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Abstract: Coinfection of B virus (HBV) and hepatitis Delta virus (HDV) lead to severe forms of
progressive liver diseases. However, commercially available antiviral drugs have shown
considerable adverse effects and low efficacy in managing these patients. Thus, there is a pressing
need to develop new, innovative, and evidence-based therapies for these pathological entities. In
line with this, some investigators have attempted to develop anti-viral drugs targeting HBV/HDV
coinfection. In another development, investigators have also attempted to establish immune therapy
targeting for HBV infection as recovery or effective control of HBV infection also lead to efficient
control of HDV infection. This review has discussed an account of the evolving antiviral and
immune therapeutic drugs for HBV/HDV infection. Also, based on current scientific knowledge
how we have described the pros and cons of these drugs as no suitable drug has been developed
during the last forty years for treating HBV infection except the availability of two” repurposed
drugs”; interferons and its derivatives and nucleoside analogs, for managing HBV or HBV/HDV
coinfection. It seems that an evolving and innovative therapeutic regimen that combines both
antiviral drugs and immune modulators may be the best and realistic option for management of
HBV/HDV coinfection.

Keywords: HBV/HDYV coinfection; evolving antiviral drugs; innovative immune therapeutic agents;
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1. Introduction

The hepatitis D virus (HDV) is a small enveloped RNA virus and belongs to the delta virus genus
[1,2]. The virus is a single stranded virus with a size of 36 nm in diameter and 1.7 kb RNA genome
]3]. On the other hand, hepatitis B virus is a DNA virus and represents an incredible public health
problem with about two billion HBV infection in the world [4]. Among them, an estimated 296 million
HBV-infected persons are supposed to be chronically infected by the HBV [5]. A chronic HBV
infection means that the patient is expressing HBV DNA and hepatitis B surface antigen (HBsAg) in
the blood. These patients are permanent and living reservoir of HBV transmission. A considerable
proportion of chronic HBV-infected persons also progress to develop progressive liver diseases, such
as chronic hepatitis B (CHB) harboring both HBV DNA, HBsAg and variable levels of inflammatory
changes in the liver. Some of these patients also develop complications like cirrhosis of liver (LC) and
/or hepatocellular carcinoma (HCC) [6,7]. Following the advent of potent vaccines to counter new
HBYV infection [8], several antiviral drugs have been developed to treat patients with HBV-related
CHB, LC and HCC [9-11].

In this pretext, HDV infection represents several lines of incredible complexities. HDV requires
HBsAg for their replication and establishment of HDV/HBYV coinfection. [12-17]. The prevalence of
HDV among HBsAg-positive individuals is highly heterogeneous and varies from country to country
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or even in different parts of the same country or region. Initially, HDV may appear to present in 5%
HBsAg-positive HBV-infected patients [18]. However, with advancement of time, it seems this is
highly variable and is dependent on the proportion of HBsAg-positivity. In Taiwan, HDV infection
declined from 25% in 1983 to 4% in 1995 [19,20]. However, fall of HDV infection is not a normal
consequence of hepatitis viruses for all countries, even not for developed and advanced countries.
For example, France has reported an upsurge in HDV due to various regions, including migration of
people and immigration policy [21]. Few data about HBV/HDV are available from most developing
and resource-constrained countries. However, these countries harbor the majority of patients with
CHB. The hot zones of HDV infection include South Eastern Russia, Northern India, Vietnam, and
Albania. Mongolia currently harbors the highest percentage of HDV infection, followed by Moldova,
Western, and Middle African countries. The World Organization estimated that there might be 12
million HDV cases globally [18], however, some studies reported that the number of infections may
be near 50 million [22,23].

Management of HDV infection depends on development of proper and effective therapeutic
approaches for chronic HBV infection. If HBsAg production can be regulated in HDV/HBYV infected
subjects, that will be translated towards management of HDV/HBYV infection. However, as of today,
there is no satisfactory therapeutic regimen for containment of chronic HBV infection, although
several antiviral drugs are recommended and use for treatment of chronic HBV infection [9-11]. On
the other hand, HDV-infected patients have also been treated by some repurposed antiviral drugs
with inspiring but unsatisfactory sustained effects on HDV elimination [24-34], Under these realities,
several innovative drugs have been developed and used in CHB patients as a mono-therapeutic
approach or as part of a combination therapy.

The limitations of commercially-available and repurposed antiviral drugs for management of
HDYV infection is now apparent. This necessitates the development of a new batch of treatment
modalities for HDV/HBYV coinfection. In fact, some innovative drugs have been developed to contain
HBD and HBYV infection. The present article would provide a bird’s eye view about the scope and
limitation of different innovative therapeutic approaches that has been developed to contain HBV
replication and control HBsAg production in chronic HBV-infected subjects due to the
interdependence of HDV/HBV coinfection. The logical background of development of innovative
drugs for HDV/HBV coinfection is shown in Fig.1.
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Figure 1. Fundamental aspects of drug development for HDV/HBV co-infection.

2. Characteristics of HDV/HBV coinfection

Some important features of HDV virology should be properly analyzed to develop insights
about HDV-related pathologies, especially liver damage. This will require realizing some realities
about HBV/HDV coinfection and also development of therapy for these pathological conditions
(Table 1).
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Table 1. Some specific features of hepatitis B virus and hepatitis delta virus coinfection.

1. HBsAg-positivity precedes the detection of HDV DNA

2. HDV may suppress HBV replication following superinfection.

3.The pathogenic mechanisms and liver damage are related to factors like “HBV/HDV”
superinfection or “HBV/HDV” coinfection.

4. In the case of “coinfection” replication of both viruses may be contained

5. However, in the case of HDV infection in existing HBV chronic-infected subjects, there may
be severe forms of liver damage and their progression to complications

6. HDV does not have its own RNA-dependent RNA polymerase (RDRP); however, HBV is
endowed with its own RDRP, and thus therapeutic strategies would be complex to contain these
two viruses in the same run.

In acute hepatitis D, where the infection occurs as a concurrent infection of HBV and HDV, the
nature of the illness is indistinguishable from acute hepatitis B. In adults, HDV/HBV concurrent is
usually transient and self-limited, as the rate of progression to chronicity is the same as that of HBV
mono-infection. An increased risk of acute liver failure has been reported among patients with HBV
mono-infection, especially in drug addicts [35]. Superinfection of HDV in patients those are already
chronically-infected by HBV may induce severe acute hepatitis that may be self-limited, however, in
most cases (up to 80%), the pathogenic processes lead to progression to chronicity [36]. Once chronic
HDV infection is established, it usually exacerbates the preexisting CHB [37]. In this article, we would
avoid to make a distinction between “Coinfection” and “Superinfection” of HBV/HDV as this usually
remain poorly understood in real-life situation.

3. Ongoing therapeutic strategies against HDV

3.1. Fundamental aspects of therapy for HDV/HBYV coinfection

Treatment of HDV-related liver diseases is challenging, as HDV infection is always related to
HBYV infection. Thus, the target of therapy is to contain both HBV and HDV. Alternately, if HBV can
properly manage in CHB patients to induce HBsAg negativity by any kind of therapy, that may be
of one sort of evidence-based and effective therapeutic approach for HDV/HBV coinfection.
However, as of now, different antiviral drugs used for treatment of HBV/HDYV infection do not result
in satisfactory outcome, both in the context of safety and efficacy. Although, antiviral drugs induce
HBV DNA negativity in considerable numbers of CHB patients, HBsAg-negativity is usually
remaining unattainable by these drugs [38—42]. Even, HBsAg-positivity with HBV DNA negativity
in the sera is not a positive step towards containment of HDV infection.

There are no FDA-approved guidelines for the therapy of HDV infection; however, most of the
expert guidelines have targeted to contain HBV infection in patients coinfected with HBV/HDV. The
fundamental basis of this concept is related to the idea that if HBV can be eradicated, HDV will be
automatically contained and eradicated. Interferon (IFN)-based therapy was initiated to control HDV
in the last century. The advent of pegylated IFN (peg-IFN) became the drug of choice to treat delta
infection. This trend continues till now as the first choice of therapy for hepatitis delta. In the 1990s,
clinical trial was accomplished with low and high doses of IFN [28-30]. The initial outcome was
somehow encouraging, with 21%-50% being negative for HDV in the sera. However, the sustained
antiviral effect of IFN could neither be documented 48 weeks after completion of therapy [28]. When
Peg-IFN was approved for chronic hepatitis patients, HDV-infected patients were treated by Peg-
IFN. Using various doses of Peg-IFN, it was found that prolonged use of Peg-IFN showed HDV
negativity in about 30% of the patients [29,30]. However, proper follow up data are not available in
most cases. Also, the role of these drugs on progression to complications like LC and HCC is not
clear.

3.2. Treatment of hepatitis delta patients with combination of IFNs with antiviral drugs

Interferon alfa, with and without Peg-IFN, has been used with other antiviral drugs, such as
ribavirin, but this combination therapy did not yield any extra benefit regarding containment of HBV.
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Scheller et al. described nucleoside analog monotherapy's among HBV/HDV co-infected patients,
however, there was no optimisms about this therapy [30]. Also, IFNs have been used with nucleoside
analogs (NUCs) to contain HDV infection. However, the therapeutic benefit could not be recorded
[31-34].

4. Fundamental logic of treatment of HBV/HDYV coinfection and potentialities of commercially-
available antiviral drugs

Treating HBV/HDV coinfection that leads to liver diseases aims at two main targets. The first
one is eradicating the virus, if possible, or to induce significant containment. The next is to control
the progression of liver disease that may lead to LC and HCC. Another notable factor related to the
containment of HDV-mediated liver pathologies on the clearance of HBsAg. From this perspective,
the limitation of commercially-available antiviral drugs is understandable, as shown in Table 2 [39-
42].

Table 2. Factors related to the incapability of commercially-available drugs to contain HBV/HDV
co-infection.

1. These drugs are not able to eradicate HBV.
2. The effect of these drugs on cccDNA of HBV is almost negligible even after prolonged use.

3. These drugs' role in containing HBsAg and inducing seroconversion to antibody to HBsAg
(anti-HBs) is insignificant.

4. The immune modulatory capacities of these drugs are not enough to induce protective
immunity to contain the pathological processes and control of viral replication and liver damages
to satisfactory levels.

Taken together, the effect of these drugs on HBV infection is insignificant. Thus, it would be an
exceptional expectation that these drugs would be effective in HBV/HDYV co-infection, when they are
unable to contain only HBV efficiently.

5. Evolving therapies targeting the viruses

5.1. Therapies targeting entry of the virus to hepatocytes

When the commercually-avaialable drugs are infective to treat HBV infection effectively and
there is option in sight about any antiviral drug that directly eliminate HDV from HBV/HDV-
coinfected patients, the target of therapy is switched towards development of new and novel
therapies on the basis of nature of viruses and natural course of pathological processes.

The entry receptor for both HBV and HDV into the hepatocyte has been identified as sodium
taurocholate cotrasporting polypeptide (NTCP) [43]. For the entry of HDV, an interaction between
NTCP and L-HBsAg is required [44,45]. Thus, it has been assumed that newly developed entry
inhibitors may contain the extent of HBV/HDYV infections. In line with this, clinical trials have been
accomplished in these patients with entry inhibitor, Myrcludex B (buleviritide). The initial outcome
was inspiring but not satisfactory. In course of time, entry inhibitor was used with other antiviral
agents, such as tenofovir and pegylated IFN. The viral load reduced at the onset of the therapy, but
the effect was not sustained 46-[46—49]. Ferenci et al. showed the impact of entry inhibitors on serum
alanine aminotransferase levels by monotherapy and combination treatment with other antivirals
[50]. Thus, entry inhibitors have shown promise as an evolving drug, but better outcomes should be
provided for their clinical usage. In addition, important data about the role of these drugs on cccDNA
is warranted. Most importantly, it should be cleared if they can reduce or eliminate HBsAg in these
patients. Finally, the immune regulatory capacity of these drugs should be analyzed.

5.2. HBsAg inhibition by nucleic acid polymers (NAP)

NAPs are endowed with their ability to bind to exposed amphipathic helices on viral fusion
glycoproteins and could avert natural protein interactions or conformations [51,52]. Both an entry
inhibition and a decrease of HBsAg secretion are possible modes of action of NAPs. Clinical trials
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have exposed missed outcomes about NAP. REP 2139 have been tested in CHB patients, however,
follow-up data are warranted regarding both safety and efficacy of REP 2139 [53], as safety concern
in long-term therapy is yet to be documented. The role of NAP on cccDNA should be analyzed and
properly demonstrated. The studies about HBsAg inhibitors are in their primary stage. The exact
scope of these drugs are yet to be evaluated. It is really difficult to forecast about their clinical usage,
but these drugs may be a part of a combination for management of some patient with HBV/HDV
coinfection.

5.3. Prelylation-based therapy for HDV

Prenylation plays a vital part in the life cycle of HDV. It is expected that a prenylation inhibitor
disrupts the process of prenylation. In that case, the large delta hepatitis antigen (LDHAg) prevents
its ability to interact with and form secreted particles with the hepatitis B surface antigen (HBsAg)
[54,55]. These drugs are under trial, and although they show some optimism, these should be
properly assessed in phase III clinical trials [56-58].

5.4. Other evolving drugs for challenging HBV and HDV replication

The innovative antiviral drugs used in clinical trials to address HBV and HDV replications have
been comprehensively addrssed above. In addition to this, some prospective medicines may be
promising tools for this purpose. Small interfering RNA has been designed to target hepatitis B
mRNA and to reduce viral replication [59]. N-(phosphonoacetyl)-L-aspartic acid inhibits carbamoyl-
phosphate synthetase 2, aspartate transcarbamylase, and dihydroorotase. It is supposed that they can
hinder HDV replication and consequently interfere with the HDV lifecycle [60]. One of the most
notable points regarding the containment of HBV and HDV replication is the existence of cccDNA.
Recently, ccc_ROS8, a cccDNA inhibitor, has been tested in mice. This small molecule specifically
reduced cccDNA levels in HBV-infected hepatocytes, and thus considerable optimism has been
initiated for a complete cure of HBV replication [61]. Another animal study has shown that it might
be impossible to destroy cccDNA, the ultimate target of HBV therapy development. However, these
therapies are accomplished on animal models, and their translation research form benches to patients
bedsides are yet to be accomplished [62].

6. What is expected from virus-targeting evolving drugs to contain HBV/HDV co-infection

The entry, localization, and replication of HDV are dependent on certain cellular and antigenic
components of the HBV. Various evolving drugs are supposed to control HBV replication. However,
it is uncertain if they are capable of eradicating the viruses to a level that HBV-related viral antigens
would be u nable allow entry of HDV. As of today on the bassi of omgoimg scientific developments,
it appears that eradication of HDV in HBV/HDYV co-infected subjects is challenging and may not be
a practical option. Among the evolving virus-targeting drugs, the scopes and limitations of most
drugs are yet to be fully explored, especially since some of these have not been brought to bedsides
from benches. Even then, the prospects for HBV-targeting medicines do not seem to be really
optimistic. For example, entry inhibitors have been applied in patients with CHB and also in patients
with coinfection with HBV/HDV. However, sustained viral control has not been associated with their
application in these patients. Even applying entry inhibitors with other antiviral drugs, the outcome
was not optimistic. After critically analyzing the mechanisms of pathogenesis of CHB and
superinfection of HDV on HBV infection, it seems that temporarily containing HBV is not a suitable
mode of therapy. This is because perssitently containment of HBV by NUCs could not resolve the
problem of HBV-induced complications of progression to LC and HCC. It is to be mentioned that
HBYV uses its own polymerase for replications, whereas HDV uses cellular polymerase for existence.
Thus, the available entry inhibitors would play insignificant role in the containment of HDV
infection. However, there are two options for further development of entry inhibitors. There may be
entry inhibitors that can regulate cccDNA either lonely or in conjunction with other drugs of multiple
natures. Other evolving antiviral drugs are also endowed with similar limitations. Replicore might
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be one of the new avenues of drug development, but its role on cccDNA is yet to be ascertained.
Similarly, Prelylation-based therapy and other evolving antiviral drugs targetting HBV or HDV are
yet to exhibit their sustained antiviral effect and safety profiles before being accepted in clinical setup.

Implication of Innovative Drugs Targeting HBV and HDV |

Entry Inhibitors:

1. Unable to eradicate HBY DNA or cccDNA or HBsAg or induce Protective
immunity against inflammation or fibrosis or carcinogenesis.

Nucleic acid polymers

1. Sustained reduction of HBsAg by NAP has not been reported.

2. Reduction of HBsAg is not related to immune restoration

Prelylation-based therapy for HDV

Data of phase Il clinical trial is not available.

4. cccDNA inhibitor
Data of clinical trials in patients with HBV/HDV coinfection is yet to be done.

Figure 2. Limitation of innovative drugs targeting HBV and HDV for management of HBV/HDV
coinfection.

7. Logics behind the pessimistic view about commerciallly-avaaialble and evolving antiviral
drugs for management of HBV/HDV co-infection

The World Health Organization (WHO) has set up a target of "Elimination of Hepatitis by 2030,"
as a part of sustainable developmental goal (SGD) in which it is necessary to find out the missing
millions of chronically HBV-infected persons because the WHO assumes that less than 10% of the
chronic HBV-infected patients are aware of their infection. Additionally, only 5% of chronic HBV-
infected subjects are under some medications. The NUCs are now widely used to treat CHB patients,
and some of these patients may be co-infected with HDV as well. NUCs are capable of inducing HBV
DNA negativity and also seroconversion in some CHB patients. Even then, NUCs could not stand
the test of time as an antiviral drug to treat CHB. There are some dominant reasons underlying this.
NUC:s are incapable of regulating cccDNA [63]. The immune modulatory capacities of NUCs are not
purpose-oriented [64]. In addition to these functional limitations, NUCs need to be used for a
prolonged duration as it is a mode of infinite therapy. Now, the reality states that most chronic HBV-
infected patients live in Asia and Africa's developing and resource-constrained countries. Any
indefinite treatment that needs clinicians' regular observation is not an appropriate mode of
treatment for millions of CHB patients for fullfiling the target of attaining the goal of "Elimination of
Hepatitis by 2030.".

8. New modes of innovative therapy targeting the host immunity

The pathogenic processes of patients with chronic HBV infection are highly complex. It is also
possible that super-infection with HDV may induce more complexities in this paradigm. In short,
CHB is an HBV-induced immune-mediated disease. HBV remains as cccDNA in the liver of CHB
patients and may produce virion particles and their antigens as and when necessary. One hepatocyte
may have 5-50 cccDNA. The half-life of cccDNA is about ten days to months, depending on the data
from in vitro and in vivo studies. Although HBV cccDNA is a culprit and stumbling block for HBV
infection, cccDNA is not also cytopathic [65].

Thus, it is natural to ask what types of cellular and molecular mechanisms are responsible for
inflammation (hepatitis), progressive fibrosis and cirrhosis, and liver cancer following HBV infection.
In fact, complex interactions between the host and the virus and the nature of host immunity appear
to have an essential role in this aspect. Many of these cellular and molecular mechanisms could not
be fully explored in CHB patients or chronic HBV-infected patients due to ethical and technical
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limitations; various investigators explored some of the events by studying the events in HBV
transgenic mice (HBV TM), a murine model of HBV infection [66,67].

9. A bird’s eye view regarding immune therapy for treating CHB patients

The fundamentals of containing HBV/HDYV coinfection is dependent on proper management of
HBV replication and containment of liver damages. As it became clear that CHB patients harbor
impaired immunity, investigators attempted to upregulate host immunity by different immune
modulators like cytokines such as interleukins, growth factors like granulocyte-macrophage colony-
stimulating factor, and immune modulators of different natures [68-76]. Most of these immune
modulators expressed transient antiviral properties in CHB patients. However, in most cases, the
effect was not sustained. In addition, there remained safety concerns on the basis of the dose of the
immune modulators. In fact, most of these studies were conducted as a pilot study. There were no
long-term follow-up observations, and the mechanism of action of these immune modulators has not
been explored. The effects of polyclonal immune modulators as evolving drugs were not studied in
CHB patients. However, proper designing and phase I/II and III trials may unmask some future
beneficial effects of polyclonal immune modulators.

10. Development of antigen-specific immune therapy for CHB patients; Learning of the benches
and translated to patients’ bedsides.

In the meantime, Maini and her group provided credible evidence that CHB patients are
endowed with a very complex impairment of immune responses following host/HBV interactions
[77-79]. In short, they showed that HBV-specific immunity, especially HBcAg-specific immunity, is
protective in nature for CHB patients, whereas polyclonal immunity is usually pathogenic in these
patients. HBV antigen-specific immune therapy started in 1994 [80], the works of the Maini group
provided a special impetus and credible evidence for accomplishing immune therapy with HBV-
related antigens from the start of the 21st century.

Different investigators used different HBV-related antigens for the immune therapy of CHB
patients. These include HBsAg-based vaccine, HBsAg-based vaccine with antiviral drugs, DNA-
based treatment, and cell-based therapies for treating patients with CHB [80-93]. In these clinical
trials, HBsAg was used as immune -inducing agent. In the meantime, it became evident that HBcAg-
specific immunity is essential for control of the HBV replication and containment of liver damage.
This concept was also supported by a study in HBV transgenic mice, an animal model of chronic HBV
carriers state [94]. A new type of therapeutic vaccine was constructed that contains both HBsAg and
HBcAg by Center for genetic Engineering and biotechnology (CIGB, Havana, Cuba). This combined
antigen vaccine was named NASVAC as this can administered via nasal route. NASVAC was used
in treatment-naive patients with CHB in Bangladesh. First, in the phase I clinical trial, this therapeutic
vaccine's safety, and efficacy were ascertained [95]. Subsequently, phase III clinical trial with
NASVAC was done in Bangladesh. The data have shown that NASVAC is able to down regulate
HBV DNA and control ALT upregulation in CHB patients. This group provided data on HBV DNA,
alanine aminotransferase, and other hepatic functional parameters consecutively (24 weeks after the
end of treatment [EOT] [96], two years [97], three years [98] and five years after EOT [99]) after
accomplishing a phase III clinical. It appears that the HBsAg/HBcAg-based vaccine is moderately
effective in about 60% of patients in inducing HBV DNA negativity and normalization of ALT in
CHB patients; all of them had HBV DNA in the sera and elevated ALT during study commencement.
Additionally, in another clinical trial in Japan in NUC-experienced patients, the role of this combined
therapeutic vaccine, NASVAC, on HBsAg titer in the sera was ascertained [100]. In the course of time,
Lok et al. also used multiple HBV-related antigen-based vaccines, and they reported the safety of
these vaccines in CHB patients [101].
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11. Summation of the evolving therapies and their possible clinical implications to contain
HBV/HDV coinfection

HBYV represents a global public health problem with billions of infections and about 296 million
chronically-infected subjects. Considerable numbers of these populations would develop LC and
HCC. Although the WHO provided a target of “Elimination of Hepatitis by 2030”, the target would
remain unachievable in the present context. HDV is another hepatitis virus, and HDV may be
regarded as a defective virus as its existence is dependent on HBV replication. Currently, it is
estimated that there might be about 12 million HBV/HDV co-infected patients worldwide. The
clinical course of HBV infection takes a downhill course in many HBV/HDV co-infected subjects. This
review is intended to focus on evolving therapies against HBV/HDYV co-infection. There is no specific
drug for HDV; thus, the discussion target is the elimination or containment of HBV infection.

The evolving drugs for HBV/HDV co-infection can be badly divided into two categories; one
that targets the virus (antiviral drugs) and the other that plans for respirations of immunity (immune
therapy). Critical analyses have exposed the bitter truth that even the commercially-available
antiviral drugs are endowed with potent antiviral capacities, these drugs are not able to stand the test
of time due to multiple reasons that have been already discussed. This necessitates developing
innovative medicines. As of now, innovative antiviral drugs, such as entry inhibitors or HBsAg-
release preventers, or prenylation inhibitors, would be of limited utility. However, opportunities
remain if these drugs are used in combination or other types of drugs. A good chance prevails with
a cccDNA blocker or destroyer drug, but that is at the initial state, and animal studies are yet to be
completed.

The options remain for immune therapy; however, HBsAg-based vaccine therapy is no longer a
useful concept for CHB patients; a conclusion drawn after analyzing several trials of that nature
during the last 40 year. Multiple HBV-antigen-based vaccines have shown some credible optimism;
however, more clinical trials in different populations would be required to optimize their use in
HBV/HDV-coinfection.

12. Conclusions

Development of therapies for management of HBV/HDV coinfected patients represent a medical
emergency as well a challenge to all branches of medical science. In reality, two major modes of drug
development are visualized. One group is dedicated to develop antiviral drugs for this condition and
the other group is devoted to come up with immune modulators agents for HBV/HDV coinfection.
However, both the HBV and HDV are non-cytopathic virus and immunity of the hosts are distorted
by the chronic persistence of the virus. Thus, evolving drugs should check their capacity to destroy
the virus as well as restoration of protective host immunity. However there remain two strong
cautions for drug developers. The antiviral drugs must contain cccDNA and the HBsAg production.
On the other hand, those who are working on restoration of host immunity must emphasize on the
restoration of protective immunity and down regulation of pathogenic immunity. Although it may
immature to specify now, however, it seems that a combination of evolving drugs with both antiviral
and immune modulatory capacities may be the ultimate solution.
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