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Hepatitis D virus (HDV), also known as hepatitis delta virus, is a 
defective, hepatotropic pathogenic agent. The life cycle of HDV requires 
the hepatitis B surface antigen (HBsAg) provided by hepatitis B virus 

(HBV).1 Like HBV, HDV is transmitted by the parenteral route through infectious 
body fluids; intravenous drug users are at highest risk for infection because of 
contaminated syringes.2,3 Key features of the infection are its unique biologic 
characteristics and ominous medical effect. Clinical studies have shown that 
chronic hepatitis D is the most severe and progressive form of viral hepatitis in 
humans.2 The infection is ubiquitous, yet 40 years after it was identified, the 
prevalence remains undetermined in many parts of the world. In three recent 
meta-analyses, the number of HDV-infected persons worldwide ranged from 12 
million to 72 million, underscoring the heterogeneity of current epidemiologic 
data.3 Valid therapies to cure hepatitis D are an urgent need, and new therapeutic 
strategies are in development.

A Unique Hum a n Patho gen

HDV, the smallest viral pathogen infecting humans, has biologic features similar 
to those of the viroids of plants.4 It belongs to the genus deltavirus within the 
family of Kolmioviridae.5 Eight genotypes with 81 to 89% sequence homology and 
many subgenotypes have been identified.6 Genotype 1, the most widely distribut-
ed, predominates in Europe and North America. Genotype 3, present only in the 
Amazon basin, has been associated with outbreaks of fulminant hepatitis D,3 
whereas genotype 5, present in Africa, is associated with a more benign disease 
and has a better response to interferon than does the ubiquitous genotype 1.7

The genome is a circular, single-stranded RNA of approximately 1700 nucleo-
tides. It is too small to code for replicative enzymes or envelope proteins and codes 
only for a small, nonenzymatic protein, hepatitis delta antigen (HDAg).8 Three 
HDV RNA species are found in humans: a 1.7-kb genomic RNA in the virions, a 
complementary antigenomic RNA of positive polarity and the same size in the 
liver, and a 0.8-kb messenger RNA (mRNA) of antigenomic polarity in the liver; 
the mRNA contains an open reading frame for translation of HDAg. The genom-
ic and antigenomic RNAs contain a domain of approximately 100 nucleotides that 
acts as a ribozyme, cleaving the viral RNA at specific sites without the participa-
tion of viral encoded enzymes.9 Although in natural infections, intrahepatic HDV 
RNA replicates without assistance from HBV, HDV relies on HBV for all other 
functions of its life cycle, including viral packaging, infectivity, transmission, and 
inhibition of host immunity.2,8-12

Virions are heterogeneous particles that do not have a rigid structure, with a 
diameter of approximately 35 nm (Fig. 1A), enclosing a ribonucleoprotein made up 
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of multiple HDAg copies and a copy of the ge-
nome. The particles are coated by HBsAg pro-
teins derived from transcripts of covalently 
closed, circular HBV DNA, as well as from tran-
scripts of HBV DNA integrated into the host 
chromosomal DNA.10 No viral morphologic fea-
tures were observed on electron-microscopical 
examination of HDAg-positive liver cells; immu-
noelectron-microscopical examination of nuclei 
containing HDAg showed immunoreactive ag-
gregates of granular material with undefined 
outlines11 (Fig. S1 in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org). Propagation of HDV occurs through 
the binding of large HBsAg in the HDV coat to 
the sodium taurocholate cotransporting poly-
peptide.12 Large HBsAg contains an additional 
preS1 region with a myristoylated N terminal, 
which is essential for binding to the receptor on 
the liver surface. Hepadnaviruses other than 
HBV can support HDV infection; the virus has 
been transmitted to eastern woodchucks infect-
ed with the woodchuck hepatitis virus14 and to 
bats carrying hepadnaviruses that are antigeni-
cally related to HBV.15 However, the evolution of 
HDV has not been linked to hepadnaviruses. 
Many HDV-like viruses with no hepadnaviruses 
were recently discovered in distantly related spe-
cies such as fishes, birds, amphibians, and in-
vertebrates.16 The life cycle and replication cycle 
of HDV are shown in Figure 1B and 1C.8-13

Cur r en t Epidemiol o gic 
Scena r io

The prevalence of hepatitis D has changed in the 
past 25 years, reflecting the control of HBV in-
fection afforded by the worldwide implementa-
tion of HBV vaccination programs.3 These pro-
grams are reducing the number of HBsAg 
carriers who are susceptible to HDV and, as a 
secondary effect, are contributing to the global 
decline of HDV infection. The current trend in 
the worldwide prevalence of HDV is shown in 
Figure 2.

HDV in High-Income Countries

Universal HBV vaccination that was initiated in 
the early 1990s in high-income countries has 
resulted in control of hepatitis B. As a conse-

quence, younger persons (i.e., those most sus-
ceptible to HDV infection) are protected from 
hepatitis D, and the age-related prevalence of the 
infection is shifting to older persons.3 Among 
native western Europeans, chronic HDV infec-
tions are now observed only in patients who 
have cirrhosis or advanced fibrosis.17,18 Liver 
grafting is the only therapeutic option for such 
patients, and their treatment has an effect on 
liver transplantation programs, despite the low 
contemporary prevalence of HDV infection.19

Chronic hepatitis D remains prevalent in 
Romania, with hot spots throughout Russia.3 
HDV infection has diminished among persons 
who inject drugs,20 but it remains prevalent 
among persons with human immunodeficiency 
virus (HIV) infection, and an estimated 12.5% 
of those who are coinfected with HIV and HBV 
worldwide have anti-HDV antibodies.21

Although hepatitis D had been vanishing in 
native populations of Europe, it is returning as a 
result of immigration from areas where HDV 
remains endemic.3,22 In 2019, the overall preva-
lence of anti-HDV antibodies among HBsAg car-
riers in Italy was 9.9%, with a prevalence of 6.4% 
among native Italians but 26.4% among immi-
grants.23 In the United States, the prevalence of 
HBsAg carriers in the period from 2011 through 
2016 was only 0.36%, but 42% of the carriers 
had antibodies to HDV, and most of these carri-
ers were persons who inject drugs or were from 
areas with a high prevalence of HDV.24

HDV in the Rest of the World

HBV vaccination has been implemented to vari-
ous degrees in virtually all medium- and high-
income countries, and in the future it is expected 
to substantially reduce the global prevalence of 
HDV infection. In the past 10 years, the preva-
lence has consistently been decreasing in north-
ern Africa, Saudi Arabia, Israel, Turkey, Iran, 
India, and China.3

The burden of HDV infection remains high in 
Moldova and in many African and Asian coun-
tries where the percentage of HBsAg carriers in 
the population is high.25 The clinical features of 
chronic hepatitis D are consistent with those of 
the florid inflammatory and progressive disease 
described in the 1980s in Europe.26 Nevertheless, 
outbreaks of fulminant hepatitis D, such as those 
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that occurred in the 1980s and 1990s,27 are in-
frequently reported, which suggests that there 
is also some control of HDV infection in low-
income countries. Local prevalence data are 
often erratic; a major bias is the disparate sam-
pling of HDV cases.25 In view of the pathogenic 
effect of HDV, data on the infection show a 
distinctly lower prevalence when screening is 
performed in asymptomatic HBsAg carriers who 
are at low risk for HDV infection and who are 
recruited for convenience at blood banks or com-
munity centers than in patients with HBsAg-
positive liver disease who are recruited in medi-
cal centers.3

Medic a l Implic ations

Diagnosis

The diagnosis of hepatitis D involves specific 
serologic testing.28 An algorithm for the clinical 
management of HDV infection is shown in Fig-
ure 3. The hallmark of exposure to HDV is the 
presence of antibodies to hepatitis D antigen 
(anti-HDV antibodies), which are found in all 
immunocompetent patients with the infection. 
Testing for the antibodies should be performed 
only in HBsAg-positive persons. HBsAg-positive 
persons with anti-HDV antibodies who do not 
have HDV RNA in serum may have had a previ-
ous HDV infection. Qualitative assays for anti-
HDV antibodies are commercially available. How-
ever, no international standard regarding levels 
of anti-HDV antibodies has been developed. 
Sensitivity-controlled assays from a few major 
manufacturers are in use in high-income coun-
tries. Most assays from local producers elsewhere 
have no formal pedigree, and the quality of 
these assays has not been validated.29 Recom-
mendations from international associations dif-
fer regarding anti-HDV antibody screening. The 
European and Asian Pacific Associations for the 
Study of the Liver recommend testing for anti-
HDV antibodies in all HBsAg-positive persons,30,31 
whereas the American Association for the Study 
of Liver Diseases recommends such testing only 
in high-risk patients,32 including those who have 
immigrated from countries where HDV is en-
demic. Persons who are positive for anti-HDV 
antibodies should be tested for serum HDV 
RNA to determine whether an active infection 
is present.

In-house and commercial reverse-transcrip-

Figure 1 (facing page). Structure and Life Cycle of  
Hepatitis D Virus (HDV) and Targets of New Drugs  
for Hepatitis D.

Panel A shows the structure of HDV, which shares the 
hepatitis B surface antigen (HBsAg) envelope with hep-
atitis B virus. The virion contains a single-stranded, cir-
cular RNA genome of approximately 1700 nucleotides. 
HDV RNA codes for the small hepatitis D antigen (S-HDAg, 
195 amino acids) required for replication. S-HDAg is 
edited to the large hepatitis D antigen (L-HDAg, 214 
amino acids). L-HDAg inhibits replication of HDV and 
is required for viral assembly. The virions (delta parti-
cles), shown in the electron micrograph, vary morpho-
logically and are approximately 35 nm in diameter. The 
targets of new therapies are indicated.13 The first stage 
of the HDV life cycle is endocytosis: HDV binds to the 
sodium taurocholate cotransporting polypeptide recep-
tor (NTCP), which is the specific liver-cell receptor for 
HBsAg. The second stage is transport to the nucleus. 
The third stage is replication of HDV genomic RNA into 
the HDV antigenome in the nucleus. The fourth stage 
is assembly of the neosynthetized HDV ribonucleopro-
tein (RNP) in cytoplasm. The fifth stage is farnesylation 
of the C terminal in L-HDAg; the post-translational 
modification of L-HDAg drives the combination of the 
RNP with HBsAg in order to assemble the virion. Final-
ly, the HDV virion is secreted. Bulevirtide, an N-termi-
nally myristoylated, HBV-large-envelope-protein–derived 
lipopeptide, inhibits NTCP irreversibly, blocking the ac-
cess of the HBsAg-coated HDV to the hepatocyte. Pe-
gylated interferon lambda, on binding with the specific 
receptor on the cell surface, initiates intracellular sig-
naling cascades, leading to the expression of antiviral 
genes. Lonafarnib, an orally administered prenylation 
inhibitor, prevents viral morphogenesis by interfering 
with the farnesylation of L-HDAg. Lonafarnib is largely 
metabolized by cytochrome P450-3A4 (CYP3A4), and 
the CPY3A4 inhibitor ritonavir is added to diminish ad-
verse effects while drug exposure is maintained. REP 
2139-Ca is a nucleic acid polymer that inhibits the as-
sembly and release of hepatitis B virus (HBV) subviral 
particles. Panel B shows viral replication. The HDV ge-
nome lacks coding capacity and has no replicative abili-
ty. Inside the nuclei, it is copied through a rolling circle 
mechanism that is not seen in mammalian cells but is 
typical of viroids of plants. The RNA is copied into the 
antigenome through multimeric linear transcripts of 
antigenomic sense that roll over the circular genomic 
RNA; the rolling is driven by host RNA polymerase II, 
redirected by HDV to reproduce its viral RNA. The mul-
timeric transcript undergoes autocatalytic cleavage by a 
ribozyme into monomeric linear forms of RNA, which 
are then ligated by the ribozyme and probably by a host 
ligase to the final circular antigenomic RNA. A 0.8-kb 
messenger RNA transcribed from the antigenome is 
translated into the HDAg of 190 amino acids (S-HDAg), 
which is then changed into the large, 210-amino-acid 
HDAg (L-HDAg) through post-transcriptional RNA edit-
ing. S-HDAg promotes replication; L-HDAg inhibits 
replication and is required for packaging with HBsAg. 
ADAR1 denotes adenosine deaminase acting on RNA 1.
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tase–polymerase-chain-reaction (RT-PCR) assays 
based on the international HDV RNA standard 
of the World Health Organization33 are available 
for quantification of HDV RNA with the use of 
amplification targets in conserved regions of 
HDAg or the ribozyme.34 The sensitivity of the 
RT-PCR assays for HDV RNA detection has in-
creased over time, from a detection threshold of 
1000 IU per milliliter to the current threshold of 

6 IU per milliliter. However, an international 
quality-control study performed in 2016 showed 
a high degree of variation in detection and quan-
tification among assays,35 with consistent under-
estimations of the viral load, in particular with 
HDV genotypes 5 through 8, which are common 
in Africa.

In experimental models, HDV was transmit-
ted through the envelope of viruses that differed 

Figure 2. Prevalence of Antibodies to HDV in the World in the Past 10 Years.

The prevalence of antibodies to HDV in the past 10 years in areas for which data are not lacking, scanty, or unreli-
able is shown. The highest prevalence of these antibodies has been in Africa and Asia.3 African countries with the 
highest prevalence are Cameroon (with a prevalence of approximately 47% among HBsAg-positive hospitalized pa-
tients), Gabon (28% among HBsAg carriers), Central African Republic (50% among patients with chronic hepatitis 
B and hepatocellular carcinoma), and the Democratic Republic of Congo (26% among HBsAg-positive patients with 
jaundice). Asian countries with the highest prevalence are Mongolia (with a prevalence of 50 to 60% in the general 
HBsAg-positive population), Uzbekistan, Tajikistan, and Kyrgyzstan (82%, 15%, and 42%, respectively, among 
HBsAg-positive patients with cirrhosis), and Pakistan (30 to 50% among HBsAg-positive patients in the so-called 
delta belt of the country). In the countries with intermediate prevalence, HDV infection is declining. Eight HDV 
genotypes in various regions of the world have been identified. The locations of these genotypes (circled numbers) 
are shown.
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from hepadnaviruses, including hepatitis C virus 
(HCV).36 Although intriguing, this finding does 
not appear to be relevant in the real world, since 
none of 323 HCV RNA–positive, HBsAg-negative 
patients were positive for HDV RNA in a recent 
study.37

HDV screening remains low in both developed 
and developing countries. Of 157,333 patients 
with chronic hepatitis B in the United States be-

tween 2010 and 2020, only 6.7% underwent HDV 
testing.38 One strategy to increase HDV screening 
is reflex testing for anti-HDV antibodies in all 
persons who test positive for HBsAg. This would 
prevent health care providers who are not familiar 
with hepatitis D from overlooking a diagnosis of 
HDV infection. Implementation of reflex testing 
recently led to an increase by a factor of 5 in the 
number of HDV diagnoses in Spain.39

Figure 3. Algorithm for the Diagnosis and Management of HDV Infection and Hepatitis D.

ELISA denotes enzyme-linked immunosorbent assay, and RT-PCR reverse-transcriptase polymerase chain reaction.

Perform ELISA to measure antibodies to HDV

Conduct screening for HDV infection in all patients 
with chronic HBV infection (HBsAg-positive)

No previous exposure to HDV Exposure to HDV

Past HDV infectionOngoing HDV infection

Negative result Positive result

Perform HDV RNA RT-PCR assay

Perform surveillance:
Assess disease activity, determine HDV

RNA viral load and HBsAg every 6 mo
Perform liver biopsy

Noninvasive fibrosis markers have not
been validated to estimate fibrosis stage
in chronic hepatitis D 

In patients with cirrhosis, perform ultra-
sonographic screening for hepatocellular
carcinoma every 6 mo 

Consider treatment with pegylated
interferon or investigational drugs in all

patients with chronic hepatitis D and
HDV replication (HDV RNA detectable)

HDV RNA detectable HDV RNA undetectable
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Natural History

The two forms of HDV infection are simultane-
ous coinfection with HBV and HDV in persons 
with no previous HBV exposure and HDV super-
infection in those with chronic HBV infection.40 
The need for HBsAg is met differently in the two 
types of infection. In coinfection, HDV is rescued 
by the HBsAg from the concomitant de novo HBV 
infection; in superinfection, HDV is rescued by 
the preexisting HBsAg in the superinfected HBV 
carrier. The clinical course of coinfection is most 
often self-limited, with acute hepatitis. Superin-
fections account for approximately 90% of cases 
of chronic HDV infection and chronic hepatitis D 
(Fig. S2).

Clinical Course of Chronic HDV Disease

Studies have shown that chronic hepatitis D is 
more severe and progressive than hepatitis B.27,40 
During 1 to 15 years of follow-up in one study, 
histologic deterioration was documented in 77% 
of Italian patients who were positive for anti-
HDV antibodies, as compared with 30% of 
HBsAg carriers who did not have anti-HDV 
antibodies.41 In another study, HDV infection 
increased the risk of hepatocellular carcinoma 
by a factor of 3.42

Persistent, severe HDV viremia is the most 
important risk factor for progression.43,44 The 
clinical and virologic features and natural his-
tory of chronic hepatitis D are shown in Fig-
ures 4 and 5.13,17,40-49 Chronic hepatitis D was 
initially perceived as being almost invariably 
severe. In a study involving 284 patients with 
chronic hepatitis D in Italy at the end of the 
past century, 93% of the patients had active 
hepatitis or cirrhosis, and only 7% had milder 
disease.50 This perception, and the limited 
availability of diagnostic assays, led in past 
decades to the practice of investigating HDV 
infections predominantly in HBsAg-positive pa-
tients with symptomatic, active liver disorders 
who were seen at tertiary medical centers. Mi-
nor, asymptomatic forms of HDV disease were 
probably overlooked because testing was not 
performed. Recent data obtained from second-
ary medical centers indicate that the propor-
tion of patients with milder HDV disease may 
be more substantial than previously recog-
nized.13,51

Ther a py for Chronic Hepati tis  D

There is no approved therapy for chronic hepa-
titis D in the United States. Although pegylated 
interferon alfa has been used off label, in ac-
cordance with the recommendations of major 
liver societies,30-32 data on the results of this use 
are limited.52 New therapeutic strategies are 
aimed at depriving the virus of the collateral 
HBsAg functions that are critical for its life 
cycle, activating the host immune response, or 
both.12 Drugs in clinical development are lona-
farnib, nucleic acid polymers, pegylated inter-
feron lambda, and bulevirtide.12,52-55 The mecha-
nisms of action of these drugs are shown in 
Figure 1B.12,52-55

Therapeutic End Points

The optimal end point for therapy would be the 
loss of HBsAg, but this has rarely been achieved 
with interferon. Virologic responses have been 
evaluated on the basis of a sustained viral re-
sponse (i.e., undetectable HDV RNA in serum 
for 6 months after discontinuation of therapy). A 
sustained viral response has thus far been con-
sidered the hard end point of therapy. However, 
only up to 30% of patients treated with inter-
feron have had a sustained viral response, and 
long-term relapses have been common because 
of the very high infectivity of residual, undetect-
able HDV in patients with persistent HBsAg (end 
titration of HDV infectivity in HBsAg-positive 
chimpanzees, 10−11 serum dilution56).

To improve clinical results, the initial efficacy 
assessment of lonafarnib, pegylated interferon 
lambda, and bulevirtide has been adjusted to the 
less restrictive virologic threshold of a decrease 
of 2 log

10
 IU per milliliter10 in the HDV RNA 

level from the original viremic titer.52 The Food 
and Drug Administration endorsed this surro-
gate as a likely predictor of a clinical benefit, 
with the understanding that it is not per se evi-
dence of a benefit but instead requires subse-
quent confirmation with the use of clinical end 
points such as progression to cirrhosis, decom-
pensation, hepatocellular carcinoma, and death.57 
However, the surrogate of a decrease of 2 log

10
 

IU per milliliter has become a virologic end 
point of therapy rather than a marker of initial 
treatment efficacy. It seems incongruous that 
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the therapeutic end point for HDV therapy can 
be both clearance of the virus and its persis-
tence at variable titers after declining by 2 log

10
 

IU per milliliter from the original pretherapy 
titer. Clinical data from patients in whom HDV 
RNA has been eliminated and those in whom 
viremia is maintained do not support the idea 
that these two outcomes correspond to the 
same goal of resolution of infection or disease 
and provide an equivalent clinical prognostic 
perspective.

Short of undetectable viremia, no threshold 
for a serum HDV RNA level corresponding to a 
clinical benefit has yet been defined. In clinical 
studies, the mere presence of HDV viremia has 
been associated with an increased risk of various 
adverse clinical events, and studies of interferon 
have shown that the absence of HDV RNA is as-
sociated with better clinical outcomes than is a 
decrease of 2 log

10
 IU per milliliter in the HDV 

RNA level.58,59 It therefore seems appropriate to 
consider the characteristics of patients in whom 
HDV is cleared with therapy separately from the 
characteristics of those who have a partial thera-
peutic response, since these two groups are 
distinct patient populations with prognoses that 
are likely to differ.

Preliminary Results of Therapy with 
Experimental Drugs

In view of the progressive nature of HDV dis-
ease, treatment should be considered in all pa-
tients with chronic hepatitis D and active HDV 
replication (detectable HDV RNA) (Fig. 3). So far, 
only patients without cirrhosis or with compen-
sated cirrhosis have been treated, pending the 
verification of side effects of therapies in pa-
tients with decompensated cirrhosis. Long-term 
studies of drugs for HDV are ongoing. Tenofovir 
or entecavir has been added to therapy for HDV 
in some studies in order to prevent possible re-
activation of HBV after the inhibition of HDV.

Figure 4. Features of Chronic Hepatitis D.

The clinical, biochemical, and histologic features of 
hepatitis D are not specific. In the majority of pa-
tients, serum HBV DNA is undetectable or at the bor-
derline of detectability because of the repression of 
HBV viremia induced by HDV through interferon-de-
pendent and interferon-independent mechanisms. 
The majority of patients (>70%) have serum antibod-
ies to hepatitis B e antigen; the antigen is detectable 
in a minority of patients. Approximately 10% of pa-
tients with early florid disease have autoantibodies  
directed against uridine diphosphate glucuronosyl-
transferase in the microsomes of the liver and of the 
kidney (liver–kidney–microsomal autoantibodies type 
3 [LKM-3]); patients with LKM-3 are not at risk for au-
toimmune hepatitis. In approximately one quarter of 
the patients, the serum HDV RNA level decreases or 
becomes undetectable during the natural course of 
the disease. Panels A and B show a cirrhotic liver 
specimen and a normal kidney specimen, respective-
ly, stained in indirect immunofluorescence with se-
rum from a patient with chronic hepatitis D. Patients 
with cirrhosis occasionally have severe splenomegaly 
unrelated to the degree of portal hypertension (Panel C, 
arrowheads).

A

B

Cirrhotic Human Liver

Normal Human Kidney 

C Splenomegaly in a Patient with HDV Cirrhosis
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Targeting HBV with antiviral agents (lamivu-
dine, adefovir, entecavir, or tenofovir) is of no 
avail in controlling HDV infection. These agents 
inhibit the replication of HBV DNA but do not 
interfere with the synthesis of HBsAg, which is 
necessary for HDV.3 However, new antiviral agents 
are in development that aim at a functional cure 
of HBV infection, which is defined by both the 
absence of circulating HBsAg and undetectable 
HBV DNA in serum. These agents could be of 
interest in providing synergism for the cure of 
HDV infection.58 The clinical status of current 
and investigational drugs for chronic hepatitis D 
is shown in Figure S3.

 Lonafarnib
In a small series of patients, a decrease in the 
HDV RNA level of at least 2 log

10
 IU per milliliter 

from baseline or the lower limit of quantifica-
tion was reached at the end of treatment in 8 of 
9 patients (89%) who received the combination 
of oral lonafarnib (25 or 50 mg twice a day) with 
ritonavir and pegylated interferon alfa.60 The 

most common side effects were gastrointestinal, 
with diarrhea, nausea, and loss of appetite and 
weight.

Clinical trials have investigated different dos-
es of lonafarnib; combination therapy of lona-
farnib with pegylated interferon alfa, pegylated 
interferon lambda, or ritonavir; and various 
treatment durations. D-LIVR, a phase 3, interna-
tional, multicenter, randomized, controlled trial 
(ClinicalTrials.gov number, NCT03719313), has 
recruited 400 patients. The aim of this trial is to 
evaluate 50 mg of lonafarnib plus ritonavir, giv-
en twice per day with or without pegylated inter-
feron alfa, as compared with placebo or pegylated 
interferon alfa alone for 48 weeks in patients re-
ceiving maintenance therapy with anti-HBV nu-
cleotides (entecavir or tenofovir).

 Nucleic Acid Polymer REP 2139-Ca
In one trial, the use of intravenous REP 2139-Ca 
in combination with pegylated interferon alfa led 
to off-treatment HBsAg loss and undetectable 
HDV RNA in 6 of 12 patients.61 Clinically signifi-

Figure 5. Natural History of Chronic Hepatitis D.

Chronic hepatitis D is associated with a more rapid progression to cirrhosis and a higher risk of hepatocellular carcinoma than HBV 
monoinfection. Identifying patients in whom fibrosis progresses rapidly would be crucial for determining the prognosis, but mecha-
nisms of fibrotic progression are poorly understood. Histologic findings (hematoxylin and eosin stain) are shown. Liver fibrosis is as-
sessed with the use of Metavir staging, which ranges from F0 (no fibrosis) to F4 (cirrhosis). Some HDV genotypes may influence dis-
ease activity. Persistent HDV viremia is a factor in disease progression and a predictor of death. In liver disease in general, factors 
associated with fibrosis are male sex, older age at infection, excessive alcohol consumption, obesity, diabetes, and immunodeficiency.
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cant flares in alanine aminotransferase (ALT) 
levels occurred during therapy. Efficacy was sus-
tained 3.5 years after the discontinuation of thera-
py62; these good results await confirmation in 
larger series.

Pegylated Interferon Lambda
In the phase 2 Lambda Interferon Monotherapy 
trial,63 subcutaneous pegylated interferon lamb-
da was administered weekly at a dose of 180 μg 
in 14 patients and at a dose of 120 μg in 19 
patients for 48 weeks. In an intention-to-treat 
analysis, the virologic response 24 weeks after 
the end of therapy was 36% and 16%, respec-
tively. Influenza-like symptoms and elevated ALT 
and aspartate aminotransferase levels occurred 
during treatment. In 8 patients (24%), hyperbili-
rubinemia led to drug discontinuation.

Bulevirtide
In phase 2 studies, bulevirtide monotherapy re-
duced serum HDV RNA levels and normalized 
ALT levels in a consistent proportion of patients, 
findings that prompted the European Medicines 
Agency in July 2020 to grant marketing authori-
zation for the 2-mg subcutaneous daily dose of 
the drug in patients with chronic, compensated 
hepatitis D.64 Several short-term, real-life studies 
with small numbers of patients have replicated 
these results.65

In the MYR202 trial, which compared a com-
bination of daily subcutaneous bulevirtide (at a 
dose of 2, 5, or 10 mg) and tenofovir with teno-
fovir alone for 24 weeks in 120 patients with 
chronic hepatitis, a decrease in the HDV RNA 
level of 2 log

10
 IU per milliliter or more occurred 

in 50 to 77% of the patients who received bule-
virtide with tenofovir, as compared with only 4% 
of those who received tenofovir alone.66 The 
combination treatment was safe and had an ac-
ceptable side-effect profile. ALT levels normal-
ized in more than half the patients; however, 
bulevirtide monotherapy had a minimal effect 
on HBsAg levels, and after discontinuation of 
therapy, serum HDV RNA levels almost invari-
ably rebounded. This finding suggests that long-
term treatment is warranted. Whether it will be 
possible to discontinue the drug after long-term 
treatment and whether the virologic efficacy will 
be maintained are not known. Another question 

is the safety of bulevirtide administered as long-
term therapy, especially in patients with cirrho-
sis, given the prolonged, treatment-induced in-
crease in bile acid levels.

Data from a 48-week interim analysis in a 
phase 3, open-label, randomized trial (MYR 301) 
of bulevirtide monotherapy in patients with 
chronic hepatitis D are reported elsewhere in 
this issue of the Journal.67 Patients were randomly 
assigned in a 1:1:1 ratio to receive subcutaneous 
bulevirtide at a dose of 2 mg per day (49 pa-
tients) or 10 mg per day (50 patients) for a total 
of 144 weeks or to receive no bulevirtide for 48 
weeks followed by bulevirtide subcutaneously at 
a dose of 10 mg per day for 96 weeks (control 
group, 51 patients). A combined response of an 
undetectable HDV RNA level or a decrease by at 
least 2 log

10
 IU per milliliter in the HDV RNA 

level and normalization of the ALT level (the 
primary end point) occurred in 45% of the pa-
tients in the 2-mg group (22 of 49 patients), 48% 
of those in the 10-mg group (24 of 50 patients), 
and 2% of those in the control group (1 of 51 
patients); HDV RNA was undetectable in 12% 
and 20% of the patients receiving the lower and 
higher doses of bulevirtide, respectively. Regard-
less of the virologic response, ALT levels nor-
malized in 51% and 56% of the patients in the 
2-mg and 10-mg groups, respectively, versus 
12% of those in the control group. The level of 
HBsAg did not become undetectable or decrease 
by at least 1 log

10
 IU per milliliter in the 2-mg or 

10-mg groups by week 48.
In a second long-term trial (MYR204), the 

primary outcome measure is a sustained viral 
response in patients treated with pegylated in-
terferon alfa in combination with bulevirtide, 
pegylated interferon alfa alone, or bulevirtide 
alone. Patients receive treatment for 48 weeks, 
followed by 48 weeks of maintenance therapy 
with bulevirtide monotherapy. In an interim 
analysis of data at 24 weeks of treatment,68 HDV 
RNA was undetectable in 13% of the patients 
who received pegylated interferon alfa mono-
therapy, 24% of those who received 2 mg of 
bulevirtide plus pegylated interferon alfa, 34% 
of those who received 10 mg of bulevirtide plus 
pegylated interferon alfa, and 4% of those who 
received 10 mg of bulevirtide alone.

In both the MYR204 study and real-life stud-
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ies,65,69 short-term combination treatment with 
pegylated interferon alfa and bulevirtide met the 
difficult goal of undetectable HDV RNA more 
frequently than did bulevirtide alone. Recent 
evidence has shown that spreading of HDV oc-
curs not only through de novo HBsAg-dependent 
virion propagation but also through HBsAg-in-
dependent division of infected cells. In cell-cul-
ture models, interferon did not inhibit the HB-
sAg-independent division but did inhibit the 
spread of HBsAg and HDV to dividing cells.70 
Thus, the therapeutic synergism may be due to 
bulevirtide-induced inhibition of extracellular 
spread and interferon-induced inhibition of cell 
division–mediated HDV spread.

Conclusions

The overall prevalence of HDV infection is un-
known; however, HBV vaccination is reducing the 
incidence of HDV infection worldwide. The risk 

of cirrhosis and hepatocellular carcinoma is 
higher among patients with HDV infection than 
among those with HBV monoinfection. Screen-
ing for antibodies to HDV is generally available; 
the sensitivity of many assays has not been vali-
dated. HDV RNA testing is not widely available. 
Pegylated interferon alfa has been used in ac-
cordance with published guidelines, with limit-
ed efficacy. Preliminary data indicate that bule-
virtide can control the disease in more than half 
of patients. Bulevirtide was conditionally ap-
proved by the European Medicines Agency in 
July 2020; it is not yet available in the United 
States. Other new drugs for the treatment of 
HDV infection are currently under investigation. 
Combination therapy with these agents, possibly 
administered with newly developed inhibitors of 
HBsAg synthesis, holds promise as a cure for 
chronic hepatitis D.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

References
1. Rizzetto M, Hoyer B, Canese MG, 
Shih JW, Purcell RH, Gerin JL. Delta 
agent: association of delta antigen with 
hepatitis B surface antigen and RNA in 
serum of delta-infected chimpanzees. 
Proc Natl Acad Sci U S A 1980; 77: 6124-8.
2. Rizzetto M, Smedile A, Ciancio A. 
Hepatitis D. In:  Richman DD, Whitley 
RJ, Hayden FG, eds. Clinical virology. 
4th ed. Washington, DC:  ASM Press, 
2017: 1409-23.
3. Rizzetto M, Hamid S, Negro F. The 
changing context of hepatitis D. J Hepa-
tol 2021; 74: 1200-11.
4. Flores R, Owens RA, Taylor J. Patho-
genesis by subviral agents: viroids and 
hepatitis delta virus. Curr Opin Virol 
2016; 17: 87-94.
5. International Committee on Taxono-
my of Viruses. Virus taxonomy. (https://
ictv . global/  news/  taxonomy - 2022).
6. Le Gal F, Brichler S, Drugan T, et al. 
Genetic diversity and worldwide distri-
bution of the deltavirus genus: a study of 
2,152 clinical strains. Hepatology 2017; 
66: 1826-41.
7. Spaan M, Carey I, Bruce M, et al. 
Hepatitis delta genotype 5 is associated 
with favourable disease outcome and bet-
ter response to treatment compared to 
genotype 1. J Hepatol 2020; 72: 1097-104.
8. Taylor JM. Infection by hepatitis del-
ta virus. Viruses 2020; 12: 648.
9. Casey JL. RNA editing in hepatitis 
delta virus. Curr Top Microbiol Immunol 
2006; 307: 67-89.
10. Freitas N, Cunha C, Menne S, Gudi-

ma SO. Envelope proteins derived from 
naturally integrated hepatitis B virus 
DNA support assembly and release of in-
fectious hepatitis delta virus particles.  
J Virol 2014; 88: 5742-54.
11. Canese MG, Rizzetto M, Aricò S, et 
al. An ultrastructural and immunohisto-
chemical study on the delta antigen as-
sociated with the hepatitis B virus.  
J Pathol 1979; 128: 169-75.
12. Lempp FA, Ni Y, Urban S. Hepatitis 
delta virus: insights into a peculiar 
pathogen and novel treatment options. 
Nat Rev Gastroenterol Hepatol 2016; 13: 
580-9.
13. Asselah T, Loureiro D, Tout I, et al. 
Future treatments for hepatitis delta vi-
rus infection. Liver Int 2020; 40: Suppl 1: 
54-60.
14. Ponzetto A, Cote PJ, Popper H, et al. 
Transmission of the hepatitis B virus-
associated delta agent to the eastern 
woodchuck. Proc Natl Acad Sci U S A 
1984; 81: 2208-12.
15. Drexler JF, Geipel A, König A, et al. 
Bats carry pathogenic hepadnaviruses 
antigenically related to hepatitis B virus 
and capable of infecting human hepato-
cytes. Proc Natl Acad Sci U S A 2013; 110: 
16151-6.
16. Pérez-Vargas J, Pereira de Oliveira R, 
Jacquet S, Pontier D, Cosset F-L, Freitas N. 
HDV-like viruses. Viruses 2021; 13: 1207.
17. Caviglia GP, Martini S, Ciancio A, et 
al. The hepatitis D virus in Italy: a van-
ishing infection, not yet a vanished dis-
ease. J Adv Res 2021; 33: 183-7.

18. Palom A, Sopena S, Riveiro-Barciela 
M, et al. One-quarter of chronic hepatitis 
D patients reach HDV-RNA decline or 
undetectability during the natural course 
of the disease. Aliment Pharmacol Ther 
2021; 54: 462-9.
19. Martini S, Tandoi F, Romagnoli R, 
Rizzetto M. Liver transplantation in hep-
atitis B/hepatitis D (delta) virus coinfect-
ed recipients. Transplantation 2022; 106: 
1935-9.
20. Hernàndez-Èvole H, Briz-Redón Á, 
Berenguer M. Changing delta hepatitis 
patient profile: a single center experi-
ence in Valencia region, Spain. World J 
Hepatol 2020; 12: 277-87.
21. Shen D-T, Han P-C, Ji D-Z, et al. Epi-
demiology estimates of hepatitis D in 
individuals co-infected with human im-
munodeficiency virus and hepatitis B vi-
rus, 2002–2018: a systematic review and 
meta-analysis. J Viral Hepat 2021; 28: 
1057-67.
22. Kushner T. Delta hepatitis epidemi-
ology and the global burden of disease.  
J Viral Hepat 2023; 30: Suppl 1: 4-10.
23. Stroffolini T, Ciancio A, Furlan C, et 
al. Migratory f low and hepatitis delta in-
fection in Italy: a new challenge at the 
beginning of the third millennium. J Vi-
ral Hepat 2020; 27: 941-7.
24. Patel EU, Thio CL, Boon D, Thomas 
DL, Tobian AAR. Prevalence of hepatitis 
B and hepatitis D virus infections in the 
United States, 2011–2016. Clin Infect Dis 
2019; 69: 709-12.
25. Rizzetto M, Hamid S. The medical 

The New England Journal of Medicine 
Downloaded from nejm.org by R SHAH on July 5, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med 389;1 nejm.org July 6, 2023 69

Hepatitis D Virus Infection

impact of hepatitis D virus infection in 
Asia and Africa: time for a reappraisal. 
Liver Int 2021; 41: 16-9.
26. Wranke A, Pinheiro Borzacov LM, 
Parana R, et al. Clinical and virological 
heterogeneity of hepatitis delta in differ-
ent regions world-wide: the Hepatitis 
Delta International Network (HDIN). 
Liver Int 2018; 38: 842-50.
27. Smedile A, Rizzetto M, Gerin JL. Ad-
vances in hepatitis D virus biology and 
disease. Prog Liver Dis 1994; 12: 157-75.
28. Olivero A, Smedile A. Hepatitis delta 
virus diagnosis. Semin Liver Dis 2012; 
32: 220-7.
29. Ceesay A, Bouherrou K, Tan BK, et 
al. Viral diagnosis of hepatitis B and 
delta: what we know and what is still re-
quired? Specific focus on low- and mid-
dle-income countries. Microorganisms 
2022; 10: 2096.
30. European Association for the Study 
of the Liver. EASL 2017 clinical practice 
guidelines on the management of hepati-
tis B virus infection. J Hepatol 2017; 67: 
370-98.
31. Sarin SK, Kumar M, Lau GK, et al. 
Asian-Pacific clinical practice guidelines 
on the management of hepatitis B: a 
2015 update. Hepatol Int 2016; 10: 1-98.
32. Terrault NA, Lok ASF, McMahon BJ, 
et al. Update on prevention, diagnosis, 
and treatment of chronic hepatitis B: 
AASLD 2018 hepatitis B guidance. Hepa-
tology 2018; 67: 1560-99.
33. Chudy M, Hanschmann K-M, Bozsayi 
M, et al. Collaborative study to establish 
a World Health Organization interna-
tional standard for hepatitis D virus 
RNA for nucleic acid amplification tech-
nique (NAT)-based assays. Geneva:  
World Health Organization, 2013 
(https://apps . who . int/  iris/  handle/  10665/ 
 96341).
34. Stelzl E, Ciesek S, Cornberg M, et al. 
Reliable quantification of plasma HDV 
RNA is of paramount importance for 
treatment monitoring: a European multi-
center study. J Clin Virol 2021; 142: 
104932.
35. Le Gal F, Brichler S, Sahli R, Chevret 
S, Gordien E. First international external 
quality assessment for hepatitis delta vi-
rus RNA quantification in plasma. Hepa-
tology 2016; 64: 1483-94.
36. Perez-Vargas J, Amirache F, Boson B, 
et al. Enveloped viruses distinct from 
HBV induce dissemination of hepatitis D 
virus in vivo. Nat Commun 2019; 10: 
2098.
37. Pf lüger LS, Schulze Zur Wiesch J, 
Polywka S, Lütgehetmann M. Hepatitis 
delta virus propagation enabled by hepa-
titis C virus — scientifically intriguing, 
but is it relevant to clinical practice?  
J Viral Hepat 2021; 28: 213-6.
38. Wong RJ, Kaufman HW, Niles JK, et 
al. Low performance of hepatitis delta 
virus testing among 2 national cohorts 

of chronic hepatitis B patients in the 
United States. Am J Gastroenterol 2022; 
117: 2067-70.
39. Palom A, Rando-Segura A, Vico J, et 
al. Implementation of anti-HDV ref lex 
testing among HBsAg-positive individu-
als increases testing for hepatitis D. 
JHEP Rep 2022; 4: 100547.
40. Farci P, Niro GA. Clinical features of 
hepatitis D. Semin Liver Dis 2012; 32: 
228-36.
41. Fattovich G, Boscaro S, Noventa F, et 
al. Inf luence of hepatitis delta virus in-
fection on progression to cirrhosis in 
chronic hepatitis type B. J Infect Dis 
1987; 155: 931-5.
42. Fattovich G, Giustina G, Christensen 
E, et al. Inf luence of hepatitis delta virus 
infection on morbidity and mortality in 
compensated cirrhosis type B: the Euro-
pean Concerted Action on Viral Hepatitis 
(Eurohep). Gut 2000; 46: 420-6.
43. Palom A, Rodríguez-Tajes S, Navas-
cués CA, et al. Long-term clinical out-
comes in patients with chronic hepatitis 
delta: the role of persistent viraemia. Ali-
ment Pharmacol Ther 2020; 51: 158-66.
44. Kamal H, Westman G, Falconer K, et 
al. Long-term study of hepatitis delta vi-
rus infection at secondary care centers: 
the impact of viremia on liver-related 
outcomes. Hepatology 2020; 72: 1177-90.
45. Lucifora J, Alfaiate D, Pons C, et al. 
Hepatitis D virus interferes with hepati-
tis B virus RNA production via interfer-
on-dependent and -independent mecha-
nisms. J Hepatol 2023; 78: 958-70.
46. Philipp T, Durazzo M, Trautwein C, 
et al. Recognition of uridine diphosphate 
glucuronosyl transferases by LKM-3 an-
tibodies in chronic hepatitis D. Lancet 
1994; 344: 578-81.
47. Alfaiate D, Clément S, Gomes D, 
Goossens N, Negro F. Chronic hepatitis 
D and hepatocellular carcinoma: a sys-
tematic review and meta-analysis of ob-
servational studies. J Hepatol 2020; 73: 
533-9.
48. Kamal H, Fornes R, Simin J, et al. 
Risk of hepatocellular carcinoma in hep-
atitis B and D virus co-infected patients: 
a systematic review and meta-analysis of 
longitudinal studies. J Viral Hepat 2021; 
28: 1431-42.
49. Roulot D, Brichler S, Layese R, et al. 
Origin, HDV genotype and persistent vi-
remia determine outcome and treatment 
response in patients with chronic hepati-
tis delta. J Hepatol 2020; 73: 1046-62.
50. Rosina F, Conoscitore P, Cuppone R, 
et al. Changing pattern of chronic hepa-
titis D in southern Europe. Gastroenter-
ology 1999; 117: 161-6.
51. Kamal H, Aleman S, D-SOLVE Con-
sortium. Natural history of untreated 
HDV patients: always a progressive dis-
ease? Liver Int 2022 October 28 (Epub 
ahead of print).
52. Yurdaydin C, Abbas Z, Buti M, et al. 

Treating chronic hepatitis delta: the 
need for surrogate markers of treatment 
efficacy. J Hepatol 2019; 70: 1008-15.
53. Yardeni D, Heller T, Koh C. Chronic 
hepatitis D — what is changing? J Viral 
Hepat 2022; 29: 240-51.
54. Usai C, Gill US, Riddell AC, Asselah 
T, Kennedy PT. Emerging insights into 
the immunopathology, clinical and ther-
apeutic aspects of hepatitis delta virus. 
Aliment Pharmacol Ther 2022; 55: 978-93.
55. Koh C, Canini L, Dahari H, et al. Oral 
prenylation inhibition with lonafarnib in 
chronic hepatitis D infection: a proof-of-
concept randomised, double-blind, pla-
cebo-controlled phase 2A trial. Lancet 
Infect Dis 2015; 15: 1167-74.
56. Ponzetto A, Hoyer BH, Popper H, 
Engle R, Purcell RH, Gerin JL. Titration 
of the infectivity of hepatitis D virus in 
chimpanzees. J Infect Dis 1987; 155: 72-8.
57. Food and Drug Administration. 
Chronic hepatitis D virus infection: de-
veloping drugs for treatment. Guidance 
for industry. November 2019 (https://
www . fda . gov/  regulatory - information/ 
 search - fda - guidance - documents/  chronic 
- hepatitis - d - virus - infection - developing 
- drugs - treatment - guidance - industry).
58. Lok AS, Negro F, Asselah T, Farci P, 
Rizzetto M. Endpoints and new options 
for treatment of chronic hepatitis D. 
Hepatology 2021; 74: 3479-85.
59. Wranke A, Hardtke S, Heidrich B, et 
al. Ten-year follow-up of a randomized 
controlled clinical trial in chronic hepa-
titis delta. J Viral Hepat 2020; 27: 1359-68.
60. Yurdaydin C, Keskin O, Yurdcu E, et 
al. A phase 2 dose-finding study of lona-
farnib and ritonavir with or without in-
terferon alpha for chronic delta hepati-
tis. Hepatology 2022; 75: 1551-65.
61. Bazinet M, Pântea V, Cebotarescu V, 
et al. Safety and efficacy of REP 2139 and 
pegylated interferon alfa-2a for treat-
ment-naive patients with chronic hepati-
tis B virus and hepatitis D virus co-infec-
tion (REP 301 and REP 301-LTF): a 
non-randomised, open-label, phase 2 
trial. Lancet Gastroenterol Hepatol 2017; 
2: 877-89.
62. Bazinet M, Pântea V, Cebotarescu V, 
et al. Persistent control of hepatitis B vi-
rus and hepatitis delta virus infection 
following REP 2139-Ca and pegylated 
interferon therapy in chronic hepatitis B 
virus/hepatitis delta virus coinfection. 
Hepatol Commun 2020; 5: 189-202.
63. Etzion O, Hamid S, Lurie Y, et al. 
Treatment of chronic hepatitis D with 
peginterferon lambda — the phase 2 
LIMT-1 clinical trial. Hepatology 2023; 
77: 2093-103.
64. European Medicines Agency. Hepclu-
dex (bulevirtide). Product information. 
2023 (https://www . ema . europa . eu/  en/ 
 medicines/  human/  EPAR/  hepcludex).
65. Lampertico P, Roulot D, Wedemeyer 
H. Bulevirtide with or without pegIFNα 

The New England Journal of Medicine 
Downloaded from nejm.org by R SHAH on July 5, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med 389;1 nejm.org July 6, 202370

Hepatitis D Virus Infection

for patients with compensated chronic 
hepatitis delta: from clinical trials to real-
world studies. J Hepatol 2022; 77: 1422-30.
66. Wedemeyer H, Schöneweis K, Bogo-
molov P, et al. Safety and efficacy of bule-
virtide in combination with tenofovir diso-
proxil fumarate in patients with hepatitis 
B virus and hepatitis D virus coinfection 
(MYR202): a multicentre, randomised, 
parallel-group, open-label, phase 2 trial. 
Lancet Infect Dis 2023; 23: 117-29.

67. Wedemeyer H, Aleman S, Brunetto 
MR, et al. A phase 3, randomized trial of 
bulevirtide in chronic hepatitis D. N Engl 
J Med 2023; 389:22-32.
68. Asselah T, Stefan Arama S, Bogomo-
lov P, et al. Safety and efficacy of bule-
virtide monotherapy and in combination 
with peginterferon alfa-2a in patients 
with chronic hepatitis delta: 24-week in-
terim data of MYR204 phase 2b study.  
J Hepatol 2021; 75; Suppl 2: S291. abstract.

69. Ferenci P, Reiberger T, Jachs M. 
Treatment of chronic hepatitis D with 
bulevirtide — a fight against two foes 
— an update. Cells 2022; 11: 3531.
70. Zhang Z, Ni Y, Lempp FA, et al. Hep-
atitis D virus-induced interferon response 
and administered interferons control cell 
division-mediated virus spread. J Hepatol 
2022; 77: 957-66.
Copyright © 2023 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org by R SHAH on July 5, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 


