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Abstract: Hepatitis delta virus (HDV) infection is caused by a unique 
circular RNA virus that relies on both the hepatitis B virus (HBV) antigen 
and human host polymerases for its transmission and replication. HDV 
infection can be acquired simultaneously with HBV as a coinfection or 
as a superinfection in patients already chronically infected with HBV. 
Chronic HDV is the most severe and progressive form of viral hepa-
titis–induced liver disease, accounting for significant morbidity and 
mortality worldwide. Despite the severity of disease and poor clinical 
outcomes, there are few therapeutic options for the treatment of HDV 
infection. This article discusses the epidemiology of HDV globally and 
in the United States, the diagnosis and clinical course of HDV infection, 
and the current and future therapeutic options for the management of 
HDV infection. 

Almost 50 years after its discovery and despite tremendous prog-
ress in the management of chronic liver disease owing to hepati-
tis B virus (HBV) and hepatitis C virus advances, hepatitis delta 

virus (HDV) infection continues to affect 48 to 72 million people glob-
ally, remaining a significant burden of liver disease worldwide.1,2 HDV 
infection is caused by a defective satellite virus that requires hepatitis B 
surface antigen (HBsAg) from HBV to infect humans. Eight distinct 
genotypes of HDV exist, with genotype 1 being the most ubiquitous 
worldwide.2 Transmission occurs through parenteral exposure from 
infected individuals, and can occur as either a coinfection when acquired 
simultaneously with HBV or as a superinfection in chronic carriers of 
HBV.3 Infection with hepatitis delta leads to the most severe form of 
viral hepatitis–induced liver disease, with the most rapid progression to 
cirrhosis and hepatocellular carcinoma.4-6 

Despite the severity of clinical outcomes in HDV infection, there 
remains a paucity of data on its epidemiology as well as limited thera-
peutic options. For the first time in almost 3 decades since the discovery 
of interferons (IFNs), new therapies specifically for HDV are becoming 
commercially available to clinicians and their patients. This article aims 
to provide an overview of current global and US epidemiology of HDV 
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Table 1. Country-Specific Seroprevalence of HDV Among HBsAg-Positive Carriers

Country Study Design

Number of 
HBsAg-Positive 

Participants Screened

Seroprevalence of 
Anti-HDV Antibodies in 
HBsAg-Positive Cohort

Seroprevalence of Active 
HDV Infection in 

HBsAg-Positive Cohorta 

Africa

Central African Republic90 Prospective 181 10.00% –

Egypt91 Prospective 763 3.50% 36.40%

Ethiopia92 Prospective 1267 1.50% 0.90%

Libya93 Cross-sectional 162 2.50% –

Malawi94 Systematic review 133 1.50% 0%

Nigeria95 Cross-sectional 188 4.90% 9.00%

Somalia96 Cross-sectional 52 50% –

Tanzania97 Cross-sectional 118 0.60% –

Tunisia98 Retrospective 1615 2.00% 69.70%

Americas

Brazil99 Cross-sectional 787 13.50% –

Colombia100 Cross-sectional 173 5.20% –

United States
   Patel et al28

   Safaie et al26

Cross-sectional 
Retrospective

113
121

42.00%
3.30%

–
–

Asia

Afghanistan101 Cross-sectional 234 2.20% –

China102 Retrospective 3065 1.37% –

Georgia103 Cross-sectional 188 – 2.30%

India104 Retrospective 120 0.83% 100%

Iran105 Systematic review 5700 6.61% –

Israel106 Retrospective 8969 6.50% 23.00%

Japan107 Prospective 199 21.10% –

Pakistan108 Retrospective 96 88.81% 30.00%

Taiwan109 Prospective 2562 14.50% –

Turkey110 Retrospective 282 45.50% 56.90%

Vietnam111 Prospective 266 – 15.40%

Europe

Germany112 Review – 0%-7.40% 64.50%

Greece4 Prospective 4673 4.20% –

Italy113 Prospective 786 10.00% 77.80%

Slovenia114 Retrospective 1305 0.23% 66.66%

Switzerland
   Vieira Barbosa et al115 
   Genné, Rossi116 

Retrospective 
Cross-sectional

648
1699

7.10%
5.90%

70.00%
–

United Kingdom20 Retrospective 962 8.50% –

Oceania

Australia60 Retrospective 4407 4.10% –

HBsAg, hepatitis B surface antigen; HDV, hepatitis delta virus.
aBased on the subset of HBsAg-positive individuals tested for HDV RNA after confirmation of presence of anti-HDV antibodies.



510    Gastroenterology & Hepatology  Volume 18, Issue 9  September 2022 

L A N G E  E T  A L

infection, its clinical course, and future horizons in dis-
ease management and treatment. 

Epidemiology of Hepatitis Delta

Accurate global and country-specific prevalence of 
hepatitis delta remains elusive. Table 1 summarizes a 
selection of published country-specific estimates. Recent 
meta-analyses estimate that roughly 1% of the global 
general population and from 5% to 15% of HBV carriers 
have antibodies to HDV (anti-HDV).1,2 HDV is not 
distributed uniformly across the globe. Historically, HDV 
has been thought to be endemic mainly to Central Africa, 
the Amazon River Basin in South America, Eastern and 
Mediterranean Europe, the Middle East, and certain 
parts of Asia. Today, countries in Africa and Asia, such 
as Mongolia and Niger, carry the largest global burden 
of HDV infection.1,2,7 Universal HBV vaccination efforts 
initially led to a marked decline in HDV seroprevalence 
in younger HBsAg carriers from developed countries.2,8,9 
However, increased migration flows in the past decades 
have led to an increase in the spread of HDV infection, 
even in historically nonendemic regions of the world.9,10 In 
many countries, the main reservoirs for HDV are the local 
aging population with advanced liver disease and young 
immigrants from endemic countries with active chronic 
HDV infection.9 Immigration has also contributed 
to changing patterns in HDV genotype distribution 
worldwide. Although genotype 1 remains the most 
common, genotypes 5 to 7, which were once confined 
to African countries, have also been reported in certain 
regions of Europe.2 HDV genotypes 2 and 4 continue to 
be found primarily in Russia and East Asian countries.11-13 
Genotype 3, which leads to a more aggressive form of 
HDV with higher likelihood of fulminant hepatitis, is 
mainly found in South America.14-16

Risk factors for HDV infection include injection 
drug use, particularly in regions with low endemicity; his-
tory of HIV or hepatitis C virus infection; and exposure 
to blood or other bodily fluids of infected persons.1,2,17,18 
For medical and dental professionals, exposure to the 
blood, saliva, and nasopharyngeal secretions of an 
infected patient with HDV is a notable source of infec-
tion.19 In highly endemic regions as well as in the aging 
population, intrafamilial transmission and iatrogenic 
spread (eg, reusing needles) have also been shown to be 
routes of transmission.1,2,20,21 Given that HDV infection 
is typically associated with low HBV viremia (and low 
viremia is unlikely to lead to HBV transmission and 
therefore no HDV transmission), HDV is not commonly 
transmitted vertically from mother to offspring.22,23 Sex-
ual transmission of HDV is also considered to be infre-
quent, although not as rare as vertical transmission.24

Hepatitis Delta in the United States 
Although HDV infection is considered relatively uncom-
mon in the United States, surveillance data remain 
limited. Currently, the American Association for the 
Study of Liver Diseases (AASLD) guidelines recommend 
screening for high-risk HBsAg carriers rather than all 
patients with HBV infection,25 and HDV screening is 
rarely conducted even for persons who fall within the 
guidelines.26,27 Surveillance data are further limited by 
HDV infection not being a nationally reportable condi-
tion like other viral hepatitides and by clinicians in the 
United States having varied availability of RNA assays to 
quantify viral load.26,27 

A study examining data from a representative sam-
ple of the American noninstitutionalized population 
in the National Health and Nutrition Examination 
Survey estimated that 42% of adult HBsAg carriers in 
the United States are living with past or ongoing HDV 
infection.28 This estimate is not only significantly higher 
than previous reports using National Health and Nutri-
tion Examination Study data29 but also higher than 
studies in a variety of populations, including individuals 
who use injection drugs as well as health care–based and 
nationwide veteran cohorts. Most studies estimate the 
seroprevalence of hepatitis delta to be between 0.02% and 
11% among HBsAg-positive Americans.27,29-31 Aside from 
differing study populations, disparities in approximating 
the prevalence of HDV infection may also be attributed 
to the use of the DiaSorin anti-HDV enzyme-linked 
immunosorbent assay, which has a lower specificity than 
the quantitative microarray antibody capture assay.32

In the United States, HDV is predominantly found 
in high-risk groups such as persons who inject drugs or 
who immigrated from an HDV-endemic country.18,31,33-35 
Given inconsistent testing for HDV as well as emerging 
therapies for its treatment, more accurate surveillance 
data are needed worldwide and in the United States to 
implement proper policies for prevention, diagnosis, and 
management of hepatitis delta. 

Basic Virology 

HDV is the smallest animal virus, measuring 36 nm 
in diameter and possessing a single-stranded, circular 
RNA genome that structurally resembles that of plant 
viroids.36,37 The viral genome forms a rod-like confor-
mation owing to a high degree of self-complementar-
ity,38 and only encodes 1 protein, a hepatitis D antigen 
(HDAg) composed of 2 isoforms, a small 24 kilodalton 
(kDa) HDAg (S-HDAg) and a large 27 kDa HDAg 
(L-HDAg).38,39 Each isoform is coexpressed in an infected 
individual and has its own specific functions. Genetic 
studies of the hepatitis delta viral genome have revealed 
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significant sequence heterogeneity among different HDV 
isolates, leading to a broad classification into 8 distinct 
HDV genotypes.40 

The outer HBsAg glycoprotein of the HDV viral 
particle facilitates entry and exit into the host hepato-
cyte (Figure). The HDV entry into a new hepatocyte is 
facilitated by the binding preferences of HBsAg. First, a 
HBsAg loop attaches in a low-affinity manner to heparan 
sulfate proteoglycans on the hepatocyte surface. Then, the 
HBsAg pre-S1 domain binds to a hepatocyte bile acid 
transporter, sodium taurocholate cotransporting polypep-
tide (NTCP), in a high-affinity fashion, allowing HDV to 
enter the cell.41

Replication begins when the HDV RNA is trans-
located from the hepatocyte nucleus into the nucleolus, 
where human DNA polymerase II (Pol II), and likely 
DNA polymerase I, transcribes a long antigenomic strand 
of RNA.42 A ribozyme cleaves the strand into a monomer, 

allowing for annealment into a circular form.43,44 The 
genomic replication process is completed after the anti
genomic HBV RNA returns to the nucleus, where it is 
then transcribed back into genomic HBV RNA.45 

Subsequently, the HDAg proteins are encoded. First, 
Pol II transcribes a messenger RNA strand from genomic 
HDV RNA that encodes for the 195 amino acid (AA) 
S-HDAg protein.42 S-HDAg has been shown to have a 
positive feedback mechanism and promote more viral 
replication via recruitment of Pol II.46,47 Creation of 
L-HDAg, however, involves a more complex alteration of 
the replication process. The human adenosine deaminase 
acting on RNA 1 alters the UAG stop codon on the anti-
genic HDV RNA, changing the adenosine to inosine.48,49 
When the antigenomic HDV RNA is transcribed back 
into the genomic HDV RNA, the inosine is read as a 
guanine and translation is no longer halted at that site. 
The messenger RNA from this altered genomic strand 

Figure. Hepatitis delta virus life cycle and therapeutic targets.

HBsAg, hepatitis B surface antigen; HSPG, heparan sulfate proteoglycans; JAK, Janus kinase; L-HDAg, large hepatitis D antigen; NTCP, sodium 
taurocholate cotransporting polypeptide; RNP, ribonucleoprotein; S-HDAg, small hepatitis D antigen; STAT, signal transducer and activator of 
transcription.
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is then translated into a longer, 214 AA L-HDAg pro-
tein. Within the additional 19 AA at the C-terminal of 
L-HDAg resides a posttranscription modification signal. 
A hepatocyte farnesyltransferase recognizes this signal, 
adding a farnesyl lipid group to the L-HDAg protein in a 
process called farnesylation.50 This lipid group is essential 
for viral assembly, helping the HDV riboprotein com-
plex associate with the HBsAg proteins that will make 
up the viral envelope necessary for export out of the  
hepatocyte.51,52 

HDV’s use of host cell machinery for viral replica-
tion and assembly as well as the lipoprotein envelope of 
HBsAg for viral packaging and translocation into host 
cells results in a paucity of specific enzymatic functions 
for therapeutic target.53 Despite elucidation of the major 
steps of the viral life cycle, there are still many unknown 
facets, and future investigations on viral life cycle will help 
guide pharmacotherapeutic development. 

Diagnosis of Hepatitis Delta

Prior to making the diagnosis of HDV infection, con-
firmation of the presence of HBV infection by serologic 
markers (ie, HBsAg) is needed. Suppression of HBV rep-
lication may be present during active HDV infection, so 
low levels of HBV DNA should not preclude testing for 
HDV.22 Recommendations for whom to screen for HDV 
varies by the governing body. For instance, both the Euro-
pean Association for the Study of the Liver and the Asian 
Pacific Association for the Study of the Liver recommend 
screening for HDV in all persons with acute or chronic 
HBV infection.54,55 However, the AASLD recommends 
screening only at-risk HBsAg carriers, such as individu-
als who use injection drugs or are HIV-positive; people 
from HDV-endemic regions of the world; and HBsAg 
carriers with low HBV DNA levels but persistently ele-
vated alanine aminotransferase (ALT) levels regardless of 
whether they are on antinucleoside therapy.22,25 Despite 
these recommendations, screening for HDV is often 
not performed,4,27,31 highlighting the potential benefit of 
implementing automated or reflex testing.4,56 

Most diagnostic testing for hepatitis delta captures 
chronic rather than acute HDV infections. There are 2 
main blood tests used in clinical practice to screen for 
HDV infection: anti-HDV antibodies and HDV RNA. 
Hepatitis delta is initially identified through detection 
of total antibodies to HDV, with a positive test not dis-
tinguishing between a past or current infection. To con-
firm active infection and a clinical diagnosis, molecular 
hybridization or reverse transcription polymerase chain 
reaction can be used to detect the presence of HDV RNA 
qualitatively or quantitatively.17,56 Although time-con-
suming and not routinely used in the clinical setting, liver 

biopsy with immunohistochemical staining for HDAg is 
a suitable alternative to HDV RNA detection.17,57 How-
ever, confirmatory testing remains a challenge in many 
regions of the world. Qualitative assessments of HDV 
RNA, although not as informative of disease activity, may 
be more readily available than quantitative ones. Quan-
titative HDV RNA tests are becoming more available 
across research and clinical settings. 

After confirmatory testing of active, often chronic, 
HDV infection, differentiating between coinfection 
and superinfection is helpful for disease prognosis and 
management. Coinfection is diagnosed by simultaneous 
presence of serologic markers for both acute HBV and 
HDV infection. Depending on the timing of testing, 
immunoglobulin M antibody to hepatitis B core antigen 
(anti-HBc IgM) is usually the first to appear in serum fol-
lowed by anti-HDV IgM 2 weeks after symptom onset.57 
Establishing a diagnosis of HDV superinfection requires 
a positive test for anti-HDV IgM with presence of HDV 
RNA in addition to a negative test for anti-HBc IgM in 
HBsAg carriers. In addition, upon the development of a 
new positive HDV antibody test, superinfection can be 
suspected in those with known chronic HBV with previ-
ously negative HDV testing.

Clinical Course of Hepatitis Delta

As discussed previously, HDV infection can occur as 
either a coinfection or a superinfection with HBV. The 
initial clinical course for acute HDV is indistinguishable 
from that of other viral hepatitides. Symptoms typically 
begin 3 to 7 weeks following initial infection, and can 
be nonspecific, including fatigue, anorexia, nausea, and 
abdominal pain.17 In addition, patients can be completely 
asymptomatic, even during acute infection. Coinfection 
resolves in 80% of cases.1 On the other hand, the vast 
majority of superinfections progress to chronic HDV 
infection.1

The chronic form of HDV infection is associated 
with worse clinical outcomes than HBV monoinfection, 
often rapidly progressing to more severe liver disease. 

HDV infection also increases the risk of developing 
hepatocellular carcinoma and cirrhosis, which is already 
elevated from HBV infection.1,4,6,58,59 The mechanism 
by which this occurs remains unclear. Studies have also 
shown that HDV infection increases risk of undergoing 
liver transplant.18,60 In patients who progress to requiring 
salvage therapy, contemporary posttransplant outcomes 
are similar to those in HBV-monoinfected patients.61 
Variations in the severity of HDV infection may also be 
influenced by viral genotype. As mentioned previously, 
HDV genotype 3, predominant in the Amazon River 
Basin in Brazil, has a high chance of progression to 
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fulminant hepatitis,14,62 whereas genotypes 2 and 5 may 
present with overall more favorable disease outcomes than 
genotype 1.63

Current Available Treatments

Although antiviral polymerase treatments (ie, nucleoside 
analogues) are being used for treating HBV, they do not 
have specific efficacy for HDV. There is therefore no 
indication for isolated use of nucleoside analogues for 
the treatment of HDV, although control of active HBV 
infection and reduction of HBsAg levels would minimize 
the ability of HDV to complete its viral replication cycle. 
Outside the typical use of nucleoside analogues for the 
treatment of HBV, the AASLD recommends nucleoside 
analogue therapy for patients with HDV and low or 
suppressed HBV replication if they also have cirrhosis.25 
The European Association for the Study of the Liver rec-
ommends considering nucleoside analogue treatment in 
patients with HDV if they have HBV DNA levels greater 
than 2000 IU/mL.55 

To date, the only strategy that has led to a viral 
response is an immune-mediated approach targeting 
IFN α. As a result, current society guidelines, including 
those by the AASLD, recommend the use of pegylated 
IFN (PEG-IFN) α for the treatment of chronic HDV 
infection, despite the drug not having US Food and Drug 
Administration (FDA) approval for this use.25 Further-
more, although it is the only treatment option currently 
available in the United States, use of PEG-IFN α outside 
a clinical trial is limited by its significant safety profile 
as well as somewhat limited efficacy. PEG-IFN α for the 
treatment of HDV has been studied for treatment dura-
tions and follow-up periods ranging from 1 to 5 years as 
well as in combination with nucleoside/nucleotide ana-
logues and on its own. HDV virologic response ranged 
from 23% to 48%, with ALT response occurring in up to 
71% of study participants.64

Future Horizons

Exciting developments have been made over the past 
decade for the treatment of HDV. Current therapeutic 
approaches address distinct steps in the viral life cycle of 
HDV. As discussed, the pre-S1 domain of HBsAg binds 
to the bile acid transporter NTCP and allows for the 
entry of HDV into the host hepatocyte. Bulevirtide (BLV; 
Hepcludex, Gilead), formerly known as Myrcludex B, is 
a synthetic lipopeptide version of the pre-S1 domain, 
and competes with the HBsAg particle for binding to 
NTCP, thereby blocking viral entry.65 Another key piece 
of the HDV life cycle is the farnesylation of L-HDAg, 
which facilitates the association of the HDV riboprotein  

complex with HBsAg to form the complete viral parti-
cle. Lonafarnib (LNF; Zokinvy, Eiger) is a farnesyltrans-
ferase inhibitor first developed for potential oncologic 
use and has since been investigated in other farnesyla-
tion-dependent pathologies such as HDV and progeria, 
for which it is now approved for use by the FDA.66 
Nucleic acid polymers are antiviral agents that block the 
release of HBsAg and thus interfere with viral export. 
Finally, PEG-IFN λ, an IFN with fewer side effects than 
PEG-IFN α owing to its more specific binding to an 
IFN receptor highly expressed on hepatocytes, is under 
investigation for the treatment of HDV. In addition, the 
FDA has approved an important surrogate treatment 
endpoint that consists of a greater than or equal to 2 
log10 decline in HDV viral load and ALT normalization 
on treatment.67 The following sections provide a brief 
summary of data surrounding the use of these agents, 
with additional information in Table 2. 

Bulevirtide
BLV has been under investigation for the treatment 
of HDV over the past decade. In 2011, the initial trial 
(EudraCT2010-022776-31) began to evaluate the safety, 
tolerability, and pharmacokinetics of BLV (n=46; phase 
1), with both subcutaneous (SC) and intravenous (IV) 
routes of drug administration resulting in no serious side 
effects.68 Subsequently, the MYR-201 study (n=24; phase 
1b/2a; NCT02881008) compared tolerability as well as 
efficacy of patients taking BLV 2 mg SC daily, PEG-IFN 
α, or a combination of the two.69 The combination regi-
men had the most impressive decline in HDV RNA, with 
the majority of patients achieving HDV RNA negativity 
after 24 weeks of treatment. 

In the next study in the series, MYR-202 (n=120; 
phase 2b; NCT03546621), patients were pretreated with 
oral tenofovir disoproxil fumarate (TDF) 245 mg daily 
for 12 weeks and then started on a combination regi-
men of TDF with varying doses of BLV for 24 weeks.70 
Patients receiving BLV experienced a decline in ALT levels 
and liver stiffness, and the 10 mg regimen resulted in the 
largest decline in HDV RNA. However, after 12 weeks 
posttreatment and return to TDF monotherapy, the 
majority of BLV patients who had initially responded to 
treatment had a relapse in HDV RNA levels. 

MYR-203 (n=60; phase 2; NCT02888106), simi-
larly to MYR-201, compared different combinations of 
PEG-IFN α with BLV as well as BLV alone and PEG-
IFN α alone for 48 weeks.71 The patients were followed 
for an additional 24 weeks posttreatment to assess viral 
relapse. Consistent with the findings in MYR-201, the 
combination of BLV and PEG-IFN α proved synergistic 
and efficacious, with the majority of side effects related to 
PEG-IFN α. The higher-dose BLV combination regimen, 
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Table 2. Treatments for HDV Under Development 

Study (Phase)
and Number 
Enrolled Therapeutic Regimen(s) Viral Response 

Biochemical or 
Physiologic Response Adverse Effects 

MYR-201 
(1b/2a)69

n=24

(A) �BLV 2 mg SC QD for 24 weeks 

(B) �BLV 2 mg SC QD + PEG-IFN α 
180 µg SC weekly for 24 weeks

(C) �PEG-IFN α 180 µg SC weekly for 
24 weeks

HDV RNA undetectable  
at 24 weeks:
– 29% of group A
– 71% of group B
– 86% of group C

ALT normalization  
at 24 weeks:
– 75% of group A
– 14% of group B
– 13% of group C

Thrombocytopenia, 
lymphopenia, 
eosinophilia,  
neutropenia, 
increase in  
conjugated 
bilirubin 

MYR-202 
(2b)70 

n=120

All groups: pretreatment with TDF 
245 mg PO QD for 12 weeks

(A) �TDF continued + BLV 2 mg SC 
QD for 24 weeks

(B) �TDF continued + BLV 5 mg SC 
QD for 24 weeks

(C) �TDF continued + BLV 10 mg SC 
QD for 24 weeks

(D) �TDF continued for 24 weeks

HDV RNA reduction  
by 2 log10 or negativity  
at 24 weeks:
– 46% of group A
– 47% of group B
– 77% of group C
– 3% of group D

Relapse at 12 weeks  
posttreatment:
– 60% of group A responders
– 80% of group B responders
– 83% of group C responders

ALT normalization at 
14 weeks:
– 43% of group A
– 50% of group B
– 40% of group C
– 7% of group D

Mean liver stiffness 
at 24 weeks declined 
significantly in all 
BLV groups

Bilirubin elevations, 
posttreatment  
hepatitis  
exacerbations that 
self-resolved

MYR-203 (2)71 

n=60

(A) BLV 2 mg SC QD for 48 weeks 

(B) �BLV 2 mg SC QD + 180 µg  
PEG-IFN α SC weekly for 48 
weeks

(C) �BLV 5 mg SC QD + 180 µg  
PEG-IFN α SC weekly for 48 
weeks

(D) �180 µg PEG-IFN α SC weekly for 
48 weeks

Median HDV RNA log10 
reduction at 48 weeks:
– 1.30 in group A
– 4.81 in group B
– 5.59 in group C
– 2.84 in group D

Greatest persistent reduction 
of HDV RNA from baseline 
to 24 weeks posttreatment:
– 4.04 in group B

ALT normalization at 
48 weeks:
– 27% of group A
– 27% of group B
– 47% of group C
– 67% of group D

ALT normalization  
at 24 weeks  
posttreatment:
– 47% of group B 
Decline in all other 
groups

Bilirubin elevations

MYR-204 
(2b)72 

n=175

(A) �BLV 2 mg SC QD + 180 µg 
PEG-IFN α weekly for 48 weeks, 
followed by another 48 weeks of 
only BLV 2 mg SC QD

(B) �BLV 10 mg SC QD + 180 µg 
PEG-IFN α weekly for 48 weeks, 
followed by another 48 weeks of 
only BLV 10 mg SC QD

(C) �BLV 10 mg SC QD for 96 weeks 

(D) �PEG-IFN α 180 µg weekly for  
48 weeks

HDV RNA undetectable or 
100-fold drop:
– 88% in group A
– 92% in group B
– 72% in group C
– 38% in group D

Mean HDV RNA log10 
reduction at 24 weeks: 
– 3.78 in group A
– 4.11 in group B
– 2.68 in group C
– 2.01 in group D

ALT normalization  
at 24 weeks: 
– 30% of group A
– 24% of group B
– 50% of group C
– 13% of group D

Mainly owing to 
PEG-IFN α

MYR-301 (3)73

n=150

(A) �BLV 2 mg SC QD for 144 weeks

(B) �BLV 10 mg SC QD for 144 weeks

(C) �48 weeks of observation, followed 
by BLV 10 mg SC QD

HDV RNA 100-fold 
reduction at 24 weeks:
– 55.1% in group A
– 68% in group B
– 4% in group C

ALT normalization:  
– 53.1% of group A
– 38% of group B
– 5.9% of group C

Study in progress; 
not reported yet

(Table continues on following page)
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Study (Phase)
and Number 
Enrolled Therapeutic Regimen(s) Viral Response 

Biochemical or 
Physiologic Response Adverse Effects 

LOWR-1 (2)76

n=20

(A) �LNF 200 mg BID for 12 weeks

(B) �LNF 300 mg BID for 12 weeks

(C) �LNF 100 mg TID for 5 weeks

(D) �LNF 100 mg BID + PEG-IFN 
α 180 µg weekly for 8 weeks

(E) �LNF 100 mg BID + RTV 100 
mg QD for 8 weeks

Groups D and E exhibited 
the greatest drops in HDV 
RNA after 8 weeks of therapy 
(>2 log10)

HDV RNA levels returned 
to pretreatment levels by 
12 weeks posttreatment for 
majority of responders

ALT normalization 
occurred in groups  
D and E

High doses of 
LNF in mono-
therapy poorly 
tolerated

Anorexia, nausea, 
diarrhea, weight 
loss

LOWR-2 (2)77

n=55

10 regimens, including 5 high-dose 
regimens of LNF + RTV, 3 low-dose 
PO regimens of LNF + RTV, and 2 
low-dose combination regimens of 
LNF + RTV + PEG-IFN α

Combination therapy with 
PEG-IFN α showed most 
robust HDV RNA reduction

ALT normalization 
at 24 weeks in most 
patients on low-dose 
combination therapy

Anorexia,  
nausea, diarrhea, 
weight loss,  
thrombocytosis, 
anemia 

LOWR 
HDV-3
(2)78

n=21

(A) LNF 100 mg BID for 28 days

(B) LNF 200 mg BID for 28 days

HDV RNA reduction (log10) 
at 28 days:
– 0.73 in group A
– 1.54 in group B
– 0.13 in placebo group 

At 4 weeks posttreatment, 
HDV RNA levels returned to 
baseline in groups A and B

No significant 
changes in ALT

All regimens safe 
and tolerable

LOWR 
HDV-4
(2)79

n=15

Dose-escalation from LNF 50 mg 
BID + RTV to LNF 100 mg BID + 
RTV over 24 weeks

HDV RNA reduction (>2 
log10) at 24 weeks: 27% 
(4/15)

HDV RNA reduction (>2 
log10) at 48-week follow-up: 
20% (3/15)

ALT normalization 
at 24 weeks: 53% 

ALT normalization 
at 48-week  
follow-up: 0%

>50% of partic-
ipants required 
dose reduction 
owing to GI side 
effects

13% discontinued

REP 301 (2)84

n=12

3 stages:

(1) �REP 2139 500 mg IV weekly for 
15 weeks 

(2) �Combination therapy: REP 2139 
250 mg IV + PEG-IFN α 180 
µg SC weekly for 15 weeks

(3) �Monotherapy with PEG-IFN α 
180 µg weekly for 33 weeks

HDV RNA undetectable by 
end of treatment: 75% (9/12)

HDV RNA remained  
undetectable at 1-year 
follow-up: 78% (7/9)

ALT normalization 
at 1-year follow-up: 
– 75% (9/12)

Anemia, neutro-
penia, thrombo-
cytopenia, ALT/ 
AST elevations, 
bilirubin eleva
tions

LIMT 
(2)87

n=33

(A) �PEG-IFN λ 180 µg SC weekly 
for 48 weeks 

(B) �PEG-IFN λ 120 µg SC weekly 
for 48 weeks

HDV RNA reduction  
(>2 log10) at 48 weeks:
– 50% of group A
– 21% of group B

HDV RNA reduction  
(>2 log10) at 24 weeks 
posttreatment:
– 36% of group A
– 10% of group B

ALT normalization 
at 48 weeks:
– 14% of group A
– 11% of group B

ALT normalization 
at 24 weeks 
posttreatment:
– 36% of group A
– 26% of group B

Dizziness, 
headache, ALT/
AST elevations, 
bilirubin eleva- 
tions, flu-like 
symptoms

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BID, twice daily; BLV, bulevirtide; GI, gastrointestinal; HDV, hepatitis delta virus; IV, intravenous; LNF, 
lonafarnib; PEG-IFN, pegylated interferon; PO, orally; QD, once daily; RTV, ritonavir; SC, subcutaneous; TDF, tenofovir disoproxil fumarate; TID, 3 times daily. 

Table 2. (Continued) Treatments for HDV Under Development 
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containing 5 mg of BLV, showed the greatest decrease 
in HDV RNA immediately posttreatment. Furthermore, 
the lower-dose BLV combination regimen, containing 2 
mg of BLV, resulted in the greatest persistent reduction 
of HDV RNA from baseline to 24 weeks posttreatment 
cessation.

A follow-up study, MYR-204 (n=175; phase 2b; 
NCT03852433), has been in progress since 2019 to 
evaluate higher doses and longer courses of the BLV 
and PEG-IFN α combination.72 Although the high-dose 
combination regimen, containing 10 mg of BLV, again 
demonstrated the greatest decline in HDV RNA at 24 
weeks, the BLV 10 mg monotherapy group resulted 
in the most patients achieving normalization of their 
ALT levels in conjunction with a significant serologic 
response (≥2 log10 decrease from baseline or undetect-
able HDV RNA). 

Finally, a phase 3 trial (MYR-301; n=150; 
NCT03852719) was initiated in 2019 to assess the 
combined response measure used in MYR-204, namely 
to determine if patients demonstrated both a decrease 
in HDV RNA as well as normalization of ALT levels.73 
The experimental groups will receive 2 different doses 
of BLV for 144 weeks and be compared with a delayed 
treatment group that receives BLV 10 mg SC daily after 
an observational 48-week period. This study also aims to 
measure liver stiffness using elastography every 48 weeks 
for 240 weeks to better characterize the overall impact of 
BLV on the liver. Preliminary data at 24 weeks of treat-
ment showed significant decreases in HDV RNA in both 
experimental arms. The virologic response was slightly 
greater in the higher-dose regimen, but the 2 mg group 
demonstrated a faster and more sustained reduction 
in ALT levels. By 24 weeks, 53.1% of the 2 mg group 
had normal ALT levels compared with 38% of the 10 
mg group and 5.9% of the control group. Further data 
evaluating sustained virologic and biochemical response, 
as well as changes in markers of liver disease such as liver 
stiffness or evidence of portal hypertension, will become 
available in the near future. 

With promising early data from these investigations, 
BLV has already been conditionally approved as Hep-
cludex at a dose of 2 mg SC per day for the treatment 
of chronic HDV in adult patients with compensated 
liver disease and positive HDV viremia by the European 
Medicines Agency, and is being evaluated by the FDA for 
approval in the United States.67 Preliminary data from 
its use in Europe appear to confirm the previously stated 
study findings. When evaluating 133 patients receiving 
either BLV monotherapy or BLV with weekly PEG-
IFN α, the combination group saw a higher proportion 
of greater than 2 log10 decline of HDV RNA (94% in 
combination vs 68% in monotherapy) after 48 weeks of 

treatment.74 However, ALT normalization was higher in 
the monotherapy group (49% in monotherapy vs 36% 
in combination). Smaller studies of monotherapy in Italy, 
Austria, and Germany demonstrated similar findings. 
Longer-term follow-up data will help determine the best 
treatment regimen as well as which outcomes are ulti-
mately most beneficial to patients. 

Lonafarnib
As discussed previously, LNF is a farnesyl transferase 
inhibitor initially developed for potential oncologic 
applications. Its use for HDV was first trialed in a proof-
of-concept study (NCT01495585) that began enroll-
ment in 2012 and demonstrated an inverse correlation 
between LNF serum concentrations and HDV RNA 
serum levels.75 

Successive clinical trials have identified the dose, 
duration, and supplemental medications to maximize 
efficacy and minimize adverse effects of LNF treatment, 
which are predominantly gastrointestinal (GI) (anorexia, 
nausea, diarrhea, and weight loss). The LOWR-1 trial 
(n=20; phase 2; NCT02430181) compared a variety of 
combinations of LNF dosing with or without ritonavir 
(RTV) or PEG-IFN α.76 Although higher doses of LNF 
led to a more rapid reduction in HDV RNA, the higher 
doses were more poorly tolerated. Combining a low-dose 
LNF (100 mg twice daily [BID]) with RTV or PEG-IFN 
α allowed for a similar reduction in HDV RNA while 
minimizing adverse effects. However, this combination 
regimen proved ineffective in the long term, as the major-
ity of patients’ HDV RNA levels returned to pretreatment 
levels by 24 weeks posttreatment. 

The LOWR-2 study (n=55; phase 2; NCT02430194) 
further evaluated 10 combination regimens of LNF, RTV, 
and PEG-IFN α and found significant GI side effects 
with higher doses of LNF, as well as thrombocytosis 
and anemia. The study also determined that an all-oral 
regimen of lower-dose LNF and RTV was much better 
tolerated and effective at reducing HDV RNA, but that 
addition of PEG-IFN α was important for significantly 
reducing viral load.77 The LOWR HDV-3 study (n=21; 
phase 2) removed PEG-IFN α from the regimen and 
assessed the side effect profile of varying doses of once-
daily LNF with RTV 100 mg and found all regimens to 
be safe and tolerable.78 The LOWR HDV-4 study (n=15; 
phase 2; NCT01495585) had similar goals, but instead 
examined an escalating dose regimen of LNF.79 One-half 
of the study participants required a dose reduction owing 
to GI side effects, and only one-third of patients were able 
to reach the goal of receiving LNF 100 mg and RTV 100 
mg BID.

Although these studies were predominantly designed 
to identify tolerable dosing regimens, many also evaluated 
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HDV viral load response to treatment with the common 
endpoint of log10 decrease in viral load by 2 or more. Some 
treatment courses met this goal, but many that monitored 
patients posttreatment, such as those used in LOWR-1 
and LOWR-3, found evidence of viral relapse. There are 
now multiple phase 3 trials initiated to further assess the 
efficacy of LNF and monitor for a sustained response. The 
sixth iteration of the LOWR series (the fifth was with-
drawn owing to challenges in setting up the study) began 
recruiting in 2021 (goal n=30; NCT05229991).80,81 A 
once-daily dose of LNF 50 mg with RTV 200 mg will be 
given for 48 weeks, with a 24-week follow-up period. The 
2 primary outcome measures will be change in HDV viral 
load from baseline to the end of treatment and at the end 
of the follow-up period. D-LIVR, which has a separate 
matrix design and is partially double-blind and larger 
(goal n=400; NCT03719313), is in progress to evaluate 
the efficacy of LNF 50 mg BID and RTV 100 mg BID 
with and without PEG-IFN α.82 Flexibility in dosage and 
formulation of LNF will ultimately ameliorate adherence 
and tolerance in patients. 

Nucleic Acid Polymers
Nucleic acid polymers have also been evaluated for the 
treatment of HDV. REP 2139 is a nucleic acid polymer 
shown to clear HBsAg by blocking its release. It was 
evaluated in a phase 2 study in which 12 HDV patients 
were treated with 15 weeks of REP 2129 as monotherapy, 
followed by add-on PEG-IFN α for 15 weeks and then 
PEG-IFN α monotherapy for another 33 weeks.83 The 
study showed impressive HDV suppression rates of more 
than 80% during treatment. Furthermore, viral response 
was maintained in more than 50% of patients after 3.5 
years of follow-up. However, further larger studies are 
needed to validate these data.84

Pegylated Interferon Lambda
PEG-IFN λ is a novel type 3 IFN that binds to a unique 
receptor highly expressed on hepatocytes but much 
less so on extrahepatic cells such as hematopoietic and 
central nervous system cells. Its potential therapeutic use 
has been explored, first in HBV and hepatitis C virus. 
PEG-IFN λ has been previously shown to have a more 
tolerable and safe side effect profile than PEG-IFN α.85,86 
Its use for HDV was first investigated in 2016 in the 
LIMT study (n=33; phase 2; NCT02765802).87 LIMT 
randomized HDV patients to 2 doses of PEG-IFN λ for 
48 weeks; all patients received tenofovir or entecavir as 
well. At the end of treatment, 50% of patients in the 
high-dose (180 µg; n=14) and 21% of patients in the 
low-dose (120 µg; n=19) groups achieved a greater than 
2 log10 decline in HDV RNA. At 24 weeks posttreat-
ment, 36% of patients in the high-dose group had a 

sustained response, compared with 10% of patients in 
the low-dose group. Within the high-dose group, 4 out 
of 5 patients with a sustained response also had ALT 
normalization at 72 weeks. The medication was generally 
better tolerated than PEG-IFN α; however, hyperbiliru-
binemia and jaundice were noted predominantly among 
Pakistani patients, which will likely require further study.

The phase 3 study LIMT-2 (goal n=150; 
NCT05070364) will begin in 2022.88 This study will 
compare 48 weeks of treatment with the higher dose 
(180 µg weekly), followed by an additional 24 weeks of 
no treatment, and plans to provide the treatment regi-
men to the control group after 12 weeks of monitoring. 
All patients will receive additional treatment for HBV 
throughout the study period.

Combination Therapy
Given the unique mechanisms of each of the new 
therapeutics being evaluated, researchers are investi-
gating potential synergistic effects on viral response. 
The first of these trials, LIFT HDV (n=26; phase 2a; 
NCT03600714), began in 2018 and mirrors the earlier 
LOWR trials and the ongoing D-LIVR trial discussed 
previously.89 This study combined weekly PEG-IFN λ 
180 µg with LNF 50 mg BID and RTV 100 mg BID 
for 24 weeks of treatment. Initial end-of-treatment data 
showed 25 of 26 patients (96%) achieving a greater than 
2 log10 decline of HDV RNA, with mostly mild to mod-
erate adverse effects. These promising results highlight the 
need for future investigations to determine the optimal 
regimens for HDV. Combining medications with distinct 
therapeutic mechanisms may better aid in achieving the 
ultimate goal of finite treatment duration and superior 
antiviral efficacy.

Conclusion 

Although HDV is the most severe form of viral hepati-
tis, accurate data regarding its epidemiology and disease 
course are still somewhat limited as a result of suboptimal 
HDV screening practices. However, a deepened under-
standing of the viral life cycle of hepatitis delta has facil-
itated the development of promising therapeutics that 
may lead to effective and tolerable long-term treatments 
for patients living with HDV. With the advent of these 
new therapies, there is renewed hope for combating this 
devastating chronic liver disease that affects millions of 
people worldwide. Future research in the field should 
focus on improving the epidemiologic understanding of 
HDV in order to better identify patients at highest risk 
for disease and severe outcomes, as well as determine the 
most effective, tolerable combination treatment to help 
those patients. 
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