randomly picked colonies were subjected to
colony PCR to verify the presence of HPV45. Amplification was performed in a
20-�l reaction mixture containing 1� REDTaq ReadyMix PCR mix (Sigma-
Aldrich, St. Louis, MO), 10 �M forward primer (5�-CGT CGG GCT GGT AGT
TGT G-3�), and 10 �M reverse primer (5�-ATT GCA TTT GGA ACC TCA
GAA TG-3�) (13). A single PCR-positive colony was grown overnight at 37°C in
5 ml Luria-Bertani medium supplemented with ampicillin (0.5%, vol/vol).
HPV45 DNA plasmid without the T7 promoter sequence was purified using the
QIAprep Spin Miniprep kit (Qiagen) according to the manufacturer’s instruc-
tions. To elute the plasmid DNA (�10 kb), 50 �l preheated elution buffer (70°C)
was used. The concentration and purity of the plasmid DNA were determined by
UV spectrophotometry. A 10-fold dilution series of the HPV45 plasmid without
T7 promoter was made, ranging from 1 � 106 to 1 � 100 copies/�l, to assess the
lower detection limit of the NucliSENS EasyQ HPV test. Each plasmid dilution
was tested by real-time quantitative type-specific PCR as described previously
(14) to confirm the presence of the expected amount of plasmid.

Cell lines. HeLa cells (containing 10 to 50 copies HPV18 per cell) and CaSki
cells (containing 500 to 600 copies HPV16 per cell) were purchased from the
American Type Culture Collection. HaCaT cells (HPV-negative keratinocytes)
were kindly provided by P. Boukamp (DKFZ, Heidelberg, Germany). Cultures
were harvested at 90% confluence, and approximately 8 � 106 cells were resus-
pended in 8 ml phosphate-buffered saline (PBS) for immediate NA extraction or
fixed in 8 ml SurePath or PreservCyt (Hologic Inc., Marlborough, MA) medium
for storage at 4°C for 1 week. Worldwide, the SurePath method, which uses an
ethanol-based preservative, and the Thinprep technique (Hologic Inc., Marlbor-
ough, MA), which applies the methanol-based fixative PreservCyt, are the most

commonly used methods in LBC. Residual material from PreservCyt-fixed sam-
ples is suitable for DNA and RNA isolation and subsequent analysis by reverse
transcriptase PCR (RT-PCR) (16).

Extraction and purification of NA. Total DNA was extracted from 2 ml cell
suspension with the GenElute Mammalian Genomic DNA Miniprep kit (Sigma-
Aldrich Corp., St-Louis, MO) according to the manufacturer’s instructions. The
protocol included an optional RNase A treatment step to obtain RNA-free
genomic DNA.

Total RNA was extracted from 2 ml cell suspension by the reagent-based
TRIzol method (Invitrogen, Carlsbad, CA) according to the manufacturer’s
instructions. To remove residual DNA, the total RNA was treated with ampli-
fication-grade DNase I (Sigma-Aldrich Corp., St. Louis, MO) according to the
manufacturer’s instructions.

Total DNA and total RNA were extracted from the unfixed and fixed
(PreServCyt and SurePath) HeLa cells. HeLa cell RNA-free DNA and DNA-
free RNA were obtained in triplicate. RNA-free DNA and DNA-free RNA were
purified from unfixed and fixed CaSki and HaCaT cells. The concentrations of
NA extracts were assessed by UV spectrophotometry.

To confirm the presence of amplifiable DNA and to assess the effectiveness of
the DNase treatments, the NA extracts were assayed by real-time PCR for the
�-globin gene (forward primer, 5�-CAG GTA CGG CTG TCA TCA CTT
AGA-3�; reverse primer, 5�-CAT GGT GTC TGT TTG AGG TTG CTA-3�)
using the LightCycler based on SYBR green I methodology (34). Different steps,
such as DNA extraction, sample preparation, amplification, and post-PCR treat-
ment, were performed in strictly separated rooms. Positive (total HeLa cell
DNA) and negative (all PCR components but no NA) PCR controls were used.

Real-time multiplex NASBA. HPV plasmid dilutions and NA extracts (total
DNA, RNA-free DNA, total RNA, and DNA-free RNA) of unfixed and fixed
(PreServCyt and SurePath) HaCaT, HeLa, and CaSki cells were tested with the
NucliSENS EasyQ HPV test according to the manufacturer’s instructions.
Briefly, three premixes were made by the reconstitution of reagent spheres in the
reagent sphere diluent followed by the addition of either U1A/HPV16, HPV18/
31, or HPV33/45 primer/molecular beacon mixes and KCl stock solution. Ten
microliters of premix was distributed to each well, followed by 5 �l sample, and
incubated for 4 min at 65°C and 2 min at 41°C. The reaction was started by the
addition of enzymes and measured in real time using the NucliSENS EasyQ
analyzer at 41°C. Data analysis was performed using the NucliSENS EasyQ
Director software.

The NucliSENS EasyQ HPV test includes primer pairs targeting U1A mRNA
as intrinsic control to determine the sample validity. If U1A is positive or one or
more HPV targets are positive, the sample is valid. If U1A is negative and no
HPV targets are positive, the sample is invalid. To evaluate the run validity,
positive controls for U1A/HPV16, HPV18/HPV31, and HPV33/45 are included.

RESULTS

Absorbance measurements allowed the estimation of the
quantity of the extracted and purified NA extracts. Table 1
shows the input of NA (in ng/5 �l) in the NucliSENS EasyQ
HPV test. All total DNA, total RNA, and RNA-free DNA
extracts showed positive results for the �-globin PCR, which
indicated the presence of amplifiable DNA. The DNase treat-
ment did not consistently abolish the PCR signal. When the
DNase-treated RNA showed a positive PCR result, the DNase
treatment was repeated. Only DNA-free RNA was used for
NucliSENS EasyQ testing.

Real-time multiplex NASBA. The positive controls for
HPV16, -18, -31, -33, and -45 consistently showed positive
results, which indicated the run validity. Table 1 shows the
results for the U1A control of the NucliSENS EasyQ HPV test
for the NA extracts (total RNA, total DNA, DNA-free RNA,
and RNA-free DNA) of unfixed and fixed (PreServCyt and
SurePath) cells (HeLa, CaSki, and HaCaT). Each RNA-free
DNA extract appeared to be negative for the U1A control,
regardless of the cell type or fixation. The NA extracts of cells
fixed in SurePath were consistently negative for U1A. The total
DNA and total RNA extracts of unfixed or PreServCyt-fixed
HeLa showed positive U1A signals. Only half of the DNA-free
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RNA extracts of unfixed cells or PreServCyt-fixed cells were
U1A positive.

Table 1 shows the results for the HPV targets of the
NucliSENS EasyQ HPV test for the NA extracts (total RNA,
total DNA, DNA-free RNA, and RNA-free DNA) of unfixed
and fixed (PreServCyt and SurePath) cells (HeLa, CaSki, and
HaCaT). All NA extracts of unfixed and fixed HeLa cells were
consistently positive for HPV18. For CaSki cells, all RNA-free

DNA extracts were HPV16 positive, irrespective of fixation.
The DNA-free RNA extracts of the PreServCyt-fixed CaSki
cells were positive for HPV16, while those of the unfixed and
the SurePath-fixed CaSki cells did not show a positive HPV16
signal. All NA extracts of the HaCaT cells were negative for all
HPV types.

All HPV plasmids could be detected with NASBA (Table 2).
For HPV16, -18, and -33 NASBA, the lower detection limit

TABLE 1. Results of the NucliSENS EasyQ HPV test for NA extracts

NA extract Fixationa Cell
type

NA input
(ng/5�l)

NucliSENS EasyQ resultb

U1A HPV18 HPV16

Total RNA Unfixed HeLa 410 Pos Pos Neg
PSC HeLa 3033 Pos Pos Neg
SP HeLa 163 Neg Pos Neg

Total DNA Unfixed HeLa 81 Pos Pos Neg
PSC HeLa 123 Pos Pos Neg
SP HeLa 35 Neg Pos Neg

DNA-free RNA Unfixed HeLa 451 Neg Pos Neg
Unfixed HeLa 359 Pos Pos Neg
Unfixed HeLa 949 Pos Pos Neg
Unfixed CaSki 478 Neg Neg Neg
Unfixed HaCaT 465 Pos Neg Neg
PSC HeLa 2572 Pos Pos Neg
PSC HeLa 2493 Pos Pos Neg
PSC HeLa 990 Neg Pos Neg
PSC CaSki 1241 Neg Neg Pos
PSC HaCaT 493 Neg Neg Neg
SP HeLa 236 Neg Pos Neg
SP HeLa 58 Neg Pos Neg
SP HeLa 117 Neg Pos Neg
SP CaSki 87 Neg Neg Neg
SP HaCaT 79 Neg Neg Neg

RNA-free DNA Unfixed HeLa 30 Neg Pos Neg
Unfixed HeLa 18 Neg Pos Neg
Unfixed HeLa 47 Neg Pos Neg
Unfixed CaSki 10 Neg Neg Pos
Unfixed HaCaT 27 Neg Neg Neg
PSC HeLa 11 Neg Pos Neg
PSC HeLa 36 Neg Pos Neg
PSC HeLa 10 Neg Pos Neg
PSC CaSki 10 Neg Neg Pos
PSC HaCaT 14 Neg Neg Neg
SP HeLa 11 Neg Pos Neg
SP HeLa 15 Neg Pos Neg
SP HeLa 20 Neg Pos Neg
SP CaSki 13 Neg Neg Pos
SP HaCaT 17 Neg Neg Neg

a PSC, PreServCyt; SP, SurePath.
b Pos, positive; Neg, negative.

TABLE 2. Results of the NucliSENS EasyQ HPV test for HPV plasmids

Plasmid Sensitivity
NucliSENS EasyQ resulta

HPV16 HPV18 HPV31 HPV33 HPV45

HPV16 5 � 103 Pos Neg Neg Neg Neg
HPV18 5 � 103 Neg Pos Neg Neg Neg
HPV31 5 � 102 Pos Neg Pos Neg Pos
HPV33 5 � 103 Neg Neg Neg Pos Neg
HPV45 5 � 102 Pos Neg Neg Neg Pos

a Pos, positive; Neg, negative.
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was 5 � 103 copies of the corresponding plasmids. HPV31 and
HPV45 NASBA detected 5 � 102 copies of the corresponding
plasmids. HPV31 and -45 plasmids showed multiple positive
test results (Table 2). HPV31 plasmids showed positive signals
for HPV16, -31, and -45 NASBA. HPV45 plasmids showed
positive signals for HPV16 and -45 NASBA.

The HPV45 plasmid without the T7 promoter was tested
with the NucliSENS EasyQ HPV test. HPV45 NASBA showed
a lower detection limit of 5 � 103 copies. HPV16 NASBA was
negative for the HPV45 plasmid without the T7 promoter.

DISCUSSION

The necessity of E6/E7 expression for incurring and main-
taining a malignant phenotype suggested a promising concept
for E6/E7 mRNA detection to identify progressive HPV infec-
tions. Several in-house HPV RNA detection methods based on
RT-PCR have been described (25, 31, 32, 39). Their perfor-
mance is determined by the targeted transcript, i.e., full-length
or spliced E6/E7 transcripts, and is often hampered by the lack
of an internal control (9). Moreover, RT-PCR can give false-
positive results if the RNA sample contains traces of genomic
DNA. Strategies to cope with this problem are DNase diges-
tion prior to RT-PCR, the performance of “no-RT control”
PCRs, or the selection of intron-spanning primer pairs, which
is impossible for intronless genes or when full-length tran-
scripts are amplified. NASBA has been described as an alter-
native approach to specifically detect RNA targets and is based
on the activity of avian myeloblastosis virus (AMV) reverse
transcriptase, RNase H, and T7 DNA-dependent RNA poly-
merase (T7 RNA pol) together with two primers. The process

occurs at 41°C and results in the exponential accumulation of
single-stranded RNA (ssRNA products), which can be de-
tected through molecular beacon technology (12). Unexpected
NASBA of bacterial genomic DNA (29) and the development
of a NASBA-based DNA detection and quantification system
have been described (40), although the molecular mechanism
of isothermal amplification of dsDNA has never been eluci-
dated (12). dsDNA is not expected to denature at 41°C or
during the 65°C incubation step, which is required to allow
annealing of the primers to the target and is performed before
NASBA enzymes are added to the reaction mixture. It is pos-
sible that single-stranded replicate intermediates of dsDNA
can function as a template for NASBA. Moreover, for HPV
DNA plasmids and viral episomal DNA, the accessibility of the
target is higher than that for genomic DNA, which has a more
complex conformational organization. However, it remains un-
clear how the newly synthesized DNA strand denatures from
the template strand to allow extension of the second primer P2
to render a double-stranded T7 RNA pol promoter sequence
(Fig. 1). From that point on, the reaction continues with syn-
thesis of the RNA used for entry in the amplification phase of
the NASBA process.

This study evaluated whether the NucliSENS EasyQ HPV
test enables amplification of viral DNA, based on HPV DNA
plasmids and enzymatically treated NA extracts of several cell
lines. NucliSENS EasyQ HPV version 1 was launched in 2007
and was based on the original PreTect Proofer assay developed
by NorChip, except for the NucliSENS hardware platform and
the software for NASBA measurements and data analysis
(NucliSENS Director software) (17). The HPV positivity of the

FIG. 1. Proposed mechanism for NASBA amplification of dsDNA.
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RNA-free DNA extracts and the HPV DNA plasmids indi-
cated that viral dsDNA can function as a template for NASBA
with the NucliSENS EasyQ HPV test. Fixation did not inter-
fere with the ability to amplify the RNA-free DNA extracts.
For the RNA-free DNA extracts, the U1A signal was consis-
tently absent, which suggests that the U1A primers and probe
are specific for RNA and indicate the presence of amplifiable
RNA. SurePath fixation consistently abolished the U1A signal
of DNA-free RNA extracts, which is in accordance with the
previously described poor recovery and quality of RNA from
SurePath-fixed samples using standard extraction techniques
(16, 28). The U1A negativity of some of the unfixed and
PreServCyt-fixed DNA-free RNA extracts could be the result
of other factors that influenced RNA quantity and/or integrity,
such as inefficient RNA extraction or repeated DNase treat-
ment. The absence of amplifiable RNA could also explain the
HPV16 negativity of the CaSki cell DNA-free RNA extracts.
Several DNA-free RNA extracts appeared to be U1A negative
and HPV positive, which could be the result of the longer
length of the U1A mRNA or its low expression level compared
to the HPV18 target.

Based on the plasmid dilution series, a lower detection limit
of 5 � 103 plasmid copies could be determined for HPV16, -18,
and -33 NASBA. Similar results have been shown by another
study that showed amplification of homologous plasmid DNA
using more than 104 molecules per NASBA assay under non-
denaturing conditions (38). For HPV31 and -45, NASBA could
detect 5 � 102 copies. However, both these plasmids contained
a double-stranded T7 RNA pol promoter sequence and there-
fore could not be considered representative controls (Fig. 1).

As explained above, the double-stranded T7 promoter can
be immediately used by the T7 RNA pol to produce many new
RNA molecules that are complementary to the target mRNA.
After this initiation phase, NASBA enters the cyclic or ampli-
fication phase. An HPV45 plasmid without the T7 promoter
was constructed as an appropriate control for NASBA-based
HPV45 DNA amplification. This plasmid showed HPV45 pos-
itivity (lower detection limit, 5 � 103), but unlike with the
original HPV45 plasmid, the HPV16 NASBA was negative.
These findings suggest that the molecular beacon probe for
HPV16 cross-hybridizes with amplified HPV45 ssRNA, while
the HPV16 primers do not anneal to the HPV45 DNA. The
same could apply to HPV31 ssRNA and the molecular beacon
probes for HPV16 and -45.

Our results show that the NASBA detection limit for HPV
DNA is high (between 5 � 102 and 5 � 103 HPV plasmids).
The sensitivity of the NASBA assay decreases significantly
when DNA is used as a target rather than the corresponding
RNA (23). This indicates that even in the presence of identical
amounts of DNA and RNA, the RNA target will outcompete
the DNA target for the enzymes of NASBA.

Quite a few studies have assessed the clinical performance of
commercial NASBA-based HPV RNA detection assays in
comparison to HPV DNA tests and showed a higher specificity
for the mRNA test (6, 7, 10, 18, 20, 22, 24, 35, 36). However,
some of these studies (6, 10) do not constitute a direct com-
parison of HPV DNA and RNA for the detection of clinical
end points but have been correlative; i.e., the samples were
already selected due to their HPV DNA positivity so that the
corresponding transcript could be sought. Furthermore, sev-

eral other factors hamper the establishment of consensus find-
ings across these studies: different types of clinical specimens
tested, lack of demographic data, and different type detection
ranges of the mRNA and DNA assays (9). The NucliSENS
EasyQ HPV test and the technologically related PreTect
Proofer test detect only five HR-HPV types, while the HC2
and Amplicor tests, to which they are often compared, detect
13 HR-HPV types. Consequently, it is currently not clear
whether the increased specificity of NASBA-based testing is
driven by true detection of transcripts or by detection of a
more limited range of HPV types (36). The HR-HPV types
detected by the NASBA-based tests are the most commonly
identified carcinogenic types and can be found in more than
90% of cervical tumors worldwide (8). The low positivity rates
of the NASBA-based tests compared to the DNA tests in
women with normal cytology or low-grade cervical lesions
could be explained by the presence of other HR-HPV types,
which are less likely to persist and progress to CIN2� lesions.
In this context, it should also be mentioned that the HC2 test
is known to show cross-hybridization with low-risk types not
included in the probe cocktails (37), which further undermines
its specificity for CIN2�.

Our study identified viral dsDNA as a possible target for
commercial NASBA-based HPV detection, but this does not
affect the potential clinical value of these assays. The results
suggest that redefinition of the biological significance of the
assays is appropriate. The differences in diagnostic accuracy
between the NASBA-based tests and conventional HPV DNA
detection assays seem attributable not to the more specific
amplification of viral mRNA but to the limited type range and
the lower analytical sensitivity for HPV DNA. Detection of a
confined array of HR-HPV types could be used in primary
screening or in triage of patients with abnormal cytology or a
positive wide-spectrum HPV DNA test but requires further
investigation in prospective, longitudinal studies.
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