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There is still no suitable routine hepatitis B immunization strategy for adults in China. To establish an optimal
vaccination schedule for healthy adults, we investigated various schedules in healthy adults. In this randomized 5143
healthy adults received 10 mg hepatitis B vaccine at 0, 1 and 3 months(group A), 0, 1 and 6 months(group B), or 0, 1
and 12 months(group C). Blood samples were collected after 1 month and 12 months after the third dose. The
geometric mean titer (GMT), seroconversion rate (levels of anti-HBs �10 mIU/mL) and high response rate (levels of anti-
HBs �100 mIU/mL) were assayed. In our study, 2438 healthy adults finished the full vaccination program and follow-up.
The seroconversion/sero-protective rate of groups A–C at one and 12 month after administration of the third vaccine
dose was 100%, 99.9% and 97.9% verse 64.9%, 75.7% and 79.0%, respectively. GMT for anti-HBs tested in group A to C
within 1 or 12 month after the third vaccination was 213.16, 432.58 and 451.47 mIU/ml verse 22.07, 46.70 and 56.18
mIU/ml, respectively. There were significant differences of seroconversion/sero-protective rate and GMT among the 3
groups (p < 0.01). Given the high anti-HBs seroconversion rate and GMT in all 3 groups, a flexible schedule for Hepatitis
B vaccine should be recommended to adults, but 0-1-12 schedule is a better choice.

Introduction

It is well-known that hepatitis B virus (HBV) immuniza-
tion strategy is the most effective measure for prevention of
HBV transmission. Although hepatitis B vaccine has been
available since 1982, HBV infection remains a serious global
public health problem. According to WHO, there are cur-
rently >2 billion people infected with HBV, with
~360 million chronically infected worldwide.1 HBV-related
liver disease or hepatocellular carcinoma results in 600,000
deaths annually.2 In China, the 2006 national serosurvey
showed 7.18% of hepatitis B surface antigen (HBsAg) preva-
lence among a general population, with 26.36% dropped
according to 1992 national serosurvey (HBsAg prevalence:
9.75%).2 Although the prevalence of HBsAg in the whole
population has fallen, HBsAg prevalence in adults will not
decrease dramatically due to the life-long HBsAg carrier sta-
tus and the increased life expectancy. According to a study in
Jiangsu province, China, hepatitis B vaccination in adults
might decrease the rate of HBsAg positivity and routine
immunization of adults is recommended.3 In addition, it was
estimated that there were 221 million migratory populations

at the end of 2010 in China, mostly of young adults.4 They
left home to find better employment opportunities and
higher income in cities and would come back home without
fixed time, but usually at the end of year. The nature of
perennial motility increased their danger of HBV infection.
This special national situation of our nation decides the
necessity for adult immunization investigation. Therefore,
the National Health and Family Planning Commission of the
People’s Republic of China intends to expand vaccination
based on routine vaccination of infants, encouraging adults to
be vaccinated, especially in high-risk populations. To date,
there have been no informed types and dosage of hepatitis B
vaccine available for Chinese adults, the recommendation for
adults on hepatitis B vaccination put forward by Chinese
National CDC follows the conventional immunization pro-
grams available for infants. Though there have been several
studies in terms of adult vaccination against hepatitis B in
developed countries, there are no standard immunization pro-
grams for adults in China, needing more studies to explore
optimal immunization programs.

In the present study, we investigated the immunogenicity and
persistence of hepatitis B surface antibody (anti-HBs) titers after
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2 different dosages (10 and 20mg) of the common vaccines in
Chinese market, and compared the immunogenicity and persis-
tence of anti-HBs titers after 3 different schedules of 10 mg com-
mon vaccines in Chinese market in healthy adults.

Results

Study population
A total of 5143 individuals were randomized into this study

between March and June 2010 and received the full vaccination
schedule. Blood samples were collected at 1 month after the third
dose. There were a total of 986participants who are excluded
from the efficacy analysis: 826 showed positive for anti-HBc, 150
were aged <16 years, and 10 had incomplete age information.
The loss to follow-up at 12 months after full vaccination was sur-
prising, at nearly half of the individuals recruited (41.4 %). The
final number included was 2438 (Fig. 1). As shown in Table 1,
the sex ratio was 1:1.56 (male: female), there were no significant
differences in baseline demographics among groups A–C, accept-
ing the hypothesis of homogeneity. The mean age of the subjects
was 33.07 § 7.87 years old.

Antibody response among different
vaccination programs

100%, 99.9% [95% confidence inter-
val (CI): 99.7%,100%] and 97.9% (95%
CI:96.8%,98.9%) of groups A–C devel-
oped protective levels of anti-HBs �10
IU/L within 1 month after administra-
tion of the third vaccine dose, respec-
tively (Table 2). The sero-protective rate
at 12 months after the third dose of vac-
cine was 65.0% (95% CI: 61.8%,
68.1%), 75.7% (95% CI: 72.9%,
78.6%) and 79.0% (95% CI: 76.0%,
82.0%), respectively. The seroconversion
rates from each blood sample had signifi-
cant differences among different vaccina-
tion programs (p <0.001).

Among the volunteers who presented
with seroconversion rates of 100%,
99.9% and 97.9% within 1 month after
administration of the full vaccination,
64.4%, 74.6% and 76.8% of those

administered the 0-1-3, 0-1-6 or 0-1-12 schedule, respectively,
were considered to be high responders (anti-HBs �100 mIU/
ml). Similarly, the sero-protective rate of high responders about
12 months after administration of the third vaccine dose was
22.0%, 39.7% and 44.2%, respectively (Table 3). Significant
differences were observed among different vaccination programs
(p < 0.001).

GMT for anti-HBs tested within 1 month after the third vac-
cination was 213.16 mIU/ml (95% CI: 189.93, 239.23) in group
A, compared with 432.58 mIU/ml (95% CI: 382.91, 488.69) in
group B, and 451.47 mIU/ml (95% CI: 383.92, 530.92) in
group C. Statistical analysis of log-transformed data demon-
strated significantly higher GMT of anti-HBs for the 3 group at
1 month (Table 2). GMT for anti-HBs tested within 12 months
after the third vaccination was 22.07 mIU/ml (95% CI: 19.19,
25.37), 46.70 mIU/ml (95% CI: 39.69, 54.94) and 56.18 mIU/
ml (95% CI: 45.68, 69.11) in the 0-1-3, 0-1-6 and 0-1-12 vacci-
nation schedules, respectively.

According to Table 2, in group A, the sero-protective rate at
12 months had dropped 35.0% compared with 1 month. Simi-
lar changes occurred in groups B and C with 24.2% and 19.3%
decreases, respectively. There were significant differences in all

Figure 1. Participant disposition (Group A: 0-1-3 schedule, group B: 0-1-6 schedule, group C: 0-1-12
schedule; *: To analysis the immunogenicity effect of hepatitis B vaccine, subjects with positive anti-
HBc antibody who also got full vaccination was deleted in the process of analysis.).

Table 1. Gender and age distribution of participants after 12 months follow-up

Gendera Age

Vaccination program Male (%) Female P 15~ 25~ 35~ 45~ mean (SD ) P

0-1-3 354(40.5) 519 0.309 168 376 259 70 32.75(7.93) 0.140
0-1-6 338(39.3) 523 144 333 314 70 33.31(7.71)
0-1-12 259(36.8) 445 126 288 233 57 33.16(8.00)
total 951(39.0) 1487 438 997 806 197 33.07(7.87)

aOne missing in gender group.
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the 3 groups between the 2 time points. In addition, GMT for
anti-HBs in each schedule decreased significantly from 1 month
after the full vaccination to 12 months.

Immunogenicity-related factors
When stratified by demographic characteristics, the 1 month

GMT was significantly higher in females than in males, but there
were no significant differences between men and women neither
with seroconversion/sero-protective nor GMT at 12 month
(Table 2). As to age stratification, a significant difference for
sero-protective rate was shown at 12 month after the third dose
other than one month. All four age groups had a seroconversion
rate of~99.0% at 1 month after the third dose; and sero-protec-
tive rates of 80.1%, 7.3%, 69.1% and 69.0% at 12 months after
the third dose in the 4 years age group, respectively. GMTs for
anti-HBs levels in each age group at 1 and 12 months were
402.08 (330.13, 489.70) mIU/ml, 362.43 (321.99, 407.95)
mIU/ml, 306.30 (268.50, 349.42) mIU/ml, 258.96 (200.00,
335.29) mIU/ml versus 58.48 (47.64, 71.78) mIU/ml, 40.27
(34.61, 46.85) mIU/ml, 30.15 (25.33, 35.88) mIU/ml and
25.09 (16.88, 37.29) mIU/ml, respectively. Apart from the sero-
conversion rate at 1 month (p > 0.05), significant differences
were identified of the sero-protective rate at 12 months and

GMT for anti-HBs tested at 2 time points (p D 0.0003, 0.014
and 0.0007).

As Table 4 shows, the trend in terms of GMT for anti-HBs
tested within 1 month and 12 months after the third vaccination
resembled the trend in sero-protective rates at 12 months when
samples were collected among the age groups. The overall corre-
lation between GMTs and age groups was negative at 1 month
and 12 months (r D ¡0.072, P D 0.0004; r D ¡0.105, P D
0.00092).

Discussion

Vaccinating adults against hepatitis B is important because
adults can be carriers of HBV, especially who have not received
hepatitis B immunization from the childhood. At the present
time, there are a large number of adults without hepatitis B inoc-
ulation. As we all know, the hepatitis B immunization coverage
rate in China has increased each year since 1992. Infant vaccina-
tion coverage with both the timely birth dose and the complete
vaccine series was substantially higher among children born dur-
ing 2003 than among those born during 1997; timely birth-dose

Table 2. Summary of seroconversion rate and GMT by different variables

Seroprotection rate (%)/ 95%CI GMT(mIU/mL)/ 95%CI

Variables 1 month 12 month P 1 month 12 month P

Schedule
0-1-3 100 65.0(61.8,68.1) 0.0001 213.16(189.93,239.23) 22.07(19.19,25.37) 0.002
0-1-6 99.9(99.7,100) 75.7(72.9,78.6) 0.0006 432.58(382.91,488.69) 46.70(39.69,54.94) 0.0002
0-1-12 97.9(96.8,98.9) 79.0(76.0,82.0) 0.0002 451.47(383.92,530.92) 56.18(45.68,69.11) 0.0006
Total 99.3(99.0,99.7) 72.8(71.0,74.6) 0.0009 339.91(314.72,367.12) 37.66(34.15,41.54) 0.0003
P 0.0006 0.0002 0.0004 0.0003

Gender
male 99.2(98.6,99.7) 71.3(68.4,74.2) 0.001 294.56(259.01,334.99) 34.29(29.20,40.25) 0.0004
Female 99.5(99.1,99.8) 73.8(71.5,76.0) 0.0005 372.52(338.56,409.88) 39.99(35.34,45.25) 0.0004
P 0.366 0.180 0.004 0.133

age
15~ 98.9(97.9,99.9) 80.1(76.4,83.9) 0.0002 402.08(330.13,489.70) 58.48(47.64,71.78) 0.0005
25~ 99.4(98.9,99.9) 73.3(70.6,76.1) 0.0002 362.43(321.99,407.95) 40.27(34.61,46.85) 0.0001
35~ 99.5(99.0,100) 69.1(65.9,72.3) 0.0004 306.30(268.50,349.42) 30.15(25.33,35.88) 0.0001
45~ 99.5(98.5,100) 69.0(62.5,75.6) 0.0001 258.96(200.00,335.29) 25.09(16.88,37.29) 0.0003
P 0.570 0.0003 0.014 0.0007

GMT: geometric mean titer, 95%CI: 95% confidence interval

Table 3. High-response rate among groups A–C

High-response rate /95%CI(%)

Vaccination program N 1 month 12 month

0-1-3 873 64.4(61.2,67.6) 22.0(19.2,24.8)
0-1-6 861 74.6(71.7,77.5) 39.7(36.5,43.0)
0-1-12 704 76.8(73.7,80.0) 44.2(40.5,47.9)
Total 2438 71.6(69.8,73.4) 34.7(32.8,36.6)
P 0.0002 0.0002

Table 4. Correlation between GMTs and the age groups using bivariate
correlations

GMT(mIU/mL)/ 95%CI

Age 1 month 12 month

15~ 402.08(330.13,489.70) 58.48(47.64,71.78)
25~ 362.43(321.99,407.95) 40.27(34.61,46.85)
35~ 306.30(268.50,349.42) 30.15(25.33,35.88)
45~ 258.96(200.00,335.29) 25.09(16.88,37.29)
r ¡0.072 ¡0.105
P 0.0004 0.0002
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coverage increased from 29.1% to 75.8%.5 If we calculated the
age from 1997, it is 18 year old till now. Based on the above
data, there are nearly 70.9% adults without hepatitis B immuni-
zation except the population who are born before 1997. And
with the economic increasing, most of them left home for good
job and would return home at different time, especially at the
end of year. Therefore, routine 0-1-6 schedule may not be suit-
able for them. We have to search for better immunization pro-
gram and optimal dosage among healthy adults to prevent the
horizontal transmission. Up to now, there were few large-scale
studies regarding the hepatitis B vaccine on immunogenicity in
the healthy adults. According to a recent report from most devel-
oped countries, adult vaccines are mostly recommended for spe-
cific high-risk groups of adults rather than recommended to all
adults. The situation in China is similar. And as a result, it is of
great necessity to explore optimal hepatitis B immunization pro-
gram for all healthy adults, especially in China.

According to previous studies, conventional hepatitis B vacci-
nation programs (0-1-6 schedule) in healthy adults induce sero-
conversion rates >90%.6,7 In our study, where hepatitis B
vaccines were administered intramuscularly among 7 counties,
excellent immunogenicity was demonstrated for all 3 schedules.
99.3% of vaccine recipients were converted to sero-protective at
1 month after different full vaccination schedules were adminis-
tered. The reason may be that the subjects were comparative
young with over 90% below 45 years old. Although the serocon-
version rate remained similar at 1 month among participants
after full immunization, there was significant higher sero-protec-
tive rate in the 0-1-12 schedule than the other 2 groups at
12 months after dose 3. Pitifully, we did not find similar investi-
gation among adults. However, we surprisingly found that our
results were similar to other studies conducted in children or
infants, in which the concentrations of anti-HBs after the third
injection were dependent on the interval between the second and
third dose. Children who received the third vaccine dose rela-
tively late obtained higher antibody titers than those received the
third dose on schedule.8–10 However, regarding this evidence,
Agladioglu et al.11 did not observe any positive impact on anti-
body levels of the interval between the second and third doses for
those infants vaccinated at months 0, 2 and 9 or 2, 4 and 9. As
there were no similar study conducted in adults, so we dare to
infer the reason may be that the impact on antibody levels of the
interval between the second and third doses would be affected by
age, and needs further investigation.

According to the American Academy of Immunization Practi-
ces standards12 (anti-HBs titers 10–99 mIU/mL as hypo-res-
ponders,100 ¡999 mIU/mL as good-responders, �1000 mIU/
mL as hyper-responders),an anti-HBs level �10 mIU/ml is corre-
lated with vaccine-elicited protection against HBV infection,12,13

and an anti-HBs level �100 mIU/ml is considered as good
reponse.14 The authentic persistence of immunity after HB vacci-
nation is currently unknown. According to several medical pro-
fessions, peak antibody levels after vaccination mainly determine
the long-term efficacy of hepatitis B vaccine. It is generally
assumed that anti-HBs titers decline rapidly within the first year
and then more slowly after primary immunization, and the

higher the antibody levels, the longer the period of protec-
tion.8,9,15,16 The total anti-HBs GMT observed at 1 month and
12 months after the third dose was 375.43 and 40.60 mIU/ml,
respectively. There were significant differences among the sched-
ules that showed a significant increase from the 0-1-3 to 0-1-12
schedule at both time points. Therefore, it could be convinced
that the hepatitis B immunization of 0,1 and 12 month might be
the appropriate schedule that provides longer protection than
that vaccinated at 0, 1 and 3 or 6 month, which needs further
investigation.

It is recognized that the immunogenicity of hepatitis B
vaccines in healthy individuals differs. The well known his-
torical factors include male sex, advanced age, smoking, obe-
sity, alcohol intake, injection site and storage conditions,
cirrhosis, immune suppression, diabetes mellitus, chronic
renal failure and genetically determined resistance,17-23 apart
from the dosage and immunization schedules. In our investi-
gation, the 1 month GMT was significantly higher in females
than in males without significant difference of seroconversion,
which was consistent with other research.24 Furthermore,
advanced age was the main demographic variable with a sig-
nificant impact on the seroconversion rates and GMT,
regardless of the dose and number of doses administered,
which is in agreement with other trials.17,19 Given that youn-
ger adults had good immunization, hepatitis B vaccine is rec-
ommended for younger individuals. In terms of the
vaccination schedule, all 3 of the 3-dose schedules induced
high seroconversion rates, while the 0-1-12 schedule was the
first choice due to its higher sero-protective rate at 12 months
and GMT at both time points.

However, there were several limitations to the present
study. A large number of participants were lost to follow-up.
There are 2 reasons. First, the study was approved by the
Institutional Ethics Committee of the Zhejiang Center for
Disease Control and Prevention, China. Once the subjects
want to quit, we comply their wishes. Second, migrants are
features of China. Younger adults migrate to urban areas
seeking work. How to getting these individuals immunized?
Combined with our present study, we think that flexible
schedules (0, 1, 3~12 month) might be a better way and 0-1-
12 month was recommended, as some individuals may return
home at irregular time while most of them would be certainly
back home at the end of year. We also failed to obtain data
on body mass index and history of smoking. Therefore, the
demographic distribution was perhaps unbalanced and the
impact of these factors on seroconversion rates and GMT
was unclear. We should set more time points after the first
and second doses in order to analyze the trend in seroconver-
sion rate among the 3 vaccination schedules and their differ-
ences. We should continue to observe the cohort in order to
determine the time point at which anti-HBs became negative.
Only when we establish the key time point can we perform
booster vaccination for better prevention of HBV infection
among adults.

In conclusion, the present study shows a highly satisfactory
immunogenicity profile of hepatitis B vaccines with all 3
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schedules in healthy adults, the second dose should be given
1 month after the first dose, and the interval between the third
and the first dose could vary from 3 to 12 months, but 0-1-12
schedule is
a better choice. In addition, hepatitis B vaccine should be admin-
istrated among younger adults.

Methods

Study participants
We conducted an investigation in 7 counties of Zhejiang

Province (Deqing, Changxing, Anji, Nanxun, Wuxing,
Shaoxing and Tongxiang). All the counties had a similar eco-
nomic level. Each participant gave signed informed consent
prior to any study procedure. Participants were randomly
classified into 3 groups from A to C according to the vacci-
nation schedule administrated. All participants were screened
serologically before the first dose of vaccine and vaccinated
after the blood collected. The study was approved by the
Institutional Ethics Committee of the Zhejiang Center for
Disease Control and Prevention, China. Inclusion criteria
were: (a) age 16–59 years; (b) willing to participate in the
study; (c) signed informed consent; (d) willing to participate
in the follow-up study. Exclusion criteria were: (a) reluctant
to participate in the study; (b) HBsAg positive and/or anti-
HBs positive; (c) history of allergies or severe reaction to vac-
cination; (d) history of hepatitis B vaccination; (e) history of
any type of vaccination within the previous 4 weeks; (f) high
risk of becoming immunologically compromised; (g) previous
immunosuppressive therapy (intravenous or oral cortisone or
chemotherapy); (h) previous immunostimulatory therapy; (i)
any observational or experimental drugs during the past
4 weeks; (j) acute illness within the past 7 days; (k) infection
that required antibacterial or antiviral therapy within the past
7 days; (l) fever within the past 3 days (subaxillary tempera-
ture �38�C); (m) known or anticipated immune dysfunction.

Vaccines
According to our previous studies, the commonly available

vaccines of 10mg dose on the Chinese market from 4 different
companies have similar immunization effects in healthy adults.25

So we still choose the 10mg vaccines as follows: recombinant hep-
atitis B vaccine: lot No. 20090521, Shenzhen Kangtai Biological
Products Co. Ltd., China; lot Nos. 2009030906 and
2010010106, the Dalian High-Tech Biopharmaceutical Co.,
Ltd., China; lot No. XHBVB554AA, the GlaxoSmithKline
Company, UK; Chinese Hamster Ovary (CHO): lot
No.200904A3101, the North China Pharmaceutical Company,
GeneTech Biotechnology Pharmaceutical Co., Ltd, China.
According to the vaccination schedule, the hepatitis B vaccines
were randomly categorized into groups A–C. Group A referred
to the participants who received injection in the deltoid muscle
at 0, 1 and 3 months; group B received the vaccine at 0, 1 and
6 months; and group C received the vaccine at 0, 1 and
12 months.

Laboratory testing

Sample collection and processing
Each 3-ml blood sample was collected before vaccination, and

1 month and 12 months after the third vaccination. The samples
from each participant were preserved at ¡20�C for later analysis.
At the same time, all participants were monitored for 30 min
after each injection for immediate reactions. Frozen separated
serum samples were sent to ADICON Clinical Laboratories
(Hangzhou, China) for quantification of HBsAg, anti-HBs and
anti-HBc by chemiluminescence immunoassay (CLIA).

Apparatus and reagents
We used an Architect-i2000 (Abbot, Chicago, IL, USA) to

perform the CLIA. The reagent lot number for HBsAg tests was
70318HN00, with the criterion that a signal-to-noise ratio (S/N)
�0.05 was considered to be positive. The reagent lot number for
the anti-HBs test was 75684M100, with the criterion that an
antibody level �10 mIU/ml was considered to be positive. The
main outcome was the seroprotective levels of HBsAb. Anti-HBs
antibody level (�10 mIU/ml) was considered as seroconversion
and defined as having protective effects against HBV infection,
and values �100 mIU/ml were taken as good response. The
reagent lot number for the anti-HBc test was 72448M100, with
the criterion that an anti-HBc antibody level �1 mIU/ml was
defined as positive.

Data collation and analysis
We established a database using EpiData3.2 and statistical

analysis was performed using SPSS 18.0 and Excel 2007. We
were unable to detect anti-HBs antibody titer levels <0.01 mIU/
ml, therefore, we assigned a value of 0.005 mIU/ml to these sub-
jects when calculating geometric mean titer (GMT) of anti-HBs.
A x2 test or Fisher’s exact test was used for enumeration data.
GMTs of anti-HBs obtained for each group, which were quanti-
fied at 1 month or 12 months after the full vaccination schedule,
were compared by analysis of variance, using the F test to deter-
mine the equality of means. The relationship between GMT and
age group was compared by bivariable correlation test. A two-
tailed probability in statistical tests with a of 0.05 was considered
to be significant.
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