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ABSTRACT
Vaccination against hepatitis B is the most effective strategy to control HBV infection. The first licensed
hepatitis B vaccine was developed by the purification of hepatitis B surface antigen (HBsAg) from plasma
of asymptomatic HBsAg carriers. Then, the recombinant DNA technology enabled the development of
recombinant hepatitis B vaccine. A series of three doses vaccine can elicit long-term protection more
than 30 y. Concurrent use of hepatitis B immunoglobulin and hepatitis B vaccine has substantially
reduced the mother-to-child transmission of HBV, nearly zero infection in children of carrier mother with
negative hepatitis B e antigen (HBeAg) and 5–10% infection in children of HBeAg-positive mothers. By
the end of 2018, 189 countries adopted universal hepatitis B vaccination program, which has dramati-
cally reduced the global prevalence of HBsAg in children <5 y of age, from 4.7% in the prevaccine era to
1.3% in 2015. However, the implementation of universal hepatitis B vaccination in some regions is
suboptimal and timely birth dose vaccine is not routinely administered in more than half of newborn
infants. Optimal worldwide universal hepatitis B vaccination requires more efforts to overcome the social
and economic challenges.
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Introduction

Chronic hepatitis B virus (HBV) infection is a serious health
problem. Although antiviral agents against HBV have been
widely applied to treat chronic hepatitis B, the drugs cannot
completely eliminate the virus in the host. Vaccination against
hepatitis B is the most important strategy to control HBV
infection. The unexpected discovery of “the Australia antigen”
in 1964,1 which was designated as “hepatitis associated anti-
gen” in 1969 and was formally changed to hepatitis B surface
antigen (HBsAg) in 1972 after visualization of Dane particles
(HBV virions) with electron microscope in 1970,2 opened the
way to develop hepatitis B vaccine.

Development of hepatitis B vaccine

Plasma hepatitis B vaccine

HBV cannot efficiently replicate in cell cultures, indicating
that it is impossible to develop hepatitis B vaccine based on
in vitro culture system. Dr Krugman and his colleagues con-
ducted the pioneering work on developing hepatitis B vaccine.
They showed that boiling destroyed the infectivity of HBV
carriers’ plasma,3 active immunization of individuals with the
boiled plasma induced antibodies against HBsAg (anti-HBs)
and the immunized subjects were partially protected against
HBV challenge,4 and hepatitis B immunoglobulin (HBIG)
showed effective in preventing HBV infection in human.5

These studies demonstrated the possibility of viral antigens

naturally produced in HBV carriers in developing hepatitis
B vaccine.

Electron microscopy found that the 22-nm spherical par-
ticles (HBsAg) in the circulation of HBV carriers are much
excess over the 42-nm HBV virions,2 and the concentration of
circulation HBsAg is as high as 200 µg/mL.6 Meanwhile,
chimpanzees were found to be susceptible to human HBV
infection,7 which provided an animal model to evaluate the
efficacy and safety of hepatitis B vaccine. Given the high
concentrations of circulation HBsAg, HBsAg purified from
the plasma of asymptomatic carriers had been extensively
studied to develop the hepatitis B vaccine.

The purification of plasma HBsAg usually included iso-
pycnic banding and rate zonal separation by ultracentrifuga-
tion, chemical purification procedures, and the treatment of
purified HBsAg with formalin to eliminate the potential HBV
contamination.8,9 The chimpanzees immunized with the pur-
ified HBsAg were protected against HBV challenge.10 As the
candidate vaccine was derived from the plasma of HBV car-
riers, who were likely co-infected with other pathogens such
as HIV, the preparation of plasma-derived hepatitis B vaccine
consisted of a series of steps that can exclude and destruct all
known animal viruses tested then, including ultracentrifuga-
tion, digesting the partially purified HBsAg with pepsin at pH
2, unfolding the HBsAg in 8 M urea solution followed by
renaturation, gel filtration, treating the purified HBsAg in
formalin.11 Extensive studies confirmed the safety and high
efficacy of hepatitis B vaccine in preventing acute hepatitis B,
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asymptomatic infection, and chronic HBV carrier,12-14 leading
to the first licensed vaccine in USA in November 1981,15 and
in France in 1982.16 The licensed plasma hepatitis B vaccine
became commercially available in 1982. Although HBV is
classified into various serotypes, all isolates of HBV share
the a antigenic determinant and hepatitis B vaccine is subtype
cross-protective.17

Recombinant hepatitis B vaccine

While the plasma hepatitis B vaccine is safe and effective, the
relatively high cost of the vaccine limited its widespread use.
The theoretical safety concerns associated with the plasma
from HBV carriers who may be co-infected with HIV and
other pathogens also impeded the use of this vaccine.
Additionally, the HBV-infected human plasma source is
restricted, particularly when the prevalence of HBsAg has
decreased after the vaccination against HBV. These factors
led to search for alternative hepatitis B vaccines.

The successful cloning of HBV S gene in bacteria showed
the possibility of using recombinant HBsAg as hepatitis
B vaccine.18,19 Since the HBsAg synthesized in bacteria is
not able to properly assemble as particles similar to those in
natural infection in human, the expression of the S gene was
tried in eukaryotic systems. The HBsAg synthesized in the
yeast Saccharomyces cerevisiae is able to assemble into par-
ticles similar to the 22-nm particles produced in human.20

The hepatitis B vaccine composed of HBsAg purified from
the recombinant yeast cells potently induced anti-HBs
response in mice, monkeys, and chimpanzees, and the vacci-
nated chimpanzees were completely protected against intra-
venous challenge of homologous or heterologous human
HBV.21 Extensive clinical trials in human demonstrated that
the recombinant yeast hepatitis B vaccine was safe and had
comparable quantity, quality, specificity of anti-HBs
response, and similar protective efficacy as human plasma
vaccine did.22–27 In 1986, the recombinant HB vaccine was
approved by the USA Food and Drug Administration. Since
then, the recombinant hepatitis B vaccine has gradually
replaced the plasma hepatitis B vaccine. In the mainland
China, production of plasma hepatitis B vaccine was discon-
tinued in 2000. Since 2001, all hepatitis B vaccines used in
China have been composed of recombinant HBsAg.28

Currently, plasma hepatitis B vaccine is no longer used
worldwide and all hepatitis B vaccines contain recombinant
HBsAg.

Newly licensed hepatitis B vaccine

A new hepatitis B vaccine, named HEPLISAV-B®, was licensed
for adults ≥18 y old in 2018, and the new vaccine requires just
two doses at 1 month interval,29 instead of three doses during
a 6-month period. The HEPLISAV-B, which had been named
HBsAg-1018 ISS before it was approved, contains recombinant
HBsAg combined with a novel, Toll-like receptor 9 agonist
adjuvant, an oligodeoxynucleotide that contains immunostimu-
latory CpGmotifs, which can stimulate B cells and plasmacytoid
dendritic cells by binding to Toll-like receptor 9.30

In clinical trials in adults at age 40–70 y, the anti-HBs
seroprotection (anti-HBs ≥10 mIU/mL) rate in subjects vac-
cinated with HBsAg-1018 ISS was 96.6% at 4 weeks following
the second injection, higher than 24.0% in subjects vaccinated
with the conventional hepatitis B vaccine, and at 4 weeks after
the third vaccination, the seroprotection rate had also signifi-
cant difference in subjects injected with HBsAg-1018 ISS and
conventional vaccine (100% vs. 73.1%), demonstrating that
HBsAg-1018 ISS is superior to the conventional vaccine.31

A further clinical trial in adults at age 40–70 y demonstrated
that the seroprotection rate in subjected injected with two
doses of HBsAg-1018 ISS at an interval of 4 weeks was
significantly higher than that in subjects who received three
doses of conventional hepatitis B vaccine at week 28 following
the first vaccination (94.8% vs. 72.8%), demonstrating that
HBsAg-1018 with two doses is superior to conventional hepa-
titis B vaccine with three doses,32 which was further proved in
healthy adults at age 18–70 y.33 Other studies in patients with
chronic kidney disease or with chronic kidney disease and
type 2 diabetes mellitus showed that three doses (20 μg
HBsAg) of HBsAg-1018 at week 0, 4, and 24, respectively,
had higher seroprotection rate than four double doses (40 μg
HBsAg) of conventional hepatitis B vaccine at week 0, 4, 8,
and 24, respectively,34,35 while the safety of the new vaccine is
comparable to that of the conventional hepatitis B vaccine.36

The newly licensed hepatitis B vaccine can elicit higher
anti-HBs response more rapidly, which can provide earlier
protection. The two-dose schedule at 1 month interval can
increase the adherence of full vaccination. While the new
vaccine does not have additional side effects in clinical trials,
the long-term safety data remain further observation.

Therapeutic hepatitis B vaccine

It is known that the clearance of HBV in host requires both
the innate and adaptive humoral and cellular immune
responses. The elimination of virions in hepatocytes is mainly
dependent upon the T-cell responses. Thus, great efforts have
been taken to develop therapeutic hepatitis B vaccine using
different genes of HBV, including P, C, S and/or pre-S gene,
with various techniques, based on protein, protein-antibody
complex, peptide, or DNA, to stimulate the humoral and/or
cellular immune responses.37-40 However, although the ther-
apeutic vaccines elicited specific humoral and/or cellular
immune responses in human or experimental animals and
showed promising therapeutic effects in some experimental
animals,37,38 the clinical efficacy of the therapeutic vaccines is
limited.40-42 Thus, far more breakthrough studies are required
to develop effective therapeutic vaccines against hepatitis B in
human.

Administration of hepatitis B vaccine

Dosage, schedule, and injection route of hepatitis
B vaccine

Initially, the HBsAg quantity of plasma hepatitis B vaccine
was 20 or 40 µg per dose. A full course of vaccination requires
three injections at 0, 1, and 6 months, respectively, named the
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three-dose schedule. Because of its high cost and restrictive
supply, the immunogenicity and protective efficacy of reduced
dosage of hepatitis B vaccine had been studied, which
appeared to be also effective.43,44 However, as HBsAg synthe-
sized in yeast shares the characters of natural HBsAg in
human plasma except for glycosylation and the supply of
recombinant HBsAg is unlimited, reduced dose of hepatitis
B vaccine was no longer considered to a wise idea.45

Currently, a dose of hepatitis B vaccine contains 5–40 µg of
recombinant HBsAg adsorbed on aluminum hydroxide or
aluminum phosphate adjuvant, which is flexibly applicable
in different subpopulations (Table 1). Usually, the dose for
the infants, children and adolescents is half of the dose used
for adults.46 The vaccination course is still the three-dose
schedule. In mainland China, the recommended dosage for
infants born to HBsAg-negative and HBsAg-positive mothers
was 5 and 10 µg, respectively.28 Since 2011, the dosage has
been switched to 10 µg for all infants, regardless of the
maternal HBsAg status.

Hepatitis B vaccine should be intramuscularly injected
on the anterolateral site of the thigh (for infants and chil-
dren aged <2 y) or into the deltoid muscle (for older
children and adults). It is not recommended to inject the
vaccine into the buttock because this route appears to elicit
decreased anti-HBs levels, probably associated with
obesity,47 and may potentially impair the sciatic nerve.
When the gluteal muscle has to be used, it should avoid
the central region of buttock, but use the upper outer

quadrant. In the case of post-exposure prophylaxis, HBIG
(passive immunoprophylaxis), and hepatitis B vaccine
should be administered at different sites.

Indications and contraindications

Hepatitis B vaccine is recommended for all infants (universal
vaccination) and children who did not receive hepatitis
B vaccine during infancy (catch-up vaccination). For adults,
it is generally recommended for those who are at increased
risk for infection, including all medical, dental, laboratory,
and other health care staff of hospitals, intimate contacts, or
family members of HBV carriers, at-risk patients (chronic
kidney diseases with hemodialysis, thalassemia, diabetes mel-
litus, co-infection of hepatitis C virus or HIV), and special
groups such as homosexual males, commercial sexual work-
ers, users of illicit drugs, and other high-risk groups.48 In
theory, anyone who is susceptible to HBV (negative for
HBsAg, anti-HBs, and anti-HBc) may receive the vaccination
except for those who have a contradiction.

A known history of anaphylaxis or serious adverse events
after first injection of hepatitis B vaccine is a contraindication
for further vaccination. It should also be cautious to vaccinate
in individuals with history of allergic to yeast. Additionally,
hepatitis B vaccination should be delayed in an individual
with an acute or febrile disease. Hepatitis B vaccine does not
have additional side effects in pregnant women and can be
used during any trimester of pregnancy.

Table 1. Selected recombinant hepatitis B vaccine internationally or locally applied.

Vaccine name Company, Country
HBsAg (µg)/volume

(mL)
Other
vaccine Applicable subject

Engerix-B GlaxoSmithKline, USA 10/0.5 None From birth to age 19 y
20/1.0 None Adults (≥20 y)
40/2.0 None Immunocompromised

individuals
Recombivax HB Merck & Co, USA 5/0.5 None From birth to age 19 y

10/1.0 None Adults (≥20 y)
40/1.0 None Immunocompromised

individuals
Hepavax-Gene Berna, Korea 10/0.5 None Infants and children

20/1.0 None Adults
Euvax-B Lucky Goldstar Chemical,

Korea
10/0.5 None Infants and children
20/1.0 None Adults

Revac-B Bharat Biotech, India 10/0.5 None ≤10 y old children
20/1.0 None >10 y old children and

adults
Heberbiovac-HB Heber Biotec, Cuba 10/0.5 None ≤10 y old children

10/1.0 None >10 y old children and
adults

HBvaxPro MSD Pharma, Singapore 5/0.5 None Pediatric/adolescent
10/1.0 None Adults
40/1.0 None Predialysis/dialysis patients

Hanxin Hiss Bio, China 10/0.5 None All ages
20/1.0 None All ages

Tiantan Tiantan, China 10/0.5 None <16 y
20/1.0 None ≥16 y

Kangtai Kangtai, China 10/0.5 None <16 y
20/1.0 None ≥16 y

Twinrix GlaxoSmithKline, USA 20/1.0 Hepatitis A 1–15 y old
20/1.0 Hepatitis A Adult and adolescent ≥16 y

Pediarix GlaxoSmithKline, USA 10/0.5 DTP/IPV 6 weeks to 6 y old
EasySix Panacea Biotec, India 10/0.5 DTP-Hib/IPV 6 weeks to 6 y old
Pentavac SD-R Human Biologicals, India 10/0.5 DTPa-/Hib 6 weeks to 6 y old
Quinvaxem Crucell, Netherlands 10/0.5 DTPa-/Hib age 6 weeks to 24 months
Hexaxim Sanofi Pasteur, France 10/0.5 DTPa-IPV/Hib age 6 weeks to 24 months

DTPa-/Hib: diphtheria, tetanus, pertussis, and Haemophilus influenzae type b
IPV: inactivated polio vaccine.
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Combination with other vaccines

Of 189 countries incorporated hepatitis B vaccine in
Expanded Program on Immunization, 109 have introduced
birth dose of hepatitis B vaccine in newborn infants within
24 h after birth, with an overall global coverage 42%,49 and
other countries have not taken the policy of offering birth
dose in newborn infants. These countries offer the first dose
of hepatitis B vaccine together with four or five other vaccines
conjugated into one vial, which includes each vaccine against
diphtheria, tetanus, pertussis, Haemophilus influenzae type B,
and hepatitis B (pentavalent, DTaP5-HBV-Hib), and polio
(hexavalent, DTaP5-HBV-IPV-Hib). The vaccination sche-
dule somewhat varies in different regions, scheduled at the
age of 2, 4, and 6 months (the standard schedule in Latin
America and Asia), at the age of 2, 3, and 4 months (the
accelerated schedule in Europe), or at the age of 6, 10, and
14 weeks (expanded program of immunization schedule in
South Africa and India).50 Generally, the anti-HBs serocon-
version rate and the persistence of the immunity in the
vaccinees appear to be comparable to those vaccinated with
hepatitis B vaccine alone.50–52 However, the multivalent vac-
cine is not administered until 6 weeks or 2 months of age,
leaving the infants susceptible to HBV during the very early
life period. This is particularly for infants born to HBsAg-
positive mothers or in families with other members with HBV
infection. To overcome this problem, some countries adopt
a combination of HBIG and hepatitis B vaccine in infants
born to HBsAg-positive mothers at birth, and another dose of
hepatitis B vaccine at 1 month of age if necessary, followed by
three doses of pentavalent or hexavalent vaccine containing
hepatitis B vaccine at scheduled time points.53,54

Immunogenicity, protection duration, and safety of
hepatitis B vaccine

Immunogenicity of primary hepatitis B vaccination

A full course of primary hepatitis B vaccination requires three
doses, usually at 0, 1, and 6 months schedules. An early study
showed that, among 1.5–16 y old children vaccinated with
plasma vaccine (16 µg HBsAg) prepared by the National
Institute of Allergy and Infectious Diseases, USA, anti-HBs
seroconversion reached 59% two weeks following the first
dose and reached 100% one month after the second dose.55

Most of infants who are vaccinated with 5 or 10 µg recombi-
nant HBsAg produce undetectable anti-HBs or anti-HBs
<10 mIU/mL after the first injection; the seroconversion rate
(anti-HBs ≥10 mIU/mL) 1 month after the first dose was only
3% in infants vaccinated with 5 µg HBsAg,56 or 7–9% in
infants vaccinated with 10 µg HBsAg.57,58 The anti-HBs ser-
oconversion rate reaches 80–100% after the second
injection.56,57,59 Anti-HBs response is significantly enhanced
after the third injection, with an overall 97–100% anti-HBs
≥10 mIU/mL,56,58,60 and over 80% with anti-HBs ≥100 mIU/
mL and over 40% with anti-HBs ≥1000 mIU/mL 1–5 months
following the third dose.60 Among the remaining infants who
are assumed anti-HBs negative (<10 mIU/mL), there are still
anti-HBs (6–8 mIU/mL) in the circulation.60 Therefore, the
recombinant hepatitis B vaccine is highly immunogenic.

The immunogenicity of hepatitis B vaccine in adults is
somewhat lower than that in infants and children. After
vaccinated with three serial doses of 20 μg HBsAg, the average
seroprotection rate is more than 90% in adults, relatively
higher in younger and lower in older, and drops to 60–70%
in adults over age 60 y.61 The immunogenicity of hepatitis
B vaccine in high-risk subpopulations is considerably varied,
ranging from >90% seroprotection rate in healthcare workers
and young homosexual men to as low as 20–60% in patients
with immunocompromised conditions, such as chronic renal
disease or dialysis, type 2 diabetes mellitus, transplant recipi-
ents, chronic liver disease, inflammatory bowel disease, infec-
tion of HIV, and various cancers.61 Therefore, higher vaccine
dosage of HBsAg is required in the immunocompromised
individuals, and sometimes it requires repeating another
three serial doses of hepatitis B vaccine.61 In addition, the
newly licensed hepatitis B vaccine appears to induce higher
anti-HBs response in immunocompromised patients.34,35

Long-term protection after primary hepatitis
B vaccination

Studies demonstrated that the primary hepatitis B vaccination
can provide long-term protection, more than 30 y in vacci-
nated children and adults.62 Although it is still a concern
whether the long-term protection in vaccinees who received
reduced quantity of HBsAg (2.5 μg dosage, Recombivax-HB,
Merck) or in individuals with high-risk of HBV exposure,
such as healthcare workers, the immunity to HBV is appro-
priately maintained.63,64 A booster dose in vaccinees who
previously received primary hepatitis B vaccination during
infancy appears not required, because the vaccinees with anti-
HBs <10 mIU/mL or undetectable have brisk anamnestic
immune response to HBsAg and authentic breakthrough
infection of wild-type HBV with severe outcomes (acute
hepatitis B or chronic carrier) in successfully vaccinated indi-
viduals is extremely rare.65 Nevertheless, ongoing surveillance
of vaccinees is required to clarify whether primary hepatitis
B vaccination can confer longer or even lifelong protection.

Side effects

Numerous studies and widespread practical applications have
demonstrated that hepatitis B vaccines are very safe.66,67 Local
reactions to hepatitis B vaccine, generally mild and transient,
are the most reported side effects in children and adults.
Anaphylaxis is the only serious adverse event that may
occur following hepatitis B vaccination, with an estimated
incidence of 1 case in 600,000 vaccine doses.68

Hepatitis B vaccination in newborn infants is not asso-
ciated with febrile episodes, sepsis, neurologic events, or neo-
natal death.69,70 To date, there is no evidence to ascertain the
association of hepatitis B vaccine with other reported serious
adverse events, including arthritis, Guillain-Barré syndrome,
transverse myelitis, sudden infant death syndrome, and other
chronic diseases such as multiple sclerosis, optic neuritis,
chronic fatigue syndrome, and autoimmune disorders. No
evidence of an association between hepatitis B vaccine and
central demyelination was found.71
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Reports of serious adverse events after hepatitis
B vaccination are exceedingly rare. A case of serious adverse
event after receipt of hepatitis B vaccine cannot be ascertained
to a true causal association or a coincidental relationship.
Therefore, it should be cautious to get a concrete conclusion
based on the case reports. The release of inconclusive results
by news media has negative impact for the implementation of
universal hepatitis B vaccination.72,73 Nevertheless, potential
health risks associated with the vaccines should be continu-
ously monitored.

Implementation of universal hepatitis B vaccination

Selective vs. universal hepatitis B vaccination

There are two hepatitis B vaccination strategies, universal
vaccination in all infants and selective vaccination with con-
current use of hepatitis B vaccine and HBIG in HBV-exposed
individuals such as infants born to HBsAg-positive mothers.
When hepatitis B vaccine was initially licensed, most coun-
tries adopted selective vaccination because of the cost and
restrictive supply of the vaccine. However, selective vaccina-
tion program targeting neonates with HBV exposure does not
protect against horizontal transmission. Universal vaccination
is the only practical strategy to achieve global eradication of
hepatitis B.

Universal hepatitis B vaccination

Since the recombinant DNA technology can produce unlim-
ited supplies of hepatitis B vaccine, it becomes feasible to
prepare sufficient hepatitis B vaccine for the worldwide use.
The World Health Organization (WHO) recommended in
1991 that all countries implement universal hepatitis
B vaccination by 1997 to prevent and control on a global
scale HBV infection.74 This recommendation promoted all
countries to incorporate hepatitis B vaccine into their national
immunization program. However, worldwide implementation
of universal vaccination is not an easy task. By 2000, only 116
of 215 countries adopted this policy, representing 31% of the
global birth cohort.75 In hepatitis B endemic regions, where
economics is usually less developed, lack of funds is the main
reason, whereas in the low-endemic regions, universal infant
vaccination appears to be less importance, leading to reluctant
to adopt this policy. Japan and UK did not take the universal
vaccination policy until 2016 and 2017, respectively.76-78

The role of global alliance for vaccines and immunization
in implementation of universal hepatitis B vaccination

Global Alliance for Vaccines and Immunization (GAVI), cre-
ated in early 2000, initially supported by the Bill and Melinda
Gates Foundation and currently supported by multiple part-
ners, has played an important role in promoting implementa-
tion of universal hepatitis B vaccination in low and middle
income countries. Following the first awards of vaccinating
four million children against hepatitis B in 21 recipient coun-
tries in 2000,79 universal infant hepatitis B vaccination pro-
gram has been intensified in developing countries, including

China and India, the two largest birth cohorts in the world.
During 2011–2020, GAVI supported hepatitis B vaccination
in children in 73 countries.80 This resulted in a dramatic
increase in vaccine coverage in infants from 1% in 1990 to
84% in 2015.81 By the end of 2018, 189 countries adopted
universal hepatitis B vaccination policy. Global coverage with
three doses of hepatitis B vaccine is estimated at 84%, with the
highest in the Western Pacific (maintained 90–91% during
2014–2018). In addition, 109 countries introduced birth dose
to newborn infants within the first 24 h of life, and the global
coverage is 42%.49

Prevention of mother-to-child transmission of HBV by
hepatitis B vaccination

Infants born to HBV-infected mothers are at a risk for HBV
infection. The main risk for perinatal infection is maternal
high viral load (HBV DNA >106 IU/mL) or maternal positive
for hepatitis B e antigen (HBeAg); HBeAg is well correlated
with high viral load and is a marker of high viral load, since
80–90% HBeAg-positive mothers have HBV DNA >106 IU/
mL.82-84 Without prophylaxis measures, 70–90% of infants
born to HBV carrier mothers with positive HBeAg are chroni-
cally infected, while 10–30% of infants born to carrier mothers
with negative HBeAg are likely to become chronic infection.
Therefore, prevention of mother-to-child transmission is cri-
tical in the control of chronic HBV infection.

Before the availability of hepatitis B vaccine, HBIG had
been prepared and demonstrated to be effective in preventing
perinatal HBV infection. Further studies showed that concur-
rent use of HBIG and hepatitis B vaccine in infants born to
HBeAg-positive mothers has better protective efficacy than
the use of either HBIG or hepatitis B vaccine alone. Thus,
administration of HBIG and/or hepatitis B vaccine in infants
of HBsAg-positive mothers has been recommended to prevent
mother-to-child transmission of HBV.85 Table 2 shows that
the efficacy of concurrent use of HBIG and hepatitis B vaccine
in newborn infants within 12 or 24 h after birth; the transmis-
sion has reduced from 10–30% to nearly 0% in children of
HBeAg-negative carrier mothers, and from 70–90% to 4–12%
in children of HBeAg-positive mothers. More recently, studies
showed that more rapid (within 1 h after birth) use of HBIG
and the vaccine in infants of HBeAg-positive mothers further
reduced the transmission rate to 1.3–2.0%.97,98

Since HBIG is not easily available in some regions, the
protection efficacy of hepatitis B vaccine alone was also inves-
tigated in infants born to HBV-infected mothers. An early
study showed that, use of plasma hepatitis B vaccine alone,
chronic HBV infection in infants born to mothers with posi-
tive HBsAg and HBeAg was 21%, remarkably lower than 73%
of infants who were not vaccinated at all.43 In Vietnamese
newborn infants, with administration of recombinant hepati-
tis B vaccine alone, none of 102 infants born to HBV-infected
mothers with negative HBeAg was infected, while 14.6% (12/
82) infants born to mothers with positive HBsAg and HBeAg
was infected.99 Other studies also showed that hepatitis
B vaccine alone in infants of HBeAg-negative carrier mothers
appeared to be similarly effective, compared to the combina-
tion of HBIG and hepatitis B vaccine in preventing mother-to
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-child transmission.100,101 These results indicate that, in
resource limited regions where HBIG is not available or pre-
natal HBsAg screening is not routinely performed, universal
hepatitis B vaccination in newborn infants can also effectively
prevent mother-to-child transmission in infants born to
HBsAg-positive mothers, which emphasizes the importance
of birth dose vaccine in infants in preventing perinatal HBV
infection. However, in regions where HBIG is available, HBIG
should still be administered in infants of HBeAg-negative
carrier mothers in addition to the vaccine. HBIG is safe and
has minimal side effects and the only concern is the cost.
Infants born to HBeAg-negative carrier mothers are exposed
to HBV during birth process; infants who were administered
the vaccine alone showed to be more likely to have infection
than those who were administered both HBIG and the vaccine
in studies with much larger number of participants.87,102

Thus, use of both HBIG and the vaccine should be the first
choice of immunoprophylaxis in infants born to HBeAg-
negative carrier mothers.103 Since 2011, China has taken
a policy to administer charge-free HBIG and hepatitis
B vaccine in all infants born to HBsAg-positive mothers,
regardless of maternal HBeAg status.

Challenges in the implementation of universal hepatitis
B vaccination

Although recombinant hepatitis B vaccine can be produced
unrestrictedly, globally universal vaccination requires suffi-
cient qualified staff, nationally complete immunization pro-
gram, safe injection equipment, adequate transportation,
storage of the vaccine, and others. Based on the WHO reports,
the HBsAg prevalence in African region and in some coun-
tries, such as Philippine, is relatively high,81,104 indicating that
the universal hepatitis B vaccination has not been taken well.
In India, the vaccination coverage is enormously varied in
different districts, and 45% of the children at age 1–5 y had
not been vaccinated against hepatitis B during 2015–2016.53

Traditionally, hepatitis B vaccine should be transported
and stored at 2–8°C, so-called cold chains, which is financially
costing and has negative influence on the universal vaccina-
tion in countries where cold chains are not always available.

However, studies demonstrated that hepatitis B vaccine is heat
stable. The reactogenicity and immunogenicity of recombi-
nant DNA hepatitis B vaccines stored at 37°C for 1 week, or 1
month, or at 45°C for 1 week, were comparable to those of the
vaccine stored at 4°C.105,106 When stored at 37°C for 7 months
or 12 months, or at 45°C for 3 months, the potency of the
vaccine is still adequate.107,108 In the practical application,
stored at ambient temperatures for 1 month or 3 months,
the immunogenicity of the vaccine is same as that of the
vaccine stored in cold chain.109-111 These results clearly
show that hepatitis B vaccine can be stored at ambient tem-
peratures, however, all vaccine manufacturers recommend
that the hepatitis B vaccines be stored at 2–8°C. Thus, trans-
portation and storage of hepatitis B vaccine at ambient tem-
peratures may be practically meaningful to raise the birth dose
coverage in resource limited or remote regions.

Another factor that affected the universal implementation
of hepatitis B vaccine is news release of unconfirmed adverse
events, or scandals, attributed to the vaccine. This occurred in
France in 1990s and in mainland China in 2014.72,73 The
scandals may destruct the confidence of physicians and pub-
lics on the safety of hepatitis B vaccine, leading to the decline
of the vaccination in some infants. Rapid response with scien-
tific evidence by both the health authority and academic
society to the scandals and extensive communications with
the media and public are required to minimize the negative
impact and reestablish public trust on the safety of hepatitis
B vaccine.73

Impact of universal hepatitis B vaccination on HBV
infection

Decline of incidence of acute hepatitis B

In the regions where universal hepatitis B vaccination has been
adopted, the incidence of acute hepatitis B has significantly
reduced. In Alaska of USA, where hepatitis B was endemic,
the universal hepatitis B vaccination program, including pre-
vention of perinatal HBV infection, routine infant vaccination,
and catch-up vaccination of older children and adults, elimi-
nated the new HBV infections.112 In Hong Kong, where

Table 2. Mother-to-child transmission of HBV in children of HBV-infected mothers after neonatal
immunoprophylaxis.

No of HBsAg+ children/no of
children (%)

Region
Child

birth year
Maternal
HBeAg(−)

Maternal
HBeAg(+)

No of HBsAg+ children/total no of
children (%)

Singapore86 1980s 0/670 (0) 41/345 (11.88) 41/1015 (4.0)
Taiwan87 1996–2008 4/1773 (0.23)a 54/583 (9.26) 58/2356 (2.5)
Taiwan88 2007–2013 0/364 (0) 19/162 (11.7)b 19/526 (3.6)
China, south89 2006–2010 0/887 (0) 21/473 (4.4) 21/1360 (1.5)
China, northwest90 2008–2012 0/751 (0) 39/435 (8.97) 39/1186 (3.3)
China, northeast91 2012–2015 0/565 (0) 16/306 (5.2) 16/871 (1.8)
China, central and
east92

2010–2012 0/758 (0) 20/419 (4.8) 20/1177 (1.7)

China, east93 2012–2015 0/126 (0) 6/164 (3.7) 6/290 (2.1)
Hong Kong94 2014–2016 0/486 (0) 7/155 (4.5) 7/641 (1.1)
USA95 1997–2010 1/2317 (0.04) 21/624 (3.37) 22/2941 (0.7)
USA96 2007–2013 0/772 (0) 12/362 (3.3) 12/1134 (1.1)

aThree of the four HBV-infected children were not administered HBIG after birth.
bAtleast 10 of the 19 HBV-infected children were injected with hepatitis B vaccine within 2–20 d after birth, but
not within 24 h after birth (Wen WH, Chang MH, Zhao LL, et al. J Hepatol. 2013;59:24–30.).
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universal hepatitis B vaccination was started from 1988, the
reported number of acute hepatitis B decreased steadily from
250 cases in 1988 to 41 cases in 2014.113 In mainland China, the
data from the enhanced sentinel surveillance in 200 counties
showed that the annually reported incidence of acute hepatitis
B dropped from 6.7/100,000 during 2009–2012 to 3.1/100,000
during 2013–2016.114 In addition, the prevalence of anti-HBc (a
marker of resolved acute infection in the absence of HBsAg),
has been decreased from 31.5–41.9% before universal vaccina-
tion to 2.0–3.0% after universal vaccination in mainland
China.115

Decline of HBsAg prevalence

Table 3 shows the representative results of declined preva-
lence of HBsAg in populations born after the implementa-
tion of universal hepatitis B vaccination. Based on the
WHO estimation, the global prevalence of chronic HBV
infection in children <5 y of age was reduced from 4.7%
in the prevaccine era to 1.3% in 2015, varied in different
regions, 0.2% in Region of the Americas, 0.4% in European
Region, 0.7% in South-East Asia Region, 0.9% in Western
Pacific Region, 1.6% in Eastern Mediterranean Region, and
3.0% in African Region.81 The greatest achievement appears
to be the substantial decline of HBsAg prevalence in the
Western Pacific Region, where birth-dose hepatitis
B vaccine has been routinely administered, from 8.3% in
prevaccine era to 0.93% during 2002–2015.104 After univer-
sal hepatitis B vaccination, it appeared that almost no
chronic HBV infection occurs in children born to HBsAg-
negative mothers.121,122

In addition, HBsAg prevalence in general young adults has
also significantly declined in countries or regions where the
universal hepatitis B vaccination program was adopt from the
later of 1980s to early of 1990s. The prevalence of HBsAg in
young adults aged 18–29 y in Taiwan in 2014 was 0.7%

(9/1246),117 far lower than over 10% in prevaccine era. In
Singapore, the HBsAg prevalence was 1.1% among young adults
aged 18–29 y in 2010, around half of the prevalence in 1998 and
2004.123 In Hong Kong, HBsAg prevalence in pregnant women
born before 1983 (prevaccine era), during 1983–1988 (selective
vaccination in infants born to HBsAg-carriers) and after 1988
(universal vaccination) was 8.8%, 7.0%, and 3.1%,
respectively.124 These investigations demonstrated that universal
hepatitis B vaccination in infancy has long-term impact on the
prevalence of HBsAg in young adults. The universal hepatitis
B vaccination in China has changed the prevalence of HBsAg
from ~10% in prevaccine era to below 4.8% in general popula-
tion in 2018.125 It can be anticipated that the chronic HBV
infection rate in countries where universal hepatitis
B vaccination has been adopted will also be significantly reduced
in the near future.

Decline of incidence of HCC and other liver diseases in
children

As the etiology of HBV infection in the pathogenesis of
hepatocellular carcinoma (HCC) has been well established, it
is expectable that universal hepatitis B vaccination can also
reduce the incidence of HCC in vaccinees. The study from
Taiwan showed that the incidence ratio in children aged
6–14 y dropped from 4.5 per 100,000 before the universal
vaccination to 1.9 in children 6–12 y after start of the vaccina-
tion program.126 Long-term follow-up studies added more
evidence of preventing the occurrence of HCC in
vaccinees,127,128 or even eliminating HCC in Alaska Native
people of USA after universal hepatitis B vaccination.129

Additionally, the implementation of universal hepatitis
B vaccination has also decreased the incidence of fulminant
hepatitis B and chronic liver diseases associated mortality in
vaccinees.129,130

Table 3. Prevalence of HBsAg and anti-HBs in children and young adults after universal vaccination in selected regions.

Region
Initiation of

Universal vaccination Study period Age (Y) No HBsAg+ (%) Anti-HBs+ (%)

Alaska, USA116,a April 1983 12/1993–1/1994 2–5 121 0 (0) 30/120 (25.0)
6–10 150 0 (0) 56/146 (38.4)
11–15 118 9 (7.6) 68/87 (78.2)
16–20 60 11 (18.3) 28/30 (93.3)
21–25 62 13 (21.0) 17/21 (81.0)
26–30 92 20 (21.7) 19/20 (95.0)

Taiwan117 1986 1/1/2014–12/31/2014 <1–29 3299 17 (0.52) 1564 (47.4)
Singapore118 1987 8/2008–7/2010 1–6 400 0 (0) 255 (63.8)

7–12 400 1 (0.30) 131 (32.8)
13–17 400 3 (0.75) 94 (23.5)

China119 2002 9/2006–10/2006 1–<5 13276 (1.0) (71.2)
5–<10 11909 (1.4) (55.5)
10–<15 11844 (3.2) (57.5)

China120,b 2002 10/2014–12/2014 >0.6–3 1270 2 (0.16) 1210 (95.3)
4–6 822 3 (0.36) 733 (89.2)
7–9 752 1 (0.13) 662 (88.0)
10–12 598 6 (1.00) 504 (84.3)

China115 2002 10/2014–12/2014 1–4 12681 (0.3) (71.6)
5–14 9738 (0.9) (52.9)
15–29 9294 (4.4) (56.9)

aThe positive rate of anti-HBs was calculated with fully vaccinated subgroup as denominator.
bThis study defined anti-HBs ≥2 mIU/mL as having immunity to hepatitis B.
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Future directions

The currently available hepatitis B vaccine is safe and highly
effective in the prophylaxis of HBV infection, yet the imple-
mentation of universal vaccination and timely birth dose is
suboptimal. Although the hepatitis B vaccine appears to be
thermostable and the vaccine stored at ambient temperature
appears to have equivalent efficacy as the hepatitis B vaccine
stored in cold chain, more evidence on the efficacy of hepatitis
B vaccine transported and stored in ambient environments will
be greatly valuable to improve the implementation of universal
hepatitis B vaccination and timely birth dose in resource-limited
regions and remote areas. Development of two-dose vaccine
applicable in infants with comparable efficacy will be more
convenient to implement universal hepatitis B vaccination.
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