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ABSTRACT ARTICLE HISTORY
Despite the availability of efficacious and safe vaccines for more than 40 years, the rate of new hepatitis Received 23 January 2025
B virus (HBV) infections remains high, leaving large populations at risk of developing chronic hepatitis B, Revised 17 February 2025
liver cirrhosis and cancer. The WHO aims at reducing the number of cases by 90% as part of its Accepted 25 February 2025
Immunization Agenda 2030. While legacy vaccines and established immunization protocols will play KEYWORDS

a significant role in achieving this goal, challenges such as an inconvenient multi-dose regimen and HBV vaccination; universal

a reduced efficacy in adults persist. Novel vaccines with improved adjuvants, alternative antigens, and immunization;
innovative administration routes show promise in overcoming these hurdles. However, achieving uni- non-responders; vaccine
versal immunization requires increased vaccine coverage, likely by development and validation of two- uptake; vaccine formulation

dose vaccines for children, and the endorsement and implementation of such new approaches in future
immunization policies. By addressing these challenges, the goal of controlling HBV globally through
immunization becomes attainable.
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Main text resulting in 1.1 million deaths annually. Additionally, despite

Hepatitis B virus (HBV) remains a major global health threat, ongoing efforts to decrease global burden through prevention
with an estimated 286 million people living with chronic and therapy, new cases still reached 1.23 million in 2022."* In
hepatitis B (CHB) who are at risk of developing detrimental 2020, the WHO launched the Immunization Agenda 2030, an
sequelae such as liver cirrhosis and hepatocellular carcinoma, ambitious yet crucial plan to reduce global infectious disease
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incidence and mortality.” One goal is to reduce the number of
CHB cases by 90%. However, as prevalence remains high and
a functional cure for CHB remains yet to be established,
current efforts should focus on global diagnostic and prophy-
lactic strategies to break the transmission cycle. Since 1992, the
WHO has recommended including hepatitis B vaccination in
the Expanded Programme on Immunization (EPI), advising
first dose vaccination at birth to prevent perinatal transmis-
sion. To reach and sustain the 90% goal, blocking vertical
transmission is particularly important, given that the risk of
developing CHB is 10- to —50-fold higher when infection
occurs early in life compared to adulthood; with an estimated
likelihood of up to 95%. Nevertheless, currently, less than half
of the children born today receive a timely dose to prevent
mother-to-child transmission.” Whilst we have the tools at
hand, universal immunization remains difficult to achieve
through current approaches, emphasizing the need for new
and improved vaccination strategies to avert infections.

First-generation recombinant small HBV surface antigen
(S-HBsAg) vaccines adjuvanted with alum have been widely
used, resulting in a significant decline in HBV cases worldwide.
The impact of childhood vaccination on the long-term inci-
dence of CHB cannot be underestimated, as shown by real-
world effectiveness through the decline of HBsAg-prevalence
in children under 5 years in regions with historically high trans-
mission rates such as China or Ghana.* Targeting the pediatric
population is hence an obvious way to reduce CHB rates in the
future.” However, these vaccines generally require a three-dose
baseline regimen spread over six months. Such extensive regi-
mens limit immunization in areas where patient compliance and
healthcare infrastructure pose a major challenge. Nevertheless,
when used in a pediatric setting, these vaccines achieve seropro-
tective antibody titers (anti-HBs antibody, HBsAb > 10 mIU/
ml) in 95% of cases upon completion of the 3-dose schedule.
However, standard-dose monovalent alum-adjuvanted vaccines
show a marked decline in efficacy in adult and elderly patients,
with up to 30% of healthy adults failing to mount a sufficiently
strong antibody response (HBsAb < 10 mIU/ml) to vaccination.
Various factors leading to unresponsiveness have been identi-
fied, such as patient behavior like smoking, age at vaccination, or
genetic variations regarding HLA or interleukin types.® Taken
together, this presents a significant hurdle in reaching universal
immunization and the ultimate goals of reducing global CHB
burden. These inadequately immunized individuals remain sus-
ceptible and may become potential HBV reservoirs even when
formally vaccinated. Hence, to confirm an appropriate immu-
nization status, HBsAb determination is often performed.
However, implementing and rolling out HBsAb serosurveillance
at scale comes at a significant cost, increasing dependency on
healthcare infrastructures and potentially competing with other
public health needs such as managing malaria, tuberculosis, or
HIV in resource-limited settings.

When identified as a non-responder, a variety of vaccina-
tion strategies can be employed to overcome this issue.
Typically, additional doses are administered in the hope to
elicit a stronger immune response. Alternatively, Raven et al.
compared various approaches, such as double-dosing with two
shots of Engerix-B (20 pug small (S)-HBsAg) or a single higher
dose vaccine like HBVaxpro-40 (40 pg S-HBsAg), or using

alternative-adjuvanted hepatitis B vaccines such as Fendrix,
an AS04C-adjuvanted vaccine.” Interestingly, all these strate-
gies show a marked increase in seroconversion rates in pre-
vious non-responders and should be considered when striving
for universal hepatitis B immunization.

Historically, alum was the adjuvant of choice. Fendrix
was the first non-alum-adjuvanted HBsAg vaccine to receive
market approval. In their studies, Raven et al. and Hoebe
et al. showed improved seroconversion rates compared to
alum-adjuvanted vaccines like Engerix-B.”® This demon-
strates the potential of combining legacy antigens like the
S-HBsAg with novel adjuvants to enhance immunization. As
of 2017, the FDA approved the use of Heplisav-B (Dynavax),
a next-generation prophylactic HBV vaccine using CpG1018
as an adjuvant. This vaccine became the first CpG-
adjuvanted human vaccine to receive regulatory approval.
The use of CpG1018, a TLR-9 agonist, results in a Thl-
biased immune response and has proven to elicit a faster,
more potent immune response compared to alum-
adjuvanted products.” Notably, Heplisav-B is the first HBV
vaccine that requires only two doses, limiting the vaccina-
tion regimen to a simplified one-month schedule, possibly
increasing accessibility where medical interventions are not
a given. However, the use of Heplisav-B is currently limited
to adults, primarily targeting non-responders to alum-
adjuvanted vaccines, immunocompromised individuals, and
adults who received no or an incomplete childhood vaccina-
tion regimen. Despite its recent approval, Girndt et al.
demonstrated in a long-term 34-month follow-up study
that Heplisav-B vaccinated individuals showed significantly
higher antibody titers and a slower decline of HBsAb com-
pared to the legacy alum-adjuvanted Engerix-B vaccine.
Therefor Heplisav-B seems to be immunologically and prac-
tically advantageous while preserving a similarly favorable
safety profile.'” Currently, additional dosing is recom-
mended in many countries to cope with waning seroprotec-
tion in exposure-prone populations. To combat this, more
widespread use of such potent new-generation vaccines may
decrease the reliance on both antibody determination
through serology and the need for boosting, reducing the
burden on healthcare systems and costs.

Besides the use of novel adjuvants, the addition of other
HBs-derived HBV antigens has been explored. PreHevbri, or
PreHevbrio, which included the PreS1- and PreS2-containing
large (L)- and middle (M)-HBs antigens on top of the common
small (S)-HBsAg, was the first, and only, 3-dose triple-antigen
prophylactic HBV vaccine to be approved and marketed for
adult use. Besides an enhanced immunogenicity in previous
non-responders, this more complex vaccine formulation
induced markedly higher seroconversion rates (efficacy of
91%) than alum-adjuvanted Engerix-B (76%) upon comple-
tion of the full 3-dose regimen.'' Moreover, four weeks after
just two doses the triple vaccine achieved already 50% sero-
protection, twice that obtained by two doses of Engerix-B.'""'?
However, hesitancy to substitute legacy vaccines and resistance
to change established vaccination policies can be inhibitory for
the market entry and uptake of new products. Likewise,
PreHevbri has been discontinued at the end of 2024, despite
these obvious advantages, yet serving as a valuable example of



the potential of alternative or additional antigens to overcome
barriers in HBV immunization.

Besides the use of increased dosages, additional HBsAg
antigens, or non-alum adjuvanted vaccines, alternative routes
of administration have been investigated to address the issue of
non-responders. Already in 1983, Miller et al. published on the
improved immunogenicity of intradermal (ID) injection of
one of the first HBV vaccines, Heptavac-B, in patients who
proved to be non-responders to intramuscular (IM)
injection.” This set the stage for using the skin as a novel
site for HBV immunization. Over the past decades, ID vacci-
nation using alum-adjuvanted HBV vaccines has been
employed with mixed results in terms of efficacy. However,
some reports show improvements in HBsAb and overall ser-
oconversion rates by 12% to 23% compared to IM injection,
even in populations which are notoriously difficult to vaccinate
for HBV, such as HIV-infected individuals or hemodialysis
patients, respectively.'*'*> Regardless, even if not fully consis-
tent, a lack of safety concerns warrants the use of this alter-
native vaccination route in those who are more difficult to
immunize. Additionally, in previously non-vaccinated indivi-
duals, ID vaccination offers the potential of fractional dosing,
requiring a smaller dose while still reaching seroprotective
antibody titers, simply by switching the site of
immunization.'® However, comparing low-dose ID (fre-
quently 2 ug HBsAg, i.e., one-fifth of a standard IM dose) to
full-dose IM vaccination sets a high bar. Nevertheless, frac-
tional ID dosing reaches on average seroprotective antibody
titers in more than 88% of vaccines, showcasing minimal, if
not non-inferiority to standard IM vaccination.'” Therefore,
fractional dosing regimens may be considered in settings
where vaccine supply is scarce, choosing a slightly lower effi-
cacy of low-dose ID over no vaccine at all, to increase global
population-wide vaccine coverage.

While unresponsiveness to vaccination affects all levels
of society, costs of vaccination remain a secondary yet
crucial factor contributing to immunization inequity in
low-income regions. For pediatric HBV vaccination alum-
adjuvanted HBV vaccines (e.g., pediatric Engerix-B and
HBVaxPro) remain the method of choice, either as mono-
valent or as part of a multivalent formulations. As these
pediatric regimens share a similar efficacy, comparable
price and timeline, their cost-effectiveness is equally favor-
able. However, for individuals that suffer from poor
responsiveness, cost to achieve seroprotection is critically
influenced by vaccine potency. While alum-adjuvanted
vaccines such as Engerix-B are currently available for the
lowest cost per dose, a relatively high rate of primary
vaccine failure requires additional booster doses and costly
companion serodiagnostics. For example, Vilajeliu et al.
assessed the overall expenses to reach seroprotection in
patients with chronic kidney disease. In such
a notoriously difficult to immunize target population, use
of alternatives to Engerix-B was calculated to be only
marginally more expensive (HBVaxPro by 3%), or even
more cost saving (Fendrix by 10%)."® This, despite the
cost per dose being 40% and 30% higher than Engerix-B,
respectively. Dosing schedules using alternative vaccines
for specific patient groups can thus be cost-saving when
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one considers the expenditures associated with repeated
doctor’s visits and serological follow up. In line, Kuan
et al. and Rosenthal et al. compared a 3-dose Engerix-B
to a 2-dose Heplisav-B vaccination strategy and conclude
that latter may reach a higher cost-effectiveness and cost-
saving thanks to its superior efficacy and shorter
regimen.'”*° As intradermal (fractional) dosing is not
common practice, cost-effectiveness analyses remain scarce.
Regardless, by stretching vaccine stocks and using thus
fewer material, it is apparent that costs can be further
suppressed through combining strategies. Besides actual
costs of immunization, cost-effectiveness should also been
seen in light of the global savings associated with preven-
tion of HBV infection and disease. Seen the high morbidity
and mortality of CHB, it is obvious and well established
that HBV vaccination is cost-effective compared to no
vaccination at all.?! Nevertheless, though more cost-
effective in the long term, higher costs per dose may
represent a challenge for decision-makers who need to
select new vaccines for field use; along with the necessity
to revise established immunization policies. Hereby fund-
ing mechanism such as the GAVI procurement system may
play an important role in supporting the roll-out of new
modalities.?> And when available, healthcare workers
should make informed decisions on which vaccine to use
to achieve protection in the most efficient and effective
way possible, beyond a historically established one-size-
fits-all approach and based on a patient’s individual med-
ical background.

Despite widespread use, current HBV vaccination faces
critical bottlenecks, such as unresponsiveness to vaccination
and limited access to vaccines. Researchers have developed
new ways to overcome these shortcomings, including new
vaccines with more immunogenic adjuvants, antigens and
alternative routes of immunization. However, there is still
a long way to go, especially considering the increasing mortal-
ity, which rose by 30% between 2020 and 2022 according to the
most recent World Hepatitis Report.> Further efforts are
required to halt this upward trend. Widespread vaccination
remains the most effective HBV prophylaxis. Increasing vac-
cination coverage, particularly vaccination at birth, and the
universal use of second-generation vaccines in unvaccinated
people is undoubtedly a strategy to strive for. Developing
2-dose vaccines like Heplisav-B for use in children could
streamline and facilitate pediatric vaccination programs,
decreasing reliance on patient compliance and healthcare
infrastructures. However, this would require additional safety
and efficacy assessments for regulatory approval, and imple-
mentation in multivalent pediatric vaccines which currently
contain the alum-adjuvanted HBsAg vaccine. Additionally, ID
vaccination could help stretch available vaccine stocks through
fractional dosing and, in combination with novel microneedle
and vaccination patch technologies, allow for more widespread
vaccination, potentially even self-administration. Vaccine
industries and sponsors of such new developments should be
incentivized, driven by endorsement and rapid implementa-
tion into national immunization programs. By combining
these strategies, universal immunization becomes attainable,
striving toward a world in control of HBV.
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