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Abstract
Background: Whether maternal anti-HBs acquired transplacentally plays a negative role in newborn
infants’ immune response to hepatitis B vaccine (HepB Vac), it remains controversial and has not been
paid enough attention.
Methods: 267 BALB/c mice were bred. All mice were divided into two groups according to different doses
of HepB Vac (2μg, 5μg) injected to mice. Each group was sub-divided into three subgroups according to
different doses of hepatitis B immunoglobulin (HBIG) (50 IU, 25 IU, 0 IU) injected combined with the first
dose of HepB Vac. Three doses of HepB Vac were administrated at 0 week, 4week and 8 week
respectively. Antibodies against hepatitis B surface antigen (anti-HBs) were tested four weeks after the
third dose of HepB Vac.
Results: Among 267 mice, 40 were of low- and non-response to HepB Vac (anti-HBs<100 mIU/mL).
Multivariate logistic regression analysis showed that rates of anti-HBs<100 mIU/mL were: 1.1%, 23.1%
and 20.7% in groups of HBIG=0 IU(1), HBIG=25 IU(2) and HBIG=50 IU(3) respectively, p = 0.002, and
among subgroups, (1) vs (3), RR= 0.032, 95% CI [0.004, 0.255], p = 0.001, (2) vs (3), RR= 1.359, 95% CI
[0.588, 3.144], p = 0.473; 4.5% and 25.6% in groups of HepB Vac 5μg and 2μg, RR=0.093, 95% CI [0.035,
0.250], p <0.001; 6.1% and 23.7% in groups of intramuscular injection and hypodermic injection,
RR=0.139, 95% CI [0.056, 0.346], p <0.001. The mean titers of anti-HBs (log10mIU/m) were on the
decrease in turn in groups of HBIG= 0 IU, HBIG= 25 IU and HBIG= 50 IU, p <0.001.
Conclusions: HBIG has a negative impact on both the rate of effective immune response and response
level of anti-HBs, which preliminarily indicates maternal anti-HBs inhibits infants’ immune response to
HepB Vac.

Background
Hepatitis B virus (HBV) infection is a serious global health problem[1]. Infants and young children who
become infected with HBV are the most likely to develop chronic infection [2, 3]. Routine immunization of
hepatitis B vaccine (HepB Vac) before the age of one year is the most cost-effective prevention and
control strategy for hepatitis B transmission. In China, the infection of HBV is one of the major obstacles
to public health, and a dramatic reduction of HBV transmission has reached since HepB Vac has been
integrated into the national expanded program on immunization in 1992[4].
A new phenomenon has appeared that more and more child-bearing age women (around 56–59%) are
positive for anti-HBs as a result of the effective immunoprophylaxis of HBV and pregnant women with
higher anti-HBs titer (≥ 500 IU/L) accounted for 21% [5, 6]. Predictably, a certain amount of anti-HBs will
be found in growing number of neonates at birth at the base of the fact that maternal anti-HBs which
virtually is IgG antibodies transplacentally transported to fetus actively[7]. It is reasonable to speculate
that the efficacy of vaccination, related to the effectiveness and persistence of immunity, which routinely
conducted at 0-1-6 months after birth could be diminished by maternal anti-HBs.
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Infants are still vulnerable to be infected with HBV if they do not obtain adequate anti-HBs which is
negative or considers as low-response after a complete course of immunization [8]. Although significant
progress has made in hepatitis B control in China, but challenges remain. Among young people, the
HBsAg prevalence was higher in teenagers 5–14 years than in children 1–4 years, which might be related
to the low or negative response to the primary HBV vaccination[4]. Therefore it is important for improving
the status of hepatitis B control to make sure that infants obtain adequate anti-HBs after vaccination.
However, the study in neonates poses special ethical challenges because of the great vulnerability of this
population. There are some difficulties when blood of umbilical cord or vein blood from newborns right
after birth as well as vein blood after the complete course of vaccination are collected in China. Two key
factors that affect sample collection are: i few mothers consent to have their babies pricked to yield a
blood sampled; ii Neonates scatter from the birth hospital where a timely birth dose of HepB Vac is
administrated to different community hospitals where the subsequent two doses are administrated,
which make it difficult to follow up the infants after vaccination. We design a primary study to access if
maternal anti-HBs inhibit the immune response of HepB Vac in BABL/c mice which are generally used for
immunological study [9, 10].

Methods
Experimental animals
From January 2016 to July 2018, 267 BALB/c mice (139 male and 128 female) of SPF grade aged three
to eight weeks, with median (25% to 75%, interquartile range, IQR) age of 6 (4, 8) weeks, were bred, among
whom 136 were housed at animal experiment center of affiliated hospital of Qingdao university in 2016
and 131 were housed at animal experiment center of medical college of Qingdao university, among
whom 60 were raised in 2017 and 71 in 2018. All mice were allowed to acclimate the environment within
the first week at the beginning of the study and all of them had standard feedstuff and drank purified
water freely. The mice were exposed to a 12 hour light – 12 hour dark cycle at 22 ± 2 °C with relative
humidity of 60% ± 5%. All mice were recorded sex, age, dose of HepB Vac, dose of hepatitis B
immunoglobulin (HBIG), vaccination route and vaccination schedule before the first immunization. The
mice and standard feedstuff were purchased from Qingdao Daren Fucheng Graziery co. LTD in China.
Materials and methods
⑴ Reagents
Recombinant Hepatitis B Vaccine (Hansenula Polymorpha): specification, 10μg /0.5 ml, approval
number: S20040016, produced by Dalian Hanxin Biological Pharmaceutical Co., LTD in China.
HBIG: specification, 200 IU/2ml, approval number: S10930001, produced by Shandong Taibang
Biological Products Co., LTD in China.
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ARCHITECT Anti-HBs Reagent Kit: produced by Abbott Ireland Diagnostics Division.
⑵ Laboratory methods
Anti-HBs were performed by a chemiluminescence microparticle immunoassay using ARCHITECT i 2000
full-automatic immune analysis system. The normal reference value was set as 0-10 mIU/mL. One test
was carried out for each sample.
For the specimens of anti-HBs titer＞1000 mIU/mL, they were diluted to 10 times, 20 times or 30 times, and
so on, until anti-HBs levels fell below the upper limit of detection (1000 mIU/mL).
Grouping and Immunization Schedule
⑴ Grouping
All the mice were divided into two groups (group A and group B) according to the different doses of HepB
Vac injected to mice. Group A was sub-divided into three subgroups: A1, A2, A3; and group B was subdivided into three subgroups: B1, B2, B3.
⑵ Number and injection routes of each group
Each group included at least 40 mice: around 20 males and 20 females. HepB Vac was injected through
two routes: intramuscular injection (quadriceps femoris, at least 10 males and 10 females) and
hypodermic injection (scruff, at least 10 males and 10 females). HBIG was administrated through
intraperitoneal injection.
⑶ Immunization schedule
The time when the experiment was started was defined as 0 week (w), the next as 1w, and so on.
Subgroups A1, A2, A3
A1: 25 IU HBIG and 2μg HepB Vac were administrated at 0 w, and then the second and third HepB Vac of
the same dose were administrated at 4 w and 8 w respectively.
A2: 50 IU HBIG and 2μg HepB Vac were administrated at 0 w, and then the second and third HepB Vac of
the same dose were administrated at 4 w and 8 w respectively.
A3: Three doses HepB Vac of 2μg were administrated at 0 w, 4 w and 8 w (0-4-8 w) respectively.
Subgroups B1, B2, B3
B1: 25 IU HBIG and 5μg HepB Vac were administrated at 0 w, and then the second and third HepB Vac of
the same dose were administrated at 4 w and 8 w respectively.
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B2: 50 IU HBIG and 5μg HepB Vac were administrated at 0 w, and then the second and third HepB Vac of
the same dose were administrated at 4 w and 8 w respectively.
B3: Three doses HepB Vac of 5μg were administrated at 0-4-8 w respectively.
Definition of immunization outcome
Anti-HBs＜10 mIU/mL was considered as non-response; anti-HBs from 10 to 100mIU/mL was considered
as low-response; anti-HBs>100 mIU/mL was considered as protective response; anti-HBs>1000 mIU/mL
was considered as high-response[8, 11].
Sample collection in mice
Four weeks after the third dose of HepB Vac, blood was collected from the mice eye socket by vacuum
tubes (no additives) [12]. The mice were sacrificed immediately after the blood was drawn. The serum
were separated within one hour, transferred into 1.5 centrifuge tube and stored in a -70 ℃ for anti-HBs
testing.
Statistical analysis
x2 or fisher’s exact tests were used for categorical variables. For measurement data, normal distribution
was first tested. If the result was of non-normal distribution, it was expressed in terms of median (25% to
75% interquartile range, IQR). The result of anti-HBs titer in this study did not obey normal distribution,
and it presented normal distribution after taking logarithm. Thus the measurement data was analyzed by
means of logarithms and t test or analysis of variance was used, expressed asx±SD. Logistic regression
analysis was used to identify the risk factors. Variables assignments are as follows: Sex, Female=0,
Male=1; HBIG dose, 0 IU=0, 25 IU=1, 50 IU=2; HepB Vac dose, 2μg=0, 5μg=1; Route of HepB Vac injection,
hypodermic=0, intramuscular=1. And categorical variables (HBIG 0 IU, 25 IU, 50 IU) were transformed into
dummy variables [(1), (2), (3)]. Variables with p value <0.1 in the univariate analysis were included in a
multivariate logistic regression. Statisticalcal culations were performed using SPSS 22.0 software
package with a p value <0.05 considered significantly.

Results
The profile of immune response among mice
A total of 267 mice have completed the whole immunization schedule, and the number of each subgroup
is in the range of 41 to 48. Among all the mice, 40 (14.98%) were of low- and non-response to HepB Vac
(anti-HBs＜100 mIU/mL), among whom 10 (3.75%) were of non-response to HepB Vac (anti-HBs＜10
mIU/mL) and 30 (11.24%) were of low-response to HepB Vac (10 mIU/mL≤anti-HBs＜100 mIU/mL). 138
(51.69%) were of high-response to HepB Vac (anti-HBs>1000 mIU/mL). 89 (33.33%) were between the
above two groups (100 mIU/mL≤anti-HBs＜1000 mIU/ mL). As regard to the samples with anti-HBs>1000
mIU/mL, the specific anti-HBs levels were obtained in a range from 103-106 log10mIU/mL after dilution.
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Risk factors for low- and non-response to HepB Vac among mice
Among the 267 mice of 0-4-8 w schedule, the rate of low- and non-response to HepB Vac was
significantly higher in the group with HBIG than group without HBIG; that was significantly higher in the
group of 2 μg HepB Vac than group of 5 μg HepB Vac; and that was also significantly higher in the group
of hypodermic injection than group of intramuscular injection. Multivariate logistic regression analysis
showed that HBIG, lower dose of HepB Vac and hypodermic injection were the independent risk factors
for low- and non-response to HepB Vac among mice, as shown in Table 1.
The effect of HBIG of different doses on anti-HBs levels in mice vaccinated
The effect of HBIG doses on anti-HBs levels was analyzed among the mice adopted intramuscular
injection in 0-4-8 w schedule. We just selected the mice in that group because intramuscular injection is
the route most commonly used in clinical settings. Among the three groups of different HBIG doses，the
mean anti-HBs titers decreased gradually from HBIG 0 IU group to HBIG 50 IU group, and the differences
were statistically significant. That showed the same trend in both HepB Vac 2 μg group and HepB Vac 5 μ
group. There was also significant difference in each pairwise comparison except for the comparison
between B and C (p＞0.05). The above are shown in Table 2.
Factors related to high-response to HepB Vac among mice
Among the 267 mice of 0-4-8 w schedule, the rate of high-response to HepB Vac was significantly higher
in the group without HBIG than group with HBIG; that was significantly higher in the group of 5 μg HepB
Vac than group of 2 μg HepB Vac; and that was also significantly higher in the group of intramuscular
injection than group of hypodermic injection. Multivariate logistic regression analysis showed that
without HBIG, higher dose of HepB Vac and intramuscular injection were the independent factors related
to high-response to HepB Vac among mice, as shown in Table 3.

Discussion
In recent years, some experts have already noticed that maternal antibodies influence infant vaccine
responses for almost all vaccines contained in global immunization programs, however, owing to the
small size of most studies, there is inconsistent evidence on the extent of this inhibition and a lack of
consensus regarding which antigens or vaccines are affected[13, 14]. Our viewpoint about maternal antiHBs influences infant HepB Vac response is similar to the above experts’ opinions, and this study is
designed in order to highlights the potential to influence the established HepB Vac immunization
programs.
For the first time, we simulated the fact that neonates got anti-HBs from their mothers by injection of
HBIG to BABL/c mice based on the fact that HBIG which is derived from plasma donated by individuals
immune to hepatitis B viral infection is a purified solution of human immunoglobulin that has high titers
of anti-HBs[15]. And then three separate doses of HepB Vac were given to each mouse at 0-4-8 w. In this
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study, 0-4-8 w schedule was taken mainly because the lifespan of mice is short and four weeks are an
appropriate time interval recommended in the literature[16]. The effectiveness of vaccination was
evaluated in order to ascertain whether maternal anti-HBs affected the immune response of HepB Vac
routinely given at 0-1-6 months.
The findings obtained from our previous study showed that anti-HBs positive rate in cord blood (placental
pass rate) was 94.2% with median titers lightly higher than their mothers’, and another set of data from
our study showed that anti-HBs positive rate and median titer were both lower in infants from the higher
maternal titer group after the completion of the three-step vaccination[5].That indicated that high
maternal titer of anti-HBs (transplacental transferred) influenced infants’ immune response to the HBV
vaccine. However, the two sets of data was studied in two different groups, so the findings cannot provide
direct evidence that transplacental maternal anti-HBs impairs infants’ immune response to HepB Vac.
Unfortunately, the data about anti-HBs from the same group of a large sample size before and after the
primary vaccination has not been reported yet at present.
The main results (Table 1,2) in this study were consistent with previous findings in infants followed up
after a full vaccine scheme [5]. It provided the evidence about the speculation that infants’ active immune
response was suppressed by transplacental anti-HBs from their mothers in HBV vaccination. Similarly, Hu
et al[17] have suggested that the immune response in infants with high concentrations of maternal antiHBs (>1000 mIU/mL) was significantly lower after the third injection. Regarding immunoprophylaxis
against vertical HBV transmission, some authors have reported lower anti-HBs titers in newborn infants
receiving HBIG plus HBV vaccine at birth than in newborn infants receiving the HBV vaccine only[18, 19].
It indicated that HBIG can neutralize HepB Vac while it provides passive immunization for infants who
could be exposed to HBV. But, in contrast, some studies did not find an association between the level of
maternal anti-HBs and HepB Vac response in the neonates [20, 21]. By comparison, it showed that the
drop out rate was very high in the cohort studies, doses of HepB Vac used were different, and some data
from retrospective survey was not continuous[17, 20, 21], which could be the reason of getting the
negative results in those studies. Future studies should enroll a large number of subjects to fully clarify
the influence of maternal anti-HBs on the active immune response to HepB Vac.
In this study, we found that anti-HBs titer were at the level of 103-106 log10mIU/mLwhen samples with
anti-HBs＞1000 mIU/mL were completed the dilution. Because long term persistence of anti-HBs protector
titer have been related to higher anti-HBs titer peaks after a full vaccine scheme[22, 23], those samples
(anti-HBs＞1000 mIU/mL) in this study will almost certainly have long lasting responses. So it is also
suggested that maternal anti-HBs could be one of factors affecting persistent immune response.
Results in this study suggested that the lower dose of vaccine was the independent risk factors resulted
in low- and non-response of immunity (Table 1), and the higher dose of vaccine was the independent
factor that help to produce high immune response (Table 3), which indicated that administration of a
higher dose of vaccine could lead to a better immune response. Thus, we could speculate that a higher
dose of HepB Vac was sufficient to compensate the binding of maternal anti-HBs to HepB Vac, and
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adequately challenging the infants’ immune systems and consequently eliciting high anti-HBs titers.
From the studies conducted by Hu[17] and Junqueira[21](10μg vs 5 μg), we can draw the similar
conclusion to the opinion got above.
The correct vaccination route can achieves higher effect of immune response. By comparison of
administration routes, results showed the intramuscular injection could achieve higher effect than the
hypodermic injection both in effective response rate and in high response rate. In China, HepB Vac is
universally administrated through intramuscular injection, which is consistent with the practice
recommend by WHO[16].Since intramuscular injection, hypodermic injection and intraperitoneal injection
are the common routes for vaccines administration in mice, and the results may provide evidence that
muscle injection is the priority way for the hepatitis B vaccination in mice.
According to the main results of the study, we propose the suggestion that it should be taken different
strategies for hepatitis B vaccination to newborns according to the pattern of hepatitis B virus markers of
their mothers which is universally tested during pregnancy in China. For infants born to HBsAg positive
mothers, timely delivery of the first dose of vaccine combined with HBIG (within 24 hours of birth) should
be given to them as a safe guard to preventing perinatal transmission of HBV. And for infants born to
HBsAg negative mothers, they are largely protected by the presence of maternal antibody in the early
perinatal period, so it is suggested that the first dose of HepB Vac is postponed to avoid the interference
of maternal anti-HBs.
As to the specific first dose time, it needs further study. It is reported that the level of maternally derived
antibody declined rapidly over the first four weeks of life and then more slowly[24], and passively derived
HBIG can be detected for 4-6 months[25], so the appropriate delayed time might be considered to be
between one month age and six month age or within one year of birth. In addition, older infants generally
respond better to vaccines while infant immune competence gradually increases[26]. Agladioglu S et al.
[27] suggested that delaying the first dose of the HepB Vac until 2 months after birth, 2–4–9 (age in
months) schedule to infants of HBsAg-negative mothers produces a higher immune response and can
provide longer term protection, whose opinion is consistent with our speculation. As there was with the
measles vaccine which was ultimately made the decision to vaccinate children at the age of eight
months to avoid the impact by the level of maternal antibody to measles virus in China, greater
understanding of the effect of maternal anti-HBs on immune response of HepB Vac will help national
policy makers to determine the appropriate age for hepatitis B vaccination[28].
Although, from the perspective of theory, it is possible to take a different strategy of the first dose HepB
vaccine according to maternal HBsAg status, it seems not practical for routine vaccination currently. On
one hand, showing the result of maternal anti-HBs quantitative value is not compulsory when HepB
vaccine is administered to an infant; on the other hand, it is more important to administrate timely and
early immunization to infants to minimize the post- exposure transmission than to delay the first dose in
infants to obtain a better immune efficacy in endemic area before the elimination of HBV. However, higher
final antibody levels are associated with longer persistence of protective anti-HBs, so it still can't be
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ignored the possibility that transplacental anti-HBs may inhibit the active immune effect of HepB Vac
among newborns. The best way to address this problem maybe to take timely anti-HBs testing after
primary immunization, and individuals whose anti-HBs do not meet the protective level are recommended
to revaccinate the HepB Vac.
The limitation of the study is that the administration of HBIG is proposed to mimic the trasplacentally
obtained maternal anti-HBs. It was feasible but the process of transplacental transmission of anti-HBs
throughout pregnancy is not included in the model. A new group of mice might be set up, injected HepB
vaccine, let them breed and then checked the antibody of offspring after three doses of HepB vaccines
compared with the antibody response of group of mother mice without HepB vaccination. Moreover,
further studies are needed to optimize the conditions (i.e. HepB Vac dose, HBIG dose, injection schedule,
and mice weight) that would help to refine the results.
In conclusion, a dramatic reduction of HBV infection rate has reached because of universal immunization
in China, and it should be of great importance to pay a close attention to the problem whether maternal
anti-HBs interfere with the active immune response to HepB Vac. That is an urgent public health problem
to solve in the process of “eliminating viral hepatitis” which is the global target adopted by WHO in 2016.
In the long term, research may need to be done in clinical settings if results of further studies in mice are
highly suggested maternal anti-HBs can inhibit infants’ immune response to HepB Vac.
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Item

n

anti-HBs<100 mIU/mL
n(%)

Univariate analysis
RR value (95%CI)

Sex

p value

1.149 (0.585, 2.257)

Male

139

22 (15.8)

Female

128

18 (14.1)

Multivariate analysis
RR value (95%CI)

p value

0.687

HBIG dose

0.007

0.002

0 IU (1)

89

1 (1.1)

0.044 (0.006, 0.334)

0.003

0.032 (0.004, 0.255)

0.001

25 IU (2)

91

21 (23.1)

1.150 (0.564, 2.344)

0.700

1.359 (0.588, 3.144)

0.473

50 IU (3)

87

18 (20.7)
0.136 (0.055, 0.338)

< 0.001

0.093 (0.035, 0.250)

< 0.001

0.208 (0.092, 0.470)

< 0.001

0.139 (0.056, 0.346)

≤ 0.001

HepB Vac dose
5 μg

134

6 (4.5)

2 μg

133

34 (25.6)

Route of HepB Vac injection
intramuscular

132

8 (6.1)

hypodermic

135

32 (23.7)

Table 2. Effect of HBIG doses on anti-HBs levels in mice vaccinated
Group

HepB Vac 5μg

HepB Vac 2μg

HBIG dose（IU）
0

25

50

n

21

24

21

anti-HBs titer ( ±SD)

5.09±0.36(A)

4.29±1.07(B)

3.97±1.02(C)

n

22

21

23

anti-HBs titer ( ±SD)

4.89±0.59(a)

3.32±1.21(b)

2.56±0.85(c)

anti-HBs unit: log10m IU/m L, p (AB)=0.004, p (BC)=0.238, p (AC)<0.001, p (ab)<0.001, p (bc)=0.008, p (ac)<0.001.

Table 3. Factors related to high-response to HepB Vac among mice
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F value

p value

8.889

< 0.001

37.848

< 0.001

Item

n

anti-HBs>1000 mIU/mL
n(%)

Sex
Male

139

75 (54.0)

Female

128

63 (49.2)

Univariate analysis
RR value (95%CI)

p value

1.209 (0.747, 1.956)

0.439

HBIG dose

Multivariate analysis

p value

RR value (95%CI)

< 0.001

< 0.001

0 IU (1)

89

73 (82.0)

9.614 (4.757, 19.429)

< 0.001

20.375 (8.414, 49.341)

< 0.001

25 IU (2)

91

37 (40.7)

1.444 (0.781, 2.668)

0.241

1.509 (0.734, 3.102)

0.263

50 IU (3)

87

28 (32.2)
3.622 (2.186, 6.003)

< 0.001

6.707 (3.435, 13.098)

< 0.001

3.400 (2.056, 5.622)

< 0.001

6.727 (3.428, 13.201)

< 0.001

HepB Vac dose
5 μg

134

90 (67.2)

2 μg

133

48 (36.1)

Route of HepB Vac injection
intramuscular

132

88 (66.7)

hypodermic

135

50 (37.0)

Supplemental Information Note
An additional file shows the design of the study in more detail [see Supplemental data].
Supplementary table 1. Immunization scheme of group A. M, intramuscular injection; H, hypodermic
injection. HBIG was administrated by intraperitoneal injection
Supplementary table2. Immunization scheme of group B. M, intramuscular injection; H, hypodermic
injection. HBIG was administrated by intraperitoneal injection
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