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Summary

Hepatitis delta virus (HDV) is a defective virus and a satellite of the hepatitis B virus
(HBV). Its RNA genome is unique among animal viruses, but it shares common features
with some plant viroids, including a replication mechanism that uses a host RNA poly-
merase. In infected cells, HDV genome replication and formation of a nucleocapsid-like
ribonucleoprotein (RNP) are independent of HBV. But the RNP cannot exit, and therefore
propagate, in the absence of HBV, as the latter supplies the propagation mechanism, from
coating the HDV RNP with the HBV envelope proteins for cell egress to delivery of the
HDV virions to the human hepatocyte target. HDV is therefore an obligate satellite of
HBV; it infects humans either concomitantly with HBV or after HBV infection. HDV affects
an estimated 15 to 20 million individuals worldwide, and the clinical significance of HDV
infection is more severe forms of viral hepatitis – acute or chronic –, and a higher risk of
developing cirrhosis and hepatocellular carcinoma in comparison to HBV monoinfection.
This review covers molecular aspects of HDV replication cycle, including its interaction
with the helper HBV and the pathogenesis of infection in humans.
� 2016 European Association for the Study of the Liver. Published by Elsevier B.V. All
rights reserved.

Introduction – life cycle overview

Discovered almost 40 years ago in the liver of
individuals chronically infected with the hepati-
tis B virus (HBV), the hepatitis delta antigen
(HDAg) was first considered as a new HBV anti-
gen [1]. It was soon demonstrated that the HDAg
protein was associated with a small RNA as a
component of a transmissible agent, or defective
virus, coated with the HBV envelope proteins
(Fig. 1), which could subsist as an obligate satel-
lite of HBV. The cloning and sequencing of the
HDAg-associated RNA, now known as the hepati-
tis delta virus (HDV) genome, revealed that it
was unique among known animal virus genomes
but sharing common features with some plant
subviral agents called viroids [2,3]. HDV charac-
teristics do not fulfill the criteria for the defini-
tion of a virus, and it is actually classified as the
prototype and sole member of the Deltavirus
genus. The genome is the smallest among known
mammalian viruses, and it bears no homology
with that of the helper HBV DNA. It is a single
stranded circular RNA, 1700 nucleotides in size,
which, unlike plant viroids, encodes a protein
(Fig. 2). Since the HDAg protein has no RNA-
dependent RNA polymerase (RdRp) function,

HDV must rely mostly on cellular enzymes for
replication of its genome (Fig. 3), and on the
assistance of its helper HBV for propagation. Sim-
ilar to some plant viroids, HDV RNA replication in
the cell nucleus is carried out by cellular RNA
polymerase(s), and both genomic HDV RNA and
its replication intermediate, the antigenomic
RNA strand, include autocatalytic self-cleaving
elements, referred to as ribozymes (Fig. 4).
Remarkably, HDV manages to produce two forms
of HDAg protein from a single open reading
frame (ORF); this is achieved using a cellular ade-
nosine deaminase acting on RNA (ADAR) to edit
an amber codon on the antigenomic RNA
(Fig. 4). The two forms of hepatitis delta protein
undergo extensive post-translational modifica-
tions to fulfill diverse functions in the processes
of genome replication, assembly of the HDV
RNP and coating of the latter with HBV envelope
proteins. The larger form of hepatitis delta pro-
tein manages to establish a physical interaction
between the RNP and the HBV envelope proteins
leading to assembly HDV virions covered with
HBV envelope proteins (Fig. 5). Bearing the same
infectivity determinants, HBV and HDV virions
also share a common tropism to human hepato-
cytes (Fig. 6).
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Key point

HDV is a subviral infectious
agent and obligate satellite of
HBV. HDV biological character-
istics do not fulfill the defini-
tion of a virus.
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The HDV genome

The HDV RNA is approximately 1680 nucleotides
in size and the smallest genome of the known
mammalian viruses [3]. It is present in abun-
dance in infected cells, mostly in the nucleus,
along with its replication intermediate, the
antigenomic RNA. Both are circular single
stranded molecules that adopt a quasi-double-
stranded conformation upon self-annealing with
74% of their nucleotides – 60% of which are G or C
– forming Watson-Crick base pairs (Fig. 2). The
circular nature and self-annealing properties of
HDV RNAs are reminiscent of some plant viroids
and are important for both genome replication
and RNP assembly upon interaction with HDAg
proteins [4–9]. The genetic organization of the
HDV genome includes several ORFs; one, located
on the antigenomic HDV RNA strand, is known to
be translated into HDAg proteins [10]. A second
ORF coding for a polypeptide referred to as
peptide-K, has been reported to be expressed in
infected cells, but there is no information about
a possible function [11]. The two HDAg proteins
are referred to as small-HDAg protein (S-HDAg)
of 195 amino acids in length, and large-HDAg
(L-HDAg) that differs from S-HDAg by 19 addi-
tional amino acid residues at the C-terminus.
The difference in size is the consequence of an
RNA editing event that occurs on the antige-
nomic HDV RNA strand during replication
(Fig. 4) [12]. S-HDAg is essential to HDV RNA
replication but does not possess an RdRp activity,

whereas L-HDAg inhibits genome replication and
is required for assembly of HDV particles. Some
authors have chosen to divide the rod-like struc-
ture of the HDV genome into two domains: a
small, ‘‘viroid-like domain”, and a larger ‘‘coding
domain”, including the HDAg ORF sequence and
its complementary strand in the rod-like struc-
ture (Fig. 2) [13].

Since the initial sequencing of the HDV
genotype-1 genome [3], seven additional geno-
types have been identified [14], which display a
surprisingly extensive divergence of their
nucleotide sequences. For instance, the most dis-
tant HDV genotype-3 sequence is approximately
40% divergent from that of genotype-1 [15].

HDV RNA replication

Unlike most RNA viruses that replicate their gen-
ome by encoding an RdRp, but like some plant
viroids, HDV RNA recruits what is normally a
host DNA-directed RNA polymerase for replica-
tion. HDV and viroid RNAs have structural simi-
larities, and their respective replication
mechanisms share common features [3,16–19].
HDV RNA replicates in mammalian cells, as effi-
ciently as viroids do in plants [17,20], and no
helper function for HDV RNA synthesis or RNP
assembly is provided by HBV. When delivered
into the cell nucleus upon infection, the genomic
HDV RNA is considered to be replicated through
a rolling circle mechanism of antigenomic RNA
synthesis carried out by the RNA polymerase II
(Pol-II) – a normally DNA-dependent enzyme -
that is diverted by HDV to use its RNA as a tem-
plate. The rolling circle mechanism of RNA syn-
thesis, initially described for replication of some
viroids, initiates with the synthesis of multimeric
linear transcripts from the circular genomic
template. Although multimeric forms of de novo
synthesized RNA are indeed detected in infected
cells, they do not accumulate because they are
cleaved into monomers by an autocatalytic
self-cleaving sequence, referred to as ribozyme,
on the neo-synthesized RNA (Fig. 4). The linear
cleavage product is then subjected to intramolec-
ular ligation to form a circular antigenomic mole-
cule, which in turn serves as a template for the
synthesis of genomic RNAs through a similar roll-
ing circle mechanism [21]. The HDV rolling circle
model differs from that of viroids in including
synthesis of a messenger RNA – of antigenomic
polarity – for translation into HDAg proteins
[22]. Details of the HDV RNA replication mecha-
nism by Pol-II are still missing, but it is clear that
S-HDAg is required in this process, and the HDV
RNA rod-like conformation is important to sub-
stitute for DNA as a substrate for Pol-II [23,24].
Note that Pol-II is also the enzyme that amplifies

Key point

HDV RNA replication is depen-
dent upon cellular RNA poly-
merase(s) and independent of
HBV.
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Fig. 1. Schematic representation of the HDV virion. The
particle comprises two types of component: i) the viral
envelope of HBV origin (in red), including the HBV envelope
proteins S-HBsAg, M-HBsAg and L-HBsAg, and ii) the ribonu-
cleoprotein (RNP) (in blue) that comprises the circular
genomic HDV RNA associated to multiple copies of the HDV
encoded S-HDAg and L-HDAg proteins. The diameters of the
HDV virion and HDV RNP are indicated in nanometers (nm).
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