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Abstract: Annually, more than 1.5 million preventable new hepatitis B (HBV) infections continue to occur, with
an estimated global burden of 296 million individuals living with chronic hepatitis B infection. This substantial
health challenge results in over 820,000 annual deaths attributed to complications such as liver cirrhosis and
hepatocellular carcinoma (HCC). HBV vaccination remains the cornerstone of public health policy to prevent
chronic hepatitis B and its related complications. It serves as a crucial element in the global effort to eliminate
HBYV, as established by the World Health Organization (WHO), with an ambitious 90% vaccination target by
2030. However, reports on global birth dose coverage reveal substantial variability, with an overall coverage
rate of only 46%. This comprehensive review thoroughly examines global trends in HBV vaccination coverage,
investigating the profound impact of vaccination on HBV prevalence and its consequences across diverse
populations, including both high-risk and general demographics. Additionally, the review addresses the
formidable challenges and facilitating factors essential for achieving WHO’s HBV vaccination coverage
objectives and elimination strategies in the coming decade and beyond.
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1. Introduction

1.1. Overview of hepatitis B and its global impact

Decades of progress in the fight against Hepatitis B (HBV) have produced effective screening
tools, preventive vaccines, and antiviral medications, significantly enhancing patient outcomes [1].
Despite these advancements, HBV remains a critical global public health threat, causing both acute
and chronic liver diseases, contributing substantially to the worldwide disease burden and mortality
[2]. HBV Complications rank as the seventh-highest cause of global mortality, according to the
Centers for Disease Control and Prevention [3].

Without intervention, individuals with chronic Hepatitis B (CHB) face a lifetime risk of
developing cirrhosis, liver failure, or hepatocellular carcinoma (HCC) ranging from 15-40% [4-6].
Correspondingly, HBV attributes to an estimated 29% of cirrhosis-related deaths worldwide [7].
Recent statistics indicate that approximately 50-80% of HCC cases globally result from HBV infection,
making it the sixth most common cancer worldwide and the fourth leading cause of cancer-related
death [8]. Moreover, about 90% of infants born to mothers testing positive for Hepatitis B surface
antigens (HBsAg) or e antigens (HBeAg) will develop chronic infection, posing a significant global
public health challenge [9,10].

In 2019, the World Health Organization (WHO) estimated alarmingly high global CHB infection
prevalence, affecting around 296 million individuals worldwide [11]. That same year witnessed
roughly 1.5 million new HBV infections, with HBV being responsible for an estimated 820,000 deaths,
primarily attributed to complications like cirrhosis and HCC [11]. A 2022 modeling study by the
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Polaris Observatory group estimated the global CHB prevalence at 3.2%, equivalent to 257.5 million
cases (Figure 1) [12].
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Figure 1. 2022 HBV prevalence in all countries (all ages) [12]. HBV — hepatitis B virus.

Notably, only approximately 14% of chronically infected individuals are diagnosed, and only
around 8% of those eligible for treatment receive it (Figure 2) [12].

300,000
250,000
200,000
1
5 = AFRO
E =EMRO
& 150,000 =EURO
'g =PAHO
% SEARO
e = WPRO
100,000
50,000
—
0
HBV Infected Treatment Eligitle Diagnosed On Anti-Viral Treatment

Figure 2. Global and Regional HBV Cascade of Care, 2022 [12]. AFRO — World Health Organization
Africa Regional Office; EMRO — World Health Organization Eastern Mediterranean Regional Office;
EURO - World Health Organization Europe Regional Office; HBV — hepatitis B virus; PAHO - Pan-
American Health Organization; SEARO — World Health Organization South East Asia Regional
Office; WPRO — World Health Organization WPRal Office.

This disparity is pronounced, with the majority of diagnosed and treated individuals
concentrated in developed regions. In contrast, sub-Saharan Africa and certain parts of Asia bear a
disproportionate burden, encountering elevated prevalence rates and challenges related to limited
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access to vaccination, diagnostics, and treatment [3,5]. Additionally, the prevalence of CHB and new
infections tends to be higher in lower-income or underdeveloped countries [13,14].

In 2022, the prevalence of HBV infection among children aged <5 years was estimated at 0.7%,
corresponding to 5.6 million children (Figure 3) [12]. Notably, Nigeria, Indonesia, India, China,
Angola, and Niger collectively accounted for 56.5% of all infections among this age group.
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Figure 3. 2022 HBV prevalence in all countries (five-year-old children) [12]. HBV — hepatitis B
virus.

Despite the global decline in CHB infection prevalence, particularly among children under five
due to infant vaccination programs, there are concerning disparities. While the WHO Western Pacific
region (WPR) has a higher number of CHB carriers compared to the WHO Africa region, the most
significant percentage of children under five with HBV resides in Africa, with an estimated
prevalence of 2.5% [15,16]. This persistent prevalence among African children under 5 indicates
missed opportunities to control mother-to-child transmission (MTCT) of HBV [16,17]. While 85% of
infants received the three-dose HBV vaccination before one year of age, only 46% received a timely
birth dose, and 14% received hepatitis B immunoglobulin (HBIG) as part of the complete regimen.
Additionally, only 3% of mothers with a high HBV viral load received antiviral treatment to reduce
the risk of MTCT [12].

HBV transmission occurs through various routes, primarily via perinatal transmission, unsafe
medical procedures, and unprotected sexual contact [18]. The chronicity of the infection varies
geographically, with a significant proportion of infected individuals progressing to CHB, a long-term
condition carrying substantial morbidity and mortality risks [19]. Despite advancements in
vaccination-based prevention, barriers persist in achieving universal coverage and ensuring access
to diagnosis and treatment, especially in resource-limited settings [20]. A comprehensive
understanding of HBV’s epidemiology, transmission dynamics, and impact on affected populations
is crucial for formulating effective control and elimination strategies.

Efforts toward HBV control and elimination encompass a multifaceted approach, integrating
vaccination programs, enhanced diagnostics, and affordable therapies. The WHO emphasizes the
importance of vaccination as a cornerstone for prevention, aiming to expand coverage to reduce new
infections [21]. However, achieving elimination targets demands not only robust vaccination
programs but also improved access to diagnostics and antiviral therapies coupled with strengthened
health systems [22].

1.2. Significance of achieving HBV elimination by 2030

Eliminating HBV by 2030 represents a critical global health milestone, aiming to significantly
reduce the burden of this viral infection and its complications. In 2014, the Global Health Assembly
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assigned the WHO the task of supporting member states in developing comprehensive strategies for
preventing, diagnosing, and treating viral hepatitis [15]. Subsequently, in May 2016, the WHO
established ambitious yet achievable targets to eliminate viral hepatitis as a public health threat by
2030 (Table 1) [15,23]. This goal relies on two key factors: service coverage and impact leading to
elimination. Service coverage focuses on prevention and treatment, encompassing four key

preventive strategies:

1. Infant vaccination: Administering the three-dose HBV vaccine to infants.

2. Preventing mother-to-child transmission (MTCT): Using either the HBV birth dose vaccine or

alternative approaches.

3. Ensuring blood and injection safety: Implementing protocols to minimize transmission

through unsafe medical practices.

4. Harm reduction: Implementing strategies to reduce transmission among high-risk groups like

intravenous drug users.

Table 1. WHO 2020 and 2030 targets eliminating chronic viral hepatitis B and C infection.

TARGET AREA

BASELINE 2015

2020 TARGETS

2030 TARGETS

Impact targets

Incidence: New cases
of CHB and CHC

infections

Between 6 and 10 million
infections are reduced to 0.9
million infections by 2030 (95%
decline in HBV infections, 80%

decline in HCV infections)

30% reduction (equivalent to
1% of HBsAg

among children)

prevalence

90% reduction (equivalent
to 0.1%
HBsAg among children)

prevalence of

Mortality: HBV and
HCV deaths

1.4 million deaths reduced to
less than 500 000 by 2030 (65%
for both HBV and HCV)

10% reduction

65% reduction

Service coverage targets

HBV vaccination:  82% in infants 90% 90%

childhood vaccine

coverage (third dose

coverage)

Prevention of HBV 38% 50% 90%

MTCT: HBV birth-

dose vaccination

coverage or other

approach to prevent

MTCT

Blood safety 39 countries do not routinely All countries have Reduce rates of
test all blood donations for hemovigilance systems in transmission by  99%
transfusion transmissible  place to identify and quantify = compared with 2020.
infections 89% of donations are viral hepatitis transfusion
screened in a quality-assured transmission rates
manner

Safe injections: 5% 50% 90%

percentage of

injections

administered with

safety-engineered

devices in and out of

health facilities

Harm reduction: 20 200 300

number of sterile
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5
needles and
syringes provided per
person who injects
drugs per year
HBV and HCV <5% of chronic hepatitis 50% 90%
diagnosis infections diagnosed
HBV and HCV  <1% receiving treatment 5 million people receiving 80% of eligible persons
treatment HBV treatment, 3 million with CHB infection

people received HCV  treated 80% of eligible
treatment persons with CHC

infection treated

The abbreviation: HBsAg: hepatitis B virus surface antigen, HBV: Hepatitis B virus, HCV: hepatitis C virus, CHB:
chronic hepatitis B, CHC: chronic hepatitis C,.

This global strategy aims for 90% of patients with HBV to be aware of their infection and 80% of
eligible individuals to receive antiviral treatment by 2030 [23-25]. This would result in a 90%
reduction in the incidence of new infections and a 65% reduction in mortality. Achieving this
necessitates comprehensive global efforts in prevention, diagnosis, treatment, and vaccination
programs [24,26]. Aligned with the Global Health Sector Strategy (GHSS), new guidelines for the
processes and standards for validating the elimination of viral hepatitis as a public health problem
were provided by the WHO in 2021. According to those guidelines, the WHO suggests using absolute
impact targets to validate elimination at the national level instead of the relative reduction targets
initially defined in the 2016 GHSS. The leading impact indicators and targets for measuring the
elimination of HBV new infection are < 0.1% HBsAg prevalence in those aged five years or under.

Reducing new HBV infections is paramount, necessitating multifaceted strategies like
expanding vaccination coverage, especially in high-risk regions, and implementing effective
prevention programs addressing various transmission routes [24]. Two seemingly achievable goals
are implementing the three-dose infant vaccine regimen and preventing MTCT [27]. While most
countries have incorporated HBV vaccination into their national immunization programs, scaling up
harm reduction practices among high-risk populations remains a crucial but challenging aspect of
combating HBV transmission [24].

Reducing mortality rates from HBV-related complications significantly contributes to
elimination [28]. Deaths from chronic HBV infections, including liver cirrhosis and HCC, remain
alarmingly high [19]. However, increased access to diagnostics, timely antiviral therapies, and
improved healthcare infrastructure can significantly mitigate these adverse outcomes [19,22]. It is
estimated that the implementation of the WHO 2023 elimination strategy would prevent 7.1 million
deaths between 2015 and 2030.

Efforts toward HBV elimination offer not only health benefits but also substantial economic
advantages. Numerous studies suggest that successful elimination could save healthcare systems
billions annually by reducing disease management and complication costs [20]. However, achieving
the 2030 elimination goal requires a critical reassessment of strategies and a renewed global effort
[19,27]. Highlight the potential need to adjust elimination targets for practicality in regions grappling
with high burdens of chronic HBV infection [12]. Therefore, achieving global elimination by 2030
necessitates a two-pronged approach: rigorous and continuous evaluation of progress toward
existing goals and the concurrent development of new, practically aligned strategies [21].

Despite being an ambitious task, the global elimination of HBV by 2030 requires considerable
work in the coming decade. The review article aims to evaluate the pivotal role of HBV vaccination
as a primary tool in realizing the ambitious goal set by the WHO to eliminate HBV by 2030. It focuses
on analyzing the impact, effectiveness, and challenges associated with widespread HBV vaccination
programs. The article likely discusses the vaccine’s ability to reduce transmission rates, prevent new
infections, and contribute significantly to the WHO's objective of lowering HBV-related morbidity
and mortality. Additionally, it may explore strategies to enhance vaccine coverage, address barriers
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to immunization, and propose comprehensive approaches to harness the vaccine’s potential in
achieving global HBV elimination targets set for 2030.

2. Methodology

The review employed comprehensive search strategies across multiple databases (PubMed,
Scopus, Web of Science, ScienceDirect, and Embase) using keywords like “Hepatitis B infection,”
“Hepatitis B vaccine,” “Hepatitis B elimination,” and “WHO 2030 targets” to gather relevant
literature. Studies, articles, and reports focusing on HBV vaccination, global elimination efforts,
WHO's 2030 targets, vaccination barriers, and strategies for eradication were likely included. Papers
not directly related to HBV vaccination, studies outside the scope of the WHO’s 2030 targets, or those
lacking relevance to global elimination strategies might have been excluded. Relevant data, including
vaccination efficacy, barriers to immunization, global progress toward elimination, and strategies for
achieving WHO targets, were extracted and synthesized from selected articles. The gathered data
was critically analyzed to identify trends, challenges, successes, and gaps in HBV vaccination
programs and their role in meeting WHO’s 2030 targets for HBV elimination. Findings from the
selected studies were integrated to create a cohesive narrative, emphasizing the role of the HBV
vaccine as a pivotal tool in achieving global elimination goals by 2030.

3. Hepatitis B Vaccines: Evolution and Effectiveness

Combating HBV infection involves three main strategies: treating chronic infections, eliminating
transmission routes, and immunizing vulnerable populations [30]. Vaccination, arguably the most
effective method, forms the cornerstone of the WHO'’s strategy to eliminate and ultimately eradicate
HBV. Throughout the last three decades, HBV prevention and even treatment through HBV
vaccination have been the subject of extensive research work. This section delves into HBV vaccine
development, safety, adoption, and economic impact over the past three decades.

3.1. From Plasma to Recombinant: A Paradigm Shift

The first commercially available vaccine, launched in 1982, relied on extracting antigenic
elements from the plasma of asymptomatic chronic HBV carriers [31,32]. Extracting the antigenic
hepatitis B surface antigen (HBsAg) from the plasma of asymptomatic carriers formed the
manufacturing process. This process involved ultracentrifugation and chemical decontamination,
including formalin treatment to eliminate blood-borne pathogens [33]. The recommended three-dose
schedule over six months proved highly effective and safe, establishing the benchmark for
subsequent vaccines [31].

However, limitations existed. First, a theoretical but unproven risk of blood-borne infections like
HIV raised public concerns, impacting vaccine acceptance [34]. Second, relying on chronic carriers as
a source of HBsAg became unsustainable due to the vaccine’s success in reducing infection rates.
These factors spurred the development of recombinant HBV vaccines [31]. In 1986, DNA
recombination technology in yeast allowed the synthesis of an HBsAg-like protein, leading to the
FDA-approved recombinant vaccine [35]. Similar in efficacy and safety to its predecessor, it too
required a three-dose, six-month schedule. These vaccines could provide long-term protection for
over 30 years [32].

The latest advancement arrived in 2018 with HEPLISAV-B®, specifically designed for adults >18
years. This “combo” vaccine incorporates recombinant HBsAg with an adjuvant that amplifies the
immune response, enabling a potent two-dose regimen compared to the three doses required by
earlier versions. Studies consistently demonstrate its superiority, achieving an impressive 96.6%
response rate after just one month, compared to only 24.0% for the conventional vaccine [36].

3.2. Efficacy and Safety of HBV Vaccination

The HBV vaccine’s effectiveness can be measured in two ways: its ability to induce protective
antibodies (anti-HBs) and its success in preventing MTCT. Recombinant and combo vaccines show
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efficacy and safety comparable to the conventional version [35-38]. Across diverse vaccination
schedules, they consistently achieve seroprotection levels exceeding 95% in healthy individuals.

Global adoption of HBV vaccination has yielded remarkable results, with the worldwide
prevalence in children under five plummeting from 4.7% in the early 1990s to 1.3% by 2015 [31].
However, studies indicate a decline in seroprotection among older adults (>40 years), highlighting
the need for further research and tailored approaches for this population [39].

All HBV vaccines have undergone rigorous safety assessments, with over a billion doses
administered since 1982, demonstrating an excellent safety profile [33,40-42]. Adverse events are
typically mild and transient, such as injection-site reactions. Severe reactions are exceedingly rare,
and studies have debunked unsubstantiated claims linking HBV vaccination to conditions like
multiple sclerosis [43,44]. HBV vaccination is demonstrably safe for pregnant and lactating women,
low birth weight infants, and even HIV-positive individuals, further expanding its reach and impact.
Notably, the only contraindication is a known hypersensitivity to any vaccine component or a history
of severe reactions.

3.3. Concerns with HBV vaccination

3.3.1. Durability of the immune response

The duration of immunity following HBV vaccination is not definitively determined. However,
in individuals, including both adults and children, who complete the initial vaccination series,
attaining an anti-HB level of 10 mIU/mL or higher within two to three months after the final dose
indicates a strong immune response effective against both acute and chronic HBV infections [45].
Studies show that this primary protection lasts for decades in most immunocompetent individuals
[46]. Even when anti-HBs levels dip below 10 mIU/mL, protection has been documented for up to 30
years [47]. Follow-up studies reveal a natural decline in anti-HBs concentration over time, with a
steeper drop in the first year and a slower decline later [48,49]. This pattern holds true regardless of
the initial peak antibody level. Other factors like age, weight, sex, and smoking history at vaccination
can also influence the vaccine’s durability (measured by anti-HBs levels above 10 mIU/mL) in
immunocompetent individuals [50,51]. However, the effectiveness of HBV vaccination is not only
linked to the induction of anti-HB antibodies but also involves the activation of memory B and T cells
[47,52]. So, even if anti-HBs levels decrease, that doesn’t necessarily mean you're unprotected.
Immunological memory of the HBsAg antigen can persist even when antibodies are no longer
detectable [53-56]. In light of current scientific evidence, various advisory groups do not advocate for
routine booster doses of the HBV vaccine in fully vaccinated, healthy, and immunocompetent
individuals. This is because the majority of previously fully vaccinated individuals with anti-HBs
antibody concentrations of 10 mIU/mL or less exhibit an anamnestic response when given when
exposed to HBV or given a booster dose, indicating sustained protection by memory B and T cells
[56-61]. However, there are exceptions where a booster dose might be recommended, such as for
immunocompromised individuals or healthcare workers who are at higher risk of exposure
[53,56,58,59,62,63].

3.3.2. Vaccine escape mutants

HBYV vaccines and HBIG have effectively prevented infection before and after exposure [64,65].
However, the emergence of vaccine escape mutants poses challenges to the efficacy of these
preventive measures. Studies highlight that mutations in the S gene of HBV, particularly in the a-
determinant, can be selected under the immune pressure exerted by vaccination, especially when
HBIG is administered [65]. The most common escape mutant, G145R, involves a glycine-to-arginine
change at amino acid position 145 [64]. Despite concerns, it’s crucial to note that the baseline
prevalence of these mutants varies geographically. In Taiwan, for example, the prevalence of a-
mutants was 7.8% in HBsAg carrier children, remaining around 20% during the initial 15 years of the
universal mass vaccination program [66]. Contrarily, over the last decade, there has been no
substantial increase in vaccine escape HBV mutants among Taiwanese carrier children, with no
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evidence of widespread virus spread [67]. This lack of escalation is attributed to the weakened nature
of the mutant virus [67]. Similar findings in Italy suggest that these mutants may not pose a significant
threat to ongoing control efforts [68]. Furthermore, studies reveal that current HBV vaccines can
protect against infection with these mutant viruses, supporting the continued use of existing vaccines
[69]. While these findings shed light on the challenges posed by vaccine escape mutants, the overall
effectiveness of HBV vaccination remains significant in preventing HBV infection. In addition,
current HBV vaccines demonstrate efficacy in protecting chimpanzees from infection with these
mutant viruses, supporting the continued use of the existing vaccines [70,71].

3.3.3. Impact of HBV genotypic variability

HBV exhibits significant genotypic variability, categorized into ten distinct genotypes (A-])
possessing unique genetic characteristics [69,70]. This diversity manifests in geographically specific
distributions, with certain genotypes dominating particular regions. For instance, genotype D is
prevalent in Asia, while genotype B holds sway in Europe and North America [73]. This
heterogeneity presents a challenge to vaccine efficacy, as current vaccines target a specific region of
the viral surface antigen (HBsAg) — the “a-determinant” [39]. The challenge lies in the potential for
reduced vaccine effectiveness against non-targeted genotypes, hindering the achievement of
universal protection.

Furthermore, the varying prevalence of HBV genotypes across regions can impact the overall
efficacy of vaccination programs. Studies suggest that vaccines based on the A2 genotype may not
offer complete protection against infection with non-A2 genotypes [74,75]. This underscores the
intricate interplay between genotypic diversity and the potential for occult HBV infections, where the
virus persists despite vaccination efforts [75-77]. Despite these challenges, large-scale studies
reassure us that currently available HBV vaccines remain highly effective against all genotypes,
demonstrating a 94-98% protective rate against CHB infection for at least 20 years [73,78]. Moreover,
the successful implementation of vaccination programs has led to a substantial decrease in the HBV
carrier rate and HBV-related morbidity [63].

3.3.4. Vaccine non-responders

Individuals who develop an anti-HBs titer below 10 mIU/mL after complete vaccination are
classified as “vaccine non-responders.” This blunted immune response, often attributed to impaired
T cell activation or recognition of the HBsAg antigen, presents a significant challenge [79]. Globally,
an estimated 10% of vaccine recipients fall into this category, highlighting the need for effective
identification and management strategies [80]. Key risk factors include older age at primary
immunization, obesity, smoking, comorbidities (diabetes mellitus, chronic kidney disease, chronic
liver disease), HIV infection, and immune suppression [79-88]. Identifying these risk groups is crucial
for planning follow-up screenings for anti-HBs levels and administering booster doses if needed.

In studies of individuals over 60, only 45.7% developed anti-HBs antibodies [89]. Participants
over 59 years old showed a 60% antibody titer greater than 10 mIU/mL at seven months post-
vaccination [90].

For patients with chronic kidney disease, seroconversion rates after three doses were 87.5%,
66.6%, and 35.7% for mild, moderate, and severe cases, respectively. Rates significantly improved
after a fourth dose [91]. Patients with low glomerular filtration rates, higher creatinine, diabetes, and
old age are less likely to seroconvert [92].

Patients with chronic liver diseases, especially hepatitis C infection, demonstrated a diminished
response, with only 55% achieving seroconversion [93]. Genotype 1 patients exhibited a poorer
response. The immune response correlated inversely with advanced liver disease measured by the
MELD score [94]

In HIV patients, the seroconversion rate ranges from 18% to 72%, depending on immune status.
Those not receiving Highly Active Antiretroviral Therapy (HAART) exhibit response rates between
30% and 50%, while individuals on HAART experience an increased response ranging from 60% to
70% [95-97]. This response correlates directly with the CD-4 count and inversely with the viral load.

doi:10.20944/preprints202402.0493.v1
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Blunted response to HBV vaccination can be augmented by interventions like additional booster
doses, increased vaccine dose, intradermal route, or combo vaccine [83,98-100]. One intervention,
doubling the standard vaccine dose in cirrhosis patients, showed marginal success [101].

The intradermal route’s success relies on Langerhans cells and macrophages’ efficient antigen
presentation, showing response rates of 69%-100% [102]. A total antigen dose of 70-80 ug divided
over 7-8 sessions or 5 ug weekly proved more effective than the standard 40 pg intramuscular
protocol [98].

Vaccine advancements, like third-generation recombinant vaccines and adjuvanted vaccines,
aim to improve responses, especially for immunocompromised and elderly populations [39,99,103].
Emerging vaccines present potential simplified schedules as alternatives to the traditional 0, 1, and
6-month regimen [39].

3.4. Vaccine for healthcare workers

Healthcare workers (HCWs) constitute a crucial target group for HBV vaccination, not only due
to their susceptibility to infection but also because they may serve as potential sources of infection
during exposure-related procedures. Globally, there exists a significant disparity in HCW
immunization against HBV. Only 18% of HCWs in Africa reported HB vaccination, contrasting with
77% in Australia and New Zealand [104]. A recent report highlights that almost half of HCWs in India
remain unvaccinated. Conversely, Egypt boasts a higher adherence to immune prophylaxis, with
nearly 82% of HCWs receiving the vaccination [22]. This discrepancy might be partially explained by
Egypt’s inclusion of HBV vaccination among its compulsory immunizations since 1992. However,
the long-term retention of the protective effect in HCWs needs to be evident. A study revealed that
30% of previously immunized HCWs lost the protective Anti-HBs titer (<10 IU) [105]. In light of these
findings, making HBV vaccination and regular anti-HBs checks mandatory for HCWs is imperative.

3.5. Cost-effectiveness of HBV vaccination

Ideally, all individuals at intermediate or high risk of acquiring HBV infection should receive
vaccination. Implementing such a strategy requires economic studies to validate cost-effectiveness.
A recent study conducted in the USA demonstrated that administering the HBV vaccine was more
cost-effective than the test and vaccination strategy in selected high-risk groups. These groups
included foreign-born Asians, Africans, incarcerated individuals, refugees, IV drug abusers, and men
who have sex with men (MSM). The study compared the incremental cost-effectiveness ratios (ICERs)
of vaccination versus the screening and treating strategy. The findings indicated that vaccination had
ICERs of $6000 per quality-adjusted life-year gain, whereas the screen and treat strategy had a higher
cost of $21,000 [106].

The universal vaccination of infants has been extensively studied. Generally, vaccination proves
cost-effective in areas with intermediate or high HBV endemicity, but it could be more effective in
low-endemicity areas. Cost-effectiveness has been reported in Iran [107], China [108], and Vietnam
[109] as opposed to the UK [110].

3.6. Recent advances in HBV vaccination

3.6.1. Al applications

Initiating the HBV transmission control circle begins with delivering timely vaccination;
however, identifying individuals at risk of suboptimal immune response to the HBV vaccine is
equally vital. One research group explored implementing machine learning to detect individuals at
risk of vaccine failure and deliver a precision booster dose for those at high risk [111]. This pilot
project requires validation in further studies.
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3.6.2. Therapeutic HBV vaccine

Chronic HBV infection commonly encounters T-cell failure [112]. The evolving approach to
treating HBV depends on enhancing host cytotoxic T-cell activity targeting HBV-infected hepatocytes
[113]. The ongoing quest is to discover the ideal antigen that can successfully recruit T-cells with low
toxicity to healthy liver cells. In a recent clinical trial, the GS-4774 vaccine, a complex antigen
composed of HBs, HBc, and a partial HBV X protein, stimulated the immune system but failed to
provoke sufficient virus-specific CD4+ T-cells or B-cells to reduce circulating HBs levels [114]. In
another study, an Al-powered model predicted the immunogenicity of 30 possible therapeutic
vaccine legends. The model identified four epitopes with suitable profiles, exhibiting both
immunogenicity and safety [115]. The hype surrounding Al in scientific studies suggests its potential
to fill many gaps in the field of HBV prevention.

3.7. The effectiveness of the HBV vaccine in different populations

The HBV vaccine demonstrates substantial efficacy across diverse populations, particularly in
high-risk groups. In pre-exposure scenarios, the vaccine plays a pivotal role in imparting immunity
against HBV infection, especially for high-risk individuals such as healthcare workers and those in
close contact with infected persons. Timely vaccination post-exposure significantly diminishes the
risk of HBV transmission, providing a crucial protective layer against infection following potential
exposure. Due to challenges in engaging and accessing populations at risk of HBV infection [116], a
more practical and cost-effective approach emerged —universal vaccination of newborns [117-119].
Consequently, the WHO endorsed and implemented the integration of the HBV vaccine into the
Expanded Program on Immunization (EPI) [112,113].

Mass or universal vaccination campaigns, especially in regions with high prevalence, exhibit
profound impacts, markedly reducing chronic HBsAg carriage rates and consequently lowering the
burden of acute and chronic HBV-related diseases. This widespread immunization effort
significantly decreases the incidence of HCC, a severe consequence of CHB infection, by suppressing
the virus’s prevalence in the population and mitigating potential long-term complications.

3.7.1. Vaccination for High-risk populations

3.7.1.1. Pre-exposure high-risk groups

The HBV vaccine proves highly effective in safeguarding various high-risk population segments
against HBV. For instance, it significantly benefits healthcare providers, fostering protective
antibodies and long-term immunity [122], especially in high-risk groups like renal hemodialysis unit
staff [123,124].

3.7.1.2. Patients with End-stage Kidney diseases

Studies reveal that while HBV vaccination is recommended for End-stage Kidney Disease
(ESKD) patients on hemodialysis, this population often exhibits a lower immune response, with only
approximately 50-60% achieving adequacy [125,126]. As chronic kidney disease (CKD) progresses,
vaccine efficacy tends to decline [126]. The lower immunogenicity of the HBV vaccine in this high-
risk population is attributed to various factors, including malnutrition, impaired immune function
due to CKD, uremia-related immune dysfunction, and altered immune responses [127]. Response
diminishes in patients with serum creatinine levels >4 mg/dL compared to those with lower levels
(86% vs. 37%) [128,129]. Diminished responsiveness is associated with a glomerular filtration rate
below 10 mL/min, age over 60, and diabetes mellitus [128,130-132]. Improved antibody responses
occur among patients undergoing efficient hemodialysis [7,132,133]. Notably, coexisting hepatitis C
virus infection may reduce vaccine effectiveness in patients undergoing maintenance hemodialysis
[132,134].

The standard vaccination regimen often involves multiple doses (typically four) of the HBV
vaccine before initiating hemodialysis [135]. However, achieving a robust immune response remains
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a challenge despite this regimen. Researchers have explored different approaches to enhance the
vaccine response in this population, such as using higher vaccine doses, adjuvants, or alternative
vaccination strategies [136,137]. Further research is needed to determine the most effective approach
[131,138].

3.7.1.3. Post-Renal Transplant Patients

The immune response to the HBV vaccine is reduced post-renal transplant, with studies
indicating decreased seroconversion rates and only 17-36% achieving protective antibody levels
[139]. The vaccine’s efficacy diminishes as CKD progresses, posing challenges to attaining adequate
immunity before renal transplant [140]. Immunosuppressive medications post-transplantation can
further compromise vaccine effectiveness, influencing the patient’s ability to mount an adequate
immune response [141]. Various strategies, such as alternative dosing regimens and routes of
administration (e.g., intradermal), show promise in improving response rates [142]. Administering
HBV vaccination as early as feasible, preferably pre-renal transplantation, is crucial for ESKD patients
due to the age-related correlation with immune response [143] and the significantly heightened
immunogenicity when given pre-transplant [144].

3.7.1.4. Men having sex with Men (MSM)

Studies show that HBV vaccination remains highly effective in preventing HBV infection among
MSM despite potential variations in immune response [145-148]. Randomized trials demonstrate an
effectiveness of 80-88% in providing protection among MSM [147-149]. However, vaccine coverage
remains a concern, lacking comprehensive data [150]. A systematic review suggests a possible
association between HBV vaccination among MSM and socio-demographic characteristics,
behavioral patterns, and social-cognitive factors [150].

3.7.1.5. HIV patients

HBV vaccination efficacy is diminished in HIV patients, leading to a reduced immune response
[151-154]. Higher CD4 counts of 2500/mm3 and lower HIV viral loads of <1000 copies/mL correlate
with a more effective humoral response to HBV vaccination among HIV patients [155]. The immune
response might improve among patients with acquired immune deficiency syndrome (AIDS)
undergoing highly active antiretroviral therapy (HAART) [151-156]. However, efficacy declines in
HIV patients with older age, particularly after 40 years, obesity, stress, and smoking [157]. Strategies
such as using double doses or booster shots have been shown to improve the immune response,
enhancing the effectiveness of the HBV vaccine in HIV patients [151]. The recombinant HBV vaccine
shows safety, efficacy, and cost-effectiveness in HIV-infected individuals [158] and should be offered
to all patients regardless of their CD4 counts or viral loads.

3.7.1.6. Patients with Chronic Liver Disease

HBV vaccination is generally safe in patients with chronic liver disease, displaying
immunogenicity rates, although reduced (35%) compared to the general population (95%) [159-161].
Studies emphasize the importance of assessing individual responses, revealing varied seroconversion
rates ranging from 16% to 79% in clinical practice [159]. The severity of liver disease significantly
influences the response to HBV vaccination, with rates differing between Child A (75.9%) and Child
B (24.1%), highlighting the need for tailored approaches based on disease stage [159,162]. Older age,
diabetes mellitus, and cirrhosis are associated with reduced responses to the HBV vaccine [162,163].
Additionally, the underlying etiology plays a role; for example, patients with hepatitis C and alcohol-
related chronic liver disease exhibit a low response to the hepatitis B vaccine [163-165]. Patients with
chronic liver disease face an increased risk of encountering severe complications due to acute viral
hepatitis A or B. This highlights the critical significance of vaccination for both hepatitis A and B in
this patient population [166].

doi:10.20944/preprints202402.0493.v1
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3.7.1.7. Post-Liver Transplant patients

In liver transplant recipients, studies assessing post-liver transplant vaccination effectiveness
vary significantly due to heterogeneity in recipient and donor types (cadaveric or living), vaccine
type, adjuvant usage, vaccination protocol, response definition, and simultaneous HBIG or
Lamivudine use [167]. Several studies highlight the challenge of achieving adequate immunity
against HBV with a response rate as low as less than 30% [167,168]. Vaccination is notably more
effective in patients transplanted due to HBV-related acute liver failure than CHB infection-related
indications [167]. Immunoprophylaxis strategies, including HBIG and potent antiviral therapy (e.g.,
Entecavir, tenofovir), are often employed post-transplantation to prevent HBV recurrence [153,154].
Combining HBIG with antiviral medication proves more effective in preventing recurrence than
HBIG alone [170]. However, this regimen’s critical weakness lies in its high cost and the risk of escape
mutations related to HBIG. Therefore, the HB vaccine is being explored as a lower-cost substitute at
many transplant centers, with varying reported effects [171,172]. Despite challenges, post-liver
transplant HBV vaccination may offer added immunity and is considered an active
immunoprophylaxis strategy [172]. Some patients who receive the HBV vaccine develop sufficiently
high hepatitis B surface antibody (HBsADb) titers to stop lifelong HBIG administration [171]. However,
the efficacy might vary based on the regimen [172,173]. Studies analyzing different immunization
schedules before and after transplantation stress the importance of optimized vaccination protocols
in these patients [173]. Recent reports highlight a limitation in the effectiveness of repeated vaccine
doses to sustain adequate anti-HBs levels, primarily due to the emergence of escape mutations. This
phenomenon poses a risk of diminished efficacy and increases the potential for recurrence of HBV
infection recurrence if used alone as a prophylaxis strategy [171]. Consequently, the strategy of post-
liver transplant vaccination is not accepted as a reliable approach for preventing HBV recurrence in
patients with chronic infection, necessitating the continuation of antiviral prophylaxis [167,168,174].

3.7.1.8. Mother-to-Child Transmission (MTCT) setting

MTCT, also known as perinatal or vertical transmission of HBV, represents one of the primary
routes of worldwide HBV spread (>85%), particularly prevalent in regions like Southeast Asia and
China with high prevalence rates. WHO estimated that in 2015, 65 million women of childbearing
age were chronically infected and at risk of transmitting HBV to their offspring [175], and 90% of
infants infected with HBV at birth are at risk of chronicity [180,181]. MTCT correlates with an
increased risk of subsequent chronic liver disease and HCC [178]. Preventing MTCT is a crucial
strategy to meet WHO 2030 goals and eradicate HBV [179]. Fortunately, the safe and effective HBV
vaccine has revolutionized MTCT prevention, significantly reducing transmission rates. Numerous
studies demonstrate the remarkable efficacy of the HBV vaccine in preventing MTCT [179-183].

Early studies reported significantly reduced MTCT rates with prompt vaccination of newborns,
achieving an MTCT reduction of 70-90% in HBeAg-positive mothers [177,181-185]. These findings
support using vaccines in regions where pregnant women are not subjected to screening for HBsAg
and HBeAg [186]. Subsequent research highlighted the synergistic effect of combining birth dose
vaccination with HBIG given within the first 24 hours after birth, bridging the gap between HBV
exposure and active anti-HBs production induced by the HBV vaccine. This strategy yields even
lower MTCT rates, reducing them by more than 90% and approaching 98% in some cases [180].
Timely administration of dual immune-prophylaxis (HBV vaccine and HBG) within 24 hours of
delivery is crucial, as delays have been linked to heightened infection risks among infants born to
HBsAg-positive mothers.

Research indicates that maternal HBeAg positivity significantly impacts MTCT risk. In HBeAg-
negative mothers, HBV vaccination alone can achieve impressive protection, with some studies
reporting 0% MTCT [184]. However, adding HBIG to the vaccination schedule offers additional
protection for HBeAg-positive mothers, further reducing MTCT rates [183,187]. Even with HBV
vaccination, approximately 3% of newborns from mothers who are carriers of HBsAg but negative
for HBeAg may persistently contract the infection [119], indicating that defining infectivity by HBeAg
in HBsAg carriers is not perfect [188].
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HBV viral load emerges as a critical predictor in assessing MTCT risk, surpassing the
significance of HBeAg status. Studies consistently demonstrate a significant correlation between high
maternal viral load and increased MTCT risk, even in HBeAg-positive cases [189,190]. Recent studies
suggest that higher maternal HBsAg levels are associated with an increased risk of perinatal
transmission [190-192]. HBIG and vaccine failures occur almost exclusively in HBeAg-positive
women with high HBV DNA levels (>200,000 IU/ml) and/or HBsAg levels above 4-4.5 1log10 IU/ml
[189-192]. Recognizing the paramount importance of early intervention, prophylactic measures
during the third trimester have been recommended [193]. However, the decision to initiate NA
prophylaxis is contingent upon the HBV viral load and HBsAg level, with a consensus emerging
around the threshold of 200,000 IU/mL and above 4—4.5 log10 IU/ml, respectively [189-192,194].

3.7.2. HBV mass vaccination

After introducing the HBV vaccine, challenges arose when directing efforts toward high-risk
populations like sex workers, homosexuals, or intravenous drug abusers [195]. Conversely, deeming
universal vaccination for HBV in all newborns more feasible and cost-effective became apparent
[196]. WHO champions comprehensive HBV vaccine programs for newborns as a cornerstone in the
global effort to prevent MTCT of HBV [197]. WHO initiated universal vaccination in 1991 to prevent
HBYV transmission during the perinatal period and early childhood, as these stages carry a higher risk
of developing chronic infections [198]. This initiative emphasizes universal vaccination strategies to
ensure maximum coverage and effectiveness. As of 2022, the WHO reported the nationwide
introduction of the HBV vaccination program for infants in 190 Member States, showcasing
widespread adoption [199]. The primary strategy involves providing the HBV vaccine to all
newborns, regardless of maternal HBsAg or HBeAg status. Screening pregnant women for HBsAg,
with the addition of HBIG to newborns born to HBsAg-positive mothers, aims to enhance protection
against MTCT, irrespective of the mother's HBeAg status. Numerous studies substantiate the
effectiveness of these mass vaccination programs, demonstrating a significant impact on reducing
HBYV infection incidence, especially in regions with a high disease burden [200,201]. Moreover, the
overall success of these programs is underscored by integration into national immunization
schedules, leading to increased coverage and sustained protection against HBV. Taiwan’s response
to the substantial burden of CHB infection is characterized by a pioneering national vaccination
program initiated in 1984. This marked a pivotal moment in Taiwan’s public health landscape and a
strategic intervention to mitigate the widespread prevalence of CHB infection. By successfully
incorporating HBV vaccination into routine immunization schedules, the program achieved
remarkable progress in lowering the prevalence of CHB infection, HCC, and mortality of fulminant
hepatitis in vaccinated birth cohorts [201,202]. Different long-term cohort studies conducted in
Taiwan have demonstrated the enduring effectiveness of this vaccination initiative over decades,
with a decrease of more than 90% in chronic liver disease and HCC mortality and more than 80% in
HCC incidence [9-13]. Taiwan’s experience serves as a model for other nations, showcasing the
impact of a well-structured and enduring national vaccination program in mitigating the burden of
chronic HBV infection.

Another study from Iran further supports Taiwan’s vaccination strategy on the effectiveness of
the national HBV vaccination program 25 years after its introduction [206]. The study included over
100,000 individuals born before and after the program’s introduction. The results showed that the
vaccination program was highly effective in preventing HBV infection, with a vaccine effectiveness
of over 95%. Additionally, the study found that the program was cost-effective, with the benefits far
exceeding the costs, making it a major public health success story that significantly improved the
health of the Iranian population. From 1992 to 2015, HBV control through vaccination in the Southeast
Asia Region made significant progress, preventing approximately 16 million CHB infections and 2.6
million related deaths during the same period [207].

Moreover, a study from China revealed that the vaccination strategy implemented over 20 years
(1992-2012) was cost-effective and led to a significant decline in the incidence of HBV infection among
children and adolescents [28]. The incidence among children aged 1-4 years decreased from 9.7% in
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1992 to 0.3% in 2012, while the incidence among adolescents aged 15-19 dropped from 11.9% in 1992
to 1.1% in 2012.

Globally, four distinct strategies for universal HBV vaccination in newborns are outlined in
Table 2. [69,208].

Table 2. Four Strategies to Universal Hepatitis B Vaccination in Infants.

Maternal Infants receive Efficacy Cost Example
screening -
Vaccine HBIG
Yes (HBsAg and Yes HBeAg-positive Higher Higher Taiwan
then HBeAg) mothers’ infants
only
Yes (HBsAg only)  Yes All HBsAg- Highest Highest us
positive mothers’
infants
Yes (HBeAg only)  Yes HBeAg-positive High Highest Japan
mothers’ infants
only (2 doses)
No Yes No Modest Low Thailand

Abbreviations: HBsAg: hepatitis B surface antigen, HBeAg: hepatitis B e antigen, HBIG: hepatitis B immune
globulin.

The most straightforward approach involves administering the vaccine to all newborns without
considering maternal HBV status. This strategy eliminates the need for screening pregnant women
and bypasses the use of HBIG in newborns, resulting in the lowest associated costs. However, it is
crucial to note that the efficacy of this strategy may be compromised, as indicated by various studies
[180,204,209,210]. Conversely, the most comprehensive yet cost-intensive strategy is universally
administering the HBV vaccine to newborns. This approach involves screening pregnant women and
administering HBIG to newborns if the mother tests positive for HBsAg, irrespective of the HBeAg
status. The choice of vaccination strategy is at the discretion of each country, guided by
considerations such as epidemiological factors, disease burden, public health system readiness, and
economic constraints. It is imperative to emphasize that any selected approach for implementing
HBV vaccination plays a pivotal role in controlling the prevalence of HBV within a given country.
The decision-making process should be meticulous, considering various factors to tailor the strategy
to the specific needs of each nation.

3.7.2.1. Effect on chronic HBV infection

HBV vaccination programs globally have caused a dramatic decrease in chronic HBV carrier
rates, especially among younger generations. For instance, the HBsAg positivity rate in Taiwan
plummeted from 19.7% in 1986 to 0.6% in 2015 [78]. The impact of HBV vaccination on the worldwide
prevalence and incidence of CHB infection has been substantial. The implementation of routine infant
vaccination in over 180 countries has notably reduced global HBV transmission and diminished
chronic HBV prevalence [211]. By 2019, the coverage of three doses of the HBV vaccine reached 85%
globally, marking a significant increase from approximately 30% in 2000, highlighting the successful
implementation of vaccination programs [63].

The global effectiveness of the HBV vaccine is apparent in the substantial reduction in CHB
prevalence and incidence, supported by comprehensive vaccination programs and documented
success in diverse populations [28,119,188,200-206,208]. In regions with lower endemicity, the
prevalence of the HBsAg carrier post-vaccination may effectively decrease to zero [69]. This
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phenomenon signifies a promising trajectory toward the elimination and ultimate eradication of HBV
within the population [69]. Furthermore, the research emphasizes the highly effective nature of
current vaccines, providing a protection rate of 94-98% against chronic HBV infection for at least 20
years [69]. The decline in reported acute HBV infections by approximately 90% since the introduction
of HepB vaccination recommendations further underscores the vaccine’s impact, reducing the rate
from 9.6 cases per 100,000 [212]. Additionally, recent findings indicate that HBV vaccination
positively influences the survival of patients with chronic liver disease, further emphasizing the
vaccine’s broader health benefits [39,159,161]

3.7.2.2. Effect on diseases related to acute HBV infection

Research consistently demonstrates the HBV vaccine’s effectiveness in reducing diseases related
to acute hepatitis B infection [213-217]. Studies reveal a significant decline in the incidence of
symptomatic acute hepatitis B and fulminant hepatitis in vaccinated individuals as opposed to those
who have not received vaccination [213,215-217]. The vaccine effectively reduces the risk of severe
liver-related complications linked to acute infection, such as liver failure or chronic hepatitis [214].
Additionally, it substantially decreases the likelihood of hospitalizations and mortality related to
acute hepatitis B [213]. In Italy, where universal HBV vaccination was initiated in 1991, there was a
notable decrease in CHB infection and the incidence of acute hepatitis B and acute hepatitis D
[215,216]. However, it was observed that interrupting HBV infection through household contacts of
chronic HBsAg carriers, injection drug use, and iatrogenic procedures was still necessary to eradicate
residual HBV infection in the country. This evidence underscores the vaccine’s crucial role in
preventing the severe health consequences of acute hepatitis B, highlighting its importance in public
health initiatives aimed at reducing the burden of hepatitis-related illnesses.

3.7.2.3. Effect on Diseases related to chronic HBV infection

Extensive research consistently supports the effectiveness of the HBV vaccine in reducing HBV-
associated membranous nephropathy (HBV-MN). Several studies conducted in different populations
indicate that vaccination significantly decreases the incidence of HBV-MN following nationwide
HBV vaccination [218-220]. Additionally, the vaccine substantially reduces the risk of CHB-related
mortality by over 90% over 30 years [202].

3.7.2.4. Effect on Hepatocellular carcinoma (HCC):

HCC stands as the most prevalent primary liver cancer, representing a leading cause of global
cancer-related deaths. CHB infection remains a significant risk factor for HCC, contributing to
approximately 50-80% of cases worldwide [8]. In areas with intermediate to high HBV endemicity,
HCC predominantly affects individuals in middle age and older; however, occasional cases are
observed in children, usually linked to chronic HBV infection acquired through maternal
transmission [221].

The development of a safe and effective HBV vaccine has provided a potent tool for preventing
HBYV infection and its associated complications, including HCC. Vaccination programs globally have
resulted in a substantial reduction in chronic HBV carrier rates, particularly among younger
generations [69]. For example, in Taiwan, the HBsAg positivity rate dropped from 19.7% in 1986 to
0.6% in 2015 [222]. As fewer individuals contract chronic HBV infection, the long-term expectation is
a decline in the prevalence of HCC cases. This trend is already evident in certain regions, with
younger populations exhibiting significantly lower HCC rates compared to their older, unvaccinated
counterparts [69].

Numerous studies have illustrated the remarkable effectiveness of HBV vaccination in reducing
both the incidence and prevalence of HCC. In Taiwan, the introduction of universal neonatal HBV
vaccination in 1984 resulted in a significant decline in HCC incidence among younger age groups,
achieving an 80% decrease after 30 years [223]. Similar positive trends were observed in Shanghai,
with a 49.2% reduction in HCC incidence in males and 51.9% in females 30 years after the initiation
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of their vaccination program [223]. Globally, studies conducted across various regions and countries
consistently report substantial reductions in HCC incidence among cohorts born after the
implementation of vaccination programs [224-227].

4. Global Impact of HBV Vaccination Programs: Successes and Challenges

The HBV vaccine is the keystone intervention in combating the worldwide burden of HBV
infection. As of the close of 2022, the WHO reported that an impressive 190 nations (97%) integrated
birth doses into their EPI schedules for comprehensive coverage [199]. Infant completion rates for the
3-dose HBV vaccine regimen surged remarkably from 1% in 1990 to 84% in 2022 [199]. Furthermore,
113 Member States implemented nationwide single-dose HBV vaccine administration to newborns
within the initial 24 hours of life.

The HBV vaccine boasts a remarkable track record, demonstrating a near 95% reduction in CHB
infection [198]. Global HBV prevalence significantly dropped from over 10% in the 1980s to around
2.9% in 2020, resulting in millions of lives saved and the prevention of chronic liver disease and HCC
cases [224].

The vaccine’s impact transcends individual protection, safeguarding entire communities and
future generations from the devastating consequences of HBV infection. This herd immunity effect
is evident in countries with high-coverage infant vaccination programs, observing a noteworthy
decline in transmission among both vaccinated and unvaccinated groups [228].

Recent large studies analyzing the positive impact of universal HBV vaccination reveal a global
decline in HBV prevalence, especially in children under five [17,229], considering prophylaxis
programs, notably infant vaccination. Mainland China, with the highest overall HBV prevalence,
ranking 16th in HBV infections among < 5-year-old children, attributes its success to timely birth dose
coverage of 90% or greater [17].

This remarkable progress can be attributed to several key factors. Foremost, the WHO
established global goals to attain HBV elimination by 2030, underscoring the importance of timely
birth doses to prevent MTCT and early horizontal transmission of the virus, the most prevalent cause
of HBV transmission worldwide [11,12,15,25,224]. Increased awareness among healthcare providers
and communities about the benefits of timely birth doses has contributed to higher acceptance and
implementation [230]. Moreover, the significant reduction in vaccine cost (below $1 per dose), crucial
financial and logistical support provided by GAVI since 2001, and the substantial rise in pentavalent
vaccine coverage in GAVI-supported countries all played a significant role [231]. Despite overall
progress, regional disparities persist. While the Western Pacific (90%), Americas (89%), and Southeast
Asia (87%) regions exceed the global average, Europe (81%), the Eastern Mediterranean (80%), and
Africa (75%) lag behind [199].

The WPR, with early adoption of birth-dose vaccination, stands as a testament to the program’s
efficacy. Notably, the region’s HBsAg positivity rate dropped from 8.3% to a mere 0.93% between
2002 and 2015 [39]. Furthermore, HBV vaccination effectively protects healthcare workers from
occupational infection and subsequent chronic disease [51,62,104,105].

Early adopters like Taiwan, Bulgaria, Malaysia, The Gambia, Italy, Spain, and the United States
exemplify success through universal HBV immunization. Taiwan, in particular, witnessed a dramatic
decline in HBV transmission, disease burden, and HBsAg positivity since its mass neonatal
vaccination program in 1984 [10,78,119,188,201,202,205]. The annual HCC incidence among children
aged 6-14 significantly decreased, solidifying the vaccine’s potential as a successful cancer-
preventative measure [222].

The global adoption of HBV vaccination and enhanced coverage have yielded remarkable
results in reducing the HBV burden and preventing HCC. Ongoing efforts to achieve universal
coverage, particularly in regions with lower implementation rates, offer substantial potential for
further alleviating the public health impact of this critical viral infection.

Despite undeniable successes, meeting the 2030 WHO targets for HBV vaccination necessitates
addressing substantial challenges associated with vaccine utilization. Numerous barriers impacting
the effective expansion of HBV vaccine uptake have been identified [232-236], presenting diverse
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characteristics across countries and affecting different target groups. These barriers vary based on
healthcare systems, caregiver awareness, cultural beliefs, and accessibility to vaccination services.
These barriers can be categorized into different groups, including System Issues”, “User Issues”,
“Service Provider Issues” and “Socio-Culture Factors” [235]. Key barriers include limited availability
and accessibility to health-facility-based immunization, lack of caregiver awareness, inadequate
communication by healthcare workers, negative relationships with beneficiaries, high vaccine costs
in the private sector, and challenges related to the time and place of vaccination [235]. Emphasizing
the contextual nature of these barriers is crucial, recognizing that different countries are at varying
stages of implementing HBV vaccination [235].

Understanding the intricate challenges is essential to achieving widespread HBV vaccination
aligned with the WHO framework. A comprehensive strategy involves addressing issues of
affordability, enhancing healthcare infrastructure, eliminating sociocultural obstacles, prioritizing
HBV within public health frameworks, and fostering effective communication and collaboration.
These measures constitute fundamental building blocks for a future where the impact of HBV is
significantly reduced, realizing the full potential of this life-saving vaccine.

5. Progress Towards Achieving WHO Targets for 2030 HBV Elimination: 2016-2023

5.1. Impact of HBV vaccination

Since its introduction in 1982, the HBV vaccine has revolutionized the battle against this
insidious pathogen. As the WHO sets ambitious targets for HBV elimination by 2030, the vaccine
emerges as a cornerstone intervention with a profound impact on reducing the disease burden [15].
From 2015 to 2020, global coverage of the third dose of the HBV vaccine increased from 82% to 85%,
while the administration of the birth dose increased from 38% to 43% [237]. Infant vaccination
programs, particularly in high-endemic regions like Taiwan, showcase a notable decline in HBsAg
positivity from 9.8% in 1984 to 0.6% in 2004, primarily driven by neonatal immunization
[119,188,202,204].

The influence of the HBV vaccine extends beyond preventing chronic infection. Reducing carrier
rates subsequently lowers the incidence of HBV-related complications, including HCC, a major cause
of mortality [238]. Mathematical modeling estimates reveal that global HBV vaccination programs
averted 210 million new HBV infections and 1.2 million HCC deaths between 2000 and 2015,
translating to millions of lives saved and significantly reducing healthcare costs associated with HBV-
related complications [175,239].

5.2. The Feasibility of HBV Elimination by 2030

HBYV elimination, per the epidemiological definition, means a reduction to zero of HBV
incidence in defined geographical areas due to deliberate efforts. Presently, HBV elimination aligns
with the 2016 WHO targets for viral HBV infections, focusing on controlling viral hepatitis by
reducing its incidence, morbidity, and mortality to locally acceptable levels rather than absolute
elimination [16,249]. The global initiative for HBV elimination by 2030, outlined by WHO,
encompasses three primary objectives: establishing a world free from viral transmission of HBV,
ensuring individuals with viral hepatitis access safe, affordable, and effective care, and eliminating
viral hepatitis as a major public health threat by 2030 (with a note that complete elimination may not
be achieved). Additionally, the aim is to substantially decrease the incidence of chronic viral hepatitis
and the associated morbidity and mortality [11,16].

The feasibility of global HBV elimination is rooted in the virus’s characteristics, reliable
diagnostic assays, and cost-effective measures. These measures involve implementing universal HBV
immunization, antiviral treatment for highly viremic mothers in the third trimester to prevent MTCT,
HBV screening in blood donors, adopting safe injection practices, implementing stringent infection-
control programs to reduce HBV infections, and providing antiviral treatments for patients with HBV
infection [240]. Despite the ambitious task of achieving global HBV elimination by 2030, substantial
work is imperative in the coming few years.
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The available evidence suggests that the ambitious goal of achieving global HBV elimination by
2030 faces significant challenges. Despite the existence of tools to reach these goals since 2015, they
remain insufficient or absent in various countries and regions, including high-income nations.
Globally, HBV diagnosis rates are alarmingly low, averaging only 8% [250,251]. While certain areas
make strides in prophylaxis and prevalence targets for HBV infection, studies emphasize that all
regions must significantly increase rates of diagnosis and access to treatment to meet the global
targets [12,19,251].

Unfortunately, given the staggering number of individuals chronically infected with viral
hepatitis (257 million) and its devastating global burden (almost 900,000 annual deaths) [175] and
coupled with the current efforts to combat the disease, achieving these targets in the next remaining
years appears unlikely, particularly in resource-limited settings. WHO has advocated for multiple
key interventions to achieve these targets, yet implementation remains lacking in most locations
[175]. For instance, attaining a 90% HBV immunization coverage, including HBV birth-dose vaccine
coverage, proves challenging in regions like Africa, with current HBV birth-dose vaccine coverage
estimated at 11% or even lower in resource-constrained areas [245]. Similarly, increasing antiviral
treatment provision to 80% by 2030 seems extremely challenging, especially in low- and middle-
income countries (LMICs), where less than 5% of individuals infected with HBV or HCV are currently
tested and enrolled in care and treatment programs [175]. In many LMICs, affordable access to viral
hepatitis testing and treatment is nearly impossible, posing a significant barrier to scaling up screen-
and-treat interventions [242]. High-income countries face their challenges, with millions remaining
undiagnosed and infected individuals often belonging to vulnerable populations (undocumented
migrants, injection drug users, homeless individuals) who are challenging to reach and enroll in care.
In various locations, including LMICs, where the population is aging and untested, there is a potential
for an increase in mortality due to viral hepatitis in 2030 compared to 2015. Lastly, tracking progress
on WHO elimination targets necessitates not only the development of national hepatitis plans by
countries but also establishing surveillance systems to measure the incidence and burden of liver
disease, currently either nonexistent or of poor quality in most LMICs [175].

While recognizing commendable initiatives by the WHO in collaboration with different
stakeholders to initiate the elimination of viral hepatitis, an urgent need arises for developing and
implementing realistic strategies tailored to diverse environments and specific populations. This
imperative involves a heightened mobilization of civil society, health policymakers, and funders, as
the current commitment to the fight against viral hepatitis remains notably inadequate. In
comparison to other infectious diseases such as HIV and malaria, viral hepatitis faces substantial
underfunding for both research and elimination efforts.

The WHO implores all countries and regions to invest in eliminating hepatitis by incorporating
costing, budgeting, and financing elimination services within their universal health coverage plans.
Achieving this objective necessitates not only effective treatment but also comprehensive policies
addressing the prevention of new infections, financial structures, political will, stakeholder
engagement, and integration within the healthcare system. The fusion of prevention and treatment
to combat viral hepatitis is a feasible approach, albeit requiring substantial investments in healthcare
system strengthening and the complete continuum of viral hepatitis services. This investment is
expected to yield direct, indirect, and cross-sectoral economic benefits by saving lives and alleviating
the cost burden of the disease on individuals, their families, and the state [246].

The estimated cost of implementing key interventions in low- and middle-income countries
(LMICs) between 2016 and 2021 amounts to US$11.9 billion, with the principal cost drivers being
testing and treatment for hepatitis B and C [24]. Economic analyses in various regions highlight the
cost-effectiveness of population-based approaches to testing and treating, emphasizing the need for
a strategic investment of $6 billion annually to avert 4.5 million premature deaths by 2030 and more
than 26 million deaths beyond that target date. However, if medicines remain inaccessible and patent-
protected in 13 LMICs, the cost would escalate to $118 billion [247].

For instance, to align with the WHO's goal of eliminating viral hepatitis, global diagnosis
coverage should surge from 9-20% in 2015 to 90% in 2030. Additionally, treatment coverage must
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advance from 7-8% in 2015 to 80% in 2030 [241]. In clinical practice, treatment coverage hinges on
diagnosis followed by linkage to care, requiring countries to intensify national plan efforts.
Nevertheless, critical gaps persist in current policies.

In a 2017 survey encompassing all 194 Member States, approximately 70% (135
countries/regions) formulated national plans for WHO elimination goals. However, fewer than 50%
secured funding, and even in funded cases, the allocated amounts fell short of covering the entire
plan [237]. High-income countries confront ‘diagnostic burnout,” treating easily accessible patients
while leaving marginalized populations, such as homeless individuals, prisoners, people who inject
drugs, and a significant portion of the general population, undiagnosed. Consequently, only 11 high-
income countries are currently on track to eliminate viral hepatitis by 2030 [248].

This lack of progress signifies a policy failure. In 2019, as part of the Lancet Gastroenterology &
Hepatology Commission, major policy deficiencies were highlighted in 66 studied countries [242].
These deficiencies encompassed a lack of available national epidemiological data and publicly
funded screening programs for viral hepatitis. Across countries, there was a diverse spectrum of
policy responses, with some having all recommended policies in place. In contrast, others ranked
poorly, often with only a single policy, such as mandatory screening of blood products [249].
Moreover, many countries lacked estimates of the potential economic impact of viral hepatitis on
their populations [249].

5.3. Effect of COVID-19 on the 2030 elimination plan

The COVID-19 pandemic has had profound effects on global initiatives to eliminate hepatitis B
and C by 2030. A multinational European Association for the Study of the Liver (EASL) survey
reveals a significant impact, resonating across diverse regions [250]. Numerous elimination programs
have experienced slowdowns or complete halts due to the pandemic, resulting in a potential one-
year delay in hepatitis diagnosis and treatment. This delay could lead to an alarming increase in liver
cancers and deaths attributed to HCV, with projections estimating 44,800 additional liver cancers and
72,300 deaths globally by 2030 [251].

The WHO'’s elimination target of viral hepatitis worldwide by 2030 was severely affected by the
divergence of attention and resources towards COVID-19. The necessary focus on the pandemic has
led to doubts about achieving the previously commendable goal [251]. To combat this setback, a
collective reassessment and revision of global and national goals and action plans are imperative
within the hepatitis community.

The economic downturn associated with the pandemic has posed challenges for committing new
funds and jeopardized previously allocated resources for viral hepatitis elimination [252]. The long-
term impact of COVID-19 on global healthcare systems underscores the need for strategic utilization
of resources invested in mitigating the pandemic’s effects. These funds could contribute to the
reinforcement of surveillance and healthcare systems, ultimately enhancing viral hepatitis services
[253].

5.4. Key areas of progress towards the 2030 elimination goals:

Significant strides have been made since 2015 towards achieving the World Health
Organization’s (WHO) ambitious 2030 elimination goals for hepatitis. The WHO has been
instrumental in providing crucial tools for the development of national strategies, test-and-treat
guidelines for hepatitis B and C, cost-effectiveness quantitative analysis (WHO CHOICE), a global
hepatitis reporting system, and consolidated strategic information guidelines [259-261].

A 2019 study revealed that 62% of Member States had formulated national hepatitis plans, with
27% in the draft stage by 2017. Of these plans, 58% included domestic funding [237]. Forty-five
countries/regions have contributed data to the new global reporting system for hepatitis.

Regarding HBV infection, there has been notable progress in immunization coverage. By the end
of 2018, the HBV infant vaccine had been introduced in 189 countries/regions, achieving global
coverage of three vaccine doses estimated at 84% [245].
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Historically, the WHO WPR had the world’s highest prevalence of chronic HBV infection.
Various countries in this region, including Papua New Guinea, the Philippines, Vietnam, Lao
People’s Democratic Republic, and China, had prevalence rates exceeding 5%. In 2017, the WPR
successfully reduced the prevalence of chronic HBV infection to 0.93% in 5-year-old children, meeting
the WHO target [257]. GAVI's expanded support for HBV vaccine birth-dose coverage has been
crucial, potentially averting 0.3-1.2 million perinatal infection-related deaths and 1.2-1.5 million
cases from 2021-2025.

Despite this progress, estimates indicate insufficient HBV birth-dose vaccine coverage globally,
particularly in Africa, where only 11% of newborns receive the recommended dose within 24 hours
[245]. Civil society bodies like the World Hepatitis Alliance continue to play a pivotal role in engaging
donors and stakeholders, ensuring an evidence-based approach to the response.

Examining Taiwan as a case study reveals substantial advancements toward the 2030
elimination goals. These include preventing vertical HBV transmission through immunization and
antiviral treatment for highly viremic mothers, ensuring widespread access to potent, safe, and
affordable HBV treatments, and initiating changes in reimbursement policies for HBV therapy.
Taiwan'’s proactive approach, including universal HBV vaccination since 1986, significantly reduces
HBsAg carriage rates and expands treatment indications. The country aims to reach the WHO goals
by 2025, five years ahead of the 2030 deadline [202].

Developed over a decade ago, the latest generation of nucleoside analogues for HBV has
demonstrated enduring safety and effectiveness in preventing CHB-related liver complications, such
as cirrhosis and HCC [258]. The introduction of generic medications has not only decreased treatment
costs but has also expanded treatment accessibility in numerous countries. Additionally, a crucial
stride towards enhancing global vaccine coverage involves the creation of polyvalent vaccine
formulations encompassing the HBV vaccine for infants and children.

Advancements in HBV therapeutics have been witnessed recently, with industry investments
paving the way for new drugs targeting various steps in the HBV life cycle and immune responses.
Although no new therapeutics have reached phase III trials, the development of combination
therapies holds promise for a functional cure, suppressing HBV replication after a finite course of
treatment [259].

The emergence of viral hepatitis patient associations, non-governmental groups, and national
hepatitis programs in many countries/regions signifies growing public and political awareness,
contributing to the global effort to eliminate hepatitis [20]

5.5. Strategies for Achieving HBV Elimination by 2030

The development of an effective HBV vaccine has substantially contributed to controlling the
spread and progression of HBV-related diseases. However, projections indicate that the persistence
of HBsAg prevalence requires intervention. Post-2050, numerous countries are expected to make
strides toward established goals. Specifically, only three countries are projected to achieve a 90%
reduction in HBV incidence, with none reaching a 65% reduction in mortality compared to 2015, and
no country is expected to meet all current HBV elimination targets [260].

While notable progress has been made, meeting the WHO’s ambitious goals for HBV elimination
by 2030 necessitates continual monitoring and addressing persisting barriers hindering effective
prevention, diagnosis, and treatment interventions. Critical examination of these barriers aims to
identify practical solutions, paving the way for a more holistic and equitable approach towards WHO
targets.

Each country and community must develop practical and sustainable strategies tailored to their
unique circumstances. The primary focus for the next seven years should be on prevention through
universal birth-dose vaccination for all newborns globally. Additionally, health education, tailored
to different high-risk populations, is crucial in increasing awareness of HBV infection risk factors,
consequences of chronic liver disease, and the benefits of screening and effective treatment regimens.

Another critical aspect involves increasing public awareness of HBV infections through mass
screening programs and linking patients to point-of-care facilities [261]. The imperative task of


https://doi.org/10.20944/preprints202402.0493.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 February 2024 doi:10.20944/preprints202402.0493.v1

21

addressing undiagnosed individuals, known as the “missing millions,” involves combating the
barriers of awareness, limited healthcare access, and diagnostic challenges on a global scale.
Initiatives like the World Hepatitis Alliance’s “Find the Missing Millions” campaign are pivotal in
heightening awareness and improving diagnostic endeavors worldwide [261,262].

To ensure the success of elimination strategies, we must make concerted efforts to eradicate the
stigma associated with HBV. Due to public misconceptions regarding HBV transmission, individuals
with CHB infection often face unjust bias attributed to perceived ‘bad behaviors,” leading to
discrimination based on the fear of casual transmission [267].

The adoption of Micro-elimination strategies targets individual population segments for quicker
and more efficient treatment and prevention interventions [264]. These programs may address
districts with high prevalence, identify pockets of high prevalence within districts, take measures to
prevent transmission, address risk factors, and identify target groups to treat infection and prevent
transmission. For example, these programs may focus on antenatal screening, infant vaccination,
catch-up vaccination, vaccination of persons who inject drugs, prisoners, decompensated cirrhosis,
veterans, or patients with hemophilia, and homosexuals. Creating a lifetime Markov model
demonstrates that strategies to vaccinate, prevent, or treat CHB in high-risk populations significantly
reduce cirrhosis, decompensation, liver cancer, and chronic hepatitis death compared to no
intervention [106]. Micro-elimination strategies are tailored with realistic and well-defined targets
and goals. These are pragmatic, with a shorter time to achievement, and costs can be predicted. Micro-
elimination projects may generate a template in a small, geographically defined population that may
then be used to model services for larger intervention programs. Successful micro-elimination efforts
encourage further public health strategies. Micro-elimination of HBV appears cost-effective and
positively impacts long-term outcomes with screening and treatment or vaccination strategy
compared with no intervention [264].

In the context of HBV, imperative initiatives involve implementing programs for the timely
administration of HBV vaccines at birth in Africa and other highly endemic regions [245]. Given that
a significant number of HBV-infected individuals reside in resource-poor areas, urgent actions are
required to enhance access to diagnosis, treatment, and cure. Considering that HBV is a primary
contributor to HCC, it is essential to establish screening programs for HCC in individuals infected
with HBV [265].

The path to HBV elimination demands sustained commitment, improved coordination among
diverse HBV prevention programs, and heightened efforts to diagnose and treat eligible individuals.
Given the substantial occurrence of MTCT, comprehensive testing for HBV in pregnant women is
crucial. If infection is detected, administering HBIG to newborns promptly is vital to prevent
transmission. Addressing challenges in HBIG administration in Low- and Middle-Income Countries
(LMICs), where MTCT is prevalent, underscores the need for HBV diagnosis and treatment strategies
in eligible women of child-bearing age to mitigate MTCT. In general, broad-scale diagnosis and
treatment of HBV-infected individuals are imperative for achieving HBV elimination [12,19,254].

A pivotal objective for the upcoming decade is the discovery of agents that functionally cure
HBYV, moving beyond mere suppression.

Countries with limited resources require international investments in viral hepatitis programs
encompassing prevention and treatment strategies. Additionally, enhancing blood safety and harm
reduction programs, particularly among people who inject drugs, is vital to curtail HBV transmission.
Reducing drug costs, including introducing generic agents, can elevate treatment coverage for HBV
infections. Crucially, the development of curative regimens for HBV will significantly expedite the
achievement of elimination goals [266].

Regular monitoring and evaluation are indispensable for assessing the efficacy of implemented
solutions and making necessary adjustments. By addressing these challenges comprehensively, we
can expedite progress toward the 2030 goal of eliminating HBV ultimately saving millions of lives.


https://doi.org/10.20944/preprints202402.0493.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 February 2024 doi:10.20944/preprints202402.0493.v1

22

6. The Road Ahead: Sustaining Progress Beyond 2030

Achieving continual advancement in the quest for HBV elimination beyond 2030 necessitates
the establishment of robust healthcare systems, the implementation of ongoing surveillance, and the
initiation of accessible vaccination initiatives. The integration of these measures into primary
healthcare, coupled with the fostering of community engagement, serves to fortify prevention efforts
[20]. The long-term sustainability of this progress hinges on the proactive management of HBV, with
a particular emphasis on the pivotal role played by the HBV vaccine. Continuous research endeavors
are imperative to enhance diagnostics, develop cost-effective treatments, and pursue a functional
cure. The prospect of HBV elimination is significantly enhanced if a “cure,” even in a functional form,
can be realized through a finite course of safe and affordable oral medications, as opposed to the
current protracted treatments [267]. Ongoing innovations in drug development technology are
anticipated to expedite progress toward discovering a sterilizing cure for HBV, working in tandem
with vaccination programs to facilitate global HBV eradication.

Innovations in vaccine technology, including multi-antigen or therapeutic vaccines, hold
promise for prevention and treatment. Developing Next-Generation HBV Vaccines with improved
attributes, such as thermostability, broader coverage, and longer-lasting immunity, can enhance
accessibility and overall effectiveness. Encouraging innovations in hepatitis vaccine delivery
methods is paramount for eradicating hepatitis beyond 2030.

Advancements in rapid diagnostic tests, point-of-care technologies, and novel antiviral therapies
are poised to streamline early diagnosis, simplify treatment procedures, and enhance patient
outcomes. The integration of digital tools for data collection and program management optimizes
resource allocation and tailors interventions, thereby improving program efficacy. Addressing social
determinants of health, reducing health disparities, and fostering global collaboration is
indispensable for ensuring long-term success [268].

Despite the efficacy of the currently available antiviral therapy in suppressing HBV, patients
with advanced hepatic fibrosis or cirrhosis remain susceptible to liver cancer. The clinical importance
of monitoring these patients with novel biomarkers for risk stratification cannot be overstated. Future
research directions include the development of chemopreventive agents to mitigate
hepatocarcinogenesis post-viral control or cure. While a reduction in advanced liver diseases related
to HBV infection is anticipated post-2030, the emergence of other liver diseases, such as metabolic
liver disease, alcoholic liver disease, or drug-induced liver injury, is a possibility [269]. Emphasizing
health education on risk factors and promoting a healthy lifestyle becomes paramount in the coming
decades.

Furthermore, to ensure sustained progress beyond 2030, diligent monitoring and evaluation
initiatives are indispensable for pinpointing and enhancing specific actions, thereby securing the
retention of achievements. A global deficiency persists in addressing viral hepatitis, with it remaining
low on the policy agenda for most governments worldwide. Sub-Saharan Africa encounters
challenges, treating only a limited number of individuals and conducting minimal testing,
exacerbated by insufficient technical assistance from the WHO and amplified human resource
limitations, especially amidst and after the COVID-19 pandemic [20]. Country-level barriers, from
procurement to deployment and restrictive regulations, impede progress. Even upon achieving the
2030 target, substantial ongoing work is envisaged, as not all countries may eliminate viral hepatitis
by then, and reaching WHO targets does not guarantee universal diagnosis and treatment. The
primary focus should be removing viral hepatitis from the major public health threats list by 2030
while upholding continuous attention to the issue.

7. Conclusions

Worldwide, approximately 257 million individuals have been affected by HBV infection,
presenting a substantial global public health threat, with complications ranking as the seventh-
leading cause of mortality. Despite the formidable nature of the task, the ambitious objective to
eliminate HBV by 2030 necessitates significant efforts. Ongoing global initiatives face feasibility
challenges influenced by diverse factors, posing specific challenges in various regions or populations.
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The implementation of HBV vaccination emerges as a cost-effective and pivotal intervention,
contributing to an impressive 95% reduction in CHB infection. The global prevalence of HBV has
seen a substantial decrease from over 10% in the 1980s to 2.9% in 2020, resulting in the preservation
of millions of lives and the prevention of chronic liver disease and liver cancer cases. While the global
adoption of HBV vaccination is considered successful, addressing existing challenges is crucial for
achieving WHO’s ambitious elimination targets, with a focus on realizing the vaccine’s full potential.
Integral components of the program encompass prevention strategies, perinatal and neonatal
vaccination, post-vaccination monitoring, catch-up vaccination, and carrier registration. Enhancing
the program’s effectiveness involves a continuum of care, integration with local healthcare services,
and the implementation of simplified guidelines for diagnosis and treatment. Sustaining progress
demands a long-term commitment to sustainability and continuous innovation, with an emphasis on
the establishment of national policies, micro-elimination strategies, and surveillance to monitor
progress and assess the program’s impact on incidence, mortality, and services.
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