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Abstract The hepatitis D virus (HDV), the smallest virus
known to infect man, causes the most severe form of chronic
viral hepatitis, hepatitis delta. It is estimated that about 15 to
20 million people are suffering from chronic HDV infection.
HDV is a defective satellite virus depending on the hepatitis B
surface antigen (HBsAg) for transmission. Chronic hepatitis
delta is associated with a rapid progression of liver fibrosis
and a high prevalence of liver cirrhosis, even in younger
patients. Immunization against hepatitis B virus (HBV) pro-
tects from HDV infection, but there is no specific vaccine
against HDV available for HBsAg-positive individuals.
Treatment options for hepatitis delta patients are limited. So
far, only interferon-alpha has shown an antiviral efficacy
against HDV. Recent trials showed sustained virological re-
sponse rates concerning HDV in 25 %30 % of patients
treated with pegylated interferons. HDV is dominant over
HBYV in the majority of cases, but HBV DNA-positive sub-
jects should be treated with HBV polymerase inhibitors.
Combination therapy of pegylated interferon-alpha and ade-
fovir showed a more pronounced HBsAg decline, but the
exact role of combination therapies in hepatitis delta requires
further investigation. Alternative future treatment strategies
may include prenylation inhibitors and HBV entry inhibitors,
which are in early clinical development.
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Prevalence of Hepatitis Delta Virus

An estimated 350 million people worldwide are suffering
from hepatitis B virus (HBV) infection. The number of
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patients coinfected with HBV and the hepatitis delta virus
(HDV) is believed to be between 15 and 20 million [1, 2].
HDV prevalence rates differ between the different areas.
HDV has been endemic in the Mediterranean area, the
Middle East, Central Africa, and the Amazonas [3]. In the
Western world, the proportion of HBsAg-positive patients
coinfected with HDV is much lower [4, 5]. Main risk factors
for HDV infection in Europe are intravenous drug abuse and
being born in a country in an HDV-endemic area [6, 7].
Similarly, a recent U.S. study revealed a high anti-HDV
prevalence of around 40 % in HBsAg-positive intravenous
drug users [8]. During the 1980s and 1990s, the anti-HDV
prevalence in HBsAg-positive patients was more than 20 %
in certain Mediterranean countries [9]. After the implemen-
tation of vaccination programs against HBV infections, the
number of patients coinfected with HBV and HDV de-
creased substantially [10]. However, an eradication of
HDV in Europe could not be achieved. Immigrant popula-
tions from endemic areas have been especially responsible
for rather high prevalences in Germany and other European
countries. At Hannover Medical School, the prevalence of
anti-HDV-positive among HBsAg-positive individuals is
around 8 %-—10 % [5]. The vast majority (75 %) of these
patients were not born in Germany [6].

Virology and Life Cycle of HDV

The HDV genome consists of about 1,700 nucleotides and
currently is the smallest animal virus known to infect
humans. HDV has only a single-stranded circular RNA
[11], which encodes a single protein, the hepatitis delta
antigen (HDAg). Two different forms of HDAg are known:
a large form with 214 aminoacids (L-HDAg) and a smaller
protein (S-HDAg) with only 195 aminoacids. The exchange
of one base at position 196 (A — G, stop codon) is neces-
sary to produce the S-HDAg. Both forms of the delta anti-
gen are important for distinct steps within the HDV life
cycle. The small form is crucial for the synthesis of different
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forms of the virus-specific RNA, whereas the large protein
is crucial for viral assembly [11, 12]. Host polymerases are
used for the replication of viral RNA [13, 14]. The complete
virion consists of the envelope protein of the hepatitis B
virus (HBsAg) and the ribonucleoprotein consisting of ge-
nomic RNA, as well as several small and large delta
antigens.

Hepatitis D Virus Genotypes

Eight different HDV genotypes have been described so far
[15, 16]. Genotype 1 can be found in nearly all areas around
the world, with the highest prevalences in Europe and North
America [17]. In contrast, HDV genotype 3 has been iden-
tified only in patients living in South America [18], whereas
genotype 2 is endemic in Eastern Asia [19]. The remaining
genotypes have been found in patients living in Africa [16].
Of note, genotype 1 seems to be associated with a more
severe clinical course, as compared with HDV genotype 2
infection [20].

Prevention of HDV Infections

The best available option to prevent people from getting
HDV infection is vaccination against HBV. HDV is a defec-
tive satellite virus lacking the envelope and is, therefore,
dependent on the hepatitis B surface antigen (HBsAg) to
infect hepatocytes. Therefore, vaccination against HBV also
prevents hepatitis delta. Vaccinating all family members of
HBV- or HDV-infected patients against hepatitis B is cru-
cial. HDV is thought to be transmitted only parenterally, but
transmission of HDV has been found to occur between
family members [21], and therefore, precautions are very
important in families with more than one HBsAg-positive
carrier.

Clinical Course of Hepatitis Delta Infection

Simultaneous HBV/HDYV infection is associated with a
more severe form of acute hepatitis, leading to acute liver
failure in some cases [22, 23]. However, spontaneous clear-
ance of both infections has been reported in up to 95 % of
cases. Simultaneous HBV/HDYV infection has become a rare
event in Western countries. Patients with fulminant hepatitis
should be referred to in liver transplant centers. The remain-
ing cases without acute severe hepatitis are generally self-
limiting and do not need any specific antiviral therapy.
More common and, therefore, more important are HDV
superinfections of HBsAg-positive individuals. Patients suf-
fering from superinfections can initially present with signs
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of acute hepatitis, but in most cases, symptoms are very
nonspecific. In contrast to simultaneous HBV/HDV infec-
tions, the large majority of patients with superinfections take
a chronic course with persistence of HDV RNA. HBV
patients coinfected with HDV show a much faster progres-
sion of liver fibrosis. In HBV/HDV-infected patients, liver
cirrhosis can frequently be detected at a much younger age
than in HBV-monoinfected individuals. HDV coinfection is
also associated with earlier development of hepatic decom-
pensation and a higher likelihood of liver transplantation or
liver-related death [24-27]. The nature of the relationship
between HDV infection and hepatocellular carcinoma
(HCCQ) is controversial, and further studies are needed to
answer the question of whether HDV infection increases the
risk for the development of HCC [26-29]. The higher fre-
quency of liver cirrhosis in HDV-infected patients clearly
represents a risk factor for HCC, but HDV infection itself
does not seem to confer an additional oncogenic hit.

The individual course of hepatitis delta can be variable.
Different patterns of viral dominance have been described,
and direct interactions between HDV and HBV that inhibit
viral replication of the respective other virus have been
suggested [30, 31]. In the majority of cases, HDV is the
more dominant virus and suppresses HBV replication,
which is independent of the phase of HBV infection. Thus,
in both HBeAg-positive and HBeAg—negative patients,
HBV-DNA is frequently found at very low levels in HDV/
HBV-coinfected individuals [24]. In the long term, each
virus may become dominant, and fluctuating levels of both
HBV DNA and HDV RNA have been observed [32, 33].
Thus, HBV replication may significantly contribute to dis-
ease progression in HDV infection, an observation that
needs to be considered when making treatment decisions.

Diagnosis of HBV/HDV Coinfection

We recommend testing every HBsAg-positive patient for
anti-HDV-IgG at least once. HDV antibodies usually persist
even after resolved infections; however, antibody titers may
decline and become negative in some individuals. In our
experience, anti-HDV antibodies remained detectable in
most patients for several years after liver transplantation,
even in the absence of HDV reinfection [34]. A positive
anti-HDV test should lead to subsequent investigation of
HDV replication, using nucleic acid testing (HDV RNA)
[35]. Unfortunately, there are as yet no international stand-
ards for HDV RNA quantification. Therefore, results from
different labs can differ considerably. Moreover, not all
published assays cover all eight HDV genotypes; thus, false
negative HDV RNA tests should be considered in anti-
HDV-positive patients with significant, otherwise unex-
plained hepatitis. Samples from patients receiving antiviral
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treatment should be tested during therapy with one assay
performed by the same laboratory.

HDV genotyping might be helpful in certain geographic
regions where different HDV genotypes are prevalent [20].
However, HDV genotyping is not recommended as part of
routine diagnostic workup in Europe and North America,
where the great majority of patients are infected with HDV
genotype 1. Moreover, different HDV genotypes are cur-
rently treated with the same therapeutic approach, and gen-
otyping therefore has no direct clinical consequences [2].

Because HCV infection is a coinfection of HBV-infected
individuals, serological and molecular markers of hepatitis
B should also be evaluated. Quantitative HBsAg levels are
of particular importance as the best clinical endpoint of
antiviral therapy in hepatitis delta HBsAg seroconversion
with development of anti-HBs antibodies. The decrease of
HBsAg levels during therapy may be important in determin-
ing optimal treatment duration. The patient’s HBeAg status
should also be determined, even though the natural history
of hepatitis delta seems largely not to be influenced by the
presence of absence of HBeAg [24]. HBV DNA testing is
also required to determine whether a patient requires anti-
viral therapy with HBV polymerase inhibitors.

Finally, patients with hepatitis delta should be screened
for HCV and/or HIV coinfections. One out of three anti-
HDV-positive patients seen in Germany also tested positive
for anti-HCV [6]. In HIV-infected patients, coinfection with
HCV is not uncommon, although there is a considerable
difference in rates of coinfection found between different
European regions [36].

As in any other patient with chronic liver disease, the
clinical workup of a HCV-infected patient should include
abdominal imaging and a liver biopsy to determine fibrosis
stage and inflammatory activity [37]. Endoscopy should be
performed in patients with liver cirrhosis in order to evaluate
for the presence and severity of esophageal varicoses.
Additionally, a form of regular HCC screening is recom-
mended for every cirrhotic patient [38, 39¢] (Fig. 1).

Current Treatment Options for Chronic Hepatitis Delta

HDYV exclusively uses enzymes provided by the host’s hep-
atocytes for viral replication. As such, HDV lacks specific
viral enzymes that could be targeted therapeutically in order
to inhibit replication. In the last decades, several studies
have been performed to investigate potential antiviral effects
of various compounds. To date, interferon-alpha appears to
be the only available drug with appreciable antiviral activity
against HDV. Conventional, as well as pegylated, interferon
alpha has been able to suppress HDV replication [40—45]
(Table 1). Different studies are often difficult to compare
directly because different forms, doses, and durations of

interferon-alpha therapy were investigated. Moreover, sen-
sitivities of the assays used to test for HDV RNA varied
considerably. Even taking into consideration these variabil-
ities of the studies, overall, between 25 % and 40 % of
patients showed a sustained virological response concerning
HDV RNA after 1-2 years of therapy.

The HIDIT I trial, carried out by the German Network of
Competence for Viral Hepatitis (Hep-Net) in collaboration
with Turkish and Greek centers, has so far been the largest
multicenter study in hepatitis delta. Pegylated interferon-
alpha was tested in combination with adefovir dipivoxil
versus either drug alone in 91 patients with hepatitis delta
[42¢<]. Overall, 28 % of patients receiving 180 pg of pegy-
lated Interferon-alpha-2a once weekly for 48 weeks were
cured of HDV infection [42¢¢]. Moreover, combination ther-
apy with adefovir showed a more pronounced decline of
HBsAg levels, leading to HBsAg clearance in 2/30 patients.
Thus, the combination therapy may have some advantages,
since HBsAg clearance represents the ultimate cure of hep-
atitis delta.

A key question for any antiviral therapy is to what extent
suppression of viral replication translates to a more benefi-
cial clinical long-term outcome and whether liver-related
clinical endpoints can be prevented. Importantly, Farci and
colleagues showed that patients treated with high doses of
interferon-alpha had a significantly better long-term survival
than did patients treated with low-dose Interferon [46].

Several questions related to interferon-alpha-based ther-
apy for HDV infection remain unanswered. For example,
the optimal treatment duration needs to be defined for indi-
vidual patients. Longer therapies appear to be associated
with higher response rates [47], but it is not yet clear which
patients may safely stop treatment after 1 year and which
patients should continue. In the HIDIT II trial of the German
Hep-Net (NCT00932971), 120 patients are currently being
treated for 2 years with 180 pg pegylated Interferon-alpha-
2a once weekly plus placebo or 245 mg Tenofovir daily for
96 weeks. The results of this trial will be reported during the
year 2013. Single-case reports have also been published
using duration of therapy of up to 12 years, waiting until
the patient’s HBsAg has been cleared [48]. Other unan-
swered issues include establishing universal stopping rules
(i.e., defining when therapy can be discontinued in patients
with poor chances to clear HDV). At this time, it seems
reasonable to monitor HBsAg and HDV RNA levels during
therapy and to consider discontinuing treatment after 6—
12 months if both parameters do not show any significant
declines.

Ideally, patients should be identified prior to therapy and
prioritized on the basis of who appears to need treatment
most urgently and where treatment can be performed with a
reasonable risk—benefit ratio. Interferon-alpha therapy is
contraindicated in patients with decompensated liver
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Fig. 1 Diagnosis of hepatitis
delta virus (HDV)
infection
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cirrhosis. For example, low platelet counts are a marker of
advanced liver disease, and we should be very cautious to
initiate therapy in subjects with platelet counts below
90,000/pl. On the other hand, patients with very mild dis-
ease may not need immediate antiviral therapy. We have
suggested a baseline-event-anticipation score for HDV in-
fection, which is easy to use and which may distinguish
individuals with a very mild course of disease from subjects
with a higher risk to develop liver-related complications
(www.hepatitis-delta.org).

The Role of Nucleoside and Nucleotide Analogues
As Well As Other Antiviral Compounds
in the Treatment of Chronic HDV Infections

Since the late 1970s, several compounds with antiviral
effects on different viruses have been tested for their
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efficacy in hepatitis delta. In particular, nucleoside and
nucleotide analogues (NUCs), including lamivudine, adefo-
vir, and entecavir, have been investigated. Because these
agents are able to suppress HBV replication, it was specu-
lated that their secondary effects on HDV replication may
have been due to potential decreases in HBsAg levels.
However, none of the known NUCSs achieved significant
reductions of HBsAg levels, and none of the NUCs tested so
far have had a significant short-term antiviral effect on HDV
[42¢,47,49-53]. However, longer treatment with NUCs for
several years may induce HBsAg declines in some patients
[54]. Indeed, HIV-infected patients with hepatitis delta who
have been exposed to tenofovir for several years as part of
the antiretroviral HIV therapy showed significant HBsAg
declines that were parallel to HDV RNA declines and led to
HDV RNA negativity in individual patients [55]. In a recent
study investigating HIV-HBV—-HDV coinfected patients on
NUC treatments, a clearance rate of 2.6/100 patients/year
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Table 1 Clinical treatment trials for chronic hepatitis delta

Study Year n  Therapy Duration Results

Yurdaydin 2002 15 Famciclovir 6 months no effect on HDV RNA

Niro 2005 31 Lamivudine (#=20) vs. no therapy 2 years no effect on HDV RNA

Yurdaydin 2008 39 Lamivudine (n=17) vs. Lamivudine 1 year 41 % SVR; no additional effect of Lamivudine
and IFN-alfa-2a (n=14) vs.

IFN-alfa-2a

Gunsar 2005 31 IFN-alfa-2a und Ribavirin (n=21) 2 years 23 % SVR; no additional effect of Ribavirin
vs. IFN-alfa-2a (n=10)

Rosina 1991 61 IFN-alfa-2b (n=31) vs. no therapy 2 years 45 % SVR
(n=30)

Farci 1994 42 IFN-alfa-2a 9 Mio IE 3x/W. (n=14) vs. 1 year 71 % HDV RNA negative receiving high doses;
IFN-alfa-2a 3 Mio IE 3x/W. (n=14) all patients relapsed, improved long term
vs. no therapy (n=14) survival in patients treated with high doses

Castelnau 2006 14 peg-IFN-alfa2b 1 year 43 % SVR

Niro 2006 38 peg-IFN-alfa2b (n=16) vs. Peg-IFN- 72 peg-IFN-alfa2b 21 % SVR; no additional effect of Ribavirin
alfa2b and Ribavirin (n=22) vs. 48 weeks Ribavirin

Erhardt 2006 12 peg-IFN-alfa-2b 48 weeks 17 % SVR

Wedemeyer 2007 90 peg-IFN-alfa-2a (n=29) vs. Peg-IFN- 48 weeks 23 % SVR; combination leads to higher
alfa-2a and Adefovir (n=30) vs. HBsAg decline
Adefovir (n=31)

Gheorghe 2011 49 peg-IFN-alfa-2b 52 weeks 25 % SVR

Ormeci N 2011 18 peg-IFN-alfa-2b

2012 32
2012 13

Karaca C,
Kabagam G

peg-IFN alfa-2a or peg-IFN-alfa-2b

Entecavir

24 weeks (n=11) and
12 weeks (n=7)

24 month
1 year

no significant difference between HDV-RNA
and ALT levels at follow-up, as compared
with baseline

47 % SVR
ineffective in chronic hepatitis delta

was reported. With a total of 7 patients becoming HBsAg
negative, 2 of them were HDV coinfected, and these
patients did not seroconvert to anti-HBs. For this reason,
antiviral therapy was continued [56].

In cases of HDV infection with a high HBV viral load,
NUC therapy is recommended [33, 57, 58]. Because chronic
HBYV infection may well contribute to the progression of
liver disease, suppression of HBV DNA replication is clear-
ly associated with a reduced risk of developing liver-related
morbidity and mortality [59—61]. Importantly, compounds
with low resistance barrier should be used carefully, since
resistances located in the HBV polymerase gene could also
induce changes in the HBsAg, due to overlapping reading
frames. These mutations could potentially influence HDV
formation and release [62], with yet unknown clinical
consequences.

Liver Transplantation in Patients With End Stage Liver
Disease Due to Chronic HDV Infection

For patients suffering from end stage liver disease who
cannot be treated with interferon-alpha-based therapies,
liver transplantation is the only remaining treatment op-
tion. Fortunately, the overall outcome for patients trans-
planted for hepatitis delta is excellent. With the use of

hepatitis B immunoglobulins and potent NUCs, HBV
reinfection of the transplanted liver with HBV and, sub-
sequently, also with HDV can be inhibited [63]. HDV
RNA becomes negative within the first days after trans-
plantation, and HDV RNA values parallel HBsAg levels
[34]. However, HDV antigen can be detected in the
transplanted liver in hepatocytes for several months after
transplantation, suggesting HDV latency in the absence
of HBV replication. We therefore would recommend
continuing lifelong efforts to prevent HBV reinfection,
since reappearance of HBsAg may lead to HDV reacti-
vation and reinfection.

Possible Future Treatment Options for Chronic
Hepatitis Delta

HDV is the smallest known animal virus and, unlike HIV,
HCYV, or HBYV, does not encode for its own enzymes, which
could be targeted therapeutically. However, virus assembly
and posttranslational modification are crucial steps in the life
cycle of HDV. One important modification is prenylation of
the HDAg. In vitro models and certain studies with different
types of animals showed antiviral effects of prenylation inhib-
itors against HDV replication [64]. Prenylation inhibitors have
already been developed as anticancer therapies, and first
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studies in humans with hepatitis delta have already started
(www.clinicaltrials.gov).

Other strategies for the treatment of HDV infection could
be to target other steps in the HBV life cycle with the end point
of HBsAg clearance. An entry inhibitor for hepatitis B called
Myrcludex B consists of HBVpreS lipopeptides and has been
shown to inhibit HBV infection in vitro and also in vivo in a
humanized mouse model [65]. Myrcludex B also inhibits the
entry of hepatitis virions into hepatocytes. Subsequently, the
drug had beneficial effects in a mouse model of HDV infec-
tion [66]. Myrcludex B is currently in early phase I/11a clinical
development, and first trials in hepatitis delta patients are
expected to start during the next 18 months.

A third possible approach to optimizing the current hep-
atitis delta treatment is the development of alternative
immunotherapies, including alternative interferons, toll like
receptor (TLR) agonists, or therapeutic vaccination. Today,
most of the interferons used in the field of hepatology are
type I interferons, with receptors on many different cells
throughout the body causing various side effects. Interferon-
lambda may have advantages, since receptors are less wide-
ly expressed. Potent activities with a better tolerability have
been shown in early trials using this agent for treatment of
hepatitis C [67]. It will be interesting to see whether
interferon-lambda may be an alternative treatment option
also for patients infected with HBV, including individuals
with hepatitis delta.

Although the hepatitis delta virus was discovered more
than 30 years ago, treatment options for hepatitis delta are
still limited. However, there is some hope on the horizon, and
the development of drugs acting directly against HDV seems
to be feasible. In addition, the awareness of this so-called rare
disease has increased in recent years. Hepatitis delta can be
cured only if patients are identified, and efforts should only be
made to find new drugs, but also to educate physicians about
this most severe form of chronic viral hepatitis.
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