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ABSTRACT
This study was aimed at assessing the anti-HBs persistence and immune memory 18–19 y after vaccination
against hepatitis B in healthy individuals primed as infants or adolescents. We enrolled 405 teenagers
(Group A) vaccinated as infants, and 409 young adults (Group B) vaccinated as adolescents. All vaccinees
were tested for anti-HBs and anti-HBc antibodies; those found anti-HBc positive were further tested for
HBsAg and HBV DNA. Eight individuals belonging to Group B were positive for anti-HBc alone, and were
excluded from analysis. Individuals with anti-HBs concentration � 10 mIU/ml were considered protected
while those with anti-HBs concentration <10 mIU/ml were offered a booster dose and re-tested 2 weeks
later. Overall, 67.9% individuals showed anti-HBs concentrations � 10 mIU/ml (48.9% in Group A vs 87.0%
in Group B, p < 0.001). The antibody geometric mean concentration (GMC) was higher in Group B than in
Group A (102.5 mIU/ml vs 6.9 mIU/ml; p < 0.001). When boosted, 94.2% of vaccinees with anti-HBs
<10 mIU/ml belonging to Group A and 94.7% to Group B showed an anamnestic response. Post-booster
GMCs were similar in both groups (477.9 mIU/ml for Group A vs 710.0 mIU/ml for Group B, p D n.s.).
Strong immunological memory persists for at least 18–19 y after immunization of infants or adolescents
with a primary course of vaccination. Thus, booster doses are not needed at this time, but additional
follow up is required to assess the long-life longevity of protection.
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Introduction

Hepatitis type B is still a problem of worldwide major concern
being a leading cause of acute and chronic hepatitis including
cirrhosis and hepatocellular carcinoma. Safe and effective vac-
cines have been available since the early ‘80s and, at present,
184 countries have implemented a universal infant hepatitis B
vaccination program offering the opportunity to prevent and
control the acute disease, the development of carrier state and
the HBV-related mortality on global scale.1 As previously
reported, in Italy a selective vaccination against hepatitis B tar-
geted to high-risk groups was at first introduced in 1983 and
then became mandatory for all infants and 12-year-old adoles-
cents in 1991.2 Vaccination of the latter cohort was restricted
to the first 12 y of application of the law and thus in 2004,
when the first cohort vaccinated in 1991 reached the age
(12 years) of adolescent immunization, vaccination of such

individuals was stopped and that of infants was maintained.
Thanks to this policy of vaccination and the high coverage rate
(steadily over 95%) achieved since the beginning of the intro-
duction of our program of vaccination, over 20 million individ-
uals (approximately 1/3 of the resident Italian population) or
35 age cohorts have been currently vaccinated with success.3

Several published studies show that hepatitis B vaccination is
highly immunogenic being able to confer seroprotection (anti-
HBs antibody concentration over or equal to 10 mIU/ml as
measured at 1–3 months after primary immunization with a 3-
dose vaccination series) in over 90–95% of healthy children
and adults.4-6 However, the anti-HBs antibody concentrations
achieved after primary vaccination tend to decline over time,
and 15–50% of vaccinated children have low or undetectable
concentrations of antibody 5–15 y after vaccination.7 A part
from specific anti-HBs, evidence shows that cell immune
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memory can persist beyond the loss of circulating antibody
providing long-term protection. Thus, despite the loss of anti-
body many vaccinated individuals maintain active immune
memory and show a strong anamnestic response following a
booster dose of vaccine (the so-called boostability) given up to
20–25 y.8-12 However other studies, mainly conducted in Asi-
atic countries, indicate that immune memory starts to wane
during the second decade after vaccination still arising the
question whether there is a need of a booster dose to maintain
long-term immunity.13,14

The aim of this study was to assess the duration of anti-HBs
antibody and immune memory in a cohort of teenagers vacci-
nated as infants and in a cohort of young adults vaccinated as
adolescents, 18–19 y earlier.

Results

As shown in Fig. 1, the population enrolled in this study (n D
814) consisted of a cohort of 405 teenagers (Group A: median
age 19 years, range 18–20 years; 44% males, 56% females) vacci-
nated as infants and a cohort of 409 adults (Group B: median
age 29 years, range 27–31 years; 62% males, 38% females) vacci-
nated as adolescents. Eight vaccines, all belonging to Group B
(8/409 or 2.0%), were found anti-HBc antibody positive but neg-
ative for both HBsAg and HBV DNA and were excluded from
further data analysis; all but one had anti-HBs � 10 mIU/ml.

The proportion of vaccinees showing protective concentration
of anti-HBs (� 10 mIU/ml) 18–19 y after primary vaccination was
higher among Group B than among Group A (349/401 or 87.0% vs
198/405 or 48.9%, p < 0.001) (Table 1). In the same way the anti-
body GMC was significantly higher in young adults compared
with teenagers (102.5 mIU/ml vs 6.9 mIU/ml, p< 0.001). The pro-
portion of those with antibodies below the detection limit
(< 2 mIU/ml) was higher among Group A than among Group B
(102/405 or 25.2% vs 16/401 or 4.0%, p<0.001).

One hundred seventy one (82.6%) of the vaccine recipients
with antibody below 10 mIU/ml belonging to Group A and 19
(36.5%) of those belonging to Group B had a challenge dose of
vaccine, while 36 (17.4%) of the former group and 33 (63.5%)
of the latter declined participation (Fig. 1). The proportion of
vaccinees who had an anamnestic response to booster was simi-
lar in the 2 groups (161/171 or 94.2% in Group A vs 18/19 or
94.7% in Group B, p D n.s.). As shown in Tables 2 and 3, post-
booster anti-HBs antibody GMCs also did not differ signifi-
cantly between the 2 groups (Group A: 477.9 mIU/ml vs Group
B: 710 mIU/ml, p D n.s.). In both groups, post-booster anti-
body concentrations were higher among those with pre-booster
antibody within 2 mIU/ml and 9.9 mIU/ml than among those
with values below 2 mIU/ml (detection limit) (Tables 2 and 3).

No serious adverse events were reported after boosting.
Six of 10 (60.0%) vaccinees of Group A who maintained anti-

HBs below 10 mIU/ml after booster agreed to have 2 additional
doses of vaccine, while 4 (40.0%) refused further vaccination.

Figure 1. Study profile.
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The same decision was taken by the only one vaccinee of Group
B who did not show a post-booster anamnestic response. One-
three months after completion of their second cycle of vaccina-
tion, 4 (66.7%) vaccinees developed antibody concentrations
greater than 100 mIU/ml and 2 (33.3%) vaccinees developed
antibody ranging between 10 and 100 mIU/ml (Table 4).

Discussion

This study shows that at 18–19 y distance from primary vacci-
nation, the proportion of vaccinees with seroprotective concen-
trations (� 10 mIU/ml) of anti-HBs antibody as well as the
antibody GMCs are significantly higher among those vacci-
nated as adolescents than among those vaccinated as infants.
This finding confirms and extends previously reported data
from a study performed in Italy showing a more rapid anti-
HBs antibody decline in children vaccinated in the first year of
age compared with Air Force recruits vaccinated at 12 y of age
over 10 y after primary vaccination series.15 A body of evidence
indicates that the kinetics of antibody decay and thus the per-
sistence of antibody over time strongly depends on the magni-
tude of the peak antibody level achieved after primary
immunization. In other words, the higher is the antibody con-
centration developed after a primary vaccination course, the
longer is the serological duration of antibody. Other factors

which may play a crucial role in favoring high post-vaccination
antibody concentrations and thus its retention over time
include host genetic factors, age at vaccination, and vaccine
dosage.16,17 Therefore, vaccination during the first year of life
when the immune system is still on the path of its maturation
and the administration of lower pediatric dosages compare
with the higher adult dosages given to the adolescents, may
explain the differences in the long-term persistence of antibody
over the level considered protective between the 2 groups of
vaccinees. Possible development of natural booster responses
(i.e. increases in anti-HBs concentration without revaccination
and no appearance of anti-HBc), that are supposed to be more
frequent during the adulthood when risk of exposure to HBV
becomes higher, might be one of the causes of the more pro-
longed persistence of anti-HBs in Group B than in Group A. In
this context, the 8 benign breakthrough infections (anti-HBc
positivity without HBsAg and/or HBV DNA), all detected
among vaccinees of Group B seem to support, at least to a cer-
tain degree, this hypothesis. A limitation of this study is the
lack of serological data concerning the post-priming antibody
concentrations. However, since there is strong evidence that
the post-vaccination rates of seroconversion in healthy children
and young adults are close to 100%, we can infer that the
absence of antibody in a proportion of vaccinees is much more
likely due to its loss over time rather than to a non-responsive-
ness to the primary series of vaccination.

Of importance, most of vaccinated individuals (either of
Group A or Group B) with anti-HBs antibody below 10 mIU/
ml who were given a booster dose of vaccine maintained
immune memory showing a strong anamnestic response when
boosted with a dose of vaccine given 18–19 y after priming,
with similar proportion of responders and GMCs between
groups.

This study, in agreement with data from other observa-
tional studies, shows that the immunological memory for
HBsAg can persist beyond the time at which anti-HBs anti-
body disappears, and thus booster doses are not needed at
this time to retain protection against acute disease and the
development of the HBsAg carrier rate.18-20 Recently Bruce
et al.21 showed a post-booster anamnestic response of 88%
in vaccine recipients who lost anti-HBs antibody 30 y after
primary vaccination. However, other studies, mainly
performed in Asiatic countries, indicate that the immune
memory tends to rapidly wane after the second decade
post-vaccination.22-26

Further long-term follow up studies are still needed to
understand the meaning of the loss of post-booster anamnestic
response in terms of reacquired susceptibility to HBV.

Table 1. Anti-HBs concentration (mIU/ml) in Group A and Group B, 18–19 y after
the primary course of vaccination.

anti-HBs (mIU/ml) Group A (n D 405) n. (%) Group B (n D 401) n. (%)

<2 102 (25.2) 16 (4.0)
2 – 9.9 105 (25.9) 36 (9.0)
Subtotal<10 207 (51.1) 52 (13.0)
10 – 100 150 (37.0) 114 (28.4)
100.1 – 1000 45 (11.1) 174 (43.4)
>1000 3 (0.7) 61 (15.2)
Subtotal � 10 198 (48.9) 349 (87.0)
GMC (95% CI) 6.9 (5.4–8.8) 102.5 (83.6–125.7)

Table 2. Anti-HBs concentration after booster vaccination in teenagers (Group A)
with non-protective level of antibodies (< 10 mIU/ml) at enrollment.

post-booster anti-HBs (mIU/ml)

<10 10–100 100.1–1000 >1000 Total GMCpre-booster
anti-HBs (mIU/ml) n. (%) n. (%) n. (%) n. (%) n. mIU/ml

<2 7 (7.9) 24 (27.0) 40 (44.9) 18 (20.2) 89 180.4
2–9.9 3 (3.7) 2 (2.4) 31 (37.8) 46 (56.1) 82 1375.3
Total 10 (5.8) 26 (15.2) 71 (41.5) 64 (37.4) 171 477.9

Table 3. Anti-HBs concentration after booster vaccination in young adults (Group
B) with non-protective level of antibodies (< 10 mIU/ml) at enrollment.

post-booster anti-HBs (mIU/ml)

<10 10–100 100.1–1000 >1000 Total GMCpre-booster
anti-HBs (mIU/ml) n. (%) n. (%) n. (%) n. (%) n. mIU/ml

<2 1 (20.0) 1 (20.0) 3 (60.0) 0 (0.0) 5 159.0
2–9.9 0 (0.0) 1 (7.1) 6 (42.9) 7 (50.0) 14 1211.7
Total 1 (5.3) 2 (10.5) 9 (47.4) 7 (36.8) 19 710.0

Table 4. Anti-HBs response after completion of a second course of vaccination in 6
teenagers.

post-booster anti-HBs anti-HBs 1–3 months after the third dose
Subject n. (mIU/ml) (mIU/ml)

1 0.0 48.2
2 0.0 78.9
3 2.9 196.0
4 4.3 604.1
5 5.4 977.0
6 5.8 234.4
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Material and methods

Study participants

Enrollment took place from 2010 to 2011. The study popula-
tion consisted of a cohort of teenagers vaccinated as infants
(Group A; median post-priming follow up: 19 years) and of a
cohort of young adults vaccinated against hepatitis B as 12-
year-old adolescents (Group B; median post-priming follow up:
18 years). According to the Italian schedules of vaccination,
infants received 3 pediatric doses of monovalent recombinant
hepatitis B vaccine (either Engerix-B or Recombivax HB) given
at 3, 5 and 11 months of age, while adolescents were given 3
adult doses of the same 2 vaccines at 0, 1 and 6 months. In this
study no comparison between vaccines was done since they
were considered similarly safe and immunogenic and both rec-
ommended by our Ministry of Health.

For each participant, proper completion of the vaccination
schedules was assessed by checking the vaccination registries or
the individual vaccination certificates. At enrollment, all partic-
ipants were in good health, none reported a history or pre-
sented signs or symptoms of hepatitis and none was born to an
HBsAg positive mother. Exclusion criteria included congenital
or acquired immune disorders, allergy to any component of the
vaccine used for boosting and having received extra doses of
hepatitis B vaccine after priming. This study was approved by
the Ethic Committee of the University of Milan.

Procedures and definition

At enrollment, all vaccinees were tested for anti-HBs antibody con-
centration and the presence of antibody to hepatitis B core antigen
(anti-HBc) using commercially available assays (AxSYM AUSAB
and CORE, Abbott Park, IL, USA). Vaccinees found anti-HBc pos-
itive were further tested for hepatitis B surface antigen (HBsAg
AxSYM), and for HBV DNA using the TaqMan HBV test (Roche,
Branchburg, NJ, USA). As reported by the manufacturer’s instruc-
tions, the quantitative measurement of AxSYM AUSAB assay was
ranging between 2–1000mIU/ml. Thus, to obtain the final concen-
tration, samples with anti-HBs >1000 mIU/ml were diluted.
According to an algorithm previously reported, individuals with
anti-HBs � 10 mIU/ml were considered immune, whereas those
with antibody <10 mIU/ml were given an adult booster dose of
vaccine (either Engerix B or HBVAXPRO) and retested 2 weeks
later.15 A rise in anti-HBs concentration to at least 10 mIU/ml was
regarded as a positive anamnestic response. Vaccinees whose anti-
body level remained below 10 mIU/ml were offered 2 additional
doses of vaccine at 1 and 6 months after booster, and retested
1–3months after the third dose.

In this study, a benign breakthrough infection was defined
as the presence of anti-HBc in absence of HBsAg and HBV
DNA.

Statistical analysis

Anti-HBs concentrations were compared between groups by
using the non-parametric Mann-Whitney U-test. In the case of
undetectable concentration, an arbitrary value of 0.05 mIU/ml
was assigned to allow the calculation of geometric mean con-
centrations (GMCs). Differences in frequency were detected

with the chi-square test or Fisher exact test when necessary,
and regarded p < 0.05 as significant. Ninety-five percent confi-
dence intervals (95% CI) were also calculated if appropriate. All
statistical analysis was conducted using STATA statistical soft-
ware version 3.1.
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