
Hepatitis D Virus
Subjects: Virology

Contributor: Caterina Sagnelli
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1. Introduction

The need for the narrative review article we propose to readers stems from the extensive literature developed in recent

years on different aspects of hepatitis D virus (HDV) infection. The structure and life cycle of the virus have become well

known, and this has allowed the production of new agents directly acting on the HDV life cycle. Variations in HDV

epidemiology have concerned countries that were already widely studied, linked in part to the intensification of migratory

flows from areas at high HDV endemicity to Western countries and in part to the consistent reduction in hepatitis B virus

(HBV) circulation following the worldwide application of universal HBV vaccination programs. Furthermore, new

knowledge has been acquired regarding geographical areas that were poorly investigated previously.

Many reports have been published in the past on the diseases associated with HDV infection, but some clinical aspects of

the more advanced phases of the illness (development of liver failure and hepatocellular carcinoma-HCC) have been

more thoroughly investigated. Of great clinical relevance today is the possible diversification in the clinical expression and

therapeutic response to the new antiviral agents of HDV genotypes 5–8 imported in the last two decades into Western

countries from central Africa, compared to the traditional genotypes 1 and 2 .

The numerous therapeutic attempts made in the past did not provide satisfactory results. The administration of 9 million

units of standard interferon-alfa (IFN-α) three times a week for 24–48 weeks provided a sustained virological response

(SVR) in only 20–30% of patients treated, little in comparison to the low tolerability and the associated serious adverse

reactions; it is of little wonder that this therapy became obsolete. Pegylated interferon alfa (peg-IFN-α) did not

substantially improve the efficacy of the cure, although it was better tolerated and less burdened by adverse reactions. In

addition, the combination of peg-IFN-α with the nucle(s)tide analogues, developed to inhibit HBV replication, did not

improve the rate of SVR obtained with peg-IFN- α alone, a predictable event based on the knowledge of the HBV and

HDV life cycle.

New antiviral agents directed against different replicative phases of the HDV life cycle have recently been produced and

are in the initial phase of clinical experimentation, with preliminary favorable results. They too are burdened by adverse

reactions, but their use in combination with other antiviral drugs seems to tone down these side effects.

2. Structure and Life Cycle of HDV

HDV is a small RNA virus with a diameter of about 36 nm, with a nucleocapsid and a 1.7Kb circular ss RNA of variable

length in relation to genotype  (Figure 1). The HDV genome is the smallest viral genome capable of infecting mammals

and looks more like viruses that infect plants than those that infect humans . HDV is a defective virus that requires the

HBsAg PreS-1 domain of L-HBsAg for its assembly; it lacks its own envelope, and its outer coat consists of components

taken from HBV. HDV, however, does not need active HBV replication for its synthesis, because the translation of its

structural proteins can also be guaranteed by the HDV RNA that is integrated alone within the hepatocytes. HDV encodes

only for the antigenic protein HD-Ag, synthesized in two forms: the small HD-Ag (S-HD-Ag) and the large HD-Ag (L-HD-

Ag), which are structurally identical, but L-HD-Ag has an extra 19 aa chain in the C-term . HDV infects the hepatocytes

through the myristoylated N-terminus of the pre-S1 domain of the L-HBsAg and its multiple transmembrane receptor

sodium taurocholate co-transporting polypeptide (NTCP) . After entry, HDV genome translocates into the nucleus

through HD-Ag  and uses host RNA polymerase II, a DNA-directed RNA polymerase, to transcript HDV RNA by a

rolling-circle mechanism  like that of plant viroids (Figure 2) . First, a multimeric linear transcript is synthesized; then,
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using autocatalytic self-cleaving sequences, ribozymes, this linear transcript is cleaved into monomers . RNA

monomers are ligated by cellular RNA ligase into an antigenomic, monomeric and circular RNA used as a template for a

rolling-circle replication . Three different RNAs are generated: HDV genome, anti-genome and a smaller anti-genome

that contains the open reading frame for HD-Ag . S-HD-Ag has a fundamental role in replication itself, as it is

required for RNA synthesis, while L-HD-Ag has a role in the packaging. Farnesylation enables the interaction between

HD-Ag and HBsAg. At C-terminal for L-HD-Ag, there is a 19-amino acid polypeptide that includes C-terminal CXXX-box

motif, a substrate for prenyltransferases, which adds a prenyl lipid group (farnesyl group) . When HBsAg is

completed, farnesylation anchors the protein to the endoplasmic membrane enabling the interaction through HD-Ag and

HBsAg, and this allows the release of virus particles.

Figure 1. Hepatitis B virus (HBV) shares its small, medium and large hepatitis B surface antigens (HBsAg) with hepatitis

D virus (HDV), acting as a helper virus of HDV.

Figure 2. Action of direct anti-HDV agents on the HDV life circle. HDV enters the hepatocyte through NTCP. The

replication is carried out in the nucleus. Large HDAg is farnesylated in the cytoplasm. Assembly ends in the Golgi

apparatus with the bond between HBsAg and HDAg. Bulevirtide inhibits NTCP (entry), lonafarnib inhibits prenylation

(farnesylation, assembly), NAPs inhibit NTCP (entry), farnesylation (assembly) and release. Footnotes: NTCP, sodium

taurocholate co-transporting polypeptide; HDV, hepatitis D virus; HDAg, hepatitis D antigen; L-HDAg, large hepatits D

antigen; HBV, hepatitis B virus; NAPs, nucleic acid polymers.
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3. HDV Epidemiology, Unchanged Knowledge and Changes over Time

Nearly 70 million subjects are infected with HDV worldwide , with an anti-HDV seroprevalence among HBsAg-positive

carriers varying according to the geographical area of birth, socio-economic status and exposure to risk factors ; a

high prevalence of HDV chronic carriers have been observed in Central Africa, South America, Turkey, Mongolia, some

Pacific island countries (Kiribati), southern Italy and the previous Soviet Union . A systematic review and meta-

analysis reported a worldwide HDV seroprevalence of 14.6% among HBV-positive patients, a percentage much higher

than previous estimates of approximately 5%, with the highest seroprevalence in the intravenous drug users (IVDU), in

subjects with unsafe sexual behavior and in cohabitants with HBsAg-positive family members .

Eight HDV genotypes have been identified, of which 7 present more than 90% similarity over the entire genomic

sequence, while HDV-genotype 3 exhibits a 40% divergence with the other 7 at the nucleic acid level; in addition, 2-4

subtypes have been identified so far for each genotype . HDV-genotype 1, the most represented worldwide,

prevails in western Europe and North America ; HDV-genotype 2 was previously confined to Asia but it has recently

emerged in Egypt and Iran . HDV-genotype 3 has been found in North and South America, mostly in the Amazon

basin , and HDV-genotype 4 has been found in China and Japan . Central Africa is the main site of HDV

diversification, with HDV-genotypes 1, 5, 6, 7 and 8 .

Several epidemiological surveys have shown an increased prevalence of HDV infection in migration-destination countries

where this infection was previously uncommon . In addition, the geographic distributions of HDV

genotypes have changed over time in Western countries, mostly due to the intensification of immigration from endemic

countries. In fact, HDV genotypes 5, 6 and 7 have been detected in several European countries . In Australia,

immigrants born in Africa have been found at higher risk of carrying HDV infection than native Australians (RR= 1.55; 95%

CI 1.14–2.09) .]. In England, more than half the patients with HDV infection have come from continents or sub-

continents where HDV infection is endemic (southern or Eastern Europe, Africa, Middle East, Asia) . A similar event has

occurred in Greece, where immigrants are more than half of the HDV population . Changes in molecular epidemiology

have also been described for HBV infection; in Italy, related to migratory flows, the “traditional” HBV genotype D has been

replaced in part by other HBV genotypes in the latter decades, prevalently introduced from Africa and Eastern Europe and

responsible for nearly 40% of acute hepatitis B . In Italy, there was a substantial decrease in HBV

endemicity consequent to changes in socio-economic conditions and to the universal HBV vaccination that started in 1991

and is still ongoing. Consequently, HDV infection among HBsAg positive subjects progressively decreased from the 24%

detected in 1981  and the 23.4% found in 1987  to 14.4% in 1992 , 8.3% in 1997 , 8.1% in 2007  and to

6.4% in 2019 , when, reflecting a survival effect, HDV-related chronic hepatitis affected older subjects with advanced

disease. Instead, this HDV prevalence has increased in immigrants from 2001 to 2013 (from 12.2% to 26.4%), due to the

increase in migratory phenomena from Africa and Eastern countries and the difficulties of vaccinating undocumented

immigrants (mostly from Africa) against HBV .

These data suggest considering immigrants from endemic areas at high risk of being carriers of HDV infection, on a par

with IVDU, men or women with multiple sexual partners and cohabitants with HBV/HDV-positive family members.

Concluding on this point, we believe that the increasing spread of HDV infection associated with migration flows is

becoming a new challenge in the third millennium.

4. From HDV Infection to Liver Cirrhosis and HCC, Here Too Something
New

HDV can only be transmitted in the presence of a concomitant HBV infection, by coinfection or superinfection . Co-

infection is the simultaneous HBV and HDV acute infection occurring in a susceptible individual. HBV/HDV coinfection is

responsible for acute hepatitis resembling acute hepatitis B , which is frequently more severe than acute hepatitis B

and provides an increased risk of acute liver failure . As HBV infection develops before HDV infection, HBV/HDV

coinfection may cause biphasic peaks in aminotransferases (AST, ALT) serum levels, even weeks apart . As HBV is

essential for HDV replication, the rate of progression to chronicity is similar to that observed in acute hepatitis B, ranging

between 2% and 5% .

Chronic HBV carriers who acquire HDV infection (HDV superinfection) develop acute hepatitis Delta that progresses to

chronicity in nearly three quarters of cases, frequently induces worsening of the pre-existing liver disease and the

development of fulminant hepatitis in 7–15% of cases . In the remaining cases HDV replication stops, allowing a less
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rapid, sometimes indolent course of the disease. In an Italian cohort study, 10% of HBsAg-positive patients with circulating

anti-HDV antibodies cleared HBsAg during a mean follow-up period of 4 years, a percentage more than double what

happens in patients with HBV mono-infection .

HDV chronic infection, detectable by the persistence of antibody to HDV and HDV RNA or HD-Ag in serum for at least 6

months after HDV infection, leads to chronic hepatitis Delta (HDV-CH), a disease more severe than HBV-CH, with higher

aminotransferase levels and increased rates of fibrosis progression . In addition, patients with HDV-CH are 2-fold

more likely to develop and die of hepatic decompensation or HCC than those with HBV mono-infection . The

probability of 20-year survival after the diagnosis of HDV-CH has been estimated at 86%, the persistence of HDV

replication being the only factor associated with an increased risk of mortality .

HBV/HDV coinfection has been identified as a main factor for the development of HCC in most studies, with a 3-fold

increased risk compared to HBV infection . In a few studies, however, HDV did not appear to

significantly increase the risk of developing HCC . Understanding this difference would require further investigation,

but a different selection of patients by age, HDV genotype (not determined in most studies) and ethnic and environmental

aspects is conceivable.

Let us focus now on the most recent data to analyze any differences compared to past. In a recent multicenter study at

four hospitals in Spain, 151 (5.2%) out of 2888 HBsAg-positive subjects were anti-HDV positive, of whom 118 had a

median follow-up of 8 years. Of these 118, 73% had initially detectable HDV-RNA and 30% liver cirrhosis, most often in

HDV-RNA positive patients. Non-cirrhotic patients with initially detectable HDV-RNA were more prone to developing

cirrhosis (31% vs. 0%, p = 0.002) and/or liver decompensation (28% vs. 3%, p = 0.019) than the HDV-RNA-negative ones

.

A recent nationwide retrospective French study investigated 375 HDV patients with compensated cirrhosis; positive HDV-

RNA at the most recent evaluation, an older age, being overweight, total serum bilirubin >17 mmol/L, and low platelet

count were all identified as independent factors associated with liver decompensation. In a further analysis, the presence

of HDV RNA at the most recent evaluation (HR = 2.14, p = 0.01), an older age (HR = 1.08, p < 0.001), past alcohol intake

(HR = 2.39, p = 0.010), prothrombin time < 80% (HR = 4.15, p < 0.001), platelet count <100,000/mm  (HR = 2.56, p =

0.016) and serum GGT >2-times the normal value (HR = 3.70, p = 0.002) were identified as independent factors

associated with the development of HCC .

The long-term impact of HDV viremia on the outcome was analyzed also in a Swedish nationwide cohort of 337 HBV/HDV

co-infected patients, prevalently HDV RNA positive. A significantly increased risk of liver events was seen in patients with

HDV-RNA viremia at baseline (HR = 3.82, 95% CI 1.48–9.82), cirrhosis at baseline (HR = 10.26, 95% CI 5.47–19.23) and

an older age (HR =1.05, 95% CI 1.03–1.08); the incidence rate per person/year was 2.81% for the HDV- RNA-positive

and 0.76% for the HDV-RNA-negative. In the same cohort, a significantly higher risk of HCC development was seen in

older patients (HR = 1.08 CI 95%: 1.04–1.13) (p < 0.001) and in those with cirrhosis (HR = 3.16 CI 95%: 1.22–11.13) (p =

0.02). The risk for HCC development was 0.73% per person/year for HDV-RNA-positive and 0.29% for HDV-RNA-

negative patients, a difference however not reaching statistical significance .

The influence of the HDV genotype in the evolution of the disease is still under investigation. In a study from Taiwan, 51

patients infected with HDV genotype 1 showed a lower remission rate (15.2% vs. 40.2%; p = 0.007) and a more adverse

outcomes (cirrhosis, hepatocellular carcinoma, or mortality) (52.2% vs. 25.0%; p = 0.005) than 74 patients with HDV

genotype 2 . Recent data from Roulot et al. indicate that European patients with HDV genotype 1 and African patients

with HDV genotype 5 are at a high risk of developing cirrhosis . In a small British cohort considering 21 African and 9

European patients with HBV/HDV coinfection, those born in Africa were all infected with HDV-5 and showed a better

prognosis than those born in Europe, which were mostly infected with HDV-1 . HDV genotype 3 has been linked to

outbreaks of severe hepatitis, frequently progressing to acute liver failure and death in the Amazon Basin .

Genotype 4 has been found associated with a mild liver disease , but its variant affecting 40 Japanese patients on the

Miyako Island has been found to be associated with a more rapid progression to cirrhosis than observed in Taiwan .

Further studies on more numerous case series will better highlight the real role of HDV genotypes in influencing the

clinical course of chronic hepatitis due to HBV/HCV coinfection.

We certainly did not expect extreme variations in the clinical aspects associated with HDV infection, given the significant

volume of studies in this regard produced in past years. The data reported above, however, strongly underline the

persistence of HDV viremia as a strong predictor of a poor prognosis; this unfavorable influence is widely confirmed for

the evolution to cirrhosis, while a moderate uncertainty persists on its effect on HCC development.
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The recent increase in HDV genotypes 5–8 in Western countries is most definitely new. This has already caused and will

cause even more changes in the clinical presentation and evolution of HDV-CH. It is therefore important to perform ad hoc

studies to acquire rapid clinical information on HDV infection in territories where HDV genotypes 5-8 are spread.
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