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Abstract

Background: Clinical management of HPV positive women is difficult since many of the infections, including high-
risk oncogene genotypes (hr-HPV), are transient. Therefore only a limited number of patients have a high-grade
lesion and sending all HPV positive women for colposcopy would only increase costs and unnecessary treatment,
with serious psychological consequences for patients. The need has emerged to identify other HPV related markers
able to correctly detect women with a high-risk of developing high-grade lesions. Genotyping and the search for
E6/E7 mRNA are among the possible candidates.

Methods: The study was carried out by means of an observational analysis of the data relative to 674 HR-HPV
positive women who we had observed from January 2013 to June 2015; the data had been gathered in a database
at the HPV Center of the University Hospital of Catania, Italy.
Women were considered eligible for this study if the following data was present in the database: Pap TEST,
histologic evaluation, HPV TEST and E6/E7 mRNA detection.
We calculated the Odds Ratio (OR) of woman who were mRNA positive, with CIN2+ lesions, and Odds Ratio of
HPV16 positive women.

Results: Transcripts were detected in 23.6% (69/292) of the women with CIN1 and in 97.2% (210/220) of those with
CIN2 + .
Regarding genotyping, the 81,8% (180/220) of the women with CIN2+ had genotype 16, while only 18.1% (40/220)
had genotype 18, 31, 33, 45.
We calculated the OR in the group of HPV16 women with CIN2+ (OR = 4.62; 95% CI = 3.13 to 6.82), this value
increased (OR = 106.12; 95% CI = 53.71 to 209.69) in women with CIN2+ and positive mRNA.

Discussion: The presence of the HPV16 genotype in our study was associated with a risk 5 times greater of
developing a high-grade lesion (CIN2+) (OR = 4.62 95% CI:3.13–6.82); this supports the hypothesis that it would be
opportune to have targeted protocols for the management of HPV 16 positive women. The results showed that
there was an association between E6/E7 mRNA expression and histology (OR = 106.12; 95% CI = 53.71 to 209.69).
The E6/E7 mRNA test showed a higher prevalence of E6 and E7 transcripts in patients with higher-grade lesions.

Conclusion: The results of this study suggest that the HPV genotype determination and E6/E7 mRNA detection
would find an important application for management of HPV positive women.
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Background
Numerous studies carried out in various countries on a
large number of women have confirmed the greater sensi-
tivity of the HPV test to detect CIN2+ lesions with respect
to traditional cytology [1–3] increasing the screening gap
from 3 to 5 years for those patients who are negative at
the HPV test. These results encouraged us to set out new
Italian guidelines for the screening of cervical carcinoma
in which the HPV DNA test is considered the gold stand-
ard for women > 35 years, and the Pap test for women in
the 25–34 year range.
The problem arises with HPV positive woman; how best

to manage them if only a limited number have a high-
grade lesion and sending all HPV positive women for a
colposcopy would only increase costs and unnecessary
treatment, with severe psychological consequences for the
patients. Over the last 10 years many researchers have
tried to identify, among the patients positive at the HPV
test, those at high-risk of neoplastic progression (CIN2+
lesions). In fact, with the simple negative/positive result to
the HR-HPV virus it is possible to evaluate the prognostic
role of various markers; this knowledge can help clinicians
manage HPV positive cases better.
In the light of the numerous studies, it appears that

genotype determination and the search for E6/E7 mRNA
are still two markers that help clinicians in the manage-
ment of woman with an anomalous Pap test.

Genotype determination
Scientific evidence has shown that the evolution to
CIN2+ lesions is greater with persistent HR-HPV infec-
tions [4, 5], therefore, knowing the genotype can im-
prove the course of patient treatment. The most
frequent genotype in all global case reports of CIN2+ le-
sions is HPV16 (51.2%) [6]. Its persistence in a female
carrier makes her a woman at risk.
Knowing the incidence of the genotypes in the popula-

tion can be fundamentally important as regards the
preparation of prophylactic vaccines, which could vary
their multivalency based on the most frequent genotypes
in that given area [7].

Positivity for E6/E7 mRNA
Many studies associate E6/E7 mRNA positivity with an
integration of the progression of carcinogenesis, reveal-
ing an association between degree of integration, and
histological, and cytological lesion severity [8–10]. How-
ever, the role of the viral genome integration process in
the genome of the host cell is still unclear, in as much as
other studies have not revealed any correlation with
lesion severity [11, 12].
In our retrospective, observational study we wanted to

investigate the positive HPV population that came to
our center for secondary screening. We evaluated the

incidence, the frequency of the various genotypes, their
relationship with the histological lesions, and the cap-
acity of the mRNA test to identify women at risk of
CIN2+ lesions.

Methods
Study population
The study was carried out by means of an observational
analysis of the data relative to 674 HR-HPV positive
women who we had observed from January 2013 to June
2015; the data had been gathered in a database at the
HPV Center of the University Hospital of Catania, Italy.
Women were considered eligible for this study if they

satisfied the following criteria:

□ Positive for HPV genotype 16, 18, 31, 33, 45;
□ not pregnant;
□ no evidence of any immunodeficiency;
□ no history of therapy for neoplasms.

The average age of the women was 36.6 ± 9.5 years
(range 22–62). To include a patient in the retrospective
study, the following data had to be present in the data-
base: pap smears, histologic evaluation, HPV TEST and
mRNA test.
The smears, by conventional cytology, were classified ac-

cording to the 2001 Bethesda System Criteria [13]: negative
for intraepithelial lesions or malignancy (NILM), atypical
squamous cells of unknown significance (ASCUS), (ASCH),
low-grade squamous intraepithelial lesion (LSIL), high-
grade squamous intraepithelial lesion (HSIL) and squamous
cervical carcinoma (SCC).
If patients were HPV DNA positive for at least one of

the 5 HR HPV types (HPV 16, 18, 31, 33, 45) they were
analyzed for the expression of viral oncogenes E6 and
E7, looking for the mRNA by the NucliSens EasyQ HPV
assay method (bioMerieux).
Analyses of the samples were performed by the Virology

Laboratory at the University Hospital of Catania, Italy.
Histologic evaluation was performed with specimens

collected by a colposcopy-directed biopsy and/or cone
specimens collected by the loop excision procedure. The
histological slides were diagnosed according to the
WHO classification as CIN2+ for all the cases of CIN2,
CIN3, and SCC lesions.
The women who showed progression to CIN2+ under-

went large loop excision of the transformation zone
(LLETZ).

HPV DNA detection
Exo-endocervical cytology samples were collected in Thin-
Prep solution for total nucleic acid extraction (DNA and
RNA) for detection and genotyping of viral DNA by means
of gene amplification. This was followed by hybridization
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with genotype-specific probes able to identify most of the
genital region HPV types.
The automated DNA extraction was carried out with 1

ml sample on the NucliSenseasyMAG system (bioMérieux
SA, Marcy l’Etoile, France) following the manufacturer’s
HPV 1.1 protocol, with a 55 μl final elution volume.

HPV E6/E7 mRNA detection
A total of 5 ml of Preserv Cytsolution was used for the
detection of E6/E7 mRNA of HPV types 16, 18, 31, 33,
and 45 by means of the PreTect HPV-Proofer Kit (re-
ferred to as mRNA test) (Biomérieux, Italy) within
14 days of sample collection, according to the manufac-
turer’s instructions. mRNA was extracted from cervical
samples using NucliSENS mini MAGMagnetic Extrac-
tion (Biomérieux, Italy). The PreTect HPV-Proofer tech-
nology uses an isothermal nucleic acid sequence–based
amplification (NASBA) that amplifies mRNA in a DNA
background, detecting and genotyping HPV transcripts
in the same reaction.
The mRNA testing was performed according to the

manufacturer’s instructions NucliSENS Easy Q HPV
(bioMérieux, Italy) and in accordance with national
guidelines for HPV testing.

Statistical analysis
Statistical analysis was carried out using SPSS for Win-
dows (version 15.0, SPSS, Chicago, IL, USA). Descriptive
statistics were expressed by frequency, arithmetic mean,
standard deviation (SD) and percentages. We calculated
the Odds Ratio (OR) of women with mRNA positive,
with CIN2+ lesions, the Odds Ratio (OR) of women with
HPV16.

Results
The 674 HR-HPV positive women underwent biopsy;
Table 1 shows the histological results.
The results of HPV test are shown in Table 2. Among

the histologic lesions the most frequent genotype found
was HPV16 (404 cases) with a total frequency of 59.9%
(Table. 2). Its frequency shows a clear trend, increasing
with lesion increase, with a percentage of 23.2% in nega-
tive histology, 32.1% in CIN1, and 44.5% in CIN2+. The
second most frequently detected genotype was HPV31
with a total incidence of 17.2%. The lesions in which it

was most present were CIN1 48.2% and CIN2+ 17.2%; it
was present in 5 CIN3 lesions. The genotype HPV18
had a total frequency of 14.5% with an incidence of
65.3% found in CIN1, 14.2% in CIN2+, our study re-
vealed no neoplasias. The third genotype in order of fre-
quency was HPV33 (5.19%) that was responsible for two
cases of CIN2 and two cases of CIN3. The genotype 45
was not frequent in our case study with a total frequency
of 4.45% and was responsible for only one case of CIN3.
The results of E6/E7 mRNA expression are shown in

Table 3. Transcripts were detected in 3.7% (6/162) of no
atypia, in 23.6% (69/292) of those with CIN1 and in
95.4% (210/220) of those with CIN2 + .
Regarding genotyping, the 81.8% (180/220) of the

women with CIN2+ had genotype 16, while only 18.1%
(40/220) had genotype 18, 31, 33 and 45 (Table 4).
We calculated the Odds Ratio in the group of HPV16

women with CIN2+ (OR = 4.62; 95% CI = 3.13 to 6.82),
this value increased (OR = 106.12; 95% CI = 53.71 to
209.69) in women with CIN2+ and positive mRNA.

Discussion
The onset of a carcinoma is not due to the presence of the
virus but its integration [14]. On this is based the develop-
ment of the method that evaluates the presence of mRNA,
due to the fact that, in cancerogenesis, the over-
expression of the viral oncogenes E6 and E7 is essential
both for the start and the maintenance of the transformed
phenotype induced by HR-HPV. The detection of the
mRNA of the oncogenes E6/E7 could be a better marker
to predict the development of cancer with respect to the

Table 1 Histologic findings of the 674 positive HPV women
enrolled

Histology N° %

No Atypia 162 24

CIN1 292 43.3

CIN2+ 220 32.6

total 674

Table 2 CIN1 and CIN2+ (percentage) in the HPV genotypes 16,
18, 31, 33 and 45

HPV N° No atypia CIN1 CIN2+

HPV16 404 (59.9%) 94 (23.3%) 130 (33.2%) 180 (44.6%)

HPV31 116 (17.2%) 40 (34.5%) 56 (48.3%) 20 (17.2%)

HPV18 98 (14.5%) 20 (20.4%) 64 (65.3%) 14(14.3%)

HPV33 35 (5.2%) 5 (14.6%) 26 (74.3%) 4 (11.4%)

HPV45 21 (3.1%) 3 (14.3%) 16 (76.2%) 2 (9.5%)

total 674 162 292 220

Table 3 mRNA positivity with genotypes and histology
evaluation

mRNA +

Histology

Genotype No atypia % CIN 1 % CIN 2 %

HPV 16 3 50.0 42 60.9 178 84.8

HPV 18 2 33.3 9 13.0 10 4.8

HPV 31 1 16.7 8 11.6 18 8.6

HPV 33 0 0 5 7.2 3 1.4

HPV 45 0 0 5 7.2 1 0.5
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detection of HPV DNA [15] and can distinguish the tran-
sient infections from persistent ones [16].
The method is a qualitative assay based on the NASBA

method that detects the mRNA of 5 HR-HPV (16, 18,
31, 33, 45); it has a cellularity check that targets the hu-
man U1A gene. Studies reported in the literature show
its greater specificity with respect to the Aptima test and
HC2, but it shows a lower sensitivity for the detection of
CIN2+ lesions [17].
The rationale behind the mRNA test is convincing,

with a good sensitivity and greater specificity. Among
the various problems to be overcome there are: sample
storage (mRNA is very unstable and the possible use of
this method in screening protocols requires efficient col-
lecting systems to avoid degradation); the management
of the woman with a negative mRNA test but a positive
HPV DNA test.
The growing interest in molecular studies has led vari-

ous authors to compare the performance of the HPV
DNA test with HPV mRNA test, evaluating the diagnos-
tic accuracy in identifying high-grade lesions [18–20].
From a recent systematic review [21], it was found that

the HPV mRNA test gives fewer false positives than the
HPV DNA test, with consequent greater specificity.
However, very few studies have verified the role of the

mRNA test in predicting the development of a high-
grade lesion during follow-up. The results showed that
there was an association between E6/E7 mRNA expres-
sion and histology evaluation.
In our study, the mRNA test was negative in 4.5%

(10/220) of CIN2+ lesions. Taking into account that
some CIN2+ lesions may spontaneously regress, mainly
when they are CIN2 [22], we could hypothesize that the
pre-invasive lesions that are negative for E6/E7 mRNA
could be more susceptible to regression. Benevolo [23]
(2011) found the mRNA test was negative in 43% of
histologically confirmed high-grade lesions. Even the
Ronco [24] study (2008), and the Moscicki [25] study
(2010) showed that a regression of CIN2+ is frequent
mostly in younger HPV positive women. However, it
cannot be verified whether an mRNA test negative in
CIN2+ cases could be associated with a higher prob-
ability of regression, since CIN2+ women, according to
local on-going protocols, usually undergo excisional
treatment.

Cattani P. et al. [26], (2009) on 180 women, evaluated the
presence of HPV DNA (HC II) and mRNA (NucliSENSE)
with colposcopy and histology. The authors suggested that
mRNA assays could be more powerful than DNA testing
for predicting the risk of progression and offered a strong
potential as a tool for triage and patient follow-up.

Conclusions
Genotype determination for woman with alterations on
the Pap test is fundamental for the following reasons as
it: detects the HPV genotype responsible for infection;
detects multiple infections, which can be a marker for
lesion progression; and discriminates between new infec-
tions and pre-existent infections. The presence of
HPV16 genotype in our study was associated with a risk
5 times greater of developing a high-grade lesion (CIN2
+) (OR = 4.62 95% CI:3.13–6.82), supporting the hypoth-
esis that it would be opportune to have targeted proto-
cols for the management of HPV16 positive woman; in
fact, according to the latest up-date of the guidelines of
the American Society for Colposcopy and Cervical Path-
ology (ASCCP), since the HPV16 virus is much less
common than CIN1 lesions, with respect to CIN3
lesions, women positive for HPV 16, even with negative
cytology, (women 30 and older who have discordant re-
sults) should be sent for colposcopy [27]. From a prog-
nostic point of view, the positivity of E6/E7 mRNA may
be associated with a higher risk of having a CIN2+ lesion
(OR = 106.12; 95% CI = 53.71 to 209.69). These data are,
in part, in agreement with what has been found by other
authors. Burger et al. [21] (2011) performed a systematic
review to determine the performance of HPV mRNA
testing compared to DNA testing using CIN2+ as the
target condition. The results of this study, considering
that there can be cases in which the integrated viral gen-
ome is no longer visible to the DNA test but can be de-
tected by means of the mRNA detection of the viral
oncoproteine [28], suggest that the detection of mRNA
of the viral oncoproteine E6/E7 (especially with Aptima,
14 genotypes), used in conjunction with the pap test,
would find an important application in HPV infection
screening.
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