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Background.  There are limited data regarding the duration of immunity induced by different human papillomavirus (HPV) 
vaccination schedules and the immunogenicity of a booster dose of both bivalent HPV vaccine (bHPV) or quadrivalent HPV vaccine 
(qHPV).

Methods.  Follow-up of a nonrandomized clinical trial to evaluate the 5-year antibody persistence of the bHPV in girls (age, 
9–10 years) and women (age, 18–24 years). Noninferiority of the 2-dose versus 3-dose schedule among girls was evaluated at months 
54 (n = 639) and 64 (n = 990). Girls vaccinated with a 2-dose schedule of bHPV or qHPV received a booster dose of either vaccine at 
month 61. Immunogenicity was measured using a virus-like particle–based enzyme-linked immunosorbent assay. Geometric mean 
titers (GMTs) for HPV16/18 were estimated after stratification by vaccination schedule and age group.

Results.  At months 54 and 64, the 2-dose schedule remained noninferior to the 3-dose schedule. GMTs remained above natural 
infection levels across all age groups up to 64 months. After the booster, anti-HPV16/18 GMTs increased exponentially with the 
same pattern, regardless of vaccine administered. No safety concerns were identified with the booster dose.

Conclusions.  A 2-dose schedule is highly immunogenic in girls, suggesting a high immune memory. Thus, a booster dose is 
likely to be unprofitable, considering the low global immunization coverage.
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interchangeability.
 

Evidence from human papillomavirus (HPV) vaccines contin-
ues to emerge, demonstrating their high immunogenicity and 
efficacy against HPV infection, cervical precancer, and inva-
sive cancer [1–3]. While the first HPV vaccine recommenda-
tions suggested a 3-dose scheme, in 2014, the World Health 
Organization (WHO) recommended the 2-dose regimen for 
immunocompetent girls between 9 and 14 years old [2]. This 
decision was based on immunogenicity studies that showed 
noninferiority of 2 doses of either HPV vaccine in girls aged 
9–14 years as compared to 3 doses in young women [4–7].

However, several questions about this decision have been 
voiced in the recent literature. The main concern is that the 

WHO recommendation is based on comparison of the immune 
response between girls and women, which could be clouded by 
differences in immune maturation [8]. A  recent meta-analy-
sis suggests that this could be a possibility; pooling results of 
2 studies of same-age girls revealed that the 2-dose schedule 
was inferior to the 3-dose schedule [8]. Similar concerns have 
been raised about long-term immunogenicity under the 2-dose 
regimen [9]. A recent randomized clinical trial showed that the 
2-dose regimen in girls aged 9–14  years produced an immu-
nogenic response noninferior to that observed with 3 doses in 
young women after 5 years of follow-up [10]; thus, age differ-
ences could still influence this finding. To solve this limitation, 
further noninferiority trials conducted in immunologically 
comparable age groups are needed.

Immune response monitoring of alternative schedules for 
HPV vaccine in girls has been largely restricted from 12 to 
60  months of follow-up [10–12]. A  close monitoring of the 
vaccinated girls is necessary to assess the durability of antibody 
levels and, more importantly, to understand the immunologic 
memory produced by the vaccine [13]. The immune correlates 
of vaccine protection are still uncertain [14]. Follow-up of young 
women for at least 10 years after vaccination has revealed that 
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antibody titers among vaccine recipients remain above those 
with natural infection [15], and there is evidence that even low 
antibody titers can prevent persistent infections and subsequent 
cervical disease [16, 17].

In 2008, Mexico implemented an extended-dose schedule of 
HPV vaccine at the national level, with HPV vaccine admin-
istered at months 0 and 6 and a booster dose administered at 
month 60. The booster was proposed as a mean to increase 
coverage in the population, given economic constrains at the 
time of the first vaccination campaign [18]. There is limited evi-
dence about the effect of a booster dose of either HPV vaccine. 
A recent study analyzed the effect of a booster dose 3 years after 
primary immunization, using the quadrivalent HPV vaccine 
(qHPV) [19]; antibody titers increased 1  month after admin-
istration, although the persistence of this effect after 1 month 
is still unclear. Also, the magnitude of the immune response 
induced by a booster dose in groups previously vaccinated with 
different vaccines remains unknown.

Beyond immunogenicity, a common discussion has focused 
on the interchangeability of bHPV and qHPV. Most studies 
have been restricted to the analysis of antibody levels among 
recipients the same type of vaccine, although in real life, vac-
cines are being used interchangeably over time. For example, 
Mexico undergoes yearly competitive purchases of vaccines at 
the federal level; as a result, during their schedule, girls could 
receive bHPV or qHPV. Few studies have analyzed the safety 
and the interchangeability of vaccines in girls in terms of anti-
body levels.

Taking advantage of this setting, we conducted an exten-
sion study in which Mexican girls and young women partic-
ipating in 2 initial nonrandomized clinical trials were invited 
to participate in a study to evaluate the immunogenicity and 
safety induced by 2 and 3 doses of bHPV at 54 and 64 months 
after administration of the first dose. We also aimed to assess 
the noninferiority of antibody concentrations elicited by the 
2-dose schedule in girls aged 9–10 years, compared with that 
induced by a 3-dose schedule (M 0,1,6) in the same age group. 
Secondary objectives were to compare the immune response 
following a booster dose of a bHPV or qHPV administered at 
month 61 to girls previously vaccinated with 2 doses of either 
HPV vaccine and to assess the interchangeability of bHPV and 
qHPV as a booster dose.

METHODS

Study Design

By means of an open-label, nonrandomized clinical trial, we 
evaluated the long-term immunogenicity of bHPV adminis-
tered via different dosing schedules to participants who were 
followed for 64 months (hereafter referred as the bHPV trial) 
[7]. Additionally, as part of a secondary analysis to evaluate the 
effect of a booster dose, girls aged 9–10 years from the 2-dose 

arm who were original participants in either the bHPV trial or 
an analogous open-label, nonrandomized clinical trial of qHPV 
(hereafter referred to as the qHPV trial) [20] were randomized 
to receive a booster dose of either HPV vaccine. The design and 
eligibility criteria from the 2 nonrandomized clinical trials up to 
month 21 were presented elsewhere [7, 20].

Procedures

In the bHPV trial, during November 2009, we enrolled 1,500 
healthy girls aged 9–10 years and 499 women aged 18–24 years 
[7]. Girls were recruited at 81 public primary schools, and 
women were recruited among users of a primary care facility in 
Cuernavaca, Mexico.

Participants in the first vaccination phase of the HPV trial 
were allocated to one of the following groups (Figure 1), all of 
whom received bHPV: (1) girls aged 9–10 years on an extended 
vaccination schedule (at months 0, 6, and 60), (2) girls aged 
9–10  years on a standard vaccination schedule (at months 0, 
1, and 6), women aged 18–24 years on a standard vaccination 
schedule (at months 0, 1, and 6), and women aged 18–24 years 
on a 2-dose schedule (at months 0 and 6). The original extended 
schedule cluster (ie, vaccination at months 0, 6, and 60)  was 
twice as large as the standard schedule cluster (ie, vaccination 
at months 0, 1, and 6), to partition the extended schedule group 
into the following 2 subgroups 5 years after receipt of the first 
vaccine dose: those who would receive only 2 doses and those 
who would receive the booster dose of vaccine.

Both bHPV and qHPV trials were approved by the 
Institutional Review Board of the National Institute of Public 
Health of Mexico, with corresponding authorizations received 
annually (number 833). All women and parents/legal guardians 
of girls signed informed consent forms following their review of 
protocol procedures. Both trials were registered at the Federal 
Commission for Protection against Sanitary Risks of Mexico. 
The trials are registered in ClinicalTrials.gov (registration num-
ber NCT017117118). The trials were conducted in accordance 
with the International Conference on Harmonization Good 
Clinical Practice Guidelines.

As part of the follow-up procedures of the bHPV trial, a 
third follow-up wave was implemented at month 54. During 
the 54-month wave, a subset of participants who accepted to 
continue their participation were invited to provide serum 
samples. This visit allowed us to track the immunity before the 
booster dose and to update contact information necessary for 
the next visit.

The original extended-dose group (ie, vaccination at months 
0, 6, and 60), described above as group 1, was divided into 3 
comparison groups 60 months after the first dose administra-
tion. The purpose of this new allocation was to evaluate the 
immune response at different dose schedules, including the 
effect of a booster dose 5 years after primary immunization. 
The following 3 groups vaccination schedules were created: 
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2 doses of bHPV (at months 0 and 6), 2 dose of bHPV (at 
months 0 and 6) and a booster dose of bHPV (at month 61), 
and 2 doses of bHPV (at months 0 and 6) and a booster dose 
of qHPV (at month 61). Additionally, a group of girls from 
the qHPV trial who had received 2 doses of qHPV (at months 
0 and 6)  were included as an ancillary booster-dose group. 
These girls were assigned to receive a booster dose of bHPV. 
The procedures of the immunogenicity trial with qHPV are 
available elsewhere [20].

Vaccine Administration and Serum Sampling

For the booster, we administered the 2 commercially availa-
ble vaccines according to allocation arm: bHPV (HPV16/18 LI 
virus-like particle [VLP] AS04-adjuvanted vaccine [Cervarix; 
GlaxoSmithKline Biologicals, Rixensart, Belgium]) [21] and 
qHPV (HPV6/11/16/18 vaccine [Gardasil, Merck, Whitehouse 
Station, NJ]) [22].

To assess the antibody response and persistence, blood sam-
ples were obtained 54 months after the first vaccination from 
the participants in the bHPV trial and 64 months after the first 
dose administration in all study groups (Figure  1), including 
participants who received a booster dose of either HPV vac-
cine. HPV16 and HPV18 antibodies were assessed using a VLP-
based direct enzyme-linked immunosorbent assay (ELISA), 
which is the standard assay for immunogenicity of bHPV that 
measures polyclonal antibodies [23, 24]. To ensure comparabil-
ity, all serological assays were performed in a reference labora-
tory at the University of Ghent, Belgium, where the staff was 
blinded to the study groups. Details of the reference determina-
tions have been previously described [25]. The measurement of 

antibody levels was performed using the same assay at the same 
laboratory for all groups.

Safety Assessment

The study staff recorded safety profile assessments of local 
symptoms (ie, pain and redness at the injection site) and general 
symptoms (ie, fever, headache, fatigue, gastrointestinal symp-
toms and/or abdominal pain, arthralgia, myalgia, urticaria, and 
rash) 30 minutes after the administration of each vaccine and 
at the next scheduled appointment among subjects who were 
followed. Any serious adverse event was inquired and registered 
by the staff in each contact.

Statistical Analysis

The immunogenicity analysis was conducted according to pro-
tocol and comprised study participants who met all eligibility 
criteria, complied with the protocol procedures, received all 
vaccinations allocated, and had data available from the serolog-
ical assessments.

The outcomes of interest included anti-HPV16 and anti-
HPV18 antibody levels throughout the first 5 years of follow-up, 
by dose schedule and age group.

The cutoffs prespecified to indicate seropositivity accord-
ing to the limit of detection of the assay were antibody titers 
of at least 8 ELISA units (EU)/mL for anti-HPV16 and at least 
7 EU/mL for anti-HPV18. However, to improve the precision 
of the assay, a modification of seropositivity cutoff was made 
recently. The immunogenicity data from month 54 onward use 
the new cutoff of ≥19 EU/mL and ≥18 EU/mL for anti- HPV16 
and anti-HPV18, respectively [26]. This change would imply 
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Figure 1.  Flow of participants through the study. The difference between the number of adolescents at month 61 and those at month 64 is attributable to a parent’s rejec-
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an even larger percentage increase in seronegativity because a 
more conservative cutoff was established.

To evaluate the long-term kinetics of the immune responses 
across groups, we used geometric mean titers (GMTs) and 95% 
confidence intervals (CIs) of vaccine-type HPV16 and HPV18 
obtained during serological measurements at months 54 and 
64 after the first vaccine administration. A noninferiority eval-
uation was performed for the GMTs. If the upper limit of the 
95% CI for the GMT ratio between the girls aged 9–10 years 
receiving 3 doses and the girls receiving 2 doses of the bHPV 
was <2.0, noninferiority was demonstrated. Our noninferior-
ity margin was set in accordance with previous clinical trials 
that were designed to compare 2-dose to 3-dose schedules [4–6, 
10–12, 14]. The statistical analyses were performed using Stata 
software, version 14.0 (Stata, College Station, TX).

RESULTS

The number of subjects throughout all study visits is shown in 
Figure 1. In the current report, we focus on evaluating the per-
sistence of the antibody response from 54 months after the first 
vaccine dose and up to month 64 of follow-up. Of 1,266 partici-
pants in this follow-up (71.8% of the participants with antibody 
titers measured at month 21), 1248 provided a serum sample 
for serological tests at either of the 2 visits (639 at month 54 and 
990 at month 64). Girls and women who were invited to the 
54-month visit were not identical to those measured at visit 64; 
an overlap of 376 subjects (30.0%) was observed among samples 
measured at both times.

Of 675 girls from the extended-schedule group (M 0,6,60) 
who were successfully reached, 237 received a booster dose of 
bHPV, 237 received a booster dose of qHPV, and the remaining 
201 received only the 2-dose schedule (M 0,6). A set of 56 girls 
of the same age who previously received 2 doses of qHPV (M 
0,6) during the qHPV trial received a dose of bHPV at this time 
point as a booster dose.

The median follow-up time from the date of first vaccination 
to the third visit was 54  months (range, 49–56  months.) The 
last immunogenicity visit reported in this analysis occurred at a 
median time of 64 months (range, 61–73 months) since the first 
dose was received. A  high rate of seropositivity was observed 
across dosage groups for both HPV vaccine types, with 99.8% 
and 98% of participants having GMTs above the serostatus cutoff 
at months 54 and 64, respectively. Of the 639 participants with 
month 54 data, only 1 woman from the 2-dose group was sero-
negative for both HPV types. At month 64, this woman remained 
seronegative, and 1 girl who received the 2-dose schedule (M 
0,6) had HPV16/18 antibody seroreversion at this last visit.

The GMTs for each time point and HPV type are presented in Table 1. 
GMTs against HPV16 and HPV18 decreased over time but persisted 
above natural infection levels across all vaccinated groups. A stable pla-
teau was observed between months 54 and 64 after the first vaccine dose. 
By month 54, anti-HPV16 GMTs among girls who received the 3-dose Ta
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schedule (M 0,1,6; GMT, 1312.17 EU/mL [95% CI, 1177.17–1462.64]) 
were higher than those in the 2-dose group (GMT, 785.87 EU/mL [95% 
CI, 703.73–877.59]). However, the ratios of the GMT of the 2-dose group 
to that of the 3-dose group 54 months after the first dose was 1.67 for 
HPV16 and 1.65 for HPV18, with the upper limit of the 95% CI <2.0 
for both ratios, demonstrating that the immune response of the 2-dose 
schedule was noninferior to that of the 3-dose schedule. The noninferi-
ority criteria of the 2-dose schedule as compared to the 3-dose schedule 
were also met over the remaining study period.

The GMTs of HPV16 and HPV18 after the booster are pre-
sented in Table  1. An exponential increase in the GMT was 
observed after the booster dose (1–6  months), regardless of 
the vaccine administered. The anti-HPV16 GMT of the group 
that received a qHPV booster dose (15, 905.1 EU/mL [95% CI, 
14, 199.5–17 815.6]) reached a GMT similar to that observed 
after the third dose (0.4–6.0 months) of bHPV among girls aged 
9–10 years (18, 219.19 EU/mL [95% CI, 16, 832.97–19 719.57]) 
[7]. In contrast, the GMTs of both bHPV booster groups were 
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slightly lower than those reported above, particularly for those 
who received qHPV as the primary immunization (Table  1). 
The kinetics of the HPV16 and HPV18 antibody response in 
all groups, according to dose schedule, are depicted in Figure 2.

Throughout the study follow-up, no serious adverse events 
or withdrawals related to the booster dose were reported. The 
most common local adverse event following the booster dose 
was pain in the injection site. The frequency of adverse events 
can be seen in Figure 3.

DISCUSSION

There is no immune metric, such as antibody concentration, that 
correlates with the protection afforded by HPV VLP vaccines. The 
available evidence is that, even in the absence of antibody as detected 
by the current seroassays [17], protection by one of the current vac-
cines against vaccine-type HPV disease (ie, cervical intraepithelial 
neoplasia 2/3) is maintained for at least 10–12 years [16]. The results 
of the follow-up phase of this clinical trial of the immunogenicity 
of bHPV in Mexican women revealed that a 2-dose vaccine sched-
ule is safe and produced a robust immune response, with antibody 
levels that remained stable over 5 years after primary immunization 
for both HPV vaccine types. Moreover, we found that the antibody 
response of the 2-dose schedule was not inferior to the response 
observed in girls of the same age who received the standard 3-dose 
regimen over a 54- and 64-month follow-up period. These results 
are in line with previous evidence showing that the 2- and 3-dose 
schedules produce similar results in the same age group of girls [7, 
27–29], supporting the current WHO recommendation of 2 doses. 
These results are relevant because immune comparability across dif-
ferent age groups has been expressed as a debatable argument for the 
2-dose recommendation [8].

According to the kinetics of antibody levels from our study, 
the antibody response for the 2-dose schedule has good sta-
bility for up to 64 months and remains much higher than that 
after natural infection. This is consistent with previous findings 
reported by Romanowski et  al, which showed that 2 doses of 
bHPV (spaced at 6  months) produced an immune response 
that persists for up to 5  years of follow-up [10]. Although 
our antibody responses differ slightly from those reported by 
Romanowski et al [10] and Huang et al [12], who used the same 
serological assay, our findings support evidence of the high and 
strong immune response in girls who received <3 doses. In 
comparing antibody response among different studies, it should 
be taken into account the difference in participants and study 
designs, as well as differences between laboratories and kit lots 
for VLP-based ELISAs.

Our results provide considerable insight into the inter-
changeability of bHPV and qHPV. To our knowledge, this is 
the first study providing information about the immunogenic-
ity and safety of a qHPV or bHPV booster administered 5 years 
after the first dose to girls who had previously received 2 doses 
of bHPV. A previous study examined the interchangeability of 
HPV vaccines, but in girls who had received 2 doses of qHPV 
[19]. Our results show that the booster exponentially increases 
antibody titers to levels as high as those achieved 1 month after 
the second dose (M 0,6) in girls, independently of the type of 
vaccine (qHPV or bHPV). Our results are in line with those 
reported by Gilca et al, that either qHPV or bHPV as a booster 
provided a high antibody response, although in our case GMTs 
were higher in girls who received bHPV as a primary immu-
nization (M 0,6) and received the qHPV booster, while in the 
study by Gilca et al GMTs were higher after receipt of a bHPV 
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booster. In this regard, although a direct comparison between 
our results and those of Gilca et al is limited because they used 
a different serological assay to measure the antibody response, 
it is likely, as Gilca et  al suggested, that the differences are 
related to the higher immunogenicity of the ASO4-adjuvanted 
bHPV. The above findings could explain the higher magnitude 
of the antibody response among girls who received bHPV as 
the primary immunization in our study as compared to those 
vaccinated with qHPV. In a study reported by Einsten et  al 
[30], bHPV produced significantly higher titers than qHPV, as 
well as more memory B cells, over 5 years of follow-up [31]. 
Similarly, a recent comparison between 2 doses of bHPV and 
2 and 3 doses of qHPV among girls showed a higher immune 
response with bHPV after 36  months of follow-up [27]. 
However, beyond the adjuvant, it is unclear whether there are 
other vaccine characteristics that could explain the differential 
immune response [32].

Even so, the importance of the booster dose is questionable, 
as suggested by the findings of Scherer et al [31] and Gilca et al 
[19]. The evidence is that the priming dose of a vaccine dic-
tates the memory response, and this is supported for qHPV in a 
study performed by Toh et al [28].

The interchangeability of bHPV and qHPV is important from 
a biological perspective, as well as from an economical perspec-
tive. In particular, countries that subject vaccine purchases to 
competitive processes can interchangeably buy qHPV or bHPV, 
knowing that the immune response will be comparable inde-
pendently of the vaccine combination used during the schedule.

Some limitations must be mentioned. First, the lack of ran-
domization in our study could have led to differential expo-
sure to HPV, inducing differences in the immune response. 
However, this seems unlikely, especially in the group of girls 
involved in the noninferiority evaluation, given that the aver-
age age of first sexual intercourse in our population allows us 
to assume that most of them had not already been exposed 
to HPV infection (an important confounder for the immune 
response) at the time of vaccination but also at the time of 
booster dose administration. According to data from differ-
ent national surveys in Mexico, <20% of women were sexually 
active before the age of 16 years [33]. Second, we cannot rule 
out a potential bias from withdrawal, because of the large loss 
to follow-up observed. The main reason for withdrawal was 
physical discomfort related to serum sample collection. Also, 
in the case of girls, the move from primary to secondary school 
represented one of the main challenges to follow-up. This lim-
itation highlights the potential difficulty of administering a 
booster dose in a non–school-based immunization program 
5 years after primary immunization .

The 2-dose regimen has enormous advantages from a pub-
lic health perspective, including decreased costs, flexibility in the 
interval between doses, and an increase in vaccination cover-
age [34]. To date, the 2-dose schedule has been adopted in 65% 

of national immunization programs [1]. Currently, there is evi-
dence that a single dose of HPV vaccine containing HPV16/18 
induces a robust and sustained immune response [28, 35], and 
formal randomized clinical trials are being conducted to evaluate 
the protection afforded by a single dose of HPV vaccine [36, 37]. 
Given the concerns about the duration of immunity conferred by 
HPV vaccines, the long-term assessment of anti-HPV levels after a 
booster at year 5 offers compelling evidence to support the idea of 
the strong induction of memory B cells responsible for long-last-
ing humoral response. A  close monitoring of the girls who had 
received different schedules of HPV vaccines will be relevant to 
confirm the long-term durability of the immune response.
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