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Abstract

Hepatitis B virus (HBV), hepatitis delta virus (HDV), and hepatitis C virus (HCV) remain leading
drivers of chronic viral hepatitis, cirrhosis, hepatocellular carcinoma, and liver-related mortality. This
ESCMID Study Group for Viral Hepatitis (ESGVH) narrative review summarizes recent advances and
expert perspectives in the field. For HBV, emerging biomarkers such as quantitative HBs antigen, HBV
RNA, and hepatitis B core-related antigen offer opportunities to refine monitoring and to individualize
treatment. HDV epidemiology is evolving, and is being increasingly studied; in parallel, the approval of
bulevirtide represents a major breakthrough in therapy, with further agents in the HDV pipeline. For
HCYV, direct-acting antivirals provide curative therapy and have made elimination a realistic goal, while
identifying remaining gaps in diagnosis, linkage-to-care, and equitable access offers clear opportunities to

accelerate progress. Together, these advances bring the goal of a hepatitis-free future closer than ever.
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Introduction
Chronic viral hepatitis continues be a
substantial driver of morbidity, mortality, and
healthcare burden. Hepatitis B virus (HBV),
hepatitis delta virus (HDV) and hepatitis C virus
(HCV) are responsible for the majority of
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chronic viral hepatitis cases worldwide, driving
the progression to cirrhosis, hepatocellular
carcinoma, and liver-related deaths.

In recent vyears, progress in molecular
diagnostics, antiviral development, and public
health strategies has reshaped the landscape of
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viral hepatitis management. The identification of
novel biomarkers in HBV, the approval of new
classes of therapies for HDV, and the remarkable
efficacy of direct-acting antivirals for HCV have
provided unprecedented opportunities  to
improve outcomes. Yet, challenges persist,
including gaps in access to care, underdiagnosis,
therapeutic limitations in special populations,
and evolving epidemiological trends driven by
migration, comorbidities, and changes in risk
behavior.

Building on the first part of this ESCMID
Study Group for Viral Hepatitis (ESGVH) series,
which focused on hepatitis A and E and
herpesvirus-associated  hepatitis, the present
narrative review summarizes contemporary
advances in HBV, HDV and HCV. We highlight
evolving concepts in virology, epidemiology,
diagnostics, and therapy, while reflecting on the
framework for elimination of viral hepatitis from
the list of public health threats. By integrating
scientific evidence with expert perspectives, this
article aims to provide an updated, practice-
oriented overview to support clinicians,
researchers, and policymakers in the fight against
viral hepatitis.

Hepatitis B virus

Novel tools for diagnosis and monitoring of
HBYV infection

Traditionally, the diagnosis and management
of chronic hepatitis B (CHB) have relied on
serologic markers such as hepatitis B surface
antigen (HBsAg), hepatitis B e-antigen (HBeAg),
and HBV DNA levels." These markers have been
instrumental in diagnosing infection, assessing
viral replication, and monitoring treatment
efficacy. However, they present limitations,
including insufficient sensitivity to
comprehensively predict disease progression or
treatment response.’
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There is a need for better biomarkers that
can more accurately predict outcomes, reliably
track longterm disease progression, and reflect
the severity of organ damage, especially in
chronic conditions like liver disease. Current
biomarkers often fall short in these areas, making
it difficult to assess a patient's future health and
monitor  treatment  effects over  time.
Additionally, they lack the specificity needed for
personalized treatment strategies, limiting their
effectiveness in precision medicine.’

Recent advances have introduced promising
new  biomarkers for  enhancing HBV
management, with the aim of improving patient
outcomes and optimizing treatment strategies.
Among these key biomarkers are quantitative
HBsAg (qHBsAg), HBV RNA, and hepatitis B
core-related antigen (HBcrAg).

HBsAg levels fluctuate throughout the course
of HBV disease, providing valuable insights for:
a) more accurate identification of true inactive
carriers,™ with HBsAg <1000 IU/mL and HBV-
DNA <2000 IU/mL identifying them with
94.7% accuracy; b) predicting the risk of
hepatocellular carcinoma (HCC),* as HBsAg
>1000 IU/mL is linked to higher HCC risk in
HBeAgnegative patients; c) forecasting HBsAg
clearance after discontinuing nucleos(t)ide
analogue (NUC) therapy,” with rates ranging
from 33% (HBsAg <100 IU/mL in Asian
persons) to 41% (HBsAg <1000 IU/mL, in
Caucasian persons) in HBeAg-negative patients;
and d) predicting response to emerging therapies
like bepirovirsen,® with a higher response at the
end of treatment in patients who had HBsAg
<1000 IU/mL at baseline.

Both HBV RNA and HBcrAg are closely
linked to covalently closed circular DNA
(cccDNA)  transcriptional — activity and may
potentially be used in a similar manner to
qHBsAg. The integration of these new
biomarkers into  clinical practice  could
significantly refine the management of HBV. By
offering a more nuanced understanding of viral
dynamics and immune responses, these markers
enable personalized treatment approaches,
potentially ~ improving  patient  outcomes.
However, there currently are limitations - such as
availability, standardization, sensitivity, and
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insufficient studies across diverse populations -
that need to be addressed before HBV RNA and
HBcrAg can be fully integrated into clinical
practice.

As these new biomarkers become more
accessible and standardized, they promise to
transform HBV management from a one-size-fits-
all approach to a more tailored and effective
strategy. Their development and refinement
underscore the dynamic and evolving nature of
HBV research, paving the way for better
diagnostic tools and therapeutic options that
hold the potential to improve the lives of millions
affected by this chronic infection.

Hepatitis delta virus

Changing epidemiology of HDV-infection:
why and where?

Hepatitis delta virus (HDV) requires the
assistance of hepatitis B virus (HBV) for complete
replication. Infection can therefore only occur in
the presence of HBV, either as a co-infection, or
as a super-infection in a patient with chronic
HBV infection. Chronic co-infection enhances
progression of liver disease and is associated with
an average progression to cirrhosis in 5 years and
to hepatocellular carcinoma in 10 years.

Risk factors for acquisition of HDV infection
include injecting drug use, exposure to other
blood-contaminated  needles, and  sexual
transmission. There is also evidence of
intrahousehold transmission - there was a
significant clustering of HDV infections within
households as compared to HBV, HCV or HIV
in a large study from Cameroon.” Other atrisk
groups include individuals with HCV or HIV co-
infection, and patients undergoing hemodialysis.
Evidence for mother-to-child transmission is not
convincing - 0/36 babies of mothers with
HBV/HDV co-infection in France were anti-
HDV positive at 2 years.'® A rural village study in
Cameroon identified 8 HDV infections out of 54
patients with HBV infection, 3 of whom were
children, but intrahousehold transmission could
not be ruled out." Higher rates of HDV infection
are also found in migrants from high prevalence
countries, and patients with advanced liver
disease.

There is some controversy over estimates of
the global burden of HDV infection. Three large
systematic reviews have appeared'™* with global
burdens varying between 12 and 70 million
people. Possible reasons for these widely varying
results are slightly different statistical analyses,
different selection criteria for inclusion over
different periods of time (182 studies from 61
countries over 49 years;'> 634 from 83 countries
over 52 years;" 282 from 95 countries over 21
years'?) being included in the analysis. Individual
studies also vary according to which diagnostic
marker and which assay was used to define HDV
infection, whether studies were hospital- or
community-based, and whether patients with
HIV co-infection were included or not.

HDV epidemiology is changing over time as a
result of universal HBV immunization, and
migration from countries of high(er) endemicity
to low endemic countries. Thus, in high income
countries, there is a dual epidemiology with an
“ageing cohort of domestic patients with
advanced liver fibrosis [...] and [...] a younger
generation of immigrants from endemic
countries”.” Despite all of the above, there is
agreement that HDV infection is not rare;
recognized hot spots include Mongolia, Pakistan,
Tunisia, Niger, Moldova, Romania, Cameroon
and Latin America. Barriers to understanding the
true epidemiology of HDV include the absence of
well-conducted population-based surveys, studies
producing over-estimates due to testing of
hepatology/referral clinics,'® an unmet need for
large sample sizes in low HBV prevalence settings,
a lack of standardized and validated RNA assays
and low global testing with difficulty in accessing
tests. A number of recent studies have tried to
produce more accurate estimates of the numbers
of infected patients in the USA, Canada and
across Europe.'™ HDV prevalence may vary
widely within a country*' and may not necessarily
parallel HBV prevalence,” both factors rendering
large scale estimations even more complicated.

Cell culture evidence suggests that HDV may
utilize helper viruses other than HBV, including
HCV, for replication,” raising the possibility of
individuals with HDV infection being currently
undiagnosed because they have no marker of
HBV infection. Two possible such cases were
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reported from Venezuela,” although a study of
patients with HCV mono-infection in China
failed to find any with HDV markers.”" A study
of French blood donors identified 14 anti-HBc
negative donors with low level antiHDV
reactivity.”* This issue has yet to be fully resolved.

Advances in the treatment of HDV
infection

The landscape of HDV treatment is evolving
rapidly with the introduction of new therapeutic
agents. According to the EASL 2023 clinical
practice guidelines on HDV, all patients with
chronic HDV should be considered for antiviral
treatment (level of evidence 3; strong
recommendation).” The HDV lifecycle offers
multiple  therapeutic  targets,”®  providing
opportunities to inhibit viral replication through
various mechanisms: blocking virus entry into
hepatocytes by targeting the sodium taurocholate
co-transporting polypeptide (NTCP) receptor
(entry inhibitors); preventing the secretion of
HBsAg, a key component of the HDV lifecycle
(HBsAg secretion inhibitors); inhibiting farnesyl-
transferase, which is essential for viral replication
(prenylation inhibitors); and enhancing the
immune response by activating the JAK-STAT
pathway, leading to interferon-stimulated gene
(ISG) production and antiviral activity (immune
modulators). Additionally, blocking HBV itself
could be a strategy to disrupt the HDV lifecycle.

Bulevirtide (BLV) marks a significant
breakthrough as the first approved drug for HDV
treatment in Europe. Derived from the NTCP
binding domain of L-HBsAg,”” BLV is the first-in-
class entry inhibitor that blocks HDV from
entering hepatocytes by targeting the NTCP
receptor. This prevents the virus from infecting
new liver cells, effectively halting viral spread at a
critical juncture in the HDV lifecycle. By
leveraging this unique mechanism, BLV
distinguishes itself as a novel therapy for HDV, a
disease that has long been associated with limited
treatment options and progressive liver damage.

BLV has demonstrated promising efficacy in
clinical trials® as well as realworld studies.”**
Data support the effectiveness of BLV 2 mg
therapy over 96 weeks, showing virological
response rates — defined as undetectable HDV

RNA or a >2-log decline from baseline - ranging
between 6877%. ALT normalization was
observed in 56-73% of patients, and combined
virological response plus ALT normalization was
achieved in 52-55% of cases.

Other HDV antiviral agents remain under
investigation. Pegylated interferon alfa (Peg-IFNa,
an immune modulator) and lonafarnib (a
prenylation inhibitor) have shown lower efficacy
compared to BLV in clinical trials [HIDIT-I' &
I1,>> D-LIVR”], and they were associated with
high rates of virological relapse following therapy
discontinuation. Other agents under
development include REP-2139 (HBsAg secretion
inhibitor combined with NUC +* PegIFNa),
which has shown lower efficacy than BLV, as well
as HBV-DNA polymerase inhibitors (ATL-2173)
and HBV-RNA interference molecules (JNJ-3989,
VIR-2218).

The approval of BLV marks a pivotal shift in
HDV treatment, addressing a previously unmet
need for effective antiviral therapies. The ongoing
development of new agents and combination
regimens seeks to improve viral suppression,
mitigate liver disease progression, and enhance
patient outcomes. As the therapeutic arsenal
expands, clinicians will be better positioned to
tailor treatments to individual needs, optimizing
both efficacy and adherence. This growing
landscape of treatment options offers a more
hopeful outlook for patients with HDV infection,
with the potential to significantly transform the
standard of care for this challenging viral
infection.

Hepatitis C virus

Insights into HCV evolution

Despite exceptional research efforts in
evolutionary biology that have been undertaken
during the past decade, the origin of HCV still
remains unknown. Nevertheless, development of
novel approaches to nucleic acid sequencing and
significant advances in bioinformatic tools used
in evolutionary biology have led to the significant
increase in knowledge in this field, particularly in
the context of non-human hepatitis viruses.’
Discovery of animal hepaciviruses  has
significantly re-shaped our understanding of the
origih  of HCV. Hepaciviruses have been
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discovered and characterized in mammals, birds,
reptiles, arthropods and fish species with a
particularly extensive molecular diversity in bats
and rodents.”*® Phylogenetic analyses of human
and animal viruses belonging to the Hepacivirus
genus have shown that equine hepacivirus
(EqHV) is the closest known relative of HCV
identified so far. These findings have led to the
hypothesis of EqHV being the possible
evolutionary origin of HCV.”>”?

Although horses represent a natural host for
EqHYV, the virus is equally adapted to donkeys
and can sporadically infect dogs, suggesting a
potential for cross-species transmission.”” Despite
the well-established historical ecological link
between humans and horses via animal
domestication about 5,500 years ago, there is no
evidence on the zoonotic transmission of this
virus to humans so far.”” In addition, molecular
dating studies performed by using a variety of
bioinformatic approaches that are beyond the
scope of this summary have provided estimates of
the time to the most recent common ancestor
(TMRCA) of ~3000years ago for the extant
HCV genotypes (with a low-bound estimate of
~5000 years before present) and of ~800 years
ago for equine/canine hepacivirus, excluding the
possibility of EQHV as the evolutionary origin of
HCV.”"® This observation is in concordance
with the striking difference between the
exceptionally high diversity of HCV and the very
low molecular diversity of EqQHV suggesting a
rather short evolutionary history of EqHV.”

One of the logical assumptions in the field
was that hepaciviruses described in non-human
primates should be evaluated as predecessors of
HCV due to the genetic relatedness of the hosts
that can facilitate cross-species transmission.
However, this hypothesis has been excluded
based on data showing that hepaciviruses from
non-human primates do not share a recent
common ancestor with HCV. These studies
suggested a more ancient origin of HCV.

Recent evidence suggests that the ancient
origins of all hepatitis viruses in non-human
hosts possibly date back to arthropods that
evolved about 500 million years ago. The current
hypothesis holds that arthropod-borne precursors
of hepatitis viruses may have been transmitted to

insectivorous mammals and that, possibly
subsequent to intensive diversification, these
ancient viruses were transmitted into humans
directly or indirectly, via an unknown
intermediate host.”

One of the most important steps in
understanding the origin of viruses is the
accurate estimation of the timescale for their
evolution. Extensive research efforts have been
focused on providing reliable estimates for all
hepatitis viruses, including HCV, based on
projections of MRCA but the results need to be
carefully interpreted due to the application of
various bioinformatic tools in published studies
and sampling bias. By using a selection-informed
evolutionary model, Forny et al. showed in 2018
that the common ancestor of extant HCV
genotypes existed at least 3000 years ago (Cl:
3192-5221 vyears ago), whereas EqHV origins
were estimated around 1100 CE (CI: 291-1640
CE).” More recently, in 2021, Ghafari et al. used
a new mechanistic bioinformatic model that re-
estimated the date of diversification of HCV
genotypes to around 423,000 years ago, that is to
the time preceding the dispersal of modern
humans out of Africa.”® Overall, we can conclude
that the timelines of Hepacivirus genus evolution
and the molecular mechanisms behind it are still
a matter of debate within the field. Future
research should focus on identification of viral
missing links in hepatitis virus evolution and
identification of direct ancestors of human
hepatitis viruses.

Elimination of hepatitis C: the remaining
issues to be solved

In the post:COVID era, besides tuberculosis,
hepatitis B and hepatitis C represent the most
common causes of mortality due to infectious
diseases, with mortality increasing over the past
five years despite a decrease in their incidences.”'
In 2022, 244,000 HCV-related deaths were
reported globally due to cirrhosis and
hepatocellular ~ carcinoma  (HCC)  which
represents the only cancer with an increasing
incidence over the past 10 years.*

With the introduction of curative treatment
with direct acting antivirals (DAAs) a decade ago,
in 2016 the World Health Organization (WHO)
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adopted the Global Health Sector Strategy to
eliminate viral hepatitis as a public health threat
through a 90% decrease in HCV incidence and a
65% decrease in HCV mortality rate by 2030.*
Since then, an impressive public health response
to HCV infection has arisen by improving access
to testing and curative treatment, and by
optimizing the continuum of HCV care, but
unfortunately the latter still represents quite a
steep downward cascade.*’ In 2022, with an
estimated 50 million people living with HCV
worldwide, only 36% of cases had been
diagnosed and 20% had received treatment.*
Indeed, the tools to eliminate HCV are there, but
their use still needs to be streamlined, with the
biggest challenge represented by inequity among
and within countries.*

Several high income countries are on track to
meet the WHO targets by 2030, whereas progress
in many middle- and low-income countries
remains  challenging.*’  Limited healthcare
resources, lack of awareness and restrictions on
access to DAAs led to a problematic situation of
low treatment coverage.”” Egypt is the country
with globally the highest HCV burden and the
only one to reach HCV macroelimination by a
strong political awareness, will and strategy
including a massive populationdevel HCV
screening, generic DAAs and a test-and-treat
approach.***" However, the majority of countries
adopted microelimination, a targeted strategy
tailored to systematic HCV screening and
linkage-to-care within specific regions, settings or
key populations with high HCV infection rates,
such as people who inject drugs (PWID).* The
latter represent a priority population for the
elimination of HCV in Europe where the overall
HCV prevalence ranges from 0.04% to 2.3%,
and at least 35.8% of it is attributed to PWID.*¥

Importantly, the poorest access to HCV
testing and treatment services is often seen
among the most vulnerable and underserved
populations.*”  Scalingup  effective =~ HCV
interventions by introducing higher levels of
combined prevention, a better access to point-of-
care testing, linkage-to-care and DAA treatment,
together with a decentralization of services
involving non-specialist healthcare providers as
well as the community, is needed.”®' The

combination of an increase in awareness and
advocacy, improved public health strategy and
community action, fight against stigma and
discrimination, as well as a strong political
commitment will pave the road towards HCV
elimination on the population level.”

On the individual level, modern generation
DAA treatment associates an overall rate of
>97% sustained virological response (SVR),
allowing the virological cure of HCV infection in
most patients. Remaining challenges include
difficult-to-treat cases, in patients who have not
achieved SVR following initial DAA treatment,
such as those with decompensated cirrhosis, end-
stage renal disease, NS5A-experienced patients
and those with infection by rare HCV subtypes
or subtypes harboring NS5A resistance associated
variants; for these cases, a salvage voxilaprevir-
based treatment could be considered.””
Adherence to DAA treatment is paramount, and
lack thereof requires special attention and care.”®
Importantly, HCV cure is now attainable for
special populations such as children, the elderly
and people living with HIV.”™ But even after
achieving SVR, a residual mortality risk exists in
some individuals due to either decompensated
cirrhosis,  extrahepatic = manifestations,  or
development of HCC, so a lifelong follow-up in
certain patient groups is warranted.” An
increasing proportion of reinfections among
PWID and people living with HIV across Europe
urges for sustainable re-testing after achieving
SVR in those who remain at risk, ensuring re-
treatment of individuals with reinfection.*®!

To conclude, the remaining issues to be
solved on the way to eliminate HCV demand
complex activities on the population as well as on
the individual level.

Point-of-care approaches for screening and
diagnosis of HCV

Adapting testing to the setting provides a
major contribution to hepatitis C elimination.
Reduction of incident infections by 90% by 2030
poses several challenges. Prevalence data is often
accessed through assessments that are limited
time- and population-wise. PWID are at risk for
HCV and several other health hazards, and better
targeting of harm-reduction interventions for
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these risks are called for.*” For reliable incidence
data, testing should occur repeatedly at regular
intervals at high-risk settings and be readily
available upon risk incidents or for contact
tracing of each incident case. Injection drug use
is the main route of HCV transmission in most
of the European region, estimated to contribute
to 72.9% (58.3-78.6%) of incident infections.!
Yet sustainable access to testing can be
challenging to establish for this population at risk
through conventional health care platforms.
Information campaigns and increased overall
awareness are needed to reach ever-injectors who
might have been infected a long time ago, and do
not have ongoing risk behavior. The infection -
often being asymptomatic in both the acute and
chronic phases before considerable liver damage
is present — might easily go undiagnosed. Testing
for HCV (as well as HBV and HIV) should
therefore be readily available at healthcare
settings, hospitals and outpatient clinics,
specialized and primary healthcare settings alike.
Here traditional testing with venipuncture, with
initial assessment of anti-HCV antibodies at the
hospital laboratories, followed by reflex testing
for HCV RNA, can still be feasible.

However, to increase access to testing for
people with ongoing injection drug use, the
group at highest risk of incident infections,
decentralization of testing services is a
prerequisite. With the aid of adequate technical
and human resources, matching of the testing
modality to the setting is key.*’ Several examples
of innovative HCV models of care have been
described.®* For screening in prisons or opiate
agonist therapy (OAT) clinics, point-of-care (PoC)
testing for HCV-antibody followed by HCV RNA
detection on site via dry blood spot (DBS) tests or
PoC-RNA could be the most efficient options.
DBS testing has been suggested as a helpful and
reliable tool to diagnose HCV infection, to assess
cure and reinfection after on-site treatment, and
to discern between reinfection and treatment
failure.®“® For testing at settings with a very high
expected HCV RNA prevalence (>74%), such as
needle syringe programs or shelters, testing
directly with PoC-RNA without antibody testing
could be an option.’” At such settings, if run by
non-governmental  organizations or  non-

healthcare staff, outreach testing by mobile
healthcare staff units experienced in diagnostics
and liver assessment can offer not only testing,
but also assessment and treatment initiation on
site. Such mobile units should visit at regular
intervals to enable collection of prevalence and
incidence data as well as data on treatment
outcomes. As more patients are treated and
obtain SVR, the larger the pool of susceptible
individuals ~ will become, which further
emphasizes the need for regular testing at high-
risk settings. Peer involvement will improve
access to key populations and the establishment
of sustainable alliances. Requirements according
to local infrastructure should be taken into
consideration, adjusted after the differences in
need between urban and rural settings and
specific subpopulations.

Harm reduction interventions: almost 4
decades of needle exchange in Skine Region,
Sweden

Skine Region, the southernmost region in
Sweden, has been a forerunner in Sweden in
establishing access to healthcare for people who
inject drugs, by operating needle exchange
programs (NEPs) for almost four decades now, 25
years longer than the rest of the country. All four
NEPs in Skane (Malmo, Lund, Helsingborg and
Kristianstad) are part of an infectious disease
department. The NEP in Lund was established in
1986 and early evaluations found it to be
efficient in HIV prevention.®® Thereafter the
Malmoé NEP (MNEP, 1987) has become a base
for translational research. Transmission of HIV
has remained very low, while HBV prevalence
and incidence declined among the participants
after the introduction of vaccination in 1994.%
However, HCV prevalence (>90% in 1990-1993)
and incidence (31.5/100 person years at risk in
1997-2005) remained high during these earlier
study periods, emphasizing the need for specific
action aimed at HCV.™

A study introduced in 2011 promoted direct
and fast referral of MNEP participants to OAT
with high retention rates, setting the base for
multidisciplinary collaboration between ID and
addiction care.”" In 2018 the ACTIONNE-study
was launched, including 50 MNEP participants
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with chronic HCV infection. They received a
fixed combination of glecaprevir/pibrentasvir for
8 weeks (non-cirrhotic) or 12 weeks (cirrhotic).
The study proved to be successful, with 47/50
(94%) completing treatment and 45 tested for
SVR12, all without viremia (SVR rate per
intention to treat was 90% and per protocol
96%).” The cohort was followed for detection,
treatment and contact tracing of reinfections and
subsequently all 4 NEPs started treating
participants for HCV on site. HCV treatment has
also been offered at the OAT clinics in the
region, providing a basis for elimination.
Regional guidelines for testing for all three
bloodborne viruses (HIV, HBV and HCV) are
applied at all NEPs and OAT clinics.

In addition to liver related morbidity, PWID
are at risk of opioid overdose related mortality.
Thus, the regional Take Home Naloxone project
was launched in 2018, gathering all four NEPs,
>25 OAT clinics and several other addiction care
facilities (50 units in total). The participants
receive education on handling acute overdose
situations and tailored kits with naloxone for
nasal administration. To date, more than 2700
participants have been included and the kits have
been used in more than 900 overdose incidents.
Deaths associated with overdose decreased from
3.9 to 2.8 per 100,000 inhabitants/year during
the intervention period (a marked decrease
observed among men, from 6.7 to 4.3, but not
among women, from 1.2 to 1.3).”

Such multidisciplinary collaboration is now
essential in implementing the national hepatitis
elimination plan on a regional level.

Conclusions

The past decade has witnessed remarkable
advances in our understanding and management
of HBV, HDV and HCV. Novel biomarkers such
as quantitative HBsAg, HBV RNA, and HBcrAg
promise to refine HBV monitoring and guide
individualized treatment strategies. The approval
of bulevirtide has transformed the therapeutic
landscape of HDV, a longneglected infection,
while additional agents targeting distinct viral
and host pathways are under active development.
For HCV, the advent of highly effective direct-

acting antivirals has made elimination a realistic

goal; identifying and addressing gaps in diagnosis,
linkage-to-care, and treatment access offers
opportunities to accelerate progress and
overcome barriers, particularly in resource-limited
settings and among vulnerable populations such
as people who inject drugs.

Sustained progress will require coordinated
global action, combining scientific innovation
with strong political commitment and health
system strengthening. Integration of point-of-care
testing, harm  reduction strategies, and
decentralized care models can help close equity
gaps and ensure that advances translate into real-
world impact.

By bringing together updated evidence and
expert insights, this review underscores both the
achievements and the unfinished agenda in the
field of viral hepatitis. Continued collaboration
among clinicians, researchers, public health
authorities, and patient communities will be key
to turning the vision of hepatitis elimination into
reality.
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