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H epatitis D is caused by hepatitis D virus (HDV), a small RNA
virus that depends on the hepatitis B virus (HBV) for en-
try into hepatocytes and for assembly and secretion of

newly formed virions. Therefore, HDV only infects people who are
also infected by HBV. HDV affects approximately 12 million to 72 mil-
lion persons worldwide.1-3 HDV infection may occur as an acute coin-
fection with HBV when both viruses are acquired together or as a
superinfection when HDV infects a person who has chronic HBV
infection.4 Acute HDV-HBV coinfection is followed by clearance of
both viruses in approximately 95% of patients, whereas more than
90% of HDV superinfection result in chronic HDV-HBV infection.
Compared with chronic hepatitis B alone, chronic hepatitis D is

associated with faster progression to cirrhosis and a higher inci-
dence of liver-related mortality once cirrhosis has established.1,5

HDV infection is transmitted through parenteral exposure such
as injection drug use, percutaneous exposure such as needlestick
injuries, or sexual exposure.6-8 The HBV vaccine prevents both HBV
and HDV infection, but there is no vaccine to prevent HDV infec-
tion in persons already infected with HBV. Currently, there are no
approved therapies for hepatitis D. Interferon alfa and its long-
acting formulation, pegylated interferon alfa, inhibit HDV replica-
tion, decrease liver inflammation and fibrosis, and improve sur-
vival; however, these effects are durable in only approximately 30%
of treated patients.9

IMPORTANCE Hepatitis D virus (HDV) infection occurs in association with hepatitis B virus
(HBV) infection and affects approximately 12 million to 72 million people worldwide. HDV
causes more rapid progression to cirrhosis and higher rates of hepatocellular carcinoma than
HBV alone or hepatitis C virus.

OBSERVATIONS HDV requires HBV to enter hepatocytes and to assemble and secrete new
virions. Acute HDV-HBV coinfection is followed by clearance of both viruses in approximately
95% of people, whereas HDV superinfection in an HBV-infected person results in chronic
HDV-HBV infection in more than 90% of infected patients. Chronic hepatitis D causes more
rapidly progressive liver disease than HBV alone. Approximately 30% to 70% of patients with
chronic hepatitis D have cirrhosis at diagnosis and more than 50% die of liver disease within
10 years of diagnosis. However, recent studies suggested that progression is variable and that
more than 50% of people may have an indolent course. Only approximately 20% to 50% of
people infected by hepatitis D have been diagnosed due to lack of awareness and limited
access to reliable diagnostic tests for the HDV antibody and HDV RNA. The HBV vaccine
prevents HDV infection by preventing HBV infection, but no vaccines are available to protect
those with established HBV infection against HDV. Interferon alfa inhibits HDV replication and
reduces the incidence of liver-related events such as liver decompensation, hepatocellular
carcinoma, liver transplant, or mortality from 8.5% per year to 3.3% per year. Adverse effects
from interferon alfa such as fatigue, depression, and bone marrow suppression are common.
HBV nucleos(t)ide analogues, such as entecavir or tenofovir, are ineffective against HDV.
Phase 3 randomized clinical trials of bulevirtide, which blocks entry of HDV into hepatocytes,
and lonafarnib, which interferes with HDV assembly, showed that compared with placebo or
observation, these therapies attained virological and biochemical response in up to 56% of
patients after 96 weeks of bulevirtide monotherapy and 19% after 48 weeks of lonafarnib,
ritonavir, and pegylated interferon alfa treatment.

CONCLUSIONS AND RELEVANCE HDV infection affects approximately 12 million to 72 million
people worldwide and is associated with more rapid progression to cirrhosis and liver failure
and higher rates of hepatocellular carcinoma than infection with HBV alone. Bulevirtide was
recently approved for HDV in Europe, whereas pegylated interferon alfa is the only treatment
available in most countries.
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This review summarizes current evidence regarding diagnosis
and treatment of HDV (Box).

Methods
A PubMed search was conducted for articles published in English
between January 1, 2013, and May 31, 2023, using the terms hepati-
tis D, hepatitis delta, and hepatitis D virus. References of retrieved
publications were reviewed for relevant articles. Of 1812 identified
articles, 386 including meta-analyses, randomized clinical trials,
prospective cohort studies, and other large observational studies
were reviewed. Higher-quality studies of the articles that had simi-
lar findings are reported herein. Data are summarized in this article.

Discussion
Virology
HDV was discovered in 1977 by Rizzetto and colleagues10 while ex-
amining human liver tissue for the hepatitis B core antigen. HDV may
have a long evolutionary history because several HDV-like viruses
have been identified in other animals including invertebrates such
as termites, suggesting that the first HDV may have originated mil-
lions of years ago.11,12

HDV is currently classified in the Deltavirus genus within the
Kolmioviridae family, and 8 genotypes have been identified.13 Its ge-
nome is a circular single-stranded RNA of about 1700 nucleotides.
It is the smallest pathogenic virus known to affect humans.14 Circu-
lating virions contain a single molecule of the genome, complexed
with the only HDV-encoded protein (hepatitis D antigen [HDAg]) and
enveloped by HBV surface antigens (HBsAg; Figure 1). HDV re-

quires coinfection with HBV for assembly and secretion, and entry
into hepatocytes occurs via interaction of the HBV surface protein
with sodium taurocholate co-transporting polypeptide, a receptor
on the hepatocyte membrane (Figure 1).9

HDV-RNA replication uses host RNA polymerases. HDAg (trans-
lated from HDV RNA) exists in 2 isoforms: the small HDAg, which ac-
tivates replication, and the large HDAg, which inhibits replication and
promotes virion packaging. The large HDAg has a C-terminal exten-
sion that contains a farnesylation signal allowing the addition of
a farnesyl group to facilitate virion assembly.9,15

HDV is not directly cytopathic and T-cell killing of infected he-
patocytes may be the major driver of HDV-induced liver damage.9

Epidemiology
The most common routes of infection in low- or low-middle–
income countries are exposure to contaminated needles, unsteril-
ized equipment during medical procedures, and sharing of contami-
nated household articles, such as toothbrushes. Approximately 70%
of new HDV transmission in developed countries is associated with
injection drug use and high-risk sexual practices.6-8,16

HDV infection has been reported worldwide. Prevalence of
HDV infection is less than 1% among the general population in
North America and Northern Europe and more than 2% in some
countries in sub-Saharan Africa, Central Asia, and Eastern Europe
(eFigure in the Supplement).1-3 The actual prevalence of HDV
infection in most countries is unknown because few population-
based studies have been performed. The countries with a high
prevalence of HDV include Benin, Gabon, Mauritania, Nauru, and
Mongolia.1-3 The prevalence of HDV among persons with HBsAg
varies from less than 2% in some western countries to approxi-
mately 40% in Mongolia.1-3 The prevalence of the HDV antibody
(anti-HDV) among adults with HBsAg in the US has ranged from
3.4% and 6% to 43%.17-19 The wide range in estimates reflects
uncertainty due to small studies or studies performed in selected
patient populations.

The prevalence of HDV infection is higher among patients with
advanced liver disease and among those at high risk of infection such
as persons who inject drugs and who are sex workers, men who have
sex with men, patients undergoing hemodialysis, and who are HIV
coinfected.3,20 In some countries such as Italy, prevalence of HDV
infection declined by more than 50% between 1987 and 2019 due
to universal HBV vaccination of newborns, but this decline was off-
set by immigration from countries where HDV infection is prevalent.21

Prevention
The HBV vaccine prevents HDV infection by preventing HBV infec-
tion. Combining the HBV vaccine and hepatitis B immunoglobulin
at birth prevents transmission of HBV and HDV from mothers with
HDV-HBV infection to their children. The HBV vaccine is also rec-
ommended for sexual and household contacts of persons with HDV
infection who are susceptible to HBV. However, no vaccine pro-
tects HBV-infected persons from HDV superinfection. Therefore, the
only preventive measure for patients with chronic HBV infection is
to avoid parenteral or sexual exposure to persons who are HDV-
infected.

A recent study in small animals suggested that vaccination using
antigens from both HBV and HDV, preS1 domain of HBsAg and large
HDAg, elicited antibodies that may be protective against HDV-HBV

Box. Frequently Asked Questions

Which Patients Should Be Tested for Hepatitis D?
Only people with hepatitis B and are positive for HB surface
antigen (HBsAg), should be tested for hepatitis D. Hepatitis D
testing should be performed in all persons who have tested
positive for HBsAg, particularly those with unexplained hepatitis
flares, active hepatitis, or rapid progression to cirrhosis despite low
HBV-DNA levels. Hepatitis D should also be tested in people living
in or emigrated from countries where hepatitis D is common and in
those with increased risk of exposure (eg, injection drug users,
men who have sex with men, household members of
HDV-infected persons).

How Is Hepatitis D Diagnosed?
Hepatitis D is diagnosed by blood test. Presence of hepatitis D
virus antibody (anti-HDV) indicates ongoing or past infection while
presence of hepatitis D virus RNA indicates ongoing infection.

How Can Hepatitis D Be Prevented?
Prevention of hepatitis B through HBV vaccination is the most
effective way to prevent hepatitis D. People with hepatitis D
should practice standard precautions such as avoiding sharing
razors and toothbrushes within the household. Sexual contacts
and household members of people with hepatitis D should be
screened for hepatitis B and receive HBV vaccination if they are
susceptible.
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coinfection and HDV superinfection in HBV-infected mice.22 This dis-
covery may facilitate HDV vaccine development for use in humans.

Manifestations and Outcomes of HDV Infection
Acute HDV-HBV coinfection may manifest as acute hepatitis, typi-
cally followed by clearance of both viruses, although the risk of acute
liver failure is higher in patients with acute HDV-HBV coinfection than
in patients with acute HBV monoinfection.4,23

HDV superinfection may manifest as acute hepatitis in a per-
son with previously undiagnosed chronic HBV infection or as an ex-
acerbation of chronic liver disease in a person with known chronic
hepatitis B. HDV superinfection typically results in chronic HDV-
HBV infection, defined as HDV viremia lasting more than 6 months;
however, spontaneous resolution of chronic HDV infection with in-
termittent or persistently undetectable HDV RNA was reported in
approximately 20% to 30% of patients, generally after many years
of infection.4 HBsAg loss has rarely been reported.24

HDV interferes with HBV replication.25 Therefore, most pa-
tients with chronic hepatitis D have low serum HBV-DNA levels.26

Nevertheless, chronic hepatitis D has an accelerated course with
more rapid progression to cirrhosis, and a higher incidence of liver-
related mortality and hepatocellular carcinoma than chronic hepa-
titis B infection alone. Approximately 30% to 70% of patients with
chronic hepatitis D had cirrhosis at diagnosis and 15% of 50% of
people with chronic hepatitis D who did not have cirrhosis at pre-
sentation developed cirrhosis within 5 years of diagnosis. More than
50% of people with chronic hepatitis D had liver-related mortality
within 10 years.5,27-29 People with chronic hepatitis D have variable
rates of disease progression.30-32 This heterogeneity is related in part
to selection bias, in which patients with advanced liver disease are
selectively included in studies. Heterogeneity in outcomes is also re-
lated to inclusion of patients based on positive results for anti-HDV
but not HDV RNA in some studies, and geographic region, which may
reflect differences in HDV genotype, host, and environmental factors.

Figure 1. Hepatitis D Virus (HDV) Structure, Life Cycle, and Antiviral Targets
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Circulating HDV virion comprises an envelope that consists of large (L), middle
(M), and small (S) HBV surface antigens (HBsAg) and a ribonucleoprotein with
genomic HDVRNA complexed with 2 isoforms of hepatitis D antigen (S-HDAg
and L-HDAg).

HDV enters hepatocytes through binding to sodium taurocholate
co-transporting polypeptide (NTCP). After entry, HDV ribonucleoprotein is
transported into the hepatocyte nucleus where the HDV RNA is replicated using
host enzymes. HDV messenger RNA (mRNA) is translated to S-HDAg and
L-HDAg hepatitis D antigens, which bind to HDV-RNA to form a
ribonucleoprotein. S-HDAg activates replication, whereas L-HDAg contains
a farnesylation signal, inhibits replication, and promotes virion assembly.

The ribonucleoprotein is coated with HBV surface proteins and the HDV virions
are secreted.

Bulevirtide is an entry inhibitor blocking interaction of HDV with its entry
receptor NTCP. Lonafarnib is an inhibitor of farnesyltransferase, which is
involved in the prenylation of the L-HDAg, an essential step in HDV particle
assembly. Pegylated interferon alfa and pegylated interferon lambda interact
with interferon (IFN) receptors on the hepatocyte. Both activate IFN-stimulated
genes and have antiviral and immunomodulatory activities. Nucleic acid
polymer blocks assembly and secretion of HBsAg subviral particles, leading to
decrease in circulating HBsAg levels, which may in turn inhibit HDV replication
through restoration of host immune control.
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In a study of 1576 patients with chronic hepatitis D from 15 coun-
tries, 7.5% to 30.4% of patients developed hepatic decompensa-
tion or hepatocellular carcinoma or required a liver transplant. Vari-
ability in outcomes was associated with the geographic region in
which the patients resided.30

Persistent HDV RNA has been consistently shown to be the most
important factor associated with progression to cirrhosis and with
mortality.32-35 Other factors associated with increased risk of liver
disease progression include HDV genotype (eg, genotype 1 is asso-
ciated with poorer outcomes than other genotypes),35 high serum
HBV-DNA levels, alcohol use (>2 drinks/d for men and >1 drink/d for
women), obesity, and diabetes.

A retrospective cohort study showed that the adjusted 5-year
risk of hepatocellular carcinoma was 13% in patients with cirrhosis
due to HDV-HBV infection vs 2% to 4% in those with HBV infec-
tion only.5 Three systematic reviews and meta-analyses showed
that chronic hepatitis D was associated with a 1.3- to 2.8-fold
increased risk of hepatocellular carcinoma compared with HBV
monoinfection.36-38

Diagnosis
Acute HDV-HBV coinfection is diagnosed by the simultaneous pres-
ence of HBsAg and IgM hepatitis B core antibody (IgM anti-HBc), and
HDV RNA (Figure 2A and Figure 3). Serum HDAg may be present
for only a few days. Therefore, if HDV-RNA assays are not available,
anti-HDV (total, IgG and IgM) may be the only marker of acute HDV-
HBV coinfection even though its appearance may be delayed for sev-
eral months. The diagnosis of HDV infection is confirmed by detec-
tion of HDV RNA in serum. The diagnostic workup should include
evaluation of other causes of acute hepatitis such as hepatitis A
and C, and drug-induced liver injury. Resolution of HBV infection is
indicated by disappearance of HBsAg and appearance of the hepa-
titis B surface antibody and by resolution of HDV infection by dis-
appearance of HDV RNA. HDV testing should be performed in pa-
tients with acute hepatitis B particularly those with acute liver failure
or risk factors for HDV infection.

HDV superinfection is characterized by the presence of HBsAg
but not IgM anti-HBc, and detection of anti-HDV and HDV RNA
(Figure 2B and Figure 3). The detection of HBsAg in a patient with

Figure 2. Profile of Acute HDV-HBV Coinfection and Superinfection in Persons Testing Positive for Hepatitis B Surface Antigens
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A, Coinfection of HDV and HBV usually manifests as an acute hepatitis.
Diagnosis is made by detection of HBsAg, HBV DNA, and IgM anti-HBc,
followed by detection of HDV RNA and anti-HDV. Serum HDAg may appear
early, but it is short-lived and difficult to detect. Anti-HDV appears late. If assays
for HDV RNA are not available, anti-HDV may be the only marker of recent HDV
infection, so follow-up testing may be needed to document seroconversion.
Coinfection is usually followed by recovery, with undetectable HBsAg, HBV
DNA, and HDV RNA in serum; development of anti-HBs; and persistent
detection of anti-HDV.

B, HDV superinfection may manifest as an acute hepatitis or an exacerbation of

chronic hepatitis B. Diagnosis is made by the detection of HDV RNA and
anti-HDV in a person who is positive for HBsAg but is negative for IgM anti-HBc.
HDV superinfection is often accompanied by a decrease in HBsAg levels and
HBV DNA levels but both HBV and HDV infection persist, and the person
remains positive for HBsAg, HBV DNA, anti-HDV, and HDV RNA.

ALT indicates alanine aminotransferase; IgM anti-HBc, IgM antibody to HB core
antigen; anti-HBs, HB surface antibodies; anti-HDV, antibody to HDV, HBsAg,
HB surface antigen; and HDAg, HD antigen.
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previously undiagnosed chronic HBV infection presenting with
symptoms of acute hepatitis may lead to an erroneous diagnosis
of acute hepatitis B if HDV testing is not performed. Patients with
chronic HBV infection may experience hepatitis flares due to
changes in the balance between HBV replication and host
immune control, increased alcohol use, hepatitis A and C, or drug-
induced liver injury. Those experiencing an unexplained hepatitis
flare or unexplained rapid progression to cirrhosis should be
tested for HDV superinfection. Patients with chronic HDV infec-
tion should be tested for hepatitis C and HIV infection, hepatitis A
immunity, and HBV replication (hepatitis B e antigen and HBV
DNA) and assessed for liver disease activity and fibrosis stage
(Figure 3). Serum marker panels (such as the aspartate amino-
transferase to platelet ratio index and fibrosis 4 markers [FIB-4];
age, aspartate aminotransferase, alanine aminotransferase, and
platelets) and elastography are widely used in assessing fibrosis in
liver diseases; however, threshold values for advanced fibrosis or
cirrhosis have not been validated for hepatitis D and liver biopsy
remains the most reliable method for fibrosis staging.39 All
patients with chronic hepatitis D should be monitored every 6 to
12 months with tests for blood cell counts, liver panel, HDV RNA
and HBV DNA, and assessment of fibrosis stage with noninvasive
tests every 2 to 3 years. Identifying patients with advanced fibro-
sis or cirrhosis is important because these patients require close
monitoring and screening for hepatocellular carcinoma and
esophageal varices.40

The performance of diagnostic tests for HDV is highly variable.
Because of the high-sequence heterogeneity of the HDV genome,
some HDV-RNA assays may yield false-negative results in up to 5%
of samples41 or underestimate viral load with certain genotypes, and
up to a 2-log10 (100-fold) difference in quantitative results have been
reported when the same sample was tested in different
laboratories.42,43

Screening
International guidelines for HDV screening vary from testing all
persons who have tested positive for HBsAg39 to only those at

high-risk of HDV infection or those with active liver disease
despite low or undetectable HBV-DNA levels.44,45 The American
Association for the Study of Liver Diseases HBV Guidelines44 rec-
ommend testing of persons who tested positive for HBsAg and
who are at high risk of HDV, including those with HIV infection,
persons who inject drugs, men who have sex with men, and immi-
grants from areas of high HDV endemicity. HDV screening rates
among persons who tested positive for HBsAg are low both in
the US (9%-13%), where risk-based screening is recommended,44

and in Europe (8%-35%), where universal screening is recom-
mended.39 This is likely due to low awareness of hepatitis D, a per-
ception that HDV infection is rare, or the belief that the patient is
at low risk of HDV infection. Low rates of screening may also be
due to lack of approved therapies, and limited access to reliable
and/or affordable HDV tests. With increased recognition that HDV
infection is underdiagnosed, despite causing more severe liver dis-
ease than HBV monoinfection, and with new treatment options
likely to be approved soon, many experts have recommended uni-
versal screening of persons who tested positive for HBsAg with
reflex anti-HDV testing, which if positive, is followed by HDV-RNA
testing. One study from Spain showed that implementation of
reflex testing for anti-HDV in patients with HBsAg increased
screening rates from 7.6% to 93%. Although the rate of anti-HDV
positivity remained stable, the reflex testing led to an increase in
number of patients diagnosed with HDV infection.46 Notably,
60% of those who tested positive had no known risk factors for
HDV infection. If universal testing is adopted, yearly retesting is
recommended for persons with HBsAg at increased risk of HDV
infection.39 A modeling study suggested that universal screening
is cost-effective for countries with low prevalence of HBV or high
prevalence of HDV but not for countries where HBV prevalence is
high and HDV prevalence is low.47 An alternative approach is tar-
geted screening as recommended by the American Association for
the Study of Liver Diseases.44 Other considerations that may influ-
ence the adoption of universal screening include the availability of
reliable and affordable tests, as well as effective, safe, and afford-
able treatment.

Figure 3. Diagnostic Algorithm of Hepatitis D Infection
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All persons who test positive for hepatitis B surface antigen (HBsAg), including
those with normal ALT levels, should have a 1-time screening for HDV by testing
for anti-HDV. If patients test positive for anti-HDV, they should undergo further
testing for HDV RNA to confirm ongoing infection. The 1-time HDV screening is
particularly important for those with risk factors for HDV infection or rapidly

progressive liver disease. People with ongoing risk of exposure to HDV should
be rescreened annually.
a If there is no access to HDV RNA assays, test for the presence of anti-HDV in

convalescent phase.
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Treatment
The primary goal of HDV treatment is to improve clinical outcomes
by preventing cirrhosis, hepatic decompensation, hepatocellular car-
cinoma, and liver-related mortality through inhibition of HDV rep-
lication and decreasing hepatic inflammation and fibrosis. Ideally,
the end point of HDV treatment is HBsAg seroclearance because this
has been associated with improved clinical outcomes and HBsAg is
necessary to complete the HDV life cycle.48 Suppression of HDV rep-
lication with undetectable HDV RNA 24 weeks after cessation of
treatment with pegylated interferon alfa was associated with im-
proved event-free survival even in patients with occasional virologi-
cal relapses during long-term follow-up.48,49 However, these end
points were achieved in only approximately 30% of patients who
received pegylated interferon alfa treatment.50 Based on data from
a small interferon alfa study,51 virological response defined as an HDV-
RNA decrease by 2 log10 or more (�100-fold) or undetectable HDV
RNA, together with biochemical response (normal alanine amino-
transferase) is considered a combined response. These definitions
of end points have been adopted by regulatory agencies to evalu-
ate new therapies.52

Currently, no treatments for hepatitis D are approved by the
US Food and Drug Administration. Interferon alfa and pegylated
interferon alfa have shown some efficacy in clinical trials. They
were approved for hepatitis B and hepatitis C but not for hepatitis
D. HBV nucleos(t)ide analogues inhibit HBV replication by inhibit-

ing HBV polymerase, but they do not inhibit HDV RNA replication,
which uses host enzymes.53-56 However, HBV nucleos(t)ide ana-
logues should be used in patients with chronic hepatitis D who have
indications for HBV treatment, ie, patients with cirrhosis and those
with high levels of HBV DNA (>2000 IU/mL) and elevated alanine
aminotransferase levels or liver fibrosis, unless the patient is receiv-
ing pegylated interferon alfa, which can inhibit both HBV and HDV
replication.39,44,45

Thus, therapies for hepatitis D are directed to deprive the virus
of functions necessary to complete its life cycle that are provided
by HBV or by the host.

Indications for HDV Treatment
All patients with chronic hepatitis D (HDV-RNA positive with el-
evated alanine aminotransferase levels or evidence of hepatic
fibrosis) should be considered for antiviral treatment when safe and
efficacious treatments are available (Table 1).39 Currently, peg-
ylated interferon alfa is the only HDV treatment that can be used off-
label in most countries. Patients with HDV viremia and evidence of
liver fibrosis with no decompensation and no contraindications
should be treated with pegylated interferon alfa-2a. In some
European countries, bulevirtide is available, but access and insur-
ance coverage vary, and optimal dose and duration remain unclear.
Results of phase 3 randomized clinical trials of bulevirtide and
lonafarnib may lead to expansion of treatment options for chronic

Table 1. Overview of Hepatitis D Treatment

Definitions of HDV treatment response
Virological
response

HDV RNA undetectable or decrease by ≥2 log10 from baseline

Biochemical
response

Normal alanine aminotransferase levels

Combined
response

Virological + biochemical response, HDV RNA undetectable or
decrease by ≥2 log10 from baseline, and normal alanine
aminotransferase levels

HDV treatment indication

Chronic hepatitis D (positive for HBsAg, anti-HDV, and HDV RNA) with elevated
alanine aminotransferase levels or evidence of fibrosis or cirrhosis on liver biopsy
or noninvasive tests
Currently available treatment

Name of drug Dose regimen Mechanism of action Adverse effects

Peginterferon
alfa-2a

180 μg/wk subcutaneously × 48 wk, provided there are no
contraindications to interferon (such as decompensated liver
disease)
Without HBV nucleos(t)ide analogues, used off-label, available
in most countries

Inhibits HDV-RNA replication via
enhancement of immune response
and/or direct antiviral effects

Fatigue, influenza-like symptoms,
decrease in white blood cell and
platelet counts, unmask or exacerbate
autoimmune illnesses, depression
Can cause hepatitis flares and serious
infections in patients with
decompensated liver disease

Bulevirtide 2 mg/d subcutaneously as long as there is benefit, with or
without HBV nucleos(t)ide analogues; not to be used in
decompensated liver disease
Approved by European Medicine Agency, availability and
accessibility varies among European countries

Block interaction of HBV surface
proteins on HDV viral particles with
sodium taurocholate co-transporting
polypeptide receptor for HDV entry
into hepatocytes

Increase in bile acid levels but rarely
associated with symptoms

Liver
transplant

Peginterferon alfa and bulevirtide should not be used in
decompensated liver disease
Patients with decompensated liver disease should be referred
for liver transplant evaluation

Removes infected and damaged liver
and replaces it with a healthy
uninfected liver

Death and complications associated
with major surgery
Risks associated with long-term use of
antirejection medications including
infections, kidney injury, hypertension,
and diabetes
Potential for acute and chronic rejection
Potential for HBV and HDV reinfection if
not adherent to prophylactic regimens
to prevent reinfection

Abbreviations: anti-HDV, antibody to hepatitis D antigen; HBsAg, hepatitis B surface antigen; HDV, hepatitis D virus.

Clinical Review & Education Review Hepatitis D: A Review

E6 JAMA Published online November 9, 2023 (Reprinted) jama.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Biblioteca Nacional de Salud y Seguridad Social user on 11/24/2023

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.23242


hepatitis D. Neither pegylated interferon alfa nor bulevirtide is rec-
ommended for patients with decompensated cirrhosis, and these
patients should be referred for liver transplant evaluation.

Interferon Alfa
Interferon inhibits HDV replication and activates immune re-
sponses to HDV (Figure 1). A randomized clinical trial in which 41
patients with chronic hepatitis D were randomized to 3 times weekly
subcutaneous injections of interferon alfa 9 mega units (MU) or 3
MU or no treatment for 48 weeks showed that the higher dose of
interferon alfa increased the proportion of patients with undetect-
able HDV RNA (71% vs 36% vs 0%) at the end of treatment57

(Table 2).54,55,57-63 At 12 years of follow-up, liver-related death or liver
transplants occurred in 2 of 14 patients treated with 9 MU doses com-
pared with 7 of 14 treated with 3-MU doses of interferon alfa and 7
of 13 untreated controls.51 Histological decrease in hepatic inflam-
mation and fibrosis and clinical improvement were observed in the
9-MU dose group despite persistent detection of HDV RNA con-
centration in particiant’s serum, although HDV-RNA levels were on
average at least 2 log10 lower than baseline.51

Efficacy of interferon alfa as well as pegylated interferon alfa
have been demonstrated in other randomized clinical trials
(Table 2).50 The Hep-Net–International Delta Hepatitis Interven-
tion Trial I (HIDIT-I) trial54 randomized 61 patients to pegylated in-
terferon alfa with adefovir or adefovir alone for 48 weeks. At the end
of treatment, 23% vs 0% patients who received combination therapy
vs adefovir had undetectable HDV RNA. The HIDIT-II trial random-
ized 120 patients to pegylated interferon alfa-2a with or without te-
nofovir for 96 weeks.55 Undetectable or a 2-log10 or more HDV-
RNA decrease was achieved in 48% of patients receiving both drugs
and 33% of patients receiving only pegylated interferon alfa-2a at
the end of treatment, and in 31% and 23%, respectively, at 24 weeks
after treatment. These trials showed that adding an HBV nucleo-
tide or extending treatment from 48 to 96 weeks did not increase
HDV-RNA response or prevent posttreatment relapse. In the HIDIT-II
trial, most patients with liver biopsies at week 96 had stable or im-
proved liver histology. Overall, randomized clinical trials and case se-
ries have shown that interferon alfa and pegylated interferon alfa
can inhibit HDV replication with approximately 30% of patients
achieving undetectable HDV RNA 24 weeks after treatment,50

although relapses can occur in up to 50% of patients after 10
years.49,64 Some case series found that repeated courses of inter-
feron alfa or extending treatment beyond 2 years might increase the
rate of attaining undetectable HBsAg, but this has not been dem-
onstrated in randomized clinical trials.65,66

Pegylated interferon alfa-2a is administered as weekly subcu-
taneous injections in doses of 180 μg for 48 weeks. It is associated
with adverse effects including fatigue, flu-like symptoms, depres-
sion, neutropenia, and thrombocytopenia and risk of inducing se-
vere hepatitis flare and exacerbation of underlying autoimmune ill-
nesses; it is contraindicated in decompensated liver disease because
of the risk of worsening liver failure due to hepatitis flares and seri-
ous infections.

Pegylated Interferon Lambda
Interferon lambda can induce antiviral activity similar to interferon
alfa (Figure 1), but unlike interferon alfa receptors, which are ex-
pressed on most cell types, interferon lambda receptors are largely

restricted to cells of epithelial origin.67 Pegylated interferon lambda
was better tolerated than pegylated interferon alfa in patients with
hepatitis B and hepatitis C, although it has not been approved for
either condition.68,69 The open label, phase 2 LIMT-158 clinical trial
evaluated pegylated interferon lambda for 48 weeks in 33 pa-
tients. At the 24-week follow-up, 36% and 16% of patients who re-
ceived 180 μg vs 120 μg weekly doses, respectively, had undetect-
able HDV RNA (Table 2). There were no significant changes in blood
cell counts and only 1 patient had mild depression, but 8 patients
(24%) discontinued treatment due to hyperbilirubinemia, which re-
solved during follow-up.

Bulevirtide
Bulevirtide is a lipopeptide corresponding to 47 amino acids of the
pre-S1 domain of HBsAg. It blocks the interaction between HDV (and
HBV) virions and their hepatocyte receptor sodium taurocholate co-
transporting polypeptide (Figure 1). Bulevirtide is administered as
daily subcutaneous injections and is well tolerated, although it is as-
sociated with small increases in bile acid levels. Phase 2 clinical trials
showed that up to 77% of patients achieved a 2-log10 or more de-
cline in or undetectable HDV-RNA levels after 24 weeks of 2-, 5-, or
10-mg daily doses of bulevirtide monotherapy, and higher rates of
virological response were observed when bulevirtide was com-
bined with pegylated interferon alfa (Table 2).59,70,71

The phase 3 MYR301 trial60 randomized 150 patients to either
bulevirtide monotherapy 2 mg daily for 144 weeks, bulevirtide mono-
therapy 10 mg daily for 144 weeks, or a comparator group that was
not treated during the first 48 weeks followed by treatment with
bulevirtide 10 mg daily for 96 weeks. At 48 weeks, a virological re-
sponse occurred in 71%, 76%, and 4%, biochemical response in 51%,
56%, and 12%, and combined response in 45%, 48%, and 2%, in
the groups receiving 2 mg or 10 mg of bulevirtide or no treatment,
respectively (Table 2). At 96 weeks, virological response (�2-log10

decrease in HDV RNA) occurred in 76% and 82%, undetectable HDV
RNA in 20% and 36%, biochemical response in 63% and 64%, and
combined response in 55% and 56% of patients in the 2 groups
treated with 2 mg and 10 mg of bulevirtide, respectively, at the start
of the trial.61 Serious adverse events occurred in 4% and 8%, re-
spectively. Serious adverse events included COVID-19, asthenia, cho-
lelithiasis, foot fracture, and pneumonia, none of which was re-
lated to study treatment. There was minimal change in HBsAg level.

In 2020, the European Medicines Agency provided condi-
tional approval of 2 mg of bulevirtide daily and standard approval
in July 2023, for maintenance therapy for patients with chronic hepa-
titis D and compensated liver disease benefitting from the drug, alone
or in combination with an HBV nucleos(t)ide analogue.72

The antiviral effect of 2-mg doses of bulevirtide monotherapy
has been confirmed in several observational studies in Europe, which
showed that more than 50% achieved a 2-log or more decrease in
HDV-RNA levels after 24 weeks of treatment, with some patients
achieving undetectable HDV RNA during extended treatment.73-75

The 2-mg doses of bulevirtide appeared safe in patients with com-
pensated cirrhosis and clinically significant portal hypertension.76

However, there remain many unanswered questions regarding bu-
levirtide’s exact mode of action, optimal dose, long-term safety, and
role of HBV nucleos(t)ide analogue therapy. Adding pegylated in-
terferon alfa consistently increased HDV virological response rates,
with approximately 5% of patients clearing HBsAg.70,71 These
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potential benefits need to be balanced against the adverse effects
of pegylated interferon alfa. Data from observational studies from
Europe suggest that bulevirtide may improve clinical outcomes in
patients with cirrhosis,74,76 but these data require confirmation.
There is a theoretical concern that hepatitis flares may occur after
bulevirtide is discontinued, but only one case has been reported de-
spite return of HDV viremia.

Lonafarnib
Lonafarnib is an oral drug that inhibits host farnesyltransferase
(Figure 1). Farnesyltransferase is involved in the prenylation of the
large HDAg, an essential step of HDV particle assembly.15 Lona-
farnib is approved in the US and the European Union for progeria.
Lonafarnib monotherapy has a dose-dependent antiviral effect, but
high doses were associated with severe gastrointestinal adverse ef-
fects (nausea, diarrhea, weight loss). This led to the combination of
a lower dose of lonafarnib with ritonavir, a cytochrome P450-3A4
inhibitor. This combination is intended to reduce adverse effects as-
sociated with lonafarnib while still attaining sufficiently high posta-
bsorption levels of lonafarnib for efficacy against HDV. In a phase 2
clinical trial77 of 55 participants, 50 mg of lonafarnib plus 100 mg of
ritonavir twice daily provided the highest rate of virological re-
sponse. The phase 3 Delta Liver Improvement and Virologic Re-
sponse (D-LIVR) trial62 randomized 407 participants to 4 groups:
lonafarnib plus ritonavir with or without pegylated interferon alfa,
pegylated interferon alfa monotherapy, and placebo for 48 weeks.
Preliminary results showed a combined response of 19%, 10%, 10%,
and 2% at the end of treatment and 26%, 16%, 15%, and 0%, re-
spectively, in the 4 treatment groups 24 weeks after treatment
(Table 2).

Nucleic Acid Polymer
REP-2139, nucleic acid polymer, is a methylated derivative of a phos-
phorothioate oligodeoxyribonucleotide that blocks release of HBsAg
particles from the liver into the bloodstream.78 In a phase 2 clinical
trial,63 12 patients received REP-2139 monotherapy followed by
therapy with REP-2139 combined with pegylated interferon alfa, fol-

lowed by pegylated interferon alfa monotherapy for a total of 63
weeks. At the end of treatment, 9 patients had undetectable HDV
RNA, and 1 had a combined response. One year after completing
therapy, 7 patients continued with undetectable HDV RNA and 6 had
a combined response. Marked alanine aminotransferase elevation
(>300 U/L) occurred in 4 patients (33%) during treatment.

Other Drugs in Development
Given that HDV is dependent on HBV, specifically the surface pro-
teins, and that both bulevirtide and lonafarnib have minimal ef-
fects on HBsAg levels, other drugs in clinical development such as
short-interfering RNA to block HBsAg production or antibodies and
other molecules to block binding of HBsAg to sodium taurocholate
co-transporting polypeptide are being evaluated as single thera-
pies and as part of combination therapies to increase rates of at-
taining sustained responses.

Limitations
This review has several limitations. First, some relevant articles may
have been missed. Second, a systematic review to formally evalu-
ate literature quality was not performed. Third, many studies on the
natural history of hepatitis D included small numbers of patients with
different inclusion criteria and variable follow-up duration. Results
may not be widely generalizable. Fourth, the sensitivity and speci-
ficity of HDV-RNA assays have improved over time, which affects in-
terpretation of data on HDV infection prevalence and the role of HDV
viremia on clinical outcomes.

Conclusions
HDV infection affects approximately 12 million to 72 million people
worldwide and is associated with more rapid progression to cirrho-
sis and liver failure and higher risk of hepatocellular carcinoma than
infection with HBV alone. Bulevirtide was recently approved in Eu-
rope, whereas pegylated interferon alfa is the only treatment avail-
able in most countries.
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