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High prevalence of abnormal cervical smears in a hospital cohort of
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Alexandra Luquain a,1, Essaada Belglaiaa b,c,d,1, David Guenat a,c, Sindy Vrecko c, Didier Riethmuller a,c,d,
Séverine Valmary-Degano a,c,d, Isabelle Bedgedjian a, Said Chouham b,
Jean-Luc Prétet a,c,d, Christiane Mougin a,c,d,⁎

a Centre Hospitalier Régional Universitaire de Besançon, F-25000, France
b Laboratoire de Biologie Cellulaire et Génétique Moléculaire, Faculté des Sciences, Université Ibn Zohr, Agadir, Maroc
c Université Bourgogne Franche-Comté, F-25000 Besançon, France
d EA 3181, LabEx LipSTIC ANR-11-LABX-0021, FED4234, CIC-1431 F-25000 Besançon, France

a b s t r a c ta r t i c l e i n f o

Available online 5 September 2015

Keywords:

Pap smears
hrHPV
HPV 16
Cervical cancer
Women aged over 65

Objective. To determine the prevalence of cytological abnormalities and high risk Human PapillomaVirus
(hrHPV) in cervical smears from Frenchwomen aged over 65 years who attended the referent Gynecology Clinic
of the Besançon University Hospital.

Methods. Between 2002 and 2012, 796 Frenchwomen aged 66–99 years were cotested for cytology and hrHPV
byHybrid Capture 2 (hc2). hc2-positive caseswere subjected to real time PCR for specificHPV16/18/45 genotyping.
Women with normal Pap smears and positive for hrHPV were followed-up every 12 months.

Results. Cytological abnormalities were detected in more than 30% of women and cervical cancers (CC) in 2.9%
of women. Benign lesions were more frequent in women aged 66–75 years while (pre)-malignant lesions were
preferentially found in women over 76. The prevalence of hrHPV was 22.7%. HPV 16 was the most frequent
(23.8%), followed by HPV 45 (7.7%) and HPV 18 (3.9%). The rate of hrHPV increased with the lesion severity and
HPV 16 was identified in 50% of CC. Among the followed-up women, those who developed CIN3 were HPV16
positive at study entry.

Conclusion. The study provides important estimates of the prevalence of cervical abnormalities and hrHPV
positivity in a French hospital based-population over 65. Findings suggest to consider this high risk population in
regards to cervical cancer.

© 2015 Elsevier Inc. All rights reserved.

Introduction

Cervical cancer (CC) is a public health problem in women world-
wide, affecting 530,000 women and responsible for 275,000 deaths
each year. Wide variations exist between high and low-burden coun-
tries and incidence rates range from b3 to N50 per 100,000 (Arbyn
et al., 2011; Ferlay et al., 2010). In USA, most cases of CC occur in
women younger than 50 years of age, but more than 15% are found in

women over 65 (American Cancer Society, 2014). Knowledge about
pathogenesis has shown that nearly 100% of CC are caused by a persis-
tent high risk Human PapillomaVirus (hrHPV) infection (Schiffman
et al., 1993; Walboomers et al., 1999; Wallin et al., 1999). HPV 16 is
themost frequently detected genotype worldwide followed, in general,
byHPV18 andHPV 45 (Guardado-Estrada et al., 2014;Monsonego et al.,
2015; Munoz et al., 2003; Pretet et al., 2008).

At present, the best way to reduce the number of CC is to implement
screening programs to detect precancerous lesions. The Papanicolaou
(Pap) test, which was introduced in the 1940s, led to a reduction of up
to 60% in the incidence of invasive squamous cervical cancer andmortal-
ity due to the disease (La Vecchia et al., 1984; Quinn et al., 1999). In
France, CC incidence decreased from an estimated 5100 in 1980 to 3000
cases in 2005 and mortality declined from 2200 to 1000 cases over the
same period (Belot et al., 2008). Because of limitations relating to the sen-
sitivity of cervical cytology (Spence et al., 2007), it has recently been rec-
ommended to introduceHPV test in clinical practice, including in primary
screening (Arbyn et al., 2012; Saslow et al., 2012). Studies in the USA,
Canada and Europe indicate that the high risk HPV test may be more
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effective than cytology alone in detecting CIN3 or progressively worse
histological findings (Katki et al., 2011; Leinonen et al., 2012; Mayrand
et al., 2007; Ogilvie et al., 2012; Ronco et al., 2014). In addition, HPV16,
18 and 45 genotyping would be advantageous to manage hrHPV positive
women (Rijkaart et al., 2012; Saraiya et al., 2014; Wright et al., 2015).

The French guidelines for CC screening recommend a Pap smear
every three years after two annual consecutive normal smears for
women aged 25 to 65 years (Haute Autorité de Santé, 2013).
American guidelines also recommend cessation of CC screening at age
65 for adequately screened women with no history of CIN2+ within
the last 20 years (Saslow et al., 2012).

In Europe, the number of elderly patients being diagnosedwith CC is
increasing and the age of screening exit may be raised up to 70 years in
some countries (Elfstrom et al., 2015). In 2014, a review of the literature
concluded that cervical cancer screening is beneficial for women aged
over 60 in order to prevent the occurrence of, and mortality from CC
(Elit, 2014).

In this hospital-based retrospective cohort investigationwe estimat-
ed the rate of pathological smears and the prevalence of hrHPV includ-
ing HPV 16, 18 and 45 by cotesting in a population of French women
aged over 65 who attended the referent Gynecology Clinic of the
Besançon University Hospital. This study contributes to the current de-
bate about the value of CC screening after 65 years, taking into account
personal characteristics of patients and public health issues.

Patients and methods

Study population and sample collection

Data on cytology and HPV testing were obtained from 796 women
aged over 65 (age range 66–99 years, median age 70 years) who
attended the Gynecology Clinic of the Besançon University Hospital be-
tween January 2002 and December 2012. Patients had been referred to
a referent gynecologist for symptoms suggestive of gynecological disor-
ders (i.e.menopausal vaginal symptoms, vaginal itching, abdominal and
pelvic pain) or for follow-up of chronic diseases (i.e. grafted patients,
autoimmune disorders).

The cohort consisted of 693women (87%)with no history of cervical
cancer screening in our gynecology/pathology medical records and 103
women (13%) having had one Pap smear. As awholewe considered that
women were not adequately screened.

Women underwent a pelvic examination and two cervical samples
were obtained and used for conventional cytology and HPV testing as
we previously described (Dalstein et al., 2004). When necessary, a
short course (3–4 weeks) of intravaginal estrogen cream was given.
Women with abnormal cytology were clinically managed according to
the French guidelines (Anaes, 2002). Women with normal cytology
were followed-up by co-testing in line with usual practice in our refer-
ence Clinic (Dalstein et al., 2004; Riethmuller et al., 2013).

Cytology data

Cytology results were reported based on the Bethesda System as
Negative for Intraepithelial Lesion or Malignancy (NILM) or epithelial
cell abnormalities, while abnormalities were classified as Atypical Squa-
mous Cells of Undetermined Significance (ASC-US), Atypical Squamous
Cells – cannot exclude High Grade Squamous Intraepithelial Lesions
(ASC-H), Atypical Glandular Cells (AGC), Low grade Squamous
Intraepithelial Lesions (LSIL), High grade SIL (HSIL), and Squamous
Cell Carcinoma (SCC) and ADenoCarcinoma (ADC), without knowledge
of HPV status.

HPV DNA testing

HPV DNA testing was performed with the digene® hc2 High-Risk
HPV DNA Test® (hc2) (Qiagen, Gaithersburg, MD, USA) using the

specific HPV RNA probe cocktail for hrHPV types 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59 and 68. Presence or absence of HPV DNA in the
specimen was defined according to the strength in relative light units
(RLU) compared to 1 pg/mL HPV16 DNA-positive control. The sample
was considered positive when the ratio of RLU/CO was ≥1.

Samples were stored into a biobank approved by the local ethics
committee (Comité de Protection des Personnes), and for which a
declaration of collection and storage of human samples for research
use has been sent to the French Ministry of Higher Education and
Research (Ministère de l'Enseignement Supérieur et de la Recherche)
(declaration number DC-2014-2086).

DNA extraction from cervical exfoliated cells

DNA was extracted from hc2 positive cases with the QIAamp DNA
Mini Kit (Qiagen, Courtaboeuf, France). Three hundred and twenty
microliters of denatured solution were neutralized with 80 μL of 5 M
acetic acid and 3 M potassium acetate. Then, 400 μL of AL buffer
(Qiagen) and 40 μL proteinase K (Qiagen) were added and the mix
was digested overnight at 56 °C. All lysates were processed according
to the manufacturer's recommendations; DNA was eluted in 80 μL of
elution buffer.

Real-time PCR

Detection of HPV16, HPV18 andHPV45DNA aswell as albumin gene
(ALB) DNA copies were performed by real-time PCR with an AB7500
thermocycler (Applied Biosystems, Saint-Aubin, France) using TaqMan
technology. Primers and hydrolysis probes were designed to target a
polymorphic region of the E6 gene and ALB (Supplementary Table).

A real-time duplex PCR assay was carried out for simultaneous
detection of HPV16 and HPV18 DNA as detailed previously (Jacquin
et al., 2013).

Detection of HPV45 DNA was conducted in a final volume of 25 μL
containing the 1X Taqman® Gene Expression Master Mix (Applied
Biosystems), 300 nM of each primer (Eurogentec, Seraing, Belgium),
250 nM of probe (Eurogentec) and 4 μL of DNA sample. The thermal
cycling program was 2 min at 50 °C followed by 10 min at 95 °C and
then 40 cycles of amplification (95 °C–15 s, 60 °C–1 min).

To discriminate between failed amplification due to technical error
and an absence of HPV16 and/or HPV18 and/or HPV45, each cervical
sample was also subjected to real-time PCR for the detection of
human ALB DNA copies as previously described (Laurendeau et al.,
1999).

Statistical analysis

Prevalence of NILM and abnormal cytologies, as well as hrHPV and
HPV 16/18/45, was calculated with the corresponding 95% confidence
intervals (CI), stratified by age category. Prevalence of hrHPV and specif-
ic genotypes according to cytology with the associated 95% CI was also
calculated. The chi-square test or Fisher's exact test were used to com-
pare trends in HPV frequency by 5-year intervals, and trends in cytology
frequency according to age groups. A p-value b 0.05was considered sta-
tistically significant. All analyses were performed using the R statistical
software version 3.2.0 on the website BiostaTGV (The R Foundation,
Vienna, Austria).

Results

Cytology results according to age groups

Age of the 796 women was categorized into 5-year age groups
(66–70, 71–75, 76–80 and N81). Among the Pap smears, 546 (68.6%,
95% CI 65.4–71.8) were NILM and 250 (31.4%, 95% CI 28.2–34.6) were
abnormal. One hundred and twenty-six samples (15.8%, 95% CI 13.3–
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18.3) were diagnosed ASC-US, 2 (0.3%, 95% CI 0–0.7) were in favor of
AGC, 8 (1% 95% IC 0.3–1.7) of ASC-H, 59 (7.4%, 95% CI 5.6–9.2) were
LSIL, 32 (4%, 95% CI 2.6–5.4) were HSIL, and 23 (2.9%, 95% CI 1.7–4.1)
were CC (Table 1). There were half as many cases of ASC-US in
women aged over 81 (6.7%, 95% CI 1.5–11.9) compared to the other
age groups (16.2–17.4%). LSIL were most prevalent (10.4%, 95% CI 7.5–
13.3) in the 66–70 age group, while HSIL were found most frequently
(6.6%, 95% CI 1.5–11.7) in 76–80 year old women. During the period
2002 to 2012, 23 women were cytologically diagnosed with CC with a
prevalence reaching 5.6% (95% CI 0.8–10.4) in very elderly patients.
Eighteen of the 23 CC smears (78.2%, 95% CI 61.3–95.1) were SCC and
5 (21.8%, 95% CI 4.9–38.7) were ADC. Taken together, most patients
diagnosed with NILM or benign lesions (≤ LSIL) were aged between 66
and 75 years, while patients with severe lesions (≥ HSIL) were aged 76
and over (p = 0.04).

hrHPV prevalence according to age groups

The prevalence of hrHPV and specific HPV16/18/45 genotypes
according to age is presented in Table 2. The overall prevalence of posi-
tive hrHPV was 22.7% (95% CI 19.8–25.6) (181/796). Among the 181
samples positive for hrHPV, 5 samples were inadequate for PCR due to
insufficient material. The pooled frequency of HPV 16, HPV 18 and
HPV 45 infections was 35.4% (95% CI 28.4–42.4) and HPV 16 was the
most prevalent genotype (23.8%, 95% CI 17.6–30) followed by HPV 45
(7.7%, 95% CI 3.8–11.6) and HPV 18 (3.9%, 95% CI 1.1–6.7). Three
women showed co-infections with HPV 16, 18, and/or 45 (two cases
were infected by the 3 genotypes and one case with HPV 16 and HPV
45). The rate of hrHPV and HPV 16/18/45 did not differ significantly
between age groups, but there was a trend towards a higher rate of
HPV16 in women aged 76–80 years (42.1%, 95% CI 19.9–64.3).

hrHPV prevalence according to cytology

The distribution of hrHPV types according to cytology is presented in
Table 3. Among patients with normal smears, 9.5% [(95% CI 7–12),
52/546)] harbored hrHPV. The rate of hrHPV positivity increased with
the severity of cytological abnormalities from 25% (95% CI 0–55)
in ASC-H, and 28.9% (95% CI 21.1–36.8) in ASC-US to 69.5% (95% CI
57.8–81.3) in LSIL, 90.6% (95% CI 80.5–100) in HSIL and 94.4% (95% CI
83.8–100) in SCC (p b 0.001). Likewise, the prevalence of the 3 specific
hrHPV genotypes tested increased from low to high grade lesions. The
rate of HPV16 increased statistically with the lesion severity from 3.1%
(95% CI 0.1–6.1) in the ASC-US group to 12.5% in ASC-H (95% CI
0–35.4), 15.2% (95% CI 6–24.4) in LSIL, 31.3% (95% CI 15.2–47.4) in
HSIL, to reach more than 50% (95% CI 34.9–75.5) in smears showing
CC (p b 0.001).

Follow-up

Fig. 1 summarizes the follow-up (FU) data over a mean period of
29 months (95% CI 24.9–33) in women with NILM cytology at baseline.

In this population of 546 women, 52 were tested hrHPV positive.
Among these, 31/52 (59.6%) had a mean FU of 25 months (95% CI
18.2–31.8). Persistent hrHPV positivity was observed in 21/31 (67.7%)
women; 13women still hadNILM smears, 6 showed cytologicalmild ab-
normalities and 2 presented HSIL. The latter lesions were confirmed his-
topathologically as CIN3 that developed in women positive for HPV16 at
study entry. Among the 494 women who had NILM and were hrHPV
negative, only 65 (13.2%) had a FU over a mean period of 31 months
(95% CI 25.9–36.1). Four of these (4/65, 6.2%) presented mild abnormal-
ities associated with an incident hrHPV infection but none developed
HSIL at cytological control and colposcopic examination.

Discussion

High prevalence of cervical abnormalities may be related to low
screening coverage

This retrospective study, conducted on a hospital cohort of 796
French women over 65 years for cervical cancer screening, reports a
high rate of hrHPV infection as well as of cytological abnormalities of ei-
ther low or high grade and a notable rate of carcinomas. These findings
are in line with those of Mandelblatt et al. who reported 2% of smears
with suspected malignancy in a population of poor, elderly and black
women from New York (Mandelblatt et al., 1993) but differ from
those of Meyer et al., who recorded a 0.34% cancer rate among a large
series of 53,644 French women aged 65 to 100 years having had a
normal and sufficient cytological FU according to the guidelines
(Meyer et al., 2012). Thus, we point out that women attending a refer-
ent hospital Gynecology Clinic are at high risk of cervical lesions and
are not representative of older women in France. For the vast majority
of the studied women (N85%), no history of cervical cancer screening
was noted in our gynecology/pathologymedical recordswhile a minor-
ity of women would have had one Pap smear. Thus, we can reasonably
think that thesewomenwere largely underscreened. The completeness
of the records is however not warranted because (i) screening could
have been performed outside the hospital and not necessarily according
to the French guidelines, (ii) cervical cancer screening is mainly oppor-
tunistic in France (with the exception in some departments), (iii) of the

Table 1

Cytological data according to age in 796 French elderly women tested between 2002 and 2012.

Age group (years) Global cohort 66–70 71–75 76–80 81 and +

Subjects n (% by row) 796 (100) 424 (53.3) 192 (24.1) 91 (11.4) 89 (11.2)
NILM n (% by column) 546 (68.6) 273 (64.4) 138 (71.9) 64 (70.3) 71 (79.8)
ASC-US n (% by column) 126 (15.8) 74 (17.4) 31 (16.2) 15 (16.5) 6 (6.7)
AGC n (% by column) 2 (0.3) 2 (0.5) 0 0 0
ASC-H n (% by column) 8 (1) 3 (0.7) 2 (1) 1 (1.1) 2 (2.3)
LSIL n (% by column) 59 (7.4) 44 (10.4) 10 (5.2) 2 (2.2) 3 (3.4)
HSIL n (% by column) 32 (4) 19 (4.5) 5 (2.6) 6 (6.6) 2 (2.2)
Cancer n (% by column) 23 (2.9) 9 (2.1) 6 (3.1) 3 (3.3) 5 (5.6)

n: number, NILMnegative for Intraepithelial Lesion orMalignancy, ASC-US: atypical squamous cells of undetermined significance, ASC-H: atypical squamous cells— cannot exclude a high
grade squamous intraepithelial lesions, AGC: atypical glandular cells, LSIL: low grade squamous intraepithelial lesion, HSIL: high grade SIL.

Table 2

Prevalence of hrHPV,HPV16,HPV18, HPV45 according to age group in796 French elderly
women tested between 2002 and 2012.

Age group years Global
cohort

66–70 71–75 76–80 81 and +

n 796 424 192 91 89
hrHPV positive n (%)* 181 (22.7) 106 (25) 39 (20.3) 19 (20.9) 17 (19.1)
HPV 16 n (%)# 43 (23.8) 24 (22.6) 6 (15.4) 8 (42.1) 5 (29.4)
HPV 18 n (%)# 7 (3.9) 5 (4.7) 2 (5.1) 0 0
HPV 45 n (%)# 14 (7.7) 8 (7.6) 3 (7.7) 1 (5.3) 2 (11.8)
Other HPV n (%)# 117 (64.6) 69 (65.1) 28 (71.8) 10 (52.6) 10 (58.8)

n: number, hrHPV: high-risk human papillomavirus,*: % by row, #: % in comparison with
number of hrHPV positive.
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absence of national cervical cancer screening registry, (iv) of the over-
writing of the health insurance data every two years. These findings
may also illustrate that the low coverage of Pap smear testing with
age in France (57–59% between 25 and 44 years and 42% between 60
and 65 years (DREES, 2015) is mainly responsible for late diagnosis of
precancerous and cancerous cervical lesions. Underprivileged French
women likely contribute to the high rate of cervical lesions in older
women as it was recently confirmed that 33.1% of them aged 25–65
have ever realized a cervical smear in their lives, and more than a
third did not know cervical smear (Chappuis et al., 2014). Moreover,
several authors have reported that poor prognosis and advanced stage
at diagnosis of cervical cancer in elderly women might be explained
by the cessation of cervical screening in this population (Andrae et al.,
2008; Brun et al., 2003; Ioka et al., 2005; Spayne et al., 2008; Wright
et al., 2005). Based on these data and on the fact that pre-cancerous
lesions regress less with age (van Oortmarssen and Habbema, 1991),
women beyond 65 with inadequate past screening cannot be consid-
ered in forming exiting policy.

Otherwise in the general population, a recent case–control study
performed on members of two health plans in the United States sug-
gested that the implementation of screening for women aged 65–79
years was associated with a reduced risk of invasive cancer of 78–84%
(Kamineni et al., 2013). USA guidelines recommend stopping screening
at 65, but in practice, screening continues up to 85 years of age [Sasieni
P, personal communication, EUROGIN 2015]. Indeed, Sirovich et al.
showed that 43% of Americanwomen aged over 65 had cytology screen-
ing (Sirovich et al., 2003). As proposed by Castañón et al. stopping
screening between age 60 and 69 years in women with a lifetime of
adequate negative screening seems sensible. But in the context of

increasing life expectancy further screening may be justifiable
(Castanon et al., 2014).

hrHPV prevalence is high in older women

As expected in a population at high risk of cervical lesions, the prev-
alence of hrHPV is high and reaches 22.7%, a prevalence comparable
with that reported by Centurioni et al. in a cohort of Italian women
older than 60 (Centurioni et al., 2005). Several authors noted a second
HPV peak in women older than 55 in Europe, Canada, Central and
South America and Africa (Baay et al., 2004; Castle et al., 2006; de
Sanjose et al., 2007; Franceschi et al., 2006; Sellors et al., 2002). The
increased prevalence of hrHPV among elderly women might reflect
higher rates of previous HPV exposure (cohort effect from the genera-
tion of the sexual revolution). Nevertheless, we cannot exclude that
older women initiating new sexual relationships in later life were ex-
posed to new HPV infection. Moreover, declining immune function
with aging may facilitate viral persistence (Garcia-Pineres et al., 2006)
or reactivation of latent HPV infection and/or accelerate progression
from cervical intraepithelial neoplasia to invasive cancer.

Here, the rate of hrHPV is stable across older age groups as described
in Lindau's study (Lindau et al., 2008) but increased with the severity of
cervical lesions, which is in line with data reported by Chiang et al.
among Taiwanese women (Chiang et al., 2013). Among the specific
HPV genotypes, HPV 16 was the most prevalent (23.8%) as reported
by Zietkowiak et al. in women aged 56 to 78 years (26%) (Zietkowiak
et al., 2002) and Baay et al. in women older than 65 (35.3%) (Baay
et al., 2004). The frequency of HPV 16 increased with lesion severity,
as also noted by Chiang et al. (Chiang et al., 2013), and confirms its

Table 3

Prevalence of hrHPV, HPV 16/ 18/45 and other HPV according to cytological data in 796 French elderly women tested between 2002 and 2012.

Cytology NILM ASC-US ASC-H LSIL HSIL All Cancers SCC ADC

hrHPV n (%) 52/546* (9.5) 37/128* (28.9) 2/8* (25) 41/59 (69.5) 29/32 (90.6) 20/23 (87) 17/18 (94.4) 3/5 (60)
HPV 16 n (%) 7/546 (1.3) 4/128 (3.1) 1/8 (12.5) 9/59 (15.2) 10/32 (31.3) 12/23 (52.2) 10/18 (55.6) 2/5 (40)
HPV 18 n (%) 1/546 (0.2) 2/128 (1.6) 0 3/59 (3.4) 1/32 (3.1) 1/23 (4.3) 0 1/5 (20)
HPV45 n (%) 2/546 (0.4) 4/128 (3.1) 0 3/59 (5.1) 2/32 (6.3) 3/23 (13) 3/18 (16.7) 0
Other HPV n (%) 39/546 (7.1) 29/128 (22.7) 0 27/59 (45.8) 18/32 (56.3) 4/23 (17.4) 4/18 (22.2) 0

n: number, hrHPV: high-risk human papillomavirus, NILM: negative for intraepithelial lesion or malignancy, ASC-US: atypical squamous cells of undetermined significance, ASC-H: atyp-
ical squamous cells— cannot exclude a high grade intraepithelial lesion, AGC: atypical glandular cells, LSIL: low grade squamous intraepithelial lesion, HSIL: high grade SIL, SCC: squamous
cell carcinoma, ADC: adenocarcinoma, % by row, *5 samples inadequate for PCR (2 NILM, 2 ASCUS, 1 ASCH).

Fig. 1. Follow-up of French elderlywomenwith a normal smear on ameanperiod of 29months. NILM:Negative for Intraepithelial Lesion orMalignancy, HPV:Human PapillomaVirus, LSIL:
Low Grade Squamous Intraepithelial Lesion, HSIL: High Grade SIL.
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distribution inwomenwith orwithout cervical neoplastic diseases in all
world regions (Clifford et al., 2006).

Strength and limitations of the FU study

The FU ofwomenwith normal smear at entrymade it possible to de-
tect incident CIN3 in 6%of HPV positive cases. This finding is comparable
to Meyer's (Meyer et al., 2012) and Mandelblatt's (Mandelblatt et al.,
1993) studies, that reported cases of HSIL+ in women who presented
a negative smear. Dinkelspiel et al. observed that 25% of women older
than 65with cervical cancer have had three previous consecutive nega-
tive smears (Dinkelspiel et al., 2012). Consequently, negative cytological
screening is not sufficient to prevent cancer because the low risk period
after several negative results does not stretch indefinitely. On the other
hand, we demonstrate a beneficial effect of HPV testing. Indeed, in the
population of women with normal cytology, those who developed
CIN3 were HPV16 positive indicating the potential value of partial
genotyping even in elderly women. This study had limitations: less
than 15% of women with NILM and HPV negative were followed up
and the duration of the follow up was short.

Cancer screening decisions in older patients should estimate life ex-
pectancy and weigh potential benefits and harms according to patient's
characteristics and preferences (Rustagi et al., 2013; Walter and
Covinsky, 2001). A study evaluating older women's preferences regard-
ing their screening revealed that the majority of them were willing to
use a HPV test to make decisions about the frequency and duration of
cervical cancer screening (Huang et al., 2008). As discussed by Castañón
et al., since the long termNPV of HPV testing is better than that of cytol-
ogy one would expect the period of low risk to be longer following an
HPV test, but no current study is looking at the risk 15–20 y after a
negative HPV test (Castanon et al., 2014).

Conclusion

According to our overall results, it is essential to pay particular atten-
tion to hospital Gynecology Clinic attendees aged over 65, emphasizing
the importance of HPV counseling, screening decisions and health-
related quality of life. A conceptual framework based on individual
patient characteristics and wishes to guide cancer screening decisions
in older women may be more useful to practicing clinicians than age
guidelines.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ypmed.2015.08.018.
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13 Abstract

14 Background: Data on Human PapillomaVirus (HPV) infection are scarce in Morocco. The objective of the study

15 was to determine the prevalence of HPV and cervical cytology abnormalities in women from the Souss area,

Morocco.

16 Methods: Two hundred and thirty two women who attended the Hassan II hospital (Agadir, Morocco) were

17 recruited in this study. Socio-economic data, sexual activity, reproductive life, history of Pap smear, smoking

18 and HIV status were recorded. Cervical samples were taken using an Ayre spatula. Cytology was reported

19 using the Bethesda system. HPVs were first detected by MY09/11 consensus PCR and then genotyped with

20 INNO-LiPA® assay. Data were analyzed using the logistic regression model.

21 Results: The median age of women was 42 years (18–76 years). HIV prevalence was 36.2 %. Any HPV type

22 prevalence was 23.7 % in the study population, lower in HIV-negative women (13.3 %) than in HIV-positive

23 women (39.3 %). HPV16 was the most prevalent type (6.5 %), followed by HPV53 and HPV74 (3.4 % each).

24 Most women had normal cervical smears (82 %), the remaining were diagnosed with LGSIL (13 %) and HGSIL

25 (5 %). HPV was detected in 17.4 % of normal smears, 43.4 % of LGSIL and 75 % of HGSIL. HIV status was the

26 most powerful predictor of high risk (hr) and probable hr (phr) HPV infection (odds ratio 4.16, 95 % confidence interval

27 1.87–9.24, p = 0.0005) followed by abnormal cytology (OR 3.98, 95 % CI 1.39–11.40, p = 0.01), independently of

28 socio-demographic and behavioral risk factors.

29 Conclusions: In a Moroccan hospital based-population of the Souss area, HPV infections are frequently

30 detected. In addition, high prevalence of hr and phrHPVs and precancerous lesions among HIV-positive

31 women is likely associated with an increased risk of cervical cancer. This highlights the need for HPV and

32 cervical cancer prevention campaigns in Morocco.
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34 Background

35 Human papillomavirus (HPV) infection is the most

36 common sexually transmitted infection (STI) world-

37 wide and the necessary causative agent of precancer-

38 ous and cancerous lesions of the cervix. The role of

39 high risk HPV (hrHPV) in the development of virtu-

40 ally all cervical cancers (CC) has been well established

41 for more than 20 years [1–3]. CC is the second most

42 common cancer in Moroccan women, after breast

43 cancer. Current estimates indicate that the age-

44 standardized incidence of CC among women in

45 Morocco is 14.3 new cases per 100 000 women/year

46 corresponding to 2258 new cases /year, and the death

47 rate due to this disease is 7 per 100 000 correspond-

48 ing to 1076 cases/year [4].

49 To date, more than 200 HPV genotypes have been

50 identified. About 40 of them infect the genital tract, of

51 which 12 were classified as carcinogenic, one as “prob-

52 ably carcinogenic” and 12 as “possibly carcinogenic” to

53 humans [5]. HPV types 16 and 18 are responsible for

54 about 70 % of CC worldwide [6] and 60–70 % of high

55 grade lesions, depending on the geographical area [7].

56 However, HPV infection of the uterine cervix does not

57 always induce cellular abnormalities [8], indicating that

58 other factors play a role in the development of cervical

59 neoplasia. Human immunodeficiency virus (HIV) in-

60 fection, another STI with extensive public health im-

61 pact [9], shares many common behavioural risk

62 factors with HPV infection. HPV and HIV coinfection

63 increases the risk of neoplasia of the lower genital

64 tract [10]. Women with HIV infection commonly har-

65 bor a broader range of HPV genotypes, often with

66 multiple concurrent HPV infections, compared to

67 HIV-negative women [11, 12]. HIV influences the nat-

68 ural history of HPV by increasing virulence and the

69 likelihood of persistent infection, and also by hasten-

70 ing the time-course of HPV disease [13, 14].

71 In late 2013, it was estimated that there were 31 000

72 persons living with HIV in Morocco, with 50 % of the

73 cases having been registered between 2006–2013. The

74 Souss-Massa-Draa region of Morocco is one of the 5

75 areas with a high HIV burden accounting for 70 % of

76 notified cases [15]. In the Souss area, women who attend

77 public health-care clinics are most of the time not

78 screened and not treated for HPV-associated lesions.

79 Moreover, there is no epidemiological data available on

80 HPV infection in this region and, as such, the prevalence

81 of HPV infection remains unknown. Therefore, in the

82 present study, we evaluated the prevalence and distri-

83 bution of HPV genotypes, as well as cervical cytology

84 results, in a hospital based-population of women from

85 the Souss area according to demographic and lifestyle

86 factors and HIV status which may influence HPV

87 infection.

88Patients and methods

89Study population and sample collection

90Data on cytology and HPV detection were obtained from

91232 women 18 years and older who attended the Hassan

92II Hospital of Agadir between June 2014 and February

932015. Patients consulted physicians for gynecological

94care or for different clinical symptoms such as vaginal

95discharge, vaginal bleeding, vulva itching, lower abdom-

96inal and pelvic pain, infertility, menorrhagia, or other

97symptoms suggestive of gynecological disorders. Women

98who were virgin, pregnant or had a history of hysterec-

99tomy were excluded from the study. More than 80 % of

100the study population have been diagnosed with or with-

101out HIV infection in a free and anonymous screening

102centre (CIDAG) and HIV status was noted in medical

103records.

104Women received counselling regarding HPV infection

105and cervical cancer screening. They underwent a pelvic

106examination and cervical samples were obtained using

107an extended tip “Ayre” spatula. After the conventional

108cervical smear was spread onto a glass slide, the tip of

109the spatula was broken off and placed in a container

110containing 3 mL of universal transport medium speci-

111men (UTM™) and stored at -20 °C until HPV testing.

112Furthermore, interviews were conducted to record epi-

113demiological data concerning socio-economic data (level

114of educational, employment), sexual activity (age at first

115intercourse, number of sexual partners, contraceptive

116use and duration), reproductive life (age at first preg-

117nancy, number of births and miscarriages, menopause),

118past history of Pap smear tests, gynecological lesions

119and smoking.

120Informed consent was obtained prior to enrollment of

121participants. The study was approved by the institutional

122board of the Hassan II Hospital of Agadir and conducted

123in accordance with good clinical practices to benefit the

124patient.

125Cytology data

126The smears were processed for Papanicolaou staining

127and analyzed according to the Bethesda classification as

128Negative for Intraepithelial Lesion or Malignancy (NILM)

129or epithelial cell abnormalities, LGSIL (Low Grade

130Squamous Intraepithelial Lesion) and HGSIL (High

131Grade Squamous Intraepithelial Lesion).

132DNA extraction from cervical samples

133DNA extraction from cervical smears was performed

134using QIAamp DNA Mini Kit (Qiagen, Courtaboeuf,

135France). Aliquots of 3 mL of samples were centrifugated

136at 4000 rpm for 10 min, the supernatant was removed

137and the pellet was resuspended in 400 μL TE buffer

138(10 mM Tris–HCl, 1 mM EDTA, pH8). Then, 400 μL of

139AL buffer (Qiagen) and 40 μL proteinase K (Qiagen)
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140were added and the mix was digested overnight at 56 °C.

141All lysates were processed according to the manufac-

142turer’s instructions; DNA was eluted in 80 μL of elution

143buffer and stored at -20 °C until use.

144The quality of extracted DNA was controlled by

145PCR amplification of the β-globin gene using the

146primers PC04 (5′-CAA-CTT-CAT-CCA-CGT-TCA-CC-3′)

147and GH20 (5′-GAA-GAG-CCA-AGG-ACA-GGT-AC-3′),

148which gives a fragment of 265 bp.

149Human Papillomavirus DNA detection and genotyping

150HPV DNA was detected by a standard polymerase chain

151reaction (PCR) protocol with consensus primer pair

152MY09/MY11 (5′-CGT-CCM-ARR-GGA-WAC-TGA-TC-

1533′ and 5′-GCM-CAG-GGW-CAT-AAY-AAT-GG-3′),

154allowing the production of 450-bp fragments in the

155HPV L1 open reading frame and the detection of more

156than 40 low- and high-risk genital HPV types [16].

157Identification of HPV genotype(s) in samples positive

t1:1 Table 1 Sociodemographic, behavioral, and clinical characteristics

t1:2 of Moroccan women participating in the study (n = 232)

t1:3Q3 Characteristic n (%)

t1:4 Age (years)

t1:5 <45 149 (64.2)

t1:6 ≥45 83 (35.8)

t1:7 Educational level

t1:8 Illiterate 155 (66.8)

t1:9 Primary school 38 (16.4)

t1:10 Secondary and high school 39 (16.8)

t1:11 Employment

t1:12 No 195 (84.0)

t1:13 Yes 37 (16.0)

t1:14 Marital status

t1:15 Married 130 (56.0)

t1:16 Single + divorced + widowed 102 (44.0)

t1:17 HIV status

t1:18 Negative 105 (45.3)

t1:19 Positive 84 (36.2)

t1:20 Unknown 43 (18.5)

t1:21 Age at first intercourse (years)

t1:22 ≥20 100 (43.1)

t1:23 17–19 66 (28.4)

t1:24 ≤16 66 (28.4)

t1:25 Age at first pregnancy (years)

t1:26 ≤ 18 97 (41.8)

t1:27 > 18 135 (58.2)

t1:28 Number of live births

t1:29 0–1 83 (35.8)

t1:30 2–3 96 (41.4)

t1:31 ≥4 53 (22.8)

t1:32 Number of miscarriage

t1:33 0 149 (64.2)

t1:34 ≥1 83 (35.8)

t1:35 Lifetime sexual partners

t1:36 Single 154 (66.4)

t1:37 Multiple 78 (33.6)

t1:38 History of contraception use

t1:39 No 57 (24.6)

t1:40 Yes 175 (75.4)

t1:41 Oral contraceptive use

t1:42 No 77 (33.2)

t1:43 Yes (alone or in combination) 155 (66.8)

t1:44 Intra-uterine device use

t1:45 No 221 (95.2)

t1:46 Yes (alone or in combination) 11 (4.8)

Table 1 Sociodemographic, behavioral, and clinical characteristics

of Moroccan women participating in the study (n = 232)

(Continued)

t1:47Condom use

t1:48No 192 (82.8)

t1:49Yes (alone or in combination) 40 (17.2)

t1:50Duration of oral contraceptive use (years)

t1:51< 5 114 (49.1)

t1:52≥ 5 118 (50.9)

t1:53Smoking exposure

t1:54No 208 (89.7)

t1:55Yes 24 (10.3)

t1:56Past history of gynecological lesionsa

t1:57No 202 (87.1)

t1:58Yes 30 (12.9)

t1:59Menopause

t1:60No 190 (81.9)

t1:61Yes 42 (18.1)

t1:62Number of Pap smears

t1:63Never 189 (81.5)

t1:64≥1 43 (18.5)

t1:65Pap smearb

t1:66NILM 190 (81.9)

t1:67LGSIL 30 (12.9)

t1:68HGSIL 12 (5.2)

t1:69Abbreviations: HIV Human Immunodeficiency Virus, NILM Negative for

t1:70Intraepithelial Lesion or Malignancy, LGSIL Low-Grade Squamous Intraepithelial

t1:71Lesion, HGSIL High-Grade Squamous Intraepithelial Lesion

t1:72
aPast history of gynecological lesions includes 3 anal warts, 3 vulvar

t1:73condylomas, 7 uterine polyps, 2 myomas, 3 fibromas and 12 ovarian cysts

t1:74
bPerformed at entrance in the study
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158 for HPV DNA by MY09/11 PCR was done using the

159 INNO-LiPA HPV Genotyping Extra® (Fujirebio,

160 Courtaboeuf, France).

161 HPV genotyping was centrally performed at the

162 Department of Cellular and Molecular Biology at the

163 University Hospital of Besançon (France) according to

164 the manufacturer’s instructions. The genotyping test al-

165 lows the detection of 28 HPV genotypes: 18 high risk

166 (hr) HPV and probable hr (phr) types (HPV-16, 18, 26,

167 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73 and

168 82), 7 low-risk (lr) (HPV-6, 11, 40, 43, 44, 54 and 70)

169 and 3 HPV types not classified (HPV-69, 71 and 74).

170 HPV amplimers which did not hybridize to any specific

171 probe were considered as uncharacterized (HPVX) [17].

172 Statistical analysis

173 Quantitative and qualitative variables were described as

174 number and percentages. The distribution of HPV

175 genotypes was summarized using frequency distribution

176 and stratified by cytology results (NILM, LGSIL, and

177 HGSIL). Univariate and multivariate logistic regression

178 models were used to identify risk factors associated suc-

179 cessively with HPV infection (any HPV and/or hr and

180 phrHPV) and abnormal cytology. Odds ratios (ORs) and

181 95 % confidence intervals (CI) were used to quantify the

182 association between risk factors and positivity for any

183 HPV and/or hr and phrHPV genotypes or abnormal

184 cytology. A p-value <0.05 was considered statistically sig-

185 nificant. Statistical analyses were performed using SAS

186 version 9.4 (SAS Institute Inc., Cary, North California,

187 USA).

188 Results

189 Patient characteristics

190 Among the study population, 84/232 (36.2 %) women

191 were diagnosed HIV-positive and 105/232 (45.3 %) HIV-

192 negative. HIV status was unknown for 43/232 (18.5 %)

193 women. TableT1 1 describes the sociodemographic, behav-

194 ioral and clinical variables. Median age was 42 years

195 (range 18-76). The majority of women were illiterate

196 (66.8 %) and unemployed (84.1 %). More than half were

197 married (56 %), had their first intercourse at age less

198 than 20 (56.8 %), had their first pregnancy after 18 years

199 of age (58.2 %). About 41 % of women had two or three

200 live births, and 36 % reported one miscarriage or more.

201 The majority (66.4 %) reported that they had only one

202 lifetime sexual partner. A history of contraceptive use

203 was noted in three quarters of women (75.4 %) and 51 %

204 of women said they took oral contraception over a

205 period of more than 5 years. According to their answers,

206 10.3 % of women were smokers, 13 % had past history of

207 gynecological lesions including anal warts, vulvar con-

208 dylomas, ovarian cysts, uterine polyps, myomas and fi-

209 bromas and 18 % were postmenopausal. With regard to

210the history of cervical cancer screening, 81.5 % of the

211women had never had a Pap smear.

212As regards the results of the Pap smears, 190 (81.9 %,

21395 % CI [76.9 – 86.9]) were NILM, 30 (12.9 %, 95 % CI

214[8.6 – 17.2]) were LGSIL and 12 (5.2 %, 95 % CI

215[2.3 – 8.1]) were HGSIL. In this series, no cervical

216cancer was detected.

217HPV detection and genotyping

218HPV DNA was detected in 23.7 % (55/232) of the cases

219but 3 samples (1.3 %) could not be genotyped because

220they did not match any of the specific probes of the

221assay (HPVX); thus specific HPV genotypes were available

t2:1Table 2 Distribution of specific Human Papillomavirus (HPV)

t2:2genotypes in all infections (single or multiple) tested in 55

t2:3Moroccan women from the Souss area, Morocco

t2:4HPV genotypes Total n (%) NILM n (%) LGSIL n (%) HGSIL n (%)

t2:5hrHPV

t2:616 15 (6.5) 4 (2.1) 7 (23.3) 4 (33.3)

t2:718 7 (3.0) 2 (1.1) 2 (6.7) 3 (25.0)

t2:831 6 (2.6) 4 (2.1) 2 (6.7) -

t2:933 6 (2.6) 1 (0.5) 4 (13.3) 1 (8.3)

t2:1035 2 (0.9) 2 (1.1) - -

t2:1139 4 (1.7) 2 (1.1) 2 (6.7) -

t2:1245 2 (0.9) 2 (1.1) - -

t2:1351 5 (2.2) 5 (2.6) - -

t2:1452 7 (3.0) 5 (2.6) 2 (6.7) -

t2:1556 6 (2.6) 4 (2.1) 1 (3.3) 1 (8.3)

t2:1658 5 (2.2) 4 (2.1) - 1 (8.3)

t2:1768 1 (0.4) 1 (0.5) - -

t2:1882 3 (1.3) 2 (1.1) 1 (3.3) -

t2:19phr HPV

t2:2026 3 (1.3) 2 (1.1) - 1 (8.3)

t2:2153 8 (3.4) 5 (2.6) 3 (10.0) -

t2:2266 5 (2.2) 4 (2.1) 1 (3.3) -

t2:23lrHPV

t2:246 5 (2.2) 3 (1.6) 2 (6.7) -

t2:2511 1 (0.4) - 1 (3.3) -

t2:2644 3 (1.3) 3 (1.6) - -

t2:2754 7 (3.0) 7 (3.7) - -

t2:2870 4 (1.7) 2 (1.1) 2 (6.7) -

t2:29Additional HPV

t2:3069/71 5 (2.2) 2 (1.1) 3 (10.0) -

t2:3174 8 (3.4) 7 (3.7) 1 (3.3) -

t2:32HPVX 9 (3.9) 8 (4.2) - 1 (8.3)

t2:33NILM Negative for Intraepithelial Lesion or Malignancy, LGSIL Low Grade

t2:34Squamous Intraepithelial Lesion, HGSIL High Grade Squamous

t2:35Intraepithelial Lesion
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222 for 52 cases. Eighteen women (34.6 %) were infected by a

223 single HPV genotype and 34 (65.4 %) by multiple HPV ge-

224 notypes. Among women with multiple genotypes, there

225 were 15 women with dual infection (44.1 %), 9 women

226 with triple infection (26.5 %), 4 women with 4 genotypes

227 (11.7 %) and 6 women with 5 or more genotypes (17.6 %).

228 Multiple infections were only half as frequent in HGSIL

229 (33.3 %, 3/9) as in LGSIL (69.2 %, 9/13) and NILM smears

230 (66.6 %, 22/33).

231 The distribution of HPV genotypes tested in this study

232 is shown in TableT2 2. HPV16 was the most prevalent

233 genotype among the study population with 4 mono-

234 infected women and 11 women with mixed infections

235 giving a total prevalence of 6.5 % (15/232). HPV53 and

236 HPV74 were the second most frequent genotypes in the

237 overall population (3.4 %, 8/232 each).

238 After stratifying by Pap cytology, HPV was found in

239 17.4 % (33/190) of women with NILM smear, in 43.3 %

240 (13/30) of LGSIL and in 75 % (9/12) of HGSIL. Twenty

241 two specific genotypes were detected in NILM smears,

242 15 in LGSIL and only 6 in HGSIL namely HPV16, 18,

24326, 33, 56 and 58. The grade of cytological abnormalities

244was highly associated with hr and phrHPV genotypes

245(p = 0.001 for LGSIL and p < 0.0001 for HGSIL)

246(Table T33). HPV16 was detected in 2.1 % (4/190) of

247NILM, 23.3 % (7/30) of LGSIL and 33.3 % (4/12) of

248HGSIL. HPV18 was the second most prevalent HPV

249genotype in HGSIL (25 %, 3/12) (Table 2).

250After excluding women whose HIV status was unknown,

251the prevalence of HPV infection was 39.3 % (33/84,

25295 % CI 28.8-49.7) in HIV infected women and

25313.3 % (14/105, 95 % CI 6.8-19.8) in HIV-negative

254women. Type-specific HPV distribution in the series

255of HIV-positive women is shown in Fig. F11; a total of

25623 individual HPV types were detected at a frequency

257of more than 3.0 % in this population. The prevalence

258of multiple HPV types was higher in HIV-positive

259women (75.7 % (25/33), 95 % CI 66.5-84.8) compared to

260HIV-negative women (57.1 % (8/14), 95 % CI 47.6 -66.5).

261Among the HIV population, HPV DNA was found in

26232.2 % (20/62) of NILM smears, 42.8 % (6/14) of LGSIL

263and 87.5 % (7/8) of HGSIL.

t3:1 Table 3 Association between infection by any HPV and by hr and phrHPV types and cytology results among Moroccan women

t3:2 from the Souss area, Morocco

t3:3 Cytology n (%) HPV+ n (%) OR [95 % CI] p-value hr and phra n (%) OR [95 % CI] p-value

t3:4 NILM 190 (81.9) 33 (17.4) 1.00 27 (14.2) 1.00

t3:5 LGSIL 30 (12.9) 13 (43.3) 4.25 [1.76–10.26] 0.001 12 (40.0) 4.02 [1.74–9.28] 0.001

t3:6 HGSIL 12 (5.2) 9 (75.0) 13.97 [3.24–60.26] <0.001 9 (75.0) 18.10 [4.60–71.16] <.0001

t3:7
ahr and phrHPV types: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 66, 68 and 82. NILM, Negative for Intraepithelial Lesion or Malignancy; LGSIL, Low Grade

t3:8 Squamous Intraepithelial Lesion; HGSIL, High Grade Squamous Intraepithelial Lesion

Q4 Fig. 1 Distribution of HPV genotypes among the 33 HIV+/HPV+ Moroccan women from the Souss area, Morocco. The prevalence of HPV

genotypes was calculated by dividing the number of women harboring specific HPV genotype as a single infection (black bars) or multiple

infections (grey bars) by the number of HIV+/HPV+ women
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t4:1 Table 4 Univariate model for identification of factors associated with any HPV, hr and phrHPV genotypes and the presence of

t4:2 abnormal Pap smear

t4:3 Characteristic HPV+ hr and phrHPVa Abnormal Pap** Q5

t4:4 n (%) OR (95 % CI) p-value n (%) OR (95 % CI) p-value n (%) OR (95 % CI) p-value

t4:5 Age (years)

t4:6 ≥ 45 18 (21.7) 1.00 17 (20.5) 1.00 19 (22.9) 1.00

t4:7 <45 37 (24.8) 1.19 [0.63–2.26] 0.59 31 (20.8) 1.02 [0.53–1.98] 0.95 23 (15.4) 0.43 [0.22–0.85] 0.01

t4:8 Educational level

t4:9 Secondary and high school 9 (23.1) 1.00 7 (17.9) 1.00 2 (5.1) 1.00

t4:10 Primary school 6 (15.8) 0.60 [0.19–1.91] 0.39 4 (10.5) 0.52 [0.14–1.95] 0.33 7 (18.4) 8.35 [0.97–71.65] 0.05

t4:11 Illiterate 40 (25.8) 1.12 [0.49–2.57] 0.79 37 (23.9) 1.39 [0.57–3.41] 0.47 33 (21.3) 10.00 [1.32–75.68] 0.02

t4:12 Employment

t4:13 Yes 8 (21.6) 1.00 8 (21.6) 1.00 1 (2.7) 1.00

t4:14 No 47 (24.1) 1.15 [0.49–2.69] 0.75 40 (20.5) 0.94 [0.40–2.20] 0.88 41 (21) 9.58 [1.27–72.00] 0.03

t4:15 Marital status

t4:16 Married 26 (20.0) 1.00 21 (16.1) 1.00 18 (13.8) 1.00

t4:17 Single + divorced + widowed 29 (28.4) 1.59 [0.87–2.92] 0.14 27 (26.5) 1.87 [0.98–3.55] 0.05 24 (23.5) 1.51 [0.77–2.96] 0.22

t4:18 HIV status

t4:19 Negative 14 (13.3) 1.00 13 (12.4) 1.00 12 (11.4) 1.00

t4:20 Positive 33 (39.3) 4.21 [2.06–8.58] <0.0001 29 (34.5) 3.73 [1.79–7.78] 0.0004 22 (26.2) 2.75 [1.27–5.96] 0.01

t4:21 Age at first intercourse (years)

t4:22 ≥20 23 (23.0) 1.00 20 (20) 1.00 14 (14) 1.00

t4:23 17–19 14 (21.2) 1.15 [0.50–2.64] 0.73 12 (18.2) 1.65 [0.72–3.82] 0.24 12 (18.2) 1.60 [0.63–4.09] 0.32

t4:24 ≤16 18 (27.3) 1.61 [0.73–3.56] 0.24 16 (24.2) 1.15 [0.48–2.77] 0.76 16 (24.2) 2.31 [0.94–5.66] 0.06

t4:25 Age at first pregnancy (years)

t4:26 > 18 28 (20.7) 1.00 24 (17.7) 1.00 22 (16.3) 1.00

t4:27 ≤ 18 32 (32.9) 1.47 [0.8–2.71] 0.21 24 (24.7) 1.52 [0.80–2.98] 0.20 20 (20.6) 1.19 [0.60–2.32] 0.62

t4:28 Number of live births

t4:29 0–1 22 (26.5) 1.00 18 (21.7) 1.00 14 (63.6) 1.00

t4:30 2–3 23 (23.9) 0.87 [0.44–1.72] 0.69 21 (21.9) 1.01 [0.50–2.06] 0.97 21 (21.9) 1.38 [0.65–2.92] 0.40

t4:31 ≥4 10 (18.8) 0.65 [0.28–0.50] 0.30 9 (17) 0.74 [0.30–1.79] 0.50 7 (13.2) 0.75 [0.28–2.00] 0.56

t4:32 Number of miscarriage

t4:33 0 33 (22.1) 1.00 27 (18.1) 1.00 19 (12.7) 1.00

t4:34 ≥1 22 (26.5) 1.27 [0.68–2.36] 0.45 21 (25.3) 1.53 [0.80–2.92] 0.20 23 (27.7) 2.06 [1.05–4.06] 0.03

t4:35 Number of sexual partners

t4:36 Single 33 (21.4) 1.00 26 (16.8) 1.00 27 (17.5) 1.00

t4:37 multiple 22 (28.2) 1.44 [0.77–2.69] 0.25 21 (26.9) 1.93 [1.01–3.70] 0.04 15 (19.2) 0.86 [0.42–1.77] 0.68

t4:38 History of contraception use

t4:39 No 11 (19.3) 1.00 10 (17.5) 1.00 9 (15.8) 1.00

t4:40 Yes 44 (25.1) 0.40 [0.67–2.95] 0.37 38 (21.7) 1.30 [0.60–2.82] 0.50 33 (18.8) 1.05 [0.48–2.30] 0.89

t4:41 Oral contraceptive use

t4:42 No 16 (20.7) 1.00 14 (18.2) 1.00 13 (16.8) 1.00

t4:43 Yes (alone or in combination) 39 (25.1) 1.28 [0.66–2.48] 0.46 34 (21.9) 1.26 [0.63–2.53] 0.51 29 (18.7) 0.87 [0.43–1.75] 0.70

t4:44 Condom use

t4:45 No 44 (22.9) 1.00 38 (19.8) 1.00 0.46 35 (18.2) 1.00

t4:46 Yes (alone or in combination) 11 (27.5) 1.28 [0.59–2.76] 0.54 10 (25) 1.35 [0.61–3.00] 7 (17.5) 1.16 [0.49–2.74] 0.73
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264 Risk factors

265 The association between any HPV, hr and phrHPV,

266 abnormal smear and sociodemographic characteristics as

267 well as sexual behavior was also investigated in the

268 population. By univariate analysis, hr and phrHPV ge-

269 notypes were associated with number of sexual part-

270 ners (p = 0.04), smoking exposure (p = 0.03) and HIV

271 infection (p = 0.0004) (TableT4 4). By multivariate ana-

272 lysis, HIV positivity was associated with a significantly

273 increased risk of hr and phrHPV infection (OR 4.16,

274 95 % CI 1.87-9.24, p = 0.0005) after adjustment for

275 educational level, marital status, age at first preg-

276 nancy, number of miscarriages, number of sexual

277 partners and smoking exposure (TableT5 5).

278 In a second univariate analysis, abnormal Pap smears

279 were associated with unemployment (OR 9.58, 95 % CI

280 1.27-72.00, p = 0.03), number of miscarriages (OR 2.06,

281 95 % CI 1.05-4.06, p = 0.03) and HIV infection (OR 2.75,

282 95 % CI 1.27-5.96, p = 0.01) (Table 4). By multivariate

283 analysis, HIV positivity and number of miscarriages were

284 associated with a significant increase in the risk of

285 abnormal Pap smears (OR 3.98, 95 % CI 1.39-11.40,

286 p = 0.01; OR 2.84, 95 % CI 1.14-7.12, p = 0.02 respect-

287 ively) after adjustment for age, educational level, em-

288 ployment, age at first intercourse, menopause and

289 number of Pap smears (TableT6 6).

290 Discussion

291 In Morocco, cervical cancer (CC) is the second cause of

292 cancer deaths in women after breast cancer, and repre-

293 sents a major public health problem. Here, we observed

294 that more than 80 % of women had never been screened

295 for CC, and the prevalence of HPV infection was high

296 (23.7 %), with differences according to HIV status. In-

297 deed, the rate of HPV was 13.3 % in HIV-negative

Table 4 Univariate model for identification of factors associated with any HPV, hr and phrHPV genotypes and the presence of

abnormal Pap smear (Continued)

t4:47 Smoking exposure

t4:48 No 46 (22.1) 1.00 39 (18.7) 1.00 36 (17.3) 1.00

t4:49 Yes 9 (37.5) 2.11 [0.87–5.14] 0.1 9 (37.5) 2.60 [1.06–6.37] 0.03 6 (25) 0.89 [0.29–2.77] 0.84

t4:50 History of gynecological lesions

t4:51 No 49 (24.2) 1.00 43 (21.3) 1.00 36 (17.8) 1.00

t4:52 Yes 6 (20.0) 1.28 [0.50–3.31] 0.61 5 (16.7) 1.35 [0.49–3.74] 0.56 6 (20) 1.12 [0.4–3.12] 0.82

t4:53 Menopause

t4:54 No 47 (24.7) 1.00 40 (21) 1.00 33 (17.3) 1.00

t4:55 Yes 8 (19.0) 1.40 [0.60–3.23] 0.43 8 (19) 1.13 [0.49–2.64] 0.77 9 (21.4) 0.55 [0.25–1.20] 0.13

t4:56 Number of Pap smears

t4:57 never 48 (25.4) 1.00 41 (21.7) 1.00 37 (19.5) 1.00

t4:58 ≥1 7 (16.3) 0.57 [0.24–1.37] 0.21 7 (16.3) 0.70 [0.29–1.69] 0.43 5 (11.6) 0.54 [0.20–1.47] 0.22

t4:59
ahr and phrHPV types: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 66, 68 and 82. NILM, Negative for Intraepithelial Lesion or Malignancy; LGSIL, Low Grade

t4:60 Squamous Intraepithelial Lesion; HGSIL, High Grade Squamous Intraepithelial Lesion

t5:1Table 5 Multivariate analysisa of the characteristics associated

t5:2with hr and phrHPV types

t5:3Characteristics OR (95 % CI) p-value

t5:4Educational level

t5:5Secondary and high school 1.00

t5:6Primary school 0.51 [0.12–2.05] 0.34

t5:7Illiterate 1.35 [0.49–3.68] 0.56

t5:8Marital status

t5:9Married 1.00

t5:10Single or divorced or widowed 1.17 [0.50–2.73] 0.72

t5:11HIV status

t5:12Negative 1.00

t5:13Positive 4.16 [1.87–9.24] 0.0005

t5:14Age at first pregnancy (years)

t5:15> 18 1.00

t5:16≤ 18 1.41 [0.66–3.03] 0.38

t5:17Number of miscarriages

t5:180 1.00

t5:19≥1 0.96 [0.45–2.07] 0.92

t5:20Number of sexual partners

t5:21Single 1.00

t5:22Multiple 0.71 [0.30–1.70] 0.44

t5:23Smoking exposure

t5:24No 1.00

t5:25Yes 2.04 [0.65–6.42] 0.22

t5:26
aThe model included all variables with a p-value ≤ 0.2 by univariate analysis
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298 women and 39.3 % in HIV-positive women. Three

299 Moroccan studies in patients attending the Hospital in

300 Rabat [18, 19] and Casablanca [20] reported results simi-

301 lar to ours. The overall prevalence of HPV was lower

302 (6 %) in the study by Amrani et al., but the number of

303 cytological intraepithelial lesions was low (2.5 % LGSIL

304 and 0.7 % HGSIL) [21] compared to our series (12.9 %

305 of LGSIL and 5.2 % of HGSIL). By contrast, the rate of

306 HPV was high in two geographical areas with high inci-

307 dence of CC (according to the Rabat and Casablanca

308 Cancer Registries), reaching 32 % in a series of women

309 living in Rabat [22] and 42.5 % in women with normal

310 cytology native of north-central of Morocco [23]. We

311 cannot exclude a bias in the latter studies that did not

312 report HIV status of women. As in most developing

313 countries, some cultural factors can be related to this

314high HPV prevalence, especially misconceptions and be-

315liefs that prevent people from discussing diseases of the

316genital tract.

317In our study, HPV16 was the most prevalent genotype

318among the overall HPV-positive population, followed by

319HPV53 and HPV74. This is in line with studies from

320around the world, where HPV16 was identified as the

321most common hrHPV [24–26]. HPV16 and HPV18 repre-

322sented 3.3 % in NILM smears, 30 % in LGSIL and 58.3 %

323of HGSIL (Table 2). This finding is consistent with data

324published recently by the Morocco-ICO Information

325Centre on HPV and Cancers [4]. Bearing in mind that

326HPV16 and 18 are responsible for about 70 % of CC cases

327[3, 27, 28], we suggest the need for HPV screening and

328anti-HPV vaccination as a primary preventive measure

329among Moroccan women.

330We noted that low risk HPV types were found in 8 %

331of women with NILM smears and 16.7 % of women with

332LGSIL but not in women with HGSIL. This confirms

333that lrHPV rarely cause CIN3 or cancer [29–31].

334Interestingly, in the present study, multiple HPV infec-

335tions were observed in 65.4 % of HPV-positive speci-

336mens, but only in 33.3 % of HGSIL cases. Meftah el

337khair et al. reported 34 % of multiple infections in CC

338from Moroccan women [32]. Co-infection with multiple

339HPV genotypes has been described in many molecular

340epidemiologic studies [33–35] and confers an increased

341risk of high-grade lesions and invasive cervical cancer

342[36]. This has recently been confirmed in a study includ-

343ing 5,871 sexually active women aged 18-25 years from

344Costa Rica, in which Chaturvedi et al. reported that

345women with multiple infections were at significantly in-

346creased risk of CIN2+ and HGSIL+ as compared with

347those with single infections [34]. The present findings

348provide evidence that women with multiple infections

349should be closely monitored to prevent progression to

350CC especially in the context of co-infection with HIV.

351Reported data on smoking and sexual behavior may be

352biased because the women may give what is believed to

353be the desired or socially acceptable answers. This would

354result in the absence of association between known risk

355factors with HPV infection in our population.

356By contrast, a significant association was found

357between HIV infection and hr and phrHPV as well as

358between HIV infection and abnormal cytology. An im-

359portant clinical consequence of our results is that HIV

360appears to be the strongest risk factor for HPV infection,

361independently of the usual socio-demographic and be-

362havioural risk factors.

363In the Souss area, the burden of HIV/AIDS is high. In

364female sex-workers, the prevalence of HIV is above 5 %

365in Agadir [15]. In recent years, HIV-infected women

366were referred from the infectious diseases department of

367the Hassan II Hospital in Agadir to the pathology

t6:1 Table 6 Multivariate analysis*of the characteristics associated

t6:2 with an abnormal cytology (Low Grade and High-Grade

t6:3 Squamous Intraepithelial Lesion)

t6:4 Characteristics OR [95 % CI] p-value

t6:5 Age (years)

t6:6 <45 1.00

t6:7 ≥ 45 0.30 [0.09–1.01] 0.052

t6:8 Educational level

t6:9 Secondary and high school 1.00

t6:10 Primary school 3.77 [0.44–32.36] 0.23

t6:11 Illiterate 3.18 [0.30–33.71] 0.34

t6:12 Employment

t6:13 No 1.00

t6:14 Yes 5.86 [0.69–50.13] 0.11

t6:15 HIV status

t6:16 Negative 1.00

t6:17 Positive 3.98 [1.39–11.40] 0.01

t6:18 Age at first intercourse (years)

t6:19 ≥20 1.00

t6:20 17–19 2.41 [0.64–9.08] 0.19

t6:21 ≤16 2.43 [0.69–8.60] 0.17

t6:22 Number of miscarriages

t6:23 0 1.00

t6:24 ≥1 2.84 [1.14–7.12] 0.02

t6:25 Menopause

t6:26 No 1.00

t6:27 Yes 1.33 [0.35–5.12] 0.68

t6:28 Number of Pap smears

t6:29 Never 1.00

t6:30 ≥1 0.74 [0.20–2.66] 0.64

t6:31 *The model included all variables with a p-value ≤ 0.2 by univariate analysis as

t6:32 well as variables considered to be important (Pap screening)
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368 department of the same Hospital for CC screening at no

369 cost. To the best of our knowledge, there are no

370 previously published studies from Morocco that have in-

371 vestigated the prevalence of HPV genotypes in the popu-

372 lation of HIV-positive women, and the relationship

373 between HPV, HIV and cervical cytology. The prevalence

374 of HPV infection in HIV+ women with normal smears

375 (32.2 %) is quite similar to that published in the

376 meta-analysis of Clifford et al. reporting a 36.3 %

377 HPV prevalence among 3230 HIV-infected women

378 with no cytological abnormalities [11]. Moreover, mul-

379 tiple infections were found in 75.7 % of HIV-positive

380 women. This is in agreement with the study of

381 Stuardo et al. who reported 78.4 % of multiple infec-

382 tions in HIV-infected Spanish women [37] and con-

383 sistent with data from other studies showing that

384 HIV-infected women not only have a higher preva-

385 lence of HPV infection, but are also infected by a

386 wider variety of HPV types than HIV-negative [11, 38, 39].

387 This has been attributed to lower clearance of HPV

388 [10, 40] or continued sexual exposure to novel HPV

389 types allowing different viral types to settle in the cer-

390 vical epithelium. Multiple infections could also be due

391 to the reduced systemic and local immunity in HIV-

392 positive women [41].

393 This study has limitations. The limited number of

394 women included in the study may explain the absence of

395 significant relationship between HPV infection and clas-

396 sical risk factors such as sexual habits. Furthermore, the

397 study population is not representative of the general

398 population of the Souss area. However, this pilot study

399 on a hospital based-population in Agadir is groundwork

400 and a great opportunity to define a more complete re-

401 search in the future.

402 In summary, the high prevalence of HPV infection and

403 the diverse distribution of HPV genotypes among

404 Moroccan women from the Souss area emphasizes the

405 need to implement CC screening programs and HPV

406 vaccination for primary prevention [42].
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