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Introduction

Hepatitis B virus (HBV) infection is a constant and serious threat 
in the world. China is a HBV high endemic country. More than 
700 million adults (about 30% of the worldwide) show evidence 
of prior infection and nearly 120 million individuals are chronic 
hepatitis B surface antigen (HBsAg) carriers.1 In China, over 
300,000 deaths per year are due to HBV-related liver diseases.1 
Guangdong province is a HBV high endemic area in China with 
13.55% of the HBsAg positive rate in 2006, the second highest 
in the country.2

During the past three decades, prophylactic hepatitis B 
immunization has been firmly established as an effective method 
for reducing the incidence of HBV infection, the HBsAg carrier 
state and hepatocellular carcinoma.3 Mass vaccination of neo-
nates and pre-school children has been strongly recommended by 
the WHO Expanded Programme on Immunization (EPI).4 The 
Ministry of Public Health of China introduced the techniques 
of manufacturing plasma-derived and recombinant hepatitis B 
(HB) vaccines with internationally accepted quality control in 
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domestic plants through technology transfer from Merck and Co. 
Plasma-derived HB vaccine was available in late 1980s, and the 
recombinant vaccine was manufactured in early 1993 in China. 
Plasma-derived vaccine was used first, gradually supplemented, 
and finally replaced by recombinant vaccine in 1997 for nation-
wide use.5 Not all vaccinees, however, respond to vaccination. 
Levels of Hepatitis B surface antibody (anti-HBs) at or exceeding 
10 mIUml-1 4–8 weeks after the last vaccine injection have been 
considered to be protective since the early 1980s.6 The 10 mIUml-1 
level of anti-HBs associated with protection was originally estab-
lished from passive immunization studies with immune globu-
lin,7,8 and received subsequent confirmation from a long-term 
protective efficacy study in a high-risk group.9 Non-responders 
(anti-HBs titer < 10 mIUml-1) remain susceptible to HBV and 
are at risk of becoming chronic carriers after the infection.10,11 
Further research find breakthrough infections have occurred in 
vaccinees whose anti-HBs titers are low (< 100 mIUml-1) after a 
hepatitis B vaccine schedule.12,13 HBV infection was much more 
severe with clinical sign of disease in non- and low-responders 
than in responders.13 In a number of countries, anti-HBs values 
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their study objectives are mostly adults or children. Newborns 
are seldom studied because of the difficulties in collecting blood 
samplings.

Now 1.6 million neonates each year and more than 18 mil-
lion people who were born from 1997 to 2011 are administrated 
5 μg yeast recombinant anti-HBV vaccine in Guangdong while 
most of other countries perform recombinant anti-HBV vaccine 
with 10 μg dosage, even 20 μg dosage. Few studies have been 
performed to evaluate the immunogenicity of 5 μg HBV vaccine 
and to analyze the influence factors though so many neonates are 
administrated each year. The primary objective of this study is to 
identify the number of non- and low-responders to the vaccine 
and then appraise the influence of host factors [age, sex, LBW, 
premature, mother HBsAg-positive and HBeAg (hepatitis B e 
antigen)-positive] on the immune response. Secondary objective 
is to evaluate the response to supplementary doses of the vaccine 
in the identified group of non- and low-responders.

Results

We obtained data on the anti-HBs titer in 1,814 subjects, repre-
senting 82.5% of the enrolled cohort. 263 (12%) subjects refused 
to be taken blood sample. 122 (5.5%) neonates tested positive for 
anti-HBc or HBsAg after the primary immunization circle were 
excluded from the study. Among the 122 neonates, 113 neonates 
were anti-HBc positive, and they might be infected or trans-
mitted transplacentally from mothers. Three were positive for 
HBsAg, and 6 were positive for both HBsAg and core antibody. 
The 9 infants might be infected by HBV. Among 140 HBsAg or/
and HBeAg positive mothers, 36 infants were detected HBsAg 
or anti-HBc positive and the vertical transmission rate could be 
calculated as about 25.7%.

At the end of the primary immunization cycle, only 56 
infants out of 1,814 infants (3.1% of the sample) were found to 
be non-responders (anti-HBs titer < 10 mIUml-1), whereas 1,233 
babies (68.0%) were responders (anti-HBs titer ≥ 100 mIUml-l). 
There were 525 low-responders (anti-HBs ≥ 10 mIUml-l and  
< 100 mIUml-l; 28.9% of the total). The mean GMT was 169.5 
± 115.3 mIUml-l. The minimum GMT was 0.78 and the maxi-
mum was 705.8 mIUml-l.

To analyze host factors that could confound immune 
response, non- and low- responders to the primary immuniza-
tion cycle were compared with the others. Among 62 LBW neo-
nates, 31 (50%) were found to be unprotected (anti-HBs titer  
< 10 mIUml-l) after primary immunization, 1.6 times the risk 
(RR = 1.6, 95%CI = 1.2–2.0) among normal birth weight neo-
nates (548/1728, 32%). Other factors, such as age, sex, prema-
ture, mother HBsAg-positive, mother HBeAg-positive, were not 
associated with immune response (Table 1).

Limited by the vaccine provision and fund, not all low-
responders were administrated with additional anti-HBV vaccine. 
One hundred and five low-responders were randomly sampled 
from 525 low-responders by systematic sampling. We compared 
demographic characteristics (months, sex, gestational ages and 
birth weight) between 101 revaccination and 424 non-revaccina-
tion infants among 525 low-responders. There was no significant 

determination 4–8 weeks after the end of the basic immuniza-
tion series ≥ 100 mIUml-l are regarded as a surrogate marker for 
successful vaccination.13-15 Persons with an anti-HBs concentra-
tion of ≥ 100 mIUml-l are protected against disease, especially for 
health care workers who with, only antibody levels ≥ 100 mIUml-l  
could give adequate protection against occupational exposure.16 
Once the children have antibody levels < 100 mIUml-1, they will 
be at similar risk of infection and reversion.10

Different vaccination schedules have been adapted by the 
health authorities in different countries. The hepatitis B immuni-
zation program has been introduced by the Guangdong province 
since 1992 as the rest of the country. Newborns were immunized 
at 0, 1, and 6 mo with 5 μg or 10 μg dosage HB vaccine which 
were both paid by their families. From 2002 on, universal vac-
cination of 5 μg dosage for newborns has been paid by the gov-
ernment. However, people could select 10 μg dosage at their own 
expense mainly due to the huge vaccination population, high 
expense and limited governmental funding. Indeed, both differ-
ent dosages of early plasma-derived and current recombinant HB 
vaccine have shown excellent records of safety, immunogenicity, 
protective efficacy. And they have a significant impact on the 
problem of HBV infection. Recent studies in China17,18 found 
that seroprotection rate of 3 doses 5 μg HB vaccine is signifi-
cantly lower than 3 doses 10 μg at the time of one month and one 
year after immunity, and the 3 doses 5 μg HB vaccine seroprotec-
tion rates are also high (85–100%). But most of the research use 
≥ 10 mIUml-l as the cutoff of anti-HBs positive conversion and 

Table 1. chi-square test of factors influencing anti-HBs titers after pri-
mary immunization with 5 μg HB vaccines, Guangdong, china 2006

Total
Anti-HBs titer  
< 100 mIUml-l RR(95%CI)

n %

Infant months

7 1789 572 32 0.89(0.52–1.5)

8 25 9 36

Infant sex

Male 1006 314 31 0.94(0.83–1.08)

Female 808 267 33

LBW

Yes 62 31 50 1.6(1.2–2.0)

No 1728 548 32

premature

Yes 69 25 36 1.1(0.82–1.6)

No 1734 553 32

Mother  
HBsag-positive

Yes 118 40 34 1.0(0.78–1.3)

No 1316 438 33

Mother  
HBeag-positive

Yes 34 12 35 1.1(0.66–1.7)

No 1372 461 34
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non-responses, nor did mother HBeAg-positive. The result was 
similar to other research result.40 In the present study, 122 neo-
nates tested positive for anti-HBc or HBsAg were excluded. And 
most of them were given birth by mothers identified as HBsAg- 
or HBeAg-positive. Some studies found that mother HBsAg- or 
HBeAg-positive contributed to the non-responses after vaccina-
tion.41,42 However, they did not exclude anti-HBc or HBsAg posi-
tive neonates whose mothers were HBsAg- or HBeAg-positive.

Long-term protection against HBV after a primary immuniza-
tion course has been shown in vaccinees with antibodies to HBV 
(anti-HBs > 10 mIU/ml).43,44 And loss of antibodies does not 
necessarily mean loss of immunity to HBV. Protection against 
infection is not an all or nothing phenomenon but is a probability 
function. Therefore there cannot be an absolute protective level 
of antibody against infection. On the other hand, breakthrough 
infections had occurred in vaccinees whose anti-HBs titers were 
low (< 100 mIU/ml) or deficient (< 10 mIU/ml) after a hepatitis 
B vaccine schedule.18,45 Hoffman et al. found that10 the risk of 
HBV infection increased not only in non-responders who had 
undergone a complete vaccination series but also in low-respond-
ers. Base on a much higher number of vaccines, we can carry 
out a more precise conclusion. In recent years, there are about 
1.6 million neonates who are born in Guangdong province per 
year. The non- and low- responding neonates are predicted to 
be 0.51 million per year who are still under the threat of HBV. 
Almost 80% of non- and low-responders developed anti-HBs 
titer > 100 mIU/ml after three additional 10 μg booster doses of 
recombinant anti-HBV vaccine.

Our research had some limitations. First, the initial sample 
size of non- or low-responders was sufficient initially, but attrition 
was large for the booster dose sample size for the low- and non-
responders, thus limiting the generalizability of the data. Second, 

difference between the two groups and the subset was representa-
tive for the entire study (Table 2). Following administration of 
the three additional doses of anti-HBV vaccine, the 108 infants in 
the non- and low-responder groups demonstrated a redistribution 
of the antibody titer. Of the 34 infants with an antibody titer < 
10 mIUml-1 at the time of seroconversion, 5 (14.7%) were shifted 
to the low-responder group and 29 (85.3%) became responders. 
Of the 74 low-responders, 16 (21.6%) remained at this level and 
58 (78.4%) moved into responder category (Table 3). The mean 
GMT was 218.6 ± 181.0 mIUml-1. The minimum GMT was 
11.0 and the maximum value was 1435.4 mIUml-1. A total of 
324 revaccination vaccine doses were given, and adverse events 
were investigated in 318 (98.2%) of the cases. No complication 
was found after 318 vaccine doses, but a lower proportion of fever 
and local adverse events were found. Mild fever was found in 26 
(8.2%) of the cases and 8 (2.5%) were found swelling. All adverse 
events were slight and largely resolved without treatment. Most 
adverse events were reported during the first 24 h in all doses.

Discussion

Our results confirmed the efficacy of vaccination against HBV in 
infants and highlighted the fact that 3.1% were non-responders 
and 28.9% were low-responders. The percentage of responders in 
our study (68%) was lower than those of other studies (ranging 
between 80% and 97%).19-21 The subjects of these studies were 
also neonates and the procedures were consistent with our study, 
except the dosage. Previous studies used 10 μg vaccine while 5 μg 
vaccine was used in this study, indicating that vaccine dosage 
influenced antibody response to anti-HBV vaccine.22 The effect 
of vaccine might also be influenced by technology of different 
companies and epidemiology of different districts.

Furthermore, we analyzed the factors that may influence the 
antibody response to anti-HBV vaccine. The outcome of primary 
vaccination were influenced by neonate birth weight. We found 
non- and low- responders were more in LBW neonates (50%) 
than normal birth weight neonates (32%), which is consistent 
with other studies. For example Feratis et al. found that the sero-
protection rate of LBW neonates was lower than normal weight 
neonates, especially for the neonates weight less than 1,700 g.23 
Hassan et al. observed low-response rate in LBW subjects was 
higher than that in normal birth weight neonates.24 The sero-
protection response rate after three doses of vaccine increased 
with birth weight. Infants weighing < 1,500 g at birth (< 1,000 g, 
1,000 to 1,500 g) had lower rates of response (52% and 68%, 
respectively) than did infants weighing > 1,500 g at birth (84% 
response rate).25

Sex was not associated with the immunological response to 
HBV, which were consistent with other studies.22,26-34 Because 
most of the subjects of our study were 7 and 8 mo newborns, 
we did not find the association between age and responsiveness. 
Our results were in agreement with studies that the frequency 
of preterm infants producing protective antibody levels was as 
high as that of full term infants.35-39 As the aforementioned stud-
ies, our study infants had a higher gestational age Our study 
neither found the relation between mother HBsAg-positive and 

Table 2. comparison of demographic characteristics between revac-
cination and non-revaccination infants among 525 low-responders, 
Guangdong, china 2006

Revaccination infants
Pa

Yes (n = 101) No (n = 124)

Months 7(7,7) 7(7,8) 0.165

Gestational weeks 37.8(30,45) 38.1(28,45) 0.130

Birth weight 3.3(2.3,4.2) 3.2(1.7,4.7) 0.203

Males, no. (%) 50(49.5) 237(55.9) 0.246

Note: Data are median (range) of subjects, unless otherwise indicated. 
aexact χ2 or nonparametric Kruskal-Wallis test for differences among 
treatment arms.

Table 3. anti-HBs response in non- and low- responders after three ad-
ditional hepatitis B revaccination: Guangdong, china 2006

Booster  
low-responders

Booster 
responders Total

n % n %

primary non-responders 5 14.7 29 85.3 34

primary low-responders 16 21.6 58 78.4 74

Total 21 19.4 87 80.6 108
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parent, 5 μg yeast recombinant anti-HBV vaccine was adminis-
tered intramuscularly at 0, 1 and 6 mo. A 3 ml blood sample was 
drawn from each infant 1 mo after the third dose of vaccine for 
determination of hepatitis B core antibody (anti-HBc), HBsAg 
and the anti-HBs level. Variables associated with poor response 
were sought prospectively by collecting demographic and clinical 
data. We obtained data on anti-HBs titer in 1,814 subjects of the 
enrolled cohort. On the basis of the magnitude of the antibody 
response achieved at seroconversion, three groups of subjects were 
identified:

(1) non-responders, with anti-HBs levels < 10 mIU/ml.
(2) low- responders, with anti-HBs levels ≥ 10 mIU/ml  

and < 100 mIU/ml.
(3) responders, with anti-HBs levels ≥ 100 mIU/ml.
108 infants were studied after primary vaccination schedule. 

The 108 children group consisted of 34 out of 56 non-responders 
and 74 out of 105 low-responders.22 non-responders parents and 
31 low responders parents did not allow their children to receive 
further treatment. Three additional doses (10 μg each) of yeast 
recombinant HBV vaccine were given at 8, 9 and 14 mo of life.

Test of anti-HBs, HBsAg and anti-HBc. During the whole 
study period, serological tests were administrated in the same lab-
oratory and the analysis kits were purchased from Beijing North 
Institute of Biological Technology.

At each time point, serum samples collected were stored at 
-20°C. Anti-HBs, HBsAg and anti-HBc were all quantitatively 
measured by radioimmunoassay. Seroprotection for anti-HBs 
was defined as an anti-HBs level of ≥ 10 mIUml-l. Seroconversion 
for HBsAg as a radioimmunological count per minute (cpm) of 
sample over mean cpm of negative controls (S/N) of ≥ 2.1, and 
seroconversion for anti-HBc according to the instructions of the 
manufacturer.

Statistics. The data were processed using SPSS 17.0 software. 
All tests were performed two-sided at the 5% significance level. 
The dependency of the seroprotective rate on the host factors was 
assessed by using the x2 test. The mean level of anti-HBs was 
expressed as GMT.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

we did not have different dose-dependent and time-dependent 
antibody responses for the specific revaccination to test how 
many additional doses were required to push the non-respons-
ers and low-responders into the higher titer range. Third, there 
were still some argues about whether the low responders group 
(10–100 mIU/ml) was at significant risk for hepatitis B carrier, 
infection, disease or liver cancer and that this group was relevant 
for booster dosing.

The result of our study had important practical consequence. 
Probably 0.4 million non- and low- responders per year and 
almost 4.6 million in recent 15 y in Guangdong would become 
responders if additional immunization cycle was administrated. 
Based on the lower responding rate after the primary immuni-
zation cycle and the higher responding rate after the additional 
cycle, measurement of anti-HBs level should be considered for 
people who had been immunised with three-dose 5 μg HB vac-
cine, especially for specific populations including LBW infants, 
healthcare workers, and patients with immunodeficiency disor-
ders. An amount of 10 μg vaccine should be revaccinated to any 
non- and low- responders to provide adequate seroprotection.

Based on our study result about high non- and low- respond-
ing rate of 5 μg HB vaccine and other studies result about higher 
non- responding rates of 5 μg HB vaccine comparing with 10 μg 
HB vaccine,17,18 5 μg yeast recombinant HB vaccine is fully con-
sidered to be replaced by 10 μg vaccine by the Guangdong health 
authority now. Further research is required to evaluate the revac-
cination immunogenicity induced by different vaccine dosages 
and different number of doses. Of course, further study sample 
size should be large enough to be sufficiently representative. 
Longer follow up of currently 5 μg immunized people and future 
10 μg immunized people is also needed to understand antibody 
levels, HBV infection and carrier rates. These issues are impor-
tant for the evaluation and optimization of vaccination policies.

Materials and Methods

Subjects and immunization schedule. The initial cohort con-
sisted of 2199 children who received anti-HBV vaccine from six 
counties (Nanshan, Dalang, Shijie, Qingxi, Wanjiang, Houjie) of 
Guangdong province. All children were born from March 2005 
to January 2006. Following the informed consent of at least one 
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