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High risk types of human papillomaviruses E6/
E7 oncogenes and their association with tumor
suppressor genes products are the key factors
of cervical carcinogenesis. This study proposed
them as specific markers for cervical dysplasia
screening. The aim of the study is to compare
the clinical and prognostic significance of HPV
E6/E7 mRNA as an early biomarker versus HPV
DNA detection and cytology in triage of woman
for cervical cancer. The study group consists of
413 women: 258 NILM, 26 ASC-US, 81 LSIL, 41
HSIL, and 7 unsatisfactory cytology. HPV4AACE
screening, real-time multiplex PCR and MY09/11
consensus PCR primers methods were used for
the HPV DNA detection. The real-time multiplex
nucleic acid sequence-based assay (NucliSENS
EasyQ HPV assay) was used for HPV E6/E7
mRNA detection of the five most common high
risk HPV types in cervical cancer (16, 18, 31, 33,
and 45). The results show that HPV E6/E7 mRNA
testing had a higher specificity 50% (95% CI 32–
67) and positive predictive value (PPV) 62%
(95% CI 46–76) for CIN2þ compared to HPV DNA
testing that had specificity of 18% (95% CI 7–37)
and PPV 52% (95% CI 39–76) respectively. The
higher specificity and PPV of HPV E6/E7 mRNA
testing are valuable in predicting insignificant
HPV DNA infection among cases with borderline
cytological finding. It can help in avoiding
aggressive procedures (biopsies and over-refer-
ral of transient HPV infections) as well as low-
ering patient’s anxiety and follow up period.
J. Med. Virol. 87:1578–1586, 2015.
# 2015 Wiley Periodicals, Inc.

KEY WORDS: HPV DNA; HPV E6/E7 mRNA;
PPV; specificity; cervical cancer
screening

INTRODUCTION

Cervical cancer (CC) is the third most common
cancer affecting women worldwide [Arbyn et al.,
2008]. The incidence and mortality have been re-
cently lowered due to the implementation of preven-
tive cervical screening programs. Nevertheless it is
still one of the most common malignant diseases and
leading cause of morbidity and mortality among
women worldwide [Hakama et al., 2008]. Cervical
carcinogenesis is strongly associated with persistent
infection with HR (high-risk) human papillomavirus
(HPV) [zur Hausen, 1996; Thomison et al., 2008].
Human papillomavirus belongs to the Papillomavir-
idae family. Its presence is found in 99.7% cervical
cancers worldwide [Walboomers et al., 1999]. The
most frequent HPV genotypes in cervical cancer are
HPV 16, 18, 31, 33, and 45 [Bosch et al., 2002].
Cytomorphological examination of cervical smear is
widely applied, but it is not an ideal screening
method for cervical cancer and its precursors (cervi-
cal intraepithelial neoplasia—CIN) due to low sensi-
tivity of approximately 55% for detection of high-
grade CIN [Koss, 1993; Robertson and Woodend,
1993; Mayrand et al., 2007; Arbyn et al., 2008].
The high risk HPV (HR-HPV) DNA testing had

improved the cervical cancer screening significantly
[Bovicelli et al., 2000; Sherman et al., 2003] but its
positive predictive value (PPV) and the specificity are
still low especially when applied on the young
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population [Kulasingam et al., 2002; Schiffman et al.,
2005; Mayrand et al., 2007]. As most HPV infections
are transient, HPV DNA testing could result in
increased costs and patient anxiety in the follow-up
of women with clinically insignificant infection [Ver-
doodt et al., 2013].
Former studies have shown that more specific tests

should be used to minimize the over-referral for
colposcopy and treatment. Many new studies propose
HPV E6/E7 mRNA testing as more specific test than
HPV DNA, repeated cytology, and colposcopy for the
follow-up of women with borderline finings (ASC-US,
LSIL) [Galarowicz et al., 2012; Koliopoulos et al.,
2012; Oliveira et al., 2013; Munkhdelger et al., 2014;
Zappacosta et al., 2015] and useful as a screening
marker for early prediction and subsequent progres-
sion to severe dysplasia [Mockel et al., 2011; Rijkaart
et al., 2012; Argyri et al., 2013].
It is well established that the viral oncogenes E6

and E7 are responsible for HPV initiated cervical
oncogenesis. Only a small portion of the high risk
HPV positive patients develop cervical carcinoma
(CC). It is very important to predict which patients
are with increased risk for cervical lesion progres-
sion. HPV E6 and E7 oncogene active transcription
can be monitored directly through the detection of
E6/E7 viral mRNA transcripts or proteins [Cuschieri
and Wentzensen, 2008; Lie and Kristensen, 2008;
Schweizer et al., 2010] or indirectly through p16 host
protein expression [Benevolo et al., 2006; Carozzi
et al., 2008] affected by the HR-HPV E7 protein and
its up-regulation.
In May 2011 the Institute of Public Health of R.

Macedonia (IPH) introduced the new NucliSENS
EasyQ HPV test for screening of woman who under-
went the cervical screening program. In this study
we have evaluated the clinical value of this test in
terms of the improved HPV detection specificity
which may lead to the reduction of the repeated
cytological and colposcopical evaluation.

MATERIAL AND METHODS

Study Subjects and Collection of the Samples

Samples were collected from September 2011 to
March 2013 from patients that came for cervical
cancer screening in private gynecological clinics in
Skopje, Macedonia. Written consent was obtained
from all participants. The participant received a self-
administered questionnaire requesting personal data.
Additional part of the questionnaire (cytological sta-
tus data for >6 months ago) was filled-in by the
gynecologist of the participants. The actual results
from the cytological and histological analysis were
obtained from the Oncology departments for all the
patients respectively. The participants underwent
cytology, colposcopy, and sampling for subsequent
HPV testing. In cases where colposcopy suggested the
presence of suspicious lesions, biopsy specimens were
obtained for histopathological evaluation.

The study group consisted of 413 women between
19 and 78 years of age including seven women with
unsatisfactory cytology. All of them were analyzed for
presence of HPV DNA and E6/E7 mRNA. Eighty
three of them consisted a group of HPV DNA positive
woman for the five most common types (HPV 16, 18,
31, 33, and 45) detected previously at RCGEB, MASA
laboratories. This group was included in the study to
increase the power of statistical analysis. The study
protocol was approved by IPH of R. Macedonia.
The cytological diagnosis was done by cytopatholo-

gists using the Bethesda classification system. Histol-
ogy was performed with specimens collected by a
colposcopy-directed biopsy and/or cone specimens
collected by the loop excision procedure. Histology
results were obtained for 15.02% (61/406). The path-
ologists involved in the cytological and histological
assessments were not involved in testing for HPV.
Cervical specimens for nucleic acid analyses were

collected with a cervical brush by standard proce-
dures. The material was preserved in PreservCyt/
ThinPrep solution (Cytyc Corporation, Boxborough,
MA) or in VTM (Viral Transport Medium—PBS).
Analyses of the samples were performed by the
Laboratory for Virology and Molecular Diagnostics at
the IPH, in Skopje, Macedonia.

Nucleic Acid Isolation

Total nucleic acid was extracted from the pellet
after centrifuging the cervical specimen in VTM
according to the NucliSens protocol using miniMAG
platform (bioMerieux, Lyon, France). The nucleic
acids were eluted in a 55ml elution buffer and were
further processed for HPV DNA testing as well as
mRNA detection.

HPV DNA Detection and Genotyping

HPV DNA analyses were performed using three
methods – two commercially available kits and one in
house method.
Seeplex1 HPV4AACE screening, assay Seegene

(Seoul, Korea) is based on dual priming oligonucleo-
tide technology (DPOtm) that enables high specific
priming, stable annealing and blocking of not-specific
annealing of primers/probes to the target during the
PCR reaction. It was used as a commercial test for
the first line HPV DNA screening. The test enables
differentiation between low risk HPV types (6 and
11) and 16 most frequent high risk HPV types (26,
31, 33, 35, 39�, 45, 51, 52�, 53, 56, 58, 59, 66, 68�, 73,
82) but doesn’t allow specific type identification with
the exception of genotyping for the two high risk
HPV types 16 (500 bp band) and 18 (360 bp) and the
two low risk types HPV 11 and 6 (260 bp). The others
are referred as high risk (HR) types (450 bp).

Qualitative Real Time HPV Typing PCR

HPV positive samples obtained from screening
tests that were not classified as HPV 16, HPV 18, or
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low risk HPV 11 and HPV 6 but only as high risk
types by the HPV 4 ACE test, additionally were
identified using the HPV high risk genotyping multi-
plex real time PCR test (Sacace, Como, Italy). The
test enabled the detection of the 12 most frequent HR
HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
and 59) and it is composed of four different tubes for
multiplex analysis. Each tube contains a primer
directed against regions of three HPV types and b-
globin gene used as an internal control.
All HPV samples that were positive at the 4ACE

HPV screening test and not genotyped with real time
PCR, were genotyped using MY09/MY11 consensus
primers located in the L1 region of the virus. MY09/
MY11 positive samples were typed by restriction
fragment length polymorphism (RFLP) analysis of
PCR amplified fragments using BamHI, DdeI, HaeIII,
HinfI, PstI, RsaI, and Sau3 AI restriction enzymes
[Bernard et al., 1994]. This method enables addi-
tional genotyping of the types not included in the
real time genotyping test (HPV 26, 28, 41, 42, 46, 53,
66, 68, 72, 73, 82…).

HPV mRNA Detection

HPV mRNA was detected with the NucliSENS
EasyQ HPV test according to the manufacturer’s
instructions. In brief, three premixes were made by
the reconstitution of reagent spheres of U1A/HPV16,
HPV18/31, and HPV33/45 primer/molecular beacon
mixes and KCl stock solution. The reaction was
started by the addition of enzymes and measured in
real time in isothermal condition of the NucliSENS
EasyQ analyzer at 41˚C. Data analysis were per-
formed 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. Human U1 small
ribonucleoprotein (U1A mRNA) was used as a RNA
integrity/adequacy internal control. When the U1A
amplification was not detected, the test result was
determined invalid. To evaluate the run validity,
positive controls for U1A/HPV16, HPV18/HPV31, and
HPV33/45 were included.

Statistic

The calculation of the test concordance between
HPV DNA and HPV E6/E7 mRNA detection was
done by Cohen’s kappa test. The k values of <0.20
indicate poor agreement, 0.21–0.40 fair agreement,
0.41–0.60 moderate agreement, 0.61–0.80 substantial
agreement and >0.80 indicate nearly perfect
agreement.
Significance of the overall test agreement for cases

with CIN2þ and for <CIN2 was calculated with
McNemar’s P value. Fisher’s exact test was used for
defining statistical significance for either assay clin-
ical performance. For this purpose GraphPad scien-
tific statistical software-QickCalck was used (http://

www.graphpad.com/quickcalcs). Sensitivity, specific-
ity, PPV and NPV were calculated using two statistic
software package—Clinical calculator (http://vassar-
stats.net/clin1.html) and calculator from the Center
for Based Medicine, Toronto (http://ktclearinghouse.
ca/cebm/practise/ca/calculators/statscalc).

RESULTS

This study asseses the clinical performance of HPV
E6/E7 mRNA (NucliSens EasyQ HPV assay) in
comparison with DNA based test for HSIL. The
examination was done on patients referred to routine
screening that underwent cytological, HPV and colpo-
scopical examination. The majority of these patients
had cytological findings within the normal limits and/
or low-grade disease. In seven specimens, cytology
showed qualitatively-unsatisfactory material for cyto-
logical analysis. All seven patients were HPV DNA
positive. Among cases with cytological defined diag-
noses, 258 women (63.5%) had NILM, 26 women
(6.4%) had ASC-US, 81 women (20.0%) had LSIL,
and 41 women (10.1%) had HSIL.
In 15.0% (61/406) of women, histology was ob-

tained by colposcopically directed biopsy. Ten biop-
sies (16.4%) were normal, 22 women (36.1%) had
CIN1, 20 women (32.8%) had CIN2 and 9 women
(14.8%) had CIN3. In three patients with normal
cytology and colposcopically suspected findings, his-
tology was normal in two women and CIN2 in one
woman. From 26 patients with ASC-US, histology
was performed in three cases, one normal and two
CIN1. In the LSIL group (n¼ 81) biopsy was
performed on 21 cases; three normal, 16 CIN1 and
two CIN2.
Within the group of patients with HSIL cytology

(n¼ 41), biopsy was performed in 34 cases: three
normal, five CIN1, 17 CIN2, and 9 CIN3.
A total of 185 of the 413 (44.8%) studied woman

were positive at the HPV DNA test. The cytology was
unsatisfactory in seven of the 185 HPV positive
women. A total of 138 (74.5%) patients were positive
for the presence of the five most common types (HPV
16, 18, 33, 45, and 31) as either single or multiple
HPV infection (Table I). HPV DNA multiple infec-
tions were present in 25.4% (n¼ 47) of all positive
HPV DNA cases; 7 with HSIL, 21 with LSIL and 19
in woman with normal cytology.
HPV E6/E7 mRNA positive results relative to the

entire group were 17.9% (n¼ 74/413). The most
common type revealed by the RNA testing was HPV
16 (n¼ 42), followed by HPV 45 (n¼ 12), HPV 18
(n¼ 11), HPV 31 (n¼ 9), and HPV 33 (n¼ 4). Five of
the E6/E7 positive cases had multiple infections.
Comparison of percentage of HPV DNA and HPV E6/
E7 mRNA in different cytologically defined cervical
lesions is given in Figure 1. NILM group has 27.5%
HPV DNA and 4.3% mRNA positivity; LSIL: 74.0%
HPV DNA with 34.6% mRNA and HSIL: 90.2% HPV
DNA with 73.3% mRNA positivity respectively.
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HPV E6/E7 mRNA was detected in 39.5% (73/185)
of the HPV DNA positive patients. The presence of
mRNA is higher in HPV DNA positive patients with
higher grade lesion: 15.5% (11/71) in HPV DNA
positive patients with NILM; 40% (4/10) of those with
ASC-US; 46.7% (28/60) of LSIL and 81.1% (30/37) of
HSIL (Fig. 3).
In terms of histological findings, the decreasing

grade of lesions is accompanied by a decrease of the
mRNA positivity. Presence of mRNA transcripts
versus HPV DNA positivity by histological grade is
shown in (Fig. 2). Among the patients with normal
histology 25% (1/4) of HPV DNA positive cases were
HPV E6/E7 mRNA positive, while positivity of 68.2%
(15/22), 90% (18/20), and 100% (9/9) was detected in
CIN1, CIN2, and CIN3 cases respectively (Fig. 4).

The evaluation of the concordance of these two
methodologies was poor in NILM, fair in ASCUS and
LSIL and moderate in HSIL (k¼ 0.2, 0.4, 0.3, 0.5,
and 0.4). The overall agreement is poorly fair
(k¼ 0.4). In histological assessed lesions the concord-
ance of the tests was fair in normal and no biopsy
cases, substantial in CIN1 (k¼ 0.3, 0.3, 0.7), respec-
tively and very good in CIN2þ (93%). McNemar’s test
for assessment of significance of difference between
the two methods shows relevance in <CIN2
(P¼ 0.004) and no significance in CIN2þ cases
(P¼ 0.5; Table II).
Cytological and histological findings were used for

estimation of sensitivities, specificities, PPVs, and
NPVs of positive DNA and RNA test results. In the
cytology based analysis HSIL was used as cut off
condition and CIN2þ findings in histology based
analysis. There is a notable difference between DNA
and mRNA specificity and PPV (P< 0.0001) in cyto-
logically determined <HSIL lesions, as well as in
histological <CIN2þ (P¼ 0.017). The results show
higher sensitivity of DNA based test versus HPV E6/
E7 mRNA test (90.2% vs. 73.2%) in cytologically
determined findings and the mRNA based test
showed better specificity and PPV (88.2%, and 41.1%/
61.4%, and 20.8%, respectively; Table III). The NPV
was almost the same everywhere (88.8–100%). In
histology based analysis the results were similar. The
HPV E6/E7 mRNA test has a significantly higher
specificity and PPV (50.0% and 62.8%) versus HPV

TABLE I. Prevalence of the Five HPV Types (16, 18, 31, 33, and 45) through cytologicaly assessed cases

Cytology HPV DNA positive (%) HPV DNA (5 types) (%) HPV E6/E7mRNA (%)

Normal n¼ 258 71 (27.5) 50 (19.4) 11 (4.3)
ASC-US n¼26 10 (38.5) 6 (23.1) 4 (15.4)
LSIL n¼ 81 60 (74.0) 42 (51.9) 28 (34.6)
HSIL n¼ 41 37 (90.2) 33 (80.5) 30 (73.2)
Total n¼ 406 178 (43.8) 131 (32.3) 73 (18.0)

Fig. 1. Percentage distribution of HPV DNA and E6/E7
mRNA by cytological status.

Fig. 3. HPV E6/E7 mRNA percantage in HPV DNA positive
cases by cytology.

Fig. 2. Percentage distribution of HPV DNA and E6/E7
mRNA by histological grade.
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DNA (18.7% and 52.7%) but lower sensitivity of 93%
versus 100% respectively.

DISCUSSION

Despite the success in lowering the death rate from
cervical cancer in developed countries, the implemen-
tation of more sensitive and specific methodology for
its early prevention remains a challenge. The number
of CC occurrence in Macedonia in 2010 was 230 (22.4
on 100,000) woman [IPH RM report, 2013]. With
annual rate of mortality of 6.9 in 100,000 Macedonian
women it is on second rank as mortality cause from
malign diseases. Currently the first line screening in

Macedonia includes the Pap testing. Guidelines for
the follow up of patient with abnormal cytological
smears are based on repeated cytology, HPV DNA
testing and colposcopy [IPH RM report, 2013]. The
low sensitivity of the cytology and specificity of HPV
DNA testing requires improvement of the cervical
cancer screening and follow up algorithms using
more specific methods than cytology and HPV DNA
testing especially in young population (21–29 years)
for whom the HPV DNA testing isn’t recommended.
Despite the low specificity [Cuzick et al., 2006b,

2008] for detecting CIN2þ, many trials have shown
the effectiveness of screening with the HR-HPV DNA
test in reducing cervical cancer mortality [Cuzick
et al., 2006a; Dillner et al., 2008; Sankaranarayanan
et al., 2009]. DNA testing is not informative enough
for differentiating transient from persistent infec-
tions. This kind of triage confers a risk of over-
diagnosis and overtreatment of transient condition
[Ronco et al., 2008, 2010]. Testing for HPV oncogenic
activity rather than presence of HPV DNA is more
relevant clinical indicator of cervical lesions develop-
ment and cervical cancer. It provides clinically pre-
dictive markers to identify woman at risk of
developing high grade cervical dysplastic lesions and
cervical carcinoma [Varnai et al., 2008] and can be
used as more specific than HPV DNA in triage of
women with minor cervical lesion [Sorbye et al.,
2014]. In order to improve the screening program,
achieve better specificity and PP values the IPH of
Macedonia introduced HPV mRNA based detection
methodology.

Fig. 4. HPV E6/E7 mRNA percantage in HPV DNA positive
cases by histology.

TABLE II. The HPV DNA and E6/E7 mRNA Tests Concordance by Cytological and Histological Diagnoses

a� b� Total� % k 95% CI McNemar p

Cytology
Normal 11 187 197/258 76.4 0.2 0.1–0.3 0.0001
ASC-US 4 16 20/26 76.9 0.4 0.1–0.8 0.04
LSIL 28 21 49/81 60.5 0.3 0.2–0.4 0.0001
HSIL 30 4 34/41 88.2 0.5 0.1–0.8 0.02

Histology
No biopsy 30 224 254/345 73.7 0.3 0.2–0.4 0.0001
normal 1 6 7/10 70.0 0.3 0–0.7 0.2
CIN1 15 2 17/22 77.2 0.7 0.4–1.0 0.02
CIN2þ 27 0 27/29 93.1 0.5

a�, positive concordance; b�, negative concordance; total�, total concordance; k, Cohen’s kappa value; 95% CI, confidence interval.

TABLE III. Sensitivity, Specificity, PPV and NPV of the Two Tests (HPV DNA and HPV E6/E7 mRNA)

Histology (95% CI)

HPV DNA <CIN2 CIN2þ Sensitivity 100 85–100
Positive 26 29 Specificity 18.7 7–37
Negative 6 0 PPV 52.7 39–66
Total 32 29 NPP 100 51–100
mRNA <CIN2 CIN2þ Sensitivity 93.1 76–98
Positive 16 27 Specificity 50.0 32–67
Negative 16 2 PPV 62.8 46–76
Total 32 29 NPP 88.9 64–98

95% CI, confidence interval.

J. Med. Virol. DOI 10.1002/jmv

1582 Duvlis et al.



The histological findings from this study confirm
that the conventional Pap smear test commonly used
for both primary and secondary screening has a
relatively poor sensitivity for detection of high-grade
cervical lesions. Discrepancy of the results in 24.1%
between cytology and histology in this study is very
similar (25.1%) with previous similar study for HPV
genotyping of Macedonian women [Duvlis, 2002] done
on bigger population group (1280 patients with 490
histological findings).
Histological CIN2 in one woman with normal

cytology and two CIN2 in woman with LSIL cytology
in this study may result in incorrectly follow-up
examinations leading to serious consequences. Oppo-
sitely there is also a discrepancy in smear of detect-
ing histological lower dysplastic condition than the
one detected by cytology. This kind of overestimation
of the lesion’s grade could cause unnecessary anxiety
in patients during the six mounts period of repeat
cytology which is a prescribed follow-up step in the
Macedonian algorithm for management of borderline
findings (LSIL and ASC-US). The low specificity of
HPV DNA testing in young population group is not
very helpful in defining the actual situation of cervix
uteri. That will prolong the follow-up period and the
final diagnosis would have to be done by an invasive
method. The oncogenity detection will be much better
predictive marker and quite useful to avoid invasive
procedures.
The use of Seegen’s HPV ACE test as screening

test for HPV DNA in this study was done based on a
Korean study [Hong et al., 2009] that compares this
test with HC2 (Hybrid capture 2 assay). It shows
specific improvement of the test by dual primer
labeling. The novel HPV4 ACE test is a valuable tool
for the detection of HR HPVs and genotyping of HPV
16 and HPV18 [Hong et al., 2009]. Actually it is the
same test as HC2 that is mostly used as it is FDA
recommended. It gives higher analytical specificity
but compared to the RNA based test related to the
clinical importance the specificity is notably lower.
HPV testing in this study shows generally lower

RNA positivity compared to the DNA positivity in all
grades of lesions especially in normal finings. This is
in accordance with a number of other previous
studies [Cuschieri et al., 2005; Lie et al., 2005;
Molden et al., 2005a,b; Molden et al., 2006]. Negative
mRNA results in HPV DNA positive patients reflect
that not all HR HPV infections express E6 and E7
which is expected in transient infections. Although
the HPV DNA tests detects more than 5 HR types
covered by NucliSENS EasyQ HPV assay, the last
ones are most common confirmed in higher grade
lesions and cancer specimens [Clifford et al., 2003;
Kraus et al., 2004, 2006; Molden et al., 2005a; Cox
and Cuzick, 2006; Cuzick et al., 2006a]. The fact that
HPV 16 and HPV 18 are found in more than 70%
cervical cancer cases [Munoz et al., 2004] justifies the
use of this test in screening. Analysis of the type
distribution through lesions in this study shows their

presence in 60% of ASC-US and benign finings, 70%
of LSIL and 85% and 100% in CIN2 and CIN3
lesions, respectively.
An overall presence of 39.5% mRNA in group of

HPV DNA positive patients could be explained by
transient nature of the infection or by the lower
number of HPV types detected by the NucliSens
EasyQ HPV assay. It can also be a consequence of
episomal state of the virus in the cell, low transcrip-
tional activity of integrated genome or occurrence of
a mutation in the region covered by primers and
probes [Kraus et al., 2006].
The lower rate of concordance of the results

between the two tests occurs as expected in low-grade
lesions. In these cases, DNA from HPV was detected
more frequently than the E6 and E7 mRNA. The
expectation is based on the fact that 75% of HPV
DNA positive infections spontaneously cleared by
host immunity and only a small percent left persis-
tent conferring cervical lesion and transformation to
cervical cancer [Cuschieri et al., 2005]. Higher rate of
concordance detected in CIN2þ lesions indicates that
HPV E6 and E7 mRNA is a more specific test for
detection of the CIN2þ conditions. The presence of
E6 and E7 transcripts in benign lesions shows that
the virus is oncogenically active before development
of cytologically detectable abnormality [Cattani et al.,
2009] and this test can predict early the potential of
oncogene transformation to severe dysplasia. Oppo-
sitely mRNA negativity in HPV DNA positivity of
specimen cannot exclude possibility for afterward
oncogenic activation of the virus which means that
the follow-up recall will be longer [Cattani et al.,
2009].
As most patients in this study were referred within

the primary screening program and only a few were
referred by secondary gynecology practitioners, the
majority of cytological results were within the range
of normal and benign findings. Inclusion of HPV
positive patient group previously evaluated at
RCGEB, MASA laboratories, created an increase of
overall HPV positivity, but this didn’t affect the final
results of HPV DNA/mRNA presence in different
cytological findings or the sensitivity, specificity, PPV
and NPV test results.
The detection of mRNA in 34.6% of cases with

CIN1 lesion and its low presence in benign and
normal findings is due to possibility of regression and
spontaneously resolving of the changes. Usually
increasing lesion grade raises the agreement between
the DNA and mRNA based test. In CIN3 lesions
there is nearly perfect match pointing out that this
marker is more specific in predicting the high grade
changes. Two CIN2 cases in this study group were
mRNA negative and HPV DNA positive, from which
one is attributed to presence of HPV type 53 that is
not included in the test and the second HPV 16 DNA
positive failed to be detected perhaps due to low HPV
copy number beneath cut off, meaning that transcrip-
tional activity occurs but at lower levels.
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Most important clinical significance of the test was
obtained through statistical analysis of the sensitiv-
ity, specificity and the PPV. Results from this study
yields much higher specificity and lower sensitivity of
mRNA testing versus HR DNA screening at detecting
CIN2þ as cut off value similarly to previous studies
[Andersson et al., 2006; Molden et al., 2006; Keegan
et al., 2009; Ratnam et al., 2011]. The lower sensitiv-
ity of detecting CIN2 with NucliSENS EasyQ HPV
test is attributed to limited number of HPV types
targeted by test. Four HSIL patients had HPV types
not included in the test. If statistical analysis was
restricted to these five types HPV DNA positive
patients the sensitivity becomes quite similar.
Higher specificity for histological CIN2þ of the

HPV E6/E7 mRNA test (50.0%) versus the HPV DNA
test (18.8%) is in agreement with other similar
studies. In one study of the follow up of women with
ASC-US and LSIL cytology the specificity of the HPV
E6/E7 mRNA test was 76% versus 18% of the HPV
DNA based tests [Ovestad et al., 2011]. The PPV as
clinically predictive value in this study is 40.0% for
cytological and 62.0% for histological defined CIN2þ
lesions which is very close to results from the
mentioned study [Molden et al., 2005a] (37.5%). An
Irish study of sensitivity and specificity of the HPV
E6/E7 mRNA test -PreTect HPV-Proofer and the
HC2 DNA test for the detection of high-grade cytol-
ogy (CIN2þ) [Keegan et al., 2009] shows 71.4%/75.8%
and 100%/43.7%, respectively. The relatively low
detection rate observed by PreTect HPV-Proofer in
the whole range of cytological positive cases in this
study, combined with a relatively higher specificity
and PPV, suggests that PreTect HPV-Proofer might
be more useful than HC2 for triage and in predicting
high-grade disease. The UK study of Szarewski et al.
[2008] on histologically confirmed cases shows higher
specificity of the two mRNA based different tests:
PreTect HPV-Proofer (73.1%) and APTIMA (42.2%)
versus DNA based test: Amplicor Roche (28.4%) and
HC2 (Hybrid capture 2) (21.7%). The range of the
specificity detected values in several mRNA based
studies varied from 46.9% to 84.9% in histological
confirmed cases but it is yet about twice higher than
specificity of DNA based test in mentioned studies
(9.4–50.0). An Italian study [Cattani et al., 2009]
shows notable difference of the specificity of the
mRNA based (62.5%) versus DNA based test- HC2
test (27.5%). Recent study by Rebolj et al. [2014] also
confirms better specificity of HPV mRNA based test
(APTIMA: 0.35) from all three compared HPV DNA
based tests (HC2: 0.22; Cobas: 0.27; and CLART:
0.32). Somewhat different results were obtained in
the new study by Cuschieri et al. [2014] where
specificity of the mRNA based test (APTIMA) doesn’t
show big difference from the DNA based tests with-
out including age influence. In fact, specificity of
mRNA based test rises in women over 30 year of age.
Comparing the population group number of men-
tioned studies, the results from our study are

obtained on a lower number of histological confirmed
lesion as well as lower number of high-grade lesions.
To confirm this result the study should be performed
in larger population group and it needs more analysis
on higher-grade lesions. A combination of more
specific tests whose positivity strongly relates to the
presence of a CIN2þ lesion [Dona et al., 2012] might
be included in cervical cancer triage in future.
Waldstrom et al. [2013] proposed the p16(INK4a)/Ki-
67 dual-staining test in LSIL cytology samples that
demonstrated high sensitivity similar to that of the
HPV mRNA based tests in the detection of under-
lying high-grade disease but with enhanced specific-
ity, especially among women aged<30 years. The
sensitivity and specificity of p16INK4a/Ki-67 immuno-
cytochemistry from 87.3% (95% CI 78.0–93.8%) and
76.4% (95% CI 71.6–80.8%), respectively and the
positive and negative predictive values from 45.7%
(37.6–54.0%) and 96.4% (93.4–98.3%), respectively
reported in the study by Fiji et al. [2014] indicate
that this test could be also included in screening
program as adjunctive to cytology instead of HRHPV
DNA testing and as indirect detection of HPV E6/E7
mRNA oncogenic effect.
It should be noted that some of CIN2 lesions

utilized as an endpoint in clinical assessment of the
disease could also regress as well as that only 12–
31% of CIN3 lesion progress to carcinoma if they are
not treated [McIndoe et al., 1984; McCredie et al.,
2008]. The results from the statistical analysis should
take this fact in consideration in assessing the
clinical values of the test. This study was unable to
predict how many CIN2 lesions will regress since
Macedonian woman with CIN2 lesion routinely
undergo preventive conization. After the inclusion of
HPV vaccination in the Macedonian mandatory
schedule of vaccination, the prevalence of the most
frequent HPV vaccine types—HPV16 and 18 are
expect to be reduced. Therefore in the future there
will be a need for the adaptation of HPV E6/E7
mRNA based testing according to the dynamic
change of the geographically prevalence of the HPV
types.
The substantial discrepancy between the cytology

and histology of 24.1%, the low sensitivity of cytology
and low specificity of HPV DNA tests as presented in
this study justify the implementation of the HPV E6/
E7 mRNA as a more specific test for the first line
screen for cervical cancer and its use in screening
algorithms. The most important benefits from the
implementation of the mRNA triage of woman at risk
of cervical cancer or in follow-up patients with
borderline findings are: less frequent colposcopy
referrals, avoidance of patient’s anxiety and costs
benefits.
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