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This randomized, blinded study evaluated the immunogenicity and safety of a booster dose of Gardasil (qHPV) or
Cervarix (bHPV) when administered to 12–13 year-old girls who were vaccinated at the age of 9–10 with 2 doses of
qHPV (0–6 months). 366 out of 416 eligible girls participated in this follow-up study. Antibody titers were measured just
before and one month post-booster. A Luminex Total IgG assay was used for antibody assessment and results are
presented in Liminex Units (LU). Three years post-primary vaccination, 99–100% of subjects had detectable antibodies
to 4HPV genotypes included in the qHPV with GMTs varying from 50 to 322 LU depending on genotype. After a booster
dose of qHPV, a �4 fold increase of antibody titers to genotypes included in the vaccine was observed in 88–98% of
subjects. Post-booster GMTs varied from 1666 to 4536 LU depending on genotype. These GMTs were 1.1 to 1.8-fold
higher when compared to those observed one month post-second dose. After a booster of bHPV, a �4 fold increase of
antibody titers to HPV16 and HPV18 was observed in 93–99% of subjects. The anti-HPV16 and HPV18 GMTs were 5458
and 2665 LU, respectively. These GMTs were 1.2 and 1.8 higher than those observed in the qHPV group (both P < 0.01).
In bHPV group a 1.4–1.6-fold increase of antibody GMTs to HPV6 and HPV11was also observed (P < 0.001). The safety
profile was acceptable for both vaccines. Both qHPV and bHPV increase antibody titers when given as a booster to girls
previously vaccinated with 2 doses of qHPV. The magnitude of the immune response after booster is vaccine-
dependent and has the same pattern as that reported after primary vaccination with qHPV or bHPV. When given as a
booster, both vaccines have an acceptable safety profile. Longer follow-up studies are warranted to assess the need of
booster doses.

Introduction

Human papillomavirus (HPV) vaccines have been available for
almost a decade and are extensively used in pre-adolescent and
adolescent girls. The clinical efficacy of HPV vaccines have been
demonstrated in 16–45 years-old.1-3 The approval of HPV vac-
cines use in pre-adolescents and young adolescents was based
exclusively on bridging immunogenicity data.4,5 In pre-licensure
clinical trials conducted by vaccine manufacturers, the 0, 1–2 and
6 months schedule was used4,5 and only a few post-licensure clini-
cal trials assessed the immunogenicity and efficacy of alternative
vaccination schedules including a 0, 6 month schedule in 9–13
year-old girls.6-10 Existing data show that 2 doses of HPV vaccine
administered to pre-adolescents induce an immune response
which is similar to and even higher than the immune response
observed after 3 doses given to 16–26 year-old females.11 These

observations raised the question regarding the number of doses
needed when vaccinating pre-adolescent girls. We have previously
reported the immunogenicity results when using qHPV (quadri-
valent vaccine Gardasil� contains HPV6, HPV11, HPV16 and
HPV18) according to a 0–6 month schedule in 9–10 year-old
girls.10 The results showed that 6 months post-first dose 94–
100% of vaccinated girls have detectable antibodies to 4 HPV gen-
otypes included in the vaccine and a 55–99-fold increase in anti-
body titers was observed post-second dose administration.
However, little data on persistence of immunity exist when using
qHPV in a 2-dose schedule and no data has been reported about
the magnitude of the immune response to a booster third dose of
vaccine when given a few years post-second dose.

Additionally, despite a relatively long period of time since the
beginning of clinical use of qHPV and bHPV (bivalent vaccine
Cervarix� contains HPV16 and HPV18), no evidence-based
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data on the interchangeable use of these 2 vaccines in humans is
available.

The main objective of this study was to assess the effect of a
booster dose of qHPV or bHPV when administered 3 y post-pri-
mary vaccination with 2 doses of qHPV according to 0–6 month
schedule. The immunogenicity and safety profile of the 2 HPV
vaccines were assessed.

Methods

Population and study design
Girls who participated in 2008–2009 in the clinical trial with

2 doses of qHPV were invited to continue their participation in
this follow-up phase of the study. Subjects’ socio-demographic
characteristics and immunogenicity and safety results post-first
and post-second dose were reported elsewhere.10,12 In 2011–
2012 subjects were 12–13 year-old. Those who accepted to con-
tinue their participation were randomized 1:1 (SAS Institute soft-
ware) to receive either a dose of qHPV (Group qHPV) or a dose
of bHPV (Group bHPV). Subjects and their parents were
blinded to which group they were assigned for the 4 week period
during which the safety profile was assessed.

This study is registered with ClinicalTrials.gov,
NCT01456715.

Vaccines administration and blood sampling
A lot of qHPV and a lot of bHPV commercially available in

Canada were used. Dosages recommended by the manufacturers
were followed.4,5 Both vaccines were administered intramuscu-
larly in the deltoid. Blood samples were collected just before and
one month post-booster administration. Ten milliliters of blood
were collected at each study time point.

Safety assessment
Data on injection site (pain, swelling, or redness at the injec-

tion site) and systemic adverse events (fatigue, headache, nausea/
gastrointestinal upset, fever, rash, myalgia, arthralgia, and urti-
caria) were collected on standardized diary cards for 5 d after vac-
cine administration. The maximal severity of injection site
reactions and systemic adverse events were recorded. Parents and
subjects were invited to report any serious adverse event or any
significant new chronic condition arising within 12 months of
vaccine administration.

Laboratory procedures
Like in the previous phase of the study, laboratory assays were

done at the Laboratoire de sant�e publique du Qu�ebec (LSPQ).
HPV antibody titers were measured by a Luminex Total IgG
assay.13,14 HPV antibody titers are presented in Luminex Units
(LU).

Data analysis
We assessed the proportion of subjects with detectable anti-

HPV in the 2 study groups and because there is no consensus for
seroprotective titers for anti-HPV we used also the threshold of 3

LU and 10 LU in our analyses. The threshold of 3 LU correlates
the best with positive results obtained with other assays used dur-
ing assay validation.13 We arbitrarily decided that the threshold
of 10 LU would be also helpful in understanding the anti-HPV
titers distribution pre- and post-third dose. An anamnestic
response was defined a priory as an antibody titer increase of �4-
fold (the most often used criterion for other vaccines).15 Log
transformed titers were used for geometrical mean titers (GMTs)
calculation. To allow GMTs calculation, samples with undetect-
able antibodies were assigned the arbitrary value of 1 LU. Fisher’s
exact test was used for the comparison of proportions, Wilcoxon
test for continuous variables and Kolmogorov-Smirnov test for
comparison of titers distribution. All statistics were 2-tailed. P
values of 0.05 or less were considered significant. SAS Institute
software version 9.2 (Cary, NC, USA) was used for statistical
analysis.

Results
A total of 366 (88%) subjects out of 416 who participated in

the 2008–2009 phase of the study accepted to continue their par-
ticipation. The 366 subjects who received a booster dose of vac-
cine were included in the safety assessment. The immunogenicity
analysis included 363 participants as 3 subjects had only one
blood sample collected (pre- or post-booster dose) and were
excluded.

Antibody persistence and GMTs pre-booster
Thirty six months post-second dose administration all but 2

subjects randomized to Group qHPV and 2 randomized to
Group bHPV had detectable antibodies to HPV18 (99%) and
all (100%) had detectable antibodies to HPV6, HPV11 and
HPV16. In both study groups 97–100% of subjects had an anti-
HPV �3 LU and 89–100% had an anti-HPV titer �10 LU.
GMTs varied from 50 to 332 LU depending on HPV genotype
(Table 1). Similar proportions of seropositivity and GMTs were
observed in 2 study groups pre-booster (all p > 0.3).

HPV immunogenicity results 1 month post-booster
All subjects in both study groups had an antibody titer �3 LU

to all 4 HPV genotypes included in qHPV and only one subject
in Group bHPV did not reach an antibody titer �10 LU (to
HPV 6) (Table 1).

In Group qHPV, the booster dose administration was fol-
lowed by an increase of GMTs to all 4 types included in the vac-
cine (Table 1). A �4-fold antibody increase post/pre-booster was
observed in 94%, 89%, 88%, and 98% of subjects for HPV6,
11, 16 and 18, respectively. For GMTs, there was a 20-fold
increase to HPV6, a 14-fold increase to HPV11 and HPV16,
and a 34-fold increase to HPV18 (all P < 0.0001).

In Group bHPV after the booster administration a �4-fold
antibody increase for HPV16 and HPV18 was observed in 93
and 99% of subjects, respectively. For the GMTs there was a 1.6-
fold increase for HPV6 (P < 0.0001), a 1.4-fold increase for
HPV11 (p D 0.0002), a 19-fold increase for HPV16 (P <

0.0001) and a 49-fold increase for HPV18 (P < 0.0001).
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There were significant differences between bHPV and qHPV
in the distribution of antibody titers after the booster dose
(Fig. 1). The GMTs to HPV16 and HPV18 in Group bHPV
were significantly higher than those observed in Group qHPV
(p D 0.002 for HPV16 and P < 0.0001 for HPV18). However,
the GMTs to HPV6 and HPV11 were about 10 times lower in
Group bHPV than in Group qHPV (0.08 for HPV6 and 0.11
for HPV11; both P < 0.0001). The comparison of the distribu-
tion of antibody titers to 4 HPV genotypes included in the
qHPV vaccine post-booster with qHPV or bHPV confirmed
statistical significant difference for HPV6, HPV11, HPV18
(P < 0.0001) and for HPV16 (p D 0.01).

Safety assessment
Eighty one percent of subjects in Group qHPV and 91% in

Group bHPV reported at least one local site adverse event (p D
0.004), and 59% and 58% a systemic adverse event (p D 0.83),
respectively.

In both groups, pain at the injection site was the most often
reported local adverse event. A higher proportion of subjects in
Group bHPV than in Group qHPV reported pain 89% vs. 72%
(P < 0.0001) and swelling 26% vs. 18% (p D 0.04), respectively
(Fig. 2). Grade 3 pain at the injection site was also more often

reported after bHPV than after qHPV (9% vs. 2%; P D 0.003).
Redness and swelling of > 50 mm were reported in 0–1.6% of
subjects with no significant difference between 2 study groups. In
both study groups similar proportions of subjects reported vari-
ous systemic adverse events (Fig. 3). No adverse event required
medical intervention and no serious adverse event was reported
during the follow-up period.

Discussion

To our knowledge this is the first study to compare the effect
of the 2 available HPV vaccines given as a booster dose to girls
previously vaccinated with 2 doses of qHPV. In this study, 3 y
after primary vaccination with 2 doses of qHPV nearly all sub-
jects had detectable antibodies to HPV types included in the
qHPV vaccine and had an increase in antibody titers post-
booster. This is similar to the effect of a booster dose adminis-
tered 5 y after primary vaccination of young females with a 3
dose schedule (0, 1–2, 6 months)5,16,17 and that despite of differ-
ences in age at time of vaccination and laboratory assays used.
The great majority of subjects also showed an anamnestic
response which was defined as at least a 4-fold increase in

Figure 1. Anti-HPV titers distribution pre- and post-booster.
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antibody titers against HPV genotypes
included in the vaccines. However, differ-
ently from studies with other recombinant
vaccines like hepatitis B, where a 10–16
fold increase of GMTs were reported one
month post-booster dose when compared
to one month post-primary vaccina-
tion18,19 in this study GMTs increase was
much lower. In fact, in Group qHPV the
GMTs ratios 1 month post-booster dose
versus 1 month post 2nd dose were 1.4,
1.1, 1.3, and 1.8 for HPV 6, 11, 16 and
18, respectively (data not shown). Previ-
ously reported by Olsson et al. GMTs
ratios post-booster dose vs. post-third dose
of qHPV (first 3 doses given at the age of
16–23 and the booster dose at the age of
21–28) were in the same range.16 These
observations might indicate that antibody
titers obtained after 2 doses in pre-adoles-
cents or 3 doses in young females are close
to maximal values.

There was a significantly higher anti-
body response to HPV16 and HPV18 after
administration of a booster dose of bHPV
than qHPV. This is consistent with the higher immunogenicity
of bHPV compared to qHPV after the primary vaccination with
3 doses given according to 0, 1–2 and 6 months schedule.20,21 As
previously suggested this difference may be due to different adju-
vants used in 2 HPV vaccines.20

As expected, anti-HPV6 and anti-
HPV11 antibody titers were higher after
the qHPV than after bHPV booster. How-
ever, the 1.4–1.6 increase in anti-HPV6
and HPV11 after bHPV administration is
interesting. Potential mechanisms for this
observation include the presence of type
common antibodies22 or the presence of
L1 sequences that are highly conserved
between genotypes and are interspersed
among segments of conserved regions.23

Our observation may explain at least par-
tially previously reported moderate efficacy
of bHPV against persistent infections with
HPV 6/11 (VE-34.5%) and HPV74 (VE-
49.5%)24 and the observed decline
(¡20.8%) in external genital warts in
young women in England a few years after
the implementation of an immunization
program with bHPV.25 These observations
warrant further investigation.

The results indicate that both vaccines
have a clinically acceptable safety profile.
The great majority of reported adverse
events were minor and none required med-
ical intervention. Consistently with

previously published data20,26 a higher proportion of subjects
who received bHPV reported local reactions and the main
reported local reaction was pain at the injection site. No signifi-
cant difference was observed when comparing the reported

Figure 2. Proportion of subjects who reported different local adverse events.

Figure 3. Proportion of subjects who reported different systemic events.
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systemic adverse events in the 2 study groups. These results indi-
cate that the regimen used in this study is safe.

In our opinion, the immunogenicity and safety results indi-
cate that the qHPv and bHPV can be given to the same vaccinees.
This knowledge is important when no information is available on
which HPV vaccine was previously given to an individual, in case
of manufacturing problems with a given vaccine and when
important differences in vaccine price makes the interchangeable
use of vaccines more attractive from cost-effectiveness perspec-
tive. Additionally, presently available data do not allow excluding
that the use of one dose of qHPV and one dose of bHPV might
be an alternative approach when vaccinating pre-adolescents.

This study has some limitations. First, 12% of subjects who
were initially enrolled did not participate in this follow-up phase
of the study. However, socio-demographic characteristics and
immunogenicity results observed post-second dose of vaccine
were similar in study subjects participating and not participating
in this phase of the study. Thus, it is highly plausible that no dif-
ferent persistence of immunity or response to a booster dose
would occur in non-participating subjects. Second, as previously
reported10 we used relatively strict enrollment criteria in 2008–
2009 and immunogenicity results presented here should not be
extrapolated to individuals with underlying comorbidities, espe-
cially to the immunocompromised individuals. Third, we did
not measure the antibody avidity or cellular immune response
and cannot exclude some differences in the 2 study groups. In a
previous Canadian study, the age of the recipient significantly
impacted generation of HPV-18-specific B memory cells, while
the number of doses displayed a significant effect on the develop-
ment of HPV-specific T memory cells.27 In another recent publi-
cation it is mentioned that the anamnestic response typically
shows the presence of memory B cells with the capacity to pro-
vide rapid antibody production following a booster dose of a
virus challenge.28 However, the role of B and/or T cell memory
as well as the level of antibody avidity and neutralization poten-
tial in protection against clinical HPV infections remain
unknown and need further investigation. Additionally, the
response to a booster dose of HPV vaccine cannot be directly
extrapolated to the response arising from exposure to the virus
which generally represents a localized infection of the mucosa.
Fourth, we assessed the immunogenicity and tolerability profile
when giving qHPV or bHPV boosters to girls who were previ-
ously primed with qHPV. We cannot exclude that different
results might be observed when priming with bHPV which is
known to induce a higher immune response to high risk HPV16
and HPV18.20,26 Our hypothesis is that higher antibody titers
will be observed to HPV16 and HPV18 when priming with Cer-
varix, however with such a scenario we cannot exclude lower anti-
body titers to HPV6 and HPV11. To note also that the need and

importance of the presence of high antibody titers post-vaccina-
tion in protection against clinical disease has not been demon-
strated. Finally, we assessed the immune response only one
month post-challenge dose of vaccine given at the time when an
antibody plateau is expected (18–36 months post-second dose as
reported in a previous study11) and long-term data would be
helpful when deciding about the effect and persistence of immu-
nity after a booster dose of qHPV or bHPV.

The main novelty of the study is the generation of first immu-
nogenicity and safety data on interchangeable use of 2 presently
available HPV vaccines as well as the assessment of the magni-
tude of immune response to a booster dose given to girls previ-
ously vaccinated with 2 doses of qHPV. The main strength of
the study is that it was conducted in an age group which is tar-
geted by most presently in place publicly funded HPV immuni-
zation programs. This helps with extrapolation of results to such
programs.

In summary, both qHPV and bHPV increase antibody titers
when given as a booster to girls previously vaccinated with 2
doses of qHPV. The magnitude of the immune response after
booster is vaccine-dependent and has the same pattern as that
reported after primary vaccination with qHPV or bHPV. When
given as a booster, both vaccines have an acceptable safety profile.

Our results do not support the need of booster doses when
vaccinating pre-adolescent girls with 2 doses of qHPV vaccine
according to 0–6 month schedule. Longer follow-up studies are
warranted to assess the need of booster doses after primary vacci-
nation with 2 as well as with 3 doses. However, because of
unknowns regarding the importance of post-vaccination antibod-
ies persistence and the role of immune memory in protection
against clinical disease the need of boosters should be based
mainly on the results of monitoring of potential breakthrough
cases in individuals vaccinated before sexual debut.
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