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Abstract

The hepatitis delta virus (HDV) is a defective hepatotropic virus that affects only patients with hepatitis B virus
(HBV) infection. These 2 viruses share the same routes of transmission (parenteral, sexual, and mother to child).
The hepatitis delta virus infection may result in acute hepatitis, including fulminant presentation or spontaneously
resolving infection, and chronic infection. The prognosis depends on the chronology of the 2 infections, co-infection
(higher risk of fulminant hepatitis) or super-infection (frequent evolution to chronicity). The harmfull impact of HIV-
associated infection is today debated even if HDV antibodies are present in 12% and 4% of HIV/HBV co-infected
and HBV-mono-infected patients respectively. HDV may be treated by interferon, the unique treatment, but relapse
is observed in 50% of cases after discontinuation of therapy: only 25% of treated patients achieved a sustained
virologic response. Entry HBV/HDV inhibitors (Myrcludex) and prenylation inhibitors are awaited encouraging
progress in treating HDV infection. The treatment is recommended in patients with significant fibrosis; viral
suppression may result in fibrosis stabilization or reversal which may be also observed in the absence of complete
viral eradication. The prevention of hepatitis delta virus infection is based on hepatitis B virus vaccination
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Introduction
Hepatitis D virus (HDV) is a defective hepatotropic virus that

affects only patients with hepatitis B virus (HBV) infection. These 2
viruses share the same routes of transmission (parenteral, sexual, and
mother to child). HDV antigen was first detected in hepatocytes of
HBV-infected patients with HBc antigen expression but distinct from
the latter [1]. The more severe prognosis of HDV infection in the
setting of human immunodeficience virus (HIV) coinfection seems
questionable today, even if HDV infection is observed in 12% of HIV-
coinfected patients compared to 4% in HBV-monoinfected patients,
which come from high or moderate endemic areas for majority.
Interferon treatment is less efficient in HDV infection than in HBV
infection with only 25% of sustained virological response and more
than 50% of relapse after discontinuation of therapy. The addition of
nucleos(t)ide analogues to the Interferon regimen do not change the
virologic response and have to be used only for HBV indication. New
therapies are promising, especially the HBV/HDV entry inhibitors
(Myrcludex) or prenylation inhibitors. Antiviral treatment is indicated
for patients with significant fibrosis and can limit fibrosis progression,
even without a complete viral suppression. The prevention of the HDV
infection relies on vaccination against HBV.

Genomic structure
The hepatitis D virus, first discovered by Rizzeto in 1977, is a small

(36 μm in diameter) negative single-stranded covalently closed circular
ribonucleic acid (RNA) virus of 1672 to 1697 nucleoides, with high G-
C content, that can form secondary double-stranded structures [2].
The RNA closely links to the small delta protein (p24) and the large
delta protein (p27), defining the delta ribonucleoprotein which will be
covered by the HBV surface proteins (HBs antigen) corresponding the

delta viral particle. Thus, the HDV is a defective virus, depending on
another virus (HBV) also called auxiliary virus for replication and
propagation.

The HDV genome contains three genomic and three antigenomic
open reading frames, one of latter coding for the 24 kD delta antigen.
The HDV has, like the HBV, a high genetic variability associated with a
specific endemic distribution.

The recent strain genotyping of the virus identified that HDV
circulates as quasi-species. New genotyping identifications have been
added in the 2000’s to the three major genotypes (I, II, III) identified in
the 1990’s with subtypes (A, B) [3,4]. The Deltavirus genre is nowadays
classified into eight genotypes (HDV-1 to HDV-8) with a genomic
variability of 15% and specific geographic distributions [5-7]. HDV-1 is
ubiquitous, HDV-2 and -4 are present in Siberia, East Asia and South
Asia, Japan and Miyako islands; HDV-3 is present in Amazon basin
and HDV-5, -6, -7 and -8 are present in sub-Saharan Africa and were
found in migrants living in France and contaminated in their country
of birth [8,9].

Differences of pathogenicity between the genotypes are currently
debated; HDV-3 being associated with severe acute hepatitis, and
HDV-2 or -4 associated with less severe hepatitis [10].

Epidemiology
The routes of transmission for HDV are similar from those for HBV:

parenteral (mainly by intra-venous drugs use and rarely after blood
transfusion, with a disappearance in industrial countries where HBs
antigen detection is the rule), sexual (mostly in men who have sex with
men [MSM]), from mother to child (vertical transmission at delivery
or post-partum infection in a HBs antigen carrier newborn) or
sporadic [11,12]. The HDV infection affects around 5% of HBs antigen
carriers, meaning around 15 to 20 million people worldwide with
widely varying prevalence by areas. Its prevalence is highest in tropical
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and sub-tropical areas and decreases in tempered areas. HDV is
endemic in Mediterranean area (Southern Italy), in the Near East, in
South America (Amazon Basin), in sub-Saharan or Central Africa and
in East Europe. Despite a high HBV prevalence in South-East Asia,
HDV infection is rare except in Vietnam and in the pacific islands: we
cannot exclude that “Asian” HBV genomic variations of B or C HBV
genotypes could limit their auxiliary function for HDV replication. In
Africa, individuals are contaminated during childhood and teen age by
vertical transmission from mother to child or horizontal transmission
with tattoos, acupuncture, ritual scarifications, traditional medicine…
In the Mediterranean area, people are mostly contaminated later
during the fourth decade. In the United-States and in North Europe,
low endemic areas, HDV has been introduced in the 1970’s, mostly by
the intra-venous drugs users (IVDU), with a rapid expansion –in
France, 70% of the IVDU and 15% of the MSM who carried HBs
antigen (HBsAg) were infected by HDV at the beginning of 1980’s
[13]. This prevalence dropped in the middle of the 1980’s with
prevention against HIV (condoms and single-use syringes). In the last
EPIB study, HDV infection was observed in 12% of HIV-co-infected
patients compared to 4% in HBV-mono-infected patients, mostly in
people from high or moderate endemic areas.

Diagnosis
The diagnosis of HDV infection is made on the association of acute

or chronic hepatitis (meaning transaminases level up to the normal
range) and serologic markers. Viral replication is asserted by the
presence of:

Delta antigen in liver and in sera but it is detected only in the first
fourth weeks in the absence of immune-depression;

Anti-HDV Immunoglobulins (Ig) M antibodies in the sera, which
can persist along with the chronic infection;

The viral HDV RNA in the sera (and in the liver), detected by RT-
PCR [14] and of paramount importance for the diagnosis (replication
of the virus) and follow-up (evaluation of treatment efficacy) [15-17].

There is no place for the HDV genotyping [18-19].

After eradication of the virus, the RNA become undetectable and
only anti-HDV IgG antibodies remain detectable. The serologic
markers for HBV infection depend on the timing of HDV infection
and HBV infection. The HBV-DNA quantification allows HBV
treatment initiation according the European recommendations. The
HBsAg quantification could have an impact on prognosis and caring of
co-infection B-delta [20].

Natural course of infection
The hepatitis B virus is required for development of hepatitis D

virus infection. So, two different settings can be observed for
epidemiology, prognosis and therapy: a co-infection by HBV and HDV
or a surper-infection by HDV in a HBsAg carrier (Figure 1).

B/delta Co-infection
In the HBV/HDV co-infection, the auxiliary hepatitis B virus and

HDV are both present in the inoculum. The hepatocytes are first
infected by HBV; its replication leading to HDV expression in 1 to 2
weeks later. The virulence of HDV infection depends on HBV
virulence. If HBV infection is weak and slow, it cannot provide enough
help for HDV infection and the later becomes abortive. But, when

HBV infection is high and quick, HDV infection can occur. A clinical
acute hepatitis appears after an incubation time from 2 to 6 weeks. The
evolution can be bi-phasic with 2 flares of hepatic cytolysis, reflecting
the first infection of hepatocytes by HBV and then the second infection
by HDV. Fulminant acute hepatitis is more frequent in co-infection
than in HBV alone (2 to 10% versus 1% respectively) [21] while rates
of spontaneous death and relapse of HBV infection after liver
transplantation are lower in acute fulminant HBV/HDV hepatitis than
in HBV. Two to 20% of patients HBV/HDV co-infection will develop
chronic hepatitis. Thus, if co-infection does not lead to death or liver
transplantation, it is mostly resolved.

The serologic pattern is the following: HBV serum serological
markers appear with HBsAg and anti-HBc antibodies; the delta
antigen appears quickly and early in serum but often under the limit of
detection. Detection of delta antigen in liver is more common. Anti-
HDV IgM antibodies appear from 2 to 5 weeks in serum, then are
substituted by anti-HDV IgG antibodies. Concomitantly, HBsAg
disappears and is replaced by anti-HBs antibodies evidencing the
resolution of HBV infection. Thus, the association of anti-HDV, anti-
HBs and anti-HBc IgG antibodies is the serologic pattern of
spontaneous resolution of HBV/HDV co-infection.

Super-infection delta
In case of super-infection of a HBV carrier by hepatitis D virus, the

HBV is already in hepatocytes. The patient may be an inactive HBV
carrier (without or with mild B viral replication or liver injury) or have
a chronic hepatitis with HBV replication. The delta super-infection
often leads to a marked decrease or discontinuation of HBV
replication, along with anti-HBe antibodies appearance, HBeAg
clearance and HBV DNA undetectability, and even HBs Ag
disappearance. Conversely, markers of delta replication (anti-delta IgM
more than delta Ag, HDV RNA) become detectable [22]. The acute
phase appears 2 to 6 weeks after contamination, mostly with a wide
liver hepatocytes necrosis; and without biphasic form. In case of an
unknown chronic HBV carrier, this episode could be interpreted as an
acute hepatitis B or co-infection B/delta. When chronic HBsAg
carriage is known, it could be interpreted as a HBV reactivation or a
HBeAg seroconversion. This highlights the need to test delta serology
in any HBV carrier. In delta super-infection, fulminant presentations
are more common than in acute B hepatitis with an estimated risk
around 15% and a high percentage of chronic delta hepatitis, around
80%. Chronic delta hepatitis has been suggested to induce more histo-
pathological liver injury than HBV with a prompt evolution to
cirrhosis and to hepatocellular carcinoma (HCC) [23,24].

Chronic delta hepatitis is more due to super-infection than co-
infection B/delta. Like other hepatotropic virus (HBV and HCV), the
risk of chronic delta infection is cirrhosis: several studies reported a
high risk of cirrhosis, from 70 to 80% after 15 years of evolution, as
compared to 15 to 30% in chronic hepatitis B and 10 to 25% in chronic
hepatitis C. In an Italian cohort, 41% of patients with chronic HDV
infection had cirrhosis and 13% were dead after a follow-up of 6 years
[25]: the severity of chronic hepatitis D, the frequency of cirrhosis and
their rapid evolution could explain this finding [25,26]. Another HDV
specific pathogenesis mechanisms including the big delta protein for
activation of transcriptional factors (STAT3, NF-KB) and the oxidative
stress pathway through NADPH oxidase have been suggested to be
part of the rapid evolution of the liver disease [27]. Nevertheless, we
cannot exclude that confounding factors, such as duration of infection,
might explain these differences; as it has been suggested by some
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histological findings the absence of difference of severity between HBV
or HVB/HDV carriers [28-31] and occurrence of hepatocellular
carcinoma is the same (3 to 5%/year) than in B or C viral cirrhosis.

In the French Deltavir study [32], 28% of patients had a biopsy-
proven cirrhosis at enrollment, 15% had at least one episode of
cirrhosis decompensation and 2.7% had a HCC. After a median
follow-up of more than 4 years, 20% of patients have developed
cirrhosis, 10% had a decompensation of cirrhosis and 6.5% a HCC. In
multivariate analysis, age, GGT level and detectable HDV RNA were
predictor of cirrhosis decompensation and ASAT level was predictor of
cirrhosis development.

The association of serum HBsAg, anti-HBc IgG antibodies positivity
with anti-HBc IgM negativity makes the diagnosis of HDV super-
infection. HBV DNA is usually undetectable or with very low levels.
The delta antigen is present in the liver, with nuclear localization,
sometimes cytoplasmic, except in fulminant presentations where it is
mostly undetectable. HDV RNA is detectable in liver and serum. The
constant positivity of anti-delta IgM antibodies (monomeric [7S]) with
a titer of anti-delta IgG antibodies above 1/1000 signs chronic delta
infection.

Special clinical features
Fulminant hepatitis: Fulminant presentations of acute delta hepatitis

are more frequent than in acute B hepatitis but with a more favorable
prognosis. Fulminant forms occur mostly in the setting of co-infection
in Europe and United States and super-infection in tropical areas.
Delta epidemics with fulminant forms have been reported in South
America (especially in Amazonia), with a mortality rate from 10 to
20% in children; notably with histological features of microvesicular
steatosis, similar to those found in case of drug-induced hepatitis or
Reye syndrome. We cannot exclude that a special genotype could be
part of this pathogenesis [5,10].

Special serology: Some HDV carriers have a negative HBs antigen.
The episode is often interpreted as acute non-A non-B hepatitis. The
HBV replication can be highly inhibited by HDV so that HBs antigen
and HBV DNA become undetectable: in 10% of chronic HBsAg
carriers with HDV super-infection, HBs antigen disappears after the
acute phase of HDV infection. When the HBsAg effectively disappears,
the cure of HDV infection can be seen. In some cases, despite the
occurrence of anti-HBs antibodies neutralizing HBsAg, the HBsAg can
arise again after the cure of HDV.

Liver transplantation and hepatitis D virus: Relapse of HDV
infection after liver transplantation for B/delta cirrhosis is frequent
(70% of cases) despite immuno-prophylaxis and anti-HBs
immunoglobulin perfusions. Prognosis seems less severe than delta
infection in native liver. Markers of HBV infection are very frequent.
Conversely, risks of relapse of HDV or HBV infection after liver
transplantation performed in emergency for B/delta co-infection are
lower than the risks of graft infection by HBV after fulminant B
hepatitis [33,34].

Hepatitis D virus and human immunodeficiency virus: The HBV
replication is usually low or absent in chronic delta hepatitis.
Nevertheless, some cases with both HBV and HDV replication exist,
especially in HIV-co-infected patients, and seem to have a more severe
prognosis. Histological features are close to those found in chronic
HBV with more inflammation and more lobular injury and with
eosinophilia degranulation in hepatocytes [35]. Majority of patients
infected with HBV, HDV and HIV have died at the end of 1980’s from

severe liver diseases [13]. Nowadays, the prevalence of HDV markers is
higher among HIV-positive than HIV-negative patients (12 vs. 4%) but
HIV status does not impact the severity of the liver disease, probably
reflecting the positive effect of the immune restoration and the HBV
suppression associated with the dual efficacy of antiviral drugs against
HIV and HBV [36].

In conclusion, patients with HDV infection are exposed to
fulminant hepatitis (co-infection, super-infection) or potentially severe
chronic infection. This provides evidence for developing preventive
policy including universal vaccination against HBV and with
“comportemental” prevention in chronic HBV carriers, even with
vaccination against HDV (which is under development).

Treatment of delta infection

Acute B-delta hepatitis
The typical acute presentation does not need any specific treatment;

only general recommendations for acute hepatitis: complete rest and
special food are not necessary, but corticosteroid should be avoided
(risk to enhance evolution to chronicity), as well as alcohol
consumption and oestroprogestative therapy (both during 3 to 6
months).

The specific treatment of fulminant hepatitis, related to HDV or
other causes, is the liver transplantation that have to be done when
encephalopathy or liver insufficiency (level of factor V below 30%)
appear. The 5-year survival rate is around 70% after emergency liver
transplantation for fulminant HDV hepatitis. The main risk is the
relapse of the disease after transplantation, which can be avoid by anti-
HBs immunoglobulin perfusions; for all life long and to get a level of
anti-HBs antibodies above 100 mU/ml. This risk is quite rare, as
compared to the high risk of relapse (70%) after B/delta
transplantation for liver cirrhosis. The prognosis of HDV infection
relapse on the liver graft seems less severe than on the native liver. The
negativity of chronic HBV infection markers is usual. Thus, B/delta co-
infections usual lead to complete viral eradication, and death or
emergency liver transplantation is rare. We remind that the best
treatment of HDV infection is the preventive vaccination against HBV
infection.

Chronic B-delta hepatitis
The aim of the treatment is viral eradication. Indications for therapy

were biopsy-proven chronic HDV infection with HDV replication
markers [37] but noninvasive markers are probably accurate enough
like for HBV and HCV to limit the indication of liver biopsy. For HDV,
replication is defined with transaminases level above the normal range,
anti-delta IgM and HDV RNA detection in serum (sometimes delta
antigen in liver) [37,38].

Most of drugs that have been tested as HDV therapies are inefficient
(prednisolone, azathioprine, levamisole, arabinoside adenine or recent
nucleoside analogues such as ribavirin, famciclovir or lamivudine)
[39].

Interferon: The only therapy that has been reported to be efficient
against chronic HDV infection is alpha-interferon, currently pegylated
alpha-interferon, given for 12 to 18 months. The efficacy should be
assessed by negativity of anti-HDV IgM and negativity of HDV RNA
tested by quantitative Polymerase Chain Reaction (PCR).
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Pilot studies reported a decrease of liver inflammation and viremia
under alpha-interferon; given at the doses of 2.5 to 7.5 million
international unit (mIU)/m2 three times a week during 2 to 16 weeks
[40-43]. The benefit was short, as quite all patients relapsed after
withdrawal of treatment. The use of long duration therapy (5 mIU/m2

three times a week for 4 months, then 3mIU/m2 three times a week for
8 weeks) provided, in a controlled study, the normalization or the
decrease (more than 50%) of transaminases in 42% and 26% of
patients treated for 4 and 12 months, respectively, but in only 3% of
patients 1 year after end of treatment against 7%, 7% and 0% in the
control group. Despite the lack of antiviral benefit, this therapy had an
effect on liver inflammation [41]. These results led to enhance the
therapy with the use of 9 mIU/m2 3 times a week during 12 months,
with normalization of transaminases in 71% of patients and negativity
of HDV replication in 50% of patients 6 months after end of treatment
along with a histological benefit [41]. The issue was the relapse after
withdraw of treatment: only half of patients with biological response
maintained a normal biology during follow-up. The recommended
dose was then 9 mIU/m2 3 times a week during 48 weeks [41], with lot
of secondary adverse effects that can limit treatment feasibility.

Adverse effects under alpha-interferon treatment are frequent. The
main side effects are flu-like syndrome, digestive disorders and neuro-
cognitive disorders, which are present in one third of patients. They
can lead to stop treatment. The other side effect is asthenia, sometimes
crippling, which can be due to treatment or to the underlying liver
disease. Biological effects are leucopenia with neutropenia or
thrombopenia, especially in cirrhotic patients. These side effects are
reversible and majority of patients will complete the treatment. Some
severe side effects (cardiovascular, psychiatric, ophthalmological,
thyroid disorders or exacerbation of autoimmune disease) have to be
screened during treatment to stop therapy early [44]. All these adverse
effects justify the pre-treatment screen for autoimmune disease or
hematological disorder.

The anti-HDV treatment is relatively disappointing even if:

A potential histo-pathological benefit in patients with severe liver
disease is expected;

A potential eradication of both HDV and HBV with anti-HBs
seroconversion can be expected after a several-year treatment.

Encouraging results have also been reported in patients with co-
infection with HIV [45].

Despite these results, we can say that only high doses of alpha-
interferon were able to provide improvement of liver fibrosis. A clinical
case of a patient who underwent an alpha-interferon therapy with 5
mIU/m2 during 12 years showed a regression of cirrhosis with a
seroconversion of HBsAg. In the controlled study of P. Farzi where 33
of 42 patients were followed during 12 years, the liver biopsy,
performed 122 months after treatment, showed inflammation and
fibrosis improvement, including regression of cirrhosis in two patients,
with disappearance of anti-HDV IgM only in patients treated with
high doses; one death or one liver transplantation were observed
respectively in 15, 45 and 67% of patients treated with high doses (9
mIU/m2), low doses (3 mIU/m2) and in controls, respectively [41,46].

In addition, pegylated interferon, known to be better than standard
interferon in treatment of HBV infection (at least for tolerance), seems
to provide hopeful but insufficient results [5]. The doses are 1.5 µg/kg
or 180 µg a week for alpha-2b-interferon and alpha-2a-interferon,
respectively. The reported results are in fact similar to those with

standard interferon and recommended durations of treatment are 12 to
18 weeks.

Interferon and analogues: To improve the effect of pegylated
interferon (PEG), some studies tested the combination of PEG with
nucleos(t)ides analogues (adefovir [ADV], tenofovir [TDF] or
entecavir).

The HIDIT-1 [47] study that compared PEG+placebo vs. PEG-ADV
vs. ADV in patients with co-infection B-delta showed no difference for
the undetectable HDV RNA rate between the groups (around 30 and
25% in each group, the ADV group confirming the absence of efficacy
of the analogues alone). In a retrospective and prospective study with
follow-up of patients enrolled in HIDIT study, 58 of 90 patients had a
median follow-up time of 4 years: 6 patients developed a complication
(liver transplantation, hepatocellular carcinoma, liver decompensation,
death) and the complication rate was similar in each group of
treatment. The incidence of complications in cirrhotic was 4.9% per
year. Importantly, 56% of patients who achieved a sustained virological
response (undetectable HDV RNA 6 months after the end of
treatment) had a late relapse. This study shows that sustained
virological response 24 weeks after the end of treatment is not the good
virologic endpoit in HBV/HDV co-infection.

Another study (HIDIT-2) compared PEG vs. PEG+TDF during 96
weeks. Results are disappointing (34% and 42% of undetectable HDV
RNA at 48 weeks, respectively and 47% and 33% at the end of
treatment, respectively) with high relapse rate after end of treatment
[16,48].

These studies evidence that interferon, despite disappointing results,
still remains the only therapy in HDV infection.

Future therapies: The developments of two new antiviral strategies
are hopeful: the inhibitors of HDV entry (myrcludex) [49] and the
inhibitors of prenylation, a key step in virion assembly [50], which are
ongoing in phase II clinical trials.

Myrcludex inhibits the functional membrane receptor of HBV and
HDV (sodium taurocholate cotransporting polypeptide) [51].
Promising trials in animal were followed by promising human clinical
trials.

The lonafarnib (100 mg twice a day) is an oral inhibitor of farnesyl
transferase that inhibits farnelysation or prenylation of delta antigen. It
blocks the assembly and the package during the HDV replication and
had been reported to decrease HDV replication [52]. A dose-study to
evaluate the virological impact, with a boost with ritonavir (100 mg) or
with PEG-alpha2a at 1 and 2 months has been reported [53]. Results
were compared to the proof-of-concept study results (lonafarnib alone)
[50] and to the HIDIT-2 [48] PEG+TDF results. The boost with
ritonavir 100 mg or the combination with PEG-alpha-2a 180 µg/week
improved the antiviral efficacy with a viral load decrease of 2 log and
reduced digestive side effects [53].

Finally, promising results have been reported with the use of REP
2139-Ca, a polymer nucleic acid that provides HBsAg clearance in
duck hepatitis model and in human: around ten B/delta co-infected
patients received 500 mg IV of REP 2139-Ca once a week during 15
weeks then a combination of 500 mg IV of REP 2139-Ca + PEG-
alpha-2a 180 µg once a week during 48 weeks: all patients had, from
the 5th week of treatment a decrease of HBsAg titer, a reduction of
HDV RNA and appearance of anti-HBs antibodies [54]. We are
currently waiting for the results after the end of treatment.
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Other therapies: In the setting of decompensated cirrhosis, liver
transplantation can be proposed. The HDV infection relapse on the
liver graft is frequent (70%) but with a better prognosis than the
infection on the native liver or than the relapse with HBV alone. An
immune-prophylaxis, as already cited, is justified to decrease the risk of
HBV relapse after transplantation. The 5-year survival rate is around
90% [18]. When hepatocellular carcinoma is established, the best
therapeutic strategy may be the liver transplantation that cures the
tumor and the cirrhosis, with a low risk of tumor recurrence at 2 years
if the tumor size is small (<3 cm). The surgical resection for small
tumor provides a similar 2-year survival rate but tumor recurrence is
frequent (around 60%), suggesting a lower efficacy on long survival
than liver transplantation. The best treatment of delta hepatitis virus
infection remains prevention with vaccination against HBV; efficiently
(antiHBs-positive) vaccinated patients cannot be infected with HDV.
The risks of delta co-infection (fulminant presentation) and chronic
delta infection (with cirrhosis and hepatocellular carcinoma)
encourage the incentive approach for vaccination. Finally, development
of a specific vaccine against HDV could avoid super-infection in
chronic HBV carriers.
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