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Abstract

Background: Knowledge of prevalence rates and distribution of human papillomavirus (HPV) genotypes prior high HPV
vaccine coverage is necessary to assess its expected impact on HPV ecology and on cervical lesions and cancers.

Methods: Residual specimens of cervical cytology (N = 6,538) were obtained from 16 sites participating in organised cervical
cancer screening pilot programs throughout France, anonymised and tested for HPV DNA using the PapilloCheckH
genotyping test. Samples were stratified according to age of women and cytological grades.

Results: The age-standardised prevalence rates of HPV 16 and/or 18 (with or without other high-risk types) was 47.2% (95%
Confidence Interval, CI: 42.4–52.1) in high-grade squamous intraepithelial lesions (HSILs), 20.2% in low-grade SIL (95% CI:
16.7–23.7) and 3.9% (95% CI: 2.8–5.1) in normal cytology. Overall HR HPV were detected in 13.7% (95%I CI: 11.7–15.6) of
normal cytology. In women below 30 years of age, 64% of HSILs were associated with HPV16 and/or 18. In our study
population, HPV16 was the most commonly detected type in all cervical grades with prevalence rates ranking from 3.0% in
normal cytology to 50.9% in HSILs. HPV16 was also detected in 54% (27/50) of invasive cervical cancers including 5
adenocarcinomas.

Conclusion: HPV16 was strongly associated with cervical precancer and cancer. The high prevalence rates of HPV16/18
infection among women below 30 years of age with HSILs suggests that the impact of vaccination would be primarily
observed among young women.
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Introduction

Human papillomavirus (HPV) infection is frequent in young

women and persistent infection may lead to cervical cancer. To

date, more than 150 HPV genotypes have been characterized and

about 40 of them infect the genital tract [1]. HPV are classified as

low-risk and high-risk (HR) types according to their role in the

development of cervical cancer. Epidemiological studies on the

prevalence rates of genital HPV genotypes have shown that

HPV16 and 18 induce about 70% of cervical cancers. Although

the prevalence rates of HPV16 are roughly similar worldwide,

some variations have been observed for other HR HPV [2].

Two vaccines, Gardasil (quadrivalent vaccine against HPV6,

11, 16 and 18, manufactured by Merck, Whitehouse Station NJ)

and Cervarix (bivalent vaccine against HPV16 and 18, manufac-

tured by Glaxo-SmithKline Biologicals, Rixensart, Belgium), have

been developed for the prevention of cervical precancerous lesions

and cancers related to vaccine types. In France, these vaccines

have been recommended for girls aged 14–23 years since 2008.

Reliable baseline estimates of the prevalence of type specific

cervical HPV infection in the general population are essential to

assess the impact of vaccination on viral ecology and cervical

lesions. In France, cervical cancer screening is reimbursed by the

national health Insurance funds and recommendations are to

perform a Pap test every 3 years for women aged 25–65. Regional

organised screening pilot programs have been developed in Alsace

since 2001 and were more recently introduced in various regions:

Auvergne, Centre - Pays de Loire and Île-de-France. The increase

in the population involved in organised screening was considered a

good opportunity to obtain samples for HPV genotyping from the

general population. On the whole, more than 6,000 cervical

smears were collected and analysed at the French HPV Reference

Laboratory for papillomaviruses (NRL HPV).

This study focuses on the distribution of HR HPV among

women in France with normal and pathologic cytology findings

and the age specific prevalence rates. Country-based type-specific

HPV ecology provides baseline values against which the global

impact of HPV vaccination might be assessed in the future.
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Furthermore, these data provide a critical reference measurement

to assess unanticipated outcomes on virologic ecology and

potential increases in non-vaccine HPV types.

Materials and Methods

Sample Collection
Liquid-based cytology (LBC) samples were collected prospec-

tively from July 2009 through to November 2012 from women

attending organised cervical screening in 16 pilot sites located in

Alsace, Auvergne, Centre - Pays de Loire, Île-de-France and

Vaucluse. Samples were collected and handled according to local

protocols. After completion of cytology, residual LBC samples

were anonymised and sent to the French HPV Reference

Laboratory for HPV genotyping. Thinprep (Hologic), Easyfix

(Labonord) and Surepath (Becton Dickinson) transport media

were accepted. The following data were collected on the vial: date

of birth, date of sampling, cytology result, and postal code.

For normal cytology, stratified sampling according to age and

restricted to women aged 25 to 65 years (25–29, 30–39, 40–49,

50–65 years) was used to analyse HPV type distribution within

each combination of age-band. For abnormal cytology, residual

samples with abnormal cytology were collected irrespective of the

age of the patient. For each region, the number of samples to be

collected for each grade of abnormal smears was evaluated based

on the rate and distribution of abnormal smears reported in the

years preceding the study.

Cytological results were classified according to the Bethesda

system 2001 [3]. Samples were classified as atypical squamous cell

of undetermined significance (ASC-US), low-grade squamous

intraepithelial lesions (LSILs), high-grade squamous intraepithelial

lesions (HSILs) including atypical squamous cells – cannot exclude

HSILs (ASC-H), adenocarcinoma in situ (AIS) and carcinoma.

Cytology was evaluated by cytoscreeners and pathologists blinded

to the outcomes of HPV testing.

Isolation of DNA from Cervical Cells
Samples were divided in two identical aliquots (1 ml) and

centrifuged at 14,000 rpm for 10 min. Pellets were suspended in

1 ml phosphate buffered saline, centrifuged (14,000 rpm for

10 min) and frozen. One pellet was stored at 220uC to account

for potential problems in genotyping. Cells were lysed by an

overnight incubation at 37uC in the presence of proteinase K

(1.25 mg/ml) and DNA were extracted and purified with the

NucleoSpin 96 tissue core kit (Macherey Nagel) according to the

recommendations of the supplier. Two blank samples per plate

(water without cervical cells) were processed as negative control to

assess possible contamination.

HPV Genotyping
HPV genotyping was carried out with the PapilloCheckH test

system (Greiner BioOne GmbH, Frickenhausen, Germany). The

assay identifies 13 HR HPV (HPV16, 18, 31, 33, 35, 39, 45, 51,

52, 56, 58, 59, and 68), five possibly oncogenic HPV (HPV53, 66,

70, 73, and 82) and six HPV considered as low risk types (HPV6,

11, 40, 42, 43, and 44/55). The assay uses multiplex PCR with

fluorescent primers to amplify a DNA fragment of about 350

nucleotides within the E1 open reading frame of HPV genome.

Amplification of an internal HPV template present in the PCR

mastermix generated a signal on the PCR control spot on the chip.

In addition, an internal PCR control which targets a region within

the human ADAT-1 gene (adenosine deaminase tRNA specific 1)

was used to assess the integrity of extracted DNA. The PCR

reaction was performed with 5 microliters input cell DNA, the

extraction blank samples and negative PCR controls (water)

following the manufacturer’s recommendations. The amplification

products were hybridized to specific HPV DNA probes fixed on

the DNA chip. After washings, the chips were dried and

automatically scanned and analyzed using the CheckScannerTM

and the CheckReport TM software developed by the manufacturer.

A valid result was defined as one that passed all the internal

controls.

Data Analysis
HR HPV types were defined according to the 2009 Interna-

tional Agency Research on Cancer classification of types, which

were at least ‘‘probably carcinogenic to humans’’, that is, HPV 16,

18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68 [4]. Five groups of

HPV infection were defined for the purpose of the analysis: (i)

infection with any among the 13 HR HPV genotypes irrespective

of low risk types, (ii) infection with HPV 16 and/or HPV 18

irrespective of the presence of any other type, (iii) infection with

HPV 16 and/or 18 alone, (iv) infection with HR HPV genotypes

other than HPV16 and/or 18 and (v) multiple infection with at

least one HR type among positive samples with infection with any

among the 13 HR HPV genotypes.

The prevalence rates of HPV infection for each disease grade

was calculated with 95% confidence intervals (CIs) using sampling

weights based on the distribution of the population (INSEE 2013).

It was necessary to estimate prevalence rates for the screened

population as we used stratified sampling based on age and

cytology grade. The prevalence rates of HPV infection according

to age was calculated with 95% CIs restricted to samples from

women aged 25–65 years attending for cervical cancer screening

program. Comparison of prevalence rates between age groups and

region were based on the chi2 test. Data were analysed with

STATA Software version 12.0 (STATA Corporation, College

station, Texas, USA).

Ethical Considerations
This study was designed as a quality development study,

utilizing only residual material that would otherwise have been

discarded. According to French regulations of biomedical

research, an ethical approval is not necessary for such studies.

The study was given favourable ethical opinion by the Comité de

Recherche Clinique at the Institut Pasteur (Avis nu 2009–51).

Results

A total of 6,539 samples were received at the National

Reference Laboratory. For 178 samples (2.7%), the duration

between collection and arrival at the NRL exceeded 4 weeks of

storage recommended by the manufacturer before genotyping.

These out of date samples were excluded of the study. Invalid

genotyping results were obtained for 172 (2.7%) of the 6,361

remaining samples. They corresponded to 104 (1.6%) samples

with negative internal controls, and 64 (1.0%) samples with PCR

inhibitors. In addition, contamination could not be excluded for

four DNA preparations (0.006%) since mixtures occurred during

processing of samples (Figure 1).

At total of 6,189 samples were found adequate for genotyping.

Table 1 presents the geographic location of participants and the

cytologic grades of samples. The mean age of the study population

was 39.4 years. A total of 5367 women (86.7%) belonged to the

target age group of 25–65 years, for whom screening is

recommended in France, whereas 588 women (9.5%) were

younger than 25 years and 234 (3.8%) were older than 65 years.

HPV Distribution in France
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The age-standardised prevalence rates of each of the five

defined cytology categories of HR HPV, ranging from normal to

HSILs, are shown in Table 2. The prevalence rates of HR HPV

infection, HPV 16 and/or 18 infection irrespective of other HPV

types and of HPV 16 and/or 18 alone increased significantly with

increasing severity of cytology grade from 13.7 (95% CI: 11.7–

15.6), 3.9 (95% CI: 2.8–5.1) and 2.7 (95% CI: 1.7–3.6) respectively

among women with normal cytology to 84.4 (95% CI: 80.2–88.6),

47.2 (95% CI: 42.4–52.1) and 27.2 (95% CI: 22.9–31.5) in HSILs.

On the opposite, HR HPV infection other than HPV16/18 and

multiple infections did not increase with cytology grades and were

higher in LSILs than in HSILs (48.7% and 37.1%, respectively for

HR HPV infection other than HPV16/18 and 49.1 and 39.9

respectively for multiple infections).

The prevalence rates of the five defined categories of HR HPV

by age-group among the 5326 women participating to the study

and belonging to the 25–65 target age group for cervical cancer

screening are shown in Table 3. There was a marked decline in

the prevalence rates of HR HPV and of HPV16 and/or 18

irrespective of other HPV types with age, from 46.0% (95% CI:

43.6–48.3), and 20.1% (95% CI: 18.2–22.1), respectively in the

30–39-year age group to 26.4% (95% CI: 23.8–29.3) and 8.6%

(95% CI: 7.0–10.5) in women aged 50–64 years. (p,0.001). Rates

of infection with HR HPV other than HPV16 and/or 18 and of

multiple infections decreased similarly significantly with increasing

age (p,0.001).

Figure 2 shows the prevalence rates of HR HPV infection,

infection with HR HPVs other than HPV16 and 18 and infection

with HPV 16 and/or 18 irrespective of other HPV types by

disease-grade in each age-band. Regardless of the grade of

cytology, the overall rate of HR HPV infection decreased with age.

In ASC-US, the largest drop was observed after the age of 40

(57.2% in women below 40 years versus 38.1% in older women,

p,0.001). For normal Pap tests, ASC-US and LSILs, the rate of

infection with HR HPVs other than HPV16 and 18 was always

higher than the rate of infection with HPV 16 and/or 18

irrespective of other HPV types, whatever the age. By contrast, in

Figure 1. Sample Submission and Human Papilloma Virus (HPV) Testing Algorithm for Residual Liquid Based Cytology (LBC)
Samples.
doi:10.1371/journal.pone.0079372.g001

Table 1. Geographic location of participants and cytology
grade of samples.

n = 6189
Median Age (interquartile
range)

Region:

Alsace 1563 36.3

(28.3–45.9)

Auvergne 1363 39

(29.3–48.8)

Centre - Pays de Loire 1610 38.9

(30.3–49.9)

Ile de France 1535 35.8

(28.2–45.6)

Vaucluse 118 36.2

(25.9–43.6)

Cytology grade:

Normal 3023 40.1

(30.3–51.1)

ASC-US 1070 35.2

(26.9–44.1)

LSIL 1179 32.1

(26.1–42.6)

HSIL 867 37.1

(30.6–45.7)

Cancer 50 48.2

(37.2–61.7)

HR HPV, High Risk HPV; ASC-US, Atypical Squamous Cells of Undetermined
significance; LSIL, Low grade Squamous Intra-epithelial Lesion; HSIL, High grade
Squamous Intra-epithelial Lesion.
doi:10.1371/journal.pone.0079372.t001

HPV Distribution in France
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HSILs the rate of infection with HPV 16 and/or 18 irrespective of

other HPV types exceeded the rate of infection with HR HPVs

excluding HPV16 and 18 among women aged less than 50 years,

while the opposite was true among older women. In normal

smears, ASC-US and LSILs, a slight increase in the rate of HR

HPV infection was observed in women over 65 years compared to

women aged 50–64.

Prevalence rates of HPV16 and/or 18 and of HR HPV other

than HPV16 and/or 18 in HSILs did not vary significantly by

region (Data not shown).

Overall, multiple infection with at least one HR type was

detected in 40.0% of all HPV-positive samples (95% CI: 37.3–

42.8). Nearly half of HR-HPV infections were multiple in low-

grade lesions (49.1%, 95% CI: 44.2–54.0, in LSILs and 47.5%,

95% CI: 38.8–56.3, in ASC-US) against 39.9% (95% CI: 34.3–

45.4) in HSILs and only 23.0% (95% CI: 18.1–28.0) in normal

smears (Table 2). Among women eligible for routine screening and

infected with HR HPV, the age-specific prevalence rates of

multiple infections decreased with increasing age from 48.3%

(95% CI: 44.3–52.2) among women aged 25–29 to 34.5% (95%

CI: 29.7–39.6) among women in the 50–64 age group (p,0.001)

(Table 3).

Prevalence rates for each of the 13 HR HPV types, for the 5

possibly oncogenic types and for LR HPV6 and 11 detected with

PapilloCheckH are shown in Table 4 both overall and by cervical

disease grade. Overall, HPV16 was detected in 15.2% of the study

population and was the most commonly detected type in all

cervical grades. HPV18 ranked at the 12th place (2.4%). HPV16

and/or 18 were detected in 3.5% of samples without cytologic

abnormalities, 17.1% of ASC-US, 24.1% of LSILs and 55.6% of

HSILs. The second more prevalent genotype detected was HPV51

in women with normal cytology, HPV53 in ASC-US and LSILs

and HPV31 in HSILs. The HPV6 and HPV11genotypes were

only detected in 1.9% and 0.4% of samples, respectively.

Cervical Cancer
Fifty cases of cytologic diagnoses of cervical cancer were

analysed. The mean age of patients was 50.4 years. HPV could not

be detected in 1 of the 5 adenocarcinomas and in 3 of the 45

squamous cell carcinomas. HPV 16 was detected in 27 cases (54%)

and was associated with other genotypes in 9 of the 27 cases.

Table 2. Age standardized infection rate by cytology grade.

HPV status Cytology P =

Normal ASC-US LSIL HSIL

n = 3023 n = 1070 n = 1179 n = 867

% 95% CI % 95% CI % 95% CI % 95% CI

HR HPV 13.7 11.7–15.6 48.3 41.4–55.3 68.9 64.4–73.5 84.4 80.2–88.6 ,0.001

HPV 16 and/or 18 irrespective
of other HPV type

3.9 2.8–5.1 19.2 12.9–25.5 20.2 16.7–23.7 47.2 42.4–52.1 ,0.001

HPV 16 and/or 18 alone 2.7 1.7–3.6 6.4 2.7–10.1 5.9 4.0–7.8 27.2 22.9–31.5 ,0.001

HR HPV other than HPV16 and/or 18 9.7 8.0–11.4 29.1 23.2–35.1 48.7 43.9–53.5 37.1 32.0–42.2 ,0.001

Multiple infections with at least one
HR HPV among HPV positive samples

23.0 18.1–28.0 47.5 38.8–56.3 49.1 44.2–54.0 39.9 34.3–45.4 ,0.001

HR HPV, High Risk HPV; ASC-US, Atypical Squamous Cells of Undetermined Significance; LSIL, Low grade Squamous Intra-epithelial Lesion; HSIL, High grade Squamous
Intra-epithelial Lesion; CI, Confidence Interval.
doi:10.1371/journal.pone.0079372.t002

Table 3. Prevalence of HR HPV by age group among the 5326 women eligible for routine screening (age 25–65).

HPV status Age group (years) P =

25–29 30–39 40–49 50–64

n = 1204 n = 1701 n = 1400 n = 1021

Infection
rate (%) 95% CI

Infection
rate (%) 95% CI

Infection
rate (%) 95% CI

Infection
rate (%) 95% CI

HR HPV 44.5 41.7–47.4 46.0 43.6–48.4 36.4 33.9–39.0 26.4 23.8–29.3 ,0.001

HPV 16 and/or 18 irrespective of
other HPV type

19.7 17.5–22.0 20.1 18.2–22.1 15.5 13.6–17.5 8.6 7.0–10.5 ,0.001

HPV 16 and/or 18 alone 7.7 6.3–9.4 10.6 9.2–12.1 8.1 6.7–9.6 4.7 3.5–6.2 ,0.001

HR HPV other than HPV16 and/or
18

24.8 22.4–27.4 25.9 23.8–28.0 20.9 18.8–23.2 17.8 15.5–20.3 ,0.001

Multiple infections with at least
one HR HPV among HPV positive
samples

48.3 44.3–52.2 40.4 37.2–43.6 37.6 33.8–41.5 34.5 29.7–39.6 ,0.001

HR HPV, High Risk HPV; CI, Confidence Interval.
doi:10.1371/journal.pone.0079372.t003
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HPV53 and HPV66 were detected in 6 cases each, and were the

second more frequently detected types. HPV 18 was detected in

neither the adenocarcinomas nor the squamous cell carcinomas.

Discussion

The present study is the first large population study of women in

France to have undergone HPV testing and genotyping in the

context of an organised cervical cancer program. Although from a

Figure 2. Age specific prevalence of HPV infection in different cytology groups. Prevalence of HPV infection High Risk (HR) but not 16 and/
or 18 and HPV16 and/or 18 without or with another HPV type by cervical grade and age group. ASC-US, Atypical Squamous Cells of Undetermined
Significance; LSIL, Low Grade Squamous Intra-epithelial Lesion; HSIL, High Grade Squamous Intra-epithelial Lesion.
doi:10.1371/journal.pone.0079372.g002

Table 4. Human papillomavirus types by cytology grades (n = 6139).

HPV type Cytology TOTAL

Normal (n = ) ASC-US LSIL HSIL

N+ % (N+/tot) N+ % (N+/tot) N+ % (N+/tot) N+ % (N+/tot) N+ % (N+/tot)

16 91 3.0 157 14.7 246 20.9 441 50.9 935 15.2

18 16 0.5 30 2.8 49 4.2 51 5.9 146 2.4

16/18 106 3.5 183 17.1 284 24.1 482 55.6 1055 17.2

31 37 1.2 86 8.0 133 11.3 106 12.2 362 5.9

33 14 0.5 22 2.1 34 2.9 58 6.7 128 2.1

35 7 0.2 18 1.7 31 2.6 25 2.9 81 1.3

39 40 1.3 66 6.2 97 8.2 46 5.3 249 4.1

45 21 0.7 33 3.1 34 2.9 39 4.5 127 2.1

51 86 2.8 83 7.8 188 15.9 83 9.6 440 7.2

52 34 1.1 68 6.4 89 7.6 66 7.6 257 4.2

53 50 1.6 98 9.2 200 16.9 51 5.9 399 6.5

56 61 2.0 83 7.8 191 16.2 56 6.5 391 6.4

58 18 0.6 53 4.9 66 5.6 51 5.9 188 3.1

59 19 0.6 38 3.6 67 5.7 23 2.6 147 2.4

66 37 1.2 54 5.1 179 15.2 39 4.5 309 5.0

68 32 1.1 45 4.2 78 6.6 40 4.6 195 3.2

70 16 0.5 25 2.3 34 2.9 28 3.2 103 1.7

73 9 0.3 29 2.7 42 3.6 14 1.6 94 1.5

82 8 0.3 24 2.2 42 3.6 25 2.9 99 1.6

6 11 0.4 39 3.6 49 4.2 15 1.7 114 1.9

11 1 0.03 10 0.9 7 0.6 6 0.7 24 0.4

HPV types were detected with the PapilloCheckH technique. N+: Number of positive samples. ASC-US, Atypical Squamous Cells of Undetermined Significance; LSIL, Low
grade Squamous Intra-epithelial Lesion; HSIL, High grade Squamous Intra-epithelial Lesion; tot, total.
doi:10.1371/journal.pone.0079372.t004
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limited geographic area, women enrolled in the study are

representative of women across the cervical cancer screening

program. Seventy five of them were located in districts or regions

initiating a pilot program while the others were living in Alsace

where screening has been organised for several years.

We observed that 13.7% of normal Pap tests were positive for

HR HPV types. Rates above 10% were also observed in studies

performed in UK and Belgium and using PCR-based methods [5]

[6]. A lower pooled prevalence rate of 8.4% of HPV infection in

normal cytology in Western Europe was found by de San José in a

meta-analysis using prevalence data obtained with PCR assays and

Hybrid Capture2 (Qiagen) [7]. Part of the differences observed

between studies may be attributable to the use of different HPV

tests with heterogeneity in sensitivity and specificity [8].

We observed similar prevalence rates of HR HPV infection in

LSILs and HSILs to those reported in other European studies and

derived from meta-analyses although part of ASC-H samples

might not have been true high-grade lesions [9] [10]. Indeed, the

protocol did not allow us to have access to the histological

diagnosis of lesions.

The overall prevalence rates of HR HPV infection and of

HPV16 and/or 18 decreased with age among women below 64 as

observed in several studies [11]. A slight increase was detected

among older women with normal cytology and low-grade lesions.

A similar U-shaped curve has been observed in other studies and

in Latin American countries [12] [13]. Several hypotheses have

been made about this second peak in older women including

changes in sexual behaviour in middle age women and/or

different lifetime number of sexual partners [7] [14]. Women in

our study were not interviewed about their sexual behaviour. We

were therefore unable to attribute this increase to the acquisition of

new infections or reactivation of a latent persistent infection that

becomes detectable in the menopausal context [15]. If confirmed,

this rise, as well as a rate of 4.1% of infection with HPV16 and/or

18 among women aged over 65 years with normal cytology, could

lead to reconsider the age at ending screening for cervical cancer.

We observed age-dependent prevalence rates of HR HPV in

ASC-US. In France, current guidelines for the management of

ASC-US recommend immediate colposcopy or an option of triage

regardless of patient’s age (ANAES 2002). Pooled HR-HPV DNA

testing and referring for immediate colposcopy only those who are

also HR-HPV positive is an alternative, the second being a repeat

Pap testing within 6 months and referring for immediate

colposcopy only those with abnormal cytology. The large drop

observed in ASC-US after the age of 40 years suggests that 40

might be a suitable age cut-off point for HR-HPV triage in ASC-

US. Management of ASC-US using HR-HPV triage for women

aged 40 years or older might be more relevant since only 38% of

them will be HR-HPV positive, whereas the HR-HPV negative

group comprises two thirds of women who will not need

colposcopy and potential overtreatment.

Another finding of our study was that in HSILs, there was a shift

in the predominant HPV types group with increasing age. The

prevalence rates of infection with HPV16 and/or 18 irrespectively

of other HR types decreased with age, while the prevalence rates

of infection with HR HPV excluding HPV16/18 increased. This

suggests that the impact of vaccination would be primarily

observed in women below 30 years since the proportion of lesions

associated with HPV16/18 types reached 64% is in this age group

whereas infection with other HPV types excluding HPV16 and 18

were detected in less than 30%. Similar higher rates of infection

with HPV16 and 18 were observed in CIN2–3 among younger

women in Denmark [16]. Moreover, preliminary results of the

impact of vaccination in HSILs have been observed in young

women in a recently published Australian study [17].

Overall, the four most prevalent types in women without

cytologic abnormalities were HPV16 (3.0%), 51 (2.8%), 56 (2.0%),

and 53 (1.6%), whereas in HSILs the most prevalent types were

HPV16 (50.9%), 31 (12.2%), 51 (7.2%) and 33 (6.7%). Epidemi-

ologic distribution was quite different in a retrospective study

performed in France with HPV16 being detected in 62% of

CIN2/3 [18]. This difference could be explained by geographical

variation in the screened population. A recombinant nine-valent

vaccine is currently under development and will contain the

following types: HPV6/11/16/18/31/33/45/52/58. Such a

vaccine may not protect against the types 51, 56 and 53,

respectively third, sixth and seventh more frequently detected in

HSILs in our country [19].

Because cytology and virology results were available for all

samples, we were able to assess the overall effect of vaccination on

cervical cytology. The currently available prophylactic HPV

vaccines provide protection against HPV16 and 18. In the event

of a high coverage rate, one can assume that HPV16 and 18 would

dramatically decrease or be eliminated together with all associated

lesions. Furthermore, it has been reported that HPV16 and 18

vaccines could protect against lesions associated with closely

related HPVs such as HPV31 and HPV45. However, lesions

associated with other unrelated HR genotypes would persist at the

same level. The percentages of cases of ASC-US and LSILs with

HPV16 and/or 18 only were 6.4 and 5.9, respectively. Rates of

HPV16 and/or 18 irrespective of other HR type reached 19.2%

and 20.2% for ASC-US and LSILs, respectively. Depending on

the attributable fraction of cases related to HPV16/18 in case of

multiple infections including HPV16/18, the percentage of ASC-

US and LSILs would fall between 6 and 20% in case of high

HPV16/18 immunization of the population. The large majority of

low grade lesions will thus still occur in vaccinated women. This is

consistent with data from clinical trials of both prophylactic

vaccines, which show greater efficacy in preventing high grade

than low-grade lesions [20]. In fact, our data suggest a much

higher reduction of high grade lesions ranking between 27 and

47%.

Our study has some limitations. First, since there is no national

organised cervical cancer screening program in France, we were

not able to collect samples representative of the country.

Nevertheless, we were able to obtain specimens from different

geographic areas and levels of urbanization including Paris

agglomeration, residential and rural areas. Second, this is a

cross-sectional study and correlation between HPV types and

lesions should be interpreted with caution, especially since there is

no histological confirmation of the lesions. Furthermore, the high

rate of multiple infections makes it difficult to attribute a lesion to a

specific type.

In conclusion, this is the first study to describe comprehensively

type-specific prevalence rates across France in all cervical grades

including normal. These results will help to estimate the

proportion of disease potentially preventable with the current

and second-generation vaccines. They will also contribute to the

evaluation of the impact of HPV vaccination on vaccine type

prevalence and possible cross-protection or type replacement.
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