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Abstract Investigation of the prevalence and risk factors of human papillomavirus
(HPV) infection is the basis for developing prophylactic strategies against cervical
cancer, especially for young women. This study aimed to assess the prevalence
and risk factors of HPV infection among a cohort of sexually active young French
women eligible for catch-up vaccination. Between 1997 and 2007, 2163 women aged
15–23 years attending consultations at the department of gynecology in the Hospital
of Besançon (France) were screened for high risk HPV (HR HPV) infection. Risk fac-
tors were investigated through a questionnaire sent to all participants in 2010. HPV
DNA was detected by HC2 and Probe Set assays. The overall prevalence for HR HPV
and HPV16, 18 and/or HPV45 was 44.6% (95% CI, 42.5–46.7%) and 19% (95% CI, 17.3–
20.7%), respectively. The response rate to the questionnaire was 22.6%. The preva-
lence of independent risk factors (age older than 19, smoking, and oral contracep-
tion) for HPV 16/18/45 infection in this population was less than 20%. Based on this
study, HPV vaccination should be offered not only to teenage girls, but also to young
women, regardless of their sexual activity.
ª 2014

1. Introduction

Human papillomavirus (HPV) infection is the most
common sexually transmitted infection around the
world [1,2]. A large majority of women are usually
infected soon after they become sexually active in
their teens or early twenties [3,4]. Most infections
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are cleared within two to 3 years [5], but women
with persistent infection are at high risk of develop-
ing high-grade cervical intraepithelial neoplasia and
invasive cancer years later [6]. The main risk factor
for cervical cancers is high-risk HPV (HR HPV). Of
these viruses, HPV types 16 and 18 are responsible
for up to 70% of cervical cancers worldwide [1]. Dif-
ferent co-factors play a role in the persistence of
HPV and the risk of development and progression
of cervical lesions [7]. They are related to the host
(hormones, genetic, immune response) [8], the virus
(genotype, multiple infection, viral load and inte-
gration) [7] and the environment (high parity and
long-term oral contraceptive use [9,10], tobacco
smoking and co-infection with other sexually trans-
mitted diseases [11]). However, the key risk factor
is sexual behavior especially age at first intercourse
and number of life-time partners which reflects
exposure to HPV [12,13]. Since 2006, two vaccines
have been approved and designed to protect against
cervical intraepithelial neoplasia (CIN) grades 2 and
3 and cancers related to HPV 16 andHPV 18 infection
in women with no evidence of previous exposure to
vaccine-specific HPV types [14]. Until 2013, the
Frenchhealth authorities recommended vaccinating
14-year-old girls before their first sexual inter-
course, and proposed a catch-up vaccination for
15- to 23-year-old women only if they have not yet
had any sexual activity, or during the first year fol-
lowing their first sexual intercourse [15,16]. In
France, there are consistent data documenting
HPV prevalence in cervical lesions in women aged
over 18 [17], but data from the specific population
targeted by the vaccines are scarce [18]. Monitoring
HR HPV infections in young women prior to vaccina-
tion is necessary to detect early changes in HPV
prevalence in vaccine era and to adjust the cervical
cancer screening policies.

To give an accurate description of HPV circula-
tion in women who met the criteria of French
recommendations for vaccination until December
2012, the prevalence of HPV types 16, 18 and/or
45 was estimated in a cohort of unvaccinated
women enrolled between 1997 and 2007. The
potential risk factors related to HR HPV, and HPV
16, 18 and/or 45 infection, were also reported.

2. Methods

2.1. Patients and study design

2,163 sexually active women aged 15–23 years liv-
ing in the geographic region of Franche-Comté,
France, who attended a consultation in the gyne-
cology department of the University Hospital of
Besançon, France, between January 1, 1997 and

December 31, 2007 were included in the study.
The Local Medical Ethics Committee (Besançon,
France) and the National Committee for the pro-
tection of privacy and personal data (Commission
Nationale de l�Informatique et des Libertés, CNIL)
approved the study. Informed consent was
obtained from all participants.

2.2. Specimen collection, cytology and HPV
testing

At the time of the gynecology consultation, all wo-
men had a pelvic examination and two cervical
smears were obtained. The first specimen was col-
lected with a Cytobrush� Plus (Medscand Medical,
Malmö, Sweden) for conventional cytology and sent
to the pathology laboratory. Pap smear results
were reported using the Bethesda system. The
second cervical sample was collected with the
DNAPAP Cervical SamplerTM (Qiagen, Gaithersburg,
MD, USA) for HPV testing. The brush was trans-
ferred into a vial containing 1 mL Specimen Trans-
port Medium� (STM) (Qiagen) and the specimen
was then processed for routine HR HPV DNA testing
with the Hybrid Capture 2 assay (HC2) (Qiagen)
according to the manufacturer�s instructions. This
test permits the detection of the HPV DNA of 13
HR-HPV types, namely HPV 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59 and 68. Samples were then
stored at �20 �C.

All cervical specimens positive for HR HPV and
from which enough material was available were re-
tested in 2008 using the HPV 16/18/45 Probe Set
Test (Qiagen). This test is also based on liquid
hybridization with specific probes that make it pos-
sible to confirm the presence of HPV16 and/or
HPV18 and/or HPV45 DNA in the samples without
identifying the specific type. The HPV 16/18/45
Probe Set Test has an analytical sensitivity (1 pg/
mL) similar to that of the HC2 test.

2.3. Questionnaire investigating risk factors
for HPV infection

In June 2010, a questionnaire was sent with an
explanatory letter to all females enrolled in the
study between 1997 and 2007, to the postal address
indicated in their medical file. Questions were
regarding socio-demographic characteristics (edu-
cational level, smoking) at the time of HPV testing
performed between 1997 and 2007, gynecological
history (age at first HPV test, age at first menstru-
ation, age at first pregnancy, number of children at
HPV test, previous sexually transmitted diseases),
and sexual behavior (age at first intercourse, dura-
tion between age at first intercourse and age at
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