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Annotation. Chronic infection with hepatitis delta virus (HDV) affects between 12-20 million
people worldwide and represents the most severe form of viral hepatitis, leading to accelerated liver disease
progression, cirrhosis and its complications, such as end-stage-liver disease and hepatocellular carcinoma.
Diagnosis of HDV s still challenging due to a lack of standardised assays, while accurate viral load
quantification is needed to assess response and endpoints of antiviral treatment. Until recently, interferon
has represented the only treatment option in patients with chronic hepatitis delta; however, it is associated
with low efficacy and a high burden of side effects.
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Introduction

Hepatitis D is an inflammation of the liver caused by the hepatitis D virus (HDV), which requires
HBV for its replication. Hepatitis D infection cannot occur in the absence of hepatitis B virus. HDV-HBV
co-infection is considered the most severe form of chronic viral hepatitis due to more rapid progression
towards hepatocellular carcinoma and liver-related death. The human hepatitis D virus (HDV) is unique
among animal viruses. Enveloped in the hepatitis B virus (HBV) surface proteins, HDV constitutes the
smallest human virus with a diameter of 35-36nm. HDV requires HBV as a helper for entry into hepatocyte,
intrahepatic spread and dissemination between its hosts. Although recent in vitro findings indicate that HDV
may propagate independent from HBV, using envelope glycoproteins from several virus genera such as
vesiculovirus, flavivirus and hepacivirus including hepatitis C virus (HCV), clinical investigations confirm
its strong association with HBV infection (hepatitis B surface antigen, HBsAg positivity). Some estimates
suggest that up to 60million individuals may be infected with HDV, however, another meta-analysis
indicates that 12million people are affected. HBV/HDV coinfection is associated with a more severe course
of the diseases and an increased mortality compared with HBV monoinfection. Simultaneous infection with
HBV and HDV of adults results in clearance of both viruses in the majority of individuals. In contrast,
superinfection of an HBV-infected patient with HDV typically results in the development of persistent
HBV/HDV coinfection which may lead to liver cirrhosis, liver failure and eventually hepatocellular
carcinoma (HCC) within short time. Indeed, 50%-70% of patients with chronic HBV/HDV coinfection
develop cirrhosis within 5-10 years after diagnosis, corresponding to a threefold increase compared with
HBV-monoinfected patients. The risk for HCC development is increased compared with HBV
monoinfection with an odds ratio (OR) of 1.28-2.77, depending on the selection of studies included in the
meta-analysis.11 Due to this increased complication rate, HDV coinfected patients account for approx. 25%
of HBsAg-positive liver transplant recipients in the European Liver Transplant Registry. Until recently, no
approved antiviral treatment was available against HDV, thus, a more precise understanding of HDV
virology and anti-HDV immune responses is essential to develop and establish novel therapeutic regimens.

HDV genome structure The HDV genome consist of 1672-1697 ribonucleotides (genotype-
dependent) and forms a single stranded covalently closed circular RNA molecule of negative polarity
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(defined in relation to the (+) stranded mRNA encoding the hepatitis D antigen (HDAg)). Both, genomic
and antigenomic RNA is characterised by a high degree of self-complementarity (>70%) leading to recurrent
back-folded stretches of base paired rods, that are interrupted by short loops. This peculiar structure
resembles the structure of plant viroid RNA and mimics a DNA double helix. Different from plant viroids,
HDV RNA associates with the viral HDAg but also the protein bromodomain adjacent to zinc finger domain
2B (BAZ2B), involved in chromatin remodeling. Such ‘molecular mimicry’ complexes of dSDNA enables
the host DNA-dependent RNA-polymerase (Pol 11) to accomplish RNA-dependent RNA synthesis. HDAg
is encoded as two isoforms within a segment of the HDV genome, namely the small HDAg (S-HDAg, 195
aa, 24kDa) and the large HDAg (L-HDAGg, 214 aa, 27kDa). While S-HDAg is necessary to initiate and
maintain replication, L-HDAg negatively regulates replication and triggers envelopment of the virus into
the HBV surface proteins. Both antigens are post-translationally modified in order to fulfil their distinct
functions.

The routes of HDV transmission, like HBV, occur through broken skin (via injection, tattooing etc.)
or through contact with infected blood or blood products. Transmission from mother to child is possible but
rare. Vaccination against HBV prevents HDV co-infection and hence expansion of childhood HBV
immunization programmes has resulted in a decline in hepatitis D incidence worldwide. Chronic HBV
carriers are at risk of infection with HDV. People who are not immune to HBV (either by natural disease or
immunization with the hepatitis B vaccine) are at risk of infection with HBV, which puts them at risk of
HDV infection. Those who are more likely to have HBV and HDV co-infection include indigenous people,
people who inject drugs and people with hepatitis C virus or HIV infection. The risk of co-infection also
appears to be potentially higher in recipients of haemodialysis, men who have sex with men and commercial
sex workers.

In acute hepatitis, simultaneous infection with HBV and HDV can lead to a mild-to-severe hepatitis
with signs and symptoms of indistinguishable from those of other types of acute viral hepatitis infections.
These features typically appear 3—7 weeks after initial infection and include fever, fatigue, loss of appetite,
nausea, vomiting, dark urine, pale-coloured stools, jaundice (yellow eyes) and even fulminant hepatitis.
However, recovery is usually complete, development of fulminant hepatitis is infrequent, and chronic
hepatitis D is rare (less than 5% of acute hepatitis). In a superinfection, HDV can infect a person already
chronically infected with HBV. The superinfection of HDV on chronic hepatitis B accelerates progression
to a more severe disease in all ages and in 70-90% of persons. HDV superinfection accelerates progression
to cirrhosis almost a decade earlier than HBV mono-infected persons. Patients with HDV induced cirrhosis
are at an increased risk of hepatocellular carcinoma (HCC); however, the mechanism in which HDV causes
more severe hepatitis and a faster progression of fibrosis than HBV alone remains unclear.

Diagnosis

Serological diagnosis is made by:

detection of total antibody to HDV (anti-HDV) by enzyme-linked immunosorbent assay (ELISA); a
positive HDV IgM result indicates ongoing replication

detection of HDV antigen in serum, which is present earlier than anti-HDV

detection of HDV-specific RNA by polymerase chain reaction (PCR) testing; PCR is the most
sensitive assay for assessing HDV viraemia.

Endpoints of therapy. The ideal endpoint for any anti-HDV therapy would be HBsAg loss with
anti-HBs seroconversion. Elimination of replicating HDV RNA from the liver in HBsAg positive patients
would be an alternative, however, it would require biopsies from patients and is not applicable in clinical
practice. A more practical primary endpoint outcome is serum or plasma HDV RNA (as a surrogate marker
of liver HDV-RNA levels) below the limit of detection by a sensitive and specific PCR assay during therapy,
at the end of treatment (EOT) and off-therapy, at least 24 weeks after treatment discontinuation. However,
given the high risk of late post-treatment virological relapses described after IFN—based therapies, a
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sustained off-therapy response should be confirmed over time, well beyond 24 weeks after treatment
discontinuation. The proportion of patients with a>2log IU/ml decline of HDV RNA coupled with normal
ALT have also recently been suggested as reasonable secondary endpoints for clinical trials. To comply
with these stringent virological endpoints, it is of paramount importance to rely on commercially available,
validated, WHO standardised, sensitive and specific HDV RNA assays that may allow to compare viral
kinetics within as well as across studies.

Conclusion

Conclusion, hepatitis D disease cannot develop independently, it manifests itself only when hepatitis
B is present in the body, which is why it is called a superinfection. This disease is transmitted to humans
through blood. Its treatment is carried out by a hepatologist. It is necessary to detect and treat this disease
as early as possible.
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