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Abstract

Prevention of hepatitis B virus (HBV) infection with its
consequent development of HBV chronic liver disease
and hepatocellular carcinoma is a global mandatory
goal. Fortunately, safe and effective HBV vaccines are
currently available. Universal hepatitis B surface antigen
HBV vaccination coverage is almost done. Growing
knowledge based upon monitoring and surveillance of
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HBV vaccination programs has accumulated and the
policy of booster vaccination has been evaluated. This
review article provides an overview of the natural history
of HBV infection, immune responses and the future of
HBV infection. It also summarizes the updated sources,
types and uses of HBV vaccines, whether in the preclinical
phase or in the post-field vaccination.

Key words: Hepatitis B surface antigen; Hepatitis B
virus vaccines; Immunological memory; Hepatitis B
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Core tip: Worldwide, it is estimated that more than
2 billion people have been infected with hepatitis B
virus (HBV). Of these, approximately 240 million are
chronically infected and at risk of serious illness or
death from development of cirrhosis and subsequent
progression to hepatocellular carcinoma (HCC), estimated
to cause one million deaths each year worldwide.
Prevention and control of HBV infection can therefore
make a significant contribution to community health and
to saving lives by preventing HCC. This review concerns
the major advances in the field of HBV over the last
few decades which have resulted in understanding the
natural history of HBV infection and the development
of effective vaccines against the virus. In the era of
universal HBV vaccination coverage, the current growing
body of knowledge regarding monitoring and surveillance
of HBV vaccination programs and the policy of booster
vaccination, several issues have to be evaluated re-
garding the vaccination policy and booster doses. In
addition, it is worth evaluating vaccine-escape viral
mutants, long-term protection and the therapeutic use of
HBV vaccine as a promising new strategy for controlling
chronic HBV infection.
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INTRODUCTION

A serum antigen named Australia antigen was detected
in sera from Australian aborigines'!. Later it was
found in sera from Down'’s syndrome, leukemia and
hepatitis patients. It was identified as a marker of post-
transfusion viral hepatitis and given the letter hepatitis
B virus (HBV) to replace the previous term of serum
hepatitis. Data accumulated to document that HBV has
7-9 genotypes with more or less defined geographical
distribution®. The “a” component of hepatitis B surface
antigen (HBsAQ) is shared by all genotypes; however,
infection by one genotype does not prevent subsequent
infection by other types. Moreover, the antiviral effec-
tiveness is related to HBV genotype and genotype D
prevalent in the Middle Eastern countries, which is the
most resistant to antivirals.

The virus morphology visualized by electron micro-
scopy was described by Dane et af! and the complete
HBV virion was named Dane particle, synonymous
with HBV. The immunogen of HBV is a subviral unit of
envelope proteins named HBsAg. During HBV replication,
excess of the subviral components are produced. The
hepatitis B core antigen (HBCcAQ) is restricted to the
hepatocytes and to the full virion. Modified HBcAg,
named hepatitis B e antigen (HBeAg), is released into the
circulation. Moreover, excess HBsAg is released into the
circulation in different morphological forms.

According to the 2010 Global Disease Burden
estimates™®, both HBV and HCV caused 1.4 million
deaths from acute infection, chronic infection, cirrhosis
and hepatocellular carcinoma (HCC). It was reported
that 240 million people are chronically infected with
HBV and are at risk of serious illness or death from
development of cirrhosis and subsequent progression
to HCC. Later data showed that approximately 780000
persons die each year from hepatitis B infection'.

The first anti HBV infectivity vaccine was HBsAg
vaccine, which was produced by recombinant-DNA
technology using yeasts. The r-DNA HBsAg vaccine
produced robust immunity against the HBV infectivity
and consequently prevented all the post HBV infection
complications, including HCC. Prevention of HBV hepatitis
and HCC is a significant contribution to global health
and productivity. Progress in knowledge of HBV within
the last few decades resulted in the understanding of
the natural history of HBV infection, the development
of sensitive assays for screening of blood donors for
safe blood donation and monitoring of antiviral drugs,
viral suppression and clearance'”’, plus manufacturing
improved r-DNA HBsAg vaccines. This progress paves
the way for worldwide future elimination of HBV.

Natural history of HBV infection
Severity of HBV liver diseases shows great individual
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variations'®. The outcome of infection and the patho-
genesis of hepatic disease are determined by host
factors and viral factors that play an essential role in
virus clearance and persistence. It has been difficult to
fully elucidate such factors on an experimental basis
because of the restricted host range of HBV to man and
chimpanzees™. Clinical research showed that there is
a relationship between HBV genotype, natural history
of infection and response to specific HBV antiviral
treatment!*®, Both antibodies and cytotoxic T cells
directed to different HBV antigens play an important role
for decreasing viral load and clearing HBV-infected hepa-
tocytes from the liver'™, On the other hand, very weak
or functionally impaired virus-specific immune responses
have an essential role in the persistence of HBV
infection!*?, Most primary infections of adults (70%-90%),
whether symptomatic or not, ends up with efficient
control of infection, with virus clearance from blood,
liver and extrahepatic cells supporting HBV replication.
The risk for chronicity decreases with increasing age at
the time of exposure to HBV infection. HBV infection in
nonimmune young children is mainly asymptomatic.
Unlike adults who mostly do not develop chronic infec-
tion, neonates and infants who acquire HBV infection
from their mothers at birth are most susceptible to the
establishment of chronic HBV infection™™!, Currently,
it is clearly emphasized that there are extrahepatic cells
that support HBV replication and survival for several
years or lifelong. These cells cause HBV infection of
transplanted liver and rejection of the transplant.

HBV infected adults showed no clinically evident liver
disease or mild acute hepatitis that terminated without
long-term sequelae with development of lasting immunity
to re-infection'*”. The other patients (10%-30%) who
do not succeed in clearing the virus progress to chronic
infection with continuous HBV replication. Host immune
response plays an essential role in HBV-related hepatocyte
damage because the virus itself is not cytolytic. The
balance between host immune response and HBV
replication in hepatocytes and in extrahepatic host cells is
dynamic™®, Fortunately, 70%-90% chronic HBV infected
patients are asymptomatic without life-threatening
effects on liver cells, while 10%-30% of patients develop
liver cirrhosis'® with consequent hepatic insufficiency
and portal hypertension that make liver cirrhosis one
of the most frightening consequences of chronic HBV
infection®. Development of HCC is also a catastrophic
result of chronic HBV infection with a lot of evidence
supporting an association between HBV replication and
the risk of development of HCC'*®?®), The HBx protein is a
potent transactivator that activates host genes, including
oncogenes™®,

Occult HBV infection

Occult HBV (OHBV) infection is a potential transmission
source of post transfusion or organ transplantation
HBV infection. To investigate the properties of hepatitis
B surface antibody (HBsAb) in OHBV infection and its
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affinity to different serotypes of HBsAg, Zhang et a/*?
conducted long-term follow-up in 2 HBsAb positive
patients with occult HBV infection where the HBsAb
subtype was determined by performing neutralization
experiments with different serotypes of HBsAg. They
showed that the HBsAbs are mainly specific for common
epitopes among different serotypes of HBsAg and are
probably different than those produced by vaccine
inoculation.

Immune response

Experimental infection of chimpanzees does not produce
the same events as in human infection, which greatly
limits the tools to study the natural life cycle of HBV in
humans. Few well documented human HBV infections
have shown that the virus itself is not cytolytic and the
hepatolysis is immune-mediated. It was also shown
that the HBsAg level varied with a different clinical
or virological status. A low baseline level of HBsAg is
associated with advanced liver fibrosis in HBeAg positive
CHB patients'””. Experimental studies demonstrated
that acute HBV infected animal models developed silent
innate immunity®’ and HBV does not immediately
begin to replicate efficiently after inoculation®*", as it
does in acutely infected humans. Following infection and
up to 4-7 wk later, neither HBV antigens nor HBV-DNA
are detectable in serum or liver®?®, The absence of
early symptoms in HBV-infected patients is an indirect
indication of the defective type I interferon (IFN)
production during the early phase of HBV infection when
exponential virus replication is going on™..

The immunological events in the early phase of
HBV replication mainly influence the differences in the
adaptive immune response to HBV that characterizes
resolved and chronic HBV infections™. Coordinated
activation of the different branches of adaptive immunity
is necessary for effective viral control®. Researchers
showed that macrophages have an essential role in
modulating HBV clearance, chronic hepatitis and the
developed tissue damage, with M1-like macrophages
promoting HBV clearance and M2-like macrophages
impairing Thl immune response and promoting tissue
fibrosis/remodeling/wound healing'*’). Full recovery
with elimination of HBV infected hepatocytes depends
on active CD8" cytotoxic T lymphocytes. Following HBV
infection, early immunological response failed to be
activated as it is delayed until the exponential phase of
replication™®. In acute, self-limited hepatitis B infection,
strong antiviral T-cell response is detected in peripheral
blood. It includes both CD4* helper and CD8* cytotoxic
T lymphocytes reactive with epitopes of multiple HBV
antigens within the HBV core, polymerase and envelope
proteins'™®, Virus-specific CD8"* T cells have an essential
role in HBV clearance®®, Resolution of human HBV
infection was believed to be solely dependent upon
contact cytolysis of virus infected hepatocytes by CD8*
cytotoxic T lymphocytes. However, researches on HBV
transgenic mice and HBV-infected chimpanzees showed
that T cell control of HBV replication is also influenced
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by cytokine-mediated noncytolytic mechanisms. CD8"
lymphocytes produce different cytokines, including IFN-y
and tumor necrosis factor-a, that lead to inactivation
of HBV in infected hepatocytes™®. The cytolytic and
noncytolytic action of virus-specific CD8" lymphocytes
in its reaction with HBV-producing host cells adds up
in acquired immune reactions against HBV infected
hepatocytes. However, the noncytolytic mechanisms
retain the more effective role®.

Chronic HBV infected patients have impaired
immune response to HBV™**Y, In chronic HBV carriers,
virus-specific T-cell responses are mainly attenuated;
however, antibody responses are vigorous and sustained
but free anti-HBs antibodies are undetectable because of
excess circulating HBsAg™. Also, toll-like receptor (TLR)
signaling in murine nonparenchymal liver cells (NPCs)
is suppressed in the presence of HBsAg. This has been
shown when peripheral blood mononuclear cells (PBMCs)
from HBV infected patients and controls were stimulated
by TLR ligands in the presence or absence of autologous
serum. The expression of both TLR-mediated cytokine
[e.g., interleukin-6 (IL-6) and IL-10] and TLR3-induced
IFN in PBMCs of HBV infected patients demonstrated a
significant increase compared to the healthy volunteers,
denoting a negative correlation between HBsAg and
TLR3-mediated IFN-y levels™?.

Six viral epitopes that are reactive with autologous
HLA-A2 domains on cytotoxic T lymphocytes(CTL) were
identified by Rehermann et a/**.. These epitopes are
present in the highly conserved reverse transcriptase
and RNase H domains of the viral polymerase protein.
In acute HBV infected patients, the CTL response to
polymerase is polyclonal, multi-specific and is mediated
by CD8" T cells, but it is undetectable in chronic HBV
infected patients or in healthy blood donors™*. CTL
responses against polymerase, core and envelope
epitopes were identified up to one year following
complete clinical recovery and seroconversion, indicating
either the persistence of viral replication or the presence
of long lasting memory CTL despite the absence of the
viral antigens. It was shown that wild type viral DNA and
RNA can persist indefinitely in trace amounts in serum
and PBMC following complete clinical and serological
recovery, despite a concomitant, vigorous and sustained
polyclonal CTL response', In order to explain the
persistence of HBV, the authors further emphasized that
the virus may retreat into immunologically privileged
places from where it can seed the circulation and reach
CTL inaccessible tissues, thereby maintaining the CTL
response in apparently cured individuals and thus
prolonging the liver disease in chronic HBV hepatitis
patients™™. In a large prospective clinic-based cohort of
Asian chronic HBV patients, Desmond et af**! identified
significant associations between HLA types and HBV
sequence variation at 41 sites within the HBV genome.

HBV VACCINES

Vaccination is the most effective measure to decrease the
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worldwide HBV incidence and its complications, including
liver cirrhosis and HCC. Worldwide, immunization
has been an essential strategy for many countries to
decrease the burden of HBV infection®™. Economically,
vaccination is an attractive option, both in terms of cost-
effectiveness and benefit-cost ratios when compared
with other health care interventions™". Commercial HBV
vaccine supplies have been available for thirty years. HBV
vaccine was the first vaccine against a chronic disease,
the first vaccine to protect from a sexually transmitted
infection and the first vaccine against a cancer®. The
choice of a vaccine type and a schedule for doses and
route of vaccination varies between countries. An ideal
HBV vaccine schedule should protect against infection
in infancy when the risk of becoming a chronic HBV
carrier is high and in adolescence with common, high
risk behaviors such as sex and drug abuse™. The CDC
Advisory Committee on Immunization Practices (ACIP)
recommends that all children should receive a birth dose
of HBV vaccine and complete the vaccine series by 6-18
mo of age. It also recommends that older children and
adolescents who did not previously receive the HBV
vaccine should be vaccinated™. These policies were
implemented by several countries with medium to high
endemicity of HBV infection.

History of HBV vaccine development

The first HBV vaccine was prepared from the plasma
of asymptomatic carriers of HBV in the form of purified
inactivated HBsAg particles”. Later on, the r-HBsAg
vaccines that contain the major (s) small protein
spanning the hydrophilic amino acids 124-149 as the
dominant immunogenic epitope were developed. HBV
vaccinations induce neutralizing antibodies (anti-HBs)
that are directed mainly towards the “a” determinant of
HBsAg in all HBV genotypes from A to H*”, The r-HBsAg
vaccine elicits active synthesis of anti-HBs and prolonged
immunological memory which provides continuous
protection™, Persistent memory for 5 years or more is
recognized from large, fast increases in anti-HBs level
after booster vaccination, even in those who showed
undetectable anti-HBs as measured by the available
commercial kits. Using an in vitro enzyme linked
immunosorbent assay (spot-ELISA), it was shown that
the number of memory B lymphocytes able to induce
anti-HBs does not decrease with decline of the anti-HBs
level™, It was found that the value of immune memory
and of the following secondary immune response can
be estimated by the antibody response after primary
vaccination. Both dose and structure of vaccine antigen
influence the primary antibody response as well as the
development of immune memory™*.

To increase the efficacy and prolong the duration
of protection against HBV, second generation r-HBsAg
vaccines, including the middle (pre-S2) and the large
(pre-S1) proteins in HBV vaccine, were recognized. The
immunogenicity of r-HBs 20 nm particles secreted by
transfected Chinese hamster ovary (CHO) cells was
compared with yeast-derived r-HBsAg vaccines™!, The
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CHO-derived vaccine contains the small hepatitis B
surface antigen (HBs protein) as the major component,
together with pre-S2 and pre-S: antigens, induced an
augmented anti-HBs response in mice when compared
with mice receiving the already used yeast-derived
vaccines™?,

The current widely used r-HBsAg vaccines are a viral
subunit produced by yeast that has been transfected
with a plasmid that contains the S gene (codes for
HBsAQ) either as a single preparation or in combined
form. Commercial r-HBsAg single antigen vaccines are
Recombivax-HB (Merck) and Engerix-B (Glaxo). There
are other approved combined vaccines against both HAV
and HBV (Twinrix-Glaxo)™*". Other formulations for infants
are tetra or penta vaccines against diphtheria, tetanus,
pertussis (whooping cough) and HBV for tetra vaccine
and with the addition of injectable inactivated Salk polio
(IPN) for the penta vaccine™®’. Combined Hepatitis
B-Haemophilus influenzae type b (Hib) conjugate vaccine
cannot be given before age of six weeks or after the
age of seventy-one months!*®. Hexavalent combined
vaccine, including diphtheria, tetanus, pertussis, HBV,
Haemophilus b (Hib) and the three IPV serotypes
antigens, is considered the most suitable combination
vaccine for routine immunization®>**!, Combined vaccines
aid in improving compliance and simplifying complex
pediatric immunization schedules, reduce storage require-
ments, reduce handling, costs of immunization programs
and minimize the number of injections required, thereby
reducing distress for infants and parents™*®**”). Their
development is restricted because of their technical
manufacturing complexity. High technical complexity
increases production costs and therefore many manu-
facturers target them as premium products for developed
countries*,

Formulating of different types of HBV vaccine
Prophylactic vaccines: The need for HBV immu-
noprophylaxis was recognized as early as the late 1970s.
The plasma derived vaccine was licensed in 1981. The
vaccine contained a purified HBsAg single component
that was obtained from sera of HBsAg carriers. Plasma
derived HBV vaccines have been demonstrated to be
highly immunogenic, efficacious and safe!*®*’!. The long-
term effect of plasma-derived HBV vaccine which was
given to children born in 1986 was observed in a recent
Chinese study. The vaccine showed a good long-term
protective effect and there was no need for boosting the
immunization 23 years later™. However, the use of this
vaccine was dropped due to concern regarding the safety
of a human blood-derived products, the inconsistency of
a source of raw viral particles and the availability of new
recombinant vaccines produced from yeast transfected
with vector plasmid with DNA sequence coding for the
production of soluble r-HBsAg proteins that are easily
purified from the yeast proteins™*.,

Yeast-derived recombinant hepatitis B vaccine
contains a gene for the HBV surface antigen (S) which
has been cloned into yeast cells that are cultured on
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a wide scale to amplify the recombinant DNA coding
for producing a large amount of the specified antigen
(HBsAg) which is further purified, concentrated and
combined with adjuvant to be ready for vaccination.
Alum is included as an adjuvantin all licensed HBV
vaccines™®!, HBsAg prevalence decreased dramatically
after the implementation of yeast-derived r-HBsAg
vaccine for 12 years for children in HBV-endemic areas in
China, with no need for booster immunization™". Billions
of doses of r-HBsAg vaccines have been administered
worldwide, with a high record of immunogenicity and
safety™,

Years ago, several preclinical studies were conducted
to evaluate the potential use of synthetic preS analogues
for hepatitis B vaccination®™; however, global adoption of
these experimental vaccines was not achieved.

HBV DNA vaccines have been shown to be useful for
both prophylaxis and treatment of HBV infection. It is one
of the most effective ways to elicit protective immunity
against infections. Preclinical studies in animal models,
including mouse, chimpanzee, duck and woodchuck,
were developed to evaluate the ability of DNA vaccines
targeting hepadnaviral proteins to induce sustained strong
immune responses in naive animals and to enhance
virus clearance and break immune tolerance in chronic
HBV carriers!*). HBV-DNA based vaccine is a plasmid
DNA encoding the hepatitis HBVsAg that was shown to
be immunologically effective, safe and well tolerated in
chronic HBV carriers and non-responders to routinely
used HBV vaccines>**, The protective immunogenicity
of a particle-mediated HBV-DNA vaccine in subjects
who have responded suboptimally to conventional
vaccination was evident™. In comparison with antigen-
based HBV vaccines, plasmid DNA vaccine against HBV
was evaluated in chimpanzees and protective anti-
HBs antibody response was attained together with a
strong anamnestic response achieved one year later™.
It was well recognized that HBV DNA vaccine induces
strong antigens that stimulate both humoral and cellular
immunities that can be promoted by a joining of DNA
that expresses IL-2 or IL-12 epitopes™. HBV-DNA based
vaccines stimulated CD8CTL cells. Among the recently
studied adjuvants, layered double hydroxide (LDH)
nanoparticles as well as core-shell structure SiO-@LDH
nanoparticles were effectively proven adjuvants.
Experimentally, SiO2@LDH nanoparticles taken in
by macrophages caused a higher dose-dependent
expression of IFN-y, IL-6, CD86 and MHC 1II. Further-
more, in vivo immunization of BALB/c mice indicated
that HBV DNA vaccine loaded-SiO-@LDH nanoparticles
not only induced increased serum antibody response
compared to naked DNA vaccine and plain hanoparticles,
but also obviously promoted T-cell proliferation and
skewed T helper to Thi polarization®™”; however, these
experimental adjuvenated HBV DNA vaccines have not
been adopted for humans so far.

Early trials to make use of genetically engineered
plants as an alternative way for developing an HBV
inexpensive and edible vaccine showed preservation of
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epitopes of HBsAg of both B- and T-cells when the antigen
is expressed in a transgenic plant™®. Also, HBVsAg
encoding DNA gene was previously introduced into
Agrobacterium tumerifacience LBA4404 that was used
to get transgenic lupin (Lupinus luteus L.) and transgenic
lettuce (Lactuca sativa L.) cv. Burpee Bibb expressing
envelope surface protein. It was found that mice that
were fed on HBV transgenic lupin tissue developed a
significant amount of HBV specific antibodies. Meanwhile,
human volunteers fed with transgenic lettuce plants
expressing HBVsAg also developed a specific serum-
IgG response to plant produced HBsAg™. Later on, a
new modified HBV pre-S: protein gene was constructed
and expressed by transgenic tomato plants®®. The
specific antigen expression from transgenic plants was
proved by molecular techniques, including polymerase
chain reaction (PCR) and reverse transcriptase PCR.
Enzyme-linked immunoassays using a monoclonal
antibody directed against human serum-derived HBsAg
revealed that the highest amount of HBsAg was about
0.02% of the soluble protein in transgenic tomato fruit.
The amount of HBsAg in mature fruit was found to be
much more than that in small or medium fruit or leaf
tissues. The ability of potato-derived HBV major surface
antigen (P-HBsAQ) that was orally administered to mice
in different dosages (0.02 to 30 nug) to induce antibody
responses was evaluated™'. It was shown that all
immunized mice developed specific serum IgG and fecal
IgA antibodies against P-HBsAg even at low levels (< 5
ug), comparable to development of serum IgG anti-HBs
following administration of a 0.5-ug yeast-derived HBsAg.
Recently, a plant-derived prototype oral tri-component
vaccine against HBV was evaluated for the potential of
M/L-HBsAg expression in leaf tissue and the conditions
of its processing for a prototype oral vaccine were
assessed. Tobacco and lettuce carrying M- or L-HBsAg
genes and resistant to the herbicide glufosinate were
engineered and integration of the HBV-DNA transgenes
was evaluated by PCR and Southem hybridizations'®.
Currently, several experimental trials for developing
virus vector HBV vaccines are ongoing. Following a
single immunization in mice, a recombinant vesicular
stomatitis virus-based vaccine vector expressing the
HBV pre-S: protein was able to efficiently promote a
strong HBs-specific antibody response. It also developed
robust CD8 T-cell activation, where response was
broader in specificity and greater in magnitude than
that acquired by a vaccinia virus-based vaccine vector
or by recombinant protein immunization®®. In addition,
it was found that recombinant lentivectors could induce
strong HBV HBsAg specific T cell responses and humoral
immune responses. The HBS-Fc-lv lentivector could
effectively break immune tolerance and elucidate strong
HBsAg specific adaptive immune responses in HBsAg
transgenic (Tg) mice with low serum level of HBsAg.
The induction of HBsAg specific immune responses in
TG mice accompanied seroconversion from HBsAg to
anti-HBsAb™®*., Recently, Song et al* investigated the
generation of recombinant influenza viruses that had
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HBV B cell epitopes in its neuraminidase stalk region as
a dual vaccine candidate against both HBV and influenza
viruses. They successfully generated a chimeric influenza
virus which contained 22 amino acid peptides derived
from the surface and pre-surface HBV protein as foreign
antigens™®.

Universal childhood immunization in the first year of
life with three doses of HBV vaccine is a highly effective
way for control and prevention of HBV infection!®!.
Prevention of prenatal HBV infection is achieved by
active and passive HBV immunization after birth as an
intervention for preventing mother-to-child transmission
of the HBV infection. A recent Taiwanese study was
conducted in 2013 to compare the cost-effectiveness
of strategies to control HBV that combine universal
vaccination with hepatitis B immunoglobulin (HBIG) for
neonates of carrier mothers. It was found that HBIG
additional treatment to universal vaccination is likely to
be cost-effective, particularly in settings with available
healthcare infrastructure. Targeting HBIG in neonates of
higher risk HBeAg-positive mothers may be preferred
where willingness-to-pay is moderate. However, in very
resource-limited settings, universal vaccination only is
adequate®”. CDC recommends vaccination of adults
at high risk for infection, including dialysis patients,
recipients of certain blood products, healthcare workers,
household contacts and sex partners of persons with
chronic HBV infection, those with a recent history of
multiple sex partners, those with a sexually transmitted
disease, IDUs and MSM!™®,

Following vaccination, testing for antibodies is
not needed for healthy people; however, it should
be evaluated following vaccination in hemodialysis
patients, those at occupational risk of infection, babies
born to HBsAg-positive mothers, those with a family
history of HBV carriers and human immunodeficiency
virus positive people’®. Long-term protection against
HBV infection depends on the persistence of strong
immunological memory. There is no need for boosters
in immune competent individuals who have finished
their vaccination course properly according to the
recommended timelines. This was demonstrated in
several studies conducted up to 20 years following the
original immunization course. However, a booster dose
is recommended for immunocompromised individuals
based on serological monitoring™®.

The ACIP'®!, the United States government,
recommends that all children receive a birth dose of
HBV vaccine and complete the vaccine series by 6-18
mo of age. Older children and adolescents who did not
previously receive the HBV vaccine have to be vaccinated.
A titer of anti-HBs antibodies to HBVsAg = 10 IU/L is the
marker of seroconversion to anti-HBs positivity following
vaccination. It was found that the mean antibody level
decreased significantly with increasing age”®’*. Long-
term follow-up studies have demonstrated that 10%
to 50% of infants with seroprotective levels post third
dose of vaccination had low or undetectable levels of
antibody 5-15 years later’”?. Long-term protection due to
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persistent memory is obvious from quick rises in antibody
after booster vaccination, even in those who have lost
their anti-HBs. Recently, we conducted an Egyptian
study aimed at estimating the seroprotection rate and
evaluating the immune response to a booster dose in
children and adolescents with an age range of 9 mo to
16 years who completed HBV vaccination during infancy.
It was concluded from this Egyptian study that, in spite
of the significant decline of level of antibodies over time,
about half of the studied children have a seroprotective
level of antibodies after primary compulsory vaccination.
Moreover, the developed anamnestic response among
children with a non-seroprotective level confirms imm-
unological memory that can outlast the presence of
protective level of antibodies”™. Werner et al’* found
that HBsAg vaccine-induced immunity protects against
new infection but does not induce sterilizing immunity
in vaccinated healthcare workers with occupational
exposure to HBV, as evidenced by detection of HBcore-
and polymerase-specific CD8 (+) T cells™.

According to current CDC recommendations'”>”"],
all healthcare providers and students should receive a
3 dose series of HBV vaccine followed by assessment
of HBsAb to determine vaccination immunogenicity.
Revaccination should be provided if indicated. Following
revaccination (receiving a total of 6 doses), healthcare
providers whose anti-HBs concentration is still not
protective (< 10 mIU/mL) should be evaluated for HBsAg
and anti-HBc to determine their infection status®".

When considering offering a booster dose of
the vaccine, Fitzsimons et a/l’® recommended that
vaccinees who were not tested for anti-HBs antibody
one month following vaccination or those who have
undetectable anti-HBs antibodies when tested should
be potential recipients of it. Long-term protection
is usually evaluated by 4 methods: the anamnestic
response following administration of a booster dose,
in vitro B and T cell activity evaluation, infection rate
in vaccinated populations and seroepidemiological
studies™. Estimation of the incidence of break-through
infection (positive anti-HBc), as well as chronic carrier
state (positive HBsAg) among previously vaccinated
individuals, is used to determine the long-term protection
provided by the HBV vaccine”®. Many factors are
related to HBV vaccination non response, including age
above 40 years, male gender, impaired vaccine storage
conditions, administration of the vaccine in buttocks,
infections, obesity, drug abuse, smoking, chronic kidney/
liver diseases, human immunodeficiency virus infection,
celiac disease, thalassemia, type I diabetes mellitus,
Down’s syndrome and other forms of mental retardation
that are characterized by a poorer response than
healthy subjects to HBV vaccination®*®”, It has been
shown that development of anti-HBs in hemodialysis
patients is associated with gene polymorphisms of
interleukins involved in the Thl system®!. Also, it was
found that the administration of HBV recombinant
vaccine by the intradermal route is very effective and
could be a more useful strategy and an alternative to
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conventional intramuscular vaccine in all non-responder
patients™. As obesity is considered to be a major cause
of decreasing the rate of antibody production by the HBV
vaccine, recently it was reported that antibody titers
can be raised in vaccinating obese youth by using long
needles™.

Therapeutic HBV vaccine: HBV vaccines have been
recently identified as a promising therapeutic strategy
for treatment and control HBV infection in HBV carriers
and persistently infected patients®®*®*. Clinical trials
of its therapeutic use in chronic HBV infection rely
on using the conventional sAg based HBV vaccine.
Specific treatment by the standard anti-HBV vaccine
is effective in decreasing the replication of HBV and
inhibiting the immune tolerance to HBsAg protein in
about 50% of chronic active HBV patients'™. However,
it is well recognized that monotherapy with HBsAg-
based immune therapy cannot lead to sustained control
of HBV replication and/or liver damage™. New therapy
strategies are currently shown to provide potent and
durable antiviral immune responses in patients who can
maintain long-term control of HBV replication®”. Recent
research concentrates on the clinical use of combined
HBsAg- and HBcAg-based vaccines in CHB patients™’.
Using a duck HBV model, therapeutic DNA vacci-
nation was proven to be able to enhance hepadnavirus
intrahepatic covalently closed circular DNA clearance™.
It was shown in humans that HBV DNA vaccination can
specifically but transiently activate T-cell responses in
some chronic HBV carriers who showed no response to
the available HBV antiviral therapies™. Obeng-Adjei et
al'"! evaluated the use of multivalent synthetic plasmids
against HBV consensus core (HBc) and surface (HBs)
antigens genotypes A and C for their immune potential
in animal models and they found that it induced binding
antibodies to HBsAg and robust cell-mediated immunity.
The same responses to both HBc and HBs antigens
were demonstrated by inoculation of HBc-HBs cocktails
in mice and non-human primates. Besides the cytotoxic
T-lymphocyte activities exhibited by the immunized mice,
the vaccine-induced responses were broadly distributed
across multiple antigenic epitopes'!’. Immune therapy
with HBV-related antigens (HBsAg-based vaccine) has
been used in CHB patients as a combination therapy
with cytokines, growth factors and antiviral drugs, but
proper designs of antigens, types of adjuvant, dose of
vaccinations and routes of administration need further
analyses for the development of an effective protocol
of immune therapy for HBV infection™. GS-4774 is a
safe and well-tolerated recombinant, heat-killed, yeast-
based immunotherapy engineered to express HBV
(HBV)-specific antigens and it is a promising therapeutic
vaccine for chronic HBV infection™. Intensive research
is currently concentrated on a better understanding
of immune responses in hepatocytes, on mechanisms
by which HBV evades innate immunity and on proper
selection of patients susceptible to benefit from immune
therapy, which could increase the efficacy of therapeutic
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vaccination®®,

What is the future HBV epidemiology after universal
mass vaccination?

In 1992, the World Health Organization recommended
that all countries integrate the hepatitis B vaccine
into their childhood national immunization programs.
By 2012, 181 countries implemented this vaccine in
their national immunization program, with the global
hepatitis B vaccine coverage estimated at 79%. 119
countries have reported > 90% vaccination coverage
with consequent decrease in the prevalence of chronic
HBV infection in children born since the r-HBsAg vaccine
was included in infant immunization schedules™. It is
well recognized that the use of highly immunogenic
HBV vaccines produces long-lasting immunity. Some
of the major challenges facing current HBV vaccines
have been their inability to induce both humoral and
cellular immunity to multiple antigenic targets and
the induction of potent immune responses against the
major genotypes of HBV!'",

The efficacy of universal immunization has been
demonstrated in many countries, with a prominent
decrease in the prevalence of HBV carriage in children.
Moreover, HBV vaccination can protect children against
fulminant hepatitis and HCC®. The success of the
vaccination programs has also now been challenged
by the discovery of mutant viruses showing amino acid
substitutions in HBsAg, which may lead to evasion of
vaccine-induced immunity®. Induction of immune
escape mutants is one of the unwanted effects of the
widely used HBV vaccine. It was first described in 1990
by Carman et al® when they observed the acquiring
of HBV infection in 44 contacts of HBV carriers despite
passive and active immunization according to the
implemented standard schedules. There was partial loss
of the common “a” determinant to which the vaccine-
induced immunity is mainly directed. Globally, several S
mutations that are potentially able to evade neutralizing
anti-HBs immune response and thus infect vaccinated
individuals have been recognized™”. Inclusion of Pres:
and Pre-S: epitopes may be recommended in order to
reduce the emergence of such vaccine escape mutants.
Meanwhile, it was shown that selection of pre-S/S
mutants may demonstrate a relevant pathobiological
and clinical impact. HBV mutants with an antigenically
modified surface antigen may be potentially infectious
for immune-protected patients and may account for
those with occult HBV infection®®. On the other hand,
Romand et al*” confirmed that the overall effect of
vaccine escape mutants is likely to be low and thus does
not cause a public health threat or a need to modify the
implemented HBV vaccination programs.

The effectiveness of universal hepatitis B vaccination
is promising, although the coverage of vaccination varies
between countries. The inclusion of r-HBsAg vaccine
in the expanded programs of childhood vaccination
had a major impact on protection against the disease
and its complications and was successful in almost
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eliminating childhood chronic HBV infection. However,
this recombinant HBV yeast derived vaccine has a
number of limitations that justify the development of
new HBV vaccines: the need for multiple doses, lack
of long-lasting immunity, incomplete protection in all
vaccinees where a group of non-responders do exist and
it is therapeutically ineffectivet*,

REFERENCES

1

JRaishideng®

Blumberg BS, Alter HJ, Visnich S. A “new” antigen in leukemia
sera. JAMA 1965; 191: 541-546 [PMID: 14239025 DOI: 10.1001/
jama.1965.03080070025007]

Simmonds P, Midgley S. Recombination in the genesis and
evolution of hepatitis B virus genotypes. J Virol 2005; 79:
15467-15476 [PMID: 16306618 DOI: 10.1128/JV1.79.24.15467-1
5476.2005]

Dane DS, Cameron CH, Briggs M. Virus-like particles in serum of
patients with Australia-antigen-associated hepatitis. Lancet 1970; 1:
695-698 [PMID: 4190997]

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans
V, Abraham J, Adair T, Aggarwal R, Ahn SY, Alvarado M,
Anderson HR, Anderson LM, Andrews KG, Atkinson C, Baddour
LM, Barker-Collo S, Bartels DH, Bell ML, Benjamin EJ, Bennett
D, Bhalla K, Bikbov B, Bin Abdulhak A, Birbeck G, Blyth F,
Bolliger I, Boufous S, Bucello C, Burch M, Burney P, Carapetis J,
Chen H, Chou D, Chugh SS, Coffeng LE, Colan SD, Colquhoun
S, Colson KE, Condon J, Connor MD, Cooper LT, Corriere M,
Cortinovis M, de Vaccaro KC, Couser W, Cowie BC, Criqui MH,
Cross M, Dabhadkar KC, Dahodwala N, De Leo D, Degenhardt
L, Delossantos A, Denenberg J, Des Jarlais DC, Dharmaratne SD,
Dorsey ER, Driscoll T, Duber H, Ebel B, Erwin PJ, Espindola P,
Ezzati M, Feigin V, Flaxman AD, Forouzanfar MH, Fowkes FG,
Franklin R, Fransen M, Freeman MK, Gabriel SE, Gakidou E,
Gaspari F, Gillum RF, Gonzalez-Medina D, Halasa YA, Haring
D, Harrison JE, Havmoeller R, Hay RJ, Hoen B, Hotez PJ, Hoy
D, Jacobsen KH, James SL, Jasrasaria R, Jayaraman S, Johns
N, Karthikeyan G, Kassebaum N, Keren A, Khoo JP, Knowlton
LM, Kobusingye O, Koranteng A, Krishnamurthi R, Lipnick M,
Lipshultz SE, Ohno SL, Mabweijano J, Maclntyre MF, Mallinger
L, March L, Marks GB, Marks R, Matsumori A, Matzopoulos R,
Mayosi BM, McAnulty JH, McDermott MM, McGrath J, Mensah
GA, Merriman TR, Michaud C, Miller M, Miller TR, Mock C,
Mocumbi AO, Mokdad AA, Moran A, Mulholland K, Nair MN,
Naldi L, Narayan KM, Nasseri K, Norman P, O’Donnell M, Omer
SB, Ortblad K, Osborne R, Ozgediz D, Pahari B, Pandian JD,
Rivero AP, Padilla RP, Perez-Ruiz F, Perico N, Phillips D, Pierce
K, Pope CA, Porrini E, Pourmalek F, Raju M, Ranganathan D,
Rehm JT, Rein DB, Remuzzi G, Rivara FP, Roberts T, De Leon
FR, Rosenfeld LC, Rushton L, Sacco RL, Salomon JA, Sampson
U, Sanman E, Schwebel DC, Segui-Gomez M, Shepard DS,
Singh D, Singleton J, Sliwa K, Smith E, Steer A, Taylor JA,
Thomas B, Tleyjeh IM, Towbin JA, Truelsen T, Undurraga EA,
Venketasubramanian N, Vijayakumar L, Vos T, Wagner GR, Wang
M, Wang W, Watt K, Weinstock MA, Weintraub R, Wilkinson JD,
Woolf AD, Wulf S, Yeh PH, Yip P, Zabetian A, Zheng ZJ, Lopez
AD, Murray CJ, AlMazroa MA, Memish ZA. Global and regional
mortality from 235 causes of death for 20 age groups in 1990
and 2010: a systematic analysis for the Global Burden of Disease
Study 2010. Lancet 2012; 380: 2095-2128 [PMID: 23245604 DOI:
10.1016/S0140-6736(12)61728-0]

World Health Organization. Global policy report on the prevention
and control of viral hepatitis. In WHO Member States. [Accessed
2013 July]. Available from: URL: http://www.who.int/csr/disease/
hepatitis/global_report/en/

World Health Organization. Hepatitis B Fact sheet N°204.
[Accessed 2015 March]. Available from: URL: http://www.who.
int/mediacentre/factsheets/fs204/en/

WJH | www.wjgnet.com

1667

10

12

13

14

15

16

18

19

20

21

22

23

24

25

Said ZNA et al. Hepatitis B virus induced immunity

Lai M, Liaw YF. Chronic hepatitis B: past, present, and future.
Clin Liver Dis 2010; 14: 531-546 [PMID: 20638030 DOI: 10.1016/
j.c1d.2010.05.003]

Ganem D, Prince AM. Hepatitis B virus infection--natural history
and clinical consequences. N Engl J Med 2004; 350: 1118-1129
[PMID: 15014185 DOI: 10.1056/NEJMra031087]

Bertoletti A, Gehring AJ. The immune response during hepatitis
B virus infection. J Gen Virol 2006; 87: 1439-1449 [PMID:
16690908 DOI: 10.1099/vir.0.81920-0]

Weber B. Genetic variability of the S gene of hepatitis B virus:
clinical and diagnostic impact. J Clin Virol 2005; 32: 102-112
[PMID: 15653412 DOI: 10.1016/j.jcv.2004.10.008]

Obeng-Adjei N, Hutnick NA, Yan J, Chu JS, Myles DJ, Morrow
MP, Sardesai NY, Weiner DB. DNA vaccine cocktail expressing
genotype A and C HBV surface and consensus core antigens
generates robust cytotoxic and antibody responses in mice and
Rhesus macaques. Cancer Gene Ther 2013; 20: 652-662 [PMID:
24310062 DOLI: 10.1038/cgt.2013.65]

Cova L. Advances and challenges in the development of
therapeutic DNA vaccines against hepatitis B virus infection. Curr
Gene Ther 2014; 14: 149-160 [PMID: 24828255 DOI: 10.2174/15
66523214666140509102644]

Heathcote EJ. Demography and presentation of chronic hepatitis
B virus infection. 4m J Med 2008; 121: S3-S11 [PMID: 19185072
DOI: 10.1016/j.amjmed.2008.09.024]

Ott JJ, Stevens GA, Wiersma ST. The risk of perinatal hepatitis
B virus transmission: hepatitis B e antigen (HBeAg) prevalence
estimates for all world regions. BMC Infect Dis 2012; 12: 131
[PMID: 22682147 DOI: 10.1186/1471-2334-12-131]

Centers for Disease Control and Prevention (CDC). The ABCs
of Hepatitis Fact Sheet. [Updated 2014]. Available from: URL:
http://www.cdc.gov/hepatitis/Resources/Professionals/PDFs/
ABCTable.pdf

Wright TL, Lau JY. Clinical aspects of hepatitis B virus infection.
Lancet 1993; 342: 1340-1344 [PMID: 7694023 DOI: 10.1016/014
0-6736(93)92250-W]

Hoofnagle JH. Serologic markers of hepatitis B virus infection.
Annu Rev Med 1981; 32: 1-11 [PMID: 7013654 DOI: 10.1146/
annurev.me.32.020181.000245]

Yim HJ, Lok AS. Natural history of chronic hepatitis B virus
infection: what we knew in 1981 and what we know in 2005.
Hepatology 2006; 43: S173-S181 [PMID: 16447285 DOI: 10.1002/
hep.20956]

Bertoletti A, Gehring A. Immune response and tolerance
during chronic hepatitis B virus infection. Hepatol Res 2007; 37
Suppl 3: S331-S338 [PMID: 17931183 DOI: 10.1111/j.1872-
034X.2007.00221.x]

Yang HI, Lu SN, Liaw YF, You SL, Sun CA, Wang LY, Hsiao CK,
Chen PJ, Chen DS, Chen CJ. Hepatitis B e antigen and the risk
of hepatocellular carcinoma. N Engl J Med 2002; 347: 168-174
[PMID: 12124405 DOI: 10.1056/NEJMoa013215]

Fisicaro P, Valdatta C, Boni C, Massari M, Mori C, Zerbini A,
Orlandini A, Sacchelli L, Missale G, Ferrari C. Early kinetics of
innate and adaptive immune responses during hepatitis B virus
infection. Gut 2009; 58: 974-982 [PMID: 19201769 DOI: 10.1136/
gut.2008.163600]

Zhang ZH, Zhao XP, Xia JB, Li X, Lu MJ, Yang DL. [Charac-
terization of HBsAbs in occult hepatitis B virus infection].
Zhonghua Gan Zang Bing Za Zhi 2011; 19: 506-510 [PMID:
22152241 DOL: 10.3760/cma.j.issn.1007-3418.2011.07.010]
Cheng PN, Tsai HW, Chiu YC, Ho CH, Wu IC, Chang TT. Clinical
significance of serum HBsAg levels and association with liver
histology in HBeAg positive chronic hepatitis B. J Clin Virol 2013;
57: 323-330 [PMID: 23731848 DOI: 10.1016/j.jcv.2013.04.012]
Fong TL, Di Bisceglie AM, Biswas R, Waggoner JG, Wilson L,
Claggett J, Hoofnagle JH. High levels of viral replication during
acute hepatitis B infection predict progression to chronicity. J
Med Virol 1994; 43: 155-158 [PMID: 8083663 DOI: 10.1002/
jmv.1890430210]

Guidotti LG, Rochford R, Chung J, Shapiro M, Purcell R,
Chisari FV. Viral clearance without destruction of infected cells

June 28, 2015 | Volume 7 | Issue 12 |



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

JBaishideng®

Said ZNA et al. Hepatitis B virus induced immunity

during acute HBV infection. Science 1999; 284: 825-829 [PMID:
10221919 DOI: 10.1126/science.284.5415.825]

Thimme R, Wieland S, Steiger C, Ghrayeb J, Reimann KA,
Purcell RH, Chisari FV. CD8(+) T cells mediate viral clearance
and disease pathogenesis during acute hepatitis B virus infection. J
Virol 2003; 77: 68-76 [PMID: 12477811 DOI: 10.1128/JV1.77.1.68
-76.2003]

Murray PJ, Wynn TA. Protective and pathogenic functions of
macrophage subsets. Nat Rev Immunol 2011; 11: 723-737 [PMID:
21997792 DOI: 10.1038/nri3073]

Wieland S, Thimme R, Purcell RH, Chisari FV. Genomic analysis
of the host response to hepatitis B virus infection. Proc Natl Acad
Sci US4 2004; 101: 6669-6674 [PMID: 15100412 DOI: 10.1073/
pnas.0401771101]

Phillips S, Chokshi S, Riva A, Evans A, Williams R, Naoumov
NV. CD8(+) T cell control of hepatitis B virus replication: direct
comparison between cytolytic and noncytolytic functions. J
Immunol 2010; 184: 287-295 [PMID: 19949099 DOI: 10.4049/
jimmunol.0902761]

Stoop JN, van der Molen RG, Baan CC, van der Laan LJ, Kuipers
EJ, Kusters JG, Janssen HL. Regulatory T cells contribute to the
impaired immune response in patients with chronic hepatitis B
virus infection. Hepatology 2005; 41: 771-778 [PMID: 15791617
DOI: 10.1002/hep.20649]

Penna A, Chisari FV, Bertoletti A, Missale G, Fowler P, Giuberti
T, Fiaccadori F, Ferrari C. Cytotoxic T lymphocytes recognize
an HLA-A2-restricted epitope within the hepatitis B virus
nucleocapsid antigen. J Exp Med 1991; 174: 1565-1570 [PMID:
1720813 DOI: 10.1084/jem.174.6.1565]

Jiang M, Broering R, Trippler M, Poggenpohl L, Fiedler M,
Gerken G, Lu M, Schlaak JF. Toll-like receptor-mediated immune
responses are attenuated in the presence of high levels of hepatitis
B virus surface antigen. J Viral Hepat 2014; 21: 860-872 [PMID:
24498958 DOI: 10.1111/jvh.1221]

Rehermann B, Fowler P, Sidney J, Person J, Redeker A, Brown M,
Moss B, Sette A, Chisari FV. The cytotoxic T lymphocyte response
to multiple hepatitis B virus polymerase epitopes during and after
acute viral hepatitis. J Exp Med 1995; 181: 1047-1058 [PMID:
7532675 DOLI: 10.1084/jem.181.3.1047]

Desmond CP, Gaudieri S, James IR, Pfafferott K, Chopra A, Lau
GK, Audsley J, Day C, Chivers S, Gordon A, Revill PA, Bowden S,
Ayres A, Desmond PV, Thompson AJ, Roberts SK, Locarnini SA,
Mallal SA, Lewin SR. Viral adaptation to host immune responses
occurs in chronic hepatitis B virus (HBV) infection, and adaptation
is greatest in HBV e antigen-negative disease. J Virol 2012; 86:
1181-1192 [PMID: 22072755]

Lyseng-Williamson KA, Dhillon S. DTPa-HBV-IPV/Hib vaccine
(Infanrix hexa™): a guide to its use in infants. Paediatr Drugs
2012; 14: 337-343 [PMID: 22873778 DOI: 10.2165/11210000-000
000000-00000]

Lavanchy D. Viral hepatitis: global goals for vaccination. J
Clin Virol 2012; 55: 296-302 [PMID: 22999800 DOI: 10.1016/
jjev.2012.08.022]

Mackie CO, Buxton JA, Tadwalkar S, Patrick DM. Hepatitis B
immunization strategies: timing is everything. CMAJ 2009; 180:
196-202 [PMID: 19153395]

Centers for Disease Control and Prevention (CDC). Updated
CDC recommendations for the management of hepatitis B virus-
infected health-care providers and students. MMWR Recomm Rep
2012; 61: 1-12 [PMID: 22763928]

Michel ML, Tiollais P. Hepatitis B vaccines: protective efficacy
and therapeutic potential. Pathol Biol (Paris) 2010; 58: 288-295
[PMID: 20382485 DOI: 10.1016/j.patbio.2010.01.006]

Romano L, Paladini S, Galli C, Raimondo G, Pollicino T, Zanetti
AR. Hepatitis B vaccination: are escape mutant viruses a matter of
concern? Hum Vaccin Immunother 2015; 11: 53-57 [DOI: 10.4161/
hv.34306]

West DJ, Calandra GB. Vaccine induced immunologic memory
for hepatitis B surface antigen: implications for policy on booster
vaccination. Vaccine 1996; 14: 1019-1027 [PMID: 8879096 DOI:

WJH | www.wjgnet.com

1668

4

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

10.1016/0264-410X(96)00062-X]

Banatvala J, Van Damme P, Ochen S. Lifelong protection against
hepatitis B: the role of vaccine immunogenicity in immune
memory. Vaccine 2000; 19: 877-885 [PMID: 11115711 DOI:
10.1016/S0264-410X(00)00224-3]

Shouval D, Ilan Y, Adler R, Deepen R, Panet A, Even-Chen Z,
Gorecki M, Gerlich WH. 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 [PMID: 7533967
DOI: 10.1016/0264-410X(94)90155-4]

Wolters B, Miiller T, Ross RS, Clauberg R, Werfel U, Roggendorf
H, Siggelkow C, Hausen T, Roggendorf M. Comparative
evaluation of the immunogenicity of combined hepatitis A and B
vaccine by a prospective and retrospective trial. Hum Vaccin 2009;
5:248-253 [PMID: 19276678 DOI: 10.4161/hv.5.4.7051]
Shouval D. Hepatitis B vaccines. J Hepatol 2003; 39 Suppl 1:
S70-S76 [PMID: 14708681 DOI: 10.1016/S0168-8278(03)00152-1]
Mahmood K, Pelkowski S, Atherly D, Sitrin RD, Donnelly JJ.
Hexavalent IPV-based combination vaccines for public-sector
markets of low-resource countries. Hum Vaccin Immunother 2013;
9: 1894-1902 [PMID: 23787559 DOI: 10.4161/hv.25407]

Nolan T, Lambert S, Roberton D, Marshall H, Richmond P,
Streeton C. DTPa-HBV-IPV vaccine for primary vaccination
of infants. J Paediatr Child Health 2007; 43: 587-592 [PMID:
17688642 DOI: 10.1111/j.1440-1754.2007.01139.x]

Shaw FE, Graham DJ, Guess HA, Milstien JB, Johnson JM,
Schatz GC, Hadler SC, Kuritsky JN, Hiner EE, Bregman DJ.
Postmarketing surveillance for neurologic adverse events reported
after hepatitis B vaccination. Experience of the first three years.
Am J Epidemiol 1988; 127: 337-352 [PMID: 2962488]

McMahon BJ, Helminiak C, Wainwright RB, Bulkow L, Trimble
BA, Wainwright K. Frequency of adverse reactions to hepatitis B
vaccine in 43,618 persons. Am J Med 1992; 92: 254-256 [PMID:
1532114 DOI: 10.1016/0002-9343(92)90073-K]

Zhang HZ, Wu WS, Su F, Sun CM, Jiang MB, Zhang GH,
Wang XY, Xu ZY. [Valuation on the immunization efficacy on
the 23 years who had received plasma-derived HBV vaccine as
newborns]. Zhonghua Liuxingbingxue Zazhi 2012; 33: 207-209
[PMID: 22575145]

Shen L, Wang F, Wang F, Cui F, Zhang S, Zheng H, Zhang Y,
Liang X, Bi S. Efficacy of yeast-derived recombinant hepatitis
B vaccine after being used for 12 years in highly endemic areas
in China. Vaccine 2012; 30: 6623-6627 [PMID: 22959987 DOL:
10.1016/j.vaccine.2012.08.067]

Neurath AR, Kent SB, Parker K, Prince AM, Strick N, Brotman B,
Sproul P. Antibodies to a synthetic peptide from the preS 120-145
region of the hepatitis B virus envelope are virus neutralizing.
Vaccine 1986; 4: 35-37 [PMID: 2421497 DOI: 10.1016/S0264-
410X(86)80001-9]

Mancini-Bourgine M, Fontaine H, Scott-Algara D, Pol S, Bréchot
C, Michel ML. Induction or expansion of T-cell responses by a
hepatitis B DNA vaccine administered to chronic HBV carriers.
Hepatology 2004; 40: 874-882 [PMID: 15382173 DOI: 10.1002/
hep.20408]

Rottinghaus ST, Poland GA, Jacobson RM, Barr LJ, Roy MJ.
Hepatitis B DNA vaccine induces protective antibody responses
in human non-responders to conventional vaccination. Vaccine
2003; 21: 4604-4608 [PMID: 14575774 DOI: 10.1016/S0264-
410X(03)00447-X]

Davis HL, McCluskie MJ, Gerin JL, Purcell RH. DNA vaccine
for hepatitis B: evidence for immunogenicity in chimpanzees and
comparison with other vaccines. Proc Natl Acad Sci USA 1996, 93:
7213-7218 [PMID: 8692971 DOI: 10.1073/pnas.93.14.7213]

Du DW, Jia ZS, Li GY, Zhou YY. HBV DNA vaccine with
adjuvant cytokines induced specific immune responses against
HBYV infection. World J Gastroenterol 2003; 9: 108-111 [PMID:
12508362]

Wang J, Zhu R, Gao B, Wu B, Li K, Sun X, Liu H, Wang S. The
enhanced immune response of hepatitis B virus DNA vaccine using

June 28, 2015 | Volume 7 | Issue 12 |



58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

JRaishideng®

SiO2@LDH nanoparticles as an adjuvant. Biomaterials 2014; 35:
466-478 [PMID: 24099705 DOI: 10.1016/j.biomaterials.2013.09.0
60]

Thanavala Y, Yang YF, Lyons P, Mason HS, Artzen C. Immuno-
genicity of transgenic plant-derived hepatitis B surface antigen. Proc
Natl Acad Sci USA 1995; 92: 3358-3361 [PMID: 7724566 DOI:
10.1073/pnas.92.8.3358]

Kapusta J, Modelska A, Figlerowicz M, Pniewski T, Letellier M,
Lisowa O, Yusibov V, Koprowski H, Plucienniczak A, Legocki AB.
A plant-derived edible vaccine against hepatitis B virus. FASEB J
1999; 13: 1796-1799 [PMID: 10506582]

Lou XM, Yao QH, Zhang Z, Peng RH, Xiong AS, Wang HK.
Expression of the human hepatitis B virus large surface antigen
gene in transgenic tomato plants. Clin Vaccine Immunol 2007; 14:
464-469 [PMID: 17314228]

Youm JW, Won YS, Jeon JH, Moon KB, Kim HC, Shin KS, Joung
H, Kim HS. Antibody responses in mice stimulated by various
doses of the potato-derived major surface antigen of hepatitis
B virus. Clin Vaccine Immunol 2010; 17: 2029-2032 [PMID:
20943879]

Pniewski T, Kapusta J, Bociag P, Kostrzak A, Fedorowicz-Stronska
0O, Czyz M, Gdula M, Krajewski P, Wolko B, Plucienniczak A.
Plant expression, lyophilisation and storage of HBV medium and
large surface antigens for a prototype oral vaccine formulation.
Plant Cell Rep 2012; 31: 585-595 [PMID: 22246107 DOI: 10.1007/
800299-011-1223-7]

Cobleigh MA, Buonocore L, Uprichard SL, Rose JK, Robek MD.
A vesicular stomatitis virus-based hepatitis B virus vaccine vector
provides protection against challenge in a single dose. J Virol 2010;
84: 7513-7522 [PMID: 20504927 DOI: 10.1128/JV1.00200-10]
Hong Y, Peng Y, Mi M, Xiao H, Munn DH, Wang GQ, He
Y. Lentivector expressing HBsAg and immunoglobulin Fc
fusion antigen induces potent immune responses and results in
seroconversion in HBsAg transgenic mice. Vaccine 2011; 29:
3909-3916 [PMID: 21421003 DOI: 10.1016/j.vaccine.2011.03.025]
Song JM, Lee KH, Seong BL. Recombinant influenza viruses as
delivery vectors for hepatis B virus epitopes. Clin Exp Vaccine Res
2012; 1: 77-82 [PMID: 23596580 DOI: 10.7774/cevr.2012.1.1.77]
Kwon SY, Lee CH. Epidemiology and prevention of hepatitis
B virus infection. Korean J Hepatol 2011; 17: 87-95 [PMID:
21757978 DOI: 10.3350/kjhep.2011.17.2.87]

Chen SC, Toy M, Yeh JM, Wang JD, Resch S. Cost-effectiveness
of augmenting universal hepatitis B vaccination with immunoglobin
treatment. Pediatrics 2013; 131: e1135-e1143 [PMID: 23530168
DOI: 10.1542/peds.2012-1262]

Leuridan E, Van Damme P. Hepatitis B and the need for a booster
dose. Clin Infect Dis 2011; 53: 68-75 [PMID: 21653306 DOI:
10.1093/cid/cir270]

Centers for Disease Control and Prevention (CDC). A com-
prehensive immunization strategy to eliminate transmission of
hepatitis B virusinfection in the United States. Recommendations
of the Advisory Committee on Immunization Practices (ACIP) Part
1: Immunization of Infants, Children, and Adolescents. Available
from: URL: http://www.cdc.gov/mmwr/preview/mmwrhtml/
rr5416al.htm

Shaaban FA, Hassanin Al, Samy SM, Salama SI, Said ZN. Long-
term immunity to hepatitis B among a sample of fully vaccinated
children in Cairo, Egypt. East Mediterr Health J 2007; 13: 750-757
[PMID: 17955755]

Abushady EA, Gameel MM, Klena JD, Ahmed SF, Abdel-
Wahab KS, Fahmy SM. HBV vaccine efficacy and detection and
genotyping of vaccineé asymptomatic breakthrough HBV infection
in Egypt. World J Hepatol 2011; 3: 147-156 [PMID: 21860674]
Gilca V, De Serres G, Boulianne N, De Wals P, Murphy D,
Trudeau G, Massé R, Duval B. Antibody kinetics among 8-10
years old respondents to hepatitis B vaccination in a low endemic
country and the effect of a booster dose given 5 or 10 years later.
Vaccine 2009; 27: 6048-6053 [PMID: 19683086 DOI: 10.1016/
j-vaccine.2009.07.100]

Salama II, Sami SM, Salama SI, Foud WA, Abdel Hamid AT, Said

WJH | www.wjgnet.com

74

75

76

71

78

79

80

81

82

83

84

85

86

87

Said ZNA et al. Hepatitis B virus induced immunity

ZN. Persistence of protection to hepatitis B vaccine and response
to booster dose among children and adolescents in Dakahleya-
Egypt. Egypt J Immunol 2014; 21: 13-26 [PMID: 25204041]
Werner JM, Abdalla A, Gara N, Ghany MG, Rehermann B. The
hepatitis B vaccine protects re-exposed health care workers, but
does not provide sterilizing immunity. Gastroenterology 2013; 145:
1026-1034 [PMID: 23916846 DOI: 10.1053/j.gastro.2013.07.044]
Centers for Disease Control and Prevention (CDC). Immu-
nization of health-care personnel: recommendations of the
Advisory Committee on Immunization Practices (ACIP). [Accessed
2011 Nov 25]. Available from: URL: http://www.cdc.gov/mmwr/
preview/mmwrhtml/rr6007al.htm

Centers for Disease Control and Prevention (CDC). A com-
prehensive immunization strategy to eliminate transmission of
hepatitis B virus infection in the United States: recommendations
of the Advisory Committee on Immunization Practices.
Recommendations of the Advisory Committee on Immunization
Practices (ACIP) Part II: immunization of adults. [Accessed, 2006
Dec 8]. Available from: URL: http://www.cdc.gov/mmwr/preview/
mmwrhtml/rr5516al.htm

Centers for Disease Control and Prevention (CDC). Recom-
mended adult immunization schedule-United States-2015.
Available from: URL: http://www.cdc.gov/vaccines/schedules/
downloads/adult/adult-schedule.pdf

Fitzsimons D, Frangois G, Hall A, McMahon B, Meheus A, Zanetti
A, Duval B, Jilg W, Bécher WO, Lu SN, Akarca U, Lavanchy
D, Goldstein S, Banatvala J, Damme PV. Long-term efficacy of
hepatitis B vaccine, booster policy, and impact of hepatitis B virus
mutants. Vaccine 2005; 23: 4158-4166 [PMID: 15964484]
Poorolajal J, Mahmoodi M, Majdzadeh R, Nasseri-Moghaddam
S, Haghdoost A, Fotouhi A. Long-term protection provided by
hepatitis B vaccine and need for booster dose: a meta-analysis.
Vaccine 2010; 28: 623-631 [PMID: 19887132 DOI: 10.1016/
j-vaccine.2009.10.068]

Filippelli M, Lionetti E, Gennaro A, Lanzafame A, Arrigo T,
Salpietro C, La Rosa M, Leonardi S. Hepatitis B vaccine by
intradermal route in non responder patients: an update. World J
Gastroenterol 2014; 20: 10383-10394 [PMID: 25132754 DOI:
10.3748/wjg.v20.i130.10383]

Grzegorzewska AE, Wobszal PM, Mostowska A, Jagodzinski
PP. Antibodies to hepatitis B virus surface antigen and interleukin
12 and interleukin 18 gene polymorphisms in hemodialysis
patients. BMC Nephrol 2012; 13: 75 [PMID: 22863216 DOI:
10.1186/1471-2369-13-75]

Middleman AB, Anding R, Tung C. Effect of needle length
when immunizing obese adolescents with hepatitis B vaccine.
Pediatrics 2010; 125: ¢508-¢512 [PMID: 20142295 DOI: 10.1542/
peds.2009-1592]

Liu J, Kosinska A, Lu M, Roggendorf M. New therapeutic
vaccination strategies for the treatment of chronic hepatitis B. Virol
Sin 2014; 29: 10-16 [PMID: 24452539 DOI: 10.1007/s12250-014-
3410-5]

Couillin I, Pol S, Mancini M, Driss F, Bréchot C, Tiollais P, Michel
ML. Specific vaccine therapy in chronic hepatitis B: induction of T
cell proliferative responses specific for envelope antigens. J Infect
Dis 1999; 180: 15-26 [PMID: 10353856 DOI: 10.1086/314828]
Akbar SM, Al-Mahtab M, Uddin MH, Khan MS. HBsAg, HBcAg,
and combined HBsAg/HBcAg-based therapeutic vaccines in
treating chronic hepatitis B virus infection. Hepatobiliary Pancreat
Dis Int 2013; 12: 363-369 [PMID: 23924493]

Thermet A, Buronfosse T, Werle-Lapostolle B, Chevallier
M, Pradat P, Trepo C, Zoulim F, Cova L. DNA vaccination in
combination or not with lamivudine treatment breaks humoral
immune tolerance and enhances cccDNA clearance in the duck
model of chronic hepatitis B virus infection. J Gen Virol 2008; 89:
1192-1201 [PMID: 18420797 DOI: 10.1099/vir.0.83583-0]
Gaggar A, Coeshott C, Apelian D, Rodell T, Armstrong BR, Shen
G, Subramanian GM, McHutchison JG. Safety, tolerability and
immunogenicity of GS-4774, a hepatitis B virus-specific therapeutic
vaccine, in healthy subjects: a randomized study. Vaccine 2014; 32:

June 28, 2015 | Volume 7 | Issue 12 |



88

89

90

JRaishideng®

Said ZNA et al. Hepatitis B virus induced immunity

4925-4931 [PMID: 25045824 DOI: 10.1016/j.vaccine.2014.07.027]
Michel ML, Bourgine M, Fontaine H, Pol S. Therapeutic vaccines
in treating chronic hepatitis B: the end of the beginning or the
beginning of the end? Med Microbiol Immunol 2015; 204: 121-129
[PMID: 25511871]

Kao JH, Chen DS. Global control of hepatitis B virus infection.
Lancet Infect Dis 2002; 2: 395-403 [PMID: 12127351]

Lazarevic 1. Clinical implications of hepatitis B virus mutations:
recent advances. World J Gastroenterol 2014; 20: 7653-7664

WJH | www.wjgnet.com

1670

91

92

[PMID: 24976703 DOI: 10.3748/wjg.v20.i124.7653]

Carman WF, Zanetti AR, Karayiannis P, Waters J, Manzillo G,
Tanzi E, Zuckerman AJ, Thomas HC. Vaccine-induced escape
mutant of hepatitis B virus. Lancet 1990; 336: 325-329 [PMID:
1697396]

Pollicino T, Cacciola I, Saffioti F, Raimondo G. Hepatitis B virus
PreS/S gene variants: pathobiology and clinical implications. J
Hepatol 2014; 61: 408-417 [PMID: 24801416 DOI: 10.1016/
j-jhep.2014.04.041]

P- Reviewer: Kaplan DE, Luo GH, Novo E  S- Editor: Tian YL
L- Editor: Roemmele A E- Editor: Liu SQ

June 28, 2015 | Volume 7 | Issue 12 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.



	WJH-7-1660
	WJHv7i12-Back Cover

