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ABSTRACT
Immune memory after hepatitis B vaccination among adults is still under investigation. In this study, adults
who had normal and high antibody response to the primary series of hepatitis B vaccination (HepB) were
followed up at 5 years after the primary immunization. A booster dose was given to those who had low
hepatitis B surface antibody (anti-HBs) titers, defined as anti-HBs levels < 10 mIU/mL. Blood samples were
collected at two weeks after the booster and anti-HBs levels were measured. We assumed those with ant-
HBs levels > D 10 mIU/mL after the booster had anamnestic response. In total, 242 persons completed
the booster and the anti-HBs test. The anamnestic response rate was 99.59% (241/242) and geometric
mean concentration (GMC) of anti-HBs after the booster was 2989 mIU/mL (95% CI: 255, 35085). Anti-HBs
titer after the booster dose had a positive correlation with anti-HBs titers measured right after the primary
immunization as well as anti-HBs titers 5 years later just before the booster. After the booster, no
significant difference was found in anti-HBs titers between participants who were immunized with the
10mg HepB vaccine and those with the 20mg vaccine. Multivariable analysis showed that 1) vaccine brand
used for the primary vaccination, 2) anti-HBs titers after primary vaccination and 3) anti-HBs titers before
the booster dose were independently associated with the anti-HBs titers after the booster 1) b D -0.21,
95% CI: -0.33, -0.09, P D 0.001; 2) b D 0.07, 95% CI: 0.05, 0.09, P < 0.001; 3) b D 0.04, 95% CI: 0.02, 0.07,
P < 0.001). In summary, anamnestic response exists among almost all adults at five years after HepB
primary immunization. Vaccine brand used for primary vaccination, initial anti-HBs titers after primary
immunization and anti-HBs titers before the booster were the independent predictive factors of HepB
anamnestic response titers.
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Introduction

Hepatitis B viral (HBV) infection, which could lead to chronic hep-
atitis, cirrhosis and hepatocellular carcinoma, continues to be a
serious global health problem,1,2 The first Global Health Sector
Strategy on viral hepatitis for 2016–2021, which was approved by
World Health Assembly in May 2016, introduced the first-ever
global targets for viral hepatitis, including a 30% reduction in new
cases of hepatitis B and C by 2020. One of the key approaches to
achieve the goal is expanded vaccination programs of hepatitis B.3

In the 2006 serologic survey, the prevalence of hepatitis B surface
antigen (HBsAg) was 7.2% among Chinese population aged 1–
59 years and 8–12% in adults above 20 years.4 In 2011, Chinese
Center for Disease Control and Prevention (CDC) and Chinese
Prevention Medicine Association (CPMA) released the guidelines
for adult Hepatitis B vaccination (HepB) immunization among
Chinese, and all unvaccinated adults especially those at high risk
for HBV infection should be candidates for vaccination.5

HepB is the most effective and safe method of conferring
long-term protection against HBV,6 and has been recommended
to infants by the Chinese government since 1992.7 Previous

studies showed that adults had persistent immune memory after
HepB vaccination.8-11 Anti-HBs �10 mIU/mL is usually
regarded as adequate (protective) against HBV infection.10-12

The proportion of individuals with anti-HBs �10 mIU/mL after
a vaccination series varied greatly in healthy populations.13,14 In
China, the adult non-responding rate after HepB primary
vaccination was estimated at 4.7%–14.22%.15,16 It has been docu-
mented that anti-HBs level decays with time after HepB vaccina-
tion.17 Although Chinese national guidelines did not
recommend persons with adequate response after the primary
immunization to receive any boosters,5 some researchers
suggested a booster dose to those whose anti-HBs level decreases
to 10 mIU/mL or lower.10 The national guidelines were
supported by evidence of persistence of immune memory,18,19

and this memory has been documented to last for at least
20 years after HepB primary immunization in infancy.20,21 The
factors associated with immune memory after hepatitis B vacci-
nation in adults are still under investigation.8,9,17

We conducted this study to examine the status of immune
memory among adults with adequate HepB antibody response
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at 5 years after the primary immunization. We also explored
factors associated with the titer of anti-HBs after a booster dose.

Results

Study population

A total of 242 participants completed the booster and anti-HBs
test, and were included in the final analysis. These 242 people
were similar in age, sex, anti-HBs titers after the primary
immunization with the 249 people who were loss to follow up.
However, body mass index (BMI) was significantly higher in
those who were lost to follow up (x2 D 20.23, P < 0.001). The
demographic characteristics of the subjects are shown in
Table 1.

Anti-HBs response after the boost dose

After the booster, anamnestic response was observed in 241
subjects and the anamnestic response rate was 99.59% (241/
242). The only one person who failed to respond had a post-
booster titer of 2 mIU/ml, and his initial titer after the primary
immunization was 225 mIU/ml. She was not obese (BMI D

23.44) and had not reported any use of immunotherapy or dia-
betes. The geometric mean concentrations (GMC) of anti-HBs
after the booster dose was 2989 mIU/mL [95% confidence
interval (CI) D 255, 35085]. The anti-HBs titer after the booster
was positively correlated with both the anti-HBs titer just
after the primary series and the anti-HBs titer just before the
booster (F D 8.714, P< 0.001; F D 5.427, P< 0.001), and was
similar between the subjects with 10mg booster dose and 20mg
booster dose (t D 1.533, P D 0.127) (Table 2).

Factors associated with anti-HBs titer after the booster
dose

Multivariable analysis showed that age at the primary immuni-
zation, HepB type for the primary immunization, gender, BMI,
smoking history, drinking history, and HepB dose for the
booster were not significantly associated with anti-HBs titers
after the booster, but HepB type for the primary immunization
(b D -0.21, 95% CI: -0.33, -0.09, P D 0.001), anti-HBs titers
after the primary immunization (b D 0.07, 95% CI: 0.05, 0.09,
P< 0.001) and anti-HBs titers just before the booster (b D 0.04,
95% CI: 0.02, 0.07, P< 0.001) were independently associated
with anti-HBs titers after the booster dose (Table 3).

Discussion

Immune memory can be assessed by anti-HBs level induced by
a booster of HepB.22 The present study documented the
immune memory for HepB in adults at five years after HepB
primary immunization. In the study, although anti-HBs
decayed to lower than 10 mIU/mL in these participants, only
one participant failed to develop anti-HBs> 10 mIUmL at two
weeks after the booster so the anti-HBs response should be is
protective against HBV infection. These findings were sup-
ported by a study in Canada, where almost 99% people devel-
oped protective level immune memory at 15 years after HepB
primary immunization.23 In a study in the United States, 49%
subjects had anti-HBs titers <10 mIU/mL during 30 years fol-
low-up, but most (88%) persons without seroprotective level of
anti-HBs had a rapid rise in titer after a booster, indicating
immuno memory.24 Our study is also supported by the previ-
ous reports that immune memory outlasted the presence of
detectable circulating antibodies.21,25-30 All these studies sup-
ported that the booster dose is not needed when anti-HBs is
lower than 10 mIU/ml or undetectable.

Our multivariable analysis showed that vaccine brand used
for the primary vaccination was an independently predictive
factor for anti-HBs titers after the booster dose. The different
immunogenicity may be caused by different molecular size and
weight.31,32 Anti-HBs titers after the primary immunization
was found to be independently associated with anti-HBs titers
after the booster dose among adults. Similar results have been
reported in some studies among infants or youngsters.21 Fur-
thermore, we also found that pre-booster anti-HBs titers were
independently associated with anti-HBs titers post-booster.
Chinra et al. reported that pre-booster antibody titers higher
than 2 mIU/mL could predict an anamnestic response after
HepB booster dose, whereas titers below this value may
increase the likelihood of non-response.33 Our study found the

Table 1. The characteristic of study population between completed follow-up and
not complete follow-up.

Characteristic

Complete
follow-up

visit (n D 242)

Not complete
follow-up

visit (n D 249) x2 P

Age at primary immunization
(years)

3.30 0.192

18»29 30(12.40) 19(7.63)
30»39 65(26.86) 75(30.12)
40»49 147(60.74) 155(62.25)

Sex 0.97 0.360
Males 111(45.87) 108(43.37)
Females 131(54.13) 141(56.63)

BMI (kg/m2) 20.23 <0.001
<23.9 136(56.20) 112(44.98)
24.0»27.9 96(39.67) 97(38.96)
�28 10(4.13) 40(16.06)

Anti-HBs concentrations after
primary immunization
(mIU/mL)

14.50 0.106

100» 39(16.12) 59(23.69)
200» 36(14.88) 38(15.26)
300» 32(13.22) 39(15.66)
400» 19(7.85) 24(9.64)
500» 13(5.37) 11(4.42)
600» 14(5.79) 19(7.63)
700» 16(6.61) 11(4.41)
800» 18(7.44) 7(2.81)
900» 14(5.78) 8(3.21)
�1000 41(16.94) 33(13.25)

Pre-challenge anti-HBs
antibody concentrations
(mIU/mL)

12.75 0.174

0» 39(16.12) 36(14.46)
1» 35(14.46) 31(12.45)
2» 40(16.53) 27(10.84)
3» 32(13.22) 22(8.84)
4» 18(7.44) 31(12.45)
5» 19(7.85) 21(8.43)
6» 14(5.79) 20(8.03)
7» 22(9.09) 24(9.64)
8» 13(5.37) 19(7.63)
9» 10(4.13) 18(7.23)
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factors including age, gender, BMI, smoking history and drink-
ing history had no significant association with anti-HBs titers
after the booster, which was in agreement with the study by
Middleman et al.34

There are some strengths in our study. First, a large sample
size helped obtain reliable results. Second, HepB with different
dosage was used for the booster in order to evaluate the influ-
ence of HepB dosage on anamnestic response and HepB dosage
was known to affect anti-HBs response after the primary
immunization.35,36 However, the results of the present study
suggested that there is no difference in the immune response to
the booster dose of HepB between these two different groups of
HepB dosages. There was a high anamnestic response in this
study even when a smaller HepB dose was given.

Some limitations in our study should be taken into consider-
ation. First, 249 participants were lost to follow-up after the pri-
mary immunization, which might be due to the fact that many
people left home and worked in other cities in China. Second,
BMI was deferent between the participants include in the study
and those who were lost. Given the fact that we did not find

BMI was associated with the anamnestic response, we would
argue that the difference in BMI might have little impact on the
main result.

In conclusions, we documented high anamnestic response
among adults with normal and high response to HepB primary
vaccination at the 5-years follow-up, confirming that the
booster is not needed at least 5 years after the primary vaccina-
tion among adults. Anti-HBs titer after the primary immuniza-
tion, anti-HBs titers pre-booster and HepB types for primary
immunization can affect anti-HBs titers after the booster.

Materials and methods

Subjects

HBV seromarkers including HBsAg, anti-HBs and anti-HBc
were tested for 24,237 healthy adults who were aged 18–49 years
and had no histories of HBV infection and hepatitis B vaccina-
tion, recruited from 79 villages of Zhangqiu County, Shandong
province, China in 2009. Of these, 11,590 persons were negative
for all three indicators and were provided free HepB. Among
them, 8,592 subjects completed three doses of HepB and the
anti-HBs titers test one month after the last dose. The number
of subjects with non-responder, low-responder, normal-
responder and high-responder were 900, 1306, 2869 and 3517,
respectively.15,37,38 The participants with normal and high
response to the primary vaccination were followed up at five
years after vaccination, and anti-HBs and anti-HBc were tested.
The participants with anti-HBs <10 mIU/mL at follow-up
were included in this study. Fig. 1 depicts the study flow chart.
The study was approved by the Ethics Committees of Shandong
CDC and all subjects signed the informed consent form.

Table 2. Percentage of subjects with post-booster anti-HBs concentrations 0–9, 10–99, 100–999 and �1000 mIU/mL and GMC two weeks after HepB booster, stratified by
anti-HBs concentrations after primary immunization and pre-challenge anti-HBs concentrations.

Subjects (%) Post-booster anti-HBs concentrations (mIU/mL)

Anti-HBs concentrations (mIU/mL) N 0- 10- 100- �1000 Anamnestic response GMC(95%CI, mIU/ml)

Anti-HBs concentrations after primary immunization
100- 39 0(0.00) 1(2.56) 16(41.02) 22(56.41) 39(100.00) 1152(134, 9893)
200- 36 1(2.77) 1(2.77) 7(19.44) 27(75.00) 35(97.22) 1505(61, 37292)
300- 32 0(0.00) 1(3.12) 3(9.37) 28(87.50) 32(100.00) 2598(236, 28619)
400- 19 0(0.00) 0(0.00) 2(10.52) 17(89.47) 19(100.00) 4039(847, 19261)
500- 13 0(0.00) 0(0.00) 1(7.69) 12(92.30) 13(100.00) 3703(463, 29648)
600- 14 0(0.00) 0(0.00) 0(0.00) 14(100.00) 14(100.00) 4259(1918, 9459)
700- 16 0(0.00) 0(0.00) 1(6.25) 15(93.75) 16(100.00) 3201 (544, 18855)
800- 18 0(0.00) 0(0.00) 2(11.11) 16(88.88) 18(100.00) 5056(735, 34829)
900- 14 0(0.00) 0(0.00) 1(7.14) 13(92.85) 14(100.00) 4905 (825, 29197)
�1000 41 0(0.00) 0(0.00) 1(2.43) 40(97.56) 41(100.00) 7086(1238, 40569)
Total 242 1(0.41) 3(1.23) 34(14.04) 204(84.29) 241(99.59) 2989(255, 35086)

Pre-booster anti-HBs concentrations
0- 39 1(2.56) 1(2.56) 13(33.33) 24(61.53) 38(97.44) 1186(51, 27571)
1- 35 0(0.00) 1(2.85) 9(25.71) 25(71.42) 35(100.00) 2021(144, 28407)
2- 40 0(0.00) 1(2.50) 5(12.50) 34(85.00) 40(100.00) 2689 (393, 18410)
3- 32 0(0.00) 0(0.00) 2(6.25) 30(93.75) 32(100.00) 4589(493, 42716)
4- 18 0(0.00) 0(0.00) 1(5.55) 17(94.44) 18(100.00) 4179 (573, 30473)
5- 19 0(0.00) 0(0.00) 0(0.00) 19(100) 19(100.00) 4174(950, 18334)
6- 14 0(0.00) 0(0.00) 2(14.28) 12(85.71) 14(100.00) 3398(485, 23787)
7- 22 0(0.00) 0(0.00) 1(4.54) 21(95.45) 22(100.00) 4604(654, 32427)
8- 13 0(0.00) 0(0.00) 0(0.00) 13(100.00) 13(100.00) 7188(1698, 30424)
9- 10 0(0.00) 0(0.00) 1(10.00) 9(90.00) 10(100.00) 5008(706, 35549)
Total 242 1(0.41) 3(1.23) 34(14.04) 204(84.29) 241(99.59) 2989(255, 35085)

Table 3. Multifactor linear regression model analysis after challenge dose.

Variables b (95%CI) P value

Age at primary immunization 0.00(¡0.09, 0.08) 0.963
Vaccine brand used for primary vaccination ¡0.21(¡0.33, ¡0.09) 0.001
Gender 0.12(¡0.02, 0.27) 0.099
BMI ¡0.08(¡0.19, 0.02) 0.106
Smoking history 0.06(¡0.04, 0.17) 0.245
Drinking history ¡0.02(¡0.20, 0.16) 0.826
Revaccination HepB dosage ¡0.05(¡0.17, 0.07) 0.399
Anti-HBs concentrations after primary

immunization
0.07(0.05, 0.09) <0.001

Pre-challenge anti-HBs concentrations 0.04(0.02, 0.07) <0.001

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2487



Vaccination

Primary immunization was completed with one of the following
four types of HepB on 0-1-6 month schedule: 20mg HepB-SC,
20mg HepB derived in Chinese hamster ovary cell (HepB-CHO),
10mgHepB-SC and 10mgHepB derived inHansenula polymorpha
(HepB-HP). At 5 years after the primary immunization, the partici-
pants with anti-HBs<10mIU/mLwere grouped using cluster sam-
pling method, and a booster dose was given to the two groups with
10mgHepB-SC and 20mg HepB-SC, respectively.

Serum samples collection and laboratory testing

Serum samples of 3–5mLwere collected before the primary immu-
nization (T0), one month after the primary immunization (T1),
five years after the primary immunization (T2) and two weeks after
the booster dose (T3). HBsAg, anti-HBs and anti-HBc at T0 were
tested by ELISA using reagents kit (HBsAg and anti-HBs were
tested using reagents kit produced by Intec Products Inc. (xiamen)
(cut-off: �1 mIU/mL). Anti-HBc was measured using reagents kit
produced by Shanghai Kehua Bio-Engineering co., Ltd (cut-off:
<1 mIU/mL)). HBsAg, anti-HBs and anti-HBc at T1, T2 and T3
were measured quantitatively using chemiluminescence micropar-
ticle immunoassay (CMIA) (Abbott, USA). All tests were con-
ducted according to themanufacturers’ instructions.

Statistical analyses

Data are presented as number and percentage, GMC and 95%
CI where appropriate. An anti-HBs titer greater than or equal

to 10 mIU/mL was considered protective against HBV infec-
tion. The distributions of post-booster anti-HBs titers were
examined and then log-transformed to achieve approximately
normal distribution for parametric modeling and testing. The
percentage of subjects who were seropositive for anti-HBs
�10 mIU/mL after the booster and their corresponding GMC
were tabulated with 95% CI. Factors associated with anti-HBs
titers after the booster dose was examined by multivariable lin-
ear regression model analysis. The anti-HBs anamnestic
response was defined as anti-HBs titers �10 mIU/mL at two
weeks post-booster in subjects who were seronegative before
receiving the booster dose.7 All statistics were two-tailed. P-
Values �0.05 were considered significant. All statistical analy-
ses were performed using Microsoft Excel 2010 software or R
software.
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