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The hepatitis delta virus and chronic hepatitis D
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The hepatitis delta virus (HDV) is the causative agent of chronic
hepatitis delta (CHD), the most severe form of viral hepatitis.
Efﬁcient antiviral treatments are urgently needed to prevent its
progressive course leading to the development of cirrhosis, endstage liver disease and hepatocellular carcinoma. Infection with
HDV can occur either simultaneously with hepatitis B virus (HBV),
or as superinfection in patients already chronically infected with
HBV.1 The dependency of HDV on HBV is exclusively due to the
evolutionary adaptation of HDV in using HBV-encoded envelope
proteins (HBsAg) for its release and de novo infection.2 Since HBV
envelope proteins can derive both from HBV genomes present in
cell nuclei (covalently closed circular DNA [cccDNA] minichromosomes), and from chromosomally integrated sequences,
both sources may contribute to HDV release.2
The HDV genome is a small circular, negative-sense, singlestranded RNA of around 1.7 kb, which forms an unbranched rodlike structure with paired nucleotides. Upon infecting the hepatocytes through the sodium taurocholate co-transporting polypeptide (NTCP), HDV replicates in the nucleus, using the host RNA
polymerase II and a double rolling-circle ampliﬁcation process,
leading to the accumulation of 2 additional RNAs: the antigenomic
(AG) HDV RNA, and a smaller mRNA coding for the 2 isoforms of
the hepatitis delta antigen (Large: L-HDAg and Small: S-HDAg).
During replication, genomes and AG-HDV RNAs associate with
HDAg proteins, and AG-HDV RNA is edited by host adenosine
deaminase acting on RNA (ADAR) to introduce a mutation in the
stop codon of the S-HDAg, enabling production of the L-HDAg.
Prenylation of L-HDAg by the cellular farnesyl transferase promotes the acquisition of HBV envelope proteins at the endoplasmic reticulum and subsequently viral release (see also3).
At least 12 million individuals are HBV/HDV-coinfected
worldwide, but the global number may be underestimated due
to suboptimal testing, particularly in high prevalence areas. HDV
is classiﬁed into 8 genotypes. Sequence divergence among the
genotypes is as high as 40% with the greatest differences
observed between HDV genotype 1 and genotype 3.4
Due to its unique replication modalities, HDV offers very few
therapeutic targets.1 Pegylated interferon alpha (pegIFNa) has been
used as an off-label treatment against HDV for decades, despite
associated side effects, low response rates and high relapse rates.
Among the new anti-HDV strategies, bulevirtide efﬁciently blocks
HBV and HDV entry by targeting NTCP and is the ﬁrst HDV-speciﬁc
drug that obtained conditional marketing authorization in Europe.
Lonafarnib, currently tested in clinical trials, is an inhibitor of the
farnesyl transferase and thus inhibits HDV release. Although their
mode of action (MoA) remains unclear, nucleic acid polymers
hinder the secretion of HDV and HBsAg and are currently being
investigated. Clinical trials are also assessing pegIFNk-based therapies. However, IFNs’ MoA in HDV infection remains elusive and
studies performed using distinct isolates5,6 indicated that IFNresponsiveness may differ substantially among strains.
Mechanisms of HDV sensing are unclear, but studies showed
that HDV provokes a strong induction of the antiviral state in human
hepatocytes by enhancing the expression of IFN-stimulated genes
and cytokines.2 Notably, HDV was shown to enhance genes involved
in antigen presentation and processing, thus boosting the presentation of HBV antigens in HBV/HDV-coinfected hepatocytes.7 Such
enhanced antigen presentation increased the efﬁciency of T-cell
recognition; a feature that could be explored in HBV/HDV-directed
T-cell therapies. Nevertheless, cytokines may also contribute to the

recruitment and activation of various innate and adaptive immune
cells, thus promoting the exhaustion of virus-speciﬁc immune responses and disease progression.2
When HBV and HDV replication levels are high, as in acute HBV/
HDV coinfection, in highly viremic CHD patients or in humanized
mice, HBV envelope proteins mostly derive from HBV cccDNA, and
HBV and HDV particles are released together with high amounts of
HBsAg+ subviral particles. In this situation, the proportion of infected
cells is high, with viral release and new infection events mostly
occurring via the NTCP receptor. However, in the natural course of
CHD, ongoing inﬂammation triggering cell death and compensatory
cell turnover can substantially reduce intrahepatic HBV cccDNA
loads, generating cells that have cleared the cccDNA, but still contain
HBV DNA integrations, possibly producing HBV envelope proteins. In
striking contrast to HBV, HDV can propagate efﬁciently through cell
division both in vitro and in vivo.8 It is therefore plausible that over the
years, inﬂammatory events shall accelerate intrahepatic HDV propagation among daughter cells, while lowering intrahepatic cccDNA
amounts. This heterogeneous infection landscape can evolve,
particularly in a setting where de novo infection events are low, as
often observed in HBeAg-negative CHD and in patients receiving
nucleotide analogues to lower HBV viremia. Enhanced cytokine
levels may also lower viremia and limit NTCP-mediated HBV and
HDV infection events, while still promoting the expansion of cells
containing HBV DNA integrations and/or HDV. Since HDV can persist
within the hepatocytes in the absence of HBV, a latent HDVmonoinfection can be reverted to a productive coinfection through
HBV infection (see also2). Thus, control of new infection events may
play a key role in therapeutic strategies aimed at curing CHD.
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