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Abstract. Vaccination against hepatitis B virus (HBV)
remains the most effective strategy against HBV infection in
humans. The present review summarized the optimal vacci-
nation strategies against HBV in childhood. The following
points are discussed: i) When and how the first HBV vaccines
were developed; ii) the dosages, schedules and injection routes
that are used for HBV vaccination; iii) the contraindications
for HBV vaccination in the general paediatric population;
iv) the challenges with the use of multivalent vaccines; v) the
long-term immunogenicity and duration of protection against
HBYV; vi) the use of selective HBV vaccination and the hepa-
titis B immune globulin strategy in HBV-exposed infants; and
vii) the effectiveness of the current HBV vaccination schemes.
The present review is based on a Paediatric Virology Study
Group (PVSG) webinar performed in the context of the 8th
Workshop on Paediatric Virology.
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1. Historical insights on HBV vaccines

The discovery of hepatitis B virus (HBV) and the development
of the HBV vaccine involved serendipity and luck. In his book
entitled ‘Hepatitis B: The hunt for a killer virus’ (1), Professor
Baruch S. Blumberg (1925-2011), winner of the 1976 Nobel
Prize, states that: ‘The most significant outcome of our research
has, probably been the invention and the introduction of the
HBYV vaccine’. Professor Blumberg was awarded the Nobel
Prize for ‘discoveries concerning new mechanisms for the
origin and dissemination of infectious diseases’, and, specifi-
cally, for the discovery of HBV. The vaccine was invented in
1969, 2 years after the recognition of HBV, as one of the caus-
ative agents of hepatitis. The HBV vaccine is the first vaccine
against two viruses, HBV and hepatitis D virus (HDV; satellite
virus of HBV), chronic disease, sexually transmitted disease
and cancer. Professor Blumberg's initial research focussed on
gene distribution and disease susceptibility in different ethnic
groups. In the serum of a patient with transfused haemophilia,
he and his co-workers, discovered an antibody, which reacted
with a protein in the serum of an Australian patient (2). Thus, it
was named ‘Australia’ antigen (Au), which was associated with
hepatitis and found to be identical to serum hepatitis antigen
(SHAg) (3), now known as HBsAg.

As early as 1908, a virus was implicated as being the caus-
ative agent of liver disease. In the late 1940s and early 1950s,
two different forms of virus were proposed to cause infective
hepatitis (virus A: foecal-oral route of transmission) and serum
hepatitis (virus B: blood-borne), respectively (4-6). The whole
virus, named HBV, was only isolated and visualized following
transmission and electron microscopy studies in 1970 (7). In
addition to viral particles, the plasma of infected individuals
also carries subviral, non-infectious particles, composed of
HBsAg, at a ratio of 1:1,000, respectively (8).

The infectious particles can be separated from non-infec-
tious particles using ultracentrifugation and the subviral
particles enriched by enzymatic treatment and column sepa-
ration, to eliminate viable virus. This was fundamentally the
process used for the production of the first HBV vaccine by
Professor Blumberg and his team. The first crude demon-
stration of active immunization and 59% protection was


https://www.spandidos-publications.com/10.3892/br.2023.1631
https://www.spandidos-publications.com/10.3892/br.2023.1631
https://www.spandidos-publications.com/10.3892/br.2023.1631
https://www.spandidos-publications.com/10.3892/br.2023.1631
https://www.spandidos-publications.com/10.3892/br.2023.1631
https://www.spandidos-publications.com/10.3892/br.2023.1631
https://www.spandidos-publications.com/10.3892/br.2023.1631

2 KRAMVIS et al: VACCINATION STRATEGY AGAINST HEPATITIS B VIRUS IN CHILDHOOD

performed by the New York paediatrician, Dr Saul Krugman,
who inoculated children with a boiled, inactivated preparation
of a 1:10 dilution of infectious serum in distilled water and then
challenged them with infectious serum (9). In 1975, Merck was
licensed to develop the vaccine, after the safety of the vaccine
was demonstrated in chimpanzees (10-12) and consequently
the first placebo-controlled, randomized, double-blind clinical
trial demonstrated its efficacy in reducing the incidence of
HBY infection (13).

The large-scale roll-out of these first-generation HBV
vaccines began in 1984. Taiwan, where HBV was endemic,
was the first country to introduce the nation-wide vaccina-
tion of all neonates in July, 1984 (14). In the first 15-month
period, 78% of ~450,000 pregnant women were screened and
18% were HBsAg-positive, with half of them considered to be
highly infectious. The schedule for the vaccination of infants
born HBsAg-positive was 5 pg of plasma-derived vaccine at 1,
5 and 9 weeks, with a booster dose at 1 year (15). Negligible
adverse side effects were experienced (15). In sub-Saharan
Africa (SSA), which is also a geographical region where
HBYV is endemic, the first large-scale trial of HBV vaccina-
tion was performed in Gambia (16,17). The Gambia Hepatitis
Intervention Study (GHIS) was established in 1986 to evaluate
the protective effectiveness of infant HBV immunization in
the prevention of chronic liver disease, particularly, hepato-
cellular carcinoma (HCC) and cirrhosis later in adult life. In
both regions, the vaccination strategy, with plasma-derived
HBsAg, led to the desired outcomes, namely in the reduc-
tion of the incidence and chronic carriage of HBV, with a
concomitant decrease in the number of HCC cases, both in
childhood and later in adulthood (8,14). Other countries, which
adopted and implemented universal HBV vaccination early
on, included Bulgaria (1989), Malaysia (1990), Italy, Spain,
USA (1991) and Israel (1992) (18). On the other hand, several
high-income countries, including Japan, Denmark, Finland,
Norway, Sweden and the UK did not routinely vaccinate
children until more recently (19). Sweden introduced infant
vaccination in 2003; Japan, Norway and UK in 2019, whereas
Denmark and Finland do not yet vaccinate children. Instead,
the latter countries target immigrant groups from areas of a
high HBV endemicity and adolescents with high-risk factors
for HBV infection. In addition, they practice selective vaccina-
tion plus the administration of hepatitis B immune globulin
(HBIG) to neonates born to HBsAg-/hepatitis B e antigen
(HBeAg)-positive mothers following the screening of pregnant
women (20).

Early on, a number of disadvantages of using patient-
derived HBsAg for vaccine production were identified (8).
Firstly, in the context of acquired immune deficiency syndrome
(AIDS), whose infectious agent had not yet been identified, the
safety of plasma-derived HBsAg was not guaranteed, particu-
larly when considering that HBV was most often isolated from
patients with AIDS. Secondly, the anticipated decrease in the
prevalence of chronic hepatitis B, following widespread vacci-
nation, would eventually lead to the supply of HBsAg from
patient sera being limited.

Following the cloning of the HBV genome in 1978 by
three groups independently (21-23), the road was opened for
the production of HBsAg, HBcAg and HBV DNA, in large
amounts in vitro using gene technology. Although glycosylated

HBsAg can be expressed in mammalian cells, the process is
costly and the yield is relatively low (8). The expression of
HBsAg in yeast cells (Saccharomyces cerevisiae) provided
sufficient HBsAg, which was glycosylated (24,25) and shown
to be immunogenic both in chimpanzees (12) and in infants of
HBsAg/HBeAg-positive mothers in Thailand (26). By 1986,
the recombinant yeast vaccines became the accepted vaccines
and in 1992, the World Health Organization (WHO) recom-
mended global universal childhood HBV vaccination (27),
considering that vaccination is an economically attractive
option, both in terms of cost-effectiveness and benefit-cost
ratios (28).

In the 1990s, third-generation vaccines were developed,
following the transfection of mammalian cells with plas-
mids coding for pre-S/S proteins. These cells expressed
and secreted the LHBsAg (large), MHBsAg (middle) and
HBsAg (small) (29), either individually or in combination.
Such a glycosylated preS1/preS2/S-containing vaccine, is
licensed in Israel for the universal vaccination of infants and
in some countries in East Asia. Together with new adjuvants
developed, these vaccines have proved to be immunogenic in
non-responders to the earlier vaccines (28). However, the yeast
derived vaccines continue to be the HBV vaccine of choice.

By the year 2000, over a billion doses of vaccines had been
administered globally (1). By December, 2021 (21 years later),
globally, 190 countries had introduced the HBV vaccine with
three doses (HepB3) for infants, with an 80% global coverage
and different WHO regions demonstrating different coverages
over the years. In addition, 111 WHO member states intro-
duced the hepatitis B birth dose (HepB-BD), given within the
first 24 h of life. Global coverage is 42%; 78% in the WHO
Western Pacific Region, although considerably lower, at 17%,
in the WHO African Region (30). The global coverage of both
HepB3 and HepB-BD are below the targets set by the WHO
for 2020. The targets set by the WHO for 2030 are =90%
coverage for both HepB3 and HepB-BD (31). Mathematical
modelling has predicted that with 90% vaccination coverage
with the inclusion of HepB-BD would prevent 84% of global
deaths associated with HBV, as opposed to a 68% reduction
with HepB3 only (32). A more recent model has demonstrated
that scaling up infant vaccination from 80 to 90% glob-
ally would avert 4.3 million deaths between 2015 and 2030,
whereas a further 18.7 million new cases would be prevented
by the administration of HepB-BD compared to HepB3 (33).
This will require commitment from both policy makers and
agencies involved in the implementation of successful HBV
vaccination.

2. Dosages, schedules and injection routes

The age of infection is a determining factor for the devel-
opment of chronic hepatitis B infection. In total, 90% of
neonates born to HBeAg-positive mothers and 20-60% of
children <5 years of age will become chronic carriers of HBV,
as opposed to only 5% of adults, who are infected (34,35).
Globally, HBV infection is acquired at birth or early child-
hood. Thus, it is crucial to implement the vaccination of infants
as early as possible, ideally at birth, in order to: i) Prevent
the perinatal mother-to-child transmission (PMCT) of HBV
from HBsAg-positive mothers; ii) prevent the horizontal
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Check HBsAg and anti-HBs at the 9th-12th month of life

anti-HBs>10 milU/ml anti-HBs<10 milu/ml

Administer 4th dose against HBV

2

Vaccination scheme against HBV is completed

Figure 1. Algorithm of the vaccination scheme against HBV based on the 2023 Hellenic National Vaccination Programme. HBV, hepatitis B virus; HBsAg,
hepatitis B surface antigen; HBIG, hepatitis B immune globulin; anti-HBs, antibodies against HBsAg.

transmission of HBV in early childhood; iii) confer long-term
immunity against future exposures later on in life, thus leading
to protection against acute hepatitis B in adolescents and
adults, following either sexual or nosocomial transmission;
iv) prevent HCC; and v) protect against HDV infection.

The vaccination schedules have varied over the course of
the years and are dependent on local epidemiological criteria
and national programmes. For optimal efficacy, the vaccine
should be administered within 12 to 24 h after birth, as the
levels of antibodies against HBsAg (anti-HBs) decline over
time when the vaccine is administered >24 h (36). The most
frequently recommended schedule is three doses of the vaccine
administered at 0, 1 and 6 months to infants; however, there
are a range of alternative schedules administered in different
countries. The latest HBV vaccine WHO position paper states:
‘The birth dose should be followed by 2 or 3 additional doses
to complete the primary series. Both of the following options
are considered appropriate: (i) a 3-dose schedule of HBV
vaccine, with the first dose (monovalent) being given at birth
and the second and third (monovalent or as part of a combined
vaccine) given at the same time as the first and third doses of
the diphtheria-tetanus-pertussis (DTP)-containing vaccine;
or (ii) 4 doses, where a monovalent birth dose is followed
by 3 (monovalent or combined vaccine) doses, usually given
with other routine infant vaccines; the additional dose does
not cause any harm. The interval between doses should be at
least 4 weeks.” (37). The standard paediatric dose is 5 to 10 ug

HBsAg, whereas the standard adult dose is 10 to 20 ug, with
40 pg administered to patients who are immunocompromised
and in those undergoing dialysis. An accelerated schedule of
three doses of the vaccine administered at O, 1 and 2 months,
followed by a booster dose administered at 12 months, is
recommended for health care workers exposed to HBV or a
susceptible sexual partner of a patient with acute hepatitis B
in order to provide rapid protection (28). The algorithm of the
vaccination scheme against HBV, based on the 2023 Hellenic
National Vaccination Programme (https:/www.moh.gov.gr), is
presented in Fig. 1.

To achieve the optimal response, the vaccine is adminis-
tered intramuscularly into the anterolateral thigh in neonates
and infants <1 year of age, or into the deltoid region in children
>1 year of age and in adults. Buttock administration and the
intradermal route are not recommended (28). Administration
into the gluteal muscle results in reduced immunogenicity
and in the risk of sciatic nerve injury (37). The HBV vaccine
(monovalent or combined) and other vaccines administered
during the same visit should be administered at different injec-
tion sites (37).

Infants and children exhibit a 100% response to the vaccine,
with anti-HB levels being >10 mIU/ml, the levels necessary for
immunity. Furthermore, 95% of adults are protected following
the administration of three doses. Thus, booster doses of the
HBYV vaccine are not required for immunocompetent indi-
viduals, whereas for immunocompromised patients regular
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testing is required, with boosters administered if anti-HB
titres decrease to <10 mIU/ml (18,38).

3. Contraindications for HBV vaccination

The safety of the HBV vaccines has been demonstrated by
both clinical trials and post-approval follow-up. Between 1 to
7.5% of vaccinated children were shown to develop adverse
events, a percentage lower than that observed in adults,
with the frequency of adverse events decreasing with each
additional injection [(39) and references cited therein]. The
most commonly reported adverse events include pain and
swelling at the injection site, and fever and mild systemic reac-
tions, such as fever, irritability, poor appetite, diarrhoea and
vomiting, generally lasting for 1 to 2 days (39,40). There is
no evidence to associate an increase in the number of febrile
episodes, sepsis evaluations, allergic or neurological reac-
tions or medical procedures in neonates and infants (41). The
frequency of severe vaccine reactions related to HBV vaccina-
tion is extremely low (42). Epidemiological studies have found
no association between HBV vaccination and sudden infant
death (SID) (43,44), diabetes mellitus (45) and demyelin-
ating diseases (46), including Guillain-Barre syndrome (47).
Although certain studies have suggested that HBV vaccina-
tion may be a risk factor for the development of multiple
sclerosis (48), a previous systematic review and meta-analysis
did not establish such a link (49). The WHO specifies only two
contraindications to the HBV vaccination: An allergic reac-
tion to any vaccine component and anaphylaxis to a previous
dose (37). For pre-term neonates, a low birth weight (<2 kg)
is not a contraindication to HBV vaccination. HBV vaccina-
tion is safe, although with possible reduced immunogenicity;
therefore, pre-term babies should receive HepB-BD within
24 h, followed by three (and not two) subsequent doses. HBV
vaccination is not contraindicated for pregnant and lactating
women (37).

4. Challenges with multivalent vaccines

Multivalent vaccines, introduced in the early 1990s, provided
a notable advancement in immunizations. In multivalent
formulations, the HBV vaccine is combined with the DTP,
Haemophilus influenzae type B (Hib) and inactivated polio
(IPV) vaccines. Multivalent vaccines include Pediarix
[GlaxoSmithKline Biologicals (GSK)], used in the USA (50),
with three hexavalent vaccines currently licensed in Europe:
Vaxelis (Sanofi Pasteur and MSD), Hexyon (Sanofi Pasteur)
and Infanrix Hexa (GSK) (51). The multivalent vaccines
have different formulations and/or schedules (50,51) but can
be used interchangeably if necessary. A vaccine containing
recombinant HBsAg and inactivated hepatitis A virus
Twinrix (GSK) is used for the vaccination of individuals aged
=18 years. The obvious advantage of combined vaccines is
the reduced number of injections required for paediatric
immunization, with fewer doctor visits, less pain, increased
safety with fewer syringes, less wastage and thus, reduced
immunization programme costs. The use of multivalent
vaccines leads to improved coverage and compliance rates and
timeliness, as well as benefits in shipment and storage (51,52).
However, the monovalent HBV vaccine must be used at

birth, as multivalent vaccines containing HBV, DTP and Hib
antigens have a reduced immunogenicity when administered
before the age of 6 weeks. Monovalent vaccines include
Engerix-B (GSK) and Recombivax HB (Merck & Co., Inc.).
Compared to the monovalent HBV vaccine, slight increases in
short-term adverse events (fever, redness, swelling, etc.) have
been documented for the multivalent formulations. Another
disadvantage of using multivalent vaccines is that production
issues may arise due to the complexity of combined vaccines;
this therefore requires contingence planning in the event of
vaccine shortages.

Routine vaccination with pentavalent and hexavalent
combinations, including DTP, Hib, HepB3 and IPV has been
used in vaccination programmes for >15 years, with Europe
taking the lead compared to other regions worldwide (51). In
total, 20 of 33 European countries routinely used hexavalent
vaccines in children (51). Multivalent vaccines have a good
immunogenicity, safety and tolerability and can be adminis-
tered with other paediatric vaccines, including pneumococcal
conjugate vaccines, rotavirus, meningococcal conjugate,
measles, mumps, rubella and varicella vaccines (51). Different
schedules have been used with good antibody titres obtained,
regardless of the posology used (51).

5. Long immunogenicity and long-term protection

The cut-off value, which measures the vaccine response,
at 1 to 2 months after receiving a complete HepB3 scheme,
is a concentration of anti-HB B >10 mIU/ml and considered
to be protective. This was determined from a study that
demonstrated that children who did not mount this level of
antibodies could become infected with HBV (53). Response
to the vaccine is considered a surrogate marker for clinical
protection. Following vaccination, anti-HB levels decline over
time at a rate dependent on the age of vaccination. Findings
extrapolated from previous research (50) have shown that
at 18 years post-vaccination, only 16% of individuals who
had received HepB3 prior to the age of 1 year had anti-HB
levels >10 mIU/ml (54-56) compared to 74%, who had been
vaccinated when they were >1 year of age (57-63). However,
even for previously vaccinated individuals, whose anti-HB
levels decline to <10 mIU/ml, an anamnestic response can be
elicited following a booster for up to 30 years following initial
vaccination (62-64). Both the antibody and cellular response
have been shown to persist (65).

Thus, an initial vaccine response can protect against
hepatitis B, either acute or chronic, for as long as 30 years
post-vaccination, regardless of whether anti-HB levels
persist at levels =10 mIU/ml or not (64-66). Thus, immu-
nocompetent individuals do not require boosters, provided
they had received the complete vaccine series at the recom-
mended schedules either as children or adults. However,
there have been exceptions and HBV infection has been
documented infrequently in vaccinated individuals. In a
study on 3.7 million blood donors, nine HBV DNA-positive,
HBsAg/anti-HBc-negative donors were identified (1 in
410,540 donations) and evaluated for vaccination status.
In total, six of the nine HBV-DNA-positive donations
were from vaccinated individuals, whose infections were
subclinical and resolved (67). In addition, four of the nine
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donors contracted the HBV infection from their sexual part-
ners (67). In an Italian study, 362 of 11,311 (3.2%) cases with
acute hepatitis B were vaccinated (68). The possible reasons
cited for the breakthrough HBV infections in vaccinated
individuals include incomplete vaccination (68); infection
with vaccine-escape S mutant strains of HBV (68); and infec-
tion with genotypes expressing serological subtype different
to the vaccine strain, belonging to subgenotype A2, which
expresses adw?2 (67). Thus, individuals, who are at high risk
of HBV infection or immunocompromised, should be moni-
tored and given a booster, especially if the anti-HBs levels
decline below 10 mIU/ml.

6. Selective HBV vaccination

Neonates, born to HBsAg-/HBeAg-positive mothers, are at
a high risk of being infected perinatally i.e., PMCT. Thus, it
is critical to offer additional temporary protection until the
neonates respond to the HepB-BD. The immediate adminis-
tration of HBIG can provide such protection. As previously
demonstrated, the HBsAg-carrier rate was high, at 92%, when
neonates were administered the placebo, whereas it decreased
to 26% in those who received three HBIG doses at birth, and
at 3 and 6 months, and 54% among infants who received a
single dose of HBIG at birth only (69). HBIG should be
administered in conjunction with HepB-BD and not instead
of the birth dose. Importantly, the co-administration of HBIG
does not suppress the anti-HB response (37). As previously
demonstrated, compared to the administration of the vaccine
alone, the additional administration of HBIG enhanced the
protection of neonates born to HBsAg-positive mothers (70).
However, the improvement in protection is not significant in
full-term neonates born to HBsAg-positive/HBeAg-negative
mothers (71). Infants who have received post-exposure prophy-
laxis may be safely breastfed beginning immediately after
birth (50).

Despite the administration of HepB-BD and/or HBIG,
a low frequency of PMTC can occur in neonates born to
HBsAg-positive/HBeAg-positive mothers with high viral
loads (71). Thus, the prevention of PMTC requires an incre-
mental approach (72) as follows: i) At least three doses
of the HBV vaccine, including a timely birth dose within
24 h; ii) HBsAg testing and linkage-to-care of mothers with
follow-up of infants; iii) the administration of HBIG for chil-
dren born to HBsAg-positive mothers; and iv) finally, antiviral
treatment (high viral load).

In Africa, the resource-limited settings use of HBIG
may not be feasible due to safety, supply and cost restraint
issues (73). In addition, in the WHO Africa region, the
coverage of HepB-BD is the lowest globally (74). In 1995, the
HBYV vaccine was introduced into the Expanded Programme
on Immunisation (EPI) in South Africa. The HBsAg-based
vaccine is administered as 6, 10 and 14 weeks after birth,
with a booster at 18 months, all as part of a multivalent
vaccine (75). Universal coverage is relatively low at 74%
and individuals born prior to 1995 are excluded. Even
though the South African National Guidelines recommend
the HepB-BD, the introduction of catch-up vaccination and
maternal HBV screening, these recommendations are yet
to be implemented. These limitations allow PMCT to occur
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in infants born to HBsAg-positive mothers with high viral
loads. Nevertheless, the introduction of HepB-B3 has resulted
in decrease in the chronic carriage of HBV (76-78). Novel
HBYV prevention strategies that are being explored, include
mRNA and viral vector-based vaccines by researchers in
South Africa (79).

7. Effectiveness of HBV vaccination

The major impact that universal HBV vaccination has had on
HBV-associated morbidity and mortality was demonstrated
by the outcomes in Taiwan, which was the first country to
introduce universal HBV vaccination in 1984. By 1986,
universal infant coverage was achieved, with preschool
children vaccinated by 1987, and older children and adults by
1990. Following the introduction of universal infant vaccina-
tion, the HBV carriage in infants, born to highly viraemic
HBsAg-positive mothers, decreased from 90 to 15%, with a
10-fold decrease in incidence in these infants and children
infected later by horizontal vaccination. This decrease in
chronic HBV carriage translated to a marked decrease in the
incidence of HCC in HBV vaccinees (80). The incidence of
HCC was statistically significantly lower in vaccinated chil-
dren compared to unvaccinated birth cohorts, with the relative
risk of a vaccinee developing HCC being 0.31 (P<0.001),
compared with an unvaccinated child (81). Despite the high
coverage of infant immunization in Taiwan, a small number
of children still developed HCC (82). The reasons for this
include vaccine failure and neonates born to highly viraemic
mothers not receiving HBIG. Furthermore, during the early
days of HBV vaccination, the first dose was administered
at 6 weeks, allowing for infection to occur in early life. This
realization led to the introduction of HepB-BD. Similarly,
universal neonate vaccination coupled with mass screening
and the immunization of susceptible Alaska Natives has
eliminated HCC and acute symptomatic HBV infection
among Alaska Native children (83).

Unfortunately, the situation has not been as efficient
in SSA and the implementation of the HBV vaccine
programme has been suboptimal, even though the vaccine
was introduced early in the 1980s in some countries (84,85).
There are a number of reasons for this, including financial
and human resource constraints, the high percentage of
babies born in rural communities, poor delivery services,
as well as hepatitis B being overshadowed by the ‘block-
busters’” HIV/AIDS, malaria and tuberculosis (73). This has
led to only a 71% coverage of HepB3 in the WHO Africa
region compared to an 80% global coverage as of July 15,
2015, with different continents, WHO regions and countries
exhibiting different levels of coverage (30). Moreover, until
2001, coverage was very low in the Africa region, with
the coverage levels increasing thereafter, being higher or
equal to those in South-East Asia between 2001 and 2011,
thereafter plateauing at levels below those of South-East
Asia; please refer to the administered and official HBV
vaccination coverage (3rd dose, %) in the different WHO
regions reported annually through the WHO/UNICEF Joint
Reporting Form on Immunization (JRF) (86). Full protection
requires that babies receive all three doses of the vaccine. In
a number of countries in SSA, this is not the case, due to the
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lack of access to health services in rural areas, the lack of
funding from governments, and the education of both health
care workers and the public in general. At 17%, HepB-BD
coverage remains dismally low in SSA. A large number of
births take place at home outside health facilities, and thus
the administration of HepB-BD is not possible.

8. Conclusions and future perspectives

In order to eliminate HBV, a multiprong approach is
required (73,87). The interventions necessary include:
i) Prevention, involving the timely and universal HepB3 and
HepB-BD vaccination of neonates and susceptible individuals,
with full coverage and completion of the course; ii) the
interruption of transmission by ensuring blood and injection
safety, the prevention of PMCT and harm prevention; and
iii) population-based testing and treatment. In addition to
these interventions, it is critical that advocacy and education
are improved. Governments and public health officials need to
be encouraged to fund, implement and administer the vaccine
schedules, including the HBV-BD. Moreover, both health
care workers and the public need to be educated about the
importance of timely vaccination and completion of all doses
of the vaccination schedules. Pregnant women are a key target
population, and they thus need to be further educated about
the importance of prevention of HBV by vaccination of their
neonates soon after birth.

However, there are several challenges faced in
resource-limited settings in SSA (73), including the paucity
of good data due to of lack of surveillance; limited access to
laboratories and health services; the suboptimal interruption
of HBV transmission routes, in particular, PMCT; no popu-
lation-based testing and treatment; resource-limited settings
in SSA are within the epicentre of the HIV pandemic; and
inadequate public health responses.

Efficient vaccination against HBV, with universal coverage,
including the Hep-BD and completion of the full course of
vaccination is the first step to the elimination of HBV and the
consequent clinical manifestations of the infection, including
HCC. Although this may appear to be a challenge only in
resource-limited settings, such as SSA, hepatitis B remains a
global concern. Increasing migration from areas where HBV
continues to be endemic to areas of low endemicity exposes
an increasing number of individuals to the virus, and thus a
concerted, global strategy is required.
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