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Introduction

Epidemiological studies have shown that hepatitis B vaccines are 
highly effective in preventing clinical acute and chronic cases 
of disease.1 However, during the last years conflicting data were 
published regarding the duration of protection and the poten-
tial need of booster doses after hepatitis B vaccination. Based 
on results from studies which showed antibody persistence and 
immune memory presence in the great majority of individuals 
vaccinated 10–20 y earlier, authors have concluded that booster 
doses should be unnecessary.2-6 However, based on results from 
other studies conclusions were made that the decay of immune 
memory raises concerns about the need for a booster dose.7-10 
These divergences could, at least partially, be explained by differ-
ent vaccines and dosages used, different age at vaccination, and 
different probability of natural boosters.

A recent meta-analysis of 46 studies looked at determinants 
of long-term protection after hepatitis B vaccination during 
infancy.11 Authors concluded that maternal carrier status, inter-
val between the last two doses of the primary series, and vaccine 
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dosage are the main determinants for antibody persistence. A 
lower dosage given during infancy was also associated with fail-
ure to respond to the booster.

Recombivax 2.5 μg had been largely used in the nineties for 
vaccination of infants and children under 11 y. The minimal rec-
ommended dosage of Recombivax has been since changed for 
5 μg in the USA but the 2.5 μg dosage is still in use in Canada.

Little is known about the long-term effect of vaccine dosage 
when vaccinating preadolescents.

In most Canadian provinces, school-based hepatitis B immu-
nization programs have been in place since the mid-nineties. The 
decision to vaccinate pre-teenagers and teenagers was based on 
low risk of infection during childhood, uncertainties regarding 
the duration of protection at the time of program implementa-
tion, and higher magnitude of immune response when vaccinat-
ing school age children. This approach was also expected to have 
a faster impact on hepatitis B incidence, which was highest in 
adolescents and young adults.

This prospective study was initiated in 1996. The main objec-
tives of this final analysis were to assess (1) antibody persistence 



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

1686	H uman Vaccines & Immunotherapeutics	 Volume 9 Issue 8

Pre-booster. Fifteen years post-primary vaccination 87% of 
subjects still had a detectable level of antibodies and 68% a sero-
protective level of antibodies; 30% had an anti-HBs titer ≥ 100 
IU/L. The anti-HBs GMTs were 28 IU/L. These results were 
lower when compared with those observed pre-booster in Group 
Y5 and Y10 (Table 1).

One month post-booster. All subjects who received a booster 
dose of vaccine 15 y post-primary vaccination (Y15) had a 
detectable level of antibodies and all but one a seroprotective 
anti-HBs titer. The great majority (98%) had an anti-HBs tietr 
≥ 100 IU/L. These results were similar to those observed one 
month post-booster in Group Y5 and Y10. The GMTs in Group 
Y15 increased by more than 400-fold when compared with 
pre-booster GMTs (Table 1). All but one subject who did not 
achieved a seroprotective level of anti-HBs, showed a 4-fold or 
greater antibody increase when compared with pre-booster titers. 
The anti-HBs titers distribution at year 15 of the study is shown 
in Figure 2.

One year post-booster. In both Group Y5 and Y10 99–99.5% 
of subjects still had a seroprotective anti-HBs titer with > 90% 
of them presenting an anti-HBs titer ≥ 100 IU/L. During the 
first year post-booster, a 5-fold and 10-fold GMTs decrease was 
observed in Group Y5 and Y10, respectively. Despite this dra-
matic decrease, the observed anti-HBs titers remained close to 
those observed 1 mo post-primary vaccination (Table 1).

Five years post-booster. All subjects had a detectable level of 
antibodies and more than 97% a seroprotective anti-HBs titer; 
86 to 90% had an anti-HBs titer ≥ 100 IU/L (Table 1). When 
compared with one month post-booster, the GMTs decreased 
15-fold and 29-fold in Group Y5 and Y10, respectively (Fig. 2).

Ten years post-booster. The great majority (95%) of subjects 
in Group Y5 had a seroprotective anti-HBs titer. The anti-HBs 

and immune memory presence 15 y post-primary vaccination 
of 8–10 y-old children; and (2) short and long-term effects of 
a booster dose of vaccine when given 5 or 10 y post-primary 
vaccination.

Results

Study participation. As reported elsewhere12 the strict schedule 
between the first and the second doses of 28 to 60 d was respected 
by 94% and the interval of 180–210 d between the first and third 
dose by 93% of enrolled subjects. Among participants who did 
not follow the strict schedule, the interval between the first and 
third dose varied between 151 and 273 d.

Five hundred seventy subjects participated in the final phase 
of the study (58% of those randomized). Of them, 560 had all 
procedures according to the study protocol (Fig. 1). The differ-
ences between the Intention To Treat (ITT) and According To 
Protocol (ATP) analyses were minimal and not significant; we 
therefore present only the ATP results. The main causes of sub-
ject non-participation were as follows: 177 abandoned the study, 
102 moved outside the study region, 64 had important protocol 
violations (e.g., received hepatitis B vaccines outside the study 
protocol) and were excluded, 60 were lost to follow-up, and 4 
passed away. None of non-participation was related to study 
procedures.

One month post-primary vaccination. All followed-up subjects 
had a seroprotective antibody titer and 98.5% –100% a titer ≥ 
100 IU/L. Among the four subjects (1.5%) with an anti-HBs titer 
< 100 IU/L the titer varied from 34 to 90 IU/L. GMTs were 
3836, 4740, and 4171 IU/L in Group Y5, Y10, and Y 15, respec-
tively (Table 1). The distribution of anti-HBs titers was similar 
in the three study groups (Fig. 2).

Figure 1. Study design.
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mention our results are in contrast with the one of a recent study 
where a booster dose of hepatitis B vaccine given 10–15 y after 
vaccinating infants induced a seroprotective level of antibodies 
in 83% of those with an anti-HBs titer 1–9 IU/L pre-booster, 
but in only 50% of those with no detectable antibodies.19 In our 
study all those who had a detectable level of antibodies and 96% 
(22 out of 23) of those with no detectable antibodies pre-booster 
had a seroprotective level of anti-HBs post-booster. The great 
majority (98%) of subjects with an anti-HBs titer < 10 IU/L pre-
booster achieved an anti-HBs titer ≥ 100 IU/L post-booster.

The magnitude of the observed immune response was 
notably higher when booster doses were given 5 or 10 y post-
primary vaccination than 15 y post-primary vaccination. This 
observation might be related to a weaker immune memory 15 
y post-primary vaccination or to the use of MONOLISA assay 
instead of AUSAB assay which were no longer available by the 
year 15 of the study, but we cannot exclude that this difference 
is due to the age related immune response to hepatitis B vac-
cine. When they received their booster doses, subjects in the Y5 
and Y10 group were around 15 and 20 y-old, respectively, and 
25 y-old in the Y15 group. It is well known that compared with 
1 to 15 y-old children, hepatitis B vaccines induce lower GMTs 

GMT was 453 IU/L, which is significantly higher (p < 0.0001) 
when compared with GMTs observed 10 y post-primary vaccina-
tion (Table 1).

Safety. Both primary vaccination and booster doses were well 
tolerated. No vaccine related serious adverse events were reported 
during the study period.

Discussion

To our knowledge, this is the first prospective randomized study 
which assessed the persistence of anti-HBs and immune memory 
for 15 y post-primary vaccination of preadolescents with low 
doses of a recombinant vaccine.

The results show that like in previous studies,13-16 the anti-HBs 
titers decrease with time since vaccination. Indeed, by year 15 of 
the study an important proportion of subjects (32%) had an anti-
HBs titer under the seroprotective level. However, in contrast to 
studies with low doses of vaccine given beginning at birth,7,17,18 
the majority of subjects in our study still had a detectable level 
of antibodies up to 15 y later and virtually all (99.4%) showed 
an excellent immune memory capable of an anamnestic response 
when challenged with a booster dose of vaccine. Interestingly to 

Figure 2. Anti-HBs titers distribution at different study time points.
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higher when vaccinating with Engerix) both products induced 
a strong anamnestic response in virtually all vaccinees at 15 y. 
These results are consistent with the results from a study24 which 
assessed the presence of different memory subsets of T cells sev-
eral years after vaccinating with Hexavac or Infanrix-hexa. The 
authors concluded that, although the two vaccines generated dif-
ferent serum antibody titers, both vaccines are efficient in gener-
ating T cells recall responses. Altogether, these data suggest that 
excellent priming is obtained in pre-adolescents vaccinated with 
low doses of a recombinant hepatitis B vaccine. However, these 
results should not be extrapolated to those immunized in infancy 
and vaccination of preadolescents might not be suitable in high 
endemicity areas where the risk of infection is high during early 
childhood.

The similarity between our results and those where higher 
vaccine dosages (10–20 μg) were used for primary vaccination,3-5 

when vaccinating infants20-22 or adults above the age of 40 y.1,23 
However, little is known regarding the potential differences in 
the magnitude of immune response when administering hepatitis 
B vaccines to adolescents or young adults. Recent data reported 
with HPV vaccines show significantly higher antibody GMTs 
when vaccinating 9–14 y-old girls when compared with 16–26 y 
old females.12,24 These results suggest that a relatively small dif-
ference in age at vaccination might have an important impact on 
the magnitude of the immune response25 and potentially differ-
ent persistence of immunity. In our study, despite the observed 
lower magnitude of immune response to the booster dose in Y15 
group when compared with Y5 and Y10, the observed GMTs 
were almost 3-fold higher than those observed in the same group 
one month post-primary vaccination. While the GMTs were 
higher in our previous preadolescent study with Engerix 10 μg,5 
than in this one with Recombivax 2.5 μg (GMTs around 2-fold 

Table 1. Proportion of subjects with ≥ 1 IU/L, ≥ 10 IU/L, ≥ 100 IU/L, and anti-HBs GMTs at different study time points

Time point Group Proportion of subjects with titres ≥ 
1 mIU/ml

Proportion of subjects with 
titres ≥ 10 mIU/ml

Proportion of subjects 
with titres ≥ 100 mIU/ml

GMT IU/L

  CI 95% CI 95% CI 95% CI 95%

One month 
post-primary 
vaccination

Y5
100 100 98.5 3836

98.1–100.0 98.1–100.0 95.6–99.7 3,071–4,792

Y10
100 100 99.5 4740

98.0–100.0 98.0–100.0 97.0–100.0 3,893–5,772

Y15
100 100 100 4171

97.9–100.0 97.9–100.0 97.9–100.0 3,441–5,055

Pre-booster

Y5
94.9 82.3 42.4 73

90.9–97.5 76.3–87.4 35.4–49.6 54–99

Y10
95.2 86 47.3 89

91.0–97.8 80.2–90.7 40.0–54.7 66–121

Y15
86.9 68.2 29.5 28

81.0–91.5 60.7–75.0 22.9–36.9 20–39

One month 
post-booster

Y5
99.5 99.5 98.5 19544

97.2–100.0 97.2–100.0 95.6–99.7 13,928–27,426

Y10
100 99.5 98.4 40754

98.0–100.0 97.0–100.0 95.4–99.7 30,853–53,831

Y15
100 99.4 97.7 11232

97.9–100.0 96.9–100.0 94.3–99.4 8,208–15,369

One year post-
booster

Y5
100 99 91.4 3972

98.1–100.0 96.4–99.9 86.6–94.9 2,810–5,614

Y10
100 99.5 93.5 4013

98.0–100.0 97.0–100.0 89.0–96.6 3,041–5,296

Five years post 
booster

Y5
100 97 85.9 1297

98.1–100.0 93.5–98.9 80.2–90.4 952–1,768

Y10
100 97.8 89.8 1423

98.0–100.0 94.6–99.4 84.5–93.7 1,078–1,880

Ten years post 
booster

Y5
98.5 94.9 76.3 453

95.6–99.7 90.9–97.5 69.7–82.0 332–618

Note : Y5-received a booster dose 5 years post-primary vaccination; Y10-received  a booster dose 10 years post-primary vaccination; Y-15 received a 
booster dose 15 years post-primary vaccination.
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Materials and Methods

Population and study design. This phase IV randomized non 
blinded study was conducted in Quebec City, Canada. Children 
eligible for provincial school based hepatitis B vaccination pro-
gram were invited to participate. To be eligible, children could 
not be younger than 8 y and not older than 10 y, and should have 
not received any other hepatitis B vaccine. The detailed charac-
teristics of the study sample and study design were presented else-
where.12,26 Nine subjects (0.8%) out of 1126 who did not reach 
a seroprotective level of anti-HBs (≥ 10 IU/L) one month after 
the third dose of vaccine were offered additional doses and were 
excluded from the study. In 2002, 984 subjects (88.1%) agreed to 
continue their participation and were randomized 1:1:1 to Group 
Year 5 (Y5), Group Year 10 (Y10) or Group Year 15 (Y15). To 
ensure the comparability of the three study groups, subjects were 
allocated randomly (SAS Institute software) to a study group 
accordingly to their gender and the anti-HBs titers observed one 
month post-primary vaccination (five strata: 10–99, 100–199, 
200–999, 1,000–9,999, ≥ 10,000 IU/L).

The study design scheme and the number of participants at 
each study time point are presented in Figure 1.

To diminish subjects’ loss during follow-up, an annual contact 
by mail and/or phone was established. The study was approved 
by the Research Ethics Board of the Laval University Hospital 
Center. Written informed consents were signed by parents in 
1996 and by the subjects themselves starting at the age of 14 y.

Vaccine administration and blood sampling. During pri-
mary vaccination, three doses of Recombivax 2.5 μg were 
administered according to a 0, 1 and 6 mo schedule. A strict 
vaccination schedule was defined as an interval between dose 
1 and dose 2 of 28–60 d and an interval between dose 1 and 
dose 3 of 180–210 d. Booster doses of the same vaccine were 
administered 5, 10 or 15 y post-primary vaccination to subjects 
randomized to group Y5, Y10 and Y15, respectively. The dosage 
recommended for the vaccination of respective age groups in 
Canada was used for boosters (5 μg in Y5 and 10 μg in Y10 and 
Y15). All vaccines were administered intramuscularly in the 
deltoid. Blood samples were collected 28–60 d after the third 
vaccine dose, immediately before each booster dose and 28–60 
d after the booster dose. In group Y5 and Y10, blood samples 
were also collected 1 y and 5 y post-booster administration. In 
group Y5, a blood sample was also collected 10 y post-booster 
(Fig. 1).

Laboratory procedures. Titers at time of the primary vacci-
nation and 5 or 10 y later were measured by AUSAB EIA and 
AUSAB Quantification Panel (Abbott Laboratories Diagnostic 
Division). At the end of the 15 y follow-up in 2012, antibodies 
were measured by MONOLISA Anti-HBs EIA and MONOLISA 
Anti-HBs Calibrator Kit (Bio-Rad Laboratories). Samples with 
results beyond the linearity of the standard curves of assay kits 
were diluted into specimen dilution buffer and results were mul-
tiplied by the dilution factor to obtain the final concentration. An 
internal control serum was tested on each run to monitor assay 
performance. Assays were performed using the protocol recom-
mended by the manufacturers.

suggests that lower doses of recombinant hepatitis B vaccines can 
be used in preadolescents without affecting the long-term anti-
body or immune memory persistence.

Our study has some limitations. We used for booster the 
dosage of vaccine recommended for the respective age group in 
Canada (5 or 10 μg) and we cannot exclude that the results 
might be different when using lower booster doses. It is to 
note that in Group Y10 the GMTs one month post-booster 
dose administration were 2-fold higher when compared with 
the GMTs observed one month post-booster in Group Y5. It 
is highly probable that this difference is due to higher booster 
dosage used in Group Y10 when compared with Y5. Interesting 
to mention, that despite 2-fold higher anti-HBs titers one month 
post-booster in Y10 group when compared with Y5 group, one 
year later similar titers where observed in two study groups. 
Another limitation is the time between booster administration 
and blood sampling. According to study protocol, this inter-
val was 28–60 d and in some recent studies a 14 d period was 
used for the assessment of immune memory.9,17 However, tak-
ing into consideration the long incubation period of hepatitis 
B infection, we think the results observed one–two months 
post-booster indicates an excellent protection against the dis-
ease. Another limitation is the absence of testing blood samples 
obtained at year 15 of the study for anti-HBc and HBsAg. These 
tests were performed at study entry for all subjects and in Group 
Y5 and Y10 at year 5 and year 10 of the study, respectively and 
all were negative for anti-HBc. For budgetary reasons this was 
not done in Group Y15. However, all subjects had lower anti-
HBs titers at year 15 (pre-booster) than they had one month 
post-primary vaccination suggesting that no participants had 
natural infection. In the province of Quebec, the prevalence of 
chronic carriage of HBsAg is less than 2% and the incidence 
of acute hepatitis B was low during the study period5 and var-
ied around 0.3 cases per 100,000 person-years between 2007 
and 2012. The probability of contact with hepatitis B virus was 
likely minimal for our subjects and if any, this would not invali-
date the overall study results.

Another limitation of this study, like of many other long-term 
studies, is the relatively high proportion of subjects lost to fol-
low-up. This was anticipated in the study design where the loss 
to follow-up was expected to be 5% per study year. Based on 
the similarity of the socio-demographic characteristics and high 
similarity of the amplitude of the immune response one month 
post-primary vaccination in subjects who participated in the final 
phase of the study and those who did not (data not shown), the 
results are unlikely to be biased.

In summary, the results show the persistence of an excellent 
immune memory in virtually all vaccinees for at least 15 y post-
primary vaccination. The clinical relevance of different antibody 
titers is not clear and we conclude that preadolescents vaccinated 
with Recombivax 2.5 μg are well protected up to age of 25 y.

The results of our study do not support the use of booster 
doses and in concordance with previous studies’ results, suggest 
that the effect of a booster dose would be negligible if any for 
protection against clinical infection when vaccinating pre-ado-
lescents with a recombinant hepatitis B vaccine.
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post-vaccination, pre-booster and post-booster. All statistics were 
two-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.
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Data analysis. We assessed the proportion of participants with 
≥ 1 IU/L, ≥ 10 IU/L, ≥ 100 IU/L of anti-HBs in the samples 
collected in the three study groups at the different time points 
with 95% Clopper-Pearson confidence intervals. An anti-HBs 
titer equal or greater than 10 IU/L was considered seroprotec-
tive.27 There is no consensus about a definition of an anamnes-
tic response for hepatitis B. We defined a priori an anamnestic 
response as an anti-HBs titer ≥ 4-fold greater post- than pre-
booster. For subjects with pre-booster titers under 10 IU/L, a 
post-booster level above this threshold was required. A log trans-
formed titers were used for geometrical mean titers (GMTs) cal-
culation. GMTs variance was analyzed by Fisher’s test. To allow 
GMT calculation, samples with undetectable anti-HBs were 
assigned the arbitrary value of 1 IU/L. Fisher’s exact test was used 
for the comparison of anti-HBs titers distribution. The Spearman 
correlation coefficient was calculated for anti-HBs titers observed 
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