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Abstract
The purpose of this study was to compare the detection of
human papillomavirus (HPV) DNA with detection of
mRNA. The study included 4,136 women >30 years of age.
E6/E7 mRNA expression from the carcinogenic HPV types
16, 18, 31, 33, and 45 was detected by the PreTect HPVProofer assay, whereas the presence of HPV DNA was
detected by Gp5+/6+ consensus PCR followed by typespecific PCR. A total of 4.0% had an abnormal cytologic
diagnosis, 3.0% were positive by PreTect HPV-Proofer, 4.4%
by type-specific PCR, and 10.4% by consensus PCR. For
detection of HPV in high-grade squamous intraepithelial
lesion (HSIL), no significant difference was observed
between PreTect HPV-Proofer and consensus PCR. For
women with a cytologic normal, atypical squamous cell of
uncertain significance, and low-grade SIL diagnosis, the

detection rate of HPV was significantly higher by Gp5+/6+
consensus PCR (P < 0.005) than by PreTect HPV-Proofer.
Histology confirmed 14 of 23 cytologic HSIL as cervical
intraepithelial neoplasia grade >2. Of these women, PreTect
HPV-Proofer and type-specific PCR detected 12, whereas
consensus PCR detected 13. In conclusion, for HSIL,
detection of E6/E7 transcripts from HPV types 16, 18, 31,
33, and 45 are present to the same degree as DNA detected
by consensus PCR. Equally important, only a small
proportion of the HPV DNA – positive women with a
normal, atypical squamous cell of uncertain significance or
low-grade SIL diagnosis had a detectable mRNA expression.
HPV E6/E7 mRNA detection by PreTect HPV-Proofer represents
a new promising test as an adjunct to cytology. (Cancer
Epidemiol Biomarkers Prev 2005;14(2):367 – 72)

Introduction
In some developed countries cytologic screening programs
using Papanicolaou (Pap) smears have reduced cervical
cancer incidence and mortality. Yet, cervical cancer is one
of the most common malignant diseases and leading causes
of morbidity and mortality among women worldwide (1).
Single Pap tests suffer from suboptimal sensitivity, limited
reproducibility, and many equivocal results (2, 3) and to
compensate for these deficiencies a screening program with
repeated testing combined with follow-up of positive cases is
necessary. Furthermore, difficulties predicting which cervical
lesion will progress, and the high rate of regression of lowgrade lesion detected in cytologic screening, emphasize the
need for additional prognostic and diagnostic markers for
detection of cervical cancer precursors.
Infection with high-risk HPV is the main cause of cervical
intraepithelial and invasive neoplasias (4, 5) and HPV DNA
has been detected in >90% of cervical carcinomas, with the
most common HPV types identified as HPV 16, 18, 31, 33,
and 454 (6-9). HPV is a common virus among women,
particularly in younger age groups, and most infections are
transient and asymptomatic (10, 11). Patients with persistent
infection with these HPV types have a clearly enhanced risk
of developing cervical carcinoma (12).

Large-scale screening studies have shown HPV testing as
more sensitive than cytology for the detection of high-grade
cervical lesions (13-16). However, low specificity of current
assays and commercial kits hampers the use of HPV testing
in screening. The combination of HPV DNA detection and
cytology is more suitable for risk assessment of progression
to cervical intraepithelial neoplasia (CIN) grade 3 and
carcinoma than cytology alone (17, 18).
Viral infection is targeted at the parabasal keratinocytes, but
with a relatively low level of viral E6/E7 mRNA expression (19).
However, in the upper spinous and granular layers of the
epithelium of squamous intraepithelial lesion (SIL) and cervical
carcinoma, an increasing expression of the viral oncogenes E6
and E7 occurs. This expression is necessary for conversion to
and maintenance of malignancy (20-22), and hence the detection
of the E6/E7 transcripts of high-risk HPV types might serve as a
better risk evaluation factor than mere DNA detection for the
development of HSIL. The same would be true for the
progression to cervical carcinoma (23).
The aim of the present study was to compare the detection of
HPV mRNA from the carcinogenic HPV types 16, 18, 31, 33, and
45 with the detection of HPV DNA in an outpatient screening
population in Norway with a 2-year follow-up of HSIL.
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Study Design. The present study was a cross-sectional
outpatient population – based screening study conducted in
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2001, supplemented with follow-up data from the Cancer
Registry of Norway. Cytology was compared with mRNA
detection (PreTect HPV-Proofer) and DNA detection by
type-specific and consensus PCR. Women with cytologic
HSIL were subjected to follow-up for histologic confirmation
according to guidelines for the Norwegian cervical cancer
screening program (NCCSP). Results were compared with
mRNA and DNA detection. The sensitivity, specificity, and
positive and negative predictive values of HPV testing for
detecting HSIL and of HPV testing in detecting CIN2+ in
cytologic HSIL were calculated. McNemar’s test was used
for comparison of PCR and nucleic acid sequence – based
amplification (NASBA). Student’s t test was used for
comparison of the differences in the mean follow-up time
of women with HSIL and confirmed CIN2+ in contrast to
those women with an unconfirmed CIN2+. The PCR and
NASBA reactions were done independently. Cytology,
NASBA, and PCR results were compared after all tests
were done.
Study Subjects. In the NCCSP, women are encouraged to
take a Pap smear every third year if the preceding Pap test
is normal. Women with HSIL should be followed by
immediate colposcopy and biopsy unless other medical
reasons would indicate otherwise (e.g. pregnancy in which
case close, cytologic surveillance might be preferred if there
are no indication of invasiveness). A detailed description of
the NCCSP is published elsewhere (24). In this study,
women age 30 to 69 years (n = 4,154) were included,
attending selected specialist gynecological clinics in Oslo in
the period from February to May 2001. Of 4,154 women
tested, 118 women were found negative for the U1A mRNA
sample control. These samples were tested again and this
time only 18 were negative for U1A, which were excluded
from the study. The total number of women included in the
study was 4,136. Gynecologists at 12 different clinics in Oslo
performed the Pap smears, which were then screened by
experienced cytotechnologists at two different laboratories.
In the NCCSP, a hybrid classification with both dysplasia
(WHO’s classification) and CIN are used. In this article, the
cytologic diagnoses HPV condyloma, CIN1, and mild
dysplasia are defined as low-grade SIL (LSIL), whereas
CIN2, CIN3, atypical glandular cell of uncertain significance,
atypical squamous cell – cannot rule out high-grade lesion
(ASC-H), moderate dysplasia, severe dysplasia, carcinoma
in situ, and cervical cancer are defined as HSIL. Patients
diagnosed with HSIL are referred to biopsy. For histopathologic evaluation, the WHO nomenclature and criteria are
used.
Collection of Sample Material. The cervical samples were
collected with a Cervex Brush (Rovers Medical Devices, Oss,
the Netherlands) that was immersed in 9 mL of Nuclisens lysis
buffer [5 mol/L guanidine thiocyanate, 0.1 mol/L Tris (pH 6.4),
20 mmol/L EDTA, and 1.2% (w/v) Triton X-100; BioMérieux,
Boxtel, the Netherlands] directly after a cytologic smear was
done. The samples in lysis buffer were stored at 70jC.
Automated DNA/RNA Isolation. The isolation of DNA/
RNA was done according to Boom’s isolation method (25)
using the Nuclisens Extractor (BioMérieux) and the protocol
for automated isolation. DNA/RNA was isolated from 1 mL of
the 9 mL cervical smear sample in lysis buffer. DNA/RNA was
eluted in 40 to 50 AL elution buffer [1 mmol/L Tris-HCl
(pH 8.5)] and stored at 70jC.
PCR. Isolated DNA, stored at 70jC for no more than 6
months, was subjected to PCR using the consensus GP5+/6+
primers (26). Gp5+/6+ PCR was carried out in a 50-AL
reaction volume containing 75 mmol/L Tris-HCl (pH 8.8 at
25jC), 20 mmol/L (NH4)2SO4, 0.01% Tween 20, 200 Amol/L
each of deoxynucleotide triphosphate, 1.5 mmol/L MgCl2,

1 unit recombinant Taq DNA Polymerase (Fermentas Inc.,
Hanover, MD), 50 pmol of each primer, and 3 AL DNA. A
2-minute denaturation step at 94jC was followed by 40
cycles of amplification in a PCR processor (Primus 96, HPL
block, MWG, Ebersberg, Germany). Each cycle included a
denaturation step at 94jC for 1 minute, a primer annealing
step at 40jC for 2 minutes, and a chain elongation step at
72jC for 1.5 minutes. The final elongation step was
prolonged by 4 minutes to ensure a complete extension of
the amplified DNA.
HPV type-specific PCR for HPV type 16, 31, and 33 were
done according to Karlsen et al. (27), and HPV types 18
and 45 according to the following PCR protocol (NorChip
AS, Klokkarstua, Norway). Only Gp5+/6+ PCR-positive
samples were tested by type-specific PCR. The HPV 18
PCR reagent mixtures were similar to the Gp5+/6+ PCR
reagent mixture, except for the inclusion of 2.0 mmol/L
MgCl2 rather than 1.5 mmol/L. The HPV 45 PCR was
carried out without (NH4)2SO4 and Tween 20, but included
10 mmol/L Tris-HCl (pH 8.3 at 25jC), 50 mmol/L KCl, and
0.001% gelatin. HPV type-specific PCR used 25 pmol of
each primer. A 2-minute denaturation step at 94jC was
followed by 35 cycles of amplification. Each cycle included
a denaturation step at 94jC for 0.5 minute, a primerannealing step at 57jC for 0.5 minute, and a chain
elongation step at 72jC for 1 minute. The final elongation
step was prolonged by 10 minutes to ensure a complete
extension of the amplified DNA.
A h-globin primer set was used to assess specimen
adequacy (Operating procedure, University Hospital Vrije
Universiteit, Amsterdam, the Netherlands). HeLa cells were
used as positive controls for HPV 18, whereas SiHa or CaSki
were used as positive control for HPV 16. No positive controls
for HPV 31, 33, and 45 were run, due to lack of cell lines
containing these HPV types. Water was used as negative
control. Visualization of the PCR products was done on a DNA
500 chip according to the manufacturer’s protocol (Agilent
Technologies, Palo Alto, CA). The DNA chip uses a microscale
gel electrophoresis with an optimal detection limit of 0.5 to
50 ng/AL. The results were interpreted using the Bioanalyzer
2100 software.
PreTect HPV-Proofer. The PreTect HPV-Proofer assay
uses real-time multiplex NASBA, which amplifies mRNA
in a DNA background with real-time detection of the
products by molecular beacon probes. The PreTect HPVProofer assay was done according to the manufacturers
instructions (NorChip) and automatically using RoboRead
(MWG): Briefly, three premixes were made by reconstitution of reagent sphere (nucleotides, dithiotreitol and MgCl2)
in reagent sphere diluent (Tris-HCl, 45% DMSO), followed
by addition of either U1A/HPV 16, HPV 33/45, or HPV
18/31 primer/molecular beacon mixes and KCl stock
solution; 10 AL of this premix were distributed to each
well in a reaction plate, followed by addition of 5 AL RNA
(diluted 1:5) before incubation for 4 minutes at 65jC to
destabilize secondary structures of RNA, followed by
cooling down to 41jC. The reaction was started by addition
of enzymes (AMV-RT, RNase H, T7 RNA polymerase, and
bovine serum albumin) and measured in real-time using the
Lambda FL 600 fluorescence reader (Bio-Tek, Winooski, VT)
at 41jC for 2 hours and 30 minutes. Total reaction volume
was 20 AL.
The RNA was stored for f1 year at 70jC before they
were tested by NASBA. RNA isolated from CaSki cells was
used as positive control for HPV 16. Artificial and standardized oligo’s, corresponding to the viral sequence, were used
as positive control for HPV 18, 31, 33, and 45. Water was
used as negative control. The U1A serve as mRNA quality
control.
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Table 1. Age distribution of women with normal smear, HSIL smear, and HPV-positive test results
Age group
(y)

Women
(%)

30-39
40-49
50-59
>60
Total

24.7
29.3
29.2
16.8
100

(n
(n
(n
(n
(n

=
=
=
=
=

1,023)
1,211)
1,208)
694)
4,136)

Normal index
smear (%)

HSIL index
smear (%)

PreTect
HPV-Proofer (%)

Type-specific
PCR (%)

Consensus
PCR (%)

94.8
96.1
96.4
96.8
96.0

1.4
0.5
0.3
0.1
0.6

5.9
2.6
1.9
1.7
3.1

8.8
3.6
2.6
2.6
4.4

15.3
9.4
8.2
8.7
10.4

NOTE: PreTect HPV-Proofer and type-specific PCR detect HPV types 16, 18, 31, 33, and 45. Type-specific PCR has been performed on Gp5+/6+ consensus
PCR – positive samples.

A newly developed software package (PreTect Analysis
Software, NorChip) was used for analysis of the experimental
data. The excitation k (nm) filters for FAM and Texas Red are
485/20 and 590/20, and the emission k (nm) filters are 530/25
and 645/40, respectively.

Results
Cytologic Findings. The age distribution of women having a
normal smear, HSIL smear, and HPV test positive results is
given in Table 1. The age distribution was 24.7% in the group
age 30 to 39 years, 29.3% in the group age 40 to 49 years, 29.2%
in the group age 50 to 59 years, and 16.8% in the group age >60+
years. The mean age was 48.9 years (range = 30-91 years). A
total of 98.2% of the 4,136 women included had taken at least
one Pap smear with an average number of 5.3 during the
previous 10-year period. The average number of Pap smears
for PreTect HPV-Proofer negative women was 5.2 and 5.8
for the positive women (not significantly different).
A total of 96% of the women had a normal Pap smear
(n = 3,970) whereas 4.0% had a diagnosis of cytologic
abnormality or an unsatisfactory Pap smear (n = 166). HSIL
was diagnosed in 0.6% (n = 25), whereas 1.55% was diagnosed
as unsatisfactory (n = 64), and 1.38% and 0.48% were
diagnosed as ASC of uncertain significance (ASCUS, n = 57)
or LSIL (n = 20), respectively (Table 2).
Positive Cases by HPV Tests. A total of 126 women (3.0%)
were positive for E6/E7 transcripts from HPV types 16, 18, 31, 33,
and 45, whereas 183 women (4.4%) were positive for HPV DNA
from the same five HPV types (Table 2). In contrast, 429 women

(10.4%) were positive with consensus PCR. A total of 2.4% (n =
95) of the cytologically normal samples were positive for HPV
by PreTect HPV-Proofer, compared with 3.6% (n = 144) and 9.3%
(n = 368) for type-specific and Gp5+/6+ consensus PCR,
respectively. In the ASCUS group, the HPV detection rates were
21.1% (n = 12), 24.6% (n = 14), and 47.4% (n = 27) for PreTect HPVProofer, type-specific PCR, and consensus PCR, respectively. In
the LSIL group, the same numbers were 30% (n = 6), 50% (n = 10),
and 75% (n = 15), respectively. In the HSIL group, HPV was
detected in 52% (n = 13) by PreTect HPV-Proofer and typespecific PCR and 64% (n = 16) by consensus PCR.
HPV Detection in Relation to Cytology. The HPV DNA
and E6/E7 mRNA prevalence from the five carcinogenic HPV
types 16, 18, 31, 33, and 45 was in the range of 2.4% in cytologic
normal to 52% in HSIL (Table 2). The HPV DNA prevalence
detected by consensus PCR, was in the range of 9.3% to 64%.
The detection of HPV in cytologically normal and LSIL women
was significantly higher by type-specific PCR (McNemar’s P <
0.05) than for PreTect HPV-Proofer. For the cytologically
normal, ASCUS, and LSIL women, but not for HSIL women,
the frequency of HPV DNA positive women detected by
Gp5+/6+ consensus PCR was significantly higher than by
mRNA detection (McNemar’s P < 0.005). Furthermore, for the
women having an unsatisfactory smear, no mRNA expression
was observed, whereas type-specific PCR and consensus PCR
detected 3.1% and 4.7%, respectively.
Overall Agreement between PreTect HPV-Proofer and
PCR. A total of 98 (2.4%) women were positive for HPV by
both Gp5+/6+ consensus PCR and PreTect HPV-Proofer,
whereas 331 (8.0%) women were positive only by consensus

Table 2. Number of HPV positive samples detected by PreTect HPV-Proofer and PCR
Cytology

Normal (n = 3,970)
Gp5+/6+ PCR
Positive
P < 0.000
Negative
Unsatisfactory (n = 64)
Gp5+/6+ PCR
Positive
P = 0.083
Negative
ASCUS (n = 57)
Gp5+/6+ PCR
Positive
P < 0.000
Negative
LSIL (n = 20)
Gp5+/6+ PCR
Positive
P = 0.003
Negative
HSIL (n = 25)
Gp5+/6+ PCR
Positive
P = 0.083
Negative
Total (n = 4,136)
Gp5+/6+ PCR
Positive
P < 0.000
Negative

PreTect HPV-Proofer

PreTect HPV-Proofer

Positive

Negative

Positive

68
27

300
3,575

TS-PCR
P < 0.000

Positive
Negative

71
24

73
3,802

0
0

3
61

TS-PCR
P = 0.157

Positive
Negative

0
0

2
62

11
1

16
29

TS-PCR
P = 0.317

Positive
Negative

11
1

3
42

6
0

9
5

TS-PCR
P = 0.046

Positive
Negative

6
0

4
10

13
0

3
9

TS-PCR
P =1

Positive
Negative

13
0

0
12

98
28

331
3,679

TS-PCR
P < 0.000

Positive
Negative

101
25

82
3,928

Negative

NOTE: PreTect HPV-Proofer and type-specific PCR detects HPV types 16, 18, 31, 33, and 45. Type-specific PCR was done on Gp5+/6+ consensus PCR – positive
samples. The probability calculus was done using McNemar’s test.
Abbreviation: TS-PCR, type-specific PCR.

Cancer Epidemiol Biomarkers Prev 2005;14(2). February 2005

Downloaded from cebp.aacrjournals.org on June 15, 2021. © 2005 American Association for Cancer Research.

369

370

Detection of HPV DNA and mRNA
Table 3. Distribution of HPV types among HPV-positive samples
Cytology

HPV 16

HPV 18

HPV 31

HPV 33

HPV 45

Proofer* (%) PCR (%) Proofer* (%) PCR (%) Proofer* (%) PCR (%) Proofer* (%) PCR (%) Proofer* (%) PCR (%)
Normal (n = 3,970)
16
Unsatisfactory (n = 64) 0
ASCUS (n = 57)
7
LSIL (n = 20)
3
HSIL (n = 25)
6
Total (n = 4,136)
32

(0.4)
(12.3)
(15.0)
(24.0)
(0.8)

53
1
9
5
7
75

(1.3)c 18 (0.5)
(1.6)
0
(15.8) 2 (3.5)
(25.0) 1 (5.0)
(28.0) 3 (12.0)
(1.8) 24 (0.6)

32
0
2
1
3
38

(0.8)c 27
0
(3.5)
1
(5.0)
0
(12.0) 1
(0.9) 29

(0.7)
(1.8)
(4.0)
(0.7)

36
1
1
2
2
42

(0.9)c 21 (0.5)
(1.6)
0
(1.8)
1 (1.8)
(10.0) 0
(8.0)
4 (16.0)
(1.0) 26 (0.6)

22
0
1
0
4
27

(0.6)

16
0
(1.8)
2
2
(16.0) 0
(0.7) 20

(0.4)
(3.5)
(10.0)
(0.5)

18
0
2
2
0
22

(0.5)
(3.5)
(10.0)
(0.5)

NOTE: PreTect HPV-Proofer and Gp5+/6+ consensus PCR were performed on all samples. PreTect HPV-Proofer and type-specific PCR detects HPV types 16, 18, 31,
33, and 45. Type-specific PCR was done on Gp5+/6+ consensus PCR – positive samples. The probability calculus was done using McNemar’s test.
*Proofer = PreTect HPV-Proofer.
cMcNemar’s P < 0.05, significant different from PreTect HPV-Proofer.

PCR. Twenty-eight (0.7%) women were positive only by
PreTect HPV-Proofer. For type-specific PCR, the
corresponding numbers were 101 (2.4%), 82 (2.0%), and 25
(0.6%), respectively.
Comparison of HPV Type-Specific mRNA and DNA
Detection Related to Cytology. In women with a cytologically normal diagnosis (n = 3,970), E6/E7 mRNA was
expressed in only 30% of the HPV 16, 56% of the HPV 18
and 75% of the HPV 31 DNA – positive women (Table 3). This
difference was significant (McNemar’s P < 0.05). For HPV 33
and 45, no significant differences were found. In the cytologic
ASCUS, LSIL, and HSIL women, no significant differences
between DNA and mRNA detection were observed for HPV
types 16, 18, 31, 33, and 45. An overall higher prevalence of
HPV was detected in the women with cervical cell abnormalities, with HPV 16 as the most common type.
Women positive for HPV mRNA, yet negative for DNA,
were retested with Gp5+/6+ consensus PCR and type-specific
PCR. Seven cytologically normal women, positive for HPV 31
mRNA, were negative by Gp5+/6+ consensus PCR but
positive by type-specific PCR.
HPV Distribution and Subsequent Patient Histology
within 2 Years. Women diagnosed with cytologic HSIL were
followed up for any histology within 2 years (Table 4). Of the
25 cytologic HSIL women (including one squamous cell
carcinoma), 14 were confirmed as CIN2+ by histology. In
these 14 women, the index cytology was HSIL/CIN2 (n = 1),
HSIL/CIN3 (n = 11), HSIL/ASC-H (n = 1), and HSIL/
squamous cell carcinoma (n = 1). One woman with HSIL/
CIN3 index cytology was not confirmed by histology. Two
women in the cytologic HSIL group lacked follow up. From the
14 women confirmed by histology, the PreTect HPV-Proofer
assay identified E6/E7 mRNA in 12 women in the index
cytology test, which was identical to type-specific PCR. Gp5+/
6+ consensus PCR identified 13 women positive for HPV
DNA. The one CIN2+ woman positive for Gp5+/6+ PCR, but
negative by PreTect HPV-Proofer, was typed to be HPV 35 by
PCR.
Mean, Median, and Time Range for Cytologic HSIL
Diagnosis to Histologic CIN2+. In almost all cases the followup of cytologically HSIL women occurred early in the follow-up
period, and there was not a statistical difference (t test, P = 0.29)
in the mean time until outcome of follow-up between women
with CIN2+ and those without (Table 5).
Sensitivity, Specificity, Predictive Value, and Prevalence.
The specificity of PreTect HPV-Proofer for detection of
cytologic HSIL was 97.3% whereas the positive predictive
value was 10.3%, compared with 90% and 3.7% by Gp5+/6+
consensus PCR (Table 6). For detection of histologic CIN2+ in
cytologic HSIL diagnoses, the specificity of PreTect HPVProofer was 88.9% whereas the positive predictive value was
92.3% for PreTect HPV-Proofer, and 66.7% and 81.3% for

Gp5+/6+ consensus PCR. The sensitivities and negative
predictive values are given in Table 5. The prevalence of
cytologic HSIL was 0.6% overall and 60.9% in the women with
histologically confirmed CIN2+.

Discussion
This study is a comparison of DNA and RNA detection
techniques, applied on a cytologic screening material. E6/E7
transcripts from the high-risk HPV types 16, 18, 31, 33, and 45
were detected in 4,136 women, by using the real-time
multiplex NASBA based detection method PreTect HPVProofer (NorChip). HPV DNA was detected by consensus
and type-specific PCR from the same five high-risk types.
Women with cytologic HSIL were subjected to follow-up for
histological confirmation according to guidelines for the
NCCSP. Cytologic and histologic data were supplemented by
the Cancer Registry of Norway.
The women recruited for this study, older than 30 years of
age, had several previous Pap tests. This may explain the low
percentage of women with a cytologic HSIL diagnosis and
therefore the low prevalence of histologic CIN2+. In addition,
some women with a CIN2+ lesion may not have been
detected due to a negative cytology result or due to an
ASCUS or LSIL diagnosis, and hence not tested by histology.
For women with a cytologic HSIL diagnosis, the prevalence
of HPV detected by PreTect HPV-Proofer and PCR was not
significantly different. When excluding women not confirmed
as CIN2+ on the histologic follow-up within 2 years, the
detection rate for PreTect HPV-Proofer and type-specific PCR
was 86%, whereas consensus PCR detected 93%. This
difference is due to one HPV 35 infection, which is not
detected by the PreTect HPV-Proofer assay. A high detection
rate for E6 and E7 transcripts in CIN and cervical carcinomas
has also been observed by Nakagawa et al. (28). In studies of
histologically proven CIN3 and invasive cervical carcinoma,

Table 4. Histology results within 2 years after index HSIL
cytology
Histology

PreTect
HPV-Proofer (%)

Type-specific
PCR (%)

Gp5+/6+
PCR (%)

*Normal (n = 9)

1 (11)
12 (86)
13 (57)

1 (11)
12 (86)
13 (57)

2 (22)
13 (93)
15 (65)

CIN2+ (n = 14)
Total (n = 23)

NOTE: PreTect HPV-Proofer and type-specific PCR detects HPV types 16, 18, 31,
33, and 45. Type specific PCR was done on Gp5+/6+ consensus PCR – positive
samples. The probability calculus was done using McNemar’s test.
PCR and PreTect HPV-Proofer results are from the index cytology test. The
differences are not significant different with McNemar’s test. Two cases
excluded, due to lack of follow-up, were negative for HPV DNA and mRNA.
*Normal histology is defined as less than CIN2 or normal by cytology or
histology.
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Table 5. Mean, median, and range of time interval between
HSIL diagnosis and histology
Histology after
HSIL cytology

n

Mean time
(months)

Median time
(months)

Min/Max
(months)

CIN2+
*Normal

14
9

2.6
4.1

1
3

1/10
2/13

NOTE: Two cases without follow-up within 24 months.
P = 0.29 (t test for differences in mean follow-up time).
*Normal histology is defined as less than CIN2 or normal by cytology or
histology.

it has been shown that DNA and mRNA detection is
practically identical4 (29). The low prevalence of cytologic
HSIL explains the relatively low positive predictive values,
since predictive values are dependent on the prevalence.
Among the cytologic HSIL women, however, the prevalence of
histologic CIN2+ was much higher and therefore also the
positive predictive values.
In women with normal cytology, consensus PCR detected
almost four times as many HPV positive and more than twice
as many women with an ASCUS and LSIL diagnosis than
PreTect HPV-Proofer. This difference was also observed
between type-specific PCR and PreTect HPV-Proofer, with
the most noticeable difference seen among cytologically
normal women, where HPV 16 and 18 DNA was detected in
respectively thrice and twice as many women as with RNA.
For HPV 31, a similar result was observed. Sotlar et al. detected
E6/E7 spliced transcripts in 50% of the HPV 16 infected
normal and mildly dysplastic epithelia (23), whereas Falcinelli
et al. did not observe any E6 mRNA expression in cytologically
normal women but in 50% of the cytologically abnormal
women (30).
An important issue in detection of HPV mRNA is the
differentiation specific expression levels and the type of
epithelium sampled by a routine swab. All infections have a
controlled expression of E6/E7 at some time interval in the
normal viral life cycle, as they are necessary viral proteins to
carry out the viral life cycle (19). This may reflect the lack of
detectable mRNA in LSIL and cytologically normal DNA –
positive infections. Normal E2-induced down-regulation of
E6 and E7 is followed by epithelial differentiation. Nontransforming HPV infections would not be as likely to
express E6/E7 in the differentiated exfoliating epithelial
cells that are sampled, whereas a dedifferentiated neoplasia
would be expressing more E6/E7 in the surface epithelium.
In terms of sensitivity for dysplastic lesions, mRNA detection hence will not have a lower sensitivity than DNA
detection.
The use of HPV DNA testing for the triage of ASCUS and
LSIL smears has been investigated by the ASCUS-LSIL Triage
Study group (31-33). They found that a very high percentage of
women with cytological diagnosis of LSIL were positive for
HPV with the Hybrid Capture II assay, and for that reason,
they concluded that there is limited potential for HPV testing
in the clinical management of these women. In our study,
however, for cytologically normal and LSIL women the E6/E7
mRNA prevalence found by the PreTect HPV-Proofer assay
was considerably lower than by consensus PCR and also by
type-specific PCR, yet nearly identical in histologically
confirmed CIN2+.
An important issue in screening for cervical carcinoma is
to keep the number of women referred to costly follow-up
at a minimum, without substantially decreasing the sensitivity.
For women with a cytologic ASCUS and LSIL diagnosis, the
detection of E6/E7 transcripts may be more relevant than
detection of DNA as a prognostic tool for risk evaluation

regarding the development of CIN and its progression to
cervical cancer (23). This minimizes unnecessary concern
among HPV DNA positive women with a low risk for
progression to HSIL. Consequently, a combination of HPV
RNA testing and cytology done in a primary screening context
may give the most optimal sensitivity and specificity. However,
longer follow-up of women with cytologically normal, ASCUS,
and LSIL diagnosis is needed.
Based on this study, as well as other studies done on
dysplasia and carcinomas, a natural question is the number
of different HPV types needed for efficient screening as an
adjunct to cytology. Type-specific identification is important
for monitoring possible persistent infections, which is a
major risk factor for development of severe dysplasia (34).
However including additional HPV types makes the testing
procedure more complicated and also increases the detection rate for cervical carcinomas merely marginally. Today,
15 HPV types have been classified as high risk and sorted
according to decreasing prevalence in cancer samples
worldwide (8, 35). Detecting the five high-risk HPV types
16, 18, 31, 33, and 45 will identify most of the carcinoma
cases worldwide, but regional differences have to be taken
into regard. The choice of test procedure also depends on
the local strategy; whether all women at risk for CIN2+
should be identified no matter the cost, or whether some
women can be missed by screening to keep the costs
down.
A limitation of our study is the testing by type-specific PCR
only on the Gp5+/6+ consensus PCR positive samples and
hence sensitivity, specificity, and predictive values cannot be
calculated for type-specific PCR. However, performing typespecific PCR on all samples was considered too labor intensive
in relation to a possible gain in information. In addition, the
PCR products were detected by gel electrophoresis, and not by
hybridization probes, which would have optimized the
procedure and enhanced the sensitivity. Also, according to
Norwegian guidelines, confirmation by histology has only
been done on cytologic HSIL and consequently, some
histologic CIN2+ may have been missed. Hence, the sensitivity
and specificity values reported may be inflated due to
verification bias.
In conclusion, for HSIL and CIN2+, E6/E7 transcripts from
HPV types 16, 18, 31, 33, and 45 are present to the same degree as
DNA detected by consensus PCR. Equally important, only a
small proportion of the HPV DNA positive women with a
cytologically normal, ASCUS, or LSIL diagnosis had a detectable mRNA expression. Introduction of carcinogenic HPV E6/
E7 mRNA detection by PreTect HPV-Proofer represents a new
promising technology in HPV diagnostics work as adjunct to
cytology.
Table 6. Sensitivity, specificity, PPV, and NPV for PreTect
HPV-Proofer and consensus PCR on cytological HSIL and
histological CIN2+ samples
All cytology (n = 4,136),
end-point cytological HSIL
(n = 25), %

Sensitivity
Specificity
PPV
NPV

Cytological HSIL (n = 23),
end-point histological
CIN2+ (n = 14), %

PreTect
HPV-Proofer

Gp5+/6+ PreTect
PCR
HPV-Proofer

Gp5+/6+
PCR

52.0
97.3*
10.3
99.7

64.0
90.0
3.7
99.8

92.9
66.7
81.3
85.7

85.7
88.9
92.3
80.0

NOTE: Women with cytological HSIL have been followed-up by histology.
Abbreviations: PPV, positive predicted value; NPV, negative predicted value.
*Significant different according to nonoverlapping 95% confidential intervals
(data not shown).
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