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Abstract Hepatitis B virus (HBV) infection remains a significant global health challenge, with over 296 million people living with
chronic HBV infection and more than 820 000 annual deaths due to liver cirrhosis and hepatocellular carcinoma (HCC). The
epidemiology of HBV varies widely, with high endemicity in regions such as sub-Saharan Africa and East Asia, and lower prevalence
in North America and Western Europe. Universal hepatitis B vaccination programs have been instrumental in reducing HBV
prevalence and associated HCC rates, particularly in high-endemicity regions. Despite these successes, challenges remain, including
variable vaccination coverage and the need for targeted strategies to address high-risk populations and regions with low
immunization rates. Sustainable vaccination programs, improved coverage, and effective monitoring are essential to achieving the
World Health Organization's goal of HBV elimination by 2030. This study highlights the global epidemiology of HBV, the impact of
vaccination on disease burden, and the implications for future vaccine strategies to reduce HBV-related morbidity and mortality.
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1 Introduction
Hepatitis B virus (HBV) is a significant global health concern, infecting the liver and potentially leading to
chronic liver diseases such as cirrhosis and hepatocellular carcinoma (HCC) (Lavanchy, 2005; Shepard et al.,
2006; Ott et al., 2012). HBV is highly infectious and can be transmitted through various routes, including vertical
transmission from mother to child, sexual contact, household contact, and unsafe injections (Shepard et al., 2006).
Chronic HBV infection is particularly prevalent in certain regions, with the highest endemicity observed in
sub-Saharan Africa and East Asia (Ott et al., 2012; MacLachlan and Cowie, 2015). Despite the availability of
effective vaccines and antiviral treatments, HBV remains a major cause of morbidity and mortality worldwide
(Locarnini et al., 2015; Pattyn et al., 2021).

Understanding the global epidemiology of HBV is crucial for developing effective public health strategies and
vaccine policies. Epidemiological studies provide insights into the prevalence, distribution, and transmission
patterns of HBV, which are essential for identifying high-risk populations and regions (Ott et al., 2012;
MacLachlan and Cowie, 2015; Razavi-Shearer et al., 2018). These studies also highlight the impact of
vaccination programs and other preventive measures on reducing HBV prevalence and associated diseases
(Shepard et al., 2006; Locarnini et al., 2015). For instance, the implementation of universal hepatitis B
immunization has led to significant declines in chronic HBV infection rates in many countries, particularly
among children (Shepard et al., 2006; Pattyn et al., 2021). However, the absolute number of chronically
infected individuals continues to rise, underscoring the need for sustained and targeted interventions (Ott et al.,
2012; Razavi-Shearer et al., 2018).

This study provides a comprehensive overview of the global epidemiology of HBV and its implications for
vaccine strategies. It will examine the current prevalence and distribution of HBV infection, the effectiveness of
existing vaccination programs, and the challenges in achieving global HBV control. By synthesizing data from
multiple studies, this study seeks to inform public health policies and guide future research efforts to eliminate
HBV as a public health threat by 2030.
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2 Epidemiology of Hepatitis B
2.1 Global prevalence and incidence
Hepatitis B virus (HBV) infection remains a significant global health challenge, with an estimated 240 million
people chronically infected worldwide (Ott et al., 2012; Lavanchy and Kane, 2016). The prevalence of chronic
HBV infection varies significantly across different regions, with the highest endemicity observed in sub-Saharan
Africa and East Asia, where prevalence rates can reach up to 8.6% (Ott et al., 2012). In contrast, regions such as
North America, Western Europe, and parts of Latin America exhibit much lower prevalence rates, often below 2%
(Ott et al., 2012; Razavi-Shearer et al., 2018). Despite a general decline in prevalence from 1990 to 2005, the
absolute number of individuals living with chronic HBV infection has increased due to population growth, rising
from 223 million in 1990 to 240 million in 2005 (Ott et al., 2012).

The global burden of HBV is further underscored by the high mortality associated with the infection, with
approximately 800 000 deaths annually, primarily due to liver cancer and cirrhosis (Lavanchy and Kane, 2016).
The World Health Organization (WHO) has recognized viral hepatitis as a critical public health issue, ranking
HBV as the 15th leading cause of death globally (Lavanchy and Kane, 2016). Efforts to combat HBV have led to
significant reductions in prevalence among younger populations, particularly in regions with robust vaccination
programs (Lavanchy and Kane, 2016).

2.2 Modes of transmission
HBV is transmitted through parenteral or mucosal exposure to infected blood and body fluids. The primary modes
of transmission include vertical transmission from mother to child during childbirth, horizontal transmission
through close household contact, sexual contact, and unsafe medical practices such as unsterilized injections and
blood transfusions (Shepard et al., 2006; Te and Jensen, 2010; Hwang et al., 2012). In highly endemic areas,
vertical and early childhood horizontal transmission are predominant, leading to a high rate of chronic infection
(Hwang et al., 2012). Conversely, in low endemic regions, transmission typically occurs in adulthood, often
resulting in acute, self-limiting infections (Hwang et al., 2012).

The risk of chronic infection is significantly higher when HBV is acquired during infancy or early childhood, with
chronicity rates of up to 90% in perinatal infections compared to less than 5% in adult-acquired infections
(Shepard et al., 2006). This highlights the critical importance of preventing mother-to-child transmission through
timely birth-dose vaccination and the use of hepatitis B immunoglobulin (Shepard et al., 2006; Razavi-Shearer et
al., 2018).

2.3 Regional variations
The epidemiology of HBV infection exhibits considerable regional variation, influenced by factors such as
vaccination coverage, healthcare infrastructure, and public health policies. In sub-Saharan Africa and East Asia,
high endemicity rates are observed, with significant public health efforts focused on reducing mother-to-child
transmission and improving vaccination coverage (Ott et al., 2012; Razavi-Shearer et al., 2018). In these regions,
the implementation of universal infant vaccination programs has led to substantial declines in HBV prevalence
among children (Lavanchy and Kane, 2016; Razavi‐Shearer et al., 2018).

In Latin America, the pattern of HBV endemicity varies widely, with low prevalence in temperate South America
and parts of the Caribbean, moderate prevalence in Brazil and Andean countries, and high prevalence in the
Amazon basin (Oh, 1990). Strategies to combat HBV in this region emphasize the prevention of perinatal and
early childhood transmission, alongside targeted vaccination of high-risk adult populations (Oh, 1990). In North
America and Western Europe, HBV prevalence is generally low, attributed to effective vaccination programs,
stringent blood screening practices, and public health education (Ott et al., 2012; Ott et al., 2012). However, these
regions face challenges related to migration from high-prevalence countries, necessitating tailored public health
responses to address the needs of immigrant populations (Locarnini et al., 2015).

The global epidemiology of HBV is shaped by a complex interplay of demographic, socio-economic, and
healthcare factors. Continued efforts to enhance vaccination coverage, improve diagnostic and treatment access,
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and implement targeted public health interventions are essential to reduce the burden of HBV and achieve the
WHO's goal of eliminating viral hepatitis as a public health threat by 2030 (Locarnini et al., 2015; Razavi‐
Shearer et al., 2018).

3 Health Impact of Hepatitis B
3.1 Acute vs. chronic infection
Hepatitis B virus (HBV) infection can manifest in two primary forms: acute and chronic. Acute HBV infection is
typically a short-term illness that occurs within the first six months after exposure to the virus. Symptoms can
range from mild to severe and may include jaundice, fatigue, abdominal pain, and nausea. In most healthy adults,
the immune system can clear the virus, leading to complete recovery without long-term health issues. However, in
some cases, acute infection can lead to fulminant hepatitis, a rare but severe form of liver failure that can be fatal
(Chen and Gluud, 2005; Zanetti et al., 2008).

Chronic HBV infection, on the other hand, occurs when the virus remains in the body for more than six months.
This is more likely to happen if the infection is acquired at birth or during early childhood, as the immune system
is less likely to clear the virus at these stages. Chronic HBV can lead to serious health problems, including
cirrhosis (scarring of the liver), liver failure, and hepatocellular carcinoma (HCC), a type of liver cancer. Chronic
infection is a significant global health issue, with an estimated 360 million people living with chronic HBV
worldwide (Figure 1) (Shepard et al., 2006; Ott et al., 2012; Gomes et al., 2019).

Figure 1 Prevalence of Hepatitis B Infection in Children Under 5 and Adults Aged 10-19 by Region, 2005 (Adapted from Ott et al.,
2012)
Image caption: This map illustrates the prevalence of hepatitis B virus (HBsAg) infection in different regions among children under 5
years old and adults aged 10-19 years in 2005; The colors represent different prevalence levels: light yellow (<2%, low), yellow
(2%-4.9%, low-intermediate), orange (5%-7.9%, intermediate-high), and red (≥8%, high); The map shows that Africa and parts of
Asia have high prevalence rates of hepatitis B, especially Central and Western Africa, where both children and adult infection rates
exceed 8%; In contrast, North America, South America, Europe, and Oceania have lower infection rates, with most areas having a
prevalence of less than 2%; These regional differences in prevalence may be related to factors such as vaccine coverage, healthcare
conditions, and public health policies; This information is crucial for developing and implementing vaccination strategies and public
health policies (Adapted from Ott et al., 2012)

3.2 Morbidity and mortality
The morbidity and mortality associated with HBV are substantial. Chronic HBV infection is a leading cause of
liver-related morbidity and mortality globally. Each year, approximately 600 000 people die from HBV-related
liver diseases, including cirrhosis and HCC (Goldstein et al., 2006; Shepard et al., 2006). The progression from
chronic HBV infection to cirrhosis and HCC is a major concern, as these conditions significantly reduce life
expectancy and quality of life.
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The burden of HBV-related morbidity and mortality is not evenly distributed across the globe. Regions with high
HBV endemicity, such as sub-Saharan Africa and East Asia, experience higher rates of chronic infection and
related complications. For instance, in East Asia, the prevalence of HBsAg (a marker of chronic HBV infection)
can be as high as 8.6% (Ott et al., 2012). The implementation of universal vaccination programs has led to
significant reductions in HBV-related morbidity and mortality in many regions. For example, in Taiwan, the
prevalence of chronic HBV infection in children has declined by more than 90% following the introduction of
universal vaccination (Kao and Chen, 2002; Shepard et al., 2006).

3.3 Economic and social burden
The economic and social burden of HBV is profound. The direct medical costs associated with managing chronic
HBV infection, cirrhosis, and HCC are substantial. These costs include expenses for antiviral treatments, liver
transplantation, and ongoing medical care. In addition to direct medical costs, there are significant indirect costs
related to lost productivity, as individuals with chronic HBV may experience reduced work capacity and early
mortality (Locarnini et al., 2015; Hutin et al., 2018).

The social burden of HBV extends beyond the affected individuals to their families and communities. Stigma and
discrimination against individuals with HBV can lead to social isolation and mental health issues. In many regions,
particularly those with high HBV prevalence, there is a lack of awareness and understanding about the disease,
which can hinder efforts to prevent and manage HBV infection effectively (Locarnini et al., 2015; Pattyn et al.,
2021).

Vaccination remains the most cost-effective strategy to reduce the economic and social burden of HBV. Universal
vaccination programs have been shown to be highly effective in preventing new infections and reducing the
prevalence of chronic HBV. For instance, the World Health Organization (WHO) recommends the inclusion of the
hepatitis B vaccine in national immunization programs, which has led to significant reductions in HBV-related
morbidity and mortality in many countries (Zanetti et al., 2008; Hutin et al., 2018). However, challenges remain in
achieving high vaccination coverage, particularly in low-resource settings where economic and social barriers can
impede the implementation of vaccination programs (Kao and Chen, 2002; Zanetti et al., 2008).

The health impact of hepatitis B is multifaceted, encompassing acute and chronic infections, significant morbidity
and mortality, and substantial economic and social burdens. Effective vaccination strategies are crucial in
mitigating these impacts and moving towards the global elimination of HBV as a public health threat. Continued
efforts are needed to overcome the barriers to vaccination and ensure that all individuals, regardless of their
geographic or socioeconomic status, have access to life-saving vaccines.

4 Current Vaccination Strategies
4.1 Vaccine development and types
The development of hepatitis B vaccines has been a cornerstone in the fight against hepatitis B virus (HBV)
infection. The first licensed hepatitis B vaccine was derived from the purification of hepatitis B surface antigen
(HBsAg) from the plasma of asymptomatic carriers. This was followed by the advent of recombinant DNA
technology, which enabled the production of recombinant hepatitis B vaccines. These vaccines are highly effective,
providing long-term protection against HBV infection in more than 90% of healthy individuals who complete the
vaccination series (Zhao et al., 2020; Pattyn et al., 2021).

The standard hepatitis B vaccination schedule typically involves three doses, which can elicit long-term immunity
lasting over 30 years. Additionally, the concurrent use of hepatitis B immunoglobulin (HBIG) and the hepatitis B
vaccine has significantly reduced mother-to-child transmission (MTCT) of HBV. This combination has been
particularly effective, reducing the infection rate to nearly zero in children born to HBsAg-negative mothers and
to 5-10% in children born to HBsAg-positive mothers (Zhao et al., 2020). Despite these advancements, there are
still challenges in vaccine implementation, particularly in regions with suboptimal vaccination coverage. Efforts
are ongoing to improve the global reach of hepatitis B vaccination, especially in resource-poor settings where the
burden of HBV is highest (Table 1) (Zhao et al., 2020; Pattyn et al., 2021).
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Table 1 Prevalence of HBsAg and anti-HBs in children and young adults after universal vaccination in selected regions (Adopted
from Zhao et al., 2020)

Region Initiation of Universal vaccination Study period Age (Y) No HBsAg+(%) Anti-HBs+(%)
Alaska,
USA

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

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

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

China 2002 9/2006–10/2006 1–<5 13276 -1 -71.2
5–<10 11909 -1.4 -55.5
10–<15 11844 -3.2 -57.5

10/2014–12/2014 >0.6–3 1270 2 (0.16) 1210 (95.3)
4–6 822 3 (0.36) 733 (89.2)
7–9 752 1 (0.13) 662 (88.0)
10–12 598 6 (1.00) 504 (84.3)
1–4 12681 -0.3 -71.6
5–14 9738 -0.9 -52.9
15–29 9294 -4.4 -56.9

Table caption: Table 1 shows the prevalence of Hepatitis B surface antigen (HBsAg) and anti-Hepatitis B surface antibody (anti-HBs)
in children and young adults after the implementation of universal vaccination in different regions. The data indicate that universal
vaccination has significantly reduced the HBsAg positivity rates in Alaska, Taiwan, Singapore, and China, especially among children.
However, HBsAg positivity rates tend to increase with age, particularly in Alaska. On the other hand, the anti-HBs positivity rates
improve with age, reflecting good long-term immunity. Data from Taiwan and China show that after universal vaccination, the
HBsAg positivity rates remain low, especially in children, with almost zero positivity. These results demonstrate the significant
effectiveness of universal vaccination in controlling the spread of the Hepatitis B virus (Adopted from Zhao et al., 2020)

4.2 Global immunization programs
Global immunization programs have made significant strides in reducing the prevalence of HBV infection.
According to the World Health Organization (WHO), universal hepatitis B vaccination has been implemented in
189 countries, leading to a dramatic decrease in the prevalence of HBsAg among children under five years of age,
from 4.7% in the pre-vaccine era to 1.3% in 2015 (Hutin et al., 2018; Zhao et al., 2020). This success is attributed
to the widespread adoption of the hepatitis B vaccine in national immunization schedules, often starting with a
birth dose followed by additional doses during infancy (Hutin et al., 2018).

The Global Alliance for Vaccines and Immunization (GAVI) has played a crucial role in supporting the
introduction of hepatitis B vaccines in low-income countries. This has resulted in measurable reductions in
HBV-related morbidity and mortality. For instance, in Taiwan, the prevalence of chronic HBV infection in children
has declined by more than 90% following the implementation of universal vaccination (Shepard et al., 2006).

However, challenges remain in achieving optimal vaccination coverage. In many countries, particularly in
sub-Saharan Africa, the timely administration of the birth dose is not routinely practiced, which hampers efforts to
prevent MTCT of HBV (Tall et al., 2021). Studies have shown that the addition of a birth dose to the existing
vaccination schedule can further reduce HBV transmission, highlighting the need for its integration into routine
immunization programs (Tall et al., 2021).

Efforts to overcome social and economic barriers to vaccination are essential for the global control of HBV. The
WHO's Global Hepatitis Program provides a framework for countries to develop and implement effective national
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strategies to combat hepatitis B. This includes ensuring access to vaccines, improving vaccination coverage, and
monitoring the impact of immunization programs (Locarnini et al., 2015; Hutin et al., 2018).

While significant progress has been made in the development and implementation of hepatitis B vaccines,
continued efforts are needed to address the remaining challenges. Sustainable vaccination programs, improved
coverage, and targeted vaccination efforts for high-risk communities are critical to achieving the global
elimination of HBV transmission (Shepard et al., 2006; Zanetti et al., 2008; Locarnini et al., 2015; Hutin et al.,
2018; Zhao et al., 2020; Pattyn et al., 2021; Tall et al., 2021).

5 Vaccine-Induced Immunity and Challenges
5.1 Immunological response to HBV vaccines
The immunological response to hepatitis B virus (HBV) vaccines is primarily measured by the production of
antibodies against the hepatitis B surface antigen (anti-HBs). Effective vaccination is defined by the induction of
protective anti-HBs titers, which are indicative of immunity. Studies have shown that the magnitude of the
immune response can be influenced by the type of vaccine used. For instance, a tri-antigenic HBV vaccine (TAV)
has been demonstrated to elicit significantly higher anti-HBs titers compared to a mono-antigenic HBV vaccine
(MAV) (Langley et al., 2020). This higher antibody response is crucial as it is believed to predict the persistence
and durability of seroprotection.

In populations such as healthcare students, who are at high risk of exposure, the persistence of humoral immune
protection induced by the primary cycle of hepatitis B vaccination has been shown to be high, with a
seroprotection prevalence of 73.8% and an anamnestic response rate of 90.9% following a challenge dose
(Rahmani et al., 2022). This indicates that the majority of individuals maintain effective immunity for over two
decades post-vaccination.

5.2 Factors influencing vaccine efficacy
Several factors can influence the efficacy of HBV vaccines. Age, gender, body mass index (BMI), smoking status,
and the presence of concomitant diseases have all been identified as significant determinants of vaccine response.
For example, adults aged 40 years and older, males, individuals with a BMI of 25 or higher, smokers, and those
with concomitant diseases exhibit significantly decreased responses to the hepatitis B vaccine (Yang et al., 2016).
Additionally, the timing of vaccination in relation to disease status is critical. In patients with inflammatory bowel
disease (IBD), vaccination during disease remission and before the initiation of immunosuppressive therapy is
associated with better immune responses (Jiang et al., 2017).

Host genetic factors also play a role in vaccine-induced immunity. Variations in genes such as IFNG, MAPK8,
and IL10RA have been associated with differences in peak anti-HBs levels, which are directly related to the
durability of the antibody response and long-term vaccine efficacy (Hennig et al., 2008).

5.3 Overcoming immunological challenges
To overcome the immunological challenges associated with HBV vaccination, several strategies have been
proposed. One approach is the use of higher vaccine doses or additional booster doses. For instance, a double dose
of the HBV vaccine and a four-dose schedule have been shown to result in better immune responses compared to
the standard three-dose regimen, particularly in people living with HIV (PLWH) (Figure 2) (Tian et al., 2021).
Similarly, high-dose vaccines have been found to provide more satisfactory long-term immunogenicity in
hemodialysis patients (Yao et al., 2021). Another strategy involves the use of adjuvants to enhance the immune
response. The use of Fms-like tyrosine kinase 3 ligand (Flt3L) as an adjuvant in DNA vaccines has been shown to
significantly enhance both humoral and cellular immune responses, suggesting potential improvements in vaccine
efficacy (Zhou et al., 2010).

Therapeutic vaccines are also being developed to induce robust T-cell responses in chronic HBV patients. A novel
vaccine formulation comprising particulate hepatitis B surface and core antigens, combined with the
ISCOMATRIX™ adjuvant, has demonstrated the ability to break immune tolerance and induce potent T-cell
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responses in HBV transgenic mice (Buchmann et al., 2013). While HBV vaccines are generally effective, various
factors can influence their efficacy. Addressing these challenges through higher doses, additional booster doses,
the use of adjuvants, and the development of therapeutic vaccines can enhance the immune response and provide
long-term protection against HBV infection.

Figure 2 Flowchart of the study selection process (Adapted from Tian et al., 2021)
Image caption: This chart illustrates the screening process for a systematic review and meta-analysis. Initially, 1 123 records were
identified through database searching, and 27 additional records were identified through other sources. After removing duplicates,
576 records were left for screening. Following the screening, 574 records were excluded, leaving 32 articles for full-text assessment.
After full-text assessment, 15 articles were excluded for specific reasons: 5 articles involved children and adolescents, 8 were
retrospective studies, and 2 had repeated samples. Ultimately, 17 studies were included in the quantitative synthesis (meta-analysis).
This chart clearly shows the entire process from the initial identification of records to the final inclusion in the meta-analysis,
detailing each screening stage and the specific reasons for exclusion (Adapted from Tian et al., 2021)

6 Innovations and Advances in Vaccine Technology
6.1 Recombinant and DNA vaccines
Recombinant DNA technology has revolutionized the development of hepatitis B vaccines. The first recombinant
hepatitis B vaccine was produced by expressing the hepatitis B surface antigen (HBsAg) in yeast cells,
specifically Saccharomyces cerevisiae. This method allowed for the large-scale production of vaccines without the
need for human plasma, thereby reducing the risk of contamination with other pathogens (Zhang et al., 2019). The
recombinant vaccine, Engerix-B, has shown excellent immunogenicity and protective efficacy in various
populations, including neonates, children, and adults (Keating and Noble, 2003).

Further advancements have led to the development of vaccines that include additional components of the hepatitis
B virus, such as the Pre-S1 and Pre-S2 antigens. These components have been shown to enhance the immunogenic
response, particularly in populations that are non-responsive to the conventional HBsAg-only vaccines. For
instance, the Bio-Hep-B vaccine, which includes Pre-S1 and Pre-S2 antigens, demonstrated significantly higher
immunogenicity and a more rapid antibody response compared to Engerix-B in neonates (Yerushalmi, 1997).

DNA vaccines represent another innovative approach. These vaccines involve the direct introduction of plasmid
DNA encoding the HBsAg into the host cells, leading to the production of the antigen and subsequent immune
response. Preclinical studies have shown that DNA vaccines can induce potent and sustained immune responses,
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and they have been evaluated in various animal models (Cove, 2014). Clinical trials have also demonstrated the
potential of DNA vaccines to elicit protective antibody responses in human subjects who did not respond to
conventional vaccines (Rottinghaus et al., 2003).

6.2 Novel delivery methods
The delivery method of a vaccine can significantly impact its efficacy. Traditional intramuscular injections are
effective but may not always be the most efficient or practical method, especially in resource-limited settings.
Novel delivery methods are being explored to enhance the immunogenicity and ease of administration of hepatitis
B vaccines.

One such method is particle-mediated epidermal delivery (PMED), which involves the use of a gene gun to
deliver DNA-coated particles directly into the skin. This method has shown promise in eliciting strong immune
responses in individuals who were non-responsive to conventional hepatitis B vaccines (Rottinghaus et al., 2003).
Another innovative approach is the use of live-attenuated bacteria as carriers for DNA vaccines. For example, a
study demonstrated that a DNA vaccine delivered via live-attenuated Salmonella typhimurium induced a stronger
cytotoxic T lymphocyte (CTL) response compared to traditional recombinant HBsAg vaccines (Woo et al., 2001).

In vivo electroporation is another technique that has been used to enhance the delivery and efficacy of DNA
vaccines. This method involves the application of electrical pulses to increase the permeability of cell membranes,
thereby facilitating the uptake of DNA. Preclinical studies have shown that electroporation can significantly
enhance the immunogenicity of DNA vaccines in both small and large animal models (Cova, 2014).

6.3 Therapeutic vaccines
While prophylactic vaccines have been highly effective in preventing hepatitis B virus (HBV) infection,
therapeutic vaccines are being developed to treat chronic HBV infections. Chronic HBV infection is characterized
by weak and functionally impaired virus-specific immune responses, which contribute to the persistence of the
virus. Therapeutic vaccines aim to stimulate these immune responses to achieve virus clearance.

DNA-based therapeutic vaccines have shown promise in preclinical studies. These vaccines can induce potent
immune responses and have been evaluated in various animal models, including mice, chimpanzees, and
woodchucks. Strategies to optimize the efficacy of these vaccines include the use of genetic adjuvants,
combination with antiviral drugs, and prime-boost regimens (Cova, 2014).

One innovative therapeutic approach involves the use of mucosal immunization with DNA vaccines. A study
demonstrated that an oral mucosal DNA vaccine delivered via live-attenuated Salmonella typhimurium induced a
strong CTL response, which is crucial for the clearance of HBV from hepatocytes. This method may be
particularly beneficial for chronic HBV carriers, as it minimizes the risk of side effects associated with humoral
responses, such as serum sickness and immune complex deposition (Woo et al., 2001).

In conclusion, the advancements in recombinant and DNA vaccine technology, novel delivery methods, and the
development of therapeutic vaccines represent significant strides in the fight against hepatitis B. These
innovations hold the potential to enhance vaccine efficacy, improve immunogenicity in non-responders, and
provide new treatment options for chronic HBV infections (Mcaleer et al., 1984; Yerushalmi, 1997; Yap et al.,
1992; Woo et al., 2001; Keating and Noble, 2003; Rottinghaus et al., 2003; Cova, 2014; Zhao et al., 2020).

7 Policy and Implementation Strategies
7.1 Global health policies
The global health policies surrounding hepatitis B virus (HBV) control have been significantly shaped by the
World Health Organization (WHO) and other international health bodies. The WHO's Global Hepatitis Program
has provided a comprehensive framework for action, which has been instrumental in guiding national responses to
HBV control (Locarnini et al., 2015). Universal vaccination programs have been a cornerstone of these policies, with 168
countries implementing such programs by 2019, leading to a substantial decrease in HBV-related morbidity and mortality
(Zanetti et al., 2008; Pattyn et al., 2021). The WHO's 2016 global health sector strategy on viral hepatitis aims for a 90%
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reduction in new chronic hepatitis B cases and a 65% reduction in mortality by 2030, emphasizing the importance of
universal birth-dose vaccination and full vaccine coverage (Spearman et al., 2017).

7.2 Regional programs and success stories
Different regions have tailored their HBV vaccination strategies to address local epidemiological patterns and
healthcare infrastructure. In Latin America, for instance, the endemicity of HBV varies widely, necessitating
diverse prevention strategies. The highest priority in this region has been the prevention of perinatal and early
childhood transmission, with significant success in reducing HBV prevalence in children (Oh, 1990). Taiwan's
implementation of universal hepatitis B immunization in the 1990s led to a more than 90% decline in chronic infection
rates among children, showcasing the effectiveness of early andwidespread vaccination efforts (Shepard et al., 2006).

Sub-Saharan Africa faces unique challenges due to high HBV seroprevalence. Despite these challenges, the region has
made strides towards the 2030 elimination targets through the universal implementation of the HBV birth-dose vaccine
and improved access to affordable diagnostics and antiviral therapy (Gomes et al., 2019). These efforts are crucial for
preventing new infections andmanaging chronic cases, thereby reducing the overall disease burden.

7.3 Recommendations for policy makers
To further advance the global fight against hepatitis B, policymakers must prioritize several key strategies. The
universal implementation of the HBV birth-dose vaccine should be mandated and rigorously enforced. This
measure is critical for preventing mother-to-child transmission, which is a significant route of chronic HBV
infection (Zhao et al., 2020). Additionally, ensuring full vaccine coverage through sustained immunization
programs is essential. Policymakers should focus on maintaining high vaccination rates and addressing gaps in
coverage, particularly in resource-poor settings (Shepard et al., 2006; Spearman et al., 2017).

Targeted vaccination efforts should be directed towards high-risk groups, including healthcare workers,
individuals with high-risk behaviors, and populations in regions with high HBV endemicity. Routine screening
and immunization of pregnant women, as well as other at-risk adults, can significantly reduce the transmission
and impact of HBV (Alavian et al., 2010). Policymakers should also consider integrating HBV vaccination with
other public health initiatives to maximize reach and efficiency.

Improving access to affordable diagnostics and antiviral treatments is vital. Early diagnosis and effective
management of chronic HBV infections can prevent severe liver disease and reduce mortality rates. Policymakers
should work towards making these healthcare services accessible and affordable, particularly in low-income
regions (Spearman et al., 2017). Continuous monitoring and evaluation of vaccination programs are necessary to
measure their impact and identify areas for improvement. Policymakers should invest in robust surveillance
systems to track HBV infection rates, vaccination coverage, and program outcomes. This data-driven approach
will enable timely adjustments to strategies and ensure the sustained success of HBV control efforts (Shepard et
al., 2006; Pattyn et al., 2021).

A multifaceted approach that includes universal vaccination, targeted immunization of high-risk groups, improved
access to diagnostics and treatment, and continuous program evaluation is essential for the global eradication of
hepatitis B. Policymakers must commit to these strategies to achieve the ambitious goals set by the WHO and
ultimately render the world hepatitis B free.

8 Future Directions in Global HBV Control
8.1 Innovations in vaccine technology
The future of global HBV control hinges significantly on advancements in vaccine technology. Current vaccines
have proven effective, but there is always room for improvement. Innovations such as the development of
therapeutic vaccines, which not only prevent infection but also treat existing chronic infections, are on the horizon.
These vaccines aim to stimulate the immune system to clear the virus from the body, offering hope for millions of
chronic HBV carriers (Locarnini et al., 2015; Pattyn et al., 2021). Additionally, research is ongoing to create
vaccines that are more effective in populations with a high prevalence of HBV mutations, which can lead to
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vaccine escape (Mokaya et al., 2018). The integration of novel adjuvants and delivery systems, such as
nanoparticle-based vaccines, could enhance the immunogenicity and efficacy of HBV vaccines, making them
more accessible and effective across diverse populations (Zanetti et al., 2008; Pattyn et al., 2021).

8.2 Enhancing global collaboration
Global collaboration is crucial for the eradication of HBV. The World Health Organization (WHO) has already
laid the groundwork with its Global Hepatitis Program, which provides a framework for countries to develop their
national strategies (Locarnini et al., 2015). However, more needs to be done to foster international cooperation.
This includes sharing data and resources, standardizing treatment protocols, and coordinating vaccination
campaigns, especially in regions with high HBV prevalence (Kao and Chen, 2002; Shepard et al., 2006).
Collaborative efforts should also focus on research and development, pooling resources to accelerate the discovery
of new treatments and vaccines. Partnerships between governments, non-governmental organizations, and the
private sector can help to mobilize the necessary funding and expertise to tackle HBV on a global scale (Lavanchy,
2005; Nayagam et al., 2016).

8.3 Addressing remaining challenges
Despite significant progress, several challenges remain in the global fight against HBV. One of the primary issues
is the disparity in vaccine coverage and healthcare access between high-income and low-income countries. Many
resource-poor nations struggle with the implementation of universal vaccination programs due to economic and
logistical barriers (Shepard et al., 2006; Zanetti et al., 2008). Additionally, the high prevalence of HBV in certain
regions, such as sub-Saharan Africa and parts of Asia, necessitates targeted interventions to reduce transmission
rates (Ott et al., 2012; Mokaya et al., 2018). Another challenge is the management of chronic HBV infections,
which requires lifelong monitoring and treatment. The development of affordable and accessible antiviral
therapies is essential to reduce the burden of chronic HBV and prevent complications such as cirrhosis and
hepatocellular carcinoma (Margolis et al., 1991; Kao and Chen, 2002). Finally, addressing the issue of HBV
mutations that lead to drug and vaccine resistance is critical. Enhanced diagnostic screening and consistent drug
supply are necessary to manage and mitigate the impact of these mutations (Mokaya et al., 2018). The future of
global HBV control will depend on continued innovation in vaccine technology, enhanced global collaboration,
and addressing the remaining challenges. By focusing on these areas, we can move closer to the goal of
eliminating HBV as a major public health threat.

9 Concluding Remarks
The global epidemiology of hepatitis B (HBV) has seen significant changes over the past few decades, primarily
due to the widespread implementation of vaccination programs. Universal HBV vaccination has led to a
substantial decrease in the prevalence of chronic HBV infections, particularly in children, as evidenced by the
dramatic reductions in regions such as Taiwan and South East Asia. Despite these successes, the absolute number
of individuals living with chronic HBV has increased, highlighting the need for continued and enhanced
vaccination efforts. The introduction of the World Health Organization's Global Hepatitis Program has provided a
framework for countries to develop national strategies to combat HBV, which has been crucial in reducing the
incidence and prevalence of the disease.

Future research should focus on several key areas to further reduce the global burden of HBV. There is a need for
improved strategies to enhance vaccine coverage, particularly in resource-poor regions and among high-risk
populations such as older adults and those with comorbid conditions. Research into the mechanisms of vaccine
non-responsiveness and the development of more effective vaccines or adjuvants is also critical. Additionally,
studies should aim to better understand the epidemiology of HBV at the sub-national level to tailor interventions
more effectively. Finally, the integration of HBV vaccination with other public health initiatives, such as the
prevention of mother-to-child transmission, should be explored to maximize the impact of vaccination programs.

The fight against hepatitis B has made remarkable progress, but significant challenges remain. The success of
vaccination programs in reducing HBV prevalence and related morbidity and mortality underscores the
importance of maintaining and expanding these efforts. As we move forward, it is essential to address the gaps in
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vaccine coverage and effectiveness, particularly among vulnerable populations. By continuing to invest in
research and public health initiatives, we can work towards the ultimate goal of eliminating hepatitis B as a global
health threat. The lessons learned from the successes and challenges of HBV vaccination programs will be
invaluable in guiding future strategies to combat this and other infectious diseases.
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