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Geospatial patterns and
socioeconomic determinants of
the global acute viral hepatitis
burden

Ke-Jie He'* and Guoyu Gong?

The Quzhou Affiliated Hospital of Wenzhou Medical University, Quzhou People's Hospital, Quzhou,
China, ?School of Medicine, Xiamen University, Xiamen, China

Background: Acute viral hepatitis remains a persistent global health challenge,
with significant morbidity and mortality associated with different hepatitis
subtypes. Understanding the spatial distribution and underlying drivers of the
acute hepatitis burden is crucial for developing targeted interventions.

Methods: This study leveraged data from the Global Burden of Diseases, Injuries,
and Risk Factors Study to analyze the geographical disparities and temporal
trends in the incidence of acute hepatitis A, B, C, and E. A multifaceted approach
was employed, including spatial mapping, decomposition analysis, and frontier
analysis, to elucidate the key factors shaping the epidemiological landscape.

Results: The spatial analysis revealed pronounced global heterogeneity in acute
viral hepatitis incidence, with the highest rates concentrated in parts of Africa,
while Western Europe and North America exhibited significantly lower incidence
levels. Decomposition analysis demonstrated that population growth was the
leading driver of the increasing global burden across all hepatitis subtypes,
particularly in low-SDI and low-middle SDI countries, whereas epidemiological
improvements were more prominent in high-SDI countries for hepatitis B and
C. Frontier analysis highlighted that countries such as Japan, South Korea,
and Singapore, despite their advanced socioeconomic status, still lag behind
optimal incidence thresholds, while low-SDI nations like Nepal and Burundi
have made remarkable progress relative to their development level. These
findings underscore considerable disparities and untapped potential for burden
reduction globally.

Conclusion: Our findings confirm substantial spatial variation and development-
related disparities in acute viral hepatitis incidence worldwide. The global burden
is shaped by a combination of transmission routes, sociodemographic dynamics,
and healthcare capacity. Context-specific interventions must be aligned with
regional epidemiological profiles—targeting sanitation and vaccination in high-
burden areas and optimizing harm reduction and screening in more developed
settings. The integration of spatial analysis, decomposition, and frontier
benchmarking provides a valuable framework for prioritizing national and global
hepatitis control strategies.

KEYWORDS

acute viral hepatitis, global burden, spatial distribution, decomposition analysis,
frontier analysis, targeted interventions

01 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2025.1581484&domain=pdf&date_stamp=2025-06-05
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1581484/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1581484/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1581484/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1581484/full
mailto:hekejie@stu.xmu.edu.cn
https://doi.org/10.3389/fpubh.2025.1581484
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2025.1581484

He and Gong

Introduction

Acute viral hepatitis remains a persistent global health challenge,
with significant morbidity and mortality associated with the different
hepatitis subtypes. Hepatitis A virus (HAV) is primarily transmitted
through the fecal-oral route, often via contaminated water sources or
food (1). In contrast, hepatitis B virus (HBV) and hepatitis C virus
(HCV) are primarily transmitted through exposure to infected body
fluids, most commonly during childbirth (2), unsafe sexual practices
(3), or injection drug use (4). Hepatitis E virus (HEV) is also
transmitted through the fecal-oral route, typically linked to
contaminated water sources (5). While acute hepatitis A and E
generally resolve with supportive care, HBV and HCV can lead to
chronic infections, which are significant public health concerns and
major risk factors for the development of cirrhosis and liver
cancer (6, 7).

To elucidate the global landscape of acute hepatitis, we leveraged
data from the Global Burden of Diseases, Injuries, and Risk Factors
Study (GBD), a comprehensive epidemiological assessment of over
300 diseases and injuries across 204 countries and territories. The
GBD data provide a robust foundation for analyzing the spatial
distribution of acute hepatitis incidence and identifying the key
drivers of the observed trends.

In this study, we employed a multifaceted analytical approach
to gain insights into the uneven global burden and underlying
factors shaping the epidemiology of acute hepatitis. We first
mapped the spatial distribution of incidence for each hepatitis
subtype to elucidate the geographical disparities. We then
conducted a decomposition analysis to quantify the relative
contributions of population growth, aging, and epidemiological
changes in driving the trends in acute hepatitis burden over time.
Additionally, we utilized a frontier analysis to identify the countries
with the greatest potential for further reduction in acute hepatitis
incidence, given their current socioeconomic development levels.
By integrating these complementary analytical techniques, we aim
to inform the development of targeted, context-specific
interventions to address the persistent challenge of acute viral
hepatitis globally.

Methods
Data sources

The study leveraged the comprehensive dataset from the 2021
Global Burden of Disease (GBD) study, which evaluated over 300
diseases and 88 risk factors across 204 countries and territories from
1990 to 2021 (8). This robust epidemiological assessment provided the
foundation for analyzing the spatial distribution and underlying
drivers of the global burden of acute viral hepatitis.

The key data points utilized in this analysis include the incidence
rates for each hepatitis subtype (A, B, C, and E), as well as the
decomposition of changes in the disease burden over time into the
contributing factors of population growth, population aging, and
epidemiological changes. The data was further disaggregated by the
sociodemographic index (SDI) to enable comparative analyses across
the development spectrum, ranging from low SDI to high
SDI countries.
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We employed advanced analytical techniques, such as Bayesian
meta-regression and spatial modelling, to generate the comprehensive
estimates of the acute hepatitis burden and its determinants. The input
data were derived from various authoritative sources, including
scientific literature, national health surveys, and healthcare
administrative records, ensuring a robust and comprehensive
representation of the global epidemiology of acute viral hepatitis.

Analytical methods

We employed a multi-method analytical framework to investigate
the complex patterns underlying the global burden of acute
viral hepatitis.

First, we applied Bayesian meta-regression techniques using the
GBD’s DisMod-MR 2.1 tool, which integrates data from a variety of
sources, including population surveys, disease registries, and scientific
literature, and produces internally consistent estimates of disease
metrics. This method adjusts for potential sampling bias and
heterogeneity across data inputs, offering robust estimates of incidence
and other related measures.

Second, we conducted spatial analyses to map global incidence
patterns of each hepatitis subtype. Using geostatistical visualization,
we presented national-level estimates of incidence overlaid with color
gradients based on the SDI, allowing for comparison across countries
at different stages of development. We also examined spatial
heterogeneity and clustering to identify regions with
disproportionate burdens.

Third, we implemented decomposition analysis to quantify the
relative contributions of population growth, population aging, and
epidemiological changes to trends in acute hepatitis burden over time.
This approach followed a standardized decomposition framework widely
used in global health research (9, 10), allowing for the disaggregation of
complex temporal dynamics into interpretable components.

Fourth, we performed frontier analysis using stochastic frontier
techniques to benchmark countries’ observed incidence against
optimal performance expected at their respective SDI levels. This
analysis enabled the identification of countries with the greatest
potential for improvement and facilitated cross-country comparison
of efficiency in reducing acute hepatitis incidence. In our visualizations,
black-labeled countries indicate those with the largest gaps relative to
the frontier, highlighting their substantial room for progress.

Throughout our analytical journey, we leveraged the versatile R
programming language (version 4.2.3) to seamlessly integrate data
processing, modeling, and visualization. The detailed methods are
provided in Supplementary methods.

Patient and public involvement

The GBD study is a scientific collaboration that enables the
comparison and reproduction of the influence of various health
conditions across age, gender, and geographical locations at specific
moments. This study has attracted considerable scientific, policy, and
public interest on a global scale. In the course of our research, we made
use of secondary data from this collaborative undertaking, and we did
not have any direct interaction with the participants. The research
questions and outcome indicators remained unchanged regardless of
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patient participation, and patients were not involved in the design or
implementation of the study.

Results

Uneven global burden and drivers of acute
hepatitis: insights for targeted
interventions

The spatial distribution of acute hepatitis incidence in 2021,
depicted in the world map (Figure 1A), demonstrates substantial

10.3389/fpubh.2025.1581484

global disparities. Certain regions, such as the Africa, experienced
exceedingly high incidence rates exceeding 4,049.54 per 100,000
population. In contrast, many Western European and North American
countries exhibited relatively lower incidence, ranging from 2,250.21
to 2,757.24 per 100,000. This geographical heterogeneity underscores
the need for targeted, region-specific interventions to address the
uneven burden of acute hepatitis worldwide.

The decomposition analysis (Figure 1B) reveals the key drivers
behind the change in acute hepatitis burden between 1990 and 2021.
Population growth emerged as the dominant contributor to the
overall increase, as reflected by the large positive effect of the
“Population” factor. While the “Aging” effect was also positive,
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FIGURE 1

Uneven global burden and drivers of acute hepatitis. (A) World map depicting the incidence of acute hepatitis across countries in 2021.

(B) Decomposition analysis revealing the key drivers of acute hepatitis burden change between 1990 and 2021. (C) Frontier analysis identifying
countries with the greatest potential for further reduction in acute hepatitis incidence given their socioeconomic development. Red-labeled countries
indicate countries where the 2021 rate increased compared to 1990, while blue-labeled countries represent countries where the 2021 rate decreased
compared to 1990. The black-labeled countries identify the 15 countries with the largest gaps between their actual 2021 incidence and the optimal
(frontier) incidence, suggesting the greatest room for improvement. Conversely, the blue-labeled countries highlight the 5 low-SDI countries that have
made the most progress in reducing acute hepatitis incidence relative to their frontier. The red-labeled countries represent the 5 high-SDI countries
with the largest gaps to the frontier, underscoring the opportunities for these relatively affluent nations to further minimize the acute hepatitis burden.

Frontiers in Public Health 03 frontiersin.org


https://doi.org/10.3389/fpubh.2025.1581484
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

He and Gong

indicating some improvements in disease management, its magnitude
was smaller compared to the population expansion and
Epidemiological change. This finding suggests that population
dynamics have been a primary force underlying the rising acute
hepatitis burden globally during this time period. The specifics are
provided in the attached Supplementary material 1.

The frontier analysis (Figure 1C) provides insights into the
countries with the greatest potential for further reduction in acute
hepatitis incidence given their current socioeconomic development
levels. The black-labeled countries identify the 15 countries with the
largest gaps between their actual 2021 incidence and the optimal
(frontier) incidence, indicating the greatest room for improvement.
Conversely, the blue-labeled countries highlight the 5 low-SDI
countries that have made the most progress in reducing acute hepatitis
incidence relative to their frontier, including Nepal, Mali, Bhutan,
Timor-Leste and Burundi. This suggests these nations have been more
successful in addressing the disease burden given their development
status. On the other end of the spectrum, the red-labeled countries
represent the 5 high-SDI countries and regions with the largest gaps
to the frontier, such as Japan, Republic of Korea, Lithuania, Taiwan
(Province of China) and Singapore. This finding indicates that even
highly developed economies have substantial room for improvement
in tackling the acute hepatitis challenge, underscoring the need for
continued efforts to optimize disease prevention and management
strategies across the socioeconomic spectrum. The specifics are
provided in the attached Supplementary material 2. Detailed
confidence intervals and uncertainty ranges for geographic incidence
are provided in Supplementary materials 11-15, offering a
comprehensive and statistically rigorous exploration of global hepatitis
incidence patterns.

Uneven global burden and drivers of acute
hepatitis A: insights for targeted
interventions

The Figure 2 provided offer a comprehensive analysis of the global
burden of acute hepatitis A, with a particular focus on the spatial
distribution of incidence rates and the underlying drivers of change.

The world map in Figure 2A highlights the stark geographical
disparities in acute hepatitis A incidence across different regions in
2021. There are many of countries in Africa having exceptionally high
incidence rates. In contrast, many ‘Western European nations,
including Germany, the United Kingdom, and France, exhibit
relatively lower incidence levels ranging (Figure 2A).

The decomposition analysis in Figure 2B provides valuable
insights into the key factors driving the changes in acute hepatitis A
burden over time. The graph indicates that population growth has
been the dominant contributor to the observed overall increase, as
evidenced by the substantial positive effect of the “Population”
component. While the “Epidemiological change” effect is also positive,
suggesting some improvements in disease management, its magnitude
is smaller compared to the impact of population expansion. This
finding highlights the pivotal role of population dynamics in shaping
the trends in acute hepatitis A incidence globally (Figure 2B). The
specifics are provided in the attached Supplementary material 3.

In the frontier analysis depicted in Figure 2C, the specific
countries that stand out are noteworthy: The black-labeled countries
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identify the 15 countries with the largest gaps between their actual
2021 acute hepatitis A incidence and the optimal (frontier) incidence,
suggesting the greatest potential for improvement. This group includes
both low-resource and more developed nations. Furthermore, the
red-labeled countries identify the 5 high-SDI countries with the
largest gaps to the frontier. This group includes Japan, Singapore,
United States of America, Republic of Korea, Taiwan (Province of
China) and Lithuania, underscoring the opportunities for these
relatively affluent nations and regions to learn from global best
practices and enhance their strategies to further minimize the acute
hepatitis A burden within their populations. In contrast, the blue-
labeled countries highlight the 5 low-SDI countries that have made
the most progress in reducing acute hepatitis A incidence relative to
their frontier, such as Somalia, Niger, Mali, Vanuatu and Timor-Leste.
This suggests these nations have been more successful in allocating
their limited resources to tackle the disease, and their experiences
could provide valuable lessons for other low-resource settings
struggling with high hepatitis A burden. By identifying the countries
at both ends of the spectrum, the frontier analysis offers critical
insights to guide targeted interventions and the sharing of best
practices across the global development landscape to address the
persistent challenge of acute hepatitis A (Figure 2C). The specifics are
provided in the attached Supplementary material 4.

Uneven global burden and drivers of acute
hepatitis B: insights for targeted
interventions

The world map highlights the stark geographical disparities in
acute hepatitis B incidence across different regions in 2021. There are
many of countries in Africa having exceptionally high incidence rates.
In contrast, many high SDI nations, including United States of
America, Germany, Mexico and Belarus, exhibit relatively lower
incidence levels ranging (Figure 3A).

Upon closer examination of the decomposition analysis, a more
nuanced picture emerges regarding the relative contributions of the
different drivers of change in acute hepatitis B burden across the
development spectrum. For the global level, the decomposition graph
shows that the “Epidemiological change” effect, representing
improvements in disease prevention and management, plays a more
significant role compared to the “Population” effect. This suggests
that at the aggregate global level, advancements in the public health
response have been a primary factor in shaping the observed changes
in acute hepatitis B incidence over time. However, when examining
the results across different socioeconomic development levels, a
divergent pattern becomes evident. In the high-SDI and high-middle
SDI countries, the “Epidemiological change” effect remains the
dominant contributor to the changes in acute hepatitis B burden. This
indicates that these more developed economies have been able to
leverage their stronger healthcare systems and resources to drive
improvements in the prevention and control of the disease. In
contrast, for the low-SDI and low-middle SDI countries, the
“Population” effect emerges as the primary driver of the increase in
acute hepatitis B incidence. This finding underscores the critical role
of population dynamics, particularly population growth, in shaping
the disease burden in resource-constrained settings, where the public
health infrastructure and interventions may not have kept pace with
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FIGURE 2

Uneven global burden and drivers of Acute hepatitis A. (A) World map depicting the incidence of acute hepatitis A across countries in 2021.
(B) Decomposition analysis revealing the key drivers of acute hepatitis A burden change between 1990 and 2021. (C) Frontier analysis identifying
countries with the greatest potential for further reduction in acute hepatitis A incidence given their socioeconomic development.
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the expanding populations. This differentiated analysis across the
development spectrum highlights the need for tailored strategies to
address acute hepatitis B. While global-level efforts can focus on
scaling up effective prevention and treatment programs, targeted
approaches are required to address the unique challenges faced by
low-resource countries, where population growth remains a
significant factor driving the increasing disease burden (Figure 3B).
The specifics are provided in the attached Supplementary material 5.

In the frontier analysis depicted in Image C, the red-labeled
countries identify the 5 high-SDI countries with the largest gaps to
the frontier. This group includes Finland, Singapore, Republic of
Korea, Taiwan (Province of China) and Canada, underscoring the
opportunities for these relatively affluent nations and regions to learn
from global best practices and enhance their strategies to further
minimize the acute hepatitis B burden within their populations. In
contrast, the blue-labeled countries highlight the 5 low-SDI countries

Frontiers in Public Health

that have made the most progress in reducing acute hepatitis B
incidence relative to their frontier, such as Somalia, Burundi, Nepal,
Haiti and Rwanda. This suggests these nations have been more
successful in allocating their limited resources to tackle the disease,
and their experiences could provide valuable lessons for other
low-resource settings struggling with high hepatitis B burden
(Figure 3C). The specifics are provided in the attached
Supplementary material 6.

Uneven global burden and drivers of acute
hepatitis C: insights for targeted
interventions

Figure 4A presents the world map depicting the incidence of
acute hepatitis C in 2021 across different regions. The geographical

frontiersin.org
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Uneven global burden and drivers of acute hepatitis B. (A) World map depicting the incidence of acute hepatitis B across countries in 2021.
(B) Decomposition analysis revealing the key drivers of acute hepatitis B burden change between 1990 and 2021. (C) Frontier analysis identifying
countries with the greatest potential for further reduction in acute hepatitis B incidence given their socioeconomic development.

distribution highlights substantial disparities, with certain areas
experiencing remarkably high incidence rates exceeding 140.55 per
100,000 population, such as Mongolia, Egypt, Turkmenistan and
Uzbekistan. In contrast, many countries in North America, Europe,
and parts of Asia exhibit relatively lower incidence levels
(Figure 4A).

At the global level, the decomposition graph shows that the
“Population” effect, reflecting improvements in disease prevention
and management, is the dominant factor driving the observed
changes in acute hepatitis C incidence. This suggests that
advancements in public health strategies and interventions have
been the primary force shaping the overall trends. However, when
examining the results across different socioeconomic development
levels, a distinct pattern emerges. In the high-SDI and high-middle
SDI countries, while the “Epidemiological change” effect remains
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the most significant contributor, the relative magnitudes of all the
components, including “Population” and “Aging,” are lower
compared to the global picture. This indicates that in these more
developed economies, the individual drivers have a relatively
smaller impact on the overall change in acute hepatitis C burden.
In contrast, for the low-SDI and low-middle SDI countries, the
“Population” effect emerges as the primary driver of the changes in
acute hepatitis C incidence. This finding underscores the critical
role of population dynamics, particularly population growth, in
shaping the disease burden in resource-constrained settings. In
these low-resource nations, the expansion of the population appears
to be a dominant factor, potentially outpacing the public health
efforts to effectively prevent and manage acute hepatitis C
(Figure 4B). The specifics are provided in the attached
Supplementary material 7.
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Uneven Global Burden and Drivers of Acute Hepatitis C. (A) World map depicting the incidence of acute hepatitis C across countries in 2021.
(B) Decomposition analysis revealing the key drivers of acute hepatitis C burden change between 1990 and 2021. (C) Frontier analysis identifying
countries with the greatest potential for further reduction in acute hepatitis C incidence given their socioeconomic development.

In the frontier analysis depicted in Image C, the red-labeled
countries identify the 5 high-SDI countries with the largest gaps to the
frontier. This group includes Singapore, Republic of Korea, Taiwan
(Province of China), Japan and Lithuania, underscoring the opportunities
for these relatively affluent nations and regions to learn from global best
practices and enhance their strategies to further minimize the acute
hepatitis C burden within their populations. In contrast, the blue-labeled
countries highlight the 5 low-SDI countries that have made the most
progress in reducing acute hepatitis C incidence relative to their frontier,
such as Somalia, Niger, Nepal, Papua New Guinea and Solomon Islands.
This suggests these nations have been more successful in allocating their
limited resources to tackle the disease, and their experiences could
provide valuable lessons for other low-resource settings struggling with
high hepatitis C burden (Figure 4C). The specifics are provided in the
attached Supplementary material 8.
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Uneven global burden and drivers of acute
hepatitis E: insights for targeted
interventions

Figure 5A shows the world map depicting the incidence of acute
hepatitis E in 2021. The geographical distribution highlights significant
disparities across regions. Certain areas, such as Bangladesh, India,
China and Ethiopia, exhibit exceptionally high incidence rates
exceeding 237.05 per 100,000 population, denoted by the dark red
shading. In contrast, many countries in North America, Europe
display relatively lower incidence (Figure 5A).

The decomposition analysis in Image B provides insights into the
key drivers behind the changes in acute hepatitis E burden over time.
The graph shows that the “Population” effect, reflecting improvements

in disease prevention and management, has been the dominant
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FIGURE 5

Uneven Global Burden and Drivers of Acute Hepatitis E. (A) World map depicting the incidence of acute hepatitis E across countries in 2021.

(B) Decomposition analysis revealing the key drivers of acute hepatitis E burden change between 1990 and 2021. (C) Frontier analysis identifying
countries with the greatest potential for further reduction in acute hepatitis E incidence given their socioeconomic development.

contributor to the observed changes (Figure 5B). The specifics are
provided in the attached Supplementary material 9.

In the frontier analysis depicted in Image C, the red-labeled
countries identify the 5 high-SDI countries with the largest gaps to
the frontier. This group includes Singapore, Taiwan (Province of
China), Japan,
opportunities for these relatively affluent nations and regions to learn

Lithuania and Belgium, underscoring the

from global best practices and enhance their strategies to further
minimize the acute hepatitis E burden within their populations. In
contrast, the blue-labeled countries highlight the 5 low-SDI countries
that have made the most progress in reducing acute hepatitis E
incidence relative to their frontier, such as Somalia, Niger,
Afghanistan, Bhutan and Cambodia. This suggests these nations have
been more successful in allocating their limited resources to tackle
the disease, and their experiences could provide valuable lessons for
other low-resource settings struggling with high hepatitis E burden
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(Figure 5C). The specifics are provided in the attached
Supplementary material 10.

Discussion
Implications of findings

Across all four acute hepatitis subtypes (A, B, C, and E),
population growth emerged as the dominant contributor to rising
incidence, especially in low and low-middle SDI countries. This
universal driver reflects the broader challenge of scaling up health
infrastructure in tandem with rapid demographic expansion (11, 12).
In many of these regions, such as Africa and India, health systems are
under strain, and basic services such as immunization, access to clean
water, and infection control are not keeping pace with the needs of a
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rapidly growing population (13, 14). This demographic pressure not
only increases disease exposure but also dilutes the impact of existing
public health interventions.

While demographic growth is a shared driver, the transmission
modes and structural determinants of each subtype diverge
significantly, necessitating subtype-specific policy responses. Hepatitis
A and E are predominantly spread via the fecal-oral route (15, 16), and
their burden is concentrated in countries lacking access to clean water
and adequate sanitation infrastructure. The clustering of high
incidence in parts of Africa and South Asia supports the urgent need
for WASH (Water, Sanitation, and Hygiene) investment (17, 18).
Despite improvements in vaccine availability for hepatitis A (19, 20),
the absence of a widely used vaccine for hepatitis E in most endemic
countries further complicates control efforts (14). Hepatitis B and C
are transmitted through blood and body fluids, with their burden
more closely linked to unsafe injection practices, insufficient blood
screening, perinatal transmission, and lack of harm reduction services
(21-24). These infections are prevalent in both resource-limited and
high-income countries, indicating that wealth alone does not
guarantee effective control—policy implementation and population-
specific outreach remain crucial. This divergence in transmission
pathways underscores the importance of contextualized strategies. For
example, while WASH improvements are paramount in hepatitis A/E
control, hepatitis B/C require robust vaccination, antiviral availability,
and harm reduction programs tailored to marginalized populations.

The frontier analysis introduced in this study offers a novel lens to
evaluate country performance beyond absolute burden. By
benchmarking countries’ incidence rates against SDI-adjusted frontier
expectations, we uncovered both exemplars of efficiency and gaps in
high-resource settings. Low-SDI countries such as Nepal, Bhutan,
Mali, and Somalia consistently outperform expectations, showing how
focused, scalable interventions (e.g., targeted vaccination, community-
based hygiene education) can yield substantial gains even in
constrained environments. For instance, Nepal has implemented a
national hepatitis A vaccination program, focusing on high-risk
populations and regions with poor WASH conditions (25, 26).
Somalia has implemented a comprehensive hepatitis B vaccination
program, including both routine childhood immunization and
catch-up vaccination for high-risk groups, which has contributed to
the observed improvements (27, 28). Nepal and Haiti have also made
strides in strengthening their primary healthcare systems and
improving access to hepatitis B testing and treatment, demonstrating
the impact of targeted, context-specific interventions (29, 30).

Conversely, high-SDI countries and regions including Japan,
Republic of Korea, Taiwan (Province of China), Singapore, and
Belgium show significant gaps between their actual performance and
what would be expected given their development status. These
discrepancies may stem from incomplete vaccine uptake, gaps in adult
screening programs, or lack of harm reduction services for key
populations. This analysis challenges the assumption that economic
development alone ensures disease control, and instead highlights the
importance of policy prioritization and programmatic efficiency. It
also opens a window for cross-context learning: for instance, lessons
from Nepal’s hepatitis A vaccination rollout or Somalia’s hepatitis B
immunization program could inform strategic refinements in high-
income nations.

Perhaps most critically, the synthesis of these patterns reveals a
broader insight: while the epidemiology of hepatitis is
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subtype-specific, the solutions must be integrated within a country’s
public health system. Rather than tackling each subtype in isolation,
health authorities should adopt a platform approach—leveraging
vaccination infrastructure, water safety interventions, and harm
reduction programs in a coordinated, synergistic manner.
Moreover, the decomposition and frontier methods applied in this
study not only elucidate current gaps but also offer a scalable
monitoring framework for global hepatitis elimination targets.
Future strategies must focus not only on reducing absolute
incidence but also on maximizing efficiency and equity in health
system responses.

New insights and contributions to the
literature

This study advances the current literature by providing an
integrated, cross-subtype analysis of the global burden of acute viral
hepatitis. While earlier investigations have typically focused on a
single hepatitis subtype or limited their scope to specific regions or
populations (31, 32), our study applies a harmonized analytical
framework across hepatitis A, B, C, and E, enabling direct
comparison of spatial distribution, temporal trends, and underlying
This
understanding of how hepatitis epidemics manifest and evolve in

determinants. approach facilitates a more holistic
varying sociogeographic contexts.

By combining spatial mapping, decomposition analysis, and
frontier benchmarking, our research uncovers both common and
subtype-specific patterns. The spatial analysis identifies clusters of
high incidences that transcend individual hepatitis types, suggesting
that certain structural vulnerabilities, such as inadequate infrastructure
and weak health systems, create an enabling environment for multiple
types of transmission. Meanwhile, the decomposition analysis
provides a quantifiable assessment of the relative impact of population
growth, demographic change, and epidemiological transitions,
clarifying the mechanisms through which hepatitis burdens shift over
time. The application of frontier benchmarking adds a new dimension
to global hepatitis research by highlighting inefficiencies in disease
control relative to national development status. This technique allows
us to differentiate between countries where incidence remains high
due to systemic limitations and those where the potential for
improvement is significant but underutilized.

Collectively, these findings represent a substantial contribution to
the field. The study moves beyond descriptive epidemiology by
offering comparative insight across hepatitis subtypes and by
proposing an evaluative framework that links health outcomes to
achievable benchmarks. Such an approach provides a stronger
empirical basis for assessing progress toward global hepatitis
elimination goals and offers a replicable model for examining other
infectious diseases with complex social and geographic dynamics.

Policy implications

The results of this study underscore the need for policy approaches
that are both context-sensitive and system-oriented. Addressing the
global burden of acute hepatitis requires more than isolated technical
solutions. It demands a coordinated strategy that aligns intervention
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design with the specific transmission patterns and structural
determinants relevant to each hepatitis subtype.

In regions with a high incidence of hepatitis A and E, particularly
in parts of Africa and India, the most urgent need is to strengthen
water, sanitation, and hygiene systems. These improvements not only
reduce the risk of fecal-oral transmission but also provide broader
health co-benefits by preventing other enteric diseases. WASH
investments should be coupled with efforts to expand hepatitis A
vaccination, especially in areas with recurrent outbreaks and
poor infrastructure.

In the case of hepatitis B and C, policy responses must focus on
scaling up prevention and treatment among vulnerable and
underserved populations. This includes improving birth-dose
coverage for hepatitis B, expanding adult immunization where
applicable, and ensuring the availability of antiviral therapies. Harm
reduction programs such as sterile needle exchange and opioid
substitution therapy remain critical for controlling hepatitis C in
regions where injecting drug use is a key transmission route. However,
these services continue to face social, legal, and financial barriers in
many countries, which must be addressed through inclusive public
health legislation and sustained funding.

High-income countries are not exempt from the challenges
highlighted
infrastructure, several of these nations perform below expectations

in this analysis. Despite advanced healthcare
relative to their development status. This finding points to
inefficiencies in the implementation of screening programs,
incomplete vaccine coverage among adults, and missed opportunities
for integrating hepatitis services into primary care. Future policy
frameworks in these settings should prioritize universal screening
strategies, with a focus on marginalized groups such as migrants,
incarcerated populations, and people who use drugs.

Ultimately, the study’s results emphasize the importance of
adopting an integrated approach to hepatitis prevention and control.
Interventions should be designed to function within existing health
systems while also addressing the unique drivers of transmission in
different settings. Policymakers must move beyond subtype-specific
silos and recognize the value of coordinated efforts that simultaneously
target multiple forms of viral hepatitis. Only through such an inclusive
and responsive policy framework can global hepatitis reduction goals
be meaningfully achieved.

Conclusion

The uneven global burden of acute viral hepatitis revealed in this
comprehensive analysis underscores the need for tailored, context-
specific interventions. The stark geographical disparities and the
distinct epidemiological drivers for each hepatitis subtype call for a
nuanced approach that addresses the unique challenges faced by
different regions and socioeconomic settings. By leveraging the
frontier analysis, this study has identified countries with the greatest
potential for further reductions in acute hepatitis incidence,
highlighting both success stories and opportunities for improvement
across the development spectrum. Moving forward, governments and
public health agencies must prioritize investments in water, sanitation,
and hygiene infrastructure, strengthen routine vaccination programs,
and implement targeted harm reduction strategies to effectively
mitigate the persistent burden of acute viral hepatitis worldwide.
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Integrating these context-specific interventions with a deeper
understanding of the underlying drivers will be crucial in steering the
global community towards a future with improved acute
hepatitis outcomes.
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