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ABSTRACT
Objectives: To evaluate the persistence of protection from hepatitis B (HB) vaccination among adolescents
immunized with a primary series of HB vaccine as infants, and the immune response to booster doses.
Methods: Healthy adolescents aged 15–17 y vaccinated with HB vaccine only at birth were enrolled.
Baseline serum hepatitis B surface antigen (HBsAg), antibody against hepatitis B surface antigen (anti-HBs)
and antibody against hepatitis B core antigen (anti-HBc) were detected by Enzyme-Linked
Immunosorbent Assay (ELISA) and anti-HBs level was measured using Chemiluminescent Microparticle
Immunoassay (CMIA). The rate of HBV infection was calculated. The seroprotection rate of anti-HBs
(� 10 mIU/ml) and GMC level were used to evaluate the persistence of immunity from HB vaccination.
Those with anti-HBs < 10 mIU/ml were immunized with booster doses of HB vaccine and the anamnestic
response was assessed. Results: Of 180 adolescents who received a primary series of HB vaccinations as
infants, 3 (1.7%) had HBV infection and 74 (41.1%) had anti-HBs � 10 mIU/ml with a GMC of 145.11 mIU/
ml. The remaining 103 (57.2%) with anti-HBs < 10 mIU/ml received a booster dose of 20 mg HB vaccine
and achieved the seroprotection rate of 84% (84/100) and a GMC of 875.19 mIU/ml at one month post-
booster. An additional dose of 60 mg HB vaccine was administered to the 16 adolescents with anti-HBs
< 10 mIU/ml after the first booster. All of them obtained anti-HBs seroprotection with a GMC of
271.02 mIU/ml at 1.5 months after an additional dose. Conclusions: Vaccine-induced immunity persisted
for up to 15–17 y in 89.3% (158/177) of participants after a primary HB vaccination in infancy.
Administering a booster dose of 20mg HB vaccine elicited an anamnestic immune responses in the
majority of individuals with baseline anti-HBs <10 mIU/ml.
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Introduction

Hepatitis B virus (HBV) is a leading cause of acute and chronic
hepatitis, including its long-term sequelae, which include liver cir-
rhosis and hepatocellular carcinoma (HCC). The World Health
Organization (WHO) estimates that 2 billion people worldwide
have been infected with HBV, and 240 million have chronic HBV
infections. Around 650,000 die each year from the complications
of chronic hepatitis B. Fortunately, the serious and potentially fatal
infection can be prevented by vaccination, and a substantial reduc-
tion of newHBV infections and carrier rates have been observed in
countries where vaccination has been implemented.1 The Chinese
government started to implement the policy of universal hepatitis
B (HB) vaccination of all infants in 19922 and integrated HB vac-
cine into the routine immunization program in 2002.3 After more
than decades of efforts, the coverage rate of full 3-dose
immunization and the rate of timely birth dose in infants increased
from 30% and 22% (1992) to 99% and 95% (2014), respectively4

and theHB surface antigen (HBsAg) prevalence in the general pop-
ulation dropped from 9.75% in 1992, to 7.18% in 2006, and 2.64%
in 1–29 y old in 2014.5

Universal vaccination could induce protective antibody
against HB surface antigen (anti-HBs) (�10 mIU/ml) in
approximately > 95% healthy children after a primary series of
HB vaccine.6,7 However, the duration of protection after the
primary series of either plasma-derived or recombinant HB
vaccines was not well investigated. Some studies suggested that
vaccine-induced immunity may persist for up to 15–20 y or
even longer after a complete series,8,9 and it is followed by a
gradual decline in titer of anti-HBs year by year. The anti-HBs
positive rate in the children who developed protective anti-HBs
level after the primary HB vaccination series dropped from
99% (1 y after vaccination) to 83% (5 years), 71% (7 years), and
37% (15–17 years).10,11 If the anti-HBs level fell below 10 mIU/
ml, the individual was vulnerable to be infected with HBV.
Thus, the necessity for booster doses decades after HB
vaccination needs to be assessed. In 2000, the European
Consensus Group on Hepatitis B Immunity issued a statement
recommending against the use of boosters of HB vaccine in
immune-competent individuals 15 y after primary
immunization,12 and in the position paper published in 2009,
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WHO suggested that there was “no compelling evidence for
recommending administering a booster dose of HB vaccine in
routine immunization programs”.13 The recommendation was
based on the high rate of anamnestic responses to HBV in most
people for many years after priming, even when detectable
antibodies had been absent at the time of exposure. Nevertheless,
some investigators continue to recommend boosters because of
the progressive decline of anti-HBs over time and the associated
potential risk of development of HBV infections: approximately
4.1%–6.7% of vaccinees may acquire HBV infections [antibody
against hepatitis B core antigen (anti-HBc) positive] after 15 y of
HB vaccination,14-16 especially in the children who had a low
response to the initial vaccination17 and the diminished immune
memory to HB vaccination, which raises concerns regarding the
efficacy of HB vaccine booster practices.9 Therefore, HB vaccine
boosters might be required for adolescents or adults who lack
protective levels of anti-HBs following a primary series of HB
vaccination in infancy and live in middle or high HBV-endemic
areas where opportunities for HBV exposure exist in the
household and community.

Hepatitis B is highly endemic in the western region of
China. The State Project of Liver and Mental Health Aid for
Children was launched in Shanxi Province, northwestern of
China. One of the goals of the State Project was to vaccinate
the children and adolescents with anti-HBs < 10 mIU/ml. In
combination with this State Project, we conducted a study to
evaluate the persistence of protection from HB vaccination
among adolescents immunized in infancy as well as the
immune response to booster doses of HB vaccine.

Results

Baseline seroprevalence of HBV markers

Of 1479 adolescents tested for HBV markers, 3.38% (50/1479)
were HBsAg positive; 4.53% (67/1479) were anti-HBc positive;
63.56% (940/1,479) were positive for anti-HBs alone; and
29.88% (442/1479) were negative for all markers.

Recruitment of participants

Of 1,479 participants assessed for eligibility, 1,300 were
excluded because of no or unclear HB vaccination history, or
receiving the primary HB vaccination series after the first year
of life. As a result, 180 adolescents met the inclusion criteria
and were enrolled into the current study.

HBV exposure and infection

Exposure to HBV infection was found in 1.67% (3/180) of
participants, with 1 being HBsAg positive alone, and 2 being
anti-HBc positive (1 positive for anti-HBc alone; and 1 positive
for both anti-HBc and anti-HBs, and negative for HBsAg,
HBeAg, anti-HBe, and HBV DNA).

Persistence in protection from hepatitis B vaccine

Of 180 participants, 177 were evaluated for seroprotection of
anti-HBs induced by the primary HB vaccination series in

infancy. One hundred and 3 participants (58.2%) had an anti-
HBs level of < 10 mIU/ml, while 74 (41.8%) participants had
protective levels of anti-HBs (�10 mIU/ml) that indicated
continuous protection 15–17 y after a primary series of HB
vaccination in infancy with the GMC level of 145.11 §
5.40 mIU/ml (95% CI: 98.17–214.44 mIU/ml). Among 74
individuals with a seroprotective level of anti-HBs, 48.65% (36/
74) were low response (10 � anti-HBs < 100 mIU/ml); 36.49%
(27/74) were moderate response (100 � anti-HBs
< 1,000 mIU/ml); and14.86% (11/74) were high response
(anti-HBs � 1,000 mIU/ml). The overall seroprotection rates
did not differ significantly in terms of gender or BMI
(P > 0.05, data not shown).

Anamnestic response and factors associated with the
response after a booster dose of 20 mg HB vaccine

A total of 103 individuals with anti-HBs < 10 mIU/ml accepted
the administration of a booster dose of 20 mg HB vaccine. At
one month after the booster, 100 participants were available for
the followed-up, and among them, 84% (84/100) showed an
anamnestic response (anti-HBs � 10 mIU/ml) with GMC level
of 875.19 § 4.84 mIU/ml (95% CI: 621.58–1231.97 mIU/ml).
The rates of low, moderate and high response were 7% (7/100),
39% (39/100), and 38% (38/100), respectively. Sixteen (16%)
participants maintained the anti-HBs negative were considered
as non-responders.

Comparison of the demographic characteristics between
the anamnestic response group and non-response group
revealed no significant differences in age (P D 0.599), sex
ratio (P D 0.930), or BMI (P D 0.986, data not shown).
Further analyses on seroprotection rates, GMCs and distri-
butions of anti-HBs were performed according to demo-
graphic characteristics as shown in Table 1. The overall
seroprotection rates did not differ significantly in terms of
gender or BMI (P > 0.05). As for GMC, participants with
BMI < 18.5 kg/m2 showed significantly higher anti-HBs
titers than those with BMI � 25.0 kg/m2 (1387.39 vs.
173.94 mIU/ml, P D 0.048) as well as those with 18.5 kg/
m2 � BMI < 25.0 kg/m2 (1387.39 vs. 273.53 mIU/ml,
P D 0.055) . At the same time, the rates of low and high
response were significantly different among 3 BMI groups:
with the rise of BMI, the rates of low response presented a
trend of increasing [0% (0/13), 5.63% (4/71), 18.75% (3/16),
P D 0.043], while rates of high response declined in turn
[69.23% (9/13), 36.62% (26/71), 18.75% (3/16), P D 0.006].

We tried to investigate factors associated with immune
response to a booster dose of 20 mg HB vaccine. A multivariate
logistic regression analysis was performed, and the variable of pre-
boost anti-HBs level was identified (OR D 4.818, 95% CI: 1.393–
16.668, P D 0.013), as shown in Table 2. Furthermore, 0.7 mIU/
ml of pre-boost anti-HBs level was determined in the condition of
the highest Youden’s index through ROC (receiver operating char-
acteristic curve) analysis. The participants with pre-boost anti-HBs
levels� 0.7 mIU/ml had a higher probability of achieving immune
response (anti-HBs � 10 mIU/ml) to the booster dose of 20 mg
HB vaccine than those with anti-HBs levels < 0.7 mIU/ml (ORD
8.071, 95% CI: 2.131–30.571, PD 0.002).
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Immune response to a booster dose of 60 mg HB vaccine

According to the study protocol, 16 non-responders to a
booster of 20 mg HB vaccine were immunized an additional
dose of 60 mg HB vaccine, and 100% (16/16) persons demon-
strated immune response with anti-HBs levels � 10 mIU/ml
assessed at 1.5 month after injection. Mean GMC level was
271.02 § 8.78 mIU/ml (95% CI: 85.17–862.38 mIU/ml). The
rates of low, moderate and high response were 43.75% (7/16),

25% (4/16), and 31.25% (5/16), respectively. As shown in
Table 1, all the seroprotection rates, GMCs did not differ signif-
icantly in terms of gender or BMI (P > 0.05) after the 60 mg
booster dose.

Discussion

The primary HB vaccination series could induce protective
antibody in > 95% healthy children. However, there are about
20 million new births every year in China,18 it is estimated that
there are still 1 million children showing no response to the
primary immunization. Even children who responded with
protective antibody also experienced significant decline of
anti-HBs concentrations in the following years. All of the
individuals who lack protective levels of anti-HBs are at
potential risk of HBV infection. Thus, it is necessary to evaluate
the duration of protection provided by the primary series of
HB vaccination in infancy, especially in highly HBV epidemic
areas, and assess the possible need for booster doses.

Universal HB vaccination has been introduced for more
than 2 decades in China, and a recombinant HB vaccine was
used for immunization since 2000. A seroprevalence of HBV
infection and a long-term protection of HB vaccine were
investigated in adolescents of 15–17 y old who are living in the
western region of China where HB is highly endemic. In the
current study, the positive rate of HBsAg in adolescents was
3.38% (50/1,479), which is lower than that of 15–29 y old group
out of the general population in the western region of China

Table 2. Logistic regression analysis for testing factors associated with immune
response to a booster dose of 20 mg HBV vaccine.

Characteristics
regression
coefficient

Standard
error

Wald
test

P
Value OR 95%CI for OR

Age ¡0.270 0.440 0.376 0.540 0.764 0.322–1.809
Gender
Male — — — — — —
Female 0.224 0.595 0.142 0.706 1.251 0.390–4.016
BMI, kg/m2

Normal
(18.5–24.9)

— — 0.728 0.695 — —

Underweight
(<18.5)

¡0.334 0.887 0.142 0.707 0.716 0.126–4.076

Overweight and
Obese (�25.0)

0.632 0.878 0.518 0.472 1.881 0.336–10.520

Pre-boost anti-HBs
level, (log
transferred)
mIU/ml

1.572 0.663 6.165 0.013 4.818 1.393–16.668

Constant 6.101 7.248 0.709 0.400 446.471 —

Table 1. Seroprotection rates, GMCs and distributions of anti-HBs stratified by demographic characteristics after booster vaccination.

Seroprotection
rate, % GMC, mIU/ml

anti-HBs
< 10 mIU/ml, %

10 � anti-HBs
< 100 mIU/ml, %

100 � anti-HBs
< 1000 mIU/ml, %

anti-HBs
� 1000 mIU/ml, %

20 mg HBV vaccine
Subjects, no. N D 100

Gender Male 83.67 (41/49) 712.69 16.33 (8/49) 10.20 (5/49) 36.73 (18/49) 36.73 (18/49)
Female 84.31 (43/51) 1064.39 15.69 (8/51) 3.92 (2/51) 41.18 (21/51 ) 39.22 (20/51)
P Value 0.930 0.247 0.930 0.402 0.649 0.798

BMI Underweight
(<18.5) (1)

84.62 (11/13) 1387.39 15.38 (2/13) 0 (0/13) 15.38 (2/13) 69.23 (9/13)

Normal
(18.5–24.9) (2)

83.10 (59/71) 273.53 16.90 (12/71) 5.63 (4/71) 40.85 (29/71) 36.62 (26/71)

Overweight and
Obese (�25.0)(3)

87.50 (14/16) 173.94 12.50 (2/16) 18.75 (3/16) 50.00 (8/16) 18.75 (3/16)

P Value 0.904 0.104 0.904 0.043 0.138 0.006
P12 D 1.000 P12 D 0.055 P12 D 1.000 P12 D 1.000 P12 D 0.151 P12 D 0.028
P13 D 1.000 P13 D 0.048 P13 D 1.000 P13 D 0.232 P13 D 0.114 P13 D 0.006
P23 D 0.955 P23 D 0.557 P23 D 0.955 P23 D 0.217 P23 D 0.503 P23 D 0.171

60 mg HBV vaccine
Subjects, no. N D 16

Gender Male 100 (8/8) 153.57 0 (0/8) 50 (4/8) 37.50 (3/8) 12.50 (1/8)
Female 100 (8/8) 478.30 0 (0/8) 37.50 (3/8) 12.50 (1/8) 50 (4/8)
P Value — 0.312 — 1.000 0.569 0.282

BMI Underweight
(<18.5) (1)

100 (2/2) 51.39 0 (0/2) 50 (1/2) 50 (1/2) 0 (0/2)

Normal
(18.5–24.9) (2)

100 (12/12) 527.96 0 (0/12) 33.33 (4/12) 25 (3/12) 41.67 (5/12)

Overweight and
Obese (�25.0)(3)

100 (2/2) 26.16 0 (0/2) 100 (2/2) 0 (0/2) 0 (0/2)

P Value — 0.091 — 0.329 0.264 1.000
P12 D 0.140 P12 D 1.000 P12 D 0.505 P12 D 0.505
P13 D 0.733 P13 D 1.000 P13 D 1.000 P13 D—
P23 D 0.064 P23 D 0.165 P23 D 1.000 P23 D 0.165
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(5.60%) and higher than that of 5–14 y old group (1.56%). The
positive rate of anti-HBs alone in this population was 63.56%
(940/1,479), higher than that of 15–29 y old group (54.40%).5

Of 180 participants enrolled in our study, asymptomatic
breakthrough infections occurred in 3 participants (1.67%).
Many follow-up studies demonstrated that the rate of
breakthrough infection was rather low among the vaccine
recipients, mainly manifested as anti-HBc positive (1.0%–
13.8%), transient HBsAg-positive (0.7%–5.4%) or HBV DNA
positive (0.19%–0.9%), but few clinically significant infections
diagnosed or few HBsAg carriers reported.8,9,19 Due to the
failure to get data of anti-HBs levels at 1- or 2-month after the
primary vaccination, it is impossible to tell whether they
became infected because of vaccine failure or breakthrough
infections in the current study, which is one the limitations of
this study.

After 15–17 y following a primary series of HB immuniza-
tion in infancy, there was > 40% (41.8%) adolescents in our
cohort having protective levels of anti-HBs with a GMC of
145.11 mIU/ml, and the overall seroprotection rates did not
differ significantly in terms of gender, BMI. Data from a
30-year follow-up study in neonates born to HB carrier
mothers in Hong Kong showed the dynamic changes of anti-
HBs seroconversion rate: 92.6% (1006/1086, baseline), 91.2%
(980/1075, Year 1), 64.2% (612/953, Year 5), 44.8% (355/792,
Year 10), 33.3% (203/610, Year 16), 36.3% (130/358, Year 21),
37.4% (92/246, Year 30). The proportion of having protective
levels of antibody in our study (41.8%) was higher than 33.3%
(Year 16), which could be due to the difference in the study
cohorts (general neonates vs. neonates born to HBV carrier
mothers).20 A recent meta-analysis confirmed that the duration
of protection offered by HB vaccines was negatively influenced
by the schedule of vaccine administration (gap time between
last and preceding dose of the primary vaccine series
< 6 months), vaccine dosage (lower vaccine dosage than pres-
ently recommended) and the characteristics of the population
(maternal carrier status).21

Vaccine protection, however, may still persist through
immune memory. An indirect method to assess immune
memory is to look for an “anamnestic response” - a rapid,
prominent increase in antibody level and in response to a
booster dose of HB vaccine. Many studies having more than
10-year follow-up demonstrated high rates of anamnestic
response to booster doses, even when detectable antibodies had
been absent at the time of exposure.22-28 We investigated a
cohort of adolescents immunized 3-dose HB vaccine in infancy
from a highly HBV endemic area, and challenged a group of
them (anti-HBs < 10 mIU/ml) with a booster dose of 20 mg
HB vaccine 15–17 y later. One month after the booster, 84%
(84/100) individuals showed an anamnestic response with
GMC of 875.19 mIU/ml, providing strong evidence that the
immune memory existed in the majority of adolescents.
However, there were also 16% (16/100) individuals did not
develop protective antibody levels after the first booster of HB
vaccine, which may indicate waning of immune memory. An
et al boosted one dose of HB vaccine to the anti-HBs negative
children who had been vaccinated 5 or 10 y ago, and found
that positive rates of anti-HBs post-boost were 100% (Year 5)
vs. 93.62% (Year 10) and GMC were 243.45 (Year 5) vs.

47.24 mIU/ml (Year 10), presenting the GMC level of Year 10
declined 5-fold than that of Year 5.29 Data from another study
showed that the anamnestic response rates after receipt of a
booster dose of vaccine were 85.3% (64/75, Year 10) vs. 73.6%
(39/53, Year 15).17 Thus, population maintained immune
memory decreased with an advancing age or increasing interval
between booster and initial vaccination. In addition to age, a
higher BMI might negatively affect the immune response trig-
gered by HB vaccine: overweight or obese persons (BMI
� 25.0 kg/m2) were not easy to produce the protective anti-
HBs after vaccination.30 Our study showed that participants
with BMI < 18.5 kg/m2 presented significantly higher anti-HBs
titers than those with BMI � 25.0 kg/m2 (1387.39 vs.
173.94 mIU/ml), which indicating that individuals with
relatively low BMIs tend to have anamnestic response with
relatively high levels of GMC to the booster vaccination.

As for the appropriate doses of booster vaccination,
researchers from Taiwan evaluated the efficacy of a 3-dose
booster protocol [20 mg (0–1–6 month)] in university students
(20–22 y old) vaccinated in infancy with anti-HBs < 10 mIU/
ml, and 75.3% (238/316) had anti-HBs � 10 mIU/ml after the
first booster dose while the rate rose to 95.3% (122/128) after
full series vaccination, demonstrating the 3-dose booster
protocol benefits with a high seroconversion of anti-HBs.16

Another investigation in Hong Kong also applied the same
booster protocol in university students (17–23 y old) vaccinated
in infancy with anti-HBs < 10 mIU/ml, and the seroconversion
rate increased from 85.5% (59/69) post one booster dose to
100% (69/69) post 3 doses. And in the seroconversion group,
the rates of low, moderate and high response were 29% (20/69),
38% (26/69), 19% (13/69) post one-dose turned to 3% (2/69),
23% (16/69), 74% (51/69) post 3-dose boost, respectively. The
data showed that a 3-dose booster, rather than a single dose, is
required for the majority to achieve a seroprotection rate of
> 90% for anti-HBs negative individuals immunized in
infancy. In the current study, we attempted to use the 20 mg-
60 mg (0–1 month) regimen as a booster protocol, seroprotec-
tion rate of 84% after a 20 mg vaccine and 100% after an addi-
tional 60 mg vaccine were achieved, respectively, demonstrating
the same immune effect compared with 20 mg (0–1–6 month)
vaccine regimen (100% vs. 100%). Because of the higher
concentration of HBsAg, the 60 mg vaccine has a better
immunogenicity and could simplify the implementation of HB
vaccination at the same time. As for the appropriate population
of boosting, individuals such as health care workers or persons
having HBsAg carriers in family members etc, a booster
vaccination might be a reasonable alternative if opportunities
for HBV exposure exist.

Some researchers analyzed the factors influencing the effect
of booster immunization. A study from USA found that college
students (18–23 y old) with pre-boost anti-HBs levels of
1–9 mIU/ml were more likely to respond to a challenge dose
than those with 0 mIU/ml (83% vs. 50% for seroprotection
rate, P < 0.001; 99.8 vs. 9.8 mIU/ml for GMC, P D 0.042),31

suggesting the presence of any detectable anti-HBs among
persons vaccinated in the remote past may indicate the persis-
tence of immune memory. In our study, multivariate logistic
regression analysis revealed that pre-boost anti-HBs titers
� 0.7 mIU/ml was the only independent predictor of
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anamnestic response, which is similar to the study above. The
cutoff value of anti-HBs level of 0.7 mIU/ml obtained in our
study was calculated based on a relative small size of samples
(103 participants), which need to be justified in a large number
of samples.

There were several shortcomings in our study: (1) We did
the cross-sectional study on the persistence of anti-HBs anti-
body in adolescents of 15–17 y old immunized HB vaccine in
infancy. The ideal study design is a cohort study or longitudinal
study rather than a cross-sectional study. (2) Due to the limita-
tions of the questionnaire and field work, we failed to get more
detailed clinical information from the students who had HBV
infection, including whether mothers or any family members
were HBsAg carriers and their serological status after the pri-
mary vaccination, which led to difficult to identify the cause of
HBV infection. (3) Relatively small sample size in our study
may not be adequate to support results from the inferential sta-
tistical analyses.

In conclusion, although the adolescents aged 15–17 y
showed high seronegative rate (58.2%) of anti-HBs (<10 mIU/
ml) after primary 3-dose HB vaccination in infancy, the results
after booster vaccination suggested that immune memory was
well preserved in most (84%) of the adolescents. It demon-
strated that vaccine protection continues up to 15–17 years,
and 89.3% of participants had evidence of protection (anti-HBs
� 10 mIU/ml or response to a booster dose of vaccine). Fur-
thermore, our study also pointed out a high success rate
(100%) by administering the booster vaccination regimen
[20 mg-60 mg (0–1 month)] in adolescents with anti-HBs <

10 mIU/ml in the HBV epidemic region. We believe this
booster protocol could be a useful reference for HB boosting
vaccination program for adolescents (>15 y old) in HBV epi-
demic areas.

Materials and methods

Study design

A total of 1,479 healthy adolescents aged 15–17 y from 2 senior
middle schools in a county of Shanxi province were investi-
gated in October 2015, and checked the HB vaccination history
and tested for baseline HBsAg, anti-HBs, and anti-HBc using
ELISA. Those participants with evidence of HB immunization
series of 3 doses in infancy only (according to the record of
immunization card) and no HB booster vaccine given since pri-
mary HB immunization were enrolled. A recombinant HB vac-
cine of 5mg was used for infant immunization. Participants
with the screening results of positive HBsAg and/or anti-HBc
were further detected HBsAg, anti-HBs, HBeAg, anti-HBe,
anti-HBc using CMIA and HBV DNA by PCR, then HBV
infection rate was analyzed. All enrolled participants except
persons identified with HBV infection were re-measured anti-
HBs quantitatively by CMIA, and anti-HBs � 10 mIU/ml was
regarded as protected and evaluated the persistence of protec-
tion from HB vaccination. Individuals with anti-HBs
< 10 mIU/ml were immunized with a 20 mg booster dose of
HB vaccine, and a subsequent 60 mg booster dose was given if
anti-HBs < 10 mIU/ml still maintained following the first
booster. A positive response to the booster dose was defined as
anti-HBs levels � 10 mIU/ml at 30 d or more after the boost.
Blood samples for immunogenicity analyses were obtained
from participants 1 or 1.5 month following administration of
every dose. Figure 1 showed the flow chart of the study.

The written informed consent was obtained from each par-
ticipants or his/her guardian prior to enrollment. The project
protocol was approved by Peking University Institutional
Review Board and in accordance with the ethical standards of
the Helsinki Declaration.

Figure 1. The flow diagram of participants through the study.
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Vaccines

The two types of HB vaccine were manufactured by Shenzhen
Kangtai Biological Products Co., Ltd., China containing 20 mg
(batch number B201408003) or 60 mg (batch number
A201408006) of HBsAg per dose (1.0 ml), respectively. The
vaccines were stored at 4�C and maintained within the cold
chain during transportation. The vaccinees were administered
intramuscularly into the deltoid muscle.

HBV serological tests

The baseline HBsAg, anti-HBs, and anti-HBc were qualitatively
tested using ELISA kits (Shanghai Kehua Bio-engineering Co.,
Ltd.). Further, the serum samples of qualified participants were re-
measured anti-HBs quantitatively by CMIA using the Architect
i2000SR analyzer (Abbott Diagnostics Division).The participants
with positive results of ELISA for HBsAg and/or anti-HBc were
further tested for HBV DNA using PCR as described previously.32

Throughout the study, we took HBsAg to be the marker of
the chronic carrier stage (and/or with anti-HBc/HBV DNA
positive), and individuals with positive both anti-HBs and
anti-HBc were defined as having protective immunity derived
from past natural virus infection, while only those with positive
anti-HBc were defined as being infected before as well.
Participants with positive anti-HBs alone were defined as being
vaccination-induced immunity.

Statistical analysis

Continuous variables were presented as Mean § SD depending
on the underlying normal distribution, and Student’s t-test or
one-way ANOVA (analysis of variance) was used to analyze
continuous data. Pearson Chi-square tests or Fisher’s exact tests
were used to compare categorical data. Multivariate logistic
regression analyses were performed for testing variables
associated with immune response to the booster dose. A P value
of < 0.05 (2-tailed) was considered statistically significant. All
statistical analyses were performed using SPSS 21.0 software
(SPSS Inc., Chicago, IL, USA).
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