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ABSTRACT

Background: The extent to which maternal antibodies against
the hepatitis B surface antigen (HBsAb) acquired transplacentally
affect the immune responses to the hepatitis B vaccine (HBVac) in
infants is still uncertain.
Objective: To explore the impact of the HBsAb on the immune
response to the HBVac in a mouse model.
Methods: According to the doses of the HBVac (2, 5 pg) injected,
267 BALB/c mice were divided into two groups. Each group was
subdivided into 3 subgroups based on the doses of the hepatitis B
immunoglobulin (HBIG) (0, 25, 50 IU) administered. The HBsAb
titers were detected 4 weeks after completing the HepB vaccination.
Results: Among all the mice, 40 had an HBsAb titer <100 mIU/mL
(non- or low-response to the HBVac). The rates of the HBsAD titer
<100 mIU/mL in 0, 25 and 50 IU HBIG groups were 1.1%, 23.1%,
and 20.7%, respectively. Multivariate logistic regression analysis
showed that the risk factors for low- or non-response to the HBVac
were injection with the HBIG, low HBVac dose, and hypodermic
injection. The mean HBsAb titers (log ) reduced gradually in the
0, 25 and 50 IU HBIG groups (P<0.001).
Conclusion: The HBIG administration has negative impacts on
the peak level of the HBsAb and the rate of an effective immune
response. This implies that the maternal HBsAb acquired
transplacentally might inhibit the immune responses to the HBVac
in infants.
Keywords: BALB/c mice, HBsAb, Hepatitis B Immunoglobulin,
Hepatitis B Vaccine, Immune response
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INTRODUCTION

The hepatitis B virus (HBV) infection still
poses a major threat to the global public health
[1]. The World Health Organization (WHO)
estimates that at least 658,000 individuals
die from the HBV-related complications
annually, including liver cancer, cirrhosis,
and fulminant hepatitis [2]. The HBV-
infected young children and infants tend to
develop chronic infections, leading to serious
outcomes [3, 4]. The Hepatitis B vaccination,
in time, is the most affordable control and
prevention strategy against the HBV
transmission. China has the world’s largest
burden of the HBV infection and a dramatic
reduction has been achieved since the
hepatitis B vaccine (HBVac) was integrated
into the National Expanded Program on
Immunization in 1992 [5].

With the implementation of the HBV
vaccination program, more and more women
of childbearing age were found to be positive
for the HBsAb (around 56-59%) and pregnant
women with high HBsAD titers accounted for
21% [6, 7]. Based on the fact that the maternal
HBsADb, which in essence belongs to IgG-type
antibodies, can be actively transported to the
fetus through the placenta, it is predictable that
a certain level of the HBsAb antibodies can
be detected in growing numbers of neonates
at birth [8]. So, it can be inferred that the
effectiveness of the HBV vaccination, which
is routinely conducted on the 0-1-6 month
schedule after birth, may be weakened by
the existing maternal HBsAb titers in infants.
However, there are only a few studies on the
inhibitory effect of the maternal HBsAb on
the neonatal hepatitis B vaccination, and the
findings are inconsistent [6, 9-11].

Infants are susceptible to the HBV infection
if they have no adequate HBsAb titers after a
full course of immunization [12]. Therefore, it
1s necessary to explore whether the maternal
HBsAD is one of the inhibitory factors for
the effect of the hepatitis B vaccination.
However, it poses special ethical challenges
to conduct research in neonates due to the
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high vulnerability of this population. And in
China, it is challenging to collect umbilical
cord blood or venous blood from neonates
after birth and after completing the HBV
vaccination. So, to investigate whether the
maternal HBsAb titers could suppress the
immune responses to the HBVac in infants, we
preliminarily designed an animal experiment
with BABL/c mice which are universally
applied in immunological studies [13, 14].

MATERIALS AND METHODS

Experimental Animals

Two hundred sixty-seven SPF-grade
BALB/c mice (128 female and 139 male)
with a median age of 6 weeks (interquartile
range, IQR, 4-8 weeks) were bred between
January 2016 and July 2018. Among them,
136 and 131 were housed at the animal
experiment centers of the Affiliated Hospital
of Qingdao University (2016) and the Medical
College of Qingdao University (2017-2018),
respectively. All animals were maintained in
a temperature-controlled (22+2 °C) facility
with a 12/12-h light/dark cycle and 60%+5%
relative humidity. All the mice were given
a minimum 7-day acclimation period before
starting the experiment. Information about
age, gender, the HBVac dose, the hepatitis B
immunoglobulin (HBIG) dose, vaccination
schedule, and the route was recorded in detail.
The mice were purchased from the Jinan
Pengyue Experimental Animal Breeding Co.
Ltd and standard feedstuff was supplied by the
Daren Fucheng Graziery (Qingdao, China).

Grouping and Immunization Schedule

All the mice were assigned to 2 groups (A
and B) based on the doses of the HBVac (2, 5
ng) (Hansenula Polymorpha: specification 10
ng/0.5 mL, containing HBsAg 10ug, Hanxin
Biological Pharmaceutical, Dalian, China)
injected. Each group was subdivided into 3
subgroups (A1-3 and B1-3) based on the doses
of the HBIG (0, 25, 50 IU) (specification
200 TU/2mL, Taibang Biological Products,
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Shandong, China) administered. The number
of mice in each subgroup was listed in Table 1
(A143,A246,A344,B148,B241,B345). And
each subgroup contained comparable numbers
of male and female mice. The HBIG was
administered via intraperitoneal injection, and
meanwhile, the HBVac was injected through
intramuscular injection (hindquarter muscle)
or hypodermic injection (scruff). The profile of
the immunization process is shown in Figure
1, and the detailed immunization schedule and
the specific numbers of mice contained in each
subgroup are shown in Table 1.

Sample Collection and HBsAb Detection
On the 4" week after the third HBVac dose,
blood samples were withdrawn from the eye
sockets by vacuumtubes withoutadditives[15].
After the blood collection, the mice were

immediately sacrificed. Sera were separated
within 1 h, placed in a 1.5-ml centrifuge tube,
and kept at -80 °C for further analysis of the
HBsAD titers.

The HBsAb titers were measured
by the chemiluminescent microparticle
immunoassay using an ARCHITECT i-2000
fully automated immunoassay analyzer
(Abbott Ireland Diagnostics Division). The
normal reference value was set as 0-10 mIU/
mL. The samples with the HBsAD titer
=1000 mIU/mL were diluted 1:10, 1:20, 1:30,
or below the upper limit of detection (1000
mlIU/mL). The HBsAb titers =1000, 100-
1000,=100, 10-100, and <10 mIU/mL were
considered as high-response (HR), medium-
response (MR), protective-response (PR),
low-response (LR) and non-response (NR),
respectively [12, 16].

0 \Iveek 4 \lzveek 8 \I’veek 12 \lNeek
HBIG 501U, 251U or 0 IU ]
\L\v’é:? Q\\_—/
HepB Vac  the first dose the second dose the third dose blood sampling
2pugorspg 2pugorspg 2pgorspg
Figure 1. The profile of immunization process
Table 1. Grouping and immunization scheme
Group Route of HBIG
A (HBVac 2 ug) B (HBVac 5 ug) HBVac dose (IU)
Group n Sex(n) Group n Sex(n) injection
Al 21 Male(11) B1 24 Male (12) M 25
Female(10) Female(12)
22 Male (12) 24 Male (12) H
Female(10) Female(12)
A2 23 Male (12) B2 21 Male (11) M 50
Female(11) Female(10)
23 Male (13) 20 Male (10) H
Female(10) Female(10)
A3 22 Male (11) B3 21 Male (11) M 0
Female(11) Female(10)
22 Male (12) 24 Male (12) H
Female(10) Female(12)

IM, intramuscular injection; H, hypodermic injection. HBIG was administrated by intraperitoneal (IP) injection.
HBIG was injected at the beginning (0 week) and three doses of the HBVac were injected at the 0, 4 and 8 weeks

respectively.
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Statistical Analysis

For categorical variables, the Chi-squared
test or Fisher’s exact test were utilized for
analysis. The HBsAb titers displayed normal
distribution after taking logarithms. So, the
data were assessed by logarithms and expressed
as the meantstandard deviation (SD), and
the Student t-test or one-way ANOVA were
employed. The risk factors were identified
by univariate logistic regression analysis.
Significant variables (P<0.1) were then
subjected to multivariate logistic regression
(MLR) analysis. Statistical tests were performed
with the SPSS 22.0, and P<0.05 (two-sided) was
deemed statistically significant.

Ethics Approval

All the animal experiments were approved
by the Medical Ethics Committee of Qingdao
Municipal Hospital and performed in compliance
with relevant guidelines and regulations.

RESULTS

The Immune Response Profiles of Mice
Two hundred sixty-seven mice had full

immunization, and approximately 41-48 mice
were included in each subgroup. Of them, 40
(14.98%) had NR or LR to the HBVac (HBsAb
titer <100 mIU/mL), including 30 (11.24%)
with LR (HBsAD titer 10-100 mIU/mL) and
10 (3.75%) with NR (HBsAb titer <<10 mIU/
mL). In addition, 89 (33.33%) were of MR
(HBsAb titer 100-1000 mIU/mL), while 138
(51.69%) were of HR (HBsAb titer=1000
mIU/mL).

For the specimens containing the HBsAb
titer=1000 mIU/mL, their corresponding
HBsAb levels ranged from 10° to 10° log,
mlIU/mL after dilution. Among groups of Al,
A2, A3, Bl, B2, and B3, the positive rates of
HBsAD titers =1000 mIU/mL werel8.6%,
17.4%, 72.7%, 60.4%, 48.8% and 91.1%,
respectively (x?=77.925, P<<0.001). The
HBsAD titer (log,) in each group above
was 2.42+1.38 mIU/mL, 2.46+1.01 mIU/
mL, 4.17+1.14 mIU/mL, 3.75+1.27 mIU/mL,
3.38+1.11 mIU/mL and 4.52+0.81 mIU/mL,
respectively (F=26.253, P<<0.001).

Unfavorable Factors Associated with LR
and NR to HBVac
Among the 267 mice, the rates of LR and

Table 2. Risk factors for low- and non-response to the HBVac in mice

Item n HBsAb<100 Univariate analysis Multivariate analysis
mlIU/mL
n(%) RR value (95%CI) P value RR value (95%CI) P value
Sex
Male 139 22 (15.8) 1.149 (0.585,2.257)  0.687
Female 128 18 (14.1) 1
HBIG dose
01U (1) 89 1 (L1.D) 1
2510 (2) 91 21 (23.1) 26.400 (3.466, 0.002 42.970 ( 5.320, <0.001
201.112) 347.044)
50 IU (3) 87 18 (20.7) 22.957 (2.990, 0.003 31.613 (3.918, 0.001
176.230) 255.061)
HBVac dose
S ug 134 6 (4.5) 0.136 (0.055, 0.338) < 0.001 0.093 (0.035, 0.250) <0.001
2 ug 133 34 (25.6) 1
Route of
HBVac
injection
Intramuscular 132 8 (6.1) 0.208 (0.092, 0.470) < 0.001 0.139 (0.056, 0.346)  <0.001
Hypodermic 135 32 (23.7) 1

HBIG: hepatitis B immunoglobulin; HBVac: hepatitis B vaccine
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NR to the HBVac were remarkably higher
in the HBIG administration groups than
in the control group. In addition, the rates
of LR and NR were dramatically higher
in the 2 pug HBVac group than in the 5 pg
HBVac group, and likewise, the rates were
also markedly higher in the hypodermic
injection group than in the intramuscular
injection group. MLR analysis revealed that
the HBIG administration, low HBVac dose,
and hypodermic injection were independent,
unfavorable factors associated with LR and
NR to the HBVac in mice (Table 2).

The Effects of the HBIG Administration on
the HBsAb Titers After Vaccination

The effects of the HBIG administration
on the HBsAb levels in mice intramuscularly
injected with the HBVac were determined.
We just chose those mice because the
intramuscular injection is the routine
route recommended for use in clinical
settings. The mean HBsAb titers (log,)
decreased gradually in the HBIG groups
(0, 25, and 50 IU): 5.09+0.36, 4.29+1.07,
and 3.97£1.02 mlIU/mL, respectively in
the HBVac 5ug group (F=8.889, P<0.001);
4.89+0.59, 3.32+1.21 and 2.56+0.85 mIU/
mL, respectively in the HBVac 2 pg group
(F=37.848, P<0.001). Significant differences
in pairwise comparison (Bl vs B3, P=0.004;
B2 vs B3, P<0.001; Al vs A3, P<0.001; A2
vs A3, P<0.001; Al vs A2, P=0.008) were
observed, except for the comparison between
the HBIG 25 IU and 50 IU in the HBVac 5ug
group (BI vs B2, P=0.238) (Figures 2, 3).

2 7 » <0.001
23 s p=0.004 p=0238
B s
1]
L 4
3
2
1
o
HBIG 0 U HBIG25IU  HBIG 501U
Group

Figure 2. Effect of the HBIG doses on HBsAb
levels in mice vaccinated with the 5ug HBVac
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Favorable Factors Associated with HR to
HBVac

Therate of the HR to the HBVac remarkably
decreased in the HBIG administration groups
compared with the control group (25 IU vs
0 IU, P<0.001; 50 IU vs 0 IU, P<0.001).
Furthermore, the rate of the HR was
dramatically higher in the 5 ng HBVac group
than in the 2 pg HBVac group, and it was
also markedly higher in the intramuscular
injection group than in the hypodermic
injection group. The MLR analysis revealed
that no HBIG administration, high dose of the
HBVac, and the intramuscular injection were
independent, favorable factors associated
with the HR to the HBVac (Table 3).

DISCUSSION

The HBIG, as a purified solution containing
high titers of HBsAb antibodies, is derived
from plasma donated by individuals
immunized with the HBVac [17, 18]. To
imitate the fact that infants get HBsAb
transplacental from their mothers, we
established an animal model via the injection
of the HBIG into BABL/c mice. Then, 3
individual doses of the HBVac were given to
each mouse at the 0-4-8 weeks. The efficacy
of vaccination was assessed to clarify whether
the maternal HBsAD titers could affect the
immune responses to the HBVac in infants
routinely given on the 0-1-6 month schedule.

In this study, a simple and practical mouse
model was established based on the following

& 79 2 <0.001
_°§ 6 » < 0.001
SE 5| »=0.008
Ego . T
3 4
3
i 4
0
HBIGO IU HBIG 25 IU HBIG S0 U
Group

Figure 3. Effect of the HBIG doses on HBsAb
levels in mice vaccinated with the 2ug HepBVac

71



Wei T et al.

Table 3. Favorable factors related to high-response to the HBVac in mice

Item n HBsAb>1000 Univariate analysis Multivariate analysis
mlU/mL
n(%) RR value (95%CI) P value RR value (95%CI) P value
Sex
Male 139 75 (54.0) 1.209 (0.747, 1.956)  0.439
Female 128 63 (49.2)
HBIG dose
0 IU (1) 89 73 (82.0)
251U (2) 91 37 (40.7) 0.150 (0.076, 0.298)  <0.001  0.074 (0.032, 0.173)  <0.001
50 IU (3) 87 28 (32.2) 0.104 (0.051, 0.210)  <0.001  0.049 (0.020, 0.119)  <0.001
HBVac dose
S5 ug 134 90 (67.2) 3.622 (2.186, 6.003) <0.001 6.707 (3.435, 13.098) <0.001
2 ug 133 48 (36.1)
Route of HBVac
injection
Intramuscular 132 88 (66.7) 3.400 (2.056, 5.622) < 0.001 6.727 (3.428, 13.201) <0.001
Hypodermic 135 50 (37.0)

HBIG: hepatitis B immunoglobulin; HBVac: hepatitis B vaccine

scientific pieces of evidence. First, we adopted
a model by injecting the HBIG into young
BABL/c mice instead of using vaccinated
pregnant mice and their suckling pups,
because it is very difficult to draw enough
blood for the HBsADb detection from mice,
especially suckling mice, without sacrificing
them, and also it is quite challenging to
vaccinate suckling mice with the HBVac
without leading to their death under such
stress. Second, in this study, a 0-4-8 week
vaccination schedule was conducted based
on the pieces of evidence that the lifespan
of mice is short and it is recommended that
the first HBVac dose should be followed
by the second or the third doses with a
minimum interval of 4 weeks [19]. Third,
in this model, the dosage and proportion of
the HBIG 0, 25, or 50 IU and HBVac 2 or 5
pg were used, primarily aiming to simulate
the administration of 100 or 200 IU HBIG
and 10 or 5 pg of HBVac to prevent perinatal
infection in newborns whose mothers were
infected with the HBV [6, 20, 21]. A relatively
large dose of the HBVac was used to ensure
that as many mice as possible could produce
a certain amount of antibodies to avoid too
many negative cases. Studies on the dose
of the HBVac administrated to mice were
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inconsistent, such as =1 pg [22], 2 ug [23], 5
ug [24], and 10 pg [25]. Our results indicated
that the dosage and proportion of the HBIG
and the HBVac could be further optimized or
adjusted according to experimental purposes,
which might be a highlight of using this mouse
model compared with conducting population-
based studies. Fourth, two injection routes
for the HBVac administration (hypodermic
injection and intramuscular injection) were
designed in this study. The reason was that
our study aimed to explore a more suitable
route for the HBVac injection in mice since
different routes were used in some animal
experiments [22-26].

In the present study, we demonstrated that
the HBIG administration exerted negative
effects on the peak level of the HBsAb and rate
of immune responses (Table 2, Figures 2, 3),
which were in line with our previous findings
in neonates receiving a full course of the
HBVac [6]. Our results provided evidence
supporting the fact that the active immune
response of infants could be inhibited by
the HBsAb antibodies acquired from their
mothers during the HBV vaccination.
Another study [9] also found that the antibody
response to the HBVac in neonates with
high maternal HBsAb titer (>1000 mIU/mL)

Iran J Immunol Vol. 20, No. 1, March 2023
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was dramatically inhibited after the full
course of the HBV vaccination. As for
immunoprophylaxis against the vertical HBV
transmission, several studies found that the
HBsAD titers were lower in neonates who
received the HBIG+HBYV vaccine at birth
than in those injected with the HBV vaccine
only [27, 28], indicating that the HBIG might
neutralize the HBVac while providing passive
immunization for neonates exposed to the
HBV. However, other authors did not reveal
the relationship between the maternal HBsAb
levels and HBVac response in infants [10, 11].
By comparison, some limitations were found
in these studies, such as high drop-out rates
in the cohort studies, different doses of the
HBVac administered, and some discontinuous
data from retrospective surveys [9-11], which
could be the reasons leading to inconsistent
results. Rather, what this study illustrates is
the near-term impact of maternal antibodies
on the immune response of the HBVac, so it
is necessary to discuss whether the long-term
immunogenicity of the HBVac is attenuated
by the maternal HBsAb.

In addition, we observed that the HBsAb
titers were at the levels of 10°-10°log - mIU/
mL when samples with the HBsAb titer
=1000 mIU/mL were diluted completely. It
was reported that long-term maintenance of
the HBsAb protecting titer was associated
with a high peak level of the HBsAb after
vaccination [29, 30]. In this study, those mice
with the HBsAb titer >1000 mIU/mL are
supposed to have a long-lasting response.
Therefore, it can be inferred that maternal
HBsAD titer is a significant factor influencing
persistent antibody responses.

Furthermore, a low dose of the HBVac
was found to be an independent, unfavorable
factor resulting in LR and NR (Table 2), and a
high dose of the HBVac was an independent,
favorable factor contributing to the HR
(Table 3), indicating that a higher dose of
the HBVac injection leads to better immune
responses. Therefore, it might be speculated
that higher doses of the HBVac were enough
to compensate for the neutralization of the
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maternal HBsAD titers to the HBVac, to
activate the immune system of infants and
subsequently elicit high HBsAb titers, which
was consistent with the conclusions from the
study conducted by Hu et al. [9].

Based on the results obtained from this
study and previous studies, it is highly
recommended that the first HBVac dose
should be delayed to prevent the interference
of the maternal HBsAD titers. Regarding the
specific time for the first dose administration,
additional investigation is needed. Previous
studies showed that maternally acquired
antibody levels decreased rapidly, and
then gradually, within the first 4 weeks of
life [31], and the passively acquired HBIG
was detectable for 4-6 months [32]. Hence,
the appropriate time for the first dose
administration might be between 1-month
and 6-month age or within 1 year after birth.
Older infants usually have better responses
to vaccines since the immune competence
of infants gradually elevates [33]. Agladioglu
et al. [34] reported that when the first HBVac
dose was delayed until 2 months after birth,
the 2-4-9 month schedule produced better
immune responses and could provide longer
protective effects in comparison with the
0-2-9 month schedule, which was consistent
with our suggestion. In China, the first
measles vaccine dose is administered to
infants at the age of 8 months to prevent the
influence of maternally derived antibodies
against the measles virus [35, 36]. So, further
understanding of the influence of the maternal
HBsADb titers on immune responses to the
HBVac will facilitate national policymakers
to generate a more appropriate schedule for
the hepatitis B vaccination.

CONCLUSION

This study established an animal model that
imitated the fact that the maternal HBsAD is
transferred to infants through the placenta
via the injection of the HBIG into BABL/c
mice. This model can help make up for the
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difficulties in the follow-up of infants, and can
also stimulate different levels of the maternal
HBsAD titers. The findings indicated that
the maternal HBsAD inhibited the immune
responses to the HBVac in infants in the
short term after a full-course vaccination,
and the higher the maternal HBsAD titer
was, the greater the inhibitory effect on
active immune efficacy of the HBVac was
observed. It should be of great concern to
further explore whether the maternal HBsAb
could interfere with active immunity to the
HBVac. This might be a public health threat
in the goal of “eliminating viral hepatitis”
proposed by WHO in 2016 [37]. To clarify the
problem, further research with large sample
sizes and longer follow-up periods remain to
be carried out in clinical settings.

ACKNOWLEDGMENT

We express our sincere appreciation to
Professor Xi’en Gui from Zhongnan Hospital
of Wuhan University for his assistance in
conceiving and preparing this study. This
work was supported by the National Nature
Science Foundation of China (grant number
81502900).

Conflict of Interest: None declared.

REFERENCES

1. Hepatitis B vaccines prepared from yeast by
recombinant DNA techniques: memorandum
from a WHO meeting. Bull World Health Organ.
1985;63:57-61.

2. Organization WH. Global health sector strategy
on Viral hepatitis 2016-2021. Towards endingviral
hepatitis, June 2016 (WHO/HIV/2016.06).

3. Hyams KC. Risks of chronicity following acute
hepatitis B virus infection: a review. Clin Infect
Dis. 1995;20:992-1000.

4. Mast EE, Margolis HS, Fiore AE, Brink EW,
Goldstein ST, Wang SA, et al. A comprehensive
immunization strategy to eliminate transmission
of hepatitis B virus infection in the United

74

10.

11.

12.

13.

14.

15.

16.

States: recommendations of the Advisory
Committee on Immunization Practices (ACIP)
part 1: immunization of infants, children, and
adolescents. MMWR Recomm Rep. 2005;54:1-31.
Liang X, Bi S, Yang W, Wang L, Cui G, Cui F,
et al. Reprint of: Epidemiological serosurvey of
Hepatitis B in China--declining HBV prevalence
due to Hepatitis B vaccination. Vaccine. 2013;31
Suppl 9:J21-28.

Zhang L, Gui XE, Teter C, Zhong H, Pang Z,
Ding L, et al. Effects of hepatitis B immunization
on prevention of mother-to-infant transmission
of hepatitis B virus and on the immune response
of infants towards hepatitis B vaccine. Vaccine.
2014;32:6091-6097.

Ding Y, Sheng Q, Ma L, Dou X. Chronic HBV
infection among pregnant women and their infants
in Shenyang, China. Virol J. 2013;10:17.
Roopenian DC, Akilesh S. FcRn: the neonatal
Fc receptor comes of age. Nat Rev Immunol.
2007;7:715-725.

Hu'Y, Wu Q, Xu B, Zhou Z, Wang Z, Zhou YH.
Influence of maternal antibody against hepatitis
B surface antigen on active immune response
to hepatitis B vaccine in infants. Vaccine.
2008;26:6064-6067.

Wang Z, Zhang S, Luo C, Wu Q, Liu Q, Zhou
YH, et al. Transplacentally acquired maternal
antibody against hepatitis B surface antigen
in infants and its influence on the response to
hepatitis B vaccine. PLoS One. 2011;6:¢25130.
Junqueira AL, Tavares VR, Martins RM,
Frauzino KV, Silva AM, Rodrigues IM, et al.
Presence of maternal anti-HB antibodies does
not influence hepatitis B vaccine response in
Brazilian neonates. Mem Inst Oswaldo Cruz.
2011;106:113-116.

Wang C, Wang C, Jia ZF, Wu X, Wen SM,
Kong F, et al. Protective effect of an improved
immunization practice of mother-to-infant
transmission of hepatitis B virus and risk factors
associated with immunoprophylaxis failure.
Medicine (Baltimore). 2016;95:¢4390.

Marsac D, Puaux AL, Riviere Y, Michel ML. In
vivo induction of cellular and humoral immune
responses by hybrid DNA vectors encoding
simian/human immunodeficiency virus/hepatitis
B surface antigen virus particles in BALB/c and
HLA-A2-transgenic mice. Immunobiology.
2005;210:305-319.

Devasahayam M. Factors affecting the
presentation of exogenous hepatitis B virus core
antigen. Indian J Exp Biol. 2007;45:689-695.
Parasuraman S, Raveendran R, Kesavan R. Blood
sample collection in small laboratory animals. J
Pharmacol Pharmacother. 2010;1:87-93.

Lu IC, Jean MC, Lin CW, Chen WH, Perng DS,

Iran J Immunol Vol. 20, No. 1, March 2023



Immune response to the hepatitis B vaccine in a mouse model

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Lin CW, et al. Predictive factors for anti-HB
status after 1 booster dose of hepatitis B vaccine.
Medicine (Baltimore). 2016;95:¢5023.

Habib S, Shaikh OS. Hepatitis B immune
globulin. Drugs Today (Barc). 2007;43:379-394.
Zuckerman JN. Review: hepatitis B immune
globulin for prevention of hepatitis B infection.
J Med Virol. 2007;79:919-921.

Hepatitis B vaccines. Wkly Epidemiol Rec.
2009;84:405-419.

Wei KP, Zhu FC, Liu JX, Yan L, Lu Y, Zhai
X]J, et al. The efficacy of two different dosages
of hepatitis B immunoglobulin combined with
hepatitis B vaccine in preventing mother-to-child
transmission of hepatitis B virus: A prospective
cohort study. Vaccine. 2018;36:256-263.

Wang F, Zhang G, Zheng H, Miao N, Shen L,
Wang F, et al. Post-vaccination serologic testing
of infants born to hepatitis B surface antigen
positive mothers in 4 provinces of China. Vaccine.
2017;35:4229-4235.

Shouval D, Ilan Y, Adler R, Deepen R, Panet A,
Even-Chen Z, et al. Improved immunogenicity in
mice of a mammalian cell-derived recombinant
hepatitis B vaccine containing pre-S1 and pre-S2
antigens as compared with conventional yeast-
derived vaccines. Vaccine. 1994;12:1453-1459.
Ughachukwu P, Okonkwo P, Unckwe P, Ogama
J. Effect of methylprednisolone injection on
interleukin-4 and interferon-gamma expression
following hepatitis B vaccination in mice. Turk
J Med Sci. 2016;46:1540-1545.

Morrey JD, Motter NE, Chang S, Fairman J.
Breaking B and T cell tolerance using cationic
lipid--DNA complexes (CLDC) as a vaccine
adjuvant with hepatitis B virus (HBV) surface
antigen in transgenic mice expressing HBV.
Antiviral Res. 2011;90:227-230.

LiY, Chen JH, Shu XG, Chen JH, Xia QH, Yuan
WZ, et al. A study of immune response to HBsAg
mediated by CD4+ memory T lymphocytes in
immunized HBV transgenic mice. Zhonghua Gan
Zang Bing Za Zhi. 2016;24:897-901.

Yin D, Liang W, Xing S, Gao Z, Zhang W, Guo
Z, et al. Hepatitis B DNA vaccine-polycation
nano-complexes enhancing immune response by
percutaneous administration with microneedle.
Biol Pharm Bull. 2013;36:1283-1291.

Iran J Immunol Vol. 20, No. 1, March 2023

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

Yang YJ, Liu CC, Chen TJ, Lee MF, Chen SH, Shih
HH, et al. Role of hepatitis B immunoglobulin in
infants born to hepatitis B e antigen-negative
carrier mothers in Taiwan. Pediatr Infect Dis J.
2003;22:584-588.

Pongpipat D, Suvatte V, Assateerawatts A.
Hepatitis B immunization in high risk neonates
born from HBsAg positive mothers: comparison
between plasma derived and recombinant
DNA vaccine. Asian Pac J Allergy Immunol.
1989;7:37-40.

Duval B, Gilca V, Boulianne N, De Wals P, Masse
R, Trudeau G, et al. Comparative long term
immunogenicity of two recombinant hepatitis B
vaccines and the effect of a booster dose given
after five years in a low endemicity country.
Pediatr Infect Dis J. 2005;24:213-218.

Wu JS, Hwang LY, Goodman KJ, Beasley RP.
Hepatitis B vaccination in high-risk infants:
10-year follow-up. J Infect Dis. 1999;179:1319-1325.
Weeratna RD, Brazolot Millan CL, McCluskie
MJ, Siegrist CA, Davis HL. Priming of immune
responses to hepatitis B surface antigen in young
mice immunized in the presence of maternally
derived antibodies. FEMS Immunol Med
Microbiol. 2001;30:241-247.

Schillie S, Murphy TV, Sawyer M, Ly K, Hughes E,
Jiles R, et al. CDC guidance for evaluating health-
care personnel for hepatitis B virus protection
and for administering postexposure management.
MMWR Recomm Rep. 2013;62:1-19.

Siegrist CA. Neonatal and early life vaccinology.
Vaccine. 2001;19:3331-3346.

Agladioglu S, Beyazova U, Camurdan AD, Sahin
F, Atak A. Immunogenicity of recombinant
hepatitis B vaccine: comparison of two different
vaccination schedules. Infection. 2010;38:269-273.
Caceres VM, Strebel PM, Sutter RW. Factors
determining prevalence of maternal antibody to
measles virus throughout infancy: a review. Clin
Infect Dis. 2000;31:110-119.

Masters NB, Wagner AL, Ding Y, Zhang Y,
Boulton ML. Assessing measles vaccine failure
in Tianjin, China. Vaccine. 2019;37:3251-3254.
Al Mahtab M. Elimination of Hepatitis
Viruses: Bangladesh Scenario. Euroasian J
Hepatogastroenterol. 2017;7:40-42.

75



