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Abstract

Chronic infections with hepatitis B virus (HBV), hepatitis C virus (HCV), and
hepatitis D virus (HDV) are major causes of cirrhosis and hepatocellular carcinoma
(HCC) worldwide. The greatest burden is borne by low- and middle-income countries
(LMICs). Despite the availability of highly effective preventive tools, simplified
diagnostics, and affordable antiviral therapies, progress toward the World Health
Organization's (WHO) goal of eliminating viral hepatitis as a public health threat by
2030 is insufficient in most LMICs. Gaps persist throughout the entire care continuum,
from vaccination and the prevention of mother-to-child transmission to screening,
confirmatory testing, linkage to care, treatment initiation, and long-term follow-up.
Structural weaknesses in health systems, limited laboratory infrastructure, centralised
models of care, financial constraints, stigma, and fragmented disease-specific
programmes continue to hinder large-scale implementation. This article examines the
main barriers encountered across the viral hepatitis care cascade, from prevention
and testing to treatment and long-term follow-up. It discusses practical approaches to
overcoming them, including simplified diagnostic and treatment pathways, point-of-
care and near-point-of-care technologies, self-testing, integrated testing platforms,
decentralised care, and task sharing. Attention is given to the prevention of mother-to-
child transmission, the needs of populations underserved by conventional healthcare
systems, and comorbidities that influence liver disease progression. In conclusion,
technological advances alone will not be sufficient. Progress will also depend on
stronger health systems, decentralised models of care, and the integration of viral

hepatitis services into existing healthcare programmes.
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Key points

Low- and middle-income countries account for most of the morbidity and
mortality associated with chronic viral hepatitis, yet coverage of diagnosis and
treatment remains low.

Timely administration of the HBV birth dose remains a major bottleneck, owing
to delivery constraints, cold-chain requirements, and gaps in policy and
financing.

Multi-step HCV diagnostic and pretreatment pathways contribute to loss to
follow-up, whereas simplified and one-step approaches can shorten the care
cascade.

Decentralised care and task sharing can support treatment scale-up,
particularly when backed by reliable sample-referral systems and near-point-
of-care testing.

Integrating viral hepatitis services into existing HIV, syphilis, antenatal care, and
other disease programmes can increase testing and treatment coverage.
Expended harm reduction services, together with policies that reduce
criminalisation and stigma, are central to HCV micro-elimination among people
who inject drugs.

Dried blood spots, oral fluid testing, self-testing, multiplex assays, and simplified
molecular platforms may reduce the number of steps between screening and
treatment if referral and quality-assurance systems are maintained.
Emphasising the prevention of hepatocellular carcinoma may help to raise the

political priority of viral hepatitis and attract additional funding.
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Introduction

Nearly 300 million people worldwide are living with chronic viral hepatitis. Of
these, 240 million people are infected with the hepatitis B virus (HBV), nearly 5% of
whom are also infected with the hepatitis D virus (HDV). Additionally, an estimated 47
million people are infected with the hepatitis C virus (HCV) [1,2]. Chronic viral hepatitis
infections are a major cause of cirrhosis and hepatocellular carcinoma (HCC) [3,4].
The World Health Organization (WHO) estimates that approximately 1.3 million people
die from viral hepatitis each year [1,2]. Most patients living with HBV and HCV infection
reside in low- and middle-income countries (LMICs), where most new infections and
hepatitis-related morbidity and mortality occur. This highlights the need to prioritise
control efforts in these settings [5]. The WHO has set the goal of eliminating viral
hepatitis as a major public health threat by 2030, with defined incidence and mortality
targets [6].

Over the past 20 years, effective tools have been developed to control viral
hepatitis. Point-of-care (POC) tests for hepatitis B surface antigen (HBsAg) and anti-
HCV antibodies are available in areas without access to laboratories [7]. Dried blood
spots (DBS) can also be used to detect and quantify viral antigens, antibodies and/or
nucleic acids in a central laboratory following shipment. Highly effective vaccines have
been available for hepatitis B since the 1980s. Combining HBV vaccination at birth
with antiviral prophylaxis significantly reduces mother-to-child transmission (MTCT) of
HBV. In addition, nucleoside and nucleotide analogues have been available since the
early 2010s to treat chronic HBV infection. For hepatitis C, pangenotypic HCV direct-
acting antivirals (DAAs) have more recently transformed the management of chronic

infection. Effective treatments for both HBV and HCV are now widely available as
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affordable generic medicines. However, these interventions have not yet been scaled
up in many LMICs, which are lagging far behind on the path to eliminating viral
hepatitis by 2030 [1]. Context-adapted strategies are urgently needed to accelerate
progress in these settings.

In 2016, the World Health Assembly adopted the Global Health Sector Strategy
with the aim of eliminating viral hepatitis as a public health threat by 2030. Global
targets were subsequently set, including reducing the incidence by 90% and mortality
by 65% [8]. The WHO identified seven key interventions across the viral hepatitis care
cascade, spanning prevention, testing and treatment: (i) hepatitis B vaccination, (ii)
preventing hepatitis B MTCT, (iii) ensuring blood safety, (iv) ensuring injection safety,
(v) implementing harm reduction strategies, (vi) providing testing services, and (vii)
providing antiviral therapy.

Programme targets and global progress are summarised in Tables 1 and 2
[2,9,10]. Although certain interventions, such as hepatitis B vaccination and blood and
injection safety, are approaching their targets, significant gaps remain in terms of
prevention of MTCT of HBV, testing, and treatment services. Currently, coverage of
the HBV vaccine birth dose, diagnosis and treatment is below 50%, 30% and 20%,
respectively [1]. However, global averages mask substantial regional disparities. For
example, hepatitis B birth dose coverage stood at approximately 17% in the WHO
African Region in 2023, compared to 79% in the WHO Western Pacific Region [11].

This review follows the major steps of the viral hepatitis care cascade, from
prevention and diagnosis to linkage to care, antiviral treatment, health-system
strengthening and HCC prevention. Within each stage, HBV- and HCV-specific
barriers and innovations are discussed separately whenever the challenges and

interventions differ, whereas common implementation challenges and health-system
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approaches are addressed jointly to avoid unnecessary duplication and to emphasise
shared solutions. Tables 3 and 4 summarise HBV-specific, HCV-specific and cross-

cutting barriers and innovations across the care cascade.

1. HBV vaccination in children

1.1. Barriers to HBV vaccination in children

Approved HBV vaccines, administered in 2 or 3 doses, achieve a response rate
of over 90% in non-immunocompromised individuals. With the support of the Global
Alliance for Vaccines and Immunisation (GAVI), now known as the Vaccine Alliance,
infant vaccination coverage has increased significantly over the past decade, rising
from 1% in 1990 to 83% in 2024 [11]. Numerous studies have demonstrated the
success of universal HBV vaccination programmes in reducing HBsAg prevalence, as
well as cirrhosis and HCC [12,13]. Despite these remarkable achievements, vertical
transmission remains the primary route of HBV infection worldwide. Significant
regional disparities exist, with coverage exceeding the global average in the Western
Pacific (91%), the Americas (85%), Europe (92%), and Southeast Asia (90%), while
being lower in the Eastern Mediterranean (79%) and African (74%) regions [14].

Barriers to vaccination exist at the individual, provider, and system levels [15].
Barriers at the individual level include maternal education, caste, socio-cultural
background, religion, household wealth, geographical location, infant birth order and
birth year, and trust in vaccination [16,17]. Barriers at the provider level include a lack
of knowledge regarding vaccine indications and contraindications, inadequately

trained medical staff, and an absence of systems to remind patients about missed
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vaccinations. Barriers at the system level include the need for robust immunisation
delivery systems to manage vaccine costs and ensure proper storage. Maintaining the
cold chain remains a major logistical challenge. Intramuscular administration also

requires trained staff and safe sharps disposal.

1.2. Innovations in HBV vaccination

These barriers help to explain why uptake of the HBV vaccine remains
suboptimal in many LMIC settings despite the availability of safe and effective
vaccines. Several innovations could improve delivery and uptake. For example,
conditional incentives and opt-out birth-dose approaches could enhance the
timeliness of vaccinations.

The scarcity of electronic medical records in LMICs makes it difficult to
accurately assess national uptake of the HBV birth dose vaccine. One study used data
from the Demographic and Health Survey to map delayed vaccination in The Gambia
[18]. Similar geospatial approaches have been applied in South Asia to identify
vaccination gaps and optimise resource allocation [17,19]. Such analyses can improve
stakeholders’ understanding of local immunisation patterns, helping them to target
resources effectively at areas of greatest need and strengthen vaccine delivery
systems.

A 2016 WHO report highlighted that most WHO-prequalified monovalent HBV
vaccines are thermostable, enabling their use outside the traditional cold chain.
Storing these vaccines at ambient temperatures (37-45°C) for up to 4 weeks could
significantly increase the uptake of the HBV birth dose, particularly in remote areas.

Controlled temperature chain strategies have been shown to be both feasible and
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cost-effective [20], and could substantially improve the timely administration of the
birth dose in settings with limited resources.

The current standard of mono-antigenic HBV vaccines has been shown to be
less immunogenic in older adults, people with obesity, people who smoke, and
patients with diabetes or chronic kidney disease [21]. Low response rates after only 2
doses have also been reported [22]. Results from the PROTECT trial, which compared
tri-antigen HBV vaccines with mono-antigenic vaccines in a randomised controlled
trial, indicated higher seroprotection rates with tri-antigen vaccines, particularly in
individuals aged 45 years and over [23]. Among patients with HIV and patients with
chronic kidney disease undergoing haemodialysis, 3 doses of a vaccine consisting of
HBsAg combined with small synthetic immunostimulatory oligodeoxynucleotides
provided longer-lasting protection against HBV than 3 to 4 doses of a classical HBV
vaccine [24,25]. These vaccines may therefore represent a preferable option for
immunocompromised individuals at increased risk of HBV infection, although cost and
availability will influence implementation in LMICs.

Although existing HBV vaccines are safe and effective, challenges remain,
including the need for three doses, appropriate vaccine storage, and trained
healthcare personnel in LMICs. Needle-free vaccination methods, also known as
“‘mucosal vaccines®, could improve the effectiveness and implementation of HBV
vaccination programmes. Novel delivery systems are being investigated, including
disposable, pre-filled, single-use syringes, as well as intradermal, oral, or nasal
prophylactic HBV vaccines. In particular, a 10 ug (birth dose) HBV vaccine delivered
via dissolving microneedle patches has been shown to effectively induce protective
antibody responses in mice and rhesus monkeys [26]. Ongoing studies are evaluating

the immunogenicity and efficacy of these innovative delivery methods in humans.
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2. Hepatitis B and C MTCT prevention

Although improving childhood HBV vaccination remains essential, preventing
perinatal transmission requires additional interventions during pregnancy and around
the time of delivery. MTCT prevention differs substantially between HBV and HCV due
to the different preventive tools available. This section therefore discusses HBV and

HCV sequentially.

2.1. Barriers to hepatitis B MTCT prevention

2.1.1. Barriers to the hepatitis B birth dose vaccine

The barriers largely mirror those described above, including limited knowledge
and awareness among parents and caregivers [27]. Additional barriers relating to
delivery, cold chain maintenance, and timely administration have been reported,
particularly in rural areas and among infants born outside of health facilities or on non-
vaccination days [27,28]. By 2021, only 14 (30%) of the 47 countries in the WHO
African Region had introduced the hepatitis B birth dose vaccine, highlighting gaps in
policy implementation [29]. Financial and institutional support also played a critical
role. Notably, GAVI suspended its support for the introduction of the hepatitis B birth
dose in 2020 due to competing demands during the COVID-19 pandemic. This
interruption to support was identified as a major barrier in a survey of African
stakeholders [30]. GAVI resumed its support for eligible countries in 2024, which may

help to address previous implementation gaps.
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2.1.2. Barriers to antiviral HBV prophylaxis in pregnancy

Since 2019, the WHO has recommended antiviral prophylaxis for HBsAg-
positive women with HBV DNA levels of at least 200,000 IU/mL. However, nucleic acid
testing requires laboratory infrastructure, reliable supply chains, and sustained
operational capacity, all of which may limit access in some settings. Nevertheless,
experience from large-scale HIV viral load programmes has demonstrated that such
testing can be effectively implemented and decentralised with adequate support. In all
WHO regions, except the Americas and the Western Pacific Region (8% and 15%,
respectively), the proportion of mothers with high HBV DNA levels receiving antiviral
therapy is less than 6% [31].

In this context, the WHO has conditionally recommended qualitative hepatitis B
e antigen (HBeAg) testing, either through laboratory-based enzyme immunoassays
(which are not widely available in LMICs) or rapid diagnostic tests (RDTs), as an
alternative to HBV DNA testing in settings without access to HBV DNA quantification
[32]. While HBeAg RDTs can be easily performed at the point of care in LMICs, they
are unable to accurately identify pregnant women with HBV DNA levels 2200,000
IU/mL (sensitivity of less than 70%) due to their poor analytical sensitivity [33,34].
Furthermore, most HBeAg RDTs require plasma or serum, necessitating venipuncture
and centrifugation [33].

The cost-effectiveness of adding peripartum antiviral prophylaxis to hepatitis B
vaccination at birth depends primarily on the cost of diagnosis and monitoring.
Assuming these two parameters were to remain stable, the combined strategy would

be cost-effective in 26% of countries by 2100 [35]. However, there are still several



265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

FrS

research gaps regarding pregnant women, including treatment eligibility based on
fibrosis scores, HBV DNA thresholds for antiviral prophylaxis, and the timing of

initiating and discontinuing antiviral prophylaxis.

2.1.3. Additional HBV biological challenges

In addition to implementation barriers, viral resistance can result in vaccine
failure in infants. A study in Cameroon reported HBV transmission to infants who had
received the genotype A2-derived vaccine Engerix-B from mothers with high-level
viraemia and genotype E infection [36]. Vaccine-induced neutralising antibodies may
be unable to neutralise genotype E strains with a threonine-to-serine substitution at
position 140, a mutation commonly observed in this genotype. Although individual
vaccine escape mutations are rare, their impact when using a vaccine designed for a

different genotype has not been adequately evaluated in most settings [37].

2.2. Innovative approaches to hepatitis B MTCT prevention

Different implementation strategies for preventing MTCT of HBV can be
conceptualised along a gradient of complexity and cost. These include: universal
antiviral prophylaxis for all HBsAg-positive pregnant women; HBeAg-based strategies;
HBV DNA-based strategies; and emerging biomarker-based approaches, such as
hepatitis B core-related antigen (HBcrAg). Simpler strategies may facilitate rapid
scaling-up in settings with limited resources, whereas more complex approaches may
optimise targeting where resources allow. Recently, the WHO recommended a “treat-

all“ strategy for pregnant women with HBV infection in settings without access to HBV
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DNA testing or HBeAg RDTs, despite the low level of evidence [38]. As approximately
20% of pregnant women with HBV infection would otherwise meet conventional
eligibility criteria for peripartum antiviral prophylaxis, this strategy is expected to
increase treatment uptake [38,39]. Although peripartum antiviral prophylaxis is safe
[40], the impact of this strategy remains to be determined. Nevertheless, universal
peripartum antiviral prophylaxis may be more cost-effective than other strategies in
many countries [35].

The WHO has recommended integrating HBV testing into horizontal HIV and
syphilis programmes during antenatal care [32]. This “triple elimination initiative“ has
been shown to be an acceptable, effective and cost-effective way of reducing HBV
MTCT in Asia [41,42]. In the Democratic Republic of the Congo, a study evaluated the
feasibility of incorporating HBV MTCT prevention into existing HIV maternal and child
healthcare facilities, including providing HBV vaccination at birth [43]. Although only
68% of infants received the birth dose of the vaccine, the high level of acceptance of
this approach among pregnant women suggests that integrating HBV testing and
treatment into existing HIV services is feasible and acceptable and may reduce
concerns related to stigma while increasing uptake of HBV testing. Similar integrated
antenatal screening approaches have been successfully implemented in several Asian
countries, including China and Vietnam, where triple elimination strategies have
contributed to improved HBV MTCT prevention [44,45].

A universal birth-dose strategy could protect infants born to HBsAg-negative
mothers from earlier horizontal transmission, as they would otherwise receive their
first vaccine at 6-8 weeks of age. However, the risk of infection appears to be minimal,
and a systematic review found no clear benefit of birth-dose vaccination in this group.

This suggests that the birth-dose vaccination strategy should target infants born to
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HBsAg-positive mothers [46]. Overall, screening for HBV during antenatal care,
combined with measures to reinforce HBV birth-dose vaccination in exposed children,
could improve vaccine uptake and reduce MTCT of HBV. Nevertheless, the
effectiveness of the HBV birth-dose vaccine in preventing MTCT remains poorly
documented in Africa.

Several studies have suggested that the HBcrAg may effectively identify
pregnant women with HBV who are eligible for peripartum antiviral prophylaxis
[36,47,48]. Although DBS samples can be used for HBcrAg detection and
quantification, the elution technique from DBS and the capacity to perform the assay
require a certain level of laboratory expertise [49]. Recently, however, a simple,
inexpensive lateral flow assay has been developed for detecting HBcrAg at the point
of care. Its ability to diagnose HBV DNA levels 2200,000 IU/mL was high in a cohort
of patients with chronic hepatitis B [50]. The real-world performance of this RDT for
identifying pregnant women with high viremia is currently being evaluated in Burkina
Faso and The Gambia. HBcrAg has also been extensively evaluated in Asian cohorts,
particularly in Japan and Taiwan, where it has demonstrated good performance as a
surrogate marker of high HBV DNA levels [47,51]

Currently, there are no true POC, instrument-free rapid molecular tests
available for the quantitative detection of HBV DNA. Cartridge-based molecular
platforms enable relatively rapid and decentralised quantification of HBV DNA and are
being used more and more in certain settings. However, they still require dedicated
instruments, a stable electricity supply, and sustained procurement systems, which
could restrict their deployment in the least well-resourced areas. A simple, rapid, and
less expensive alternative to polymerase chain reaction (PCR), based on loop-

mediated isothermal amplification (LAMP), has been developed. This test has a
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sensitivity of 98.0% and a specificity of 94.6% for diagnosing HBV DNA levels
=200,000 IU/mL [52]. Recently, a simple semi-quantitative nucleic acid test, based on
DNA extraction, recombinase polymerase amplification (RPA), and lateral flow
immunochromatography, with a threshold of 200,000 IU/mL, was developed. This test

has an area under the ROC curve of 0.99 and could be useful in LMICs [53].

2.3. Current challenges and innovative approaches to hepatitis C MTCT

prevention

Unlike HBV, the prevention of HCV MTCT relies primarily on improved
screening strategies and linkage to care, since no vaccine is available and antiviral
treatment during pregnancy is not yet routinely recommended.

Routine HCV testing overcomes several limitations of risk-based screening,
which often fails due to under-reporting of risk factors by pregnant women. This may
be due to fear of stigma or practices such as female genital mutilation [54,55]. Although
the WHO has yet to endorse universal HCV screening for all pregnant women, several
international societies recommend it [56]. Viraemic HCV status may affect pregnancy
outcomes by increasing the likelihood of preterm delivery, intrahepatic cholestasis of
pregnancy, and postpartum haemorrhage [57]. A meta-analysis of 25 studies involving
2,017 pregnant women with HCV viremia and no HIV co-infection estimated the rate
of HCV MTCT to be 5.8% (95% confidence interval [Cl]: 4.2-7.8%) [58]. Identifying
women of childbearing age with HCV infection is crucial for preconception diagnosis
and treatment. Integrating HCV screening with other disease screening could improve
the early detection of HCV before conception. Universal HCV screening could be

considered as part of the recommended triple elimination initiative.
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Although DAAs are not approved for use during pregnancy, no adverse safety
issues have been identified in preclinical or real-life studies [59]. A modelling study
showed that universal screening and treatment during pregnancy could potentially
improve both maternal and infant outcomes [60]. Further extensive studies in LMICs
are required to evaluate the feasibility and cost-effectiveness of these strategies, and

to identify any implementation barriers.

3. Prevention of parenteral HBV and HCV transmission

In addition to preventing vertical transmission, eliminating viral hepatitis in
LMICs also requires reducing parenteral transmission. This remains a significant
cause of new HBV and HCV infections in many settings and can be achieved by
implementing safer blood transfusion practices, ensuring safer injections and

expanding harm reduction services.

3.1. Barriers to blood safety

In high-income countries, infections with HBV or HCV resulting from blood or
blood product transfusions have become exceptional due to the widespread use of
serological and nucleic acid testing of donations [61]. In LMICs, donors’ blood is
generally tested for HBsAg, and in some countries for anti-HBc antibodies too. The
prevalence of HBsAg in blood donations ranges from 0.02% in high-income countries
to 1.7% and 2.8% in lower-middle-income and low-income countries, respectively [62].

In contrast, anti-HCV antibody testing is not universal in LMICs. HCV is detected in



389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

approximately 0.007% of blood donations in high-income countries, compared to
around 0.4% in lower-middle-income countries and 1.0% in low-income countries [62].

A cross-sectional study of the performance of HIV, HBV, and HCV tests in
African countries revealed that RDTs performed poorly in blood testing, with a risk of
transfusing infected blood units of approximately 5.6% when RDTs are used as the
sole screening method [63]. The window periods of HBV and HCV infection can also
make it more challenging to detect these viruses during the screening process. On
average, anti-HCV antibodies become detectable two months after infection, which
makes it difficult to detect the virus when screening is based solely on antibody
detection [64].

Occult HBV infection (OBI), characterised by the presence of anti-HBc
antibodies and low levels of HBV DNA in plasma or serum without detectable HBsAg,
is also a risk factor for HBV transmission. The prevalence of OBI correlates with the
endemicity of HBV: prevalence rates of 0.06%, 0.12%, and 0.98% have been reported
in countries with low, intermediate, and high endemicity, respectively [65]. A
transmission rate of 0.85% from donors with OBI has been reported [66]. Although the
combination of HBsAg and nucleic acid testing is effective at preventing most HBV
transmissions, access to HBV DNA testing is limited in LMICs. Consequently, a
residual risk of transmission remains in blood donors with OBI [67]. Therefore, the
significant proportion of OBI cases, particularly in countries with a high level of
endemicity, increases the risk of HBV transmission in settings where access to
screening tools is limited.

Strengthening post-donation notification systems and linkage to care for
individuals identified through blood bank screening represents an underused

opportunity to expand access to diagnosis and treatment.



414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

FN]

3.2. Barriers to injection safety

In addition to the risks associated with blood transfusion, unsafe medical
injections continue to contribute to the ongoing transmission of HBV and HCV. Such
unsafe practices include the reuse of injection equipment, accidental needle-stick
injuries among healthcare workers, overuse of injections, and unsafe sharps waste
management [68]. In 2000, the WHO estimated that 40% of the 16 billion injections
administered worldwide were given with reused equipment [69]. Significant progress
has been made in reducing the transmission of HBV and HCV through injections since
2000, thanks to safer injection campaigns. In 2016, the WHO updated its guidelines
on safe injection practices, recommending the use of syringes with features that
protect against sharps injuries and prevent reuse [68]. However, knowledge and
practice among public health and healthcare professionals in LMICs remains limited

[70].

3.3. Barriers to harm reduction

Outside of healthcare settings, transmission is also sustained by limited access
to evidence-based harm reduction interventions, particularly for people who inject
drugs (PWID). Despite the existence of effective public health strategies, the
transmission of HCV through the use of unsterile injecting equipment continues to
drive HCV incidence in many regions [71]. In 2018, 38% of HCV infections were
attributed to injecting drug use. Eliminating unsafe injection practices could prevent

43% of new HCV infections between 2018 and 2030 [71]. HCV infection is more



439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

Lo

prevalent among PWID than in the general population in many countries [72].
Successful harm reduction programmes in countries such as Vietnam and Ukraine
have demonstrated reductions in HCV incidence among PWID when services are
scaled up [73,74]. PWID with HCV infection are also at risk of HIV co-infection, which
increases the risk of liver disease progression and HCC. HBV infection is also common
among PWID [75].

A combination of drug laws, policies, and law enforcement practices, as well as
stigmatisation and criminalisation, often hinders the provision and uptake of harm
reduction and HCV prevention services [76]. Needle and syringe exchange
programmes and opioid substitution therapy have been associated with lower HCV
infection rates [77]. Therefore, strategies to scale up opioid agonist maintenance
therapy in LMICs represent a public health priority. However, although needle and
syringe programmes and opioid agonist therapy are among the most cost-effective
interventions for preventing HIV and HCV transmission among PWID, local cost and
long-term sustainability data remain limited in many LMICs. More resources are
therefore needed to generate context-specific economic evidence to support policy

decisions and the long-term implementation of harm reduction programmes [78,79].

3.4. Innovative approaches to reducing parenteral HBV and HCV

transmission

Universal screening of all donated blood for transfusion-transmissible infections
remains the cornerstone of blood safety. In LMICs, efforts should primarily focus on
expanding access to high-quality universal screening while strengthening blood

transfusion services. Additional innovations, including pathogen reduction
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technologies, automation, and digital quality-management systems, may further
improve blood safety where resources permit, although their implementation remains
constrained by cost and infrastructure requirements [2].

Innovations in injection safety have focused primarily on preventing reuse of
injection equipment and facilitating implementation of WHO recommendations. Auto-
disable and reuse-prevention syringes, combined with strengthened procurement
policies, healthcare worker training, and safer sharps waste management, can further
reduce healthcare-associated HBV and HCV transmission [80,81]. Future efforts are
needed to improve access to these technologies, particularly in primary healthcare
facilities and other resource-limited settings where unsafe injection practices remain
common.

Innovations in harm reduction have primarily focused on improving service
delivery rather than developing new interventions. Community-based and peer-led
models, integration of harm reduction with HIV and viral hepatitis testing and
treatment, and decentralised service delivery have been associated with improved
access to testing, treatment and HBV vaccination among PWID in several settings
[82—84]. Expanding these implementation strategies, together with policies that reduce
stigma, criminalisation and other structural barriers, are likely to be essential to
increase coverage of harm reduction services and further reduce HBV and HCV

transmission in LMICs.

4. Diagnosis of HBV and HCV infection

If prevention opportunities are missed, progress towards elimination depends

on health systems' ability to diagnose infections early and efficiently.
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4.1. Barriers to HBV and HCV testing

The WHO recommends a risk- and symptom-based strategy for screening for
both HBsAg and anti-HCV antibodies [38,85]. Risk-based HBV screening includes the
following groups: household and sexual contacts of people with chronic hepatitis B;
people living with HIV; PWID; men who have sex with men (MSM); sex workers; and
other groups, such as indigenous people, people in prisons, and transgender people
[38]. Risk-based HCV screening is recommended for individuals belonging to
populations with high seroprevalence, such as mobile/migrant populations from
countries with high-intermediate endemicity, certain indigenous populations, and
individuals with a history of exposure to or high-risk behaviour for HCV infection. This
includes PWID, people in prisons and other closed settings, MSM, sex workers,
individuals with HIV, and children of mothers with chronic HCV infection, especially if
they are coinfected with HIV [85]. Additionally, general population testing is
recommended in settings with an HBsAg seroprevalence of 22% or an anti-HCV
antibody seroprevalence of 25%. In many LMICs, viral hepatitis testing relies primarily
on serological RDTs because of limited laboratory infrastructure and access to
molecular testing. Despite the existence of testing guidelines, HBV and HCV infections
remain underdiagnosed in LMICs. In 2019, diagnostic coverage was less than 30% in
all WHO regions except the Eastern Mediterranean region [1].

A lack of knowledge, low educational attainment and stigma are common
barriers to the uptake of viral hepatitis testing [86,87]. Specific populations, such as
PWID or people in prisons, have expressed concerns about confidentiality and

experiences of stigma [88,89]. At the provider level, barriers to offering HCV screening
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include time constraints, limited knowledge of HCV, and reluctance to discuss
behaviours associated with HCV exposure [90]. At the health system level, access to
referral hospitals is limited by geographical distance in many LMICs. Fragmented and
siloed programme structures, with limited communication between disease-specific
programmes (e.g. HIV, tuberculosis, and viral hepatitis), represent an additional
barrier, leading to missed opportunities for integrated screening and linkage to care.
Integrating viral hepatitis services into existing HIV, tuberculosis, antenatal care, or
harm reduction programmes has proven effective in improving testing uptake and
linkage to care [78,91,92].

The introduction of POC tests should improve access to testing in LMICs.
However, structural barriers, including those related to policy, regulation, the economy,
laboratories, training, and infrastructure, must be overcome to improve access to POC
testing [93]. Furthermore, LMICs suffer from a lack of funding to establish and
strengthen viral hepatitis programmes. The COVID-19 pandemic has exacerbated

existing barriers [94].

4.2. Innovative approaches to HBV and HCV testing

These common barriers, together with virus-specific diagnostic constraints,

have led to more streamlined and decentralised testing approaches.

4.2.1. Simplification of testing algorithms

HBV testing can be based on simple, inexpensive and reliable HBsAg RDTs.

However, simplified diagnostic pathways should also facilitate assessment of
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treatment eligibility by improving access to HBV DNA testing. Indeed, the increasing
availability of near-POC molecular platforms capable of quantifying HBV DNA, often
using the same instruments already deployed for HIV or tuberculosis programmes,
offers an opportunity to decentralise HBV care. Further reductions in assay costs and
broader implementation of simplified molecular testing strategies will be required to
expand access to antiviral treatment in LMICs.

HDV testing should also be integrated into the diagnostic pathway for
individuals who test positive for HBsAg. The true global burden of HDV infection is
unclear due to a lack of surveillance data, particularly in LMICs. In addition, prevalence
estimates differ substantially according to the populations studied, with population-
based screening studies generally reporting lower prevalence than hospital- or
hepatology clinic-based cohorts [95]. The exact prevalence of HDV infection among
people with chronic HBV infection therefore varies by region [96]. Reflex testing for
anti-HDV antibodies in all HBsAg-positive individuals, followed by HDV RNA testing in
those who are anti-HDV positive, could improve diagnosis and linkage to care [97].
However, access to both anti-HDV antibody testing and HDV RNA quantification
remains limited in many LMICs.

HCV testing involves two steps: first, screening for anti-HCV antibodies to
detect exposure; and second, detecting HCV RNA to confirm viremia. New sampling
approaches, such as the use of oral fluids or DBS, have the potential to simplify the
HCV screening process. The performance of oral fluid testing as an alternative to
finger-prick or venipuncture whole blood testing is equivalent to that of current
laboratory-based enzyme immunoassays for anti-HCV antibody testing [98].
Simplification also requires minimising the number of phlebotomy visits throughout the

HCV care process. DBS enables the high-performance detection of anti-HCV
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antibodies and the quantification of HCV RNA from the same sample [99]. Additionally,
qualitative nucleic acid testing would suffice for diagnosing active HCV infection. In
Thailand, a simplified test-and-treat strategy using qualitative nucleic acid testing
reduced costs from USD 65.7 to USD 48.6 [100]. Similar simplified testing strategies
have been evaluated in South Asia, particularly in Pakistan, with encouraging results
in large-scale screening programmes [101,102].

Access to and affordability of HCV confirmatory RNA testing remain challenging
in LMICs. Recently, a novel 15-minute near-POC qualitative PCR assay demonstrated
a limit of detection of 200 IU/mL, broad genotype coverage (genotypes 1 to 6), and
excellent preliminary diagnostic performance, supporting same-day molecular
confirmation of active HCV infection in decentralized settings [103]. HCV core antigen
testing provides an alternative method of detecting viraemic HCV infection.
Advantages of HCV core antigen testing include high performance [104], lower cost
per test, and faster turnaround time [105]. However, the most widely used HCV core
antigen assay requires a floor-standing immunoassay analyser. Further large-scale
implementation studies are needed to assess the relative utility, cost-effectiveness,
and challenges of using HCV core antigen testing instead of HCV RNA testing.
Combined antigen-antibody assays reduce the duration of HCV seronegativity
compared to current anti-HCV enzyme-linked immunosorbent assays during acute
infection [106], but their cost-effectiveness remains to be established. They may be
useful in populations at increased risk [107].

Qualitative HCV RNA testing from blood samples or DBS, as well as HCV core
antigen assays, require specialised infrastructure, which limits their use in LMICs.
Ideally, a POC diagnostic test for active HCV infection would provide results in less

than 20 minutes, enabling patients to receive their results while they are still present.
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This type of technology is essential for implementing test-and-treat care models.
Adopting one-step diagnostic approaches based on either HCV core antigen or HCV
RNA testing in settings with high HCV seroprevalence, or in specific subpopulations
(e.g. PWID and MSM), could simplify the care cascade and reduce loss to follow-up.

Overall, lessons from HIV programmes suggest that universal, opt-out
screening strategies could improve both case detection and linkage to care [2,78]. In
settings with a high prevalence of HBV infection, modelling studies suggest that one-
time universal HBsAg screening combined with linkage to vaccination and antiviral
treatment is likely to be cost-effective [108,109]. For HCV, integrating opt-out testing
into existing services, including emergency departments, primary care, and harm
reduction programmes, has been shown to increase testing uptake and linkage to care
[110,111]. However, implementation should be adapted to local epidemiology and

health system capacity.

4.2.2. Self-testing

Self-testing, in which individuals collect their own sample, perform a simple
RDT, and interpret the results, has the potential to increase uptake of viral hepatitis
screening, particularly among underserved and hard-to-reach populations [112].
Evidence supporting HCV self-testing has expanded substantially, whereas evidence
for HBV self-testing remains limited. Two systematic reviews have demonstrated the
feasibility and acceptability of HCV self-testing in various populations and settings
[112,113]. However, implementation studies have shown that, although self-testing
increases uptake, substantial losses can occur at the stage of confirmatory RNA

testing, highlighting the need to strengthen linkage to care and access to virological
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testing. Modelling studies also suggest that HCV self-testing is likely to be a cost-
effective strategy to support HCV elimination [114].

WHO recommends HCV self-testing as an additional testing approach, and the
first WHO-prequalified product became available in 2024, with at least four additional
HCV self-tests currently in development. The 2026 WHO consolidated guidance also
incorporates HBV self-testing, although evidence remains insufficient to support large-

scale implementation [115].

4.2.3. New POC technologies

Recent advances in POC and near-POC nucleic acid testing have the potential
to transform the diagnosis and care pathways of viral hepatitis in LMICs. Cartridge-
based molecular systems, which are already widely used for HIV and tuberculosis,
can provide relatively rapid detection of HCV RNA and HBV DNA. This enables same-
day diagnosis and facilitates “test-and-treat” approaches. These technologies could
reduce loss to follow-up associated with multi-step diagnostic algorithms, particularly
in decentralised settings. Integrating them into existing multi-disease platforms could
further improve efficiency by leveraging established laboratory networks. However,
challenges remain, including cost, infrastructure requirements, and competition with
other disease programmes.

For HBV, the availability of cartridge-based HBV DNA assays on existing multi-
disease molecular platforms represents an important advance. By leveraging
laboratory infrastructure already established for HIV and tuberculosis, these assays
could facilitate decentralised assessment of treatment eligibility while reducing the

need for referral to specialised laboratories.
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A rapid POC lateral-flow assay for the detection of anti-HDV antibodies in
serum or plasma was developed several years ago and showed promising preliminary
performance, with pan-genotypic reactivity and results available within 20 minutes
[116]. However, this assay has not progressed to widespread commercial availability.
Affordable, fully validated anti-HDV RDTs suitable for decentralised use remain an
important unmet need.

For HCV, an RDT detecting HCV core antigen is being developed as a
simplified alternative to the conventional two-step strategy based on anti-HCV
antibody screening followed by HCV RNA confirmation. The performance and cost-
effectiveness of the RDT are encouraging [117].

Several populations, such as PWID and MSM, are at increased risk of both viral
hepatitis and HIV. It is also crucial to detect these infections in women of childbearing
age due to the risk of MTCT. Multiplex POC assays based on blood or oral samples
allow simultaneous testing for HIV, HBV, and HCV from a single sample, with
satisfactory sensitivity and specificity [118].

Although no instrument-free platforms are currently available, several
technologies show potential for the simplified detection of HCV RNA. These include
RT-PCR and isothermal nucleic acid amplification technologies, some of which are
combined with CRISPR technologies [119]. In parallel, integrated multi-pathogen

testing platforms are also being developed.

4.2.4. Integrated, centralised and decentralised multi-disease

testing platforms
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At the health system level, these advances are increasingly being incorporated
into integrated multi-disease platforms, whether centralised or decentralised, which
could improve efficiency and expand access. However, robust collaboration between
national disease programmes and public health laboratories is required for this
integration to be successful. Mapping health facilities and their catchment areas is

therefore essential for the effective design and implementation of these platforms.

5. Treatment of HBV and HCV infection

5.1. Barriers to HBV and HCV treatment

Although several barriers to treatment are common to both HBV and HCV in
LMICs, there are key differences, particularly regarding lifelong therapy for HBV and
curative, short-course therapy for HCV. These barriers arise at various stages of the
treatment process, from initial eligibility assessment to long-term follow-up and

successful treatment outcomes.

5.1.1. Barriers to treatment implementation

Unlike HIV infection, for which antiretroviral therapy is recommended for all
individuals with confirmed infection, patients who test positive for HBsAg or anti-HCV
antibodies generally require additional evaluation before treatment initiation. This
includes HBV DNA quantification (although some simplified guidelines now
recommend treatment based on HBsAg positivity alone in selected settings) or

confirmation of active HCV infection by HCV RNA or HCV core antigen testing,
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together with an assessment of liver disease severity. This two-step diagnostic and
staging strategy complicates the viral hepatitis care cascade. Furthermore, as these
treatment criteria are laboratory-based, it is challenging to assess liver disease in
remote areas. The WHO has recently recommended a simplified strategy for settings
with limited resources that does not require an assessment of HBV DNA, instead
relying on ALT levels to indicate treatment. While broader treatment eligibility criteria
simplify treatment pathways, they also increase the number of patients eligible for
treatment. Currently, access to viral hepatitis treatment in LMICs is limited to large
cities, where it is provided by specialists in national hospitals or private clinics. The
time and cost of travelling to these cities is considered a major barrier to accessing

treatment [120].

5.1.2. Barriers to treatment access

Even when patients can be identified and staged correctly, access to antiviral
therapy is uneven across LMICs. Although prices have decreased, largely owing to
the availability of generic formulations, affordable HCV DAAs remain inaccessible in
several countries. [121]. Furthermore, despite being included in the Medicines Patent
Pool, access to certain regimens, such as glecaprevir/pibrentasvir, remains limited in
many LMICs due to the lack of widely available generic formulations.

Although some barriers, including drug affordability, limited healthcare
infrastructure and weak linkage to care, affect both HBV and HCV infection, other
barriers are virus-specific. In LMICs, limited access to HCV DAA therapy is partly due
to a lack of government and international funding. Furthermore, delays in or lack of

regulatory approval for antiviral therapies pose an additional barrier. The perception
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that PWID are less likely to adhere to treatment remains an important barrier to care,
despite evidence showing high adherence to both lifelong HIV therapy and short-
course HCV treatment [76,122]. Modelling analyses suggest that treating HCV in
PWID is both effective and cost-effective [122,123]. Furthermore, the requirement to
abstain from alcohol in order to access HCV DAAs is not based on scientific evidence,

thereby restricting access to care [122].

5.1.3. Barriers to treatment follow-up

For HBV in particular, access to treatment must also be considered in the
context of the long-term follow-up required for lifelong therapy. High rates of loss to
follow-up have been reported in longitudinal cohorts, particularly in sub-Saharan Africa
[124-126]. The main barriers to long-term follow-up include out-of-pocket costs,

transportation difficulties, and limited access to viral hepatitis care.

5.1.4. Barriers to successful treatment

The effectiveness of treatment may also be compromised by several virological
and behavioural factors.

HBV antiviral therapy with nucleoside/nucleotide analogues requires lifelong
treatment. Viral resistance is now very rare with the third generation of antiviral agents,
such as entecavir and tenofovir. However, because these drugs are not universally
available as generics in LMICs, older nucleos(t)ide analogues are still used in some

settings, increasing the risk of antiviral resistance [127,128].
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HCV DAAs have been developed against the HCV genotypes most prevalent
in high-income countries. Recent studies have shown that a substantial proportion of
people with HCV infection in parts of Asia and Africa harbour HCV subtypes that are
“‘unusual” in the populations in which most DAA regimens were originally developed.
Some of these subtypes may carry polymorphisms that reduce susceptibility to HCV
DAAs, resulting in treatment failure [129-133].

HCV reinfection may occur among PWID and people living with HIV due to
several factors, including the expansion of HIV pre-exposure prophylaxis (PrEP) and
continued high-risk behaviours. Strengthening the prospective surveillance of
individuals who have achieved SVR and who have risk factors for reinfection is
important, as high reinfection rates can hinder viral micro-elimination in harm reduction

settings [134-136].

5.1.5. Barriers related to comorbidities and associated liver

diseases

Comorbid conditions and complications also influence long-term outcomes in
chronic viral hepatitis. Metabolic-associated steatotic liver disease (MASLD) is
becoming increasingly prevalent worldwide because of the global increase in diabetes
and obesity. MASLD has been associated with liver disease progression in people
with chronic HBV infection [137,138]. The presence of steatotic liver disease should
not preclude consideration of HBV antiviral therapy according to current treatment
recommendations. However, identifying patients with MASLD can be difficult due to
limited access to reliable steatosis markers (e.g., elastography). Diabetes and obesity

are also associated with liver disease progression in people who have achieved HCV
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cure with DAA therapy [139]. Alongside viral hepatitis, managing diabetes is essential,
as simple interventions can influence the progression of liver disease [140].

Approximately 4.5% of HBsAg-positive individuals and 16.4% of patients
attending hepatology clinics are estimated to be infected with HDV [95]. HDV infection
is particularly prevalent in Mongolia, the Republic of Moldova, and countries in West
and Central Africa. Populations at increased risk include PWID, haemodialysis
patients, MSM, sex workers, and people living with HIV or HCV. Access to HDV RNA
quantification remains limited and costly in many LMICs, complicating confirmation of
active infection and treatment monitoring. Recent studies from Catalonia, the United
States, and Sweden have similarly highlighted major gaps throughout the HDV
cascade of care, including low rates of anti-HDV testing among HBsAg-positive
individuals, limited access to HDV RNA testing, and substantial attrition before
specialist assessment and treatment [141-143]. The recent approval of bulevirtide in
the United States, following its approval in Europe and other regions, further
strengthens the need to systematically screen HBsAg-positive individuals for HDV
infection, so that eligible patients can be identified and linked to treatment. Final results
from a phase 3 ftrial confirmed the efficacy and acceptable safety of prolonged
bulevirtide monotherapy for up to 144 weeks, although its cost, daily subcutaneous
administration, need for prolonged treatment, and virological monitoring requirements
will probably continue to limit access in many LMICs [144,145].

Treatment of HBV and HCV does not eliminate the risk of HCC, particularly in
patients with cirrhosis. Surveillance for liver cancer requires an abdominal ultrasound
every 6 months, which can be challenging in remote areas where there is no access

to radiologists or sonographers. The survival rate for HCC patients in LMICs is poor,
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highlighting the need for strategies that can be implemented at a local level to deliver

HCC surveillance and provide early treatment [124,146].

5.2. Innovations in antiviral therapy

These barriers have prompted a variety of innovations across the care cascade,
including simplified treatment eligibility assessments and monitoring, decentralised

care models, and new antiviral agents.

5.2.1. Innovations addressing barriers to treatment eligibility

Determining eligibility for anti-HBV treatment remains challenging, particularly
in LMICs. Simplified approaches that omit HBV DNA quantification have therefore
been introduced. The Treatment Eligibility in Africa for the Hepatitis B Virus (TREAT-
B) score considers only the ALT level and HBeAg serostatus [147]. This score has
been evaluated in several regions and has demonstrated moderate to high
performance in determining treatment eligibility among treatment-naive patients with
chronic hepatitis B [147]. The Hepatitis B in Africa Collaborative Network (HEPSANET)
score uses platelet count, AST, and ALT levels, achieving a sensitivity and specificity
of 78% and 87%, respectively, in identifying treatment-eligible individuals [148].

Inspired by the “treat all* strategy used for HIV, a similar approach has been
recommended for chronic HBV infection. However, this could potentially overburden
health facilities when antiviral therapy is only required by certain patient groups to
prevent cirrhosis, its complications, and HCC. Comprehensive algorithms, such as the

EASL 2025 criteria [149], or simplified algorithms, such as the TREAT-B [148] or WHO
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2024 criteria [38], may be more effective than the “treat all strategy in reducing the
burden of HBV-related disease. However, their cost-effectiveness remains uncertain
[150].

For HCV, the availability of pangenotypic DAA regimens has eliminated the
need for routine pretreatment genotyping, greatly simplifying treatment delivery in
LMICs. Shifting care tasks to non-specialists is recommended, as treatment outcomes

are comparable to those provided by specialists [83].

5.2.2. Innovations simplifying treatment delivery and monitoring

For HBV, decentralisation of care and task shifting to non-specialist healthcare
providers are increasingly recognised as effective strategies to expand treatment
coverage in LMICs. Simplified follow-up algorithms and integration of HBV care into
existing HIV and primary healthcare programmes may further improve long-term
retention in care while reducing the burden on specialist services.

The feasibility of simplified HCV treatment monitoring has been assessed in a
clinical trial. A phase 3, open-label, randomised, controlled trial compared a simplified
approach involving two clinic visits and two telephone consultations with the study
nurse to a control approach involving three clinic visits and two telephone
consultations. The simplified strategy did not demonstrate non-inferiority [151]. The
MINMON approach, which included no pre-treatment HCV genotyping and the
administration of the entire treatment course at once (with no scheduled visits or
laboratory monitoring) and two points of remote contact, resulted in 95% of enrolled
patients achieving a sustained virological response [152]. This approach appears

particularly well suited to HCV treatment in LMICs.
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5.2.3. Emerging antiviral strategies

Tenofovir alafenamide (TAF) is now available to treat chronic hepatitis B and is
as effective as tenofovir disoproxil fumarate, but has a more favourable renal and bone
safety profile [153,154]. To date, no TAF resistance has been reported [155]. Despite
the lack of high-quality safety data in LMICs, adverse events related to tenofovir
disoproxil fumarate or entecavir appear to be rare. This raises questions about the
value of expanding access to TAF in LMICs [156].

New HBYV therapies currently in late-stage clinical development may enable
some patients to achieve sustained HBsAg loss after finite treatment. Recent phase
Il data with the antisense oligonucleotide bepirovirsen represent the first
demonstration that this strategy can achieve functional cure in a proportion of patients
with low baseline HBsAg level [157,158]. However, participation in phase 2 or 3 clinical
trials for new chronic hepatitis B therapies is almost non-existent among patients in
sub-Saharan Africa. Only 1.0% of clinical trials involve the WHO African region [159].

Beyond current oral therapies, long-acting antiviral technologies are being
developed for both HBV and HCV [160-163]. However, important considerations
include the costs associated with their more complex manufacturing process and the
time required for approval. Additionally, drug resistance at the end of long dosing
intervals is a potential concern [163]. Long-acting regimens have the potential to
transform the “test and treat” approach to HCV. They have demonstrated the capacity
to suppress HBV replication for several months in experimental models [164—166].

Their ability to reduce cccDNA is still under investigation. It is unclear whether a long-
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acting anti-HBV drug could facilitate the scaling up of anti-HBV treatment in LMICs
[167].

However, technological and therapeutic innovations alone are unlikely to
succeed without broader changes to the health system that facilitate the delivery,

uptake and retention of care.

6. Improving health systems

6.1. Simplification, decentralization, and task-sharing

Many of the barriers described above stem not only from limitations in tools, but
also from the organisation of health services. Strengthening health systems is
therefore essential to translate innovation into impact.

Several studies have evaluated the effectiveness of public health strategies
aimed at improving HBV and HCV testing and linkage to care. Community-based
interventions, patient navigation, decentralisation, and task sharing can improve
testing and linkage to care [168,169]. Recent global modelling analyses also suggest
that maintaining treatment scale-up requires sustained case finding as the pool of
previously diagnosed untreated individuals becomes depleted [170]. Interventions
involving community-based organisations, peer mentoring, and financial incentives
can also enhance the HCV care continuum [171,172]. Decentralising viral hepatitis
care, particularly in rural areas, is essential for improving access to HCV testing. A
simplified HCV care model involving RDTs, HCV RNA detection using a near-care
assay, and non-specialist clinical staff has been demonstrated to be feasible within a

rural Cambodian public health system [173]. Similar decentralised care models have



885

886

887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

902

903

904

905

906

907

908

909

been implemented in Southeast Asia, including in Myanmar and Vietnam [73,174,175].
A systematic review highlighted that the decentralisation and integration of HCV care
into harm reduction sites or primary care settings is associated with improved access
to testing and linkage to care [83]. Building on these approaches, micro-elimination
strategies targeting populations at increased risk, such as PWID, using integrated
“one-stop” models that combine testing, treatment, and harm reduction services at the
point of care, have shown promising results in settings with limited resources
[176,177]. Fingerstick whole blood DBS sampling is recognised as a valuable tool for

increasing access to HCV testing and linkage to care [178].

6.2. Integration of viral hepatitis with other programs

In many WHO regions, programmes for viral hepatitis, HIV, and tuberculosis
tend to operate as separate vertical structures, reflecting differences in the history of
diagnostic development, funding mechanisms, and diagnostic sample types.
Integrating viral hepatitis care into these programmes is a promising strategy for
improving the viral hepatitis care cascade. Advances in POC molecular diagnostics
for tuberculosis, HIV and HCV infection offer several opportunities for integrated,
multiplexed POC testing. These new technologies also enable non-specialist staff to
perform tests that would previously have required specialists. Integrating these
services could improve both the uptake and retention rates in target populations [179].

PWID face substantial structural barriers to accessing conventional healthcare
services despite a high burden of HIV, tuberculosis, and viral hepatitis. Integrated and
low-threshold screening and treatment services are therefore particularly important for

this population. Furthermore, the growing burden of non-communicable diseases,
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driven by the global increase in obesity and diabetes, suggests that patients with these
conditions could benefit from HCV screening at district hospitals. [180]. Women of
childbearing age are also at significant risk of transmitting HIV, HBV, and/or HCV to
their newborns [181]. In countries with high prevalence rates of these infections,
integrated multi-testing strategies could identify women of childbearing age with HIV,
HBV, and/or HCV and link them to care, thereby preventing MTCT. Further integration
efforts to increase adult HBV vaccination uptake could build on existing adult
vaccination platforms. However, integration strategies must be adapted to local

contexts, and careful implementation is essential for success.

6.3. Implementation

The effectiveness of the above strategies may be limited by cultural and
structural barriers. Incorporating an acceptability component into implementation
research is essential for identifying barriers and facilitators associated with potential
interventions and mitigating risks. Qualitative research exploring patient and provider
perspectives on testing strategies, including sampling methods and testing locations,
is also needed. Furthermore, training healthcare workers in viral hepatitis is crucial to

maximising the impact of these strategies [182].

7. Prevention and treatment of HCC

To prevent hepatitis-related mortality in LMICs, it is necessary to scale up

antiviral interventions and improve strategies for HCC prevention, surveillance, and

early diagnosis. Although the introduction of antiviral therapies has reduced the
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incidence of HCC, the risk remains, particularly among patients with cirrhosis and/or
other risk factors. The burden of HCC is particularly high in LMICs, where access to
curative and palliative therapies is limited, resulting in high mortality rates and a

substantial impairment of quality of life [124,146].

7.1. Primary prevention

Several prognostic scores have been developed in Asia and Europe to identify
people with chronic HBV infection who are at risk of HCC, but none have been
developed and validated in African populations [183-185]. Beyond viral hepatitis
prevention, primary HCC prevention also relies on education and reducing exposure
to aflatoxin B1. Efforts to prevent exposure to this carcinogen are critical, yet
awareness remains low [186]. Mobile technologies may represent an effective
approach to delivering educational messages, particularly in sub-Saharan Africa,
where 27% of adults (202 million people) are illiterate. Using biopesticides and
implementing comprehensive agricultural practices can limit aflatoxin contamination
and reduce HCC incidence by 10-29%, as demonstrated in China and Taiwan [187].
The Partnership for Aflatoxin Control in Africa aims to promote these practices [188].
Similar efforts to reduce exposure to environmental carcinogens are being explored in

Latin America.

7.2. Secondary prevention

In addition to reducing risk factors upstream, efforts are also needed to

strengthen secondary prevention by detecting HCC earlier. A prospective cohort study
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of patients with chronic hepatitis B, conducted at a tertiary referral centre in Senegal,
demonstrated high uptake of HCC surveillance. This included the use of abdominal
ultrasounds and advanced imaging techniques, such as four-phase computed
tomography, magnetic resonance imaging, or liver biopsies for lesions measuring at
least 1 cm in diameter [189]. However, decentralised strategies are essential to extend
HCC surveillance to eligible patients in remote areas. POC ultrasound is simple,
portable, and widely accepted. With appropriate training and validation, it could
improve access to HCC surveillance in rural areas [190]. Nevertheless, ultrasound
depends heavily on operator skill and machine quality, despite being safe and
inexpensive.

Several urinary metabolites have been validated as diagnostic markers for HCC
in the PROLIFICA project in Nigeria and The Gambia. However, their applicability
outside of these settings is limited due to the requirement for advanced analytical
techniques and ultra-low temperature storage [191]. The GALAD score, which is
based on serum biomarkers, has shown promise in improving the early detection of
HCC in patients with liver fibrosis and cirrhosis. However, its cost may hinder its
implementation at scale [192]. Prospective validation of the GALAD score for HCC
surveillance is currently underway in Vietnam and Saudi Arabia [193].

Overall, reframing elimination messaging around liver cancer prevention may

help increase political commitment, advocacy, and public engagement.

8. Lessons from successful elimination strategies in LMICs

Successful elimination efforts depend on a combination of simplified care

models, integration within existing health systems, sustainable financing, and robust
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political commitment. Despite ongoing challenges, several LMICs have shown that it
is possible to make rapid progress towards eliminating viral hepatitis. Egypt provides
one of the most compelling examples of successful large-scale hepatitis C elimination.
Through a government-led initiative combining mass screening, simplified diagnostic
algorithms, and widespread access to low-cost DAAs, more than 60 million individuals
were screened and millions treated within a few years [194]. In Rwanda, a national
programme integrating hepatitis services into primary healthcare and leveraging
existing HIV platforms has contributed to a substantial expansion in hepatitis B and C
testing and treatment [195,196]. Decentralisation of care, use of non-specialist
providers, and integration of laboratory services have been critical to improving access
in rural areas.

Mongolia has implemented a comprehensive national strategy targeting both
HBV and HCV, including population-based screening, linkage to care, and subsidised
antiviral treatment. Supported by strong public-private partnerships and innovative
financing mechanisms, the programme has been associated with substantial
increases in diagnosis and treatment coverage [197]. In Pakistan, the large-scale
implementation of hepatitis C screening, including pilot programmes using self-testing
and community-based approaches, has shown high acceptability and encouraging
levels of uptake [198]. However, these programmes also emphasised the importance
of strengthening confirmatory RNA testing and linkage to care to maximise the impact
of expanded screening. Overall, experiences from Asia, Latin America, and Eastern
Europe suggest that many successful elimination strategies can be adapted across
diverse LMIC settings, while acknowledging that implementation must remain context-

specific.
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Conclusion

Despite the availability of promising and increasingly accessible innovations,
this review highlights that major barriers to viral hepatitis elimination persist at every
step of the care cascade in LMICs. The WHO has set the ambitious goal of eliminating
viral hepatitis as a public health threat worldwide by 2030. At first glance, this goal
seems achievable, given the effective tools that have been developed (Figure 3).
However, significant gaps remain throughout the viral hepatitis care cascade, and high
rates of new infections and deaths are undermining the likelihood of achieving this
target.

While technological advancements are promising, sustained political
commitment and dedicated public funding are crucial to ensuring that people with viral
hepatitis have access to appropriate services. Communication around viral hepatitis
elimination could also be reframed through the lens of HCC prevention to attract
greater attention from stakeholders and funders. Such an approach may be
particularly relevant because chronic viral hepatitis often remains asymptomatic for
many years, whereas HCC is a severe and widely recognised complication that may
resonate more strongly with policy makers and funders. Integrating dedicated funding
within existing international financing mechanisms, such as the Global Fund, could
help countries address this challenge more effectively. Without targeted investments
to improve access to viral hepatitis screening and treatment tools in LMICs, the

disparity between high-income countries and LMICs is likely to continue to widen.
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acting antiviral; GAVI: Global Alliance for Vaccines and Immunisation; HBeAg:
hepatitis B e antigen; RDT: rapid diagnostic test; HBcrAg: hepatitis B core-related
antigen; PCR: polymerase chain reaction; LAMP: loop-mediated isothermal
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Domain | HBV | HCV
Impact targets
Incidence reduction (vs. 2015) 95% 80%
Mortality reduction (vs. 2015) 65% 65%

Incidence target

<2 per 100,000 population

<5 per 100,000 population

Mortality target

<4 per 100,000 population

<2 per 100,000 population

Service coverage targets

Infant hepatitis B vaccination 90% —
Timely hepatitis B birth-dose vaccination 90% —
Diagnosis 90% 90%
Treatment coverage among eligible individuals | 80% 80%

Blood safety

100% screening of blood donations

Injection safety

100% safe injections

Harm reduction

300 sterile needles/syringes per PWID per year
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Table 2. Current global coverage of key interventions required to achieve WHO 2030 viral hepatitis elimination targets. Adapted from

the 2026 Global Hepatitis Report [2]. *Values correspond to the latest WHO global estimates (2024 unless otherwise indicated).

Blood safety is based on the latest available global data (2018), and injection safety on the latest available global estimates (2011-

2015).

Intervention Indicator Global status (2024)* WHO target (2030)

HBYV prevention Tlme_ly h.epatltls B birth-dose 45%, 90%
vaccination
Thre_e—dgse infant hepatitis B 84% 90%
vaccination

HBV care cascade .Peoplle W|t_h chronic HBV 279, 90%
infection diagnosed
Eligible people with chronic
HBYV infection receiving 4% 80%
antiviral treatment

HCV care cascade P_eople with HCV infection 36% 90%
diagnosed
_Ellglb!e people with HCV 20% 80%
infection treated

Blood safety Blood donations screened for
transfusion-transmissible 98% 100%
infections

Injection safety Safg injections in health-care 96% 100%
settings

Harm reduction Needles and syringes
distributed per person who 35 300

injects drugs per year
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Step of care

Cross-cutting/system-

cascade Barrier HBV-specific aspects HCV-specific aspects level aspects Consequences
Prevention Limited access to e Birth dose delivery ¢ No vaccine available e Health system Ongoing transmission
(vaccination, harm | prevention tools challenges constraints

reduction) e Cold/controlled e Funding gaps

temperature chain
e Suboptimal vaccine

Policy barriers
Limited harm reduction

coverage coverage
MTCT prevention | Gaps in antenatal e Limited HBV DNA e Limited systematic HCV e Fragmented maternal | Continued vertical
screening and testing screening in pregnancy health services transmission

prophylaxis

e Suboptimal HBeAg-
based strategies

e Low antiviral
prophylaxis uptake

e Vaccine escape
mutations (HBV
genotype E)

¢ No approved treatment
during pregnancy

Limited integration

Limited access to

Testing e Reliance on HBsAg e Two-step diagnosis e Rural access barriers Low diagnosis rates
testing RDTs (antibody + RNA) e Stigma
e Limited access to e Limited access to HCV RNA | ¢ Low awareness

HBV DNA testing e Funding constraints

quantification
Complex e Treatment eligibility | ¢ Multi-step cascade leading | e Weak linkage systems | Drop-off across
diagnostic requires staging to loss to follow-up e Siloed programmes cascade
pathways

Across cascade

Loss to follow-up

e Occurrence at
testing, staging
e Sustained

engagement required

by lifelong therapy

¢ Amplified by multi-step
diagnosis

Weak referral systems
Limited patient
navigation

Low treatment
initiation and
retention
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Stigma and
criminalisation

Stigma around HBV
testing

Impact on pregnant
women and
antenatal care
uptake

Criminalisation and
stigmatisation of PWID
Barrier to harm reduction
and DAA access

Discrimination
Legal barriers

Reduced access to
services

Linkage to care Weak linkage Limited follow-up Particularly affects key Poor referral systems | Low treatment uptake
systems after diagnosis populations Limited integration
Exacerbated by diagnostic with other
complexity programmes
Treatment access | Limited access to Lifelong therapy e Limited access to DAAs Cost Low treatment
antivirals Variable access to e Lack of availability of Regulatory barriers coverage
TDF/TAF some regimens (e.g. Centralised care
glecaprevir/pibrentasvir)
e Unnecessary alcohol
abstinence
requirements
o PWID exclusion policies
Treatment and Retention Lifelong monitoring Reinfection risk in key Transport costs Poor long-term
follow-up challenges required populations Health system outcomes
constraints
Comorbidities and | Limited HDV underdiagnosis Persistent HCC risk post- Limited access to Increased morbidity
complications management Limited access to SVR in patients with diagnostics (e.g. and mortality
capacity HDV treatment cirrhosis elastography, imaging)

HCC risk
MASLD impact
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Step of care | . HBV-specific HCV-specific Cross-cutting/system- Expected potential
nnovation P P . : .
cascade applications applications level innovations impact
Prevention Improved vaccine e Birth dose - ¢ Integration into maternal | Increased vaccine
delivery optimization and child health coverage
e Controlled services
temperature chain
¢ Novel delivery
systems
(microneedle
patches, mucosal
vaccines)
e Conditional
incentives
e Tri-antigen vaccines
for
immunocompromised
patients
MTCT prevention o Treat-all approaches | e Universal HCV  Integration with Reduced MTCT
strategies ¢ HBeAg-based and screening in HIV/syphilis antenatal
HBV DNA-based pregnancy programmes
strategies e DAA treatment
e POC HBcrAg lateral during pregnancy
flow assay
Harm reduction scale- | ¢ HBV vaccination in e Micro-elimination | e Policy reform Reduced transmission
up PWID one-stop models e Decriminalisation
for PWID (testing, | ¢ Needle and syringe
treatment, and programmes
harm reductionat | ¢ OST/OAT
point of care)
Testing Simplified diagnostic e HBsAg RDT-based e One-step e Streamlined care Reduced loss to
algorithms strategies diagnosis (core pathways follow-up
antigen or RNA)
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Universal/opt-out

One-time HBsAg

Integrated opt-out

Linkage to vaccination

Increased case

screening screening in high- testing in and care detection
prevalence settings healthcare and
community
settings
Self-testing Self-test HBsAg kits First WHO- ¢ Improved acceptability Increased testing

prequalified HCV
self-test

Reduced stigma

uptake

Alternative sampling

DBS-based HBV

DBS and oral fluid

Easier sample collection

Expanded access

methods testing testing and transport
POC and near-POC Cartridge-based POC HCV RNA ¢ Integration with HIV/TB | Same-day diagnosis
molecular testing platforms and core antigen diagnostic platforms

LAMP and RPA platforms

isothermal assays

CRISPR-based
technologies

Multiplex testing

HBV/HIV integration

HCV/HIV
integration

Multi-disease testing
platforms

Improved efficiency

Linkage to care

Integrated care
models

Integration into HIV
and maternal care

Integration into
harm reduction
services

Patient navigation
Community-based
approaches
Integration with
noncommunicable
disease screening
(diabetes, obesity) at

Improved retention

district level
Treatment Simplified treatment TREAT-B Pan-genotypic e Task-shifting to non- Increased treatment
eligibility Simplified WHO DAAs specialists uptake
criteria No genotyping
Decentralised care Primary care-based Community-based | ¢ Task-sharing Improved access
HBV management HCV treatment e Decentralisation
Long-acting therapies Long-acting HBV Long-acting DAAs | ¢ Reduced visit frequency | Improved adherence
(future) agents in (concept) ¢ Potential for “test and
development treat” models
Monitoring and Simplified monitoring ALT-based MINMON ¢ Digital tools Improved retention
outcomes monitoring approach e Remote follow-up
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Reduced HBV DNA
testing frequency in
stable patients

Health systems

Integration across
programmes

Integration of HBV
vaccination into
SARS-CoV-
2/noncommunicable

Integration of
HCV screening
into tuberculosis
noncommunicable

National programme
integration
Sustainable financing
within Global Fund

disease platforms disease, and mechanisms
HBsAg screening in emergency Healthcare worker
blood banks programmes training

System strengthening
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Figure legends

Figure 1. Barriers to achieving viral hepatitis elimination targets through key
interventions. This figure illustrates the primary obstacles to achieving the key pillars
of the WHO's viral hepatitis elimination strategy. The percentages describe the
estimated global coverage for each intervention, based on data from the WHQO's 2026
Global Hepatitis Report [2]. The identified barriers include structural, technical and
social factors that hinder progress towards elimination in LMICs. HBV: hepatitis B
virus; HCV: hepatitis C virus; MTCT: mother-to-child transmission; HBeAg: hepatitis B
e antigen; RDT: rapid diagnostic test; GAVI: Global Alliance for Vaccines and

Immunisation. *2024 estimation.

Figure 2. Key innovations and strategies to accelerate viral hepatitis elimination.
The figure summarises current and emerging approaches that support the WHO viral
hepatitis elimination agenda. The interventions are organised according to three
complementary domains: cascade of care (orange); public health interventions (pink);
and comorbidities and complications (purple). Innovations include point-of-care
technologies, simplified treatment pathways, decentralised testing platforms and the
integration of hepatitis programmes. HBV: hepatitis B virus; HCV; hepatitis C virus;
HDV; hepatitis D virus; HCC: hepatocellular carcinoma; MTCT; mother-to-child
transmission; POC: point-of-care; RDT: rapid diagnostic test; HBcrAg; hepatitis B

core-related antigen. Created with BioRender.com.
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HBV vaccination / 84% HBV MTCT prevention / 45%*

Individual
Maternal education; socio-cultural background;
religion; household wealth; geographical
location; birth order; birth year; individual trust
in vaccination

Provider

Lack of knowledge regarding vaccine indications
and contraindications; inadequately trained
medical staff; lack of reminder systems for
missed vaccinations

System

Weak immunisation delivery systems; issues
with the cold chain and storage

Birth dose vaccine

Similar challenges to those of the 3-
dose HBV vaccine; timely
administration in rural areas, among
infants born outside of health
facilities, and on non-vaccination
days; paused GAVI support
Antiviral prophylaxis in
pregnancy

Expensive HBV DNA testing; low
sensitivity of HBeAg RDTs; limited
access

INTERVENTION

Blood safety / 98%
Injection safety / 96%
Harm reduction / 35

4%
Treatment / 20%

Implementation

Complex eligibility criteria; time and cost of
travelling to centralised care provision
Access

Drug cost; marginalised populations, including
migrants; lack of government and international
funding; lack of a registration process for antiviral
therapies; abstinence requirement for access to
HCV DAAs; centralised services

Follow-up

Out-of-pocket costs; transportation
Unsuccessful treatment

Drug resistance with older generations of HBV
therapy and with HCV DAAs in “unusual” HCV

Blood safety

Window periods of HBV and HCV
infection; RDTs used as the sole
screening method; limited
availability of nucleic acid testing;
occult infection

Injection safety

27% Access to syringes with sharps injury

protection and reuse prevention;

Testing / 36% knowledge and practice among

professionals
Individual Harm reduction
Lack of knowledge; low educational attainment; ~ Restrictive drug laws; limited needle

stigma and confidentiality concerns and syringe programmes and opioid
substitution

subtypes Provider

Comorbidities Time constraints; lack of specific knowledge about
Identification of patients with MAFLD and HDV HCV; discomfort in asking about risk behaviours
infection; surveillance for liver cancer System

Policy and funding gaps; weak laboratory capacity in
rural areas
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Simplified and decentralized care to overcome barriers
and accelerate viral hepatitis elimination in LMICs
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Cold chain issues, Cost of tests and drugs, Low health literacy, Lack of trained staff, Policy and frunding gaps, Key populations,
centralized services, | transportation, stigma and confidentiality time constraints, complex procedures, migrants, rural and
weak immunization limited funding concerns weak lab capacity fragmented programs remote communities
delivery
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Integrated, simplified and decentralized strategies can close care gaps

and accelerate viral hepatitis elimination in low- and middle-income countries.




