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INTRODUCTION

Persistent hepatitis B virus (HBV) infection
may lead to the development of chronic hepatitis,
cirrhosis, and hepatocellular carcinoma. It is es-
timated that there are 300 million HBV carriers
and as many as 1 million deaths annually due to
HBV infection worldwide (Treadwell et al, 1993).
Various therapies for persistent HBV infection,
such as interferon - α or antiviral agents, have
been developed but the goal of eradicating HBV
globally depends largely on efforts to prevent new
infection. In an attempt to reduce the global impact
of HBV infection, in 1991 the WHO recommended
that HB vaccine should be integrated into national
immunization programs by the year 1997 (WHO,
1991). Thailand has included HB vaccines into the
EPI program since 1989. Our group investigated
the impact of HB vaccination regarding its efficacy
as part of Thailand’s EPI and found the prevalence
of HBsAg distribution among children  who were
born after HB vaccine integration to be only 0.7%
(Poovorawan et al, 2000b)

The protective efficacy of a primary course
comprised of 3 doses of vaccine is well estab-
lished. However, the duration of protection is still
unknown, especially when anti-HBs titers decline
to low or undetectable levels. The routine boosters
to sustain protection generally are not necessary
due to anamnestic antibody responses that follow
exposure to HBV.  In a follow-up of 465 hospital
employees, around 30% who had an anti-HBs level
below 10 mIU/ml up to 15 years after primary
vaccination were found to be immunologically primed
by a B-cell spot ELISA (Boland et al, 1995).
Studies in children have demonstrated that vac-
cine-induced immunological memory persists for
at least 12-15 years (West et al, 1994; Liao et al,
1999) and the duration of immunological memory
lasted at least 10 years based on a study by Wainwright
et al (1997).

Primed T cells also have a synergistic effect
on the action of memory B cells. Cytokines re-
leased by primed T-helper cells can stimulate the
development of cytotoxic T-cells and natural killer
cells, which can directly attack virally infected
cells. Several countries have a policy of admin-
istering booster doses only to certain risk groups,
such as immunocompromized persons who may
have clinically significant breakthrough infections.

After booster vaccination, anti-HBs titers rise
significantly within 3-5 days (Jilg et al, 1989). The
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rapid activation of memory B lymphocytes should
prevent or reduce the severity of natural HBV
infection which has an incubation period of 4-12
weeks. So far there have been no report of a
vaccinated person who has had a transient, benign
breakthrough infection which has gone on to develop
into chronic liver disease.

In this paper we report on the response to
a booster dose of recombinant HB vaccine in children
with and without primary immunization in order
to study the persistence of immunological B cell
response.

MATERIAL AND METHODS

This study was extended from a previously
reported study of a serological survey of the impact
of the HB vaccine program in Thailand. The study
protocol had been approved by the Ethics Com-
mittee, Ministry of Public Health, Thailand. The
blood samples were taken during the course of
October/November, 1999. Before acquiring the blood
samples, the parents of all participants were in-
formed as to the purpose of the study and their
written informed consent was subsequently ob-
tained. As for the coverage of HB vaccination, the
parents were asked if their children had ever received
the vaccine in the past and the data thus obtained
were either confirmed by, or altogether retrieved
from health records. The locations of sample collection
comprised Lop Buri, Chon Buri, and Nakhon Si
Thammarat, which are in the central, eastern and
southern region of Thailand, respectively.

In total, 123 children were enrolled in the
study. In order to be included into the study the
subjects had to fulfil the following criteria: general
good health, no chronic illness, not undergoing
immunosuppressive therapy, no clinical signs or
symptoms associated with either HIV infection or
any immunodeficiency of different etiologies and
negative HBsAg as well as anti-HBc. The subjects
were divided into 4 groups according to the history
of HB immunization and serum anti-HBs level.
Group 1,2, and 3 represented children without
prior HB immunization, children who had received
only 1 or 2 doses, and children who had received
the complete series of 3 doses. Group 4 comprised
children who had received 3 doses but had low
serum anti-HBs (OD sample/ OD negative ratio
<10). According to Thai EPI, hepatitis B vaccine
is administered at birth, 2 and 6 months of age.

All subjects received a single dose of recom-

binant hepatitis B vaccine (10 µg/0.5 ml, SmithKline
Biologicals, Belgium) following enrollment in the
study. Injections were given intramuscularly in the
upper arm (deltoid region). Blood samples were
taken at 30 +/- 5 days after the injection. Sera were
separated by centrifugation and kept at -20ºC until
tested. The specimens were subjected to enzyme-
linked immunosorbent assay for detection of HBsAg
(AUSZYME), anti-HBs (AUSAB) and anti-HBc
(CORZYME), using commercially available ELISA
kits (Abbott Labora-
tories, North Chicago, Ill) according to the manu-
facturer’s specifications. The anti-HBs titer was
expressed in mIU/ml by comparing with WHO
Standard. Data were analyzed by determining the
seropositive rates and geometric mean titers (GMT).

RESULTS

One hundred and twenty-three children, with
ages ranging from 57 to 131 months, (mean ± SD
= 85.9 ± 19.6) took part in this study. The sex,
age distribution, seropositive rates and geometric
mean titers (GMT) of anti-HBs after a booster dose
for all 4 groups were shown in Table 1. Table 2
showed the GMT results for all 4 groups. All
subjects in group 4 had GMT> 100 mIU/ml whereas
seroconversion rates were 66.7, 83.3 and 94.5%
in group 1, 2 and 3, respectively.

DISCUSSION

From our finding, it is interesting to discover
that 66.7% of subjects who had never received HB
vaccine seroconverted after a single dose of vac-
cine with high GMT (202; 95% CI = 88-467 mIU/
ml).  In our previous study of healthy adolescents,
the seroconversion rate was 44.4% after the first
HB vaccine dose with a GMT of 4 mIU/ml
(Poovorawan et al, 1993). In a study of 343 healthy
adults, none had anti-HBs level above 10 mIU/ml
after the first dose of HB vaccine (Jilg et al, 1989).
These results confirm that age is an important
factor influencing the response to primary HB
immunization. Jilg et al (1989) also demonstrated
that persistence of specific antibodies depends on
the peak anti-HBs level after basic immunization.

A study in adult subjects showed that persons
with low titers after primary immunization had
undetectable levels of anti-HBs 6 years after but
had an anamnestic type of response to the booster
dose (Chiaramonte et al, 1995). This phenomenon
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was also observed for subjects in groups 3 and 4.
Subjects in group 3 may have had low titers after
primary vaccination, explaining their undetectable
titers at screening. Almost 95% of subjects in
group 3 and 100% of subjects in group 4, all of
whom had received complete primary immuniza-
tion, were seroconverted after the booster dose.
These subjects may have developed cell-mediated
immunity without a humoral response during primary
vaccination, with the humoral response only de-
veloping after booster vaccination. This study confirms
that HB vaccine - induced immunological memory
lasted at least 8 years in children who received
primary HB immunization with undetectable anti-
HBs. Liao et al (1999) found that protective efficacy
against chronic HBsAg carriage was 96% at 15
years after vaccination. Coursaget et al (1994)
reported a protective efficacy against HBsAg of
88% in chIidren at 9-12 years after vaccination,
with no difference in efficacy between groups with
and without a booster dose. Our long term follow-
up of vaccinated neonates showed that protective
antibodies persisted for 10-12 years in > 95% of
vaccinees, irrespective of a booster dose given at
the age of 5 years (Poovorawan et al, 2000a).

The European Consensus Group on Hepatitis
B Immunity does not recommend routine boosters

for healthcare workers, in whom adequate immuno-
logical priming has been achieved, even if anti-
HBs titers decline after vaccination (Anonymous,
2000). On the other hand, Yoshida and Saito (2000)
found that 56% of healthcare workers had anti-
HBS titers below 100 mIU/ml at 28 months after
the vaccination and that the titers did not rise
significantly within 7 days after the booster vac-
cination (Yoshida and Sai, 2000). They suggested
that persons at occupational risk of HBV infection
with anti-HBs below 100 mIU/ml should have a
booster to maintain seroprotection. The children in
group 3 who were not seroconverted might be non-
responders and require further injections. Chiaramonte
et al (1995) reported about 25% of non-responders
to primary HB immunization were seroconverted
after the fourth dose. Reasons for lack of antibody
response are not clear but may be multifactorial
and genetically related (Hess et al, 1992; Nowicki
et al, 1985; Weissman et al, 1988).

In conclusion, our results show that B cell
memory can recognize the antigen. The booster
vaccination during 5 to 10 years after complete
vaccination is not necessary in  healthy. Further
studies are needed to elucidate the duration of
immunological memory and thus when and for
whom booster vaccinations should be recommended.

Table 2
Distribution of vaccinees on the basis of anti-HBs titers developed after the injection.

    Anti-HBs titer (mIU/ml)

Group >10,000 1,001-10,000 101-1,000 11-100 <10 Negative
(%) (%) (%) (%) (%)

1 0 3/18 (16.7) 4/18 (21.1)  5/18 (27.8) 0 6/18 (33)
2 0 0   4/6 (66.7)   1/6 (16.7) 0    1/6 (16.7)
3 2/90 (2.2) 19/90 (21.1) 29/90 (32.2) 25/90 (27.8) 10/90 (10.9) 5/90 (5)
4  1/9 (7.1)   5/9 (71.4)   3/9 (21.4) 0 0 0

Table 1
Immune response following a booster dose of recombinant hepatitis B vaccine.

Group No. Sex Age GMT Percent
(Male/female) (month) (95% CI;mIU/ml) sero positive

1. No prior vaccination 18 6/12 94.4 ± 20.9 202 (88-467) 66.7
2. Incomplete vaccination 6 1/5 114 ± 24.5 191 (94-389) 83.3
3. Complete vaccination 90 41/49 84.1 ± 17.7 166 (103-267) 94.5
4. Complete vaccination 9 3/6 71.7 ± 7.11 2,055 (772-5,469) 100

with low titer
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