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ABSTRACT
Comparison of anti-HBs persistence after hepatitis B vaccination on two-dose schedule and three-dose
schedule among adults is still controversial. In this study, adults were followed up at 12 years after the
primary immunization. Three hundred and forty-one and 288 adults with age 15 through 40 years old
were given anti-HBV vaccination on a 0-, 1-, and 6-month schedule or on a 0- and 6-month one,
respectively (in 2003). Blood samples of 202 patients on 0-, 1- and 6-month schedule and 194 patients
on 0- and 6-month regimen were collected at one month and twelve years (in 2015) after the primary
series and anti-HBs levels were measured. The seroprotection rate for 3-dose schedule and 2-dose one
was 71.78% (95%CI = 65.04%, 77.87%) and 53.61% (95%CI = 46.07%, 60.49%). The GMC of anti-HBs was
31 mIU/mL (95%CI = 24, 41) and 12 mIU/mL (95%CI = 9, 17), respectively. Participants using three doses
had higher seroprotection rate and GMC (P < 0.001). Multivariable analysis showed that subjects with
anti-HBs titers ≥100 mIU/ml just after the primary series had a higher probability of anti-HBs levels than
<10 mIU/ml and 10–100 mIU/ml at follow-up (OR = 8.36, 95%CI: 3.41–20.49, P< 0.001; OR = 43.28, 95%CI:
11.45–163.51, P< 0.001; β = 0.77, 95%CI: 0.48–1.06, P< 0.001; β = 1.20, 95%CI: 0.86 ~ 1.54, P< 0.001). In
conclusions, adults receiving HepB primary immunization on 0-, 1- and 6-month schedule might have
more prolonged anti-HBs than those on 0-, 6-month schedule, although good anti-HBs persistence could
be achieved after HepB immunization on both schedules.
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Introduction

Viral hepatitis B is responsible for approximately 47% of an
estimated 1.4 million deaths per year and takes a heavy toll on
lives.1 The first global health sector strategies on viral hepatitis
(2016–2021) are towards its elimination as a major public
health threat by 2030 by achieving a set of ambitious targets.
These targets apply to everyone at risk of viral hepatitis
B infection: children, adolescents and adults. The Advisoty
Committee on Immunization Practices (ACIP) in 2018
recommends hepatitis B vaccine (HepB) of adults at risk for
hepatitis B virus (HBV) infection.2 In 2011, Chinese Center
for Disease Control and Prevention (CCDC) and Chinese
Prevention Medicine Association (CPMA) released the guide-
lines for HepB vaccination among adults, which also recom-
mended that all unvaccinated adults especially those at high
risk for HBV infection should be candidates for vaccination.3

Although HepB is recommended to the adults, 527,566 (27%)
men were seroprotective for protective antibody against hepa-
titis B surface antigen (anti-HBs) and 63% were negative for
all HBV markers in men aged 21–49 years in rural China.4

This indicated that they were susceptible to HBV. The
reported incidence (per 100 000 population) of acute hepatitis
B was at the highest levels of 10.68 among 25–29 year-olds in
2012 in China. This indicated a heavy disease burden of
hepatitis B in China among adults.5

The three doses of HepB on 0-1-6 month schedule are
recommended to adults by ACIP and CPMA till now, which
is believed to a fundamental, classic, complete strategy.2,3 Due
to poor compliance with a prescribed 3-dose schedule and the
population’s floating, many adults completed only one or two
doses of HepB. Previous studies confirmed that HepB have
good immunogenicity among adults and the anti-HBs could
keep above protective level for many years after primary
immunization among adults.6–13 Comparison on anti-HBs
persistence of different vaccination schedules can give definite
evidence to choose more prolonged ones. The comparison
results varied considerably in different populations.14–16 Anti-
HBs level was similar between adolescents who receiving
a 3-dose schedule and those who receiving 2-dose one after
10 years and 15 years of the primary vaccination.14,15 Another
study showed that anti-HBs persistence of 3-dose regimen was
superior to alternative 2-dose one among children.16

However, Anti-HBs persistence and factors associated with
persistence after hepatitis B vaccination in adults between
two schedules are not well investigated.

This study had been performed to find better schedule for
HepB primary immunization among adults by comparing anti-
HBs persistence between 0-, 1- and 6-month schedule and 0-
and 6-month schedule. We also explored factors associated
with anti-HBs titers at 12 years after primary immunization.
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Results

Study population

Of the 629 adults who participated the study in 2003 year, 396
subjects finished the follow-up and were included in the final
analysis (202 on 0-, 1- and 6-month schedule; 194 on 0- and
6-month regimen), 233 persons were lost follow-up (139 in
three-dose group, and 94 in two-dose group). There were no
statistically significant differences in gender, anti-HBs titers
right after the primary vaccination except for age at the
primary series. The demographic characteristics of the sub-
jects are shown in Table 1. The average age at primary
immunization in 0-, 1- and 6-month schedule and 0- and
6-month schedule was 32.80 [95%CI = 32.00, 33.60] and
32.81 [95%CI = 31.96, 33.48].

Anti-hbs at follow-up

The proportion of subjects with anti-HBs titers ≥10 mIU/mL
for 3-dose schedule and 2-dose schedule was 71.78% [95%
confidence interval (CI) = 65.04%, 77.87%] and 53.61% [95%
CI = 46.07%, 60.49%]. 3-dose schedule resulted in statistically
higher anti-HBs seroprotection rate compared with 2-dose
one (Pearson χ2 = 15.69, P< 0.001). The detailed information
for positive rate and geometric mean concentrations (GMC)
at 12 years after the primary series stratified by immunization
schedule is shown in Table 2.

At year 12, The GMC of anti-HBs for 3-dose schedule and
2-dose one was 31 mIU/mL [95%CI = 24, 41] and 12 mIU/mL
[95%CI = 9, 17]. Compared with subjects receiving two doses,
participants using three doses had higher GMC (F= 20.82,
P< 0.001). The overall anti-HepB GMC was 20 mIU/mL [95%
CI = 16, 24]. Reverse cumulative distribution (RCD) curve
showed that antibody variation among the individual anti-
HBs titers. All the individual values in 3-dose schedule were
higher than those in 2-dose one and 0-, 1- and 6-month
schedule had a higher median anti-HBs and a smaller variance
(as shown by the steeper midsection) (Figure 2).

Factors associated with persistence

Multivariable analysis showed that age at the primary immu-
nization, gender, body mass index (BMI), smoking history,
drinking history, hepatitis B among family members, and
chronic diseases history were not significantly associated
with seroprotection rate and GMC at 12 years, but schedules
for the primary immunization were independently associated
with seroprotection rate (OR = 0.55, 95%CI: 0.34, 0.90,
P= 0.017) and GMC (β = −0.26, 95%CI: −0.42, −0.10,
P= 0.002) at 12 years. Moreover, subjects with anti-HBs titers
100–1000 mIU/ml and ≥1000 mIU/ml just after the primary
series had a higher probability of anti-HBs levels than <10
mIU/ml and 10–100 mIU/ml at follow-up (OR = 8.36, 95%CI:
3.41, 20.49,P< 0.001; OR = 43.28, 95%CI: 11.45,163.51,
P< 0.001; β = 0.77, 95%CI: 0.48,1.06, P< 0.001; β = 1.20,
95%CI: 0.86, 1.54, P< 0.001) (Table 3).
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HBV breakthrough infection

Out of 20 subjects were antibody against hepatitis B core
antigen (anti-HBc) positive during follow-up. The proportion
of breakthrough infection was found not statistically different
in schedules, age at the primary series, gender, BMI, smoking
history, drinking history, chronic diseases history. However,
those subjects who had family members with chronic hepatitis
B infection had higher breakthrough infection rate (28.57% vs.
4.63%; P= 0.044).

Discussion

Anti-HBs persistence is a more important indicator to evaluate
seroprotective response after HepB vaccination, which is also
the main factor to determine the necessity of booster dose.

According to the present study, 71.78% and 53.61% adult
vaccinees still had seroprotective antibodies 12 years after
HepB primary immunization on 0-1-6 month schedule and
0–6 month schedules respectively. The result is similar to that
in the study among children, where there were 73.00% and
54.30% children keeping protective anti-HBs 15 years after the
primary vaccination on 0-1-6 month schedule and 0–6 month
schedule respectively.15 Our study proved that the anti-HBs
persistence was better after completing on 0-1-6 month sche-
dule than after 0–6 month schedule with the difference of 20%
in anti-HBs protective rate. There are 245 million migrant
populations with an average age of 29.8 years in China.17

Owing to the convenience of the migrant population, the
0–6 month schedule might be an alternative selection if vac-
cination compliance wasn’t high, which could also achieved
good anti-HBs persistence.18

Table 2. Percentage of subjects with anti-HBs titers 0–9, 10–99, 100–999 and ≥1000 mIU/mL and GMC at twelve years after the primary series, stratified by
immunization schedule.

Immunization schedule N

Subjects (%) anti-HBs titers (mIU/mL) Seroprotection Subjects
(anti-HBs titers ≥10 mIU/ml)(%) GMC(95%CI, mIU/ml)0- 10- 100- ≥1000

Total 396 147(37.12) 165(41.67) 74(18.69) 10(2.53) 249(62.88) 20(16–24)
0–1-6 202 57(28.22) 92(45.54) 47(23.274) 6(2.97) 145(71.78) 31(24–41)
0–6 194 90(46.39) 73(37.63) 27(13.92) 4(2.06) 104(53.61) 12(9–17)
Statistical value 15.69 20.82
P value <0.001 <0.001

Table 3. Multivariable model analysis on seroprotection rate (≥10 mIU/ml) and GMC at twelve years after HepB-SC primary immunization.

Seroprotection ratea GMC b

variable subjects Seroprotection subjects
%

(95%CI) P
OR

(95%CI)
mIU/ml
(95%CI) P β(95%CI)

62.88(57.76-67.49) - - 20(16-24) - -
Schedule

0-1-6 202 145 71.78(65.04-77.87) - Reference 31(24-41) - Reference
0-6 194 104 53.61(46.07-60.49) 0.017 0.55(0.34-0.90) 12(9-17) 0.002 -0.26(-0.42–0.10)

Age at primary immunization (years)
15- 15 12 80.00(51.91-95.67) - Reference 32.(12-87) - Reference
20- 16 12 75.00(47.62-92.73) 0.883 1.16(0.16-8.45) 15(6-34) 0.279 -0.31(-0.89-0.26)
25- 76 47 61.84(49.25-71.95) 0.102 0.28(0.06-1.28) 23(14-37) 0.350 -0.21(-0.65-0.24)
30- 138 84 60.87(52.20-69.06) 0.148 0.34(0.77-1.47) 18 (13-26) 0.242 -0.26(-0.69-0.18)
35-40 151 94 62.25(54.01-70.00) 0.114 0.31(0.07-1.32) 19 (14-27) 0.199 -0.28(-0.71-0.15)

Gender
Males 166 104 63.03(55.18-70.40) - Reference 19(14-25) - Reference
Females 230 145 63.04(55.93-68.75) 0.092 2.22(0.88-5.59) 21(16-27) 0.108 0.25(-0.06-0.56)

BMI(kg/m2) &

<18 11 5 45.45(16.75-76.62) - Reference 12 (3-53) - Reference
18.0-23.9 194 129 66.49(59.05-72.76) 0.228 2.30(0.59-8.89) 23 (17-31) 0.397 0.21(-0.28-0.70)
24.0-27.9 154 96 62.34(54.18-70.01) 0.161 2.64(0.68-10.30) 19(14-26) 0.361 0.23(-0.26-0.71)
>28 37 19 51.35(34.40-68.08) 0.942 1.06(0.23-4.78) 11 (5-23) 0.730 -0.09(-0.63-0.44)

Smoking history
no 329 206 62.61(56.95-67.67) - Reference 20 (16-25) - Reference
yes 67 43 64.18(51.53-75.53) 0.529 1.31(0.57-3.01) 18 (11-31) 0.938 -0.01(-0.25-0.27)

Drinking history
no 251 155 61.75(55.20-67.55) - Reference 20(15-25.40) - Reference
yes 145 94 64.83(56.47-72.57) 0.086 2.42(0.88-6.63) 20(15-28) 0.138 0.25(-0.08-0.59)

Hepatitis B among family members
no 389 243 62.47(57.29-67.14) - Reference 20(16-24) - Reference
yes 7 6 85.71(42.13-99.64) 0.931 0.90(0.09-9.22) 53(6-456) 0.883 -0.05(-0.65-0.56)

Chronic diseases history
no 375 238 63.47(58.20-68.18) - Reference 20(16-25) - Reference
yes 21 11 52.38(29.78-74.29) 0.922 0.95(0.34-2.68) 17(6-46) 0.565 0.11(-0.25-0.46)

Primary immunization anti-HBs titers(mIU/mL))#

<10 34 9 26.47(12.88-44.36) - Reference 4(2-7) - Reference
10- 86 30 34.88(24.61-45.44) 0.307 1.63(0.64-4.16) 7(5-12) 0.135 0.24(-0.08-0.56)
100- 215 153 71.16(64.61-77.12) <0.001 8.36(3.41-20.49) 26(21-33) <0.001 0.77(0.48-1.06)
≥1000 61 57 93.44(84.05-98.18) <0.001 43.28(11.45-163.51) 76(52-112) <0.001 1.20(0.86-1.54)

a Multivariable Logistic regression;b Multivariable Linear regression; *Ref:15-; &Ref: <18;
#Ref: Primary immunization anti-HBs levels < 10mIU/ml
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Among participants on 0-, 1- and 6-month schedule and 0-
and 6-month one with an anti-HBs level ≥ 100 mIU/mL at initial
series, those with a higher primary anti-HBs level and seroprotec-
tion rate were more likely to demonstrate a higher follow-up
antibody levels and seroprotection rate than those with lower anti-
HBs titers according to the multivariable analysis. This suggests
that those with anti-HBs levels ≥100 mIU/mL 12 years after the
primary immunization haven’t fall below <10 mIU/mL, the
farther the level is to 100 mIU/mL, the higher the probability
that the persistence will acquire. The findings on no association
between the proportion of subjects with seroprotective antibody
levels at 12 years and BMI, age at the primary vaccination coincide
with a recent study and our previous study.8,9 However, many
studies have drawn firm conclusions that increasing age is asso-
ciated with a decline in anti-HBs titers.7,19,20 This isn’t consistent
with our finding and may be largely attributed to the smaller
proportions in younger adults. We haven’t observed clear signifi-
cant difference between other factors and anti-HBs persistence
among adults. The results of our study and other studies revealed
no significance regarding to gender.19,21–24 More studies are
needed to identify the effect.

Those who had contact history with their family members
have higher breakthrough infection rate. It shows break-
through infection among adults may be due to horizontal
transmission in the household.24 This reminds us of impor-
tance to give HepB to the population at high risk.

Compared with the complete three-dose vaccination sche-
dule, a two-dose one reduces a dose and facilitates better
compliance of vaccinee, in addition to offering benefits asso-
ciated costs. So, the greatest advantage in our study is verified
that the anti-HBs persistence of a 2-dose schedule to adults is
a viable alternative to the conventional three-dose schedule
owing to the convenience to the migrant population.

The main limitation is the high loss to follow-up of the
participants. This study was conducted in the rural areas in
China, where many people leave their hometown and work in
the cities for the higher salary and better work environment.

Although age of the participants was different between the two
schedule-groups, given the fact that we did not find age at the
primary immunization was associated with the anti-HBs persis-
tence, we could conclude that the difference in age at the primary
immunization might have little impact on the main results.

In conclusion, a 0-, 1-, and 6-month schedule in adults
provides a better anti-HBs persistence when compared with
0–6 month schedule. Also, owing to the convenience to the
migrant population in China, a vaccination schedule of 0- and
6-month schedule may be suitable. Anti-HBs titers after pri-
mary immunization are the independent predictive factors of
anti-HBs persistence.

Materials and methods

Subjects

1,994 healthy adults who were aged 15–40 years from 20
villages of a town, Jiyang County, Shandong province,
China were used the cluster sampling according to villages
and enrolled and screened HBV serological markers
including hepatitis B surface antigen (HBsAg), anti-HBs
and anti-HBc in 2003. A total of 850 were seronegative for
all three indicators and randomly allocated to 0, 1, and
6 months schedule or a 0, 6 months schedule. 428 and 422
subjects received 10μg HepB (batch number 20021159–1)
derived in Saccharomyces cerevisiae (HepB-SC) according
to a 0, 1, and 6 months schedule or a 0, 6 months sche-
dule, respectively. Among vaccine recipients, 629 (341 vs.
288) subjects completed the three doses of HepB and the
anti-HBs test one month after vaccination and were
included in this study attending follow-up. 396 subjects
(202 vs. 194) attended the 12-year long-term follow-up
conducted in April 2015 (Figure 1). Written informed
consent was signed from all subjects and the study was
approved by the Ethics Committees of Shandong CDC.

Figure 1. Study design and disposition of subjects.
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Serum samples collection and laboratory testing

There were three collection. The first collection was used
for screening. The second one was after three doses of
HepB. We made the third colletion during follow-up.
Blood samples of 3–5 ml were collected and screened
before HepB vaccination. Moreover, blood samples were
collected and tested one month after the third post
6-month vaccination and at the follow-up visit. Serological
markers including HBsAg, anti-HBs and anti-HBc were
screened by Solid-Phase Radioimmunoassay (SPRIA) using
reagents kit (batch number 200311) produced by National
Vaccine & Serum Institute before HepB vaccinatio.25,26

Anti-HBs after the primary series were detected by SPRIA
using reagents kit (batch number 040720) produced by
Beijing North Institute of Biological and Technology after
the third post 6-month vaccination in 2004. We measured
quantitatively anti-HBs, anti-HBc and HBsAg when anti-
HBs was less than 10 mIU/ml for follow-up through
Chemiluminescence Microparticle Immunoassay (CMIA)
(Abbott reagent, Abbott ARCHITECT-i2000 Immuno-
luminescence detector, the same below) at the follow-up
visit in 2015.

Statistical analyses

Demographic and epidemiological data included: socio-
demographics (e.g. gender, age), lifestyle habits (e.g. smoking
history, drinking history), health status (chronic diseases history).
An anti-HBs level≥10 mIU/mL was considered seroprotective.
Data are expressed as number and proportion of persons with
seroprotection as categorical variables, geometric mean concen-
trations (GMC) and 95% CI as quantitative variables where

appropriate. Quantitative anti-HBs titers were log-transformed
to calculate GMC and 95% CI. Statistical software R 3.0.2 for
Windows was utilized to analyze differences between groups:
oneway analysis of variance was applied to quantitative variables,
Pearson chi-square tests to categorical variables, multivariable
linear regression model to factors associated with persistence
for quantitative variables, nonconditional logistic regression
model to the factors for categorical variables. A P-value of
<0.05 (two tails) was chosen to indicate statistical significance.
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