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ABSTRACT
Background: In Quebec, Canada, a school-based HPV vaccination for girls has been offered since 2008. The
vaccine used in the program targets HPV16/18, responsible for »70% of cervical cancers and HPV6/11,
responsible for the majority of anogenital warts. The objective of this study was to assess the prevalence of
HPV in vaccinated and unvaccinated women. Methods: Women aged 17–29 years were eligible to
participate. Participants’ age, vaccination status and diverse risk factors were assessed by a computer-
assisted questionnaire. Biological specimens were obtained by self-sampling. HPV genotyping was
performed by Linear Array. Results: A total of 2,118 women were recruited. 2,042 completed the
questionnaire and 1,937 provided a vaginal sample. Vaccination coverage varied from 83.5% in women
aged 17–19 to 19.1% in those aged 23–29. The overall prevalence of HPV in sexually active women was
39.4% (95%CI: 37.0-41.7) and 56.7% of infected women had multiple type infections. The prevalence of
vaccine HPV types varied by age and vaccination status except for women aged 23–29 for whom similar
results were observed. Vaccine HPV types were detected in 0.3%, 1.4% and 10.5% of vaccinated women
aged 17–19, 20–23, and 23–29 (p<0.05), respectively. HPV16 or HPV18 were detected in 10 women having
received at least one dose of vaccine. Nine of these women were already sexually active at the time of
vaccination. Conclusion: Infections with HPV types included in the vaccine are rare in women aged less than
23 years and are virtually absent in those who received at least one dose of vaccine before sexual debut.
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Introduction

Human papillomavirus infections (HPV) are associated with
the vast majority of cervical cancers1,2, 40% to 90% of other
anogenital cancers, as well as a subset of head and neck can-
cers.3–7 Since 2006, prophylactic HPV vaccines targeting 2, 4
and more recently 9 HPV types, have been introduced in a
number of countries, including Canada. The quadrivalent vac-
cine (4vHPV), used in the province of Quebec (population
�8.2 M), targets 2 oncogenic types, HPV 16 and 18, responsible
for about 70% of cervical cancers,8 the majority of HPV-posi-
tive cancers from other sites, as well as HPV 6 and HPV 11,
responsible for 85–90% of anogenital warts.9,10 In clinical trials,
HPV vaccines have shown high levels of efficacy against persis-
tent infections and diseases caused by targeted HPV genotypes,
particularly when given to HPV naive individuals, prior to sex-
ual debut.11,12 Monitoring vaccine effectiveness in the real
world is important to guide policy decisions. Because of the
long delay between infection acquisition and the development
of cancer, shorter term effectiveness indicators have to be con-
sidered. So far, a number of studies have reported post-licen-
sure favourable impacts on outcomes such as genital HPV
infections, anogenital warts and cervical cancer precursors.13

Moreover, within a few years after the implementation of vacci-
nation programs, some studies have shown herd immunity
effects.14–16

A publicly-funded school-based HPV vaccination has been
offered in the province of Quebec since 2008. Grade 4 girls
(9-10 years old) were eligible for routine vaccination. A catch-
up vaccination was offered to grade 9 girls (14-15 years old)
during 2008–2013 and to 15–17 years old girls during the
2008–2009 school year. Since the launch of the program,
annual vaccination uptake in grade 4 and 9 varied from 74% to
81%, with some variation between regions (from 61% to 96% in
2014–2015).17 The 4vHPV vaccine was used from 2008 to
2015. Since 2016, the nonavalent vaccine (9vHPV), which con-
tains the same 4 HPV types as the 4vHPV vaccine and 5 addi-
tional oncogenic types (31, 33, 45, 52, 58) is offered. The
objective of this study was to assess the prevalence of genital
HPV infections in vaccinated and unvaccinated young women
5–6 years after HPV vaccination implementation.

Results

Participants’ characteristics and vaccination status

CONTACT C. Sauvageau chantal.sauvageau@inspq.qc.ca Institut national de sant�e publique du Qu�ebec, 2400, rue d’Estimauville, Qu�ebec (Qu�ebec), Canada,
G1E 7G9.
© 2018 Taylor & Francis

HUMAN VACCINES & IMMUNOTHERAPEUTICS
2018, VOL. 14, NO. 1, 118–123
https://doi.org/10.1080/21645515.2017.1385688

https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2017.1385688&domain=pdf&date_stamp=2018-01-03
mailto:chantal.sauvageau@inspq.qc.ca
https://doi.org/10.1080/21645515.2017.1385688


The initial study sample consisted of 2,118 women aged
17–29 years recruited during 184 recruitment sessions which took
place between March 2013 and July 2014. The great majority of
recruited women (2,042; 96.4%) completed the questionnaire. Par-
ticipants’ characteristics are shown in Table 1. Overall, 62.3% of
the participants were vaccinated. The proportion of those vacci-
nated was 83.5%, 65.7% and 19.1% among those aged 17–19,
20–22 and 23–29 years, respectively. The proportion of those who
were sexually active at the time of vaccination was 17.3%, 39.4%
and 83.7% in 17–19, 20–22 and 23–29 years old, respectively.

HPV prevalence

A genital specimen was collected from 1,987 (93.8%) partici-
pants. After the exclusion of 50 b-globin-negative specimens
(2.6% of samples), the analysed population consisted of 1,937
women, of whom 1,715 (88.5%) were sexually active.

The overall HPV prevalence irrespective of types was
35.7% (95% CI: 33.5-37.8) in the total study population and
39.4% (95% CI: 37.0-41.7) in sexually active participants.
HPV prevalence in those who declared never had sex was
4%. The following analyses are restricted to sexually active
women. In this group, 17% had a single type infection and
22.3% had multiple type infections (56.7% of those
infected). The number of HPV types per infected woman
varied from 1 to 11. The prevalence of HPV types by cate-
gory is presented in Fig. 1 . Among oncogenic types, the
most prevalent types were HPV 51, 52 and 59. Among the
possibly oncogenic types, HPV 53 and 66 were the most
common. Non-oncogenic types 89, 84, 62, 42 and 54 were
the most frequent of that category.

The overall HPV prevalence in women aged 17–19, 20–22,
and 23–29 years was 31.7%, 42.1%, and 47.6% (p < 0.017 for
each comparison). The same trend was observed for HPV 16
alone and four HPV vaccine types altogether (p < 0.01).
Women aged 17–19 years had also a lower prevalence of HPV
types 31, 33, 45 taken separately or as a group when compared
with older age groups (Table 2 ).

HPV prevalence by vaccination status and number of lifetime
sexual partners

In unvaccinated women, the prevalence of vaccine types
shows little difference among age groups. In contrast, in
vaccinated women, there is a significant gradual increase of
vaccine types prevalence: 0.3%, 1.4% and 10.5% in those
aged 17–19, 20–22 and 23–29 years, respectively. In the
23–29 age group, the prevalence of vaccine 4vHPV types
was similar in vaccinated (10.5%) and unvaccinated women
(11.9%). The prevalence of at least one oncogenic type
except 16 and 18 types was not different among age groups
(Table 3 ).

In vaccinated women aged 17–19 years, an increase in the
prevalence of any HPV infection with the number of lifetime
sexual partners was observed (from 6.4% with one partner to
75.5% with 7 or more partners). The vaccine type infections in
this age group were almost absent (Fig. 2 ). The same pattern
was observed for women aged 20–22 but not for women aged
23–29 years (data not shown). HPV 16 or 18 were detected in
10 women having received at least one dose of the vaccine.
Nine of these women were already sexually active at the time of
vaccination.

Table 1. Study participants characteristics.

Participants

Caracteristic N* %

Recruitment site
College 701 34.3
University 501 24.5
Vocational school 412 20.2
Youth employment centre 111 5.4
Workers recruited through community pharmacies,
hospitals, others

317 15.5

Region of residence
Montreal region 600 29.4
Capitale-Nationale (Qu�ebec) region 129 6.3
Other regions of Qu�ebec 1296 63.5
Outside province or unknown 17 0.8

Migrant status
Born in Canada, with both parents born in Canada 1532 77.2
Born in Canada, with 1 or 2 parents born outside Canada 245 12.3
Born outside Canada 207 10.4

Past sexual activity
17–19 years old 729 80.3
20–22 years old 581 93.0
23–29 years old 475 96.4

Sexual orientation
Heterosexual 1769 87.7
Homosexual 48 2.4
Bisexual 124 6.2
Other/unknown 76 3.7

�The total number (N) varies depending on the availability of answers to a given
question

Figure 1. HPV prevalence in sexually active participants by virus type.
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Discussion

This is the first population-based study conducted in Qu�ebec to
estimate the prevalence of HPV infection in young women
shortly (5 to 6 years) after the implementation of HPV immu-
nization with a relatively high coverage. Although baseline esti-
mates of HPV infection prevalence prior to the immunization
program that would have allowed to calculate a relative reduc-
tion of vaccine types between the two periods is lacking, results
of the comparisons done by age group and vaccination status
show that vaccine types are very rare in young women aged
less than 23 and particularly in those aged 17–19 years old. The
latter age group was eligible for school-based vaccination,
reported the highest vaccine uptake, and the majority of these
participants were vaccinated before sexual debut. It is also of
mention that the prevalence of vaccine type infections in
17–19 years old participants does not seem to be impacted by
the number of lifetime sexual partners, although the number of
sexual partners is known to be the strongest determinant for
HPV infection.18–23 The low prevalence of HPV 16 and HPV
18 is likely to translate into important cancer reduction. These
two HPV genotypes, especially HPV 16, are known to have
lower clearance rates and higher probability of progression
toward pre-cancerous lesions and cancer.24 In Canada, a reduc-
tion in cervical precancerous lesions has already been reported
in vaccinated populations in British Columbia.25

Another finding is that in all age groups, vaccine type infec-
tions occurred mainly in women who were already sexually
active at the time of vaccination. This strengthens the recom-
mendation of starting vaccination before sexual debut, when
the risk of being infected is minimal. Our results are in line with
studies undertaken in other settings that reported a decreased
prevalence of HPV 16 and HPV 18 infections within a few years

after the introduction of vaccination. The results of a meta-
analysis showed that the prevalence of HPV 16 and HPV 18 is
sensitive to vaccine coverage.13 These results have been rein-
forced in more recent clinic-based studies from Australia,14,15,26

Sweden.27 and the UK.28 as well as by population-based studies
conducted in the USA.29 the UK and Scotland.16,30,31

The observed lower prevalence of HPV 31, 33 and 45 in 17–
19 years old participants with high vaccination coverage when
compared to older age groups with lower vaccination coverage
could be explained by cross-protection, as reported by several
previous clinical trials and surveillance studies.13,14,16,30,32 The
9vHPV vaccine has been licensed in Canada after the end of
this study and its use cannot explain these findings.

Our study has some limitations. First, although efforts were
applied to recruit a large number of subjects from several set-
tings, the study sample is not a randomly selected one. Young
adults are highly mobile, often without residential phone lines
and there is not a unique database to determine a denominator
by category of occupation. Without such information, weighing
was not possible. As a result, extrapolating these results to the
general population should be done cautiously. However, the
almost 200 recruitment sessions in diverse institutions and
regions, should have minimized the potential selection bias.

Second, because the questionnaire and the biologic speci-
mens were anonymous, vaccination status was self-declared
and could not be validated against medical records or vaccine
registry. To minimize the risk of information bias, questions
were added concerning the number of doses received and the
year of vaccination. This information helped us to better cate-
gorized study participants by vaccination status.

Third, most of the study participants were vaccinated during
a catch-up vaccination and were aged 14 to 18 years at the time
of vaccination. Most routine vaccination programs are targeting

Table 2. HPV prevalence in sexually active participants by type and age group.

17–19 years (n D 691) 20–22 years (n D 566) 23–29 years (n D 458) All (nD 1715)

HPV type/category n % n % n % N %

HPV 16* 3 0.4y 20 3.5y 37 8.1y 60 3.5
HPV 6/11/16/18* 7 1.0y 24 4.2y 54 11.8y 85 5.0
HPV 31* 8 1.2 9 1.6 16 3.5 33 1.9
HPV 33* 3 0.4y 9 1.6 9 2.0 21 1.2
HPV45* 3 0.4y 14 2.5 9 2.0 26 1.5
HPV 31/33/45* 13 1.9y 27 4.8 32 7.0 72 4.2
At least 1 oncogenic type* 124 18.0y 148 26.2 135 29.5 407 23.7
At least 1 oncogenic type except 16/18 120 17.4 127 22.4 88 19.2 335 19.5
At least 1 possibly oncogenic type 108 15.6 94 16.6 74 16.2 276 16.1
At least 1 non oncogenic type* 128 18.5y 151 26.7 132 28.8 411 24.0
At least 1 non oncogenic type except 6/11* 125 18.1y 147 26.0 119 26.0 391 22.8

�p < 0.05 for the global test
yp < 0.01 for all group comparisons

Table 3. HPV prevalence in sexually active participants by vaccination status and age group.

17–19 years 20–22 years 23–29 years

Vaccination status Any HPV Vaccine types Any HPV Vaccine types Any HPV Vaccine types

Unvaccinated nD 511 34.7 % 8.2 % 48.6 % 9.9 % 48.4 % 11.9 %
Vaccinated* nD 1039 32.7 % 0.3 % 39.4 % 1.4 % 45.4 % 10.5 %
Unknown n D 124 26.7 % 2.2 % 43.6 % 10.3 % 57.5 % 15.0 %

�Global test of significance: p < 0.05
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9–14 years old, an age group that is less exposed to HPV, and in
which one can expect a greater impact of vaccination on the
prevalence of HPV infection. The short period between vaccina-
tion program implementation and this study conduction
preclude us from enrolling girls which were vaccinated in the
routine vaccination program which covers Grade 4 students
(9-10 years old) in Quebec.

Fourth, although the HPV self-collected sampling method
has been previously validated and has been shown to be as sen-
sitive as samples collected by a physician.33,34 the presence of
ß-globin DNA sequence may not completely ascertain the
source of the sample. However, the study protocol allowed
informing the participants regarding Chlamydia trachomatis
and Neisseria gonorrhea test-results. This is expected to be a
strong incentive to participate in the study and to provide ade-
quate specimens. Thus, we think the probability of having an
inadequate source of sampling is low.

And finally, we cannot exclude some differences in the prev-
alence of HPV infection among the 7 birth cohorts included in
the 23–29 year-old group. We were unable to split this age
group because of the limited number of vaccinated participants.
Such a split would make inconclusive the comparison of the
HPV prevalence in vaccinated versus unvaccinated participants.

The strengths of the study are the high number of partici-
pants, which diminishes the risk of information bias, the face to
face approach on site that allowed a high rate for obtaining bio-
logic specimens (> 90%) among the respondents to the ques-
tionnaire, and the use of validated laboratory procedures for
HPV genotyping.

Conclusion

This study adds to the growing evidence that HPV immuniza-
tion is effective in reducing vaccine-type infections within a few
years after the implementation of vaccination. In Quebec, HPV
infections covered by the 4vHPV vaccine are very rare in vacci-
nated women aged less than 23 years and virtually absent in
those having received at least one dose of vaccine before sexual
debut. These findings reinforce the importance of vaccinating
before sexual debut.

Material and methods

This study was nested in a larger study on sexual health in
young adults aged 17–29 years. Participants’ age, vaccination

status and diverse risk factors were assessed by a computer-
assisted questionnaire. Biological specimens were obtained by
self-sampling and were tested for the presence of Chlamydia
trachomatis, Neisseria gonorrhoea and HPV genital and oral
infections. A complete study methodological report was pub-
lished elsewhere.35 Here, we summarize the relevant elements
regarding the prevalence of HPV genital infections in women.

Study sample

The study sample size calculation was based on HPV preva-
lence reported in previous studies.36,37 A sample size of 2,000
17–29 years old women was estimated to be sufficient to assess
the overall prevalence of HPV infection as well as specific rates
of 4vHPV vaccine types. Participants were recruited mainly
from post-secondary educational institutions (college, univer-
sity, and vocational schools) located in 9 different regions rep-
resenting close to 85% of the Quebec population. A multistage
sampling design was used to take into account age, region of
residence and type of institution for students. It was comple-
mented by a convenience sample of young workers according
to their estimated weight in this age group.

Data collection

The questionnaire was administered on site and documented
socio-demographic characteristics, sexual behaviour and health
seeking experience, including questions about HPV vaccination
(ever had, year of vaccination and number of doses received).
The 4vHPV vaccine was used before and during the recruit-
ment period. Sexually active was defined as ever had oral, vagi-
nal or anal sex in their lifetime. Women were then instructed
to provide a self-collected vaginal specimen using a dry Dacron
swab, whether they were sexually active or not. Women who
were pregnant or thought they could be pregnant were exempt.
A written informed consent was obtained from all participants.
All data were collected anonymously with codes that allowed
matching the laboratory result with the questionnaire. HPV
results were not disclosed to participants. This a priori decision
was based on the fact that there is no treatment recommended
for these infections and that the great majority of infections
will disappear spontaneously. On the internet site of the study
(www.portrait-pixel.ca), information about cervical cancer
screening and HPV vaccination was offered as ways to prevent
the consequences of HPV infections. A small incentive was
offered to participants (20$CA for university students and
workers or participation in the drawing of 100$CA gift cards
for other students).

Laboratory analyses

Lyzed cervicovaginal specimens were first tested for the pres-
ence of HPV DNA using a generic HPV assay as described else-
where.38 HPV-negative lysates were analyzed for the presence
of ß-globin DNA sequence with PCR and gel electrophoresis to
ensure they were adequate for PCR analysis.39 ß-globin-nega-
tive samples were further processed with Master Pure as
reported previously.37 Purified DNA was then tested for

Figure 2. HPV prevalence in vaccinated 17–19 years old participants by the num-
ber of lifetime sexual partners.
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ß-globin and, if ß-globin-positive, was tested with a generic
HPV assay.

Samples that were ß-globin-positive and HPV-negative were
considered negative for HPV. ß-globin-negative samples after
Master Pure were considered inadequate for PCR analysis.
Genotyping was performed on samples positive for HPV with
the generic HPV assay.38 using the Linear Array HPV genotyp-
ing assay (LA-HPV) (Roche Molecular Systems) for 36 mucosal
HPV genotypes.40 Samples reactive in the Linear Array with the
cross-reactive probe for HPV 52 were further tested with a vali-
dated HPV52-specific real-time PCR assay.41

For HPV sub-groups analyses, categories were based on the
International Agency for Research on Cancer (IARC) classifica-
tion.42 oncogenic (HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58 and 59), probably oncogenic (HPV 68) and possibly
oncogenic (26, 30, 34, 53, 66, 67, 68, 69, 70, 73, 82, 85, 97)
together, and non-oncogenic (all others). Vaccine types refer to
HPV 6, 11, 16 and 18.

Statistical analysis

Statistical analyses were conducted using SAS, version 9.4 (SAS
Institute, Cary, NC). Univariate analyses were based on Chi-2
test or Fischer exact test as appropriate. Bonferroni correction
was applied in case of multiple comparisons. Overall prevalence
rates of HPV infection are presented with their 95% confidence
intervals (CI). Trend analyses were based on Cochran-Armit-
age test. Statistical significance was based on p<0.05 (2 sided).
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